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Abstract: Introduction: The cerebellum functions in motor coordination and also implicated in 
non-motor behaviors including emotion and cognition. Purkinje cells (Pcs) are the sole output of 
the cerebellar cortex and they project to the cerebellar nuclei (CN). The CN provide the main 
output of the cerebellum. During cerebellar development the CN neurons and Pcs are the earliest 
born among the different neuronal subtypes. However, they are generated from two distinct 
germinal zones: the ventrally located ventricular zone, which produces Pcs and the dorsally 
located rhombic lip, which produces large CN neurons. We found a new subset of the neurons 
derived from mesencephalon, a new germinal zone, and seems play an important role in 
cerebellar development. 
Methods: In this study we utilized whole mount/section immunohistochemistry, western blotting 
and primary dissociated cerebellar, embryonic slice and embryonic cultures to examine the 
origin and role of a new subset of CN neurons in cerebellar development. 
Results: It is believed that the isthmus organizer is a signaling center and district mesencephalon 
from rombencephalon. Our results showed that a subset of CN neurons, which are 
immunopositive for α-Synuclein (SNCA) and Otx2 (a mesencephalic derived cell marker), 
originate from the mesencephalon and migrate to the rostral end of nuclear transitory zone. 
SNCA and p75 neurotrophin receptor double immunostaining suggests that these cells are 
derived from neural crest cells and form a combination of neurons and nerve fibers that terminate 
to the subpial surface of putative lobules VI/VII. Interestingly, the SNCA+/Otx2+/p75+ cells 
which divide the cerebellar primordium into rostrodorsal and caudoventral compartments, are 
cleaved caspase 3 (CC3) and PARP immunopositive. All of these data are in support of the role 
of these cells (CC3+) in proliferation, differentiation, survival and axonal guidance. 
Conclusion: The presence of mesencephalic derived early CN neurons in the nuclear transitory 
zone suggest a regulatory role as a “signaling center” that may play as an intrinsic organizer 
during early cerebellar development. 
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Abstract: The glial cell line-derived neurotrophic factor (GDNF) family ligands (GFLs) and 
receptors are major neurotrophic networks in the nervous system. They play important roles in 
axon guidance, synapse formation, neuronal survival, neural regeneration, and are implicated in a 
number of neurological diseases. There are four GFLs: GDNF, Neurturin, Artemin, and 
Persephin. These ligands are known to bind to the co-receptors GFRα-1, GFRα-2, GFRα-3, and 
GFRα-4, respectively, through which they activate the common signal transducer, receptor 
tyrosine kinase RET (Rearranged during Transformation). A fifth co-receptor gene, GDNF 
receptor alpha-like (GFRAL) was identified in 2005, but the function of the orphan GFRAL 
receptor is currently unknown. We have synthesized recombinant human GFRAL protein and 
tested the hypothesis that GFRAL interacts with known GFLs to change the dynamics of GFLs 
and their receptor networks. Both ELISA binding studies, and cell-based assays, were carried out 
using standard methods. Our results show that Neurturin binds to GFRAL with a high affinity 
(EC50 = 8 ng/ml, n=4). Artemin binds to GFRAL with a low affinity (EC50 = 2 µg/ml, n=2). 
GDNF and Persephin have only minimal or no binding to GFRAL (n=3). Addition of GFRAL 
proteins at a concentration of 0.5 ug/ml in cell culture media stimulated Neurturin-induced cell 
proliferation in the SH-SY5Y human neuroblastoma cell line (EC50 of Neurturin = 0.5 ug/ml, 
n=4). This effect of GFRAL is similar to that of GFRα-2 (EC50 of Neurturin = 1 ug/ml, n=4), 
although the maximal response by GFRAL is lower than that of GFRα-2. GFRα-2 dose-
dependently increased the effect of GFRAL in stimulating the Neurturin-induced cell 
proliferation in SH-SY5Y cells (n=2). On the contrary, addition of GFRAL did not affect the 
stimulatory effect of GFRα-2 on Neurturin-induced stimulation of SH-SY5Y cell proliferation. 
This is the first study to demonstrate that GFRAL interacts with GFLs, primarily Neurturin and 
Artemin, and can play a major role in GFLs and receptor networks involved in neuronal 
processes. These data also demonstrate that biologically active recombinant GFRAL protein can 
be used to identify new GFRAL ligands, and can also be used as a new tool to investigate 
GDNF-related signaling mechanisms. The identification of this novel interaction between 
GFRAL and GDNF family ligands will enhance our understanding of the mechanisms and 
applications of GLFs, and their receptors, in neurodegenerative and neuropsychiatric diseases. 
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Abstract: Arginine-vasopressin (AVP) is a neuropeptide involved in the control of social 
behavior, learning and memory and stress response in adult animals. During the first two weeks 
of life AVP receptors type 1A are expressed in the forebrain, including the hippocampus, were 
they have been proposed to modulate development of excitatory/inhibitory balance; however the 
developmental trajectory of AVP expression has not been fully described. Therefore the aim of 
the study was to analyze the expression of AVP mRNA in hippocampus and hypothalamus 
during the first two weeks of life. Male rat pups were sacrificed at postnatal day (PD) 6, PD12 
and PD15. The hippocampus and hypothalamus were dissected and AVP expression was 
analyzed by PCR. Our results show that hypothalamic expression of AVP was unchanged 
throughout development. In the hipocampal extracts AVP expression was not detectable at PD6, 
however we observed a peak of AVP expression at PD12 that decreases at PD15. These results 
demonstrate a transitory expression of vasopressin during the first two weeks of life. During this 
time window AVP could be involved in modulating hippocampal development. 
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Abstract: During brain development, various types of neuronal populations are produced from 
different progenitor pools, and are precisely arranged and correctly connected with their partner 
to establish a functional neural circuit during brain development. If the neurons produced by 
these different origins were combined, the neural diversity would be further expanded. This 
strategy to expand neural diversity by combining neurons produced by different origins has been 
found in mammalian brain development. However, the molecular mechanisms that specify the 
identity of each progenitor pool and orchestrate the arrangement of neurons derived from 
different origins have been obscure. In this study, we utilize the medulla, the largest component 
of the Drosophila visual center, as a model to study brain development and show that different 
types of neurons are produced from two progenitor pools: the outer proliferation center (OPC) 
and glial precursor cells (GPC). We also show that Wnt signaling is essential for the 
regionalization of the medulla through the specification of the GPC, the posterior progenitor 
pool. We also demonstrate that cell-cell interactions play important roles in precise arrangement 
of neurons of different origins, OPC-derived and GPC-derived neurons. We found that GPC-
neurons migrate tangentially into the developing medulla cortex and that the tangential migration 
is regulated by Slit-Robo signaling through the interaction between GPC- and OPC-neurons. Our 
results suggest that conserved signaling pathways such as Wnt and Slit-Robo signalings are 
involved in the specification of neural progenitor pool and interactions between neurons of 



different origins. Similar molecular mechanisms may be conserved in a wide variety of brain 
development from invertebrates to vertebrates. 
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Abstract: Understanding interneuron specification is of major interest given the critical role 
interneurons play in the brain and in neurological and neurodevelopmental disorders. Genomic 
signaling pathways governed by the interaction between transcription factors (TFs), regulatory 
elements, and chromatin regulate gene expression to give rise to specific interneuron subtypes in 
the basal ganglia during early brain development. We are dissecting the basis of interneuron 
specification in the mouse brain. To characterize signaling cascades at a systems biology level, 
we are combining ChIP-seq with bulk tissue and single cell transcriptomics to profile TF 
binding, epigenomic state, and gene expression. As an example, we have characterized the 
activity of Nkx2-1 and Lhx6, TFs that are critical in interneuron specification. Via epigenomic 
comparison in Nkx2-1 conditional mice, we show that Nkx2-1 binding at distal regulatory 
elements causes changes in histone modifications and correlated changes in gene expression. 
Combinatorial binding by Nkx2-1 and Lhx6 at the same set of distal enhancers directs activation 
of gene expression in a cell- and region-specific manner in cortical migrating interneurons. We 
are extending this genomic approach to other TF pathways relevant in interneuron lineage 
specification. In parallel, we are applying single cell transcriptomics to characterize cell identity 
and transcriptional regulation. By integrating across genetic, genomic, and neuroanatomical 



approaches, we hope to decipher the transcriptional wiring guiding interneuron specification at 
the molecular, genomic, and single cell level. 
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Abstract: During embryonic development, the forebrain vesicle expands to form two bilateral 
telencephalic vesicles that engulf a central diencephalic vesicle. The telencephalon gives rise to 
the cerebral cortex and the basal ganglia, while the diencephalon’s main derivative is the 
thalamic complex. The formation of such complex structures requires the coordination of 
multiple molecular networks controlled by a relatively small group of transcription factors. Pax6 
is a pleiotropic transcription factor in development. It is a key regulator of multiple aspects of 
neural development including patterning, neurogenesis, differentiation, cell migration and axon 
growth. Its mutation causes the small eye phenotype in mice or aniridia disorders in humans. An 
important role in telencephalic and diencephalic development has also been attributed to Pax6 
since small eye mutants display major defects in forebrain structures, brain size and fail to form 
thalamocortical connections. Pax6 control of gene expression during development has been 
largely studied in structures such as the eye and the cortex. However, little is known about its 
molecular actions in the diencephalon, despite the prethalamus being one of the areas of the brain 
where Pax6 is most highly expressed during development (see Figure). Using RNA-seq we have 
analysed the changes in gene expression in the developing mouse thalamus, prethalamus and 
anterior cortex after acute, tamoxifen-induced deletion of Pax6. The computational comparison 
of the data between the three tissues yielded interesting insights on the common actions of this 
transcription factor across the brain and, maybe more importantly, on the pathways that Pax6 



might be controlling in a tissue-specific manner. Functional analysis indicated that processes 
such as axon guidance and cell cycle progress were deeply affected after Pax6 deletion in the 
diencephalon. In this work we present experimental data confirming and expanding some of the 
hypotheses raised from computational analysis, paving the way towards a better understanding of 
Pax6 actions in the diencephalon. 
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Abstract: A major goal in developmental neurobiology is to identify the mechanisms that 
generate different types of cerebral cortex and regulate their unique circuitry. Fibroblast Growth 
Factor 8 (FGF8), dispersing from an anterior telencephalic source, forms an anterior to posterior 
(A/P) gradient setting up the A/P axis of the neocortical area map. We asked whether FGF8 also 
induces development of the olfactory bulb (OB), the third and most anterior division of cerebral 
cortex; the OB primordium (OBP) is adjacent to or partly inside the anterior FGF8 source. Using 
in utero microelectroporation (IUME), ectopic FGF8 was introduced into the lateral cortical 



primordium of the mouse at embryonic day (E) 10.5. This procedure consistently produced a 
remarkable and complex olfactory bulb like structure (OBLS), without an overt migration of 
endogenous OB cells to the site. At E16.5 and P6, ovoid masses of cells were marked by 
neuropilin-1 (NRP1) and T-Box 21 (TBX21) immunofluorescence (IFl), which identifies mitral 
and tufted (M/T) cells, projection neurons of the OB. From the M/T cells, compact axon bundles 
traveled ventrally to join the lateral olfactory tract (LOT). Guidepost “lot” cells formed a cup 
shape around the endogenous OB and surrounded the LOT; meanwhile, ectopic lot cells 
encircled each OBLS and its LOT tributary (tLOT). The FGF8-induced OBLS also contained 
cells expressing molecules indicative of OB interneurons, suggesting neuroblasts can be diverted 
from the rostral migratory stream by targets other than sites of injury. Previous studies suggest 
the LOT develops under strict constraints. Lot cells and Slit/Robo signaling seemed to constrain 
the LOT to its ventrolateral position, and lot cells appeared to be confined by both 
semaphorin/neuropilin repellant and netrin attractant signaling to the deep ventrolateral cortical 
domain. Evidence from explant/slice co-culture experiments previously indicated that M/T axons 
can grow out of OB explants into the LOT of the host cortical slice, but not into cortical tissue 
more generally. Yet, M/T cells in FGF8-induced OBLSs placed in various positions in the 
cortical primordium send out axons to join the main LOT, and lot cells move freely to surround 
novel masses of M/T cells and their axons. The FGF8-induced OBLS thus breaks rules, 
suggesting our ideas about OB development need review. More positively, the FGF8-induced 
OBLS provides a model system in which questions about OB development can be addressed. 
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Abstract: During amniote vertebrate embryogenesis, the developing nervous system undergoes 
a segmentation process through the sequential formation of the mesodermal somites along the 
rostrocaudal axis. Somites differentiate subsequently into dermomyotome (giving rise later to 
skin and skeletal muscles) and sclerotome (giving rise to vertebral bone structures and cartilage). 
Sclerotomes split following their antero-posterior intrasegmental boundary, and become 
polarized into an axon growth permissive (anterior) region and an axon growth repulsive 
(posterior) region. When outgrowing from the neural tube towards the periphery, motor and 
sensory axons respond to this binary system and follow a segmented pattern that ensures that the 
peripheral nervous system develops without obstruction by the future cartilage and bones of the 
vertebral column. 
In this context, repellent molecules from posterior half-somites guide navigating axons by 
excluding them from “no-go” areas. Among the candidate molecules, peanut lectin-binding 
glycoproteins, chondroitin sulphate proteoglycans, Eph/Ephrins and semaphorin 3A have been 
proposed as repellents acting on different receptor systems expressed by axon growth cones. 
Interestingly, similar repellent molecules are expressed in the adult central nervous system 
(CNS) by astrocytes. Following brain or spinal cord injury, these molecules are found to be 
overexpressed and secreted by a population of “reactive” astrocytes recruited at the lesion site, 
and to impede axon regeneration in this region. 
This work presents the results of differential gene expression analysis of anterior and posterior 
half-sclerotomes, based on RNA-sequencing data. Several candidate genes were highlighted in 
this study and may play a role in the polarization and differentiation of the somite tissue, in the 
cell adhesion characteristics of half-sclerotome cells, and in the axon guidance properties of this 
system. 
In addition, the growth cone collapse assay was used to further characterize the axon growth 
repulsive potential of a tissue or purified candidate proteins. Detergent extracts of rat grey matter 
and of a cultured line of human astrocytes have been shown to possess growth cone collapse-
inducing activity. Furthermore, our experiments indicate that this CNS-derived activity has 
molecular properties similar to that in somites, so it is possible that this contact-repulsive system 
has been co-opted in the CNS to play an important role in regulating connectivity and plasticity. 
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Abstract: Normal nervous system development and function requires a fine balance of 
excitatory and inhibitory activity. Γ-Aminobutyric Acid (GABA) is the primary inhibitory 
neurotransmitter in the central nervous system of all vertebrates. GABA is made by the glutamic 
acid decarboxylase (GAD) enzyme, which exists in two isoforms, GAD67 and GAD65. The 
genes Gad1 and Gad2 encode these isoforms, respectively, and both function in GABA 
synthesis. Like mammals, zebrafish have both known gad genes; however, our lab has recently 
found evidence for a gad1 paralog in zebrafish. These three gad isoforms in the zebrafish exhibit 
differential spatial and temporal expression, which has interesting implications both in terms of 
neural development and in nervous system function. To further investigate the function of the 
gad genes and to elucidate the role of GABA signaling during development, we are using 
CRISPR/Cas9 for targeted mutagenesis. So far, we have made gad1b -/- mutant zebrafish that 
show increased and abnormal brain activity in electrophysiological recordings as compared to 
wild-type animals. We are continuing to make novel alleles for the gad genes in zebrafish using 
CRISPR/Cas9 to address the question of how genetic manipulations in GABAergic signaling 
affect neural development and neurological activity. We are also using transgenic zebrafish and 
calcium imaging to better understand the connectivity of inhibitory neural networks and how 
these networks are altered when GABAergic signaling is altered. These experiments will aid our 
understanding of the differential regulation of GABA synthesis and the fine-tuning of the central 
nervous system’s inhibitory network during development. 
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Title: Haploinsufficiency of the homeodomain protein Six3 abolishes male reproductive 
behavior through disrupted olfactory epithelium development and impaired GnRH neuron 
migration 
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Abstract: Olfaction is essential in modulating many behavioral responses in mammals, 
including mating behavior, fear response, and aggression. In mice, odors stimulate sexual 
behavior and induce neuroendocrine responses necessary for reproduction. The development of 
neurons in the olfactory system is closely linked to the development of gonadotropin-releasing 
hormone (GnRH) neurons, which are essential for reproductive function and fertility. Due to the 
topographical and migratory links between the development of the olfactory system and GnRH 
neurons, both can be disrupted when migration along olfactory axon pathways is deficient. When 
axon pathfinding of the main olfactory epithelium (MOE) neurons and migration of GnRH 
neurons are disrupted, the result is Kallmann’s syndrome, a rare genetic disorder of complex 
genetic etiology, leading to subfertility and hyposmia. The homeodomain gene, Six3, is highly 
expressed in the MOE, main olfactory bulb (MOB), and hypothalamus, areas essential for 
maintaining reproduction and olfaction. The Six3 gene has overlapping expression with Six6, 
another gene in the SIX gene family, which is of profound importance in GnRH neuronal 
development. Here, we study the role of SIX3 in development of olfactory structures and GnRH 
neurons. We found that GnRH neuron migration was compromised in a dose-dependent matter 
with complete loss of GnRH neurons in Six3 KO embryos (Six3 KO is embryonic lethal), and a 
45% loss of GnRH neurons in Six3 heterozygous (HET) mice. This loss of GnRH neurons during 
migration was due to effects in the neuronal network along the migratory pathway rather than 
mediated via effects intrinsic to the GnRH neurons since GnRH neurons actually increased by 
30% when Six3 was deleted only from GnRH neurons in Six3 Flox x GnRH-Cre mice. In Six3 
HET mice, fertility was absent in male and impaired in female. Downstream reproductive 
physiology was intact in these mice including normal spermatogenesis and pituitary hormone 
secretion in response to GnRH administration. However, significant hyposmia led to an inability 
of males to detect the volatile estrous cues of female mice. This hyposmia resulted in a deficit in 
mounting, plugging, and litter production by Six3 HET males. In summary, we found that Six3 
gene dosage is essential in the proper development of olfactory structures, in the migration of 
olfactory and GnRH neurons, and in the olfactory-based regulation of mating behavior. Our 
study is the first to address the impact of Six3 haploinsufficiency in adulthood and demonstrates 
Six3 to be a key transcription factor in MOE development and both male and female fertility. 

Disclosures:  E. Pandolfi: None. H.H. Hoffmann: None. E.L. Schoeller: None. P.L. Mellon: 
None. 



Poster 

117. Neurogenesis and Patterning 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 117.11/A11 

Topic: A.01. Neurogenesis and Gliogenesis 

Support: CREST/AMED 

Title: Protocadherin clusters require neural wiring in reticular formation in spinal cord and 
brainstem 

Authors: *T. YAGI1, S. HASEGAWA1, A. OKAYAMA1, R. KANEKO2, T. HIRAYAMA1, M. 
KUMAGAI1, T. HIRABAYASHI1;  
1Osaka Univ., Suita, Japan; 2Gumma Univ., Maebashi, Japan 

Abstract: The clustered protocadherin (Pcdh) genes encode cadherin-related transmembrane 
proteins, which divide into three Pcdh-a, -b and -g clusters. All isoforms play similar homophilic 
protein-protein interaction and make dimers together with distinct isoforms beyond different 
clusters. Therefore it is considering that their isoforms have total function on molecular diversity. 
Here we were successful to obtain all Pcdhs null mutants by using trans-allelic Cre-loxP 
recombination and rescue of TAF7 transgene. They were died soon after birth with less moving 
and breathing, and could not respond to any physical stimuli. Increase neuronal apoptosis were 
found in reticular formation of spinal cord and brainstem after embryonic day 16.5. Loss of Bax 
gene in Pcdh null mutants could avoid their neuronal apoptosis, but did not rescue less moving 
phenotypes. Administration of neurotransmitters induced their neuronal activity but could not 
normal coordinated neural activity in motor neurons, suggesting that total Pcdhs display 
significant for functional wiring in reticular formation. 
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Abstract: Radial glia line the lateral ventricular surface of the embryonic brain and generate 
immature neurons that laminate the cortex. The anatomical proximity between radial glia and 
other cell types supports a model for which intercellular communication is critical for cortical 
development. Extracellular vesicles (EVs) transfer bioactive molecules from donor sources to 
recipients and mutations effecting EV pathways disrupt brain development. However, the 
neurophysiological functions of neurovesicles have only started to emerge. It has previously 
been demonstrated that EVs derived from embryonic cerebrospinal fluid are enriched in 
miRNAs. Small RNA sequencing has been used to identify EV miRNAs in patients and has 
further demonstrated that other, hitherto considered sources of EVs exist, likely including 
choroid plexus epithelial cells. There are other plausible developmental EV sources, however, it 
is unclear to what extent they regulate development, and their implication in 
neurpathophysiological states. The data provided here characterize radial glia as an in vivo 
neurodevelopmental source of EVs. 
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Abstract: The neurovascular unit (NVU) is conceptually defined as a functional entity 
consisting of neurons, astrocytes, pericytes, endothelial cells and smooth muscle cells. Although 
we are in a ‘golden era’ of bioengineering, there are no modules available as neural chips. The 
NVU is ideal for the concept of a neural chip; however, it is not known how many cells are 
contained in actual NVUs or what their size might be. The sexually dimorphic nucleus of the 
preoptic area (SDN-POA) is a tiny brain structure between 0.001~0.007 mm3 in rats [He et al., 
2012, 2013a, 2013b] with an assessable biological function (i.e., governing male sexual 
behavior). The present study examined whether there might be identifiable NVUs in the SDN-
POA by assessing its vasculature relative to its known neural components. First, a thorough and 
systematic review of thousands of histologic and immunohistochemical images from 201 
weanling and adult rats was undertaken to define the characteristics of the vessels supplying the 
SDN-POA: its primary supply artery and capillaries were physically inseparable from their 
neural elements. A subsequent immunofluoresecent study targeting α-smooth muscle actin 
(αSMA) confirmed the supply artery of the SDN-POA which was delineated using calbindin 
D28K immunoreactivity. Finally, a schematic of an SDN-POA neurovascular unit was proposed 
as a working model for the construct of a neural chip. The module could potentially inform 
development of next generation bioengineered neural transplants and serve the study of 
neurovascular mechanisms. 
Figure 1. Hypothesized NVU working module in the rodent SDN-POA. A: astrocytes, N: 
neurons, P, pericytes, dashed-circles highlight unknowns and would serve as the focus of future 
studies. 
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Title: Roles of transcription factor Runx1 in BMP4-regulated neurite outgrowth and CGRP 
expression of dorsal root ganglion neurouns 
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Abstract: Runx1, runt-related transcription factor, plays important roles in the cell type 
specification and axonal projections of the nociceptive dorsal root ganglion (DRG) neurons, 
whereas bone morphogenetic protein 4 (BMP4) is required for axonal growth during neuronal 
development. Although Runx1 has been shown to be involved in BMP4 signaling in non-neural 
tissues, the Runx1 function in BMP4-dependent regulation of neuronal development is unclear. 
To investigate interactions between Runx1 and BMP4 in neurite outgrowth, we cultured DRGs 
from wild-type (WT) and Runx1-deficient mouse embryos in the presence or absence of BMP4. 
Neurite outgrowth was decreased in BMP4-treated WT DRGs and untreated Runx1-deficient 
DRGs, suggesting the inhibitory effect of BMP4 and facilitatory effect of Runx1 on neurite 
outgrowth. In addition, the combination of BMP4 treatment and Runx1 deficiency increased 
neurite outgrowth, suggesting that Runx1 deficiency disrupts BMP4-induced neurite outgrowth 
inhibition. We next analyzed neurite number in cultured DRGs. In contrast to neurite length, the 
neurite number was not changed by Runx1 deficiency or BMP treatment of WT DRGs. 
However, neurite number was increased by BMP4 treatment in Runx1-deficient DRGs. These 
results showed that neither BMP4 treatment nor Runx1 deficiency alone affects neurite number 
of DRGs, but the combination of these two increased it. Both BMP4 treatment and Runx1 
deficiency increased calcitonin gene-related peptide (CGRP)-positive neurons, and CGRP 
expression was not increased by BMP4 treatment in Runx1-deficient mice, suggesting that 
Runx1 contributes to BMP4-induced CGRP expression in DRG neurons. Thus, Runx1 appears to 
play important roles in neurite outgrowth and CGRP exprssion via BMP4 signaling in DRG 
during the embryonic stages. 
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Abstract: cAMP plays a pivotal role in neurite/axon growth and guidance.Furthermore, in vivo 
studies have shown that cAMP elevation strongly promotes axon regeneration. Neurite 
outgrowth requires membrane expansion through the exocytosis of plasmalemmal precursor 
vesicles at growth cone. TC10 is a Rho family GTPase and has been shown to play a significant 
role in the exocytosis of certain membrane proteins by tethering vesicles to the plasma 
membrane. Recent studies including ours have shown that TC10 and its effector Exo70, a 
component of the exocyst tethering complex, contribute to neurite outgrowth through the 
membrane addition. We further propose a model that GTP hydrolysis of vesicular TC10 near the 
plasma membrane promotes neurite outgrowth by accelerating vesicle fusion by releasing Exo70. 
TC10 could be involved in axon regeneration because TC10 mRNA level increases following 
axotomy. In this study, we tried to find a mechanical linkage between cAMP and TC10 activity 
in neuronal cells. Firstly, by using a FRET sensor, we have shown that TC10 activity at the 
plasma membrane decreased abruptly following dbcAMP treatment both in PC12 and Neuro2A 
cells, whereas no change in TC10 activity was observed in dbcAMP-treated HeLa and COS-7 
cells. TC10 depletion lead to a significant decrease in neurite outgrowth in dbcAMP-treated 
PC12 cells. Although exogenous expression of wild-type TC10 could rescue the decrease in 
neurite outgrowth by TC10 depletion, constitutively active TC10 could not. These results are 
consistent with our model for the mechanical implication of GTP hydrolysis of TC10. Drug and 
RNAi experiments have shown that dbcAMP-induced inactivation of plasmalemmal TC10 was 
principally mediated by PKA in neuronal cell-lines. Next, we found that RhoA activity at the 
plasma membrane was decreased following dbcAMP addition. Thus we checked the possibility 
that GAPs which are thought to inactivate RhoA also down-regulate TC10, and found that 
depletion of p190B abolished down-regulation of both TC10 and RhoA in dbcAMP-treated 
PC12 cells. Furthermore, p190B depletion markedly reduced dbcAMP-induced neurite 
outgrowth. Because p190B does not have canonical PKA phosphorylation motif, we tried to find 
a factor(s) which links PKA and p190B. Expression of dominant-negative mutant of Rac1 
reduced dbcAMP-induced TC10 inactivation. Furthermore, the depletion of STEF/Tiam2 also 
reduced dbcAMP-induced TC10inactivation. Together with our previous study for efficient 
activation of STEF by PKA, we presume that PKA-STEF- Rac1-p190B pathway plays a major 
role in neurite outgrowth following cAMP treatment. 
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Abstract: Several well defined genetic mutations in components of the RAS/RAF/MEK/ERK 
(ERK/MAPK) pathway cause neurodevelopmental deficits in a family of syndromes known as 
RASopathies. A majority of these mutations result in ERK/MAPK hyperactivation, however, the 
impact of enhanced ERK/MAPK signaling on the development of cortical connectivity is poorly 
understood. We employed a conditional genetic approach to define the effects of ERK/MAPK 
hyperactivation on the developing mouse motor cortex. Excitatory-neuron specific 
overexpression of constitutively active MEK1 (caMEK1) throughout the cortex led to an 
increase in the levels of phosphorylated ERK1/2, particularly in developing axons. We tested 
whether enhanced ERK/MAPK altered the extension and arborization of axons derived from 
layer 5 subcortical projection neurons. Anterograde viral tract tracing revealed that caMEK1 
expression led to a decrease in the elongation of corticospinal axons in the spinal cord. 
Importantly, when caMEK1 expression was restricted to layer 5 excitatory neurons, a similar 
alteration in corticospinal elongation was observed. These data demonstrate that the changes in 
axonal growth following ERK/MAPK hyperactivation are layer 5 neuron autonomous. The 
arborization of axonal projections in the hindbrain, striatum, and contralateral cortex were also 
compared to control mice. We examined whether cortical excitatory-neuron specific caMEK1 
mutants exhibit deficits in locomotor activity and motor learning. Mutant mice did not show a 
change in global locomotor activity in the open field test when compared to controls. In contrast, 
we observed significant differences in skilled motor learning in the accelerating rotarod assay 
and single-pellet reaching task. Our data reveal alterations in corticospinal axon outgrowth and 
branching that coincide with impairments in motor learning following cortical excitatory neuron 
specific ERK/MAPK hyperactivation. These findings suggest that the aberrant development of 



cortical long-range projection neuron connectivity contributes to motor delay and possibly 
learning abnormalities in RASopathies. 
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Abstract: Muscarinic receptors mediate the metabotropic action of acetylcholine (ACh). Lesions 
in the central ACh-mediated system are now considered to be a major factor in 
neurodegenerative disorders. Previously we have shown that pirenzepine (PZ) and muscarinic 
toxin-7 (MT7), selective antagonists of muscarinic acetylcholine receptor type-1 (M1R), can 
induce neurite outgrowth in cultured adult rodent dorsal root ganglion (DRG) neurons. However, 
the exact mechanism of their effect on neurite outgrowth is unknown. Muscarinic receptor 
activation can directly/indirectly regulate many signaling pathways including Ca2+ signaling. 
Previously, we have shown that M1R antagonism can raise AMPK phosphorylation and resulted 
in increased mitochondrial activity. Ca2+/calmodulin-dependent protein kinase kinase β 
(CaMKKβ) is a potential target of muscarinic antagonism as an upstream activator of AMPK and 
it is strongly expressed in peripheral neurons. Therefore, in the present study, we used iso-
electric focusing to identify the post-translational modification (PTM) of CaMKKβ upon 
PZ/MT7 treatment in adult DRG neurons as well as M1R-GFP transiently over-expressed cells. 
Our results indicate that CaMKKβ undergoes significant PTMs upon MT7 or PZ treatment, 
however, the extent and nature of the modifications differed. In primary DRG neurons, CaMKKβ 
was found significantly relocated from the perikarya to neurites within 1hr of treatment with 



PZ/MT7. In addition, MT7/PZ treatment significantly altered the association of CaMKKβ with 
several multiprotein complexes which may be due to the differential PTMs. 
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Abstract: Ventral anterior homeobox1 (VAX1) is a homeodomain transcription factor, which is 
known for its role in the development of vertebrate ventral forebrain. VAX1 mutations in human 
and mice cause various malformation of ventral midline brain structures including anterior 
commissure, corpus callosum and optic chiasm. Previously, it was reported that Vax1 not only 
regulates transcription of genes in the brain areas but also promotes retinal axon growth as a 
translational regulator via the intercellular transfer. However, it still remains unclear about the 
physiological importance of the cell autonomous versus non-cell autonomous functions of Vax1 
in the development. To investigate this, we generated Vax1KR/AA mutant mice, in which conserved 
lysine and arginine residues that binds to heparin sulfate proteoglycan (HSPG) of retinal axons 
are replaced with two alanines. We then examined the brain and eye development of mice that 
have six different Vax1 gene contents; Vax1+/+, Vax1+/AA, Vax1+/-, Vax1AA/AA, Vax1-/AA, and Vax1-

/-. The Vax1-/- and Vax1-/AA failed to form the midline structures of forebrain and were perinatally 
lethal due to the palate cleft. In contrast, Vax1AA/AA also lacked of the commissures but had 
normal palate. However, the Vax1AA/AA mice develop abnormal retina-optic stalk boundary with 
the proximal expansion of Pax6, similar as the Vax1-/- and Vax1-/AA mice. Together, we 
demonstrate that different levels of cell autonomous and non-cell autonomous activities of Vax1 
are necessary for brain and eye development. 

Disclosures:  K. Min: None. Y. Sung: None. N. Kim: None. H. Lee: None. J. Kim: None. 



Poster 

118. Axon Outgrowth and Guidance 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 118.06/B6 

Topic: A.05. Axon and Dendrite Development 

Support: ALS Association 

 Travis Roy Foundation 

 Massachusetts Department of Public Health – SCI Cure 

Title: Molecular controls over corticospinal motor neuron axonal branching at specific spinal 
segments 

Authors: *Y. ITOH, V. SAHNI, S. J. SHNIDER, J. D. MACKLIS;  
Dept. of Stem Cell and Regenerative Biol., Harvard Univ., Cambridge, MA 

Abstract: Corticospinal motor neurons (CSMN, and related cortico-brainstem motor neurons; 
together “CSMN”) are located in layer V of the neocortex, and make synaptic connections to 
motor output circuitry in the spinal cord and brainstem. CSMN axons form the corticospinal tract 
(CST), the major motor output pathway from the motor cortex. CSMN and the CST critically 
control voluntary movement. CSMN are also clinically important. CSMN degeneration in 
amyotrophic lateral sclerosis (ALS), along with degeneration of spinal motor neurons, causes 
spasticity and paralysis. In humans, damage to the corticospinal tract in spinal cord injury is the 
principal cause of loss of voluntary motor control. Previous studies in our lab have identified 
combinatorial molecular controls over the specification and differentiation of CSMN. 
CSMN themselves exhibit striking anatomical and functional diversity: Some CSMN extend 
axons to innervate cervical spinal cord targets, and control forelimb movement, while others 
extend far more caudally to innervate lumbar segments, and control hindlimb movement. The 
underlying molecular basis for this diversity is strongly suggested by the stereotypic organization 
of these populations in the sensorimotor cortex, which is largely conserved from rodents to 
primates, and by their precise topographic pattern of connectivity in the spinal gray matter. We 
are investigating molecular mechanisms underlying segmental specificity of this connectivity. 
We have identified a set of candidate molecular controls over development of this diversity and 
specificity of CSMN segmental connectivity. We selectively isolated cervical- and lumbar-
projecting CSMN (CSMNC and CSMNL, respectively) at three critical time points of CST 
development, and identified differentially expressed genes between these two subpopulations of 
CSMN during development. Using gain- and loss-of-function analyses, we identified a secreted 
proteoglycan expressed specifically by CSMNC that non-cell-autonomously limits CSMNL 
axonal collateral branching in the cervical spinal cord. These results represent a novel mode of 



control over circuit connectivity, via non-cell-autonomous regulation of CSMNL axonal 
branching by CSMNC, thus over development of segmentally and functionally specific 
corticospinal circuitry. 
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Abstract: Serotonin (5-HT) is a major neuromodulator in the brain and disruption of 5-HT 
signaling has been linked to neurodevelopmental psychiatric disorders including depression, 
anxiety, suicide, and posttraumatic stress disorder. Although significant progress has been made 
in understanding the neuron-type specification of 5-HT neurons, far less is known about the 
regulatory factors that act in subsequent developmental stages to control acquisition of their 
mature morphological and functional characteristics. Surprisingly, little is known about the 
intrinsic regulatory factors that control 5-HT axonal growth and guidance despite the fact that 5-
HT axons innervate nearly all regions of the brain and spinal cord. The LIM-homeodomain (LIM 
HD) transcription factor (TF), Lmx1b, plays an essential role in 5-HT neuron terminal 
differentiation through its activation of 5-HT genes that determines 5-HT neuron transmitter 
identity. Notably, serotonergic expression of Lmx1b continues throughout life after the 
acquisition of 5-HT neuron identity. This continual expression led us to hypothesize that Lmx1b 
regulates other genes responsible for further features of 5-HT neurons such as their expansive 
axonal projections. To investigate this, Lmx1b floxed mice were crossed with transgenic mice 
expressing Cre recombinase specifically in newborn 5-HT neurons. Further, the Ai9 reporter was 
crossed into this mouse line to mark 5-HT axons with Td-Tomato. Our findings with 
Lmx1bfl/fl;ePet-Cre;Ai9 conditional knock out (Lmx1bcKO) mice reveal mispositioning of 5-HT cell 
bodies in the dorsal raphe and a severe disruption of forebrain 5-HT axonal innervation patterns. 
Confocal imaging revealed a lack of Td-Tomato+ axonal innervation in the Lmx1bcKO 
hippocampus. In addition, we found Td-Tomato+ hyper-innervation of thalamic and other regions 
in Lmx1bcKO mice. These findings suggest a major intrinsic role for Lmx1b in 5-HT axonal 
development and cell body positioning in the raphe. A further goal is to identify Lmx1b 



regulated genes involved in shaping 5-HT neuron connectivity. Lmx1bcKO 5-HT neurons are 
being sorted at different developmental time points and analyzed by RNA-sequencing to identify 
axon growth and pathfinding-related genes controlled by Lmx1b. 5-HT neuron transcriptome 
databases previously generated in the lab with fetal to postnatal 5-HT neurons have revealed 
potential intrinsic 5-HT axonal growth and pathfinding genes and are being used to guide Lmx1b 
studies. These experiments will elucidate the mechanisms by which Lmx1b builds 5-HT axon 
architecture and advance our understanding of how complex 5-HT axon connectivity is achieved 
during development. 
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Abstract: Mitochondria are enriched in subcellular regions of high energy consumption, such as 
axons and pre-synaptic nerve endings. Accumulating evidence suggests that mitochondrial 
maintenance in these distal structural/functional domains of the neuron depends on the “in-situ” 
translation of nuclear-encoded mitochondrial mRNAs. In support of this notion, we recently 
provided evidence for the axonal targeting of several nuclear-encoded mRNAs, such as 
cytochrome c oxidase, subunit 4 (COXIV), ATP synthase, H+ transporting and mitochondrial Fo 
complex, subunit C1 (ATP5G1). Furthermore, we showed that axonal trafficking and local 
translation of these mRNAs plays a critical role in the generation of axonal ATP. Using a global 
gene expression analysis, this study identified a highly diverse population of nuclear-encoded 
mRNAs that were enriched in the axon and presynaptic nerve terminals. Among this population 
of mRNAs, fifty seven were found to be at least two fold more abundant in distal axons, as 
compared with the parental cell bodies. Gene ontology analysis of the nuclear-encoded 



mitochondrial mRNAs suggested functions for these gene products in molecular and biological 
processes, including but not limited to oxidoreductase and electron carrier activity and proton 
transport. Based on these results, we postulate that local translation of nuclear-encoded 
mitochondrial mRNAs present in the axons may play an essential role in local energy production 
and maintenance of mitochondrial function. 

Disclosures:  A. Aschrafi: None. A.N. Kar: None. J. Gale: None. A.G. Elkahloun: None. A.E. 
Gioio: None. B.B. Kaplan: None. 

Poster 

118. Axon Outgrowth and Guidance 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 118.09/B9 

Topic: A.05. Axon and Dendrite Development 

Support: NIMH Grant ZIAMH002768 

Title: Axonal trafficking of mitochondrial ATP synthase mRNA 

Authors: N. SALES, J. GALE, S. S. SCOTT, C. CHEN, A. ASCHRAFI, *A. E. GIOIO, B. B. 
KAPLAN;  
Lab. of Mol. Biol., NIH, NIMH-, Bethesda, MD 

Abstract: Previously, a diverse population of nuclear-encoded mitochondrial mRNAs was 
identified in axons of primary sympathetic neurons cultured in multicompartmented Campenot 
chambers. Evidence suggests that the local translation of these mRNAs is vital for the 
maintenance of mitochondrial function in this distal neuronal compartment. In addition, it was 
shown that mRNA encoding ATP5G1 synthase subunit 9 (ATP5G1), an essential component of 
Complex V in the electron transport chain, is present in distal axons and is locally translated. 
Furthermore, when axonal ATP5G1 levels are diminished via siRNA methodology, there is a 
significant reduction in local ATP levels and conversely, an increase in the production of 
reactive oxygen species (ROS). Reduction of axonal ATP5G1 expression also results in 
attenuation in the rate of axonal growth, establishing that the trafficking and local translation of 
axonal ATP5G1 is important in both the maintenance of mitochondrial function and axonal 
health (Natera-Naranjo et al., 2012). In this investigation, we address the mechanism of 
trafficking of this mRNA to distal axons. Our preliminary findings indicate that mRNA 
localization is mediated by cis-acting elements located in the 3’ UTR of the mRNA. RNA 
secondary structure analysis using MFold (Zuker, 2003) suggested that this regulatory sequence 
was situated in a putative stem-loop structure. Taken together, these findings extend our 



knowledge concerning the regulation of mRNA trafficking to the axon and mediation of local 
mitochondrial activity. 
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Title: Mitochondrial dynamics in retinal ganglion cell development and regeneration 
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Abstract: A major underlying problem in the central nervous system (CNS) is a failure to 
regenerate neurons and their projections in disease or after injury. In recent decades, 
mitochondrial dynamics including volume change, fission-fusion, positioning or transport, and 
biogenesis have been investigated in models of neuronal health and degeneration. Little is known 
about how these mitochondrial events change in development, during periods in which axons are 
growing or maturing, or about how manipulating mitochondrial dynamics influences axon 
growth or regeneration. We have been investigating mitochondrial changes in the retina and 
optic nerve during development and manipulating mitochondrial fission and fusion in growing 
retinal ganglion cell axons.  We found that suppressing mitochondrial fission (increasing fusion) 
blocks RGC axon growth inhibition normally elicited by chondroitin sulfate proteoglycans in 
early postnatal RGCs in vitro. To identify whether mitochondrial fission/fusion and or transport 
mechanisms also influence axon regeneration in vivo, we are manipulating mitochondrial 
dynamics in studies of retinal ganglion cell regenerative therapies. We found that axon growth-
suppressing Kruppel-like transcription factors (KLFs) increase the expression of mitochondrial 
fission process 1,18 kDa (MTP18), a positive regulator of Mt fission, supporting the hypothesis 



that increased fission is inhibitory for axon growth in RGCs. Thus we hypothesize that axon 
regeneration is dependent on the regulation of mitochondrial dynamics. We further find that 
mitochondrial axon localization changes during retinal ganglion cell development. Together 
these data support a mechanism in which axon growth and guidance responses are regulated by 
mitochondrial fission-fusion dynamics, and suggest suppressing fission as a potential therapeutic 
strategy for improving axon regeneration after CNS trauma. 
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Abstract: Adenosine triphosphate (ATP) is a major energy source produced by mitochondria, 
and is used in muscle contraction, neuronal activity, organ development, and many other 
physiological phenomena. In neurites, mitochondria are known to be transported bidirectionally, 
and ATP produced by locally anchored mitochondria has been suggested relationships with 
neuronal major activities including firing, neurotransmission, and morphogenesis. In addition, 
mitochondrial transports also play an important role as quality control of mitochondria: recall of 
unhealthy mitochondria and supply of new healthy mitochondria. As some neurodegenerative 
diseases accompany dysfunction of mitochondrial transports, to check and control mitochondria 
quality is essential for neurons to manage their functions normally and properly. 
One previous research investigated mitochondrial membrane potential, one of indicators of 
mitochondrial quality, revealed that ~90% of mitochondria with high potential were transported 
towards growth cones (GCs) and ~80% of mitochondria with low potential were transported 
towards cell bodies (Miller KE and Sheetz MP, 2004). However, no mitochondrial ATP levels 



has been directly measured, and it is not clear whether mitochondrial ATP and membrane 
potential correlate. Furthermore, a question whether ATP levels of mitochondria transport to 
anterior is high or not has remained unanswered. In this study, we quantified mitochondrial ATP 
level and membrane potential simultaneously and analyzed relationships between mitochondrial 
ATP, membrane potential, and transport within axons in dorsal root ganglion (DRG) neurons. 
We transfected a genetic mitochondrial ATP sensor into DRG neurons and stained the neurons 
with tetramethylrhodamine ethyl ester, an indicator for mitochondrial inner-membrane potential, 
and conducted time-lapse fluorescent imaging under physiological conditions. Acquired images 
were processed by an original algorithm to analyze mitochondrial ATP levels, membrane 
potentials and mitochondrial mobilization quantitatively. 
Mitochondria are classified into 3 types: retrograde, anterograde, and pause depending on their 
movement. Although no difference of membrane potential was found between 3 types, ATP 
levels of anterograde mitochondria were high compare to that of pausing mitochondria. 
Furthermore, mitochondria in GC showed higher both ATP levels and membrane potential than 
that of mitochondria in the axon. These results suggest, in extending neurites, mitochondria with 
high activity were transported towards GC where needs a lot of energy to elongate. 
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Title: Axonal transport mediates exosomes derived from cerebral endothelial cells on axonal 
growth 

Authors: *Y. ZHANG1, M. CHOPP1,2, C. LI1, X. LIU1, X. WANG1, L. ZHANG1, Z. ZHANG1;  
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Abstract: Exosomes play essential roles in intercellular communication by transferring their 
cargo between source and target cells. We have demonstrated that exosomes harvested from post 
stroke rat cerebral endothelial cells (sCEC-exosomes) promote axonal growth. The present study 



tested the hypothesis that axonal transport mediates sCEC-exosome-enhanced axonal growth. 
Embryonic cortical neurons were cultured in a microfluidic device which separates distal axons, 
axon bodies and their parent cell bodies into three isolated compartments. Tracking intra-axonal 
vesicles, we found that application of sCEC-exosomes (3x107) into the distal axon compartment 
significantly (P<0.05) increased vesicle velocity (2.3±0.2 vs 0.7 ±0.1 µm/s in control), which 
was associated with an increase in growth cone extension (29±1 vs 12±1 µm/h in control, 
p<0.01). Application of emetine, a global protein synthesis inhibitor, into the axon body 
compartment completely abolished transport proteins, kinesin and dynein, in this compartment 
and suppressed exosome-augmented vesicle velocity (0.2±0.0 µm/s) and axonal growth (5±1 
µm/h). RT-PCR analysis showed that the distal axonal exosomal treatment significantly 
increased a set of pre and mature miRNAs, including miR-19A, 27A, 195, and 298 in distal 
axons and somata, with elevated levels of these miRNAs ~10 times higher in distal axons than in 
somata. Emetine eliminated exosome-elevated pre-miRNAs and reduced mature miRNA levels 
in distal axons, but did not affect pre- and mature miRNAs in somata. Western blots revealed 
that the distal axonal exosome treatment robustly reduced protein levels of Sema6A, PTEN and 
RhoA in distal axons, whereas emetine only partially suppressed the effect of the exosomes on 
these proteins that are targeted by aforementioned miRNAs. To further examine whether sCEC-
exosomes enhance axonal growth after blockage of vesicle transport between the soma and distal 
axon by emetine, sCEC-exosomes were applied to distal axons immediately after termination of 
emetine treatment. Under the control condition, axonal growth recovered 12h after end of 
emetine treatment. However, the exosome treatment led to full recovery and doubling of axonal 
lengths 3 and 12h after ending emetine, respectively. Together, our data suggest that in addition 
to mature miRNAs delivered by sCEC-exosomes, the exosomes applied to distal axons amplify 
axonal transport to deliver pre-miRNAs from somata to distal axons, leading to enhanced-axonal 
growth by suppressing axonal inhibitory genes via elevated mature miRNAs. Thus, the present 
study provides new insights into axonal transport in mediating sCEC-exosome-promoted axonal 
growth. 
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Title: apl1 intracellular domain overexpression affects axonal guidance in c elegans gaba 
neurons 

Authors: *J. JENKINS1, R. EL BEJJANI2;  
1Davidson Col., Savannah, GA; 2Biol., Davidson Col., Davidson, NC 

Abstract: The amyloid precursor protein (APP) is best studied for its role in Alzheimer’s 
disease. However, APP is expressed in normal brains and its role in neurons remains unclear. 
The intracellular domain of the mammalian gene APP is highly conserved with the 
Caenorhabditis elegans gene apl-1. We have integrated a transgene to overexpress the 
intracellular domain of apl-1 (AICD) in the GABA neurons of C. elegans. We show that AICD 
overexpression causes a significant number of axons to be misguided compared to the wild type 
(p<0.0001). In mammalian species, APP is trafficked through the plasma membrane by retromer, 
suggesting that retromer trafficking may affect the function of AICD in axonal guidance. We 
found that rab-6.2 does not affect the defect in axon guidance caused by AICD, suggesting that 
retromer does not affect apl-1 trafficking in C. elegans. Alternatively, the PIKfyve complex is 
involved with apl-1 signaling in other C. elegans tissues. It also shows that the Drosophila apl-1 
ortholog, Appl, is required for correct axonal guidance, APPL forms a complex with the PCP 
complex to activate Wnt signaling. Suggesting that apl-1 may affect guidance via Wnt. We are 
currently testing the involvement of the PIKfyve and PCP Wnt complexes on the defect in axon 
guidance caused by apl-1 overexpression. We will also perform a genetic screen to discover 
additional pathways that are involved with this defect. 
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Abstract: Acute injury to the nervous system, as observed following spinal cord injury or stroke, 
triggers a number of cellular stresses. Injury-related cellular stresses lead to impaired nervous 
system function and brain cell loss. We are examining how a neuron regulates which cellular 
machinery to produce to respond to cellular stress induced by acute axon injury. Using an 
established laser axon injury model in the roundworm, C. elegans, we can examine how a neuron 
responds to stress in an intact organism. We have identified a conserved RNA-binding protein 
that impairs a neuron’s ability to respond to stress. Loss of function in this RNA binding protein 
results in an increase in axon regeneration. Time-course analyses show that the protein likely 
acts during the early regenerative response. We are performing in-depth genetic and genomic 
analyses to identify functional relevant targets. Increasing studies have shown that RNA 
regulation plays diverse roles. In understanding of how a neuron responds to stress, we hope to 
be able to 'fine-tune' this response in order to optimally respond to acute nervous system injury. 
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Title: The role of type iii nrg 1 in cortical axon outgrowth 
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Abstract: Neuregulin 1 has been shown to be a key regulator of neuronal development, 
including cell survival, receptor trafficking, and neurite outgrowth. Type III Neuregulin 1 (Type 
III Nrg1), a neuron-specific isoform of Nrg1, functions as both a ligand and a receptor for its 
signaling partners, the ErbB family of receptor tyrosine kinases. In response to neuronal activity 
and/or ErbB4 binding to Nrg1, two “back-signaling” networks are engaged. In one, the 
intracellular domain (ICD) of Type III is cleaved by gamma secretase and then translocates to 
the nucleus. The second results in activation of PI3K/Akt signaling. Relatively little is known 



about how each of these signaling mechanisms contributes to overall Nrg1 function during 
development of the nervous system. Type III Nrg1 signaling regulates cortical dendritic and 
axonal outgrowth, however we do not know the contribution of each signaling pathway. Here, 
we are asking whether ICD nuclear translocation and PI3K/Akt signaling regulate distinct 
developmental processes, and whether either ICD nuclear translocation and/or PI3K/Akt operate 
in distinct cellular compartments. To answer these questions, we are using cortical neuronal 
cultures to examine single axon dynamics. Stimulating Type III Nrg1 back-signaling increases 
axonal outgrowth. The effect on axonal growth is blocked by PI3K inhibitors but not by gamma 
secretase inhibitors. We then asked whether stimulating Type III Nrg1 back-signaling selectively 
in the axonal vs the somatodendritic compartment would affect axonal length. Indeed, selectively 
stimulating axonal Type III Nrg1 results in increased axon growth whereas stimulating 
somatodendritic Type III Nrg1 does not. These findings suggest a role for axonal, but not 
somatodendritic, Type III Nrg 1-mediated PI3K/Akt signaling in cortical axon outgrowth. 
Supported by NSF GRFP, Turner Fellowship award to AL and MH087473 to DAT 
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Title: KSRP RIP-seq reveals targets important for neuronal development and function 
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Abstract: RNA-binding proteins (RBPs), including the KH-type splicing regulatory protein 
(KSRP), are critical mediators of post-transcriptional regulation of gene expression. KSRP is 
involved in such diverse functions as mRNA splicing and stability, and we have shown that it is 
essential for controlling neuronal outgrowth, implicating it in neuronal development and 
regeneration. Through its KH4 RNA binding domain, KSRP binds to AU-rich instability 



elements in the 3’UTR of mRNAs, causing destabilization of such targets and recruitment of the 
exosome, ultimately resulting in a reduction of translation. KH RNA binding domains 1-3 
mediate binding to targets other than AU-rich mRNAs. In order to obtain a global representation 
of neuronal targets during development, we performed RNA immunoprecipitations followed by 
next-generation sequencing (RIP-seq) using cortical tissue from E18 KSRP knock-out (KO) and 
wild-type (WT) mice. DESeq analysis identified approximately 5000 mRNAs that were 
significantly more abundant (FDR corrected p<0.05) in the WT RIP compared to the KO RIP. 
Top hits included mRNAs encoding Ksrp and other RBPs such as Hu proteins, Ddx proteins, 
Celf1/2, and Mbnl1/2. Other targets included Sox transcription factors, translation initiation 
factors, cell cycle regulators, and genes involved in cytoskeletal structure. Ingenuity Pathway 
Analysis of KSRP targets revealed canonical pathways such as cell cycle regulation, ephrin 
receptor signaling, and axonal guidance signaling. Molecular and cellular functions included 
gene expression, cellular function and maintenance, and cellular assembly and organization. 
Finally, physiological system functions included nervous system development and function, 
embryonic development, and organismal development. We examined the effect of KSRP on 
hippocampal morphology using Thy1-GFP mice crossed with both KSRP KO and KSRP Het 
mice. We found that the lack of KSRP resulted in an increase in mossy fiber outgrowth. This was 
opposite to the effect we observed with Thy1-GFP/HuD KO and Thy1-GFP/HuD Het mice, in 
which the lack of HuD, an RBP that stabilizes mRNAs, resulted in a decrease in mossy fiber 
length. Supporting these morphological findings, KSRP KO mice showed alterations in the 
attentional set-shifting task (ASST) and novel object recognition (NOR) behavioral tests. 
Overall, our results support a role of KSRP in brain development and function. 
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Title: Elucidating mechanisms of tactile afferent targeting 
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Abstract: The cellular and molecular mechanisms that govern targeting of discriminative touch 
receptors to specialized peripheral targets have not yet been identified. High-acuity skin areas, 
including whisker follicles, fingertips and touch domes in hairy skin, are enriched in epidermal 
Merkel cells that are contacted by slowly adapting, Aβ mechanoreceptors. Our objective is to 
elucidate mechanisms of Merkel-cell afferent targeting. As a first step, we analyzed the 
spatiotemporal organization of Merkel cells and their innervation during embryogenesis. We 
performed immunohistochemistry on cryosections and whole-mount preparations from mice 
ranging from embryonic day 14.5 (E14.5), when Merkel cells appear in the skin, to postnatal day 
21 (P21), when afferents are functionally mature. Afferents were visualized by labeling with 
antibodies against Neurofilament-Heavy (NFH) or by their expression of TrkC-TdTomato in 
transgenic reporter mice. Merkel cells were labeled with antibodies against Keratin 8. We found 
that NFH+ neurons diffusely tiled the upper, or papillary, dermis at E14.5 but did not penetrate 
the epidermis. At E16.5, NFH+ and TrkC-TdTomato+ afferents penetrated the interfollicular 
epidermis (between hair follicles) to contact Merkel cells but did not cross the basement 
membranes of hair follicles or glabrous skin. These findings confirm that Merkel-cell 
specification occurs independent of innervation. By E18.5, some touch-dome afferents projected 
past Merkel cells into the upper layer of the epidermis. Other afferents targeted hair follicles at 
this stage. At P1, touch-dome afferents refined to make specific contacts with Merkel cells, 
whereas others formed collars around hair follicles. These results establish touch-dome Merkel-
cell afferents as the earliest tactile afferents to innervate their targets during development. We 
next investigated the developmental localization of cell types that could release cues to guide 
innervation. Since NFH+ afferents innervate touch domes in mice that lack Merkel cells, we 
conclude that Merkel cells are not required for initial targeting of afferents. Keratin 17 (K17) is 
expressed by columnar keratinocytes that are tightly juxtaposed to Merkel cells in mature touch 
domes. We observed that interfollicular K17+ keratinocytes selectively localized to touch domes 
at all developmental stages assessed. Thus, they are well poised to govern targeting of Merkel-
cell afferents during development. Ongoing studies include in vitro and in vivo assays to 
determine whether K17+ keratinocytes are sufficient to promote neurite outgrowth from dorsal 
root ganglion neurons. 
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Abstract: Topographical cues can affect neurite outgrowth in a variety of ways. Control over 
neurite directionality, in particular, has been extensively researched through the use of aligned 
nanofibers, grooved substrates, and even cell-mimetic scaffolds. However, most studies have 
relied on the use of continuous, line-based topographies to guide neurite outgrowth, and the use 
of interrupted topographies is rare, despite their unique effects on primary hippocampal neuron 
behavior. In this work, we designed anisotropic micropillar arrays to successfully control the 
directionality of neurite outgrowth in primary hippocampal neurons. We found that the degree of 
anisotropy in the micropillar arrays was correlated to the fidelity of neurite alignment, and that 
the rate of neurite elongation was affected as well. We also explored the three-dimensional 
interactions between neurites and micropillars. This topographical platform can contribute to 
both studies in fundamental neuron behavior, as well as the practical development of 
neuroregenerative scaffolds. 
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Title: Synaptic phospholipid signaling modulates axon outgrowth via glutamate dependent Ca2+-
mediated molecular pathways 
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Abstract: Altered synaptic bioactive lipid signaling has been shown to augment neuronal 
excitation in the hippocampus of adult animals by activation of presynaptic LPA2-receptors 
leading to increased presynaptic glutamate release. Here we show that this results in higher 
postsynaptic Ca2+ levels and in premature onset of spontaneous neuronal activity in the 
developing entorhinal cortex leading to reduced axon growth velocity of neurons giving rise to 
the perforant path projecting to the hippocampus. This was due to Ca2+-dependent molecular 
signaling to the axon affecting stabilization of the actin cytoskeleton. The spontaneous activity 
affected the entire entorhinal cortical network and thus led to reduced overall axon fiber numbers 
in the mature perforant path which is known to be important for specific memory functions. Our 
data show that precise regulation of early cortical activity by bioactive lipids is of critical 
importance for proper circuit formation. 
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Title: Midline radial glial-like cells promote longitudinal growth of dorsal column axons during 
development 
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Abstract: The ability to regenerate the central nervous system is limited to only a subset of 
vertebrates, such as amphibians and fish. In these robustly regenerating species, radial glial cells 
(RGCs) in the spinal cord are thought to construct stereotyped channels that precede neurite 
outgrowth, providing a growth permissive environment during both regeneration and 
development. In rodent spinal cords, RGCs similarly grow a fibrous network of highly conserved 
compartments during embryonic stages when axon tracts begin to form. However, whether 
mammalian RGCs play similar roles in developmental longitudinal axon growth, and whether 
this mechanism can be harnessed to promote spinal cord regeneration, remains largely unknown. 
By studying mechanisms underlying CNS development, we hope to provide novel insight into 
regeneration. Our lab has identified a population of roof plate-derived radial glial-like cells that 
migrate into the dorsal midline of the mouse spinal cord during embryonic growth of dorsal 
column (DC) axons from E14.5. These Zic2+ radial glial-like midline cells (ZRGCs) lie in close 
apposition to the longitudinally growing DC fibers, which are the ascending axons of 
mechanoreceptors in the dorsal root ganglia. Their proximity to the fibers suggests a potential 
cell-axon interaction in promoting growth. By examining a mouse line carrying a mutation in 
Lmx1a, a gene required for roof plate development, we show here that ascending DC fibers are 
shortened in Lmx1a-null mice, and fail to reach their targets in the medulla. Additionally, 
Lmx1a-null mice exhibit ectopic crossings across the midline, suggesting a physical/chemical 
barrier role for ZRGCs to maintain left-right segregation in the spinal cord DC. These deficits, in 
conjunction with their scaffold-like morphology, suggest that ZGRCs provide mechanical and/or 
chemical support to promote longitudinal growth and pathfinding of developing DC fibers. 
Using deep sequencing analysis of enriched gene expression in ZGRCs at E14.5, we determined 
that ZGRCs express a number of growth promoting factors, such as extracellular matrix 
molecules, growth factors, and guidance cues. Our findings reveal a novel developmental 
mechanism in the mammalian system for long distance growth and guidance throughout the 
spinal cord. 
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Abstract: It is still unclear that why homotopic callosal axonal projection could reach to 
contralateral cortex layer II/III and stop there. We identified a novel axon repulsive factor tex264 
directly regulate this process. Co-staining of tex264 protein and Reelin showed tex264 expressed 
in the Cajal-Retzius cells (CR cells), a population of transient neurons located in the marginal 
zone of developing cortex. Using explant co-culture and axon turning assay, we found tex264 
strongly repulsed axonal growth in vitro, which could be mediated by tex264 induced growth 
cone collapse. Tex264 forebrain cKO mice showed multiple projection defects. Using SMI312 
staining and BDA injection to trace the cKO mouse callosal projection, we found lacking of the 
repulsive cue tex264, more axon passed by contralateral cortex layer II/III and projected to layer 
I. Thus, tex264 should be considered as a novel axon guidance which is essential for connectome 
integration of neocortex superficial layers. 
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Title: Involvement of ecto-nucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) in 
regulation of insulin-induced neurite outgrowth in sensory neurons 

Authors: *K. NISHIDA, R. IKEDA, A. HOSODA, R. HIRAI, A. OHISHI, K. NAGASAWA;  
Kyoto Pharmaceut. Univ., Kyoto, Japan 

Abstract: Insulin functions as a trophic factor via insulin receptor (IR) in sensory neurons, and 
their signaling induces neurite outgrowth. However, regulating mechanisms under which 
induction of the neurite outgrowth are poorly understood. ENPP1, an ATP metabolizing ecto-
enzyme, is reported to be one of the molecules to regulate insulin signaling by interacting with 
IR in the liver. In this study, we examined whether ENPP1 was involved in regulation of insulin-
induced neurite outgrowth or not. On Western blotting, expression of ENPP1, IR-alpha and IR-
beta was detected in fraction of sensory neurons and rat dorsal root ganglion (DRG). By 
immunohistochemistry, ENPP1-immunoreactivity was found in the small- and medium-sized 
sensory neurons in DRGs, and ENPP1 was colocalized with IR-alpha in soma of sensory 
neurons. Insulin dose-dependently enhanced the neurite outgrowth in primary cultured sensory 
neurons. Moreover, in the IR-expressing, but not IR- and ENPP1-coexpressing, PC12 cells, 
treatment with insulin increased the neurite outgrowth and the phosphorylation levels of IR. 
These results suggest that ENPP1 might negatively regulate insulin-induced neurite outgrowth in 
sensory neurons. 
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Title: Differential fasciculation of ipsilateral and contralateral retinal ganglion cell axons 
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Abstract: Fasciculation is a key mechanism in axon guidance during neural development. It has 
been most well studied in early axon tracts, in which young axons extend along pioneer axons, 
aided by cell adhesion molecules expressed along the pioneers. Fasciculation may also be an 
important mechanism of organizing axons in developing tracts. In the mouse visual system, 
ipsilaterally- and contralaterally-projecting (ipsi and contra) retinal ganglion cell axons are 
segregated from each other in the retinogeniculate pathway, specifically in the optic nerve and 
tract. We hypothesize that fasciculation contributes to this segregation of retinal axon cohorts. 
Specifically, we propose that ipsi axons have a greater preference to self-fasciculate than contra 
axons. To test this hypothesis, we use an in vitro retinal explant culture system to compare the 
fasciculation behaviors of ipsi and contra retinal axons. We find a difference in intrinsic 
fasciculation preferences between the two cohorts, and are testing how exposure to chiasm cues 
affects relative fasciculation behavior of ipsi and contra neurites. In additional, we have 
developed a novel retinal explant system to compare inter-explant fasciculation between neurites 
extending from pairs of like (i.e., ipsi/ipsi or contra/contra) or unlike (ipsi/contra) retinal 
explants. Finally, in order to better understand the molecular underpinnings of differential 
fasciculation behaviors of ipsi and contra axons, we assess the role of EphB1, a receptor tyrosine 
kinase expressed by ipsi and not contra retinal ganglion cell axons, and which is required for 
correct ipsilateral projection at the optic chiasm. This work not only provides insight into the 
mechanisms underlying pre-target axon organization in the developing retinogeniculate system, 
but also provides a new in vitro platform for testing the effects of candidate molecules on retinal 
axon fasciculation and axon-axon interactions. 
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Title: Differential expression of axon-sorting molecules in mouse olfactory sensory neurons 
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Abstract: In the mouse olfactory system, the axons of olfactory sensory neurons that express the 
same type of odorant receptor (OR) converge to a specific set of glomeruli in the olfactory bulb 
(OB). It is widely accepted that expressed OR molecules instruct glomerular segregation by 
regulating the expression of axon-sorting molecules. Although the relationship between the 
expression of axon-sorting molecules and OR types has been analyzed in detail, those between 
the expressions of axon-sorting molecules remain to be elucidated. Here we collected the 
expression profiles of four axon-sorting molecules from a large number of glomeruli in the OB. 
These molecules demonstrated position-independent mosaic expressions, but their patterns were 
not identical in the OB. Comparing their expressions identified positive and negative correlations 
between several pairs of genes even though they showed various expressions. Furthermore, the 
principal component analysis revealed that the factor loadings in the principal component 1, 
which explain the largest amount of variation, were most likely to reflect the degree of the cyclic 
nucleotide-gated (CNG) channel dependence on the expression of axon-sorting molecules. Thus, 
neural activity generated through the CNG channel is a major component in the generation of a 
wide variety of expressions of axon-sorting molecules in glomerular segregation. 
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Title: Effect of maternal obesity on fetal brain development: impairment in the expression of 
axon guidance cues 
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Abstract: Introduction: Epidemiologic studies suggest that maternal obesity (MO) is associated 
with an increased risk of long term pediatric neurodevelopmental and metabolic sequelae. The 
complex underlying neurodevelopmental processes require further investigation. We 
hypothesized that in-utero exposure to MO would alter expression of genes involved in axonal 
growth. We therefore investigated expression of class 3 Semaphorins (SEMA3A-G) and their 
receptors and co-receptors; Plexins (PLXNA1-4) and Neuropilins (NRP1 and NRP2) respectively. 
Methods: We performed an IRB-approved, matched case-control study in women with singleton 
fetuses undergoing elective pregnancy termination in the second trimester (GA 15 - 21 wks). MO 
cases ((6♂/6♀), BMI >30) were compared to lean controls (6♂/6♀, BMI <25). Subjects were 
matched for gestational age, race and fetal gender. Total RNA was isolated from snap-frozen 
fetal brain tissue. RT-qPCR was performed with specific primers. The ΔΔCt was calculated 
following GAPDH normalization and fold change calculated relative to controls. Changes in 
gene expression levels with p<0.05 were considered statistically significant. 
Results: Our results show a significant up regulation in fetal mRNA expression of SEMA3E and 
PLXNA3 transcripts with MO in both males and females (Table 1). We observed gender specific 
changes: Semaphorin-3F (SEMA3F) and its receptor Neuropilin-1 (NRP-1) were up regulated in 
brain tissue from males (↑1.8 (p=0.05) and ↑1.5 (p=0.02) folds respectively), with no effect in 
females. 
Conclusions: Our data suggest that in utero exposure to MO is associated with potentially 
clinically significant, sex-specific alterations in fetal brain expression of genes related to axon 
guidance. These molecular alterations may provide a mechanistic link between MO and 
neurodevelopmental and behavioral outcomes. 



 

Disclosures:  N. Merabova: None. G. Tatevosian: None. S.G. Bouret: None. S. Park: None. N. 
Darbinian: None. A.E. Edlow: None. R.A. Simmons: None. L. Goetzl: None. 

Poster 

118. Axon Outgrowth and Guidance 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 118.26/B26 

Topic: A.05. Axon and Dendrite Development 

Support: NIH DP2 MH100008 

 NIH R21 MH107039 

 March of Dimes 

Title: A novel developmental requirement for NMDA receptors in axon guidance is disrupted by 
hypoxic injury 
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Abstract: Hypoxic injury in the developing human brain is a major cause of chronic 
neurodevelopmental impairments in part through loss of normal connectivity although the 
mechanisms are poorly understood. We found that hypoxic injury down-regulates N-methyl-D-
aspartate receptor (NMDAR) expression in the developing brain. NMDARs are glutamate-gated 
heteromeric ion channels that play key roles in excitatory synaptic transmission in the adult brain 
and in synapse stabilization. We found that commissural axon pathfinding is disrupted by 
pharmacological inhibition of NMDARs. We demonstrate that the NMDAR NR1 subunit is 
expressed in commissural axons, and that vglut1, the biosynthesis enzyme for glutamate, is 
expressed in neurons adjacent to the commissural axons. We further show that an NMDAR 
agonist can rescue hypoxic-induced commissural neuron pathfinding defects. In summary, we 
report an unexpected developmental role for NMDARs in axon pathfinding, and show that 
disruption of normal NMDAR function by hypoxia contributes to connectivity disruption. 
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Abstract: Columnar restriction is commonly observed in vertebrates and invertebrate nerve 
system, which helps to form non-overlapping receptive fields and preserve the spatial sensory 
information from the periphery. Columnar restriction is thought to be mediated by contact-
dependent repulsive interactions that are regulated by cell surface proteins. Neurexins are cell 
adhesion molecules involved in synapse formation and synaptic transmission. However, the 
potential roles of Neurexin in neural early development are unclear. Here, we showed that 
Neurexin is expressed in Drosophila laminar neurons and accumulated in their growth cones. 
Depletion of Neurexin from L4 neurons results in their axons project into neighboring columns. 
Using yeast two-hybrid screening, we identify that Neurexin interacts with Ephrin, a key 
molecule involved in axonal targeting. We further demonstrated that Neurexin mediates L4 
columnar restriction through promoting Ephrin clustering, which is essential for L4 columnar 



restriction. Our study reveals novel roles of Neurexins in mediating Ephrin clustering and 
columnar restriction, and supports a model in which L4-expressed Ephrin cooperates with gila-
derived EPH to restrict L4 axons in column. 
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Title: Celsr3 modulates visual development and function in mice 

Authors: *L. ZHOU;  
GHM Inst. of CNS Regeneration, Jinan Univ., Guangzhou, China 

Abstract: Visual function is highly dependent on the integrity of the complicated visual 
network. Celsr3, a member of atypical cadherin family, is critical for brain wiring such as in 
forebrain, hippocampus and spinal cord. However, its role in visual development and function is 
still not known. Here we study this issue by inactivating Celsr3 in different retinal cells. Using 
Celsr3-GFP transgenic mice, Celsr3 is identified to be expressed in different retinal cells 
including ganglion cells (RGCs), bipolar cells and amacrine cells. Upon Isl1-Cre activation, 
Celsr3 is conditionally removed in some ganglion cells and most bipolar cells. In Isl1-
Cre;Celsr3f/- mutants, the visual function is abnormal using dark/light box test, the raster 
discernibility is significantly decreased by optomotor test, and papillary reflex is diminished, 
compared to the control. Electroretinogram (ERG) shows abnormal a and b waves in Isl1-
Cre;Celsr3f/- mice but unaffected oscillating potentials (Ops), compared to control mice. Mutant 
mice have normal retinal laminar organization by histology studies, comparable cell number of 
amacrine cells and horizontal cells, but significant reduction in RGCs, compared to control 
samples. Furthermore, RGC projections to the superior colliculus (SC) and lateral geniculate 
nucleus (LGN) are impaired in mutant mice. Using ChAT-Cre and PCP2-Cre to specifically 



inactivate Celsr3 in amacrine cells and bipolar cells respectively, we found the local circuit in the 
retinas was disrupted. Thus, Celsr3 is required for the formation of normal visual function 
probably via regulating RGC projections and retinal local network establishment. 
Keyword:Retina; Electroretinography; Superior colliculus; Lateral geniculate nucleus; Visual 
function. 
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Title: Study of genes critical for retinal axon navigational error associated with ocular albinism 
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Abstract: Mutations in the Ocular Albinism 1 (OA1) gene are responsible for the disease, ocular 
albinism, characterized by abnormal melanosome biogenesis and navigation error of the retinal 
ganglion cell (RGC) axons to the brain. How the reduced pigmentation of the RPE exerts its 
effects on the RGCs to influence the misrouting of their axons remains unsolved. We 
hypothesized that microarray analysis of gene expression changes between control and Oa1-/- 
mouse embryonic eyes would identify genes influencing normal/abnormal decussation at the 
chiasm. Here, we report that 51 genes were differentially expressed in embryonic day 15 (E15) 
RPEs/retinas- in Oa1-/- vs control B6/NCrl mice. QPCR, Western blot and 
immunohistochemistry showed that Creb binding protein (Crebbp), Doublecortin (Dcx) and 
Transcription factor 2 beta (Tfap2b) were down-regulated in the embryonic and postnatal eyes of 
Oa1-/- mice. These data suggest that Crebbp, Dcx and Tfap2b may have a critical role to play 
during a precise embryonic period in the axon guidance defects associated with ocular albinism. 
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Abstract: Down syndrome cell adhesion molecule (DSCAM) plays an important role in many 
neurodevelopmental processes such as axon guidance, dendrite arborization and synapse 
formation. DSCAM is located in the Down syndrome trisomic region of human chromosome 21 
and implicated as one of the genes directly contributing to the Down syndrome brain phenotype, 
which includes a reduction in the formation of long-distance connectivity. We have previously 
found that overexpression of DSCAM in mouse cortical pyramidal neurons results in a decrease 
in axon outgrowth and branching. This finding implicates DSCAM as a contributor to the 
formation of improper neuronal connectivity in Down syndrome. Thus, it is of significant 
interest to understand the underlying molecular mechanisms by which Dscam regulates axon 
pathfinding and how these processes may be dysregulated in Down syndrome. The local 
translation of a select group of mRNA transcripts within growth cones is necessary for the 
formation of appropriate neuronal connectivity. We find that Dscam mRNA is localized to 
growth cones of C57BL/6J mouse hippocampal pyramidal neurons. Furthermore, stimulation 
with the axon guidance molecule, netrin-1, results in an increase in locally translated DSCAM 
protein in growth cones. This increase in locally translated DSCAM requires deleted in 
colorectal cancer (DCC), a netrin-1 receptor. When examining these processes in a mouse model 
of Down syndrome (Ts65Dn), we find dysregulation of the localization and local translation of 
Dscam mRNA in early postnatal neuronal growth cones. Furthermore, study of neuronal 
connectivity formation in Ts65Dn mice reveals the disruption of appropriate interhemispheric 
connectivity formation during development. Taken together, these results have implications for 
Down syndrome, because dysregulated local translation of DSCAM during embryonic 
development may contribute to inappropriate neural connectivity and the etiology of this 
neurodevelopmental disorder. 
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Abstract: Early in the development of vertebrate visual system, the patterned, correlated, 
spontaneous bursts of action potentials display in immature retinal ganglion cells (RGCs) and 
propagate through the developing visual system termed retinal waves. The stage II waves, 
occurring during birth to postnatal day 9 (P9) in rodent, are crucial for refining visual circuits 
from retinas to central brain. The waves are mediated by periodic spontaneous depolarizations in 
starburst amacrine cells (SACs), releasing acetylcholine and γ-aminobutyric acid to neighboring 
SACs and RGCs. Previously we found that the Syt I-mediated increase in wave frequency acts 
through promoting exocytosis in RGCs and this effect is abolished by bath application of 
ionotropic glutamate receptor antagonists. However, whether stage II retinal waves promote 
glutamate release during the first postnatal week remains unclear. To solve this problem, we 
expressed the intensity-based glutamate-sensing fluorescent reporter (iGluSnFR) in developing 
rat RGCs. We found that bath application of 100 µM glutamate increased the fluorescence 
intensity of iGluSnFR in RGCs, suggesting that iGluSnFR can serve as an effective sensor for 
glutamate release in developing rat retinas. We subsequently observed the changes in the 
fluorescence intensity following pharmacological treatments. First, high KCl (119 mM) was used 
to depolarize retinal neurons, thus inducing Ca2+-dependent exocytosis. Second, adenosine A2AR 
agonist (5 µM CGS21680) was applied to increase the wave frequency and cAMP/PKA activity. 
We found that application of high KCl or CGS21680 alone increased the intensity of iGluSnFR 
in developing RGCs. The intensity of iGluSnFR was profoundly increased in the presence of 
both KCl and CGS21680. These results suggest that glutamate release can be promoted by 
increasing the frequency of stage II retinal waves. 
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Title: Distinct roles of pro- and mature bdnf signaling in retinotectal axon remodeling in the 
developing xenopus visual system 
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Abstract: Sensory experience is required to build precise topographic representations of the 
sensory world in the brain. Specific patterns of neuronal activity can instruct the stabilization of 
appropriate and the pruning of inappropriate connections between neuronal partners. Brain-
derived neurotrophic factor (BDNF) is synthesized as precursor protein (proBDNF) and its 
mature form (mBDNF) is derived by cleavage of the pro-domain. Tissue plasminogen activator 
(tPA) and plasmin are believed to be crucial for extracellular conversion of proBDNF to 
mBDNF. BDNF is an important player in modifying synaptic efficacy, with proBDNF likely 
signaling through p75NTR to facilitate synaptic weakening and mBDNF signaling through TrkB 
to facilitate synaptic strengthening. Using in vivo multiphoton imaging of RGC axonal growth in 
the developing visual system of Xenopus laevis tadpoles, combined with a visual stimulation 
protocol allowing us to stimulate the retinal ganglion cells (RGC) either in synchrony or out of 
synchrony with neighboring inputs, we are able to identify distinct activity-dependent 
components that underlie structural developmental plasticity. Our preliminary experiments 
involving depletion of mBDNF by TrkB-Fc suggest that mBDNF signaling is necessary for 
Hebbian (synchrony-induced) stabilization of axonal branches. In contrast, presynaptic knock-
down of p75NTR prevents axonal branch loss, in line with the idea that proBDNF and mBDNF 
could act in opposition in activity-dependent circuit refinement. Inhibition of the tPA/plasmin 



system impedes axonal branch elaboration, suggesting that the conversion of proBDNF to 
mBDNF may be crucial for neural circuit remodeling. 
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Abstract: Cajal-Retzius (CR) cells were identified and demonstrated by Ramón y Cajal and 
Retzius in the late 19th century. CR cells were born at very early developmental stage, then 
migrated tangentially from different brain regions to the marginal zone and covered the whole 
neocortex gradually. It is well known that CR cells played a key role in the structural and 
functional organization of the neocortex by secreting reelin. But the role of electrical and 
morphological change of CR cells during the cortical development were still poorly understood. 
Taking advantage of the EBF2-GFP mouse, CR cells were easily targeted. By Combining the 
patch-clamp recording, immunostaining and confocal microscopy, we investigated the functional 
and structural properties of CR cells from P1 to P14. We found that the change of electrical 
characterize of CR cells were consistent with the morphological changes. The axon of CR cells 
showed a long range extension and multiple branches which would indicate the role of CR cells 
in the communication between different cortical regions. 
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Title: Tuning mouse embryonic stem cell-derived motor neurons' activity using optogenetic 
stimulation 
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Abstract: Characterization of distinct neuronal lineages derived from progenitor cells is 
important for studies aimed to develop biological models that can recreate basic functions of 
neurons of the central nervous system. These models are particularly important for studies on 
neurological disorders aimed at understanding disease pathways and for high throughput testing 
of drug candidates. Furthermore, developing a model system with embryonic stem (ES) cell-
derived spinal cord motor neurons (MN) can be attractive for development of a neuromuscular 
junctions in a biological soft-tissue robotic systems. The critical first step towards building a 
useful model with MNs require a thorough investigation of spontaneous and stimulation-evoked 
tuning of electrical activity of developing MN networks. We used TdTomato tagged 
Channelrhodopsin-2 (ChR2-TdTom) expressing mouse ES cells for this study which were 
differentiated for 9 days (D9) to form MN embryoid bodies (MEBs). The MEBs are about 200-
400 micron in size, and the cells at the interior undergo apoptosis resulting in a fluid-filled cavity 
surrounded by viable cells on the outside. Differentiation of ES cells into MEBs was monitored 
by the production level of eGFP with a MN specific Hb9 promoter. The MEBs were then plated 
on collagen type-I coated custom-designed micro-electrode chips fabricated in-house for 
measurement of their electrical activity. Electrical signal from MEB networks, both slow 
potential and action potentials, was measured for 6 days (D9 to D9+6) using a Multi-Channel 
Systems amplifier. Network firing patterns were evaluated for bursting activity and spectral 
content using analysis algorithms developed in MC_Rack and MATLAB. The developing MEBs 
were characterized, in parallel, for synapse density and neuronal protein content using confocal 
microscopy. Our results demonstrated that differentiated MEBs are spontaneously electrically 
active and they exhibited an inherent oscillatory network firing pattern that slowly developed in 



these networks. The activity across different electrodes exhibited synchronized periodic 
behavior. Optical stimulation of MEBs with light pulses from a blue LED (470 nm) induced 
activity in these networks, affected the firing patterns and changed network oscillation 
timescales. Moreover, a daily optical stimulation regimen for these developing MEBs enhanced 
their maturation and altered their sensitivity toward stimulation. These findings are a milestone 
in the efforts of developing MN circuits from ES cells that can potentially be used to actuate and 
control skeletal muscle tissue in the development of higher order soft-tissue robotics. 
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Abstract: During a developmental critical period, patterned spontaneous activity is essential for 
establishing functional neural circuits. This patterned spontaneous activity propagates through 
the developing visual system termed retinal waves. Stage II retinal waves, occurring during birth 
to postnatal day 9 (P9) in rodents, are critical for establishing the eye-specific segregation of 
retinogeniculate and retinocollicular projections. These waves are generated by starburst 
amacrine cells (SACs) spontaneously releasing acetylcholine (ACh) and γ-aminobutyric acid 
(GABA) to neighboring SACs and retinal ganglion cells (RGCs). We previously found that the 
expression level of synaptotagmin III (Syt III), a calcium sensor protein in vesicle release, is 
significantly increased in P4-P6 rat RGCs (P4-P8 in rodents as the critical period for eye-specific 
segregation). Syt III in neonatal RGCs increases the frequency but decreases the spatial 
correlation of retinal waves via calcium binding to its C2AB domains. However, how and why 
Syt III in RGCs modulates stage-II waves remain unclear. Since RGCs secrete glutamate and Syt 
III serves as a calcium sensor in transmitter release, we propose that Syt III in developing RGCs 



may promote glutamatergic transmission between SACs and RGCs, thus regulating the 
spatiotemporal properties of stage II retinal waves. To verify our hypothesis, we overexpressed 
Syt III and Syt III-C2AB*(a mutant harboring the abolished calcium binding sites) in RGCs. 
During 3-4 days after exo vivo transfection, we performed live calcium imaging to measure the 
changes of wave properties in the presence of ionotropic glutamate receptor antagonists. We 
found that the frequency of wave-associated calcium transients was decreased to the same level 
in retinas overexpressing control, Syt III, or Syt III-C2AB*, suggesting that Syt III in developing 
RGCs may promote glutamate release, thus affecting the wave properties. Moreover, by using in 
vivo electroporation, we transfected P3 rat RGCs with Syt III and found the alteration in 
contralateral retinogeniculate projections. Thus, our results suggest that Syt III in developing 
RGCs may regulate patterned spontaneous activity and visual circuit development. 
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Abstract: Neural circuit assembly and maintenance are shaped by two main mechanisms: 
genetic programs and neural activity. Defining the balance between these two forces is critical to 
understanding how the brain assembles itself. The olfactory bulb is a highly dynamic system 
where newly born interneurons are integrated throughout the lifetime of an organism. The largest 
population of these interneurons are called granule cells. While granule cells are present at birth, 
additional granule cell precursors are produced in the subventricular zone and migrate into the 
olfactory bulb where they mature and integrate into the first-order olfactory processing circuitry. 
Mature granule cells receive excitatory input from and form inhibitory synapses with second-
order projection neurons, mitral and tufted cells, continuously reshaping and organizing the 
olfactory bulb circuit. Therefore, the olfactory system is an attractive model system to study the 
roles of activity in governing neural circuit formation and maintenance. 



Using transgenic mice expressing tetanus toxin to selectively block vesicular release from either 
olfactory sensory neurons or mitral and tufted cells, we find that loss of second-order mitral and 
tufted neuron signaling has a dramatic impact on the structure of the olfactory bulb. The 
increased disorganization of the olfactory bulb is due to delayed maturation and increased cell 
death of most populations of inhibitory interneurons, including granule cells, while excitatory 
olfactory sensory neurons and mitral and tufted cells were spared. Single cell tracing analyses of 
granule cells show these neurons exhibit decreased dendritic complexity and branching as well 
as decreased spine density, resembling immature granule cells. These studies establish a new role 
for non-sensory neuronal activity in shaping and maintaining odor processing circuits. 
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Abstract: Dysbindin is encoded by a schizophrenia (SCZ) susceptibility gene that is associated 
with SCZ pathogenesis. Previous studies revealed that dysbindin regulates neuronal function, 
including exocytotic kinetics, receptor trafficking, and dendritic spine formation. However, how 
dysbindin affects neural circuit development remains unknown. Prior to visual experience, 
patterned spontaneous activity propagates throughout the developing vertebrate visual system. 
This robust activity, also known as “retinal waves”, exhibits unique spatiotemporal properties 
which are essential to visual circuit refinement. Here, we study the role of dysbindin in 
regulating the spatiotemporal properties of retinal waves. Immunofluorescent chemistry revealed 
that dysbindin was expressed in the ganglion cell layer (GCL) and inner plexiform layer (IPL) of 
the P0-P2 rat retina. During 60-80 hr after exo vivo transfection, calcium imaging was performed 



in the dysbindin-overexpressing or -depleting neonatal rat retinas. The imaging data were 
analyzed with MATLAB code, allowing simultaneous analyses of >100 cells in the GCL. Our 
results showed that the frequency of wave-associated spontaneous calcium transients was 
decreased by overexpressing dysbindin but increased by depleting dysbindin. Moreover, both 
overexpression and depletion of dysbindin decreased the pairwise correlation of calcium 
transients, suggesting the expression level of dysbindin may regulate the spatial correlation of 
retinal waves. The decreased spatial correlation in the dysbindin-overexpressing or -depleting 
retinas may be attributed to a decrease in larger wave events which recruit more neighboring 
cells in the GCL. Therefore, dysbindin is important for regulating the spatiotemporal properties 
of retinal waves, implying its potential role in establishing visual circuits from the developing 
retina to central brain. 
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Abstract: Monocular deprivation (MD) during the critical period for ocular dominance plasticity 
induces a stereotyped sequence of changes in visual cortex. Brief (2d) MD is thought to induce 
thalamocortical (TC) and intracortical (IC) LTD that together suppress firing, but during longer 
deprivation (6d), homeostatic potentiation of excitation contributes to a restoration in firing rates 
despite continued deprivation. Whether dynamic changes in inhibition also contribute to this 
biphasic response to prolonged MD is unknown. Here, we used optogenetics to probe for 
changes in the E/I ratio in 'feedforward' TC circuits and 'feedback' IC circuits within L4 of 
monocular V1. We virally labeled the LGN with Channelrhodopsin-2 (ChR2), which allows us 



to use pulses of blue light to stimulate TC afferents within V1 while recording from layer 4 
pyramidal neurons in acute cortical slices. Unexpectedly, brief MD increased the TC E/I ratio, 
and this shift reversed during extended MD. Consistent with reports that TC synapses undergo 
LTD during brief MD, we found that optogenetically evoked, desynchronized TC quantal 
amplitudes onto L4 pyramids were depressed following brief MD, and LTD induction was 
occluded. This suggests that in order to increase TC E/I ratio, TC-driven feedforward inhibition 
onto L4 pyramids must depress even more than direct TC excitation. These data also suggest that 
the suppression of firing is not driven by changes in the feedforward TC circuit, but might 
instead be due to changes in the feedback IC circuit. To investigate this we combined a mouse 
line expressing CRE recombinase in L4 pyramidal neurons with local viral injection of a floxed-
ChR2 transcript to selectively label and stimulate L4 pyramidal neurons, while recording from 
other nearby L4 pyramidal cells. Preliminarily, brief MD reduced the E/I ratio at IC synapses. 
Hence, our data suggest that the E/I ratio shifts in opposite directions in 'feedforward' and 
'feedback' L4 subcircuits following brief MD. Presently, we are recording from L4 PV+ 
interneurons as well as neighboring L4 pyramidal cells while stimulating TC afferents to 
determine whether relative changes in TC synaptic strength onto PV+ interneurons vs. pyramidal 
neurons could account for the observed shift in TC-driven E/I ratio. 
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Abstract: The precise wiring of neuronal circuitry is established through the action of molecular 
guidance cues and further refined by activity-dependent mechanisms. However, it remains 



poorly understood how the precise patterns of activity within a network alter circuit refinement. 
Here, we utilize the developing retinotectal circuit of translucent albino Xenopus laevis tadpoles 
to study the influence of activity-dependent mechanisms on axon branch dynamics by 
performing in vivo, time-lapse imaging. All retinal ganglion cells (RGC) in the Xenopus tadpole 
normally project their axons to the contralateral optic tectum, but in a small fraction of animals, 
one or two RGC axons are instead misguided ipsilaterally. In such animals the pattern of 
activation of a single cell relative to all its neighbouring inputs in an intact animal can be 
manipulated independently by presenting flashes of light to either the ipsilateral or contralateral 
eye. Using in vivo two-photon microscopy while simultaneously presenting visual stimulation, 
we observed that contralateral, but not ipsilateral, eye stimulation was sufficient to increase 
branching of the ipsilateral axon. Thus, increased activity of neighbouring axons, presumably 
cooperatively acting to drive postsynaptic firing of tectal neurons, is sufficient to promote 
activity-dependent axonal elaboration. Stimulation of the specific axon by itself was not 
sufficient to enhance its growth. However, we find that firing of the ipsilateral axon did 
upregulate the rate of its branch tip retractions. These results confirm that patterned visual input 
plays an instructive role in mediating changes in branch dynamics and that axon elaboration and 
extension are promoted non-cell autonomously. 
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Abstract: Although the optically and genetically accessible nervous system of C. elegans is 
ideal for neurophysiology with fluorescent probes, the embryo’s sensitivity to phototoxicity, 
small size, entangled body posture, and rapid movements in three dimensions confounds image 
acquisition and analysis. We have addressed this problem using an inverted Selective Plane 
Illumination Microscope for high-speed volumetric calcium imaging at high resolution. Using 
this platform, we imaged calcium dynamics in muscles and neurons. In muscles, we observed 
spreading correlated calcium waves in the four body wall muscle bundles, revealing how they 



drive early twitching and later coordinated behavior. With a strain expressing nuclear-localized 
GCaMP from a panneuronal promoter, we tracked global brain dynamics at single cell resolution 
in freely behaving embryos. Current work is aimed at unambiguously identifying the active cells. 
We used a sparser cytoplasmic GCaMP label to monitor calcium dynamics in compartments of 
known neurons. As has been observed in the adult, we found that backward movement of the 
embryo correlated with calcium transients in reversal command interneurons, AVAL and 
AVAR. Thus the embryo is capable of coordinated behavior mediated by a similar circuit as in 
the adult. Functional imaging of the embryo will add a valuable layer of information to cross-
reference with the rich anatomical and gene expression datasets already available. 
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Abstract: Graphene, a 2D material consisting of sp2-hybridised carbon atoms organised in a 
hexagonal lattice, has already impacted with its extraordinary physicochemical characteristics 
the fields of photonics and electronics but holds the potential to revolutionise specific areas of 
neuroscience and nanomedicine [1]. Biomedical research, and neuroscience in particular, are in 
fact increasingly focusing on graphene based materials (GBM) to successful design 
multifunctional neuro-devices able to modulate brain cells and neuronal network activity via 
direct interaction to these materials. The wider proposal of revolutionary biomedical devices 
based on the design of these 2D planar nanostructures towards interventions in the central 
nervous system (CNS), requires an accurate understanding of their interactions with the neuronal 



milieu. In this direction we recently demonstrated that GBM in form of supporting, single layer, 
substrates and of sub-micrometric flakes, might interact in the biological microenvironment with 
subcellular structures of dissociated hippocampal cells of rat resulting in unexpected modulation 
(down- or up-regulation) of their electrical activity. In particular, we demonstrated the ability of 
a chronic treatment by graphene oxide nanoflakes to down-regulate neuronal signalling in the 
absence of cell toxicity [2]. From the other hand, surprisingly, neuronal networks developed on a 
single layer of graphene show higher electrical activity when compared to controls (glass and 
gold) or to multilayer GBM, revealing graphene interfaces ability to up-regulate network 
activity.Our results describe the potential of GBM to alter different modes of neuronal 
communication systems in the CNS hinting at opportunities for novel applications in synaptic 
engineering, network repairing or neuronal prosthesis. 
References[1] K. Kostarelos & K. S. Novoselov, Exploring the Interface of Graphene and 
Biology. Science. 2014, 344, 261-263.[2] R. Rauti R, N. Lozano N, V. León, D. Scaini, M. 
Musto, I. Rago, FP Ulloa Severino, A. Fabbro, L. Casalis, E. Vázquez, K. Kostarelos, M. Prato, 
L. Ballerini. Graphene Oxide Nanosheets Reshape Synaptic Function in Cultured Brain 
Networks. ACS Nano. 2016, 10, 4459-71. 
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Abstract: During cortical development, elemental processes such as neurogenesis, migration, 
neurodifferentiation and synapse formation are regulated by spontaneous calcium and electrical 



activity. Environmental cues affect electrical activity at the early stages of brain development, 
which then controls gene expression. The aim of this work is to investigate the cellular 
mechanisms contributing towards the generation of spontaneous electrical activity in the 
mammalian cortical mantle. We are focused on a group of neurons located in the subplate zone 
(SP). SP neurons govern the path-finding of incoming axonal projections and establishment of 
cortical connections and cortical columns. The selective disruption of SP neurons has been 
implicated in mental retardation and schizophrenia. SP neurons, in both rodent and human 
cerebral cortex, exhibit spontaneous electrical activity comprising of highly irregular sustained 
(plateau) depolarizations crowned with action potentials. We performed whole-cell recordings, 
immunolabeling and calcium imaging from positively identified SP neurons in acute brain slices 
obtained from the newborn mice (P01 - P06). The spontaneously-occurring outbursts of 
electrical activity were challenged with drugs that block voltage-gated and ligand-gated 
membrane conductances. These experiments established that the spontaneous activity in SP 
neurons was not solely mediated by synaptic activity. A significant portion of spontaneous 
depolarizations seems to be linked to intact functioning of connexin-based pores and purinergic 
receptors. Immunostaining performed on brain sections from young mice (P1-P3) detected 
connexins 26 and 45. The high sensitivity of SP neurons to lanthanum or gadolinium, lack of 
sensitivity to pannexin channel antagonist probenecid, together with a partial decrease of activity 
upon blockade of purinergic receptors, prompted a working hypothesis that spontaneous 
flickering of connexin hemichannels causes initial depolarizations along with release of ATP that 
stimulate spontaneous electrical activity in cortical SP zone. 
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Abstract: The highest incidence of seizures occurs in early life, suggesting that seizure activities 
may be related to deficits in brain development. Immune challenges not only affect brain 
development, but also promote epileptogenesis, implying immune activation is one of the key 
factors linking epilepsy to abnormal brain development. Here we report that activating astrocytes 
by systemic lipopolysaccharide (LPS) challenges in the second postnatal week promotes 
excitatory synapse development, leading to enhanced seizure susceptibility in mice. Toll-like 
receptor 4 (TLR4) activation in astrocytes increased astrocytic Erk1/2 and phospho-Erk1/2 levels 
in a myeloid differentiation primary response protein 88 (MyD88)-dependent manner. 
Constitutively activating Erk1/2 in astrocytes was sufficient to enhance excitatory 
synaptogenesis without activating TLR4. Deleting MyD88 or suppressing Erk1/2 in astrocytes 
rescued LPS-induced developmental abnormalities of excitatory synapses and restored the 
enhanced seizure sensitivity. Thus, we provide direct evidence for a developmental role of 
astrocytes in shaping a predisposition to seizure generation.. 
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Abstract: Two randomized clinical trials have shown that environmental enrichment can 
ameliorate the symptoms of autism spectrum disorder, and in this project we determined its 
efficacy under real-world circumstances. 1002 children were given daily environmental 
enrichment by their parents, guided by an online system. The parents were asked to assess the 
symptoms of their child with a comprehensive questionnaire in regular intervals for 7 months. 
An intention-to-treat analysis showed significant gains for a wide range of symptoms that 
included: learning, memory, anxiety, attention span, motor skills, eating, sleeping, sensory 
processing, self-awareness, communication, social skills, and mood/autism behaviors. The 



children of compliant caregivers were more likely to have significant improvement in their 
symptoms. The treatment was effective across a wide age range and initial symptom severity. 
There was also equal progress for males and females. Environmental enrichment in the form of 
Sensory Enrichment Therapy, delivered via an online system, therefore appears to be an 
effective, low-cost means of treating a wide range of autism symptoms across different ages, 
gender, and symptom severity. 
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Abstract: Background: From birth, typically-developing infants preferentially attend to the 
social signals, such as eye gaze, of their caregivers (Haith et al., 1977). Recent findings from our 
laboratory revealed that infants later diagnosed with autism spectrum disorder (ASD) exhibit 
decline in eye fixation from 2 until 24 months of age and that the decline is already underway 



within the first 6 months after birth. In contrast, typically-developing infants show an increase in 
eye fixation from 2 to 6 months (Jones & Klin, 2013). These findings represent the earliest 
known indicators of social disability in infancy. 
Objectives: Measure growth charts of social visual engagement from 2-24 months in TD infants 
and infants later diagnosed with ASD. 
Methods: 106 infants were enrolled as risk-based cohorts: N = 40 at low risk (22 males) and N = 
66 at high risk for ASD (41 males). Risk status was based on having either a full biological 
sibling with ASD (high) or on not having ASD among 1st, 2nd, or 3rd degree relatives (low). 
Diagnostic status was ascertained at 36 months. Of the HR sample, at outcome 13 received a 
diagnosis of ASD (9 male); 13 showed symptoms of the Broader Autism Phenotype (BAP, 11 
male), and 40 (20 male) were confirmed non-ASD. Infants were shown scenes of naturalistic 
caregiver interaction as in Jones & Klin (2013). Eye-tracking data were collected at 10 time 
points (months 2, 3, 4, 5, 6, 9, 12, 15, 18, and 24). Longitudinal looking profiles for this cohort 
were compared with those of the earlier sample (2013) for eyes, mouth, body, and object regions 
within and between diagnostic group categories. Cohorts 1 and 2 were also combined for larger 
sample analyses. 
Results: Analyses of the TD and ASD replication cohort by functional ANOVA are consistent 
with earlier results: longitudinal looking profiles for eyes, mouth, body, and object were not 
significantly different between cohorts 1 and 2 (all F< 2.4, P > 0.14). Across outcome groups, 
typically-developing children show increasing eye fixation; non-ASD siblings show increasing 
eye fixation; siblings with subthreshold (BAP) symptoms show neither increasing nor decreasing 
eye fixation, and infants later diagnosed with ASD show declining eye fixation. Similar spectrum 
effects are observed for body fixation (Fig. 1). 
Conclusions: Our results replicate earlier findings showing that infants later diagnosed with ASD 
show decline in eye fixation from 2-to-24 months. Spectrum effects emerging in the first 6 
months give early indication of social disability in infants later diagnosed ASD. Future analyses 
will include longitudinal looking profiles for female infants. 
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Abstract: Children with autism spectrum disorders (ASD) often have difficulty in keeping up 
with school classes. Previous studies suggest that the skill to share a common focus on objects 
with others, joint attention (JA), is impaired in the ASD. This may lead them to less gaze at 
objects pointed by a teacher, thereby, less understanding of the class compared to children with 
typical development (TD). However to date, gaze behavior of children with ASD in such class 
scenes remains poorly explored. To address this issue, we measured eye movement of children 
with ASD (n = 23, median 7 y, range 3-14 y) and age-matched children with TD (n = 23, median 
7 y, range 2-13 y) while they performed a free-viewing task of class-scene movies. In the task, 
there were two types of class scenes: Japanese and arithmetic class scenes. In the Japanese class 
scenes, a teacher pointed at cartoons of a person’s face and body on a blackboard; in the 
arithmetic class scenes, he pointed at geometric figures. For each class scene, the participants 
viewed six movies which were sequentially presented on a LCD display. In the analysis, we 
defined the regions of interests (ROI): the teacher’s face and finger, the cartoon characters and 
geometric figures at which the teacher pointed, and the rest of the space including the area with 
no objects such as walls. We then compared total gaze time in each ROI and frequency of JA, 
gaze at the pointed objects by referring to the teacher’s face or finger, between the children with 
ASD and TD by two-way ANOVA. The children with ASD showed three characteristics in gaze 
behavior in class-scene movies compared with the children with TD. First, their JA frequency 
was less in both class scenes (p < 0.05). Second, they spent less time in gaze at the cartoon 
characters pointed by the teacher (p < 0.001) while they spent time as long as those with TD in 
gaze at the geometric figures, inconsistent with previous reports that children with ASD tended 
to gaze at geometric figures. Third, the children with ASD spent more time in gaze at the space 
including no object in both class scenes (p = 0.001). These results indicate that children with 
ASD do not necessarily show preferential looking at geometric figures in class scenes. They 
instead assign their attention to irrelevant objects or space due to JA failures. Nevertheless, we 
also observed that they spent more time in gaze at the pointed objects when the gaze direction of 
the teacher was congruent with that of his finger. We conclude that the gaze-behavior analysis in 
class scenes can be a potent tool for reliable and objective diagnosis of children as ASD, which 
may also leads to early intervention for children with ASD to improve their understanding of the 
content in classes. 
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Title: Altered maturation of the fusiform face area and the extrastriate body area for individuals 
with autism spectrum disorders 
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Abstract: Background: Individuals with autism spectrum disorder (ASD) often find it difficult 
to recognize bodies and faces. Interestingly, such issues are more pronounced in children than 
adults. The occipito-temporal cortex contains regions, such as the extrastriate body area (EBA) 
and the fusiform face area (FFA), that are critical for recognition of the body and face. If 
difficulties in body and face recognition originate from dysfunction of these regions, activation 
in these regions might be more abnormal in children with ASD than in adults with ASD. 
Methods: We performed functional magnetic resonance imaging while children and adults with 
ASD and age-matched typically developed (TD) individuals observed objects divided into the 
following categories: face, body, car, and scene. To examine various aspects of EBA and FFA 



activation, we performed individual region of interest (ROI) analysis, as well as conventional 
random effect group analysis. At individual ROI analysis, we examined 1) the ratio of 
participants showing a category-sensitive response, 2) the size of regions (i.e. number of 
activated voxels), 3) location and its variability, and 4) activation patterns among the four object 
categories.Results: Adults with ASD showed no abnormalities in activation of the EBA and 
FFA. By contrast, children with ASD showed abnormal activation in these regions. Specifically, 
a smaller percentage of children with ASD showed face-sensitive activation of the FFA than TD 
children. Moreover, the size of the EBA was smaller in children with ASD than in TD 
children.Conclusions: Our results revealed abnormalities in both the FFA and EBA in children 
with ASD but not in adults with ASD. This result indicates that severity of such abnormalities of 
children with ASD might differ from adults with ASD, which is a first important step toward 
elucidating maturation of brain region associated with face- or body- recognition for individuals 
with ASD. 
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Abstract: Background: Autism spectrum disorder (ASD) is a set of heterogeneous 
neurodevelopmental conditions characterized by early-onset difficulties in social communication 



and unusually restricted, repetitive behavior and interests. Magnetoencephalography (MEG) is 
used in ASD research for its noninvasive nature of recordings and for its excellent temporal and 
spatial resolution. Purpose: The aim of this study was to investigate the amygdala responses to 
subliminal and supraliminal faces in adults with high-functioning ASD. We hypothesized that 
the responses in ASD were weaker that those in healthy adults without ASD (HC) because ASD 
was characterized by deficit of understanding emotional meanings of human faces. Method: 
Eighteen adults with ASD and 18 HC were participated in this study. At first they were checked 
their intelligence quotient (IQ). MEG experiment: Subjects were seated in front of 23 inch 
monitor and visual stimuli were presented at the center of the monitor. Stimuli were fearful or 
neutral faces and objects which image resolutions were filtered by broad, low or high spatial 
frequency. Stimuli were randomly presented 17 or 300 ms duration with 1~1.2 s inter-stimulus 
intervals. Subjects were instructed click the mouse as soon as the target stimulus (a picture of 
train) was presented on the monitor. Magnetic brain responses were recorded by 306-ch whole 
head MEG machine (Neuromag®, Elekta, Co. Ltd. Helsinki). Each subject’s structural brain 
image was taken by a 3T MRI equipment (Achieva 3.0T TX, Philips, Japan). MEG data were 
analyzed by adaptive beamformer method. Results: All subjects carried out the experiment. FIQ 
of all subjects was over 80 and there was no statistical difference of FIQ between the ASD and 
HC groups. AS our expectation, MEG responses to the subliminal faces at the amygdala in ASD 
were weaker than those in HC. However, MEG responses to the supra liminal faces and objects 
at the amygdala in ASD were not. Conclusion: The amygdala weak responses to the subliminal 
faces in adults with ASD are potentially responsible for lack of ability to insight other’s face 
emotion. 
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Title: Tactile temporal resolution might correlate with the degree of hypersensitivity in 
individuals with autism-spectrum disorders 
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Abstract: Some individuals with autism-spectrum disorders (ASD) dislike touch to their skin of 
specific materials, because they insist that such materials cause unpleasant impression (e.g., 
prickle or strong impression). As for the hypersensitivity to touch, a previous study has reported 
that the individuals with ASD have increased detection sensitivity to vibrotactile stimuli around a 
certain frequency (200 Hz), comparing with typically developing (TD) individuals. This result 
indicates that lower threshold of neural activity at a level of peripheral nerve may be a basis for 
the hypersensitivity in individuals with ASD. Meanwhile, different studies have suggested that 
individuals with ASD exhibit large diversities about temporal resolution and detection of 
temporal lags of sensory signals. Thus, we hypothesized that individual’s diversities of stimulus 
temporal processing as well as detection sensitivity is a basis of hypersensitivity. In this study, 
we investigated the relationships between severities of hypersensitivity and tactile temporal 
resolution in individuals with ASD. We recruited nine participants with ASD and ten TD 
participants. Vibrotactile stimuli either 40 Hz and 200 Hz were delivered to left and right index 
fingers with various stimulus onset asynchronies (SOAs: ±15, 30, 60, 120, 240 ms). The degrees 
of subjective feeling of hypersensitivity in daily life were measured by using the 
Adolescent/Adult sensory profile. We found that the temporal resolutions were not different 
between individuals with ASD (40 Hz: 52.1 ms, 200 Hz: 49.2 ms) and TD individuals (40 Hz: 
64.8 ms, 200 Hz: 69.1 ms). In ASD group, temporal resolution was correlated with the degree of 



hypersensitivity in 40 Hz stimulus conditions (r = -0.7, p < 0.05), and the similar trends appeared 
in 200 Hz (r = -0.7, p = 0.09). In TD group, such the relationship was found neither 40 Hz nor 
200 Hz conditions. These results indicate that the individuals with ASD who have high temporal 
resolution tend to exhibit strong hypersensitivity. These results indicate that the hypersensitivity 
might be associated with neural activities in cortical and sub-cortical areas where are known to 
be dealing with temporal processing. 
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Abstract: Autism is a neurodevelopmental disorder manifested and diagnosed by a wide range 
of particular behaviors, specially poor or abnormal language and limited movements or 
stereotypes. Decreased social interaction in autism prevents a child to engage on activities such 
as those that require eye contact, like sports. However, in previous studies we showed how 
autistic children can respond well to virtual sports whose instructions came from a screen. 
Through the Nintendo Wii console (Nintendo, Co) and Wii sports videogame, we improved 
motor, social and cognitive skills in a group of 10 autistic children from CRIVER (3 girls and 7 
boys). Due to these results, we proposed for this trial that those acquired skills through virtual 
stimulation could facilitate playing real sports. We set the same protocol, 2 sessions per week, 20 
minutes each one until reach 30 sessions. Children were exposed to the same real sports games 
they used to play on virtual games (bowling and golf), although they continue to have access to 
Wii. On the fifth session 71% of children showed interest in real game and were capable to 
execute it properly, respecting his turn and socially interacting with peers. On session twenty, 
100% of subjects were capable to run real sport properly and over 70% shown preference for real 
sports over virtual games. At the end of the trial all children were capable to switch from virtual 
to real game and vice versa based on their own will. These results show how a controlled 



experimental paradigm of sports on videogame can stimulate autistic children to face the same 
challenge on real life. 
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by 
deficits in social interaction and restricted, repetitive patterns of behavior, interests, and 
activities. Dysfunction of GABAergic circuits has been frequently implicated in the 
pathophysiology of ASD. Our laboratory has previously characterized the age-dependent frontal 
electroencephalogram (EEG) oscillations induced by the GABAergic drug propofol (Purdon et 
al. 2013, 2015). We hypothesized that propofol-induced EEG oscillations in ASD patients would 
show a structure and age-dependence that was different from neurotypical (NT) patients. In this 
study, we recorded continuous 4-channel frontal EEG during the routine care of ASD patients 
and NT patients receiving propofol. To characterize changes in EEG power and coherence, we 
analyzed data from ASD patients aged 2-23 yr during propofol maintenance with stable EEG 
dynamics (n=42) and compared them to a 1:1 matched cohort of NT patients. We also compared 



the incidence of burst suppression in a larger cohort of ASD (n=56) and NT (n=123) patients 
aged 2 to 30 yr, including patients in burst suppression for the full case duration. We found that 
ASD patients had an age-dependent decline in total EEG power relative to NT patients under 
propofol, with significantly reduced alpha power (8-13Hz) after 17 years of age (p<0.05). We 
observed no significant difference in coherence at any frequency. We also found that ASD 
patients entered burst suppression over twice as often as NT patients (25% vs. 12.2%, p<0.05), 
despite no significant differences in age or medication administration between ASD and NT 
patients who experienced burst suppression. Together, these results suggest that ASD patients 
respond differently to the GABAergic drug propofol compared to NT patients. These differences 
and their age-dependence may reflect underlying differences in GABAergic circuit function and 
development in ASD. The observed pattern of decreased alpha power and increased sensitivity to 
burst suppression develops progressively in NT adults through middle age and old age (Purdon et 
al. 2015). Our results may therefore, in addition, signify a form of accelerated neuronal aging 
during the late teenage years in ASD patients. 
Purdon, P L, Pierce, E T, Mukamel, E A, Prerau, M J, Walsh, J L, Wong, K F K, … Brown, E N 
(2013). Electroencephalogram signatures of loss and recovery of consciousness from 
propofol. PNAS USA, 110(12), E1142–E1151. 
Purdon, PL, Pavone, KJ, Akeju, O, Smith, AC… Brown, EN (2015). The Ageing Brain: Age-
dependent changes in the electroencephalogram during propofol and sevoflurane general 
anesthesia. BJA, i46-i57. 
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Title: Global and regional brain enlargement in autism spectrum disorder persists through 
adolescence in a large sample 
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Abstract: Although converging evidence indicates that toddlers with Autism Spectrum 
Disorders (ASD) have enlarged brains relative to Typically Developing Controls (TDC), for 
decades it has remained unclear whether this enlargement persists beyond early development. 
Some evidence indicates that early brain overgrowth is followed by a period of arrested brain 
growth in ASD, leading to null group differences in adulthood. However, other studies provide 
conflicting evidence, showing increased brain size in adults in ASD. These two alternatives point 
to very different trajectories of brain development in ASD. Unfortunately, a majority of studies 
on this topic have been limited by small sample sizes, and samples that are confounded by 
individual differences related to brain volume (namely age, sex-ratio, and IQ). The current study 
is perhaps the largest structural MRI study of ASD ever conducted on a single MRI scanner and 
sequence, examining 473 individuals with (N = 253) and without ASD (N = 220) aged 6-25, 
including a large number of females (N=102) and spanning a wide IQ range (57-158). High-
resolution T1-weighted anatomical MRI images were examined for group differences in global 
total brain, grey, and white matter volume, as well as ventricular volume. Additionally, region-



specific structural differences were investigated with voxel-based morphometry analyzing tissue 
density maps (specifically, RAVENS maps). Results support enduring enlargement of brain 
volume in adolescents and adults with ASD, with no interactions with age or sex. However, there 
were important interactions with IQ, such that normative positive correlations of IQ and brain 
volume are absent in ASD. Voxel-wise analyses reveal widespread increases in ASD, with large 
clusters of effects in the temporal lobe, frontal lobe, and cerebellum. The patterns of differences 
are consistent with reward, default mode, and social information processing networks. These 
results clarify our understanding of the progression of brain development in ASD, suggesting 
that brain overgrowth persists across the lifespan. Localization of these volumetric differences 
suggests overlap with neural networks that relate directly to the clinical features of ASD, 
including impaired social cognition and reward processing. Importantly, these results would not 
have emerged without a control group including individuals in the lower end of the IQ range. A 
critical agenda for future research in this area is to identify mechanisms mediating brain 
overgrowth in ASD. 
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Abstract: Aim: Autism spectrum disorder (ASD) is a developmental disorder and characterized 
by language impairment. A lack of left lateralization in structure and function of brain regions 
involved in a language cognition such as Broca’s and Wernicke areas was reported in ASD. 
Nevertheless, it is unclear about the differences for language cognition for semantic words in 
children with ASD. The purpose of this study was to compare the brain activation patterns 
between ASD and typically developing (TD) for further understanding the differences for visual 
language processing in ASD. Methods: Fourteen boys with ASD (mean age 13.2 years) and 17 
age-matched TD boys were included. All participants were right-handed and had a normal 
intelligence with full scale IQ above 80. Cortical activity was measured by 



magnetoencephalography (MEG) during 100 visual stimuli consisted with 3-character Japanese 
hiragana semantic words. To determine the activities of each brain regions, brainstorm (http: // 
neuroimage. usc.edu / brainstorm) was used. Written informed consent was obtained from the 
parents of all the participants. This study was approved by the Institutional Review Board of 
Osaka University Hospital of the Osaka University. Results: In ASD, brain activity showed less 
intensity in bilateral temporoparietal junction (TPJ), left posterior middle temporal gyrus, 
posterior insula, angular, anterior insula, central sulcus (CS), frontal inferior opercularis, right 
middle occipital gyrus, superior temporal gyrus compared with TD. Although both groups were 
lateralized to the left in TPJ, the left dominancy of the brain activities in CS were shown only in 
TD, but not in ASD. The peak latency of lateralized activity in TPJ were delayed in ASD 
(455ms) than that in TD (370ms). Discussion: The brain activity during word recognition was 
not lateralized to the left in primary visual cortex in both groups. In TD, brain activities were 
lateralized to the left in the brain region associated with high-level word recognition, such as TPJ 
for word recall and CS for repetition. However, In ASD, the dominancy to the left was less and 
appeared later than TD. These findings suggest that the characterized brain activity might be 
associated with cognitive aspects of language impairment in ASD. 
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Abstract: Due to the ability of the neuropeptide oxytocin (OT) to enhance social behavior, it is 
now one of the most promising therapeutics for the treatment of autism spectrum disorder 
(ASD), a condition characterized by deficits in social function. Indeed, OT treatment can 
ameliorate some of the social symptoms of ASD, and genetic studies have implicated the OT 
system in the etiology of ASD. However, it is unknown whether there are differences in OT 



receptor (OXTR) expression in the brains of individuals with ASD compared to typically 
developing individuals. This study used a previously validated method for competitive binding 
receptor autoradiography to quantify the density of OXTR and the structurally related 
vasopressin 1a receptor (AVPR1a) in postmortem brain tissue from individuals with ASD (n=17) 
and matched neurotypical controls (n=24). Patients with ASD have atypical visual attention to 
social images and disrupted patterns of eye movement; therefore, our analysis focused on the 
nucleus basalis of Meynert (NBM), which mediates visual attention, and the superior colliculus, 
which controls gaze direction. Analyses of the superior colliculus are still underway. In 
specimens of the human NBM, we also found an adjacent region of receptor binding, which we 
determined to be the ventral pallidum (VP). We found no association between the postmortem 
interval of the tissue and the density of radioligand binding in either of these two regions, nor did 
we find any sex differences. We found that receptor binding is greater in the NBM in ASD 
compared to controls (p<0.05) but is reduced in the VP in ASD compared to controls (p<0.05). 
We found no effect of age on receptor binding in the NBM, but we found a significant negative 
correlation between age and receptor binding in the VP (r = -0.4066; p=0.01). This association in 
the VP was driven entirely by the neurotypical controls (r = -0.6299; p<0.01) and not by our 
ASD specimens (r = -0.0902; p=0.73). Further analysis revealed that neurotypical cases have 
higher levels of receptor binding in the VP from birth to 7 years of age, and these levels drop 
between ages 8-10 to match the unchanging levels of receptor binding in ASD cases. From ages 
8 to 25, there is no difference in receptor density between ASD and controls in the VP. This 
pattern suggests a possible critical period in childhood, which is lacking in ASD, where OXTR 
expression is heightened and the VP is maximally sensitive to neuropeptide binding. Further 
studies are needed to establish a functional role of OXTR in the etiology of ASD. Human tissue 
was obtained from the University of Maryland Brain and Tissue Bank, which is a Brain and 
Tissue Repository of the NIH NeuroBioBank. Funding: NIH R21MH110014. 
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Abstract: Background: Autism spectrum disorder (ASD) is associated with a range of sensory, 
cognitive, and social deficits that impair everyday functioning. An emerging theory suggests 
atypically noisy neural processing may underlie global impairments in ASD (Dinstein et al., 
2015). Specifically, trial-by-trial variability in neural response has been shown to be increased in 
ASD across different sensory areas, which may reflect a broad increase in internal noise in 
sensory processing. In this study, we investigate whether psychophysically characterized internal 
noise is related to response variability in a predictive motion task and to overall ASD symptom 
severity. Methods: 20 children and adolescents with ASD and 18 age- and IQ- matched typically 
developing (TD) controls completed a diagnostic assessment (Autism Diagnostic Observation 
Schedule; ADOS) and two visual tasks. In an orientation discrimination task, participants judged 
the orientation direction (right or left from vertical) of titled gratings embedded in external noise. 
Contrast thresholds were measured at each of eight external noise levels (0-21%), and the 
amount of internal noise was estimated using the perceptual template model (Lu & Dosher, 
2008). In a predictive motion task, participants estimated when a moving object (10-20 deg/sec) 
would arrive at a visual target at the end of an occluder (0.5-20 deg). Linear regression was used 
to calculate the relationship between actual time of occlusion and participants’ estimates, with R2 
values representing response variability in this task. General ASD symptom severity was 
assessed using calibrated ADOS severity scores (Gotham et al., 2010). Group differences were 
tested for both internal noise and response variability. Correlation analyses were performed in 
the ASD group between internal noise, response variability, and symptom severity. Results: 
Individuals with ASD showed increased internal noise and increased response variability (i.e., 
lower R2) compared to TD controls. Within the ASD group, higher internal noise was 
significantly related to both higher response variability, r(20)=-.52, p=.02, and higher ASD 
symptom severity, r(20)=.60, p=.005. Higher response variability was not related to higher ASD 
symptom severity, r(20)=-.22, p=.35. Conclusions: Our results suggest that increased internal 
noise in ASD is associated with both response variability in a motion-based time estimation task 
and with overall symptom presentation. Additionally, these findings provide preliminary 
evidence that increased internal noise may have perceptual and cognitive consequences, and lead 
to more overall ASD symptoms. 
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Abstract: Aim: Autism spectrum disorder (ASD) is a neurodevelopmental disorder and their 
sensory abnormality was taken notice recently. We reported that abnormal auditory sensitivity in 
ASD was correlated with delayed and prolonged responses in the auditory cortex (Matsuzaki, 
Shimono-Kagitani et al., 2012, 2014). Furthermore, visual sensitivity is also common sensory 
abnormalities in ASD, its neurophysiological mechanism has not been known. Qin and Nagai 
(2014) reported differential patterns of perceptual world and developed a virtual reality system 
for experience abnormal sensation to understand the difficulty of ASD. The aim of this study is 
to investigate the patterns of regional brain activity associated with visual/auditory perception in 
ASD elicited by movies from the virtual reality system using magnetoencephalography (MEG). 
Methods: Six boys with high functioning ASD and six age-matched typically developing (TD) 
boys were participated in this study. All subjects were assessed by the sensory profile (SP) and 
social communication questionnaire (SCQ). We recorded MEG while participants watched daily 
life movies (DLM), contrast enhanced movies (CEM) and CEM with sound (CEMS). To 
determine the activities of each brain regions, brainstorm (http: // neuroimage. usc.edu / 
brainstorm) was used. Written informed consent was obtained from the parents of all the 
participants. This study was approved by the Institutional Review Board of Osaka University 
Hospital. Results: Regarding behavioral assessment, there were significantly positive correlation 
between SP and SCQ. In the occipital area, there were no group differences in three conditions. 
Both TD and ASD group showed increased responses in DLM compared to in CEM and CEMS. 
In the temporal, insula and orbitofrontal areas, ASD group showed significantly decreased 
responses than TD group in CEM and CEMS. Discussion: According to the results of the 
occipital area, ASD might have similar pattern of early visual processing with TD. However, in 
the temporal area, which is engaged in multisensory system showed decreased responses in 



ASD. Also, the decreased responses were observed in the insula and orbitofrontal area, which is 
related with emotional perception. Thus, we speculated the atypical multisensory integration and 
emotional perception might be related to abnormal visual/auditory sensitivity in ASD. Our 
finding suggested that the neurophysiological mechanism underlying sensory abnormalities 
might be associated with atypical neural networks for hierarchical sensory processing possibly 
resulting from neurological immaturity, dysfunction of sensory gating system or inhibitory 
interneurons. 
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Abstract: Neuroimaging studies in autism spectrum disorders (ASD) have provided inconsistent 
evidence of cortical abnormality. This is probably due to the small sample sizes used in most 
studies, and important differences in the sample characteristics, particularly age, as well as to the 
heterogeneity of the disorder. To address these issues, we assessed abnormalities in ASD within 
the Autism Brain Imaging Data Exchange dataset, which comprises data from approximately 
1100 individuals (~ 6 to 55 years). A subset of these data that met stringent quality control and 
inclusion criteria (N = 560, 266 ASD; age = 6 to 35 years) were used to compute age-specific 
abnormalities in cortical thickness in ASD and the relationship of any such differences to 
symptom severity of ASD. Our results show widespread increased cortical thickness in ASD, 
primarily left lateralized, from 6 years onwards, with differences diminishing throughout 
adulthood. The severity of symptoms related to social affect and communication correlated with 
these abnormalities. These results highlight the dynamic nature of morphological abnormalities 



in ASD. Further, the pattern of abnormalities over development suggests delayed cortical 
maturation in ASD. 
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Title: Task-dependent modulation of face gaze in high-functioning autism 
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Abstract: Autism Spectrum Disorder (ASD) is a pervasive developmental disorder in which face 
processing has been reported to be atypical. A key element of face processing impairments in 
ASD may be abnormal gaze to facial features, though findings from eyetracking studies are 
mixed: some studies find abnormal gaze to all features, others only to the eyes or mouth, and yet 
others find no significant differences. In addition to differences in task and stimulus 
characteristics between studies that likely contribute to the discrepant findings, there is evidence 
to suggest that people with ASD, particularly those who are high-functioning, compensate for 
deficits by using atypical cognitive and visual strategies. These strategies may produce 
apparently normal task performances that could, however, be unmasked when challenged by a 
different context or task set. 
To test this hypothesis our study asked 2 specific questions: Is there evidence for: 1) active 
avoidance of the eyes or eye region in ASD? 2) differential bottom-up or top-down effects, 
driven by facial features or by cognitive strategies such as explicit instruction? 
Participants (22-58 yrs; ASD n = 12 TD n = 13) viewed face images showing open eyes and 
closed eyes under 3 different conditions: free viewing, explicit instruction to avoid the eyes, and 
explicit instruction to avoid the mouth. In the “Avoid the Eyes” condition we predicted both 



groups would increase gaze to the mouth, i.e. the next most salient feature, while continuing to 
scan the face. In the “Avoid the Mouth” condition we predicted the TD group would look more 
at the eyes while the ASD group would not. 
The broad pattern of proportional dwell time to face features was comparable between groups 
but there were key differences particularly in gaze to the eye region: of time spent in the eye 
region in the Free-Viewing (FV) and “Avoid the Mouth” (AM) conditions, ASD spent a smaller 
proportion of time on the right eye (FV: ASD 18% TD 34% p < .001; AM: ASD 22% TD 34% p 
= .011) and a greater proportion between the eyes (FV: ASD 63% TD 47% p = .005; AM: ASD 
57% TD 47% p = .013) compared to TD, regardless of stimulus type. Additionally, in the “Avoid 
the Eyes” condition a subset of the ASD group showed significantly greater mouth gaze than 
both the TDs and rest of the ASD group. In sum, while people with ASD did not differ in their 
general pattern of gaze to face features, we find evidence of atypical distribution of gaze, 
particularly to the eye region, as a function of 
specific task instructions. Overall, the findings suggest a complex interaction between bottom-up 
and top-down control of gaze that results in avoidance of the eye region in ASD under some 
conditions and also argue for the heterogeneity of ASD. 
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Abstract: Introduction: Sensory processing abnormalities are among the most commonly 
reported symptoms in autism spectrum disorder (ASD). Previously, we have used behavioral 
methods to reveal impaired auditory temporal processing in children with ASD. Abnormalities in 
processing of timing information have been posited to underlie core ASD symptoms, and 
difficulties with auditory temporal processing could relate to language processing deficits. 
Objectives: To explore the brain basis of auditory temporal processing deficits in ASD using 
electrophysiology and to examine relations among neural markers of auditory temporal 
processing and clinical features of ASD. 
Method: EEG data was recorded from 10-13 year old children (15 ASD; 17 typically developing 
[TD]) using a 128-channel net. Participants heard: 1) 1000ms continuous white noise, and 2) the 
same stimuli interrupted by silent gaps. Groups were matched for age, gender, and IQ. 
Participants indicated via button-press whether each stimulus contained a gap. Amplitude and 
latency of N1 and P2 event-related potentials were evaluated for near-threshold (3ms) gaps. 
Repeated measures ANOVAs were conducted (WSF: Detection Accuracy, Site; BSF: Group). 
Children with ASD received the Autism Diagnostic Interview-Revised (ADI-R) and Autism 
Diagnostic Observation Schedule (ADOS). Social Responsiveness Scale (SRS) and Clinical 
Evaluation of Language Fundamentals (CELF) were administered to all children. Correlations 
were computed between ERP variables and clinical symptoms. 
Results: For N1 amplitude, there was a trend for a Group X Site X Accuracy interaction (p=.07); 
central N1 was larger for TD than ASD for undetected gaps (p<.05). For P2 amplitude, a 
significant Group X Site interaction was observed (p<.05); central P2 was larger for ASD than 
TD regardless of detection accuracy. Across groups, attenuated P2 to detected gaps related to 
worse social (SRS: r=-.408, p=.038) and receptive language (CELF: r=.402, p=.052) skills. In 
ASD, attenuated P2 related to greater ASD language/communication symptomatology (ADI-R: 
r=-.547, p=.035; ADOS: r=-.533, p=.034). 
Discussion: Atypical neural responses to rapid temporal changes in auditory events were found 
for children with ASD. Moreover, reduced neural classification of near-threshold silent gaps in 
auditory stimuli was associated with weaker social and language skills across ASD and TD, as 
well as greater communication-related symptomatology in ASD. This research suggests that 
aberrant neural response to low-level auditory information could play an important role in 
higher-level ASD symptomatology. 
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Abstract: Individuals with autism spectrum disorder (ASD) are impaired in emotional face 
recognition, which has been postulated to underlie most of their social behavioral impairments. 
Accumulated studies have investigated this impaired social skill in autistic adults. The present 
study aimed to the analyze the characteristic in early processing phrase during emotional facial 
expression recognition on children with ASD using two event-related potentials(ERP) 
components, N170 and P1 which have proved to be sensitive to early face processing. Thirteen 
high functional autistic children and thirteen typical development children with matched age 
(from 6 to 13) and IQ were recruited in this study. Photos of Chinese static face with basic 
expressions (including happy, sad, fearful and angry) were used as stimulation material. ERP 
data were recorded and compared between two groups. No significantly differences were found 
in accuracy and reaction time among different negative expressions in ASD group (P>0.05) by t-
test. We used the one-way ANOVA to compare the differences between faces in each group, and 
we found the accuracy of in angry face task had no significantly difference with other three faces 
(P>0.05) in ASD children . However, these differences were found in typical development 
children group. Multiple-factor repetitive measurement ANOVA results showed that the latency 
of P1 component in ASD children were longer than typical development children 
(142.38±7.65ms vs 134.92±10.08ms, P<0.05), which suggested the processing speeds in early 
coding phrase of basic facial expression processing in ASD children were slower than typical 
development children, especially derived from happy expression (145.58±8.92ms vs 
135.92±10.68ms,P<0.05). For N170 component, difference between ASD and typical 
development children showed a trend of right lateralized weakness for negative facial expression 
in ASD children (-1.64±9.02uV vs -7.21±5.15uV, P=0.07). Therefore we concluded that children 
with ASD showed slower speed in early coding phase of happy expression processing and 
weaker trend to recognize the angry face from other negative face, which may impair their facial 
processing and social ability. Key words: expression processing; Autism Spectrum Disorder; 
Event-related potential 
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Abstract: Objective: Eye gaze is a key channel of social communication in humans. Atypical 
eye gaze is a hallmark characteristic of autism spectrum disorder (ASD). Eye contact is crucial 
for social learning and adult-infant communication and the ability to follow gaze is important for 
joint attention. Deficits in eye contact and following gaze of autism have been widely 
researched.The primary aim of the the study was to create an objective biomarker from multiple 
dimensional eye tracking-based index. 
Method: A sample of 88 toddlers (72 toddles with ASD and 26 typical-developing toddles) was 
studied. Face scanning and gaze following were assessed using eye tracking.An eye-mouth index 
(EMI) and fixation duration of each area of interest were computed. 
Results: (1) Toddlers with ASD have strongly decreased eye-mouth index.Lower EMI reflects a 
lower bias to look toward eye. (2)Toddlers with ASD have fewer saccades when following gaze 
and point to the importance of separating information. 
Conclusion: To find an early objective biomarker from multiple dimensional indexs will allow 
for earlier diagnosis of ASD in infants. 
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Abstract: Autism spectrum disorder (ASD) is characterized by a combination of social deficits, 
language deficits, and repetitive behaviours. Social impairment is a critical feature of ASD that 
has been investigated through many studies of face processing. Individuals with ASD 
demonstrate behavioural deficits in face processing, and event-related potentials suggest a lack 
of typical hemispheric asymmetry. However, neuroimaging findings are inconsistent, with some 
studies reporting abnormal brain activation patterns, such as hypoactivation for faces and facial 
expressions, and reduced connectivity among face processing regions, while other studies find no 
reduced connectivity, or no differences in activation patterns. Mixed results in the literature may 
be due to methodological differences in identifying regions of interest (ROIs) for functional 
magnetic resonance imaging (fMRI) analysis. Here, we individually localized face-preferential 
brain regions in a matched group of high functioning males with ASD and typically developing 
(TD) participants to investigate differences in activation patterns using a methodologically 
rigorous approach. This study employed a blocked multi-category functional localizer with a 
one-back repetition detection task. We found no differences in the number, location, or size of 
face-preferential ROIs between groups. However, we found a lack of right hemisphere 
lateralization of face activation in the posterior superior temporal sulcus (pSTS) in the ASD 
group. Whereas the TD participants showed substantially increased activation for faces in the 
right pSTS relative to the left, participants with ASD showed no difference in pSTS activation 
across the hemispheres. The pSTS is critical for processing dynamic faces, facial expressions, 
multisensory integration, and theory of mind, which are all cognitive functions that may be 
impacted in ASD. Hemispheric lateralization is a critical component of human brain 
specialization, such as for face processing and language skill. Reduced hemispheric 
specialization of the pSTS could play a critical role in ASD. 
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Abstract: Autism spectrum disorders (ASD) is a highly heterogeneous disorder characterized by 
deficits in social interaction and communication. We examined patterns of cortical thickness 
(CTh) in ASD patients and these patterns were categorized into different subtypes that 
correspond to anatomical distinction. These subtypes displayed distinct behaviors. We measured 
CTh using the data collected from Autism Brain Imaging Data Exchange project. 290 patients 
and 370 controls (age- and sex-matched, 6 to 35 years) were selected after strict quality control. 
In patient group, Ward’s hierarchical clustering was performed (Figure 1A). The identified 
clusters of patients were compared to controls adjusting for age, sex and scanner effect. Multiple 
comparisons were corrected using random field theory (RFT vertex p<0.05). At the 3-cluster 
level, the patients were divided into following: A subtype (n=50, 17.2%) has most of the cortex 
thicker than controls; B subtype (n=145, 50.0%) has area thicker than controls; and C subtype 
(n=95, 32.8%) has area thinner than controls (Figure 1B). The demographics and Autism 
Diagnostic Observation Schedule (ADOS) scores of the 3 subtypes were compared (Table 1). 
Among these subtypes, age was not significantly different. However, communication, social and 
calibrated symptom severity score in ADOS were significantly different. In conclusion, ASD can 
be categorized into various anatomical subtypes with distinct clinical features. Subtyping ASD is 
especially important because it may have different responses to the treatment. Consideration of 
the heterogeneity may be important when planning future preventative and treatment strategies. 

Demographics and ADOS scores of the 3 ASD subtypes 

Subtype A (n=50) B (n=145) C (n=95) p-value (ANOVA) 

AGE at MRI, y 18.6 (±11.7) 17.4 (±6.6) 17.2 (±7.6) 0.603 

Sex, female, n (%)d 9 (18.0%) 9 (6.2%) 17 (17.9%) 0.01c 

Mean thickness 3.76 (±0.21) 3.56 (±0.14) 3.38 (±0.16) <0.001a,b,c 



ADOS social 7.6 (±2.5) 8.0 (±2.8) 8.6 (±3.1) 0.004a,c 

ADOS communication 3.5 (±1.4) 3.9 (±1.4) 4.3 (±1.8) 0.003b,c 

ADOS calibrated symptom severity 7.2 (±2.2) 6.7 (±1.9) 6.0 (±1.9) 0.006b,c 

Significant difference in post-hoc analysis between (a) A and B, (b) B and C, (c) A and C (p 
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Abstract: BrainComputer Interfaces based on real-time fMRI (fMRI-BCI) is a technique that 
have allowed psychiatry patients to achieve self-regulation of circumscribed brain regions, 
leading to behavioral changes1. This methodology has not yet been used in Autism (ASD). One 
of the most important impairments in ASD is the abnormal processing of human faces. This 
deficit is associated with an abnormal activity of fusiform face area (FFA)2. Therefore, the 
modulation of this area could lead to positive behavioral modifications in this disorder. The aim 
of this preliminary work is to determine if young patients with ASD can achieve selfregulation of 
the activity of FFA with Fmri-BCI. 
Two healthy subjects (males, age= 25 and 33) and two ASD patients (males, age= 17 and 18) 
participated in a 2-4 day experiment (8-13 rt-fMRI training runs in total; 3 upregulation (UP), 4 
baseline blocks (REST)/run). During UP, subjects received real-time contingent visual feedback 
of the BOLD signal coming from bilateral FFA. 
Healthy individuals could self-regulate FFA from day 1. ASD patients achieved self-regulation 
of FFA after 2 days of training. Importantly, ASD subjects showed a positive learning through 
the days of training. Patient 1 showed a positive learning slope for bilateral FFA (R2 LFFA: .464 
(p‹.05); R2 RFFA: .431 (p‹.05)). Patient 2 showed a positive learning slope for left FFA 
throughout sessions (R2:.7 (p‹.05)) (Fig 1). 
Albeit preliminary, our results indicate that selfregulation of FFA with fMRI-BCI is possible in 
patients with ASD. These results open important possibilities for the correction of abnormally 
activated brain areas in ASD. New subjects are being currently tested, along with behavioral 
analyses to explore the effect of FFA self-regulation as a potential tool for clinical researches. 
References: 1. Ruiz S, et al. Biol Psychol. 2014; 2. NicklJockschat, et al. Brain Struct Funct. 
2015 
Fig 1. Self-regulation of FFA activity of two representative subjects troughout the trainings with 
fMRI-BCI. Y axis represents rFFA= ((mean(BOLD_UPregulation) - 
mean(BOLD_REST))/mean(BOLD_REST))*100 
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Abstract: Autism spectrum disorder (ASD) is a major neurodevelopmental disorder 
characterized by deficits in reciprocal social interactions and communication, and by repetitive 
and restricted behaviors. Despite the significance of this disorder, its underlying neural 
mechanism remains unclear. Recently, using resting-state functional-connectivity magnetic 
resonance imaging (rs-fcMRI) techniques, attempts have been made to develop classifiers of 
ASD and typically developed (TD) individuals, and thereby to identify the abnormality of 
functional connections (FCs) in ASD. However, none of the previous classifiers has ever been 
successfully validated for an independent cohort because of over-fitting and the interferential 
effects of nuisance variables (NVs) such as measurement conditions and demographic 
distributions. Here, using a multiple-site data set from Japan, we developed an ASD classifier by 
focusing on abnormal FCs in ASD as revealed by rs-fcMRI. To overcome the difficulties 
associated with over-fitting and the effects of NVs, we developed a novel machine-learning 
algorithm that automatically and objectively identified a small number of abnormal FCs in ASD 
(0.2% of all FCs considered). The resultant classifier attained high accuracy for a Japanese 
discovery cohort [85%, area under the curve (AUC) = 0.93], and furthermore, demonstrated a 
remarkable degree of site generalization for two independent validation cohorts in the US 
ABIDE Project (75%, AUC = 0.76) and in Japan (70%, AUC = 0.77). The identified FCs 
predicted socio-communicative scores of ASD individuals and constituted the neural substrates 
of ASD (ADOS A; r = 0.44, P = 0.001). We also examined the extent to which the ASD 
classifier was specific to ASD or extendable to other psychiatric disorders (disorder 
generalization). We found that the developed classifier did not distinguish individuals with major 
depressive disorder (P = 0.83, AUC = 0.48) and attention-deficit hyperactivity disorder (P = 
0.65, AUC = 0.57) from their controls but moderately distinguished patients with schizophrenia 
from their controls (P = 0.012, AUC = 0.65). Therefore, the results leave open the viable 
possibility of exploring neuroimaging-based dimensions that quantify the multiple-disorder 
spectrum. 

Disclosures: The Disclosure Block has exceeded its maximum limit. Please call Tech support at 
(217) 398-1792 for more information. 
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Abstract: Autism is a developmental disorder characterized by severe and sustained impairment 
in social interaction and communication, and restricted or stereotyped patterns of behavior and 
interest. Recently, it has been reported that genetic heritability is lower than that previously 
estimated, and environmental factors also have a greater influence on the development of autism. 
Epigenetic processes such as DNA methylation and histone modification are considered to be an 
interface of genetic and environmental factors. Additionally, two well-characterized epigenetic 
processes, parental imprinting and X chromosome inactivation, are known to be involved in 
several conditions that mimic autism spectrum disorders, such as Angelman and Rett syndromes. 
This clinical evidence suggests that epigenetic processes may play a role in the pathophysiology 
of autism. On the other hand, many studies suggested involvement of serotonergic system in 
pathophysiological mechanisms of autism. Therefore, we investigated genome-wide DNA 
methylation profiles in post-mortem brain tissue from individuals with autism. We measured 
methylation levels of CpG sites in the dorsal raphe from 6 male subjects with autism and 7 age- 
and 5 sex-matched healthy control subjects using Infinium HumanMethylation450 BeadsChip. 
We found differentially methylated regions (DMRs) not only in promoters, but also in gene 
bodies, 3ʹ untranslated regions (UTR) and intergenic regions in autism. In addition, because 
autism is a highly heterogeneous disorder, we screened for individual-specific DNA methylation 
(IS-DMRs) and found differentially methylated CpG sites at promoters, gene bodies, 3ʹ UTRs 
and intergenic regions in autism. Intriguingly, we found DMRs and IS-DMRs in genes related in 
serotonergic system. We propose that genes, such as OR2C3 and KLK5, are novel potential 
candidate genes for autism by epigenetic approach. 

Disclosures:  K. Iwata: None. K. Nakabayashi: None. K. Hata: None. K. Nakamura: None. N. 
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Abstract: Background: Our experiences with the world play a critical role in neural and 
behavioral development. Clinically and anecdotally, children with autism spectrum disorder 
(ASD) spend a disproportion amount of time seeking out and engaging with aspects of their 
environment that are largely nonsocial in nature. How might these exaggerated patterns of 
experience influence opportunities for social experience, and in turn, opportunities for social 
learning and development? We adapted an established method for eliciting and quantifying 
aspects of visual choice behavior related to preference to test the hypothesis that the presence of 
nonsocial sources of stimulation diminishes orientation and attention to social sources of 
stimulation in children with ASD. 
Method: Preferential viewing tasks can serve as objective measures of preference, with a greater 
proportion of viewing time to one item indicative of increased preference. The current task used 
gaze-tracking technology to examine patterns of visual orientation and attention to stimulus pairs 
that varied in social (faces) and nonsocial content (high autism interest, HAI or low autism 
interest, LAI). Participants included both adolescents diagnosed with ASD (N = 33, mean age = 
13.9 years) or typically developing (TYP; N = 31, mean age = 13.75 years); groups were 
matched on IQ and gender. 
Results: Repeated measures ANOVA revealed that individuals with ASD had a significantly 
greater latency to first fixate on social images when this image was paired with an HAI image (F 
= 4.3, p = .042), compared to an LAI image pairing. As expected, participants with ASD showed 
greater total look time to objects (F = 7.95, p < .01), while TYP participants preferred to look at 
faces (F = 21.14, p < .0001). In the ASD group only, a measure of nonsocial interest was 
associated with reduced preference for social images, when paired with HAI images. 
Conclusions: In ASD, the presence of nonsocial sources of stimulation can significantly increase 
the latency of look time to social sources of information. These results suggest that atypicalities 
in social motivation in ASD may be context-dependent, with a greater degree of plasticity than is 
assumed by existing social motivation accounts of ASD. 
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Sinai Hosp., Toronto, ON, Canada 

Abstract: Kainate receptors (KARs) are ionotropic glutamate receptors (iGluRs) that regulate 
excitatory and inhibitory synaptic transmission in the CNS. The extent to which different types 
of KAR subunits (GluK1-5) contribute to synaptic physiology is unknown mainly due to a lack 
of subunit-specific antagonists. In this study, we used kynurenic acid, a non-specific, competitive 
iGluR antagonist as a lead to develop competitive antagonists that target GluK2 containing 
KARs. An iterative approach of molecular modelling combined with structure-activity 
relationship studies, using data from functional assays on KARs, provided the rationale for the 
design of novel compounds. Two functional assays were employed to study the activity of novel 
kynurenic acid derivatives. Firstly, a calcium fluorescence assay using HEK293 cells expressing 
human homomeric GluA1, GluK1, or GluK2 receptors was used to estimate the affinity of 
compounds for each KAR subtype. Secondly, extracellular field recordings of Schaffer 
collateral-CA1 synapses in rat hippocampal slices were used to characterise the compound 
activity on AMPARs and NMDARs in native tissue. These studies revealed that it was possible 
to develop KAR antagonists without activity on NMDARs but although some compounds were 
found to show some selectivity for GluK2 versus GluK1, they retained some AMPAR antagonist 



activity. Molecular modelling studies have been used to rationalise the receptor selectivity 
pattern associated with our lead compounds and future studies will utilise these findings to 
design antagonists with greater GluK2 selectivity. 

Disclosures:  A.V. Eapen: None. R.J. Thatcher: None. M.W. Irvine: None. J. Wood: None. S. 
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Abstract: Kainate receptors (KARs) are ionotropic glutamate receptors that are involved in 
synaptic plasticity in the CNS and a range of neurological disorders such as chronic pain and 
epilepsy. Research into the roles of different types of KAR subunits (GluK1-5) in synaptic 
physiology and neurological diseases requires the development of subunit-specific antagonists. 
In this study, we used kynurenic acid, an antagonist of KARs, AMPARs and NMDARs, as a lead 
to develop competitive antagonists that target GluK2 containing KARs. A range of kynurenic 
acid derivatives bearing various substituents at the 5-, 6- and/or 7- position were synthesised and 
evaluated using a calcium fluorescence assay using HEK293 cells expressing human homomeric 
GluA1, GluK1, or GluK2 receptors. 
The data from the pharmacological assays revealed that it was possible to develop KAR 



antagonists without activity on NMDARs and reduced activity at AMPARs, with some examples 
exhibiting some selectivity for GluK2 versus GluK1 containing receptors. Structure-activity 
relationship (SAR) studies and molecular modelling studies using X-ray crystal structures of 
GluK1 (PDB code 2QS1) and GluA2 (PDB code: 3B7D) and an homology model of GluK2 
(based on GluK1: PDB code 2QS1) have been used to rationalise the receptor selectivity pattern 
associated with our lead compounds. Future studies will utilise these findings to design 
antagonists with greater GluK2 selectivity. 
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Abstract: Background: Kainate receptors (KARs) are tetrameric ionotropic glutamate receptors 
composed of GluK1-5 subunits with peak subunit expression occurring during the late 
embryonic/early postnatal period. Homomeric GluK2 and heteromeric GluK2/5-containing 
KARs are robustly expressed throughout area CA3 of the hippocampus where they contribute to 
excitatory neurotransmission and have been implicated in the hyperexcitable network associated 
with temporal lobe epilepsy. The potential role of KARs in mediating hypoxia-induced seizures 
in the neonatal period is not known. Objective: To examine the impact of hypoxia on synaptic 
transmission in area CA3 of the neonatal mouse and to determine if these effects are mediated by 
GluK2-containing KARs. Methods: All experiments were conducted postnatal day 7 - 9 wild 
type and GluK2-/- mice. Miniature excitatory postsynaptic currents (mEPSCs) were recorded 
from area CA3 using an in vitro hypoxia model (oxygen glucose deprivation, OGD). 
Additionally, mEPSCs were recorded from area CA3 in naive mice 1 hour following in vivo 
hypoxia (4min 30 sec at 4% FiO2) a model shown to lead to consistent hypoxic and post-hypoxic 
seizures. A subset of mice received subcutaneous injections of the KAR antagonist UBP310 
(75mg/kg) 30 min prior to hypoxia. Western blots analysis of GuK2/3 subunits was performed 
on microdissected CA3 region in naïve mice and mice 1h following in vivo hypoxia. Results: 
mEPSC frequency increased significantly (1.5 fold) during OGD. UBP310 prevented the 
observed increase in mEPSC frequency during OGD, suggesting a potential role of KARs. To 
confirm this finding we studied the effects of OGD in a GluK2-/- mouse and found, in agreement 
with our pharmacological studies, that OGD failed to increase mEPSC frequency, strongly 
suggesting a role of GluK2-containing KARs. In a separate set of preliminary experiments we 
found that GluK2/3 subunit expression trended towards an increase in area CA3 of the neonatal 
mouse 1h following in vivo hypoxia. In support of these results mEPSC frequency increased 
significantly (1.8 fold) in mice 1h post-hypoxia. This increase was blocked by administration of 
UBP310 prior to in vivo hypoxia. Conclusions: These findings, from 2 different models of 
hypoxia, suggest that GluK2-containing KARs mediate, at least in part, the observed increase in 
excitatory synaptic transmission following hypoxia. Activation of GluK2-containing KARs 
during hypoxia may be an important mechanism of increased excitability in the neonatal brain 
and may represent a potential novel pathway for the development of mechanisms-based and 
developmentally appropriate therapies for neonates with hypoxic seizures. 
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Abstract: Neuropilin- and tolloid-like proteins (Neto1/Neto2) have emerged as auxiliary kainate 
receptor (KAR) subunits capable of regulating almost every parameter of receptor function. 
Indeed, overexpression studies in heterologous cells or neurons have demonstrated that Netos 
regulate KAR desensitization and deactivation kinetics, channel open probability, ligand affinity, 
and subcellular localization. Consistent with these findings, studies at hippocampal mossy fiber 
to CA3 pyramidal cell (MF-CA3) synapses indicate that Neto1 regulates binding affinity, 
kinetics, and synaptic targeting of native GluK2 containing postsynaptic KARs. However, direct 
evidence for Neto2 mediated regulation of endogenous KAR function remains lacking despite 
association with native KAR complexes. Similarly, despite a wealth of overexpression data 
supporting Neto1/2 regulation of GluK1 expressing KARs, direct evidence for endogenous 
Neto1/2 association with and regulation of native GluK1 containing KARs is lacking. 
Importantly, Neto-mediated regulation of fully assembled recombinant KARs exhibits GluK 
subunit and Neto isoform specificity. Thus, as Neto1/2 and GluK1-5 display discrete expression 
profiles throughout the CNS it is critical to consider network and cell subtype specificity in Neto 
regulation of native KARs. Here using combined in situ hybridization, immunohistochemical, 
and genetic reporting strategies we localize Neto1/2 in combination with GluK1/2/5 in 
somatostatin (SOM), cholecystokinin/cannabinoid receptor 1 (CCK/CB1), and parvalbumin (PV) 
expressing subsets of hippocampal interneurons. Moreover, we demonstrate that Neto1, but not 
Neto2, regulates KAR currents in SOM, CCK/CB1, and PV interneurons as well as recruitment 
of inhibitory drive onto pyramidal cells. Finally, we demonstrate that presynaptic GluK1 
containing KARs on CCK/CB1 interneurons are regulated by both Neto1 and Neto2, with Neto1 
being required for presynaptic KAR function and Neto2 modulating KAR affinity. 
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Abstract: A kainate receptor (KAR) is a member of the ionotropic glutamate receptor family, 
which plays various roles in the central nervous system. KARs are tetramers composed of the 
combinations of low-affinity GluK1-GluK3 (GluR5-GluR7) and high-affinity GluK4-GluK5 
(KA1-KA2) subunits. GluK1-3 subunits can form functional homomeric receptors on their own, 
while GluK4 and GluK5 require GluK1-3 to form functional receptors. We previously showed 
relative amounts of low affinity subunits, GluK2 and GluK3, were three and seven times larger 
than those of high affinity, GluK4 and GluK5, in mouse hippocampus and cerebellum. 
Until now, we have generated all kinds of KAR subunit knockout mouse and analyzed their 
behavior. Because of a large amount of literature on psychiatric diseases, we focused on the 
emotional behaviors in these mice. GluK3-KO mice exhibited a significant increase in time spent 
in open area in the elevated plus maze test (EPM). GluK2-KO mice also spent more time in open 
area in the EPM, even though they had abnormal locomotor and motor coordination problems, 
which were found by the open field test and the balance beam test. In contrast, GluK1-KO mice 
spent significantly a shorter time in open area than wild type mice in the EPM. These results 
suggest that low-affinity KAR subunits, GluK1-3, are associated with anxiety-like behavior. In 
addition, immunoprecipitated analysis of GluK2 antibody revealed that GluK3 was co-
immunoprecipitated with GluK2 in hippocampus, and vice versa, showing the formation of 
heteromers. And the expression patterns of GluK1 and GluK4 shown by in situ hybridization 
were similar to those of cortex and cerebellum. These data indicated GluK2/GluK3 and 
GluK1/GluK4 heteromeric KARs were locally co-expressed in the brain regions. Thus, we 
examined anxiety-like behavior of GluK2/3 double KO and GluK1/4 double KO mice to find 
whether each KAR subunit is involved in anxiety-like behavior (or not). The GluK2/3-KO mice 



stayed twice longer in open area in the EPM, in agreement with the results of GluK2 and GluK3 
single KO mice. The GluK1/4-KO mice also showed 14.4% decrease in time spent in open area 
in the EPM, similar to the result (13.5 % decrease) of GluK1 single KO mice. Together, these 
results demonstrate that GluK2/3 and GluK1/4 heteromeric KARs contribute to anxiety-like 
behavior rather than GluK2 and GluK3 homomeric KARs. 

Disclosures:   I. Watanabe: A. Employment/Salary (full or part-time): Department of Cellular 
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Abstract: The striatum is the main input structure of the basal ganglia, integrating information 
from the thalamus and cortex to control planning and modulation of movement. 
Endocannabinoid (eCB) dependent plasticity at afferent cortical synapses formed on the two 
major types of striatal neurons, direct and indirect pathway spiny projection neurons (SPNs), is 
crucial for balancing striatal output. In indirect pathway SPNs, mGluRs can generate two distinct 
eCB species (anadamide, 2-AG) by activating separate pathways with distinct patterns of 
presynaptic stimulation. However, whether or not direct pathway SPNs are able to synthesize the 
same eCB species by linkage of the same glutamate receptor types to the same pathways is less 
clear. 
Here we found that in striatal direct pathway SPNs, activation of group I mGluRs transiently 
depressed corticostriatal synaptic transmission (DHPG 50µM: 68.1 ± 6.9%, n=4) through the 
generation of the eCB 2-arachidonoylglycerol (2-AG) (2-AG synthesis inhibitor THL: 105 ± 
5.4%, n = 3 p < 0.05). Additionally kainate receptors, members of a distinct glutamate receptor 
family, were also able to transiently depress corticostriatal synaptic transmission by mobilizing 



2-AG via a similar pathway (Kainic acid 100nM: 71.4 ± 9.1%, n = 6; 2-AG synthesis inhibitor 
RHC: 101 ± 7.4%, n = 11 p < 0.05). This effect of kainic acid is dependent upon postsynaptic 
kainate receptors as corticostriatal synaptic depression was not observed when kainate receptors 
were ablated in direct pathway SPNs (WT: 63.1 ± 7.03 %, n = 5; GluK2 D1 SPN KO 101 ± 11.0 
%, n = 5 p < 0.05). Furthermore, short-term eCB dependent depression could be achieved by 
activating synaptic kainate receptors with short trains of high frequency stimulation (WT: 68.9 ± 
6.16 %, n =12; GluK2 D1 SPN KO 89.38 ± 6.93%, n = 8 p < 0.05 ), a form of short-term 
plasticity that is independent of group I mGluR activity. 
In summary, these results demonstrate that in direct pathway SPNs, members of two distinct 
glutamate receptor families, group 1 mGluRs and kainate receptors can couple to 2-AG 
mobilization to cause short term depression of corticostriatal synapses. 
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Abstract: TDP-43 is a predominantly nuclear RNA binding protein that has been identified as a 
hallmark of a range of neurodegenerative disorders. Despite the wide scale research, neither the 
mechanism underlying TDP-43-mediated degeneration of neurons nor its physiological role is 
fully defined. 
In order to explore TDP-43 physiological functions, we have developed transgenic rat model 
characterized by substantially depleted TDP-43 protein level in neurons. Behavioral analysis of 
those rats revealed improved cognitive functions, demonstrated by enhanced memory of acquired 
fear. Those alterations were subsequently confirmed by more stable LTP in the CA1 area of 
hippocampus, one of the regions required for expression of fear related behaviors. At the same 
time, the basic electrophysiological properties of CA1 pyramidal neurons were unchanged. 
However, when pentylenetetrazole (PTZ) massive neuronal stimulation was introduced, control 
animals presented significantly reduced excitability of CA1 neurons, as a result of short-term 



plasticity. Surprisingly, TDP-43 transgenic rats maintained cell excitability at the same level. 
Behavioral and electrophysiological consequences of TDP-43 depletion applied to altered 
morphology of dendritic spines, characterized by wider heads diameters. However, both control 
and transgenic animals presented analogous mode of structural changes of spines in response to 
PTZ induced seizures, what suggested dominance of molecular over morphological differences. 
In fact, using label-free UHPLC-ESI MS/MS for quantitative proteomic analysis, we verified 
that TDP-43 depletion led to changed subunit composition of glutamatergic AMPA receptors, 
regarding FLOP and FLIP splice variants. Alterations of FLOP variant of GluR1 and GluR2 
subunits observed under control conditions were further outlined by neuronal stimulation. 
Proteomic results were subsequently confirmed by electrophysiological whole-cell patch clamp 
recordings in CA1, in the presence of cyclothiazide, AMPAR allosteric modulator, influencing 
different receptor kinetics depending on a balance between FLOP and FLIP subunit variant. 
We consider that the modifications we observe may underlie more general mechanisms possibly 
leading through disturbed TDP-43 to alterations of RNA metabolism and in a longer run to 
degeneration of neurons. Undeniably, here we show the involvement of TDP-43 in mechanisms 
of neuronal plasticity, as its depletion led to enhanced fear memory, more stable LTP and 
alterations in dendritic spines morphology, expressed as altered assembling of AMPARs. 
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Abstract: Methylmercury (MeHg) leads to cell death of motor neurons (MNs) through Ca2+ 
mediated pathways in vitro and in vivo. Ca2+ permeable glutamate receptors α-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPAR) and N-methyl-D-aspartate (NMDA) receptors are 
thought to contribute to these alterations. Although AMPAR are not normally permeable to Ca2+, 
changes in the expression of the receptor GluA2 subunit or its RNA editing enzyme, adenosine 
deaminase acting on RNA2 (ADAR2), lead to Ca2+ permeability. To examine the effects of in 
vitro MeHg exposure on mRNA levels of the AMPAR, the ADAR2 enzyme, and NMDAR, a 
MN cell line (NSC34) was exposed to 0, 0.5, 1, and 1.5µM MeHg starting on DIV 2 for 24hr. 
MeHg effects on cell viability were examined by Trypan blue exclusion assay. QPCR was 
performed on reverse transcript (cDNA) of RNA isolated from NSC34 cells. AMPAR GluR1, 2, 
3, and 4 subunits, ADAR2 enzyme and the NR1, NR2A, NR2B and NR2C subunit expression 
was measured from treated and untreated NSC34 cells. We hypothesized that MeHg would 
differentially affect the receptor subunits studied, decreasing expression of GluA2 and ADAR2 
and increasing expression of the other subunits studied, compensating for MeHg effects and thus 
contributing to the observed [Ca2+]i alterations. Time and concentration-dependent cell death of 
NSC34 cells occur after 24hr MeHg exposure. AMPAR subunits and ADAR2 levels increased 
after 24h exposure to 0.5µM MeHg. However, after 1 or 1.5µM MeHg exposure GluA2-4 and 
ADAR2 were downregulated. The mRNA levels of all the NMDAR NR1 and NR2C were 
significantly downregulated after 24hr exposure to 0.5 and 1µM MeHg. These results support the 
idea that MeHg effects in MNs are in part mediated by increased expression of the Ca2+ 
permeable AMPAR. This was mainly due to the decrease observed in the RNA editing enzyme 
ADAR2 and the GluA2 subunit. 
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Abstract: The nematode C. elegans is capable of detecting environmental cues and modifying 
its behavior accordingly. For example, worms can navigate towards attractive odors and 
favorable temperatures. The neuronal circuits underlying these behaviors have been identified 
via cell-ablation studies; however, how the neurons in these circuits modulate navigation towards 
an attractant is not well understood. The RIA interneurons integrate information from sensory 
neurons in these circuits and send information to a variety of interneurons and motor neurons. 
Interestingly, the GLR-3 and GLR-6 kainate subtype of ionotropic glutamate receptors (iGluRs) 
are exclusively expressed in RIA, which also express the GLR-1 AMPA-type iGluR. 
Electrophysiological analysis revealed that GLR-3 and GLR-6 form a heteromeric iGluR that is 
gated by both glutamate and kainate. In addition, the kinetics and amplitude of the glutamate-
gated current mediated by GLR-3 and GLR-6 are distinctly different from that of the AMPAR-
mediated current. glr-1 single and glr-3; glr-6 double knockout animals show deficits in 
chemotaxis to attractive odorants, similar to those observed in worms lacking the RIA 
interneurons. Behavioral analysis shows that kainate and AMPA receptor mutants spend more 
time navigating in trajectories that do not lead to the odorant. In addition, the rate of reversals 
during chemotaxis is increased in these mutants. Taken together, our results suggest that the 
AMPA and kainate iGluRs are required for error correction during taxis behaviors. 
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Abstract: The delta family of ionotropic glutamate receptors, that includes glutamate delta-1 
(GluD1) and delta-2 have been recently discovered to interact presynaptically with adhesion 



molecule neurexin 1 leading to synapse formation. There is an enriched expression of GluD1 in 
striatum. We have previously shown that mice with GluD1 deletion exhibit hyperactivity, 
repetitive behaviors, social interaction deficits, depression and hyperaggression, which are 
behaviors associated with striatal function. Here we addressed the potential role of GluD1 in 
regulating striatal synapses. We performed whole-cell voltage-clamp recordings from medium 
spiny neurons (MSNs) in dorsal striatum. Deletion of GluD1 produced a reduction in frequency 
of mEPSCs with no change in amplitude. A reduction in the number of functional synapses in 
GluD1 KO potentially underlies this result, since no change in paired-pulse ratio was observed 
indicating lack of presynaptic effect. The mIPSCs characteristics were unchanged in GluD1 KO 
MSNs. Additionally, we did not detect any significant deficit in either AMPA/NMDA receptor-
mediated current ratio or coefficient of variation ratio in GluD1 KO mice, suggesting no 
alteration of silent synapses by the deletion of GluD1. Furthermore, we analyzed long term 
depression (LTD) at cortico-striatal synapses. Bath application of a group 1 mGluR agonist, 
DHPG, caused a robust depression of evoked EPSC amplitude with no change in the paired-
pulse ratio. Interestingly, a significant reduction in DHPG-induced LTD was observed in GluD1 
KO mice. Together, these results reveal a critical role of GluD1 in the regulation of 
glutamatergic neurotransmission and cortico-striatal synaptic plasticity in DS MSNs. 
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Abstract: Glutamate-gated receptors are the main excitatory receptors in the brain. The 
glutamate receptor family comprises metabotropic and ionotropic receptors, with the latter 
including AMPA, kainate, NMDA and the orphan receptors, also called delta receptors. The two 
members of the delta receptor subfamily (GluD1, GluD2) so far failed to show any ligand-gated 
currents, although they have been shown to possess functional channels. It is known that the 
delta receptors play important roles in cerebellar functions and high-frequency hearing. Besides, 
it was shown that they are also involved in the structural stabilization of synapses. Recent studies 
from Ady et al. (2014) now have shown that GluD2 is able to gate ions in HEK-293 cells, if the 



metabotropic receptor mGlu1a is coexpressed. After activation of mGlu1a an as of yet unknown 
intracellular mechanism leads to opening of the GluD2 channel, which then leads to ionic influx. 
This was also shown at parallel fiber synapses in the cerebellum of mice. This gating mechanism 
provides unexpected new perspectives regarding synaptic transmission. The present project was 
designed to pursue further electrophysiological characterization of this mechanism by 
coexpressing the delta and the metabotropic receptors in different cell systems. On the one hand 
the receptor combination was tested in HEK-293 cells via patch clamp recordings under several 
conditions, including different agonists, expression times, and variations of the patch clamp 
method itself. On the other hand, voltage clamp recordings in Xenopus oocytes were performed 
to clarify if this activation of delta receptors can be reproduced in other cell systems. A further 
goal was to check if this activation mechanism also works with other members of the 
metabotropic receptor family and with GluD1. 
Reference: 
Ady V, Perroy J, Tricoire L, Piochon C, Dadak S, Chen X, Dusart I, Fagni L, Lambolez B, 
Levenes C (2014) Type 1 metabotropic glutamate receptors (mGlu1) trigger the gating of GluD2 
delta glutamate receptors. EMBO Rep. 1:103-9. 
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Abstract: The ATP-gated ion channel P2X7 has emerged as a potential central nervous system 
(CNS) drug target based on the hypotheses that pro-inflammatory cytokines such as IL-1β that 
are released by microglia and may contribute to the etiology of various disorders of the CNS 
including mood disorders. Emerging science has strengthened the role of P2X7-IL-1β signaling 
in animal models of depression. To that end, we disclose a CNS penetrant, high-affinity and 
selective P2X7 antagonist, that is now a clinical candidate for mood disorders. This compound 



exhibits high potency for both rodent and human P2X7. The IC50 of the P2X7 antagonist in the 
human blood IL-1β release assay is approximately 10 nM. In human and rat brain slices, the 
compound demonstrated concentration dependent binding to P2X7; in-vivo the compound dosed 
orally produced excellent bioavailability, good pharmacokinetic properties in rodents, dogs and 
non-human primates. Finally, P2X7 receptor occupancy was demonstrated in rat brain by ex-
vivo autoradiography. In summary, we present the pharmacology of a novel, CNS penetrant 
clinical candidate that is a functional antagonist of the P2X7 ion channel. 
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Abstract: The effect of escitalopram on 5-hydroxytryptamine3 receptors (5-HT3R) expressed in 
NCB-20 neuroblastoma cells was examined using whole-cell voltage clamp technique combined 
with a fast drug application method. Co-application of escitalopram (1-100 µM) produced a 
concentration-dependent reduction in the peak amplitude and the rise slope of 5-HT3R-mediated 
currents induced by 3 µM of 5-HT. The IC50 of escitalopram was 5.34 µM. Co-application of 10 
µM of escitalopram increased EC50 of 5-HT3R-mediated currents amplitude from 3.16 µM to 
6.33 µM, but decreased Emax to 89.35% without altering the Hill coefficient (2.61). No voltage 
dependence and reversal potential shift were evident in the inhibitory effect of escitalopram on 5-
HT3R-mediated currents over the entire voltage range tested. The decay time constant for 
receptor desensitization and deactivation of 5-HT3R-mediated currents were also significantly 
attenuated by escitalopram. However, the time constant for recovery from desensitization was 
not changed by escitalopram. These results suggest that the escitalopram directly inhibits 5-
HT3R function expressed in NCN-20 neuroblastoma cells in a noncompetitive manner by 



delaying channel opening, and that this inhibitory effect of escitalopram probably contribute to 
the pharmacological effects. 
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Title: Activation and modulation of recombinant glycine and GABAA receptors by 4-
halogenated analogues of propofol 
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Abstract: Glycine receptors can be modulated by the intravenous anesthetic propofol (2,6-
diisopropylphenol); however, the drug is more potent, by at least one order of magnitude, on the 
GABAA receptor. It has been proposed that halogenation of the propofol molecule may generate 
compounds with selective enhancement of glycinergic modulatory properties. We have 
compared the effects of propofol and its halogenated analogues, 4-bromo-, 4-chloro-, and 4-
fluoropropofol, on glycine and GABAA receptors expressed in oocytes. The data indicate that the 
four compounds are essentially equally potent modulators of the α1β3γ2L GABAA receptor with 
EC50s between 4 and 7 µM. The EC50s for loss of righting in Xenopus tadpoles, a proxy for loss 
of consciousness and considered to be mediated by actions on GABAA receptors, ranged from 
0.5-1 µM. In homomeric α1, α2, and α3 glycine receptors, the concentration-response curves for 
potentiation were shifted to lower drug concentrations by 2-10-fold for the halogenated 
compounds. Direct activation by all compounds was minimal with all subtypes of the glycine 
receptor. Overall, our findings confirm that halogenation of propofol more strongly affects 
modulation of glycine receptors. However, the effective concentrations of all tested halogenated 



compounds were lower for GABAA receptors, and we infer that 4-bromo-, 4-chloro, or 4-
fluoropropofol cannot be used as selective glycine receptor modulators. 
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Abstract: Acid sensing ion channels (ASICs) are trimeric cation-selective ion channels activated 
by protons in the physiological range. Recent reports have revealed that postsynaptically-
localized ASICs contribute to excitatory postsynaptic currents (EPSCs) by responding to the 
transient acidification of the synaptic cleft which accompanies neurotransmission. We have 
recently examined how recombinant and native ASICs respond to such rapid (~ 1 ms) acidic 
stimuli which they are likely to encounter at a synapse. We found that ASIC deactivation in 
response to a pH 5 to pH 8 jump is extremely rapid, a property which enables them to follow 
high frequency stimulus trains. However, investigation at pH’s nearer to physiological was 
hampered by steady-state inactivation. Here we have circumvented this problem using a triple 
jump approach. By rapidly jumping outside-out patches from pH 8 through pH 5 for 
approximately 1 ms to a third pH ranging from pH 8 to 6.6, the deactivation kinetics of ASICs at 
a many pH’s can be investigated. Strikingly, rat ASIC1a deactivation kinetics range across 
nearly three orders of magnitude, from very fast (~ 0.6 ms) at pH 8 to rather slow (~ 400 ms) at 
pH 7. This strong pH dependence of rat ASIC1a was conserved in chicken and human subunits 
but was absent in rat ASIC1b, ASIC3 or heteromeric ASIC1a/2a. Given that synaptic pH levels 
correlate with activity, this enormously dynamic deactivation range provides ASIC1a with the 
capacity to encode the recent activity history of the synapse at the level of the EPSC. 
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Abstract: Erwinia ligand-gated ion channel (ELIC) is a bacterial homologue of vertebrate 
pentameric ligand-gated ion channels (pLGIC), and has proved a valuable model for 
understanding the structure and function of this important protein family. There is nevertheless 
still a question as to whether molecular details can be accurately extrapolated from this protein to 
those found in eukaryotes. To probe this we here explore the role of Pro residues in ELIC, as we 
have shown that the unusual properties of Pro result in a range of specific functions of these 
residues in the pLGIC family. All the Pro residues in ELIC were substituted with Ala. Receptors 
were expressed heterologously in Xenopus laevis oocytes, and whole-cell voltage-clamp 
electrophysiology was used to monitor channel activity. Non-functional receptors were further 
probed with non-canonical amino acids using in vivo nonsense suppression. There was a range of 
effects with the different mutant receptors, with both increases and decreases in EC50 values; 
only one substitution, however, the Pro in the ‘Cys-loop’, resulted in loss of function. These data 
are not equivalent to those obtained from vertebrate pLGIC, where many (up to 20%) Pro to Ala 
substitutions ablate receptor function. Thus while our data clarify the role of Pro residues in 
ELIC, they suggest caution must be applied in using data from this prokaryotic receptor to 
understand molecular details of eukaryotic pLGIC receptor function. 
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Abstract: Acute pancreatitis occurs when pancreatic pro-enzymes (especially trypsin), secreted 
from pancreatic acinar cells, are activated in the pancreas instead of the small intestine, causing 
autodigestion. In clinical practice, there are still no efficient drugs that specifically treat acute 
pancreatitis. Evidence demonstrates that the primary event initiating the process of acute 
pancreatitis is the excessive release of Ca2+ from intracellular Ca2+ pools. This provides a 
promising therapeutic strategy, as the blockade of intracellular Ca2+ signals in pancreatic acinar 
cells may provide protection against Ca2+ overload, intracellular protease activation and necrosis, 
which are major triggers of acute pancreatitis. Synthetic and endogenous cannabinoid (CB) 
compounds exert their pharmacological roles through cannabinoid receptor type 1 (CB1R), type 
2 (CB2R) or non-CBRs. Emerging evidence suggests that CB1 and CB2 receptors are expressed 
in the pancreatic gland and modulate pancreatic cell function, alter insulin release, and play 
important roles in the regulation of body metabolism. In addition, activation of CB2Rs in 
pancreatic acinar prevents acinar cell pathogenesis in acute pancreatitis animal models. 
However, whether or not CB ligands modulate intracellular Ca2+ signals in pancreatic acinar 
cells is largely unknown. We address this question by examining the effects of CB ligands on 
ACh-induced Ca2+ oscillations in acutely-dissociated pancreatic acinar cells using patch-clamp 
whole-cell recordings in wild type (WT), CB1 knockout (KO) and CB2 KO mice. We found that 
bath application of CB2R agonists at 10 µM concentration, GW, GP1a and JWH133 significantly 
reduced ACh (10-30 nM)-induced Ca2+ oscillations, while other agonists tested such as SER601, 
CB65, JWH015, Hu308, L759656 showed little inhibitory effect. CB1R agonist (10 µM ACEA) 
played a similar inhibition on Ca2+ oscillations. Non-selective CB receptor agonist WIN55,212-
2, rather than 2-AG inhibited Ca2+ oscillations. In CB2 KO mice, the inhibitory effect by GW, 
GP1a and JWH133 were significantly eliminated, but ACEA and WIN55,212-2 still exhibited 
inhibition, while in CB1R KO mice, GW, ACEA and WIN55,212-2 are still shown inhibition. 
Collectively, our study provides novel information that CB receptor ligands differently modulate 
intracellular Ca2+ signals in mouse pancreatic acinar cells. The targets that mediate this 
modulation may involve CB2R and non-CB receptors. This complexity of modulations by 



different CB receptor ligands acting on different targets gives rise to a caution to choose 
appropriate CB receptor ligands for therapeutic strategy of acute pancreatitis. 
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Title: Modulation of inflammation-primed glycine receptors alleviates pain. 
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Abstract: Diminished inhibitory neurotransmission in the superficial dorsal horn contributes to 
chronic pain. In inflammatory pain, this reduction occurs at least partially through a 
prostaglandin E2 (PGE2) and protein kinase A (PKA)-dependent phosphorylation of a specific 
subtype of glycine receptors (GlyRs) containing α3 subunits (GlyRα3). Restoring the activity of 
spinal GlyRα3 through positive allosteric modulators may thus constitute a rational approach 
against inflammatory pain. Here, we investigated the modulation of GlyRs by the non-anesthetic 
propofol derivative 2,6-di-tert-butylphenol (2,6-DTBP). We found that 2,6-DTBP reverses 



inflammation-mediated dis-inhibition through a specific interaction with heteromeric αβGlyRs 
containing phosphorylated α3 subunits. Electrophysiological analyses of recombinant mutated 
receptors show that 2,6-DTBP interacts with a conserved phenylalanine residue in the 
membrane-associated stretch between transmembrane regions 3 and 4 of the GlyR α3 subunit. In 
native mouse spinal cord tissue, 2,6-DTBP modulated synaptic GlyR currents only after priming 
with PGE2, consistent with molecular modeling data that suggest that in heteromeric α3βGlyRs 
this site is accessible to 2,6-DTBP only after PKA-dependent phosphorylation. In mouse models 
of inflammatory pain, 2,6-DTBP reduced inflammatory hyperalgesia in an α3GlyR-dependent 
manner. Our data thus demonstrate that pharmacological modulation of GlyRs can be restricted 
to disease-primed receptors and that this specific modulation reduces hyperalgesia in mouse 
models of inflammatory pain. 
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Title: Acid-sensing ion channels in ventrolateral medulla contribute to central chemoreception 
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Abstract: Among several potential regions involved in the central chemoreceptors, the 
ventrolateral medulla (VLM) is one of the critical area and sensitive to the changes of 
extracellular pH. Acid-sensing ion channels (ASICs) are activated by acidic microenvironment 
and expressed in medulla, however, the roles of ASICs in VLM remain uncertain. Here, we 
found that ASIC currents were triggered by pH drop in medulla including VLM with pH value 
for half-maximal activation of 6.6. ASIC currents in medulla were dose-dependent blocked by 



amiloride, a non-selective ASIC blocker. Homomeric ASIC1a and heteromeric ASIC1a/2 
channels were likely responsible for the acid-mediated currents in medulla based on their 
sensitivity to psalmotoxin 1 and zinc. ASIC currents by pH drops from 7.4 to 6.5 were 
disappeared in VLM neurons from ASIC1, but not ASIC2 knock-out mice. Activation of ASICs 
in medulla also triggered membrane excitability. Moreover, microinjection of pH 6.5 of artificial 
cerebrospinal fluid into VLM increased integrated phrenic discharge, inspiratory time and 
respiratory drive. ASIC antagonist amiloride inhibited the acid-induced stimulating effect on 
respiration. Collectively, our data suggest that ASIC1a and ASIC1a/2 channels are main 
components for acid-induced currents in medulla and activation of ASICs in VLM contributes to 
central chemoreception. 
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Title: A missense mutation A384P associated with human hyperekplexia reveals a 
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Abstract: Hyperekplexia, which is an inherited neuronal disorder characterized by exaggerated 
startle responses with unexpected sensory stimuli, is caused by the dysfunction of glycinergic 
inhibitory transmission. From analysis of newly identified human hyperekplexia mutations in 
glycine receptor (GlyR) α1 subunit, we found that a missense mutation α1A384P showed 



substantially enhanced desensitization but no or mild changes in agonist sensitivities, agonists-
induced maximum responses, or voltage-dependence when expressed in HEK cells. In 
comparison, another human hyperekplexia mutation α1P250T, which was previously reported to 
relate to desensitization, caused strong reduction of maximum currents in addition to altered 
desensitization. The mutation-caused desensitization was partially reversed by co-expression of 
the β subunit in α1P250T-containing GlyRs, whereas the reduced maximum currents in α1P250T 
were even aggravated by β co-expression. α1A384P β showed no significant difference on 
desensitization state compared with α1A384P. Moreover, co-expression of the R392H and A384P 
mutants, which mimic the expression of compound heterozygote in the patient, resulted in 
similar channel properties to that of A384P expression alone. These results were further 
confirmed by overexpression of α1P250T or α1A384P in cultured neurons. Together, our findings 
revealed that, while the P250T mutant affected both channel conductance and desensitization, 
enhanced desensitization was the major functional deficit in α1A384P and was highly associated 
with pathogenesis of human hyperekplexia. 
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Title: Glycine-activated outward currents in neurons of the hippocampus 
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Abstract: Glycine receptor-channels permeate anions such as chloride, and hyperpolarize adult 
neurons. Their molecular identities of glycine receptors such as amino acid sequences and 
subunit compositions are well clarified. Glycine receptors are widely expressed throughout the 
central nervous system including spinal cord, brain stem, hippocampus and neocortex. In the 
spinal cord, the endogenous ligand of glycine receptors is glycine that is released as a 
neurotransmitter together with GABA. In the brain endogenous ligands of glycine receptors have 
not been identified as neurotransmitters in spite of the broad expression of glycine receptors. ß-
alanine or taurine released from glial cells are proposed as endogenous ligands in the mature 
hippocampus. Althogh much information on glycine receptors and their ligands are provided, the 
their roles in the brain have not been clarified yet. Here we sought for the roles of glycine 
receptors in the hippocampus, using organotypic rat hippocampal slice culture, prepared from P6 



rats. Pressure application of glycine (0.3 mM in an application pipette; 50 µm away from the 
soma of the neurons studied) activated an outward current in the neurons but not in the glial cells 
identified by their failure to generate action potentials at a holding potential of -70 mV. The 
glycine-activated currents were blocked by the bath-perfusion of a glycine receptor antagonist, 
strychnine. Peak amplitudes of glycine-activated current density in interneurons were larger than 
those in pyramidal cells (CA3 pyramidal cell, 17.5 ± 3.24 pA/pF, n=5; interneurons, 36.0 ± 13.2 
pA/pF, n=5). We found that the variance of the glycine-activated currents density in interneurons 
was much more than that in CA3 pyramidal cells, suggesting that this significant variation of the 
glycine-activated currents in interneurons could be derived from diversity of the type of 
interneurons. 
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Title: Potentiation of glycinergic IPSCs in the dorsal horn by Ca2+, NMDA, and cAMP 
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Abstract: Glycine is a fast inhibitory neurotransmitter that plays a vital role in signaling in the 
brain and spinal cord. However, little is known about how glycinergic synapses are modulated in 
the CNS. Here we tested the modulation of glycinergic (GlyR) IPSCs on GABAergic neurons in 
acute slices of dorsal horn (DH) lamina II. Many forms of LTP are dependent on postsynaptic 
calcium, which can enter a neuron in a variety of ways: release from intracellular stores, or influx 
through VGCCs or NMDA receptors. We found that repetitive depolarization (DP) of lamina II 
GABAergic neurons (200ms DP to -10 mV, 1 Hz, 6 minutes) potentiated GlyR IPSCs (IPSC 
amplitude: 162±19% of pre-DP amplitude, n=12, p< 0.001). This effect was blocked when 15 
mM intracellular EGTA was included in the recording pipette (IPSC amplitude: 100±14% of 
pre-DP amplitude, n=5, n.s.). These results suggest that a rise in intracellular calcium is 
sufficient to potentiate GlyR. NMDA receptor activation has been shown to increase GlyR 
numbers in the postsynaptic membrane and mIPSC amplitudes in cultured neurons (Levi et al, 
2008; Neuron 31:261). We investigated whether NMDA could also induce LTP of GlyRs in 



GABAergic dorsal horn neurons. Bath application of NMDA (50 µM) rapidly potentiated GlyR 
IPSCs on GABAergic neurons (IPSC amplitudes: 125±10% of pre-NMDA values, n=12, 
p<0.001). This potentiation was not reversed by later addition of the competitive NMDA 
antagonist AP5 (50 µM, n=3). Bath-applied strychnine (1 µM) completely blocked the 
potentiated GlyR IPSCs (n=2). NMDA potentiation was only observed in slices from animals 
older than p25, while in those from younger animals, NMDA did not potentiate GlyR IPSCs 
(IPSC amplitude: 80±10% of pre-NMDA values, n=5, p<0.001). Activation of adenylyl cyclase 
leads to cAMP production and PKA activation, which can modulate synaptic strength in many 
CNS synapses. Bath application of forskolin, an adenylyl cyclase activator, significantly 
potentiated GlyR IPSCs on GABAergic DH neurons (IPSC amplitudes: 120±13% of pre-
forskolin amplitude, n=7, p<0.01). Both presynaptic and postsynaptic potentiation of GlyR 
IPSCs by cAMP have been reported previously, and we will explore both possibilities. 
Together our findings indicate that glycinergic IPSCs can be rapidly potentiated in the same cell 
type by a variety of signaling mechanisms. Our previous work demonstrated that after acute 
peripheral inflammation, GlyR synapses on these neurons are potentiated; the modulatory 
pathways described here may therefore have relevance to nociceptive processing. 
Supported by NIH NS088453. 
Key words: LTP, glycine receptors, dorsal horn. 
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Title: Extracellular glycine receptors of lateral habenula and alcohol related behaviors 
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Abstract: There is much interest in brain regions that drive alcohol intake in alcoholics. 
Interestingly, both the rewarding and aversive effects of alcohol are probably critical for 
sustained alcohol addiction. The lateral habenular (LHb) plays important roles in processing 
aversion, and recent work has focused on the critical involvement of the LHb in encoding and 
responding to aversive stimuli, including pain. Several neurotransmitter systems are implicated 
in alcohol’s actions, with certain receptors and ion channels emerging as putative targets. The 
glycine receptors (GlyRs) that mediate classical inhibitory neurotransmission in the spinal cord 
and lower brain stem, have been linked to the pathogenesis and/or treatment of alcohol 
dependence and pain. Previous rat study from our laboratory has shown functional GlyRs exist in 
the LHb. However, the role of LHb excitability and in ethanol-related behaviors is unknown. In 
the current study, we trained male Sprague Dawley rats to drink ethanol in an intermittent access 
two-bottle free choice paradigm for three months. Ex vivo studies in brain slices indicated that 
bath application of glycine caused a robust inhibition of firing in LHb neurons in both ethanol-
naïve rats and rats at 24h withdrawal from chronic ethanol, and the inhibition was blocked by 
GlyR antagonist strychnine. In addition, strychnine alone produced a large tonic conductance 
mediated by extrasynaptic GlyRs. In agreement, strychnine induced membrane depolarization, 
and increased the excitability of LHb neurons. These findings identify extrasynaptic GlyRs as a 
critical regulator of LHb excitability. Importantly, intra-LHb infusion of glycine substantially 
mitigated mechanical allodynia and thermal hyperalgesia observed in rats at 24 h withdrawal 
from ethanol. In parallel, LHb glycine infusion reduced ethanol intake and preference. 
Furthermore, these effects of glycine were blocked by LHb infusion of strychnine, indicating that 
they are mediated by strychnine-sensitive GlyRs. Thus, GlyRs in the LHb represent a cellular 
substrate for aversive experience induced by ethanol withdrawal. Furthermore, its reversal by 
glycine may provide a novel therapeutic approach to alleviate symptoms of ethanol withdrawal. 
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Title: TRPA1 channel modifies membrane current induced by TRPV1 channels activation in 
dorsal root ganglion neurons 

Authors: *T. MASUOKA1, M. KUDO1, T. ISHIBASHI1,2, M. NISHIO1;  
1Dept. of Pharmacology, Sch. of Med., 2Pharmacology, Sch. of Nursing, Kanazawa Med. Univ., 
Uchinada, Ishikawa, Japan 

Abstract: The transient receptor potential vanilloid 1 (TRPV1) channel is sensitive to noxious 
heat, acidic pH, and irritant vanilloids and is highly expressed in a specific subset of sensory 
neurons in dorsal root ganglia (DRG) and trigeminal ganglia contributing to pain sensation. 
Some TRPV1-positive neurons coexpress transient receptor potential ankyrin 1 (TRPA1) 
channels responsive to noxious cold and irritant stimuli. In this study, we examined the kinetics 
of current induced by TRPV1 channel activation in both TRPA1-positive and -negative mouse 
DRG neurons using whole-cell recording to understand the interactions between TRPV1 and 
TRPA1 channels. TRPV1 and TRPA1 channels were activated using 1 µM capsaicin (a TRPV1 
agonist) and 500 µM allyl isothiocyanate (a TRPA1 agonist), respectively. Perfusion of capsaicin 
for 15 s caused a large inward current without desensitization at a membrane potential of −70 
mV. Compared with TRPA1-negative neurons, capsaicin-induced currents in TRPA1-positive 
neurons demonstrated a smaller current density and larger time constant of decay. These 
differences were eliminated using intracellular 10 mM ethylene glycol-bis(2-aminoethylether)-
N,N,N',N'-tetraacetic acid (EGTA, a Ca2+ chelator) or 3 µM HC030031 (a TRPA1 blocker), 
while the latter alone had no effect on the basal current. Protracted perfusion of capsaicin for 90 s 
desensitized inward currents after a transient peak response. The desensitization of inward 
currents during capsaicin perfusion was notably slower in TRPA1-positive neurons than in 
TRPA1-negative neurons. Furthermore, the capsaicin-induced current measured during 
desensitization was attenuated by HC030031 in TRPA1-positive neurons but not in TRPA1-
negative neurons. These results suggest that the TRPV1 channel activates the TRPA1 channel 
via intracellular calcium elevation, thereby suppressing TRPV1 channel activity in DRG neurons 
and by coexpressing TRPA1 channels. 
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Title: TRPV1 receptor activation triggers intracellular calcium responses in hippocampal Cajal-
Retzius cells 

Authors: *G. MACCAFERRI, M. ANSTOETZ, S. K. LEE;  
Dept Physiol, Northwestern Univ. Dept. of Physiol., Chicago, IL 

Abstract: Although transient receptor potential vanilloid 1 (TRPV1) receptors are known to play 
important roles in the peripheral nervous system, their pattern of expression and functions in the 
central nervous system are much less understood. In the hippocampus, TRPV1 expression has 
been suggested to be limited to specific neuronal populations, including Cajal-Retzius cells 
(Cavanaugh et al., 2011). In order to study their functional activation, we took advantage of Cre-
loxP technology to target a genetically-encoded calcium indicator (GCaMP6s) to hem-derived 
hippocampal Cajal-Retzius cells. Capsaicin application (at 100 nm, 1 uM or 10uM) triggered 
intracellular calcium responses both in the soma and in the dendrites of the monitored neurons. 
Calcium responses to capsaicin (1-10 uM) were prevented by the TRPV1 antagonists 
capsazepine (10 uM) and ruthenium red (20 uM). Additionally, they did not depend either on 
synaptic transmission or action potentials or voltage-dependent calcium channel activation. In 
fact, they persisted in the presence of a cocktail of antagonists of glutamate and GABAA 
receptors (D-AP5 50 uM, NBQX 20 uM and picrotoxinin 50 uM), TTX (500 nM) and cadmium 
(150 uM), respectively. In order to define the cellular location of the functional TRPV1 channels 
we applied capsaicin (10 uM) on slices bathed in a modified ACFS (0 calcium plus EGTA 150 
uM). Under these conditions, we failed to observe responses, which, however, could be restored 
in the same cells after the reintroduction of external calcium and the wash out of EGTA. I Lastly, 
we directly recorded capsaicin-induced (10 uM) currents in voltage-clamp conditions (Vh=-60 
mV), which could not be observed in the presence of capsazepine (100 uM). Taken together, 
these results indicate that hippocampal Cajal-Retzius express functional TRPV1 receptors on 
their plasma membrane. 
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Title: Osthole inhibits histamine-dependent itch via modulating TRPV1 activity 
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Abstract: Osthole, an active coumarin isolated from Cnidium monnieri (L.) Cusson, has long 
been used in China as an antipruritic herbal medicine; however, the antipruitic mechanism of 
osthole is unknown. We studied the molecular mechanism of osthole in histamine-dependent itch 
by behavioral test, Ca2+ imaging, and electrophysiological experiments. First, osthole clearly 
remitted the scratching behaviors of histamine, HTMT, and VUF8430 induced in mice. Second, 
in cultured dorsal root ganglion (DRG) neurons, osthole showed an inhibitory and dose-
dependent effect to histamine. On the same neurons, osthole also decreased the response to 
capsaicin and histamine. In further tests, the capsaicin-induced inward currents were inhibited by 
osthole. These results revealed that osthole inhibited histamine-dependent itch by modulating 
TRPV1 activity. This study will be helpful in understanding how osthole exerts anti-pruritus 
effects and suggests that osthole may be a useful treatment medicine for histamine-dependent 
itch. 
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Title: SK channels regulate resting and firing properties of MNTB neurons 
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Abstract: The Medial nucleus of trapezoid body (MNTB) of the superior olivary complex plays 
important roles in sound source localization. Fast transfer of signals from globular bushy cells of 
the ventral cochlear nucleus to MNTB principal cells are facilitated by the calyx of Held, a giant 
glutamatergic nerve terminal. In general, it is believed that the MNTB is a relay nucleus that 
preserves the temporal pattern of firing at a frequency up to 1 kHz. In this study, we investigated 
the postsynaptic K+ channels that shape the fidelity and reliability of signal transfer across the 
calyx-MNTB synapse. Using whole-cell patch-clamp recordings, we observed a potassium 
current mediated by small-conductance calcium-activated potassium (SK) channels in rat MNTB 
neurons. SK channels are activated at resting membrane potentials. Blocking SK channels with 
apamin depolarized the resting membrane potential and reduced resting conductance of MNTB 
neurons while SK channel opener EBIO showed the opposite effects. In addition, SK channel 
mediated spontaneous transient outward currents, which are activated by calcium influx through 
voltage-gated calcium channels and calcium induced calcium release from intracellular Ca2+ 
stores. SK channels shaped the EPSP to presynaptic glutamate release. Blocking of SK channels 
disrupts the one-to-one spike transmission from presynaptic calyces to postsynaptic MNTB 
neurons and induced extra action potentials in response to 100 Hz presynaptic firing. These data 
revealed that SK channels play important roles in controlling the reliability and fidelity of action 
potential transmission. 
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Abstract: Small conductance Ca2+-activated potassium (SK) channels play a vital role in 
regulating excitable cells in both the central nervous and cardiovascular system. In animal 
models SK channels have been linked to the pathophysiology of neurological disorders such as 
ataxia and alcohol use disorders. Genome studies have also associated single nucleotide 
polymorphisms in the SK coding region, with cardiovascular conditions such as arrhythmias and 
hypertension. The sensitivity of the SK channel to Ca2+ binding results from interaction with 
calmodulin (CaM), a Ca2+ binding protein. Previous work has identified positive allosteric 
modulators (PAMs) of the SK channel and structural studies revealed these modulator’s binding 
pocket as located between the CaM binding domain and CaM. This observation motivated us to 
introduce mutations in the PAM binding pocket which also result in changes in the Ca2+ 
sensitivity of SK channels. 
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Title: Development of stable recombinant cell lines expressing human small-conductance (SK) 
calcium-activated potassium channels 
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Abstract: Small-conductance Ca2+-activated K+ channels (SK channels) are widely expressed 
throughout the central nervous system, but also in the human atria, lymphocytes, fibroblasts, 
vascular smooth muscle cells and endothelium. They are part of a subfamily of the calcium-
activated potassium channels (KCa), of which highly conserved subfamilies exist in mammals 
(1.1, 2.1, 2.2, 2.3, 3.1, 4.1, 4.2 and 5.1). The human SK channels play an important role in 
neuronal firing activity by regulating the afterhyperpolarising (AHP) currents, affecting synaptic 
plasticity and long term potentiation (LTP). There is considerable evidence that modulation of 
these channels could have numerous clinical uses, including neuroprotection against neurological 
disorders such us schizophrenia, Parkinson’s disease, epilepsy, depression and improving 
processes related to learning and memory. SK channels have also been shown to be involved in 
cardiac repolarisation of the human atria and could be an important anti-arrhythmic target. 
Screening for inhibitors and modulators is typically achieved using in-vivo neuronal preparations 
or using mammalian cells transiently expressing recombinant SK channels. We have developed a 
range of constitutive HEK-293 cell lines expressing the four recombinant SK channels (SK1, 
SK2, SK3 and SK4) in order to overcome common limitations experienced when using neurons 
or transiently expressed channels, such as limited numbers of cells, compatibility for HTS 
platforms and long-term expression of the channel. We show high-throughput fluorescent assay 
data and confirmatory electrophysiological data to validate our alternative approaches. The mean 
(±SEM) current amplitudes of the human SK1, SK2, SK3 and SK4 channels, activated by 
internal calcium, were found to be approximately 4.1±1.1 nA (n=14), 2.8±0.3 nA (n=24), 
4.3±0.8 nA (n=14) and 5.2±0.9 nA (n=22), respectively. In a cross-study, the IC50 values for 
TEA (broad SK blocker), Apamin (selective SK1, SK2 and SK3 blocker) and TRAM-34 
(selective SK4 blocker) were found to be in line with literature values. Furthermore, the EC50 
values for NS-304 (a broad SK activator) were also found to be in line with literature values. In 
conclusion, we confirmed the presence of functional recombinant SK channels in stably 
transfected HEK-293 cell lines. High-throughput screening of this SK panel will help identify 
novel compounds which modulate SK channel behavior and potentially allow for new and more 
effective treatments for a variety of disorders in humans. 
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Title: A unique human N-terminal point mutation in the Slack potassium channel causes early 
onset epilepsy and exhibits gain of function 
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Abstract: The Slack potassium channel subunit (KNa1.1, Slo2.2, KCNT1) is one of two subunits 
that contribute to Na+-activated K+ channels in the nervous system. It is a large conductance 
channel that is widely expressed in the brain, where its opening regulates firing frequency and 
neuronal excitability. The transmembrane domain (TMD) topology of Slack closely resembles 
that of voltage-gated K+ channels. These channels are activated by elevations of intracellular 
Na+, which binds a large 900 amino acid gating ring formed by the cytoplasmic C-terminal 
domain of the protein. This C-terminal region also interacts with protein kinase C and with the 
Fragile X Mental Retardation protein, both of which regulate current amplitude. Human 
mutations in the RCK1 and RCK2 domains of this extended C-terminus and in the TMD produce 
several early onset epileptic encephalopathies including EIMFS (epilepsy of infancy with 
migrating focal seizures), ADNFLE (autosomal dominant nocturnal frontal lobe epilepsy) and 
Ohtahara Syndrome, all of which are associated with intellectual disability. Electrophysiological 
studies have demonstrated gain of function increases in macroscopic current in these human 
point mutations with no change in levels of channel expression. At the single channel level, we 
have found that positive cooperative gating is substantially increased compared to that in wild 
type channels and can account for the increases in macroscopic current. We have also examined 
the allosteric mechanism for cooperativity and have found that a Slack C-terminal RCK2 
truncation mutant eliminates coupled gating channel interactions. We have now characterized a 
human mutation in a different domain of the channel. The P39L hSlack EIFMS mutation has 
been documented in two patients and is the first report of an N-terminal mutation in any of the 
early onset epileptic encephalopathies. We therefore expressed wild type hSlack and P39L 
hSlack in Xenopus oocytes and found a six-fold increase in macroscopic currents for the P39L 
mutant compared to the wild type channel. Our studies suggest that the intracellular N-terminal 
domain of Slack may be coupled functionally to the TMD and the C-terminal gating ring to 



influence channel properties and potentially, the ability of Slack to interact with neighboring 
Slack channels. Ongoing single channel studies are testing this hypothesis. 
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Abstract: The Slack sodium-activated potassium channel (KNa1.1) is encoded by the KCNT1 
gene and is expressed throughout the brain where it regulates neuronal excitability and patterns 
of firing. There exist multiple N-terminal splice isoforms of Slack, of which Slack-B is the 
largest characterized. Numerous putative phosphorylation sites are found in Slack-B, but their 
physiological relevance and role remain largely untested. Using liquid-chromatography tandem 
mass spectrometry, we determined that two serine residues (S34 and S44) close to the N-
terminus of Slack-B are phosphorylated under basal conditions. To test the biological role of 
these sites we generated 8 different combinations of S34 and S44 mutations that mimic either 
phosphorylation or dephosphorylation at each site. We found that protein levels for the 
“dephosphorylated” mutant channel (AA-Slack) are increased by 15-20 fold in cRNA-injected 
Xenopus oocytes and transiently transfected HEK293 cells compared to wild type Slack. This is 
correlated with an increase in currents measured in two-electrode voltage clamp experiments 
using oocytes and immunofluorescence staining of the protein in HEK cells. The increase in 
current was not associated with alterations in channel kinetics or single channel properties. The 
increase in Slack protein levels can be attributed predominantly to an increase in protein 
translation, because protein half-lives of AA- and wild type Slack were similar. Moreover, 
preventing proteasomal degradation did not elevate the wild-type Slack protein expression levels 
within the time window when AA Slack channel rapidly accumulates in HEK cells. To measure 



the rate of translation directly, we assayed the incorporation of puromycin into nascent Slack 
channels, and found that that incorporation was greatly increased for the “dephosphorylated” 
AA-Slack relative to wild type Slack. Taken together, the results indicate that dephosphorylation 
of these two N-terminal residues is a key step during Slack biogenesis. Our findings also suggest 
that regulation of the phosphorylation state of S34 and S44 during biogenesis may allow neurons 
to alter channel abundance rapidly in response to stimulation. 
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Title: Loss of Slack K+ channels prevents mortality during electroshock-induced seizures and 
impairs motor skill learning 
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Abstract: Mutations in Slack potassium channels, which underlie sodium-activated potassium 
currents in mammalian neurons, give rise to several forms of genetic epilepsy. In addition to 
controlling the accuracy and adaptation rate of neuronal action potentials during high frequency 
firing, these channels undergo interactions with proteins that regulate activity-dependent protein 
translation in neurons. In this study Slack-/- mice were evaluated for their susceptibility to 
seizures and were also screened for behavioral abnormalities. Although Slack-/- mice did not 
have spontaneous seizures, their thresholds for seizures induced by maximum electroshock were 
lower than those of wild type controls. Strikingly, however, their survival from maximum 
electroshock-induced seizures was greatly increased compared to wild-type animals, indicating 
that they tolerate higher levels of stimulus current. In contrast to maximum electroshock, 



thresholds for seizure induction via pentylenetetrazole administration were unaffected by 
deletion of the Slack gene. On behavioral testing, Slack-/- mice demonstrated decreased 
exploratory behavior and motor skill ability. These findings suggest that Slack channels play a 
role in the development of procedural learning and of pathways that link cortical seizures to 
brainstem areas, such as respiratory nuclei, that are required for animal survival. 
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Abstract: Fragile X syndrome results from the loss of the Fragile X mental retardation protein 
(FMRP) and is the most common form of inherited intellectual disability. Experiments have 
indicated that the amino terminal domain of FMRP binds to the distal cytoplasmic domain of the 
sodium-activated potassium channel (Slack, KNa1.1) to modulate gating. A detailed description 
of this binding site is, however, lacking. The amino terminal of FMRP contains tandem Tudor 
(Agenet) domains that mediate protein-protein interactions by binding to methylated amino acid 
residues. In a recent comprehensive screening of protein methylation in T-cells, a residue 
(Arg1106) in the carboxy terminal of Slack was found to be methylated. Using a recent cryo-EM 
structure of full-length Slack and the X-ray crystal structure of the N-terminal of FMRP, we 
modelled FMRP docking to Slack with R1106 unmethylated, mono- and di-methylated. Using 
the HADDOCK 2.2 webserver our simulations predicted that monomethyl and asymmetric 
dimethyl Arginine-1106 docked preferentially within the aromatic cage residues (Y16, F32 and 
W36) the Tudor (Agenet) domain 1 of FMRP. In contrast, FMRP had no predominant docking 
site with Slack unmethylated at R1106. These findings suggest that the interaction of Slack and 
FMRP could be regulated by methylation of R1106 and provide a focus for molecular biological 



and electrophysiological experiments aimed at characterizing the interaction and regulation of 
these proteins. 
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Abstract: The weakly electric fish Eigenmannia virescens generates electric organ discharges 
(EODs) to navigate and communicate. The EODs are brief monophasic voltage pulses with brief 
inter-pulse intervals, resulting in a sinusoidal waveform. EODs are produced by the simultaneous 
action potentials (APs) of ~1000 electric organ cells (electrocytes). Electrocytes in E. virescens 
initiate the AP with voltage-gated Na+ (Nav) channels and terminate the AP with Na+ activated 
K+ (KNa) channels, rather than voltage-gated K+ channels, as is the case in all other electric fish 
where electrophysiological data are available. We have determined that there are at least three 
different types of KNa channel subunit expressed in E. virescens electrocytes. Two of them, 
tentatively termed Slack-1 and Slack-2, closely resemble KNa channels encoded by the Slack 
(KCNT1) gene in mammalian systems, and the third channel more closely resembles KNa 
channels encoded by the Slick (KCNT2) gene in mammals. The E. virescens Slack-1, Slack-2 
and Slick channel subunits consist of 1164, 996, and 1169 amino acids respectively. Unlike 
mammalian Slack isoforms which are created by alternative RNA splicing and only differ in the 
N-termini, the amino acid sequences of E. virescens Slack-1 and Slack-2 only share 67.9% 
homology, with residue differences between the two channel subunits dispersed along the entire 
sequence. Though BLAST searches of protein sequences suggest that both Slack-1 and Slack-2 
are indeed Slack channel subunits, they are more likely encoded by analog genes rather than the 
products of alternative RNA splicing. Slack-2 also has a much shorter C-terminal region than 



Slack-1 and all other mammalian Slack isoforms. The kinetics of the KNa channels determine the 
frequency of the electrocye AP. Because E. virescens has considerable animal-to-animal 
variability in the frequency of the EOD (200-600 Hz), we predict that the relative mRNA levels 
of Slack-1, Slack-2, and Slick channels in the electric organ will vary across fish with different 
EOD frequencies. 
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Title: Scaffolding of the sodium-activated potassium (kna) channels slack and slick by magi-1 
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Abstract: Understanding the various mechanisms of ion channel trafficking and signaling in 
pain-sensing neurons could lead to new approaches for the treatment of pain. In this study, we 
probed the molecular determinants of the sodium-activated potassium (KNa) channel Slack 
channel trafficking by targeting the evolutionary conserved last 10 amino acids sequence of the 
distal Slack C-terminus. In this region there is a type 1 Post-synaptic density-95/Discs 
large/Zonulaoccludens-1 (PDZ) binding motif that is conserved across species. Previous studies 
have shown that protein kinase A (PKA) consensus phosphorylation sites reside in close 
proximity to the PDZ binding motif and PKA-induced internalization of Slack from the 
membrane contributes to hyperexcitability in dorsal root ganglion (DRG) neurons. To investigate 
the role of this conserved region we created a myristolated C-terminal peptide (NPETRDETQL) 
to compete with endogenous modulators of Slack C-terminus. We then incubated cultured DRG 
neurons with this peptide or a scramble peptide and performed whole cell recordings. We found 
that incubating neurons with the C-terminal peptide resulted in DRG neuronal hyperexcitability, 
whereas, a scrambled peptide did not alter neuronal firing. After demonstrating the response of 
DRG neurons to our peptide, we analyzed the surface expression of Slack using biotinylation 
assays showing that peptide incubation led to significant reduction of channel expression at the 
plasma membrane. We next focused on the PDZ containing protein, Membrane-Associated 



Guanylate kinase with Inverted organization-1 (Magi-1), as a putative scaffolding protein that 
stabilizes Slack channels at the membrane. Previous studies have found that Magi-1 and Slack 
channels are highly expressed in DRG neurons and the dorsal horn in the spinal cord. Using 
immunoprecipitation and co-immunolocalization assays we found that Magi-1 localizes with and 
interacts with Slack channels in heterologous expression systems and in DRG neurons. We also 
demonstrated using whole-cell voltage-clamp recordings that co-expression of Magi-1 with 
Slack and Slick resulted in increased outward potassium current density. Furthermore we 
demonstrated that Magi-1 interacts and localizes with other channels that contain PDZ binding 
motifs in DRG neurons namely Slick KNa channels and the voltage-gated sodium channel 
NaV1.8. Our findings suggest that membrane Slack/Slick expression is stabilized by the ability 
of these channels to bind PDZ containing proteins, specifically Magi1 and that Magi-1 is a 
primary scaffold protein for coupling ion channels in DRG neurons. 
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Title: Store-operated calcium channels modulate of A-type potassium currents in excitatory 
dorsal horn neurons 
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Abstract: Store-operated calcium channels (SOCs) are calcium-selective cation channels that 
play an important role in autoimmune and inflammatory diseases. We have demonstrated that 
inhibition of SOCs attenuates chronic pain. However, the mechanisms underlying this analgesic 
action remain unexplored. In the present study, we sought to explore the potential roles and 
mechanisms of SOCs in the modulation of A-type currents. In dorsal horn neurons, application 
of thapsigargin (TG, a potent Ca2+-ATPase inhibitor), which activates SOCs, significantly 
reduced A-type currents in cultured dorsal horn neurons and increased neuronal excitability in 
dorsal horn neurons from slices. Inhibition of SOCs by SOC inhibitors (YM-58483 and GdCl3) 
completely blocked TG-induced modulation of A-type K+ currents and neuronal excitability. We 



previously showed that Kv4.2 containing A-type K+ channels modulate pain plasticity. Here we 
also demonstrated that SOCs are mainly functional in neurons expressing A-type K+ channels. 
Using a transgenic mouse strain expressing enhanced green fluorescent protein (GFP) under 
control of the promoter for glutamic acid decarboxylase 67 (GAD67), we found that TG-induced 
modulation of A-type currents mainly occurred in non-GAD67-GFP neurons. Additionally, 
activation of SOCs by TG increased A-type currents and phosphorylation of ERK, and both 
effects were completely blocked by PD98059 (a MEK/ERK inhibitor). Interestingly, Orai1 
deficiency abolished TG-induced modulation of A-type currents, neuronal excitability and ERK 
activation. These results suggest that Orai1-dependent modulation of A-type currents and 
neuronal excitability is mediated by the ERK signaling pathway in dorsal horn neurons. 
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Title: Novel photoaffinity derivative of the inhalational anesthetic sevoflurane reveals sites of 
voltage-gated ion channel modulation 
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Abstract: Sevoflurane is a commonly used inhalational general anesthetic, particularly within 
pediatric care. Despite this, the molecular mechanisms of the drug remain elusive, chiefly due to 
complications with volatility and low apparent affinities of the ligand. We report here the 
synthesis and validation of azisevoflurane, a photoaffinity ligand derivative for the direct 
identification of sevoflurane binding targets and sites. We demonstrate that azisevoflurane 
retains major protein binding interactions as well as the pharmacological properties within in 
vivo models. Azisevoflurane displayed successful photoactivation and photolabeling of known 
sevoflurane protein binding sites. We applied azisevoflurane within mammalian Shaker Kv1.2 
potassium channels due to the unique modulation of the channel by sevoflurane and potential 
pharmacological relevance. Analogous to the activity displayed by sevoflurane, azisevoflurane 
potentiated the channel at pharmacologically relevant concentrations. Upon UV exposure, 
azisevoflurane photolabeled the leucine (L317) residue within the S4-S5 linker, a tether-region 
between the voltage sensor and the pore forming helixes (S5/S4), as the likely site of sevoflurane 
allosteric modulation of Kv1.2 channel activity. This phototaffinity derivative of sevoflurane 
should provides a means for uncovering haloether anesthetic targets and binding sites therein, as 
well as contribution of these targets within larger neuronal networks. 
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Title: Neonatal epileptic encephalopathy-associated KCNQ2 channels set layer 2/3 pyramidal 
neuron excitability 
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Abstract: KCNQ2 channels have emerged as potassium channels critical for normal brain 
function, as both loss- and gain-of-function KCNQ2 variants could lead to various forms of 
neonatal epilepsy. Despite their fundamental importance, little is known about the role of 
KCNQ2 channels in setting the excitability of neocortical upper layer pyramidal neurons - cells 
critical for the development of cortical seizures. Here, we report that conditional ablation of 
Kcnq2 from mouse neocortex leads to hyperexcitability of L2/3 pyramidal neurons, manifested 
as increased action potential firing and frequency. Importantly, these changes in excitability are 
also accompanied by axon initial segment (AIS) plasticity - the site of action potential 
generation. We found that the AIS in Kcnq2 null-neurons shortened, accompanied by a mismatch 
between known AIS markers (Ankyrin-G, KCNQ3) and sodium channels. Additionally, we show 
that the KCNQ2 loss-of-function variant KCNQ2I205V, introduced to L2/3 pyramidal neurons 
using in utero electroporation, leads to similar neurophysiological phenotypes as Kcnq2 ablation. 
Lastly, we demonstrate that partial inhibition of Nav1.6 channels, by using the toxin 4,9-
anhydro-tetrodotoxin at concentrations specific to Nav1.6 channels, is sufficient to counteract the 
hyperexcitability of Kcnq2-null neurons, while retaining action potential properties. Therefore, 
our work also identifies Nav1.6 as a new potential molecular target to reduce excitability in 
patients with KCNQ2 encephalopathy. 
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Abstract: Potassium channels, found throughout the animal and plant kingdoms, play important 
roles in maintaining membrane potentials and regulating action potential firing, shape, and 



duration, among other functions. Using the Xenopus laevis (frog) oocyte as model system, we 
induced high expression of sodium and potassium voltage-gated channels and recorded action 
potentials by a modification of the two-electrode voltage-clamp recording technique. The 
voltage-dependent sodium conductance was due to expression of the skeletal muscle NaV 
channel (NaV1.4) and the delayed rectifier voltage-dependent potassium conductance was due to 
expression of a Shaker (Kv1) potassium channel. Upon this background, we mixed different 
potassium-selective ion channels, such as inwardly rectifying potassium (KIR) channels, tandem 
pore domain (K2P) potassium channels and voltage-gated (KV) channels. We analyzed how these 
potassium channels affected firing thresholds, reliability of action potential generation, action 
potential duration, after-hyperpolarization potentials, and refractory periods. Phase plots in 
which the rate of change of the membrane potential with respect to time (dV/dt) is plotted as a 
function of membrane potential, revealed the impact of specific potassium channel currents on 
the rising and falling phases of the action potential. The results of the differential regulation of 
action potentials by potassium channels expressed in oocytes are compared to action potentials 
reported in native neurons and muscle cells. 
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Abstract: G protein-activated inwardly rectifying K+ (GIRK) channels are members of a family 
of inward-rectifier K+ (Kir) channels widely expressed in the brain. GIRK channels are important 
regulators of neuronal resting potential and excitability, and they are also involved in G protein-
coupled receptor (GPCR) signaling including muscarinic, noradrenergic and serotonergic 
receptors. In situ hybridization and immunohistochemical studies indicate that GIRK channel 
subunits are abundantly expressed in the cerebellar cortex, with labeling particularly prominent 



in granule cells and Purkinje neurons (Aguado et al. 2008; Fernandez-Alacid et al., 2009). 
Purkinje cells (PCs) express GIRK1, 2 and 3 channel subunits on dendritic spines, at the 
periphery of postsynaptic densities, where they co-localize to form heteromeric channels. 
Although GIRK channels show such a precise subcellular compartmentalization, their 
contribution in information processing within PCs is still unclear. Using patch-clamp recordings 
in cerebellar slices of mice, we investigated the effects of ML297 (ML), a selective activator of 
GIRK channels containing the GIRK1 subunit, on the intrinsic membrane properties and 
synaptic inputs of PCs. We found that application of ML induced a significant reduction of PC 
firing associated with an alteration of the inward rectifier cationic current (Ih). Activation of 
GIRK channels contributed to the modulation of the resting potential of PCs, shifting the 
membrane voltage by approximately -7 mV. Under current clamp mode, ML decreased the 
complex spike response of PC to climbing fiber stimulation; but it did not affect the parallel fiber 
(PF)-PC synapses. However, activation of GIRK channels interfered with the expression of long-
term depression of the PF-PC synapse, produced by pairing PF stimulation with PC 
depolarization. Our results indicate that GIRK channels shape the cerebellar neuronal network 
activity by regulating PC excitability and synaptic plasticity. 
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Abstract: We studied deep layer 5 pyramidal neurons from two transgenic mice lines to examine 
the differences in electrical properties between genetically-identified cell types and the roles of 
Kv1 channels in determining functional differences between them. In motor and somatosensory 
cortex, Thy1-YFP-H mice (thy1: C57BL/6J background) express YFP in a subset of large 
pyramidal cells in layer 5B. In somatosensory (S1) cortex of Tg(Glt25d2-



EGFP)BN20Gsat/Mmnc mice (glt: Swiss Webster background), EGFP is mostly expressed in a 
subset of layer 5B pyramidal cells. In acute brain slices from 3-6 week old mice, YFP- or GFP- 
positive cells were identified under epifluorescence and studied using whole-cell current-clamp 
recordings or voltage-clamp recordings on outside-out patches pulled from the cell soma (both at 
33oC). We found that resting potentials of thy1 cells were similar in both motor and S1 areas, but 
they were more negative than those of glt cells. Thy1 cells in S1 had lower input resistance and 
higher rheobase, compared to thy1 cells in motor cortex or glt cells. Both pyramidal cell types 
had similar action potential thresholds, amplitudes and half-widths. All cells had a sag response 
to hyperpolarizing current injection, with similar percent sag. All cells studied generated 
repetitive spikes throughout a 2-s DC current injection. Most thy1 cells in somatosensory cortex 
exhibited an accelerating firing pattern with time. In contrast, about 40% of thy1 cells in motor 
cortex exhibited an accelerating firing pattern, and 40% showed regular spiking with spike-
frequency adaptation (SFA). The remaining thy1 cells in motor cortex and the majority of glt 
cells showed regular spiking with modest SFA. Thy1 cells in motor cortex had significantly 
smaller F-I slopes than glt cells. Applying Kv1 channel blockers [100 nM Dendrotoxin (Dtx) for 
Kv1.2, Kv1.5 and Kv1.6; 10-30 nM Margatoxin (MTX) for Kv1.3] caused significant changes in 
cell excitability in these neurons. In particular, MTX significantly reduced AP threshold, 
rheobase, latency to the first spike, and significantly increased firing rate in all cell types tested. 
For voltage-clamp experiments, TTX and CdCl2 were used to block Na+ and Ca2+ currents, and 
5-mM EGTA was in the internal to suppress Ca2+-dependent currents. All cell types expressed 
rapidly activating currents sensitive to MTX and to DTX. We also tested the fractional 
contributions of Kv1 channel types to the whole outward current and examined the biophysical 
properties of these currents. 
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Title: Zn2+-induced Ca2+ release via ryanodine receptors triggers calcineurin-dependent 
redistribution of cortical neuronal Kv2.1 K+ channels 

Authors: *A. J. SCHULIEN1, J. A. JUSTICE1, R. DI MAIO2, Z. P. WILLS3, N. H. SHAH3, E. 
AIZENMAN1;  
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Abstract: Sub-lethal injurious stimuli in neurons induce transient increases in free intracellular 
Zn2+ that are associated with regulating adaptive responses to subsequent lethal injury, including 
alterations in the function and localization of the delayed-rectifier potassium channel, Kv2.1. 
However, the link between intracellular Zn2+ signaling and observed changes in Kv2.1 has 
remained undefined. Here, utilizing exogenous Zn2+ treatment, along with a selective Zn2+ 
ionophore, we show that transient elevations in intracellular Zn2+ concentrations are sufficient to 
induce calcineurin-dependent Kv2.1 channel dispersal in rat cortical neurons in vitro, which is 
accompanied by a relatively small but significant hyperpolarizing shift in the voltage-gated 
activation kinetics of the channel. Critically, using a molecularly encoded calcium sensor, we 
found that the calcineurin-dependent changes in Kv2.1 likely occur as a result of Zn2+-induced 
cytosolic Ca2+ release via activation of neuronal ryanodine receptors. Finally, we couple this 
mechanism with an established model for in vitro ischemic preconditioning and show that Kv2.1 
channel modulation in this process is also ryanodine receptor-sensitive. Our results strongly 
suggest that intracellular Zn2+-initiated signaling may represent an early and possibly widespread 
component of Ca2+-dependent processes in neurons. 
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Abstract: Voltage-gated potassium (Kv) channels are important and diverse regulators of 
neuronal excitability. Among these, Kv2.1 and Kv2.2 are robustly expressed in micron-sized 
plasma membrane (PM) clusters on the soma, proximal dendrites, and axon initial segment of 
most brain neurons. These Kv2 paralogs are distinct in their cellular expression patterns in brain 
neurons, extent of multisite phosphorylation, and responses to stimuli that trigger 
phosphorylation-dependent changes in the voltage-dependent gating and clustered localization of 
Kv2.1, but not Kv2.2. The PM clusters of Kv2.1 and Kv2.2 overlay endoplasmic reticulum 
(ER):PM junctions. Kv2.1 clustering induces and/or stabilizes formation of ER:PM junctions in 
HEK293 cells and cultured neurons that colocalize with calcium signaling machinery including 
the STIM1:Orai complex and the L-type calcium channel Cav1.2 (J Cell Sci 128:2096). Here, we 
used total internal reflection fluorescence (TIRF) microscopy of live cells to further investigate 
the relationship of Kv2 channels with ER:PM junctions. We find that Kv2.2 also mediates 
enhanced formation of ER:PM junctions, and that similar to Kv2.1, a single point mutation in the 
C-terminus of Kv2.2 is sufficient to disrupt Kv2.2 clustering and enhancement of ER:PM 
junctions. We find that both Kv2.1 and Kv2.2 cocluster with multiple components of ER:PM 
junctions including Cav1.2, and all members of the STIM and extended synaptotagmin families 
of junctional proteins. While the association of Kv2.1 with these known components of ER:PM 
junctions, and the Kv2.1-mediated induction and/or stabilization of ER:PM junctions are 
disrupted by stimuli that lead to dephosphorylation of Kv2.1 and dispersion of Kv2.1 clustering, 
Kv2.2 clustering and the subsequent effects on ER:PM junctions are refractory to these stimuli. 
Finally, we find that near membrane calcium signals are distinct at sites of Kv2.1- and Kv2.2-
associated ER:PM junctions. Our findings suggest that these abundant Kv channels can influence 
neuronal calcium signaling through their canonical ion conducting function, and through 
physical (i.e., nonconducting) effects on the structure and function of ER:PM junctions, 
important sites of intracellular calcium release and uptake. Moreover, the role of these individual 
Kv2 paralogs at ER:PM junctions is distinct in that the role of Kv2.1, but not Kv2.2, is 
conditional and phosphorylation-dependent. This suggests that the distinct cellular expression 
patterns of Kv2.1 and Kv2.2 in brain neurons could have a cell-type specific impact on the 
dynamics of ER:PM junction structure and calcium signaling in these cells. 
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Abstract: We have recently found that slow inactivation of Nav1.3/Nav1.7 channels during 
sustained depolarizations causes a sudden switch from “tonic” to “burst” firing mostly sustained 
by Cav1 channels in mouse chromaffin cells (MCCs) (Vandael et al, 2015). This indicates that 
MCCs are capable of undergoing “neuron-like” firing modes that allow drastic enhancements of 
catecholamine release by simply switching their spontaneous firing mode. With the idea of 
finding physiological stimuli that induce cell depolarization, burst firing and increased 
catecholamine release in MCCs we tested the effects of lowering the extracellular pH (pHo) from 
7.4 to 6.8, which are reported to induce sustained depolarization and massive release of 
catecholamines during acidosis. Here we show that lowering pHo from 7.4 to 6.6 causes resting 
depolarizations (from -48 to -41 mV), increased firing frequency and clear shifts of the firing 
from tonic to burst. Burst firing increased proportionally with lowering the pHo. At pHo 6.6, 
spontaneous bursts lasted ~300 ms, sustained 3-5 action potentials and were separated by 350 
ms. Burst firing caused also massive increase of catecholamine release (> 300% cumulative 
charges) as determined by the simultaneous recordings of action potentials and amperometric 
spikes. Given this, we tested whether burst firing at low pHo was due to the block of TASK1-3 
K+ channels that are responsible for the cell depolarization at low pHo (Inoue et al., 2008). We 
found that the TASK1 selective blocker A1899 (IC50 = 35 nM) at 300 nM produced nearly the 
same resting depolarization of pHo 7.0 (-43 mV) but failed to mimic the sustained burst firing of 
lower pHo. We next checked whether also the block (or gating changes) of the ionic 
conductances responsible for MCCs firing (Nav, Cav, Kv, SK and BK) were involved in the low 
pHo effects. We found that Nav, Cav, Kv and SK channels were little or not affected by low pHo, 
while BK currents were drastically reduced (60% at pH 7.0). Block of BK channels was evident 
on both the V-dependence of BK conductance and Ca2+-dependence of BK channel opening. 
Following this, we could nicely mimic cell depolarization and burst firing by applying mixtures 
of TASK1-3 and BK channel blockers (300 nM A1899 + 300 nM paxilline). Burst firing either 
induced by A1899 and paxilline mixtures or low pHo were reverted to tonic firing and then 
blocked by adding 3 µM nifedipine. This suggests that regardless of the origin of cell 
depolarization and burst firing (block or slow inactivation of Nav1 channels, block of TASK1-3 
and BK channels) the inward L-type Cav1 current is a critical component for sustaining burst 
firing in MCCs. 
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in ischemic stroke 
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Abstract: Kv1.3 was first discovered in human T cells in 1984 and has since then been pursued 
as a potential target for immunosuppression. It was later shown to be overexpressed in effector 
memory T cells, suggesting that Kv1.3 blockers would be particularly useful for the treatment of 
T cell mediated autoimmune diseases such as multiple sclerosis, psoriasis and rheumatoid 
arthritis. In fact, the Kv1.3 blocking peptide ShK-186 has recently been found to be effective in 
Phase-1b studies for plaque psoriasis. In order to test the hypothesis that Kv1.3 blockers might 
also be useful for reducing microglia activation in ischemic stroke and other neurological 
diseases accompanied by neuroinflammation we generated both in vitro and in vivo proof-of-
concept data: 1) Starting with cultured neonatal mouse microglia, we observed an increase in 
Kv1.3 expression following stimulation with LPS or LPS plus IFN-gamma using qPCR, whole-
cell patch-clamp and immunohistochemistry. IL-4 stimulation in contrast increased expression of 
the inward-rectifier Kir2.1. 2) We found that Kv1.3 blockers reduce the production of IL-1beta 
and TNF-alpha and the expression of iNOS and COX2. 2) In organotypic hippocampal slices 
exposed to hypoxia/aglycemia Kv1.3 blockers significantly reduced microglia activation and 
increased neuronal survival as effectively as minocycline. 3) Acutely isolated microglia from the 
infarcted hemisphere of mice subjected to middle cerebral artery occlusion (MCAO) exhibited 
higher Kv1.3 current densities than microglia isolated from the contralateral hemisphere or 
microglia isolated from controls. 4) Using immunohistochemistry we observed strong Kv1.3 
expression on microglia/macrophages in human stroke biopsies validating Kv1.3 as a potential 
therapeutic target. 5) In both mouse and rat models of ischemic stroke the small molecule Kv1.3 
blocker PAP-1 significantly reduced infarct area and improved neurological deficit on day-7 
when administered 12 hours after reperfusion at doses of 10 and 40 mg/kg. In the mouse model, 



PAP-1 selectively reduced brain levels of the inflammatory cytokines IL-1beta and IFN-gamma 
without affecting IL-10 and BDNF. Based on these findings we propose Kv1.3 inhibitors as 
potential therapeutic agents for preferentially inhibiting pro-inflammatory M1 microglia 
functions in ischemic stroke and other neurological diseases such as Alzheimer’s and 
Parkinson’s disease. 
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Abstract: Spinocerebellar ataxia type 13 (SCA13) is a human autosomal dominant disease that 
results in degeneration of the cerebellum. It is caused by mutations in the KCNC3 gene, which 
encodes the Kv3.3 voltage-dependent potassium channel. One disease-causing mutation, G592R 
Kv3.3, is located in the cytoplasmic C terminus of Kv3.3 within a proline-rich domain conserved 
in proteins that activate nucleation through the Arp2/3 complex. In contrast to wild type Kv3.3 
channels, G592R mutant channels fail to trigger the formation of a Arp2/3- dependent actin 
cytoskeleton under the plasma membrane, but significantly increase the rate of cell death in 
transfected CHO cells. To determine which transduction pathways are selectively activated by 
G592R Kv3.3 channels we carried out an in situ kinase profiling screen (ActivX) to compare 
levels of activity of protein kinases in the cerebella of G592R-knock-in mice with those of wild 
type animals. The activity of Tank-binding kinase 1, TBK1 was found to be significantly 
elevated in the cerebellum but not the cerebral cortex of G592R Kv3.3 mice. This result was 
confirmed by western blotting for pTBK1, the phosphorylated active form of TBK1, which 
showed that TBK1 activity was increased approximately four-fold in cerebella of mutant 
animals. We next transfected wild type and G592R Kv3.3 into CHO cells. Under resting 



conditions, there was no significant difference in pTBK1 levels in the two types of cells. 
Depolarization of the cells with a high K+ external solution produced an increase in pTBK1 
levels. The magnitude of this increase was, however, much greater in cells expressing the G592R 
mutant channel. We also tested the effects of TBK1 activity on the gating of Kv3.3 channels. 
Pharmacological inhibition of TBK1 inhibitor dose-dependently greatly increased the rate of 
inactivation of wild type Kv3.3 currents, but G592R Kv3.3 currents were less sensitive to actions 
of the inhibitor. Our results indicate that activation of TBK1 is activity-dependent increasing 
when Kv3.3 channels are depolarized, and further suggest that TBK1 activity may regulate 
neuronal excitability. 
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Abstract: Lithium (Li+) is widely used for treating bipolar disorder (BPD). However, the 
molecular basis for BPD, as well as the mechanisms of Li+ actions are poorly understood. 
Cellular and biochemical studies identified multiple cellular targets for Li+, including G proteins, 
and genetic studies indicated association with G-protein-coupled receptors (GPCRs) and ion 
channels. G protein-activated inwardly rectifying K+ (GIRK) channels regulate neuronal 
excitability by contributing to the resting K+ conductance, and mediating the inhibitory effects of 
neurotransmitters. GIRKs are opened by direct binding of Gβγ subunit released from Gαi/o 

subunits following GPCRs activation. KCNJ3, the gene encoding the ubiquitous GIRK1 subunit, 
has been genetically linked to schizophrenia and BPD in Asian populations. We recently 
discovered a dual regulation of GIRK channels by therapeutic doses of Li+. In cultured 
hippocampal neurons, therapeutic doses of Li+ (1 mM) increased GIRK basal current but 
attenuated GPCRs -evoked GIRK currents. Molecular studies indicated that these effects are 
mediated by the action of Li+ on G proteins by 1) promoting the GPCR-independent dissociation 



of Gαi
GDP from Gβγ (this increases the basal current), and 2) inhibiting the GPCR-activation of G 

proteins (this attenuates GPCRs -evoked GIRK currents). These results linked between ion 
channels, G proteins and anti- BPD drugs. Here, we continued this work in hippocampal slices 
and tested the effect of therapeutic doses of Li+ on neuronal excitability of CA1 pyramidal 
neurons. Incubation in 1 mM Li+ had no effect action potential (AP) threshold or rheobase, 
however it hyperpolarized the resting membrane potential, and prolonged the latency to reach AP 
threshold. Both of these effects were abolished in the presence of tertiapin (TPNq), a specific 
GIRK channels blockers, indicating that Li+ can enhance basal GIRK currents. Moreover, Li+ 
shortened the duration of APs, also in the presence TPNq, suggesting modulation of additional 
ion channels. Additionally, neuronal responses to GABABR activation were smaller after Li+ 
incubation, with reduced hyperpolarization of membrane potential, attenuated reduction of input 
resistance, and smaller decrease of neuronal firing. Together, therapeutic doses of Li+ modify 
neuronal function of CA1 pyramidal neurons via dual modulation of GIRK channels providing 
an important link between Li+ action, neuronal excitability, cellular and genetic targets of BPD. 
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Title: Functional role of kir4.1 channel-expressing ng2 cells in a mouse model of stroke 

Authors: *G. MA1, F. SONG1, Y. PENG2, N. SHENG2, Y. LI2, X. TONG1;  
1Discipline of Neurosci. and Dept. of Anatomy, Histology and Embryology, 2The student’s 
platform for innovation and entrepreneurship training program, Shanghai Jiao Tong Univ. Sch. 
of Med., Shanghai, China 

Abstract: The inwardly rectifying K+ channel subtype Kir4.1 is expressed in the central nervous 
system (CNS) and plays prominent roles in the maintenance of resting membrane potentials, 
extracellular K+ uptake, cell volume regulation and facilitation of glutamate uptake. All these 



functions have been mainly observed in astrocytes and Müller glia in the brain. More recently, 
another type of glial cell, known as NG2 cells, was found to express high levels of Kir4.1 
(Kcnj10) channels as evidenced by RNA-Seq transcriptome analysis. However, the functional 
role of NG2 cells expressing Kir4.1 channels and their pathological relevance are largely 
unexplored. NG2 cells, also called OPCs, give rise to oligodendrocytes to allow myelination of 
axons during neuronal development and remyelination following injury and in disease. 
Interestingly, these cells also have direct synaptic contacts with both glutamatergic and 
GABAergic neurons in adult mammals, suggesting they have as yet undefined physiological 
functions by their membrane-expressing ion channels and receptors. In the present study, we 
combined genetic mouse tools, with electrophysiological methods in an ischemic mouse disease 
model (tMCAO) to explore the functional role of NG2 cells expressing Kir4.1 channels and their 
pathological relevance in stroke. We found that in the tMCAO stroke model, there is a 
remarkable loss of NG2 cells in the infarct and peri-infarct areas. In addition, 
electrophysiological recordings from the remaining NG2 cells show a significant reduction of 
Kir4.1 mediated currents in tMCAO mice, indicating the loss of Kir4.1 proteins and / or 
dysfunction of this channel. This work demonstrates that Kir4.1 impairment/dysfunction may 
lead to glia and neuronal cell death in ischemia and identifies a new potential therapeutic target 
based on NG2 cells expressing Kir4.1 channels. 
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Abstract: The CA2 region of the hippocampus has a distinct morphology, connectivity and 
function relative to the flanking CA1 and CA3 regions. Recent studies have shed light on the 
unique circuitry associated with CA2 pyramidal neurons (PNs), and its involvement in the 
formation of specific types of memory. Nonetheless, the properties of PNs in CA2 are relatively 
understudied compared to the CA1 and CA3 PNs that are components of the classic trisynaptic 
circuit. In particular, little is known of the expression levels of voltage-gated ion channels, which 
are the determinants of intrinsic excitability and neurotransmission. In the present study, we used 
fluorescent multiplex immunolabeling experiments to determine the relative expression of 
numerous ion channel subunits in the CA2 region of mouse hippocampus. To distinguish CA2 
PNs we used immunolabeling against the CA2 marker RGS14, and genetically encoded 
AMIGO2-Cre mice expressing GFP in CA2 PNs. Relative expression levels (measured as a 
function of immunolabeling intensity) across CA1, CA2 and CA3 were measured using linescan 
analysis. Our results show that in stratum pyramidale (s.p.), the somatodendritic delayed rectifier 
voltage-gated potassium (Kv) channel subunits Kv2.1, Kv2.2 and their auxiliary subunit 
AMIGO-1 have the highest expression levels in CA1, and these levels substantially decrease in 
CA2. However, at the transition from CA2 to CA3 s.p. there is a gradual increase in the 
expression of Kv2.2 and AMIGO-1, without a corresponding increase in the levels of Kv2.1, 
which remain low. These distribution patterns are similar between male and female mice. In 
stratum radiatum (s.r.), the highest expression levels of the dendritic A-type Kv channel subunit 
Kv4.2 are in CA1, with lower levels in CA2. In contrast, Kv4.3 was highest in s.r. of CA2 and 
CA3, with lower levels in CA1, where Kv4.3 is mainly expressed in interneurons and not PNs. 
Immunolabeling for the KChIP auxiliary subunits of these Kv4 channels also differs in CA2 
versus the CA1 or CA3 regions. Immunolabeling for PSD-93 and mGluR1/5 also changed 
noticeably at the CA2 boundary. However, immunolabeling for Nav1.2 voltage-gated sodium 
channels showed no discernible changes between CA1, CA2 and CA3, indicating that not all ion 
channels are differentially distributed between the CA regions of the hippocampus. Our results 
indicate that the boundaries of the CA2 region demark pivotal areas for changes in the 
expression of ion channels in the hippocampus, which could confer to CA2 PNs distinct patterns 
of intrinsic excitability and output relative to synaptic input. 
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Abstract: BK channels are critical regulators of neuronal activity, involved in neuronal 
homeostasis, neurotransmitter release, cerebellar function, circadian rhythms, and seizure 
disorders. Modulation of BK channel gating is well-characterized, regulated by accessory 
subunit interactions, intracellular signaling pathways, and membrane potential. In contrast, the 
role of intracellular trafficking mechanisms in controlling BK channel function, especially in live 
cells, has been poorly studied. Fluorogen activating peptides (FAPs) are well-suited for 
trafficking and physiological studies due to the binding of malachite green (MG) based dyes with 
sub-nanomolar affinity to the FAP, resulting in bright, photostable, far-red fluorescence. The 
generation of cell excluded MG dyes enables the selective tagging of surface protein and 
tracking through endocytic pathways. N-terminal FAP-BKα constructs expressed in Xenopus 
oocytes show a voltage and calcium response similar to the untagged channel. In order to 
investigate the properties of BK channels expressed at endogenous levels, with the appropriate 
stoichiometry for assembly with beta and gamma subunits, we generated transgenic mice using 
CRISPR to insert the FAP, along with an HA tag, into the N-terminus of the BK channel in its 
native locus. 
Southern blot analysis was used to confirm insertion into the Kcnma1 locus. Western blots of 
membrane fractions showed the presence of FAP-tagged BK in brain and bladder membrane 
fractions. Immunofluorescence against either BKα or the HA tag showed tagged BK expression 
in appropriate brain regions, including cerebellum, substantia nigra, hippocampus, and cortex. 
Homozygous FAP-BK transgenic mice showed normal cerebellar dependent behaviors, 
including gait analysis and rotorod performance. Cerebellar Purkinje cells from mutant mice 
showed normal spontaneous firing rates that were suppressed by the BK channel antagonist 
paxilline, similar to controls. Live- and fixed cell imaging revealed FAP-BK channels on the 
plasma membrane of Purkinje cells; FAP signal showed showed a clustering phenotype similar 
to previous reports using freeze-fracture and electron microscopy. FAP-BK transgenic mice can 
be a useful tool for analysis of BK channel trafficking under normal and pathological conditions. 
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Abstract: The dysfunction of the small-conductance calcium-activated K+ channel SK3 has been 
described as one of the factors responsible for the progress of psychoneurological diseases but 
the molecular basis of this is largely unknown. This report is revealing a notable bilateral 
hippocampal reduction (more than 50%) as indicated by immunohistochemistry and 
computational tomography induced by the long-term increased SK3 small-conductance calcium-
activated potassium channel (SK3-T/T) expression in mice. Histological analysis showed that 
SK3-T/T mice have cellular disarrangements and neuron discontinuities in the hippocampal 



formation CA1 and CA3 neuronal layer. SK3 overexpression induced cognitive loss as 
determined by object recognition test. Electrophysiological examination of hippocampal slices 
revealed that SK3 channel overexpression induced deficiency of long-term potentiation in 
hippocampal microcircuits. In association with these results there were changes in the mRNA 
levels of some genes involved in Alzheimer’s disease as well as linked to schizophrenia. Taken 
together, these features suggest that increasing the function of SK3 ion-channel may therefore be 
a unique opportunity to investigate the neural basis of central nervous system dysfunctions such 
as in schizophrenia or Alzheimer’s disease. Since the progress concerning SK3 channel in brain 
disorders is limited by the lack of specific SK3 antagonists and agonists the results observed in 
this study are of marked interest representing a new approach for the development of 
neuroprotective strategies in neuropsychiatric/neurodegenerative diseases. 
Financial help: FAPESP, CNPQ, MPS/Germany. 
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Abstract: Our lab is actively investigating the rodent basal forebrain (BF), an area of the brain 
known to be compromised in age-related dementia and important in age-sensitive processes such 
as attention and some forms of memory. We have identified what we believe are two critical 
physiological changes that are associated with cognitive impairment in aged rats, namely a 
deficit in inhibitory synaptic transmission onto cholinergic BF neurons and an enhanced 
intracellular calcium buffering. We have shown that the frequency, but not amplitude, of 
spontaneous GABAergic inhibitory postsynaptic currents (IPSCs) are reduced in BF cholinergic 
cells of aged cognitively impaired rats (Griffith et al., J. Neurophysiol. 111:27-286, 2014). The 
present study extends these earlier results by considering potential presynaptic mechanisms that 
may be responsible for these age- and cognition-associated decreases in IPSC frequency. As a 
first step, we are measuring GABAergic synaptic properties in BF neurons using vGAT ChR2-
eYFP BAC transgenic mice (Jackson labs) and minimal optogenetic (470 nm) stimulation. 
Optogenetic stimulation has the great advantage of specifically exciting GABAergic synaptic 
terminals where electrical stimulation is impractical or impossible. We utilized conventional 
whole-cell patch clamp in chloride-loaded cells and two different BF synaptic preparations: ex 
vivo brain slices and an ex vivo reduced synaptic preparation that consists of dissociated neurons 
with synaptic terminals attached. Brief light stimulation (2-5 ms) evoked single IPSCs that could 
be used for estimates of quantal properties, such as quantal content (m), using the failure method. 



When the probability of release was reduced using a low calcium (0.5 mM) solution, m was 
estimated from the relationship (m=ln(stimuli/failures). No assumptions were made about 
probability of release (p) or synaptic number. In the reduced synaptic preparation m= 0.64±0.2 
(±SE, n=3) while in the slices, m=1.30±0.3 (±SE, n=3). The mean evoked IPSC was smaller in 
the reduced synaptic preparation (23.1± 31.7 pA (±SD, n=144 events) compared to 59.7±38.8 pA 
(±SD, n=107 events) in the slice. These data suggest that the reduced synaptic preparation may 
be more a reliable tool to estimate quantal properties. Experiments are in progress to extend these 
results to include additional methods for quantal analysis and to determine the reliability of 
different methods. Eventually, we intend to apply these methods to examine changes in synaptic 
function in behaviorally characterized mice during aging. 
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Abstract: Understanding the relationship between altered synaptic physiology and age-related 
cognitive impairment in the basal forebrain (BF) is critical to defining new therapeutic targets to 
treat cognitive decline. Our long term goal is to reverse this decline by maintaining youthful 
synapses across aging. Currently, we are profiling the optogenetic properties and network 
connectivity of glutamatergic (expressing vesicular glutamate transporter 2, vGlut2) and 
GABAergic (expressing vesicular GABA transporter, vGAT) synaptic transmission in the BF 
using light-evoked synaptic currents in immunohistochemically identified neurons from vGlut2- 
and vGAT-ChR2 (H134R)-eYFP BAC optogenetic mice. We used patch-clamp 
electrophysiology and 470 nm light stimulation in brain slices to demonstrate functional 
expression of ChR2 in glutamatergic thalamic neurons from young (3-6 mo) vGlut2 mice and in 



GABAergic BF neurons from young vGAT mice by generating input/output curves for ChR2 
inward currents with synaptic currents blocked. Peak ChR2 current density for vGlut2 neurons 
was 4.6 ± 1.1 pA/pF (n = 6), and for vGAT neurons it was 4.6 ± 1.4 pA/pF (n = 9). In vGAT 
mouse BF, inhibitory postsynaptic currents (IPSCs) were evoked using brief light pulses (2-5 
ms) in the majority of GABAergic neurons (8/10) and in 12 of 17 non-GABAergic neurons. 
Paired-pulse (PP) stimulation in BF neurons from vGAT mice resulted in PP depression (PPR200 
= 0.77 ± 0.06, n = 23). Interestingly, no excitatory postsynaptic currents (EPSCs) could be 
evoked in BF neurons from the medial septum/diagonal band (0/46) from vGlut2 mice. As our 
optogenetic mouse colonies have now produced middle aged (10-14 mo) individuals, we have 
extended our functional studies to these animals. Glutamatergic thalamic neurons and 
GABAergic BF neurons from middle aged optogenetic mice show light-evoked ChR2 currents 
similar to young (peak current density = 4.7 ± 0.6 pA/pF, n = 7 for vGlut2; 3.8 ± 1.1 pA/pF for 
vGAT). Light-evoked IPSCs were observed also in middle-aged BF neurons (11 of 11) from 
vGAT mice. Additionally, middle aged BF neurons displayed similar PP ratios to young mice 
(PPR200 = 0.78 ± 0.01, n = 3). Results of this study demonstrate that optogenetic and synaptic 
profiles are maintained through middle age in these mice. These results support the idea that 
these BAC optogenetic mice provide a useful model for examining the effects of synaptic aging. 
Future studies will focus on examining ChR2 expression, synaptic function, and behavioral 
characterization into late aging. 
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Abstract: The hippocampus is a key brain structure for learning and memory. The dentate gyrus 
(DG) serves as the primary gate of the hippocampus and controls information flow from the 
cortex. To maintain normal functions, granule cells (GCs), the principal neurons in the DG, 
receive fine-tuned inhibition from local-circuit GABAergic interneurons (INs). There are various 
classes of GABAergic inhibitory INs with different physiological, anatomical and molecular 
features. Among them, vasoactive intestinal peptide-expressing (VIP+) INs mainly target 
somatostatin-expressing INs in both the hippocampal CA1 area and cortex. As a result, VIP+ INs 
are thought as IN-specific cells. However, the functional and anatomical properties of VIP+ INs 
in the DG remain largely unknown. Here, we combined electrophysiology and single-cell 
biocytin staining to investigate the intrinsic properties and anatomical structures of DG VIP+ INs 
using VIP-ires-cre::Ai14 mice. Our preliminary results revealed that VIP+ INs in the DG showed 
diverse electrophysiological properties, but relatively specific axonal projection patterns. VIP+ 

INs show various input resistances, ranging from 200 MΩ to 2 GΩ and different firing patterns, 
including fast-spiking, accommodating, and stuttering. In addition, we observed approximately 
80% of VIP+ INs with axonal distribution in the hilus. By combining optogenetics and 
electrophysiology, we will further identify their potential target neurons in the DG. 
Supported by the National Health Research Institutes (NHRI-EX105-10508NI), Ministry of 
Science and Technology (MOST 103-2320-B-010-041-MY3, MOST 104-2321-B-010-021, 
MOST 104-2745-B-010-003) 
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Abstract: GABA is the major inhibitory neurotransmitter of mammalian central nervous system. 
It inhibits neuron activity through two classes of receptors, GABAA and GABAB receptors. 
GABAB receptors are widely distributed throughout the whole nervous system, and commonly 
considered to mediate only inhibitory response in both pre-synaptic site and post-synaptic site. In 
this study, we investigated the physiological and behavioral function of pre-synaptic GABAB 
receptors in the neural pathway from the medial habenula to the interpeduncular nucleus. We 
found that both GABA and GABAB selective agonist baclofen drastically potentiate the co-
release of glutamate, acetylcholine and gate the release of neurokinin B. These GABAB receptors 
mediate excitation by amplifying presynaptic calcium entry through R-type caliucm channels. 
Inactivating these GABAB receptors enhances fear memory expression, whereas activating these 
receptors reduces conditioned fear of animals. In conclusion, GABAB receptors can also mediate 
excitatory response, which challenges and expands the traditional concept of neurotransmitter 
based neural circuit. These excitatory GABAB receptors regulate the expression and extinction of 
fear memory, providing a potential target for treating phobias and post-traumatic stress disorder. 
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Abstract: locus coeruleus (LC) consists of noradrenergic (NAergic) neurons that provide major 
epinephrine supply to the brain and spinal cord. Recent studies reported that local inhibitory 
interneurons play important role in integrating synaptic inputs onto NAergic LC neurons. 
Nevertheless, the physiological properties of LC interneurons and of transmission at synapse of 
these interneurons onto NAergic neurons synapses remain to be determined. Here, we addressed 
these issues by using optogenetic method. We injected a cre-dependent adenosine-associated 
virus carrying eYFP and channelrhodopsin2 sequences into LC in transgenic mouse in which the 
promoter of vesicular-GABA-transporter controls expression of cre recombinase. The animals 
were killed 2-3 weeks after AAV injection for brainstem slice preparation and whole-cell patch 
recording was made from NAergic LC neurons. Delivery a single blue-light pulse (470 nm) 
evoked inhibitory postsynaptic currents (IPSCs) that were mediated by both GABAA and glycine 
receptors, with roughly an equal contribution of the both receptor types to the total IPSCs. 
Similar results were obtained with the presence of 1 µM TTX and 50 mM 4-AP in the bath 
medium, suggesting the activity was monosynaptic. In current-clamp recording, application of a 
train of blue-light pulse at variant frequency could effectively decrease the spiking activity of 
NAergic LC neurons with the optimal frequency being at 10Hz. Post-hoc histochemical 
investigation revealed that the optimal AAV injection site for producing most effectively 
inhibitory effect on NAergic neurons was in area ventrolateral to LC proper. Together, the above 
results show interneuron pool located ventrolateral to LC proper were GAGA/glycinergic and 
played important role in integrating synaptic input onto LC. 
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Abstract: The vesicular GABA transporter (vGAT) mediates the accumulation of GABA into 
synaptic vesicles and the release from these vesicles. vGAT is expressed in nerve endings of 
GABAergic neurons throughout the CNS. The GABAergic system is crucial for the development 



and functional maturation of the nervous system, as well as the maintenance of balance between 
excitation and inhibition required for normal neural circuit function. A panel of research tools 
has been created that target the lumenal domain of vGAT. Antiserum was raised against a 
peptide from the C-terminus of rat vGAT and resulted in an affinity-purified antibody and an 
immunotoxin specific for vGAT-expressing cells. The antigen sequence is identical among 
human, rat, mouse, pig and guinea pig. A stably-transfected clone of HEK293 cells (2E11HEK) 
that expresses vGAT on the cell surface shows excellent results for western blot, ICC and flow 
cytometry using both the antiserum and affinity-purified antibody. The affinity-purified antibody 
was used to create an immunotoxin by conjugating it to the ribosome-inactivating protein, 
saporin. Saporin irreversibly inactivates ribosomes, blocking protein synthesis, when it is 
escorted into a cell. Saporin cannot enter a cell on its own, but when escorted by something that 
binds to a cell surface marker it is internalized along with the binding moiety and causes cell 
death. The immunotoxin (Anti-vGAT-SAP) is 1000-fold more cytotoxic to 2E11HEK cells than 
non-conjugated saporin, based on the EC50 in a cytotoxicity assay. The affinity-purified vGAT 
antibody binds specifically to cells that express vGAT, and delivers a payload to the interior of 
these cells. Anti-vGAT-SAP could be an important tool in studying diseases involving 
dysfunction of GABAergic neurons. GABAergic neuron dysfunction is thought to be an 
underlying factor in Epilepsy, Down Syndrome, Fragile X Syndrome, Schizophrenia and 
Autism. In vivo, elimination of vGAT-expressing cells in a particular area (rather than knocking 
out vGAT systemically) makes it possible to study the functions of those regional cells. Animals 
can then be tested behaviorally before and after injections of Anti-vGAT-SAP to demonstrate the 
effects of loss of cells in a particular region of interest. 

Disclosures:   C.A. Friedman: A. Employment/Salary (full or part-time): Advanced Targeting 
Systems. B.J. Russell: A. Employment/Salary (full or part-time): Advanced Targeting Systems. 
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Abstract: Amacrine cells (ACs) are interneurons that form inhibitory synapses with bipolar, 
ganglion, and other ACs in the inner retina. Our lab has previously shown that NO can alter the 
synaptic response properties of ACs by releasing Cl- from internal stores. This alteration in the 
Cl- gradient brings about a positive shift in the reversal potential (EGABA) of the GABA-gated (or 
glycine-gated) current, which can convert inhibitory synapses into excitatory synapses 
(Hoffpauir, et al. 2006). We have recently demonstrated that this release of Cl- originates from 
acidic organelles in ACs (Krishnan & Gleason, 2015). Here, we test the hypothesis that (acidic) 
synaptic vesicles (SVs) are a source of NO-releasable Cl-. If SVs are a source of Cl-, then 
depleting SVs should decrease the NO-dependent shift in EGABA. The efficacy of two inhibitors 
of endocytosis were assessed using the fluorescent endocytosis marker FM1-43, where Dynasore 
and MiTMAB both decreased labelling in SV populations after stimulation with the V-step 
protocol (Dynasore -3.3±14.4%, n=6 vs control 98.3±15.7%, n=8, p=0.0006: MitMAB 
15.5±14.1%, n=11, vs. control 99.5±18.8%, n=6, p=0.0030). To investigate whether SVs could 
be a source of NO-releasable Cl-, we made whole cell voltage (V) clamp recordings from 
cultured chick retinal ACs. In order to deplete SVs, V-steps (-70 to -10 mV, 100 msec, n=15) 
were used to activate V-gated Ca2+ channels and stimulate the SV cycle either under control 
conditions or after treatment with the inhibitors. Voltage-ramps were used to measure the NO-
dependent shift in EGABA under both conditions . Our results reveal that activating the SV cycle 
in the presence of Dynasore completely blocked the NO-dependent shift in EGABA (28.2 ±8.9 mV 
control shift, n = 5; 0 mV, n = 5 p<0.001). However, when MiTMAB was used under the same 
conditions, the shift was not blocked (control 30±8.5 mV, MiTMAB 22±4.3 mV, n=5, p=0.49) It 
has been reported that MiTMAB can block V-gated Ca2+ channels required for exocytosis (Quan 
et al., 2009). To investigate this, ACs loaded with the Ca2+ indicator Oregon Green Bapta (OGB) 
were stimulated with a 50mM K+ external solution to activate V-gated Ca2+ channels. When 
MiTMAB was included in the high K+ external solution, the increase in OGB fluorescence was 
inhibited (control 22.5±3.35 control, MiTMAB 3.44 ±1.595, n = 22, p<0.0001) suggesting that 
MiTMAB blocks V-dependent Ca2+ increases required for SV exo- and endocytosis, and 
therefore disrupts our attempt to deplete SVs. These data provide evidence that SVs may be a 
source of NO-releasable Cl-. This result implies that in the retina, local NO signals could change 
the sign of postsynaptic responses at AC reciprocal synapses. 
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Abstract: Matrix metalloproteinases (MMPs) have been studied in the context of their effect on 
neuronal excitation in the hippocampus and several other brain regions. Similarly, activation of 
protease activated receptor-1 (PAR-1), a known MMP-1 target, induced a change in both 
miniature and spontaneous inhibitory post synaptic currents (mIPSCs and sIPSCs) in a subset of 
hippocampal neurons. The effect of MMP-1 mediated PAR-1 signaling on neuronal inhibition 
has yet to be studied in the ventral striatum. Traditionally, the dorsal striatum has been associated 
with the coordination of motor movement. However, recent evidence suggests that changes in 
neuronal inhibition and excitation in the ventral striatum play a role in the motor movement 
changes seen in fragile X syndrome-like animal models. The neuronal makeup of the ventral 
striatum includes two subtypes of GABAergic spiny projection neurons (SPNs), cholinergic 
interneurons, and GABAergic interneurons. The SPNs consist of dopamine D1 receptor 
containing SPNs (D1 SPNs) part of the direct pathway and dopamine D2 receptor containing 
SPNs (D2 SPNs) part of the indirect pathway. We currently have mice in which the D1 SPNs 
express tdTomato and the D2 SPNs express green fluorescent protein, allowing for the 
differentiation between the two subsets of SPNs through red and green fluorescence, 
respectively. We currently have a transgenic mouse that overexpresses MMP-1 and has been 
crossed with our D1/D2 double reporter mice. These transgenic mice display improved rotarod 
performance, which have been described with altered striatal function. Using the whole-cell 
patch clamp method, we recorded mIPSCs, sIPSCs, and tonic currents in D1 and D2 SPNs in the 
transgenic mice and their wild-type littermates. We recorded using a potassium chloride based 
internal solution, and to detect synaptic input from more distal locations, a cesium chloride based 
internal solution was used. Additionally, we investigated the effect of MMP-1 on dendritic tree 
complexity and segment length using Golgi stained sections of brains from transgenic mice and 
their wild-type littermates. We confirmed PAR-1 protein expression and localization in the 
striatum of transgenic and WT littermate controls with immunohistochemistry and western 
blotting. We also performed immunotstaining using parvalbumin antibodies to quantify the 
extent of innervation of SPNs by fast-spiking interneurons, a subset of GABAergic interneurons. 
Our results suggest that MMP-1 overexpression alters the occurrence of sIPSCs and mIPSCs and 



ongoing experiments will determine whether this occurs in relationship to changes in the number 
of primary and secondary dendrites. 
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Abstract: In recent years there have been new advances towards understanding the nature of 
inhibitory signaling in the brain. Previous work has shown a novel mechanism for strengthening 
of inhibitory GABAergic signaling by cytosolic reactive oxygen species (ROS) elevated by 
insulin signalling (Accardi et al (2015)). Whether GABAergic synapses can also be potentiated 
by ROS generated by excitatory neurotransmission has yet to be examined. To investigate this 
question, we performed whole-cell electrophysiological recordings from molecular layer 
interneurons of the mouse cerebellum. Additionally, we placed an extracellular stimulating 
electrode in the molecular layer of the cerebellum to activate a network of excitatory parallel 
fibers (PFs) from granule cells and neighbouring inhibitory interneurons. As anticipated, high 
frequency activation stimulation of PFs activated extrasynaptic NMDARs which led to elevated 
cytosolic ROS. This in turn caused a time-dependent increase in the strength of GABAergic 
synapses. The use of pharmacological blockers suggest that the origin of ROS generated by 
NMDAR activation is due to the combined activities of neuronal nitric oxide synthase and 
neuronal NADPH oxidase. Taken together, our data reveal a novel mechanism for the 
strengthening of GABAergic transmission through a NMDAR-ROS mediated pathway. 
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Abstract: The lateral septum (LS), present in the subcortical forebrain, is believed to play a 
prominent role in modulation of limbic function, and is also a site with robust expression of 
oxytocin receptors (OTRs). Recent work has indicated that central infusion of oxytocin reduces 
activation of LS neurons as caused by restraint stress, and yet activation of OTRs in LS also 
enhances fear responding as observed after social defeat. It would be of interest to further 
understand the cellular and synaptic effects of OTR activation that underlie these phenomena. 
We report here that acute bath application of the specific oxytocin receptor agonist TGOT (100 
nM), increases the frequency of spontaneous inhibitory postsynaptic currents (sIPSCs) as 
observed in a subset of neurons in the lateral septum (n= 18/32). TGOT induced release of 
GABA in the LS is activity dependent and likely OTR specific, as indicated by sensitivity to the 
voltage gated sodium channel blocker, tetrodotoxin, and the selective oxytocin receptor 
antagonist L-368, respectively (both bath applied at 1 µM). Consistent with this interpretation, 
we successfully identified a subset of neurons present in the LS (n=12/51) that are directly 
depolarized beyond threshold for action potentials by bath application of 100 nM TGOT. TGOT 
responsive neurons filled with biocytin were uniformly found to have significant axonal 
arborizations within the LS (n=9). No significant difference was found in passive or active 
electrical properties (resting membrane potential, hyperpolarization induced cation current (sag), 
input resistance, capacitance, or accommodation ratio in response to a depolarizing current step) 
between TGOT responsive and TGOT unresponsive LS neurons. Further studies using 
biochemical markers could potentially help differentiate between the two groups. Collectively, 
our results indicated that TGOT directly depolarizes a sub-population of putative GABA neurons 
in the LS, and causes a clear increase in sIPSC frequency observable in LS neurons. Collectively 
these results suggest that oxytocin activates local inhibitory circuits within the LS, possibly 
reducing the output of projection neurons. 
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Abstract: The insular cortex (IC) plays a key role in modulation of nociception, and the major 
analgesics such as morphine are thought to produce analgesic effects through opioid receptors. 
IC neurons express opioid receptors, including the mu (MOR), kappa (KOR), and delta (DOR) 
subtypes. Although the suppressive effect of opioidergic agonists on cortical excitatory synaptic 
transmission has been addressed, little is known about opioidergic roles in inhibitory synaptic 
transmission, which critically regulates excitatory propagation in the cerebral cortex. The present 
study aimed to examine the effects of opioid receptor agonists on unitary inhibitory postsynaptic 
currents (uIPSCs) and on cortical excitatory propagation in the IC and the neighboring cortices, 
the primary (S1) and secondary somatosensory (S2) areas, using an in vivo optical imaging 
technique. We performed multiple whole-cell patch-clamp recordings from rat IC pyramidal and 
GABAergic neurons. The application of 1 µM DAMGO, an MOR agonist, suppressed uIPSC 
amplitude in fast-spiking GABAergic interneuron (FS)-FS connections without a significant 
effect on FS-pyramidal cell (Pyr) connections. Moreover, 1 µM of DPDPE, a DOR agonist, 
suppressed uIPSC amplitude in both FS-FS and FS-Pyr connections. U50488 (1 µM), a KOR 
agonist, had little effect on uIPSC in FS-FS/Pyr connections. To assess the opioidergic effects on 
the cortical circuits, we applied electrical stimulation to the maxillary 1st molar pulp, which 
induced excitation in the ventral part of S1 and the S2/insular oral region (IOR) around the 
middle cerebral artery. The initial excitatory response was observed 10-14 ms after stimulation, 
and excitation propagated concentrically. DAMGO (10-100 µM) suppressed the amplitude of 
cortical excitation and shrank the maximum excitation areas in S1 and S2/IOR. In contrast, 10-
100 µM DPDPE increased the amplitude of excitation and expanded the area of maximum 
excitation. These results suggest that MOR-induced suppression of excitatory propagation in the 
IC is an underlying mechanism of the powerful analgesic effects of MOR but not DOR agonists. 
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Abstract: BK channel accessory β1 and β4 subunits are essential for maintaining BK channel 
function and regulate excitatory and inhibitory synaptic transmission in the central amygdala 
nucleus (CeA) neurons. These BK subunits are also sensitive to acute actions of ethanol. 
Therefore, the alterations in expression of these subunits may also influence the function of CeA 
neurons following long term intermittent exposure to ethanol. We have assessed GABAergic 
sIPSCs and eIPSCs in CeA neurons from male BK β1 or β4 knockout (KO) mice that were 
subjected to chronic intermittent exposure (CIE) to ethanol or air via a vapor inhalation chamber. 
Utilizing whole cell voltage clamp techniques, spontaneous or evoked inhibitory postsynaptic 
currents (sIPSCs, mIPSCs and eIPSCs) were isolated from CeA neurons in acute slice 
preparations. In BK β1 mice exposed to air only, the mean frequency of sIPSCs of CeA neurons 
in BK β1 KO mice was slightly higher than that of wildtype (WT) mice. In contrast, KO CeA 
neurons exhibited a significant increase in the mean frequency of sIPSCs compared to WT 
neurons in CIE mice. Similarly, there was a significant increase in the mean frequency of sIPSCs 
of CeA neurons in BK β4 KO CIE mice than in WT CIE mice. The mean amplitude of sIPSCs of 
CeA neurons was unaffected by either genetic background or the treatment received. The effects 
of chronic ethanol exposure on eIPSCs of mice were further examined by constructing 
input/output curves of eIPSCs in CeA neurons. eIPSCs of CeA were recorded by delivering a 
single electrical stimulus from 10 to 100µΑ in increments of 10µΑ. In BK β1 KO mice, CeA 
neurons showed an increase in the mean amplitude of eIPSCs compared to WT mice regardless 
of the treatment received. In BK β4 mice exposed to air only, there was a significant difference 
in the input/output curve between KO and WT CeA neurons. CIE treatment enhanced the 
amplitude of eIPSCs in KO more than that of WT CeA neurons. Paired pulse facilitation (PPF) 
was observed in all groups when two consecutive eIPSCs were evoked by stimuli with an inter-



pulse interval that was less than 50ms. However, a progressive paired pulse depression (PPD) 
was evident in all neurons tested but with a distinctive pattern when the inter-pulse intervals 
were between 100 and 3200ms: in both ΒΚ β1 and β4 mice, KO CeA neurons showed a larger 
PPD than that of WT neurons in air-exposed mice. However, KO CeA neurons from CIE mice 
exhibited a PPD larger than that of WT neurons from CIE mice. Finally, the mean frequency of 
mIPSCs appears to be higher in KO CIE mice than that of WT Mice. These results suggest that 
the effect of long-term exposure to alcohol on inhibitory synaptic transmission in CeA neurons is 
regulated by BK channel β subunits. 
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Abstract: GABAergic interneurons regulate the degree of glutamatergic excitation and output of 
projection neurons. In this study, we compared the distribution of parvalbumin (PV) in the 
pallium of the pigeon with that in the cortex of the mouse using immunohistochemical method. 
Our results show different anatomical structures of telencephalon that showed that the pigeon 
pallium made up of 3 layers in the telencephalic level, although the mouse neocortex contains 6 
distinct layers. In the pigeon pallium, PV-immunoreactive neurons were found to be broadly 
distributed in all layers, however, the density of PV-immunoreactive neurons were particularly 
prominent in the hyperpallium than in the other layers. On the other hand, in the mouse cortex, 
many PV-immunoreactive neurons were observed through all cortical layers, however, the 
density of CB-immunoreactive neurons were considerably higher in layers V and VI than in the 



other layers. In brief, this study shows that the distribution pattern of PV-immunoreactive cell 
bodies in the pigeon is different from that in the mouse. This finding needs more studies 
regarding PV-related function in the avian telencephalon. 
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Abstract: Insulin signaling to the brain is important not only for metabolic homeostasis; insulin 
also acts as a growth factor, it activates dendritic sprouting, cellular regeneration, stem cell 
proliferation and cell survival. Likewise, insulin receptors are widely distributed throughout the 
brain, they are particularly high in choroid plexus, hypothalamus, olfactory bulb and regions of 
the striatum and cerebral cortex. Recent studies, have shown that insulin regulates the expression 
of extrasynaptic GABAA receptors in the hippocampus, causing permanent changes in the 
neuronal circuits. This effect could explain the alterations of cognitive processes associated to 
changes in insulin signaling previously reported. Another structure that possess insulin receptors 
and is involved in cognitive functions is the prefrontal cortex. Here, we set out to examine the 
effect of insulin on the tonic GABAA receptor-mediated currents in the prefrontal cortex (layers 
5-6) by using patch clamp recordings in brain slices. We found that insulin (10-500 nM) 
modulates not only the GABAA synaptic receptors but also promotes the trafficking of 
extrasynaptic GABAA receptors to membranes, increasing the inhibitory tonic current and that 
these receptors contain alpha-5 and delta subunits. Our data suggests that the increasing in the 
number of GABAA extrasynaptic receptors also affects the neuron firing and hence decreases 
neuronal excitability. This modulation is dependent on the activation of the PI3K enzyme, a key 
mediator of the insulin response within the brain, as previously shown in pyramidal neurons of 



the hippocampus. Together this results suggest that the insulinic modulation of the GABAA 
receptors can permanently modify the activity of neural circuits. 

Disclosures:  S. Trujeque-Ramos: None. G. Arenas: None. S. Mihailescu: None. S.L. 
Hernandez: None. 

Poster 

124. GABA 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 124.15/F1 

Topic: H.01. Animal Cognition and Behavior 

Support: Ono Pharmaceutical Co., Ltd. 

Title: Electrophysiological studies of GABAAα5 negative allosteric modulators in naive and 
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Abstract: GABAA receptor α5 subtype selective negative allosteric modulators (GABAARα5 
NAMs) improve cognition in animal models. As hippocampus is believed to be involved in 
learning and memory, we examined effects of newly synthesized GABAARα5 NAMs on 
neuronal network activity in mouse hippocampal cell cultures with or without Aβ1-42 treatment 
using microelectrode array (MEA) neurochips. We also evaluated effects of these GABAARα5 
NAMs on long term potentiation (LTP) in hippocampal slices from normal and Aβ25-

35/ibotenate-treated rats. 
Primary neuron and glia co-cultures were prepared from mouse hippocampus. After establishing 
a stable neuronal activity pattern on MEA chips, GABAARα5 NAMs (ONO-A, ONO-B, MRK-
016, RO4938581; NAM activities of ONOs were higher than those of others), benzodiazepine 
antagonist (flumazenil) and pro-cognitive compounds (donepezil, galantamine, memantine) were 
applied with or without Aβ1-42. Neuronal network activity was analyzed in the four categories: 
general activity, burst structure, synchronicity and oscillatory behavior, according to the pattern 
recognition algorithm. Effects of the compounds on Aβ1-42 were evaluated by a single parameter 
“effect score”, in which multiparametric results of 204 parameters are projected. For LTP study, 
hippocampal slices were prepared from normal or Aβ25-35/ibotenate-treated rats. Field EPSP 
(fEPSP) slopes induced by the test stimulus, which produces 30 % of maximal fEPSP, with 30 
sec interval were recorded for 40 min after theta burst stimulus (100 Hz 4 times, 200 msec 



interval, 10 times). 
In hippocampal cultures, ONO-A and ONO-B were functionally more similar to RO4938581 
than MRK-016 and flumazenil. Flumazenil exhibited a different profile as parameters were 
mainly affected into opposite directions. ONO-A exhibited higher similarity to pro-cognitive 
compounds than ONO-B. In Aβ1-42-treated conditions, all GABAARα5 NAMs and donepezil 
rescued Aβ1-42-induced changes of the effect score. In hippocampal slices from rats, all 
GABAARα5 NAMs significantly increased fEPSP slopes compared with control in normal and 
Aβ/ibotenate-treated rat. 
GABAARα5 NAMs show functional similarity to pro-cognitive compounds and rescue Aβ-
induced changes of neural network activity in hippocampal cultures. The GABAARα5 NAM 
with higher efficacy potentiates LTP more efficiently in rat hippocampal slices. Moreover the 
GABAARα5 NAM rescues Aβ/ibotenate-induced impairment of LTP induction. These results 
suggest that GABAARα5 NAMs with high efficacy could be potent cognitive enhancers. 
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Abstract: The neurotransmitter γ-amino butyric acid (GABA) is critically important for higher 
brain functions. Ionotropic receptors for GABA (GABAARs) are heteropentameric 
transmembrane protein complexes with a subunit configuration commonly of 2α+2β+1γ. This 
study reports the discovery of S 44819, a novel tricyclic oxazolo-2,3-benzodiazepine-derivative 
targeting extra-synaptic α5-GABAARs. The specific binding of 3H-muscimol to recombinant 
GABAARs (α5β3γ2) was inhibited by S 44819 (Ki ≈ 66 nM), whilst having no effect on the 
binding of 3H-flumazenil. In human embryonic kidney cells expressing recombinant GABAARs 
(α5β2γ2), S 44819 was a competitive inhibitor of the GABA-induced depolarization (Kb ≈ 221 
nM). In mouse hippocampal slices S 44819 enhanced long-term potentiation (LTP), induced by 
submaximal theta-burst stimulation of the Schaffer collateral pathway in a concentration-
dependent manner. A bicuculline-sensitive tonic current mediated by extrasynaptic α5-
GABAARs in CA1 pyramidal cells was selectively inhibited by ~ 80% by S 44819, with no 
effect of the drug on their phasic miniature inhibitory postsynaptic currents (mIPSCs). In contrast 
to CA1 neurons, S 44819 had no effect on the bicuculline-sensitive tonic current of mouse 
thalamic ventrobasal neurons, mediated by α4β2δ GABAARs. In male rats, object recognition 
memory was enhanced by S 44819 (1-3 mg/kg p.o.) given before the acquisition trial. Cognitive 
deficits caused by scopolamine were reversed by the drug (1-3 mg/kg p.o.) when tested in the 
eight-arm radial maze. Collectively, S 44819 is a potent competitive antagonist of recombinant 
and native (CA1) α5-GABAARs, with no effect on CA1, or VB synaptic receptors, or on 
thalamic extrasynaptic α4β2δ receptors. It is a potent enhancer of hippocampal synaptic 
plasticity (LTP) in vitro and shows pro-cognitive efficacy in vivo. In conclusion, S 44819 is a 
first-in-class compound that may show therapeutic efficacy to enhance cognitive function. 
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Title: Long-term effects of an acute treatment of adult mice modelling down syndrome with 
gaba-alpha5 inverse agonist. 
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Abstract: Down syndrome (DS) is the most common genetic cause of mental retardation 
resulting from an extra copy of chromosome 21. It is widely known that altered brain functions 
in DS patients and in mouse models result from impaired balance between inhibitory and 
excitatory neurotransmission. We have previously shown that a single injection of an inverse 
agonist of the α5 subunit containing GABA-A receptors can reverse cognitive deficits in Ts65Dn 
mice modelling DS (Braudeau et al. 2011). In this study we aimed to evaluate how long the 
effects of GABA α5 inverse agonist treatment of Ts65Dn adult mice lasted after a single 
injection. We first analyzed in vivo long term potentiation (LTP) in the hippocampus of Ts65Dn 
adult mice with a stimulus intensity set at 35% (0.05-0.1 mA) of values needed to evoke 
maximum field excitatory post-synaptic potentials fEPSPs. High frequency stimulation (HFS) 
protocol consisted of five trains (200 Hz, 100 ms) of pulses at a rate of 1/s, 6 times in total, at 
intervals of 1 min. Evolution of fEPSPs after the HFS protocol was followed for 60 min at the 
same stimulation rate (1 stimulus/20 s). Additional recording sessions (30 min) were carried out 
for five days. No LTP could be evoked in Ts65Dn mice. However, treatment with the α 5 inverse 
agonist (α5IA, 5mg/Kg i.p.) facilitated the induction of LTP in Ts65Dn mice and produced a 
long-lasting LTP both in Ts65Dn and euploid mice over 6 days. We then analyzed the long-term 
behavioral effects of α5IA in the Novel Object Recognition (NOR) test and in the Y-maze 6 and 
7 days after treatment respectively. α5IA was able to significantly corrected memory defects of 
Ts65Dn still after 6-7 days. It is known that α5IAs increase adult neurogenesis and can restore 
the higher number of GABAergic neurons to normal levels. We thus investigated the long-term 
effects of α5IA on adult neurogenesis and density of GABAergic neurons. Ts65Dn mice crossed 
with GAD67-GFP transgenics were treated with α5IA and injected with BrdU before sacrifice. 
Results on the numbers of GFP positive and BrdU positive cells will be presented. In conclusion 



we show that treatment of adult Ts65Dn mice with α5IA can restore LTP and memory deficits 
and that these effects last for at least 6 to 7 days. These long-term effects suggest a drastic 
change of plasticity in mice after a single injection of α5IA. 
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Title: A single restraint stress alters PACAP-38 modulation of GABA transmission in the rat 
central amygdala 
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Abstract: The neuropeptide pituitary adenylate cyclase-activating polypeptide (PACAP-38) and 
its receptor PAC1 (PAC1R) are proposed to be critical mediators of the brain’s response to 
anxiety and stress. Both PACAP-38 and PAC1R are abundantly expressed in the central nucleus 
of the amygdala (CeA), a primarily GABAergic nucleus that sends inhibitory projections to 
downstream target regions that regulate stress and fear responses. Here we investigated whether 
stress alters the effects of PACAP-38/PAC1R signaling on local CeA activity by performing 
whole-cell voltage-clamp electrophysiology in male Wistar naïve rats and rats subjected to 
restraint stress. We first assessed the effects of PACAP-38 on GABA transmission in the CeA of 
naïve rats and found a significant increase in both action potential-dependent and -independent 
GABA release. These effects were blocked by pretreatment with the PAC1R antagonist 
PACAP(6-38). Additionally, PACAP(6-38) alone reduced baseline action potential-dependent 
GABA release, revealing a tonic inhibition of the CeA via PAC1R activity. Notably, these 
effects of PACAP-38/PAC1R signaling on CeA inhibition were dampened in rats subjected to a 
single 1 hour restraint stress, but not in rats that experienced 1 hour of restraint stress for three 
consecutive days. Therefore, PACAP-38, acting via its receptor PAC1R, tonically regulates 



GABAergic transmission in the CeA of naïve rats, demonstrating that this neuropeptide plays a 
critical role in maintaining basal CeA activity. Interestingly, a single restraint stress reduces the 
ability of the PACAP-38/PAC1R system to regulate local CeA inhibition, potentially leading to 
the dysregulation of downstream target regions that mediate anxiety and stress-related behaviors. 

Disclosures:  F.P. Varodayan: None. C.S. Oleata: None. V. Sabino: None. M. Roberto: None. 

Poster 

124. GABA 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 124.19/F5 

Topic: B.07. Synaptic Transmission 

Support: AA017447 

 AA006420 

 AA015566 

Title: Substance P, like ethanol, increases GABAergic transmission in the central nucleus of the 
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Abstract: Substance P (SP) plays a pivotal role in addictive behaviors, stress and anxiety. 
Genetic ablation of NK-1 receptors - the molecular target of SP - reduces ethanol intake in mice 
accompanied by increased alcohol sensitivity (George et al., 2008; Science 319:1536-1539) 
abolishes ethanol reward in animals (Thorsell et al., 2010; Psychopharmacology (Berl) 209:103-
111) and most importantly, pharmacological blockade of NK-1 receptors suppress spontaneous 
alcohol cravings in human detoxified alcoholics(George et al., 2008; Science 319:1536-1539). 
However, despite the evidence that NK-1 system may be a potential therapeutic target for the 
treatment of alcoholism, there are no studies analyzing cellular alterations of SP/NK-1 receptor 
signaling induced by ethanol dependence in the central nucleus of the amygdala (CeA), the 
major output of the amygdala complex and a major player in the transition to alcohol 
dependence. Previous work in our laboratory has shown that acute and chronic alcohol 
significantly increases GABAergic synaptic transmission in rodent CeA. Here, we have 
investigated the effects of SP on GABAergic synaptic transmission in neurons located in the 
medial subdivision of CeA using whole-cell electrophysiology in rat brain slices. Our data 
indicate that SP significantly increases frequency -and in some neurons also amplitude - of 



action-dependent spontaneous inhibitory postsynaptic currents (sIPSCs) in ethanol-naïve rats 
suggesting SP facilitates GABA release in the CeA. Currently, we are studying the interactions 
of substance P and its receptors with acute ethanol on sIPSCs in ethanol-dependent animals. 
Collectively, this study will provide valuable insights into the cellular effects of SP on neuronal 
excitability and synaptic transmission in the CeA of naïve and ethanol-dependent animals. 
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Abstract: The effect of GABA and glycine on the voltage of postsynaptic cells is dependent 
upon the Cl- concentration in the postsynaptic cytosol. We have shown that nitric oxide (NO) can 
release Cl- from acidic compartments in retinal amacrine cells (ACs, Hoffpauir et al. 2006,; 
Krishnan and Gleason 2015). Furthermore, the Cl- release depends on cytosolic acidification 
(McMains and Gleason 2011). The cystic fibrosis transmembrane conductance regulator (CFTR) 
is a strong candidate for involvement in the NO-dependent release of Cl- because it has been 
demonstrated to regulate cytosolic Cl- in motor neurons (Ostroumov et al. 2010), to respond to 
NO with an increase in conductance (Dong et al. 1995) and to be sensitive to pH (Chen et al. 
2009). To investigate the role of CFTR, cultured ACs were voltage-clamped, and voltage ramps 
were delivered in the presence of GABA to measure the reversal potential of the GABA-gated 
current (EGABA). In control cells, NO elicited a positive shift in EGABA (EGABA (26.8 ± 4.5 mV) 
indicating release of Cl- into the cytosol. However, in the presence of the CFTR inhibitors 
glibenclamide or CFTR (inh)-172, no shifts in EGABA were observed (1.5 ± 0.8 mV and -0.3 ± 0.6 
mV, p < 0.05). The expression of CFTR was investigated by RT-PCR on RNA harvested from 
single ACs, and sequencing of the PCR product confirmed CFTR mRNA expression. Polyclonal 
antibodies raised against the C-terminus of human CFTR labeled ACs in culture and in sections 
of adult retina. Western Blot analysis demonstrated that the antibodies against CFTR antibody 
recognizes a single band of protein at the predicted molecular weight for CFTR (168 kD). To 



further assess the involvement of CFTR in the NO-dependent Cl- release, a CRISPR/Cas9 
strategy was developed to target the 7th exon of the CFTR gene. An in vitro assay and analysis 
sequencing of single cell genomic PCR products confirmed that the CFTR gene was disrupted. 
Transfected (GFP expressing) ACs were voltage clamped, and EGABA was measured before and 
after exposure to NO. Non-transfected cells and cells transfected with a construct lacking the 
guide RNA both demonstrated NO-dependent positive shifts in EGABA (19.8 ± 4.4 mV and 13.5 ± 
2.9 mV) indicating an elevation in cytosolic Cl- concentration. As with the inhibitors, NO-
dependent positive shifts in EGABA were suppressed when CFTR expression was disrupted (-3.6 ± 
2.7 mV, p < 0.05). These results provide substantial evidence that intracellularly expressed 
CFTR plays a key role in the NO-dependent release of internal Cl-. Furthermore, our findings 
suggest that regulation of CFTR function can influence the strength and the sign of postsynaptic 
responses at GABAergic and glycinergic synapses. 
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Abstract: Botulinum neurotoxins (BoNTs) are multi-modular proteins that inhibit acetylcholine 
release at the neuromuscular junction (NMJ) leading to muscle paralysis. BoNTs are widely used 
as pharmaceuticals for neuromuscular indications and in aesthetic applications. Their mode of 
action includes specific cell binding, internalization and endocytosis, translocation of the 
enzymatic light chain into the cytosol, and SNARE (Soluble N-ethylmaleimide-sensitive-factor 
Attachment protein REceptor) cleavage. Many mechanistic aspects of this multistep process 
remain unclear and show differences between neuronal cell types and species. Whereas the 
activity of BoNTs has traditionally been studied in rodent primary neuronal cultures or 
immortalized cell lines, neurons derived from human induced pluripotent stem cells (hiPSC) 
allow to study toxin function in a model system that has high relevance to the clinic. In this study 
we correlate the results from a longitudinal expression study using QrtPCR and Western Blot of 
three different human iPSC-derived neuronal models (iCell Neurons from Cellular Dynamics 
International ; Peri.4U neurons from Axiogenesis ; and hMNPs from LONZA) with the 



sensitivity of these three models to BoNT serotypeA (BoNT/A). QrtPCR analyses showed that 
iCell Neurons represent a central neuronal phenotype of glutamatergic and GABAergic neurons, 
whereas Peri.4U neurons represent a peripheral phenotype and hMNPs a motoneuron phenotype. 
All three hiPSC models express known botulinum neurotoxin surface receptors and SNARE-
substrates throughout the 4 weeks of culture. However, the expression levels vary over time and 
between models. All three hiPSC models exhibited different sensitivity to BoNT/A, and this 
differential sensitivity is reviewed in the light of the differential level of expression of BoNT 
receptors and SNARE exhibited by the three hiPSC models. These data show that different 
neuronal populations derived from hiPSCs provide a sensitive platform for studying BoNT 
intoxication mechanisms and for BoNT potency determination. 
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Abstract: Transgenic, neuroanatomical and pharmacological studies support a role for the 
GABAA α5 receptor in cognition (Atack 2009). In particular, the preferential localization of α5 
subtype in the hippocampus suggests that this receptor might be important for hippocampal-
mediated learning and memory. Preclinical and clinical studies with selective inverse agonists of 
GABAA α5 have shown enhanced performance or reversal of pharmacologically-induced 
impairments on some memory tasks. Here we examined the effect of the Merck GABAA α5- 
selective inverse agonist MRK-016 (Atack 2009, J Pharmacol Exp Ther 2009, 331:470-484) on 
long-term memory with two benchmark memory tests in rodents; novel object recognition 
(NOR) and contextual fear conditioning (cFC). We also assessed the effects of MRK-016 on the 
learning of a two-choice visual discrimination (VD) using an automated touchscreen apparatus 
(Horner et al., 2013). MRK-016 (Ki=1 nM) 0.3, 1 or 3 mg/kg or vehicle was administered p.o. 
60 min before training on the NOR and cFC tasks. Rats were then trained under conditions 



yielding sub-maximal memory in vehicle-treated rats and memory was tested 24 h later. For the 
VD task, rats received 0.3 mg/kg p.o. MRK-016 or vehicle 60 min prior to training. Rats were 
first trained to nose poke stimuli presented on a touchscreen monitor for reward. Once 
responding reliably, rats received VD training daily until they reached a predefined level of 
performance. MRK-016 at 0.3 mg/kg enhanced long-term memory of weakly-trained rats on 
both the cFC and NOR tasks but did not enhance learning of the visual discrimination task. Our 
data suggest that GABAA α5 inverse agonists improve hippocampal-dependent contextual 
memory and spontaneous object recognition, but not visual discrimination learning. 
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Abstract: Gi/o-coupled G-protein coupled receptors (GPCRs) can exert an inhibitory effect on 
vesicle release through several G-protein driven mechanisms, more than one of which may be 
concurrently present in individual presynaptic terminals. G protein βγ subunits inhibit exocytosis 
via directly binding to the synaptosomal-associated protein of 25 kDa (SNAP25), competing 
with the fusogenic calcium sensor synaptotagmin 1 (Syt1) in a calcium-dependent manner for 
binding sites on SNAP25. Here, we identify a SNAP25 C-terminal mutant that is deficient in 
Gβγ binding while retaining normal vesicle release. The SNAP25Δ3 mutant, in which residue 
G204 is replaced by a stop codon, features a partial reduction in Gβ1γ2 binding in vitro and a 



partial reduction in the ability of the lamprey serotonin receptors to inhibit exocytosis in lamprey 
reticulospinal axons. We conclude that the extreme C-terminus of SNAP25 is a critical region for 
the Gβγ-SNARE interaction. A transgenic mouse has been made containing the SNAP25Δ3 
mutation using the CRISPR-Cas9 reaction. SNAP25Δ3 mice are viable and fertile in the 
homozygous state, with a gross appearance not different from wild-type mice. We performed a 
battery of neurological and behavioral tests upon SNAP25Δ3 mice to identify preliminary 
phenotypes that could be linked to Gi/o-coupled GPCRs that signal via this mechanism. In these 
tests, SNAP25Δ3 mice were shown to have an elevated body temperature and very mild 
autonomic nervous system dysfunction. Most prominently, deficiencies in locomotor activity and 
ataxia were observed in SNAP25Δ3 mice relative to wild-type. Investigation of the determinants 
of this phenotype at the cellular and molecular level are ongoing. 
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Abstract: The lateral entorhinal cortex (LEC) plays an important role in the sensory and 
mnemonic functions of the medial temporal lobe, specifically in regard to non-spatial 
information processing and olfaction. Therefore, modulation of synaptic input to the LEC may 
have important implications for learning and memory processes. Dopaminergic inputs from the 
vental tegmental area terminate in layer II of the LEC, and we have shown previously that 
dopamine modulates synaptic responses in layer II LEC neurons in a dose-dependent manner, 
wherein high concentrations of dopamine (DA; 50-100 µM) suppress excitatory synaptic 
transmission, and lower concentrations (1-10 µM) facilitate synaptic transmission via a 



signalling cascade dependent upon activation of D1-like receptors. The dopaminergic facilitation 
of AMPA, but not NMDA, receptor-mediated EPSCs in layer II LEC neurons was dependent on 
activation of the classical D1-cAMP-PKA pathway as well as on activation of PI-linked-D1 
receptors that result in increases in PLC, IP3, PKC, and intracellular calcium. In the present 
study, we combined electrophysiological recordings of evoked EPSCs with fluorescent imaging 
of intracellular calcium to assess the relative contributions of IP3 and ryanodine receptors in the 
dopaminergic facilitation. Whole cell patch-clamp recordings were obtained from layer II LEC 
neurons in acute horizontal slices obtained from 4-9 week old Long-Evans rats. The fluorescent 
calcium indicator Fluo-4 was included in a K-gluconate-based recording solution to assess 
changes in Ca2+-dependent fluorescence. Bath application of DA induced a reliable and 
reversible increase in fluorescence of approximately 20-30% in both fan and pyramidal cells, but 
not in interneurons (96 ± 3.7% of baseline). The increased fluorescence was correlated with a 
reversible increase in EPSC amplitude during application of either DA (1 µM) or the D1-like 
receptor agonist SKF83959 (5 µM). We did not observe any increases in fluorescence during 
bath-application of the classical D1-like receptor agonist SKF38893 (10 µM). The contribution of 
IP3 and ryanodine receptors was assessed by including either heparin (1 mM) or dantrolene (20 
µM) in the intracellular recording solution to block Ca2+ release from internal stores. Results 
demonstrate that blocking either IP3 or ryanodine receptors abolishes both the previously 
observed Ca2+ transients and the dopaminergic facilitation of EPSC amplitude. Taken together, 
our results indicate a critical role for intracellular calcium in the dopaminergic facilitation of 
synaptic transmission in the lateral entorhinal cortex. 
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proteostasis 
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Abstract: Neurotransmitter release via synaptic vesicle fusion is largely mediated by SNARE 
family proteins, which form trans-complexes between the vesicle and presynaptic plasma 
membrane. SNARE core complex formation is a central point of regulation for neural activity 
and trans-synaptic signaling. Tomosyn, a soluble, SNARE domain-containing protein, is thought 
to regulate exocytosis by forming non-fusogenic complexes with syntaxin1A and SNAP25 that 
inhibit fusion and reduce release probability. Altering the expression of tomosyn has significant 
behavioral effects observed in mice, Drosophila, and C. elegans. Additionally, alterations in 
presynaptic tomosyn levels in C. elegans led to trans-synaptic scaling via the cell adhesion 
molecules neurexin and neuroligin (Hu et al., 2012). It remains unclear which mechanisms and 
signaling pathways direct the modulation of tomosyn. We hypothesize that the ubiquitin-
proteasome system (UPS), which is known to influence synaptic strength, dynamically regulates 
tomosyn levels. In support of this hypothesis, we found that immunoprecipitated and affinity-
purified tomosyn from cultured rat hippocampal neurons and HEK 293T cells was ubiquitinated. 
Mass spectrometry of purified tomosyn also identified multiple ubiquitinated lysine residues. 
Moreover, tomosyn protein levels and ubiquitination dramatically increased (165% and 380% of 
vehicle controls, respectively) upon pharmacological proteasome blockade via MG132 (50µM, 
4H), an effect that was mimicked by lactacystin treatment (10µM, 4H). Furthermore, tomosyn 
ubiquitination appears to be mediated through an interaction with the E3 ubiquitin-ligase HRD1. 
Immunoprecipitation of tomosyn from neurons co-precipitated HRD1, and this interaction 
increased upon proteasome inhibition (370% of vehicle control). In vitro reactions demonstrated 
that tomosyn is subject to concentration-dependent ubiquitination by HRD1. Notably, lentivirus 
driven shRNA-mediated knock-down of HRD1 in hippocampal neurons also increased tomosyn 
protein levels (142% of vehicle control). In addition to the established effects of tomosyn on 
presynaptic release probability, we found that tomosyn levels influence post-synaptic spine 
density, independently of its R-SNARE-containing C-terminal domain. Overexpression of 
tomosyn increased dendritic spine density (5.4 vs. 3.8 spines/10µm), while knock-down resulted 
in the opposite effect (3.0 spines/10µm). In summary, our data indicate that the UPS is likely to 
participate in tuning synaptic efficacy and/or spine dynamics by precise regulation of tomosyn 
levels in neurons. 
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Title: Functional role of the Ca2+-binding site of Synapsin I in synaptic transmission 
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Abstract: Synapsin I (SynI) is a synaptic vesicle (SV) phosphoprotein playing multiple roles in 
synaptic transmission and plasticity by differentially affecting crucial steps of SV trafficking in 
excitatory and inhibitory synapses. Syn display two important binding sites, one for ATP in the 
central C-domain, shared by all Syn isoforms and one for Ca2+ that play a pivotal role for 
synaptic transmission and for regulating ATP binding. It has been shown that mutating ATP 
binding site using a K269Q mutant in inhibitory neurons enhances synaptic strength, increases 
the vulnerability to synaptic depression and a dysregulation of SV trafficking. We have focused 
on the Ca2+ binding site and the functional consequences of its alteration on synaptic 
transmission, short-term plasticity and ultrastructure of synapses. To do this, we have 
reintroduced in Syn I KO hippocampal neurons either native Syn I or its E373K mutant in which 
Ca2+-binding is abolished via lentiviral vectors and performed electrophysiological recordings 
and electron microscopy analysis. Preliminary data show an increase frequency of miniature 
postsynaptic currents in both excitatory and inhibitory neurons, while the amplitude is not 
affected. Moreover, inhibitory neurons expressing the mutant display increased eIPSC amplitude 
and RRP size compared to wild type Syn I neurons. 
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Title: Paroxysmal behavior and excitation/inhibition imbalance in PRRT2 knockout mice 
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Abstract: Proline-rich transmembrane protein 2 (PRRT2) has been identified as the single 
causative gene for a group of paroxysmal syndromes of infancy, including benign familial 
infantile seizures, paroxysmal kinesigenic dyskinesia/choreoathetosis and migraine. A large 
number of PRRT2 nonsense, frameshift, and missense mutations have been associated with 
diseases with a variable phenotypic spectrum, ranging from mild forms that improve with age to 
severe phenotypes. Previous studies using complementary experimental approaches, showed the 
topology of PRRT2 conforms to that of type II transmembrane proteins, with a large cytosolic N-
terminal domain and a very short extracellular C-terminus (Ncyt/Cexo orientation). PRRT2 is 
enriched in presynaptic terminals and interacts with proteins involved in exo/endocytosis of 
synaptic vesicles, namely SNAP-25 and synaptotagmin 1/2. Acute silencing of PRRT2 in 
neurons by RNA interference was followed by a decreased density of synaptic contacts and a 
severe impairment of synchronous release, confirming a functional role of PRRT2 in synaptic 
transmission. Here, for the first time, we investigated the phenotype of the PRRT2 knockout 
(KO) mouse by means of biochemical, electrophysiological and behavioral studies. Biochemical 
analyses showed a regional expression of PRRT2 in the brain, particularly in the hippocampus 
and cerebellum, which are brain regions involved in epilepsy and motor disorders. Preliminary 
electrophysiological studies found an increased excitation in the dentate gyrus of the 
hippocampus, suggesting a key role for PRRT2 in the excitation/inhibition balance. At the 
behavioral level, a characterization of motor development from postnatal age to adulthood 
detected the presence of paroxysmal events in the spontaneous motor behavior in the absence of 
overt motor coordination problems. Overall, we detect the presence of paroxysmal traits in the 
PRRT2 KO mouse that seems to model some features observed in patients harboring PRRT2 
mutations. The brain regions where PRRT2 is mainly expressed, suggestive for PRRT2-
associated paroxysmal diseases, and the electrophysiological data indicating the presence of an 
excitation/inhibition imbalance, confirm a role for PRRT2 in the pathogenesis of paroxysmal 
neurological disorders. 
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Abstract: Synaptic vesicles (SVs) need to be replenished very quickly after they discharge in 
order to allow rapid and repeated responses and avoid SV depletion during sustained high 
frequency firing. This is achieved through SV reformation via clathrin-independent and clathrin-
mediated pathways. After physiological stimulation at moderate frequencies, SVs fully collapsed 
in the presynaptic membrane are endocytosed via clathrin-coated pits. The most important 
structural components of the coat are clathrin and its AP2 (α-β2-µ2-σ2) heterotetrameric adaptor 
complex. 
Coupling bioinformatics prediction analysis with pull-down, mass spectrometry and 
coimmunoprecipitation assays, we identified a novel component of the coat and AP2 interactor: 
APache (KIAA1107), a neuron-specific protein enriched in axonal processes and synaptic 
terminals. We found that APache is highly enriched in the central nervous system, especially in 
the cerebral cortex, hippocampus and striatum, and its expression is developmentally regulated in 
both mouse brain and primary neurons. To investigate the physiological role of APache, we 
silenced it in primary cortical neurons via RNA interference. Silenced neurons were stimulated 
with, either moderate (5 Hz) or high (40 Hz) frequency trains were rapidly fixed, and analyzed 
by electron microscopy. SVs endocytosis was monitored revealing the newly endocytosed SVs 
with soluble horseradish peroxidase (HRP). Under basal conditions, APache knocked-down 
(KD) neurons showed a markedly reduced SV density. Stimulation at 40Hz did not reveal major 
differences comparing control and KD neurons, however stimulation at 5 Hz induced a 
significant increase in the presynaptic area and a decrease in both density of clathrin-coated 
vesicles and HRP-positive SVs in KD neurons. Clathrin mediated endocytosis at the plasma 
membrane has been reported to predominate at low frequency (5hz) versus high frequency 
(40hz) stimulation, we therefore suggest that APache plays an important role during clathrin-
mediated endocytosis and SV reformation. 
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Title: TNIK inhibition in neurons affects synaptic P120 and delta catenin 

Authors: *L. C. JAMES1, T. LANZ1, M. WEBER1, J. EDGERTON1, C. BUZBY1, A. 
SRNKA1, V. REINHART1, A. GUTTERIDGE2, H. XI2, B. KORMOS1, P. O'DONNELL1;  
1NPRU, 2Comp Sci., Pfizer Inc, WW R&D, Cambridge, MA 

Abstract: TRAF2 and NCK interacting kinase (TNIK) is a serine/threonine kinase of the Ste20 
kinase family. TNIK is highly expressed in neurons and enriched in the postsynaptic density at 
synapses, where it has been shown to interact with DISC1. Its localization, along with the recent 
discovery that its substrates include members of the delta catenin family, have suggested a role 
for TNIK in the development and/or stability of dendritic spines. The present studies used 
pharmacologic, genetic and shRNA knockdown strategies to understand the impact of reduced 
TNIK activity upon synaptic biology. Small molecule inhibitors of TNIK acutely reduced 
phosphorylation of P120 and delta catenin. Sustained reductions in phosphorylation of these 
substrates were observed in vivo in TNIK KO mice, and in vitro in primary neurons exposed to 
TNIK shRNA. As current TNIK inhibitor tools also inhibit the related kinases MAP4K4 and 
MINK1, both of which are expressed in neurons, shRNA directed against these kinases were 
developed and compared with TNIK. The phosphorylation of P120 and delta catenin was 
dominantly mediated by TNIK, though some reduction of catenin phosphorylation was produced 
by MAP4K4 knockdown. RNAseq profiling in primary neurons confirmed several common 
downstream changes of TNIK and MAP4K4 knockdown, such as enrichment of genes involved 
in synaptic transmission. Additionally, RNAseq profiling in the hippocampus of TNIK KO mice 
showed alterations in pathways consistent with a role in dendritic remodeling, such as ephrin 
receptor signaling and rac/rho family members. . Assessment of AMPA currents in primary 
neurons, however, revealed no significant effect of TNIK shRNA. Additionally, tool compounds 
failed to elicit changes in synaptic strength in mouse hippocampal slices. These data provide 
additional insight into the roles of TNIK, MINK and MAP4K4 in primary neurons, but highlight 
the need for additional studies to better understand how downstream molecular changes may 
relate to functional outcomes. 
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Abstract: Neuronal exocytosis lies at the heart of the process of synaptic neurotransmission. The 
process of 
neuronal exocytosis is mediated by a conserved family of proteins called the SNARE proteins. 
There 
are three different kinds of neuronal SNAREs. Syntaxin 1a and SNAP-25a are present on the 
plasma 
membrane whereas Synaptobrevin is present on the synaptic vesicles. The SNARE-motifs of 
these 
three proteins come together to form a four-helix bundle which pull the membranes together to 
mediate fusion. Years of works in this field have established that the SNARE proteins are 
extremely 
critical for the occurrence of membrane fusion. Nonetheless, the precise molecular details of the 
steps 
and the sequential order of events involved in the process still remains a mystery. Using in-vitro 
reconstitution of the SNARE fusion machinery, and by employing techniques like FRET, 



Anisotropy and 
NMR, we have tried to look into details of the steps underlying the exquisitely regulated process 
of 
neurotransmitter release. Special emphasis has been made on the role of regulatory proteins like 
Munc18 and Munc13 that play a crucial role in SNARE-complex formation. The SNARE 
proteins and 
the afore-mentioned regulatory proteins have been over-expressed in bacterial cells and purified 
by 
several chromatographic steps like affinity purification followed by ion-exchange 
chromatography or 
gel filtration chromatography. The purified proteins were reconstituted into liposomes in order to 
form 
a minimal system to study SNARE-mediated membrane fusion. Different cysteine-mutants of the 
SNARE- proteins were also purified in order to incorporate fluorescent labels at specific 
positions in 
the proteins. The fluorescent labeling on the proteins enabled us to monitor protein-protein 
interactions under different reaction conditions and helped us to assess any stimulatory or 
inhibitory 
effects of the regulatory proteins involved in the SNARE-machinery. Subsequently, the effect of 
different proteins on the fusion mediated by the SNARE-proteins was studied by labeling the 
lipids 
used for liposome formation. Anisotropy measurements were employed to assess the binding of 
ligands to proteins/ protein complexes. Using the above-mentioned techniques, we have been 
able to 
assess very interesting aspects of the neuronal SNARE-fusion machinery and we believe that our 
findings will surely take us one step closer to understanding the enigma of SNARE-mediated 
neuronal 
exocytosis. 
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Title: Atypical dopamine transporter inhibitors R-Modafinil and JHW007 differentially alter 
excitability of midbrain dopamine neurons and reduce the cellular effects of cocaine 

Authors: *A. J. AVELAR1, A. H. NEWMAN2, M. J. BECKSTEAD1;  
1UT Hlth. Sci. Ctr. San Antonio, San Antonio, TX; 2Medicinal Chem. Section NIDA-IRP, Natl. 
Inst. of Drug Abuse, Baltimore, MD 

Abstract: Psychostimulants, such as cocaine, increase attention and induce euphoria, are 
commonly abused, and can damage human health up to and including death. Currently, there are 
no FDA approved pharmacological treatments for cocaine abuse. Cocaine, the prototypical 
dopamine (DA) transporter (DAT) inhibitor, produces hyperlocomotion and reinforcement in 
rodents. Recently, a separate class of compounds termed atypical DAT inhibitors have been 
shown to bind DAT with high affinity and block reuptake, but are less likely to induce cocaine-
like behavioral effects. Evidence from behavioral studies supports that atypical DAT inhibitors 
reduce cocaine-induced hyperlocomotion and self-administration in rodents, which suggests 
potential therapeutic benefits for human cocaine users. However, the cellular actions of atypical 
compounds are unknown. Therefore, we are investigating the effects of atypical DAT inhibitors 
R-Modafinil and JHW007 on D2 autoreceptor-mediated currents and DA neuron excitability by 
performing patch-clamp electrophysiology of midbrain DA neurons in brain slices from DBA/2J 
mice. R-Modafinil increased D2 autoreceptor current amplitude and width and decreased DA 
neuron firing rate in a D2 autoreceptor dependent manner. Conversely, JHW007 primarily 
decreased D2 autoreceptor current amplitude and had little effect on width and DA neuron firing 
rate. These findings suggest that, despite both being atypical DAT inhibitors, these compounds 
exhibit profoundly different effects on DA neuron excitability. Additionally, both R-Modafinil 
and JHW007 decrease the effects of cocaine on D2 autoreceptor current amplitude, which 
supports that these compounds can partially block the effects of cocaine at the cellular level. 
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Title: Membrane-bound glucocorticoid receptors on distinct nociceptive neurons as potential 
targets for pain control by rapid non-genomic effects 
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Abstract: Glucocorticoids were long believed to primarily function through cytosolic 
glucocorticoid receptor (GR) activation and subsequent classical genomic pathways. Recently, 
however, evidence is emerging that suggests rapid non-genomic GR-dependent signaling 
pathways within the brain, although this still remains elusive with regard to spinal and peripheral 
nociceptive neurons. In this paper, we aimed to systemically identify GR within the spinal cord 
and periphery, to verify their putative membrane location and to characterize possible G protein 
coupling and pain modulating properties. Double immunofluorescence confocal microscopy 
revealed that GR predominantly localized in peripheral peptidergic and non-peptidergic 
nociceptive C- and Aδ-neurons and existed only marginally in myelinated mechanoreceptive and 
proprioreceptive neurons. Within the spinal cord, GR predominantly localized in incoming 
presynaptic nociceptive neurons, in pre- and postsynaptic structures of the dorsal horn as well as 
in microglia. GR saturation binding revealed that these receptors are linked to the cell membrane 
of sensory neurons and - upon activation - they trigger membrane targeted [35S]GTPγS binding 
indicating G protein coupling to a putative receptor. Importantly, subcutaneous dexamethasone 
immediately and dose-dependently attenuated acute nociceptive behavior elicited in an animal 
model of formalin-induced pain hypersensitivity compared to naive rats. Overall, this study 
provides firm evidence for a novel neuronal mechanism of GR agonists that is rapid, non-
genomic, and dependent on membrane binding and G protein coupling and acutely modulating 
nociceptive behavior, thus, unraveling a yet unconsidered mechanism of pain relief. Supported 
by Prof. KH René Koczorek Stiftung, Neuried, Germany 

Disclosures:  S.A. Mousa: None. M. Shaqura: None. X. Li: None. M. Al-Khrasani: None. S. 
Fürst: None. A. Beyer: None. M. Schaefer: None. 

Poster 

125. Synaptic Transmission: Modulation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 125.11/F19 



Topic: B.07. Synaptic Transmission 

Support: UMMS Grant P60037094900000 

 NIH NS29470 

 NIH NS093384 

Title: Role of zinc on neuropeptide release from neurohypophysial terminals 

Authors: *J. R. LEMOS, Q. C. CHAU, E. E. CUSTER, R. VILLANUEVA, S. ORTIZ-
MIRANDA;  
MaPS, Univ. of Mass Med. Sch., Worcester, MA 

Abstract: Zinc (Zn2+) is an essential trace metal and Zn2+ deficiency has long been recognized as 
playing a role in a number of physiological brain disorders. Previous studies have shown the 
presence of Zn2+ in the hypothalamus as well as uptake within the Neurohypophysis (NH). Many 
synaptic vesicles/neurosecretory granules appear to contain Zn2+, and these vesicles can act as 
zincosomes. We now show that NH terminals exhibit punctate Zn2+ staining. We have also found 
the presence of the GPR39 receptor as well as Zn2+ transporters at nerve terminals in the NH. 
The functional effects of exogenous Zn2+ on AVP and OT release from isolated 
neurohypophysial terminals of Wistar rats were examined using ELISAs. An exogenous 
concentration of 6 µM Zn2+ was necessary to initiate neuropeptide release and a maximal 
response was obtained at a concentration of ≥200 µM. Since Zn2+ is a known agonist of P2X2, 
P2X3, and/or P2X4 receptors, which are present exclusively on AVP terminals, we explored the 
possibility that Zn2+ activation of these purinergic receptors was inducing AVP release. Exposure 
to PPADS, an antagonist for P2X2 and P2X3 receptors, significantly inhibited Zn2+-induced 
AVP release but, surprisingly, this antagonist also inhibited Zn2+-induced OT release. Terminals 
exposed to PPADS alone, exclusively block ATP-induced AVP release, never OT release. 
Several studies have shown that PPADS is also a potential inhibitor of G-protein coupled 
receptor-induced IP3 release, and, thus, of intracellular Ca2+ concentration. Exogenous Zn2+-
induced AVP and OT release occurred even in the absence of extracellular Ca2+ and was reduced 
by pretreatment with caffeine or acidic (6.5) pH. These results suggest that a GPCR-dependent 
pathway is activated during Zn2+ stimulation of neuropeptide release. Finally, Ca-EDTA (10 
mM), a Zn2+ chelator, decreased high K+-induced release of both neuropeptides from the intact 
NH. Taken together these findings lead us to hypothesize that endogenous Zn2+ could modulate 
AVP and OT release by interacting with GPR39 and P2X receptors in the plasma membrane of 
nerve terminals in the NH. 
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Authors: M. S. SCARNATI, *K. G. PARADISO;  
Cell Biol. and Neurosci., Rutgers Univ., Piscataway, NJ 

Abstract: Neurotransmitter release is fundamental to brain function, and sustained synaptic 
transmission requires the interaction and maintenance of thousands of proteins. While some 
synaptic proteins, ion channels for example, are stable for days, others undergo faster turnover. 
The rate of protein synthesis that is required to replenish the proteins that are necessary to 
maintain ongoing synaptic activity is not fully understood. We examine this question using 
electrophysiological recordings at the Calyx of Held, a large synapse in the mammalian auditory 
brainstem that allows presynaptic and postsynaptic electrical recordings of synaptic transmission. 
To study synaptic activity, we stimulate the presynaptic axon of this nerve terminal and record 
the postsynaptic response. We find that blocking protein synthesis by bath application of 
cycloheximide increases the delay between the presynaptic stimulation time and the postsynaptic 
response. Compared to control recordings, we find an approximately 2-fold increase in the 
latency of the excitatory postsynaptic current (EPSC) at the end of a 20 Hz stimulation train. We 
also find an approximately 50% reduction in the expected peak amplitude of the EPSC and a 
reduction in the slope of the EPSC resulting in a smaller but prolonged EPSC compared to 
control recordings. Finally, we find that synaptic transmission can be highly compromised or 
even abolished within an hour after adding cycloheximide to block protein synthesis. These 
results appear to involve the release of neurotransmitter, which indicates a presynaptic effect. 
Possible mechanisms include postsynaptic proteins that affect presynaptic activity. In addition, 
glial protein synthesis may be necessary to maintain presynaptic activity. Finally, local protein 
synthesis has been shown to occur in axons of other types of neurons. Therefore, local protein 
synthesis in the presynaptic axon or possibly the nerve terminal could be affected. We are 
currently testing the possible mechanisms. 
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Abstract: Serotonergic fibers from the median raphe nuclei project to many brain regions 
including hippocampal formation. Serotonin is known to modulate the inhibitory interneurons in 
the dentate hilus, which indirectly affects the excitability of the dentate granule cells. Although 
5-HT receptor also exist in the dentate granule cells, the effects of 5-HT on the excitatory 
synaptic transmission in the granule cells are not well resolved. In the present study, we 
examined the effects of 5-HT on the excitatory postsynaptic potentials (EPSPs) in the dentate 
granule cells evoked by the selective stimulation of the lateral perforant path (LPP), the medial 
perforant path (MPP), or the mossy cell fibers (MCF). In the presence of the GABAA receptor 
antagonist, picrotoxin, 5-HT (1 µM) decreased the input resistance of the granule cells to ~65% 
of the control and shortened the decay time constant of EPSPs. These effects were completely 
blocked by 5-HT1A receptor antagonist, WAY100635. 5-HT depresses the amplitude of unitary 
EPSPs (uEPSPs) evoked by the minimum stimulation of LPP or MPP, whereas uEPSPs evoked 
by MCF stimulation was little affected. Because the inhibitory effect was partially blocked by 
WAY100635, the effect was explained by the shunting effect of 5-HT, which was confirmed by 
computer simulations. We also found that the success probability of uEPSP by LPP stimulation 
but not MPP or MCF stimulation was reduced by 5-HT, and that the paired-pulse ratio (PPR) of 
LPP-evoked EPSP but not the PPR of the MPP- or MCF-evoked EPSP was increased by 5-HT. 
These effects were blocked by 5-HT2 receptor antagonist, ritanserin, suggesting that the 
transmitter release in the LPP-granule cell synapse is inhibited by the activation of 5-HT2 
receptors. In summary, the present results suggest that 5-HT can modulate the EPSPs in the 
dentate granule cells by at least two distinct mechanisms. 
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Title: In situ determination of the binding capacity of calbindin 
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Abstract: Endogenous Ca2+ binding proteins play an important role in controlling the spatio-
temporal domains of intracellular Ca2+. One such protein is the relatively fast, mobile protein 
calbindin (Cb). Cb is expressed in subsets of neurons and interneurons, and has been implicated 
in neuronal survival and synaptic signaling. The affinity and binding kinetics of the EF-hand 
protein have been well characterized in vitro, but thus far the technical challenges of measuring 
the biophysical properties of the protein in situ have proven intractable. However, Cb also binds 
Mg2+, and may also be affected by intracellular pH, or interactions with other proteins (there is 
evidence that Cb can act as a sensor in addition to its role as a buffer), thereby potentially 
altering its binding capacity and speed in neurons. We have developed a 2P laser scanning based 
approach to derive highly precise quantitative information about the resting Ca2+, activity-
induced increases in free Ca2+, and dye concentration using time correlated single-photon 
counting fluorescent lifetime imaging (FLIM) and single cell electroporation in dentate granule 
(DG) cells, which express Cb at ~40uM. Two calibrations are required for this approach: 1) 
calibration of the fast and slow fluorescent lifetime decay constants with free Ca2+ concentration, 
and 2) calibration of the dye concentration in the cell based on a bead ratio. Dentate granule cells 
from P25-P35 wild-type and Cb-knockout were electroporated with OGB-1. The resulting dye 
concentration was intentionally kept low (<10uM) so that the majority of the buffering capacity 
in the wild-type cells is contributed by Cb. In control experiments, patching the cells after 
electroporation revealed that cells were healthy and capable of firing action potentials. A 
stimulating pipette in the hilus provided antidromic stimulation to induce dendritic calcium 
transients from back propagating action potentials. 2-P FLIM line scans (4-10 ms) from the 
dendrites were acquired during antidromic stimulation, and resting calcium concentration and 
free calcium concentration during stimulation were analyzed by biexponential reconvolution 
fitting. This approach enables us to precisely measure the real-time Ca2+ dynamics in a cell with 
unperturbed intracellular Cb. By inducing long trains of antidromic action potentials, we can 
elevate the intracellular Ca2+ to ~300nM, allowing Cb to reach equilibrium with the free Ca2+ 



concentration. After the train of action potentials, Cb releases the bound Ca2+ as the free Ca2+ 
returns to the resting state. From this decay back to resting Ca2+, we can directly extrapolate the 
Ca2+ affinity of Cb in situ. 
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Abstract: We utilized in vivo microdialysis in rats to explore the effects of selective muscarinic 
and nicotinic receptor compounds on the regulation of acetylcholine (ACh) and dopamine (DA) 
release in the nucleus accumbens (NAc). In these studies, basal levels of ACh were elevated by 
infusion of the acetylcholinesterase inhibitor neostigmine and cholinergic receptor activation was 
modulated by acute administration of the M4 PAM VU0152100, α7-nicotinic antagonist MLA 
and the α4β2 nicotinic antagonist DHβE. Neostigmine was infused via retro dialysis in a dose-
dependent (25, 50, 75, 100, 200nM) manner to elevate levels of ACh in the NAc and to examine 
the subsequent effects on dopamine transmission. We also demonstrated that extracellular levels 
of DA in the NAc are elevated following infusion of 100 or 200nM of neostigmine. Neostigmine 
infusion increased peaks levels of DA by 150-200% and DA remained elevated throughout the 
duration of the study compared to vehicle treated controls. Lower concentrations of neostigmine 
(25-75 nM) failed to increase dopamine reliably even though ACh levels increased dose 
proportionally up to 1500-2000% of baseline values. Intraperitoneal (i.p.) injection of the 
M4PAM VU0152100 (30 mg/kg) significantly (P<0.05) attenuated neostigmine (100nM) 
induced DA release as demonstrated by area under the curve analysis for DA. To identify the 
type of cholinergic receptors responsible for regulating DA release, we investigated the effects of 
the α-7 nicotinic receptor antagonist MLA on neostigmine-induced DA release. In these studies, 
MLA (10 mg/kg, i.p.) significantly attenuated neostigmine (200nM) induced DA plus ACh 
release most likely by modulating α7-nicotinic receptors on cholinergic interneurons. Lastly, we 
explored the effects of DhβE, a α4β2 nicotinic receptor antagonist, on neostigmine induced DA 



release to assess the selectivity the α-7 nicotinic receptor in modulating DA release in this brain 
region. Our studies revealed the high level of interaction between ACh and DA in the NAc. 
Especially, we demonstrated that elevating basal ACh through neostigmine infusion can 
stimulate DA release and that this release is attenuated by selective activation of the M4 
muscarinic receptor and by antagonism of α-7 nicotinic receptors. Further understanding the 
regulation of these transmitters is of great interest for both basic mechanistic and clinical 
understanding. 

Disclosures:  A.D. Ramirez: None. L. Yao: None. S.M. Smith: None. 

Poster 

125. Synaptic Transmission: Modulation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 125.16/F24 

Topic: B.07. Synaptic Transmission 

Support: NIH GRANT NS083031 

Title: Rapid alkalinization of a glutamatergic synaptic cleft by a single action potential 

Authors: *M. STAWARSKI, G. MACLEOD;  
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Abstract: The machinery that mediates neurotransmission is pH sensitive including Ca2+ 
channels and neurotransmitter receptors facing the synaptic cleft. While it is conceded that 
synaptic cleft pH might change during neural activity, the valence and kinetics of any changes 
are unknown. In this study, we use genetically-encoded ratiometric pH indicators to monitor 
activity-induced pH dynamics at the Drosophila larval neuromuscular junction. A single action 
potential can evoke a rapid alkalinization of the synaptic cleft of approximately 0.02 pH log units 
(~3% change in proton concentration) within ~20ms. Synchronous with cleft alkalinization, pre- 
and post-synaptic compartments acidify with postsynaptic compartment acidification being more 
rapid and to a greater extent. Cleft alkalinization decays rapidly (~60ms) and mirrors the decay 
of postsynaptic acidification. Alkalinization of the cleft can be blocked by desensitizing 
glutamate receptors which blocks postsynaptic acidification suggesting that action potential-
evoked cleft alkalinization is a function of acid flux across the postsynaptic membrane. The rapid 
rise and decay of cleft pH transients suggests relevance to fast forms of short-term synaptic 
plasticity and although each transient is small they can summate rapidly in response to 
successive action potentials. 
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Abstract: Anxiety disorders are thought to reflect deficits in the regulation of fear memories. 
While the amygdala has long been considered a site of storage of fear memories, newer findings 
suggest that the prefrontal cortex is essential in the regulation of amygdala dependent memories 
and fear expression. Here, activation of the prelimbic cortex enhances the expression of fear, 
whereas an elevated activity in the infralimbic cortex enhances fear extinction. Despite the 
presence of these facts, we still know very little about the synaptic interconnectivity within the 
prefrontal cortex. The aim of the present study was to investigate the inhibitory circuits between 
prelimbic and infralimbic cortex. We provided the first experimental evidence that the pyramidal 
neurons in the prelimbic cortex received a direct inhibitory input mediated by long-range bipolar 
NPY+ GABAergic projection neurons, but not by PV+-interneurons in the infralimbic cortex. Our 
further immunohistochemical analysis revealed that the distribution of parvalbumin- (PV+), 
neuropeptide Y- (NPY+), and calretinin- (CR+) positive GABAergic neurons was strikingly 
different within the prefrontal cortex. While the CR+ GABAergic interneurons were predominant 
in the layers I to III, PV+- and NPY+-GABAergic interneurons were mostly expressed in the 
layers V/VI of prefrontal cortex. Furthermore, the distribution of different GABAergic 
interneurons was even different within the prelimbic cortex. Based on these data, we suggest to 
sub-divide the prelimbic cortex in two parts: the 'cortical type' dorsal and the 'prefrontal type' 
ventral part. We are convinced that this classification of the prelimbic cortex will help us to 
further understand the underlying neuronal circuits and their interconnectivity to different 
neocortical areas. Additional experiments are, thus, necessary to further characterize the 



functional roles and synaptic interconnectivities of the diverse inhibitory neuronal circuits within 
the prefrontal cortex as the center of emotional control. 
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Title: Modulation of synaptic transmission: protein specificity of inhibitory adrenergic α2a 
receptor 
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Abstract: Modulation of neurotransmitter exocytosis by activated Gi/o-type G-protein coupled 
receptors (GPCRs), such as the α2a adrenergic receptor (α2a-ARs), is a universal regulatory 
mechanism used both to avoid overstimulation and to influence circuitry. One of the known 
modulation mechanisms is Gβγ interaction with soluble N-ethylmaleimide-sensitive factor 
attachment protein receptor (SNARE). There are 5 Gβ and 12 Gγ subunits, but whether specific 
Gβγs are activated by a given GPCR in vivo are not known. Presynaptic α2a-ARs in both 
adrenergic (auto α2a-ARs) and non-adrenergic neurons (hetero α2a-ARs) inhibit neurotransmitter 
release and have various physiological functions such as anesthetic sparing and working memory 
enhancement. In this project, we examine the levels of each Gβ and Gγ in whole brain 
synaptosomes and in various fractions of synaptosomes. In whole brain synaptosome, we 
identify Gβ1 and Gγ2 as dominant subunits present. Although all Gβs and Gγs are highly present 
in “cytosolic” fractions, Gγs vary in different subcellular fractions. We also investigate whether 
auto α2a-ARs in sympathetic neurons use the same Gβγ subunits as hetero α2a-ARs in other 



neuronal types to inhibit exocytosis by interacting with SNARE. Using several mouse models 
including transgenic Flag-α2a-ARs, knock-in HA-α2a-ARs, co-immunoprecipitation, mass 
spectrometry analysis, we have identified the Gβ and Gγ subunits that interact with α2a-ARs and 
SNARE. Of these G proteins, we found Gβ2 and Gγ13 preferentially interacting with activated 
auto α2a-ARs. We found no significant change in Gβγ specificity to SNARE following α2a-ARs 
activation. Further understanding Gβγ specificity may offer new insights into the normal 
functioning of the brain, as well as better understanding of disease progression. 
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Abstract: Glucagon-like peptide-1 (GLP-1) is an incretin hormone released from intestinal L-
cells in response to nutrient ingestion. Until recently the GLP-1 cleavage product, GLP-1 (9-36), 
was considered biologically inactive. We have previously shown that GLP-1 (9-36) treatment 
rescues synaptic plasticity impairments and memory deficits in an Alzheimer’s disease (AD) 
mouse model. However it is unclear by what molecular mechanisms GLP-1 (9-36) exerts those 
effects. De novo protein synthesis is critical for long-term synaptic plasticity and memory 
formation, and is impaired in Alzheimer’s disease. Therefore, GLP-1 (9-36) may influence de 
novo protein synthesis and associated signaling pathways in the central nervous system. Acute 



(400 µm) hippocampal slices were prepared from mice and treated with GLP-1 (9-36) (1 µM - 
100 pM doses). We used Surface Sensing of Translation (SUnSET), to assess de novo protein 
synthesis; newly synthesized proteins were detected via western blot analysis. We examined 
signaling proteins involved in de novo protein synthesis in the hippocampus, specifically those 
associated with eukaryotic elongation factor-2 (eEF2), mammalian target of rapamycin complex 
1 (mTORC1), and AMP-activated protein kinase (AMPK), which is a well-known central 
cellular energy sensor. To further determine whether the changes in de novo protein synthesis in 
GLP-1 (9-36) treated slices were due to protein synthesis or degradation pathways, we cotreated 
hippocampal slices with GLP-1 (9-36) and β-lactone, a proteasome inhibitor. We observed: (1) 
administration of GLP-1 (9-36) to hippocampal slices decreased de novo protein synthesis as 
assessed by SUnSET; (2) GLP-1 (9-36) treatments led to increased levels of AMPKα 
phosphorylation, which is consistent with decreased de novo protein synthesis; (3) cotreatment of 
β-lactone did not alter the effects of GLP-1 (9-36) on de novo protein synthesis or AMPKα 
phosphorylation. This study provides a potential mechanism by which GLP-1 (9-36) influences 
synaptic plasticity and memory. In the future, we will elucidate the molecular mechanisms by 
which GLP-1 (9-36) influences synaptic plasticity in models of chronic GLP-1 (9-36) exposure 
and other mouse models of cognitive impairment. 
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Title: Interactions between the eIF2α and mTORC1 signaling pathways 
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Abstract: Maintenance of long-lasting synaptic plasticity and long-term memory requires de 
novo protein synthesis. Two signaling pathways which control protein synthesis have been 
shown to play important roles in synaptic plasticity, learning, and memory: the eukaryotic 
initiation factor 2α (eIF2α), and the mammalian target of rapamycin complex1 (mTORC1) 



pathways. Whether there interactions exist between these two pathways in neuronal systems 
remains unclear. Taking advantage of genetic and pharmacological approaches, here we 
investigated in mouse the effects of repressing eIF2α kinases, GCN2 and PERK, on the 
mTORC1 signaling pathway. We found (1): Genetic deletion of eIF2α kinase PERK in mice 
yielded increased phosphorylation of 4E-Binding Protein 1 (4E-BP1), and genetic deletion of 
GCN2 yielded increased phosphorylation of p70S6 kinase (p70S6K). (2) Genetic deletion of 
PERK yielded decreased phosphorylation of Akt and amp-activated protein kinase (AMPK), 
while genetic deletion of GCN2 resulted in increased phosphorylation of Akt and AMPK[W1] 
[WSoM2] . (3) Deletion of either PERK or GCN2 genes led to increased levels eukaryotic 
elongation factor 1A (eEF1A). (4) In contrast, incubation of hippocampal slices with PERK 
Inhibitor, GSK 2606414, did not impact the components of the mTORC1 pathway, except 
increasing eEF1A levels. (5) Further, hippocampal long-term potentiation (LTP) failure induced 
by mTORC1 inhibitor rapamycin was reversed by GCN2 genetic deletion. Our results indicate 
the mTORC1 and eIF2α pathways clearly interact in neurons and are more closely interwoven 
than previously thought. Our study provides evidence of an additional layer of complexity to the 
mechanisms of long-term synaptic plasticity and memory formation. 
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Title: The role of adenylate cyclase 1 in reinforcement synaptic plasticity: a modeling and 
experimental study 
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Abstract: Animals actively operate on external environment to obtain a reward, and the reward 
(reinforcer) increases the occurrence probability of the operation that successfully brings about a 
reward. As a synaptic basis of such action-reward association (operant conditioning), we have 



recently discovered that dopaminergic (DA; reward expectation) signal promotes spine 
enlargement only during a narrow time window (a few seconds) after pre-post spiking (action) 
signal in the medium spiny neurons (MSNs) of the striatum (Yagishita 2014, Science 345, pp. 
1616-1620). 
In such reinforcement plasticity, DA signal activates dopamine D1 receptors (D1R), which 
results in the activation of adenylate cyclase 1 (AC1). In turn, the pre-post spiking signal 
increases intracellular Ca2+ level, which also results in the activation of AC1. Thus, AC1 would 
work as a coincidence detector to associate DA with pre-post spiking. This scenario was 
supported because we found that a downstream enzyme of AC1, protein kinase A (PKA), 
encodes the timing information in the reinforcement plasticity. 
To precisely capture the AC1 kinetics for the reinforcement plasticity, we reconstituted the AC1 
signaling in HeLa cells. In the HeLa cells, we first observed that AC1 was activated 
synergistically by DA and Ca2+ signals. Further, AC1 was activated rapidly by the DA signal, 
whereas slowly by the Ca2+ signal. The slow activation of AC1 by Ca2+ reflected the waveform 
of the Ca2+ signal itself, i.e., the delay time of AC1 activation was highly correlated with the 
decay time of the Ca2+ signal. Mutation analysis revealed that such slow response of AC1 was 
mediated by a direct binding site of Ca2+, which led to Ca2+ inhibition in the other type of AC. 
Based on those pieces of experimental evidence, we built a computational model of the whole 
signaling of the reinforcement plasticity, including the AC1 kinetics. Because of the delayed 
activation of AC1 specific to the Ca2+ signal, AC1 worked as not only the coincidence detector 
of the Ca2+ and DA signals, but also the causality detector of them. Further, the whole signaling 
model successfully reproduced a series of experimental results in the reinforcement plasticity. 
The model simulation thus suggested that the delayed AC1 activation would provide individual 
spines with robust mechanism to detect causality between action (Ca2+) and reward expectation 
(DA) signals during operant conditioning. 
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Title: Rational engineering of sensors for hierarchical and orthogonal Ca2+ signaling 
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Abstract: Ca2+ signaling pathways play key roles in decoding of neural input parameters to 
regulate functional properties of neurons. CaMKII and calcineurin are major Ca2+ dependent 
kinase and phosphatase that regulate synaptic functions and their physiological significance in 
neuronal and cognitive functions have been demonstrated both in vitro and in vivo, using 
pharmacological and genetic manipulations. However, how seemingly similar Ca2+ transients 
triggered at the spine, dendritic, or cellular levels leads to differential usage of two enzymes of 
opposing functions and distinct localizations remains unknown. In particular, quantitative 
parameters of Ca2+ signaling transduction, such as activation time courses and spatial spread 
have been difficult to investigate. To begin to address these issues, we developed mutually 
tolerant color variants of geneticallly encoded indicators for Ca2+, CaMKII and calcineurin 
activities. Using large-Stokes-shift and red-shifted fluorescent proteins as FRET pairs, we 
developed dFOMA (dual FRET with Optical Manipulation) imaging approach, which enabled us 
to measure two different FRET probes simultaneously, while also performing optical 
manipulations through UV uncaging in living neurons. dFOMA imaging thus revealed 
distinctive spatial and temporal relationship between Ca2+, CaMKII and calcineurin activities 
during high-frequency glutamate uncaging photo-stimulations. Information processing analysis 
further revealed that CaMKII functions as input frequency/number decoder, whereas calcineurin 
acts as a sensitive input number counter. This latter new finding prompted us to further 
ameliorate the performance of the calcineurin FRET sensor, based on structural biological and 
genomic evidence. Rationally engineering of calcineurin probes based on fluorophore insertions 
showed improved dynamic ranges both in vitro and in living neurons. In combination with R-
CaMP2, a red genetically encoded Ca2+ indicator, the new calcineurin sensors permitted us to 
simultaneously visualize spontaneous Ca2+ and calcineurin activity in single spines in cultured 
hippocampal neurons. Taken together, our novel sensor engineering approach provides 
substantial advantage for future investigations of cellular and subcellular computation achieved 
by biochemical signaling within neuronal circuits. 
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Title: The Angelman syndrome protein UBE3A regulates mTOR signaling and synaptic 
plasticity by ubiquitinating P18 
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Abstract: Angelman syndrome (AS) is a neurogenetic disorder caused by deficiency of 
maternally expressed UBE3A, an E3 ligase, which targets specific proteins for proteasomal 
degradation. We previously reported that over-activation of mechanistic target of rapamycin 
complex 1 (mTORC1) may contribute to synaptic pathology, learning deficits and motor 
impairment in AS. However, how UBE3A deficiency results in mTORC1 over-activation 
remains unknown. We report here that UBE3A ubiquitinates P18, a member of the Ragulator 
complex, which plays crucial roles for lysosomal recruiting and activation of mTORC1, and 
facilitates its degradation through the proteasome. UBE3A regulated P18 levels in heterologous 
cells through ubiquitination, and His-ubiquitin pull down assays confirmed that P18 was 
ubiquitinated by UBE3A. P18 co-immunoprecipitated with other members of the Ragulator, P14 
and MP1, and with Rag GTPase/RagA in lysates from cultured hippocampal neurons or mouse 
hippocampus. Immunofluorescence staining showed that P18 was localized to puncta labeled 
with the lysosomal marker, LAMP2, in cell bodies and dendrites of hippocampal neurons. P18 
levels were significantly increased in hippocampus of AS mice, as compared to wild-type (WT) 
mice. Immunoprecipitation under denaturing conditions showed that levels of P18 ubiquitination 
were reduced in hippocampus of AS mice, as compared to WT mice. Treatment with MG132, a 
proteasome inhibitor, significantly increased P18 levels in acute hippocampal slices from WT 
mice, suggesting that UBE3A ubiquitination of P18 facilitates its degradation through the 
proteasome. In cultured hippocampal neurons, increased mTORC1 and decreased mTORC2 
activation, as well as actin polymerization impairment resulting from UBE3A deficiency were 
reversed by P18 shRNA knockdown. Finally, AAV siRNA-mediated P18 knockdown in 



hippocampal CA1 neurons from AS mice reduced mTORC1 activity, increased mTORC2 
activity, and improved long-term potentiation (LTP) and dendritic spine morphology in AS mice. 
These results suggest that P18 levels are regulated by UBE3A-mediated ubiquitination and 
proteasomal degradation, and that the lack of this regulation results in increased P18 levels, 
which could account for abnormal mTOR signaling and synaptic plasticity impairment in AS 
mice. 
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Abstract: Altered microglia function has been believed to cause synaptic dysfunctions. We tried 
to understand the possible role of microglia in the process of long-term functional plasticity 
models such protein synthesis dependent late-long-term potentiation (late-LTP) and its 
associative process, Synaptic Tagging Capture (STC). Our preliminary data showed impairments 
in late-LTP following the perfusion of Clodronate, a drug that obliterates microglia in a specific 
manner, which is also confirmed by our imaging studies. Results from Synaptic tagging and 
capture phenomenon also cemented the observations of the electrophysiological and image 
technique methods. This led us to hypothesize that microglia has a role to play with either 
Plasticity-Related Proteins (PRP's) or in the process of setting of the synaptic tag process in STC. 
Overall, our results provide compelling evidence for the role of microglia in associative long-
term plasticity. 
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Title: Applying proximity ligation assay to study interaction of PP1 with I-2 or CREB in 
response to neuronal activity 
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Abstract: Reversible phosphorylation is a fundamental regulatory mechanism for many 
biological processes, such as synaptic plasticity, a cellular model for learning, memory and other 
experience-dependent brain functions. Synaptic plasticity is regulated by protein kinases as well 
as protein phosphatases. Protein phosphatase-1 (PP1), in particular, is required for long-term 
depression (LTD). Inhibition of PP1 is necessary for long-term potentiation (LTP) to occur. 
However, how PP1 activity is regulated and how PP1 access its plasticity substrate during 
synaptic plasticity is not well understand. Being able to elucidate how neural activity affects 
interaction between PP1 and its binding proteins or its substrate is critical for our understanding 
of the underlying molecular mechanisms of synaptic plasticity. Inhibitor-2 (I-2) is one of the 
most interesting PP1 binding proteins, facilitating PP1 function during LTD. CREB is a known 
substrate of PP1 that is essential in synaptic plasticity. However how I-2 or CREB interact with 
PP1 during synaptic plasticity is not well characterized. In this study, we applied proximity 
ligation assay (PLA) to detect the interaction between PP1 and I-2 or CREB in hippocampal 
neurons with subcellular resolution. I-2-PP1 interaction is readily detected in the nucleus and we 
found that low dose (20uM) NMDA treatment can robustly modulate nuclear I-2 and PP1 
binding. We also found that synaptic activity elicited by short-term bath NMDA or bicuculline 
application lead to PP1 and CREB dissociation in the nucleus, suggesting that PP1 may be 
targeted out of the proximity of CREB during synaptic activity. This study characterized activity-
dependent interaction between PP1 and I-2 or CREB by proximity ligation assay, and thus 
provided a novel model of PP1 regulation and function during synaptic plasticity. 
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Abstract: NMDARs are glutamate-gated ion channels and are enriched at excitatory synapses, 
where they are strategically positioned to play a crucial role in regulation of synaptic function. A 
unique feature of NMDARs is their high permeability to Ca2+. Ca2+ influx through NMDARs is 
essential for synaptogenesis, plasticity of neural circuitry, and higher cognitive functions, such as 
learning and memory. Emerging evidence reveals that PKA signaling represents a fundamental 
mechanism by which NMDAR-mediated Ca2+ influx is modulated in neurons. Direct activation 
of PKA promotes NMDAR Ca2+ permeability, Ca2+ signaling in dendritic spines, and induction 
of LTP at Schaffer collateral to CA1 pyramidal cell synapses. Consistent with this, extracellular 
signals that modulate cAMP bidirectionally regulate Ca2+ permeation through NMDARs and 
Ca2+ transients in spines in a PKA-dependent manner. We recently identified phosphorylation of 
GluN2B at Ser1166 to be the molecular target of PKA relevant to NMDAR Ca2+ permeability. 
Whereas the impact of PKA induced phosphorylation of Ser1166 on NMDAR Ca2+ permeability 
is well-established, its impact on NMDAR-dependent synaptic plasticity is unclear. To address 
this issue, we generated a mouse with a S1166A mutation knocked-in by means of the CRISPR 
method. These mice developed and bred normally and did not exhibit any gross morphological 
phenotypes. We first assessed basal synaptic transmission by monitoring the input/output relation 
at Schaffer collateral to CA1 synapses. We observed that this mutation does not impact basal 
transmission compared to wild-type controls. Next we investigated presynaptic function by 
means of paired-pulse facilitation at CA1 synapses. We found that paired-pulse facilitation was 
not altered in these mice compared to wild-type controls. We then examined synaptic plasticity 
in the form of theta-burst stimulation induced LTP at the CA1 synapse. We observed that theta-
burst stimulation led to a significantly reduced potentiation in the knock-in slices compared to 
wild-type animals. We next examined hippocampal based memory by means of the novel object 
recognition assay and found that it was significantly impaired in these mice compared to wild-
type controls These findings indicate a novel role for PKA phosphorylation of the GluN2B 
subunit in the potentiation and cognition. 
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Abstract: The autonomously active, atypical PKC isoform, PKMζ, has been proposed to play a 
fundamental role in the maintenance of long-term potentiation (LTP) and long-term memory 
(LTM)1,2. Although results from PKCζ/PKMζ-null mice have questioned this hypothesis3,4, 
recent pharmacogenetic studies of wild-type and PKMζ-null mice reveal that persistent PKCι/λ 
activation compensates for the loss of PKMζ in mutant mice, whereas PKMζ is essential for LTP 
and LTM in wild-type mice5. To further characterize the persistent action of PKMζ during LTM, 
here we examined active place avoidance, a hippocampus-dependent, spatial conditioned 
behavior that is rapidly learned and can persist for 1 day to 1 month. 
After a habituation trial, adult male Long-Evans rats were trained by eight 10-min shock trials 
with 10 min inter-trial intervals on Day 1 and spatial LTM tested on Day 2. We found that the 
amount of dorsal hippocampal PKMζ increased and significantly correlated with 1 day LTM 
retention. In contrast, no PKMζ increase was detected after either short-term memory retention 
or an unavoidable shock control group, in which animals received the same number and timing 
of shocks as the avoidance-training group, but without association with the animals’ location. 
After 1 month, retention testing showed that spatial LTM had faded, and no PKMζ increase was 
detected in the dorsal hippocampus of the trained animals. However, if the animals received a 
second 8 training trials on Day 8 and tested one month later, both spatial LTM and the persistent 



increase of hippocampal PKMζ were retained. Analogous to late-LTP, intrahippocampal 
injections of PKMζ-antisense oligodeoxynucleotide during the conditioning disrupted both the 
persistent increase of PKMζ and 1 day LTM. These results indicate that new synthesis of PKMζ 
is crucial for late-LTP and spatial LTM, and the increase of PKMζ formed during learning is 
highly stable and maps the persistence of memory for at least a month. 
1. Frankland, P. W. & Josselyn, S. A. Neuroscience: Memory and the single molecule. Nature 
493, 312-313, doi:10.1038/nature11850 (2013). 
2. Sacktor, T. C. How does PKMzeta maintain long-term memory? Nat Rev Neurosci 12, 9-15, 
doi:10.1038/nrn2949 (2011). 
3. Lee, A. M. et al. Prkcz null mice show normal learning and memory. Nature 493, 416-419, 
doi:10.1038/nature11803 (2013). 
4. Volk, L. J., Bachman, J. L., Johnson, R., Yu, Y. & Huganir, R. L. PKM-zeta is not required 
for hippocampal synaptic plasticity, learning and memory. Nature 493, 420-423, 
doi:10.1038/nature11802 (2013). 
5. Tsokas, P. et al. Compensation for PKMζ in LTP and spatial long-term memory in mutant 
mice. eLife (in press). 
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Title: Exposure to stressors facilitates long-term synaptic potentiation in the lateral habenula 
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Abstract: The lateral habenula (LHb) is a small part of the epithalamus that projects to 
monoamine centers in the brain. Previously, neurotransmission onto the LHb was shown to be 
abnormally potentiated in animal models of depression. However, synaptic plasticity in this brain 



area and the effect of stressor exposure on long-term potentiation of the LHb have not been 
investigated. Thus, we explored whether the LHb undergoes dynamic changes in synaptic 
efficacy or not. First, we observed that a moderate long-term potentiation (LTP) occurs in a 
fraction of LHb neurons obtained from naive animals. Interestingly, a single exposure to acute 
stressors such as inescapable footshock (FS) or restraint plus tailshock (RTS) significantly 
enhances LTP in the LHb. We also observed increased levels of phosphorylated cAMP response 
element-binding protein (CREB) after theta-burst stimulation in acute slice preparations of the 
LHb obtained from RTS-exposed animals. Taken together, we showed that LHb neurons have 
heterogeneous propensity for synaptic potentiation at rest; however, a single exposure to 
stressors greatly facilitates LTP induction in the LHb, suggesting that fundamental alterations in 
synaptic plasticity in the LHb may occur in animal models of depression or post-traumatic stress 
disorder. 
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Title: Regulation of synaptic plasticity by syngap and its roles in neurodevelopmental diseases 
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Abstract: SynGAP is a Ras-GTPase activating protein highly enriched at excitatory synapses in 
the brain. Previous studies have shown that CaMKII and the RAS-ERK pathway are critical for 



several forms of synaptic plasticity including LTP. NMDA receptor-dependent calcium influx 
has been shown to regulate the RAS-ERK pathway and downstream events that result in AMPA 
receptor synaptic accumulation, spine enlargement and synaptic strengthening during LTP. 
However, the cellular mechanisms whereby calcium influx and CaMKII control Ras activity 
remain elusive. Using live-imaging techniques, we have found that SynGAP is rapidly dispersed 
from spines upon LTP induction in hippocampal neurons and this dispersion depends on 
phosphorylation of SynGAP by CaMKII. Moreover, the degree of acute dispersion predicts the 
maintenance of spine enlargement. Thus, the synaptic dispersion of SynGAP by CaMKII 
phosphorylation during LTP represents a key-signaling component that transduces CaMKII 
activity to small G protein mediated-spine enlargement, AMPA receptor synaptic incorporation 
and synaptic potentiation. Recent advances of next generation sequencing have identified 
myriads of de novo deleterious SynGAP mutations in patients of intellectual disability (ID) and 
autism spectrum disorder (ASD). Interestingly, almost all non-sense mutations of SynGAP found 
in these patients lack the domain critical for SynGAP dispersion. Furthermore, SynGAP 
heterozygote knockout mice recapitulate pathophysiology of these disorders; in preliminary 
results we have found that small molecular compounds ameliorates the synaptic plasticity and 
behavioral deficits in these model mice. 
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Abstract: Learning is thought to modulate subsequent behavior by changing the activity of 
neural circuits through long-lasting changes in the strength of synaptic connections. Many forms 



of such long-lasting synaptic plasticity require rapid translation of pre-existing dendritic mRNAs 
at the synapse. Therefore, it is unsurprising that several major neuropsychiatric disorders such as 
autism and schizophrenia, as well as neurodegenerative diseases such as Alzheimer’s disease 
have been shown to involve aberrant neuronal translation. 
p70 S6 Kinase 1 (S6K1) is critical in coupling synaptic activity to the translational machinery. It 
is activated by mTORC1, a hub kinase that integrates synaptic signaling. S6K1 regulates 
translation initiation by stimulating eIF4A helicase activity via the phosphorylation of eIF4B. It 
also regulates elongation by phosphorylating and consequently inhibiting eEF2 kinase, which 
leads to enhancement of eEF2-mediated translocation of nascent polypeptide chains on the 
ribosome. 
In this study, we sought to identify messenger RNAs whose basal translation is regulated by 
S6K1. To this end, we carried out ribosome profiling on cortical lysates of adolescent wild-type 
(WT) and S6K1 knockout mice, as well as on WT mice intraperitoneally injected with PF-
4708671, a selective inhibitor of S6K1. Ribosome profiling uses deep sequencing of ribosome 
footprints (ribosome-protected mRNA fragments) to produce ‘snapshots’ of actively translating 
ribosomes on individual mRNAs. We normalized ribosome footprint counts with the abundance 
of the corresponding transcript, hence dissociating translational efficiency from transcriptional 
artifacts. We have quality controlled the sequencing datasets and are currently carrying out 
differential expression analysis using DeSeq2 to identify the set of mRNAs whose translation is 
sensitive to either deletion or inhibition of S6K1. Our findings will reveal systems-level insights 
on the regulation of basal protein synthesis by S6K1 in mouse brains. 
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Title: Upregulation of Src homology 2 domain-containing phosphotyrosine phosphatase 2 
(Shp2) is critical for ERK signaling mediated AMPA receptor surface trafficking during synaptic 
activity 
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Abstract: Long term synaptic plasticity, such as long term potentiation (LTP), has been widely 
accepted as cellular mechanism underlying memory. Recently, it has been unraveled that Shp2 
plays a role in synaptic plasticity and memory in Drosophila and mice, revealing significant and 
conserved effects of Shp2 in cognitive function. However, the exact mechanism underlying Shp2 
function in synaptic plasticity and memory still remains elusive. In this study, we examined the 
regulation of Shp2 in response to synaptic activity using both in vitro and in vivo models. We 
found that Shp2 was rapidly recruited into postsynaptic sites after chemical LTP (cLTP) 
treatment in cultured hippocampal neurons or LTP induction in hippocampal slices. Meanwhile, 
the phosphorylation level of Shp2 at Y542 was significantly upregulated under these two 
conditions. Notably, contextual fear conditioning also increased phosphorylation level of Shp2 at 
Y542 in the hippocampus. By using Shp2 specific inhibitor and AAV-Cre mediated Shp2 knock-
out in cultured neurons, we provide evidence that the phosphatase activity of Shp2 is critical for 
activity dependent AMPA receptor surface trafficking. Collectively, our results have revealed a 
regulatory mechanism of Shp2 underlying ERK signaling mediated AMPA receptor surface 
trafficking during LTP and memory, broadening our understanding of Shp2 in cognitive 
function. 
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Abstract: LDL receptor-related protein-1 (LRP1) is an endocytic receptor for diverse ligands, 
which also functions in phagocytosis and efferocytosis. In neurons and neuron-like cells, ligand-
binding to LRP1 initiates cell signaling. Understanding the function of LRP1 in cell-signaling is 
important, especially in neurons because LRP1-activated cell-signaling has been implicated in 
neuronal survival, neurite outgrowth, growth cone navigation, synaptic transmission, and long-
term potentiation. In cerebellar granule neurons (CGNs) and neuron-like cell lines, activation of 
cell-signaling proteins downstream of LRP1, including Src family members (SFKs), ERK1/2, 
Akt, and RhoA, depends on the assembly of a system of co-receptors that includes the NMDA 
Receptor, Trk receptors, and/or p75 NTR. Herein, we show that in PC12 and N2a neuron-like 
cells, LRP1 distributes into lipid rafts and non-raft plasma membrane fractions. When lipid rafts 
are disrupted, activation of SFKs and ERK1/2 by the LRP1 ligands, tissue-type plasminogen 
activator and activated α2-macroglobulin, is blocked. Biological consequences of activated LRP1 
signaling, including neurite outgrowth and cell growth, also are blocked. The effects of lipid raft 
disruption on ERK1/2 activation and neurite outgrowth, in response to LRP1 ligands, were 
replicated in experiments with CGNs. Lipid raft disruption does not affect the total ligand-
binding capacity of LRP1 (Bmax), the affinity of LRP1 for ligands (KD values), or its endocytic 
activity. These latter activities probably represent the function of LRP1 localized to clathrin-
coated pits. Our results demonstrate that well-described activities of LRP1 require localization of 
this receptor to more than one distinct plasma membrane microdomain. 
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Abstract: The postsynaptic site of neurons has the capacity to couple the activation of 
neurotransmitter receptor cascades using a complex signaling machinery within a collection of 
more than 1,500 proteins. Individual components of these networks have been described as key 
regulators of synaptic plasticity, in particular hippocampus long-term potentiation (LTP). 
However, it is not know whether the induction of LTP can modulate these signaling networks. 
Here we combine patterns of high frequency stimulation in mouse hippocampus CA1 region, 
together with large-scale phosphorylation and interactomic assays, and suggests that the 
induction of LTP uses a combinatorial writer-eraser-reader toolkit to modulate the core-scaffold 
component of the postsynaptic density (PSD), linking glutamate receptors to a variety of kinases, 
phosphatases and protein binding domains modulated by protein phosphorylation. 
Phosphorylation of highly-connected nodes are co-regulated with modulation of protein 
interaction networks. Regulated nodes contain the PSD risk for psychiatric disease, suggesting 
functional units within the PSD network. 
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Abstract: Long-term potentiation (LTP) is considered to be the cellular basis of learning and 
memory. We recently reported that the protein kinase A (PKA)-dependent form of LTP 



transiently expresses calcium-permeable AMPA receptors (CP-AMPARs) at hippocampal CA1 
synapses (Park et al., 2016). This was induced using a spaced theta-burst stimulation (TBS) 
protocol (sTBS; 3 episodes with a 10 min inter-train interval) or 1 episode of TBS in the 
presence of rolipram (0.1 µM; rTBS), a PDE4 inhibitor. In contrast, a compressed TBS protocol 
(cTBS; 3 episodes with a 10 s inter-train interval) induces a PKA-independent form of LTP that 
did not involve CP-AMPARs. We wondered whether PKA-dependent LTP is also associated 
with a change of single channel conductance (γ) of AMPA receptor since CP-AMPARs have a 
higher γ than calcium-impermeable forms (Swanson et al., 1997). 
We used somatic whole-cell recording and stimulated two inputs in area CA1 of hippocampal 
slices from 4-6 weeks rats. The unitary conductance of AMPARs was estimated using peak-
scaled, non-stationary fluctuation analysis (non-SFA) as described by Benke et al., 1998. Here 
we found that the γ was not affected by the cTBS protocol. On the other hand, LTP, induced by 
sTBS or rTBS, was associated with higher γ of AMPARs. 
In conclusion, our results suggest that PKA-dependent LTP increases the unitary channel 
conductance of AMPARs via synaptic expression of CP-AMPARs. We expect the current 
findings help to understand the cellular mechanism of our previous report (Benke et al., 1998) 
that LTP expression was often associated with an increased AMPAR conductance in immature 
animals (P13-P15). 
Benke TA, Lüthi A, Isaac JT, Collingridge GL (1998) Modulation of AMPA receptor unitary 
conductance by synaptic activity. Nature 393:793-797. 
Park P, Sanderson TM, Amici M, Choi SL, Bortolotto ZA, Zhuo M, Kaang BK, Collingridge GL 
(2016) Calcium-Permeable AMPA Receptors Mediate the Induction of the Protein Kinase A-
Dependent Component of Long-Term Potentiation in the Hippocampus. J Neurosci 36:622-631. 
Swanson GT, Kamboj SK, Cull-Candy SG (1997) Single-channel properties of recombinant 
AMPA receptors depend on RNA editing, splice variation, and subunit composition. J Neurosci 
17:58-69. 
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Title: Pharmacogenetic analysis demonstrates compensation for PKMζ function by PKCι/λ in 
long-term potentiation and spatial long-term memory in PKMζ-null mice 
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Abstract: PKMζ is a brain-specific, persistently active, atypical PKC isoform proposed to 
mediate late-LTP (L-LTP) and long-term memory (LTM). But in PKMζ-null mice L-LTP and 
LTM appear normal and are still disrupted by PKMζ-inhibitor ZIP. These findings can be 
accounted for by two hypotheses. First, PKMζ is unimportant for LTP or memory. Second, 
PKMζ is essential for the maintenance phase of late-LTP and the consolidation of long-term 
memory in wild-type mice, and compensatory mechanisms are recruited by PKMζ-null mice 
during these two processes. 
We used a pharmacogenetic approach to distinguish between these two hypotheses. First, we 
block de novo synthesis of PKMζ during protein synthesis-dependent L-LTP using PKMζ-
antisense oligodeoxynucleotides, and find that whereas the PKMζ-antisense blocks L-LTP in 
wild-type mice, the same PKMζ-antisense has no effect on LTP in mutant mice that lack the 
antisense’s target mRNA. We also find that PKCι/λ, another atypical PKC inhibited by ZIP that 
becomes transiently active during the induction of LTP in wild-type mice, becomes persistently 
active in PKMζ-null-LTP. Moreover, the PKCι/λ-selective antagonist ICAP reverses the 
maintenance of PKMζ-null-LTP, but not the maintenance of wild-type-LTP. 
Pharmacogenetic analysis of spatial LTM reveals the same double dissociation: acute 
applications of PKMζ-antisense block LTM in wild-type, but not PKMζ-null mice, and, 
conversely, ICAP disrupts LTM maintenance in PKMζ-null, but not wild-type mice. 
Remarkably, when both conditioned and unreinforced place memory tasks are made more 
difficult, PKMζ-null mice perform poorly compared to wild-type mice, suggesting that with high 
cognitive demand PKCι/λ cannot adequately compensate for normal PKMζ function. 
Thus, the molecular mechanisms for L-LTP maintenance and spatial LTM consolidation in wild-
type and PKMζ-null mice are different. Under normal physiological conditions in wild-type 



mice, PKMζ is essential for L-LTP and LTM; in mutant mice without PKMζ, persistent PKCι/λ 
activation compensates for PKMζ loss. 

Disclosures:  P. Tsokas: None. C. Hsieh: None. Y. Yao: None. E. Lesburguères: None. A.A. 
Fenton: None. T.C. Sacktor: None. 

Poster 

126. Long-Term Potentiation: Intracellular Signaling 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 126.18/F44 

Topic: B.08. Synaptic Plasticity 

Title: FRET-based cGMP imaging in cerebellar granule neurons reveals cGMP/Ca2+ crosstalk 
via a cGKI-independent mechanism 

Authors: *M. PAOLILLO, S. PETERS, R. FEIL;  
Univ. of Tuebingen, Tuebingen, Germany 

Abstract: We study the role of the second messenger 3',5'-cyclic guanosine monophosphate 
(cGMP) in neuronal processes like learning and memory. One tool we utilize is a transgenic 
mouse line that expresses a fluorescence resonance energy transfer (FRET)-based cGMP sensor 
(cGi500). cGMP is synthesized from GTP by NO-sensitive soluble guanylate cyclases as well as 
by transmembrane guanylate cyclases, which are activated by peptide ligands such as natriuretic 
peptides (ANP, BNP, and CNP). In the present study, we have combined live-cell imaging with 
genetic and pharmacological tools to investigate the role of cGMP in cerebellar granule neurons 
(CGNs), specifically its crosstalk with Ca2+ signaling. FRET-based cGMP imaging in cGi500-
expressing CGNs revealed an elevation of intracellular cGMP upon exposure to NO, while no 
increase in cGMP was observed upon exposure to natriuretic peptides. Furthermore, we looked 
at Ca2+ signaling as a proxy for neuronal activity. By simultaneously imaging cGMP and Ca2+, 
we found that NO-induced cGMP potentiated glutamate-induced Ca2+ responses in CGNs. This 
indicates a crosstalk between these two signaling pathways that augments neuronal Ca2+ 

responses. Interestingly, Western blot analysis with a highly specific antibody indicated that 
CGNs do not express cGMP-dependent protein kinase I (cGKI), the principle cGMP effector in 
many types of neurons. In summary, live-cell imaging with cGi500 sensor mice demonstrated a 
novel NO/cGMP/Ca2+ pathway in CGNs that does not involve cGKI. It is our goal to further 
elucidate the molecular details and functional relevance of cGMP signaling in CGNs. 
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Abstract: Painful peripheral neuropathy is a severe adverse effect many cancer patients 
experience during treatment with chemotherapeutic drugs such as paclitaxel (Taxol). The 
glutamate N-methyl-D-aspartate receptors (NMDARs) at the spinal cord level are critically 
involved in the synaptic plasticity associated with neuropathic pain. However, paclitaxel 
treatment does not alter the postsynaptic NMDAR activity of spinal dorsal horn neurons. In this 
study, we determined whether paclitaxel affects the activity of presynaptic NMDARs by 
recording excitatory postsynaptic currents (EPSCs) of dorsal horn neurons in spinal cord slices. 
In paclitaxel-treated rats, the baseline frequency, but not the amplitude, of miniature EPSCs 
(mEPSCs) was significantly increased; the NMDAR antagonist 2-amino-5-phosphonopentanoic 
acid (AP5) completely normalized this frequency. Also, AP5 significantly reduced the amplitude 
of monosynaptic EPSCs evoked by dorsal root stimulation in paclitaxel-treated, but not vehicle-
treated, rats. Blocking GluN2A-containing, but not GluN2B-containing, NMDARs largely 
decreased the frequency of mEPSCs and the amplitude of evoked EPSCs of dorsal horn neurons 
in paclitaxel-treated rats. Furthermore, inhibition of protein kinase C fully reversed the increased 
frequency of mEPSCs and the amplitude of evoked EPSCs in paclitaxel-treated rats. In addition, 
intrathecal injection of AP5 or systemic administration of memantine profoundly attenuated 
mechanical allodynia and hyperalgesia induced by paclitaxel. Our findings indicate that 
paclitaxel treatment induces the tonic activation of presynaptic NMDARs in the spinal cord 
through protein kinase C to potentiate nociceptive input from primary afferent nerves. Targeting 
presynaptic NMDARs at the spinal cord level may be an effective strategy for treating 
chemotherapy-induced neuropathic pain. 
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Abstract: As a cofactor in enzymes, copper plays critical roles in the mammalian central 
nervous system (CNS) and has been suggested to be involved in signaling functions and synaptic 
transmission. 
Numerous studies reveal complex effects of endogenous copper on synaptic transmission; 
however, all of these efforts focused exclusively on supplying copper in its divalent oxidation 
state (Cu(II)) at concentrations up to 100 µM. Not only are such high concentrations of limited 
physiological significance, it remains unclear to what extent Cu(II) plays a role in synaptic 
transmission as copper is likely released in the form of Cu(I). 
To identify the role of Cu(I) in neurotransmission, we have applied our recently developed Cu(I) 
selective chelating agents (TM4-68, TM4-66, etc.) and to intercept Cu(I) induced synaptic 
transmission. Long term potentiation (LTP) has been widely utilized to study synaptic properties, 
associated with learning and memory, and involves measuring a persistent strengthening of 
synapses based on recent patterns of activity. We examined the effects of these agents on LTP in 
adult mouse hippocampus by measuring changes of local-field potential (extracellularly) while 
superfusing hippocampal slices with ACSF or these chelating agents. 
Field potentials (FP) were registered in hippocampal CA1 neurons after delivering a tetanic 
stimulation consisting of two trains of high frequency stimuli (100Hz, 1s duration) to the stratum 
radiatum. Amplitudes of FP were measured under various experimental conditions. Compared to 
the control, LTP of FP was significantly suppressed in TM4-68 treated slices while a paired-
pulse test did not show significant differences between two conditions. Additional preliminary 
experiments show that the combination of TM4-68 (chelator) and CuCl can occlude TM4-68’s 
effect on LTP in hippocampus CA1 region. Results from this study indicate that Cu(I) 
contributes to the induction of LTP in hippocampal CA1 region. This novel Cu(I) chelator and 
electrophysiological methodology can be used as promising tools to modulate hippocampal 
neuronal excitability and elucidate copper’s role in it. 
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Abstract: Synaptic plasticity involves activity-dependent recruitment of different proteins to 
synaptic compartments. The spatial dynamics and interactions of proteins is thought to be 
regulated by pH. While intracellular pH (pHi) is believed to be tightly regulated, the homeostatic 
mechanisms that could contribute to maintenance of pH at, or near, synapses is still not clear. 
However, it has been suggested that the sodium-proton exchanger (NHE) family can influence 
presynaptic vesicle release and spine morphology. Therefore, we are testing the hypothesis that 
regulation of intracellular pH modulates Ca2+ signaling in spines, by combining optical imaging 
of pH and Ca2+, whole cell electrophysiology and biochemical assays. 
Using genetically-encoded ratiometric pH indicators, we have estimated the pH values in 
compartments, such as soma, dendrites and dendritic spines. Our measurements suggest that 
spines show a more alkaline level compared to dendrites. We also observed a high variability of 
proton concentrations across individual spines. We then asked whether strong synaptic 
stimulation leading to long term potentiation in hippocampal cultures (cLTP) has an effect on 
pHi. We found that cLTP stimulation caused a significant acidification in soma, dendrites and 
dendritic spines with differential recovery times. 
We previously showed that the activity-dependent clustering of CaMKII is influenced by pHi. 
Therefore, the heterogeneity of pHi that we observed amongst spines prompted us to investigate 
the relationship between pH regulation and the recruitment of CaMKII to spines. We found that 
spines with a lower pH prior to cLTP stimulation exhibited a stronger acidification. In those 
spines in particular, we observed that clustering of CaMKII was more pronounced. These results 
suggest that spines have differences in their buffering capacity. An important regulator of 



neuronal pH is the Na+/H+ exchanger NHE5. Evidence suggests that the trafficking of NHE5 is 
regulated by phosphorylation. We are thus examining whether CaMKII regulates trafficking of 
NHE5 in spines. 
Upstream of CaMKII activation and of spine acidification is the activation of NMDA receptors 
and influx of Ca2+. We wondered whether the concentration of protons in spines has an impact 
on Ca2+ influx. We thus blocked NHE5 to trigger intracellular acidification and found a dramatic 
reduction in spontaneous cytosolic Ca2+ elevation, using GCaMP6 optical imaging. We are now 
investigating the mechanism underlying this effect. For example, we are looking into whether 
NMDA receptor function is also modulated by pHi. Our experiments may determine the 
importance of spine pH regulation in synaptic plasticity. 
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Abstract: Learning and memory are believed to depend on plastic changes of neuronal circuits 
due to activity-dependent potentiation or depression of specific synapses. Traditionally, 
inhibitory synapses were assumed to be relatively invariant while network plasticity was 
hypothesized to mainly rely on the flexibility of glutamatergic excitatory synapses. Nevertheless, 
an increasing body of evidence has revealed that inhibitory synapses undergo several types of 
plasticity, raising the important question of how GABAergic and glutamatergic plasticity 
contribute to determine the excitation to inhibition balance during neuronal activity. Here, we 
characterized a form of inhibitory postsynaptic potentiation (iLTP) induced by depolarizing 
protocols delivered to pyramidal cells in hippocampal cultures. Indeed, we show that either 
depolarizing pulses (40 s, 0 mV) or action potential trains (40 s, 2 Hz) applied to the postsynaptic 
neuron induced a stable IPSCs potentiation that persisted up to 45 minutes. Photolysis of caged 
GABA and imaging techniques revealed that this iLTP is expressed at post synaptic level. 
Interestingly, the aforementioned depolarizing protocols induced depression at glutamatergic 
synapses (LTD), indicating a non-homeostatic relation between inhibitory and excitatory 



plasticity. In order to further explore this issue we investigated how plasticity induced at 
glutamatergic spines interferes with the strength of neighboring GABAergic synapses by using 
simultaneous photolysis of caged glutamate and GABA. We report here that glutamatergic LTP 
induced by pairing postsynaptic depolarizations with repetitive glutamate uncaging at individual 
spines heterosynaptically affected the strength of neighboring GABAergic synapses probed with 
GABA uncaging. In particular, we found that such “plasticity spreading” from glutamatergic 
spine was mediated by calcium influx through L-type voltage gated calcium channels. Our 
findings suggest that, following the induction of synaptic plasticity, dendritic E/I balance can be 
selectively tuned in spatially restricted dendritic sub-regions. 
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Abstract: The depletion of Dicer in astrocytes leads to severe consequences, such as reduced 
brain size, seizures, and eventually reduced life spans of the mice. However, the role of miRNAs 
in the mature glial cell state and function are not well characterized. Here we show the impact of 
the loss of miRNAs in differentiated Müller glia in the neural retina. 
To reduce levels of miRNAs in Müller glia (MG), we carried out a conditional knock out of 
Dicer1 (Dicer-CKOMG). To delete Dicer1, we injected Tamoxifen into mice expressing a Müller 
glia-specific cre-recombinase (Rlbp1-CreER) and floxed alleles of Dicer1 from postnatal day 11 
to 14. The tissue was analyzed 4 weeks after the last Tamoxifen injection. 



In the Dicer-CKOMG, we found greater cell number of Müller glia as compared to the wild type. 
Moreover, the Müller glia were displaced from their normal position in the inner nuclear layer. 
The Dicer-CKOMG retinas also displayed disruptions of the neuronal networks and functional 
testing for visual acuity, by means of the Optomotry method, showed that vison was impaired in 
Dicer-CKOMG mice. In order to analyze Müller glia specific changes of mRNA after Dicer 
deletion, we isolated the Müller glia from adult wild type and Dicer-CKOMG mice by means of 
fluorescent activated cell sorting (FACS). Samples of at several sorts were pooled and analyzed 
by RNA-seq, and validated by RT-qPCR. RNA-seq revealed that Brevican (encoded by Bcan) 
was significantly upregulated in the Müller glia that lacked Dicer, and in vitro assays implicate 
Brevican to cause an abnormal behavior of the cells. 
Overall, our data demonstrate the importance of miRNAs for normal Müller glia cell state and 
neural tissue organization in the adult retina. 
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Abstract: Glioma, the most common and aggressive type of brain cancer, involves faster glial 
proliferation. Increased activity of large conductance calcium and voltage-activated potassium 
(BK) channels has been shown to accelerate glial proliferation. Our previous studies have shown 
that acid sensing ion channels (ASICs) inhibit BK current at physiological pH levels, and that 
this inhibition can be relieved at acidic pH. ASICs can therefore act as endogenous pH-
dependent regulators of BK channel activity. Both normal glia and glioma tissue express BK and 
ASIC channels. Our previous data demonstrate that, in both neonatal and wild type glial cells, 
the proliferation in culture was increased at pH 7.0 as compared to normal pH conditions (7.4), 
and that CTX inhibited glial growth at both pH levels.This study was undertaken to determine if 



this ion channel interaction and growth regulation also occurs in glioma cell lines. We used five 
glioma cell lines, both astrocytoma and glioblastoma. The cells were cultured at pH of 7.4 or pH 
of 7.0. Charybdotoxin was used to inhibit potassium channels. It was hypothesized that at a 
lower pH and in the absence of charybdotoxin, the most growth would occur. The results showed 
that there was not a significant difference in the growth of the glioma cell lines in regards to pH 
or the presence of charybdotoxin. These results suggest that the cancerous cells lines examined 
here behaved differently than previously studied normal glia, and that the mechanisms of growth 
regulation by pH and potassium channel activity in glioma cells are different from normal glia. 
Supported by 1R15NS070260-01A1 and Sokol Foundation grants to EP. 
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Abstract: Ventral regions of the medulla oblongata of the brainstem are populated by astrocytes 
which are sensitive to physiological changes in PCO2/[H+]. These astrocytes respond to 
decreases in pH with elevations in intracellular Ca2+ and facilitated exocytosis of ATP-
containing vesicles. Released ATP propagates Ca2+ excitation among neighbouring astrocytes 
and activates neurones of the brainstem respiratory network triggering adaptive increases in 
breathing. The mechanisms linking increases in extra- and/or intracellular PCO2/[H+] with Ca2+ 
responses in chemosensitive astrocytes remain unknown. Fluorescent imaging of changes in 
[Na+]i and/or [Ca2+]i in individual astrocytes was performed in organotypic brainstem slice 
cultures and acute brainstem slices of adult rats. It was found that astroglial [Ca2+]i responses 
triggered by decreases in pH are preceded by Na+ entry, markedly reduced by inhibition of 
Na+/HCO3

- cotransport (NBC) or Na+/Ca2+ exchange (NCX) and abolished in Na+-free medium 
or by combined NBC/NCX blockade. Acidification-induced [Ca2+]i responses in astrocytes were 



not affected by inhibition of Na+/H+ exchange or blockade of phospholipase C. These results 
suggest that in pH-sensitive astrocytes acidification activates NBC which brings Na+ inside the 
cell. Raising [Na+]i activates NCX to operate in a reverse mode leading to Ca2+ entry followed by 
activation of the downstream signalling pathway(s). Coupled NBC and NCX activities are, 
therefore, suggested to be responsible for functional CO2/H+ sensitivity of astrocytes which 
contribute to homeostatic regulation of brain parenchymal pH and control of breathing. 
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Abstract: Astrocytes far outnumber neurons in the central nervous system, and they 
significantly contribute to brain homeostasis and neural activity. Previous studies have shown 
that astrocyte-neuron signaling does not only depend on the release of neurotransmitters, but also 
on gliotransmitters released from astrocytes. The cell-cell communication is initiated by 
exogenous neurotransmitters, binding to membrane receptors on astrocytes and hereby activating 
their intracellular signaling. Activated cell signaling is often indicated by an increased 
intracellular Ca2+ concentration ([Ca2+]i) and elevated [Ca2+]i is known to trigger the release of 
gliotransmitters, such as ATP and glutamate and D-serine. These can in return act on neurons 
and hereby shape synaptic plasticity and dendrite formation. In contrast, uncontrolled 
gliotransmitter release contributes to neurodegeneration in disorders, such as Alzheimer’s 
disease. Many studies investigating astrocyte signaling and subsequent gliotransmitter release 
focused on glutamate, the major excitatory neurotransmitter. A scarce of studies has examined 
the importance of the neurotransmitter histamine in intracellular astrocyte signaling, and its 
molecular mechanism still remains unknown. Histamine is crucial in physiological processes 
such as sleep-awake cycle, learning and memory, and therefore unraveling its impact on 
astrocyte signaling is of great interest. Using the human astrocytoma-derived cell line 1321N1 



we could show that histamine was capable of increasing [Ca2+]i in a dose-dependent manner. 
Pharmacological assays revealed only histamine H1 receptor (H1R), but not H2R, played a 
crucial role in the histamine-induced [Ca2+]i elevation, and moreover the signaling was G 
protein-coupled. Phospholipase C and inositol trisphosphate-receptor inhibitors, namely U73122 
and 2-APB, led to the extinction of the Ca2+ response. We also showed histamine significantly 
increased the H1R mediated glutamate release from cultured astrocytes in a dose-dependent 
manner. Finally, a co-culture system utilizing 1321N1 cells, and glutamate receptor 
overexpressing CHO biosensor cells demonstrated that glutamate released from astrocytes 
adequately activated the biosensor cells. We confirmed these results by using cultured primary 
rat astrocytes, which responded to histamine with increased [Ca2+]i and an elevated concentration 
of released glutamate. The obtained data indicate the importance of histamine in astrocyte 
signaling and subsequent gliotransmitter release. These findings shed light on the potential 
impact of histamine on brain activity through astrocyte-neuron signaling. 
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Abstract: Background: Pathological changes in regulation, formation and gating of connexin 
(Cx)-based gap junction (GJ) channels are involved in ischemic injury to the CNS, traumatic 
brain injury, epilepsy and cancer, among other diseases. Intracellular ions, such as H+ and Ca2+, 
are key factors determining GJ communication and functional state of the tissue during different 
metabolic states. Intracellular acidification, as occurs in ischemia, leads to the closure of GJs and 
reduces the propagation of ions and small molecules via the network of cells in the brain and the 
heart tissue. We have previously demonstrated that endogenous polyamine spermine facilitates 
GJ-based communication in astrocytes. In this study, we investigate the role of polyamines 
spermine (SPM) and spermidine (SPD) in the regulation of the GJ channels consisting of Cx43, 
during ischemia-like states, characterized by elevated concentrations of intracellular hydrogen 
and calcium. Methods: Calcium- and pH-dependent regulation of Cx43 by polyamines was 
studied using whole-cell voltage-clamp technique and by measuring the cell-to-cell transfer of 
fluorescent dyes in the Novikoff and A172 glioblastoma cells, cell lines natively expressing 
Cx43 GJs. Results: We have found that polyamines prevented down-regulation of Cx43-
mediated intercellular communication, caused by elevated levels of Ca2+ and H+ ions. The 
siRNA knock-down of Cx43 reversed this effect, indicating that SPD and SPM regulation is 
Cx43-specific. Conclusion: Endogenous polyamines are essential for sustaining Cx43-mediated 
electrical and metabolic GJ coupling under ischemia-like conditions. 
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Abstract: Cannabis Sativa has been used in folk medicine to treat pain, gastrointestinal 
disturbances, depression and other conditions. Cannabis also has undesirable effects such as 
memory impairment and hyperphagia. Tetrahydrocannabinol, a psychoactive terpenoid in 
cannabis, activates 2 G-protein coupled receptors (CB1/CB2). Endocannabinoids anandamide 
and 2-arachidonoyl glycerol (2-AG) are partial (anandamide) or full (2-AG) cannabinoid 
receptor agonists. Anandamide and 2-AG are primarily hydrolyzed by fatty acid amide hydrolase 
(FAAH) and monoacylglycerol lipase (MGL), respectively. FAAH/MGL inhibitors offer a 
strategy to transiently increase local endocannabinoids by inhibiting their degradation. Recent 
data also show MGL inhibitors block the secretion of cytokines and PGE2 by mouse astrocytes 
in vitro, suggesting this system is linked to neuroinflammation. Peripheral dosing of 20 mg/kg 
LPS to mice has been shown to increase the brain content of inflammatory cytokines and 
prostaglandins. MGL inhibitor JZL184 blocks these effects and analogous results have been 
obtained in MGL knockout mice (Nomura et al, Science 2011). JZL184 is a covalent MGL 
inhibitor with a slow on rate, requiring at a 45 minute pre-incubation in vitro to be fully active. A 
high affinity, selective and reversible MGL inhibitor (JNJ-42226314; US Patent 
US2013/0102584) has been found which does not require pre-incubation in vitro. We have 
performed experiments analogous to Nomura et al, comparing JZL184 with JNJ-42226314 and 
testing a lower dose of LPS. Mice were dosed ip with 40 mg/kg JZL184 or 30 mg/kg JNJ-
42226314 and then with 0.1 or 20 mg/kg LPS 30 minutes later. Plasma and brains were collected 
6 hours after LPS dosing. Brain samples were analyzed for drug exposure, 25 cytokines, 
arachidonic acid and prostaglandin E2. The lower dose of 0.1 mg/kg LPS produced little or no 
stimulation of central inflammatory factors, while the higher dose of 20 mg/kg increased brain 
content of PGE2 and many cytokines. JZL184 blocked increased brain content of prostaglandin 
E2 and Il-1B in mice dosed with 20 mg/kg LPS; JNJ-42226314 was more efficacious than 
JZL184, showing reductions in the brain content of additional LPS stimulated cytokines. These 
results confirm MGL inhibitors are capable of reducing brain inflammatory factors in a murine 
model and show improved efficacy for a reversible MGL inhibitor. 
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Abstract: The astrocytic glutamate transporters GLAST and GLT-1 are responsible for the bulk 
of glutamate uptake in the cortex, control ambient glutamate levels, and shape excitatory 
neurotransmission. Interestingly, glutamate transporter expression and function change greatly 
during development. GLAST predominates in the neonatal cortex, while GLT-1 plays a larger 
functional role as the cortex matures. Because of this unique developmental expression profile, 
we hypothesized that changes in GLAST during early development may induce long term 
changes in cortical network structure and function. Our own studies of the freeze lesion model of 
developmental cortical malformation suggest that injury-induced disruption of astrocytic 
glutamate uptake does in fact lead to altered synaptic function and network level 
hyperexcitability. We utilized mice heterozygous for either GLAST or GLT-1 (GLAST+/- or 
GLT-1+/-, respectively) to alter glutamate uptake without brain injury. These mice are viable and 
have roughly 50% of wild-type glutamate transporter protein levels. We recorded astrocytic 
glutamate transporter currents in acute cortical slices and show that glutamate uptake depends on 
GLAST at younger ages (P7-10) and GLT-1 at older ages (P21-24), functionally confirming the 
developmental profile of these two transporters. We next recorded extracellular field EPSPs in 
acute cortical slices and found that GLAST +/-, but not GLT-1 +/- mice, had epileptiform 
responses, similar to responses seen in the FL model. By recording NMDA currents in layer 5 
pyramidal neurons, we found that GLAST +/- mice have enhanced ambient glutamate levels 
during neonatal development. This may lead to altered activation of glutamate receptors during 
critical developmental windows. Additionally, our preliminary studies suggest that spontaneous 
and miniature IPSCs are decreased in layer 5 pyramidal cells in GLAST +/-, but not GLT-1 +/- 
mice. This may result in a loss of inhibition which could lead to aberrant network activity in the 



mature cortex. Taken together, our findings indicate that during development, there is a distinct 
role of GLAST, compared to GLT-1, and that decreasing GLAST during this critical 
developmental window may lead to aberrant network formation and hyperexcitability. 
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Abstract: Astrocytes are ubiquitous glial cells that serve a variety of important homeostatic roles 
within neural circuits, such as regulating synapse formation/removal, and sensing synaptic 
transmission (1). Astrocytes are juxtaposed to synapses and increasing biochemical and imaging 
evidence suggests that astrocytes may modulate synaptic activity. However, it is unclear how 
astrocyte proximity to synapses directly influences synaptic transmission and if the spatial and 
functional interactions between fine distal astrocyte extensions called processes and synapses are 
dynamic. Progress in this regard has been severely limited by the lack of available methods that 
directly explore physical interactions between neurons and astrocytes. We report a new approach 
that remedies this shortfall. First, we report the rationale, design and testing of an approach that 
we call the Neuron-Astrocyte Proximity Assay (NAPA). This assay provides spatial information 
below the optical diffraction limit by exploiting cell surface probes of different length that 
undergo fluorescence resonance energy transfer between cognate donors and acceptors targeted 
to astrocyte processes and presynaptic axon terminals. Furthermore we use this assay to 
characterize, for the first time, the spatial interactions between astrocyte processes and synapses 
from distinct neural inputs in the striatum in live tissue. We report data on the testing and 
validation of this approach and employ this technique to interrogate intact circuits within the 
brain; we aim to provide a tool-kit to determine the dynamics and reveal the molecular basis of 



functional interactions between fine astrocyte processes and synapses. The systematic use of this 
approach will help to unravel a number of questions that relate to the dynamic relationships 
between astrocytes and neurons within intact neural circuits as well as the effect of astrocyte-
synapse proximity and dynamics on synaptic signaling. 
References: 
Allen, N.J. (2014) Astrocyte regulation of synaptic behavior. Annu Rev Cell Dev Biol 30: 439-63 

Disclosures:  J. Octeau: None. B.S. Khakh: None. 

Poster 

127. Astrocyte Cell Biology and Modulation I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 127.09/G4 

Topic: B.12. Glial Mechanisms 

Support: NIH Grant R01NS081703 

 NIH grant R01MH099555 

 JPB foundation grant 

 Walter V. and Idun Berry Fellowship 

 NIH grant K99NS089780 

 NIH grant T32GM007365 

 NIH grant F30MH106261 

Title: Purification and and characterization of progenitor and mature human astrocytes reveal 
transcriptional and functional differences with mouse 

Authors: *Y. ZHANG1, S. A. SLOAN1, L. E. CLARKE1, C. CANEDA1, C. A. PLAZA1, P. D. 
BLUMENTHAL1, H. VOGEL1, G. K. STEINBERG1, M. S. B. EDWARDS1, G. LI1, J. A. 
DUNCAN, III2, S. H. CHESHIER1, L. M. SHUER1, E. F. CHANG3, G. A. GRANT1, M. G. 
HAYDEN GEPHART1, B. A. BARRES1;  
1Stanford Univ., Stanford, CA; 2Kaiser Permanente Santa Clara Med. Ctr., Santa Clara, CA; 
3Univ. of California, San Francisco, CA 

Abstract: The functional and molecular similarities and distinctions between human and murine 
astrocytes are poorly understood. Here we report the development of an immunopanning method 



to acutely purify astrocytes from fetal, juvenile, and adult human brains, and to maintain these 
cells in serum-free cultures. We found that human astrocytes have similar abilities to murine 
astrocytes in promoting neuronal survival, inducing functional synapse formation, and engulfing 
synaptosomes. In contrast to existing observations in mice, we found that mature human 
astrocytes respond robustly to glutamate. We next performed RNA-sequencing of healthy human 
astrocytes along with astrocytes from epileptic and tumor foci, and compared these to human 
neurons, oligodendrocytes, microglia, and endothelial cells. With these profiles, we identified 
novel human-specific astrocyte genes, and discovered a transcriptome-wide transformation 
between astrocyte precursor cells and mature post-mitotic astrocytes. These data represent some 
of the first cell type-specific molecular profiles of the healthy and diseased human brain. 
Y Zhang and SA Sloan contributed equally to this work. 
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Abstract: The ventral tegmental area (VTA) is a midbrain region critical for motivated 
behaviors. VTA neurons undergo profound intrinsic and synaptic changes following exposure to 
natural rewards, stress, and drugs of abuse. Astrocytes - the most abundant cell type in the brain - 
uptake and metabolize glutamate, buffer extracellular potassium levels to maintain ionic 



gradients, and release neurotrophic factors to promote neuronal plasticity and survival. A 
comprehensive understanding of changes occurring in the VTA following stress or exposure to 
drugs will require the study of its resident astrocytes. Yet, very little is known about the 
properties of astrocytes in the VTA. Thus, we set out to define the basal characteristics of ventral 
midbrain astrocytes and determine whether they are functionally distinct from astrocytes in other 
brain regions. Because changes in astrocytic calcium levels have been linked to the release of 
various signaling molecules, we injected GFAP-cre animals with a cre-dependent virus to get 
preferential expression of the calcium indicator GCaMP6m in astrocytes. Using two-photon 
microscopy in acute slices, we observed distinct patterns of calcium elevations in hippocampal 
and VTA astrocytes in response to various agonists. To expand upon these observations, we 
made whole cell patch clamp recordings in tissue slices prepared from Aldh1L1 eGFP mice, in 
which eGFP selectively labels astrocytes. Similar to what we observed in calcium activity 
patterns, VTA and hippocampal astrocytes exhibited significantly different basal membrane 
properties. To better define the extent and nature of regional differences, we isolated astrocytes 
from both regions by fluorescence assisted cell sorting. Global transcriptional profiling by RNA 
sequencing revealed gene expression patterns sufficiently distinct to allow individual samples to 
cluster by region in principal component analysis. Collectively, these results demonstrate that 
VTA astrocytes are unique in their functional and molecular properties. This work provides the 
first direct comparison of functional properties between ventral midbrain astrocytes and those in 
more extensively studied brain regions, and lays the groundwork for future studies looking at the 
role of VTA astrocytes in reward-related behaviors, stress, and substance abuse disorders. 
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Abstract: Two distinct populations of astrocytes have been reported in the CA1 and CA3 layers 
of the hippocampus: (1) “Passive astrocytes” display linear voltage-current (IV) curves, express 
glutamate transporters, and are coupled through gap junctions; (2) “Complex astrocytes” show 
voltage-dependent currents, express AMPA-type glutamate receptors, and lack gap-junction 
coupling. NG2 (neuron-glia chondroitin sulphate proteoglycan 2) glial cells, also known as 
oligodendrocyte precursor cells, were initially categorized under “complex astrocytes” based on 
their voltage-gated ion conductance and expression of AMPA receptors. However, more recently 
they have been recognized as a separate class of glial cells. Direct somatic contacts between two 
NG2 glial cells and NG2-astrocyte pairs have been observed in the CA1 layer, but no dye-
coupling was detected in these doublets (Xu et al., Hippocampus 2014). NG2 glial cells also 
have been found in the molecular layer of the adult hippocampal dentate gyrus, where a distinct 
population of astrocytes reside. However, little is known about structural, electrophysiological, 
and coupling dynamics of these two glial populations in this region, specifically with regards to 
the time of the day. Using whole-cell patch clamp recording, sulforhodamine-B (SR-B), a gap-
junction permeable dye, was injected to a single cell and its spread to the neighboring cells was 
analyzed. In the case of astrocytes, the number of coupled cells was significantly higher during 
the night than the daytime. These coupled cells displayed linear voltage-current profiles with low 
resistances (<50 MΩ) at both time points. However, in cases where the injected dye was not 
transferred to other cells, indicating the lack of gap junctions, the injected astrocyte showed a 
non-linear voltage to current response with a high resistance value (250-350 MΩ). Non-coupled 
astrocytes were more prevalent during the daytime. We also found NG2 doublets in the dentate 
gyrus that were dye-coupled and exhibited linear IV profiles with low resistances. No coupling 
was observed between NG2 glial cells and astrocytes. Immunohistochemistry of the recorded 
slices post-fixation confirmed the identity of the injected cell as either astrocytes (GFAP-
positive) or NG2 glial cells (NG2-positive). Our results demonstrate distinct physiological and 
coupling properties of two glial populations within the molecular layer of the hippocampal 
dentate gyrus with heterogeneous astrocytic subpopulations. These findings will facilitate studies 
to understand the functional dynamics of the NG2 glia and astrocytes. 
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Abstract: Release of gliotransmitters by astrocytes is implicated in the control of synaptic 
transmission and activities of neuronal networks. In mammals, breathing is generated by the 
preBötzinger complex (preBötC) - a group of brainstem interneurons that form respiratory 
rhythm-generating circuits. The signaling mechanisms and functional significance of preBötC 
control by astrocytes in vivo remain unknown. In this study, we genetically targeted preBötC 
astrocytes with adenoviral vectors to express the light chain of tetanus toxin (TeLC) or 
dominant-negative SNARE (dnSNARE) proteins. Either TeLC or dnSNARE expression was 
found to be sufficient to effectively block the mechanisms of vesicular release in transduced 
cultured astrocytes. Experiments performed in conscious adult rats demonstrated that bilateral 
expression of either TeLC or dnSNARE in preBötC astrocytes significantly reduced the resting 
respiratory rate by 11% (92 vs 103 min-1 in control rats expressing GFP in the preBötC 
astrocytes, n=12, p=0.011) and by 11% (94 vs 106 min-1 in controls, n=5, p=0.016), respectively. 
Moreover, the frequency of functionally important augmented breaths (sighs), produced by 
increased inspiratory effort was reduced in rats transduced to express TeLC or dnSNARE by 
23% (n=12, p=0.001) and 26% (n=5, p= 0.002), respectively. Since exercise is associated with 
an augmented inspiratory effort to meet increased oxygen demands, we next determined whether 
compromised preBötC astrocyte signaling impairs exercise capacity (determined by the treadmill 
distance run by an animal to exhaustion). Expression of either TeLC or dnSNARE in preBötC 
astrocytes dramatically reduced exercise capacity (by 42%, n=12, p=0.001; and 58%, n=5, 
p=0.016, respectively). Cardiovascular responses during exercise were not affected by TeLC or 
dnSNARE expression, suggesting that reduced ability to exercise in conditions of impaired 
astroglial function within the preBötC is due to a respiratory deficit. These results suggest that 
vesicular release of signaling molecules by astrocytes provides tonic excitatory drive to the 
preBötC rhythm-generating circuits, contributes to generation of sighs, and is essential for an 
appropriate respiratory response to meet the increased metabolic demands of exercise. 
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Abstract: Enzymatic breakdown of glycogen is an important process of anaerobic metabolism in 
low glucose conditions. In addition to supplying energy substrate, glycogen breakdown has been 
implied in synaptic plasticity and learning. Although astrocytes have been known to store high 
amounts of glycogen, glycogen distribution in the brain has not been described. Here, we 
investigate the distribution of cerebral glycogen by immunohistochemistry using two monoclonal 
antibodies that differ in affinity to glycogen of different sizes, in the awake-fixed mouse brain. 
The resultant staining displayed punctate distribution localized in astrocytes, which showed 
region-dependent and the cortical layer-dependent glycogen distribution patterns. Whereas 
cerebral cortical glycogen puncta are uniformly distributed at the macroscopic level, glycogen-
rich astrocytes in the CA3-CA1 region of the hippocampus had a patchy distribution. 
Furthermore, we demonstrate that such hippocampal patchy distribution of glycogen disappears 
in aged mice. 
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Abstract: Cortical spreading depression (CSD) is involved in migraine, stroke, and brain injury. 
The mesoscopic electrical and hemodynamic changes caused by CSD have been extensively 
described, but this knowledge is not paralleled by a detailed understanding at cellular resolution. 
The clearest signature of CSD is the propagating wavefront, characterized by a simultaneous 
increase in extracellular glutamate concentration, intracellular calcium, and complete cellular 
depolarization, coincident with the classically defined direct current (DC) shift of CSD. However 
there has been some evidence of activity preceding this commonly accepted wavefront. We used 
a combination of in vivo whole-cell recordings of neurons and astrocytes, and optical techniques 
in mice to study the sequence of cellular events during CSD. We found that astrocytes exhibit 
both membrane depolarization and elevations in intracellular calcium tens of seconds before the 
CSD wavefront. Other changes those follow astrocytic activity, but still precede the wavefront 
are increases in extracellular potassium, neuronal volume changes, and tissue displacement. 
Finally, in whole cell recordings we found that neurons themselves exhibited a ramped 
depolarization that preceded paroxysmal changes in membrane potential at the wavefront, and 
appeared to correspond with elevations in extracellular potassium. Our data provides a deeper 
understanding of CSD as a complex multicellular phenomenon. Importantly, it suggests failure 
of astrocytic reuptake as a tipping point in CSD propagation. 
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Abstract: Astrocytes make up approximately 50% of human brain volume and are roughly as 
numerous as neurons in the mammalian brain. Further, astrocytes have been shown to serve a 
number of critical roles in brain function, and calcium is believed to be a crucial second 
messenger in many of these pathways. Experimental evidence has shown that glutamate and 
ATP can evoke these calcium transients in astrocytes. However, the key mechanisms controlling 
these calcium transients remain under investigation. 
Using two-photon microscopy, we collected experimental evidence of calcium activity in 
astrocytes, and used this data to develop a minimal ODE model of calcium transients evoked by 
short ATP applications. Our open-cell, single compartment model captures the diversity of 
calcium transients experimentally observed between trials and between astrocyte 
subcompartments. By varying key channel parameters, mimicking blockers used by 
experimentalists, we manipulate the underlying bifurcation structure of the full ODE system and 
investigate the specific roles of individual calcium fluxes located on the ER and the plasma 
membrane. Importantly, our model predicts that while store-operated calcium (SOC) channels 
remain relatively inactive during evoked responses, they are necessary for sustained calcium 
oscillations in astrocytes and for maintaining a diversity set of calcium responses. Further, our 
model also predicts a significant difference between using a partial and a complete blocker of 
SOC channels. Variation in the maximum flow in SOC and other channels and pumps in the 
model is also shown to significantly affect the range of stable oscillations, as well as the range of 
the intrinsic frequency of calcium responses. Moreover, by conducting a randomized search 
through the parameter space and recording the resulting calcium responses, we create a database 



that can be used by experimentalists to help determine the underlying channel distribution in 
their cells. 
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Abstract: Astrocytes, through their intracellular calcium signaling, can modulate synaptic 
transmission and play other important roles in the CNS. Yet, the mechanisms underlying 
astrocyte calcium signaling, and how these signals contribute to such functions, remain unclear. 
By pursuing coordinated experimental and modeling studies, our goal is to provide insight into 
the mechanisms and effects of astrocyte calcium signaling. 
Experimentally, we use two-photon microscopy to measure calcium activity in astrocytes from 
crosses based on our novel PC::G5-tdT transgenic mice (available from JAX labs, stock no. 
024477). These crosses express the genetically-encoded calcium indicator GCaMP5G in 
astrocytes. We evoke calcium activity through brief (<250 ms), focal applications of GPCR (G-
protein coupled receptor) agonists with varying application durations and time intervals between 
applications. In parallel with experiments, we have developed a mathematical model for 
astrocyte calcium dynamics. Using our experimental and modeling results, we categorize 
calcium responses into four types: Single-Peak, Multi-Peak, Plateau, and Long-Lasting. We use 
calcium response types and kinetics (e.g. duration, rise and decay times) to quantify variability 
observed in astrocyte responses, such as the response variability between the astrocyte soma, 



large processes, and small processes. Using our model, we examine in detail the underlying 
mechanisms of this response variability, which can be attributed to: (1) temporal dynamics of 
IP3, and (2) relative calcium flux rates through various channels/pumps. With this analysis, we 
predict that the IP3 kinetics and the relative level of calcium fluxes through different 
channels/pumps varies systematically between different astrocyte subcompartments. Lastly, we 
are examining the responses of astrocytes to repeated stimuli, and using the data and model to 
understand the refractory behavior of calcium transients in the cell body and processes. 
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Abstract: Olfactory ensheathing cells (OECs) ensheath axon bundles of olfactory receptor 
neurons (ORN) in the peripheral olfactory nerve and the nerve layer, the superficial layer of the 
olfactory bulb. The nerve layer is considered to be devoid of synapses, however, extrasynaptic 
release of glutamate and ATP from ORN axons and subsequent activation of metabotropic 
glutamate receptor mGluR1 and ATP receptor P2Y1 evokes calcium signaling in OECs (Thyssen 
et al., PNAS, 2010). In brain slices, suppressing this axon-OEC communication by antagonists of 
mGluR1 and P2Y1 entirely blocks calcium signaling in OECs. We recently developed an 
olfactory bulb in-toto preparation, in which long-range connections within the OB remain intact, 
in contrast to brain slices. In the present study, we compaired cell-cell communication between 
brain slices and the in-toto preparation using confocal calcium imaging. In the in-toto 
preparation, neuronal activation either by electrical stimulation of ORN axons or application of 
NMDA evoked calcium transients in OECs that were not significantly inhibited by antagonists of 
mGluR1 and P2Y1, in contrast to brain slices. NMDA-evoked calcium signals first appeared in 
deeper layers of the olfactory bulb, in particular in juxtaglomerular cells such as astrocytes, and 
with a delay in OECs. We found that blocking calcium-permeable AMPA receptors in 
juxtaglomerular astrocytes not only suppressed NMDA-evoked calcium signaling in astrocytes, 



but also in OECs. Laser photolysis of caged t-ACPD, an agonist for mGluR, evoked calcium 
transients in juxtaglomerular astrocytes that propagated into OECs with a delay. Both astrocytes 
and OECs express connexin 43, and inhibition of gap-junctions with carbenoxolone suppressed 
calcium wave propagation from astrocytes into OECs, whereas calcium signaling in astrocytes 
remained unaffected. We conclude that neuronal release of glutamate in glomeruli activates 
calcium signaling in astrocytes via calcium-permeable AMPA receptors and mGluR5. These 
calcium transients are transferred through the panglial network into OECs via gap junctions. The 
panglial network is largly disconnected in brain slices, in which calcium signal propagation from 
astrocytes to OECs could not be detected. 
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Abstract: Astrocytes exhibit increases in calcium concentration both in their cell bodies and fine 
processes in response to certain neurotransmitters. Few studies have examined astrocyte calcium 
signals in the hippocampus of awake, behaving animals. We express GCaMP in astrocytes using 
viral vectors, and image their calcium signals during behavior using in vivo two-photon 
microscopy. We are examining their calcium signals specifically in response to various stimuli, 
and during navigation on a cue-rich treadmill belt. We are determining which stimuli astrocytes 
respond to, and whether their responses change during goal-oriented reward learning of a hidden 
rewards task. In addition, astrocytes in visual cortex, barrel cortex and cerebellum have been 
shown to respond to norepinephrine - we expect astrocytes in the hippocampus to respond to 
norepinephrine as well. We are imaging calcium activity in axon terminals projecting from the 
locus ceruleus, which makes norepinephrine and projects to the hippocampus, to determine the 
response to reward in these terminals. In addition, we are examining whether this activity 



changes over time, and whether calcium activity in axons projecting from the locus ceruleus is 
correlated with calcium responses in astrocytes. 
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Abstract: Ca2+ signals in astrocytes are evoked by neurotransmitters like glutamate. Binding of 
glutamate to metabotropic glutamate receptors (mGluRs) induces the production of a second 
messenger (IP3), which then evokes Ca2+ release from internal Ca2+ stores, the endoplasmatic 
reticulum (ER). 
However, different experimental results showed not only a clear attenuation of Ca2+ signals 
during an inhibition of the IP3 mediated pathway, but also during the block of the glutamate 
transporter (GluT). Those various experimental results can be explained by different signaling 
mechanisms in the astrocytic soma and in the processes. Ca2+ signals in the soma are mainly 
evoked on the IP3 mediated pathway, whereas in processes most Ca2+ signals are evoked by Ca2+ 
entry over the plasma membrane (Srinivasan et al., 2015). This assumption is supported by the 
finding, that perisynaptic astrocytic processes (PAPs) are devoid of intracellular Ca2+ stores and 
the volume ratio of the ER increases towards the soma (Patrushev et al., 2013). 
Most mathematical models describing Ca2+ signals in astrocytes focus on the IP3 mediated 
pathway and completely neglect the impact of the GluT and Ca2+ entry over the plasma 
membrane. To fill this gap, we extended a model for IP3 mediated Ca2+ signals in astrocytes with 
a mechanism including the GluT. Our extension is based on the hypothesis that sodium entry via 
the GluT activates the Na+-Ca2+ exchanger (NCX) in the reverse mode bringing Ca2+ into the 
cytosol. In addition we included the volume ratio of the ER into the model in order to analyze 
Ca2+ signals either in the soma or in astrocyte processes. 



Our model results confirm that Ca2+ signals in the soma mainly depend on the IP3 mediated 
pathway, whereas in processes Ca2+ signals are evoked by Ca2+ entry over the membrane. The 
model does not only allow to study the binary Ca2+ response during a block of either of both 
pathways, but also the reduction of channel densities and their impact on the interaction of both 
pathways and on the Ca2+ signal. 
Thus, the model serves as a description of a single astrocyte compartment with respect to the 
volume ratio of the ER, which can be extended to a multi-compartment model describing the 
spread of Ca2+ signals within a single astrocyte or a network of astrocytes. 
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Abstract: Astrocytes are the main glial cell population in the central nervous system and 
respond to neuronal activity with intracellular calcium fluctuations. Recent studies with 
genetically encoded calcium indicators (GECIs) have shown that localized, heterogeneous 
calcium transients occur throughout astrocytes, but how this signalling responds to sensory 
stimulation remains unclear. Here, we used the GECI, GCaMP6s, in combination with two-
photon microscopy and an automated, activity-based image analysis scheme to monitor astrocyte 
calcium signals in the somatosensory cortex in vivo. We observed spontaneous activity in 
astrocyte processes, somata and endfeet, but the signalling characteristics varied between the 
different sub-cellular compartments. Both electrical hindpaw stimulation and brief single-
whisker deflection evoked an increase in astrocyte calcium. Closer examination of the individual 
signals showed that sensory stimulation elevated the number of specific types of calcium peaks 
within astrocyte fine processes and somata in a layer-dependent manner, and that the signals 
became more synchronous upon sensory stimulation. We also followed the same astrocyte 



populations over two months and found that endfeet and somata responded to stimulation on 
multiple days, while different processes were activated. These results help to characterize the 
complexity of astrocytic calcium signalling and suggest that astrocytes may integrate and encode 
local neuronal network activity through different calcium signalling mechanisms. 
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Abstract: Modern neuroimaging technology has revolutionized our knowledge on the function 
of astrocytes, the predominant glial cell type in the brain. The advent of ultrasensitive genetically 
encoded fluorescent activity sensors opens for monitoring neural circuit function at subcellular 
resolution in mature animals. Taking advantage of the optimized red and green fluorescent Ca2+ 
sensors jRGECO1a and GCaMP6f we performed dual color 2-photon imaging of neurons and 
astrocytes in acute hippocampal slices during electrical stimulation of the Schaffer collateral 
pathway. We report that the latency of astrocytic Ca2+ signals depended on the stimulation 
protocol, being only ~ 1 s during theta burst stimulation and twice as long during 20 Hz 
stimulation. In experiments using iGluSnFR we revealed that extracellular glutamate levels also 
differed between the two stimulation protocols, reaching higher levels following theta bursts than 
after 20 Hz stimulation. The stimulation-evoked Ca2+ transients in all astrocytic compartments 
were prominently reduced in mice lacking the inositol triphosphate type 2 receptor. In 
conclusion, our study shows that the dynamics of astrocytic Ca2+ signals is dependent on the 
neuronal activity pattern and that Ca2+ release from internal stores are the predominant source of 
astrocytic Ca2+ signals at activated CA3-CA1 synapses. 
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Abstract: Cerebral blood flow (CBF) is regulated by the activity of neurons and astrocytes. 
Knowledge of how these cells control activity-dependent rises in CBF by Ca2+ signals is crucial 
for an understanding of functional neuroimaging signals. The relative importance of neurons and 
astrocytes is much debated and there is a controversy as to the functional implications of fast 
Ca2+ changes in astrocytes versus neurons. We here assessed Ca2+ changes in the neuropil, 
astrocytic processes and end-feet in response to whisker pad stimulation in mice by 2-photon-
microscopy. We used a pixel-based analysis which we have developed to improve detection of 
fast Ca2+ signals in these sub-cellular compartments. Though the astrocytic responses were 
within 150 ms after the stimulation they still differed from neuropil Ca2+ changes with regards to 
response frequency, onset time and peak time. To affect Ca2+ rises in neuropil and astrocytes 
without affecting CBF we used low doses of the NMDA receptor antagonist MK801. MK801 
attenuated fast Ca2+ responses in neuropil and astrocytic processes, but not in astrocytic end-feet. 
In addition we found that THIP, an agonist for the extrasynaptic GABAA receptor, at a low dose 
increased both CBF responses and fast Ca2+ response in astrocytic end-feet, while Ca2+ responses 
in astrocyte processes and neuropil were unaffected. To verify that the fast astrocytic Ca2+ 
signals were not a contamination from neurons, but indeed astrocytic we used AAV9-cyto-
GCamP6f under the GFAP promoter. We report similar fast Ca2+ responses in astrocytes using 
the genetically encoded cell-specific Ca2+ indicator as when using OGB-1 that labels all cell 
types. Our work supports the finding that astrocytes respond to synaptic transmission. The fast 
Ca2+ rises in neuropil and astrocytic process were sensitive to NMDA receptor activity, but 



neither was necessary for the development of a full stimulation-induced CBF response. In 
comparison, local Ca2+ mechanisms in astrocytic end-feet were unaffected by MK801, but 
increased by GABAAR dependent mechanisms in parallel with increased CBF responses. We 
hypothesize that the production of fast Ca2+ rises in end-feet adjusts CBF during rises in synaptic 
activity. 
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Abstract: Astrocytes rely on rapid changes in free intracellular Ca2+ to regulate neuronal 
function via their fine processes that wrap synapses, as well as to regulate the blood supply 
through their endfoot processes that appose blood vessels. An important initiator of some key 
astrocyte functions is a change in the external K+ concentration, which occurs from changes in 
neuronal action potential signaling. However, links between external elevations in K+ and 
astrocyte Ca2+ signalling remain poorly defined. For instance, only upon reaching extremely 
high extracellular K+ (>20 mM) in pathology do astrocytes exhibit large, rapid increases in free 
intracellular Ca2+. We pondered whether astroctyes could respond to smaller, physiological 
increases in K+ with slower or subtler changes in free Ca2+. Using a two-dye, ratio-metric 
imaging approach with two-photon fluorescence microscopy, we examined the resting free Ca2+ 
concentration in astrocytes in response to bath application of isosmotic high K+ solution. 
Specifically, acute neocortical brain slices from Sprague Dawley rats were bulk loaded with a 
bright, orange-red Ca2+ indicator - Rhod-2/AM, as well as with a green morphological dye - 
Calcein/AM. By taking the ratio of Rhod-2/Calcein, we could measure relative changes in 
resting Ca2+ in the soma while controlling for any changes in signal that result from fluctuations 



in cell volume. We found that an elevation from 2.5 mM to 5 mM external K+ caused a 
significant decrease in astrocyte Ca2+ (-11.9 +/- 1.8%, n=9, p<0.0001). The effect was dose 
dependent, showing an even larger drop (-28.2 +/- 6.8%, n=5, p<0.05) in response to an increase 
to 7.5 mM external K+. The decrease in astrocyte Ca2+ lasted only for the K+ application, with 
Ca2+ fully recovering to baseline values after 20 minutes of washout. Our data demonstrate a 
previously unrecognized phenomenon in astrocytes, in which relatively small elevations in 
external K+ decrease resting astrocyte Ca2+ levels. We speculate that this cell-wide change to 
the resting cytosolic Ca2+ concentration will impact Ca2+-dependent astrocyte control pathways 
in the regulation of synapses and vasculature. 
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Abstract: Fibroblast Growth Factor Receptor 1(FGFR1), a plasma membrane receptor, is a focal 
point for multiple intracellular pathways. One involves calcium signaling through 
phosphorylation of one of its substrates, Phospholipase C (PLC). Phospholipase C is intricately 
involved with intracellular calcium signaling through Inositol 3 Phosphate (IP3) pathway 
resulting in a release of calcium from intracellular stores. Astrocytes have been shown to express 
their communications through calcium signaling. Tanycytes, a type of astrocytes that line the 
third ventricle, have long processes that extend into the arcuate nucleus of the hypothalamus, 
placing these cells in a dynamic homeostatic connection between somatic body and the brain via 
the cerebrospinal fluid. Using fluorescent calcium indicator, Fluo 3 AM, intracellular calcium 
signaling was investigated in Tanycyte cultures harvested from p2-4 C57BL6 mice, 
FGFR1Flox/Flox;NestinCre , and control FGFR+/+ or FGFR1+/-;NestinCre littermates. Preliminary results 



show no significant differences in number of peaks between these three groups. Compared to 
cortical and hippocampal astrocyte cultures, the tanycyte nuclear signaling appears to be less 
intensive whereas cytoplasmic signaling appears to be more. 
Cortical astrocyte cultures from FGFR1Flox/Flox;NestinCre

 mice showed a mean intensity difference 
from baseline = 39 grey values ± 35.8. ; control mean intensity difference from baseline = 63 
grey values ± 44.6 p=0.6. The calcium wave duration at the nucleus was compared. The 
FGFR1Flox/Flox;NestinCre

 astrocytes exhibited about a 4 times slower wave than the control. 
FGFR1Flox/Flox;NestinCre

 wave duration = 14.1 sec ± 5.6. Control wave duration = 3.7 sec ± 2.34 
p=1.98x10-11. 
Anxiety behavior was tested on FGFR1Flox/Flox;NestinCre

 and control littermates. Previous studies 
involving 2-4 month old FGFR1 Knock out mice using HGFAP driver was shown by Smith et al 
(2008) to decrease Parvalbumin GABAergic interneurons and increase hyperactivity. The 
HGFAP Cre recombinase driver knocks out FGFR1 beginning at E13.5, whereas, the Nestin cre 
driver knocks out FGFR1 in the stem cells. In this study using the Elevated Plus Maze, 2-4 
month old FGFR1Flox/Flox;NestinCre

 mice demonstrated a significantly less anxious behavior. 
FGFR1Flox/Flox;NestinCre mice had fewer freezing episodes (p=0.0366*FGFR1Flox/Flox;NestinCre = 7, 
control = 4) and less time freezing (p=0.0167* FGFR1Flox/Flox;NestinCre = 7, control = 4) than 
control littermates. 
These preliminary results indicate that the decreased function of astrocytes in the 
FGFR1Flox/Flox;NestinCre

 may contribute to their altered behavioral profile. 
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Abstract: Ca2+ dependent pathways in neurons and astrocyte endfeet can initiate arteriole 
diameter changes to control local blood perfusion. Discrepancies between the clear involvement 
of Ca2+ transients in astrocyte endfeet in brain slices versus controversial endfeet signals in vivo 
during functional hyperemia (or lack of signals), prompted us to determine whether astrocytes 
are essential contributors to synaptic activation-induced arteriolar dilation. Imaging synthetic and 
genetic (GCaMP) Ca2+ indicators in acute rat brain slices of the sensory cortex with 2-photon 
fluorescence microscopy, we discovered a threshold of synaptic activation below which astrocyte 
endfeet Ca2+ transients are absent in response to brief, moderate electrical stimulation (5s 20Hz, 
minimal voltage) that evokes arteriole dilation (termed ‘subthreshold stimulation’). Subthreshold 
stimulation-evoked neuronal Ca2+ transients and vasodilation was significantly reduced by α-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)-receptor blockage but not by N-
methyl-D-aspartate receptor inhibition. Blocking nitric oxide (NO) synthesis attenuated 
vasodilation but had no effect on Ca2+ signals. Phospholipase A2 and D inhibition, as well as 
inward rectifier and Ca2+-sensitive potassium channel inhibitors had no effect. Surprisingly we 
observed an almost complete inhibition of subthreshold stimulation-induced vasodilation with 
intact Ca2+ responses in the presence of an andenosine A2 receptor blocker. In awake, active 
mice, two-photon imaging of astrocyte endfeet through a closed cranial window showed no 
elevation in endfoot Ca2+ prior to the dilation of penetrating arterioles in the barrel cortex in 
response to a 5s air puff to the whiskers. In summary we provide evidence that sensory 
stimulation does not recruit astrocyte endfeet to mediate functional hyperemia and postulate that 
neuronal AMPA receptors, NO and adenosine are key regulators of activity-dependent 
vasodilation. 
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Abstract: The present study aimed to provide a quantitative methodology to study the transport 
of fluorescent tracers at the BBB in single capillaries in living mice. Measurements were 
performed on anesthetized C57bl6/j mice. Different types of fluorescent tracers were injected 
into the bloodstream intravenously and visualized using a two-photon microscope. Using fast 2-
photon imaging of single brain capillaries filled with a fluorescent tracer, we were able to show 
that recorded data contains spatio-temporal information, which can be used to study the transport 
at the BBB level. Numerical solutions of the diffusion equation were used to fit the 
experimentally measured data and obtain estimates for the diffusion coefficients of different 
fluorescent tracers. Machine learning-based image analysis algorithms were employed to extract 
the information about the glycocalycal layer, which comprises an important initial barrier for 
every compound in the circulation which is targeted to the brain.Developed tools allows to 
analyse the transport process of a fluorescent substance from the capillary lumen to the 
extravascular space. 
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Title: In vivo imaging of astrocytic cAMP by Flamindo2 in mouse cerebral cortex 
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Abstract: Astrocytic G protein-coupled receptors (GPCRs) have been demonstrated to be a key 
regulator of synaptic plasticity. While Gq signal activation in astrocytes can be visualized by 
Ca2+ imaging because of the robust IP3-dependent Ca2+ release from internal stores, Gs and Gi 
signaling has not been well characterized in the mouse cortex in vivo. Here we image cAMP 
levels of astrocytes using a monochromatic fluorescent cAMP indicator Flamindo 2 in living 



mice. Flamindo2 was expressed in cortical astrocytes using a recombinant AAV vector with a 
human GFAP promoter. In urethane-anesthetized mice, brain surface application of folskolin and 
IBMX decreased Flamindo2 fluorescence signal by ~25 percent in the somata, suggesting an 
increase of cAMP level. Moreover, adenylyl cyclase inhibitor SQ22536 application resulted in 
an increased Flamindo2 fluorescence signal indicating a decrease of cAMP level. These 
fluorescent signal changes occur in a time course of several minutes. Next we compared the 
astrocytic cAMP level between awake and isoflurane-anesthesia states. Preliminary results show 
that astrocytic Flamindo2 fluorescence decreased by ~20 percent in isoflurane-anesthetized 
states, indicating an increase of cAMP. These data suggest that astrocytic cAMP levels are 
differentially regulated in distinct brain states. Moreover, Flamindo2 is useful to monitor Gs and 
Gi GPCR activation in vivo. 
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Abstract: Astrocytes are electrically non-excitable cells that can integrate synaptic transmission 
by dynamic increases in cytosolic calcium. The mechanistic details of astroglial calcium 
signaling are hotly debated now. Physiological implications of diverse spatial, temporal and 
biochemical activators and modulators of astroglial calcium signals and their age-related 
alterations are yet to be fully understood. The functional abilities of astrocytes are critically 
depend on the level of expression and the subtypes of receptors on their membrane. The 
expression values of different receptors and their exact contribution to calcium signaling are still 
to be fully understood. 
In the present study we demonstrate region- and age-dependent heterogeneity in the expression 
values of genes involved in the calcium signaling pathway. We performed differential gene 



expression (DGE) analysis (by DESeq2) of RNA-Seq data obtained from cortex and brainstem 
of P3 and P11-12 rats. Cortical astrocytes of P3 rats compared to P11-12 show statistically 
significant elevation in the expression of the receptors of Gs-dependent signaling pathway (such 
as adrenoreceptors Adrb1, Adrb2, Adrb4, adenosine receptors Adora2a, Adora2b), particularly 
cAMP-dependent protein kinase A (PKA), as well as increased expression of cAMP-dependent 
protein kinase A (PLCε) and PLCγ, the latter might be a target for different growth factors, and 
sphingosine kinase, which is involved in the corresponding SPHK/S1P signaling pathway. 
Brainstem astrocytes of P3 rats compared to P11-12 show statistically significant increase in the 
expression values of the receptors of Gs-dependent signaling pathway, particularly cAMP-
dependent PKA and adenylate cyclase (ADCY); elevated expression of the receptors of Gq-
dependent signaling pathway (such as adenosine receptors Adora1b, adrenoreceptors Adra1d, 
Adra1a, metabotropic glutamate receptors Grm1, Grm5), as well as expression values of CaV2 
and CaV3 and PLCε. Cortical astrocytes of P3 rats show increased expression of CaV2, CaV3, 
components of Gs-dependent signaling pathway and ryanodine receptor RYR compared to 
brainstem astrocytes of P3 rats. Cortical astrocytes of P11-12 rats compared to brainstem 
astrocytes of P11-12 rats show increased expression of both Gs- and Gq-dependent signaling 
pathways as well as receptor-operated channels (ROC), such as purinergic receptors P2RX and 
ionotropic glutamate receptors Grin1 and Grin2. 
Altogether obtained data indicate on functional region- and age-dependent heterogeneity of 
astrocytes regarding the expression of receptors involved in calcium signaling. 
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Abstract: Optogenetics, a modern technique in neuroscience to control excitable cells with light, 
has recently been used on electrically non excitable cells like astrocytes (Figueiredo et-al., 2010). 
Our recent studies have been on evaluating the mechanisms by which light-activated 
channelrhodopsins affect the behavior of such non-excitable cells and aim to clearly identify and 



quantify it. We have established and discussed methodologies, to stimulate astrocytes with light 
in vitro and formulated the protocol to find the ideal light stimulation parameters to achieve 
calcium signals in the cells conferred with light sensitivity by transfection of astrocytes with the 
optogenetic construct. A biophysical model (Stefanescu et al., 2012) was employed to quantify 
the spontaneous calcium oscillations in astrocytes. Based on this, we found that there is a 
particular light stimulation window, within which astrocytes are activated. While low light leads 
to no activation, very high levels of light leads to saturation of the astrocytic calcium signaling. 
Transduction using viral vectors of various serotypes led to poor efficiencies in vitro, at different 
serotypes and at various Multiplicity of infections (MOIs). However, due to the to the lack of a 
systematic study to determine the ideal serotype and dosage and due to a plethora of 
experimental variation of parameters in vitro, an in vivo study to optimize these parameters is 
essential. Our current research is focused on finding the ideal serotype and dosage of the 
optogenetic virus in a rat model to target astrocytes. The plausible ones are AAV1 and AAV8 
(Aschauer et al., 2013, Petrosyan et al., 2014), which would bring about desired expression of 
the gene conferring light sensitivity to the astrocytes, and thereby allowing us to control them, 
using light. The validation will be done by post mortem histological analysis to determine viral 
expression. This approach using optogenetics would help in gaining control over astrocytes via 
light, and we hypothesize in our study that this could be crucial in controlling seizure 
perpetuation in epilepsy and other brain disorders involving neuroinflammation like autism, 
epilepsy, traumatic brain injury etc. 
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Abstract: Astroglia are the most elaborate, abundant, and diverse cell type in the CNS. To date, 
we recognize that astroglia are heterogeneous but we restrict this cell type to two groups: fibrous 
and protoplasmic. We have now reliability identified a unique cortical layer specific population 
of astroglia defined by molecular and physiological properties. These studies highlight the fact 



that adult astroglia, although morphologically similar, are in fact a diverse group of subgroups 
subserving varied and regional functions. During our efforts to uncover astroglia subtypes, we 
employed various astroglia GLT1/EAAT2 promotor reporter (TdTom) mice with various 
promotor construct sizes. These in vivo tools were able to reveal a subset of cortical astroglia, 
which were then FACS and molecularly and proteome profiled. Genes and proteins highly 
unique to these cortical astroglia were identified. These molecularly defined astroglia were 
validated by examining human cortical tissue and human iPS derived astroglia. Now we show 
that in both murine and human that multiple markers are capable of consistently labeling this 
subtype. Furthermore, we explored their physiological influence of this subset on neurons and 
vice versa. We uncovered that this subpopulation, enriched in layer II/III and V in the adult 
cortex, secretes neurotrophins responsible for modulating synapse formation. Additionally, we 
found that neuronal-subgroups in corresponding layers to tdTom-astros distribution, secrete a 
ligand that promotes the proliferation of tdTom-astros. In aggregate, we are beginning to 
establish that these layer V tdTom-astros are a unique subtype of astroglia that play influential 
roles to neighboring cells and in return, these neighboring cells such as neurons, promote their 
abundance.  
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Authors: *S. A. LIDDELOW1, L. E. CLARKE1, W.-S. CHUNG3, M. L. BENNETT1, B. A. 
NAPIER2, A. E. MÜNCH1, K. A. GUTTENPLAN1, L. SCHIRMER4, D. H. ROWITCH5, D. K. 
WILTON6, A. FROUIN6, B. STEVENS6, B. A. BARRES1;  
1Neurobio., 2Microbiology and Immunol., Stanford Univ., Stanford, CA; 3Biol. Sci., Korea 
Advanced Inst. of Sci. and Technol., Daejeon, Korea, Republic of; 4Eli and Edythe Broad Ctr. of 
Regeneration Med. and Stem Cell Res., Univ. of California San Francisco, San Francisco, CA; 
5Dept. of Paediatrics, Univ. of Cambridge, Cambridge, United Kingdom; 6Neurol., Boston 
Children's Hosp., Boston, MA 

Abstract: Although reactive astrocytes are rapidly generated following brain injuries and 
neurodegenerative and neuroinflammatory diseases, their role in trauma and disease states is not 
well understood. Previously we distinguished two reactive astrocyte subclasses based on the kind 
of inducing injury. We named these classes “A1” and “A2”. Based on their gene profiles we 
hypothesized that they were harmful and helpful respectively. Here we show that the harmful A1 
reactive astrocytes are induced by classically-activated neuroinflammatory microglia. We further 
found that activated microglia induce A1s by secreting Il-1α, TNFα, and C1q, and that these 
factors together are necessary and sufficient to induce A1s both in vitro and in vivo. We 
demonstrate that A1s have little ability to promote neuronal survival, outgrowth, synaptogenesis 
or phagocytosis and instead are powerfully neurotoxic to neurons and oligodendrocytes, rapidly 
inducing apoptosis. We further show that A1s are present in human Alzheimer’s disease, 
Huntington Disease, Amyotrophic Lateral Sclerosis, and Multiple Sclerosis, and that death of 
axotomized CNS neurons is prevented when A1 formation is blocked with neutralizing 
antibodies to Il-1α, TNFα, and C1q. Taken together our findings explain why CNS neurons die 
after axotomy, strongly suggest that A1s drive death of neurons and oligodendrocytes in 
neurodegenerative disorders, and point the way forward for developing new treatments for these 
diseases. 
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Title: Astrocytes in the brain and chondrocytes in the joints are target cells of inflammation 
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Abstract: Inflammation can be initiated in vivo after traumatic injury or in response to 
mechanical overload. Gap junction coupled cells may be targets for co-morbidity leading to 
spread of inflammation and changes in biochemical cellular parameters. These cells are excitable 
but do not express action potentials. They are equipped with Ca2+ signaling systems, which can 
be intercellular and/or extracellular. The transport of small molecules between the cells occurs 
through gap junctions comprising connexin 43 (Cx43). Examples of cells coupled into networks 
include astrocytes, keratinocytes, chondrocytes, synovial fibroblasts, osteoblasts, connective 
tissue cells, cardiac and corneal fibroblasts, myofibroblasts, hepatocytes, and different types of 
glandular cells. Astrocytes in the CNS are the most well studied network coupled cells which 
play a pivotal role in chronic neuroinflammation. 
During inflammation, the expression and affinities of several receptors are changed. The 
cytoskeleton is disrupted into more diffuse and ring-structured actin filaments. Ca2+ signaling is 
elevated, resulting in increased ATP production and increased Ca2+ release from internal stores 
thereby changing the balance of Ca2+-regulating processes. This causes reduced communication 
via gap junctions. Sodium transporters are downregulated. Increased release of pro-inflammatory 
cytokines is seen. 
Osteoarthritis is a chronic progressive low-grade inflammatory disease that involves several 
structures in the joint leading to impaired joint mobility and pain. The chondrocytes in the 
superficial layer of the articular cartilage form cellular processes containing gap junctions that 
enable cell-to-cell communication and form three-dimensional networks. Chondrocytes are part 
of the inflammatory reactive network-coupled cells in the body. They produce synchronized Ca2+ 
waves and are excitable in response to stimulation with several transmitters. Expression of Cx43 
is changed and expression of TLR4 is increased as well as the active form of MMP-13. 
Our data show that the cell functions of healthy chondrocytes as well as inflamed, resemble the 
astrocyte networks. 
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Abstract: Alexander disease is a primary astrocytic disorder due to dominant mutation in the 
Glial fibrillary acidic protein (GFAP) gene, encoding the main intermediate filament of 
astrocyte. Several clinical forms have been described for this progressive disorder of the CNS, 
ranging from early-onset forms with severe leucodystrophy and forms with predominant lesions 
in the hindbrain and spinal cord and less white matter involvement. However, whatever the 
clinical form, Alexander disease is characterized by the presence of cytoplasmic protein 
aggregates of astrocytes called Rosenthal fibers containing GFAP and other proteins. The 
accumulation of GFAP with Rosenthal fibers, in patients and several animal models, seems to be 
the starting point of the degenerative process. To explain how this primary astrocytic dysfunction 
affects the function of other CNS cells several in vitro and in vivo models have been studied. 
Inhibition of proteasome activity, activation of stress kinase pathways, activation of mTOR and 
inflammatory response have been described in several animal models with no defect in 
myelination. We have generated new knock-in mice with missense mutations homologous to 
those found in humans, one in the rod domain (R85C) and one in the tail (T409I) of GFAP, to 
study the pathology of Alexander disease. We showed that mice with GFAP-R85C and -T409I 
mutations developed Rosenthal fibers and gliosis. By immunohistochemistry and Western 
analysis, GFAP expression was increased in both mice mutants compared to littermate controls 
at 10 weeks of age, expression being highest in homozygous mutant mice. Also at this age, 
microglial activation with increased levels of Iba1 and microglial cells density were 
demonstrated. Astrogliosis and microglial activation were prominent in the hippocampus and we 
also observed decreased density of Doublecortin positive cells in the dentate gyrus of both 
mutant mice. Nevertheless, in the subgranular zone we noticed different morphological changes 
of radial glia-like cells between the two mutants with a near absence of astrocytic processes 
through the granular zone in mice with mutation in the tail domain. In conclusion, our two 
knock-in mice models display astrogliosis associated with microglial activation and impaired 
adult hippocampal neurogenesis. Interestingly, some differences were observed between the rod 
domain and the tail mutants. Thus these mice are good models to try several therapeutic 
strategies for this devastating neurological disease. 
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Abstract: The unintended neurocognitive sequelae resulting from clinical radiation therapy (RT) 
for CNS malignancies are both progressive and debilitating. An increasing number of cancer 
survivors, especially children, endure persisting cognitive decrements that adversely affect 
quality of life with no clinical recourse. However, the molecular mechanisms underlying RT-
induced cognitive decline (RICD) have not been resolved. Since cranial RT causes astro-glial 
activation, we hypothesized that adverse changes in astrocyte function might be implicated in 
RICD. Among other gliotransmitters, astrocytes control the availability of adenosine, an 
endogenous neuroprotectant and modulator of cognition, via metabolic clearance through 
adenosine kinase (ADK). Our previous data showed that pharmacologic inhibition of ADK pre-
RT prevented development of RICD and astrogliosis (Acharya et al., 2016). To better understand 
the mechanistic regulation of astrocyte-mediated adenosine modulation, we utilized the AAV8-
based Adk-miRNA vector (Adk-KO) to study the CNS-radiation response and its impact on 
cognitive function. Adk-KO vector (under gfaABC1D promoter), designed to knock down 
astrocytic ADK, provides a powerful tool to mechanistically dissect the role of ADK in the 
pathology of RICD. Adult WT mice receiving cranial RT (9 Gy) and stereotaxic (intra-
hippocampal) injection of control (scrambled) vector showed significant decline in the 
performance in frontal cortex- and hippocampal-dependent cognitive function tasks (novel object 



recognition, object in place, contextual fear conditioning) 6 weeks post-RT. Irradiated animals 
spent less time exploring a novel place or object. Cranial RT also led to reductions in freezing 
behavior compared to controls in a fear conditioning task. Irradiated brains showed significant 
elevation of the hippocampal ADK immunoreactivity that was correlated with hypertrophic 
astrocytes. Conversely, mice receiving the Adk-KO vector 2-days post-RT showed significantly 
improved behavioral performance in all cognitive tasks 6 weeks post exposure. The Adk-KO 
vector selectively transduced astrocytes and showed >80% knockdown of ADK throughout the 
hippocampus and attenuated radiation-induced astrogliosis and increases in ADK expression. 
Our gene silencing approach provides direct evidence in support of our hypothesis that cranial 
RT disrupts adenosine metabolism and interventions targeted to reduce astrocytic ADK may 
prove beneficial for ameliorating radiation-induced cognitive dysfunction. 
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Abstract: The response and susceptibility to astroglial degenerations are relevant to the 
distinctive properties of astrocytes in a hemodynamic-independent manner. Because of the 
emerging relationship between the dynamin-related protein 1 (DRP1)-mediated mitochondrial 
fission and cell viability, we investigated whether mitochondrial dynamics involves the 
differential astroglial vulnerability in response to status epilepticus (SE). In non-SE animals, 
pDRP1-S616/pDRP1-S637 ratio in astrocytes within the CA1 region was higher than that within 
the molecular layer of the dentate gyrus. Following SE, mitochondrial length was reduced in the 
molecular layer of the dentate gyrus, while mitochondria were elongated in the CA1 region. 
Mdivi-1 (a DRP1 inhibitor) effectively alleviated astroglial death in the molecular layer of the 
dentate gyrus following SE, while WY14643 (an enhancer of mitochondrial fission) aggravated 
it. In the CA1 region, Mdivi-1 accelerated clasmatodendrosis (lysosome-derived astroglial 



autophagy), although neither Mdivi-1 nor WY14643 affected the number of astrocytes following 
SE. To the best of our knowledge, the present data demonstrate for the first time the novel role of 
DRP1-mediated mitochondrial fission in astroglial loss. Thus, the present findings suggest that 
the differential astroglial mitochondrial dynamics may involve the distinct characteristics of 
astroglial death following by SE. 
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Abstract: Background: The cystine/glutamate antiporter system xc
-, with xCT as specific 

subunit, takes up cystine into cells while exporting glutamate. In the brain, system xc
- controls 

extracellular glutamate levels. Neuroinflammation is observed in Alzheimer’s disease, 
amyotrophic lateral sclerosis and multiple sclerosis, diseases where system xc

- is upregulated and 
may contribute to excitotoxicity. 
Aim: The aim of this study was to characterize pathways that lead to inflammatory upregulation 
of system xc

-. 
Methods: In murine astrocytes and mouse embryonic fibroblasts (MEF), system xc

- activity was 
measured as radiolabelled glutamate uptake upon stimulation with tumor necrosis factor α 
(TNFα), bacterial lipopolysaccharide (LPS) and polyinosinic:polycytidylic acid (Poly I:C). For 
immunoblotting, astrocytic membranes were used. For luciferase reporter promoter assays, 
astrocytes were transiently transfected using constructs containing xCT promoter fragments of 
different length. Mice were injected intraperitoneally with 5 mg/kg LPS and 750 µg/kg Poly I:C. 
One week later, hippocampal homogenates were used for immunblotting. 
Results: Within 24 hours, 100 ng/ml TNFα and 100 µg/ml Poly I:C upregulated system xc

- 
activity 3.3-fold and 3.6-fold, while 100 ng/ml LPS 6.6-fold, respectively. Statistically 
significant upregulation was detected not earlier that after 12 hours suggesting a transcriptional 



mechanism. Correspondingly, xCT promoter activity was increased by 2.2-fold and 2.0-fold 
upon stimulation with LPS and Poly I:C, respectively, and xCT protein was upregulated by LPS 
and Poly I:C within 24 hours. In mice both peripheral LPS and Poly I:C induced hippocampal 
xCT protein levels by 1.3-fold and 1.4-fold, respectively, 7 days post-injection. System xc

- was 
not upregulated in MEF deficient in the TNFα receptor (TNFR) 1 but upregulation was 
preserved in TNFR2-deficient MEF. Pharmacological inhibition of NFκB slightly increased the 
induction of system xc

- activity. In line with this, NFκB-deficient MEFs showed higher system 
xc

- activity compared to wild-type MEF. Luciferase reporter promoter assays indicated that an 
inhibitory region might be located between base pair -266 and -664 where a putative NFκB site 
is located. 
Conclusion: Inflammatory stimuli initiated by activating TNFR1, TLR3 and 4 upregulate system 
xc

- in the murine brain and astrocytes in vitro. This is mediated by increased transcription of 
xCT, the specific subunit of system xc

-. Counterintuitively, signaling via NFκB might rather 
represent an inhibitory feed back loop in the inflammatory induction of system xc

- downstream 
of the activation of TNFR1 and both TLR3 and 4. 
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Abstract: Retinal astrocytes influence the abnormal growth of blood vessels in ischemic 
retinopathies. In the oxygen induced retinopathy (OIR) mouse model, astrocytes degenerate after 
exposure to hypoxia, whereas preservation of the astrocytic template is correlated with 
accelerated revascularization of retinal plexuses and reduced intravitreal neovascularization. The 
reason why astrocytes of the inner retina degenerate is not fully defined. We hypothesize that 
Gap junction channels (GJs) composed of connexin 43 (Cx43), which extensively couple retinal 
astrocytes, may facilitate the propagation of cytotoxic signals within the astrocytic network 
leading to its degeneration. Therefore, we examined the effects of retinal hypoxia on the 



expression and function of Cx43, and determined whether the absence of Cx43-mediated 
coupling can prevent the loss of astrocytes and the abnormal vessel growth in OIR. Mouse litters 
were exposed to 75% oxygen from postnatal day (p) 7 to p12, causing obliteration of the 
vascular plexus, and then returned to room air. The relative hypoxia leads to neovascularization 
by p17. Cx43 expression was tested at various time points after exposure to hypoxia using 
Western blot. Dye spread to adjacent cells was used as a measure of Cx43-mediated astrocytic 
coupling in GFAP-Cre;TdTomato mice. The effects of genetic ablation and pharmacological 
inhibition of Cx43 channels on astrocytic density and pathological neovascularization were 
examined with immunohistochemistry on retinal whole-mounts from WT and GFAP-Cre;Cx43fl 
(knockout) mice. Hypoxia induced the transition of Cx43 from a dephosphorylated state to its 
fully phosphorylated form within 6 hours, changes that were associated with recruitment of Cx43 
into GJ plaques and an increase in intercellular coupling. The absence of astrocytic coupling 
provided by Cx43 reversed the pathological changes observed in OIR. Intravitreally injected 
Cx43 inhibitors increased the density of astrocytes in the vaso-obliterated zone and significantly 
reduced the avascular retinal area and the formation of neovascular tufts. Similarly, conditional 
deletion of Cx43 markedly increased revascularization and reduced neovascularization compared 
to WT. Our results demonstrate a significant role of astrocytic coupling in the progression of 
ischemic retinopathies and suggest that Cx43 is a potential therapeutic target to control 
neovascularization. 
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Abstract: Neurogenic zones in the mammalian brain are strong candidates for neuroregenerative 
strategies due to their ability to give rise to new neurons. The mammalian olfactory system 



shows robust neurogenesis throughout life, with neurosensory cells of the olfactory mucosa 
capable of renewal and differentiation. Data suggest that both neural niche signals and the 
surrounding glia give the olfactory mucosa this unique capability. Recent studies have 
transformed our perception of glia from being simply a structural support network for neurons; to 
the ‘star’ cells that regulate synaptic transmission, plasticity and neural excitability. With the 
revelation that glia communicate with each other as well as with neurons, interest in 
understanding the role of glia-neuron interactions during injury and disease is increasing. There 
is growing evidence that the regenerative properties of olfactory nerves are due to a distinct type 
of glial cell, called olfactory ensheathing cells (OECs). As a stress response to injury, 
hypertrophic astrocytes present in the glial scar transform into a reactive state and not only act as 
a physical barrier to regenerating axons, but also secrete nerve growth-inhibitory chondroitin 
sulfate proteoglycans (neurocan, phosphacan, versican, etc). OECs can mix with astrocytes, 
migrate through scar tissue and exhibit axon growth-promoting properties after the injury. 
Therefore studying the OECs' role during regeneration and the cross talk between the OECs and 
astrocytes holds promise for understanding neuroregeneration mechanisms. Here we examine the 
possible molecular mechanisms OECs communicate with astrocytes using both primary OECS 
from PN2 mice as well as several immortalized olfactory ensheathing cell lines (1). Consistent 
with reports in the literature, primary OECs decrease NFkB nuclear translocation in astrocytes 
exposed to a LPS insult. To date, we examined two immortalized cell lines and neither is able to 
mimic the primary OEC effect on astrocyte stress response. We focus on comparison of 
molecules with altered expression levels in primary OECs vs immortalized OEC lines. This 
comparison may enable identification of pathways that primary OECs activate upon exposure to 
reactive astrocytes during a neuroregenerative challenge. 
1. Calof A.L., Guevara J.L., Cell Lines Derived from Retrovirus-Mediated Oncogene 
Transduction into Olfactory Epithelium Cultures. Neuroprotocols Companion Meth Neurosci 3, 
222-231(1993) 
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Title: The molecular mechanism underlying the cross talk between post-traumatic spinal axons 
and scar-forming cells 

Authors: *Y. LIU;  
Inst. of Neuroscience, Soochow Univ., Jiang Su, China 

Abstract: Little is known about the molecules mediating the cross-talk between post-traumatic 
axons and scar-forming cells after spinal cord injury. We found that a sustained NB-3 induction 
was simultaneously present in the terminations of post-traumatic corticospinal axons and scar-
forming cells at the spinal lesion site, where they were in direct contact when axons tried to 
penetrate the glial scar. The regrowth of corticospinal axons was enhanced in vivo with NB-3 
deficiency or interruption of NB-3 trans-homophilic interactions. Biochemical, in vitro and in 
vivo evidence demonstrated that NB-3 homophilically interacted in trans to initiate a growth 
inhibitory signal transduction from scar-forming cells to neurons by modulating mTOR activity 
via CHL1 and PTPσ. NB-3 deficiency promoted BMS scores, electrophysiological transmission 
and synapse reformation between regenerative axons and neurons. Our findings demonstrate that 
NB-3 trans-homophilic interactions mediate the cross-talk between post-traumatic axons and 
scar-forming cells and impair the intrinsic growth ability of injured axons. 
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Abstract: Background: 
Vascular cognitive impairment and dementia (VCID) is the second leading cause of dementia 
behind Alzheimer’s disease (AD). In addition, VCID is a frequent co-morbidity with AD, 
complicating the diagnosis and treatment of AD for a significant proportion of AD patients. 



Despite its prevalence, VCID remains relatively understudied compared to AD, and little is 
known about the molecular mechanisms underlying the cognitive dysfunction resulting from 
cerebrovascular disease. 
The astrocytic end-feet almost completely surround intraparenchymal blood vessels in the brain 
and express a variety of channels and markers indicative of their specialized functions in the 
maintenance of ionic and osmotic homeostasis and gliovascular signaling. The channels enriched 
at the astrocytic end-feet are the aquaporin 4 water channel (AQP4), the inward rectifying 
potassium channel Kir4.1 and the calcium-dependent potassium channel BK. An essential 
function of the astrocytes surrounding the neurons is to maintain the neuronal resting membrane 
potential by controlling the extracellular potassium concentration, a process termed potassium 
buffering. 
Methods: 
Wildtype mice were placed on HHcy-inducing diet for a period of 6, 10 or 14 weeks. We 
examined the tissue histologically for astrocytic end-foot markers AQP4, Kir4.1, BK and 
dystrophin-1 (Dp71). Further, we performed some elctrophysiological measurements of LTP. 
Results: 
We found that there was significant astrocytic end-foot disruptions in the HHcy model. AQP4 
becomes dislocalized from the end-feet, there is a loss of Kir4.1 and BK protein expression, as 
well as a loss of the Dp71 protein known to anchor the Kir4.1, BK and AQP4 channels to the 
end-foot membrane. We have examined mice who have been on the HHcy-inducing diet for 6, 
10 and 14 weeks and find that these end-foot changes become more severe the longer the mice 
are on the diet. These histological astrocyte changes are very similar to changes we previously 
showed in a CAA mouse model. Accompanying these intriguing histological findings are 
indications of electrophysiological dysfunction in the HHcy mice. 
Conclusions: 
HHcy and CAA both result in disruption of the astrocytic end-foot connection. These changes 
could represent a common cellular mechanism of VCID and, therefore, may be a target for 
therapeutic development. 

Disclosures:  T.L. Sudduth: None. J.L. Gooch: None. E.M. Weekman: None. A. Woolums: 
None. M. Pleiss: None. C.M. Norris: None. D.M. Wilcock: None. 

Poster 

128. Astrocytes in Disease 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 128.11/G35 

Topic: B.12. Glial Mechanisms 



Support: NRF of Korea, 2015R1D1A1A02059430 

Title: Enhanced astroglial GABA release via Best-1 channel in epileptic hippocampus 
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Abstract: Activation of extrasynaptic GABAA receptors (eGABAARs) generate persistent tonic 
inhibitory currents (Itonic), while their synaptic counterparts mediate conventional inhibitory 
postsynaptic currents in the brain. In addition to the expression and/or composition of 
eGABAARs, Itonic is under tight control of the extracellular GABA of synaptic and non-synaptic 
origin. Here, we showed that astrocytic GABA release through bestrophin-1 (Best-1) channel 
among others could suppress the neural circuit in epileptic hippocampus. Intracerebroventricular 
injection of kainic acid (KA) produced typical seizure activity increased GABA and Best-1 
expression in GFAP-positive cells of mice hippocampi. KA injection induced 5-nitro-2-(3-
phenylpropylamino) benzoic acid (NPPB)-sensitive Itonic in CA1 pyramidal neurons. 
Interestingly, KA injection failed to induce NPPB-sensitive Itonic in Best-1 KO mice. Similarly, 
Itonic facilitation by a GABA transporter blocker (NO-711) was enhanced by KA injection in wild 
type but not in Best-1 KO mice. In an agreement, NPPB increased the CA1 neuronal firing 
activity in KA-injected wild type mice, but not in Best1 KO mice. Finally, KA-injected Best1 
KO mice showed increased spontaneous seizure activity and behavioral seizure after the 
electrical stimilus compared with those in wild type mice. Overall, our results suggested the 
Best1-mediated astrocytic GABA release could contribute to stabilize the hippocampal neural 
circuit after epileptic insults. 
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Abstract: α7 nicotinic acetylcholine receptors (nAChRs) are widely distributed throughout the 
central nervous system (CNS) and periphery. Within the CNS, these receptors are expressed in 
neurons and glia cells, and are actively involved in learning, memory and attention. A majority 
of the studies evaluating the role of α7nAchRs in the CNS have focused on neurons. However, 
these receptors are also present on astrocytes, which are key regulators of neuroinflammation and 
oxidative stress in several neurodegenerative diseases including Alzheimer’s disease, 
Parkinson’s disease and amyotrophic lateral sclerosis. Less evidence exists regarding the 
potential anti-inflammatory properties of these receptors in astrocytes. Therefore, we evaluated 
the role of astroglial α7 nAChR activation in an in vitro model of neuroinflammation. We 
observed that treatment with α7 nAChR agonists, GTS21 and PNU282987, significantly reduced 
lipopolysaccharide (LPS)-mediated secretion of the inflammatory cytokines in a dose dependent 
manner in astrocytes. Further, we assessed the effect of α7 nAchR agonist on activation of 
NFκB, which is a transcription factor involved in regulating inflammatory responses. We 
observed that α7 nAChR activation blocked LPS mediated NFκB nuclear translocation in 
astrocytes indicating that the observed anti-inflammatory effect may be mediated through NFκB 
pathway. We further tested the antioxidant effect of astroglial α7 nAChR through modulation of 
nuclear factor erythroid-derived 2-related factor 2 (Nrf2) pathway, which is a member of the NF-
E2 family of basic region leucine-zipper transcription factors and responds to oxidative and 
electrophilic stress by regulating antioxidant responsive genes. We demonstrated that treatment 
with α7 nAChR agonists upregulates canonical Nrf2 antioxidant genes and proteins suggesting 
antioxidant properties of α7 nAchR. The anti-inflammatory and antioxidant responses were 
reversed by α7 nAchR specific antagonist, MLA; which further demonstrates that these effects in 
astrocytes are specifically mediated by α7 nAchR activation. In conclusion, our results 
demonstrate that activating astroglial α7 nAChR may have a role in neuroprotection by 
decreasing inflammation and oxidative stress, and therefore could have therapeutic implication 
for disease modifying treatments of neurodegenerative diseases. 
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Title: Stress-induced structural and functional plasticity in Neuron-Glia interactions 

Authors: *C. MURPHY-ROYAL, G. R. J. GORDON, J. S. BAINS;  
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Abstract: Astrocytes play key roles in maintaining basal synaptic transmission and synaptic 
plasticity. They express a wide range of ion channels, transporters, and receptors, which enable 
them to detect a variety of neuronal and glial signals. Each astrocyte occupies unique volume 
domain and is associated with hundreds of thousands of synapses in the rodent brain. In spite of 
this privileged access to synapses, little is known about changes in the functional relationship 
between astrocytes and neurons in response to physiological challenges. 
Stress causes rapid changes in synaptic signaling and alters the threshold for plasticity in a 
number of brain regions. Here we asked whether acute stress directly impacts astrocytes and 
whether this has consequenes for neuronal function. 
Mice were subjected to acute stress (swim 20 min) and cortical brain slices were prepared. Data 
obtained from these mice was compared to data from unstressed mice. Structural and functional 
adaptations by astrocytes were monitored using two-photon microscopy in combination with 
patch-clamp electrophysiology. 
Using morphometric analysis, we measured astrocyte territory size in response to acute stress. 
There was a 11% increase in astrocyte territories following swim stress (2385±113 µm2 vs 
2646±75 µm2). Scholl analysis on these cells revealed an increase in branching of astrocytes 
following stress (Schoenen Ramification Index: 7.7 vs 10.6). These observations indicate that 
acute stress results in mild hypertrophy that is accompanied by increased ramification. 
Next, we conducted functional assays to investigate the effects of stress on the intrinsic 
signalling properties of astrocytes. We investigated astrocyte-astrocyte coupling, as observed by 
dye coupling between cells. After stress, there was a 68% decrease in coupling (256±22 s vs 
430±43 s). This suggests a specific impairment or reduction in gap-junction coupling between 
astrocytes. 
Finally, we investigated the effect of stress on astrocyte calcium signalling. We focused on 
microdomains as changes in calcium in these domains have been linked to intracellular 
signalling and gliotransmitter release. Stress had no effect on the amplitude (4.2±0.6 dF/F vs 
3.7±0.6 dF/F) or frequency (0.52±0.06 events/min vs 0.41±0.07 events/min) of spontaneous 
astrocytic calcium events. There was, however, a 32% increase in the half-width of these events 
(3.3±0.2 s vs 4.4±0.4 s). 
Our findings are consistent with rapid changes in astrocyte morphology and function following a 
single episode of stress. These stress-induced alterations in astrocyte structure and function may 
play a previously unknown role in the central response to stress. 
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Title: Reduction of Kir4.1 potassium channel expression in diabetic mice: relevance to stroke. 
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Abstract: Diabetics are at greater risk for stroke when compared to non-diabetics and elevated 
blood glucose concentration during stroke is associated with poor outcome. Astrocytes play a 
critical role in protecting neurons by maintaining extracellular homeostasis and preventing 
neurotoxicity through glutamate uptake and potassium buffering. These functions are aided by 
the presence of potassium channels, such as Kir4.1 inwardly rectifying potassium channels, in 
the membranes of astrocytic glial cells. We have previously shown that Kir4.1 expression and 
function is down-regulated in cultured astrocytes grown in high glucose compared to astrocytes 
grown in normal glucose. The purpose of the present study was to extend these findings from 
cultured astrocytes to brains of diabetic mice. In this study we used the db/db mouse model of 
Type 2 diabetes and the heterozygous db/+ control mice. The db/+ control mice have mean 
fasting blood glucose levels of 96.1 ± 4.8 mg/dl, whereas the db/db diabetic mice have mean 
230.6 ± 15.9 mg/dl glucose levels. We first evaluated the protein and gene expression of Kir4.1 
using Western blot and q-PCR. We found a 40% reduction of Kir4.1 protein levels and a 30% 
reduction in Kir4.1 mRNA levels in db/db mice as compared to db/+ control mice (n=3 for all 
groups). We next examined the consequences of ischemic stroke on performance of a 
sensorimotor task by control and diabetic mice. We performed a focal photothrombosis in the 
sensorimotor cortex of db/db and db/+ mice via the Rose Bengal method and evaluated 
sensorimotor function using the rung ladder walk behavioral test. The rung walk measures 
sensorimotor function particularly after stroke. After obtaining baseline data, db/db mice and 



db/+ mice received the focal lesion and 24 hours later their behavioral performance on the rung 
test was re-evaluated. Limb placement accuracy was rated on a scale from 0 to 6 with 6 being a 
perfect step and 0 being a total miss of the rung as described by Farr et al., (2006). We found no 
difference between the ability of control (n=4 for sham; n=5 for control with surgery) or diabetic 
(n=5) mice to perform on the rung walk prior to the receiving the focal lesion. 24 hours after the 
surgery, the control (non-diabetic) mice had apparent deficits in placing the right front limb/paw 
on the rungs. In addition, the diabetic mice had more severe deficits than the control mice in both 
the right front and right back limb/paw placement 24 hours after surgery. Our results indicate 
that Kir4.1 channels are down-regulated in brains of Type 2 diabetic mice and this correlates 
with greater sensorimotor deficits after ischemic stroke. 
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Title: Mechanisms and effects of remote astrocyte reactivity in response to axotomy 
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Abstract: The role of astrocyte reactivity in response to remote axonal injuries is not fully 
understood. After such injuries, a complex process of reorganization of synaptic connections is 
observed on the dendrites of surviving neurons. This process, named adaptive synaptic plasticity, 
is crucial for the re-establishment of previously lost connections, for neuronal survival and 
ultimately for functional recovery. Emerging evidence from our laboratory and others suggest 
that remote astrocyte activation has a fundamental impact on neuron survival and synaptic 
reorganization after axonal injuries. However, the molecular mechanisms underlying this 
response are still unresolved. Using a combination of in vivo and in vitro model systems we 
investigated (1) the triggers and signaling pathways involved in remote astrocyte activation in 



response to peripheral axotomy and (2) the potential effects of astrocyte reactivity on adaptive 
synaptic plasticity following neuronal injury. We showed that after peripheral nerve axotomy in 
mouse, perineuronal astrocytes become activated via signal transducer and activator of 
transcription-3 (STAT3) signaling. Using transgenic approaches, we then evaluated the effects of 
STAT3-mediated astrocyte reactivity on neuronal integrity and synapse recovery following nerve 
transection. We showed that after axotomy, STAT3 activation in astrocytes induces process 
formation, promotes neuronal survival and the recovery of synapses. We then confirmed that 
astrocytic STAT3 directly controls the re-expression and release of the synaptogenic molecule 
thrombospondin-1 (TSP-1), which promotes the restoration of excitatory input onto axotomized 
motor neurons. These data may provide insights for developing novel synapto- or neuro-
protective strategies. 
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Abstract: Astrocytes maintain brain homeostasis by protecting synaptic integrity, providing 
metabolic support for neurons, regulating inflammatory responses, and increasing survival under 
oxidant conditions. Several types of stress and injury in the brain induce mitochondrial 
dysfunction and oxidative stress leading to astrocyte death. Prolactin (PRL) is a stress-related 
hormone limiting gliosis and degeneration of neural retina (Arnold et al. JN 2014). Here, we 
investigate whether PRL protects brain astrocytes against oxidative stress and cell death. Primary 
cultures of cortical astrocytes were isolated from the brain of neonatal Wistar rats. The long PRL 
receptor isoform was detected in cortical astrocytes by qRT-PCR. Astrocytes were treated with 
increasing concentrations of PRL (1-100 nM) 24 hours after being exposed to oxidative stress 



induced with 400 µM hydrogen peroxide (H2O2) for 3 hours. Incubation of cortical astrocytes 
with PRL inhibited H2O2-induced cytotoxicity, evaluated by the MTT assay, in a dose-dependent 
manner. These findings indicate that PRL can act directly on astrocytes to protect them against 
oxidative stress injury. 
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Abstract: The excitatory amino acid transporter EAAT2 (GLT1 in rodents) accounts for the 
major part of glutamate uptake from the extracellular space. Several groups have reported 
reduced levels of GLT1 expression and striatal glutamate uptake in Huntington’s disease (HD), 
but so far there is little evidence that individual glutamatergic synaptic connections were affected 
by glutamate uptake insufficiency. Here we show that in 1 year old hypokinetic Q175 
homozygotes unitary corticostriatal EPSCs are longer than in their wildtype (WT) littermates. 
Corticostriatal afferents were visualized by YFP fluorescence after stereotaxic injection of 
AAV9/CaMKIIa.hChR2(E123T/T159C)-eYFP into the motor cortex. Individual axons were 
repeatedly activated by a small light spot at 473 nm or by electrical microstimulation. Both 
methods rendered the same results. The AMPAR- and NMDAR-mediated components of the 
corticostriatal unitary EPSCs (uEPSCs) were separated by setting the holding potential to - 70 or 
+40 mV. We found a significant HD-related difference in the time constant of decay of both the 



AMPAR and the NMDAR uEPSC components. This alteration is associated with an HD-related 
decrease in the glutamate uptake activity to 46% of the WT level, as determined in individual 
SR101-positive astrocytes by photolytic uncaging of 3 mM Rubi-glutamate and recording of the 
respective Na transients after loading SBFI-AM. Treatment with the beta-lactam antibiotic 
ceftriaxone is known to promote the transcription of GLT1. In SR101+ astrocytes ceftriaxone 
restored the glutamate uptake activity to 83% of the WT level. It also reversed the prolongation 
of the AMPAR but not the NMDAR component. We then aimed at characterizing the 
ceftriaxone-mediated recovery of GLT1 in the GFAP-expressing subclass of astrocytes (~20% of 
S100beta+ cells in the striatum). In WT and HD mice GFAP-expressing astrocytes were 
visualized by Tomato-fluorescence after systemic (intravenous) application of AAV9-
gfaABC1D-Tomato. Average GLT1 immunofluorescence was quantified within and outside the 
domains of solitary Tomato+ astrocytes. To our surprise, in Tomato+ astrocytes GLT1 
immunofluorescence was not reduced, but even significantly increased in comparison with WT. 
In contrast, outside the domains of GFAP+ astrocytes the GLT1 level was lower in HD, 
consistent with the conclusion that the majority of astrocytes, but not the GFAP-expressing 
subclass, exhibit insufficiency of GLT1 expression which is responsive to ceftriaxone treatment. 
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Title: Analyzing post-stroke astrocyte heterogeneity to guide neural repair 
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Abstract: Stroke is one of the most common causes of long-term disability, yet few treatment 
options exist. Many patients experience limited stroke recovery, suggesting it may be possible to 



determine the mechanisms underlying and limiting this endogenous neural repair in order to 
induce more complete recovery. Successful neural repair is likely to include numerous elements, 
including angiogenesis, blood-brain barrier maturation, structural and functional synaptic 
plasticity, and mitigation of the extensive post-stroke inflammatory response. Astrocytes 
influence or drive all of these elements, yet very little is known about how astrocytes respond to 
stroke. Here, we have developed new approaches to investigate how astrocytes respond to stroke 
as well as how those responses change depending on the type of stroke and the proximity of 
astrocytes to the infarct. 
Astrocytes are increasingly recognized to be heterogeneous, the most obvious level of 
heterogeneity being the morphologic and phenotypic differences between white matter, or 
fibrous, and gray matter, or protoplasmic, astrocytes. Using both cortical and white matter stroke 
models, we have mapped morphologic and phenotypic changes of protoplasmic and fibrous 
astrocytes in response to region-specific stroke. In order to fully elaborate the detailed astrocytic 
arbors, we developed lentiviral astrocyte-specific reporters using new proteins called spaghetti 
monsters, which allow much better resolution of small processes. Phenotypically, we evaluated 
the staining pattern of a panel of astrocyte markers and proteins thought to be important in 
astrocytic response to injury. These studies have revealed stereotypic changes in both fibrous and 
protoplasmic astrocytes after stroke that vary with both stroke type and proximity to injury. 
We have used these stereotyped changes in astrocyte morphology and phenotype to define zones 
of reactive astrocytes after stroke. In order to gain a more comprehensive understanding of the 
ways in which these zones of astrocytes respond to stroke, we utilized a mouse line in which 
tagged ribosomal subunits are expressed in a Cre-dependent fashion, in conjunction with an 
astrocyte-enriched Cre. By laser capturing the distinct reactive astrocyte zones and 
immunoprecipitating these tagged ribosomes, we selectively isolated and sequenced astrocyte-
enriched ribosomally loaded mRNA. These RNAseq results have yielded extensive information 
as to the precise, diverse functions of post-stroke astrocytes, providing numerous potential 
intervention points to improve post-stroke neural repair. 
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Abstract: Methylmercury (MeHg) is a potent environmental neurotoxicant that preferentially 
targets granule cells in the cerebellum. Despite the fact that MeHg primarily affects these 
neurons, astrocytes are also targets of this metal. MeHg-induced neurotoxicity in astrocytes has 
been studied in the cortical layer. However, effects on cerebellar astrocytes are less studied, and 
regional differences can occur in astrocytes between these two areas of the brain. The aim of this 
study was to compare the relative sensitivity of MeHg exposure on cerebellar and cortical 
astrocytes and the contribution of intracellular and extracellular Ca2+ to MeHg-induced astrocyte 
death. Primary astrocyte cultures from the cerebellum and cortex of 7-8 day old C57BL/6 mice 
were exposed for 3h to 0, 1, 2, or 5µM MeHg. Cytotoxicity was measured 24h after the 3h of 
MeHg exposure using ethidium homodimer and calcein-AM. To determine if astrocyte death 
was due to an increase in intracellular Ca2+, the chelator BAPTA was added to chelate 
intracellular Ca2+. To test whether extracellular Ca2+ contributed to cytotoxicity, the cell--
impermeant chelator EGTA was used. The mean percentage of cell death in the cerebellum was: 
0 %, 21%, 63%, and 95% at 0, 1, 2, or 5µM MeHg respectively. In the cortical layer it was: 
1.1%, 1.3%, 20%, and 73% respectively. When treated with BAPTA+MeHg, incidence of cell 
death was reduced to 56% in cerebellar astrocytes at both 2 and 5 µM MeHg compared to the 
MeHg group which did not receive BAPTA. For cortical astrocytes, BAPTA significantly 
decreased the incidence of cell death to 68% at 5µM MeHg. EGTA significantly reduced 
incidence of MeHg-induced cell death to 68% and 88% at 2 and 5µM MeHg respectively in 
cerebellar astrocytes. However, EGTA did not protect cortical astrocytes from MeHg-induced 
cytotoxicity. Thus while both cortical and cerebellar astrocytes express MeHg-induced 
cytotoxicity, the sensitivity of the glia in the two regions differs, as does the relative contribution 
of intra- and extracellular Ca2+ to cytotoxicity. 
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Abstract: Genetic predisposition may be required for adolescent cannabis exposure to produce 
long-term cognitive abnormalities. Yet, the mechanisms whereby genetic liability interacts with 
cannabis exposure remain unknown. A major psychoactive ingredient of cannabis, delta-9-
tetrahydrocannabinol (Δ9-THC) is mainly responsible for cannabis-induced cognitive deficits. 
Our pilot study with a mouse model of astrocyte-specific inducible expression of dominant-
negative Disrupted in Schizophrenia 1 (DN-DISC1), a neurodevelopmental risk factor, showed 
that astrocytic DN-DISC1 and adolescent Δ9-THC exposure synergistically impair recognition 
memory in adult animals. We found that these behavioral changes were accompanied by 
increased glutamate tissue content that could result in excitotoxicity and neuronal dysfunction. In 
order to uncover the underlying mechanisms of DN-DISC1-THC interaction, we evaluated if 
astrocytic DN-DISC1 and Δ9-THC could synergistically alter inflammation signaling cascades 
which may underlie resulting phenotypes. We found that Δ9-THC treatment of primary mutant 
DISC1 astrocytes significantly activates NF-kB signaling. Our results suggest that astrocyte DN-
DISC1 and Δ9-THC may interact during adolescence by synergistically activating NF-kB 
signaling, which could lead to neuronal dysfunction and cognitive impairment. 
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Abstract: Chronic pain, neurodegenerative diseases such as Parkinson´s, and psychiatric 
disorders, although having different etiologies, share some common molecular and biochemical 
processes. For example, it has been shown that inflammation plays an important role in the 
physiopathology of these diseases. Astrocytes, the most abundant cell in the CNS, modulate 
synaptic activity and provide metabolic and trophic support to neuron. It has been shown that 
during chronic pain, epilepsy, and neurodegenerative diseases astrocytes produce a set of 
molecules that can be beneficial or detrimental to neurons. For instance, increases in 
asynchronous neuronal discharges such as those achieved during status epilepticus lead to an 
increase in the expression and release of pro-inflammatory molecules, reactive oxygen species, 
and pro-apoptotic molecules. Release of these molecules can induce neuronal dysfunction and 
death. Importantly, these results suggest that electrical activity can directly modulate signaling 
pathways that impact the gene expression in astrocytes. Recent studies have suggested that 
electrical neuromodulation (ENM) can work by resetting the neuron´s electrical properties which 
induces changes in the oscillatory circuits involved in the genesis of the disease. However, less is 
known about how ENM can affect other cells in the CNS. For example, there is no data showing 
if ENM may work by regulating astrocytes activation and production of inflammatory, oxidative 
and/or apoptotic molecules. Additionally, it is unknown whether ENM can modulate the 
production of these molecules depending on the frequency of stimulation and type of electrical 
stimuli. In the present work, we evaluated the capacity of ENM to regulate the production of pro- 
and anti-inflammatory cytokines by mice astrocytes in vitro. The obtained results showed that 



ENM can indeed regulate the production of cytokines by astrocytes. At low frequency (50Hz; 
4V), ENM stimulates the production of IL-6, TNF-α, and CCL-2. At high frequency (185Hz; 
4V), ENM highly stimulates the production of CCL-2. However, the production of IL-6 and 
TNF-α was four times lower than the one achieved a at 50Hz stimulation. Interestingly, the 
50Hz-dependent production of cytokines was decreased by the use of microglia-conditioned 
medium, suggesting that microglia can regulate the action of ENM on astrocytes. In addition, 
none of the frequencies affected the production of the anti-inflammatory cytokines IL-10 and 
TGF-beta. All together our results suggest that ENM can regulate the production of pro-
inflammatory cytokines by astrocytes and this effect is dependent of the stimulation frequency 
and microglia. 
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Abstract: Loss of function mutations in the X-linked gene encoding for MeCP2 are the 
underlying genetic cause for Rett Syndrome (RTT), a devastating neurodevelopmental disorder 
that primarily affects girls. Loss of function mutations in this ubiquitously expressed 
transcriptional regulator leads to imbalances in excitation and inhibition and disruption to 
neuronal circuit function. While the function of this transcriptional regulator remains elusive and 
complex, recent focus has turned to downstream signaling pathways as putative targets for novel 
therapeutics. The complexity of MeCP2 function is compounded by the heterogeneity of cell 
types in the brain, with recent evidence implicating glia cells in RTT pathophysiology. MeCP2 
expression has been detected in astrocytes, and selective deletion or re-introduction of MeCP2 in 
astrocytes alone has been sufficient to induce or ameliorate pathological symptoms, respectively. 
Previously, we identified signaling pathways upstream of synaptic function that are impaired in 
MeCP2 mouse models, yet the downstream molecular and signaling effects resulting from a loss 
of MeCP2 function in astrocytes remains unknown. Here we measure signaling and astrocyte-
specific proteins in a heterogeneous MeCP2-expressing population. We find that activated 
mTOR and AKT are reduced in astrocytes lacking MeCP2, while levels of cortical glutamate 
transporter 1 (GLT-1) are upregulated. We have recently shown that astrocytes in layer 2/3 of 
rodent visual cortex can respond to visual stimuli with robust and reliable microdomain Ca2+ 
elevation and that this effect is influenced by the availability and function of GLT-1. In MeCP2-/+ 
astrocytes, we find that the microdomain areas evoked during visual stimulation are reduced, in 
line with reduced circuit function. These data identify novel, cell-specific effects in astrocytes 
lacking MeCP2 and offer insight on their signaling and circuit interactions. 
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Abstract: Accumulation of glutamate in the brain interstitial space - a hallmark of stroke, 
traumatic brain injury and other conditions with cellular edema - poses a toxic threat to neurons. 
The molecular mechanisms underlying glutamate release during cellular edema are debated and 
may vary in different settings. Here, we characterized the mechanisms underlying glutamate 
release in acute cortical slices exposed to artificial cerebrospinal fluid (ACSF) with 20% 
reduction in osmolarity, a challenge known to induce cellular edema. Changes in extracellular 
glutamate levels were detected by two-photon microscopy using the fluorescent glutamate sensor 
iGluSnFR delivered by recombinant adeno-associated virus 2-4 weeks prior to imaging. We 
targeted iGluSnFR to the external surface of neurons by using the synapsin (SYN) promoter to 
drive expression of the sensor. In acute cortical slices from wildtype mice exposure to hypo-
osmotic ACSF elicited frequent transient localized increases in iGluSnFR fluorescence. These 
fluorescent transients displayed amplitudes of 1.19 ± 0.02 (peak ΔF/Fo), lasted 0.45 ± 0.02 sec 
and covered 196 ± 9 µm2 (maximal area). Slices treated with DCPIB (10 µM), an inhibitor of 
volume-regulated anion channels, exhibited delayed and reduced frequency of hypo-osmotically 
evoked iGluSnFR transients. Similar findings were obtained in slices from Itpr2-/- mice, which 
lack the inositol 1,4,5-triphosphate type 2 (IP3R2) receptor that mediates Ca2+ release from the 
endoplasmic reticulum. The hypo-osmotically evoked iGluSnFR transients were also delayed in 
mice lacking the glial water channel aquaporin-4. We conclude that hypo-osmotic stress elicits 
glutamate release through volume-regulated anion channels and that astrocytic glutamate release 
is dependent on aquaporin-4 and IP3R2-mediated Ca2+ release from internal stores. The observed 
brief elevations in extracellular glutamate likely correspond to the events eliciting slow inward 
currents in cortical neurons. 
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Abstract: Brain insults such as traumatic brain injury and ischemia induce cortical spreading 
depression (CSD), which is a slowly propagated wave of depolarization across the cerebral 
cortex. CSD induces a severe long-lasting suppression of neural activities due to increased 
potassium (K+) in the interstitial fluid. After CSD, neural activities recover as the ionic balance is 
restored. Astrocytes play a key role in ionic homeostasis in the brain by extracellular K+ uptake, 
which is prompted by IP3/Ca2+ signaling in astrocytes. Recently, as an alternative mechanism for 
the maintenance of the extracellular environment in the brain, the "glymphatic system" has been 
proposed, which describes astrocytes’ involvement in the brain-state-dependent exchange of 
interstitial fluid under noradrenergic (NA) control. We hypothesized that either astrocytes-
mediated K+ uptake or self-clearance mechanisms are important for the recovery from CSD. 
Here we show that recovery of neural activity after CSD depends on astrocytic IP3/Ca2+ signaling 
and negatively related to NA receptor activation. We used the "G7NG817" transgenic mouse, in 
which astrocytes and a subpopulation of cortical neurons express G-CaMP7, to visualize and 
characterize the dynamical properties of Ca2+ waves during high-K+-induced CSD under 
urethane anesthesia. In the double transgenic mouse line "IP3R2-/-;G7NG817+/-", in which 
astrocytic Ca2+ surges are absent, we confirmed that CSD-associated Ca2+ wave is still 
observable and the dynamical properties of Ca2+ waves are similar. Furthermore, we find that it 
takes longer time to recover the neural activity to its basal level after CSD in IP3R2 KO mice, 
compared with the recovery time of ~60 min in wild-type mice, possibly due to the reduced of 
ability to uptake extracellular K+ (Wang et al. 2012, Sci Signal). Interestingly, spontaneous 
astrocytic Ca2+ activity increased shortly after CSD in G7NG817 mice. This post-CSD 
enhancement of astrocytic Ca2+ activity was blocked by NA receptor antagonists. Remarkably, 
NA receptor blockade facilitated the recovery of neural activity to ~30 min. The observations are 
in line with the glymphatic system proposal that interfering NA signaling promotes interstitial 
fluid exchange, thereby restoring the healthy ionic balance more efficiently. These results 
suggest that both astrocytes-mediated K+ uptake and self-clearance mechanisms are 
independently important for the recovery from CSD. 
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Abstract: Aggregation of amyloid-β peptide (Aβ), derived from the aberrant processing of 
amyloid precursor protein (APP), is believed to be a crucial event in the pathogenesis of 
Alzheimer’s disease. FE65 is a neural enriched adaptor protein has been shown to interact with 
APP via its PTB1 domain. FE65/APP interaction is reported to stimulate APP processing. 
Therefore it is essential to understand the mechanism(s) by which FE65/APP interaction is 
regulated. FE65 is a phospho-protein with several reported phosphorylation sites. However, the 
biological significance of FE65 phosphorylation is largely unknown. In this study, we showed 
that serum- and glucocorticoid-induced kinase 1 (SGK1) phosphorylates FE65 on serine-610 
(S610)and to attenuate FE65/APP interaction. Importantly, FE65 S610 phosphorylation 
suppresses the stimulatory effect of FE65 on APP processing. Moreover, the effect of FE65 S610 
phosphorylation on APP processing is linked to a role of FE65 in metabolic turnover of APP via 
the proteasome. Together, our work suggests that FE65 phosphorylation can influence FE65-
mediated APP processing. 
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Abstract: It is now widely accepted that oligomers consisting of Aβ peptide are the cytotoxic 
species contributing mostly to the development of Alzheimer’s disease. Aβ peptide production 
results from the specific proteolytic processing of the amyloid precursor protein (APP). 
Understanding the factors governing the activity of the secretases responsible for the cleavage of 
APP is still a critical issue. The standard commercial kits measure the enzymatic activity of 
secretases from cells lysates, in vitro. By contrast, we have developed a rapid bioassay that 
provides visible information on the proteolytic processing of APP directly in living cells. APP 
was fused to a monomeric variant of the green fluorescent protein (mTagGFP) and a monomeric 
variant of the red fluorescent protein (mCherry) at the C-terminal and N-terminal, respectively. 
Changes in the proteolytic processing rate in transfected neuroblastoma cells were imaged with a 
confocal microscope as changes in the red/green fluorescence intensity ratio. Once APP is 
cleaved, the N-term mCherry containing domain is released and the 1:1 fluorescence intensity 
ratio between the red and green channels is lost. It is thus possible to monitor in living cells a 
higher or lower processing of APP in function of the ratio shift. We found that the degree of 
proteolytic processing of APP is not completely homogeneous within the same single cell, and 
that there is a high degree of variability between cells of the same type. Moreover, we fused a 
monomeric blue fluorescent protein (mTagBFP2) to the C-terminal of the β secretase BACE1 
and co-expressed it with mCherry-APP-mTagGFP. We found a significant decrease in the mean 
red/green ratio in cells expressing BACE1-mTagBFP2, confirming that the proteolytic site is still 
accessible. siRNA against α secretase ADAM10 was used to discriminate the individual 
contribution of BACE1. We also followed with a fluorescence spectrometer the changes in the 
610 nm (red) emission intensity of the extracellular medium when BACE1 was overexpressed. 
This represents a complementary approach to fluorescence microscopy for rapidly detecting 
changes in the proteolytic processing of APP in real time. Finally, we obtained a quantitatively 



robust estimate of the changes in the red/green ratio for the above conditions by using a flow 
cytometer able to simultaneously excite and measure the fluorescence of mCherry and 
mTagGFP. Overall, our novel approach allows investigating in an unbiased way the proteolytic 
processing of APP in single living cells, and might be used to study the effect of drugs or 
particular conditions, such as high or low cholesterol levels. 
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Abstract: Amyloid-β (Aβ) peptides originating from β-amyloid precursor protein (APP) play 
important roles in the degeneration of neurons and subsequent development of Alzheimer’s 
disease, the prevalent cause of dementia affecting elderly people in our society. Evidence 
suggests that increased levels/redistribution of cholesterol can influence the Aβ production from 
APP within neurons. However, it is unclear how cholesterol regulates APP/Aβ metabolism in 
astrocytes. To address this issue, we treated rat primary astrocytes with U18666A, a class 2 
amphiphile, to trigger redistribution of cholesterol to the endosomal-lysosomal (EL) system. 
First, we assessed cell viability and cellular levels/distribution of cholesterol following U18666A 
treatment in astrocytes. Subsequently, we evaluated the effects of U18666A on APP level and its 
metabolism. Our results clearly showed that U18666A treatment increases levels of APP and its 
cleaved products (i.e. APP-CTFα and APP-CTFβ) in a time- and dose-dependent manner without 
affecting the steady state levels of β- or γ-secretase components. The secretory levels of Aβ1-40 
and Aβ1-42 in conditioned media showed a trend of decrease. Additionally, U18666A treatment 
increased levels of microtubule-associated protein 1A/1B-light chain 3-II and lysosomal-
associated membrane protein1 indicating that lysosomal-autophagic function may be affected in 
primary astrocytes. Our results obtained so far suggest that cholesterol redistribution within the 



EL system in astrocytes can influence APP processing and Aβ generation and thus may have an 
important role in AD pathogenesis. 
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Abstract: In the amyloidogenic pathway associated with Alzheimer disease (AD), the amyloid 
precursor protein (APP) is cleaved by β-secretase to generate a 99-aa C-terminal fragment (C99) 
that is then cleaved by γ-secretase to generate the β-amyloid (Aβ) found in senile plaques. In 
previous reports, we and others have shown that γ-secretase activity is enriched in mitochondria-
associated endoplasmic reticulum (ER) membranes (MAM), and that ER-mitochondrial 
connectivity and MAM function are upregulated in AD. We now show that C99 is localized to 



MAM, where it is normally processed rapidly. In AD, however C99 accumulates above normal 
levels in MAM regions, resulting in increased sphingolipid turnover and an altered lipid 
composition of both MAM and mitochondrial membranes. In turn, this change in mitochondrial 
membrane composition interferes with the proper assembly and activity of mitochondrial 
respiratory supercomplexes, thereby likely explaining the bioenergetic defects characteristic of 
AD. 
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Abstract: Memory impairment, the major and early cognitive symptom of Alzheimer disease 
(AD), has been linked to synaptic deficits in the hippocampus. Understanding the mechanisms of 
these synaptic deficits is essential for preventing dementia. The vast majority of familial AD 
(FAD) cases are related to mutations in presenilin-1 (PS1). As part of the gamma-secretase 
complex, PS1 is involved in the release of the neurotoxin amyloid Aβ. PS1 variants also activate 
GSK3β, cause Tau phosphorylation, and influence synaptic function and transmitter release. In 
PS1(M146V)KI transgenic mice there is an overproduction of Aβ42, but it fails to aggregate and 
it is much less toxic than human Aβ. 
In this study we crossed PS1(M146V)KI transgenic mice with AD mice overexpressing wild 



type human APP (hAPPwt) to generate double transgenic hAPPwt/PS1(M146V)KI mice that 
secrete human Aβ. We tested the effect of the PS1 mutation on neuronal function and synaptic 
plasticity in the presence of human Aβ expression. As synaptic plasticity is correlated with spine 
remodeling, we also analyzed spine densities and morphology. 
We recorded the early LTP response in the CA1 region from hippocampal slices in 9-month-old 
mice. We found a clear deficit in the early LTP response in hAPPwt/PS1(M146V)KI mice 
(0.0997 ± 0.0018, n=11), but no significant differences between control mice: +/+ mice (1.29 ± 
0.0027, n=11); +/APP mice (1.242 ± 0.0027, n=10); or PS1 KI/KI mice (1.2563 ± 0.0032, n=10). 
The analysis of average spine density the stratum radiatum of Golgi-impregnated CA1 pyramidal 
neurons revealed significant increases in total spine density, particularly mushroom spines in 
PS1 KI/KI and hAPPwt/PS1(M146V)KI mice (0.9±0.003/µm) compared to WT and +/APP mice 
(0.8±0.02/µm, p<0.005; n=3; Tukey’s test). Therefore, these studies revealed early Aβ-
dependent synaptic deficits and alteration in spine density caused by the PS1(M146V)KI 
mutation. 
For imunohistopathological analysis, brain sections from young and aged WT and transgenic 
mice were immunostained with anti- β-amyloid protein and anti-paired helical filament-tau 
(PHF-tau) antibodies. Intracellular immunoreactivities for PHF-tau staining were observed in the 
transgenic but not in the wild-type mice brains. We found a deposition of fibrillar β-amyloid 
within cerebral vessels, indicating the presence of a cerebral amyloid angiopathy (CAA) in the 
PS1(M146V)KI, hAPPwt and double transgenic mice at the age of 15 and 21 months, but not in 
the WT mice. An amyloid plaque deposition was observed as well in the 21-month-old double 
transgenic mice brain indicating age-related progression of PS1-induced pathology in the 
presence of human Aβ. 
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Abstract: Numerous lines of evidence indicate that the pathophysiology of diabetes and 
Alzheimer’s disease (AD) share molecular mechanisms. This suggests that a common 
intervention may ultimately apply to either disease. In order to test this idea, we have examined 
the amyloid precursor protein (APP). It is well-known that APP is highly expressed in neurons 
and serves as the precursor of the beta amyloid peptide that accumulates as plaques in AD brains. 
Several mutations in the gene coding for APP result in a rare early-onset form of AD that is 
characterized by increased proteolysis of APP. Therefore, enzymatic processing of APP and 
production of its secreted fragments remain an area of intense study related to AD. We have 
observed that the α/β cells of the endocrine pancreas also abundantly express APP, including 
expression in both type II diabetic pancreas and pancreatic adenocarcinoma. The endocrine 
pancreas is the primary site of insulin production in the human body, and dysfunction of this 
critical organ is a hallmark of both type I and type II diabetes. We demonstrate that APP is 
present in the endocrine pancreas by both immunohistochemistry and western blots of isolated 
murine and human islets. Interestingly, similar to what has been demonstrated in neurons, we 
observed that primary cultures of pancreatic islets shed N-terminal APP fragments (sAPP). 
Based upon the trophic effects of sAPP described in the brain, we demonstrated that sAPP 
fragments potentiate glucose stimulated insulin secretion in isolated islets. In addition, we have 
screened for compounds which block the release of sAPP from endocrine pancreatic cell lines. 
Our data indicate that these compounds inhibit the growth of endocrine pancreas cell lines, but 
proliferation can be rescued through the exogenous administration of recombinant sAPP. These 
data demonstrate that sAPP has a critical role in regulating endocrine pancreas physiology and 
indicates that APP has functions in both the brain and pancreas. This work suggests an APP 
related common mechanistic pathway involved in diabetes, Alzheimer’s disease, and 
neuroendocrine tumor biology. 
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Abstract: Alzheimer’s disease (AD) is a devastating neurodegenerative disorder affecting more 
than 40 million individuals worldwide. The high number of factors triggering the onset of AD 
justifies the current absence of disease-curing therapies. The involved pathological mechanisms 
are still elusive and, therefore, the finding of effective therapies requires further elucidation of 
biomolecular mechanisms controlling AD pathogenesis. Particularly, the aberrant amyloidogenic 
cleavage of amyloid precursor protein (APP), amyloid beta (Aβ) peptide misfolding and 
oligomerization, and the impairment of the protein quality control machinery are key hallmarks 
characterizing the onset of the disease. Moreover, evidence suggests that the age-related 
impairments of chaperones, a class of modulatory proteins involved in the protein quality control 
of the cell, contributes to the neurotoxicity induced by Aβ oligomers, but the underlying 
mechanism remains unresolved. In the present work, we characterized the functional interaction 
between Aβ and the mitochondrial chaperon Hsp60 using an in vitro approach to test if up-
regulation of Hsp60 can protect against Aβ toxicity. Specifically, Chinese Hamster Ovary (CHO) 
cell line overexpressing human APP751 variant of APP (7PA2 cell line), a model of human Aβ 
oligomer production, were used, along with immunocytochemistry, ELISA and western blotting 
techniques, to investigate the effect of Hsp60 overexpression on Aβ production in different sub-
cellular environments: intracellular, extracellular and mitochondria. Moreover, the effect of 
Hsp60 on APP-derived fragments was also tested in order to elucidate the effect of Hsp60 on 
APP cleavage. Our data suggest that up-regulation of Hsp60 interferes with APP processing and 
the release of Aβ in the extracellular environment, leading to reduced production of toxic Aβ 
oligomers in cell overexpressing Hsp60. Based on these initial results, we propose that the 
understanding of Hsp60-APP/Aβ functional interaction might contribute to the design of future 
effective therapeutic concept for AD centered on reducing the endogenous production of 
neurotoxic Aβ oligomers. 
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Title: Role of SorLA in APP trafficking and implications for amyloidogenesis 
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Abstract: SORL1 variants are implicated in both sporadic and familial forms of Alzheimer’s 
disease (AD). Several large-scale genome-wide association studies (GWAS) have shown SORL1 
to be associated with late-onset AD, while exome sequencing studies have shown enrichment of 
rare, putatively damaging SORL1 variants in early-onset AD. SORL1 encodes the neuronal 
sorting receptor SorLA, which has been implicated in the trafficking of APP. Studies suggest 
SorLA protein levels are reduced in sporadic AD patient brains and this is associated with 
increased beta-amyloid load. Reduced levels of SorLA have been reported to inhibit APP 
recycling between endosomal and trans-Golgi compartments, thereby promoting APP cleavage 
by BACE1 and driving amyloidogenesis. The majority of beta-amyloid generated through this 
mechanism is believed to occur within acidic endosomes where secretase activity is optimal. 
While several reports have confirmed SorLA’s role in APP trafficking using over-expression 
models, this interaction in more physiologically relevant systems remains largely undefined. 
Additionally, it is unclear how intracellular amyloid generation caused by reduced SorLA levels 
could ultimately result in extracellular deposition of the pathological protein. Using biochemical 
and immunocytochemical methods we are evaluating the interaction and subcellular localization 
of endogenous SorLA and APP. Furthermore, we hypothesize that reduced SorLA levels result 
in increased beta-amyloid generation, accumulation and oligomerization within endosomal 
compartments. Of particular interest is whether increased endosomal generated amyloid is 
efficiently targeted for lysosomal degradation, exocytosed, or if it promotes endosomal 
membrane permeability and release into the cytosol. These studies have significant implications 
for further defining SorLA in APP trafficking and the downstream consequences associated with 
amyloidogenesis in AD. 
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Title: Rac and Rho GTPases affect production of Alzheimer’s disease proteins: APP, Aβ, and 
Tau 
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Abstract: Alzheimer’s disease (AD) is a fatal neurodegenerative disorder that is 
histopathologically characterized by the formation of amyloid plaques and neurofibrillary tangles 
in the brain. Aberrant cleavage of the amyloid precursor protein (APP) produces beta amyloid 
plaques. Hyperphosphorylation of a microtubule associated protein, tau, forms the neurofibrillary 
tangles. Small Rho GTPases (guanosine triphosphatases) have been implicated in many 
neurological diseases, including Alzheimer’s disease. Rho proteins (Rho, Rac, and Cdc42) 
regulate a wide variety of cellular functions and play key roles in actin cytoskeletal 
rearrangements. The purpose of this study was to determine the effects of manipulating Rho 
GTPases: Rho, Rac, Cdc42, on the production of Alzheimer’s disease proteins. For that purpose, 
B-35 cells were treated with different Rho GTPases inhibitors and activators. The levels of APP, 
Aβ, and tau were determined. Toxin A, a Rho/Rac/Cdc42 inhibitor, increased the levels of Aβ 
and tau as expected and decreased the levels of APP. Rho inhibitor I and Rho/Rac/Cdc42 
activator treatments significantly decreased APP levels, but increased the levels of tau. Rac I 
Inhibitor II decreased the levels of APP, suggesting that disruption of Rho GTPases affect APP, 
Aβ, and tau production. To further investigate the role of Rac and Rho in AD pathology, lysates 
from cells transfected with EmGFP, EmGFP-RhoA, EmGFP-RhoAC190A, EmGFP-Rac1, and 
EmGFP-Rac1C196A were used to detect changes in APP and tau levels. High molecular weight 
APP increased and tau levels decreased when transfected with EmGFP-Rac1 and Rac1C196A, 
while levels of APP decreased when transfected with EmGFP-Rac1 and EmGFP-RhoAC190A. Our 
data support a role for Rho GTPases in the classic hallmarks of AD pathology and suggest 
targeting Rac and Rho as a possible AD therapy. 
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Abstract: Alzheimer’s disease (AD) is the most common cause of dementia, pathologically 
characterized by senile plaques in the affected brain areas composed of amyloid β peptide (Aβ). 
In sporadic AD, it is hypothesized that aging-dependent decrease of extracellular Aβ catabolism 
causes Aβ accumulation. Neprilysin (NEP) and insulin degrading enzyme (IDE) are two major 
candidates considered to degrade extracellular Aβ. They have, however, never been relevantly 
compared side by side in vivo. In order to achieve objective comparison, we crossbred our single 
App knock-in mice, AppNL-F mice (NL-F mice) with NEP- and IDE-KO mice. NEP deficiency 
significantly increased Aβ deposition in the knock-in mice. In contrast, IDE deficiency actually 
decreased Aβ deposition presumably due to an increased expression of NEP. Expression of 
presenilin 1, BACE-1 and C-terminal fragment-β (CTF-β) remained unchanged in NL-F X NEP-
KO mice, indicating that the decrease of Aβ in the double mutant mice is not due to alteration of 
intracellular APP processing. These observations establish NEP as the major Aβ-degrading 
enzyme in vivo. We conclude that NEP can become an ideal therapeutic target for reducing Aβ 
burdens in preclinical stage of AD patients and that our new generation AD mice are relevant 
models for AD prevention study. Using a similar strategy, we are now trying to generate a novel 
non-human primate model of AD. 
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Abstract: Multiple studies have shown that elevated levels of cholesterol can influence 
processing of amyloid precursor protein (APP) leading to increased production of amyloid β 
(Aβ) peptides, which are believed to play a critical role in Alzheimer's disease (AD) 
pathogenesis. However, very little is currently known on how sequestration of cholesterol within 
endosomal-lysosomal (EL) system, the major site of Aβ production, can regulate APP 
metabolism. In this study we use U18666A, a class II amphiphile that triggers redistribution of 
cholesterol to the EL system, on cultured N2a cells grown in media containing 0%, 5% or 10% 
fetal bovine serum (FBS). The N2a cells used in the study includes wild type N2a cells (N2awt), 
N2a cells transfected with either wild type human APP (N2aAPPwt) or human APP carrying 
Swedish mutation (N2aAPPsw). Our results indicate that U18666A treatment in 0% FBS, but not 
in 5% or 10% FBS, decreases the levels of total and free cholesterol in all categories of N2a 
cells. This reduction in cholesterol is reflected in increased levels of SREBP2. The levels of APP 
and APP-CTFs are differentially increased in N2aAPPwt and N2aAPPsw cells but not in N2awt 
cells. While intracellular levels of Aβ1-40/42 are increased, the secretory levels of these peptides 
are found to be decreased in N2aAPPwt and N2aAPPsw cells following treatment with U18666A. 
The steady state levels of α-secretase ADAM10, β-secretase BACE1 and components of γ-
secretase (PS1, Nicastrin, PEN2 and APH1) remain unaltered in all three types of cells. We are 
currently evaluating if delipidation can reverse the observed changes in APP metabolism. Our 
results, obtained so far, suggest that redistribution of cholesterol into the EL system can 
differentially alter the levels/processing of APP depending on the cultured conditions and 
endogenous levels of APP. 
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Abstract: One of the major hallmarks of Alzheimer´s Disease (AD) is the accumulation of 
soluble and aggregated amyloid β (Aβ) peptides in the brains of AD patients. Aβ peptides are 
generated from the amyloid precursor protein (APP) in the amyloidogenic pathway through two 
consecutive cleavage events. Most prominent, BACE 1 (β-site APP cleaving enzyme 1) cleaves 
APP at the β-secretase cleavage site and generates the N-terminus of Aβ. Second, the γ-secretase 
complex cleaves the remaining 99 amino acids long C-terminal fragment (CTF/C99) and releases 
the C-terminus of Aβ. As both secretases are not restricted to a single site, Aβ peptides vary in 
length. BACE 1 can generate Aβ starting in position p1 or p11 (Aβ1 x/11 x) whereas γ-secretase 
complex has several cleavage sites and can generate varying C-termini of Aβ. The 
metalloprotease meprin β cleaves APP as a β-secretase reminiscent of BACE 1, however, 
predominantly generating N-terminally truncated Aβ2-x variants. We observed increased 
endogenous sAPPα levels in the brains of meprin β knock-out (ko) mice compared to wild-type 
controls. We further analyzed the cellular localization of this interaction and found that cleavage 
of APP by meprin β occurs prior to endocytosis. Additionally we demonstrate that meprin β 
cleavage of APP occurs prior to the endocytic compartments, as diminished APP endocytosis has 
no influence on meprin β mediated Aβ generation. Moreover, we are able to demonstrate that 
meprin β generates N-terminally truncated Aβ2-40/42 peptides that display increased 
aggregation compared to non-truncated Aβ peptides. This catalytic activity of meprin β is 
differentially affected by mutated forms of APP and in contrast to wt APP, meprin β is not able 
to cleave APPswe at position 672 and does not generate N-terminally truncated forms of Aβ 
from this APP mutant. Furthermore, we are able to demonstrate increased staining of meprin β in 
brains of Alzheimer disease patients compared to non-demented control subjects. Concluding, 
we propose that meprin β may be involved in the generation of N-terminally truncated Aβ2-x 
peptides of APP, but acts independently from BACE-1. 
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Abstract: Alzheimer's disease (AD) is the main form of dementia mostly affecting elderly 
people. Increased level of amyloid-β peptide (Aβ) is the main pathological feature of AD. Aβ is 
derived from amyloid precursor protein (APP) by the amyloidogenic pathway. In this pathway, 
APP in the plasma membrane is internalized through clathrin-dependent endocytosis, and 
delivered to endosomes, where it is cleaved by β-secretase. Alternatively, APP can be cleaved by 
α-secretase at the plasma membrane excluding Aβ production (non-amyloidogenic pathway). 
There are many evidences for the association between AD and diabetes mellitus (DM). Factors 
related to the pathogenesis of AD include metabolic alterations such as insulin resistance and 
impairment of insulin signaling, both are also hallmarks of DM. However, the underlying 
mechanism for the close association between AD and DM is still unknown. To investigate the 
effect of insulin on APP processing, we tested whether insulin affected the processing of APP 
and Aβ production from SH-SY5Y cells overexpressing hemagglutinin-tagged wild-type APP. 
We found that insulin treatment changed APP processing, increasing APP level at the cell 
surface, and decreasing the rate of endocytosis. Consistent with decreased APP endocytosis, Aβ 
level was decreased by insulin in a time and concentration dependent manner. We also found that 
the specific inhibitor for protein kinase B prevented the effects of insulin on APP processing and 
Aβ level, indicating that the effects of insulin are mediated via PI3K/Akt insulin signaling. Our 
results show that insulin may affect Aβ generation by regulating APP processing, suggesting a 
possible link between insulin deficient DM and cerebral amyloidosis in the pathogenesis of AD. 
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Title: MiR-20b reduces levels of amyloid precursor protein (APP) and beta-amyloid in human 
cells 
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder affecting 
millions of individuals worldwide. The disease is characterized by the post-mortem presentation 
of senile plaque and neurofibrillary tangles. Neuritic plaque is produced due to oligomerization 
of monomeric Aβ peptide which is generated from the larger amyloid precursor protein (APP), 
thereby making APP a potential therapeutic target. One method of targeting APP would be to 
identify putative microRNA (miRNA) that modulate APP expression. Using predictive 
algorithms such as TargetScan, we identified miR-20b as a miRNA that may target the APP 3’ 
untranslated region (UTR). We confirmed this interaction by co-transfecting miR-20b with a 
reporter vector containing the full-length APP 3’UTR and observing a reduction in the reporter’s 
luciferase assay in HeLa cells. On mutating the predicted target site, we observed that miR-20b’s 
luciferase reduction was abrogated, thereby confirming the seed site of interaction. We also 
confirmed that miR-20b reduces levels of APP protein in HeLa cells. Using a primary human 
mixed brain culture developed in our laboratory, we showed that miR-20b reduces levels of APP 
protein, but has no effect on β-APP site-cleaving enzyme-1 (BACE1); the rate-limiting enzyme 
in the production of Aβ. We also showed that co-transfection of the antagomir to miR-20b 
reverses the miR-20b-mediated reduction of APP. Given that APP is a synaptic protein, we were 
interested in the effect miR-20b may have on synaptic integrity. Using the IncuCyte Zoom 
imaging system, we showed that while APP siRNA reduced neurite length and branch points, 
miR-20b had no effect on these metrics relevant to neuronal function. We also showed that 
overexpression of miR-20b results in a reduction in soluble Aβ as measured by sensitive ELISA. 
In order to look at possible changes in expression of the MIR20B gene in a large cohort of AD 
and control patients, we looked for SNPs within the gene boundary on Chromosome X. We 
found SNP rs138397515 which was associated with CSF Aβ as well as CSF phosphorylated tau. 
Finally, using quantitative RT-PCR, we showed a differential expression of miR-20b in various 
cell types, but observed no different in levels of miR-20b in a post-mortem brain cohort 
subdivided across Braak stages. In conclusion, we have identified miR-20b as a novel target for 
AD therapy. 
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Title: APP expression in mammary gland secretory epithelium 
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Abstract: The amyloid precursor protein (APP) is often characterized as a neuronal protein 
although myriad cells have demonstrated expression. For example, we and others have reported 
robust APP expression by intestinal epithelial cells. Moreover, we demonstrated stimulated Aβ 
secretion and uptake by these cells. To determine whether APP expression and processing to Aβ 
could be a common behavior of secretory epithelium, we examined murine mammary glands 
from C57BL/6 wild type littermate controls and APP/PS1 mice. As expected, mammary gland 
epithelial cells demonstrated robust APP immunoreactivity in particularly the APP/PS1 mice. A 
similar pattern of immunostaining was observed in human mammary tissue. More importantly, 
Aβ peptide was quantifiable in expressed milk suggesting that it may be secreted from the 
mammary gland. Alternatively, milk Aβ may have a relationship with levels of blood or brain 
Aβ. 
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Abstract: Alzheimer’s Disease (AD) is a neurological disorder affecting millions of people 
worldwide. AD is characterized by progressive neurodegeneration and the presence of amyloid-
beta (Aβ) plaques which are protein aggregates that derive from differential processing of the 
amyloid precursor protein (APP) by the β-secretase enzyme. Aβ peptides are thought to play a 
central role in the development and potentiation of AD; yet, treatments targeting Aβ have failed 
to change disease progression. Taking novel approaches to understand Aβ dynamics may offer 
new, more successful therapeutic options. One such approach would be to leverage the co-
evolution between the obligate intracellular parasite Toxoplasma gondii and the mammalian 
brain. Toxoplasma is a ubiquitous parasite that naturally establishes a life-long, asymptomatic 
CNS infection in both mice and humans. A previous study demonstrated that in a human APP 
(hAPP) AD mouse model, chronic infection with Toxoplasma led to a >80% reduction in Aβ 
plaque burden compared to uninfected controls. To determine if all strains of Toxoplasma 
offered protection against Aβ, and if this protection could be induced by acute infection only, we 
infected a different hAPP mouse model with the 3 genetically distinct, canonical strains of 
Toxoplasma (type I, II, or III). We found that the type I strain (acute infection only) mirrored 
uninfected controls in all tested parameters. Conversely, both the type II and III strains (acute 
and chronic infection) established a CNS infection and provoked neuroinflammatory changes, 
but only the type II infection was protective against Aβ. Having established these Toxoplasma 
strain-specific effects on Aβ, we hypothesized that by comparing the CNS effects of type II and 
type III infection we would be able to identify changes linked to protection rather than those 
simply associated with infection. To establish the baseline effect of type II and III infection on 
proteins relevant to Aβ generation and processing, we measured protein levels of APP, 
ADAM10, PEN2, BACE1, neprilysin, and IDE in C56BL/6 mice at 3 weeks post infection 
(wpi). We found that type II infection was associated with a ~2-fold increase in ADAM10, a 
marker for α-secretase. None of the other protein levels significantly differed between type II and 
III infection. This finding suggests that type II infection protects against Aβ by increasing the 
activity in the non-amyloidogenic APP processing pathway. Current work is focused on 
confirming these results in infected hAPP mice. 
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Abstract: Autophagy is an intracellular catabolic pathway that contributes to cell homeostasis 
and maintenance of the cellular energetic balance. Neurodegenerative diseases like Alzheimer’s 
disease (AD) are characterized by the accumulation of neuropathogenic proteins that 
compromise autophagic function at different steps, perpetuating the accumulation of toxic 
aggregates and amplifying the deleterious effects of neuronal activity. In AD, both the endocytic 
and autophagy pathways contribute to APP processing and amyloid beta (Aβ) generation by 
mutant presenilin-1 (PS1). 
In the search of new ways to upregulate autophagy with therapeutic purposes, we have 
previously described that signaling pathways clustered in the primary cilium (PC) activate 
autophagy. The PC is a solitary organelle sited on the surface of almost all cell types that 
compartmentalizes several signaling pathways. Neurons and glia in the CNS possess a cilium 
that responds to neurotrophins, growth factors, hormones and other extracellular signaling 
elements, whereas neurons in the hippocampus require the PC for neuronal regeneration. 
Interestingly, it has been reported that Aβ binds selectively the p75NTR receptor, which localizes 
in the PC of hippocampal neurons. Moreover, AD animal models have a decreased PC length 
immunostained for p75NTR receptor. However, despite the increasing description of signaling 
pathways that require the PC for their effector mechanisms, the cellular mechanisms that govern 
these pathways are poorly understood in the adult brain. 
Using pharmacological and genetic approaches, we investigated the role of the ciliary p75NTR 
receptor over autophagy function in primary hippocampal neurons and neuronal cellular models. 
Moreover, we studied the effect of recombinant Aβ on PC morphology and structure, as well as 
its effect on cilia-dependent autophagy in vitro. Our results will help characterizing the ciliary 
signaling pathways that modulate autophagy in the hippocampus in physiological conditions as 
well as during Aβ pathology. Overall, we aim to define through the PC new ways to burst 



autophagy for developing new therapeutic strategies against neurodegeneration. 
Our work is supported by grants from Initiative of Excellence of the University of Bordeaux and 
the Ligue Européenne Contre la Maladie d’Alzheimer. 
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Abstract: Although often overlooked, impairments of gait and postural stability are common 
features of Alzheimer’s Disease (AD). These deficits generally are considered secondary 
impairments attributable to cerebral degeneration and dementia, but detailed studies of spinal 
cord function in AD are lacking. 
To study the potential role of spinal cord involvement in motor deficits associated with AD we 
used an APP mouse model (PDGF- APPswe/Ind mice (J20)) to determine changes in stepping 
behavior, spinal learning, and the levels of spinal amyloid-precursor protein (APP) and beta-
amyloid peptide (Aβ) expression in intact and spinal cord transected mice.J20 mice exhibited 
deficits in treadmill stepping and hindlimb clasp tests when compared to their wild type (WT) 
littermates at both the 3-4 and 10-13 month time points (n=16-24 mice/group). ELISA and 
Western Blot analyses showed higher levels of APP and Aβ in J20 compared to WT mice in all 
spinal cord segments (cervical, thoracic, lumbar and sacral) at both time points. These results 
indicate that motor deficits in J20 mice can be related to deficits in spinal as well as supraspinal 
networks. 
To further investigate how the spinal circuitry might contribute to the motor deficits observed in 
J20 mice, a complete mid-thoracic spinal cord transection was performed in J20 and WT mice to 
eliminate supraspinal input to the lumbosacral cord. Treadmill bipedal stepping ability 



(n=14/group) and paw withdrawal spinal learning (PaWL) performance (n=12/group) were 
assessed at 3-4 and 10-13 month time points. Spinal J20 mice showed slower hindlimb stepping 
recovery and impaired spinal learning of the simple PaWL motor task compared to the spinal 
WT mice. Moreover, the motor outcomes for the spinal J20 mice were negatively related with 
Aβ levels in the lumbar cord. 
The results from both the behavioral tests and the molecular analyses suggest that early and local 
changes in the spinal cord circuitry are present in J20 mice. The negative correlation between 
motor function and Aβ levels in the lumbar cord in spinal J20 mice are consistent with the 
hypothesis that AD pathological changes in the spinal cord may be associated with motor deficits 
in AD human subjects. 
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Abstract: Cerebrovascular accumulation of the amyloid β-protein (Aβ), a condition known as 
Cerebral Amyloid Angiopathy (CAA), is a small vessel disease that is prevalent in the elderly, an 
important driver of vascular cognitive impairment and dementia (VCID) and a prominent 
comorbidity of patients with Alzheimer’s disease (AD). Additionally, familial CAA disorders 
result from mutations that reside within the Aß peptide sequence. Previously, we generated the 
unique Tg-SwDI transgenic mouse that produces Dutch/Iowa CAA mutant human Aß in brain 



and develops early-onset fibrillar cerebral microvascular Aß deposition, associated 
neuroinflammation, and behavioral deficits. However, relative to rats, mice are limited in terms 
of exploring specific cognitive deficits using a broad range of sophisticated and well-validated 
tests. Therefore, we have generated a new rat model, rTg-SwDI, with the same familial Dutch 
and Iowa CAA mutations in the Aß peptide. Initial analyses of histopathology of the rTg-SwDI 
rats show a progressive and robust accumulation of small vessel fibrillar amyloid accumulation 
starting at 3 months of age. Preliminary behavioral analyses from 3 and 6 months aged rTg-
SwDI rats in the Radial Arm Maze and the Novel Object task reveal a form of perceptual 
slowing, a characteristic impairment in CAA in humans, which we have termed stimulus 
encounter rate slowing (SERS). This occurs in the absence of changes in measures of general 
activity, motor ability or balance in the Open Field task. These findings introduce the rTg-SwDI 
model as a promising tool for furthering our understanding of the contribution of CAA to VCID. 
*This work was supported by NIH R21 NS091969 
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Abstract: Alzheimer’s disease is associated with hippocampal dysfunction in both human 
patients and in transgenic mouse models of disease. Adult hippocampal neural stem cells, which 
contribute to normal hippocampal function via neurogenesis, appear to have finite neurogenic 
potential in normal aging. However, epileptiform activity, exhibited by both AD patients and 
transgenic mice, appears to accelerate and prematurely exhaust the neural stem cell pool, which 
may contribute to hippocampal dysfunction. We found that the aberrant dynamics of 
neurogenesis in amyloid precursor protein (APP) transgenic mice throughout disease progression 
are associated with epileptiform activity, corresponds with the development of dentate 



dysfunction, and is normalized by treatment with an antiepileptic drug. However, the fate of the 
neural stem cells that exit the stem cell pool in disease conditions is not clear. Previous studies 
demonstrated that in normal aging, division-coupled exhaustion of the neural stem cell pool 
results from terminal differentiation of neural stem cells into astrocytes, and a coincident 
increase the number of astrocytes in the dentate gyrus with age. To assess whether a similar 
process occurs in disease conditions such as in AD, we examined whether the number of 
astrocytes increased as neural stem cells decreased in the dentate gyrus of APP mice over time. 
Our results suggest that there are both similarities and differences in neural stem cell pool 
dynamics between normal aging and in AD. 
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Abstract: Alzheimer's disease (AD) is the sixth-leading cause of death in the United States. In 
fact, one out of every eight Americans aged sixty-five and older will develop the disease. One 
pathological hallmark associated with AD and other forms of dementia is the over-accumulation 
of the peptide amyloid beta. While amyloid beta is present at low levels in all humans, its 
function is a source of great debate. The peptide has been shown to reduce the viability of 
microbes that have invaded the central nervous system. However, this finding has only been 
demonstrated once so far. The present work tested the hypothesis that amyloid beta exerts 
antimicrobial activity against Salmonella enterica (S. enterica), a leading cause of meningitis. 
After treating S. enterica with a range of concentrations (1pM-1microM) of both major isoforms 
of amyloid beta (1-40 and 1-42), we measured bacterial cell viability with the alamar blue assay. 
Our results revealed that the 1-42 isoform, but not the 1-40 isoform of amyloid beta, had an 



effect on bacterial growth. More specifically, administration of 10pM of amyloid beta (1-42 
isoform) reduced cell viability over 20 percent (compared to vehicle control; F=32.91, 
p<0.0001). This result extends the finding that amyloid beta has an anti-microbial function. 
Moreover, our results indicate that the 1-42 isoform, enriched in amyloid beta plaques associated 
with dementia, has unique properties that allow it to reduce the growth of S. enterica. Lastly, our 
data suggest that the peptide can exert antimicrobial effects at a concentration (10pM) lower than 
that associated with protein misfolding and the plaque formation associated dementia. While 
ongoing work is being performed to dissect the mechanisms underlying these findings, our data 
supports the hypothesis that amyloid beta release in vivo is prompted by microbial infection of 
the central nervous system. 

Disclosures:  A. O'Meara: None. B. Ellsworth: None. G.D. Griffin: None. 

Poster 

129. APP Processing and Metabolism 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 129.22/H20 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: P01NS074969 

 5K08NS079405 

 Washington University Hope Center Pilot Grant 

Title: Amyloid beta levels are influenced by the circadian system 
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Abstract: Alzheimer’s Disease (AD) is the most common age-related neurodegenerative disease 
and the most common cause of dementia. Pathogenic amyloid-β (Aβ) plaques accumulate prior 
to the onset of cognitive impairments in AD. Thus, it is important to identify mechanisms that 
influence Aβ levels which may be useful for the prevention of cognitive decline in AD. 
Circadian dysfunction is also a common symptom of AD, which is thought to occur as a 
consequence of AD pathogenesis. More recently, it has been suggested that there is a possible 
causative role for circadian dysfunction in AD pathogenesis. Therefore, we sought to investigate 
whether the circadian system could influence brain Aβ levels in a mouse model of AD. Our 
overall study aim is to disrupt circadian clock function without perturbing the sleep-wake cycle 
in order to isolate roles of the circadian system in the regulation of brain Aβ levels. We therefore 



genetically disrupted hippocampal circadian clock function via viral mediated deletion of a core 
circadian clock gene, Bmal1 within the hippocampus of ~1.5 month old APP/PS1-21 mice, prior 
to Aβ plaque deposition. Using in vivo microdialysis in awake behaving mice, in 12:12 light:dark 
conditions, we collected hourly interstitial fluid from the ipsilateral virally injected hippocampus 
and measured soluble Aβ levels over 24 hours. We found no change in the diurnal Aβ oscillation 
when hippocampal clock function was disrupted, supporting the idea that local clock function 
within the hippocampus does not acutely mediate Aβ levels. Next we asked if disrupting 
circadian clock function within the whole brain, while sparing the master circadian pacemaker--
the suprachiasmatic nucleus (SCN) and leaving the sleep-wake cycle intact, would influence Aβ 
levels. To our surprise, we found that diurnal oscillation of Aβ levels persisted in the 
hippocampus, though with a change in the waveform. Next we investigated if global circadian 
dysfunction resulting in fragmented sleep patterns acutely impacts Aβ levels. We found with 
whole brain circadian dysfunction, including the SCN, Aβ oscillations were dramatically 
blunted. Furthermore, chronic long-term whole brain circadian dysfunction accelerated Aβ 
plaque deposition. In summary, our present study shows that Aβ levels are dependent upon 
whole brain circadian clock function implicating SCN function and sleep-wake dynamics as key 
regulators of Aβ oscillation and plaque deposition. The insight gained from this work should 
create a cellular framework within which the dynamics of Aβ levels can be better understood and 
therapeutically modulated. 
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Abstract: Background: Amyloid Beta (Aβ) is a peptide derived from amyloidogenic APP 
processing. Extracellular deposit of Aβ constitute one of the histopathological hallmarks of 
Alzheimer’s Disease. The role of Aβ in non-pathological conditions remains elusive. Aβ forms 
low molecular weight oligomers (dimer/trimer), that can give rise to high molecular aggregates 
that progress to protofibrils and insoluble fibrils. At high concentrations (micromolar to 
millimolar) Aβ causes neurotoxicity and cell death. However, it has been proposed that low 
concentrations (picomolar to nanomolar) of Aβ could act as trophic signal modulating synaptic 
activity, with implications in memory and learning (Cardenas-Aguayo et al., 2014). It is known 
that Aβ42 stimulates neurogenesis in the SVZ of adult mice. It is possible that Aβ could act 
through the neurotrophins receptors, since neurotrophins promote survival, differentiation and 
synaptogenesis. Understanding the physiological functions of Aβ, could help to elucidate its role 
during health vs disease. Methods: By western blot, immunofluorescent studies and survival 
assays, we characterize our oligomeric sample incubated in different defined medium and had 
investigated the role of physiological concentrations of Aβ42 and Aβ40 oligomers on 
neurotrophins and GSK-3/CREB signal transduction pathways, as well as on major proteolytic 
systems in hHippNPCs. We prepared Aβ42 and Aβ40 Oligomers (Klein 2002) and characterize 
the sample by AFM. Results: We characterize our oligomeric sample in vitro and in cultures of 
hHippNPCs, in different FBS free culture medium compared to PBS and at different incubation 
times, by Western blotting and AF microscopy. Defined Medium supplemented with 0.001% 
Insulin, transferrin and selenium (ITS), was the optimal condition to evaluate the effects of Aβ 
oligomers. By Immunofluorecence studies we found that at 6h Aβ oligomers (fluorescein 
labeled) colocalize with vesicular structures such as endosomes, autophagosomes and lysosomes, 
suggesting that Αβ oligomers are first endocytosed and then processed by autophagy. Our results 
show no toxic effects of either Aβ42 or Aβ40 oligomers in hHippNPCs. Aβ42 induce TrkB 
activation, CREB phosphorylation and modulates GSKα/β. We analyze its implications in tau 
phosphorylation. Conclusions: We conclude that different defined culture medium had 
differential effects on Aβ aggregation. hHippNPCs internalize Aβ oligomers in endosomes and 
autophagic vesicles as early as 6h. Aβ42 at physiological concentrations its able to modulate the 
neurotrophins pathway thus having a neurotrophic function possible linked to neuronal survival 
and synaptic function. 
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Abstract: Despite their diverse pathologies, the vast majority of neurodegenerative diseases are 
characterized by protein aggregation and loss of proteostasis. As a key regulator of proteostasis, 
the ubiquitin proteasome system (UPS) degrades soluble cellular proteins, and its function is 
critical for synaptic maintenance and remodeling as well as general cell viability. Past studies 
have shown that the UPS is impaired in virtually all neurodegenerative diseases. However, we do 
not understand how misfolded proteins impair the UPS or if there is a common mechanism. 
Here, we show that three different proteins from Alzheimer’s, Parkinson’s, and Huntington’s 
disease misfold and oligomerize into a similar three-dimensional structure. This shared structure, 
irrespective of the misfolded proteins sequence, binds to the 20S proteasome core particle with 
low nM affinity and allosterically inhibits opening of the substrate channel. Challenging 
oligomer inhibition with different allosteric activators demonstrates that the oligomers inhibit 
conformational changes in the 20S that are required for the 19S regulatory particle to induce 
gate-opening. By fractionation, we identified that only oligomers that contain the A11 antibody 
epitope could bind to and inhibit the 20S and 26S proteasomes. Therefore, the accumulation of 
A11+ oligomers in neurons, irrespective of the type of misfolded protein, would be expected to 
directly and potently impair proteasome function in any neurodegenerative disease, thus 
promoting further protein accumulation and the dysregulation of proteostasis. 
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Title: Mutations in the cholesterol-binding site of the Amyloid Precursor Protein (APP) reduce 
drastically the secretion of amyloid peptides 40 and 42. 
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Abstract: Cholesterol levels are elevated in the brains of Alzheimer’s disease (AD) patients. We 
previously showed that an increase of cholesterol at the plasma membrane promotes endocytosis 
of the amyloid precursor protein (APP) leading to an increase of Aβ production (Marquer et al. 
2011, 2014). Moreover, an interaction between C99, the protein fragment resulting from the 
cleavage of APP by the β-secretase BACE1, and cholesterol has been described in vitro (Barrett 
et al, 2012). In the present work, we studied the involvement of this cholesterol-binding site 
(CBS) on the production of amyloid-β peptides (Aβ) in HEK293 cells. First, Surface Plasmon 
Resonance was used to quantify the interaction between 25aa synthetic peptides corresponding to 
wild-type (wt) or mutated APP CBS and liposomes containing cholesterol. Cholesterol enriched 
liposomes and wt peptides showed a significant interaction whereas mutant peptides did not. 
Starting from an APP751-mCherry plasmid, we generated single and double mutants of the CBS 
using site-directed mutagenesis, namely E693K, S697A, K699A, K699E, G700A, G704A, 
V710A, S697A/K699A and G700A/G704A (numbering APP770). The amount of Aβ peptides 
secreted by HEK293T cells transiently expressing the CBS mutants was measured. All mutants, 
except S697A, produced 1.4 to 10 fold less Aβ40 and Aβ42 than the wt but had no effect on β 
and γ-secretase activity (levels of C99 and APP intracellular domain unchanged), suggesting that 
CBS mutants produced Aβ peptides of shorter length as shown previsouly (Kukar et al, 2011; 
Joo In Jung et al, 2014). Since APP processing occurs in the endosomal compartment, we 
analyzed the morphology of early endosomes using immunocytochemistry with an anti-Early 
Endosome Antigen1 antibody. Early endosomes were categorized in three classes (small, 
medium and large) according to their mean endosomal volume. HEK293 cells expressing 
mutants E693K, K699A, G700A and S697/K699A showed an increased number of endosomes 
of larger volume. We also quantified the subcellular localization of CBS mutants and found less 
colocalization of APP-E693K in enlarged endosomes as compared to wt. Finally, as BACE1 and 
APP are in close interaction in lipid rafts (Marquer et al, 2011); we studied the distribution of the 
CBS APP mutants in these micro-domains particularly enriched in cholesterol using biochemical 
methods. In conclusion our results suggest that a specific interaction between APP and 
cholesterol controls the level of Aβ40 and Aβ42. We will discuss how this CBS could be 
targeted in order to diminish the production of toxic amyloid peptides in sporadic AD. 
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Abstract: The blood-brain barrier (BBB) represents the interface between the peripheral 
circulation and the brain, and plays a fundamental role in the cross-talk between these two 
compartments. The homeostatic function of the BBB is the protection of the brain from 
peripheral insult/inflammation. Alterations in the function of the BBB lead to pathologies of the 
central nervous system. Recently, metabolic imbalance has been shown to be an important risk 
factor associated with the decline of BBB integrity and function. And it has been reported that 
high-fat diet induced breakage of the BBB. Thus BBB is major link between metabolic disorder 
and Alzheimer’s disease. In sharp contrast with epidemiological studies and clinical needs, little 
is known about the mechanisms that link metabolic syndrome to BBB functionality and 
cognitive disorders. Therefore, it is little known about the making in-vivo and in-vitro models for 
studying these mechanisms. Here, We study the modeling by specially focusing the Blood-brain 
barrier. 
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Med. (Neurology), Univ. of Alberta, Edmonton, AB, Canada 

Abstract: Alzheimer’s disease (AD) and vascular dementia are the two most common forms of 
dementia that share a similar pathological feature of cerebral amyloid angiopathy, although the 
mechanistic link between the two conditions has not yet been identified. Recent, amylin receptor 
antagonist, AC253 or a synthetic amylin analog, pramlintide have been shown to improve 
cognitive impairment in different AD mouse models. We hypothesized that amylin receptors 
could also serve as a pathogenetic factor for the vasculopathic component of AD. To establish 
this link, we first identified the presence of amylin receptors on the endothelium in two 
endothelial cell lines, HUVEC and HMEC-1. We determined uptake of Aβ1-42 by these two types 
of endothelial cells and the resultant formation of amyloid plaques on their membranes. Amylin 
receptor-3 subtype (AMY3) appears to be mostly involved in the Aβ plaque formation, although 
the amylin receptor-1 (AMY1) is also found to be present on these cells. Next, we sought to 
confirm whether mouse brain blood vessels also express amylin receptors. These receptors are 
not only present on mouse brain vasculature but are also functional because the hydrophilic 
amylin receptor antagonist, AC253, is easily to penetrate into the brain after a single 
intraperitoneal (ip) injection in both AD transgenic (TgCRND8) or wild-type control mice. Since 
amylin receptors are up-regulated in TgCRND8 mice, there is more brain uptake of ip injected 
AC253 in TgCRND8 mice compared to wild type mice. As chronic ip injections of AC253 have 
been shown to improve cognitive impairment in TgCRND8 mice, we were also further able to 
demonstrate that AC253 also reduced cerebral amyloid angiopathy and Aβ plaque burden in 
these mice using a CLARITY technique. Our data indicate that the amylin receptors on brain 
vasculature could play a key role in Aβ clearance, plaque formation, and cerebral amyloid 
angiopathy. 
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Title: Abnormal axonal transport in tau 45-230-transfected hippocampal neurons 

Authors: *A. B. FERREIRA, N. D. RIHERD-METHNER, S. AFREEN, A. E. RUBINO;  
Cell & Mol. Biol., Northwestern Univ., Chicago, IL 

Abstract: We have previously shown that beta-amyloid-induced calpain activation leads to tau 
cleavage and the generation of the tau45-230 fragment in Alzheimer’s disease (AD) and related 
disorders. In addition, the expression of this fragment in otherwise healthy hippocampal neurons 
induces neurodegeneration followed by cell death. To get insight into the mechanisms 
underlying the neurotoxicity of tau45-230, we have assessed its effects on organelle transport in 
hippocampal neurons. For these studies, neurons transfected with GFP-conjugated constructs (p-
eGFP-N1 empty vector, hTau40-GFP or Tau45-230-GFP) were identified using a 460-500 nm 
bandpass filter, and non-transfected neurons were used as controls. Time-lapse recordings of 
fluorescent-labeled axonal mitochondria and lysosomes were acquired by scanning a single focal 
plane every 2 sec for a total of 100 sec. Our results showed that the expression of tau45-230 in 
hippocampal neurons significantly reduced the number of organelles transported along their 
axons. This altered axonal transport did not correlate with changes in the total number of 
organelles present in these cells or in motor protein levels. No specific changes on anterograde 
vs. retrograde movements were detected. To determine if this tau fragment could cause a 
mechanical disruption or blockade of transport, we investigated its subcellular localization. Our 
results showed that ~30 % of tau45-230 was localized in membrane-bound organelle- and 
cytoskeletal fractions. Together these results suggest that tau45-230 could exert its toxic effects by 
partially blocking axonal transport along microtubules thus contributing to the early pathology of 
AD. This work was supported by NIH grant NS090993 to AF. 
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Title: TNT mediated neuron to neuron transfer of pathological Tau assemblies 

Authors: *M. TARDIVEL1, S. BEGARD2, L. BOUSSET3, S. DUJARDIN2, R. MELKI3, L. 
BUEE2, M. COLIN2;  
1Alzheimer & Tauopathies - UMR-S 1172 - Inserm/ Lil, Lille, France; 2Alzheimer & 
Tauopathies, UMR-S1172, Inserm, Univ. Lille, Lille, France; 3Paris-Saclay Inst. of 
Neuroscience, Ctr. Natl. de la Recherche Scientifique, Univ. Paris-Saclay,, Gif-sur-Yvette, 
France 

Abstract: Tauopathies are neurodegenerative disorders characterized by the accumulation of 
aggregated Tau proteins. The aggregation of this protein causes formation of histopathological 
lesions called neurofibrillary degeneration (NFD). In Alzheimer's disease, NFD is able to 
progress, along existing neural networks, in a hierarchical pattern. The propagation mechanisms 
are still unclear and our team previously showed that Tau is transferred from primary to 
secondary connected neurons at least thanks to extracellular vesicles and especially 
microparticles. Nevertheless, other pathways, such as nanotubes (TNTs), have been described in 
the transfer of pathogens (ie prion or HIV). The objective of this study is to determine if TNTs 
might be involved in the inter-cellular passage of Tau. Two cell models have been used; the 
neuronal lineage CAD and rat primary neuronal cultures. Lentiviral vectors (LVs) were 
generated to encode: 1) actin or tubulin fused to fluorescent proteins to visualize TNTs and 2) the 
wild type human protein Tau to follow its transfer. Acquisitions were made after 
immunocytochemistry or in real-time imaging. We characterized TNTs in both models using 
specific markers (actin, tubulin and MYO10) and showed that the microtubule-associated Tau 
protein is physiologically found in TNTs and may be one of its constitutive components. 
Furthermore, extracellular Tau aggregates induce TNTs formation in primary neuronal cultures, 
which in turn facilitate the intercellular spread of Tau fibrils. In conclusion, Tau possibly 
contributes to TNTs formation and function that appear involved in prion-like propagation of 
Tau assemblies involved in tauopathies. Now, we would like to investigate how Tau is shuttle in 
TNTs and especially, the contribution of Tau to formation, stabilization and function of TNTs. 
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Title: The role of selective autophagy in neurofibrillary tangle pathology 

Authors: *Y. XU, A. COLE, H. ZHENG;  
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Abstract: Tauopathies consist of a group of diseases, including frontotemporal dementias and 
the most common form Alzheimer’s disease, and are characterized by the accumulation of 
intracellular neurofibrillary tangles (NFTs) composed of aggregates of hyperphosphorylated Tau 
protein and extensive neurodegeneration. Tau is normally localized to the neuronal axons where 
it binds and stabilizes the microtubules. Aberrant Tau phosphorylation leads to its dissociation 
from the microtubules followed by aggregation and redistribution to cell bodies and dendrites. 
Accumulating evidence has implicated impaired autophagy-lysosome pathway in 
neurodegenerative diseases including diseases of tauopathies. In this study, we examined the role 
of the autophagy receptor protein p62/SQSTM1 in three tauopathy models: seeding based 
cellular model and mouse model, showing the prion-like replication and spreading of tau, and tau 
transgenic moue model, rTg4510. We found that p62 was significantly increased in three models. 
And further, we found that overexpression of p62 specifically decreased pathological tau. These 
results suggest that p62-dependent selective autophagy counteracts tangle pathology. 

Disclosures:  Y. Xu: None. A. Cole: None. H. Zheng: None. 
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Abstract: There is growing evidence that tau aggregates, a key neuropathological feature of 
Alzheimer’s disease and other neurodegenerative diseases collectively named tauopathies, would 
be responsible for synaptic loss and cognitive deficits. Although it has been postulated that 
amyloid beta oligomers are responsible for the onset of Alzheimer’s disease, progression of the 
disease is thought to be dependent on soluble tau oligomers. A number of drug discovery 
projects are targeting tau related neurotoxicity and neurodegeneration, but current models are 
inadequate due to their artificial overexpression of mutated or truncated human tau protein. Here, 
we report the progress in our development of a novel tauopathy model, solely based on a single 
acute stimulus by misfolded human tau oligomers (hTO) to trigger neurodegeneration and 
disease progression. Highly reproducible hTO were prepared from wild-type human 4R2N tau 
monomers and induced neuronal cell death in rodent primary neurons from different brain areas, 
proven by various and complementary read-outs. Similar properties were measured in human 
neuronal cultures derived from iPS cells and in human neuroblastoma cell lines. hTO-induced 
neurodegeneration was associated with loss of synaptic markers and neuro-inflammatory 
processes, including increased production of pro-inflammatory cytokines. In contrast to highly 
effective hTO, human tau monomers or fibrils did not induce neuronal death in our hands. This 
work strongly supports the hypothesis that hTO are toxic species and promising targets for 
therapeutic interventions. 

Disclosures:  T. Pillot: None. Y. Terroire: None. A. Allouche: None. P. Goetghebeur: None. N. 
Fischer: None. P. Housset: None. S. Colin: None. P. Machado: None. C. Louis: None. F. Panayi: 
None. V. Koziel: None. A. Köpke: None. 
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Title: Stages of toxic impact of aggregating Tau on cells 

Authors: J. BIERNAT1,2, M. PICKHARDT1,2, S. HÜBSCHMANN1,2, T. TIMM3, A. AHO2, 
E.-M. MANDELKOW1,2,4, *E. MANDELKOW5,4;  
1DZNE (German Ctr. for Neurodegenerative Diseases), Bonn, Germany; 2Caesar Res. Ctr., 
Bonn, Germany; 3Inst.of Biochem., Fac. of Medicine, Justus-Liebig-Univ., Giessen, Germany; 
4Max-Planck-Inst. for Metabolism Res., Hamburg, Germany; 5DZNE, C/O CAESAR, Bonn, 
Germany 

Abstract: The pathological aggregation of Tau protein is strongly implicated in the pathogenesis 
of AD and other tauopathies. Previously we generated a conditional expression (Tet-on) cell 
model of Tau pathology based on N2a cells expressing the 4-repeat domain of Tau with the 
FTDP-17 mutation ΔK280 (termed Tau4RDΔK). The deletion variant ΔK280 of Tau is highly 
amyloidogenic and forms fibrous aggregates in the cells within few days staining brightly with 
the reporter dye Thioflavin S. The aggregation of Tau protein in cells is toxic but the 
mechanisms and Tau species responsible for toxicity are still not well understood. We have 
studied the correlation between stages and intermediate species of Tau aggregation correlated 
with parameters of cellular toxicity, using a combination of microscopic analysis, fluorescence-
activated cell sorting (FACS) and biochemical analysis. The pathway of aggregation includes 
initial dimerization (day 2), low-n oligomerization (days 2-3) and higher aggregation (>day 3). 
This correlates with early apoptosis (days 1-2), rapid induction and continuous increase of ROS 
(days 1-4), finally leading to cell damaging, membranes leakiness and cell death (days 3-4). Tau 
aggregation and cell toxicity can be suppressed by Tau aggregation inhibitors which reduce the 
aggregation of Tau, and as a consequence the toxicity, as demonstrated by the parameters of 
apoptosis, viability, and cell death. 

Disclosures:  J. Biernat: None. M. Pickhardt: None. S. Hübschmann: None. T. Timm: None. A. 
Aho: None. E. Mandelkow: None. E. Mandelkow: None. 
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Title: Characterization of neurofibrillary tangles and hyperphosphorylated tau in olfactory neural 
precursors obtained from living Alzheimer’s disease patients 

Authors: *M. VALDES-TOVAR1, A. RIQUELME1, V. MAYA-AMPUDIA1, L. MENDOZA-
DURÁN1, J. ARGUETA1, A. LORA-CASTELLANOS1, O. UGALDE2, G. BENÍTEZ-KING1;  
1Neuropharm. Lab., 2Psychogeriatric Clin., Inst. Nacional De Psiquiatría Ramón De La Fuen, 
Mexico City, Mexico 

Abstract: Neurofibrillary tangles (NTs) are one of the cytopathological changes found in 
neurons of Alzheimer’s disease (AD) patients. NTs are formed of hyperphosphorylated tau 
protein, which in this phosphorylated state, dissociates from the microtubules causing 
cytoskeletal collapse and apoptosis with the subsequent loss of neural connections. NTs have 
been demonstrated in brain tissue and nasal mucosa samples obtained postmortem from AD 
patients. In this study we characterized the NTs and hyperphosphorylated tau in neural 
precursors from olfactory neuroepithelium of living patients with AD stage I diagnosis recruited 
from the Psychogeriatric Clinic of the National Institute of Psychiatry. Research protocols were 
approved by the Institutional Research and Bioethics Committee and conducted strictly 
according to international bioethical policies. Olfactory neural precursors (ONPs) were obtained 
by nasal exfoliation at the middle turbinate, the nasal septum opposite to the middle turbinate and 
the olfactory cleft from 4 female patients with AD and from 4 female healthy control subjects 
(HCS) paired by age. Tau immunofluorescent staining of cultured ONPs showed an increased 
number of cells with pretangle-like NTs in AD patients regarding the HCS. Nuclear tau1-
immunostaining was evident in all preparations after alkaline phosphatase treatment, indicating 
the presence of phosphorylated tau in the nuclei of ONPs. Immunodetection of the tau protein 
after 2D-electrophoresis revealed the presence of three isoforms in ONP-extracts of the HCS, 
whereas AD patients presented five isoforms with higher molecular weight and more basic 
isoelectric point than those found in HCS. Also, increased levels of hyperphosphorylated tau at 
either Ser199-202 or Ser396-404 were observed in AD subjects. Results indicate that ONPs 
obtained by exfoliation are useful to detect pretangle-like NTs and to evaluate tau 
hyperphosphorylation in AD patients. Further research would define if these findings can be 
correlated with an early diagnosis, disease stage or progression, and treatment outcome 
evaluation. Moreover, ONPs may be useful to evaluate novel therapeutic alternatives for AD 
patients. 

Disclosures:  M. Valdes-Tovar: None. A. Riquelme: None. V. Maya-Ampudia: None. L. 
Mendoza-Durán: None. J. Argueta: None. A. Lora-Castellanos: None. O. Ugalde: None. G. 
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Title: Determining the half-life of tau in rat serum. 

Authors: *F. D. TINGLEY, III, N. C. REISING, M. L. HAYASHI;  
Eli Lilly and Co., Indianapolis, IN 

Abstract: Hyperphosphorylated Tau protein is a key component of the neurofibrillary tangles, a 
pathological hallmark of Alzheimer’s Disease (AD). Tau protein is primarily present in the 
neurons of the brain; however, recent findings demonstrate the presence of Tau in the plasma of 
AD patients--levels significantly higher than those of normal individuals. The aim of this study is 
to determine the half-life of Tau in the periphery, specifically that of rat serum. 
We used dual cannulated JVC/FVC rats for the infusion of recombinant human Tau protein with 
a BSAi syringe pump apparatus. Confirmation of the perfusion setup was completed with 0.1% 
BSA solution as a carrier protein and 5 ug/ml recombinant human Tau yielding 2% variability 
over a 40 minute interval (total Tau ELISA, 2.9--3.6 ug/ml measured). For half-life estimate, a 
2.5-hour infusion of 1 ug/ml Tau via a femoral vein cannula was performed and then the pump 
was turned off. Using a Phoenix WinNonLin platform software (Pharsight Co.), calculation of 
half-life eliminations for recombinant human Tau was estimated to be 14 minutes in rat serum. 
Furthermore, when a Tau antibody (DA9) was co-infused with Tau at a 100 minute time point, 
the total Tau levels increased and there was a noticeable prolongation of Tau half-life estimates; 
whereas the addition of a control antibody in the same paradigm gave no exaggeration of these 
effects(total Tau ELISA, AT120 or Tau5 with BT2 and HT7). 
Our results indicate that the half-life of peripheral Tau is short and can be modulated by binding 
to anti-Tau antibodies. 

Disclosures:  F.D. Tingley: None. N.C. Reising: None. M.L. Hayashi: None. 
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Title: Pro-aggregant chaperone complexes regulate tau neurotoxicity 

Authors: *L. B. SHELTON, J. D. BAKER, D. ZHENG, L. J. BLAIR, J. J. SABBAGH, A. 
SUNTHARALINGAM, B. NORDHUES, C. A. DICKEY;  
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Abstract: Pathogenic tau is one of the major hallmarks associated with Alzheimer’s disease. 
Recent work has shown that the Hsp90 system and its co-factors can differentially regulate tau 
aggregation. For example, one of these co-factors, FKBP52, while being well known for its role 
in steroid hormone receptor control can also directly affect pathological tau oligomer and fibril 
formation in vitro and in fish. This is important because oligomeric tau is now considered to be 
the more toxic species of tau, while tau densely packed fibrils may be more inert. We 
hypothesized that distinct Hsp90 co-factors could exacerbate oligomeric tau pathology in a 
mammalian model of tau accumulation, the rTg4510 mouse line, leading to greater 
neurotoxicity. Four-month-old rTg4510 mice received bilateral hippocampal injections of adeno-
associated virus (AAV) serotype 9 tagged with either Hsp90 co-chaperones or mCherry as a 
control. The over-expression of some of these co-factors caused massive neuronal loss in the 
hippocampus leading to frank deficits in long-term potentiation (LTP). We also performed 
immunohistological staining and biochemical analysis, as well as cell based studies to better 
understand this phenomenon. Overall, these findings suggest that increased Hsp90 co-factors can 
promote neurotoxicity in the mammalian system by regulating tau aggregation, making these 
proteins excellent therapeutic target for Alzheimer’s disease and other tauopathies. 

Disclosures:  L.B. Shelton: None. J.D. Baker: None. D. Zheng: None. L.J. Blair: None. J.J. 
Sabbagh: None. A. Suntharalingam: None. B. Nordhues: None. C.A. Dickey: None. 
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Title: Supplemented zinc on learning and memory in tau mice (P301L/CaMKII) using 
contextual and cued fear extinction 

Authors: *C. M. HERNANDEZ, C. L. C. NEELY, W. R. KOCHEN, K. M. CRAVEN, M. L. 
SMITH, A. B. BOOTH, J. M. FLINN;  
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Abstract: Neurofibrillary tangles (NFTs) are associated with behavioral disorders in 
Alzheimer’s disease, Parkinson’s disease, and also in chronic traumatic encephalopathy (CTE), 
and can lead to memory deterioration and learning impairments. Biometals such as zinc (Zn) can 
exacerbate these behavioral disorders. Previous studies have shown that excessive Zn led to 
increased freezing levels in animals during cued fear extinction (Railey et al., 2010). In another 
study that used tau mice, mice showed impaired retention in contextual fear conditioning 
(Hunsbergera et al., 2014). Therefore to observe the effects of both NFTs and Zn, the current 
study conducted contextual and cued fear extinction with the tau mouse model raised on 10ppm 
supplemented Zn water. Four experimental groups were used for this study: WT mice 
(C57BL/6J) on lab or Zn water and tau mice on lab or Zn water. Mice underwent contextual and 
cued fear conditioning and extinction at six months of age. A 20 second 75-decibel tone was 
used as the cue, and a two second 0.5 mA mild foot shock was administered. All animals, 
regardless of genotype and water, learned and retained the association between the cue and the 
aversive stimulus. During extinction, 25 tones were presented. All animals showed similar 
extinction rates to the tone. Thus preliminary data shows that there were no significant 
differences between groups. Additionally open field test was conducted to assess motor 
differences. Results showed that duration of movement, distance traveled, and speed in tau mice 
was significantly greater than mice (p < .05). These results are consistent with other studies that 
indicate tau mice are hyperactive (Hunsbergera et al., 2014). Aside from the behavioral tests 
included here, these mice underwent other behavioral tests and significant differences between 
groups were observed; see Kochen SfN poster. These results in combination with the other 
behavioral measures may indicate that affects in Zn on tau mice are behaviorally specific at 6 
months. 

Disclosures:  C.M. Hernandez: None. C.L.C. Neely: None. W.R. Kochen: None. K.M. Craven: 
None. M.L. Smith: None. A.B. Booth: None. J.M. Flinn: None. 
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Title: The effects of zinc on expression of phosphorylated tau and zinc fluorescence 

Authors: *K. M. CRAVEN, W. R. KOCHEN, M. R. HARBOUR, C. M. HERNANDEZ, J. M. 
FLINN;  
George Mason Univ., Fairfax, VA 

Abstract: Tau is a microtubule associated protein that normally binds to and stabilizes 
microtubules and therefore is vital for cellular communication. However, when it becomes 
hyperphosphorylated it no longer binds to microtubules and forms neurofibrillary tangles (NFTs) 
which occur in various neurodegenerative disorders such as Alzheimer’s disease, Parkinson’s, 
and Huntington’s. Increasing evidence supports the interaction of tau with the essential trace 
element zinc. Zinc can affect the regulation of proteins and is important for memory and 
neuronal communication. The effect of zinc and tau on brain pathology were determined in this 
experiment. Transgenic tau (P301L/CamKII) and wildtype (C57BL/6J) mice were given either 
standard lab water or lab water supplemented with 10ppm zinc starting at 8 weeks of age. Mice 
were sacrificed at 7 months of age. NFT staining was completed followed by western blot 
analyses and fluorescent staining for zinc. The amount of tau protein within the brain was semi 
quantified using PHF-1, an antibody specific for phosphorylated tau at Ser396 and Ser404, and 
Tau-5, an antibody for total tau. Furthermore, Zinpyr-1 fluorescence staining was used to assess 
and semi quantify the amount of free zinc within the hippocampal and infralimbic regions. A 
difference in tau levels as well as zinc fluorescence between groups is expected. These data will 
be compared with results from morris water maze (MWM), novel object recognition (NOR), 
cued and contextual fear conditioning, and circadian rhythm and nesting assays. Preliminary 
behavioral results show an interaction between genotype and water type for circadian rhythm as 
well as a main effect for genotype in MWM and NOR. 

Disclosures:  K.M. Craven: None. W.R. Kochen: None. M.R. Harbour: None. C.M. Hernandez: 
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Title: Zinc exacerbates tauopathy deficits in measures of daily living in mice. 

Authors: *W. R. KOCHEN, K. M. CRAVEN, J. M. FLINN;  
Cognitive and Behavioral Neurosci., George Mason Univ., Fairfax, VA 

Abstract: Microtubules are a part of the cells cytoskeleton that are crucial for axonal transport of 
organelles and vesicles. Tau is a protein that provides support for the Microtubule transport 
system. When tau is hyperphosphorylated, it ceases to provide support for microtubules and the 
cellular transport system fails, eventually causing neurons to die. Diseases where tau is 
hyperphosphorylated include Alzheimer’s disease, Picks disease, Parkinson’s disease and 
Huntington’s disease. The location of the deficits seen in these disorders correlates with the 
location of neurofibrillary tangles that result from this hyperphosphorylation. One common 
behavioral symptom seen in Tauopathies is deficits in daily living activities and circadian rhythm 
disruptions. Zinc is a biometal whose homeostasis is very important for neuronal functioning. 
Excess Zinc levels have been found to increase Tauopathy even in the absence of 
hyperphosphorylation. This experiment used P301L/CamKII mice (Jax) that display Tauopathy 
in both behavior and pathology. Half of these mice had their drinking water supplemented with 
10ppm Zinc for four months prior to behavioral testing. At 6 months of age, mice were tested for 
nest building behavior and for circadian rhythm. Preliminary results indicate that tau mice 
consuming supplemental zinc from 8 weeks of age showed significantly enhanced behavioral 
deficits. These mice performed significantly worse than all other groups in nest building 
behavior (p < .05), as well as having significantly different times for onset of nocturnal wheel-
running activity (p < .05) 
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Title: The stress granule protein TIA1 regulates tau pathophysiology and toxicity 

Authors: *D. APICCO1, P. ASH1, B. MAZIUK2, B. WOLOZIN1;  
1Pharmacol. & Exptl. Therapeut., Boston Univ. Sch. of Med., Boston, MA; 2Boston Univ., 
Boston, MA 

Abstract: Increasing evidence links neurodegenerative disease processes to dysfunction of RNA 
metabolism and RNA-binding proteins. Here, we show that the progressive accumulation of 
stress granules is a novel component of Alzheimer’s disease (AD) and frontotemporal dementia 
(FTLD-tau) neuropathology. TIA1, an RNA-binding protein required for stress granule 
nucleation, co-localizes with hyperphosphorylated tau in the cortex of AD and FTLD-tau 
patients, and progressively co-accumulates with tau in mouse models of tauopathy. In primary 
cultured neurons, TIA1 overexpression promotes the formation of tau-positive stress granules 
that reduce tau turnover and stimulate neurodegeneration. Conversely, reduction of TIA1 by 
shRNA knockdown or genetic knockout decreases levels of misfolded tau and prevents P301L 
mutant tau toxicity. In vivo, hemizygous deletion of TIA1 delays disease onset in PS19 
transgenic tau mice, as evident by reduced levels of phosphorylated tau, sarkosyl-insoluble tau, 
and microgliosis in the hippocampus at 2.5 months. Our results highlight an important role for 
TIA1 and RNA-binding proteins in the pathogenesis of tauopathies and identify modulation of 
stress granule formation as a novel therapeutic strategy for the treatment of AD and FTLD-tau. 
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Abstract: The hallmarks of Alzheimer’s disease pathology comprise the onset of disease with 
accumulation of extracellular amyloid-beta (Aβ) plaques in the brain followed by intracellular 
neurofibrillary tangle (NFT) growth. Aβ upregulates the generation of NFTs by increasing 
glycogen synthase kinase-3 (GSK3) activity, leading to the phosphorylation of tau (pTau). 
Phosphorylated tau begins to self-assemble to form NFTs. Both Aβ plaques and NFTs interfere 
with normal neuronal cell function by disrupting proper synapse function at neural junctions, in 
addition to inflicting damage to neurons, eliciting cognitive decline. Based on previous literature, 
the presence of Aβ causes only a qualitative decrease in cognitive performance. We hypothesize 
that tau accumulation and phosphorylated tau contribution may more strongly correlate with 
cognitive decline and Alzheimer’s disease progression. We perform a meta-analysis in order to 
evaluate this hypothesis by combining and analyzing experimental findings extracted from a 
database of more than 3,000 peer-reviewed articles. Inclusion criteria encompass: use of 3xTg-
AD mouse model, quantification of cognitive performance by Morris water maze (MWM) 
escape latency, and quantify Aβ and/or tau levels. 3xTg-AD mice express both Aβ and tau 
pathologies, making it one of the most complex mouse models and allowing assessment of both 
proteins’ effects together in one animal. Cognitive ability of mice are compared with Aβ and tau 
levels to test for significance of any correlation. Phosphorylated tau, tau, and amyloid-beta levels 
are compared for largest impact on cognitive performance by correlative assessment of escape 
latency. Aβ and tau are linked by GSK3, but it is not known whether the relative protein levels 
affect disease progression. To assess this possibility, combination levels of Aβ and tau are 
assessed for significant interactions. It is likely that these two proteins may interact to cause 
more rapid cognitive decline. 
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Abstract: Tauopathies are disorders characterized by dysfunction in the tau protein. Examples of 
Tauopathies include Alzheimer’s disease, Parkinson’s disease, Huntington’s disease and Picks 
disease. These diseases form when the tau protein, a protein integral for intracellular 
communication, is hyperphosphorylated causing neurofibrillary tangles. Tauopathies possess 
many similar behavioral deficits including deficits in memory. Zinc is a biometal whose 
homeostasis is very important for neuronal functioning. Excess Zinc levels have been found to 
increase Tauopathy and exacerbate Alzheimers Disease even in the absence of 
hyperphosphorylation. This experiment used P301L/CamKII mice (Jax) that display Tauopathy 
in both behavior and pathology. Half of these mice had their drinking water supplemented with 
10ppm Zinc for four months prior to behavioral testing. At the age of 7 months old, these four 
groups were tested on both Novel Object Recognition and Morris Water Maze. Preliminary 
results of Morris Water Maze show a main effect of genotype on latency to find the platform as 
well as a main effect of genotype on thigmotaxicity (p < .05). Earlier experiments completed 
with these mice (Kochen et al, SFN 2016) showed zinc exacerbated Tauopathic deficits in two 
measures of daily living: nest building, and circadian rhythm. 
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Abstract: Aggregation of neurotoxic proteins is the pathological hallmark of several 
neurodegenerative diseases. Pathogenic proteins spread to distant brain regions in a stereotypical 
pattern through synaptic networks. Recent studies showed that these protein aggregates recruit 
the endogenous protein and induce pathology in healthy neurons, suggesting that interneuronal 
transmission of these proteins contributes to progressive spread of disease in a ‘prion-like’ 
manner. 
The Microfluidic culture device platform was used as neuron-based in vitro model to study 
neuron-to-neuron transmission of pathogenic tau proteins, and also as an assay platform to 
evaluate the efficacy of therapeutic tau antibodies in preventing or reducing propagation of 
pathological proteins. 
We demonstrated the trans-synaptic transmission of pathogenic tau proteins in cultured neurons 
using the Microfluidic culture device. In addition, antibodies against tau significantly reduced the 
transmission of these proteins, suggesting that these antibodies may be a viable therapeutic 
strategy for the treatment of neurodegenerative diseases. The Microfluidic neuron device is a 
useful platform for testing molecules capable of abrogating transneuronal spreading of 
pathological proteins. 
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Abstract: Tauopathies are a group of neurodegenerative diseases classified by the accumulation 
of tau aggregates in diverse brain areas leading to distinct clinical manifestations. Evidence 
suggests that the propagation and transmission of tau throughout the brain occurs when tau 
“seeds” spread from an affected cell to a previously unaffected cell. Previous evaluations of 
brain homogenates from different tauopathies in vitro and in vivo suggest distinct biochemical 
and morphological tau species are present in different tauopathies. The goal of our study was to 
characterize the tau species present in these diseases and and to identify the differences in the 
propensity of these tau species to propagate within in vitro cellular models. Brain samples were 
obtained from patients diagnosed with Alzheimer’s disease (AD), Corticobasal degeneration 
(CBD), Pick’s disease (PiD) and Progressive Supranuclear Palsy (PSP). Brain specimens were 
sectioned and catalogued for immunohistochemical and biochemical analyses which included the 
characterization of tau isoforms, phosphorylation states, and aggregates present. In order to 
investigate the differences in tau seeding properties between different tauopathies, homogenates 
from tau-affected and tau non-affected brain areas were added to three different cellular models - 
a stable HEK293 cell line expressing a fluorescently-tagged tau repeat domain; rat primary 
hippocampal cultures; and human iPSC-derived neurons. The effects of these treatments were 
evaluated for their effects on tau aggregation, conformational status, and post-translational 
modifications, as well as overall cellular dysfunction. Results gave evidence for distinct 
characteristics among the tauopathies which are able to be recapitulated in in vitro cellular 
system models. These cellular models will enable studying tau seeding in a tauopathy-specific 
manner and provide a new understanding of tauopathies. 
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Abstract: Trafficking of transcription factors and other regulatory proteins between the 
cytoplasm and the nucleus is essential for signal transduction. There is growing evidence that the 
disruption of efficient nucleocytoplasmic transport can significantly impair neuronal function, 
and thus may be involved in toxicity mechanisms in neurodegenerative diseases. Previous 
studies demonstrated nuclear transport irregularities in cells that accumulate misfolded protein 
aggregates. These observations suggested an impairment of nuclear pore complex (NPC) 
components - such as Nups, which are critical for nucleocytoplasmic transport in neurons - in 
AD. In our study, we use a fluorescence-based reporter to monitor the integrity of nuclear export 
and import in mammalian cells in the presence of different tau species. The reporter comprises 
two GFP with nuclear export signal (NES), IRES sequence, and two RFP with nuclear import 
signal (NIS); this results in a clear separation of cytoplasmic GFP and nuclear RFP. In cells with 
impaired nuclear transport, the intracellular localization of GFP and RFP start to overlap in 
cytoplasm and/or in nucleus, depending on the disruption of nuclear import or export. Our results 
suggest that the presence of aggregated tau as well as the overexpression of tau disrupt nuclear 
export, while the nuclear import is less compromised. Further investigations, particularly towards 
the identification of specific NPC elements involved in tau-dependent nuclear export disruption, 
will help identify the pathophysiological significance of this observation. 
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Abstract: Abnormal hyper-phosphorylated and misfolded Tau in the brain are pathological signs 
associated with Alzheimer’s disease (AD). Electroencephalographic (EEG) alterations in the 
spectral contents and connectivity have been associated with cognitive decline in AD. 
Difficulties in attentional processing have been noted as one of the earliest clinical signs of AD, 
therefore investigating neuronal networks associated with attention can lead towards a better 
understanding of AD pathology and the identification of functional markers of early disease 
progression. The present study used a tau seed injection model1 to investigate changes in 
neuronal connectivity associated with tau pathology during attentional performance. K18 - a 
synthetic preformed tau fibril- or buffer control was administered via a cannula into the 
hippocampal (HPC) CA1 region of 12 weeks old P301L transgenic male mice. These mice 
express human 2N4R Tau with a P301L mutation. P301L model carries a transgene encoding 
human tau, causing tauopathy after 6 months. We investigated how the spread of K18 affects 
attentional processes and EEG. Network oscillations in the frontal association area, anterior 
cingulate cortex and the left and right HPC CA1 regions were monitored for 20 weeks, post HPC 
CA1 injection, while the animals performed in the 5 Choice Serial Reaction Time Task 
(5CSRTT), a validated test for assessing attention in rodents. In the immediate weeks post 
injection, no major difference was found in behavioral performance between K18 and buffer 
mice. Cross-Frequency Phase-Amplitude Coupling (CF-PAC: when the phase of a lower 
frequency oscillation modulates the amplitude a higher frequency oscillation) has been suggested 
to be instrumental in cognitive processes, including attentional selection. Freely moving P301L 
tau seed model mice have shown a decrease in CF-PAC at the site of K18 injection, while a 
compensatory increase in CF-PAC was noted contralaterally2. For K18 animals, changes in 
neuronal connectivity were visible as early as 2 weeks after tau seeding. It is hypothesized that 
PAC compensation may prevent behavioral differences between K18 and buffer injected mice 
during the 5CSRTT in the first weeks following injection. The attentional performance-related 
oscillations further help to understand the tau-pathology induced disconnection symptoms as 
seen in AD. Looking at AD as a disconnection disorder allows for a focus on markers and 
intervention therapies related to the earliest signs of pathology, and well before clinical cognitive 
symptoms become apparent.1- Peeraer et al. (2015) Neurbiol of disease, 73, 83-95. 2 -Ahnaou et 
al. (2015). SfN annual meeting 2015: 486.11/C65. 
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Abstract: Hyperphosphorylated tau is the major component of paired helical filaments in 
neurofibrillary tangles found in Alzheimer’s disease (AD) brains, and tau hyperphosphorylation 
is thought to be a critical event in the pathogenesis of the disease since it correlates with the 
degree of cognitive impairment in AD. Only a small proportion of AD is due to genetic variants, 
the large majority of cases is late onset and sporadic in origin. The cause of sporadic AD is likely 
to be multifactorial, with external factors interacting with biological or genetic susceptibilities to 
accelerate the manifestation of the disease. Type 2 diabetes (T2D) might be such factor, as there 
is accumulating evidence from epidemiological studies suggesting that T2D is linked to an 
increased risk of AD. The consequences of T2D on AD pathologies, such as tau 
hyperphosphorylation, are thus not well understood. Therefore, we evaluated the impact of T2D 
on tau phosphorylation in ob/ob diabetic mice, aged 4 and 26 weeks. These mice lack leptin, are 
hyperphagic and obese, and mimic major human T2D features, including hyperglycemia, 
hyperinsulinemia and insulin resistance. We found increased tau phosphorylation at the AT8 
epitope in 4-week-old ob/ob mice while 26-week-old ob/ob mice displayed tau 
hyperphosphorylation at multiple tau phospho-epitopes (Tau1, CP13, AT8, AT180, PHF1). We 
then examined the mechanism of tau hyperphosphorylation, and demonstrated that it is mostly 
due to hypothermia, since ob/ob mice were hypothermic and normothermia rescued tau 
phosphorylation to control levels. Because caffeine has been shown to be beneficial for diabetes, 
obesity and tau phosphorylation, we used it as therapeutic treatment. Unexpectedly, chronic 
caffeine intake exacerbated tau hyperphosphorylation while promoting deeper hypothermia. Our 
results suggest that tau hyperphosphorylation is mostly a consequence of hypothermia due to 



impaired thermoregulation in ob/ob mice. These results provide a novel link between diabetes 
and tau pathology, and underline the importance of investigating thermoregulation mechanisms 
to better understand the relationship between diabetes and AD. 
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Abstract: Alzheimer's disease (AD) is a neurodegenerative disease characterized by severe 
deficits in memory, thinking and behavior. At the molecular level, AD is characterized by two 
major pathologies: the development of extracellular amyloid plaques and intracellular 
neurofibrillary tangles (NFTs). In particular, NFTs are formed from tau, which is a microtubule 
binding protein expressed in all neurons throughout the brain. During AD pathogenesis, hyper-
phosphorylated tau forms pathological aggregates. However, the molecular mechanisms which 



drive the development of tau pathology remain elusive. Recently, the Wolozin lab has identified 
stress granules (SG) as a major component of AD pathology which coincides with the 
development of tau pathology. T-cell intracellular antigen 1 (TIA-1) is a primary SG nucleating 
protein which co-localizes with neuropathology in Amyotropic Lateral Schlerosis (ALS), AD, 
and frontotemporal dementia (FTD). In addition, recent evidence from our lab also implicates a 
large number of other RNA binding proteins in the development of tauopathy and AD. 
Our results indicate that tau pathology must be present to observed significant accumulation of 
SG pathology. Brain tissues from transgenic mice expressing human tau, including rTg4510, 
PS19 and 3xTgAD, all exhibit strong SG pathology that co-localizes to varying degrees with tau 
pathology. However, brain sections from 5xFAD mice, which don’t express human tau, do not 
exhibit significant SG pathology, despite strongly accumulating beta-amyloid pathology. 
Improved detection of pathological SGs represents an additional outcome from our study. 
Antibody-mediated detection of SG pathology in human tissue is challenging because 
aggregation of the RNA binding proteins frequently masks key antigen epitopes. The current 
work optimized the methods for antibody mediated visualization of SG and RNA binding protein 
pathologies in AD. We characterized and verified a number of antibodies useful for 
immunohistochemical staining, as well as fixation and staining methods for these antibodies in 
mouse and human tissue. From our immunohistochemical analysis, we demonstrated that 
previously described TIA-1 positive SG pathologies co-localize with phospho-tau pathology in 
the Tg4510 and PS19 tauopathy mouse models but not the 5xFAD amyloid mouse model of AD. 
Furthermore, we also demonstrated co-localization of tau pathology with numerous RNA 
binding proteins that biochemically interact with tau, using both mouse tauopathy and human 
AD tissue. The proteins examined include Taf15, EWSR1, which also co-localize with tau 
pathology, and HNRNPA0, which becomes localized to the cytoplasm in AD. 
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Abstract: Tau is microtubule-associated protein abundant in neurons. Its main function, bind 
and stabilize the MTs, is mediated by its MT binding domain. Alternative splicing (AS) of tau 
exon 10 results in the presence or the absence of a MT-binding repeat, leading to the expression 
of tau with four (4R-tau) or three (3R-tau) MT-binding repeats. In human brain development, 
3R-tau are expressed from the embryonic while 4R-tau expression begins after birth. An equal 
ratio of 3R-tau and 4R-tau is maintained in adult brain. Interestingly, a different pattern of tau 
isoforms is reported in mice development, since adult mice only express 4R-tau. Preliminary 
data on pups temperature show that pups are hypothermic during the first post-embryonic stages, 
which correspond to the period of 3R-tau expression. We thus hypothesized that temperature 
might be able to regulate tau splicing with hypothermia promoting 3R-tau and normothermia or 
hyperthermia promoting 4R-tau. To test this hypothesis, we studied a complete range of 
development points in mice from embryonic to adult. We changed the environmental 
temperature of the room housing the mother and the pups to prevent the hypothermia found in 
the first developmental stages. We also used N2a cells, a mouse cell line expressing both 
isoforms, that we directly exposed to different temperatures from hypothermia to hyperthermia. 
We also used mouse primary neuronal cell culture that recapitulate the pattern of expression of 
tau isoforms found during mouse brain development. We designed a kinetics of differentiation 
from day in vitro 1 to 20 at 3 different temperatures: 37°C, 32°C and 40°C. During mouse brain 
development, we confirmed a specific pattern of expression of tau isoforms with a shift from 3R-
tau to 4R-tau between P9/P14 and hypothermia from birth until P9/P14, significantly correlating 
with 3R-tau. Our results on N2a cells indicate that hypothermia increases the exclusion of tau 
exon 10, whereas hyperthermia increases its inclusion. Our results on primary cell culture show 
that both hypothermia and hyperthermia are able to modify the specific pattern of tau exon 10 
isoforms compared to 37°C. Our results demonstrate for the first time that temperature is a 
powerful regulator of exon 10 alternative splicing, with hypothermia leads to exon 10 exclusion 
whereas hyperthermia to exon 10 inclusion, which is reversible in N2a cells. 
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Abstract: Alzheimer’s disease is a progressive neurodegenerative disorder and the most 
common form of dementia. Microglial activation and inflammation have been suggested to be 
significant contributing factors to the neurodegeneration. It has been demonstrated that 
increasing inflammation exacerbates tau pathology while reducing inflammation ameliorates it. 
Fractalkine (CX3CL1; FKN) is an endogenous chemokine expressed throughout the body. In the 
CNS, FKN is expressed solely by neurons and binds its unique receptor, CX3CR1, which is 
expressed only on microglia. FKN signaling leads to decreased expression of pro-inflammatory 
cytokines such as IL-1β and TNF-α. Recent studies have shown that disrupting FKN signaling in 
hTau mice exacerbates pathology and hastens the onset of pathology. Furthermore, AAV-
mediated overexpression of a soluble FKN in Tg4510 mice reduced tau pathology and 
ameliorated neuron loss. However, this overexpression did not rescue behavioral deficits, 
perhaps due to the limited over expression only in the hippocampus. In this study, our aim was to 
increase soluble FKN signaling globally throughout the CNS with limited invasiveness. 
Therefore, we chose to inject animals bilaterally in the lateral ventricles, thus secreting FKN into 
the CSF and exposing the entire CNS to increased FKN agonism. Five month-old Tg4510s were 
injected either in the lateral ventricles with AAV4 FKN or in the anterior cortex and 
hippocampus with AAV9 GFP. Behavioral assessment was performed and mice were euthanized 
3 months later for biochemical analysis of pathology. Animals injected with AAV4 FKN showed 
significant improvement in the radial arm water maze task of hippocampal-dependent learning 
and memory. Furthermore, nesting behavior significantly improved in these animals. AAV4-
FKN successfully transduced ependymal cells, FKN was secreted into the CSF, and FKN levels 
were increased in the hippocampus of treated mice by ELISA. We are in the process of assessing 
changes in tauopathy and microglial activation in these mice. Since FKN signaling is generally 
anti-inflammatory in the CNS, we anticipate a reduction in microglial activation in the animals 
treated with FKN. 
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Abstract: Evidence suggests that leptin signaling within the brain is both neurotrophic and 
neuroprotective and leptin signaling is known to be impaired in AD brains. To address the role of 
leptin signaling in AD we determined the effects of leptin treatment on tau pathology in the 
APP/PS1 mouse. Our preliminary data indicates that 3 month continuous leptin treatment 
reduces tau phosphorylation within the hippocampus. However, this decrease in tau 
phosphorylation is coupled with decreases in total Ob-R expression and subsequent STAT3 
signaling. In vitro leptin treatment is able to regulate tau phosphorylation levels in a 
neuroblastoma cell line transfected with the Tau40 mutation. These modifications to tau 
phosphorylation levels are associated with Ob-R expression, regulation, and signaling in a dose-
specific manner. Together, these data suggests that the benefits derived from leptin treatment 
may stem from inhibition rather than upregulation of leptin signaling. 
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Abstract: Tau is widely considered a prime therapeutic target for Alzheimer’s disease (AD), in 
part because tau reduction is protective in cell and mouse models of AD. Despite wide support, 
strategies to target tau have proven difficult to develop. Much like tau, the Src-family tyrosine 
kinase, fyn, is also a requisite mediator of Aβ-driven neuropathology. Indeed, reducing fyn levels 
is protective in AD mouse models and overexpressing fyn results in behavioral abnormalities not 
otherwise present in a mouse line expressing low levels of APP. Inhibiting fyn kinase activity 
has been reported to be protective, but this approach also leads to learning and memory deficits 
and impaired synaptic plasticity in non-transgenic mice. Importantly, tau and fyn interact via 
their respective proline-rich and SH3 domains. In addition, recent evidence suggests that Aβ-
driven behavioral abnormalities and neuropathology involve the tau-fyn interaction. We recently 
completed a high-throughput screen to identify small molecule inhibitors of the tau-fyn 
interaction. We also developed a cell-permeable TAT-peptide that spans full-length tau’s 5th and 
6th proline-rich, PxxP motifs and competitively inhibits the tau-fyn interaction. We used rat 
primary neuron cultures to test whether this tau-fyn interaction peptide inhibitor could ameliorate 
Aβ-induced neurotoxicity. Exposing primary neurons to Aβ1-42 oligomers (Aβo) for 48 hours 
resulted in neurotoxicity that was precluded by tau knock-down (using antisense 
oligonucleotides) and was blocked by pre-treatment with the TAT-PxxP peptide. These data 
suggest that the tau-fyn interaction is an important mediator of Aβ-driven neuropathology and 
represents a promising therapeutic approach to translate the mechanisms of tau-reduction for the 
treatment of AD. 
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Title: IL-10 deficiency enhances tau phosphorylation in a mouse model of LPS-induced 
systemic inflammation 
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Abstract: Tauopathies include a number of neurodegenerative diseases associated with 
accumulation of hyperphosphorylated microtubule associated protein tau (MAPT or tau) as 
neurofibrillary tangles (NFTs). The presence of hyperphosphorylated tau (pathological tau or p-
tau) has been shown to strongly correlate with cognitive decline. Furthermore, 
neuroinflammation is a common feature of tauopathies and studies from our lab have suggested 
that microglia-mediated neuroinflammation promotes tau phosphorylation in a mouse model of 
tauopathy in a manner dependent upon the activation of pro-inflammatory cytokine interleukin-
1β (IL-1β). Given that anti-inflammatory cytokines are also key players in regulating immune 
responses in the brain, the direct effects of certain prominent anti-inflammatory cytokines in tau 
pathology is still unclear. One of the most established anti-inflammatory cytokines is interleukin-
10 (IL-10), which plays a role in downregulating pathways involved in inflammation and 
activation of kinases that may be involved in tau phosphorylation. To determine if IL-10 has a 
role in regulating pathological tau phosphorylation, here we compared the effects of 
lipopolysaccharide (LPS) administration in 5-6 month old C57BL/6 (WT) and IL-10 knockout 
(KO) mice. First, consistent with our previously published results, LPS administration (10mg/kg 
b.w; i.p; single dose) increased tau phosphorylation (on AT8, AT180 sites) within 24 h in the 
hippocampus of WT mice compared to vehicle injected WT mice. Second, IL-10 KO mice 
injected with the same dose of LPS showed significantly enhanced AT8 and AT180 site tau 
phosphorylation compared to LPS injected WT mice. Third, levels of total tau were significantly 
reduced in LPS-injected IL-10 KO mice compared to vehicle injected IL-10 KO and WT control 
mice (with or without LPS). Fourth, LPS injected IL-10 KO mice show significantly elevated 
levels of activated (pT180/pY182) p38 mitogen activated protein kinase (p38 MAPK) compared 
to LPS injected WT mice. Finally, basal levels of IL-1β are elevated in IL-10 KO mice compared 
to WT mice. Together, our results suggest that IL-10 plays an anticipated anti-inflammatory role 



to prevent neuroinflammation and reduces inflammation-induced tau pathology relevant to 
tauopathy. 
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Title: Tau oligomeric strains spread from the eye to the brain, inducing diverse phenotypes 
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Abstract: While tau aggregation is a common feature in a number of neurodegenerative diseases 
termed tauopathies, the symptoms and patterns of pathology are highly diverse. A growing 
number of studies have shown that the fibrillar forms of tau, neurofibrillary tangles (NFTs), 
considered the hallmarks of these disorders are actually not the most toxic form of the protein. 
Rather, soluble aggregates formed en route or independently of NFTs—tau oligomers—are the 
toxic tau species. A large body of research suggests that oligomeric tau exhibits prion-like 
properties similar to other amyloid proteins, including the ability to seed tau monomer and 
spread from affected to unaffected brain regions. Recent studies suggest that tau also forms 
conformationally distinct strains that may impact the disease phenotype similarly to prions. A 
lack of understanding of the conformational diversity of tau aggregates in disease may hinder 
progress in the field of therapeutics against tau toxicity. Moreover, inability to effectively 
diagnose tauopathies early in disease progression may also make treatment difficult. Evidence 
suggests that protein aggregation and heightened inflammation may occur in the eyes of affected 
patients, suggesting that the eye may be a possible window to toxicity in the brain. However, the 
ability of oligomeric tau to travel between the eye-brain axis has not been well-defined. 
Therefore, we isolated and characterized tau oligomeric strains from Alzheimer’s disease, 



Progressive supranuclear palsy and Lewy body dementia. We injected brain-derived tau 
oligomeric strains intravitreally in Human tau mice and showed for the first time that tau 
oligomers can induce inflammation and toxicity in the eye and spread from the eye to the brain. 
Moreover, we discovered that disease-specific tau strains led to diverse behavioral effects and 
seeding in vivo, providing support for the hypothesis that strain differences defined in vitro may 
induce different disease phenotypes. Differences in regional and cell-specificity of tau 
oligomeric strains were also seen in human disease brains using tau oligomer-specific 
monoclonal antibody (TOMA) clones. These findings suggest that differences in tau 
conformation may differentiate disease phenotypes. Further insight into tau oligomer 
conformation in different diseases may be critical for the understanding of mechanisms for the 
onset of disease and improved therapeutic and diagnostic strategies. 
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Abstract: Rho-associated, coiled-coil-containing protein kinase 1 (ROCK) is an enzyme that 
plays important roles in neuronal cells including mediating actin organization and dendritic spine 
morphogenesis. The ROCK inhibitor (ROCK-i) Fasudil has been shown to increase learning and 
working memory in aged rats, but another ROCK-i, Y27632, was shown to impair learning and 
memory. We are interested in exploring how these, and other ROCK-i, may be acting 
mechanistically to result in very different outcomes in treated animals. 
We have previously tested thirteen different ROCK-i to treat human neuroglioma cells 
overexpressing 4-repeat tau (H4-tau) across a 96-hour time course at the IC-10 dosage. The ratio 
of Serine 396 phosphorylated tau (p-tau) to total tau was measured using ELISA at each of 8 



time points. Phosphorylation of tau at Serine 396 decreases tau mobility and the ability of tau to 
bind microtubules, possibly contributing to the tauopathy of AD. The measurement of this ratio 
was chosen as our in vitro bench mark for the action of ROCK inhibitors. Tau protein is a 
putative anti-Alzheimer’s disease (AD) therapeutic target and we have shown previously that 
Fasudil can inhibit tau phosphorylation in addition to its effect on learning and memory. We 
showed that Fasudil and a novel ROCK-i, T343, significantly decreased the p-tau to total tau 
ratio. We also showed that Y27632 and a novel ROCK-i, T299, did not display a change in the 
ratio. However, at the IC-50 dosage, while Fasudil, T343, and Y27632 showed the same effects, 
T299 in contrast significantly increased the p-tau to total tau ratio. 
Using these drugs, another study was conducted, treating H4-tau cells across a 36-hour time 
course at the IC-50 dosage. RNA was collected at 6 different time points and prepared for 
sequencing using the TruSeq RNA Sample Preparation Kit (Illumina Inc) and sequenced by 
100bp paired-end sequencing on a HiSeq2000 (Illumina Inc). Of note, BDNF expression was 
shown to decrease at 24 hours for Fasudil, T299, and Y27632 (p adj. =0.01; <0.01; <0.01). 
However, BDNF expression was only significant at another time point for Fasudil, at 48 hours, 
when it increased (p adj.=0.01). No significant changes were found for BDNF expression in cells 
treated with T299 at any time point. Interestingly, there was a significant decrease in Fasudil 
expression across time points from 24 to 36 hours (p adj. < 0.01), and Y27632 only at 24 hours 
(p adj.<0.05). 
The results from the RNA study show that effects on RNA expression are different for each 
drug, which indicates that changes in p-tau to total tau ratio could be due to off-target effects of 
the drugs. These could also be responsible for the effects of Fasudil on learning and memory. 
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Abstract: <Objective> The presence of misfolded proteins such as tau and alpha-synuclein, key 
players in the pathogenesis of dementia with Lewy bodies (DLB), can lead to activation of 
microglia in the brain. Indeed, microglia activation or neuroinflammation is reported to relate to 
the neuronal degeneration in DLB. Activated microglia develop an increased number of receptor 
known as a translocator protein (TSPO), which can be depicted in vivo by a 2nd-generation 
TSPO tracer [11C]-DPA713. In addition, a recently developed tracer [11C]-PBB3 has succeeded 
in imaging of tau deposition in humans. No study has been reported about in vivo relationship 
between tau deposition and neuroinflammation in the DLB brain so far. Here, we investigated 
this issue using positron emission tomography (PET) with [11C]-DPA713 and [11C]-
PBB3.<Methods> Six probable DLB patients (mean age 72.5±4.2 years, Mini Mental State 
Examination 19.8±5.1, Clinical Dementia Rating 0.92±0.52) and age-matched healthy adults 
underwent [11C]-DPA713 and [11C]-PBB3 PET measurements. The non-displaceable binding 
potential (BPND) was estimated on the simplified reference tissue model (SRTM). Statistical 
Parametric Mapping (SPM) was used to compare BPND level between the DLB and control 
group. In addition, regional BPND was also evaluated using region of interest (ROI) 
analysis.<Results> The DLB patients showed a significantly increase in [11C]-DPA713 BPND in 
the brainstem, limbic, frontal, temporo-parietal, and occipital cortical regions compared with 
healthy adults. [11C]-PBB3 BPND in DLB patients increased mainly in the limbic and temporo-
parietal regions, resembling fibrillar tau deposition at Braak stage III-IV.<Conclusions> In the 
early stages of DLB, increased microglial activation in the brainstem, limbic and neocortex area 
was found. Tau deposition was also found in the limbic and temporo-parietal regions, which 
suggests the presence of the pathological processes similar to those in Alzheimer disease. 
Microglial activation and tau deposition are pathophysiologically important in the progression of 
DLB. 
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Abstract: The neuropathological hallmarks of Alzheimer’s disease (AD) are aggregated 
amyloid-beta (Aβ) in extracellular plaques and tau protein in neurofibrillary tangles (NFTs). The 
relationship between these pathological changes is not understood, in part because plaques and 
tangles occur in different brain regions, with different spatiotemporal evolution, and they trigger 
diverse secondary pathological effects in the brain, such as inflammation and neurotoxicity. It is 
also unclear whether the aggregation of one protein causes the deposition of the other. Indeed, 
Aβ is not per se necessary to trigger tau aggregation, but it appears throughout the cortical 
mantle of AD patients even earlier than NFTs. In this work, we developed a novel mouse model 
to study the interaction of tau and Aβ in the brain, and to analyse the toxicity and synergy of both 
pathologies. We crossed two well-characterized mouse models: rTg4510 mice, that overexpress 
human mutant P301L tau and develop strong cortical and hippocampal NFT pathology, and 
APP/PS1 mice, which overexpress a mutated form of the amyloid precursor protein and of 
presenilin-1 and show dramatic Aβ deposition in the cortex and hippocampus. By histology we 
found a 2-fold increase of NFTs in rTg4510xAPP/PS1 compared to rTg4510 mice at 6 months of 
age; this increase in NFTs in presence of APP/PS1 is detected even prior to overt plaque 
deposition at 4 months of age. Interestingly, the plaque load decreased in rTg4510xAPP/PS1 
compared to APP/PS1 mice at 12 months of age. The seeding capacity of tau from brain 
homogenates was analyzed using a FRET-based cell assay and also showed a significant 2-fold 
increase in rTg4510xAPP/PS1 compared to rTg4510 mice. The amount of soluble tau in the CSF 
analyzed by ELISA was similar between rTg4510 and rTg4510xAPP/PS1 mice. Together, these 
results show that Aβ enhances tau aggregation and tau seeding activity, and, presumably, 
increases tau toxicity. In the reverse direction, the presence of mutant tau appears to inhibit Aβ 
plaque deposition, maybe due to a secondary effect. Our model recapitulating the two main 
hallmarks of AD will be useful to further explore the crosstalk and synergy between tau and Aβ 
pathology and toxicity, and it will enable us to explore the influence of both proteins on 
neurodegenerative processes such as synaptic loss, neuronal death, and neuroinflammation. 
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Abstract: Alzheimer’s disease (AD) is histopathologically characterised by the presence of 
plaques made of amyloid-β (Aβ) peptide and tangles comprising hyperphosphorylated tau. 
However it is in fact synaptic degeneration that best correlates with impaired memory in both 
AD and its prodrome Mild Cognitive Impairment (MCI), and precedes neuronal loss. Therefore 
early changes in the AD brain may involve alterations at synaptic sites. These localised changes 
require rapid access to specific macromolecules and an attractive hypothesis is that several 
proteins required for synaptic function are locally synthesised within dendrites or spines, and are 
regulated by RNA-binding proteins and related molecules. A likely candidate for such 
modulation of local protein synthesis is the Cytoplasmic FMRP-Interacting Protein 2 (CYFIP2), 
a highly conserved protein that is abundant in synapses, developmentally expressed and may 
itself be locally translated. While not much is known about the precise physiological role of 
CYFIP2 in the brain, it has been proposed to have functions in regulating protein synthesis of 
FMRP-regulated mRNAs, as well as in modulating cytoskeletal dynamics via a Rac-dependent 
pathway. We have previously found that CYFIP2 is reduced by about 50% in severe AD post 
mortem hippocampus when normalised for the number of synapses, suggesting it is an early 
event that precedes synaptic loss. Adult CYFIP2 heterozygous knockout mice have been used to 
model the condition. At the biochemical level, CYFIP2+/- mice have increased expression of 
FMRP-regulated proteins such as Amyloid Precursor Protein (APP) and the α subunit of the 
calcium/calmodulin-dependent kinase II (αCaMKII) at hippocampal synapses. These changes 
occur post-transcriptionally as corresponding mRNA expression is not altered. CYFIP2+/- mice 
also have increased levels of the APP-cleaving enzyme Beta-secretase 1 (BACE1) in 
hippocampal synapses, and elevated Aβ1-42 in whole hippocampi. Additionally there is increased 
tau phosphorylation in hippocampal synapses at Ser214, a site that is phosphorylated by 
αCaMKII in the AD brain and known to result in dissociation of tau from microtubules in vitro. 
Taken together, reducing CYFIP2 in the mouse brain is sufficient to increase amyloid production 
and tau phosphorylation, recapitulating two key aspects of the disease. Therefore reduced 
CYFIP2 expression may be a key mediator of early changes in the AD brain and a potential link 
between Aβ and tau pathologies. Further studies will be done on aged CYFIP2+/- mice to assess 
whether this molecular change can contribute to further AD-like phenotypes. 
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Abstract: Neurofibrillary tangles with accelerated amyloidosis and plaque formation are widely 
thought to play a major role in development of Alzheimer's disease pathology. The rTg4510 
mouse, a model of tauopathy, overexpresses P301L mutant human Tau in the forebrain. The 
APP/PS1 transgenic mouse overexpresses mutated forms of the genes for human amyloid 
precursor protein (APPsw) and presenilin 1 (m146L) and is used to study amyloid deposition. 
Generally, these lines of mice exhibit an age-dependent and region-specific progression of 
neuropathology. Additionally, synaptic dysfunction is evident in early development of 
pathology. However, there is no consensus about the extent to which basal synaptic transmission 
(BST) and synaptic plasticity are affected in these models. We used extracellular field potential 
recordings to study BST, short-term plasticity (PTP, post-tetanic potentiation; PPF, paired-pulse 
facilitation) and long-term potentiation (LTP) at the Schaffer collateral-CA1 pyramidal cell 
synapses in young and old rTg4510 (2-3 and 6-7 month old) and old APP/PS1 mice (8-10 month 
old). We find that old but not young rTg4510 mice exhibit a correlated reduction in pre-synaptic 
fiber volley (FV) amplitude (~50%) and field excitatory post-synaptic potential (fEPSP) slope 
(~40%) compared to WT, consistent with hippocampal neurodegeneration. We also find that 
BST per se is not altered in this model, since fEPSP slope, controlled for FV amplitude, 
remained unchanged. In contrast, old APP/PS1 mice did not show reduced FV amplitude 
compared to WT, while fEPSP slope was reduced by ~34%, suggesting a deficit in BST. PTP 
was reduced in old APP/PS1 mice compared to WT, but not in old rTg4510 mice. PPF was 
unchanged in old APP/PS1 compared to WT, but was reduced in old rTg4510 mice. LTP, 
induced with high-frequency stimulation, was reduced in old rTg4510 and APP/PS1 mice. Our 
data suggest that APP/PS1 mice show reduced BST. In rTg4510 mice, early onset of 
neurodegeneration may mask BST dysfunction. However, PPF was reduced in rTg4510 mice 
suggesting some pre-synaptic alteration in remaining neurons. In APP/PS1 mice LTP reduction 
may be due to induction deficits, since they exhibit both reduced BST and PTP. The basis of the 
LTP deficit in rTg4510 mice remains unclear. 
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Abstract: In several neurodegenerative disorders including Alzheimer’s disease (AD) and 
Tauopathies, synapse loss precedes neuronal death. A very sensitive readout of synaptic deficits 
in murine models of these diseases is monitoring alterations in activity-dependent synaptic 
plasticity, e.g., long-term potentiation (LTP) or long-term depression (LTD). In the past, LTP 
was mostly employed to detect functional disturbances during the progression of pathology, but 
LTD was hardly considered. We have recently introduced LTD as a complementary sensitive 
read-out. This is in line with several reports that link LTD with cognitive flexibility, which is 
deteriorated in many AD patients. Here we examined the consequences of Tau and GSK3β 
pathology on hippocampal synaptic plasticity using LTD in the hippocampal CA1-region of 10-
12 month-old mice as a model. We compared the following mouse models: (i) Tau.P301L that 
express the human familial tauopathy mutant; (ii) biAT that are bigenic mice carrying human 
mutant APP.V717I and Tau.P301L; (iii) GSK3βn-/- mice in which GSK3β is specifically 
knocked-out in neurons; (iv) GSK3β.S9A with a constitutive overactive GSK3β by replacing the 
wild-type serine at position 9 by alanine and; (iv) biGT mice that are bigenic mice that combine 
mutant Tau.P301L and GSK3β.S9A (Terwel et al., 2005, 2008; Dewachter et al., 2009; Jaworski 
et al., 2011). While basal synaptic transmission and paired pulse facilitation were unaffected in 
all but biGT mice, late-phase LTD (>2 h) was impaired in Tau.P301L, biAT, GSK3βn-/- and 
biGT mice. Application of the GSK3 antagonist SB216783 rescued this deficit only in 
Tau.P301L and biAT mice, but not in biGT animals. In GSK3β.S9A, SB216783 blocked the 



robust LTD to the same extent as in WT mice. Interestingly, a similar rescue of impaired LTD 
was obtained with the PP2A agonist sodium selenate in Tau.P301L, biAT and biGT mice. 
Noteworthy, selenate had no effect on LTD in WT control mice. The combined data-sets further 
strengthen our hypothesis that a fine-tuned balance between PP2A and GSK3 activity is essential 
for proper neuronal functions and synaptic plasticity (Ahmed et al., 2015). 
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Abstract: Astrocytes were closely associated with Alzheimer's disease (AD). However, the 
precise roles of astrocytes in AD pathogenesis were still controversial. One of the reasons behind 
the different results reported by different groups might be due to the fact that astrocytes were 
targeted at different stages of disease progress. Here we found that astrocytes could be activated 
specifically at the early stage of AD before amyloid plaques appeared by crossing hAPP-J20 
with a line of GFAP-TK mice, while microglia were not affected by this crossing. Activation of 
astrocytes at the age between 3-5 months old did not affect the proleolytic processing of hAPP 
and amyloid plaque loads in the brain of hAPP-J20 mice. However, deficits of synaptic plasticity 
in the hippocampus of hAPP-J20 mice were significantly ameliorated after the activation of 
astrocytes. Further studies showed that the recovery of synaptic plasticity might be associated 



with increased expression of PSD-95 induced by astrocytes activation. Our data suggested that 
early activation of astrocytes were beneficial but not harmful in AD pathogenesis. 
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Title: Spread of tau down neural circuits precedes synapse and neuronal loss in the rTgTauEC 
model of early Alzheimer's disease 
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Abstract: Neuropathological tau protein has been implicated in synaptic loss, which is believed 
to underlie the cognitive decline observed in Alzheimer’s disease (AD). Tau pathology initiates 
in the entorhinal cortex and spreads in a characteristic pattern to the hippocampus and neocortex 
with evident neuronal loss within these brain regions at later stages of disease progression. Using 
array tomography, a high-resolution imaging technique, we examined an ECrTgTau,Tom mouse 
model expressing a P301L human tau transgene and a transgene labelling cytoplasm red 
(tdTomato) and presynaptic terminals green (Synaptophysin-EGFP). Expression of all transgenes 
is under the control of sequences that restrict expression primarily to the entorhinal cortex 
(Pooler et al 2013 J Comp Neurol). In these red-green-rTgTauEC mice, we observed the density 
of GFP-expressing and total presynapses, and the spread of tau into the postsynapse in the 
middle molecular layer (MML) of the dentate gyrus of 9 and 18 month old animals. It has 
previously been shown that rTgTauEC mice exhibit neuronal loss in the entorhinal cortex and 
synapse density loss in the MML at 24 months of age. Here we tested the hypothesis that synapse 
loss of the terminals that express mutant tau would precede the global synapse loss in the MML. 
We did not observe changes in synapse density in rTgTauEC GFP-positive synaptic terminals 



compared to control densities at 9 or 18 months, but further studies are needed to determine 
whether there is atrophy of the MML, which would indicate synapse loss. Interestingly, we 
observe human tau in postsynaptic densities in these mice at ages before synapse loss occurs. 
Our results indicate that the spread of tau through neural circuits is not due to the degeneration of 
axon terminals and is an early feature of the disease process. 
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Title: Expression of pathological forms of tau affects synaptic function in cultured neurons 
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Abstract: Alzheimer´s disease (AD) is a common age-related neurodegenerative dementia 
characterized by memory loss and cognitive impairment. AD brains are characterized by the 
presence of aggregates of tau in where tau truncated by caspase 3 (D421) and tau 
hyperphosphorylated at Ser396 and S404 (PHF-1 epitope) could play a role in the pathogenesis 
of AD. Recent research showed that truncated tau is highly fibrillogenic and plays a role in the 
oligomerization and formation of pathological tau species in AD. Furthermore, studies from our 
group showed that the expression of pathological forms of tau, including truncated and 
phosphorylated tau, affect mitochondrial transport and bioenergetics and it is likely that these 
alterations could lead to a synaptic and neuronal degeneration. Therefore, we evaluated the 
effects of pathological forms of tau (GFP-truncated tau (T4C3) and GFP-pseudo phosphorylated 
tau (T42EC)) on synaptic function using live cell imaging and immunofluorescence assays. Our 
findings showed that expression of pathological forms of tau affected synaptic architecture in 
mature neurons. For example, expression of truncated tau reduced dendritic spine density 



compared to neurons expressing full-length tau and GFP. Additionally, truncated tau affected the 
expression and distribution of the presynaptic marker synaptophysin. Interestingly, no 
differences in expression and distribution of the postsynaptic marker PSD 95 were observed in 
neurons expressing truncated and full-length tau, supporting the idea that truncated tau 
apparently affects presynaptic function in cultured neurons. These studies contribute to 
understand how the expression of truncated tau affects neuronal function through the synaptic 
impairment present in AD. 
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Title: Rescue of synaptic depotentiation in the tau22 mouse model of Alzheimer’s disease by 
sodium selenate 
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Abstract: Synaptic loss is the most consistent correlate of cognitive decline in Alzheimer’s 
disease (AD), and AD is considered to be primary a disease of synaptic failure (Selkoe, 2002). 
Accordingly, several studies with mouse models of AD reported an impairment of long-term-
potentiation (LTP), the main candidate mechanism for the formation of memories at the synaptic 
level. However, in other AD mouse models, LTP was unaffected, notwithstanding the severity of 
behavioral learning and memory deficits. In an effort to characterize the putative ‘synaptic 
failure’ in such mouse models more comprehensively, we focused on depotentiation (DP), a 
reversal of long-term potentiation (LTP) briefly after its induction. Here we employed the 
hippocampal slice preparation and performed extracellular recordings from the hippocampal 
CA1-region of THY-Tau22 mice. These mice overexpress human 4-repeat tau mutated at sites 
G272V and P301S under the control of Thy1.2 promoter. LTP is unchanged in THY-Tau22 mice 
despite of a progressive tau pathology (Schindowski et al., 2006) and severe learning and 



memory deficits with an early onset (Van der Jeugd 2011). DP was induced by applying 5Hz for 
8 min. When THY-Tau22 mice were inspected at an age of 12 months when tau-pathology is 
fully developed, DP was found to be significantly stronger compared to WT littermates. Since 
tau-hyperphosphorylation by GSK-3ß is considered a major mechanism of tau-pathology we 
applied the selective GSK3 antagonist SB216763 but could not reverse the overshoot of DP 
which is in contrast to the rescue of LTD by this compound (Ahmed et al. 2015). However, the 
opposite approach, activation of protein phosphatase 2A, the major tau phosphorylating enzyme, 
by sodium selenate normalized DP to WT level which is in agreement with the efficiency of 
sodium selenate in rescuing impaired LTD in these mice (Ahmed et al. 2015. 
Our results are indicative of a difference in the pathological mechanisms that underlie the 
changes in DP and LTD in tau22 mice. Furthermore, they point to a higher sensitivity of DP than 
LTP for detecting tau-mediated deficits in synaptic function. 
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Title: Effects of tau reduction in excitatory and inhibitory neurons on seizure susceptibility 
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Abstract: Considerable evidence indicates that tau is required for the toxic effects of amyloid 
beta (Aβ). Tau reduction prevents Aβ-induced deficits in multiple AD mouse models and other 
degenerative diseases. This seems to involve a strong effect of tau reduction decreasing 
hyperexcitability; global tau reduction ameliorates Aβ-induced epileptiform activity and seizure 
susceptibility in multiple mouse models of AD. However, it is still unclear how tau reduction 
manifests its positive effects, and specifically the contributions of excitatory and inhibitory 
neurons. We hypothesize that tau reduction decreases neuronal excitability in both excitatory and 
inhibitory neurons, which results in opposite effects on the network level since these neurons 



have opposite electrical drives. To test this hypothesis, we generated excitatory and inhibitory 
neuron‒specific tau knockout mice by crossing mice with a floxed tau allele with mice 
expressing Cre recombinase under the CaMKII and Viaat promoters, respectively. Tau was 
reduced by about 70% in the excitatory knockout line and by about 30% in the inhibitory 
knockout line. We used a model of pharmacologically induced seizures with pentylenetetrazole 
(PTZ), a GABAergic antagonist, to assess seizure susceptibility as a direct measure of network 
excitability. We also characterized behavioral differences in both excitatory and inhibitory tau 
knockout models. Excitatory tau knockout mice had lower clinical seizure scores, decreased 
latencies to reach a given seizure stage, and reduced number of deaths due to seizures after PTZ 
injections. Meanwhile, inhibitory tau knockout mice had the opposite effects. Our findings 
contribute to understanding the role of tau on cellular and network levels, as well as its 
contribution to AD pathogenesis, and may facilitate the development of new therapeutic 
approaches targeting tau-related processes. 
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Title: Diabetes induces tau dependent synaptic and cognitive impairments. 
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Abstract: Despite intensive research efforts over the past few decades, the mechanisms 
underlying the etiology in Alzheimer's disease (AD) remain unknown, especially in the sporadic 
form of the disease. This fact is of major concern because the number of patients affected by this 
medical condition is increasing exponentially and the existing treatments are only palliative in 
nature and offer no disease modifying affects. Interestingly, recent epidemiological studies 
indicate that diabetes significantly increases the risk of developing AD, suggesting that diabetes 
may play a causative real in the development of AD pathogenesis. Here, we investigated whether 
diabetes impairs synaptic and cognitive function via tau dependent mechanism. Our study shows 
that tau is a fundamental mediator for T1D-like disease to induce cognitive impairment and its 
dysregulation causes reduction in synaptic proteins levels and cognitive decline. Moreover, we 
demonstrate the novel finding that depletion of endogenous tau mitigates behavioral impairment 
and synaptic deficits induced in T1D-like mice. These data are relevant because elucidating the 
molecular interactions between diabetes and AD, it might offer a novel approach to identifying 
mechanisms that may modulate the onset and progression of sporadic AD cases. 
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Title: Analysis of network dysfunction in hTau-A152T transgenic mice identifies potential new 
biomarker and opportunity for therapeutic intervention 
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Abstract: Tau aggregation is a pathological hallmark of various neurodegenerative disorders, 
including frontotemporal dementia spectrum disorders (FTD-s) and Alzheimer’s disease (AD). 



Recently, an amino acid substitution in tau (A152T) was reported to increase the risk of both 
FTD-s and AD. To investigate the effects of A152T-variant human tau (hTau-A152T) in vivo, 
we generated transgenic mice with regulatable expression of hTau-A152T or wildtype human tau 
(hTau-WT). Our comparative analysis of these models suggests that the A152T substitution 
augments the risk for neurodegenerative diseases by increasing neuronal levels of soluble hTau, 
promoting network hyperexcitability, and synergizing with the adverse effects of other 
pathogenic factors. 
In contrast to hTau-WT mice, hTau-A152T mice developed age-dependent neuronal loss and 
behavioral abnormalities that were preceded by spontaneous epileptiform activity on 
electroencephalography (EEG). Neuronal expression of hTau-A152T increased epileptiform 
activity and early mortality in human amyloid precursor protein (hAPP) transgenic mice. 
Treatment with the anti-epileptic drug levetiracetam (LEV), which reduces synaptic, behavioral 
and network dysfunction in hAPP mice, acutely suppressed epileptiform activity in hTau-A152T 
mice. Experiments are in progress to determine whether prolonged treatment with LEV can also 
reduce other abnormalities in this model. 
Analysis of EEG recordings also revealed that neuronal overexpression of hTau-A152T or hTau-
WT increased the power of theta oscillations, a spectral alteration that has previously been 
reported in AD and FTD-s patients. In contrast, neuronal overexpression of hAPP/Abeta did not 
change theta power in mice with or without hTau-A152T expression. Additional studies are 
needed to evaluate theta power as a potential biomarker of tau accumulation and for the 
assessment of treatments aimed at tau. 
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Title: Early induction of phosphorylated tau in synapse from APP transgenic mice 
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Abstract: Tau is recently considered an executor of neuronal damage and cognitive dysfunction 
in Alzheimer’s disease (AD). Aβ oligomers are suggested to induce phosphorylated tau, 
however, the relationship between Aβ oligomers and tau is not obvious. Aβ oligomers, 
phosphorylated tau, and fyn signaling are supposed to cause synaptic dysfunction in AD brain. 
We have shown that phosphorylated tau is induced in lipid rafts of Tg2576 mouse brain, and that 
Aβ oligomers/PrPc complex and activated Fyn signaling are found in lipid rafts of Tg2576 mouse 
brain. We examined if Aβ oligomers induce phosphorylated tau and fyn-NMDA cascade in 
synapse. Tg2576 mice and nontransgenic littermates (6-23 month old, n=12 in each group) were 
used. Synaptosome fractions and lipid rafts fraction from synaptosomes were extracted, and 
analyzed by western blotting. Phosphorylated tau and fyn increased in synaptosome with 
accumulation of Aβ oligomers, and also in lipid rafts of synaptosome. The increase began when 
Aβ oligomers first accumulated in synaptosomes. Aβ oligomers may induce phosphorylated tau 
and Fyn-NMDA receptor signal transduction pathways in lipid rafts of synapse. 
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Title: Intracellular Amyloid-β (Aβ) protein impairs neuronal excitability and postsynaptic 
response in the CA1 pyramidal cells 
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Abstract: One of the main neuropathological hallmarks of Alzheimer’s disease (AD) is the 
altered proteolytic processing of the amyloid precursor protein (APP), leading to the production 
and extracellular aggregation of neurotoxic forms of amyloid β-peptide (Aβ). Recent studies 
indicate that the presence of intracellular Aβ is correlated with neurodegeneration, impaired 
synaptic plasticity, and memory loss in early AD, but the fundamental cellular mechanism is still 
largely unknown. In the CNS, neurons relay information by responding to presynaptic input, and 
generating action potentials to facilitate vesicle release onto their own postsynaptic neurons. In 
the present study, we directly address whether intracellular Aβ impairs neuronal sensitivity to the 
presynaptically released vesicles, and its action potential firing capability. 1 µM Aβ was 
incubated at 37 ⁰ C for 24 hours, and was delivered into CA1 pyramidal neurons of mouse 
hippocampi by the patch pipette during whole-cell patch clamp recording. We monitored the 
spontaneous neuronal transmissions recorded from the Aβ-challenged, postsynaptic CA1 
neurons, while the presynaptic neurons remained unaffected. The intracellular Aβ challenge 
eliminated any postsynaptic response to the spontaneously released vesicles from the presynaptic 
neurons. The CA1 neurons also demonstrated significant membrane depolarization, decreased 
input membrane resistance and impaired action potential firing capability. These detrimental 
effects of intracellular Aβ could be prevented by an anti-oligomeric monoclonal antibody (A11), 
which was delivered together with Aβ inside the cell. Targeting intracellular Aβ prior to 
extracellular Aβ plaque formation could potentially preserve neuronal functions and synaptic 
transmission in early AD. 
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Abstract: Accumulation of Amyloid-Beta (Aβ) in human brain is commonly associated with 
Alzheimer’s disease (AD). Oligomeric Aβ, the most toxic species of the peptide, is correlated to 
changes in synaptic function and plasticity resulting in a synaptotoxic activity. For this reason, 
high levels of Aβ are considered a hallmark of AD even if the peptide exerts different functions 
at synaptic level in a concentration and configuration-dependent manner. Indeed, monomers 
aggregation and the consequent damaging effect of Aβ on neuronal circuits rely on its 
concentration that is one of the factors promoting oligomers formation over time. However, 
monomeric Aβ is physiologically produced in the healthy brain at picomolar concentrations and 
it is regulated by spontaneous neuronal activity. It has been reported that monomeric Aβ 
preparations can play a role on synaptic functions and memory, but its biological relevance is 
still debated. Moreover, the ability of oligomeric species to cause neuronal damages is linked to 
the presence of glia cells. While monomers are often harmless in culture, the interaction between 
Aβ oligomers and glia is necessary to trigger the neurodegenerative process. In light of this, both 
monomers and oligomers may cause changes in the intrinsic excitability of neurons resulting in 
different outcomes. Our working hypothesis aims to demonstrate that monomeric Aβ is 
instrumental to neuronal development and excitability stabilization. To achieve this goal we 
treated primary cortical neurons at early stage of in vitro development with nanomolar 
concentration of Aβ1-42 peptide. The result is a modulation of neuronal excitability promoted by 
physiological levels of monomeric Aβ on immature neurons. 
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Title: In vivo characterization of epilepsy-associated short discharges in mice modeling 
Alzheimer's disease 
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Abstract: Background: All widespread amyloid precursor protein (APP) transgenic mice, 
which are the primary model of Alzheimer-related brain amyloidosis, have been reported to 
display some form of epileptic activity, including generalized seizures. However, the exact 
seizure focus awaits to be identified. In addition, a number of various discharges of short 
duration have been used as surrogate markers for their epilepsy in anti-epileptic treatment trials, 
but so far these have been poorly characterized and highly variable between studies. We aimed at 
characterizing these short discharges in APPswe/PS1dE9 mice with well-documented seizure 
occurrence (Minkeviciene R et al., J. Neurosci. 2009). Methods: We have implanted 9 
APPswe/PS1dE9 male mice and 7 wild-type littermates (C57Bl/6J background) with multiple 
chronic electrodes to record local field potentials: bilateral frontal and parietal screw electrodes, 
as well as double or triple wire electrodes in the medial frontal cortex, reticular thalamic nucleus, 
CA1 and CA3 layers of hippocampus and retrospenial cortex. The ground and reference 
electrodes were placed above the cerebellum. Two 3-h video-EEG recordings were conducted 
during the light period at the age of 5-6 months. Results: In the preliminary analysis we have 
verified the presence of two common EEG patterns that are widely considered epileptic, local 
cortical spikes and thalamo-cortical spike-and-wave discharges lasting 1-2 s. However, these 
were present in both TG and WT mice. In addition, we found a new type of discharge complex 
that spreads to all recordings channels and shows an amplitude maximum in the CA3. The 
complex is usually followed by EEG suppression. These complexes have been found so far only 
in TG mice, but only in a subset of them. We are currently testing the effect of levetiracetam and 
etosuximide on these various discharges. Conclusion: We expect to identify short-duration 
discharge patterns that can be used as surrogate markers to per se rare spontaneous seizures in 
APP transgenic mice to augment the development of optimal anti-epileptic treatment in 
Alzheimer-related epilepsy. Supported by Sigrid Juselius Foundation, Finland and Center for 
International Mobility, Finland. 
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Abstract: Alzheimer’s disease (AD) is the most common neurodegenerative disorder with more 
than 5.7 million patients in China alone. Unfortunately no disease modifying or preventive 
therapy is available up to date. Overwhelming amount of evidence supports that the abnormal 
excessive brain deposition of amyloid ß (Aß) is the major cause. Mutants of amyloid ß precursor 
protein or its key processing enzymes could lead to enhanced Aß deposition and early onset 
familial AD. However, majority of AD patients are sporadic without these mutations. It is 
unclear why Aß also accumulates in their brains but not in the age-matched healthy controls. 
This implicates novel mechanisms that impact Aß metabolism besides mutations led to familial 
AD. Recent studies have found brain activity controls Aß metabolism, suggesting unique 
unknown mechanisms exist in nerve system. Using high resolution confocal microscopy and 
other molecular cellular methods, we found neuronal activity regulates Aß production and APP 
co-localization with its key enzyme BACE1 in dissociated neuronal cultures through NMDA 
receptor signaling. We also investigated the potential signaling molecules critical in this process, 
which shed light to uncover the cause of the Aß mis-regulation in sporadic AD. 
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Title: Levetiracetam inhibits oligomeric A beta-induced glutamate release from human 
astrocytes 
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Abstract: A recently identified mechanism for oligomeric Aβ-induced glutamate release from 
astrocytes involves intracellular Ca2+ elevation, potentially via Ca2+ dependent vesicular 
release. Evidence suggests that levetiracetam (LEV, Keppra®), an antiepileptic drug, can 
improve cognitive performance in both humans suffering mild cognitive impairment and animal 
models of Alzheimer disease (AD). Because LEV acts by modulating neurotransmitter release 
from neurons via interaction with synaptic vesicles, we tested the effect of LEV on Aβ-induced 
astrocytic release of glutamate. We used a FRET-based glutamate sensor (termed 
SuperGluSnFR), whose structure is based on the ligand-binding site of glutamate receptors, to 
monitor glutamate release from primary cultures of human astrocytes exposed to oligomeric 
amyloid-β peptide 1-42 (Aβ42). We found that LEV (10 µM) inhibited oligomeric Aβ-induced 
astrocytic glutamate release. Additionally, we show that this Aβ-induced glutamate release from 
astrocytes is sensitive to tetanus neurotoxin (TeNT), an inhibitor of the vesicle release 
machinery. Taken together, our evidence suggests that LEV inhibits Aβ-induced vesicular 
glutamate release from astrocytes and thus may underlie, at least in part, the ability of LEV to 
reduce hyperexcitability in AD. 
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Abstract: Key histopathological features of Alzheimer’s disease (AD) are aggregates of amyloid 
β-peptide (Aβ), which form extracellular plaques, and intracellular accumulation of 
hyperphosphorylated protein tau, designated as neurofibrillary tangles (NFT). Deficits in 
executive functions, which indicate prefrontal (PFC) and hippocampal (HC) dysfunction, could 
serve as potential early indicators of neurodegenerative diseases. Mouse models of AD have 
been powerful resources to elucidate the neurobiological mechanisms underlying the disease. 
In this study, we used a novel knock-in mouse model where endogenous APP is replaced by 
human APP (NLGF). APPNLGF mice develop robust Aβ amyloidosis without APP 
overexpression, which allow the identification of potential artifacts caused by unphysiological 
high levels of APP found in previous APP transgenic mice. 
We investigated the pathogenic mechanisms that affect the functional integrity of the PFC and 
HC by combining biochemical, behavioral, electrophysiological and in vivo neuroimaging 
techniques. Executive (dys)functioning was reliably assed in the reversal paradigm of the 
touchscreen boxes, which depends on nearly identical features as in human studies. In addition, 
other high-order cognitive functions were evaluated in a complex behavioral test battery: Morris 
Water Maze, Contextual fear response and emotional response and Elevated plus maze, that also 
depend on these brain structures. Since AD is predominantly a synaptopathy, measures of 
synaptic plasticity, such as long-term potentiation (LTP) and depression (LTD) are expected to 
be highly sensitive in detecting early signs of synaptic deficits in PFC and HC slices. Finally, the 
temporal correlation of blood-oxygenation-level-dependent (BOLD) fluctuations between 
spatially distinct areas allowed us to study impairments in functional connectivity (FC) that can 
be associated to the disease progression. 
Our results indicate that early plaque deposition at 3 months coincides with mild decreases in 
anxiety-related behavior and extinction learning. As the pathology progresses at 6 months, 
cognitive decline becomes more evident in the behavioral tests that strongly require normal PFC 
and HC function. Interestingly, while CA1-LTP in APPNLGF mice was severely impaired in its 
magnitude, LTP recorded in mPFC had a deficit in the maintenance of potentiation as compared 
to APPNL. Our imaging data has been acquired and is being currently analyzed. This study 
provides potential insights into the role of Aβ pathology for PFC and HC functions in a crucial 
APP knock-in mouse model that will influence drastically future therapeutical approaches. 
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Abstract: Alzheimer’s disease (AD) results in deterioration of cognitive functions and abnormal 
patterns of brain activity, and is pathologically characterized by beta-amyloid (Aβ) plaques, 
neurofibrillary tangles of hyperphosphorylated tau, neuroinflammation, synaptic loss, and 
neuronal degeneration. Mouse models of AD overexpressing familial AD (FAD) mutant forms 
of human amyloid precursor protein (APP) or presenilin (PS1) develop cognitive deficits and 
abnormal patterns of neuronal network activity with an increased incidence of seizures and 
premature mortality. Previously work in the laboratory identified that decreased levels of the 
interneuron-specific voltage-gated sodium channel Nav1.1 subunit contributes to network and 
cognitive alterations in FAD-mutant APP-J20 mice. Here, we extend these original findings to 
three APP transgenic mouse models of AD with varying ratios of APP versus Aβ 
overexpression, including mice expressing APPswe/PS1dE9, APPswe/ind and wildtype APP 
(APPwt). Nav1.1 levels were enhanced in the interneurons by Nav1.1-BAC overexpression and 
interneurons were identified by expressing eGFP under the control of Lhx6 promoter. We found 
that increasing Nav1.1 expression similarly reduced premature mortality in both 
APPswe/PS1dE9 and APPswe/ind mice. Importantly, APPwt mice did not have premature 
mortality, suggesting that premature mortality in APP mice depends on FAD mutations and 
Nav1.1 expression levels. In FAD mouse models APPswe/PS1dE9 and APPswe/ind, enhancing 
Nav1.1 levels also improved spatial reference memory in the Morris water maze as indicated by 
decreased latency and distance to reach the hidden platform and increased time spent in the 
hidden platform quadrant of the probe trial. APPwt mice did not have probe trial deficits in the 
Morris water maze. In addition, enhancing Nav1.1 expression rescued deficits in other 



behavioral domains including habituation to novel environment, anxiety and nest building. In 
order to mechanistically link cognitive improvements to neuronal network function, EEG 
recordings and anatomical data of GFP-interneurons were performed in these three APP 
transgenic lines. Our data suggest that FAD-dependent functional alterations in multiple APP 
overexpressing mouse models are modulated by Nav1.1 expression in interneurons. 
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Alzheimer’s disease 
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Abstract: Alterations in inhibitory neurons and oscillatory activity are commonly associated 
with neurological disorders, including Alzheimer’s disease, schizophrenia, and epilepsy. 
Previous studies in the laboratory suggested that interneuron dysfunction results in abnormal 
oscillatory activity, network hypersynchrony, and cognitive impairment in the hAPP-J20 mouse 
model of Alzheimer’s disease. Here, we mechanistically assessed the specific contributions of 
different cell-types of inhibitory interneurons on cortical oscillatory rhythms and network 
synchrony in wildtype and hAPP-J20 mice by optogenetic approaches in vivo and in vitro. Multi-
unit and local field potential recordings were performed in freely behaving mice expressing 
channelrhodopsin-2 (ChR2) in Lhx6- and parvalbumin (PV)-positive interneurons. We found 
that blue light stimulation (2-7.5 mW) of Lhx6- or PV-interneurons increased their action 
potential firing rates and gamma oscillatory power in an intensity-dependent manner. 



Interestingly, activation of Lhx6-interneurons resulted in bigger increases of gamma power than 
activation of PV-interneurons, suggesting that non-PV- but Lhx6-positive interneurons facilitate 
gamma oscillations. The control green light at the same intensities (2-7.5 mW) did not enhance 
gamma oscillations. In brain slices, blue, but not green, light stimulation of Lhx6-interneurons 
increased the power of gamma oscillatory activity in an intensity-dependent manner. Using these 
methods, we will explore the effects of optogenetic modulation of Lhx6- or PV-interneurons on 
oscillatory activity and network hypersynchrony in the hAPP-J20 mouse models of Alzheimer’s 
disease. 
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Abstract: Amyloid precursor protein (APP) is a transmembrane protein that is cleaved by 
specific proteases to produce a variety of peptides and larger protein products that contribute to 
the development, maintenance and plasticity of the brain. One of the produced proteins, secreted 
APP-alpha (sAPPα), is neurotrophic and neuroprotective, while also facilitating hippocampal 
long-term potentiation (LTP). To address whether small peptide domains are sufficient to 
mediate some of sAPPα’s effects, we studied a 16 amino acid peptide from the C-terminus 
region (16mer), and a tri-peptide (trimer) from within sAPPα. The N terminal amino acid of each 
peptide was acetylated to enhance stability. The ability of these peptides to affect the induction 
and persistence of LTP at Schaffer collateral/commissural synapses in area CA1 of rat 
hippocampal slices was assessed using field potential methodologies. After establishing a stable 
baseline of field EPSP’s, either sAPPα or a peptide was superfused for 30 min, at which time a 
brief theta-burst stimulation protocol was delivered to induce LTP. After a further 5 min, the 



protein or peptide was washed out and recordings continued for 1 h post tetanus. The results 
demonstrated that each peptide, as well as sAPPα, enhanced LTP compared to untreated control 
slices (15.2% LTP). The trimer, at both 1 nM (41.0%) and 10 nM (46.3%) concentrations gave 
as strong LTP facilitation as full-length sAPPα (1 nM, 39.0%). The 16mer at 1 nM produced an 
equivalent level of facilitation (39.3%). The 16mer effect was dose-dependent as the degree of 
facilitation declined at the higher concentrations of 10 nM and 1 µM. These results indicate that 
small peptide sequences within APP may have potential for improving the impaired neural 
plasticity and memory seen in neurodegenerative diseases. 
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Abstract: A growing amount of genetic and biochemical evidence suggests soluble oligomeric 
amyloid-beta (Aβo) as the key toxic species in triggering Alzheimer’s disease (AD) 
pathophysiology. Previously, we reported constitutive deletion of Prnp rescued memory 
impairment in APPswe/PS1∆E9 transgenic mice, a mouse model of familial AD. We 
hypothesized that conditional deletion of Prnp after onset of AD-related phenotypes might 
reverse these deficits. Here we report temporally controlled deletion of Prnp is able to reverse 
learning and memory deficits at the age of onset in APPswe/PS1∆E9 mice. Moreover, Prnp 
deletion at both 12 and 16 months of age was able to reverse synapse loss and behavioral deficits 
in these mice. These results underscore the therapeutic potential of targeting PrPC for the 
treatment Aβo related phenotypes in Alzheimer’s disease. 
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Abstract: The modulating neural systems play a crucial role for the synaptic plasticity of 
glutamatergic neurons in hippocampus. Especially, the cholinergic neuronal network from basal 
forebrain has been well investigated as the therapeutic target for Alzheimer disease. Previously, 
it was reported that the adrenergic stimulation could protect the synaptic plasticity from amyloid 
oligomers not only enhance the long-term potentiation (LTP) in hippocampus (S. Li and D. J. 
Selkoe et al, 2013). Therefore, in this study, we assessed protective activity of cholinergic 
stimuli against amyloid oligomers. We performed electrophysiological analysis by extracellular 
recording with the acute slices of hippocampus. LTP was induced by tetanus stimuli (TS, 100Hz 
1sec) on Schaffer collateral in the CA3 and field excitatory postsynaptic potential was recorded 
from stratum radiatum in the CA1. The cholinergic modulation on LTP in wild type mice (WT) 
were achieved pharmacologically by using charbachol (CCh, 50 nM). Moreover, we also 
investigated LTP with the model mice, hippocampal cholinergic neurostimulating peptide 
precursor protein transgenic mice (HCNP-pp Tg) which has shown LTP enhancement via 
muscarinic modulation, as the model of endogenous cholinergic stimuli (Y. Ohi and N. 
Matsukawa et al, 2015). The Amyloid oligomers were assembled from synthesized amyloid 
peptide and perfused with ACSF preceding by LTP induction. As the results, the synthesized 
amyloid peptide formed dimers with disulfide bands and aggregated into the protofibril-like 
oligomers as reported (B. O’Nuallain and D. M. Walsh et al, 2010). In WT, the amyloid 
oligomers could suppress LTP with dose dependent, indicating the toxic effect against 
glutamatergic neural LTP. In contrast, LTP was maintained in WT with preconditioned by CCh 
and in HCNP-pp Tg, in spite of the existence of sufficient dose of the amyloid oligomers for LTP 



suppression in WT. This result may imply that both of exogenous and exogenous cholinergic 
stimuli could exert protective activity on glutamatergic neuronal plasticity against the synaptic 
toxicity of the amyloid oligomers. It was considered that the inhibition of NMDA receptors was 
one of the mechanisms of acute toxicity of the amyloid oligomers. Therefore, it was speculated 
that cholinergic modulation of LTP which achieved by elevation of intracellular Ca2+ 
concentration via non-NMDA receptors pathway may be compatible for protecting LTP from the 
synthesized amyloid oligomers. 
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Abstract: Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder among the 
elderly. Amyloid β is thought to be one of the causative factors for AD, which is produced by 
BACE1 (Beta-secretase) initiated sequential proteolytic cleavage of APP. BACE1 inhibition is 
one of the promising therapeutic approaches for AD. Currently, several BACE1 inhibitors are 
undergoing phase 2/3 clinical trials. However prolonged BACE1 inhibition interfere structural 



and functional synaptic plasticity in mice, most likely due to disturbing the metabolism of 
BACE1 substrates. Sez6 (Seizure protein 6) is predominantly cleaved by BACE1 and Sez6 null 
mice share some phenotype with BACE1-inhibited mice including reduced dendritic spine 
density in cortex and diminished performance in hippocampal-dependent behavioral tests. In 
order to discover if Sez6 is involved in BACE1-inhibition-induced synaptic alteration, we 
applied constitutive (Sez6-/-:GFP) and conditional (Sez6cKO/cKO:SlickV) Sez6 KO mice a diet 
mixed with NB-360, a novel blood-brain barrier penetrant BACE1 inhibitor. Immunoblotting 
analysis showed that NB-360 strongly suppressed Sez6 and APP cleavage similar to BACE1 
knockout mice. To study the impact of long-term pharmacological inhibition of BACE1 in Sez6-/-

:GFP mice, we repeatedly imaged the apical tufts of layer V pyramidal neurons in the cerebral 
cortex for 7 weeks by intravital two-photon microscopy. Although NB-360 treatment for 3 week 
caused a significant but reversible reduction of density of total dendritic spines, persistent spines 
(persisted ⩾ 7 days) and new gained spines in control mice, the same treatment did not affect 
dendritic spine dynamics in Sez6-/- mice. To rule out developmental deficits and identify which 
Sez6 proteolytic fragments are involved, we monitored spine dynamics upon NB-360 treatment 
in Sez6cKO/cKO:SlickV mice. The tamoxifen-inducible recombinase CreERT2 and eYFP are co-
expressed in a small subset of neurons in SlickV mice. By applying tamoxifen, Sez6 was 
knockout specifically in YFP positive neurons in adulthood. It caused a small but significant 
spine density reduction; however chronic NB-360 treatment did not alter spine plasticity in the 
absence of cell-autonomous Sez6. Finally, electrophysiological field recordings in hippocampus 
CA1 region showed that LTP reduced in chronic NB-360 treated WT mice and vehicle treated 
Sez6-/- mice, but NB-360 treatment did not interfere LTP in Sez6-/- mice. Our data suggest that 
Sez6 has a pivotal role in maintaining normal dendritic spine dynamics. Furthermore, cell 
autonomous Sez6 is involved in BACE1-inhibitor-induced structural and functional synaptic 
alterations. 
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Abstract: Recent studies show that amyloid-β peptide (Aβ) can be produced in an activity-
dependent manner locally at synapses. While the role of Aβ accumulation in synaptic 
dysfunction and AD pathogenesis is well established, molecular mechanisms modulating 
synaptic Aβ generation remain poorly understood. Aβ is generated via sequential cleavage of 
amyloid precursor protein (APP) by β-secretase and γ-secretase. It has been previously 
demonstrated that activity and expression level of BACE1, a major neuronal β-secretase, were 
significantly increased in mild cognitive impairment brains as well as AD brains, suggesting that 
abnormal activation of BACE1 may play an important role at an earlier stage of the disease. 
Recently, BACE1 has been found to preferentially localize to presynaptic terminals including 
synaptic vesicles. However, whether BACE1 activity affects activity-dependent Aβ production at 
the synapse remains unknown. To identify activity-dependent BACE1 interacting protein at the 
synapse, we performed a mass spectrometry-based proteomics of wild-type rat brain 
synaptoneurosome lysates in the presence or absence of calcium, using anti-BACE1 antibody to 
pull down BACE1 interacting proteins. Interestingly we identified synaptic vesicle protein 2B 
(SV2B) as a novel BACE1 interacting protein. SV2B is involved in synaptic vesicle fusion with 
the presynaptic membrane. We confirmed endogenous BACE1-SV2B interaction with a Ca2+-
dependent manner by co-immunoprecipitaiton in synaptoneurosomal preparations. To test 
potential effects of SV2B on BACE1 activity and Aβ levels, we employed SV2B knockout (KO) 
and overexpression approaches. Intriguingly, the levels of soluble Aβ40 and Aβ42 in the 
hippocampal lysates from SV2B KO mice were significantly increased compared to controls. 
Further, the level of sAPPβ was increased in SV2B KO mice as well, while protein expression 
level of BACE1 was similar to that of control mice. Conversely, transient overexpression of 
SV2B in HEK293 cells led to decreased levels of Aβ40 and Aβ42 as well as sAPPβ. Taken 
together, we suggest that SV2B can regulate presynaptic Aβ generation via the interaction with 
BACE1. A deeper understanding of the mechanisms by which the interaction between BACE1 
and SV2B may affect presynaptic Aβ generation would provide new therapeutic strategies to 
prevent the onset of AD. 
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Abstract: The region of the basal forebrain containing cholinergic neurons displays neuronal, 
synaptic, and neurotrophic dysregulation during the progression of Alzheimer’s disease (AD). 
However, it has not been determined if basal forebrain cellular dysfunction is associated with 
alterations of the epigenome in this region. Several epigenetic proteins including histone 
deacetylases (HDAC2, HDAC 6, and SIRT1), DNA (cytosine-5-)-methyltransferase 1 
(DNMT1), and methyl-CpG-binding domain protein 2 (MBD2) are implicated in the 
pathogenesis of AD. HDACs form corepressor complexes with MBD2 to regulate transcription 
of genes including brain-derived neurotrophic factor (BDNF), synaptophysin (SYP), and 
synaptotagmin (SYT). Whether changes in neurotrophic, synaptic and epigenetic proteins co-
occur or precede each other in the basal forebrain during the onset of AD remain unknown. Here 
we performed quantitative western blotting to determine the relationship between changes in the 
neurotrophic receptors trkA and p75NTR, synaptic proteins SYT, SYP, and drebrin (DRB) as well 
as the epigenetic proteins HDAC1, HDAC2, HDAC3, HDAC6, SIRT1, DNMT1, and MBD2 in 
frozen basal forebrain tissue obtained from subjects who died with a premortem clinical 
diagnosis of no cognitive impairment (NCI, n=17; MMSE=28), mild cognitive impairment 
(MCI, n=7; MMSE=24), mild/moderate AD (n=9; MMSE=20) and severe AD (n=8; MMSE=9) 
from the Rush Religious Orders Study (RROS) and the Rush ADC, respectively. Groups were 
matched by age, gender, and postmortem interval (mean PMI=5 hr). The RROS cases underwent 
a more detailed premortem clinical and postmortem neuropathologic evaluation than the RADC 
cases. Western blot analysis revealed increased levels of HDAC2 in severe AD compared to 
NCI, MCI and mild/moderate AD (p=0.03). By contrast, levels of HDAC1, HDAC3, HDAC6, 
DNMT1, SIRT1 and MBD2 remained stable across the four clinical groups examined. Decreased 



levels of trkA were found in mild and severe AD compared to NCI and MCI (p=0.001), while 
p75NTR levels remained stable. Of the synaptic proteins examined, there was a non-significant 
trend for a reduction in DRB levels across the clinical groups. There were no significant 
correlations between protein levels and the neuropathological criteria or cognitive tests 
examined. These results indicate that basal forebrain synaptic and p75NTR levels are preserved, 
whereas trkA and select epigenetic protein levels are reduced in the later stages of AD, which 
may contribute to neuronal selective vulnerability and cognitive impairment as AD progresses. 
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Abstract: In early stages of Alzheimer’s disease (AD), synaptic dysfunction induced by toxic 
amyloid-β (Aβ) leads to impaired functioning of neuronal networks, altered patterns of 
synchronous activity and severe functional and behavioral deficits mainly due to 
hyperexcitability of hippocampal networks. The molecular mechanisms underlying these 
alterations remain unclear but functional evidences point to the involvement of 
receptors/channels which modulate neuronal excitability, playing a pivotal role in early Aβ-
induced AD pathogenesis. Recently we have shown that Aβ modifies septohippocampal 



GABAergic neurotransmission by decreasing the conductance and expression of G protein-gated 
inwardly rectifying potassium (GirK/Kir3) channels which control neuronal excitability. In this 
regard, we have proposed a novel Aβ-mediated mechanism of loss-of-function of GirK/Kir3 
channels contributing to the disruption of hippocampal inhibitory GABAergic 
neurotransmission, and subsequent network hyperactivity and hypersynchrony in AD. Here, we 
have further studied the relationship between GirK channels and the effects of Aβ at neural 
network and behavioral levels, in an in vivo non-transgenic model of AD. Mice were icv injected 
with Aβ or GirK modulators and trained in hippocampal-dependent memory tasks such as new 
object recognition. Synaptic plasticity (LTP) and oscillatory properties of the hippocampus were 
also studied in vivo. Behavioral and electrophysiological data showed significant differences 
between controls and Aβ groups or animals treated with GirK modulators suggesting that Aβ 
impairs important hippocampal functions related to learning and memory processes. Importantly, 
GirK channels seem to be involved in these processes.Taken together, our results indicate that 
GirK channels could contribute to the imbalance of excitatory/inhibitory neurotransmission in 
the hippocampus that causes aberrant network activity and early cognitive impairment in AD 
models and emerge as an interesting potential therapeutic target to be studied in AD preclinical 
stages. 
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder associated with 
aging. Synaptic loss correlates strongly with disease severity. The role of aging remains elusive. 
It has been proposed that oligomers of β-amyloid peptide (Aβ) disrupt the activity of glutamate 
receptors organized by Shank proteins in the postsynaptic density (PSD). Shank proteins 
organize the structure and function of the PSD. Oligomers of Aβ and the single shank3 gene 
mutation lead to Shank protein loss in AD and in the autism spectrum disorders (ASD) 



respectively. Both disorders involve impaired cognition. The homeostasis of Shank proteins at 
the synapse is also regulated by the mammalian target of rapamycin (mTOR). mTOR maintains 
the homeostasis of synaptic proteins, regulates glutamate receptor trafficking and induces 
synaptic formation. The phosphotyrosyl phosphatase activator (PTPA), a novel peptidyl-prolyl 
cis/trans-isomerase (PPIase), is the part of down-pathway of mTOR. PTPA was identified to 
synaptic rafts and postsynaptic density (PSD), and colocalized with NMDR receptors and Shank 
proteins in neurons. PTPA was also first identified in quantities 10 times greater than normal at 
the PSD (p<0.001), and the soluble PTPA protein was dramatically reduced to 70% at the 
synapse in AD (P<0.05), compared with that in control human brains. Oligomers of Aβ can 
induce the soluble PTPA lost to 40% in synapse (p<0.05) and insoluble PTPA increase to 80% in 
PSD (p<0.01), compared with that in control neuron in vitro. These findings suggest that 
abnormal activity of PTPA may lead to the dysfunction of synapse in AD development. 
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Abstract: Memory loss that disrupts daily life is a major symptom of Alzheimer's disease (AD), 
especially for new-formed memory. There is mounting evidence that Aβ42 could active Rac1, a 
small G protein, through several cascades in vitro and in vivo test, however the function of 
activation is still obscure. Shuai (2010) reported in Drosophila, Rac1 could regulate forgetting of 
short-term memory. We speculate the activation of Rac1 in AD may mediate abnormal forgetting 
that is the reason of why memory loss. Here, we first detected the changes of activation of Rac1 
in AD fly and mice model as well as lysis from AD patient’s hippocampus. Significant higher 
level of Rac1-GTP were observed as previous studies. Then we manipulated Rac1 activity by 
pharmaceutical and genetic approaches in AD fly and mice model and found the defect of 
memory and synaptic plasticity could be ameliorated. Furthermore, according the study from 



Wang (2012), Aβ42 may initiate EGFR/PI3K/Akt axis which is upstream of Rac1 to exert its 
pathological function. We found Gefitinib, an inhibitor of EGFR, could rescue synaptic defect in 
vitro and memory loss in vivo. Finally, to explain the forgetting is accelerated in AD, we 
detected spatial working memory in AD models and found more rapid memory decay after 
couple of minutes in mice model compared with control. Together, we found Aβ42 could 
accelerate forgetting by evoking Rac1 through EGFR pathway and impair LTP maintenance. We 
provide a new angle to study the pathological mechanism of AD, and inhibition of forgetting via 
Rac1 may be a new therapeutic intervention in AD treatment. 
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Abstract: New methods for modeling Alzheimer’s disease (AD) are needed as the limitations of 
current animal models have become apparent.  The advent of induced pluripotent stem cell 
(iPSC) technology has provided the opportunity to develop cell culture models for the study of 
disease. Furthermore, the ability to re-differentiate these iPSC into neurons allows for the study 
of neurodegenerative disease mechanisms and potential therapeutics in human neurons. We have 
derived iPSC from patient’s fibroblasts that carry familial AD mutations in the presenillin-1 
(PS1) gene or are wild-type for PS1. In previous work our group has described the early effects 
of PS1 mutations on calcium homeostasis in pyramidal neurons from transgenic AD mouse 
models, demonstrating exaggerated ryanodine receptor (RyR) calcium signaling that is linked to 
a host of AD features, including amyloid and tau pathology, synaptic signaling and plasticity 
deficits, and increased expression of the RyR2 isoform. In this study, we have set out to describe 
this process in human induced neurons (iN) derived from patient iPSC using neurogenin-2 (Ngn-
2) gene transfer to drive the reprogramming into iN. Using whole cell patch clamp recordings 



from iN 2-3 weeks in culture, we have detailed the properties of sodium and potassium currents, 
action potentials, and spontaneous EPSCs typical of mature neurons. Additionally, calcium 
responses generated by VGCC entry via depolarizing current injection, or from ER sources by 
applying the RyR agonist, caffeine (10 or 20 mM), were detected using the fluorescent probe bis-
fura-2 and 2-photon microscopy. In further studies the iN system will be used to evaluate 
calcium signaling in human AD derived cells and to develop a screening tool for novel 
therapeutics aimed at normalizing aberrant calcium signaling. 
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Abstract: Alzheimer’s disease (AD) is a devastating neurological disorder characterized by 
progressive memory loss and cognitive decline. Histopathologically, AD is characterized by two 
types of protein aggregates in brain, amyloid-β (Aβ) plaques and tau-containing neurofibrillary 
tangles, as well as by massive synaptic loss and neuron death. Aβ peptides act upstream of tau in 
AD pathogenesis, and it has been demonstrated that Aβ interacts with multiple proteins at the 
cell surface. In particular, Aβ oligomers (AβOs) have been shown to bind the N-methyl-D-
aspartate (NMDA) receptor. Neurons in adult brain are normally in a permanently post-mitotic 
state, but in AD they exhibit ectopic cell cycle re-entry (CCR), which leads to their eventual 



death. Our lab has previously demonstrated that neuronal CCR is initiated by AβOs and requires 
tau. When primary neuron cultures are treated with AβOs, they progress through G1, as 
evidenced by expression of nuclear cyclin D1, and into S-phase, as indicated by BrdU 
incorporation into nuclear DNA, but not when tau expression is prevented (Seward, et al. J Cell 
Sci 126: 1278-1276). Many other labs have demonstrated AβO-stimulated calcium influx 
through the NMDA receptor and resultant excitotoxicity, prompting us to investigate a possible 
role for an AβO-stimulated calcium rise in neuronal CCR. We now report that exposing AβO-
treated neurons to BAPTA-AM to chelate intracellular calcium or to MK-801 to block calcium 
influx specifically through the NMDA receptor prevents CCR. In addition, we show that 
CaMKII, a calcium-dependent protein kinase that must phosphorylate tau at S416 for AβO-
induced neuronal CCR to occur (Seward, et al. J Cell Sci 126: 1278-1276), is activated within 15 
minutes of AβO treatment, and that this increase in CaMKII activity, as well as CCR, are 
inhibited by MK-801 or knockdown of the NMDA receptor subunit, NR1. Together, these results 
indicate that excess calcium influx via the NMDA receptor is an essential early step in AβO-
induced neuronal CCR. Furthermore, the collective data imply that this specific type of calcium 
dysregulation triggers the two cell biological responses that together account for the behavioral 
deficits in AD: neuron death (via CCR), and synaptic dysfunction and loss. 
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Abstract: Introduction: Phenotypic variability in Parkinson disease (PD) may represent distinct 
subtypes with unique patterns of neuropathology. Therefore, the goal of this project was to 1) 
identify putative PD clinical subtypes and 2) investigate resting-state functional connectivity 
differences between these PD subtypes. 
Methods: Latent class analyses, controlling for age, sex, and education, identified PD subtypes 
based on the pattern of motor, cognitive, and psychiatric features from 152 non-demented PD 
participants. Advanced graph-based object-oriented data analyses compared resting-state 
functional connectivity data from the entire connectome between 95 PD and 40 age-matched 
controls as well as across PD subtypes. 
Results: The latent class model identified three distinct clinical subtypes: 1) “mild 
motor/tremor” - prominent tremor with normal cognition and psychiatric function; 2) 
“psychiatric” - elevated psychiatric symptoms, with intermediate motor deficits and normal 
cognition; 3) “motor & cognition” - prominent postural instability and gait difficulty, impaired 
cognition, but normal psychiatric function. Functional connectivity connectomes significantly 
differed between the control group and both the “mild motor/tremor” (p = .04) and “motor & 
cognition” (p < .01) PD subtypes. Importantly, functional connectivity also significantly differed 
between the “mild/tremor” and “motor & cognition” PD subtypes (p = .05), with qualitative 
intranetwork and internetwork connectivity differences involving the sensorimotor, subcortical, 
and cerebellar subnetworks. 
Conclusions: Study results emphasize the importance and contribution of cognitive and 
psychiatric features to the overall pattern of phenotypic variability in PD and demonstrate 
functional connectivity differences related to these subtypes. Identification of PD subtypes and 
associated biological mechanisms could facilitate more personalized medicine approaches by 
improving patient stratification for triaging into different treatment strategies. 
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disorder that targets dopaminergic 
hubs in the brain. Data-driven methods are currently being applied to map typical patterns 
associated with PD and its progression. In our study, we used 3 classifiers to identify features of 
brain connectivity that best distinguished a group of PD patients from healthy age and sex-
matched controls. We also tested if we could improve classification using a reduced dimension 
(RD) connectome created based on a meta-analysis of PD. 153 participants (49 controls, 104 PD) 
were studied from the Parkinson’s Progression Markers Initiative. Each participant’s brain was 
scanned with structural T1-weighted and diffusion MRI, and processed using FreeSurfer to 
compute a cortical parcellation and Camino using probabilistic streamline tractography. We 
studied 6 networks. The first contained 68 cortical regions from FreeSurfer’s Desikan-Killiany 
atlas (standard atlas). The remaining 5 contained {100, 200...500} equally sized random regions, 
computed using the k-means clustering algorithm on the vertices of the cortical mesh computed 
by FreeSurfer. Each of the 6 parcellations of the cortex was combined with tractography fibers to 
compute connectivity networks mapping the level of connectivity from the number of detected 
fibers that pass between regions.To compute a RD of each network, we restricted the cortical 
regions in each network to overlap regions implicated in a meta-analysis of PD (Shao et al. 2015; 
see Fig. 1). Full and simplified connectomes were analyzed using a linear support vector 
machine, linear discriminant, & logistic regression algorithms.The best classification balanced-
accuracy assessed with 10-fold cross-validation was achieved using Linear-SVM for both full 
and reduced connectomes based on 100 regions (100-full 54.3% vs 100-rd 62.1%) with both 
performing better than chance (single-sign and binomial test p<0.001).The RD connectome 



increased classification performance by around 8% compared to the full connectome, perhaps by 
emphasizing components and connections important to PD. 
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Abstract: The lateral mesencephalon of the brainstem contains within its reticular formation the 
mesencephalic locomotor region (MLR), which is composed of two open nuclei: the 
pedunculopontine (PPN) and the cuneiform nuclei (CN). The MLR is important for a variety of 
functions in vertebrates, including locomotor control, sleep, attention, and even motivation. We 
used a diffusion weighted imaging-based method to understand how the MLR relates to these 
diverse functions in human. We sought to identify specific connections between the PPN and the 
CN and the basal ganglia, thalamus and cortex, examining the sensorimotor, associative and 
limbic parts of these different structures. 
We used data from 30 healthy volunteers from the Human Connectome Project, running 
constrained spherical deconvolution to obtain probabilistic tractographies in a subject-specific 
native space from every voxel within the PPN or CN seed masks to the following target masks: 
basal ganglia (substantia nigra, ventral tegmental area, internal and external pallidum, striatum, 
subthalamic nucleus), centre-median-parafascicular thalamic nuclei, and cortex. We selected 
only fibers extremities ending in the target regions, and counted the number of extremities 
stopping in each target voxel to obtain a connectivity map. We thresholded the maps and 
binarized them to reduce false negatives. 
We found that both the PPN and CN project to the basal ganglia and to the thalamus in a 
topographically organized manner. The most likely connections of the PPN were with the 
sensorimotor territories of these nuclei, whereas the least likely were with the associative and 
limbic territories. In contrast, the number of connections of the CN with the basal ganglia and 
thalamus was lower, and mainly concerned their limbic territories. Regarding cortical 
connectivity, the motor cortex had direct connections with the PPN and fewer with the CN. 
Weak connections were also observed between the limbic and insular cortices and the PPN and 
CN. 
Our results suggest that the PPN and the CN belong to two different anatomo-functional 
networks, the PPN integrating mainly motor but also cognitive and emotional information 
whereas the CN is predominantly connected to limbic structures. These anatomical findings 
support the idea that the MLR in human may play an integrative and complex role beyond 
generating locomotor patterns. 
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Abstract: Introduction: Previous neuroimaging work has used voxel-based morphometry 
(VBM) to find the structural differences caused by various neurological diseases. However, 
VBM-based methods rely on the image intensity changes only be partially related to the 
alterations in regional brain volume or cortical thickness. Here, we used the FreeSurfer-based 
analysis to extract the cortical thickness during the parcellation process of inflating a brain for 
statistical comparison between different subject groups. Methods: Thirty-six subjects, 12 for 
each of the healthy control (HC), Parkinson's disease (PD), and essential tremor (ET) subject 
groups, participated in this study. Each participant underwent a high-resolution structural MR 
brain imaging scan using 3D SPGR pulse sequence on a 3T MR scanner at China Medical 
University Hospital. The structural MR images were then analyzed using FreeSurfer 
(http://freesurfer.net) and the results of auto-segmentation and parcellation were used to extract 
the parameters of cortical thickness of various brain areas. Then, the FreeSurfer subroutine, 
'qdec', was used to normalize the structural parameters using a surface-based method and regress 
the parameters against the of subject group, age, gender, etc., using a general linear model. The 
significance level was p<0.005 for the statistical analysis. Results: The brain areas with 
significant differences in cortical thickness were assessed using three different contrasts (HC vs. 
PD, HC vs. ET, and PD vs. ET). For HC vs. PD, PD patients manifested cortical thinning in the 
left middle temporal and superior frontal, and the right superior temporal, supramarginal, pars 
orbitalis and precuneus and cortical thickening in the left supramarginal and right 
parahippocampus. For HC vs. ET, ET patients manifested cortical thinning in the left middle 
temporal and right insula and cortical thickening in the left superior frontal, supramarginal, and 
right inferior parietal and fusiform cortices. For PD vs. ET, only the cortical thickness of the left 
lateral occipital cortex was larger in the PD patients as compared to ET patients. However, the 
left postcentral and precentral, and the right precuneus, inferior temporal, middle temporal, and 
middle and superior frontal areas had a larger cortical thickness in the ET patients. Conclusion: 
Because PD is a neurodegenerative disease, most of the significant brain areas manifested 



cortical thinning. On the other hand, the ET patients manifested cortical thickening in most of the 
brain regions with significant cortical thickness changes. Such findings may lend themselves a 
possible way to clinically differentiate PD from ET. 
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Abstract: Parkinson’s disease (PD) is a progressive movement disorder, linked to a loss of 
dopaminergic neurons in the substantia nigra pars compacta and reduced dopamine in the 
striatum. Recently, two promising non-invasive biomarkers have been established for 
progression in PD over a 1-year period of time. The first is free-water diffusion magnetic 
resonance imaging (dMRI) which identified a progressive increase in substantia nigra free-water 
over 1-year in PD, but not in a control group (Ofori et al. 2015; Brain). The second is task-based 
blood oxygen level dependent (BOLD) functional MRI (fMRI) which identified a reduction of 
contralateral and ipsilateral putamen and contralateral primary motor cortex over 1-year in PD, 
but not in a control group (Burciu et al. 2016; Neurology). It remains to be determined if either 
of these progression biomarkers are affected by acute administration of dopaminergic medication 
such as levodopa. If these markers are influenced by acute levodopa administration, their overall 
impact as progression markers would be far less than if these measures were unaffected. In the 
current study we evaluated whether a single dose administration of antiparkinsonian medication 
is associated with changes in free-water in the substantia nigra and other basal ganglia structures, 
and evaluated the BOLD fMRI signal during a force task in the putamen and motor cortex. 
Nineteen PD underwent dMRI and task-based fMRI one day apart, OFF and ON medication. The 
order of testing was counter-balanced across subjects. In the OFF condition, PD patients were 



tested following a 12-h withdrawal from antiparkinsonian medication, whereas in the ON 
condition, patients were tested approximately 45 minutes after having taken their usual dose of 
antiparkinsonian medication. For dMRI, we computed free-water and free-water corrected 
fractional anisotropy within the following region of interests (ROIs): caudate, putamen, 
substantia nigra, and subthalamic nucleus. For task based-fMRI, we used a motor control 
paradigm that requires PD to produce force with their more affected hand. Percent signal change 
during force was calculated in a priori ROIs: contralateral and ipsilateral putamen, contralateral 
primary motor cortex, contralateral supplementary motor area, and ipsilateral superior 
cerebellum. Results showed no significant differences in dMRI and fMRI measures between the 
OFF and ON conditions. These findings suggest that acute, single dose administration of 
antiparkinsonian medication in PD has no effect on the free-water dMRI and task-related fMRI 
BOLD signal in key structures that have been previously shown to be potential progression 
biomarkers of PD. 
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Abstract: Parkinson’s Disease (PD) is a debilitating neurodegenerative disorder. Basal ganglia is 
among the most affected brain regions. Recent work suggests a connection between PD 
pathology and insula. We further examined this problem by acquiring T1 images from PD 
patients (n=38) and normal controls (n=52). A voxel based morphometry (VBM) analysis 
revealed the following results. First, in normal controls, there was a significant volumetric 
asymmetry between the left and the right insula (R > L), in agreement with prior findings. 
Second, the asymmetry was diminished and not statistically significant in PD patients. Third, 
gray matter volume in the left insula was not significantly different between PD patients and 



normal controls. Fourth, gray matter volume in the right insula was significantly smaller in PD 
patients than in normal controls. These results (1) lend support to the suggested connection 
between PD pathology and insula and (2) demonstrate that the diminished asymmetry between 
left and right insula is due to atrophy of the right insula. 
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Title: Disrupted nodal and hub organization account for abnormalities across brain networks and 
clinical manifestations of Parkinson’s disease 
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Abstract: The recent application of graph theory to brain network promises to shed light on 
complex diseases such as Parkinson’s disease. The primary goal of this study was to investigate 
functional changes in sensorimotor and cognitive sub-networks in the patients with a focus on 
inter- and intra-connectivity organization in the disease-associated node and hub regions using 
the graph theoretical analyses. Resting-state functional MRI data of a total of 65 participants 
including 23 healthy controls and 42 patients were investigated in 120 nodes for local efficiency, 
between centrality, and degree. Hub regions were identified in each group. We found nodal and 
hub changes in patients compared with healthy controls including the right pre-supplementary 
motor area, left anterior insula, bilateral mid-insula, bilateral dorsolateral prefrontal cortex, and 



right caudate nucleus. In general, within the sensorimotor network, key nodes (i.e. right pre-
supplementary motor area and right mid-insula) displayed weakened connectivity, associated 
with more severe bradykinesia and impaired integration with default network regions. The left 
mid-insula lost as well its hub properties in patients. Within the executive cognitive sub-
networks, the left anterior insular cortex lost its hub properties in the patients, while a new hub 
region was identified in the striatum (i.e. caudate nucleus) paralleled by an increased level of 
inter- and intra-connectivity in the bilateral dorsolateral prefrontal cortex possibly representing 
compensatory mechanisms. These findings highlight the diffuse changes in nodal organization 
and regional hub disruption, accounting for the distributed abnormalities across a large-scale 
brain network and clinical manifestations of Parkinson’s disease. 
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disease patients with MCI 
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Abstract: Mild cognitive impairment (MCI), particularly of the executive function subtype, 
which includes working memory, attention and dual tasking (DT), is the earliest and most 
prominent cognitive deficit in Parkinson's disease (PD). While alteration in cortical-striatal 
connectivity is thought to underlie MCI, studies are ongoing to fully elucidate specific 
connectivity networks sub-serving EF including DT performance. In this pilot study, we used 
independent component analysis (ICA) to study the intrinsic connectivity network (ICN) 
activation induced by the performance of a dual task complex sequential motor and audio task in 



eight patients with PD- MCI who underwent functional magnetic resonance imaging (fMRI). 
The fMRI activation paradigm consisted of two conditions presented in a block design. The 
single task condition consisted of a sequential key-pressing task performed with both hands. The 
dual task condition was identical to the single task condition, expect that the patients was 
presented with an auditory sound, and was required to make a finger response by indicating how 
many sounds they heard during the course of that block. Imaging data were acquired using a 
Siemens Trio 3T MRI. Both task conditions engaged ICN 24 (a cerebellar network), ICN 33 (a 
dorsal attention network), ICN 34 (containing superior parietal cortex), and ICN 39 (a bilateral 
motor network including mid-cingulate). However, only the dual task condition led to increased 
activation of ICN 35, indicative of engagement of the bilateral dorsolateral prefrontal cortex and 
presumably related to the increased complexity of the task. Future studies are expected to shed 
more light on how the participation of these networks are involved in the putative attempt by the 
dopamine-denervated brain to overcome the functional deficit of the cortical-striatal circuitry in 
PD and the impact of exercise in restoring this connectivity and improving cognitive (executive) 
function. 
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Abstract: Objectives: Gait and balance disorders are one of the common clinical feature of 
Parkinson’s disease (PD) and falls in PD has big impact on patient’s activity of daily living and 
quality of life. Although several risk factors are known, it is still unclear which brain region 
would be associated with falls. Here, we investigated brain structural difference between PD 
patients with and without falls using voxel-based morphometry (VBM). 
Methods: We recruited 52 PD patients (28 men and 24 women, age 71.6±8.5, Hoehn-Yahr (H-Y) 
2.9±1.0) admitted to our hospital. In addition to background characteristics, we evaluated gait 



and balance ability, motor symptom and cognitive function. As an imaging analysis, we obtained 
3D T1WI using 3 Tesla MRI scanner (GE Healthcare). We performed VBM analysis using 
Statistical Parametric Mapping 8 (SPM8) and compared the gray matter volume of the patients 
with and without falls, including age, gender, H-Y stage, MDS-UPDRS part 3, and freezing 
severity as covariates. 
Results: Among 52 patients, 24 patients had experienced falls. There was no significant 
difference in motor symptom and cognitive function between patients with and without falls. But 
H-Y stages and freezing severity of the patients with falls are significantly higher than those of 
without falls. VBM analysis controlling several confounding factors revealed that patients with 
falls showed a significant gray matter volume reduction in the right inferior parietal lobule (IPL; 
MNI coordinates: x=45, y=-63, z=33, pFWE-corr=0.006 at cluster level) and right parahippocampal 
gyrus (PHG; MNI coordinates: x=21, y= -10, z=-29, pFWE-corr=0.013 at cluster level). 
Conclusions: Our findings suggested that IPL and PHG may be associated with falls in PD. 
Considering the previous findings that these regions contribute to process and integrate sensory 
information to establish spatial orientation and “bodyshema” to maintain postural balance, our 
findings suggested that these area might play an important role in preventing fall in PD. 

Disclosures:  H. Otomune: None. M. Mihara: None. H. Fujimoto: None. Y. Kajiyama: None. K. 
Konaka: None. H. Mochizuki: None. 

Poster 

132. Parkinson's Disease: Imaging Studies and Connectomes 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 132.10/M6 

Topic: C.03. Parkinson’s Disease 

Support: JSPS KAKENHI No. 26120008 to TH 

Title: Effects of dopaminergic medication on resting-state functional connectivity in Parkinson’s 
disease 

Authors: *H. TOGO1,3, J. ROKICKI2, H. MATSUDA2, N. HAGA3, M. MURATA4, T. 
HANAKAWA1;  
1Dept. of Advanced Neuroimaging, Integrative Brain Imaging Ctr., 2Dept. of Clin. 
Neuroimaging, Integrative Brain Imaging Ctr., Natl. Ctr. of Neurol. and Psychiatry, Kodaira-Shi, 
Japan; 3Rehabil. Medicine, Sensory and Motor Syst. Medicine, Grad. Sch. of Med., The Univ. of 
Tokyo, Bunkyo-Ku, Japan; 4Natl. Ctr. Hospital, Natl. Ctr. of Neurol. and Psychiatry, Kodaira-
Shi, Japan 



Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative disorder, characterized 
primarily by motor symptoms. Recently, a number of studies have begun to show a resting-state 
functional magnetic resonance imaging (rsfMRI) may provide a useful biomarker to help 
diagnose and/or evaluate PD patients. First, rsfMRI is suitable for observing functional 
connectivity (FC), which likely reflect pathophysiology in PD. Second, rsfMRI has advantage 
over other functional imaging methods since it is task-free and thus is not confounded by 
differences in task performance across groups or individuals. However, dopaminergic treatment 
potentially influence FCs, and this may make the interpretation of FCs difficult in clinical 
routines for PD. Because medication-on state patients are easier to be studied in clinical settings, 
it would be ideal if rsfMRI methodology is available for evaluating PD patients on medication. 
Therefore, we collected rsfMRI from PD patients on medication along with age- and gender-
matched healthy control subjects (HC), and examined how medication states influenced FCs in 
PD patients. We studied 40 patients with PD and 40 HC. RsfMRI (TR=2.5 s) were acquired for 
10 min with eyes open (Siemens, MAGNETOM Verio 3.0T). We used FSL (FMRIB’s Software 
Library) for fMRI data analysis. Preprocessing included motion correction, slice timing 
correction, and spatial smoothing (6-mm FWHM). Next we performed individual-level 
independent component analysis (ICA) and auto-removal of noise components. We performed 
group-level ICA by concatenating all the data, dual regression analysis and permutation testing 
to compare PD data against HC data. Levodopa equivalent dose (LED) was calculated and 
incorporated in the statistical analysis. We identified 43 components in the group-ICA. Two 
types of permutation testing were performed. First, we performed a group comparison, with 
controlling age and scores of a cognitive testing. We found greater FC in the intra-basal ganglia 
network in PD than HC, but failed to find reduction of FC in PD. Next, we tested for positive or 
negative correlation between LED and FC in PD patients. We detected positive correlation 
between basal ganglia FCs and LED. These results indicated that we should carefully interpret 
FCs in PD on medication, because it is likely that basal ganglia hyper-connectivity in PD at least 
partly resulted from dopaminergic medication rather than pathophysiology of PD. In conclusion, 
medication states should be carefully taken into account to interpret FCs in rsfMRI studies on 
PD. 
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Abstract: Anxiety is a common non-motor symptom of Parkinson’s Disease (PD). Alterations in 
connectivity in limbic regions such as amygdala and insula have been reported in generalized 
anxiety, social anxiety and panic disorders. However it is unclear if these abnormalities are 
common to PD-related anxiety or how dopamine (DA) impacts these changes. We hypothesized 
that PD-related anxiety is associated with changes in connectivity in limbic regions that are 
altered by DA replacement therapy. A query was performed in the Parkinson’s Progression 
Markers Initiative (PPMI) database (www.ppmi-info.org). Exclusion criteria included: missing 
State Trait Anxiety Inventory (STAI) or anatomical MRI, age <55, not right handed, or had 
abnormal anatomy. 11 control and 60 PD subjects were included, 20 de novo and 40 DA 
replacement (PD DAR). We also included 17 controls from our lab with similar image 
acquisition parameters (n=28 controls). Image preprocessing and analysis were performed in 
SPM 12b. First- and second-level analyses were done in CONN toolbox version 15, using seeds 
for insula, amygdala, anterior cingulate, and accumbens. ROI-to-ROI and Seed-to-Voxel maps 
were created and connectivity differences and correlations with STAI scores were calculated. 
There were no differences across groups for age, MOCA or State or Trait anxiety measures. The 
PD DAR group scored significantly higher (more depressed) than controls on the depression 
measure, and PD groups showed increased processing time compared to controls. Insula, anterior 
cingulate, and accumbens had decreased connectivity in the PD DAR group when compared with 
controls. No connectivity differences were seen between PD groups, nor between de novo PD 
and control groups. Significant negative correlations between STAI trait scores and connectivity 
were found in the PD DAR group for insula with bilateral frontal operculum and inferior frontal 
gyrus, as well as amygdala with right anterior superior temporal gyrus. No correlations were 
found between STAI scores and connectivity of seeds of interest for the de novo PD and control 
groups. In the PD DAR group decreased connectivity in limbic regions was associated with 
increased anxiety. 
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Abstract: In advanced Parkinson’s disease (PD), new symptoms resistant to dopamine 
replacement therapy appear, such as gait and balance disorders, which are responsible for high 
morbidity and increasing mortality. A correlation between the occurrence of those symptoms and 
the loss of cholinergic neurons in the pedunculopontine nucleus (PPN) of the mesencephalic 
locomotor region (MLR) has been shown (Karachi et al, 2010). Recently, deep brain stimulation 
(DBS) of the PPN has been proposed to alleviate falls and freezing of gait in such patients 
(Stefani et al, 2007), although blinded clinical evaluation often fails to demonstrate significant 
alleviation (Ferraye et al, 2010; Moro et al, 2010). One possible explanation is inaccurate 
placement of DBS electrodes, as the anatomical boundaries of the PPN are poorly defined. Our 
goal was to obtain a 3D representation of the human MLR, formed by the PPN and the adjacent 
cuneiform nucleus (CN), based on histology and MRI, which would help accurately target the 
PPN in individual patients. One postmortem human brainstem was used in this study. Ultra high-
field 3 and 11.7 Tesla MRIs were performed to obtain anatomical T1- and T2*-weighted images. 
The brainstem was then cut in transverse 50 microns regularly interspaced sections that were 
processed using Luxol Fast blue and choline acetyltransferase (ChAT) immunohistochemistry in 
order to visualize myelin fibers and cholinergic neurons, respectively. Stained sections were 
scanned with a nanozoomer to obtain high-resolution digital images that were used to draw exact 
contours of structures of interest and identify marked cholinergic neurons. All the data were co-
registered and a 3D representation was obtained (3D Slicer). The PPN does not have precise 
boundaries and is defined by the location of cholinergic neurons. Therefore, we represented these 
neurons using a density map. The highest ChAT neuronal density was observed anteriorly, along 
the dorsal border of the superior cerebellar peduncle. We also contoured the adjacent CN, located 
between the inferior colliculus and the PPN. The medial lemniscus, the medial longitudinal 
fascicule, the superior cerebellar peduncle and the central tegmental tract were drawn using the 
myelin staining. In this study, we obtained a 3D representation of the PPN and the CN in a 



reconstructed human brainstem. A dedicated deformation strategy will allow viewing the MLR 
of each patient MRI. 
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Abstract: Resting-state fMRI (rs-fMRI) can reveal the functional connectivity between brain 
regions by correlating the time series from several locations. For the primary sensorimotor 
cortices (M1/S1), homotopic connection between the left and right hemisphere has been 
described on the group level in terms of similarity in location of a seed and the location of 
maximum correlation with this seed in the contralateral hemisphere (Van den Heuvel et al., 
2010). However, a detailed comparison of the complete ipsi- and contralateral correlation 
patterns is informative for the connectivity between left and right M1/S1 within subjects and on 
the group level.Here, we use a new method for normalising M1/S1 within and between subjects, 
to facilitate easy comparison and to overcome individual anatomical variation. We use this 
method for determining the similarity of the correlation patterns of the left and right M1/S1 
within subjects, and the similarity of connectivity patterns over subjects.Eight healthy volunteers 
(all right-handed male, age 48 ± 12 yrs) were included in a 7T rs-fMRI experiment consisting of 
two runs of 15 minutes each (EPI, TR = 1600 ms, voxel size = 1.463 mm). In the offline 
analysis, the borders of M1 and S1 were extracted from a flat map parcellation. Three 10th-order 
polynomials were fitted through these borders: through the central sulcus, through the anterior 
border of the M1, and through the posterior border of S1. By interpolating these borders, the 
M1/S1 area was resliced into a 28 × 84 tiled mesh. Data was smoothed, detrended, filtered, 
standardised, and mapped to the new mesh.Connectivity patterns were obtained per subject by 



selecting each tile as seed, and calculating correlations with all other tiles in the ipsi- and 
contralateral hemisphere. For each seed, the Fisher transformed correlations were averaged over 
subjects, and the similarity of ipsi- and contralateral matrices was calculated by Pearson 
correlation.Visual inspection showed that different seeds generated different correlation patterns, 
indicating seed-selectivity of patterns. In 84% of all seed points, the correlation between the ipsi 
and contralateral pattern was significant. The average correlation over all seeds was 0.73 ± 
0.12.In conclusion, we show that the transformation to 2D standard coordinate space yields good 
results for cross-hemisphere functional connectivity based on rs-fMRI. Most tiles exhibited an 
excellent agreement between the correlation patterns in both hemispheres, as expected from 
previous studies. The method may prove useful in quantifying sensorimotor connectivity patterns 
between hemispheres for research and for identification of abnormal topography. 
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Abstract: Parkinson’s Disease (PD) is a disabling neurodegenerative disorder that affects seven 
to ten millions of people worldwide. It is characterized by chronic progression of motor and 
cognitive dysfunction resulting from the loss of dopaminergic neurons. These neurons are mainly 
located in substantia nigra and striatum - primary targets for pharmacological modeling of PD in 
laboratory species, using 6-hydroxydopamine (6-OHDA) or 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine (MPTP). In this work, we present in-vivo characterization of 6-OHDA induced 
PD model utilized in our pre-clinical drug testing routines by means of blood oxygen level-
dependent (BOLD) pharmacological MRI (phMRI) and proton magnetic resonance spectroscopy 
(1H-MRS) in rats. Known dopaminergic stimulant amphetamine was used as a challenge for 
phMRI experiments. Unilateral degeneration of dopaminergic neurons and dopamine depletion 
in striatum was induced by stereotaxic injection of 10 µg 6-OHDA to the right medial forebrain 
bundle (MFB). Four weeks later, structural imaging, phMRI and MRS were performed in 11.7T 



small-animal MRI system. Rats were initially anesthetized with Isoflurane for femoral artery and 
vein cannulation for blood gases analysis and drug delivery. After the surgery, anesthesia was 
switched to 1.5 g/kg urethane and animals were transferred into MRI system. First, high-
resolution anatomical images in sagittal and axial planes were acquired to confirm the lesion. 
MRS spectra were acquired separately for ipsi- and contralateral parts of striatum using 3 mm x 
3 mm x 4 mm voxel. Lastly, phMRI was performed using spin-echo EPI with time resolution of 
2 s and in-plane spatial resolution of 390x390 µm, 13 x 1.5 mm slices covering whole cerebrum. 
One-hour experiment consisted of 20 min baseline, amphetamine bolus (1 mg/kg i.v.) and 40 
min follow-up imaging. Presented MRS data confirms effective disruption of neuronal 
metabolism in ipsilateral striatum manifested in significant (p<0.05) decrease of N-
acetylaspartate, myo-inositol and choline compared to non-lesion side. Interestingly, this 
difference was not apparent in striatal BOLD phMRI signal change following amphetamine 
injection, but very distinct in cortical areas, suggesting effective interruption of normal cortico-
striatal pathway function. Taken together our data emphasizes high utility of non-invasive 
translatable functional magnetic resonance imaging and spectroscopy for PD research. Altered 
1H-MRS metabolites profile, disrupted functional connectivity and responses to dopaminergic 
stimulation revealed by phMRI can serve as relevant targets for drug-testing and efficacy studies. 
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Abstract: Objective: This study aimed to determine whether there is an increase in [18F]-AV-
1451 uptake in the brains of progressive supranuclear palsy (PSP) patients compared to 
Parkinson’s disease patients (PD) and healthy controls (HC). 
Background: PSP is a rare form of parkinsonism that differs neuropathologically from other 
parkinsonian disorders; however, there is often an overlap of clinical symptoms, especially in the 
early stages of PSP. While PD, Lewy body dementia, and multiple system atrophy are classified 
as synucleinopathies, PSP is a tauopathy due to the aggregation of pathological tau in the brain. 
[18F]-AV-1451 (also known as [18F]-T807) is a positron emission tomography (PET) radiotracer 
that binds to paired helical filaments (PHF) of tau in Alzheimer’s disease (AD), as shown 
previously in clinical studies. We investigated whether [18F]-AV-1451could be used as 
biomarker for the diagnosis and disease progression monitoring in PSP. 
Methods: A total of 12 patients (6 PSP: age 72.2±6.77, 4 female; and 6 PD: age 63.7±9.61, 3 
female) and 10 age-matched HC (age 65.9±9.93, 8 female) were recruited. An anatomical MRI 
and a 90-minute PET scan, using [18F]-AV-1451, were acquired from all participants. The 
standardized uptake value ratio (SUVR) from 30 to 60 minutes post-injection was calculated in 
each region of interest (ROI) with the cerebellum, as well as the corpus callosum as reference 
regions. ROIs were selected based on cortical and subcortical brain regions previously reported 
to present with tau pathology in PSP. A nonparametric Kruskal–Wallis test was employed to 
check for differences in SUVR between the three groups. 
Results: Differences in age and gender across groups were not significant. There were no 
significant increases of [18F]-AV-1451 SUVR in PSP compared to PD and HC in any of the 
tested cortical and subcortical ROIs. These results were reliable when analyzed using the two 
different reference regions (i.e. cerebellum and corpus callosum). 
Conclusions: No differences in SUVR could be detected in any of our PSP patients compared to 
controls. Any uptake in tracer could have been potential off target binding. Our preliminary 
results suggest that using SUVR on [18F]-AV-1451 images may not be an appropriate marker for 
abnormal tau deposition in PSP. 
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disorder characterized by loss of 
striatal dopamine and aberrant functioning in fronto-striatal circuits. Individuals with PD often 
experience problems with cognitive control, the ability to flexibly regulate behavior in the face 
of distraction or surprise. However, the extent to which these deficits are related to loss of 
dopamine, or modulated by dopamine-replacement therapy, remains unclear. To address this 
issue, we collected functional magnetic resonance imaging (fMRI) data while individuals 
performed the Stop-Signal Task (SST), a common cognitive control paradigm. Sixteen 
individuals with early-stage PD (Hoehn & Yahr stage I and II, ages 51-79, all drug naïve or “off” 
dopamine-replacement therapy for >12 hours pre-study) and age/sex-matched healthy controls 
participated in the study. In order to examine how dopaminergic medication impacts cognitive 
control performance and brain function, a subset of the individuals with PD completed the 
experiment a second time “ON” dopamine-replacement therapy (medication taken < 4 hours pre-
scan; order of “ON” and “OFF” medication sessions was counterbalanced across subjects). In 
addition to standard SST analysis, we applied a Bayesian computational model to the behavioral 
data to make trial-to-trial estimates of anticipation and prediction error. We found that stop-
signal reaction time (SSRT), the main measure of cognitive control in the SST, was significantly 
longer in the PD group than in the control group, suggesting a cognitive control deficit. 
Dopamine-replacement therapy improved SSRT, although the ON medication group still showed 
longer SSRT than controls. Deficits were observed despite no significant differences in go 
reaction time between groups, indicating that the results were not due to general motor slowing. 
Compared to controls, individuals with PD also showed reduced brain activation on stop trials in 
several cortical and subcortical regions. Dopaminergic medication modulated activations in some 
of these brain regions, particularly in premotor and motor cortex. Finally, brain activations to 
unsigned prediction error in the dorsal anterior cingulate cortex seem to be reduced in the PD 
group compared to controls. These results suggest that individuals with PD show reduced brain 
activations during stop-signal task performance and impaired neural responses to error, which 
are critical for optimal cognitive control in healthy adults. 
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disorder that results in motor as well 
as specific cognitive deficits. We hypothesized that people with PD would have decreased 
flexibility of behavior compared to controls. The Delis Kaplan Executive Functions System 
(DKEFS) Sorting Test is used to measure executive functions including concept formation and 
reasoning, initiation of problem solving skills, transference of sorting concepts into action, 
inhibition of previous sorting responses (flexibility of behavior), and inhibition of previous 
description responses (flexibility of thinking).Seventy-six medicated early stage PD and fifty-
eight control participants ages 50-85 were assessed with the DKEF Card Sorting Test. PD and 
control groups were not different for age, gender, years of education, premorbid IQ or Mini-
Mental State Exam score. They did show significantly poorer performance on motor and 
switching measures. Mean total UPDRS score was 37.65 (SD 19.96). A multivariate ANOVA 
revealed significant differences between groups in Set Loss Errors (p = 0.03) and Total Free Sort 
Repeated Descriptions (p = 0.016). There were no significant differences between groups in 
other functions measured by the DKEFS Card Sorting Test, including repeated sorts which 
measures flexibility of action. Thus PD subjects showed decreased flexibility of thinking, and 
superior performance on set loss errors, indicating increased adherence to task rules. PD subjects 
also showed normal flexibility of behavior. A regression showed that the Free Sort Repeated 
Descriptions Total was negatively correlated with performance on the Symbol Digit Modality 
Test (a processing speed measure) β = -.336, t(134) = -3.121, p = .002 and trail making (a 
measure of switching) β = -.249, t(134) = -2.319, p = .022, both of which were impaired in the 
PD group. Thus, contrary to expectation, flexibility of behavior was intact while flexibility of 
thinking was impaired. 
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Abstract: Externally guided (EG) and internally guided (IG) movements (analogous to 
“following” vs. “leading” in partnered dance) recruit two parallel neural circuits, in which 
cortical motor neurons interact with either the cerebellum or striatum via distinct thalamic nuclei. 
EG movements rely more heavily on the cerebello-thalamo-cortical circuit, whereas IG 
movements rely more on the striato-thalamo-cortical circuit (Lewis, et al., Neuroscience 2007; 
147(1):224-35). Because Parkinson’s disease (PD) involves striatal dysfunction, individuals with 
PD have particular difficulty generating IG movements (Wu et al., Neuroimage 2011; 55(1):204-
15). We hypothesized that when performing IG lower limb movements, individuals with PD 
might employ a compensatory strategy favoring the cerebellum over the striatum. In the current 
study, 22 older adults with mild-moderate idiopathic PD (age M=68.6, SD=9.7; Hoehn & 
Yahr M=2.3, SD=0.6), while off anti-PD medications, and 19 age-matched controls without PD 
(age M=65.6, SD=9.7) performed EG and IG rhythmic foot tapping tasks, counterbalanced in a 
block design, functional magnetic resonance imaging (fMRI) paradigm. All participants tapped 
with their right foot. The external guidance was paced by an assistant tapping participants’ 
ipsilateral 3rd metacarpal in a pattern with .5s to 1s intervals, while internal guidance was based 
on pre-scan training. Neural activation was compared between tasks (EG vs. IG) and groups 
(PD vs. non-PD). Both groups employed the cerebellar and striatal motor circuits described 
above, with the PD group demonstrating less activation in the striatum and motor cortex than the 
non-PD group. Additionally, a task (EG vs. IG) by group (PD vs. non-PD) interaction was 
observed in the cerebellum, supporting the hypothesized compensatory shift in which the 



dysfunctional striatum is assisted by the less affected cerebellum to accomplish lower limb 
movement. These findings will contribute to future investigations into the neural mechanisms of 
effective rehabilitation. 
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Abstract: Levodopa (L-DOPA) induced dyskinesias (LIDs) are a debilitating side effect that 
occur in the majority of Parkinson’s disease (PD) patients treated with L-DOPA. LIDs are 
involuntary motor behaviors that include chorea, dystonias, and limb hyperkinesia that are 
distinct from parkinsonian motor behaviors. Despite this, L-DOPA remains the gold-standard 
treatment for the motor symptoms in PD. It has been shown previously by our group and others 
that an ectopic induction of the transcription factor Nurr1 in striatal medium spiny neurons 
(MSN) is associated with LIDs. Preliminary data from our laboratory suggests that recombinant 
adeno-associated virus (rAAV)-mediated overexpression of Nurr1 exacerbates the severity of 
LIDs, while rAAV-mediated knockdown of Nurr1 attenuates LIDs, suggesting a role of Nurr1 in 
LID development. In order to better understand the role of Nurr1 in LIDs, we are currently 



investigating the effects of Nurr1 activity on plasticity and corticostriatal transmission. The goal 
of these studies was to determine if Nurr1 expression in the striatum—a region where Nurr1 is 
not normally expressed—can change: 1) electrophysiological activity of the striatum, and/or 2) 
morphology of striatal MSNs. We unilaterally delivered rAAV-Nurr1 or rAAV-GFP to the 6-
hydroxydopamine (6-OHDA) lesioned striatum of Sprague-Dawley rats. Animals were not 
chronically treated with L-DOPA and thus did not become dyskinetic. The evoked striatal local 
field potential (LFP) following cortical stimulation was measured following a single dose of L-
DOPA. GFP-treated animals showed an inhibition of the corticostriatal LFP response to L-
DOPA while Nurr1-treated animals showed a potentiation of the response. Notably, cortically-
evoked LFP recorded in rAAV-Nurr1 rats were virtually identical to that in subjects with 
established dyskinesias. This suggests that ectopic Nurr1 expression induces pathophysiologic 
changes in corticostriatal transmission similar to those observed in L-DOPA induced dyskinetic 
animals. Ongoing studies are directed at expanding these electrophysiological findings, as well 
as examining whether Nurr1 upregulation in the absence of L-DOPA also induces the hallmark 
LID-associated morphological changes (e.g. dendritic spine morphology) previously reported by 
us and others. Preliminary data suggest that rAAV-Nurr1 treated, L-DOPA naïve, parkinsonian 
rats exhibit a reduction in MSN spine density. Taken together, our findings suggest that Nurr1 
activity may be involved in the spine loss observed in direct pathway neurons concomitant with 
LID as well as the formation of atypical corticostriatal synaptic connections. 
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Abstract: L-DOPA-induced dyskinesia (LID) has been modelled in mice by observing abnormal 
involuntary movements (AIM) resulting from L-DOPA treatment after 6-hydroxydopamine (6-
OHDA) lesion of striatal dopaminergic projections (Lundblad et al., 2004). LID becomes more 
pronounced in PD patients with both disease progression and prolonged L-DOPA exposure. The 
static nature of 6-OHDA lesions of the dopaminergic system allows the independent assessment 
of the contributions of lesion severity vs. chronic exposure to L-DOPA to LID. Unilateral 6-
OHDA lesion of the median forebrain bundle (MFB) in mice usually results in severe dopamine 
depletion and shows robust AIM following the first exposure to L-DOPA; however, further 
increases in AIM from subsequent doses are often achieved by incrementing the dose of L-
DOPA. Clinical studies have noted that the onset of LID coincides with onset of 
antiparkinsonian effects, and the latency to onset shortens during long-term L-DOPA therapy 
(Nutt et al, 2010). Our study examines changes in the severity and time course of AIM from a 
repeated, constant dose of L-DOPA (3 mg/kg, IP), and correlates LID behavior with markers of 
neuronal activation. We found that the latency to the onset of LID shortens with repeated 
exposure to L-DOPA in a mouse model with 6-OHDA lesion of the MFB. These changes 
correlated with increased ERK activation in cholinergic interneurons (ChI) in the denervated 
striatum, though total ERK activation, mostly reflecting medium spiny neurons (MSN), was 
reduced by repeated L-DOPA. These findings confirm our previous observations in aphakia mice 
with bilateral striatal dopamine loss due to pitx3 mutation (Ding et al., 2011) in the 6-OHDA 
model. We conclude that LID priming similar to clinical observations can be modeled in mice 
with a repeated, constant dose of L-DOPA. Under this paradigm, the sensitization of striatal ChI 
to repeated L-DOPA correlates better with LID priming than this change in MSN, suggesting 
differential roles of ChI and MSN in mediating LID. (Funding: PDF and NIH NS095053) 
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Abstract: Ketamine is an FDA-approved drug with a known safety profile. Low-dose, sub-
anesthetic ketamine infusions have been shown to be an effective therapy for depression, 
posttraumatic stress disorder (PTSD) symptoms, and chronic pain states. Ketamine is known to 
change oscillatory electric brain activity. Hypersynchronous electric activity in the brain, also 
seen in the basal ganglia, is shared between migraine headaches, depression, PTSD, Parkinson's 
disease (PD) and L-DOPA-induced dyskinesia (LID). Therefore, we have recently investigated 
the use of low-dose ketamine and have shown a long-term therapeutic effect (reduced dyskinesia, 
improved on time, and reduced depression) of low-dose ketamine infusion in 5 PD patients 
(Sherman SJ, et al., Case Reports in Neurology 2016; 8:53-58). We also evaluated ketamine’s 
ability to reduce established LID in a pre-clinical model, where low-dose infusions of ketamine 
led to a long-term decrease of abnormal involuntary movements (AIMs) in a dose-dependent 
manner (Bartlett MJ, et al., Neuroscience Letters 2016; 612:121-125). We now extend these 
findings to an evaluation of low-dose ketamine’s ability to suppress the development of LID. 20 
microgram of 6-hydroxydopamine (6-OHDA) was injected unilaterally into the medial forebrain 
bundle (MFB) of male Sprague-Dawley rats to create a PD model. Rats (n = 9 per group) were 
then primed with escalating daily i.p. doses of L-DOPA (Days 0-13: 6 mg/kg; Days 14-28: 12 
mg/kg). Rats were also given vehicle, 10 mg/kg R-ketamine, or 20 mg/kg racemic ketamine on 
days 0, 7, 14 and 21 in a series of injections over 10 hrs (5x i.p. injection, 2 hours apart; and co-
injected with L-DOPA at the 5th injection). The AIMs were scored every 3 - 4 days to assess 
LID severity, and differences were evaluated with ANOVAs and Tukey post hoc tests. Here we 
show that throughout and after 28 days of L-DOPA-priming, PD rats treated once per week with 
low-dose racemic ketamine for 10 hrs had a 50% reduction in their total limb, oral and axial 
AIMs scores as compared to those treated with vehicle (p<0.05), indicating a potential early 
utility for low-dose ketamine to prevent development of severe LID. The R-ketamine-treated rats 
showed no reduction in their AIMs scores. After harvesting striatal and nigral tissue we will 
investigate striatal dopamine content with HPLC-EC, as well as changes in expression of cFos 
and key proteins in the mTOR / Erk1+2 / Akt pathways with semi-quantitative western analysis. 
This novel use of low-dose sub-anesthetic ketamine infusions could lead to rapid clinical 
translation, creating a novel treatment for depression and pain states, common comorbidities in 
PD, as well as a dual therapy for LID. 
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Abstract: One of the most common treatment for Parkinson’s disease is long-term treatment 
with L-DOPA, which usually induces the onset of side effects as L-DOPA-induced dyskinesia 
(LID). LID is characterized by severe axial, limb, locomotor and orofacial abnormal involuntary 
movements (AIMs). Lesion plus chronic treatment with L-DOPA facilitates the arise of an 
inflammatory environment within the striatum. Our aim was to evaluate if there is a modulation 
of inflammatory mediators in hemiparkinsonian mice treated with L-DOPA. We performed the 
apomorphine rotational test and selected C57BL/6 mice with more than 4 contralateral 
rotations/minute to compose the experimental groups 6-hydroxydopamine (6-OHDA; n=8). To 
compose the L-DOPA group, mice with a 6-OHDA lesion received L-DOPA (25 
mg/kg+Benserazide 10 mg/kg i.p.) for 21 days. Animals with more than 50% of maximum 
global AIMs scores were selected. L-DOPA induced the manifestation of intense AIMs during 
the 21 days of treatment, differently from 6-OHDA group (treatment: F(1,14)=259,1 p<.05). 
Treatment with L-DOPA significantly increased the number of COX-2-positive neurons in the 
lesioned striatum, rostral (side: F(1,26)=3,851 p>.05; treatment: F(1,26)=4,818 p<.05; interaction 
F(1,26)=8,994 p<.05), medial (side: F(1,26)=18,47 p<.05; treatment F(1,26)=16,10 p<.05; 
interaction F(1,26)=15,82 p< .05) and caudal (side: F (1, 26)=26,83 p<.05; treatment 
F(1,26)=12,98 p<.05; interaction F(1,26)=12,88 p<.05). Similarly, NF-ƙB was increased in 
animals treated with L-DOPA (student’s t unpaired test: t=3,510 df=6; p<.05). To further 
understand the participation of glial cells in the inflammation, we quantified IBA-1 and GFAP 
positive cells in the striatum by immunohistochemistry. Our results showed in mice IBA-1 cells 
were not responsive to L-DOPA treatment into rostral (side: F(1,26)=3,051 p>.05; treatment: 
F(1,26)=4,557 p< .05; interaction: F(1,26)=0,6375 p>.05), medial (side: F(1,26)=8,351 p<.05; 



treatment: F(1,26)=5,352 p<.05; interaction: F (1,26)=1,666 p>.05) and caudal striatum (side: 
F(1,26)=27,56 p<.05; treatment: F(1,26)=4,557 p<.05; interaction: F(1,26)=1,588 p>.05). There 
was a reduction of GFAP-positive cells into the striatum rostral (side: F(1,26)=40,42 p<.05; 
treatment: F (1,26)=6,582 p<.05; interaction: F(1,26)=3,763 p> .05) medial (side: F(1,26)=96,19 
p<.05; treatment: F (1,26)=28,92 p<.05; interaction: F (1,26)=20,80 p<.05), and caudal (side: 
F(1,26)=49,69 p<.05; treatment: F (1, 26)=7,451 p<.05; interaction: F (1,26)=1,720 p>.05). Here, 
we suggest that in mice L-DOPA promotes the onset of inflammation independent of glial cells 
expression. 
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Abstract: Long-term administration of L-DOPA, the mainstay therapy for Parkinson's disease 
(PD) patients, is accompanied by the development of dyskinesia, a disabling motor complication 
that dramatically affects patients’ quality of life. L-DOPA-induced dyskinesias (LID) have 
consistently been related to abnormal dopaminergic transmission, with dysfunctions in down-
stream signaling of the D1 receptors as the most characterizing feature. Our group has recently 
demonstrated that the inhibition of 5α-reductase (5AR), the rate-limiting enzyme for 
neurosteroids synthesis, elicits marked anti-dopaminergic effects. We found that the 5AR 
inhibitor finasteride (FIN) normalized several behavioral alterations induced by the 
administration of dopaminergic agonists, through a negative post-synaptic modulation of D1 
receptor in the striatum. Since LID is closely related to abnormal striatal dopamine D1 signaling, 
the aim of the present study was to investigate whether the pharmacological blockade of this 



enzyme may impact on the development and expression of dyskinesia induced by both L-DOPA 
and SKF 82958, the full selective D1 agonist. Adult male and female rats were monolaterally 
lesioned with 6-OHDA and subjected to chronic L-DOPA administration. First, we assessed the 
acute effect of different doses of FIN (15-60 mg/kg) on established dyskinesia, in male and 
female 6-OHDA-lesioned rats. Based on these results, we then evaluated the impact of chronic 
FIN treatment (30-60 mg/kg) on drug-naïve and L-DOPA-primed 6-OHDA-lesioned rats. In 
addition, to investigate whether the effects of FIN on LID may be ascribed to a modulation of D1 
receptors, dyskinesias were assessed in 6-OHDA-lesioned rats treated with SKF 82958 in 
combination with FIN. The results of the present study indicated that acute injections of FIN 
reduced LID in both male and female 6-OHDA-lesioned rats in a dose-dependent manner. 
Similar to the acute treatment, chronic FIN injections significantly dampened dyskinesia in both 
drug-naïve and L-DOPA-primed rats. Interestingly, FIN treatment was also able to counteract the 
expression of dyskinesia induced by SKF 82958 administration. To our knowledge, this is the 
first study that highlights a possible role of 5AR and its related neurosteroids in the 
pathophysiology of LID, and suggests FIN as a promising therapeutic agent for the treatment of 
dyskinesia. Furthermore, these results support recent clinical findings showing therapeutic 
properties of FIN in pathological conditions related to abnormal striatal dopamine transmission, 
such as Tourette Syndrome and impulse control disorders. 
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Abstract: The standard treatment for mid- to late-stage Parkinson’s disease (PD) is DA 
replacement therapy via L-DOPA. While initially effective at relieving parkinsonian motor 



symptoms, chronic use leads to abnormal involuntary movements (AIMs), known as L-DOPA 
induced dyskinesia (LID). Previous research has also shown that repeated exposure to L-DOPA 
leads to an upregulation of striatal gene expression for preproenkephalin (PPE), preprotachykinin 
(PPT), preprodynorphin (PPD) and c-fos. In recent years, research has shown that 
pharmacological targeting of the serotonin 1A receptor (5-HT1AR) or the serotonin transporter 
(SERT) can reduce LID, although to this point, clinical efficacy has been limited. Our laboratory 
recently identified the FDA-approved anti-depressant Vilazodone, a partial 5-HT1AR agonist and 
a SERT inhibitor, as a potential novel therapeutic compound for LID management. The aim of 
this study was to determine the preventative effects of Vilazodone against behavioral 
manifestation of LID development and on upregulation of dyskinesia-related transcripts. Using a 
between-subjects design, adult rats received unilateral sham or 6-OHDA lesions and were 
administered daily injections of Vilazodone (0, 10, 20 mg/kg; s.c.) 5 minutes prior to L-DOPA (0 
or 6 mg/kg; s.c.) for 22 days. AIMs and forepaw adjusting steps were recorded every 7 days to 
measure dyskinesia development and motor performance, respectively. Animals were sacrificed 
on treatment and striatal tissue was collected for analysis via real time-polymerase chain reaction 
(RT-PCR). Behavioral results revealed that when administered just before L-DOPA, Vilazodone 
prevented the development of LID in 6-OHDA lesioned rats, without interfering with L-DOPA’s 
motor efficacy. RT-PCR results showed that Vilazodone treatment reduced expression of the 
dyskinesia-associated transcripts PPE, PPD and c-fos that are typically elevated with L-DOPA 
administration, suggesting key neurosubstrates underlying the behavioral effects. Thus, 
Vilazodone’s unique ability to co-target 5-HT1AR and SERT provides a promising strategy for 
preventing both the behavioral manifestations and signaling changes underlying LID. 
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Abstract: L-dopa-induced dyskinesia (LID) is one of the most common and frequently dose-
limiting complications of pharmacologic therapy for Parkinson disease (PD). These typically 
choreiform movements, usually occurring at the time of peak levodopa effect, occur in 40% to 
50% of patients after 5 years of therapy but have a reported incidence as high as 94% in a 
carefully conducted prospective study of patients under treatment for 15 years. Among the 
cellular alterations underlying LID, impairment of cortico-striatal synaptic plasticity is the main 
electrophysiological signature associated with the appearance of abnormal involuntary 
movements (AIMs). The rationale for testing Xenon in LID was based upon its NMDA receptor 
antagonistic properties an action similar to amantadine, the only one agent to date to effectively 
reduce LID. Here, we show that xenon (xenon-O2 50%/50%) reduces L-DOPA-induced 
abnormal involuntary movements (AIMs) in the 6-OHDA-lesioned rat and the MPTP monkey 
models of Parkinson’s disease, with comparable efficacy than amantadine. LID are associated 
with an inability to depotentiate the L-DOPA-permitted long-term potentiation of the 
glutamatergic cortico-striatal synapses. Using acute cortico-striatal brain slices, we showed that 
xenon enables depotentiation of cortico-striatal synapses in dyskinetic mice, strongly grounding 
the mechanism of action 
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disorder characterized by tremor, 
rigidity, slowness of movement, and difficulty with walking and gait. The main pathological 
feature of PD is the cell death of dopaminergic neurons located in the substantia nigra pars 
compacta (SNc). These dopaminergic neurons project to the striatum as well as to a number of 
other subcortical regions. MPTP (1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine) is a neurotoxin 
that produces a parkinsonian syndrome in both humans and experimental animals. Systemic 
administration of MPTP to non-human primates and mice causes irreversible and selective loss 
of dopaminergic neurons in SNc, and depletion of striatal dopamine (DA) levels. DA plays an 
important role in the mediation of movement, cognition and emotion. Loss of DA-containing 
neurons in striatum, results in a loss of DA transporters (DAT) in the presynaptic nerve terminals 
and hence the reduction of DAT density is inversely correlated with the severity of motor 
dysfunction. The purpose of this study was to investigate the effects of different MPTP dosing 
approaches on dopaminergic brain functions in C57BL/6J male mice. MPTP was administered 
intraperitoneally (i.p.) or subcutaneously (s.c.) at different doses (16 - 20 mg/kg) two times a day 
with 3h-interval on two consecutive days. After 4-11 days of recovery mice were euthanized, and 
brains used for measurement of striatal DA levels by HPLC, analysis of SNc dopaminergic 
neurons by tyrosine hydroxylase (TH) immunohistochemistry, and striatal DAT using 
SPECT/CT with cocaine analogues such as b-CIT (123I). These results show s.c. MPTP dosing 
results in more profound striatal DA depletion compared i.p. MPTP treatment (94% vs. 77%). 
The decrease of DAT density in striatum was observed already 4 days after MPTP, and 
significant decrease was seen after 11 days. 
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Abstract: Although Parkinson’s disease is currently classified as a motor disorder, a substantial 
portion of patients also displays cognitive deficits, symptoms that may present prior to motor 
impairment. Therefore, the aim of the present study was to identify the extent of dopamine 
depletion, in an animal model of Parkinson’s disease, in which cognitive deficits manifest. To 
explore this, rats received bilateral intranigral infusions of the neurotoxin 6-hydroxydopamine, 
and animals were assigned into three different lesion groups: mild (30-69%), moderate (70-
89%), and severe (>90%). Animals were assessed on their ability to learn a visual stimulus 
response task across 5 test days. Subsequently, rats were then shifted to a response-learning task 
for 4 days. After behavioral testing, post-mortem monoamine levels were assayed from the 
dorsal striatum, nucleus accumbens and medial prefrontal cortex. The results for visual 
association performance demonstrated that rats with mild lesions performed better than controls 
during day 3 of testing. In the response task, the data during the acquisition phase indicate that 
animals with mild lesions performed significantly worse than control animals, which was days 1-
2 when improvement was steep. Current analyses aim to elucidate whether cognitive deficits 
exist in the ability of rats with compromised dopamine to shift strategies when they transition 
from the visual association to the response task. . Future work will examine additional cognitive 
abilities, such as the five choice serial reaction time task, to determine the breadth of cognitive 
disruption. Early detection of such cognitive impairments among Parkinson's patients may serve 
as an important diagnostic criterion during early onset of the disease. 
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Abstract: Introduction. Parkinson's disease (PD) is characterized by typical motor symptoms 
(rigidity, tremor, postural inestability and bradykinesia) and non-motor symptoms: anxiety, 
depression, chronic fatigue and sleep disorders. Anxiety and depression in PD patients mainly 
associated with three neurotransmitters; dopamine, norepinephrine and serotonin. 
Objective. Determine the effects of an implant TiO2DA inserted in the caudate nucleus in a rat 
model hemiparkinsonism induced on motor activity and its correlation with dopamine and 
serotonin levels. 
Material and methods. Male Wistar rats (250-300 g) were used, which were randomly divided 
into 4 groups: a) control b) injury (Lx); c) Lx+implant (Lx+I); d) Implant (I). For 21 days post-
injury motor activity was evaluated next tests: 1. The exploration behavior of rats was conducted 
into acrylic box, the test was recorded for five minutes, and were assessed global activity time, 
and inactivity time; 2. The rotational behavior was rated after subcutaneous administration of 
apomorphine (0.05 mg/kg), and was recorded for fifty minutes, through count of spins; 3. For the 
swimming forced test, was evaluated the activity and inactivity during 1 min in the fishbowl and 
test was recorded. In each group, determinations levels dopamine and 5-HT were performed, by 
means of HPLC. 
Results. The exploratory behavior in the Lx group showed a decrement significative of activity 
exploratory regarding control group, for the other hand, Lx+I group enhanced the activity 
exploratory and movements in relationship to Lx group, showing similar behavior to the control 
group. The I group not showed significantly difference to control group. In the rotational 
behavior, the control group rats showed spins to the predominant side, Lx group increased the 
number of spins toward contralateral injury side with respect control group, Lx + I group 
revealed similar activity to control group and showed significant difference to Lx group. In the 
swimming force test the Lx + I group, increased significantly swimming behavior in relationship 
to Lx group. Implant group showed hyperactivity in swimming behavior. 
Conclusions. Implant placement (TiO2DA) in rats hemiparkinsonian improved motor activity 
due to increased levels of DA in striatum and increased in the concentrations of 5HT in striatum, 
moreover correlating with improvement in the condition of adaptability. The results obtained in 
our model suggest that the TiO2DA implant in the caudate nucleus of rats induces a beneficial 
effect that can be attributed to the dopamine released from the TiO2DA complexes into caudate 
nucleus. 
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Abstract: Parkinson’s disease (PD) is a complex disorder involving a myriad of symptoms 
including motor dysfunction, emotionality, and cognitive deficits. Although nigrostriatal 
dopaminergic loss is pronounced in PD, it is not the only region affected. Degeneration of the 
dorsal raphe nucleus (DRN) and the locus coeruleus (LC) is believed to contribute to the 
development of non-motor symptoms of PD which include depression, anxiety, and cognitive 
abnormalities. Non-motor symptoms greatly affect the quality of life of individuals with PD, 
highlighting the importance of identifying animal models that recapitulate both motor and non-
motor aspects of the disease. Here, we have assessed the DJ-1 knockout (KO) rat to determine if 
it is effective in modeling PD symptomatology. Complete loss of the DJ-1 gene leads to an 
autosomal recessive early-onset familial form of PD. The DJ-1 protein itself is involved in many 
different functions such as maintenance of mitochondrial integrity. Our previous work has shown 
that DJ-1 KO animals begin to exhibit motor hyperactivity as early as 4 months of age and 
display cognitive deficits at 15 months compared to control wildtype (WT) rats. Preliminary 
stereological cell counts at 17 months revealed no dopaminergic neuronal loss in the substantia 
nigra pars compacta (SNpc), a strong trend for loss of serotonergic neurons in the DRN, and 
significant loss of noradrenergic neurons in the LC in DJ-1 KO rats. In the current study, we 
performed non-motor tests (novel object recognition, spontaneous alternation T-maze, forced 
swim test) at an early time point to determine if there are cognitive and emotionality changes 
prior to middle age. The DJ-1 KO animals, at approximately 4 months of age, displayed short 
term memory deficits in the spontaneous alternation T-maze test and cognitive deficits in the 



novel object recognition task. In the forced swim test, DJ-1 KO rats exhibited an increase in 
immobility compared to WT animals, indicating increased behavioral despair. Animals were 
sacrificed at two time points (at 5 and 8 months of age) and stereological cell counts of 
monoaminergic neurons of the SNpc, DRN, and LC are ongoing to determine if degeneration 
occurs before 17 months. We are also performing high performance liquid chromatography on 
multiple brain regions to determine the concentration of dopamine and its metabolites. 
Mitochondrial dysfunction is being evaluated via a Seahorse analysis of mitochondria in the 
SNpc, DRN, LC, and striatum. These results to date highlight the utility of the DJ-1 KO rats for 
evaluation of non-motor symptoms and corresponding neurodegeneration as a prodromal model 
of PD. 
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Abstract: We have recently characterized behavioral phenotypes of Pink1 -/- rats in terms of 
gross and fine sensorimotor function, oromotor function, and vocalization. Previously, we found 
that vocalization deficits occur in the preclinical period (2-8 months) and progressively worsen 
over time. These deficits were accompanied by α-synuclein aggregation within the 
periaqueductal gray, which integrates vocal motor function with emotional states. The protocol 
to elicit these 50-kHz calls uses a sociosexual paradigm. As sexual dysfunction is a prominent 



non-motor sign of Parkinson Disease (PD), the contribution of this dysfunction to 
communication interactions within this model is unknown. We hypothesized that the Pink1 -/- rat 
would show sexual dysfunction at an early age that would persist over time. 18 male Pink1 -/- 
animals and 12 age matched wild-type (WT) controls were assayed for sociosexual interest at 6, 
8, and 10 months of age. Each animal was placed in the home cage with a sexually receptive 
estrous female for 5 minutes or up to 2 intromissions. The following variables were analyzed in 
order to obtain a composite sociosexual score: latency to mount, number of intromissions, 
number of mounts, time spent sniffing female, time spent in pursuit, and time spent in the same 
half of the cage. This assay’s composite score are currently being validated and tested for 
reliability. As olfactory deficits could be a confounding factor in sexual interest, we also tested 
olfactory discrimination. Each animal was placed in the home cage for 2 minutes with three 
wooden balls, each one scented with either an unfamiliar female, unfamiliar male, or home cage 
scent. Time spent sniffing each ball was analyzed by blinded raters, and the discrimination index 
was calculated. We found that the Pink1 -/- animals had significantly increased latencies to 
mount and decreased composite sociosexual scores as compared to WT controls. Pink1 -/- 
animals also showed greater avoidance of the female compared to WT animals, spending a lower 
percentage of time in the same half of the cage. However, there were no significant differences in 
olfactory discrimination or time spent sniffing the female between WT and Pink1 -/- rats. This 
indicates that the animals’ decreased interest in social or sexual interaction is likely not due to 
deficits in olfaction. This suggests that the Pink1 -/- rat experiences sexual dysfunction that may 
contribute to deficits in social communication. This is important to consider when assaying vocal 
sensorimotor control. This work contributes to our ongoing efforts to characterize the Pink1 -/- 
rat as a useful model for studying complex brain and behavioral relationships with regard to PD. 
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Pink1 -/- rat model of Parkinson disease 
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Abstract: Hereditary Parkinson disease (PD) is linked to homozygous mutations in the Pink1 
gene and hypothesized to influence mitochondrial responses to cellular stress, implicated in 
proteinaceous inclusions, and may be linked to nigrostriatal dopamine depletion. Here, we use 
the genetic rat model of PD, Pink1 -/-, to model early-onset PD behavioral deficits as well as 
characterize molecular dysfunction. Recent data show that at 8 months of age male Pink1 -/- rats 
exhibit (A) early and progressive motor deficits as compared to wildtype (WT) controls, (B) a 
50% reduction in tyrosine hydroxylase-positive cells in the substantia nigra, (C) no reduction in 
tyrosine hydroxylase density in the striatum, and (D) proteinase-K insoluble alpha-synuclein 
aggregations in the substantia nigra, but not the striatum. We hypothesize that motor deficits are 
linked to preliminary nigrostriatal cell dysfunction. In experiment 1, we used Pink1 -/- (n=12) 
and WT (n=6) animals to investigate whether key genes involved in dopaminergic and cellular 
activity in the substantia nigra and striatum are dysregulated using real-time qPCR to analyze the 
relative expression of mRNAs encoding: tyrosine hydroxylase, dopamine beta hydroxylase, 
dopamine receptor 1 and 2, dopamine active transporter, catechol-O-methyltransferase, 
monoamine oxidase A and B, alpha-synuclein, ATPase type 13A2, and glutamate decarboxylase 
1. We found a significant downregulation of dopamine receptor 1 and glutamate decarboxylase 1 
in the substantia nigra suggesting a deficit in neuronal transmission. We also observe a trend for 
an upregulation in dopamine active transporter in the striatum of Pink1 -/- animals compared to 
WT suggesting a possible mechanism of compensation for nigral cell loss. We did not see 
significant differences in other gene expression. In experiment 2, we treated Pink1 -/- rats (n=8) 
with a therapeutic oral dose of levodopa, and subsequently analyzed motor skills. We found that 
levodopa significantly improved forelimb and hindlimb gait, but did not increase overall motor 
activity. There was also a trend for levodopa to decrease the time to traverse and number of foot 
faults on a challenge beam. We did not see improvement in fine motor patterns in paw grip on a 
ladder test, or in ultrasonic vocalizations measuring cranial sensorimotor dysfunction. These 
results suggest that pharmacological replacement with levodopa improves some, but not all 
motor deficits and consistent with our evolving hypothesis that differences in neural substrates 
and non-dopaminergic mechanisms may contribute to the early pathogenesis of motor behaviors 
in the Pink1 -/- rat model of PD. 
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Abstract: The complex neuropathology underlying ingestive deficits of Parkinson Disease (PD) 
is poorly understood. One of the key regions that controls ingestive function, the dorsal motor 
nucleus of the vagus (DMV), is considered to be a critical trigger region in PD pathology, as it 
has been shown to incur pathological aggregation of alpha synuclein (a-syn) protein as well as 
high levels of cell death in the earliest stages of PD in human patients. Recent work has shown 
that the Pink1 knockout (-/-) rat model of PD shows early and progressive physiological deficits 
in ingestive behaviors, including oropharyngeal swallowing and defecation and pathological 
aggregation of a-syn in regions of interest controlling these behaviors, including the DMV. In 
this model, we analyzed optical density of the microglia marker OX-42 in the DMV and showed 
that contrary to our hypothesis, OX-42 was significantly decreased in ten month-old Pink1 -/- 
animals (n=12) compared to age-matched wild-type controls (n=12) (t 1, 23=, p<.01), despite co-
occurring with a-syn aggregation that is known to trigger microgliosis. To further investigate this 
finding we performed immunohistochemistry for OX-42, GFAP, and IL-1B on brain tissue 
sections from the same rats. In the current work, we speculate that a decrease in OX-42 signal 
could occur via two mechanisms: 1.) a decrease in microglial cell number and 2.) a decrease in 
the amount and complexity of processes stemming from microglial cells. We hypothesize that 1). 
microglial cells in the DMV of Pink1-/- rats will show less immunoreactivity for the pro-
inflammatory cytokine interleukin 1 beta (IL-1B) and 2).astroglial cells will show alterations to 
morphology (shorter and reduced number of processes) and a reduction in cell number similar to 
microglial cells. Microglial and astroglial cell counts as well as the proportion of microglial cells 
immunopositive for IL-1B will be quantified using the optical fractionator probe in 
Stereoinvestigator. Further, the average area occupied by glial cells will be quantified. 
Preliminary qualitative assessment in a subset of these data suggest that there is a reduction in 



the number of glial cells in the DMV at 10 months of age in Pink1 -/- animals compared to wild-
type controls; the full data set will be presented. These findings may contribute to our 
understanding of how PD pathology manifests in terms of alterations to glial structure and 
function and, thus, central nervous system immune and ingestive function. 
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Abstract: Up to now Parkinson's disease (PD) still doesn’t have effectively therapeutic 
strategies. According to the pathogenesis of PD, a hypothesis are proposed that oxidative stress 
can lead to lipid peroxidation, produce reactive oxygen species (ROS) and a series of small 
molecule active aldehyde.Active aldehyde and dopamine (DA) can produce catechol 
tetrahydroisoquinolines (CTIQs) in the brain including salsolinol (Sal) and N-methylsalsolinol 
(NMSal), These CTIQs can be metabolized via N-methylation and oxidation to cytotoxic MPP+-
like neurotoxins that in turn inhibit mitochondria Complex I which leads to decreasing ATP 
content in tissue and makes a vicious cycle that finally leads to 
neurodegeneration,meanwhile,regulatory T Cells (Treg), effector T cells (Teff) response 
operation and microglia selective activation in the immune system , which might play an 
important role in PD. In this study, we sought to determine the tolerance dose of endogenous 
neurotoxins on rat model and whether PD is associated with leukocyte infiltration and microglia 
activation within substantial nigra (SN) region affected by NMSal, if so, whether this process 



contributes to dopaminergic neuron (DN) degeneration. We used adult male wistar rats to 
establish PD rat model via injecting concentration gradient of endogenous 
neurotoxin,NMSal(100nmol,250nmol,500nmol) or 6-Hydroxydopamine (6-OHDA) into right 
SN region by stereotaxic apparatus. At 2, 4, 8 weeks post-surgery, the rats were performed in 
motor behavior test and sacrificed later for other experiments.The results revealed that 
stereotaxic injection of endogenous neurotoxin or 6-OHDA decreased the density of tyrosine 
hydroxylase(TH) which is the specific mark of DN. The overall level of injury showed a dose 
trend of NMSal, interestingly, the injury induced by 100nmol NMSal was showed at 4, 8 week, 
which suggest that toxicity of NMSal was increased by cyclic hypothesis in vivo. The infiltration 
of leukocyte in brain was detected subsequently, and the results showed that T lymphocytes 
infiltrated the damaged brain area and there is dose effect in the level of infiltration, which 
increased with the NMSal dose. The activation of microglia was then detected by specificity 
mark, which indicated that microglia are activated in the injured area, and the activated level of 
microglia became higher with the aggravation of the injury,which might induce apoptosis in 
neuronal cells. This study mainly investigated the possible role of neural immune interactions in 
the pathogenesis of PD, and puts forward the possible research direction in the basic experiment 
and clinical application. 
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Abstract: Multiple System Atrophy (MSA) is a rapidly progressing, fatal neurodegenerative 
disease. 
Clinical symptoms include parkinsonism, cerebellar ataxia, autonomic failure and sleep 
symptoms. Sleep related symptoms, such as rapid eye movement sleep behavior disorder (RBD), 
breathing disorders and restless legs syndrome are very common in MSA patients and precede 
MSA diagnosis. The PLP-αSYN mouse model for MSA is a very well established animal model 
that shows a strikingly similar behavioral phenotype. Novel findings of MSA-related sleep 
symptoms would further increase face validity. Additionally, longitudinal age- and disease-
related differences in the EEG could be utilized to establish predictive validity for the first time 
in this animal model. 
We performed chronic, longitudinal EEG recordings in freely behaving young MSA mice 
without MSA-like motor symptoms and in old MSA mice showing an extensive behavioral 
phenotype. The recordings were completed with age-matched young and old C57BL\6 N 
controls (BL6). 
Young MSA animals showed increased rapid eye movement sleep (REMS) during the inactive 
period and increased spectral power of the EEG during wakefulness and REMS, compared with 
old MSA animals and BL6- controls. In addition, old MSA mice showed REMS without atonia 
(REM-A), a major symptom of RBD and MSA. 
On the one hand our findings further increase face validity of the PLP-αSYN mouse model for 
MSA. On the other hand we could establish predictive validity for the first time: The finding of 
increased spectral power is in striking accordance to studies in humans with idiopathic REMS 
behavior disorder (RBD), which is a strong precursor of neurodegenerative diseases, such as 
MSA. Early treatment strategies could be tested in the PLP-αSYN model with novel drugs 
preventing symptoms such as shifts in spectral power or increased REMS. Additionally, late 
abatement strategies could be tested in the animal model with novel drugs which decrease REM-
A. 
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Abstract: Background: Parkinson’s disease (PD) is a neurodegenerative disorder characterized 
by the loss of dopaminergic neurons in the substantia nigra. The motor symptoms of PD do not 
appear until the majority of dopaminergic neurons have been lost; as such, a clinically relevant 
toxin-based model of PD was selected to reflect the neuronal environment at the time of 
diagnosis. Trophic factors are a family of brain-nourishing proteins that support the growth and 
survival of neurons. Indeed, many trophic factors have demonstrated promise as both protective 
and potentially regenerative therapeutic options in models of stroke and spinal cord injury. More 
recently, trophic factors have been utilized in models of neurodegenerative disease, including 
PD. Erythropoietin (EPO) is a hematopoietic cytokine best known for its role in the development 
and differentiation of immature erythrocyte cells. More recent research has revealed a potential 
role for EPO and its receptor in the prevention of neuronal cell death. As such, it has become an 
attractive candidate for models of neurodegenerative disease. The current study sought to 
investigate the effects EPO in a unilateral 6-hydroxydopamine (6-OHDA) mouse model of PD. 
Methods: Male C57/Bl mice underwent stereotaxic surgery, during which they were 
administered either 15U or 20U of EPO directly into the left substantia nigra, followed by 12ug 
of 6-OHDA into the left striatum. Behavioural measures investigated gait and coordination and 
included the CatWalk and the Rotarod. Immunohistochemistry was performed on sections of the 
striatum and substantia nigra (TH and CD68). Stereological counts were performed to determine 
the number of TH-positive cells in the substantia nigra. Results: Striatal lesions were moderate 
overall, with a mean of approximately 40%. Ipsilateral cell counts revealed significant loss of 
TH-positive cells in the substantia nigra in all treatment groups when compared to the 
saline/saline control. Behavioural data revealed alterations in gait and coordination following 6-
OHDA administration, and further suggested that EPO may be modulating this response. 
Immunohistochemical analysis revealed that EPO may be modulating the inflammatory response 
via the activation of microglia, and thus influencing the survival of neuronal cells. Conclusion: 
Central EPO administration influenced both the behavioural outcomes and cellular function in a 
toxin-based mouse model of PD. 
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Abstract: α-synuclein pathology is clearly linked to Parkinson’s disease (PD) and related mild 
cognitive impairment and dementia, which happen early in the disease process. Drug discovery 
for PD needs translational in vitro and in vivo models that are recapitulating natural disease 
onset. Here, we report novel in vitro and in vivo models employing minute amounts of highly 
reproducible α-synuclein oligomer (aSO) or fibrillar (aSF) preparations. 
We first evaluated the effect of aSO and aSF on primary mouse neurons. Both preparations 
induce dose-dependent increase in neurodegeneration over time, distinct from the effects of 
amyloid-β oligomers (AbO). Cell shrinkage and destruction of the entire neuronal network takes 
place within 72h. These effects are greater for aSO and on striatal neurons rather than for aSF 
and on hippocampal neurons. aSO-induced neurodegeneration was attenuated by brain-derived 
neurotrophic factor in a dose dependent fashion, providing a positive control for assays. aSO-
induced neurodegeneration was also assessed in IPS cell-derived human neurons using neuron 
specific enolase as a specific readout for neuronal survival. The benefits of epigallocatechin 
gallate, as well as rescuing antibodies were successfully investigated in these assays. 
Finally, we assessed the effect of a single striatal injection of minute aSO or aSF amounts in 
mice for the induction of behavioral changes: a profound deficit in the novel objet recognition 
test was observed from day 15 up to the maximum investigated time period of three months for 
aSO, indicating neurodegeneration in the perirhinal cortex. However, up to three months, no 
deficit in the pre-frontal cortex based Y-maze assay, or typical α-synuclein pathology could be 
detected. On the other hand, aSF induced clear α-synuclein pathology within a fortnight, but no 
detectable cognitive decline before three months. 
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Abstract: Dysregulation of hypoxia-inducible factor 1 (HIF-1) signaling pathways have been 
implicated in Parkinson’s 
disease (PD). Studies in animal models of PD have evaluated the efficacy of pharmacological 
stabilization of 
the oxygen-labile HIF-1α subunit, and have reported normalization of dopamine 
neurotransmission, protection 
of dopaminergic neurons, and improved motor performance. Apart from these studies, exercise 
has also been 
implicated in modulation of neurotransmission, altering synaptogenesis, and improving motor 
performance in 
animal models and patients with PD. Recent studies from our lab and others have shown that 
HIF-1α 
expression levels are increased in the brain after exercise. While the relationship between HIF-1 
and exercise 
have not yet been fully elucidated, taken together, these findings suggest a potential interaction 
between the 
two. In this study we explore the role of HIF-1 as a critical regulatory element in cellular 
adaptation to increased 
metabolic demand imposed by aerobic exercise (treadmill running) and as a facilitator of 
experience- 
dependent neuroplasticity in the MPTP mouse model of PD. Here, we show that HIF-1α and 
several HIF-1 
target genes controlling the regulation of energy metabolism, neurogenesis, and angiogenesis are 
upregulated 
within the striatum, a motor region that has been shown to be targeted by exercise-induced 
neuroplasticity, 
after intensive treadmill exercise. 
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Abstract: Parkinson's Disease (PD) is a progressive neurodegenerative disorder of which the 
underlying cause remains unknown; however, neuroinflammation has been hypothesized to be a 
key player. It is classically characterized by the loss of dopamine (DA) in the substantia nigra 
(SN) leading to motor symptoms; and early loss of noradrenaline (NA) has also been reported. In 
addition, Non-Motor symptoms (NMS), such as olfactory deficits, often precede the motor 
symptoms. Therefore, a novel toxin model mimicking the early stage of PD focusing on the loss 
of NA preceding DA loss was designed. The effects of a peptide drug exendin-4 (EX-4), 
approved for the treatment of type 2 diabetes mellitus (T2DM) and in clinical trial for 
Parkinson's disease, were investigated in the ESPD model. 
Establishment of the novel rat ESPD model was carried out by confirming the presence of 
olfactory deficits as a NMS, measuring the levels of DA and NA synthesis, and identifying the 
presence of neuroinflammation. Male Wistar rats received a single intraperitoneal administration 
of N-2-chloroethyl-N-ethyl-2-bromobenzulamine (DSP-4) to induce the loss of NA, followed by 
the intrastriatal administration of 6-hydroxydopamine (6-OHDA) to induce the loss of DA. 
An overall olfactory deficit was found in the ESPD model and interestingly, could be reversed by 
EX-4 treatment. Characterization of the cellular populations in the piriform cortex (PC) 
demonstrated an increase of neuroinflammation. This was indicated by the increase in glial 
fibrillary acidic protein (GFAP) and CD11b expression in astrocytes and microglia, respectively, 
using immunohistochemistry analysis in the ESPD model compared with the sham control. In 
addition, immunofluorescence analysis revealed the loss of the normally distinct PC lamination 
in the ESPD model when compared with the saline treated animals. Also, a nearly complete loss 
of glutamic acid decarboxylase-67-positive (GAD-67+) interneurones expressing parvalbumin 
(PV), calbindin (CB) and calretinin (CR) across all layers was observed in the ESPD model. A 
moderate loss was demonstrated in interneurones expressing cholestocystokinin (CCK) across all 



layers. All observed changes, except for the loss of CCK+ interneurones, were improved by 
treatment with EX-4. 
It is proposed that these cellular changes observed in the PC could potentially underlie the 
behavioural changes in olfaction observed in the novel ESPD model. More importantly, the 
findings from this study strongly support a role for EX-4 as a potential novel candidate for PD 
therapy in the future. 
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Abstract: L-DOPA-induced dyskinesia (LID) remains a significant problem in the management 
of PD. A therapy that could enhance L-DOPA actions without exacerbating dyskinesia would 
allow L-DOPA reduction to be implemented as a means to avoid the impact of LID. In rodent 
and non-human primate (NHP) models of PD, delta opioid receptor agonists have anti-
parkinsonian actions while mu opioid antagonists can reduce the expression of LID. DPI-289 is a 
novel, small molecule drug with a combination of delta opioid agonist and mu opioid antagonist 
(DAMA) actions. We hypothesised that the combined actions of a DAMA would provide an 
enhancement of L-DOPA actions that were not associated with increased L-DOPA-induced 
dyskinesia. Eight female cynomolgus macaques were rendered parkinsonian with MPTP. LID 
was established by repeated once daily L-DOPA therapy. The actions of DPI-289 (1-20mg/kg, 
p.o.) on motor activity, parkinsonism and dyskinesia, as monotherapy and in combination with 
L-DOPA were evaluated. For each animal, two doses of L-DOPA were defined, high and low 
(LDh and LDl) so as to provide either a maximal anti-parkinsonian benefit with dyskinesia or a 
threshold anti-parkinsonian benefit without dyskinesia. As monotherapy, DPI-289 (10 and 



20mg/kg) had significant, though incomplete, anti-parkinsonian actions lasting approximately 4 
h. These benefits were not associated with dyskinesia. Thus, DPI-289 (20 mg/kg) decreased 
parkinsonism by 19% and increased activity by 67% 0-6 h (P<0.001 and P<0.05 respectively, cf. 
vehicle treatment). In contrast, LDh alleviated parkinsonism, but this was accompanied by 
significant levels of dyskinesia. LDh provided a 50% reduction in parkinsonism over 0-6 h 
(P<0.01) and 151% increase in activity (P<0.05). The combination of DPI-289 (20 mg/kg) and 
LDl provided anti-parkinsonian benefits greater than LDl alone without eliciting any significant 
dyskinesia. Thus, the combination of LDl and DPI-289 reduced parkinsonism for up to 6 h 
(p<0.01 cf. vehicle alone), longer than either LDh, LDl or DPI-289 alone, with parkinsonism 
being reduced by 35% and activity increased by 90% (both P<0.05 cf. vehicle alone). 
Combination therapy resulted in no change in levels of dyskinesia compared to LDl alone. The 
actions of the L-DOPA/ DPI-289 combination were qualitatively distinct to those of high dose L-
DOPA alone, being especially pronounced on postural and attentional deficits. No adverse 
effects of treatment were observed at any period during the study. In MPTP-lesioned NHPs, the 
novel DAMA compound DPI-289 provided an enhancement of L-DOPA actions that has 
potential to be translated into a therapeutically-useful L-DOPA-sparing strategy. 
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Abstract: Many mutations in gene products such as Parkin, Pink1, DJ-1, LRRK2 and α-
synuclein have been linked to familial forms of Parkinson’s disease (PD). Although the 
consequences of these mutations, such as alteration in mitochondrial function and pathological 
protein aggregation, are only slowly starting to be better understood, little is known about the 
reasons why alterations in such ubiquitous cellular mechanisms lead to selective loss of restricted 
subsets of neurons, including substantia nigra (SNc) dopamine (DA) neurons. Recent work 
showed that one of the reasons underlying the high vulnerability of SNc DA neurons is their 
particularly high basal rate of mitochondrial oxidative phosphorylation (OXPHOS), which 
appears to be a consequence of their highly complex axonal arborization. Here we examined 
whether axonal growth and basal mitochondrial function are altered in postnatal SNc DA 
neurons cultured from Parkin, Pink1 or DJ-1 KO mice. We provide evidence for increased basal 
OXPHOS and reduced survival of SNc DA neurons with complex axonal arbors in Parkin KO 
DA neurons, with the remaining neurons, having a smaller axonal arborization, showing reduced 
vulnerability to MPP+, associated with reduced expression of the DA transporter. Finally, we 
provide evidence for an implication of glial cells in the reduced resilience of DA neurons. We 
found that Parkin KO glial cells showed an increased rate of glycolysis, with no changes in net 
ATP production, and a reduced rate of cell proliferation. Strikingly, culture of Parkin KO SNc 
DA neurons with WT astrocytes prevented the loss of neurons. Our data provide new insights 
into the complex relationship between mitochondrial function, axonal growth, glial cell function 
and genetic risk factors linked to PD. 
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Abstract: Parkinson’s disease is typified by the intraneuronal accumulation of misfolded a-
synuclein (a-syn) accompanied by the degeneration of specific neuronal populations. Studying 
how a-syn inclusions are linked to neuronal loss has proven to be challenging since few model 
systems reliably and concomitantly exhibit a-syn pathology and neurodegeneration. We have 
developed a model system for examining the neurotoxicity caused by a-syn pathology, using pre-
formed a-syn fibrils (PFFs) to seed pathology in primary WT hippocampal cultures. Using this 
system, we aim to identify cellular degenerative pathway(s) induced by a-syn pathology and 
determine whether neuronal subpopulations differ in their responses to PFF treatment. We use 
immunocytochemistry for neuronal markers (NeuN, MAP2, and neurofilament light chain) to 
show that PFFs reproducibly lead to neuronal loss and toxicity in WT but not Snca-/- neurons, 
supporting that endogenous a-syn is necessary for pathology formation and toxicity. 
Furthermore, a fibrillar conformation, such as that found in PFFs, is necessary to induce 
pathology and cell death since treatment with monomeric a-syn did not elicit either phenotype. 
Both the amount of a-syn pathology formed and neuronal loss show a dose dependent 
relationship with PFF seeding concentration, suggesting that pathological burden correlates with 
the degree of neurodegeneration. In particular, we found that CA1 and CA3 hippocampal 
glutamatergic neurons expressing the transcription factor Math2 are especially vulnerable to PFF 
induced toxicity, whereas other neuronal subtypes are generally resistant, regardless of 
neurotransmitter type. Our ongoing experiments will determine the mechanisms of this 
vulnerability and resistance to pathology displayed by these specific subpopulations of neurons. 
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Abstract: [Objective] Parkinson’s disease (PD) is a common neurodegenerative disorder caused 
by genetic and environmental factors, and characterized by degeneration of dopaminergic (DA) 
neurons in the substantia nigra. Molecular mechanisms underlying the loss of these neurons are 
still unknown. PARK2 is the most frequent autosomal recessive PD, caused by mutations of 
parkin, an E3 ubiquitin ligase. Induced pluripotent stem cells (iPSCs) derived from PARK2 
patients have been established, and increased oxidative stress was observed in neurons 
differentiated from these iPSCs (Imaizumi Y et al., 2012). In this study, we established an in 
vitro disease modeling and compounds screening platform using DA neurons differentiated from 
PARK2 iPSCs to identify compounds neuroprotective of DA neurons. [Methods] We developed 
an efficient and robust differentiation protocol for generation of DA neurons from iPSC-derived 
neural stem cells. Using PARK2 iPSC-derived DA neurons, we performed a high-content 
imaging assay in a 96-well plate format. [Results] Primary screening with a set of 1,165 
compounds of an existing drug library was completed, followed by a concentration-response 
follow-up study. We found compounds that exhibited potential neuroprotective effects on 
PARK2 iPSC-derived DA neurons. [Conclusion] We demonstrated the feasibility of the 
phenotypic screening using PARK2 iPSC-derived DA neurons, and found compounds that 
showed potential neuroprotective effects on PARK2 iPSC-derived DA neurons. These 
compounds may help to identify causes of the onset of PARK2 and potential new drugs and 
treatments for PD. 
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Abstract: Parkinson's disease (PD) is a neurodegenerative disorder caused by abnormal 
degeneration of dopaminergic neurons in the substantia nigra pars compacta (SNc). Recent 
studies suggest that a subpopulation of DA neurons in the midbrain co-expresses vesicular 
glutamate transport 2 (Vglut2) and co-releases glutamate and DA in the projection field - the 
striatum. Conditional knockout of Vglut2 gene (Vglut2-cKO) in DA neurons reduces DA neuron 
growth and survival in vitro cell cultures, suggesting that Vglut2 may be neuroprotective to 
midbrain DA neurons. However, it is unknown whether a reduction or loss of Vglut2 in DA 
neurons increases vulnerability or susceptibility of midbrain DA neurons to the neurotoxins 
MPTP. To test this hypothesis, we first used Vglut2-floxed mice crossed with DAT-cre mice to 
generate Vglut2-cKO in DA neurons (Vglut2flox/flox;DAT-Cre). We then compared the neurotoxic 
effects of MPTP on midbrain DA neurons and locomotion between Vglut2-cKO mice and 
control mice. We found that: 1) Vglut2-cKO in DA neurons did not significantly alter basal 
levels of locomotion, midbrain TH-immunostaining and DA cell counting. However, Vglut2-
cKO in DA neurons significantly attenuated striatal dopamine or glutamate response to 
methamphetamine and locomotor response to methamphetamine; 2) MPTP (18 mg/kg × 4 with 
2-hr injection interval, s.c) caused more DA neuron death/loss in the SNc and VTA in Vglut2-
cKO mice than in control mice; and 3) Vglut2-cKO in DA neurons also increased MPTP-
induced locomotor impairment as assessed by Open-field locomotion, Rotarod performance, and 
Parallel Rod Activity. These findings suggest that selective deletion of Vglut2 in DA neurons 
significantly attenuates DA neuron functional response to the psychostimulant methamphetamine 
in vivo and increases susceptibility (toxicity) of midbrain DA neurons to the neurotoxins MPTP 
in mice. To further confirm this finding, we will use transgenic techniques to increase Vglut2 
expression in midbrain DA neurons, and then determine whether increased Vglut2 expression in 
midbrain DA neurons will produce a neuroprotective effect against MPTP induced DA neuron 
death. These studies may increase our understanding regarding the factors that contribute to the 
vulnerability of DA neurons, and help facilitate the discovery of new targets for treatment of 
symptoms related to loss of DA neurons (Supported by NIDA IRP). 
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Abstract: Parkinson’s disease (PD) is one of common neurodegenerative disease such as 
Alzheimer’s disease and Huntington’s disease. PD is characterized by the loss of dopaminergic 
neurons in substantia nigra and subsequently impaired movement in elderly population. The 
minority of PD pathology (~10%) caused by genetic problem from PD related genes involving α-
synuclein (α-syn) and PTEN induced kinase 1 (PINK1). We immortalized canine cells by 
transduction of myc oncogene which is driven by inducible Tet-on system. We designed 
bicistronic retroviral vector containing mutant genes of α-syn and PINK1 and generated 
immortalized canine somatic cells over-expressing double mutant genes (DLT3-SP). These cells 
didn’t show any defect before differentiation, whereas apoptosis in DLT3-SP cells were 
observed during differentiation of dopaminergic neuron. These results suggested that DLT3-SP 
cells were used as in vitro PD model to screen the therapeutic agent for PD as well as source to 
generate canine PD in vivo model by nuclear transfer. This work was carried out with the 
support of "Cooperative Research Program for Agriculture Science & Technology Development 
(Project No.PJ01179203)" Rural Development Administration, Republic of Korea. 
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Abstract: The vacuolar type ATPase (V-ATPase) regulates intraneuronal acidity and the 
function of several organelles implicated in the cell biology of Parkinson’s disease (PD). 
Bafilomycin A1 (BafA1) and concanamycin A (ConA) are molecules that inhibit V-ATPase. 
Both molecules prevent the acidification of lysosomes and cause Parkinson’s disease (PD)-
associated phenotypes in culture. Here we build upon these findings using purified human 
induced pluripotent stem cell (iPSC)-derived neurons that include a subpopulation of A9/A10 
type dopaminergic (DA) neurons. High throughput, high content image analysis revealed that 
both ConA and BafA1 reduced the area of DA neurites (tyrosine hydroxylase immunoreactive) 
without DA neuronal loss. Furthermore the neuritic area and number of non-DA neurons (TH-) 
were unaffected by the low concentrations of ConA and BafA1. Concomitant with this 
degenerative neuronal response, RAB7+ puncta accumulated in human DA neurons. While the 
feedback mechanisms across endo-lysosomal pathways in vulnerable human neurons require 
further study, these data suggest a context for modeling aspects of PD pathobiology using human 
iPSC-derived neurons for drug discovery. 
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Abstract: Today, numerous differentiation protocols exist for generating human induced 
pluripotent stem cell-derived (hiPSC) neuronal cultures. Noteworthy, more and more protocols 
reveal neurons with spontaneous electrical activity with different qualities however. Moreover, 
one of the most important concerns is their physiological relevance needed for disease modeling 
e.g. for Parkinson’s disease. This question cannot be answered in general, but a lot of empirical 
data contribute to a more and more comprehensive picture. We aim to understand and compare 
the differences between multiple hiPSC neuronal cultures by comparing them to a well-known 
reference: the robust electrical functional activity patterns from primary murine neuronal cell 
cultures recorded with multiwell micro-electrode arrays (MEAs, Axion Biosystems, Inc.). As a 
result of their phenotypic receptor and neuron type composition, primary neuronal cell cultures 
show very specific and complex activity pattern after four weeks in vitro. This complexity results 
from a high level of organization e.g. synaptic connectivity of different neuronal types in 
network cultures. Using multi-parametric analysis of MEA data we generated a fingerprint for 
different primary cultures using hundreds of datasets and classified them correctly. Primary 
tissue cultures include frontal cortex, hippocampus, hypothalamus, midbrain/cortex and spinal 
cord. We cultured different commercially-available hiPSC neurons (e.g. from Axiogenesis or 
CDI) on MEAs and recorded their activity development for 4 weeks and also computed 
fingerprints at different developmental stages. We show that during in vitro development the 
hiPSC neurons change their phenotypic similarity profile when compared to the primary culture 
reference database. Moreover, these phenotypes can be changed by addition of growth factors 
such as GDNF which increases the similarity between human dopaminergic and ventral primary 
mouse midbrain neurons. Also, neurotoxins change the phenotype. We show that reduction of 
similarity to midbrain phenotype induced by dopaminergic neuron-specific toxins can be 
reversed by known neuroprotectants such as GDNF and BDNF. In conclusion, we provide a 
functional tool to characterize neuronal phenotypes from hiPSC neurons to adapt differentiation 
protocols to reach a more relevant phenotype, and to use the complete phenotype for disease-
relevant in vitro modeling. 
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Title: Single cell longitudinal changes in golgi complex in a human neuron model of parkinson's 
disease and its prognostic value for degeneration 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disease, 
affecting 7–10 million people worldwide. α-synuclein is a major component of Lewy bodies, 
which is one of the pathological hallmarks of this debilitating disease. Duplication and 
triplication mutations in SNCA, the gene that codes for α-Synuclein, is known to cause PD. 
Although α-synuclein has been linked to the disruption of Golgi homeostasis, its contribution to 
PD remains unclear. 
Using human neurons differentiated from induced pluripotent stem cells (iPSCs) obtained from 
healthy individuals, we are investigating the effects of α-synuclein overexpression on the Golgi 
complex. We use robotic microscopy (RM) to longitudinally track live neurons over their 
complete life times. As we follow individual neurons, we have the dynamic range and sensitivity 
to capture cellular events that lead to occurrence of disease-associated phenotypes such as 
neuron survival and neurite arborization. Our method also provides sufficient resolution to 
identify dose-dependent effects of α-synuclein on cellular phenotypes, including Golgi complex 
morphology, which can be quantitatively measured and linked to the fate of the neuron. Using 
powerful statistical survival models, we can determine if morphological changes in the Golgi 
apparatus has prognostic significance in α-synuclein-associated neurodegeneration. 
Characterizing the effects of α-synuclein expression on neuronal phenotypes is critical for 
understanding the mechanism of α-synuclein-associated neurodegeneration and for developing 



therapeutic strategies for PD. (Supported by the Michael J Fox Foundation, NIH Common Fund 
and NINDS). 
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Title: Hla critically determines human neural stem cell immune tolerance 
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Abstract: Human embryonic stem (hES) cells hold promise in the fight against 
neurodegenerative diseases. Their ability to self-renew and differentiate into diverse neural 
lineages makes them attractive candidates for transplantation therapy. One of the most successful 
applications of stem cell therapy is transplantation of non-matched fetal brain tissue into patients 
with Parkinson’s disease. In this scenario, the patient is given immunosuppressive drugs, such as 
FK506 or Cyclosporin A, to promote transplant acceptance. Although chronic 
immunosuppression is necessary to mitigate rejection of human tissue allografts, it has severe 
side-effects, including infections and malignancies. One alternative to immunosuppressive 
therapy is matching donor and recipient immune molecules. Arguably the most important of 
these are human leukocyte antigens (HLAs); in particular, HLA-A and HLA-B. We have 
established a pre-clinical platform to test the relative contribution(s) of HLA haplotypes to neural 
stem cell transplant tolerance. To that end, we have determined how many degrees of freedom 
from a perfect HLA match are permissible without transplant rejection. Due to substantial 



differences between mouse and human immune systems, it has been difficult to translate these 
types of studies into the clinic. We have broken this barrier by using “humanized” mice, which 
allow us to replace the endogenous mouse immune system with human immune cells derived 
from human hematopoietic stem cells (hHSCs). To investigate the immunogenicity of human 
embryonic stem cell (hESC)-derived neuronal progenitors, we haplotyped and differentiated 
hESC lines and reconstituted NOD-scid-il2rγc (NSG) mice with hHSCs to perform HLA 
haplotype “mix and match” transplants in the right striatum. Remarkably, we find immune 
tolerance of neural stem cell transplants with only 50% match at the HLA-A locus; irrespective 
of the mismatch at HLA-B, -C, -DR, or DQ. In concert, we observe marked reduction in cellular 
apoptosis of transplanted neural progenitor cells. Taken together, our results demonstrate that 
humanized mice are an important pre-clinical tool to understand HLA-dependent 
immunogenicity of stem cell-derived transplants in the CNS. 
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Abstract: The purkinje cell degeneration (pcd) mouse is a classic model of cerebellar and retinal 
degeneration, which arises due to recessive loss-of-function mutations in the Nna1 gene. Nna1 is 
a highly conserved cytoplasmic carboxypeptidase, although its substrates and function remain 



unclear. Loss of Nna1 or its Drosophila homolog, NnaD, yields neurological phenotypes in mice 
and flies. pcd mice exhibit ataxia resulting from a rapid loss of >99% of Purkinje cell neurons in 
the cerebellum. Retinal photoreceptors also degenerate in pcd mutant mice, and pcd mutant 
males are sterile. Disruption of NnaD in Drosophila leads to larval lethality and a droopy wing 
phenotype, which led us to uncover mitochondrial dysfunction as a central feature in NnaD loss-
of-function disease pathogenesis. Further studies then indicated that mitochondrial dysfunction is 
a key contributing factor for disease onset and progression in pcd mice. To further elucidate the 
function of Nna proteins in mitochondria, we conducted a fly-based genetic screen of different 
mitochondrial processes and found that larval lethality of NnaD mutant flies could be modified 
by altering the dosage of genes encoding proteins that regulate mitochondrial dynamics. We 
found that inhibition of mitochondrial fission through loss-of-function of drp1 suppressed larval 
lethality in NnaDPL90 mutant flies. Electron microscopy analysis of NnaDPL90 drp1TM26 double 
mutant flies revealed that drp1 dosage reduction mitigated the excessive mitochondrial 
fragmentation in NnaD flies. To determine the basis for Nna1 regulation of mitochondrial 
dynamics, we generated a mammalian cell culture model of pcd using genome editing 
technology to knock-out Nna1 expression in retinal pigmented epithelial (RPE) cells. Nna1Δ 
cells displayed mitochondrial fragmentation and a reduction in mitochondrial membrane 
potential. Conversely, overexpression of wildtype Nna1, but not an enzymatically-dead Nna1 
mutant, increased the tubular mitochondrial network, and protected these elongated mitochondria 
against mitochondrial stress-induced fragmentation. Our results thus reveal a novel and 
evolutionary conserved role for Nna1 and its homologs in promoting mitochondrial fusion, and 
suggest that the rapid, dramatic death of Purkinje cell neurons in pcd mice likely stems from a 
dysregulation of mitochondrial dynamics. 
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Abstract: Methamphetamine (MA), a psychostimulant, not only is abused worldwide but also 
gives rise to neurotoxicity in the hippocampus and striatum, resulting in cognitive impairments 
and hippocampal volume reduction. The cellular and molecular mechanisms associated with 
hippocampal impairments due to MA remain unknown. To investigate the differentially 
expressed genes and their regulatory mechanisms by MA, we performed large-scale 
transcriptome profiling using RNA-seq technology after acute and chronic MA administration in 
cynomolgus macaques, Macaca fascicularis that have been used biopharmaceutical studies. The 
functions and networks of analyzed differentially expressed genes (DEGs) were classified using 
GO analysis tool (DAVID) and IPA software. Some transcripts were verified by real-time RT-
PCR (RT-qPCR). Based on the GO analysis, the genes associated with the regulation of ARF 
GTPase activity and vesicle localization were upregulated and the genes associated with 
cytoskeleton organization and phagocytosis were downregulated in acute MA compared to the 
control. The top network identified by IPA analysis using DEGs contained genes associated with 
cell-to-cell signaling and interaction, cellular function and maintenance, and molecular transport. 
On the other hand, the genes associated with the regulation of cell proliferation and angiogenesis 
were upregulated and the genes associated with synaptic transmission, the regulation of dendrite 
development and neuron differentiation and neuron adhesion were downregulated in chronic 
MA, showing that chronic treatment of MA may cause the impairment of neurogenesis in the 
hippocampus. In addition, the top network identified by IPA analysis using DEGs contained 
genes associated with cellular assembly and organization, cellular function and maintenance, and 
molecular transport. As a result of RT-qPCR, expression patterns of PFN2, ENO2, CHRD and 
BMP4 mRNAs were similar to the results from RNA-seq. Our results give the insights into their 
correlated molecular mechanisms as well as genes regulated in the impaired hippocampus by 
acute and chronic MA administration. 
This research is supported by the Bio & Medical Technology Development Program of the 
National Research Foundation funded by the Korean government, MSIP (NRF-
2014M3A9B6070246). 

Disclosures:  S. Kwak: None. M. Choi: None. S. Bang: None. Y. Jin: None. H. Kim: None. K. 
Chang: None. Y. Chai: None. S. Lee: None. D. Kim: None. 



Poster 

134. Cellular Models to Study Disease Mechanisms and Protection in Parkinson's Disease 
and Related Neurodegenerative Disease 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 134.12/O11 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Title: Primary neuronal cell culture model for cortical spreading depression and membrane 
permeability changes detected in this model 

Authors: *Y. CETIN TAS, E. SEKERDAG, Y. GURSOY-OZDEMIR;  
Grad. Sch. of Hlth. Sci., Koc Univ., Istanbul, Turkey 

Abstract: Neuronal transient membrane permeability changes were reported to occur in different 
in-vivo conditions like cortical spreading depression (CSD), ischemia, subarachnoid hemorrhage 
and brain trauma. This may lead to initiation of neuroinflammation and headache formation. 
CSD is proven to cause pannexin-1 (Panx1) megachannel openings leading to increased 
membrane permeability. CSD has been successfully triggered in vivo via application of 
potassium-chloride (KCl) directly to the brain tissue. In vitro KCL application to primary 
neuronal cultures may simulate same effect leading to depolarization of neurons. 
In this study, in vitro primary neuronal cell culture model for CSD and membrane permeability 
changes were simulated via application of KCL. To identify increased membrane permeability, 
propidium iodide (PI), a fluorescent molecule which does not naturally permeate live neurons 
was chosen. Primary neuron cultures grown up on PDL extracellular matrix. Mature neurons 
(DIV 14) were treated with 25 µmol of PI for 10 min followed by the application of KCl in 
different concentrations. NaCl and feeding medium were used as control groups. Application of 
KCl lead to increased membrane permeability to PI in a concentration dependent manner, 
whereas NaCl and the feeding medium did not caused any permeability increase. 1M KCl lead to 
significant PI uptake whereas, 0.3M KCl was shown to be insufficient, suggesting a minimum 
concentration of KCl for channel activation. 
Our studies provide an easy method for simulating CSD in vitro, without the need for live animal 
subjects. And it may be a screening method for new therapeutic approaches. 

Disclosures:  Y. Cetin Tas: None. E. Sekerdag: None. Y. Gursoy-Ozdemir: None. 



Poster 

135. Parkinson's Disease: Dopamine and Non-Dopamine Pathways 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 135.01/O12 

Topic: C.03. Parkinson’s Disease 

Support: Drexel University Innovation Fund 

 Drexel-Coulter Translational grant 

Title: Biased agonists of the dopamine d3 receptor alleviate motor and dyskinesia symptoms of 
parkinsons disease 

Authors: *S. KORTAGERE, W. XU;  
Microbiology and Immunol., Drexel Univ. Col. of Med., Philadelphia, PA 

Abstract: Dopamine D3 receptor (D3R) has been suggested to play a critical role in the etiology 
of both Parkinson’s disease (PD) and levodopa (L-dopa)-induced dyskinesia (LID). Several 
dopaminergic agents including L-dopa have been used as therapeutic agents for Parkinson’s 
disease with limited success for therapy. We have recently designed a class of atypical D3R 
agonists (SK609 and SK608) with functional selectivity to G-protein dependent, but β-arrestin 
independent signaling features. In addition, these atypical agonists do not induce desensitization 
of D3R but induce dose- and time-dependent internalization of D3R over expressed in CHO 
cells. These results are in complete contrast with the signaling properties of other known D3R 
agonists such as Dopamine and PD128907, which induce desensitization but not internalization 
of D3R. D3R are only known to undergo pharmacological sequestration in response to these 
known D3R agonists. Our compounds, improved motor impairments associated with PD-like 
symptoms in a 6-OHDA induced hemiparkinson rat model of PD. In rodents, chronic treatment 
of SK609 or SK608 did not induce abnormal involuntary movements (AIMs) but significantly 
reduced AIMs induced by L-dopa when used adjuvantly with L-dopa. Our results suggest that 
the internalization of D3R induced by SK608 contributes to the re-sensitization of D3R signaling 
and receptor trafficking which may explain its novel therapeutic efficacy observed in alleviating 
the symptoms of PD in rodent models of LID and PD. 
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Abstract: DETQ is a potent and selective dopamine D1 receptor potentiator that is active in 
several behavioral models (see abstracts by Heinz et al and Svensson et al at this meeting). We 
wished to explore the neurochemical basis for the behavioral effects of DETQ. Due to low 
affinity of DETQ in rodents, the current studies were carried out in transgenic mice in which 
both copies of the murine D1 receptor were replaced with its human counterpart (hD1 mice) (see 
Svensson et al). Receptor expression in hD1 mice was characterized using autoradiography of 
the D1-selective antagonist 3H-SCH23390. The pattern of D1 receptor distribution was very 
similar in wild-type and hD1 mice, but the absolute level of expression was about 50% lower in 
hD1 mice. Using microdialysis in freely moving hD1 mice, DETQ and the D1 agonist 
SKF82958 increased extracellular levels of acetylcholine and histamine in cortical and 
subcortical areas. At a high dose we also observed enhanced extracellular levels of 
norepinephrine in the prefrontal cortex. Furthermore, a low dose of DETQ elevated hippocampal 
acetylcholine levels in an additive fashion with the acetylcholinesterase inhibitor rivastigmine. 
Brain levels of the histamine metabolites tele-methylhistamine and tele-methylimidazole acetic 
acid were also elevated in both microdialysate and post-mortem tissue samples. The increases in 
brain histamine metabolites produced by DETQ were not present in wild-type mice, indicating 
that the effects were mediated via the D1 receptor. Overall, these neurochemical changes 
correlated with brain exposure of DETQ and also with the behavioral effects (see Svensson et 
al.) Effects on brain cyclic nucleotide levels were studied after microwave fixation of the 
forebrain. Levels of cGMP were elevated in the striatum after both DETQ and SKF82958. 
Further changes in downstream signaling were explored measuring phosphorylation of the 
transcription factor CREB and the AMPA receptor GluR1. Both DETQ and SKF82958 increased 
pCREB and pGluR1 in the brain. Together, these data provide neurochemical evidence for 
enhanced synaptic plasticity of DETQ and SKF82958. In conclusion, our in vivo neurochemical 
data support the proposal that the D1 potentiator DETQ selectively enhances D1 receptor 
function in the brain. Studies of neurotransmitter release, second messengers, and downstream 



signaling support a potential utility for D1 potentiators to enhance cognitive function in CNS 
disorders. 

Disclosures:  J. Falcone: None. S.N. Mitchell: None. G. Carter: None. D.L. Maren: None. J. 
Katner: None. E. Chernet: None. R. Wright: None. H. Wang: None. J.W. Ryder: None. M.S. 
Morin: None. D. Gehlert: None. M.P. Johnson: None. J.P. Beck: None. J. Hao: None. M.M. 
Menezes: None. R.F. Bruns: None. K.A. Svensson: None. 

Poster 

135. Parkinson's Disease: Dopamine and Non-Dopamine Pathways 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 135.03/O14 

Topic: C.03. Parkinson’s Disease 

Support: NIH Grant NS59910 

Title: Optogenetic activation of striatal D1 medium spiny neurons regulates dyskinesias in 
parkinsonian mice 

Authors: *X. A. PEREZ, D. ZHANG, T. BORDIA, M. QUIK;  
SRI Intl., Menlo Park, CA 

Abstract: Dyskinesias are a disabling motor complication that arises with prolonged L-dopa 
treatment. Evidence suggests that direct pathway medium spiny neurons (D1 MSNs) play a 
primary role in the development of dyskinesias. D1 receptor agonists produce dyskinesias in 
animal models while D1 antagonists inhibit their occurrence. Additionally, genetic deletion of 
the D1 receptor and chemical ablation of D1 MSNs decreases L-dopa-induced dyskinesias 
(LIDs). However, the precise role and contribution of D1 MSNs to LIDs are uncertain. We 
therefore used optogenetics, a technology that allows for precise modulation of specific neurons 
in vivo, to investigate whether direct control of striatal D1 MSN activity regulates abnormal 
involuntary movements (AIMs) in parkinsonian mice. Mice expressing cre-recombinase under 
the control of the D1 receptor promoter were unilaterally lesioned with 6-hydroxydopamine. 
AAV5-ChR2-eYFP or AAV5-control-eYFP was injected into the dorsolateral striatum, and 
optical fibers implanted. After stable virus expression, mice were optically stimulated and AIMs 
rated. Single pulse and burst D1 MSN stimulation induced the expression of oral AIMs in L-
dopa naïve ChR2-eYFP mice. By contrast, none of the stimulation paradigms enhanced AIMs in 
control-eYFP mice. L-dopa treatment alone induced dyskinesias to a similar extent as optical 
stimulation. Unexpectedly, combined L-dopa administration and stimulation resulted in an 
additive increase in dyskinesias. These data indicate that complex adaptive responses extending 



beyond activation of D1 and/or D2 receptors contribute to the expression of dyskinesias. 
Molecular studies indicate that changes in pERK are involved. Optical stimulation did not 
ameliorate parkinsonism in L-dopa naïve mice. However, it improved it in L-dopa primed mice 
to a similar extent as L-dopa administration. These results suggest that improvements in motor 
control require plasticity changes in both the D1 and D2 striatal output pathways, which only 
occur with L-dopa treatment. Altogether, the data provide direct evidence that striatal D1 MSN 
stimulation regulates motor control and is sufficient to induce LIDs. 
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Abstract: Dopamine (DA) D1 receptors play a major role in working memory, declarative 
memory, and executive functions. While enhancing D1 receptor stimulation has been a target for 
Parkinson’s (PD) and Alzheimer’s disease (AD) and schizophrenia, development of orthosteric 
D1 agonists has been unsuccessful due, in part, to D1 receptor desensitization (Arnsten et al., 
2015) Activating D1 receptors by allosteric D1 potentiation DETQ, (Beadle et al., 2014) may be 
more effective. Due to a species difference in DETQ’s binding to D1 receptors, we examined the 
cognitive behavioral effects of DETQ, in mice genetically modified to express humanized D1 
DA receptors (“hD1kI mice”). Subchronic pretreatment with phencyclidine (scPCP), a 
noncompetitive NMDA receptor antagonist, bid, for 7 days, produces an enduring deficit in 
novel object recognition (NOR). We also examined the neurotransmitter release induced by 
DETQ using microdialysis in hD1KI mice. hD1kI mice showed a persistent NOR deficit after 
withdrawal from sub-chronic PCP. This deficit was reversed by pretreatment with DETQ (10, 30 



and 60 mg/kg, i.p.) but not 3 mg/kg given 30 min prior to acquisition. Acute pretreatment with 
the D1 DA receptor orthosteric agonists, SKF-38393 (3 mg/kg, i.p.) and SKF-82958 (0.3 mg/kg, 
i.p.), or the acetylcholinesterase inhibitor, rivastigmine (1.0 but not 0.03 or 0.3 mg/kg, i.p.), also 
restored NOR. The ameliorative effect of DETQ 1.0 mg/kg was blocked by the D1 antagonist, 
0.1 mg/kg, SCH39166. DETQ had no effect on NOR in WT mice. In prefrontal cortex and 
hippocampus of hD1kI mice, the behaviorally effective dose of DETQ (30 mg/kg, i.p.) 
moderately increased ACh release, but had no effect on the efflux of DA, NE, 5-HT, glutamate, 
or GABA. Similar results were obtained after repeated injections for seven days. Interestingly, in 
scPCP-treated mice, the acute DETQ-induced ACh efflux was absent, indicating that the release 
of ACh was not essential for ability to restore NOR in scPCP mice. Taken together, these results 
show that DETQ reverses the declarative memory deficit induced by scPCP treatment, as does 
D1 orthosteric agonists, supporting the potential clinical utility of D1 PAMs for treating 
cognitive deficits, in PD, AD, and other types of cognitive impairment, including age-associated 
cognitive impairment. Further studies of DETQ in combination with cholinesterase inhibitors 
and other potential cognitive improving agents are indicated. 
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Abstract: Allosteric potentiators increase the affinity of endogenous agonist, amplifying 
physiological control circuits. Because a potentiator depends on endogenous tone, its effects are 
predicted to be self-limiting and less prone to rapid tolerance development compared to direct-
acting agonists. Our objective was to test this hypothesis using DETQ, a novel dopamine D1 
receptor potentiator. DETQ has high affinity for the human D1 receptor, but it is 70-fold less 
potent at the rodent D1 receptors. To overcome this limitation, we created a transgenic mouse 
expressing the human D1 receptor (hD1 knock in mice). Homozygotes showed normal behavior 
and breeding. After oral dosing, DETQ caused a dose-dependent 10-fold increase in locomotor 
activity in habituated hD1 mice but not in wild-type mice, implying a requirement for the human 
D1 receptor. The increase in locomotor activity was blocked by the D1 antagonist SCH39166 
and by pretreatment with a high dose of reserpine, indicating that the behavioral response is 
dependent on endogenous dopamine release. At higher doses, the response to DETQ reached a 
plateau even though brain concentrations of unbound drug continued to rise. In contrast, the D1 
agonists SKF82958 and A-77636 showed bell-shaped dose-response curves, with a decrease in 
locomotor activity at the highest doses. The suppression of locomotor activity at high doses was 
due to competing stereotyped behaviors such as intense grooming. The stereotyped behaviors 
were not seen with DETQ, providing evidence that the response to DETQ is less liable to cause 
overstimulation. In repeated dosing over four days, the locomotor response to DETQ was 
maintained, whereas the response to A-77636 showed rapid tolerance. In hD1 mice treated with a 
low dose of reserpine, DETQ restored locomotor activity to untreated control levels; this model 
is relevant to stand-alone therapy in mild-to-moderate Parkinson’s disease. After a high dose of 
reserpine, DETQ acted synergistically with L-DOPA in restoring locomotor activity. DETQ also 
increased wakefulness and was found to be effective in a behavioral despair model. We also 
compared DETQ with SKF82958 for efficacy in the Y-maze. While both compounds enhanced 
the number of arm entries in a dose-dependent fashion, DETQ maintained spontaneous 
alternation even at high doses, whereas higher doses of SKF82958 decreased alternation (a 
potential sign of cognitive dysfunction). Finally, DETQ increased spontaneous eye blink rate in 
the rhesus monkey, a response related to central D1 activation. These results confirm that D1 
potentiators may possess advantages over D1 agonists for the treatment of Parkinson’s disease 
and other CNS disorders. 
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Abstract: Allosteric potentiators of the dopamine D1 receptor could be useful for treatment of 
Parkinson’s disease, schizophrenia, depression, ADHD, and narcolepsy. We identified a novel 
D1 potentiator (DETQ) by high-throughput screening followed by iterative chemical 
optimization. In a HEK293 cell line expressing the human D1 receptor, agonist-stimulated 
cAMP production was measured in the presence of an EC20 concentration of dopamine using 
homogeneous time resolved fluorescence (HTRF) technology. DETQ potentiated the dopamine 
response with a mean EC50 of 5.8 nM and mean efficacy corresponding to 95% of the maximum 
response to dopamine. In the absence of dopamine (agonist mode), the maximum efficacy of 
DETQ was 11.6% with an EC50 of 30 nM; based on the initial slopes of the two curves (Ehlert 
R-ratio), DETQ was thus 43-fold less potent as an allosteric agonist than as a potentiator. When 



concentration-response curves for dopamine were carried out at multiple DETQ concentrations 
in the cAMP assay, DETQ shifted the dopamine curve 21-fold to the left with a KB of 26 nM. In 
experiments measuring binding of the D1 antagonist 3H-SCH23390 to the human D1 receptor, 
100 nM DETQ caused a 5-fold leftward shift in the concentration-inhibition curve for dopamine, 
indicating a direct effect of DETQ on the D1 receptor. The potency of DETQ in the cAMP assay 
was about 50-fold lower at the mouse and rat D1 receptors than at human, rhesus, and dog D1 
receptors. DETQ was inactive at concentrations up to at least 10 uM when tested in agonist and 
potentiator modes at related receptors, including D2, D5, β1, β2, β3, and 5HT6. DETQ was also 
inactive in binding and/or functional assays at a large set of unrelated targets. These results 
suggest that DETQ could be a useful tool to probe applications of dopamine D1 potentiators for 
CNS disorders. 
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Abstract: Hyperglycemia is a known cause of oxidative stress reported to inflict damage to the 
nervous system. Epidemiological evidence demonstrates a significant correlation between 
diabetes and neurodegenerative disorders, including Alzheimer’s disease [1] and Parkinson’s 
disease [2]. Recently, we showed that elevated levels of glucose induce death in dopaminergic 
neuron cultures through oxidative and apoptotic mechanisms [3,4]. AIM: In this respect, the goal 



of this study was to characterize dopaminergic neurodegeneration in a streptozotocin-
nicotinamide rat model of chronic hyperglycemia. In addition, we investigated the presence of 
neuroinflammation around brain regions that are dense in dopaminergic neurons. METHODS: 
Rats were injected with nicotinamide followed by streptozotocin to cause the depletion of 
pancreatic insulin-producing cells. Metabolic measurements established that these rats were 
chronically hyperglycemic, as demonstrated by abnormal plasma insulin levels, glycated 
hemoglobin, glucose tolerance, polyuria, polydipsia, and polyphagia. After 5 months, rats were 
sacrificed and brain tissues were harvested to perform immunoblotting and 
immunohistochemistry. RESULTS: Our data demonstrate the presence of dopaminergic 
neurodegeneration and neuroinflammation in the streptozotocin-nicotinamide model. In 
particular, levels of tyrosine hydroxylase, a key enzyme in dopamine synthesis, and dopamine 
transporter (DAT) were reduced in the midbrains of hyperglycemic rats. CONCLUSION: These 
results evoke a link between hyperglycemia and dopaminergic neurodegeneration, providing new 
insight on the higher occurrence of Parkinson’s disease in diabetic patients. 1. Vignini A et al. 
(2013) Curr Diabetes Rev, 9:218-27. 2. Jagota P et al. (2012) J Neurol Sci, 314:5-11. 3. 
Bournival J et al. (2012) Rejuvenation Res, 15:322-33. 4. Renaud J et al. (2014) Neurotox Res, 
25:110-23. 
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Abstract: Sleep disorders currently affect over 50 million Americans. One way to identify 
circuits and molecules regulating arousal is to study sleep abnormalities that manifest as 
symptoms of other neurological disorders, such as Parkinson’s disease (PD), since the underlying 
neuropathology may provide clues about affected brain regions and neuronal populations. 
Excessive sleepiness manifests early in PD and represents one of its most common and 
debilitating non-motor symptoms, but has always been puzzling because the midbrain dopamine 
(DA) neurons that degenerate in PD do not appear to regulate sleep/wake cycles. An 
understudied population of DA neurons in the brainstem ventral periaqueductal gray (vPAG) that 
promotes wakefulness was recently identified, but these neurons do not degenerate in PD. It has 
been suggested that dysfunction rather than degeneration of vPAG DA neurons may cause 
sleepiness, but information about how they are regulated or connected to PD is lacking. Based on 
preliminary data and previous research showing the wake-promoting effect of the dopaminergic 
drug modafinil requires alpha-1 adrenergic receptor (α1AR) activation in the vPAG, 
norepinephrine (NE) increases excitation of vPAG DA neurons via α1ARs and α1ARs are 
expressed on putative excitatory elements in the vPAG, the goal of this study is to determine the 
localization and neurochemical identity of α1AR-containing elements and DA neurons in the 
vPAG. Using immunohistochemistry at the electron microscopic (EM) level we have found that 
the α1AR is enriched on presynaptic elements and putative glial elements. Next, we used double 
labeling EM techniques to assess the neurochemical identity of α1AR-containing elements. 
Preliminary results indicate minimal colocalization of the α1AR with TH (tyrosine hydroxylase; 
marker for DA neurons) and vGluT1 (marker for glutamatergic neurons). The next step will be 
analyzing the colocalization of the α1AR with vGluT2 (marks a population of glutamatergic 
neurons distinct from vGluT1), EAAT2 (marker for glutamatergic astrocytes) and GABA. This 
study aims to provide a comprehensive neuroanatomical map of LC-vPAG DA neuron 
connectivity and vPAG DA neuron output. 
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Title: Effects of monoaminergic systems degeneration on the neuronal activity of 
suprachiasmatic nucleus 
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Abstract: Parkinson’s disease (PD) is a neurological disorder, characterized by motor 
disabilities, such as akinesia, rigidity and tremor at rest, which are considered as a consequence 
of the degeneration of dopamine (DA) nigro-striatal neurons. Nevertheless, PD is also 
characterized by non-motor symptoms (anxiety, depression and sleep disorders), which may be 
related to the perturbation of other neurotransmitter systems, such as the noradrenergic (NA) and 
serotonergic (5-HT) systems of the locus coeruleus and dorsal raphe nucleus respectively. As a 
part of the non-motor symptoms, the circadian rhythms of behavior start decades before the onset 
of motor deficits. Our hypothesis is that the depletion of monoamines may be involved in the 
pathophysiology of circadian rhythms, which are poorly studied in the context of PD. The 
present study aimed to investigate the effects of DA depletion and the combined depletion of DA 
and NA or/and 5-HT, on the neuronal activity of suprachiasmatic nucleus (SCN) using in vivo 
extracellular electrophysiology. In control rats, the firing rate of SCN neurons was 1.61 ± 0.16 
spikes/sec, the pattern was bursty in 56%, irregular in 31% and regular in 13% of the recorded 
neurons. Compared to control animals, DA depletion alone significantly enhanced the proportion 
of irregular SCN neurons (48.4%) and decreased the percentage of bursty neurons (39%). When 
DA depletion was combined with that of NA or 5-HT, the proportion of irregular neurons was 
higher (50.7% and 49.2% respectively) and that of bursty pattern was lesser (35.29% and 38.8% 
respectively) compared to control animals. The combined depletion of the three monoamines 
significantly increased the proportion of irregular neurons (66.3%) and decreased that of bursty 
cells (25.7%). Furthermore, the firing rate was also affected in depleted rats. In rats with DA and 
NA or 5-HT depletion, the firing rate of SCN neurons significantly increased compared to 
control rats (2.92±0.27 and 3.41±0.46 spikes/s respectively, p<0.05). In rats with triple depletion 
the firing rate was higher (4.23±0.47 spikes/s) compared to control rats (p<0.01) and DA 
depleted rats (2.43±0.31 spikes/s, p<0.05). Our results provide the first evidence for the 
involvement of monoaminergic systems in the modulation of the firing rate and patterns of SCN 
neurons, suggesting new insight into the involvement of these electrophysiological changes in 
the pathophysiology of circadian rhythms disruption in PD. 
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Abstract: Parkinson’s disease (PD), including Familial PD, is a progressive neurodegenerative 
disorder characterized by loss of dopaminergic (DA) neurons in the substantia nigra pars 
compacta (SNpc). So far, a large number of mutation sites in DJ1, a peptidase C56 family 
protein, were identified to be likely related to neurodegenerative diseases. We study the DJ1 
knockout (KO) mouse as a model to understand the mechanism of DJ1 in PD. Previously we 
demonstrated that overexpression of WT DJ1 significantly increases ATP levels in HEK293 
cells, and we showed that midbrain cells have higher ATP levels than midbrain cells from DJ1 
KO. Now we find that DJ1 directly binds to ATP synthase β subunit and closes a leak present in 
mitochondrial inner membrane. To determine the function of DJ1 and its disease-associated 
point mutant (A104T) at the ATP synthase, we studied mitochondrial membrane potential. We 
find that both WT and mutant DJ1 increase mitochondrial membrane potential in rat 
hippocampal neurons, measured by TMRM, but that the mutant has much lower membrane 
potential than WT, consistent with the mutant increasing inner membrane leakiness. In keeping 
with this, we show that ATP synthase c-subunit mRNA levels are increased in DJ1 KO midbrain 
cells. This finding provides an explanation for the increased inner membrane leak because we 
know from our previous work demonstrating that the c-subunit is the mPTP that a leak channel 
within the c-subunit opens under pathological conditions and when the F1 (containing the β 
subunit) moves away from the mouth of the pore. A leaky inner mitochondrial membrane 
produces mitochondrial inefficiency, consistent with our finding that DJ1 KO DA neurons have 
defective neurite growth and that midbrain cells release high amounts of LDH during 
development. To rescue the defective neurite outgrowth in DJ1 KO DA neurons, we plan to 
decrease the amount of c-subunit leak channel in mitochondrial membrane. We are also 
interested in distinguishing the mitochondrial Ca2+ buffering abilities between WT and KO cells 
upon action potential firing. Thus, our study has uncovered an important role of DJ1 in 
Parkinson’s disease. Specifically, DJ1 affects mitochondrial inner membrane properties and 
thereby cell metabolism and neuronal development. This may ultimately provide novel insights 



into PD pathogenesis and possible therapeutic options. 
The research was supported by NIH (NS081746). 
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Abstract: Catechol-O-methyl-transferase (COMT) degrades dopamine and its precursor L-
DOPA. Given that this enzyme plays a critical role in regulating synaptic dopamine actions, we 
investigated the effects of heightened levels of COMT on dopamine-regulated motor behaviors 
and molecular alterations in mice. Male and female COMT over-expressing (Tg-COMT) mice 
and their wild-type (WT) littermates received unilateral 6-OHDA lesions in the dorsal striatum 
and were chronically treated with L-DOPA. Our results show that male, but not female, Tg-
COMT mice showed higher levels of dyskinesia compared to their WT littermates. By contrast, 
L-DOPA treatment induced indistinguishable levels of contralateral rotations between male and 
female Tg-COMT and WT littermates Chronic L-DOPA treatment induced higher levels of FosB 
and phospho-acetylated histone 3 in male lesioned Tg-COMT mice, compared to their WT 



counterparts. Moreover, we studied striatal tissue levels of 3-Methoxytyramine, a dopamine 
metabolite, and observed that this metabolite was increased in the lesioned striatum of dyskinetic 
Tg-COMT male mice; no difference was seen between female Tg-COMT mice and their WT 
littermates. Finally, we determined 5-hydroxytryptamine striatal levels and found that COMT 
overexpression do not impact in the content of this neurotransmitter in dyskinetic animals. Our 
results demonstrate that FosB induction and histone phosphorylation were correlated with L-
DOPA-induced dyskinesia and suggest that increased COMT activity exerts sexually dimorphic 
effects on L-DOPA-induced dyskinesia and molecular alterations in the striatum. 
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Abstract: The dopamine replacement therapy with L-DOPA is the most effective treatment for 
motor symptoms of Parkinson’s disease (PD). A disadvantage of L-DOPA treatment is abnormal 
involuntary movements (AIMs, also called L-DOPA-induced dyskinesia, LID) which will 
develop in most patients 4-6 years after the initiation of the treatment. In addition to the loss of 
brain dopamine (DA) neurons, other neurons like histamine (HA) neurons are affected in PD. In 
addition, HA neurons can take up L-DOPA and convert it to DA and thereby affect PD 
treatment. In this project we examined the role of HA in LID in a 6-hydroxydopamine (6-
OHDA) lesioned mouse model using histidine decarboxylase knockout (HDC KO) mice. HDC 
KO mice do not synthesize histamine whereas the histamine neurons are not morphologically 
altered. Female HDC KO mice and their littermate wild type mice underwent a stereotaxic 
surgery where the striatum was unilaterally lesioned by two injections of 6-OHDA. To study the 
interactions between pharmacological agents and the absence of histamine amphetamine- and 
apomorphine-induced rotation tests were performed. Injection of the indirect DA agonist 



amphetamine tended to induce more ipsilateral rotations in wildtype mice than HDC KO mice 
and injection of the direct DA agonist apomorphine tended to induce more contralateral rotations 
in HDC KO mice than in wildtype mice. These results suggest that the lack of histamine could 
have a protective effect against the lesion while at the same time the DA receptors might be more 
sensitised. To study LID, daily L-DOPA injections were given and dyskinesias recorded and 
analysed with a novel scoring method. When only successfully lesioned mice (based on 
immunohistochemical staining of the DA neurons of substantia nigra) were included in analyses, 
more severe axial dyskinesia was observed in HDC KO mice than in wild type mice but no 
differences in orolingual or forelimb dyskinesia between genotypes were observed. When 
comparing total dyskinesia scores between moderately and severely dyskinetic animals a clear 
tendency of HDC KO mice to develop more severe dyskinesia was observed. In conclusion, 
these results suggest that when the brain histaminergic system is genetically dampened, the mice 
develop more severe LID than control animals. The underlying mechanism could be that the 
histamine neurons lacking the histamine synthetizing enzyme can replace their histamine 
synthesis with dopamine synthesis as a compensatory mechanism and cause an imbalance during 
the dopamine replacement therapy and induce more severe dyskinesia. 
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Abstract: Parkinson’s disease, a neurodegenerative disorder characterized by the loss of 
nigrostriatal dopamine (DA) neurons, results in motor deficits such as bradykinesia, akinesia, 
tremor, and postural instability. Standard treatment for PD remains DA replacement with L-
DOPA; however, its chronic use leads to L-DOPA-induced dyskinesia (LID), which is 
characterized by abnormal involuntary movements (AIMs). Recent research suggests that 
acetylcholine (ACh) and DA maintain a balance in a normal striatum; however, this balance is 
disrupted in PD and in LID. Normally, DA acts to decrease ACh levels by stimulating DA D2 



receptors on the striatal cholinergic interneuron (ChI); whereas, ACh can either up- or down-
regulate striatal DA levels through ACh receptors located on nigrostriatal terminals. In PD, ACh 
is up-regulated due to a lack of DA-induced inhibition of the ChI. Additionally, ACh plays an 
important role in modulating striatal signaling through ACh receptors located on glutamatergic 
terminals and GABAergic neurons. Therefore, targeting ACh receptors could modulate 
dyskinesia. In particular, the m4 muscarinic ACh receptor (m4R) is well-positioned to modulate 
dyskinesia, given its presence on various striatal neurons including medium spiny neurons, 
cholinergic interneurons, and glutamatergic terminals from the cortex and thalamus. To probe 
effects of m4R actions on dyskinesia, the current study investigated the effects of Tropicamide 
(an m4R-preferring antagonist) on L-DOPA and DA agonist-induced dyskinesia, as well as the 
striatal contribution of these effects. Using a within-subjects design, in the first experiment, 
hemi-parkinsonian rats were administered Tropicamide 5 minutes before L-DOPA, SKF81297 (a 
DA D1 receptor agonist), or Quinpirole (a DA D2 receptor agonist). In the second experiment, 
using a within-subjects design, hemi-parkinsonian rats were injected intrastriatally with 
Tropicamide prior to systemic injections of L-DOPA. In each experiment, 10 minutes after the 
administration of L-DOPA, SKF81297, or Quinpirole, AIMs were rated for each rat for 1 minute 
every 10 minutes for 180 minutes. Motor behavior was also measured in animals receiving L-
DOPA using the forepaw adjusting steps test. The results suggest that m4R antagonists can 
worsen dyskinesia (although these effects are specific to L-DOPA) without affecting L-DOPA’s 
motor efficacy, and therefore may be a promising pharmaceutical target for treating LID. 
Additionally, the results of the current study suggest that the effects of m4R antagonism on 
dyskinesia are based in the striatum. 
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Title: Prolyl oligopeptidase regulates dopamine transporters in the nigrostriatal tract in mice 
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Abstract: Aplha-synuclein (aSyn) is the main component of the Lewy bodies, a 
histopathological finding of Parkinson’s disease. Prolyl oligopeptidase (PREP) is a serine 
protease that binds directly to aSyn and accelerates its aggregation in vitro, and PREP enzyme 
inhibitors have shown to block the aggregation process in vitro and in cellular models, and also 
enhanced the clearance of aSyn aggregates in transgenic mice models. Although PREP has 
several known substrates, the physiological and pathological roles have remained unclear. PREP 
inhibitors have caused alterations in dopamine (DA) and metabolite levels in nigrostriatal 
pathway, and PREP localizes in GABAergic and DAergic neurons of nigrostriatal tract. 
However, the functions of PREP in nigrostriatal pathway are unclear. Moreover, aSyn is shown 
to have physiological functions in DA release and storage in nigrostriatal pathway. 
The aim of the study was to characterize the role of PREP in nigrostriatal DAergic and in 
GABAergic systems of C57Bl/6 (wt) and PREP knock-out (PREP-KO) mouse, and the effects of 
PREP overexpression by AAV-hPREP on these systems by using conventional microdialysis, 
no-net-flux microdialysis and tissue HPLC analysis. Function of dopamine transporter (DAT) 
was examined by fast-scan cyclic voltammetry and Western blotting. 
Overexpression of PREP did not have effect on baseline level of striatal DA and its metabolites 
in microdialysis study in wt mice, but amphetamine administration caused decrease in GABA 
and metabolites of DA. PREP overexpression increased concentrations of DA and its metabolites 
in striatal tissue in wt mice, and as did the returning PREP to substantia nigra of PREP KO mice, 
measured by tissue HPLC. AAV-PREP also increased the level of DAT in striatum in wt mice 
measured by Western blot. Extracellular concentration of DA was increased in striatum of 
PREP-KO mice in no-net-flux microdialysis study. DA release was similar in PREP-KO mice 
and in wt littermates but DA re-uptake was delayed in PREP-KO mice in fast-scan cyclic 
voltammetry measurements in acute striatal slices. 
Our results suggest that PREP does not have direct effect on DA release but regulates the 
functions of DAT, possibly by controlling the transport of DAT into the striatum or synaptic 
membrane. 
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Abstract: Dopamine transporter deficiency syndrome (DTDS) is caused by mutations in 
SLC6A3, encoding the human dopamine transporter (hDAT). DTDS associated mutations result 
in diminished dopamine/Na+ binding affinity, reduced cell-surface expression or a loss of post-
translational glycosylation, leading to loss of function of the dopamine transporter. Patients 
classically present with infantile-onset progressive parkinsonism-dystonia. As the disease 
progresses, patients develop hypokinesia with parkinsonian features, and in the absence of 
disease modifying therapies, many DTDS patients die in adolescence. The aim of this study was 
to generate a stable zebrafish DAT mutant in order to model DTDS in a vertebrate model system, 
which could then be utilised in high-thoroughput drug screens. CRISPR/Cas9 genome editing 
technology was employed with the integration of next-generation sequencing to generate a stable 
DAT zebrafish mutant. DAT depletion, likely by RNA nonsense mediated decay, was confirmed 
using whole mount in situ hybridisation. No difference was observed in the survival of DAT 
mutant fish up to the age of 3 months post fertilization and adult fish were fertile and able to 
produce progeny at a similar rate to wild-type fish. However mutant zebrafish do appear smaller 
and have a delayed development in comparison to wild-type controls. The expression levels of 
key dopaminergic signaling proteins, including D1 and D2 dopamine receptors, were found to be 
reduced in DAT mutant zebrafish as detected by qPCR, which is in line with studies performed 
on the mouse model of DTDS. Behavioural tracking studies reveal that mutant zebrafish larvae 
displayed a hyperkinetic state up to the age of 8 dpf, with no defects observed in sleep behavior, 
coinciding with preliminary investigations pharmacological inhibition of DAT. This phenotype 
also coincides with the mouse model of DTDS in addition to patient symptoms. In the future, the 
mutant zebrafish will be used in a medium- to high-throughput small molecule screen in order to 
identify novel pharmacotherapies that could potentially halt or slow disease progression in 
individuals with DTDS 
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Abstract: The substantia nigra (SN) pars compacta is a midbrain dopaminergic nucleus that 
plays a critical role in voluntary motor control in mammals and is a main site of cell loss in 
Parkinson’s disease. Different animal models may be best for studying different elements of 
Parkinson’s-related neurodegenerative process, and recently zebrafish models have been 
proposed for high- throughput genotype and drug screens aimed at understanding and modifying 
cellular and molecular level disease processes. Zebrafish have multiple central dopaminergic 
nuclei and previous research has suggested that dopaminergic neurons in the ventral 
diencephalon (vDC) contribute to motor control and is an evolutionary homolog of the 
mammalian SN. The current study sought to replicate the link between the zebrafish vDC and 
motor control, previously shown using pharmacological lesions, by laser ablating individual 
neurons in the vDC in a transgenic line in which these neurons express GFP under the control of 
the dopamine transporter promoter. Bilateral ablation of the second diencephalic clusters within 
the vDC resulted in decreased spontaneous swimming activity (t(30) = 3.598, p = .001 , d = 
1.27). Vital staining with propidium iodide confirmed that laser ablations were effective and 
specific to the targeted neurons. These effects are consistent with pharmacological lesions 
targeting the same neurons in zebrafish and add to evidence that the zebrafish vDC is 
functionally homologous to the mammalian SN. 
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Abstract: About ten percent of Parkinson’s disease cases are due to gene mutations, including 
those in PARK2. Hallmark symptoms of PD are due to severe dopaminergic neuronal loss in the 
substantia nigra pars compacta, which modulates activity of the basal ganglia. These symptoms 
include resting tremor, rigidity, postural instability, difficulty initiating movement, and insomnia. 
Motor deficits and dopaminergic neuron loss have been observed in Drosophila melanogaster 
carrying the park25 loss-of-function allele of the Drosophila PARK2 homologue parkin, 
suggesting that these motor deficits may be due to decreased dopamine levels; however, previous 
studies reporting aberrant motor function do not discriminate between neurogenic and myogenic 
deficits. In order to address whether the park25 allele causes neurogenic motor deficits, we 
performed photoaffinity and sleep behavior assays in which we placed individual flies in 5 mm 
diameter glass tubes and recorded infrared beam breaks in order to determine activity. We found 
that although park25 homozygotes have the same level of activity in complete darkness, they 
spend less time in a lighted area than control flies when we placed flies in 250mm long glass 
tubes in which one end is exposed to light. To test sleep behavior, we measured activity for 20 
days under a 12/12-hour light/dark cycle. Park25 mutants have longer sleep bouts, more total 
sleep time, and decreased sleep latency early in adult life. Female mutants continue to be less 
active than controls up to day 20, while male mutants are only less active in early adult life. Our 
results resemble those previously reported for dopamine deficient Drosophila; this supports that 
the park25 allele causes dopamine deficiency. Further, because park25 homozygotes have the 
same levels of activity as controls during an equilibration period, we suggest that the proposed 
dopamine deficiency causes park25 homozygotes to have aberrant function of the central 
complex, a group of brain structures that are functionally homologous to the mammalian basal 
ganglia. To address whether photoaffinity loss and sleep behavior changes are due to loss of 
dopamine activity, we will repeat our studies in park25 flies over-expressing dopamine reuptake 
transporter-targeted miRNA. Our results suggest that the park25 mutation causes aberrant 



function of the central complex in Drosophila, further substantiating the use of this model for 
exploration of PD pathology and therapeutic target identification. 
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Abstract: Parkinson disease causing mutations in different proteins that regulate synaptic vesicle 
endocytosis have been identified, but the role of the pathogenic mutants has not been tested in 
vivo. One of the proteins, Synaptojanin is an evolutionary very well conserved phosphoinositide 
phosphatase that in all species tested plays a role in the uncoating of clathrin-coated synaptic 
vesicles. The protein harbors two phosphoinositide phosphatase domains; an inositol-5-
phosphatase domain that is important for the dephosphorylation of PI(4,5)P2, strongly implicated 
in endocytosis, and a SAC1 phosphatase domain. The SAC1 domain is mutated in Parkinson’s 
disease and when mutant it fails to dephosphorylate PI(3)P and PI(4)P. However, the synaptic 
function of the SAC1 domain remains unclear, nor is it known how the pathogenic mutations in 
the SAC1 domain disrupt neuronal function. Here we show that at glutamatergic excitatory 
synapses, the Parkinson-causing mutation in synaptojanin does not affect synaptic vesicle 
endocytosis but that it completely blocks synaptic autophagy. Autophagosome formation 
requires PI(3)P and we find that synaptic autophagosomes in synaptojanin mutants harbor 
increased Atg18a, a PI(3)P binding protein. Using FRAP we show that Atg18a fails to leave 
nascent autophagosomes in synaptojanin mutants, blocking autophagosome formation and the 
recruitment of Atg8a/LC3 at synapses. Functionally, deregulation of Synaptojanin-dependent 
autophagy in fruit flies causes reduced lifespan and neurodegeneration. Our data indicate that at 



synapses, the inositol-5-phosphatase domain of Synaptojanin is needed for endocytosis while the 
SAC1 domain is required for autophagosome formation. This is interesting because the tightest 
binding partner of Synaptojanin, EndophilinA, was also recently shown to be required for 
synaptic macroautophagy and this function connects to at least two other Parkinson’s disease 
genes, LRRK2 and Parkin, suggesting that dysfunction of synaptic macroautophagy may be a 
common theme in this disorder. 
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Abstract: Brain repair, trough grafting of dopaminergic neuroblasts has over the past three 
decades emerged as a promising therapy for patients with Parkinson’s disease. Although clinical 
benefits were observed in early clinical trials, later double blinded trials displayed highly 
variable clinical outcome. In order to address this issue, we have developed an animal model 
based on grafting dopaminergic neuroblasts from the ventral mesencephalon of embryonic TH-
Cre knock-in rats that were transduced in situ using AAVs, in order to express DREADDs 
(Designer Receptors Exclusively Activated by Designer Drugs). This approach enabled selective, 
non-invasive, orthogonal, chemical modulation of activity of grafted dopaminergic neurons. 
Using this approach, we are able to demonstrate that selective activation of grafted dopaminergic 
neurons through DREADDs can significantly potentiate graft mediated therapeutic recovery. 
However, DREADD mediated activation of dopaminergic fetal grafts also induced graft induced 
dyskinesias (GIDs), one of the major side effects observed in a significant number of patients 



that have received dopaminergic fetal grafts. Although the specific pathways involved in the 
development of GIDs remain poorly understood our experimental data suggest a significant 
involvement of the Gs coupled 5-HT6 receptor driving GIDs through a cAMP mediated pathway 
in grafted dopaminergic neurons supporting previous clinical observations implicating 
serotonergic neurotransmission. Indeed, we also identified high levels of 5-HT6 expression in 
clinically relevant human grafts, implicating a similar mechanism of action in patients suffering 
from GIDs. In order reduce the risk of developing GIDs, we propose to use DREADDs in 
combination with CRISPR-Cas9 genome editing techniques in order to knock down 5-HT6 
expression in grafted dopaminergic neurons. This would allow for a significant recovery in 
motor function without the major side effects associated with dopaminergic grafts. 
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Abstract: Leukotrienes, inflammatory mediators of inflammation, are well-studied in the field of 
asthma and allergy. In the brain, elevated leukotriene levels are reported in acute as well as 
chronic lesions (eg Alzheimer´s disease), and increasing concentrations of the leukotriene-
producing enzyme 5-LOX have been demonstrated in the aged brain and in Parkinson´s disease 
(PD). Here, elevated leukotriene signaling might be involved in neuroinflammatory processes 
and in the development of dementia in PD. With respect to aging, we recently demonstrated that 
a 6-week oral treatment of young (4 months) and aged (20 months) rats with the leukotriene 
receptor inhibitor montelukast resulted in reduced neuroinflammation, enhanced neurogenesis, 
and remarkably, in a restoration of cognitive functions in aged rats. Now, we examined whether 
montelukast has beneficial effects on cognition in a PD animal model. We used 6 month-old 
PDGF-ß α-Syn transgenic mice, which are characterized by microgliosis, deficitis in 
neurogenesis, and by cognitive impairments. Mice were treated orally with montelukast or 
vehicle (saline solution) daily for 6 weeks, and several behavioral tests (Open Field, Buried Food 
Test, Elevated Plus Maze, Morris Water maze) were performed. We analyzed CNS 
pharmacology and showed that, after oral administration, montelukast entered the brain of the 
treated animals. In respect to cognition, the 6-week treatment with montelukast lead to 
significant improvement in learning and memory in the PD mice. Histological analysis of the 
hippocampus showed that the beneficial effects of montelukast on cognition in PD mice are 
accompanied by altered microglia morphology and altered expression of inflammation markers. 
Based on the current data, we suggest montelukast as a promising drug to ameliorate dementia in 
PD. 
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Abstract: Schizophrenia is a serious mental disorders characterized by the hallmark symptoms 
of psychosis, disorganized thought, hallucinations and delusions. Whereas the majority of mental 
disorders can be treated with both pharmacological and psychological interventions, in the case 
of schizophrenia, the use of pharmacological therapeutics is inevitable and remains the only 
viable treatment strategy. These treatment strategies include antipsychotics that target the 
dopaminergic neurotransmitter system and specifically show high affinity for the D2 dopamine 
receptors serving to block the transmission of dopamine. Although these dopamine antagonists 
show high efficacy resulting in improvement in symptomology it is not without a price. The 
price is paid in the basal ganglia and the extrapyramidal system that relies on dopamine for the 
proper initiation and execution of voluntary motor behavior. Extrapyramidal side effects include 
hypokinesia, the inability to initiate a voluntary movement. In a previous study, Sumaya et al., 
(2001) found in young rats that the antipsychotic, fluphenazine, did not induce hypokinesia in the 
dark phase indicating possible circadian differences in the antipsychotic. As a follow-up to these 
findings haloperidol (HAL) treatment was investigated in the light and dark phases in both young 
and adult rats. Young (2 mo, n= 28) and adult (10 mo, n=26) male Sprague Dawley rats were 
treated with HAL (1 mg/kg ip, 1% lactic acid) in the light (1000 hr) and dark (2200 hr) phases 
and hypokinesia was measured using the bar test (max bar time 1800 sec). In young rats during 
the light phase, as expected, HAL induced high levels of hypokinesia as compared to the controls 
(VEH: 7.07 + 1.82 sec: vs HAL: 862.28 + 291 sec). However, during the dark phase HAL 
induced significantly lower amounts of hypokinesia as compared to the light phase treated HAL 
rats (Dark: 109 + 68.75 sec vs Light: 862.28 + 291 sec). In adults rats (10 mo) during the light 
phase, rats treated with HAL showed the greatest amount of hypokinesia of all ages tested (HAL: 
1600 + 157 sec vs VEH: 8.28 + 1.74 sec) with a similar strong effect of hypokinesia in the dark 
phase (HAL: 1525.71 + 177.10 sec vs VEH: 12.8 + 7.6 sec). First, these data corroborate 
previous results showing a differential effect of D2 antagonists in the light and dark phases, 



however, these differential effects are absent in older animals. In the aggregate, these results 
provide first time data that Haldol is ineffective during the dark phase depending on the age. 
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Abstract: Inverse incentive learning, or the loss by stimuli of the ability to elicit approach and 
other responses, gradually develops when animals are given low doses of certain D2-like 
receptor antagonists, such as haloperidol or spiroperidol. Here, we investigated the role of the 
nucleus accumbens and dorsal striatum in this behaviour. In experiment 1, Wistar rats were given 
intra-accumbal infusions of haloperidol (5, 10, 15 µg/0.5 µl/side) prior to being placed in a test 
box with their forepaws on a horizontal bar 10 cm above the floor, and infusions of vehicle 30 
min after testing (paired groups). A control group was instead given vehicle prior to exposure to 
the test box and received haloperidol (10 µg/0.5 µl/side) 30 min after testing (unpaired group). 
Descent latency -- the time until the first active paw movement related to descent from the bar -- 
was recorded. In experiment 2, rats received haloperidol (paired group), infused into the dorsal 
striatum at a dose of 10 µg/0.5 µl/side prior to being placed in a test box. In both experiments, 
animals were conditioned in this manner for 9 days, followed by a saline-only test day (day 10). 
In experiment 1, all groups had similar descent latencies on day 1, but those that received 10 or 
15 ug/0.5 µl/side (paired) showed increased (i.e., sensitized) descent latencies across the 
following 8 days. On the saline-only test day, the 10 and 15 ug/0.5 µl/side (paired) groups 
showed a conditioned increase in descent latency. In experiment 2, the paired group did not show 
sensitized descent latencies across conditioning days or on the saline-only test day. These data 
implicate nucleus accumbens dopamine neurotransmission in inverse incentive learning. This 
phenomenon may be involved in some aspects of the motivational abnormalities seen in 
disorders of dopamine neurotransmission. 
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Abstract: Introduction: Deep brain stimulation (DBS) of the nucleus accumbens (NAc) has 
become an effective therapy for treatment refractory obsessive-compulsive disorder (OCD), with 
human patients experiencing an average decrease in OCD symptoms of 50%. However, the 
mechanism underlying the efficacy of DBS treatment is unknown. Previous research has 
identified striatal dopamine release as a possible contributing mechanism underlying DBS 
treatment and we therefore seek to determine the local effect of DBS on dopamine activity using 
electrochemistry to measure dopamine release in response to stimulation. 
Methods: Domestic swine underwent unilateral DBS electrode implantation of the NAc. Then, a 
carbon fiber recording electrode was placed 2mm anterior to the stimulating electrode, also in the 
NAc. Fast scan cyclic voltammetry recordings were taken using the WINCS Harmoni system 
and dopamine response to stimulation was measured at varying voltages and frequencies of 
stimulation (3V, 5V, or 7V at 130Hz; 30Hz, 60Hz, or 130Hz with 5V). 
Results: Stimulation of the NAc induced acute, local dopamine release in the NAc, with 
signature oxidation current at +0.6V and reduction current at -0.2V. Dopamine could be 
consistently evoked with stimulation parameters of 5V and 130Hz. There was a significant 
difference in dopamine response between different voltage stimulations (n=4, p<0.05). 
Conclusion: DBS stimulation of the NAc induces local dopamine release as measured by 
electrochemistry. If supported by further studies, these findings of NAc DBS-evoked dopamine 
release could have implications for understanding the circuitry effects of NAc DBS, since 
stimulated brain networks are anatomically and functionally segregated within the basal ganglia 



thalamocortical system and are represented in distinct functional motor, associative, and limbic 
cortical regions. 
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Abstract: A number of studies have begun to address the role of the mTOR signaling pathway in 
lifespan extension and neurodegeneration. In C. elegans, reduced protein translation significantly 
extends lifespan, a phenomenon corroborated by Ames dwarf mice that are long-lived. To 
establish a model system to study reduced protein translation and its effect on normal neuronal 
health, aging, and neurodegenerative disorders, such as Parkinson’s disease (PD), we have 
generated a mouse model overexpressing eiF4E-binding protein 1 (4EBP1). We found that 
primary cortical neurons from 4EBP1 overexpressing (OE) transgenic mice display significantly 
decreased cell death upon exposure to Rotenone, Maneb, Paraquat or Brefeldin A in comparison 
to neurons form control non-transgenic littermates. Furthermore, primary hippocampal neurons 
from 4EBP1 OE mice displayed decreased cell death when exposed to α-synuclein preformed 
fibril (PFF)-mediated cytotoxicity. Further studies indicate an induction of the mitochondrial 
unfolded protein response in 4EBP1 OE primary cortical neurons upon Brefeldin A stress. 
Moreover, 4EBP1 OE in primary cortical neurons and cell lines treated with Brefeldin A reveal 
an up-regulation in the RNA expression levels of multiple genes important for maintaining 
mitochondrial health, including genes on the glycolytic pathway, reactive oxygen species 
defense pathway, and in the mitochondrial unfolded protein response. Our results thus indicate 
that reduced protein translation, via over-expression of 4EBP1, is neuroprotective in a variety of 
PD models. 
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Abstract: Astaxanthin (AXT) is a xanthophyll carotenoid produced by marine algae and has 
diverse biological activities. The chemical structure of AXT is distinguished from other 
carotenoids by the presence of two polar ionone moieties that cap both ends of a hydrophobic 
region, thus allowing the molecule to span the lipid bilayer. Although it is best known as a potent 
antioxidant, it also has a putative role as an anti-inflammatory agent and the capacity to enhance 
mitochondrial function. These biological process are known to be involved in the pathogenesis of 
PD, implicating AXT as a potential therapeutic agent for the intervention of the development of 
Parkinsonian symptoms. Given the role of oxidative stress and inflammation in the progression 
of many neurodegenerative diseases, we examined the efficacy of AXT in the prevention MPTP 
induced dopamine cell death in mice. Here, we show that the administration of 3mg/kg of algae 
derived AXT reduced neurotoxicity in a mouse model of Parkinson’s disease. After a four week 
pretreatment of AXT supplemented diet, AXT treated mice demonstrated preserved tyrosine 
hydroxylase (TH) immunoreactivity in the substantia nigra (SN) and striatum after MPTP 
exposure (10 mg/kg administered hourly for a total of 40mg/kg) compared to the control diet. 
This observation was corroborated by retention of NeuN staining in the SN of AXT treated mice. 
Furthermore, AXT administration was able to interrupt the neuroinflammatory process known to 
contribute to neurodegeneration in this model. We demonstrate that AXT neuroprotection was 
associated with attenuated microglial activation indicated by reduced immunohistochemical 
detection of IBA-1 in the SN and striatum of AXT treated mice. We are exploring a dose 



response relationship of AXT’s ability to rescue dopaminergic neurons from an MPTP insult in 
both young and aged mice. Taken together, these data suggest that AXT is neuroprotective in the 
CNS against MPTP neurotoxicity. 
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Abstract: Parkinson’s Disease (PD) is characterized by selective degeneration of dopaminergic 
(DA) neurons of the substantia nigra pars compacta (SN) while neighboring ventral tegmental 
area (VTA) DA neurons are spared. Mechanisms underlying the selective protection of the VTA 
and susceptibility of the SN are still unknown. Previously, we demonstrated that SN and VTA 
neurons are greatly protected by factors released by VTA, but not SN, astrocytes. Also in vivo 
studies indicate a disparity in the number of glia within these two regions: the VTA has more 
astrocytes and the SN more microglia. Thus, we sought to determine whether the ratio of 
astrocytes and microglia to neurons plays a role in the protection of the VTA from and 
susceptibility of the SN to PD. Utilizing an hTH-GFP reporter rat developed by our lab we were 
able to sub-dissect the SN and VTA regions from P1-5 midbrains to generate regionally specified 
astrocytes (AS, AV) and microglia (MG). Astrocytic layers were established prior to addition of 
isolated E14.5 hTH-GFP rat SN (NS) or VTA (NV) neurons to establish homotypic (HM) and 
heterotypic (HT) astrocyte-neuron cultures of varying ratios (1:1, 2:1, 4:1). Cultures matured for 
7 days before the addition of either PBS or 50µM of the PD toxin MPP+. In HM cultures, AS 
were unable to protect NS from MPP+ toxicity in all ratios, however AV robustly protect NV at 
higher ratios (2:1, 4:1). Additionally, in HT conditions, AS failed to protect NV from toxicity (all 
ratios) while AV prevented MPP+ toxicity in NS (2:1, 4:1). To examine the potential role of 
microglia, MG were added at a 1:1 ratio to neurons in astrocyte-neuron co-cultures. In HM 



AS+NS cultures, MG from cortex, SN or VTA similarly exacerbate MPP+ toxicity of NS. 
However, AV robustly protect NV from toxicity despite the addition of all regional MG. 
Furthermore, in HT AV+NS cultures, NS are protected even in the presence of exacerbating MG, 
whereas in cultures of AS+NV, MG do not further exacerbate NV vulnerability to MPP+ toxicity. 
Therefore, we conclude that vulnerability of SN neurons may not depend upon the ratio of 
astrocytes to neurons, as increasing this ratio did not prevent toxicity, rather the results support 
our previous finding that astrocytes are regionally specified and only AV can protect NS and NV. 
In contrast, MG do not exhibit regional specificity. MG exacerbate toxicity of NV and NS in the 
presence of non-protective AS, but not protective AV. These results suggest that vulnerability 
within the SN is multifactorial and potentially due to lack of support from astrocytes combined 
with deleterious effects of microglia while the protection of VTA stems from protective 
astrocytes that counter the effects of damaging microglia. 

Disclosures:  E.W. Kostuk: None. J. Cai: None. L. Iacovitti: None. 

Poster 

136. Parkinson's Neuroprotection I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 136.04/Q8 

Topic: C.03. Parkinson’s Disease 

Support: Fundação para a Ciência e Tecnologia (FCT, Portugal), Strategic Project PEst-
C/SAU/UI3282/2013, UID/NEU/04539/2013, COMPETE-FEDER 

 EXPL/DTP-DES/0104/2013 under the frame of “Programa Operacional Temático 
Fatores de Competitividade (COMPETE/QREN) 

 SFRH/BD/78166/2011 

Title: Upregulation of inhibitory rage variants in striatal astrocytes in early experimental 
parkinson’s disease 

Authors: *F. C. PEREIRA1,2, S. D. VIANA1,2,3, J. VALERO2,4,5, P. RODRIGUES-
SANTOS6,7,8, P. COUCEIRO7, A. M. SILVA1, F. CARVALHO9, S. F. ALI10, C. A. FONTES-
RIBEIRO1,2;  
1IBILI/Faculty of Medicine, Univ. of Coimbra, Coimbra, Portugal; 2CNC.IBILI – Univ. of 
Coimbra, Coimbra, Portugal; 3Polytechnic Inst. of Coimbra, ESTESC-Coimbra Hlth. School, 
Pharm., Coimbra, Portugal; 4Achucarro Basque Ctr. for Neuroscience, Zamudio, Bizkaia, Spain; 
5Ikerbasque Foundation, Bilbao, Bizkaia, Spain; 6Inst. of Immunol. - Fac. of Medicine, Univ. of 



Coimbra, Coimbra, Portugal; 7Immunol. and Oncology Laboratory, Ctr. for Neurosciences and 
Cell Biol. (CNC), Univ. of Coimbra, Coimbra, Portugal; 8Ctr. of Investigation in Environment, 
Genet. and Oncobiology (CIMAGO), Fac. of Medicine, Univ. of Coimbra, Coimbra, Portugal; 
9UCIBIO-REQUIMTE, Lab. of Toxicology, Dept. of Biol. Sciences, Fac. of Pharmacy, Univ. of 
Porto,, Porto, Portugal; 10Neurochemistry Laboratory, Div. of Neurotoxicology, Natl. Ctr. of 
Toxicological Research/Food and Drug Admin., Jefferson, AR 

Abstract: Convincing evidence indicates that advanced glycation end-products and danger-
associated protein S100B play a role in Parkinson’s disease (PD). These agents operate through 
receptor for advanced glycation endproducts (RAGE), which displays distinct isoforms playing 
protective/deleterious effects. However, nature of RAGE variants has been overlooked in PD 
studies. Hence, we attempted to characterize RAGE regulation in early stages of PD striatal 
pathology. A neurotoxin-based rodent model of PD was used in the present study, through 
administration of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) to C57BL/6 mice. 
Animals were euthanized 6 hours post- MPTP to assess S100B/RAGE contents (RT-qPCR, 
ELISA), RAGE isoforms density (WB) and cellular distribution (IHC). Dopaminergic and gliotic 
status were also mapped (HPLC-ED, WB, IHC). At this preliminary stage of MPTP-induced PD 
in mice, RAGE inhibitory isoforms were increased whereas full-length RAGE was not affected. 
The cytoprotective RAGE phenotype paired an inflammatory and pro-oxidant setting fuelling 
DAergic denervation. Increased RAGE inhibitory variants occur in astrocytes showing higher 
S100B density but not overt signs of hypertrophy or NF-kB activation, a canonical effector of 
RAGE. These findings expand our understanding of the toxic effect of MPTP on striatum and 
offer first in vivo evidence of RAGE being a responder in early stages of astrogliosis dynamics, 
supporting a protective rather tissue-destructive phenotype of RAGE in initial phase of PD 
degeneration. These data lay the groundwork for future studies on the relevance of astrocytic 
RAGE in DAergic neuroprotection strategies. 
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Abstract: Glial cell line-derived neurotrophic factor (GDNF) has been shown to promote the 
survival and function of the nigrostriatal dopaminergic pathway in vitro and in vivo. GDNF has 
two major splice isoforms, full-length pre-α-pro-GDNF (α-GDNF) and shorter pre-β-pro-GDNF 
(β-GDNF), which has a deletion of 26 amino acids in the pro-region. We have previously shown 
α-GDNF to be localized in Golgi complex and secreted constitutively, whereas the β-GDNF is 
primarily localized in vesicles and is secreted activity-dependently. Until now the research has 
focused on the full-length α-GDNF and less is known about the biology of the shorter β-isoform. 
The neuroprotective effects of GDNF isoforms were studied in a partial 6-hydroxydopamine (6-
OHDA) rat model of Parkinson’s disease. Unilateral overexpression of GDNF isoforms or green 
fluorescent protein (GFP) was induced by administration of double-stranded adeno-associated 
virus serotype 1 encoding pre-α-pro-GDNF, pre-β-pro-GDNF, or GFP to the striatum of male 
Wistar rats. Three weeks later, the degeneration of nigrostriatal pathway was induced by 
intrastriatal injection of 6-OHDA. The behavioral effects were analyzed by drug-free cylinder 
test and amphetamine-induced rotations, and the changes on the histological level by tyrosine 
hydroxylase (TH) and dopamine transporter (DAT) immunohistochemistry. Both GDNF 
isoforms protected the striatal DAT-positive neurites from 6-OHDA-induced neurotoxicity, 
whereas striatal TH levels were similar in all groups. However, in the substantia nigra both 
GDNF isoforms were able to protect TH-positive cell bodies. The data suggest both isoforms, α- 
and β-GDNF, to have a neuroprotective effect in the partial 6-OHDA model of Parkinson's 
disease. 
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Abstract: Vagus nerve stimulation (VNS) is currently used in the clinic to treat both epilepsy 
and depression. It is thought to act via brainstem nuclei, such as the locus coeruleus (LC), to help 
increase BDNF and TrkB activation in target areas and play a protective role, while reducing the 
inflammation that exacerbates neurodegeneration. In Parkinson’s disease (PD), the noradrenergic 
(NE) neurons of the LC degenerate prior to the dopamine (DA) neurons in the substantia nigra 
(SN), making VNS a potentially less-invasive therapy than deep brain stimulation. Our lab has 
shown that in a double-lesion model of PD, VNS improves locomotor activity, increases tyrosine 
hydroxylase (TH)-positive neurons in the SN and the LC, and increases BDNF expression in the 
respective target regions. Therefore, our current hypothesis is that VNS uses a BDNF-TrkB 
dependent mechanism to reduce inflammation and protect cells in these areas. We examined this 
by utilizing a double lesion model that mimics the deficits seen in PD. Using adult male rats, we 
administer the NE neurotoxin DSP-4 (50 mg/kg, ip), followed seven days later by the DA toxin 
6-OHDA (6 µL, bilateral intrastriatal). Immediately following 6-OHDA, rats in the VNS group 
also received vagus cuff implants and headcaps that are later attached to the VNS stimulator 
which emits precise bursts of stimulation at a set amplitude and rate. Ten days following the 6-
OHDA lesion, rats received two sessions of VNS per day for two weeks, measuring locomotor 
activity during the afternoon session each day. A subset of VNS rats also received daily 
injections of the TrkB antagonist ANA-12 (0.5 mg/kg, ip) prior to their afternoon VNS session. 
Immediately following VNS on the last day, rats were euthanized, and the right frontal cortex, 
hippocampus, and dorsal striatum were dissected to analyze BDNF, TrkB, and phospho-TrkB 
levels. The left hemisphere was sectioned for immunohistochemical staining of TH, the 
astrocytic marker GFAP, and the activated microglial marker OX-6. Rats in the VNS group have 
increased levels of BDNF in both the frontal cortex (LC target) and the dorsal striatum (SN 
target), and decreased inflammatory markers in both the SN and the LC compared to non-
stimulated lesioned rats. These data suggest that BDNF plays a role in the action of VNS to 
decrease inflammation and provide protection for neurons in these major areas affected in PD. 
Studies are ongoing in the lab to further elucidate the role of TrkB and its downstream effectors 
in this pathway, as well as determining the dependence on this mechanism in the rats that 
received ANA-12. Collectively, these data support the potential of VNS as a novel treatment 
option for PD. 
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Abstract: Parkinson’s disease (PD) is a multifactorial neurodegenerative disease that has been 
linked to several pathogenic events like lysosomal and mitochondrial impairment, oxidative 
stress and programmed cell death. So far, none of the clinical trials carried out to halt the 
progression of the disease have succeed. One possible explanation of this systematic failure is 
that the majority of the strategies tested were focusing only on one of the pathogenic mechanism. 
Based on the same rationale, a strategy that targets several pathogenic mechanisms at the same 
time may have much higher probability to be successfully translated into clinical practice as a 
neuroprotective strategy. TFEB has gained momentum since it was demonstrated that it is a 
master regulatory gene for lysosomal biogenesis and autophagy. However, based on HeLa cells 
studies the majority of TFEB putative direct targets are not directly related to lysosomes or 
autophagy. For instance, there are genes encoding proteins involved in mitochondrial function, 
protein biosynthesis and survival pathways. Therefore, we hypothesized that TFEB activation 
may counteract several of the pathogenic mechanisms linked to PD. However, only the effect on 



the autophagy-lysosomal degradation pathway has been assessed in neurons overexpressing 
TFEB. In this study, we first assessed the general effect of overexpressing TFEB in nigral 
dopaminergic neurons in vivo by means of an adeno-associated viral vector. After that, we 
assessed the neuroprotective effect of TFEB overexpression in the MPTP mouse model of PD 
and its mechanisms of neuroprotection. We demonstrate that TFEB overexpression has a 
neurotrophic effect that involves an increase of protein biosynthesis, cell body growth, neurite 
outgrowth and an increase of dopamine released in the striatum. Moreover, TFEB 
overexpression completely prevents MPTP-induced neuronal atrophy and cell death. Even 
though TFEB overexpression compensates lysosomal impairment, its broader influence on 
several pathways and organelles, like mitochondria, may explain its neuroprotective effect. In 
this regard, TFEB promotes the activation of pro-survival pathways that explain both the 
neurotrophic and neuroprotective effects. Our results confirm that TFEB is targeting several 
pathogenic pathways linked to PD, increasing the potential of boosting TFEB activity as a 
disease modifying strategy. 
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Abstract: The estradiol is a neuroactive steroid that has a neuroprotective role in several models 
of neurologic diseases. The present study shows the antioxidant effect of β-estradiol-3-benzoate 
(EB) on the neurotoxicity of MPP+ in rat. In striatum brain region were measurement dopamine 



and lipid peroxidation levels and glutathione peroxidase and superoxide dismutase activities 
(both isoenzymes. SOD-Zn, Cu and SOD-Mn) at after of the neurotoxin intracerebral injection. 
All male animals were gonadectomized and 30 days after were treated with EB for 11 days each 
48 h. At 6 day of EB treatment was injected MPP+. The results show that the treatment with EB 
remained significantly the DA levels (80 %) and decreased the lipid peroxidation levels (56 %) 
induced by MPP+. These neurochemical parameters correlated with the decreased of circling 
behavior (45 %) and with remained the survival rate (45 %) of dopaminergic neurons in the 
SNpc in this Parkinson´s disease model. While, that the treatment of EB not increased the 
enzymatic activities of glutathione peroxidase and superoxide dismutase. The EB has an 
antioxidant effect against the MPP+ toxicity without the classical antioxidant systems 
participation, suggesting a possible activation of other antioxidant enzymes, such as 
paraoxonases. 
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Abstract: Parkinson's disease is a neurological syndrome characterized by the irreversible loss 
of dopaminergic neurons in the nigrostriatal pathway of unknown etiology, environmental causes 



have been proposed through molecules, such as 1-methyl 4-phenylpyridinium (MPP+), which 
induce a selective toxicity towards dopaminergic neurons. Another hypothesis, is the loss of 
dopaminergic neurons by an increase in the catabolism of dopamine across the monoamine 
oxidase (MAO) enzyme that produced reactive oxidant species. In vivo studies have 
demonstrated that hydroxytyrosol (HT) is a potent antioxidant in the central nervous system. In 
the present study, evaluated the effect of HT on MAO activity in the corpus striatum (CS) in vivo 
and in vitro. Wistar male rats received a single dose of 1.5 mg/Kg of HT intravenously. Five 
minutes later, the animals received a intrastriatal stereotaxic micro-injection of 10 µg MPP+ 
dissolved in 8µL of sterile saline solution and MAO activity was assayed by formation of 4-
hydroxyquinoline 2h later. For in vitro studies, HT (10µM-1000µM) was added to brain tissue 
homogenates to assay MAO activity. Pretreatment with HT significantly reduced (20% and 60%) 
the MAO-A and MAO-B activity in the CS respectively (p < 0.05). This inhibitory effect was 
corroborated with the in vitro determination of IC50 by each isoform (MAO-A = 386µM, MAO-
B = 295µM). An inhibitory effect of HT on MAO activities may be involved in neuroprotective 
effect of this natural phenylethanoid. Since MAO-B inhibition reduces neurodegeneration in 
clinical trials for Parkinson's disease, our results suggest that HT may be useful to prevent 
neuronal death in this neurodegenerative disorder. 

Disclosures:  G.A. Pérez-Barrón: None. S. Montes: None. M. Rubio-Osornio: None. J.G. Avila-
Acevedo: None. S. Garcia-Jiménez: None. A. Monroy-Noyola: None. 

Poster 

137. Dystonia 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 137.01/Q14 

Topic: C.04. Movement Disorders 

Title: Developmentally dependent perinuclear ubiquitin accumulation in a symptomatic model 
of DYT1 dystonia 

Authors: *S. S. PAPPAS, W. DAUER;  
Dept Neurol., Univ. of Michigan, Ann Arbor, MI 

Abstract: Dystonia is movement disorder characterized by prolonged involuntary abnormal 
movements. DYT1, the most common inherited dystonia, is caused by a loss of function 
mutation in the gene Tor1a, which encodes the endoplasmic reticulum/nuclear envelope-
localized AAA+ ATPase TorsinA. TorsinA is believed to play roles in protein quality control 
and degradation, protein secretion, and trafficking of membrane-bound proteins. We modeled 
DYT1 dystonia in mice by deleting Tor1a in disease-relevant forebrain neurons. These mice 



exhibit abnormal twisting movements coinciding with forebrain maturation, and these 
movements are suppressed by an anticholinergic used clinically. Striatal cholinergic interneurons 
degenerate coincident with abnormal movement onset, while all other striatal neurons and 
cortical GABAergic interneurons remain viable. To begin to test the hypothesis that abnormal 
protein quality control and degradation underlie cholinergic interneuron degeneration, we 
performed ubiquitin immunohistochemistry at the developmental time point marking the 
beginning of behavior onset and cell death. Surprisingly, cholinergic interneurons did not exhibit 
protein folding abnormalities, while forebrain GABAergic populations contained abnormal 
perinuclear accumulation of ubiquitinated proteins. We are currently examining whether changes 
in endoplasmic reticulum associated degradation or the unfolded protein response contribute to 
these waves of abnormal ubiquitination during forebrain development. These findings suggest 
that abnormal accumulation of ubiquitin is not limited to dying cells, and instead represents a 
more general consequence of torsinA loss-of-function that may disrupt motor circuit maturation. 
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Title: Resting state brain connectivity in musician’s dystonia 
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Abstract: Musician’s dystonia (MD) is subtype of a focal task-specific dystonia (FTSD) 
characterized by abnormal posturing and loss of fine motor control. Pianists, guitarists, violinists 
etc. can develop MD in the hands. The affected fingers become uncontrollable whilst playing a 
specific musical instrument but may respond normally during other motor activities. Although 
the neurological origins of this disorder are not yet completely clarified, dysfunctional or 
maladaptive brain plasticity is thought to be associated with the MD. 
In this study, we investigated resting state (rsfMRI) connectivity of MD subjects (3T Siemens 
MAGNETOM Verio MRI scanner). In total, 67 subjects participated in our study: 37 healthy 



musicians (HM: 31 pianists, 3 violinists, 2 saxophonist, and 1 clarinetist, mean age 34.5±12.2, 2 
left-handed); and 30 musicians with MD (24 pianists, 3 violinists, 2 saxophonist, and 1 
clarinetist, mean age 38.5±10.3, 4 left-handed). 21 musicians with MD had dystonic symptoms 
in the right hand, and 9 had it in the left hand. We analyzed resting state fMRI data with the FSL 
analysis package using independent component decomposition (ICA), dual regression and 
permutation analysis of linear models (PALM). 
We have selected 9 ICA networks of interest: default mode network, sensory-motor network, 
insula, two motor networks, basal ganglia, two cerebellum networks and thalamus. The general 
linear model used for analysis was: 3 groups (healthy musicians, right hand-affected MD [R-
MD] and left hand-affected MD [L-MD]); we controlled for age, handedness and musical 
instrument. We found significant differences in rsfMRI connectivity for the basal ganglia 
network only. The R-MDs had higher functional connectivity within the putamen bilaterally 
relative to HM (p<0.05, corrected for multiple voxels using FWE). Moreover, R-MDs showed 
significantly higher connectivity in posterior parts of the putamen, as compared with L-MDs 
(p<0.05, FWE). There were no significant differences between HM and left-affected MDs. Our 
result is in line with previous writer's cramp study, which found dysfunction in the 
somotosensory cortex and putamen contralateral to symptomatic hand [1]. 
We report, for the first time to our knowledge, increased connectivity in rsfMRI putamen region 
for MD subjects. Even though symptoms of MD appear only during some specific tasks, there 
are functional abnormalities in the brains of MD subjects, which can be detected even in the 
resting state. 
[1] Mohammadi B et al. Changes in resting-state brain networks in writer's cramp. Hum Brain 
Mapp. 2012, 33(4):840-8. 
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Abstract: DYT1 dystonia is an autosomal dominant disease, caused by a recurrent deletion 
mutation in the TOR1A gene. Biochemical, cell biological and animal-based studies suggest that 
the protein encoded by TOR1A, torsinA, participates in the neuronal response to endoplasmic 
reticulum (ER) stress and the DYT1 mutation would interfere with this function. Data from our 
laboratory using a murine chronic ER stress model supports this notion. However, whether 
mutant torsinA interferes with the normal response to acute ER-stress in vivo remains unknown. 
We hypothesize that the neuronal response to acute ER stress is abnormal in the mammalian 
DYT1 brain in vivo. To test this hypothesis, we used tunicamycin to induce acute ER stress in 
DYT1 transgenic rats and DYT1 knock-in mice. Tunicamycin inhibits N-linked glycosylation 
which causes an accumulation of misfolded ER-resident proteins. Five month-old DYT1 and 
control rats and mice received an intraperitoneal injection of 1 mg/kg of tunicamycin and were 
sacrificed 24 or 48 hours later. Whole cell striatal and cerebellar lysates were obtained and 
analyzed by western blotting. In both rats and mice, we found that this dose of tunicamycin 
triggers ER stress in brain tissue, present at 24 hrs and persisting 48 hrs after administration. The 
presence of mutant torsinA altered the neuronal ER stress response in the cerebellum and 
striatum of DYT1 rats and mice. In sum, these findings support previous reports from our 
laboratory and others suggesting that torsinA modulates the neuronal response to ER stress. 
Furthermore, they also provide us with a novel model in which to explore molecular pathways 
and potential therapeutic targets in DYT1 in vivo. 
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Title: Increase in the number of striatal cholinergic interneurons in a mouse model of DOPA-
responsive dystonia 
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Abstract: Dystonia, which is the third most common movement disorder after tremor and 
Parkinson’s disease, is characterized by involuntary twisting and patterned muscle movements. 
Despite a number of different mechanisms and pathways suggested as substrates for the 
pathophysiology of dystonia, there is still need for a more comprehensive and integrative 
explanation. Some evidence suggests that dysfunction of striatal cholinergic interneurons plays a 
critical role in the development of various forms of dystonia. The aim of this study was to 
evaluate potential changes in the number of striatal cholinergic interneurons in a recently 
developed knock-in mouse model of DOPA-responsive dystonia (DRD). 
C57BL/6J mice were used to generate a knockin mouse model of DRD by introducing a 
mutation homologous to the DRD-causing c.1141C>A (p.381Q>K) mutation in the human 
tyrosine hydroxylase (TH) gene. Homozygous mice display the core features of the disorder 
including dystonia that worsens throughout the course of the day and response to L-DOPA (Rose 
et al, 2015, Brain 138: 2987). 
Striatal brain sections from DRD (n=3, 2 females and 1 male) and wild-type (n=3, 2 females and 
1 male) mice were immunostained with choline acetyltransferase (ChAT) and parvalbumin (PV) 
antibodies. Every 6th section, extending approximately from IA (interaural) 5.1 to IA 2.5 mm, 
was used for stereological counts of ChAT- and PV-positive neurons. Total numbers of neurons 
are estimated using a stereological approach. The striatum was divided into quadrants and 
rostrocaudal tiers to evaluate changes in the number of ChAT-containing neurons in specific 
functional territories of the striatum. 
The number of striatal ChAT-immunopositive interneurons was 31.5 % higher in DRD mice 
(9238.1±1068.7) than in wild-type mice (6330.2±716.3). The largest increases were observed in 
the ventrolateral quadrant (43.3 %) and in the post-commissural tier (47.3 %) of the striatum. In 
contrast, the number of PV-positive interneuron was not significantly different between DRD 
mice (13812.4±1162.9) and wild-type mice (12395±1110.8), suggesting that the change in the 
number of interneurons is specific to cholinergic cells. 
Our findings provide the first evidence for pathological increase in the number of intrastriatal 
cholinergic interneurons in the striatum of DRD mice. Future studies are needed to characterize 
the consequences of such neuronal increase on the intrastriatal cholinergic transmission and 
regulation of striatal outflow. It is noteworthy that these changes may be specific to DRD 
because they are not seen in the DYT1 knock-in mouse model of dystonia (Song et al, 2013, 
Neurobiol Dis 54: 362). 
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Title: Theta oscillations in the internal pallidum correlate with dystonic symptom severity in 
patients with cervical dystonia 
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Abstract: Question: Theta oscillations in the internal pallidum has been shown to be correlated 
and coherent to dystonic muscle activity in patients with dystonia. Thus, pallidal theta oscillatory 
activity has been implicated in the pathophysiology of dystonia. We therefore aimed to 
investigate a potential association between pallidal theta activity recorded from deep brain 
stimulation electrodes with dystonic symptom severity as quantified by the Toronto Western 
Spasmodic Torticollis Rating Scale (TWSTRS) in patients with cervical dystonia.Methods: We 
included 27 patients (17 female; age: 50 ± 9.5 years, MEAN ± S.E.M) in our study. All patients 
underwent bilateral implantation of deep brain stimulation (DBS) electrodes in the internal 
pallidum (GPi). Pallidal local field potentials were recorded bilaterally from the DBS electrodes 
at rest from adjacent contact pairs (01,12,23), while the leads were still externalized. All data 
were analysed in the frequency domain using fourier transform based methods. The resulting 
power spectra were normalized and visually inspected for peaks in the low-frequency (θ: 4 - 12 
Hz) and beta band (β: 13 - 30 Hz). Furthermore, inter-hemispheric coherence analysis has been 
conducted to investigate the spatial oscillatory connectivity. Spearman’s correlations were used 
to investigate associations between coherence and peak amplitude and preoperative dystonic 
symptom severity (TWSTRS) for each frequency band.Results: Distinct peaks in the theta band 
(4 - 12 Hz, mean: 6.6 Hz ± 0.26 S.E.M.) and in the beta band (13 - 30 Hz, mean: 17 Hz ± 0.68 
S.E.M.) were found in all patients. Significant correlations with dystonic symptom severity, as 
measured by preoperative TWSTRS were revealed for the theta, but not beta peak amplitude 
(N=27, Spearman’s ρ = 0.4, P = 0.009) and interhemispheric coherence (n=26; Spearman’s ρ = 
0.51; P = 0.0024). Contact pairs with the highest theta peak power overlapped with the contact 
chosen for chronic stimulation in 94% (48/53 included contact pairs) and the correlation 
improved, when only these contact pairs were included (N = 27, Spearman’s ρ = 0.48, P = 
0.005).Conclusions: We have demonstrated that the amplitude of pallidal theta oscillations can 



directly correlate with dystonic symptom severity in patients with cervical dystonia. Our results 
suggest that spectrally focal oscillations in the theta, but not beta band have a role in the 
pathophysiology of dystonia and may be a useful biomarker for dystonic symptom severity. 
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Title: The effects of motor gating on somatosensory induced beta oscillation in writer's cramp 
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Abstract: Objective: To clarify the tuning effects of different sensoymotor circumstances on the 
somoatsensory evoked field (SEF) and sensory induced cortical beta synchronization (beta ERS) 
in patients with writer’s cramp. Methods: We evaluated the neuromagnetic responses elicited by 
electrical median nerve stimulation at the wrist in 9 healthy subjects and 9 patients with writer’s 
cramp during rest, imagery writing, and writing. Results: The N20m and P35m were attenuated 
during writing, but those were not changed during imagery writing. The beta ERS and SEFs 
components did not differ between groups after right median nerve stimulation. However, the 
beta ERS induced by left median nerve stimulation was significantly attenuated during writing in 
patients. Conclusions: The reduced beta ERS reflects abnormal inhibition of ipsilateral motor 
cortex during writing. A motor-task dependent dysregulation in the sensorimotor network might 
trigger the malfunction of motor control. 
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Abstract: Spasmodic dysphonia (SD) is a form of focal dystonia characterized by involuntary 
spasms in the laryngeal muscles during speaking. Most commonly, SD presents as an adductor 
type (ADSD) leading to voice breaks on vowels and harsh, strangled voice quality. Less 
commonly, SD patients are affected by the abductor type (ABSD), which leads to voice breaks 
on voiceless consonants, and breathy voice quality. While the causative pathophysiology of SD 
is unknown, about 16% of SD patients have a family history of dystonia, which suggests the 
presence of potential gene mutations with low penetrance. 
Previous neuroimaging studies have shown several structural abnormalities in SD, including gray 
matter alterations in the laryngeal sensorimotor cortex, inferior frontal and superior and temporal 
gyrus, the cerebellum, as well as white matter changes in the internal capsule, basal ganglia, 
cerebellum, and temporal and parietal regions. Yet, little is known about the neural bases 
associated with SD putative genotypes and clinical phenotypes. 
In this study, we acquired high-resolution MRI and diffusion-weighted images (DWI) in a large 
cohort of SD patients to examine abnormalities of cortical thickness and white matter integrity in 
association with distinct clinical phenotypes in 37 ADSD and 37 ABSD, and distinct genotypes 
in 29 familial and 30 sporadic cases. Following the standard processing pipelines, between-group 
differences in cortical thickness and fractional anisotropy were assessed using independent t-tests 
(pcorr = 0.01). 
We found that genotype-specific alterations were characterized by cortical thickness changes in 
the left superior temporal gyrus and bilateral orbitofrontal regions, as well as by white matter 



alterations in the arcuate portion of the left superior longitudinal fasciculus. Phenotype-specific 
cortical thickness abnormalities were found in the dorsal portion of the left central sulcus 
corresponding to the sensorimotor representation of the trunk and neck, the angular gyrus, 
whereas white matter alterations were observed in the superior corona radiata underlying the 
right precentral gyrus. 
These findings suggest that SD genotypic pathophysiology may be associated with structural 
abnormalities in regions regulating phonological and sensory processing, while phenotypic 
differences may reflect dysfunction of primary and associative areas, underlying the 
sensorimotor control. 
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Title: Connectome-wide phenotypical and genotypical associations in laryngeal dystonia 
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Abstract: Laryngeal dystonia (LD) is a focal dystonia of unknown pathophysiology 
characterized by involuntary spasms in the laryngeal muscles during speech production. An 
earlier study identified altered functional connectivity within sensorimotor brain regions in LD, 
whereas another combined study of LD and other focal dystonias suggested the presence of 
large-scale network abnormalities across different forms of this disorder. In this study, we used 
graph theoretical analysis of symptomatic speech production fMRI acquired from 90 LD patients 
(54.5±12.9 years; 73 females/17 males) and 32 healthy subjects (50.5±10.2 years; 21 females/12 
males) to further characterize the LD functional connectome and its associations with distinct 
phenotypes and genotypes. We employed a community detection strategy to assess the formation 
of task-related LD genotype- and phenotype-specific functional modules and to contrast 



pathological network topology with results obtained from healthy controls. Compared to healthy 
controls, the LD connectome was characterized by an overall abnormal pattern of hub formation 
particularly affecting regions in the parietal, primary motor and somatosensory cortices, and 
thalamus. We found that left thalamus formed a clearly delineated functional community in 
familial but not sporadic LD patients, while ADLD and ABLD showed marked differences in the 
topological organization of parietal regions during the production of meaningful speech. The 
interaction of sporadic genotype with adductor phenotype yielded four functional communities 
primarily governed by intra-modular hub regions, whereas familial abductor LD was associated 
with numerous long-range hub nodes distributed across five nodal groups characterized by 
abnormal functional integration of left thalamic and basal ganglia structures. Taken together, 
these results suggest that, on a connectome level, LD genotype-phenotype interactions are 
reflected by the interplay between global and local topological characteristics of functional 
communities. Our findings provide a comprehensive atlas of functional topology across different 
LD phenotypes and genotypes during symptomatic task production and thus may contribute to 
the development of neural imaging markers for this disorder. 
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Title: Symptoms and ketamine sensitivity in mouse models of dystonia: ATP1A3 and Lamb1 
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Abstract: Paradoxical responses to drugs that are sometimes used as anesthetics were observed 
in two different mutant mouse dystonia models. In humans, mutations of ATP1A3 (Na,K-ATPase 
alpha3) can have a variety of severe effects, and dystonia is a common (and often predominant) 
symptom. One mouse line was a hypomorph of the Atp1a3 gene, and a second was a knock-in of 
a human mutation (D801Y) in the same gene. The third mouse line, lamb1t, was discovered by 
its dystonia-like symptoms, and has a mutation in the Lamb1 (laminin beta1) gene (Liu et al. 
2015 DOI: 10.7554/eLife.11102). All three mutations are lethal in homozygotes, and so 
symptoms were investigated in heterozygotes. The Atp1a3 hypomorph (80% yield) exhibited no 
symptoms in motor skill tests, but the D801Y Atp1a3 mutant (30% yield) showed baseline 
hyperactivity; hindlimb weakness; slow beam crossing; and interestingly, consistently-improved 
rotarod performance. The Lamb1 mutant exhibited no baseline activity increase, but had 
hindlimb dystonic movements; many slips in beam crossing; and reduced rotarod performance. 
Histology did not detect spinal or sciatic nerve abnormalities in either symptomatic mouse. The 
Atp1a3 D801Y mouse exhibited agitation and abnormal movements in response to ketamine, and 
could not be anesthetized with it. The response to ketamine in the Atp1a3 hypomorph, in 
contrast, was the same as WT. The hypomorph was tested for potentiation of ketamine by 
repeated exposure: motor activity during recovery from the drug did increase, peaking at 3-4 
days, but WT showed the same potentiation. In the lamb1t mouse, twitching of the hindlimbs is 
seen in sleep and in isoflurane anesthesia, and is caused by co-contraction of opposing muscles 
driven by abnormal activity in the spinal cord (Liu et al.). This twitching was exacerbated and 
prolonged by ketamine compared to isoflurane. Nitrous oxide, which overlaps with ketamine in 
inhibiting NMDA receptors, but which alone is not anesthetic in mice, also exacerbated 
twitching in lamb1t mice, and increased motor activity in Atp1a3 D801Y mice compared to WT. 
In conclusion, the Atp1a3 knock-in and lamb1t mice share exaggerated activating responses to 
certain drugs. We hypothesize that the drug sensitivity reflects an underlying imbalance of 
excitation-inhibition ratio due to mutation effects on synaptic activity (Na,K-ATPase) or synaptic 
plasticity (laminin); overflow of excitation is an endophenotype typical of dystonia and related 
disorders. Supported by US Department of Defense grant PR100747, NIH grant NS081558, a 
grant from the Bachmann-Strauss Dystonia and Parkinson Foundation to KJS; and NS058949 to 
AB. 
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Abstract: Myoclonus dystonia (DYT11) is an inherited movement disorder caused by loss-of-
function mutations in SGCE and characterized by involuntary jerking of the upper body 
(myoclonus) and sustained contraction of agonist and antagonist muscles that result in painful, 
twisted postures (dystonia). A striking feature of this disorder is that patients frequently report 
improvement of motor symptoms after consumption of alcohol. Unfortunately, the neural basis 
of DYT11 is unclear, although motor structures including the basal ganglia and cerebellum have 
been implicated. To better understand the neural causes of the symptoms in DYT11, we 
generated a mouse model of DYT11 using short hairpin RNA (shRNA) to knock down sgce, the 
mouse homolog of SGCE, in the adult mouse. We found, using two different shRNA sequences, 
that knockdown of sgce in the cerebellum, but not the basal ganglia, produced dystonia and 
repetitive jerk-like movements in mice. Furthermore, we showed that the motor symptoms of 
these mice improved after administration of ethanol. In contrast, the motor symptoms of a mouse 
model of a different hereditary dystonia which in patients is not responsive to ethanol, DYT1, 
did not lessen following ethanol administration. To test whether aberrant cerebellar activity 
underlies the motor symptoms in our mouse model of DYT11, we performed extracellular 
recordings from dystonic mice. We found that, compared to mice injected with a control shRNA 
that does not target any gene in the genome, both Purkinje cells and deep cerebellar nuclei 
(DCN) neurons fire aberrantly in dystonic mice. Future studies will seek to determine whether 
alcohol relieves symptoms in these mice by restoring the regular activity of the neurons. In 
addition, we will examine whether the irregular activity of Purkinje cells and DCN neurons is 
due to a change in the intrinsic activity of the neurons or whether it is caused by a change in their 
synaptic inputs. 
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Abstract: CIZ1 is a p21(Cip1/Waf1) interacting zinc finger protein that plays an important role in 
DNA replication and cell cycle progression at the G1/S checkpoint. Germline or somatic variants 
in CIZ1 have been associated with dystonia, Alzheimer disease and cancer. Recently, we have 
shown that germline knock-out of Ciz1 is associated with mild motor, behavioral, and 
hematological abnormalities in young adult mice. However, the effects of CIZ1 deficiency in 
much older mice may be more relevant to the understanding of age-related neurological 
disorders such as isolated dystonia and Alzheimer disease. To this end, we have now 
characterized motor, cognitive and neuropathological phenotypes in 18-month old Ciz1-/- mice. 
Aged Ciz1-/- mice exhibited marked relative deficits in motor and cognitive functioning in 
comparison with WT littermates and younger Ciz1-/- mice. In particular, Ciz1-/- mice performed 
poorly on a crossmaze task, raised beam task, rotarod and open-field activity. Furthermore, Ciz1-

/- mice exhibited increased inflammatory responses in brain as assessed by myeloperoxidase 
(MPO) activity, neutrophilic infiltration, reactive astrocytosis and activated microglia. TUNEL 
labeling showed that inflammatory and neurodegenerative markers were associated with 
significant increases in apoptotic cells. These findings suggest that the deleterious effects of 
CIZ1 deficiency become more pronounced with aging and CIZ1 knockout is associated with 
neurodegenerative behavioral and pathological phenotypes. Therefore, defective or deficient 
CIZ1 and closely related cell-cycle proteins could contribute to the pathogenesis of Alzheimer 
disease, isolated dystonia and age-related motor and cognitive decline in elderly human 
populations. 
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Abstract: DYT1 is the most common idiopathic torsion dystonia characterized by a typical 
limb-onset in childhood, followed by generalization of dystonic symptoms. However, although 
the GAG deletion of the Tor1A gene is known, the pathophysiology remains enigmatic. The 
reason for the markedly reduced disease penetrance of 30% is still unknown. We forward the 
hypothesis, that dystonia manifests in genetically predisposed individuals only after a “second 
hit” (e.g. abnormal sensory input) causing maladaptive plasticity of the basal ganglia-cortex 
network. To prove this hypothesis, we developed a novel dystonia scoring system to analyze 
dystonic symptoms after a traumatic injury in a transgenic DYT1 rat model (ΔETorA), that 
harbors the full human mutant Tor1A gene and does not show dystonia per se. Development of 
dystonia in wildtype (wt) and ΔETorA rats after sciatic nerve crush of the right hindlimb was 
observed by blinded scoring of videotapes taken during tail suspension. Dystonia of the 
hindlimbs was assessed by using a newly developed 0-5 point dystonia scoring system. Wt and 
ΔETorA rats were analyzed before (pre-OP) and after nerve injury (week 2, 5, 9 and 12). Control 
groups consisted of naive ΔETorA rats, naive wt rats, sham operated ΔETorA and wt rats. After 
nerve crush of the right hindlimb, wt and ΔETorA rats developed dystonic motor features. A 
maximum score of 5.0 ± 0.0 in ΔETorA rats and 4.8 ± 0.2 in wt rats was observed 2 weeks after 
surgery. After a slow decrease of the dystonia score in both groups, in nerve injured wt rats the 
dystonia score decreased to a minimum of 0.4 ± 0.3 on week 9 with a still constant low dystonia 
score at week 12 (0.6 ± 0.3). ΔETorA rats however demonstrated a significant higher dystonia 
score after crush injury at week 9 (1.9 ± 0.4) and week 12 (1.9 ± 0.4). All control groups stayed 
at a dystonia score level < 1 during the whole trial. A higher penetrance of dystonia in ΔETorA 
nerve injured rats (70%), compared to wt nerve injured rats (10%), was apparent by the dystonia 
scoring. Moreover, dystonic spreading to the contralateral hindlimb, indicative for a beginning 



generalization, was observed in 35% of the nerve injured ΔETorA rats while none of the nerve 
injured wt rats developed signs for generalization.This newly established clinical dystonia 
scoring has the capability to reveal clinically apparent dystonia triggered by peripheral nerve 
injury in ΔETorA rats. We were able to calculate the penetrance of dystonia and distinguish 
between focal and beginning generalized dystonia by using this novel dystonia score. Our data 
indicate that peripheral nerve injury triggers dystonia in genetically predisposed animals 
supporting the “second hit” hypothesis. 
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Abstract: Dystonia is a movement disorder characterized by involuntary muscle contractions 
and abnormal postures. Dystonia can be considered as a disorder of aberrant plasticity, in which 
a complex set of physiological abnormalities leads to abnormal neural organization. Dystonic 
symptoms have been associated with basal ganglia dysfunction and increased cortical 
excitability. Deep brain stimulation of the internal segment of the globus pallidus (GPi DBS) is a 
common treatment for severe dystonia, despite an incomplete understanding of its mechanisms 
of action. Recently, we started to explore the effects of combined GPi and thalamic stimulation 
with more noticeable clinical improvement. We hypothesize that DBS disrupts the abnormal 
information flow through the pallidothalamocortical loop and reduces cortical excitability, 
leading to gradual brain reorganization. An essential component of this hypothesis is that DBS 
has an effect on cortex that could be mediated by anterograde trans-synaptic pathways from GPi 
and thalamus. We measure the effects of DBS on cortical activity by recording changes in scalp 
EEG evoked potentials by 15 Hz GPi and VL (ventrolateral thalamus) DBS. We collected data 
from 5 subjects implanted with GPi and VL DBS leads. We found that VL-DBS evoked 
potentials have an onset at ~15ms and peak at ~23ms, with higher amplitude in paracentral 
regions ipsilateral to stimulation side, and tend to be smaller for most distal stimulation contacts 



(off target contacts). GPi DBS evoked potentials are less distinctive and are not always present. 
These results indicate that the effect of the stimulated GPi efferent axons do not necessarily 
reach cortex, instead, GPi DBS seems to have a regulatory effect on thalamus. The progressive 
time course of clinical improvement of dystonia and the absence of evoked potentials after GPi 
DBS reflect changes within the basal ganglia or thalamus that lead to gradual cortical 
reorganization. The clinical observations indicate that in some cases GPi DBS alleviates dystonic 
symptoms, whereas for most cases VL DBS improves tremor-like movements. 
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Title: Rs-fmri in cervical dystonia - associations between functional networks and temporal 
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Abstract: Dystonia, a neurological disorder characterized by rigid body movements and 
abnormal postures, has till date, unknown pathophysiology. Previous literature reports impaired 
inhibition detected at various levels of the central nervous system with recent findings suggesting 
involvement of large-scale functional networks. The temporal discrimination threshold (TDT - 
shortest time interval at which two stimuli are detected to be asynchronous) has been shown to 
be abnormal in adult-onset primary torsion dystonia (AOPTD). Abnormal TDT values have been 
strongly correlated to AOPTD, eliciting its role as a possible endophenotype for Cervical 
Dystonia (CD). It has been postulated that abnormal TDT and CD result from disordered 
functioning of mid-brain network for covert attention (the Superior Colliculus (SC) being the 
primary node of dysfunction). Probing abnormal TDT in affected and unaffected first-degree 



relatives would provide further information on the pathophysiology of dystonia and gene 
mutation carriage in families. Experimental evidence for this, as well as an investigation of the 
functional networks in this disorder remains to be explored. 
To examine large-scale topology of functional brain networks in dystonia, we undertook a 
resting state-fMRI study. Resting state networks (RSNs) reflect the organization of structural and 
functional brain networks. It was employed to eliminate task performance related confounds 
across subjects. Our subjects (age and gender matched) were grouped as follows: a) 16 dystonia 
patients with abnormal TDT values, b) 16 relatives with normal TDT (unaffected relatives) and 
c) 16 relatives with abnormal TDT (affected relatives). It was hypothesised that the Default 
Mode Network and Salience Network would be the same across the cohorts, while there would 
be significant differences in the Frontoparietal Network (FPN), Visual Network (VN) and Basal 
Ganglia. We acquired data from these three cohorts, using a 3T Philips MRI Scanner. We 
implemented Independent Component Analysis to explore the different RSNs, compare the 
functional connectivity in each across the cohorts and correlate these with their TDT results. 
Preliminary statistical analysis (1-way ANOVA) with z-scores showed significant differences in 
functional connectivity in the FPN and VN (p<0.05, FWE corrected), consistent with previous 
findings. While the FPN plays a crucial role in attention, selection of relevant environmental 
information and sensory-motor processing, the SC is a chief node in the VN. These connectivity 
changes in the FPN and VN in affected relatives corroborates the mid-brain covert attention 
hypothesis of CD and abnormal TDT values. 
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Title: In vivo imaging reveals impaired connectivity across cortical and subcortical networks in a 
mouse model of DYT1 dystonia 
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Abstract: In humans, DYT1 dystonia represents the most common genetic form of the primary 
dystonias, and is caused by a trinucleotide (∆GAG) deletion in one allele of the DYT1 (TOR1A) 
gene and subsequent removal of a single glutamic acid residue in the carboxyl terminal region of 
the torsinA protein. To advance our current understanding of the pathophysiology underlying 
human DYT1 dystonia, the current study examined in vivo functional connectivity of cortical, 
basal ganglia, and cerebellar networks in Tor1a (Dyt1) ∆GAG heterozygous knock-in (Dyt1 KI) 
mice using resting-state functional MRI and an independent component analysis. In addition, 
using diffusion MRI we examined how structural integrity across the basal ganglia and 
cerebellum directly relates to impairments in functional connectivity. Compared to wild-type 
(WT) control mice, Dyt1 KI mice exhibited increased functional connectivity in the striatum, 
thalamus, and somatosensory cortex - and reduced functional connectivity in the motor cortex 
and cerebellum. A support vector machine classification algorithm based on functional 
connectivity revealed a high area under the curve cross-validation in a testing cohort, and high 
genotype (Dyt1 KI, WT) prediction accuracy in an independent cohort. Further, Dyt1 KI mice 
demonstrated increased free-water in the striatum and cerebellum, and free-water values 
correlated with the degree of functional connectivity across cortical, basal ganglia, and cerebellar 
functional networks. The current study provides the first in vivo MRI-based assertion that the 
selective removal of a glutamic acid residue on the Tor1a protein produces network level 
functional abnormalities across cortical and subcortical brain regions. Moreover, our results 
show that free-water may serve as a sensitive marker of microstructural degeneration in mouse 
models of DYT1 dystonia. 
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Title: Elucidating the effects of the Thap1C54Y and null alleles on the gene transcription 
signatures in P1 mice by RNAseq 
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Abstract: Pathogenic molecular mechanisms underlying the abnormal, painful muscle 
contractions characteristic of primary dystonia remain to be elucidated and current treatments are 
unsatisfactory. DYT6 dystonia is caused by mutations in THAP1 [Thanatos-associated (THAP) 
domain-containing apoptosis-associated protein] and is autosomal dominant and partially 
penetrant. The function of Thap1 in neurons is unknown, but there is a unique, neuronal 50-kDa 
Thap1-like immunoreactive species, and Thap1 levels are auto-regulated on the mRNA level. 
Neuroimaging in manifesting and non-manifesting carriers (NMCs) demonstrates abnormalities 
in the cerebello-thalamo-cortical and cortico-striato-pallido-thalamo-cortical pathways, similar to 
DYT1 dystonia. Prevalent theories on the pathophysiology of primary dystonias include 
developmental abnormalities of the cerebellum and striatal neurons and interneurons and their 
pathways, neurotransmitter and electrophysiological dysfunction, including monoamine 
neurotransmission and plasticity, and dysfunction of ion channels and intracellular signaling. We 
previously created two lines of mice with physiologic mutations, a Thap1C54Y knockin (KI) 
mouse and a mouse with a null allele. The C54Y mutation prevents binding of Thap1 to DNA in 
vitro. In particular, we sought to determine the in vivo role of Thap1C54Y and null alleles on the 
gene transcription signatures at postnatal day 1 (P1) in the mouse striatum and cerebellum in an 
attempt to correlate with specific genes and /or pathways with potential points of convergence on 
the pathogenesis of DYT6 dystonia. We performed RNAseq on P1 striata and cerebella from 
Thap1C54Y/+, Thap1+/- and WT mice and pathway analysis revealed convergence with other forms 
of dystonia. We validated our findings by qPCR, Western Blotting and immunocytochemistry. 
Overall our findings may help to elucidate key pathways involved in the pathogenesis of DYT6 
dystonia at an early time point. 
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Title: A circuit theory for the pathogenesis of blepharospasm 
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Abstract: Blepharospasm (BSP) is a focal dystonia that involves involuntary eyelid spasms, eye 
closure, and increased blinking. New treatment strategies could be developed if the 
pathophysiology that underlies BSP was better understood. The objective of this study was to 
develop a theoretical model of pathological circuits implicated in BSP. The model integrates 
three bodies of previous experimental and theoretical work: 1) an overarching theory for the 
multifactorial pathogenesis of isolated dystonias, in which we postulated that a combination of 
abnormal dopaminergic signaling in the striatum and abnormal patterns of sensorimotor state 
space utilization could induce pathological reinforcement learning that leads to dystonia 
(Peterson and Sejnowski 2010 Neurobiol Dis), 2) a two-hit rodent model specifically of BSP, 
demonstrating that the joint contribution of dopaminergic and ophthalmic factors could be 
critical in the pathogenesis of the disorder (Schicatano, Basso, and Evinger 1997 J 
Neurophysiol), and 3) a computational mean-field model of motor control circuits, including 
simulations of the impact of pathological dopaminergic signaling (van Albada and Robinson 
2009 J Theor Biol). We incorporated three additional features critical to cranial motor control: 1) 
the joint influence of motor cortical regions and direct descending projections from the 
substantia nigra pars reticulata on brainstem motor nuclei, 2) nested loops composed of the 
trigeminal blink reflex arc and the long sensorimotor loop from trigeminal nucleus through 
thalamus to somatosensory cortex back through basal ganglia to the same brainstem nuclei 
modulating the reflex arc, and 3) abnormalities in the basal ganglia dopamine system that 
provide a sensorimotor learning substrate which, when combined with patterns of increased 
blinking induced by the orbicularis oculi lesion, leads to abnormal sensorimotor mappings 



manifest as BSP. We use a biologically plausible computational rule for dopamine-mediated 
synaptic plasticity in the striatum, selective for D1- and D2-type dopamine receptors. The model 
reproduces the blink reflex physiology from Schicatano and is consistent with selective 
impairments in the D2-family of dopamine receptors reported from PET studies of BSP patients. 
The model also makes predictions that can be tested in new experimental animal models based 
on emerging genetics in dystonia, including the recently characterized striatal-specific D1R 
transduction alterations caused by the GNAL mutation. More broadly, the model will provide a 
platform for future studies mechanistically linking multiple factors in the pathogenesis of BSP. 
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Abstract: Cervical dystonia (CD) is the most common type of primary dystonia, and is 
characterized by involuntary neck muscle contractions that cause abnormal movements of the 
neck and head. Oral pharmacological therapy for patients with dystonia often includes 
anticholinergic agents such as trihexyphenidyl. Although anticholinergic medication can provide 
symptomatic relief in CD, it is not entirely clear how it affects the brain. In the current study, we 
were interested in testing whether acute administration of a low dose of trihexyphenidyl has an 
effect on motor-related brain activity and/or water diffusion within brain tissue in patients with 
CD. To investigate underlying pathophysiology of CD and response to trihexyphenidyl, we 
chose a behavioral task that we did not expect to elicit a behavioral difference between CD and 



controls. The task was a grip force hand task. A total of 16 patients with idiopathic CD 
completed two sessions of MR imaging: OFF medication, and average two hours following a 
single 2-mg dose of trihexyphenidyl (i.e., ON medication). On both occasions we collected fMRI 
scans while CD performed a visually-cued unimanual grip force task, and 64 direction diffusion 
MRI scans from which we calculated free-water and free-water corrected FA measures in several 
regions of interest across the basal ganglia, thalamus, cerebellum, brainstem, and corpus 
callosum. A group of age- and gender-matched healthy individuals who underwent the same 
scanning protocol as CD but not the pharmacological intervention was also included in the study. 
We found no differences in behavior during grip force between CD and controls, and task 
performance did not change with the administration of trihexyphenidyl. Symptom severity as 
assessed with the Burke-Fahn-Marsden Dystonia Rating Scale was slightly but not significantly 
reduced posttreatment. The fMRI data showed that when OFF medication CD had reduced 
activity in the sensorimotor cortex (bilaterally), and increased activity in the right dorsal 
premotor cortex, pre-supplementary motor area, and lobule VI of the cerebellum, as compared to 
controls. A single dose of trihexyphenidyl was associated with a bilateral increase in activity in 
the sensorimotor and ventral premotor cortices. We found no differences in free-water or free-
water corrected FA measures between controls and CD, and no drug effect on these measures in 
CD. Together, results suggest a baseline disruption of sensorimotor processing in CD that is 
modulated acutely by administration of trihexyphenidyl, providing new leads for models of 
anticholinergic action in CD. 
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Abstract: Protein clearing pathways represent a powerful physiological mechanism to control 
homeostasis within eukaryotic cells, while their dysfunction is a key factor in the molecular 
mechanisms underlying neuronal degeneration. These clearing pathways remove misfolded 
proteins and altered organelles. Two main pathways named autophagy pathway and ubiquitin 
proteasome are considered to be prominent in eukaryotic cells. These pathways are commonly 
viewed as distinct biochemical cascades occurring within specific cytosolic compartments where 
pathway-specific enzymatic activity is believed to take place. The classic view considers these 
clearing pathways as distinct depending on various items: different compartmentalization, 
different substrates, different enzymatic activities, different roles in cell homeostasis. We just 
described the morphological convergency of autophagy (ATG) and ubiquitin proteasome (UP) 
pathway to form a novel organelle named autophagoproteasome. This is shown by confocal 
microscopy and immune-electron microscopy. Both ATG and UP are recruited robustly during 
methamphetamine exposure playing a pivotal role in methamphetamine toxicity. 
Methamphetamine dramatically alters autophagoproteasomes which play a critical role in 
counteracting methamphetamine toxicity. Despite being segregated within a single organelle 
ATG and UP components undergo a slight different pharmacological regulation. Both pathways 
are up-regulated along with autophagoproteasome following methamphetamine administration, 
but ATG prevails for low doses while UP takes over for higher doses of methamphetamine, 
which demonstrates a common, dopamine-dependent regulation with slight differences for these 
clearing pathways within a single organelle. ATG and UP component appear to be molecularly 
bound within autophagoproteasome depending on specific pharmacological stimulation as shown 
by western blotting of immunoprecipitates. The structure and function of the 
autophagoproteasome critically relies on mTOR activity for all its components. The fine tuning 
of mTOR activity is likely to impact significantly methamphetamine toxicity as well as 
dopamine-dependent pathological conditions. 
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Title: PACAP protects against toxicity induced by combination of low alcohol and nicotine in 
SH-SY5Y cells 
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Abstract: Pituitary adenylate cyclase-activating polypeptide (PACAP) is a neuroprotective 
endogenous 38 amino acid neuropeptide. In-vitro and in-vivo studies have demonstrated that 
PACAP protects against neuronal injury related to ischemia, trauma and various endogenous and 
exogenous toxic agents. We have previously reported that PACAP protects against toxicity 
induced by high concentrations of ethanol (e.g. 500 mM) in neuroblastoma-derived SH-SY5Y 
cells (Manavalan et al. SFN abst 2015). At very low concentrations (10 mM) ethanol has 
neuroprotective effects. Similarly, nicotine at very low concentrations (10 µM) may also be 
neuroprotective. Surprisingly, however, the combination of low concentrations of alcohol and 
nicotine results in significant toxicity in SH-SY5Y cells. The aim of this study was to determine 
the molecular mechanisms of PACAP-dependent protection against ethanol and nicotine-induced 
toxicity. Exposure of SH-SY5Y cells for 24 h to a combination of ethanol (10 mM) and nicotine 
(10 µM) resulted in approximately 50% cell death that was blunted by pretreatment with 100 nM 
PACAP. The protective effects of PACAP were inhibited by 1 µM PACAP antagonist (PACAP 
6-38). These data suggest that PACAP prevents cell death by a combination of low dose alcohol 
and nicotine in a PAC1 receptor-dependent manner. Further studies are underway to elucidate 
intracellular mechanism(s) responsible for observed toxicity and protection by PACAP. 
Supported by: NIH/NIAAA R03AA022479 (YT); Bolyai Scholarship, MTA Momentum 
Program, Hungarian Brain Research Program (Grant No. KTIA_13_NAP-A-III/5), Arimura 
Foundation and OTKA K104984 (AT, DR); NIH/NIA 1R25AG047843-01 and 1R03G049288-
01A1 (KM). 
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Abstract: Ethanol, a powerful teratogen that leads to neuronal death during development, 
distorts motor and cognitive functions of the individuals subjected to alcohol in the perinatal 
period. However, these behavioral abnormalities were shown to be compensated in later times 
through the puberty by a recovery mechanism which hasn’t been identified yet. In this study 
pups were treated with ethanol (6 gr/kg/day) by intragastric gavage between the 7th-21th 
gestational days. The hippocampal tissue of pups was collected at postnatal day (PD) 1, PD10, 
PD30, and PD60 for evaluation of regeneration process by western blot analysis of proteins 
which is found in the signaling pathways for survival, neurogenesis, angiogenesis and apoptosis. 
Firstly, at PD1, prenatal ethanol increased Akt which controls the cellular growth and survival, 
glucose metabolism and cellular migration, CREB which is a transcription factor regulated by 
Akt, neuronal precursor Nestin, neuronal migration marker Doublecortin (DCX), mature 
neuronal marker NeuN, pro-apoptotic Bax and anti-apoptotic Bcl-2 and Bcl-XL. At PD30 which 
is the age showing significant behavioral abnormalities, prenatal ethanol increased Akt and 
mitogen activated kinase kinase ERK suggesting the behavioral recovery observed at PD60 by 
activating survival kinases. In addition, prenatal alcohol induced a decrease in the number of 
mature neurons in PD30 and it approached to control levels in PD60. In fact alcohol causes an 
artificial impact by triggering neurogenesis, because it ends up with reduction in mature neuron 
number in adulthood. Angiogenesis marker PECAM also supports the results of neurogenesis. In 
conclusion, the effect of prenatal alcohol treatment on selected proteins can be observed at birth 
which disappears in the following periods of development. This action is the consequence of 
recovery mechanism created against inhibitory effects of alcohol. Survival protein Akt is 
possibly at an important position for this mechanism by regulating many other functions such as 
neurogenesis and angiogenesis. 
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Abstract: Alcohol consumption is a potent inducer of oxidative stress. Previous data indicate 
that alcohol consumption induces mitochondrial dysfunction and free radical production in 
mouse cerebral cortex. Exercise has been recommended by clinicians as a secondary protective 
therapy; however, its effect on brain functions through mitochondrial interventions has not been 
fully explored. Therefore, we hypothesized that exercise mitigates alcohol-induced 
neurodegeneration and decline in cognitive function through mitochondrial remodeling. To test 
this hypothesis, we selected 10-12 weeks old male wild-type mice (C57BL/6, WT), grouped as 
follows: 1) WT, 2) WT+ Alcohol, 3) WT+ Exercise, 4) WT+ Alcohol+ Exercise. Mice were 
given an intraperitoneal injection of EtOH (1.5g/kg BW) or saline solution every day for 12 
weeks. The mice were exercised for 12 weeks on a treadmill with a controlled speed of 7 
meters/min for the first week, the speed of 10 meters/min for the second week and 11 meters/min 
in the following weeks and a total of 330 meters every day. After each 110 meters mice were 
given rest of 10 minutes. Cognitive and behavior alterations were assessed by novel object 
recognition, Passive avoidance, and Y-maze tests. Mitochondrial membrane potential and 
mitochondrial permeability changes were evaluated by flow cytometry. Our results suggest 
significant improvement in cognitive functions in exercised alcohol administrated group, as 
compared to non-exercised alcohol administrated group. The involvement of mitochondrial 
remodeling in mice the following exercise was further confirmed and we found there was a 
significant increase in ATP production, membrane potential, oxygen consumption, copy- number 
as well as a decrease in reactive oxygen species when compared with non-exercised alcoholic 
mice. Furthermore, a considerable reduction in TUNEL reactivity was determined in intact 
mitochondria isolated from exercised group as compared to non-exercised alcoholic mice. In 
addition, the effect of exercise on neuronal survival in the alcoholic brain was confirmed by 
fluoro-jade C reactivity. Taken together, our results indicate a myriad of beneficiary effects of 
exercise over mitochondrial pathology during alcoholism. Furthermore, our findings suggest 



exercise mitigates neurodegeneration and cognitive dysfunction and thereby improving total 
mitochondrial function. This work was supported by NIH grant HL107640-NT 
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Abstract: Ketamine, a noncompetitive antagonist of the N-methyl-D-aspartate (NMDA) 
receptor, has been used as an anesthetic in clinic. Recently, ketamine abuse or recreational use 
has been gaining increasing attention, especially the combined abuse of ketamine and alcohol in 
adolescents. However, the characteristic neurotoxicity and the underlying mechanism after 
ketamine and alcohol abuse are still not been fully understood. The aim of the present 
investigation was to explore the pattern of neurotoxicity and the underlying mechanism of 
ketamine and alcohol co-abuse in vivo and in vitro. Here, Sprague-Dawley rats were treated with 
ketamine and/or alcohol for continuous 14 days. Then, morphological changes, cell apoptosis 
and related protein expression were investigated. In addition, the detailed pattern of neurotoxicity 
and the mechanism after ketamine and/or alcohol treatment were also investigated in neuronal 
PC12 cells in vitro. Our results revealed that alcohol significantly increased ketamine induced 
neurotoxicity of rats manifested by severer morphological and apoptotic changes in the cortex 
and hippocampus. Western blotting studies showed that p-CREB, p-Akt, CAMK4 and PKA 
expression were obviously decreased and cleaved caspase-3 expression were significantly 
increased after ketamine and alcohol co-treatment. In vitro studies of PC12 cells further proved 
that alcohol aggravated ketamine induced decrease of cell viability and apoptotic changes. 
Immunofluorescence showed that the level of Ca2+ increased significantly. Western blotting 



results further proved that the expression of p-AKT, p-CREB, CAMK4, PKA, Bcl-2 and BDNF 
were decreased, and cleaved caspase-3 expression was significantly increased after ketamine and 
alcohol co-treatment. CNQX, an AMPA/KA receptor antagonist, could partly cancel the change 
induced by alcohol and ketamine co-treatment, which indicates that AMPA/KA receptor 
activation, at least in part, are involved in the neurotoxicity of ketamine and alcohol co-
administration and CREB signaling pathway might be significantly inhibited during these 
processes. Keywords: ketamine; alcohol; neurotoxicity 
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Abstract: Environmental and occupational exposure to heavy metals remains one of the major 
concerns in public health. Manganese (Mn) is a potential neurotoxicant that alters emotional 
behavior and motor function. Mn absorption is in part mediated by iron transporters whose 
expression is modified by alcohol treatment. However, it is largely unexplored whether alcohol 
exposure influences the pharmacokinetics and neurotoxicity of Mn. Thus, we investigated Mn 
deposition into the brain and behavioral and neurochemical functions in Mn-exposed mice upon 
alcohol consumption. Mice (mixed strain; 3-4 weeks old) were treated with 10%(v/v) alcohol by 
drinking water for a total of 4 weeks. Since the second week of alcohol treatment, MnCl2 (5 
mg/kg) or saline was intranasally instilled daily for 3 weeks. In saline-instilled groups, ethanol-
exposed mice showed increased Mn levels by 15% (p<0.001) in the brain compared with water-
drinking mice. Upon Mn instillation, alcohol exposure increased brain Mn levels by 38% 
(p=0.004). Furthermore, the divalent metal transporter 1 (DMT1), a major iron transporter that 
also transports Mn, was up-regulated in the brain upon ethanol consumption (90% increase, 



p=0.002) as determined by western blot analysis. These results indicate that alcohol consumption 
increases Mn uptake into the brain, possibly through up-regulation of DMT1. In the elevated plus 
maze task, there was no significant difference in time spent in open arms between alcohol- and 
water-drinking mice in the absence of Mn exposure. Upon Mn instillation, alcohol-exposed mice 
spent less time in open arms (24% decrease; p=0.011) than water-drinking mice, indicating that 
alcohol exposure increases Mn-associated anxiety. Since Mn modifies dopamine signaling, 
which is involved in emotional behavior, we quantified dopamine-related protein expression in 
the brain by western blotting. After alcohol exposure, the dopamine transporter (DAT) showed a 
trend of up-regulation (124% increase; p=0.066), while the dopamine receptor 1 (D1DR) was 
down-regulated (28% decrease; p=0.034). Upon Mn instillation, DAT was up-regulated by 414% 
(p=0.001) and D1DR was decreased by 34% (p=0.040) in alcohol-exposed mice compared with 
water-drinking mice. These results suggest decreased dopamine signaling with alcohol 
consumption. Notably, Mn-instilled mice with alcohol drinking demonstrated decreased GABA 
levels by 30% (p=0.006) compared with Mn-instilled mice. Taken together, our results suggest 
that individuals drinking alcohol are more susceptible to increased olfactory uptake of Mn and 
metal-induced neurotoxicity, likely due to altered dopaminergic and GABAergic signaling 
pathways. 
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Abstract: Alzheimer's disease (AD) is the most common neurodegenerative disorder. It is 
associated with relevant neuroinflammatory response. The microglial cells, kind of glial cells, 
are the resident inflammatory cells in the brain that promote brain inflammation in response to 



stimuli. Astrocytes, another kind of glia, also can produce mediators that involve in 
neuroinflammation. The processes accompany with inflammatory response are increasing in the 
expression of transcription factor NFκB, inducible nitric oxide synthase (iNOS) and the release 
of inflammatory mediators (ex. nitric oxide (NO) and cytokines). Ultimately, these events may 
create a vicious cycle to induce neuronal injury. Alcohol is considered to be one of the most 
commomly abused chemical. Alcohol consumption has various effects on various organs. 
Experimental evidence indicated that alcohol consumption can alter the inflammatory response. 
Furthermore, neuroinflammation is thought to be a factor in alcohol-induced neurodegeneration, 
and microglia activation may be a key role. It is known that ethanol exposure increased the level 
of iNOS and decreased the number of neurons in mice brain. However, some data indicated that 
the microglial activation was not equivalent to neuroinflammation in alcohol-induced 
neurodegeneration. Although there are many studies to investigate the effect of alcohol, but the 
role of alcohol in neurodegeneration has not consensus. In this study, we wanted to estimate the 
influence of alcohol on lipopolysaccharide (LPS)-induced neuroinflammation in mixed glial 
cells. The in vitro experiment: rat cortical mixed glial cultures will be subjected to (1) control; 
(2) LPS treated with 1, 10, 100, 500 or 1000 ng/ml; (3) Alcohol treated with 0.1, 0.5, 1 or 2 % ; 
(4) pretreatment of alcohol following LPS treatment; all of above were treated for 1, 3 or 5 days. 
Cell density and morphology will be observed by phase-contrast microscopy. Cell injury will be 
assessed by MTT reduction. The production of NO will be measured to estimate the 
inflammatory responses. The expression of NFκB and iNOS will be estimated by western blot 
analysis and immunohistochemical staining. Our data indicated that the cell viability 
significantly decreased in LPS treatment for 1 day, but the MTT reduction (% of control) was 
about 90 %. The accumulation of nitrite was significantly increasing in 1, 3 or 5 days. Both MTT 
reduction and nitrite accumulation in alcohol exposure were not significant difference. 
Pretreatment with alcohol with high doses (1 % and 2 %) significantly decreased the LPS-
induced NO production. We suggested that alcohol can attenuate the LPS-induced inflammatory 
response. 
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Abstract: Alcoholism, which is defined as the recurring harmful use of alcohol despite its 
negative consequences, has a lifetime prevalence of 10%, and is a serious social problem. 
Accumulating evidence indicate that alcoholism is often comorbid with schizophrenia and these 
diseases have common genetic risk factors and pathophysiology, such as hypoglutamatergic and 
hyperdopaminergic activities in the brain. 
By performing informatics analyses of genome-wide gene expression data, we previously 
revealed that the brains of patients with schizophrenia have significant similarities with those of 
infants in their gene expression patterns in the hippocampus and prefrontal cortex (PFC). 
Considering the similarities between alcoholism and schizophrenia, we hypothesized that the 
brain cells of patients with alcoholism also show pseudo-immature phenotypes. In this study, we 
compared the genome-wide gene expression patterns in the hippocampus and PFC of patients 
with alcoholism with those of normal infants. Our informatics analyses demonstrated that the 
gene expression patterns of patients with alcoholism were significantly similar to those of infants 
in both brain regions. Interestingly, the genes that were different in both groups significantly 
overlapped with the genes regulated in the developmental course of parvalbumin-positive 
neurons. These results suggest that the pseudo-immaturity of the hippocampus and PFC could be 
one of the endophenotypes of alcoholism underlying the brain dysfunctions and behaviors of 
alcoholism. 
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Title: Frequency-dependent changes of brain signal oscillations in alcoholism 



Authors: J.-Y. HONG1, E. M. MÜLLER-OEHRING1,2, A. PFEFFERBAUM1,2, E. V. 
SULLIVAN2, D. KWON1,2, *T. SCHULTE1,3;  
1Neurosci Program Ctr. Hlth. Sci., SRI Intl., Menlo Park, CA; 2Dept. of Psychiatry & Behavioral 
Sci., Stanford Univ., Stanford, CA; 3Pacific Grad. Sch. of Psychology, Palo Alto, CA 

Abstract: Chronic alcoholism is associated with changes in brain activity and intrinsic 
connectivity subserving attention, salience, and executive control function. Most functional 
magnetic resonance imaging (fMRI) studies have examined brain signal fluctuations at a single, 
lower frequency oscillation band (0.01-0.08 Hz), thereby ignoring information from other 
frequencies. To measure resting-state fMRI activity in terms of amplitude of spontaneous blood-
oxygen-level-dependent fluctuations across different frequency bandwidth, we implemented an 
amplitude of low frequency fluctuation (ALFF) quantification. The measure of frequency 
oscillation power has been linked to neuronal physiological properties. Oscillation power differs 
across frequency bandwidths, with power signatures regionally specific, where neocortical areas 
having greater power in lower frequency bands, whereas allocortical regions having greater 
power in higher frequency bands. We examined potential frequency-dependent differences using 
ALFF to analyze resting-state fMRI data in 56 sober, chronic alcoholics compared with 56 age- 
and sex- matched healthy controls (HCs). ALFF analysis was applied to the smoothed data to 
calculate the frequency power spectrum for each voxel across three frequency bandwidths: slow-
5 (0.01-0.027 Hz), slow-4 (0.027-0.073 Hz) and slow-3 (0.073-0.198 Hz). Because ALFF values 
have been shown to differ across frequency bands, we specified contrasts between each pairing 
of the three frequency bands to examine differences in ALFF values across frequency bands. In 
addition, group-difference contrasts examined ALFF differences between alcoholics and HCs in 
each frequency band. A significant threshold was p<0.05. Regardless of diagnosis, higher ALFF 
values in the slow-3 band were observed in allocortical regions (limbic areas, cingulate cortex, 
insula), whereas higher ALFF values in the slow-4 and slow-5 bands were exhibited in 
neocortical regions (occipital, parietal, sensorimotor, medial frontal). Relative to HCs, alcoholics 
showed greater frequency oscillation power in the orbital frontal cortex across all frequency 
bands. In addition, group differences showed less ALFF power in alcoholics in the posterior 
insula within higher frequency bands and in the parietal cortex within slower frequency bands. 
Application of different distribution attributes within cortical executive control regions and 
sensorimotor regions enabled detection of frequency-specific power alterations in alcoholism 
that may reflect differences in the functional connectivity potentially underlying alcohol-related 
cognitive or motor deficits. 
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Abstract: The numerous adverse effects of ethanol abuse and ethanol withdrawal on behaviour, 
brain morphology and physiology are well documented and commonly accepted. In contrast to 
this, the understanding of the molecular mechanisms underlying these pathological effects is still 
incomplete. The aim of the present study was to examine the effects of prolonged, lasting 3 
months, ethanol intake by liquid diet and subsequent ethanol withdrawal on the molecular 
profiles of lipids, proteins and nucleic acids of rat hippocampus using FT-IR spectroscopy. A 
potential destructive effect of the vitamin A deficiency during ethanol intake and ethanol 
withdrawal was also investigated. In the present study, ethanol consumption and withdrawal 
produced some changes in proteins’ structure having little effect on the lipids according to band 
frequency changes. On the other hand, dietary depletion of vitamin A had a strong effect on the 
molecular structure of the hippocampus. Vitamin A deficiency caused frequency shifts in protein 
bands suggesting protein denaturation and produced significant decrease in the frequencies of 
lipid bands (CH2 asymmetric and symmetric) suggesting lipid ordering and thus a decrease in 
acyl chain flexibility. Interestingly, in both presence and absence of the vitamin A, a decrease in 
the membrane fluidity which was predicted from significant decrease in the bandwith of CH2 
asymmetric stretching band was observed due to ethanol intake. However, in parallel to lipid 
ordering, the decrease in the membrane fluidity was more dramatic in the absence of vitamin A. 
Vitamin A deficiency also showed additional negative effects on the lipid and nucleic acids by 
decreasing their concentrations and decreasing in the number of double bonds in fatty acids and 
thus decreasing the ratio of unsaturation to saturation. In conclusion, depletion of vitamin A 
aggrevated the effects of ethanol intake and withdrawal by decreasing lipid disordering and 
membrane fluidity and changing protein structure. Keywords: Ethanol, FT-IR spectroscopy, rat 
hippocampus, membrane fluidity, lipid disordering 
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Abstract: The interaction between MDMA and Nicotine affects multiple brain centers and 
neurotransmitter systems (serotonin, dopamine and glutamate) involved in motor coordination 
and cognition. In this study, we have elucidated the effect of prolonged (10 days) MDMA, 
nicotine and a combined Nicotine-MDMA treatment on motor-cognitive neural functions. In 
addition, we have shown the correlation between the observed behavioural change and neural 
structural changes induced by these treatments in BALB/c male mice. We observed that MDMA 
(2 mg/Kg body weight; subcutaneous) induced a decline in motor function, while Nicotine (2 
mg/Kg body weight; subcutaneous) improved motor function in male periadolescent mice. In 
combined treatment, Nicotine reduced the motor function decline observed in MDMA treatment, 
thus no significant change in motor function for the combined treatment versus the control. 
Nicotine or MDMA treatment reduced memory function and altered hippocampal structure. 
Similarly, a combined Nicotine-MDMA treatment reduced memory function when compared 
with the control. It is noteworthy to mention that a combined treatment increased the rate of lipid 
peroxidation in brain tissue. 

Disclosures:  P.A. Adeniyi: None. P.D. Shallie: None. O.M. Ogundele: None. 



Poster 

138. Neuroprotective Mechanisms: Drugs, Alcohol, and Nicotine 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 138.12/S12 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Support: Indian council of Medical Research, Government of India, ICMR-58/24/2011-BMS 

Title: Regulation of tyrosine hydroxylase in response to co-administration of nalbuphine in 
opiate dependent rats  

Authors: *R. RAGHAV1, R. JAIN1, T. S. ROY2, A. DHAWAN1, P. KUMAR2;  
1NATIONAL DRUG DEPENDENCE TREATMENT CENTER, DEPARTMENT OF 
PSYCHIATRY, ALL INDIA INSTITUTE OF MEDICAL SCIENCES, NEW DELHI, India; 
2Anat., All India Inst. of Med. Sci., New Delhi, India 

Abstract: Background: Opiate dependence is associated with long term adaptive changes in 
brain that involve gene expressions. Chronic morphine administration increases dopamine levels 
in Ventral Tegmental Area (VTA). Such up-regulation of dopamine has been related to 
behavioral effects of drugs. Among the most consistent drug-induced adaptations in the VTA is 
induction of tyrosine hydroxylase (TH) the rate-limiting enzyme in the biosynthesis of 
dopamine. The mechanism underlying these adaptations has remained controversial. The present 
study evaluated the effects of Nalbuphine on opiate withdrawal and expressions of TH in rat 
brain. Method: Male adult Wistar albino rats were made physically dependent by administrating 
increasing dose of morphine and withdrawals were precipitated with naloxone. Somatic signs of 
withdrawals were scored by using Gellert-Holtzman rating scale. Nalbuphine was co-
administered acutely and chronically in variable doses with morphine (0.1, 0.3, 1.0, 3.0 mg/kg, 
i.p.). Thereafter, blood was drawn from heart for corticosterone levels and brain was dissected 
out for estimating TH expressions. Results: Animals pretreated with acute dose of nalbuphine 
did not produce any effect on GH score, plasma corticosterone levels and TH expressions. At 
behavioral level, some symptoms of physical opiate withdrawal were reduced as well as 
significant decrease was observed on GH score, plasma corticosterone levels and TH expressions 
with chronic co-administration of nalbuphine at all doses. Conclusion: These findings suggest 
that withdrawal induced TH changes play a role in the behavioral expression of opiate 
withdrawal. These findings further supports that co-administration of nalbuphine with morphine 
may constitute a preferable superior approach to the treatment of opiate addiction. (Supported by 
Indian Council of Medical Research, Govt. of India). 
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Abstract: Prolonged administration of opioids and benzodiazepines used for pain and sedation 
management in the youngest of patients is associated with a high incidence of drug tolerance and 
dependence. Our understanding of potential immediate effects of such treatment on the 
developing brain is limited. We hypothesized that prolonged sedation associated with opioid and 
benzodiazepine dependence in full-term infants younger than 1-year of age would be associated 
with significant decrease in volumes of subcortical structures when compared to controls. We 
compared patients with healthy controls at two ages: <6 months (N=4 patients and 4 controls) 
and 6-12 months (N=3 patients and 1 control) as per IRB approval at Boston Children’s 
Hospital. All participants were scanned on the same 3T MRI scanner. 3D T1 anatomical images 
were acquired using a 32-channel head coil (TR 2520ms; TE 1.75ms; FOV 180x180; slice 
thickness 1mm; voxel size 1.0x1.0x0.99 mm). Subcortical volumes were estimated using FSL’s 
Integrated Registration and Segmentation Tool (FIRST). We present estimated and normalized 
bilateral volumes of forebrain subcortical structures (caudate, putamen, globus pallidus, n. 
accumbens, hippocampus, thalamus, and amygdala) and that of the brainstem. There are no 
differences between volumes of the left and right structures of the forebrain or the brainstem in 
either patients or controls. Estimated normalized volumes (presented as % of the whole brain 
volume) were smaller in older groups. In addition, estimated normalized volumes of all the 
structures in patients were about half those in controls at both ages. Future investigations of gray 
and white matter organization in at-risk full-term infants can provide crucial information of how 
prolonged sedation associated with development of opioid and benzodiazepine dependence can 
affect brain development and give rise to potential functional alterations later in life. 
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Abstract: Introduction: Chronic non-medical use of opioids can cause cognitive dysfunction by 
inhibiting neurogenesis and inducing neuronal apoptosis. In the US, both frequency of use and 
opioid-related disorders are increasing and a similar trend has been observed in Scandinavia. 
Since these trends also involve young adults with still undergoing development of the central 
nervous system, the outcomes of these neurotoxic events must be further evaluated. 
Aim: The aim of the current study was to examine the acute and long-term neurotoxic effects of 
different opioids on primary neuronal cell cultures. 
Methods: Neuronal tissue was dissected from embryonic day 17 rats and was enzymatically 
digested and mechanically dissociated in order to acquire primary neuronal cell cultures. At day 
7 in vitro, varying concentrations of opioids (oxycodone, ketobemidone, buprenorphine and 
fentanyl) were added to the cells for 24 hours or longer. Untreated cells were placed in serum-
free media and served as controls. Cell viability was measured using the colometric MTT assay 
and cytotoxicity was assessed using the lactate dehydrogenase (LDH) assay. 
Results: Each opioid induced neurotoxic effects. However, the lethal dose 50% (LD50) varied 
between the drugs. Certain drugs, such as oxycodone, only demonstrated pronounced toxic 
effects after long-term treatment. 
Conclusion: The present study suggests that both acute and long-term use of opioids may induce 
neurotoxic effects on primary neuronal cell cultures. The result further highlights the problems 
associated with opioids and can provide further insight on how to counteract these problems. 
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Abstract: Oxidative stress is thought to play a key role in several neurodegenerative diseases, 
and one potential therapeutic strategy is to activate endogenous cellular antioxidant responses. 
Nuclear factor-erythroid 2-related factor 2 (NRF2, NFE2L2) is a transcription factor expressed in 
astrocytes, microglia and many other cell types that regulates expression of the antioxidant 
response by binding the Antioxidant Response Element (ARE), regulating the transcription of 
many genes responsible for maintaining oxidative and inflammatory homeostasis and 
detoxifying xenobiotics. Under basal conditions, Nrf2 is maintained and constitutively degraded 
in the cytosol by interaction with the chaperone-like molecule, Kelch-like ECH associated 
protein 1 (KEAP1), resulting in low to no transcriptional activity. Certain modifications to 
Keap1, such as oxidation of cysteine residues, or inhibition of the binding between Keap1 and 
Nrf2, leads to the translocation of Nrf2 to the nucleus and subsequent activation of transcription. 
Here, we examined structurally diverse Nrf2 activating compounds either reacting with Keap 
cysteine residues or inhibiting Keap-Nrf2 binding for effects on primary cultures of human 
astrocytes. Test compounds included RTA-408, a prototypical triterpenoid that covalently 
modifies Keap1 cysteine resides, and a noncovalent Keap1-Nrf2 protein-protein interaction 
inhibitor, the benzene disulfonamide, BIO-0504885 (compound 16 of Marcotte et al., Bioorg. 
Med. Chem 21:4011,2013). We identified class effects of covalent vs. noncovalent Nrf2 
activators in ARE-transcriptionally activated genes and correlated those effects with glutathione 
biosynthesis and protection against oxidation-dependent cell death induced by arsenite. Because 
the Nrf2 pathway in astrocytes affects astrocytic as well as neuronal glutathione, this has 
implications not only for astrocyte survival and oxidative homeostasis, but also for the neurons 
they support. These findings may help guide therapeutic strategies. 
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Abstract: The ratio of obesity is increasing in many developed countries, and the ratio of 
obesity-related severe diseases such as heart disease, diabetes and high blood pressure has been 
increased. Reactive oxygen species (ROS) which are generated from adipose tissue, accelerate 
oxidative damages in living tissues. However, the relationship between obesity-derived oxidative 
damage and brain function has not yet elucidated. We reported that tocotorienol (T3) which is 
one kind of vitamin E has a neuroprotective function, and the function of T3 was significantly 
higher than that of tocopherol (Toc). On the other hand, it has been reported about anti-obesity 
and cholesterol-lowing effect of T3. In the present study, we tried to clarification the mechanism 
of anti-obesity effect of T3 in high-fat diet-treated mice. Specifically, we focused on the 
relationship between high-fat diet-induced oxidative stress and brain antioxidant system. Before 
start of this project, we determined measurement condition of 8 isoforms of vitamin E using 
HPLC-ECD, and detected alpha-and gamma-T3 in normal mouse brains. However, these T3 
values were much lower than the Toc. Next, we produced animal models of obesity by providing 
the animals with a high-fat diet (5.24kcal/g) starting at 1month of age. In order to effect of T3, 
we mixed 0.01% T3s in high-fat diet. C57BL/6 mice, which reached 3 month of age were used 
all experiments. We measured antioxidant enzyme activities and protein expressions of high-fat 
diet-treated mice in the presence or absence of T3. As a result, it was detected T3 from the brains 
of the T3 non-supplemented group. Although, antioxidant enzyme activities of high-fat diet-
treated mice did not show significant difference among all samples, these protein expressions 
significantly changed in the presence or absence of T3. Lipid peroxidative products did not differ 
in the presence or absence of T3. These results indicate that obesity accelerates imbalance of 
brain antioxidant enzyme protein expressions, and treatment with T3 protects brain antioxidant 



system via its neuroprotective effect. However, further investigation is needed to clarify the 
mechanism between obesity-related brain oxidation and its importance function of T3. 
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Abstract: Small conductance calcium-activated potassium (SK) channels provide protection in 
different paradigms of neuronal cell death. Recently, these channels were identified at the inner 
mitochondrial membrane, however, their particular role in neuroprotection remained unclear. 
Here, we sought to investigate the distinct role of mitochondrial SK2 channels in protection 
against glutamate toxicity, with particular focus on the potential role of SK2 channels in the 
regulation of mitochondrial metabolism and mitochondrial calcium uptake, two key players in 
neuronal cell death. 
We show that overexpression of mitochondria-targeted SK2 channels enhanced CyPPA-
mediated mitochondrial resilience in a paradigm of glutamate toxicity, as evaluated through 
measurements of the mitochondrial membrane potential, mitochondrial ROS formation and 
cellular ATP levels in the neuronal HT22 cell line. CyPPA-mediated restoration of cell viability 
and cellular ATP levels was inhibited by overexpression of a mitochondria-targeted dominant-
negative SK2 channel mutant that suppresses the activity of the endogenous SK2 channels 
located at the mitochondrial membranes. Analysis of respiration in isolated mitochondria of 



HT22 cells revealed that SK2 channel activation, and overexpression of mitochondrial SK2 
channels, attenuated basal and maximal mitochondrial respiration. Further, real-time 
measurements of mitochondrial Ca2+ uptake in HT22 cells via mitochondrial aequorin and in 
primary cortical neurons via a FRET sensor further revealed that SK channel activation 
significantly reduced mitochondrial Ca2+ uptake in response to glutamate and ATP. 
These findings strongly suggest that activation of mitochondrial SK2 channels mediated 
neuroprotection against glutamate toxicity by reducing mitochondrial respiration and 
mitochondrial calcium uptake. 
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Abstract: Chronic neurodegenerative disorders as well as acute CNS injury are directly linked to 
oxidative stress, characterized by a rapid and massive production of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS). ROS and RNS are initiators of lipid peroxidation 
(LP) and the release of nitric oxide (NO), eventually contributing to propagation of 
neurodegeneration. The aim of this study was to characterize biological activities of a novel 
small molecule and functional mimetic of glutathione peroxidase 4 (GPx4), called ADA-409-052 
(052). GPx4 catalyses the reduction of lipid hydroperoxides at the expense of glutathione. 052 
was designed to exercise GPx4 function independent of glutathione. Here, we describe the 
effects of 052 to modulate neuroinflammation and neurodegeneration in different in vitro models 



as well as in two in vivo models of Parkinson’s disease (PD) and a mouse model of ischemic 
stroke. 
The impact of 052 on cell viability and LP production was investigated using PC-12 cell models, 
and on ROS and RNS production using LPS exposed microglia. The neuroprotective potential of 
052 was studied in a MPP+-induced dopaminergic (DA) cell loss model in C. elegans. 
Additionally, we investigated the effects of repeated administration of 052 in a MPTP-mouse 
model of DA neurodegeneration by measuring the striatal content of dopamine. The 
neuroprotective effects of 052 during acute injury were validated by subjecting C57BL/6j mice 
to thromboembolic (TE) stroke, followed by oral administration of 052 or vehicle. Lesion sizes 
and the severity of edema were determined by MRI at 24 h post stroke. 
Exposure of PC-12 cells to 052 dose-dependently increases cell viability and decreases LP and 
NO production under oxidative and/or nitrosative stress. Our results show that 052 diminishes 
MPP+-driven DA cell loss in C. elegans. We determine that the MPTP-induced DA depletion in 
mouse striatum is significantly attenuated by 052 treatment. Finally, our data demonstrate that 
052 administration significantly reduces both the lesion size and edema after TE stroke. 
In conclusion, our study reveals potent lipid peroxidation and neuroinflammation mitigating 
effects in vitro and in vivo for a novel small molecule compound. ADA-409-052 may represent a 
new therapeutic strategy to alleviate neurodegeneration and neuroinflammation in the future. 
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Abstract: Methamphetamine (METH) is an illicit drug that can cause dopamine terminal 
damage and over- activation of glial cells in mouse striatum. It is believed that activation of glial 
cells, specifically microglial cells, could be one of the contributing factors to METH-induced 
neuronal damage. Although many studies have been done on METH-induced neurotoxic effect, 
there is still no therapeutic treatment on METH-induced neuronal damage. In the present study, 
we examined the neuroprotective effect of epigallocatechin-3-gallate (EGCG), the polyphenol 
found in green tea extract, on METH-induced glial activation and dopamine terminal damage. 
CD-1 mice received 2 mg/kg of EGCG via intraperitoneal injection (i.p.) 30 minutes prior to 
METH (30 mg/kg, i.p. injection) and sacrificed 24 hours or 72 hours after METH injection. 
Immunohistochemical methods and western blot analysis were used to evaluate the changes of 
microglia and astrocytes in the striatum. Quantitative analysis of reactive microglia revealed that 
injection of EGCG prior to METH administration significantly potentiated the METH-induced 
microglial activation in the striatum after 24 hours. Moreover, western blots demonstrated that 
EGCG did not have significant effect on METH-induced activation of astrocytes 3 days after 
METH administration, but prevented METH-induced tyrosine hydroxylase depletion. These 
observations raise the possibility that EGCG might contribute to the activation of microglia to 
ameliorate METH-induced dopamine terminal damage. 
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Title: A vital role of Kv2.1 somato-dendritic clusters in oxidative stress-induced apoptogenic 
trafficking of Kv2.1 
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Abstract: As the predominant mediator of the delayed rectifier current, IKDR, Kv2.1 is an 
important regulator of neuronal intrinsic excitability. Kv2.1 also plays a well-established role in 
apoptotic cell death. Apoptogenic-stimuli induce syntaxin-dependent trafficking of Kv2.1, 
resulting in an augmented IKDR that acts as a conduit for K+ efflux required for pro-apoptotic 
protease/nuclease activation. Recent evidence suggests that Kv2.1 somato-dendritic clusters 
regulate the formation of endoplasmic reticulum-plasma membrane (ER-PM) junctions that 
function as scaffolding sites for plasma membrane trafficking of ion channels, including Kv2.1. 
However, it is unknown whether Kv2.1-mediated ER-PM junctions are required for apoptogenic 
trafficking of Kv2.1. By overexpression of Kv2.2CT, a protein derived from the C-terminus of 
Kv2.2, we were able to induce calcineurin-independent disruption of Kv2.1 somato-dendritic 
clusters without significantly altering the electrophysiological properties of the channel, 
normally mutually inclusive events. In this study, we report that Kv2.2CT expressing neurons are 
specifically less susceptible to oxidative stress-induced apoptosis, as Kv2.2CT expressing 
neurons were not protected against non-apoptotic cell death generated by NMDA receptor-
mediated excitotoxicity. Confocal imaging of Kv2.1 clusters revealed a zinc-dependent 
progressive disruption of Kv2.1 somato-dendritic clusters culminating, 3 hours following a brief 
exposure to the thiol oxidant DTDP, in an approximate twofold increase in current density of the 
IKDR. Critically, expression of Kv2.2CT effectively blocked the increased current density of the 
IKDR associated with DTDP-induced trafficking of Kv2.1, supporting a vital role of Kv2.1-
mediated ER-PM junctions in apoptogenic trafficking of Kv2.1. Furthermore, Kv2.2CT-
mediated neuroprotection is syntaxin binding domain-independent, differentiating this protein’s 
neuroprotective mechanism from that of C1A, a Kv2.1 C-terminal, syntaxin binding domain-
derived peptide that prevents syntaxin from interacting with Kv2.1, precluding Kv2.1 trafficking 
and subsequently preventing apoptosis. Combined, our data suggest a novel neuroprotective 
mechanism of Kv2.2CT, providing the impetus for further investigation. 
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Abstract: In the central nervous system (CNS), microglia plays a crucial role in innate immune 
processes. The hallmark of neuroinflammation is considered to be microglial activation that 
leads to the production of excessive proinflammatory molecules. Hence, inhibitory effect on 
microglial over-activation is major strategy to balance inflammatory/anti-inflammatory 
homeostasis. Brain-derived neurotrophic factor (BDNF) is the one of major neurotrophic factors 
to maintenance of development and survival of neurons in the brain. However, whether BDNF 
signaling participates in neuroinflammatory response remains unknown. Numerous studies have 
shown that BDNF is produced by astrocyte to modulate several biological functions. We 
previously reported that the phosphorylated adenosine monophosphate-activated protein kinase 
(AMPK)-α mediates anti-neuroinflammatory responses. Here, we treatment with BDNF 
decreases cyclooxygenase-2 (COX-2) and proinflammatory cytokine expressions in microglia. In 
addition, minocycline also induced BDNF expression then further inhibited cytokines expression 
in microglial cells. BDNF 
resulted in enhancement of erythropoietin (EPO) and sonic hedgehog (Shh) leading to inhibit 
inflammatory effects. In addition, astrocyte also acts on BDNF/EPO/Shh signaling to regulate 
microglial neuroinflammatory exerting neuroprotective function. In this study we provide a 
novel mechanism between astrocyte and microglia to exert anti-neuroinflammation via 
BDNF/EPO/Shh signaling pathway. Keywords: BDNF; COX-2; microglia; astroglia; 
neuroinflammation 
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Abstract: Chemofog refers to radiation induced cognitive impairment that result from medical 
radiation treatments. Radiation induced neurological symptoms include difficulty concentrating, 
impaired recall memory, changes in verbal working memory, and diminished smell acuity. 
Currently there is no known intervention to protect or restore cognitive function in patients 
undergoing radiation treatments. Here we report that an in-house developed multiple ingredient 
dietary supplement (MDS) consisting of 30 compounds protects from radiation induced 
cognitive impairment in C57BL/6J wild-type mice. The MDS was designed to offset five 
mechanisms involved in radiation induced cellular damage including oxidative damage, 
inflammation, impaired glucose metabolism, mitochondrial dysfunction and membrane 
deterioration. Gene expression analysis of the right caudal cerebral hemisphere at 30 days post-
irradiation revealed that daily MDS administration 30 days prior to irradiation protected 10 gray 
head-only irradiated mice from oxidative stress, DNA damage and neuroinflammation. MDS 
treatment also protected the cerebral hemisphere from radiation induced apoptosis and 
subsequent neuronal loss. Furthermore, assessment of olfactory function revealed that head-only 
irradiated mice lost the ability to detect odors while MDS treatment prevented the radiation 
induced anosmia. Similar MDS mediated protective effects were observed in hippocampus 
dependent memory tests. Interestingly, the neuroprotective effects of daily MDS administration 
30 days prior to irradiation were also achieved when MDS was given 30 days post-irradiation. 
Taken together, these results demonstrate that MDS protects individuals undergoing medical 
radiation treatment from developing neuronal cellular stress and cognitive impairment, and can 
also be administered to protect against cellular damage after accidental radiation exposures. This 
study also emphasizes that daily exogenous administration of antioxidants may help to improve 
the therapeutic index of radiation treatments by protecting normal tissue from reactive oxygen 



species. Therefore the MDS provides a non-invasive therapy to mitigate risk and decrease 
radiation induced chemofog due to diagnostic imaging and cancer therapy.  
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Abstract: Histone deacetylase inhibitors have been shown to be effective in reducing damage in 
rodent models of a broad array of acute and chronic neurological conditions, including stroke 
and Alzheimer’s disease. By inhibiting HDACs, the deacetylation of histones is blocked, 
allowing acetylated regions of the genome to remain transcriptionally active. HDAC inhibitors 
have the putative advantage over other potential drugs in their ability to affect the transcription 
of a large cassette of adaptive genes. Our aim is to optimize their protective and restorative 
properties and reduce or eliminate their side effects. Accordingly, we have used Scriptaid, an 
HDAC inhibitor and its pharmacological negative control, Nullscript that does not significantly 
inhibit HDACs, as a chemical pair to understand the direct effect of HDAC inhibition on the 
adaptive genetic response. In an established model of oxidative stress-induced ferroptotic death, 
neurons pretreated with a pulse of Scriptaid for 8 hours are fully protected from ferroptosis 24 
hours following Scriptaid removal suggesting a transcriptional, preconditioning mechanism. 
Using transcriptomics, we have found that Scriptaid, but not Nullscript, affects the expression of 
nearly 4000 genes. Thus the protective effect of HDAC inhibitors is unlikely due to a single gene 
but may be attributed to one of the HDACs inhibited by Scriptaid. We will present multilevel 
bioinformatics analyses including network analyses combined with experimental validation via 
molecular manipulation of specific HDACs. These studies provide a framework to understand 



the broad salutary effects of HDAC inhibitors on oxidative stress as well as plasticity and 
regeneration. 
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Abstract: Reactive oxygen species (ROS) may attack several living organs and induce cell 
death. Accumulation of oxidative damage increases the risks of several severe diseases. 
Specifically, brain is susceptible against ROS. In order to prevent development or progression of 
ROS-related diseases, it is important to find an early change before induction of cell death. 
Hydrogen peroxide, which is one kind of oxidative stress induces neuronal cell death in a 
concentration- and time-dependent manner in cultured model. However, treatment of neuronal 
cells with a low concentration of hydrogen peroxide induces axonal degeneration. The axons 
showed abnormal morphologies including beads formation, shrinkage and fragmentation. 
Treatment with tocotrienol significantly inhibited hydrogen peroxide-induced axonal injury. The 
neuroprotective effect of tocotrienol was significantly higher than that of tocopherol. 
Furthermore, we also found these abnormal morphologies in hippocampal slices of normal aged- 
and vitamin E-deficient mice. CRMP2, which is one microtubule-related protein significantly 
phosphorylated in normal aged- and vitamin E-deficient mouse brains. It is well known that 
pCRMP2 loses binding ability with tubulin, and induces microtubule disability. Finally, we 
isolated microtubules from the brains of mice, and measured tyrosinated- and acetylated-tubulins 
by western blotting. The ratio of tyrosinated-tubulins tended to increase in normal aged-mice. 
These results indicate that axonal degeneration induces before induction of cell death, and the 
reason of it may be related to ROS-derived microtubule disruption. Cognitive dysfunction during 
aging may be associated with ROS induced axonal dysfunction. Tocotrienols were supplied from 
Eisai Food Chemical Co. Ltd. Tokyo, Japan. 
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Title: ApoE isoforms differentially regulate vascular stabilization in pericytes 
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Abstract: Since the discovery of APOE4 as the strongest genetic risk factor for late-onset 
Alzheimer’s disease (LOAD), it becomes increasingly evident that apolipoprotein E (apoE) plays 
critical roles in multiple biological processes necessary for maintaining the homeostasis of the 
central nervous system (CNS). ApoE4, when compared to the “neutral” isoform apoE3, is less 
efficient in carrying out CNS functions and consequently subjects brain environment more 
susceptible to AD development. In addition to astrocytes, vascular mural cells (i.e. vascular 
smooth muscle cells and pericytes) abundantly express and secrete apoE in the CNS. Pericytes, 
the mural cells of brain microvessels, have recently come into focus as regulators of vascular 
morphogenesis and cerebrovascular homeostasis. Consistently, dysfunction of these cells has 
been shown to cause blood-brain barrier (BBB) disruption, reduced cerebral blood flow, and 
altered functions of endothelial cells (ECs) and other cell types in the neurovascular unit. These 
alterations in the cerebrovasculature, more frequently seen in APOE4 carriers, are often involved 



in the pathogenesis of LOAD; however, the relationship between apoE isoforms and the pericyte 
functions is poorly understood. Using primary pericytes from the brains of apoE3-targeted 
replacement (TR) or apoE4-TR mice, we show that apoE4-pericytes are significantly inferior in 
vasculogenic and vascular stabilizing abilities to those carrying apoE3. In 3-D co-culture models 
of pericytes and ECs, the formation of vascular tunnels and the induction of extracellular 
matrices in endothelial cells were significantly impaired in ECs/apoE4-pericytes co-cultures 
compared to ECs/apoE3-pericytes co-cultures. Consistently, in the in vitro BBB models 
composed of pericytes and ECs, the barrier integrities were lower in the presence of apoE4-
pericytes than apoE3-pericytes. Notably, this effect requires a direct contact interaction between 
co-cultured ECs and pericytes. Together, our results demonstrate an inferior function of apoE4-
pericytes in vascular stabilization compared to apoE3-pericytes and may explain, in part, the 
contribution of APOE4 as a risk factor for LOAD. 

Disclosures:  Y. Yamazaki: None. T. Kanekiyo: None. G. Bu: None. 

Poster 

140. Physiology and Pathophysiology of Blood Brain Barrier Function 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 140.02/T12 

Topic: C.06. Neurotoxicity, Inflammation, and Neuroprotection 

Support: FDA Protocol E7519.01 

Title: Corticosterone and exogenous glucose alter blood glucose levels, neurotoxicity and 
vascular toxicity produced by methamphetamine 

Authors: *J. F. BOWYER1, K. M. TRANTER1, S. SARKAR1, N. I. GEORGE2, J. P. HANIG3, 
K. A. KELLY4, L. T. LINDSAY4, D. B. MILLER4, J. P. O’CALLAGHAN4;  
1Neurotoxicology, 2Bioinformatics and Biostatistics, NCTR/FDA, Jefferson, AR; 3Ctr. for Drug 
Evaluation and Research/FDA, Silver Spring, MD; 4Hlth. Effects Lab. Div., CDC/ NIOSH, 
Morgantown, WV 

Abstract: Our previous studies have raised the possibility that altered blood glucose levels may 
influence and/ or be predictive of methamphetamine (METH) and amphetamine (AMPH) 
induced neurotoxicity. This study evaluated the effects of exogenous glucose and corticosterone 
(CORT) pretreatment on blood glucose levels and the neuro and vascular toxicity produced by 
METH in rat. METH exposure consisted of four sequential injections of 5, 7.5, 10 and 10 mg/kg 
(2h between injections) D-METH. Pretreatment with 2 X 20 mg/ kg of CORT 1 d prior to METH 
initially significantly increased blood glucose levels during METH dosing to a peak of about 



170% (170 to 180 mg/ dL) of the saline controls but by 1 h after the last METH injection the 
levels returned to near control. Administration of 1 g/ kg of D-glucose 1 min prior to each 
injection of METH initially raised blood glucose but by the final METH dose this group 
paradoxically had lower levels than control. The groups given either CORT pretreatment or four 
glucose injections (no METH) had slight increases in blood glucose, relative to saline control, 
that did not reach significance. The METH only group had slightly higher glucose levels than 
controls during the initial phase but significantly lower levels after the 4th injection of METH. 
Despite cooling to prevent METH-induced lethal hyperthermia, METH+CORT (>40%) and 
METH+glucose (>40%) had significantly higher mortality rates than the METH (< 10%) only 
group. There were no differences in the hyperthermic profiles in between any of the METH 
groups. CORT pretreatment prior to METH increased neurodegeneration approximately 2-fold in 
the parietal cortex and thalamic regions. Thus, maintaining elevated to normal levels of glucose 
during METH exposure increases lethality and may exacerbate neurodegeneration. The adverse 
effects seen only in the METH+CORT group indicated that CORT enhances vascular leakage/ 
blood-brain barrier disruption that is unrelated to elevated blood glucose. These effects may be 
related to changes in ferritin labeling of cells associated with vasculature in the dorsomedial 
hippocampus (medial to CA1). 
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Abstract: Cervical spondylotic myelopathy (CSM) results from progressive spinal cord 
compression by the degenerating cervical spine. Although CSM is currently treated with 



decompression, little is known of the vascular and inflammatory response under chronic 
compression and the subsequent decompression of the cervical spinal cord. Here, we examined 
the role of inflammation and vascular remodeling in a mouse model of progressive compression 
and decompression. Moreover, using human samples, we demonstrated the clinical relevance of 
our CSM mouse model and the complex processes involved in inflammation and ischemia. 
A synthetic polyether material was implanted under the C5-C6 lamina of mice for 6 or 16 weeks 
to model moderate and severe CSM, respectively. The animals were subsequently followed for 
short-term (4 weeks) and long-term (3 months) periods after decompression. We investigated the 
inflammatory response, blood vessel changes and neurobehavioral outcomes in detail. The 
animal data was complemented by immunohistochemical analysis of human post-mortem spinal 
cord tissue from individuals with CSM. Comparing human CSM tissue with that of controls, we 
found significant up-regulation of the inflammatory response, including human leukocyte 
antigen, Iba1 and CD68 positive macroglia/macrophages; and increased anti-inflammatory M2 
positive cells. The results also showed a significant increase in blood vessel density and the 
increased expression of fibronectin, PDGFR-B and Von Willebrand Factor in human CSM cases. 
Our CSM mouse model also displayed neuronal loss, inflammation and gliosis with reduced 
blood flow to the spinal cord and increased vascular density. In moderate CSM followed by a 
short-term (4 week) period post-decompression, we found an increased inflammatory response 
(Iba1, glectin-3 and GFAP expression) and vessels reperfusion compared to the CSM at 10 
weeks. Interestingly, at 3 months after decompression in severe CSM, the mice had significantly 
increased blood flow support to spinal cord as measured by Power Doppler, a reduced 
inflammatory response and increased number of neurons as well as vessels. These animals also 
had an increased spinal cord size and improve functional recovery, determined by the rotarod 
test. 
As a result, we report novel evidence that inflammation and ischemia are critical to inducing 
neural degeneration in the setting of progressive CSM. As decompression induces early ischemia 
and an inflammatory response, mice require 2 to 3 months to recover their spinal cord size and 
functional vasculature. Taken together, this supports the clinical results that demonstrate 
decompression is beneficial for CSM. 
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Abstract: While the development of agents with therapeutic potential is necessary for the 
treatment neurological disorders, this is effort is for not if these agents cannot reach their 
intended target. The protective nature of the blood-brain barrier (BBB) is vital in shielding the 
central nervous system (CNS) from harmful molecules; however, it also severely hinders the 
entry of substances with the potential for treating neuropathologies. Extensive research has 
demonstrated the utility of focused ultrasound (FUS), in combination with circulating 
microbubbles, to create temporary, localized increases in BBB permeability, permitting the 
movement of therapeutics into the brain parenchyma. While this technique has the potential to 
revolutionize the way neuropathologies, such as Alzheimer's disease, are treated, questions 
regarding the biological events that follow BBB opening remain to be answered before its 
clinical potential can be fully realized. Currently, our view of the driving mechanisms behind 
FUS-mediated BBB opening, as well as the series of events that result in the restoration of 
normal barrier function, are poorly understood. This information is not only critical to 
understanding the basic science behind the technique, but may also have value in revealing 
biological targets for controlling the duration and degree of BBB opening, further evaluating 
safety, and discovering potential applications of FUS, independent of therapeutic agent delivery. 
The overarching goal of this research is to characterize the transcriptional response of 
hippocampal vasculature to FUS-mediated BBB opening. To this end, microarray analysis of 
laser captured microvessels from the hippocampi of male rats has been performed at 6 and 24 
hours following sonication. Of particular interest, a significant downregulation of Oat 1 and 3 
mRNA was detected at 6 hours following FUS compared to non-sonicated controls. The proteins 
encoded by these transcripts have been implicated in the transport of a variety of therapeutic 
agents. A downregulation of these proteins may contribute to reduced drug efflux following 
FUS-mediated BBB opening, allowing for drugs to remain in the target area for longer. Thus, in 
addition to allowing therapeutic agents to permeate the BBB, FUS may contribute to enhanced 
therapeutic effects by reducing drug efflux. 
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Abstract: Blood vessels in the brain provide oxygen, nutrients, and establish the blood brain 
barrier (BBB). Loss of vascular integrity is a consequence of many central nervous system 
(CNS) diseases, like encephalitis, which is acute inflammation of the brain leading to extensive 
neuronal damage and death. Vascular instability can exacerbate encephalitis therefore identifying 
mechanisms underlying BBB breakdown is an important area of research. To study vascular 
instability in encephalitis we utilized the classical viral-induced encephalitis mouse model in 
which perinatal mice are exposed to reovirus. Even though endothelial cells are not infected by 
reovirus we found that the vasculature is becoming dysmorphic early in infection and this is 
followed by leakage of fibrinogen, a serum protein, into the neural parenchyma. This indicates 
that the vasculature is disrupted and there is a loss of BBB properties during reovirus-induced 
encephalitis. To determine how vascular instability arises we first looked at the Wnt signaling 
pathway which is essential for establishing and maintaining the BBB. We found, however, that 
Wnt signaling and Wnt driven BBB targets were not altered in reovirus infected mice. Recent 
studies suggest that endothelial-mesenchymal transition (EndoMT) can contribute to vascular 
instability. Surprisingly, we found loss of endothelial markers like Erg1 and up-regulation of 
mesenchymal transcripts like S100a4, Klf4, Id1, and Snail1 in whole brains during reovirus 
infection. Immunohistochemical analysis verified expression of mesenchymal proteins within the 
vasculature at late stages of reovirus infection. This correlates with ectopic TGFβ signaling in the 
vasculature during reovirus infection which is an EndoMT effector pathway. This data suggests 
that TGFβ-mediated EndoMT causes vascular instability during reovirus-induced encephalitis. 
Future experiments will determine if EndoMT initiates loss of vascular integrity and BBB 
properties during encephalitis and if it is mediated by TGFβ signaling. 
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Abstract: Cerebrovascular (CV) dysfunction is emerging as a critical component of Alzheimer’s 
disease (AD) progression. However, the role of known AD risk factors in CV dysfunction is 
unclear. APOE4 is the greatest genetic risk factor for sporadic AD, increasing risk up to 12-fold 
compared to APOE3. Our preliminary data demonstrate that APOE4 and amyloid beta (Aβ) 
induce cognitive deficits and increase global CV leakiness in female mice at 8 months, using a 
novel transgenic model that express human APOE3 (E3FAD) or APOE4 (E4FAD) and 
overproduce Aβ. The APOE4-induced cognitive and CV deficits correlate with vessel 
degeneration, an indication of disrupted angiogenic signaling. Angiogenic signaling in brain 
endothelial cells (BEC) is crucial for regulating total vessel length and transport, signaling, and 
metabolic functions of the CV. Therefore angiogenic growth factors (GFs) may improve CV 
dysfunction in AD. Our comparison of the main angiogenic GFs demonstrate that EGF protects 
against Aβ-induced disruption of vessel formation and vessel degeneration in vitro. Based on the 
in vitro findings, we treated female E4FAD mice with EGF (300µg/kg/week) from 6-8 months in 
a prevention paradigm. EGF treatment prevented the age-dependent cognitive decline as assessed 
by spontaneous alternation (Y-maze), novel object recognition, platform latency (Morris water 
maze), with no effects on anxiety-related behavior (open field, light/dark box test, and marble 
burying test). Further EGF had effects on CV leakiness, cerebral angiogenesis, and vessel 
degeneration. Therefore, this proof of concept study demonstrates that targeting angiogenic 
pathways, principally those involving EGF, is a potential therapeutic strategy for the treatment of 
AD and CV dysfunction. 
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Abstract: Background: Alzheimer’s disease (AD) is a neurodegenerative disease that affects 
approximately 35.6 million people worldwide. A major limiting factor to pharmacologically 
treating AD is delivering drugs from the systemic circulation into the brain through the blood-
brain barrier (BBB). Approximately 2% of small-molecule drugs can cross the BBB. Current 
methods of circumventing the BBB are either highly invasive (intracranial injection), or difficult 
to control (vasodilating agents). Focused ultrasound (FUS)-mediated blood-brain barrier opening 
(BBBO) is a noninvasive and targetable method to cause transient BBBO by increasing 
transcellular and paracellular transport. Anti-Aβ antibodies have been successfully delivered 
using FUS-mediated BBBO to the hippocampi in a mouse model of AD. Surprisingly, FUS-
mediated BBBO without therapeutics also resulted in a significant decrease in Aβ plaque load. A 
follow-up study showed that three weekly treatments of FUS-mediated BBBO targeted to the 
bilateral hippocampus restored spatial memory performance in AD mice to the levels of non-
transgenic controls. However, five biweekly (once every two weeks) FUS treatments did not 
yield the same behavioural benefits. Based on the cumulative behavioural data, the lifespan of 
one FUS-mediated BBBO treatment in AD mice appears to be between one to two weeks. 
Objective: The objective of this study is to determine the lifespan of one FUS-mediated BBBO 
treatment by quantifying levels of insoluble Aβ species in the TgCRND8 AD mouse model using 
two-photon microscopy. Methods: Six-month-old TgCRND8 AD mice will be used, at which 
time Aβ deposits and cognitive impairments are present. A cranial window will be installed for 
longitudinal imaging. Insoluble Aβ plaques will be tracked in vivo using two-photon microscopy 
every day for two weeks after FUS treatment. Aβ plaques will be fluorescently labelled with 
methoxy X-04. Two measurements will be made: 1) Plaque area and volume using Imaris 
software, and 2) Plaque number using stereology. Preliminary results: Plaque area appears to 
decrease from the onset of BBBO until 1.5 weeks, upon which it plateaus and begins to rise 



again. Plaque volume measurements are more varied. Significance: FUS is a safe and effective 
method of bypassing the BBB in selected brain regions, and has been shown to result in 
functional benefits in AD animals. The lifespan of this treatment must be evaluated to discern its 
use in conjunction with AD therapeutics, as well as its potential use in clinical studies. 
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Abstract: Pericytes are integral to proper blood-brain barrier (BBB) formation/maintenance and 
perform multiple roles at the neurovascular unit including regulation of 1) BBB permeability and 
bulk flow fluid transcytosis, 2) capillary diameter, 3) cerebral blood flow (CBF) velocity, 4) 
angiogenesis and subsequent microvascular stability and network architecture, 5) phagocytic 
clearance of toxic metabolites from the central nervous system (CNS), 6) pro-inflammatory 
responses, e.g., leukocyte trafficking, and 7) multipotent stem cell activity. However, whether or 
not pericytes are contractile cells has been a continuous debate dating back to 1873 when they 
were first described by Rouget as regularly arranged longitudinal amoeboid cells on capillaries 
that have a muscular coat. Here, we test the hypothesis that capillary level pericytes are 
contractile cells. To test this hypothesis, we developed a novel inducible pericyte-specific Cre 
(pericyte-CreER) mouse using a double-promoter approach with both the Pdgfrβ and Cspg4 
promoters. This pericyte-CreER mouse was then crossed to a Cre-dependent channelrhodopsin 
(ChR2) mouse with a YFP reporter gene, named pericyte-ChR2. Using these mice, we first 
confirmed that ChR2 is only expressed in pericytes by performing immunofluorescent staining 
with anti-CD13 antibody which colocalized with the YFP reporter gene. Using the pericyte-
ChR2 mice, we performed optogenetics experiments in acute brain slices to test pericyte 



contractility upon light stimulus using a Mightex’s Polygon400 Patterned Illuminator. 
Discovering the functional role of pericytes will have important implications for pathological 
conditions and neurodegenerative diseases in which pericytes degenerate including stroke, 
Alzheimer’s disease, amyotrophic lateral sclerosis, Parkinson’s disease and Huntington’s 
disease. 
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Abstract: In the volume transmission paradigm (VT), neurons can release messenger substances 
in their immediate vicinity, into the extracellular fluid (ECF) or in the cerebrospinal fluid (CSF) 
to influence the behavior of other neurons either near or far from its release. A growing number 
of authors have suggested that the VT paradigm is a possible mechanism of action in different 
peptidergic systems. In an effort to establish if the same occurs in the melanin-concentrating 
hormone (MCH) system, we set to further characterize the anatomical aspects of MCH and its 
receptors in rodents, with special attention to its relationship with the CSF. To achieve this, three 
sets of experiments were designed: the distribution of MCH-immunoreactive (MCH-ir) fibers 
and its receptor (MCHR1) was mapped in the CNS of the mouse using immunohistochemistry 
(IHC) combined with confocal microscopy; the ultrastructural relationship between MCH-ir 
fibers, MCHR1-ir elements and the ependymal layer of the brain ventricles was probed using 



IHC coupled to transmission electron microscopy (TEM); and the direct communication between 
MCH-ir neurons and the CSF was evaluated through retrograde tracer injections directly in the 
CSF. Regarding the MCH pattern innervation, a large number of fibers was detected in the 
vicinity of the ventricles, mainly in the medial wall of the lateral ventricles, the dorsal third 
ventricle and the floor of the fourth ventricle. Through TEM it was possible to detect sparse 
MCH immunoreactivity in ependymal cells, including putative axons coursing through the 
interventricular space. The MCHR1 IHC results revealed that MCHR1 is mainly present in the 
primary cilia of neurons, and this pattern of immunoreactivity could be found across all the CNS. 
The tracer study revealed that subpopulations in the three main MCH-producing areas of the 
diencephalon (incerto-hypothalamic area, zona incerta and lateral hypothalamic area) are in 
contact with either the CSF or the periventricular ECF. Our results indicate that there is a strong 
anatomical basis for a VT mechanism in the MCH peptidergic system. The contact of MCH-ir 
neurons with the CSF and the periventricular ECF could be a route of release and transport of 
MCH to distant sites, and the presence of MCHR1 in the primary cilia of neurons makes this 
receptor ideally suited to detect free MCH transported through these media. Our results also fit 
well with other works in the literature, since the MCH-induced increase of ciliary beating 
reported elsewhere could be a mechanism to further increase the reach of released MCH in the 
CSF. 
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Abstract: Neurodegenerative disorders are accompanied by changes in the composition of the 
brain vascular basement membrane, and the contribution hereto from brain capillary endothelial 



cells (BCECs), pericytes, and astrocytes of the blood-brain barrier (BBB) is probably significant. 
The aim of the present study was to analyse four different in vitro models of the murine BBB for 
expression and possible secretion of major basement membrane proteins from murine BCECs 
(mBCECs). The mBCECs and pericytes were isolated from brains of adult C57BL/6 mice, and 
glial cells (mainly astrocytes and microglia) were prepared from cerebral cortices of newborn 
C57BL/6 mice. The mBCECs were grown as mono-culture, in co-culture with pericytes or 
mixed glial cells, or as a triple-culture with both pericytes and mixed glial cells. The integrity of 
the BBB models was validated by measures of transendothelial electrical resistance (TEER) and 
passive permeability to mannitol. The expression of basement membrane proteins was analysed 
using RT-qPCR, mass spectrometry, and immunocytochemistry. Co-culturing mBCECs with 
pericytes, mixed glial cells, or both significantly increased the TEER compared to the mono-
culture, and a low passive permeability was correlated with high TEER. The mBCECs expressed 
major basement membrane proteins in vitro. Increased expression of laminin α5 correlated to the 
addition of BBB inducing factors (hydrocortisone, Ro 20-1724, and pCPT-cAMP), whereas 
increased expression of collagen IV α1 primarily correlated to increased levels of cAMP. In 
conclusion, BCECs cultured in vitro coherently form a BBB and express basement membrane 
proteins as a stage of maturation. 
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Abstract: Growth arrest specific 1 (Gas1) is a GPI-anchored protein that inhibits cell 
proliferation in tumors, while during the development of different organs and tissues Gas1 
promotes cell survival and proliferation. This dual capacity responds respectively, to Gas1 



inhibition of the glial cell-line derived neurotrophic factor (GDNF) signaling, and to the 
promotion of the activity of sonic hedgehog (Shh) pathway. GPI-anchored proteins are present as 
membrane bound and soluble forms. Gas1 in different organs is membrane bound, and only one 
report has described a soluble form of Gas1 in urine, likely secreted from podocytes and/or 
glomerular mesangial cells. In the developing central nervous system (CNS), Gas1 is found in 
neural progenitors; however, it continues to be expressed in the adult brain. Here, we 
demonstrate that in adult rats, soluble Gas1 is present in both the cerebrospinal fluid (CSF) and 
blood plasma. The most abundant proteins in the CSF are derived from plasma and are 
transported across the choroid plexus (CP), however this structure also produces other proteins 
that are directly delivered into the CSF. Hence, we analyzed the CP and found Gas1 expression 
in the stroma. Additionally, we confirmed Gas1 expression in the liver, the main producer of 
blood plasma proteins. The pattern of expression of Gas1 is perivascular in both the CP and the 
liver. In vitro studies show that fibroblast cell line NIH/3T3 expresses one form of Gas1 and 
releases two soluble forms, one of 37 kDa and another of 34 kDa, into the supernatant. In 
summary, in the present work, we demonstrate in adult rats the presence of Gas1 in the CSF and 
the CP, and reveal that soluble Gas1 exists as two different isoforms. 
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Title: Anatomical basis for interstitial fluid transport through the cribriform plate 
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Abstract: Cerebrospinal fluid (CSF) is thought to be transported into and out of the brain via the 
glymphatic system. However, the pathways by which CSF and interstitial fluid leave the brain 



are poorly understood, though there is evidence that the CSF may exit into the nasal epithelium 
via the cribriform plate. To better understand the anatomical substrate of this transport, we used 
CT imaging to visualize the cribriform plate, the bone structure that separates the olfactory bulbs 
from the nasal turbinates. The cribriform plate was highly porous, with four major foramina 
located laterally from the crista galli, the ridge of bone along the midline of the plate. Multiple, 
smaller foramina, lined with Aquaporin-1, concentrated mostly along the crista galli were also 
observed. We then tested whether interstitial fluid exits the brain along the olfactory nerve axons 
by injecting FITC albumin into the olfactory bulb. FITC albumin accumulated in the olfactory 
nerve layer and exited the brain compartment along axon bundles and vessels through the 
cribriform plate. Axon bundles localized to the four major foramina laterally from the crista galli 
co-stained with the outflow of the FITC albumin injected dye while the smaller holes observed 
along the crista galli did not correspond to outflow of FITC albumin. These data suggest an 
anatomically defined pathway for the clearance of interstitial fluid in the olfactory bulb. 
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Abstract: Brain capillary endothelial cells (BCECs) express transferrin receptors as opposed to 
endothelial cells of any organ in the remaining body, suggestive of targeting to these transferrin 
receptors as a reasonable strategy for delivering drugs to the CNS. As the intracellular trafficking 
of transferrin receptor however does not suggest transcytosis through BCECs of ligands and 
antibodies bound to this receptor, another strategy for transport through the BBB is to target 
nanocarriers, e.g. liposomes, to BCEC, which may allow the carriers to release their content 
within the BCECs with a subsequent transport further into the CNS. We studied transferrin 



receptor-targeted (OX26) immunoliposomes containing oxaliplatin with the aim of quantifying 
the uptake of OX26, liposomes and oxaliplatin in BCECs and the remaining CNS. The uptake of 
the immunoliposomes and their cargo was studied in 18-day-old rats in which the expression of 
transferrin receptors by BCECs is almost twice as high as in the adult rat. For mechanistic 
purposes additional uptake studies were performed in primary rat BBB cultures consisting of 
BCECs and astrocytes. The uptake and transport of OX26-conjugated immunoliposomes by 
BCECs were significantly higher both in vitro and in vivo when compared to isotypic IgG-
conjugated liposomes. Quantitative analyses after capillary depletion revealed cargo transport 
from BCECs to the remaining CNS. Pharmacokinetic analyses were performed to verify cargo 
transport through BCECs using OX26-targeted immunoliposomes as opposed to isotypic IgG 
control-conjugated liposomes. OX26-targeted immunoliposomes are suitable for uptake by 
BCECs. 
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Abstract: Background: Cerebral cavernous malformations (CCM) are vascular lesions, 
principally of the central nervous system that predispose to headaches, seizures and fatal 
hemorrhagic stroke. Currently, the only curative approach is neurosurgery and understanding of 
the molecular mechanisms leading to CCM development is limited. MicroRNAs are short non-
coding RNAs that post-transcriptionally regulate gene expression and mounting evidence 



suggests their imbalance in many diseases including loss of tight junctions and vascular 
permeability during endothelial dysfunction. Since, the role of miRNAs in CCM vascular 
pathophysiology has not been well elucidated, our goal was to identify miRNA-mRNA 
expression networks associated with CCM. Methods and Results: Total RNA was extracted and 
sequenced on Illumina HiSeq2500 sequencer using the small RNA preparation kit (Illumina). 
The miRNA sequencing identified 764 microRNAs that were differentially expressed in brain 
stem CCM resections (n=3) compared to normal brain autopsy controls (n=3) and the expression 
of a large set of miRNAs was similar in all three CCM patients. Further, 327 miRNAs with high 
abundance (having RPM values ≥ 30 in at least 2 of the 6 libraries studied) were selected and 
were subsequently filtered to a subset of 52, based on false discovery rate (FDR) correction by 
Benjamini-Hochberg method (p ≤0.05). Application of additional stringency (Bonferroni 
correction) yielded five miRNAs (miR-95-3p, miR-370-3p, let-7b-5p, miR-181a-2-3p and miR-
361-5p) which were significantly downregulated in CCM patients. The expression of five 
selected miRNA was validated by qPCR, where the results were consistent with the sequencing 
data. Additionally, using in silico target prediction tools, we determined for the five 
downregulated miRNAs a total of 1894 and 1080 putative and experimentally verified mRNA 
targets. Further analysis of the validated target mRNAs revealed a panel of CCM-specific genes 
regulated by let-7b-5p, miR-361-5p and miR-370-3p. Conclusion: Our study provides the first 
evidence of miRNAs which are differentially expressed in CCM. These findings are pivotal to 
understand the role of miRNAs in CCM pathogenesis and considering miRNA antagonism or 
overexpression as a therapeutic intervention, in addition to identification of specific miRNAs as 
potential biomarkers for diagnosis in CCM patients. 
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Abstract: Pathological changes to cerebral capillaries, including reduced capillary density, 
increased tortuosity, and intravascular blockages, are common in the aging and diseased human 
brain (Girouard et al, 2006). The adverse effects of these changes are involved in the progression 
of tissue injury during stroke (Ostergaard et. al., 2000), traumatic brain injury (Dietrich et. al., 
1994), vascular cognitive impairment (Gorelick et al, 2011), and Alzheimer’s disease (Bailey et. 
al., 2004). One important facet of capillary dysfunction is the activation of matrix 
metalloproteinases (MMP) by cells of the neurovascular unit, which diminishes the integrity of 
the blood-brain barrier (BBB) and contributes to neurodegeneration. 
One cell type in particular, the cerebral pericyte, plays an integral role in maintaining normal 
capillary function and has been shown to be susceptible to microvascular ischemia (Yemisci et 
al. 2009; Hall et al. 2014). Recent studies have also linked pericytes to MMP-2/9 production in 
vitro (Thanabalasundaram et. al., 2010; Takahashi et. al., 2014; Machida et. al., 2015). However, 
information about the spatiotemporal dynamics of MMP activation during capillary ischemia in 
vivo remains limited. In the current study we used in vivo two-photon microscopy to study the 
relationship between pericytes and BBB degeneration during photothrombotically-induced 
ischemia in capillaries. We imaged transgenic mouse lines expressing fluorescent reporters 
specifically in pericytes to unambiguously identify these structurally elaborate cells and their 
protruding ovoid-shaped somata within the capillary beds of the somatosensory cortex. We also 
utilized a FITC-bound gelatin probe to image MMP-2/9 activity in vivo in a spatially and 
temporally specific manner. We found that ischemia within the capillaries produced plasma 
leakage preferentially where pericyte somata adjoin the vessel wall, and that these events were 
associated with rapid (tens of minutes) and localized activation of MMPs following complete 
cessation of flow within the capillary branch. While their extensive processes cover the majority 
of capillaries, pericyte somata cover only 7%. As a result, a disproportionate amount of leakage 
occurred within a restricted fraction of the capillary bed. These localized leakage events could be 
significantly reduced with an MMP-9 inhibitor, but not an MMP-2 inhibitor. Our results suggest 
that pericytes may contribute either directly or indirectly to blood-brain barrier breakdown 
during diseases involving microvascular flow impairment. 
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Abstract: [Background] The blood-brain barrier (BBB) is composed of brain-microvascular 
endothelial cells, pericytes and astrocyte. Pericytes and astrocytes endfeet, which are close 
contact with the endothelial cells, regulate the barrier function and play a key role in the 
pathogenesis of inflammatory neurological disorders including multiple sclerosis (MS) and 
neuromyelitis optica (NMO). However these regulations still remain unknown because there are 
no appropriate in vitro BBB models that enable us to closely mimic endothelium -interaction of 
pericytes and end-feet. [Aim] We construct an new in vitro BBB model incorporating three layer 
structure (endothelial cell, pericytes and end-feet of astrocytes) on the insert membrane using the 
UpCell technology of NuncTM. [Method] We utilized the conditionally immortalized human 
endothelial cell line (EC), pericyte cell line (PCT) and astrocyte cell line (AST). AST were co-
cultured on abluminal side of insert membranes having 3 µm pores with PCT on luminal side. 
Then EC were cultured on UpCellTM dish coated with Temperature-responsive polymer. After 
incubation at 20°C, sheet-like detachment of EC were transferred onto the PCT layer of the 
insert. They are tri-cultured at 37°C for one day to differentiate into mature cells (EC/PCT/AST). 
As control condition, we prepared traditional tri-cultured inserts with (EC/PCT-AST) or without 
(EC/PCT) AST-culture on the lower well surface. Solute permeability with 10k dextran with 
FITC were measured among them. [Result] Confocal 3D analysis with living cell staining 
revealed that triple cultured insert constitute a four-layer structure (EC, PCT, astrocyte endfeet 
protruded through membrane pores, and AST). Some astrocyte endfeet terminated in proximity 
to the EC and PCT layer. The values of permeability were significantly low in the order 
EC/PCT/AST, EC/PCT-AST, EC/PCT and EC. [Conclusions] Our model is the first BBB triple-
cultured model incorporating the direct EC-interaction with pericytes and end-feet of astrocytes. 
This model provides reproducible assays for barrier regulations in MS or NMO with robust 
results, which will enable further defining the relationships between EC and the cellular elements 
of the BBB. 
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Abstract: Background: It has been suggested that cell death induced by ischemic stroke is the 
result of glutamate accumulation in the extracellular space and over-activation of ionotropic N-
methyl-D-aspartate receptors (NMDARs). This leads to cell death via excitotoxicity, making 
blockade of NMDARs an attractive therapeutic target. However, large-scale multicenter clinical 
trials using NMDAR antagonists have failed to demonstrate satisfactory neuroprotective effects, 
suggesting a new approach is required. Glycine, a co-agonist of NMDARs with a bell-shaped 
dose-response curve, potentiates NMDARs at low doses while high doses induce NMDAR 
internalization. Objective: The goal of our investigation was to ascertain if glycine release was 
sufficient to cause NMDAR internalization in an in vitro stroke model (oxygen glucose 
deprivation: OGD) and to convey neuroprotection in an in vivo stroke model (photothrombosis: 
PT). Preliminary Data: Robust glycine release was observed using the sniffer patch technique 
during OGD. This was accompanied by a decrease in NMDA EPSC amplitude, which was 
abolished by blockers of dynamin-dependent internalization and exogenous application of the 
enzyme glycine oxidase. These in vitro data suggest that elevation of glycine during OGD may 
result in neuroprotection via NMDAR internalization during ischemic stroke. Consistent with 
this idea, glycine transporter-1 (GlyT1+/-) transgenic mice, which have chronically saturating 
levels of glycine, showed a decreased stroke volume relative to wildtype (WT) mice. This was 
recapitulated via pharmacological blockade of GlyT1 in WT mice. In addition, a significant 
attenuation in post-PT sensorimotor deficits was observed in these mice, when assayed using the 
adhesive removal, horizontal ladder, and cylinder tests. Conclusion: Increased extracellular 



glycine levels during ischemic events lead to NMDAR internalization, suggestive of a 
neuroprotective mechanism. Indeed, pharmacological elevation of glycine in WT mice, prior to 
PT, resulted in smaller stroke volumes and attenuated sensorimotor deficits. Thus, strategies 
aimed at maximizing extracellular glycine may be a novel therapeutic avenue in the treatment of 
stroke. 
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Abstract: We studied the pharmacokinetics and neuroprotective effects of intravenously 
administered [4-((1E)-2-(5-(4-hydroxy-3-methoxystyryl-)-1-phenyl-1H-pyrazoyl-3-yl)vinyl)-2-
methoxy-phenol)] (i.e.: CNB-001), a pleiotropic molecule in a rabbit embolic stroke model. 
Since we have previously found that CNB-001 can potently and significantly reduce cell death 
mediated by glutamate, iodoacetic acid, ATP depletion, and oxidative stress (glutathione 
depletion), we tested the hypothesis that the in vitro neuroprotective effects of CNB-001 would 
translate in vivo and attenuate ischemia-induced behavioral deficits using the rabbit small clot 
embolic stroke model (RSCEM). Pharmacokinetic Analysis: For this study we used 2-3 month 
old male New Zealand white rabbits. In normal male New Zealand white rabbits, the t1/2 for IV 
administered CNB-001 (10mg/kg) was 3.37 ± 0.52 hours and clearance rate was 44.2 ml/min/kg. 
Behavioral Analysis: For this translational study, we used the standard RSCEM (Lapchak 
Translational Stroke Res. 2015 Apr;6(2):99-103. doi: 10.1007/s12975-015-0386-x.). A single 
dose of CNB-001(1-50mg/kg) was injected intravenously (IV) 1 hour post-embolization and 
behavioral function was measured 2 days post-embolization. Using quantal analysis, an effective 



stroke clot dose (P50 in mg) producing neurological deficits in 50% of embolized rabbits was 
determined. Vehicle control and positive-control drugs were both included and studied in 
parallel; all studies were conducted blinded and randomized. In the RSCEM, 10mg/kg CNB-001 
significantly improved behavior and increased P50 to 2.15 ± 0.09 mg (n=18, p<0.05) compared to 
vehicle 1.11± 0.08 mg (n=20), when the drug was administered 1 hour after embolization; the 
positive control group treated with tissue plasminogen activator (IV 3.3mg/kg) had a measured 
P50 of 2.69 ± 0.29mg (n=20). Dose-response analysis indicated that the minimal statistically 
effective dose was 5 mg/kg IV; and 50mg/kg significantly improved P50 by 125-150%. 
Mechanism Studies: In cortical tissue removed from naïve, vehicle- or CNB-001-treated 
embolized rabbits, using Western blot analysis, we measured and quantified inflammatory 
markers and BDNF levels. In embolized rabbits, CNB-001 attenuated COX-2 and 5-LOX 
expression and increased both pro-BDNF and BDNF expression. Conclusions: CNB-001 can 
significantly reduce behavioral deficits associated with brain ischemia when given after an 
embolic stroke; attenuation of deficits is produced by anti-inflammatory actions and enhanced 
neurotrophic factor mechanisms. (PAL was partially funded by NIH U01 NS060685). 
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Abstract: (-) Phenserine, an acetylcholinesterase (AChE) inhibitor, has been used to improve 
cognitive function in patients with Alzheimer’s disease (AD). (+) phenserine or posiphen, a 
stereoisomer of (-) phenserine, has been shown to possess neuroprotective effects in animal 
models of AD. Its mechanism of action is still not clear as (+) phenserine has no anti- AChE 
activity. The purpose of this study is to examine the neuroprotective effect of (+) phenserine 
against stroke. Primary cortical neurons were prepared from rat embryonic cortical tissues. (+) 
Phenserine significantly attenuated glutamate -mediated loss of MAP2 immunoreactivity. These 
data suggest that (+) phenserine has a neuroprotective action against excitatory amino acid-



induced neurotoxicity in culture. The protective effect of (+) phenserine was further examined in 
an animal model of stroke. Adult male rats were subjected to transient (60 min) middle cerebral 
artery occlusion (MCAo). (+) Phenserine or vehicle was given systemically after MCAo. Stroke 
animals receiving (+) phenserine showed a significant reduction in neurological scores and 
infarct volume. Post-treatment with (+) phenserine also reduced IBA1 immunoreactivity in the 
perilesioned area, suggesting (+) phenserine attenuated microglia activation in stroke brain. 
Taken together, our data support that early post-treatment with (+) phenserine reduced 
behavioral deficits, inflammation, and brain infarction in stroke animals. 
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Title: Sodium transport through the cerebral sodium-glucose transporter exacerbates the 
development of cerebral ischemic neuronal damage. 
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Abstract: Sodium-glucose transporter (SGLT) transports glucose into the cell, together with 
sodium ion. We recently demonstrated that the cerebral SGLT is involved in post-ischemic 
hyperglycemia-induced exacerbation of the development of cerebral ischemic neuronal damage. 
However, the associated SGLT-mediated mechanisms remain unclear. Thus, we examined the 
involvement of cerebral SGLT-induced excessive sodium ion influx in the development of 
cerebral ischemic neuronal damage. SGLT-specific sodium ion influx was induced using α-
methyl-D-glucopyranoside (α-MG) treatments which is a non-metabolic glucose analog and a 
specific substrate for SGLT. In in vitro study, primary cortical neurons were cultured for five 
days before each treatment with reagents, and these survival rates were assessed using 
biochemical assays. A mouse model of focal ischemia was generated using a middle cerebral 
artery occlusion (MCAO). Mice were administered an intracerebroventricular (i.c.v.) injection of 



regents at immediately and 6 h after reperfusion. Neuronal damage was assessed with 
histological and behavioral analyses. In in vitro study, at concentrations of greater than 0.1 mM, 
α-MG induced significant concentration-dependent decreases in neuronal survival compared 
with the control group without α-MG treatment. In contrast, 0.01 mM α-MG had no effect on 
neuronal survival rates. An SGLT family specific inhibitor, phlorizin (100.0 µM) significantly 
suppressed 100.0 mM α-MG-induced neuronal cell death. Moreover, 100.0 µM H2O2 
significantly decreased neuronal survival rates compared with control group, and exacerbation of 
H2O2-induced neuronal cell death by 0.01 mM α-MG was suppressed by 50.0 µM phlorizin. In in 
vivo study, i.c.v. administration of α-MG (2.5, 5.0 µg/mouse) exacerbated the development of 
infarction and neurological abnormalities in a dose-dependent manner, and 5.0 µg of α-MG 
significantly exacerbated the development of infarction and neurological abnormalities compared 
with the vehicle-treated MCAO group. Under these conditions, phlorizin was protective against 
the development of infarction and neurological abnormalities. Therefore, excessive influx of 
sodium ion into neuronal cells through cerebral SGLT may exacerbate the development of 
cerebral ischemic neuronal damage. 
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Abstract: Ischemic stroke is a leading cause of adult disability, including cognitive impairment. 
Our laboratory has shown that treatment with function-blocking antibodies against the neurite 
growth inhibitory protein Nogo-A promotes functional recovery after stroke in adult and aged 
rats, including enhancing spatial memory performance, for which the hippocampus is critically 



important. Since spatial memory has been linked to hippocampal neurogenesis, we investigated 
whether anti-Nogo-A treatment increases hippocampal neurogenesis after stroke. After inducing 
permanent middle cerebral artery occlusion in adult rats, we measured cellular proliferation in 
the dentate gyrus at 5, 10, 14, and 21 days post-stroke, as well as the number of newborn neurons 
at 8 weeks post-stroke in untreated, control antibody-treated, and anti-Nogo-A-treated groups. 
We found that stroke alone transiently increased cellular proliferation and increased 
neurogenesis in the ipsilesional granule cell layer of the dentate gyrus. Treatment with both anti-
Nogo-A and control antibodies increased the accumulation of new microglia/macrophages in the 
dentate granule cell layer, but neither treatment increased cellular proliferation or the number of 
newborn neurons above stroke-only levels. These results suggest that enhanced neurogenesis is 
not a key determinant of spatial memory recovery after stroke and anti-Nogo-A immunotherapy. 
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Title: Triiodothyronine neuroprotection after ischemia is mediated by astrocyte fatty acid 
oxidation 
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1Cell. & Structural Biol., 2Neurosurg., 3Cell. and Structural Biol., Univ. of Texas Hlth. Sci. Ctr. 
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Abstract: Stroke is a leading cause of death and disability in the United States, however few 
treatments options exist for patients. Thyroid hormone is observed to reduce stroke lesion size in 
mice, but the mechanism for this neuroprotection is still unknown. Astrocytes are critical support 
cells in the brain that our lab has shown readily respond to thyroid hormone by increasing energy 
production through the mitochondrial trifunctional protein (MTP), a protein complex that 
facilitates fatty acid oxidation (FAO). As increased energy metabolism is protective against brain 
injury, we hypothesized that thyroid hormone reduces lesion size by stimulating astrocyte MTP. 



We observe that treatment with the active form of thyroid hormone (T3) stimulates an increase in 
ATP production in human astrocytes, which can be blocked by pretreatment with an irreversible 
FAO inhibitor. Astrocytes in the presence of T3 exhibit increased survival under in vitro stroke 
conditions, while this effect is not seen in astrocytes lacking MTP. Pharmacological and genetic 
inhibition of MTP in vivo also reduces thyroid hormone reduction of lesion size, suggesting that 
MTP activity is a critical component in brain damage from focal ischemia. Finally, we 
demonstrate that thyroid hormone protection against ischemia is attenuated in the presence of 
low concentrations of fluoroacetate, an astrocyte-specific mitochondrial inhibitor. Taken 
together, our research indicates that thyroid hormone reduces stroke damage by stimulating 
astrocyte metabolism in an MTP-dependent manner. 
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Authors: *Z. WANG, X. YU, Y. LI;  
Biomed. Sci., Ohio Univ. Dept. of Biomed. Sci., Athens, OH 

Abstract: Thrombotic ischemic stroke occurs when the local blood clot obstructs an artery to the 
brain, causing affected brain tissue to lose function and die. It is one of the leading causes of 
mortality and a major cause of disability. Thrombolytic therapy is an approach to recover the 
impaired tissue function caused by stroke through I.V. administration of thrombolytic agents. 
Streptokinase (SK) and tissue plasminogen activator (tPA) are two such thrombolytic agents, 
which are widely used in the treatment of thromboembolism in the blood vessels. However, there 
are many safety concerns that arise from the usage of the thrombolytic agents. The most critical 
concern is their dosages applied during treatment, which heightens the risk of hemorrhagic 
transformation. In our present study, we studied the effect of different thrombolytic agents on 
blood clot lysis and how zinc affects thrombolysis induced by agents in vitro. We proposed a 
strategy to improve their effectiveness in thrombolysis in a low-dose regimen. The mice whole 
blood was used to produce blood clot in vitro. Thrombolytic agents, SK and tPA were used for 
inducing thrombolysis. Zinc and its chelator, CaEDTA, were applied with thrombolytic agents. 
Spectrophotometer was used to measure thrombolysis effect at 580 nm wavelength. Results 



showed that both tPA and SK induced thrombolysis in a dose-dependent manner. Zinc inhibited 
thrombolysis effects of tPA and SK in a dose-dependent manner. Zinc chelator, CaEDTA, 
significantly increased the effects of both tPA- and SK-induced thrombolysis. We concluded that 
zinc inhibits thrombolytic effect in vitro. Chelation of zinc improves the effectiveness and safety 
of thrombolytic agents (tPA and SK) in thrombolysis. 
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Title: Preservation of neurological function by 4R-cembranoid following an ischemic stroke. 
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Abstract: 4R-cembranoid (4R) is a non-toxic, brain permeable compound that decreases the 
infarct volume caused by middle cerebral artery occlusion (MCAO) in rats and mice (Martins et 
al, 2015). This work addresses two questions: 1) Does 4R preserve neurological function after an 
ischemic stroke? 2) Can somatosensory evoked potentials (SSEP’s), measured during occlusion 
and reperfusion, predict the infarct volume observed 24 hours after the MCAO? To answer these 
questions, rats were subjected to 1 hour of MCAO and 1 hour of reperfusion, followed by a 
subcutaneous injection of vehicle or 4R (6mg/kg). To answer the first question, SSEP’s were 
evaluated throughout the experiment, and behavior was measured using the Neurological 
Severity Score (NNS) 24 hours after occlusion. Rats treated with 4R, but not with the vehicle, 
exhibited reemergence of SSEP’s 15 to 30 min after administration (p<0.01) and showed an 
increased neurological function, measured 24 hours after the initial occlusion (p<0.05). Rats 
treated with 4R also exhibited decreased astrocyte reactivity around the infarction area, as 
measured by GFAP staining (p<0.05). These results suggest that one of the mechanisms by 
which 4R helps preserve neurological function is by decreasing astrocyte reactivity. To address 
the second question, a scoring system for the SSEP’s amplitude measured during the occlusion 
and reperfusion was created. These scores were then evaluated and compared to the resulting 



infarct volume measured by TTC. A negative correlation was obtained when comparing the 
SSEP score and the infarction volume (r2, 0.85; p<0.001). These results confirm that 4R not only 
decreased the tissue damage caused by ischemic stroke, but also promoted a fast re-emergence of 
neurophysiological function that translated in an increase in neurological function. Our results 
also confirm that the SSEP score system we developed, used during occlusion and reperfusion, 
offers a novel tool to predict tissue damage outcome 24 hours after the initial occlusion. 
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Title: A novel therapeutic target for stroke by inhibition of GAPDH aggregation 
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Abstract: Glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a 
homotetrameric protein that also mediates cell death under oxidative/nitrosative stress. We 
previously reported that intermolecular disulfide-bonding of GAPDH aggregates through 
oxidation of the active site cysteine (Cys-152) participates in oxidative/nitrosative stress-induced 
cell death. Our recent findings also revealed that the active site cysteine-null GAPDH (C152A-
GAPDH) rescues oxidative/nitrosative stress-induced neuronal cell death in vitro in a dominant 
negative manner via the formation of hybrid tetramer. Here we report that this dominant negative 



C152A-GAPDH mutant against endogenous GAPDH aggregation in response to 
oxidative/nitrosative stress induced by an ischemia-reperfusion in vivo ameliorated neuronal cell 
death caused by mitochondrial dysfunction in a middle cerebral article occlusion (MCAO) stroke 
model using its conditional transgenic mice, and a specific inhibitor of GAPDH aggregation 
exerted decrease of infarction and neurological deficits These findings provide a therapeutic 
avenue of new drug target for the stroke brain damage. 

Disclosures:  M. Itakura: None. T. Kubo: None. A. Kaneshige: None. Y. Azuma: None. T. 
Hikida: None. T. Takeuchi: None. H. Nakajima: None. 

Poster 

141. Pharmacological Strategies to Prevent Injury from Stroke Molecular Factors 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 141.10/U17 

Topic: C.08.Stroke 

Title: Effects of pomegranate supplementation on recovery following ischemic stroke: a 
randomized, placebo-controlled, double-blind trial. 
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Abstract: Motor and cognitive deficits are commonly observed following stroke, and individuals 
with these symptoms often experience difficulty with activities of daily living. Furthermore, 
these individuals typically have prolonged rates of recovery and are placed at greater risk for 
additional complications such as lower quality of life, fatigue, depression, and suicide. Our 
laboratory has shown that pomegranate supplementation can protect against Alzheimer’s-like 
neuropathology and irradiation in mice and post-operative cognitive deficits following open 
heart surgery in humans. Other studies have reported increased muscle strength and decreased 
muscle pain among healthy individuals, and beneficial properties have been demonstrated in 
numerous disease states. Therefore, we sought to determine whether dietary supplementation 
with pomegranate polyphenols could enhance physical and/or cognitive recovery in individuals 
who recently suffered an ischemic stroke. We administered pills containing pomegranate 
polyphenols (n = 8), or placebo (n = 8) every day for one week to acute post-stroke inpatients. 
Cognitive changes were assessed with baseline and post-treatment Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS) tests, and physical recovery was measured 
pre- and post-treatment using a global relative Functional Independent Measure (FIM) score. The 



pomegranate treatment group demonstrated significant cognitive improvement on the RBANS 
(p<.05), whereas the control group did not improve over the 1 week period. The pomegranate 
group also demonstrated significant improvement on the global FIM score relative to the placebo 
group (p<.01). Within the FIM, the pomegranate group demonstrated specific improvement 
compared to the placebo group in the Self-Care (p<.05) and Locomotion (p<.01) domains. 
Findings from this randomized, double-blind, placebo-controlled clinical trial suggest that 
pomegranate polyphenols may be effective at enhancing cognitive and physical recovery after 
ischemic stroke. 
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Title: Xo along with Xd might be important regulative enzymes for recovery and regeneration 
after stroke in rats 

Authors: *K. DANIELYAN, A. A. SIMONYAN;  
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Abstract: Background. Xanthine Oxidase (XO; EC 1.1.3.22) along with Xanthine 
Dehydrogenase (XD; EC 1.17.1.4) are two enzymatic faces of Xanthine Oxidoreductase (XOR; 
EC 1.17.3.2), responsible for the last steps of purine catabolism, which might be converted into 
the oxidase form due to the limited proteolysis. Our investigations evidence, this enzyme might 
serve as a regulative compound for purine catabolism pathway and act by feed-back mechanism; 
inhibition of it stimulates the increase of the human embryo brain derived cells’ number and 
prevents them from death. We also found out new inhibiting compound for XO, pyridoxine 
(Danielya, K.E., 2014). Methods. For flow cytometry analysis we used APC anti-human Ki-67. 
Cells were cultured by Mattson M. 1990, method. Cell culture waas treated with 3% H2O2 for 
one hour. Hydrogen peroxide after limited craniotomy was injected into the brain parenchyma. 
BBB disruption was evaluated spectrophotometrically (λ=550 nm). Results were evidencing, the 
cells proliferation might be stimulated after treatment with allopurinol, classical inhibitor of XO, 
and pyridoxine from days 1-6 as well as 1-12th. Also. in comparison with the control 



(2680.00±45.34) in the peroxide treated cell culture group (1631.89±111.77) the number of the 
cells was dramatically decreased in contrast to allopurinol treated group 15 minutes before 
(1852.38±94.79) and 15 minutes after (1950.38±33.67) addition of H2O2. In pyridoxine group 
the number of the cells in statistically significant way were increased before (2106.88±79.64) 
and after (2392.38±104.01) H2O2 addition (p<0.05). For exclusion of experimental errors of 
Evans Blue extraction after animals’ perfusion we have extracted from ipsilateral hemispheres 
the values of the contralaterals (that is the reason for the negative number appearance). 
Conclusion. Protective, regenerative abilities of pyridoxine and allopurinol, as XO inhibitors, are 
proposed. 
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Title: Hydrogen peroxide acts as an endogenous regulating factor for phagocytotic function of 
microglia: role of nrf2 

Authors: *X. ZHAO, G. SUN, S.-M. TING, J. ARONOWSKI;  
Neurol., UT Med. Sch., Houston, TX 

Abstract: Red blood cells (RBC) and other components of the blood, deposited within brain 
parenchyma during intracerebral hemorrhage (ICH), are the source of cytotoxicity and 
inflammation, and the cause of secondary brain injury. Therefore, it is assumed that fast and 
efficient removal of the hematoma components from the brain could be essential for reducing the 
damage and improving functional recovery and brain repair. Microglia/macrophage (MΦ)-
mediated phagocytosis represents an endogenous mechanism involved in the hematoma 
clearance after ICH. However, the high levels of pro-oxidative molecules (including hydrogen 
peroxide, H2O2) normally generated by MΦ during phagocytosis and phagosome-mediated 
catabolic processes, could be cytotoxic not only to brain cells but also to the function of MΦ 
themselves. Therefore, an efficient coupling between phagocytosis-mediated cleanup and the 
endogenous anti-oxidative processes within the phagocytes, could be required for the safe and 
efficient cleanup. Nuclear factor-erythroid 2 p45-related factor 2 (Nrf2) is a basic leucine zipper 
(bZIP) transcription factor that acts as a key regulator of the expression of antioxidant proteins as 
means of protection against oxidative damage fallowing injury and inflammation. In agreement 
with this notion, we established that the Nrf2-deficient MΦ are more susceptible to “ICH-like” 
injury and H2O2-mediated oxidative damage. And the Nrf2-KO mice subjected to ICH 
experienced more severe brain edema and delayed hematoma resolution. In addition, the 
phagocytosis of red blood cells (RBC) by cultured MΦ (model of hematoma cleanup process) 
was significantly inhibited by Nrf2 decoy and in MΦ harvested from Nrf2 knockout mice. On the 
other hand, pharmacologic activation of Nrf2 leads to improved phagocytosis function, 
suggesting that Nrf2 activation may be a potential therapeutic target for improving hematoma 
and inflammation resolution after ICH. Hydrogen peroxide (H2O2) is a reactive molecule 
produced by MΦ during phagocytosis process, which at higher concentrations is known to be 
toxic to neurons. In our studies, we find that H2O2 at lower (sub-micromolar) concentrations 
serves also as a pro-survival factor for MΦ by activating Nrf2. Low levels of H2O2 protects MΦ 



from ICH-like injury and similar to Nrf2 activators improves phagocytic function of MΦ toward 
RBC. We propose that H2O2 in MΦ functions as a double-edged sword, also having pro-survival 
and cleanup facilitating effects that could benefit ICH-mediated damage. 
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Title: MicroRNA-103-1 is involved in the pathogenesis of ischemic brain damage and may 
represent a stroke peripheral diagnostic marker 
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Abstract: Ischemic stroke is a multi-faced pathology that involves gene reprogramming. Among 
those genes whose expression is influenced by cerebral ischemia can be included the 
plasmamembrane protein sodium-calcium exchanger-1 (NCX1), that, by controlling Ca2+ and 
Na+ fluxes in a bidirectional way across the synaptic plasma membrane, plays a pivotal role in 
the regulation of ionic homeostasis in physiological and pathophysiological conditions such as 
brain ischemia. We have recently identified a microRNA, miR-103-1, able to selectively 
modulate NCX1 expression in the brain during stroke, whose inhibition by anti-mir-103-1, 
intracerebroventicularly infused in ischemic rats, causes NCX1 upregulation in brain cortex and 
striatum accompanied by brain damage reduction. Since it has been established that microRNAs 
(miRNAs) can be included in microvesicles called exosomes and released in the blood, it has 
been hypothesized a potential use of these non-coding RNAs as biomarkers for neurological 
disorders. In this work, we firstly investigated the expression of miRNA-103-1 in the ischemic 
penumbra of animals subjected to brain ischemia or to the neuroprotective protocol called 
“Remote Postconditioning” (RemPost), a strategy in which a subliminal ischemia applied to a 
“distant” organ is able to protect the brain from a previous harmful ischemic insult. As expected, 



the expression of miRNA103-1 increased after harmful brain ischemia and was dramatically 
reduced after remote postconditioning. More interestingly, we were able to demonstrate that 
miR-103-1 may serve as peripheral prognostic/diagnostic marker of stroke, since its expression 
level in plasma samples of rats subjected to brain ischemia is proportionate to brain ischemic 
damage. These results suggest that miRNA103-1 expression may be used as marker of ischemic 
brain damage and, more intriguingly, it is released in the blood in a manner proportionate to 
brain damage, thus representing a good candidate for stroke diagnosis and prognosis. 
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Title: Role of β-adrenoreceptor partial agonist in pathophysiology and recovery of ischemic 
stroke 

Authors: K. RAVINA, Z. WARRAICH, S. KISLAL, *M. SHAMLOO;  
Stanford Behavioral and Functional Neurosci. Lab., Stanford Univ. Sch. of Med., Palo Alto, CA 

Abstract: Noradrenaline plays significant role in modulating metabolic and inflammatory 
activity within the brain by activating receptors on glial cells and neurons. Xamoterol is a 
selective β1-adrenoreceptor partial agonist. Our laboratory has shown that chronic treatment with 
β1-adrenoreceptor agonist, xamoterol, significantly enhances cognitive function and reduces 
inflammation and levels of pro-inflammatory markers in mouse models of Alzheimer’s disease. 
We therefore investigated the effect of chronic xamoterol dosing on stroke recovery by 
implementing intraluminal filament method of transient middle cerebral artery occlusion in male 
Sprague-Dawley rats. Starting 24h post-stroke, animals received vehicle or 0.1, 1 or 3 mg/kg 
dose of xamoterol subcutaneously for 21 days. Brain tissue immunohistochemical assessment of 
neuronal loss displayed smaller infarction in animals treated with 1 and 3 mg/kg of xamoterol 
daily in comparison to the other treatment groups. 
To evaluate whether the effect of 1 mg/kg dose on post-stroke functional recovery is treatment 
time-dependent, we initiated xamoterol treatment at 24 or 72 h after the onset of ischemia. In 
Garcia neurological scoring test and vibrissae elicited forelimb placement (paw-whisker) test the 
72h post-stroke treatment group showed improved recovery in comparison to 24h post-stroke 
group. 



Our results suggest that mild activation of β1-adrenoreceptors during early phase post-stroke (24-
72 hours) exerts neuroprotective properties and can also enhance the recovery of function. 
Further research is granted to investigate molecular and cellular aspects of adrenergic stimulation 
in the pathophysiology of stroke. 
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Title: Procognitive property and antischemic effect of S 44819 a novel promising candidate drug 
for stroke therapy 
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Abstract: S 44819 is a novel alpha 5 GABAA receptor competitive antagonist. S 44819 showed 
potential procognitive efficacy in different rodent models of cognition. In the object recognition 
(OR) model in naive mice and rats, S 44819 (0.3-10 mg/kg i.p.) significantly increased the time 
spent with novel object. The ketamine induced memory loss (reference and working memory), 
measured in radial maze in rats, was blocked by S 44819 (3 mg/kg p.o.) as well. Ischemic stroke 
causes a hypoexcitability in the peri-infarct motor cortex that stems from increased tonic GABA 
activity onto neurons. Whereas this chronically elevated inhibition in the peri-infarct region is 
useful to protect tissues in the excitotoxic phase of stroke, it may antagonize the neuronal 
plasticity phenomena responsible in a later phase for functional recovery after stroke. S 44819 by 
antagonizing this elevated GABA inhibition may accelerate the more rapid functional recovery 
after stroke. S 44819 proved to be effective in numerous animal models of stroke and vascular 
dementia. It antagonized the unilateral carotid occlusion induced memory deficits in mice 30 
days after the occlusion in a working memory paradigm in T-maze (1-3 mg/kg p.o.). In the 
widely used stroke model, transient middle cerebral artery occlusion (tMCAO) model, the 
recognition memory deficit (NOR test) was reversed by acute and chronic 8 days administration 
(2x 15 mg/kg p.o.) of S 44819 in rats. The effect was still observed even after 7 days washout 



period. Besides the cognitive decline, tMCAO surgery caused long lasting sensorimotor deficit in 
rat. The motor deficit assessed in the adhesive removal test was significantly improved by S 
44819 (2x 15 mg/kg p.o.) during the 18 days treatment period. These results suggest that S 
44819 is a promising candidate drug for improving recovery post-stroke. 
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Title: The neuroprotective capabilities of glial-derived neurotrophic factor following 
intraluminal filament middle cerebral artery occlusion in mice 
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Abstract: Glial-derived neurotrophic factor (GDNF) is a highly conserved endogenously 
produced neurotrophic, neuroprotective and neurogenic factor that has been investigated as a 
treatment for a variety of acute and chronic neurodegenerative disorders including Parkinson’s 
disease, Alzheimer’s disease, traumatic brain injury and stroke. Characterised initially as a potent 
survival factor for midbrain dopaminergic neurons, GDNF is protective for a variety of neuronal 
populations. In this study we aimed to determine the neuroprotective capabilities of GDNF 
following ischemic injury, induced by intraluminal filament middle cerebral artery occlusion 
(MCAO) in mice. Further, we assessed whether GDNF may exert its neuroprotective effects by 
dampening widespread inflammatory responses following MCAO. Using 2,3,5-



Triphenyltetrazolium chloride (TTC), Cresyl Violet staining and immunohistochemistry (IHC) 
against NeuN, we first determined the magnitude and patterns of reproducible ischemic injuries 
following 0 - 60 min of occlusion at 0.5 - 72h post-reperfusion in C57BL/6 mice. We also 
assessed neurological scores, behavioural deficits (Open Field, Rotarod and Wire hang), weight 
loss, cerebral blood flow (CBF) and IHC staining of IBA1+ and GFAP+ microglia and 
astrocytes, respectively. Once reproducibly established, we administered GDNF to C57BL/6 
mice via osmotic mini-pumps attached to cannula implanted in the lateral ventricle (+1.0 ML, -
0.2 AP, 2.8 DV) and compared the impact of GDNF treatment on the magnitude of ischemic 
neuronal injury, neurological scores, motor behaviour, CBF, weight loss, IBA1+ microglia and 
GFAP+ astrocytes, to ACSF vehicle controls. We established a large reproducible ischemic 
injury, the magnitude of which could be manipulated by altering the period of MCAO. We also 
observed significant neurological and behavioural deficits following MCAO. In addition there 
were profound increases in IBA1 and GFAP staining after occlusion, with clear morphological 
alterations in IBA1+ and GFAP+ cells, extending through most of the ipsilateral cortex, 
compared with sham controls. Our present findings suggest GDNF treatment markedly decreases 
the magnitude of ischemic injury at 24h post-MCAO and improves neurological scores, 
compared to vehicle treated controls. 
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Abstract: Objectives: Stroke is a neurological disorder that leads to long term motor and 
cognitive dysfunction. Human recombinant tissue plasminogen activator (tPA) is the only FDA 
approved drug for the thrombolytic treatment of ischemic stroke. Interestingly, accumulating 
evidence reveals that the effects of tPA in ischemic brain may extend beyond its thrombolytic 



activity. So far, the function of endogenous tPA in injured brain is still unclear. In this study, we 
sought to elucidate the function of endogenous tPA in long term recovery after stroke. 
Methods: Cerebral ischemia was induced by distal middle cerebral artery occlusion (MCAO) in 
tPA knockout (KO) mice and the wild type littermates. For tPA treatment, tPA (2mg/kg) were 
delivered intranasally to tPA KO mice for 14 days starting 6h after dMCAO. For outcome 
assessments, sensorimotor deficits (rotarod test, cylinder test, foot fault test, adhesive remove 
test) were determined at 3-35 days after stroke; cognitive deficits (water maze test) was 
determined at 22-27 days after stroke. The axonal damage were assessed by expression of non-
phosphorylated neurofilament (SMI32). The neuronal tracer biotinylated dextran amine (BDA) 
was injected into the uninjured left motor cortex(M1, 21 day after stroke) to anterogradely label 
the corticorubral tract and the corticospinal tract . The effect of tPA on axonal outgrowth were 
also investigated in vitro in cortical neuronal cultures. 
Results: Lack of tPA exacerbates sensorimotor deficits for at least 35 days after dMCAO. The 
tPA KO mice also exhibited significantly worsened performance in water maze after dMCAO 
compared to wild type mice, suggesting a deteriorated cognitive functions with tPA deficiency. 
The functional exacerbation in tPA KO mice is accompanied by enhanced axonal injury and 
poorer axonal sprouting at 35 days after stroke. In contrast, intranasal delivery of tPA after 
dMCAO improves long-term neurological functions as compare to vehicle-treated KO mice. 
TTC or MAP2 staining of coronal sections at different time points after dMCAO showed 
comparable infarct volume or tissue loss between KO and wild type mice. In vitro study 
demonstrated that tPA at nanomolar concentrations potently promotes the axonal growth under 
physiological condition or after oxygen and glucose deprivation (OGD). 
Conclusion: Endogenous tPA is essential for functional recovery after stroke through, at least 
partially promoting axonal regrowth. These observations promote clinical investigations on tPA 
as a potential therapeutic agent for stroke patient. 
Keywords: dMCAO; axonal sprouting; tPA. 
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Title: Mesenchymal stem cell transplantation affords therapeutic benefits against retinal 
ganglion cell death in adult rats with experimentally induced ischemic stroke 
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Abstract: The occurrence of retinal ischemia in animals subjected to middle cerebral artery 
occlusion (MCAO) has been recently suggested owing in part to the circulatory juxtaposition of 
the ophthalmic artery to the MCA. In this study, we examined laser Doppler to evaluate the 
hemodynamic in the eye of MCAO-induced stroke and MSC treatment rats. Brain and retinal 
perfusion was evaluated by laser Doppler at 0 days (after MCAO), 3 days and 14 days. Retina -
relevant behavioral and histological outcomes were performed at 3 days and 14 days post-
MCAO. We also studied the retina-sensitive task performance and the density of retinal ganglion 
cell after MSC treatment. Laser Doppler revealed typical reduction in cerebral blood flow in the 
ipsilateral front parietal cortical area of at least 80% decrement during MCAO compared to 
baseline, which returned to near baseline levels after MCAO. A significant defect in the retinal 
perfusion in the ipsilateral eye was detected with at least 30% reduction in blood flow during 
MCAO compared to baseline, which was also restored to near baseline levels during reperfusion. 
Behavioral performance in light stimulus-mediated place preference was significantly impaired 
in MCAO rats compared to control animals. Retinal ganglion cell density were significantly 
decreased in ipsilateral eye. After MSC treatment, cerebral blood flow were fast restored to near 
baseline levels in ipsilateral brain and eye during 3days and 14 days. Also, Behavioral test were 
significantly recovered in MSC treatment rats compared stroke animals. Interestingly, 
Immunohistochemistry for retinal ganglion cell were increased cell counting and brain infarct 
area were decreased during 14 days. In summary, stroke may present with visual deficits, which 
can be detected by retinal perfusion using laser Doppler measurements, complementing the 
diagnosis of stroke onset and progression. Stem cell transplantation may provide relief from such 
stroke-induced retinal dysfunctions. 
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Abstract: Neurorehabilitation is aiming to aid recovery the nervous injury from either the 
central nervous system or the peripheral nervous system, and to minimize and/or compensate for 
any functional alterations resulting from the injury. It is a complex medical process, especially 
for the stroke, epilepsy, brain trauma patients and so on. The main neural mechanism of the 
injury is still unknown and attractive for many researchers devote to investigate the neural 
plasticity. For example, stroke patients often experience muscle spasticity affecting upper limb 
function or gait performance, which will be seriously affected their daily life quality. So far, 
there were still no comprehensive treatment strategy which can integrate brain and peripheral 
system to enhance neural plasticity and improve motor functional performance. 
Virtual reality recently has become a popular topic in the neurorehabilitation field. Stroke 
patients perform motor imagery-based training in virtual environment has evidenced a promising 
stagey to add to the motor rehabilitation. In addition, botulinum toxin (BTX) treatment can 
relieve spasticity after stroke, “likely acting at several hierarchical levels of the motor system” 
(Kanovsky, 2013). The goal of this study is to investigate the brain dynamics associate with the 
improvement of training upper limb function after BTX treatment through our developed virtual 
reality based neurorehabilitation training environment. 
Fifteen stroke patients in different damage level performed three virtual reality based tasks, 
included forearm rotation, flexion and extension of elbow and fingers, before and after BTX 
injection. Each patient will take around one hour to perform two sessions, which comprise the 
proposed three tasks of each session in this study. We use Neuroscan System to record 32-
channel electroencephalography (EEG) signals, and then decode EEG signals to investigate brain 
neural network changes after receiving BTX treatment. 
We intend to observe the brain dynamics of the patients’ motor cortex in comparison with the 
BTX injection or not for evaluating their upper limbs training performance. Brain activity 
changes reveal the recovery efficacy to inspire stroke patients perform the rehabilitation task 
with the BTX treatment, which will provide a points of view toward treatment of stroke patients. 
EEG signals can not only be a potential assessment in stroke patients, but also be used as a 
feature to develop a new rehabilitation treatment approaches. Furthermore, we will develop a 
treatment strategy including brain-computer interface and virtual reality training combined BTX 
treatment to assist neurorehabilitation effectiveness. 
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Abstract: Brain stroke is a devastating brain injury and is a leading cause of adult disability. The 
primary pathological complication and a significant reason for mortality in brain stroke is 
cerebral edema. Accumulation of fluid in the intracellular or extracellular spaces of the brain 
increases intracranial pressure which endangers the survival of the patients. Currently, there is 
no effective neuroprotective agent for acute ischemic stroke in clinical practice. Quests for 
salubrious and effective neuroprotective agents have led to increased interest in use of 
endogenous hormones as neuroprotectants. It has been shown that neuroendocrine profile is 
significantly altered in ischemic brain stroke. We have turned our attention to thyroid hormones 
and their potential use in brain ischemic stroke. In this work possible neuroprotective 
involvement of thyroid hormones was investigated using experimental brain stroke model – 
middle cerebral artery occlusion (MCAO). T2 is an active metabolite of T3, a key hormone 
secreted by the thyroid gland. It has been found that T2 has a much more rapid stimulation of 
metabolic rate than T3. Encapsulating T3 brain-targeted nanoparticles (PLGA-b-PEG) could 
have greater ability to permeate biological membranes and afford protection in the brain infarct 
areas. In our study we tested potential neuroprotective effects of thyroid hormones (T3, T2 and 
encapsulating T3 in brain-targeted nanoparticles) in vivo using the mice model of transient (1h) 
middle cerebral artery occlusion (t-MCAO). For drug treatment, CD-1 mice (25-30g) were 
treated with T3 and T2 (25 µg/kg) injected i.v. through the jugular vein. Equivalent dose of T3 
nanoparticles in same volume were administered to respective mice group. T3, T2, T3 
nanoparticles or vehicle were injected 30 min before brain stroke induction. Vehicle (PBS) 
treated animals served as controls. Animals were sacrificed after 24h, 1mm coronal brain slices 



were prepared and stained with 1% TTC. Volumes of brain ischemia and edema formation were 
evaluated. In vivo results showed that T3 (25 µg/kg) reduced brain infarct volume by 37% 
(p<0.005), and edema formation by 60% (p<0.001).In vivo results showed that T2 (25 µg/kg) 
reduced brain infarct volume by 42% (p<0.005), and edema formation by 65% (p<0.001). In vivo 
results showed that encapsulating T3 in brain-targeted nanoparticles (25 µg/kg) reduced brain 
infarct volume by 58% (p<0.005), and edema formation by 75% (p<0.001). Positive effects of 
thyroid hormones in t-MCAO brain stroke model determined the ideal usage parameters for 
thyroid hormones (T3, T2 and encapsulating T3 brain-targeted nanoparticles) as a therapeutic 
agents in ischemic brain stroke. 
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Abstract: In the absence of effective neuroprotective agents in the clinic, ischemic and 
pharmacological preconditioning are gaining increased interest in the field of cerebral ischemia. 
Our lab recently demonstrated that resveratrol preconditioning (RPC) affords tolerance against 
cerebral ischemia that lasts for at least 2 weeks in vivo, making it the longest window of ischemic 
tolerance discovered to date by pharmacological preconditioning. We conjectured that this 
window may be mediated by genomic reprogramming events that occur in the brain after 
preconditioning. Thus the goal of this study is to identify the epigenetic and transcriptional 
alterations which are induced in the brain after RPC that could mediate this long-term window of 



ischemic tolerance. In order to identify the transcriptomic modifications, we injected 10 week 
old C57Bl6 male mice with either Vehicle or Resveratrol (10mg/kg) intraperitoneally (n=3 per 
group). Two weeks post the single injection we collected the cortex of these mice, isolated the 
RNA, and performed an RNA-seq experiment using the Illumina HiSeq 2500. Using a cut-off 
value of 0.1 for the false discovery rate and 1.5 for the fold change, we identified 85 
differentially expressed genes. Interestingly 70 out of the 85 differentially expressed genes were 
downregulated after RPC compared to only 15 genes being upregulated. We randomly chose 10 
genes having an FDR<0.1 and designed SYBR green primers to validate the relative expression 
of these genes compared to β-actin using real-time PCR analysis. The results obtained correlate 
well with our RNA-seq data. Pathway analysis using the Functional Annotation Clustering tool 
from DAVID Bioinformatics Resources, revealed 10 clusters for the differentially expressed 
genes. The clusters were enriched for the following gene ontology terms: dendrites, ribosome, 
translation, mitochondria, cytoplasmic vesicles, plasma membrane and synapses, ion transport, 
transcription among others. The downregulation in these cellular activities is reminiscent of the 
phenomenon of metabolic depression which is an adaptive mechanism observed in hibernating 
animals that allow them to tolerate extreme hypoxic and ischemic conditions experienced during 
torpor. In conclusion this study reveals that RPC induces a global downregulation in gene 
expression in the brain of preconditioned mice. Ongoing studies in the lab will reveal whether 
this mechanism is behind the long-term tolerance to cerebral ischemic insults observed after 
resveratrol preconditioning 
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Abstract: Cerebral edema is a common complication of ischemic stroke, which can lead to 
increased intracranial pressure and secondary injury following reperfusion. In some cases, 
cerebral edema is due to disruption of arginine vasopressin (AVP), as in the syndrome of 
inappropriate diuretic hormone (SIADH). Multiple studies have shown that AVP exacerbates 
edema and promotes blood brain barrier breakdown and neural damage following injury or 
ischemia. 
We have shown that the V1/V2 receptor blocker conivaptan prevents edema and blood brain 
barrier (BBB) breakdown in a mouse model of stroke. Previous studies have shown that AVP 
deficient rats have a reduced inflammatory response to traumatic brain injury (Szmydynger-
Chodobska et al. 2010), including expression of chemokines and influx of neutrophils and 
monocytes. Overexpression of CXC and CC chemokines augment recruitment of inflammatory 
cells, which have been linked to cerebral edema, BBB disruption and neural damage. This study 
was designed to determine whether treatment with conivaptan reduces stroke-induced neuro-
inflammation in mice. 
Animal care and use were conducted according to guidelines and approval of Swedish Medical 
Center IACUC. Mice (C57/Bl6) were subjected to 60-minute focal middle cerebral artery 
occlusion (MCAO) followed by reperfusion. Treatment with conivaptan or saline (continuous 
infusion via jugular vein, 0.2 mg/mouse/day) was initiated immediately after reperfusion. After 5 
hr survival, mice were sacrificed and brain tissue harvested for qPCR analysis TNFα, CXCL1 
and CCL2 and the V1a receptor (AVPR1α). 
In the ipsilateral cortex, MCAO induced the expression of AVPR1α five-fold compared to levels 
detected in sham animals. Conivaptan treatment prevented the induction of AVPR1α almost 
completely. The expression of TNFα, CXCL1 and CCL2 were also induced dramatically (30-120 
fold) following MCAO. Treatment with conivaptan reduced the expression of TNFα and 
CXCL1, but had no effect on the expression of CCL2 which was highly variable between 
subjects. Similar to MCAO, oxygen glucose deprivation (OGD) induced the expression of 
AVPR1α in cultures of primary astrocytes. However, neither OGD nor AVP treatment had any 
effect on TNFα, CXCL1 or CCL2 in astrocyte cultures. 
These data indicate that conivaptan reduces the induction of an early inflammatory response 
following stroke. The activation of these early cellular responses to injury initiate cascade of 
processes leading to secondary inflammation and the infiltration of neutrophils and monocytes, 
which have been shown to contribute to edema, BBB disruption and cellular damage. 
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Abstract: The neurotrophin family of growth factors regulates neuronal growth, differentiation 
and survival during development by activating signaling via the Trk family of receptor tyrosine 
kinases. However, the neurotrophin precursors, or proneurotrophins, are potent ligands for the 
p75 neurotrophin receptor (p75NTR)-sortilin complex that can induce apoptosis, especially after 
injury. We have previously demonstrated that p75NTR is induced after injury induced either by 
seizures or by contusion in a model of traumatic brain injury. Moreover, blocking either the p75 
receptor, or the proNGF ligand, can attenuate neuronal death. To test the hypothesis that p75NTR 
promotes secondary cell death, we provided a p75NTR siRNA intranasally immediately following 
a controlled cortical injury administered to adult C57/Bl/6 mice. Data obtained are in agreement 
with our previous findings that p75NTR KO mice demonstrated 2-fold fewer apoptotic neurons 3 
DPI. Furthermore, knockdown of p75NTR improved overall neurological function and in 
particular improved sensorimotor performance on beam walking tests. In addition to promoting 
neuronal apoptosis, we are also investigating a role for p75NTR in regulating axonal degeneration, 
and determining whether this is independent of neuronal death, or part of a continuum leading to 
neuronal death. We are studying the mechanisms governing the process of neuronal apoptosis 
and axonal degeneration.We previously demonstrated that p75NTR-mediated apoptotic signaling 
requires activation of the intrinsic caspase pathway, involving caspases-9, -6 and -3, and 
simultaneous induction of PTEN to suppress Akt activation. ProNGF induction of PTEN 
occurred at the translational level, and we are currently investigating mechanisms by which this 
is regulated. We are also determining the effectiveness of inhibiting the receptor compared with 
preventing downstream signaling. 
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Abstract: Stroke is a devastating neurological condition and is one of the leading causes for 
death and disability in adults. Current therapeutics focuses on the restoration of brain circulation 
such as usage of thrombolytic drug tPA, but complimentary neuroprotective treatment should 
provide beneficial effect. Mitochondria-mediated apoptotic pathway is a major contributing 
factor to neuronal cell death in stroke. Apoptosis appears sequentially and broadly in both the 
infarcted area and the penumbra region, with concomitant regulated expression of the pro- and 
anti-apoptotic members of the BCL-2 family members. Control of apoptosis by inhibiting 
proapoptotic BAX protects neurons from ischemic insults. Nevertheless, enhancing pro-survival 
BCL-2 or MCL-1 has little protective effect, suggesting other BCL-2 members that antagonize 
BAX might be more critical in neuronal ischemic events. 
We have identified and characterized a novel BCL-2 family member, BLM, of which the 
transcript expression level in the brain is temporally and spatially regulated in an isoform-
specific manner. Blm is predicted to have more than 20 transcript isoforms. Previously, we have 
uncovered that the short 1.1-kb isoform-Blm-s is enriched in postmitotic migrating neurons of the 
developing cortex and functions as a BH3-only apoptosis sensitizer/derepresser in response to 
DNA double strand break via ATM/p53 and JNK/AP1 signaling pathways. Here, we report that 
the 4.0-kb transcript of BLM, designated as BLM-l for its longest transcript isoform, is expressed 
in the developing forebrain at constant moderate amount of protein from E10.5 to E17.5, which 
is then decreased to a barely detectable level in new-born and is re-expressed in adult brains. 
Specifically, both BLM-l transcript and protein are up-regulated in adult cortical and 
hippocampal neurons after hypoxia/ischemia insult, as evidenced by immunoblot analysis of 
cultured cortical neurons treated by oxygen glucose deprivation (OGD) and in a model of stroke 
in rat/mice receiving transient middle cerebral artery occlusion. Overexpression of BLM-l in 
cultured neurons prevents neuronal apoptosis induced by OGD. Furthermore, via 
immunohistochemical analysis of human brain tissues with hemorrhagic stroke, we demonstrate 
the BLM-l is detected in penumbra area but not in infarcted area. Biochemical analysis further 



shows that BLM-l functions as a pro-survival protein by antagonizing pro-apoptotic BAX and 
BLM-s. These data altogether suggest that BLM-l could play a role in regulating neuronal cell 
survival in the adult brain after ischemia/hypoxia insult. 
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Abstract: The etiology of type-I diabetes is still unclear, but is thought to be due to auto-
immune mediated inflammatory damage to insulin-producing β-cells leading to chronic 
hyperglycemia. Various animal models have been used to study type-I diabetes, including 
streptozotocin (STZ) administration, which causes β-cell death through over-activation of poly-
ADP ribosome polymerase (PARP), and Non-obese Diabetic (NOD) strain animals that 
spontaneously develop diabetes through luekocytic infiltration of pancreatic islets. Individuals 
with type-I diabetes have a markedly increased risk of suffering from stroke as well as a 
susceptibility to a more disabling or fatal stroke, and a poor prognosis for recurrent stroke. 
Hemorrhagic stroke is due to the rupturing of cerebral arteries, and accounts for nearly 13% of 
all stroke occurrences, yet the impact of type-I diabetes on the outcome and underlying 
mechanisms of hemorrhagic stroke are poorly understood. Both STZ and NOD mouse models 
were used to study the effects of type-I diabetes on hemorrhagic stroke induced by intrastriatal 
injection of collagenase. Grip strength analysis and neurological deficit scoring (NDS) were used 
to measure the functional outcomes of the animals, while brain tissues were collected and 
analyzed by immunofluorescence of inflammatory and free-radical markers. STZ-treated and 
diabetic NOD mice had significantly reduced grip strength 72 hours after intracerebral 
hemorrhage (ICH) as compared to baseline, whereas non-diabetic mice showed a slight decrease 
but improvement after 72 hours. Immunohistochemistry showed a difference between the models 



of diabetes following ICH. Glial cells were found to be activated around the hemorrhagic area in 
all non-diabetic mice, however, the intensity of activation defined by the number of GFAP and 
Iba1 positive cells was higher in the STZ diabetic group, and reduced in the NOD diabetic group 
compared to their respective non-diabetic controls. 3-nitrotyrosine (3-NT) was observed to be 
present in high levels in tissue within the hematoma, while the inflammatory protein inducible 
nitric oxide synthase (iNOS) was localized at the border. As with GFAP and Iba1, iNOS was 
found to be decreased in both diabetic groups compared to their respective controls. A marked 
increase in 3-NT staining in diabetic brains suggests a substantial production of peroxynitrite 
(ONOO-) leading to oxidative and nitrosative damage as compared to the control groups. 3-NT 
was also found to surround blood vessels in STZ diabetic groups, but not in NOD diabetic or 
control groups, suggesting a damaged and possibly compromised blood brain barrier (BBB) 
resulting from STZ treatment. 
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Abstract: The integrated stress response (ISR) controls mRNA translation by phosphorylation of 
the translation initiation factor eIF2α. ISRIB is a drug-like small-molecule ISR inhibitor (in-cell 
EC50=5nM) that enhances memory consolidation in normal animals. Loss of cognitive functions 
and sustained ISR are associated with numerous neurological conditions, including traumatic 
brain injury (TBI). We investigated the efficacy of ISRIB on the cognitive deficits induced by 
TBI using two different animal models tested in two different cognitive tasks. Firstly, focal 
contusion injury was induced by controlled cortical impact (CCI) in C57BL/6 mice. Spatial 
learning and memory retention were measured in the radial arm water maze starting 28 days after 
injury. Either ISRIB (2.5mg/kg) or vehicle were administered intraperitoneally the day prior to 



and at the end of each training day for a total of 3 injections. In agreement with previous reports, 
TBI animals receiving vehicle failed to learn the location of the escape platform. In striking 
contrast, ISRIB-treated TBI animals learned as well as the non-injured animals. Memory 
consolidation was measured 24 hours and 7 days after training in the absence of any additional 
treatment. At both times, ISRIB-treated TBI animals remembered the location of the hidden 
platform indistinguishable from non-injured controls. Thus, ISRIB completely restored the 
ability of the injured animals to learn and remember a new task. Most importantly, this memory 
was fully consolidated, as it could be recalled without further treatment. Secondly, diffuse TBI 
was modeled by closed-head injury (CHI) in C57BL/6 mice and the delayed-matching-to-place 
paradigm was used in a dry maze (modified Barnes maze) to assess working/episodic-like 
learning and memory. Fourteen days after injury either ISRIB (2.5mg/kg) or vehicle were 
administered intraperitoneally prior to and then again at the end of each training day for a total of 
4 injections. As in the CCI experiments, ISRIB treated animals performance was 
indistinguishable from uninjured controls, indicating that ISRIB treatment completely reversed 
the deficits induced by CHI. We conclude that in these models targeting the ISR at time points 
late after injury can completely reverse chronic loss of cognitive functions induced by head 
trauma. 
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Title: Antiparkinsonian evaluation of neuroprotective peptide Fraternina, isolated from the 
venom of social wasp Parachartergus fraternus, in murine model for Parkinson’s Disease. 

Authors: *A. B. MAYER;  
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Abstract: Parkinson’s Disease (PD) is the most common neurodegenerative disease related to 
movement, and currently affects about 1% of the population over 60 years old, and its prevalence 
increases over the years. The chronic use of dopamine precursors causes strong side-effects 
(dyskinesias), moreover the drugs used in the treatment are incapable of modifying disease 
progression. Thus, the development of new and more effective drugs with lower side-effects is 
extremely important. Wasp venoms is formed by cocktail of the bioactive molecules that present 
high molecular variability. Interestingly, same compounds show selectivity for the Central 
Nervous System of mammals. Therefore, the objective of this study was to assess the 
neuroprotective activity of Fraternina peptide, isolated from the venom of social wasp 
Parachartergus fraternus, in a murine model of Parkinson's Disease. animal handling followed 
the ethical principles from the National Council for the Control of Animal Experimentation 
(CONCEA) and the Arouca Law (Law nº 11.794/2008). Study procedures were approved 
by the University of Brasília Ethical Committee on the Use of Animals. For the experimental 
model, mice were divided into 3 groups (n=8): saline, group with injury by 6-hidroxidopamine 
(6-OHDA) and the group treated with Fraternina after injury by 6-OHDA. The peptide was 
injected one hour after lesion and during the next two days, always at the same time. 
Dopaminergic neurons from the Substantia nigra were unilaterally damaged by stereotaxic 
injection of 6-OHDA (60 µg/animal) into the striatum of adult Swiss male mice. To evaluate the 
neuroprotective effect, animals were euthanized andbrains were sliced (50 µm) using a vibration 
microtome and assessed through immunofluorescence. For the immunofluorescence, we used 
polyclonal primary antibody against tyrosine hydroxylase (TH), produced in rabbits (Abcam) 
and polyclonal secondary antibody (Abcam) produced in goat against IgG-H&L rabbit with the 
fluorophore Alexa Fluor-488. Quantification of reactive dopaminergic neurons was done using 
TH enzyme in the of substantia nigra. Dose of 3.6 mM was able to inhibit neuronal loss when 
compared to the other doses and group with 6-OHDA injury. Data from this study showed that 
Fraternina prevented the death of dopaminergic neurons in the substantia nigra (p <0.05)This 
study revealed a promising peptide, obtained from a social wasp venom, that was able to prevent 
the progression of the neuronal loss in a murine model of PD. 
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Title: Intranasal orexin-A treatment to boost arousal in an asphyxial cardiac arrest rodent model. 
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Abstract: Introduction: Resuscitation post cardiac arrest (CA) leads to poor neurological 
outcome accompanied by a significant risk of coma. Since the hypothalamic orexinergic pathway 
is responsible for arousal in general, we hypothesized that targeting the orexinergic pathway via 
intranasal Orexin-A treatment may improve arousal. Methods: Male wistar rats (300-350g) were 
implanted with epidural electroencephalography (EEG) screw electrodes prior to insult. Two 
electrodes (EEGA, EEGB) were placed at 2 mm anterior to the left and right of the bregma, 
corresponding to the M1 regions of the frontal cortex. Another two electrodes (EEGC, EEGD) 
were placed at 6mm posterior and 4 mm to the right and left of the bregma, corresponding to the 
V1 regions of the occipital cortex. The EEG was monitored at baseline for 10 minutes followed 
by 7 minutes of asphyxia induced CA. All animals received either intranasal vehicle or Orexin-A 
treatment at 30 minutes post-resuscitation. EEG recording and physiological monitoring 
continued for up to 4 hours post CA. Results: Gamma fraction (GF) derived from the EEG is a 
critical parameter that indicates recovery and thereby substitutes for neurological outcome. At 
60-70 minutes post ROSC, the vehicle animal shows a stationary GF (0.14 ± 0.02), while the 
Orexin-A treated animal displays a surge in GF (0.32 ± 0.23) in EEGA. Additionally, Orexin-A 
treated animals show a faster recovery in EEGA relative to EEGC. Concurrent with the increase 
in gamma fraction is the rise in Neuro deficit score (NDS) with intranasal orexin-A treatment. 
Conclusion: These results indicate that targeting the arousal pathway via intranasal orexin-A 
leads to enhanced coma recovery as measured by both behavioral (NDS) and 
electrophysiological parameters (EEG). 
This research is supported by NIH grant R01 HL071568. 
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Abstract: Dementia is characterized by the development of cognitive impairment that is related 
with loss of memory, increasing disorientation in space, time and loss of autonomy. Recently 
studies have been showed that the arterial hypertension (AHT) is a major risk factor for 
development vascular dementia (VD). Besides, several researches suggests that prefrontal cortex 
(PFC) and hippocampus (Hp) play an important role in the development of the processes of 
learning and memory. Interestingly, spontaneously hypertensive (SH) rat an animal model of VD 
also shows alterations in the dendritic morphology of those areas. The aim of this study was to 
evaluate the effect of antihypertensive drugs on locomotor activity, learning, memory and neural 
morphology of PFC (layers III and V) and CA 1 of dorsal Hp of SH rats. We used male SH and 
WKY rats of two months of age, which were administered orally during 8 weeks with metoprolol 
and losartan (10mg/Kg/day) and amlodipine (1mg/Kg/day). After to performance the behavioral 
measurements, the brains were processed by Golgi-Cox staining. Pyramidal neurons of PFC and 
CA1 of dorsal Hp were drawn and processed through Sholl’s analyses. The results suggested that 
losartan shows the best antihypertensive effect in SH group, decreasing its blood pressure 
(145.5±6.3 mmHg) more than metoprolol (171.9±4.2 mmHg) and amlodipine (174.5±4.8 
mmHg) compared to SH vehicle group (196.8±4.9), whereas WKY groups did not show 
statistical significances among them. Also, SH treated group, showed improving in long term 
memory measured by novel object recognition test, index of discrimination: metoprolol 
(0.75±0.02), losartan ((0.71±0.02) and amlodipine (0.68±0.01) regarding vehicle SH group 
(0.67±0.04). Whereas index of discrimination in short term memory were higher in metoprolol 
(0.73±0.06) and losartan (0.66±0.07) of WKY groups than its vehicle group (0.51±0.1). 
Moreover the antihypertensive drugs administration did not show statistically differences in the 
short term memory on SH strain. Finally there is no effect on locomotor activity in WKY groups, 
but hyperactivity of SH rats was diminished by metoprolol (830.7±57.5), losartan (925.5±57.3) 
and amlodipine (942.8±57.4) compared to SH vehicle group. Therefore, administration of 
antihypertensive drugs in early stage of AHT prevents cognitive impairment by keeping the 
cellular integrity of the pyramidal neurons of the PFC and CA1 of dorsal hippocampus. 
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Abstract: Glial scarring and astrogliosis after stroke are major impediments to 
neuroregeneration. Furthermore, chronic scarring in the infant primate neocortex is less severe 
compared to adults, allowing greater permissiveness towards regeneration after perinatal injuries. 
Paradoxically, acute genetic ablation of astrogliosis and scarring after injury is detrimental to 
wound healing and functional recovery. This is most likely because reactive astrocytes play 
neuroprotective roles in the acute periods following injury, prior to the formation of the glial 
scar. EphA4 was identified as a major modulator of astrogliosis and scarring after CNS injuries; 
however, the ephrin ligands involved in the injured infant and adult brain remains unknown. 
A clinically translatable nonhuman primate (NHP) model of stroke in the infant and adult 
neocortex was utilised in this study. Thymidine analogues revealed that the chronic glial scar is 
formed by an acute wave of reactive astrocytes, which establishes a discrete boundary proximal 
to the ischemic core at 1-3days post-stroke. This is followed by a sub-acute wave of reactive 
astrocytes recruited/ generated 2-3weeks post-stroke, which results the dense, widespread 
chronic scar. 
Furthermore, using in vivo and in vitro analyses, we demonstrate that the infant and adult primate 
brain regulates astrogliosis through separate Eph/ephrin-mediated pathways. In infants ephrin-A1 
induced astrocyte repulsion, reduced proliferation and reactivity resulting in small, discrete scar. 
In Adults, ephrin-A2 and -A5 induced astrocyte attraction, increased proliferation and reactivity 
resulting in dense, widespread scarring. Ephrin-A1 treatment was able to inhibit NHP astrocyte 
reactivity induced by ephrin-A2/ -A5 signalling in vitro. Most importantly, delayed 
administration of ephrin-A1 in the sub-acute period post-stroke, prior to the peak of astrogliosis, 
in rodent and NHP successfully suppressed astrocyte reactivity resulting in a ~50% (p<0.05) 
reduction in glial scar volume and density, as well as a significant suppression of secondary 
astrocyte recruitment (p<0.05). 
We demonstrated that the formation of the primate glial scar comprises an acute, neuroprotective 
wave and a sub-acute scar-forming wave of astrogliosis. Moreover, the primate brain undergoes 



differential Eph/ephrin mediated astrogliotic responses depending on the age at which stroke 
occurred. Lastly, attenuation of the sub-acute astrogliotic wave through ephrin-A1 treatment 
results in the generation of an ‘infant-like’ glial scar that may be more permissible towards 
regeneration and functional recovery after stroke. 
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Title: Expression and role of IL-12 and IL-23 in spinal cord injury 

Authors: *A. KRONER-MILSCH1, B. APERI1, K. STEHLIK1, S. DAVID2;  
1Neurosurg., Med. Col. of Wisconsin, Milwaukee, WI; 2Neurol., Ctr. for Res. in Neuroscience, 
McGill, Montreal, QC, Canada 

Abstract: Spinal cord injury (SCI) is a frequent and severe condition with far reaching effects on 
health and quality of life for affected persons and their families. The primary tissue damage after 
SCI is caused by the mechanical trauma, while the secondary damage is caused by subsequent 
events, including hemorrhage and inflammation. These events contribute significantly to the 
pathology and thereby to the extent of the functional deficits. Inflammation after SCI is 
exacerbated and prolonged. Activated microglia and blood-derived macrophages are among the 
main immune cell types present after SCI. Previous work has shown that macrophages which 
phagocytose red blood cells (RBCs) develop a pro-inflammatory phenotype. RBCs are present at 
the site of SCI due to trauma-induced hemorrhage. One of the proinflammatory cytokines 
upregulated in macrophages by RBC phagocytosis is TNF. In TNF knockout mice, locomotor 
recovery after SCI is significantly improved. Additional cytokines and other factors are also 
likely to be involved. Interestingly, Il12b, which codes for the shared p40 subunit of the pro-
inflammatory cytokines IL-12 and IL-23, is also strongly upregulated by RBC phagocytosis. 
Both IL-12 and IL-23 are expressed by a variety of immune cell types and can induce the 
production of other pro-inflammatory cytokines. We are investigating and dissecting the 



expression and roles of IL-12 and IL-23 after SCI in female C57BL/6 mice, using a model of 
moderate contusion injury. Preliminary results show that IL-12 is upregulated 24 hours after SCI. 
Furthermore, IL-12 is expressed by CD11b+ macrophages/microglia in the injured tissue 3 days 
after injury. We are also assessing the time course of expression and the cell types expressing IL-
12 and IL-23 in the injured spinal cord, in addition to the roles of IL-12 and IL-23 in vitro. Our 
preliminary data suggest a potential role of IL-12 and/ or IL-23 in SCI. 
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Abstract: Spinal cord injury (SCI) is one of the most devastating neurological injuries that elicit 
motor and sensory dysfunctions. Recently, it has been found that the some spontaneous recovery 
occurring after incomplete SCI is caused by the formation of the compensatory neural pathway. 
This pathway is composed of collaterals sprouted from the corticospinal tract (CST), 
propriospinal neurons and motor neurons. Moreover, these collaterals first start sprouting 
randomly and then the excess collaterals are eliminated, a process called axon pruning. The axon 
pruning is considered as an important process to elaborate the neural pathway, however the 
underlying molecular mechanism is still unknown. To address this issue, we focused on 
Semaphorin-Neuropilin signaling, which is responsible for the axon pruning occurring in 
developing CST. First, we made incomplete SCI model mice by dorsal hemisection at T8 level. 
By in situ hybridization, we found that Neuropilin-1 (Nrp-1) was upregulated in layer 5 
pyramidal neurons especially in motor cortex 14 days after SCI, when the pruning of collaterals 
occurs. Then we generated adeno associated virus (AAV) vector expressing Nrp-1 small hairpin 
RNA (shRNA) or control shRNA and RFP, and injected the AAV vector into hindlimb motor 
area. As a result, the number of collaterals labeled by RFP was increased in Nrp-1 knocked-
down mice compared to control mice 28 days after SCI. Finally, we injected retrograde tracer 



into the lumbar cord in order to label the propriospinal neurons located in cervical cords, and 
conducted immunostaining. As a result, Smaphorin3A (Sema3A), which is the ligand for Nrp-1, 
was expressed in the propriospinal neuron. These results suggest that Sema3A-Nrp-1 signaling is 
probably involved in the pruning of collaterals from CST after incomplete SCI. 
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Title: Neuregulin-1 signalling controls an endogenous repair mechanism after spinal cord injury 
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Abstract: The injured spinal cord maintains some capacity for spontaneous repair, although this 
is suboptimal. Understanding the cellular and molecular mechanisms underlying endogenous 
repair may provide a route to exploit and enhance these processes in order to improve functional 
outcome after spinal cord injury (SCI). We have identified neuregulin-1 (Nrg1) to be essential 
for Schwann cell-mediated spontaneous remyelination of injured spinal axons within the dorsal 
columns and to be a significant contributor to spontaneous locomotor recovery. We found that 
Nrg1 ablation in adult mice leads to complete failure of Schwann cell-mediated remyelination 
after contusive SCI. The type III isoform appears to be critical for this process, while other Nrg1 
isoforms regulate different repair mechanisms. Importantly, we found that conditional Nrg1 
ablation leads to chronic demyelination and conduction failure in dorsal column axons and worse 
functional outcome in mice with clinically relevant spinal contusion injuries. Finally, although 
some remyelinating Schwann cells are likely to be infiltrating the injured spinal cord from the 
periphery, we have evidence that at least a large proportion of centrally remyelinating Schwann 
cells are derived from precursor cells present in the spinal cord and that Nrg1 serves as a 



molecular switch that influences the differentiation fate of centrally derived precursor cells. 
Through a genetic fate mapping approach that assesses both the infiltrating and the de novo-
produced central Schwann cell lineages, we show direct evidence that ErbB receptor activation 
on oligodendrocyte precursor cells is required for their transformation into remyelinating 
Schwann cells after SCI. Moreover, we found that specific ablation of ErbB receptors on these 
central precursor cells in contused mice not only prevents a large part of Schwann cell-mediated 
remyelination, but also worsens spontaneous locomotor recovery, further highlighting the 
significance of this spontaneous repair response. Our data provide novel mechanistic insight into 
endogenous regenerative processes after SCI. These findings could lead to the design and 
development of combinations of effective and safe target-specific therapies for improving 
spontaneous repair and functional recovery after SCI. This work is supported by The U.K. 
Medical Research Council, the Wings for Life Spinal Cord Research Foundation and the 
Wellcome Trust. 
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Abstract: Trauma to the spinal cord elicits a profound inflammatory response both within the 
damaged cord as well as throughout the rest of the body. This inflammatory response is further 
characterized by the activation and mobilization of systemic as well as CNS immune cells that 
are thought to provide both beneficial as well as pathological aspects to the healing process. 
Mechanisms underlying the activation and progression of this immune/inflammatory activation 



continue to be unveiled. The Transient Receptor Potential channel, subfamily V, member 4 
(TRPV4) is a calcium-permeable, non-selective cation channel expressed throughout the body 
and serves as a molecular and mechanical sensor to detect alterations in temperature, osmolality, 
and blood pressure, etc. Due to TRPV4's association with endothelial cells and role as a regulator 
of vascular tone, we hypothesized that aberrant activation of TRPV4 via mechanical insult may 
worsen spinal vascular leakage produced by contusion injury. We determined that blood-spinal 
cord-barrier (BSCB) breakdown was reduced in TRPV4-null mice compared to wild type (WT) 
when assessed 48 hours post-spinal contusion injury. Utilizing additional mutant mice in which 
TRPV4 is linked to GFP, we observed strong co-association of GFP with both spinal microglia 
as well as splenic macrophages. This led us to hypothesize that TRPV4 activation following 
spinal cord injury (SCI) may contribute to systemic immune activation/inflammation following 
SCI. We observed that treatment with the selective TRPV4 inhibitor HC-067047 led to a 
significant reduction in both microglial and astrocytic activation at the lesion site compared to 
the vehicle-treated controls. In addition, HC-067047-treatment significantly attenuated the loss in 
splenic mass that is indicative of the activation and recruitment of the peripheral immune system 
observed following CNS trauma. Our results suggest that trpV4 inhibition may reduce spinal 
vascular leakage and attenuate both spinal and systemic immune activation/inflammation 
following SCI. Ongoing studies are exploring the role of TRPV4 activation or inhibition in the 
evolution of both spinal and systemic inflammation as well as the functional ramifications of 
acute, systemic, TRPV4 suppression. 
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Abstract: Traumatic spinal cord injury (SCI) is prevalent in the United States, with more than 
12,000 cases every year. To date, there is no effective pharmacological treatment for SCI. A 
deep understanding of the molecular mechanisms underlying functional deficits in patients with 
SCI is crucial for developing novel strategies for treating it. Mitochondrial dysfunction has been 
shown to contribute to the secondary neuronal injury following SCI. However, limited 
information is available concerning mechanisms underlying mitochondrial dysfunction in SCI. 
Previously, we showed that the expression of cytosolic phospholipase A2 (cPLA2) was increased 
in rodent models of SCI and that such an increase induced cell death and functional impairment 
(Liu et al. Ann Neurol 75:644-658, 2014). Here we explored whether cPLA2 activation plays a 
role in mediating SCI-induced mitochondrial dysfunction and cell death. Our results show that 
mitochondrial cPLA2 expression and activation were markedly increased at day 1, peaked at day 
7, and maintained at high levels up to day 14 post-SCI. In vitro experiments show that ceramide-
1-phosphate (C-1-P), a cPLA2 activator, induced cPLA2 translocation to mitochondria, leading to 
mitochondrial dysfunction and neuronal death; such effects were substantially reversed by 
AACOCF3, a cPLA2 inhibitor. Electron microscopic images showed that activated cPLA2 was 
translocated to both outer and inner mitochondrial membranes after SCI. Remarkably, blocking 
cPLA2 pharmacologically with AACOCF3 reduced mitochondrial dysfunction, cytochrome C 
release, and neural apoptosis after SCI. Genetic deletion of cPLA2 in cPLA2 knockout mice also 
inhibited mitochondrial dysfunction, resulting in neuroprotection after SCI. These findings 
collectively suggest that SCI-induced cPLA2 activation and translocation to mitochondria may 
play a crucial role in mitochondrial dysfunction and neuronal death following SCI, and that 
mitochondrial cPLA2 could be an attractive therapeutic target for ameliorating secondary SCI. 
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Abstract: We previously developed a novel compound, Denosomin, exhibited axonal growth 
activity in cultured neurons. Denosomin administration to contusive spinal cord-injured (SCI) 
mice, p.o., showed significant improvement of motor dysfunction. At the injured area, 
Denosomin increased the number of vimentin-expressing astrocytes inside glial scars of SCI 
mice and 5-HT-positive axonal growth occurred in a vimentin-dependent manner. Moreover, 
extracellular addition of vimentin to cortical cultured neurons resulted in axonal growth that was 
even sustained on inhibitory chondroitin sulfate proteoglycan (CSPG)-coated slides. Vimentin, 
an intermediate filament protein, is an intracellular protein that is known to be involved in a 
various cellular processes. Several groups have recently reported that vimentin also appears in 
the extracellular space and shows novel protein activity. Our discovery that extracellular 
vimentin induced axonal growth in cultured neurons suggests that extracellular vimentin may act 
as a novel nerve growth factor. Here, we aimed to clarify whether increased extracellular 
vimentin can promote axonal extension related to motor improvement after spinal cord injury in 
vivo. To investigate the effect of extracellular vimentin on motor improvement in SCI mice, 
recombinant vimentin or vehicle solution (artificial cerebrospinal fluid) was administered for 21 
days into the lateral ventricle using osmotic mini-pump following spinal cord injury. As a result, 
extracellular vimentin treatment significantly ameliorated motor dysfunction compared with 
vehicle-treated group. In vimentin-treated mice, 5-HT-positive axons (raphespinal tracts) 
increased significantly at the rostral and central areas of the lesion, and total axonal densities 
increased in the central and caudal parts of the lesioned area. At that time, the sizes of glial scar 
were not changed between groups. Our results suggest that extracellular vimentin may be a novel 
therapeutic factor that enhances axonal growth activity and motor function in SCI. 
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Abstract: Neurons in the adult central nervous system (CNS) are unable to regenerate after 
spinal cord injury (SCI) due to an inhibitory environment and a decreased intrinsic growth 
capacity. Modulating environmental inhibitors and their neuronal receptors such as Nogo 
Receptor 1 (NgR1) results in increased regeneration and sprouting of intact neurons spared by 
injury, which correlates with enhanced functional recovery. Cell intrinsic factors also increase 
regeneration and sprouting, but side effects and limited functional improvements suggest these 
factors do not activate endogenous sprouting mechanisms. We sought to identify the mechanisms 
underlying spontaneous sprouting of intact neurons after incomplete SCI. We completed a 
unilateral corticospinal tract (CST) lesion (pyramidotomy, PyX) in transgenic wild type (n=6) 
and NgR1 knockout mice (ngr1-/-, n=6) expressing GFP under the µ-crystallin (crym) promoter 
(crym-GFP) for intrinsic corticospinal tract (CST) labeling. Two weeks post-lesion, mice 
received infusion of the retrograde tracer fast blue (FB) into the denervated spinal cord to label 
sprouting CST neurons. Two weeks later, we used laser capture microdissection to isolate CST 
neurons in a quiescent (GFP+FB-) or active (GFP+FB+) growth state. With enhanced sprouting 
in ngr1-/- mice, an abundance of FB+ sprouting neurons allowed us to complete RNAseq and 
conduct a transcriptomic analysis. 1174 genes were significantly differentially expressed (SDE) 
between sprouting and quiescent neurons, with lysophosphatidic acid (LPA) receptor 1 (lpar1) 
the most downregulated gene in sprouting neurons. Lpar1 interactors, including a negative 
regulator of Lpar1, lipid phosphate phosphatase related protein 1 (lppr1), were also SDE in 
sprouting neurons, suggesting a role for the LPA pathway in regulating intrinsic CNS axon 
growth. Overexpressing Lppr1 in cortical neurons in vitro resulted in an increase in neurite 
outgrowth and an increase in growth in an in vitro injury model. Next we sought to determine if 
modulating the LPA pathway in vivo would enhance functional sprouting. Adult wild type mice 
received PyX or sham lesion and either cortical infusion of AAV-Lppr1 (n=21), oral treatment 
with an Lpar1 antagonist AM095 (n=15), or vehicle control (n=19). Lppr1-expressing and 
AM095-treated mice had significantly enhanced sprouting of CST neurons into the denervated 



ventral horn and AM095-treated mice recovered greater fore and hind limb function in a grid 
walking task. With these data, we have demonstrated that bidirectional modulation of the LPA 
pathway is beneficial for axon growth with therapeutic potential for restoring function after SCI. 
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Abstract: The dynamic regulation of chromatin structure is central to the orchestration of 
neuronal regeneration. Genes are flanked by cis-elements, which are occupied by trans-acting 
factors such as transcription factors (TFs), silencers or epigenetic regulators that modulate their 
expression. We have previously shown that the epigenetic histone acetyltransferase p300/CBP 
associated factor (PCAF) is an essential player in the transcriptional regulation of key 
regeneration-associated genes (RAGs). Here, we investigate the transcriptome (RNAseq) of 
wildtype and PCAF null mouse dorsal root ganglia (DRG) following a peripheral nervous system 
(PNS) conditioning lesion, a known inducer of axonal regeneration in the non-permissive central 
nervous system (CNS). Previously, we have shown that viral overexpression of the PCAF in vivo 
mimics the conditioning regenerative effect and when it is knocked out the regenerative 
conditioning effect is abolished. Therefore, we have isolated PCAF-dependent RAGs which lend 
further insight to key mechanistic pathways in axonal regeneration. Moreover, we used this 



dataset to find essential PCAF co-transcriptional regulators, which we have confirmed via DRG 
neurite length analysis following siRNA knockdown. Furthermore, we have combined 
transcription factor enrichment, GO and pathways analysis to understand which upstream 
pathways are involved in the regulation of these transcriptional switches and PCAF-dependent 
RAGs. By defining key PCAF-dependent transcriptional regulators of essential RAGs in the 
regenerative process we are able to find a common upstream pathway that may be activated 
therapeutically to induce long-distance regeneration of the central nervous system following 
traumatic spinal cord injury. 
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Abstract: After spinal cord injury (SCI), oligodendrocyte progenitor cells (OPCs) within the 
injured spinal cord proliferate, but are mostly lost to apoptosis without differentiating into 
functional oligodendrocytes. We previously reported that the vulnerability of OPCs to 
endoplasmic reticulum (ER) stress leads to their apoptosis, and that increasing the ER stress 
response with amiloride inhibited OPC apoptosis and increased differentiation into 
oligodendrocytes, improved remyelination, and improved hind limb function. In recent years, 
cell death mediated by inflammasomes has been attracting attention, and inflammasome 
activation by ER stress has been reported in other areas. To investigate the association of 
inflammasomes in SCI, we investigated the expression of inflammasome component proteins in 
the injured spinal cord by immunohistochemistry. 
A contusive SCI was induced in female Sprague-Dawley rats using an IH-impactor (LI group: 
100 kdyne, HI group: 200 kdyne). At 1, 3, 7, and 14 days after SCI, animals were killed and the 



spinal cords were resected and processed for immunohistochemistry (n=5 per group). Double 
immunostaining for markers of inflammasome component proteins (NLRP3, ASC, and Caspase-
2) and cell markers (NG2: OPCs, GFAP: astrocytes, and NeuN: neurons) were performed, and 
the expression of inflammasome component proteins in each cell type was examined. 
The ratio of cells expressing NLRP3, ASC, and Caspase-2 were significantly higher in OPCs of 
both the HI and LI groups compared with the sham group at days 1,3, and 7 (P <0.01). The 
expression ratio of NLRP3, ASC, and Caspase-2 were significantly higher in OPCs compared to 
astrocytes at day 1 (P <0.01). The ratio of OPCs expressing ASC was significantly higher in the 
HI group compared to the LI group at day 1 (P <0.05). 
The expression of inflammasome component proteins after SCI were significantly higher in 
OPCs, suggesting that inflammasome-mediated cell death may also play a role in the high rates 
of apoptosis observed in OPCs after SCI. 
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Abstract: Transected axons fail to regrow in the mature central nervous system (CNS). 
Astrocyte scars are widely held to be causal in this failure. Here, using three genetically targeted 
loss-of-function manipulations in adult mice, we show that preventing astrocyte scar formation, 
attenuating scar-forming astrocytes, or deleting chronic astrocyte scars all failed to result in 
spontaneous regrowth of transected corticospinal, sensory or serotonergic axons through severe 
spinal cord injury (SCI) lesions. In striking contrast, sustained local delivery via hydrogel depots 
of required axon-specific growth factors not present in SCI lesions, plus growth-activating 
priming injuries, stimulated robust, laminin-dependent sensory axon regrowth past scar-forming 
astrocytes and inhibitory molecules in SCI lesions. Preventing astrocyte scar formation worsened 
this stimulated axon regrowth. RNA sequencing revealed that both astrocytes and non-astrocyte 
cells in SCI lesions express multiple axon-growth supporting molecules. Our findings show that 
contrary to prevailing dogma, astrocyte scar formation aids rather than prevents CNS axon 
regeneration. 
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Abstract: It is well known that mammals exhibit poor recovery after spinal cord injury (SCI), 
whereas non-mammalian vertebrates, such as amphibians and fish, exhibit significant 
spontaneous recovery after SCI. However, the mechanisms underlying this difference have not 
been fully elucidated. In this study, we focused on differences between zebrafish and mouse/rat 
in the genes that are differentially expressed after SCI. Using a systems biology approach, we 
were able to demonstrate that a transcriptional repressor, e2f4, and a transcriptional activator, 
foxm1, were activated and inhibited, respectively, in zebrafish SCI but not in mouse/rat SCI, 
resulting in the down-regulation of many genes related to mitosis. We also developed a novel 
SCI model using larval zebrafish suitable for quantitative assessment of locomotive behavior and 
in vivo imaging of the spinal cord. Using the SCI model, we were able to demonstrate that the 
recovery of locomotive function and neuronal regeneration after SCI were significantly inhibited 
in zebrafish treated with an E2F4 inhibitor. These results suggest that activation of e2f4 after SCI 
in zebrafish may be responsible, at least in part, for their significant recovery. These results 
provide novel insights into the mechanism underlying poor recovery after SCI in mammals and 
indicate potential therapeutic strategies. 
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Abstract: Intra-axonal protein synthesis plays an important role in axon growth during 
development, in peripheral nerve regeneration and in vitro. Previous studies showed axons 
contain hundreds to thousands of mRNAs in their growth cones by microarray or next-generation 
technologies. To confirm that the local protein synthesis is involved in axon regeneration in the 



injured mature CNS, we micro-aspirated axoplasm from growing tips of lamprey reticulospinal 
neurons and performed one end (3’) RNA sequencing using next-generation technologies after 
PCR-amplification. A total of 467 genes (FRKM: 1-338563) were identified by RNAseq, among 
them 185 genes (FRKM > 10) were manually analyzed. They can be categorized into 10 groups: 
1. Protein synthesis and translation (n=54, 29% of total identified genes, e.g. rpl11, rps21, 
RPL37A); 2. Metabolic (n=27, 15%, e.g. MT-ATP6, MT-ND2, MT-CO2); 3. Cytoskeletal 
proteins and molecular motors (n=10, 5%, e.g. nefl, cenpe, tpt1); 3. Signaling (n=6, 3%, e.g. 
tmem64, lamtor5, ran); 4. Protein degradation and apoptosis (n=5, 3%, e.g. faf1, cflara, psmb4); 
5. Membrane trafficking (n=5, 3%); 6. Transmembrane and cell surface receptors (n=7, 4%, e.g. 
ssr3, slc5a11, atp2b1b); 8. Secreted molecules and extracellular matrix (n=8, 4%, e.g. hyal3, 
CTRL, cadpsa); 9.Cell cycle and nuclear proteins (n=7, 4%, e.g. rbx1, CCNB1IP1, ncapg2) and 
10. Others undefined (n=17, 9%, e.g. C20orf24, tmem260, tmem126a). Genes involved in protein 
synthesis include 21 ribosomal proteins for large subunit 
(L7,L9,L10,L10a,L11,L13,L13a,L15,L19,L22-24,L26-27, L31-32,L34-35,L37,L37a,L-P2) and 
15 small subunit ribosomal proteins (S2-3,S6-7,S9-12,S15a,S17,S21,S23-24,S26,S27-like), 
proteins for transcription (chd5), mRNA splicing (sf3b5), poly(A)RNA binding (PABP), 
translation factors (eef1da, eif3hb), and nascent protein processing (acot13, stt3b). The results 
suggest that proteins used as translational machinery and a variety of proteins related to axon 
elongation may be synthesized within the axonal tips. Acknowledgements: We thank Caroline 
Austell for her work in developing single cell PCR. 
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after spinal cord injury 
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Abstract: Cell therapies have raised great hope for regenerative medicine. It has been shown 
that endogenous spinal cord stem cells, together with astrocytes and pericytes significantly 
contribute to the recovery of spinal cord injury (SCI). More recently, clinical data showed 
olfactory ensheathing cells (OECs) obtained from a patient’s nasal cavity enhanced functional 
recovery and could be a very attractive therapeutic approach. However, the cellular mechanisms 
behind the effect of transplanted OECs on spinal cord stem/progenitor cells after SCI is still 
poorly understood, which leads to the failure of repetition of the clinical treatments. Thus, we 
further study the effects of transplanted OECs on spinal cord stem/progenitor cells after SCI. 
Using FoxJ1-CreERT2::YFP transgenic mice, our primary neurosphere assay showed that upon 
SCI, ependymal cells have higher self-renewal potential after OECs transplantation, and their 
capability of differentiation to oligodendrocytes is also highly up-regulated. Similarly, our in 
vivo fate-mapping data showed that upon SCI with OEC transplantation, there is higher 
proliferation and migration to the lesion site of ependymal cells. More interestingly, we used 
FoxJ1-Rasless mice to specifically block the cell cycle of ependymal cells, we found that after 
transplantation, the self-repair capacity of astrocytes and pericytes is highly recruited compared 
to vehicle, and the lesion site after transplantation was significantly sealed.Altogether, we here 
describe the transplanted OEC can better activate stem cell potential of ependymal cell after SCI 
and trigger their potential to differentiate into oligodendrocytes. Moreover, OECs transplantation 
promotes the self-repair capacity of endogenous glial cells, which suggests transplantation of 
OECs to injured spinal cord would be a beneficial therapeutic possibility for the recovery after 
SCI. 
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Abstract: Spinal cord injury (SCI) is a devastating disorder for which the identification of 
exacerbating factors is urgently needed to provide effective treatment. We herein demonstrate 
that transient hyperglycemia in acute SCI is a detrimental factor for the functional outcome in 
both animal experiments with two acute hyperglycemic models and a multivariable cohort 
analysis of 528 SCI patients. Under hyperglycemic conditions, both in vivo and in vitro, 
inflammatory reactivity was exponentially enhanced with the promotion of NF-κB nuclear 
translocation in microglial cells. ChIP-PCR analysis identified NF-κB-dependent downstream 
gene expressions. After SCI, the hyperglycemic mice exhibited the progressive expansion of 
neural damage, with more severe motor deficits than that noted in the normoglycemic mice. 
Especially, microglia isolated from injured spinal cords of hyperglycemic mice after SCI 
exhibited markedly upregulated gene expressions of inflammatory cytokines. Consistent with the 
animal study findings, a Pearson chi-square analysis of the data from 528 SCI patients indicated 
that hyperglycemia on admission (glucose level ≥ 126 mg/dl) was a significant risk predictor of a 
poor functional outcome (Odds ratio, 2.66; 95% CI, 1.52 to 4.72; P <0.001). Moreover, a 
multiple linear regression analysis showed admission hyperglycemia to be a powerful 
independent risk factor for a poor motor outcome, even excluding diabetes mellitus cases 
associated with chronic hyperglycemia (regression coefficient: -1.37, 95% CI: -2.65 to -0.10, P < 
0.05). Manipulating the blood glucose level in acute SCI rescued the exacerbation of the 
pathophysiology and the motor functional outcomes of the hyperglycemic mice. Our findings 
reveal that hyperglycemia in acute SCI is a novel prognostic factor with a negative impact on the 
motor function, highlighting the importance of achieving tight glycemic control after central 
nervous system injury. 
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Abstract: Background Temporal coupling of respiratory and locomotor patterns may provide a 
neuromechanical advantage to breathing. Following incomplete spinal cord injury (ISCI), 
supraspinal input to spinal motoneurons is disrupted. Propriospinal pathways, however, often 
remain intact after ISCI and respiration and locomotion may remain neurologically coupled. 
Coupling of these motor behaviors in human ISCI has not been extensively examined. 
Additionally, limited information exists about the effect of rehabilitation on locomotor-
respiratory coupling (LRC). The purpose of this pilot study was to examine LRC during walking 
after ISCI. The extent of LRC was quantified using a stride-by-stride method to assess 
coordination between walking and breathing rhythms. Additionally, the effects of three weeks of 
locomotor training on LRC were examined. 
Methods Two adults with chronic ISCI were assessed during over ground and treadmill walking. 
Subjects were evaluated before and after 15 sessions of locomotor training with manual 
assistance and partial body-weight support. Stride cycles during walking were measured based 
on the onset of left quadriceps activation. Respiratory timing was determined with a flow 
thermistor, with inspirations defined as peaks of the flow thermistor trace. The coupling interval, 
the percent time of each stride cycle at which the first inspiration of that cycle occurred, was 
calculated. Adapting a previously published method (Hill et. al., 1988), breaths were considered 
coordinated if the coupling interval was the same +/- 9% for at least 4 inspirations in a row. 



Percent coordination (%COORD) was determined as the percentage of total first inspirations in 
each stride cycle which were coordinated. 
Results One subject (C6, AIS D) demonstrated no coordination, before or after locomotor 
training, in either the over ground or treadmill conditions. The other subject (L2, AIS C) 
demonstrated a decrease in %COORD over ground after training (pre-training, 73%; post-
training, 43%), while demonstrating an increase in %COORD during treadmill walking after 
training (pre-training, 0%; post-training, 35%). 
Conclusion These data are consistent with previous evidence that LRC can occur after ISCI in 
humans, and suggest that LRC may be altered by rehabilitation. Future research must consider 
the speed and amount of time subjects walk during evaluations, as coupling may not occur 
during short walking bouts or at low speeds as was seen in one subject. Injury level and severity 
may also affect LRC, and warrants further investigation. Determining functional implications of 
the effects of rehabilitation on LRC requires additional examination. 
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Abstract: In addition to conspicuous effects on sensorimotor function, spinal cord injury (SCI) 
disturbs more subtle systems of the body. Many individuals with chronic SCI are afflicted with 
bowel dysfunction (incontinence and/or constipation). Further, SCI could perturb circadian 
rhythms causing homeostatic disruption that hinders recovery. Improving post-SCI bowel 



regularity and normalizing circadian rhythms could enhance recovery and quality-of-life. Here, 
we hypothesize that SCI in rats causes bowel dysfunction and disrupts circadian rhythms. Female 
and male rats were subjected to moderate-to-severe T9 contusion SCI (or sham surgery). Fecal 
production was then assessed at acute-to-chronic post-SCI times. Our novel data show that 
female and male rats have disrupted fecal production at acute times after SCI. Rats with acute 
SCI had reduced whole-gut transit time, suggesting potentially deficient nutrient absorption. SCI 
rats also produced more fecal pellets than shams during the inactive phase, implying that they 
may have disrupted circadian rhythms. Ongoing experiments will establish whether SCI alters 
circadian activity in rats. These studies reveal a novel strategy for assessing post-SCI fecal 
production and circadian rhythms in rats, and suggest that SCI disrupts bowel and circadian 
function. 
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Abstract: Recent work in vitro has demonstrated activity dependent plasticity of axonal initial 
segments (AISs). In vivo we have shown that following a complete spinal cord injury (where 
motoneurones are deprived of their descending inputs) the axon initial segments of the spinal 
motoneurones below the injury become longer, wider and closer to the soma (Azam et al, 
Proceedings of the Phys. Soc. 2014). This could explain the hyperreflexia observed in this model 
which has been implicated in the development of spasticity. Recent work by Evans et al (Cell 
Rep, 2015) suggests that AIS plasticity can occur within 3 hours in dentate granule cells in vitro. 
The hyperreflexia in the spinal cord injury model we are using, however, occurs at 
approximately 3-4 weeks post transection. Furthermore, acutely following spinal cord injury 
there is a suppression of L-type calcium channel activity (Hounsgaard et al, 1988 J Physiol), 



which returns by about 3 weeks post-injury (Eken, Hultborn and Kiehn, Prog. Brain Res. 1989). 
This is important as L-type calcium activity has been shown to be necessary for AIS plasticity in 
vitro (Grubb and Burrone, Nature, 2010). We therefore explored possible AIS plasticity in more 
acute time points following transection. We performed a complete transection of the spinal cord 
at the sacral (S2) level, under isoflurane anaesthesia, in 7 adult male Wistar rats. At 24 hours 
post-transection the tails showed a flaccid paralysis with no sign of spasticity as normally 
observed at later time points. Immunohistochemistry was used to label Ankyrin G as a marker of 
AISs and Choline Acetyltransferase as a marker of motoneurones on the spinal segments 
immediately below the injury. Three-dimensional images were captured using confocal 
microscopy (Zeiss LSM 700) and AISs were measured in 3-dimensions and compared to 
controls (8 rats). Mann-Whitney tests revealed no significant differences between AISs of 
motoneurones in control and spinalized rats with respect to length, distance from cell body and 
proximal AIS width. This was the case for both alpha and gamma motoneurones. Distal AISs 
widths were, however, significantly wider for both alpha and gamma motoneurones (26 % wider, 
P<0.0001 and 30% wider, P<0.05 respectively). Conclusions and implications: The AIS 
plasticity that we have observed at more chronic time points post-transection (when a 
hyperreflexia of tail muscles is present) was not observed at more acute time points before the 
onset of hyperreflexia. This fits with the initial loss of L-type calcium channel activity in this 
model, suggesting that this is also necessary for AIS plasticity in vivo. 
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Title: Transcranial magnetic stimulation (TMS) evoked responses from hind limb muscles are 
diminished in spinal cord injured animals and partially recovered following improved plasticity 
induced by repetitive electromagnetic stimulation at spinal levels 
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Abstract: Electro-magnetic stimulation is a non-invasive approach to activate human central and 
peripheral nervous systems. TMS has been used in numerous studies as a neurophysiologic 
technique: a marker of cortical excitability and conduction in central motor pathways in humans 
and rats. Electromagnetic stimulation applied over spinal level (SEMS) was shown to activate 
spinal nerves and is gaining large acceptance as an alternative to electric stimulation. We have 
previously demonstrated that SEMS is able to activate synaptic inputs at spinal neurons and 
when given repetitively, SEMS induced an LTP-like facilitation, i.e. strengthened synaptic 
transmission in rat damaged spinal cord by increasing the function of NMDA receptors and 
recruiting additional AMPA receptors to the synaptic site. In these terminal experiments we 
measured signals from spinal cord neurons and legs muscles in response to electric stimulation of 
specific spinal pathways. Objective of the current study was to examine whether effects of 
repetitive SEMS in SCI animals could be evaluated by non-invasive TMS technique. In intact 
non-injured animals TMS consistently evoked MEP in hindlimb muscles (amplitude 0.29 ± 0.13 
mV, latency 14.1 ± 1.9 ms; n = 7). In most animals with chronic T10 contusion SCI, however, 
MEP responses recorded from hindlimb muscles and evoked by TMS were almost abolished. 
TMS was not able to evoke MEP in hindlimb muscles in five out of seven contused rats and in 
remaining two contused animals TMS evoked MEP of very small amplitude, barely 
distinguishable from background noise (0.04 ± 0.03 mV; n = 7). MEPs evoked by SEMS at the 
thoracic level were, however, obtained reliably in all these contused animals, although amplitude 
of these MEPs evoked by SEMS was significantly diminished in contused animals ( 0.25 ± 0.02 
mV; n=7) compared to non-injured animals (0.78 ± 0.06 mV; n = 7). After measurement of MEP 
evoked by single SEMS, a train of repetitive SEMS was applied. After LTP-like facilitation of 
SEMS-evoked MEP was observed, the coil was moved back to same position at cranial level and 
TMS-evoked MEP were measured again. Interestingly, after induction of LTP-like facilitation 
evoked by SEMS at spinal levels, TMS evoked reliable MEPs in the same SCI animals that had 
not displayed TMS-evoked responses prior to application of repetitive SEMS. Mean amplitude 
of TMS-evoked MEP after application of SEMS at thoracic level was 0.11 ± 0.05 mV vs 0.04 ± 
0.03 mV (n=7) in these contused animals. This study confirms that TMS-evoked responses can 
be used as an adequate measure of transmission in cortico-spinal circuitry and application of 
SEMS induces facilitation of these TMS-evoked responses in animal SCI model 
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Abstract: Incomplete spinal cord injuries (SCI) often lead to severe and persistent impairments 
of sensorimotor functions and are clinically the most frequent type of SCI. Brown-Séquard 
syndrome in humans is caused by damage to one half of the spinal cord, resulting in paralysis 
and loss of proprioception on the same (or ipsilateral) side of the injury, and loss of pain and 
temperature sensation on the opposite (or contralateral) side. Hemisection models of the spinal 
cord in rodents mimic the Brown-Séquard syndrome in humans. To date, standardized protocols 
for evaluating sensorimotor function in the hemisection or unilateral lesion model are lacking. In 
the present study, we used a TreadScan System (Clever Sys Inc., Reston, VA) to analyze the 
differential spontaneous recovery of the ipsilesional and contralesional hindlimb locomotor 
recoveries by detailed kinematic analysis in adult rodents after a T9-10 unilateral thoracic 
hemisection, a rodent model of the human Brown-Séquard syndrome. We found that the 
contralateral hindlimb locomotion showed substantial recovery, whereas the ipsilateral hindlimb 
remained in a very poor functional state. On the basis of this observation, we developed a 
protocol to assess limb coupling after the hemisection. The coupling data derived from this 
protocol appear to be useful and sensitive measures of functional deficits in this model. Although 
we only demonstrated the use of limb-coupling in a hemisection model of thoracic SCI, this 
methodology may also be applied to other levels of incomplete spinal cord injuries as well as to 
both acute and chronic injuries. 



Disclosures:  X. Lin: None. T. Zhao: None. M. Walker: None. W. Wu: None. X. Xu: None. 

Poster 

142. Mechanisms in Spinal Cord Injury 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 142.20/X10 

Topic: E.09. Spinal Cord Injury and Plasticity 

Support: Dr. Miriam and Sheldon G. Adelson Medical Research Foundation 

 the Veterans Administration 

 NIH Grant NS042291 

 NIH Grant EB014986 

 Craig H. Neilsen Foundation 

 Wings for Life 

Title: Comparative transcriptomic analysis of sprouting and regenerating corticospinal neurons. 
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Abstract: The corticospinal tract (CST) is a critical motor system in humans for voluntary 
movement. The inability of adult corticospinal axons to spontaneously regenerate after spinal 
cord injury (SCI) may be attributable in part to incomplete activation of neuronal growth 
programs after injury. Recently we reported that robust corticospinal regeneration can be elicited 
in neural stem cell (NSC) grafts implanted into sites of injury (Kadoya et al., Nat Med 2016). To 
gain insight into intrinsic corticospinal neuronal mechanisms associated with successful 
regeneration, we performed transcriptomic analysis of regenerating corticospinal neurons. In a 
second study, we performed complimentary transcriptomic analysis on CST neurons in which 
compensatory regenerative sprouting was triggered by a unilateral pyramidotomy. Bioinformatic 
data mining and gene regulatory network analysis of both datasets revealed several master 
regulatory hub genes that are converging in both models. We are now testing several of these 
potential master regulators of regeneration in in vitro and in vivo models of spinal cord injury. 
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Abstract: Development of novel nanocarriers to encourage axon regeneration and guidance is 
promising for functional recovery from spinal cord injury and damage. Biocompatible 
nanocarriers that are capable of crossing the blood-spinal cord barrier can be used to target 
therapeutics to damaged corticospinal neurons. In our work, biocompatible, thermoresponsive 
iron oxide nanocarriers were used to study the time and dose dependant effect on neurons and 
neuron like cells. Our previous studies showed that upto 3 µl of iron oxide nanocarriers did not 
affect the morphology of B35 neuroblastoma cells and PC12 pheochromocytoma cells. In the 
present study, P0 rat cortical neurons were treated with different concentrations of iron oxide 
nanocarriers for different time intervals to see if there is any effect on neurite morphology. 
Effects of iron oxide nanocarrier treatment on neurite outgrowth were analyzed using Nikon A1 
confocal microscope system by measuring the number of neurites per cell, number of branches 
per cell, longest neurite per cell, percent neurite bearing cells and the total neurite outgrowth. We 
expect to see no effect on rat cortical neuron morphology following the treatment with iron oxide 
nanocarriers. In future, drug loaded nanospheres will be used to asses uptake, drug transport and 
axonal guidance in rat corticospinal neurons. 
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Abstract: Degenerative or traumatic damage to the central nervous system causes acute neuronal 
death and the inability of damaged neurons to regenerate their axons leads to persistent loss of 
function. Nanomaterial-based drug delivery systems can be targeted to specific neurons to 
encourage axon regeneration. In the present study, we used -COOH and -NH2 surface 
functionalized nanospheres (SFNPs) to study the uptake efficiency by different cells in a rat 
mixed cortical culture. Mixed cortical cells are extracted and cultured from neonatal rat brain 
(P1- P4) and treated with SFNPs and fixed. To assess SFNP uptake by different cell types, mixed 
cortical cultures were immunolabeled for specific cell types: neurons, astroglia, oligodendrocyte 
and microglia. Image analysis from micrograph captured using a 40X objective and DAPI, FITC 
and TRITC filters on a Nikon Ti eclipse A1 confocal system. Different cell types were analyzed 
for SFNP abundance by comparing mean fluorescence intensity from SFNPs. Our results showed 
a consistent but not statistically significant increase in SFNP uptake by neurons compared to 
glial cells. This suggests that these SFNPs can be used as nanocarriers to target therapeutics to 
neurons and glial cells. 

Disclosures:  R. Ammassam Veettil: None. S. Sebastian: None. T. McAllister: None. S. Ghosh: 
None. D. Hynds: None. 



Poster 

142. Mechanisms in Spinal Cord Injury 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 142.23/X13 

Topic: C.09. Brain Injury and Trauma 

Support: MWU "One health stimulus" award 

Title: Endothelin B receptor agonist, IRL-1620, enhances neurogenesis in an Ex vivo model of 
adult mouse spinal cord injury 

Authors: *M. FORNARO1, A. ZURNEY1, B. PAUS1, A. CHANG2, D. LAWLOR1, H. 
SHARTHIYA1, S. BRIYAL3, A. GULATI3;  
1Dept of Anat., 2Dept. of Biomed. Sci., 3Dept. of Pharmaceut. Sci., Midwestern Univ., Downers 
Grove, IL 

Abstract: Spinal cord injury (SCI) causes substantial damage to the tissue due to increased 
vascular permeability, infiltration of inflammatory cells, focal edema and apoptosis. Clinical 
treatment is currently inadequate. However, adult SCI is mentioned among the first conditions 
for which stem cells might provide a therapeutic strategy and recent discovery of endogenous 
multi-potent neural stem/progenitor cells (NSPCs) within the adult spinal cord has shed light on 
stem cell therapies for SCI. 
Our group previously demonstrated that stimulation of Endothelin-B (ETB) receptors reduces 
apoptosis and increases VEGF and NGF expression. Stimulation of ETB receptors with IRL-
1620, an agonist of ETB receptor, in adult rats with focal cerebral ischemia reduces the infarct 
volume by 83% and leads to recovery of neurological and motor functions. Administration of 
IRL-1620 was also found to reduce memory impairment in a rat model of Alzheimer`s disease 
(AD). 
The hypothesis for this study is that a stimulation of the endogenous NSPCs and their 
differentiation into mature neurons could be key to contrast the apoptosis observed in SCI and 
promote re-networking of the neuronal circuitry and functional recovery. 
IRL-1620 was tested in an ex vivo explant model for SCI. 250-300um thick transverse cryostat 
sections were obtained from spinal cords of adult NIH-Swiss mice and maintained for up to 4 
days in culturing conditions (37C, 5% CO2, Minimum Essential Media, MEM). Four treatment 
groups were created: MEM-CTRL (1), MEM + NGF (2), MEM + IRL-1620 1mM (3) and 10mM 
(4). Samples were processed for immunofluorescence, western blot and microarray analysis. 
Preliminary results showed the presence of cells immuno-positive for Musashi, Nestin and Sox-2 
within the ependymal and sub-pial layers thus confirming the presence of endogenous NSPCs in 
the adult spinal cord. Western Blot analysis showed 50% increase of Sox-2 and Musashi 
expression and 66% increase of Nestin in the IRL-1620 groups at 1 day in vitro (DIV) compared 



to control thus suggesting a role for IRL-1620 in enhancing neurogenesis. GAP-43 expression in 
the IRL-1620-treated group compared to control decreased 50% at 1DIV but increased over 60% 
at 4DIV. A more dramatic increase (75%) was seen for GFAP expression at 4DIV. Because of 
the increase of GAP-43 and GFAP we speculate a role for IRL-1620 in promoting axonogenesis. 
Finally, microarray analysis showed a two-fold increase in the expression of 364 genes in the 
samples treated with IRL-1620 compared to control. The up-regulation of these genes will be 
further analyzed to investigate the mechanism by which IRL-1620 enhances neurogenesis and 
axonogenesis. 
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Abstract: Metabolic syndrome is disproportionally distributed among certain populations in the 
United States. People with spinal cord injury (SCI) are one such group that carries increased risk. 
Physical inactivity, overnutrition, skeletal muscle adaptations, and autonomic dysfunction are 
key contributing factors. Active healthy individuals with SCI also have greater visceral adipose 
tissue than matched able bodied counterparts. Outwardly, they may not appear obese but this 
state of “virtual adiposity” may be a significant contributor to increased metabolic instability in 
phenotypically lean SCI individuals. In this study, we investigate glucose metabolism in a cohort 
of individuals across a spectrum including mobility status and body composition. Purpose: 
Determine how increased adiposity, mobility status and presence of SCI impact glucose 
metabolism. We also examined variables that may predict homeostatic glucose response. 
Methods: Thirty-five subjects were divided into four groups; able bodied lean (n=10, 6 female), 



able-bodied non-lean (n=10, 4 female), paraplegia (n=6, 1 female) and tetraplegia (n=9, 1 
female). Able-bodied individuals were matched for age and height but divided into lean and non-
lean groups according to standard obesity criteria. Results: Able-bodied non-lean and 
tetraplegics had higher visceral adipose tissue thickness compared to lean (p < 0.01) and 
paraplegics (p = 0.05), respectively. Tetraplegics exhibited impaired glucose disposal (p < 0.05) 
compared to all able bodied individuals. Tetraplegics exhibited 40-62% higher glycemic 
responses than paraplegics at 30 and 120 minutes, respectively (p = 0.057). Visceral adiposity 
was higher in power chair (p < 0.05) users. Glucose AUC was increased in both power (p < 0.05) 
and manual (p < 0.01) chair users. Visceral adipose tissue thickness is a moderate predictor (r = 
0.45, p = 0.006) of the glucose response of subjects in this study. Conclusions: The presence of 
higher lesion level leads to less flexibility during glucose metabolism. Visceral adiposity and 
mobility status (power chair vs. self-propel) influenced glucose mobilization despite lesion level. 
Visceral adipose tissue may be a relevant clinical measure to predict abnormalities in glucose 
disposal, particularly in those who are phenotypically lean. 
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Abstract: The vascular network is an integrated part of the spinal cord. During development, 
angiogenesis accompanies neurogenesis. After maturation, the vascular network provides blood 
circulation and regulates the exchange of gasses and nutrients with the spinal cord through the 
blood-spinal cord barrier (BSCB), forming a pair of closely connected systems. Disruption of the 
vascular system, initiated by the primary mechanical impact of spinal cord injury (SCI), could 
break the supply-and-demand balance and exacerbate the progression of neuronal and glial cell 
damage originating from the injury epicenter. Compared to neurons and glial cells, the acute 
vascular changes following SCI have been understudied. Previous studies have attempted to 
address these issues but, due to technical limitations, most analyses were performed on post-
mortem samples and were unable to capture the dynamic changes of the vascular network under 
traumatic conditions. In this study we have developed a two-dye in vivo imaging method, using 
two-photon laser scanning microscopy (TPLSM), which can overcome the technical barricades 
and monitor acute vascular dynamic changes following contusive SCI. This approach allows to 
detect blood flow and vessel diameter at various sites of the same rat pre- and post-injury, as well 
as other vascular pathology. With this powerful tool, we found that blood flow was initially 
increased and gradually decreased over time at the epicenter and in adjacent areas. We also 
discovered that vessels started to dilate 30 minutes post-injury at the injury epicenter and in 
adjacent areas, and were consistently enlarged in diameter up to 4 hours post-injury. Not only 
were vessels disrupted in the injury epicenter, but also blood extravasation was seen in the 
penumbra area at 2 hours post-injury while leaving the remote area intact. The leakage indicates 
the permeability of vasculature changes in the so-called “transitional zone” at an early stage post 
trauma, whereas our histological data shows spared neurons and other cells in this zone. This 
observation suggests that vascular dysfunction at the transitional zone occurs before tissue 
damage and potentially plays a role in the secondary progression of neural degeneration. Overall, 
this method provides an excellent venue for investigating vascular dynamics. Meanwhile, these 
findings suggest a new perspective for preventing progressive tissue damage after SCI. 
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Abstract: Spinal cord injury (SCI) is a complex problem because a cascade of 
pathophysiological events results in greater injury than was initially sustained leading to varying 
degrees of severity and impairment. Animal models that are capable of regeneration are perhaps 
our best resource for discovering ways to promote recovery from SCIs. In particular, the 
zebrafish central nervous system (CNS) shares many organizational, cellular and molecular 
pathways with humans, yet it is capable of functional regeneration even after complete spinal 
cord transection. Zebrafish models of SCI are unique, valuable tools for studying this 
regenerative process, particularly since the optical transparency of larvae enables direct 
visualization of the CNS in real time and optogenetic manipulations. To better understand how 
the CNS responds to SCI, we are developing optogenetic approaches to selectively ablate cells in 
the zebrafish spinal cord and monitor regeneration of these neural populations in real time. 
Combining the ability to control light in both space and time with tissue-specific promoters 
allows us to create reproducible, neural specific ablation, thus sparing the surrounding tissue and 
allowing us to decouple these complex events. 
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Abstract: Spinal cord injury may lead to life time disability and currently there are no effective 
therapies to promote functional recovery and rehabilitation. One critical element in rodent 
models of spinal cord injury is the remarkable spontaneous recovery after the injury which limits 
the translational properties of rodent models to understand therapeutic efficacy and mechanisms 



that enhance recovery after injury. Many current behavioral methods also lack the sensitivity to 
detect minor, possibly clinically relevant improvements in functionality. Furthermore, tissue 
pathology is typically evaluated by histological and immunohistocemical analysis in animal 
models, which is often time consuming and not possible in clinical settings. In this work we 
evaluated mouse spinal cord contusion injury, classical scoring systems by using BMS scoring 
and rotarod but also by using kinematic analysis to understand how functionality changes in 
detail from initial complete hindlimb paralysis to partial recovery after several weeks. In this 
study we also evaluate the usefulness of small animal MRI in the assessment of spinal cord 
injury. Female C57Bl/6J mice were subjected to T9-T10 level of spinal cord contusion injury 
using electromechanical impactor (PinPoint). Before and following contusion injury, functional 
performance was evaluated by BMS scoring and rotarod test. High resolution kinematic 
monitoring was done in wading mode on day 10 and 44, where mice were partially submerged in 
water to assist and support detection of any partial movements of the hind limbs after the spinal 
cord injury. MRI evaluations of the spinal cord injury were coincided with early and later 
behavioral analysis during the study. Taken together, this study describes kinematic analysis data 
in relation to classical functional measures used in SCI model in mice. Functional changes were 
as expected with partial to complete hindlimb paralysis in response to SCI but also showed 
marked recovery with traditional functional assays during the follow-up period. Kinematic 
analysis, however, revealed persistent deficits in the model throughout the follow-up period 
without robust recovery. Usefulness of in vivo MRI findings from acute and chronic phase are 
also discussed in relation to typical histopathological findings from the model. 
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Abstract: Chronic pain and spinal cord injury are debilitating health problems that combined 
affect tens of millions of people worldwide. In order to further our understanding of these 
conditions - and eventually improve clinical care - large animal models are necessary to fill the 
translational research gap that currently exists between small animal models (e.g. rat and mouse) 
and clinical trials. Our laboratory is developing separate models of these two conditions in sheep 
with the intent of investigating the therapeutic effects and mechanisms of spinal cord stimulation. 
The sheep’s similar anatomic scale to humans and its ability to perform various behavioral tasks 
make it the best available large animal model for investigating the clinical relevance of spinal 
cord stimulation. Spinal cord stimulation (SCS) was performed via implantable Medtronic pulse 
generators and paddle-type epidural electrodes. The neuropathic pain model was established 
through chronic constriction of the common peroneal nerve. The behavioral and 
neurophysiological manifestations of pain were measured through von Frey filament testing, gait 
analysis, and terminal dorsal horn recordings. The von Frey withdrawal thresholds were 
measured daily after nerve injury both with and without constant 40 Hz SCS. A weight drop 
contusion was used to induce spinal cord injury (SCI). Data collected from gait analysis, 
chronically implanted electromyography (EMG) electrodes, stretch reflex, and h-reflex tests 
were collected pre and post-SCI in order to characterize the onset and severity of spasticity. 
Constriction of the peroneal nerve resulted in a neuropathic pain condition that persisted longer 
than 100 days post injury and could be modulated via spinal cord stimulation. In particular, we 
observed that epidural stimulations from 0.1 to 0.5 V resulted in an apparent increase in von Frey 
filament withdrawal thresholds as well as a decrease in spontaneous activity recorded from 
neurons in the dorsal horn. With regard to the SCI spasticity model, in the animal with one of the 
most severe injuries, spinal cord stimulation during treadmill ambulation modulated gait metrics 
towards their pre-injury values. EMG recordings revealed the expected out-of-phase firing of 
antagonistic muscle groups during pre-injury gait recordings. For both the pain and SCI models, 
the animals’ injuries resulted in chronic conditions that were studied with a range of behavioral 
and neurophysiological techniques. The establishment of these large animal models is necessary 
for improving the field of spinal cord stimulation research and its clinical relevance. 
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Abstract: The autonomic nervous system is compromised after spinal cord injury with a greater 
loss of sympathetic drive with lesions above T-1. Frequency analysis of the 24 hour recorded 
electrocardiographic response (R-R interval) offers a novel technique to assess sympathetic 
drive. Heart rate variability requires precise sympathetic nervous system control. Currently, we 
have incomplete evidence on the extent to which this recording technique is sensitive to the 
variation in heart rate across various injury levels and as compared to healthy controls. Purpose: 
We assessed heart rate variability in people with and without SCI at various levels of physical 
activity over a 24 hour period. We hypothesized that tetraplegics would have a greater reduction 
in heart rate variability and sympathetic drive as compared to paraplegics and that SCI would 
have reduced variability as compared to healthy controls. Methods: Ten individuals with spinal 
cord injury (5 tetraplegia, 5 paraplegia) and 10 healthy, age-matched controls participated in this 
study. Heart rate and accelerometer data from the wrist and ankle were monitored for 24 hours. 
The heart rate was then separated into three, 1 hour time bins of low, moderate, and high heart 
rate. Low frequency (LF) power, a measure of heart rate variability and sympathetic drive, was 
calculated within each time bin. Physical activity was quantified over the entire collection period 
using the wrist and ankle acceleration. Results: The heart rate bins for the tetraplegic, 
paraplegic, and non-SCI groups were comparable (low=60-65 BPM, moderate=75-80 BPM, 
high=90-95 BPM). Tetraplegics had a reduced capacity to modulate low frequency power 
(sympathetic drive) compared to paraplegics (p<0.05) and non-SCI individuals (p<0.05) in 
response to increased cardiac load. The difference in LF power between the low to moderate and 
low to high was only 2% in the tetraplegic group. The paraplegic group and the non-SCI groups 
shifted their LF power by 11% and 22%, respectively. Individuals with tetraplegia had 75% and 
45% less physical activity compared to paraplegics and non-SCI groups, respectively (p<0.05); 
while the paraplegic group had 54% less physical activity than the non-SCI group (p<0.05). 
Conclusions: These results support that the heart rate variability is seriously compromised, 
especially in people with higher levels of injury (tetraplegia); a finding supported by more 



extensive loss of sympathetic drive. Future studies that evoke a reflex modulation of sympathetic 
activity through electrical stimulation may lead to training adaptations that increase heart rate 
variability at rest and with activity. 

Disclosures:  C.L. McHenry: None. R.K. Shields: None. 

Poster 

142. Mechanisms in Spinal Cord Injury 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 142.28/DP04 (Dynamic Poster) 

Topic: E.09. Spinal Cord Injury and Plasticity 

Support: The research leading to these results has received funding from the European Research 
Council under the European Union’s Seventh Framework Programme (FP/2007-2013) / ERC 
Grant Agreement n. 309731(“STROKETHERAPY”) 

Title: The in-cage automation of the single pellet reaching task. A test for dexterity in rats. 

Authors: *D. GADIAGELLAN, T. NANAYAKKARA, L. D. F. MOON;  
Neurorestoration, Kings Col. London, London, United Kingdom 

Abstract: Nervous system diseases and injuries affect millions of individuals. Rats are often 
used to assess therapies that might improve reaching and dexterity using Ian Whishaw’s Single 
Pellet Reaching Task. Typically daily, a researcher takes the rat from its cage to the apparatus, 
and trains it to retrieve sugar pellets from one of two pedestals. After neurological injury, rats 
may be assessed weekly for one or two months. The researcher may be occupied with training, 
rehabilitations and testing for several months. Globally, researchers spend thousands of hours 
each year training and testing rats. We and others have been developing methods for automating 
this task (Fenrich et al., 2014, 2015; Wong et al 2015). 
Methods: We have developed a miniature robotic system that is capable of the in-cage training, 
rehabilitation and assessment of rats using the Single Pellet Reaching test. Prototypes were 
designed using computer aided design software, manufactured using 3D printing technologies 
and controlled using miniature computing hardware, custom designed electronics and an array of 
sensors. 
Results: (1) RatBots enable many animals to be trained, assessed and/or rehabilitated 
simultaneously. (2) The user can specify schedules for training, assessment and rehabilitation for 
each rat independently. (3) Devices can work 24 hours a day, 7 days a week (i.e., including the 
rat’s active night phase). (4) We show that the devices can detect deficits in dexterity induced by 
cortical (photothrombotic) stroke in elderly rats. 



Discussion: (1) In-cage automation allows multiple studies to be run in parallel by a single user. 
(2) Studies can be larger and better powered. (3) RatBots are cost-effective because they enable 
each researcher to gather much more data. 
In summary, in-cage automation of the single pellet reaching task should accelerate discovery of 
new therapies for nervous system disease and injury. 
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Abstract: Optogenetic methods make it possible to target populations of neurons that share 
genetic signatures and mediate specific behavioral responses and enable us to monitor synaptic 
function both in vivo and in vitro using similar stimulation paradigms. In the somatosensory 
system, the activity of primary nociceptors mediates nocifensive paw withdrawal behavior 
primarily via spinal cord circuitry, but conventional methods used to activate nociceptors in vivo 
and in vitro differ. Behavioral analyses rely on naturalistic thermal or mechanical stimuli to 
trigger paw withdrawal, whereas in vitro studies use electrical stimulation to drive synaptic 
activation. We crossed TRPV1-Cre driver and Cre-dependent ChR2-EYFP reporter mouse 
strains to generate a TRPV1/ChR2-EYFP mouse strain to monitor optically-evoked behavioral 
responses in vivo as well as synaptic events in vitro in acute spinal cord slices. We observed 
robust nocifensive responses in TRPV1/ChR2-EYFP mice in response to blue LED light applied 
remotely to the plantar hindpaw. Responses consisted of immediate paw withdrawal, paw 
shaking, and prolonged licking, and response probability was light-intensity dependent. Using 
both ChR2-EYFP and TdTomato to report Cre expression, we found that approximately 65% of 
TRPV1-lineage neurons co-express nociceptor markers and that 75% of all nociceptors are 
labeled in TRPV1/ChR2-EYFP mice. In acute spinal cord slices, activation of the same 
population of afferent fibers drives monosynaptic, DNQX-sensitive post-synaptic responses as 
well as polysynaptic inhibitory responses that are picrotoxin sensitive. To examine if TRPV1-
lineage neurons can support synaptic plasticity, we stimulated acute spinal cord slices with blue 
light at 2 Hz for 2 min. Averaging over all cells (n=16), post-synaptic current peak amplitude 
increased to 150% ± 25% of baseline levels. In total, 50% of cells (8/16) showed an increase in 
peak amplitude greater than 120% of baseline. Interestingly, potentiation was absent in the 
presence of picrotoxin. We next stimulated one hindpaw of anesthetized TRPV1/ChR2 at 2 Hz 
for 30 min using 465 nm blue LED light. A similar protocol was used for NaV1.8-lineage 
neurons expressing ChR2 in vivo and shown to induce mechanical and thermal hyperalgesia 
lasting at least 5 hrs. By contrast, we found no evidence of hyperalgesia following light exposure 
in our TRPV1/ChR2-EYFP mouse strain. Our findings indicate that, prolonged low-frequency 
stimulation of TRPV1-lineage neurons does not induce hyperalgesia, but similar stimulation of 
these neurons in vitro potentiates inhibitory circuits in spinal cord dorsal horn. 
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Abstract: Background: PDX1, pancreatic duodenal homeobox 1, is an essential transcription 
factor (TF) for proper differentiation of the pancreas. We recently discovered that this TF is also 
expressed in a subset of sensory neurons. This study was designed to assess expression and 
function of PDX1 in the peripheral nervous system. Methods: Utilizing cre-lox technology and 
tdTomato fluorescent protein, various peripheral nerves and ganglia were examined for PDX1-
cre driven tdTomato expression. Quantitative PCR was used to assess sensory neurons for 
expression of PDX1 mRNA as well as several genes known to be upstream or downstream of 
PDX1 in the pancreas (e.g. ATF3, PKCα/ε, SERCA, ERK1/2). These genes were examined to 
determine whether PDX1 signaling pathways contribute to sensory neuron changes observed in a 
model of neuropathic pain. Calcium imaging was used to assess functional changes associated 
with gene changes. Results: The tdTomato expressing somata were observed in both trigeminal 
and dorsal root ganglia, with tdTomato-positive fibers in a variety of nerves, but particularly 
prominent in the infraorbital nerve (ION). TdTomato expression was observed as early as P1 in 
the trigeminal ganglia (TG) and ION. As predicted, ATF3, a common marker of nerve injury, 
was significantly upregulated in TG following ION injury. Similar to pancreas, upregulation of 
ATF3 expression was correlated with suppression of PDX1 mRNA in the TG. Furthermore, 
following ION injury, PDX1 downregulation was associated with a reduction in SERCA, a 
regulator of cytosolic calcium, particularly the duration of high K+-evoked Ca2+ transients. 
Previous studies (Scheff et. al. 2013) demonstrated that persistent inflammation (CFA model) is 
accompanied by increases in the magnitude and duration of high K+-evoked Ca2+ transients. In 
these experiments, we observed changes in high K+-evoked Ca2+ transients following ION 
injury, specifically the duration. Finally, in neuro2A cells overexpression of PDX1 was 
associated with an increase in SERCA. Conclusions: These preliminary studies suggest that a 
transcriptional pathway involving the ‘pancreas-specific’ transcription factor, PDX1, may 
modulate changes in calcium signaling observed following infraorbital nerve injury and could 
contribute to changes associated with chronic pain. 
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Abstract: The lymphatic system is a conduit for the transit of pathogens which may gain access 
to the systemic circulation. Immunization status affects whether an antigen is restricted to 
draining lymph nodes, or flows freely to the systemic circulation and the viscera. The mechanism 
by which immunization status restricts antigen trafficking is unknown. Lymph nodes are 
innervated by both adrenergic and peptidergic neurons, and neural signaling has been implicated 
in modulating lymphocyte trafficking. Here, we developed a model system to characterize the 
trafficking of Keyhole Limpet Hemocyanin (KLH) through the lymphatic system under 
conditions of neural stimulation and nerve blockade. We observed that electrical stimulation of 
the lower extremity nerves in adult BALB/c mice restricts KLH to the popliteal lymph nodes 
after innoculation subcutaneously in the hindpaw. NaV1.8-Cre/DTA and littermate control 
animals were immunized with KLH. Following secondary immunization with KLH in the 
dorsum of the hindpaw, increased amounts of antigen were observed in the sciatic lymph nodes 
of NaV1.8-depleted animals as compared with control animals. Some NaV1.8-expressing 
nociceptive neurons also express the transient receptor potential channel vanilloid 1 (TRPV1) 
nociceptor, capsaicin-sensitive neurons that have been implicated in neuronal responses to 
pathogens. The increase in antigen retained in lymph nodes observed in NaV1.8-DTA animals 
was not recapitulated in TRPV1-DTA animals. These data suggest that a TRPV1-/NaV1.8+ cell 
population is required for neuronal input leading to antigen restriction in lymph nodes following 
immunization. 
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Abstract: The advent of neuronal stimulation through optogenetics has enabled selective 
activation of neurons which express light-sensitive channelrhodopsin2 (ChR2). Use of 
optogenetic methods to induce expression of ChR2 in the brain has enabled rapid, selective 
activation of specific subtypes of neurons or groups of neurons to determine their specific 
functions. However, the characteristics of light-sensitive peripheral neurons have not been fully 
explored. Using a transgenic mouse model in which neurons co-express Nav1.8, a tetrodotoxin-
resistant voltage-gated sodium channel, and ChR2, we have been able to selectively activate 
nociceptors in the plantar skin of the hind paw and characterize their response properties to 
mechanical, heat and cold stimulation. The majority of C-fiber nociceptors (41 of 50) and 
slightly less than half of Aδ-fiber nociceptors (4 of 9) were found to be responsive to light. 
Response characteristics, including conduction velocity and responses to mechanical stimuli 
were comparable between light-responsive and non-light-responsive fibers. However, whereas 
none of the non-light-responsive C-fibers were sensitive to heat or cold, nearly all (80%) light-
sensitive fibers were excited by heat and/or cold stimuli, suggesting that Nav1.8 is predominantly 
expressed by polymodal C-fiber nociceptors. Similarly, 3 of the 4 light responsive Aδ-fiber 
nociceptors were also sensitive to heat and/or cold, while only one of the non-light responsive 
fibers responded to cold. Overall, nociceptor responses did not differ from those found in control 
mice that do not express ChR2. Ongoing studies aim to explore how responses to light are 
altered during acute and chronic pain states and how these changes compare to alterations in 
responses evoked by mechanical, heat and cold stimuli. Nav1.8 has previously been shown to be 
involved in the development of neuropathic pain conditions. The ability to activate peripheral 
nociceptors with light provides a novel method of stimulation that is non-invasive, does not 
require mechanical interruption of the skin, and adequately stimulates fibers whose receptive 
fields would be difficult or impossible to stimulate with standard stimuli. Also, use of a light 
stimulus is advantageous for repeated testing as the light stimulus is delivered without 
manipulation of or trauma to the skin. Optogenetic approaches are useful to study the functions 
of primary afferent fibers that possess certain receptors, ion channels, and other signaling 
molecules. 
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Abstract: Asthma, accompanied by lung inflammation, bronchoconstriction and airway 
hyperresponsiveness, is a significant public health burden. Infection with respiratory viruses, 
such as influenza virus, exacerbates asthma and cause morbidity and mortality. Although 
primary sensory neurons have been shown to contribute to the pathogenesis of asthma, the 
underlying mechanism is largely unknown. Here we report that MrgprC11, a previously 
identified itch receptor, is expressed in a small subset of vagal sensory neurons innervating the 
lung. Activation of MrgprC11 evokes changes in the respiratory patterns in mice similar to the 
effects induced by a bronchoconstrictor. We further demonstrated that MrgprC11 mediate 
cholinergic bronchoconstriction. Mice lacking Mrgpr genes showed reduced anaphylactic 
bronchoconstriction. Moreover, the loss of Mrgpr genes significantly reduced influenza virus-
induced airway hyperresponsiveness. Conversely, stimulation of MrgprC11+ vagal sensory 
neurons enhances airway responsiveness in the absence of lung inflammation. These findings 
highlight the neural mechanisms of asthma and provide a potential therapeutic target for the 
management of airway obstruction. 
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Abstract: Human C-tactile afferents (CTs) respond vigorously to gentle stroking of the skin, and 
have been a focus of recent research due to their important role in signaling positive affective 
touch. We recorded from individual CTs and C-mechanoreceptive nociceptors (CMs) in human 
participants, stimulating the afferents electrically at their receptive fields, and compared spike 
latency changes during repetitive stimulation of different frequencies. We show that, in addition 
to previously defined differences in mechanical thresholds, CTs and CMs show non-overlapping 
modulations of their electrically-elicited spike latencies, during both natural mechanical 
stimulation and 2 Hz electrical stimulation. We propose that either method of stimulation can be 
used to classify the afferents unequivocally. Latency changes during higher frequency 
stimulation (10-50 Hz) were lower in CTs than CMs, suggesting that there is less adaptation in 
CTs at physiological discharge frequencies. We conclude that CTs and CMs have substantially 
different mechanisms governing excitability changes following repetitive activity, consisting 
fundamentally separate populations. Targeting distinct axonal mechanisms governing excitability 
changes may facilitate selective modulation of CT or CM firing, which has implications for 
affective touch processing, especially in pathological situations involving tactile dysfunction 
such as allodynia. 
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Abstract: We have previously shown that nerve inflammation (neuritis) leads to ectopic axonal 
mechanical sensitivity (AMS) and ongoing activity in nociceptors innervating deep structures. 
This phenomenon likely contributes to mechanically induced and ongoing radiating pain. 
Ongoing activity generated from the affected axon segment suggests ectopic sensitivity to 
noxious chemicals found in the inflammatory milieu. We recently reported that both neuritis and 
transient vinblastine (VIN) application reduce axoplasmic flow, and proposed that mechanically 
sensitive channels accumulated and became functional at the affected part of the axons. In the 
present study, we proposed that both agents would cause sensitivities to noxious chemicals, and 
that the specific channels for these chemicals would be increased at the affected site. In adult 
female rats, we treated nerves with either CFA (for neuritis) or VIN, and after 4-7 days 
performed single unit recordings from mechanically sensitive Group IV nociceptors of the L4 or 
L5 dorsal roots. The sciatic nerve was exposed and tested for mechanical sensitivity, followed by 
topical and then sub-perineurial chemical sensitivity using a mixture of bradykinin, serotonin, 
histamine, and PGE2 (IS; all at 10-5M), pH 5.2 buffer, and 5 µM ATP. Lastly, the receptive field 
was tested for response to IS. We obtained recordings from 21 neurons (6 control, 7 CFA, 8 
VIN) with CVs ranging from 0.31 to 1.23 m/s. Results demonstrate that no axons in the control 
group had AMS, compared to 29% and 50% in the CFA and VIN groups, respectively. No axons 
within intact sciatic nerves were sensitive to any topical chemical; however, sub-perineurial 
injection of InSoup into the sciatic nerve evoked a response from 0%, 86%, and 38% axons in 
the control, neuritis, and VIN groups, respectively. To investigate reduction in axonal transport 
and the subsequent accumulation of receptors, the sciatic nerve was partially ligated and treated 
with CFA, VIN, or SIF (synthetic interstitial fluid). 6-7 days following partial ligation surgery 
the nerves were harvested and immunolabeled for bradykinin 2 and histamine 3 channels. We 
observed a greater accumulation of the histamine 3 receptor proximal to the ligation site in 
control+ligation axons compared to CFA+ligation axons. These findings support our hypothesis 
that nociceptor axons are capable of developing ectopic chemical sensitivity, and that this 
sensitivity is associated with specific channel accumulation. This observation is consistent with 
development of ongoing radiating pain due to nerve inflammation. 
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Abstract: AAV vectors have emerged as a preferred tool for gene transfer to neurons in basic 
research applications (McCown, 2011) and as promising candidates for therapeutic gene delivery 
vectors(Kotterman and Schaffer, 2014). While AAV vectors have been widely used for gene 
transfer in the central nervous system, peripehral nervous system applications have been more 
limited. AAV-mediated transduction of primary afferent neurons via intrathecal, intraneural, or 
intraganglionic routes of administration has been described in a number of studies, 
demonstrating the utility of AAV vectors for manipulation of afferent functions (Schuster et al., 
2013; Storek et al., 2008; Towne et al., 2009; Vulchanova et al., 2010). In this study, we 
addressed the hypothesis that selective gene transfer to primary afferent neurons innervating 
visceral organs can be achieved through peripheral administration and retrograde transport of 
AAV vectors. AAV9 carrying the reporter gene tdTomato was injected in the colon wall of mice 
as previously described for neuronal tracers (Christianson et al., 2006). tdTomato expression in 
lumbosacral and thoracolumbar dorsal root ganglia (DRG) was analyzed by imagining whole-
mount preparations with a multiphoton imaging system.Consistent with the distribution of 
neuronal tracers injected in the colon wall, transduced sensory neurons were adundant at the 
lumbosacral level when the vector was injected in the distal colon, while labeling in 
thoracolumbar DRG was more sparse. Injections in proximal colon resulted in sparse labeling in 
both lumbosacral and thoracolumbar DRG. These results demonstrate that AAV9 is able to 
transduce primary afferent neurons following uptake into peripheral terminals within the colon 
wall and provide proof-of concept for organ-selective AAV-mediated gene transfer to the 
afferent innervation of viscera. 
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western blotting and immunofluorescent study 
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Abstract: Background: Upon high threshold stimulation, nociceptive sensory afferents release 
glutamate from peripheral nerve terminals to cause autocrine and/or paracrine activation and 
sensitization via glutamate receptors (Miller et al, 2011a). In previous immunohistochemical 
studies from our lab, glutamate receptor subunits for NMDA, AMPA, and Kainate (KA) have 
been observed to be present in the cornea. 6,7-dinitroquinoxaline-2,3-dione (DNQX), an 
antagonist of the AMPA and KA receptors, also was effective in antagonizing glutamate-induced 
nocifensive behavior from the rat cornea. In the current study, we aim to identify all remaining 
glutamate receptor subunits presence or absence in the rat cornea. Aim: To determine the 
presence or absence of the sixteen currently recognized Glutamate receptor subunits in the rat 
cornea. Method: Twelve naïve rats were euthanized for cornea retrieval and analyzed to 
determine the presence or absence of the sixteen currently recognized glutamate receptor 
subunits using Western Blotting techniques. Twelve rats were also used for immunofluorescence 
along with a confocal microscope to verify the presence of the subunits along with location of 
the subunits within the rat cornea. Results: A variety of Glutamate receptor subunits were found 
to be present in the rat cornea in nerve fibers and epithelial cells. Further investigation should be 
to immunohistochemically co-localize the Glutamate receptor subunits. Conclusion: Knowledge 
of which glutamate receptor subunits are present in the rat cornea will lead to a better 
understanding of corneal function. As observed in this study, specific glutamate subunits are on 
the primary sensory afferents as well as the corneal epithelial cells. Further studies need to be 
conducted to identify the purpose of each of glutamate receptor on either the primary sensory 
afferent and the corneal epithelial cells. 
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Abstract: The voltage gated sodium channel, Nav 1.7 is highly expressed in the nociceptive and 
sympathetic neurons. Gain-of-function of SCN9A, which encoding Nav1.7, leads to severe 
burning pain (ex, Erythromelalgia), whereas loss-of-function of SCN9A results in congenital 
insensitivity to pain (CIP) in human. Here we characterized DWN10899 as potent and selective 
Nav1.7 blocker in vitro and in vivo pain models. DWN10899 selectively stabilizes the slow-
inactivated state of Nav1.7 and does not block the resting state. Concentration-dependent 
response studies revealed that DWN10899 inhibited human Nav1.7 channel with an IC50 value of 
50nM, and human Nav1.5 channel with an IC50 value of 6.3 µM in slow inactivation state. Also, 
the compound has selectivity against other subtypes. DWN10899 inhibits Nav1.7 current in use-
dependent (frequency-dependent) manner. In human DRG neurons studies, DWN10899 has an 
IC50 value of 313 nM in TTX-sensitive Na+ current and not inhibits TTX-resistant Na+ current. 
DWN10899 increases action potential rheobase and inhibits excitability in use-dependent 
manner. In addition, in vivo experiments showed that single administration of DWN10899 (30 
mg/kg, p.o.) blocked chronic-constriction-injury (CCI)-induced neuropathic pain induced by 
various stimuli including mechanical allodynia, heat hyperalgesia, and cold allodynia in mice. 
These data suggest that DWN10899 is a potential candidate for the treatment of peripheral 
painful neuropathies. 
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Abstract: Intra-epidermal electrical stimulation (IES) can be used for selective activation of 
Adelta-fibers. The functional difference between Adelta and Abeta-fibers is important for 
clinical evaluation. The aim of this study is to investigate whether the electrode for intra-
epidermal stimulation can also be used for Abeta-fibers. For nociceptive Adelta-fibers 
stimulation, we used three concentric bipolar needle electrodes and for tactile Abeta-fibers 
stimulation, we used the same electrodes for IES without needle part by standard monopolar 
stimulation (transcutaneous electrical stimulation: TES) at the same site. Cortical response to IES 
and TES to the hand and foot were measured in twelve healthy subjects and a patient with 
Wallenberg syndrome. TES elicited evoked potentials (N2 and P2 components) in all subjects, 
and IES elicited evoked potentials in all healthy subjects, however could not elicit any response 
in a patient with Wallenberg syndrome. Thus, this convenient method may have potential for a 
useful clinical tool to investigate the differences between nociceptive and tactile pathways. 
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Title: Anethole inhibit neuronal excitability of dorsal root ganglia neurons via voltage-dependent 
sodium channel blockade 
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Abstract: Anethole is a molecule widely found in essential oils of many plants used in popular 
medicine. This molecule has many biological and pharmacological effects, such as anti-
inflammatory, antispasmodic, skeletal muscle relaxant and blocks the compound action potential 
(AP) of sciatic nerve. Due to its properties, this study aims to investigate the anethole effect on 
the excitability of dorsal root ganglia (DRG) neurons. Wistar rats of both sexes (200-250 g) were 
used. For intracellular recording, we used intact DRG and passive and active properties were 
measured. For patch clamp experiments, DRG’s were exposed to enzymatic treatment for 
isolation of individual neurons and electrophysiological recordings were made between 6 and 24 
h after dissociation. The whole-cell voltage-clamp configuration was employed and voltage 
protocols (test pulse, I-V plots and steady-state Na+ current inactivation curves) were used to 
investigate the effect of anethole on the blockade of Na+ channels. In intact DRG, anethole 
inhibited action potentials within 5 min and the effect was reversible after washout. These effects 
were concentration-dependent and at 0.3, 0.6 and 4.0 mM anethole the percentual of neurons 
with full AP blocked were 0.0, 20.0 ± 6.5 and 100.0 ± 0.0 % (n = 9, for each concentration). 
Although anethole blocked AP’s, in all neurons (with or without full AP blockade) it did not 
significantly changed (p < 0.05, ANOVA) resting potential or input resistance. Regarding 
dissociated DRG neurons, anethole also exhibited a concentration-dependent curve in the range 
of 0.1 to 20 mM and washout partially reversed anethole effects. Since 6 mM anethole promoted 
a blockade of 51.5 ± 5.9 % (n = 7) of control Na+ current, we performed kinetics experiments 
with this concentration and I-V plots were constructed in presence of control and anethole-
containing solutions. The normalized conductance curves show that the V1/2 of Na+ channel 
activation voltage-dependence was not changed in the presence of anethole and V1/2 values in 
control and anethole conditions were -22.11 ± 0.2 and -18.44 ± 0.4 mV (n = 6), respectively. 
However, exposure to 6mM anethole significantly shifted inactivation voltage-dependence and 
V1/2 values were -30.4 ± 0.7 mV (n = 6) in control and -48.5 ± 0.6 mV in the presence of 
anethole (p < 0.001, n = 6). Our results demonstrate that anethole is efficient in inhibits the 
neuronal excitability of DRG and confirms a hypothesis that anethole possess anesthetic activity. 
The action mechanism is probably by a direct blockade of Na+ current with great changes in 
Na+ channel inactivation kinetics. 
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Abstract: Introduction: 
A number of sensory systems are sensitive to body position. However, no description of posture 
dependent Burning Mouth Syndrome (BMS) has been described. A case is reported. 
Methods 
Case Study: A 60-year-old right-handed female, eight years prior to presentation, noted the 
onset of constant burning of her mouth and tongue that worsened as the day progressed. Over a 
three month time period this gradually resolved. Six months prior to presentation she noted 
recurrence of her burning mouth. Her burning pain continued and worsened with exposure to 
odors including soap, perfume, the aroma of laundry, coffee, and raw onions. Her pain was made 
worse when she would touch her tongue to her teeth. The pain was in the center of her tongue 
and palate, and in the right front of the tongue. The burning worsened as the day progressed. The 
burning pain is constant and is a 9/10 in severity when sitting or standing. When in a supine 
position the BMS pain drops to a 5/10 in severity. No other change in position affects the 
intensity of the pain.  
Results:  
Chemosensory Testing: Olfaction: Brief Smell Identification Test: 9 (normosmia). Alcohol Sniff 
Test: 23 (normosmia). Pocket Smell Test: 3 (normosmia). Quick Smell Identification Test: 3 
(normosmia). Retronasal Smell Testing: 7 (normal). Gustation: Propylthiouracil Disc Taste Test: 
6 (normoguesia). Taste threshold: normogeusia to sodium chloride, hydrochloric acid, urea, and 
phenylthiocarbamide. Ageusia to sucrose. 
Discussion: 
The mechanism by which posture impacts upon burning mouth is unclear. Since lying down 
impairs olfactory ability (Lundstrom, 2007) and odors may exacerbate BMS (Hirsch,2005), lying 
down may improve BMS by functionally inhibiting olfaction and thus reducing the effect of any 
exacerbating odors. Alternatively, the supine position may induce a pavlovian reduction in 
muscle tone and associated anxiolysis. Since anxiety worsens pain, reduction of anxiety through 
position change may thus secondarily reduce the pain. Possibly the act of lying down is a 
distractor, causing the patient to focus on the position rather that the pain. Moreover, lying down 



may have acted to reduce level of alertness , and if the pain was state dependent, it may act to 
reduce associated burning. Possibly parotid flow rate could change in the supine position, and 
thus cause drying of the mouth and improvement of the pain (Schneyer, 1956). Laying supine 
may change the firing, rate of proprioceptive nerve fibers and therefore, through Melzack and 
Walls Gate Control Theory of Pain, inhibit c fiber firing, resulting in a reduction in burning pain 
(Melzack, 1965). 
Given the above, a trial of supine repose in those with BMS is warranted. 
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Title: Mechanisms of fractional calcium currents through trpv1 channels in primary sensory 
neurons. 
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Abstract: TRPV1 and TRPV2 channels are important molecular sensors on the plasma 
membrane in mammalian physiology (temperature) and diseases (pain) in sensory neurons. 
These nonselective cation channels permit Ca2+, Na+ and K+ influxes simultaneously through 
its pores to regulate intracellular Ca2+ homeostasis and Ca2+-dependent neural transmitter 
release. The Ca2+ influx can be determined by the fractional Ca2+ current (Pf) through a cation 
channel (Burnashev et al., 1995; Schneggenburger et al., 1993; Yu et al., 2004; Zhou and Neher, 
1993). Here, we report (1) Opposite Ca2+ permeability was found as determined by the classic 
“Goldman-Hodgkin-Katz equation” of PCa/Na (TRPV1 = 7.6 > TRPV2 = 2.8) under non-
physiological intra- and extracellular solutions(Caterina et al., 1999; Caterina et al., 1997), or by 
the “fractional Ca2+-current” of TRPV1 vs. TRPV2 (Pf = 5.5% vs. 22%) under physiological 



solutions; (2) The selective filter “GMGX” is similar in TRPV1 and TRPV2, except “X” (X = D 
for TRPV1 and E for V2). In TRPV1, switching native D to E of TRPV2, Pf(V1, D646E) was 
greatly increased toward Pf(V2) (from 5.5% to 13%), and vice versa (from 22% to 5.0%); (3) 
Mutations of two sites outside of the “GMGX”, reduced Pf by half; (4) In native neurons 
replacing TRPV1-WT (Pf = 5.5%) with TRPV1-D646E (Pf = 13%), the release mode of Ca2+-
dependent single vesicle events was dramatically altered from partial (kiss-and-run) to full 
release as determined by TIRF-imaging, implicating a physilogical relevance of Pf(TRP) studies. 
Taken together, TRPV1-D646 (or TRPV2-E604) is the dominant site determining fractional 
Ca2+-influx through thermal sensitive TRP channels—a novel mechanism of TRPV channels in 
presynaptic neural transmitter release for temperature and pain sensation. Supported by grants 
from NSFC, MOST and DOE 2011-program 
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Title: Repeated low-level blast exposure increases transient receptor potential vanilloid 1 
(TRPV1) and endothelin-A (ET-A) co-expression 
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Abstract: Background: Blast injuries are generally categorized as primary to quaternary and can 
evoke a myriad of effects on multiple body systems. Importantly, ocular injuries are the fourth 
most common battlefield injury, constituting approximately 13% of all combat injuries. Despite 
extensive research focused on the effects of blast on neurosensory function, limited data is 
available on the effects on pain and inflammatory processes. Recent studies conducted in our 
laboratory have revealed increased expression of transient receptor potential vanilloid 1 
(TRPV1) and endothelin-1 (ET-1), critical mediators involved in pain transmission, in rat 



corneas following single and repeated low-level blast exposure. These data indicate that TRPV1 
and ET-1 may contribute to the complex pathophysiology of blast-related injuries. The overall 
purpose of this study was to characterize the expression of both ET-1 receptor subtypes, 
endothelin-A (ET-A) and endothelin-B (ET-B), in blast-exposed ocular tissues. Methods: A 
compressed air shock tube (Applied Research Associates, ARA) was used to deliver a single or 
repeated low-level blast (68.0 ± 2.7 kPa) to anesthetized rats once or daily for five consecutive 
days, respectively. Immunohistochemistry analysis was performed on ocular tissues collected at 
the conclusion of the experiments to determine co-expression of TRPV1, ET-A or ET-B 
following single and repeated blast exposure. Results: Increased expression of TRPV1 was 
observed in the rat cornea epithelial and stromal layers following exposure to both single and 
repeated low-level blast. Increased expression of ET-A was also detected in rat corneas as 
compared to control animals. Importantly, substantial co-expression of TRPV1 and ET-A was 
observed in rat corneas exposed to repeated low-level blast. Although modest increases in ET-B 
expression were observed following low-level blast exposure, these increases were unremarkable 
compared to ET-A. Conclusions: Single and repeated low-level blast exposure resulted in 
increased co-expression of TRPV1 and ET-A in the rat cornea as compared to control. These 
findings provide additional insight into pain signaling pathways activated following blast 
exposure. Further studies are required to determine if blast-related ocular injuries leads to 
crosstalk of these receptor systems and the potentiation of pain and inflammatory processes. 
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Abstract: Eukaryotic elongation factor 2 (eEF2) is a ubiquitous and essential component of the 
translation machinery that catalyzes translocation of the ribosome relative to the mRNA. 
Phosphorylation of eEF2 is inhibitory and causes a transient blockade of translation. eEF2 
kinase, the only enzyme known to phosphorylate eEF2, is activated by calcium/calmodulin and 
modulated by several different mechanisms, including phosphorylation by AMP-activated kinase 
(AMP kinase), a key sensor of ATP availability. Using an antibody selective for phosphorylated 
eEF2 (peEF2), we examined eEF2 regulation in sensory neurons of the mouse dorsal root 
ganglion (DRG), with an emphasis on nociceptors. Immunohistochemistry on DRG sections 
revealed tonically high levels of peEF2 in a subset of primarily small-diameter neurons, 
including putative nociceptors positive for either TRPV1 or IB4. By comparing peEF2 with 
staining for eEF2 kinase we found that virtually all neurons with high levels of peEF2 staining 
showed robust staining for eEF2 kinase. This differential pattern of staining was maintained in 
DRG neurons in vitro. We then performed a series of in vitro manipulations to examine the 
regulation of neuronal eEF2 phosphorylation assayed by immunofluorescence densitometry. 
Application of 50 mM K+ for 1 or 10 minutes induced intense peEF2 staining in virtually all 
neurons; this staining remained elevated well above baseline 60 minutes after stimulation and 
was completely prevented by pre-application of a selective eEF2 kinase inhibitor, A484954 (30 
micromolar). Increased staining in a subset of neurons was obtained with agonists for Gq-
coupled purinergic receptors P2Y1 and P2Y2, suggesting that both depolarization-evoked 
calcium influx and release of calcium from intracellular stores were sufficient to activate eEF2 
kinase. Next we examined the impact of AMP kinase activation on eEF2. Metformin, a widely-
used medication for type 2 diabetes that has been suggested as a treatment for neuropathy, acts in 
part through activation of AMP kinase. Pterostilbene, a structurally unrelated compound found in 
almonds and blueberries that is chemically related to resveratrol, has also been reported to 
activate AMP kinase. Pterostilbene is of particular clinical interest because it is widely available 
and commonly mentioned on patient peer support websites as an alternative to metformin for 
patients whose doctors choose not to prescribe metformin. Both drugs increased basal peEF2 
levels but blunted peak levels induced by high potassium. Our results suggest that ingestion of 
these drugs alters baseline translation levels and ATP expenditure in DRG neurons. 
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Title: Modulation of TRPA1 activation by AMP activated protein kinase 
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Abstract: Transient receptor potential ankyrin 1 (TRPA1) is an important molecule for pain 
modulation and transduction. TRPA1 is expressed in sensory neuron and activated by multi-
stimuli, including pungent irritants, cold temperature and some inflammatory mediators. AMP 
activated protein kinase (AMPK), is a widely distributed highly conserved sensor which 
response to metabolic stress in various tissues. In addition, AMPK has been considered to be 
involved in the regulation of inflammatory or neuropathic pain. It has been reported that 
phosphorylation of AMPK suppressed inflammatory and neuropathic pain both in acute and 
chronic phase. In this study, we investigated the possible interaction of TRPA1 and AMPK. 
Modulation and interaction of TRPA1 and AMPK were examined by western blot, whole cell 
patch clamp electrophysiology and behavioral analysis. We conformed that short-term treatment 
of AMPK activator, metformin, induced the phosphorylation of AMPK by western blot. The 
treatment of metformin and another well-known AMPK activator 5-aminoimidazole-4-
carboxamide-1-beta-d-ribofuranoside (AICAR) inhibited allyl isothiocyanate (AITC)-induced 
TRPA1 currents in DRG neurons. In behavioral study, pretreatment of metformin suppressed 
AITC-evoked paw lifting in rats. Therefore, AMPK activation may alleviate pain through 
inhibiting TRPA1 activity. Our observations indicate that AMPK play a crucial roles not only in 
energetic metabolism sensor but also in a modulator for sensory functions. 
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Abstract: Restless Legs Syndrome (RLS) is a chronic sensorimotor disorder characterized by 
uncomfortable sensation and a strong urge to move the legs. Symptoms occur most often in the 
evening or at night and can severely disrupt sleep. Genome-Wide Association studies (GWAS) 
point to a role of genetic factors surrounding the MEIS1 (MEIS homeobox 1) gene, which plays 
a role during neural development. RLS patients show a reduced mRNA and protein expression of 
MEIS1. Currently, the first line of drug therapy for RLS uses dopaminergic agents, but no 
behavioral data are available that have assessed thermal pain withdrawal latencies in the MEIS1 
knockout (MEIS1 KO) animal model, or their modulation by dopaminergics. Here, we compared 
pain responses (tail-flick and Hargreaves) in MEIS1 KO mice and their appropriate wild type 
controls (WT). Animals were i.p. injected with either sham (control), levodopa (L-dopa, 10 
mg/kg), pramipexole (a D3R agonist, 0.5 mg/kg), SKF 38393 (D1R agonist, 1 mg/kg), SCH 
39166 (D1R antagonist, 0.1 mg/kg), or morphine (2 mg/kg). Following the behavioral 
experiments, spinal cords were harvested and processed for detection of D1R expression (abcam 
78021). Under baseline conditions, thermal withdrawal latencies were similar between WT and 
MEIS1 KO animals in both Hargreaves and tail-flick conditions. L-dopa, pramipexole and 
morphine significantly increased withdrawal reflexes in both WT and MEIS1 KO, while block of 
the D1R pathway increased thermal reflexes significantly in MEIS1 KO only. Further, 
preliminary WB analyses suggest an up-regulation of spinal D1R expression levels over that of 
WT animals. 
Together, the data from this behavioral study indicate that sensory responsiveness in MEIS1 KO 
animals is largely unaltered over WT controls, with the possible exception of D1R-mediated 
responses. As D1R pathways in the spinal cord are predominantly associated with motor 
functions, our data suggest that the MEIS1 gene may only play a minor functional role in the 
sensory dysfunctions observed in RLS patients, but rather be associated with the associated 
motor symptoms and Periodic Leg Movements (PLMs). 
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Abstract: Osteoarthritis (OA) is a complex disease of the whole joint, resulting in pain and 
disability, and in humans is more frequent in the knee, ankle, hip and shoulder joints. To this 
day, there is no satisfying method of relieving osteoarthritic pain, which affects over 27 million 
American adults. Mechanisms of OA pain have been studied in the rat knee joint by intra-
articular injections of the chondrocyte glycolytic inhibitor Mono-Iodoacetate (MIA). MIA-
induced pain indicates that this method is clinically relevant and will continue to be useful for the 
development of better therapeutic strategies. However, most measures that confirm the pain 
behavior in the osteoarthritic knee joint do so by applying mechanical and thermal stimulus to 
the paw, an area remote from the knee joint. We suspect that this practice detects secondary 
hyperalgesia, which is due to sensitization of neurons in the central nervous system (CNS) rather 
than the local release of inflammatory mediators. The present study characterizes the behavioral 
changes and histopathological changes of cartilage necrosis and degeneration that occur in a new 
model of MIA-induced OA in the rat ankle joint, which we believe will more closely replicate 
the clinical symptoms of the human disease. In this characterization experiment, we determined 
that a dose of 2.4 mg of MIA in 40 µl of saline administered via intra-articular injection in the 
right ankle joint generated significant mechanical hypersensitivity starting at 4 weeks post-
injection as detected by Von Frey filaments. Mechanical hypersensitivity was accompanied by 
cold allodynia starting at 5 weeks post-injection as tested by the Acetone Test. Cold allodynia 
had not been previously reported in the rat osteoarthritic knee joint. Safranin histological staining 
showed significant cartilage loss matching the pathologic features of the clinical disease, best 
shown at a dose of 2.4 mg of MIA in 40 µl saline. X-ray microtomography scans (micro CT) of 
the ankle joint were performed to confirm that bone fragmentation and remodeling associated 
with the clinical disease are replicated in our osteoarthritis ankle joint model. The present study 
showed sensitization of the joint, as measured by Von Frey filaments and acetone direct 
application to the affected osteoarthritic ankle joint. We are confident that these measures are 
detecting primary hyperalgesia, and predict that the proposed model will more closely replicate 



the clinical symptoms than the existing knee joint model, as cold pain is often reported in human 
patients. 
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Abstract: Migraine is a highly prevalent, debilitating, episodic headache disorder affecting 
roughly 15% of the population. A rare subtype of this disorder is familial hemiplegic migraine 
(FHM), a hereditary form of migraine characterized by the occurrence of an aura with 
hemiplegia prior to attack onset. FHM2 is one of three forms of FHM, in most cases caused by a 
mutation in the ATP1A2 gene encoding the α2-isoform of the Na+/K+-ATPase, predominantly 
found in astrocytes. Comorbidity of this rare type of migraine with aura has been shown with 
epilepsy and psychiatric disorders like depression and OCD in patients. The neurobiological 
process underlying the aura is thought to be cortical spreading depression (CSD); a wave of 
initial excitation followed by prolonged inhibition that slowly propagates over the cerebral 
cortex. Here we aim to unravel whether a mouse model of FHM2 harboring the G301R mutation 
(α2

+/G301R mice), a mutation found in two families and causing a particularly severe phenotype, 
shows an increased susceptibility for cortical spreading depression and a decreased threshold for 
epileptic seizures. In order to answer these questions, we performed experiments in awake head 
restrained mice using both α2

+/G301R mice and wild type littermates. We used both electrical 
stimulation and cortical application of a KCl solution to determine differences in CSD threshold 
and CSD frequency respectively. Our preliminary results show that the mutants indeed show a 
decreased threshold for CSDs induced by electrical stimulation and a greatly increased CSD 
frequency following KCl application. Interestingly, the KCl concentration used (300 mM) 
consistently resulted in severe tonic-clonic epileptic activity in mutant mice whereas this never 
occurred in wild type littermates. In combination with previous showing depression and OCD-
like behavior in the α2

+/G301R mice, these findings suggest that this mouse model closely 



resembles the phenotype found in patients with this mutation and can be utilized to study the 
neuropathology underlying migraine disorders. 
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Abstract: Background: Migraine is the second commonest cause of headache in children, 
affecting approximately 3.2-14.5% of children, often resulting in an alteration of daily activities 
and school absences. In young children with migraine, the ratio of males to females is 
approximately equal. However, in adolescence the incidence increases in females while that of 
males is unaltered, suggesting a female–specific pubertal effect on migraine development. We 
previously reported unique structural brain differences in pediatric female migraineurs, 
compared to male migraineurs and healthy controls. Furthermore these differences varied 
depending on development status (i.e. early vs. mid puberty) (Faria et al, 2015). Here we sought 
to compare structural brain changes in male migraineurs during development, from childhood to 
young adult, compared to healthy male controls. 
Methods: Participants: 21 migraine patients and 21 controls (ages 7 – 26) were enrolled in the 
study at Boston Children’s Hospital. Participants were scanned while headache-free (migraineurs 
were scanned interictally with no headache ± 48 hours). Image Acquisition: 3D T1 anatomical 
images were acquired from all participants on the same 3T Trio MRI scanner [TR: 2520ms, TE: 
1.74ms, FOV: 220x220, slice thickness: 1mm]. Image Processing: Subcortical volumes were 
estimated using FSL’s Integrated Registration and Segmentation Tool (FIRST). Group-wise 
differences were calculated using a two-sample t-test, while differences across ages were 
examined using a univariate ANOVA. 
Results: The normalized volume of the left and right caudate, putamen, pallidum, and 



accumbens were calculated for both groups. No significant differences were seen between 
migraineurs and controls in any regions examined. Additionally, there were no significant 
differences within the migraine cohort across age brackets (pre/early puberty [8-11] vs. mid/late 
puberty [12-17] vs. young adult [18-26]). 
Discussion: Faria et al. previously showed greater volume in a number of subcortical regions in 
females migraineurs compared to males and healthy controls, as well as age-related differences 
within female migraineurs (2015). In stark contrast to changes previously noted in female 
migraineurs, the present study shows no significant differences in subcortical volume in both 
male migraineurs vs. controls and across the developmental stages. These results suggest that the 
relationship between pubertal status, subcortical volume and migraine may be unique to females. 
Faria V, et al. Pain. 2015 Nov; 156(11): 2212-21 
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Abstract: Aims: Cortical spreading depression (CSD) is regarded as the neurophysiological 
phenomenon underlying migraine aura and a potential triggering event leading to migraine 
headache. However, it is still unclear how CSD is triggered in a healthy brain given that almost 
all experimental animal models require injurious stimuli to the brain to generate CSD. In this 
study, we have tested whether CSD could be triggered by intense whisker stimulation in the 
mouse barrel cortex following pharmacological sensitization with partial blockage of Na+-K+-
ATPase. Methods: Thirteen Swiss albino mice were anesthetized with urethane and underwent 



2x2 mm craniectomy over the somatosensory barrel cortex. A low dose of Na+-K+-ATPase 
blocker ouabain was topically applied to dura over the barrel cortex to make it susceptible to 
CSD. Thirty minutes after the CSD (or after the last CSD if multiple CSDs observed; i.e. silent 
phase) contralateral whiskers were deflected continuously with a custom-made stimulator (6-12 
Hz; up to 5 minutes). If no CSD occurred, whisker stimulation cycles were repeated at 10 
minutes intervals for a total of 90 minutes. CSD incidences in stimulated and non-stimulated 
control animals were compared using a probabilistic approach. Results: Topical epidural 
application of 0.1 mM ouabain (3-5 uL) was found to induce a single CSD an average of 
46,3±4,4 min after the topical application in 38% of the experiments. The average spontaneous 
CSD incidence was 2.4% within any 5 min period following 30-min silent phase (after the last 
CSD) in non-stimulated mice. However, whisker stimulation triggered a CSD 14% of the time 
(p=0.026), and this incidence was increased up to 26% if miniature CSDs were also taken into 
account (p<0.001). In total, 7 CSDs were encountered in 38.5% (n=5) of the stimulated mice, 
whereas 6 mini-CSDs were observed in 30.8% (n=4) of them. Average time lag between 
stimulation initiation and CSD occurrence was found 2,8±0.6 min. Conclusion: These findings 
show that CSD can be triggered in the susceptible mouse barrel cortex with whisker stimulation. 
This study, together with recent literature showing that sensory cortices are intrinsically more 
susceptible to CSD induction, lends further support to the CSD-migraine hypothesis and suggest 
that sensory stimuli or other triggering factors may be sufficient to initiate a CSD in susceptible 
migraineur brain. 
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Title: Nicotinamide riboside: a novel approach to treating peripheral neuropathy induced by 
paclitaxel 
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Abstract: Nicotinamide riboside (NR) is a naturally occurring precursor of NAD+. Agents that 
increase levels of NAD+ can prevent or ameliorate degeneration following axonal transection. As 
axonal injury is thought to underlie the peripheral neuropathy that develops with several classes 
of chemotherapeutic drugs, we hypothesized that administration of NR would prevent or 
ameliorate chemotherapy-induced peripheral neuropathy (CIPN) induced by paclitaxel. To test 
this idea, adult female Sprague-Dawley rats were injected intravenously with paclitaxel (19.8 
mg/kg) or an equivalent volume of its vehicle. This dose of paclitaxel and route of administration 
more closely mirrors clinical use. NR (200 mg/kg) or vehicle was administered orally once daily 
in either a prophylactic (7 days prior to the start of paclitaxel or vehicle and continuing for 
another 21 days) or a therapeutic paradigm (beginning day 14 after paclitaxel and continuing for 
3 weeks). Tactile sensitivity and escape-avoidance behaviors were assessed before and at several 
time-points after the start of paclitaxel treatment. The effect of prophylactic treatment with 100 
mg/kg acetyl-L-carnitine (ALC), for which there is substantial preclinical data of efficacy, was 
also assessed. In our hands, prophylactic administration of ALC failed to prevent or alleviate 
tactile hypersensitivity and escape-avoidance behaviors in paclitaxel-treated rats. Our findings 
align with the negative findings of a recent large clinical trial with ALC. In contrast, daily 
treatment with 200 mg/kg NR, which increased blood levels of NAD+ by 50%, prevented the 
development of tactile hypersensitivity and significantly blunted escape-avoidance behaviors in 
paclitaxel-treated rats. The beneficial effect of NR was sustained for at least 2 weeks after 
treatment with NR had ceased. In the therapeutic paradigm, daily administration of NR 
starting14 days after the first dose of paclitaxel, a time at which CIPN was clearly established, 
ameliorated tactile hypersensitivity in at least in 50% of the animals and significantly blunted 
escape-avoidance behaviors in nearly all paclitaxel-treated rats. These results establish that NR 
can effectively prevent the development and ameliorate the severity of peripheral neuropathy in a 
rat model of CIPN, and that further mechanistic studies are warranted. Furthermore, to the best 
of our knowledge, this study is the first to demonstrate the ability of an agent to alleviate the 
aversive components of CIPN in a rodent model. Because NR is already available for human use, 
clinical application of our results can be greatly accelerated. 
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Abstract: Epidural electrodes are used for spinal cord stimulation (SCS)-based management of 
neuropathic pain, with over 50,000 spinal cord stimulators implanted yearly. Pain is always a 
subjective experience, and the sensory qualia surrounding neuropathic pain is particularly 
complex. This is consistent with reported variability in patient-preferred SCS stimulus delivery 
patterns, therapeutic efficacy and induced dysesthesias. Currently our understanding of 
mechanisms producing SCS-analgesia is limited, but multiple pain processing and control 
systems are theoretically amenable to modulation by SCS. 
In vivo electrophysiological studies in animal models support invasive mechanistic inquiry into 
SCS-analgesia, but the use of anesthetics may fundamentally alter the intrinsic properties of 
nociceptive circuits and their supraspinal control. We used an adult in vitro mouse spinal cord 
preparation to study the effects of SCS on the isolated spinal cord. This approach affords 
complete access to the spinal neuraxis involved in somatosensory processing, and has 
demonstrated viability for up to 8 hours following cord isolation. Glass suction electrodes were 
placed on various dorsal roots (DRs), on Lissauer’s tract, and at multiple locations on or above 
the dorsal column (DC). A microelectrode recorded population synaptic responses in the 
superficial dorsal horn (laminae I-III). 
We compared evoked responses to different stimulus durations, magnitudes, polarities, and 
frequencies. Observations include the following: (1) DC stimulation - (a) antidromically recruits 
afferent fibers in multiple segmental dorsal roots, (b) and can generate synaptically-evoked 
slower dorsal root potentials (DRPs; a measure of primary afferent depolarization-induced 
presynaptic inhibition), (c) directly recruits and modulates activity in Lissauer’s tract and, (d) 
evokes convergent population synaptic responses in dorsal horn neurons that depress or facilitate 
synaptic responses to DR stimulation. (2) DR afferent-evoked responses in Lissauer’s tract were 



preferentially blocked with SCS at 50Hz—a frequency commonly used in clinical settings. (3) 
Stimuli applied at various distances above the DC were sensitive to stimulus polarity and directly 
recruited axons in DC, DR and Lissauer’s tract. 
In sum, findings implicate largely ignored mechanisms of afferent presynaptic inhibition and 
modulation of activity in Lissauer’s tract as possible contributors to SCS-analgesia. 
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Abstract: Spinal cord stimulation (SCS) with high frequency pulse trains (~10 kHz) has 
emerged as a potential treatment for chronic pain. However, the effects of kilohertz-frequency 
SCS (KHF-SCS) on spinal dorsal column (DC) axons and its mechanisms of action remain 
unknown. The objectives of this work were to quantify activation and possible conduction block 
of DC axons by KHF-SCS across a range of kHz frequencies and waveforms. Male Sprague-
Dawley rats were anesthetized with urethane (1.2 g/kg) and the spinal cord was exposed at T10-
T12. A custom platinum electrode was inserted epidurally at T10 to deliver bipolar constant-
current SCS at different kHz frequencies (1, 5, 10, or 20 kHz) and waveforms (train of biphasic 
24 µs per phase pulses or sinusoid). A second electrode at the cervical spinal cord evoked 
antidromic action potentials to identify projecting DC axons. Single unit activity was recorded 
with a microelectrode at T12 during 30-second trials of SCS over a range of amplitudes (0.2 mA 
to 6 mA). KHF-SCS evoked a range of responses in DC axons including brief onset firing, 
slowly accommodating persistent firing, and conduction block. A majority of activation and 
block responses occurred well above motor thresholds, but isolated units were activated and/or 



blocked within the range of SCS amplitudes documented previously to reduce behavioral 
sensitivity in the rat. The patterns of SCS-evoked axonal firing were similar across kHz 
frequencies, although 1 kHz SCS more frequently evoked axonal firing than 5-20 kHz SCS, 
especially at amplitudes above motor threshold. Sinusoidal SCS delivered 1.32-times more 
charge per phase than the biphasic pulse train of the same amplitude. Activation and block 
thresholds were 1.51±0.64 (p=0.19) and 1.42±0.46 (p=0.47) times higher for the biphasic pulse 
train, suggesting that sinusoidal and biphasic SCS patterns similarly affected DC axons when 
charge delivery was equalized. The similarities between DC axonal responses to SCS across kHz 
frequencies are consistent with previous reports that 1 kHz and 10 kHz SCS attenuated 
behavioral sensitivity equally well in rat models of neuropathic pain. By demonstrating the 
similar effects of biphasic pulse trains and sinusoidal SCS, this work also provides a link to other 
bodies of literature (i.e., peripheral nerve stimulation) that have extensively reported on 
sinusoidal kHz stimulation, to aid in our understanding of the mechanisms of KHF-SCS. 
Ultimately, by establishing thresholds for fiber activation and block in the rat dorsal columns, 
this work lays the foundation for further in vivo investigation of the comprehensive mechanisms 
underlying the pain-relieving effects of KHF-SCS. 
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Abstract: Elevated NMDAR activity is linked to central sensitization and chronic pain. 
However, NMDAR antagonists have limited therapeutic potential due to adverse side effects 
associated with the widespread role of NMDARs in physiological functions. Disruption of 
protein-protein interactions downstream of NMDAR shows therapeutic potential in several 
disease states. Specifically, interactions between the scaffolding protein postsynaptic density 95 
kDA (PSD95), and both upstream (eg. NR2B-PSD95) and downstream (e.g. PSD95-nNOS 
interactions) protein partners produces antinociception. However, nNOS not only interacts with 
PSD95 but also interacts with its adaptor protein, NOS1AP. This interaction is believed to recruit 
MKK3, an activator of p38MAPK, a MAP kinase known to be activated in pathological pain 
states. However, whether nNOS-NOS1AP protein-protein interactions are involved in 
pronociceptive signaling remains unknown and whether disrupting this interaction produces 
antinociception has not previously been evaluated. We used an AlphaScreen assay to quantify 
potency and efficacy of TAT-GESV, a putative peptide inhibitor of the nNOS-NOS1AP 
complex, in disrupting binding between purified nNOS and NOS1AP proteins in vitro. We also 
characterized the specificity of nNOS-NOS1AP disruption by examining ability of TAT-GESV 
to disrupt binding of PSD95-nNOS protein pairs. TAT-GESV inhibited nNOS-NOS1AP binding 
without altering binding of PSD95 to nNOS. These observations suggest that TAT-GESV 
specifically disrupts nNOS-NOS1AP interactions but not other classes of PDZ-PDZ interactions. 
We also verified that NMDAR-dependent p38MAPK activation could be blocked by TAT-
GESV and the efficacy is comparable to the NMDAR antagonist MK-801 using primary cortical 
neuronal cultures. Finally, we used models of traumatic nerve injury and chemotherapy-induced 
peripheral neuropathy to evaluate whether nNOS-NOS1AP disruption suppressed neuropathic 
pain. Intrathecal administration of TAT-GESV suppressed mechanical and cold allodynia 
induced by either partial sciatic nerve ligation or the chemotherapeutic agent paclitaxel in mice. 
By contrast, the control peptide, TAT-GES, failed to alter mechanical or cold allodynia in either 
model. Finally, motor ataxic effects were not observed in TAT-GESV-injected animals. Our 
results demonstrate for the first time that nNOS-NOS1AP protein-protein interactions are 
involved in pain signaling and also suggest that blocking this interaction may be a viable 
analgesic strategy that circumvents unwanted side effects of NMDAR antagonists. 
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Abstract: Lower back pain (LBP) is a common and debilitating musculoskeletal disorder, but 
unfortunately, chronic LBP is often resistant to treatments. The most common cause of LBP is 
degeneration of intervertebral disks (IVDs) that serve to separate the vertebrae and allow for 
spinal motion. Key contributory pathogenic characteristics underlying discogenic LBP are IVD 
inflammation and structural destabilization, as well as in-growth of sensory nerves that leads to 
hypernociception. Based on evidence suggesting benefits of dietary polyphenols in modulating 
diverse medical conditions, we explored the potential of developing dietary polyphenols for 
treating discogenic LBP. Excitedly, we observed that dietary supplementation with a select 
Bioactive Polyphenol-rich Dietary Preparation (BDPP) significantly reduced hypernociceptive 
responses in a rat model of painful disc degeneration. The majority of orally consumed 
polyphenols is extensively metabolized during gastrointestinal absorption and/or post-absorptive 
xenobiotic metabolism and is typically accumulated in target tissues as phenolic metabolite 
forms. We identified 30 phenolic metabolites that are biologically available following oral BDPP 
administration. To gather a better understanding of how BDPP may mechanistically modulate 
pain associated with disc degeneration, we investigated individual phenolic metabolites for their 
efficacy in modulating discogenic pathogenic mechanisms using primary cell cultures generated 
from either nucleus pulposus (NP) or annulus fibrosus (AF), which are the two major IVD 
structural-functional units. In initial studies, we tested the effects of phenolic metabolites in 
modulating TNFα-mediated induction of key genes known to associate with IVD inflammation, 
extracellular matrix degradation and neuron ingrowth. We identified multiple biologically 
available phenolic metabolites that protected against the induction of many targeted genes. 
Moreover, we found two biologically available phenolic metabolites that significantly interfere 
with mechanisms associated with IVD destabilization, IVD inflammation and IVD abnormal 
sensory nerve in-growth. Ongoing investigations are exploring bioactivities of individual 
biologically available phenolic metabolites in primary AF cell cultures. Outcomes from our 
investigation support further preclinical (and eventually clinical) development of polyphenols, in 
either dietary or pharmacologic applications, to simultaneously target multiple pathologic 
mechanisms underlying IVD degeneration and pain, which would improve the likelihood of 
therapeutic efficacy for treating discogenic LBP. 
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Abstract: Prior studies had shown that deep brain stimulation reduces responsiveness to pain. 
Previously we demonstrated that the non-invasive transcranial focal electrical stimulation (TFS) 
applied via tripolar concentric ring electrodes (TCREs) modified the release of GABA and 
glutamate. We further hypothesized that TFS modified the release of opioid peptides inducing 
analgesic effects. The main goal of the present study was to evaluate the analgesic effect of the 
non-invasive TFS applied via TCREs. We shaved the head of male Swiss-Webster mice 
weighting 25-30 g and daily habituated them to the manipulation during 5 days. One day after 
the last habituation, the TCREs of 6.0 mm diameter were positioned on the shaved scalp centered 
on the top of the head. Ten-20 electrode paste was used for skin-to-electrode impedance 
matching. TFS was applied through the outer ring (external diameter of 6.0 mm) to the central 
disc that consisted of 200 µs symmetrical biphasic square charge-balanced constant current 
pulses at 10 Hz and 50 mA for 2 min. Thereafter, animals were submitted to Haffner’s tail clip 
test 5 (TFS-5 group, n=7), 15 (TFS-15 group, n=12), 30 (TFS-30 group, n=7) or 45 min (TFS-45 
group, n=7) after the TFS. For each period of time, a control group (with the same number of 
animals of their respective TFS group) was manipulated as described above, except that TFS was 
not applied. The latency to the first attempt to remove the noxious stimulus for the tail was 
recorded. The control groups showed the following latencies: 3.14 ± 0.40, 3.25 ± 0.35, 2.85 ± 
0.50 and 3.28 ± 0.47 sec, respectively. TFS produced an increase in latencies (5 min 50%, 
p<0.05; 15 min 78%, p<0.0005; 30 min 75 %, p<0.02; 45 min, 0 %, p>0.05). In order to 
determine if opioid peptides caused the analgesic effect induced by TFS, we carried out an 
additional experimental group pretreated with naloxone (10 mg/kg, i.p., n=9) 15 min before TFS. 
Our results revealed that naloxone prevented the TFS-induced analgesic effect in this 
experimental group (0%, p>0.05). The results of the present study demonstrate that the non-
invasive TFS induces analgesic effects are mediated by opiate peptides. Further experiments are 
necessary to investigate the mechanisms by which TFS is able to activate endogenous opioid 
peptides. 
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Abstract: Evidence suggests that dynamic pattern of gene expression are important for the 
development of chronic pain states. We have previously shown that increase in expression of the 
gene FKBP5, an important regulator of the glucocorticoids receptor sensitivity, happened in the 
spinal cord in the early stages of ankle joint inflammation. While polymorphisms in FKBP5 are 
consistently associated with stress-related mood disorders, variants in FKBP5 influence the 
severity of pain symptoms experienced after trauma suggesting that FKBP51 could play a role in 
the development of chronic pain states. The aim of this project was to investigate the role of 
FKBP51 on pain processing. 
We used a behavioural and molecular approach. We compared nociceptive behaviour in FKBP5 
knock out (KO) and wild type (WT) mice and in mice that received (1) FKBP51 siRNA 
intrathecally or vehicle and (2) the FKBP51 antagonist SAFit2 (gift from Felix Hausch, MPI) or 
vehicle. Behaviour was measured in both acute and long-term pain states, including models of 
inflammatory and neuropathic pain. To assess mechanical sensitivity, Von Frey’s filaments were 
used. To explore the molecular effects of FKBP51 deletion, we used RTqPCR, measured blood 
corticosterone levels and measured the behavioural effects of the GR antagonist mifepristone 
(Sigma) administered intrathecally in and KO mice. 
Global deletion of FKBP51 did not affect acute nociception. However, FKBP51 KO mice, as 
well as mice that received FKBP51 siRNA intrathecally, showed reduced hypersensitivity in a 
number of chronic pain models. Crucially, the intrathecal injection of the specific FKBP51 



inhibitor, SAFit2, also reduced the severity of established pain states. Furthermore, motor 
functions were improved after SNI both in KO and in mice that received SAFit2 compared with 
WT and vehicle treated mice, respectively. Finally, KO mice had lower corticosterone levels 
than WT mice, in naïve and in persistent pain states, and showed impaired glucocorticoid 
signalling. 
In conclusion, our study showed that FKBP51 regulates chronic pain by modulating 
glucocorticoid signalling and is a suitable target for the treatment of long-term pain states, 
opening the way for the development of new therapeutic strategies. 
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Abstract: We designed this study to investigate curative effect and related neuronal mechanism 
of electroacupuncture (EA) on the reserpine-induced depression and pain in mice. Reserpine (1 
mg/kg) was administered subcutaneously once a day for 3 consecutive days to induce 
depression-like behavior and pain. EA stimulation (2 mA, 2 Hz, 30 min) was applied into the 
bilateral ST36 acupoints once daily for 5 days and von-Frey filament test, forced swimming test 
and open field test were performed. In order to determine the neuronal mechanism of EA, 
changes of hippocampal brain derived neurotrophic factor (BDNF) and vesicular monoamine 
transporter (VMAT) were examined by western blot analysis. Repeated EA stimulation 
significantly attenuated reserpine-induced mechanical allodynia. Additionally, increased 



immobility time of forced swimming test and reduced moving distance in open field test were 
recovered to the normal control level. In conclusion, results of this study suggested that the EA 
may be a good candidate to treat patients who have both depression and pain. 
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Abstract: Electroacupuncture(EA) has significant effect on acute pain for a long time, but it 
hasn't solved the clinical problem of long-term recurrent of pain after chronification of acute 
pain. Diffuse injury inhibitory controls (DNIC) refers to when noxious stimuli apply on a 
particular region of the body, the analgesic effect can be observed in any other region. It is now 
recognized as a reliable indicator to predict chronic pain events risk. In the present study, we 
determined whether EA can reverse impaired DNIC function of KOA during the process of 
chronification of acute pain and screen for the best EA frequency and intensity. Then we 
introduce of a variety of cannabinoid receptor knockout mice, to determine whether 
endocannabinoids CB1 or CB2R are involved in the mechanism underlying EA repairing DNIC 
function and inhibiting chronification of acute pain. In this study, we found that EA at 2Hz +1 
mA has the best effect on improving thermal hyperalgesia and mechanical allodynia and DNIC 
function of KOA mice, so we chose 2Hz +1 mA EA as the best EA frequency and intensity. We 
also found that knock out CB2R has no effect on DNIC function, but knockout of CB1R 
reversed both ananlgesic effect of EA on thermal hyperalgesia and mechanical allodylia and the 
improving effect of EA on DNIC function of KOA. Our data suggest that EA can enhance the 
function of endogenous cannabinoid system, and endocannabinoids CB1R rather than CB2R is 
involved in the mechanism underlying EA repairing DNIC function and inhibiting chronification 



of acute pain. Our study also provided a new theoretical basis and therapeutic strategies for 
clinical applications of EA treating chronification of acute pain. 
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Abstract: Today, the most important impediment to translating bioactive peptides into effective 
neurotherapies relies on their inability to bypass the blood-brain barrier (BBB), which shields the 
central nervous system from potential harmful substances. Among these viable peptide 
pharmaceuticals, the neurotensin (NT) peptide, which exerts its biological effects by interacting 
with two distinct G protein-coupled receptors termed as NTS1 and NTS2, has emerged as a 
promising non-opioid pain target. However, because NT and its minimal biologically active C-
terminal hexapeptide fragment (NT[8-13]) have a very short in vivo half-life and penetrate only 
poorly through the BBB, their use as therapeutics remains limited to central injections, thus with 
weak clinical outcomes. As a result, strategies improving NT peptide brain uptake following 
systemic administration represent promising avenues for effective management of pain. To this 
end, we used the Angiopep-2 (An2) ligand acting at LRP1 receptors, highly expressed at the 
BBB interface, as a Trojan horse approach to enhance NT[8-13] brain penetration. We first 
reported LRP1-dependent transport of 64Cu-radiolabeled An2-NT[8-13] conjugate across the 
BBB using PET-CT imaging following systemic injection. We also found that An2-NT[8-13] 
exhibited an improved metabolic stability compared to unconjugated NT[8-13], without 
interfering with binding and pharmacological activity of NT peptide. Importantly, intravenous 
(i.v.) or subcutaneous (s.c.) injection of An2-NT[8-13] was effective in reversing pain behaviors 
induced either by intraplantar injection of formalin into the right hind paw (formalin tonic pain 



model) or chronic constriction injury of the sciatic nerve (neuropathic pain). In parallel, we also 
monitored some physiological variables associated with NT action, including body temperature 
and blood pressure, and determined if An2-NT[8-13] induce adverse effects attributed to opioids. 
At the effective analgesic dose, systemic delivery of An2-NT[8-13] did not cause significant 
drop in blood pressure or change in body temperature. Furthermore, even at high doses, i.v. and 
s.c. An2-NT[8-13] did not produce constipation. Altogether, these results demonstrate that the 
brain-penetrant An2-NT[8-13] conjugate mediates relief of chronic pain after systemic 
administration and exhibits improved analgesia to side-effect ratios. This study opens the way to 
the creation of new chemical entities with highly modified versions of NT[8-13] that will favour 
increase plasma stability and selectivity towards NTS1/NTS2 to deliver safe and effective 
analgesics for patients suffering from chronic pain. 
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Abstract: The blood brain barrier (BBB) is the primary interface between the bloodstream and 
the brain parenchyma and represents a restrictive diffusion barrier for a large number of 
pharmaceutical drugs, including morphine and its active metabolite morphine-6-glucuronide 
(M6G). Indeed, despite its recognized analgesic action, only a small fraction of subcutaneous 
(s.c.) administered morphine reaches the brain. There is also compelling evidences suggesting 
that the antinociceptive potency of M6G and morphine are almost equally potent after systemic 
administration, whereas the analgesic potency of M6G has been shown to be 100-fold higher 
than morphine after intracerebral injection. However, the brain penetration of M6G is 
significantly lower than morphine, thus limiting its usefulness in pain management. Here, we 



created new chemical entities by the conjugation of the Angiopep-2 peptide (An2), a 19-amino 
acid peptide that crosses the BBB by LRP1 receptor-mediated transcytosis, with either morphine 
or M6G. The resulting new drug conjugates were then evaluated for their ability to penetrate the 
BBB, to exert superior analgesic activity compared to unconjugated molecules and to limit 
advert events, such as constipation. Using an in vivo brain perfusion paradigm, we first 
demonstrated improved brain uptake of these new chemical entities compared with that of 
unconjugated M6G and morphine. This increased BBB permeability was accompanied by an 
improvement in their analgesic efficacy in rat tail-flick assays. Indeed, intravenous (i.v.) 
administration of the An2-M6G conjugate exerted greater and more sustained analgesic activity 
than equivalent doses of either morphine or M6G. Likewise, i.v. or s.c. An2-morphine induced a 
time- and dose-dependent antinociceptive effect that was more prolonged when compared with 
unconjugated morphine. We finally assessed the effects of these new chemical entities on the 
gastrointestinal tract motility using the charcoal meal test in rats. While s.c. An2-morphine 
significantly reduced the intestinal transit time, s.c. An2-M6G exhibited a reduced constipation 
profile, as compared to morphine. In summary, we have developed new brain-penetrant opioid 
conjugates exhibiting improved analgesia to side-effect ratios. These results thus strongly 
support the use of An2 carrier peptides as an innovative BBB targeting technology to deliver 
effective drugs such as M6G for the management of pain. 
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Abstract: Chronic pain remains a large unmet clinical need due to limited efficacy of available 
therapies. Antisense oligonucleotides (ASOs) are stable single strands of DNA that bind to their 
complementary target RNA and direct its catalytic degradation through the action of RNase H, 
an endogenous enzyme present in most mammalian cells. Thirty years of ASO optimization has 



led to second generation ASOs with characteristics amenable to the treatment of 
neurodegenerative diseases and are currently being tested clinically. We aim to determine if 
inflammatory and neuropathic pain are amenable to treatment with ASOs. First, we set out to 
examine the distribution, suppression of target RNA, and duration of effect of ASO delivered via 
repeat subcutaneous injections or a single intrathecal (IT) bolus injection in areas involved in 
pain processing, namely the dorsal root ganglia (DRG), trigeminal ganglia and spinal cord. We 
have previously reported with systemic administration, robust reductions in target RNA in 
peripheral ganglia, but not the spinal cord. ASOs are soluble in cerebrospinal fluid (CSF) and are 
distributed throughout the CNS when administered intrathecally. We demonstrate here that IT 
administration of ASOs into the CSF is sufficient to reduce expression of target RNA throughout 
the rodent CNS, including spinal cord, trigeminal and DRG. Due to the remarkably long half-life 
of ASOs in the CNS, a single injection of ASO into the CSF led to reductions in target RNA that 
persisted for more than 2 months. Thus, by multiple routes of administration, ASOs are able to 
target the tissues involved in pain processing and ASO-mediated gene suppression may be a 
feasible treatment for various forms of pain. 
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Abstract: Pain is the most frequent complaint of burn-injured patients. Opioids are commonly 
used in the course of treatment. However, previous findings indicate that various opioids have 
differential effects despite being considered clinically comparable, and there is a lack of rodent 
studies that examine these differential effects on burn pain management. Here, we examined the 
ability of morphine, oxycodone, and hydrocodone to reduce pain in mice with a burn injury, as 
well as their ability to suppress the development of burn-induced hyperalgesia in both the injured 
and the non-injured foot. Mice were examined for their baseline pain sensitivity thresholds using 
the von Frey Filaments test. Then, they were subjected to burn or sham injury, and treated orally 
with morphine, oxycodone, hydrocodone (20 or 40 mg/kg), or saline twice daily for 28 days. 
Pain thresholds were re-tested on days 4, 7, 11, 14, 21, and 28 post-injury. Hyperalgesia was 
observed 4 days post-burn in the injured foot, and intensified with time. Additionally, 
hyperalgesia emerged in the non-injured foot starting at D21. In the injured foot, 20 mg/kg 
morphine and oxycodone had only minimal effects to reduce hyperalgesia, and 40 mg/kg did not 
significantly change pain sensitivity threshold. In contrast, both 20 and 40 mg/kg hydrocodone 
significantly decreased pain sensitivity in the injured foot starting at D11 and continuing through 
the end of the study. Surprisingly, none of the opioids, including hydrocodone, significantly 
reduced the development of hyperalgesia in the non-injured foot of the injured animals at any 
timepoint. This study demonstrated that hydrocodone is effective in suppressing the development 
of burn-induced hyperalgesia at the injury site; but that none of the drugs showed efficacy 
blocking hyperalgesia development on the contralateral side. These findings support the idea that 
various opioids with similar acute analgesia effects have varied efficacy to block and/or treat 
long-term aberrant pain development, and underscore the need for additional studies on the 
differences among various opioids using clinically relevant pain models. 
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Abstract: Cancer progression and pain result from shared pathways that involve chronic 
inflammation. Resolvin D-series are endogenous lipid mediators derived from omega-3 fatty-
acid that exhibit acute anti-inflammatory actions. Omega-3 fatty-acid has been shown to inhibit 
cancer proliferation. Resolvin D-series inhibit both inflammatory pain and neuropathic pain in 
mice models. We therefore hypothesized that resolvin D-series (resolvin D1 and resolvin D2) 
can inhibit cancer growth and pain in oral cancer. We examined the direct effect of resolvin D1 
and resolvin D2 on proliferation of an oral cancer cell line (HSC-3). To study the effect of 
resolvin D-series in vivo we used a cancer supernatant model by injecting HSC-3 supernatant 
into the mouse tongue, and two tumor models by inoculating HSC-3 cells into the tongue or right 
hind paw of mice. Supernatant- or cancer-induced inflammation was measured using flow 
cytometry. Paw mechanical sensitivity was tested with an electronic von Frey device and thermal 
sensitivity was measured using a Hargreaves’ test. Mechanical sensitivity in the tongue was 
tested using a gnawing device. Facial allodynia was measured using von Frey filaments. Tumor 
size was measured using a plethysmometer. We found that both resolvin D1 and D2 reduced 
HSC-3 proliferation in a dose-dependent manner in vitro. In the supernatant model resolvin D2 
reduced gnawing time in mice, accompanied by reduced inflammation. In the paw cancer model, 
resolvin D1 treatment significantly increased paw withdrawal latency to thermal stimulation in 
cancer mice, with no obvious effect on cancer induced mechanical allodynia. Resolvin D2 
treatment significantly increased mechanical thresholds in paw cancer mice at week three 
following HSC-3 inoculation compared to PBS treated cancer mice. However, this inhibitory 
effect was gone when tumor growth escalated at week four. Paw size was smaller in resolvin D2 
treated cancer mice, compared to PBS treated controls. In the tongue cancer model, both resolvin 
D1 and D2 treatments reduced gnawing time at week three, but not at week four. Resolvin 
treatment did not reduce facial allodynia in mice with tongue cancer. No difference in 
inflammation was observed at week four following HSC-3 inoculation between the resolvin D2 
and PBS treatment groups. Our finding suggests that resolvin D-series may be analgesic for 
acute cancer pain. 
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Abstract: Optogenetics has been established as a powerful tool to study the central and 
peripheral nervous systems with its potential for directly treating human disease tantalizingly on 
the horizon. Optogenetic inhibition of pain in mice has been shown to be effective and provides 
an attractive initial application. We aim to translate this approach to treat neuropathic pain in 
humans. The novel blue-light activated chloride ion channel, iC++, was packaged into AAV 
serotype 6 and tested in the chronic constriction injury (CCI) mouse model of neuropathic pain. 
The AAV was delivered by nerve injection after the injury and onset of pain to better replicate 
the clinical time course. Two weeks after injection, we observed that transdermal delivery of 
blue light could inhibit mechanical allodynia, presumably through hyperpolarization of nerve 
endings by an intracellular chloride flux. Notably, the observed pain inhibition was more robust 
for iC++ than observed with the yellow-light activated chloride pump, NpHR. We next tested a 
novel surgical approach to deliver the iC++. Transforaminal epidural injection is a common 
clinical procedure used to deliver steroids adjacent to the dorsal root ganglia (DRG) for treating 
disc herniation pain. The approach has recently been modified to deliver AAV directly to the 
DRG in large animals and therefore provides an attractive method to restrict gene therapy to the 
target cells in neuropathic pain. Intraganglionic injections of AAV5 expressing iC++ were made 
at L4 and L5 spinal levels in rats with preexisting neuropathic pain. Three weeks after vector 
delivery, we observed transdermal light mediated inhibition of mechanical and thermal allodynia 
in two different models of neuropathic pain i.e. the tibia fracture/cast immobilization model of 
Complex Regional Pain Syndrome (CRPS) and the CCI model. Functional pain inhibition was 
observed up to 12 weeks at which point animals were sacrificed for histology. Interestingly, cell 
type characterization revealed transduction of multiple sensory neuron types with a trend for 
higher numbers of iC++ expression in large NF200 positive cells, that have been implicated in 
mediating mechanical allodynia. Taken together, our results confirm optogenetic therapy for 
neuropathic pain as a potentially attractive clinical application of this technology. 

Disclosures:  C. Towne: None. S. Khan: None. C. Discenza: None. A. Arguello: None. J. 
Aguado: None. T. Galfin: None. M. Kaplitt: None. 



Poster 

145. Treatments for Persistent Pain 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 145.16/AA7 

Topic: D.02. Somatosensation: Pain  

Title: Monoclonal antibodies that block the binding of artemin to GFRα3 significantly attenuate 
nociceptive responses in two mouse models of joint pain 
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Abstract: Artemin is a member of the glial-derived neurotrophic factor (GDNF) family of 
growth factor ligands (GFLs). It binds with high affinity to the GFL family receptor GFRα3. 
Upon binding to artemin, GFRα3 forms a complex with the RET tyrosine kinase receptor, 
leading to activation of intracellular signaling. GFRα3 is preferentially expressed in sensory and 
sympathetic neurons of the peripheral nervous system, and has been implicated in the initiation, 
sensitization, and maintenance of nociceptive responses. We generated high affinity mouse and 
human monoclonal antibodies against GFRα3 that prevent artemin binding, and have used these 
antibodies in two mouse models of joint pain. In the DMM (Destabilization of the Medial 
Meniscus) model of osteoarthritic-like pain, knees of adult male C57Bl/6 mice were surgically 
destabilized. Sixteen weeks after surgery, mice exhibited significant tactile allodynia, measured 
using Von Frey Hairs, and marked development of knee joint osteophytes, evaluated by µCT 
scan. Both mouse and human monoclonal antibodies against GFRα3 prevented and reversed 
tactile allodynia in this model. Administration of anti-GFRα3 did not appear to be disease-
modifying, because withdrawal of antibody treatment restored the allodynic response. In 
addition, knee joint osteophyte burden was similar for animals treated with anti-GFRα3, PBS, or 
an isotype control antibody. A second model of joint pain, the intra-articular CFA (Complete 
Freunds’ Adjuvant) model, was also used to evaluate the efficacy of anti-GFRα3. In this model, 
CFA was injected into the knee joint of adult male C57Bl/6 mice and nociceptive responses were 
evaluated for 5 weeks. Anti GFRα3 significantly prevented both tactile allodynia and thermal 
hyperalgesia (evaluated with the Hargreaves’ Test) in this model. Knee joints were collected at 
the end of the experiment and inflammation was scored by a blinded evaluator using a subjective 
rating scale. No differences were observed among the treatment groups in inflammation scores, 
suggesting that the antibody reduced nociceptive responses without reducing CFA-induced 
inflammation. Our data suggest that inhibition of artemin binding to GFRα3 may be efficacious 
against chronic joint pain. 
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formalin-induced nociception: An isobolographyc analysis 
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Abstract: It is considered that natural products used in folk medicine can potentiate the effect of 
drugs. The aim of this study was to evaluate the pharmacological interaction between ethanolic 
extract of Rosmarinus officinalis, a traditional medicinal plant to treat pain, and the analgesic 
ketorolac. Individual concentration-response curves of the antinociceptive effect of these 
compounds were built to calculate the EC50, as well as the pharmacological interaction, by using 
isobolographic analysis in the formalin test. All treatments decreased significantly and in a 
concentration-dependent manner the biphasic nociceptive behavior with EC50 values of 
11.9 ± 1.5, for Rosmarinus officinalis and ketorolac respectively. An isobolographic analysis 
allowed the characterization of the pharmacological interaction produced by a fixed ratio 
combination of 1 : 1 of equi-effective doses of these compounds. Theoretical antinociceptive 
EC50 value of Rosmarinus officinalis+ketorolac was 21.1 ± 1.1  mg/paw, this value was 
statistically different from those obtained experimentally (5.6 ± 0.5  mg/paw), reporting a 
synergic interaction. These results provide evidence that this medicinal plant could be useful to 
treat inflammatory pain. 
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Title: Novel indole-like Trk receptor inhibitors as potential therapeutics for pain and cancer 
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Abstract: The tropomyosin receptor kinase (Trk) family consists of three members - TrkA, TrkB 
and TrkC, which are tyrosine kinase receptors of neurotrophins. The activation of Trk receptors 
by their ligand neurotrophins triggers intracellular signal cascades needed for the survival, 
differentiation and functioning of many neural cells. However, TrkA is responsible for 
nociceptor sensitization after tissue injury leading to acute or chronic pain. In addition, Trk 
kinases have been implicated in the development of some tumor types, including the ability of 
TrkB to suppress anoikis, a type of apoptosis important in prevention of metastasis. For this 
reason, we conducted a study to find novel inhibitors of Trk receptors and characterize them 
using biochemical and cellular assays. First, a virtual screening was made for new TrkA receptor 
antagonists targeting the ATP-binding pocket. Based on these results, a selection of compounds 
were assessed for their antagonistic activity against Trk receptors using cellular and biochemical 
assays. Thereafter, based on the structure-activity relationships (SAR), a series of sulfonamide 
derivates of indoles were designed and synthesized. The best TrkA inhibitor of this selection had 
a biochemical IC50 of 3.7 nM and a cellular IC50 of 10.0 nM. Similar results were obtained for 
TrkB and TrkC, which is expected as the ATP-binding pockets of Trk proteins are highly 



similar. No effect on cell viability of these compounds was observed for cortical neurons. 6 
potent TrkA inhibtors were also used for in vitro kinase profiling. At 100 nM concentration the 
compounds were relatively TrkA specific, inhibiting up to 3 off-target kinases. In conclusion, we 
have described a selection of novel potent and selective Trk inhibitors. 
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Abstract: Stimulation of the dorsal root ganglion (DRG) by electrical fields (i.e. ganglionic field 
stimulation, GFS) has been shown to be effective in relieving clinical pain, including that 
associated with nerve injury. However, its mechanism has not been explored. We therefore 
developed and tested a rat model that replicates clinical GFS, in order to identify if quantifiable 
analgesic effects were present in the context of neuropathic pain. GFS at the lumbar 4 level was 
applied with a chronically inserted bipolar electrode using parameters replicating clinical use 
(continuous stimulation at 20Hz, 150µs pulse width, and amplitude just below motor threshold). 
Neuropathic pain was generated by tibial nerve injury (TNI). Pain behavior was monitored by 
determining the threshold for withdrawal from punctate mechanical stimulus, by identifying 
hyperalgesic responses to noxious mechanical stimulus, and by hypersensitivity to cold. The 
affective dimension of pain was measured by conditioned place preference (CPP). We found that 
electrode insertion caused no behavioral evidence of pain and produced no histological evidence 
of DRG damage. Hyperalgesia, allodynia, and hypersensitivity to cold induced by tibial nerve 
injury were reversed during GFS, and allodynia remained diminished for 15min after GFS. CPP 
showed that GFS was not rewarding in uninjured control animals but was rewarding in animals 
subjected to TNI, which reveals analgesic efficacy of GFS for spontaneous pain. We conclude 



that GFS relieves neuropathic pain in rats. This model may provide a platform for identifying 
mechanisms and novel applications of GFS. 
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Abstract: Introduction: Neuromodulation of selected cranial nerves with electrical signals has 
been used for migraine and pain from trigeminal sources, with cutaneous electrical stimulation of 
cranial nerve V, or invasive cuff stimulation of the vagus (X). These procedures are 
disadvantageous in that (1) pain often arises from sources other than those served by cranial 
nerves V and X, (2) long-term electrical stimulation injures the skin, and is often noxious, and 
(3) invasive vagal stimulation poses multiple risks. We evaluated concurrent activation of cranial 
nerves 5, 7, 9, 10 and cervical nerves C2, and C3 using only afferent fibers reaching the 
cutaneous surface, and using mechanical vibration, not electricity, to alleviate pain. Methods: 
Eighteen adults, aged 22-76 years, diagnosed with moderate-to-severe migraine or severe 
trigeminal neuropathic pain by a UCLA neurologist or pain physician, had silicon impressions 
taken of the external auditory canals with adjacent portions of the auricle, after which vibration 
motors were installed within the impressions to activate the auricular branch of the vagus (X), 
and the IXth, VIIth, and Vth cranial nerves, as well as C2 and C3 sensory nerves. Subjects with a 
pain attack were exposed to 10 minutes of no vibration, 25 minutes of high-frequency 
mechanical vibration, and a 10 minute recovery period while instrumented with O2 saturation, 
ECG, and respiratory sensors. Pain levels on a 0 to 10 scale were scored before and after 



stimulation. Results: Of 18 subjects, 17 showed reduction in reported pain, and one showed no 
change. In some cases, the pain reduction was substantial (e.g., on a pain scale of 0 to 10, where 
10 is so severe that the subject is at risk to go unconscious, 10 to 2 on one subject, 9 to 0 on two 
subjects, 8 to 0, 8 to 1, and 8 to 2 on three additional subjects). The mean before-after levels 
significantly differed (p < 0.0001, paired t-test). The most prominent side effect was a marked 
tendency to fall into quiet sleep, followed quickly by rapid eye movement sleep. Repeated 
sessions in a subset of patients resulted in increased time between migraine attacks, and 
diminished initial pain with subsequent attacks.Conclusions: The procedure offers a non-
invasive, drug-free, and inexpensive means to address migraine and trigeminal neuropathy pain, 
with minimal side-effects. The process likely depends on the common projection of the cranial 
and cervical nerve receptors to the descending nucleus of V, but likely also involves insular and 
thalamic circuitry, since a progressive improvement in pain perception, i.e., “learning” occurs. 
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Title: Endocannabinoid enzyme inhibition synergistically potentiates the antiallodynic effects of 
gabapentin and diclofenac in mice 
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Abstract: Neuropathic pain is characterized by altered nerve function that often presents as 
allodynia, the painful perception of non-noxious stimuli. Neuropathic pain is commonly treated 



with steroids, non-steroidal anti-inflammatory drugs (NSAIDs), or GABA analogues. However, 
in addition to the well-known side effects of steroids, NSAIDs also cause gastrointestinal 
inflammation and increased risk of cardiac events. GABA analogues, such as gabapentin, are 
commonly prescribed for nerve pain but also cause dizziness, sedation, and gait disturbance. 
Similarly, inhibition of the endogenous cannabinoid enzyme monoacylglycerol lipase (MAGL) 
has analgesic and anti-inflammatory properties, but also induces sedation at high doses. In order 
to limit these side effects, the present study investigated the analgesic effects of coadministering 
a MAGL inhibitor with either an NSAID or gabapentin. Mice were subjected to the chronic 
constriction injury (CCI) model of neuropathic pain and then administered the MAGL inhibitor 
JZL184 (1-40 mg/kg, i.p.) and the NSAID diclofenac sodium (1-100 mg/kg, i.p.), separately or 
in combination. A second cohort of CCI-treated mice was administered the MAGL inhibitor or 
KML29 (1-40 mg/kg, i.p.) and the GABA analogue gabapentin (1-50 mg/kg, i.p.), separately or 
in combination. Mice were tested for mechanical allodynia and acetone-induced cold allodynia. 
Dose addition analyses revealed that combined, low dose JZL184 and diclofenac synergistically 
attenuated mechanical allodynia and had an additive interaction in reducing cold allodynia. 
Similarly, the combination of low dose KML29 and gabapentin had an additive interaction in 
attenuating mechanical allodynia and a synergistic interaction in reducing cold allodynia. In 
order to assess receptor mechanism, the selective cannabinoid receptor 1 (CB1) antagonist, 
rimonabant (3 mg/kg, i.p.) or the selective cannabinoid receptor 2 (CB2) antagonist, SR144528 (3 
mg/kg, i.p.) was administered prior to the JZL184/diclofenac or KML29/gabapentin 
combination. Rimonabant, but not SR144528, reversed the analgesic effects of the 
JZL184/diclofenac combination and partially reversed the analgesic effects of the 
KML29/gabapentin combination in mechanical allodynia. Neither antagonist blocked analgesia 
in cold allodynia, indicating that CB1 activation may be relatively more involved in attenuating 
sensitivity to mechanical stimuli. These data support the strategy of combining MAGL inhibition 
with commonly used analgesics as a therapeutic approach for attenuating neuropathic pain. 
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Abstract: Pain represents a frequent symptom of facial cancer and occurs in many ways, such as 
evoked and ongoing pain, characterized by very poor analgesic management. There is mounting 
evidence that endothelins participate in different aspects of pain in some types of cancer. 
Considering their well characterized role in trigeminal nociceptive transmission, the current 
study aimed to evaluate the participation of endothelins in evoked and non-evoked pain in a 
model of facial cancer. All experiments were conducted in Male Wistar rats and were previously 
approved by UFPR’s Committee on the Ethical Use of Animals (authorization # 654). Facial 
cancer was induced by inoculating a suspension of Walker-256 cells into the rat’s right vibrissal 
pad. To assess the influence of endothelins in evoked pain, facial heat hypersensitivity was 
assessed on day 6 after tumor cell inoculation, before and at 30 min and 1h-intervals after the 
subcutaneous administration of BQ-123 and BQ-788 (ETA and ETB receptor antagonist, 
respectively, at 30 µg/50 µL, right upper lip), alone or in combination, or Bosentan (mixed 
endothelin ETA/ETB receptor antagonist, at 100 or 300 mg/kg, p.o., and at 10 or 30 µg/50 µL, 
right upper lip). To assess the influence of endothelins in ongoing pain, spontaneous grooming 
and the conditioned place preference (CPP) paradigm was performed in tumor-bearing rats after 
treatment with BQ-123, BQ-788, alone or in combination, or Bosentan. Heat hypersensitivity 
related to facial tumor was unchanged by BQs, alone or in combination. However, a single 
administration of Bosentan, at 300 mg/kg and at 30 µg/50 µL, reduced heat hypersensitivity on 
day 6 after tumor cell inoculation. Additionally, BQs, alone or in combination failed to modify 
the spontaneous grooming, while Bosentan at 100 mg/kg and 30 µg/50 µL, reduced the 
spontaneous grooming induced by the inoculation of tumor cells. Systemic, but not local, 
treatment with Bosentan at 100 mg/kg was also able to induce conditioned place preference on 
tumor-bearing rats, but not in the control group. This study provides evidence that endothelin 
may participate on the development of evoked and ongoing pain associated with facial cancer. A 
systemic lower dose of Bosentan was able to control non-evoked pain compared to evoked pain, 
suggesting a systemic better efficacy of the drug on ongoing pain management, which increases 
the relevance of this pharmacological target. Acknowledgements: We thank the financial support 
from CAPES and CNPq. 
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Abstract: Background: Pain has been reported to be among the most common symptoms in 
patients with cancer. It has been reported that 90% of patients with end-stage cancer experience 
pain. Management of cancer pain with opiates is a challenge due to their side effects and 
development of tolerance. Studies have shown that co-administration of mµ opioid receptor 
(MOR) agonist and a metabotropic glutamate receptor-5 (mGluR-5) antagonist reduced the 
tolerance and dependence of morphine as well as augmented its analgesic properties. This 
finding and reported evidence for MOR-mGluR5 heteromers in cultured cells led to the 
development of MMG22, that contains both mµ agonist and mGluR-5 antagonist joined by a 22-
atom spacer. Intrathecal administration of MMG22 potently reduced mechanical hyperalgesia in 
a mouse model of bone cancer pain and was ~1000x more efficacious than morphine via i.t. 
administration. In this study, we determined the efficacy of MMG22 given subcutaneously (s.c), 
and whether analgesic tolerance developed by this route of administration. 
Methods: Adult male C3H/He mice were used. Fibrosarcoma cells were injected into and around 
the calcaneus bone in one hind paw. Mechanical hyperalgesia was defined as an increase in the 
frequency of paw withdrawal (PWF) evoked by application of a von Frey monofilament (3.9 mN 
bending force) applied to the plantar surface of the hind paw. PWF was determined before 
implantation of cancer cells into the calcaneus bone of the hind paw, and before and at 30, 60 
and 120 mins post-injection of either MMG22 or morphine on post-cancer cell injection day 
(PID) 3, 10, 17 and 24. Compounds were administered s.c. to determine peak time effects and 
ED50/80s were calculated. 
Results: MMG22 produced dose-dependent antihyperalgesia. On PID 3, the ED50 for MMG22 
was 0.36mg/kg) and was 6.23 times more potent than morphine. The ED50 dose decreased with 
tumor growth. ED50 doses were 0.15 mg/kg and 0.004 mg/kg on PID 10 and 17; these were 14.9 
and 560 times more potent than morphine (ED50: 2.24 mg/kg), respectively. On PID 24 the ED50 
dose for MMG22 was 0.002 mg/kg, 1120 times more potent than morphine. The peak time of 
antihyperalgesia following MCC22 was 60 minutes after injection for all doses. Importantly, 



unlike morphine MMG22 exhibited no tolerance to its antihyperalgesic effects, and appeared to 
increase in potency over the time course. 
Conclusions: MMG22 potently attenuated hyperalgesia in a murine model of cancer pain when 
administered s.c. and, unlike morphine, showed potentiation as tumor growth progressed without 
tolerance. Therefore, MMG22 may be useful for treating cancer pain as well and other pains that 
are difficult to manage. 
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Abstract: We have previously shown that our behavioral pain panel, ALGOGramTM, can 
provide a rapid and predictive evaluation of various reference drugs classically used in clinical 
pain practice. In this sense, ALGOGramTM appears to be a valuable screening tool for a broad 
range of analgesic activity when used in a signal detection exercise. In order to investigate the 
level of sensitivity of ALGOGramTM, we have utilized it to detect the synergistic effect of 
combined Morphine and Acteminophen. 
Material and methods: ALGOGramTM is a battery of 11 validated animal models/tests 
spanning a broad range of pain areas (acute and tonic pain, neuropathic pain, inflammatory pain, 
post-operative pain, and visceral pain). The concept is an assessment of efficacy based on a 
group size of n=4 rats/model/test, thus providing a general pharmacological profile while 
reducing costs; assays/tests are run in parallel, thus minimizing timelines. To investigate the 
level of sensitivity of ALGOGramTM, a well-known synergy used in clinical pain practice 
between Morphine and Acetaminophen was evaluated in the 11 pain models / tests (models: 
CCI, oxaliplatin, carrageenan, kaolin, post-operative and TNBS; tests: paw pressure, tail flick, 
writhing and formalin). Behavioral and acute toxicity were also evaluated (modified Irwin grid). 
Results are expressed for each group as a percentage of activity for each model/test calculated 



from the mean value of the vehicle-treated animals from our 9 year-historical database.  
Results: Used at sub-threshold doses as determined in earlier fully-powered studies, Morphine 
(0.3 mg/kg, s.c.) and Acetaminophen (100 mg/kg, p.o.) did not show activity in any of the 
different somatic pain models. In contrast, animals co-administered both inactive doses of 
Morphine and Acetaminophen exhibited significant pain relief in post-operative and neuropathic 
pain (CCI) models. Profiles obtained with n=4 animals in the ALGOGramTM were in line with 
those generated in various and repeated fully-powered studies as well as those described in the 
literature. 
Conclusion: ALGOGramTM provides a rapid and predictive evaluation of investigational 
compounds in 11 different pain models/tests, enabling their prioritization for fully-powered 
studies. Shortened timelines and reduced costs are possible due to small group sizes that are run 
largely in parallel. ALGOGramTM may prove to be useful in a signal detection exercise for a 
broad range of potential analgesic activity and appears to be sufficiently sensitive to demonstrate 
synergistic effects. 
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Abstract: Approximately 30% of adults worldwide experience some form of chronic pain 
(Elzahaf Curr Med Opin 2012 28:1221). Although an excitatory imbalance between glutamate 
and GABA signaling likely occurs in brain regions that process pain (Phillips Best Pract Res 
Clin Rheumatol 2011 25:141), little is known about how this imbalance affects other 
neurochemicals within these regions of interest. Within the brain, glutamate (Glu) is the main 
excitatory neurotransmitter, and GABA is the main inhibitory neurotransmitter. One brain region 



of interest in regards to pain processing is the insula, which plays a role in the 
sensory/descriptive and affective/motivational components of pain processing (Craig Nat Rev 
Neurosci 2002 3:655). To test the hypothesis that increased glutamate and increased GABA 
within the insular cortex differentially alter levels of neurochemicals within the insula, L-trans-
Pyrrolidine-2,4-dicarboxylic acid (PDC; an excitatory amino acid uptake inhibitor that increases 
endogenous levels of Glu and Asp) or nipecotic acid (NPA; a GABA uptake inhibitor that 
increases endogenous levels of GABA) were administered to the insula via reverse dialysis. 
Administration of PDC or NPA to rat insula has been shown to increase or decrease, 
respectively, hyperalgesia and allodynia (PW105 2014 Abstract Viewer/Itinerary Planner. IASP, 
Online). The perfusate from the outlet of the microdialysis probe was collected in 15 µL aliquots 
for separation and analysis by liquid chromatography with tandem mass spectrometry. Samples 
were analyzed for concentrations of acetylcholine (ACh), taurine, histamine, serine, glutamine, 
aspartate (Asp), glycine (Gly), glucose, Glu, GABA, adenosine (Ado), phenylalanine (Phe), 
tryptophan (Trp), octopamine (Oct), serotonin, L-dopa, norepinephrine (NE), tyramine (TyrA), 
and dopamine. Compared to Ringer’s control, dialysis with 100 µM PDC (n=2) increased levels 
of Glu, Asp, Gly, NE, Phe, Trp, and Oct by (%±sem) 281±78, 443±192, 157±50, 199±80, 
314±59, 210±46, and 254±86, respectively. Dialysis with 100 µM NPA (n=2) increased levels of 
GABA, ACh, TryA, and DA by 410±159, 160±37, 222±112, and 244±120, respectively. NPA 
also decreased levels of Ado to 69±16% of control. Ongoing studies involve determining if the 
observed changes can be replicated in a larger sample population. Future studies will investigate 
what role, if any, these differential changes in neurochemicals induced by increased Glu or 
increased GABA play in pain processing. Future studies will also investigate whether decreasing 
endogenous levels of GABA within the insula has similar effects on insular neurochemicals as 
increasing Glu within the insula. 
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Title: Buprenorphine-induced antinociception varies as a function of leptin status in obese mice 
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Abstract: Obesity and leptin are associated with increased reports of pain, and many studies 
note that leptin alters nociception (Neuroscience 275: 531, 2014). Buprenorphine is a mu opioid 
receptor agonist and kappa opioid receptor antagonist that produces antinociception. In normal 
weight subjects, buprenorphine has a ceiling effect for respiratory depression. Recent data 
suggest that in obese mice leptin modulates buprenorphine-induced respiratory depression 
(FASEB J. 30: 717.1, 2016). The present study is testing the hypothesis that leptin status also 
influences the antinociceptive effects of buprenorphine. The dependent measure was tail flick 
latency (TFL) in s for mouse-initiated tail removal from a 49oC water bath. Independent 
variables were intraperitoneal administration (0.3 mL) of saline (control) or buprenorphine (0.3 
mg/kg). Subjects were normal weight C57BL/6J (B6) mice (n=8) and three groups of obese mice 
including B6 mice with diet-induced obesity (DIO) (n=7); B6.BKS(D)-Leprdb/J (db/db) mice 
with dysfunctional leptin receptors (n=8); and B6.Cg-Lepob/J (ob/ob) mice that lack leptin (n=8). 
All DIO mice were males and each of the three other groups included male (n=4) and female 
(n=4) mice. Two-way ANOVA ignoring sex and using TFL values averaged for each mouse 
revealed that TFL varied significantly as a function of drug (F(1,27)=9.32; P=0.0050) and mouse 
line (F(3,27)=9.58; P=0.0002). Bonferroni multiple comparisons test indicate that before 
buprenorphine administration the only statistically significant difference in mean TFL was 
between db/db (4.39s) and DIO (2.71s) mice. Buprenorphine increased TFL in all four groups of 
mice. After buprenorphine administration, Bonferroni multiple comparisons test indicated that 
TFL of db/db mice (5.59s) was significantly greater than TFL of B6 (3.73s), ob/ob (3.69s), and 
DIO (3.69s) mice. Small sample sizes of male and female mice precluded statistical evaluation of 
sex-dependent differences in buprenorphine effects on nociception. The average percent 
differences in TFL between male and female mice after receiving buprenorphine were B6 
(2.95%), db/db (2.82%), and ob/ob (18.1%). Ongoing studies will increase sample sizes enabling 
statistical evaluation of potential sex-dependent differences in antinociceptive behavior. 
Considered together, the ANOVA and Bonferroni results support the conclusion that the 
antinociceptive effect of buprenorphine in these congenic mouse lines varies with obesity and 
leptin status. 
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Title: Targeting putative mu opioid/chemokine ccr5 heteromers potently reduces hyperalgesia in 
a mouse model of sickle cell disease 
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Abstract: Background: Pain is a common characteristic of sickle cell disease (SCD), one of the 
world's most prevalent inherited diseases. Opioids have been the mainstay treatment to manage 
pain in SCD but pose a serious challenge attributed to the many adverse side effects, including 
tolerance and dependence. Since analgesics typically used to treat pain in SCD appear to loose 
efficacy upon chronic use, there is a need for new pharmacological agents to treat chronic pain. 
MCC22 was designed to specifically target the putative mu opiate receptor (MOR)-CCR5 
receptor heteromer as there is evidence for crosstalk between MOR and CCR5 in cultured cells 
that reduces the efficacy of opioid analgesics employed in SCD. MCC22 contains both mu 
agonist and chemokine CCR5 antagonist pharmacophores that are linked through a 22-atom-
spacer. Since SCD is an inflammatory disorder where activated microglia and chemokines are 
important for the generation of pain, we investigated whether MCC22 would decrease 
hyperalgesia in sickle mice. Here we reveal that MCC22 is highly effective as an analgesic in a 
mouse model of SCD. 
Methods: Townes transgenic mice expressing sickle hemoglobin (HbSS/HbAS) and normal 
hemoglobin (HbAA) controls were used in this study. Hyperalgesia was quantified by 
determining the frequency of withdrawal responses evoked by a von Frey monofilament with a 
bending force of 9.3 mN applied to the plantar surface. To evaluate the analgesic effects of 
MCC22, paw withdrawal frequency (PWF) was determined before and at various times after 
intraperitoneal (ip) administration of 10 mg/kg. 
In correlative electrophysiology studies in vivo, we determined the effects of MCC22 on 
responses of identified nociceptive dorsal horn neurons. Responses evoked by von Frey 



filaments with bending forces of 9.3 and 135.3 mN before and after administration of vehicle and 
MCC22 (10 mg/kg ip). 
Results: HbSS sickle mice exhibited robust mechanical hyperalgesia as shown by an increase in 
PWF compared to HbAS and HbAA controls (p<0.001). PWF in HbAS mice was also greater 
than in HbAA mice (p<0.001), but less than HbSS mice. Administration of MCC22 8.0 mg/kg ip 
reduced hyperalgesia within 30 minutes as evidenced by a decrease in PWF in both HbSS and 
HbAS mice (p<0.001). Similarly, this same dose of MCC22 potently reduced evoked responses 
of dorsal horn neurons in HbSS at 15, 30 and 60 minutes after administration. 
Conclusions: MCC22 potently decreased mechanical hyperalgesia in sickle mice and reduced 
evoked activity of nociceptive spinal neurons. The use of bivalent ligands that target heteromers 
involved in signaling pain may offer a novel and effective approach for treating pain in SCD. 
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Abstract: Neuropathic pain is a chronic condition caused by damage in the peripheral or central 
nervous system. This type of pain is characterized by hyperalgesia and allodynia. The therapeutic 
in this condition is a serious problem because the polytherapy is necessary in most cases. 
Actually, drugs than use in neuropathic pain treatment in clinical practice are opioids, 
anticonvulsivant, antidepressant or NSAIDs combination. Unfortunately, the analgesic efficacy 
of such drugs is often not satisfactory for tolerability problems like gastrointestinal side effects 
such as nausea, vomiting and constipation. On the other hand, cytidine-5’diphosphocholine 
(CDP-choline) and magnesium sulfate (MgSO4) have been reported as neuroprotective agents 
for ischemic conditions, and these can reduce inflammatory cytokines. The purpose of this study 
was to evaluate the effect of cytidine-5’diphosphocholine (CDP-Choline) and magnesium sulfate 
(MgSO4) in both spinal nerve ligation and formalin models. We evaluated dose-response curves 



for intraperitoneal (i.p.) administration of CDP-Choline (5, 10, 50, 100 mg/kg) and MgSO4 (5, 
10, 50, 100 mg/kg). Experiments were performance using male Wistar rats on weight 120-140 g, 
calibrated nylon Von Frey filaments were used to determine the mechanical sensitivity threshold 
for nociception, allodynia was evaluated by the up-down method of Dixon and Chaplan. In 
addition, animals (200-250 g) received an i.p. injection 10 min before formalin injection into the 
dorsal surface of the right hind paw. Our results suggest that CDP-choline and MgSO4 reduced 
the nociception and neuropathic pain in rats. 
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Abstract: Neuropathic pain is associated with impaired inhibitory control of spinal dorsal horn 
neurons, which are involved in processing pain signals. The metabotropic GABAB receptor is an 
important component of the inhibitory system and is highly expressed in primary nociceptors and 
intrinsic dorsal horn neurons to control their excitability. Activation of GABAB receptors with 
the orthosteric agonist baclofen effectively reliefs neuropathic pain but is associated with severe 
side effects that prevent its widespread application. The recently developed positive allosteric 
GABAB receptor modulators lack most of these side effects and are therefore promising drugs 
for the treatment of pain. Here we tested the high affinity positive allosteric modulator rac-BHFF 
for its ability to relief neuropathic pain induced by chronic constriction of the sciatic nerve in 
mice. rac-BHFF significantly increased the paw withdrawal threshold to mechanical stimulation 
in healthy mice, indicating an endogenous GABABergic tone regulating the sensitivity to 
mechanical stimuli. Surprisingly, rac-BHFF displayed no analgesic activity in neuropathic mice 
although GABAB receptor expression was not affected in the dorsal horn as shown by 



quantitative receptor autoradiography. However, activation of spinal GABAB receptors by 
intrathecal injection of baclofen reduced hyperalgesia and its analgesic effect was considerably 
potentiated by co-application of rac-BHFF. These results indicate that under conditions of 
neuropathic pain the GABAergic tone is too low to provide a basis for allosteric modulation of 
GABAB receptors. However, allosteric modulators would be well suited as an add-on to reduce 
the dose of baclofen required to achieve analgesia. 
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Abstract: Improved treatment for pain is a significant unmet medical need. Voltage-gated 
sodium channels are responsible for the generation and conduction of action potentials in the 
peripheral nociceptive neuronal pathway where the voltage-gated sodium channel 1.7 (NaV1.7) 
has a critical role. Human loss-of-function mutations in the SCN9A gene, which encodes 
NaV1.7, result in congenital indifference to pain (Ruitenberg et. al., 2012). Thus, NaV1.7 is a 
target of interest for the development of analgesic compounds. In order to test the effect of 
NaV1.7 inhibitors preclinically we have established a clinically translatable acute heat pain 
behavioral model in rhesus monkeys. Methods: An FDA-approved Medoc contact heat-evoked 
potential stimulator (CHEPS) was used to deliver thermal stimuli to the volar forearm of rhesus 
monkeys. The heating head of the CHEPS thermode was strapped on to a shaved part of the 
animal’s left volar forearm ~4 cm above the wrist. Brief, 5 second heat stimuli at 4 temperatures 
(44, 46, 48 and 50°C) were delivered 6 times each per session in pseudo-random order. The heat 
stimuli evoked a withdrawal response in the test arm that was scored on a three point scale by the 
experimenter (0=no response, 1= single arm movement and 2= multiple arm or body 
movements). Eight animals (2 males, 6 females; weight 6-14 Kg) were selected from a larger 
cohort of 16 animals based on at least two consecutive screening sessions in which measurable 
responses to the higher temperatures were consistently observed (8 other animals did not meet 



these criteria). For analyses, an average response to each test temperature was calculated. All 
study protocols were reviewed and approved by the Institutional Animal Care and Use 
Committee (IACUC) at Merck & Co. Inc and were in accordance with IASP guidelines. Results: 
44°C produced very low levels of withdrawal response, whereas temperatures ≥46°C produced a 
temperature-dependent increase in the withdrawal response. Subcutaneous injection of morphine 
(0.3, 1 and 3 mg/kg), fentanyl (0.005 and 0.01 mg/kg), and tramadol (2.5 and 5 mg/kg) produced 
a significant dose-dependent inhibition of withdrawal responses from 46-50°C. Compound A (1-
20 mg/kg), a selective inhibitor of Nav1.7, dose-dependently inhibited the withdrawal responses 
at 46°C and 48°C. In contrast, the GABAA receptor agonist diazepam (2 mg/kg, selected as a 
negative control to test whether reductions in arm withdrawal were related to sedation) had no 
effect on the response. These results suggest that this novel preclinical pain behavior model is 
sensitive to clinically active and putative analgesics.  
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Abstract: BACKGROUND: Haloperidol shows a high affinity for sigma-1 receptors, and these 
receptors have been considered as a therapeutic target for the treatment of neuropathic pain, in 
this sense, the objective of this study was to evaluate the anti-hyperalgesic effect of haloperidol 



in a model neuropathic pain. METHODS: Wistar male rats were employed and subjected to 
chronic constriction injury (CCI), 10 days after surgery the anti-hyperalgesic effect (von Frey 
test) after single-dose of haloperidol (0.018-0.18 mg/kg s.c.), gabapentin (10-100mg/kg s.c.) and 
BD-1063 (5.6-56.2 mg/kg s.c.) were tested. To establish whether haloperidol decreases 
hyperalgesia by antagonism of sigma-1 receptors, it was administered in co-administration with 
PRE-084 (sigma-1 agonist) by intrathecal route. RESULTS: In all cases the anti-hyperalgesic 
effects increased in a dose-dependent manner. The time-course analysis shows that gabapentin 
(100 mg/kg) reached its maximum effect at 90 min after the treatment, producing an anti-
allodynic effect of 85.0 ± 3.4 %, whereas BD-1063 (56.2 mg/kg) produced their maximum effect 
at 30 min with 90.8 ± 2.7 % and haloperidol (0.18 mg/kg) at 30 min with 78.3 ± 4.7 %. These 
anti-allodynic effects remained during 180 min of observation. Analyzing dose-response curves, 
Haloperidol and BD-1063 exhibited similar efficacy to gabapentin. For its part regarding the 
analysis of pharmacological potency, we compare the ED50: Haloperidol BD-1063 antagonist 
showed higher potency than BD-1063 and gabapentin. The hyperalgesic effect of a sigma-1 
agonist was blocked by intrathecal administration of haloperidol. CONCLUSION: These results 
suggest that haloperidol decreased the hyperalgesic effect in CCI and its effects is mediated by 
the sigma-1 antagonism, in addition, haloperidol reached similar effects in comparison with 
gabapentin, suggesting may be potentially useful in the treatment of neuropathic pain. 
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Abstract: Premature infants are exposed to multiple painful procedures in the NICU. These 
painful procedures are poorly managed due to difficulty in assessment and fear of adverse 
effects. Several studies have shown that sweet-tasting solutions given orally produce analgesia, 
which can be blocked by opioid receptor antagonists. Animal models have shown that intake of 



saccharin solution for relatively long periods of time causes analgesia. In this study we 
examined, using rat pups model, the hypothesis that repetitive painful stimuli during infancy will 
alter pain sensitivity and impair learning and memory during adulthood, and saccharin will 
prevent this through its analgesic effects. Naltrexone was given orally to evaluate weather 
saccharin-induced analgesia is mediated via endogenous opioid system. Pain in rat pups was 
induced via needle pricks of the paws on (P0). Radial Arm Water Maze test (RAWM) was used 
to assess learning and memory. Pain threshold through foot-withdrawal response to a hot plate 
was measured. At the end of behavioral tests animals were killed, hippocampus was dissected, 
and hippocampal levels of β-endorphin, enkephalin, and brain derived neurotropic factor 
(BDNF) were assessed using ELISA. At 4 weeks, results show that naltrexone before saccharin 
with/without noxious stimulation significantly decreased pain sensitivity. At 10 weeks, noxious 
groups had significantly reduced pain thresholds, and other treatment groups normalized these 
pain thresholds. Noxious stimulation decreased hippocampal enkephalins and pretreatment with 
saccharin significantly normalized and increased their level. Naltrexone reversed such effects. 
Also, hippocampal BDNF were lowered, saccharin before noxious insult significantly prevented 
such decrement, and naltrexone treatment was comparable to noxious stimulation. In conclusion, 
acute repeated neonatal pain induced long-term memory impairment during adulthood, and 
pretreatment with saccharin prevented this via mechanisms that appear to involve BDNF. 
Interestingly, naltrexone did not antagonize the effects of saccharin, and it may have augmented 
saccharin effects. Finally our study showed that saccharin with noxious stimulation increased 
pain threshold probably via a mechanism that involve endogenous opioids. 
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Abstract: Dorsal root ganglion (DRG) sensory neurons are pain-related neurons and have a 
variety of sensory receptors that are activated by chemical, thermal, and mechanical stimuli. 
Establishment of pharmacological assay in pain research and drug screening is important issue. 



Here, we used the multi-electrode array (MEA) system to detect the electrophysiological 
responses by chemical and thermal stimuli in cultured DRG neurons. After 2 days of culture on 
the MEA, we observed spontaneous activities and chemical responses. Addition of the capsaicin 
and menthol induced significant changes of the firing rate and concentration-dependent 
responses. Furthermore, temperature elevation increased the number of firings and it showed the 
largest increase at 43 degrees. We confirmed that the typical response of DRG neurons can be 
easily obtained at same day using MEA system. These results suggested that electrophysiological 
measurements in DRG neurons using a MEA system may be beneficial for clarifying the 
functions of DRG neurons in pain research and for drug screening applications. 
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Abstract: Phosphoinositide 3-kinases (PI3K) are membrane associated signaling enzymes 
involved in many cellular processes. Class I PI3Ks include α-, β- δ- and γ- isoforms. Blockade of 
individual PI3K isoforms at different loci is effective in separately reducing inflammation and/or 
pain behavior. Previous findings indicate distinct cellular loci of PI3Ks within spinal cord and 
DRGs of naïve rats. The present study extends these findings to animals with peripheral 
inflammation and nerve injury (SNI). 
Sprague Dawley rats were divided into 3 groups; naïve, intraplantar carrageenan (Carra) and 
SNI. Animals were perfused, spinal cord and L4/5 DRGs were harvested, cryoprotected, 
sectioned (30 µm for spinal cord, 10µm for DRGs) and prepared for immunohistochemistry. All 
findings were observed in multiple sections from at least 3 rats. Sections were double labeled 
with rabbit anti PI3Kα, β, γ or mouse anti PI3Kδ and a cell marker, mouse or rabbit anti-NeuN 
(neurons), mouse or rabbit anti-glial fibrillary acidic protein (GFAP, astrocytes), anti-Iba1 
(microglia), rabbit anti-Olig-2 or mouse anti-APC (oligodendrocytes), mouse anti-CGRP 



(peptidergic nociceptive marker), IB4-isolectin (nonpeptidergic nociceptive marker) or mouse 
anti-NF200 (Aβ marker), to confirm cell locations of each isoform. Images were captured with a 
Leica TCS SP5 confocal system; single optical sections and z-stacks were taken and images 
processed with LAS AF software. 
In naïve spinal cord, PI3Kα was found in primary afferent terminals in superficial dorsal horn, 
both Carra and SNI increased PI3Kα intensity, but did not change cell type localization. PI3Kβ 
was the only isoform found in neurons in any condition, PI3Kβ was also in white matter 
oligodendrocytes and a small number of astrocytes. Following Carra or SNI, this was largely 
unchanged. PI3Kδ was found in oligodendrocytes and astrocytes primarily towards the lateral 
edges of the white matter; following Carra, but not SNI, PI3Kδ glial staining increased and 
encompassed areas closer to the grey matter. Faint PI3Kγ staining was seen in white matter 
oligodendrocytes in naïve animals, it was more distinct after Carra and SNI. Co-staining was 
never seen for any isoform with microglial markers. 
In DRG, PI3Kα and β were found in most neurons of all types. In naïve tissue, PI3Kγ was seen 
in 40.7% ±3.6 (SEM) of all neurons, this did not change with Carra (46.1%±4.9) or SNI 
(40.9%±4.2). It was highly co-localized with IB4, less so with CGRP and not with NF200. 
PI3Kδ was not seen in DRG. 
Cell types expressing PI3K staining were remarkably stable across all 3 conditions. Acute 
inflammation increased spinal expression of PI3Kδ in stained glia. 
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Abstract: The automated detection and quantification of behavioral endpoints in pre-clinical 
research provides a means to screen drugs with a marked improvement in throughput. The 
tradeoff for high throughput has often been fidelity, in that the probability of including false 
negatives and false positives is greater. This is particularly of concern when screening putative 



analgesics where apparent anti-nociception could in fact be sedation or another side effect 
confounding the endpoint. In this study, we show the development of a novel video tracking 
system, PainScan. This system allows automated, high throughput quantification of a number of 
pain-related behaviors in the rat, while simultaneously identifying potentially confounding 
behaviors typically indicative of side effects. Leveraging the intraplantar formalin assay, we 
show that this system detects nocifensive behaviors such as caudally-directed biting similar to 
human observational scoring. We also show that this system can detect behaviors not typically 
quantified manually, such as guarding behavior and locomotor activity. Pharmacological 
modulation of these behaviors with tramadol produced a dose-dependent decrease in the formalin 
response in both male and female rats. Interestingly, it appeared female rats were more sensitive 
to the effects of tramadol as the ED50 was 2-fold more potent than in male rats. More 
importantly, the assay was able to demonstrate presumed analgesic efficacy of a compound that 
also produced hyperactivity, an effect that could potentially ‘wash-out’ an analgesic signal in a 
traditional motion-based automated assay. Here we show that a TRPM8 receptor agonist 
selectively reduced the caudally-directed licking and biting response to formalin in male and 
female rats, however also increased activity which would mask an analgesic effect when 
measured with a traditional automated assay. Further advantages of the system allow us to 
observe drug effects on activity levels prior to and during testing, potentially reducing the need 
for secondary assays such as rotorod. Importantly, recorded videos allow the option to re-analyze 
experiments with new models or algorithms, or even confirm findings by manual scoring without 
having to repeat a study. Taken together, our data suggest the PainScan system has a number of 
advantages over existing automated systems which can be leveraged in a number of rodent pain 
models. Further, the potential to quantify a number of behaviors simultaneously allows for the 
potential reduction of animals needed in analgesic research. 

Disclosures:   B.L. Adams: A. Employment/Salary (full or part-time): Eli Lilly & Co. R.T. 
Gors: A. Employment/Salary (full or part-time): Eli Lilly & Co. F. Li: A. Employment/Salary 
(full or part-time): CleverSys, Inc. X. Bai: A. Employment/Salary (full or part-time): CleverSys, 
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Title: The antiallodynic and antihyperalgesic effects of alpha7 nicotinic receptor dual allosteric 
agonist and positive allosteric modulator GAT107 in inflammatory pain 
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Abstract: Orthosteric agonists and positive allosteric modulators (PAMs) of the alpha7 nicotinic 
acetylcholine receptor (nAChR) represent novel therapeutic approaches for pain modulation. 
Moreover, compounds with dual function as allosteric agonists and PAMs, known as ago-PAMs 
add further regulation of receptor function. Initial studies examined the alpha7 ago-PAM, 
GAT107, in the complete Freund’s adjuvant (CFA) chronic inflammatory pain model. 
Additional studies examined the locus of action of GAT107, and immunohistochemical markers 
in the dorsal horn of the spinal cord in the CFA model. To understand the effectiveness of 
GAT107 in acute models, the tail flick and hot plate acute thermal nociceptive assays were used. 
Complementary pharmacological approaches confirmed that the dose-dependent antiallodynic 
and antihyperalgesic effects of GAT107 were mediated through alpha7 nAChR. However, 
GAT107 was inactive in the tail-flick and hot-plate assays. Furthermore, intrathecal, but not 
intraplantar, injections of GAT107 reversed nociception in the CFA model, suggesting a spinal 
component of action. Immunohistochemical evaluation revealed an increase in the expression of 
astrocyte-specific glial fibrillary acidic protein and phosphorylated p38-mitogen-activated-kinase 
within the spinal cords of mice treated with CFA, which was attenuated by intrathecal GAT107 
treatment. Importantly, GAT107 did not elicit motor impairment. Collectively, these results 
provide the first proof-of-principle that alpha7 ago-PAMs represent an effective pharmacological 
strategy for treating chronic inflammatory pain. 
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Title: Endomorphin analogs provide potent and long-lasting antinociception in multiple pain 
models relative to morphine 
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Abstract: Opioids that act at the mu-opioid receptor have been the clinical standard for pain 
relief even though side effects of these compounds have led to an epidemic of abuse and 
overdose deaths. We recently characterized mu-opioid receptor selective endomorphin (EM) 
analogs that provide potent antinociception with reduction or absence of numerous side effects of 
traditionally prescribed opioids including: abuse liability, respiratory depression, motor 
impairment, tolerance, and inflammation. The current study explores the effectiveness of these 
EM analogs relative to morphine in models of neuropathic, inflammatory, and postoperative pain 
by both intrathecal and intravenous injection in male, Sprague-Dawley rats. Mechanical 
allodynia was assessed using Von Frey testing after spared nerve injury (SNI), a model of 
neuropathic pain, and paw incision surgery, a model of postoperative pain. Mechanical 
hyperalgesia was evaluated by Randall-Selitto testing in the SNI model, and thermal 
hyperalgesia was determined by Hargreaves testing in the Complete Freund’s Adjuvant (CFA) 
model of inflammatory pain. In all tests, EM analogs, particularly analog 4 (ZH853), were of 
equal or greater potency and had greater duration of action relative to morphine. The data 
suggest that this EM analog could provide effective therapy for a broad range of pain conditions 
with low risk of addiction and other adverse side effects caused by currently used opioids such as 
morphine. 
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Abstract: The tridecapeptide neurotensin (NT) has emerged as an important modulator of 
nociception transmission exerting its biological activity by interacting with class A G protein-
coupled receptors, namely NTS1 and NTS2. Over the past few decades, much research effort has 
been directed at designing stable and selective NT compounds acting at the NTS1 receptor site. 
However, binding of NT to NTS1 not only induces analgesia but also results in hypotension and 
hypothermia, which may represent barriers to adequate pain management. Importantly, as 
opposed to NTS1, there is now substantial evidence supporting that NTS2-selective agonists may 
mediate analgesia without exerting changes in blood pressure or body temperature. Here, our 
goal was thus to design and characterize novel NT analogs with high affinity and selectivity 
toward NTS2. To this aim, we synthesized a series of NT(8-13) analogs harboring site-
specifically modified natural or unnatural amino acids and reduced amide bonds. Binding studies 
demonstrated that the substitution of the aromatic residue in position 11 by a positively charged 
amino acid (Lys) as well as incorporation of a reduced amide bond between Lys8-Lys9 (called 
JMV-5964) improved the selectivity by more than 100-fold toward NTS2 (4500 nM and 28.7 
nM for NTS1 and NTS2, respectively) and greatly increased the plasma stability, with half-life 
exceeding 2 hours. Additional modification of this compound by replacement of the Leu13 
residue with the more hydrophobic (trimethylsilyl)alanine (TMSAla) non-natural amino acid 
(designed as JMV-5966) resulted in improved affinity for both NTS1 and NTS2 receptors (166 



nM and 1.38 nM, respectively). In the acute thermal tail-flick test, we found that intrathecal (i.t.) 
injection of JMV-5966 at a dose of 30 µg/kg produced a significant and sustained analgesic 
response for up to 1 hour compared to saline–treated rats while JMV-5964 had no analgesic 
effect at the equimolar dose tested. Both JMV-5964 and JMV-5966 did not produce hypothermia 
at the effective analgesic dose and were not effective in inhibiting carbachol-induced ileal 
smooth muscle relaxation. Finally, the in vivo NTS2-selectivity of JMV-5966 was demonstrated 
with the NTRC-844 compound, acting as a potent NTS2-selective antagonist. Indeed, a 
significant reversal of the analgesic effects on thermal hypersensitivity was observed when 30 
µg/kg of JMV-5966 was injected i.t. in the presence of an excess of NTRC-844. In conclusion, 
these results reinforce the importance to develop new stable NTS2-selective agonists to improve 
pain control and reduce the peripheral effects of NT related to NTS1 activation. 
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Abstract: Background and aims: Treatment of pathological pain such as pain due to peripheral 
diabetic neuropathy (PDN) is complicated since many pathophysiological processes within the 
nervous system such as hyperexcitability and loss of sensory neurons are mediated. There is no 
existing regenerative treatment for PDN. The proteins supporting and regenerating neurons such 
as the glial cell line-derived neurotrophic factor (GDNF) family ligands (GFLs) artemin and 



GDNF alleviate the symptoms of neuropathic pain. We have discovered and characterized a 
chemical compound, a GFL mimetic MIM4, that activates GFL receptors. Here we studied 
whether MIM4 attenuates the behavioural pain responses of experimental diabetic neuropathy. 
Methods: DM was induced by streptozotocin (60 mg/kg i.p.) in male Wistar rats. The GFL 
mimetic MIM4 or vehicle was administered subcutaneously (s.c.) every other day for six weeks 
after one day of the induction of diabetes. Mechanical hypersensitivity was assessed using the 
paw pressure test and cold allodynia was tested with acetone test. 
Results: The GFL mimetic MIM4 (5 mg/kg s.c.) attenuated mechanical hypersensitivity and cold 
allodynia in diabetic animals. 
Conclusions: Results suggest that the GFL mimetic MIM4 is a potential lead for the development 
of novel pain-relieving agents for the treatment of peripheral diabetic neuropathy. 
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Abstract: This research sought to further validate a nitroglycerin (NTG) induced episodic 
migraine model in rats by 1) tracking endpoints of photophobia, motor activity, and facial pain 
expressions across each NTG episode and 2) introducing a novel apparatus for quantifying 
spontaneous allodynia 3) evaluating the effects of NTG vehicle against a sham (saline) control 
on these behavioral endpoints. Rats received NTG (10 mg/kg/2ml), NTG vehicle, or saline every 
third day over 14 days. Behavioral endpoints were assessed 110 minutes post NTG 



administration and included time spent light/dark chambers for photophobia as well as activity, 
facial pain expressions, and tactile allodynia. Animals administered NTG experienced 
photophobia, decreased activity, and increased facial pain expression. The progression of tactile 
allodynia was apparent in the NTG group alone. Animals treated with the NTG vehicle 
experienced photophobia, decreased activity, and facial pain expressions similar to that of NTG 
treated animals. These findings suggest the NTG vehicle alters migraine-related behavioral 
endpoints to some degree and thus the most appropriate control group should be either a sham 
(i.e., saline) or a negative control. These findings align with the clinical symptoms of migraine 
and provide a more translational and clinically- relevant model of episodic migraine. 
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Abstract: NaV1.7 is an attractive target for analgesic drug development because loss-of-function 
mutations result in congenital indifference to pain with little or no effect on motor or cognitive 
function. Moreover, gain-of-function mutations result in inherited erythromelalgia (IEM) and 
other painful conditions. We have developed novel blockers of hNaV1.7 that are highly selective 
vs. NaV1.5 and a humanized transgenic mouse was developed for in vivo testing of drug 
development candidates. Transgenic FVB mice were generated by incorporation of a BAC gene 
coding for hNaV1.7 with the IEM mutation I848T. Target engagement was evaluated in these 
mice with a novel aconitine-induced hindpaw flinching/licking assay that employs manual 
scoring. 



Transgenic mice express high levels of hNaV1.7 mRNA in DRGs and olfactory bulbs, areas of 
high expression of the endogenous mouse channel. When challenged with a subcutaneous 
hindpaw injection of the sodium channel agonist, aconitine, a reproducible and quantifiable 
flinching/licking response is observed for up to 60 minutes. The aconitine effects are dependent 
on the presence of the transgene since a comparable injection of aconitine into wild type mice 
induces minimal nocifensive behaviors. The model provides a well-defined PK-PD relationship 
and facilitates the rapid evaluation of compounds. The analgesic activity of sodium channel 
blockers was characterized both in the transgenic IEM assay and in traditional pain assays using 
littermate wild-type mice. We have utilized two acylsulfonamides that are potent inhibitors of 
[3H]GX-545 binding to NaV1.7. This ligand targets a binding site on VSD4 that can have a high 
degree of molecular selectivity (Ahuja et al., 2015). One compound has limited selectivity 
against NaV1.1, NaV1.2, and NaV1.6, while the second is >10-fold selective against these 
isoforms. However, with allowance for modest differences in IC50 for mouse vs. human NaV1.7, 
both compounds are equipotent in the IEM target engagement assay and in assays using 
littermate wild type mice. The assays include inflammatory pain induced by complete Freund’s 
adjuvant or formalin or neuropathic pain caused by treatment with streptozotocin. These 
comparative studies with compounds that differ in selectivity among NaVs indicate that block of 
NaV1.7 alone is sufficient for broad analgesic activity against inflammatory and neuropathic 
pain. 
Key words: sodium channel; pain; animal model 
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Abstract: Fibromyalgia (FM) is a musculoskeletal syndrome characterized by chronic 
widespread pain, tenderness to palpation and various concomitant symptoms, including affective 
disorders such as depression. FM affects almost a 2% of the population. Drugs with confirmed 
efficacy for the treatment of FM produce adverse effects promoting treatment discontinuation. 
Scientific studies have corroborated analgesic and anti-inflammatory properties of flavonoids 
such as quercetin. In this study, we analyzed the antiallodynic activity of quercetin using the 
reserpine-induced myalgia model of FM. Three groups (n=6/group) of male Wistar Rats (250-
300 g) were trained to Randall-sellito test 3 days before vehicle (acetic acid 0.05%) or reserpine 
administration (1 mg/kg, s.c. during 3 consecutive days), muscle pressure and cold allodynia 



thresholds were determined during thirty days post-inducction. In addition, we evaluated on day 
5 after, the last reserpine injection, the effect of vehicle (solution saline), quercetin (562.3 mg/kg 
i.p.) and fluoxetine (10 mg/kg i.p). The muscle pressure and cold allodynia thresholds were 
measured before drugs’ administration and at 30, 60,120, 150, 180, 210 and 240 min after 
treatment. Analysis by two-way repeated-measures ANOVA revealed that subcutaneous 
injection of reserpine produces significant diminution in the muscle pressure threshold in 50% of 
subjects, whereas, in the cold allodynia test, the injection of reserpine increased in 9-fold the 
time response in acetone spray test.Quercetin and fluoxetine reverted the effect of reserpine in 
the muscle pressure threshold in 82.97% and 71.93%, respectively. Latency to the antiallodynic 
effect of quercetin was delayed at 30 min reaching a maximum effect after one hour remaining 
during 3 hours more. In conclusion, these results give evidence that systemic quercetin 
administration produces analgesic effects in an experimental model of FM supporting the 
potential of quercetin for the FM therapy. Supported by CONACYT 226454 and 80811 grants. 
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Abstract: Valeriana genus has been widely used in popular medicine for centuries, to treat sleep 
disorders, anxiety, epilepsy, and insomnia. Recent studies have focused on the novel 



pharmacological effects of Valeriana fauriei Briq. (VF) species. Some of these have attempted to 
explain the pharmacological aspects in various diseases in humans as being neuroprotective 
effects of reducing pain and stress. In the present study, we constructed a fibromyalgia (FM) 
animal model that was induced by intermittent cold stress (ICS) with slight modification. We 
examined whether VF has antinociceptive effects on the FM-like model after oral administration 
of VF extracts. The effects of VF extracts on the FM model were investigated by analysis of 
behavioral activity from pain and analysis of protein expression. In the behavioral analysis, the 
nociception tests showed that the pain threshold was significantly decreased in the FM group. 
Subsequently, western blot analysis and immunohistochemical analyses of the medial prefrontal 
cortex and hippocampus showed downregulation of BDNF and phospho-CREB (pCREB) 
proteins in the FM group. These results provide evidence that the effects of VF extract in the FM 
model may be related to its modulating effect on the BDNF signaling pathway in the 
hippocampus and medial prefrontal cortex, which may be involved in the mechanism by which 
VF extract is effective as a therapeutic agent for FM. 
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Abstract: BACKGROUND: ANAVEX 1066 (AV1066), a mixed Sigma-1/Sigma-2 receptor 
ligand, has previously demonstrated antitumor activity as well as analgesic effects in animal 
models (Riganas et al., J. Med. Chem. 55:1041, 2012). Current therapies for neuropathic and 
visceral pain are not satisfactory and thus new drugs acting on novel molecular targets are 
actively being investigated. Earlier work supports the role for Sigma receptors in modulating 
nociception and, in the present study, AV1066 was further evaluated in models of neuropathic 
pain and visceral pain. 
METHODS / RESULTS: Chronic constriction injury (CCI) was employed as a model of 



neuropathic pain (Bennett & Xie, Pain 33:87, 1988). Briefly, a loose ligature around the sciatic 
nerve was performed in rats, resulting in mechanical hyperalgesia in the ipsalateral hind limb as 
measured 14 days later. Single administration of AV1066 (10, 30, 100 mg/kg PO, n=10/group) 
produced a dose-dependent reduction in nociceptive threshold in the affected paw. Efficacy was 
apparent 30 minutes post dose and remained significant for 2 hours, a time course comparable to 
the single SC dose of morphine that served as the positive control. In separate experiments, 
colonic hypersensitivity was induced by injection of TNBS (2,4,6-trinitrobenzenesulfonic acid) 
directly into the proximal end of the colon; 7 days later inflation of a balloon inserted into the 
distal end was employed to yield a painful response (Diop et al., JPET 302:1013, 2002). Single 
PO administration of AV1066 (n=10/group) returned the colorectal distention threshold to 
control levels within the same dose range as that used in the CCI model. U-50,488H, a kappa 
agonist, served as the reference standard. No untoward effects of AV1066 were observed in 
either study. 
CONCLUSIONS: AV1066 showed robust, dose-dependent efficacy in 2 different animal models 
of pain, the CCI model of neuropathic pain and the TNBS model of visceral pain, suggesting 
therapeutic potential in 2 distinct and poorly served patient populations. Further studies will (1) 
confirm the safety profile suggested in the current studies, (2) explore synergy in combination 
with subthreshold doses of marketed analgesics, and (3) expand the product profile with the use 
of additional animal models of chronic pain. 
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Title: Endocannabinoid system alterations in chronic pain states 
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Abstract: We developed synthetic peripherally-restricted cannabinoids (PRCBs) and 
demonstrated low efficacy of their antinociceptive effects (e.g., changes in latency to tail-flick in 
response to radiant heat) (Mulpuri et al, SFN Abstr. Vol. 37:173.21, 2012). However, PRCBs are 
highly effective at alleviating mechanical and thermal allodynia symptoms in rodent models of 
cancer, burn injury, sciatic nerve entrapment (SNE)-induced neuropathy, and chemotherapy 
(cisplatin)-induced peripheral neuropathy (CIPN). Here we tested the hypothesis that the higher 
anti-allodynic versus antinociceptive efficacy of PRCBs is due to disease-induced alterations in 
the endocannabinoid system. Naïve and sham treatment animals were compared to murine 
models of oral cancer and rat models of burn injury, SNE- and cisplatin- induced neuropathies 
for PRCBs’ effects on withdrawal thresholds to mechanical or thermal stimuli. Lumbar (L4 and 
L5) dorsal root ganglia (DRG) from separate cohorts were examined using qPCR for changes in 
the mRNA expression of cannabinoid receptors CB1R and CB2R, endocannabinoid synthesizing 
enzymes N-acyl-phosphatidylethanolamine (NAPE), diacylglycerol lipase (DAGL), 
metabolizing enzymes monoacylglycerol lipase (MAGL), and fatty acid amide hydrolase 
(FAAH). Changes in CB1R expression were also examined using Western blot in DRG. Paw 
cancer (inoculated with human oral carcinoma cells) mechanical allodynia was ~75% suppressed 
by 0.6 mg/kg intraperitoneal PrNMI (4-{2-[-(1E)-1[(4-propylnaphthalen-1-yl)methylidene]-1H-
inden-3-yl]ethyl}morpholine). In SNE rats, PrNMI (0.6 mg/kg, i.p.) increased ipsilateral 
mechanical thresholds by 29 ±2 g, but only by 8±4 g in sham rats. Similarly, in burn injury and 
CIPN rats PrNMI (0.6 mg/kg, i.p.) increased mechanical withdrawal thresholds by 20±3 and 
29±4 g, respectively. CB1R immunofluorescence was previously shown to increase in L5 DRG 
of paw cancer mice (Guerrero et al, Neurosci. Lett. 12:77-81, 2008). In DRG ipsilateral to burn 
injury, only CB2R mRNA was significantly (~38%) upregulated. By contrast, neither the 
receptors nor the endocannabinoid system enzymes were significantly upregulated in DRG of 
SNE or CIPN rats. DAGL was significantly downregulated in CIPN versus control rat DRG. Our 
data suggest that in SNE and CIPN neuropathies, increased efficacy of PRCBs is not due to 
increased CBR expression in sensory neurons. 
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Abstract: Fibromyalgia (FM) is a musculoskeletal syndrome characterized by chronic 
widespread pain, tenderness to palpation and various concomitant symptoms, including sleep and 
affective disorders. In addition, several surveys have reported that approximately 80 to 90 % of 
FM patients are women and has been reported that hormonal abnormalities due to an early age-
of-onset menopause might play an important role in the altered processing of somatosensory 
information. Drugs with confirmed efficacy for the treatment of FM produce adverse effects that 
promote treatment discontinuation. Scientific studies have corroborated analgesic and anti-
inflammatory effects of flavonoids such as rutin (quercetin-3-O-rutinoside) that is a glycoside of 
the well known aglycon quercetin. Different animal models of FM mimetic the pain and 
depression-like behaviors, but have not considered other factors such as sleep disturbance, 
therefore, we decided analyze if some of the sleep disorders reproduce in the reserpine-induced 
myalgia model. In addition we analyzed the effect of rutin flavonoid in the pain and sleep 
disorders. Twelve groups (n=8/group) of female Wistar Rats (200-250 g) were ovariectomized 
14 days before reserpine (1 mg/kg, s.c. during 3 consecutive days) injection. An extra healthy 
control group was added. Rutin was administrated at increasing doses (30-1000 mg/kg, i.p.). 
Pramipexole (1 mg/kg s.c.) was used as the analgesic reference drug. All drugs were evaluated 
on day 5 after the last reserpine injection. In the experiments of sleep architecture electrodes 
were implanted in cerebral cortex, hippocampus and muscle. Rutin was administrated at 562 
mg/kg i.p. Analysis by two-way repeated-measures ANOVA revealed that rutin, in a dose-
dependent manner, reverted the effects of reserpine on muscle pressure (ED30=288 mg/kg), 
tactile response (ED30=894 mg/kg) and cold allodynia (ED30=929 mg/kg), reaching its 
maximum effect after one hour. Respect to sleep architecture we found increases in the total 
wake time and decreases in the total N-REM y REM time, systemic administration of rutin 
reverted increases in the total wake time and partially decreases of the total N-REM time. In 
conclusion, these results give evidence that systemic rutin administration produces analgesic 



effects and procudes positive changes in sleep architecture in an experimental model of FM 
supporting the potential of rutin for the FM therapy. 
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Abstract: Migraine affects 15% of the world’s population, yet treatment options are either 
ineffective or accompanied by adverse effects such as medication overuse headache. Anecdotal 
and clinical evidence suggest that cannabinoids present in marijuana have anti-migraine 
properties. Unfortunately, the assessment of new treatments is limited by the difficulty assessing 
migraine in animal studies. Thus, the two objectives of the present study are to determine 
whether depression of home cage wheel running can be used to assess migraine pain in female 
rats, and to assess the anti-migraine properties of delta-9-tetrahydrocannabinol (THC). Most 
preclinical studies of migraine assess hindpaw and/or periorbital allodynia as a measure of 
migraine pain; however, allodynia is not present in all patients and may only be a marker for the 
progression of migraine. Furthermore, these studies only include male rodents, despite the fact 
that migraine is three times more common in women than men. The present study tested the 
hypothesis that administration of THC prevents migraine-depressed wheel running in female 
rats. Migraine pain was induced in female rats by microinjection of the TRPA1 agonist allyl 
isothiocyanate (AITC, 1-10%) onto the dura via a cannula previously implanted through the 
skull. Rats were injected with saline, THC (0.32-3.2 mg/kg), or the prototypical anti-migraine 
agent sumatriptan (1 mg/kg) 1 min later. Microinjection of AITC caused a concentration-



dependent reduction in wheel running that lasted approximately 4 hours. Low doses of THC and 
sumatriptan prevented migraine pain-depressed wheel running. In contrast, higher doses of THC 
depressed wheel running, suggesting that these doses are sedative. Taken together, these data 
indicate that wheel running is an effective approach to assess the functional consequences 
associated with migraine pain and that THC may be an effective treatment. 

Disclosures:  R. Kandasamy: None. C.M. Miskell: None. M.M. Morgan: None. 

Poster 

146. Pain Models: Pharmacology 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 146.28/CC2 

Topic: D.02. Somatosensation: Pain  

Support: PAINCAGE FP7 Collaborative Project number 603191 

Title: Targeting NGF and TrkA to control neuropathic pain: long lasting analgesic effect of anti-
NGF and anti-TrkA antibodies in Chronic Constriction Injury mouse model 

Authors: *M. D'ONOFRIO1, E. FIORI2,1,3, R. BRANDI1, I. ARISI1, F. MALERBA4,1, F. LA 
REGINA1, R. CERNA4,1, S. TURTURRO1, S. MARINELLI3,5, V. VACCA3,5, F. PAVONE3, A. 
CATTANEO4,1;  
1European Brain Res. Inst. (EBRI), Roma, Italy; 2Sapienza Univ., Roma, Italy; 3IBCN, CNR, 
Roma, Italy; 4Bio@SNS laboratory, Scuola Normale Superiore, Pisa, Italy; 5IRCCS Fondazione 
Santa Lucia, Roma, Italy 

Abstract: Background and Aims: So far, there are no effective treatments for neuropathic pain 
(NP) and current treatments suffer from unwanted side effects. The NGF ligand-receptor system 
has emerged as a promising target for NP. We have previously demonstrated that anti-NGF 
(mAb alphaD11) and anti-TrkA (mAb MNAC13) monoclonal antibodies induce a long lasting 
analgesic effect in NP models (Ugolini et al 2007;Covaceuszach et al 2012). To understand the 
role of the NGF system in NP, we evaluated in a mouse model of NP: i) how long the analgesic 
effect was maintained following the end of the antibody treatment ii) structural and 
morphological changes in peripheral and central nervous system iii) the long-term gene 
expression changes during and after the NGF/TrkA targeting analgesic treatments. Methods: To 
induce NP, Chronic Constriction Injury (CCI) of the right sciatic nerve was performed in 
C57BL/6J adult male mice. Mice were intraperitoneally administered with mAb MNAC13 or 
mAb alphaD11 (70 or 100 microg/mouse/day) from day 3 until day 10 post CCI. Analgesic 
effects were tested with a Dynamic Plantar Aesthesiometer. Spinal cords and sciatic nerves were 



collected for immunohistochemistry while Dorsal Root Ganglia (DRG), spinal cord and cortex 
for microarray analysis, at days D3, D11, D24, D90 post CCI. Measurement of serum antibody 
levels was performed by ELISA. The experimental protocol was approved by Italian Ministry of 
Health (n. 21/2014, according to D.Lgs 26/2014). Results: Treatment with anti-NGF mAb 
alphaD11 or anti-TrkA mAb MNAC13 induces significant dose- and time-dependent analgesic 
effects. The higher doses of both antibodies have long-lasting antiallodynic effect, from D10 to 
D90 post-CCI. Immunohistochemistry shows significant differences in inflammatory and 
myelination markers, with better nerve regeneration and reduced astrocyte activation. mAb 
MNAC13 treatment modulates the highest number of Differentially Expressed Genes (DEGs) in 
DRG, compared to spinal cord and cortex. Analysis of DEGs following anti-NGF treatment is 
ongoing. The remarkable long lasting analgesia by NGF/TrkA targeting antibodies will be 
correlated to changes in gene expression and measurement of serum antibody levels. 
Conclusions: Data prove that i) anti-NGF and anti-TrkA antibodies counteract NP, showing a 
very long lasting analgesic effect and induction of regenerative processes ii) the DEGs induced 
by mAb MNAC13 reveal a number of new targets linked to long lasting analgesia. This is the 
first direct comparison of the analgesic effects of anti-NGF and anti-TrkA antibodies. The results 
strongly support the importance of targeting NGF and TrkA for the control of NP. 
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Abstract: Current classes of therapies to treat persistent pain and neuropathic pain are limited by 
poor efficacy, side effects, and risk of addiction. Here, we present a novel class of potent, 
selective and CNS-penetrant potentiators of glycine receptors (GlyRs), ligand-activated chloride 
ion channels expressed in the spinal cord. AM-1488 increased inhibitory synaptic transmission in 
mouse spinal cord and in vivo demonstrated robust reversal of mechanical allodynia induced by 
nerve injury, a model of neuropathic pain. An X-ray co-crystal structure was obtained of human 
homopentameric GlyRa3 channels complexed with AM-3607, a potentiator of the same class 
with increased potency, and the agonist glycine, at 2.6Å resolution. Glycine binds to the 
orthosteric site at the subunit interface in the extracellular domain with a water molecule that 
forms part of the binding site. AM-3607 binds to a novel allosteric site between subunits, 
adjacent to the orthosteric site. Our results provide new insights into the potentiation of Cys-loop 
receptors by positive allosteric modulators and offer promise of structure-based design of GlyR 
modulators for the treatment of neuropathic pain. 
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Abstract: Patch clamp recordings performed using cultured dorsal root ganglion (DRG) 
neurons, afford unique insight into the excitability of native tissue but is extremely low-
throughput. Alternatively, by utilizing arrayed electric field stimulation (EFS) electrodes to 
induce membrane depolarization, in combination with a calcium-sensitive fluorescent dye, the 
action potential can be indirectly monitored in excitable cells cultured in a plate-based format. 
The EFS technique therefore provides a dramatically higher-throughput means of quantifying the 
excitability of native tissues such as primary DRG neurons. 



However, although the cells that respond to EFS consist exclusively of neurons, they belong to 
different sensory modalities (nociceptors, mechanoreceptors and proprioceptors). We 
hypothesized that being able to specifically investigate the pharmacological action on pain-
conducting (i.e. nociceptive) neurons would increase the disease relevance of the assay and thus 
steer away from compounds acting more broadly on all types of sensory neurons. The goal of the 
current study was therefore to develop a new assay to specifically investigate the 
pharmacological effects of modulators of cellular excitability in the pain-signalling population of 
DRG neurons. 
To meet the project goal, we developed a combined single cell resolution EFS and high content 
screening (HCS) assay to specifically analyze pharmacological effects in nociceptive neurons. 
We transfected adult rat DRG cultures with a genetically encoded calcium sensor, GCaMP6, 
using electroporation on the Cellaxess® Elektra platform after two days in vitro (DIV). After 
another two DIV, the DRG neurons were excited by EFS and subsequently stained for RIIβ. This 
enabled analysis of pharmacological action on excitability in the nociceptive (RIIβ-positive) 
neurons only. 
For the non-selective tool compounds (e.g. tetracaine and mexiletine), we found an excellent 
correlation between sodium channel blockade measured by EFS in the previously reported Ca5 
assay and the newly developed GCamP6/HCS assay. For more subtype selective compounds, the 
potency was dramatically increased in the newly developed GCamP6 assay which is therefore 
more suitable for detecting more subtle compound effects. 
The results strongly suggest that this EFS platform can be used to screen for modulators of 
excitability with preferential action on targets in nociceptive neurons such as NaV1.8 and 
NaV1.9 in a high-throughput manner, enabling identification and prioritization of compounds 
likely to modulate chronic pain early on in the drug development process. 
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Abstract: Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) and interstitial 
cystitis/painful bladder syndrome (IC/PBS) share overlapping symptomology and are commonly 
co-diagnosed. Nearly half of those diagnosed with CP/CPPS or IC/PBS also suffer from mood 
disorders, such as depression and/or anxiety. Many of these patients have a history of early life 
stress, which has been associated with maladjusted stress response in adulthood driven by 
improper functioning of the hypothalamic-pituitary-adrenal (HPA) axis. Etiology of either 
syndrome remains to be elucidated; therefore, diagnosis and development of effective treatment 
strategies are complicated or hindered. However, voluntary exercise has been shown to improve 
symptom severity and reverse many symptoms attributed to HPA axis dysfunction in clinical and 
preclinical studies. Here we investigated the therapeutic potential of voluntary wheel running in 
preventing or reversing perigenital and anhedonic behaviors, as well as associated molecular 
changes in a male mouse model of neonatal maternal separation (NMS). Mice were born in 
house and underwent NMS from postnatal day 1 to 21. Mice were given running wheels at 4 (-
Eex) or 8 weeks of age (-Lex). Sedentary controls for each group (-Esed and -Lsed, respectively) 
remained in their home cages. NMS-Esed and NMS-Lsed mice exhibited perigenital mechanical 
allodynia, and increased micturition rates; which were not observed in NMS-Eex or NMS-Lex 
mice. Mice displayed variable anhedonic and anxiety behaviors in response to NMS and exercise 
as measured by sucrose preference and elevated plus maze, respectively; though NMS mice ran 
shorter distances than naïve mice and could suggest altered reward signaling. Increased mast cell 
degranulation in the bladder and prostate were prevented and reversed by exercise, though there 
were varying effects on mast cell associated gene products in those tissues. Central gene 
changes, in addition to mast cell degranulation, supported a dysregulation of the HPA axis. Early 
and late exercise had varying effects on hypothalamic and hippocampal mRNA levels. Early 
exercise increased CRF2 mRNA in the hypothalamus, though no significantly different changes 
in other genes were observed in late exercised mice. Late exercise increased mineralocorticoid 
receptor and brain derived neurotrophic factor (BDNF) mRNA levels in the hippocampus, but 
this was not observed in early exercised mice. Together, these data suggest NMS in male mice 
may be a viable pre-clinical model for commonly co-diagnosed urogenital and mood disorders 



and voluntary exercise may be a therapeutic intervention for increasing limbic regulation of the 
HPA axis. 
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Abstract: Millions of Americans suffer from co-morbid chronic pain and mood disorders, which 
has been linked to altered functioning of the hypothalamic-pituitary-adrenal (HPA) axis, often 
caused by adverse experiences during development. We have established a mouse model of early 
life stress, neonatal maternal separation (NMS), that displays urogenital hypersensitivity, as well 
as altered limbic regulation of the HPA axis. Here we are investigating if NMS mice display 
evidence of comorbid abnormalities, including facial allodynia and altered reward behaviors, and 
whether exercise can attenuate changes associated with disrupted HPA axis regulation. Mice 
were born in-house and underwent NMS from postnatal day (P) 1 through 21 or remained 
undisturbed in their home cage (naïve) until weaning on P22. At either 4 or 8 weeks of age, NMS 
and naïve mice were placed in cages equipped with running wheels (exercised, -ex) or remained 
in their home cage (sedentary, -sed) for 4 additional weeks. Measurements of interest were taken 



at 8 and 12 weeks of age. Facial allodynia was measured by recording the time spent grooming 
the face and head following the application of a fine water mist to the face. Female NMS-sed 
mice spent a significantly longer time grooming than naïve-sed mice and exercise beginning at 4 
weeks reduced facial grooming time in both groups. No difference in grooming time was 
observed between male NMS-sed and naïve-sed mice. Sex differences were also observed in 
mast cell (MC) degranulation and distribution patterns in female and male dura mater, a tissue 
involved in migraine. Female NMS-sed mice displayed a significantly higher percentage of 
degranulated MC, whereas male NMS-sed mice exhibited significantly greater MC infiltration 
compared to their naïve counterparts. Exercise normalized both MC activation and infiltration. 
Female NMS mice displayed evidence of altered reward behaviors, including running fewer 
km/day than female naïve mice. Female NMS-sed mice also had a significantly higher 
preference for 1% sucrose in a two-choice liquid preference test, compared to naïve-sed mice. 
No differences in sucrose preference were observed between naïve-ex and NMS-ex mice. 
Evidence of altered facial sensitivity and reward behaviors, in addition to our previously 
documented urogenital hypersensitivity, suggest that NMS mice may provide a useful model for 
elucidating many of the consequences of early life stress exposure. Furthermore, our observed 
sex differences and beneficial response to voluntary exercise are indicative of clinical findings. 
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Title: Optogenetic investigation of epithelial-neuronal communication in the colon 

Authors: *S. NAJJAR, P. PATEL, K. ALBERS, B. DAVIS;  
Univ. of Pittsburgh, Pittsburgh, PA 

Abstract: Functional gastrointestinal disorders such as irritable bowel syndrome (IBS) affect 
over 11% of the global population and their pathophysiology is largely unknown. These painful 
disorders are characterized by visceral hypersensitivity, which originates in the primary afferent 
neurons innervating the colon. In addition to intrinsic changes in these afferents, epithelial cells 



in the colon may also contribute to this hypersensitivity. It is known that these epithelial cells can 
release neurotransmitters such as ATP, acetylcholine, and serotonin, but the nature of their 
communication with colonic afferents remains unclear. Using optogenetic techniques in which 
channelrhodopsin (ChR2) is targeted specifically to the colon epithelial cells, we are able to 
activate these cells without the simultaneous activation of primary afferents that occurs with 
application of mechanical and chemical stimuli onto the colon. In an ex vivo preparation, we 
isolated the distal colon and intact pelvic nerve and recorded the activity of single fibers. Our 
studies show that optogenetic activation of the epithelium can directly initiate robust action 
potential firing in colonic afferents of different functional classifications. We further showed 
through pharmacology that ATP is an important chemical messenger in this epithelial-nerve 
communication. Application of ATP receptor antagonists decreased or abolished action potential 
in over half of the afferents that responded to epithelial cell activation. With additional studies 
targeting other receptors on primary colonic afferents, we seek to further elucidate the 
mechanisms of epithelial cell-derived activation of colonic afferents and its relation to pain. 
Furthermore, we will investigate how this communication changes during a state of chronic 
inflammation as seen in inflammatory bowel disease. Thus, better understanding of the 
epithelial-neuronal interaction will reveal potential targets for treatment of intestinal pain. 
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Title: Acute colitis alters the functional properties of mouse lumbosacral dorsal horn neurons - 
an In vivo study 

Authors: *K. E. FARRELL, S. KEELY, B. A. GRAHAM, R. J. CALLISTER;  
Univ. of Newcastle, Callaghan, Australia 

Abstract: Aim of investigation: Chronic abdominal pain is a debilitating symptom of 
Inflammatory Bowel Disease (IBD) that often persists in the absence of active inflammation. 
While the mechanisms responsible for the development of chronic pain in these patients are 
unknown, preclinical evidence suggests plasticity within the spinal cord dorsal horn (DH) is 
involved. We currently know very little about the functional properties of DH neurons that 



receive inputs from viscera, in particular their intrinsic properties or the synaptic inputs they 
receive. This is important, as the functional properties of DH neurons ultimately shape their 
output and thus, pain transmission to higher centers. We therefore developed an in vivo mouse 
preparation to study the functional properties of DH neurons that receive inputs from the colon in 
a model of acute colitis. 
Methods: Colitis was induced in male mice (C57Bl/6J, 6-7 wks) using an intracolonic 
administration of TNBS (200µl; 2.5% TNBS in 50% ethanol), while they we under isoflurane 
anesthesia (2-3%). Five days following the induction of colitis, mice were anesthetised 
(isoflurane 1-3%) and a laminectomy was performed to expose the L6-S1 spinal segments. In 
vivo patch-clamp recordings were then made in the superficial DH (lamine I-II) using potassium 
gluconate internal. Neurons with inputs from the colon were identified using noxious colorectal 
distension (CRD; 80 mmHg). Convergent cutaneous receptive fields were also assessed using 
brush or pinch of the hind paw and/or tail. A series of protocols were then applied to measure the 
intrinsic and synaptic properties of recorded DH neurons. 
Results: A significantly larger proportion of DH neurons responded to CRD following colitis 
compared to controls (32% vs. 11%; P < 0.05). While a majority of neurons in both conditions 
exhibited predominately subthreshold responses to CRD, the nature of these responses (i.e. 
amplitude and duration) differed. Likewise, the number of DH neurons that had cutaneous 
receptive fields increased following colitis (83% vs. 49%; P < 0.05). Interestingly, this increase 
in cutaneous responses was mostly observed in CRD non-responsive DH neurons. Surprisingly, 
colitis resulted in more hyperpolarized resting membrane potentials in both CRD responsive and 
non-responsive DH neurons compared to controls. 
Conclusions: Acute colitis can alter the responses of DH neurons to both visceral and cutaneous 
stimulation, and result in changes to their intrinsic properties such as resting membrane potential. 
Importantly, these changes occur universally within the DH, suggesting that the entire dorsal 
horn “network” is sensitised by visceral inflammation. 
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Authors: *D. PUSHETT, C. LE CUDENNEC, V. CASTAGNÉ;  
Porsolt SAS, Le-genest-saint-Isle, France 

Abstract: Ulcerative colitis and Crohn's disease are major forms of inflammatory bowel disease 
(IBD), which affect millions of people worldwide, however the options for treating IBD are still 
unsatisfactory. A murine colitis model induced by Dextran Sulfate Sodium (DSS) is an animal 
model of IBD commonly used to address the pathogenesis of IBD. This mouse model presents 
many similarities with human ulcerative colitis, as it results from inflammation and damage of 
gastrointestinal tract and includes clinical signs such as abdominal pain, diarrhea, rectal bleeding 
and weight loss. We evaluated the effects of DSS in mice (C57/Bl6 strain) and we also evaluated 
the effects of substances currently used in the clinic for their analgesic and/or anti-inflammatory 
activities. 
Colonic inflammation was induced with DSS administered in drinking water of mice over a 
period of one week. Animals were monitored at different time-points for their pain response to 
tactile stimulation (electronic von Frey probe applied to the abdomen) and different observations 
(posture and eye closure) performed in absence of external stimulation. Macroscopic histological 
observations were also performed after sacrifice to score local inflammation. We also tested 
indomethacin, 6-thioguanine and sucralfate for their potential topical site-protective effect and/or 
analgesic activity. The 3 drugs were orally administered once a day during the DSS-treatment 
period.As can be expected, after administration of DSS, the main features of colitis included loss 
of body weight, gastrointestinal inflammation, bloody feces and visceral pain. However, the 
intensity of these clinical signs as well as their kinetics showed some variability between 
successive experiments. The effects of the evaluated substances, selected for their analgesic 
and/or anti-inflammatory effects described in the literature were weaker than expected. 
Experimental colitis induced by DSS is a good animal model to study the mechanisms 
underlying the pathogenesis of IBD. However the lack of efficacy of the treatment evaluated in 
the present study confirms the variability of efficacy of current treatments, and suggests that the 
predictive validity of the model should be improved in order to use it in the context of drug 
development. 
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Title: Visceral pain: identification of limbic circuitry using In vivo optogenetics 

Authors: *R. LATORRE1, A. C. JOHNSON1, C. O. LIGON1, B. GREENWOOD-VAN 
MEERVELD1,2,3;  
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Abstract: Introduction: Chronic visceral pain emanating from the internal thoracic, pelvic or 
abdominal organs is a complex condition that is inadequately managed despite its prevalence. 
Stress is known to worsen visceral pain though activation of limbic brain regions, such as central 
nucleus of amygdala (CeA) and the medial prefrontal cortex, which modulate the hypothalamic 
pituitary adrenal axis activation. We have previously shown that activating the CeA, by repeated 
psychological stress or stereotaxically placed corticosterone micropellets, induces visceral pain 
through corticotropin releasing hormone receptor-1 mediating mechanism in the bed nucleus of 
stria terminalis (BNST). Our experimental goal is to apply an optogenetics approach to explore 
neural limbic circuitry modulating visceral pain in freely moving rats. Methods: We employed in 
vivo optogenetics using stereotaxic adenoassociated virus vector injections of channelrhodopsin 
(ChR) or halorhodopsin into the CeA and fiber optic cannulae implantation in the BNST in male 
Fischer 344 rats. Visceral pain behaviors were assessed via visceromotor response (abdominal 
contractions) to graded isobaric colorectal distension (20, 40 or 60 mmHg/10 min with 10 min 
rest between pressures). Following transcardial perfusion fixation, the brain was collected and 
processed for immunofluorescence and histological verification of neuronal phenotype and virus 
vector expression compared to non-infected control rats. Results: Eight weeks after injection of 
the virus vector we found a robust expression of the fluorescent reporter protein within the 
neuronal cell bodies at the site of injection in the CeA and within fiber bundles at the BNST. 
Histology revealed neuronal viability, an absence of inflammatory infiltrate, and no 
morphological alterations in the infected brain areas compared to controls. Immunofluorescence 
targeting GABAergic and glutamatergic neurons showed no neurochemical changes between 
infected neurons and controls. Preliminary behavioral studies suggest that ChR stimulation of 
CeA terminals in the BNST increases visceral pain responses in non-stressed rats (# of 
abdominal contractions at 20 mmHg: 5.8 ± 1.2 to 17.0 ± 2.0, p < 0.01; 40 mmHg: 15.0 ± 2.8 to 
32.6 ± 2.0, p < 0.001; 60 mmHg: 23.2 ± 2.6 to 40.6 ± 3.3, p < 0.001; two-factor repeated 
measure ANOVA with Bonferroni post-hoc comparisons). Conclusion: By directly manipulating 
neuronal activity through optogenetic stimulation, we have demonstrated that a CeA and BNST 
circuit plays an important role in mediating visceral sensitivity emanating from the colon, and 
may serve as a target for new therapies treating chronic visceral pain. 
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Title: Brain signature in irritable bowel syndrome: Connectivity-based classification 
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Abstract: An important network in the irritable bowel syndrome (IBS) brain is the salience 
network, integrating information of sensory, emotional and cognitive nature, and contributing to 
complex brain functions such as self-awareness and social behavior. Using multimodal MR 
imaging, the IBS brain can be evaluated structurally and functionally. By combining jointly these 
measurements in a machine learning framework, we can better understand the IBS brain 
connectivity and integrity. 
In our study, comprising 15 IBS patients and 14 healthy controls (HC), we used anatomical MRI, 
resting state fMRI, and diffusion MRI to perform a connectivity classification of the IBS and HC 
brains. Regions, obtained from automated brain segmentation (FreeSurfer), included the insula, 
amygdala, dorsal anterior cingulate cortex, lateral and medial orbitofrontal cortex, and rostral 
and caudal middle frontal cortex. Altogether 14 nodes within or associated with the salience 
network were identified in each subject. As a structural connectivity measure between pairs of 
nodes we used mean fractional anisotropy (FA) of the connecting tracts (DSI Studio). To assess 
functional connectivity, we used the Pearson correlation between the mean voxel time courses of 
the corresponding nodes (the CONN toolbox). 
For pattern classification we employed a three-layer feed-forward neural network (ANN) 
classifier (caret in R). For analysis we extracted altogether 51 features derived from the 14-node, 
undirected weighted graphs of structural and functional connectivity. To assess the performance 
of the binary classifier, we used a series of 100 hold-out repetitions keeping 70% of the 
observations for training (10-fold cross validation, repeated 10 times) and the remaining (4 HC 
and 4 IBS) for testing at each repetition. 
We obtained a mean classification accuracy of 0.628 (SD 0.144), mean sensitivity 0.665 (SD 
0.175), and mean specificity 0.590 (SD 0.172). No connectivity metric or node could be singled 
out as the most important for discrimination between the IBS and HC brains, and successful 
classification was rather due to a signature of multiple features associated with the salience 
network. 



We conclude that patients with IBS seem to have altered brain connectivity within the salience 
network. The finding of such patterns, making it possible to discriminate between the IBS brain 
and the healthy brain with a sensitivity of ~65% and specificity of ~60% (confirmed by random 
forest classification), is highly interesting both at a diagnostic and a mechanistic level and will be 
further explored in a larger imaging study of IBS. 
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Title: Urothelial barrier dysfunction increases the excitability and firing of bladder afferent 
sensory neurons 

Authors: N. MONTALBETTI, A. RUED, F. KULLMANN, *M. D. CARATTINO;  
Med., Univ. of Pittsburgh, Pittsburgh, PA 

Abstract: Interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic disorder characterized 
by voiding dysfunction and pain in the bladder and/or pelvis in the absence of proven urinary 
infection or other noticeable pathology. While the etiology of IC/BPS remains unknown, 
compelling evidence indicates that increased urothelial permeability to urine constituents plays 
an important role in the onset of the disease. Significantly, the message for claudin-2 (Cldn2), a 
tight junction-associated protein, was found to be upregulated at least ninety fold in bladder 
biopsies from IC/BPS patients. Consistent with this finding, the overexpression of Cldn2 in the 
bladder urothelium increased the permeability to small charged solutes, triggered an 
inflammatory process in the bladder mucosa and lamina propria, reduced bladder wall 
compliance, and increased voiding frequency. To determine whether the changes in bladder 
activity observed in rats with reduced urothelial barrier function result from altered afferent 
activity, we conducted patch-clamp studies with acutely isolated bladder sensory neurons 
harvested from bladders transduced with adenoviruses coding for GFP (control) or Cldn2. We 
found that ~ 30% of the bladder sensory neurons from rats transduced with Cldn2, but not GFP, 



displayed spontaneous activity. The overexpression of Cldn2 in the urothelium reduced the 
resting membrane potential, reduced the action potential threshold, reduced the rheobase, and 
increased the action potential duration of tetrodotoxin-sensitive (TTX-S) bladder afferent 
neurons. Moreover, the overexpression of Cldn2 in the urothelium increased the response of 
bladder sensory neurons with TTX-S action potentials to suprathreshold electrical stimulus. 
These findings indicate that increased tight junction permeability induces sensory adaptation and 
that this process contributes to the bladder hyperreflexia observed in rats transduced with Cldn2. 
To determine whether increased urothelial paracellular permeability produces noxious 
stimulation of the bladder afferent pathways, we examined ERK activation in spinal cord 
segments receiving bladder input. We observed a significant increase in pERK/ERK ratio in 
spinal cord segments receiving hypogastric and pelvic nerve input, consistent with the notion that 
Cldn2 overexpression activates nociceptive pathways. In summary, our studies suggest that as a 
result of a leaky urothelium, the diffusion and accumulation of urinary solutes in the bladder 
interstitium sensitizes bladder afferents, which promotes voiding at low filling volumes and pain. 
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muscle pain 

Authors: *D. S. DOS SANTOS1, J. T. CLEMENTE-NAPIMOGA3, B. K. TAYLOR4, M. G. 
OLIVEIRA-FUSARO2;  
1Lab. of studies of pain and inflammation, UNICAMP, Piracaia, Brazil; 2Lab. of studies of pain 
and inflammation, UNICAMP, Limeira, Brazil; 3Lab. of Orofacial Pain, State Univ. of 
Campinas, Piracicaba, Brazil; 4Dept. of Physiol., Univ. of Kentucky, Lexington, KY 

Abstract: Peroxisome proliferator-activated receptor gamma (PPARγ) receptors are emerging as 
a promising target for the treatment of inflammatory and neuropathic pain. As with 
administration of peripherally-acting opioid receptor agonists, peripheral administration of 
PPARγ agonists reduces behavioral signs of persistent pain. However, the contribution of 



peripheral PPARγ activation to muscle pain and its modulation by opioid receptors remains 
unknown. The aim of this study was to determine whether activation of peripheral PPARγ 
receptors by the endogenous ligand 15d-PGJ2 reduces inflammatory muscle pain in rats in an 
opioid receptor-dependent manner. Inflammatory muscle hyperalgesia was induced by injection 
of carrageenan into the gastrocnemius muscle. Mechanical muscle hyperalgesia was quantified 
with a Randal Sellito pressure analgesimeter, applied to the gastrocnemius muscle. Male Wistar 
rats were used and methods were approved by the Ethics Committee in Animal Research of the 
UNICAMP (protocol n. 3919-1). To investigate the contribution of PPARγ receptors to muscle 
pain, 15d-PGJ2 was injected into gastrocnemius muscle 30 min before carrageenan. As 15d-PGJ2 
can exert both PPARγ-dependent and PPARγ-independent effects, we pretreated rats 30 min. 
prior to 15d-PGJ2 with either vehicle or GW9662, a selective PPARγ receptors antagonist. To 
test the hypothesis that 15d-PGJ2 recruits opioid analgesic system, Naloxone, a non-selective 
opioid receptor antagonist, was injected into gastrocnemius muscle 30 min. before 15d-PGJ2. 
Carrageenan (100µg) produced mechanical muscle hyperalgesia 3 h after its injection (p<0.05, T 
test). 15d-PGJ2 (1, 10 and 100ng) prevented the mechanical muscle hyperalgesia induced by 
carrageenan when injected in the ipsilateral muscle in a dose-dependent manner (p<0,05, 
ANOVA, Tukey test) but not in the contralateral muscle (p>0.05). Pre-treatment with GW9662 
(3 or 9 ng) or Naloxone (0.1 or 1µg) reversed the anti-hyperalgesic effect of 15d-PGJ2 in a dose-
dependent manner (p<0,05, ANOVA, Tukey test, n=4). GW9662 or Naloxone didn’t alter the 
nociceptive threshold when injected alone (p>0,05, T test, n=4). These data demonstrate that 
15d-PGJ2 increases mechanical response thresholds in the carrageenan model of inflammatory 
muscle pain. This anti-hyperalgesic effect is dependent on activation of peripheral PPARγ and 
opioids receptors. We speculate that activation of PPARγ leads to the subsequent activation of 
peripheral opioid receptors, leading to inhibition of inflammatory muscle pain. We conclude that 
local PPARγ receptors are important pharmacological targets for the pharmacotherapy of 
inflammatory muscle pain. 
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Title: Fibromyalgia syndrome: Cold stress reveals altered metabolic activity and 
thermoregulation 
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Abstract: Fibromyalgia syndrome (FMS) is a chronically painful condition characterized by a 
wide variety of symptoms including impaired sleep, tactile and musculoskeletal hyperalgesia, 
and a high sensitivity to stress. However most studies are conducted in the absence of intentional 
stress. This report describes responses of these individuals to cold, a stress that is widely reported 
to enhance their symptoms that is also easily applied and controlled, to better reveal their unique 
responses compared to healthy normal controls. FMS patients had higher T-scores and critical 
scores on the PDSQ test than controls. Patients did not differ from control subjects in their 
reported physical activity during the previous week but slept less during the 24 hr prior to cold 
but not to warm tests. Their Pittsburgh Sleep Quality Indexes indicated a poorer quality of sleep 
and more difficulty getting to sleep. Their self-reported pain intensity and degree of 
unpleasantness of the pain was greater than controls at all times before and after exposure to 
either warm or cold. They also scored higher to sensory and affective pain in the McGill Pain 
questionnaire than controls. Body temperatures did not differ prior to cold exposure and all 
subjects had lower skin temperatures on their extremities after 3 hr of cold. However, skin 
temperatures on the arm and calf of patients with FMS were not as low as controls in response to 
the cold. Forehead temperatures did not differ between groups and core body temperatures did 
not decrease in either group. Circulating blood glucose did not differ between groups prior to 
cold exposure, but patients with FMS had lower blood glucose than controls in response to the 
cold stress. Based on the importance of brown adipose tissue (BAT) during responses to stress, 
we examined ci-BAT using 18F-fluorodeoxyglucose PET/CT. Under warm conditions, BAT 
activity was the same and very consistent in both control and FMS subjects. After cold exposure, 
BAT activity was much more variable within and between groups. Together these data indicate 
that pain is a consistent symptom of fibromyalgia that is not dramatically affected by a short-
term cold stress, however, metabolic activity and temperature regulation differ in patients with 
FMS compared to controls when exposed to a cold stress. 
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Abstract: Cancer-induced bone pain is described as moderate to severe ongoing pain that is 
often controlled by extended release opioids. Many patients also experience transient episodes of 
severe pain that "breaks through" medication controlled ongoing pain. Breakthrough (BT) cancer 
pain requires the use of rapid onset opioids. Understanding of mechanisms promoting bone 
cancer pain has been challenging due in part to limitations in preclinical pain measures. We 
developed and characterized new measures of cancer-induced ongoing pain using a rat model in 
which breast cancer cells are injected and sealed into the tibia. Ongoing pain was assessed using 
the motivational drive to seek pain relief using conditioned place preference whereas BT pain is 
measured using motivational drive to avoid a chamber paired with movement triggered pain. 
Systemic administration of MOR agonists (morphine, DAMGO) blocks tumor-induced ongoing 
pain. In contrast, systemic administration of the DOR agonist, deltorphin II failed to block 
tumor-induced ongoing pain. In contrast, movement-triggered BT pain is blocked by 
administration of the DOR agonist, deltorphin II, at the dose that failed to block ongoing pain. 
We have demonstrated that ablation of TRPV1 expressing nociceptive terminals in the dorsal 
failed to block BT pain whereas ablation of IB4 expressing fibers blocked BT pain. These 
observations suggest that DOR agonists may block movement-induced BT pain through actions 
on IB4 expressing fibers whereas MOR agonists block tumor-induced ongoing pain through 
actions on TRPV1 expressing fibers. Acknowledgements: This work was supported in part by 
an NIH COBRE grant P20GM103643. 
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Abstract: Introduction. Veterans of the 1991 Gulf War commonly reported a delayed onset 
joint, muscle and other deep tissue pain. The Research Advisory Committee on Gulf War Illness 
(GWI) has determined that pesticides may have contributed to the development of the symptoms 
of GWI (Binns et al., 2008). We developed a rat model of GWI pain based upon a 60 day 
exposure to permethrin (P), chlorpyrifos (CP) and pyridostigmine bromide (PB; Nutter et al., 
2015). In the present report, we combined behavioral and molecular approaches to examine the 
contribution of DEET to the development of the joint and muscle pain of GWI. 
Methods. Juvenile male rats, weighing between 90 and 110 g, were exposed to various 
combinations of P (2.6 mg/kg; topical), CP (120 mg/kg; subcutaneous (SC)), PB (13 mg/kg; oral 
gavage), and DEET (400 mg/kg; topical) for 30 days. Using an identical administration schedule, 
control group rats received only vehicle exposures (topical ethanol, SC corn oil, water by 
gavage). All rats underwent behavioral testing before, during and after chemical exposures 
(hindlimb pressure withdrawal; open field activity (movement distance, movement rate and 
resting duration). Molecular studies were conducted to assess the influence of acute DEET on 
nociceptors. In molecular studies, young adult rats weighing 90-150 grams were anesthetized and 
decapitated. Whole cell clamp experiments were conducted on excised dorsal root ganglion 
neurons that were identified as muscle or vascular nociceptors using the method of Scroggs and 
Cooper (Cardenas et al., 1995; Petruska et al., 2002). 
Results. When exposed to all 4 compounds, rats exhibited reduced open field activity (movement 
distance and rate) that resembled a myalgia or arthralgia 9-12 weeks after dosing had ceased 
(p<.02 and p<.004). When exposed to only 3 compounds, activity changes failed to materialize 
in the absence of PB or CP but persisted in the absence of permethrin (movement; p<.05); 
moreover, when PB was removed, rate decreases were significantly lessened relative to exposure 
to all 4 chemicals (p<.05). Molecular studies indicated that DEET significantly inhibited Nav1.9 
amplitude (p<.04; vascular nociceptors) but had no effect on Kv7 or Nav1.8. The influence DEET 
on Nav1.9 only occurred at relatively high doses that are not likely in vivo (100 µM). 
Conclusions. DEET makes a significant contribution to a robust deep tissue pain syndrome in a 



rat model of GWI pain. PB was required for, and CP contributed to, motor activity changes while 
permethrin did not play a role at 12 weeks-post exposure. DEET might exert its influence 
through inhibition of Nav1.9. 
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Abstract: Nerve growth factor (NGF) is a neurotrophin required during development for 
survival and growth of sympathetic and sensory neurons. In adulthood NGF can regulate 
excitability of small diameter sensory neurons that transmit noxious information from periphery 
to CNS. Administration of NGF produces pain hypersensitivity in humans and animals. 
Furthermore, endogenous NGF levels are elevated in painful conditions, including knee joints of 
osteoarthritis (OA) patients, where pain management is often unmet. Anti-NGF treatment of OA 
patients results in significant analgesia, but also severe side effects such as increase incidence of 
bone necrosis. Collectively, these data suggest that NGF has a role in causing and augmenting 
pain in osteoarthritis. In the aim to understand the participation of NGF/TrkA signalling in OA 
pain, we studied the development of OA-like pain in mice carrying a mutation in the TrkA 
neurotrophin receptor (P782S) (TrkA KI mice). WT and TrkA KI mice were injected intra-
articularly in the knee joint with 0.7 mg MIA and nociceptive behaviour, namely hind paw 
mechanical thresholds and weight bearing changes, were monitored for 28 days. 
Immunohistochemical analysis of CGRP and pERK expression in dorsal root ganglia (DRG) and 
Iba1, p-p38 MAPK and c-fos expression in the dorsal horn of the spinal cord were performed at 
days 7 and 28 post-MIA injection. TrkA KI mice developed MIA-induced mechanical allodynia 
faster than WT mice within the first week of MIA injection, and by day 28 allodynia was 



comparable to WT mice. Moreover, at a 0.7 mg MIA dose administered, TrkA KI, but not WT 
mice developed weight bearing deficits over the course of the study. In perfuse-fixed DRGs, 7-
day after MIA injection we observed an increased number of CGRP positive neurons, mainly 
large cells, as well as activation of sensory neurons (p-ERK). These changes were significantly 
amplified in TrkA KI mice. Furthermore, dorsal horn neuron activation (FOS positive cells) and 
microglial response (Iba-1 and p-p38 positive cells) were both significantly higher in the spinal 
cord of TrkA KI compared to WT spinal cords at 7 but not 28 days after MIA injection. This 
study suggests that increased TrkA signalling secondary to alteration in receptor trafficking 
results in increased excitability of sensory neurons and dorsal horn neurons and in a faster onset 
of pain-related behaviour, in a model of OA. Collectively, these data suggest an important role 
for TrkA signalling in the initiation of OA related pain. 
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Abstract: Physiological characteristics of nociceptive fibers in patients with chronic pain are not 
known. This is a report of a case study to address that gap. Patient is a 58-year-old man who was 
involved in a motor vehicle accident six months earlier, which left him with chronic upper back 
pain. Clinical evaluation yielded negative imaging, leading to diagnosis of musculoskeletal pain 
and sensory examination revealed altered perception of cold in the area of pain but no evidence 
for neurological sensory deficits. The area of abnormal sensory perception was used as a study 
site with diode laser selective stimulation and the area of back not affected by pain served as a 
control site. The hand was used as an additional control site, which has a larger normative data 
set. To assure a systematic study, stimulation was conducted in a grid pattern using A-delta 
stimulation and C-fiber stimulation protocols in the test and control sites. Stimulation of control 
back sites produced a standard hot pain sensation during C-fiber stimulation while the same 
stimulus produced stinging for the abnormal pain testing site. The threshold stimulation power 
was 5-10% higher for the back sites compared to hand site. It is of note that, though A delta 



painful stimulation resulted in pricking pain when tested at the hand control site, this stimulus 
type rarely produced pain when applied to either back site. In conclusion, this case study 
demonstrates that gain in function in musculoskeletal pain can be discriminated by an abnormal 
function of cutaneous C-fibers. Receptive fields of heat sensitive A-delta fibers are much more 
sparse in the upper back and for that reason much more difficult to study. 
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Title: The neuropsychological mechanisms of memory bias in chronic pain 
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Abstract: Several studies have demonstrated that memories for painful events are often 
inaccurate and generally overestimated. The magnitude and direction of the discrepancy between 
remembered pain and actual pain are dependent upon many factors. Redelmeier and Kahneman 
initially demonstrated that patients’ memories of the amount of discomfort reported after a 
minimally invasive procedure was determined primarily by the intensity of pain at both the 
procedure’s worst and most recent episodes, a phenomenon now known as the “peak-end rule”. 
Such memory biases have also been documented in chronic pain patients, with evidence that 
long-term pain is remembered less accurately than acute pain. In the present study, we examined 
how discrepancies between actual pain and remembered pain relate to specific morphometric 
measurements of the hippocampus and propose a model accounting for memory bias in chronic 
pain patients. 
51 chronic low back pain (CBP) patients were asked to use a smart-phone/computer application 



to monitor daily fluctuations in pain intensity and mood over a 2-week period. Upon finishing 
this rating period, patients were asked to remember the average pain they experienced over the 
last week and complete an anatomical magnetic resonance imaging (MRI) scan. As 
hypothesized, CBP participants showed a memory bias in the reporting of their previous pain, 
with their recalled pain of the last 7 days being significantly higher than their average 
spontaneous pain (t = 5.96, p<0.0001). This memory bias was associated with shape 
displacement in the posterior hippocampus where outward displacement correlated with higher 
recalled pain (r = 0.44, p = 0.015). Multiple regressions demonstrated that the peak pain (ß = 
0.36, p = 0.02), the average pain over the previous week (ß = 0.39, p = 0.01), the mood at the end 
of the rating period (ß = -0.17; p = 0.089), and the vertex displacement in the posterior 
hippocampus (ß = 0.3, p = 0.003) were independent contributors explaining about 60% of 
recalled pain (R2 = 0.62, F(4, 43) = 17.82, p <0.0001). 
Our results demonstrate that CBP patients experience memory biases according to the peak-end 
rule and anatomical properties of the hippocampus. Because pain, especially in its chronic form, 
remains a subjective experience, better understanding the mechanisms of memory bias in chronic 
pain patients will help improve accuracy of pain measurements and ultimately improve treatment 
and management of chronic pain. 
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Abstract: Our sub-millimeter resolution fMRI, in combination with microelectrode 
electrophysiological recordings, has identified regions selective for nociceptive heat processing 
in the posterior insula (pIns) and the secondary somatosensory cortex (S2) of new world 
monkeys. These observations led us to hypothesize that pIns is a high-order nociceptive 



information processing and integrating center that receives nociceptive inputs from S2 
nociceptive region. This S2-pIns circuit serves as core center(s) for integrating sensory and 
affective aspects of nociceptive information via other distinct brain circuits. To test this 
hypothesis, in this study we first mapped the whole brain regions that are engaged in processing 
nociceptive heat stimuli, and then used high-resolution resting state fMRI signals to delineate 
and refine the global intrinsic functional connectivity circuits of these two proximal regions. 
Four squirrel monkeys have been studied so far. In each subject, nociceptive heat (47.5 oC) 
evoked fMRI activations were mapped with both a 3 cm diameter surface coil and a whole brain 
volume coil at 9.4 T under anesthesia. Nociceptive heat evoked activations were identified in 
many brain regions, including primary somatosensory (S1) subregions, S2, Insula, thalamus, 
anterior cingulate cortex (ACC), primary motor cortex (M1), and prefrontal cortex. Using the 
heat evoked fMRI activation foci in pIns and S2 as the seeds, voxel-wise whole-brain resting 
state functional connectivity analysis was performed. We found that pIns and S2 were strongly 
connected to each other, and each region was also part of two distinct functional networks: (1) 
the pIns-ACC network, and (2) S2-sensorimotor network. In network 1, the most robust 
connectivity was observed among bilateral insula and ACC with moderate connectivity with 
posterior cingulate cortex. In network 2, we observed strong connectivity among bilateral S2, 
bilateral M1, and bilateral S1 cortices. Our study provides evidence for the existence of two 
distinct and intrinsic functional circuits for S2 and pIns, as well as their joint connection via the 
S2-pIns circuit. We propose that the S2-pIns circuit serves as key center(s) for integrating 
sensory and affective aspects of nociceptive inputs in primate brain. The presence of robust and 
distinct functional connectivity networks under anesthesia underscores the fundamental roles of 
these functional circuits in processing nociceptive information. 
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Abstract: INTRODUCTION: Recent evidence suggests that the cerebellum plays a role in 
affective processing, in addition to motor coordination. Imaging studies demonstrate cerebellar 
activation in individuals experiencing experimental or clinical pain. Moreover, resection of 
tumors located in the cerebellum in pediatric patients can result in affective and cognitive 
deficits. However, the consequences of such anatomical disruption on pain sensation and pain 
processing are unknown. This may be of particular importance in children, as it may alter 
sensory development into adulthood. The goal of this study is to evaluate the effect of cerebellar 
resection on the processing of pain. Preliminary findings indicate that damage to the cerebellum 
may influence pain perception. METHODS: Six pediatric patients who were treated with 
surgery only for a cerebellar tumor (mean age = 14.3 ± 4.1) and six age-, gender-, race- and 
handedness-matched healthy controls (mean age = 14.5 ± 4.0) were evaluated using quantitative 
sensory testing and magnetic resonance imaging which included diffusion tensor imaging, 
resting state and event-related functional MRI scans. Psychophysical measures assessed included 
heat and cold detection thresholds (HDT, CDT), heat and cold pain thresholds (HPT, CPT), and 
cold pain tolerance using a cold pressor task. RESULTS: A preliminary evaluation of the data 
thus far indicates a difference in the variability of HPT and CPT between patients and controls. 
This variability was not detected in measures of HDT or CDT. Similarly, the cold pressor task 
shows that pain sensitivity appears to mirror cold pain tolerance. PRELIMINARY 
CONCLUSIONS: The differences in pain sensitivity between patients and controls are 
presumed to result from damage to the cerebellum, potentially interfering with the modulation of 
pain pathways. Analysis of the preliminary imaging data is underway and recruitment is 
ongoing. 
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Title: Brain circuitry underlying sex differences in deep tissue pain sensitivity in chronic low 
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Abstract: Women suffer from a higher prevalence, incidence, risk, and severity of chronic pain 
compared to men. Past studies have reported robust sex differences in several evoked pain 
measures. However, the brain circuitry subserving chronic pain sex differences is largely 
unknown. In the current study, 34 women and 29 men suffering from chronic Low Back Pain 
(cLBP) underwent BOLD functional MRI (fMRI) scans of their brain in a 3T scanner. In a 
block-design experiment, we delivered deep tissue pressure pain stimuli, via cuff pain algometry, 
to the left lower leg. The cuff pressure stimulus was percept-calibrated to achieve a target pain 
intensity rating of ~40 on a scale of 0-100. There were 6 painful stimuli, each preceded by an 
anticipation cue and, 8 seconds later, followed by a pain intensity rating scale. A whole brain 
T2*-weighted BOLD fMRI pulse sequence was used (TR=3s, TE=30ms, flip angle=90, axial 
acquisition, voxel=2.6x2.6x3.1mm). At the subject level, GLM regressors modeled the pain 
anticipation cue, cuff pressure onset, cuff pressure plateau, and cuff pressure offset, while head 
motion, rest period between pressure and rating, and the rating period itself were included as 
covariates of no interest. Parameter estimates and variances were passed on to mixed-effects 
group level analyses, which calculated group maps and compared male and female cLBP patients 
(FLAME 1+2, FSL, Z>2.3 voxelwise threshold, cluster correction p<0.05). Cuff pressure to 
achieve target ratings was greater (p=0.02) for male (184±67mmHg, M±SD) compared to female 
(149±51mmHg) subjects, indicating a sex difference in sensitivity to pain stimulation. fMRI 
results showed that for pain onset, male cLBP subjects demonstrated greater activation in 
ipsilateral secondary somatosensory cortex/inferior parietal lobule and posterior insula; and 
contralateral lateral prefrontal cortex, compared to female cLBP subjects. No sex differences 
were found for brain activity at cuff pressure plateau. For cuff pressure offset, male subjects 
deactivated medial prefrontal cortex more robustly than female subjects. These results 
corroborate previous findings, demonstrating differences in sensorimotor, self-regulatory, and 
emotion processing brain circuitry in pain processing between men and women. Additionally, for 
chronic pain patients, brain response to stimulus onset and offset may more readily differentiate 
male and female patients, contributing to higher pain sensitivity reported by female cLBP 
patients. 
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pain-free state 

Authors: *P.-S. LEE1, Y.-S. CHEN2, C.-H. TU3,4, H.-T. CHAO5, J.-C. HSIEH3,4, L.-F. 
CHEN3,4,1;  
1Inst. of Biomed. Informatics, Natl. Yang-Ming Univ., Taipei, Taiwan; 2Dept. of Computer 
Science, Natl. Chiao Tung Univ., Hsinchu, Taiwan; 3Inst. of Brain Science, Natl. Yang-Ming 
Univ., Taipei, Taiwan; 4Integrated Brain Res. Unit, Div. of Clin. Research, Dept. of Med. 
Research, Taipei Veterans Gen. Hosp., Taipei, Taiwan; 5Dept. of Obstetrics and Gynecology, 
Taipei Veterans Gen. Hosp., Taipei, Taiwan 

Abstract: Theta oscillation has been reported to reflect memory integration and to dominate in 
resting state of patients with severe and chronic neurogenic pain. Evidence from our recent 
studies suggests that menstrual pain is associated with maladaptive functionality of pain 
modulatory system, especially trait-related changes in the resting-state brain activity. In this 
work, we aimed to further examine whether menstrual pain was associated with theta oscillations 
in the resting brain of women with primary dysmenorrhea (PDM) during pain-free phase. Forty-
six PDM and 46 healthy female controls (CON), a subset of the participants from our previous 
genetic association and behavioral studies of PDM being eligible for neuroimaging studies, were 
included in the present study. The magnetoencephalographic (MEG) signals with 3-5 minutes of 
eye-open resting state were recorded using a 306-channel MEG system (VectorviewTM, Elekta-
Neuromag, Helsinki, Finland) during their 12th-16th day of the menstrual cycle (periovulatory 
phase, POV). All subjects were assessed with a standardized clinical evaluation protocol 
including gynecological examination and psychological assessments. The source image of theta 
oscillatory activity for each individual was estimated by using the beamforming approach. A 
voxel-wise two-sample t-test was performed for group comparison, using a cut-off of p < 0.01 
(uncorrected; cluster size k > 50 voxels). Spearman’s correlation analyses between 



psychological/pain experience assessments and the mean theta power of the voxels in each 
cluster with significant group difference were further conducted. The results demonstrated that 
PDM exhibited increased theta oscillations in the left ventral anterior insula (vAI), left middle 
temporal gyrus, and right inferior temporal gyrus. No correlation was found. As a part of the pain 
matrix, the vAI plays an important role in visceral representation and emotional component of 
pain experience. This area is also a key region of the salience network, mediating default mode 
network and affective information processing. Our recent resting-fMRI study reported trait-
related hypoconnectivity of DMN-salience network in PDM. The findings of increased theta 
oscillation in vAI suggest systematic alteration of affective processing in pain-free stage, 
possibly encoding the prolonged salience of pain and manifestation of chronicity. 
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Abstract: Machine learning (ML) approaches for classification of pain have typically been 
applied to healthy individuals experiencing evoked, nociceptive stimuli. A wide gap exists 
between such efforts and the ability to predict the presence and/or severity of clinical pain in 
individuals who have chronic pain disorders. Our fMRI study applied previously validated 
procedures to increase clinical pain in chronic low back pain (cLBP) patients, and applied ML 
algorithms to attempt to classify the increased pain state using arterial spin labeling (ASL) brain 
imaging data. 



Thirty-nine cLBP patients (18 male, 37±11 yrs) performed individualized low back pain 
exacerbation maneuvers. Regional cerebral blood flow (rCBF) was assessed before and after 
maneuvers using pseudo-continuous ASL (6 minutes, TR/TE=3800/15 ms, label duration=1500 
ms, post label delay=1200 ms) at 3T. Imaging data were preprocessed to remove 
cardiorespiratory artifacts and head motion, and whole-brain normalized. Patients’ rCBF data 
were registered to the MNI152 template and contrasted pre- versus post-maneuvers to guide ML 
analysis. Multivariate classification techniques (k-nearest neighbor (k-NN); support vector 
machine (SVM), with linear- and rbf-kernel) were applied to discriminate increased pain from 
rCBF data, and searchlight algorithms were used to localize optimal brain subregions for such 
discrimination. 
Maneuvers significantly increased clinical pain intensity for all cLBP patients (pre-
maneuver=29.0±23.7, post-maneuver=53.8±24.1, p<0.0001, on a 0-100 scale). Maneuvers 
increased rCBF in bilateral thalamus and decreased rCBF in bilateral post-central gyri (SI) 
(p<0.05, paired t-test, cluster corrected), which were then selected for ML classification to 
discriminate pain states. In SI, the k-NN (classification accuracy=69%) and SVM (linear kernel, 
accuracy=68%) algorithms provided best discrimination accuracy, and rCBF decrease in the SI 
face area was optimal for discrimination on searchlight analysis. In thalamus, the k-NN classifier 
showed higher classification accuracy (63%) than SVM (linear kernel=58%, rbf kernel=51%), 
with activation of left ventrolateral nucleus showing optimal discrimination on searchlight 
analysis. 
Low back pain exacerbation maneuvers effectively increased clinical pain intensity in all LBP 
patients, and rCBF was increased in thalamic and decreased in SI somatotopic subregions with 
non-back/leg cortical representations. Machine learning techniques were successfully applied to 
discriminate lower versus higher pain states, and preliminary results suggested optimal 
discrimination in specific thalamic and S1 subregions. 
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Abstract: Complex regional pain syndrome (CRPS) is characterized by a continuing pain which 
has a devastating impact on the quality of life. In this long-lasting subjective experience of the 
pain, the insular cortex can be contributory to constant perception of the pain. We investigated 
resting-state functional connectivity of the insular cortex with the other brain regions in patients 
with CRPS. Twenty-five patients with CRPS and 25 matched healthy controls underwent 
functional magnetic resonance imaging at rest. With each seed regions of anterior and posterior 
insular cortices, we compared the resting-state functional connectivity strength between the two 
groups. Patients with CRPS appeared to have decreased functional connectivity with the anterior 
and posterior insular cortices in postcentral gyrus, cingulate, inferior frontal, and dorsomedial 
prefrontal cortices. Additionally, more decreased functional connectivity between the anterior 
insula and right postcentral gyrus was associated with more severe pain perception in patients 
with CRPS (with the sensory sub-scores of Short Form McGill Pain Questionnaire, r = -.517, p = 
.023; with present pain intensity score, r = -.420, p = .046). These findings suggest that the 
disconnection between the somatosensory cortical function of sensory perception and the insular 
function of awareness may play a significant role in a persistent experience of regional pain, 
which is not in a specific nerve territory or dermatome. 
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Abstract: Many studies using fMRI dealt with the processing of pain and itch as a 
multidimensional approach. The quality of pain and itch is processed in a “cerebral network” and 
a large amount of that network meanwhile is identified. The aim of this work was to explore with 
the help of fMRI whether itch and pain are processed in identical or different cerebral networks 
and how the connectivity within these networks change from the default mode to pain and itch, 
respectively. 
18 healthy subjects participated on two separated psychophysical pre-examinations. For pain the 
skin of the forearm was pretreated by topical application of capsaicin (0,05% for 30 minutes). 
Then two heat stimuli each lasting 3 min with 5 minute break in between were applied to this 
site. This lead to a thermal hyperalgesia and heat pain was applied 1 degree above the pain 
threshold. Itch was applied by iontophoresis of histamine into the skin of the volar forearm. 
Recording of the sensation by a visual analogue scale (VAS, 0: no itch; 30: desire to scratch; 
100: maximal conceivable itch). In two fMRI sessions itch and pain were assessed using a 
classical connectivity fMRI-design (EPI, 1.5 T Siemens Espree). The first run was without 
stimulation to detect the subject default mode network. During the second fMRI sequence itch or 
pain was applied. The itching or painful sensation lasted during the whole fMRI. 
For calculations of the connectivity seed regions (thalamus, PAG and posterior insular cortex) 
were defined. The mean MRI time courses signals were z-transformed and Pearson’s correlation 
coefficients (r) were calculated between the seed regions and other ROIs. In a 2nd level analysis 
contrasts were calculated between resting state and itch or pain condition and between itch and 
pain. 
During pain the connectivity of the PAG with most of the brain areas decreased as compared 
with baseline. The only exception is a small area in the posterior part of the anterior cingulate 
cortex (pACC) where a significant increase of the connectivity could be found. During itch 
connectivity reverses and increases. Interestingly, caudal to pACC another region adjoins with 
the reverse connectivity pattern. 
These findings show that the descending control via the PAG is modulated differently during 
pain and itch and the source of this different modulation seem to be within the medial system 
including ACC and insular cortex. 
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Abstract: Introduction The striatum, a component of the basal ganglia, is involved in diverse 
functional domains including movement, cognition, and reward. Recently, studies have shown 
that the striatum is also involved in the neuropathology of chronic pain. Studies suggest that Tai 
Chi, a mind-body exercise, has clinically important benefits for chronic pain; nevertheless, the 
underlying mechanism remains unclear. This study aims to explore whether Tai Chi can 
modulate the resting state functional connectivity (rsFC) of the striatal subregions in 
fibromyalgia (FM) patients. To accomplish this, we first compared the rsFC of the striatum of 
FM patients to that of the matched healthy controls, then examined how Tai Chi practice 
modulated the striatal rsFC after 3-months of Tai Chi exercise. Method We conducted a 3-
month, non-randomized comparison trial of Tai Chi involving FM patients and healthy controls 
matched on age, gender, and body mass index. The 60-minute group sessions occurred twice-
weekly. Each subject participated in two identical fMRI scanning sessions at baseline (Scan 1) 
and after 3 months of Tai Chi intervention (Scan 2). Using a 3T Siemens MRI system, 8-minute 
resting state fMRI data were collected. We also administered the Revised Fibromyalgia Impact 
Questionnaire (FIQR) before and after the fMRI scans. Seed-based rsFC was analyzed with 
CONN. We divided striatum into six subregions as seeds: dorsal caudate (DC), ventral caudate 
(superior) (VSs), ventral caudate/nucleus accumbens (inferior) (VSi), dorsal rostral putamen 



(DRP), dorsal caudal putamen (DCP), and ventral rostral putamen (VRP). A threshold of 
voxelwise p< 0.005 and p< 0.05 FDR corrected was applied. Results Twenty-one FM patients 
and twenty healthy controls completed the study and included in data analysis. There were no 
significant between-group differences in age and gender. Baseline rsFC analysis showed that 
compared to matched healthy controls, FM patients showed 1) decreased rsFC between left VSi 
and right temporoparietal junction, and increased rsFC between left VSi and bilateral medial 
orbital prefrontal cortex; and 2) increased rsFC between left VSs and right postcentral gyrus and 
middle cingulate cortex. All above rsFC deviations observed at baseline normalized after Tai Chi 
practice. After Tai Chi interventions, there were significant improvements in the general FIQR 
scores (p < 0.001). Conclusions Our results suggest that in FM patients, Tai Chi can 
significantly modulate the left ventral striatum rsFC over 12 weeks. The reward system may be 
involved in the Tai Chi-induced improvement of fibromyalgia-related symptoms. 
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Abstract: Patients with head and neck cancer often experience a significant decrease in their 
quality of life during chemoradiotherapy (CRT) due to treatment-related pain, which is 
frequently classified as severe. Transcranial direct current stimulation (tDCS) is a method of 
non-invasive brain stimulation that has been frequently used in experimental and clinical pain 



studies. In this pilot study, we investigated the clinical impact and central mechanisms of twenty 
primary motor cortex (M1) stimulation sessions with tDCS during seven weeks of CRT for head 
and neck cancer. From 48 patients screened, seven met the inclusion criteria and were enrolled. 
Electroencephalography (EEG) data were recorded before and after tDCS stimulation as well as 
across the trial to monitor short and long-term impact on brain function. The compliance rate 
during the long trial was extremely high (98.4%), and patients mostly reported mild side effects 
in line with the literature (e.g., tingling). Compared to a large standard of care study from our 
institution, our initial results indicate that M1-tDCS stimulation has a pain relief effect during the 
CRT that resulted in a significant attenuation of weight reduction and dysphagia normally 
observed in these patients. These results translated to our patient cohort not needing feeding 
tubes or IV fluids. Power spectra analysis of EEG data indicated significant changes in α, β and γ 
bands immediately after tDCS stimulation and, in addition, α, δ and θ bands over the long term 
in the seventh stimulation week (p < 0.05). The independent component EEG clustering analysis 
showed estimated functional brain regions including precuneus and superior frontal gyrus (SFG) 
in the seventh week of tDCS stimulation. These areas colocalize with our previous positron 
emission tomography (PET) study where there was activation in the endogenous µ-opioid system 
during M1-tDCS. This study provides preliminary evidence demonstrating the feasibility and 
safety of M1-tDCS as a potential adjuvant neuromechanism-driven analgesic therapy for head 
and neck cancer patients receiving CRT, inducing immediate and long-term changes in the 
cortical activity and clinical measures, with minimal side-effects. 
Disclosure: Dr. Alexandre DaSilva and Eric Maslowski are the creators of PainTrek (now 
GeoPain), and also co-founders of MoxyTech LLC, which licensed the technology from 
University of Michigan. 
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Abstract: Ongoing pain is the key symptom of chronic pain syndromes. Although converging 
evidence indicates that the brain plays a central role in the development and maintenance of 
chronic pain, the cerebral substrates of ongoing pain are largely unknown yet. We have 
previously shown that the cerebral encoding of objective stimulus intensity and subjective pain 
intensity of ongoing pain dissociate within 10 minutes of painful heat stimulation. We further 
observed that subjective pain intensity was selectively encoded by prefrontal gamma oscillations. 
Here, we further investigated the cerebral and autonomic correlates of ongoing tonic pain in 52 
healthy subjects using EEG, continuous pain ratings and autonomic measures. To disentangle the 
encoding of the location and intensity of ongoing pain, we applied 10 min of tonic heat 
stimulation of varying intensity to the left and right hand, respectively. A conjunction analysis of 
right and left hand stimulation revealed that subjective pain intensity was encoded by gamma 
oscillations (30-100 Hz) in the prefrontal cortex independent of the stimulation side. Gamma 
oscillations increased with increasing pain intensity. Conversely, the contrast right vs. left hand 
stimulation revealed a spatially specific encoding of objective stimulus intensity in sensorimotor 
areas contralateral to the stimulation side by alpha (8-13 Hz) and beta (14-29 Hz) oscillations. 
Alpha and beta activity decreased with increasing stimulus intensity. The analysis of autonomic 
measures showed that skin conductance levels and the frequencies of nonspecific skin 
conductance responses were significantly related to objective stimulus intensity but not to 
subjective pain intensity. Taken together, these results confirm that gamma oscillations and the 
medial prefrontal cortex play a crucial role in the encoding of tonic, ongoing pain and encode 
subjective pain intensity independent of pain location. In contrast, alpha and beta activity over 
contralateral sensorimotor areas encode objective stimulus intensity in a spatially specific 
manner. The stronger relationship of autonomic responses to stimulus intensity suggests that 
autonomic responses reflect lower level stimulus characteristics and are at least partially 
independent of the subjective pain percept. These findings extend the understanding of the brain 
mechanisms of ongoing pain as a key symptom of chronic pain syndromes. 

Disclosures:  M.M. Nickel: None. E.S. May: None. L. Tiemann: None. M. Postorino: None. S. 
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Abstract: Introduction: Low back pain (LBP) is one of the leading causes of disability in the 
USA. Despite numerous magnetic resonance imaging (MRI) studies and investigative methods 
used, the pathophysiology of LBP in the brain remains unclear. Recent studies in resting state 
functional magnetic resonance imaging (rsfMRI) have suggested that integration of brain 
function occurs within multiple frequency bands, each associated with different neural 
manifestations. Thus, low frequency fluctuation (LFF) ranges can be further divided into several 
distinct bands, among which are slow-4 (0.027 - 0.073 Hz) and slow-5 (0.01-0.027 Hz). These 
bands mainly reflect neuronal fluctuations and their amplitude in gray brain matter. The aim of 
this study is to explore 1) amplitude of low-frequency fluctuation (ALFF) differences between 
LBP patients and healthy controls (HCs) across different bands; and 2) ALFF changes in LBP 
patients when the intensity of endogenous LBP is increased. 
Methods: A total of 36 right-handed subjects were recruited. RsfMRI data were collected using 
a 3.0 T MRI scanner. All LBP patients were scanned two times, before and after exercise 
maneuvers, aiming to increase the intensity of LBP. RsfMRI data from 17 adults with LBP 
(mean age, 36.84 ± 9.07 years) and 19 adult HCs (mean age, 36.84 ± 9.07 years) were included 
in data analysis. We calculated ALFF in 2 low-frequency bands: slow-4 and slow-5 Hz using a 
Data Processing Assistant for Resting-State fMRI (DPARSF) toolkit. The statistical threshold for 
contrasts was uncorrected p < 0.001 with 20 continuous voxels. 
Result: Compared with the HCs, the LBP group showed increased ALFF values in the 
supplementary motor area (SMA) of slow-4 and in the middle temporal gyrus of slow-5. 
However, decreased ALFF values of slow-4 and slow-5 were detected in the middle occipital 
gyrus. When compared to the post maneuver rsfMRI data, the pre-maneuver LBP group showed 



increased ALFF values of slow-4 in the pre-central gyrus (PreG) / paracentral lobules (ParaL) 
and in the postcentral gyrus, but decreased slow-4 values in the dorsal prefrontal cortex. There 
was a significant correlation between slow-4 ALFF values in the SMA and the changes in slow-4 
ALFF values in the PreG/ParaL in LBP patients. 
Conclusions: Our findings suggest that LBP patients with different endogenous LBP intensities 
have different spontaneous oscillations across different frequency bands. Our results endorse the 
value of distinguishing the slow-4 and slow-5 bands in chronic pain studies. 
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Abstract: Sickle cell disease (SCD) is a blood disorder that affects approximately 100,000 
Americans. An abnormality in sickle hemoglobin causes the cells to form stiff sickle shapes 
which can block blood vessels. Ischemia causes many complications, but the most common 
symptom in SCD patients is chronic pain. Chronic pain treatment often involves the use of 
opioids. However, this treatment method can be ineffective because patients may be under-
treated due to the risks associated with opioids. An objective method is needed to help quantify 
pain to help improve pain treatment in SCD patients. The goal of this study was to explore using 
electroencephalography (EEG) to identify potential biomarkers of chronic pain in sickle cell 
disease. Ten SCD patients and ten healthy controls were recruited. All patients gave written 
informed consent and all experimental procedures were approved by the IRB of the University of 
Minnesota. EEG data was recorded during resting state. Patients rated their pain on the day of 
recordings on a scale from 1 to 10. An averaged two second epoch that was filtered into the 



alpha band was used to perform EEG source imaging. The source analysis was performed using 
the sLORETA algorithm and the moving dipole solution. The power of the EEG was also 
assessed across different frequency bins to assess any differences between controls and patients. 
Healthy controls showed sources located in the prefrontal cortex and precuneus/posterior 
cingulate areas. All of these areas are associated with the default mode network (DMN). The 
SCD patients showed source localizations in thalamus and unilateral activation in the insula. The 
insular cortex and thalamus have been implicated to be involved in pain processing. Both 
sLORETA and moving dipole solutions had similar source locations for most of the subjects. 
SCD patients had statistically more power in the delta, theta, and alpha bands when compared to 
controls (p < 0.05). The results of this EEG analysis suggest that controls and SCD patients have 
different resting state sources. No patients were experiencing an acute pain crisis at the time of 
EEG recordings, indicating these differences most likely reflect chronic pain. This indicates that 
EEG reflects chronic pain and that EEG data can be used to find differences between patients 
and controls. EEG is a non-invasive imaging method that is cost-effective and easy to implement 
compared to other non-invasive imaging methods such as fMRI. Our results indicate the 
potential for an EEG-based method to quantify pain in SCD which will be more beneficial to 
patients as fMRI data is expensive to obtain and is also burdensome for the patients. Funding: 
NIH U01-HL117664 and NSF IGERT DGE-1069104. 

Disclosures:  M. Case: None. S. Shirinpour: None. Y. Datta: None. S. Nelson: None. K. Gupta: 
None. B. He: None. 

Poster 

148. Pain Imaging and Perception 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 148.14/EE4 

Topic: D.02. Somatosensation: Pain  

Support: NIH R01 NS069909 

Title: Effects of spinal cord injury on nociceptive heat evoked fMRI responses in cervical spinal 
cord of monkeys 

Authors: *L. CHEN, P.-F. YANG, F. WANG;  
Radiology and Inst. of Imaging Sci., Vanderbilt Univ., Nashville, TN 

Abstract: Our previous fMRI studies of cervical spinal cord demonstrated that bilateral dorsal 
and ventral horns were all actively engaged in the processing of nociceptive heat and innocuous 
tactile inputs from hand (Yang et al., J Neurosci., 2015). Additionally, after unilateral injury to 



cervical spinal cord, horn-horn functional connectivity, as measured with resting state fMRI 
signals, was weakened on the spinal segments below the lesion, and only on the lesion side 
(Chen et al., PNAS, 2015). These observations led us to hypothesize that the strengths of 
intrinsic functional connections between spinal horns are indicative of spinal cord functional 
state. The integrity and maintenance of proper horn-horn functional connectivity are essential for 
execution of spinal functions, such as processing of incoming nociceptive inputs. To test this 
hypothesis, in this study we investigated how traumatic injury (i.e., section) to cervical spinal 
cord injury affects spinal fMRI responses to nociceptive heat and innocuous tactile stimulation of 
digits and resting state functional connectivity in monkeys under anesthesia. Two squirrel 
monkeys were studied under isoflurane anesthesia thus far. All MRI scans were performed on an 
Agilent 9.4 T MRI scanner. Five high-resolution structural transverse images with MT contrast, 
covering C5-C8 spinal segments that received afferents from digits, were acquired to maximize 
the grey-white matter contrast within spinal cord. T2* weighted fMRI data were acquired using a 
fast gradient echo with identical imaging plan prescription. For each subject, multiple fMRI runs 
were obtained during nociceptive heat stimulation of digits 2 and 3, and also at rest, within each 
imaging session. Nociceptive heat (47.5 oC) stimuli (21 s on/30 s off blocks) were delivered via a 
Medoc thermal probe. MRI data obtained before and weeks after unilateral spinal cord lesion of 
the dorsal column were quantified and compared. Image pre-processing and statistical analysis 
were done with custom Matlab scripts and AFNI software. Prior to spinal cord injury, 
nociceptive heat stimulation of two digits elicited fMRI response in all four horns, but with 
strongest response in ipsilateral dorsal horn across multiple adjacent spinal segments. Four 
weeks after a unilateral lesion of the dorsal column, identical nociceptive heat stimulation 
evoked fMRI response only in slices above the lesion site. The locations of heat responses, 
however, appeared to be shifted to the middle section between dorsal and ventral horns within 
the grey matter. Nociceptive and tactile response magnitudes appeared to be weaker than those 
obtained before lesion. 
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Abstract: Pain perception dependents on the absolute magnitude of the pain (absolute coding) 
but it is also influenced by contextual predictions (context-dependent coding). We investigated 
the temporal dynamics (EEG) and brain regions (fMRI) involved in absolute and context-
dependent coding of pain as well as their link to dopaminergic neuromodulation 
(placebo/haloperidol). Context-dependent coding was associated with a frontal ERP effect at 
~600ms that was pinpointed to the insula; and absolute coding was associated with a 
frontocentral ERP effect at ~600ms, that was source localized to the left postcentral gyrus. 
Importantly, in the placebo condition activity in postcentral gyrus increased linearly with shock 
magnitude only in the beginning of the experiment and subsequently habituated. In contrast, 
when the dopaminergic system was blocked by haloperidol, absolute coding was also present at 
the end of the experiment. Together, our findings suggest that dopaminergic neuromodulation 
plays an important role for the habituation to painful stimuli over time. 
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Abstract: Chronic pain is a complex physiological and psychological condition, characterized 
by hypersensitivity to noxious stimulation, and likely caused by persistent changes in the central 
and peripheral nervous systems. We hypothesized that the CNS abnormalities can be reduced 
with Cognitive Behavioral Therapy (CBT), and that the development of better coping skills as a 
result of such training will influence perceptual and neural responses to acute pain. Functional 
neuroimaging (echo planar fMRI on a 3T Phillips Achieva magnet) during an acute pain task 
was performed in patients with chronic musculoskeletal pain before and after an eleven-week 
CBT intervention (n=58), as well as a matched (ages 19-72, both genders) active control group 
of patients who received educational materials (n=38). Inclusion criteria consisted of a minimal 
pain level of 4 on a 10-point scale for at least 1 year. Prior to scanning, we determined a 
moderate pain level for each participant (7 on a 10-point scale), which we held constant at 
follow-up. The acute pain task consisted of two runs using induced thermal pain, with five 20-
second pain blocks each. Participants were instructed to “attend to the pain” in the first run and 
to “decrease the pain” (cope) in the second run. To investigate the impact of CBT on the neural 
responses to acute pain, we compared differences between groups across time. Compared to the 
control group, CBT led to significant improvements in clinical measures of pain, mental health, 
pain catastrophizing, and self-efficacy for coping with chronic pain. After therapy, participants in 
the CBT group relied more heavily on relaxation techniques when coping with acute pain, 
compared to control group participants. The CBT group also had lower acute pain 
unpleasantness ratings following intervention, although these changes were not significantly 
different from the control group. We observed significant changes in the dorsal somatosensory 
stream (contralateral S1, S2, premotor cortex, superior parietal lobule as well as the dorsolateral 
prefrontal cortex) when coping with pain in the CBT group compared to control group. 
Prefrontal changes correlated with changes in catastrophizing. These results add to mounting 
evidence that CBT is a valuable treatment option for chronic pain, and its effects might be 
mediated by neuroplasticity associated with coping during ongoing pain. 

Disclosures:  A. Kubicki: None. M. Shpaner: None. D.A. Seminowicz: None. N.D. La Rosa: 
None. J. Bishop: None. A. French: None. E. McCallion: None. J. Mantegna: None. F.J. Keefe: 
None. M.R. Naylor: None. 

Poster 

148. Pain Imaging and Perception 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 148.17/EE7 

Topic: D.02. Somatosensation: Pain  

Title: High density electroencephalography and automated classification of pain perception 



Authors: *S. COOMBES, G. MISRA, W.-E. WANG;  
Univ. of Florida, Gainesville, FL 

Abstract: Previous experiments show that oscillatory power in theta, alpha, beta, and gamma 
activity are associated with the translation of brief (5 ms) pain eliciting sensory stimuli to the 
subjective perception of pain. Conventional studies have focused on electrodes over 
sensorimotor cortex, but recent evidence shows that when pain-eliciting stimuli and subjective 
perception are concurrent for 10 minutes, pain perception is only associated with increases in 
gamma power in medial prefrontal cortex. What is not clear, however, is whether concurrent 
sensory input and subjective perception that lasts a few seconds is sufficient to elicit changes in 
oscillatory power in medial prefrontal cortex, and whether oscillatory activity in this region can 
be used to classify pain states. Developing a short duration experimental pain paradigm that 
assesses medial prefrontal cortex function is attractive because this region is implicated in many 
chronic pain states. In addition, developing models that use neurological signals to classify pain 
states remains an important goal in the field of pain research. In the current study we combine 
high-density EEG with a paradigm in which a 4 second sensory stimulus and the subjective 
perception of pain are concurrent. We collected data from 30 healthy adult subjects. We 
implemented a novel unconstrained whole brain analysis approach in source space and used 
machine learning to determine whether power in specific regions and specific frequencies could 
be used to classify experimentally evoked high and low pain states. Our analyses revealed that 
high as compared to low pain perception lead to increases in theta and gamma power in medial 
prefrontal cortex and reductions in beta power in sensorimotor cortex. A gaussian kernel SVM 
classifier found a leave-one-out cross validation accuracy of 89%, with gamma power in medial 
prefrontal cortex and beta power in sensorimotor cortex contributing most to the classification. 
Our findings show that short duration EEG experimental pain paradigms can provide a window 
into medial prefrontal cortex function and that pain intensity can be classified using EEG data in 
source space with a leave-one-out cross validation accuracy of 89%. 
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Abstract: [Introduction] The perception of pain varies depending on one's mental state of 
aversion or unpleasantness, and relationship with others. There are also gender differences in 
pain sensitivity, and women are said to have a lower threshold and tolerance to pain than men. 
To date, sufficient study concerning the impact of the relationship with others and the gender 
difference on the sensitivity of pain including the brain function has not been conducted. In the 
present study, we used electroencephalogram (EEG) to examine the influence of human 
relationships and gender difference on pain. [Materials and Methods] The subjects were 28 
healthy university students and the experimenter was a woman who gave pain stimulus. The 
subjects were divided into 4 groups: high intimacy group of 6 men, high intimacy group of 8 
women, low intimacy group of 7 men and low intimacy group of 7 women. The measurement 
procedures consisted of first evaluating the intimacy and anxious, followed by a rest of 2 
minutes. Then, a painful stimulus to the forearm for 40 seconds and a rest of 30 seconds were 
repeated thrice, followed again by a rest of 2 minutes. During this time, EEG and 
electrocardiography (ECG) were measured simultaneously. The pain thresholds of the forearm, 
pain intensities to pain stimulus, and unpleasantness as well as anxious were measured before 
and after measurement. EEG were analyzed by exact low resolution brain electromagnetic 
tomography (eLORETA), and the rate of change of each evaluation parameter before and after 
measurement were calculated and compared. In addition, the results of high and low intimacy 
groups were compared, and their relation to anxious was investigated. [Results] The rate of 
change of pain thresholds increased significantly in high intimacy men compared with low 
intimacy men. The rate of change increased significantly in high intimacy men and women in 
comparison with low intimacy men and women. EEG analysis findings revealed a decrease of α 
waves in the insular cortex during pain stimulation in the low intimacy group. [Discussion] The 
results of the present study revealed that the rate of change of pain thresholds increased 
significantly in the high intimacy groups. Previous studies have reported that it is easier to get 
more social support from familiar people, and it is thus thought that people in high intimacy 
groups, where familiar persons are close by, felt better emotional support. Furthermore, the 
results of EEG analysis revealed a response of the insular cortex during pain stimulation in the 
low intimacy groups. It appears that the low intimacy groups experienced more unpleasantness 
and anxious in addition to a decreased rate of change of the thresholds. 
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Abstract: Regional atrophy in cerebral gray matter was reported in chronic pain (CP) patients 
from specified etiologies, such as chronic low back pain and fibromyalgia. Here we examined 
gray matter changes in CP patients across various etiologies to search for a common fingerprint, 
and sought for its association with behavioral variables.[Methods] We recruited 17 CP patients 
(age 42.5 ± 10.8 years; 10 females) and 17 healthy control (HC) subjects (41.8 ± 12.2; 9 
females). All the subjects were right-handed and abstained from alcohol and caffeine 24 hours 
before the experiment. From each subject we recorded various psychophysical parameters such 
as short-form McGill Pain Questionnaire, painDETECT, Pain Catastrophizing Scale, Beck 
Depression Inventory, and a visual analogue scale (VAS, 0-10 cm) of current pain intensity. We 
also examined, using a Peltier-type thermal stimulator (Medoc, Israel) with a 30 mm-diameter 
probe attached on the left volar forearm, a thermal pain threshold at the VAS of 6 (Tv6). We 
performed a set of multimodal magnetic resonance imaging including resting-state functional 
and high-resolution T1-weighted anatomical imaging for each subject on a 3.0 T MRI scanner. 
MR images were analyzed with SPM12 (Welcome Trust Centre for Neuroimaging, UK). 
Correlation analysis was performed with SPSS 23.0 (IBM, USA).[Results] After correction for 
age and gender as covariates, CP patients, compared with HC subjects, showed decreased 
regional GMV in the right primary somatosensory cortex, right premotor cortex, right ventral 
posterior cingulate cortex (vPCC), left subgenual anterior cingulate cortex (sgACC), left primary 
motor cortex, and right anterior insula (AI); and increased regional GMV in the right angular 
gyrus and left precuneus (Punc. < 0.001, k > 19 voxels). CP patients, but not HC subjects, showed 
a pronounced age-dependent decrease of GMV in those regions except for the sensorimotor areas 
(P < 0.05). In CP patients, Tv6 was positively correlated with total and regional GMV at the 
angular gyrus (P < 0.05). No correlations were found between any of the behavioral measures 
and morphometric changes.[Conclusion] CP was associated with gray matter atrophy at the 
primary sensorimotor areas and hypertrophy at the sensory association areas, which implies 
possible plastic changes in higher-order processing of nociceptive information. More 



importantly, CP was also associated with atrophy at the core regions concerned with affective 
processing pain, such as vPCC, sgACC, and AI. Functional significance of those alterations will 
further be determined with functional connectivity analysis of resting-state fMRI data sets. 
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Abstract: Expectations have been shown to modulate the perception of pain. Using a drift 
diffusion model, we recently showed that this influence of prior information on pain processing 
is primarily based on biased perceptual decision rather than altered sensory processing. However, 
if a high-intensity stimulus was unexpectedly applied, sensory processing was accelerated, 
indicating sensory gain (‘pop-out’). Here, we investigated the neural mechanisms underlying 
both types of bias. 
In a probabilistic cueing paradigm, healthy participants were presented with one of three visual 
cues per trial: (1) A cue that was followed by high-intensity stimulation in 80% of the trials and a 
low intensity stimulation in 20% of trials (‘80/20’), (2) a cue that signalled the delivery of a high-
intensity stimulus in 20% and of a low-intensity stimulus in 80% of trials (‘20/80’) and (3) a cue 
that signalled the same probability for both intensities (‘50/50’). Participants indicated as quickly 
as possible whether a low or high-intensity stimulus had been applied. Brain responses to cue 
and stimulus delivery were recorded using a 3T MRI scanner. Individual model parameters for 
shift in prior (indicating biased decision-making) were used as a covariate of cue-related brain 



response and individual parameters of sensory gain were correlated with brain responses during 
stimulus delivery. 
A shift in prior towards the high-intensity boundary following the presentation of the ‘80/20’ cue 
was negatively correlated with activation in right dorsolateral prefrontal cortex (DLPFC). This 
cue-related DLPFC engagement was related to activation in the PAG during stimulus delivery 
but only if the expected high intensity stimulus was applied. A shift towards the low intensity 
boundary during presentation of the safe ‘20/80’ was positively related to right DLPFC activity. 
Increase in sensory gain during ‘pop-out’ scaled with engagement of left amygdala which 
showed increased functional connectivity with the PAG during stimulus application. 
Our results indicate that the engagement of the right DLPFC when relevant information becomes 
available but prior to stimulus delivery ‘buffers’ against biased perceptual decision-making. Its 
link to PAG activation during subsequent stimulus delivery resembles known descending pain 
modulation implemented through DLPFC and PAG in cognitive pain modulation. Accelerated 
processing of unexpectedly aversive stimuli involves the amygdala and its cross-talk with the 
PAG. The convergence of both types of bias in the PAG as the key subcortical relay station for 
incoming noxious information highlights its pivotal role in expectancy-related changes in pain 
processing. 
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Abstract: Introduction: Children suffering from concussion/mild traumatic brain injury often 
experience persistent post-traumatic headache (PTH). Surprisingly little is known about the 
pathogenesis of PTH, although shared pathophysiology with that of the brain injury is suspected. 
These changes may lead to negative outcomes in PTH patients, including the disruption of 
normal development and increased risk of pain chronification. 
Aims & Objectives: To characterize the clinical features of post-traumatic headache (PTH), and 
determine its effect on regional cerebral blood flow (rCBF). 
Methods: Participants: 12 PTH patients and 22 healthy controls were recruited for the study 
(age range 14-18 years). Patients were identified at Boston Children’s Hospital and scanned 
within the range of 16-351 days post-concussion/mTBI. Headache Characteristics: A 
retrospective PTH attack report, including the prevalence of headache type and characteristics, 
along with cognitive, autonomic and sensory symptoms, was collected. Image acquisition: 
Participants were scanned on a 3T MRI scanner. High-resolution T1-weighted anatomical scans 
were acquired for image registration. Quantitative rCBF measurements were performed using 
pseudo-continuous arterial spin labeling (pCASL) [PLD=1.3sec, LD=1.5sec, GE-EPI, TR/TE= 
3870/12, FOV=220mm, matrix=64x64, 26 slices, slice thickness = 5mm]. Image processing: 
Data were pre-processed using SPM8. Group-wise changes in rCBF were calculated using 
random effects two-sample t-test. 
Results: Symptom profile: Persistent headaches were described as stabbing (25%), exacerbated 
by exertion (17%), and have characteristics of tension-type (17%), cluster (8%), migraine (8%), 
or other (25%) headaches. Other associated symptoms included cognitive (90%), autonomic 
(70%) and sensory (80%) deficits. Blood flow measurements: Statistical comparisons between 
healthy controls and PTH patients revealed significant rCBF increases in several areas, including 
insula, basal ganglia, and limbic system. 
Discussion: PTH in children seldom occurs in isolation and is normally accompanied by several 
clinical symptoms. These neurological deficits suggest a widespread disruption in brain function, 
which could be driven by altered mechanisms of resting brain perfusion. Whether or not there is 
a causal and temporal relationship between rCBF and headache symptomatology remains to be 
confirmed in prospective studies. The ASL technique may be used to reliably measure successful 
brain recovery in pediatric PTH patients, thus providing a useful clinical diagnostic marker. 
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Abstract: Introduction Expectation can significantly modulate pain perception. In this study, 
we investigated whether boosting expectancy can enhance acupuncture treatment effect in 
subjects with osteoarthritis of the knee (knee OA) as measured by Knee injury and Osteoarthritis 
Outcome Score (KOOS), and explored its underlying mechanism using resting state functional 
connectivity (rsFC). Methods Patients with knee OA were randomized to boosted acupuncture 
(Boost), standard acupuncture (Acu) or treatment as usual control (TAU). Each subject in the 
two acupuncture groups received a total of 6 sessions within one month. Each subject 
participated in two identical fMRI scanning sessions (treatment 1 and 6) including a 6-minute 
resting state fMRI used for this analysis. In the Boost group, expectancy manipulation was 
applied during two scan sessions, i.e. subjects were told that stimuli of identical experimental 
heat pain would be applied before and after acupuncture. In fact, the heat pain intensity was 
lowered surreptitiously after treatment to boost subjects’ expectation. In the Acu group, subjects 
were told that we reduced the pain intensity after treatment. Subjects in the TAU group 
experienced the identical procedures as the Acu group except no acupuncture. Seed-based rsFC 
was analyzed with CONN. Histological atlas distributed along with FSL for laterobasal (LB), 
centromedial (CM), and superficial (SF) nuclei were used as seeds. A threshold of voxelwise p< 
0.005 and p< 0.05 FDR corrected was applied. Results 54 subjects (19 Boost, 18 Acu and 17 
TAU) completed both fMRI sessions. The ANCOVA in KOOS pain subscale indicated that the 
Boosted Acu significantly increased (improvement) compared to Acu (p = 0.011) and TAU 
groups (p = 0.005). The Acu and TAU groups were not significantly different. The rsFC analysis 
showed that compared to Acu, Boost Acu produced a significant rsFC increase between 1) the 
right CM and bilateral pregenual anterior cingulate cortex (pACC), medial prefrontal cortex 



(MPFC), and right angular gyrus; 2) left CM and right dorsal lateral prefrontal cortex (DLPFC), 
MPFC, right insula, putamen, thalamus; and 3) right SF between bilateral precentral and 
postcentral gyrus. Compared to TAU. Boost Acu produced significant rsFC increases between 1) 
right CM and right ventral striatum (VSt), putamen, and hypothalamus; and 2) right LB and 
bilateral subcallosal cortex and right orbital prefrontal cortex. Conclusions Our results suggest 
that expectancy can significantly enhance clinical improvement through modulation of multiple 
networks including CM, the reward network (ventral striatum), and pain descending pain 
modulation systems (ACC & MPFC). 
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Abstract: Introduction: Patients with fibromyalgia (FM), a chronic centralized pain disorder, 
show increased hypersensitivity to multiple sensory stimuli, including light. The insula may play 
a role in multisensory integration as activity in this region is amplified during both pain and 
visual stimulation in FM. However, it is unknown whether these findings are related to insula 
connectivity at rest and/or during visual stimulation. Here, we examined differences in functional 
connectivity during visual stimulation versus rest, as well as longitudinally in FM. 
Methods: 15 female FM patients underwent fMRI at baseline and 4 weeks after a sham 
treatment. Functional connectivity during an evoked visual stimulus task and resting state was 



measured. Whole brain connectivity to 4 anterior insula seeds, we previously identified as 
showing enhanced activations with this visual stimulus in FM, was performed using SPM8 and 
the Conn Toolbox. Subject-specific connectivity maps for each seed were entered into group 
analyses to measure changes in connectivity at baseline and longitudinally. We also performed 
Group Independent Component Analysis using the GIFT toolbox to assess lateral visual network 
(LVN) connectivity. Results were deemed significant at a false discovery rate cluster-level 
corrected p-value < 0.05 derived from a voxel-wise uncorrected p-value < 0.001. Post-hoc 
correlations were performed between connectivity and unpleasantness ratings (20-point Gracely 
Box Scale) following visual stimulation in SPSS 22 (p < 0.05). 
Results: At baseline, insula connectivity to the precentral/postcentral gyrus and cuneus were 
increased during visual stimulation. Increased connectivity between the insula and the precuneus, 
a region of the Default Mode Network, was positively correlated with unpleasantness ratings of 
the visual stimuli (r2 = 0.527). Post-sham treatment, we found that decreases in insula 
connectivity to the inferior frontal gyrus (r2 = 0.881), precentral gyrus (r2 = 0.894), and mid 
occipital lobe (r2 = 0.866) were positively correlated with decreases in unpleasantness ratings 
between the two time points. Further, we found increased connectivity between the LVN and 
insula at rest, absent of visual stimulation. (p < 0.05). 
Conclusion: These data suggest that the insula cortex is involved in the processing of aversive 
visual stimuli in FM as ratings of visual unpleasantness were positively associated with 
connectivity to this structure. We speculate that longitudinal changes in sensory integration 
within the insula may be related to modulation of the underlying pathology in FM. Connectivity 
data in pain-free controls is needed to confirm this hypothesis. 
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Abstract: Pain serves vital protective functions, which crucially depend on appropriate 
behavioral responses to noxious stimuli. However, pain has mostly been conceptualized as a 
perceptual phenomenon. In this common perception-centered concept of pain, it is thought that a 
noxious stimulus induces a percept which, in turn, induces a behavioral response. In view of the 
utmost relevance of protective behavioral responses, we here considered an alternative, action-
oriented concept of pain in which behavioral responses do not exclusively depend on perception 
but themselves shape the perception of pain. We tested this hypothesis in a simple behavioral 
experiment in which 55 healthy human subjects performed speeded behavioral reactions and 
provided perceptual ratings of brief noxious and tactile stimuli to their right hand. As expected, 
intensity ratings increased and reaction times decreased with increasing stimulus intensity for 
both stimulus types. To further explore the relationships between stimulus intensity, behavioral 
responses, and perception, we performed multi-level moderated mediation analyses. These 
analyses revealed that behavioral responses are significantly involved in the translation of a 
noxious stimulus into the perception of pain. This involvement was significantly stronger for 
painful than for non-painful stimuli, as shown by a stronger mediating role of action in the 
stimulus-perception relationship for pain than for touch stimuli. A subsequent control experiment 
with an additional 35 healthy subjects and randomized instead of block-wise presentation of pain 
and touch stimuli fully replicated these results. Together, these findings strongly indicate a pain-
specific contribution of action to perception and thereby advocate a novel action-oriented 
concept of pain. Such a concept parallels recent concepts of emotions, which also emphasize a 
central role of reactions and actions in the emergence of emotional feelings. Furthermore, our 
results might entail important implications for the understanding and treatment of chronic pain. 
The modulation of pain behavior and underlying brain circuits might not only alleviate the 
consequences of pain but also influence an important determinant of pain perception. 
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Abstract: [Introduction] We showed that illusory kinesthesia by vibratory tendon stimulation on 
acute stage after surgery for a distal radius fracture reduces pain (Imai, 2015). It has been 
reported that activation of motor-related regions of the brain inhibits pain (Maarrawi, 2013), but 
it has not been verified that the region of the brain related to illusory kinesthesia is really 
activated during illusory kinesthesia in patients after surgery for a distal radius fracture. 
Therefore, we used brainwaves to investigate whether the motor-related regions of the brain can 
be activated through an illusory kinesthesia with vibratory tendon stimulation the day after 
surgery for a distal radius fracture. [Method] Subjects were 6 patients who had undergone 
surgery for a distal radius fracture. We used a hand massager (YCM-20,70Hz) for vibration 
stimulus. The illusory kinesthesia was conducted with a vibration stimulus on the extensor 
digitorum muscle at the wrist joint of the non-affected hand. The intervention period was 7 days. 
Pain at rest, movement pain and illusory kinesthesia were all evaluated using a Visual Analogue 
Scale(VAS) on day one and after 7 days of vibration stimulus. We used 
electroencephalograph(Biosemi) to measure brainwaves, the electrodes were arranged according 
to the 10-20 system with 32ch, and the sampling frequency was set to 1024Hz. EMSE Suite 
(Source Signal Imaging) was used for analysis and the power spectrum analysis at rest and 
during vibration stimulation targeted the C3, Cz and C4 regions. The high-α wave band was set 
at around 2Hz of each subject’s peak value, the ERD value {(exercise-rest)/rest)} was calculated, 
and Spearman’s rank correlation coefficient was used to calculate the correlation between pain at 
rest and pain on movement. Level of significance was set as 5%. [Results] An illusory 



kinesthesia was elicited in 6 subjects. The pain at rest decreased from 60.8±25.7mm (mean±SD) 
to 13.8±15.9mm (mean±SD), while movement pain decreased from 68.0±17.0 mm (mean±SD) 
to 29.8±17.6 mm (mean±SD). High-α was decreased in C3, Cz and C4ch during vibration 
stimulus compared to during at rest. Also, a significant negative correlation was seen in the C3, 
Cz and C4ch ERD value and the level of change in pain at rest (p<0.05). [Conclusion] During 
illusory kinesthesia in patients after surgery, attenuation of α-waves, which are related to 
execution of movement was seen in the bilateral sensorimotor areas of C3, Cz and C4ch. Also, a 
negative correlation was seen in the C3, Cz and C4ch ERD value and the amount of change in 
pain at rest. These results suggest that sensorimotor areas activated by the illusory kinesthesia 
may be involved in improvement of pain. 
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Abstract: Placebo effects and concomitant hypoanalgesia exemplifies the substantial influence 
of expectations on treatment outcomes. We investigated the influence of variability in prior 
experience and expectations on placebo effect magnitudes by using a Bayesian-like experimental 
manipulation and fMRI. 
BOLD responses of 63 healthy male subjects (Ngroup1/2 = 31/32) were compared by applying heat 
pain. As placebo treatment, transcutaneous electrical nerve stimulation (TENS) was introduced 
as a putative method for pain treatment. During conditioning, both groups’ placebo compared to 
the control condition temperature was lowered. Via different temperature variation across trials, 
one group experienced the placebo treatment as constant (certain, SD = 0°C) the other as 
variable hypoanalgesic (uncertain, SD = 0.57°C). During test, the influence of both treatments 
(certain/uncertain) on the placebo effect was investigated via 22 identical heat stimuli (11 
placebo TENS/11 control no TENS). 
Pain ratings in the placebo compared to the control condition were significantly lower only in the 



certain group. On the neural level, this variability modulated placebo effect was reflected by 
decreased amygdala and anterior cingulate cortex activity in the certain compared to increased 
activity of the same areas in the uncertain group during early pain anticipation. For heat pain, an 
activation increase for placebo in the uncertain compared to the certain group was observed in 
the PFC, insula, and substantia nigra (SN). Furthermore, increased SN activity of the uncertain 
group was correlated with individual pain rating variability in placebo conditioning and may 
reflect involvement of dopaminoceptive structures. 
Activation of dopaminoceptive structures such as the SN has been linked to appetitive prediction 
error coding (Seymour et al., 2005) which is more pronounced in the uncertain group’s placebo 
condition. In summary, treatment variability can influence the effect of expectation in the 
perception of painful stimuli and seems to be mediated by differences in prediction error 
signaling. 

 

Disclosures:  A. Grahl: None. C. Büchel: None. 



Poster 

148. Pain Imaging and Perception 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 148.27/EE17 

Topic: D.02. Somatosensation: Pain  

Support: NIH Grant P50DK064539 

Title: Sex differences in the functional connectivity of insular cortex during colorectal distension 

Authors: *Z. WANG1, Y. GUO1, E. A. MAYER3, D. P. HOLSCHNEIDER2;  
1Psychiatry & Behavioral Sci., 2Psychiatry & Behavioral Sci., Neurology, Biomed. Engin., Univ. 
of Southern California, Los Angeles, CA; 3Medicine, Physiology, Psychiatry and Biobehavioral 
Sciences,Center for Neurobio. of Stress, UCLA, Los Angeles, CA 

Abstract: BACKGROUND: The insular cortex plays a critical role in visceral pain processing 
and shows sex differences in functional activation during noxious visceral stimulation. Much less 
is known at the circuit level regarding functional interactions both within the insula and between 
the insula and other parts of the brain. AIM: To characterize sex differences in insular functional 
connectivity (FC) in rats during noxious colorectal distension (CRD). METHODS: Functional 
connectivity analysis was applied to a published data set consisting of 4 groups: male/control, 
male/distended, female/control, and female/distended. Cerebral blood flow mapping was 
performed using 14C-iodoantipyrine autoradiography in awake, nonrestrained rats. Forty regions 
of interest (ROIs) were defined anatomically to represent the granular, dysgranular, and 
agranular insular cortex along the anterior-posterior axis. A 40x40 inter-regional correlation 
matrix was calculated for each group to characterize intra-insular FC, which was further 
analyzed with graph theoretical tools. Representative insular ROIs were chosen for seed 
correlation analysis to examine sex differences in their global FC patterns. RESULTS: Both 
control females and males showed strong intra-insular FC with females showing higher density 
(fraction of connections to possible connections) at 54% compared to males at 32%. Clear 
functional segregation was seen along the anterior-posterior axis. Denser FC was observed 
anteriorly in females but posteriorly in males. During CRD, intra-insular FC density decreased 
greatly to 25% in females, and modestly to 26% in males. A loss of long-range connections was 
apparent. New functional organization was characterized in both males and females by a 
functionally connected mid-insular cluster and primarily short-range FC along the anterior-
posterior axis of the insula. Seed correlation analysis revealed complex sex- and CRD-related 
differences in insular FC with other brain areas. In particular, during CRD, sex differences were 
noted in FC of the anterior agranular insular cortex with the medial prefrontal cortex and with the 
periaqueductal gray, suggesting sex differences in the affective and modulatory aspects of 
visceral pain processing. CONCLUSIONS: Functional connectivity analysis revealed important 



sex differences in the functional organization of the insular cortex and in its interaction with 
other areas in the pain circuit. These findings bring new insights into understanding at the circuit-
level sex differences in visceral pain processing. 
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Abstract: Theories of pain perception are traditionally based on regional nociceptive activity 
and do not account for brain integrative mechanisms that must underlie conscious perceptions. 
More recent human neuroimaging studies are beginning to explore how functional brain 
networks interact and are modulated by pain perception. While many functional network 
properties have been identified during rest and task states, it remains unclear how pain 
perception impacts the intrinsic brain network architecture. Here we tested the extent of brain 
network changes that can reflect acute pain perception, using graph theoretical analysis applied 
to functional connectivity data. 
Twenty healthy subjects (9 females) were scanned at rest, during a pain, and visual rating tasks. 
Following preprocessing images were registered into standard MNI space and subsequently 
down-sampled to 5850 voxels with size of 6x6x6 mm. Brain networks were constructed from the 
functional correlation between all voxels at various threshold (2 - 10% density). We compared 
global and local brain network properties between the 3 scans. 
Similar to previous reports, brain networks during task and resting state were highly similar. 
Only modularity was significantly lower during pain, compared to the visual and resting state 
scans, at all thresholds (F=19.53, p<0.01). Furthermore modularity exhibited a strong association 
with the number of voxels activated (glm) in pain (R = -0.81, p< 0.001), but not visual task. 
Local differences in connectivity were limited to the dACC, which showed 40% increase in 
edges for pain (F = 45.02, p < 0.001). Finally, We tested the validity of our results in an 



independent group of female subjects (n = 11) during painful and nonpainful mechanical vulvar 
stimulation. Only modularity correctly classified painful and non-painful scans (ROC=0.87, 
p<0.01), while activity contrast (glm), dACC connectivity (ROC=0.52, p=0.84) and the 
Neurological Pain Signature (ROC = 0.57, p =0.74) did not. 
Our results provide compelling evidence that pain perception is associated with increased 
information integration throughout the brain, resulting in decreased modularity, and modularity 
seems to be a more specific brain parameter related to pain perception than measures used in the 
past. However, more studies are required to account for the differentiable aspects of pain 
perception, such as saliency, attention, anxiety, and intensity, and their relationships to 
modularity changes during pain. Our findings point to a possible mechanism supporting brain 
integrative nature of pain perception. 
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Abstract: Nociceptive signals originated from peripheral skin (e.g., hand) ascend to brain via 
spinal cord and lead to pain perception in conscious subjects. Pain modulation also occurs in 
parallel at each information relay station along the pathway. The two nociceptive ascending and 
descending systems interact constantly in mediating pain perception in a context dependent 
manner. To date, even though spinal cord and brain interact constantly during nociceptive 
processing, the vast majority of in vivo pain studies have focused on either the spinal cord or the 
supra-spinal regions, mainly due to a lack of effective tools. Thus, the ability to monitor the 
entire nociceptive pathways in action noninvasively, particularly in primates, will have 
unprecedented impact for basic and clinical pain research. Recently, few studies in humans have 
showed promise that simultaneous mapping of pain response in the brain and spinal cord can be 
achieved. Building upon our previous successful high-resolution multi-parametric MRI and 



fMRI studies of the nociceptive pathways/circuits in the spinal cord and the brain of monkeys at 
9.4T (in separate sessions), this study aims to: (1) implement novel magnetization transfer (MT) 
contrast MRI to visualize spinal grey and white matter structures, and (2) optimize fMRI 
imaging protocols to map simultaneously nociceptive heat evoked fMRI responses and intrinsic 
functional connectivity of the entire pain system from the cervical spinal cord to the entire brain. 
Three monkeys have been scanned so far on a 9.4T Varian INOVA scanner under isoflurane 
anethesia. fMRI data during noxious heat stimulation of distal finger pads of digits 2&3, as well 
as at rest, were acquired with a custom volume coil and multi-shot EPI sequence. fMRI signals 
underwent a series of pre-processing procedures, including physiological noise correction, slice 
timing and motion corrections, and regression of CSF and muscle signals. Resting state fMRI 
data (300 volumes) were band pass filtered (0.01-0.1 Hz) for further analysis. With proper 
maintenance of animal’s physiological condition, we were able to detect stimulus-evoked fMRI 
activation in the spinal cord dorsal and ventral horns and regions in the brain. When a seed was 
placed at the right motor cortex, functional connectivity was detected in multiple brain regions 
and the ventral horn of the cervical spinal cord. Our preliminary results show the feasibility and 
potential of simultaneous brain and spinal cord MRI/fMRI for investigating the functional 
connectivity between brain and spinal regions involved in nociceptive processing at a fine spatial 
resolution that has not been previously achieved. 
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Abstract: Objectives. Pathological pain is caused by sensorimotor incongruence. Several studies 
on healthy subjects clearly indicate that dysesthesia, similar to pathological pain, is caused by 
sensorimotor incongruence. There are some reports about the cortical mechanisms of the 
dysesthesia caused by sensorimotor incongruence. However, only a few of these neural network 



reports exist. In this study, we aimed to clarify the neurophysiology of the neural network by 
analyzing the functional connectivity on the electroencephalogram (EEG). 
Methods. Eighteen healthy subjects were recruited. The subjects were instructed to place their 
left limb such that it was reflected in a mirror and aligned in the sagittal plane and place their 
right limb behind the mirror. They were asked to perform the flexion/extension exercises with 
their elbows: moving elbows simultaneously (Congruence condition), moving elbows 
unsymmetrically (Visual incongruence condition), and moving only the left elbow, while the 
right one was moved by the experimenter (Proprioception incongruence condition). We recorded 
the EEG activity, and the participants were asked to rate the intensity of their dysesthesias on 
Numerical Rating Scale (NRS) in every condition. For functional connectivity analysis, we used 
exact-Low Resolution Brain Electromagnetic Tomography (eLORETA). 
Results. The NRS scores among the three conditions showed significant effects in peculiarity 
(χ² = 18.98, P = 0.000), and in nausea (χ² = 13.24, P = 0.001) in the Friedman test. The post-hoc 
test showed that peculiarity in the Visual and Proprioception incongruence conditions were 
significantly higher than in the Congruence condition (p < 0.016). Nausea in the Proprioception 
incongruence condition was significantly higher than that in the Congruence condition (p < 
0.016). When comparing subjects with incongruence in proprioception causing peculiarity and 
subjects with no peculiarity, we observed a strong functional connectivity on the beta band 
between the bilateral anterior cingulate cortex (t = 3.292, p < 0.05). Finally, between subjects 
with nausea and without nausea, on the beta band, there is a strong functional connectivity (t = 
3.188, p < 0.05) between the bilateral ventromedial prefrontal cortex and the right anterior 
cingulate cortex. 
Conclusions. The present study revealed that peculiarity and nausea were caused by the 
Proprioception incongruence condition. Furthermore, we confirmed that subjects with 
dysesthesia have strong activity on the neural network in the brain region linked to emotions. 
Consequently, we suggest that these neural networks are related to the occurrence of dysesthesia. 
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Abstract: Navigating through tree canopies is a skill that many small mammals such as rodents 
are expert in. The biomechanics of the body during arboreal locomotion is well studied, 
however, very little is known about the sensing strategies used to extract information about the 
local environment in order to inform the placement of safe footfalls or general body posture. 
There is some evidence to suggest the vibrissae (whiskers) provide an advantage for such 
locomotion, for instance i) small nocturnal and arboreal mammals have longer and more densely 
packed facial vibrissae than ground-dwelling or burrowing mammals; ii) vibrissae are present 
elsewhere on the body, such as on the wrists; iii) rodents employ their vibrissae to determine the 
distance of gaps in order to cross them. Here we present the first direct evidence that rats adapt 
their vibrissal sensing strategies in order to sample the position and diameter of “branches” 
during arboreal locomotion. Animals were filmed in high-speed at 500 fps from the side 
(dorsoventral view) and from the front (rostral view) whilst freely exploring a vertical pegboard 
maze (1 m x 1 m) in search of food rewards. Pegs were interchangeable, with 10 cm spacing 
vertically and horizontally between each. We compared the position and movement of the 
vibrissae and head whilst animals crossed gaps of different distances, onto branches (pegs) of 
differing diameter. Rats were capable of actively manipulating the angle of their vibrissae in the 
dorsoventral plane in order to make as many contacts with the substrate as possible, such that the 
ventral-most vibrissa retract as the rat moves closer to the branch, resulting in an asymmetry 
between the dorsal- and ventral-most vibrissae. Furthermore, as determined from the rostral-
view, rats adopted a strategy of pointing the vibrissae down towards the ground when travelling 
along narrow branches, but increasing this angle to point upwards toward the ceiling as branch 
diameter increased. This maximal contact strategy allowed the animal to trace the outline of the 
branch, whilst sampling the area the forepaws will subsequently land. 
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Title: What tactile information do trigeminal projection pathways convey during behavior? 
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Abstract: Whisker-evoked tactile sensation is a prime modality for rodents to appraise their 
environment. Afferent facial tactile inputs are first distributed and processed through brainstem 
trigeminal circuits, before being further integrated at higher levels. While the functional 
organization of the trigeminal brainstem is broadly understood, little is known about the 
physiological responses of neurons in diverse behavioral contexts, let alone the role played by 
specific projection pathways during behavior. We set out to tackle these issues through a two-
pronged strategy, which involved 
a) inducing the expression of ChR2 (a light-activated cation channel ) in thalamic-projecting 
trigeminal neurons, in order to identify (“phototag”) those neurons during extracellular 
recordings in behaving mice, and 
b) recording from the principal or spinal trigeminal nuclei (PrV, SpV respectively) with multi-
channel optrodes while mice learned to perform complementary sets of behavioral tasks. 
ChR2 expression in trigeminal projection neurons was achieved by injecting a lentiviral vector 
coding for the Cre protein (Lenti-Cre) in Ai32 mice, which genome has been altered to enable 
Cre-dependent ChR2 expression. In addition, the viral vector was conferred the ability to 
propagate retrogradely, through pseudotyping with a rabies-derived fusion glycoprotein. The 
retrograde Lenti-Cre could thus transfect and induce ChR2 expression in neurons that 
specifically target the injected region. The viral vector was injected in known thalamic projection 
zones of PrV or SpV output neurons, namely VPM or Po. Optrodes were built by combining 
home-made tetrode arrays or single-wire multi-electrode arrays together with a fiber optic 
cannula and (optionally) a microdrive system. After habituating mice to behavioral setups, 
selected subjects were sequentially injected with the retrograde Lenti-Cre, implanted with an 
optrode and finally trained on behavioral tasks. 
In order to study differential recruitment of trigeminal output pathways according to behavioral 
context, we trained mice on two separate tasks, the first involving sensory discrimination (texture 
detection task), and the second based on sensory localization (gap crossing task). Overall, this 
experimental strategy enables the study of basic physiological properties (sensory tuning) of 
ascending trigeminal pathways in behaving animals, as well as to explore potential contextual 
response modulation of the neurons contributing to those pathways. We will discuss whether and 
how sensory tuning may be selectively modulated at this early stage across specific ascending 
pathways during diverse exploratory behaviors. 
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Title: New ways to wiggle whiskers: optogenetic control of whisker movement and active 
sensation 
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Abstract: The mouse whisker-to-barrel cortex system is an important model system in 
neuroscience. During natural behaviors, mice actively move their whiskers to touch and palpate 
objects of interest. Active sensation is difficult to control experimentally. We explored 
stimulation of whisker movements using mouse lines that express channelrhodopsin-2 (ChR2) in 
facial muscles, peripheral nerves, or a combination of muscle and nerve. High-speed 
videography was used to quantify the angle change of whisker protractions evoked by optical 
stimulation of the whisker pad in mice expressing ChR2 in facial muscles. Larger amplitude 
whisker protractions could be elicited by higher light intensities in a linear fashion. Longer 
duration light pulses at maximal intensities elicited larger amplitude whisker protractions that 
peaked after durations of approximately 60 ms. Stimulation at various frequencies revealed 
stronger adaptation (decreased movement amplitude with subsequent pulses) at high frequencies. 
Electrophysiological recordings of sensory cortex multiunit spiking activity and local field 
potentials showed that peripheral optogenetic stimulation evokes cortical signals with longer 
latency than responses to mechanical whisker stimulation. Furthermore, behavioral experiments 
showed that mice can detect peripheral optogenetic stimulation. Our results establish a paradigm 
for non-invasive optogenetic control of whisker movements which will be useful for studies of 
sensorimotor integration in the mouse whisker-to-barrel cortex system. 
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Abstract: Context dependent coordination of orofacial motor actions into a behavior involves a 
convergence of reflexive circuits, sensory feedback, and motor commands onto pre-motor and 
motor circuits in the brainstem. The spinal trigeminal nuclei (SpV) are known to receive primary 
sensory input and contain pre-motor neurons that project onto facial motor neurons (Takatoh et 
al. Neuron 2013; Matthews et al. J Comp Neurol 2015). Here, we explore the role of descending 
projections from vibrissa motor cortex (vMCx) onto SpV pre-motor neurons in controlling 
movement of the mystacial vibrissae and potential filtering of peripheral sensory information. 
Using a combination of modern viral techniques, we show that vMCx projections to SpV are 
concentrated in the region containing premotor neurons. Preliminary evidence indicates that the 
vMCx preferentially innervates somatotopically within SpV. Optogenetic activation of 
trigeminal projecting vMCx neurons evokes vibrissa movement. We conclude that vMCx 
projections to SpV, along with those from vibrissa primary somatosensory cortex (Matyas et al. 
Science 2010), integrate with primary sensory inputs to modulate vibrissae motor output. 
Modulation is likely through control of the set-point of vibrissa position. 
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Title: Vibrissa motor cortex activity suppresses contralateral whisker movement 
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Abstract: Anatomical, stimulation and lesion data point to a role of vibrissa motor cortex in the 
control of whisker movement. Motor cortex is classically thought to play a key role in movement 
generation, but most studies have found only weak correlations between vibrissa motor cortex 
activity and whisking. The exact role of vibrissa motor cortex in motor control remains 
unknown. To address this question we recorded vibrissa motor cortex neurons during various 
forms of vibrissal touch, all of which were associated with increased movement and forward 
positioning of whiskers. Free whisking, palpation of objects and social touch all resulted in 
similar vibrissa motor cortex responses: (i) Population activity decreased. (ii) The vast majority 
(~80%) of significantly modulated single cells decreased their firing. (iii) Rate-decreasing cells 
were the most strongly modulated cells. To understand the cellular basis of this decrease of 
activity, we performed juxtacellular recordings, nanostimulation and in vivo whole-cell 
recordings in head-fixed animals. Social facial touch - a strongly engaging stimulus - resulted in 
decreased spiking, massively decreased cell excitability and a ~1.5 mV hyperpolarization in 
vibrissa motor cortex neurons. To assess how activation of vibrissa motor cortex impacts 
whisking we performed intracortical microstimulation, which led to whisker retraction, as if to 
abort vibrissal touch. Finally, we blocked vibrissa motor cortex. A variety of inactivation 
protocols resulted in increased contralateral whisker movements and contralateral whisker 
protraction, as if to engage in vibrissal touch. Surprisingly, our observations collectively point to 
movement suppression as a prime function of vibrissa motor cortex activity. 
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Abstract: Rats collect tactile information about their surrounding environment while actively 
rubbing and taping their whiskers against objects. The nature of the physical signals that rats use 
for the discrimination of surface textures is still poorly understood. We investigated the 
mechanical modalities of the signal transference from the whisker's tip and object contact zone to 
the base and mechanoreceptors interface. To this end we extracted the spatiotemporal evolution 
of the local curvature of plugged rat vibrissae from their motion acquired by high-speed and high 
resolution videography (>2 kHz frame rate). The vibrissa were mounted on a rotating axis and 
swept by a stepper motor at different angular velocities and distances across sandpaper surfaces 
of different grades. Our measurements suggest that dynamic friction, expressed as stick-slip 
movements of the vibrissa tip, is converted to bending waves propagating along the whisker 
towards its base. We constructed a mathematical model, which converts local curvature into 
moments along the vibrissa shaft. We found that the bending moment variations are transmitted 
(quasi) instantaneously from tip to base and are strongly amplified. In a second approach we 
aimed at explicitly modelling the tip contact zone, giving rise to frictional movements, and 
linking it to a model of the conically tapered shaft. Preliminary results showed good agreement 
of these model outcomes with the previously observed torque amplification. 
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Title: A new dimension in multiple whisker tracking: imaging and tracking whisking behaviour 
in 3D 
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Abstract: During natural active exploration, rodents rhythmically move their whiskers against 
objects in their surroundings. This behaviour is commonly studied by high-speed imaging of the 
whiskers in the horizontal plane (bird’s eye view). However, whisker movement has a substantial 
3D component and involves torsional rotation. Moreover, whisker-object contact can cause 
movement and bending with a vertical component. Our aim was to get comprehensive insight 
into how this important sensory system operates by imaging the whiskers in 3D. To this end, we 
filmed awake mice whisking in 3D and developed computer vision software to extract the 3D 
kinematic /mechanical whisker information from the videos. 
Head fixed male C57BL/6 mice (trimmed to either one row or one arc of whiskers) were 
encouraged to whisk either in free air, against a smooth metal pole, or against a textured surface. 
The whiskers were illuminated using high-power infrared LED arrays and imaged using high-
speed cameras (1000frames/sec) in both horizontal and vertical (coronal) planes. In order to 
calibrate the two views, a known object was moved within the field of view and the data used to 
calculate the mapping from real world 3D coordinates to the horizontal and vertical projections. 
All videos collected were successfully calibrated. The 3D trajectory of each target whisker was 
tracked using an extension of our 2D whisker tracker (‘WhiskerMan’; (Bale et al., 2015, 
Campagner et al., 2016) ). This tracker differs from other trackers in using temporal information 
to obtain robust to whisker cross-over events. The new algorithm represents the proximal 
segment of each target whisker as a 3D, quadratic Bezier curve and fits parameters to data from 
the two (calibrated) image planes. 
Using this approach it was possible to image a large proportion of the whisker array including 
Greek whiskers β-δ, and rows B-E within arcs 1-4. The new algorithm successfully tracked four 
whiskers simultaneously both in free air and during touch, with only occasional errors from 
whisker cross-over events. For each whisker, it was possible to obtain a 3D description, 
including azimuthal and elevation angles, torsional rotation and 3D curvature. 



All experimental procedures were approved by the United Kingdom Home Office authorities and 
the University of Manchester ethical review. 
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Abstract: Sensation is an active process. Animals purposively move their sense organs - eyes, 
hands, antennae or whiskers - to optimise information accumulation towards a goal. In the past, 
active sensing was difficult to study, but advances in high-speed videography and image 
processing have made rigorous study feasible. 
To gain more insights into the computational nature of active sensing we developed a novel 
three-choice object location discrimination task for head-fixed mice. 
Water-restricted mice were trained to use their whiskers to sense the location of a pole presented 
in one of three anterior-posterior locations, while whisker motion was imaged at 1000 fps. Mice 
were trained to lick from a left reward port if the pole was posterior; to lick from a right reward 
port if the pole was central; and to withhold licking if the pole was anterior. To solve the task 
mice had to sample at least two of the three locations with their whiskers, and subsequently 
discriminate differences in experienced mechanical variables or sensorimotor contingencies 
(early or late touch in the whisking cycle). 



Each mouse’s exploration strategy was mapped at millisecond resolution over hundreds of 
behavioural sessions using machine learning algorithms applied to the high-speed video data. To 
date we have analysed task behaviour in more than 50,000,000 video frames. 
Mice (n=6) performed ~200 trials per behavioural session, achieving stable high performance 
(>75% correct) with a full whisker array in < 20 behavioural sessions, a single row of whiskers 
in 22-44 sessions (10 mice) and a single whisker in 25-63 sessions. Performance fell to chance 
after whiskers were trimmed to the level of the fur. Mice used an active strategy, exploring a 
region of space with their whiskers encompassing both rewarded pole locations - touching the 
pole when it was presented in one of the two rewarded locations with equal probability, and 
frequently touching the pole in the `no-go’ location. This strategy differs from that displayed by 
naive mice, and mice trained in two-choice object localisation (O’Connor et al 2010, Guo et al 
2014). Task-level differences in whisker movement strategy and sensory inputs imply that mice 
actively direct whisker movements to meet task demands. 
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Title: Discrimination of tactile regularity : a novel 2-alternative forced-choice task in the rat 
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Abstract: Learning to discriminate sequences of stimuli in the temporal and spatial domains is 
fundamental in certain sensory-guided behaviors. Neurons from the primary somatosensory 
cortex (S1) code for spatial (Jacob et al., 2008) and temporal sequences of stimuli (Webber & 
Stanley, 2004). However, in behavioral studies, the simultaneous discrimination of tactile 
gratings has not been yet explored. Here we asked if tactile gratings can be discriminated by rats 
using their whiskers in a task incompatible with whisking. We developed a two-alternative 
forced-choice task in an automated modified T-maze. Stimuli were either a surface with no bars 



(smooth), or with bars spaced irregularly or regularly. While running at full speed, rats 
encountered the two discriminanda, placed at random on the right and left sides of the central 
aisle. They had to turn to the side of the regular grating (rewarded stimulus). During initial 
phases of learning, reminders of this target stimulus were placed near reward locations. The 
animal choice, speed, global whisker movement and head direction were tracked during the task. 
Rats (n=6) learnt to recognize tactile regular bars against smooth surfaces in eight weeks. 
Clipping the whiskers reduced performance to chance level at the beginning of the session, 
demonstrating that the rats learnt this task using their whiskers (n=4). However, the performance 
rose back at the end of the session, indicating that the animals started to develop an alternative 
strategy independent of the use of whiskers. Inactivation of S1 using muscimol (GABA-A 
receptor agonist) dropped the performance down to chance level during the first part of the 
session, showing that activity in S1 is necessary for tactile discrimination (n=3). Similarly to the 
whisker trimming experiment, the rats performed better than chance at the end of the session. 
When we introduced the irregular series of bars during one session, 3 rats out of 6 were able to 
discriminate it from the regular series. Rats solved the task while running at a speed of 107.2 ± 
7.7cm/s (mean ± SEM), so that the contact with the stimulus lasted less than one typical 
whisking cycle. Whisker tracking analysis showed that during successful trials, after the initial 
contact, the whiskers oriented towards the rewarded stimulus, and ~50ms later the head turned to 
the side of the rewarded stimulus (n=3). To conclude, the rats were able to discriminate 
sequences of bars on a surface by scanning the stimuli just once. We showed that the whisker 
system and S1 activity are involved during the discrimination process. We hypothesize that in 
S1, a neuronal code based on precise spike timing is underlying this tactile ability. 
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Title: Layer-specific somatosensory processing in head-restrained mice during exploratory 
locomotion 



Authors: *A. AYAZ, A. STÄUBLE, F. HELMCHEN;  
Univ. of Zurich, Zurich, Switzerland 

Abstract: We perceive the outside world as a result of continuous sensorimotor interactions. 
There is increasing evidence that locomotion modulates sensory processing in primary sensory 
cortices of mice (Niell & Stryker, 2010 Neuron 65, 472-479; Saleem et al.,2013 Nat. 
Neuroscience 16, 1864-1869; Keller et al., 2012 Neuron 74, 809-815; Fu et al.,2014, Cell 156, 
1139-1152), however the effect of locomotion seems to be heterogeneous across different 
sensory modalities (Schneider et al., 2014, Nature 513, 189-194; Fu et al.,2014, Cell 156, 1139-
1152; Sofroniew et al.,2016 eLife 4:e12559 ). Here, we investigate how animal movements 
(running and whisking) are integrated with tactile touch stimuli in primary somatosensory cortex 
(S1) of mice during exploratory locomotion. We focus on differential processing across 
superficial (layer2/3) and deep (layer5) cortical layers. 
In their natural environment rodents navigate through dark tunnels utilizing their whiskers. To 
mimic this exploratory locomotion behavior we developed a virtual tactile environment, in which 
mice can run in the dark, along a “wall”, on which textures are presented. Mice are head 
restrained on a treadmill and textures (sandpapers of varying graininess) are presented on 
rotating cylinders in reach of whiskers. While mice are running and whisking along the “wall” 
we perform 2-photon calcium imaging of cortical (predominantly excitatory) neurons, expressing 
the calcium indicator R-CaMP-1.07, in superficial and deep layers of S1. We consider three 
stimulus conditions: free walk in the absence of somatosensory stimulus; closed loop when the 
speed of the texture rotation is coupled to the speed of the animal locomotion; and open loop 
when the speed of the texture rotation is independent of the animal speed on the treadmill. 
Closed loop sessions also involve brief perturbations by decoupling texture rotation and animal 
speed. 
We found that in both superficial and deep layers, subsets of neurons show increased activity 
with locomotion. A larger set of neurons were responsive to initial contact of rotating textures. A 
major difference between layers appears to be the persistence of the response to touch such that 
in layer 2/3, neurons continue to respond to rotating stimuli whereas the activation of layer 5 
neurons is transient and gets suppressed after the initial touch activity. Responses to the 
perturbations are more infrequent and vary across the population. These results highlight layer-
specific differences in the integration of sensorimotor aspects in barrel cortex. We are currently 
investigating whether sensory stimulus speed and locomotion speed are also integrated 
differently across layers. 
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Abstract: Sensory processing in the neocortex is strongly modulated by behavioral state. In 
recent years, recordings in head-restrained mice allowed investigation of how animal movements 
influence sensory processing. In visual cortex (V1) neurons show higher firing rates during 
locomotion compared to stationary periods (Niell & Stryker, 2010 Neuron 65, 472-479; Ayaz et 
al., 2013, Current Biology 23, 890-894). Vasoactive intestinal peptide-positive (VIP+) 
interneurons have a key role in this process: They receive cholinergic long-range inputs from the 
basal forebrain during running periods, inhibit somatostatin-expressing neurons, and thereby 
disinhibit pyramidal neurons (Fu et al., 2014, Cell 156, 1139-1152). Similar disinhibitory 
mechanisms have been found in primary somatosensory cortex (S1) of mice during whisking 
with inputs arising from vibrissae motor cortex (vM1) (Lee et al., 2013, Nature Neurosci. 16, 
1662-1670). Here, we investigated how both of these motor-related aspects (whisking and 
locomotion) are integrated by VIP+ interneurons in S1 with touch stimuli during exploratory 
behavior. We developed a naturalistic setting, which simulates moving along a wall in darkness: 
the head-restrained mouse was allowed to freely run on top of a ladder wheel while sandpaper on 
a rotating cylinder could be brought in reach of the whiskers. The speed of the rotating texture 
was either coupled to the animal’s speed (closed loop) or decoupled (open loop). Whisker 
movements were monitored by videography. We used the triple transgenic mouse line VIP-Cre-
ztTA-YCX2.60, which expresses the yellow cameleon calcium indicator YX2.60 in VIP+ 
neurons, and performed 2-photon calcium imaging of VIP+ interneurons through a cranial 
window. We find that VIP+ interneurons in layer 2/3 show enhanced mean activity during 
periods of continuous running and whisking compared to stationary periods. Large calcium 
transients occurred after locomotion and whisking onset but not in response to texture touch. In 
conclusion, we find strong and positive correlation between explorative behavior and L2/3 VIP+ 



interneuron activity in mouse barrel cortex. Together with the finding of increased activity in a 
subset of excitatory neurons (see SfN poster from Ayaz et al.), our results are consistent with an 
disinhibitory role of VIP+ interneurons in S1 during exploratory behavior. 
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Title: The role of VPm thalamus in whisker related tactile perception 
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Abstract: The rodent ventro-posterior-medial nucleus (VPm) is the primary thalamic station of 
ascending whisker signals in rodents and traditionally has been viewed as the gateway for 
lemniscal tactile information destined for the primary somatosensory whisker representation, the 
barrel cortex. The thalamic gate is thought to be sensitive to general states, like vigilance and 
sleep. Here we studied whether VPm is involved in modifying tactile signals on short time scales 
and in a task-dependent manner. We trained head-fixed rats on a Go-NoGo detection of change 
task which required them to passively detect brief near-threshold amplitude ramp-like whisker 
deflections of different direction embedded in Gaussian white noise. Our first observation was 
that VPM single unit coding of kinematic variables was insensitive to ramp direction and did not 
change between successfully detected trials (hits) or failed trials (misses). However, single- and 
multi-unit spiking in response to ramps was decreased due to background noise, thereby 
confirming the role of pre-adaptation on signal detection in the awake animal. Further, evoked 
spike rates across the recorded population were significantly different between hit and miss trials 
if background/pre stimulus activity was taken into account. This predictability of the behavioral 



choice could be identified seconds before stimulus presentation indicating a systematic reflection 
of task engagement versus disengagement. As measured from sequences of hit and miss trials, 
task engagement was tracked by thalamus in a highly dynamic fashion that could change from 
one trial to another. These results support the notion that the thalamic gate is highly dynamic on 
a time scale of seconds, and this could serve a role in dynamically gating information flow to 
generate cortical representation leading to perception. 
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Title: Thalamic control of cortical sensory representations. 
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Abstract: The thalamus is a central hub of sensory and motor processing, where thalamic 
dysfunction has been linked to many complex sensorimotor neurological disorders including 
Parkinson’s Disease, Central Pain, and Schizophrenia. In the context of sensory pathways, very 
little is known about how ongoing thalamic activity controls feedforward downstream evoked 
cortical responses. A single cortical neuron is only weakly driven by a single thalamic synapse; 
therefore, cortical responses require large numbers of temporally synchronized thalamic neurons. 
Additionally, thalamic activity is highly dynamic, and can range from tonically active to bursting 
states with varying levels of synchrony across the thalamic population. Furthermore, the majority 
of inputs to thalamus have been shown to be modulatory in nature, indicating the thalamic state 
is likely constantly being modulated and tuned by ongoing activity of cortical and subcortical 



structures. Here, we used paired recordings of the thalamus and cortex while modulating the 
thalamic state using optogenetics to determine the role of thalamic activity on evoked cortical 
response. Specifically, we extracellularly recorded single thalamic neurons from the mouse 
lemniscal whisker pathway while simultaneously recording cortical responses with widefield 
volumetric imaging cortical activity using the genetically encoded voltage sensor Arclight. We 
used AAV delivered hyperpolarizing opsins (Halorhodopsin or eNph3.0) to shift the VPm 
thalamus into a bursting state while simultaneously measuring thalamic and cortical sensory 
responses to various whisker velocities under isoflurane anesthesia. At baseline, our results show 
monotonic increase in S1 cortical volumetric voltage spatiotemporal response with increased 
single whisker velocity. Through optogenetic hyperpolarization of VPm, we increased the 
thalamic bursting, while also increasing both thalamic and cortical whisker velocity responses. 
Thalamic hyperpolarization also caused an overall increase in spatial response and theoretical 
detectability whisker stimuli. These results suggest a potential role of thalamic state modulation, 
particularly bursting, as a method to increase cortical response and perception of sensory 
information. 
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Title: State-dependent encoding in the thalamocortical circuit. Modeling feature selectivity in 
different optogenetically induced thalamic states 
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1Wallace H Coulter Dept. of Biomedial Engin., Georgia Tech/Emory, Atlanta, GA; 2Dept. of 
Cognitive Neurology, Hertie Inst. for Clin. Brain Res., Univ. of Tübingen, Tübingen, Germany 

Abstract: It has been posited that the regulation of thalamic firing modes could function as a 
mechanism for controlling not only how much, but what kind of information is conveyed to 
downstream cortical targets. Yet how this gating mechanism impacts precise feature selectivity 
in the thalamocortical circuit remains unknown. Using in-vivo single unit recordings in the rat 
vibrissa thalamus (VPm), feature selectivity was assessed using white noise whisker stimulation 
while simultaneously manipulating the firing mode of the neurons using optogenetic 
hyperpolarization. When stimulated with white noise, both the optogenetically hyperpolarized 
and baseline responses evoke similar numbers of spikes and show reliable responses to the same 
temporal features in the noise. However, the firing mode of the thalamus shifts from a tonic 
encoding scheme to a burst encoding scheme when hyperpolarized. Generalized linear model 
(GLM) fits of the thalamic activity in different optogenetically manipulated thalamic states 
revealed clear feature selectivity associated with tonic firing, yet the thalamic bursting activity 
was not well captured by the standard GLM architecture due to an extreme dependence upon the 
silence between spiking periods, or spike history. If however, the spike history element of the 
GLM is modified to capture different spike history dependence of the two firing modes while the 
feature selectivity is held constant, the predictive capability of the GLM is significantly 
enhanced. This suggests that the thalamic neurons are encoding the same information (i.e. the 
feature selectivity is maintained across optogenetically manipulated state conditions) because the 
synaptic input to the thalamic neurons is unchanged in this paradigm. However, the output of the 
thalamic neurons, or the spiking activity, is fundamentally different as a function of thalamic 
state. In this case, the state-dependent thalamic input to cortex may induce significant shifts in 
cortical feature selectivity and encoding. These results could have broad implications for a more 
comprehensive coding strategy whereby ongoing sensory stimulation, as experienced constantly 
in natural sensing conditions, dynamically alters the state of the thalamus to fundamentally shape 
the functional encoding of the pathway. Dynamic shifts in thalamic state set the stage for an 
intricate control strategy upon which cortical computation is built. 
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Abstract: Even under well-controlled experimental conditions, cortical responses to sensory 
stimulation are variable. Some of this variability arises from input interaction with ongoing 
cortical activity, which is linked to brain state. In primary sensory cortex, brain state is often 
described as existing on a continuum from an inactivated state with synchronized depolarizations 
of individual neurons across broad cortical areas, to an activated state, in which the local field 
potential (LFP) and sub-threshold membrane potentials are desynchronized. Depending on brain 
state, evoked and ongoing activity may interact in different modes, either in a near-linear regime 
in the desynchronized state, or in a nonlinear excitable regime in the synchronized state. 
Population recordings show that depolarization events (up states) occurring during the 
synchronized state are coordinated sequences that propagate across cortical columns and layers 
in diverse trajectories. Such complex dynamics could differentially interact with spatially 
distributed inputs to a particular cortical region, and taking such factors into account may 
improve the predictability of cortical activity and provide a clearer link between cortical 
activation and perception. 
Determining how sensory information is processed in a background of structured activity 
requires recordings with high spatial and temporal resolution over large cortical regions. The 
recent advent of genetically expressed voltage sensors may provide the needed set of tools for 
capturing this type of neural activity, and open up doors to chronic imaging during behavior and 
cell-type specific measurements. However, the relationship of measurements derived from this 
class of voltage sensors to traditional measurements, like LFP, is not well established. Here, we 
conducted simultaneous recordings of LFP and voltage imaging of the genetically expressed 
sensor ArcLight from the somatosensory cortex of the anesthetized rat, during periods of 
spontaneous and whisker-evoked activity. Evoked responses were detected in the ArcLight 
signal in single trials, and accounting for local variation in hemodynamics improves 
detectability. Synchronization was quantified based on the concentration of low-frequency power 
in the LFP. Preliminary analyses were consistent with previous work: size and spread of evoked 
responses were state-dependent, with the largest responses observed when sensory stimulation 
occurred during the down phase of the synchronized state. This work provides a first step to 
rigorous analysis of the imaged signal across brain states, and opens up possibilities for detailed 
investigation during behavior. 
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Abstract: In the rodent cortex S1, representation of sensory information in layer (L) 2/3 differs 
significantly from that in L4. L4 neurons receive inputs primarily from single whiskers, thereby 
forming a cortical map of the whisker pad. In contrast, single whisker deflection elicits responses 
in distributed neuronal populations that span multiple cortical columns in L2/3, revealing “salt-
and-pepper” tuning of L2/3 neurons, when neighboring cells are more likely to respond to 
different whiskers. Response properties of L2/3 neurons to whisker stimulation also differ 
significantly from those of L4 neurons. While L4 neurons have rather reliable responses, whisker 
stimulation only evokes low-probability spiking in the majority of L2/3 neurons. Still, 
surprisingly, a small fraction of L2/3 neurons have relatively higher response probabilities. These 
laminar differences pose challenges for standard theories of sensory encoding, since most 
theories are based on topographically-organized receptive fields and employing rate coding by 
populations of local neurons.We have developed a cortical network model, based on important 
known features of L2/3 circuits. The model, consisting of 2D network of excitatory and 
inhibitory spiking neurons connected via short and long-range synapses, explains how a 
topographically-organized sensory code in L4 can be transformed into a distributed code in L2/3, 
in agreement with the transformation found in vivo. We show that distributed activity in L2/3 
can be formed by traveling waves in populations of L2/3 neurons that are directly activated by 
L4 neurons. Such stimulus-evoked propagation of activity has been observed in the rodent barrel 
cortex in response to whisker stimulation. The sparseness of the distributed activity is a critical 
model constrain to explain the observed response properties in L2/3 neurons. Our model predicts 
that the sparse long-range connections among L2/3 neurons can lead to the skewed, as observed 
in vivo, distribution of response probabilities in L2/3, when the majority of L2/3 neurons respond 
sparsely to even their preferred stimuli, but a few L2/3 neurons respond to almost all stimuli. Our 
study proposes a new population coding theory, in which information could be reliably encoded 
by spatially distributed populations of sparsely responding neurons formed by propagating 
waves. The number of responding neurons within any selected area within L2/3 of barrel cortex 



could encode intensity of stimulation, e.g., the degree of whisker deflection. Firing rates or 
precise spike times of individual neurons may not be critical for this encoding mechanism. 
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Abstract: Advances in fluorescent calcium indicator proteins have allowed imaging of neural 
activity from specific cell types in various brain regions. We used widefield transcranial imaging 
in new generation TITL-GCaMP6f reporter mice to measure calcium signals of excitatory 
neurons across a large portion of the dorsal neocortex covering visual, somatosensory and parts 
of auditory, motor and association areas. Signal to noise of sensory-evoked responses was high, 
with spontaneous events reaching up to 30% amplitude and averaged whisker-evoked signals in 
primary somatosensory cortex (S1) reaching between 5-10% amplitude. Mechanical stimulation 
of single whiskers in awake, head-restrained mice resulted in early S1 signals followed closely 
by signals in secondary somatosensory cortex (S2) and motor cortex (M1). In other experiments, 
simultaneous video recordings of pupil diameter and cortical calcium signals showed a switch in 
the spatiotemporal dynamics of calcium signals during pupil dilation, involving activation of 
medial-posterior cortical regions. Our results indicate that new generation GCaMP6f reporter 
mice enable mapping the functional properties of cortical networks related to sensory processing, 
arousal, and sensory-driven behaviors. 
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Abstract: Establishing whether a specific brain area is causally involved in a behavioral task 
often requires manipulation of the area by inactivation. If the brain area under investigation is 
determined not to be required for the task, analysis of its neuronal activity would have little 
meaning. Numerous studies have used inactivation to examine whether primary sensory cortex is 
required for sensory detection and discrimination, with conflicting results. The discrepancies 
have been attributed to numerous factors, such as task difficulty, passive versus active sensation, 
or behavioral response type. Recent work in rodent and bird motor systems has demonstrated 
that homeostatic regulation of neural activity can reverse deficits caused by chronic inactivation, 
questioning the validity of concluding necessity from transient inactivation. These issues have 
yet to be addressed in primary sensory cortex. Here, we examine the effects of transient versus 
chronic inactivation of rodent barrel cortex in mice performing a simple whisker detection task. 
Previous reports are contradictory regarding the necessity of barrel cortex for object detection. 
We find that lesions of S1 resulted in only temporary behavioral deficits, with animals quickly 
recovering to pre-lesion performance levels. Furthermore, recovery was experience-dependent. 
Consistent with previous reports, transient inactivation by optogenetic or pharmacological 
inactivation strongly inhibited behavioral performance. However, when optogenetic inactivation 
was tested over multiple sessions, inactivation no longer had an effect on behavior, similar to 
lesions. Together, this suggests that S1 is only transiently required for the behavior. Current 
work is aimed at determining whether recovery is due to changes in behavioral strategy or 



experience-dependent neuronal plasticity, and identifying areas mediating sensory detection in 
the absence of S1. 
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Title: Rapid disinhibition during whisker map plasticity is mediated by reduced intrinsic 
excitability of PV interneurons in mouse S1 

Authors: *M. A. GAINEY, D. E. FELDMAN;  
Dept. of Mol. & Cell Biol., UC Berkeley, Berkeley, CA 

Abstract: In rodent somatosensory cortex (S1), whisker deprivation drives rapid disinhibition 
that homeostatically maintains whisker-evoked firing rates in L2/3 for several days prior to 
classical Hebbian weakening of deprived whisker responses (Li et al., 2014). Here we investigate 
the synaptic and circuit basis of this rapid disinhibition, using PV-Cre/tdTomato mice. 1 d 
whisker deprivation at P18-21 reduced feedforward L4-L2/3 excitation and inhibition onto L2/3 
pyramidal (PYR) cells in ex vivo S1 slices. Inhibition was preferentially weakened, and E-I ratio 
was increased. This confirms that deprivation rapidly drives disinhibition in L2/3 of S1, as 
reported in V1 (Kuhlman et al., 2013, Hengen et al., 2013). mIPSCs in L2/3 PYR cells were 
unaffected. Instead, deprivation reduced L4-evoked spike probability in L2/3 PV interneurons, 
which mediate feedforward inhibition. We made whole-cell recordings from L2/3 PV neurons to 
identify the cellular basis for reduced PV spiking. 1 d deprivation did not affect L4-evoked 
EPSCs, IPSCs, or net PSPs in PV neurons. This contrasts with longer duration deprivation in 
rats, which reduces L4-evoked excitation on PV cells (House et al., 2011). Vrest, Rinput and 
other resting properties of PV cells were also unaffected. Instead, 1 d deprivation decreased 
multiple aspects of near-threshold intrinsic excitability, as evidenced by changes in spike 
threshold, subthreshold depolarization to current injection, first-spike latency, spike width, and 
after-hyperpolarization. We are now investigating the specific currents that are regulated by 
deprivation to produce these effects. Our results indicate that activity-dependent changes in PV 



intrinsic excitability (e.g., Dehorter et al., 2015) are engaged in vivo to homeostatically maintain 
network firing rate in L2/3 of S1. Regulation of PV intrinsic excitability implements network 
homeostasis on a rapid time scale similar to Hebbian weakening of excitatory synapses, rather 
than the slower time scale of classical homeostatic synaptic scaling. 
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Title: Dense statistical connectome of rat barrel cortex 
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Abstract: Synaptic connectivity is one important constrain for cortical signal flow and function. 
Consequently, a complete synaptic connectivity map (i.e., connectome) of a cortical area across 
spatial scales would advance our understanding of cortex organization and function. We present 
a dense statistical connectome of the entire rat vibrissal cortex based on measured 3D 
distributions of axons/dendrites/somata of excitatory and inhibitory neurons. By calculating the 
structural overlap between pre- and postsynaptic cells our model provides quantitative estimates 
on connectivity measurements like connection probability and number of synapses on cell type, 
cellular, and subcellular levels. We found that our model reproduces connectivity measurements 
between thalamic and excitatory/inhibitory neurons reported in paired recordings and light- and 
electron-microscopic studies. Similarly, intracortical synaptic connectivity of our model matches 
most connectivity measurements. However, the location and distance between pre- and 
postsynaptic cells and - in case of slicing experiments - the degree of truncation strongly 
influences the connectivity. When reproducing electronmicroscopic and in vitro slicing 
experiments in our model, we found that measurements obtained under the respective 
experimental conditions are in line with our model's results, but represent only a small fraction of 
the underlying distribution. The experimental conditions such as the small volume analyzed in 



electron-microscopic studies or the truncation of morphologies thus biases the conclusions that 
are drawn, e.g. an underestimation of the connection probability. Our approach can therefore be 
used to improve experimental design and seen as a starting point to simulate sensory-evoked 
signal flow and investigate structural and functional organization of the cortex. 
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Title: Cell-type-specific temporal dynamics of GABAergic interneurons in mouse barrel cortex 
during active sensation 

Authors: *J. YU1, A. AGMON2, K. SVOBODA1;  
1HHMI Janelia Res. Campus, Ashburn, VA; 2West Virginia Univ., Morgantown, WV 

Abstract: Different connectivity rules likely underlie the specific roles of different types of 
GABAergic interneurons during sensory processing. In the barrel cortex, somatostatin-positive 
interneurons are weakly innervated by thalamocortical afferents but receive facilitating inputs 
from local excitatory neurons, whereas parvalbumin-expressing fast-spiking interneurons are 
strongly innervated by thalamocortical afferents. Here we compared the behavior-related 
dynamics of fast-spiking interneurons (recorded in VGAT-ChR2-EYFP or SOM-IRES-Cre x 
Ai32 mice) and somatostatin-positive interneurons (recorded in SOM-IRES-Cre x Ai32 mice) in 
the barrel cortex of mice performing a whisker-dependent object localization task. Loose-seal 
cell-attached recordings were made in layers (L) 4 and 5; a subset of neurons were 
morphologically reconstructed. Fast-spiking interneurons responded to both whisker movement 
and touch. Latencies to touch onset (4-5 ms) coincided with the arrival time of touch-evoked 
thalamocortical input (4 ms). In contrast, in SOM-ChR2+ neurons of L4 and 5, with relatively 
broad spike waveforms (peak-to-trough 0.3 - 0.7 ms), touch also reliably elicited action 
potentials, but with latencies of 10-30 ms, consistent with intracortical excitation. Whisker 
movement, on the other hand, did not increase the spike rates of SOM+ interneurons and 
suppressed the spike rates of those with significant spontaneous activity. Thus, different types of 
GABAergic interneurons are recruited in response to specific sensory inputs and show 
millisecond-scale temporal difference in response to the same sensory input. 
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Title: Characterization of dendritic spines in the barrel cortex of mice, strain versus deprivation 

Authors: M. A. ESPINOSA1, C.-C. CHEN3, *J. C. BRUMBERG2;  
1Neurosci. Major, 2Dept Psychology, Queens Col., Flushing, NY; 3Dept. of Molecular, Cell & 
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Abstract: Dendritic spines are small protrusions on the membrane of neuronal dendrites that 
receive the majority of the neurons’ excitatory synaptic inputs. Dendritic spines can take many 
forms, from short stubby ones to long lollipop like appendages. We sought to characterize the 
density and morphology of dendritic protrusions (spines and filopodia) in layer 4 pyramidal 
neurons of C57/Bl6 and CD-1 mice. Employing the Golgi technique which labels a small 
percentage of neurons, we used light microscopy to morphologically characterize each dendritic 
protrusion (spine and filopodia) and their relative densities. We classified dendritic protrusions 
as filopodia, stubby, mushroom or thin type based on their morphological appearance. Our 
results indicate that spines are found in higher densities approximately 50-70 µm from the soma. 
Overall spine density was higher in CD-1 versus C57/BL6 mice. At one month of age, the 
majority of dendritic protrusions in C57/Bl6 mice were filopodia, followed by mushroom, thin 
and then stubby, whereas CD-1 showed a higher percentage of small stubby spines. Following 
one month of whisker trimming induced sensory deprivation, spine densities increased in both 
species. In C57/BL6 mice we utilized Sholl analysis to quantify spines as a function of dendritic 
location and observed similar morphological distributions on apical versus basilar dendrites. Our 
results suggest that spines are found in similar distributions on all dendrites and that although 
spine density varies as a function of species, the impact of sensory deprivation is consistent 
across species. 
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Rohon-Beard cells 

Authors: *S. E. LOW, D. MCCLURE, A. J. HUDSPETH;  
Lab. of Sensory Neurosci., Rockefeller Univ., New York, NY 

Abstract: Cutaneous receptors are charged with discerning various forms and amplitudes of 
stimuli. For instance mechanoreceptors distinguish between a gentle touch and an annoying 
pinch. Thermoreceptors must likewise discriminate the soothing effect of menthol from the heat 
of an open flame. Acuity such as this raises questions regarding how different stimuli are 
detected and encoded by cutaneous receptors. To gain insight into this process we have turned to 
zebrafish Rohon-Beard cells, sensory neurons whose cutaneous branches resemble free nerve 
endings. Our experiments with GCaMP7a have revealed that Rohon-Beard cells constitute a 
spatially organized population of polymodal sensory neurons that respond to mechanical, 
thermal, and noxious stimuli. We have additionally found that these neurons segregate into 
nociceptive and non-nociceptive subpopulations. Exploiting the experimental advantages offered 
by the zebrafish model system, we also hope to deduce how individual Rohon-Beard cells 
transduce various stimuli. 
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Title: Cutaneous mechanoreceptor morphology and immunostaining as potential biomarkers for 
neuropathy 

Authors: *B. D. MCADAMS, G. WENDELSCHAFER-CRABB, W. KENNEDY;  
Dept Neurol., Univ. Minnesota, Minneapolis, MN 

Abstract: Mechanosensation in skin originates from Merkel cells, Meissner’s corpuscles and 
other receptors. These receptors have known skin distributions, but little is known about 
structural or chemical variations that may contribute to changes in sensation that occur with 
disease, injury, or aging. In this study, we describe variations in mechanoreceptor morphologies 
and chemical phenotypes as determined by immunostaining for synaptic vesicle and other neural 
proteins in human cutaneous nerve fibers essential for normal skin mechanosensation. Human 
skin tissues were fixed, sectioned and coimmunostained with antibodies to neural-specific 
markers, UCHL1, βIIItubulin, neuropeptides and presynaptic proteins. Tissues were then cleared, 
mounted and imaged with confocal microscopy to determine variations in mechanoreceptor 
structure and immunostaining. Immunostaining for presynaptic markers was localized in 
epidermal Merkel cells and dermal Meissner’s corpuscles. Merkel cells were distributed 
differentially in the basal epidermis in hairy skin versus glabrous skin. While most Merkel cells 
immunostained for both synapsin 2 and SV2, isolated exceptions hinted at different phenotypes. 
Also, some Merkel cells are apparently uninnervated. Meissner’s corpuscles were also found to 
differentially immunostain for presynaptic proteins. In some Meissner’s corpuscles, presynaptic 
proteins colocalized within a portion of the corpuscle’s UCHL1-labeled regions. Similarly, there 
was also a wide variation in possible conformations of neural innervation of the Meissner’s 
corpuscles. Some flattened out parallel to the epidermal surface, some were perpendicular to the 
surface and others were mixed. Our results confirm that innervation of cutaneous 
mechanoreceptors is highly variable ranging from no innervation (for some Merkel cells) and 
possible disordered innervation present in Meissner’s corpuscles to highly ordered and consistent 
innervation of most mechanoreceptors. The variation in distribution of presynaptic markers 
within regions of Merkel cells and Meissner’s corpuscles may indicate regional variation in 
activity. Thus, confocal imaging of skin mechanoreceptors provides detailed information 
regarding potentially critical changes in phenotype that may predict altered sensations from 
chemotherapy-induced, diabetic, or other neuropathies. Future research on the functional impact 
of the structural and chemical changes in these mechanoreceptors may lead to a greater 
understanding of normal function and may provide novel biomarkers for early diagnosis of 
peripheral sensory neuropathies and novel therapeutic targets. 
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Title: Mechanotransduction of mouse Merkel cells in whisker hair follicles and effect of 
paclitaxel on whicker afferent SA1 response 

Authors: *W. CHANG1, H. KANDA2, J. GU2;  
1Univ. of Alabama At Birmingham, Birmingham, AL; 2Univ. of Alabama at Birmingham, 
Birmingham, AL 

Abstract: Somatosensory dysfunction is a common side effect of many chemotherapy drugs. 
Paclitaxel induced neuropathy symptoms including mechanical allodynia, tingling, numbness 
and loss of vibration sensation. The paclitaxel-induced sensory disorders are thought to be due to 
afferent demyelination induced by paclitaxel. It is currently unclear if non-neuronal cells may be 
involved in paclitaxel-induced sensory dysfunctions. In the epidermis of mammals, Merkel cells 
are located in mechanically sensitive spots and they are innervated by large diameter afferent 
fibers. We have recently shown that rat Merkel cells play a critical role in driving 
electrophysiological tactile responses manifested as slowly adapting type 1 (SA1) impulses. In 
the present study, we characterized mechanical sensitivity and membrane excitability of mouse 
Merkel cells. We further investigated effects of paclitaxel on whisker afferent SA1 responses. 
We found that short treatment of whisker hair follicle with paclitaxel significantly enhanced 
whisker SA1 responses. Our findings raise a possibility that paclitaxel may affect mechanical 
transduction and/or membrane excitability of Merkel cells, which subsequently affect 
electrophysiological tactile responses. Keywords: Chemotherapy; Mechanotransduction, Touch, 
Pain; Paclitaxel; Merkel cell. 
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Abstract: Mechanical stimuli applied to the skin of mammals evoke various sensations such as 
touch, pressure, vibration and pain. While important progresses have recently been made in 
understanding mechanotransduction in mammals, how mechanotransduction in somatosensory 
neurons is regulated remains to be poorly understood. We have recently shown that 
mechanotransduction mediated by piezo2 channels in somatosensory neurons is strongly 
associated with static plasma membrane tension, suggesting that somatosensory neuron 
mechanics may play a critical role in sensing mechanical stimuli. However, membrane 
mechanics of somatosensory neurons have not been accurately determined so far. To begin to 
precisely determine the role of somatosensory neuron membrane mechanics in controlling 
mechanotransduction, we have established the laser optical trapping approach to probe 
membrane mechanics in cultured dorsal root ganglion (DRG) neurons. With the use of the highly 
focused laser beam to trap and manipulate microspheres, we were able to pull membrane tethers 
from DRG neuron membranes and determine some parameters of membrane mechanics 
including the forces needed to form and elongate membrane tethers. We found that the forces for 
the formation and extension of the membrane tethers were in the range of 20 to 50 pN, 
suggesting that these neurons have some degree of stiffness but not highly stiff. Future studies 
will aim to understand how the membrane mechanics of somatosensory neurons may be altered 
by biological events including inflammation. 
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Title: Acetylated microtubules are essential for touch sensation in mice 

Authors: *S. MORLEY1, Y. QI2, L. IOVINO3, C. PORTULANO1, L. CASTALDI1, N. 
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Abstract: At its most fundamental level, touch sensation requires the translation of mechanical 
energy into mechanosensitive ion channel opening, thereby generating electro-chemical signals. 
Our understanding of this process, especially how the cytoskeleton influences it, remains 
unknown. Here we demonstrate that mice lacking the α-tubulin acetyltransferase Atat1 in 
sensory neurons display profound deficits in their ability to detect mechanical stimuli. We show 
that all cutaneous afferent subtypes, including nociceptors have strongly reduced 
mechanosensitivity upon Atat1 deletion, and that consequently, mice are largely insensitive to 
mechanical touch and pain. We establish that this broad loss of mechanosensitivity is dependent 
upon the acetyltransferase activity of Atat1, which when absent leads to an increase in cellular 
rigidity. By mimicking α-tubulin acetylation genetically, we show both cellular rigidity and 
mechanosensitivity can be restored in Atat1 deficient sensory neurons. Hence, our results 
indicate that by influencing cellular stiffness, α-tubulin acetylation sets the force required for 
touch. 
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Title: Tentonin 3 confers distinct mechanosensitive currents in dorsal root ganglion neurons with 
proprioceptive fuction 

Authors: *G. HONG, H. KIM, J. WEE, H. LU, U. OH;  
Seoul Natl. Univ., Seoul, Korea, Republic of 

Abstract: Mechanosensation is a basic function required for the survival of vertebrates. Touch 
sensation or proprioception requires the transduction of mechanical stimuli into electrical signals 
by mechanoreceptors in the periphery. These mechanoreceptors are equipped with various 
transducer channels. Although Piezo1 and 2 are mechanically activated channels with rapid 
inactivation, MA molecules with other inactivation kinetics have not been identified. Here we 
report that heterologously expressed Tentonin3 (TTN3) is activated by mechanical stimuli with 
distinctly slow inactivation kinetics. Genetic ablation of Ttn3 markedly reduced slowly adapting 
neurons in dorsal-root ganglion neurons. The mechanically-activated TTN3 currents were 
inhibited by known-blockers of mechanosensitive ion channels. Moreover, TTN3 was localized 
in muscle spindle afferents. Ttn3-deficient mice exhibited the loss of coordinated movements and 
abnormal gait. Thus, TTN3 appears to be a component of a mechanosensitive channel with a 
slow inactivation rate and contributes to motor coordination. Identification of this gene advances 
our understanding of the various types of mechanosensations including proprioception. 
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Title: The mechanotoxin GsMTx-4 inhibits the Stretch-Activated BK channel through the 
mechanism specific to mechano-gating 

Authors: *Q. TANG1, M. TANG2, H. LI1, X.-R. DU1, Y.-J. FENG1, X.-D. TANG1, F.-F. 
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Abstract: The peptide toxins, mechanotoxin 4 (GsMTx-4) isolated from Grammostola 
spatulata, has been widely used to identify mechanically activated (MA) channels in sensory 
system including in neurons, but the mechanism by which how peptide specifically acts on the 
mechano-gating remains unknown. One difficulty in studying the mechanism of mechanotoxin 
action is that the mechano-gate on many MS channels is not known. By studying a stretch-
activated (SA), large conductance (BK) (SAKca) channel expressed in CHO cells, here we show 
that the inhibitory effect of GsMTx-4 requires the mechano-sensitive domain located between 
RCK1 and RCK2 domain in BK channel. We show that 15 mins later following the back-filling 
of GsMTx-4 in the pipette, 0.5 µM GsMTx-4 inhibits 93% of SAKca channel current at -50 mV 
in the excised inside-out configuration, where the deformation of cell membrane automatically 
generates membrane tension under the pipette tip. In addition, Kinetic studies show that stretch 
increases the mean open time of the channels and decreases the slowest time constant of the 
closed-time distributions, whereas GsMTx-4 reversed the both effects. We previously identified 
the STREX-exon located between the RCK1 and RCK2 domains is responsible to the mechano-
gating in SAKca channel. We found that under the same conditions, even a 20-fold higher 
concentration of GsMTx-4 had no effect on STREX-del-mutation in the ranges of voltages 
tested, convincing that GsMTx-4 inhibits SAKca channel requires the mechano-gating domain of 
STREX-exon. These results may provide novel insights on the fundamental mechanism of 
GsMTx-4 action on MS channels. 
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Abstract: Mechanosensation plays critical roles in many physiological processes, including 
sensing gentle touches in Merkel cells and sensory neurons, lineage choice in neural stem cells, 
and blood vessel development. Piezo ion channels, with Piezo1 and Piezo2 as the two 
mammalian isoforms, are essential for the initiation of mechanosensation. However, the 
observed mechanical sensitivity of Piezo varied by cell types and stimulating methods. In this 
study, using CytoPatch hands free patch clamp that precisely controls both magnitudes of 
pressure (holding, pipette and suction pressure) and application duration (to milliseconds), we 
investigate the activation mechanisms of Piezo channels, and apply our assays to screen chemical 
compounds for activating or blocking Piezo channels. We have successfully recorded mechano-
stimulating rapidly-inactivating inward Piezo currents on PC-12 cells that have been previous 
suggested to endogenously expressing Piezo channels. Currents of 100 nA to 400 nA were 
recorded in response to 50 ms and 100 ms pressure-step stimulation of 50-150 mbar. Standard 
errors of repetitive stimuli were below 5% of the mean. Mock application did not alter the 
current size. We will further investigate the current-pressure relationships in PC-12 cells and 
sensory neurons and apply the assays to screen chemical compounds for activation or blockage 
of Piezo channels. This study will have great implication in drug discovery for human diseases 
linked to disrupted mechanosensation due to altered Piezo inactivation. 
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Abstract: Changes in neural activity subsequent to injury of non-neural tissue can 
have profound implications for the treatment of orthopedic injuries.  However, much of the 
previous information on these changes is derived from systems-level analysis, but connections 



between neurons at all levels can affect the overall observed changes in sensation and 
mobility.  Further study on the underlying components of the system can help to provide a basis 
for understanding the systematic consequences of injury.  Here we focus on the changes in 
specific sets of cells directly contacting the affected tissue by developing a protocol for 
identifying and analyzing these neurons separately from surrounding neurons of different targets 
in a rodent model.  Primary sensory neurons are taken from the dorsal root ganglia (DRG), and 
motor neurons are taken from the ventral horn of the spinal cord (VH).  We are optimizing the 
integration of (i) retrograde tracing, (ii) tissue dissociation and single cell collection, and (iii) 
RNA-Seq.  Ideally, the use of single-cell RNA-Seq will allow us not only to look at changes in 
the transcriptome, but to separate neurons into different subtypes based on previously described 
transcriptional markers.  Dissociation and isolation need to be quick, due to the quick decay of 
mRNA.  Our preliminary results suggest that previously reported DRG dissociation protocols are 
compatible with these analytical approaches. 

Disclosures:  G.R. Schmidt-Mccormack: None. A. Kanthasamy: None. N.D. Jeffery: None. 

Poster 

150. Touch and Proprioception: Peripheral Mechanisms 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 150.10/HH2 

Topic: I.04. Physiological Methods 

Support: NC3R Grant NC/M001393/1 

Title: Compartmentalized co-cultures for studying interactions between central and peripheral 
nervous systems in various pain states 
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Abstract: The aim of the project is to recapitulate in a dish aspects of neuronal circuitry 
involved in transmission and processing of pain signals. Traditional mixed co-cultures and co-
cultures in Campenot chambers offer very limited possibilities in manipulating the components 
individually. Here we utilise microfluidic isolation to compartmentalise cultured rat embryonic 
E16 dorsal root ganglion (DRG) cells and cells of the spinal cord dorsal horn (DH). This 
technology enables us to investigate the physiological effects of peripheral sensitisation on the 
cells of spinal cord dorsal horn and how this affects their responses to stimuli. 
In triple-compartment co-culture we show that DRG axons can cross the microfluidic barriers 
from “DRG” compartment into a “periphery” compartment as well as into a “spinal cord” 



compartment thereby forming synapses with the DH cells. Electrical and chemical stimulations 
of the DRG axons in the “periphery” elicit physiological responses from DH cells observed by 
ratiometric Ca2+ imaging. The response is due to signal transmission from DRG cells to DH 
cells, since same stimuli are unable to generate a response in the DH cells when the DRG cells 
are absent from the system or when the DRGs (but not the microfluidically isolated DH cells) are 
blocked by 5 mM lidocaine. The versatility of the device allowed us to pharmacologically block 
NaV1.7 and NaV1.8 pre-synaptic to the DH cells and observe the reduction in signal transmission 
efficacy. Moreover, to evaluate the electrophysiology of DH cell response to peripheral 
stimulation of DRG axons, we developed a modification of the microfluidic isolation device, 
which allows patch pipettes to access the neurons in the “spinal cord” compartment. 
Thus, the microfluidically compartmentalised co-culture system is a versatile and robust system 
for dissecting the effects of peripheral manipulations on the physiology of DH cells. With the 
importance of involvement of central nervous system in chronic pain, the model presented here 
can be used for screening of CNS-targeting drugs prior to testing in animals. 
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Abstract: Sodium channels are major contributors to increased excitability of primary afferents 
following nerve injury. Such hyperexcitability is a key driver of neuropathic pain. Extensive 
studies have focused on peripheral-specific sodium channels Nav1.7, Nav1.8 and Nav1.9, as well 
as Nav1.3, a channel that is up regulated after nerve injury. In this study, we investigated the 
contribution of Nav1.6, the major sodium channel at nodes of Ranvier in myelinated axons and 
which is also expressed in unmyelinated C-fibers, to excitability of DRG neurons and 
neuropathic pain. Since global Nav1.6 knockout mice are juvenile lethal, we investigated how 
Nav1.6 contributes to mechanical allodynia by knocking out Nav1.6 with either Nav1.8-directed 
or adeno-associated virus (AAV)-mediated Cre-Lox recombination system. We used the spared 
nerve injury (SNI(t)) model of neuropathic pain, in which the common peroneal and the sural 



branches of the sciatic nerve were transected and the tibual branch was kept intact. Within 1 
week of SNI, mice developed mechanical allodynia, which was sustained for up to 6 weeks. 
With the aid of a td-tomato reporter line, we showed that Nav1.8-directed Nav1.6 knockout is 
restricted to Nav1.8-positive neurons, whilst intrathecal AAV-Cre injection knocks out Nav1.6 in 
50 to 80% of neurons irrespective of Nav1.8 expression. We also confirmed that knockout of 
Nav1.6 reduces the TTX-S current in both small- and large-diameter DRG neurons. We found 
that Nav1.8-directed Nav1.6 knockout mice develop SNI-induced mechanical allodynia 
normally, while AAV-mediated Nav1.6 knockout partially yet significantly attenuates SNI-
induced mechanical allodynia as early as two weeks following AAV injection. Consistent with 
behavioral phenotype, we observed that AAV-mediated Nav1.6 knockout significantly reduces 
Nav1.6 accumulation at nodes of Ranvier (A-fibre specific) adjacent to the site of nerve injury. 
Preliminary data also suggested that AAV mediated Nav1.6 knockout reduced excitability of 
large-diameter neurons 6 weeks after nerve injury. Taken together, these data are consistent with 
a role of Nav1.6 and large-diameter Aβ neurons in neuropathic pain. 
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Abstract: Understanding has advanced significantly, but remains incomplete for the molecular 
mechanisms underlying transduction and encoding of mechanical stimulation by muscle 
spindles. In particular, the ion channels underlying sustained repetitive firing occurring during 
static muscle stretch are unknown. Insight was gained into this phase of firing behavior from its 
interruption by acute treatment of the antiepileptic drugs Riluzole and Phenytoin. Although both 
drugs have multiple modes of action, the only commonality between them is that both inhibit 
sodium persistent inward current (NaPIC). NaV1.6 is known to be required for the generation of 
repetitive firing in many other systems and was recently localized in slowly adapting 



mechanosentive receptors of the skin and the gut. The present study was undertaken to determine 
whether NaV1.6 is also present in muscle spindles. NaV1.6 immunoreactivity tested in soleus 
muscle spindles of adult rats, cats and mice was found concentrated in the heminodes that 
precede unmyelinated nerve endings and that are the presumed site of spike encoding of receptor 
potentials. NaV1.6 was also present in the sensory endings. These findings open the possibility 
that NaPIC participates in mechano-sensory transduction and encoding. 
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Title: Cortical encoding of tactile roughness in primate primary somatosensory cortex (S1) 

Authors: W. YAÏCI1, *E.-M. MEFTAH2, C. E. CHAPMAN1;  
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Abstract: We recently showed that a proportion of texture-sensitive neurones in the S1 
cutaneous hand representation have properties consistent with them playing an important role in 
the encoding of tactile roughness intensity: their discharge rates are broadly tuned across a wide 
range of SPs (spatial periods), independent of tactile scanning speed (Bourgeon et al. 2016). We 
also identified a number of neurones that showed changes in discharge restricted to a smaller 
range of SPs, and suggested that they may play a role in discriminating changes in tactile 
roughness. Curiously, however, these neurones did not seem to be more sharply tuned for 
changes in raised dot spacing than those that were broadly tuned as would be required to explain 
the human ability to discriminate small changes in the spacing of tactile elements in the order of 
µm. We also noted, however, that texture-related signals were substantially higher in the 
population of neurones tested with non uniform textured surfaces (first half of the surface with a 
small SP, 1.5mm; second half with SPs up to 8.5mm), as compared to those tested with uniform 
SPs (2 - 8 mm). Moreover, the slopes of their regressions (rate vs SP) were steeper. In this study, 



we pursued this observation by recording the discharge of 95 texture-sensitive neurones in 2 alert 
monkeys as a wide variety of textured surfaces were displaced under their fingertips. Recordings 
were restricted to neurones with a cutaneous receptive field on the digits in contact with the 
surfaces (D3, D4). Four series of 4 surfaces (rectangular arrays of raised dots) were prepared 
from flexible letterpress. The first half of each surface had a standard SP, S; the second half had 
a modified, M, SP: 1) S/M, 1/1-8.5 mm; 2) 1/1-1.6mm; 3) 2.5/2.5-3.7mm; 4) 3.5/3.5-5.3mm. 
Surfaces were attached to a drum that was rotated under the fingertips at 60 mm/s. Monkeys 
performed a diversionary task (visual discrimination) during data acquisition. We hypothesized 
that the SP encountered over the S portion of the surface would modify the subsequent response 
to the M surfaces. Our results show that a large proportion of neurones (81/95) in the cutaneous 
hand representation (areas 3b, 1 and 2) showed a marked amplification of their texture-sensitivity 
as a function of the roughness of the S surface. We interpret these results as providing evidence 
of a dynamic gain change as a function of the SP encountered over the first half of the surface. 
This mechanism can dynamically extend the working range of S1 neurones, consistent with the 
highly developed abilities of humans to discriminate small change in tactile roughness. 
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Title: Human tactile afferent responses to skin strain patterns caused by fingertip shearing 
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Abstract: Strain patterns are produced in the skin when a fingertip is pressed against a surface 
and then loaded tangentially. These strains can be precisely measured using a recently developed 
method (Delhaye et al. 2016), evolve during increasing loading and are specific to the loading 
direction. Although tactile afferents are known to respond to such strain changes, it has not been 
previously possible to relate their responses to specific skin strain patterns. 
To fill this gap, we have combined the novel method to investigate strain patterns in fingertips 
with microneurography recordings. While recording single tactile afferents from human 
fingertips (right index or middle finger), a servo-controlled transparent flat surface was moved 
perpendicular towards the finger pad in single trials, made contact and reached a preset normal 
force that was kept constant during the trial. After a short delay, the surface was moved 
horizontally with a constant speed (5.5 mm/s) first in one direction (ulnar, radial, distal or 
proximal) for 8 mm and then in the opposite direction for 12 mm. The movement amplitudes 
were thus large enough to ensure eventually full sliding between the fingertip and the surface in 
both directions. The trial ended when the surface was retracted from the finger (total trial 
duration: 6 s). Two different frictional conditions were obtained using a glass surface, covered or 
not with RainOff, a transparent coating markedly reducing the surface-skin friction. Position and 
forces exerted on the finger were recorded at 1 kHz during the trials. At the same time, 
fingerprint deformations were monitored with a high-speed (50 fps) and high-resolution (1,200 
dpi) camera, allowing derivation of surface strains in the fingertip. 
We recorded responses from 19 afferents that had receptive fields at least partially within the 
contact area between the surface and the fingertip (6 SAI, 11 FAI and 2 SAII). The simultaneous 
recording of fingerprint images and tactile afferent responses allowed us to investigate the 
precise timing of neural responses to strains induced by tangential fingertip loadings commonly 
experienced during dexterous manipulation. Most of the afferents showed a strong response to 
the onset of the movement, and some displayed continuous discharges during the whole 
transition from sticking to sliding of the whole contact area. Both the frictional condition and the 
stimulation direction strongly influenced the afferent responses. 
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somatosensory cortex 
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Abstract: Perception as well as encoding of sensory stimuli depend on several recurrent 
networks spanning multiple brain areas. In rats, for example, neurons in prefrontal cortices show 
reciprocal connections to primary and secondary somatosensory cortex, temporal higher-order 
sensory areas such as rhinal cortices, as well as to primary and secondary motor cortex. 
Prefrontal cortex is associated with executive functions and is therefore likely to be important for 
modulating the information processed in these different loops. 
In the current study, we are investigating how prefrontal cortex integrates and processes 
information from primary sensory areas in context of the sensorimotor loop. In ketamine 
anesthetized Long Evans rats expressing channelrhodopsin-2 in primary somatosensory cortex, 
we used an array of epidural micro-LEDs to excite principal neurons in different barrels in 
distinct spatiotemporal patterns. Simultaneously, we recorded local field potentials, single and 
multi-unit responses in primary motor cortex, secondary motor cortex, orbitofrontal, or prelimbic 
cortices using high density silicon probes with up to 128 channels. Our setup represents a novel 
system to probe neural dynamics with multi-channel parallel stimulation and readout. 
We are currently analyzing the data to understand how much information is conveyed to 
downstream areas about the spatial temporal structure of activity in primary sensory areas. 
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Title: Unified framework for the perception of stimulus intensity and stimulus duration in 
humans and rats 
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Abstract: The nervous system can extract multiple perceptual features from a single sensory 
stream. Presented with a tactile vibration, for instance, we perceive both its intensity and its 
duration. How are different dimensions of a single stimulus read out from the brain to generate 
separate perceptual properties? Are the dimensions independent or else interacting? Here we 
present behavioral experiments, in both human and rats, to determine whether, and how, stimulus 
intensity and duration interact in the perception of both features. In the first experiment, subjects 
receive two vibrations (Stim1 and Stim2) delivered either to their fingertip (humans), or whiskers 
(rats). Vibrations are normally distributed velocity noise, defined by mean speed and by stimulus 
duration. They are rewarded for detecting the relative mean speeds of Stim1 and Stim2, an 
intensity comparison. Humans and rats both show progressive improvement as vibration duration 
increases, provided Stim1 and Stim2 are of equal duration. In contrast, unequal duration of Stim1 
and Stim2 leads to a perceptual bias corresponding to an overestimate of the intensity of the 
longer stimulus. In the second experiment, we implemented a duration comparison task using the 
same stimulus set: subjects are rewarded for detecting the relative durations of Stim1 and Stim2. 
Humans and rats then over-estimate the duration of the higher-intensity stimulus. Thus, longer 
feels stronger (Experiment 1) and stronger feels longer (Experiment 2). In Experiment 3, in order 
to quantify the interaction of perceived duration and intensity, we designed a task in which 
human subjects have to estimate either the duration or the intensity of single vibrations by 
scaling their judgment through a slider. This experiment reveals that both the percepts - duration 
and intensity - are generated using “universal” variables simultaneously. We thus propose a 
unified model that supports the idea that a common network can dynamically extract duration or 
intensity from the same vibration in a task-dependent manner. In behaving rats, neurons in the 
barrel (primary somatosensory) cortex do not show the temporal integratory properties that could 
explain the duration-intensity perceptual confound. In contrast, premotor cortex neurons do 
express the computations inherent to the model and confirm that both intensity and duration of 
the stimuli are encoded by the same neural population. 

Disclosures:  A. Toso: None. A. Fassihi: None. F. Pulecchi: None. M.E. Diamond: None. 

Poster 

151. Neural Coding of Tactile Sensation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 151.05/HH9 



Topic: D.03. Somatosensation: Touch  

Support: NSF IOS-0818414 

 NSF IOS-0846088 

 NSF EFRI-0938007 

 NIH R01-NS093585 

 NIH T32-HD0578 

 NIH F31NS092335 

 NSF DGE-0903637 

Title: Encoding of whisker mechanics and kinematics in trigeminal ganglion neurons of the rat. 
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Abstract: Tactile information available to the rat vibrissal system begins as external forces that 
cause whisker deformations; these in turn excite mechanoreceptors in the follicle. Despite the 
fundamental mechanical origin of tactile information, primary sensory neurons in the trigeminal 
ganglion (Vg) have often been described as encoding the kinematics (geometry) of object 
contact. Here we aimed to determine the extent to which Vg neurons encode the kinematics vs. 
mechanics of contact. We used models of whisker bending to quantify mechanical signals (forces 
and moments) at the whisker base, while simultaneously monitoring whisker kinematics and 
recording the activity of single Vg units in both anesthetized rats and awake, body restrained 
rats. We employed a novel manual stimulation technique to deflect whiskers in a way that 
decouples kinematics from mechanics, and used Generalized Linear Models (GLMs) to show 
that Vg neurons more directly encode mechanical signals during whisker deflection. 
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Abstract: Supra-granular layers of sensory cortex exhibit sparse spiking activity. In the rodent 
vibrissal cortex, a small fraction of neurons in layer 2 and 3 (L2/3) respond to whisker 
deflections under anesthetized and behaving conditions. Here, we combined whole-cell recording 
and two-photon imaging in urethane anesthetized mice and quantified the synaptic and spiking 
responses of L2/3 neurons to a range of stimulus intensities that included a “sharp” stimulus to 
mimic high-velocity whisker slips during object or texture palpation. Stimuli consisted of 11 
“standard” deflections (amplitudes; 0-2.8 degrees, peak velocities; 0-1.21 degree/ms) and the 
sharp deflection (amplitude; 3.6 degree, peak velocity; 3.82 degree/ms). These deflections were 
applied to the left whisker-pad in a pseudorandom order for 25 trials each (2s inter-trial-
intervals). Whole-cell recording confirmed the sparse response to the regular range of 
stimulation: although all recorded cells received the sensory signal as postsynaptic potentials 
(PSPs), only a small fraction (3 out of 11) produced spikes to the strongest standard stimulus. 
The sharp stimulus on the other hand evoked strong and fast-rising PSPs, resulting in reliable 
spiking activity. The threshold of these evoked spikes was on average 10.8 mV lower than 
spontaneous spikes (p<0.001, n=11 neurons). Across all electrophysiological recordings (whole-
cell: n=11, and loose cell-attached n=26) similar transition from sparse to dense spiking was 
observed: only 8 cells out of 37 (21.6%) were responsive (p<0.05) to the standard stimulus with 
the highest peak velocity, but the sharp stimulus (3.82 degree/ms) produced significant spiking 
response in 34 out of 37 cells (91.9%). Reliable spiking was also observed when the sharp 
stimulus was delivered to a single whisker in recordings form L2/3 of the corresponding cortical 
column targeted by intrinsic signal optical imaging (n=31, 74% responsive). Evoked spikes were 
highly reliable across trials with an average jitter of 1.73 ms and Fano factors close to the 
theoretical minimum. Functional imaging confirmed the dense activation; 1574 out of 1640 cells 
(~96%) produced a significant response to the sharp stimulus (delivered to the whisker-pad) 
while 647 cells (~39%) were responsive to the standard deflection at the highest peak velocity 



(1.21 degree/ms). Our results indicate that sparse coding depends on the choice of stimulus; a 
“dense” population response emerged in L2/3 when a high-velocity stimulus was delivered to a 
single whisker or the whole whisker-pad. 
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Abstract: Tactile signals from the hand are critical to our ability to grasp and dexterously 
manipulate objects. Information about contact pressure is a key component of sensory feedback 
in guiding object interactions. Indeed, we apply just enough pressure so that we do not drop an 
object and no more. In the present study, we examined how pressure is encoded in primary 
somatosensory cortex (S1) of non-human primates (NHPs). To this end, NHPs performed a 
pressure discrimination task in which they judged which of two ramp-and-hold indentations 
delivered to their skin was stronger. While the animals performed the task, we recorded the 
responses evoked in S1. First, we found a linear relationship between indentation depth and 
evoked firing rates. Second, neurometric analysis revealed that the performance of the NHPs was 
well predicted by the neuronal responses under most circumstances. Third, we observed that 
neuronal responses were highly dynamic during the stimulus: phasic responses at stimulus onset 
and offset were much stronger than were the sustained responses during the hold phase. In fact, 
information theoretic analysis revealed that nearly all of the information about indentation depth 
was conveyed by the phasic responses evoked during the stimulus transients. Fourth, we 
confirmed that the distribution of neural activity over the cortical surface varied consistently 
based on the locus of stimulation, yielding clear and detailed somatotopic maps of the hand 
representation in S1. Neural activity was centered on one or a few points and decayed with 
distance from these “hot zones.” Importantly, the location of these hot zones remained constant, 
but the area of activation increased systematically with increases in indentation depth. 
In conclusion, information about pressure is encoded in both the strength of the response at the 
hot zone and in the size of the activated neuronal population, with greater pressure recruiting 
more neurons. Furthermore, the response to a simple ramp-and-hold indentation is highly 



dynamic, with most of the information conveyed during the stimulus transients. The default 
approach to restoring somatosensation in upper-limb neuroprostheses is to implement a linear 
mapping between the output of sensors on the prosthesis and strength of electrical stimulation 
delivered to the brain. The present findings can be used as a blueprint to develop stimulation 
approaches that more closely mimic the neural correlates of changes in pressure, which should 
result in more intuitive and informative feedback about object contact. 
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Title: Coding of edge orientation in afferent responses of macaques 
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Abstract: Experiments with non-human primates (NHP) have shown that many neurons in 
primary somatosensory cortex are tuned for the orientation of edges indented into or scanned 
across the skin, drawing a strong analogy with their counterparts in primary visual cortex. In a 
recent study, however, the responses of individual mechanoreceptive afferents, measured in 
humans, have also been found to carry information about edge orientation. In the present study, 
we sought to (1) investigate whether orientation signals are also found in afferent responses in 
NHPs and (2) explore how these signal might contribute to downstream orientation tuning. To 
this end, we recorded the activity evoked in cutaneous mechanoreceptive afferents when edges 
were indented into or scanned across their receptive field on the glabrous skin of the hand. First, 
we show that monkey afferents exhibit complex receptive field structure, consisting of multiple 
hot spots, as is the case with their human counterpart. Second, we confirm that information about 
the orientation of edges indented or scanned across the skin can be extracted from the timing of 
afferent responses. Third, we find that orientation signals in tactile afferents are often highly 
dependent on stimulus features other than orientation, for example stimulus amplitude, in 
contrast to their counterparts in somatosensory cortex. Finally, we implement a computational 



model to assess the degree to which peripheral edge tuning might contribute to the robust 
orientation tuning observed in cortex and find that this contribution is modest. We then speculate 
as to possible functions of the complex receptive field structure of mechanoreceptive afferents. 
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Abstract: When we manipulate an object, neural signals from the hand convey information 
about its size, shape, and texture. If the object is moving relative to the skin, information about 
the speed and direction of the motion is also transmitted. These signals play a key role in our 
ability to dexterously manipulate objects as evidenced by the deficits that are observed when 
somatosensory feedback is eliminated, either experimentally or as sequela of disease. 
In previous experiments on the neural basis of tactile motion perception, we identified a 
subpopulation of neurons in primary somatosensory cortex (S1) whose responses were tuned 
both for stimulus orientation and for motion direction. In the present study, we investigated the 
time course over which information about these two stimulus features evolves in the multiplexed 
responses of these S1 neurons. To this end, we scanned gratings or bars in different directions 
across the fingertip of Rhesus macaques while recording the responses evoked in S1 neurons. 
We found that tuning for stimulus orientation emerged consistently earlier than did tuning for 
stimulus direction. While orientation tuning peaks around 50 ms after stimulus onset, direction 
tuning increases over the first 200 ms of movement. Thus, responses from the same neurons 
seem to reflect both stimulus properties at different moments in time. We discuss the potential 
mechanisms underlying these dynamics and their sensory consequences. 

Disclosures:  F. Pirschel: None. J.E. Winberry: None. S.J. Bensmaia: None. 



Poster 

151. Neural Coding of Tactile Sensation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 151.10/HH14 

Topic: D.03. Somatosensation: Touch  

Support: NSF Grant IOS-1150209 

Title: The transformation of texture representations from somatosensory periphery to cortex 

Authors: J. D. LIEBER, H. P. SAAL, Z. M. BOUND-SINGER, A. I. WEBER, *J. E. 
WINBERRY, S. J. BENSMAIA;  
Organismal Biol. & Anat., Univ. of Chicago, Chicago, IL 

Abstract: Our sense of touch endows us with an exquisite sensitivity to surface texture. One of 
the remarkable aspects of tactile texture processing is that it operates over 6 orders of magnitude 
in element sizes, from the smallest discernible elements (on the order of 10s or nanometers) to 
the largest elements that can fit on a fingertip, measured in tens of millimeters. This wide range 
of scales is accommodated by distributing information across three types of mechanoreceptive 
afferents, each sensitive to surface elements over different spatial scales. The coarsest textural 
features, those on the order of millimeters, are conveyed in the spatial pattern of activation in 
slowly adapting type 1 (SA1) afferents. Finer features, ranging in size from microns to 
nanometers, are conveyed in the temporal spiking patterns of rapidly adapting (RA) and Pacinian 
corpuscle associated (PC) afferents. PC afferents are especially notable for their ability to phase-
lock to vibrations as high as 1000 Hz. It is unknown to what extent these peripheral streams of 
information are integrated to achieve a unitary sensory experience of texture. 
To investigate how these peripheral representations of texture transform as they ascend the 
somatosensory neuraxis, we scanned a large set of natural and artificial surfaces across the 
fingertip of Rhesus macaques while recording the responses evoked in single-units in primary 
somatosensory cortex (areas 3b, 1 and 2). Most cortical responses showed evidence of 
integration across multiple streams of afferent information. For example, many neurons were 
characterized by both complex spatial receptive fields (indicative of input from the spatial 
pattern of activation across SA1 afferents) as well strong at the offset of indentations (a signature 
of RA and PC input). In striking contrast to the main population however, we found a small 
subset of neurons that appeared to be driven solely by PC responses. In contrast to the rest of S1, 
these neurons preserved some of the finely timed spiking patterns found peripheral texture 
responses. S1 appears to use both convergence and segregation as strategies to extract texture 
information from peripheral representations. 
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Abstract: The hand is complex. With over 20 degrees of freedom, it is difficult to coordinate 
and track all the joints that make up a hand to achieve the fluid movements that we can 
effortlessly produce. One theory to explain how the brain solves the motor control problem is 
that the nervous system, rather than controlling each degree of freedom individually, pulls a 
smaller number of strings to co-activate stereotyped combinations of muscles, or synergies. To 
investigate this synergy hypothesis and its applicability to the hand, we train monkeys to grasp a 
variety of objects that vary widely in shape and size and hence evoke myriad grasping strategies. 
As each monkey performs this task, we track the joints of the hand while simultaneously 
recording single-unit spiking activity from primary somatosensory and motor cortices. We then 
use supervised machine learning (linear discriminant analysis) to determine the degree to which 
the kinematics and associated neuronal responses depend on what object is grasped. First, we 
find that both the kinematics and the neuronal responses are highly object specific. Second, the 
pattern of confusions by the classifier are similar when classification is performed based on 
kinematics or neuronal responses. Third, as expected, motor responses convey object-specific 
information earlier than do the kinematics, which in turn are informative earlier than are the 
sensory responses. Fourth, to classify objects based on kinematics or neuronal responses requires 
many more dimensions than would be expected based on the synergy hypothesis. Indeed, 
classification based on nine principal components is significantly poorer than classification based 
on all dimensions. In other words, even those kinematic dimensions that account for little 
variance and are dismissed as noise in a typical principal components analysis seem to be under 
volitional control and systematically encoded in M1 and S1 responses. These results argue 
against the interpretation of the synergy hypothesis that postulates that motor control is 
simplified by a reduction in the dimensionality of volitionally controlled limb movements. 
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Abstract: Movement is a hallmark of haptic exploration: to make out the shape of an object, we 
move our hands across it. When we use a tool, we need to be aware of its movements in the 
hand. Much experimental attention has been devoted to understanding how the direction of 
tactile motion is encoded in the somatosensory system. Here, we investigate how tactile speed is 
encoded in the nerve. We and others have shown that human subjects can scale speed at which 
objects move across their skin. One hypothesis is that speed is encoded in the strength of the 
response, given that afferent firing rates increase monotonically with increases in scanning 
speed. However, the firing rates of nerve fibers are also strongly modulated by surface texture. 
Here, we investigate the possibility that tactile speed is computed in a way that is analogous to 
visual speed: from correlated but phase-shifted responses across afferents with nearby receptive 
fields (i.e., via Reichardt detectors). To this end, we analyze measured and simulated neuronal 
responses to scanned textures. First, we confirm that afferent firing rates are poor predictors of 
tactile speed given their strong texture dependence. Second, we show that pairs of afferents of 
the same type produce correlated albeit somewhat idiosyncratic responses to textures. We then 
examine whether this Reichardt-like mechanism can account for the perception of tactile speed 
and compare it to a rate based mechanism. 
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Title: Using optogenetics to probe neuronal excitability in mechanosensory afferents 
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Abstract: Neurons rely on action potentials, or spikes, to transmit information. A certain amount 
of depolarization can evoke very different spike trains depending on the local spike generation 
properties. Those properties can vary across neurons, or even between different regions of a 
single neuron, based on the ion channels expressed in each neuron or region. We seek to 
understand spike generation in primary afferent neurons (PANs), which are responsible for the 
initial encoding of somatosensory stimuli. How exactly PANs encode information is still not 
clear because spike initiation in these neurons occurs at axonal terminals that are inaccessible to 
intracellular recording due to their extremely small size. To circumvent this problem, we 
developed an innovative approach that uses optogenetics to focally stimulate the axonal 
terminals while recording from the cell body. To this end, we expressed channelrhodopsin-2, a 
light-sensitive channel, in PANs in a mouse model. We first validated the use of light to probe 
neuronal excitability in vitro in the cell body. Using whole-cell recording to measure the 
excitability of these neurons in response to current injection and light, we show that photo-
evoked spiking in the cell body is highly dependent on intrinsic excitability. We also show that 
PANs with large cell bodies, which correspond to low-threshold mechanoreceptors, had a high 
current threshold and spiked transiently in response to current injection and photostimulation. 
Next, we proceeded to test spike generation properties of axon terminals to compare these 
properties to that of the cell body. Using in vivo multiunit recording from PAN cell bodies while 
stimulating cutaneous axon terminals of low-threshold mechanoreceptors with light, we show 
that unlike the cell bodies, some axon terminals spike repetitively during sustained stimulation, 
highlighting differences in subcellular neuronal excitability. 
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Title: Whisker-mediated shape recognition in head-fixed mice 
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Abstract: Rodents rely heavily on whisker-mediated touch to explore their environment. By 
sweeping their whiskers across objects, similar to the way in which we palpate objects with our 
fingertips, rodents can identify an object's location, texture, and shape. The "novel object 
recognition" task, widely used in psychiatric research, challenges freely moving rodents to 
identify unfamiliar objects; however, it is typically unclear which sensory modality and strategy 
they use to do so. In contrast, head-fixed behavioral paradigms for studying rodent 
somatosensation are generally used to study object location and texture, not shape. Therefore, we 
have developed a head-fixed behavioral paradigm for studying object recognition that is 
amenable to modern imaging and recording techniques. Mice learn to discriminate objects 
having different curvature. Preliminary results indicate that their performance correlates with 
degree of curvature and that multiple whiskers are required for good performance. We are 
presently recording activity in somatosensory cortex of mice performing this task. This paradigm 
is useful for examining the circuit activity underlying object recognition and how it relates to 
processing in other sensory systems. 
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Title: Neural encoding of raised gratings in vibrissal S1 during a head-fixed surface 
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Abstract: Rodents use facial whiskers to locate objects and discriminate textures, but little is 
known about how the whisker system encodes object shape. Shapes relevant to the whisker 
system might consist of features spaced at a scale accessible to the whisker tips during active 
sensation (1-10mm, “macrogeometry”). Therefore, we studied how tactile gratings at this scale 
are encoded by spiking of single units in whisker somatosensory cortex (S1). We trained mice to 
run on a rotary treadmill while raised grating stimuli (ridges of 2, 4, 8 or 10 mm spatial period 
mounted on a smooth cylinder), or the smooth cylinder alone, moved through the whisker field. 
Stimulus movement was yoked to the mouse’s locomotion to create a 1D tactile virtual reality, 
allowing us to study active sensation of stimulus features in a highly naturalistic regime. Animals 
learned to discriminate grating from smooth stimuli in a Go/No-Go paradigm, with only C1 and 
C2 whiskers intact (n=10 mice, d’= 1.4). Using high-speed imaging, we measured whisker 
position, speed, acceleration and phase. Gratings increased the rate of transient high-acceleration 
events (“stick-slips”), which clustered at grating bar edges. We recorded single-unit extracellular 
spiking to whisker kinematic- and stimulus-related features in L3-6 of the C1 or C2 column (n= 
6 mice, 15 recording sessions, 458 single units). 69% of units fired faster on the stimulus 
cylinder than in air. The convex curvature of the stimulus cylinder drove multi-unit spiking 
maximally at the point on the cylinder closest to the whisker follicle. 27% of surface-excited 
units further increased firing rate on tactile gratings. Among the whisker kinematic features that 
occurred during stimulus exploration, stick-slips significantly modulated firing rate in 70% of S1 
units in L3, L4, L5b and L6, and 50% in L5a. Bar edges drove pronounced acceleration 
transients, but modulated temporally precise spiking in only 10% of units. The majority of single 
units showed significant phase tuning, which was much stronger while contacting the stimulus 
wheel than during whisking in air. Most phase-tuned units were tuned to protraction phases. This 
phase preference facilitated responses to both stick-slip events and bar edges when they occurred 



during the preferred phase. We hypothesize that single unit phase and stick-slip responses 
interact to build a robust spatiotemporal code of shape in S1. 
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Abstract: Integration of whisker deflecting information is an initial important step not only in 
identifying object outside but in adequate motor execution. Here, we investigated how discrete 
sensory information is integrated and transferred within the barrel cortex and to the motor cortex. 
Voltage sensitive dye imaging from one hemisphere of slightly anesthetized mouse while 
stimulating one or two whiskers showed that time between stimulations and order of whisker 
deflections are critical factors in multi-whisker integration. Cortical activation was larger when 
two whiskers were stimulated simultaneously or with 5ms delay, compared to deflecting one 
whisker. In addition, spreading paths were different depending on the whisker that was 
stimulated first. Local field potentials, recorded from a principal and a surround barrel cortex, 
showed comparably larger supra-granular facilitative evoked potentials with the enhanced 
gamma oscillation when a whisker located in rostral or ventral position was deflected first. 
Electroencephalogram, obtained from the barrel and motor cortices, showed larger coherence in 
the gamma-frequency range. Our results suggest that discrete signal processing route and 
strength of responses encode integrated sensory information. Moreover, gamma oscillation 
transmits the integrated information to the other cortical areas for accurate sensing or attention. 
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Abstract: The vibrissal system has been intensively used in the recent years as a model to study 
the cortical activity underlying perceptual decision. Mice are trained to retrieve a reward when 
an object requiring a tactile exploration is presented to them or when their whiskers are passively 
deflected. Mice are trained over days or weeks and they may be subjected to thousands of trials 
during which the stimulation of their whiskers is paired with a reward. Sensory experience 
modifies networks and in particular pairing a tactile stimulus with an emotional contingency 
alters the whisker cortical map in barrel cortex. However, the plasticity of the whisker-evoked 
responses due to operant conditioning has little been explored beyond a single cortical column. 
To address this issue we developed a paradigm in which mice were freely moving and the 
whiskers C were deflected signaling to the mice the possibility to retrieve a reward. Then, we 
recorded the multi-unit activity (MUA) in the layers 2/3, 4 and 5 of barrel cortex evoked by the 
deflections of these whiskers and neighbors while mice were anesthetized. We found that 
training had profound effects on the size and temporal properties of the responses evoked by the 
C whisker outside of the C column. Their size was significantly correlated to the success rate of 
the mouse measured at the last training session. Moreover, the timing of these responses 
recorded in layer 4 and 5 correlated with the mouse reaction time in the arena almost perfectly. 
The MUA spiking rate and onset were not correlated. Our data suggest that behavioral 
conditioning organizes the feed-forward inputs sent by the trained whisker within a time window 
of ~ 20 ms and transmit them, directly or indirectly, to the “non-trained cortical columns” with a 
speed that is function of the perceptual decision delay. The temporal properties and the spiking 
rate of these late responses would code for two distinct aspects of the learned behavior: the 
primal reaction to the stimulus and the capacity of completing the task. 
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Abstract: It is a well-established finding that neurons in primary sensory cortical regions are 
selective to specific features of the stimulus. However, the mechanisms underlying this 
selectivity remain unclear. 
Our recent work has shown that regenerative NMDAR currents play a significant role in shaping 
direction selective responses in layer 4 of the rat barrel cortex. However the spatial organization 
of these dendritic events and the synaptic inputs contributing to them is unknown. In the visual 
cortex of mice, it has been shown that spines showing different selectivity are distributed in the 
same dendritic branches of layer 2-3 neurons. However, it is unclear whether this is a general 
feature across different modalities, and what is the mechanism by which a specific dendritic 
branch determines its selectivity. 
We used 2 photon calcium imaging combined with electrophysiological whole-cell patch-clamp 
recordings to directly visualize the activated spines and record the somatic sub- and 
suprathreshold voltage responses in barrel cortex neurons in an in-vivo anesthetized mouse 
preparation during angular stimulation of whiskers. We found that terminal dendritic branches 
show selectivity to angular stimulations. Furthermore, the angular tuning could differ between 
different dendrites. 
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Abstract: When we reach for a cup of coffee, we don’t consider how our muscles are stretching. 
Rather, we perceive our limb state (the sense of proprioception) in terms of the position of the 
hand or overall posture of the limb. However, the most important proprioceptive sensors, muscle 
spindles and Golgi tendon organs, lie within muscles, sensing length and force. Thus, at some 
stage of processing, the brain transforms proprioceptive signals from an array of muscle sensors 
to an overall limb representation. 
An interesting area to look for this transformation is area 2 of primary somatosensory cortex 
(S1), which both receives input directly from thalamus and communicates with other cortical 
areas involved in perception and reaching. Based on a small number of studies, we know that 
neurons in area 2 typically respond to arm movement in a “preferred” direction” (PD). These 
studies have all assumed that area 2 neurons encode limb state in egocentric hand coordinates. 
However, this assumption has not been explicitly tested. Here we present results suggesting that 
this transformation has, in fact, not yet occurred in area 2. 
We have developed a visual motion tracking system using the Kinect v2 (Microsoft), a 
consumer-grade depth camera. We estimated the lengths of muscles by feeding these tracking 
data into a musculoskeletal model implemented in OpenSim. At the same time, we recorded 
neural responses from area 2 using a 96-channel Utah Electrode Array (Blackrock 
Microsystems). For small deviations around a given arm posture, hand-based and muscle-based 
coordinate systems are roughly linearly related. To disambiguate these relationships, we had the 
monkey perform a random target reaching task with its hand centered in either of two 
workspaces: ipsilateral and away from the body, or contralateral and near it. We found that most 
neurons responded strongly to hand movements in both workspaces, but often with different 
PDs. Additionally, in each workspace there appeared to be a bias in the distribution of PDs, 
causing them to be directed preferentially either towards or away from the body. Both of these 
results are inconsistent with a hand representation. To understand these results, we simulated 
neurons having neural activity that was a simple linear combination of muscle stretch velocity, a 
stimulus to which muscle spindles are highly sensitive. We found that the simulated neural 
discharge recreated both the bias and workspace dependence of the actual PDs. Thus, unlike 
previous assumptions about S1 representation of limb state, our results suggest that the 
transformation of muscle receptor signals to an egocentric sense of limb position has not yet 
been completed in area 2. 
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Abstract: Higher order sensory cortices, such as the posterior parietal cortex (PPC) have been 
implicated in a range of cognitive behaviors, ranging from navigation to multisensory integration 
and perceptual decision making. Only recently we have begun to explore the neural circuit 
dynamics in the PPC during such complex behaviors, over a large population of neurons and at 
single-cell resolution. Here we trained mice to perform a whisker-based texture discrimination 
task and report their decision by licking. Using genetically encoded calcium indicators (GECIs) 
and chronic cranial windows, we recorded the neural responses from excitatory neurons in layer 
2/3 of the PPC of well trained mice during goal-directed behavior. We observed that some 
neurons displayed sensory evoked responses whereas others had task-outcome related activity 
that was present before behavioral report by licking. Another subset of neurons showed enhanced 
activity upon the omission of the texture stimulus, with all other cues present. Hence PPC 
neurons showed a spectrum of activity with temporal dynamics matching task epochs, along with 
a role in stimulus feature association. Finally optogenetic inhibition of the PPC during the task 
led to a decrease in performance. These findings demonstrate that neural activity in the PPC can 
influence task outcome, hence contributing to perceptual decision making. 
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Abstract: Active sensing allows closed-loop behavioral selection of information during sensory 
acquisition. The rodent whisker system provides a well-characterized model, analogous to active 
touch in humans, for studying active touch. We developed a real time feedback system that 
delivers optogenetic stimulation to somatosensory cortex (S1), time locked to whisking as 
estimated through facial electromyography (EMG). Water-restricted mice were trained to 
alternately traverse a linear track to obtain a water reward. Once the behavior was learned, mice 
were implanted with custom chronic hyperdrives over left S1 for neural recording and 
stimulation, and with bilateral EMG electrodes in the whisker pad to estimate whisker position. 
A digital signal processor based system recorded activity in S1 and delivered optogenetic 
stimulation through an optical fiber using a blue (473nm) laser coupled to the implant. 
Protraction and retraction of the whiskers were defined using two manually identified thresholds. 
Stimulation of excitatory neurons in S1 lead to an increase in regularity of whisker motions, with 
effects on the next whisk following stimulation. Stimulation also induced a rapid increase in 
neural activity when timed with protractions, but not when timed with retractions. This cyclic 
modulation of S1 may suggest information is more likely encoded while the whiskers are in 
forward motion. We further investigated stimulation of inhibitory interneurons, which resulted in 
a decrease in neural activity during protractions, without significant change in neural activity 
during retractions. Taken with the previous experiment, these results suggest a cyclic modulation 
of both excitation and inhibition in S1 with each whisk, such that downstream areas may show 
preferential tuning to S1 timing relative to self-motion. Whisker motions did not show strong 
changes with recruitment of inhibition, possibly due to the local innervation of interneurons and 
a “window of opportunity” effect. Overall, sensory cortex likely plays a role in guiding sensory 
motions, in addition to encoding incoming information relative to self-motion. 
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Abstract: Asymmetric tangential vibration of a pinched vibrator induces an illusory sensation 
that sustained directional pulling force is applied to our fingertips. The illusion attracts wide 
interest not only in relation to its application in developing mobile force display devices, but also 
in relation to its implication on the mechanism of our force perception. Here, to specify the 
sensory substrate involved in the illusion force sensation, we systematically varied the state of 
contact with the vibrator and examined its effect on the clarity of the illusory sensation (i.e., 
detection rate of displayed force direction). In our first experiment, we examined the effects of 
vibration orientation, surface texture, and grip force (3-factors-repeated-measures-ANOVA). 
Pillar array with a diameter of 0.5 mm and gaps of 2.0 mm on vibrator surface significantly 
increased the correct rate (main effect of texture), suggesting a contribution of cutaneous 
receptors. Effect of grip force was also significant, but depended on orientation of vibration 
(significant interaction between factors of vibration orientation and grip force). Namely, correct 
rate dropped as increase in grip force when vibration was applied along the fingers (longitudinal 
vibration) but not when it was applied across the fingers (transversal vibration). The difference in 
the effect of grip force could reflect anisotropy of cutaneous sensory system and/or potential 
contribution of finger movements (finger movements are larger under transversal vibration due 
to anisotropy in musculoskeletal stiffness). To examine the latter possibility, in the second 
experiment, we had the participants pinch a vibrator with a flat surface while pulling the index 
finger with 2.5 N to minimize its adduction/abduction motion (repeated-measures ANOVA with 
orientation of vibration, application of bias force, and grip force as factors). Application of the 
pulling force significantly deteriorated the performance under transversal vibration with 2.0 N 
grip force. This suggests a possibility that not only the cutaneous mechanoreceptors around the 
fingertips but also sensory channels responding to finger motion contribute to the illusory force 
sensation experienced under the transversal vibration. 
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Title: GPU-accelerated calculation of an electric field generated by an electric fish and neural 
activities of the electrosensory system 
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Abstract: The purpose of this study is to accelerate calculation of electric stimuli and neural 
activities of the electrosensory system using a graphics processing unit. An electric fish can 
recognise object's parameters, such as material, size, distance and shape, in complete darkness. 
The ability to recognise these object's parameters is provided by fish's electrosensory system. 
The fish generates an electric field using its electric organ. An object around the fish distorts the 
electric field and make an electric image on fish's body surface. The fish can extract the object 
parameters from the electric image using its electrosensory system. However, features of the 
electric image representing object’s parameters and the neural mechanism to extract the 
parameters are not well known. To address this issue, we developed a realistic simulation model 
to obtain the detail of electric images generated by various objects and neural models of 
electrosensory system. However, the simulations to obtain the electric images and the neural 
activities require massive computational resource. In this study, we accelerated our simulations 
using a graphics processing unit that achieves massively parallelized computation. 
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Title: Frontal-posterior interactions in mouse neocortex during a texture discrimination task 
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Abstract: The mammalian brain integrates behaviorally relevant sensory information by 
recruiting large parts of the neocortex to enable precise perception, apt decisions and adequate 
actions. The large-scale interactions and the distinct roles of the various neocortical regions, 
namely frontal motor-related areas and posterior sensory-related regions, remain poorly 
understood. Here, we aim to characterize how behavior-related activity is integrated throughout 
large parts of the cortex. Head-restrained transgenic mice expressing GCaMP6f in layer 2/3 
excitatory neurons were trained on a ‘go/no-go’ S1-dependent texture discrimination task. On 
‘go’ trials mice were required to lick for a water reward (‘hit’) when presented with a panel of 
one type of sandpaper; in ‘no-go’ trials they were supposed to withhold licking (‘correct 
rejection’) when presented with a differently graded sandpaper. In addition mice were required to 
delay their licking response on ‘go’ trials, enabling temporal segregation between “sensation” 
and “action”. Different mice were trained on different ‘go’ textures. Using wide-field imaging, 
we simultaneously imaged large parts of the cortex, including frontal and posterior areas. We 
find that during sensation (i.e. texture touch) primary and secondary whisker somatosensory 
cortices displayed larger calcium transients during ‘go’ trials compared to ‘no-go’ trials, 
independent of texture type. During the delay period, we find that ‘go’ trials resulted in different 
activation patterns related to the state of the mouse: In ‘go’ trials where the mouse displayed high 
motor engagement (i.e. large body movements, during sensation), activity shifted to frontal 
areas, especially secondary motor cortex, whereas posterior sensory areas displayed suppressed 
activity. In contrast, on ‘go’ trials where the mouse displayed low motor engagement, activity 
was not present in frontal areas but rather remained elevated in posterior areas. The ratio between 
these two patterns varied across and within mice. These results highlight the importance of single 
trial analysis and may imply that different strategies may be used to reliably execute complex 
behaviors. 
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Title: Response of vibrissal-responsive trigeminal ganglion neurons to airflow  

Authors: *P. KUMARAPPAN1, N. E. BUSH2, M. J. Z. HARTMANN1,3;  
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Abstract: Studies of the rodent vibrissal (whisker) system primarily focus on understanding 
tactile perception and sensorimotor integration. Other whiskered mammals, the harbor seals and 
California sea lions, have been shown to use their whiskers to follow water currents, allowing 
them to catch prey using wakes. Given that some marine mammals can use their whiskers to 
sense fluid flow, it seems possible that rodents might also use their whiskers to gather sensory 
information about airflow.   
Recent work in our laboratory [1] has characterized how whiskers respond in the presence of 
airflow.  The whisker tends to bend in the direction of airflow and the magnitude of bending is 
related to the airflow speed. The whisker vibrates around its new (deflected) position at 
frequencies close to its intrinsic resonance modes. 
Here, we recorded from vibrissal-responsive primary sensory neurons of the trigeminal ganglion 
(Vg) while presenting airflow stimuli to the whisker array. We performed extracellular 
recordings of single units from the Vg of anesthetized rats while independently varying the 
airflow speed and direction. We correlated the neural responses with airflow speed and direction, 
and compared the spike patterns to the calculated resonance modes that describe whisker 
vibration.  Results are discussed in the context of a potential role of Vg neurons for encoding the 
airflow stimuli. 
[1] Reference: Yu YS, Graff MM, Hartmann MJZ (2016) Mechanical responses of rat vibrissae 
to airflow. J Exp. Biol. 219:937-948. 
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Abstract: BACKGROUND: The location, velocity and direction of tactile stimuli on the skin’s 
surface are discriminable features of somatosensory processing, however the representation and 
processing of dynamic saltatory tactile arrays in the human somatosensory cortex are poorly 
understood. 
OBJECTIVE: To map the relation between a dynamic saltatory pneumatic stimulus array 
delivered at 3 different velocities on the glabrous hand and the evoked cerebral BOLD response 
in human adults. 
METHODS: Participants: 20 neurotypical, Rt-handed adults (19-30 years). Saltatory cutaneous 
stimulation using 60 ms pneumatic pulses in a 5-channel TAC-Cell array (Galileo 
Somatosensory) was used to deliver traverse velocities (5, 25, and 65 cm/s) on the glabrous hand 
[D1 (thumb), D2 (index finger), and D3 (middle finger)]. An MPRAGE (1 mm isotropic, 
TE=3.37 ms, TR=2400 ms) and 3 functional scans (2.5 mm isotropic, TE=30 ms, TR=2500 ms) 
were acquired using a 3T Siemens Skyra (32-chan head coil). SPM12 was used to realign, 
normalize, and smooth 960 acquired brain volumes/subject. Results from each subject were 
inserted to the one-way ANOVA within-subjects and one sample t-test to evaluate the group 
main effect of various velocity stimuli and individual velocities, respectively. 
RESULTS: The group main effect among saltatory velocity stimuli revealed an extensive 
network of BOLD responses in sensorimotor areas (S1, S2, M1, M2, insula) and the cerebellum 
(Punc <.0001). When the individual velocities were compared to the No stimulus condition, 
contralateral BOLD responses were found in insula, BA1, and sensorimotor cortex for ’25 cm/s 
> No stimulus’, whereas ‘5 cm/s > No stim’ and ’65 cm/s > No stim’ evoked BOLD responses 
were limited to somatosensory cortex. Contralateral BOLD responses in sensorimotor cortex also 



were found at two velocity conditions (5 cm/s, and 25 cm/s > All ON), whereas ipsilateral BOLD 
activations in BA9 were only observed at ’25 cm/s > All ON’. 
CONCLUSIONS: fMRI BOLD responses revealed an expandable cortical and subcortical 
network (sensorimotor cortex, insula and cerebellum), which reliably encodes the 3 different 
velocities tactile stimulus on the glabrous hand in humans, with the largest spatial extent of the 
evoked BOLD response at the intermediate velocity (25cm/s). 
Support: Barkley Trust Foundation (Barlow) 
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Title: Laminar and cross-columnar refinement of sensory-evoked activity in developing mouse 
barrel cortex 
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Abstract: Rodent rhythmic whisking behavior develops in a critical period two weeks after birth 
when animals start to increasingly use tactile sensation to explore the environment. How sensory 
processing of whisker-induced inputs develops in primary somatosensory cortex S1 (“barrel 
cortex”) in this period remains poorly understood. Here, we characterized neuronal dynamics 
evoked by single- or multi-whisker stimuli in developing mouse barrel cortex across all cortical 
layers. We performed multi-electrode recordings in anesthetized mice of three age groups: before 
(<P13), during (P13-P16) and after (P17-P30) the onset of active whisking behavior. We find 
layer-specific changes in multi-unit activity (MUA) for principal and neighboring whisker-



related barrel columns: MUA increased with stimulus intensity of single-whisker deflections in 
mice younger than P13 in L2/3 and L4 which was confined to the principal barrel column. In 
animals older than P16, MUA significantly decreased in L2/3 and L4 for the principal column 
but increased for the neighboring column. At the same time, MUA increased in L5 and L6 for 
the principal column. Paired-pulse stimulation of single whiskers with varying stimulus intervals 
showed facilitation in L2/3 and L4 before the critical period whereas in animals older than P16, 
MUA was strongly reduced after the second pulse in all layers. Sequential activation of two 
neighboring whiskers with varying stimulus intervals evoked distinct response profiles in the 
stimulated barrel columns, depending on the direction and temporal separation of the stimuli. 
Isolated single units showed progressively more diverse activation patterns with age, indicating 
refined processing of these inputs. We conclude that neuronal activity is decreased in L2/3 and 
L4 but increased in L5 and L6 starting with the critical period. At the same time, cross-columnar 
activation is increased in L2/3 and L4. In the future, our findings may help to understand how the 
processing of sensory information relates to emerging whisking behaviors of young mice. 
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Title: Touch and self-motion coding by Merkel cell-associated primary afferents 
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Abstract: Touch perception depends on integrating signals from multiple types of peripheral 
mechanoreceptors. During haptic exploration, neural activity triggered by contact forces must be 
combined with proprioceptive information about sensor position. Merkel cell-associated 
afferents (“Merkel afferents”) are thought to play a role in perception of spatial form. However, 
Merkel afferent activity has been studied almost entirely with passively applied stimuli. Touch is 
an active sense and typically occurs in the context of self-generated motions, where mechanics 
that govern interactions with the world can be quite different. The role of Merkel afferents in 
active touch is unknown. 
We obtained electrophysiological recordings from Merkel afferents that innervate the whisker 
follicle-sinus complex. Optogenetic tagging allowed us to record spikes from single Merkel 
afferents during behavior (n = 12). We also obtained recordings from unidentified slowly 
adapting (SA, n = 12; likely including Merkel) and rapidly adapting (RA, n = 7) afferents. Mice 
whisked freely in air and against a pole presented at multiple locations as they ran on a treadmill, 
generating mechanical signals at the whisker base. High-speed video allowed us to quantify 
mechanical variables expected to cause spiking at 2 ms resolution. Using a strategy that 
combined machine learning with manual curation, we scored individual video frames into one of 
three categories: (1) not whisking (no contact); (2) whisking in air (no contact); and (3) whisking 
against the pole (contact). 
During non-whisking periods, most Merkel and unidentified afferents spiked at low rates 
(baseline rate 2.1 ± 6.6 Hz, n = 31). During whisking in free air, a subset of neurons showed 
increased spike rates (> 1 Hz mean rate; 12 of 31 afferents total, including 4 Merkels and 1 RA). 
Spike rates increased further during contact. All Merkel and unidentified afferents responsive to 
free air whisking were also dramatically modulated by position in the whisk cycle (phase), with 
100% modulation depths and peak responses occurring across a wide range of phases. 
During periods of whisker-pole touch, statistical modeling and analysis of tuning surfaces 
revealed that bending moment at the base of the whisker and its rate of change were critical 
drivers of Merkel afferent spiking. A simple mathematical model of viscoelastic coupling 
between whisker and sites of mechanoreception explained spiking and the sensitivity to both 
moment and its rate of change. Together, our results show that Merkel afferents send to the brain 
multiplexed information about sensor motion and surface features. 
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Abstract: Genetically encoded calcium indicators (GECIs) that indirectly measure neural 
discharge patterns with subcellular resolution have witnessed substantial progress over the last 
few years. While recent experimental paradigms have capitalized on this progress, they have 
utterly focused on mouse models, owing to the availability of many transgenic mice lines. Here 
we sought to compare the efficacy of different GECI variants in the representation of sensory 
stimuli in rats—an important animal model for studying complex behaviors. 
We compared the reliability of GCamp6s (G6s) and GCamP6f (G6f) in measuring stimulus-
evoked responses to whiskers’ mechanical deflection in the vibrissae area of the primary 
somatosensory cortex (vS1) in anesthetized rats (n=2 G6s; n=2 G6f). Stimuli consisted of high 
and low whisker deflection velocities that were applied randomly to a single whisker. We used 
chronically implanted single multimodal fibers (400µm) to measure green fluorescence of Ca2+ 
dynamics over multiple sessions from layer 4 neurons that have been virally transfected with 1uL 
of G6s or G6f. We found stimulus evoked Ca2+ responses to be precisely time locked to the 
stimulus onset (G6s:mean±sd; tpeak/high=455ms±19ms and tpeak/low = 423±23ms; G6f:mean±sd; 
tpeak/high=241ms±10ms and tpeak/low = 243±9ms) compared to spontaneous activity (mean±sd; 
tpeak=3.84s±2.43s from trial onset). Stimulus-evoked average response waveforms were 
significantly different from spontaneous responses (KS, p<0.001). Response probabilities (RPs) 
were similar to previous reports documenting RPs derived from spiking activity in the same area 
(G6s: RPhigh =0.65±0.21, RPlow =0.36±0.13, p<0.002, bootstrapped ; G6f: RPhigh =0.79±0.08, 
RPlow =0.68±0.22, p<0.002, bootstrapped ). These results suggest that G6s and G6f imaged 
through chronically implanted fibers that can access deep brain areas could represent aspects of 
neural responses that would be critical to improve our understanding of tactile coding in awake 
freely behaving rats in future studies. 
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Abstract: Naturally occurring odor plumes contain a rich temporal structure of odor 
concentration variation. Although the air turbulence that creates these plumes is a random 
process, statistical regularities exist in the temporal dynamics that are dependent on e.g. the 
distance the plume has travelled from its source. It has therefore been hypothesized that odor 
concentration fluctuations can form the basis of a strategy used by animals to localize and 
navigate to odor sources in natural environments. 
Critical to this hypothesis is to determine whether mice are capable of perceiving these 
fluctuations. To investigate this, we developed a high-speed odor delivery device, capable of 
reliably modulating odor concentration at >500Hz and replicating many of the temporal features 
of naturally occurring odor plumes. In order to efficiently assess the psychophysical limits of 
perception of these features, we constructed an automated behavioral training system 
(“AutonoMouse”) in which groups of socially housed mice tagged with RFID chips can be 
trained simultaneously for periods of several months with limited human interference. 
We trained a cohort of animals (n=9) in AutonoMouse to discriminate between odor stimuli with 
differing temporal patterns. Stimuli consisted of trains of alternating clean vs. odorized air pulses 
between 1-20Hz. Total odor released, total air flow and pulse frequency in these stimuli were 
constant, but individual pulse amplitudes were varied randomly within trials. We observed that 
mice were able to discriminate between different temporal patterns with accuracy >80% for 
several hundreds of continuous trials (1st block of 50 trials >80% correct: 1296 ± 320; mean ± std 
final performance: 91% ± 10%). Removal of the target odor resulted in chance level performance 
(mean ± std final performance: 52% ± 3%, 1-tailed t-test vs. chance p=0.4), suggesting the 
accuracy of performance was due primarily to perception of odor fluctuation differences. 
Furthermore, degradation of the fluctuation information was achieved by replacing clean air 
pulses with odorized air, again significantly reducing performance accuracy to near chance levels 
(mean ± std: 56% ± 5%, 1-tailed t-test vs. chance p=0.13). 
We conclude that mice are capable of perceiving differences in the rate of odor concentration 
fluctuations, suggesting a possible parameter from naturally occurring odor plumes that may 
contain salient, perceptible behavioral information. 
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Abstract: Accurately predicting human olfactory perception from the structural features of 
odorant molecules has remained elusive. The DREAM olfaction prediction challenge was 
organized to both assess and improve on the state-of-the-art in such predictions. We took 
advantage of the largest-to-date dataset of olfactory perception obtained from 49 human subjects 
who sampled 476 structurally and perceptually diverse molecules at two concentrations. 26 
research teams from around the world used structural features of these molecules to build 
predictive algorithms; the prediction target consisted of subject-provided numerical ratings of 
odor intensity, pleasantness, and 19 other verbal odor descriptors. Importantly, these algorithms 
were constructed using only a subset of these data, and then tested out-of-sample by the 
challenge organizers on the remaining data, which was unpublished at the time of the challenge. 
Using either the best-performing models or taking a “wisdom of the crowds” approach, odor 
descriptor predictions - as measured by correlation with the test data - were considerably more 
accurate than those from previously published models, both at the population level and for the 
prediction of individual subject ratings. The best performing models were in the “decision tree” 
class of machine learning algorithms, and these both outperformed conventional regression 
models and did so using fewer molecular features. This suggests the importance of non-linearity 
and feature interactions in producing olfactory percepts. 
The best-performing models also showed an error rate indistinguishable from within-subject test-
retest variability, indicating that - despite the unprecedented size and scope of the dataset - 
predictive accuracy is still fundamentally limited by the volume of the collected data; no further 
scientifically-meaningful model improvements may be possible in the future using this dataset 
alone. Lastly, we show that given a perceptual template, the molecule whose odor will best 
match that template can be selected efficiently from a large library of diverse compounds using a 
very restricted search. This implies tremendous savings in time and money in industrial olfaction 
applications. 
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Abstract: Alzheimer’s disease (AD) is a form of dementia marked by the presence of Aβ-
plaques, neurofibrillary tangles (NFTs) and cognitive decline. There is increasing evidence that 
the pathophysiological symptoms of AD may begin decades before cognitive decline appears. 
One prevalent risk factor for AD is the APOE-ε4 allele, which can increase a person’s risk of 
developing AD by 3-12x. The formation of NFTs in the Alzheimer’s brain may begin in the 
olfactory cortices and studies examining APOE-ε4 carriers have shown deficits in odor 
processing before the development of AD. Few studies have investigated the links between odor 
quality discrimination and AD. Previous studies of odor quality discrimination developed odor 
batteries, but did not account for differences in odor intensity, pleasantness and/or familiarity of 
odors. The purpose of this study is to develop a new odor battery suitable for use in odor quality 
discrimination testing accounting for these factors. Participants were 12 undergraduate and 
graduate students at a large southwestern US university. Odor discrimination was tested with a 
pairwise task in which participants were presented with pairs of odors and indicated whether the 
odors in a pair were the “same” or “different”. A total of 24 pairs of odors were presented. 
Twelve pairs were the “same” (an odor presented against itself) and six pairs were “different.” 
The different pairs were presented twice in an A-B/B-A format and were classified as “similar” 
(shared a common odorant) or “dissimilar” (no common odorant). The odors pairs were also 
rated for similarity using a modified general labeled magnitude scale (gLMS). Odor intensity and 
pleasantness were also rated using modified gLMSs and odor familiarity was examined using a 
free-recall odor identification task. Results of repeated-measures ANOVAs indicated that there 
were significant differences between odors in ratings of intensity (F(14,140) = 2.347, p = .005), 
but not pleasantness (F(14,140) = 1.691, p = .064). There was a significant difference in 
similarity ratings for the different odor pairs (F(5,55) = 11.727, p < .001). There was no 



significant correlation between accuracy in odor identification and odor discrimination (r = -.237, 
p = .484). These results suggest that this odor battery is a viable option for tests of odor quality 
discrimination. 
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Abstract: One of the most widely-displayed behaviors throughout the animal kingdom is the 
active investigation of odors. A major question of wide importance is what motivates animals to 
sample odors? Furthermore, why do animals sample some odors more than others? 
Understanding these questions would provide information regarding brain mechanisms of 
olfaction and also the brain basis of motivated behavior. Traditional and/or commonly used 
manners for quantifying odor preferences involve tracking the time a mouse spends within two 
or three chambers, each containing a different odor, with a manual stopwatch or through the use 
of costly video tracking software. Additionally, nose-poke based tasks are also available, yet 
often these only allow testing a limited stimulus set. Here we sought to develop an affordable 
and quantitative semi-automated apparatus to assay the odor preference behavior of mice to a 
wide stimulus set. This apparatus consists of a behavioral chamber enclosed within six walls, one 
being a removable door, with five 3D-printed nose poke ports on the other walls which hold 
plastic cups containing liquid odor and infrared beams to detect the nose pokes. Along with 
designing the apparatus, we also developed custom code written for the Arduino line of 
microcontrollers to collect the data and store it on a removable SD (secure digital) card, which 
could then be later transferred onto a computer for analysis. We validated the ability for this 
platform to monitor odor investigation behaviors in c57bl/6 mice. Prior to testing, each mouse 
was acclimated in the chamber for thirty minutes on two separate days without the presence of 



odors. After the acclimation period, each mouse was again placed into the chamber, but with 
odors available to investigate. We found that all mice spontaneously nose-poke into the odor 
ports, with varying durations of poke hold times (sampling durations). We also found that mice 
continue to nose poke, to varying degrees, throughout the duration of a session. In conclusion, 
we designed and validated a novel device to quantify odor preference behavior in mice that has 
several distinct advantages over other available methods. We propose that this apparatus can be 
applied to a variety of future goals to test the neural basis of odor preferences. 
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Abstract: We conducted a comprehensive comparative neurophysiological study of neocortical 
mechanisms for the effects of olfactory sensation on functional activity of human brain (using 
EEG), based on the three-factor model of perception (attention, hedonic value, gender). 687 
healthy volunteers (347 male and 340 female, students aged 18 to 24, with no documented 
manifestations of rhinal pathologies) participated in this study. EEG was registered during the 
rest state (5 min) and under odor stimulation (3;8 min) with essential oils (Lemon, Melissa, 
Ilang-ilang, Lavender, Rosemary, Bergamot, Pine, Mint, Anise, Artemisia, Valeriana, Rose 
essential oils). We estimated the spectral power density (SPD) and the levels of coherence of all 
the frequencies from 0.2 to 35 Hz. We demonstrated that the passive perception of odors, as well 
as the analytical odor detection, is accompanied by the activation of cortical neural networks. It 
stimulates the mechanisms of cortical-hippocampal loop (theta-waves), which leads to the 
expansion of cortical-cortical and cortical-subcortical interactions (coherence) and modulates 
mental, emotional and verbal activity (theta1,2-; alpha3-; beta1,2-; gamma-bands). Such effects 
appear due to the ability of smell perception to change excitability of brain networks 
(experiments with the use of photic stimulation effects). We revealed that prolonged resting 
states under background odoration by essential oils are accompanied by the development of a 



specific combination of substantial (almost generalized) increase of coherence in alpha1- and 
alpha3-, beta1-bands. According to modern neurophysiology, this condition is described as a 
tonic alertness - perception of new information and readiness to react while relaxing. At the same 
time, increase of interfrontal coherence is described in the rest state right after the completion of 
external tasks. Positive evaluation of smell is associated with strengthening of functional brain 
activity, whereas negative or aversive evaluation - with its inhibition. We suggest that olfactory 
perception in humans is co-determined by the mental-psychological strategies of formation of 
introspective processes and behavior fulfillment that differ in men and women (insightful and 
intellectual, respectively). An important point in the structure of olfactory perception is the 
analysis of olfactory information in the first moment of detection, accompanied by a strong 
activation of cognitive memory circuits, emotions, semantic analysis, etc. At the same time, the 
mechanisms of "familiarity" evaluation and biological significance of the incoming sensory 
information turn on. 
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Abstract: Many animals rely on their olfactory system to find food, seek mates and avoid 
danger. This involves detecting a particular odor of interest against a background of ever-
changing distractors (analysis). However, previous studies on odor identification in mixtures 
found both humans and rodents performed poorly. From this, it was concluded that a mixture of 
odors perceived at the same time will combine to form a new percept, the individual components 
becoming irretrievable (synthesis). In contrast, we find that humans are able to reliably detect a 
monomolecular odor target against a background of distractors. We designed an olfactory match-
to-sample task in which subjects were presented with one of 8 target odors at the beginning of 



each trial. The target changed randomly from trial to trial, with each target occurring an equal 
number of times throughout the task. After a brief delay, subjects sniffed a mixture containing 1-
7 components (this mixture was made up of the 8 odors in the task and contained the target odor 
50% of the time). Subjects rated their target as present or absent and performance was above 
chance for mixtures of up to six components. These results are consistent with a recent paper 
(Rokni et al., 2014; Nat Neurosci 17:1225) that showed that mice could easily be trained to 
differentiate the target from the background in mixtures of up to 14 components. Though humans 
are often believed to have a poor sense of smell compared to other mammals, these results 
suggest that they have the ability to segregate a single odor against a background of variable 
distractors. Possibly more interesting is the fact that the target changes every trial which 
precludes the possibility that people are forming a template for search or focusing on one 
particular feature of their target odor. 
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Title: Classical olfactory fear conditioning non-selectively enhances olfactory bulb glomerular 
responses in awake behaving mice 
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Abstract: The olfactory bulb (OB) glomerular layer is the first site of sensory input to the central 
nervous system and contributes to cortical processing of olfactory stimuli and subsequent 
behavioral output. Previous work from our lab in anesthetized animals suggests that olfactory 
fear learning induces plasticity observed at the post-synaptic glomerular level of the OB, 
presumably affecting downstream processing; however, the extent to which this occurs in awake 
animals is currently unknown. To address this, odor-evoked glomerular activity patterns were 
assessed in awake transgenic mice expressing GCaMP3 in excitatory post-synaptic OB cell 
populations. Mice were subjected to simple, classical fear conditioning by paired presentations of 



an odor with footshock. Before and after associative conditioning, glomerular representations to 
a panel of similar and dissimilar odorants were imaged, allowing us to investigate glomerular 
activation to the trained stimulus as well as neutral, untrained stimuli. Our data demonstrates that 
glomerular odor responses in awake animals decrease with subsequent exposures to neutral 
odorants. However, fear learning produces robust reinstatement of representations for both 
trained and neutral odorants. By contrast, there were no similar representational changes in the 
control groups. Furthermore, the non-selective enhancement cannot be explained by a transient 
global fear state that enhances all incoming sensory information, as tone-shock trained mice do 
not exhibit increased glomerular responses when odor imaging trials immediately followed 
presentations of the previously conditioned tone. This suggests that non-discriminative olfactory 
fear conditioning non-selectively enhances odor-evoked activity in awake mice at the level of 
OB output neurons. This mechanism could potentially underlie behavioral generalization, the 
transference of fear responses from learned stimuli to related stimuli. Additionally, blocking 
muscarinic signaling with scopolamine during training attenuates both behavioral expression of 
fear learning and the associated physiological alterations, indicating an important role of 
acetylcholine in these related processes. Future directions include further characterizing changes 
that occur as a result of associative olfactory fear conditioning. All together, these studies will 
further our understanding of learning-induced plasticity at the initial stages of olfactory sensory 
processing and how neuromodulation influences this plasticity and shapes behavioural 
generalization in awake animals. 
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Abstract: Odor-guided searches are notoriously difficult due to the sparse and intermittent 
nature of odor plumes. The ability of rodents to form internal representations of their 
environment could allow them to apply learned spatial information to dynamic environments, 
creating a map that would act to lessen the cognitive load required to use the complex sensory 
cues in odor plumes and greatly increase the effectiveness of odor-guided searches. To 
investigate how rodents use learned spatial information to forage for food we constructed a large 
(2.5m x 1m) fully-automated open field arena. Two high-speed cameras detected minute changes 
in behavior as well as 3D body position, while an automated pellet delivery system allowed us to 
distribute food pellets at precise locations throughout the arena without being restrained to 
defined reward locations. Using this system we precisely monitored search behavior while 
controlling the amount of information each animal had about possible pellet locations. In our 
experiment Long-Evans rats foraged for sucrose pellets until all pellets had been eaten, or until 
ten minutes had elapsed. All behavior was done under red light, which rats cannot see, forcing 
them to rely upon olfactory cues to navigate. Rats completed one session of testing a day 
consisting of three discrete trials, with each trial containing three food locations. Rats were 
divided into two groups that differed in the amount of information available to them about pellet 
distributions. The first group was overtrained on a limited number of food locations that were 
consistent across trials. The second group was trained on unpredictable food locations that were 
novel each time the rat entered the arena. Efficiency in pellet procurement was based on rats 
travelling through the shortest Euclidean distance between successive pellets. Within a few days 
of training, rats in the first group displayed trajectories that were significantly correlated across 
trials, moving quickly and efficiently to procure pellets. Additionally, they consistently spent 
more time in the known pellet locations compared to areas of the arena where there was a low 
probability of finding food. In contrast, rats in the second group failed to develop a reliable or 
efficient pattern of pellet procurement, though they eventually found the pellets by relying more 
heavily on dynamic sensory cues. These results suggest that rats form distinct foraging strategies 
based on learned probabilities of resource locations. Further experiments will investigate the 
neural substrates of these strategies as well as employ an automated odor delivery system to 
examine the differential impact of predator odor-induced fear. 
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Abstract: Oscillatory dynamics in populations of cortical and subcortical neurons are believed to 
serve critical roles in sensory information processing, motor coordination, learning and memory 
among other functions. However, the source of oscillations is elusive in many cases. A 
respiration entrained oscillation is a hallmark of rodent olfactory areas including the olfactory 
bulb and olfactory cortices, which follow respiratory rates from resting (2-4 Hz) to fast sniffing 
(up to 12 Hz). Olfactory sensory neurons (OSNs) in the nose are sensitive to mechanical 
stimulation and can thus relay airflow information throughout the olfactory system. Curiously, 
respiration-entrained activity has also been observed in non-olfactory areas. To determine if 
OSNs play a role in generating oscillatory dynamics in other brain regions, we monitored 
respiration and the neural activity in various brain regions (e.g. the whisker barrel cortex, 
hippocampus, and medial prefrontal cortex) under different conditions in freely behaving 
animals (n = 8). The preliminary results showed that the local field potentials from these brain 
regions are entrained by respiration during normal breathing and the correlation is reduced when 
the olfactory epithelium is ablated. Furthermore, upon optical activation of channelrhodopsin 
(ChR2)-expressing OSNs, the neural activity in various brain regions showed synchronization at 
different frequencies including beta and gamma. Our findings suggest that OSNs contribute to 
respiration-locked brain oscillation. Supported by R01 DC006213 from NIDCD, NIH. 
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Title: Multiunit activity in the granule layer of the cerebellum by olfactory stimulation during 
training of sexual behavior of male rats 

Authors: *A. TAMARIZ1, Z. S. HERNÁNDEZ-BRIONES1, L. VÁSQUEZ1, A. J. 
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Abstract: Recent studies have demonstrated that non-contact stimulation of male rats by 
exposure to sexual cues of receptive females increases Fos-immunoreactivity (Fos-ir) in cells 
located in the granule layer of cerebellar lobes. However, such Fos-ir may correspond to the 
sensory stimulation evoked by visual, auditory or olfactory cues or also may be the result of 
enhanced motor activity. Because there is little information on the contribution of the cerebellum 
in sensory integration of smell, we recorded the multiunit activity in the cerebellum while males 
were exposed to olfactory sexual cues. Thus, we aimed to record the multiunit activity in the 
granule layer of lobes 6 and 7 of the cerebellum. Wistar males (250-300 g) were allowed to 
copulate during 1, 3 or 5 sessions with ovariectomized, hormone primed 
(estradiol+progesterone) females. One day after the last training session, males were exposed 
during 25 min to wood shaving, sprayed with either almond odor (Alm), urine of sexually 
receptive females (RF), or left unsprayed as control (Ctrl). Amplitude and frequency of records 
were obtained and compared between from sexually naïve and experienced animals. The 
distribution frequency between sexually naïve and experts males varied. Stud males showed 
greater amplitude and frequency as compared to naïve rats in the presence either of the three 
olfactory stimuli (Ctrl, Alm and RF). The amplitude and frequency was higher in rats with sexual 
experience as compared to naïve rats. In general, there were greater amplitude and frequency 
after exposure to RF odors, as compared with Ctrl and Alm exposure. These results suggest that 
the cerebellum is involved in the processing of olfactory cues associated with emotions and 
reward. 
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Abstract: Cognitive processes, such as arousal, expectation, and attention, are well-known to 
modulate sensory processing, perception, and behavior. Little is known about the role of 
attention in the ventral striatum and secondary olfactory structures. This is particularly important 
given that, unlike in other well-studied sensory systems such as vision and audition, olfactory 
information bypasses the thalamus (a key regulator of incoming sensory information), to directly 
influence olfactory cortical structures. How, then, is the same external olfactory stimulus 
represented in an intrinsically different manner by the neurons, dependent upon whether or not 
the animal is paying attention to the cue? To investigate attentional influences on behavior and 
odor information processing, we designed a novel two-alternative choice behavioral task to 
precisely and systematically manipulate odor-directed selective attention, in which the subject 
must shift its attention to the relevant (rewarded) modality when presented with concurrent 
olfactory and auditory cues. Our results to date show 1) the validation of this novel, robust, 
stimulus-controlled psychophysical task to quantify odor-directed attention in rodents, 2) that 
rats can direct their attention to the olfactory modality, and that odor-directed attention dictates 
accuracy, 3) attentional shifting is subject to significant plasticity with experience, and 4) initial 
insights into the attentional modulation of odor information processing in the ventral striatum. 
These results provide the first of their kind look into how attention shapes odor-guided behavior 
and olfactory information processing. 
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Title: Investigating the neural correlates of olfactory-mediated memory consolidation in the 
sleeping human brain 
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Abstract: Odors have been shown to be key players in targeted memory reactivation (TMR), a 
technique used to modulate memory consolidation during sleep. During olfactory TMR, when an 
odor is presented during a declarative memory task, and then again during subsequent non-REM 
sleep (i.e., reactivation), performance for the targeted memory task is often enhanced upon 
waking. Although the neural mechanism underlying these memory improvements is unclear, 
researchers speculate that olfactory TMR biases memory replay toward targeted memories. Here, 
we have designed a novel olfactory TMR paradigm to test the hypothesis that odors evoke 
memory replay in the sleeping human brain. First, subjects learn the locations of category-
specific pictures during fMRI scanning. Next, subjects learn to associate pictures with category-
specific odors. Then, during simultaneous EEG-fMRI recording, we present a subset of category-
specific odors during non-REM sleep. So far, we have used multivariate pattern classification of 
fMRI data to demonstrate that category-specific pictures evoke unique signatures of neural 
activity during learning. Moreover, preliminary data suggest that reactivation may improve 
memory outcomes in a category-specific manner. In future analysis, we will search for odor-
evoked category-specific fMRI activity during the reactivation phase to directly test the 
hypothesis that olfactory stimuli promote replay of targeted memory traces. By investigating the 
neural correlates of olfactory TMR, our work will provide valuable insights into the neural 
mechanism underlying odor-mediated memory consolidation. 
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Title: Switching between distinct neural ensembles mediates sensing and unsensing of a sensory 
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Abstract: Sensory systems can rapidly signal the presence of a sensory stimulus encountered by 
an animal. In addition to being rapid, the stimulus-evoked neural responses are usually elaborate, 
temporally patterned and tend to outlast the duration of the triggering stimulus. The need for 
such dynamical neural responses is puzzling, especially considering that the behavioral response 
initiations can be equally fast, and delayed only by few hundreds of millisecond after stimulus 
onset. This apparent mismatch between the complexity in the neural encoding and the behavioral 
decoding raises the following fundamental question: Are the temporally patterned neural 
activities important for controlling the behavioral output? Here, we investigated this issue in the 
insect olfactory system. Our results revealed that in the insect antennal lobe, due to circuit 
interactions, distinct neural ensembles were activated during and immediately following the 
termination of every odorant. Such non-overlapping response patterns were not observed even 
when the stimulus intensity or identities were changed. In addition, we found that ON and OFF 
ensemble neural activities differed in their ability to recruit recurrent inhibition, entrain field-
ˇpotential oscillations and more importantly in their relevance to behavior (initiate vs. reset 
conditioned responses). In sum, our results reveal a general approach where recurrent inhibition 
actively controls stimulus ‘recognition’ and ‘derecognition’. 
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Abstract: The adult Drosophila is an important model for neuroscience research and offers the 
ability to evoke and track complex behaviors in animals with brains small enough to fit within 
the field of view of a microscope. However, handling, mounting, stimulating and tracking 
behavior of adult flies in the context of acquiring real-time recordings of neural activity poses 
unique engineering challenges. 
Despite the demonstration of prior Fly-walker systems, current solutions are large, difficult to 
implement, and incompatible with a number of imaging and electrophysiology configurations. 
They can also be challenging and cost-prohibitive for labs to construct. Therefore, there is a 
demand for an inexpensive and simple closed-loop experimental setup capable of delivering 
stimuli and tracking behavior to investigate the neuronal circuits in Drosophila melanogaster. 
Here, we detail a compact, low-profile, Arduino-based open source platform for monitoring 
locomotive behavior of a fly walking on a floating ball for less than $100. The platform is 
compatible with various stimulus delivery systems, including a multi-channel olfactometer that 
we have also implemented and integrated in the platform. 
The current setup has been used with Swept Confocally Aligned Planar Excitation (SCAPE) 
microscopy, enabling whole-brain, high speed, volumetric imaging of neural activity in the adult 
fly brain during complex behaviors. A complete parts list, assembly guide and software for the 
behavioral rig will be provided online. 
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Abstract: In the insect olfactory system, odorants are detected by olfactory receptor neurons 
(ORNs) in the antenna. The ORN signals are then relayed to the downstream antennal lobe, 
where spiking activities distributed across an ensemble of projection neurons are thought to 
represent both odor identity and intensity. Several features of these neural responses such as 
firing rates, spike latency, temporal patterns of spiking, or some combination of these features 
have all been proposed as approaches for encoding stimulus-specific information. Here, we 
evaluated which set of these odor-evoked response features can robustly encode stimulus-
specific information. Surprisingly, our results reveal that all aspects of stimulus-evoked PN 
responses can change depending on recent stimulus history. Decoding information based on any 
of the proposed coding schemes does not allow the same stimulus to be recognized under a 
variety of experimental conditions. We propose a simplified framework that overcomes the 
limitations of the existing coding schemes and reveal how odor identity can be decoded 
independent of stimulus history. Finally, we illustrate how the existing architecture of the early 
olfactory circuits supports the implementation of this coding scheme. 
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Abstract: Previously we demonstrated that olfactory stimulation in sexually naïve male rats 
significantly increased the number of Fos-munoreactive (Fos-IR) neurons in the granule layer in 
each lobe of the cerebellum. Neutral olfactory stimuli (almond odor) and sexually explicit 
(female odor) seemed to be equally important for sexually naïve male rats. However, sexually 
experienced male rats expressed Fos-ir neurons in the granule layer only after exposure to female 
odor. In this study we analyzed and compared the expression of Fos-ir in the Purkinje layer of 
the cerebellar vermis of male rats with different degrees of sexual experience and after exposure 
to almond or female odors. Wistar males (250-300 g) were allowed to copulate during 1, 3 or 5 
sessions with ovariectomized, hormone primed (estradiol+progesterone) females. One day after 
the last training session, males were exposed during 60 min to wood shaving sprayed with either 
almond scent, urine of sexually receptive female, or left unsprayed as control. Then, animals 
were sacrificed and the cerebellum processed for immunohitochemical and immunofluorescence 
reactions to detect the Fos protein and Purkinje neurons. The results indicated that the expression 
of Fos in Purkinje neurons decreased with sexual experience, regardless of the exposure to 
different odors. Accordingly, the expression of Fos-ir Purkinje neurons is opposed to that 
observed in the granule cells. We suggest that long-term depression in the Purkinje layer is 
essential for memory consolidation and learning process that underlies olfactory-modulated 
experience. 
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Abstract: Introduction 
Rapid adaptation in those with primary complaints of chemosensory dysfunction has not been 
described. Three cases are presented. 
Methods: Case Studies: 
Case 1: A 49 year old left (L)-handed (familial) woman, five years prior to presentation sustained 
a subdural hematoma, and diffuse intracranial hemorrhage with loss of smell and taste. She noted 



olfactory windows of a second or two and rapid adaptation to smells. She would detect a whiff of 
an odor which would then rapidly dissipate. While performing “scratch and sniff” smell tests, she 
was able to detect and identify the odor on the initial sniff, but then the odor would immediately 
disappear despite recurrent scratching and sniffing. 
Results: Anosmia on all olfactory tests including: Brief Smell Identification Test (BSIT): 6. 
Quick Smell Identification Test (QSIT): 0. Alcohol Sniff Test (AST): 0. Sniff Magnitude Ratio: 
1.01. Olfactometer Butanol Threshold: L 1.00, Right (R) 1.00. Olfactometer Identification: R 
6.0, L 5.0. Suprathreshold Amylacetate Odor Intensity: Straight Line. Suprathreshold 
Amylacetate Odor Hedonic: straight-line. Sniff-N-Sticks: Threshold: L>1, R >1, dirhinous >1. 
Dirhinous: Discrimination: 9, Identification: 4. Retronasal Smell Index (RSI): 0. 
Case 2: A 59 year old R-handed man, one year prior to presentation developed an upper 
respiratory infection (URI) followed by loss of smell and taste. While performing a scratch and 
sniff test, he would detect a whiff of an odor which he could identify, but within a second would 
disappear. Recurrent vigorous scratching of the strip would not cause the odor to reappear. 
Results: Olfactory testing: BSIT: 9 (normosmia). RSI: 2 (abnormal). CT scan of brain and 
sinuses: normal. 
Case 3: A 53 year old R-handed man, five months prior to presentation, developed a URI with a 
sudden loss of smell and taste. He noted olfactory windows, whiffs, twice a day. While 
performing the olfactory testing he would detect an odor initially, but it would rapidly fade away. 
Results: Chemosensory testing: olfaction: BSIT: 10 (normosmia). QSIT: 3 (normosmia). 
Olfactometer Identification: L: 8, R: 8 (anosmia). Pocket Smell: 2 (hyposmia). Pyridine Snap 
Smell Threshold: L<2.0, R<2.0 (anosmia). AST: 30 (normosmia). RSI: 2 (abnormal). MRI of the 
brain with or without infusion: normal 
Discussion 
Rapid adaptation may be an independent aspect of olfactory function different from 
identification or threshold. Tests which can be completed with a single short sniff (i.e. Scratch-
N-Sniff) or with very low intensity (AST) may demonstrate false negative findings of 
normosmia due to rapid adaptation. Assessment of olfactory adaptation as a diagnostic tool is 
warranted. 
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Title: Olfactory preferences are a matter of taste: retronasal learning requires taste cortex. 
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Abstract: The mammalian olfactory system operates dually: odors in the environment are 
sampled through nasal inhalation (called orthonasal), and odors present in the mouth and nasal 
cavity are sampled through exhalation and mastication (retronasal). Understanding how animals 
use olfactory information from both modalities is important for understanding flavor perception 
and food seeking behavior. In this work, we ask whether the mode of odorant experience affects 
the acquisition of olfactory preferences in rats. Animals are trained to associate one of two ortho- 
or retronasally delivered odors with a sweet-water reward using a highly controlled olfactometer 
system. We then optogenetically inactivate cortical taste area gustatory cortex (GC) during 
testing to assess the involvement of the taste system in the expression of olfactory preference. 
We found that retronasal presentation of odors rapidly induces odor preference, and this 
preference is specific to the modal context in which it occurs; retronasally learned preferences 
are not expressed if animals are tested in the orthonasal olfactory mode. However, orthonasal 
preferences are “rescued,” and even expressed more strongly than retronasally learned 
preferences, if learning includes both a retro- and orthonasal component. This retro- and retro-
facilitated preference expression is eliminated during GC optogenetic inactivation. Taken 
together, these findings suggest that retronasal-taste associations occur directly and rapidly, 
while orthonasal-taste associations occur more slowly or indirectly through retro-facilitated 
second order learning. GC is required for this expression of retro- and retro-facilitated odor 
preferences even in the absence of taste stimulation, highlighting the intrinsic connection 
between taste and retronasal smell as orally-sourced chemosensory streams. 
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Abstract: Food intake in healthy animals is tightly controlled by internal and external signals. 
Internal signals such as circulating nutrients, hormones, and locally released neurotransmitter 
signals directly modulate neuronal circuits to induce, maintain or stop food intake. External cues, 
such as the sensory input provided by the sight, taste, texture and the smell of foods also affect 
food choice and consumption. In our study, we aim to understand the cross talk between the 
feeding system and the olfactory system, one of the major determinants for the palatability of 
food. There is increasing evidence showing the effects of the nutritional status signals on 
olfactory behaviors and the olfactory system physiology. However, a direct link between the 
modulation of the olfactory system and feeding behaviors is still poorly understood. The goal of 
our study is to determine the effect of direct olfactory bulb (OB) leptin olfactory-guided food-
related behaviors. To accomplish this, we compared the effects of systemic versus direct OB 
leptin application on olfactory sensitivity and olfactory-guided food-finding abilities in fasted 
mice. Overall, we find that in fasted mice OB leptin increases latency to find food compared to 
vehicle controls and is similar to that of fed mice. Interestingly, ad libitum food consumption 
was not reduced by OB leptin infusions suggesting that the effect of leptin on the OB may serve 
to decrease food salience during food finding behaviors, but not directly modulate food 
consumption. Current experiments are focused on comparing these findings to that of system 
leptin injections to help further distinguish between leptinergic effects on sensory processing and 
feeding circuits. 
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Abstract: Introduction: The selective serotonin reuptake inhibitor, citalopram’s impact on smell 
and taste has not heretofore been reported. Such a case is described. Methods: Case study: A 52 
year old right handed female was nasute until five years prior to presentation when she began 
citalopram and shortly thereafter noticed total smell and taste loss. Having been on citalopram 
for years, she discontinued citalopram three years prior to presentation and within three days of 
discontinuation her taste and smell returned and stayed normal for two months. She then began 
venlafaxine and her chemosensory ability then gradually faded to the current anosmic and 
ageusic state. Results: Chemosensory testing: Dirhinus Olfaction: Pocket Smell Identification 
Test: 1 (hyposmia) Brief Smell Identification Test: 6 (anosmia) Alcohol Sniff Test: 0 (anosmia). 
Olfactometer Identification Test: Left 6, Right 6 (anosmia) Retronasal Smell Index: 1 
(abnormal). Gustatory testing: Phenylthiocarbamide Disc Taste Test: 5 (hypogeusia). Fiberoptic 
Endoscopy (normal). Discussion: Impaired chemosensory function with citalopram, and 
improvement upon its discontinuation, is strong evidence that this is the primary pathologic 
factor inducing taste and smell dysfunction in this patient. When citalopram is initially given, it 
induces an increase in serotonin which may stimulate 5HT receptors in the periglomerular cells 
of the olfactory bulb. Alternatively, an increase in serotonin may lead to direct inhibition of 
mitral cells in the olfactory bulb, both disrupting the chain of olfaction and the ability to fine tune 
different odors. Retronasal smell is linked directly to about 90% of taste and would explain why 
the patient also complained of a loss of taste with onset of anosmia. Since olfactory loss 
complaints are not routinely reported by hyposmic patients, routine smell and taste evaluation of 
patients prior and during citalopram use is warranted. 
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Abstract: Male zebra finches have only one song in their repertoires, but how they sing can vary 
depending on social context. Most well-known are the subtle acoustic differences between 
female-directed and undirected (solitary) singing, which seem to reflect the male’s state of 
arousal. Here we analyze singing behavior above the level of the motif (the smallest repeating 
song unit) and show evidence for complex yet stereotyped rhythmic structure at larger 
timescales. We present preliminary results for how social context affects the structure of singing 
behavior, as well as how and when this higher-level structure develops beyond the sensitive 
period for song crystallization. 
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Abstract: The organization of the auditory ventral stream, the neocortical auditory pattern 
recognition pathway, has been proposed to operate as a hierarchical feature network, wherein 
elemental features are hierarchically recombined into increasingly complex sensory 
representations. Owing to combinatorial explosion, unsupervised learning, and network 
constraints, neurons in the system are mooted to only learn well-formed representations of 
feature combinations common to the sensory environment. To probe the operation of this 
network, we constructed auditory word-form stimuli that contained equivalent lower-order 
features (phonemes) but which varied in their regularity with respect to the natural statistics of 
embedded higher-order feature combinations (di-, tri-, tetraphones). Under a strictly feedforward 
model, stimuli with embedded higher-order feature combinations that are inconsistent with the 
natural statistics of the sensory environment would be expected to elicit a diminished neural 
response, compared to stimuli with regular higher-order feature statistics. Conversely, models 
that incorporate feedback (e.g., predictive coding) posit stimuli with irregular higher-order 
feature statistics to elicit increased neural response, proportional to expectancy error. To observe 
neural sensitivity to phoneme sequence probabilities (phonotactics), we presented auditory word-
form stimuli to healthy subjects in a functional MRI (fMRI) scanner (Experiment 1) and to 
temporal lobe epilepsy patients implanted with intracranial electroencephalography (iEEG) 
arrays (Experiment 2). Preliminary analyses of fMRI data, consistent with feedback models, 
found increased blood oxygenation-level dependent (BOLD) signal in anterior-lateral planum 
temporale (PT) in response to irregular higher-order feature statistics. Preliminary analyses of 
iEEG data similarly found increased high-gamma power response in mid-superior temporal 
gyrus (STG), a site adjacent to anterior-lateral PT but on the lateral surface of superior temporal 
cortex. Together, our findings indicate the auditory ventral stream encodes sequence event 
probabilities extracted from the long-term natural statistics of the heard environment. Results 
support feedback-inclusive models, in which expectancy error is processed early in the ventral 
stream, at the transition from anterior-lateral PT to mid-STG. 
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Abstract: A 3- to 8-Hz rhythm is a typical feature of human speech and is known to be critical 
for speech comprehension. Interestingly, macaque monkeys communicate with a rhythmic oral 
gesture within this range and they prefer a gesture produced in the natural rhythm over unnatural 
ones. These findings suggest the importance of rhythm perception in primate social 
communications and that the neural representations of vocal rhythm are fundamental to elucidate 
neural mechanisms of social communication. To address this issue, we conducted 
electrophysiological recordings from the primary auditory cortex (A1) of anesthetized 
marmosets, a New World monkey known to have various rhythmically modulated calls. We 
synthesized sounds having rhythms spectro-temporally matched to three representative marmoset 
call types and examined neural responses to the real and synthetic calls. We found that the A1 
neurons were largely divided into two groups; one that responded both to the real and synthetic 
calls and the other that responded only to the real calls. The responsiveness to the synthetic calls 
was dependent on the characteristic frequencies of the cells, which were defined by the 
frequency tuning peak of the units, suggesting that the frequency is an important acoustic feature 
that evokes the A1 neurons. For the former cell group, we further examined their sensitivities to 
the rhythmic modulations by changing the rhythms in amplitude and frequency of the synthetic 
sounds independent from each other. The A1 neurons showed various types of tuning to these 
rhythm combinations and they covered entire parametric space of our stimulus set as a 
population. However, a large proportion of the cells (~40% of units) preferred the combinations 
of slow rhythms <8 Hz, which is naturally found in marmoset calls. These results indicate that 
the marmoset A1 neurons over-represent temporal rhythms that are commonly observed in 
conspecific vocalizations and human speech. Our findings suggest common neural mechanisms 
underlying vocal communications in humans and an ancestral primate and the usefulness of 
marmosets as a primate model for speech comprehension. 
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Abstract: Oron & Yovel (2015) found the face-selective area in posterior temporal sulcus 
(pSTS-FA) shows a strong response to human voices. These findings raise the question of what 
role, if any, pSTS-FA plays in voice processing. Here we examine whether the ability of perceive 
and recognize human voices is impaired when pSTS-FA is lesioned. We tested a woman in her 
early fifties named Faith, who had a right occipitotemporal resection for epilepsy in 2012 which 
left her severely prosopagnosic. Her lesion overlaps with the typical location of right pSTS-FA, 
and a dynamic localizer revealed that the resection disrupted nearly all of her right pSTS-FA. 
Faith has not noticed a change in her voice processing since the surgery. To formally assess her 
voice processing, we used ten behavioral tasks. Faith performed normally with tasks assessing 
voice discrimination, voice identity recognition (three tasks), voice identification, old-new vocal 
identity discrimination, and voice gender perception. Faith’s scores in two vocal expression tests 
were low-normal in our first round of testing, so we tested her with a third vocal expression test. 
On that test, her z score of -0.94 compared with 18 college-aged participants indicates her vocal 
expression recognition is normal. Our results indicate that vocal perception and recognition can 
remain intact following a lesion to right pSTS-FA. These findings suggest that the strong voice 
activations in right pSTS-FA do not reflect computations contributing to the representation of 
voices but may instead reflect the integration of voice information with other social information. 
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Abstract: Human speech is structured over multiple timescales. Phonemes, syllables and words 
carry information at scales ranging from a few tens of milliseconds to seconds, respectively 
(Rosen, 1999). Recently, we investigated the processing of such temporal structure in human 
auditory cortex by measuring BOLD signal changes to speech shuffled at different timescales in 
a foreign language (German); we showed that superior temporal sulcus (STS) is sensitive to 
temporal structure that is specific to speech but independent of linguistic lexical analysis 
(Overath et al., 2015). In the current study we addressed the role of temporal information in the 
transformation from speech-specific acoustic analysis to speech-specific linguistic analysis. We 
directly compared responses to English and Korean speech quilts to investigate the extent to 
which the previous findings are influenced by linguistic analysis. 
We recorded four bilingual English-Korean speakers (all female) reading from a book. 4 s long 
speech quilts were then created with 30, 120, 480, and 960 ms segment lengths in English and 
Korean; we also included 4 s long original (unaltered) speech stimuli in either language. Imaging 
data was acquired on a GE MR 750 3T system using a high-resolution (2x2x2 mm) EPI 
sequence. Participants listened to the speech stimuli and identified which of the four speakers 
they heard via a button box. 
We applied the bilateral group functional ROI in STS from Overath et al. (2015) to probe the 
responses to the English and Korean speech quilts as a function of segment length. Korean 
speech quilts showed a parametric increase similar to the one observed before (Overath et al., 
2015), while the effect was significantly stronger and more left-lateralized for English speech. In 
addition, activity in inferior frontal gyrus (IFG) showed an increase as a function of segment 
length only for English speech quilts. 
The results suggest a transition from speech-specific acoustic analysis to speech-specific 
linguistic analysis that arises in left STS and is mediated by frontal cortex (IFG). 
References: 
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Overath, McDermott, Zarate, Poeppel (2015) Nat Neurosci 18: 903-911. 
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Abstract: The functional organization of human auditory cortex remains unresolved. Previously, 
we used ‘voxel decomposition’ to infer canonical components of the human cortical response to 
natural sounds, measured with fMRI. This analysis inferred distinct components selective for 
music and speech, which were localized to different non-primary regions of human auditory 
cortex. These components plausibly correspond to distinct underlying neural populations; but 
there is no direct electrophysiological evidence for such organization, and little is known about 
the temporal response properties of these putative neural populations. To address these questions, 
we recorded intracranial responses from a patient implanted with one of the highest resolution 
electrocorticographic (ECoG) arrays used to study auditory cortex to date (1 mm diameter 
electrodes, spaced 3 mm apart). We measured broadband gamma (70-140 Hz) responses to a 
diverse collection of 165 sounds. These sounds included many of the sounds people commonly 
hear, and have previously been used to characterize auditory cortex with fMRI. We then applied 
a decomposition method to infer canonical response time courses, whose weighted combination 
explained the ECoG response across all sound-responsive electrodes (N = 52, p < 0.001). This 



analysis revealed 5 reliable components, two of which exhibited clear selectivity for music and 
speech, respectively, despite the lack of any functional constraints used to infer them. Notably, 
we also observed clear evidence for music and speech selectivity in the response of individual 
electrodes. The degree of this selectivity substantially exceeded that typically observed in fMRI 
voxels. Responses in three other patients with lower-density grids (2.3-mm diameter, 4-mm 
spacing) were qualitatively similar, but the degree of category selectivity was reduced. 
Collectively, these findings provide some of the first direct electrophysiological evidence for 
distinct neural populations selective for music and speech, and demonstrate the utility of high-
density electrode recordings in revealing cortical tuning in humans. Ongoing work is 
investigating the temporal properties of the different components revealed by our analysis and 
their relationship to acoustic and semantic properties of music and speech. 
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Abstract: One of the most basic questions in cognitive neuroscience concerns how continuous, 
variable sensory inputs are organized into discrete, behaviorally significant perceptual categories 
with clearly defined boundaries. This phenomenon was first described, and remains best 
characterized, for human speech, although there is a wealth of evidence showing that many 
species display categorical perception of their own species-specific communication calls. The 
common marmoset (Callithrix jacchus) is a small, arboreal New World primate with a rich vocal 
repertoire. While several different classes of vocalizations have been described for this species 
(i.e., “twitter”, “phee”, “trill”, etc.), we know surprisingly little about how these vocalizations are 



actually perceived by these animals, including the perceptual boundaries for classifying 
particular call types. Further, almost nothing is known about the neural underpinnings of 
categorical perception for species-specific vocalizations in marmosets. We began to address 
these questions by training marmosets using operant conditioning techniques to discriminate 
among several variants of synthesized (“virtual”) vocalizations. We created a series of virtual 
vocalizations for each call type that progressively deviated away from the mean population value 
for single, or pairs of, acoustic parameters (e.g., dominant frequency, FM rate, etc.). Results from 
behavioral experiments utilizing these stimuli showed that marmosets appear insensitive to 
changes along one acoustic parameter axis for a given call type over a range of up to 2 SD of the 
population mean for that call type. Furthermore, marmosets showed less sensitivity to variations 
in their species-specific vocalizations compared to similar variations in simpler acoustic stimuli 
(e.g., pure tones, sFM tones, etc.). These findings suggest potential categorical specializations for 
vocal perception by marmosets. Finally, we examined changes in neural activity in several 
regions of auditory cortex (core and lateral belt) while marmosets engaged in the above 
discrimination tasks. [Supported by NIH grants DC003180 to XQW and DC013150 to MSO] 
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speech 
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Abstract: Humans are able to selectively attend to a speaker in multi-talker environments. 
Recent human electrophysiology studies have shown a preferred encoding of attended speaker 
features in non-primary auditory cortices. Nonetheless, it is not clear how the attended speaker is 
segregated from the background throughout the auditory pathway, and what specific 



transformations are applied to the acoustic features of attended and unattended speakers. 
Previous studies using Electroencephalography (EEG) technique have successfully characterized 
the attentional modulation of speech envelop. These model-based approaches however suffer 
from the limitations imposed by the assumed structure and regularization of the model, in 
addition to a lack of direct relation between the neural data and the acoustic properties of speech 
sounds. Here, we employ a novel analysis method, phoneme related potential (PRP), to study the 
attentional modulation of phonetic feature representation of attended and unattended speakers. 
We recorded EEG data from 30 native speakers of American English. Participants listened to 
stories read by a male and a female speaker. Participants were asked to attend a target speaker in 
each experiment block. We segmented the neural responses into time-aligned sequences of 
phonemes and calculated the average neural response to each phoneme (PRP). We used 
discriminability of phoneme categories to quantify the phonetic representation of each speaker at 
different time intervals. We observed that the earlier component of the neural representation (100 
ms) encodes both attended and unattended speakers, however, the later components only showed 
the phonetic features of the attended speaker. We used Multidimensional Scaling (MDS) analysis 
to visualize the neural representation of phonemes over time, and found a strong separation of 
phonetic features of the attended speaker organized primarily by the manner of articulation 
features. 
Characterizing the representational properties of attended and unattended speaker throughout the 
auditory pathway provides a descriptive account of how a speaker’s voice is selectively attended 
to, and establishes a direct link between the physical properties of speakers’ voices and their 
neural transformation and modulation in the auditory pathway. 
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Abstract: Human speech is a sensory-motor process requiring constant self-monitoring to ensure 
accurate vocal production. This auditory feedback monitoring allows one to quickly adjust 
speech production in order to compensate for perceived changes in vocal output. Although many 
animal species show similar feedback-dependent vocal control, the underlying neural 
mechanisms remain largely unknown. Previous work has demonstrated neural sensitivity in the 
auditory cortex to altered feedback during vocal production. However, the functional role of this 
cortical activity during vocal production is not known. We investigated the contribution of the 
auditory cortex to feedback-dependant vocal control during self-initiated vocalizations in 
marmoset monkeys. Using real-time frequency-shifted feedback, we found that marmosets 
exhibited feedback-dependent control of their vocalization acoustics. Pairing frequency-shifted 
feedback with electrical microstimulation of auditory cortex, we found that stimulation induced 
changes in vocal production and compensation. Finally, we examined vocalization-related 
auditory cortex activity using chronic recordings from implanted multi-electrode arrays and 
found a variable relationship between site-specific microstimulation effects and neural responses. 
These results demonstrate that marmosets are a good model for studying feedback-dependent 
vocal control, and suggest a causal role of auditory cortex neural activity in the vocal production 
and control process. 
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Abstract: It has been suggested that cortical entrainment plays an important role in speech 
perception by helping to parse the acoustic stimulus into discrete linguistic units. However, 
whether or not the intelligibility of speech contributes to the entrainment response remains an 
open question. For example, Howard & Poeppel (2010) showed that the entrainment response to 



time-reversed speech did not differ from the entrainment response to forward speech, suggesting 
that the entrainment response reflects acoustic rather than linguistic neural processes (see also, 
Zoefel & VanRullen, 2016). In contrast, Deng & Srinivasan (2010) used a non-linear frequency 
transform (the Hilbert-Huang Transform) of the neural data to show that showed that the 
entrainment response to time-reversed speech was significantly smaller than the entrainment 
response to forward speech, suggesting that intelligibility reflects linguistic neural processes (see 
also, Peelle et al., 2013). In these studies however, stimuli were acoustically altered in order to 
manipulate intelligibility, making it difficult to compare across “intelligible” and “unintelligible” 
conditions. Furthermore, a lack of matched behavioral tasks across conditions introduce an 
attentional confound. In the current study, we use semantic priming to manipulate the 
intelligibility of vocoded speech. Specifically, vocoded target sentences are preceded by clear 
speech (non-vocoded) prime sentences that are either matched or mismatched to the vocoded 
target. On each trial, a target vocoded sentence is preceded by a clear speech prime and followed 
by a vocoded snippet, and listeners are asked to determine whether or not the snippet was cut 
from the target. The length of these snippets were adaptively varied based on listener response in 
a 2-down/1-up tracking procedure. The two factors we varied were (1) whether or not the prime 
and target were the same, and (2) whether or not the snippet was drawn from the target. Despite 
the fact that matching the prime and the target substantially increases the intelligibility of the 
target, our analysis of the coherence between the broadband stimulus envelope and the neural 
response suggests that the difference in entrainment between “matching” and “mismatching” 
targets is modest if present at all. This result suggests that when acoustic confounds are removed 
and attentional confounds are mitigated, linear coherence between the stimulus envelope and 
neural response does not depend on intelligibility. We are in the process of implementing the 
Hilbert-Huang transform, but at present do not have results. 
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Abstract: It has been well documented that speakers produce rapid compensatory vocal 
adjustments for errors they perceive in their auditory feedback. The fact that they differ greatly in 
the degree to which they compensate for perceived errors, however, has received much less 
attention. The present study investigated whether intrinsic brain activity during resting can 
predict an individual’s behavioral and cortical responses to pitch-shifted auditory feedback 
during vocalization. This relationship was investigated by correlating the regional homogeneity 
(ReHo) of resting-state fMRI signals with the magnitudes of vocal and event-related potential 
responses (N1 and P2) to pitch shifts of -200 and -500 cents. Behaviorally, the magnitudes of 
vocal responses were significantly correlated with the ReHo values in the bilateral superior 
temporal gyrus (STG) and right supplementary motor area (SMA) for both -200 and -500 cents, 
the right primary motor cortex (M1) for -200 cents, and the left premotor cortex (PMC) for -500 
cents. For both pitch shift sizes, there were significant ReHo-N1 correlations in the left inferior 
frontal gyrus (IFG), right STG, bilateral M1, and the left SMA. Significant ReHo-P2 correlations 
were observed in the bilateral IFG, right STG, left SMA and M1 for -200 and -500 cents, the left 
PMC for -200 cents, and the right SMA for -500 cents. These findings provide the first evidence 
that regional homogeneity of intrinsic brain activity can predict behavioral and cortical responses 
to pitch errors in voice auditory feedback. 
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Abstract: In the animal kingdom, vocal communication is used to establish social identity and to 
exchange information. In bird song, these functions are transmitted in prosodic melodies 
composed of syllables punctuated by silent gaps of variable length. Such vocal characteristics, 



which are unique to each species, are thought to be learned primarily through auditory exposure 
of juveniles to adult tutors. However, this hypothesis remains untested because the 
developmental mechanisms governing neuronal coding of species-specific vocalizations remain 
unclear. We identified a class of neurons in zebra finch brain that encode durations of silent 
pauses between syllables, called temporal gaps, that are unique to each species. We recorded 
neuronal responses from the primary auditory forebrain in zebra finches and identified two types 
of neurons, one responsive to temporal gaps and durations of syllables, whereas the other was 
responsive to song morphology, acoustic features of syntactic elements. Remarkably, gap-
responsive and morphology-sensitive neurons showed a double functional dissociation, and the 
former were even responsive to temporal gap structures in white noise. Moreover, both 
behavioral learning of song gap durations and their neuronal encoding properties in juvenile 
birds were resistant to abnormal auditory experiences with other tutor species or no tutor 
experiences during development. Interestingly, young zebra finches cross-fostered by Bengalese 
finch parents, learned Bengalese finch song morphology transposed onto zebra finch temporal 
gaps. Collectively, these results demonstrate innate neuronal encoding of prosody in birdsong 
and reveal distinct acoustic processing channels for phonology and morphology in vocal 
communication learning. Innate encoding of silent gaps in birdsong suggests a species-specific 
neuronal bar code for song learning that may contribute to formation and maintenance of 
conspecific social networks in highly speciose acoustic environments. 
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Abstract: Humans posses the ability to segregate one speaker from another, even when there is 
no spatial separation between them. The neural mechanisms underlying this ability are poorly 
understood. Invasive human neurophysiology studies have shown a spectrotemporal 
representation of speech in superior temporal gyrus (STG) that rapidly changes depending on the 
attentional focus of the listener. Recent findings have also revealed a selective representation of 
phonetic features in STG. However, how this selective encoding is modulated by attention in a 
multi-speaker environment has not been characterized. In addition, the representation of speech 
in primary auditory areas remains unexplored due to their inaccessibility from the surface. Here, 
we used invasive depth and surface recordings to investigate the neural encoding of phonetic 
features in both single- and multi-speaker environments. Subjects listened to a male speaker and 
a female speaker, in both isolation (single-speaker; SS), and mixed together (multi-speaker; MS). 
By segmenting the speech into a time-aligned sequence of phonemes, we obtained the neural 
response to each phone. In the SS condition, we observed a progression of phonetic 
responsiveness over time: primary auditory areas responded at short latencies (~50 to 175ms), 
and non-primary areas at longer latencies (~175 to 300ms). We observed a similar pattern for the 
attended speaker; however, for the unattended speaker, longer latency responses were more 
strongly suppressed than short latency responses. Electrodes exhibited varying degrees of 
selectively for the male or female speaker in the SS condition. In the MS condition, these 
electrodes maintained their selectivity, with some responding preferentially for a particular 
speaker even when they were not being attended to. In order to establish a mechanistic 
description of how the neural responses are modulated by attention, we compared the responses 
in the SS and MS conditions over time. The difference of these responses indicates when a brain 
region either failed to represent the attended speaker features (SS > MS), or to suppress the 
unattended speaker features (SS < MS). We characterized the error patterns by showing a direct 
relation between the feature selectivity of an electrode, and the amount of overlap between the 
two speakers with regards the features that the electrode was sensitive to. Moreover, electrodes 
that responded at shorter latencies tended to exhibit more errors than longer latency electrodes. 
These results provide a descriptive account of how the features of an attended speaker are 
progressively processed along the auditory cortical pathway in a multi-speaker environment. 
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Abstract: Vocal communication is important in day to day life, and plays a key role in 
maintaining group cohesion and social bonds. Successful vocal communication, however, 
requires coordination of vocal interactions with group members according to the social context. 
Marmosets (Callithrix jacchus) exhibit many human-like social vocal behaviors including a rich 
vocal repertoire. Previous experiments in isolated laboratory conditions have revealed rule-based 
antiphonal vocal interactions between marmosets. However, marmosets' interactive vocal 
communication in complex social environments remains largely unstudied. In this study, we 
asked what social rules marmosets use for vocal communication in complex, naturalistic social 
contexts. We recorded vocalizations from an entire group of marmosets housed in a colony 
environment and tracked their vocal interactions in order to determine which animals or groups 
responded to other’s vocalizations and in what order. The pattern and frequency of vocal 
interactions was measured using Markov chain analysis, focusing particularly on the marmoset 
twitter call which is presumed to have a role in social communication. We found that twitter call 
production is non-random, but rather produced as part of interactive vocal exchanges. 
Surprisingly, we also found that co-housed family groups participate in twitter exchanges no 
more often than individual animals, suggesting the role of twitter calls as an inter-group 
communicative signal. We also found that individual animals exhibited biases to which animals 
they responded to. These results are the first quantitative measurements of marmoset vocal 
interaction in the social environment of a marmoset colony and demonstrate complex social 
communication. These findings will have important implications for future studies of vocal 
communication, and can potentially be paired with physiologic studies to determine the neural 
basis of interactive social behaviors. 
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Abstract: We present a novel chronic neural recording setup based on a combination of 
experimental techniques. This new setup allows large-scale electrophysiological recordings in 
awake behaving songbirds using 16 channel tungsten microarrays coupled to small manual screw 
drives. Neural signals are then filtered and digitized by a small digital signal processing chip 
carried in a backpack between the animal’s wings, thus distributing the weight of the neural 
implant between the head and the back and decreasing noise artifacts via earlier digitization of 
the signal. We use this novel recording technique to obtain neural responses of ensembles of 
auditory neurons in the avian auditory cortex while the bird is actively engaged in vocal 
communication and song production. In particular, we focus on error-matching of the bird’s own 
song during the song learning process across the auditory lobule. It is likely that understanding 
neural representations of higher-level percepts that are attentionally regulated and encoded in a 
distributed fashion will require ensemble neural recordings of awake behaving animals, such as 
is demonstrated here. The same recording technique could be used in other small animals to 
investigate neural computations during complex behaviors. 

Disclosures:  W.E. Wood: None. F. Theunissen: None. 

Poster 

154. Auditory Processing: Adaption and Learning 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 154.01/KK18 

Topic: D.05. Audition  

Support: CAPES/PROEX 086-2013 

 FAPESP 2012/09426-1 

 CNPq 470795/2012-6 

Title: High intensity sound stimulation changes electrical properties of hippocampal CA1 
pyramidal neurons. 



Authors: *A. O. CUNHA1, R. M. X. LEÃO2;  
1Univ. of Sao Paulo, Ribeirao Preto, Brazil; 2Dept. of Physiol., Univ. of Sao Paulo, Ribeirão 
Preto, Brazil 

Abstract: Auditory information induces plastic changes in limbic structures leading to the 
control of the emotional aspects of sound stimulus. We have previously demonstrated that high 
intensity sound stimulation (HISS) for 10 days inhibits Schaffer-CA1 hippocampal long-term 
potentiation in measured in hippocampal slices from Wistar rats. In order to understand the 
mechanistic basis of this effect we analysed electrical properties of CA1 pyramidal neurons and 
both excitatory and inhibitory neurotransmission. HISS consisted of two daily acoustic 
stimulations (1 minute of 120 dB broadband noise) for ten days. Animals were observed before, 
during and after HISS and individuals that presented seizures were discarded from this study. 
One week after the last stimulus, animals were killed and their brains were removed and sliced 
for electrophysiology. We observed that CA1 pyramidal neurons from chronically stimulated 
animals presented lower input resistance, and smaller membrane time constant, but similar 
resting membrane potentials and action potential threshold. Furthermore, we observed a decrease 
in the depolarization sag after a hyperpolarization in cells from stimulated animals suggesting a 
decrease in h current. On the other hand, both basal excitatory and inhibitory neurotransmission 
were not affected by HISS. Altogether, our findings show that cells HISS induce changes in 
electrical properties of CA1 neurons compatible with a reduced membrane excitability which 
could account, at least partially, for the inhibition of LTP induced by HISS. 
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Abstract: Our previous work revealed that rats are capable of discriminating synthetic vowels 
consisting of multiple formants. Further, bilateral lesions of the auditory cortices impair this 
ability in the case of multiple formants, though discrimination of vowels consisting of single 



formants remains unaffected, suggesting an important role for the auditory cortex in 
distinguishing among vowels consisting of multiple formants. However, it is unclear whether rats 
use the formant frequency as an acoustic cue for the discrimination of vowel sounds in the same 
manner as humans. In the present study, we examined whether discrimination of synthetic 
vowels was dependent on the frequency of the 1st (F1) and 2nd formants (F2) of the vowels. 
Rats were trained to distinguish between two tones in a Skinner box using a go/no-go format. 
Rewarded (S+) and unrewarded (S-) sounds were presented randomly in each trial for four days. 
The discrimination test consisted of synthetic vowels created using a terminal analog system and 
composed in the first and second formants corresponding to the human vowels /e/ and /a/. Test 
performance was defined as the difference observed in the rate of licking between S+ and S- 
sounds. Analysis of Spearman’s rank correlation revealed that test performance was positively 
correlated with the differences between F1 and F2 in S+ and S- vowels (y=18.92x+26.97, 
rs=0.49), indicating that F1 and F2 are critical for the discrimination of vowels. Test 
performance was further correlated with the difference between the F2/F1 ratios of S+ and S- 
vowels (y=36.85x+20.39, rs=0.51), indicating that the F2/F1 ratio is critical for the 
discrimination of vowel sounds in rats, a finding similar to that observed for humans. The results 
of the present study indicate the capacity for discrimination of synthetic vowel sounds in rats and 
provide evidence supporting use of the rat as an animal model for studying the discrimination of 
speech sounds in humans. 
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Abstract: Calretinin (CR)- and vasoactive intestinal polypeptide (VIP)- positive interneurons in 
auditory cortex primarily connect to other interneurons, putting them in an ideal position to 
provide disinhibitory drive from within cortical layer 2/3. Previous work from our lab showed 
disinhibition of pyramidal cells during learning in an auditory fear conditioning paradigm is 
crucial for memory acquisition. Whether this disinhibiton persists during expression of fear, as 



well as the involvement of CR+ and VIP+ interneurons, remains unclear. We are using 2-photon 
calcium imaging in awake head-fixed adult mice to investigate CR+ and VIP+ interneurons in 
auditory cortex in mice before conditioning and during fear expression. In this paradigm, 
pyramidal cells continue to show an increased calcium response specific to the conditioned 
stimulus during the memory test, whereas responses to a neutral control tone are unaltered. This 
shows that the disinhibitory effect facilitating learning described previously persists beyond 
memory acquisition. CR+ interneurons as a population show a diverse response to auditory 
stimuli; a major amount of those neurons is typically increasing their responses to the 
conditioned stimuli after learning, whereas responses to a neutral control stimulus are 
unchanged, or even reduced. VIP+ interneurons seem not to alter their response properties to 
auditory stimuli during the paradigm. Taken together, CR+ interneurons form a potential source 
of inhibitory drive unto other interneurons, leading to disinhibition of pyramidal cells in auditory 
cortex during fear expression. 
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Abstract: The sensory cortex is able to modify its function based on preceding experience in 
order to optimize processing of behaviorally relevant stimuli. In the auditory cortex, tonotopic 
reorganization follows various types of learning. Fear conditioning leads to expansion of the 
regions representing the conditioned stimulus. However, the extent of this plasticity as described 
by classical electrophysiological approaches has been unclear at the level of subpopulations of 
neurons. We used two-photon calcium imaging in vivo to investigate associative plasticity in the 
auditory cortex with single-cell resolution. Further, we wanted to elucidate plastic changes in 
receptive fields of somatostatin-positive interneurons (SST), because SST cells can influence 



tuning of principal cells by inhibitory inputs to their distal dendrites. In somatostatin/tdTomato 
mice with an implanted chronic cranial window and neurons expressing an ultrasensitive calcium 
indicator GCaMP6 in the auditory cortex, we measured coding properties of exactly reidentified 
neurons before and after fear conditioning. In subsets of SST-negative neurons, both shifts 
towards the CS+ and CS- were present. The shift direction was dependent on neuron´s best 
frequency before fear conditioning. In some neurons no tuning shifts were observed, even when 
they were spatially intermingled with the retuned neurons. This evidence contradicts the view of 
simple expansion of CS+ tuned regions. SST+ cells retuned in a different manner than SST- cells 
with an upward BF shift independent on initial best frequencies. Behaviorally, these changes 
were accompanied by selective spatial attention towards the conditioned stimuli. The adaptive 
purpose of these learning-induced physiological and behavioral changes can be possibly 
explained as an information processing optimization, improving the ability to discriminate 
between threatening (CS+) and non-threatening (CS-) stimuli. The orienting responses towards 
CS+ were more often followed by escape behavior, instead of conventional freezing reactions. 
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Abstract: Adaptation to stimulus context is an ubiquitous property of cortical neurons and is 
thought to enhance the efficiency of sensory encoding. In the auditory cortex, this has been 
further related to the behavioral importance of stimuli, with neurons responding weakly to 
frequently repeated tones and strongly to rare tones in oddball paradigms. Such history-
dependent adaptation suggests a functional significance in the context of novelty detection or 
(automatic) attentional focusing on important stimuli, strongly related to the 'mismatch 
negativity' signatures recorded from the scalp in humans. 
As the prediction of future stimuli (i.e. the degree of novelty) is strongly related to the regularity 



of stimulation in the preceding tone sequence, we tested this hypothesis for "predictive coding" 
further by systematically varying the regularity (sequential arrangement and temporal pattern) of 
stimuli while recording from different areas of the auditory cortex (A1, AAF, VAF, and SRAF) 
in awake rats. Chronically implanted movable electrodes allowed for recording of activity from 
multiple single neurons and of local field potentials simultaneously. A total of 217 neurons were 
recorded from six animals. 
Neuronal characteristics and adaptation behavior was found to be significantly different between 
auditory fields. Neurons in primary fields (A1, AAF, VAF) were narrowly tuned to sound 
frequency and showed less stimulus-specific adaptation while responses in the secondary field 
(SRAF) were broadly tuned an exhibited strong adaptation in most cases. Regularity-dependent 
differences in adaptation related to stimulus history, however, were observed in the secondary 
field only. Neurons showed significant differences in adaptation between regular or more 
random sequential patterns of stimuli (standard/deviant). 
Dependence on temporal regularity was tested by using either rhythm-like temporal patterns 
(regular repetition rate) or different inter-stimulus intervals for standard and deviant stimuli in 
several oddball paradigms. General adaptation was not influenced by sole changes in temporal 
regularity. Only local interactions between adjacent stimuli could be observed as expected by the 
mechanism of adaptation (i.e. stronger adaptation for reduced inter-stimulus intervals). Taken 
together, this indicates strong differences in adaptation behavior between cortical areas and the 
importance of secondary cortical areas for encoding of regularity dependence. Such encoding of 
higher-order interactions in stimulus sequences is necessary for the detection of unexpected 
acoustic event in natural environments. 

Disclosures:  B.H. Gaese: None. 

Poster 

154. Auditory Processing: Adaption and Learning 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 154.06/LL5 

Topic: D.05. Audition  

Support: NIH Grant DC013826 

 Helen Hay Whitney Foundation Postdoctoral Fellowship 

Title: Neural circuit mechanisms for recognizing and predicting self-generated sounds 

Authors: *D. M. SCHNEIDER, R. MOONEY;  
Dept. of Neurobio., Duke Univ., Durham, NC 



Abstract: Almost every movement that we make produces sounds. Auditory guided behaviors 
such as learning to play a musical instrument are thought to depend upon the recognition of self-
generated sounds and upon the accurate distinction of self-generated sounds from environmental 
sounds. To recognize self-generated sounds, the brain may take advantage of the fact that the 
sounds our movements produce are time-locked to those movements with a short temporal delay 
and have stable acoustic features from one execution to the next. Here, we ask whether the brain 
can take advantage of this tight statistical coupling to recognize and predict the acoustic outcome 
of an action. We developed an acoustic virtual reality (aVR) paradigm in which we can precisely 
control and manipulate the timing, spectral features and predictability of the sounds produced by 
a mouse’s movements. Using multi-electrode array recordings from large populations of auditory 
cortical neurons, we find that after several hours of experience in aVR, neural responses to 
expected self-generated sounds are strongly suppressed, whereas neural responses to unexpected 
sounds are largely unaffected. This selective suppression of predictable self-generated sounds is 
absent in the auditory thalamus, indicating that it arises de novo in the auditory cortex. 
Longitudinal 2-photon calcium imaging of large populations of GCaMP6f+ excitatory neurons in 
layer II/III of the auditory cortex shows that predictive suppression of self-generated sounds 
arises in parallel with aVR experience. In ongoing experiments, we are imaging and 
manipulating the activity of genetically identified inhibitory populations within the auditory 
cortex to test their role in mediating predictive suppression of self-generated sounds. In addition, 
we are testing the idea that long-range projections from the motor to the auditory cortex may 
play a role in binding a particular movement to the sound it produces. Together, these 
experiments hold the promise of elucidating how the brain learns, stores, updates, and recalls 
memories about self-generated sounds, and how the brain uses these memories to guide 
behavior. 
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Abstract: Introduction: Humans are remarkably good at recognizing repeating patterns in 
meaningless auditory noise. Using the frozen noise paradigm (Guttman, N., and Julesz, 1963), it 
was recently shown that implicitly-encoded features in noise could be retained in memory for 
several weeks (Agus, Thorpe, & Pressnitzer, 2010). Recently, we explored the robustness of 
memory for these meaningless features (which could not be rehearsed) using a similar implicit 
learning paradigm. We found that participants had long-term memory for degraded versions of 
the learned sounds (sounds were degraded by changing their temporal origin or by scrambling 
using 20- and 10-ms bins). These previous results raised several questions regarding 
mechanism(s) of auditory noise learning, parameters affecting robustness of recognition as well 
as the role of the cyclic nature of the stimuli (learning context) in recognition. Methods: We 
addressed these questions using a novel auditory localization task, in which participants were 
presented simultaneously with cyclic Gaussian noise (CN) in one ear and non-cyclic Gaussian 
noise in the other ear, and were asked to localize the CN. Learning and testing sessions were 4 
weeks apart. We collected EEG data during both sessions. During the learning session, some of 
the CNs were presented multiple times in the same ear. CNs were either 10, 80, 150, 340 or 500 
ms in length, repeated 25 times. During the testing session, participants performed passive 
listening tasks, auditory localization tasks, as well as explicit recognition tasks. Results: 
Participants showed a performance increase when localizing old 10-ms CNs vs. novel CNs with 
4, 8 and 16 repeats, 4 weeks after the learning session. This effect was sub-conscious; in an 
explicit recognition task, participants were unable to differentiate old from novel CNs (150 ms). 
The event-related spectral perturbations (ERSPs) induced by 10-ms segments of old CNs (500 
ms) and 10-ms novel CNs were compared. The power of alpha waves in response to old CN 
segments was significantly lower than the power of alpha waves in response to novel CNs, both 
immediately after sound onset and in the N100 component. Discussion: These results show that 
participants could better localize very short segments of old vs. novel CNs, without any 
conscious awareness of this ability. Moreover, this memory for short temporal features in old 
CNs was independent of the cyclic context in which features were encoded. Finally, the 
difference in ERSPs between old and novel CNs indicate that new sounds elicited higher 
activation in the neural sources of the primary auditory cortex contributing to the N100 
component. 
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Abstract: Auditory perceptual learning is defined as a long-term improvement in the detection 
or discrimination of acoustic stimuli. One broadly held hypothesis is that core auditory cortex 
plays a critical role in the perceptual learning process. To test this idea directly, we manipulated 
auditory cortical activity while Mongolian gerbils (Meriones uniguiculatus) trained on an 
aversive Go-Nogo amplitude modulation (AM) detection task. We reversibly attenuated auditory 
cortical activity bilaterally, via a low dose of muscimol, during perceptual training. Muscimol 
infusions impaired behavioral improvement while still permitting animals to generate 
psychometric functions. This finding suggested that either muscimol infusion prevented learning 
from occurring, or prevented its expression. To distinguish between these possibilities, we 
exposed the same animals to additional training sessions during which saline was infused into 
auditory cortex. Training paired with saline infusions improved detection thresholds. Together, 
these findings indicate that reducing auditory cortical activity during training prevents perceptual 
learning. 
To establish a quantitative relationship between auditory cortical activity and perceptual 
learning, we implanted chronic microelectrode arrays into left auditory cortex of a separate group 
of naïve animals. We wirelessly recorded single and multi-unit activity as animals trained on the 
AM detection task described above. Neurometric sensitivity was tracked across days and directly 
compared to psychometric performance. As performance improved, we observed a significant 
correlation between simultaneously recorded neural and behavioral thresholds within individual 
animals. However, when recordings were made from animals while they were disengaged from 
the task, we found that neural thresholds remained relatively constant across days and were not 
correlated with behavioral performance. Collectively, our results suggest that auditory training 
leads to task-dependent enhancements of cortical sensitivity that ultimately support perceptual 
learning. 
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Abstract: Stimulus-specific adaptation (SSA) is the decrease in responses to a common stimulus 
that does not generalize, or only partially generalizes, to other stimuli. SSA is usually measured 
using oddball sequences, in which a common (standard) tone and a rare (deviant) tone are 
randomly intermixed. The larger responses to a tone when deviant, however, do not necessarily 
represent true deviance sensitivity. They can be explained by the tone not being adapted when 
deviant due to its rarity. Another possible explanation is that the tone when deviant violates the 
expectation to hear a standard tone, thus the larger response to it is deviance detection. A 
common test for deviance sensitivity uses a 'deviant among many standards' control sequence, 
where many different tones serve as the 'standard', thus eliminating the deviance of the deviant. 
When the response to the same tone when deviant (against a single standard) is larger than the 
responses to the same tone in the control sequence, it can be concluded that true deviance 
sensitivity occurs. In anesthetized rats, responses to deviants and to the same tones in the control 
condition are comparable in size. We recorded local field potentials and multiunit activity from 
auditory cortex of awake, freely-moving rats, implanted with 32-channel drivable microelectrode 
arrays and using telemetry. We observe highly significant SSA (deviant>standard) in the awake 
state. Moreover, the responses to a tone when deviant were significantly larger than the 
responses to the same tone in the control condition. These results establish the presence of true 
deviance sensitivity in primary auditory cortex in the awake state. 
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Abstract: Plasticity in sensory cortex is critical for perceptual learning, and is hypothesized to 
involve acetylcholine modulating neuralresponses. Rats learned to detect a brief, pure frequency 
sound, and then performed detection for three behavioral sessions. The fourth day, acoustically 
activated responses were sampled in primary auditory cortex. Overall responsiveness became 
elevated, although the proportion of the response dedicated to the target decreased. On the third 
behavioral session in some animal groups, rats were treated with scopolamine to block 
muscarinic receptors, or mecamylamine to block nicotinic receptors. Either treatment 
significantly reduced performance on the third day, but neither treatment significantly affected 
performance on the fourth day. The muscarinic block group had signiticantly lower 
responsiveness in auditory cortex on the fourth day. However, a significant increase in strength 
in the late phase of the response emerged. This late phase response was selective for the target in 
frequency and intensity which suggests the muscarinic block interacted with an activity-
dependent mechanism. Nicotinic receptor antagonism on the third day neither lowered day four 
responsiveness nor did it alter the late phase response. However, nicotinic antagonism had a 
larger acute effect on neural activity than muscarinic antagonism. Second messenger pathways 
intrinsic to muscarinic receptor activation may work to keep balance between the initial and late 
phase of the response. After three days of acoustic detection training, middle cortical lamina 
spiking responses show no improvement in neural signal despite significant detection learning. 
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Title: Cross-frequency coupling increases during adaptation of high-gamma responses in human 
auditory cortex 

Authors: *U. MALINOWSKA1, P. FRANASZCZUK1,3, N. E. CRONE1, D. BOATMAN-
REICH1,2;  
1Neurol., 2Otolaryngology, Johns Hopkins Sch. of Med., Baltimore, MD; 3US Army Res. Lab., 
Human Res. and Engin. Directorate, Aberdeen Proving Ground, MD 

Abstract: Introduction. Cortical high-gamma oscillations (>70 Hz) are implicated in human 
auditory perception and exhibit adaptation with stimulus repetition, also known as repetition 
suppression. Although high-gamma has been shown to be coupled in phase and amplitude with 
lower cortical frequencies including theta (4-7 Hz) during auditory perception, the role of phase-
amplitude coupling in adaptation has not been investigated. 
Methods. We examined effects of stimulus repetition on phase-amplitude coupling of theta and 
high-gamma using intracranial electrocorticographic (ECoG) recordings. ECoG recordings were 
acquired from five right-handed epilepsy patients (ages 24-56 yrs; 4 female) with subdural 8x8 
electrode arrays (2.3 mm diameter electrodes; 9 mm spacing) implanted over lateral left temporal 
cortex, including superior temporal gyrus. The experimental paradigm was a 300-trial passive 
auditory oddball task comprising consecutively repeated (1-12 repetitions; 82% trials) tone or 
speech stimuli (1000 Hz, /ba/) and a second stimulus (1200 Hz; /da/) presented infrequently and 
non-consecutively while subjects watched a silent video. Time-frequency matching pursuit 
analysis of the ECoG time-series signals was performed to identify sites with statistically 
significant (p<0.05) increases in high-gamma power (70-150 Hz). Normalized repetition 
suppression index (RSI) values ranging from -1 to 1 were computed for all sites based on mean 
log power density estimates. At sites with positive RSI values, consistent with adaptation, phase-
amplitude coupling was computed as the phase-locking value of theta (4-7 Hz) phase and high-



gamma amplitude across consecutive frequent stimulus trials (repetitions). 
Results. A total of 29 sites located in traditional auditory areas showed high-gamma adaptation 
for speech (mean 6/subject; range 4-7). Of these, 23 sites (79%) showed repetition-related 
increases in phase-amplitude coupling. Phase-locking values increased by an average of 10% 
when measured over five consecutive trials. Similarly, 10 electrode sites in auditory cortex 
showed high-gamma adaptation for tones, eight (80%) of which also showed repetition-related 
increases in phase-amplitude coupling, with a mean increase of 11% in phase-locking values. 
Conclusions. Our results indicate that repetition of simple and complex auditory stimuli is 
associated with attenuation of high-gamma response power (adaptation) and increased cross-
frequency coupling at the same cortical sites, potentially reflecting optimization of the 
underlying cortical processing networks. 
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Abstract: Humans are experts at perceiving spoken language, even in the presence of interfering 
sound sources. However, the dynamic neural mechanisms required to understand speech in noise 
are largely unknown. To understand how the auditory system adapts to extract speech during 
irregular additive and reverberant distortions, we used invasive technology to record auditory 
cortical responses in neurological patients as they listened to continuous speech stimuli while the 
background noise changed every three seconds. Analysis of the neural responses to the speech 
signal as the background noise changed revealed an adaptation phase after the onset of a novel 
noise. Directly after noise onset, the neural representation of speech features degraded, then 



adaptation gradually restored these features. We quantified the degradation of the neural 
representation using discriminative analysis of phonetic features and stimulus reconstruction 
techniques. To explore possible mechanisms that could contribute to this dynamic response 
property, we constructed a neural network model to map the speech stimulus to the neural 
responses. A simple feedforward network model failed to replicate the temporal adaptation of 
neural responses to the changes in the background. We then incorporated feedback mechanisms 
into the model based on 1) synaptic depression models and 2) the statistical structure of neural 
co-activation patterns. We found that these mechanisms allowed the model to replicate the 
temporal dynamic properties of the neural response at noise transitions. The proposed model thus 
offers insight into biologically plausible computational mechanisms that can explain the robust 
speech perception observed in real-world hearing conditions. 
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Abstract: The mismatch negativity (MMN) is a commonly observed evoked response to 
disruptions of regular stimulus sequences. Recently there has been an interest in understanding 
the mismatch responses to disruptions of regularities at different temporal scales. These short-
term (stimulus to stimulus repetition) and longer-term (recurring patterns of stimuli) regularities 
can be modulated experimentally using novel variations of auditory oddball paradigms. 
Dynamic causal modelling (DCM) is a connectivity analysis of electroencephalography (EEG) 
data to make inferences about changes in coupling among cortical regions that explains observed 
EEG phenomena. DCM furnishes generative models for evoked response potentials, providing 
an advanced computational modelling analysis with biophysically plausible constraints on the 
model inversion based on empirical data. 



Here we present an analysis of mismatch responses to a novel, hierarchically structured oddball 
paradigm. Healthy adults underwent EEG recordings during a task free auditory paradigm where 
both ‘local’ disruptions of repeated stimuli trains, and ‘global’ disruptions of recurring patterns 
were present. We conduct a DCM analysis to evaluate network-wide changes in cortical 
dynamics and further understand the cortical origin of the observed mismatch responses at the 
two different temporal scales. The experimental effects are modelled as changes in synaptic gain 
at different levels of the cortical hierarchy (primary auditory cortex, superior temporal gyrus, 
inferior frontal gyrus) and Bayesian model selection is used to identify the model that best 
explains the data. The approach presented here utilises recent advances in DCM for group 
studies (parametric empirical Bayes, Bayesian model reduction), which allows for 
computationally efficient inversion of large neuronal models for individual participants in order 
to evaluate the overall group effects. 
The novel paradigm presented here reproduces the known MMN response, as well as identifying 
specific mismatch responses to longer temporal scale disruptions of regularity. DCM allows 
interpretation of the different evoked responses in terms of synaptic changes and the hierarchical 
deployment of underlying cortical sources. This approach provides a deeper mechanistic 
understanding of mismatch responses at different temporal scales, and delineates how the 
cortical hierarchy processes sequences of auditory stimuli. 
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Abstract: Contrast gain control has been identified in the visual, auditory and somatosensory 
systems. Gain control is beneficial because the statistics of the sensory environment are 
constantly changing, meaning that neurons may not be able to accurately represent the range of 
stimulus values that occur at any moment unless they are able to adapt their dynamic ranges to 
match that range. Furthermore, adaptation to sound contrast may also provide a useful 



mechanism for generating noise-invariant neural representations of complex sounds. In the 
auditory system, previous work has demonstrated robust contrast gain control in ferret auditory 
cortex (Rabinowitz/Willmore et al., 2011), and limited contrast gain control in the auditory 
midbrain (Rabinowitz et al., 2013). It is currently unknown whether the robust contrast gain 
control seen in cortex is computed locally in the cortex or whether it reflects a thalamic 
computation which is relayed to cortex. To determine the site of robust contrast gain control in 
the auditory system, we recorded with extracellular electrode arrays from auditory thalamus in 
anesthetized mice. We presented dynamic random chord stimuli at two different contrasts, and 
similar mean sound level. We fitted the neuronal responses with a linear spectro-temporal 
receptive field and sigmoid output nonlinearities for each contrast. To estimate the gain of each 
unit, we examined the parameters of the sigmoid output nonlinearities. We found that the 
auditory thalamus exhibits robust auditory contrast gain control, similar to that previously found 
in cortex, suggesting that the thalamus does indeed have a role in computing contrast gain 
control. We are currently conducting similar recordings in auditory thalamus while inactivating 
auditory cortex, to investigate whether the contrast gain control seen in auditory thalamus arises 
through cortico-thalamic feedback from primary auditory cortex or is implemented within the 
thalamus itself. 
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Abstract: Over the last decade, an increasing number of studies have reported that noise 
exposure at non-traumatic sound levels (<85dB) can lead to important alterations in the 
responses of auditory cortex neurons. For example, studies have described reduced neuronal 
responses in the noise frequency band, alterations of tonotopic maps and even behavioral deficits 
(Norena et al 2006; Zhou & Merzenich 2012, Zheng 2012). Here, we evaluated the consequences 



of long-lasting exposures (3 months, starting at 2 months old) to an industrial (“realistic”) non-
traumatic noise (80dB SPL, 8h/day) on the rat auditory system. We compared these data with 
those obtained from rats exposed for 3 months at the age of P5. Based upon Auditory Brainstem 
Responses, thresholds were higher for the young exposed animals compared with the young non-
exposed ones, an effect that was no longer present 1 month later. This suggested that a potential 
TTS occurred after 3 months of exposure in young rats exposed at the age of P5. This potential 
TTS effect was not observed in adult rats. Analyzing the cortical evoked responses revealed 
several differences between the P5 exposed rats and the control rats, but only when the exposed 
P5 rats were tested in less than 24h after exposure. These differences were: First, the tuning was 
broader as quantified by the Q10dB, Q20dB and by the bandwidth at 75dB. Second, within the 
receptive field, the firing rate of auditory cortex neurons was higher in the exposed animals than 
in the control animals. Third, the percentage of neurons responding to a short gap of silence in a 
vocalization was much higher in exposed P5 rats than in control rats. In contrast, in the auditory 
cortex of adult animals (exposed at 2month old), there was no effect of the 3-months exposure 
whatever the stimulus (artificial or natural stimuli) and the parameter used to quantify the 
neuronal responses. Altogether, these results suggest that exposure to non-traumatic industrial 
noise has a larger impact when occurring at hearing onset than when occurring in adult animals. 
However, these effects do not seem to persist over time, they dissipated within a month. 
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Abstract: Timbre allows us to quickly identify threatening animal growls, pick out a friend’s 
nasal voice among a crowd, and enjoy a rich variety of musical textures, from the bright buzz of 



a muted trumpet to the crisp attack of a snare drum. Often defined as tone color, or the unique 
quality of a sound, timbre cannot be attributed simply to pitch, intensity, duration, or location. 
However, despite its critical contributions to our everyday auditory experiences, it is unclear 
whether timbre truly represents a meaningful auditory configuration rather than an arbitrary 
collection of low-level features: if so, listeners should adapt to timbre, and this adaptation should 
generalize across changes in lower-level features (e.g., pitch). Here, we used a range of complex 
sounds equated in basic auditory features to investigate timbre adaptation. For each of several 
sound classes (musical sounds, natural sounds, or isolated timbre dimensions), participants 
adapted to one of two sounds (e.g., clarinet and oboe, male and female voice) that formed the 
endpoints of a morphed continuum. After repeated exposure to one of the two adapter sounds, 
participants judged the identity of the various morphed sounds. We found consistent negative 
aftereffects resulting from timbre adaptation, such that adapting to sound A significantly altered 
perception of a neutral morph between sounds A and B, making it sound more like B. 
Importantly, these aftereffects were robust and invariant to changes in pitch, suggesting that they 
stem from adaptation to the global, spectro-temporal configuration of complex sounds and can 
survive the lower-level feature shifts that naturally vary (largely independently of timbre) in the 
environment. This adaptation, which is likely exploited by composers, could serve to enhance 
our sensitivity to novel or rare auditory objects, such as a new soloist in an orchestra or a new 
voice in a crowd. 
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Abstract: Studies of auditory recognition memory in macaques strongly suggest that monkeys 
cannot encode sounds into long-term storage. Animals performing auditory delayed match-to-
sample (DMS) paradigms require tens of thousands of trials to acquire the DMS rule at short 
intervals and then fall to chance levels when intervals are increased beyond 30 seconds. These 
findings directly contradict ethological observations which report the ability of free-ranging 
monkeys to accurately discriminate individuals’ calls. However, one proposed avenue by which 
this discrimination may occur in the wild is not through traditional recognition structures in the 
medial temporal lobe, but through repeated exposure during development via the habit formation 
pathway of the neostriatum. Monkeys may acquire “caller identity” through constant group 
interactions in a troupe setting. Supporting this method of auditory stimulus acquisition, previous 
work in our lab has shown that animals can learn a simple, two-choice auditory discrimination 
task and retain which stimulus is rewarded for at least two weeks. In the present study, we sought 
to assess the cognitive limits of these learned habits by investigating whether monkeys could 
utilize a small set of stimuli to form a category of rewarded acoustic features, e.g. vocalizations. 
In a two-choice discrimination task, monkeys were trained on a series of three coo pairs from 
two unfamiliar monkeys. After achieving a 9/10 criterion on a given pair they were moved onto 
the next. Upon reaching criterion on all three exemplar pairs, the animals were given 140-trials 
of trial-unique coo pairs as a performance test to assess their ability to generalize across novel 
coos from the two callers. Preliminary data shows that, on average, monkeys performed 
significantly better on their performance tests than the first 140 trials on the first exemplar 
presented (70.0% for trial unique, 48.3% for pair 1, p = 0.0047). These findings suggest that 
these animals are capable of generalizing across similar auditory stimuli in a cognitively flexible 
fashion—despite being acquired in an incremental manner. Further work will need to be done to 
investigate whether this generalization depends on the cognitive memory systems of the medial 
temporal lobe or the habit system of the neostriatum. 
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Abstract: Noise-induced hearing loss may induce a range of changes in the auditory system. For 
example, increased spontaneous activity, increased synchrony of spontaneous activity and 
cortical tonotopic map reorganization, have been shown to occur after noise-induced hearing 
loss. These changes within the auditory system have been proposed as a neural mechanism 
responsible for the perception of tinnitus. While increased spontaneous activity following noise-
induced trauma has been observed in most auditory nuclei, it is not known whether it is 
generated at a particular site (or sites) in the auditory path and then propagated throughout the 
rest of the auditory system. In other words, is there a specific nucleus in the auditory pathway 
that is responsible for the generation of spontaneous activity? In this study, we unilaterally 
exposed Male Long Evans rats (aged 3-4 months) to a 115 dB SPL 16 kHz 1/10th octave 
bandpass noise for 1 hour. Unexposed rats served as controls. Hearing was assessed using 
auditory brainstem response audiograms, before and at different time-points following the noise 
trauma procedure. All noise-exposed animals in the study showed a frequency-specific, 
permanent threshold shift in their exposed ear, while hearing in their non-exposed ear was in the 
normal range. After 4-5 months we recorded spontaneous, extracellular activity from cochlear 
nucleus, inferior colliculus and auditory cortex. Recordings from these nuclei were made 
simultaneously, using 32 or 64 channel electrode arrays. Rats were anaesthetized with a mixture 
of ketamine and medetomidine. Baseline spontaneous activity was recorded for 10 minutes, 
followed by 5 minutes exposure to a series of noise bursts (80 dB SPL) to temporarily suppress 
spontaneous activity. We then recorded spontaneous activity for a further 20 minutes to observe 
the return of spontaneous activity to baseline. Our aim was to determine if spontaneous activity 
returned to baseline levels in one of the nuclei before the others. Controls and noise-exposed 
animals showed a reduction in spontaneous activity relative to baseline after 5 minutes of 
moderate noise exposure. Over the 20 minute recovery period, spontaneous activity in both 
groups returned to values approaching baseline. This occurred in all 3 nuclei under study. 
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Abstract: Movements can suppress neural responses to acoustic stimuli in the auditory cortex of 
humans and other mammals. An influential but largely untested idea is that this cortical 
suppression works to minimize responses to predictable acoustic consequences of movement, 
while enhancing sensitivity to novel stimuli. Notably, recent work has described a circuit that 
could mediate these suppressive effects: A subset of motor cortical neurons sends axons to the 
auditory cortex, where they synapse on inhibitory neurons that suppress the activity of excitatory 
cells. Moreover, this circuit is both necessary and sufficient to drive movement-related 
suppression of auditory cortical activity. However, how this cortical suppression influences 
auditory perception and whether this suppression functions predictively, as widely theorized, 
remain unknown. To explore these issues, we designed a virtual acoustic reality setup where 
head-fixed mice are trained using operant methods to detect and lick in response to tone pips of 
varying intensities while they are either at rest or running on a quiet treadmill. Using this 
approach, we observed that movement elevates tone detection thresholds. Furthermore, 
pharmacological inactivation of the auditory cortex also severely elevated tone detection 
thresholds, consistent with the idea that the auditory cortex is an important component of a 
circuit for detecting tones in our task. Currently, we are exploring whether movement-related 
suppression of auditory cortical activity accounts for movement-related changes in auditory 
thresholds. 
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Abstract: The acoustic stress and trauma caused by high intensity sound is an common 
occupational and environmental problem related with increasing exposure to loud sounds. Long-
term potentiation (LTP) is a long lasting synaptic potentiation traditionally associated with 
learning and memory events, which can be altered by stressors agents. We recently demonstrated 
that rats submitted to two daily exposures to high intensity noise (110 dB for one minute) for 10 
days presented a strongly reduced LTP in the Schaffer-CA1 pathway of the hippocampus. The 
aim of this study was to investigate the effect of acute stimulation with high-intensity noise on 
the hippocampal LTP. Wistar rats of 60-70 days were submitted to a single sound stimulus of 
intensities of 110 or 80 dB during 1 min. After 2, 24 and 48 hours of stimulation, rats were 
anesthetized with isoflurane, sacrificed, their brains removed and 400 µm slices of the dorsal 
hippocampus prepared using a vibratome. For induction of LTP, a train of three high frequency 
(HF) pulses at 100 Hz (1 second duration each) were given in Schaffer-collateral pathway and 
field excitatory posts-synaptic potentials were recorded in the stratum radiatum of CA1 region. 
Data are presented normalized by the baseline obtained before the HS train. We observed that a 
single stimulus of 110 dB for one minute significantly inhibits the post-tetanic potentiation (PPT) 
from 2.45 ± 0.27 (control) to 1.28 ± 0.10, 2 hours after the stimulus and reverted to normal 
values after 24 hours (2.19 ± 0.13). Regarding the LTP (80 minutes after HF train) we observed a 
significant decrease 2 hours after stimulation (1.08 ± 0.39) in comparison to control (1.32 ± 
0.75), lasting 24 hours after stimulation (1.09 ± 0.86) and recovering 48 hours after (1.35 ± 
0.10). The group of animals that received 80 dB present no changes in PTP (2.38 ± 0.21) and 
LTP (1.39 ± 0.09) 2 hours after stimulation. Our results showed that exposure to a brief 110 dB 
noise is sufficient to inhibit hippocampal LTP after 2 hours of the one-minute high-intensity 
noise exposure, with these effect lasting 24 hours and reverting 48 hours after the stimulation. 
Furthermore, we found that this effect was not observed in animals exposed to non-traumatic 
noise (80 dB). We concluded that a short event of high intensity noise has the potential to inhibit 
hippocampal synaptic plasticity, which could have consequences to cognitive and emotional 
aspects of the animal, and potentially for humans exposed to traumatic sound. 
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Abstract: There is considerable interest in understanding the ontogeny and phylogeny of the 
human language system, yet, empirical work at the interface of both fields is rarely conducted. 
Syntactic processes in language build on both sophisticated sensory processing and sequencing 
capabilities on the side of the receiver. While insights on the development of auditory perception 
and non-adjacent sequencing operations in the human brain have expanded, we lack knowledge 
on whether and how these processes are implemented in the brains of our primate relatives. In 
the present nonhuman primate study we used a paradigm initially developed to evaluate human 
infant and adult brain potentials associated with the processing of non-adjacent dependencies in 
auditory sequences. We measured scalp-recorded event-related potentials (ERPs) from two 
macaque monkeys listening to syllable triplets. Frequent standard triplet sequences were 
interspersed with infrequent voice pitch or non-adjacent rule deviants. Monkey ERPs revealed 
early pitch and rule deviant mismatch responses that are strikingly similar to those previously 
reported in human infants in response to the same stimuli material, suggesting similar 
automaticity in processes. This stands in contrast to adults' later ERP responses for rule deviants, 
indicating less automaticity in sequencing functions. The results reveal the evolutionary origins 
of non-adjacent sequencing operations in the primate brain and they provide evidence for 
evolutionarily conserved neurophysiological effects, some of which are remarkably like those 
seen at an early human developmental stage. 
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Abstract: The ability to recognize and predict patterns in sensory input is a fundamental feature 
of the brain. Learning to process sequential information is particularly important in audition, and 
underpins speech recognition and language acquisition. In this study, we aimed to examine the 
neural representation of repeated auditory sequences in the auditory cortex of the ferret, 
following the experimental paradigm reported by Gavornik and Bear (2014). A sequence of four 
artificial vowels (Bizley et al., 2009), termed ABCD, with each letter denoting a unique 
fundamental frequency, was presented to an experimental group of ferrets (n = 2) on four 
consecutive training days. The control group of ferrets (n = 2) was presented with random 
permutations of the same sequence elements (e.g. CDAB, BCDA etc.). Sound presentation was 
delivered through headphones to the passively listening ferrets that were implanted with 16 
channel multi-electrode arrays in the primary auditory cortex in each hemisphere. On the fifth 
day, both groups were presented the trained sequence as well as a novel sequence, obtained by 
reordering the same elements (e.g. DCBA). We measured local field potentials in response to the 
two sets of test stimuli. Using the same paradigm, other experiments tested the transfer of 
learning from a trained ear to an untrained ear, the temporal specificity and predictive aspects of 
learning, as well as the robustness of the sequence learning effects. Gavornik and Bear (2014) 
observed enhanced field potentials and multiunit spiking activity in response to the repeated 
sequence (ABCD) relative to the novel sequence (DCBA) in an experimental group of mice, but 
no difference in responses to the two stimuli in the control group. The present set of experiments 
aim to examine whether auditory cortical responses to repeated sequences show enhancement, as 
observed by Gavornik and Bear (2014) in the primary visual cortex, or whether they are 
suppressed, in line with previous reports of stimulus-specific adaptation in the auditory cortex 
(Ulanovsky et al., 2003). References: 
• Bizley JK, Walker KMM, Silverman BW, King AJ, Schnupp JWH (2009) Interdependent 
encoding of pitch, timbre, and spatial location in auditory cortex. J Neurosci 29:2064-2075. 
• Gavornik JP, Bear MF (2014) Learned spatiotemporal sequence recognition and prediction in 
primary visual cortex. Nat Neurosci 17:732-737. 
• Ulanovsky N, Las L, Nelken I (2003) Processing of low-probability sounds by cortical neurons. 
Nat Neurosci 6:391-398. 

Disclosures:  S. Teki: None. B.D. Willmore: None. A.J. King: None. 



Poster 

154. Auditory Processing: Adaption and Learning 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 154.23/NN2 

Topic: D.05. Audition  

Title: Neural correlates of incidental learning in the mouse inferior colliculus. 

Authors: H. CRUCES SOLIS1,3, O. BABAEV2,3, Z. JING4, N. STRENZKE4, *L. DE HOZ1;  
1Dept. of Neurogenetics, Max Planck Inst. of Exptl. Med., Goettingen, Germany; 2Max Planck 
Inst. of Exptl. Med., Göttingen, Germany; 3Intl. Max Planck Res. Sch. for Neurosciences, 
Göttingen, Germany; 4InnerEarLab, Univ. Med. Ctr., Göttingen, Germany 

Abstract: The auditory system is constantly processing the surrounding auditory world in order 
to filter the relevant sounds. The system must, thus, be able to compute the statistics of the 
acoustic environment. We hypothesize that the inferior colliculus (IC) is an important player in 
this process. We investigated the effect that sound exposure had on IC neuronal activity as well 
as on incidental learning. 
Associative and random sound exposure was done in the Audiobox, an automated apparatus for 
continuous monitoring of behaviour where mice live in groups for several days. Food was 
available ad libitum in the home-cage while water could be obtained in a connected 'corner'. 
Incidental learning was triggered by exposing mice to 16 kHz pips for the duration of each of the 
>50 daily visits to the ‘corner’ (exposed group). Sound was, thus, triggered by the mouse 
entering the corner and was associated with the water area but played no role in water 
availability. A 'random' group was exposed to 16 kHz pips in a similar temporal pattern but 
randomly in the Audiobox home-cage. The amount of sound exposure was the same as in the 
‘exposed’ group but the tone was not associated with anything in particular. A third 'control' 
group had no specific sound exposure but lived in the Audiobox for a comparable amount of 
time (6-12 days). 
Acute recordings in the central nucleus of the IC of these mice revealed an upward shift in best 
frequency along the tonotopic axis and a frequency-unspecific increase in evoked multiunit 
activity in 'exposed' mice with respect to controls. In the 'random' group the best frequency shift 
was significantly milder than in 'exposed' animals. Mice in the ‘exposed’ group had stronger 
spontaneous activity and a broader bandwidth at the base of the tuning curve. The same sound 
exposure had no visible effect in upstream structures such as the cochlear nucleus. Muscimol 
inactivation of auditory cortex revealed that the expression of the described changes was not the 
result of corticofugal input. 
Associative and random exposure resulted also in different levels of incidental learning. The 
'exposed' group showed stronger latent inhibition of the exposed sound than either of the other 
two groups as well as wider ranges of generalization in pre-pulse inhibition. 



We conclude that adult experience results in plastic changes in sound processing at subcortical 
levels and that these changes correlate with patterns of incidental learning. We hypothesize that 
the IC is one neural substrate of auditory incidental memory. 
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Abstract: Stimulus-specific adaptation (SSA) is the reduction in responses to a common 
stimulus that does not generalize, or only partially generalizes, to other stimuli. Previous studies 
have demonstrated stimulus specific adaptation (SSA) in primary auditory cortex of many 
mammalian species to a variety of sound stimuli. SSA has been studied mainly in sounds with no 
behavioral relevance. We hypothesized that a behaviorally meaningful sound should show less 
adaption compared to the same sound when it doesn’t have a behavioral meaning. 
To test this hypothesis, we used discriminative fear conditioning in rats, using two word-like 
stimuli. One stimulus (derived from the word "Danger": CS+) was coupled with foot shock 
whereas the other stimulus (derived from the word "Safety": CS-) was presented without a 
concomitant foot shock. In order to verify learning, rats were tested for the amount of freezing to 
the two stimuli on the day following conditioning. In addition, we used pseudo-conditioning 
(using the same stimuli without foot shock) and reverse conditioning (using ‘Safety’ as CS+ and 
‘Danger’ as CS-). 
We monitored neural responses to the auditory stimuli using a chronic implantation of multi-
electrode arrays in the auditory cortex of the rats. We recorded responses telemetrically in freely 



moving animals before, during, and after conditioning. 
To test SSA, we recorded auditory responses to oddball sequences composed of the word stimuli 
in the days following conditioning. Our results show that in the animals conditioned to the word 
stimuli, SSA of the CS+ stimulus became smaller whereas SSA of the CS- stimulus increased. 
These results may suggest the sounds that are important behaviorally adapt less, presumably in 
order to remain highly detectable by the auditory system. 
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Abstract: Gap-induced pre-pulse inhibition of acoustic startle (GPIAS) (behavioural test for 
tinnitus in animals) relies on a short gap in continuous background noise providing a cue to 
inhibit the response to a loud startling stimulus. Impaired GPIAS following tinnitus induction has 
been shown in a number of species, as well as in humans with tinnitus. Inhibition to detect the 
gap was originally thought to be caused by the tinnitus ‘filling’ the gap but there have been 
suggestions that another mechanism is involved. Preliminary work in humans measuring the eye 
blink reflex responses showed gap detection deficits in tinnitus subjects, but the underlying 
mechanisms of this effect were unclear (1). The eye blink response is not specifically related to 
the auditory system and subsequently has a relatively long latency (>40ms) that is subject to 
attentional modulation. We have developed a variation of the GPIAS method in which we 
measure GPIAS in guinea pigs using the reflex pinna movement. The post-auricular muscle 
reflex (PAMR) is the human analogue of the pinna reflex and may represent a route for 
developing an objective tinnitus test. The PAMR is a short-latency (10-12ms) response that 
involves two or three synapses in the brainstem and is more tightly linked to auditory input and 
less susceptible to attentional modulation. However, gap-induced pre-pulse inhibition (PPI) of 
the PAMR has not previously been demonstrated. In the present study, we measured gap-induced 



PPI of the PAMR in 45 normal-hearing subjects. PAMR responses were recorded simultaneously 
with the eye blink reflex electromyographically with surface electrodes placed over the insertion 
of the post-auricular muscle to the pinna. Gap detection was evaluated with 1 kHz background 
sounds, presented monaurally to the right ear at 70 dB SPL, and startling stimuli comprising very 
brief broadband noise bursts presented at 105 dB SPL. The embedded gaps ranged from 20-
100ms with the position of the gaps ranging from 20-500ms from the end of the gap to the onset 
of the startle stimuli. Eye direction has been shown to have a dramatic effect on the amplitude of 
the PAMR reflex (2). Therefore we investigated the effect of eye position - looking forward or to 
the right - on the amplitude of the PAMR reflex response. The data suggests that the PAMR is 
susceptible to gap-induced PPI, and the amplitude of the response is greater when the subject is 
looking to the stimulus presentation side. Future studies will establish whether deficits in gap 
detection using the PAMR are characteristic of subjects with tinnitus. 
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Abstract: One of the most vital parts of our daily activities is to position the arm or the hand at 
desired locations accurately and this is also true for the visually-impaired people. Comparing the 
ability of these two groups can be an important key to understanding how visual experience 
affects arm position sense. Only few studies have compared the arm position sense between 
sighted and blind subjects, and the obtained results are conflicting and depend on the 
experimental design. Colley and Colley (1981) who tested arm position sense in the a horizontal 
plane have showed that the lack of early visual experience negatively affects the arm spatial 
representation, however, studies in which the arm position sense was investigated in the sagittal 
plane obtained opposite results (Gaunet and Rossetti, 2006; Rossetti et al., 1996). On the other 
hand, Gaunet and Rossetti (2006) and Rossetti (1996) have also reported that deprivation of early 



visual experience decreased the ability for memorizing proprioceptive targets. Therefore, 
bilateral arm matching tasks, during which the subjects do not need to remember target locations, 
is a way to avoid influences of memorizing proprioceptive targets. In this study, We conducted 
experiments in which three different bilateral arm-matching tasks in horizontal workspace were 
performed by two groups of right-handed subjects: blindfolded sighted group (n=10) and 
visually-impaired group (n=7). In experimental tasks, a robot moved the subject’s right hand to 
one of four targets in random order, and the subject was instructed to matched with the left arm 
1) the joint angles (the shoulder and elbow), 2) the distance and direction of hand movement 
from the initial position, or 3) the distance and mirrored direction of hand movement from the 
initial position. Accuracy (defined as the mean error) across all the targets was significantly 
lower in visually-impaired subjects, which is consistent with previous studies performed in the 
horizontal plane. In addition, accuracy in task 2 was much lower than in the other tasks. There 
was no interaction between the task and vision condition. Several possible explanations for the 
latter result will be discussed. We concluded that accuracy of position sense depends on visual 
experience. 
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Abstract: The basal ganglia form a circuit with the motor areas in the frontal cortex (“motor” 
loop). It has been considered that the coordinated work of the functions subserved by the brain 
areas constituting the circuit is critical in planning and executing movement. However, specific 
roles played by the respective areas and underlying neural mechanisms have not been fully 
clarified. In this study, we recorded local field potentials (LFPs) from the globus pallidus (GP) of 
monkeys (Macaca fuscata) performing a button-press movement with either the right or left 
hand. We found a movement-related power increase in the high-gamma (80-120 Hz) and theta 
(3-8 Hz) bands. In a subset of these power changes, a greater modulation was observed during 
contralateral hand movement than during ipsilateral one (contralateral representation). In another 
subset, a comparable power modulation was observed during contralateral and ipsilateral hand 
movements (bilateral representation). In contrast, only a few (≤ 2%) of the changes showed a 
greater power modulation during ipsilateral hand movement than during contralateral one 
(ipsilateral representation). Compared with our previous findings on the caudal cingulate motor 
area (CMAc) and supplementary motor area (SMA) (Yokoyama et al., 2016), the bias toward the 
contralateral hand representation by the high-gamma and theta bands was evident in the GP. 
Further, the movement-related power increase in the GP began and formed a peak later than that 
in the SMA did. These findings suggest a specific contribution made by the GP in controlling 
hand movement: the GP, receiving signals biased toward the contralateral hand movement at a 
later timing than the SMA, may contribute to movement execution of the contralateral hand by 
detecting, coordinating and/or terminating developing movement-related neuronal activity. 
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Abstract: Reach to grasp movements are often executed while walking, but few studies have 
investigated the potential for coordination between the upper and lower limbs. Previous research 
has studied the gait cycle at object contact, but reach onset towards a lateral target is when 



humans need to account for dynamic stability. The current study explored preferred gait patterns 
during execution of a prehensile movement toward a target. Methods: Ten right-handed healthy 
young adults (3 males, M = 23.57 years) with normal or corrected-to-normal vision participated 
in the study. Ten markers were placed on the chest and right arm. Three-dimensional motion 
capture data was collected at 120 Hz using a VisualEyez camera system. Gait was analyzed 
using a GAITRite instrumented walkway and the two systems were temporally synced. The 
targets were three dowels placed 20 cm apart from each other on a support surface to the right of 
the mat. Participants stood 4.5 m from the center target and were instructed to walk towards the 
object, pick it up, and continue walking. Participants completed 10 trials for each of the 3 object 
locations as well as 10 walk-through trials. The markers on the radial styloid process and the 
sternum were used to determine relative wrist position during each trial. The 10 walk-through 
trials were used to find the average lateral displacement of the wrist during normal arm swinging. 
The initiation of intentional reach was then defined as the point at which the wrist extended more 
laterally than the average of the walk-through trials plus two standard deviations for each 
participant. It is difficult to determine when the contralateral swinging of the arms becomes 
intentional anterior reach, but our definition ensures that the participant was executing the 
secondary task during our time point of interest. The gait phase (ipsilateral single support, 
contralateral single support, double support) was then determined at reach onset for each of the 
30 trials. Results: The percentage of trials in which the reach was initiated during ipsilateral 
single support (M = 42.76) did not significantly differ from contralateral single support (M = 
32.14) (p = 0.354), but it did significantly differ from double support (M = 25.10) (p = 0.037). 
There was variability between the 10 subjects. Although some individuals demonstrated a 
preference for one single support phase, or an avoidance of the other, during initiation of 
intentional reach, there does not appear to be a pattern generalizable to all healthy right-handed 
young adults. The results suggest that ipsilateral versus contralateral support at reach onset is not 
a critical variable in planning these combined tasks. 
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Title: Neurons in the globus pallidus, supplementary motor area, and caudal cingulate motor 
area are differentially involved in contralateral and ipsilateral hand movements in monkeys 

Authors: *Y. NAKAYAMA1, O. YOKOYAMA1,2, E. HOSHI1,2;  
1Tokyo Metropolitan Inst. of Med. Sci., Tokyo, Japan; 2AMED-CREST, AMED, Tokyo, Japan 

Abstract: The basal ganglia form a loop circuit with the motor areas in the frontal cortex. This 
circuit is considered to play a crucial role in planning and executing movement. However, the 
specific roles each area plays still remain elusive. In the present study, we recorded neurons in 
the globus pallidus (GP) while monkeys (Macaca fuscata) performed a button-press movement 
with either the right or left hand. Three types of movement-related neuronal activity were 
observed: (1) with only the contralateral hand (contralateral neuron), (2) with only the ipsilateral 
hand (ipsilateral neuron), and (3) with either hand (bilateral neuron). The proportion of 
contralateral neurons was larger than that of ipsilateral neurons, and quantitative analyses also 
revealed that neuronal selectivity was biased toward contralateral hand movement. In 
comparison with neurons in the caudal cingulate motor area (CMAc) and supplementary motor 
area (SMA) (Nakayama et al., 2015) and with muscles, the movement-related activity in GP 
tented to begin later than that in CMAc, SMA, and even the prime mover muscle (flexor carpi 
ulnaris muscle). These results suggest that GP neurons play a major role in contralateral hand 
movement and that while CMAc and SMA are amply involved in initiating a hand movement, 
GP neurons mainly contribute to detecting, coordinating, and/or terminating an unfolding hand 
movement. 
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Abstract: Unilateral voluntary muscle activation leads to increased excitability of the 
homologous muscle representation in the ipsilateral primary motor cortex (M1). Excitability 
changes also arise in the upper limb M1 during lower limb contractions. The increase seen 
during homologous muscle activation is largely attributed to transcallosal connections, but the 
changes with distal non-homologous muscles is not well established and is thought to be due to 
secondary motor areas such as the supplementary motor area (SMA). The purpose of this study 
was to examine the neural mechanisms that contribute to the increase in excitability of M1 
during isometric contractions of the contralateral homologous upper limb muscle and ipsilateral 
lower limb muscle both individually and in combination. We explored the convergence of these 
effectors probing intracortical inhibitory and excitatory networks (SICI, LICI, ICF), 
interhemispheric inhibition (IHI) (M1-M1) and the connection between SMA and M1 using 
transcranial magnetic stimulation (TMS). We hypothesized that intracortical inhibition of the 
resting forearm muscle representation will be reduced by both wrist and ankle contractions due 
to transcallosal and SMA connections respectively. We also hypothesized SMA will have a 
distinct functional role contributing to excitability changes during ankle contraction. We 
delivered focal TMS to healthy right-handed subjects targeting the M1 representation of the right 
extensor carpi radialis (ECR) muscle at rest and during three movement conditions: Isometric 
contraction of (1) left ECR at 10% MVC, (2) right TA at 30% MVC, and (3) left ECR at 10% 
MVC + right TA at 30% MVC. Motor evoked potentials (MEPs) were recorded using surface 
electrodes on ECR, FCR and FDI bilaterally and tibialis anterior (TA) on the right leg. Subjects’ 
limbs were secured in manipulandums to isolate the muscle of interest. EMG was continuously 
recorded from the active muscle to monitor the force of contraction throughout each trial. 
Contractions were continuously held, and feedback was provided visually, during each trial 
while 10 MEPs were sampled over the ECR representation for each TMS condition. Preliminary 
results show there is an overall increase in excitability of the target motor representation during 
all conditions in comparison to rest. Contraction of the lower extremity individually and in 
combination increases excitability to greater extent then low-level homologous muscle 
activation. This appears to be modulated by GABA-mediated inhibitory networks. This data 
suggests another means for up-regulating excitability of primary motor cortex with potential 
clinical applications. 
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Title: Effects of applying differential fore-aft resistance on propulsive force generation during 
walking 

Authors: *A. NAIDU1, C. P. HURT2, D. A. BROWN2;  
1Rehabil. Sci., 2Physical Therapy, Univ. of Alabama At Birmingham, Birmingham, AL 

Abstract: PURPOSE: Inability to generate appropriate forces in the fore-aft direction leads to 
disrupted walking patterns seen in individuals poststroke. These forces are a reflection of lower-
limb muscle strength, correlated with hemiparetic severity, and walking speed. During walking, 
impairment in paretic-limb propulsion causes adaptation of compensatory strategies that favor 
greater non-paretic limb propulsion, to maintain speed. However, these strategies lead to 
interlimb-force asymmetry producing asymmetric, slow, and inefficient gait patterns. Recent 
studies have found that application of fore-aft resistance can improve both paretic and non-
paretic propulsion. However, selective modulation of resistance, in the form of applying 
differential resistance, to improve weaker paretic-limb propulsion has not been investigated. To 
validate the application of such differential resistance, our primary purpose is to test the 
application of differential fore-aft, limb-loading resistance during walking in nonimpaired 
individuals. Secondarily, these results will then be compared with a similar paradigm in 
individuals poststroke. HYPOTHESIS: Application of fore-aft differential resistance will lead 
to interlimb propulsive-force asymmetry. To maintain speed, the left limb working against 
greater resistance will generate greater propulsion due to increased proprioceptive load-feedback 
integration. METHODS: Nonimpaired individuals were asked to maintain a constant velocity 
(1m/s) while walking inside a novel robotic device called the KineAssist interfaced to a split-belt 
force treadmill. Each treadmill belt is governed by a unique force vs velocity relationship which 
was manipulated to create different resistance levels between the limbs. Four differential force 
levels were applied to increase the difference in resistance applied to one leg versus the other. 
Kinetic and kinematic data for each differential condition were collected, and analyzed. 
RESULTS: Data from 10 participants (Mean age 39 ± 11) was analyzed. All participants 
maintained a relatively constant speed (1.03±0.09 m/s, R= 0.68 ± 0.33). Seven participants 
experienced progressively greater propulsive force in the leg exposed to greater resistance. Three 
participants experienced greater propulsion in the lower resistance condition. The average slope 
for all ten legs that experienced greater propulsive forces was 0.23 N for every N of applied 
differential resistance. IMPLICATIONS: We will further develop this method to provide a 
unique strength training environment for individuals poststroke, to improve the paretic-limb's 
propulsive-force generation during walking. 
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Abstract: Transcranial random noise stimulation (tRNS) is a non-invasive brain stimulation 
technique that can increase cortical excitability and motor performance in simple tasks. 
However, the ability of tRNS to improve motor performance in a complex, multi-joint task is 
unknown. The purpose was to determine the influence of tRNS on motor skill acquisition and 
learning in a golf putting task in young adults. The study was a sham-controlled, double-blind, 
between-subjects experimental design. Twenty-four young adults were allocated to either a tRNS 
group or a SHAM stimulation group and each subject participated in 2 experimental sessions on 
2 consecutive days. In the first session (practice session), both groups performed 6 trials of a golf 
putting task in a baseline testing block, followed by 4 practice blocks of 15 trials, and a post-
testing block (6 trials) that was performed five minutes after the last practice block. In the second 
session (retention session), a retention testing block (6 trials) was performed 24 hours after the 
practice session. The golf putting task involved accurately performing putts to a small target 
positioned 3 meters away from the subjects. tRNS or SHAM stimulation was applied during the 
practice blocks. tRNS was applied to the scalp area overlying the 1st dorsal interosseus muscle 
representation area of the primary motor cortex for 20 minutes at a current strength of 2mA. 
SHAM stimulation was applied in the same manner according to established blinding procedures 
in which the current was ramped up and down over a period of 60 seconds. The endpoint error 
(primary outcome measure) during the golf putting task was quantified as the absolute distance 
of the final endpoint of each put relative to the target, whereas the endpoint variance (secondary 
outcome measure) was quantified as the sum of the variances of the x and y endpoints for each 
trial block. For the testing blocks, the endpoint error was significantly reduced in both groups 
between the baseline block and the post-test block (P = 0.000), but there was no difference 
between groups. Similarly, endpoint variance was not different between groups, but decreased 
significantly for both groups between the baseline block and the post-test block, and between the 
baseline block and retention block (P = 0.000 and 0.018, respectively). For the practice blocks, 
there were no significant differences in the rate of decrease in endpoint error or endpoint 



variance between the tRNS and SHAM groups. The findings indicate that a single application of 
tRNS applied during practice of a complex golf putting task does not increase the rate of motor 
skill acquisition or the amount of motor learning experienced by young adults. 
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Abstract: Altered interlimb coupling, clinically referred to as associated reactions, is a common 
motor deficit in children with hemiplegia. When an individual exerts a high level of effort with 
their lower extremities, involuntary movements can be observed in their upper extremity. These 
movements can interfere with functional tasks, disrupt balance, and cause cosmetic concerns and 
stigma for children and their families. The aim of this research was to quantify involuntary 
movements in the paretic and non-paretic upper extremity lower extremity tasks. 
Eighteen children with hemiplegia and 10 typically developing age-matched participants were 
recruited for this study. Participants were seated with their leg attached to a push/pull loadcell. 
Their upper extremity was secured to a robotic device used to create a haptic environment in 
which the weight of their limb was negated and haptic springs were used to provide stability at 
rest while still allowing for movement in all planes. Participants performed maximal and sub-
maximal (25, 50, and 75%) isometric knee flexion and extension torques with visual feedback, 
with the instruction to relax their upper extremity. Fingertip excursions and EMG activity at the 
shoulder and elbow were recorded. Each arm was tested separately with each lower extremity. 
Knee flexion and extension of both the paretic and non-paretic lower extremities elicited 
increased amounts of fingertip excursion and EMG activity in children with hemiplegia. The 



amount of excursion and muscle activity scaled with effort level. Increased movement was also 
observed in the non-paretic upper extremity. Preliminary work has been done to examine the role 
of injury timing on involuntary arm movements by comparing children with prenatal (n=10), 
perinatal (n=5), and postnatal (n=3) lesions. Preliminary findings suggest that arm movements in 
the paretic arm are greatest in peri- and post-natally acquired lesions, however, involuntary arm 
movement on the non-paretic side is greater in prenatal lesions. 
By quantifying altered interlimb coupling patterns in pediatric hemiplegia, we can better 
understand the underlying mechanism and gain insight into how the motor system is reorganized 
after early lesions. 

Disclosures:  R.L. Hawe: None. J.P.A. Dewald: None. 

Poster 

155. Interlimb and Bimanual Control 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 155.09/NN13 

Topic: E.04. Voluntary Movements 

Title: Electrophysiological correlates of interference during discrete bimanual coordination 

Authors: *P. C. DESROCHERS, A. T. BRUNFELDT, F. A. KAGERER;  
Dept. of Kinesiology, Michigan State Univ., East Lansing, MI 

Abstract: Bimanual movements are common in daily life and require a high degree of 
coordination. Incongruous bimanual movements can cause interference between the hands as 
each hand attempts to perform independent action. Since little is known about 
neurophysiological signatures of interference between the hands, this study examined changes in 
electroencephalography (EEG) during a bimanual center-out task. Twenty-one right handed 
participants moved two robotic manipulanda simultaneously from two home positions to two 
target positions located 10 cm forward or backward of the home positions. Hand position was 
represented by a cursor on a screen that occluded the view of the hands. Seven blocks of 60 trials 
each were administered. In the first block, hand feedback was displayed for both hands. In the 
second block, visual feedback of the left hand was removed. In blocks three through six, right 
hand visual feedback remained veridical for the control group (n=11), whereas the experimental 
group (n=10) adapted to a 40 degree visual feedback rotation in the right hand. Both groups were 
instructed to continue moving the invisible left hand straight to the targets. In the final block, 
right hand feedback was veridical again for both groups. EEG was time-locked to movement 
onset for each trial. The signal was filtered and artifacts were rejected. EEG was segmented from 
500 ms before to 1000 ms following movement onset. Averaged segments were evaluated for 



spectral power at alpha (8-13 Hz) and beta (13-30 Hz) frequencies, and compared between 
channel pairs over the left and right hemispheres (F3-F4, C3-C4, P3-P4, FC5-FC6, CP5-CP6). 
Preliminary behavioral results showed that the experimental group adapted to the perturbation of 
the right hand, with substantial aftereffects in the final block. The left, invisible hand deviated 
from its straight path due to interference from the perturbed right hand. EEG results showed 
consistently reduced spectral power in the left hemisphere in both groups, suggesting greater 
activation in neural populations controlling the visible hand. Additionally, across both 
hemispheres in late adaptation, the adapting group showed lower power at parietal sites in alpha, 
and fronto-central sites in beta. Finally, in the adapting group, power was lower in late adaptation 
in the non-dominant hemisphere, particularly at parieto-central sites in alpha, and fronto-central 
sites in beta. These results suggest that hemispheric differences in brain electrical activity may 
reflect interference during simultaneous discrete bimanual movements, and may indicate 
modification of neural activity that occurs as bimanual movements become more stable. 
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Title: Gating sensory inputs in the ipsilateral somatosensory cortex during unimanual force 
generation 
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Abstract: It is well known that increasing levels of force with muscles on one side of the body 
increases the excitability of the ipsilateral primary motor cortex. The involvement of the 



somatosensory cortex ipsilateral to a contracting hand (iS1) during increasing levels of unilateral 
force generation remains unknown. Here, we examined somatosensory evoked potentials 
(SSEPs) by recording electroencephalographic signals from iS1 and stimulating the ulnar nerve 
(3x above perceptual threshold) at rest and during 30% and 70% of isometric maximal voluntary 
contraction (MVC) into index abduction with the dominant ipsilateral hand. We found that in the 
iS1 the amplitude of the P25/N33 but not the P14/N20 and N20/P25 SSEP components 
decreased during 30% and 70% of MVC to a similar extent compared to rest. To further 
understand the mechanisms involved in changes in SSEPs in the iS1 we tested interhemispheric 
inhibition from contralateral to iS1 (IHI) and short-latency afferent inhibition (SAI) at rest and 
during 30% of MVC with the dominant ipsilateral hand. During SAI testing the ulnar nerve was 
stimulated 15-40 ms before a motor evoked potential was elicited by stimulating the primary 
motor cortex using transcranial magnetic stimulation with the coil oriented in the posterior-
anterior (PA) and anterior-posterior (AP) direction. Notably, IHI decreased in the P25/N33 
component and SAI increased with the TMS coil in the PA but not AP direction during 30% of 
MVC compared with rest. Our findings suggest that intracortical pathways, likely those 
involving PA synaptic inputs, contribute to modulate iS1 activity during increasing levels of 
unimanual force generation in intact humans. 
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Abstract: Introduction: 
Healthy aging is associated with distinct structural and functional brain alterations leading to an 
age-related decline in motor behavior and a general loss in postural stability. Non-invasive brain-
stimulation techniques such as transcranial direct current stimulation (tDCS) can help to facilitate 
motor behavior in young and old adults. More specifically, tDCS over the leg motor cortex (M1 
leg area) enhances postural control and improves individual balance ability. In the present study, 
we wanted to investigate the effects of facilitatory anodal tDCS (a-tDCS) applied over M1 leg 
area on learning a complex whole-body dynamic balancing task (DBT) in young and old adults. 
We hypothesized that in both age cohorts, a-tDCS during DBT enhances learning performance 
compared to sham tDCS (s-tDCS). 
Methods: 
In total, 32 older and 28 younger adults were enrolled in two consecutive DBT training sessions. 
Using a randomized, parallel, design, 20 minutes of tDCS were applied while participants 
performed the DBT for the first time. Task performance and error rates were compared between 
a-tDCS and s-tDCS for each age group, separately as well as between both s-tDCS groups. 
Additionally, we investigated how well DBT task performance can be predicted from the 
individual kinematic profile, which captured different aspects of task execution. 
Results: 
Both age groups successfully increased their level of DBT performance on both training 
sessions. However, the comparison of both s-tDCS groups revealed that younger adults showed 
superior DBT learning on TD 1 and TD 2 as compared to the elderly. In our younger study 
sample, a-tDCS over M1 leg area significantly promoted balance performance in a DBT relative 
to s-tDCS, which was indicated by higher performance and smaller error rates. In the older age 
cohort, between-group analyses revealed no difference between a-tDCS and s-tDCS group 
regarding their level of task performance and associated error rates. A regression analysis 
revealed that the DBT performance level in both age groups can be well predicted by the 
individual kinematic movement profile. 
Conclusions: 
Our findings provide novel evidence for the ability of tDCS to improve dynamic balance 
learning in a younger age cohort. However, in our older age cohort, the concurrent application of 
tDCS over M1 leg area did not elicit DBT performance enhancement which may relate to a 
variety of factors such as timing or stimulation parameters. Additionally, our data showed that 
the kinematic profile can predict the level of DBT performance, which may provide new insights 
for the individualized approaches of treating balance and gait disorders. 
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Abstract: Abnormalities in the sensory and motor systems, including hypersensitivity to pain, 
poor proprioception, and weakness, are associated with the progression and/or development of 
several chronic upper extremity disorders. Given the low success rate in treating chronic upper 
extremity disorders, both researchers and clinicians have grown increasingly interested in the 
aforementioned abnormalities, and generally utilize a patient’s uninjured limb as a reference; that 
is, deficits and subsequent treatment strategies are quantified based on the assumption that prior 
to injury, a patient had bilateral similarities. To date however, little work supports the validity of 
this assumption despite the fact that significant asymmetries may exist, and that these 
asymmetries may be particularly evident in males versus females. Therefore the aim of this 
project is to investigate the influence of sex on asymmetries in pain sensitivity, strength, and 
proprioception across the joints of the upper extremity. We hypothesize that similar to research 
on the special senses males will demonstrate greater asymmetries than females. Eight right-hand 
dominant subjects (four females), with a mean age of 30 ± 7 years, have participated in this 
ongoing study. Bilateral measures of pain sensitivity, proprioception and strength were collected 
across the joints of the upper extremity in a randomized and counterbalanced manner during a 
single session. Asymmetry scores were calculated as the difference between the right and left 
limbs, with the right limb serving as the reference limb. Pain sensitivity was assessed by using a 
hand-held pressure algometer to apply gradual pressure perpendicular to the skin. Proprioception 
was assessed by using an active positioning-active repositioning protocol. Strength was assessed 
using maximum voluntary isometric contractions performed against a mounted dynamometer. 
Our preliminary findings suggest that side-to-side differences in pain sensitivity, strength, and 
proprioception, may be present in the upper extremity of right-hand dominant persons. If these 
asymmetries are confirmed within a larger subject pool, the validity of using a patient’s or 
research participant’s uninjured limb as a reference becomes questionable and a correction factor 
may need to be developed. Moreover, our preliminary findings are also one of the first functional 
studies to suggest that males may have greater strength and proprioception asymmetries than 
females, especially at distal joints. If males are shown to have greater asymmetries within our 
larger subject pool, future studies using bilateral measurements may need to account for sex. 
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Abstract: The human nervous system displays such a plasticity that we can adapt our motor 
behavior to various changes in environmental or body properties. However it remains unclear 
what determines generalization of sensorimotor adaptation across effectors: here we aimed at 
uncovering the factors which drive generalization. We specifically examined the capacity of 
human adults to adapt to prismatic glasses while reaching to visual targets with their dominant 
arm and assessed the level of transfer to the non-dominant arm. As shown in several previous 
studies (Cohen 1973; Choe & Welch 1974; Redding & Wallace 2008), we first observed that 
subjects adapted to the prismatic deviation: indeed, dominant arm movements were initially 
perturbed but quickly became as accurate as in the pretest, no-prism condition. More 
interestingly, transfer of adaptation to the non-dominant arm was not systematically observed for 
all subjects as we observed large inter-individual differences. Some subjects showed transfer in 
the opposite direction of the perturbation, i.e. in an extrinsic coordinate system, and some 
subjects showed transfer in the same direction as the perturbation, i.e. in an intrinsic coordinate 
system. As suggested by recent findings on a slightly different, force-field adaptation task 
(Lefumat et al. 2015), we hypothesized that kinematic parameters may explain such differences. 
A stepwise forward multiple regression analysis showed that a few kinematic parameters 
measured during the adaptation phase with the dominant arm such as peak acceleration, mean 
and variability of initial reach direction predict transfer to the non-dominant arm. The magnitude 
of the after-effects observed on the dominant arm can also be predicted based on variability of 
initial reach direction, number of trials to adapt and peak acceleration. Our findings are 
consistent with recent studies which reported that individual characteristics such as motor 
variability impact sensorimotor adaptation and its generalization. For instance, Wu et al. (2014) 



reported that the more variable a subject is during a pre-adaptation phase, the faster he is for 
learning a novel arm-reaching task and Lefumat et al. (2015) found that the more variable a 
subject is when adapting to novel limb dynamics, the greater interlimb transfer is. Overall, our 
findings support the view that kinematic parameters can determine the coordinate system used by 
subjects to transfer what is learned during adaptation. 
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Abstract: This experiment tests the hypothesis that interlimb transfer of motor performance is 
dependent on recruitment of hemisphere specific motor control processes during opposite arm 
practice. Participants performed a single-joint task, in which reaches are targeted to 4 different 
distances. While the speed and accuracy was similar for both hands, the underlying control 
mechanisms used to achieve scaling of movement speed with distance were systematically 
different between the arms: The dominant arm scaled the amplitude of the initial acceleration 
profiles to achieve variations in peak velocity, and the non-dominant arm relied to a greater 
extent on modulation of the duration of the acceleration profiles. These differences were 
previously shown to depend on left and right hemisphere processes, respectively (Schaefer, 
Haaland, & Sainburg, 2007). We predicted that initial practice with the dominant arm should 
transfer to produce greater contributions of acceleration amplitudes to peak velocities in the non-
dominant arm, and practice with the non-dominant arm should transfer to increase the 
contributions of acceleration duration to peak velocities in the dominant arm. Our findings 
support these predictions, results that cannot be accounted for by explicit cognitive mechanisms, 



asymmetries in task errors, or asymmetries in responses to environmental perturbations. We 
conclude that interlimb transfer of motor performance depends on initial training of lateralized 
motor control mechanisms in the contralateral hemisphere that are exploited during opposite arm 
performance. 
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Abstract: In a previous EEG study (J.Neurosci. 35:12753-65) we examined how β-band 
sensorimotor oscillatory activity is influenced by kinematics errors. We applied unpredictable 
visual or mechanical perturbations while participants reached to a visual target with their 
dominant arm. Along with the attenuation of the post-movement β-rebound observed at the end 
of the perturbed movements, we described how β-activity is modulated during the foreperiod of 
the movements that immediately follow a perturbed reach. Interestingly, the pre- and post-
movement periods exhibit different error-related modulations that point to distinct functional 
roles in behavioral monitoring and adaptation. The attenuation of the β-rebound seems to relate 
to salience-processing independent of adaptation processes, whereas foreperiod β-power 
modulation seems to reflect motor-command adjustments activated after a movement-execution 
error is experienced. Here, we assess how foreperiod and post-movement β-activities are 
influenced by unilateral kinematic errors experienced during bimanual reaches. Specifically, we 
contrast oscillatory responses observed in two tasks involving similar movements but different 
coordination. In a “cooperative” coordination task, participants have to control a single cursor 
with both hands to hit a unique target. In contrast, in a “parallel” task they have to reach with two 
independent cursors (each controlled by one hand) two different targets simultaneously. During 
both tasks, in catch-trials mechanical perturbations are unpredictably applied to one of the arms, 
with equal probabilities. Consistent with our previous findings, we observe postmovement and 



foreperiod β-band modulations in response to unilateral kinematic-errors. More interestingly, we 
show that the β-activities observed during these two periods exhibit different sensitivities to the 
nature of the bimanual task. Specifically, while the β-rebound exhibits similar error-related 
attenuation in both tasks, the foreperiod β-activity is differently modulated depending on the 
mode of coordination: In the parallel task, β-power is modulated over the hemisphere 
contralateral to the perturbed arm, whereas in the cooperative task the modulation is visible over 
the right hemisphere regardless of the side of the perturbation. These findings are consistent with 
the contrasting behavioral responses observed in the two tasks. In the parallel task, on-line motor 
correction and adaptive processes are manifest for the arm submitted to the perturbation only. In 
contrast, in the cooperative condition correction and motor-command adaptation are observed 
bilaterally. 
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Title: Practice-induced changes in EEG during asymmetric bimanual skill learning 
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Abstract: Identifying the spatiotemporal pattern of cortical activity during skill learning has 
been problematic, because electroencephalography (EEG) has multiple sources of noise, 
especially for larger-scale movements. However, recent advances in algorithms for EEG artifact 
removal facilitated this study that recorded EEG during a bimanual task. We aim to identify 
spatiotemporal patterns during acquisition and consolidation of an asymmetric bimanual motor 
skill. Eight healthy right-handed subjects rotated their forearms in the horizontal plane and 
moved their right arm to a target cue as fast as possible, without disturbing the continuous 



rhythmic movements of their left arm. Subjects performed 150 discrete movements triggered at 
random phases of the ongoing oscillations in the left arm. The task goal was to achieve high peak 
velocity in the cued movement, while minimizing perturbations of the continuous rhythmic 
movement. Subjects practiced for 10 daily sessions. Cortical activity during performance was 
measured using 64-channel EEG electrodes in the 1st, 6th and 10th practice sessions. For 
comparison, EEG was also recorded during symmetric bimanual cued discrete movements. Prior 
to the analyses, noise and artifacts were eliminated using the adaptive mixture independent 
component analysis (AMICA). Event-related potentials (ERP) were aligned with the visual cue 
onset with an epoch size of [-300, 500ms]. The time of the ERPs was quantified in both the 
asymmetric and symmetric conditions. To quantify the change of interhemispheric interaction, 
coherences between a pair of EEG electrodes in bilateral frontal, motor, and parietal regions 
were analyzed in the alpha and beta frequency regions (8 and 20 Hz, respectively). Behavioral 
results showed that the performance of both arms significantly improved: peak velocity of the 
cued discrete movement increased and the perturbation of the rhythmic movement decreased, 
although it did not reach zero. EEG results showed that the signal at C3 (left hemisphere) 
differed between the symmetric and asymmetric condition at ~200ms following cue onset, but 
this difference disappeared after 10 practice sessions. Interhemispheric coherence at the beta 
rhythm increased in the first part of practice, but only in the asymmetric condition. We found 
that ERP and interhemispheric coherence change over the course of asymmetric bimanual skill 
learning with different time scales. We suggest that 1) increased interhemispheric coherence at 
the beta frequency range was associated specifically with acquisition of the asymmetric bimanual 
skill and 2) long-term practice shapes the cortical activation in the contralateral motor area. 

Disclosures:  S. Park: None. H. Tam: None. D. Sternad: None. 

Poster 

156. Cortical Planning, Execution, and Modeling 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 156.01/OO7 

Topic: E.04. Voluntary Movements 

Title: Increased visual load impairs motor control during a reactive driving task 

Authors: *C. KIM, E. A. CHRISTOU;  
Univ. of Florida, Gainesville, FL 

Abstract: Increased cognitive load impairs driving performance. There is evidence that 
information processing can lengthen reaction time. Although driving requires constant motor 
control, it is currently unclear to what extent increased information processing (cognitive load) 



alters motor control during driving. The purpose of this study was to determine whether 
increased cognitive load alters motor control during a reactive driving task. Eight young adults 
(23.2±3.2 years, 5 women) performed a simulated reactive driving task. Participants controlled 
the gas pedal during a visuomotor task and responded to a sudden visual stimulus by moving 
their foot from the gas pedal to the brake pedal. Their goal was to apply a 40 N force on the 
brake pedal as quickly and as accurately as possible. We varied cognitive load by changing the 
visual load. The visual scenario involved following multiple cars. During the low visual load 
condition, participants reacted to a single visual stimulus displayed at a fixed location in the 
center of the visual field (red lights of the car directly ahead). During the high visual load 
condition, participants reacted to a visual stimulus that could appear in one of five possible 
locations (red lights from one of the cars, the rest were blue). Participants were not to respond if 
all car lights turned blue. Therefore the low visual load condition represents a simple reaction 
time task, whereas the high load visual condition represents a choice Go/NoGo reaction time task 
with distractors. Motor control was quantified with the brake force error (RMSE) and variability 
(SD of brake force). Cognitive load was quantified as the length of the premotor response time 
(from stimulus onset to tibialis anterior muscle activity onset). Participants reacted 85% slower 
during the high load condition. Premotor response time was 580±60 ms during the high load 
condition and 315±20 ms during the low load condition (t=17.7 P<0.01). We found that brake 
force control was related to premotor response time. Participants with increased premotor 
response time during high load condition exhibited the greatest increases in brake force error 
(R2=0.7 P<0.01) and variability (R2=0.63 P<0.02). As expected, we found that increased visual 
load lengthens information processing time, as evidenced by a longer premotor response time. 
The novel finding is that healthy young adults who require longer processing time of visual 
information exhibit the greatest deterioration in motor control during a reactive driving task. 
Therefore, it appears that greater information processing requirements could influence motor 
control and contribute to higher car accident rates in visually complex situations. 
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Abstract: Working memory and its effects on manual asymmetry during motor tasks in young 
and older adults was explored. Twenty young (M = 21, SD = 3 years) and twenty older (M = 70, 
SD = 6 years) right-handed adults participated in three tasks. For the memory task (Task A), 
participants studied and recalled the location of twenty-five distinct shapes on a board. The 
number of successfully recalled shapes was recorded. For the motor task (Task B), participants 
were required to pick up objects of different shapes from a table and place them into matched 
holes on the board. The shapes were aligned in the proper order and position on table that 
matched the exact location to their corresponding holes in the board. For the motor plus memory 
task (Task C), individuals selected the shapes from the table and placed them into their proper 
holes on the board. Unlike Task B, the order and location of the shapes on the table were 
randomized so that participants would be required to remember the proper locations of the holes 
during movement. Time to completion was recorded for Tasks B and C for the right and left 
hands, the laterality quotient (LQ = (R-L)/(R+L)*100) was computed. No significant difference 
in number of shapes recalled between young and older adults was observed for Task A. For Task 
B, participants in both groups were more lateralized for use of their right hand on this task, but 
no significant difference was found between groups for LQ. Finally, for Task C, a significant 
difference between groups for LQ was observed, t(38) = 2.59, p = 0.013. Young adults were 
highly lateralized for use of the right hand for this task (LQ = -5.15), whereas older adults 
displayed a more balanced performance between the right and left hands (LQ = 0.33). The 
reduced manual asymmetry in older adults compared to young adults for Task C may be 
attributed to the addition of visuospatial working memory in this task that was not present in 
Task B. These results support the hemispheric asymmetry reduction in older adults (HAROLD) 
model, which suggests that reductions in manual asymmetry in older adults may be due to neural 
compensatory mechanisms as a result of cognitive declines in working memory with age. 
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Title: Prior expectation facilitates corticospinal excitability before sensory evidence 
accumulation 

Authors: *I. C. WEINBERG, J. DUPONT-HADWEN, S. BESTMANN;  
Sobell Dept. of Motor Neurosci. and Movement Disorders, Univ. Col. London, London, United 
Kingdom 

Abstract: Recent accounts reject the historical dissociation between the study of decisions about 
which movement to make and the study of how those movements are planned and executed 
(Cisek, 2007). Instead, multiple actions are proposed to be planned simultaneously during the 
decision and gradually eliminated. Recent work has shown that such parallel planning extends 
even to the corticospinal tract, with decision factors modulating corticospinal activity whilst the 
decision is ongoing (Michelet et al., 2010; Klein-Flugge and Bestmann, 2012). Separate streams 
of research have studied how an expectation or prior is incorporated into decisions. In sensory 
and parietal areas, a prior expectation increases baseline activity in advance of the evidence 
accumulation phase of the decision (Puri et al., 2009; Rao et al., 2012). An interest in the 
influence of ongoing decision activity in motor areas motivated us to study how prior expectation 
affects motor areas, with the hypothesis that an expectation to move would boost excitability 
before stimulus onset. 
Human subjects were asked to make left or right button presses in response to the direction of 
motion of a noisy moving dot stimulus. Before each dot stimulus, subjects saw the accurate 
probability the stimulus would indicate a rightward movement so that they formed a prior 
expectation about the movement direction on a trial-by-trial basis. We used single pulse 
Transcranial Magnetic Stimulation over left primary motor cortex to record right-hand motor 
evoked potentials (MEPs) and thus measure corticospinal excitability (CSE) during the reaction 
time. We recorded most MEPs at the time of stimulus onset in order to measure the impact of a 
prior expectation before the appearance of new sensory evidence. 
We find that reaction times are shortest when the prior expectation was strongest and longest in 
the condition with a neutral (50:50) prior. Similarly, a strong prior improved accuracy. At 
stimulus onset, as hypothesised, MEPs were biased by prior expectation. CSE was greatest with 
strong prior expectation to move the right hand. The reaction time and MEP effects correlate on 
a subject-by-subject basis, suggesting a mechanistic role for the corticospinal facilitation. On 
incorrect trials, the trend linking prior expectation and MEP size was reversed, suggesting that an 
incorrect representation of prior expectation in the corticospinal tract contributes to error. These 
data suggest that the motor system activity reflects not merely an ongoing sensory decision but 
also probabilistic information in advance of the decision. 
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Abstract: Force control has been associated with the modulation of force oscillations below 0.5 
Hz. These low-frequency oscillations increase with voluntary effort and are strongly associated 
with the increase in force variability. It is currently unknown whether a voluntary reduction in 
force variability with similar effort would result in a reduction of low-frequency oscillations. The 
purpose of this study, therefore, was to determine the force oscillations that change with a 
voluntary reduction in force variability. Fifteen young adults (28.3 ± 3.9 years) were asked to 
match a force target of 15% MVC with ankle dorsiflexion. Participants performed six 
contractions with no guidelines. We selected one contraction with the least variability. 
Participants were then asked to perform 6 additional contractions but this time they were asked 
to constrain their force output within a range, which was provided visually with two dotted 
guidelines above and below the targeted force. That range represented half of their initial 
minimal variability as measured during the no guideline condition. From the force output we 
quantified the following outcomes: 1) mean force; 2) standard deviation (SD) of force; 3) power 
spectrum of force from 0-2 Hz (0.1 resolution). Participants exhibited the same mean force 
during the no guideline and guideline conditions (p = 0.973). In contrast, the SD of force 
decreased 36.5% during the guideline condition (p < 0.05). Low-frequency oscillations in force 
from 0.1-0.2, 0.2-0.3, and 0.5-0.6 Hz significantly decreased during the no guideline condition (p 
< 0.05). Decreased force variability during the no guideline condition was associated with 
decreased low-frequency oscillations in force from 0.1-0.2 Hz (R2 = 0.373, p < 0.05) and 0.5.-0.6 
Hz (R2 = 0.459, p < 0.01). These findings demonstrate that visual guidelines provide an effective 
tool to reduce force variability without changing the mean force. Most importantly, we provide 
novel evidence that healthy young adults decrease force variability by reducing low-frequency 
oscillations in force. It is possible, therefore, that low-frequency oscillations can be voluntarily 
modulated to decrease force variability. 
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Title: Planning and execution of movements revealed by In vivo calcium imaging in mice 
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Abstract: During the planning of a movement, collection of evidence allows for environmental 
stimuli, internal states and projected consequences to be taken into account prior to making 
confident, robust movements. How are these transformations and associations represented among 
various regions of the brain comprising the sensorimotor pathway? Previous studies recording 
neural activity from the primary (M1) and secondary (M2) motor cortices have revealed 
fundamental principles about their activity during movement behaviors, showing changes in 
activity during and immediately prior to (i.e. in preparation for) movements. Activity prior to 
movement in each of M1 and M2 likely plays an integral role in preparing the motor cortex for 
proper movement execution. To this end, we developed a novel sensorimotor discrimination task 
for head-fixed mice. In this task, mice discriminate between two visual stimuli, plan and 
withhold a movement until instructed to move by an auditory cue. We performed in vivo two-
photon imaging of a genetically encoded calcium indicator (GCaMP6) in M1 and M2 during the 
performance of this task. We observe that both M1 and M2 in mice (also known as the caudal 
and rostral forelimb areas, respectively) are active during the preparation and execution of 
movements, with M2 showing more cells active during movement preparation M1. Additionally 
we show that we can reliably identify neurons projecting between M1 and M2 allowing us to 



study information flow between these two motor areas. Lastly, this work is currently being 
extended to demonstrate the behavioral effects of optogenetically inactivating each of M1 or M2. 
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Abstract: When a musician performs a difficult piece, actions have to be performed with 
striking accuracy. Previous work has shown that after a self-paced action sequence has been 
rehearsed, the trial-to-trial variability in performance decreases (precision increases). 
Furthermore, if the action is complex the modulation of behavior and neural variability is 
contingent to the relevance of each dimension (e.g. speed, duration) to the task. However, it is 
unclear whether animals can monitor and report their performance on a particular trial before the 
outcome is presented or not. We train mice to execute 4 or 5 sequential presses in order to obtain 
a cached reinforcement. After training, animals are asked to wait for 8 secs before the outcome is 
known; animals can wait to know the outcome or abort the trial and start again. Mice abort more 
trials after incorrect than correct sequences. Logistic regression analysis shows that the 
probability of current trial abortion depends on the recent history of trial abortion (with slow 
dynamics) and current trial performance (with faster dynamics). Furthermore, optogenetic 
inactivation of of Anterior Cingulate Cortex shifts the confidence estimation in mice. These 
results show that mice learn to perform sequences of movements within narrow constraints and 
that they are capable of monitoring their own performance in the absence of outcome. Moreover, 
the data shows that variables with different time dynamics are involved in assessing action 
performance. 
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Abstract: The oscillatory suppression of sensorimotor-mu power (i.e., 10-12 Hz) is a robust 
EEG correlate of motor control. Simply imagining voluntary limb movement can result in 
consistent suppression of mu-power, especially in contralateral electrode sites. This is typically 
exploited by neuroprostheses (e.g., BCI-controlled wheelchairs; Huang et al., 2012) that seek to 
restore movement to spinal-cord injury patients. In some examples, levels of mu-suppression 
have also been treated as an index of motor control effort (e.g., Mann et al., 1996). However, 
mu-suppression in contralateral sites can also be observed during passive limb movements, 
namely in the absence of voluntary control effort (Formaggio et al., 2013). In this study, we 
investigate whether patterns of oscillatory EEG activity across contralateral (C3) and ipsilateral 
(C4) sites discriminate for voluntary control and limb movement. In our study, EEG 
measurements were taken of ten participants who were required to either actively follow or resist 
the deflections of a control-loaded side-stick, this respectively required voluntary control in the 
presence and absence of limb movement. In contrast, they were also tested in conditions with 
passive or no limb movements, which respectively required them to simply hold on to a moving 
or stationary side-stick. A repeated-measures 2 x 2 x 2 ANOVA for the factors of electrode site 
(contralateral vs. ipsilateral), control (active vs. passive), and movement (movement vs 
stationary) revealed the following. To begin, there was a significant main effect of lateralized 
mu-suppression. Suppression of mu-power is larger in the contralateral site compared to the 
ipsilateral site (F(1,9)=5.10, p=0.05). More importantly, three significant interactions were 
found, movement x control (F(1,9)=13.1, p<0.01), electrode x movement (F(1,9)=5.78, p=0.04) 
and for electrode x control (F(1,9)=5.81, p=0.039). Limb movement resulted in selective mu-
suppression of only the contralateral electrode. Voluntary control resulted in mu-suppression in 
both contralateral and ipsilateral electrodes, albeit to a lesser extent in the ipsilateral site. Overall, 
active resistance against side-stick deflections resulted in the largest levels of mu-suppression. 
The current results suggest that active voluntary resistance can result in high levels of mu-
suppression that do not exhibit strong lateralization. This might go unnoticed in brain-computer-



interface and experimental paradigms that estimate control effort by contrasting contralateral to 
ipsilateral mu-suppression. 
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Abstract: Many human motor skills can be represented as a hierarchical series of movement 
patterns. Conscious awareness of underlying sequence patterns can improve performance 
through decreased cognitive load and increased neural efficiency. However, despite the 
performance benefit, not all individuals will become aware of underlying patterns in a sequential 
task. Furthermore, it is unknown which factors predict awareness of a pattern at the level of the 
motor response. Subjects (n=30) tapped a finger sequence with changing stimulus-to-response 
mapping and a common movement sequence. We instructed subjects to tap the sequences as 
quickly and accurately as possible but made no insinuation of the common motor sequence. 
Thirteen subjects (43%) became aware that they were tapping a familiar movement sequence 
during the experiment. We found no effect of age, musical experience, error rate, or inter-key-
interval (IKI) on awareness of the pattern in the motor response. However, a Concordance 
analysis of the IKI pattern in each repetition of the sequence reveled that subjects who attained 
awareness tapped with greater temporal consistency. A generalized Procrustes analysis of the 
velocity-acceleration plot of each fingertip also revealed more awareness in subjects who tapped 
with greater kinematic consistency. Temporal or kinematic consistency was necessary for 
awareness of the underlying pattern in this tapping task, but consistency did not guarantee 
awareness. It is likely that tapping consistency indicated a more stable internal sequence 



representation, but cognitive engagement with the representation was necessary to bring the 
sequence pattern to conscious awareness. These findings predict benefit for movement strategies 
that limit temporal and kinematic variability during motor learning. 
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Abstract: Dystonia is a neurological disorder characterized by involuntary movements and 
abnormal postures. The abnormal movements may affect multiple body parts or may be isolated 
to a single body part. Some forms of dystonia are limited to performance of a specific task, as in 
musician’s focal hand dystonia. Dystonia has been associated with impaired motor learning in 
sequential tasks. However, it is unclear if impaired motor learning is characteristic of all 
subtypes of dystonia, and whether differences in motor learning are markers of underlying neural 
circuit dysfunction, or simply secondary to performance differences. Musicians with task-
specific focal hand dystonia (FHD) (n=9), non-musicians with other forms of dystonia (n=11), 
and healthy controls (n=30) tapped a finger sequence with changing stimulus-to-response 
mapping but with an unchanging movement sequence. We instructed subjects to tap the 
sequences as quickly and accurately as possible but gave no clues to the common motor 
sequence. Compared to controls, there were no differences in performance measures of inter-tap-
interval, temporal consistency, or kinematic consistency in subjects with dystonia. There were 



also no performance differences between musicians with FHD non-musicians with dystonia. 
Thirteen (43%) healthy controls had awareness that they were tapping an unchanged movement 
sequence, but only two subjects with dystonia (10%) demonstrated awareness. In addition, the 
strength of this awareness was reduced in subjects with dystonia compared to healthy controls. 
Reduced sequence awareness in people with dystonia in this motor task is not attributable to 
differences in key performance measures. Furthermore, performance measures did not differ 
across subtypes of dystonia. These findings suggest that there is a fundamental difference in 
cognition of motor sequence performance in patients with dystonia, regardless of etiology, and 
that this impairment is due to neural circuit differences that are independent of motor execution. 
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Abstract: Finger tapping of an over-trained sequence at submaximal speed causes significant 
motor slowing that can be observed after approximately 20s. The objective of our present study 
is to (i) disambiguate whether peripheral or central mechanisms lead to this progressive decrease 
in performance and (ii) whether neurophysiological markers can be linked to the observed 
behavioural changes. Three experiments were conducted. All of them compared after-effects 
evoked by short periods of finger tapping (10s tapping followed by a 30s break) to after-effects 
evoked by longer periods (30s tapping followed by a 30s break). In general, tapping for 30s 
resulted in significant slowing when the first 10s were compared to the last 10s. Exp. 1 used 
supramaximal peripheral nerve stimulation (PNS) in 10 subjects to test whether motor slowing 
could be explained by changes at the neuromuscular junction (peripheral fatigue), however, none 
of the investigated parameters (maximal M-wave, peak twitch force) changed significantly 



relative to baseline values, neither after 30s nor after 10s of tapping. Thus, it is unlikely that 
motor slowing results from peripheral fatigue. In Exp. 2 we used electroencephalography (EEG) 
in 17 subjects and found that EEG alpha power was strongly reduced immediately after tapping 
but recovered during the subsequent 30s of rest. Importantly, alpha rhythm was significantly 
more suppressed after 30s tapping than after 10s tapping (repeated measures ANOVA, tapping x 
time interaction; p<0.05). In Exp. 3 we used transcranial magnetic stimulation in 13 subjects and 
found that short interval intracortical inhibition (SICI) was strongly decreased immediately after 
tapping but recovered during the subsequent 30s rest. Analogous to the alpha rhythm, SICI was 
significantly smaller after 30s tapping than after 10s finger tapping (linear mixed effects model, 
tapping x time interaction; p<0.05). Our results suggest that central rather then peripheral 
processes cause motor slowing, which is typically observed when sub-maximal movements are 
repeated over a longer time interval. Moreover, both the EEG alpha rhythm and SICI measured 
during the rest immediately after tapping dissociated the 30s from the 10s tapping condition. 
More specifically, we found that even though motor cortex was strongly disinhibited, it could not 
prevent motor slowing. This points towards a compensatory role of cortex suggesting that the 
potential inhibitory influence on motor performance might arise from other brain areas. 

Disclosures:  M.T. Bächinger: None. F. Thomas: None. N. Wenderoth: None. 

Poster 

156. Cortical Planning, Execution, and Modeling 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 156.11/PP3 

Topic: E.04. Voluntary Movements 

Title: Testing the proactive inhibition account: a tms study. 

Authors: *L. BATTELLI1, S. C. FICARELLA2;  
1Ctr. for Neurosci. and Cognitive Systems, Italian Inst. of Technol., Rovereto, Italy; 2Aix-
Marseille Univ., Marseille, France 

Abstract: Background/Aim: In everyday life, environmental cues are used to predict upcoming 
events to which we need to respond. In cueing paradigms, when a non-informative warning 
signal (WS) precedes the target, Response Times (RTs) are faster, an effect called “alerting 
benefit” (Fernandez-Duque & Posner, 1997). However, for short Stimulus Onset Asynchronies 
(SOAs), the time interval between the WS and the target, RTs are longer, when compared to 
uncued trials, an effect known as “paradoxical warning cost” (Jaffard et al., 2007; Boulingues et 
al., 2008; 2009). One possible explanation of this effect is that, when a WS appears before the 
target (cued trials) a proactive volitional inhibition mechanism is activated to prevent the 



execution of unwanted responses to the WS (Braver et al., 2007). One explanation is that 
proactive inhibition takes ~300ms to deactivate, explaining the lengthening of RTs for SOAs 
shorter than 300ms. In this study, we tested this hypothesis using a different cueing paradigm, 
with two possible SOAs (100 vs. 250ms). Methods: 27 participants performed three blocks of 
cued, uncued and mixed cued/uncued trials while we used single pulse TMS to measure motor 
evoked potentials (MEPs) at baseline (trial onset) and at target presentation. Results: Results 
show a beneficial effect of the cue, eliciting shorter RTs on cued trials, irrespectively of SOA 
and block condition. We find an effect of the SOA with a pattern comparable to previous studies 
(slower RTs for shorter SOA); however, the effect was present on both cued and uncued trials, 
irrespective of the block. We found higher response-related MEPs at target presentation on cued 
trials only, suggesting that the WS was boosting cortico-spinal excitability. This effect was 
influenced by the SOA, with higher muscle-specific MEPs, in the longer SOA condition. 
Conclusions: Together, these results suggest that the cue provided beneficial effects, shortening 
RTs and increasing cortico-spinal excitability, an effect that was stronger when participants were 
given more time to prepare the response. While previous studies reported reduced cortico-motor 
excitability during the SOA (Hasbroucq et al., 1997; 1999; Touge et al., 1998), and in line with 
the proactive inhibition account, others have found increased MEPs (Mars et al., 2007; Van den 
Hurk et al., 2007; Van Elswijk et al., 2007). We suggest that, even in conditions of uncertainty, 
where proactive inhibition should normally be activated, if the target follows the WS by a short 
interval and speed is stressed, proactive inhibition might not be activated, since it would not 
allow to respond to the target as quickly as necessary. 
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Title: Cortical influence on movement is associated with distinct neuronal activity dynamics 
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Abstract: The role of primary motor cortex in the control of movement remains enigmatic. 
Inactivation of motor cortex has suggested that this role may be limited to dexterous or 
idiosyncratic movements, yet motor cortical neurons fire in patterns consistent with an active 
role in directing muscle activity during a broad range of motor behaviors. To provide further 
insight into the function of motor cortex, we have examined its influence on skilled forelimb 
movements as well as on untrained locomotor behaviors thought to be more reliant on spinal 
pattern generating circuits. We developed a behavioral paradigm in which head-fixed mice are 
trained through an incremental shaping procedure to reach toward and grasp a joystick before 
pulling it a set distance - a precision pull task. Unilateral motor cortical injection of muscimol 
(75 ng), as well as ablation of motor cortex, markedly diminished task performance, 
demonstrating a requirement for motor cortex in task execution. To quantify movements, we 
recorded the activity of forelimb muscles with chronically implanted EMG electrodes. Rapid 
optogenetic silencing of motor cortical output using vGAT-targeted activation of inhibitory 
interneurons during precision pull caused muscle activity time series to deviate from controls in 
less than 10 ms. Such deviations were not observed during untrained treadmill locomotion. Thus, 
motor cortex can operate in distinct control modes depending on behavioral context, consistent 
with interpretations of previous lesion results. To probe the mechanism of this differential 
influence, we performed population-level analysis of activity recorded in motor cortex during 
precision pull and locomotor behaviors. We found that the firing rate of motor cortical neurons 
on average scales similarly with muscle activity in both behavioral contexts. However, the 
correlations among neuronal firing patterns change dramatically, well beyond the changes seen 
in muscle activity. These population changes in neuronal correlation indicate that motor cortical 
firing patterns occupy distinct subspaces of an overall neuronal activity space in which each 
cardinal dimension represents the firing rate of an individual neuron. Such changes could 
plausibly transform the functional impact of motor cortex on downstream circuits. Collectively, 
these findings clarify the real-time involvement of motor cortex in movement control and 
provide insight into the neuronal activity dynamics that underlie this context-specific role. 
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Abstract: Candidate computational models based on known neural connectivity in vertebrates 
exist for the cerebellum, basal ganglia, and spinal cord. There is no hypothesized model for the 
computational function of the cortex. We hypothesize that there exists a universal computational 
structure that serves the many different purposes of the different cortical areas. The structure is 
based upon dynamic propagation of activity across cortex. Propagation is seen in vertebrate and 
invertebrate neural sheets, and it creates the internal dynamics that are necessary for prediction, 
control, and interaction with the external world. The simplest model of propagation dynamics is 
given by a density flow described by da/dt = -b(x,t) * da/dx, where b(x,t) is the local rate of flow, 
and a(x,t) describes the activity at point x in the cortex at time t. We show that for visual sensory 
processing these dynamics describe and predict the movement of visual objects, whereas for 
motor processing these dynamics allow compliant linear and oscillatory motions. The local flow 
rate b(x,t) changes more slowly than a(x,t), and it can be learned by observing the changes in 
state a(x,t). b(x,t) itself is also a type of state, because it describes the current dynamics of the 
environment or control outputs. Therefore a different cortical area could model or control these 
dynamics using a flow of the form db/dt = -c(x,t) * db/dx. Extrapolation of this process leads to a 
hierarchy of dynamic descriptors, each operating on progressively coarser time-scales. For 
example, for vision a(x,t) describes the velocity of points in the image, b(x,t) describes how 
objects change velocity or direction over time, and c(x,t) describes the sequence of different 
movements. Because b(x,t) and c(x,t) operate at progressively slower time-scales, coarser 
representations of the state x can be used giving a sequential abstraction of the original sensory 
data. In the motor domain, control progresses from more abstract sequences c(x,t) through 
velocities b(x,t) and down to specific positions or postures a(x,t). We simulate this hierarchical 
model using a network of interconnected spiking neurons implemented on a graphics processing 
unit (GPU). The network controls a robot in order to learn and perform 3-dimensional visually-
guided reaching in real-time. We propose a candidate structure by which the dynamic flow 
algorithm may map onto the known ultrastructure of primary sensory-motor regions of cortex. 
These results provide the first hypothesis for cortex that can describe the hierarchical functions 
of different regions using a single consistent computational structure. 
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Abstract: Recent work has shown that in the human sensorimotor learning tasks, the central 
nervous system (CNS) regulates, and even amplifies, the motor variability instead of minimizing 
its effects (Wu et al., 2014). The importance of motor variability is also illustrated by showing 
that the ability to increase the motor variability is impaired in patients with Parkinson’s disease 
(Pekny et al., 2015). Here, we develop a novel learning theory known as adaptive dynamic 
programming (ADP; see Jiang and Jiang, 2013) that can justify the necessity of regulating the 
motor variability in motor learning, and explain several recent experimental discoveries. This 
theory exhibits three important features. First, sharing some similar aspects with reinforcement 
learning (RL), our learning framework is a data-driven, non-model-based approach, and hence 
serves as an ideal candidate for studying the model-free learning mechanism in the human 
sensorimotor system. Second, our theory confirms that the motor variability, usually thought as a 
consequence of the internal noise, plays an important role in sensorimotor learning. Similar to 
the exploration noise in RL, the active regulation of motor variability promotes the search for 
better control strategies in each learning cycle, and as a result improves learning performance. 
Finally, in contrast to RL, both stability and optimality of the human sensorimotor system are 
taken into account in our learning model. To illustrate our learning theory, we conducted 
simulations to study the learning behavior of human arm movements in a divergent field (DF). 
Our simulation reveals that our algorithm, even without identifying the specific model of the 
environment, can still regain a stable and optimal behavior in the DF after enough learning trials. 
Moreover, during the learning process, the stiffness increases significantly along the direction of 
the divergence force. Our simulation also successfully recreates the savings phenomenon, 
indicating that model-free learning may be the cause of savings. In conclusion, we conjecture 
that human sensorimotor system may use an ADP-type mechanism to control movements and to 
achieve successful adaptation to uncertainties present in the environment. 

Disclosures:  Z. Jiang: None. T. Bian: None. D.M. Wolpert: None. 



Poster 

156. Cortical Planning, Execution, and Modeling 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 156.15/PP7 

Topic: E.04. Voluntary Movements 

Title: An action selection model based on sensorimotor associations and rewards for recoverable 
biased potentials 

Authors: *T. NISHIZAWA, T. URAKAWA, O. ARAKI;  
Tokyo Univ. of Sci., Tokyo, Japan 

Abstract: Before a monkey begins an action, neural activities representing motion directions 
appear at the dorsal premotor (PMd) and the parietal cortices (potential action; PA) (Cisek et al., 
2005; Klaes et al., 2011). Even if the direction is not shown to the monkey, the corresponding 
PA to the imaginary direction is evoked (Klaes et al .,2011). In this previous experiment, the 
monkey had to select the motion direction following an alternative rule which indicated the same 
(direct) or opposite (inferred) direction to a visual cue. Thus, the monkey must keep both 
directions in mind until the rule was shown. After learning, the PA for the inferred direction was 
larger than for the other (biased potentials). In the following free choice task with no rule, where 
the monkey was able to freely select either direction, the biased potentials were almost observed 
and the inferred direction before the free choice task was actually selected. Interestingly, a 
reward schedule which prevents biased behaviors made the PA evenly balanced. However, when 
the reward policy returned to even, the biased potentials occurred again in only a few days. Klaes 
et al. (2012) proposed a neural field model, which learned each state of biased or balanced PA in 
the experiment. However, this model does not refer to the fast recovery to biased potentials. To 
explain the whole process from biased potentials to balanced and to biased ones again, we 
hypothesized two learning systems. In our model, one learned rules for sensorimotor associations 
by long-term experiences, and the other learned the associations to make short-term rewards as 
much as possible. The former system is implemented in synaptic weights from the PFC to the 
PMd, and the latter is in those from PFC to the basal ganglia (BG) relevant to the reward system. 
We proposed a neural network model that consisted of 5 kinds of layers (PMd, PFC, PPC, BG, 
and M1), adding BG with modified PFC to the previous model of PA (Cisek et al., 2006). Our 
results showed that PFC-PMd learned biased connections heavily weighted on the inferred 
directions to balance the input signals of direction. The reward schedule made PFC-BG system 
contribute to moving towards the direct one to compensate the biased activity from PFC-PMd 
system, and the PA became balanced. After the reward control stopped, the biased potentials 
occurred again because rapidly-updating PFC-BG weights approached uniform in strength. As a 
system’s behavior, the rate of selecting an inferred direction was 72.5% in the biased state, 
48.8% in the balanced one, and finally returned to 61.9%. Our study suggests that two leaning 



systems, long-term sensorimotor associations and short-term adjustments, compete for the 
selection. 
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Abstract: Post-movement activity in the primary motor cortex (M1) has been shown to play an 
important role for the retention of motor memories (Hadipour-Niktarash et al., 2007). Yet, it 
remains unclear whether M1 contributes to memory storage early during visuomotor adaptation – 
when motor commands are adjusting – or late during adaptation – when motor commands tend to 
repeat (Taylor et al., 2014). Hence, the objective of the present study was to determine whether 
the contribution of M1 to the retention of motor memories changes during a practice session. 
A visuomotor adaptation paradigm was used in which participants (n = 55) reached toward visual 
targets while compensating for a rotated visual representation of their hand. Three separate 
groups had to execute a total of 500 reaching movements in which the visual rotation was slowly 
incremented from 1 to 25° in the first 250 trials and remained constant at 25° for the last 250 
trials. A fourth group executed the aforementioned 250 first trials, but the visual rotation 
increased from 25° to 31°, decreased to 19° and increased back to 25° in the last 250 adaptation 
trials. Single-pulse transcranial magnetic stimulation (TMS) was used to disrupt M1 activity 
immediately at movement offset. Participants of the Early TMS group received a TMS pulse 
after each of the first 250 adaptation trials. Participants of the Late TMS and Var TMS groups 
both received a TMS pulse after each of the last 250 adaptation trials. Participants of the No 
TMS group received no TMS pulse. Adaptation was assessed by measuring the direction of hand 
movement at peak velocity and retention was assessed 24h after the initial session. 
Verbal reports after the experiment revealed that none of the participants consciously perceived 
the gradually-introduced visuomotor rotation. Results showed that participants of all groups 
similarly adapted to the visuomotor rotation on the first day (p = 0.48). However, participants of 



the Late TMS group showed impaired retention when compared to the No TMS, Early TMS and 
Var TMS groups (p < 0.05), which did not differ from each other (p > 0.9). This suggests that the 
contribution of M1 to retention is more important during the late phase of adaptation when motor 
commands tend to repeat. 
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Abstract: The human sensorimotor system has a remarkable capacity to adapt to changes in the 
environment. It is generally accepted that adaptation to sensorimotor perturbations takes place 
through an error-based mechanism: a sensory prediction error (e.g., the difference between the 
predicted and the perceived feedback) leads to updates of an internal model, which then modifies 
the control policy to affect subsequent trials. Such an error-based framework suggests that, 
following the experience of an error, one or multiple brain networks process the error and update 
its internal models. Here, we localize the areas that show sensitivity to the presence of errors and 
to their size while controlling for possible online correction confounds. Lying inside a 3T MRI 
scanner (Philips), eleven participants made fast out-and-back reaching movements with their 
dominant wrist. Participants were instructed to position the reversal point of the movement on a 
target. Visual feedback from the cursor was given only at the reversal point. Following a 
familiarization session with no perturbations, visual feedback of the reversal point began to 



rotate with respect to the direction of wrist movement. The perturbation was varied according to 
a random walk algorithm. In 20% of the trials, participants did not receive feedback about the 
reversal point (no error trials). Each participant performed four experimental runs. To extract 
activation patterns on a trial-by-trial basis, a slow event-related fMRI design with ITI of 6-10 
seconds was chosen. Behavioral results show that the random walk perturbation led to 
comparable directional errors throughout the entire experiment. However, the directional errors 
were smaller than the applied rotation, indicating a trial-by-trial adaptation. Furthermore, 
analysis of the trajectories revealed that the participants did not make online corrections or error-
related adjustments between the trials. Contrasts of the error and no-error trials revealed a 
network of areas that include the posterior parietal cortex, primary and premotor cortices, lateral 
occipital areas, and areas in the anterior lobe of the cerebellum. A parametric analysis in search 
of areas that show sensitivity to the size of the error revealed areas in the right premotor cortex 
and in the anterior lobe of the cerebellum. Isolating the error processing component in 
visuomotor adaptation learning is vital for studying the neural networks that are associated with 
the modulation of error sensitivity in face of consistent perturbation and with the retrieval of 
recent motor memories. 
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Abstract: Several studies have shown that brain states before stimulus presentation correlated 
with the performance of memory and cognitive tasks. However, it is still unclear whether brain 
states before performing motor task affects the performance. Moreover, the relationship between 
mental-state, including the motivation and arousal before performing a task, and the performance 
of the motor task is unclear. To address this issue, we performed simultaneous EEG and fMRI 
recording during a visuomotor tracking task in 17 right-handed healthy participants. Participants 
were asked to track a target with a joystick using the left hand. Performance was quantified as 
the distance between the target and the cursor (small distance meaning good performance). EEG 
data were recorded with 32-channel cap. The power in the α and β band were extracted for each 
dataset. Α asymmetry (F3 minus F4) and β/α ratio were used as the parameters of mental-state. 
FMRI data were acquired on 3 Tesla MRI with a head coil and analyzed with AFNI. Α 
asymmetry and β/α ratio were also used as regressors for the fMRI. There was a significant 
negative correlation between the α power at FP2, F4, FC6 and performance(P< 0.001). The α 
power at P3 and Pz and β power at FP1, P4, P7, O1, and Oz were significantly positively 
correlated with performance(P< 0.001). The β/α ratio was significantly correlated with 
performance (P< 0.0005). There was no significant correlation between the α asymmetry and 
performance. Β/α ratio during task preparation was correlated with performance, showed 
significant correlations with fMRI activity in the left paracentral gyrus, pons, the right thalamus 
and the right middle frontal gyrus (unc P<0.001). The fMRI activation in the left lingual gyrus 
was significantly positively correlated with performance (FWE P<0.05). The EEG result showed 
that high power of the α range at the right Brodmann area(BA) 8, 10, and 44, and low power of 
the α range at the left BA39 and the right BA7 and β power at the right BA 17, 39, the left BA 
10, 18, and 37 were correlated with high performance of the task. The high β/α ratio, associated 
with excitement or tense state, was correlated with bad performance. Using regressors of 
performance and the β/α ratio might be able to separate the motor related areas from the mental 
state-related areas. FMRI results showed high brain activity of the left precentral gyrus and pons, 
the right thalamus and the right middle frontal gyrus correlated with high performance related 
mental state and the low brain activity of the left visual cortex correlated with high performance, 
not related mental-state. Interestingly, these areas of fMRI activation were corresponding to the 
EEG activations. 
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Abstract: Seeking reward and avoiding punishment are powerful motivational factors known to 
shape human behaviour. Despite this, little is known regarding their influence on error-based 
motor learning (motor adaptation), traditionally thought as an implicit process unaffected by 
motivational feedback. Recently we have shown a double dissociation where punishment 
accelerated visuomotor (VM) adaptation, whereas reward increased retention (Galea et al., 
2015). However, the underlying neural mechanisms of these effects are not known. We used a 
pharmacological approach to test for the role of dopamine (DA) during adaptation with reward- 
(R) or punishment- (P) based monetary feedback. 
Healthy young subjects performed a VM adaptation reaching task under different feedback 
(R/P/neutral) and drug (levodopa, LD/haloperidol, Halo/placebo, Pl) conditions, in a double-
blind placebo controlled design. Experiment 1 (Exp1) examined whether the positive effect of 
reward on retention could be enhanced by increasing dopamine through LD (100 mg), with four 
groups (n=16 each): reward-LD, reward-Pl, punishment-LD, and punishment-Pl. Experiment 2 
(Exp2) investigated whether the influence of reward could be impaired by blocking DA receptors 
through halo (2.5 mg), with three groups (n=16 each): reward-halo, punishment-halo, neutral-Pl. 
During adaptation, the screen-cursor was rotated 40o clockwise and reward, punishment, or 
neutral feedback was provided (between-subject design). Next, both the perturbation and visual 
feedback were removed to assess retention. This was followed by a washout with visual 
feedback and finally re-adaptation to the 40o perturbation. 
Exp1 replicated our previous results that reward increases retention. Surprisingly, we didn’t find 
any effect of LD, possibly due to the effect of reward not being dopaminergic, or LD being 
ineffective in healthy young participants. The latter would be in line with previous studies, 
reporting a beneficial effect of LD on movement acquisition in elderly but not young subjects 
(Floel et al., 2005 and 2008). Indeed, in Exp2, haloperidol significantly reduced the positive 
effect of reward, with retention being indistinguishable from the punishment and neutral groups. 



Our results support the hypothesis that the dopaminergic system underpins the positive effect of 
reward on motor retention and highlight the behavioural and neurobiological difference between 
reward and punishment-based feedback during motor learning. We suggest that DA stimulation 
(LD) may be still useful to enhance reward-based motor retention when the DA system is 
challenged such as in aging or in stroke (Hosp & Luft, 2013). 
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Abstract: A fast reaction time is essential in many activities of daily living (e.g. reacting during 
driving) and sports (e.g. receiving a tennis serve). The anticipation of an event (stimulus) can 
influence the speed of the reaction time. It is unclear whether specific frequencies in the motor 
output are advantageous for producing faster reaction times. The purpose of this study, therefore, 
was to determine whether reaction time can become faster with the selection of specific 
frequencies during a dynamic force task. Ten healthy young adults (22.4 ± 3.1 yrs, 5 men) 
performed a dynamic force task with the ankle and reacted to a visual stimulus. The target force 
for the dynamic force task was 15% MVC, and each trial lasted 37 seconds. Participants 
fluctuated around the targeted force at a self-selected frequency with an amplitude no greater 
than ± 5% MVC. They reacted to an unanticipated visual stimulus (screen turning green) by 
exerting an ankle dorsiflexion force. Reaction time was quantified as the time interval between 
the stimulus onset and the onset of the tibialis anterior (TA) muscle activity. The frequency 
components of the force output were quantified with a power spectrum 10 seconds prior the 
stimulus onset (0.1 Hz resolution). We considered low-frequency oscillations the frequencies 
below 0.5 Hz. The self-selected oscillatory force frequency during the anticipation of the visual 
stimulus was 0.8 ± 0.48 Hz. Participants who selected lower frequencies exhibited slower 
reaction times (R2=0.46; P<0.05). Similarly, contractions with greater power below 0.5 Hz were 



associated with slower reaction times (R2=0.54; P<0.01). In contrast, greater power in faster 
frequencies (1-3 Hz) was associated with faster reaction times (R2=0.44; P=0.03). These findings 
provide novel evidence that low-frequency oscillations in force (<0.5 Hz) during the anticipation 
of a visual stimulus slow reaction time. Interestingly, low-frequency oscillations in force have 
been associated with greater force variability, and have been viewed as an unwanted signal to the 
motor command. It is possible, therefore, that modulating force at higher frequencies is 
advantageous for producing faster reaction times. 
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Abstract: Essential tremor (ET) is one of the most common form of movement disorders. It is 
characterized by the apparition of postural tremor and intensifies when one tries to use the 
affected muscles. ET typically involves a tremor of the arms, hands or fingers. In the case of 
stronger symptoms, first line medication is beta-blockers such as propranolol or the anti-epileptic 
primidone. Second line medications are the anti-epileptics topiramate, gabapentin and 
levetiracetam given as an add-on therapy with the first line drug. Despite the wide possibility of 
medications, a large number of patients are not adequately relieved. There is therefore an urgent 
need to find new specific treatments for ET. 
The most widely used animal model of essential tremor is generated by the administration of the 
beta-carbolin (harmaline) in mice. Harmaline induces long-lasting tremors in mice by increasing 
neuronal synchrony and rhythmicity in the olivocerebellar system. In this model the classical 
read-out is the recording of tremor frequency that occurs between 8 to 10Hz. 
In this work we investigated the impact of harmaline-induced tremor on cortical, cerebellar and 
thalamic oscillations using quantitative electroencephalography (qEEG), and the sensitivity of 
these activities to the reference drugs. 
We found that administration of harmaline (10, 20, 30mg/kg) in male C57BL/6 mice dose-



dependently increased the cortical power in the 15-60Hz range, along with action tremors. This 
power increase appeared within a few minutes after treatment and remained stable for at least 4h. 
This oscillation was also seen in the thalamus and in the cerebellum along with a strong increase 
of the gamma power for this latter. Pre-treatment with 20mg/kg propranolol, one of the first-line 
medications used in ET patients, 20 minutes before the administration of harmaline 20mg/kg 
strongly attenuated the tremors and reversed the 35-60Hz oscillation to control levels for the 
three structures investigated. 
In this study, we identified specific EEG biomarkers of ET in three different brain structures 
after harmaline injection using qEEG methods. We then showed the pharmaco-sensitivity of 
these EEG biomarkers to several reference drugs used in the clinic. 
The EEG biomarkers identified in the rodent harmaline model might constitute a powerful 
preclinical tool for the drug development for ET. 
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Abstract: A growing body of research in action perception suggests that the parietal node of the 
action observation network has dedicated regions for different classes of actions including 
manipulation, interpersonal, skin-displacing, locomotion, and climbing (Jastorff et al., 2010, 
Abdollahi et al. 2013, Ferri et al., 2015). The aim of the current study is to extend this work with 
two new classes of actions that are communicative in nature. The stimuli are 2.6 sec video clips 
showing a male or female actor performing 3 classes of actions with hands or fingers: (1) direct 



communication, (2) indirect communication, (3) manipulation. Each class has 4 exemplars, and 
each exemplar has 4 variants (16 video clips per action class). The direct communication actions 
include waving, clapping, displaying “no” sign, and displaying “right here” sign, and are targeted 
toward a male or female actor. The indirect communication actions include writing, drawing, 
erasing, and sculpturing, performed on two substrates, sand or dough. The manipulation actions 
are grasping, dropping, dragging, and pushing, and targeted toward a small or a big object. Two 
types of control stimuli are used: static controls (SC), which are static frames from the first, 
middle or last part of each video clip, and dynamic controls (DC), which consist of optical flow 
of each video clip with a noise pattern. 15 subjects were presented the stimuli while they were 
scanned with fMRI. The activation maps for each class were computed by the conjunction of the 
contrasts (action – SC) and (action – DC) (p = 0.01), masked by (action – fixation) (p = 0.01). 
Manipulation actions activate left phAIP, PFt, and PF in parietal cortex consistent with previous 
work. Direct communication actions activate only left PF in parietal cortex, lacking phAIP. 
Indirect communication actions activate not only phAIP and PFt more extensively than 
manipulation actions but also DIPSA and DIPSM in parietal cortex bilaterally. The PFt cluster 
also overlaps with SMG, an area specialized in observation of tool actions (Peeters et al. 2013). 
These results extend previous work on phAIP by suggesting that interaction of hand not only 
with an object (with the goal of displacing) but also with a substrate (with the goal of 
transforming) could activate phAIP, as it is activated in manipulation and indirect 
communication but not direct communication. The results also show that indirect communication 
actions activate right parietal regions as strongly as the left ones unlike manipulation actions. In 
sum, these results are consistent with recent evidence that parietal cortex is activated 
differentially for different action classes. Supported by ERC grant Parietalaction. 
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Abstract: Brain-computer interfaces (BCI) are able to measure brain activation and to generate a 
control signal for external devices in real-time. This is especially well suited for motor 
rehabilitation since motor imagery BCI systems allow to analyze sensorimotor regions of 
patients and can control feedback devices that allow the patient to re-gain motor functions. In the 
current study patients with sub-acute stroke were trained for 25 sessions with 30 minutes each to 
imagine left or right hand movement. An avatar on a computer screen gave the instruction to the 
patients by moving his arms (80 trials left hand movement and 80 trials right hand 
movement).The BCI system was able to analyze the EEG in real-time and triggered a functional 
electrical stimulator of the corresponding left or right hand so that the hand really moved. 
Additionally the Avatar’s hand were moving if the classification results was correctly available. 
The motor function improvements were measured with a 9-hole PEG test. In a chronic stroke 
patient (64 years, Feb 2014 stroke impaired left side, 18 month afterwards participation in the 
study) the 9-hole PEG test showed an improvement of the affected left hand movement from 1 
min 30 seconds to 52 sec after 24 training sessions (healthy right hand: 26 sec). The BCI 
accuracy varied between 70% (session 2) to 98.5 % (session 13). The mean accuracy of the first 
3 sessions was 81 % and of the last 3 sessions was 88 %. Before the training, the patient could 
not lift the arm to feed himself, but after the training the patient was able to reach his mouth. The 
BCI accuracy is a very objective marker if stroke patients are participating in the training task. 
50 % would mean that patients don’t follow (or are not able to follow) the task and the 
experimenter can coach them to improve. Interesting is that the patient achieved a very high 
maximum BCI accuracy and that he could also improve his BCI performance with training 
sessions, which shows motivation. Most important is that within only 25 training sessions the 
motor functions clearly improved. An important strategy is to activate first the motor cortex with 
the imagination. Then the arm is moving which activates the sensorimotor cortex and the patient 
sees also the movement which activates the mirror neuron system. The mirror neuron system and 
the sensorimotor cortex are tightly coupled and this leads to an effective setup. Very important is 
that the system worked also for a patient in a chronic state after the stroke (18 month later). 
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Abstract: Phantom limb pain is neuropathic pain after the amputation of a limb and partial or 
complete deafferentation. The underlying cause of this pain has been attributed to maladaptive 
plasticity of the sensorimotor cortex. However, how sensorimotor activities should be changed to 
reduce this pain has not been determined. Here, we used a brain-machine interface (BMI) to 
induce plastic changes in cortical activity. BMI training of a robotic hand using real-time 
magnetoencephalography (MEG) signals was applied in phantom limb pain patients to evaluate 
the association with changes in cortical information and symptomatic pain. 
We included nine patients with brachial plexus root avulsion and one patient with amputation 
who had phantom limb pain. First, in open-loop conditions, they were instructed to perform 
grasping or opening movements with their unaffected hands during the MEG recording. The 
time-averaged MEG signals were used to train decoders to control the robotic arm in real time. 
The patients were instructed to control the BMI-controlled robotic hand by trying to move their 
phantom hands for 10 minutes while watching the movement of the robot. During this closed-
loop session, the patients tried to improve their performance to control the robot. The phantom 
limb pain was evaluated by a visual analog scale (VAS) and SF-MPQ2. Moreover, the patients 
also performed grasping or opening movements with their phantom hands or unaffected hands 
during the MEG recording before and after the training to evaluate the cortical plasticity 
attributable to training. 
The estimated cortical currents in the contralesion sensorimotor cortex significantly varied 
between the two types of movements (one-way ANOVA). The F-value of ANOVA of the 
sensorimotor cortex was decreased after the training. Also, classification accuracy using the 
cortical currents in the contralesion sensorimotor cortex was significantly decreased after the 
training. Interestingly, the phantom limb pain decreased as the movement classification 
accuracies decreased. 
These results demonstrate a functionally relevant relationship between sensorimotor cortical 



plasticity and phantom limb pain. BMI neurofeedback may become a novel treatment for 
phantom limb pain. 
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Abstract: Brain-machine interface (BMI) or brain-computer interface (BCI) is an interface 
technology that utilizes neurophysiological signals from the brain to control external machines or 
computers. We have developed a P300-based BMI system to support daily activities of persons 
with disabilities, and found that green/blue chromatic and luminance flicker matrices improved 
the BMI performance for able-bodied subjects and spinal cord injury patients (Takano et al, 
2009). We also created a region-based 2-step speller, which has a larger flashing area than the 
conventional visual array, and reported that the two-step procedure provided significantly 
increased accuracy compared with a conventional row/column speller for the amyotrophic lateral 
sclerosis patients (Ikegami et al., 2014). In this study, we applied the region-based 2-step P300 
BMI speller to Duchenne muscular dystrophy (DMD) patients. 
Eight DMD patients (23-38 years old, 8 men), who had not trained in BMI operation before, 



were recruited in this study. The value of the modified Rankin Scale (mRS) was 5 in all patients, 
and tracheostomy were done in 4 out of 8 patients. They were required to input Japanese 
hiragana characters using the region-based two-step P300-based BMI system. We divided 6x9 
matrix into six circled regions including nine characters each. First, each region was individually 
intensified, and the subject attended to the background circle that included the target character. 
When the region was selected, the speller matrix moved to the second step. In the second step, 
each character was intensified within the circled background region, and the subjects then 
selected the target character. The first step used 2x3 regions, and the second step used 3x3 
regions. Eight channel EEG data were recorded, and a linear discriminant analysis distinguished 
the target region that a subject attended to from other non-target regions of the matrix. We 
evaluated their online classification accuracy. 
The mean online accuracy for the 2-step procedure was 70.0% (the first step:91.3%,the second 
step:76.2%). The accuracy exceeded 70% in 4 out of 8 patients without significant training. 
These results suggest that the region-based 2-step speller for P300-based BMI may be beneficial 
for DMD patients. 
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Abstract: Myoelectric decoders have been broadly proposed and used in combination with 
robotic exoskeletons as a tool for the rehabilitation of motor disabled patients. Most of them are 
limited to the classification of discrete movements and some others have shown a modest 
decoding performance of trajectories including very few degrees of freedom (DoFs) of the arm. 
Although it is still not clear to which extent the decoding performance could influence the 
rehabilitation effects of the therapy, it is natural to believe that a higher decoding accuracy may 
establish a more direct and robust link between the movement intention and the response stimuli 
(i.e. the feedback). In a previous study, we demonstrated the viability of a motor rehabilitation 
platform consisting of: i) a set of 10 surface bipolar electrodes placed over the abductor pollicis 
longus, extensor carpi ulnaris and digitorium, flexor carpi radialis, ulnaris and palmaris longus, 
pronator teres, biceps, triceps and anterior, lateral and posterior portions of the deltoid; ii) a 
myoelectric decoder that predicted multi-DoF kinematics based on the input EMG; iii) the IS-
MORE 7-DoF robotic exoskeleton (Tecnalia, San Sebastian, Spain) that moved according to the 
predicted kinematics, providing the subject with visual and proprioceptive feedback. It was 
shown that the ridge regression was a potential algorithm for the EMG-decoding of trajectories. 
However, the non-optimized ergonomy of the exoskeleton and the small number of electrodes 
constituted a limitation to achieve a reliable and accurate EMG-control. In this study, we address 
those issues by optimizing the design of the fingers’ interface of the exoskeleton and by 
recording forearm EMG with high-density electrodes. On the whole, this improved rehabilitation 
system offers the following advantages: i) It allows functional movements involving proximal 
and distal DoFs of the arm; ii) It can continuously map the EMG into multi-DoF kinematics; iii) 
It provides contingent feedback, which might lead to the activation of neuroplastic mechanisms 
restoring motor function; iv) Even severely paralyzed patients without residual movement can 
utilize this system. Here, we test the decoding ability of the system in 6 healthy subjects (age: 
22-29, right-handed) in one session. Participants worn the exoskeleton on their dominant arm 
and were asked to reach different targets while supinating and opening their hand. EMG and 
kinematic data was recorded and the performance of the myoelectric decoder was evaluated 
offline. The performance values will be presented and the potential and applicability of the 
presented rehabilitation system will be discussed based on the results. 
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Abstract: We have developed a wireless earpiece, similar in size to a hearing aid, that allows a 
person with paralyzed upper limbs to control a robotic arm to perform simple functional tasks. 
For example, with a robotic arm attached to their wheelchair, a person living with tetraplegia can 
perform a number of useful tasks such as feeding themselves, opening doors, moving objects 
from one place to another and pouring fluids. This can significantly improve their level of 
functional independence. Although robotic arms that have the appropriate motor capabilities 
have recently become available commercially, a major barrier is for a paralyzed user to transmit 
his/her voluntary intention to the robot’s control system. 
One approach that has caught the imagination of the public and that has become a major research 
focus around the world is to use neural signals recorded from the brain that are correlated with 
intentional movement (brain machine interfaces). Non-invasive EEG signals recorded from the 
scalp have been studied, but they tend to be too noisy and variable for this purpose. Multi-
electrode recording arrays have been implanted in the cerebral cortex of a number of people with 
tetraplegia. The recorded neuronal activity has enabled remarkably good control of a robot arm 
in some cases, but these systems require invasive surgery, with a significant risk of infection. 
They are also very expensive and so far they have stopped working reliably after a year or two. 
We have pursued an alternative, non-invasive and affordable approach by modifying a wireless 
earpiece that is currently used to control a wristlet that delivers electrical stimulation to the 
muscles that open and close the hand (Prochazka (2005, 2016)). The new earpiece detects head 
movements, humming and tooth-clicks to generate signals that control the position of a robot 
arm’s hand, pronation-supination, flexion-extension and opening and closing of the hand’s 
gripper. The control scheme has been verified on a Kinova Jaco robot arm. Human testing is 
scheduled for mid-2016. 
Prochazka, A. (2005) US Patent 6,961,623. 
Prochazka, A. (2016) Neural Prostheses for Neurotrauma. In: Translational Neuroscience. 



Fundamental Approaches for Neurological Disorders, ed. Tuszynski, M.H. NY: Springer, p. 457-
478. 
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Abstract: Recently, the ability of non-invasive Brain-Computer Interface (BCI) to control an 
exoskeleton was used for motor rehabilitation in stroke patients (Ramos-Murguialday et al., 
2013) or as an assistive device for the paralyzed (Turner et al., 2013). However, there is still a 



need to create a more reliable non-invasive BCI that could be used to control several degrees of 
Freedom (DoFs) to improve rehabilitation results (Ueki et al., 2012). Decoding different 
movements from the same limb, high accuracy and reliability are some of the main difficulties 
(non-psychological like user acceptability) when using conventional EEG-based BCIs. 
We acquired EEG data in 9 healthy participants during three-dimensional (3D) center-out arm 
reaching tasks in 4 non-consecutive sessions and decoded 6 different functional movements 
performed with the same limb. Six functional movements consisted of reaching to each of four 
targets, backward movement, and rest. Furthermore, we investigated the influence of 
recalibrating the generated classifier with data from the same and previous sessions to improve 
stability and reliability of the decoding. Therefore, we used a multiclass extension of the Filter 
Bank Common Spatial Patterns (FBCSP) to define the features for three frequency windows (7–
15 Hz, 15–25 Hz, and 25–30 Hz) and a linear discriminant analysis (LDA) as classifier. Artefacts 
were removed from the EEG data to avoid muscle or eye movement bias during the decoding. 
We decoded 3, 4 and 6 behavioral movements separately to compare decoding results, assuming 
60% as an acceptable performance for online use of the system. 
We obtained average decoding accuracies above 66% for 3-classes, 62% for 4-classes, and 50% 
for 6-classes. Decoding accuracy was increased for 3-class and 4-class if data from previous 
sessions and some minutes from the beginning of each session were used to retrain the classifier. 
References: 
Ramos-Murguialday, A., Broetz, D., Rea, M., Läer, L., Yilmaz, Ö., Brasil, F. L., . . . Birbaumer, 
N. (2013). Brain–machine interface in chronic stroke rehabilitation: A controlled study. Annals 
of neurology, 74(1), 100-108. doi: 10.1002/ana.23879 
Turner, D. L., Ramos-Murguialday, A., Birbaumer, N., Hoffmann, U., & Luft, A. (2013). 
Neurophysiology of robot-mediated training and therapy: a perspective for future use in clinical 
populations. Frontiers in neurology, 4(184). 
Ueki, S., Kawasaki, H., Ito, S., Nishimoto, Y., Abe, M., Aoki, T., . . . Mouri, T. (2012). 
Development of a hand-assist robot with multi-degrees-of-freedom for rehabilitation therapy. 
Mechatronics, IEEE/ASME Transactions on, 17(1), 136-146. 
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Abstract: This paper presents a new noninvasive brain-robot interface system for control of two 
degrees of freedom robot through motor imagery EEG signals. Signal classification is based on 
optimized Support Vector Machine (SVM) by Particle Swarm Optimization (PSO) algorithm. 
EEG signals of FC3, C3, CP3, FC4, C4 and CP4 Channels that are related to hands movement as 
well as Cz and FCz channels that are related to feet movement are considered. Radial basis 
function (RBF) and penalty functions of SVM are optimized through PSO algorithm. For 
validation of SVM-PSO classifier, the EEG signals are collected from two databases: PhysioNet 
and BCI Competition III, then features including Power Spectral Density (PSD) and wavelet 
parameters are used as the input of the classifier. By comparing the results of the SVM and 
SVM-PSO classifiers, is concluded that performance of classifier in terms of accuracy is 
increased through PSO algorithm. SVM-PSO classification accuracy for wavelet and PSD 
features are obtained 81% and 92%, respectively. The best algorithm is used to control a two 
degrees of freedom (one for left and right hand movements and the other for left and right foot 
movements) robot experimentally. It shows the applicability and effectiveness of proposed 
method for high accuracy brain-robot interface systems. 
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Title: Chinmotion: preserved sensorimotor pathways rapidly enable 3d computer interaction 
after tetraplegia 
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Abstract: Current hands-free machine interfaces lack effective kinaesthetic feedback, preventing 
fast and accurate multidimensional prosthetic control. We developed an open-source wearable 
interface (ChinMotion) which non-invasively transforms chin, lips and tongue motion of people 
with tetraplegia into intuitive and accurate 3-D control commands. 
To test ChinMotion we examined point-and-click performance of eight individuals with severe 
tetraplegia and eight uninjured aged-matched controls participating in a centre-out-centre reach-
and-click task. Performance was estimated using Fitt’s law and standard measures of speed and 
accuracy (ISO9241-9) allowing for comparison with current mainstream input devices and state-
of-the art hands-free body- and brain- machine interfaces. On the first session using ChinMotion, 
the throughput of uninjured controls (0.54±0.05 bits/s, bits per second) and individuals with 
tetraplegia (0.55±0.07 bits/s) were similar, suggesting comparable target selection times across 
the range of target difficulties tested (p>0.05, Wilcoxon rank – sum test). Notably, the error rates 
of uninjured controls (18.4±3.8%) and individuals with tetraplegia (22.0±5.6%) were also 
comparable (p>0.05, Wilcoxon rank – sum test), suggesting similar accuracy across groups. 
Within the same session, we also tested 3-D prosthetic control in a centre-out-centre reach-and-
hold task. Participants moved a virtual robotic arm from a starting location and held its endpoint 
within the volume of an instructed target for 1 second. They then moved back, holding at the 
starting location for another second. Here, we found that all participants autonomously controlled 
the arm with 100% success rates. Furthermore, uninjured controls and individuals with 
tetraplegia completed the task at comparable speeds, requiring average trial completion times of 
17.5±2.6 and 22.5±3.5 seconds, respectively (p>0.05, Wilcoxon rank – sum test). 
Our results demonstrate that preserved sensorimotor pathways in the face offer a reproducible 
avenue towards the restoration of rapid and precise 3D computer interaction after severe 
paralysis. Coupled with advances in wearable flexible electronics and rapid-prototyping 



methods, we hope that this approach will pave the way for a new generation of mainstream 
wearable control interfaces which are likely to be the most plausible option to restore 
independent function for the majority of individuals with paralysis. 
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Abstract: In the path to take Brain-Computer Interfaces (BCIs) outside of the laboratory 
domain, their bulkiness and discomfort in wearing still poses a significant problem. Today, BCIs 
are being used in diverse applications ranging from emotion recognition and mental disorders to 
gaming. Yet, the spatial resolution we get in EEG is poor and hence there are no "into the wild" 
i.e. real-world applications of the same. Moreover, the experiments being done in these areas are 
restricted to well-controlled laboratory environment only. This combined with the discomfort in 
using BCIs poses a significant limitation in developing BCIs for real-world applications. We 
designed a multi-modal biosensing system that can reliably measure EEG, ECG, GSR and other 
bio-sensing markers along with eye-gaze layered over the world’s view of the subject. The 
system is wireless, wearable, comfortable, scalable and cost-effective. In addition to this, it can 
be custom modified as per the bio-sensing needs of the study such as changing the BCI to utilize 
more modalities or include EOG, EMG sensing. The system employs a world camera and an eye 
camera mounted on a sunglasses frame. The world camera captures subject's view of the world 
whereas the eye camera is Infrared based and is used to detect the center of the pupil. In this 
manner, location of the pupil in the eye camera frame is mapped to gaze position in the world 
camera frame after proper and user-friendly calibration before starting the experiment. Each 
video frame from the camera has a unique ID associated with it that helps in synchronizing the 
eye-gaze overlaid video with the time-stamped data from other bio-sensors. Using the eye-gaze 
information overlaid on the world view allows us to pinpoint events in the world to which the 
subject responds leading to changes in the biosensing data. The system transmits videos and 
physiological data streams from all the sensors wirelessly in real-time and synchronizes them. 



Synchronization is done by time-stamping every packet data stream for each sensor in a wearable 
computer (Raspberry Pi3) and then sent to a host computer over Wi-Fi for processing. The 
designed system is being tested on experiments that invoke different emotions (both positive and 
negative valence) in the subject outside of the laboratory setting. The system is expected to 
facilitate inter-disciplinary research in the neuroscience community. 
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Title: BCI-based sensorimotor rhythm training can affect individuated finger movements 
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Abstract: Brain-computer interface (BCI) technology can restore communication and control to 
people who are severely paralyzed. BCI technology might also be able to enhance rehabilitation 
of motor function (Lancet Neurology 7:1032-43, 2008). Toward this end, we are exploring in 
adults without motor impairment the possibility that training pre-movement sensorimotor rhythm 
(SMR) activity in the EEG over contralateral sensorimotor cortex can affect the performance of 
individuated finger movements. 
In Phase 1, the subject performs a go-nogo task in which flexion of the index and/or middle 
fingers is cued during a warning phase by the colors of two circles on a video screen and then 
triggered by change in circle color. EEG activity for the period between the two cues is analyzed 
to identify SMR features (i.e., amplitude in specific mu (8-12 Hz) or beta (18-30 Hz) frequency 
bands at specific locations over contralateral sensorimotor cortex) that best predict movement 
performance, defined as the imperative stimulus condition. In Phase 2, the subject is trained to 
increase or decrease this feature. In Phase 3, the subject is instructed to increase or decrease this 
SMR feature prior to finger movement, and the impact of pre-movement SMR amplitude on 
movement performance is assessed. 
In five subjects studied to date, appropriate SMR features have been identified in Phase 1. Four 



subjects have learned to increase its amplitude in Phase 2. Two subjects have completed Phase 3. 
In both, pre-movement SMR amplitude affected finger movement performance. 
These initial results are consistent with our previous work (Clinical Neurophysiology, 122:1820-
1826, 2011; Journal of Neural Engineering, 12:066021, 2015) indicating that decreasing SMR 
amplitude during movement preparation can improve performance. They suggest that this 
finding also applies to individuated finger movements. Incorporation of pre-movement SMR 
training into rehabilitation protocols may be able to enhance functional recovery after stroke or 
other disorders that cause paralysis. 
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Title: Comparison of four control methods for a five-choice assistive technology 
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Abstract: Motor impairments may affect the ability to communicate, and assistive technologies 
can restore the ability to communicate. We investigated four technologies that can be used to 
control assistive devices: visual, tactile and auditory P300 brain-computer interfaces (BCIs) and 
an eye-tracker. Both visual P300 BCIs and eye-trackers offer high communication speeds 
whereas auditory and tactile BCIs can be used by end-users with visual impairments. In this 
study we investigated a scenario of selection from five choices with a sample of healthy controls. 
Eleven healthy controls were recruited (six female, mean age 32.2 years). We configured a 



BCI2000 five choice task for control with visual, auditory or tactile P300 BCI or a Tobii Eye-X 
eye-tracker. The visual P300 BCI used face stimuli, the auditory P300 BCI used Japanese 
Hiragana syllables and the tactile P300 
BCI used a stimulator on the small left finger, middle left finger, right thumb, middle right finger 
and small right finger. The eye-tracker required a dwell time of three seconds on the target for 
selection. Participants were asked to select the five possible choices (the vowels a, i, e, o, u) four 
times (total 20 selections). Ac- curacies for the P300 BCIs were recalculated offline to determine 
the maximum speed with shrinkage linear discriminant analysis (LDA). Information transfer 
rates (ITRs) for the eye-tracker were calculated on basis of the total time needed to select all 
letters because the selection time varied from letter to letter. 
We calculated accuracies and ITRs for each control method, and accuracies of 96.3% were 
achieved with the visual P300 BCI, of 69.1% with the auditory BCI, of 76.9% with the tactile 
BCI and of 100% with the eye-tracker. Corresponding bitrates were 21.1 bits/min with the visual 
P300 BCI, 2.2 bits/min with the auditory BCI, 2.2 bits/min with the tactile BCI and 27.2 bits/min 
with the eye-tracker. 
Both visual P300 BCI and eye-tracker can provide very high communication speeds in this task 
with a sample of healthy participants. Even though the accuracy of the tactile BCI was higher 
than that of the auditory BCI the ITRs were identical due to the shorter selection times of the 
auditory BCI. We will in- vestigate further with various end-users with motor impairments in 
which scenarios the use of eye-trackers and in which the use of BCIs offers the greatest 
advantage. 
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Title: Learning arm movements instructed by a robotic system during motor imagery 
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Abstract: Assuming that human motor learning performance depends on brain states, we can 
probably develop an efficient training system to enhance motor skills by monitoring brain 
activities. In this study, through proprioceptive inputs without visual feedback, we investigate 
how motor learning performance depends on a subject’s brain states. 20 healthy, right-handed 
subjects learned an arm movement on the horizontal plane by the guidance of a two-degrees-of-
freedom parallel link manipulandum. Brain activities were simultaneously measured using an 
electroencephalogram (EEG) while a subject’s left hand was moved by the manipulandum. All 
the subjects were instructed to memorize the guided hand trajectory while their hands were 
moved. Then, they tried to reproduce the instructed arm movement by themselves to evaluate the 
learning performance. In this period, the manipulandum measured the position and the velocity 
of the subject’s hand. During the learning and reproducing sessions, the subjects were unable to 
see their current hand position. We evaluated the motor learning performance based on the 
average distance error between the subject’s hand trajectory and the instructed target hand 
trajectory. We found that the learning performance significantly improved when the subjects 
performed motor imagery of the arm movements compared to when they failed to do so in the 
learning session, indicating that preparing a brain condition enhances motor skill improvement. 
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Abstract: A P300-speller BCI system makes the assumption that the actual P300 signal is buried 
in noise, therefore the average over many repetitions of the experiment is used to increase the 
signal to noise ratio. Although different classification methods are used to learn the distribution 
of the data containing P300 and non-P300 potentials, traditionally the coefficients of the 
classifier are learned to use single trial samples but tested using averages of the single trials. This 
cause the performance of the classifier to be sub-optimal and retraining the classifier with the 
average of single trials is a difficult task, given that the number of samples to learn from is small 
and the number of features remains constant. In this work, we first show how the performance of 
the classification task (detecting P300 vs Non-P300) is sub-optimal in the traditional approach, 
and we propose a bootstrapping method to re-sample from the original training data to retrain 
effectively a linear kernel Support Vector Machine (SVM) classifier using subgroups of single 
trials. The results show that the classification performance of the proposed method in terms of 
Cohen’s Kappa (needed because of the unbalance in the class labels) is superior to the results 
obtained using traditional methods. 
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Abstract: Recent studies suggest that brain-machine interface (BMI) therapy for chronic stroke 
patients with severe motor paralysis is effective to improve their hand motor function. In the 
current study, to evaluate the effect of BMI therapy on shoulder motor function, we developed a 
novel BMI system using motor imagery of elevation of the shoulder girdle. Physiologically, the 
corticospinal tract (CST) projecting for proximal arm muscles is known to innervate bilaterally 



from the hemispheres (Rosenzweig et al., 2009). In addition, in stroke patients the excitability of 
the unaffected hemisphere increases with motor recovery of the ipsilateral (i.e., paralyzed) 
upper-limb (Luft, et al., 2004). Therefore, we developed a BMI system that the exoskeleton robot 
assisted elevation of the shoulder girdle when ipsilateral event-related desynchronization (iERD) 
of electroencephalogram (EEG) was detected in the unaffected primary sensorimotor cortex 
(M1). We investigated neurological effects of the developed BMI intervention, by employing an 
ABAB experimental design to a severe stroke patient (N = 1). The epoch A was a control 
condition, where the patient received robot assists on the paralyzed shoulder and an electrical 
stimulation (ES) to the anterior-deltoid during motor imagery in all trials. In contrast, the epoch 
B was a BMI condition, where the patient received robot assists and ES only when BMI detected 
iERD during motor imagery. Both epochs lasted for successive 5 days, consisting of 8 motor 
imagery sessions (100 trials / session), 1 clinical evaluation session and 1 session of occupational 
therapy. During the clinical evaluation session, we measured clinical assessment scores, the 
range of motion (ROM) during active and passive elevation of the shoulder girdle, 
electromyogram (EMG) in the anterior-deltoid of the paralyzed arm, motor-evoked potentials 
(MEPs) obtained by transcranial magnetic stimulation to the shoulder hotspot in the M1 during 
elevation of the shoulder girdle in the paralyzed arm. Amplitudes of EMG in anterior-deltoid and 
the ROM during motor execution improved significantly before and after all the interventions (p 
< 0.05). MEPs in the BMI epoch tended to be larger than in the control epoch. Fugl-Meyer 
Assessment scores increased before and after all the interventions. These results indicate that 
BMI therapy using iERD may enhance the excitability in the ipsilateral CST, and resulted in the 
improvement of clinical assessment scores, ROM, amplitudes of EMG and MEPs. Hence it is 
conceivable that the BMI therapy using iERD for the functional recovery of elevation of the 
shoulder girdle is effective for severe stroke patients. 
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Abstract: Introduction: Motor imagery- based BCIs (MI-BCIs) allow detection of neural 
activity associated with motor imagery that can be used for rehabilitation purposes. The 
knowledge about the cortical correlates of MI contributing to the optimal MI-BCIs performance, 
therefore, is of high importance. Nevertheless, there is discrepancy in currently existing findings 
concerning neural substrates of MI. To alleviate this discrepancy, we aimed to use 
neurophysiological techniques, such as magnetoencephalography (MEG) electrocorticography 
(ECoG) during real movement (RM) and motor imagery (MI) tasks. Moreover, behavioral 
factors contributing to the observed MI-related cortical activity were explored. 
Methods: The MEG part of the study was performed in 4 healthy subjects (3 males, average age 
23 years, SD 3). The ECoG part of the study was performed in 5 patients with pharmacoresistant 
epilepsy (2 males, average age 25 years, SD 15), undergoing evaluation for epilepsy surgery with 
implanted ECoG electrodes. The recording of electric (ECoG) and magnetic (MEG) brain 
activity was performed during the RM task and MI task of opening and closing their hand. 
Vividness of visual imagery questionnaire (VVIQ) was used to evaluate behavioral correlates of 
motor imagery in healthy subjects. 
Preliminary results: The MEG data from healthy volunteers, and the ECoG data from patients 
shared common patterns. For example, the detected task-associated changes in MEG/ECoG 
signals were less robust during MI when compared to RM. However, some differences were 
observed as well. ECoG findings demonstrated that the cortical MI-related activations differed 
from those related to RM. Moreover, MI-related cortical activations were more widespread 
compared to focal RM-related activations. Although hand motor activation during RM was 
clearly localized in the primary motor cortex (M1) in all 5 patients, the MI-associated cortical 
activation was not universal. Only 2 from 5 patients exhibited the same M1 activation during MI 
as observed during RM. Other than primary motor cortex activations included pre-frontal, frontal 
and parietal areas. 
Conclusions: Combining information from invasive and non-invasive imaging modalities can 
provide important insight into the neural origins of MI: they are not universal and might vary on 
individual basis. The assessment of individual MI-related cortical activation patterns and 
utilizing them to improve MI-BCI performance are warranted. The utilization of signals from 
MI-related substrates different than M1 can be of high importance for MI-BCI-based 
rehabilitation of patients with damaged/affected M1. 
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Abstract: Brain machine/computer interfaces (BMI/BCI) are an exciting novel area of research 
pursuing the development of direct modes of communication between humans and computer 
devices supported directly by the neural activity in the brain. In recent years significant 
achievements had been demonstrated in this area including advanced control of a robotic 
manipulator by a fully paralyzed quadriplegic patient by using microelectrode arrays embedded 
into the patient’s brain. Noninvasive electroencephalographic (EEG) BMI/BCI had also 
demonstrated significant progress for certain applied tasks including interactions with computer 
programs and control of robotic systems such as a motorized wheelchair. Here we describe our 
progress directed at an implementation of a slow motor cortical potentials-based EEG BMI/BCI 
and report an extensive survey of the characterizations of EEG signal’s properties of interest for 
EEG BMI/BCI applications. These include the spatial and the temporal properties of the EEG 
signal, autocorrelation and cross-correlation properties of the EEG signal across EEG electrodes, 
characterization of the EEG signal’s statistical distributions and auto-regressive properties. We 
also study the properties of the EEG signal in frequency domain up to very high frequency bands 
of 500 Hz, and describe the impact of factors such as time and voltage resolution on the machine 
interpretability of the EEG signal. Finally, we demonstrate our offline and online classification 
of EEG signals within the BMI/BCI framework consisting of classical hand, leg and tongue 
movements imagery as well as the imagery of single hand’s fingers movements and spelling of 
vowel and consonant sounds. Our results offer a wealth of new quantitative information about 
the key properties of the electroencephalographic signal as well as help inform future EEG 
BMI/BCI designs. 
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Abstract: Brain-computer interfaces (BCIs) can restore communication and control to people 
with severe motor disorders such as amyotrophic lateral sclerosis (ALS) (e.g., Sellers et al., 
Amyotroph Lateral Scler. 11:449-55, 2010). However, visual impairments (e.g., ptosis, diplopia, 
nystagmus) prevent many such individuals from using a vision-based BCI (e.g., McCane et al., 
Amyotroph Lateral Scler Frontotemporal Degener. 15(0): 207-215, 2014). Prior work indicates 
that a closed-eye SSVEP might be a solution for these individuals (e.g., Lim et al., J Neural Eng. 
10:026021, 2013). In initial work with four healthy subjects, we found that a binary control 
signal could be derived with 86%(13%SEM) accuracy from EEG steady-state visual evoked 
potentials (SSVEPs) recorded when different flash frequencies were presented to closed left and 
right eyes. This used 5 seconds of EEG signals recorded from 8 locations (PO7, PO3, POz, PO4, 
PO8, O1, Oz, O2). We now seek to confirm and extend these results to the target population (i.e., 
people with severe motor impairments and compromised vision). Our system delivers SSVEP 
stimuli and records EEG signals from 16 locations (F3, Fz, F4, T7, C3, Cz, C4, T8, P3, Pz, P4, 



PO7, PO8, Oz) and can be used at the bedside. It uses custom eyeglasses with embedded LEDs 
for stimulus delivery and BCI2000 for EEG recording. In studies to date, five subjects (one with 
ALS) performed 10 trials each. Each trial required the subject to attend to the left eye for 10 sec 
and then the right eye for 10 sec while the two stimulation frequencies (between 23Hz (f1) and 
31Hz (f2)) flashed simultaneously. We analyze the EEG data for each 10-sec period to determine 
which of the two eyes (i.e., which stimulation frequency) the subject was attending. EEG is 
band-pass filtered into 0.4 Hz wide bands centered on the stimulation frequencies and their linear 
and non-linear harmonics (i.e., f1, f2, 2*f1, 2*f2, f1+f2, |f1-f2|, etc.). We derive a linear classifier 
using a regularized least-square fit to determine the relationship between the spectral power in 
these bands and the attended eye. The results to date show that the spectral power of the EEG 
increases for the attended frequency band (and its linear and non-linear harmonics) and decreases 
for the unattended frequency band (and its linear and non-linear harmonics). The accumulated 
output of the linear classifier predicts the eye attended with 100% accuracy in under 6 
sec.(average time 3.6(SE .93)sec). These initial results suggest that, with further development, an 
eyes-closed SSVEP-based BCI could prove useful for people with severe neuromuscular 
disorders and impaired vision. 
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Abstract: Introduction After paralysis, the reduction in sensory and motor engagement leads to 
alterations of the sensorimotor system. This plasticity has been characterized with neuroimaging 
in individuals with spinal cord injury (SCI). However, it is unclear how chronic paralysis alters 
sensorimotor rhythms (SMRs) associated with attempted movement of paralyzed limbs. A better 
understanding of how SMRs change with paralysis will benefit our understanding of the brain 
and help in the development of rehabilitation strategies, such as brain computer interfaces that 
use SMR to control devices. 
Methods We compared the modulation of SMRs during attempted and imagined hand grasping 
by 12 participants with partial or complete hand paralysis due to SCI and 13 able-bodied 
controls. Participants with SCI were grouped by whether or not they had some intact volitional 
hand-muscle activity during attempted grasping (n = 7 had EMG activity). Cortical source 
imaging from magnetoencephalography was used to quantify SMR desynchronization in the mu 
band (8 - 13 Hz) within contralateral S1 and beta band (15 - 30 Hz) in contralateral M1. 
Results Peak modulation and area of activity were significantly decreased in the mu and beta 
bands during attempted grasping for individuals without volitional muscle activity compared to 
those with some intact muscle activity and able-bodied controls. However, no differences were 
found between subject groups during mentally simulated motor tasks (i.e. imagery) where no 
sensory consequences were expected from the task. 
Conclusions These findings suggest that individuals with severe deafferentation have less SMR 
modulation than people with some intact task-relevant somatosensory and motor capabilities 
when attempting tasks where sensorimotor consequences are expected. However, during 
imagined motor tasks when no somatosensory feedback is expected, there are no significant 
differences in the modulation of SMR between paralyzed and able-bodied groups. These results 
provide evidence that SMR activity is dependent on the level of intact function after 
deafferentation. A better understanding of how cortical activity changes after paralysis can help 
in the development and evaluation of new therapies, such as motor imagery and neurofeedback 
interventions. 
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Abstract: Brain-Computer Interface (BCI) devices create an alternate means of control and 
communication for those with severe motor impairment. Non-invasive BCI methods use EEG 
detected neural activity as control signals of external devices or computers, bypassing manual 
motor control. Mu rhythm, a sensorimotor rhythm that is synchronized or desynchronized in 
response to imagined movement or rest, can be controlled by the participant through biofeedback 
training. Due to the wide range of imagined motor activities that can be detected across the 
sensorimotor cortex, mu rhythm (8-13 Hz) has been particularly useful for a variety of diverse 
BCI applications. While BCIs continue to develop, most of this research has focused on creating 
technologically sound systems with improved signal acquisition features, with little work 
investigating how to improve participant control of the neural signals. In addition, it is important 
that the participant be able to control mu, as opposed to producing a strong signal for a minimal 
period of time, in order to maximize the usefulness of the mu-based BCI device. In the current 
study we focused on participant-oriented research that aims at testing and improving BCI user 
training procedures, accuracy, and consistency. By creating a novel bilateral mu-based BCI 
system that is based on motor imagery versus relaxation, we have attained stronger signals and 
better control. In addition, we have created a BCI targeting game which serves as a motivating 
factor for participants, in addition to testing their range of control and consistency. We have 
found that a single training session is just as effective as individual training sessions over a 
period of three successive days, suggesting the possibility for rapid training on the mu-based BCI 
device. By examining different types of individualized instruction and continuous neural control 
in a gaming environment, we found that 91% of participants learned successful control of the 
device when provided with individualized instructions as opposed to 50% of control participants. 
The results of this study show that continued research towards improving participant success and 
accuracy are bringing the BCI community increasingly closer to creating a system that could be 
used outside of the laboratory. 
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Abstract: Previous work has shown that individuals with amyotrophic lateral sclerosis (ALS) 
may experience cognitive impairment and ocular dysfunction that prohibit effective use of visual 
P300 spellers. Two paradigms have been proposed to combat each of these limitations. In this 
study, we test the quality of evoked potentials using a classic checkerboard speller, one modified 
with the use of flashing face stimuli, and one with items presented sequentially in a single 
location (Rapid Serial Visual Presentation (RSVP) speller). The hypothesis was that those with 
cognitive limitations, specifically in the realm of attention, would produce an enhanced response 
in reaction to face stimuli, while those with slow or impaired ocular control would fare better 
with the RSVP speller. These three spellers were tested in 13 patients with ALS and 10 age, 
gender, and education matched controls using an electroencephalogram(EEG)-based P300 
speller paradigm implemented in the BCI2000 programming environment. EEG recordings were 
performed with g.tec’s gUSBamp system and eye position measured with Tobii’s EyeX tracker. 
Patients tended to have higher incidence of self-reported double and blurry vision (four patients 
vs. one control). They also tended to have longer reaction times to visual targets. Although no 
group-wide differences in the precision of eye tracking were evident, those for whom eye 
tracking performed poorly tended to be patients with poor eyelid control or head positioning. Of 
the three spellers, flashing faces produced the highest online accuracy. For this task, patients who 
had better fixation to the target produced a stronger evoked response 250-500 ms following 
target presentation (R2 = .63, p = 0.003), supporting the case that these early potentials are reliant 
on vigilant fixation. Among patients, online accuracy for the two grid-based spellers was reduced 
with age. All of the spellers generated P300 evoked potentials of lower quality in individuals 
with cognitive and behavioral impairments. These effects were strongest in the classic speller 



(R2= .67, p = 0.007 and R2= .70, p = 0.005, respectfully). These results indicate that face stimuli 
may better serve patients with cognitive limitations compared to either an RSVP speller or one 
with classic visual stimuli. Further work will strengthen these results with additional data, further 
analysis of group and individual trends, as well as identification of the role, if any, of ocular 
control in the utility of the three spellers. 
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Abstract: As neural prostheses evolve and become more widespread new approaches are being 
developed to more naturally control the devices. Much research has focused on brain-computer 
interfaces. We are investigating the use of EMG as the control signal. When electrical 
stimulation is used there are large electrical artifacts in the EMG signal. We use inter-muscular 
coherence analysis to extract neural signals that are not related to the stimulation. Methods. All 
experiments were performed with the approval of the University of Saskatchewan Human Ethics 
Research Board and subjects gave written, informed consent prior to participation. 20 subjects 
took part in one of 2 studies (10 per group), one examining static contractions of the upper limb 
and one leg muscles during walking. EMG activity was recorded using surface electrodes. 
Stimulation was applied using a constant current stimulator at 0.9, 1.0 and 2.0 times sensory 
threshold and 1 and 2 times motor threshold. Stimulation was applied at the subject’s peak 
frequency of coherence, and 1/10th that frequency. EMG signals were amplified, filtered and 
digitized (Signal, Cambridge Electronic Design) before being processed in the Matlab 
environment (The Mathworks), using routines based on Neurospec 2.0 (www.neurospec.org). 
Results. Subjects showed coherence in the Beta band in the absence of stimulation. The peak in 
the coherence spectra showed little variation between days. Stimulation at low frequencies, 1/10 
peak coherence frequency, had no effect on the beta band coherence spectra. When stimulation 
was applied at the higher frequency, but less than twice sensory threshold, there was an increase 



in the size of the coherence peak. At higher stimulation amplitudes, a 2nd peak in the coherence 
spectra was present, at a frequency close to, but not at, the stimulation frequency. Discussions. 
The study indicates that EMG-EMG coherence may be a control source for neural prostheses, 
and demonstrates the short term plasticity of the nervous system. 
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Abstract: Exoskeletons and functional electrical stimulators have drawn attentions as 
alternatives to wheelchairs. While these devices are controlled by switches on crutches or trunk 
movements, we aim to develop a control strategy based on a brain-computer interface (BCI). 
Several BCI studies have demonstrated control for virtual avatars and motorized ankle-foot 
orthosis, for walking and idling tasks. Our approach in this research is the reconstruction of 
muscle activity from ankle flexors and extensors using non-invasive methods. For this purpose, 
first Electroencephalography (EEG) cortical current sources (CS) were estimated from fMRI and 
EEG applying a Variational Bayesian multimodal-encephalography method (VBMEG), and then 
muscle activity was reconstructed using a Sparse Regression method (SPR). 
The experimental tasks in the fMRI/EMG and EEG/EMG experiments included ankle flexion 
and extension at low and high force levels. The fMRI experiment was performed in a 3T 
Siemens Verio MRI scanner at the National Center of Neurology and Psychiatry. The EMG data 
in this experiment was used to check if participants performed the tasks properly. EEG was 
recorded by a BIOSEMI Mark II system using 32 channels. The EMG data was used for the SPR 



machine learning. 
In the VBMEG method, first a leadfield matrix was computed from EEG sensor positions, 
equidistantly distributed vertex positions on the cortex, and border coordinates of scalp, skull, 
and cerebrospinal fluid. Then, the activation area information obtained from the fMRI data, using 
a general linear model analysis in SPM software, was applied as prior to compute an inverse 
matrix and the CS. 
Muscle activities were reconstructed with SPR using 12 combinations, i.e., high-force right 
flexion vs high-force left flexion, etc. One of the results for 5 subjects is shown in the figure. For 
each subject, 71 CS (SD ±3) were estimated. The left flexor activity was best reconstructed from 
CS than from EEG (R2 mean: CS 0.54, EEG 0.40; p < 0.05). Results varied largely for the 
extensors probably due to the co-contraction level in extensors during the flexion tasks. 
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Title: Viewing lateralized mu-band power to help train motor imagery in EEG-based BCI 
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Abstract: Brain computer interfaces (BCI) are systems that directly interpret neural signals from 
the brain when peripheral input is not available. Motor imagery is one common paradigm in 
EEG-based BCI’s where the subject is instructed to imagine moving his left or right hand to 
perform a task: e.g., move a cursor on the screen to the left or right. This results in endogenous 
desynchronization in the mu frequency band, 8-13 Hz, and beta frequency band, 14-30 Hz, that 
is somewhat lateralized over the contralateral motor cortex; however, the subject usually needs 
training to be able to reliably generate machine discriminable signals and effectively control a 
BCI. 
Most motor-imagery training involves providing feedback of a classifier output which is usually 
computed from a difference between the signal for right hand and left hand motor imagery. Some 
innovative work has trained subjects using visualization of cortical activations [Hwang et al, 
Journal of Neuroscience Methods, 2009; Mercier-Ganady et al, IEEE Virtual Reality, 2014; Frey 
et al, 27th annual ACM symposium, 2014]. Motivated by the work of Jeunet et al [6th 
International BCI Conference, 2014], we propose a simple paradigm that provides access to the 
underlying lateralized desynchronizations in mu-band power rather than the processed difference 
computed by the classifier. (We are not currently using the beta frequency band as this range can 
be highly contaminated with muscle artifacts making it difficult to provide reliable feedback 
without major processing of the signal.) Our paradigm accomplishes this goal without requiring 
the computational and visual complexity of visualizing cortical activity. We instruct the subjects 
to maximize the power differences between the signals on electrodes over the right and left 
motor cortices. The output which is presented as two bars on the screen, shows the cortical 
power on each side after short trials of motor imagery. Our results show that providing the inputs 
to the classifier (i.e., the power of the signals from each side) as opposed to the classifier output 
decision, provides a more informative guide for subjects to improve their motor imagery 
discriminability. Importantly, the subjects are able to distinguish successful mu 
desynchronization that is not sufficiently lateralized to successfully operate a classifier, from 
failure to desynchronize at all. 
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Abstract: Amongst healthy individuals, a computer/machine system’s ease of use determines 
how readily it is adopted. For sufferers of degenerative conditions like ALS - which can impede 
eye muscle activity and reduce visual acuity - both directing overt attention to a stimulus and 
discriminating covertly attended stimuli becomes difficult. To this end, we designed a P300 
brain-computer interface (BCI) speller with spatial independence, such that eye-movements are 
neither required nor desirable for stimulus classification. To this end, we implemented a rapid 
stimulus visual presentation approach, using common letter subsets in lieu of full letters. This 
allows multiple letters to be queried in parallel, and increases the information gained from the 
presentation of non-target stimuli. At the beginning of each trial, subjects were presented with a 
5-by-7 grid of circular nodes. A variant of the scoreboard font used on low-resolution displays 
allowed for all 26 letters of the English alphabet to be uniquely represented. A 10-segment 
library was extracted from these letters, wherein each segment consisted of 2-5 contiguous 
pixels. All pixels in a given segment were assigned a specific color, with a unique color for each 
segment. During the experiment, participants were assigned a target letter, followed by 50 
stimulations consisting of either a single segment or a full letter. When a segment appearing in 
the target letter was presented, the subject was told to increment a mental count by one. 
Conversely subjects were tasked with ignoring non-target segments. In the event of a full letter 
as a stimulus, subjects were asked to treat it as though it were a target segment; otherwise, it 
should be ignored. After 50 stimulations, the trial ended, and the participant was given a break or 
immediately assigned a new target letter. For a given trial, one of three stimulus-onset 
asynchronies (SOAs: 375ms, 567ms, 750ms) was selected, wherein one-third of the SOA was 
inter-stimulus interval. We found that the 375ms SOA provides comparable responses relative to 
the longer SOAs, and the presentation of two subsequent targets evokes similar responses for 
both targets. 
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Abstract: Event-related desynchronization (ERD) occur over the sensorimotor area in the alpha 
band and beta band when a human tried to move limb or image the same movement 
(Pfurtscheller et al., 1999). EEG based brain-computer interface (BCI) is very often used ERD 
by the limb motor imagery. In addition, it has been reported that whole brain activities is 
associated with BCI manipulation by the limb motor imagery using simultaneous EEG and 
magnetic resonance imaging (fMRI) measurement (Zich et al., 2015). However, change of whole 
brain activity after long-term BCI learning is not well known. We evaluate the change of whole 
brain activity after BCI learning using simultaneous EEG-fMRI measurement. A total of 
fourteen right-handed healthy volunteers. Each volunteers performed continuous 5-days BCI 
learning task. fMRI and EEG were simultaneously measured during the BCI task on the first day 
and the last day. On the second day to forth day, BCI task was performed using only EEG. We 
recorded 12 channel EEG signals during BCI task. Participant controlled horizontally moving 
cursor in response to the laterality of ERD derived from the motor imagery of right hand 
movement and left hand movement. In the online EEG processing, we removed the gradient 
artifact and ballistocardiogram (BCG) artifact. Next, we applied bandpass filter (1Hz to 23Hz) 
and large laplacian. We computed alpha band ERD in C3 and C4 by using Autoregressive (AR) 
filter. We analysis fMRI data during the BCI task from the first day and last day using SPM12. 
We evaluated differences in brain activity during the BCI task between first day and last day. We 
confirmed that recognition rate averaged across subject is significant increased on forth day and 
last day in comparison with first day. We found tendency of increase in brain activity in several 
motor-related areas after BCI learning. The results suggest the possibility that BCI learning 
enhance brain activity in motor-related areas. 
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Abstract: Focused ultrasound has been shown to be effective at stimulating neurons in both in 
vivo and in vitro preparations. Ultrasonic neurostimulation is the only non-invasive method of 
stimulation that could reach deep in the brain with high spatial-temporal resolution, and thus has 
potential clinical applications in addition to basic science studies. Understanding the physical 
mechanism by which energy in a high acoustic frequency wave is delivered to stimulate neurons 
will be important to optimize this technology. Two current candidates for a physical mechanism 
are radiation force, the delivery of momentum by the acoustic wave, and cavitation. The isolated 
salamander retina was placed on a planar multielectrode array and ganglion cell spiking activity 
was recorded. We studied the effects of changing the acoustic carrier frequency across a broad 
range (0.5-43 MHz) because different physical mechanisms scale differently with frequency. We 
find that response thresholds increase as ultrasonic neurostimulation becomes less effective at 
lower frequencies, a result consistent with radiation force and inconsistent with cavitation. In 
addition, we found that neural activity was strongly modulated by the distance between the 
transducer and a reflector (the electrode array) with a period of one-half wavelength (at 1.9 and 
2.9 MHz), indicating the influence of standing waves on the response. We then tilted the 
transducer at angles of 11°-27° to vertical, reducing standing waves while increasing acoustic 
streaming - the effect of radiation force on the bathing medium. With greater tilt angles neurons 
still respond, but were no longer modulated with distance, indicating the lack of standing wave 
effects under this condition. We conclude that in the in vitro retina, radiation force, acoustic 
streaming, and standing waves all could contribute to the physical mechanism of stimulation 
while cavitation does not. 
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Abstract: This study aims to utilize a real-life game scenario to investigate, longitudinally, how 
changes in user mental and cognitive states affect electroencephalogram (EEG) signals that have 
been traditionally employed in brain-computer interface (BCI) systems. Despite the recent 
advances in BCI development, currently no BCI system has been routinely used in real-life 
environments. This is in part because no BCI system has provided strong evidence for its 
robustness over a long period of use in real-world environments. In fact, most of BCI 
demonstrations were done with experimental sessions that are sufficiently short and far apart in 
order to minimize the effects of changes in user states on BCI performance. 
This study proposed to embed a BCI system into a gem-matching game for encouraging subjects 
to use the BCIs over considerable lengths of time, during which the players are very likely to 
experience changes in their brain states. A standard BCI system design usually involves a 
subject’s mental task such as motor imagery (MI), steady-state visual evoked potential (SSVEP), 
P300 visual stimuli, or rapid serial visual presentation (RSVP) etc. Among these different BCI 
systems, SSVEP, a natural response to visual stimulation at specific frequencies, is a common 
EEG signal that has been widely used in BCIs due to the following advantages: (1) a high signal-
to-noise ratio (SNR), (2) a high information transfer rate (ITR), (3) a large number of classes and 
(4) little user training. Therefore, this study adopted an SSVEP-based video game that resembled 
a popular match-three game such as the jewel game, zoo, or candy crush. This study also 
systematically explored the effects of flicking frequencies (e.g. theta, alpha and beta bands) of 
visual stimuli, and presentation duration (3-5 seconds) on the SNRs of elicited SSVEPs and BCI 
performance. 
This study conducted a series of experiments to optimize the variables (e.g. stimulus flickering 
frequencies and durations) of the SSVEP-based BCI system. Experimental results showed that 
the classification performance (accuracy) of using visual stimuli flickering at theta band (4-7 Hz) 
could exceed 90% at the presentation duration of 3, 4, or 5 seconds, which was better than that of 
using visual stimuli flickering at other frequency ranges (e.g. alpha band (8-11 Hz), beta (14-17 



Hz), and gamma band (30-33 Hz)). The design and optimization of the SSVEP-based BCI 
embedded into the gameplay while recording neural and behavioral data will lead to an 
unprecedented tested for investigating the robustness of the BCI under different mental/cognitive 
states in real-world environments. 
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Abstract: Traditionally, it is assumed that the visual cortex respond to this stimuli is an 
oscillatory activity at the fundamental frequency of the stimuli and its harmonics. We recorded 
EEG data from 10 subjects while an flickering signal is presented in a screen. The stimuli 
presented is a square signal with duty cycle of 50% alternating between black and white at one of 
two different frequencies (4 Hz or 9 Hz). We propose a method to detect the SSVEP based on a 
coherent average of short segments of the signal, autoregressive modeling for spectral 
representation and classification by means of support vector machines (SVM). Our results show 
that the proposed method allow faster detection of SSVEP compared to traditional methods 
based on Fast Fourier Transform. Furthermore, analysis of the results suggest that although the 
spectral features are highly discriminant of the class of stimulation, and although the spectrum 
representation provides are mathematical accurate representation of the brain signal, this spectral 
representation does not necessarily allow a meaningful physiological interpretation. We suggest 
that any interpretation based on the spectral components of the brain signals need to be carefully 
analyzed, given that the brain signals usually violate the basic assumptions of linearity and 
stationary required by most of the available spectral decomposition methods. 

Disclosures:  C.Y. Olivares Carrillo: None. J. Delgado saa: None. 



Poster 

157. Neuroprosthetics: Non-Invasive Control 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 157.29/RR7 

Topic: E.05. Brain-Machine Interface 

Support: NIH National Robotics Initiative Award R01NS081854 

Title: Inter- and intra-session variability in brain machine interface control of an exoskeleton for 
upper extremity stroke rehabilitation 

Authors: *N. A. BHAGAT1,2, R. PARANJAPE3, C. LOSEY4, N. YOZBATIRAN3, J. 
SULLIVAN4, R. G. GROSSMAN1,5, G. E. FRANCISCO3, M. K. O'MALLEY4,3, J. L. 
CONTRERAS-VIDAL1,2,5;  
1Non-Invasive BMI Systems Lab, Univ. of Houston, Houston, TX; 2Human-Machine Interfaces 
Lab, NeuroRecovery Res. Center, TIRR Mem. Hermann, Houston, TX; 3NeuroRecovery Res. 
Ctr. at TIRR Mem. Hermann and Univ. of Texas Hlth. Sci. Ctr., Houston, TX; 4Mechatronics 
and Haptics Interfaces Laboratory, Dept. of Mechanical Engg, Rice Univ., Houston, TX; 
5Houston Methodist Res. Inst., Houston, TX 

Abstract: Brain-machine interfaces (BMI) based on electroencephalography (EEG) have the 
potential to increase patient engagement during robot-assisted rehabilitation for inducing cortical 
plasticity and thereby, accelerate motor recovery. However, due to the inherent trial-to-trial 
variability of EEG signals, BMI performance varies greatly across and within sessions, which 
undermines the long-term reliability and efficacy of EEG-based BMIs. To overcome this 
drawback, we have developed a novel BMI design approach for detecting motor intent from 
chronic stroke participants over multiple sessions (Bhagat et al, Frontiers in Neuroscience, vol. 
10. 2016; http://dx.doi.org/10.3389/fnins.2016.00122). Under this approach, motor intent is 
inferred from movement related cortical potentials measured over an optimized set of EEG 
electrodes. Successful intent detection by the BMI triggers the motion of an upper-limb 
exoskeleton (MAHI Exo-II), to guide movement and to encourage user participation by 
providing instantaneous sensory feedback. This patient-specific BMI calibration approach is 
currently being tested over 12 sessions (3 times/week) in a clinical study, with a cohort (N = 12) 
of stroke patients having diverse motor capabilities. Preliminary results from four stroke 
participants demonstrate consistent BMI performance across days, as seen in Figure 1. The inter-
session BMI accuracy (Mean ± Std. Dev.) for individual subjects were S1 = 77 ± 20%, S2 = 65 ± 
20%, S3 = 92 ± 6%, S4 = 80 ± 12%, while the false positives were kept low across subjects 
(overall, 25 ± 19%). Importantly, for all subjects, the intra-session variance in BMI performance 
was less than 10%. These findings provide evidence that closed-loop EEG-based BMI for stroke 
patients can perform reliably across multiple days, without requiring system recalibration. We 



will discuss various neural correlates associated with the subject's changing physiological and 
psychological states, which could further explain individuality and variability of neural activity 
and therefore, the BMI's performance variation. 
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Abstract: The corticospinal tract (CST) is important in motor control, motor skill learning, and 
re-learning after CNS injury. Thus, a method that strengthens CST function might facilitate 
functional recovery in people with chronic CNS damage. We hypothesize that operant 
conditioning of the ankle dorsiflexor motor evoked potential (MEP) can strengthen CST 
connectivity and alleviate foot-drop in people after CNS damage. As the first step in testing this 
hypothesis, we investigated up-conditioning of the tibialis anterior (TA) MEP in neurologically 
normal subjects. Here we report changes in MEP, as well as the silent period (SP) after MEP, 
which reflects cortical and spinal inhibition. 
Fifteen subjects (8 conditioning and 7 control) participated in the operant conditioning protocol 
that consisted of 6 baseline sessions and 24 up-conditioning (conditioning group) or control 
(control group) sessions over 10 weeks. In all subjects, TA MEPs were elicited by transcranial 
magnetic stimulation at 10% above threshold while the sitting subject provided ≈15% maximum 
voluntary contraction level of TA background EMG activity with ankle, knee, and hip joint 
angles fixed at ≈100°, ≈120°, and ≈110°, respectively. The background EMG was maintained 
constant throughout data collection. In control subjects, 225 MEPs were simply measured with 
no feedback on MEP size in each of 6 baseline and 24 control sessions. In conditioning subjects, 
MEPs were elicited without feedback during 225 control trials of each baseline session and 20 
control trials of each conditioning session. During 225 conditioning trials of each conditioning 
session, the subject was encouraged to increase MEP, and was given immediate feedback 
indicating whether MEP size was above a criterion (i.e., whether the trial was a success). SP 
duration was measured from the time of stimulus to the return of prestimulus level of EMG 
activity. 
Five of 8 conditioning subjects successfully increased MEP size over 24 conditioning sessions: 
their final MEP size (the average of the last 3 sessions) was 144±13(SEM)% of the baseline 
value. MEP did not change in 
3 other subjects. In 7 control subjects, the final MEP size was 96±3% of the baseline. SP 
duration did not increase in the 5 successfully conditioned subjects (the final value was 81±9% 
of the baseline) or in the control subjects (91±6% of the baseline). There was no correlation 
between MEP size and SP duration elicited at a constant TMS intensity in any of the baseline or 
conditioning sessions. The results suggest that operant up-conditioning of the MEP produces a 
focused facilitation of corticospinal excitation, rather than a general facilitation of corticospinal 
excitation and inhibition. 
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Abstract: In people with spastic gait due to incomplete spinal cord injury (SCI), modulation of 
the soleus H-reflex, an electrical analogue of the stretch reflex, is often absent or greatly 
diminished during walking. Clonus is frequently observed in the early-mid stance phase of the 
step cycle. It has been presumed that the abnormal activity of the soleus stretch reflex pathways 
impairs gait in this population. However, to date, the soleus stretch reflexes have not been 
investigated systematically during walking in people with chronic SCI. To understand the 
contribution of stretch reflexes to spastic gait in people after SCI, across all phases of the gait 
cycle, we measured three components of the stretch reflex: spinal short-latency “M1” (mainly Ia 
afferent origin), spinal long-latency “M2” (presumably mainly II afferent mediated), and the long 
latency “M3” (suggested to be transcortical or subcortical). 
Soleus stretch reflexes were quantified in 8 neurologically normal subjects and 9 subjects with 
hyperreflexia due to chronic incomplete SCI (AIS D, 2.5-11 yrs post injury), using a portable 
joint perturbation device capable of producing a precise amplitude and speed of ankle joint 
rotation. While the subject walked on the treadmill at his/her preferred speed, 10-15 unexpected 
ankle dorsiflexion perturbations (6°@250°/s) were imposed every 4-6 steps in 8 time segments 
(5, 17.5, 30, 42.5 55 67.5 80, and 92.5%) of the gait cycle. Before or after the stretch reflex 
measurement, the soleus H-reflex was also examined in 8 segments of the step cycle, comparable 
to the stretch reflex measurements. 
In normal subjects, typical M1, M2, and M3 onset latencies were 49, 67, and 84 ms after the 
onset of stretch, respectively. All three responses were clearly modulated throughout the step 



cycle; the responses were largest in the mid stance phase (i.e., segment 3) and almost completely 
suppressed during the stance-swing transition and swing phases (i.e., segments 5-7), similar to 
previous findings (Clin Neurophysiol 110:951-959, 1999). The H-reflex modulation was similar 
to the M1 and M2 modulation. In subjects with SCI, M1 and M2 (onset latencies similar to those 
in normal subjects) were large in the mid-late swing phase (i.e., segments 7-8) while the M3 
modulation was similar to that in normal subjects. The H-reflex was also large in the mid-late 
swing phase. Absolute amplitudes of M1, M2, and H-reflex in the mid-late swing phase were 10-
15x larger in SCI than in normal subjects, despite similar maximum M-wave amplitudes in both 
groups. The results suggest that abnormal modulation of these spinal stretch reflexes contributes 
to spastic gait disorders in people with chronic incomplete SCI. 

Disclosures:  A.K. Thompson: None. N. Mrachacz-Kersting: None. T. Sinkjaer: None. J. 
Andersen: None. 

Poster 

158. Spinal Cord Injury and Plasticity 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 158.03/RR10 

Topic: E.09. Spinal Cord Injury and Plasticity 

Support: NIH/NINDS NS069551 

 U54-GM104941 

 NIH/NIBIB 1P41EB018783 

Title: Operant down-conditioning of the soleus H-reflex during the swing phase of walking in 
ambulatory individuals with chronic incomplete spinal cord injury 

Authors: *C. R. THOMPSON1, S. PUDLIK2, J. WOLPAW3, A. THOMPSON2;  
1Dept. of Hlth. Sci. and Res., 2Med. Univ. of South Carolina, Charleston, SC; 3Natl. Ctr. for 
Adaptive Neurotechnologies, Wadsworth Ctr., Albany, NY 

Abstract: People can change a spinal reflex through operant conditioning (J Neurosci 29: 5784-
5792, 2009). Previously, we showed that down-conditioning the soleus H-reflex during standing 
can markedly improve walking in people with spastic hyperreflexia and impaired walking due to 
chronic incomplete spinal cord injury (SCI) (J Neurosci 2013;33:2365-2375). Based on this 
success, this study aimed to test the hypothesis that H-reflex down-conditioning during the swing 
phase of walking can improve reflex modulation and walking in people after SCI. We down-
conditioned the soleus H-reflex in the late swing phase, when it is very small or absent in normal 



subjects but very large in people with spastic hyperreflexia due to chronic SCI. 
Twelve ambulatory individuals with spastic hyperreflexia due to chronic (1-14 yrs) incomplete 
SCI were studied with either the conditioning (N=7) or the control (N=5) protocol. The 
conditioning protocol comprised 6 baseline and 30 down-conditioning sessions over 12 weeks 
(3/week). In each baseline session, the subject completed 3 blocks of 75 control H-reflex trials, 
in which soleus H-reflex size was measured without feedback. The H-reflex was elicited in every 
other step by tibial nerve stimulation just above M-wave threshold in the late swing phase of 
walking. In each conditioning session, the subject completed 3 blocks of 75 conditioning trials, 
during which s/he was asked to reduce H-reflex size with the aid of visual feedback. The control 
protocol comprised 36 sessions in which the subject simply walked a comparable number of 
steps on the treadmill without H-reflex elicitation. Before and after the conditioning or control 
protocol, 10-m walking speed and swing-phase H-reflex were assessed. 
In 6 of 7 conditioning subjects, H-reflex down-conditioning was successful: final swing-phase 
H-reflex size was 52±13(SEM)% of baseline value. Their 10-m walking speeds increased by 
11±3% (p=0.004 by paired t-test). In control subjects, final swing-phase H-reflex size was 
155±58% of baseline and final 10-m walking speed was 100±5%. The results suggest that 
operant conditioning of the swing phase H-reflex is possible and may improve walking in 
ambulatory people with SCI. Simply walking on the treadmill did not appear to improve 
walking. To better understand the impact of swing-phase H-reflex conditioning, analysis of 
locomotor kinematics and EMG is underway. 
Support: NIH/NINDS NS069551 (AKT); NIH/NIGMS Institutional Development Award (IDeA) 
U54-GM104941 (Binder-MacLeod); South Carolina Spinal Cord Injury Research Fund (AKT); 
NIH/NIBIB 1P41EB018783 (JRW). 
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Abstract: Hopping is a series of jumps in which landing from a jump seamlessly transitions to 
the subsequent jump. While it is a common form of jump, motor control and generation of two-
foot hopping is not well understood. The aim of this study is to delineate joint kinematics and 
modulation of the lower leg EMG activity during the maximal height two-foot hopping, in 
comparison to those during landing after the last maximal height hopping. 
Physically active adults with various athletic backgrounds participate in this study. Each subject 
performs 14-20 sets of maximal two-foot hops (4 maximal hops preceded by a 2 hop build up) 
that ends with a landing, with a 90 s interval. Surface EMG from the soleus (SOL), medial (MG) 
and lateral gastrocnemius (LG), and tibialis anterior, vertical ground reaction force (GRF), and 
knee and ankle joint motion are measured. SOL, MG, and LG H-reflexes are also measured 
across different phases of hopping cycle. 
In 14 subjects studied to date (7 men and 7 women), the hopping cycle (728±71(SD)ms) consists 
of 247±21 ms of ground phase and 481±63 ms of flight phase. In hopping, ground contact occurs 
with the knee slightly flexed (26±11°) and the ankle plantarflexed (-27±18°). From there, both 
joints immediately undergo a rapid flexion towards the peak GRF timing (94±16 ms after ground 
contact): 51±8° for peak knee angle and 20±10° for peak ankle angle. After the GRF peak, both 
joints rapidly extend towards toe off and remain extended throughout the flight phase. In landing, 
ground contact occurs with the knee (11±6°) and ankle (-39±9°) more extended than for hopping 
(p<0.05), and is followed by faster knee and ankle flexion (landing vs. hoping: 320±71°/s vs 
226±84°/s for knee and 574±144°/s vs 483±89°/s for ankle), potentially leading to earlier peak 
GRF (p=0.06) and abrupt cessation of force production. 
During the flight phase, little or no EMG activity is present until about 100 ms prior to ground 
contact (in both hopping and landing). Then, in hopping, SOL, MG, and LG EMG activity 
sharply increases upon ground contact and sharply decreases just before or around the toe off. 
During the first 100 ms after ground contact, SOL, MG, and LG EMG activity is significantly 
larger in hopping than in landing (p<0.01), indicating clear contribution of these muscles’ 
activity to hopping. Furthermore, during hopping, MG and LG H-reflexes are phase-dependently 
modulated (p<0.05, ANOVA); the H-reflex is largest during the first 100 ms of ground contact 
and smallest 300-200 ms (for MG) and 200-100 ms (for LG) before ground contact. 
These findings suggest that maximal height two-foot hopping involves dynamic neural control of 
knee and ankle joint motion within the constraints of rapid motion. 
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Abstract: Loss of movement ability below the level of injury is often a consequence of spinal 
cord injury (SCI). Subsequently, the associated rapid muscle atrophy after the injury may 
negatively affect overall functional recovery. Previously, our data have shown that a novel form 
of multi-muscle electrical stimulation (ES) combined with dynamic stand retraining task (SRT) 
can increase the amplitude of muscle activation in the lower limbs during continuous step 
training. Our early preliminary data also demonstrated that this dynamic clinical intervention 
could also potentially improve trunk stability during stepping and standing. The purpose of the 
present study was to further examine trunk stability in persons with motor-complete SCI during 
the first minute of a 10-minute stepping bout on a treadmill, using an overhead body-weight 
support system, before and after the SRT+ES clinical intervention. Sixty sessions of electrical 
stimulation was applied 4-5 times per week, for 60 minutes each. Symmetrical, biphasic pulses 
of 300 µs at 35 Hz were delivered to four lower limb muscles over a duty cycle of 11 seconds on 
and 60 seconds off. During treadmill stepping, trunk stability was measured by examining 2-
dimensional spatial and temporal profiles of Center of Mass (CoM), as well as the underlying 
neuromuscular changes that precipitate the alterations in postural mechanics.Our results 
demonstrated that the training, which combines the SRT and ES, improves trunk stability by 
showing a decrease in the anterior-posterior excursions of the CoM. Greater anterior-posterior 
excursions before the training might be due to a deliberate activation of the trunk muscles during 
treadmill stepping in order to maintain stability and postural form. However, after the training, it 
could be argued that the major contribution to the movement is not from the trunk, but the pelvis 
during treadmill stepping. Furthermore, overall consistency of the CoM excursions across 
multiple gait cycles improved after the SRT+ES training. 
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Abstract: Acute spinal cord injury often leads to rapid muscle atrophy in the paralyzed limbs. 
Recently, we have shown that an intense novel form of standardized multi-muscle 
neuromuscular electrical stimulation (NMES) combined with dynamic standing retraining tasks 
may potentially restore muscle structure and function after a sub acute to chronic, motor-
complete spinal cord injury. Specifically, we have presented data for a large number of 
standardized repetitive task specific training sessions of multi muscle NMES of the lower limbs 
combined with mechanical loading to demonstrate an increase in bilateral muscle volume in 
conjunction with a significant increase in flexor and extensor muscle activation amplitude during 
continuous stepping. However, reported data has been for a small sample. We will present data 
for a much larger cohort to show the effect of NMES (35 Hz, 300usec) training on muscle cross 
sectional area/muscle volume of the left and right lower limb. Data for longitudinal training 
effect of NMES training combined with loading compared to the “no loading” or the “no 
NMES” group shows a significant increase in average muscle volume for each of anterior, 
posterior and total lower limb muscle groups. Furthermore, for the multi-muscle "NMES loaded" 
group there was an increase in cross sectional area throughout slices within the limb. The 
"NMES alone" group (unloaded) compared to "no NMES" group shows a significant increase in 
average muscle volume in the lower limbs particularly in the posterior lower limb. 
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Abstract: Functional electrical stimulation (FES) has been used to assist or restore 
neuromuscular function to paralyzed muscle after spinal cord injury (SCI). During FES, 
electrical current is applied to a nerve to elicit action potentials in denervated peripheral muscles. 
Chronic application of FES have been shown to have therapeutic effect on tissue health or 
voluntary function to some extent. Surface electromyography (EMG), otherwise an effective tool 
to analyze underlying muscle activity, limits the assessment of the direct effect of FES on a 
muscle or nerve due to the presence of overpowering stimulus artifact. Recent advances in 
biomedical signal analysis have yielded algorithms that show significant success in removing 
electrical stimulation (ES) artifacts from EMG recorded from the stimulated muscle. In this 
study, we used the empirical mode decomposition (EMD) with Notch filtering based approach to 
remove ES artifact from EMG of the stimulated (35 Hz, 300µs) rectus femoris (RF) muscle. 
With this, we clearly showed distinguishable, artifact-free, muscle activations during ‘only ES’ 
and ‘ES combined with volitional effort’ conditions in individuals with a SCI (n=2) and able 
bodied (n=5) participants. However, it is also observed that the application of a single channel 
unilateral FES also has an effect on, not only ipsilateral neighboring muscles (tibialis anterior, 
vastus lateralis), but also the contralateral RF muscle. Furthermore, the amplitude and shape of 
the ES train travelling to the contralateral muscles are altered relative to that of the ipsilateral 
(stimulated) side. This could be due to the inherent physiological properties of motor-neuronal 
pathways, connectivity, muscle properties, and travel delay. Post EMD-Notch filtering, the 
contralateral muscle activation profiles directly suggest the effect of ‘leaked’ ES on the non-
stimulated side. 
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Abstract: Background: Children with cervical and high thoracic spinal cord injury (SCI) are 
particularly at high risk for developing respiratory complications. Evaluation of respiratory 
function is critical to both acute and chronic stage of the injury. Currently, pulmonary function 
testing and airway pressures are used as important tools to diagnose, assess and manage 
respiratory diseases, both in adults and children. However, assessments using these tools fail to 
provide information about underlying neural drive to the respiratory motor system. 
Aim/Hypothesis: The aim of this study is to compare respiratory functional measures in children 
with SCI to children who are neurologically intact (NI) by using a respirator multi-muscle 
surface electromyography (sEMG) assessed during standard spirometry and maximal airway 
pressure efforts. We hypothesized that pulmonary function measures are significantly reduced in 
children with SCI and associated sEMG activation patterns are significantly different when 
compared to children who are neurologically intact. Methods: Seven children with cervical or 
high thoracic SCI (4 ± 3 years) have been recruited in the SCI group (3 males & 4 females) with 
age of 6 ± 3 (mean ± SD) years and 12 children in the NI group (7 females & 5 males) with age 
of 7 ± 2 (mean ± SD) years from Frazier Rehabilitation Institute - Pediatric NeuroRecovery 
program and community, respectively. Informed consent and assent were obtained as approved 
by Institutional Review Board for Human Studies at University of Louisville. Results: The 
analysis indicates no significant difference between two groups for Forced Vital Capacity (FVC), 
Forced Expiratory Volume in one second (FEV1), Maximum Expiratory (PEmax) and Maximum 
Inspiratory Pressure (PImax) values. Significant reduction in sEMG magnitude of rectus 
abdominus (p=.003), intercostal (p=.014) and external oblique (EO) (p=.008) muscles during 
PEmax and significant reduction in activity of pectoralis major (p=.007) and thoracic paraspinal 
(p=.028) muscles during PImax efforts was found in SCI group. Conclusions: In children, injury 
at cervical or high thoracic spinal cord levels resulted in weakness or paralysis of muscles 
involved in forced expiration and coughing. These results indicate decreased activity of 



respiratory muscles below neurological level of injury associated with compensatory over 
activity in trunk muscles above such level. 
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Abstract: Spinal cord injury (SCI) in the cervical and thoracic segments disrupts descending 
communication between supraspinal centers and the intact lumbosacral spinal cord resulting in 
paralysis of the lower limbs. However, motor pools below the lesion may still be activated in a 
task-dependent manner by peripheral afferents (i.e., body-weight supported, assisted stepping) in 
adults with SCI (Maegele et al., 2002). We studied activation of lumbosacral motor pools during 
voluntary single- and multi-joint movement attempts, passive cycling, standing, and body-weight 
supported, assisted stepping on a treadmill in children with motor complete (4) and motor 
incomplete (3) SCI between the ages of 2 and 15 years old (8.2 ± 4.3 years). Five males and two 
females were studied and age at injury ranged from birth to 4.9 years (2.5 ± 1.8 years). Time 
since injury ranged from 4 months to 11 years (5.8 ± 4.1 years). Data also was collected from 
two typically developing children, aged 7 and 9 years. Children with clinically complete SCI 
were unable to generate volitional movement, while those with incomplete SCI typically 
demonstrated multi-joint muscle activation rather than isolated single-joint movements. Bilateral 



alternating leg muscle activity was evoked during body-weight supported, assisted treadmill 
stepping in all children. These results provide evidence that the spinal cord can interpret afferent 
input and produce task-specific motor activity in children with complete SCI. Assessment of 
motor activity during standing and stepping supports the use of activity-based therapies to 
promote recovery of motor function after pediatric SCI (Behrman et al., 2008; Fox et al., 2010). 
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Abstract: Following adult spinal cord injury (SCI), intact spinal networks below the level of 
lesion can initiate, alter, and sustain motor activity absent of descending motor control from the 
brain. There is little evidence as to whether these same networks exist following SCI to the 
developing spinal cord prior to birth and preceding the typical development of postural control, 
volitional motor control, weight-bearing, or mobility (rolling, crawling, walking, etc.). We 



previously demonstrated the effect of appropriate afferent input via task-associated repetition and 
practice on recovery of stepping below the lesion in a child injured at 3.5 years of age and non-
ambulatory for 16 months (Behrman et al., 2008). Here we investigated whether and how the 
cord responds to afferent input applied through activity-based therapies in a child injured prior to 
birth. At birth, the child presented with a T4-T9 neuroblastoma and complete paralysis below the 
lesion. At age 1, the child had flaccid paralysis and drag crawled for mobility. At age 2, 
hyperreflexia and clonus emerged. At ages 2, 3, and 4, the child underwent 60, 24, and 20 
sessions, respectively, of intense stand and step training on a treadmill (1 hr/day) and off (30 
mins) 5x/week. At age 2, the child responded to manual/afferent cues generating a step; age 3, 
initiated repetitive steps without manual cues; and at age 4, within specific contexts, stood 30 
minutes and independently took 10 steps using a walker. Outside these contexts, the child drag 
crawled with no observable voluntary movements of the lower extremities (LEs). 
Electromyographic (EMG) signals were recorded from bilateral lower extremity muscles during 
volitional movement attempts and passive movement in supine, as well as while standing and 
stepping on a treadmill with body-weight support. LE EMG activity demonstrated the 
dependence of the child’s lumbosacral spinal cord on context-associated afferent input to 
generate reciprocal leg muscle activity during upright load-bearing stepping responses and 
alternating, reciprocal flexion and extension in standing. Without specific afferent input, no 
motor activity was observed below the lesion. These data provide evidence that spinal networks 
required to generate bilateral, multi-joint motor activity exist even absent typical development of 
upright posture or mobility. More importantly, these networks, below the lesion, may be 
activated and trained through the delivery of appropriate proprioceptive and tactile input to 
produce stepping responses. Two functionally independent nervous systems appear at work, one 
above the lesion under brain and spinal control and one below the lesion under spinal control. 
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Abstract: The loss of urogenital and bowel functions are some of the most important sequalae as 
a result of spinal cord injury (SCI). In an upper motor neuron (UMN) injury, a neurogenic 
bladder may manifest as a failure to store, characterized by uninhibited bladder contractions and 
an areflexic outlet or as a failure to empty with an areflexic bladder and a sphincter that is unable 
to relax. An UMN injury also results in increased colonic and anal tone and as a result, 
constipation and fecal retention are prevalent. Depending on the degree of preserved neurologic 
function, in men with SCI, reflexogenic erections may be achieved but not necessarily 
maintained and most often ejaculation is impaired. In females with SCI, impairments in genital 
responses and sexual arousal are common, while the impact of injury on fertility is not as severe 
as it is in men. While standard pharmacological therapy aims to manage the prevalent urogenital 
and bowel issues, therapies addressing recovery of function are still needed. Locomotor training 
(LT) is one such tool which has been shown to be effective for improving post-SCI motor 
outcomes, but has also been shown to have a beneficial impact on responses from autonomic 
systems, such as with cardiovascular and respiratory. Given the overlap of neural networks 
controlling the pelvic viscera and locomotor function in the lumbosacral cord, we hypothesized 
that a viscerosomatic relationship is influenced by LT resulting in improved bladder, bowel and 
sexual function. In this study, eight subjects who sustained a SCI received 80 daily 1-hr sessions 
of LT on a treadmill, using body-weight support, or 1-hr of LT and stand training (on alternate 
days). Urodynamic assessments were performed at pre-and post-training time points, revealing 
significant increases in bladder capacity, voiding efficiency and detrusor contraction time as well 
as a significant decrease in voiding pressure post-training. Questionnaires were used to assess 
bowel and sexual function management and it was found that post-training there was a 
significant decrease in the time required for defecation as well as a significant increase in sexual 
desire. These results suggest there is an appropriate level of sensory information provided to the 
spinal cord, generated through task-specific stepping and/or loading, which appears to influence 
the neural circuitry involved urogenital and bowel control. 
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Abstract: Motor complete spinal cord injury (SCI) leads to severe lower limb skeletal muscle 
atrophy, which is accompanied by reduction of force output and a shift toward a fast-fatigable 
muscle fiber phenotype. With the advent of novel neuro-rehabilitative approaches, the recovery 
of functional lower limb motor control in chronic complete paraplegics is potentially on the 
horizon. Hence, it is important to understand whether the main lower limb flexors and extensors 
are affected similarly or differently by chronic complete paralysis in order to optimize their 
reconditioning by neuromuscular electrical stimulation or other interventions and achieve 
extensors-flexors relationships similar to those of able-bodied (AB). 
In this study, we investigated the effects of chronic motor complete SCI on muscle mass, 
strength and quality in different lower limb muscle groups. Eight individuals with chronic 
clinically motor complete SCI (time since injury = 3.4 ± 1.4 years) and 7 AB individuals with 
similar age, body mass and height underwent the following assessments: i) diffusor tensor 
imaging MRI, in order to analyze the cross-sectional area (CSA) of quadriceps femoris, 
hamstrings, triceps surae and tibialis anterior; and ii) maximal isometric knee extension, knee 
flexion, plantar-flexion and dorsi-flexion (induced by neuromuscular electrical stimulation in 
SCI; voluntary efforts with twitch superimposition in AB) in order to analyze the maximal torque 
exertion of each muscle group. The relative differences between the extensor and flexor muscles 
of the knee and ankle joint were determined by intra-compartment ratios (quadriceps femoris : 
hamstrings and triceps surae : tibialis anterior). In addition, muscle quality was defined as the 
ratio between maximal torque and CSA. 
CSA of all four muscle groups was significantly smaller in SCI (between -37%, tibialis anterior, 
and -51%, quadriceps femoris) compared with AB (p < 0.05). Interestingly, the intra-
compartment CSA ratios were similar between SCI and AB (P > 0.05). The difference in 
maximal torque between SCI and AB ranged from -65% (triceps surae) to -82% (tibialis anterior) 
(p < 0.05); also the intra-compartment maximal torque ratios were similar between SCI and AB 



(P > 0.05). Muscle quality was on average 58% lower in SCI compared to AB. 
This study showed that the deleterious effects of chronic SCI did not alter the structural and 
functional relationships between extensor and flexor muscle groups at knee and ankle joints. This 
main finding suggests that muscular reconditioning after chronic clinically motor complete SCI 
should be equally distributed across the lower limb muscle groups. 
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Abstract: Targeted stimulation of the corticospinal tract has been shown to improve voluntary 
motor output in humans with spinal cord injury (SCI; Bunday and Perez, 2012). Here, we used a 
novel protocol that targeted late synaptic inputs into corticospinal neurons in humans with and 
without incomplete cervical chronic SCI. We used 180 paired transcranial magnetic stimulation 
(TMS) pulses over the hand representation of the primary motor cortex at interstimulus intervals 
of 4.3 ms (targeting I3-wave circuits; iTMS protocol) and 3.5 ms (targeting no I-wave interval; 
control protocol) at 0.1 Hz for a total of 30 min. Motor evoked potentials (MEPs) in an intrinsic 
finger muscle where measured at rest before, immediately after, and up to 30 min after the 
stimulation with the coil oriented to induce currents in the brain in the posterior-anterior (PA) 
and anterior-posterior (AP) direction to preferentially activate early and late synaptic inputs to 



corticospinal neurons, respectively. We found that MEPs size increased in the AP but not in the 
PA direction after the iTMS protocol for up to 30 min after the stimulation in control (by 
~175%) and SCI (by ~142%) participants. No changes in MEP size were observed after the 
control protocol when tested with the coil either in the PA or AP direction in both groups. 
Notably, EMG and force outcomes during index finger abduction increased after the iTMS 
protocol in control (EMG by ~135%; force by ~129%) and SCI (EMG by ~130%; force by 
~127%) participants. No changes were observed after the control protocol. SCI subjects needed 
~15% less time to complete the nine-hold-peg-test after the iTMS protocol compared to baseline. 
Thus, we propose that targeting late synaptic inputs into corticospinal neurons might represent a 
novel strategy for enhancing corticospinal drive and voluntary motor output after human SCI. 
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Abstract: We previously demonstrated that motor cortical maps of intrinsic hand muscles are 
topographically reorganized at rest and during tonic voluntary activity in humans with spinal 
cord injury (SCI; Tazoe and Perez, 2014). Whether this reorganization is also present during a 
functionally relevant motor task remains unknown. Using neuro-navigated transcranial magnetic 
stimulation (TMS) we constructed motor cortical maps in the first dorsal interosseous muscle 



during a precision grip and a power grip with the TMS coil oriented to induce currents in the 
brain in the posterior-anterior (PA) and anterior-posterior (AP) direction to preferentially activate 
early and late synaptic inputs to corticospinal neurons, respectively, in humans with and without 
chronic incomplete cervical SCI. We reasoned that these different coil orientations will allow us 
to examine different sets of synaptic inputs into corticospinal volleys, which are differentially 
affected after SCI (Cirillo et al., 2015). We found in control subjects that the area and peak 
amplitude of motor cortical maps decreased during power grip compared with precision grip, 
regardless of the coil orientation tested. In contrast, in SCI subjects, the area of motor cortical 
maps remained unchanged during precision and power grip with the TMS coil in the PA and AP 
direction. Notably, we found linear correlations between motor maps area and behavioral 
outcomes in SCI subjects. The area of maps in the AP direction correlated with the variability of 
electromyographic activity while the area of maps in the AP direction correlated with reaction 
times across grip configurations. Our findings suggest that reorganization in motor cortical maps 
is affected in a task-dependent manner following SCI in humans. 
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Abstract: Multiple descending motor pathways likely contribute to the recovery of hand motor 
function following spinal cord injury (SCI). Reticulospinal neurons project to spinal 
motoneurons controlling hand muscles; therefore, it has been proposed that reticulospinal 
connections might be one of the descending motor pathways involved in hand function after SCI. 
To test this hypothesis, we examined the effect of a Start-React paradigm, a test that engages 
reticulospinal inputs, on reaction times measured by electromyographic activity in intrinsic 
finger muscles in individuals with and without anatomically incomplete chronic cervical SCI. A 
red light-emitting diode (LED) was presented alone or in combination with a startle (>115 db; 50 
ms) or a quiet (<90 db; 50 ms) acoustic stimulus while performing index finger abduction, a 
precision grip, and a power grip. Reaction times in response to a LED were shorter in controls 
compared with SCI subjects but in each group reaction times were similar across tasks. Notably, 
we found that individuals with SCI had shorter reaction times during a startle compared with a 
quite acoustic stimulus while performing a power grip but not during index finger abduction and 
a precision grip. Whereas control subjects shortened their reaction times during a startle 
compared with a quite acoustic stimulus to a similar extent across tasks. These results provide 
the first evidence that in humans with SCI reticulospinal inputs likely contribute to the control of 
finger muscles during gross compared with more dexterous finger manipulations. 
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Abstract: Up-conditioning of soleus (SOL) H-reflex (HR) after sciatic nerve transection and 
repair in rats produces faster recovery of SOL background EMG activity, a larger final SOL HR, 
and stronger primary afferent reinnervation of SOL motoneurons (J Neurosci 30: 16128-16136, 
2011). The present study is assessing the impact of SOL HR up-conditioning on the motoneuron 
axon initial segment (AIS) after sciatic nerve transection and repair. Adult Sprague-Dawley rats 
are implanted with EMG electrodes in right SOL and tibialis anterior (TA) muscles and a 
stimulating cuff on the right posterior tibial nerve. After control data collection, the sciatic nerve 
is transected and repaired (J Neurophysiol 97:1127-1134, 2007), and the rat is exposed for 120 
days to continued control data collection (TC rats), SOL H-reflex up-conditioning (TU rats), or 
SOL H-reflex down-conditioning (TD rats). At the end of data collection, each rat is injected in 
SOL with CTB-Fluor488 and in TA with CTB-Fluor594, and perfused 3 days later. Untransected 
naive control (NC) rats of comparable weight are similarly injected and perfused. Serial 16-µm 
lumbar spinal cord coronal sections are processed immunohistochemically for the SOL and TA 
labels and anti-ankyrin G (which labels the AIS). The number and morphology of AISs on SOL 
and TA motoneurons are assessed in a blinded manner. All values are expressed in % of average 
values for NC rats. To date, we have studied 8 TU, 5 TC, and 5 NC rats. The proportion of SOL 
motoneurons with an AIS (expressed in % of the proportion in NC rats) averaged 102(±14SE)% 
in TU rats (p>0.4 vs. NC by ANOVA followed by Tukey test) and 58(±10)% in TC rats (p<0.02 
vs. NC; p<0.01 vs. TU). The proportion of TA motoneurons with an AIS averaged 93(±15)% in 
TU rats (p>0.9 vs. NC) and 62(±19)% in TC rats (p>0.3 vs. NC or TU). SOL AIS length 
averaged 97(±6)% of the NC average in TU rats (p>0.6 vs. NC) and 123(±10)% in TC rats 
(p=0.03 vs NC; p=0.01 vs TU). TA AIS length averaged 111(±5)% in TU rats (p>0.1 vs. NC) 
and 124(±7)% in TC rats (p<0.01 vs. NC; p<0.05 vs. TU). These initial results suggest that SOL 
H-reflex up-conditioning improves motoneuron AIS recovery after sciatic nerve transection and 
repair in rats. 
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Abstract: Operant conditioning of the spinal cord stretch reflex or its electrical analog, the H-
reflex (HR), can produce plasticity at multiple spinal cord sites (Encyclop of Neurosci 7:225-
233, 2009 for review). Studies in both rats and humans indicated that an appropriate reflex 
conditioning protocol can restore more normal locomotion after partial spinal cord injury (J 
Neurosci 26: 12537-12543, 2006; J Neurosci 33: 2365-2375, 2013; J Neurophysiol 111: 1249-
1258, 2014; J Neurophysiol 112:2374-81, 2014). Furthermore, reflex conditioning can help to 
restore spinal reflexes after peripheral nerve injury and regeneration (J Neurosci 30:16128-
16136, 2010). We are now exploring the impact of soleus HR conditioning after sciatic 
regeneration has occurred on the recovery of locomotion. Sprague-Dawley rats are implanted 
with EMG electrodes in the right soleus muscle and a stimulating cuff on the right posterior tibial 
nerve. After control HR data collection, the right sciatic nerve is transected and repaired. After 
120 more days of control data collection, the rat is exposed for 100 days to: continued control 
data collection (TCd rats); soleus HR up-conditioning (TUd rats); or soleus HR down-
conditioning (TDd rats). Locomotor EMG and kinematics are assessed before transection, 120 
days after transection, and 220 days after transection (i.e., the end of data collection). We have 
studied 6 TUd rats to date. In these rats, the soleus protocol HR (i.e., HR during the conditioning 
protocol) averaged 23.8(±5.9 SEM)% of its pre-transection value 120 days after nerve 
transection and 47.4(±10.6)% 100 days later at the end of HR up-conditioning (p=0.012 by 
paired t-test). The locomotor HR (i.e., HR during the stance phase of treadmill locomotion) 
averaged 12.5(±4.9)% of its pre-tarnsection value 120 days after nerve transection and 
30.0(±5.1)% 100 days later at the end of up-conditioning (p=0.046). The soleus locomotor burst 
averaged 27.2(±9.0)% of its pre-transection value 120 days after nerve transection and 
49.9(±13.7)% 100 days later at the end of up-conditioning (p=0.033). These initial results 



suggest that HR up-conditioning may be able to increase the HR and improve locomotion after 
nerve regeneration has already occurred. Study of TCd and TDd rats, detailed analysis of 
locomotor kinematics, and assessment of associated anatomical effects is underway. 
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Abstract: Operant conditioning protocols that change spinal reflex pathways can improve 
locomotion in animals and people with partial spinal cord injuries (J Neurosci 26:12537-12543, 
2006 & 33:2365-2375, 2013). At present, reflex conditioning in human subjects is a complicated 
laboratory-based process that entails subject-specific configuration requiring detailed knowledge 
of spinal cord physiology and specialized technical expertise. Thus, its wider dissemination in 
clinical research settings is not currently practical. Our goal is to develop an automated, easy-to-
use, and robust system that will enable research therapists to effectively execute the current 
reflex operant conditioning protocol in clinical research studies. This is a necessary step toward 
the eventual development of a therapeutic operant conditioning system for clinical practice. To 
achieve this goal, we need to: (1) configure the essential reflex conditioning hardware into a 
compact and robust system; (2) develop a robust software package that largely automates the 
current complicated laboratory procedures; (3) optimize and validate the resulting 
hardware/software system through comprehensive user testing; (4) create a concise training 
program and documentation that ensures the effective use of the system by research therapists. 
We are now designing algorithms that automate key elements of the reflex conditioning protocol, 
including: selection of stimulation and recording sites; derivation of M-wave and H-reflex 
recruitment curves; and selection and ongoing adjustment of stimulus parameters and operant 



conditioning criteria. They are intended to interact smoothly with the operator (i.e., the therapist) 
so that the individual steps in the protocol occur in a seamless straightforward fashion. We 
expect that this work will create a robust system that enables evaluation of reflex conditioning 
protocols in wider clinical research settings, and will thereby facilitate eventual dissemination of 
spinal reflex operant conditioning as an important new therapy that can complement current 
rehabilitation methods and enhance recovery of function for people with spinal cord injuries or 
other chronic neuromuscular disorders. Support: NIH/NIBIB 1P41EB018783(JRW). Keywords: 
rehabilitation; H-reflex; spinal cord injury 
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Title: Activation of extracellular signal-regulated kinases (ERKs) may be involved in 
sensorimotor cortex stimulation-induced spinal cord motoneuron GABAergic terminal plasticity 
in rats 
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Abstract: Electrical stimulation of rat sensorimotor cortex (SMC) produces soleus motoneuron 
GABAergic terminal and receptor changes (J Neurophysiol 108:2668-2678, 2012). These 



changes are likely to alter the neural activity underlying many important behaviors. To further 
explore the mechanisms of the spinal GABAergic plasticity induced by SMC stimulation, we are 
examining the effects of this stimulation on phosphorylated ERK1 and ERK2 (pERKs) in spinal 
motoneurons; pERKs are thought to play important roles in learning and memory (Neuron 
61:160-167, 2009). To date, 9 male Sprague-Dawley rats have been implanted with stimulating 
electrodes over left SMC, soleus EMG recording electrodes and a tibial nerve stimulating cuff in 
the right leg, and posterior epidural spinal cord volley recording electrodes at T12. Each was 
exposed to weak SMC stimulation (1-s train of 25 1-ms ~30-µA biphasic pulses (25-Hz pulse 
rate)) every 10 s for 30-40 days as previously described (J Neurophysiol 108:2668-2678, 2012). 
Immediately after SMC stimulation ended (Early (E) SMC rats, n=6), or 60-109 days later (Late 
(L) SMC rats, n=3), each rat was injected in right SOL with CTB-Fluor dye and perfused 3 days 
later. Five naive control (NC) rats of comparable weight were similarly injected and perfused. 
Alternating 16-µm lumber spinal cord sections were processed for either pERKs or GAD67 
immunoreactivity (pERKs-IR or GAD67-IR); pERKs-IR in soleus motoneuron nucleus and 
soma and GAD67-IR terminal coverage of the motoneuron membrane were assessed with the 
NIH image J program in a blinded manner. In the 6 E-SMC rats, soleus motoneuron nuclear 
pERKs-IR averaged 134(±13SEM)% of that in NC rats (p=0.12 vs. NC) and GAD67-IR terminal 
coverage averaged 123(±7)% (p=0.04). In the 3 L-SMC rats, pERK-IR averaged 93(±18)% 
(p=0.77) and GAD67-IR terminal coverage averaged 105(±9)% (p=0.67). Linear regression 
analysis showed that nuclear pERKs-IR correlated significantly with GAD67-IR in the E-SMC 
rats (r=0.85, p=0.02) but not in the NC rats (r=0.27, p=0.66). These initial results suggest that the 
ERK/MAPK signal pathway may play a role in the spinal motoneuron GABAergic terminal 
plasticity produced by SMC stimulation 
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Title: Impact of soleus H-reflex up-conditioning on recovery of the soleus H-reflex and 
locomotion during sciatic nerve regeneration in rats 
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Abstract: Operant conditioning of the spinal cord stretch reflex or its electrical analog, the H-
reflex (HR), can produce plasticity at multiple spinal cord sites (Encyclop of Neurosci 7:225-
233, 2009 for review). Studies in both rats and humans indicated that an appropriate reflex 
conditioning protocol can restore more normal locomotion after partial spinal cord injury (J 
Neurosci 26: 12537-12543, 2006 & 33: 2365-2375, 2013; J Neurophysiol 111: 1249-1258, 2014 
& 112:2374-81, 2014). Furthermore, reflex conditioning can help to restore spinal reflexes after 
peripheral nerve injury and regeneration (J Neurosci 30:16128-16136, 2010). We are now 
exploring the impact of soleus H-reflex conditioning during the period of sciatic regeneration on 
the recovery of locomotion. Sprague-Dawley rats are implanted with EMG electrodes in the right 
soleus muscle and a stimulating cuff on the right posterior tibial nerve. After control H-reflex 
data collection, the right sciatic nerve is transected and repaired. After 20 more days of control 
data collection, the rat is exposed for 100 days to: continued control data collection (TC rats); 
soleus HR up-conditioning (TU rats); or soleus HR down-conditioning (TD rats). Locomotor 
EMG and kinematics are assessed before transection and at the end of data collection. To date 
we have completed data collection from 6 TU rats and 7 TC rats. In TU and TC rats, the soleus 
protocol HR (i.e., HR during the conditioning protocol) averaged 47(±10 SEM)% and 14(±5)%, 
respectively, of its pre-transection value (p=0.03 by t-test); the locomotor HR (i.e., HR during 
the stance phase of treadmill locomotion) averaged 41(±8)% and 12(±5)%, respectively, of its 
pre-transection value (p=0.01); and the soleus locomotor burst averaged 63(±12)% and 
36(±13)%, respectively, of its pre-transection value (p=0.16). In addition to confirming previous 
work indicating that HR up-conditioning during the period of sciatic nerve regeneration increases 
the HR, these initial results suggest that it also improves locomotor recovery. Study of additional 
animals, detailed analysis of locomotor kinematics, and assessment of associated anatomical 
effects is underway. 
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Title: Noradrenergic pathways and epidural electrical stimulation synergistically modulate 
proprioceptive feedback circuits in order to restore locomotion after spinal cord injury 
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Abstract: Several interventions exploiting chemical and electrical neuromodulation therapies 
have been designed to engage spinal sensorimotor circuits to facilitate the recovery of standing 
and walking after spinal cord injury. However, the mechanisms through which electrical and 
chemical stimulation modulate spinal circuits remain poorly understood. To study these 
mechanisms, we investigated the circuit-level interactions between noradrenergic receptor 
modulation and epidural electrical stimulation during standing and walking after a complete 
spinal cord injury. Previous work suggested that epidural electrical stimulation facilitates motor 
control through the modulation of proprioceptive feedback circuits. Using genetic deletion 
experiments and calcium imaging, we confirmed that epidural electrical stimulation promotes 
locomotion through the activation of proprioceptive feedback circuits. Anatomical experiments 
in genetically modified mice revealed that noradrenergic receptors are prominently expressed on 
these circuits. In turn, pharmacological testing in rats and genetic deletion in mice showed that 
the manipulation of noradrenergic pathways strongly modulated the gain in proprioceptive 
feedback circuits, which abolished or augmented the effects of epidural electrical stimulation. 
This electrochemical stimulation strategy restored robust locomotion in paralyzed animals. Our 
findings provide new insights into the mechanisms through which electrochemical 
neuromodulation therapies facilitate motor control after injury, and provide a framework to 
refine these interventions for clinical applications. 
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after severe spinal cord injuries 
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Abstract: A severe contusion of thoracic segments disrupts the motor-circuit communication 
matrix linking the brain and the spinal cord. Electrochemical stimulation applied over lumbar 
segments restored this communication, which enabled volitional control of leg movements in 
rodents and humans with motor complete paralysis. However, the circuit-level mechanisms 
through which the cortical drive regains functional access to the spinal circuits controlling leg 
movements during electrochemical stimulation remain poorly understood. Using mice expressing 
light-sensitive channels in cortical projection neurons, we first showed that electrochemical 
stimulation enabled the hindlimb motor cortex to regain a graded control over hindlimb 
locomotor movements in otherwise paralyzed animals. Using virus-mediated tract tracing and 
circuit-specific inactivation techniques, we found that after injury the cortical drive is rerouted 
through glutamatergic reticular neurons with residual projections below the injury. Robot-
assisted gait training enabled by electrochemical stimulation promoted an extensive 
reorganization of these pathways. We found a robust growth of motor cortex projections into the 
reticular formation, and a substantial sprouting of residual reticulospinal axons into specific 
regions of the spinal cord below the injury. We established causal relationships between this 
anatomical reorganization and the recovery of voluntary leg motor control in response to gait 
rehabilitation. These results illustrate the remarkable capability of neural pathways to reorganize 
in order to mediate motor recovery, even after the most severe types of spinal cord injury. 
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Title: Gait rehabilitation enabled by epidural electrical stimulation of lumbar segments in a 
person with a chronic incomplete spinal cord injury 
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Abstract: Various studies in animal models showed that robot-assisted gait rehabilitation 
enabled by epidural electrical stimulation of the lumbar spinal cord improves the recovery of leg 
motor control after spinal cord injury. Recent studies showed that this stimulation is also capable 
of activating lumbar spinal circuits in paraplegic people. Here, we conducted a preliminary study 
to evaluate the therapeutic impact of a gait rehabilitation program enabled by an overground 
robotic bodyweight support and continuous epidural electrical stimulation in a non-ambulatory 
person with a chronic incomplete spinal cord injury. The participant suffered a herniated disc 
collapse at the cervical level, which led to severe deficits on the left leg and moderate 
impairments on the right leg (AIS-C). After following a conventional rehabilitation program for 
more than one year after injury, she was not able to walk overground, even with assistive 
devices. She had previously been implanted with an epidural electrode array over lumbar spinal 
cord segments to alleviate neuropathic pain in the legs. We searched the electrode configurations 
in this array that targeted the muscles that the participant could not access voluntarily. 
Continuous stimulation through these electrode configurations improved a number of relevant 
gait parameters during locomotion. The participant then underwent a gait rehabilitation program 
that was conducted overground using a multidirectional robotic support system, and facilitated 
with the personalized stimulation protocols. After completion of the gait rehabilitation program, 
the participant was able to use a walker to progress overground without robotic assistance and 



without stimulation. Her WISCI-II score had thus increased from zero to thirteen, while her AIS 
score converted from C to D. Urodynamic examination revealed the disappearance of 
uninhibited bladder contractions and detrusor sphincter dyssynergia. This study provides 
preliminary evidence that robot-assisted gait rehabilitation enabled by epidural electrical 
stimulation may promote clinically relevant neurological improvements that persist without 
stimulation. 
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Title: Robotic platform maximizing gravity-dependent gait interactions to train standing and 
walking after neurological disorders 
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Abstract: Gait recovery after neurological disorders requires re-mastering the interplay between 
body mechanics and gravitational forces. Despite the importance of gravity-dependent gait 
interactions for promoting this learning, this essential aspect of gait rehabilitation have received 
little attention. Here, we introduce a robotic interface that assists trunk movements in order to 
maximize gravity-dependent gait interactions during highly participative locomotion within a 
large and safe environment. We elaborated an algorithm that automatically configures 
multidirectional forces applied to the trunk based on patient-specific needs. This robotic 
assistance enabled walking in non-ambulatory individuals with spinal cord injury and stroke, and 
allowed less impaired individuals to execute skilled locomotion that they could not perform 



without robotic assistance. The robotic interface improved locomotor performance after a single 
gait training session, whereas the same amount of training restricted to vertical support on a 
treadmill did not ameliorate gait. These results establish a new rehabilitation framework to 
augment motor recovery after neurological disorders. 
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Abstract: Introduction. Non-human primates can be trained to ambulate on a treadmill. 
Cervical contusions lead to both upper and lower extremity functional deficits. These can be 
analyzed in a coupled manner using kinematic tracking of forelimb and hindlimb joint cycles. 
We tested the following hypotheses. 1) Kinematic analysis has sufficient sensitivity to detect 
differences in injury severity after C3/4 hemi-contusion. 2) The impact of locally delivered 
experimental therapeutics including autologous Schwann cells (aSC) and lentivirus expressing 
chondroitinase ABC (LV-ChABC) on gait is evident on limb-coupled kinematic analysis. 3) This 
analysis adds relevant data not evident in hand dexterity testing. Methods. Five monkeys (M. 
fascicularis) were pre-trained. Following a right sided hemi-contusion the animals were 



randomized into A) No treatment controls (n= 1); B) LV-ChABC injected perilesionally 2 hours 
post spinal cord injury (n=2); C) LV-ChABC injection and transplant of aSC 14 days post-injury 
(n=2). Treadmill activity occurred weekly. Quadrupedal locomotion analysis was performed pre-
injury, 3 and 6 months post-injury. Joints in the left and right sides were marked with ultraviolet 
ink and data was captured using black lights and a Vicon Motus tracking system. The variables 
assessed were joint track consistency and distance, stride length, and height. Results. All 
animals, except those receiving LV-ChABC, had notable deficits in quadrupedal locomotion at 3 
months post-injury (step height, length). The wrist and ankle joint cycles were inconsistent 
possibly due to impaired strength, proprioception, and balance. By six months post-injury the 
joint cycles of groups A and B were more consistent and approached baseline. Animals in group 
C (aSC) showed persistent gait impairments. Analysis of contusion parameters including force 
delivered and ultrasound quantitative assessment of injury volume do not account for the 
behavioral differences. Conclusion. Kinematic quadrupedal locomotor assessment is useful to 
quantify recovery, adding to assessments of hand dexterity. The animals continue to survive. 
Final MRI, histology, and CST tracing will be correlated to the quadrupedal kinematic analysis. 
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Abstract: Introduction: Chondroitinase ABC and Schwann cells have been shown independently 
to promote functional recovery in rodents after contusive injury. Autologous human Schwann 
cells ahSC are being tested in Phase 1 clinical trials for sub-acute and chronic SCI. Recognizing 
the necessity of combination strategies, we are exploring the acute injection of a lentiviral 
transfer vector carrying a mammalian compatible engineered chABC gene (LV-chABC), with or 
without sub-acute aSC transplantation, in primates following unilateral C3/4 SCI. Here, we 
present the preliminary evaluation of the hand and arm recovery up to six months post-injury and 
treatment. Methods: Seven young adult male primates (Macaca fascicularis) received a right-
sided hemi-contusion using the Miami Large Animal Impactor. They were randomized into: 
Injury only controls (n=2), Injury + 2 hours post-injury perilesional injection of LV-chABC 
(n=3), and Injury + LV-chABC injection + aSC transplant 14 days post-SCI (n=2). Animals were 
acclimatized to be comfortable within a primate chair and also provided with cage objects to 
promote grasp practice. They were trained to retrieve food pellets from a modified Brinkman 
board consisting of 20 cross-shaped slots suited to the monkeys’ fingers. The board was 
presented in the horizontal and vertical planes (relative to the floor) to test arm and shoulder 
strength, wrist rotation and thenar opposition. Both hands were exposed to the tasks equally 
during the pre and post injury phases. Results: Significant differences in retrieval time and 
retrieval quality were found between the left (control) and right (injured) hand in each animal 
and between the 3 groups as of 6 months post-injury. LV-chABC injected animals showed the 
most rapid recovery. Additionally observed differences include the rate to reach hand function 
plateau and the variety of strategies developed to perform the task. Conclusions: Animals 
continue to survive. The tests discriminate recovery of fine dexterity of finger movements from 
adaptation strategies. Deficits and recovery of combined upper and lower extremity gait coupling 
are assessed with treadmill kinematics. 
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Title: Robot-driven epidural stimulation prevents collapse in function found after brain-derived 
neurotrophic factor (BDNF) treatment of adult spinal cord injury. 
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Abstract: The use of robotic technology in various interventions of SCI is an effective means of 
rehabilitation in the rats transected as adults (ATX). In our lab, we use robotic assistance at the 
pelvis in our trunk-based rehabilitation paradigm to significantly improve locomotor function. In 
addition, we have shown that our robot can be used to drive epidural stimulation (ES) in the 
ATX model to increase body weight support and promote stepping patterns. 
In our previous work studying viral delivery of BDNF to induce stepping in the ATX model, we 
showed that approximately 46% of ATX animals treated with AAV5-BDNF eventually develop 
a partial, but highly significant collapse in function. Previously stepping animals developed 
hyperreflexia in the hindlimbs that prevented robust locomotion. The use of our robot 
intervention increased their peak performance on treadmill, but did not prevent collapse in some 
rats. To investigate further this interaction, we prepared four groups of rats with various 
combinations of robot-driven epidural stimulation (rd-ES), robot-assisted treadmill training, and 
AAV5-BDNF. One group (n=9) received all three therapies, while a control (n=8) received a 
sham virus. Another group (n=10) received only BDNF and robot assistance, while a fourth 
(n=8) received BDNF and conventional ES. After recovery, animals were trained for six weeks, 
and assessed for locomotor function. We discovered that the BDNF-treated rats on robot and rd-
ES had significant improvement in AOB (p = 0.0005), body weight support (p = 0.0002), and 
percent weight-supported stepping (p = 0.006), though they were not significantly different from 
each other. However, we discovered that BDNF-treated animals in groups that received any ES 
during training had no incidents of functional collapse, which is a highly significant effect (p << 
0.01). 
To conclude, the combination of robot driven epidural stimulation with the AAV5-BDNF gene 
therapy created a condition in which the deleterious effects of AAV5-BDNF otherwise seen in 
some rats were completely avoided. This highly synergistic interaction could not have been 
anticipated a priori. 
This work is sponsored by the Craig H. Neilsen Foundation, the NIH NS 054894, and the Drexel 
College of Medicine Dean’s Fellowship for Excellence in Collaborative or Themed Research. 
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Abstract: Our lab has previously found that functional scores in animals rehabilitating from a 
complete adult spinal cord injury (SCI) show promising locomotion gains when using a 
combined approach of Adeno-associated viral delivery of Brain-derived neurotrophic factor 
(AAV5-BDNF) and robotic-assistance at the pelvis. Addition of feedback-based epidural 
stimulation has led to these rehabilitation gains being more consistent. In this study we 
investigated if addition of epidural stimulation to the combined BDNF and robotic therapy would 
also lead to more consistent rehabilitation gains in an ankle-based, air stepping rehabilitation 
setting. SD rats (n=6) were implanted with hindlimb intramuscular EMGs prior to complete 
transection (T10) and implantation of bipolar stimulating electrodes on spinal cord dura at L2 
and S1. All rats received AAV5-BDNF microinjections caudal to injury. After recovery, all 
animals were trained 5x weekly (20 min/session) with an ankle-based robotics system consisting 
of two robots (OMNI) with each robot’s arm attached to an ankle, which are programmed to 
dictate ankle kinematics of hindlimbs to create air stepping. One group (a-robot/BDNF/Epi, n=3) 
of these animals received constant 40 Hz stimulation at both epidural sites while the other group 
(a-robot/BDNF, n=3) did not. Animals were functionally scored (AOB) after injury prior to 
training and then after every five training sessions in a 5 minute robotic-assisted (at pelvis) 
treadmill context. After 15 days of training, the a-robot/BDNF group improved little with AOB 
scores increasing from .33 ± .58 (S.D.) pre-training to 2.3 ±1.5 post-training, on average across 
animals. The a-robot/BDNF/Epi group, however, showed increases from 1.7 ± .58 pre-training to 
11.33 ± 1.5 post-training, on average across animals. The inability of the a-robot /BDNF group 
to transfer the ankle-based training to the treadmill context suggests that the trunk control 
engaged by robot assistance at the pelvis during training is critical, reflecting a context 
dependence of the ankle-based training. The larger increases in functional scoring in the a-



robot/BDNF/Epi group suggest that epidural stimulation enhanced the ankle-robotic therapy for 
functional stepping, allowing some treadmill-context functioning. The results emphasize the 
need to further investigate training context and emphasis (limb trajectory vs. trunk control) in 
multifaceted approaches to locomotion rehabilitation after SCI. 
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Abstract: It was shown in mice that buspirone, a partial 5HT1A agonist, promotes locomotor 
recovery after a complete spinal cord transection (Tx). Since H-reflex is commonly used to 
evaluate spinal networks excitability, we propose to study herein the effect of buspirone on the 
H-reflex after an acute Tx in adult mice. To avoid possible impacts of the anesthetics on 
depression of the reflex, experiments were performed in unanaesthetized mice (N=8) after a 
decerebration. The H-reflex was recorded in plantar muscles of the hindpaw after stimulation of 
the tibial nerve with a bipolar hook electrode two hours after a complete Tx at the 8th thoracic 
vertebrae level. The averaged H/M ratio (30 stimulations at 0.2 Hz) was compared before and 
every 10 minutes following buspirone administration (8 mg/Kg, i.p.) for 60 minutes. Frequency-
dependent depression (FDD) of the H-reflex was also evaluated before and 50 minutes after 
treatment by comparing the H-reflex amplitude at 0.2, 5 and 10Hz. Before buspirone, H-reflex 
could be elicited in acute spinal mice with H/M ratios averaging between 10 to 30%. A FDD of 
the H-reflex was observed at 5Hz (68%) and at 10Hz (70%) compared with 0.2Hz. After 
buspirone, a decrease in the H/M ratio was initially observed with values around 69% of 
pretreatment. Then, a significant increase was measured later from 30 to 60 minutes after 
buspirone administration reaching a high of 170% of pretreatment 60 minutes after injection. A 
FDD was also measured 50 minutes after buspirone at 5Hz (81.2%) and at 10 Hz (84.9%). There 



was no significant incidence of the treatment on inhibition at 5Hz and 10HZ (respectively 
p=0.163 and p=0.224 two way ANOVA). These results suggest that the enhancing effect of 
buspirone on H-reflex may be due to a postsynaptic action. Thus, burspirone may promote 
locomotor activity by acting on motoneuronal sensitivity. Further work should be done to 
investigate the effect of buspirone later after the lesion in chronic spinal animals at a time where 
an absence of FDD was shown in order to see if the later can be preserved. 
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Abstract: This study was aimed to explore the action of electroacupuncture (EA) stimulation on 
the alterations provoked by a spinal compression in the Hoffman Reflex (HR) evoked in plantar 
muscles by tibial nerve (TN) stimulation (at 0.2, 5 y 10HZ). Locomotor behavior and gait 
kinematic analysis of rats were also evaluated. The spinal lesion was made by insuflating one 
Fogarty balloon placed into the epidural space of the T9 spinal segment in adult Wistar male rats 
(200-250gr; n=45). EA stimulation was applied at 2, 50 and 100Hz at the acupoints Zhiyang 
(GV9), Jizhong (GV6), Yaoshu (GV2) and Changqian (GV1). After 5 weeks, BBB scores of the 
lesioned group of rats treated with 50 Hz-EA showed a noticeable recovery (77 ± 5.5%, n=8) as 
compared to untreated (34 ± 2.7% n=5) and 2 (44 ± 3.1% n=7) or 100Hz groups (39 ± 2.7% %, 
n=5). Unrestrained gait kinematic analysis of spinal lesioned rats treated with 50Hz-EA showed 
a significant recovery in duration, length and speed of strides, as compared to those rats treated 
with 2 and 100Hz and untreated (60 ± 4.8% p <0.05). In lesioned rats, TN stimulation applied at 
0.02 Hz provokes a facilitation of the RH response (152 ± 4.8%) which is partially reverted by 
EA stimulation (78 ± 3.2 %). By the contrary, TN stimulation applied in sham operated animals 
showed a notorious reduction in HR amplitude which is dependent of the stimulus frequency 



(0.2Hz: 100%; 5HZ: 24 ± 4.6%, 10HZ: 2 ± 0.12%, n=7). However, lesioned animals showed a 
lesser depression of the HR amplitude (0.2: 100%; 5HZ: 72 ± 4.6%, 10HZ: 55 ± 3.2%, n=8). In 
such animals, 50Hz-EA stimulation induced a partial recovery of the HR depression (0.2: 100%; 
5 Hz: 57 ± 4.1% and 10 Hz: 36 ± 2.5%). Our results indicate that EA stimulation applied at 50Hz 
reduced the excitability of the spinal pool of motoneurons participating in the generation of the 
plantar muscle-RH response in rats suffering a T9 spinal cord compression and partially reverted 
the HR depression evoked in a frecuency dependent manner in the lesioned rat. 
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Abstract: TAR DNA-binding protein 43 (TDP-43) pathology is the pathological hallmark of 
amyotrophic lateral sclerosis (ALS), the fatal and most common adult-onset motor neuron 
disease. In addition, the vast majority of sporadic ALS patients exhibit progressive reduction in 
the expression of an RNA editing enzyme called adenosine deaminase acting on RNA 2 
(ADAR2) in the motor neurons. This molecular change results in the expression of abnormal 
glutamine/arginine (Q/R) site-unedited GluA2, an α-amino-3-hydroxy-5-methylisoxazole-4-
propionic acid (AMPA) receptor subunit, thereby increasing the Ca2+ permeability of the AMPA 
receptors containing unedited GluA2. The expression of the abnormal AMPA receptors lead to 



death of motor neurons with exhibiting TDP-43 pathology in the motor neurons of ALS patients 
and TDP-43 pathology-like mislocalization was observed in the motor neurons expressing 
unedited GluA2 in the conditional ADAR2 knockout AR2 mice. In this study we evaluated the 
effects of a selective non-competitive AMPA receptor antagonist perampanel on the progression 
of behavioral and pathological ALS phenotype in the AR2 mice. After testing the effective dose 
of perampanel by 14-day-administration, we administered the maximum tolerable dose (20 
mg/kg/day) of perampanel orally to the AR2 mice at 26 weeks of age every day for 90 days. 
Methylcellulose solution used for dissolving perampanel was used as vehicle. The vehicle-
treated AR2 mice exhibited progressive decline in the rotarod performance, whereas the 
perampanel-treated AR2 mice exhibited constant rotarod performance during the 90 days of 
experiment. The number of anterior horn cells (AHCs) in the spinal cord that was counted after 
the end of perampanel administration was significantly higher in the perampanel-treated AR2 
mice than in the vehicle-treated ones. Furthermore, TDP-43 immunohistochemical study 
revealed that the number of AHCs exhibiting nuclear TDP-43 immunoreactivity was 
significantly higher in the perampanel-treated AR2 mice than in the vehicle-treated AR2 mice in 
which the majority of AHCs lost nuclear TDP-43. Because exaggerated Ca2+ influx through the 
AMPA receptor causes subcellular mislocalization of TDP-43, the present results indicate that 
perampanel effectively inhibited the progression of ALS phenotype in the AR2 mice by blocking 
exaggerated Ca2+ influx through the Ca2+-permeable AMPA receptors. As excitotoxicity is a 
long-held hypothesis of ALS and perampanel has already been approved as an anti-epileptic 
drug, the present robust results would provide rational for clinical trial of perampanel for ALS. 
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Title: Investigation of mitophagy and related stress pathways in ALS and motor neuron 
dysfunction 
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Abstract: ALS is a neurodegenerative disease that leads to motor neuron loss, muscle atrophy, 
and eventually paralysis of voluntary muscles. While it is known that mutations in mitophagy 
related genes such as OPTINEURIN leads to ALS, how defects in mitophagy cause ALS is 
unknown. Furthermore, the relationship between mitophagy, mitochondrial health, and other 
stress pathways requires further understanding. In the present study we sought to determine the 
role of mutations affecting mitophagy and mitochondrial dynamics in motor neuron dysfunction 
and ALS. Towards this goal, we have generated zebrafish mutations targeting optineurin, 
dync1h1 (more commonly cytoplasmic dynein-heavy chain), calcoco2 (more commonly ndp52), 
and sqstm1 (more commonly p62) to disrupt mitophagy and mitochondrial homeostasis. RNA-
Seq comparing 18-month old optineurin mutant and wildtype zebrafish spinal cords revealed 
gene expression changes related to mitophagy and the unfolded protein response stress pathways. 
Furthermore, previous work from the lab has suggested defects in vesicle trafficking in 
optineurin mutants (Paulus and Link, 2014). Optineurin can bind the motor protein Huntingtin 
(Faber et al., 1998) which in turn binds Dynein (Caviston et al., 2006), suggesting an important 
role for these interactions in motor neuron trafficking of autophagosomes (Wong and Holzbaur, 
2014) and potentially mitophagy. Abnormal trafficking could sensitize motor neurons to 
metabolic and other cellular stress. Respiration defects were not observed in optineurin mutant 
embryos at 48hpf, indicating development is normal in these animals. To further investigate 
stress pathways in zebrafish embryos, as well as in adult fish, characterization of fluorescent 
protein based reporters for oxidative stress (mito-roGFP), mitophagy (mito-mKeima), unfolded 
protein response (multimerized atf6 binding sites: GFP), mitochondrial structure and dynamics 
(coxVIII fusion protein), as well as motor neuron morphology (mnx1 promoter: GFP) is 
underway. To visualize fluorescent reporters within neurons from aged animals, we are adopting 
tissue clearing techniques as well as in vitro culture strategies. In conclusion, these results 
highlight the role of Optineurin and interacting proteins in controlling mitochondrial 
homeostasis, and when mutated, their contribution to motor neuron dysfunction. Establishment 
and validation of stress pathway assays for embryonic and adult zebrafish will serve as a 
platform for ongoing studies of ALS and other neurodegenerative diseases. 
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Abstract: Previously, we have addressed that iron is selectively accumulated in ventral motor 
neurons from SOD1(G93A) mice even at 4 weeks of ages, which directly induces oxidative 
stress triggered by SOD1(G93A). Chelating irons with deferoxamine mesylate (DFO) delays not 
only disease onset and but extends survival in SOD1(G93A) mice (Lee et al., 2015). Here, we 
further show that SOD1(G93A)-induced iron accumulation mediates the increase in the 
enzymatic activity of TNF-a� converting enzyme (TACE, ADAM17) as well as cleavage 
(activation) of the enzyme in glial cells of SOD1(G93A) mice. These events lead to secretion of 
TNF-a and activation of astrocytes and microglia at least in part through iron-dependent 
oxidative stress. Our results suggest that iron functions as a key determinant of early demises of 
motoneurons as well as neuroinflammation at symptomatic stage in ALS model mice. 
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Title: Locomotor compensation in severe motor neuron loss during als disease progression 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized 
by progressive motor neuron (MN) death, leading to paralysis and eventually death. 
Manifestation of symptoms and progression of the disease is highly variable. As a result, it is 
very difficult to diagnose and treat ALS. When symptoms become clinically evident, patients 
and ALS model animals (mSOD1G93A mice), have already lost a large portion of motor units. 
This suggests that the spinal circuity has a compensatory mechanism in place that allows for 
reactively normal movement in the presence of neuromuscular pathology. The overall aim of our 
study is to develop an understanding of ALS disease progression in mSOD1G93A mice and the 
mechanisms underlying spinal compensation. An understanding of how compensation is 
occurring, will inform the development of exercise training programs that specifically target the 
compensatory mechanism, thereby improving mobility and quality of life in ALS patients. To 
characterize ALS disease progression in the mSOD1G93A mouse, we chronically implanted 
stimulation electrodes to tibial nerve and electromyogram (EMG) recording electrodes to 
multiple muscles. By performing tibial nerve stimulation experiments, we tracked the compound 
muscle action potential (CMAP) of the gastrocnemius (Gs) throughout the disease course in 
mSOD1G93A mice and correlated the results with histological neuromuscular junction (NMJ) 
data. At ~P90, mSOD1G93A mice have a large drop in the Gs CMAP (indirect measure of muscle 
innervation) followed by a slow decline, both absent in wild-type (WT) mice. Changes in Gs 
CMAP occurred in conjunction with increasing denervation at the NMJ level in mSOD1G93A 
mice. Analysis of kinematic and electromyogram (EMG) recordings during walking and 
swimming revealed that despite extensive muscle denervation there is only a subtle change in 
behaviour of mSOD1G93A mice. This manifests as a “bursty” activation pattern of the tibialis 
anterior (TA) muscle that is paralleled by an observable stutter movement of the leg during 
swing phase at ~P85. A large drop in the ratio of peak Gs swimming:walking EMG amplitudes is 
observed at ~P90 in mSOD1G93A mice. This suggests that during later stages of the disease 
mSOD1G93A mice lose the ability to modulate motor neuron excitability. Previously published 
data shows that C-boutons are involved in the upregulation of Gs activity during swimming 
versus walking, suggesting that C-boutons may be involved in ALS disease progression. We are 
presently investigating cholinergic modulation of motor neurons during ALS disease progression 
as a potential compensatory mechanism for motor unit loss. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease caused by the 
demise of upper and lower motor neurons. Familial ALS account for 10% of all cases, and of 
those, a 20% is associated with mutations in Cu-Zn superoxide dismutase 1 (SOD1). Several 
mechanisms have been proposed for the toxic effects of mutant SOD1, including mitochondria 
damage and dysfunction. Damaged mitochondria are eliminated by mitochondria quality control 
(MQC) mechanisms and Parkin plays an essential role in tagging damaged mitochondria for 
selective autophagy (mitophagy). To study the potential involvement of Parkin and mitophagy in 
ALS, we used motor neuron-like NSC34 cells stably transfected with either G93A mutant SOD1 
or wild type SOD1. These cells naturally lack Parkin, but expression of Parkin-YFP in 
differentiated NSC34 motor neurons resulted in increased number of parkin-tagged mitochondria 
in G93A-SOD1 cells as compared to non-transgenic cells. In addition, p62, a protein involved in 
the clustering of mitochondria and a substrate of autophagy, showed increased localization on 
G93A-SOD1 mitochondria. Taken together, these results suggest that in NSC34 neurons 
mitophagy is impaired by G93A-SOD1, because p62-tagged mitochondria are increased, and that 
Parkin-YFP is involved in tagging damaged mitochondria for mitophagy. To assess the role of 
Parkin in SOD1 ALS in vivo, G93A-SOD1 mice were crossed with Parkin knockout mice (both 
in the C57BL6 background). Littermates with the following genotypes were compared: Parkin 
KO/G93A-SOD1, Parkin WT/G93A-SOD1, non-transgenic controls, and Parkin KO. 
Interestingly, Parkin KO/G93A-SOD1 mice had a slower disease progression than Parkin 
WT/G93A-SOD1. They performed better on grip strength tests, showed slower rate of body 
weight loss and had extended survival (20%), compared to Parkin WT/G93A-SOD1. 
Furthermore, Parkin KO/G93-ASOD1 spinal cord had increased mitochondrial proteins, as 
determined by western blot, and function, as shown by cytochrome c oxidase and citrate synthase 
activity measurements. Altogether, these results show that Parkin plays an important role in 



mitophagy in the CNS of G93A-SOD1 mice. Also, they suggest that Parkin ablation could exert 
a protective role in these mice by preventing excessive mitophagy and subsequent mitochondrial 
depletion, which could result from protracted activation of MQC caused by mutant SOD1-
induced mitochondrial damage. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that 
affects the brain and spinal cord, leading to muscle weakness and atrophy. There is an elevated 
risk of ALS and other neurodegenerative disease among individuals that have previously 
suffered from head injury. While acute stab-wound injury to the spinal cord and a one-time 
severe traumatic brain injury (TBI) have been shown to not exacerbate ALS in the SOD1 rat 
model of ALS, the brain has recently been shown to play an important role in initiating ALS 
disease onset. In an attempt to better understand the effect of recurrent concussive injury in a 
population that may be genetically predisposed to neurodegenerative disease, we established a 
novel rodent head injury model that leads to long-term functional deficits after repetition. 
Previous rodent models of TBI that use one-time, or repeat unilateral injury demonstrate only 
transient motor function deficit. Our work suggests the necessity of a cumulative, bilateral injury 
model to reveal sustained effects of multiple TBI events. We implemented this novel repetitive 
concussion injury model by delivering a once-weekly, mild/moderate, bilateral, closed-skull, 
controlled cortical impact (CCI) injury to SOD1 rats over five weeks, to determine whether this 
repetitive injury induced an exacerbated ALS phenotype. 
We found that, when administered starting at 60 days of age, recurrent, mild/moderate TBI 
demonstrates unique long-term deficits in WT rats and an earlier development of the ALS 



phenotype in SOD1 rats. SOD1 TBI rats that exhibited sustained functional rotarod deficits as a 
result of injury reached disease onset significantly earlier than uninjured SOD1 sham rats. SOD1 
TBI rats reached their peak body weight earlier and presented with earlier onset of forelimb 
paralysis relative to SOD1 shams. This earlier disease onset also translated into a shortened 
lifespan, as SOD1 TBI rats reached disease endpoint significantly sooner than SOD1 shams. 
Assessment of brain pathology also suggests a significantly greater rate of brain atrophy in 
SOD1 rats, whereby cortical and corpus callosum shrinkage is exacerbated in SOD1 TBI rats 
relative to WT TBI rats euthanized at similar time points. 
This research may provide an improved clinical understanding of how repeat head injury 
presents in professional athletes and military personnel, and how it might relate to those 
genetically predisposed to neurodegenerative diseases. 
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Abstract: Pathological Golgi fragmentation represents a constant pre-clinical feature of many 
neurodegenerative diseases including amyotrophic lateral sclerosis (ALS) but its molecular 
mechanisms remain hitherto unclear. 
Here, we show that the severe Golgi fragmentation in transgenic mutant SOD1G85R and 



SOD1G93A mouse motor neurons is associated with defective polymerization of Golgi-derived 
microtubules, loss of the COPI coat subunit β-COP, cytoplasmic dispersion of the Golgi tether 
GM130, strong accumulation of the ER-Golgi v-SNAREs GS15 and GS28 as well as 
tubular/vesicular Golgi fragmentation. Data mining, transcriptomic and protein analyses 
demonstrate that both SOD1 mutants cause early presymptomatic and rapidly progressive up-
regulation of the microtubule-destabilizing proteins Stathmins 1 and 2. Remarkably, mutant 
SOD1-triggered Golgi fragmentation and Golgi SNARE accumulation are recapitulated by 
Stathmin 1/2 overexpression but completely rescued by Stathmin 1/2 knockdown. 
We conclude that Stathmin-triggered microtubule destabilization mediates Golgi fragmentation 
in mutant SOD1-linked ALS and potentially also in related motor neuron diseases. 
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Title: An examination of noninflammatory astrocyte secretions of glutamate in the SOD1 G93A 
ALS mouse model 

Authors: *K. JORDAN, J. MURPHY, A. SINGH, G. COAN, C. S. MITCHELL;  
Biomed. Engin., Georgia Inst. of Technol., Atlanta, GA 

Abstract: Astrocytes can be found between the vascular and neuronal elements of the CNS, 
where they take up and release molecules in order to maintain a homeostatic microenvironment 
for optimal neuron growth. Dysregulation of these astrocyte functions can lead to neuronal 
depolarization, hyperexcitability, excitotoxicity and subsequent neuronal death. Changes in 
astrocyte characteristics and function have previously been identified in Amyotrophic Lateral 
Sclerosis (ALS) transgenic mouse models. We hypothesize that changes in the levels and 
relationships between glutamate and glutamate transporters in astrocytes contribute to ALS 
disease progression and, and specifically, motor neuron death. Application of inclusion and 
exclusion criteria to a database comprising findings from over 3,000 ALS transgenic mouse 



model papers resulted in data from over 60 papers. Experimental data measuring glutamate 
concentrations and glutamate transmitter levels from SOD1 G93A (superoxide dismutase-1 
glycine 93 to alanine) transgenic ALS mouse models were normalized to wild-type mice and 
graphed over time. We perform correlation analysis and survival analysis to determine the role of 
astrocytic glutamate regulation in ALS disease progression. We demonstrate that GTL-1, GluR-
1, and GluR-2 levels from astrocytes decrease over time. We propose that this trend may be 
associated with early increases in extracellular glutamate concentrations and compensatory 
efforts to maintain homeostasis. The findings of this analysis give insight into the non-
inflammatory role of astrocytes in the pathophysiology of ALS. 
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Title: A dynamic meta-analysis of apoptosis, bioenergetics, and oxidative stress molecular 
mechanisms in the G93A SOD1 transgenic ALS mouse model 
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Biomed. Engin., Georgia Inst. of Technol., Atlanta, GA 

Abstract: Apoptosis, bioenergetics, and oxidative stress have been identified as some of the 
major molecular mechanisms contributing to Amyotrophic Lateral Sclerosis (ALS) disease 
progression. However, it is unclear as to how the interactions within this highly inter-related triad 
of categories influences the time course of the disease or, moreover, how effective therapeutic 
modulation could be accomplished. In this study, we aim to map the timing of the interactions 
between these molecular mechanisms in order to determine which parameters and relationships 
have the most significant impact on ALS in each stage of the pathology. In addition, we examine 
the possibility of homeostatic instabilities within the triad prior to, during, and after ALS 
symptom onset. We conduct a dynamic meta-analysis of experimental data collected from over 
160 peer-reviewed articles in order to identify and characterize relationships between parameters 



(such as caspase, ATP, and reactive oxygen species levels) falling under each of the three 
broader categories of apoptosis, bioenergetics, and oxidative stress. We construct an interactive 
model to forecast the relative magnitude and the rate of change of each parameter over time in 
high-copy SOD1 G93A (superoxide dismutase-1, glycine 93 to alanine) transgenic mice and age-
matched wild type mice. We identify regulatory differences within the apoptosis-bioenergetics-
oxidative stress triad between ALS and wild type mice that could contribute to homeostatic 
instability leading to ALS symptom onset and disease progression. 
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Title: Zinc and 4-hydroxy-2-nonenal(HNE) released from G93A SOD-1 expressing astrocytes 
contribute to selective motoneuronal death 
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Abstract: Several studies have demonstrated that overexpression of ALS-linked human SOD1 
mutant genes induces selective motoneuronal death in a non-cell-autonomous manner. For 
instance, astrocyte-specific expression of SOD1 seems sufficient in producing ALS phenotype in 
mice. Moreover, Nagai and colleagues showed that astrocytes expressing human G93A SOD1 
release unidentified small size toxic factor(s) to kill motor neurons. In the present study, we tried 
to identify motoneuron-selective toxic factor(s) released from astrocytes. As reported, 
conditioned medium taken from astrocyte cultures of G93A SOD1 Tg mice (TgACM) 
selectively injured motoneurons in spinal cord slice cultures in a BAX- dependent manner, but 
showed no toxic effects on cultured cortical neurons. Consistent with the finding that zinc 
dyshomeostasis may contribute, TgACM increased free zinc levels in motoneurons. Moreover, 
addition of 500 uM CaEDTA, a zinc chelator, significantly reduced motoneuronal loss by 



TgACM, whereas ZnEDTA that cannot chelate zinc, showed no protective effect. Next, we 
examined whether TgACM contained higher levels of Zn than control ACM from wild type 
astrocyte cultures (NTgACM). Free zinc concentrations assessed with a pZn meter were about 
450 nM in NTgACM and 490 nM in TgACM. In addition, we found that levels of HNE adducts 
were also increased in Tg astrocytes and TgACM. Of interest, whereas increasing either free zinc 
or HNE in NTgACM to levels in TgACM, had little toxic effect on motoneurons, increasing 
levels of both zinc and HNE to the levels measured in TgACM, produced BAX-dependent 
selective motoneuronal death in an identical manner as TgACM, suggesting toxic synergism. 
One possible mechanism of the synergism is via zinc influx through TRPM channels, which are 
modulated by oxidative stress such as HNE exposure. Consistently, non-specific TRPM channel 
inhibitors 2-APB and AP18 substantially attenuated the motoneuronal zinc dyshomeostasis and 
death induced by TgACM or Zn/HNE-added NTgACM. Present results showed that G93A SOD-
1 expressing astrocytes may release higher levels of zinc and HNE, which may synergistically 
act to produce selective death of nearby motoneurons in a BAX-dependent manner. 
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Abstract: Membralin, a novel protein with little function being known, was found to be critical 
for motor neuron survival previously. Here, we show that membralin in astrocytes plays a 
predominant role in motor neuron survival by using Cre-loxp conditional knockout system. 
Specific depletion of membralin in astrocytes causes the death in mice around postnatal 22 days 
as compared to the conventional membralin knockout mice that exhibit motor neuron death 
symptoms and die around postnatal 5-6 days. Meanwhile, using the co-culture system of mouse 
motor neurons derived from embryonic stem cells and mouse primary astrocytes, we find the 
degeneration of motor neurons when culturing with the membralin knockout astrocytes. The 
conditional medium collected from membralin knockout astrocytes is also toxic to the motor 



neurons. Thus, our study reveals that membralin-deficient astrocytes play a predominant role in 
triggering the death of motor neurons. These findings also demonstrate that membralin-deficient 
astrocytes can be a good model system to study the non-cell-autonomous effect in triggering 
motor neuron death. 
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Title: Two superoxide dismutase prion strains transmitting amyotrophic lateral sclerosis. 
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Abstract: Amyotrophic lateral sclerosis (ALS) patients and transgenic mice carrying mutant 
human superoxide dismutase-1 (hSOD1) develop aggregates of unknown significance. Using a 
novel assay for structural characterization - binary epitope mapping – we have found that two 
different strains of hSOD1 aggregates, denoted A and B, can arise in mice. Minute amounts of 
strain A and B hSOD1 aggregate seeds, prepared by centrifugation through a density cushion, 
were inoculated into lumbar spinal cord of 100-day-old mice carrying a hSOD1 transgene. The 
mice developed premature signs of ALS and became terminally ill after around 100 days — 200 



days earlier than mice which had not been inoculated or were inoculated with a control 
preparation. Concomitantly, exponentially growing strain A and B hSOD1 aggregations, 
respectively, propagated rostrally throughout the spinal cord and brain stem. The structures of 
the A and B strains are widely different, and the disease phenotypes they caused differed 
regarding aggregation and symptom progression rates, aggregate distributions along the neuraxis, 
and histopathological pictures. Thus, the hSOD1 aggregate strains are prions and spreading 
templated aggregation is the core disease mechanism in SOD1-provoked ALS. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a devastating degenerative disease that affects 
upper and lower motor neurons causing weakness, paralysis, and eventual death. Survival time 
for an individual diagnosed with ALS is 3-5 years and currently there is no cure. Research has 
been conducted in our lab to establish a behavioral data baseline for SOD1-G93A mice and their 
wild type littermates. Behavioral data has shown significant decreases in motor function and 
neurological score in SOD1 mice. A significant decline in motor function occurs at Postnatal 
Day 95 (P95) and progressed to severe motor deficits leading to eventual paralysis and death at 
P129 on average. Comparatively, their wild type littermates showed no motor deficits or changes 
in their neurological scores. In addition to establishing a baseline for motor function, motor nerve 
recordings were completed by measuring Compound Muscle Action Potential (CMAP) 
amplitude and calculating Motor Unit Number (MUNE). Significant declines in CMAP 
Amplitude and MUNE score occurred around P70 for SOD1 mice. Similar to previous literature 
these changes occur at a much earlier age than the functional motor deficits. Interestingly, when 
comparing the rate of decline for CMAP amplitude, MUNE score and motor function, no 
significant differences were found. This suggests that motor nerve recordings and behavioral 



testing have a similar rate of degradation and could be used interchangeably. Using CMAP or 
MUNE scores could allow an earlier determination in improvement of motor function among 
treated animals. Using these techniques improves our understanding of disease progression and 
how to best measure new therapeutic treatments. 
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Title: ALS-linked mutant PFN1 affects cellular protein trafficking in motor neurons 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease specifically 
affecting cortical and spinal motor neurons. ALS is the most common neuromuscular disease 
worldwide, with an average age of onset of 55 years and a mean survival of about 3-5 years from 
the beginning of symptoms. Death due to progressive motor neuron loss and muscle paralysis 
occurs within 3-5 years from the first symptoms. Although several pathways have been proposed 
to play a major role in the development of ALS, no consensus has yet emerged on a pathogenic 
mechanism common to different forms of ALS. Mutations in two cytoskeletal genes, the actin 
binding protein profilin 1 (PFN1) and the microtubule subunit α-tubulin 4A (TUBA4A), are 
associated with familial ALS, which suggests that alterations in the cytoskeleton architecture and 
dynamics may play an important role in the pathogenesis of ALS. In particular, we hypothesize 
that disruption to the actin and microtubule cytoskeleton affects multiple pathways, including 
protein trafficking and mRNA post-transcriptional processing. To explore this hypothesis, we 
investigated the effects of PFN1 mutations on the localization of ALS-relevant RNA-binding 
proteins TDP-43 and FUS. Aggregation and nuclear depletion of TDP-43 and other mRNA 
binding proteins such as FUS is a hallmark of ALS pathology. Our results show that mutant 
PFN1 leads to increased aggregation of TDP-43 but not FUS. Using quantitative 
immunofluorescence, we show that mutant PFN1 causes specific defects in the 



nucleocytoplasmic distribution of TDP-43 and FUS. Further evidence supports the possibly that 
these defects may be dependent on the disruption of nuclear transport factors such as Ran and 
RanGAP1. Together, our results support the hypothesis that alterations to protein trafficking and 
mRNA post-transcriptional processing represent a common pathogenic mechanism in different 
forms of ALS. 
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Title: Cacophony, the type II voltage gated calcium channel, rescues motor defects in a 
Drosophila TDP-43 loss of function ALS model. 
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Abstract: TDP-43 is a nuclear RNA binding protein whose loss of nuclear function is associated 
with motor neuron disease. In Drosophila, the loss of nuclear function can be modeled by 
creating Drosophila TDP-43 null animals. The Drosophila ortholog of TDP-43 is called TBPH. 
Loss of TBPH causes adult lethality and third instar larvae to crawl shorter distances. 
Mechanically, the TBPH null animals show a 65% decrease in the number of peristaltic waves, a 
20% increase in wave failure, and a 200% increase in peristaltic wave time-to-completion. At the 
neuromuscular junction, TBPH null animals show a loss of patterned motor neuron bursts. 
Previously published data showed that TBPH null animals have a 50% reduction in protein 
expression of a type-II voltage gated calcium channel called cacophony and restoring the levels 
of cacophony in discreet sets of cells within the central nervous systems could rescue the 
peripheral and central effects of loss of TBPH. Genetically restoring cacophony with the OK6-
Gal4 motor neuron driver rescues the crawling behavior, the change in mEPP frequency, and the 
motor unit burst pattern. It does not, however, rescue the change in mEPP amplitude, suggesting 
the change in NMJ physiology is not sufficient to cause the crawling defect. Genetically 
restoring cacophony with the R75C05-Gal4 driver also rescues the crawling behavior and motor 
unit firing, but not the NMJ physiology. The R75C05-Gal4 driver shows restricted expression to 



a pair of neurons called AVM001B/2B, which are located centrally in the brain hemispheres and 
whose activation with TrpA1 drives increased crawling distance and peristaltic wave frequency. 
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Title: The role of octopamine in syllable-period selective phonotaxis in female cricket Acheta 
domesticus 
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Abstract: Female crickets respond phonotactically to the calls of conspecific males. This 
phonotactic response has been reported to be variable and ranges from unselective to rather 
selective in response to calls with varying syllable periods (30 - 90 ms). Few neurotransmitters 
have been reported to be influential in modulating behavioral responses. For instance, 
octopamine, a neurotransmitter common in invertebrates, has been reported to increase 
aggressive behavior in crickets (Stevenson et al. 2005). However, the effects of octopamine on 
behaviors such as phonotaxis have not been investigated. It has been suggested that the 
underlying neural network involved in the selective phonotaxis of female crickets is partly based 
in the prothoracic ganglion. Whether octopamine plays a modulatory role in this network 
remains undetermined. Preliminary data, however, shows apparent changes in phonotactic 
behavior as a result of prothoracic nanoinjection of octopamine in female A. domesticus. The 
goal of this study is to determine the effects of octopamine on the phonotactic response of female 
crickets when exposed to calling songs with varying syllable periods. It is hypothesized that 
octopamine increases the phonotactic selectiveness of the females to these model calls. 
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Abstract: Selective phonotaxis by female crickets has been shown to be variable. Mechanisms 
which underlie such behavioral variability and neuronal plasticity are being studied. Juvenile 
Hormone III is a neuromodulator that has been shown to increase selectivity in phonotactic 
behavior of female crickets, narrowing phonotactic choices for syllable periods of the calling 
songs that most closely resemble the natural call of the male. Similarly, Juvenile Hormone III 
also increases the decrement of the L3 auditory interneuron in response to calls with syllable 
periods that fall within the range of those produced by the male. A signaling pathway which 
activates protein kinase C has been suggested for the action of Juvenile Hormone III. In an 
attempt to further explore the neuromodulatory pathway of Juvenile Hormone III and its effects 
on the behavioral and physiological responses of our model, experiments with chelerythrine 
chloride, a protein kinase C inhibitor have been performed. Results show that chelerythrine 
chloride reverses the effect of Juvenile Hormone III in the decrementing response of L3. This 
poster reports on the effect of chelerythrine chloride on both, selective phonotaxis and the 
decrementing response of the L3 auditory interneuron. Key words: Phonotaxis, Selective 
processing, L3 auditory neuron, Neuromodulation 
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Title: Diversity of GABAergic inhibitory impacts on dendritic integration for directional tuning 
in insect mechanosensory projection neurons. 

Authors: *H. OGAWA1, R. MITANI2;  
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Abstract: Inhibitory inputs have a great effect on sensory tuning in dendritic processing in 
neurons. In general, soma-targeting inhibitory neuron modulates response gain, and dendrite-
targeting inhibitory neuron shifts response level. However, it is still unknown what impact the 
dendritic location of the inhibitory inputs has upon their contribution to computation underlying 
the sensory tuning like directional selectivity. To address this question, we used wind-sensitive 
projection neurons identified as giant interneurons (GIs) in the cricket, because each type of GIs 
has unique dendritic morphology and distinct response characteristics, which are identical among 
the individual crickets. The GIs directly receive excitatory synaptic inputs from the sensory 
afferents of mechanoreceptor neurons having various directional sensitivities. And, some types 
of GIs also receive pre- and post- synaptic inhibitory inputs from local interneurons. The GIs 
displays distinct directional selectivity, but neither dendritic distribution of inhibitory input sites 
nor inhibitory effects on the directional selectivity have been clarified. To illuminate the spatial 
organization of inhibitory inputs on dendrites and their effects on the directional tuning, we 
examined effects of pictotoxin (PTX), GABA-A receptor antagonist, on dendritic Ca2+ responses 
to air current from various directions. The PTX application enhanced the Ca2+ responses more 
largely at distal dendritic regions, but the magnitude, distribution, and directional profile of 
inhibitory effects depended on the type of GIs. The inhibitory inputs have two different impacts 
on the directional tuning of the Ca2+ responses. In GIs 9-2, 10-2, and10-3, the PTX application 
reduced directional selectivity, while in GI 9-3, the preferred angle of the Ca2+ responses was 
altered by PTX. Furthermore, the decrement of the directional selectivity by PTX was larger in 
the response at proximal dendrite close to the axon than that at distal regions of dendrites in GI 
10-3. On the other hand, the difference of directional preference was prominent in the response 
at distal region of specific dendritic branch in GI 9-3. These results suggest that inhibitory 
impacts sharpening the directional selectivity will be received at proximal dendritic regions, and 



that inhibitory inputs received on distal regions of specific dendrite effectively alter the 
preference of directional selectivity. 
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Abstract: Animals exhibit various escape behaviors even in response to the identical triggering 
stimuli. Direction of the escape response is fluctuated and this directional variability depends on 
surrounding environment or behavioral state of animals. In goldfish, acute cooling of water 
surrounding the fish facilitates escape responses towards the aversive stimuli, which results in 
extend the directional variability of the escape response (Preuss and Faber, 2003). In herrings, 
schooling fish show less directional variability in their escapes than solitary do (Domenici and 
Batty, 1997). This contextual modulations of escape response arise from cross-modal interaction 
between triggering stimulus and contextual stimulus. On the other hand, the directional 
variability also depends on stimulus angle relative to body axis of the animal. The variance of 
escape trajectories of the cockroach decreases in response to wind stimuli applied from the 
posterior directions (Domenici et al., 2008). However, it is unknown what impact the additional 
context has upon the stimulus-angle-dependency of directional variability. To address this 
question, we used the crickets Gryllus bimaculatus which exhibit escape response to wind 
stimulus. We have reported that preceding auditory stimulus (10 kHz pure tone) biased walking 
direction backward in the wind-elicited escape response (Fukutomi et al., 2015). It suggests that 
cross-modal interaction between the auditory and wind-sensitive systems alters the directional 
control of the escape response. In this study, we developed an air current stimulator with 8 
nozzles arranged at different angles, which allows us to measure the stimulus-angle dependency 
of the directional variability. To analyze the directionality of the escape response, we calculated 
walking direction and turn angle measured with the spherical treadmill system (Oe and Ogawa, 



2013). The variance of the walking direction in response to the air current from front was larger 
than that in response to the stimulus from behind. The auditory stimulus reduced this directional 
variability in response to the frontal stimulus but not affected on the response to the stimulus 
from behind. In contrast, the auditory stimulus enhanced the variance of the turn angle in 
response to air current from front. These results demonstrated that the preceding auditory 
stimulus modulated the directional variability in the wind-elicited escape behavior, and that the 
cross-modal interaction had different impacts on the walking direction and turn angle. It implies 
a trade-off between variances of walking direction and turn angle in the escape behavior. 
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Title: Identification of neural activity in the silkworm moth brain contribute to the odor source 
search behavior 
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Abstract: In this study, we aim to solve odor source search problem, which is known as the 
engineering challenge, by focusing on insect odor source search ability. Insects are possible to 
practically solve the problem in a momentarily changing environment. This is equivalent to that 
they solve the "Exploration vs. Exploitation Dilemma." The online decision-making consists of 
two fundamental choice: One is "Exploration" and other is "Exploitation." Exploitation is that 
make the best decision given current information, and exploration is the choice to gather more 
information. The balance of this weight is very important because exploration and exploitation 
cannot be run at the same time. Similarly, in the odor source search of insects, it is important to 
select the exploration and exploitation behavior adaptively according to the situation in order to 
locate the odor source in an environment that continues to change. We determine the presence or 
absence of the state depending behavior selection process by the simultaneous measurement of 
the brain activity and the behavior output. 



In this study, we employ a male silkworm moth, Bombyx mori, as the model insect. A silkworm 
moth does not exhibit any voluntary movements including eating and drinking except mating 
behavior driven by the sexual pheromone. Thereby, a silkworm moth is an insect that is suitable 
for system identification because input and output relationship is very clear. To identify the brain 
neural activity that is directly related to the behavior selection, we carried out neural activity in 
the brain and odor source search behavior simultaneous measurement experiment using the 
tethered system. We gave the 0.5Hz (duration: 0.2s, interval: 1.8s) pulse odor stimulation to a 
silkworm moth, and measured behavioral change and brain activity change. In the brain activity 
measurement, we used 20µm microwire electrode and focused on lateral accessory lobe (LAL) 
area. Area of LAL plays a very important role in determining the walking direction. From the 
result of the simultaneous measurement, we observed the LAL neural activity unit corresponding 
to the forward movement (exploitation) and the turning movement (exploration) that make up 
odor source search behavior of silkworm moth. Accordingly, behavior switching index based on 
brain information was acquired and became possible to elucidate the state-depending odor source 
search behavior based on brain information. 

Disclosures:   S. Shigaki: B. Contracted Research/Research Grant (principal investigator for a 
drug study, collaborator or consultant and pending and current grants). If you are a PI for a drug 
study, report that research relationship even if those funds come to an institution; Grant-in-Aid 
for JSPS Fellows 15J06227. D. Kurabayashi: B. Contracted Research/Research Grant (principal 
investigator for a drug study, collaborator or consultant and pending and current grants). If you 
are a PI for a drug study, report that research relationship even if those funds come to an 
institution; Grant-in-Aid for Scientific Research(C) 25420212. 
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Title: Spatiotemporal calcium waves generated in the excitatory dendrite of an identified visual 
interneuron in response to looming stimuli 



Authors: *Y. ZHU, F. GABBIANI;  
Dept. of Neurosci., Baylor Col. of Med., Houston, TX 

Abstract: The lobula giant movement detector (LGMD) in the locust is an identified visual 
interneuron that responds preferentially to objects approaching on a collision course and their 
two-dimensional simulations on a projection screen, called looming stimuli. It receives 
retinotopic excitatory synaptic inputs from an entire visual hemifield. How the LGMD neuron 
integrates these excitatory synaptic inputs spatiotemporally on its extended excitatory dendrite in 
response to looming stimuli remains largely unknown. To address this question, we performed 
two-photon calcium imaging of the excitatory dendrite of the LGMD while simultaneously 
presenting black expanding looming stimuli to the locust eye. Our preliminary data show that as 
the black edge of the stimulus moves across the receptive field of photoreceptors, it triggers 
calcium responses in the dendritic regions on the excitatory dendrite of the LGMD to which 
those photoreceptors project, in agreement with the known retinotopic mapping from the visual 
field to the LGMD’s excitatory dendrite. As the looming stimulus expands on the retina, it 
triggers a calcium wave on the excitatory dendrite of the LGMD that spreads from a central 
location towards the surrounding dendritic regions. When the presentation angle of looming 
stimulus relative to the eye is changed, the central location of the calcium wave also changes 
accordingly. The observed calcium waves allow to infer the relative timing of activation of 
various dendritic compartments in response to looming stimuli and to indirectly monitor the 
membrane potential in these regions. 
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Title: Parallel encoding of spatial memory and self-motion during navigational decision-making 
in Drosophila 
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Abstract: Animals navigate the environment by using multiple types of information such as 
current and past landmark locations and self-motion. In Drosophila melanogaster, studies have 
implicated the existence of neural codes for these navigational cues, but where and how these 
cues are represented remains unknown partly because recording neural activity in behaving flies 
is technically challenging and hard to combine with existing navigation tasks requiring memory. 
Here we developed a memory-guided spatial orientation task that is compatible with neural 
recording, and show that spatial memory and self-motion are distinctively encoded in 
complementary regions in the bulb (BU), which is upstream of the central complex (CX), the 
insect navigation center. Behavioral analyses revealed that head-fixed flies navigate a virtual 
space based on short-term memory of landmark location. Two-photon calcium imaging during 
flight revealed that the dorsal part of the BU, a region in the central brain, encodes spatial 
memory as persistent activity, whereas the ventral part of the BU tracks the self-motion 
reflecting steering maneuvers. Photolabeling-based circuit tracing demonstrated that these 
functional compartments of the BU constitute adjacent yet distinct anatomical pathways that co-
enter the CX. Thus, the fly’s navigation system organizes multiple types of information in 
parallel channels, which may compactly transmit signals without interference for decision-
making during flight. 
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Abstract: Royal jelly (RJ) is the substance that leads to queen differentiation in the honey bee 
Apis mellifera. Queen bees are markedly larger, develop more rapidly, and have significantly 
longer lifespans than sterile worker bees. The effects of RJ were previously characterized to be 
conserved in Drosophila melanogaster, as rearing D. melanogaster in the presence of RJ also 
increased body size and lifespan of female progeny. This study aims to determine if the increased 
size due to RJ exposure leads to altered climbing or circadian locomotor activity in D. 
melanogaster. In both flies and bees, there is some evidence that increased body size can lead to 
impairments to locomotor activity. Additionally, RJ also seems to improve motor function in 
mice. Canton-S Drosophila melanogaster were raised on 4 mL of instant fly food combined with 
10 mL of either 0% (i.e., water) or 20% pure honeybee royal jelly (w/v) through thorough 
manual mixing. The flies were allowed to mate, and upon confirmation of larvae within the vial, 
parents were removed. Body length was subsequently measured from eclosed female offspring 
(approximately two days old). Additionally, multiple vials of virgin flies were made to assess 
lifespan of these eclosed flies. To assess climbing or vertical locomotor behavior, 10 flies were 
placed into an empty fly vial with a marked line 6.5 cm from the bottom and allowed to 
habituate; flies were gently tapped to the bottom of the vial and the percentage of flies above the 
line was calculated after 30 seconds. Circadian locomotor activity parameters, including overall 
activity and a bout analysis in both LD and DD was observed by placing adult flies raised on RJ 
or control media into Drosophila Activity Monitors. We were able to replicate the findings of 
increased body size and increased longevity, which was previously found for D. melanogaster 
raised on royal jelly in other studies. Flies exposed to RJ were able to exhibit entrainment and 
stable free-running rhythms as well as climbing behavior. In addition, flies raised on 20% RJ 
showed no differences in climbing behavior or any of the circadian locomotor activity 
parameters tested in both LD and DD. While adult flies with increased size may show awkward 
locomotion, the increased size due to RJ exposure has no bearing on locomotor activity patterns 
both horizontally (circadian activity) and vertically (climbing); thus, RJ may lead to anti-fatigue 
properties or improved muscle function in D. melanogaster, as sometimes seen in some rodent 
studies. 
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Abstract: During free flight in flies, body saccades account for the vast majority of the total net 
change in heading yet little is known about their control. Here, we studied visual fixation of 
objects in magnetically-tethered Drosophila free to rotate about the yaw axis. We hypothesized 
that flies rely on smooth and saccadic tracking of visual objects. When an object was rotated 
against a stationary visual landscape, tracking was dominated by sustained bouts of saccades, 
with little smooth pursuit between saccades. Object-tracking saccades were significantly smaller 
and slower than spontaneous saccades. The duration, angular amplitude, and peak angular 
velocity of saccades were tuned to object velocity, which rejects the hypothesis that saccades are 
reflexive, all-or-none motor actions; instead, saccades are precisely pre-programmed. Saccade 
dynamics are regulated such that the initial torque generated by the wings is tuned to object 
velocity while the counter-torque scales with initial torque amplitude. Saccades are triggered 
when the spatio-temporal integrated error between the object and the fly’s heading reaches a 
fixed threshold. A reduced-order, switched, integrate-and-fire model predicts measured tuning 
and triggering dynamics. Object tracking saccade dynamics on a moving ground depend upon 
the ground speed whereas the initial trigger for a saccade depends only on the integrated object 
error. Collectively, our findings provide evidence that visual fixation in Drosophila is enabled by 
precise control of targeted body saccades. To characterize neural circuits that control saccades, 
we used 2-photon excitation calcium imaging to determine the response of candidate neural 
circuits known to implement temporal integration. We recorded the response of Lobula Plate 
Tangential Cells (Horizontal System) cells to moving objects and found that they do not integrate 
object error, suggesting instead that more specialized object-sensitive neural circuits integrate 
error signals. 
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Abstract: Common logic and circuit design principles may govern the pattering and production 
of action sequences. We are exploring fruit fly grooming behavior, which is surprisingly 
complex and variable. It is an innate sequence composed of individual grooming movements 
(IGMs), such as head cleaning and leg rubbing, that are grouped into anterior and posterior 
“motifs”. The sequence of motifs is probabilistic while alternations between IGMs within motifs 
are more determined. Thus there are two distinct time-scales: 1) rapid transition between IGMs 
and 2) slower alternation between the anterior and posterior motifs. When stimulated by dust, 
flies groom in an anterior to posterior progression, cleaning high priority body parts e.g. head 
before lower priority parts e.g. wings. The complex structure of fly grooming behavior presents 
an opportunity to address some fundamental questions in neuroscience: to what extent are 
individual decisions about IGMs or motifs driven by external sensory stimuli vs. internal 
triggering? To what degree does the structure of a motif (e.g. frequency of transitions between 
IGMs in the motif) predict the structure of the next motif? How is behavior organized with 
respect to both time scales? To model the grooming sequence with suitable statistical power, we 
needed to collect and annotate very large amounts of video data. To this end, we developed an 
automated behavioral recognition system which can quickly and reliably classify IGMs from 
video with minimal human effort. Our video data was challenging for existing behavior 
classification systems that require alignment and body part identification because our flies have 
changing distributions of dust and are freely moving. To circumvent these problems we 
developed a method based on spatial-temporal features, invariant to animal’s position and 
orientation. We use these features to carry out two steps of unsupervised classification, based on 
the two time-scales at which the behavior occurs. First we identify the general behavioral 
context, and then we determine the specific IGMs. We achieve robust and reliable recognition of 
fly grooming behavior. This strategy of combining of alignment-invariant features and multi-
timescale analysis is an algorithm that may be generally useful for movement-based 



classification of behavior from video. Here we present: 1) the analysis of hundreds of hours of 
video of fly grooming behavior to offer a detailed description of moment-to-moment dynamics 
and an improved descriptive model of this complex and variable behavior. 2) the automated 
behavior recognition system and how its results compare to manually annotated behavior. 
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Abstract: In every behavioral population paradigm where groups of animals are being exposed 
to forced-choice situations, there is the question whether or not the individual animals can be 
assumed to make their own choices. We approach this hypothesis by testing Drosophila fruit 
flies for their photopreference in a light/dark T-maze. Approximately 75% of a randomly chosen 
group of wild type flies decide to approach the bright arm of the T-Maze, while the remaining 
25% walk into the dark tube. Taking these subgroups of flies and re-testing them revealed a 
similar 75-25 distribution in each subgroup. 
In order to increase the number of choices each subgroup makes without losing too many flies in 
the process, we used the classic phototaxis experiment developed by Seymour Benzer in the 
1960s. In this experiment, flies are exposed to a light source while they are confined in 
transparent tubes aligned with the direction of light. Each round of the experiment consists of 5 
consecutive choices were the animal can either stay or walk towards the light (positive 
phototaxis). At the end of a round the original group is split into 6 subgroups according to their 
sequence of choices. 
We discovered that while the test/re-test distributions were similar, there was a tendency of the 
extremely phototactic animals (positive and negative) to skew their distributions towards their 
respective end. 
These results are consistent with observations in single-animals where individual choice 
probability was discovered to be itself distributed over a population of flies (Kain et al., 2012). 
To test for potentially confounding effects of general activity and walking speed, we tested 
individual flies after their phototaxis experiments in Buridan's Paradigm, where flies walk 



between two opposing black stripes. We detected small walking speed and general activity 
differences, suggesting a quantitative interaction between general and light-specific processes 
contributing to the performance scores in Benzer's phototaxis experiment. 
Kain JS, Stokes C, de Bivort BL (2012) Phototactic personality in fruit flies and its suppression 
by serotonin and white. Proc Natl Acad Sci U S A 109:19834–19839. 
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Abstract: Invertebrates are powerful tools for teaching and research. Conditioned place 
preference (CPP) continues to be one of the most popular models to study the motivational 
effects of drugs and non-drug treatments in experimental animals. With the underlying 
mechanisms strongly conserved in evolution, invertebrates have recently emerged as a powerful 
new model in addiction research. The purpose of our research is to identify the differences in 
speed, grooming, drug seeking behavior and CPP of Periplaneta Americana, a North American 
cockroach (PANC) and Blaptica Discoidalis, a South American cockroach (BDSC) using vanilla 
and peppermint. 
METHODS Adult PANC and BDSC were taken from the lab-maintained colonies. Male last-
instar nymphs were taken from the stock colony to the cage and were reared under 12:12 LD 
regime at 28 ± 1 °C. Cockroaches were transferred into the experimental setup where they were 
kept for at least two weeks prior to tests. The experiments started in the first half of a dark phase. 
Water and food were provided ad libitum.10 of each species were placed one at a time in a single 



lane of a Plexiglas apparatus with vanilla and peppermint placed at different ends of the 
apparatus. Each experiment had five conditions in which the contents of the substances as well as 
the delivery method of the substances were manipulated. Each session was recorded from a top 
and side view for approximately two minutes; one minute ten second video sessions were 
analyzed at a later time for the amount of time spent on each side of the apparatus (Drop-Point, 
Vanilla, and Peppermint). Data obtained was entered into Microsoft Excel for statistical analysis. 
Behavior was recorded by video camera in two 30 min intervals only in the clean Plexiglas test 
chamber. In some experiments cockroaches were supplied with octopamine solution 10 min 
before the start of recording; water was used as a control. Video files were processed frame by 
frame. Obtained data were transferred to Excel and Matlab for statistical evaluations. 
CONCLUSIONS 
1. PANC is faster than DBSC. 2. PAN and DBSC prefer vanilla over peppermint. Restricted 
food and water enhances vanilla preference and peppermint aversion. 3. Octopamine and vanilla 
modify (increase) grooming behavior in PANC. 4. Grooming behavior when exceeds certain 
frequency, might follow a different sequence of actions in relation to normal grooming. In the 
first case, an internal drive for reward balance can compensate disturbances of reward 
homeostasis due to stressors. Concern about stress reduction is important in order to reduce 
artifacts and unnecessary suffering in these small animals. A control-engineering approach can 
be sketched. 

Disclosures:  B.D. Ortiz: None. G.F. Trujillo: None. J.F. Gomez-Molina: None. M. Corredor: 
None. U.M. Ricoy: None. 

Poster 

160. Neuroethology of Sensory and Motor Systems: Arthropods 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 160.13/UU3 

Topic: F.01. Neuroethology 

Support: NIH Grant MH065339 

 NSF Grant DMS-1120952 

Title: Active dendritic conductances generate dynamic neural computation underlying locust 
predator avoidance 

Authors: *R. B. DEWELL1, F. GABBIANI1,2;  
1Dept of Neurosci., Baylor Col. of Med., Houston, TX; 2Computat. and Applied Mathematics, 
Rice Univ., Houston, TX 



Abstract: Approaching objects produce a characteristic pattern on an observer's retina, 
expanding outwards from a single point at an increasing rate. Detection of approaching predators 
relies on discriminating this particular spatio-temporal pattern of retinal activation. In locusts, 
visual discrimination of approaching predators can be accomplished by a single neuron within 
each optic lobe. This lobula giant movement detector neuron (LGMD) integrates inputs from 
every photoreceptor of the ipsilateral eye, following two intermediate processing stages within 
the lamina and medulla. We used a combination of physiology, behavior, and computational 
modeling to investigate the role of active conductances within the LGMD of Schistocerca 
americana to better understand the complex, nonlinear computations implemented within this 
looming sensitive neuron. We found that an h-current selectively increases responses to spatially 
coherent looming stimuli, while a 4-AP dependent, slowly inactivating K+ current (IKD) within 
the LGMD selectively decreases responses to spatially incoherent looming stimuli. How these 
currents produce this selectivity was investigated with a morphologically accurate, multi-
compartmental model of the LGMD within the NEURON simulation environment. With this 
model we show that this coherence preference depends on the retinotopic arrangement of 
excitatory synaptic inputs, the temporal patterning of excitatory synaptic inputs, and dynamic 
interactions between the active conductances. Briefly, prolonged depolarization due to a 
combination of Ih and appropriately patterned synaptic excitation can initiate a positive feedback 
loop resulting in K+ channel inactivation - as IK decreases, greater depolarization occurs, which 
causes more inactivation. Without Ih or properly patterned excitation, however, the activation of 
IK produces a negative feedback loop, whereby IK prevents depolarization which prevents K+ 
channel inactivation. These competing feedback loops are further influenced by low threshold 
Ca2+ channels and Ca2+-dependent K+ channels near the spike initiation zone. Physiological data 
reveals that the LGMD uses these active conductances to discriminate the spatial coherence of 
approaching objects, and behavioral experiments show that this discrimination is key to initiating 
escape behavior. The LGMD is an attractive model to investigate the influence of active 
conductances on the spatio-temporal filtering of synaptic inputs, allowing us to not only 
investigate the role of active conductances for dendritic integration, but also to ground these data 
in the context of an ecologically important neural computation. 
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Title: Investigating a circuit connecting visceral sensory neurons to hormone-producing output 
neurons in Drosophila larvae 
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Abstract: Sensing and adjusting the internal state of the body is critical for tissue and organ 
homeostasis. We are investigating the neural control of internal state in fruit fly larvae. We have 
identified a group of internal sensory neurons associated with the airway and present evidence 
that they express Gustatory Receptor genes that mediate detection of aversive stimuli. We find 
that these sensory neurons project axons into the central nervous system to target two distinct 
neuropils. First, axons make en passant connections with peptidergic neurons situated in the 
ventral nerve cord, and second they terminate in a gustatory center in the brain, the 
subesophageal zone (SEZ). In the SEZ, we show that the axons terminate in close proximity with 
primary gustatory neurons that detect aversive/bitter stimuli. Thus, these internal sensory 
neurons may be functionally similar to aversive/bitter gustatory neurons. We also show that 
proper targeting of axons in the SEZ requires POU homeodomain transcription factor function. 
Within the ventral nerve cord, we identified specific neuropeptidergic populations as 
downstream synaptic targets. Notably, these peptidergic neurons project axons back out to the 
periphery and likely release peptide hormones into the hemolymph. This system may therefore 
provide a sensory neuron-peptidergic neuron monosynaptic arc to release a hormonal signal into 
the body. We will present our progress on testing the physiological function of this circuit in 
maintaining body homeostasis. 
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Title: Investigating the influence and regulation of catecholamines on circadian rhythmicity of 
anti-predator behavior in the orb-weaving spiders. 
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Abstract: While it is widely assumed that circadian rhythms benefit organisms by allowing them 
to anticipate changing conditions, only a few studies have directly tested this. Being both 
predator and prey, orb-weaving spiders offer a novel, tractable model system to test whether 
circadian rhythms are adaptive due to their variety of temporal foraging strategies across species. 
Previous work suggests that spiders modulate their aggression/wariness over the 24-cycle and 
that aggression and wariness are modulated by biogenic amines (neurohormones). In this study, 
we analyzed temporal changes in catecholamine levels and transcriptional regulation in the orb-
weaving spider Larinioides cornutus. L.cornutus individuals were collected from sites in 
northeast TN. After a 7-day entrainment period, spider cephalothoraxes were dissected and 
haemolymph was collected at 4 different time points over a 24-hour cycle. We measured gene 
transcription levels and neurohormone levels in haemolymph and cephalothoraxes using RNA-
sequencing and HPLC-ED, respectively. Levels of catecholamine neurohormones did change 
over the 24-hour period however, the patterns found were not uniform. Like brain-reward 
pathways in many other taxa, dopamine levels did rise during foraging periods (nighttime) of 
L.cornutus. In addition, patterns in gene expression further supported the fluctuating patterns of 
catecholamines. 
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Abstract: Walking animals constantly have to adjust their leg movements to a given motor task. 
Changes during curve walking are generated by specific modifications in the kinematics of each 
leg on both sides of the animal: a middle outside leg generates large amplitude, longitudinally 
directed stance movements, whereas the inside leg generates small amplitude stance movements 
with marked tibial flexion (Gruhn et al., 2009). In a previous study, Hellekes et al. (2012) 
showed that such task-specificity in leg stepping kinematics is accompanied by differences in the 
processing of movement-related feedback on both sides of the curve walking animal. Flexion 
signals from the Femur-Tibia (FTi-) joint, reported by the femoral chordotonal organ (fCO), 
induce reinforcement of the Flexor tibiae activity more often on the inside than on the outside. 
In the present study, we asked, if 1) different parameters of tibial movement are processed 
differently between inside or outside steps, and if 2) the same parameters of tibial movement are 
processed differently during directional stepping.To answer this, we stimulated the middle leg 
fCO with a large range of stimulus velocities (150-750deg/s), varying amplitudes of FTi-joint 
movement (40-100deg), and at varying starting angles (70-150deg) while recording tibial 
motoneuron and muscle activity in curve walking animals. 
The frequency of occurrence of reinforcement of tibial motoneuron activity increased with 
increasing starting angles and decreasing stimulus velocities (cf. Bässler,1988) for both, the 
inside and outside leg, while it was unaffected by the amplitude of the FTi-joint excursion. The 
likelihood for the generation of reinforcement of movement for all three modalities was 
significantly higher during inside compared to outside steps. The highest probability was found 
to be 70% for the inside leg condition with an FTi-joint movement amplitude of 100deg, a 
movement velocity of 150deg/s and a starting angle of 150deg (N=11, n=132). 
Our results show that the occurrence of movement reinforcement during inside and outside steps 
caused by fCO flexion signals is in both cases mostly dependent on starting angle and the 
velocity of the angular movement. However, the thresholds for eliciting the response are 
drastically lower for the inside leg. It is quite conceivable that during curve stepping such 
differences in processing of tibial movement signals can support leg kinematics generated on 
each side. To explore the mechanism behind this difference, we currently perform intracellular 
recordings from tibial motoneurons and premotor interneurons (cf. Driesang and Büschges, 
1996). 
This work was supported by DFG grant Bu857/14. 
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Abstract: How do animals successfully navigate and interact with their environment? An insect 
foraging for food may travel tens of meters. It will encounter local and global visual cues (e.g. 
trees, horizon) as well as other sensory cues. Yet, as the insect sets out, it cannot know which 
information is relevant to its return home or return to an as-yet-unfound site. The insect needs 
neural mechanisms to identify and store relevant information. These mechanisms must be robust 
against environmental instability or noise (e.g. obscured visual landmarks or changes in 
lighting). The goal in real world navigation is to maximize stability by combining information 
about multiple sensory stimuli, contextual cues, motor actions and past experiences. The 
behavioral output of ants foraging in laboratory settings has revealed a number of visual features 
used to guide familiar routes. These behaviors have been used to develop image analysis 
algorithms to extract known visual features that wood ants use for guidance in naturalistic 
panoramic scenes. In order to investigate how visual cues are extracted and prioritized, a model 
was created to simulate ant navigation in procedurally generated environments where the visual 
cues could be precisely characterized. In these computer-simulated environments, the visual 
perception algorithms were used to examine how different cues were viewed and learned during 
a single random foraging walk. Following this single bout of foraging and learning, the success 
of the simulated ant in finding the goal location using the information stored was examined. In 
addition to the simulated environment, a series of panoramic images from a wooded area, that is 
similar to the foraging terrain of wood ants and carpenter ants used in the lab, revealed a number 
of potential guiding features. There were local features such as edges, peaks, and troughs 
available to guide routes, as well as global features such as scene center of mass and segmented 
centroids. Progressing over even a short distance produced considerable instability in nearby 
local features. However, there were several stable features that could be used to provide reliable 
landmarks to facilitate route learning. These image analysis algorithms can rapidly extract visual 
information from any scene and provide testable predictions about the reliability and stability of 
specific visual features within complex, and cluttered panoramic scenes. The results of this data 
have provided insight into the mechanisms involved in prioritization and perception of visual 
information. Additionally, it has provided the framework to investigate how memory can be 
optimized in simple networks and nervous systems. 
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Abstract: Motion detection is critical for animal navigation. Well known computational models 
predict the structure of circuits required to extract directional selectivity from non-selective 
signals. These models have motivated the experimental search for the neural basis of 
directionally selective (DS) circuits, most recently focused on genetic model organisms, such as 
flies and mice. The components of DS computation (time delays, receptive-field properties, and 
nonlinearities) are often treated as static properties, and yet several studies in Drosophila have 
shown that active locomotion modulates the response gain of motion-sensitive neurons post-
synaptic to the DS cells. Furthermore it has been shown that the neuromodulator octopamine, the 
invertebrate analog of norepinephrine, plays a crucial role in this behavioral-state-dependent 
modulation. It is not known whether this modulation acts broadly in the visual system, and 
whether it affects the DS neurons or their inputs. Here we show that behavioral state modulates 
the activity of the directionally selective circuit inputs (DSCIs) in the Drosophila visual system, 
and suggest that this modulation is mediated by several octopaminergic feedback neurons 
(OFNs), that connect a pre-motor center in the central brain, the posterior slope, to the optic 
lobes. Intriguingly, by using optogenetics and 2-photon calcium imaging, we found that distinct 
subsets of OFNs produce either an increasing or a decreasing calcium response in a GABAergic 
DSCI, Mi4. Mi4 neurons play an important role in the detection of ON DS motion, and 
interconnect with the other excitatory and inhibitory DSCIs in the ON pathway. This result 
demonstrates that behavioral-state modulation acts upstream of the DS neurons. We also perform 
behavioral genetic experiments on tethered walking flies to test the role of the OFNs and 
octopamine receptors expressed in the DSCIs in the contrast and speed sensitivity of fly motion 
vision. 

Disclosures:  S. Wu: None. J. Strother: None. A. Nern: None. A. Wong: None. E. Rogers: 
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Abstract: Male crayfish serve as a model for experimentation in behavioral studies. Crayfish 
have a naturally occurring tendency to engage in aggressive behavior after confrontation with 
one another. This aggression is shown in a duel, where crayfish actively fight. Fights between 
males end with a dominant and a submissive male. Afterwards, a submissive male may 
experience both neural and behavioral changes. Submissive males tend to fight less aggressively 
after losing. In a number of studies, these behavioral changes leave lasting effects. 
In this experiment, six male crayfish, Procambarus clarkii, were immersed in a 25 mg/L solution 
of taurine to determine if fighting behavior was chemically altered with taurine. Taurine is a 
naturally occurring amino acid that plays a role in neural development. It is also one of the active 
ingredients found in most energy drinks today. Preliminary data has shown that crayfish under 
the influence of taurine had increased aggression when fighting. It was hypothesized that taurine 
would reverse the effects of submissive behavior. In a series of control trials a dominant and 
submissive crayfish were identified. Afterwards, submissive crayfish were immersed in taurine 
solution. Though a small sample size was used, results show that those under the influence of 
taurine had grown more submissive than before. This suggests that taurine either had no effect on 
the crayfish or increased the submissive behavior in losing crayfish. 
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Abstract: Understanding the neuronal wiring that governs has been studied for decades, but how 
perception can be altered by hormonal context is often overlooked. Here we describe how 
Ecdysis Triggering Hormone (ETH), originally discovered and characterized for its critical role 
in ecdysis, plays a post-metamorphosis role as a regulator of courtship behavior during the adult 
stage. Elimination of ETH through cell ablation or inhibition of vesicular release results in 
disinhibition of male courtship, as well as complete abolition of the post copulation refractory 
period. Furthermore, courtship inhibitory neurons GR32A, OR67D, and antennal interneurons, 
previously implicated in courtship inhibition, express the ETH receptor (ETHR). Cell-specific 
RNAi knockdown of ETHR results in relief of courtship inhibition, evidenced by increased 
courtship toward other males and refractory females. Taken together, our findings implicate ETH 
signaling in regulation of courtship inhibition through stimulation of courtship-inhibitory 
neurons. 
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Abstract: Microglia are resident immune cells of the brain and function in multiple ways outside 
their traditional capacity of responding to insult. During development microglia regulate tissue 
homeostasis, neuronal precursor populations, and synaptic circuitry. We recently implicated 
microglia as an integral component of sexual differentiation of the preoptic area and control of 
male copulatory behavior, suggesting these immune cells also function to organize sex-specific 
brain structure and function (Lenz et al. J Neurosci 33(7), 2013). Here, we further investigate the 
role of microglia in regulating the development of normal brain circuitry and behavior and 
examine their influence in early postnatal brain development. Using liposomal clodronate (LC), a 
drug that selectively depletes microglia, we globally depleted microglia from the rat brain for the 
first few days of postnatal life. Based on comparable techniques reported in the literature, we 
believe this depletion to be transient, with microglia regrowth occurring within 3 days. Pups of 
both sexes received either LC or vehicle injections i.c.v. (postnatal day 0, 2, and 4) and then 
underwent a developmental behavioral battery (postnatal day 5-15), a juvenile behavioral battery 
(postnatal day 25-33) and adult (> postnatal day 60) behavioral testing for copulatory behaviors. 
We find that animals whose microglia were depleted display an early hyperlocomotive 
phenotype indicated by a decreased latency to leave a circular testing arena (treatment x sex 
interaction, F(1,370) = 4.481, p = 0.035), and deficits in a two-choice nest seeking task (main 
effect of treatment, F(1, 414) = 19.310, p = <0.001, a marker for early social behavior. 
Moreover, these animals exhibit a pervasive reduction in anxiety-like behaviors with depleted 
animals spending more time in the center of an open field (main effect of treatment, F(1, 34) = 
7.909, p = 0.008) and more time in the open arms of an elevated plus maze (main effect of 
treatment, F(1, 34) = 34.065, p = <0.001). Males whose microglia were temporarily depleted 
during early postnatal development have significantly impaired sexual behavior as evidenced by 
fewer mounts (Mann-Whitney U=7, p = 0.007), fewer intromissions (Mann-Whitney U=12.5, p 
= 0.032), and increased latency to mount (Mann-Whitney U=61.5, p = 0.011) as well as intromit 
(Mann-Whitney U=61.5, p = 0.011) compared to males whose microglia remained intact 
throughout development. Together these data indicate microglia are critical contributors to 
developmental programming of both sex-dependent and sex-independent juvenile and adult 
behaviors. 
This work was supported by RO1 MH52716-018 to MMM. 
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Title: Ghrelin receptor mutation leads to deficits in social behavior & food-seeking behavior in a 
stressful environment 
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Abstract: Ghrelin, a gut derived peptide hormone contributes both to energy balance and the 
stress response. Results of some previous studies using animal models have also suggested that 
ghrelin has anxiolytic effects although other studies have reported anxiogenic effects of ghrelin. 
To further explore the role of ghrelin in anxiety behavior we compared ghrelin receptor knock-
out (GHSR-KO) mice and their wild-type (WT) counterparts, on a battery of behavioral tests 
designed to examine different facets of anxiety behavior. Open field and light/dark preference 
tests were used to measure general anxiety and no significant differences between the GHSR-KO 
and WT mice were observed in these tests. By contrast, both the latency to approach a palatable 
food in a novel environment and to approach a strange mouse in the home cage was increased in 
GHSR-KO mice compared to WT mice. In a subsequent study, the effects of acute blockade of 
the ghrelin receptor on these measures were examined. The ghrelin antagonist JMV2959 
(0.3mg/ml) or saline (0.1ml/10g) were administered i.p. to C57/BL6 before testing. As in the 
previous study, we observed no effects on the tests of general anxiety but did observe increased 
latency to approach both food in a novel environment and a strange mouse in the home cage. The 
aforementioned results of these studies suggest that the anxiolytic effects of ghrelin may be most 
apparent in tests of goal-directed behavior. 
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Abstract: The establishment of a dominance hierarchy requires several behavioral 
characteristics, primarily a demonstration of aggressiveness towards other group members. 
TrpC2-/- male mice, which are impaired in sensing of pheromones via the vomeronasal organ 
(VNO), display a massive reduction in their aggression towards conspecific males. The aim of 
the current research was to assess the role of VNO inputs in the formation of hierarchy in group 
of male mice, by characterizing the development of social hierarchy in group of wild-type (WT) 
and mutant (TrpC2-/-) male mice. For this purpose, we employed a novel automated long-term 
tracking system, which allows us to analyze a large array of social behaviors within mouse 
colonies, under a semi-natural environment. Our data shows that the hierarchy of WT males 
usually comprises of two sub-hierarchical levels of a single alpha mouse alongside several 
submissive individuals, whereas in case of TrpC2-/- males the submissive mice were separated to 
two sub-groups. We also found that in addition to chasing events, locomotion behaviors such as 
velocity and running time significantly characterize the dominant males within groups of WT, 
but not in groups of TrpC2-/-. Interestingly, using a standard odor preference test, we found that 
naive WT males significantly prefer to check the urine containers derived from dominant mice, 
but no such preference was detected in TrpC2-/- male mice. To conclude, our results suggest of 
an important role for VNO-mediated inputs in the regulation of complex social behaviors and 
hierarchy formation within a group of male mice. 
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Abstract: Instinctive behaviors such as mating, aggression and predator avoidance are key for 
the survival and propagation of species. As innate behaviors manifest without prior training, 
there must be embryonic genetic mechanisms that specify these innate behavioral circuits. 
Focusing on the medial amygdala (MeA), a major target of olfactory inputs, we sought to 
elucidate the link between embryonic patterning and innate behaviors. We observed that the 
MeA progenitor niche at the telencephalic-diencephalic boundary is comprised of distinct 
progenitor populations differentially marked by the transcription factors Dbx1 and Foxp2. In the 
post natal MeA, Dbx1-derived and Foxp2+ progenitor populations remain segregated and could 
be further parcellated based on their intrinsic and extrinsic electrophysiological properties and 
molecular profiles. Furthermore, the Dbx1-derived and Foxp2+ populations also differed in their 
activation patterns during distinct innate behavioral tasks in both lineage-specific and sex-
specific manners. Therefore, neuronal subclass parcellation by transcription factor expression 
predicts behavioral, molecular and electrophysiological specificity. 
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Abstract: Evidence suggests that individual variation in social behavior arises from a 
combination of genetic predispositions and individual experience, yet the underlying biological 
mechanisms remain poorly understood. One of the hallmark features of autism spectrum 
disorders is dysfunction in social perception, attention, and interaction. Nonetheless, significant 
individual variation in these features frustrates diagnoses and challenges the development of 
effective treatments. Progress lags due to the lack of a suitable animal model, such as a non-
human primate model, in which variation in both the underlying genetics and individual 
experiences generates heterogeneity in social behavior. To address this gap, we have sought to 
understand the genetic, developmental, and neurobiological contributions to social behavior in 
the Cayo Santiago (Puerto Rico) population of rhesus macaques (Macaca mulatta), which 
represents a large, free-ranging study sample with a known pedigree and deep phenotype data. 
Such behavioral and cognitive data, when combined with a catalog of genetic variants, offers 
comparative insight into human behavioral and psychiatric phenotypes. We hypothesize that 
genetic variants underlying molecular differences in neuroreceptors are associated with distinct 
suites of behaviors in this socially complex species. In order to describe the genetic variation, we 
generated whole genome sequences for 217 individuals using 100bp Illumina paired-end 
libraries. The population was sequenced to a total genome coverage of 1240X (mean 5.7X per 
individual), and the reads were then aligned to the rhesus macaque reference genome. With over 
99% of the reads mapped to the reference genome assembly, we implemented variant detection 
and identified over nineteen million single nucleotide variants in the population, including 
14,517 that were predicted to alter transcription factor binding sites, transcript splicing sites, or 
the translated protein sequences. Regarding the latter, amino acid changes were described in 
dopamine receptors, oxytocin and vasopressin receptors, serotonin transporters, and the opioid 
receptor, mu-1 (OPRM1). We assessed the functional impact of these amino acid changes using 
computational tools that predict the potential damage of missense genetic mutations, finding 
neutral, tolerated and deleterious impacts on the receptor and transporter proteins. With long-
term implications for disease-related research and comparative population genomics, we posit 
that particular genetic variants within fundamental neurotransmitter pathways underlie social 
behavioral differences. 
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Abstract: Fruit flies respond to threats with defense behavioral responses. When presented with 
a looming stimulus, a threatening expanding shadow, individual flies typically jump or show in 
flight escape maneuvers. Recently, our group and others have found that flies exposed to 
repeated inescapable looming stimuli also run or freeze. These responses are sexually dimorphic, 
where females are much more likely to freeze than males. Since in rodents freezing is modulated 
by the social environment, which can either dampen (social ‘buffering’) or enhance freezing 
behavior, we decided to study the responses of groups of females flies to recurring unavoidable 
looming stimuli. In line with recent reports of social regulation of defense behaviors, we show 
that female flies in groups display substantially less defense responses, both in terms of freezing 
and running. We aim to further characterize defense behaviors in groups of fruit flies, and to 
study the underlying mechanisms at the molecular and circuit level. 
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Title: Dominance rank causally affects personality and glucocorticoid regulation in adult female 
rhesus macaques 
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Abstract: Social inequalities in health and mortality persist worldwide, despite unprecedented 
improvements in modern medicine. Low social status is frequently associated with heightened 
exposure to social stressors and altered limbic-hypothalamic-pituitary-adrenal (LHPA) axis 
regulation, a possible mechanism underlying health disparities. In addition, personality 
differences can affect how individuals behave in response to social conditions, and thus may 
aggravate or protect against the effects of low status. Disentangling the relative importance of 
personality from the effects of the social environment on the LHPA axis has been challenging, 
since social status may predict aspects of personality, and both can remain stable across the 
lifespan. To do so here, we took advantage of an animal model for social status and social 
behavior, the rhesus macaque. By forming new social groups of unfamiliar females we 
experimentally randomized dominance rank in 45 adult females, allowing us to characterize 
individual personality and LHPA axis regulation (based on sensitivity to the exogenous 
glucocorticoid dexamethasone) in each female when she occupied two different dominance 
ranks. We identified two behavioral characteristics, social desirability and boldness, which were 
positively correlated with high social status, indicating that some personality dimensions are 
status-dependent. Social desirability and a third dimension, anxiousness, were both associated 
with dexamethasone sensitivity in low status females, suggesting that behavioral tendencies may 
sensitize individuals to the effects of low status on LHPA axis regulation. Finally, we evaluated 
whether improvements in social status causally affected the LHPA axis. We found that 
improvements in dominance rank increased dexamethasone-induced acute cortisol suppression 
and glucocorticoid negative feedback. Our findings indicate that social status causally affects 
both behavioral tendencies and LHPA axis regulation, and that behavioral tendencies also 
independently affect LHPA axis regulation. Together, they highlight the importance of 
considering personality and social status together when investigating their health consequences. 
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Title: Heterogeneity of serotonergic neuron excitability. 
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Abstract: Serotonin is an important neuromodulator that regulates a diverse array of homeostatic 
and behavioral processes, and, not surprisingly, serotonin releasing fibers permeate nearly every 
region of the brain. The intricate web of serotonergic innervation derives from a relatively small 
population of neurons (~25,000 in the mouse) in the brainstem. Despite consisting of a modest 
number of neurons, the serotonergic system is remarkably diverse in terms of the molecular 
identity and circuit interconnections of individual serotonin neurons. A major goal of our work is 
to decode the heterogeneity within the serotonin system to identify discrete functional units both 
to increase our understanding of the biological mechanisms of physiology and behavior and also 
in an effort to provide insight into the potential for more targeted therapeutics. Here our question 
is: Do molecularly identified subsets of serotonin neurons have unique biophysical and 
pharmacological properties based on differential expression of ion channels and ligand activated 
receptors? To address this question, we are using a recombinase based intersectional strategy in 
mice to express green-fluorescent protein (GFP) in subsets of serotonin (i.e., Pet1-Flpe 
expressing) neurons using various Cre drivers. Then we target fluorescently marked cells for use 
in RNAseq studies to identify transcriptomes or whole cell patch clamp electrophysiology 
studies to explore physiological and pharmacological properties. Using this strategy, we 
identified a subset of dopamine responsive serotonin neurons in the dorsal raphe that when 
silenced increase aggressive behavior. In the median raphe, we identified neurons that differ both 
in their levels of excitability and in their responsiveness to various neuropeptides. Our data 
indicate that even within intermingled populations of serotonergic neurons specific functional 
units with different patterns of excitability and different sensitivity to ligands can be discerned. 
Our findings bring increasing granularity to our understanding of serotonin neuron identity and 
shed light on mechanisms of circuit level function. Ultimately, our study of serotonin neuron 
heterogeneity brings us closer to comprehending the complex role of serotonin in the mammalian 
brain. 
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Abstract: Recent findings have implicated the neuropeptide, arginine vasopressin (AVP), in the 
regulation of social development. Precisely how AVP acts to influence social development, 
however, is not understood. We have previously found that adolescent homozygous Brattleboro 
rats (Hom), which lack AVP due to a mutation in the Avp gene, exhibit atypical social 
development characterized by decreased active social behaviors (e.g., social play and prosocial 
ultrasonic vocalizations) and increased passive social behaviors (e.g., huddling) compared to 
their wild type and heterozygous (Het) littermates. In the present experiment, we asked whether 
this atypical social development of Hom rats was associated with altered social motivation, 
exploratory behavior, emotional reactivity, or cognitive deficits. Because prenatal and early 
postnatal environments can impact social development and genotype of Brattleboro mothers (Het 
vs. Hom) can impact adult behaviors of her offspring, we also assessed the impact of maternal 
genotype on the development of these behavioral characteristics. Male and female Het and Hom 
offspring born to Het or Hom mothers (2 x 2 x 2 design) were run through a battery of tests: a 
social interaction test conducted on postnatal day (P)34 to replicate our original findings; open 
field and social approach/avoidance tests conducted on P38 to assess locomotor/exploratory 
behavior and social motivation, respectively; a marble burying test conducted on P42 to assess 
emotional reactivity; and an object discrimination test conducted on P75 to assess cognition. 
Preliminary open field analyses show that Hom rats exhibited fewer activity bouts, spent more 
time inactive, and ventured into the center of the open field fewer times than their Het 
littermates. In the marble burying test, Hom rats buried fewer marbles than Het rats. When 
considered together with our previous findings of decreased active and increased passive social 
behaviors in Hom rats, the present findings suggest that the underlying cause of altered 
behavioral development in adolescent Hom rats may be a general hypoaroused state. Maternal 



genotype also influenced performance in these tests, but effects were often dependent upon sex 
or genotype and results were not always consistent across experimental measures. The findings 
in the present experiment suggest that AVP may influence adolescent social development, in 
part, through its regulation of arousal. Forthcoming analyses of the remaining tests will 
determine whether AVP also impacts adolescent development through the regulation of social 
motivation or cognition. 
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Abstract: Cooperative behavior is widespread among human and non-human animals. While the 
evolutionary processes and ecological conditions that promote cooperation are quite well 
understood, the underlying neural and molecular mechanisms have not been examined in detail. 
However, without understanding how the brain processes information during cooperative 
behavior, our knowledge of cognition in the complex social situations individuals often 
encounter remains limited. Here, we use cooperative territory defense in a cichlid fish to examine 
neural activity in principal forebrain regions of the vertebrate social decision-making network. 
Using the African cichlid fish Astatotilapia burtoni, a model system in social neuroscience, we 
first show that upon repeated exposure to a familiar male, levels of aggression, androgens, and 
cortisol decrease over time. We then demonstrate that a familiar neighbor will engage in 
cooperative territory defense based on the perceived threat of the intruder. Further, we show that 
the resident male modulates his behavior dependent on whether help is received from the 
neighbor. By measuring induction of the immediate-early gene c-Fos, we then identify neural 
correlates of cooperative behavior in several principal nodes of the Social Decision-Making 



network, and specifically within dopaminergic cell populations in the preoptic area. Covariance 
networks of neural activity, hormone levels, and behavior are strikingly different between male 
partners, such that the response to a territorial intrusion largely depends on an individual’s role in 
the cooperative situation. Our results provide for the first time insights into the neuromolecular 
basis of cooperative behavior and add a novel dimension to our understanding of social cognition 
in general. 
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Abstract: Pelvicachromis pulcher is a cichlid fish native to Nigerian freshwater bodies. Male P. 
pulcher display at least three alternative male phenotypes (red, yellow, and blue), each strongly 
linked with alternative mating tactics. The red morph males will tend towards haremic breeding, 
while yellow morph males tend towards monogamous breeding or functioning as satellite males. 
The current experiment looks at the relationship between the male morphs, the expression of sex 
typical male behavioural traits, and endogenous levels of nonapeptides, arginine vasopressin and 
isotocin, two hormones known to influence adult social behaviour networks in the pre-optic area 
of the hypothalamus. 
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Abstract: Choosing a suitable partner with whom to mate is one of the most important decisions 
an animal has to make during its lifetime. In most species, females are the choosier sex and their 
decision is influenced by a variety of elements. These include the female’s own reproductive 
state, e.g. whether she is sexually receptive or not, and cues from potential mating partners, e.g. 
vocalizations and pheromones. In rodents, the activity of several brain areas is modulated during 
sociosexual behavior. However, the role of each one of those areas and especially how they work 
together to orchestrate complex behavioral decisions is still largely unknown. Our lab has 
previously shown that neurons in the ventrolateral region of the ventromedial hypothalamus 
(VMHvl) of female mice, a region fundamental for the execution of female sexual behavior, are 
activated during social interactions between conspecifics, with a preference for male-associated 
stimuli. One of the major input areas to the VMHvl is the ventral portion of the Premammillary 
Nucleus (PMV). Previous work using immediate early genes has shown that the PMV increases 
its firing when animals are exposed to soiled-bedding from conspecifics. This suggests that the 
PMV could play an important role in the neuronal circuitry processing olfactory cues relevant for 
sexual behavior. Using fiber photometry to measure calcium transients in PMV neurons, we are 
investigating the activity of this brain region during social and sexual interactions with 
conspecifics. Preliminary results show that the activity of female PMV neurons is modulated by 
male, but not female, stimuli. 

Disclosures:  A.J. Dias: None. S.Q. Lima: None. 



Poster 

161. Social Behavior 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 161.13/VV9 

Topic: F.02. Behavioral Neuroendocrinology 

Support: NIMH RO1MH52716-018 

Title: Sex differences in the endocannabinoid system direct development of the amygdala and 
impact juvenile social play behavior in the rat 

Authors: *K. J. ARGUE, M. M. MCCARTHY;  
Pharmacol., Univ. of Maryland Sch. of Med., Baltimore, MD 

Abstract: A universal feature of rough-and-tumble juvenile play behavior is the higher 
frequency and longer duration exhibited by males relative to females. We previously showed that 
males have a higher endocannabinoid tone than females and that administration of a combined 
CB1 and CB2 agonist, WIN, on postnatal days 0-3 masculinizes play behavior in females (PNAS 
107; 2010). This change in play correlates with a sex difference in the number of BrdU+ cells in 
the developing amygdala, an important brain region for the sexual differentiation of juvenile play 
behavior. Females have more BrdU+ cells compared to males and treatment with WIN decreases 
the number to that of males. We now seek to discern the relative role of CB1 versus CB2 
receptor activation in both play behavior and cell genesis in the developing amygdala. Treatment 
with highly selective agonists for either CB1 (ACEA) or CB2 (GP1a) significantly decreased the 
number of BrdU+ cells in the medial amygdala of females to levels observed in males (ANOVA 
F(3, 80) = 16.76, p < 0.001), but had no impact on subsequent play behavior. Surprisingly, co-
administration of ACEA and GP1a masculinized juvenile female play behavior (Kruskal-
Wallis(3,289) = 14.07, p < 0.001) and neonatal co-antagonism of CB1 (AM281) and CB2 
(AM630) feminized male play behavior (Kruskal-Wallis(4,192) = 16.29, p = 0.001), indicating 
activation of both receptors is required for normal masculinization. Preliminary analysis finds 
more newly proliferated cells in the female neonatal amygdala that contain both CB1 and CB2 
receptors (t test t(7) = 2.264, p < 0.05). Despite reports that CB2 is not detected in the brain, our 
immunohistochemical analysis demonstrated CB2 co-localization on neurons, astrocytes, and 
microglia in the developing and adult amygdala, and quantitative PCR detected expression of 
CB2 in the amygdala throughout the lifespan. Preliminary data suggest neonatal CB2 agonism 
may alter neuronal morphology in juveniles. We are currently validating the presence of CB2 in 
the brain using a transgenic CB2 knockout mouse to replicate immunohistochemical and PCR 
findings, and utilizing a peripheral endocannabinoid receptor agonist (CB13) that does not cross 
the BBB to verify that endocannabinoids alter juvenile play behavior through a central 
mechanism. 
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Abstract: Numerous psychiatric conditions including autism and schizophrenia are 
characterized by aberrant social cognition. An elementary component of social cognition is the 
ability to detect the emotional state of another individual, termed social affect. Social affect gives 
way to more sophisticated faculties including empathic helping and perspective taking. We 
introduce a rodent Social Affective Preference (SAP) test in which an adult male rat is presented 
with a pair of unfamiliar male juvenile (PN 28) conspecifics, one of which is exposed to stress (2 
brief footshocks) and the other naïve to treatment. Social affect is evident in the adult male rat’s 
preference to interact with the stressed juvenile. The insular cortex (IC) is a site of multisensory 
integration positioned to process social affect and so IC is implicated in both healthy and 
disordered social cognition. To test the role of IC in the SAP test, we inactivated the IC by 
bilateral injection of muscimol (50ng/side) prior to testing and optogenetic silencing of IC 
projection neurons with halorhodopsin (CamKII-eNpHr3.0). Both manipulations abolished the 
preference for the stressed juvenile. Moreover, intra-insula inhibition of the Protein Kinase C 
(PKC) signaling cascade by Gö-6893 (500ng/side) prevented social affective preference. 
Ongoing experiments will determine the effect of conspecific age (juvenile or post-pubescent) on 
SAP behavior. These data suggest that the insular cortex is critical for the display of elementary 
social affective behavior in rats. 
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Abstract: Oxytocin (OT) enhances several aspects of social cognition and the OT system is an 
important therapeutic target for improving social function in disorders such as autism. 
Melanocortin 4 receptor (MC4R) agonists stimulate local release of OT in the hypothalamus and 
potentiate OT release in distal target brain areas in response to a physiological stimulus. Both OT 
and MC4R agonists rescue social deficits in mouse models of autism and facilitate partner 
preferences in socially monogamous prairie voles. In the absence of social exposure, Melanotan 
II (MTII), a selective MC4R agonist, enhances Fos activation in OT neurons, but only evokes 
detectable OT release in the nucleus accumbens (NAcc) in response to hypertonic saline. Given 
this priming effect of MTII, we predict that MTII will enhance OT release in response to social 
exposure, thereby modulating neural activity of OT-sensitive brain regions mediating social 
behaviors, including NAcc and prefrontal cortex (PFC). We used Fos immunohistochemistry 
(IHC) to assess neural activity in female prairie voles in response to central infusion of MTII in 
two contexts, MTII alone and MTII with exposure to a novel stimulus male. First, ICV MTII 
(3nmol, 2µL) or aCSF (vehicle control, 2µL) was administered to adult female prairie voles, 
followed by immediate return to an empty homecage. Ninety minutes later animals were 
perfused and brains were processed for Fos IHC. In this condition, central MTII infusion resulted 
in a significant increase in Fos positive cells in the basolateral and central amygdala (BLA and 
CeA, p < 0.001). No differences were observed in the NAcc, PFC, lateral septum (LS), medial 
amygdala (MeA), or paraventricular nucleus of the hypothalamus (PVN). In the second 
condition, females receiving the same treatments as above received 30 minutes of social contact 



with a novel stimulus male and brains were collected 90 minutes after the initial social exposure. 
In the social contact condition, MTII resulted in a significant increase in Fos positive cells, 
compared to aCSF, in the BLA and CeA, as before, but also in the NAcc, LS and PFC (p < 
0.001), regions known to be involved in social attachment. Thus social contact, a presumed 
facilitator of central OT release, changes neural activation in the pair bonding network in 
response to MC4R stimulation. Future experiments will determine whether OT receptor 
signaling is necessary for the interaction of MTII and social exposure in these brain regions. 
These findings have important implications for ongoing clinical studies examining the efficacy 
of a MC4R agonist in enhancing OT-dependent social cognition in autistic populations. 
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Abstract: Social bonds are a critical aspect of human health – strong social support systems can 
lessen a wide variety of negative health outcomes. This effect, defined as ‘social buffering’, has 
been demonstrated in various studies examining different health factors. One focus of the 
research has been on the impacts of social buffering after a stressful experience. For example, 
recent studies using the socially monogamous prairie vole (Microtus ochrogaster) have shown 
that reuniting with a bonded partner after a stressor can reduce behavioral and hormonal stress 
responses; such effects are mediated by the neuropeptide oxytocin (OT) in the brain (Smith & 
Wang 2014; Burkett et al. 2016). We have been conducting a study using the prairie vole model 
to examine whether the presence of the bonded partner during a stressful event can reduce stress 
responses. We are focusing on potential sex differences in social buffering effects on the stress 



response as well as correlative changes in neurochemical expression in selected brain areas. 
Adult female and male voles were paired with an opposite sex mate for two weeks to establish a 
stable pair bond. Subjects then experienced a 1-hr immobilization stressor either alone or with 
their partner, followed by a 5-min elevated plus maze (EPM) test to measure their anxiety-like 
behavior. Our data indicate that when the partner was present during the stressor, subjects spent 
more time in open arms of the EPM compared to voles stressed alone. These results indicate a 
social buffering effect from the partner on stress-induced anxiety-like behavior. Interestingly, 
this social buffering effect seems to be sex-specific – a significant social buffering effect was 
found in males but not in females. We are in the process of measuring protein expression of 
several neurochemicals including OT, vasopressin (AVP), corticotropin-releasing hormone 
(CRH), and brain-derived neurotrophic factor (BDNF), as well as OT receptor (OTR), AVP 1a 
receptor (V1aR), CRH receptors (CRHR1, CRHR2), and BDNF receptor (TrkB) in several brain 
regions associated with stress responses and social buffering. 
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Abstract: Exposure of psycho-social stress is one of the important risk factor for depressionAs 
previously announced intake of comfortable foods, such as high-fat diet, improve depressive 
behavior. However, to continue to eat comfortable food induces excess body weight gain, and 
leads to be obesity. Social-defeat stress (SDS) model is one of famous paradigm for psycho-
social stress in human simulant. Rodents exposed to SDS show a variety of behavioral changes, 
including social avoidance.In this study, we determined whether restricted high-fat diet which 
did not affect body weight was able to improve social avoidance induced by SDS, and 
investigated its mechanism. Male C57BL/6J mice were attacked by retired ICR mice for 2.5 min 



every day. One group was given high fat diet (60% kcal) as a comfortable food for 2 hours (HF); 
another group was given high fat diet ad libitum (HFA). Ten days later, we performed behavioral 
tests and checked the effect of high fat diet on psycho-social behavior in SDS-exposure mice. 
SDS-exposure mice showed social avoidance, compared to non-stressed control group. Ad 
libitum feeding of high fat diet improved this negative social behavior with increase of body 
weight whereas restricted high fat diet feeding showed similar improvement of social interaction 
without change of body weight. SDS-exposure mice showed higher plasma corticosterone 
concentration and adrenal gland weight than those of control group. Adrenal gland weight was 
decreased by both high fat diets feeding without decreasing plasma corticosterone level. 
Interestingly, mRNA level of CRH was elevated in hypothalamus in SDS-exposed HF and HFA 
groups, although it wasn’t elevated SDS-exposure only. Additionally, mRNA level of TRH was 
also elevated in amygdala, which had sensitive for fear, in SDS-exposed HF and HFA groups. 
These results suggest that restricted high fat diet feeding, which makes no change of body weight 
and body composition, is enough to improve social avoidance in SDS-exposure mice. Moreover, 
the expression of CRH in the hypothalamus and TRH in the amygdala may affect the high fat 
diet-induced improvement of social activity in SDS-exposure mice. 
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Abstract: In nearly every vertebrate taxa arginine vasopressin (Avp) and its homologues 
modulate behavior, and thus provide an elegant system for comparative research. In rodents, Avp 
is best known for its modulation of social behavior, in particular affiliative behaviors such as 
grooming and sniffing, the formation of social bonds and memories, and social communication 
(e.g. ultrasonic vocalizations in mice). However, research on Avp’s effects on behavior have 
been limited to laboratory models and a few experiments using large outdoor enclosures. To 
evaluate the role of Avp in the modulation of social behavior and communication in an 
ecologically-valid context, we examined the effects of Avp on behavior in a wild, free-living 
rodent. Richardson's ground squirrels (Urocitellus richardsonii) are social rodents in which 
alarm calling constitutes a proximate manifestation of sociality. Therefore, to test the hypothesis 
that Avp influences social behavior and communication, we implanted osmotic minipumps into 
Richardson's ground squirrels and administered Avp or saline intracerebroventricularly. To test 
our hypothesis we used three different behavioral experiments, each before and after Avp or 
saline administration: a general behavior survey, a predator model presentation, and a social 
challenge experiment. In males, Avp administration increased the propensity for males to 
vocalize when approached by a conspecific, but not when exposed to our predator model. Avp-
treated females exhibited fewer whistle-type vocalizations with conspecifics compared to saline-
treated females. In males, social aggression decreased, but predator vigilance increased with Avp 
administration. Finally, Avp-treated females showed fewer ‘anxiety-like’ behaviors during the 
social challenge test. Our sex-specific responses could be due to differential expression of Avp 
receptors or seasonal effects, since females were raising young and males had completed 
breeding. Avp’s observed effects may be due in part to our species’ life history, or species-
specific interactions with particular neural substrates. Our discovery of Avp’s effects on ground 
squirrel social behavior highlights Avp’s extensive influence on social behaviors in a variety of 
species. 
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Abstract: Early life inflammation is the most prevalent environmental risk factor for developing 
neuropsychiatric disorders. In individuals with Autism Spectrum Disorders and in animal models 
of the disorder, the development of the cerebellum is unfailingly abnormal. Abnormalities 
include deficits in Purkinje cell number, prolonged activation of microglia and elevated 
cytokines. We have identified a critical period of rat cerebellar development during the 2nd 
postnatal week whereby exposure to lipopolysaccharides (LPS) to induce inflammation triggers 
PGE2 production which then causes local estradiol synthesis. Excess estradiol blunts the 
outgrowth of Purkinje cell dendrites of both males and females that week. Yet, when animals 
exposed to week 2 inflammation are assessed behaviorally later in life, only males exhibit 
deficits in behavior, particularly a reduction in juvenile social play. No deficits in motor behavior 
are observed in either sex. The inability of females to show deficits in social play is likely not 
due to a basement effect, as conditions in which female play can drop further have been 
identified (Argue & McCarthy, Biol. Sex Dif. 2015). Thus, it remains to be determined whether 
there is a mismatch between the behavioral and neuronal phenotypes at later ages across sex or 
whether females have some compensatory mechanism that restores Purkinje cell morphology to 
normal after the initial week 2 inflammatory insult. To that end, animals treated week 2 with LPS 
were assessed for cerebellar elevations in mRNA for cytokines, inflammatory mediators, and 
proxy markers for types of cells. Not only is IL-1β mRNA higher in males (Fsex=10.83 p=0.002) 
and with LPS treatment (Flps=39.82, p<0.001), but CD11B, a marker for microglia, is also higher 
after LPS treatment (Flps=23.3, p<0.001). TNF-α levels are also higher in males (Fsex=12.35 
p=0.001). In contrast, IL-6 levels are higher in females (Fsex=4.33 p=0.041) and are also lower in 
LPS-treated animals (Flps=13.23, p<0.001). COX-2 levels are higher in LPS-treated males 
compared to either vehicle treated males or LPS-treated females (Fint=5.57 p=0.002). When 
CD11B levels are modeled with a step-wise automatic linear regression algorithm, its levels are 
best predicted by IL-1β mRNA levels (p<0.001), LPS exposure (p<0.001), and levels of COX-1 
(p<0.001), aromatase (p=0.026) and COX-2 (p=0.1) in that order. Ongoing morphological 
reconstruction of Golgi-Cox impregnated Purkinje cells of juvenile males and females treated 
week 2 with LPS will also be presented. The potential still exists for a prolonged 
neuroinflammatory response that is sex specific and triggered by week 2 developmental 
pathways of the cerebellum. 
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Abstract: The relationship status between individuals is known to modulate pain behaviors in 
many different species. We have recently reported that an increased stress response precludes the 
expression of rodent empathy in unfamiliar conspecifics–a mechanism likely dependent on 
glucocorticoid (GR) and mineralcorticoid (MR) receptors. Here, we sought to uncover the 
neurobiological mechanisms by which stress prevents empathy using a rodent model and pain as 
a stimulus. Mice were habituated for 30 min to a Plexiglas cylinder in either pairs (cage-mates or 
strangers) or in isolation. Following the habituation period mice received a single intraperitoneal 
injection of 0.9% acetic acid and the number of abdominal constrictions was recorded for 30 min 
in order to assess nociceptive sensitivity. Immediately following the 30 min observational period, 
mice were sacrificed and their brains removed. The brain was then microdissected and brain 
areas known to be involved with empathy were isolated (medial prefrontal cortex (mPFC), 
anterior cingulate cortex (ACC)) and amygdala.  We then determined whether glucocorticoid 
receptor phosphorylation was altered in mice that do not engage in empathy behaviours. We did 
not find glucocorticoid receptor changes in the ACC, PVN or BNST. However, there was a 
significant upregulation of glucocorticoid receptors in the mPFC of unfamiliar mice (i.e., those 
that do not express empathy) compared with familiar mice and isolated controls. Pre-treatment 
with metyrapone, an inhibitor of the corticosterone/stress response reduced the phosphorylation 
of GRs in the mPFC and amygdala, while increasing the "empathy" response in unfamiliar 
mice. We suspect that an increased stress response prevents the expression of rodent empathy in 
unfamiliar mice by through a mechanism that involves glucocorticoid receptor activity in a 
mPFC/amygdala circuit.   
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Abstract: The social context in which animals find themselves can greatly influence their 
behavior, learning, and decision-making. Social learning, the acquisition of information about 
the environment through direct or indirect observation of others, is one of the primary processes 
by which the social context can affect subsequent behavior. Aggressive interactions in a social 
group often result in dominance hierarchies that strongly influences how individuals perceive 
and acquire information. While there is a good understanding of emergent properties of social 
influence in animal groups, and studies examining learning mechanisms at the individual level 
are common, the mechanisms by which social learning is translated into neural plasticity and 
memory have not been studied in much detail. Here we examined how dominance and 
aggression influences learning of an associative task by group members. Using the African 
cichlid fish Astatotilapia burtoni, a model system in social neuroscience, we first show that the 
presence of a demonstrator individual enhances social group learning in comparison to groups of 
all naïve animals as well as those trained individually, and this depends on the agonistic 
efficiency of these demonstrators. To gain insight into the neural substrates that mediate social 
learning, we analyzed the induction of the immediate-early gene c-Fos in candidate brain regions 
known to play a role in social behavior or learning and memory. Our results show that the 
aggressive behavior of dominant and subordinate male demonstrators has a marked effect on 
group learning. Independent of demonstrator rank, expression of c-Fos in pallial area Dm-1 
(putative homolog of the mammalian basolateral amygdala, which is important for processing 



fearful stimuli) was lower in groups that successfully learned the task, while c-Fos expression 
was higher in the Dlg (putative homolog of the mammalian hippocampus) in groups that 
acquired the association. Dopaminergic activity was also higher in area Vc (putative homolog of 
the mammalian striatum, a region associated with motivation and reward) in groups that learned 
the task. These results provide fundamental insights into the behavioral and neural mechanisms 
underlying social learning in animal groups. 
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Abstract: Whereas various cognitive and behavioral dysfunctions have been reported in old 
mice, relatively little is known about the effect of aging on sex differences in social behaviors. 
To address this, we investigated social and odor preference behaviors in male and female 
C57BL/6J mice at 3-18 months of age. To measure sociability, each subject mouse was placed in 
an open arena and scored for the time spent on investigating a wire-mesh cage containing an 
unfamiliar male or female conspecific (a stimulus) and an empty cage. Meanwhile, these animals 
were also evaluated for the olfactory preference for female-soiled, male-soiled, or clean bedding. 
Both behavioral tests were performed every 3 months from young adulthood to old age. First, we 
observed that male and female mice displayed normal sociability with spending more time 
investigating and interacting with the stimulus mouse than the empty cage, associated with an 
olfactory preference for soiled bedding over clean bedding. Interestingly, in the presence of a 
female, not male, stimulus, young, male subjects not only were more investigative to explore 
both cages, but also displayed a stronger preference for the stimulus than females of the same 
ages, suggesting that the sex of the stimulus mouse might be an important cue for eliciting sexual 
dimorphism in social approach behavior. The males also showed a preference for female-soiled 
bedding over male-soiled bedding while females spent equal amounts of time investigating each 
soiled bedding. As age advanced, male and female mice became less investigative in sociability, 



and the male-biased increase in exploration and preference of a stimulus declined. These changes 
coincided with a decrease in soiled bedding investigation in males at 15 and 18 months of age 
and diminished preference for female-soiled bedding by 12 months of age. Our findings strongly 
suggest that the process of aging interplays with gender in the control of social and odor 
preference behavior. This model will be used for future studies to investigate molecular and 
neural mechanisms that regulate the development and function of dimorphic brain structures and 
circuits underlying social behaviors between the sexes as well as behavioral changes induced by 
aging. 
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Abstract: In our day to day lives, we often depend on others’ opinions and perspectives to help 
us make our own choices. This is particularly true for situations that are novel to us but probably 
not so much to more experienced others. How does our brain rely on socially acquired 
information to make individual decisions with uncertain outcomes? To address this, we 
proceeded to develop a naturalistic task for rhesus macaques that would examine their decision-
making about a novel food item with vs. without their observation of a conspecific’s preferences 
for the same. In the demonstration phase of the task, we presented monkeys brightly colored 
pearls made of edible gel which were either sweet or bitter tasting while an ‘observer’ monkey 
looked on. In the test phase of the task, we examined if the observer monkey relied on the 
demonstrator’s preferences to make choices about pearls it had not tasted itself. To further 
validate the robustness of this paradigm against causal experimental manipulations, we tested the 
effect of inhaled oxytocin - associated with decreased vigilance among macaques in the past - on 



the observer’s social learning and subsequent decision-making. Our preliminary results suggest 
that observer monkeys tend to make associations about the desirability of novel pearls based on 
demonstrator’s preferences. 
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Abstract: Introduction: exercise-dependent brain plasticity has been known to increase the 
structural proteins like neurofilaments and synaptophysin. Neurosteroids are now widely 
accepted to have many benefical and protective effect in nervous system. Here it was examined 
the relevance of voluntary exercise and need of androgen receptor activation. Methods:Male 
mice were divided into wheel running exercise (E group) or non-exercise (N) group.For 
inhibition of androgen receptor activation, flutamide was used as its antagonist. Each group (N 
and E) was treated with flutamide( D) or vehicle (V).Experimental four groups were shortly 
described as NV, ND, EV and ED. Dosage of the drug was 20mg per body weight(kg) every day 
for 8 weeks. Animals in EV or NV were set in cages equipped with running wheel every second 
day for 8 weeks. In last three days, the ability of postural stability and passive avoidance were 
confirmed.Postural stability was assessed by staying time upona thin rod. after this assessment, 
mice were dropped off quickly from the rod into water bowl. Next day, the same postural 
stabilitytest was performed for estimation of learning ability of passive avoidance.Later all 
mouse was anesthetized and perfused with 4% paraformaldehyde. Immunohistochemistry was 
done for detection of MBP and neurofilament (H type). Results: Body weight did not 
significantly change by flutamide, however, was significantly decreased by wheel running. From 
the postural stability test, the staying time was significantly longer in EV and ED groups while 
from the passive avoidance test the time was not significantly changed between groups.The 
immunoreactivity of neurofilament and MBP was detected stronger in EV >NV > ED > ND in 
descending order. Discussions: The dose of flutamide evoked neither significant change in body 
weight nor the learning ability aganst the aversive stimulus. Daily voluntary exercise improved 



the performance of postural activity ( possibly the strengthen in fore or hind limb muscles). The 
physical activity would induce the expression of neurofilament and MBP in motor and 
somatosensory cortex areas. Flutamide elicited the obvious decrease in immunoreactivity of the 
proteins in those areas especially without voluntary exercise. Therefore, physical exercises might 
regulate the exression of neurofilament and MBP in the cortex possibly through an activity 
dependent way under normal androgen action. 
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Abstract: The prevalence of affective disorders, including anxiety disorders, differs by sex, but 
the reasons for this are unclear. One possibility is that the neural circuitry involved in anxiety 
responds differently to specific neuromodulators in each sex. Neurosteroid estrogens are good 
candidates for sex-dependent modulation related to anxiety: Estrogen receptor (ER) β agonists 
infused into the hippocampus are reported to be acutely anxiolytic in females, and we have found 
that ERβ agonists activate distinct pre- versus postsynaptic mechanisms in the hippocampus of 
males versus females. Therefore, to investigate possible sex differences in acute ERβ-dependent 
regulation of anxiety, we tested how the ERβ agonist, DPN, infused bilaterally into the dorsal 
hippocampus of adult gonadectomized male and female rats affects anxiety-related behaviors 20 
min later. We used a battery of five tests, including tests that are more and less dependent on 
locomotor activity: open field (OF), elevated plus maze (EPM), and light-dark (L-D) box tests 
are heavily dependent on locomotion, whereas defensive-burying (DB) and novelty-induced 
hypophasia (NIH) depend less on locomotion. The results showed that, compared to vehicle, 
DPN reduced anxiety in the majority of tests in females, whereas it was either ineffective or 
slightly anxiogenic in males. In females, DPN significantly decreased time spent and distance 



traveled in the center of an OF testing arena (t16=3.00, p<0.01 and t16=2.17, p<0.05, 
respectively), without affecting total locomotion. DPN was also anxiolytic in the L-D box in 
females, evidenced by more time spent on the light side (t14=2.37, p<0.05) and a higher number 
of L-D transitions (t14=2.69, p<0.05). In the DB test, DPN was anxiolytic in females, in that it 
significantly reduced the time spent burying a shock probe (t16=3.11, p<0.01). No effects of 
DPN were observed in females in the EPM or NIH tests. In males, there were no effects of DPN 
in OF, DB, or NIH tests. DPN was slightly anxiogenic in the L-D box in males, significantly 
reducing L-D transitions (t11=2.64, p<0.05). Preliminary results in the EPM suggest that DPN 
also reduces time spent and distance traveled on the open arms in males, an indication of 
increased anxiety. These results demonstrate that sex differences in acute ERβ-dependent 
neuromodulation in the hippocampus are paralleled by sex differences in the acute effects of ERβ 
activation in the hippocampus on anxiety-related behaviors. Thus, the possibility of sex-specific 
effects should be considered in any future development therapeutics based on ERβ modulation. 
Supported by MH095248 
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Abstract: A growing literature supports the involvement of membrane-bound estrogen receptors 
(mERs) in mediating many of estradiol’s (E2’s) behavioral effects. Thus, our group has begun to 
investigate the involvement of two mERs, the G protein-coupled estrogen receptor (GPER) and 
mERα, in the estrogenic control of food intake. We have shown that activation of GPER or ERα 
alone decreases food intake in ovariectomized (OVX) rats within 1 h of drug treatment. Based on 



evidence that GPER may facilitate ERα signaling at the membrane, we investigated whether 
GPER plays a role in mediating the rapid (within 1 h) anorexigenic effect of the ERα agonist 
PPT. OVX rats (n=8) were injected with PPT (50µg) or vehicle 30 min following pretreatment 
with the GPER antagonist G-36 (10µg) or vehicle. Food intake was monitored for 4 h after drug 
treatment. The lack of GPER signaling blocked PPT’s anorexigenic effect during the first 2-h of 
chow access (p<0.05), suggesting that GPER plays a critical role in mediating ERα-dependent 
rapid decreases in food intake. To investigate the underlying cellular mechanism, we conducted a 
second study in which OVX rats (n=12) were euthanized 30-min after injection of the GPER 
agonist G-1 (0.5µg) or vehicle. The arcuate nucleus (Arc) was dissected and processed via 
western blot for detection of STAT3 and phosphorylated STAT3 (pSTAT3). We targeted STAT3 
based on studies showing that GPER activates the JAK-STAT signaling pathway in vitro. Rats 
treated with G-1 had increased pSTAT3 protein in the Arc relative to controls (p<0.05). 
Additionally, we utilized a hypothalamic proopiomelanocortin (POMC) cell line to investigate 
the cell-specificity of E2-induced STAT3 activation. Five min following 10 nM E2 exposure, 
POMC cells were lysed and processed via western blot for STAT3 and pSTAT3. Preliminary 
data suggest that E2 increased pSTAT3 in POMC neurons relative to vehicle. Taken together, 
these data provide the first evidence that E2’s anorexigenic effect may be mediated via combined 
GPER-ERα signaling, and that GPER-dependent activation of pSTAT3 within the Arc, and in 
POMC cells specifically, may account for the rapid (within 1 h) anorexigenic effect following 
acute administration of selective mER agonists in OVX animals. 
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Abstract: ERαΔ4 is an alternative splice variant of ERα in which exon 4 has been deleted from 
ESR1 mRNA, resulting in a truncated 52 kDa protein. Compared to full-length ERα, this splice 



variant is highly expressed in membrane fractions derived from cultured cells; however, in 
hypothalamic tissue, full-length ERα is the predominant isoform. The nuclear localization 
sequence located in exon 4 is missing, which may explain ERαΔ4 in the membrane. ERαΔ4 and 
full-length ERα are trafficked and internalized in parallel so we have used ERαΔ4 as a marker to 
monitor membrane ERα internalization during estrogen mediated signaling (EMS) in cell culture 
studies where full-length ERα is difficult to visualize. In the most common form of estradiol 
membrane-initiated signaling (EMS), caveolin-1 (CAV1) mediates the interaction of full-length 
(65 kDa) ERα with mGluR1a. While previous studies have shown that estradiol induces ERαΔ4 
trafficking to the membrane and EMS, the question of which proteins mediate these events has 
not been resolved. Trafficking of ER to the membrane is dependent on CAV proteins, which also 
determine the mGluR that is associated with the ER for EMS. We demonstrated that ERαΔ4 does 
not associate with CAV1 or mGluR1a. However, in tissue from the female arcuate nucleus of the 
hypothalamus (ARH), co-immunoprecipitation suggested interactions between mGluR2/3, 
CAV3, and ERαΔ4. CAV3 siRNA microinjected into female rat ARH reduced CAV3 protein by 
50% leading to a 60% decrease in ERαΔ4 in the membrane fraction. Full-length ERα levels were 
not changed. Moreover, interactions between mGluR2/3 and CAV3 were reduced by 40% in EB-
treated female rats (5 µg EB systemically every 4 days; 3 cycles). RT-PCR detected signal for 
mGluR2 but not mGluR3. Since ERα interactions with mGluR2/3 are inhibitory (e.g., in DRG 
neurons), these results suggeset a pathway negative regulated by estradiol. At present, the 
biological significance of ERαΔ4 signaling is not known, but may indicate a pathway through 
which estradiol inhibits kisspeptin expression in the ARH that mediates estrogen negative 
feedback. 
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Title: Hippocampus-synthesized estrogen and androgen modulate dendritic spines and LTP in 
non-genomic manner 
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Abstract: We have demonstrated (1) hippocampal synthesis of estrogen and androgen, and (2) 
non-genomic synaptic modulation by these sex-steroids. [Synthesis] We showed expression as 
well as neuronal/synaptic localization of essential enzymes (mRNA and protein) in the adult 
male rat hippocampus. Mass-spectrometric analysis demonstrated that exact levels of estradiol 
(E2), testosterone (T), dihydrotestosterone (DHT) were 8 nM, 18 nM and 7 nM, respectively, 
which are much higher than their levels in plasma. Castration significantly decreased T and DHT 
in the hippocampus, indicating that plasma-derived T is efficiently converted to DHT within the 
hippocampus. Even after castration to deplete circulating T, the male hippocampal E2 level was 
not decreased, indicating that E2 is mainly synthesized from hippocampal T. Female 
hippocampal levels of E2 (0.5-4 nM), and T (1 nM) were less than those of male, but much 
higher than those in plasma. [Synaptic Modulation] E2-induced rapid non-genomic modulation 
(1- 2 h) was demonstrated by analysis of spinogenesis and LTP of adult male rat hippocampal 
slices (steroid-depleted slices after recovery incubation). Spine analysis was performed for 
pyramidal neurons in hippocampal slices. The density of spines and their head diameters were 
obtained by mathematical and automated software Spiso-3D which identifies spines by 
calculating geometrical parameters (Mukai et al., Cerebral Cortex, 2011). E2 at 1 nM rapidly 
increased the density of small-head spines, in CA1 pyramidal neurons. T and DHT at 10 nM 
increased the density of middle-head spines and large-head spines, respectively. Signaling 
pathways are: synaptic ERalpha or AR→ PKA, PKC, MAPK, LIMK → cortactin or coffilin → 
actin polymerization→ new spines. LTP analysis showed that 1 nM E2 induced full-LTP (E2-
LTP) upon weak sub-threshold stimulation, although without E2 the weak sub-threshold 
stimulation did not induce full-LTP. Kinase inhibitors against MAPK, PKA, PKC blocked E2-
LTP. Only 20 min application of letrozole (aromatase inhibitor) suppressed full-LTP upon full 
teta-burst stimulation, indicating rapid E2 synthesis is necessary for LTP in hippocampal slices. 
References: Kawato et al., 2002 Methods in Enzymol, Hojo et al., 2004 PNAS, Mukai et al., 
2007 J. Neurochem, Hojo et al., 2009 Endocrinology, Kimoto et al. 2010 Endocrinology, Mukai 
et al. 2011 Cerebral Cortex, Ooishi et al. 2011 Cerebral Cortex, Komatsuzaki et al., 2012 PLoS-
ONE, Okamoto et al., 2012, PNAS, Kato et al., 2013, Frontier Neural Circuit, Hasegawa et al., 
2015 Brain Res., Murakami et al., 2015 Brain Res., Hatanaka et al., 2015 Brain Res., Ikeda et al., 
2015 J Endocri. 
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Abstract: Subsets of excitatory synapses on hippocampal CA1 pyramidal cells are rapidly 
potentiated by 17-β estradiol (E2) through pre-and postsynaptic mechanisms that are mediated by 
a distinct combination of estrogen receptor (ER) subtypes in each sex (Oberlander and Woolley, 
2016). Two-photon glutamate uncaging-evoked EPSCs and calcium transients (CaTs) in ~25% 
of dendritic spines are enhanced by E2 in both sexes, which can be mimicked by GPER1 
activation selectively in females and by ERβ activation selectively in males. It is unclear, 
however, how activation of different ER subtypes yields similar effects on synaptic transmission. 
Interestingly, in both sexes, E2- and ER agonist-induced potentiation of uncaging-evoked EPSCs 
correlates with a spine’s proximity to other E2-sensitive spines, such that neighboring spines 
respond to E2 more similarly than spines that are further apart. This suggests that E2 may 
activate postsynaptic signaling that is shared between nearby spines. Here we used the calcium 
indicator, Oregon Green, to investigate whether calcium could be a shared factor. We analyzed 
dendritic CaTs at various distances from spines targeted for glutamate uncaging before, during, 
and after application of E2 or an ER-selective agonist to hippocampal slices from each sex to 
investigate how E2 or selective ER activation influences dendritic calcium dynamics and 
whether there are sex-differences. In both sexes, E2 potentiated dendritic CaTs evoked by 
uncaging at a subset of spines, though potentiation was greater in females (36±4%) than males 
(24±3%; p<0.01). In females, the GPER1 agonist, G1, potentiated dendritic CaTs (by 34±3%), 
whereas in males, the ERβ agonist, WAY200070, potentiated dendritic CaTs (by 23±2%). 
Interestingly, specifically in females, the magnitude of E2- or G1-induced dendritic CaT 
potentiation was related to distance from the spine targeted for uncaging. In females, dendritic 
CaTs <4µm from a targeted spine (44/87 spines) or 4-8µm from a targeted spine (20/43 spines) 
were potentiated, whereas dCaTs >8µm away were not (38 spines). Also, dendritic CaT 
potentiation in females was greater <4µm (27±4%) than 4-8µm (20±3%; p < 0.05) from a 
targeted spine. In contrast, in males, there was no relationship between dendritic CaT 
potentiation and distance from the spine that was targeted for uncaging, up to 16µm, the 



maximum distance tested. These sex differences in the magnitude and distance-dependence of 
dendritic CaT potentiation by E2 and ER-selective agonists suggests that acute E2 signaling 
modulates distinct postsynaptic calcium sources and/or calcium buffering mechanisms in the 
hippocampus of females versus males. 
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Abstract: Previously, we showed that a key estrogen, 17-β estradiol (E2), acutely suppresses 
perisomatic inhibitory synaptic transmission in the hippocampus of adult female but not male 
rats. This E2 modulation of inhibition evident in females depends on estrogen receptor α (ERα), 
mGluR1, IP3R and requires endocannabinoid signaling through CB1 receptors. Further 
biochemical studies showed that ERα-mGluR1 and mGluR1-IP3R complexes exist in the 
hippocampus of both sexes, but are regulated by E2 only in females. Additionally, analysis of the 
PLC/IP3 pathway showed that E2 induces a greater increase in IP3 levels in the hippocampus of 
females than of males. Despite these results, the molecular basis for sex-specific inhibitory 
synaptic modulation by E2 is unknown. The goal of the current study was to test candidate 
proteins that may interact with ERα differentially in males and females and therefore confer sex-
specific modulation by E2. 
To investigate sex differences in basal levels and acute E2 regulation of ERα-interacting 
proteins, we prepared brain slices from adult gonadectomized male and female rats and treated 
half the slices from each rat with either vehicle (0.1% DMSO) or E2 (100 nM) for 10 min. The 
hippocampus was dissected from each slice and then membrane fractions were subjected to 
immunoprecipitation using antibodies to ERα, flotillin-1 or striatin. In order to study ERα-
caveolin-1, ERα-flotillin-1, and ERα-striatin interactions, western blots of immunoprecipitated 
material were probed for ERα, caveolin-1, flotillin-1, or striatin. Preliminary results showed that 



each of these complexes is present in the hippocampus of both sexes. Additionally, E2 treatment 
increased the amount of ERα pulled down with striatin in females but not in males (p < 0.01). In 
contrast, E2 had no effects on the amount of either caveolin-1 or flotillin-1 that was associated 
with ERα in either sex, indicating that neither caveolin-1 nor flotillin-1 is likely to be involved in 
ERα-dependent synaptic modulation in the hippocampus. Experiments to further investigate 
ERα-striatin interactions are ongoing. Although these results are promising, it is not feasible to 
test all potentially relevant proteins using a candidate-screening approach. Therefore, future 
studies will use unbiased proteomics, including 2D gel separation of ERα-interacting proteins 
followed by mass spectrometry to identify potential molecular interactions that may underlie sex-
specific E2 modulation of synaptic transmission in the hippocampus. Identification of sex-
specific molecular interactions may deepen our understanding about brain disorders that differ 
between the sexes. 
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Abstract: The enzyme aromatase converts testosterone to estradiol which can act locally and 
rapidly in discrete brain regions. Songbirds, like the zebra finch, have robust aromatase 
expression in the forebrain, particularly in regions involved in audition. A membrane-bound 
estrogen receptor (GPER1), is thought to mediate some of the rapid neuromodulatory effects of 
estradiol observed in aromatase rich brain regions. This study directly examines the identity of 
both aromatase and GPER1 expressing cells in the auditory forebrain and whether these cell 
types overlap. Characterization of this relationship anatomically can provide insight into the 
mechanism by which rapid estradiol signaling is involved in auditory-motor integration. Previous 



work indicates a role for interneurons in auditory responsiveness, and that estradiol rapidly 
enhances the auditory-evoked activity of forebrain neurons. Traditional interneuron markers such 
as parvalbumin (PV) and calbindin (CALB) were used to determine the extent of interneuron cell 
identity for aromatase and GPER1. We co-labeled aromatase and GPER1 with PV and CALB in 
adult male and female zebra finches using immunofluorescence labeling and imaged with 
confocal microscopy. We quantified expression in representative subregions of several brain 
nuclei including the caudal nidopallium, HVC shelf, caudomedial mesopallium, and the 
hippocampus. Aromatase cells in all regions were either PV-positive or single labeled, and 
aromatase was not co-expressed with CALB. Up to 15% of aromatase cells are parvalbumin-
positive depending on region. These findings are comparable to the human temporal cortex, 
which demonstrates high co-expression of aromatase-positive cells with both cell types. 
Preliminary findings indicate that GPER1-positive cells do not co-express either interneuron 
marker but may be co-expressed with aromatase. Males and females were mostly similar in 
expression levels of aromatase, parvalbumin, and calbindin across subregions with a few 
exceptions. Finally, the zebra finch brain is organized with dense expression of GPER1 in song 
motor circuits (HVC and RA) and aromatase expression surrounds these regions in auditory 
nuclei, suggesting a role for rapid estrogen signaling in auditory-motor integration. Overall, 
neuroestrogen signaling is supported by the organization of cells in the auditory and motor song 
circuit. Though some PV interneurons express aromatase, largely aromatase and GPER1 neurons 
are not calbindin or parvalbumin interneurons and may instead be categorized as other excitatory 
or inhibitory cell types. 
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Abstract: Estrogen receptors (e.g., ERα and ERβ) play critical roles during neonatal 
development in the organization and expression of sociosexual behaviors in males and females. 
Using the prairie vole as the model system we have previously demonstrated that manipulation 
of estrogen receptors can not only influence the ultimate expression of prosocial behavior, but 
also influences neonatal social interactions. However, the mechanisms regulating prosocial 
behavior downstream of ERα and ERβ have not been elucidated. The goal of this study was to 
determine the effects of estrogen receptor activation (ERα and ERβ) on the potential mechanisms 
that regulate the expression of prosocial behavior, specifically tyrosine hydroxylase (TH) and 
vasopressin (AVP). ERα expression in the medial amygdala (MeA) and bed nucleus of the stria 
terminalis (BST) is a critical determinant of prosocial behavior. In addition to ERα, the prairie 
vole MeA and BST also contain populations of neurons expressing tyrosine hydroxylase (TH). 
The TH neurons in the MeA and BST are activated during social interactions and are regulated 
by gonadal steroids and a significant proportion also expresses ERα. Therefore, we hypothesized 
that ERα may regulate prosocial behavior via effects on TH expression in the MeA and BST. In 
contrast to ERα, the role of ERβ in male prosocial behavior has received less attention. We have 
recently demonstrated that ERβ is primarily expressed in the paraventricular nucleus of the 
hypothalamus (PVH) in prairie voles, with relatively little expression in the MeA and BST. 
Therefore, if ERβ influences prosocial behavior it may be through the regulation of vasopressin 
(AVP) in the PVH. In order to test these hypotheses, we treated male voles with an aromatase 
inhibitor to block endogenous estradiol production in conjunction with selective agonists for 
either ERα or ERβ between postnatal days (PD) 8-14. Social behavior in a dyadic encounter was 
assessed on PD15 and brains were collected on PD16. TH in the MeA and BST and AVP in the 
PVH were visualized via immunohistochemistry and compared in males and females. 
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Abstract: Alterations in the diffusion properties of AMPA receptors within the cellular domains 
and synaptic microdomains play a crucial role in the modulation of synaptic plasticity. While the 
mechanisms of estradiol (E2) promoted synaptic plasticity through genomic mechanisms has 
been more intensively researched, little if any attention has been given to rapid action of E2 on 
the surface movement of AMPA receptors. Accordingly, our aim was to examine the effects of 
E2 on the lateral diffusion properties of single AMPA receptor molecules in the 
plasmamembrane of living neurons. In vivo labeling of AMPA receptors was performed by 
means of ATTO-488 conjugated antibody raised against the extracellular domain of GluA2 
subunits of the receptor. In order to follow ATTO-488 labeled single AMPA receptor molecules 
total internal reflection fluorescence microscopy was used on differentiated PC12 cells. 
Reconstructed single AMPA receptor molecule trajectories were separately tracked and analyzed 
on the soma and on the neurits and mean square displacement (MSD) as well the diffusion 
coefficient was determined. Statistical properties of the diffusion coefficients (D: µm2/sec) were 
compared based on self-similarity and best fit components. The effect of 100 pM E2 
administration within the first 5 minutes was tested against independent control samples. Ten 
seconds long recordings were collected in every 30 seconds. The trajectories collected from the 
somatic and dendritic domains were compared: E2 significantly altered the diffusion coefficients 
in both the somatic and dendritic domains (two sample Kolmogorov-Smirnov test, soma: 
p=5.210e-08, n=250, mean (control D: 0.04812, E2 D: 0.01424), median (control D:0.01965, E2 
D:0.005650) dendrit: p=3.597e-04, n=262, mean (control D:0.06926, E2 D:0.08727 ), median 
(control D:0.03160, E2 D:0.04735). Based on the population statistics the AMPA receptor lateral 
diffusion properties were shifted towards the confined motion on the soma and became more 
mobile on the dendrits. These findings demonstrated that the AMPA receptor molecules show 
compartment specific lateral diffusion in neurons. Importantly, E2 altered and rearranged the 
diffusion patterns of AMPA receptor molecules respectively. Our results suggest that E2 may 
have a short term effect on synaptic plasticity via altering the surface movements of AMPA 
receptors. 
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Abstract: Past research indicates that female meadow voles (Microtus pennsylvanicus) show 
decreased cell proliferation and cell death within the hippocampus during the breeding season 
relative to the non-breeding season, whereas male voles show no such seasonal changes. We 
expanded upon these results by quantifying a variety of endogenous cell proliferation and 
neurogenesis markers in wild-caught voles. Adult male and female voles were captured in both 
the summer (breeding season) and fall (non-breeding season) using a grid of live-traps in a 
wetland near Middlebury, Vermont. Only reproductively active voles were collected during the 
breeding season and only reproductively inactive voles were collected during the non-breeding 
season. Immediately following capture, voles were euthanized, blood samples collected, and 
brains extracted. Brains were then sectioned and stained using immunohistochemistry. Four 
histological markers were used: cresyl violet staining (pyknotic cells), Ki67, pHisH3, and DCX. 
Marked cells were counted on every tenth section throughout the extent of the dentate gyrus, 
using either fluorescent or light microscopy. Blood serum was analyzed for testosterone and 
estradiol concentrations using ELISA’s. We observed a consistent decrease in all markers during 
the breeding season relative to the non-breeding season, indicating a significant decrease in cell 
proliferation (Ki67 and pHisH3), neurogenesis (DCX), and pyknosis. In contrast to previous 
findings, we observed no differences between the sexes during either season for any of the cell 
markers. During the breeding season relative to the non-breeding season, males and females 
showed the predicted significant increases in testosterone and estradiol, respectively. Among 
male voles, serum testosterone concentration was a significant negative predictor of the number 
of DCX-labeled and pHisH3-labeled cells. Among female voles, serum estradiol concentration 
was a negative predictor of number of pyknotic cells. Overall, these results suggest higher levels 
of cell turnover and neuronal plasticity across both sexes during the non-breeding season relative 
to the breeding season. Additionally, our results suggest that elevated sex steroids reduce 
neurogenesis and cell death within the hippocampus of both sexes. Alternatively, these results 



could be due to the over-riding effects of elevated stress during the breeding season, as elevated 
glucocorticoids are known to impair adult neurogenesis. 
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Abstract: Progestins affect a variety of processes in brain and behavior, including development, 
sexual differentiation of the brain, cognition, neuroprotection and female reproduction. 
Progestins primarily act through the progestin receptor (PR) isoforms: full length PR-B and the 
N-terminally truncated PR-A. These two isoforms mediate different effects in brain and 
reproductive tissues by mechanisms that are not fully understood. In vitro studies reveal that PR 
associate with multiple proteins to form functional complexes that modulate the functions of 
these receptors. In the present study, affinity-pull down assays using GST-tagged mouse PR-A 
and PR-B were done to isolate proteins from female mouse hypothalamus that associate with PR. 
Using large scale proteomic approaches of reverse phase protein array (RPPA) and mass 
spectrometry, we identified proteins that interact with the PR isoforms in a ligand-dependent and 
isoform-specific manner. Interestingly, synapsin-1 and synapsin-2 interact with both PR isoforms 
when activated by the agonist (R5020), suggesting a role for both isoforms in synaptic 
transmission and plasticity. Synaptogyrin and synapsin-3 interact with PR-A and PR-B, 
respectively, suggesting PR isoform-specific functions in aspects of synaptic modulation. 
Activated PR also interact with kinases, including c-Src (PR-A and PR-B); mTOR, c-Raf (PR-A) 
and MAPK1 (PR-B), proposing roles for PR in fast-acting, dynamic changes in the brain through 



phosphorylation-dependent pathways. Consistent with the function of PR in transcriptional 
regulation, PR associates with a variety of transcription factors including FoxO1 (PR-A and PR-
B); c-Fos, c-Jun, STAT3, EEF1β, KLF4 (PR-A); the nuclear receptor coactivators SRC-1, SRC-
2 (PR-A and PR-B) and MED12 (PR-A). Some of these identified interactions with PR have 
been confirmed by western blot, including synapsin-1, synapsin-2, SRC-1 and SRC-2. These 
novel findings that show association of PR with multiple synaptic proteins from female 
hypothalamus that function in synapse and spine remodeling as well as synaptic transmission and 
plasticity, suggest new roles for progestins in brain function and disease. 
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Abstract: Palmitoylation is a reversible post-translational addition of a 16-carbon lipid chain 
that is involved in trafficking and compartmentalizing target proteins. This regulatory 
mechanism is important for many neuronal functions, including the signaling of membrane-
localized estrogen receptors. Specifically, palmitoylation of ERα is necessary for surface 
membrane localization and mediation of downstream signaling through metabotropic glutamate 
receptor activation. Mutation of the single palmitoylation site on ERα prevents its physical 
association with the integral membrane protein caveolin-1 (Cav1), which in turn is required for 
the formation of the estrogen receptor-mGluR signaling complex. Interestingly, siRNA 
knockdown of either of two palmitoylacyltransferases, DHHC-7 and DHHC-21, also eliminates 
this signaling mechanism. As ERα has only one palmitoylation site, we hypothesized that one of 
these seemingly redundant DHHCs palmitoylates another protein in this signaling complex, 
namely Cav1. We investigated this using an acyl-biotin exchange assay in HEK293 cells in 



conjunction with DHHC overexpression, and found that DHHC-7 increased Cav1 
palmitoylation. Mutation of the palmitoylation sites on Cav1 eliminated this effect, but did not 
disrupt the ability of the DHHC enzyme to associate with the protein. Somewhat surprisingly, 
siRNA knockdown of DHHC-7 alone was not sufficient to decrease Cav1 palmitoylation, but 
rather required simultaneous knockdown of DHHC-21. Together with previous findings from our 
laboratory suggesting that Cav1 affects the presence of ERα at the plasma membrane, these data 
expose a broader role of palmitoylation in membrane-initiated estrogen signaling than previously 
understood. Future work will explore Cav1 palmitoylation in the context of functional ER-
mGluR activation in neurons as well as the effects of palmitoylation on the cellular distribution 
of Cav1 and its ability to influence plasticity and behavior. 
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Abstract: Seasonally breeding animals reproduce during certain times of the year and, 
subsequently, behaviors, steroid hormone levels, and brain morphology changes seasonally. The 
green anole lizard (Anolis carolinensis) is an excellent model to study the regulation of steroid 
hormone production because they have distinct hormonal and behavioral differences between 
sexes and seasons. As in other vertebrates, steroidogenesis in anoles is under the control of the 
hypothalamus-pituitary-gonadal (HPG) axis. In this system, the anterior pituitary produces 
luteinizing hormone (LH), and follicle-stimulating hormone (FSH). One function of LH is the 
activation of steroidogenesis, specifically by triggering an increase in steroidogenic acute 
regulatory protein (StAR). StAR regulates the delivery of cholesterol from the outer to the inner 
mitochondrial membrane, the rate-limiting step in the steroid synthesis pathway. StAR is able to 
function and produce steroid hormones in many different organs and tissues such as the gonads, 
brain, adrenal cortex, and adipose tissue. We tested the hypothesis that season and sex 
differences in the green anole lizard will impact mRNA expression levels of StAR in the gonads 
and brain. Adult male and female lizards were wild-caught during both the breeding (BS) and 



non-breeding (NBS) seasons. Gonad and brain were collected and stored at -80 °C. RNA from 
brain and gonad was extracted, reverse transcribed into cDNA and then StAR gene expression 
was measured by qPCR (normalized to β actin). Preliminary results of StAR expression in the 
brain revealed a trend for season such that StAR expression levels decreased in BS when 
compared to NBS lizards (F1,8 = 4.77, p = 0.060, n = 3). There was no effect of sex or an 
interaction (all F < 1.52, p > 0.252). Preliminary results for gonad StAR expression levels 
showed no significant effect of sex, season or interaction (all F < 1.42, p > 0.267, n = 3). These 
preliminary results suggest that StAR gene expression is potentially expressed differently 
between the green anole BS and NBS brain. StAR may play a role in the production of steroid 
hormones in the NBS brain due to decreased circulating steroid hormones during the NBS. 
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Abstract: Men have a two-fold risk for Parkinson’s disease (PD) than women. We have 
previously shown that testosterone, the major male sex hormone, can increase calcium influx and 
cell death in dopamine neurons via a putative membrane androgen receptor. Androgen receptor 
(AR) splice variants, such as AR45, have been observed in non-neuronal tissues. It has been 
observed that testosterone can have damaging effects via AR45 and not the classical AR. 
Therefore, we hypothesize that the putative membrane androgen receptor is the AR45 splice 
variant that acts through a g-protein coupled receptor (GPCR). To test our hypothesis we 
examined the expression of AR45 and classical AR in the whole cell lysate and the fraction 
(membrane, cytosol, nuclear) lysate of a dopaminergic N27 cell line and rat substantia nigral, 
hippocampal, and cortical tissues. We also examined if AR45 is a GPCR. Our results showed 
that AR45 is present in the N27 cell line and the substantia nigral tissue, but classical AR was 
not observed. However, both classical AR and AR45 were observed in hippocampal and cortical 



tissues. Further, we found that in dopaminergic neurons, AR45 is associated with GPCR 
subunits, which is consistent with prior observations showing testosterone increases calcium 
influx. Our data indicates that the membrane androgen receptor in neurons is the AR45 splice 
variant. This is the first observation of an AR splice variant in neuronal tissue, a novel 
therapeutic target. 
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Abstract: Congenital Adrenal Hyperplasia (CAH) is characterized by excessive adrenal 
production of androgens and a decreased ability to produce cortisol. Consequently, the brains of 
patients with CAH are continuously exposed to a higher level of androgens as well as 
supraphysiological doses of iatrogenic glucocorticoids. The effects of excessive amount of 
androgens and other hormones on the behavior of participants have been repeatedly documented 
(e.g. masculinized preference of activities in childhood or increased incidence of gender 
dysphoria in female patients with CAH). However, the long-term effects of hormonal excess on 
the human brain, especially on its structure as a complex network, are not well understood. 
Therefore, in this study, we compared the brains of patients with CAH with those of healthy 
controls (both male and female), using three different MRI techniques: anatomical morphometry, 
functional connectivity, and diffusion tractography. In the course of the analysis, we assumed 
that the features that shifted from female- to male-type in the patients were affected by 
androgens, and those that deviated in other ways were affected by other excess hormones 
including iatrogenic corticosteroids. We aimed to identify factors that correlated with gender 
dysphoria, and asked participants to answer the Gender Identity Questionnaire. Altered gray 
mater volume (GMV) and cortical thickness (Cth) was found in the brains of patients in areas 
such as the post central gyrus, insula, pallidum, and putamen. This was mostly in accordance 
with previously reported male-type proportion. Functional connectivity analysis revealed 



positively and negatively intensified connectivity between the amygdala, which is rich in 
androgen receptors, and various regions in patients. Further, we found that the modularity of 
structural brain networks constructed with diffusion tractography was higher in male than in 
female controls, and even higher among the patients. Finally, a few edges of functional and 
tractography-based brain networks showed significant correlation with the scores on the Gender 
Identity Questionnaires among both patients and controls. This indicated potential dissociation 
between the general masculinization of the nervous system and neural underpinnings of gender 
(in)consistency. To summarize, the brains of patients with CAH showed various deviations from 
those of the controls. A considerable portion of these deviations could be regarded as 
‘masculinization’. Our result might shed light on the etiology of sex differences in the human 
brains and their relationship with psychological gender identity. 
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Abstract: The Dek oncogene is a chromatin-associated non-histone phosphoprotein essential for 
genome stability. Dek is expressed in proliferating cells in almost all tissues. The cellular 
proliferative effects of Dek are mediated, in part, via the activation of the canonical Wnt/β-
catenin signaling pathway. To date, research on the functional role of Dek signaling is limited to 
the periphery (e.g., breast, prostate, & colorectal tissue). In the brain, the canonical Wnt/β-
catenin signaling pathway plays a critical role in learning and memory as downregulation of this 
pathway in the hippocampus is associated with cognitive dysfunction. Based on this information, 
we tested the hypothesis that Dek loss would be associated with impaired cognition. To test this 



hypothesis, six to eight month old female Dek knockout mice and their wild-type littermate 
controls were used. Consistent with our hypothesis, Dek loss was associated with impaired 
object recognition in the novel object recognition (NOR) task. Of note, the decrease in object 
recognition in Dek knockout mice was not due to differences in overall activity or anxiety-like 
behaviors in the open field test. Given the cognitive-like impairment in Dek knockout mice, Dek 
distribution in cortico-limbic structures associated with learning and memory was assessed in the 
murine male and female brain using immunohistochemistry. In both males and females, Dek was 
expressed throughout the medial prefrontal cortex with robust staining in layers 2 & 3 and higher 
expression in the prelimbic compared with the infralimbic areas. Dek expression in the dorsal 
hippocampus was highest in the granule cell layer of the dentate gyrus and CA1 and lower in the 
CA3. Notably, there was a significant sex difference in Dek expression in the CA1 with females 
having higher expression. Dek was also robustly expressed in the ventral hippocampus 
(subiculum) and widely expressed in a number of other brain regions including the basolateral 
complex, central, and medial amygdala, entorhinal cortex and interpeduncular nucleus. Further 
analyses of cellular co-expression of Dek in the dorsal hippocampus revealed that Dek is co-
expressed with all cell types (neurons, astrocytes, and microglia) with an approximate 1:1 ratio 
for microglia. To our knowledge, this is the first study to characterize the neuroanatomical 
distribution of Dek in the male and female rodent brain. Studies are currently underway to 
determine a molecular basis for the cognitive impairment in Dek knockout mice. 
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Abstract: The sexually dimorphic nucleus (SDN) was the first neuroanatomical sex difference 
detected in the brain and was named for its larger size in males compared to females (Brain Res. 
148:333, 1978). The SDN is a dense collection of calbindin-expressing neurons (J. Neurobiol. 
42:315, 2000) located within the central division of the medial preoptic nucleus (MPNc) of the 
preoptic area (POA), a critical brain region for the control of partner preference and maternal 
behaviors (Horm. Behav. 55:611, 2009; Neurosci. Bull. 30:863, 2014). Previous studies have 
established that both sexes generate the same number of neurons in the SDN and they selectively 
die off early in development in females due to a lack of the endogenous survival factor, estradiol 
(Brain Res. 353:7, 1985; Brain Res. Dev. Brain Res. 52:17, 1990). This system is an excellent 
model for naturally occurring cell death versus neuroprotection in the developing brain but the 
involvement of non-neuronal cells in this model system has been largely ignored. We have 
previously established that innate immune cells of the brain, microglia, and inflammatory 
mediators such as prostaglandins direct the development of sex-specific synaptic patterns in the 
neonatal POA that correlate with sexual behavior in the adult rat (Nat. Neurosci. 7:643, 2004; J. 
Neurosci. 33:2761, 2013). We now turn our attention to mast cells, which like microglia are 
immune cells of myeloid cell lineage with origins outside the nervous system. We determined 
there are more mast cells in the POA of neonatal males than females and this sex difference was 
mediated by estradiol. We have found that pharmacological activation of mast cells in newborn 
females induces a male-typical microglial morphology, with higher numbers of ameboid 
microglia and lower numbers of ramified, phagocytic microglia. In addition, we discovered that 
brain mast cells express estrogen receptors and degranulate upon exposure to estradiol, as 
measured by histamine release, in vitro. We are currently investigating whether mast cells 
modulate microglial primary phagocytosis (phagoptosis) and whether this contributes to the 
sexual differentiation of SDN volume by phagoptosis of neurons in the female SDN. Collectively 
these results indicate non-neuronal cells are crucial and unappreciated factors shaping brain 
development and sex-specific physiological and behavioral outcomes. Understanding the role of 
these cells in apoptotic and neuroprotective cascades during normal brain development will 
allow for further studies of novel therapeutic strategies and potential sex differences in efficacy 
of estradiol and/or immune cell inhibitors as neuroprotective agents. 

Disclosures:  L.A. Pickett: None. K.M. Lenz: None. M.M. McCarthy: None. 

Poster 

163. Sexual Differentiation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 163.04/WW12 

Topic: F.03. Neuroendocrine Processes 



Support: NIH Grant R21HD076430 (CKW) 

 FRAP-A Award (CKW) 

 NIDA Grant T32DA007135 (DMW) 

 NIH Grant P50MH096890 (EJN) 

 NIH Grant P01DA008227 (EJN) 

Title: Identification of genes regulated by progesterone receptor in the neonatal medial preoptic 
nucleus using RNAseq. 
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Abstract: The brain is sensitive to gonadal steroid hormones, beginning in fetal development 
and continuing throughout the lifespan. Like other nuclear steroid hormone receptors, 
progesterone receptor (PR) is a transcription factor that can permanently alter fundamental 
processes of neural development. Differential exposure of males and females to testosterone and 
its metabolites during perinatal development induces a sex difference in progesterone receptor 
(PR) expression in the medial preoptic nucleus (MPN). The male MPN expresses significantly 
higher levels of PR than females from E19 through at least P14. This suggests a developmental 
window during which males are more sensitive to progesterone and implicates PR in the sexual 
differentiation of the MPN. Inhibition of PR activity or lack of PR expression during 
development attenuates the effects of testosterone in masculinizing MPN morphology and 
reproductive and aggressive behaviors regulated by MPN circuitry. Presumably, the 
transcriptional activity of PR regulates the expression of a set of genes in the developing male 
MPN that it does not regulated in the female MPN. In the present experiment, RNA-sequencing 
was performed on MPN tissue from postnatal day 7 (P7) progesterone receptor knockout 
(PRKO) male mice and their wildtype (WT) counterparts to identify genome wide transcriptional 
changes in PRKO mice and identify novel gene targets for PR transcriptional activity in the 
MPN. Additionally, we identified potential upstream regulators of differentially expressed genes 
using Ingenuity Pathway Analysis (IPA) to look for enrichment of PR regulated genes. A subset 
of candidate genes will be validated using qRT-PCR. To our knowledge, this is the first study to 
examine specific genes regulated by PR activity in the developing MPN and can be used to 
generate future hypotheses about how PR generates sex differences in the brain. 
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Abstract: Steroid sex hormones and genetic sex regulate the phenotypes of motivated behaviors 
and relevant disorders. Most studies seeking to elucidate the underlying neuroendocrine 
mechanisms have focused on how 17β-estradiol modulates the role of dopamine in striatal brain 
regions, which express membrane-associated estrogen receptors. Dopamine action is an 
important component of striatal function, but excitatory synaptic neurotransmission has also 
emerged as a key striatal substrate and target of estradiol action. Here we focus on excitatory 
synaptic input onto medium spiny neurons (MSNs) in the striatal region nucleus accumbens core 
(AcbC). In adult AcbC, miniature excitatory postsynaptic current (mEPSC) frequency is 
increased in female compared to male MSNs. We tested if increased mEPSC frequency in 
female MSNs exists before puberty, if this increased excitability is due to the absence of 
estradiol or testosterone during the early developmental critical period, and if it is accompanied 
by stable neuron intrinsic membrane properties. We found that mEPSC frequency is increased in 
female compared to male MSNs pre-puberty. Increased mEPSC frequency in female MSNs is 
abolished after neonatal estradiol or testosterone exposure. MSN intrinsic membrane properties 
did not differ by sex. These data indicate that neonatal masculinization via hormone action is 
sufficient for downregulating excitatory synaptic input onto MSNs. This suggests that 
testosterone aromatization to estradiol may masculinize/defeminize AcbC function. We conclude 
that excitatory synaptic input onto AcbC MSNs is organized long before adulthood, providing 
new insight into a mechanism by which sex differences in motivated behavior and other AbcC 
functions may be generated or compromised. 
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Abstract: The cerebellum is important for motor coordination and non-motor functions, and 
there is mounting evidence of cerebellar involvement in autism, a male-biased 
neurodevelopmental disorder characterized by deficits in social behavior and interpersonal 
communication. Activity-dependent neuroprotective protein (Adnp), a transcription factor that 
regulates hundreds of genes during embryonic development, is highly expressed in the rodent 
cerebellum and important for brain development. In addition, mutations in Adnp have been 
recently identified as a frequent cause of autism. Since a perinatal rise in testosterone secreted by 
the developing testes acts directly on androgen receptor (AR) or indirectly on estrogen receptors 
(ERs) via estradiol synthesized locally by aromatase to masculinize brain structures and 
behaviors, we hypothesized that Adnp expression in the mouse cerebellum during early 
development might be sexually dimorphic, which is regulated by the activation of AR and/or 
ERα. To test our hypothesis, we first measured mRNA levels of Adnp in male and female mouse 
cerebella collected on the day of birth (PN0), and 7 (PN7), 14 (PN14), and 21 days (PN21) after 
birth by quantitative RT-PCR. While Adnp levels significantly increased with age (p<0.001), 
they were male-biased on PN0 (p=0.049), but female-biased at PN14 (p=0.032). We next 
determined if the male-biased expression of Adnp in the neonatal mouse cerebellum was 
regulated by AR and/or ERα by treating pregnant female mice daily with vehicle, testosterone 
propionate (TP), or estradiol benzoate (EB) starting on embryonic day 16 until PN0. The 
cerebellum was collected from vehicle-, TP-, and EB-treated, male and female neonatal pups. As 
compared to vehicle-treated controls, there was no effect of TP (p=0.439) or EB (p=0.924) on 
Adnp expression, suggesting that sex steroids might not be required for the control of Adnp 
expression. Our data show that the sexually dimorphic Adnp expression in the neonatal mouse 
cerebellum is transient, followed by a robust change with age during early development. 
Although Adnp expression in the neonatal cerebellum does not seem to be regulated by sex 
steroids and their receptors, sex- and age-specific expression of Adnp might still be involved in 



the cerebellar control of cognitive behaviors between the sexes and the etiology of sex-biased 
neurological disorders and mental illnesses caused by cerebellar dysfunction. 

Disclosures:  T. Mota: None. H. Tsai: None. 

Poster 

163. Sexual Differentiation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 163.07/WW15 

Topic: F.03. Neuroendocrine Processes 

Support: NIH Grant MH100583 

 NIH Grant MH076929 

Title: Inactivation of AdipoR1 in the dentate gyrus induces sex-specific behavioral phenotypes 

Authors: *X. FANG1, J. LIU2, X. Y. LU1;  
1Univ. of Texas Hlth. Sci. Ctr. at San Antonio, San Antonio, TX; 2Binzhou Med. Univ. Hosp. / 
IMND, Shandong, China 

Abstract: Previous studies suggest that the adipocyte hormone adiponectin has antidepressant-
like activity. However, the receptor specificity and neural circuit that mediate adiponectin action 
on depressive-like behaviors remain to be determined. In this study, we investigated the effects 
of the adiponectin receptor 1 (AdipoR1) in the dentate gyrus (DG) on emotion-related behaviors 
in both male and female mice. Mice with DG-specific disruption of AdipoR1 were generated 
using the Cre-loxP system. Male and female AdipoR1 conditional knockout mice and their 
littermate controls were evaluated in a series of behavioral tests. We found that male AdipoR1 
conditional knockout mice exhibited anhedonia in a female urine sniffing test, but showed no 
difference from control mice in the sucrose preference test. In contrast, female mutant mice 
displayed significantly reduced sucrose preference. In the forced swim and tail suspension tests, 
male but not female mutant mice showed decreased behavioral despair. Both male and female 
mice displayed normal locomotor activity, and normal performance in the learned helplessness 
test and elevated plus maze test. The cellular mechanisms underlying sex differences in 
behavioral phenotypes caused by loss of AdipoR1 are currently being investigated. It is 
postulated that sex-associated differences in the adiponectin/AdipoR1 system in the DG may 
cause differential cellular responses and result in overlapping but different behavioral 
phenotypes in male and female mice. 
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Abstract: The endocannabinoid system regulates a variety of biological processes such as 
antinociception and energy balance. Previous studies have demonstrated that cannabinoid-
induced changes in energy intake and expenditure are sexually differentiated - with males being 
more sensitive than females. These sex differences are further modified by steroid hormones via 
changes in excitatory transmission in proopiomelanocortin (POMC) neurons originating from the 
hypothalamic arcuate nucleus (ARC) mediated through various signaling pathways. One likely 
source of this excitatory input is the population of steroidogenic factor (SF)-1 neurons emanating 
from the dorsomedial portion of the ventromedial nucleus (VMN). These neurons are 
glutamatergic, and also express CB1 receptors in a SF-1-sensitive fashion. We tested the 
hypothesis that retrograde inhibition of excitatory input occurring at VMN /ARC POMC 
synapses occurs to a greater extent in males than in females. Electrophysiological recording were 
performed in hypothalamic slices from castrated guinea pigs using biocytin-filled electrodes. The 
baseline amplitude of evoked excitatory postsynaptic currents (eEPSCs) generated by electrical 
stimulation of the dorsomedial VMN was significantly greater in females than in males. In both 
male and female slices, depolarized-induced suppression of excitation (DSE) caused a time-
dependent reduction in the amplitude of these eEPSCs. The DSE-induced reduction in eEPSC 
amplitude was blocked by the CB1 receptor antagonist AM251 (1µM), and potentiated in slices 
from male animals treated with the dihydrotestosterone mimetic, Cl-4AS (100nM). This latter 
effect was completely abolished by the diacylglycerol lipase (DAGL) inhibitor, Orlistat (3µM). 
These data reveal that excitatory input onto POMC neurons occurs to a greater extent in females 
than in males, and is subject to retrograde endocannabinoid-mediated inhibition via DSE. 
Androgens increases endocannabinoid tone in males, thereby further relieving POMC neurons 
from excitatory input emanating from the VMH to cause an increase in energy intake. These 
findings provide important insight into sexually differentiated and steroid sensitive 
endocannabinoid regulation of the hypothalamic energy balance circuitry. 
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Title: Role of sex chromosome complement in the regulation of aromatase expression in 
developing mice brain 
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Abstract: During the critical period of sexual differentiation there are sex differences in brain 
aromatase expression that are time and regionally specific. Some of these sex differences cannot 
be explained by organizational actions of gonadal hormones because they occur before 
exposition to testosterone in utero. Previous results from our group using the four core genotype 
mouse model (FCG) demonstrate that XY neurons from amygdala express higher levels of 
aromatase and Cyp19a1 than XX neurons of E15 mice independent of gonadal sex. The present 
study explores the regulation of aromatase in amygdala neurons from E15 mice brain and the 
role of estrogen (ERα and ERβ) and androgen receptors (AR) in this regulation. Our results show 
that E2 (10-10M) or dihydrotestosterone (DHT, 10-10M) in vitro increases aromatase expression in 
amygdala neurons derived from XX embryos, but not in those derived from XY embryos. This 
effect was independent of gonadal sex and the final outcome was to abolish the basal sex 
chromosome-induced sex difference. The effect of hormone treatments was not imitated with a 
selective ERα agonist-PPT [4,4',4″-(4-propyl-[1H]-pyrazole-1,3,5-triyl)trisphenol] or G1, a 
ligand of G protein receptor 30 ⁄ G protein-coupled ER. By contrast, a selective ERβ agonist-
DPN [2,3-bis(4-hydroxyphenyl)-propionitrile] fully reproduced the effect of E2 and DHT on 
aromatase expression. Moreover treatment with a selective ERβ antagonist-PHTPP (4-[2-phenyl-
5,7-bis(trifluoromethyl)pyrazolo[1,5-a]pyrimidin-3-yl]phenol) blocked this effect. As E2 and 



DHT regulate transcription of target genes via estrogen or androgen receptors we studied if 
aromatase regulation involves a change in steroid receptor expression. Our results show that in a 
way that resembles aromatase expression, amygdala neurons from XY brain have a higher 
expression of ERβ mRNA than XX neurons and hormonal treatments increase ERβ mRNA only 
in XX neurons (male and female). No effects were observed on ERα and AR expression. In 
summary, our findings indicate that sex chromosome complement determines a higher 
expression of aromatase and ERβ in XY neurons from amygdala. Also, these results indicate that 
ERβ is involved in aromatase regulation in a mechanism regulated by sex chromosomes. Given 
that it is a key enzyme necessary for organizational actions of gonadal testosterone these findings 
imply that genetic and gonadal factors interact in the generation of sex differences in some 
structures of the developing rodent brain. 
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Abstract: The neuropeptide oxytocin (OT) often regulates social behavior in sex-specific ways. 
This may be due to sex differences in the brain OT system. In support, our lab has recently 
demonstrated that adult male rats have higher OT receptor (OTR) binding density than females 
in various forebrain regions, including the posterior bed nucleus of the stria terminalis (BNSTp). 
Understanding the origin of this sex difference may advance our understanding of the sex-
specific development and regulation of social behavior. Sex differences in the brain are 
organized by testosterone (T), primarily via actions of its metabolite estradiol during critical 
periods (perinatal and pubertal) in development. The BNSTp is a sexually dimorphic region of 
the rodent brain in which males have a larger volume than females. This sex difference is 
dependent on perinatal testosterone and can be eliminated by early postnatal castration. While 
the sexual dimorphism in size doesn’t appear until postnatal day 12, we find that the sex 



difference in OTR binding density in the BNSTp appears at postnatal day 5. This suggests that 
the sex difference in OTR binding density is also organized during the perinatal critical period. 
We hypothesized that the sex differences in pBNST size and OTR binding density are regulated 
by androgen and/or estrogen receptor signaling during the early postnatal period. To test this, we 
determined whether masculinization of BNSTp size and OTR binding density is dependent on 
androgen receptor or estrogen receptor activation. We predicted that blockade of endogenous 
neonatal testosterone-dependent signaling would decrease the pBNST size and OTR binding 
density in the of males to the level seen in females. We find that neonatal androgen receptor 
antagonism in males decreased OTR binding density in the pBNST as well as pBNST volume, 
but neither to the point of female levels. Furthermore, we find that estrogen receptor antagonism 
did not significantly alter OTR binding density or pBNST size. These findings suggest that the 
sex differences in BNSTp size and OTR binding density are partially mediated by testosterone-
induced AR activation during the postnatal period. 
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Abstract: Neuronal proliferation, a critical component of early brain development, persists into 
neonatal life in multiple brain regions including the hippocampus. Our laboratory has established 
that newborn male rats make nearly twice as many new cells in the dentate gyrus of the 
hippocampus compared to female littermates and that more of these new cells in males 
differentiate into neurons (Bowers et al., Biol. Sex Diff., 2010). Hippocampal steroid content 
does not differ by sex during the period of elevated proliferation in males indicating hormones 
are not the source of the sex difference (Konkle et. al, Endocrinology, 2011). Maintenance of a 
proliferative state requires suppression of anti-proliferative factors, in favor of pro-proliferative 



gene expression. Epigenetic regulation significantly contributes to this coordination. We 
hypothesized that sexually differentiated epigenetic regulation is responsible for the observed sex 
difference in cell proliferation in the early postnatal hippocampus. Canonical modes of 
epigenetic regulation include direct modification of the DNA, primarily through methylation, as 
well as alteration to histone tails that modify the state of chromatin. Pharmacological 
manipulation to demethylate DNA or block deacetylation of lysines found in histones effected 
proliferation in a sex dependent manner (F[3,21]=5.496; p=0.006). Inhibition of DNA 
methylation via treatment with Zebularine (300ng i.c.v.) on PN0 and PN1 reduced cell 
proliferation in males without effecting proliferation in females (Newman-Keuls post-hoc 
p<0.05), as measured by BrdU immunohistochemistry (100mg/kg; administered 2 hrs post-drug 
injection on PN1). Conversely, increased histone acetylation via administration of the HDAC 
inhibitor, Trichostatin A (0.5mg/kg i.p.) under a similar schedule, elevated proliferation in 
females, but did not affect cell proliferation in male dentate gyrus (Newman-Keuls post-hoc 
p<0.05). Quantification of DNA methylation on PN1 found levels in the dentate gyrus to be 
twice as great in males relative to females (t[10]=2.728; p= 0.0213). Therefore we conclude 
DNA methylation promotes proliferation in males and histone deacetylation suppresses 
proliferation in females. Further analysis of the expression and activity of enzymes crucial to 
maintenance of these epigenetic marks throughout development provide important information 
regarding sex dependent epigenetic regulation of early postnatal proliferation in the dentate 
gyrus. Supported by NIH grant R01NS 050525 to MMM 
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Abstract: The spinal nucleus of the bulbocavernosus (SNB) is a sexually dimorphic group of 
motor neurons that innervate the perineal muscles, which surround the base of the penis in 



rodents and control copulation. This entire neuromuscular system is highly dependent on 
androgens, and a powerful model for understanding androgen mediated sexual differentiation. 
Androgens act indirectly through the muscle to keep SNB motor neurons alive. The 
bulbocavernosus and levator ani (BCLA) perineal muscles have similar levels of androgen 
receptor (AR) mRNA when compared to other skeletal muscles; however, the BCLA muscles 
have much more AR protein than other skeletal muscles. This suggests that the amount of AR 
protein is regulated by translational or post-translational mechanisms in the muscle. Whether 
increased levels of AR protein per se in muscle confers androgen responsiveness to the BCLA 
skeletal muscles, and what mechanisms in muscle promote survival of the SNB motor neurons 
remain unclear. One important mechanism of translational regulation implicated in skeletal 
muscle development and function are microRNAs. A microRNA (miRNA) can regulate mRNA 
targets by degrading target mRNA molecules or inhibiting their translation. We hypothesized 
that miRNA’s are differentially expressed between androgen responsive and unresponsive 
muscles. Using NanoString technology we assessed the gene expression of 603 miRNAs in 
wildtype male mouse BCLA and extensor digitorum longus (EDL) skeletal muscles. We found 
13 miRNAs that were 2-fold greater in the BCLA muscles, and 41 miRNAs that were 2-fold or 
greater in the EDL muscles compared to BLCA. Eight of the miRNAs elevated in the EDL are 
predicted to bind to AR. Our results suggest that miRNAs may provide a potential mechanism 
for the differential androgen receptor protein expression among skeletal muscles and 
demonstrate a role for miRNA’s in sexual differentiation of the SNB system. 
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Abstract: Estrogen signaling is paramount in organizing sex differences in numerous brain 
functions, including stress responses, social behavior, and neurobehavioral disorders such as 



depression and anxiety. Midbrain regions, such as the dorsal raphe nucleus (DR), express 
estrogen receptors, particular estrogen receptor (ER) β, but few studies have examined their 
ontogeny or looked for sex differences. The DR is the main source of forebrain serotonin, which 
plays a critical role in many components of behavior and physiology. Moreover, sex differences 
in developmental expression of ERβ may contribute to, and potentially program, serotonergic 
output to many forebrain regions, including the frontal cortex (FC), a major efferent target of the 
DR. In this study, we used immunohistochemistry to label serotonergic neurons within the DR of 
ERβ-EGFP transgenic mice to compare the distribution of ERβ in serotonergic and 
nonserotonergic populations of DR neurons in male and female mice on postnatal days 2, 4, and 
14. Results suggest that young male mice have more serotonergic DR neurons than female mice 
do, but neonatal mice of both sexes have many ERβ-EGFP DR neurons that exist in both 
serotonergic and nonserotonergic neurons. We also measured differences in ERβ distribution in 
the FC of these mice and used immunohistochemical labeling of doublecortin to assess whether 
ERβ was expressed in undifferentiated neurons. Preliminary results suggest that although both 
male and female mice express ERβ in many FC neurons, patterns may differ across development 
and between the sexes. Moreover, neither male nor female mice of any age had ERβ within 
undifferentiated neuroblasts (doublecortin-immunoreactive) in the FC. These differences in ERβ 
expression indicate time- and sex-dependent mechanisms for lasting effects of estrogens on 
cognition, behavior, and physiology during adulthood. 
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Abstract: Genistein (GEN), a phytoestrogen contained in soy and other legumes, may interfere 
with the endocrine system in multiple ways. Therefore, it may induce permanent alterations of 
estrogen sensitive circuits as the Kisspeptin system. In rodents, this system is clustered in two 
hypothalamic populations located within the rostral periventricular area of the third ventricle 
(RP3V) and the Arcuate nucleus (ARC), and it regulates both the timing of pubertal onset and 
estrous cycle. Kisspeptin neurons project primarily to the GnRH neurons, but also in a few other 
locations, including the Paraventricual nucleus (PVN), the most important center for the 
regulation of food intake and energy expenditure. We analyzed the effects of the early postnatal 
treatment (from PND1 to PND8) of CD1 pups of both sexes with GEN (50 mg/kg body weight 
dissolved in sesame oil) or with the vehicle (control, CON) on the Kisspeptin system and other 
physiological parameters of 2 month-old mice. Kisspeptin was revealed by 
immunohistochemistry (antibody AC#566, Tours, France), and quantified (Image J) by 
calculating the Fractional Area (FA) covered by the immunoreactivity (in PVN, RP3V and 
ARC), and the positive cell number (in RP3V). Early postnatal exposure to GEN, in a dose 
comparable to the exposure level in babies fed with soy based formulas, induced sexually 
dimorphic effects. While GEN treated males showed only a minor decrease of testicles' weight, 
probably related to the significant decrease of testosterone's concentration we measured in feces 
(P<0,001), the treatment affected multiple parameters in females. GEN treatment induced an 
advanced pubertal onset in females (premature vaginal opening) and altered the development of 
reproductive system (increased urogenital distance and increased uterus' weight). In addition, 
GEN females showed an increased weight and an altered estrous cycle. Kisspeptin 
immunoreactivity was significantly reduced in adult GEN females compared to CON females 
(FA, RP3V, P<0,01; ARC, P<0,001; PVN, P<0,001; cell number, RP3V, P<0,001), whereas no 
changes were observed in males. In conclusion, the early postnatal exposure of CD1 mice to 
GEN determines long-term sex specific effects on the Kisspeptin system, female pubertal timing, 
fertility and metabolism. 
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Abstract: The neuropeptide oxytocin (OT) regulates social behavior in sex-specific ways in 
humans and rodents. OT has been found to have promising effects on alleviating social deficits 
in patients with sex-biased neuropsychiatric disorders, however little is known about potential 
sexually dimorphic effects of OT on brain function. Therefore, using the rat as our model 
organism, we aimed to determine whether OT via central administration (most common in 
animal studies) or via peripheral administration (most common in human studies) induces sex 
differences in neural activation. Functional magnetic resonance imaging was used to examine 
blood oxygen level-dependent (BOLD) signal intensity changes in the brains of awake male and 
female rats over a period of 20 min after intracerebroventricular (ICV; 1µg/5µl) or 
intraperitoneal (IP; 0.1mg/kg) administration of OT. Following ICV OT administration, sex 
difference in BOLD activation were observed in 26 brain regions, with 20 regions showing 
higher activation in males, and 6 regions showing higher activation in females. Among these 
were the nucleus accumbens and insular cortex showing higher activation in males, and the 
lateral and central amygdala showing higher activation in females. Interestingly, compared to 
ICV OT, IP OT elicited fewer sex differences in BOLD activation (12 brain regions), but in the 
same overall direction as ICV OT, with all regions showing higher activation in males compared 
to females. Furthermore, sex differences in BOLD activation in response to IP OT were found in 
different brain regions than in response to ICV OT. Overall, these results indicate that exogenous 
OT modulates neural activation differently in males and females, and that the pattern and the 
magnitude of sex differences in BOLD activation depends on the route of administration. These 
results highlight the need to include both sexes in basic and clinical studies to fully understand 
the role of OT on brain function. This research is supported by NIMH F31MH100891 to KMD 
and NIMH R15MH102807 to AHV. 
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Abstract: Dolphins’ brain is almost an undiscovered world due to the limited access to fresh 
brain samples. There is lack of information concerning neuroanatomy of cetaceans. Previous 
studies have demonstrated the susceptibility of cetaceans to post-capture stress during active 
strandings and in cases of entanglement in fishing gears. The elicited reaction (alarm reaction) is 
seen in live-stranded cetaceans as a capture-response characterized by massive catecholamine 
release from the adrenals glands (Cowan & Curry, 2008). A major alarm reaction-related 
pathologic outcome, in severe and prolonged events, includes degenerative cardiac lesions 
(Herráez et al., 2007, Cowan & Curry, 2008, Herráez et al., 2013), which appears to play a 
central role in this disease process. A major role of the central nervous system is also 
hypothetized. For a better understanding of the central control of the stress system, we identified 
some of its basic brain components: the amygdala with especial emphasis on the central nucleus 
of the amygdala (CeA), the paraventricular nucleus (PVN) and the supraoptic nucleus (SON) of 
the hypothalamus, and the locus coeruleus (LC). The CeA mediates the behavioral and 
physiological reactions associated with fear and anxiety and the hypothalamus-pituitary-adrenal 
responses by modulating brain corticotropin releasing factor (CRF) activity. The hypothalamus 
acts releasing the CRF, produced primarily by the parvicellular population of the PVN, as well as 
by the SON. The CRF acts as a neuromodulator in the brainstem and neocortical regions in stress 
responses. There are no published neuroanatomical references of these brain nuclei in toothed 
whales. The LC is the largest catecholaminergic nucleus and it supplies norepinephrine to the 
entire brain. The LC has only been examined in a bottlenose dolphin (Manger et al., 2003) to 
date. For the study of these nuclei, 13 animals of 8 different odontocete species were used: 
bottlenose dolphin, striped dolphin, common dolphin, Atlantic spotted dolphin, short-finned pilot 
whale, Risso’s dolphin, Blainville's beaked whale, and Cuvier's beaked whale. Our results 
indicate that the CeA extended mainly dorsal to the lateral nucleus of the amygdala and ventral 
to the most ventral part of the corpus striatum. The PVN was located in the periventricular 
region of the hypothalamus, from the preoptic to the suprachiasmatic region. The SON extended 
from the preoptic area to the hypothalamic tuberal area. The LC was composed of five 
subdivisions: A6d, A6v, A7, A5, and A4. The examined animals presented the A4 subdivision, 
which had not been described in the only odontocete wherein this nucleus was investigated. 
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Abstract: Neuroendocrine corticotropin-releasing-hormone (CRH) neurons are found in the 
medial parvocellular part of the paraventricular nucleus of the hypothalamus (PVHmp). They are 
the final common pathway for adrenocortical stress responses. These neurons initiate 
hypothalamic-pituitary-adrenal (HPA) axis activity, resulting in glucocorticoid (GC) release 
from the adrenal cortex. GCs mobilize energy stores and provide negative feedback to CRH 
activity, among other modulatory responses. Along with GCs, CRH neurons are controlled by a 
variety of inputs, including catecholamines (CA), GABA, glutamate, and various peptidergic 
effectors. We have shown that CA-dependent mechanisms are required for a full HPA response 
to glycemic stressors, and that these mechanisms track stimulus intensity, in terms of release and 
synthesis. While we have a basic understanding of how neural inputs impact neuroendocrine 
CRH neurons, detailed structural and functional relationships remain unclear, particularly those 
conveying stimulus type and intensity. Clarifying these mechanisms and their interactions will 
provide a greater understanding of CRH regulation, in both health and dysfunction. To elucidate 
the mechanisms that control CRH activity, adult male rats received intravenous administration of 
either saline, insulin, or 2-deoxyglucose (2DG) through a jugular vein catheter. These three 
treatments generate increasing GC responses: saline<insulin<2DG. We used 
immunocytochemistry combined with high spatial resolution image analyses of pre-synaptic 
terminals in the PVHmp to determine what structural relationships exist between CA, 
glutamatergic, and GABAergic inputs, and how these inputs interact to differentially encode 
various acute glycemic stressors. This was done by analyzing the 3D spatial relationships 
between the CA markers DBH and PNMT, vesicular glutamate transporters 2 (VGluT2), 
vesicular GABA transporter (VGAT), phospho-Synapsin I (pSynI), and synaptophysin, as well 
as pERK1/2 and CRH. 
We found that VGluT2 colocalizes with CA markers in PVHmp pre-synaptic terminals, 
significantly more so with PNMT than with DBH. We also found that acute glycemic challenges 



have opposite effects on the number of detectable VGluT2 (increase) and VGAT (decrease) 
terminals in the PVHmp, as well as increasing the number of pSynI-labeled terminals. 
Additionally, the number of terminals expressing both pSynI and VGluT2 increased in response 
to 2DG. Overall, it appears as though acute glycemic challenges alter fast neurotransmitter input 
to the PVHmp in a way that favors excitation, as well as resulting in an activity-dependent 
increase in SynI phosphorylation. 
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Abstract: Wnt signaling through the transcriptional effector Lef1 is required for hypothalamic 
neurogenesis, however the specific cellular and molecular targets remain unknown. By analyzing 
homozygous null lef1 zebrafish mutants, we find that Lef1 cell autonomously promotes the 
differentiation of multiple periventricular neuronal subtypes from Wnt-responsive progenitors. 
RNAseq analysis supports these results, showing decreased expression of known Wnt target 
genes and markers for defined neuronal subtypes that regulate anxiety. Indeed, we find that 
zebrafish lef1 mutants display enhanced anxiety in a novel tank diving test, and gain weight more 
slowly than control siblings, consistent with elevated anxiety levels. Analysis of a hypothalamus-
specific Lef1 knockout mouse also shows defects in embryonic neurogenesis, with specific loss 
of hormone-secreting neurons. Similar to zebrafish, knockout mice gain weight more slowly than 
controls and display enhanced anxiety in open field and elevated plus maze tests. Together, these 
data suggest a conserved role for Lef1 in regulating the development of hypothalamic circuits 
that mediate anxiety. We believe that our genetic models may prove useful in clinical medicine 
for the diagnosis and treatment of anxiety-related mental disorders. 
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Abstract: Stress is a known inhibitor of reproductive function. The mechanisms by which stress 
acts to influence the hypothalamic-pituitary-gonadal (HPG), or “reproductive”, axis have been 
intensely studied. Now, burgeoning high-throughput sequencing technologies are driving a 
genomic revolution that can permit one of the most in-depth investigations of the effects of stress 
on the HPG axis. We constructed an annotated de novo transcriptome assembly from male and 
female rock dove (Columba livia) hypothalamus, pituitary and gonadal tissues. We characterized 
patterns of expression for each, and, using a highly replicated RNAseq-type experiment, report 
differentially expressed genes and gene networks of the HPG axis in males and females after 30 
minutes of capture-handling stress as compared to controls. These data provide an essential 
foundation for which future hypothesis-driven approaches and examinations of bidirectional 
interactions between genes and the stress response can occur. 
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Abstract: Acute activation of the hypothalamic-pituitary-adrenal (HPA) axis, leading to the 
release of corticosteroid hormones into the circulation, is crucial for dealing with perceived 
threats. Paradoxically, persistent activation of this stress response can lead to impaired 
physiological or behavioral function. Thus, efficient control and termination of stress responses 
is also essential for well-being. However, inhibitory control mechanisms governing the HPA axis 
are poorly understood. Previous studies have suggested that serotonergic systems, acting within 
the medial hypothalamus, play an important role in inhibitory control of stress-induced HPA axis 
activity. To test this hypothesis, we surgically implanted chronic jugular cannulae in adult male 
rats and conducted bilateral microinjections of vehicle or the 5-HT1A receptor agonist, 8-
hydroxy-2-(di-n-propylamino) tetralin hydrobromide (8-OH-DPAT; 8 nmol, 0.2 µL, 0.1 µL/min, 
per side) into the dorsomedial hypothalamus (DMH) immediately prior to a 40 min period of 
restraint stress. Repeated blood sampling was conducted using an automated blood sampling 
system and plasma corticosterone concentrations were determined using enzyme-linked 
immunosorbent assay. Bilateral intra-DMH microinjections of 8-OH-DPAT suppressed stress-
induced increases in plasma corticosterone immediately after the onset of restraint, and as 
measured by area-under-the-curve analysis of plasma corticosterone concentrations during the 40 
min period of restraint. These data support an inhibitory role for serotonergic systems, acting 
within the DMH, on stress-induced activation of the HPA axis. 
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Abstract: All organisms possess innate behavioral and physiological programs that ensure 
survival. By definition, these programs are not learned, but in order to have maximum adaptive 
benefit, they must be sufficiently flexible to account for changes in the animal’s environment. In 
mice a distinct behavioral repertoire emerges after a short exposure to stress that includes 
increased grooming, walking and rearing in a temporally organized fashion. This pattern is vastly 
influenced by the environment, however aspects such as increased arousal and the appearance of 
grooming are highly reliable. Classical electrical stimulation studies implicated the 
paraventricular nucleus of the hypothalamus (PVN) as a locus for rapid and intensive self-
grooming behavior. The principal controllers of the neuroendocrine response to stress, 
corticotropin releasing hormone synthesizing (CRH) neurons are located in the PVN, raising the 
possibility that CRH neurons play a role in the organization of behaviors after stress. To address 
this we performed meticulous behavioral analysis combined with optogenetics utilizing a CRH-
Ires-Cre mouse strain. We found that optical silencing of PVN CRH neurons after stressful 
exposure disrupts the emerging behavioral pattern, while in the absence of stress, 
photostimulation of CRH neurons partially recapitulated behaviors similar to those observed 
after stress. In a series of experiments utilizing electrophysiology and tract-tracing we identified 
a pathway from PVN CRH neurons to a subset of lateral hypothalamic cells and demonstrated 
that optical activation of this projection is sufficient to induce grooming behavior. Furthermore, 
we found that the environmental sensitivity on behavior is blunted by activation of PVN CRH 
neurons. 
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Abstract: Parvocellular neurosecretory cells (PNC) in the paraventricular nucleus of the 
hypothalamus (PVN) are tightly regulated by inhibitory tone, but the contributions of individual 
neuronal populations to these cells remains unclear. The fusiform nucleus of the bed nucleus of 
the stria terminalis (BNSTfu) represents a major source of inhibition to the PVN; here we 
characterized inhibitory inputs from the BNSTfu onto PNCs by injecting a rAAV2 containing 
channelrhodopsin tagged to an eYFP reporter directly into this region of VGAT-IRES-Cre mice. 
Fourteen days post-injection, coronal brain sections containing the PVN were prepared. 
Photostimulation of BNSTfu afferents in the PVN elicited synaptic currents in PNCs that both 
readily interrupted PNC spiking, and were completely abolished by application of the GABAA 
antagonist, gabazine. Previous reports have shown that depolarization of PNCs liberates 
endocannabinoids (eCB), which rapidly inhibit GABA release. This depolarization-induced 
suppression of inhibition (DSI) is transient and sensitive to stress. Similar protocols to assess 
eCB signaling in response to photostimulation of BNST GABA synapses revealed DSI that was 
significantly longer-lasting than DSI of synapses that are recruited following electrical 
stimulation. Peak DSI is not different when synapses are recruited optically or electrically 
(optical: 63.4±6.4% of baseline, n= 11 vs electrical: 60.9±4.2 % of baseline, n=8, p>0.05). 
Interestingly, synapses recruited by photostimulation fail to recover following postsynaptic 
depolarization (72.3±5.3% of baseline, n=11). The CB1R antagonist, AM251, blocked both 
phases of the synaptic depression. Since GABA and glutamate synapses onto PNCs are not 
spatially segregated, we hypothesized that liberation of glutamate, which occurs during bulk non-
specific electrical stimulation of afferents but not during selective optical stimulation of GABA 
inputs, may be responsible for curtailing DSI. We conducted two sets of experiments: In the first, 
synapses were recruited by electrical stimulation in the presence of the mGluR5 antagonist, 
MTEP. Under these conditions, we observed long-term synaptic depression. Then we recruited 
GABA synapses with photostimulation in the presence of the mGluR agonist, DHPG. A 
postsynaptic depolarization now revealed a brief DSI that recovered completely within one 



minute. These observations suggest that heterosynaptic actions of glutamate play a key role in 
controlling the temporal window of DSI. These actions may powerfully affect functional circuit 
connectivity in the brain. 
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Abstract: Corticotropin-releasing hormone (CRH) neurons in the paraventricular nucleus of the 
hypothalamus (PVN) drive the neuroendocrine response to stress that culminates in an increase 
in circulating corticosteroids (CORT). This response is typically self-limiting, but pathological 
conditions associated with persistent elevations of CORT suggest the potential for escape from 
negative feedback. Here, we use a model of prolonged CORT exposure to examine the effects on 
the intrinsic and synaptic properties CRH neurons in the PVN. To examine the mechanisms of 
CORT feedback, mice were given access to 25µg/ml CORT in the drinking water for up to 7 
days. In addition to monitoring plasma CORT levels, we assessed a number of 
electrophysiological parameters ex-vivo including, basal firing rate, paired-pulse ratio (PPR), 
AMPA:NMDA, and quantal glutamatergic event frequency and amplitude. Following CORT 
treatment, mice exhibited a blunted CORT response to a 15min swim stress (19.3 ng/ml ± 5.29 
CORT (n=10) vs 98.6 ng/ml ± 13.7 naïve (n=12), p = 0.0002). We then used on-cell and whole-
cell electrophysiology to study CRH neuron activity and synaptic properties respectively. 
Following the 7 day CORT treatment, there was a decrease in the firing rate of CRH neurons 
(0.248Hz ± 0.086 CORT (n=16) vs 3.13Hz ± 0.380 naïve (n=23), p<0.0001). Interestingly, there 
was an increase in mEPSC amplitude (naïve: 21.4 ± 0.8 pA (n=12) vs CORT: 26.1 ± 0.9 pA 
(n=12), p = 0.0026) with no effect on mEPSC frequency (naïve: 5.6 ± 1.00 Hz (n=12), vs CORT: 
4.7 ± 0.81 Hz (n=12), p=0.467), AMPA:NMDA (naïve: 2.62 ± 0.261 (n=9) vs CORT: 2.72 ± 
0.24 CORT (n=6), p=0.81), or PPR (naïve: 0.78 ± 0.058 (n=9) vs CORT: 0.81 ± 0.058 (n=6), p= 
0.74). The decrease in firing accompanied by increased glutamatergic strength is reminiscent of 



homeostatic changes in synaptic drive that have been reported following persistent activity 
blockade. To determine if there is a multiplicative increase in glutamatergic synaptic strength 
consistent with synaptic scaling, we compared cumulative distributions from naïve and CORT 
treated animals. We observed a significant rightward shift in the distribution of mEPSCs 
following CORT treatment (p<0.0001) that was completely reversed by applying a single scaling 
factor (1.33) to the amplitude distribution. This is one of few accounts of homeostatic synaptic 
scaling in adult animals in-vivo, and is the first to establish a role for homeostatic plasticity in 
neural stress circuits. These observations also provide new insights into the neuronal 
mechanisms that may contribute to altered hypothalamic-pituitary adrenal axis activity observed 
in affective pathologies. 
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Abstract: The Hypothalamo-Pituitary-Adrenal (HPA) axis is controlled by a complex network 
of brain regions, that are integrated at the level of the PVN to coordinate an appropriate response 
to stressors. The PVN is the main integratory node of the HPA axis and it expresses estrogen 
receptor beta (ERβ) at high levels; activation of which has been shown to decrease HPA axis 
response to stress. In this study, we aimed to elucidate the actions of ERβ in the PVN in male 
and female mice. For this, we used a Sim1-Cre transgenic mouse crossed to a reporter line where 
loxP flanked the ERβ 3rd exon to target the deletion of the 3rd exon of ERβ to Sim1-Cre-



expressing neurons, which are densely present in the PVN. Immunohistochemistry of these mice 
(ERβCKO) showed complete knockout of ERβ in the PVN, but not in other brain areas that 
express Sim1. Interestingly, although the ERβ 3rd exon codes for the downstream half of the 
DNA binding domain utilized in classical estrogen response element (ERE) signaling pathways, 
treatment of mice with the ERβ selective agonist, R-DPN (1 mg/kg BW for 4 days), still reduced 
the corticosterone (CORT) to restraint stress, albeit with slightly less efficacy in the ERβCKO 
mice compared to WTs. These data suggest that the DNA binding domain is not required for 
ERβ signaling within the PVN, at least in the control of HPA axis function. Furthermore, 
deletion of ERβ 3rd exon resulted in an increase in exon 4-8 transcripts which corresponds with 
the ability of the 3rd Exon deletion variant to utilize an activator complex-1 (AP-1) mediated 
signaling pathway rather than ERE-dependent signaling in vitro. Alternatively, the PVN receives 
inputs from the bed nucleus of the stria terminalis (BnST), a region that serves as a major 
information hub, to inhibit the HPA axis. Using a CRH-cre mouse crossed to a loxP-STOP-loxP-
TdTomato reporter strain (Ai14), we found a large cluster of CRH neurons in the BnST. IHC 
using the Z8P ab against ERβ showed that over 23% of BnST CRH neurons expressed ERβ. 
Moreover, in the mouse PVN, 31% of CRH neurons also express ERβ. Thus, BnST may serve as 
a limbic-PVN bridge, integrating excitatory signals from upstream brain sites. In turn, the BnST 
uses GABAergic or CRH projections to the medial parvocellular PVN, to regulate the HPA axis. 
These findings suggest a potential ERβ-ergic circuit involving BnST and PVN CRH neurons, 
and also give insight to an alternative ERβ signaling pathway that may rely on AP-1 mediated 
transcriptional activation, potentially through the recruitment of ERβ splice variants encoded by 
exons downstream of the 3rd exon. 
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Abstract: The nanopeptide neurotransmitters oxytocin (OT) have been shown to play a role in 
modulating aspects of social behaviors, including social recognition, pair bonding, maternal 
behaviors, and anxiety. Dysfunction of OT system is believed to play a role in the 
pathophysiology of autism. The main source of OT in the brain is the magnocellular cells in the 
paraventricular nucleus (PVN) and supraoptic nucleus (SON) of the hypothalamus. Although 
previous electrophysiological studies have identified two subtypes of OT neurons in the PVN 
and SON, it is unclear if these two groups also differ in their neurochemical profile. To address 
this knowledge gap, we have used patch clamp recording in conjunction with single cell 
quantitative PCR, and immunohistochemistry to examine the physiologic and genetic phenotype 
of OT neurons in the SON and PVN. The majority of magnocellular neurons in the SON (79%) 
and PVN (83%) express the mRNA for OT, which is consistent with our immunofluorescence 
observations. In agreement with earlier studies OT neurons of the PVN and SON could be 
subdivided into two electrophysiological subtypes based on their intrinsic membrane properties. 
Hence, 27% PVN and 54% SON OT neurons have prominent outward rectifying potassium 
current (IK(OR)) and delayed firing, whereas the rest of neurons have fast-onset firing. OT neurons 
in both areas have high expressions of mRNA for CRFR2, vGluT2, CaMKIIα, and low 
expressions of mRNA for vasopressin, CRFR1, OTR and vGluT3. Both PVN and SON OT 
neurons express mRNA for multiple subtypes of 5-HT receptor, including 5-HT1a, 5-HT1b, 5-
HT2a and 5-HT7. However, 5-HT3a expression was only detected in PVN OT neurons and 5-
HT2C was not detected in neurons from both nuclei. Genes encoding low threshold calcium 
current (IT) are differently expressed in PVN and SON OT neurons, with Cav3.2 only detected in 
PVN neurons and Cav3.3 only detected in SON neurons. Taken together, OT neurons in the 
PVN and SON may contain heterogeneous cell types. Moreover, our preliminary data show 
potential transcriptomic differences between the PVN and SON OT neurons. We are now 
screening mRNAs for encoding intrinsic ion channels and and will expand this study to autistic 
animal models to understand mechanisms of autism disorders and find new therapy targets. 
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Abstract: Physiological and behavioral stress responses are generated, in part, by neural 
signaling within the anterior ventral bed nucleus of stria terminalis (avBST) and the 
hypothalamic PVN. The avBST innervates the PVN, and both regions receive relayed visceral 
sensory input from stress-responsive hindbrain GLP1 neurons. Since central GLP1 signaling 
promotes stress responses, we hypothesized that GLP1 acts specifically on avBST neurons that 
innervate the PVN. To test this, red fluorescent retrobeads were stereotaxically injected into the 
PVN in young adult male rats. One week later, whole-cell recordings were made in red-labeled 
and unlabeled neurons in brain slices containing the avBST. The synthetic GLP1 analogue Ex-4 
(200-600 nM) was bath applied to activate GLP1R’s. To assess Ex-4 effects on neuronal 
excitability, cells were recorded in current-clamp mode and shifts in baseline and intrinsic 
membrane properties were quantified. Ex-4 produced an upward baseline shift in labeled 
(p<0.01; n=9) but not in unlabeled neurons (p>0.1; n=7). This specific effect was occluded by 
the GLP1R antagonist Ex-9 (900 nM; n=5). Ex-4 also decreased medium and slow 
afterhyperpolarizations in labeled neurons (p<0.01; n=6). Ex-4 did not affect the amplitude or 
frequency of sEPSCs (-70 mV holding potential, 10 mM gabazine in Cs-based intracellular 
solution), but decreased the frequency of sIPSCs (+12 mV holding potential, 10 mM CNQX, 50 
mM AP-5; 10.6±4.5 Hz vs. 7.7±3.9 Hz, p<0.05; n=7). Thus, GLP1R activation increases neural 
excitability and reduces inhibitory drive to PVN-projecting avBST neurons, consistent with 
GLP1 effects to promote centrally mediated stress responses. 

Disclosures:  N.V. Povysheva: None. H. Zheng: None. L.M. Rinaman: None. 

Poster 

164. Stress: Hypothalamic Mechanisms 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 164.12/XX13 

Topic: F.04. Stress and the Brain 

Support: PA Dept. of Health Funds to MER 



 NIH grant MH28380 to RTR 

Title: Sexual diergism in rat hypothalamic-pituitary-adrenal axis responses to the selective 
muscarinic antagonists pirenzepine and methoctramine prior to cholinergic stimulation by 
physostigmine 

Authors: *M. E. RHODES1, M. A. SMAIL1, C. A. WYLIE1, J. L. SOLES1, R. K. CZAMBEL2, 
R. T. RUBIN3;  
1St. Vincent Col., Latrobe, PA; 2Allegheny Gen. Hosp., Pittsburgh, PA; 3VA Greater Los 
Angeles Healthcare Syst., Los Angeles, CA 

Abstract: Central cholinergic systems regulate the hypothalamic-pituitary-adrenal (HPA) axis 
differentially in males and females (sexual diergism). We previously reported that plasma 
adrenocorticotropic hormone (ACTH) and corticosterone (CORT) concentrations were enhanced 
by physostigmine (PHYSO), an acetylcholinesterase inhibitor, in male and female rats pretreated 
with scopolamine (SCOP), a non-selective muscarinic antagonist. ACTH responsiveness to 
SCOP was greater in males than in females. CORT responsiveness to SCOP was greater in 
females, but percent increases over baseline were greater in males. These results suggested that 
the SCOP + PHYSO effects may have resulted from an indirect nicotinic effect caused by 
muscarinic antagonism, and/or differential effects of SCOP antagonism on M1 vs. M2 receptors. 
In the present study, we explored specific muscarinic influences on HPA activity in male and 
female rats by determining the dose-response effects of pretreatment with (1) the M1-selective 
muscarinic antagonist, pirenzepine (PIREN), followed by PHYSO (PIREN + PHYSO), and (2) 
the M2-selective muscarinic antagonist, methoctramine (METHO), followed by PHYSO 
(METHO + PHYSO). Control and comparison groups included rats pretreated with SCOP or 
saline, followed by PHYSO or saline. Blood sampling occurred before and at intervals after 
PHYSO or saline. ACTH and CORT were determined by highly specific immunoassays. 
PIREN + PHYSO resulted in dose-dependent increases in ACTH and CORT in both male and 
female groups, which were sustained at all time points. METHO + PHYSO resulted in higher 
ACTH responses in the female groups and had little effect in the male groups. CORT responses 
to METHO + PHYSO were modest, slightly higher in female groups, and less sustained 
following treatments. 
The results of the present study support our previous findings with SCOP + PHYSO and provide 
additional evidence to support the hypothesis that muscarinic pretreatment prior to PHYSO 
results in an indirect nicotinic effect that enhances HPA responses. Whereas SCOP + PHYSO 
produced higher HPA responses in males, PIREN + PHYSO produced similar responses in 
males and females, and METHO + PHYSO produced higher responses in females. These results 
suggest that muscarinic cholinergic receptor subtypes can influence HPA axis activity 
differentially in male and female rats (sexual diergism). 
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Abstract: The amygdala plays a central role in the generation of adaptive responses to stressful 
stimuli including modulation of the hypothalamic-pituitary-adrenal (HPA) axis. Previous work 
using traditional axon sparing lesions has determined that an intact medial amygdala (MeA) is 
necessary for HPA axis responses to psychological stressors (noise, restraint) whereas, in the 
case of physiological stressors (haemorrhage, immune challenge) this role is served by the 
central nucleus of the amygdala (CeA). These actions are thought to be mediated by parallel 
relays via the bed nucleus of the stria terminalis (BNST) or the nucleus of the solitary tract 
(NTS). However, we have previously identified, using tract tracing, the existence of a direct, 
psychological stressor-sensitive projection from the MeA to the medial parvocellular 
paraventricular nucleus (mpPVN). Here, using a targeted optogenetic approach, we investigated 
MeA mediated control of mpPVN neuroendocrine cells through this putative direct projection. 
Adult male Sprague-Dawley rats (n= 25) were prepared with bilateral, MeA targeted injections 
of the light-sensitive cation channel, channelrhodopsin-2 (AAV5-CaMKIIa-hChR2(H134R)-
EYFP or AAV5-hSyn-hChR2(H134R)-EYFP) or control virus (AAV5-EYFP) with a subset 
receiving bilateral MeA fiber optic probes (n= 16). Animals were then allowed a 7 week 
incubation period. In experiment 1, AAV-ChR2 and AAV-EYFP animals implanted with fiber 
optic probes received blue light stimulation (473 nm, 20 Hz, 30 s on and 30 s off × 30) and after 
1.5 hours were overdosed with anaesthetic and brains processed for Fos-protein 
immunohistochemistry. In experiment 2, AAV-ChR2 animals were sacrificed and slices of the 
hypothalamus incorporating the PVN were prepared for whole cell patch clamp 
electrophysiology and an examination of blue light evoked (473 nm, 5ms pulses) post-synaptic 
currents. 
Blue light delivered to the MeA in behaving animals significantly increased numbers of Fos-
positive cells in the MeA (p < 0.05) and mpPVN (p < 0.05). In hypothalamic slices, blue light 
stimulation evoked post-synaptic currents in 41% of recorded neurons (n= 24/58). 22% of these 
neurons received excitatory inputs (CNQX-sensitive), 12% received inhibitory inputs 
(picrotoxin-sensitive) while 7% received both excitatory and inhibitory inputs. Together our 



findings demonstrate a functionally relevant direct projection from the MeA to PVN capable of 
eliciting direct control over of the apex of the HPA axis. 
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Abstract: Stress is a well-known risk factor for psychopathology, and rodent models of social 
defeat stress have strong face, construct, and predictive validity for these conditions. One 
example of striking behavioral changes that result from social defeat occurs in Syrian hamsters. 
Male Syrian hamsters are highly aggressive and territorial animals, but after a social defeat 
experience they become submissive and no longer defend their home territory, even from a 
smaller, non-aggressive intruder. This defeat-induced change in social behavior is called 
conditioned defeat (CD). We have shown that dominant hamsters exhibit less submissive and 
defensive behavior at testing compared to subordinates, which indicates that they show a reduced 
CD response. Dominant animals also exhibit increased neural activity in the ventromedial 
prefrontal cortex following social defeat stress compared to subordinates. Although the 
ventromedial prefrontal cortex can inhibit the neuroendocrine stress response, it is unknown 
whether dominant and subordinate hamsters differ in stress-induced activity of the extended 
hypothalamic-pituitary-adrenal (HPA) axis. In this study, we paired male Syrian hamsters in 
daily agonistic encounters for 2 weeks, during which they formed stable dominance 
relationships. Twenty-four hours after the last pairing animals were exposed to acute social 
defeat stress. After social defeat tissue was collected from the central/basolateral amygdala 
(CeA/BLA), bed nucleus of the stria terminus (BNST), and paraventricular nucleus of the 
hypothalamus (PVN). Blood plasma was also collected following social defeat stress. 
Preliminary data indicate that dominant and subordinate hamsters do not significantly differ in 



plasma cortisol concentrations. Quantitative reverse transcription PCR (qRT-PCR) is being used 
to test for status-dependent changes in defeat-induced CRH mRNA expression. We predict that 
dominant hamsters will show reduced CRH mRNA expression in the CeA/BLA and BNST 
compared to subordinates and controls. 
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Abstract: There have been mixed findings regarding how stress influences false memory 
development. Depending on the type of stress and when it is administered relative to learning or 
memory testing, stress can increase, decrease or have no effect on false memory. Previous work 
has shown that stress exerts a biphasic effect on learning and memory. After stress, there is an 
immediate excitatory phase, during which learning is enhanced, followed by a delayed inhibitory 
phase, during which learning is impaired. In light of this time-dependent relationship between 
stress and learning, we predicted that stress administered immediately prior to learning would 
enhance the ensuing memory and protect it from being distorted by misinformation, thus 
preventing false memory development. In the present study, participants submerged their non-
dominant hand in a bath of ice cold (stress) or warm (no stress) water for 3 min. Then, they 
watched an 8-min clip from the Disney movie Looking for Miracles. The next day, participants 
were interviewed and asked to answer several questions about the movie, some of which were 
false-event questions that forced participants to confabulate answers. Participants completed a 
recognition test about the movie three days later and then completed a free recall test three weeks 



after that. Overall, the results revealed a misinformation effect - that is, participants falsely 
identified information that they confabulated during the interview as actually having occurred 
during the movie. Stress, overall, did not have a significant effect on this result. However, 
stressed participants exhibiting a blunted cortisol response to the stressor (i.e., cortisol non-
responders) did not display the misinformation effect. These results suggest that an 
autonomically-driven stress response, without a concomitant cortisol increase, may protect 
memories from being distorted by misinformation. 
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Abstract: Stress-related mood and anxiety disorders, like depression and PTSD, are highly 
prevalent yet poorly treated. Relapse and residual symptoms remain problematic, and a poor 
understanding of the neurobiology underlying these illnesses has limited the development of new 
treatments. One brain region detrimentally affected in stress-related mood and anxiety disorders 
is the medial prefrontal cortex (mPFC). This is associated with deficits in executive function, 
including impaired cognitive flexibility. We have shown previously that chronic unpredictable 
stress (CUS) induces a deficit in cognitive flexibility and attenuates the mPFC Fos response to 
afferent stimulation of the mediodorsal thalamus (MDT). We hypothesize that cognitive 
flexibility requires neural plasticity in the mPFC and that chronic stress disrupts that plasticity. 
Thus, in ongoing experiments we are recording electrical responses evoked in the mPFC by 
stimulation of the MDT before and after CUS, to gain insight into mechanisms underlying the 
cognitive deficit and mPFC hyporeactivity previously shown. In addition, we will explore if 
directly potentiating evoked responses after CUS will be sufficient to restore healthy behavior. 



However, it has not yet been demonstrated that plasticity can be induced in the mPFC by 
optogenetic stimulation of the MDT afferent, the purpose of the present experiment. We 
selectively infected glutamatergic neurons in the MDT with the ChETA variant of blue light-
sensitive excitatory channelrhodopsin using an AAV5-CAMKII-ChETA-YFP viral vector. After 
6 weeks to allow expression and trafficking of the channel to mPFC terminals, rats were 
anesthetized with chloral hydrate and baseline field potentials evoked by MDT stimulation were 
recorded in the mPFC for 15 min at 75% of maximum response. Optical LTD was induced by 
stimulating terminals with 900 pulses of 493 nm blue light, 2 msec pulse width at 1 Hz, for 15 
min. The mean amplitude of evoked responses recorded for 3 hr after stimulation was 75% of 
baseline, indicating a depressed response. In other animals, optical LTP was induced by 
stimulating the terminals with 5 x 1 sec trains of light, each consisting of 100 pulses, 2 msec 
pulse width, at 100 Hz, with 3 min between trains. The mean amplitude of evoked responses 
recorded for 3 hr was 138% of baseline, indicating potentiation of the MDT-mPFC pathway. 
Thus, using these procedures, optogenetic induction of both LTP and LTD will allow for future 
experiments to explore if directly inducing plasticity in the mPFC will restore cognitive 
flexibility compromised by CUS. 
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Abstract: One of the most important cognitive function on driving cognition is attention. 
Attention is being constantly reoriented by means of either top-down or bottom-up factors in a 
process that can be referred as attentional control. Some studies have suggested that stress-
related states like anxiety can disturb the balance between those factors. However the neural 
mechanism underlying these changes and their potential relationship with different components 
of the stress response (Physiological/Psychological stress), has not been completely elucidated. 
Here we search for neural correlates of psychosocial stress during an attentional task and the 
possible differential influences of the stress components separately. 42 healthy participants were 
exposed to either an electroencephalogram-compatible version of the Trier Social Stress Test 
(TSST) or a control protocol. Additionally, immediately before and after those protocols, 
participants performed an attentional task. The induced stress response was verified by 
measuring changes on heart rate, salivary cortisol concentration and the score in the STAI scale 
(state version). As expected, psychosocial stress induced an increase of salivary cortisol, heart 
rate and self-reported anxiety. Additionally, we found a reduction in accuracy for stress group in 
the attentional task. Interestingly, when correct trials between groups after both protocols were 
compared, correct trials in the control group were associated with an increase of gamma activity 
(30-65 Hz), usually involved in highly focalized performances. Conversely, correct trials of 
stress group correlated with an increase of beta activity (12-30 Hz), which is associated with 
continuous top-down monitoring. Finally, we found that beta band activity correlates positively 
with the state of anxiety and negatively with attentional accuracy. We showed that psychosocial 
stress induces behavioral changes that are reflected on the oscillatory activity. Moreover, both 
attentional accuracy and anxiety acquisition were directly related with beta band activity. Our 
results suggest that both groups achieve correct trials by different ways, while participant of the 
control group were effortless, highly focused on the task, stress group was constantly self-
regulating in order to maintain the attention on task. Further research evaluating neural 
oscillations and its relation with psychosocial stress and cognition is necessary to better 
understand the brain mechanisms underlying psychosocial stress effects. 
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Abstract: In some cases, our performance improves in stressful environments (e.g., emergency, 
close deadlines, fight-or-flight). For decades, amygdala research has been dominated by 
Pavlovian fear-conditioning paradigms, and has focused on the negative responses such as 
defensive behavior (freezing or escape). Accordingly, the neural mechanism that improves our 
behavior and motivation in stressful environments is still largely unknown. 
To address this question, we devised a new behavioral procedure (Invader Task) in which the 
subject (macaque monkey) chose a good object (associated with a reward) and avoided a bad 
object (associated with no reward) in a particular scene (or environment). The monkey quickly 
learned to choose good objects in many scenes (n=56). Importantly, the scenes induced different 
levels of stress, because an invader may appear in some scenes (n=40), but not others (n=16). 
There were 3 types of invader depending on the scenes: distractor (no action, n=16), robber 
(trying to remove good object, n=8), and attacker (trying to remove good object and deliver 
airpuff, n=16). We recorded internal and external body behaviors (heart rate, pupil size, and 
saccade eye movements) and electrical activity of single neurons in the amygdala while the 
monkey performed this task. 
The stress level varied among the environments: Heart rate and pupil diameter increased more 
strongly in the environments where more stressful invaders (attacker/robber) would appear. Yet, 
the monkey’s performance (choice accuracy, reaction time) was better in more stressful 
environments. Some of amygdala neurons (n=13/37) were significantly active in more stressful 
environments. Typically, these neurons started firing tonically when a stressful scene appeared, 
increased activity in anticipation of the invader, and sometimes responded strongly to good 
and/or bad objects. Their activity was usually stronger in the attacker/robber-scenes than the 
distractor-scenes or the no-invader-scenes. 
To summarize, both internal and external body behaviors were enhanced in stressful 
environments, and amygdala neurons changed their activity correspondingly. Our data suggests 
that the amygdala may play an important role in controlling both internal and external body 
behaviors to achieve rewarding outcomes in dangerous environments. 
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Abstract: Stress can disrupt a variety of cognitive processes, including learning, memory, and 
attention. Previous studies in rodents have demonstrated that central infusions of the stress-
neuropeptide, corticotropin releasing factor (CRF), can disrupt mnemonic processes and different 
aspects of attention. However, where CRF is working within the brain to regulate cognition is 
largely underexplored. Candidate regions for direct CRF regulation include the nucleus basalis of 
Meynet (nbM) and medial septum (MS), because these forebrain cholinergic nuclei are critical 
for attention and learning, respectively, and both contain CRF receptors. Here we begin to assess 
whether administering CRF directly into these regions impairs cognitive processes in rats. In the 
first study, we assessed attention by training male and female rats on an operant sustained 
attention task in which they had to discriminate visual signals from non-signaled events. After 
attaining criterion (70% correct responses on signal and non-signal trials), one of two doses of 
CRF (30ng, 100ng) or vehicle (artificial cerebral spinal fluid) were administered directly into the 
nbM 10-min prior to the task onset. The doses were administered in a counterbalanced fashion 
using a within-subjects design (successive infusions were separated by at least a week). In both 
male and female rats, the high dose of CRF significantly reduced average response accuracies 
and vigilance index (a measure of overall attentional performance), supporting our hypothesis 
that CRF in the nbM impairs sustained attention. The second, ongoing study is designed to 
investigate whether CRF in the MS disrupts spatial learning, which is modulated by the 
cholinergic neurons found in this region. To this end, we are administering CRF or vehicle into 
the MS prior to testing on an object location task, in which rats are presented with two objects to 
explore (5 min) and then after a 5 min delay, one object is moved to a new location. Our 
preliminary data suggest that CRF directly infused into the MS reduces time spent exploring the 
displaced object, suggesting that this manipulation impairs spatial learning. Together, the studies 
reveal that direct infusions of CRF into forebrain cholinergic nuclei can impair attention and 



learning, highlighting an unexplored mechanism by which stress can regulate cognition. 
Clinically, these findings suggest that drugs that block the effects of CRF represent a viable 
therapeutic option to treat cognitive deficits that characterize certain stress-related psychiatric 
disorders. 
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Abstract: Exposure to uncontrollable stress leads cognitive impairments observed in post-
traumatic stress disorder (PTSD) and major depressive disorder (MDD). Recent study reported 
that serum- and glucocorticoid-regulated kinase 1 (SGK1) expression is down-regulated in the 
postmortem dorsolateral prefrontal cortex in patients with PTSD and rats with inhibition of 
SGK1 in the medial PFC (mPFC) show helplessness- and anhedonic-like behaviors. However, it 
is unknown whether the altered SGK1 signaling could increase the susceptibility to 
uncontrollable stress-memory deficits. Therefore, the present experiment was conducted to 
examine whether decreased expression of SGK1 affect the susceptibility to uncontrollable stress 
induced-memory impairments. Rats received injections of adeno-associated virus (AAV) 
particles expressing SGK1-shRNA or scramble-shRNA into mPFC. After 3-4 weeks, rats were 
received either 20-min restraint + 20 tail shock, which is ineffective in inducing memory 
impairments, or 60-min + 60 tail shock resulting in memory impairment. Cognitive status of 
these animals was examined using hippocampus-dependent hidden platform version of the water 
maze task. Rats with scramble-shRNA/AAV or SGK1-shRNA/AAV injections showed 60-min 
uncontrollable stress-memory deficits compared to unstressed animals. Whereas 20-min stress 
did not affect the acquisition and retention of spatial memory in rats with the scramble-
shRNA/AAV injections, the 20-min stress reliably impaired the acquisition and retention spatial 



memory in the SGK1-shRNA/AAV injected-rat. These findings suggest that altered SGK1 
signaling in the mPFC might increase vulnerability to stress and contribute the behavioral 
phenotypes associated with stress pathophysiology like PTSD. Supported by the National 
Research Foundation of Korea grants 2015M3C7A1031395 to J.S.H. 
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Abstract: Cognitive flexibility is the ability to modify established behaviors or previous learning 
in response to a change in the environment, for example, by a change in stimulus-reward 
contingency. Reversal learning is a specific form of cognitive flexibility predominantly mediated 
by the orbitofrontal cortex (OFC). Our laboratory has shown that rats exposed to chronic 
intermittent cold stress (CIC, 6h per day at 4°C for 2 weeks), exhibit a selective and replicable 
cognitive deficit in reversal learning that resembles cognitive components of stress-related 
psychiatric illnesses. 
In previous work, we have found that endogenous activity of the JAK/STAT3 pathway in the 
orbitofrontal cortex is required for optimal performance on a reversal learning task under basal 
conditions. Moreover, we have observed that JAK/STAT3 is required for basal expression of the 
synaptic plasticity protein, Arc. In the present study, we determined whether ciliary neurotrophic 
factor (CNTF), an endogenous activator of JAK/STAT3 signaling in the brain that is known to 
exert pro-survival effects on both neurons and oligodendrocytes, has the capacity to increase Arc 
expression in primary cortical neurons in culture. We found that that administration of 5nM 
CNTF to primary neuronal cultures significantly activated JAK2 and STAT3 15 min post-
stimulation, and increased the levels of Arc expression at 60 min, suggesting that CNTF is 



capable of inducing plasticity in neurons. In ongoing experiments in vivo, we are testing the 
effects on reversal learning of blocking CNTF within the OFC with a neutralizing antibody. We 
anticipate that blockade of CNTF-mediated JAK/STAT signaling will reduce Arc expression in 
the OFC and impair reversal learning. In future experiments we will test if CNTF administration 
directly into the OFC reverses the CIC stress-induced cognitive deficit. These studies will test 
the potential utility of targeting endogenous JAK/STAT3 signaling as a novel approach to 
treating cognitive impairment in stress-related psychiatric disorders. 
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Abstract: Introduction: Demographic shifts in the global population highlight the increasing 
need for caregivers in an aging society. There is emerging evidence that the chronic stress of 
caregiving for a relative with dementia may impact upon central nervous system activity in 
caregivers, but this remains a poorly understood area. The current study aimed to examine the 
cognitive neurobiology in parallel with the psychological impact of this chronic stressor in a 
cohort of family dementia caregivers. Methods: Ethical approval was obtained from the Clinical 
Research Ethics Committee of the Cork Teaching Hospitals. Caregivers for a spouse or parent 
with dementia (N = 31) and controls with low-moderate perceived stress (N = 18) completed 
cognitive tasks from the CANTAB battery assessing memory, attention and executive function, 
as well as validated tests of stress and depression. These measures were completed again in a 
sub-set of caregivers (N = 7) following two psychological interventions (a mindfulness-based 
stress reduction program; MBSR and a carer training program; CTP). Results: Our preliminary 



study results suggest the presence of higher levels of stress and depressive symptoms in 
caregivers compared to controls. Caregivers made a higher number of errors on the paired 
associates learning task, which engages the hippocampus, suggesting poorer visuospatial 
memory. Caregivers also had slower response latency on a test of sustained attention (rapid 
visual information processing). Following both MBSR and CTP, carers performed better at both 
of these cognitive tasks. Conclusions: Caregivers for people with dementia show a subtle but 
significant impairment in attention and memory performance. However, this impairment may be 
attenuated following psychological interventions that target stress. A comprehensive 
physiological phenotyping of dementia caregivers before and after intervention is required to 
better understand the mechanisms of these effects. 
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Abstract: Posttraumatic stress disorder (PTSD) usually occurs after being exposed to a very 
traumatic event, it can be conceptualized with three main features: 1) a response to a toxic 
exposure that becomes generalized and maladaptive, 2) failure in “recovery” systems, and 3) a 
failure of extinction learning (Ursano, Zhang, Li, Johnson, Carlton, Fullerton and Benedek 
2009). It also implies anatomical changes in the Central Nervous System, particularly in the 
hippocampus, amygdala and prefrontal cortex (Tovote, Fadok and Lüthi, 2015). Animal Models 
of PTSD have an important value in research because allow us to understand the 
pathophysiology of the disorder and provide us the possibility of developing new treatments and 
more effective prevention strategies. This study explores an unpredictable chronic stress protocol 
as a model of PTSD in laboratory animals. It were used 20 male Wistar rats (300 grams at the 
beginning of the experiment) in standard laboratory conditions. 10 rats were randomly selected 
to the 10 day protocol of stress that included stressors as restriction of movement, wet bed, 
forced swimming in cold water and constant light. The other 10 rats were kept in their home 
cages as a control group. It was used a full battery of evaluation that included tests of cognition 
(Barnes maze and object recognition), anxiety (zero maze and open field) and emotion (sucrose 
consumption and forced swimming), and an anatomical analysis of Golgi staining in 
hippocampus for both groups. The results show statistical differences in the performance of all 
the tests and significant differences in morphology between the experimental and the control 
group. We discuss the relevance of the protocol as a model of PTSD in both behavioral and 
anatomical levels. 
REFERENCES 
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(2009). PTSD and traumatic stress. From gene to community and bench to bedside. Brain 
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Abstract: Background  
Trauma exposure has been associated with functional differences in stress-relevant neural 
circuitry during affective processing and during rest. Prior data in our lab show that recent life 
stress is inversely associated with resting connectivity between the left amygdala and the anterior 
cingulate cortex (ACC) in trauma-exposed women. However, the relation between amygdala-
ACC connectivity at rest and in response to affective information is unclear. 
Hypotheses 
We hypothesized that recent life stress and trauma history would predict functional connectivity 
between the left amygdala and the ACC in response to affective scenes. 
We also hypothesized that functional amygdala-ACC connectivity during processing of affective 
scenes would be associated with resting connectivity between these two structures. 
Method 
We acquired task-based and resting-state fMRI data from 23 trauma-exposed women and 21 no-
trauma controls. The task was viewing of novel and familiar positive, negative, and neutral 
scenes. We used the Perceived Stress Scale questionnaire to measure life stress over the past 



month. 
Results 
In support of our first hypothesis, in trauma-exposed women but not controls, recent life stress 
was inversely associated with left amygdala-ACC connectivity during processing of novel 
(F(3,39)=4.22, p=.011, Adj. R2=.19) and negative vs. positive scenes (F(3,19)=3.77, p=.028, 
Adj. R2=.27). 
In support of our second hypothesis, in trauma-exposed women, resting amygdala-ACC 
connectivity was associated with amygdala-ACC connectivity during processing of novel scenes 
(F(1,21)=4.35, p=.049, Adj. R2=.13). In controls, however, resting amygdala-ACC connectivity 
was associated with amygdala-ACC connectivity during processing of familiar valenced scenes 
(F(3,15)=9.65, p<.001, Adj. R2=.59). 
Conclusion 
These results suggest that negative amygdala-ACC connectivity observed in trauma-exposed 
women with high stress during processing of novel and negative information and during rest 
might underlie a tendency to perceive novel and arousing events as stressful. In trauma-exposed 
women, the association between amygdala-ACC connectivity during novel affective information 
processing and during rest might indicate sustained hypervigilance. 
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Abstract: Stress responsiveness varies significantly among individuals due to differences in 
their vulnerability or resilience to stress. This individual stress-vulnerability or resilience is a 
heritable trait that is central to the etiology of stress-related disorders, including post-traumatic 
stress disorder. In this study, we evaluated the influence of stress-vulnerability and resilience on 



hippocampus-dependent learning and memory, and hippocampal expression of stress responsive 
genes. Specifically, we examined the effect of chronic restraint stress (CRS) on hippocampus-
dependent contextual fear conditioning (CFC) in two genetically and behaviorally distinct strains 
of rats: Fischer (F344) and Wistar Kyoto (WKY). F344 strain is considered more resilient and 
adaptable to stress compared to WKY, which is more vulnerable to stress. Animals were tested 
in the CFC and, four weeks later, exposed to either no stress (NS) or CRS for two hours per day 
for two weeks. Immediately after the CRS, their remote and reinstated fear memory was tested in 
the CFC. CRS resulted in strain-specific differences in remote fear memory and memory 
reinstatement. While no CRS-induced differences were observed in either remote memory or 
after reinstatement in the F344 strain, WKYs showed significantly enhanced fear memory after 
exposure to CRS. Previous microarray study using the same CRS paradigm identified minimal 
overlap of stress responsive genes between the F344 versus WKY and NS versus CRS 
comparisons suggesting that distinct sequence variations between the strains might be 
responsible for the gene expression and behavioral concomitants of stress vulnerability and 
resilience. For example, transcript levels of the Enoyl CoA Hydratase Domain Containing 2 
(Echdc2) mitochondrial gene, which is transcriptionally regulated by Nr3c1 (glucocorticoid 
receptor) was increased by CRS only in the hippocampus of the stress-resilient F344s with no 
effect on the stress-vulnerable WKYs. We propose that the distinct behavioral and hippocampal 
transcriptomic responses to CRS indicate independent molecular mechanisms that underlie stress 
vulnerability and resilience. The identification of novel gene expression profile to chronic stress 
in this study could be used to monitor individual stress responsiveness in the future. 
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Abstract: Huntington disease (HD) is an autosomal dominantly inherited, progressive 
neurodegenerative disorder. Executive dysfunctions and emotional alteration have previously 
been reported in animal models of HD, mirroring the impairments exhibited by human HD 
patients . 
To characterize the age-related progression of dysexecutive symptoms and sensitivity to stress, 
we assessed executive function in BACHD rats (a "full length" model of HD) using two interval 
timing tasks. BACHD and WT rats were trained at two different ages, 4 and 10 months, in order 
to compare time perception at both early symptomatic and late symptomatic stages. After 
magazine approach and lever-pressing were trained under a continuous reinforcement schedule 
for food pellets, rats were trained on a 2 vs 8-s temporal discrimination task. Subsequently, 
subjects were exposed to a series of bisection tests under normal and stressful (10 mild foot-
shocks) conditions. The animals were then trained on a peak interval task, in which reinforced 
fixed-interval (FI) 30-s trials were randomly intermixed with non-reinforced probe trials. After 
19 training sessions (more than 700 FI trials), the effect of stress upon time perception was again 
assessed. Moreover, sensitivity to foot-shocks was also assessed. The results show that the oldest 
BACHD animals had impaired learning in both temporal tasks. However, they reached 
equivalent levels of performance as WT animals at the end of training in the temporal 
discrimination task, while remaining impaired in the peak interval task. In that task, the younger 
BACHD rats also showed disruption of temporal behavior, but reached similar performance as 
WT at the end of training. Whereas sensitivity to foot-shock did not differ between BACHD and 
WT rats, delivery of foot-shocks during the test sessions had a disruptive impact on temporal 
behavior in WT animals, an effect which increased with age in both amplitude and duration (up 
to 24h). In contrast, BACHD rats, independent of age, did not show timing significantly impaired 
by foot-shocks. 
In conclusion, BACHD rats show a disruption in temporal learning, which is more pronounced in 
late symptomatic animals. Our study shows also age-related modification in stress-induced 
impairment of temporal control of behavior, an effect which was highly reduced in BACHD 
animals, thus confirming previous results suggesting reduced emotional reactivity in HD 
animals. 
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Abstract: Excessive stress exposure often leads to emotional dysfunction, characterized by 
disruptions in healthy emotional learning, memory, and regulation processes. Pavlovian fear 
conditioning is a common approach to assessing fear learning and emotion regulation. However, 
human neuroimaging research has yet to identify the neural substrates underlying alterations in 
fear conditioning following stress. Thus, an important challenge now facing the field is to 
determine the neural processes that mediate the detrimental impact of stress on healthy emotional 
function. Using a multimodal approach, prior studies (i.e., Knight et al., 2009, 2010, 2011; Wood 
et al., 2013, 2015) have assessed the neural substrates of Pavlovian fear conditioning via 
simultaneous recording of brain function (e.g., functional magnetic resonance imaging; fMRI), 
and psychophysiology (e.g., skin conductance response; SCR). These multimodal assessments 
have shown that a prefrontal cortex (PFC)-hippocampus-amygdala circuit underlies fear learning 
processes. Given that prior work (for review, see: Raio & Phelps, 2015) has shown stress 
disrupts this process, we hypothesized that stress-induced changes in PFC-hippocampus-
amygdala function mediate stress-related disruption of emotional learning. The current study 
assessed this hypothesis using a variant of the Montreal Imaging Stress Task (MIST) and a fear 
conditioning task during fMRI. Participants completed the MIST, followed (20 minutes later) by 
a Pavlovian fear conditioning task. Self-reported stress experience and psychophysiological 
responses to the MIST were used to assess stress reactivity. Psychophysiological measures and 
fMRI signal during conditioning were used to assess autonomic responses and neural activity 
underlying fear learning. A median split of self-reported stress to the MIST was used to identify 
two stress reactivity groups (High vs Low). Group analysis of SCR to conditioned stimuli 
demonstrated greater CS+ vs CS- differences in the High vs Low Stress group. The High Stress 
group also demonstrated greater CS+ vs CS- differences for activity within the ventromedial 
PFC (vmPFC), dorsolateral PFC (dlPFC), hippocampus, and amygdala. This project offers a 
novel assessment of stress-induced changes in human PFC-hippocampus-amygdala function that 



may mediate the detrimental impact that stress has on fear learning. This new understanding of 
the neural mechanisms linking stress exposure and alterations in healthy emotional processes can 
be used to better understand pathogenesis, treatment, and prevention of stress-related disorders. 
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Abstract: The synaptic tagging and capturing hypothesis proposes that the formation of lasting 
memories requires two parallel processes: the setting of a protein synthesis-independent learning 
tag and the capture of plasticity-related proteins at these tagged sites. Behavioural tagging 
processes are analogous to synaptic tagging and capture and have been used to demonstrate how 
closely timed but unrelated novel experiences can transform a weak learning event into long term 
memory in adult animals. In the current series of experiments, we show that these behavioural 
tagging effects are also present in infant rats, animals that typically demonstrate poor long term 
context memory. Experiment 1 investigated whether novelty is sufficient to facilitate context fear 
memories in infant (P17) rats. Infant rats were trained to fear a context. Prior to this conditioning 
experience, half the rats explored a novel open field arena for 5-minutes. All animals were tested 
the following day. Open field exposed rats demonstrated enhanced context fear at test compared 
to infant rats not exposed to the open field suggesting that behavioural tagging processes may 
occur in the developing rodent. In order to equate the rats on their experiences, in Experiment 2 
all animals were given open field exposure but half were exposed one-hour before conditioning 
whereas the remaining were exposed 2-hours before conditioning. Animals were tested either 1 



or 3-days following conditioning. Consistent with the results of Experiment 1, infant rats 
exposed to the open field one hour before conditioning demonstrated facilitated context fear at 
the 1-day test compared to infant rats exposed to the open field 2-hours before conditioning. 
These differences, however, did not persist at the 3-day test. The findings of this experiment 
demonstrate that the facilitating effects of novelty are time-dependent. These findings also 
suggest that whilst novelty facilitates the long term retention of context fear memories, it does 
not affect the subsequent maintenance of that memory into a more remote store. Keywords: 
SYNAPTIC, TAGGING, CAPTURING, BEHAVIOURAL, CONTEXT Support: ARC grant 
DP150104835 and NHMRC grant APP1031688. 
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Abstract: By employing an ecologically relevant paradigm (Choi and Kim, 2010), we 
previously showed that the amygdala is necessary for encoding safety-danger boundaries that 
might alter the animal’s perception of the environment to maximize its survival (Kim et al., 
2015). However, in what manner the amygdala neurons respond to the imminent threat to 
regulate foraging behaviors remains unclear. Because the medial prefrontal cortex (mPFC) is 
also implicated in both fear expression/regulation (Sotres-Bayon & Quirk, 2010) and foraging 
decisions (Euston et al., 2012), we employed simultaneous single unit recordings to investigate 
how cells in the basolateral nucleus of the amygdala (BLA) and mPFC may process a predatory 



fear signal in foraging rats. To do so, hunger-motivated rats (85% normal body weight), 
implanted with tetrode arrays in the BLA and mPFC ipsilaterally, underwent successive stages of 
nest habituation, foraging baseline, and robot testing. Tetrodes were gradually advanced towards 
their target structures, and neural activity was recorded as the rats exited their nest in search of 
food pellets placed in a large open field. Robot testing consisted of ‘pre-robot,’ ‘robot,’ and 
‘post-robot’ recording sessions. We recorded a total of 346 BLA and 434 mPFC neurons and 
found that both the BLA and mPFC showed distinct categories of neural responses to either the 
robot (‘robot’ cells; BLA, n=55; mPFC, n=70) or food pellets (‘food’ cells; BLA, n=26; mPFC, 
n=64). About 49% of BLA and 43% of mPFC neurons increased their firing rates as the animal 
approached the robot (‘robot-approach’ cells). Specifically, the BLA robot-approach cells tended 
to maximize their firing when the rat was closer to the location of robot, while mPFC cells 
increased their firing earlier than BLA cells. The remaining cells exhibited their maximal 
responses upon the robot activation (‘robot-triggered’ cells) with the mPFC cells displaying more 
persistent firing than the BLA cells. In contrast, food-approach cells in BLA and mPFC 
identified during the pre-robot baseline period decreased their firing during the robot session 
despite animals advancing toward the pellet. These results illustrate that distinct BLA and mPFC 
neuronal populations increase their firing prior to or subsequent to predatory attack with different 
time courses, suggesting that the BLA signals imminence of threat while the mPFC anticipates 
the presence of threat to subserve adaptive anti-predatory behavior. 
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Abstract: Prediction error signaling is a crucial mechanism for proper fear regulation, especially 
in situations of uncertainty. Positive aversive prediction errors are generated when a received 



outcome is worse than expected, and they function to increase fear upon future encounters. 
Evidence suggests the ventrolateral periaqueductal grey (vlPAG) may be the source of these 
prediction errors. However, no studies have used temporally precise inhibition of vlPAG activity 
at the time of prediction error. This would provide strong, causal evidence that this prediction 
error originates in the vlPAG. In this study we trained male and female Long-Evans rats in a fear 
discrimination paradigm in which three cues were associated with three different probabilities of 
foot shock: safety p=0.00, uncertainty p=0.38, and danger p=1.00. Of most interest was the 
uncertainty cue, for which positive prediction error signaling is necessary to demonstrate 
appropriate fear. In order to causally link vlPAG activity to aversive positive prediction error 
signaling, we transfected the vlPAG with halorhodopsin under control of the human synapsin 
promoter or with control YFP only virus. An optical ferrule was implanted over the vlPAG and 
532 nm light was delivered precisely during the time of shock receipt on reinforced uncertainty 
trials, exactly when positive prediction errors would be generated. Preliminary data suggest that 
optogenetic inhibition of the vlPAG at the time of positive prediction error decreases fear to the 
uncertain cue over trials. A full analysis of the effect of optogenetic inhibition of the vlPAG will 
be presented. This study will implicate the vlPAG as the site of aversive positive prediction error 
signaling for fear regulation and provides a neural locus of possible disruption in disorders, such 
as PTSD, that are characterized by excessive positive prediction error signaling. 
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Abstract: The relationship between the estrous cycle and the development of anticipatory nausea 
(AN) in female rats was examined. AN is a conditioned response acquired after multiple 
associations between nausea/disgust and a novel context. Rats demonstrate a learned gaping 
response (i.e. conditioned disgust) when re-exposed to a context previous paired with toxin 
(LiCl) induced nausea. Research has demonstrated that females exhibit significantly higher 



frequencies of conditioned gaping responses relative to males. It has been suggested that gonadal 
hormones such as estrogen and progesterone may play a role in this sex difference. In order to 
investigate the effects of female sex hormones on the development of AN, the estrous cycles of 
32 adult female Long-Evans rats were tracked. The female rat estrous cycle consists of four 
phases; estrus, metestrus, diestrus, and proestrus. Following establishment of the cycles, rats 
were injected intraperitoneally with LiCl (96 mg/kg) or saline (NaCl; 0.9%) on either proestrus 
(high estrogen levels) or diestrus (low estrogen levels) and immediately placed into a novel 
context for a period of 30 minutes. This procedure was repeated over four conditioning days, 
spaced 96 hours apart, to insure subjects were always conditioned on either proestrus or diestrus. 
Ninety-six hours following the final conditioning day, rats were re-exposed to the context drug-
free for a period of 10 minutes, whereby rats were observed for gaping responses. Since rats are 
non-emetic species, gaping is used as the behavioural measure of nausea, which is well 
established in past research. Results showed that subjects in proestrus injected with LiCl 
displayed significantly higher frequencies of conditioned gaping responses relative to subjects in 
diestrus injected with LiCl. These results demonstrate that the establishment of conditioned 
gaping responses fluctuates across the estrous cycle. This suggests that estrogen may contribute 
to the higher incidence of AN in females, a hypothesis which should be further explored using 
direct hormone manipulation. The relationship between estrogen and AN has major implications 
for the treatment of AN in the human patient population undergoing chemotherapy. 

Disclosures:  D. Zevy: None. M. Kavaliers: None. K. Ossenkopp: None. 

Poster 

166. Fear and Aversive Learning and Memory: Modulation 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 166.06/YY11 

Topic: G.01. Appetitive and Aversive Learning 

Support: ARC Grant DP13010867 

Title: Inhibition of intracellular signaling cascades in the basolateral amygdala impairs 
consolidation of first-order conditioned fear but does not impair consolidation of second-order 
conditioned fear 

Authors: *B. P. LAY1, N. M. HOLMES1, D. L. GLANZMAN2, R. F. WESTBROOK1;  
1Univ. of New South Wales, Sydney, Australia; 2UCLA, Los Angeles, CA 

Abstract: First-order conditioned fear is produced by pairings of a neutral stimulus (e.g., a tone) 
and an aversive unconditioned stimulus (e.g., foot-shock), while second-order conditioned fear is 



produced by pairings of a neutral stimulus (e.g., a light) and an aversive conditioned stimulus 
(e.g., the tone). Consolidation of the first-order conditioned fear memory requires an intracellular 
signaling cascade and protein synthesis in the basolateral complex of the amygdala (BLA). 
However, the role of the BLA in consolidation of the second-order conditioned fear memory is 
unknown. We exposed rats to pairings of a stimulus (S1: auditory or visual) and foot-shock on 
day 1 and then to pairings of a second stimulus (S2: visual or auditory, respectively) and S1 on 
day 2. Rats were tested for fear (freezing) to S2 on day 3 and to S1 on day 4. Rats were then re-
trained with S2-foot-shock pairings on day 5 and were finally tested for fear to S2 on day 6. In 
Experiment 1, functionally inactivating the BLA immediately after S2-S1 pairings with the 
sodium channel blocker bupivacaine reduced the subsequent test levels of freezing to S2 relative 
to vehicle-treated rats, showing that the BLA was critical for consolidation of the second-order 
fear memory. The remaining experiments examined the role of the intracellular signaling cascade 
in consolidation. A BLA infusion of the MEK inhibitor, U0126 (Experiment 2), or the broad 
spectrum protein kinase inhibitor, H7 (Experiment 3), or the protein-synthesis inhibitor, 
cycloheximide (Experiment 4), failed to impair consolidation of the second-order fear memory. 
However, consolidation of the first-order fear memory produced by pairings of S2 and foot-
shock was disrupted by infusion of either U0126 (Experiment 2), H7 (Experiment 3) or 
cycloheximide (Experiment 4). There are at least two explanations for these findings. The first is 
that the second-order association is consolidated elsewhere in the brain; the second is that 
proteins necessary for consolidation are already present at the time of S2-S1 training, thus 
allowing for protein-synthesis independent consolidation of second-order fear. 
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Abstract: The study of classical aversive, discriminant conditioning in humans provides the 
opportunity to investigate changes across multiple response systems simultaneously during 
learning of threat and safety cues. Conditioning effects across response systems indexed by 
autonomic, cerebral, and self-reported expectancy signals may differ in their learning dynamics. 
These response systems may also dynamically change their mutual influence during learning. In 
the current study, our aim was to characterize (1) learning dynamics in conditioning effects 
across response measures, (2) correlations of response measures in acquisition to expectancy 
ratings in extinction, and (3) oscillatory brain activity related to threat versus safety ratings. To 
this end, 38 human observers underwent uninstructed, discriminant aversive conditioning with 
Gabor patches serving as the CSs (discriminant factor: orientation) and a 96dB white noise 
serving as the US. The acquisition phase started with a full reinforcement schedule, tapered off 
to partial reinforcement (66%), and ceaselessly transitioned to the extinction phase containing 
one final re-exposure of the CS+/US pairing. Visuocortical signals (ssVEPs) were elicited by 
frequency tagged luminance-modulated Gabor patches and autonomic measures included heart 
rate (HR), startle and skin conductance responding. Participants rated the likelihood of hearing 
the loud noise (US) after every trial in acquisition and extinction (80 expectancy ratings). Results 
revealed significant conditioning effects for the startle response and expectancy ratings in the 
first block of acquisition. Significant HR deceleration and visuocortical enhancement to the CS+ 
were not apparent until the second block of acquisition. Conditioning effects across 
neurophysiological measures, but not expectancy ratings, persisted into the first block of 
extinction. Expectancy ratings in extinction were, however, significantly predicted by strength of 
reactivity to the US via skin conductance responding in the first block of acquisition. Regression 
analyses revealed greater skin responders to not only continue to expect the US in extinction, but 
to also show greater HR deceleration, as well as greater endorsement of state anxiety post-
experiment. The visuocortical signature of the CS was not related to these expectancy ratings. 
However, preliminary findings of resting alpha activity after extinction ratings demonstrated 
suppression of alpha during perceived ‘threat’ (high expectancy after a CS+ trial) compared to 
‘safety’ (low expectancy after a CS- trial), suggesting a difference in attention set in preparation 
for the next trial. 
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Abstract: When facing a threat, animals display defensive behaviors that are critical for 
survival. The hypothalamus is believed to mediate such defensive responses, but the prevailing 
view includes a medial/lateral separation, where medial hypothalamus is thought to influence 
defensive responses, while the lateral hypothalamic area (LHA) regulates feeding and arousal. 
Here we identify two distinct neural populations in the LHA with surprising survival functions in 
rats. The two neural populations, defined by their output projections to either the periaqueductal 
gray (PAG) or the lateral habenula (LHb) have distinct anatomical placements along the anterior-
posterior axis of the LHA and express distinct biochemical markers. Optogenetic stimulation of 
the two LHA populations robustly induced opposite active- or passive defensive responses. 
Further, chemogenetic silencing of LHA and optogenetic silencing of the LHA-PAG projection 
disrupted innate defensive responses to a predator-like looming shadow. Using single-unit 
recordings in the downstream LHb and PAG, we show that the LHA-LHb projection is largely 
excitatory, while the LHA-PAG projection is mainly inhibitory. We are currently using a 
miniaturized microscope to image the calcium activity of the two LHA populations during threat 
processing in behaving rats. Overall, our findings identify a novel LHA circuit that is critical for 
appropriate defensive responses to innate visual threats. The location of the LHA defense 
circuits, intermingled within circuitry that governs feeding, suggests that this circuit may provide 
rapid cross-talk between circuits that govern foraging- and anti-predator behaviors. 
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Title: Dopamine-dependent synaptic plasticity in an amygdala inhibitory circuit for expression 
of fear memory 
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Abstract: Amygdala local inhibitory circuits have been considered to play regulatory roles for 
threat-related memory, While intercalated cell masses of the amygdala (ITC) seem to be required 
for fear extinction, the functional role for acquisition and/or expression of fear memory have not 
been explored, in terms of the synaptic plasticity at a specific input and its behavioral effects. We 
provide substantial evidence that synapses at the dorsal ITC undergo input-specific spike timing-
dependent long-term depression (STDP-LTD) only after exposure to less-salient threat-
experience. STDP-LTD in the LA-ITC pathway depends on DrD4 activity. Mechanistically, this 
type of LTD is likely to be formed via presynaptic mechanisms, which would involve an increase 
of GABA release probably from neighboring ITC neurons. Pharmacological, genetic and 
optogenetic manipulations reveal that this LTD limits less salient experiences from forming 
persistent memory. In further support of the idea that STDP-LTD has a preventive and 
discriminative role, we find that in mice exhibiting PTSD-like behaviors, STDP-LTD at the 
dorsal ITC is impaired. These findings indicate a novel role that an inhibitory circuit in the 
amygdala serves to dampen and demarcate the level of fear expression. 
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Abstract: When organisms form associations through learning, responses often generalize to 
stimuli that bare resemblance to the initially reinforced stimulus (CS+). During generalization, 
shifts in maximal responses away from the actual reinforced stimulus are commonly observed 
when tested with multiple stimuli along a similarity continuum, a phenomenon known as peak 
shift. We have developed a Bayesian framework that can account for peak shifts observed in 
behavioral ratings by postulating a group-level prior that is common to all participants over the 
range of stimuli forming the similarity continuum. The interaction of the prior distribution with a 
generalization component centered on the CS+ can act as a “magnet”, resulting in shifts of 
maximal responses depending on which stimuli was used as CS+. This formalism allows us to 
reverse-engineer subjects’ latent prior distributions by evaluating to what extent a specific 
hypothesis on priors can explain the observed shifts. 
We employed a fear conditioning procedure using 8 faces organized along a circular similarity 
continuum varying in gender and identity dimensions. Two opposite faces were randomly 
selected as the CS+ and CS- for each participant (n = 141). Following aversive conditioning, we 
obtained fear generalization gradients by asking participants for explicit UCS expectancy ratings, 
thus obtaining a two-sided generalization gradient ranging from CS+ to CS-. We compared the 
performance of the Bayesian model to fits carried out on a single-subject basis using two 
versions of Gaussian functions and subsequently tested different hypotheses on priors for the 
Bayesian model. 
As expected a flexible Gaussian model with 2 parameters (width and location parameters) fitted 
the data significantly better than a simple Gaussian model (only width parameter) centered on the 
CS+ face (r = .91 vs. r = .74) underlining the presence of peak shifts in behavioral ratings. On 
the other hand, the Bayesian model performed significantly better than the simple Gaussian 
model, despite being based on only two more free parameters (flexible Gaussian: 2n parameters; 
simple Gaussian: n parameters; Bayesian model: n+2 parameters). Furthermore the Bayesian 
model explained behavioral gradients best, when a bimodal prior distribution peaking at both 
gender prototypes was used (r = .84). Testing different gender categories individually, a 
unimodal prior centered on the male category explained as much variance as one centered on 
female category. Overall, the predominance of a bimodal prior indicates that peak shifts can 
result from “magnet” effects of categorical face representatives instead of adversity attributions 
to a specific gender. 
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Abstract: Paraventricular thalamus (PVT), located on the dorsal midline thalamus, is involved in 
motivation, mood, and implicated in psychiatric disorders including anxiety, substance use, and 
depression. Recently, PVT has been implicated as an important part of the brain circuitry 
controlling retrieval of fear memories, especially remote fear memories (Do-Mente et al., 2015, 
Li et al, 2014, Penzo et al., 2015). Here we used chemogenetic approaches to examine the role of 
PVT in fear memory retrieval and the interaction of this role with motivational state. First, we 
replicated the finding that PVT contributes to fear memory retrieval. Hungry rats (18 g food per 
day) trained to lever press for food were subjected to auditory fear conditioning. Chemogenetic 
silencing of PVT during test 72 hr after conditioning impaired fear expression/fear memory 
retrieval. Next we examined some of the boundary conditions for this involvement. We asked 
whether chemogenetic PVT silencing would impair fear memory retrieval when animals were 
subjected to fear conditioning in the absence of food deprivation and lever pressing. It did not. 
Then we asked whether increasing motivational state and arousal would affect PVT 
contributions. It did. Chemogenetic silencing had no effect on fear memory retrieval when 
hungry rats (12 g food per day) were trained to lever press for food, subjected to auditory fear 
conditioning, and tested 72 hr after conditioning. Taken together, these results suggest that 
motivational state or arousal is a key determinant of PVT contributions to fear expression and 
memory retrieval. At intermediate levels of hunger, PVT silencing impairs fear memory 
retrieval, but at lower or higher levels of hunger, PVT silencing does not impair fear memory 
retrieval. These results are consistent with PVT regulating learning and memory based on 
motivational state. 
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Abstract: Anxiety disorders such as posttraumatic stress disorder can be traced to an 
inappropriate regulation of fear resulting from an early life stress. The issues of how stress is 
affected and regulated have been explored in adulthood but less is known about the impact of 
stress early in development. It has been shown that when exposed to an early life stress, rats have 
a more adverse reaction to subsequent stress in adulthood, even when there is no explicit 
recollection of the early life stress. The mechanisms underlying this vulnerability to future threat 
is unknown. Corticosterone (CORT) is an important mediator of homeostasis and stress 
responses. Early life stress has been shown to impact basal CORT secretion. Specifically, 
footshock exposure during infancy leads to a dysregulation in basal CORT secretion in 
adulthood. The present experiment addressed whether this dysregulated CORT secretion impacts 
the stress enhancement of fear learning (SEFL) in adulthood. Rats were exposed to zero or 15 
footshocks in Context A on postnatal day 17 (PND17). At approximately PND90, rats underwent 
1-footshock fear conditioning in Context B. The next day, rats were tested in for freezing in 
Context B. Importantly, fear conditioning and testing occurred at 8am and/or 4pm. At 8am, 
previously stressed rats showed low levels of basal CORT secretion, similar to non-stressed rats. 
At 4pm, previously stressed rats showed dramatically higher levels of basal CORT secretion 
compared to non-stressed rats. Thus, this design allowed us to address whether the level of basal 
CORT secretion contributes to the magnitude of the SEFL effect. We found that previously 
stressed rats showed SEFL regardless of the time of day when they were trained/tested. 
However, when training and testing times were consistent (both 8am or 4pm), rats froze more 
than when training and testing times were inconsistent. These data suggest that the level of basal 
CORT secretion does not impact the magnitude of SEFL observed. 
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Abstract:  The endocannabinoid system is a canonical and ethologically conserved signaling 
system involved in modulating phasic dopamine release during goal-directed behavior. Utilizing 
a signaled operant footshock avoidance procedure, our laboratory has previously shown that the 
mesolimbic system is involved in negative reinforcement learning. Indeed, dopamine transients 
within the nucleus accumbens at the presentation of a warning signal preceding footshock 
delivery predict successful shock avoidance. Further, optogenetic activation of midbrain 
dopamine neurons during the warning signal enhances avoidance responding, suggesting a causal 
role for dopamine in avoidance.  Here, we examined whether this causal effect of dopamine 
release requires 2-AG mobilization in the ventral tegmental area. Animals learned a signaled 
operant shock avoidance task wherein illumination of cue light served as a warning signal which 
was presented 2s before the onset of footshock (0.6mA over 0.5ms, occurring at 2s intervals). 
Execution of a single lever press during this initial 2s interval resulted in the avoidance of 
footshock, whereas a lever press made after the initiation of shock delivery resulted in escape 
from footshock. Animals were trained on this task until they reached a stable level of avoidance 
behavior with successful avoidance on >50% trials. To initially examine the role of cannabinoid 
receptor signaling, rats were administered the CB1 antagonist SR141716 (rimonabant) or vehicle 
directly into the ventral tegmental area (VTA) prior to either of two sessions. Intra-VTA CB1 
antagonism robustly attenuated avoidance behavior. Importantly, this decrease in avoidance was 
rescued by optogenetic stimulation of VTA dopaminergic cells. Next, to determine which eCB 
was signaling at CB1 receptors to facilitate the causal effect of dopamine release, intra-VTA 
injections of the 2-Arachidonoylglycerol (2-AG) synthesis inhibitor tetrahydrolipstatin (THL) 
were performed. Consistent with a critical role of 2-AG mobilization in the VTA, THL reduced 
avoidance responding to a larger degree than CB1 receptor blockade. Altogether, these data 



suggest that, in order for accumbal DA release to cause avoidance behavior, mobilization of 2-
AG from DA neurons in the VTA needs to occur as an obligatory signaling step. 
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Title: Cortico-striatal connections bias choice when reward conflicts with pain avoidance 
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Abstract: Nucleus Accumbens (NAc) neurons can either promote or inhibit reward approach. 
However, little is known about their role when rewarding and aversive behavioral drives are in 
explicit conflict. Here we observe that in an experience-dependent manner, animals learn to 
maintain reward-directed behavior when challenged with an aversive pain-predictive cue, that 
this learned behavior requires cortical regulation of spiking activity in the NAc, and furthermore, 
that in models of chronic pain this ability is impaired. Our results indicate that cortico-NAc 
circuits are a key node of the circuitry that mediates choice between the conflicting motivational 
drives elicited by reward- and pain predictive cues. 
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Abstract: Typical animal models of anxiety and fear-related disorders employ rodents and 
behavioral paradigms, such as Pavlovian fear conditioning, open field and elevated plus maze, 
that assess specific responses, such as freezing, time spent in and number of entries into an open 
arena, for only brief periods of sampling. These studies provide only a ‘snapshot’ (ranging 
several minutes) of a limited behavioral measure, restricting the animal’s repertoire of behavior 
and thus yielding limited information. Moreover, much of this research has predominantly used 
male animals because of possible confounding contributions from the estrous cycle in females. 
For example, different phases of the rat estrous cycle have been linked to physiological 
fluctuations in synapse density in the hippocampus, amygdala and prefrontal cortex, 
neurogenesis in the hippocampus, behavioral variations in elevated plus-maze and open field, 
and fear conditioning and extinction. The goal of the present research was to examine the 
functional aspects of fear and anxiety behaviors in both males and females in a ‘closed economy’ 
system where the need to acquire food and water and to avoid the risk of shock were an 
integrated part of the animals’ lives. Gonadally-intact male and female, and ovariectomized 
female rats lived in enlarged operant boxes that contained a bedded “nest” area and a risky 
“foraging” area containing levers to obtain food and a water bottle and a grid floor through 
which shocks could be delivered. Baseline measurements were initially obtained over 14 d, 
followed by 14 d during which unsignaled shock was delivered randomly (~2/h) throughout each 
day, and then a final 14 d extinction period without shock. Estrous phase was determined via 
vaginal lavage in a subgroup of females to determine estrous phase-related fluctuations in 
foraging and avoidance behavior. Results showed that while males and females avoid shock at 
the same rate and reduce the number of daily meals they eat, males prevent weight loss by 
increasing the size of each meal whereas females do not and therefore lose weight relative to 
baseline. Proestrus phase was associated with increased time spent foraging and subsequently 
increased shocks received during the shock period relative to other phases of estrous, and 



ovariectomized females generally exhibited masculinized behavior compared to intact females, 
suggesting ovarian hormones play a modulatory role in risky foraging behavior. 
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Abstract: Objectives: 
The importance of serotonin for the regulation of anxiety is illustrated by the efficacy of long-
term administration of selective serotonin reuptake inhibitors in most anxiety disorders. The aim 
of this study was to explore to what extent an anxiety-related behaviour in rat, context-
conditioned fear, is dependent on brain serotonergic activity. To this end, rats were studied with 
respect to context-conditioned immobility in the presence or absence of brain serotonin, 
respectively, the latter situation being obtained by administration of a serotonin synthesis 
inhibitor, para-chlorophenylalanine (PCPA). The effect of PCPA both on the expression of 
context-conditioned fear and on the acquisition of contextual fear was evaluated. 
Methods: 
Rats received injections of either PCPA (300 mg/kg) or 1 ml of 0.9% saline. Injections were 
given on three consecutive days, i.e. a dose regimen that causes an almost complete depletion of 
serotonin while leaving catecholamine levels intact. In Experiment 1, rats received injections 
prior to testing. In Experiment 2, rats received injections prior to fear-conditioning to the context. 
Hence, Experiment 1 evaluated the effect of PCPA on expression of context-conditioned fear and 
Experiment 2 evaluated the effect of PCPA on acquisition of contextual fear. The unconditioned 
stimulus was electric foot-shock (5 x 1s, 0.6 mA). 



Results: 
Experiment 1 (expression): There was a significant anxiety-reducing effect of PCPA (p < .001). 
Experiment 2 (acquisition): There was a significant anxiety-reducing effect of PCPA (p < .05). 
Conclusion: 
The results indicate that an intact serotonergic neurotransmission is important for both 
expression and acquisition of contextual fear. We suggest that serotonin should be regarded as an 
anxiety-enhancing rather than as an anxiety-reducing transmitter. 
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Abstract: Social transmission provides survival advantage for many animal species. Recently, 
observational threat conditioning (OTC) in which observer (OB)’s defensive behavior could be 
elicited by demonstrator (DE)’s reaction to an aversive event. However, it is unclear which 
component of information processing in DE’s defensive behavior induces OB’s defensive 
reaction. 
In the current study, we carried out several experiments to characterize the type of essential 
information that modulates OTC using mice (C57BL/6N). DE and OB were pair-housed for 
three weeks in all experiments. For OTC, they were placed in each compartment of two chamber 
conditioning apparatus. Following 5 min of habituation, DE received 20 footshocks (2 s) at every 
12 s while the OB was allowed to observe DE’s reaction. For testing, DE or OB was placed in 
the same chamber for 4 min and their defensive behavior including freezing was measured. 
In Exp. 1, we investigated the role of DE in memory retrieval. After the conditioning, two types 
of test were conducted in which OB alone (OB-) and in the presence of DE (OB+). OB+ showed 
a significantly higher level of freezing than OB-. In Exp. 2 and 3, the specificity of socially-
induced threat was tested. In Exp. 2, to modulate the amount of freezing relative to post-shock 



activity burst, two types of inter-trial interval (ITI) were used. DE in Long-ITI group (60 sec) 
showed a significantly higher level of freezing than Short-ITI group during conditioning. 
However, OB in Short-ITI (12 sec) group showed a significantly high level of freezing during 
conditioning. In Exp. 3, to modulate the demonstrator’s post-shock activity, two types of shock 
intensity were used. DEs in High intensity (1.0 mA) group showed a significantly high level of 
freezing than Low intensity (0.5 mA) group during conditioning. However, there was no 
difference in OB’s freezing. In Exp. 4, to investigate role of visual information, we used 
transparent and opaque condition. OB in transparent group showed a significant higher freezing 
level than opaque group during conditioning and test. In Exp. 5, we modulated OB’s attentional 
process by applying a visual distractor. OB in Non-Distractor group showed a significant higher 
freezing level than Distractor group during conditioning and test. Furthermore, there was a 
positive correlation between DE’s jumping and OB’s gazing behavior. 
Taken together, these results suggest that certain defensive behaviors are more effective in 
inducing OB’s defensive reaction which is modulated by the level of attention and gazing. 
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Abstract: Nicotine can facilitate learning while also relieving feelings of stress. These two 
actions may have opposing effects on vulnerability to stress-related illness such as post-traumatic 
stress disorder (PTSD), which is thought to involve learning and memory components. The 
present experiments examined the effects of voluntary intravenous self-administration (IVSA) of 
nicotine, as well as nicotine withdrawal, on the development and expression of PTSD-like 
symptoms in rats using fear-potentiated startle (FPS). The FPS procedure involves an index 
trauma and enables quantification of exaggerated startle response and extinction deficits, two 
characteristics observed in humans with PTSD. Male Long-Evans rats were allowed to self-



administer nicotine (0.03 mg/inj) or saline in 12hr (overnight) extended access sessions in 
operant conditioning chambers. Criteria for nicotine dependence was set at SA of >0.7 
mg/session for 4 out of 5 sessions and observable signs of spontaneous withdrawal 11.5 hrs post 
SA session. After criteria were met, rats were fear conditioned at one of two time points: either 
immediately or 11.5 hrs after their last SA session (i.e., during nicotine withdrawal). Fear 
conditioning consisted of 10 pairings of a 4-sec light (conditioned stimulus; CS) co-terminating 
with a 0.5-sec 0.6 mA foot-shock. Nicotine exposure was then discontinued for some rats and 
continued for others for a total period of 10 days. Rats were then tested with no additional 
treatment, immediately after SA, or 11.5 hrs post-SA three times, each test 48 hrs apart. Two 
metrics were examined in each of the test sessions: Context-potentiated startle (CPS) and Fear-
potentiated startle (FPS). %CPS was expressed as the percent change in startle after exposure to 
the conditioning context relative to a pre-training baseline, and %FPS was expressed as the 
percent change in startle elicited in the presence of the CS relative to trials without the CS. Rats 
that received fear conditioning immediately after SA and then had no further nicotine access for 
10 days showed reduced %CPS and normal %FPS. In contrast, rats that were fear conditioned 
during nicotine withdrawal followed by 10 days of no further nicotine access showed elevated 
%CPS and normal %FPS. The patterns of effects were broadly similar in groups of rats that had 
continued access to nicotine for 10 days in between fear conditioning and testing. Our data 
suggest that, under certain conditions, nicotine can reduce the impact of a stressful (trauma-like) 
event, whereas nicotine withdrawal tends to enhance the impact of a stressful event. 
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Abstract: Motivational deficits are a common and debilitating symptom of neuropsychiatric 
disorders, including schizophrenia, drug addiction, and attention-deficit hyperactivity disorder 
(ADHD). Brain imaging studies have linked these disorders to alterations in striatal dopamine 
D2R function, yet evidence for a causal relationship between striatal D2R levels and motivation 
is limited. Moreover, because different cell types expressing D2Rs operate within striatum to 
regulate motivated behavior, it has been difficult to disentangle the individual contributions of 
the D2Rs in distinct neuronal populations. Cholinergic interneurons (CINs), which express 
D2Rs, account for approximately 2% of the striatal cell population, but exert widespread control 
over striatal circuit function. In vivo, CINs exhibit a dopamine-dependent “pause” in firing 
activity in response to salient or reward-related stimuli, which is thought to be critical for learned 
cue-reward associations. In vitro studies have implicated the D2R as a key mediator of the 
dopamine-dependent pause recorded in CINs. However, identifying the behavioral and 
physiological consequences of alterations in D2Rs expressed by CINs has not been possible with 
conventional pharmacological or gene ablation approaches. To study the cell type-specific role 
of CIN D2Rs in motivation, we used Cre-dependent adeno-associated viruses (AAVs) expressing 
either D2R-IRES-mVenus or EGFP that were bilaterally injected into the NAc core or shell sub-
regions of adult choline acetyltransferase (ChAT)-Cre BAC transgenic mice. Four weeks later, 
mice were trained on a progressive ratio (PR) task, which measures willingness to work for a 
reward, or on a Pavlovian-to-Instrumental transfer (PIT) paradigm, which measures how reward-
associated cues invigorate motivation to make instrumental responses. Our preliminary findings 
show that D2R upregulation in CINs of the NAc core or shell does not significantly alter PR 
performance. While overexpression of D2Rs in CINs in either core or shell does not affect 
Pavlovian learning or instrumental learning, it attenuates the increase in instrumental responding 
during the presentation of conditioned stimuli. These findings suggest that D2R upregulation in 
CINs of the NAc does not alter exertion of effort or the acquisition of conditioned stimuli or 
reward-related instrumental actions. Instead, D2R upregulation in CINs impairs the ability of the 
reward-associated cues to guide instrumental actions. To understand the effects of CIN D2R 
upregulation on behavior, we are also addressing the impact on CIN function using ex vivo 
electrophysiological recordings. 
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Title: A cannabinoid receptor antagonist attenuates ghrelin-induced activation of the mesolimbic 
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Abstract: The orexigenic peptide ghrelin increases appetite as well as activates the mesolimbic 
dopamine system, i.e. the dopamine projection from the ventral tegmental area (VTA) to nucleus 
accumbens (NAc). Preclinical studies report that ghrelin receptor (GHS-R1A) antagonism 
decreases drug reinforcement, suggesting that this gut-brain peptide increases the incentive 
salience of stimuli leading to motivated behaviours. Elevated plasma levels of ghrelin are 
associated with craving in patients with alcohol dependence, suggesting the hormone’s 
involvement in alcohol use disorders (AUD). The present experiments were designed to explore 
the involvement of cannabinoid receptors type 1 (CB1), specifically in the VTA, for the ability 
of ghrelin to stimulate the mesolimbic dopamine system. Mice were administered ghrelin and a 
CB1 antagonist (rimonabant) and subsequently locomotor activity, accumbal dopamine release 
and chow intake were attested. We showed that peripheral (intraperitoneal, ip) administration of 
rimonabant attenuates ghrelin (intracerebroventricular, icv) induced locomotor stimulation and 
accumbal dopamine release in mice. Ghrelin (icv) induced food intake was not altered by the 
CB1 antagonist. Finally, we showed that bilateral ventral tegmental administration of rimonabant 
blocks the ability of intra-VTA ghrelin administration to increase locomotor activity in mice. We 
conclude that antagonism of CB1 attenuates the activation of the mesolimbic dopamine system 
in mice following ghrelin administration. Moreover, the data suggest that ventral tegmental CB1 
regulates this ghrelin-induced reward. Given the association of ghrelin levels with AUD, there is 



an emerging clinical relevance of the present study, exposing the possible link of cannabinoid 
receptors with alcohol disorders. 
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Abstract: Human and rodent studies show that IUGR is associated with increased preference for 
palatable foods at different ages, as well as altered glucose metabolism and insulin resistance. 
Our hypothesis was that the central modulation of dopamine by insulin is altered in individuals 
born with IUGR, leading to an altered response to food reward. IUGR was induced by maternal 
food restriction (FR: 50% food restricted diet from pregnancy day 10; control: ad libitum diet). 
At birth, pups were cross-fostered, generating AdLib/AdLib (control- CTL) and FR/AdLib (FR) 
groups (pregnancy/lactation). At 80 days of life (male rats), the release of dopamine facing 
standard chow and palatable food (Froot Loops®) was measured by chronoamperometry 
recordings in NAc (coordinates: 1.2 mm anterior to bregma, 0.8 mm lateral to the midline, and 



7.0 mm ventral to the surface of the cortex), with or without previous systemic insulin treatment 
(5UI/kg). In a different set of animals, we measured SOCS-3 in the hypothalamus (HT) and 
VTA, AKT and pAKT in the VTA and pTH/TH ratio in the NAc after saline or insulin injection. 
We confirmed the hypothesis showing that serum insulin was increased in the FR. In the live 
recordings, there was a delayed response of dopamine release in FR in response to Froot Loops® 
(time to reach the peak DA release CTL: 599.8+188; FR: 1258+194 sec, p= 0.047), but not to 
standard rat chow (CTL: 668+317; FR: 775+246 sec, p= 0.806). Insulin treatment completely 
reverts the difference (CTL:1093+320; FR: 254+127 sec, p= 0.05). Western blot studies showed 
that SOCS-3 was increased in the hypothalamus (OR_%controls, CTL:100.0+27.27; FR: 
347.3+82.72, p= 0.002) and decreased in the VTA of FR (OR_%controls, CTL: 100+7.41; FR: 
46.72+11.78, p= 0.009); pTH/TH was increased in the FR in the NAc as we have previously 
shown (ratio pTH/TH, CTL: 1.10+0.10; FR: 1.40+0.06, p= 0.027), but similarly to the 
chronoamperometry findings, this was reverted by insulin (ratio pTH/TH, CTL: 1.07+0.10; FR: 
0.95+0.062, p= 0.338). These results show that exposure to IUGR changes the dopaminergic 
response to palatable foods, as well as the modulation of insulin over DA in the 
mesocorticolimbic system. Differences in insulin sensitivity across various brain areas and how 
insulin modulates DA release may explain the increased preference for palatable foods reported 
previously in IUGR individuals. 
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Abstract: The vigor of reward-seeking behavior is boosted by exposure to free samples of the 
reward (“priming”). For example, rats will run faster to obtain rewarding electrical brain 



stimulation in the goal box of a runway after having received free stimulation in the start box, an 
effect reminiscent of increased motivation. However, many other variables contribute to running 
speed, including stimulation-induced potentiation of locomotion. We report a new method for 
measuring priming based on changes in lever-pressing rates. To perform optimally, the rat must 
plant itself next to the lever rather than locomoting about the chamber. Thus, this method 
promises to distinguish the motivating after-effect from locomotor potentiation and can be 
executed in standard operant-conditioning setups. 
Electrodes were aimed bilaterally at the lateral hypothalamus in 10, male Long-Evans rats that 
were subsequently trained to lever press for electrical rewards. A single response triggered 
retraction of a setup lever and extension of a second (“reward”) lever that was armed on a 
variable-interval 10 (VI10) schedule. Following expiration of the VI, a response triggered 
retraction of the reward lever and delivery of a 0.5-s train of 0.1-ms cathodal pulses, 200-600 µA 
in amplitude. After a 60-s intertrial interval (ITI), the setup lever was re-extended, marking the 
start of a new trial. In a subset of trials, priming stimulation (ten 0.5-s trains, delivered at 1 
train/s) was delivered during the ITI preceding extension of the setup lever. In Experiment 1, 
priming ended 5 s prior to extension of the setup lever, and primed and unprimed trials were run 
in separate test sessions. In Experiment 2, the priming-setup delay was 2, 5, or 10 s, and primed 
and unprimed trials were interleaved randomly. 
In most cases, higher response rates were observed on trials preceded by priming and at shorter 
priming-setup delays. Thus, the priming effect is seen even when performance benefits little, if at 
all, from locomotor potentiation. Moreover, this motivationally significant effect is seen in 
standard operant chambers, rendering it readily amenable to study by means of powerful 
contemporary methods, such as optogenetic activation or silencing. 
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Abstract: The gene coding for the Protein Kinase G (PKG) is phylogenetically well-conserved 
and impacts on food-seeking and -reward behaviour. Mutations in this protein modulate foraging 
phenotypes and sucrose preference in insects and nematodes. PKG1α can be activated by the 
classical nitric oxide (NO)-cGMP pathway or alternatively by endogenous oxidants, such as 
hydrogen peroxide (H2O2), which induce a disulfide bond between cysteine 42 (C42) on adjacent 
chains of PKG1α homodimer complex, rendering the kinase catalytically active. Studies in cells 
and tissues suggest that cGMP binding abrogates the oxidative activation mechanism, probably 
due to allosteric changes. In the context of food-reward, dopamine is released and metabolised 
by monoamine oxidase B (MAO-B) into 3,4-Dihydroxyphenylacetic acid and the oxidant H2O2 
which could potentially induce disulfide-activation of PKG1α. Using primary cultures and 
neuronal cell lines, we observed dopamine and other monoamines induced the oxidative-
activation of PKG1α, which was attenuated by the MAO-B inhibitor deprenyl. Activation of NO-
cGMP pathway is known to increase food-seeking behaviour and sucrose-preference. Therefore, 
we hypothesized that H2O2 derived from MAO-B breakdown of reward-evoked dopamine 
induces oxidative activation of PKG1α, which may block food-reward and so quell food-seeking 
behaviour. To assess this idea, we utilised a C42S-PKG1α knock-in (KI) "redox-dead" mouse, 
which is fully deficient in the oxidant-induced disulfide activation mechanism as it lacks the thiol 
redox sensor. Eight week old male and female KI mice were more active compared to wild-type 
(WT) at 19h30-21h30, which corresponds to the first 2 hours after they awake and when their 
food consumption is the highest, consistent with an increased foraging behaviour. KI mice also 
consumed their food quicker than their WT littermates in a novelty-suppressed feeding task, and 
showed higher sucrose preference, indicative of heighted reward seeking behaviour. These 
behavioural effects were specific as there were no significant differences in anxiety, explorative 
and risk-taking behaviour, olfactory ability, motor coordination or muscle strength in KI 
compared to WT mice. WT, but not KI, mice treated with a MAO-B inhibitor showed increased 
sucrose preference and decreased oxidative-activation of PKG1α in their brain. In contrast, WT, 
but not KI, mice injected with an NO synthase inhibitor (L-NAME) showed decreased sucrose 
preference and increased oxidative-activation of PKG1α. In conclusion, oxidative-activation of 
PKG1α serves as a negative regulator of food-seeking behaviour and sucrose preference in mice. 
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Title: VTA neurons in rat sagittal slices are predominantly excited by electrical stimulation of 
the fasciculus retroflexus regardless of projection target or developmental stage 
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Abstract: The lateral habenula (LHb), a phylogenetically conserved, epithalamic area, is 
activated by aversive stimuli and reward omission. Electrical stimulation of the LHb elicits a 
population wide inhibition of midbrain dopamine (DA) cell activity in vivo, a phenomenon that 
is believed to be a neuronal representation of reward prediction error. While the majority of 
midbrain DA neurons are inhibited by aversive stimuli, some are excited, suggesting that they 
are encoding environmental salience rather than prediction errors. A minority of glutamatergic 
efferents from the LHb directly target DA and non-DA neurons in the ventral tegmental area 
(VTA). Our previous work demonstrated that in slice preparations from neonatal rats the 
dominant response to LHb stimulation in both DA and non-DA VTA neurons is excitation. We 
hypothesized that this could be due to 1) sampling from a population of predominantly cortical-
projecting VTA neurons that have previously been shown to receive direct LHb efferents or 2) a 
developmental phenotype that is unique to neonates. To test the first hypothesis, para-sagittal 
slices containing LHb efferents (the fasciculus retroflexus or fr), the rostromedial tegmental 
nucleus (RMTg), and the VTA were prepared from neonatal rats (PND 11-19) injected at least 4 
days prior with retrograde-traveling microspheres in either the prefrontal cortex (PFC) or ventral 
striatum (VST). Whole cell recordings were conducted in microsphere-filled, tyrosine 
hydroxylase positive, VTA neurons and their response to electrical stimulation of the fr was 
determined. Both PFC- and VST-projecting neurons were present in the slice preparations and, 
contrary to previous findings, glutamate-dependent excitation occurred in about half of recorded 
neurons regardless of projection target, though the magnitude of excitation was larger in PFC- 
than VST-projecting neurons. To test the second hypothesis, extracellular single unit recordings 



were conducted in the same slice preparations from neonatal (PND 9-21) or adult rats (PND 55-
65). The extracellular recordings confirmed our whole cell recordings in that approximately half 
of all VTA neurons in the neonates were excited by LHb stimulation. Surprisingly, the 
proportion of excited cells in adult slices was not significantly different. Finally, to test for a non-
specific excitation, we recorded the response of LHb-excited VTA neurons to stimulation of the 
adjacent thalamus and found no response. This direct LHb-VTA excitatory pathway appears to 
be masked in vivo by a denser LHb-RMTg-VTA inhibitory input, suggesting that this direct-
excitatory pathway may become more important during RMTg inactivity. 
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Abstract: Reward-related incentive learning is the acquisition by neutral stimuli of the ability to 
produce approach responses when paired with a primary reinforcer, such as food or 
psychostimulant drugs. Dopaminergic neurotransmission is thought to drive incentive learning 
with evidences showing amphetamine (AMPH), a psychostimulant that elevates extracellular 
dopamine (DA) and prolongs DA receptor signalling in the striatum, producing incentive 
learning in rodents. However, the underlying cellular mechanisms of incentive learning remain 
elusive. The Wnt signalling pathway has recently been implicated in dopamine-related 
functioning of the brain with evidences showing that Wnt signalling is selectively altered by DA 
D2 receptors and is rapidly activated by AMPH in the rat nucleus accumbens (NAc) indicating 
some functional interaction of the Wnt signalling pathway with the dopaminergic system. The 
present study assessed the role of Wnt signalling in the acquisition and expression of incentive 
learning using the conditioned place preference (CPP) paradigm. It was hypothesized that 
inhibition of Wnt signalling with Wnt palmitoylation inhibitor, IWP-2, will dose-dependently 
affect AMPH-induced CPP when administered during the conditioning phase or the testing 



phase. When IWP-2 was administered into the NAc (0.0001, 0.001, 0.05, 1.0 µg/0.5 µl/side) in 
male, Wistar rats prior to conditioning with AMPH (20.0 µg/0.5 µl/side), the acquisition of 
AMPH-induced CPP was blocked in a dose-dependent manner. When IWP-2 was administered 
in the NAc (0.001, 0.05, 0.5, 1.0 µg/0.5 µl/side) during the testing phase following conditioning 
with AMPH, the lowest dose (0.001 µg/0.5 µl/side) did not prevent expression of CPP, while 
larger doses (0.05, 0.5, 1.0 µg/0.5 µl/side) blocked expression. These results suggest that the 
inhibition of Wnt signalling may impair the acquisition and expression of AMPH-induced CPP, 
and thereby implicates Wnt signalling in incentive learning and DA-mediated behaviours. 
(Funded by NSERC) 
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Title: Persistence of the motivational after-effect of food reward following dopamine receptor 
antagonism 
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Abstract: Reward-seeking behavior is invigorated by free samples of the reward (“priming”). 
For example, rats run faster to reach the end of a runway where rewarding electrical brain 
stimulation is available after having received free stimulation. This potentiation of reward 
seeking suggests increased motivation. Priming has been studied primarily using electrical brain 
stimulation. A striking finding is that blockade of dopamine transmission by pimozide does not 
eliminate the priming effect. However, pimozide acts at receptors for multiple neurotransmitters, 
including serotonin. The goals of this study are two-fold: 1) to extend the study of priming to 
food reward and 2) to do so using more selective dopamine antagonists. 
Ten male, Long-Evans rats maintained at 90% of their free-feeding body weights were trained to 
press a lever that was armed on a 10-s fixed interval (FI10) schedule. A response after expiration 
of the FI triggered the delivery of one chocolate pellet. A 5-min intertrial interval (ITI) preceeded 



the re-extension of the lever marking the start of a new trial. On primed trials, three chocolate 
pellets were delivered during the ITI. Consumption of the free pellets was followed by an 18-s 
delay prior to the re-extension of the lever. Three pairs of alternating primed and unprimed trials 
were run daily on sets of four test days separated by one rest day. Before each test, rats were 
injected intraperitoneally with 0.9% saline or one of three doses (0.01, 0.05, 0.1 mg/kg) of either 
a D1-like (SCH 23390) or D2-like (eticlopride) receptor antagonist. 
Operant responding for food reward was greater on trials preceded by priming. Dopamine 
antagonism decreased overall responding in a dose-dependent manner but did not block the 
priming effect. Thus, like rewarding brain stimulation, food reward produces a motivating after-
effect that does not appear to be mediated by dopaminergic neurotransmission. 
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Abstract: Although many factors play a role in the development of obesity, a predominant factor 
is overeating of highly palatable foods. Such overeating can be modeled in mice by giving them 
ad libitum access to a high-fat or high-sucrose diet, which causes a spontaneous increase in daily 
energy intake, and concurrent weight gain. Here, we aimed to examine the contribution of 
hedonic and homeostatic mechanisms in driving overconsumption and weight gain. Female mice 
(n=24) were individually housed and given daily “pre-loads” of high-fat diet (60 kcal% fat) or 
high-sucrose diet (35 kcal% sucrose) equivalent to 20%, 50%, and 90% of their required daily 
caloric intake, determined from baseline chow intake. Mice also had ad libitum access to a grain-
based chow diet at all times. In this way, they started their caloric intake for each day on the 
enriched diet and then “topped up” with regular chow to reach their homeostatic need. We 
hypothesized that hedonic properties of the enriched diet was driving overeating, and therefore 



mice would “top up” with only enough chow to reach their caloric need. Consistent with our 
hypothesis, the total caloric intake (enriched + chow diet consumed) was not elevated in either 
enriched diet group. However, when mice were then given ad libitum access to enriched diets, 
caloric intake and body weight significantly increased. This suggests that hedonic properties, and 
not impaired homeostatic mechanisms, drive over-eating of enriched diets. Based on previous 
literature on palatable diets engaging reward circuits, we hypothesize that disrupted signaling in 
reward circuits, more than in homeostatic satiety circuits, drive overconsumption of palatable 
diets. In future work, neurophysiological recordings will be used to understand the contribution 
of reward circuits to over-consumption of highly palatable foods. 
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Abstract: The dorsal (CA1) and dentate gyrus (DG) of the hippocampus serve as the key brain 
sites implicated in learning and memory mediating drug relapse. It has been shown that 
dopamine receptors are widely distributed in the hippocampus formation and involved in reward-
related processes. Therefore, in the current study, the reinstatement model was used to examine 
the effect of SCH23390 and Sulpiride as D1- and D2-like dopamine receptor antagonists 
respectively within the CA1 and DG on the reinstatement of morphine-conditioned place 
preference (CPP). Adult male albino Wistar rats weighing 200-280 g were bilaterally implanted 
by cannulae into the CA1 and DG. For induction of CPP, subcutaneous (sc) injection of 
morphine (5 mg/kg) was used daily during a three-day conditioning phase. Then, the 
conditioning score (CS) was calculated. After a 24 h ‘off’ period following achievement of 
extinction criterion, rats were tested for drug priming-induced reinstatement by priming dose of 
morphine (1 mg/kg, sc). In the next experiments, animals received different doses of intra-CA1 
or intra-DG administration of SCH23390 (0.25, 1 and 4 µg/0.5 µl saline) and Sulpiride (0.25, 1 
and 4 µg/0.5 µl 12% DMSO per side) bilaterally and were subsequently tested for morphine-
induced reinstatement. Our findings showed that intra-CA1 or -DG administrations of these 



antagonists in both regions before administration of priming dose of morphine attenuated 
reinstatement of morphine-CPP in a dose-dependent manner. It is concluded that drug priming-
induced reinstatement may be mediated, at least in part, by stimulation of dopamine receptors in 
these regions of hippocampus. 
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Title: VTA kappa opioid receptors mediate aversion learning by decreasing dopamine 
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Abstract: Adaptive responses to rewarding and aversive environmental events are critical to 
survival. Rewarding stimuli and their predictors reliably increase nucleus accumbens (NAc) 
dopamine (DA) signaling which promotes learning. There is mounting electrophysiological and 
electrochemical evidence that aversive stimuli and their predictors decrease NAc DA, and it has 
been proposed that such reductions promote avoidance learning. However, the mechanisms by 
which aversive stimuli cause reductions in mesolimbic DA signaling are not well understood. 
The ventral tegmental area (VTA) kappa opioid receptor (KOR) system has been studied for its 
role in aversion, and is perfectly positioned to serve as the mechanism by which aversive stimuli 
impinge on the mesolimbic DA system. Here, using fast scan cyclic voltammetry, we first 
showed that blockade of VTA KORs attenuated quinine-induced DA reductions in the NAc 
shell. To test the relevance of KOR modulation of this DA signal we examined the effect of 
KOR blockade on an animal’s ability to learn about an aversive outcome in a punishment 
paradigm. Operant sucrose seeking was punished with unexpected response-contingent delivery 
of quinine, and this learning effect was prevented by pretreatment with intra-VTA Nor-BNI, the 
KOR antagonist. To determine if decreased NAc DA is a critical learning signal in this paradigm 
we tested impact of an intra-NAc D2 receptor agonist on punishment learning. Models of striatal 
signaling suggest that inhibitory, high affinity D2 receptors are preferentially sensitive to 



reductions in dopamine. These reductions may permit the disinhibition of D2-expressing medium 
spiny neurons that convey aversive learning signals. We hypothesized that intra NAc D2 receptor 
agonist treatment would prevent disinhibition in this neuronal population, preventing learning. 
Consistent with this model, punishment learning was impaired by pretreatment with intra-NAc 
shell quinpirole. These results suggest that VTA kappa opioid receptors are activated by aversive 
stimuli and initiate aversive learning signals. These learning signals are conveyed to the NAc 
through reductions in DA signaling. Ongoing studies continue to test this model of aversion 
learning. Studies combining immunohistochemistry and in vivo optogenetics will determine 
whether quinine preferentially activates D2-expressing neurons in the NAc, and whether this 
pattern of activation can be altered by maintaining DA tone during the experience of the aversive 
stimulus. 
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Title: A neural circuit computational model to investigate distributed rewarding and aversive 
signaling in the dorsal raphe nucleus and ventral tegmental area 

Authors: K. WONG-LIN1, *D. WANG2;  
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Science,Beijing Normal Universit, Beijing, China 

Abstract: It has been known that rewarding and aversive signals are encoded by dopamine (DA) 
and serotonin (5-HT) neuronal activities. Recent experiments involving advanced techniques 
such as optogenetics have shown that phasic activity of DA neurons (in the ventral tegmental 
area, VTA) signals reward prediction error, while revealing heterogeneity in 5-HT neurons (in 
the dorsal raphe nucleus, DRN), which have phasic activity that signals both rewards and 
punishments. Tonic 5-HT DRN neuronal activity also encodes reward and punishment state 
value over much longer timescale. This is further complicated by findings that suggest other 
local non-principle neurons, particularly GABAergic neurons, may also play important encoding 



roles. For example, GABAergic neurons in the VTA seem to signal expected reward, while 
GABAergic neurons in the DRN encode aversive stimuli but inhibited with rewarding stimuli. 
Given the existence of reciprocal projections between the DRN and VTA, and that both regions 
can receive similar monosynaptic inputs from other brain regions, it may be possible that some 
signals are shared and distributed among the neuronal sub-populations in the DRN-VTA system. 
To understand how the neural connectivity contributes to the observed distributed and 
heterogeneous encoding of reward/aversive signals among the different neuronal types, we 
propose a DRN-VTA neural circuit computational model based on known experimental data. 
Our model consists of mutually connected DA and 5-HT neural populations, each with inhibitory 
autoreceptors. We found that phasic DRN 5-HT activity can lead to potent transient changes on 
VTA DA activity. Increasing DA-to-5-HT connectivity can lead to too high 5-HT tonic level due 
to 5-HT autoinhibitory saturation effect. With a sequence of input pulses sufficiently close 
together (~ second), tonic activities can build up due to the slow decay timescale of the 
couplings. In the presence of local GABAergic and glutamatergic neural populations, the DRN-
VTA circuit architecture becomes more complex with indirect pathways. GABAergic 
populations seem to stabilize tonic 5-HT activity even with larger DA-to-5-HT couplings, and 
can reflect phasic activity from 5-HT neurons. Strong GABAergic neural activity can reduce 
tonic 5-HT level without affecting phasic 5-HT activity, which could potentially improve higher 
signal-to-noise ratio. Taken together, the distribution of reward/aversive signals in the DRN and 
VTA could potentially be due to in/direct pathways between the two, and their shared afferent 
inputs. We will further investigate how drugs can influence the system's behavior. 
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Title: Binge eating behavior for sucrose is time-of-day dependent: effects on reward brian areas 
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Abstract: Binge eating (BE) is characterized by the consumption of big amounts of food within 
a discrete interval, surpassing the expected amount for the same interval and in similar 
circumstances. In rodent models of binge eating highly palatable foods (fats, sugars), as well as 
restricted food access promote compulsive ingestive responses and result in sustained dopamine 
stimulation and activation of the glutamatergic system within the nucleus Accumbens. In this 
study we investigated the role of the circadian system in the development of BE and how BE can 
impair the normal rhythm of neurotransmitters in the reward system. The present study explored 
the effect of sucrose intake during the rest phase versus the active phase on the development of 
BE, the influence of restricted food access on the development of BE and its effects on circadian 
rhythms of general activity and body core temperature. The temporal expression of dopamine D1 
receptor (DR1), GluR1 subunit of AMPA receptor were assessed in the Nucleus Accumbens and 
TH in the VTA. Fifty six adult Wistar rats were randomly assigned to Control conditions, 
Restricted access to sucrose during the day (ZT5; SUC-D) or night (ZT17; SUC-N), restricted 
food acces to the day (RF-D) or night (RF-N) or the combination of restricted food and sucrose 
access in the day or night. All animals had ad libitum access to water. The experimental protocol 
had a duration of 5 weeks with 6 days access to sucrose per week. RESULTS: BE was 250% 
stronger in the SUC-N vs SUC-D and BE to sugar was not dependent of RF. RF induced 
overconsumption of regular chow food, an increase in locomotor activity and temperature in 
anticipation and response to chow access. Food restriction combined with access to sucrose 
increase the anticipatory response observed in general activity and core temperature. The 
expression of DR1 in nucleus Accumbens was increased in the groups who had access to sucrose 
at night but not in the day. GluR1 was not modified between groups in the night vs. light phase. 
Overall our results show that BE is influenced by the time of the day, with a higher response in 
the night; RF can potentiate anticipatory locomotor activity and body core temperature when it is 
combined with sucrose access. This may depend on a circadian response of D1 receptors. Present 
findings will provide a better insight of factors eliciting BE and other compulsive disorders. 
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Title: Mechanisms of dopamine D2 receptor-mediated modulation of excitability in type A 
pyramidal cells in prefrontal cortex 
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Abstract: The prefrontal cortex (PFC) mediates many executive functions including working 
memory, behavioral flexibility, decision making, and social cognition. Dopamine plays a critical 
role in modulating these PFC-dependent functions. Abnormal dopaminergic modulation of the 
PFC is believed to contribute to cognitive deficits observed in many psychiatric disorders 
including schizophrenia. Since all major antipsychotics block dopamine D2 receptors (D2Rs), 
and D2Rs play a major role in tasks that are disrupted in schizophrenia, a major hypothesis is 
that abnormal D2R activation contributes to prefrontal dysfunction in schizophrenia. 
Mechanisms by which dopamine D1 receptors (D1Rs) modulate excitability in the PFC have 
been extensively studied. Less is known about the mechanisms by which D2Rs modulate 
pyramidal neurons in the PFC. Canonically, dopamine receptors are thought to mediate 
downstream signaling in response to dopamine via G protein-coupled receptors (GPCRs), with 
D1Rs activating Gs and D2Rs activating Gi, which exert opposing effects on the cAMP signaling 
pathway. Recent studies have classified separate populations of PFC pyramidal neurons with 
distinct morphology, physiological properties and dopamine receptor expression. Previous work 
from our lab showed that D2Rs are selectively expressed in a subpopulation of layer V 
pyramidal neurons (type A neurons) which have thick apical tufts, prominent h-current, and 
subcortical projections. Within this neuron population, synaptic activity can unmask an 
afterdepolarization (ADP) mediated by D2Rs, NMDARs, and L-type Ca2+ channels. Thus, D2Rs 
elicit an ADP that powerfully modulates activity in specific prefrontal neurons. We used a 
combination of optogenetic techniques, pharmacology, and patch-clamp recordings from D2R 
expressing neurons to test the role of D2R signaling underlying this ADP. Here we will present 
ongoing work investigating the role of G-protein and G protein-independent signaling mediating 
this D2R-dependent effect. We also investigated the dysfunction of D2R modulation in 
transgenic mouse models of psychiatric disorders. We will present results suggesting the 
impairment of this D2R-dependent ADP in mouse models of schizophrenia. 
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Abstract: As cognitive abilities decline in normal aging, the ability to learn about probabilistic 
rewards and to make optimal decisions is impaired. Previous research has shown reduced 
processing of reward information in the striatum and prefrontal cortex (PFC) among older 
persons. Although there is evidence that dopamine (DA) modulates some of these effects, it 
remains unknown whether age-related DA decline affects neural processing in the striatum, PFC, 
or both. We wanted to assess neural processing of reward information in the striatum and PFC as 
well as dopaminergic neuromodulation on the same participants. To this end, we measured D1 
receptor density across the whole brain using PET in 30 younger and 30 older adults. We also 
measured BOLD responses with fMRI while the same participants performed a two-armed 
bandit task. We confirmed that older adults performed the task less well than younger adults. We 
also found that reward prediction errors in the nucleus accumbens were incomplete in both age 
groups, because the expected value component at the time of the outcome was absent on a group 
level. On an individual level however, the strength of the expected-value signal was related to 
density of D1 receptors in the orbitofrontal cortex independent of age. By contrast, the strength 
of the expected-value signal at the time of choice in the ventromedial prefrontal cortex (vmPFC) 
mediated the observed age effects on choice performance. Both age and D1 receptor density 
predicted the strength of this expected-value signal in the vmPFC, but their effects could not be 
dissociated. This pattern suggests that age-related DA decline is associated with reduced value 
signaling in the vmPFC. Finally, we identified a frontoparietal mechanism related to shifting 
away from the chosen option, which was not modulated by age or D1 receptor density, but 
predicted task performance independent of the value signal in the vmPFC. These results 
demonstrate that declining value learning in old age depends on impaired neuronal processing in 
vmPFC possibly related to DA decline. 
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Title: KChIP4: a biophysical amplifier of inhibition in mesolimbic dopamine neurons 
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Abstract: Fast-inactivating A-type currents in substantia nigra (SN) dopamine (DA) midbrain 
neurons are mediated by Kv4.3-containing potassium (K) channels, which control pacemaker 
frequency in vivo and in vitro (Subramaniam et al. 2014). The A-type K-channels of neighboring 
DA neurons in the ventral tegmental area (VTA) are more diverse, with time constants of 
inactivation varying across one order of magnitude (taui of 20-200 ms). We recently showed that 
knockout of the K channel interacting protein 4 (KChIP4) was sufficient to remove slow 
inactivating A-type currents in VTA DA neurons but only marginally affects A-type kinetics in 
SN DA neurons. In contrast to our previous finding of altered in vivo firing frequencies in 
response to reduced Kv4 channel function in SN DA neurons (Subramaniam et al. 2014), neither 
SN nor VTA DA neurons showed altered firing frequencies in KChIP4 KO mice compared to 
wildtype. There was also no difference in bursting activity, ISI variability or firing pattern 
proportion between the studied neuronal populations. All recorded neurons were juxtacellularly 
labeled to confirm their anatomical positions and neurochemical identities via post-hoc 
immunohistochemistry. However, compared to wildtype, VTA DA neurons from KChIP4 KO 
mice showed a near seven-fold reduction in the number and a three-fold reduction in the duration 
of spontaneous firing pauses in VTA DA neurons, with no genotype difference between SN DA 
neurons. This effect was selective for firing pauses that were not preceded by bursts (periods 
with initial ISI < 80 ms and final ISI > 160 ms), suggesting these pauses were probably mediated 
by GABAergic synapses and not depolarization block or calcium-activated K channels. To better 
define a cell-autonomous role of KChIP4 as an amplifier of synaptic inhibition in VTA DA 
neurons, we generated a conditional and DA-cell selective mouse model, where exon 3 of the 
KCNIP4 gene, which codes for the K channel inactivation suppressor (KIS) domain responsible 
for slow inactivation, is selectively deleted in DA neurons by the use of a DAT-cre line. We are 
currently characterizing the behavioral phenotype and neurophysiology of VTA DA neurons in 



this KChIP4-exon3/DAT-cre line. In particular, we test our key hypothesis that loss of amplified 
inhibition in VTA DA neurons might selectively impair learning from negative prediction errors 
during, for example, extinction of a conditioned response. 
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Title: Dual presynaptic and postsynaptic mechanisms in the nucleus accumbens core may 
contribute to the enhancement of cocaine-induced locomotion by D3R antagonism 

Authors: *A. K. PETKO1, D. F. MANVICH3, R. A. CLIBURN4, K. A. STOUT4, A. H. 
NEWMAN5, G. W. MILLER4, J. A. GOMEZ2, D. WEINSHENKER3, C. A. PALADINI2;  
2Neurosci. Inst., 1Univ. of Texas at San Antonio, San Antonio, TX; 3Dept. of Human Genet., 
4Dept. of Envrn. Health, Rollins Sch. of Publ. Hlth., Emory Univ., Atlanta, GA; 5Natl. Inst. on 
Drug Abuse, Baltimore, MD 

Abstract: Dopamine (DA) projections onto medium spiny neurons (MSNs) within the nucleus 
accumbens (NAc) are critical for reward and reinforcement. Within the NAc, cocaine and other 
drugs of abuse are believed to exert their abuse-related effects by increasing extracellular DA 
levels and, consequently, the activation of postsynaptic DA receptors located on MSNs. 
Although it is well established that the abuse-related effects of cocaine may be attenuated via 
nonselective antagonism of dopamine D2-like receptors (D2R, D3R, and D4R), the precise 
mechanistic involvement of each of these subtypes in modulating the behavioral, neurochemical, 
and electrophysiological effects of cocaine in the NAc remains unclear. The purpose of these 
studies was to assess and compare the impact of selective D2R or D3R antagonism on the 
behavioral and neuropharmacological effects of cocaine in mice. First, we demonstrate that 
pretreatment with the selective D2R antagonist, L-741,626, dose-dependently attenuates cocaine-
induced locomotor activity, whereas pretreatment with the selective D3R antagonist, PG01037, 



dose-dependently enhances cocaine-induced locomotor activity. Next, using in vitro 
voltammetric measurements of DA transients within the NAc core, we show that application of 
either L-741,626 or PG01037 potentiates cocaine-induced increases in DA release, likely via the 
inhibition of presynaptic D2R or D3R autoreceptors, respectively. Finally, in vitro 
electrophysiological recordings from D1R-expressing MSNs reveal that bath application of DA 
increases the firing rate in response to current injection of these neurons ,as expected , since D1R 
are Gs-coupled, resulting in increased cellular excitability. Administration of the D3R-selective 
antagonist PG01037 potentiates this effect, presumably via the inhibition of postsynaptic Gi-
coupled D3Rs co-expressed in these cells. Combined, our findings demonstrate that selective 
antagonism of D3Rs functionally enhances multiple effects of cocaine, thus exhibiting a 
pharmacological profile that is qualitatively opposite to that produced by nonselective D2-like 
receptor antagonists or the selective D2R antagonist L-741,626 and reveals a distinct role for the 
D3R subtype. 
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Abstract: Background: Obesity is a growing burden to human health and economy worldwide. 
We have previously shown that obesity is associated with µ-opioid receptor (MOR) system 
downregulation, and that the interaction between MOR and dopamine D2 receptor (D2R) systems 
is disrupted in the ventral striatum among obese subjects. It remains unknown whether the 
aberrant opioid-dopamine interaction is a cause or a consequence of obesity. Here we addressed 
this issue by studying subjects undergoing surgical weight loss (bariatric surgery) procedure. 
Methods: We recruited 20 healthy non-obese (mean BMI 22.3 ± 2.7) and 25 morbidly obese 
women (mean BMI 41.3 ± 4.1) eligible for bariatric surgery. Brain MOR and D2R availability 
was measured using positron emission tomography (PET) with [11C]carfentanil and 
[11C]raclopride, respectively, and either Roux-en-Y Gastric Bypass or Sleeve Gastrectomy was 
performed to obese subjects as their standard clinical treatment. Four obese subjects discontinued 
the study, and 21 subjects (mean BMI 31.9 ± 4.5) participated in postoperative PET scanning six 
months after the surgical procedure. Results: MOR and D2R availabilities were associated in the 
ventral striatum (r = .62) and dorsal caudate (r = .61) in the control subjects. Preoperatively, the 
obese subjects had disrupted association in the ventral striatum (r = .12) but unaltered association 
in dorsal caudate (r = .43). The association between MOR and D2R availabilities in the ventral 
striatum was recovered (r = .62) among obese subjects following the surgery-induced weight loss 
(mean 25.0 ± 8.2 kg). Conclusions: Bariatric surgery and concomitant weight loss recovers the 
interaction between MOR and D2R in the ventral striatum in the morbidly obese. Consequently, 
the dysfunctional opioid-dopamine interaction in the ventral striatum is likely associated with an 
obese phenotype and may mediate excessive energy uptake. Striatal opioid-dopamine interaction 
provides a feasible target for pharmacological and behavioural interventions for treating obesity. 
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Abstract: Bursts of action potentials by midbrain dopamine (DA) neurons are critical for 
encoding reward. Using slice physiology, we evoked in vivo-like bursts using electrical 
stimulation. We found that summation of NMDA receptor (NMDAR)-mediated EPSCs are 
necessary in generating burst firing. Increasing the extracellular concentration of the obligatory 
NMDAR co-agonist, glycine, led to an increase in the evoked burst firing frequency without 
changing the spontaneous activity of dopaminergic neurons. The increase in firing was 
accompanied by an increase in the NMDAR-mediated current measured. Previously, astrocyte 
depolarization has been shown to release glycine in different brain regions (e.g. substantia nigra, 
amygdala, retinal ganglion cells). Thus, we hypothesized that glycine release from astrocytes 
regulates burst firing of midbrain dopaminergic neurons. We tested our hypothesis by expressing 
channelrhodopsin, a light activated depolarizing channel, specifically in astrocytes. We found 
that depolarization of astrocytes caused an increase in the evoked firing frequency without 
altering the dopaminergic neurons spontaneous activity. Together, our results suggest that 
astrocytes’ ability to control the extracellular glycine concentration is necessary in regulating 
dopaminergic burst firing. 
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Abstract: Predictive cues guide reward pursuit and are thus key to survival. Overvaluation of 
reward-predicting cues, however, underlies detrimental motivational drive contributing to, for 
example, drug abuse and obesity. Mounting clinical and preclinical work demonstrates that 
pharmacological manipulations of cannabinoid type 1 (CB1) receptors potently alter cue-directed 
reinforcement and represent a treatment target for motivational disorders. While CB1 receptor 
manipulations are thought to alter cue-evoked reward pursuit through modulation of mesolimbic 
dopamine (DA) projections from the ventral tegmental area (VTA) to nucleus accumbens (NAc), 
the precise mechanisms by which endocannabinoids (eCBs) shape DA function and cue-evoked 
reward pursuit are not clear. To assess how mobilization of the eCB 2-arachidonoylglycerol (2-
AG) by DA neurons controls DA’s role in reinforcement, we selectively disrupted 2-AG 
synthesis by the diacylglycerol lipase alpha (DGLα) enzyme specifically in DA neurons using 
Cre-Lox recombination. Mice were then trained to lever press for sucrose or optogenetic 
intracranial self-stimulation (ICSS) of VTA DA neurons. DGLα deletion suppressed cue-directed 
reward pursuit, but not primary reinforcement, indicating that DAergic encoding of reward 
predictive cues relies on 2-AG mobilization by VTA DA neurons. This work unambiguously 
shows that 2-AG mobilization by DA neurons is fundamental to reward pursuit. 
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Abstract: The influence of an active lifestyle on stress reactions and their underlying 
physiological systems seems to be a potential biochemical mechanism for some of the related 
health benefits in adults. Previous findings with adults are in line with the “cross-stressor 
adaptation hypothesis” (Sothmann et al., 1996) which suggests that physically trained individuals 
show lower cortisol (C) responses to physiological but also to other stressors (e.g., 



psychological). However, little research was dedicated to children and adolescents, which also 
implies that the underlying neurobiological mechanisms in this young age group need further 
investigation. Preliminary findings from cross-sectional studies showed that children with a 
physically more active lifestyle tend to have lower C reactivity to psychosocial stress and lower 
general C levels. There has been research with adults and some with participants under the age of 
ten. By investigating C reactivity and activity of children as well as adolescents, the current 
study aims to fill this gap. 
For the first study presented in the talk primary (n = 53) and high school students (n = 121) were 
randomly assigned to a physical stress task (of different standardized intensities exercising for 
12-15) or a control task. Participants’ PAS was assessed prior to the intervention using a 
questionnaire. The salivary C concentration was measured prior and immediately after the 
interventions. In the second study, the effects of a 10-week afterschool exercise program with 71 
participants aged 9-10 years were examined. They were randomly assigned to a control group 
(CON, n = 21) or an exercise group (EX, n = 50), in which participants were active three times a 
week for 45 minutes and at a mean intensity of 55-70% of HRmax. In the CON students 
participated in assisted homework sessions. The salivary C concentration was measured prior 
and after the exercise program. 
Our results show lower baseline C levels for physically active high school students but no effect 
of PAS on the C reactivity in either sample. After the 10-week exercise program participants in 
the EX increased their fitness compared to the CON. However, results of a stepwise hierarchical 
regression analysis showed no effects on childrens’ C levels depending on fitness gains in 
response to the exercise program. The findings suggest age-dependent basal C levels with 
reduced endocrine stress activity and reaction in children and young adolescents. This may be 
attributed to a yet developing HPA axis in childhood, which seems to mature to its final adult 
function not before late adolescence. 
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Abstract: Hearing impairment and stress responses are closely linked. Hearing impaired people 
complain of high mental load during simple hearing tasks that is aggravated during auditory 
recognition tasks. Especially speech comprehension in noise is disturbed that makes social 
interactions difficult not only in daily life but also at work. In the past we were able to show that 
hearing impairment caused higher acoustic demands resulting in higher brain activity states 
during listening tasks. In addition, in these young probands we observed continuously increased 
stress levels indicated by reduced heart frequency variability and increased cortisol levels in 
saliva at rest prior to the listening task. Here we wanted to test whether similar changes could be 
observed in hearing impaired workers in light industry (food and beverage production). In two 
groups of age-matched workers (one group normal hearing, 20 participants; one group with 
moderate hearing impairments (average 45 dB SPL) in the frequency range of 3-4 kHz, 20 
participants) we recorded the magnetoencephalogram (MEG) and auditory evoked magnetic 
fields in order to analyze the distribution of the sources. We recorded the electrocardiogram, 
arterial oxygen saturation and breathing frequency. From the electrocardiogram we calculated 
the square root of the mean squared differences of successive heart beat intervals (rmssd) as a 
parameter of heart rate variability. As a marker for psychical stress we measured the 
concentration of cortisol in the saliva prior to and after the experiments. Auditory stimuli were 
tone pips with different pitches (65 dB SPL). In a “one back task” the subjects had to decide 
whether the next to last pip had a higher or lower frequency than the last pip, and correct 
responses were rewarded. The tone pips presented were overlaid by random noise. Two different 
stimulus conditions, at a constant pitch difference or with pitch difference adjusted to the actual 
error rate, were presented. The hearing impaired workers reported being stressed at rest and 
during the listening task. Heart rate and breathing frequency as well as the heart rate variability 
indicated an increased rate of physical stress that was accompanied by higher contents of cortisol 
in the saliva. The higher mental load has to be considered in occupational medical care 
particularly with regard to hearing impairment since it is reflected by a worsening of cardiac 
reactivity or continuously increased parameters of cardiorespiratory functioning. The long term 
alterations to the cardiovascular system need to be taken into account with regard to prophylaxis 
of injuries especially caused by noise induced hearing loss. 
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Abstract: Psychological stress has a significant impact on health. Our previous work has 
investigated the effects of stress on cognitive performance and has recently revealed a genetic 
marker for greater cognitive impairment due to stress, the promoter region of the serotonin 
transporter gene. The presence of at least one copy of the short (S) allele (lacking a 44 base pair 
repeat in the promoter region of the serotonin transporter gene (5-HTT) as compared to the long 
(L) allele) influences 5-HTT expression such that individuals with the L/S or S/S genotype (68% 
of the population) express lower levels of 5-HTT than those with L/L genotype. The amygdala is 
known to be activated to a significantly greater degree in subjects with the S-allele than those in 
those without the S-allele in response to emotional stimuli. To determine the effects of 
superimposed stressors, we examined how activation and functional connectivity associated with 
the amygdala are affected by the presentation of emotional stimuli presented in the presence of a 
social evaluative stressor in individuals with and without at least one copy of the S-allele. The 
Montreal Imaging Stress Test (MIST), based on the Trier Social Stress Test (TSST) was used to 
induce stress. During the stressor (and the no stress control task), the subject was interrupted 
with three 48-second epochs during which pictures of faces with either an angry, fearful or 
neutral expression were shown to the subject. The task epochs alternated with 30 second MIST 
(or in the no-stress condition, control task) epochs. Subjects performed the stress study and the 
non-stress study on separate days, with half of the subjects in each group performing the stress 
study first and the other half performing the non-stress study first. Functional magnetic 
resonance imaging data from 35 subjects (17 subjects with at least one copy of the S-allele and 
18 subjects homozygous for the L-allele) were analyzed using the FSL software (FMRIB 
Software Library, Oxford, UK). The degree of activation of the amygdala was compared to 
participants with and without the presence at least one copy of the S-allele. Preliminary results 



indicate greater activation of the amygdala in subjects with at least one copy of the S-allele as 
opposed to those without when presented with emotional stimuli when under stress. 
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Abstract: When extreme, anxiety—a sustained state of heightened distress or arousal in 
response to uncertain threat—can become debilitating. A growing body of psychophysiological 
research demonstrates that exaggerated responses to uncertain threat contribute to the 
development and maintenance of pathological anxiety, yet the underlying neural circuitry has 
received scant attention. Here, we leveraged a novel cued threat task and multiband fMRI (3T) to 
identify regions sensitive to temporally certain and uncertain threat in 32 healthy young adults. 
Building on mechanistic work in rodents and psychophysiological research in humans, our task 
constitutes a 2 × 2 factorial design (Certain/Uncertain × Threat/Safe). On each trial, a digital 
clock was presented that either counted down seconds from 18 to 0 (Certain) or displayed a 
series of unordered integers for a pseudo-randomized duration (Uncertain: 8-32s, M=18s). Trials 
terminated with the delivery of either an aversive stimulus (Threat: electric shock, unpleasant 
image, and aversive sound) or a neutral stimulus (Safe: grey screen with white fixation). Images 
were processed and analyzed using standard techniques. To maximize resolution, images were 
spatially normalized to a standard template using high-fidelity diffeomorphic techniques. 
Analyses focused on the perceptually identical periods of certain or uncertain anticipation prior 
to stimulus delivery. Results were thresholded at FDR q<.05 (whole-brain corrected) in SPM12. 
Subjects reported increased anxiety and showed elevated arousal (electrodermal activity) in the 
threat conditions (ps<.001), confirming the efficacy of the TripleThreat paradigm. Uncertain 
threat elicited more anxiety and arousal than certain threat (ps<.02), consistent with prior work. 



Imaging analyses revealed sustained activation in the bed nucleus of the stria terminalis (BST) 
during uncertain threat and phasic responses in the dorsal amygdala to certain threat. We also 
identified a novel set of cortical regions, including mid-cingulate cortex (MCC) and anterior 
insula (AI), that are recruited by both kinds of threat. These results underscore the value of the 
TripleThreat task, provide new insights into the neural systems supporting fear and anxiety in 
humans, and set the stage for developing improved interventions for pathological fear and 
anxiety. 
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Abstract: Background: The sounds of dental treatment frequently evoke anxiety in patients with 
dental fear. Some previous studies have further reported that the level of dental fear correlates 
with the level of trait anxiety. However, no studies to date have investigated the relationship 
between dental fear and trait anxiety in terms of cerebral activation in participants listening to 
sounds associated with dental treatment. The present study utilized functional magnetic 
resonance imaging (fMRI) to assess the relationships between cerebral activation in response to 
auditory stimuli and levels of dental fear and trait anxiety. Methods: Thirty-four right-handed 
individuals (21 women, 13 men; age, 19-49 years; average age, 31.2 ± 9.1 years) who had 
reported a history of dental treatment were selected. The Dental Fear Survey (DFS) and the 
State-Trait Anxiety Inventory-Trait (STAI-T) were used to assess self-reported levels of dental 
fear and trait anxiety, respectively. Participants were categorized into two groups according to 
threshold score on the DFS: a dental fear (DF) group (n = 12; overall DFS score ≥ 52) and a 
control (C) group (n = 22; overall DFS score < 52). Single experimental sessions contained both 
dental sounds and neutral stimuli. Dental sound stimuli consisted of six sounds associated with 
dental treatment, including those of dental drilling and vacuum suction. Cerebral activation 



during stimulus presentation was evaluated by measuring blood-oxygenation level dependent 
(BOLD) signals using contrast fMRI. Results: A significantly stronger activation was observed 
in the left posterior superior temporal gyrus and bilateral precentral gyri while listening to dental 
sounds in the DF group compared to the C group (2-sample t-test, p < 0.001, uncorrected). 
Similarly, activation in the left posterior superior temporal gyrus and bilateral precentral gyri 
positively correlated with DFS scores in all participants (simple regression analysis, p < 0.001 
uncorrected). In contrast, activation in the right middle temporal gyrus, the left inferior frontal 
gyrus, and the right insula positively correlated with STAI-T scores in all participants (simple 
regression analysis, p < 0.001 uncorrected). Conclusions: The findings of the present study 
suggest that the distribution of neural correlation between dental fear’s scores and activation by 
listening to dental sounds differs from that between trait anxiety and activation by dental sounds. 
This difference in activation may indicate some differential level of processing for both types of 
anxious behaviors. 
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Abstract: Associative learning is indispensable to elaborate adaptive behaviour. Lateral thalamic 
nuclei connected to the lateral amygdala (LA) are known to control cue-dependent emotional 
processes. Here we dissected this thalamo-amygdala pathway and investigated its contribution to 
associative behavioral paradigms applying anatomical, behavioral, electrophysiological and 
optogenetic techniques. 
The majority of the thalamic cells retrogradely labelled from the LA were located in the the 
lateral posterior thalamic nuclei (LP), the suprageniculate (SG) and the posterior intralaminar 



(PIL). Similarly to the LA, the amygdalostriatal region (AStr) receives thalamic inputs 
exclusively from these areas. Both the LA and AStr projecting thalamic cells coexpressed the 
calcium-binding protein calretinin (CR). Viral injection of LP/SG/PIL in CR-Cre mice revealed 
strong axonal labelling in LA and also in the neighboring AStr demonstrating that CR can be 
used as a marker to selectively probe these pathways. CR-positive thalamic cells also projected 
to the temporal associative cortex, while the encompassed CR-negative auditory thalamic relay 
cells in the medial geniculate nucleus were primarily connected to the primary auditory cortex. 
This pattern suggests that these two thalamic populations carry distinct types of information 
regarding environmental (auditory/visual) cues. Furthermore, we are currently studying the 
electrophysiological effects of various CS+ and CS- stimuli on CR+ (and CR-) thalamic cells to 
find out in what extent these cells carry US associated sensory information to the LA. Our data 
show that the thalamo-amygdala circuit can be selectively investigated using the CR-Cre animal 
model, which provides a unique approach to explore the exact role as well as the underlying 
mechanisms of this pathway in emotional processes and associative memory formation. 
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Abstract: Learning the temporal relationship between a warning cue (conditioned stimulus; CS) 
and aversive threat (unconditioned stimulus; UCS) is an important aspect of Pavlovian 
conditioning. Prior functional magnetic resonance imaging (fMRI) research has identified brain 
regions that support Pavlovian conditioning including the dorsolateral prefrontal cortex (PFC), 
dorsomedial PFC, inferior parietal lobule (IPL), insula, amygdala, and hippocampus. However, it 



remains unclear whether these regions support time-related processes important for this type of 
associative temporal learning. Elucidating the neural substrates of temporal conditioning is 
important for a complete understanding of the associative learning process. Therefore, the 
present study used a temporal Pavlovian conditioning procedure to investigate brain activity that 
mediates the formation of temporal associations. Twenty-three healthy volunteers completed 
temporal conditioning and a control procedure that does not support conditioning during fMRI. 
Specifically, during the temporal conditioning procedure, the UCS was presented at fixed 
intervals (ITI: 20 s) while in the control condition the UCS was presented at random intervals 
(Average ITI: 20s, ITI Range: 6-34 s). We observed greater skin conductance responses and 
expectancy of the UCS during fixed relative to random interval trials. These findings 
demonstrate fixed trials support temporal conditioning, while random trials do not. During fixed 
trials (compared to random trials), greater conditioned fMRI signal responses were observed 
within amygdala, hippocampus, dorsolateral prefrontal cortex, inferior and middle temporal 
cortex, and inferior parietal lobule. These findings are consistent with the broader literature 
suggesting these brain regions support fear conditioning. Further, the present findings indicate 
these regions support temporal information processes that are important for this type of 
associative learning. The current findings suggest these brain regions constitute a neural circuit 
that encodes the temporal information that is important for Pavlovian fear conditioning. 
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Abstract: Functional connectivity (FC) is modulated by stressor events. Once the stressor 
disappears, a restorative process returns the homeostatic state. Images with natural environments 
have the ability to enhance the restorative process, while urban environments have no properties 



to facilitate such process. Amygdala plays a central role in both processes, being one of the first 
structures to respond to a stressor and also participates in the restorative process interacting with 
other brain regions (Quaedflieg, 2015). Resting state fMRI images were acquired in a 3T MRI 
scanner for 40 healthy men during three states: before the stressor, after the stressor and after 
restorative stimuli. The stressor was a video with violent content, while the restorative stimuli 
consisted of pictures of natural ambience (high restorative potential, HRP) or pictures with urban 
content (low restorative potential, LRP). Stress was evaluated with the "Stress and Activation 
Adjective Checklist" (King, 1983). Standard preprocessing and imaging analyses were 
performed with FSL. The amygdalae were used as seeds to obtain the corresponding FC maps. 
Voxel-wise paired t-tests were performed to identify the differences between basal and stress 
states of the sample and between the stress and restorative states for each group. Stress levels 
were higher during the stress state for the entire sample (T(39)=4.42, p<0.05). After restorative 
stimuli, the HRP group showed significant decrement of stress levels (T(19)=3.40, p<0.05), 
while the LRP group showed no significant differences between both states (T(19)=0.44, 
p>0.05). During stress state, increments of FC of the amygdalae with pre and post-central gyri, 
occipital and parietal cortices were observed; the same state showed decreased FC of the 
amygdalae with the anterior cingulate and precuneus. The HRP group showed increased FC with 
para-hippocampal gyrus and decreased FC with occipital cortex, pre and post-central gyri. The 
LRP group showed increased FC with superior frontal gyrus and posterior cingulate cortex, and 
decreased FC with the orbitofrontal cortex and inferior frontal gyrus. Significance in FC changes 
was defined at p<0.05, uncorrected. Stress levels showed significant increase after video 
presentation for the whole sample, while distinct restorative trajectories were evident after 
presentation of stimuli with low and high restorative potential. The scenes with natural ambience 
significantly reduced stress levels, while images with urban content showed no such effect. 
Accordingly, FC of the amygdalae with occipital, pre- and post-central cortices showed different 
trajectories for the restorative stimuli. 
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Abstract: Theta oscillations in mesiotemporal structures including the hippocampus and 
amygdala have been proposed as a neural signature of anxiety models in rodents, which typically 
rely on conflicts between approach and avoidance. Recent work has capitalised on 
magnetoencephalography (MEG) to show that human hippocampal theta oscillations during 
approach/avoidance conflict relate to learned threat probabilities. Here, we extend these findings 
by recording local field potentials directly from subcortical structures in humans, using 
intracranial electroencephalography (iEEG). 
We recorded iEEG from three patients with mesiotemporal epilepsy during pre-surgical 
monitoring. Patients completed a "scoop-and-run" computer game emulating operant conflict. 
They collected monetary tokens under threat of virtual predation. Probability of threat had to be 
learned by experience while monetary loss was explicitly indicated to participants. At trial start, 
the player was presented with the predator colour and the possible loss. After a random interval, 
a monetary token appeared to create behavioural conflict. Power spectra for theta oscillations (1-
8 Hz) were extracted using welch transform over 1 s windows and were statistically evaluated at 
the single-patient level, using independent sample t-tests. Correction for multiple comparisons 
was performed by non-parameteric cluster-based permutations. 
All three patients showed a significant increase in the power of theta oscillations during 1 s 
period following the token appearance, compared to a baseline period (p<0.05). Two out of three 
patients had an additional increase in theta power during 1 s period following the trial start. Only 
one of the three patients was able to learn the threat probabilities and also showed higher theta 
power for higher threat level at token appearance. Strikingly, in different contacts, we also 
observed higher theta power for higher potential loss in the same patient both at trial start and 
token appearance. The latter effect was partly replicated in the other two patients. 
In summary, our findings confirm that approach-avoidance conflict increases mesiotemporal 
theta power in humans. They extend previous MEG results, by suggesting that mesiotemporal 
theta oscillations relate to expected loss, whether it is explicitly signalled or successfully learned. 
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Abstract: Long-lasting pessimistic moods that are not restored by a transient emotional response 
are a cardinal feature of neurologic symptoms in anxiety disorder and depression. Though it is 
known that the primate striatum is a node in circuits controlling optimistic and pessimistic states, 
the mechanisms underlying such long-lasting pessimism are not understood. To approach this 
issue, we applied a combination of striatal microstimulation and recording of local field 
potentials (LFPs) as two macaque monkeys performed an approach-avoidance decision-making 
task (Amemori and Graybiel, 2012). We performed 124 stimulation experiments consisting of 
blocks of stimulation-off trials, stimulation-on trials and follow-up trials without stimulation. In 
28 sessions, we found that the intrastriatal microstimulation (1-s trains, biphasic pulses, 70-100 
µA at 200 Hz, during cue period) induced pessimistic choices (defined as > 5% increase in 
avoidance choices). Strikingly, in 16 sessions (~12%), the induced pessimistic state lasted even 
in the follow-up trials in which the stimulation was no longer applied. To characterize a neural 
biomarker related to such long-lasting pessimistic states, we focused on analyzing striatal beta 
oscillatory activity before (stimulation-off trials) and after (follow-up trials) the stimulation-on 
trials. For each trial block, we calculated a tuning index (beta-range power spectrum for 
avoidance choices minus that for approach choices) for the precue period (2-s duration before 
cue onset) and cue period (1.5-s duration for decision-making). Among 89 channels recorded in 
the 28 effective sessions, we selected channels exhibiting beta tunings significantly greater 
(avoidance-tuned) or lesser (approach-tuned) than zero in the beta range (P < 0.05). Then, we 
classified them into four categories: precue avoidance (n=23), precue approach (n=23), cue 
avoidance (n=40) and cue approach (n=59). Importantly, the group mean of beta tuning toward 
avoidance increased for the precue avoidance and cue avoidance groups during follow-up trials 
relative to stimulation-off trials; beta tuning toward approach of the cue approach group 



decreased (P < 0.05). These tuning changes disappeared in the next sessions along with 
behavioral recovery. No significant change in the mean of tuning indices was observed in ‘non-
effective’ sessions in which microstimulation did not induce changes in decision-making. These 
findings suggest that striatal beta oscillations could be crucially involved in, or reflect, regulation 
of sustained pessimistic and optimistic moods that persistently influence conflict decision-
making and value judgments. 
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Abstract: Although unconditioned fear is not a new concept, it can be difficult to observe it due 
to strain differences in mice. Because the current behaviors used to evaluate fear are also subject 
to strain differences, it was necessary to investigate alternate behaviors that could be indicative 
of a fear state. In addition to stretch-attends, defensive bury, and freezing behaviors the present 
study also investigated a novel behavior, known as a K-Turn. This new behavior has been shown 
to increase in C57 male mice in response to predator odor exposure, similarly to other fear-linked 
behaviors. In the present study, previous data in C57 mice is expanded upon with the addition of 
female C57 and male and female Balbc mice. The unconditioned fear paradigm in the present 
study involved repeated exposure to a cage which contained a petri dish at one end of the cage 
and bedding covering the floor of the cage. On days 1-4 the petri dish contained a plain cloth 
while days 5-7 contained a cloth covered in either a non-predator (cinnamon) or a predator odor 
(cat). The present study highlights the need for greater defining of discrete behaviors and chains 
of behaviors in order to expand on the knowledge of behaviors in response to fear stimuli. In 
doing so, the present research provides additional measurements that may be helpful in the 
assessment of unconditioned fear behaviors. 
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Abstract: Gulf War Illness describes clusters of medically unexplained symptoms reported by 
soldiers returning from the 1990-1991 Gulf War. These symptoms include chronic fatigue, 
muscle pains, headaches, and impairments in working and long-term memory. Unique to this 
war, soldiers were chronically administered the reversible acetylcholinesterase (AChE) inhibitor 
pyridostigmine bromide (PB) prior to and during deployment to protect against the potentially 
toxic effects of nerve gas exposure. One possibility which has gathered recent support is the idea 
that stress of military deployment interacted with PB to contribute to ontogeny of memory 
problems reported by soldiers with GWI. In order to test this hypothesis, the current study 
examined the effects of PB pre-treatment alone and in combination with repeated restraint stress. 
Adult male Sprague Dawley rats were given 14 days of 1.3 mg/kg/day PB or vehicle treatment 
by gavage. Beginning on day 5 of this PB treatment paradigm, rats were randomly assigned to 
either restraint stress or non-stressed conditions (i.e. daily handling). Restraint stress was 
performed for 6 hours/day approximately 30 minutes following PB treatment for 10 consecutive 
days. AChE was measured on the last day of treatment and then either at an early time point (i.e. 
10 days post-treatment) or a delayed time point (i.e. 3 months post-treatment). AChE activity 
was reduced by approximately 50% in PB-treated rats on the last day of treatment, but 
normalized across groups 10 days post-treatment. Three months later, AChE activity was 
selectively elevated in PB-stressed rats relative all other groups, suggesting that there is a 
persistent interaction between PB and stress on peripheral AChE activity. Rats were also 



subjected to a fear conditioning paradigm at either early or delayed time points. In the early test 
group, rats exposed to both PB and stress selectively exhibited decreases in context-associated 
freezing behavior, indicating deficits in contextual fear-learning. In the delayed test group, rats 
exposed to stress and vehicle exhibited increases in freezing behavior relative to non-stressed 
controls, and PB blocked this stress effect in context-associated fear conditioning. These data 
support the idea that stressful events combined with PB adversely impact specific aspects of fear 
learning in our model of GWI and suggest that examining both immediate and delayed 
interactions of PB and stress are critical to understanding alterations in fear learning and GWI 
pathology. 
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Abstract: Popular stress paradigms often employ physical stimulation such as restraint or 
electric shock. Others employ natural predators or predator odors. We developed a novel stress 
model in rats using a high-speed chasing robot which emulates predatory threat. 
Rats received repeated stress trials which consisted of being chased by a fast-approaching robot 
in an inescapable donut-shaped maze for 2.5 s. To test the validity of the model as a stress 
paradigm, we measured physiological and behavioral responses: plasma corticosterone (CORT) 
level; emotional memory of chasing stress; general anxiety level; sensitized fear response. 
In Exp. 1, the plasma CORT level was measured following one of the three behavioral 
treatments: chasing stress (60 trials), restraint stress (30 min) or control (mere exposure to the 
stationary robot for 30 min). During chasing stress, the rats emitted massive amount of ultrasonic 
vocalization (USV) which indicates distress. The post-treatment CORT levels of all groups 



significantly increased compared to the pre-treatment baseline. In addition, the post-chasing 
stress and post-restraint stress CORT levels significantly increased compared to the control. 
There was no difference between post-chasing stress and post-restraint stress groups indicating 
that repeated chasing produced a significant level of physiological response comparable to 
restraint stress. 
In Exp. 2, rats received 20 trials (15 - 20 s between trials) of chasing stress per day for 3 days. 
Chasing was forewarned by a 5-s, 2-kHz, coterminating tone. Another group of rats received the 
tone only. Three weeks later their freezing and USV to the previously-chased context and the 
tone in the same context were measured. Rats were also tested in the elevated plus maze (EPM) 
and subjected to Pavlovian threat conditioning with 3 pairings of the tone conditioned stimulus 
(CS, 20 s, 4 kHz, 75 dB) and the footshock unconditioned stimulus (US, 1 s, 0.6 mA). Following 
conditioning, their freezing and USV to the conditioning context and CS were measured. Rats 
that had experienced chasing stress showed a significantly higher level of freezing and USV to 
the previously-chased context as well as the 2-kHz tone, compared to the control group. In 
addition, they also showed a significantly higher level of freezing and USV during Pavlovian 
threat conditioning. On the other hand, there was no significant difference in time spent in the 
open arm zones of EPM between the groups. 
To sum, chasing by a high-speed robot effectively produced a constellation of hormonal, 
behavioral and emotional stress responses which confirms the validity of the model and suggests 
its further use as a model of traumatic experience. 
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Abstract: Post-Traumatic Stress Disorder (PTSD) is a psychiatric diagnosis associated with 
traumatic life experiences that trigger chronic and debilitating symptomatology. Although 
differential traumatic stress-coping mechanism have been identified in men and women, animal 
models of PTSD have mostly focused on male experimental subjects. Also, a growing concern 
has emerged on the ecological validity of PTSD animal models, which has been answered with 
models characterized ethologically relevant stressors. The predator scent stress (PSS) is one of 
such models that has been subject to controversy regarding the origin of the compound used as 
the stressor and the duration of the exposure. This current study is interested in evaluating the 
effects of different durations of exposure to the scent of urine from a natural predator, the bob 
cat. Female Wistar adult rats were assigned (n=6 per group) to 3 min., 10 min., or 20 min. of 
exposure. The open field test (OFT) was implemented one day after exposure. All experimental 
groups showed greater frequency and duration of immobility, in which the 3 min. All 
experimental conditions and the control group did not vary significantly on the time spent in the 
periphery, but the 10 min. exposure group did demonstrate a lower time spent in the center of the 
arena. The 10 min. exposure group showed less crosses into the periphery and central area 
compared to the other groups. Furthermore, 10 min. exposure also elicited a greater frequency of 
grooming behavior, which has been associated as a stress-coping behavior. The data presented 
suggests that the 10 min. exposure to predator scent might have a greater impact on the 
expression of anxiety-like behavior. Expanding scientific knowledge about the particularities of 
trauma models in animals is an important means to fine-tune propositions geared toward 
understanding the biological bases of traumatic stress and possible treatments. 
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Abstract: Stress has been associated to various pathophysiologic states that cut across the 
traditional boundaries of medical disciplines. These include a range of psychiatric, endocrine, 
and inflammatory disorders and/or susceptibility to such disorders. The Chronic Unpredictable 
Stress (CUS) procedure exposes animals to a variety of different and randomized stressors over a 
period of days. The unpredictability of the stress prevents adaptation and/or habituation. Previous 
research has reported a reduction in the exploration of novel environments and increase 
immobility in the Forced Swim Test (FST). The aim of this study was to compare the short-term 
and long-term effects of CUS. Male Wistar rats were used (n=10) and had an approximate age of 
three months at the beginning of the experiment. Animals were exposed to a Chronic 
Unpredictable Stress Battery (CUSB) for a duration of ten days. The stressors that made up the 
battery consisted of 1) placing animals in movement restrictors for twenty minutes three times 
per day, 2) swimming in cold water for five minutes (16°C), 3) overnight light exposure (12 
hours), 4) placing the rats for twelve hours (overnight) in their home cages with wet bedding, 5) 
placing the rats for three hours in their home cage that is tilted at 45°C, and 6) overnight water 
deprivation (12 hours). The exposure to each stressor was randomized according to the CUSB 
protocol. The behavioral assessments were performed before, immediately after (short-term 
effects), and after a recovery window of three months (long-term effects). In the FST, there was 
a decrease in the time spent climbing, which is maintained in the long-term assessment. On the 
other hand, there was an increment in the time spent immobile immediately after stress exposure; 
nevertheless this behavior was not maintained in the long-term. In the Saccharin Preference Test 
(SPT) the experimental subjects showed a reduction in the total fluid intake that persisted in the 
long-term. This pattern was also reflected in saccharin consumption compared with first 
behavioral assessment. Finally, it was observed in the Open Field Test (OFT) that experimental 
subjects spent more time in periphery, which is an index of anxiety-like behavior. 
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Abstract: Previous work from our group has shown that rats learn to avoid foot-shocks by 
stepping onto a platform when they are exposed to a 30s tone that co-terminates with a 2s shock 
(Bravo-Rivera C et al., 2014). In this platform-mediated avoidance task, rats continually press a 
lever to receive a sucrose pellet delivered on a variable interval schedule. Avoidance comes at a 
cost because the lever cannot be reached from the platform. This cost is minimal, however, 
because food is also available during the inter-tone intervals. In our modified task, we increased 
the food-avoidance conflict by limiting food availability to the tone period only. Food 
availability was signaled by a light co-occurring with the 30s tone. After 16 training sessions, 
most rats (44/60, 73%) learned to divided their time between pressing for food (avg 24% of time) 
and avoiding (avg 51% of time). Moreover, we observed two additional subgroups: an avoidance 
preferring group (6/60, 10%) showing virtually no pressing for food (<5% time) coupled with 
excessive avoidance (avg 96%), and a food-preferring group (10/60, 17%) that spent excessive 
time pressing (>50%) coupled with minimal avoidance (avg 28%). Thus, increasing the conflict 
in the platform-mediated avoidance task reveals three subgroups showing different motivational 
drives. We are analyzing neural activity with cFos to reveal structures that could mediate these 
behavioral strategies. 
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Abstract: Zinc ions are found within synaptic vesicles in a subset of the glutamatergic neurons 
in the forebrain. Through activity-dependent vesicular exocytosis, this zinc can be released into 
the synaptic cleft and can exert signaling functions through interactions with numerous receptors. 
Zinc transporter 3 (ZnT3) is expressed on the membranes of synaptic vesicles and is responsible 
for maintaining this pool of vesicular zinc. Mice that lack ZnT3 therefore lack the ability to store 
zinc in vesicles and release it in a neurotransmitter-like fashion. Previous research indicates that 
ZnT3 knockout (KO) mice generally perform normally in standard behavioural tests, but 
cognitive deficits are unmasked when they are challenged by advanced age or with more difficult 
testing. How these mice respond when challenged by stress has not yet been assessed, though 
zinc-containing neuronal projections are numerous in brain regions that influence stress 
susceptibility, including the nucleus accumbens, prefrontal cortex, amygdala, and hippocampus. 
Here, we investigated how chronic stress affects the behaviour of male ZnT3 KO mice, using the 
repeated social defeat model, which is commonly employed to characterize stress-susceptibility 
in mice, and is well-established to induce anxiety- and depression-like behaviours. Wild type and 
ZnT3 KO mice were subjected to 10 days of social defeat stress followed by a battery of 
behavioural tests, including tests of social interaction, anxiety, and cognition. We found that, 
relative to stressed wild type mice, stressed ZnT3 KO mice were less avoidant of a novel 
conspecific. However, we also found that ZnT3 KO mice, but not wild type mice, froze more in 
a cued fear conditioning test following stress. Anxiety-like behaviour was similar between both 
genotypes. Thus, there is not a clear increase or decrease in stress susceptibility in ZnT3 KO 
mice; the interaction between chronic stress and ZnT3 status instead seems to differ between 
different behavioural domains. 
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Abstract: Although empathy had been traditionally considered to be a higher level 
affect/cognitive process expressed exclusively by humans, recent developments have placed this 
anthropocentric view into question. It is now widely accepted that many species, including 
rodents, can engage in empathetic behavior. Recent studies have demonstrated that mice have the 
ability to transmit pain status between paired cage-mates resulting in contagious pain 
hypersensitivity (hyperalgesia). Interestingly, this transmission of pain status only occurred 
during interactions where both mice of the dyad are in pain and shared a social history with each 
other; unfamiliar mouse dyads produced the opposite response inducing marked analgesia. 
Because the detection of distress or pain in other members of the same species carries 
information of high survival value, extensive efforts have been directed at elucidating the 
neurobiological substrates that underlie emotional contagion. To address this, we performed 
whole-brain mapping by examining expression of the immediate early gene product c-fos across 
multiple cortical and limbic brain regions in stranger or familiar mice dyads treated with dilute 
acetic acid. Preliminary analyses found greater Fos+ neurons in the basolateral amygdala of 
familiar mice compared to isolated or unfamiliar mice consistent with the role of this structure in 
the appraisal of threat vs. safe cues. In addition, for familiar dyads, higher levels of activation 
(i.e. increased Fos+ neurons) in the mPFC was associated with lower levels of writhing 
behaviour consistent with the role of this structure in the suppression of pain behaviour. These 
findings provide a starting point for mapping the neural circuitry that support emotional 
contagion in rodents. 
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Abstract: Fear conditioning and extinction are critical emotional learning processes that require 
complex coordination within the limbic system. Previous studies have shown that 
interconnections between the basolateral amygdala (BLA), the hippocampus (HPC), and the 
prelimbic (PL) and infralimbic (IL) subregions of the medial prefrontal cortex (PFC) are critical 
for fear learning and extinction. In particular, PL and IL are purported to have opposing roles on 
fear expression. Electrophysiological research in rodents has also revealed synchronous 
oscillations between the BLA, HPC, and PFC the during fear recall. However, direct comparison 
of neural signals simultaneously recorded in the PL and IL, along with BLA and HPC, during 
fear learning and extinction has not yet been done. Here, we performed in vivo recording of local 
field potentials (LFPs) and single-unit activity (spikes) in freely-moving, adult, male, Sprague-
Dawley rats during acquisition and extinction of acoustic differential fear conditioning. Prior to 
fear conditioning, the rats were food-restricted and trained to perform nosepoking for food 
pellets using an operant conditioning paradigm. Rats were presented with repeated pairings of 
one tone (CS+) with a mild foot shock (US), pseudorandomly interspersed with another tone 
(CS-). Nosepoking (NP) behavior and freezing detection provided complimentary measures of 
fear, as fear tends to suppress reward seeking behavior and locomotor activity. A Behavior 
Suppression Ratio (BSR) was calculated as (# of NP before tone - # of NP during tone) / (# of 
NP before tone + # of NP during tone). When fear recall was tested two days later, most rats 



demonstrated high levels of freezing and BSR to both CS+ and CS-, but showed a stronger 
response to CS+. While there was substantial individual variation in rats’ ability to discriminate 
between the two stimuli, on average, the rats extinguished fear to CS- faster than CS+. The 
power and coherence of delta (2-4 Hz) and mid-gamma (50-60 Hz) oscillations, between BLA 
and both subregions of the PFC, increased with fear expression and were suppressed in response 
to CS- during fear extinction training. Conversely, the power of a 7-9 Hz theta oscillation in CA3 
was inversely correlated with fear expression. A transient burst of high gamma power (70-130 
Hz) was observed in all four regions at the onset of CS-. Further analysis of phase relationships 
within the network, cross-frequency coupling, single-unit spiking, and Granger Causality will be 
performed. 
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Abstract: Deep brain stimulation (DBS) of the infralimbic cortex (Brodmann Area 25) at 130 
HZ is an effective treatment of major depressive disorder (MDD) in patients that are 
unresponsive to traditional MDD therapies such as SSRIs. However, the therapeutic mechanism 
of high-frequency stimulation remains unknown. Notably, no one to date has shown how 130 Hz 
stimulation affects neuronal activity in key limbic areas known to be dysregulated in MDD. For 
example, the basolateral amygdala (BLA; a key mood area that is hyperactive in MDD patients) 
receives dense synaptic projections from the infralimbic cortex, and may be a key region 
influenced by DBS in humans. Previously we showed that 130 Hz stimulation of the external 
capsule (EC) decreased the amplitude of evoked synaptic activity onto BLA principal neurons. 



We hypothesize this effect is both frequency- and pathway-specific. To test this hypothesis, we 
used in vitro whole-cell patch clamp recordings from BLA principal neurons in coronal slices, in 
conjunction with extracellular stimulation of the external capsule (EC, representing cortical 
input) and internal capsule (IC, representing thalamic input). The EC was stimulated at 130 Hz 
for a period of 6 minutes. Input resistance, spike threshold, spontaneous synaptic activity 
frequency / amplitude, evoked synaptic activity amplitude, and paired pulse ratio were measured 
before 130 Hz stimulation, immediately after, and following a 15 minute recovery period. We 
found 130 Hz stimulation of the EC decreased the amplitude of EC evoked synaptic activity to 
9.08% of baseline, but did not change the amplitude of IC evoked synaptic activity. Additionally, 
we observed an increase in action potential threshold of approximately 3 mV in BLA principal 
neurons immediately following 130 Hz stimulation of the EC. No change in membrane 
resistance was seen in BLA principal neurons after stimulation. These effects were not seen 
when the EC was stimulated at 20 Hz. We interpret the reduced evoked synaptic response as an 
action potential-dependent blockage of excitatory drive onto BLA principal neurons, possibly 
coupled with other pre- and post- synaptic mechanisms. As hyperactivity of the BLA has been 
implicated in MDD, a reduction in synaptic input into the BLA principal neurons could reduce 
BLA activity and restore normal functioning. Understanding how 130 Hz stimulation affects the 
BLA is vital for understanding the clinical efficacy of DBS, and to develop more effective and 
less invasive treatments for treatment-resistant MDD. 
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Abstract: The emergence of fear learning in the rat occurs in the second week of life and 
coincides with the maturation of the amygdala. Precocious amygdala development and 
heightened levels of anxiety are commonly reported in Autism Spectrum Disorder (ASD). 
However, little is known about the cellular, molecular, or genetic changes that occur in the 
amygdala, or how abnormal development impacts socioemotional behavior. Prenatal exposure to 
valproic acid (VPA) leads to an ASD-like phenotype in both humans and rats, and has become a 
commonly used tool to model the complexity of ASD symptoms in the laboratory. We 
previously found that gavage treatment of VPA overcomes embryo resorption problems 
associated with intraperitoneal administration, while recapitulating the same behavioral 
phenotype. Male offspring display reduced separation-induced ultrasonic vocalizations, 
increased latencies to approach maternal bedding, and impaired juvenile social interaction. Here, 
we examined amygdala gene expression and fear conditioning across development in rats 
exposed to VPA in utero. Rat dams were gavaged with VPA (500mg/kg) or saline daily between 
E11-13. RNA sequencing was performed on amygdala micropunches on P10 and 21. Fear 
conditioning was performed in infant (P8-9) and juvenile (P18-19) animals and consisted of two 
days of 10 light-shock (0.4mA, 0.5s) pairings with 2 min intertrial intervals. Fear potentiated 
startle responses to 95dB noise bursts were examined 12 and 30 days after conditioning. After 
fear conditioning at P8-9, VPA animals (n=12 per sex) displayed greater light-potentiated startle 
responses than saline animals (n=10 per sex; p=0.037), which was driven by greater fear 
responses in female VPA animals. In juveniles conditioned at P18-19, VPA males (n=8) 
displayed greater light-potentiated startle than did saline males (n=8; p=0.013), but no 
differences were detected in females (n=8 per drug). Thus, VPA exposure may enhance infant 
fear expression in females, but increase juvenile fear retention in males. In order to find gene 
targets amendable to pharmacological manipulation in development, genes with significant 
expression differences were run through the druggable genome (http://dgidb.genome.wustl.edu/). 
Those confirmed with quantitative PCR in biological replicates will be discussed. An 
understanding of the differential molecular trajectories in amygdala development between 
control and ASD-like rats could reveal gene pathways and critical windows for treatment. 
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Abstract: 4-8 Hz membrane potential oscillations (MPOs) in the basolateral amygdala (BLA) 
play an important role in processing affective sensory input. Notably, the BLA, prefrontal cortex 
(PFC), and hippocampus show coherent 4-8 Hz oscillations during the acquisition and retrieval 
of learned fear. Significantly, artificially driving PFC parvalbumin (PV) interneurons at 4 Hz 
induces coherent delta frequency oscillation in the BLA and PFC, which can elicit fear behavior. 
We have shown that MPOs in BLA principal neurons are engendered, sustained, and 
synchronized by an interaction between intrinsic voltage-gated membrane currents and 
synchronous inhibition from PV interneurons. Both components of this interaction are subject to 
modulation by neuromodulators, including dopamine, noradrenaline, and acetylcholine. 
Although each of these neuromodulators are known to play critical roles in BLA-dependent 
learning and memory; innervation of the BLA by cholinergic, noradrenergic, and dopaminergic 
fibers develops gradually over the first two postnatal months. Furthermore, the perisomatic PV 
synapses are first observed around P17 and continue to develop into adulthood. As a result, little 
is known about the ability of BLA principal neurons to sustain MPOs or the interaction between 
synchronized inhibition and MPOs in developing BLA principal neurons. We have begun to 
address this knowledge gap using whole-cell patch clamp recordings from BLA neurons across 
development to examine the maturation and modulation of MPOs in the BLA. 
We will present data showing that 4-8 Hz MPOs can be observed and amplified by isoproterenol, 
a beta-adrenergic agonist, as early as postnatal day (P)14 and that these MPOs are capable of 
interacting with artificially injected inhibitory currents. In experiments examining the interaction 
of MPOs with artificially injected inhibition, 4-8 Hz oscillations were amplified by a significant 
amount in 78% of neurons; however, MPOs in young animals occur at a lower amplitude than in 
adults, and demonstrate a weaker interaction with inhibition. Furthermore, the spontaneously 
occurring synchronized inhibition which is a hallmark of BLA recordings appear much less 
frequently in recordings from young animals. This data is consistent with the hypothesis that 
MPOs are a critical mechanism in memory formation in the BLA, and that the developmental 
course of MPO development parallels that of BLA-dependent memory formation. 
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Abstract: Temporal Lobe Epilepsy (TLE) is a syndrome characterized by focal secondary 
generalized seizures with prevalence from 50% to 70% among those people diagnosed with 
epilepsy. Comorbidities with some other neuropsychiatric disorders such as depression and 
anxiety have been reported. In the comorbidity anxiety-epilepsy, limbic system structures like 
amygdala and hippocampus participate. Anxiety related to epilepsy is evident in the clinic, but 
the relationship between the two conditions has many questions. The objective of this study was 
to analyze the effect of unconditioned anxiety tests (UATs) on the development of 
epileptogenesis induced by electrical amygdala kindling (EAK) and the effect of EAK on 
anxiety-like behaviors. Male Wistar rats (300-350 g) were implanted with epidural electrodes in 
both prefrontal cortices and a tripolar electrode in the left temporal lobe amygdala for EAK. 
Amygdala was stimulated every 24 h (1 s, 1 ms, 60 Hz, 250-500 µA) until rats presented three 
consecutive convulsive generalized seizures (CGS). UATs were applied once with 24 h of 
interval in next order: Open field test (OFT), elevated plus maze (EPM), and light/dark box 
(L/D). 5 groups with N = 7 were formed: 1) Control UAT, rats only subjected to UATs; 2) UAT 
+ EAK, rats subjected to UATs, 24 h later were implanted and EAK began; 3) EAK + UAT, rats 
subjected to EAK, 24 h after the 3rd CGS UATs were applied; 4) SHAM + UAT, rats were 
implanted with any stimulation and UATs were applied; 5) Control EAK, rats that only received 
kindling. In EAK groups was done the seizure susceptibility test. Furthermore, was performance 
a correlation between number of stimuli to reach CGS and like-anxiety behaviors. In OFT were 
observed significant increases in the spent time in central area (P < 0.001) and the central area 
entries (P < 0.001) in EAK + UAT vs UAT. It was also observed an increase of total movement 
time in EAK + UAT vs UAT + EAK (P < 0.014) and number of rearings in SHAM + UAT vs 
control UAT (P < 0.026) and UAT + EAK (P < 0.008). In EPM, spent time on the close arms 



showed a significant increase in UAT + EAK vs EAK + UAT (P < 0.026). In seizure 
susceptibility test, there was an increase of necessary current (µA) to evoke spikes in UAT + 
EAK compared to EAK + UAT (P < 0.015) and control EAK (P < 0.038). It was exhibited a 
correlation between number of stimulations to reach CCG and latency to center entries (r = 
0.791, P < 0.034). Our results suggest that EAK interferes with expression of unconditioned 
anxiety behaviors and, anxious phenotype could interfere with epileptogenesis without affecting 
the severity of the CGS. 
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Abstract: Job stress was defined as the harmful physical and emotional responses which 
occurred when the requirements of the job do not match the capabilities, resources, or needs of 
the worker. The enormous human and economic costs associated with occupational stress 
suggest that initiatives designed to prevent and/or reduce employee stress should be high on the 
agenda of workplace health promotion programmes.The assessment of work-related stress, based 
on the local legislation, is divided into two phases: the first necessary (objective assessment); the 
other possible, to be activated in the event that the preliminary assessment shows elements of 
risk of work-related stress and the corrective measures taken in response of the same, prove to be 
ineffective.In the preliminary assessment reveal objective and verifiable indicators belonging to 
three distinct categories (sentinel events, working environment and job content factors).For the 
subjective assessment is adopted the Health & Safety Executive’s Management Standards 
Revised Indicator Tool (MS-RIT), a 35-item self-report instrument designed to investigate 
employees’ exposure to workplace elements that are presumed to cause a stress related outcome. 
The value of the subjective assessment by department (Δ) is based on the difference between the 
number of positive, negative and equal (standoff) answers.The evaluation of objective factors, in 



a large pediatric Italian hospital, has identified the level of work-related stress as of medium 
severity.Quarterly and divided by 13 hospital department they were monitored 3 significant 
objective indices that, in our experience, are work-related stress: sickness absence, transfer 
requests and requests for extraordinary visit of Occupational Medicine .For the purpose of 
subjective assessment we were submitted 523 MS-RIT questionnaires.Analysis of objective 
indicators showed 2 indicators over the threshold in four departments, 1 indicator over the 
threshold in six departments and a value below the threshold for all three indicators in two 
departments. 
The department of pediatric oncology and hematology was the only one that showed two 
parameters objective over the threshold (sickness absence and requests for extraordinary visit of 
Occupational Medicine) and a subjective assessment with apparent critical level (positive 
Δ).Also the data relating to the sickness absence, unlike other departments under investigation, is 
not directly related to the company average age (41.42 vs 46.6). 
The continuous monitoring of objective parameters correlates with the level of work-related 
stress if it is matched with the subjective assessment and the workers average age. 

Disclosures:  S. Zaffina: None. M. Vinci: None. V. camisa: None. G. Dalmasso: None. A. 
Antico: None. A. Santoro: None. 

Poster 

170. Animal Models of Depression 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 170.01/BBB13 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: GMU OSCAR Program 

Title: The effect of handling conditions on depressive-like behaviors in laboratory mice 

Authors: C. LANE, J. TORRES, C. NEELY, *J. M. FLINN;  
Psychology, George Mason Univ., Fairfax, VA 

Abstract: Laboratory animals are subjected to an enormous amount of stress during 
experimentation which presents a neuroethical dilemma. This stress may be manifested in the 
form of aggression, anxiety, and depressive symptoms (Miller & Leah, 2015; Hurst & West, 
2010). Researchers and caretakers can utilize different methods of handling that may be 
detrimental to animals and inadvertently affect behavioral measures. In contrast, affectionate 
handling can decrease anxiety, reduce stress hormones (Costa et al., 2012), and can be a good 
alternative to social housing (Cloutier et al., 2012). This study examined the effects of handling 



on depressive-like behaviors in C57BL/6J mice. We hypothesized that mice that were 
affectionately handled would display the least amount of depressive behavior when compared to 
mice that were aggressively or minimally handled. C57BL/6J male mice (N = 21) were separated 
into the three conditions: affectionate, aggressive and control. Each mouse underwent 90-second 
handling sessions for 13 days over the course of three weeks. Affectionate handling consisted of 
the handler gently petting the head and flanks and permitted the mouse to move between hands. 
Aggressive handling involved tail suspension four inches in the air. The control condition 
received no additional handling beyond that of caretakers. At the end of the three-week period, 
mice were subjected to a 6 minute Forced Swim Test (FST) to determine the efficacy of handling 
conditions on immobility, a depressive behavior in rodents. Analyses demonstrated a significant 
effect of handling: the affectionate handling group had the greatest latency period before 
becoming immobile (114.7土55.3s), and the least time immobile (52.0土21.4s) (p<0.05). The 
aggressive handling condition exhibited the shortest latency before becoming immobile (84.4土
17.1s), and the greatest amount of time immobile (156.0土28.1s). The control condition did not 
statistically differ from the aggressive handling group in terms of latency (92.9土24.2s) and 
immobility (128.7土63.7s), p>0.50. Data suggest that the gentle handling technique diminished 
stress-induced depression during FST experimentation. If this standard of care is applied, then it 
can improve the overall well-being of laboratory animals and affect experimental outcomes 
among laboratories. 
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Abstract: Bipolar disorder (BD) is a debilitating mental illness characterized by chronic relapse 
and switching between extreme moods including depression and mania. Mechanisms underlying 



unipolar symptoms are well understood, but mechanisms underlying the switch between 
extremes within the same individual remain unknown. Switches between extreme states have 
been linked to seasonal variation, with mania in long-active photoperiods and depression in 
short-active photoperiods (Berk, et al. Acta Psychiatr Scand. 2007). Exposing rats to summer- 
(long-active; LA) or winter-(short-active; SA) like photoperiod lengths resulted in 
neurotransmitter switching between somatostatin (SST) and the dopamine synthesizing enzyme 
tyrosine hydroxylase. Each condition was associated with mania- (LA photoperiod), and 
depression-relevant behavior (SA photoperiod; Dulcis, et al. Science, 2013). Mania or depression 
in summer or winter is observed in subjects affected by seasonal affective disorder, however, and 
BD patients likely have a genetic susceptibility. Euthymic BD patients exhibit reduced dopamine 
transporter (DAT) expression (Anand, et al. Bipolar Disorders, 2011). Here, we exposed mice 
with an ~50% reduction in DAT expression (DAT-HY) to SA or LA photoperiods to assess the 
degree to which these manipulations could induce mania- or depression-relevant behavior. 
Increased depression-relevant forced-swim immobility was observed in mice housed under SA 
conditions [F(2,64),=4.3, p<0.05], while LA photoperiod resulted in increased mania-relevant open 
arm exploration [F(2,61)=4.7, p<0.05], effects exaggerated in DAT HY mice. Further, we 
performed a multi-dimensional behavioral characterization in these same mice following 
exposure to altered photoperiods including cross-species relevant measures of reward learning 
and effortful motivation. Notably, DAY HY mice exhibited enhanced 5C-CPT performance 
under normal photoperiod conditions, an effect abolished under both SA [F(2,64)=5.6, p=0.05] and 
LA [F(2,64)=4.62, p<0.05, F(2,64)=5.1, p<0.05] photoperiods. Increased reward-seeking behavior 
across two separate tasks was observed in DAT-HY mice resulting from LA photoperiod 
exposure compared with WT mice (p<0.05). However, under SA conditions, HY mice showed a 
selective impairment in probabilistic reward learning [F(2,64)=3.0, p=0.059] and increased 
punishment sensitivity [F(2,64)=3.2, p=0.057], compared to WT mice (p<0.05). Hence, a genetic 
(DAT) and photoperiod (seasonality) interaction may drive switching between states in BD 
sufferers, and offer a target for minimizing such changes.This study was funded by NIH R01 
MH104344 
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Title: Affective and addictive consequences of adolescent stress in rats selectively bred for 
differences in emotional reactivity 
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Abstract: In humans, certain temperamental characteristics can predict the propensity for mood 
disorders and substance abuse. One such personality trait, novelty-seeking behavior, is modeled 
in rats by identifying outbred rats as high (HR) versus low (LR) responders based on their 
locomotor reactivity to the mild stress of a novel environment. Compared to LRs, HRs display 
lower anxiety- and depression-like behaviors and higher vulnerability for drug seeking behavior. 
To ascertain the genetic and developmental underpinnings of these phenotypes, our laboratory 
has employed a selective breeding strategy to amplify and segregate these naturally occurring 
differences generating two lines, the bred HR (bHR) and bred LR (bLRs) rats. We have shown 
that these lines exhibit stable, predictable and profound differences in multiple facets of affective 
behavior suggesting a pervasive difference in emotionality. The present study investigated how 
environmental interventions interact with the genetic differences that bHRs and bLRs exhibit to 
alter affective and addictive behaviors. We employed a chronic variable stress (CVS) regimen in 
adolescence, and determined the effects of this manipulation on depression-like behavior, and 
vulnerability to substance abuse. Our results showed that adolescent CVS exposure resulted in 
affective resilience in bLRs, but vulnerability in bHRs to a stress challenge in adulthood. This 
phenotype-switch in affective behavior was accompanied by changes in the mRNA levels of 
genes associated with neuronal maturation and survival, in the hippocampus. Moreover, a 
phenotype-switch was also observed in cocaine sensitization in CVS-exposed bLRs and bHRs, in 
that, CVS-experienced bHRs showed a reduction in sensitization, while bLRs displayed a 
sensitized response to cocaine. Molecular analyses showed that the CVS-related differences in 
cocaine sensitization might be mediated by dopaminergic signaling in the nucleus accumbens 
and the hippocampus. Overall, these findings indicate that the effects of CVS on animals with 
differential stress reactivity depends highly on the age of stress exposure, and confirm that 
environmental challenges encountered in adolescence interact with genetic background to alter 
affective and addictive behaviors later in life. Understanding the neurobiological underpinnings 
of individual differences in resilience vs vulnerability to affective and addictive behaviors is 
crucial for developing personalized treatment strategies. 
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Abstract: One of the key psychological risk factor of obesity is depression, where more than 
50% of obese population is twice susceptible to depression than non-obese individuals. Several 
pre-clinical studies has revealed the antidepressant potential of 5-HT3 receptor antagonists 
through serotonergic neuromodulation. Hence, the present study was designed to investigate the 
effect of a novel 5-HT3 receptor antagonist (4-phenylpiperazin-1-yl) (quinoxalin-2-yl) 
methanone (4a) on various pathological factors involved in co-morbid depression with obesity 
using behavioral, biochemical and molecular assays in experimental mice. 
Swiss albino mice were fed with high fat diet (HFD) for 14 weeks to induce obesity and 
subsequently followed by a dosing regimen with 4a (2 and 4 mg/kg, p.o.)/standard escitalopram 
(ESC) (10 mg/kg, p.o.)/vehicle (0.25 % sodium carboxyl cellulose 10 ml/kg, p.o.) for 28 days. 
HFD fed animals were subjected to behavioral assays such as forced swim test (FST), sucrose 
preference test (SPT), elevated plus maze (EPM) and light-dark test (LDT) biochemical assays 
including brain hippocampus malonaldehyde (MDA), reduced glutathione (GSH) concentrations, 
oral glucose tolerance test (OGTT), plasma insulin, and corticosterone (CORT), and molecular 
assays including hippocampal 5-HT, cyclic adenosine monophosphate (cAMP) and brain derived 
neurotrophic factor (BDNF) concentrations and hippocampus dentate gyrus histological assay. 
HFD mice showed significantly increased body compared to normal pellet diet (NPD) control 
group. HFD animals exhibited severe depressive phenotypes with significantly, reduced sucrose 
consumption in SPT, increased immobility time in FST, decreased % open arm entries and time 
in EPM, reduced transitions and time in light chamber in LDT, impaired glucose tolerance in 
OGTT, abnormally raised MDA and decreased GSH, elevated CORT & poor insulin sensitivity 
reduced hippocampal BDNF, cAMP, 5-HT concentrations and hippocampal dentate gyrus 
neurodegeneration as compared to NPD control group. Chronic treatment with 5-HT3 receptor 
antagonist 4a significantly improved the sucrose consumption in SPT, reduced the immobility 
time in FST, improved EMP paradigms, showed poor sensitivity for glucose, improved insulin 
sensitivity, increased hippocampal 5-HT, cAMP, and BDNF concentrations and reversed 
hippocampal neuronal degeneration in HFD fed obese mice compared to HFD control group. 



Repetitive treatment with 4a ameliorates the depressive phenotypes in HFD fed obese mice by 
reversing behavioral, biochemical and molecular alterations through modulating serotonergic 
neurotransmissions. 
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Title: The effects of dietary linoleic and alpha-linolenic acid on brain lipid metabolism and 
depression-like behavior in male rats 

Authors: *M. FERNANDES, D. MUTCH, F. LERI;  
Univ. of Guelph, Guelph, ON, Canada 

Abstract: Introduction: An imbalanced ratio of dietary Omega-6 (n-6) / Omega-3 (n-3) 
polyunsaturated fatty acids (PUFAs) contributes to onset and severity of depression-related 
disorders; however, the underlying neurobiological mechanisms remain unclear. We hypothesize 
that PUFA-derived metabolites, such as endocannabinoids and oxylipins, could serve as a 
molecular mechanism linking dietary PUFAs and depression-like behavior. 
Methods: Male rats (11 weeks old) were fed either a control (AIN-93G), n-3 α-linolenic acid 
(flaxseed) or n-6 linoleic acid (safflower)-supplemented diet for a month. Brains were collected 
for the analysis of phospholipid composition, as well as endocannabinoid and eicosanoid 
profiles, in the pre-frontal cortex, hippocampus and hypothalamus. Different cohorts of animals 
in the same dietary conditions were tested for behavioral despair and anhedonia using the forced-
swim and fructose/sucrose self-administration tests, respectively. 
Results: PUFA composition of brain regions reflected the diet, i.e., higher concentrations of n-3 
PUFAs in total phospholipids of α-linolenic acid-fed rats, and higher concentrations of n-6 
PUFAs in phospholipids of linoleic acid-fed rats. Moreover, dietary α-linolenic acid increased 
levels of several n-3-derived eicosanoids and endocannabinoids in the brain, while no significant 
changes were seen with linoleic acid. Finally, depression-like behavior was only observed in rats 
fed linoleic acid, as reflected by increased immobility in the forced-swim test and reduced sweet 



solution consumption in rats with free access to a fructose/sucrose solution. 
Conclusion: Linoleic and α-linolenic acid modulates brain phospholipid composition and PUFA 
metabolites, and these effects coincided with depressive-like behaviors in rats. These data 
provide valuable new insights regarding the differential roles of dietary fats and their potential 
links with depression. 
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Title: Carbetocin stimulates release of TRH and TRH-like peptides throughout the male rat brain 
and peripheral tissues 

Authors: *A. E. PEKARY, A. SATTIN;  
Res., VA Greater Los Angeles Hlthcare Syst, Los Angeles, CA 

Abstract: Oxytocin (OXT) analogs and mimetics have exciting potential as therapeutics for an 
array of psychiatric illnesses including major depression, autism, social anxiety disorder, and 
Prader-Willi syndrome. We have used young adult male Sprague-Dawley rats to assess the role 
of TRH and TRH-like peptides, with the structure pGlu-X-Pro-NH2, where “X” can be any 
amino acid residue, as mediators of the neurobiochemical, metabolic, and reproductive effects of 
OXT. The levels of these peptides in 12 brain regions involved in mood regulation decreased 
(due to accelerated release/clearance) 105 times but increased only 16 times following a single ip 
injection of carbetocin, a long-acting analog of OXT. The corresponding changes in peripheral 
tissues were: 67 decreases and 1 increase. These changes, listed by brain region in the order of 
decreasing number of significant decreases (↓) and/or increases (↑), were: hypothalamus (21↓), 
striatum (17↓, 1↑), medulla oblongata (15↓), anterior cingulate (14↓), entorhinal cortex (12↓), 
amygdala (9↓,1↑), nucleus accumbens (3↓, 6↑), posterior cingulate (5↓), cerebellum (3↓,2↓), 
frontal cortex (2↓, 3↑), piriform cortex (3↓,1↑), and hippocampus (1↓,2↑). In peripheral tissues 
the corresponding changes were: adrenals (20↓), epididymis (16↓), prostate (14↓), testis (13↓), 



pancreas (4↓,1↑). We conclude these peptides may be downstream mediators of some of the 
therapeutic effects of OXT. 
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Abstract: Trace amine-associated receptors (TAARs) are a class of G protein-coupled receptors 
found in mammals. TAARs family consists of 9 genes in human (including 3 pseudogenes) 
while 19 and 16 genes (including 2 and 1 pseudogenes) are present in the rat and mouse genome, 
respectively. While TAAR1 is expressed in several brain regions and its function in the central 
nervous system is well characterized, all the other TAARs have been described in the olfactory 
epithelium and believed to serve as a new class of olfactory receptors. However, there is 
evidence that other TAARs, such as TAAR5, could play a role also in the central nervous 
system. In our study, we report that TAAR5 is expressed in distinct brain regions. By using a 
mouse line expressing beta-galactosidase under TAAR5 promoter, we noted TAAR5 expression 
in amygdala, enthorinal cortex and olfactory bulb. These data were confirmed by the 
quantification of TAAR5 mRNA using RT-PCR. Interestingly, we also found TAAR5 mRNA in 
human amygdala, suggesting a conservation of the expression between mouse and human. We 
then studied the in vitro pharmacology of the receptor and confirmed that 3-methylamine is a full 
agonist of the receptor. Similarly to TAAR1, TAAR5 poorly desensitized upon agonist 
stimulation and shows an almost complete lack of beta-arrestin2 recruitment. TAAR5-KO mice 
are viable and do not show gross abnormalities in several tests. The lack of TAAR5 does not 
seem to affect the dopaminergic system, as evaluated by the challenge with dopaminergic drugs 
in behavioral assays. Interestingly, 5-HT1A receptor activity was altered, as demonstrated by 8-
OH-DPAT-induced hypothermia. Since serotonin and 5-HT1A receptor are involved in mood 



disorders we evaluated TAAR5-KO mice in depression and anxiety-related tasks. In certain 
behavioral paradigms, we noted that TAAR5-KO mice displayed anti-depressant-like phenotype 
and showed less anxiety in comparison to controls. In conclusion, TAAR5 is expressed in the 
mouse and human brain in regions involved in mood and cognition, and TAAR5-KO mice show 
altered depression and anxiety-related behaviors. 
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Title: Dental noise exposed mice display depressive-like phenotypes 

Authors: *Y. ZHOU1,2, W. LI1, Y. DONG1, X. CHU1;  
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Abstract: Background: Studies have indicated that depressive disorders are observed frequently 
in dentists. It's suggested that dentists encounter numerous sources of stress in their professional 
career. We noticed that the noises in dental environments are very unpleasant. The animal 
modeling studies suggested that stressful noise could produce depressive-like phenotypes in 
rodent animals. We hypothesize that the dental noise may be one of the primary stressors causing 
depressive disorders in dentists.Results: We treated C57BL/6 mice with programmatically 



played wide-spectrum dental noise for 8 hours/day at 75±10dB SPL level for 30 days, and then 
tested the behaviors.After exposure to dental noise, animals displayed the depressive-like 
phenotypes,accompanied by inhibition of neurogenesis in hippocampus. These deficits 
wereameliorated by orally administered with antidepressant fluoxetine.Conclusions: Our results 
suggested that dental noise could be one of the primary stressors for the pathogenesis of 
depressive disorders and the dental noise mouse model could be used in further depression 
studies. 

Disclosures:   Y. Zhou: A. Employment/Salary (full or part-time): Shanghai Jiaotong 
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Abstract: Globally, it is estimated that over 350 million individuals suffer from depression while 
16 million Americans have reported experiencing at least one depressive episode. In addition, 
studies have shown seasonally varying risks for mood disorders with higher rates occurring 
during the fall or winter months when daylight is lowest in the year. The serotonergic system is 
known to be impacted by the duration of light exposure (i.e. photoperiod) and has been 
implicated in mood disorders, providing a promising new area of research. Thus, evaluating the 
mechanisms underlying the interaction between photoperiod and this system may provide 
understanding that is critical for developing insights into the etiology and novel treatment 
options. Recently, our lab has shown that mice exposed during development to long summer-like 
photoperiods of 16 hours of light and 8 hours of darkness each day (LD 16:8) demonstrate a 
greater neuronal firing rate of dorsal raphe serotonin neurons in isolated brain slices and higher 
levels of monoamines (i.e. serotonin and norepinephrine) in the midbrain along with more 



anxiolytic and anti-depressive behavioral effects compared to animals exposed to short winter-
like LD 8:16 photoperiods or equinox LD 12:12 photoperiods. Based on these prior findings that 
used a developmental photoperiod from E0 to P30, we have now focused on when these 
photoperiod changes occur in development (i.e. the critical period), resulting in lasting changes 
in the serotonergic system. Specifically, we found that when animals were exposed only 
prenatally (E0-P0) to long photoperiods and then switched to a short photoperiod at birth, the 
average firing rate of dorsal raphe serotonin neurons measured in adulthood (P50-P90; 1.18 ± 
0.076 Hz) resembled the firing rate for animals which continued to develop under a long 
photoperiod (1.24 ± 0.084 Hz). Interestingly, raphe neurons from animals that were prenatally 
exposed to a short photoperiod and then switched to a long photoperiod at birth, displayed an 
intermediate firing rate (0.99 ± 0.083 Hz) compared to those that were continuously exposed to 
either a long (1.24 ± 0.084 Hz) or short photoperiod (0.69 ± 0.024 Hz) throughout development. 
These findings demonstrate that photoperiodic programing of serotonin neurons can occur in 
utero, long photoperiods may be serving as an active agent and affecting the serotonergic system 
perinatally, and exposure to short photoperiods in utero may extend the critical period into the 
perinatal period. By evaluating a developmental critical period for the effects of photoperiod on 
the serotonin system, this may provide novel insights into therapeutic treatments for mood 
related disorders. 
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Title: Photoperiod-induced neurotransmitter plasticity relevant to bipolar disorder 
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Abstract: Bipolar disorder is a neuropsychiatric condition associated with altered function of 
specific neurotransmitters, including serotonin and dopamine. Although it is generally believed 
that neurotransmitters expressed by differentiated neurons are fixed, our findings demonstrate 
that photoperiod regulates the number of dopamine- and somatostatin (SST)-expressing neurons 
in the adult mouse hypothalamus. We have investigated this novel form of neuroplasticity in 



dopaminergic neurons of the paraventricular nucleus (PVN) following two weeks of exposure to 
a short-active (19L:5D), balanced (12L:12D), or long-active (5L:19D) photoperiod. Firstly, we 
measured the effect of photoperiod on neurotransmitter expression observed in wild-type 
animals. Next, we compared the light-induced response displayed by dopamine transporter 
(DAT) hypomorphic (HY) mice, an animal model for bipolar disorder characterized by 50% 
reduction in DAT and depressive-like symptoms. Following photoperiod manipulation and 
behavioral testing, brain tissue was processed for immuno-histochemistry with the dopaminergic 
marker tyrosine hydroxylase (TH) and SST. Stereological quantification of stained neurons was 
carried out for all photoperiods. We found that the total number of PVN TH+ neurons of wild-
type mice was decreased following two weeks of short-active photoperiod and it is increased 
after two-week exposure to long-active photoperiod, compared to controls. Conversely, SST 
expression was higher following the short-active photoperiod and lower after exposure to long-
active photoperiod, compared to controls. One-week exposure to altered photoperiod was 
insufficient to induce changes in neurotransmitter expression. Importantly, our data shows that 
DAT-HY mice respond to photoperiod manipulations and displayed changes in stress responses. 
Lower levels of SST and higher levels of TH correlate with reduced stress response in behavioral 
paradigms, such as elevated plus maze and forced swimming tests in rats. Therefore, these 
findings may indicate that the ability to cope with stress is increased following long-active 
photoperiod exposure. To this aim, we are currently testing photoperiod-dependent changes in 
stress hormone, corticotrophin releasing factor. Induction of neurotransmitter plasticity by 
alterations in ambient illumination raises the possibility of activating other sensory modalities to 
regulate transmitter expression in specific brain nuclei otherwise accessible only by invasive 
procedures. Activity-dependent induction of neurotransmitters in circuits in the adult brain could 
have clinical benefit for treatment of bipolar disorder. 
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Title: Learning and memory impairment associated with learned helplessness depression-like 
behavior 

Authors: *M. PARDO, E. BEUREL, R. JOPE;  
Departments of Psychiatry and Biochem., Univ. of Miami, Miami, FL 

Abstract: Depression is a complex psychiatric disease caused by genetic and environmental 
factors that is induced in part by abnormal responses to stress. Depression is primarily 
characterized by alterations in mood, but this is commonly accompanied by impairments in 
learning and memory, which significantly contributes to disability. We used the learned 
helplessness paradigm to differentiate (1) cognitive impairments induced by stress alone in 
resilient mice that did not develop learned helplessness and (2) cognitive impairments caused by 
stress-induced depression-like behavior in mice that did develop learned helplessness. In the 
learned helplessness paradigm, mice are exposed to inescapable foot shocks one day followed by 
escapable foot shocks the following day. Mice were divided into resilient and “depressed” 
cohorts based on their failures to escape the foot shocks on day 2. About 30% of wild-type mice 
displayed resilience to stress-induced “depression”. Two memory tasks were measured the day 
after characterization of mice as resilient or “depressed, novel object recognition and temporal 
order recognition. Novel object recognition was impaired in all stressed mice but temporal order 
recognition was only impaired in the depressed cohort of mice, indicating a mood-dependent 
impairment in cognition. The involvement of glycogen synthase kinase-3β (GSK3β) and Toll-
like receptor 4 (TLR4) were studied because they mediate some components of the stress 
response, mood, and cognition. The inhibitory serine- phosphorylation of GSK3β was 
significantly decreased in the “depressed” mice compared to the resilient mice, indicating 
activation of GSK3 during learned helplessness. Treatment of learned helpless mice with the 
GSK3 inhibitor TDZD-8 resulted in two cohorts of mice, those that remained “depressed” and 
those that recovered. After TDZD-8 treatment, the mice that remained “depressed” also retained 
impaired novel object recognition, whereas the mice that recovered from learned helplessness 
after TDZD-8 treatment also recovered from the impaired novel object recognition. Furthermore, 
90% of TLR4 knockout (KO) mice were resistant to learned helplessness and TLR4 KO mice 
displayed less stress-induced cognitive impairments than wild-type mice. These results 
demonstrate that “depression” resulting from stress exacerbates stress-induced deficits in 
learning and memory in mice and that stress-induced mood and memory impairments are 
modulated by GSK3 and TLR4. 
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Title: A double hit stress rodent model of major depressive disorder 
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Abstract: Social defeat is an ethologically relevant stressor that utilizes the natural establishment 
of social rank in male rodents and has been shown to be relevant to major depressive disorder 
(MDD) and post-traumatic stress disorder (PTSD). In the present study, we wished to establish a 
social defeat stress model in combination with the chronic unpredictable stress model, which is 
considered a mild stressor to the rodent. In this way, we create a “double hit” model that may 
more accurately mimic severe stress that is common in both MDD and PTSD. In the present 
study, residents established dominance over the intruder for 10 consecutive days. In addition, 
social defeat stress was followed by another stressor given at random times during each day, i.e. 
chronic unpredictable stress. These unpredictable stressors included 30 min restraint, 1 h 
shaking/crowding, a cold water swim, a warm water swim or a tipped cage for 24 h. In one 
cohort of animals, brain tissue was taken 24 h after the last stressor for DNA. In a second cohort, 
animals were tested on a sucrose preference test in which two bottles containing 0.8% sucrose 
was placed on their cages for 3 consecutive days (days 8-10 of social defeat stress), and the total 
amount of sucrose was calculated relative to total volume consumed. Brain tissue analyses 
revealed significantly elevated DNA oxidation in white matter comparing stressed animals to 
non-stressed controls, consistent with what has been found in post-mortem white matter from 
MDD subjects. Further, animals given the social defeat + chronic unpredictable stress 
demonstrated a deficit in sucrose preference, a natural reward, revealing that these animals were 
anhedonic as compared to controls. Stressed animals also demonstrated fear of the intruder in a 
social interaction test performed one day after the social defeat/chronic unpredictable stress was 
complete. Therefore, it appears that social defeat plus chronic unpredictable stress produces a 
phenotype relevant to clinical data in humans. 
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Title: The effects of intermittent swim stress on morphine conditioned place preference 
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Abstract: Previous work has demonstrated a stress potentiation of conditioned place preference 
(CPP) using inescapable shock as the stressor. In the current study, we sought to test the 
generality of this effect by examining the effects of intermittent cold water swim stress (ISS) on 
morphine CPP. Two experiments were conducted. In experiment 1, rats were exposed to 
handling habituation for 2 days, Day 1 pre-exposed to the chamber, Day 2 ISS, Days 3+4 
conditioning, and Day 5 CPP test. Experiment 2 was conducted because we were concerned that 
ISS might have affected conditioning, and as such conditioning occurred prior to ISS 
administration. Therefore, subjects experienced conditioning on Days 2+3 followed by ISS 
exposure on Day 4, and Day 5 CPP test. The results indicated a significant CPP effect in both 
experiments. However, ISS treatment did not potentiate CPP in comparison to controls in either 
experiment. Overall, these experiments suggest ISS does not enhance the rewarding properties of 
opiates. Future work will determine if ISS induces analgesia. If so, the role of endogenous 
opioids will be examined. 
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Title: Establishment of repeated social defeat stress model in female mice 
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Abstract: Despite higher lifetime prevalence rates of depression and anxiety disorders in 
women, the majority of basic rodent studies into the mechanisms of depression have been 
conducted exclusively in males. Repeated social defeat stress is an animal model of depression 
with ethological significance and face validity. Traditionally, this model exploits a strong innate 
territorial aggression in male rodents towards other males. In this model, male C57BL/6 mice 
experience daily physical defeat by a larger dominant CD-1 male mouse (aggressor), along with 
continuous psychological stress for 10 days. This procedure causes social avoidance along with 
several depressive- and anxiety-like phenotypes such as reduced sucrose preference (anhedonia), 
weight and metabolic syndrome, immobility in the forced swim test (behavioral despair), and 
reduced exploratory behavior. While other species, such as the California mouse (Peromyscus 
californicus), exhibit female territorial aggression towards other females, commonly used inbred 
female C57BL/6 mice (Mus musuclus) do not exhibit sufficient aggression in males or females 
except under very specific conditions such as maternal aggression. To establish a high 
throughput female social defeat model, we injected an AAV vector encoding the activating 
DREADD Syn-hM3Dq-Citrate into bilateral ventromedial hypothalamus, ventrolateral area 
(VMHvl) of CD-1 male mice. The VMHvl mediates attack behaviors in male mice and has been 
shown to initiate defeat behavior towards females. Indeed, after 3 weeks to allow for maximal 
expression of the DREADD, we injected CNO (1mg/kg) in aggressor males to activate VMHvl 
neurons and induce aggressive behavior toward female C57BL/6 mice. We found that repeated 
social defeat in females produced depressive-like behaviors such as social avoidance, reduced 
sucrose preference, and increased immobility in the forced swim test similar to males. These 
important results confirm the feasibility of social defeat as a model of depression in females, 
increasing the utility of this model in defining biological targets for depression treatment. 

Disclosures:  S.J. Russo: None. A. Takahashi: None. H. Zhang: None. S. Zhang: None. Y. 
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Title: Comparison of behavioral despair following controllable vs. uncontrollable intermittent 
swim stress 
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Abstract: Exposure to inescapable intermittent swim stress (ISS) reliably produces aspects of 
learned helplessness (instrumental learning deficits) and behavioral despair (immobility), 
however, the effects of controllability on ISS are varied and less understood. One possible reason 
may be differential water exposure between the uncontrollable ISS and controllable ISS 
paradigms. In the inescapable ISS paradigm, rats are exposed to a series of 5s swims, whereas 
controllable escape acquisition trials typically require a minimum 2s swim but can reach a 
maximum of 60s, and this prolonged water exposure in poorer learners may mask the 
controllability effects. Therefore, the current experiments were conducted in order to compare 
the effects of ISS controllability and inescapable ISS on subsequent behavioral despair in a 
forced swim test (FST). 
Experiment 1 was conducted as a behavioral assessment of 60 trials escapable (E), yoked-
inescapable (Y), and inescapable (I) ISS on immobility in the FST 24hr post-stress. Results 
indicated overall increased FST immobility following ISS, regardless of E, Y, or I-ISS treatment. 
Experiment 2 was conducted to elucidate the biological mechanisms underlying 60 trial ISS-
induced immobility. The I-ISS condition was selected due to equivalent stress exposure (5s 
swims) across trials. Following the FST, blood was collected for corticosterone (CORT) and 
brains were extracted for c-Fos analysis in serotonergic (5HT) dorsal raphé neurons. ISS-induced 
immobility was replicated, there was no effect on CORT or 5HT activity. 
These results are the first to directly compare escape-yoke ISS with inescapable ISS, as well as 
assess these effects in a 60 trial paradigm. Null controllability effects and stress effects per se 
may be due to total water exposure in E/Y-ISS subjects that is equivalent to the I-ISS condition. 
The CORT and 5HT data suggest I-ISS behavioral despair may be driven by other physiological 
mechanisms. Overall, ISS-induced behavioral despair may not be sensitive to controllability at 
60 trials, and individual differences in immobility contributing to null effects should be explored. 



Furthermore, CORT and 5HT activity should be examined immediately following ISS to 
determine a time course of ISS-induced physiological changes. 
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Abstract: Despite the vast literature on vulnerability to depression and cognitive impairment in 
the depressive state, there is a paucity of research on factors that may provide protection against 
induction of depression in an animal model. The present study investigated the potential 
protective effects of cognitive competence and pawedness (handedness) to depressogenic 
treatment in rats. Additionally, performances in the RAM and FST treatments in the early 
morning were compared to those in the afternoon to evaluate potentially differential effect of 
testing time during the day. 
Adult male Wistar rats (n=19) kept on a 12h light:12h dark lighting schedule (lights on at 07:00 
AM) were trained in a radial arm maze (RAM) and subsequently subjected to two forced swim 
tests (FSTs). On the first day of the RAM task, all eight arms of the maze were baited with 
sweetened rice cereal and each animal was allowed to explore the maze for 10 min. On 
subsequent days, only the same four arms were baited (one trial/day) and the trial was ended 
either when the animal ate the food in all baited arms or 10 min had expired. Time to finish the 
trial as well as errors in re-entering the baited arms and visiting the non-baited arms were 
recorded. A week later, animals were administered two FSTs separated by 24 hr (of 15 min and 5 
min durations, respectively). Increased immobility in the second FST compared to the initial 5 
min of the first FST is a sign of behavioral despair. Finally paw preference was determined in 
four tests (50 trials/day) by a task where food-deprived rats could obtain food from a tube narrow 
enough to be accessible only by a single paw. Results indicated no significant differential effect 
of competence in the RAM task on protection against behavioral despair. Rats subjected to 
forced swimming in the late afternoon displayed significantly more behavioral despair (t-test 



between FSTs, p=0.039) than those treated early in the morning (p>0.05). Paw preference did 
not significantly affect overall RAM performance but left- but not right-pawed rats displayed 
significant behavioral despair as shown by durations of immobility, respectively, in the first and 
second FSTs for the left-pawed rats (n=7; 54.3 ± 5.9, 73.6 ± 6.5; p<0.05) and right-pawed rats 
(n=9; 58.6 ± 4.2, 64.4 ± 8.2; p>0.05). Paw preference did not significantly affect performance in 
the RAM task. Since paw preference in rats is related to lateralization of hemispheric function 
including differential expression of several mood related neurotransmitters, our results may 
provide the basis for further investigation of the influence of hemispheric lateralization and its 
interaction with circadian rhythms on depression. 
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Authors: *K. S. HOMEM1, A. T. RAMOS2, C. M. DOMINGUEZ3, M. M. SOARES3, C. 
SCAVONE2, L. R. P. TRONCONE3;  
1Univ. of São Paulo - IPUSP, Sao Paulo, Brazil; 2ICB, Univ. of São Paulo, São Paulo, Brazil; 
3Lab. of Pharmacol., Inst. Butantan, São Paulo, Brazil 

Abstract: Major Depressive Disorder is an incapacitating disease with a high prevalence. 
Several hypotheses have been proposed in order to investigate its etiology. One of them involves 
stress. Imbalances of the hypothalamus-pituitary-adrenal axis - HPA - are present in up to 70% 
of patients with depression. While searching for a better animal model to study the impact of 
stress on depression, we came across the Unpredictable Chronic Mild Stress model - UCMS. 
Previous studies developed in this lab described relevant differences among types of stressors 
and HPA axis response. While all stressors induce remarkable ACTH secretion, such secretion 



can be inhibited by vasopressin 1b - V1b - antagonists when physical stressors like ether vapor 
inhalation are applied. On the other hand, ACTH secretion was blocked by CRH1 antagonists 
when psychological stressors are in play, such us restraint. Mixed stressor such as forced 
swimming only had its effects blocked by concomitant use of both antagonists. In this study, we 
proposed to investigate whether physical or psychological stressors can induce anhedonia in the 
UCMS protocol. We used Wistar rats and physical stressors used were cold exposure, ether 
vapors inhalation, wet bedding, water in the cage, empty cage, light-dark cycle disruption, water 
and food deprivation. As psychological stressors we used restraint for 1 hour, naïve intruder 
placed in the experimental animal’s cage, experimental animal placed inside a naïve animal’s 
cage, crowded housing, restricted access to food, empty water bottles. The sucrose preference 
test was applied weekly for 1 hour. Animals were weighted and total liquid intake and sucrose 
intake were measured. None of the types of stressors were able to decrease sucrose preference. 
However, we noticed that psychological stressors had a greater impact over weight gain than 
physical stressors, with psychological stress groups gained roughly 20% less weight. Sucrose 
preference and intake tended to increase over time - sucrose preference ranged between 50-90% 
and sucrose intake between 5-30g. There was no significant difference between all the groups 
regarding sucrose preference and intake. Our partial conclusions are: a. perhaps our protocol 
should increase the frequency of stressful events to achieve significant anhedonia; b. perhaps the 
2 types of stressors need to be present so anhedonia can develop. 
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Abstract: Major depressive disorder is an illness that in recent years has increased in young 
people between 15 and 24 years of age; It is a major health concern since a large percentage of 
patients become suicidal. The various mechanisms involved in this disorder include 
oxidative/nitrosative stress, imbalance of the hypothalamus-pituitary-adrenal axis, and 
deregulation of some neurotransmitters, such is the case of serotonin. Pharmacological therapies 
of choice, to treat this condition, have not been sufficiently effective by suggesting that there is 
deregulation in this disorder in serotonin receptors. The objective of this work is to study 
serotonin 1A (5-HT1A) receptor involvement in the area of hippocampus, using the model of 
olfactory bulbectomy in a rat (OBX) as a model for major depression. The model was 
characterized behaviorally finding comparable signs with depression in humans. These 
behavioral changes occur early and persist until 45 days after surgery. It was confirmed with 
Nissl staining that the characteristics of the citoarchitecture of the hippocampus were not a 
determinant factor in the levels of the receptor. In the evaluation of the messenger RNA of the 
receiver, significant statistical differences were not found, however the main metabolite over 
which the receptor effects: cyclic AMP; was found to have decreased in rats OBX, treated with 
vehicle (OBX+V) or fluoxetine (OBX+F); This decrease is associated with the increment of the 
receptor found in area CA1 of the hippocampus because by analyzing the factor Akt, which is 
part of the signaling cascade after the activation of the receptor, is increased in the same area. 
This work opens up a new view on the participation of the 5-HT1A receptor in major depressive 
disorder. 
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Abstract: Neuropsychiatric disorders are the source of a substantial proportion of world’s 
disease burden, contributing as an important source of both morbidity and mortality, with 
increasing expression in developed countries. 
In particular, major depressive disorder is estimated to affect 350 million people worldwide, and 
available treatments are ineffective in more than 30% of diagnosed patients. Here we present 
data from a longitudinal characterization of the unpredictable chronic mild stress (uCMS) animal 
model of depression. We have submitted young-adult rats to 6 weeks of uCMS and treated 
subsets of animals with antidepressants belonging to different pharmacological classes. Our 
longitudinal characterization provides insight in how these drugs impact on pathophysiological 
mechanisms of the depressive disorder, namely on cortico-limbic structural and functional 
neuroplasticity. The neuroplastic adaptations of the adult brain are studied in articulation with a 
multi-dimensional behavioral analysis, focusing hallmarks of depressive disorder, such as 
behavioral despair and anhedonic behavior, using innovative methods such as the Sweet-Drive 
Test, in which food preference and 50 KHz ultrasound vocalizations are simultaneously 
monitored as surrogate markers of anhedonia. 
Schizophrenia, estimated to affect 24 million people worldwide, is also a disorder whose 
neuropathological basis is yet to be fully comprehended. In light of the importance of exploring 
new therapeutical alternatives for the treatment of schizophrenia, we present data concerning an 
animal model of schizophrenia, that we used for that purpose - the rat methylazoxymethanol 
acetate (MAM) administration model. In this developmental disruption model, MAM is 
administered to pregnant dams at E17 and the offspring from MAM-treated dams have been 
reported to exhibit neuropathological deficits in brain circuitry that is implicated in 
schizophrenia. We show the impact of different pharmacological classes of antipsychotics in 
different cognitive and social-interaction behavioral domains. 
Altogether, these models have proved to be invaluable tools to test novel therapeutic options for 
neuropsychiatric disorders. 
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Abstract: The hippocampus is critically involved in higher-thinking processes, such as learning, 
memory, cognition, emotion and motivation. Accordingly, bidirectional alterations of 
hippocampal activity are strongly associated with several neuropsychiatric disorders. For 
instance, both postmortem/imaging studies in depressed patients and experiments on animal 
models suggest that hippocampal hypoactivity is a core feature of depression. Conversely, 
increased neurogenesis and hippocampal hyperexcitability has recently been associated to 
bipolar disorder, according to studies performed both on bipolar patients and in animal models. 
The involvement of serotonin (5-HT) in mood regulation is well established. The levels of 5-HT, 
the cellular mechanism for its reuptake/degradation and the activity of serotonergic neurons are 
reported to be dysregulated in mood disorders. Selective Serotonin Reuptake Inhibitors (SSRIs) 
constitute the most frequently prescribed psycho-active drugs for the treatment of depression and 
of the depressive phase of bipolar disorder if co-administered with mood stabilizers. Most of the 
therapeutical effects of SSRIs take place in the hippocampus. Indeed, SSRI-mediated up-
regulation of BDNF and TrkB as well as dentate gyrus neurogenesis, both down-regulated in 
patients and in animal models, are strictly required for antidepressant efficacy, indicating that 5-
HT signaling plays a pivotal role in the hippocampal physiology. However, the molecular events 
underlying 5-HT regulation of hippocampal activity are still obscure. Here, we analyze the 
impact of brain 5-HT depletion on the genetic signature of the hippocampus by performing Next-
Generation RNA sequencing on Tph2 -/- mice. We found that several transcription/growth 
factors, immediate-early genes as well as genes involved in synaptic plasticity and transmission 
are up-regulated in 5-HT depleted mice, suggesting hippocampal hyperactivity. In parallel, Tph2 
-/- mice show reduced anxiety- and depression-like behaviors, escalated aggression and slower 
habituation in a novel environment, indicating hyperarousal. Conversely, Tph2 mutants showed 
an exaggerated susceptibility to chronic mild stress. Biochemical and electrophysiological 



analysis performed on Tph2 -/- mice accounts for their behavior, shedding new lights on the 
mechanisms by which serotonin governs hippocampal physiology and emotional behavior. 
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Abstract: Homocysteic acid (HCA), a NMDA receptor agonist, is an endogenous compound 
formed from the oxidation of homocysteine. Since hyperhomocysteinemia is a risk factor for 
several neuropsychiatric disorders, including bipolar disorder and major depressive disorder 
(MDD), we tested the hypothesis that elevated HCA levels in developing rats may induce 
alterations in NMDA receptor expression and the development of behaviors associated with 
MDD and/or bipolar disorder. In our first study, postnatal male and female rats were injected 
daily with either HCA or saline from day P3 to P17. The female, HCA-treated rats displayed 
increased risk-taking behavior, reduced social behavior, novelty-induced hyper-locomotion, 
anhedonia, and reduced sensitivity to pain compared to control and male-HCA treated rats, 
consistent with a depressive state with manic tendencies. As expected, HCA treatment had no 
effect on motor coordination (Rotarod) or startle behavior (paired-pulse inhibition). In addition 
to these behavioral changes, an increase in NMDAR2 expression was observed in the cortex and 
hippocampus of HCA-treated female rats. More recently we extended the injection period from 
day P3 to P21 and observed that male rats were now more sensitive to HCA treatment. 
Specifically, both male and female rats exhibited decreased social interaction, increased 
anhedonia, increased risk-taking behavior, and increased motivational behavior in the Morris 
Water Maze. HCA-treated rats also gained less weight over the course of the study compared to 
controls. This may be due to the fact that HCA-treated rats tended to consume less food to be 
more active, e.g. running more in running wheels. We are currently examining the effect of 



extended HCA exposure on NMDAR2 receptor expression in the cortex and hippocampus, 
however, the behavioral data suggest that early postnatal exposure to HCA may lead to a 
phenotype that is consistent with bipolar disorder or major depressive disorder. This research 
was supported by the Hope College Neuroscience Program, Biology Department and Chemistry 
Department.  
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Abstract: Postpartum depression (PPD) increases vulnerability of the offspring to psychiatric 
disorders such as depression but the underlying mechanisms remain unclear. Akt-mTOR 
signaling in the hippocampus is implicated in depression on the bsis of emerging evidence, 
which may play a role in mediating long-term behavioral deficits in the PPD offsrping. By using 
a prepregnancy stress model of PPD in which female Balb/c mice with experience of chronic 
prepregnancy stress showed long-lasting postpartum depression-like behavior, we tested 
depression-like behavior in the PPD offspring (PPD-F1) at juvenile and adulthood. Additionally, 
PPD-F2 mice generated by cross of the PPD-F1 males with normal females were also 
investigated for transgenerational neuromolecular and behavioral effects. Hippocampal Akt-
mTOR signaling was examined in the F1 and F2 generations of PPD mice, as well as in PPD-F1 
mice treated with a single dose of the rapid antidepressant reagent ketamine or the traditional 
herb medicine Yueju. PPD-F1 mice showed depression-like behavior at juvenile and adulthood, 
evidenced by reduction in the test of sucrose preference (SPT), longer immobility time in the 



forced swim test (FST), and longer latency to feed and less food consumed in the novelty 
suppressed feeding (NSF) test. PPD-F1 showed Akt-mTOR signaling deficiency in the 
hippocampus, with the down-regulated expression of p-Akt, p-mTOR and p-p70S6K. A single 
dose of ketamine or Yueju reversed the behavioral deficits and the impairment in Akt-mTOR 
signaling in PPD-F1. Furthermore, the PPD-F2 mice remained deficient in the SPT and NSF 
tests and hippocampal Akt-mTOR signaling, although the performance in FST was normal, 
indicating a contineous but partially revocered behavioral response. The present study 
demonstrated the long-term and transgenerational effects of PPD on the depression-like 
behaviors of offspring, likely via deficient early-life maternal care, and suggested impaired Akt-
mTOR signaling may play an important part. 
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Title: Role of leukocyte derived microRNAs in stress induced inflammation and depression 
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Abstract: We have previously identified circulating Interleukin-6 as an important mediator of 
behavioral response to repeated social defeat stress (RSDS). In the 10-day RSDS paradigm, a 
C57BL/6 mouse is individually exposed to a larger, novel CD-1 mouse for 10 minutes of 
physical aggression followed by overnight sensory exposure through a plastic partition. RSDS 
produces two phenotypes: resilient mice that behave similarly to unstressed controls, and 
susceptible mice that display a constellation of depression-like symptoms, including social 



avoidance and heightened peripheral inflammation. As microRNAs (miRs) are important 
regulators of immune response, we sought to examine their role in mediating inflammatory and 
behavioral response to RSDS. We collected mouse blood 48 hours post-RSDS and isolated 
leukocyte populations via fluorescence-activated cell sorting. We find that, in both susceptible 
and resilient mice, RSDS produces an increase in circulating neutrophils coupled with a decrease 
in B cells. T cells and Ly6chigh inflammatory monocytes are selectively decreased and increased, 
respectively, only in susceptible mice. Within Ly6chigh monocytes, we profiled miR and target 
mRNA expression via quantitative real time PCR. Of the miRs in our panel, 8 are significantly 
regulated by RSDS. miR-25-3p, a member of the miR-106b-25 cluster with known roles in 
inflammatory signaling and myelopoiesis, is upregulated in inflammatory monocytes of 
susceptible mice. We identified concurrent downregulation of several miR-25-3p target genes. In 
order to determine the role of miR-25-3p in behavioral response to RSDS, we generated miR-
106b-25 cluster knock out (KO) bone marrow chimeric mice and subjected them to RSDS, 
finding that KO chimeric mice display enhanced behavioral resilience. Our results suggest a role 
for miRs as regulators of stress-induced inflammation and depression, and identify miR-25-3p as 
a novel potential therapeutic target. 
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Title: Cellular adaptations in the lateral habenula in a model of early-life stress. 
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Abstract: Stressful experience during the postnatal period, including maternal separation (MS) 
produces a wide range of modifications within distinct neuronal circuits and trigger depressive-
like symptoms. Evidences suggest that dysfunction of monoaminergic systems partly contributes 



to these cellular and behavioral adaptations. The lateral habenula (LHb) exerts strong control 
over monoaminergic systems and its hyperactivity is crucial for depressive symptoms. Whether 
adaptations within the LHb occur after early life stress remains unknown. Our hypothesis is that 
MS produces higher neuronal activity within the LHb thereby contributing to the emergence of 
depressive like symptoms in adulthood. We established a paradigm for MS in mice by separating 
offsprings from their mother for one week. We then we used whole-cell patch clamp techniques 
in mouse brain slices. Current-clamp recordings were performed from LHb neurons, and cell 
excitability was assessed by postsynaptic current injections capable to trigger action potentials. 
We observed an increase in LHb neurons excitability in slices from MS mice. Within the LHb, 
GABAB-R-GIRK signaling tightly controls neuronal excitability. We found that, in voltage-
clamp mode, pharmacological activation of GABAB-R-GIRK signaling via the GABAB-R 
agonist Baclofen led to outward currents. Baclofen-evoked currents were smaller in slices from 
MS than control mice. To conclude, we have shown that MS mice present cellular adaptations 
within the LHb (hyperexcitability and reduced in GABAB-GIRK signaling) that may represent a 
mechanism through which early life stress produces a depressive phenotype. 
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Abstract: Ketamine is a prototype antidepressant that results in rapid, albeit temporary, clinical 
improvement in human treatment resistant Major Depressive Disorder (MDD). Using wide-field 
in vivo cortical imaging with fast voltage and glutamate sensors, we characterize cortical regional 
functional connectivity in the chronic social defeat (CSD) mouse model of depression, as well as 
the acute and longitudinal effects of subanesthetic ketamine. After CSD, we observe greater 
inter-regional synchrony in depressed animals than control animals with both depolarization and 
glutamate sensors. Subanesthetic ketamine has unique effects in depressed animals not observed 



in control animals. Acutely, we observed a global and sustained cortical increase in extracellular 
glutamate, global cortical glutamate transients, and increased midline and association area 
functional connectivity. Twenty-four hours later, normalization of depressive-like behaviour 
predicted by acute glutamate transients is accompanied by a reduction in glutamate functional 
connectivity, before returning to a hyper-connected state after 7 days. We suggest that the 
mechanism and potential treatment for depressive symptoms is not localized within a single 
cortical network but expressed widely across cortex. Given network-wide activity changes and 
response to treatment, there may be new opportunities based on knowledge of large scale circuit 
interactions and the central role of glutamate. 
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Abstract: Females are more susceptible than men to stress-related mental illness and twice as 
likely to be diagnosed with depression. Depression has recently been linked to alterations in 
dopamine (DA) and is characterized by DA system down-regulation. Stress exposure is tightly 
linked to the development of depression and alterations within the DA system. However, despite 
clinical findings indicating increased female susceptibility and preclinical studies establishing a 
causal link between the DA system and depression, a role for DA in stress-induced depression 
vulnerability in females has not been examined. To this end, we assessed effects of the forced 
swim test (FST) and chronic mild stress (CMS) on immobility behavior and ventral tegmental 
area (VTA) DA neuron activity in rats of both sexes. We also assessed whether ketamine, a 
novel fast-acting antidepressant known to exert sex-dependent effects, could reverse deficits in 



behavior and VTA activity. Male and female rats were exposed to 4-6 weeks of CMS or control 
housing conditions and tested for immobility behavior in the Forced Swim Test (FST). 
Extracellular recordings were conducted in the VTA within a week post-FST to determine CMS-
induced alterations in VTA DA neuron activity parameters including: number of active DA 
neurons per track, firing rate and amount of burst firing. Whereas DA neuron activity was 
comparable in nonexposed males and females, following initial pre-exposure to FST, in the 
second test exposure females exhibited roughly double the amount of FST immobility duration 
and approximately 40% lower DA neuron activity compared with similarly treated males. 
Furthermore, CMS induced greater immobility in the FST and reduced VTA DA neuron activity 
by approximately 50% and these effects were more pronounced in females. In a separate 
experiment, ketamine (10mg/kg i.p.) or saline (1mg/kg i.p.) was administered prior to the FST to 
assess restorative effects on stress-induced alterations in immobility behavior and to assess DA 
activity. Ketamine reduced immobility duration in stress groups (control females, CMS males, 
CMS females) and restored post-FST VTA DA activity in control females and CMS rats. These 
data suggest that increased female susceptibility to depression-like phenotypes (i.e. increased 
immobility, VTA hypofunction) may be associated with higher sensitivity of the DA system and 
behavior to stress in females relative to males. Understanding the neural underpinnings of sex 
differences in stress vulnerability and the antidepressant response will provide insight into the 
mechanistic bases for sex vulnerability differences and provide insights into optimizing 
therapeutic approaches. 
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Abstract: Ketamine has been shown to have rapid onset antidepressant efficacy in humans, and 
our previous work in rats using a novel affective bias test (ABT) suggests that this may involve 
the attenuation of negative affective bias mediated through the medial prefrontal cortex (mPFC). 
The present study assessed whether a mPFC infusion of ketamine has a similar effect on positive 
affective bias in the ABT, as well as testing the effects of another dissociative compound, the 5-
HT2A agonist, DOI. We also test the mGlu2/3 antagonist, LY-341,495, which we have 
previously shown attenuates negative affective bias in rats when administered systemically. 16 
male Lister hooded rats were implanted with a bilateral mPFC cannula prior to ABT training. 
The ABT uses a bowl-digging task where rats encounter two independent positive experiences 
(finding food reward in a specific digging substrate). Treatment or control is administered prior 
to the experience, and the absolute reward value is kept consistent across all sessions. Affective 
bias is quantified in a preference test where both rewarded substrates are presented together and 
the rats’ choices recorded over 30 randomly reinforced trials. All animals underwent pairing 
sessions where they received either corticosterone (10mg/kg, s.c.) vs. vehicle to induce a 
negative affective bias, or the antidepressant venlafaxine (10mg/kg, i.p.) vs. vehicle to induce a 
positive bias. A targeted mPFC infusion of either ketamine (1ug/ul), LY-341,495 (3ug/ul), DOI 
(3ug/ul) or vehicle (0.1M PBS) was then administered 5 min before preference testing using a 
within-subject counterbalanced design. An infusion of either ketamine or DOI into the mPFC 
significantly attenuated both corticosterone-induced negative affective bias (F3,42 = 3.37, 
p=0.04), and venlafaxine-induced positive affective bias (F3,42 = 3.63, p=0.03) compared to 
vehicle treatment. LY-341,495 had no significant effect on either positive or negative bias. These 
data suggest that both ketamine and DOI have a non-specific effect on affective biases in that 
they attenuate both positive and negative bias through disruption of prefrontal function. Since 
this effect was not observed with the non-dissociative drug LY-341,495, the results may be 
related to the dissociative nature of the drugs. 
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Abstract: The mammalian target of rapamycin (mTOR) is a serine/threonine protein kinase that 
regulates protein synthesis and synaptic plasticity. mTOR signaling in the forebrain has been 
previously shown to be involved in the mechanisms underlying the rapid antidepressant actions 
of ketamine, an N-methyl-D-aspartate receptor antagonist. Given the critical role of midbrain 
dopamine (DA) neurons in mediating depression-related symptoms, this study investigated 
whether mTOR signaling in these neurons participates in mediating depressive behaviors and 
whether it is necessary for ketamine's antidepressant-like effects. To delete mTOR specifically in 
midbrain DA neurons, mice homozygous for a loxP-modified mTOR allele were bred with 
transgenic mice expressing Cre recombinase driven by the dopamine transporter (DAT) 
promoter. Mice lacking mTOR in midbrain DA neurons (mTORflox/flox/DAT-Cre) exhibited 
reduced reward-seeking behavior, increased behavioral despair and enhanced learned 
helplessness. These behavioral changes were accompanied by reduced DA neuron population 
activity with normal firing rate and burst firing of DA neurons in the ventral tegmental area 
(VTA). mTORflox/flox/DAT-Cre mice were highly sensitive to ketamine. The depressive-like 
behavioral deficit could be rescued by ketamine treatment. These results suggest that mTOR 
signaling in midbrain DA neurons plays an important role in regulating DA neuron activity and 
the development of a depressive-like state and that ketamine’s anti-depressive effects are 
mediated by mechanisms independent of mTOR signaling in DA neurons. 
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Abstract: The efficacy of ketamine to alleviate depressive symptoms has promoted a wealth of 
research exploring alternate therapeutic targets for depression. Given the caveats of ketamine 
treatment taken together with the increasingly greater emphasis on combinatorial therapeutic 
approaches to depression, we sought to asses whether the hypothalamic “hunger hormone”, 
ghrelin, would augment the effects of ketamine. Indeed, ghrelin has recently been found to 
possess antidepressant potential and may be especially effective against the metabolic and 
feeding deficits observed with depression. Two studies were performed: 1. mice were given an 
intraperitoneal injection of ghrelin (80µg/kg) or saline, followed by a saline or a low or high dose 
of ketamine (5 or 10 mg/kg) and 2. mice received 10 mg/kg of ketamine together with saline or 
the ghrelin receptor antagonist JMV2959 (3 or 6 mg/kg) and Forced Swim Test (FST) 
performance was assessed. In both studies, ketamine alone reduced FST immobility. Similarly, 
ghrelin alone reduced swim immobility suggesting an antidepressant-like response. However, 
ghrelin did not augment the impact of ketamine when co-administered and in fact, it appeared to 
antagonize its actions at the lower dose. As well, JMV2959 did not significantly influence FST 
performance. These data confirm the antidepressant-like effects of ketamine and further suggest 
that ghrelin might have similar properties. Yet, our results caution against combinatorial 
treatment with these agents, probably owing to unexpected allosteric or other antagonist actions. 
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Abstract: Major depressive disorder is a chronic mood disorder that can be triggered by stress 
and is characterized by loss of pleasure (i.e., anhedonia) and disturbances in the brain’s reward 
circuitries. Symptoms of depression, such as anhedonia, are also present during withdrawal from 
chronic psychostimulant drug use. Ketamine has been shown to have rapid antidepressant effects 
in some patients with treatment-resistant depression. However, little is known about whether 
ketamine would be effective in reversing drug withdrawal- or stress-induced anhedonia. In an 
initial experiment, using adult, male Wistar rats, the antidepressant efficacy of acute ketamine 
treatment (10 mg/kg, ip) was first assessed in the forced swim test (FST). Brain reward function 
was then assessed in separate groups of rats using the intracranial self-stimulation (ICSS) 
procedure. Bipolar stimulating electrodes were surgically implanted in the posterior lateral 
hypothalamus and rats were trained on a discrete-trial current-intensity ICSS procedure. Rats 
were then either exposed to chronic (7 days) nicotine treatment (6.3 mg/kg/day, base, sc), 
chronic (7 days) amphetamine treatment (10 mg/kg/day, sc), or repeated (21 days) social defeat. 
During withdrawal from either psychostimulant drug or after termination of social defeat, a 
single dose of ketamine (10 mg/kg, ip) was administered prior to assessment of brain reward 
thresholds. Ketamine decreased immobility and increased swimming behavior without affecting 
climbing behavior in the FST. In the ICSS tests, ketamine reversed acute nicotine withdrawal-
induced elevations in reward thresholds, but did not reverse amphetamine withdrawal- or stress-
induced reward threshold elevations. The decrease in immobility in the FST in response to 
ketamine, which is consistent with results from other laboratories, confirms the antidepressant 
efficacy of ketamine in patients with depression. However, the differences in effectiveness of 
ketamine as a treatment to reverse psychostimulant- or stress-induced reward threshold 
elevations suggests that this medication may only be partially effective in treating anhedonia, a 
core symptom of depression. 
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Title: Role of the medial prefrontal cortex-dorsal raphe circuit in the antidepressant actions of 
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Abstract: A single, low dose of ketamine produces an antidepressant effect in human patients 
within a few hours of administration lasting for up to a week, making it one of the most 
promising possibilities in the search for antidepressants that are faster-acting and more effective 
than those currently available, which require up to eight weeks to produce an effect. However, 
little is known about the neural circuitry by which ketamine exerts its antidepressant effect. It has 
been shown that ketamine induces glutamate release in the medial prefrontal cortex (mPFC), and 
that blocking glutamate transmission in the mPFC also blocks its antidepressant effect in the 
forced swim test (FST) and novelty suppressed feeding test (NSFT). We have recently 
demonstrated that it is possible to produce a long-lasting antidepressant-like behavioral response 
in rats (both FST and NSFT) with a single, one-hour, 10-Hz optogenetic stimulation of excitatory 
neurons in the mPFC, using an rAAV2-CaMKIIα-ChR2(H134R)-EYFP vector. Here, we show 
that a one-hour stimulation of axon terminals in the dorsal raphe (DR) nuclei, which project from 
cell bodies in the mPFC that are infected with the same vector, is also sufficient to produce an 
antidepressant-like effect in the FST 24 hours after stimulation. Ongoing immunohistochemical 
studies will assess how stimulation of these terminals affects neural activity in the DR and which 
cells within the DR are targeted by the activation of these axons. Further experiments will 
include optogenetic stimulation of mPFC-originating axon terminals in the nucleus accumbens 
(NAc) to determine if antidepressant response in the FST is specific to mPFC-DR terminal 
stimulation, or if mPFC-NAc terminal stimulation also produces antidepressant response in the 
FST, as well as other behavioral models. It is an intriguing but unproven possibility that these 
optogenetically induced antidepressant effects utilize the same neural circuits that ketamine does. 
To examine this hypothesis, we will infuse 8OH-DPAT, which inhibits the release of serotonin, 
into the DR to test whether serotonin release is necessary for the antidepressant effect of 
ketamine. 
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Abstract: Maladaptive alterations that result from severe or chronic stress exposure are 
associated with increased risk for Major Depressive Disorder (MDD). Chronic stress promotes 
dysregulation of the innate immune system leading to enhanced inflammatory signaling often 
associated with depressive symptomology. Growing evidence suggests that innate immune cells 
such as microglia, promote neuroinflammation in response to stress by releasing danger 
associated molecular pattern (DAMP) molecules leading to increased inflammatory signaling. 
One DAMP of interest is the endogenous factor high mobility group box 1 (HMGB1), which 
promotes inflammatory signaling through its ligation to pattern recognition receptors such as 
toll-like receptor 4 (TLR4) and the receptor for advanced glycation end products (RAGE). Our 
preliminary studies show that HMGB1 and RAGE are upregulated in microglia in response to 
chronic unpredictable stress (CUS). Most importantly, enhanced microglial HMGB1-RAGE 
expression coincides with the onset and recurrence of stress-induced depressive-like behaviors. 
These novel findings suggest that stress-induced depressive like behaviors may be mediated 
through enhanced microglial HMGB1-RAGE signaling. We therefore hypothesize that RAGE 
deletion will attenuate depressive-like behaviors following stress due to suppressed HMGB1 
signaling. In this presentation, we will present data from ongoing studies that examine the role of 
RAGE signaling in the development of depressive-like behaviors following chronic stress. 
Constitutive RAGE knockout (KO) mice will be tested for cognitive, anxiety and depressive-like 
behaviors at baseline and after CUS exposure using novel object recognition (NOR), open field 
test (OFT), elevated plus maze (EPM) and sucrose consumption test (SCT). Microglial 
morphological changes will be assessed immediately following CUS exposure to determine if 
RAGE deficient mice display reduced microglial reactivity following chronic stress exposure 
compared to littermate controls. Together, these data will provide novel insights into the role of 



RAGE signaling in stress-induced microglial reactivity and the development of depressive-like 
behaviors. Supported by NIMH Grants MH045481 and MH093897, and the State of CT. 
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Abstract: Growing evidence demonstrates that growth factors play a significant role in the 
pathophysiology and treatment of mood disorders. Previous studies have shown that brain 
derived neurotrophic factor (BDNF) signaling in the medial prefrontal cortex (mPFC) mediates 
the antidepressant effects of ketamine. Recently, we found that the antidepressant effects of 
ketamine are blocked by neuronal specific deletion of either vascular endothelial growth factor 
(VEGF) or its receptor Flk-1. We have also found that intra-mPFC infusion of an anti-VEGF 
neutralizing antibody (VEGF nAb) completely blocks the antidepressant effects of ketamine. 
These findings indicate that VEGF, as well as BDNF, signaling in the mPFC plays a crucial role 
in the antidepressant effects of ketamine. However, it remains unclear whether these growth 
factors act in series or parallel. Thus, we hypothesize an interplay between BDNF and VEGF 
signaling in the mPFC that underlies the rapid antidepressant response to ketamine. In support of 
this hypothesis, we found that BDNF incubation induces VEGF release and vice versa in primary 
cultures of rat cortical neurons. Next, to determine the role of BDNF and/or VEGF signaling in 
the mPFC, wildtype mice were infused with either recombinant BDNF or recombinant mouse 
VEGF into the mPFC, and tested in antidepressant behavioral models, including the forced swim 
test (FST), female urine sniffing test (FUST) and novelty-suppressed feeding test (NSF). A 



single intra-mPFC infusion of either BDNF or VEGF produced sustained antidepressant effects 
in these tests without affecting ambulation. These antidepressant effects were maintained for at 
least 5 days after the infusion. These results indicate that increases of either BDNF or VEGF 
signaling in the mPFC are sufficient to produce sustained antidepressant effects. Preliminary 
results demonstrate that the antidepressant effects of intra-mPFC BDNF infusion is blocked by 
co-infusion of VEGF nAb or neuron specific deletion of VEGF (CaMKII-Cre X VEGFflox/flox 
mice), indicating that BDNF requires VEGF signaling to produce sustained antidepressant 
effects, although additional studies are needed. We are currently examining whether the 
antidepressant effects of intra-mPFC VEGF infusion can be blocked by co-infusion of BDNF 
neutralizing antibody to further test the hypothesis that interplay of BDNF and VEGF signaling 
in the mPFC mediates the rapid antidepressant effects of ketamine. 
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Abstract: GLYX-13 is a NMDA receptor modulator with glycine-site partial agonist properties 
that is reported to show fast acting and long-lasting antidepressant effects in animals and 
depressed patients. Importantly, it lacks the psychotomimetic and dissociative side effects of 
ketamine. Studies were conducted to examine the mechanisms underlying the actions of GLYX-
13 to enlighten future development of rapid, efficacious antidepressants with low side effects. 
We examined the molecular and behavioral actions of GLYX-13, particularly the involvement of 
the mechanistic target of rapamycin complex 1 (mTORC1) and BDNF signaling pathways. The 



results demonstrate that single dose of GLYX-13 (i.v.) activated the mTORC1 pathway in the 
prefrontal cortex (PFC) and hippocampus 1 hr after injection; this effect lasted at least 24 hr after 
injection. GLYX-13 also increased postsynaptic protein levels in PFC, including PSD95, GluA1, 
and synapsin 1. To examine the role of mTORC1 signaling in mPFC in the behavioral actions of 
GLYX-13, the mTORC1 selective inhibitor rapamycin was microinjected into medial PFC 
(mPFC) before GLYX-13 injection. GLYX-13 produced a robust antidepressant response in the 
rat forced swim test (FST), female urine sniffing test (FUST), and novelty suppressed feeding 
test (NSFT) without effecting locomotor activity; these effects were completely blocked by 
rapamycin infusion. We also found that GLYX-13 rapidly increased the expression of c-Fos in 
crude nuclear extracts of PFC, similar to the actions of ketamine, suggesting that both agents 
cause neuronal activation. Our recent studies demonstrate a role for activity dependent release of 
BDNF via L-type voltage-dependent calcium channels (VDCC) in the actions of ketamine. To 
determine if GLYX-13 acts via a similar pathway, we examined the impact of VDCC blocker 
verapamil (i.p.) and mPFC infusions of an anti-BDNF neutralizing antibody on the behavioral 
actions of GLYX-13. Verapamil pretreatment or anti-BDNF antibody infusion completely 
blocked the actions of GLYX-13 in the FST, FUST and NSFT. Taken together, these results 
indicate that activation of the mTORC1 and BDNF signaling pathways in mPFC are essential for 
the antidepressant actions of GLYX-13, indicating a mechanism similar to the actions of 
ketamine. Further studies are being conducted to examine the role of NMDA receptors on 
glutamate pyramidal neurons vs. tonic firing GABA neurons in the actions of GLYX-13. 
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Abstract: Clinical studies demonstrate that scopolamine, a non-selective muscarinic 
acetylcholine receptor (mAchR) antagonist, produces rapid therapeutic effects in depressed 
patients, and preclinical studies reveal that the action of scopolamine is associated with increased 
glutamate transmission and synaptogenesis in the medial prefrontal cortex (mPFC). To further 
elucidate the cellular mechanisms underlying the novel rapid-acting antidepressant action of 
scopolamine, the present study examined the role BDNF release and the activation of L-type 
voltage-dependent calcium channels (VDCCs) on the behavioral and synaptic actions of 
scopolamine. The results demonstrate that infusion of a neutralizing BDNF antibody into the 
mPFC blocks the behavioral effects of scopolamine in the forced swim test (FST) and in the 
novelty suppressed feeding test (NSFT). Moreover, pretreatment with verapamil, a VDCC 
antagonist, blocks the behavioral effects of scopolamine in the FST and NSFT. Finally, we show 
that scopolamine treatment increases mTORC1 signaling within the mPFC and this is dependent 
on activation of VDCCs. Collectively, these results indicate that the release of BDNF and L-type 
VDCCs activation is critical for the antidepressant effect of scopolamine. Characterization of the 
cellular mechanisms for scopolamine will lead to identification of novel targets for safer, rapid-
acting antidepressants. 
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Abstract: The rapid antidepressant response to ketamine, an open channel NMDA receptor 
antagonist, in treatment resistant individuals has produced great excitement in the field of 
depression. The antidepressant response to ketamine is associated with synaptic strengthening 
that is evident as increased sensitivity to serotonin (5-HT) and hypocretin/orexin in the medial 
prefrontal cortex (mPFC). Cortical synapses in the mPFC have been implicated in attentional 
performance. The serial reaction time task (SRTT) requires rodents to attend to multiple 



apertures awaiting a visual stimulus and is utilized to assess attentional and executive functions. 
Manipulation of the stimulus duration, and interval before stimulus presentation in the SRTT can 
challenge attention or impulsivity respectively. Increased sensitivity to 5-HT after ketamine is 
mediated by 5-HT2A receptors that are known to impair performance on attention tasks by 
increasing impulsivity. In contrast, glutamate release stimulated by hypocretin/orexin application 
to thalamo-cortical synapses in the mPFC enhances attentional performance by reducing 
incorrect responses at short stimulus durations. It was, therefore, hypothesized that ketamine 
administration would impact separable behavioral components of the SRTT to produce enhanced 
attentional performance and increased impulsivity. Consistent with our hypothesis, we 
demonstrate that ketamine (10mg/kg) enhances attentional performance when stimulus duration 
is reduced and increases impulsivity when the pre-stimulus interval is lengthened. GLYX-13, a 
NMDA receptor modulator with glycine site partial agonist properties, produces rapid 
antidepressant responses but with fewer psychotomimetic side effects than ketamine. We have 
found that GLYX-13 (3mg/kg) increases synaptic responses in response to hypocretin/orexin but 
not 5-HT, and produced a similar increase in attentional performance without the negative effect 
of increased impulsivity that was observed after ketamine administration. These findings 
demonstrate that distinct aspects of the pharmacological response to ketamine and GLYX-13 can 
be mapped onto separable SRTT performance profiles. Additionally, the findings suggest that the 
ketamine/GLYX-13 regulation of the hypocretin/orexin system may play an important role in the 
beneficial actions of rapid-acting antidepressants. 
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Abstract: Major depressive disorder (MDD) is a recurring psychiatric illness that causes 
significant health and socioeconomic burden. Recent studies in our lab show that the 
antidepressant-like behavioral effects of scopolamine are due to increased glutamate release, 
activation of mTORC1 signaling, and enhanced dendritic spine density on pyramidal neurons in 
the prefrontal cortex (PFC). Further studies in the lab suggest that acute blockade of M1-type 
muscarinic acetylcholine receptors (M1-AChR) in the PFC engages specific microcircuitry to 
initiate activity-dependent molecular cascades and subsequent behavioral effects. Through viral-
mediated knockdown of M1-AChR expression in specific neuronal subtypes we show that PFC 
GABA interneurons are critical mediators of the antidepressant-like effects of scopolamine. 
Additional studies revealed that M1-AChR expression in somatostatin (SST) interneurons is 
necessary for the rapid antidepressant-like effects of scopolamine. Together these findings 
indicate that GABA interneurons act as a “cellular trigger” in the PFC, with acute blockade of 
M1-AChR leading to disinhibition of pyramidal neurons and resultant glutamate release. To 
further examine molecular differences in PFC GABA interneurons, transgenic male and female 
mice with fluorescently-labeled (tdTomato) parvalbumin (PV) or SST interneurons were used for 
cell sorting and RNA-Seq analyses. These results show varied neurotransmitter and neuropeptide 
receptor expression between PV and SST interneuron subtypes in the PFC. We also found that 
exposure to chronic unpredictable stress (CUS, 14 days), which causes depressive-like behaviors, 
selectively reduces the number of SST-tdTomato interneurons in the PFC of male and female 
mice. Further molecular studies are being conducted to determine the corresponding changes in 
the SST interneuron transcriptome following exposure to CUS, as well as after administration of 
rapid-acting antidepressants. The results show that PFC GABA interneurons have a dynamic role 
in synaptic plasticity and behavioral regulation: on one hand, acute blockade can initiate rapid 
antidepressant-like effects, and on the other chronic stress exposure causes GABA interneuron 
dysfunction that may precipitate maladaptive neuroplasticity of pyramidal neurons underlying 
depressive-like behavior. Supported by NIMH Grants MH045481 and MH093897, and the State 
of Connecticut. 
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Abstract: Recent studies highlight the rapid antidepressant actions of the NMDA receptor 
antagonist ketamine. Rodent studies show that ketamine rapidly increases glutamate release, 
activates mTORC1 signaling and increases translation of synaptic proteins in the medial 
prefrontal cortex (mPFC) shortly following acute treatment. Furthermore, additional studies 
show that selective NR2B receptor antagonists produce similar behavioral and molecular 
signaling effects. However, the initial cellular trigger underlying the actions of ketamine has not 
been identified. Collectively, these studies suggest that blockade of NR2B-containing NMDARs 
may be a critical mediator for the rapid antidepressant effects of ketamine. We used CaMKII-, 
GAD67-, parvalbumin (PV)-, and somatostatin (SST)-Cre mice and viral-NR2B shRNA to 
produce Cre-dependent knockdown of NR2B receptors in glutamate and GABA neurons, as well 
as subpopulations of GABA neurons. Mice were then tested in a preswim and open-field test 
(OFT) to measure baseline effects of cell-specific NR2B knockdown. Viral NR2B shRNA was 
infused into the mPFC of the cre recombinase lines and after 3 weeks to allow for recovery and 
viral expression, the mice were tested before and after ketamine administration in the forced 
swim test (FST) and novelty suppressed feeding test (NSFT). Viral-mediated knockdown of 
NR2B in the mPFC of GAD67-Cre mice produced a significant antidepressant response in the 
FST, and occluded the antidepressant effects of ketamine in this model; preliminary studies 
suggest similar effects in the NSFT. Knockdown of NR2B on pyramidal neurons in CaMKII-Cre 
mice did not significantly block the antidepressant response to ketamine in the FST or NSFT. 
Preliminary findings suggest that NR2B on SST-, but not PV-Cre neurons, mediates the actions 
of ketamine. These findings indicate that the ketamine produces a burst of glutamate in the 
mPFC via an indirect mechanism: blockade of tonic firing GABA interneurons and disinhibition 
of glutamate transmission that leads to increased synaptic connectivity and rapid antidepressant 
behavioral responses. Studies are being conducted to confirm these findings and to extend the 
results to other behavioral models. 

Disclosures:  D.M. Gerhard: None. E.S. Wohleb: None. R.S. Duman: None. 



Poster 

171. Effects of Ketamine in Animal Models of Depression 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 171.15/CCC25 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: VA National Center for PTSD 

Title: NMDA antagonist ketamine accelerates fear extinction via mTORC1 signaling 

Authors: *M. J. GIRGENTI, S. GHOSAL, D. LOPRESTO, J. R. TAYLOR, R. S. DUMAN;  
Dept. of Psychiatry, Yale Univ. Sch. of Med., New Haven, CT 

Abstract: Post-traumatic stress disorder (PTSD) is a chronic and debilitating disorder that may 
occur after a severe traumatic event. PTSD symptoms, particularly those related to re-
experiencing the traumatic event, may fall within the fear-conditioning paradigm of 
psychobiology. Classical antidepressants, particularly selective serotonin reuptake inhibitors, are 
reported to reduce PTSD symptoms in humans and fear in rodents when combined with 
extinction therapy. In the present study we examine the mechanisms underlying the actions of 
ketamine in a rodent model of fear conditioning, extinction, and relapse. Rats received ketamine 
(10 mg/kg; i.p.) or saline twenty-four hours after fear conditioning (foot shock paired with an 
auditory cue) and were then subjected to extinction-training on each of the following two days 
(exposure to auditory cue without foot shock). Ketamine administration enhanced extinction on 
the second day of training (i.e., reduced freezing behavior to cue). In animals receiving ketamine 
and extinction training, there was an increase in levels of cFos in the medial prefrontal cortex 
(mPFC) but reductions of this activity-dependent immediate early gene in the amygdala after the 
second day of extinction recall. In addition, ketamine plus extinction training increased 
mTORC1 signaling in mPFC, a region that is instrumental in the acquisition and retrieval of 
extinction. Interestingly, pretreatment with the AMPA receptor blocker 2,3-dihydroxy-6-nitro-
7sulfamoyl-benzol(f)quinoxaline-2,3-dione (NBQX) 10 minutes before ketamine administration 
partially blocked the enhancement of extinction 24 hours later. Moreover, infusion of the 
selective mTORC1 inhibitor rapamycin into the mPFC blocked the enhancing effects of 
ketamine on extinction. Taken together, our findings support the hypothesis that ketamine 
produces long-lasting protein synthesis dependent effects on neuronal circuits that enhance the 
recall of extinction and could represent a novel approach for the treatment of PTSD and other 
fear disorders. 
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Abstract: The pathophysiology of major depressive disorder (MDD) is complex, and the exact 
neural mechanisms involved are yet to be identified. However, our recent studies of postmortem 
depressed human brains as well as preclinical models of depression suggest that increased 
expression of mitogen-activated protein kinase (MAPK) phosphatase-1 (MKP-1), a key negative 
regulator of the MAPK cascade, plays a significant role in depression pathophysiology. 
Moreover, MKP-1 was shown to be both necessary and sufficient for development of depressive-
like behavioral responses in animal models. Though, its potential role in treatment of depression, 
especially in response to rapid-acting antidepressants, such as ketamine, is yet to be determined. 
In this study, we investigated activation of MKP-1 and its main MAPK substrates after ketamine 
treatment in both dose- and time-dependent manner. Biochemical analysis showed that ketamine 
administration evokes robust increases in MKP-1 activation via phosphorylation at 1, 6, and 24 
hours within synaptoneurosomes isolated form the prefrontal cortex (PFC) tissue. These changes 
in activated protein levels were also accompanied by significant increases in MKP-1 mRNA 
levels at 1 hour, followed by significant decreases at 24 hours. However, ketamine-induced 
activation of MKP-1 does not appear to be correlated with, and thus driven by, changes in 
activation of MAPK signaling. Thus, additional studies are underway to potentially identify the 
exact substrate targets that are responsible for induction of MKP-1 activation following ketamine 
treatments. Altogether, our findings in the PFC support the idea that MKP-1 may play an 
important role in ketamine-mediated rapid antidepressant responses, which could potentially 
contribute to discovery of novel drug targets. 
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Abstract: Major depression disorder (MDD) has been linked to changes in function and activity 
of the hippocampus, one of the limbic regions involved in regulation of emotions and mood. Our 
previous work demonstrated that mitogen-activated protein kinase phosphatase 1 (MKP-1) plays 
an important regulatory role in hippocampal pathophysiology of depression. However, the 
potential role of JNK, its main neuronal substrate, has not been well described in mood disorders. 
In this study we investigated whether MKP-1-mediated specific inhibition of JNK is sufficient to 
produce a depressive-like phenotype in a rodent model. We used recombinant adeno-associated 
virus (rAAV) vector to locally express a mutated MKP-1 (i.e., MKP-1ASA) in the hippocampal 
subfields of a rat brain. MKP-1ASA is only able to bind and inactivate JNK pathway without 
interfering with ERK and p38 signaling. The effects of the MKP-1ASA mutant on development of 
depressive- and anxiety-like behaviors were compared to animals infused with AAVs expressing 
either GFP (i.e., control) or wild-type MKP-1. Initial behavioral analysis showed that infusion of 
wild-type MKP-1 virus into unstressed rats produced robust anhedonic responses (e.g., 
significantly decreased sucrose preference), while infusion of the MKP-1ASA mutant virus 
resulted in partial behavioral deficits. These preliminary results suggest that MKP-1-mediated 
inhibition of JNK may contribute to development of depressive-like responses to some extent; 
however, additional studies are currently underway to further characterize the role of JNK in 
depression. Together these studies may contribute to a better understanding of the 
pathophysiological events underlying the development of MDD and to identification of potential 
therapeutic and diagnostic targets for this disorder. Keywords: JNK, Depressive-like behavior, 
depression, MKP-1 

Disclosures:  B.J. Lamb: None. C. Langreck: None. L. Semke: None. E. Wauson: None. L. 
Yuan: None. D. Vanja: None. 



Poster 

171. Effects of Ketamine in Animal Models of Depression 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 171.18/DDD2 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: PhRMA Foundation Starter Grant 

Title: Hippocampal mechanisms linking chronic pain and development of depressive-like 
behaviors 

Authors: M. CARDER, C. LANGRECK, M. LEONG, B. LAMB, L. SEMKE, M. SPOCTER, 
L.-L. YUAN, *V. DURIC;  
Physiol. and Pharmacol., Des Moines Univ., Des Moines, IA 

Abstract: Clinical reports indicate that many chronic pain patients also develop symptoms of 
mood disorders, especially major depressive disorder (MDD); however, the underlying neural 
mechanisms linking chronic pain conditions and depressive behaviors are still poorly understood. 
Our previous studies have demonstrated that rodent models of chronic pain mimic some of the 
stress-like alterations in intracellular signaling and cellular architecture (e.g., decreased MAPK 
signaling and reduced rate of neurogenesis) within the hippocampus, a limbic brain region 
involved in regulation of mood. Thus, in this study, we examined the effects of persistent pain on 
activation of immune-inflammation processes in the hippocampus. Male rats were initially 
exposed to either injection of complete Freund’s adjuvant (CFA; model of chronic inflammatory 
pain) or spared nerve injury (SNI; model of chronic neuropathic pain). Both pain models 
produced robust mechanical hypersensitivity throughout the 21 or 42 day period, accompanied 
by depressive-like phenotype. Biochemical analysis of hippocampal tissue showed that exposure 
to inflammatory, but not neuropathic, chronic pain induces changes in expression of proteins 
involved in activation of interlukin-1-beta (IL-1ß)-mediated mechanisms, specifically members 
of Nod-like receptor (NLR) family of inflammasome multiprotein complex. Chronic 
inflammatory pain also evoked elevated levels of IBA1 protein within specific subareas of the 
hippocampus, suggesting potential increases in microglial activation which may, in part, underlie 
enhanced activation of NLRP3 inflammasome. These results resemble previous findings linking 
stress-induced IL-1ß up-regulation and suppression of neurogenesis in the adult rat hippocampus 
and, thus, may present novel factors contributing to the depressive-like behaviors observed in 
chronic pain models. Furthermore, pain also evoked increased activation of the hippocampal 
MKP-1 protein, a negative regulator of MAPK signaling that we recently demonstrated to be 
overactive in depressed hippocampus. Thus, similarities in dysregulation of hippocampal MKP-1 
and MAPK signaling in pain and stress may represent an additional neural mechanism that 
potentially links these two conditions. Together these studies may ultimately contribute towards 



the identification of new treatment targets and the development of novel clinical strategies to 
diminish the mental health consequences of chronic pain. 
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Abstract: Ketamine has been in use for over 50 years as a general anesthetic, acting primarily 
through blockade of N-methyl-D-aspartate receptors in the brain. Recent studies have 
demonstrated that ketamine also acts as a potent and rapid-acting antidepressant when 
administered at sub-anesthetic doses. However, the precise mechanism behind this effect remains 
unclear. We examined the diffusion properties of ketamine in brain tissue to determine their 
effects of in vitro studies related to the actions of ketamine. Brain slices from adult mice were 
exposed to artificial cerebrospinal fluid (aCSF) containing ~17 µM ketamine HCl for varying 
amounts of time. The amount of ketamine within each slice was then measured by tandem high 
performance liquid chromatography - mass spectrometry to characterize the diffusion of 
ketamine into brain tissue over time. We successfully modeled the diffusion of ketamine into 
brain tissue using a mono-exponential function with time constant τ=7.04 minutes. This curve 
was then compared to a one-dimensional model of diffusion yielding a diffusion coefficient of 
approximately 0.12cm2·s-1 for ketamine diffusing into brain tissue. The brain:aCSF partition 
coefficient for ketamine was determined to be approximately 2.5. Our results suggest that the 
diffusion properties of ketamine have a significant effect on drug concentrations achieved within 
brain tissue during in vitro experiments. Ketamine is highly soluble in both water and lipid, 
quickly equilibrating in lipid-rich brain tissue at concentrations up to 2.5 times higher than the 



surrounding aCSF. The ketamine concentration in aCSF thus represents an underestimation of 
the ketamine concentrations actually achieved within brain tissue by nearly 60%. Due to the 
concentration-dependent nature through which ketamine exerts its differential actions, these 
diffusion properties should be considered when interpreting or designing in vitro studies related 
to the actions of ketamine, and caution should be exercised when interpreting results derived 
from previous in vitro studies in which the concentrations of ketamine used greatly exceed those 
which produce specific effects in vivo. 

Disclosures:  Z.S. Geiger: None. B. VanVeller: None. J.S. Chen: None. A.K. Harrata: None. L. 
Semke: None. S. Saichellappa: None. L. Yuan: None. 

Poster 

171. Effects of Ketamine in Animal Models of Depression 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 171.20/DDD4 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: MH099345 

 MH107615 

 MH086828 

Title: Alpha5 subunit-selective negative allosteric modulators of GABA-A receptors exert a 
rapid antidepressant action with low potential for addiction 

Authors: *S. M. THOMPSON1, M. NELSON1, P. ZANOS1, S. KRIMMEL1, H. PRIBUT1, C. 
KOSTELNIK2, H. STARNES2, A. BAILEY2, T. GOULD1;  
1Univ. of Maryland Baltimore, Baltimore, MD; 2St. Mary's Col. of Maryland, St. Mary's City, 
MD 

Abstract: Depression is one of the leading causes of mortality and morbidity worldwide. Current 
therapeutic treatments based on monoamine reuptake inhibition are effective in only half of 
patients and, when effective, require long-term administration. Ketamine has recently gained 
widespread attention as a novel fast-acting antidepressant and may act by promoting high 
frequency oscillatory activity, apparent as an increase in EEG power in the gamma frequency 
band (30-80 Hz) (Zanos et al., Nature, 2016). We have recently shown that a single 
administration of negative allosteric modulators of GABA-A receptors containing alpha5 
subunits, such as MRK-016 or L-655,708, reverses anhedonia in chronically stressed mice and 
rats (Fischell et al., Neuropsychopharmacology, 2015). Consistent with these findings, we 



observed that control male C57BL/6J mice prefer to interact with a swab doused in female urine, 
compared to male urine, and that this preference is lost in mice subjected to 14 days of 
multimodal stress. Both MRK-016 (3mg/kg) and ketamine (10mg/kg) restored the preference for 
female urine 24hrs after injection. EEG recording revealed that MRK-016 induced a selective 
increase in EEG power in the gamma frequency band beginning within 10min of injection and 
persisting for ca. 60 min, suggesting that the decrease in depression-like behavior at 24hrs is 
triggered during a brief induction period. We next asked whether GABA-NAMs elicit signs of 
abuse and addictive potential. Administration of ketamine induced a conditioned place 
preference in both mice and rats, whereas MRK-016 and L-655,708 (0.7mg/kg) did not, 
indicating a lower abuse potential. Negative allosteric modulators of GABA-A receptors 
containing alpha5 subunits thus represent a novel class of fast acting antidepressant drugs that 
are potentially less addictive than NMDA receptor blockers. This class of compounds may thus 
have clinical utility in the treatment of depression. 
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Abstract: Plasticity of AMPA receptors (AMPARs) is the fundamental cellular substrate for 
learning and memory; defects in synaptic plasticity contribute to a multitude of neurological and 
neuropsychiatric disorders. Our laboratory has shown that serotonin-mediated signaling can 
potentiate temporoammonic (TA) to CA1 pyramidal cell synapses in the hippocampus via 5-
HT1BR activation and that this process is required for the antidepressant actions of selective 
serotonin reuptake inhibitors in rodent models. Like long-term potentiation (LTP), serotonin-



induced potentiation is mediated by the activation of calmodulin-dependent protein kinase II 
(CaMKII) and the subsequent phosphorylation of the AMPA receptor subunit GluA1 at serine 
831 (S831). As predicted by a shared expression mechanism, electrically evoked LTP and 5-
HT1BR-mediated potentiation occlude each other. There is considerable evidence that LTP 
requires the activation of extracellular signal-regulated kinase (ERK). We hypothesized that 5-
HT1BR activation activates ERK, as well as CaMKII, and that the activation of both enzymes is 
required for the phosphorylation of GluA1 at S831 and potentiation. We tested this hypothesis 
using pharmacological tools and determined electrophysiological and biochemical endpoints in 
acute hippocampal brain slices. Using phospho-specific antibodies, we observed an increase in 
ERK activation in response to the 5-HT1BR selective agonist anpirtoline and after acute elevation 
of endogenous serotonin with the SSRI fluoxetine. This elevation in activated ERK was 
concomitant with the activation of CaMKII, the phosphorylation of GluA1 S831, as well as the 
potentiation of AMPAR-mediated transmission at TA-CA1 synapses. Pharmacological inhibition 
of ERK prevented both potentiation of TA-CA1 synapses and the phosphorylation of GluA1 
S831, but did not prevent the activation of CaMKII. We conclude that ERK activation is required 
for potentiation of excitatory synapses by both activity- and serotonin-dependent potentiation 
acting as a permissive gate, allowing activated CaMKII to phosphorylate its GluA1 S831 
substrate. 
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Abstract: Major depressive disorder affects approximately 16 percent of the world population at 
some point in their lives and is one of the leading causes of death. Despite a number of available 
monoaminergic-based antidepressants, these drugs require long-term administration to be 
effective, and many patients never attain sustained remission of their symptoms. Although the 
non-competitive glutamatergic N-methyl-D-aspartate receptor (NMDAR) antagonist, (R,S)-
ketamine (ketamine) exerts rapid and sustained antidepressant effects, other NMDAR 
antagonists do not manifest similar actions, suggesting a differential mechanism of action of 
ketamine. We show that NMDAR inhibition is not responsible for the antidepressant actions of 
ketamine since (R)-ketamine, which has lower affinity for the NMDAR, exerts superior 
antidepressant responses compared to (S)-ketamine, and MK-801 (another NMDAR antagonist) 
does not exert the sustained effects observed following ketamine administration. We also 
demonstrate that production of the (2S,6S;2R,6R)-hydroxynorketamine metabolite is essential 
for ketamine’s antidepressant effects, and that the (2R,6R)-HNK enantiomer exerts behavioral, 
electroencephalographic, electrophysiological and cellular antidepressant actions in vivo. 
Importantly these effects are NMDAR inhibition-independent but they involve early and 
sustained α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptor activation. 
This metabolite did not exert ketamine-associated abuse potential (measured with intravenous 
self-administration), sensory dissociation (measured with pre-pulse inhibition) or stimulant side 
effects. Our results indicate a novel mechanism underlying ketamine’s unique antidepressant 
properties, which involves the required activity of a distinct metabolite and which is independent 
of NMDAR inhibition. These findings have relevance for the development of next generation, 
rapid-acting antidepressants. 

Disclosures:   P. Zanos: Other; patent application/(2R,6R)-HNK. R. Moaddel: Other; co-
inventor on a patent for (2R,6R)-HNK in the treatment of depression and neuropathic pain; 
patent application/(2R,6R)-HNK. P.J. Morris: Other; patent application/(2R,6R)-HNK. P. 
Georgiou: None. J. Fischell: None. G.I. Elmer: None. M. Alkondon: None. P. Yuan: 
None. H.J. Pribut: None. N.S. Singh: None. K.S. Dossou: None. Y. Fang: None. X. Huang: 
None. C.L. Mayo: None. I.W. Wainer: Other; co-inventor on a patent for (2R,6R)-HNK in the 
treatment of depression and neuropathic pain. E.X. Albuquerque: None. S.M. Thompson: 
None. C.J. Thomas: Other; patent application/(2R,6R)-HNK. C.A. Zarate: Other; patent 
application/(2R,6R)-HNK. T.D. Gould: Other; patent application/(2R,6R)-HNK. 
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Title: Drebrin in the nucleus accumbent mediates behavioral and structural plasticity following 
opiate exposure 
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Abstract: Opiate addiction has become a worldwide epidemic with great societal and financial 
burdens. Drug addiction, defined as a chronic relapsing disease, is characterized by persistent 
behavioral and cellular plasticity in several key regions of the mesolimbic dopaminergic system, 
including the nucleus accumbens (NAc). Opiates, such as morphine and heroin, lead to decreases 
or pruning of dendritic spines on neurons in the NAc. To date, there is little known about the 
cellular neurobiology of opiate-induced structural plasticity. Following exposure to morphine or 
heroin, we found decreased expression of the actin-binding protein drebrin in the NAc, which is 
likely mediated by an increase of HDAC2 binding on the drebrin promoter. To assess the 
functional and behavioral roles of drebrin expression following opiate exposure, we 
overexpressed drebrin in the NAc using viral-mediated gene therapy. Overexpression blunted 
morphine-induced locomotor sensitization and responses to a morphine challenge compared to 
controls. Additionally, we assessed the role of drebrin in mediating relapse-like behaviors. 
Following self-administration of heroin, overexpression of drebrin attenuated drug-primed 
reinstatement, which was accompanied by a reversal of the heroin-induced structural plasticity. 
Drebrin overexpression also produced a downward vertical shift in a within-session dose 
response paradigm, demonstrating that drebrin decreases the reinforcing properties of heroin. 
Taken together, these data demonstrate an essential role for drebrin in mediating the molecular 
mechanisms underlying opiate-induced behavioral and structural plasticity. 

Disclosures:  J.A. Martin: None. Z. Wang: None. M.S. Humby: None. A. Caccamise: None. L.E. 
Mueller: None. J.N. Siemian: None. C.T. Werner: None. R.L. Neve: None. J. Li: None. A.M. 
Gancarz: None. D.M. Dietz: None. 
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behavior 
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Abstract: In 2015 the CDC reported a drastic increase in heroin use in men and women, in 
nearly all age groups, and across the spectrum of socioeconomic status. The major predictive 
factor for heroin abuse was addiction to medically prescribed opioid pain medications. In a 
previous genome-wide association study comparing non-dependent with dependent opioid 
misusers, the strongest correlation to differences in addiction following opioid misuse were 
found to be single nucleotide polymorphisms (SNPs) in cornichon family AMPA receptor 
auxiliary protein 3 (CNIH3) (Nelson et al. 2016). Limited information is available on the basic 
function of CNIH3 in the neurons, but it is suspected to play an important role in AMPA receptor 
trafficking to the post-synaptic density (PSD). This study investigates the function of CNIH3 in 
the hippocampus, a key brain region in drug associated memory and learning, and its effect on 
morphine conditioning in CNIH3 -/-, +/-, and +/+ mice. Western blotting and co-
immunoprecipitation will be performed to compare the effect of CNIH3 expression on 
hippocampal AMPA receptor trafficking between animal genotypes with and without morphine 
exposure. Field recordings will be used to measure CNIH3-mediated effects on long-term 
potentiation in mouse hippocampal slices. We will also examine the behavioral effect of CNIH3 
genotype on morphine conditioned place preference to investigate its effects in environmental 
drug association. Finally, a viral construct developed by our lab to overexpress wild-type CNIH3 
will be injected into the mouse hippocampus to study its effects on hippocampal plasticity and 
CPP. This study will use physiological, biochemical, and behavioral assays to investigate the role 
of CNIH3 in response to opioids. 
Nelson, E.C., et al. Evidence of CNIH3 involvement in opioid dependence. Mol Psychiatry 21, 
608-614 (2016). 
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Abstract: Chronic pain affects millions of Americans, representing a big health and economic 
problem in the United States. In addition to sensory disturbances, patients are commonly present 
with other side effects including reduced quality of life, dysphoria, anhedonia, and psychiatric 
disorders such as depression. The mechanism behind the emotional processing of pain is still 
unknown and understanding it is crucial in developing better therapeutic strategies. Because pain 
patients commonly experience psychiatric disorders linked with decreased dopamine levels 
within the mesolimbic reward pathway it is likely that this pathway is impaired in chronic pain as 
well. Dopamine release in the mesolimbic pathway is controlled by the action of opioid peptides 
on their receptors. We have recently reported that opioid-evoked dopamine release in nucleus 
accumbens (NAc) is blunted in the presence of persistent pain. Additionally, previous studies 
have shown that activation of kappa opioid system causes dysphoric, anhedonic states in humans 
and aversive behaviors in animals. We hypothesize that the activation of kappa opioid system 
within mesolimbic pathway in the presence of pain causes dysregulation of dopamine 
transmission leading to motivational deficits and aversive behaviors. In this work, we utilized 
optogenetics, PET imaging, behavioral pharmacology, and chemogenetics to determine the 
mechanism of pain-induced alterations in motivation and opioid intake. Here, we show that 
blockade of kappa opioid receptor (KOR) using NorBNI (a selective kappa opioid antagonist), 
reverses motivation for natural reinforces in animals experiencing persistent pain. Furthermore, 



chemogenetic inhibition of dynorphin release (an endogenous KOR agonist) in the NAc restores 
motivation as well. In addition, specific activation of dynorphin-containing neurons in the NAc 
induces real time place aversion, which is potentiated in the presence of pain, mimicking 
negative emotional component of the pain. These results indicate that kappa opioid system in the 
NAc is necessary for expression of the motivational deficits and aversive states induced by pain. 
Moreover, modulation of kappa opioid system suggests a novel strategy in modulating dopamine 
transmission and treating negative mood disorders in people suffering from chronic pain. 
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Abstract: Opiates have long been used as analgesic agents and they possess high addictive 
properties. Recently we have reported differential effects of various addictive drugs on 
extracellular glucose levels in the rat nucleus accumbens (NAc). For example, cocaine elevated 
glucose levels whereas MDPV, a synthetic cathinone, decreased glucose levels. By using glucose 
biosensors coupled with fixed-potential amperometry in freely-moving rats, we examined how 
three opioid drugs—heroin, oxycodone, and fentanyl—affect NAc glucose levels. We observed 
that each drug dose-dependently increases glucose levels. When administered intravenously (iv) 
at a typical self-administering dose (100 µg/kg) heroin increased NAc glucose levels 30-40% 
above baseline for 30-40 min, and the hyperglycemic effect progressively weakened during 
repeated injections within a session. The hyperglycemic effect of heroin strongly increased with 
dose increases, up to a two-fold basal glucose level increase at 300 µg/kg. At these high doses, 
we observed an immediate transient fall in glucose (within 2 min post-injection) associated with 
a period of behavioral freezing and inhibition of respiration. Iv oxycodone mimicked heroin in 
its effects on NAc glucose, but the effects were weaker, appearing at 150 µg/kg and progressing 



with dose increases. Fentanyl was the most potent drug, inducing a discernable hyperglycemic 
effect starting at a dose of 1-3 µg/kg and greatly progressing at higher doses. Currently, we are 
examining the possible role of local vasodilation of cerebral vessels in mediating brain 
hyperglycemic responses of opiate drugs. 
Supported by NIDA-IRP. 
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Abstract: Introduction: Drug addiction is a chronic mental disorder characterized by loss of 
inhibitory control for compulsive drug seeking. Heroin abuse remains a great challenge in the 
world with high relapse rate. Impulsivity plays a critical role in the recidivism of drug use. The 
imbalance of the impulsivity and control systems could trigger off addicts’ loss of willpower in 
resisting drugs. In order to clarify the neural-circuits basis under the impulsive heroin use, we 
firstly identified the structural connectivity alterations in impulsivity-control network. After 
found the abnormal connectivities in heroin addicts converged on the attenuated control system 
and considered the implication of GABRA2 for against risk of addiction, we assessed the effects 
of GABRA2 variations on the impulsivity-control network for further searching the potential 
predictive markers of impulsive heroin use. 
Methods: MRI data were acquired from 78 male heroin addicts and 79 male healthy controls. 
Their global-cognition, impulsivity and decision-making were measured. The genetic samples 
were collected from 1035 heroin addicts and 2887 healthy controls. The anatomical connectivity 
was calculated by probabilistic fiber tracking in FSL, and the edge weights were measured by the 
mean FA values. Nonparametric permutation testing was implemented 10000 times to group 
analysis at a threshold of p<0.0001. SNPs were genotyped by using the Sequenom Mass Array 
system. 
Results: Heroin addicts had decreased small-world property and increased global efficiency of 



the impulsivity-control network. All the abnormal connectivities were significantly decreased in 
heroin group. The mean connectivity was positively associated with cognition and negatively 
related to impulsivity. The changes almost converge on the connectivities that liked with bilateral 
ACC. The rs279858, rs519270, rs693547 and rs279871 in GABRA2, which located in a strong 
linkage-disequilibrium block, were significantly interacted with heroin addiction to affect most 
of the abnormal connectivities. The rs279871 A allele was significantly increased in heroin 
group and associated with more serious abnormality of heroin addicts. 
Conclusion: The impulsive drug use seems to be more likely due to the attenuated control system 
rather than the enhanced impulsive system. The risk allele of GABRA2 variations could increase 
the susceptibility to heroin addiction and related abnormality of impulsivity-control network. We 
are now analyzing the methylation level of GABRA2 promoter for further exploring the 
interaction effects. 
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Abstract: Opiate drugs are the leading treatment for severe or chronic pain in the USA despite 
their extremely addictive properties. Chronic opiate exposure induces neuroadaptations in the 
mesocorticolimbic system, particularly in ventral tegmental area (VTA) dopamine (DA) neurons. 
For example, opiates reduce VTA DA neuron soma size, a change correlated with increased DA 
activity and decreased drug reward. Prevention of this morphological change is sufficient to 
rescue the morphine-induced changes, highlighting its functional significance. While VTA DA 
structural and functional plasticity are central to morphine reward and addiction, the molecular 
mechanisms driving these neuroadaptations remain elusive due to two main sources of VTA 



heterogeneity: multiple cell types and diversity within cell type based on projection target. In 
order to address these variables, we examined DA neuron-specific gene expression and 
projection-specific DA morphological response to chronic morphine. We determined gene 
expression changes specifically in VTA DA neurons using Translating Ribosome Affinity 
Purification (TRAP). By crossing DA neuron Cre-driver lines, (tyrosine hydroxylase (TH)-Cre 
or dopamine transporter (DAT)-Cre) with Rosa26 EGFP-L10a mice, we generated THEGFP-
L10a and DATEGFP-L10a mice for isolation of mRNA from VTA DA neurons. We found 
significant enrichment of TH and DAT mRNA and significant depletion of GABAergic markers 
glutamic acid decarboxylase (GAD) and vesicular GABA transporter (vGAT) in bound fractions 
compared to input controls. We are now examining morphine-induced changes in the expression 
of candidate genes in THEGFP-L10a and DATEGFP-L10a mice subcutaneously implanted with 
either a sham or morphine pellets and future studies will use RNA sequencing for an unbiased 
assessment of morphine-induced changes in VTA DA neurons. In order to address whether 
morphine-induced neuroadaptations are limited to specific subsets of VTA DA neurons based on 
projection target, we are comparing the morphology VTA DA neurons that project to the nucleus 
accumbens (NAc) versus the prefrontal cortex (PFC). We labeled NAc- and PFC-projecting DA 
neurons via infusion of retrograde Cre-dependent viral constructs (AAV2/5-DIO-eYFP and 
AAV5-DIO-mCherry) into TH-Cre and DAT-Cre mice and are now examining VTA DA soma 
size under basal and chronic morphine conditions. Combined, the goals of these studies are to 
uncover the molecular mechanisms that underlie opiate-induced neuroadaptations in the VTA in 
order to identify novel targets for improved therapeutics. 
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enriched and isolated rats 
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Abstract: Opioid addiction is a major epidemic around the world, with rates of abuse in the 
millions. One major risk factor for the development of opioid addiction is early life stress. 
Preclinical studies often employ the social isolation paradigm to measure the effects of early life 
adversity on behavior and brain physiology in rodents. Using this paradigm, rodents raised in 
isolated conditions (IC) are often compared to rodents raised in enriched conditions (EC). When 
tested for drug self-administration, IC rats self-administer more drugs of abuse than EC rats. 
Recently, this was demonstrated with the short-acting opioid remifentanil. However, it is 
currently unknown how these housing conditions affect neurobiology as related to opioid-taking 
behavior. The immediate early gene cfos is often used as a marker of cellular activity in brain. 
Acute administration of most drugs of abuse increases c-fos expression in the nucleus accumbens 
and prefrontal cortex, but the magnitude of this expression might differ between IC and EC rats. 
The current study sought to measure levels of c-fos expression in rats after their first exposure to 
remifentanil. Rats were raised in either IC (n= 16) or EC (n=14) conditions from PND 21 until 
the end of the experiment. One week following catheter surgery, each rat was placed in an 
operant conditioning box where they received 10 i.v. infusions of either saline or 3 ug/kg 
remifentanil (1 infusion every 90 s). Rats were perfused ninety minutes after the last infusion. 
Immunohistochemistry was performed on sections containing the nucleus accumbens and 
prefrontal cortex. This infusion schedule was similar to a self-administration autoshaping session 
and was chosen to mimic c-fos expression in rats that continued on to the self-administration 
study. Results indicated that IC rats had more c-fos+ cells in nucleus accumbens and prefrontal 
cortex, but remifentanil did not increase the number of c-fos+ cells in either group of rats in any 
of the brain regions examined. Results from this study suggest that housing conditions can alter 
c-fos expression. However, more work must be conducted to understand the cellular events that 
may explain why enrichment protects against opioid self-administration. 
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Abstract: After intake heroin is rapidly metabolized to 6-acetylmorphine (6-AM) and further to 
morphine. Many (most?) of heroin’s effects are thought to be mediated by these metabolites 
which are much more active at opioid receptors (OR) than heroin. Toll-like receptor 4 (TLR4) 
signaling is implied in opioid reinforcement, reward, and withdrawal. Here, we explored if TLR4 
signaling is involved in the acute psychomotor stimulating effects of heroin, 6-AM, and 
morphine, and further if there are differences between the three opioids regarding TLR4 
signaling. To address this, we examined how pretreatment with (+)-naloxone (a TLR4 active, but 
OR inactive antagonist) affected the acute increase in locomotor activity induced by heroin, 6-
AM, or morphine in mice. The effect of (-)-naloxone (a TLR4 and OR active antagonist) 
pretreatment was also assessed, as well as the pharmacokinetic profiles of (+) and (-)-naloxone in 
blood and brain. We found that (-)-naloxone reduced the acute opioid induced locomotor activity 
in a dose dependent manner. By contrast, (+)-naloxone, administered in doses assumed to 
antagonize TLR4 but not ORs, did not affect the acute locomotor activity induced by heroin, 6-
AM, or morphine. Both naloxone isomers exhibited similar concentration versus time profiles in 
blood and brain, but the brain concentrations of (-)-naloxone reached higher levels than those of 
(+)-naloxone. However, the discrepancies in their pharmacokinetic properties did not explain the 
marked difference between the two isomer’s ability to affect opioid induced locomotor activity. 
Our results underpin the importance of OR activation and do not indicate an apparent role of 
TLR4 signaling in acute opioid induced locomotor stimulation in mice. Furthermore, there were 
no marked differences between equivalent doses of heroin, 6-AM, and morphine regarding 
involvement of OR or TLR4 signaling. These findings add novel information for evaluating the 
role of TLR4 signaling in processes related to mechanisms underlying opioid reinforcement, 
reward, and addiction. 
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Abstract: Here we examined how intravenous heroin at a typical self-administering dose (0.1 
mg/kg) affects brain temperature homeostasis in freely moving rats under conditions that mimic 
human drug use. When administered under standard laboratory conditions (quiet rest at 22°C 
ambient temperature), heroin induced moderate increases in brain temperature (1.0-1.5°C). 
Through simultaneous temperature recordings in the temporal muscle and skin, we demonstrate 
that this effect results from a joint contribution of two basic physiological mechanisms: moderate 
intra-brain heat production due to metabolic brain activation, and the inhibition of heat loss due 
to strong and prolonged skin vasoconstriction. The hyperthermic effects of heroin remained 
relatively stable during repeated injections, but they show relatively weak but significant within-
session habituation. Heroin-induced brain temperature increases were significantly potentiated 
when the drug was administered under conditions of behavioral activation (social interaction) 
and in a moderately warm environment (29°C). By calculating the “net” effects of the drug in 
these two conditions, we show that this state- and environment-dependent potentiation results 
from the summation of thermogenic and vasoconstrictive effects of heroin with similar effects 
induced by either social interaction or a warm environment. When the dose of heroin was 
increased to two and four times the typical self-administering range (0.2 and 0.4 mg/kg, 
respectively), brain temperature showed a biphasic down-up fluctuation (hypothermia followed 
by hyperthermia). This initial hypothermia was dose-dependent and associated with a transient 
inhibition of metabolic neural activity coupled with skin vasodilation—inhibitory effects 
typically induced by general anesthetics. This rapid inhibition of brain activity induced by large-
dose heroin injections appears to be related to serious, even fatal, health complications typical to 
heroin overdose in humans. Supported by the NIDA-IRP. 
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Abstract: Opioid dependence has been linked to profound changes in brain circuitry that lead to 
a negative hedonic state. We have previously shown that chronic, intermittent morphine 
treatment leads to significant microglial activation in reward and affective pathways, and 
blocking microglial activation restores reward behavior in opioid dependent animals. We 
hypothesized that the repeated withdrawal associated with the intermittent morphine treatment 
exacerbates neuroinflammation and negative affective states associated with dependence. In 
order to test this hypothesis, male C57Bl/6 mice were treated with either subcutaneous morphine 
pellet (25mg) or intermittent morphine injection (10-40mg/kg, i.p.) for four days. A tail flick 
assay confirmed that morphine injection and pellet develop equivalent tolerance to morphine, 
suggesting each paradigm administers comparable amounts of drug. Twelve hours after the last 
intermittent morphine injection, molecular and behavioral assays of neuroinflammation and 
dependence were assessed and compared between groups. Microglia activation was measured by 
immunostaining IBA1 in the ventral tegmental area (VTA). Reward behavior was assessed in a 
balanced two-chamber conditioned place preference (CPP) apparatus, using cocaine (10mg/kg) 
as the reward stimulus. We have previously shown that intermittent morphine injection impairs 
cocaine preference using this paradigm. Here, we demonstrate that intermittent morphine 
injection, but not morphine pellet, significantly increases microglial cell body size in the VTA 
and impairs cocaine place preference. This suggests cellular and behavioral adaptations in 
reward circuitry following chronic morphine exposure is due, at least in part, to the repeated 
periods of withdrawal, rather than direct effects of the drug itself. 
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Abstract: Opiate withdrawal syndrome is a feature common to chronic opiate use that often 
serves as a powerful motivator of continued drug use. GABA-ergic neurons in the tail of the 
ventral tegmental area (tVTA) are implicated in mediating responses to opiates, including 
withdrawal. The tVTA regulates the effects of opiates on VTA dopamine neurons and a number 
of earlier studies have shown that changes in levels of CREB within the VTA affect drug-
motivated behaviors. To date, the mechanisms underlying morphine withdrawal have been 
studied almost exclusively in men and male animals. As a result, there is a considerable gap in 
our current understanding of the mechanisms underlying sex differences in opiate withdrawal 
behaviors and the specific effects of opioid withdrawal on CREB activity in the VTA. The 
purpose of the present study was to use a preclinical model of morphine dependence to 
investigate the influence of sex on the expression and duration of spontaneous somatic morphine 
withdrawal syndrome; and to characterize the relationship between spontaneous somatic 
withdrawal symptoms and expression of pCREB in GABAergic cells of the tVTA. Intact adult, 
male and female Long Evans rats were made morphine-dependent using 10 days of twice-daily 
s.c. injections of escalating doses of morphine (2.5-40mg/kg). All animals then underwent 72 
hours of spontaneous withdrawal and somatic symptoms were assessed every 12 hours over the 
withdrawal period and all animals were sacrificed via 
exsanguination after the last behavioral observation (72 hours). Both male and female morphine-
dependent rats developed somatic symptoms of withdrawal, however, males expressed more 
severe symptoms earlier in withdrawal (in the first 36 hours) compared to females. While, 
females demonstrated lower overall symptom severity, these symptoms persisted for a longer 
period of time; as a result, withdrawal symptoms in females were more severe than males’ at the 
72-hour time point. CREB activation in tVTA GABA-ergic cells was significantly higher in 
morphine-withdrawn females compared to controls 72 hours after the end of treatment. These 
results demonstrate sex differences in the timing of the expression of somatic withdrawal. 
Moreover, our data suggest sex differences in the timing of withdrawal-induced activation of 
tVTA CREB. Current experiments are underway to assess the level of pCREB expression in 



tVTA GABA-ergic neurons at earlier time-points of the spontaneous morphine withdrawal 
paradigm. 
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Abstract: Drug abuse is strongly influenced by socio-environmental factors. Our previous 
studies demonstrated that social housing conditions alter the propensity to acquire morphine 
reward and dependence in adolescent mice. Morphine-treated animals that are housed only with 
other morphine-treated animals (referred to as ‘morphine only’ animals) acquire morphine CPP 
significantly faster than morphine-treated animals that are housed with drug-naïve mice (referred 
to as ‘morphine cage-mates’). Similarly, morphine only animals extinguished their morphine 
place preference at a significantly and markedly slower rate than the morphine cage-mates. This 
indicates a stronger and more robust acquisition of morphine CPP in animals housed with only 
other morphine-treated animals than in animals housed with drug-naïve animals. Lastly, 
morphine only animals display distinctly greater morphine withdrawal symptoms than morphine 
cage-mates. These results demonstrate that exposure to drug-naïve animals has a protective 
effect on development of opioid dependence, as well as the acquisition and maintenance of 
opioid reward. This further supports the notion that social conditions alter the propensity for 
developing opioid addiction. 
Despite the preponderance of behavioral evidence, little is known about the potential 
mechanisms for the differential effects of social housing. In the current study, we examined the 
role of social environment on modulation of striatal gene expression. Specifically, adolescent 
mice housed in the various social housing conditions were injected with saline or morphine (20 
mg/kg) for 14 days. Twenty four hours after the final injection, striatal tissue was dissected. 
Following this, RNA was extracted and high throughput next generation sequencing was used to 



examine the mouse genome. Subsequently, we used RT-PCR to confirm the results for selected 
candidate genes. 
Interestingly, we found that multiple genes were differentially altered in morphine-treated 
animals housed in different social housing conditions. In morphine only animals, 248 genes were 
up-regulated, and 252 genes were down-regulated. Conversely, in morphine-cage mates, only 73 
genes were up-regulated, while 46 genes were down-regulated. Only 61 genes were similarly 
altered between the two groups. Our findings suggest that social environment may influence 
alterations on the genetic level and provide further evidence for a role of social environment in 
morphine reward and dependence. 
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Abstract: Opioids are commonly used as analgesics, but they are highly addictive. Mu opioid 
receptors, a subgroup of G-protein coupled receptors (GPCRs), bind natural peptides, including 
beta-endorphin, as well as opiate drugs, including morphine and fentanyl, with high affinity. 
Ligand binding to GPCRs triggers downstream signaling pathways. Recent work now shows that 
these pathways can be differentially activated by diverse ligands, a phenomena still under study 
that is termed ligand-biased signaling. The investigation of ligand-biased signaling in mu opioid 
receptors may contribute findings that can improve analgesic efficacy and decrease side effects, 
importantly including a reduced abuse liability. The main goal of this study is to delineate the 
effects of mu opioid agonists across secondary signaling pathways. We have stably transfected 
the human mu receptor into a Chinese hamster ovary (CHO) cell line. We then tested 
downstream signaling using GPCR 10 pathway Reporter Arrays (QIAGEN), divided into four 
groups: CHO-saline, CHO-ligand, CHO:OPRM1-saline and CHO:OPRM1-ligand. In these 
arrays, a firefly luciferase reporter, downstream from a transcriptional response element for each 



pathway-of-interest, was introduced into the cell line, along with a Renilla luciferase gene, which 
acts as a transfection/transduction control. Ligand concentrations ranging from 0.1umol to 
100umol of DAMGO, beta-endorphin, morphine and fentanyl were tested in the arrays. Firefly 
and Renilla intensity was measured, and the ratio used to compare differences among groups. 
Complete dose response curves are generated to compare EC50 and bias across signaling 
pathways. The data collected from the study may contribute to the genetic aspect of treating 
opioid addiction. 
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Title: Local mu-opioid receptor antagonism blocks evoked phasic dopamine release in the 
nucleus accumbens in rats 
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Abstract: Phasic dopamine release is an important contributor to the striatal control over a 
variety of behavioral functions as well as psychiatric disorders such as addiction. Recently, it has 
been shown that µ-opioid receptors (MORs) in the nucleus accumbens core (NAC) mediate 
reward-dependent motivated behavior in rats. However, it is unknown whether MORs contribute 
to motivation via dopamine-dependent mechanisms. It is well known that dopamine release in 
the striatum is primarily self-regulated via D2 autoreceptors and partially controlled by 
cholinergic interneurons. We hypothesized that local MORs also regulate phasic dopamine 
release in the NAC of rats. To test this we locally applied µ-opioid receptor antagonist while 
measuring phasic dopamine release in the NAC of rats with fast-scan cyclic voltammetry 
(FSCV). 
Male adult Long-Evans rats were anesthetized with urethane for the entire recording. Phasic 



dopamine release was induced by electrical stimulation of the ventral tegmental area and 
measured in the core with FSCV. The selective MOR antagonist CTAP (2, 4, and 8 µg) or saline 
was infused to the area of dopamine measurement via an infusion cannula approximately ~150 
µm from the voltammetric sensor. The dopamine transporter blocker, nomifensine, was infused 
in a separate group of rats as a positive control for the infusion. 
The higher doses of CTAP, 4 and 8 µg, robustly decreased evoked dopamine release to 
undetectable levels immediately after infusion into the NAC. While dopamine release did not 
recover within 60 min after 8 µg CTAP infusion (n=4), dopamine release recovered to 75% of 
pre-infusion amounts within 25 min after 4 µg (n=1). The low dose of CTAP, 2 µg, had no 
reliable effect on the dopamine release (n=3). While saline (n=5) had no effect on electrically 
evoked dopamine release, nomifensine (n=4) robustly increased the evoked signal immediately 
after the infusion by 300%, as expected. In vitro measurements verified that CTAP did not alter 
the sensitivity of the carbon-fiber sensor. 
While this study is ongoing, the experiments revealed that local antagonism of the MOR blocks 
VTA-evoked phasic dopamine release. While future studies must determine the mechanism, two 
possibilities involve GABAergic and cholinergic interneurons which both regulate dopamine 
release within the NAC. 
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Title: Further characterization of the discriminative stimulus effects of naltrexone in rats with 
limited access to sucrose 
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Abstract: The excessive sugar intake that results from daily, limited access to sugar in rats has 
been reported to increase dopamine and endorphin function in the brain. Naltrexone (NTX), an 
opioid antagonist, is not discriminable at typical doses in standard operant paradigms in opioid-
naïve subjects. We attempted to establish naltrexone as a discriminative stimulus in rats given 
12-hour access to 25% or 32% sucrose solutions, 0.1% saccharin solutions, or water. After 
establishing the sucrose or saccharin baseline, rats were given daily injections of either saline or 
NTX (3.2 mg/kg, 15 min PT) one hour after access to the solution began. After the training 
session rats were returned to their home cages for the remainder of the 12-hour access period, 
followed by a 12-hour water access period. During the training session, correct lever presses (left 
following NTX, right following saline) were reinforced with a food pellet. Training continued 
until subjects exhibited 80% or more condition-appropriate responses for eight out of 10 
consecutive sessions. NTX was established as a discriminative stimulus in 16 of 17 subjects with 
12-hour access to sucrose in a mean of 72 sessions (Md = 63, range 27-135). No significant 
difference in rate of acquisition or initial NTX dose effect functions were noted between sucrose 
concentrations. Acute water substitution did not alter the discriminative stimulus effects, 
suggesting that sucrose consumption produced a long-term change in endorphin function. 
Chronic (2 week) water substitution eliminated the discriminative stimulus effects of NTX. Rats 
with constant water or limited saccharin access were unable to discriminate NTX. We wondered 
if rats with chronic, limited access to sucrose could discriminate between a smaller dose of NTX 
and saline. Rats with access to 10%, 25% or 32% sucrose solutions were injected with 0.1 mg/kg 
NTX or saline. Seven of twenty-one subjects acquired the discrimination in a mean of 57 
sessions (Md = 55, range = 41-71). At least one subject from each of the sucrose concentration 
groups acquired the discrimination, with no difference in rate of acquisition. After 81 sessions, 
discrimination training was suspended for the 14 rats that did not acquire the discrimination of 
0.1 mg/kg NTX. The NTX discrimination acquisition data and water substitution results suggest 
that chronic sucrose consumption results in a long-term but not permanent change in endogenous 
endorphin function that enables NTX to serve as a discriminative stimulus in rats. NTX’s ability 
to serve as a discriminative stimulus depends upon NTX dose and solution type; sucrose 
concentration (10%-32%) had no effect on NTX function. 
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Abstract: Locus coeruleus (LC), a pontine brainstem structure has been shown to be importantly 
involved in opiate dependency. LC neurons are innervated by dense hypothalamic fibers which 
contain two neuropeptides, Orexin and Dynorphin, coexpressed in the same synaptic vesicles. 
LC neurons express both kappa-opioid (KORs) and orexin type 1 receptors (OX1Rs). The 
functional interaction between these two neuropeptides during addictive behaviors, including 
morphine place aversion, has not been well studied. Here, we examined the role of LC KORs 
and OX1Rs blockade, separately and together to investigate naloxone-induced conditioned place 
aversion (CPA) of morphine-dependent rats. In this study we used CPA in male Wistar rats, 
made them morphine dependent by subcutaneous injection of morphine sulfate (10 mg/kg) at an 
interval of 12 h for 9 days. On the conditioning days, naloxone (1 mg/kg, i.p.) was injected 2 h 
after morphine administration. Intra-LC injection of NorBNI (KORs antagonist) and SB334867 
(OX1R antagonist) prior to each conditioning session was used to assess the effect of blockade 
of these receptors. We found that disruption of orexin function in the LC reduced the expression 
of morphine CPA. Also our results showed that blockade of KORs, 24 h before conditioning 
session, reduced morphine CPA, while concomitant antagonism of OX1Rs and KORs abolishes 
this behavioral effect. These results reveal an interaction between dynorphin and orexin in the 
LC during conditioned place aversion. Blocking the dynorphin and orexin system within the LC 
separately reduces the negative emotional state of withdrawal which would be expected to 
reduce the probability of relapse. Identifying the mechanisms underlying the loss of the CPA 
effect in the presence of concomitant use of dynorphin and orexin receptor antagonists, needs 
further evaluations. 
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Abstract: Opioids induce rewarding and locomotor effects largely by inhibiting rostromedial 
tegmental (RMTg) GABA neurons expressing µ-opioid receptors. In turn, these GABA neurons 
inhibit ventral tegmental area (VTA) dopamine (DA) neurons as well as laterodorsal and 
pedunculopontine tegmental (LDT and PPT) cholinergic and glutamatergic neurons. These LDT 
and PPT neurons then directly excite DA neurons via M5 muscarinic receptors (with faster 
excitatory effects via glutamate and nicotinic receptors). Inhibition of RMTg GABA neurons 
with M4D DREADDs in GAD2::Cre mice increased morphine locomotion, while excitation of 
these RMTg GABA neurons with M3D DREADDs decreased morphine locomotion (Wasserman 
et al., 2016). Many of these LDT and PPT cholinergic neurons projecting to VTA also send 
collateral projections to RMTg. On RMTg GABA neurons expressing µ-opioid receptors, 84% 
were found to also express the inhibitory M4 receptor, while 22% were found to express 
excitatory M3 receptors. Further, LDT and PPT GABAergic neurons were found to project only 
to RMTg but not to VTA. We propose that dorsal tegmental cholinergic neurons further facilitate 
effects of morphine on locomotion, by increasing inhibitory opioid actions on RMTg neurons. 
This results in a reciprocal feedback loop in which disinhibition of PPT and LDT ACh neurons 
not only increases DA output via excitatory M5 receptors, but strengthens the inhibitory effects 
of opiates on RMTg via inhibitory M4 receptors. This cholinergic feedback loop to RMTg may 
account for DA-dependent and DA-independent effects of opioids, and the critical importance of 
RMTg, PPT, and LDT neurons in opioid reward. 

Disclosures:  D.I. Wasserman: None. J.M.J. Tan: None. J. Kim: None. J.S. Yeomans: None. 



Poster 

172. Opioids and the Brain 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 172.18/EEE10 

Topic: G.08. Drugs of Abuse and Addiction  

Support: NIH R03DA26734 

 NIH R21DA25527 

 NIH R01NS66792 

 NIH R01DA034749 

Title: HSV-mediated transfer of MnSOD into the PAG attenuates morphine physical withdrawal 
response in rats. 
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Abstract: Opioid drugs are potent analgesic agents but the use of these drugs is complicated by 
the development of tolerance and physical dependence, which substantially limit the long-term 
use of these drugs. The mechanisms underlying these phenomena are poorly understood. Studies 
have implicated the midbrain periaqueductal gray (PAG) in the pathogenesis of morphine 
withdrawal. ROS is involved in the morphine withdrawal response. Manganese superoxide 
dismutase (MnSOD) may reduce mitochondrial ROS product. Replication-defective herpes 
simplex virus (HSV) vectors-mediated expression of MnSOD prevented radiation enteritis which 
is related to ROS. Here we report that chronic morphine withdrawal-induced upregulation of 
mitochondrial superoxide in the ventrolateral PAG (vlPAG), and lowered the MnSOD activity. 
Microinjection of mitochondrial targeted superoxide scavenger Mito-Tempol reduced morphine 
withdrawal response. MnSOD mitochondrial superoxide mainly I was expressed in the neurons 
of the PAG in the morphine withdrawal. HSV-based vector expressing MnSOD microinjected 
into the PAG induced over-expression of MnSOD and reduced the naloxone-precipitated 
withdrawal response, and suppressed MitoSox (a mitochondrial superoxide indicator) profile 
cells. These results support the concept that mitochondrial superoxide expressed in neurons in 
the PAG may play an important role in the pathogenesis of morphine withdrawal response, 
providing a novel approach to treating morphine dependence. Acknowledgments: Supported by 
NIH R03DA26734, R21DA25527, R01NS66792, and R01DA034749 to S.H. 
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Abstract: A major goal of rodent research is to map findings in behavioral studies onto the 
existing literature from humans and primates. Probabilistic reversal learning tasks have been 
used to study the flexible control of action selection and learning. To date, only a few papers 
have reported successful training of probabilistic reversal learning in rodents. We implemented 
positional and visually guided reversal tasks using behavioral procedures from these published 
studies, and discovered several limitations in how rats learned the tasks. For example, without 
immediate feedback at the time of action selection about the success or failure on a given trial, 
rats will adopt undesired spatial strategies such as traveling in circular patterns and visiting the 
set of response ports until the currently baited port is discovered. As a result, actual random 
responding can appear as low-success probabilistic choice, thereby raising serious concerns 
about several published probabilistic learning studies. Video assessment and initial training 
under deterministic conditions are therefore crucial to ensure that rats adopt optimal behavioral 
strategies. Once this is done, they can be trained to overall success rates >75% within 13±3 
sessions at probabilities of 90/10 and 80/20, and rates >70% at 70/30. We forced the probabilities 
to switch every 30 trials, to allow a better fit for our algorithms (e.g. Costa et al., 2015). 
Previously published studies used a criterion of 8 consecutive correct trials to switch (Bari et al. 
2010; Dalton et al. 2014). A theoretical analysis suggests that rats must exhibit at least 6 switches 
per 200 trials and exhibit runs with >13 consecutive correct choices with an average success rate 
of 75% to perform the task better than expected by chance. Rats trained with the procedures 
described here outperformed this expectation. Here, we will offer suggestions for improving 
research designs involving probabilistic reversal learning and share code for the freely available 



Python language for evaluating random responding and quantifying results using reinforcement 
learning algorithms. We will further present (and share online) designs for 3D-printed response 
and reward ports and 8x8 LED matrices controlled by Arduino microcontroller boards. The 8x8 
LED matrices allow for presenting dynamic visual stimuli in a low-cost design that should 
enable many new experiments on decision making and executive control in rodents. 

Disclosures:  M.J. Preston: None. T.K. Swanson: None. L.M. Amarante: None. B.B. Averbeck: 
None. M. Laubach: None. 

Poster 

173. Decision Making: Non-Orbitofrontal Cortex 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 173.02/EEE12 

Topic: H.01. Animal Cognition and Behavior 

Title: Predictive neural activity of others' behavior in the macaque medial frontal cortex 

Authors: *R. CIRILLO, R. FALCONE, A. GENOVESIO;  
la Sapienza Univ. of Rome, Roma, Italy 

Abstract: Monitoring others’ behavior to predict their future behavior is a fundamental skill in 
primate social life. We explored the role of medial frontal cortex (MFC) in representing the 
prediction of other agents’ behavior while two male rhesus monkeys performed a spatial non-
match-to-goal task in a human-monkey (H-M) paradigm. In each trial, 2 spatial identical targets 
appeared at two of 4 spatial locations of a touchscreen. The monkey or the human, in turn, was 
required to choose the target at the location that did not match the previously chosen one. Each 
agent had to monitor the other’s action for selecting the correct target in the subsequent trial after 
discarding the previous chosen target. We recorded 273 neurons and analyzed the spatial 
modulation in the delay period, before any action was required. We found 68 (25%) only 
Monkey agent cells, 59 (22%) only Human cells, and 29 (11%) Both agents’ cells. We found that 
the Human and Both cells could represent a prediction of other’s action. These neurons, in fact, 
encoded the spatial target before the human agent was acting. Moreover, 12/29 (41%) of Both 
cells showed different spatial preferences in human and monkeys trials, indicating an 
independent coding of the two agents behaviors and not just or only a simulative mechanism. 
These neurons were broadly distributed among three MFC regions, including the Supplementary 
motor area (SMA), Pre-supplementary motor area (pre-SMA) and Area 9. These results suggest 
that MFC activity underlies the ability to operate self and other’s distinctions that can lead to an 
independent prediction of what others will do. Our findings indicate that the MFC supports 



social interactions at the service of the ability to predict other’s intentions on which relays 
successful social life. 
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Abstract: Higher-order thalamic nuclei, like the mediodorsal (MD) and rostral intralaminar (IL) 
nuclei, receive driver inputs from layer V cortical neurons that are hypothesized to represent 
information about motor commands (Sherman, Curr Opin Neurobio 2007, 17:417-22). Medial 
prefrontal cortex (mPFC) sends driver (layer V) and modulatory (layer VI) projections to MD, 
from which it receives its main driver thalamocortical input (Xiao, et al., Neurosci 2009, 
161:1067-81). Single cell recordings from mPFC and MD have revealed distinct response types 
reflecting information necessary for successful task performance in rats running a delayed non-
match to position (DNMTP) task. Movement responses are defined by PETH activity beyond the 
99% confidence interval either leading into all lever presses (movement 1) or only when moving 
to reinforced levers (movement 2). Neurons active during movement responses were the most 
prevalent cell type in both mPFC (28%) and thalamus (MD= 70%, IL= 41%). Place map 
analyses confirm this pattern of activity showing that movement 1 cells fire along all 4 possible 
paths of travel where as movement 2 cells are restricted to only 2 paths of travel directed toward 
reinforcement locations. Event-specific place maps indicate that movement 2 cells conjunctively 
encode spatial location and direction toward the correct choice. Thus movement 2 responses 
seem to serve a decisional function, driving movement toward sample or choice levers, whereas 
movement 1 codes behavioral sequences more broadly. Individual neurons represent a small 
fraction of the movement patterns needed to accomplish the task, while population-level coding 
represents a more complete picture. To examine the influence of decision making rats were 
trained to perform a serial lever press (SLP) task that eliminates the choice while preserving the 
sequence of overt actions in DNTMP. Eliminating the choice in this manner substantially 



reduces the number of movement responses seen in mPFC (by 90%). Thus, movement related 
activity seems critical for decision making. The greater number of movement responses in MD is 
consistent with the hypothesis that corticothalamic projections represent information about 
impending actions. The finding that thalamic and prefrontal cortical neurons encode specific 
information about movements seems inconsistent with a simple role in movement-related 
arousal. 
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Abstract: Medial prefrontal cortex (mPFC) integrates information about stimuli, actions, and 
reinforcement to guide decision making. Our previous single cell recordings from rat mPFC 
revealed neurons that fired in anticipation of reinforcement, during reinforcement delivery, and 
when expected reinforcement failed to materialize following errors during a delayed non-match 
to position (DNMTP) task. DNMTP requires rats to form expectations and predictions about 
which of two levers will be reinforced based on the preceding sample trial. Here we simplified 
cognitive demands by training rats to perform a serial lever press (SLP) task that eliminated the 
choice between two response alternatives while maintaining the overt action sequence of 
DNMTP. Previously, reinforcement consisted strictly of two 0.1 s pulses of water, signaled by a 
panel light that was illuminated during the reinforcement event. We manipulated stimulus 
properties of reinforcement events during SLP to discover how information about reinforcement 
is represented in mPFC. First, we compared light and water (always associated with the sound of 
the solenoid valve) to water and no light, light and no water, and no light and no water. To 
investigate Pavlovian coding we then compared light preceding water delivery to unsignaled 
water delivery and varied the amount of water delivered (0, 1, or 4 pulses) to examine coding of 



reinforcement magnitude. We found a surprising variety of reinforcement-related responses 
revealed by these manipulations. Some cells responded primarily to the light, others to water 
delivery, and some to the contingency of light and water. Place field analyses provided evidence 
of multi-dimensional coding of information about reinforcement and the spatial text of 
reinforcement. Our results show that mPFC provides detailed encoding of stimulus events 
associated with reinforcement, including anticipatory responses that predict likely action 
outcomes. 
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Title: Single trial beta and gamma burst dynamics during cognitive control. 
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Abstract: Beta and gamma oscillations are proposed to have pivotal and differing roles in 
coordinating cognitive control in frontal cortex. For example, we have shown that prefrontal beta 
power is increased at the initiation of trials which require higher levels of control, whilst gamma 
power has been posited as an index of the encoding and recall of information in executive tasks. 
Importantly, when studied at the level of the single site and single trial, oscillatory power at both 
frequencies occurs in circumscribed bursts, rather than in the temporally elongated bands often 



represented in trial averaged figures. Here we show that analysis of the properties of these 
individual bursts is critical to revealing the role of oscillatory phenomena within frontal cortex. 
Two monkeys learned the Problem Solving Task, a test of cognitive control in which they 
repeatedly moved between exploration and exploitation periods, using feedback to search for, 
find, and repeat rewarded responses. The monkeys were chronically implanted with at least 22 
electrodes resting on the dura mater to provide electroencephalographic (ECoG) recordings of 
both prefrontal and sensorimotor cortex. We recorded multiple days of task performance with 
concurrent ECoG recordings from each monkey. 
We used complex Morlet wavelet convolution to perform time-frequency analysis on the data 
trial by trial. We then extracted significant bursts of oscillatory power for each trial, a burst being 
an epoch where the power significantly surpassed the mean for that trial at that frequency, and 
did so for at least three cycles at that frequency. We then studied the effect of the cognitive 
control task on the length, frequency, timing, and power of the bursts at different epochs of the 
task. This approach permitted precise analysis of the roles of and relationship between bursts at 
beta and gamma frequencies. 
We confirm that frontal oscillations are discrete burst phenomena, and that long duration bands 
of oscillatory power are mostly an effect of cross trial averaging. The power of bursts at beta 
frequencies reflects cognitive control for that trial, similarly to trial-by-trial mean beta power. 
But separate cognitive information is encoded in beta burst frequency and timing, so burst 
analysis is essential to a precise understanding of the true role of oscillatory phenomena. Finally, 
we demonstrate a contrast between the encoding properties of beta and gamma bursts. We 
consider the timing and phase relationships between beta and gamma bursts, both within and 
between recording sites. 
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Title: Dopamine neurons in the VTA enhances information coding in the prefrontal cortex 
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Abstract: It has been proposed that neural populations in the prefrontal cortex (PFC) maintain 
stimuli information by means of recurrence-driven sustained activity, achieving stimulus 
selectivity and distractor rejection through an interplay with the ventral tegmental area (VTA). 
However, the precise computation by which such functional interaction occurs remains elusive. 
To understand how VTA modulates information coding in the PFC, we made simultaneous 
single unit recordings in the PFC and the VTA of rats performing a GO/NOGO task. Mutual 
information between stimuli and neural activity in the PFC increases as soon as stimuli are 
presented, being higher when pairs of neurons are considered. Moreover, we found a VTA-
dependent enhancement of information coding in the PFC, which is mainly governed by the 
activity of dopamine neurons. Together, these results indicate that the PFC-VTA interaction 
enables mechanisms by which information is encoded in the noisy activity of the population. 
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Abstract: Nest building behavior in the female rabbit can be considered a model for studying a 
natural goal-oriented behavior. In laboratory conditions, 3 days before parturition (gestation: 31 



days), the rabbit collects straw and carries it into her nest box, where she constructs a maternal 
nest. This “straw carrying” behavior has 4 components: a) collecting straw with the mouth, b) 
entering the nest box, c) scratching the nest box floor and depositing the straw, d) exiting the nest 
box. These elements are a behavioral sequence that is persistently repeated 30 to 40 times in 
order to complete the nest. After completing the nest, the female does not re-initiate nest building 
behavior, even if the finished nest is removed from the nest box. Thus, the motivation to collect 
and carry straw is “quenched” by the process of completing the nest, making this model a useful 
one for defining brain mechanisms that are involved in the initiation and termination of a natural, 
motivated behavior. In the present study, we examined the number of c-FOS immunoreactive 
cells in the anterior cingulate, infralimbic, and prelimbic cortices of: (1) 28-day pregnant female 
rabbits that were given straw at the start of the observation period (t=0 min) and had displayed 
straw carrying behavior; (2) 28-day pregnant rabbits that were not given straw; (3) estrous 
females that given straw at t=0 min; (4) estrous females that were not given straw. All groups 
comprised 8 multiparous females and all females were housed in maternal cages that contained a 
nest box. Females given straw were allowed to interact with it until t=30 min. All females were 
sacrificed and processed for brain c-FOS immunoreactivity at t=60 min. We found that pregnant 
rabbits showed lower latencies to interact with the straw than the estrous females, and that 
pregnant rabbits invariably displayed straw carrying, while estrous females had little interaction 
with the straw, other than nibbling or eating it. Pregnant rabbits that were not given straw 
displayed behavior indicating a state of higher arousal, compared to estrous females that were 
not given straw. These observations were associated with differences in c-Fos IR labeling in the 
mPFC: pregnant females that carried straw had the highest c-FOS labeling density compared to 
the other treatment groups. We conclude that increased arousal and intense motivation of 
pregnant females to collect and carry straw is associated with increased c-FOS labeling in the 
anterior cingulate cortex, and to a lesser extent in the prelimbic and infralimbic cortices. c-FOS 
expression in the mPFC might reflect increased neuronal activity associated with motivational 
drive to initiate this goal oriented maternal behavior. 
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Title: Primate frontal eye field and multi-factorial decision making during perceptual judgment 

Authors: *H. SEO, D. LEE;  
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Abstract: Perceptual decision making in a two-alternative forced choice task is often modeled as 
a process of accumulating noisy and momentary sensory evidence over time towards a decision 
boundary. However, real-life perceptual decisions must incorporate not only sensory evidence, 
but multiple types of non-sensory information, such as expected payoffs and time constraint in 
order to achieve the optimal outcomes. Nevertheless, little is known about how the brain 
combines multiple sources of information during perceptual decision making. To address this 
question, we recorded single-neuron activity in the primate frontal eye field (FEF) while rhesus 
monkeys were performing a color-discrimination task, where payoffs for correct choice and 
temporal predictability of discriminative stimulus were systematically manipulated. At each trial, 
green and blue disks were first presented as saccade targets, on the left and right side of the 
central fixation target. Magnitude of reward available from each target in the correct trials was 
indicated with thin or thick square around the targets. Next, a square consisting of green and blue 
pixels that were dynamically rearranged at the rate of 20 Hz was presented. This stimulus was 
temporally divided into non-informative and discriminative stimulus. The non-informative 
stimulus consisted of green and blue pixels in equal numbers and lasted for 0, 0.4, or 0.8 s. This 
was followed by the discriminative stimulus in which the ratio between the numbers of blue and 
green pixels varied randomly across different trials. Animals were allowed to shift its gaze 
towards one of the targets any time after the onset of the discriminative stimulus, but rewarded 
only when they chose the target with the same color as the majority of the pixels. We found that 
animals tended to choose the high-reward target more frequently, in particular when the color of 
the discriminative stimulus was ambiguous and when the temporal uncertainty of the 
discriminative was low. This reward-related behavioral bias was reflected in the FEF activity. 
Namely, FEF activity increased when the large-reward target was in their receptive field and as 
the temporal uncertainty of the discriminative stimulus was reduced. FEF activity also increased 
with the strength of accumulated sensory evidence. These results suggest that the decision 
variables encoded in the FEF adaptively combine temporal and motivational factors as well as 
sensory signals. 
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Title: Galanin improves the performance of rats during the auditory discrimination tasks 
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Abstract: In another study, we have found that the neurons in the auditory cortex of anesthetized 
rat increased their responses to the auditory stimulus each time after direct local infusion of 
galanin. In the present study we investigated whether galanin application can amplify the 
neuronal signals in the auditory cortex produced by electrical stimulation in the cortex. We 
adopted a behavioral apparatus having three holes. The rat approached the center hole before 
approaching the leftmost and the right most holes after a cue was delivered. The rat with bilateral 
implantations of electrode arrays in both hemispheres of the auditory cortex was trained to 
approach the left or right hole of a behavioral apparatus to retrieve a reward depending on 
whether the right or left auditory cortex was electrically stimulated. A drug infusion cannula was 
implanted in each hemisphere of the auditory cortex. After training, the rat was able to perform 
the task with the correct rate of 100%. We will then adjust the current of electrical stimulus to 
adjust performance to a correct rate of about 70% and examine whether infusion of galanin into 
one hemisphere would increase the correct rate of reward retrieval in the opposite hole. At a 
different session at which we set the baseline performance at 80% correct rate, infusion of 
galanin antagonist (M40) worsened the performance in the correct rate. Moreover, Artificial 
Cerebral Spinal Fluid (ACSF) was used as the vehicle control to make sure the increase or the 
decrease of the correct rate is correlated to galanin or M40. Our results of the present study 
would provide strong evidence that galanin is an attention related chemical from behavioral 
experiment. Keyword: ATTENTION, Galanin, AUDITORY CORTEX. This work was 
supported by the Hong Kong Research Grants Council, National Key Basic Research Program of 
China, Natural Science Foundation of China, and Health and Medical Research Fund 
(2012CB966300, 2013CB530900, 561212M, 561213M, 11101215M, T13-607/12R, 31200852, 
01121906, 31171060). We also thank the following charitable foundations for their generous 



support: Charlie Lee Charitable Foundation, Fong Shu Fook Tong Foundation, Mr. & Mrs. P. K. 
Yu Memorial Scholarship, and Croucher Foundation. 
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Title: Prospective memory-like behavior predicts impulsivity in wistar and sprague dawley rats 
but not alcohol preferring 'p' rats: exploring the role of the prefrontal cortex in prospection during 
delay discounting 
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Abstract: Individuals that are family history positive for an alcohol use disorder (AUD) as well 
as rodent models with analogous familial background - those selectively bred for excessive 
drinking - tend to exhibit an impulsive behavioral phenotype. Memory deficits have also been 
reported in these populations. However, measures routinely used to assess impulsivity typically 
do not simultaneously assess the involvement of memory-related processes, and vice versa. 
Furthermore, the extent to which similar brain mechanisms mediate these cognitive processes is 
unknown. The primary goal of this work was to determine the involvement of prospective 
memory in impulsive behavior. Alcohol-preferring (P) rats and heterogeneous Wistar and 
Sprague Dawley rats were used in a delay discounting task to assess differences in the tendency 
to favor small immediate rewards at the expense of larger delayed rewards. A separate group of 
Wistar rats were then implanted with electrodes within the PFC to determine how neural activity 



in this region was altered prior to and during delayed vs. immediate decisions. Wistar and 
Sprague Dawley rats were less impulsive than P rats and more likely to make a reward choice on 
the same lever used to initiate a trial (i.e. ‘consistent’ choices), suggesting that choice behavior 
was planned prior to the start of each trial in these two heterogeneous rat populations. 
Furthermore, choice trial consistency was significantly negatively correlated with delay 
discounting in Wistar and Sprague Dawley rats but not in P rats, providing additional evidence 
that prospective memory-like processes may be directly involved in delayed decision-making. 
Different patterns of neural activity were observed in response to trial initiations, trial choices, 
and reward delivery for consistent/inconsistent as well as delay vs immediate choices. These data 
provide additional support that a family history of excessive alcohol consumption may regulate 
impulsivity and vulnerability to alcohol intake, and suggest that this effect may be mediated in 
part by heritable differences in ability and/or use of prospective memory. These results also 
provide support for the PFCs involvement in integrating prospective information to guide 
reward-based behavioral decisions. 
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Title: Diverse inhibitory synaptic properties in primate anterior cingulate versus lateral 
prefrontal cortices 
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Abstract: The organization of inhibitory circuits within functionally distinct prefrontal areas in 
primates is not well understood. Using electrophysiological and multi-scale anatomical 



techniques in rhesus monkeys, we compared the functional and structural properties of inhibitory 
synapses in lateral prefrontal (LPFC) versus anterior cingulate (ACC) cortices- two prefrontal 
areas with distinct roles in executive function. The frequency of spontaneous inhibitory 
postsynaptic currents (sIPSC) was ~ 3.6x higher in ACC than in LFPC (p < 0.01) layer 3 (L3) 
pyramidal neurons. Consistent with this finding, the density of vesicular GABA transporter 
(VGAT+)-immunoreactive appositions onto somata (app/µm2 surface area) and dendritic shafts 
of apical dendrites (app/µm length, p < 0.05) was greater in ACC than LPFC. Dendritic VGAT+ 
app/µm peaked at 50 µm proximal to the soma in both areas, but was greater in ACC than in 
LPFC neurons (p < 0.05). We next used triple immunofluorescence staining to study co-
localization of perisomatic VGAT+ appositions with parvalbumin (PV+) or cholesystokinin 
(CCK+), which label two distinct populations of perisomatic inhibitory axon terminals. The 
density of VGAT+ app/µm2 on somata of L3 pyramidal neurons was ~ 1.5x greater in ACC than 
LPFC. Moreover, the density and proportion of VGAT+ perisomatic appositions double-labeled 
with PV+ versus CCK+ differed between the two areas. The density of VGAT+PV+ app/µm2 
was similar, but the density of VGAT+CCK+ app/µm2 was higher in ACC than LPFC (p < 0.05). 
Of the total perisomatic VGAT+ appositions on L3 neurons in ACC, ~ 48% were co-localized 
with PV+, ~ 35% with CCK+, and ~ 17% co-localized with neither marker. In LPFC, ~ 73% of 
VGAT+ perisomatic appositions co-localized with PV+, and the rest (~ 28%) were CCK+. 
Finally, serial electron microscopy and 3D stereology revealed that the density of inhibitory 
“symmetric” synapses/µm3 volume of L3 neuropil was ~3.3x higher in ACC than LPFC (p < 
0.05). Moreover, the densities of symmetric synapses/µm2 surface area on somata and proximal 
apical dendrites were both greater in ACC than in LPFC (p < 0.05), consistent with the confocal 
data. In summary, our findings reveal that inhibition is functionally and structurally more robust 
and diverse in ACC than LPFC. Perisomatic inhibition in ACC is mediated by at least three 
neurochemically-distinct populations of inhibitory interneurons, while in LPFC it is largely 
provided by PV+ inhibitory neurons. Differential engagement of the diverse proximal inhibitory 
circuits of the two prefrontal areas suggests a mechanism for flexible control during the 
constantly changing processing demands of behavior. 
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Title: Heterogeneity of frontal and visual cortical areas in mice and monkeys. 
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Abstract: A principal challenge of systems neuroscience is to understand the unique 
characteristics of cortical neurons and circuits that enable area- and species-specific sensory 
encoding, motor function, cognition, decision-making and behavior. To address this issue we 
compared properties of layer 3 pyramidal neurons and the neuropil in two cortical areas that span 
a broad range of cortical function -primary sensory (V1), to cognitive (frontal, FC)- in the mouse 
and the rhesus monkey. Hierarchical clustering and discriminant analyses of 15 physiological 
and 25 morphological variables revealed two fundamental principles. First, V1 and frontal 
neurons are remarkably similar with regard to nearly every property in the mouse, while the 
opposite is true in the monkey, with V1 and frontal neurons exhibiting significant differences in 
nearly every property assessed. Second, neurons within visual and frontal areas differ 
significantly between the mouse and the monkey. Neurons in mouse and monkey V1 are the 
same size, but differ in nearly every other way; mouse frontal cortical neurons are smaller than 
those in the monkey and also differ substantially with regard to most other properties. 
Ultrastructural analyses of L2-3 neuropil of FC and V1 in mouse revealed three fundamental 
principles. First, in contrast to the diverse synapses in monkey LPFC and V1, asymmetric 
axospinous synapses in L2-3 neuropil of mouse FC and V1 are remarkably homogenous with 
regard to presynaptic and postsynaptic entities. Second, asymmetric axospinous synapses in L2-3 
neuropil of mouse V1 resemble that of monkey V1 in postsynaptic entities, but differ in 
presynaptic entity. Third, asymmetric axospinous synapses in L2-3 neuropil of mouse FC and 
monkey LPFC differ substantially in both presynaptic and postsynaptic entities. These findings 
have broad implications for understanding the differential contributions of heterogeneous 
neuronal types and excitatory synapses in construction of cortical microcircuitry in diverse brain 
areas and species. 
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Abstract: Decision making is one of the important mental processes. For making a decision 
between multiple options, sometimes the values of the options are used. Many studies show that 
areas in the prefrontal cortex (PFC) play important roles in economic decision-making and 
representing value information. However, few studies have directly examined the causal role of 
these areas in economic decision making. Here, we tried to reveal the role of the lateral 
prefrontal cortex (LPFC) in economic decision making. 
Two monkeys were trained to perform a free-choice task. In this task, two reward cues, which 
indicated the types of juices, were presented sequentially with a short blank interval. Then, the 
two cues were presented simultaneously and the monkeys chose one of them to obtain the juice 
reward. From the choice behavior between the two alternatives, the values of the rewards were 
estimated. 
While a monkey performed this task, the electrocorticographic (ECoG) signals were recorded 
from ECoG electrodes implanted on the left LPFC. 
We first constructed a decoder to decode the values of the juices from the ECoG signals during 
the first reward cue presentation. We used the wavelet power and phase in six frequency domains 
(δ, θ, α, β, low-γ, high-γ) as features and decoded the values of the rewards with Sparse Linear 
Regression (SLiR) algorithm. The decoded values were significantly highly correlated with the 
behaviorally estimated values. 
Next, we applied the decoded neurofeedback (DecNef) technique on a monkey to modulate the 
values of the rewards. In the feedback experiment, a positive feedback was applied to one reward 
cue (Rcue-P) and a negative feedback was applied to the other cue (Rcue-N). The monkeys 
preferred a juice associated with Rcue-N to a juice associated with Rcue-P. In each feedback 
trial, one of the two Rcues was presented and the value was decoded from the ECoG signal 
during the cue presentation. In case of Rcue-P, a juice associated with the cue was delivered after 



cue presentation when the decoded value was higher than the threshold but no reward was 
delivered when the decoded value was lower than the threshold. In case of Rcue-N, a juice 
associated with the cue was delivered when the decoded value was lower than the threshold. 
The decoded value for Rcue-P was raised and the decoded value for Rcue-N was decreased by 
the neurofeedback. Furthermore, the difference between the values of the two juices was reduced 
after the neurofeedback. However, if we stopped the feedback experiment, the reduced 
difference was rapidly restored. From these results, we suggest that the LPFC codes the value 
information related to the choice behavior but is not involved in the value calculation process. 

Disclosures:  S. Tanaka: None. K. Kawasaki: None. I. Hasegawa: None. T. Suzuki: None. M. 
Sakagami: None. 

Poster 

173. Decision Making: Non-Orbitofrontal Cortex 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 173.14/FFF10 

Topic: H.01. Animal Cognition and Behavior 

Support: ONR Grant N00014-13-1-0297 

 Google Computational Neuroscience Grant 

Title: Reward-based training of recurrent neural networks for diverse cognitive and value-based 
tasks 

Authors: *F. SONG, X.-J. WANG;  
New York Univ., New York, NY 

Abstract: A major challenge in uncovering neural mechanisms underlying complex animal 
behavior is our incomplete access to relevant circuits in the brain. Recently, the activity of model 
neural networks optimized to perform the same tasks as behaving animals have been shown to 
exhibit many features observed in populations of recorded neurons. The analysis of such models, 
for which we have full knowledge of the system, is therefore a promising tool for understanding 
biological circuits. However, network training in previous studies have focused on supervised 
learning on a graded “choice” signal, whereas animals learn by maximizing reward feedback on 
definite actions, thereby limiting the range of tasks that can be investigated in this approach. 
Supervised learning is particularly unnatural for value-based decision-making tasks for which 
there is no “correct” answer (since values are subjectively assigned to choice options), as well as 
tasks where the optimal behavior is determined not only by the experimentalist but also by the 



animal's own actions or internal state of mind during the course of a trial. In this work, we 
propose a general framework for reward-based training of recurrent neural networks (RNNs) 
using policy gradient reinforcement learning. The networks consist of two interacting modules: 
the policy module receives task-relevant inputs and outputs the actions of the network, while the 
value module uses the activity of the policy network and the chosen action to predict the 
expected reward at each point in time. Networks can be trained to perform tasks that are as 
faithful as desired to the temporal structure of the behavior they model, so that diverse 
experimental paradigms can be straightforwardly translated for network training. We 
demonstrate the wide applicability of this framework on several value-based decision-making 
tasks as well as on a postdecision wager task. This work greatly expands the usefulness of 
trained RNNs as a tool for simultaneously capturing both the behavioral and neural aspects of 
cognitive and value-based studies in systems neuroscience. 
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Title: Expectation dynamics in an auditory discrimination task 
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Abstract: Prior experiences shape the way we perceive the world by creating expectations, a 
reference frame for generating future decisions and judgements. Little is known however about 
how the brain builds expectations from experience and how expectations influence our 
perception and behavior. 
We aim to understand how neural circuits integrate the recent history of stimuli and rewards to 
generate priors and how priors are combined with sensory information across the processing 
hierarchy to bias decisions. In order to achieve our goal we trained rats in a reaction-time two-
alternative forced-choice (2AFC) task with stimuli consisting in a superposition of low and high 
frequency amplitude-modulated tones (6.5kHz and 31kHz). The relative weight of each tone was 
parameterized by the coherence c. Rats had to discriminate the dominant tone and seek reward in 
the associated port. We presented partially predictable stimulus sequences that, once learned, 
could be used to generate adaptive priors that maximize the performance. These sequences were 
created using a two-state Markov chain whose stimulus transition probability was fixed in each 
200 trials lasting block: In Repeating blocks the probability to repeat the previous stimulus 
category was 0.7 and in Alternating blocks the probability was 0.2. 
To disclose the neural circuits involved in these computations, we simultaneously conducted 
neural population recordings  in the dorso medial striatum (DMS) and we have started to 
characterize how striatal circuits encode and combine priors with stimulus information to bias 
perceptual choices. 
We found that this design leveraged on the natural tendency of these animals to exhibit history 
dependent biases, they learned to recognize the changes in the sequence statistics of each block 
and adapted their behavior to them by developing a repeating choice bias after several correct 
repetitions and a weaker but reliable alternating bias after correct alternations. The magnitude of 
the bias built up after each correct response and it seemed to saturate after four consecutive 
correct responses, but reset to zero after error trials. In the transitions between the Repeating and 
Alternating blocks, rats took around five trials to modify their belief in the sequence rule. 
Moreover, animals reaction time was longer for unexpected compared to expected stimuli, but 
comparable to trials without a define expectation. Finally stimulus impact on choice was smaller 
when the choice matched the expectation, than when it went against it. Our findings show that 
priors show build-up-and-reset dynamics across trials allowing animals to capitalize on the 
predictability of the stimulus sequence. 
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Title: Role of mouse premotor cortex in action generalization and goal-directed behavior 
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Abstract: When encountering a novel situation we must decide whether or not to generalize 
previously learned rules. Generalizing can be beneficial as it does not require novel learning and 
thus allows enhanced exploitation; however, if the novel situation is not sufficiently similar, 
persisting in using an old rule can be problematic. In contrast an exploratory strategy is more 
flexible, but requires novel learning. 
The circuits mediating generalization include the dorsal striatum, with the dorsolateral striatum 
(DLS) being necessary for action generalization, while the dorsal medial striatum (DMS) was 
necessary for exploitation. Interestingly these results directly map onto dorsal striatal circuits 
mediating goal-directed (DMS) and habitual (DLS) action strategies, suggesting that similar 
neural circuits may control both action generalization and habits. 
To test this hypothesis, we chemogenetically attenuated the activity of the premotor cortex (M2) 
in mice, a cortical region necessary for goal-directed behavior, and predicted that this would 
reduce goal-directed behavior and increase action generalization. 
Mice were given bilateral injections at M2 with a virus expressing cre recombinase (cre) under 
the CamKIIα promoter (AAV5/CamKIIα-GFP-Cre) and either a virus expressing cre-inducible 
mCherry (AAV5/hSvn-DIO-mCherry) (controls) or a virus expressing a cre-inducible inhibitory 
DREADD (AAV5/hSvn-DIO-hm4D-mCherry). Upon recovery mice were trained to press a 
lever for a pellet reward on a continuous ratio schedule. Mice were then placed on a random 
interval (RI) schedule that has been shown to bias habitual behavior and action generalization 
and underwent subsequent testing. Each day prior to schedule training and testing sessions, mice 
were pretreated with the hM4D-selective agonist Clozapine-N-Oxide. 
Although a RI schedule biases habits, we tested for goal-directed control over behavior via an 
early devaluation test using sensory-specific satiety. Control mice were still goal-directed, while 
M2 attenuation biased use of habitual action strategies. We next assessed action generalization 
by presenting a novel lever in addition to the trained lever in the operant chamber. Surprisingly, 
while control mice pressed the trained and novel levers at a similar rate, mice with attenuation of 
M2 activity selectively exploited the trained lever. 



Thus, M2 attenuation decreased both goal-directed actions and action generalization, revealing a 
dissociation in neural circuits mediating these behaviors. Further work aims to differentiate the 
differing cortical and striatal circuits mediating action strategy and action generalization. 
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Title: Dissociation of deterministic and stochastic components in the timing of voluntary actions 
in rodent frontal cortex 
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Abstract: Decisions on selection and timing of actions are subject to deterministic influences, 
such as sensory inputs and past reward experiences, which contribute to decision bias. In 
addition, they are influenced by effectively stochastic factors. Although stochastic choice 
mechanisms can be an important component of exploration and competition, their origin and 
mechanisms remain poorly understood. Here we used a combination of behavior, pharmacology 
and electrophysiology to study how neural circuits in the frontal cortex collaborate to determine 
action timing in rats performing a waiting task. In the waiting task, rats continuously chose 
whether to wait for a randomly-delayed tone to obtain a large reward or to give up and obtain a 
smaller reward. We found that the timing of waiting abort varied substantially across trials and 
well-approximated by a two-stage stochastic model: (1) individual action timings are drawn 



stochastically from a distribution and (2) the mean of the distribution, or decision bias, fluctuates 
over a longer timescale depending on the history of rewards. Inactivation of either medial 
prefrontal cortex (mPFC) or secondary motor cortex (M2) strongly affected action timing and 
electrophysiological single-unit recordings revealed a functional dissociation. Both mPFC and 
M2 neurons reflected experience-dependent deterministic biases in action timing, but only M2 
neurons reflected stochastic trial-to-trial fluctuations. This differential coding was mirrored in the 
relative timescales of intrinsic neural dynamics and timescales of waiting time correlation both 
within and across trials. The results support a two-stage model in which, together with other 
areas, mPFC maintains experience-dependent deterministic choice bias signals while M2 
contributes to stochastic components of choice. 
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Title: Adolescent cannabinoid exposure impairs risky decision-making and alters mPFC firing 
patterns in adult rats. 
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Abstract: Adolescence is characterized by increases in risk-taking across a range of behaviors, 
including experimentation with alcohol and illicit drugs. Cannabis is the most widely used illicit 
drug among adolescents, and increased use coincides with a period of marked brain 
development, particularly in the prefrontal cortex (PFC). PFC is important for decision-making 
processes, and exposure to cannabis during PFC development may lead to impairments in these 
processes, resulting in increased impulsivity and excessive risk-taking. The medial portion of 
prefrontal cortex (mPFC) continues to develop throughout adolescence and is thought to be 
crucial in shifting behavior as rewards become uncertain or less valuable. In this study, we 
investigated the long-term effects of chronic adolescent cannabinoid exposure on decisions 



between certain and uncertain reward, in which reward magnitude, probability and expected 
value were parametrically varied. Thirty-two male and female Long Evans rats received i.p. 
injections of WIN 55, 212-2, a CB1 receptor agonist, from postnatal day 30-60. Once animals 
reached adulthood, their reward preferences were measured using a gambling task. Rats chose 
between two levers, one of which paid a small-certain reward, and the other paid a large-risky 
reward. The probability of receiving the large reward varied randomly on each session, ranging 
from 16.7% to 66.7%. As rats performed this task, we used in vivo electrophysiology to record 
mPFC activity. We hypothesized that chronic treatment with WIN would result in mPFC 
disinhibition in adulthood. Consistent with this, we found that WIN-treated rats had elevated 
preference for the risky choice option, and elevated responses to task events. This suggests that 
adolescent cannabis use may alter the normal development of inhibitory signaling in the PFC, 
altering decision-making processes. 
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Title: Single-unit and population activity in rat medial prefrontal cortex during headfixed 
decision making 
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Abstract: Attention, working memory and executive functions are strongly associated with 
neuronal activity in rat medial prefrontal cortex (mPFC). Similar to other cortical areas, the 
mPFC has a laminar architecture containing morphologically and functionally different cell types 
and layers. However, the contribution of individual layers and cell-types in mPFC to cognitive 
behavior is only beginning to be understood. To reveal which neurons of the mPFC circuitry 
orchestrate the diverse repertoire of prefrontal functions, we recorded single-units and population 
activity at specific cortical depths across layers of the rat mPFC during a whisker-based Go/No-
Go task. 



Head-fixed rats were trained to determine the location of a pole on the radius of the whisker, 
where the proximal location should be reported by licking to receive a water reward. When the 
pole was positioned in the distal location, the rat should not lick to avoid a 5 second time-out. 
We used 64-channel silicon probe recordings to record from populations of mPFC neurons, from 
which single units were isolated. We find changes in activity for individual units that correlate to 
behavioral phases distributed throughout the cognitive task. The strongest neurophysiological 
correlate involved reward consumption after the rat made a correct decision. Further, we find 
strong sub-threshold activity in the local field potential when the rat is cued with a sound for trial 
start, but not for trial end. This difference in physiological response to the same sound could 
reflect gating of only relevant stimuli into the mPFC and might in this case correspond to a 
‘reset’ of the working memory to prepare for upcoming task execution. 
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Abstract: Context roots overlapping memories within a framework and allows for behavioral 
flexibility during similar situations. The prelimbic cortex in the rodent is thought to be 
implicated in the contextual memory process. However, how this brain region supports the 
retrieval of contextual memory is poorly understood. To address this question, we created a task 
where the rate at which a contextual memory needed to be retrieved was varied. In this task, 
contexts consisted of temporally continuous, non-spatial, visual and auditory compound cues that 
signaled a spatial reward location in a modified automated + maze. The demand on the retrieval 
process was tested by presenting them in alternating blocks of 20 trials, 5 trials, or 
pseudorandomly, with no more than 3 of the same context presented in a row. Rats learned to 
discriminate between the contexts, and recall the relevant spatial rule. They were then implanted 



with bilateral cannulae targeting the prelimbic/infralimbic region. This region was then 
temporarily inactivated via a GABAA agonist, muscimol, during the three task conditions. Our 
results show a strong dependence on the PL/IL during random presentations, but only if it was 
the first time that they had solved the task without it. During the longer block conditions, the 
context was retrieved appropriately. These data show that the rate at which retrieving a 
contextual memory necessitates the PL/IL at different degrees, as well as showing the ability to 
circumvent this circuit thru learning. 
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Title: Dysfunctional Learning: A comparison of activity in the motor cortex and dentate nucleus 
reflecting correct and incorrect motor responses to an acoustic discriminative stimulus (DS). 

Authors: *C. D. WOODY;  
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Abstract: Recordings of single unit activity were obtained from 74 cells of the pericruciate 
cortex and 203 cells of the dentate nucleus of awake cats that had been trained to perform blink 
CRs to a 70 dB click CS and not to a 70 dB hiss DS. Concurrent bipolar recordings of EMG 
activity from the orbicularis oculi muscles during each trial of DS presentation allowed objective 
assessment of suppressed motor performance while remaining blind to the associated spike 
activity. The trials were separated into those with correctly suppressed EMG responses to the DS 
(failed to exceed prestimulus maximum or reach 2Z above baseline activity), inconclusively 
suppressed (exceeded 2 but did not reach 3Z above baseline), and incorrect (>3Z above baseline 
activity) responses. Averages were then made of the PSTHs of spike activity associated with 
each classification and of the concurrent EMG activity. (Responses to the CS were examined 
earlier: Woody, C. D., Abstr. Soc. Neurosci. 35, 2009; 558.24, 2014. Those responses were 
correct if > 3Z of baseline and inconclusive or incorrect if not.) 
Comparison of the overall averages of EMG activity showed a suppression of response (< 2Z 



above baseline) to DS in the ‘correct’ group from each region, a mean peak response 2.3/8.8 
(concurrent with dentate/motorctx spike recordings) Z above baseline in the “inconclusive” 
group, and in the “incorrect” group a mean peak response 34/24 Z above baseline. The averaged 
PSTHs of corresponding DS-evoked spike activity showed no significant differences in baseline 
activity in neurons of any group from either region, and a significant increase (>3Z) in mean 
peak response to DS in the “incorrect” group from dentate. There was also a substantial increase 
in S:N of mean peak dentate spike response to DS (16Z above baseline) in the “incorrect" group. 
In motor cortex the magnitude of change in spike activity in response to DS was less well 
correlated with EMG performance errors than that to the CS in earlier studies. In dentate changes 
in S:N were the major correlate of spike response with performance error. In dentate S:N appears 
to be the principle means available for error-control in response to either CS or DS. In motor 
cortex several means, including baseline activity and mean peak response as well as S:N, were 
available for correcting CS-elicited errors, but none were found for correcting DS-elicited errors. 
Data from: Woody, C.D. Summary of recordings of spike trains: a database of recordings of 
spike activity from about 5000 neurons. http:// repositories.cdlib.org/mrrc/1 2005. 

Disclosures:  C.D. Woody: None. 

Poster 

174. Sex, Hormones, and Cognition 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 174.01/FFF18 

Topic: F.02. Behavioral Neuroendocrinology 

Support: NIH 5P50AT006268-05 

 Neuroscience Program fellowship to Payel Kundu 

 Environmental Toxicology Scholar traineeship to Payel Kundu 

Title: The effects of estrogenic components of licorice root on cognition 
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Abstract: It is well established that estrogens modulate cognition in a task-dependent manner. 
Many dietary supplements contain estrogenic compounds, the efficacy and safety of which are 
poorly understood. This study investigated the efficacy of components of licorice root to alter 



performance on a hippocampus-sensitive metric change in object location (MCOL) task. We 
investigated isoliquiritigenin (ISL), Glycyrrhiza glabra root power (LRP), and an ethanol extract 
of Glycyrrhiza glabra root (LRE). LRP is licorice root powder and ISL is a pure compound with 
estrogenic activity that is found in licorice root. We also explored whether a high fat diet (HFD) 
would impair performance on this task and whether the botanicals could mitigate any negative 
effects. Young adult (3-month old) Long-Evans female rats were ovariectomized (OVX) and 
exposed to either a HFD (44.8% kcal from fat) or a LFD (17.2% kcal from fat) for five weeks 
prior to testing. A subset of rats on each diet were exposed to ISL, LRP or LRE at a 
concentration of 0.075%, 5% or .5% respectively of the diet for three weeks prior to testing. 
Estradiol improves performance on the MCOL task and thus was included as a positive control. 
Rats in the estradiol group were injected subcutaneously 48 and 24 hours prior to testing with 45 
µg/kg of estradiol. In the MCOL task, rats were allowed to explore two objects in a black 
Plexiglas® chamber while object exploration time was recorded for three 5-min trials with a 3-
min inter-trial interval in the rat’s home cage. For the fourth 5-min trial, the objects were moved 
closer together and exploration time was again recorded. An increase in object exploration time 
in the final trial suggests that the rat detected the change in object locations. As expected, 
estradiol increased object exploration time on the final trial. ISL and LRE exposure also led to a 
significant increase in exploration time in the final trial relative to the third trial, indicating better 
performance on the task. Diet had no effect on its own and did not interact with botanical 
exposure. In this study we found that both ISL and LRE significantly improved performance on 
the hippocampus-dependent MCOL task in OVX rats. These compounds could be potentially 
useful therapeutics to ameliorate some aspects of cognitive decline post-menopause. 
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Abstract: Sexual differentiation is facilitated by gonadal sex hormones such as testosterone (T) 
and estradiol (E2). These sex hormones act during development to organize morphology and 
give rise to sex-specific behaviours. Developmental T and E2 have been implicated in learning 
and memory by facilitating spatial memory-related synaptic plasticity and spinogenesis. While 
most studies have focused on spatial memory, less research has evaluated declarative/recognition 
memory, which is less hippocampus dependent. In this study we sought to elucidate how 
exposure to heightened levels of prenatal T in-utero can affect object recognition memory. We 
treated pregnant mice with 10µg of testosterone propionate or sesame oil control on embryonic 
days 12, 14 and 16, which is the critical period for sexual differentiation. Prior to the onset of 
puberty, mice performed the object recognition (OR) paradigm. Subjects were exposed to two 
objects in their home cage for 3 four-minute habituation sessions followed by a 4-minute test 
session, where a novel and previously encountered object were introduced. A preference ratio for 
the novel object was calculated for the test and the averaged habituation sessions. After 
prepuberty testing, the mice were gonadectomised (or sham control) and received hormone 
replacement (12.5µg E2 or crystalline T). Ten-days post hormone replacement the mice were re-
tested in the OR at 9-weeks of age. This was done to assess the effect of puberty on object 
recognition behaviour. Prior to puberty, females who were experimentally exposed to T in-utero 
showed impairment in object recognition. Further, we found no significant difference between 
groups in total investigation of the objects, which indicates that our findings are not secondary to 
effects on investigatory behaviour per se. Thus, prenatal exposure to T seems to impair object 
recognition selectively in female mice. We are currently in the process of evaluating the 
activational effects of puberty on object recognition. Acknowledgements: supported by OMHF 
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Title: Circulating progesterone contributes to state-dependent contextual fear in cycling female 
rats 
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Abstract: Sex differences in susceptibility to stress-related and trauma-related disorders suggest 
that ovarian steroid hormones may play an important modulatory role in fear and anxiety. We 
have recently shown that allopregnanolone (ALLO), a progesterone (PROG) metabolite and 
GABAA receptor potentiator, within the bed nucleus of the stria terminalis (BNST) can modulate 
conditioned contextual fear in female and male rats. In addition, we have found (in male rats) 
evidence that the regulation of contextual fear by intra-BNST ALLO is state-dependent. Given 
that ALLO levels mirror fluctuations in PROG levels across the estrous cycle, we sought to 
determine whether hormonal state would modulate conditioned fear in a state-dependent manner 
in females. To this end, we used the naturalistic model of gonadally intact, cycling female rats in 
high (late proestrus, HI) or low (late diestrus, LO) PROG states. Animals were conditioned with 
5 tone (2 kHz, 10 s, 80 dB) - footshock (2 s, 1 mA) pairings and tested 3 to 6 days later for 
contextual fear in the conditioning chamber (10 min). Conditioning and testing were timed such 
that rats were in one of four combinations of estrous cycle stages: HI-HI, HI-LO, LO-LO, and 
LO-HI. Following testing, plasma was collected and assayed for PROG. Results suggest that 
natural fluctuations in ALLO levels (as inferred from estrous cycle stage and terminal PROG 
levels) may confer state-dependence such that rats conditioned and tested in the same hormonal 
state have elevated levels of contextual fear compared to those trained and tested in different 
states. These findings suggest that, in females, hormonal state may act as an interoceptive 
contextual cue to modulate conditioned fear via state-dependent mechanisms. 
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Abstract: There are various hormone therapy (HT) options available for women to diminish 
undesired physiological symptoms associated with menopause (e.g. hot flashes, vaginal atrophy). 
A commonly used estrogen in HT is 17β-estradiol (E2), the most potent and naturally circulating 
estrogen in mammals. Studies show that E2 can benefit cognition, and that activation of 
extracellular signal-regulated kinase 2 (Erk2) is required for E2 to produce this effect. Estrogen-
based HT for women with an intact uterus must also include a progestogen component to oppose 
the associated increase in risk for uterine cancer. Studies evaluating E2 plus natural progesterone 
treatment in ovariectomized (Ovx) rodents suggest that the addition of progesterone attenuates 
the beneficial cognitive effects of E2 and the increase in E2-induced Erk2 activation. 
Levonorgestrel (Levo) is a synthetic progestogen used in HT and contraceptives. We have 
previously shown that Levo treatment in middle-aged, Ovx rats enhanced cognitive performance. 
However, the effect of an E2 plus Levo hormone combination treatment on cognitive function 
has not yet been reported. This is translationally important given that E2 and Levo are 
administered in combination clinically, such as with the transdermal patch for HT (ClimaraPro). 
Thus, the aim of our study was to examine the effect of an E2 plus Levo treatment on cognitive 
function. Middle-aged, Ovx rats were administered vehicle, E2 only, Levo only, or E2 plus Levo 
hormone treatment. Rats were then tested on a behavioral battery to assess spatial working and 
reference memory (water radial arm maze) and spatial reference memory (Morris water maze). 
Following behavior, brain regions involved in learning and memory were processed for western 
blot analysis of activated Erk2 expression. Results showed that both individual hormone 
treatments, E2 only and Levo only, enhanced learning on a working memory measure relative to 
vehicle control. Additionally, contrasting effects of hormone treatment were seen as the working 
memory demand increased, whereby at the moderate memory load, all hormone treatments 
enhanced performance, but at the highest working memory load, E2 plus Levo hormone 
combination treatment impaired performance relative to E2 only and Levo only. Preliminary 
analyses of activated Erk expression suggest that Erk2 activation in the frontal cortex is 
correlated with working memory performance, and that this relationship is impacted by whether 
E2 is given alone or in combination with Levo. Taken together, results from this study suggest 
that E2 and Levo are acting through different mechanisms, resulting in contrasting effects on 
cognitive performance. 
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Abstract: Memory changes during the menopause transition can negatively impact quality of 
life in women. These alterations in memory function may be related to the characteristic erratic 
fluctuations followed by the decline in ovarian hormone levels, including estrogens, observed 
during the perimenopausal period (Sherwin, 2012). Using the 4-vinylcyclohexene diepoxide 
(VCD) rat transitional menopause model, we investigated menopause- and age- related changes 
in choline acetyltransferase (ChAT) in the basal forebrain (BF), a primary synthesis site for 
acetylcholine. The BF is important for cognitive function, as these cholinergic neurons send 
long-range projections to the hippocampus, a key structure in spatial cognition. It is well 
established that 17β-estradiol (E2) treatment increases BF ChAT levels (Luine, 1985; Gibbs, 
1997, 2000) and BF lesions impair spatial memory and prevent E2-induced memory 
enhancements (Hagan et al., 1988; Gibbs, 1998, 2002). Thus, fluctuating ovarian hormone levels 
during the transition to menopause may impact acetylcholine synthesis and the BF-hippocampal 
cholinergic pathway. Young (6 mo) and Middle-Aged (12 mo) Fischer-344 rats were trained on a 



water radial-arm maze (WRAM). Following training, rats were administered Vehicle or VCD 
treatment, which accelerates depletion of ovarian follicle reserve. Rats were then repeatedly 
tested on the WRAM for four months, across the menopausal transition to a follicle-deplete state. 
A subset of rats was sacrificed early in the menopausal transition to evaluate physiological 
changes that occur early in perimenopause. The remaining rats were sacrificed after six months, 
when VCD-treated rats were post-follicular depletion. The BF was stained for ChAT- 
immunoreactive (IR) cells, and unbiased stereology was used to estimate ChAT-IR populations 
in the medial septum and vertical/diagonal bands. Preliminary results suggest that the ovarian 
hormone fluctuations associated with follicle depletion are related to ChAT-IR BF estimates, 
particularly during the early menopause transition time point. Further, the relationship between 
ovarian hormones and ChAT-IR BF estimates changes with both aging and follicular depletion. 
Dynamic relationships between hormone levels and ChAT-IR estimates with memory 
performance will be discussed. Understanding the neurobiological changes that occur early in the 
menopause transition period may help elucidate a critical window for hormone intervention in at- 
risk women so they can maintain a high quality of life, and the possibility to postpone or prevent 
the development of cognitive impairment or dementia later in life. 

Disclosures:  S.V. Koebele: None. S.E. Mennenga: None. S. Patel: None. R. Hiroi: None. L.T. 
Hewitt: None. A.M. Quihuis: None. L.P. Mayer: None. C.A. Dyer: None. L.M. Demers: 
None. H.A. Bimonte-Nelson: None. 

Poster 

174. Sex, Hormones, and Cognition 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 174.06/FFF23 

Topic: F.02. Behavioral Neuroendocrinology 

Support: College of Liberal Arts and Sciences 

 NIH Grant AG028084 

 State of Arizona 

 Support: ADHS and the Arizona Alzheimer’s Disease Core 

Title: Long-term tonic estradiol improves, and cyclic estradiol impairs, spatial working memory 
in ovariectomized middle-aged female rats 



Authors: *K. NISHIMURA1, S. V. KOEBELE1,2, S. KEMMOU1, J. B. ORTIZ1, J. M. JUDD1, 
H. BIMONTE-NELSON1,2, C. D. CONRAD1;  
1Psychology, Arizona State Univ., Tempe, AZ; 2Arizona Alzheimer's Consortium, Phoenix, AZ 

Abstract: There has been much research investigating the influence of estrogens on cognition in 
female rats. Reports demonstrate that many factors can impact outcomes, including, but not 
limited to, age of the subject, estrogen duration, mode of estrogen administration, estrogen type, 
stress history, and presence of progestins. Age of the subject is particularly important 
translationally given that women are living longer with nearly a third of their life in a post-
menopausal state. Consequently, understanding the factors by which estrogens could contribute 
to healthy cognitive aging is of great importance. Previous research from our lab has 
demonstrated that three months of estrogen treatment via tonic pellet implant or cyclic injections 
can enhance learning and memory in 12-15 month old female rats (Bimonte-Nelson et al., 2006). 
It is unknown whether a longer-term, further extended exposure to estrogens would benefit 
cognitive abilities and whether the mode of estrogen administration would influence these 
outcomes. Here, we examined the effects of seven months of 17β-estradiol (E2) exposure using a 
regimen of tonic exposure (silastic capsules), cyclic exposure (bimonthly s.c. injection of 10 µg 
E2), or tonic + cyclic exposure (silastic capsules + bimonthly s.c. injection of 10 µg E2) on a 
battery of learning and memory tasks in middle-aged, Ovx female Fischer-344-CDF rats. The 
treatment regimen continued for the duration of the seven-month study. At the end of month six 
when rats were 14-15 months old, all groups were tested on a battery of cognitive tests that 
included the water radial-arm maze (WRAM), Morris Water Maze (MWM), visible platform, 
open field, object placement, and object recognition. WRAM was used to assess spatial working 
and reference memory and is considered to be a taxing memory task requiring greater cognitive 
flexibility as trials increase. Working memory errors decreased with tonic E2 treatment, and 
were increased by cyclic E2 treatment. For the open field, tonic E2 increased time spent in the 
center arena, whereas for object exploration, cyclic E2 enhanced overall object investigation. 
While further data analyses are underway, results thus far point to differences in cognitive 
outcomes depending upon whether E2 administration was tonic or cyclic over the seven month 
exposure. Pinpointing the parameters of estrogen administration that optimally enhance 
cognition, especially regarding long-term treatment, will provide a critical step toward 
understanding necessary requirements for optimizing cognitive and brain health in women across 
the lifespan. 
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Abstract: Menopause results in ovarian follicular depletion and consequently, a dramatic 
reduction of circulating ovarian hormones, including 17β-estradiol (E2). The loss of E2 and other 
ovarian hormones leads to a shift in hormone milieu with androstenedione (Andro) becoming the 
primary circulating hormone. Evidence suggests that this change in hormone milieu during the 
menopause transition is associated with cognitive impairment. In attempt to restore hormone 
balance, estrogen containing hormone therapies (HT) such as E2 and Conjugated Equine 
Estrogens (CEE), are prescribed to perimenopausal and menopausal women. Our laboratory has 
previously shown a negative impact of CEE on cognitive function in a rodent model of 
menopause with chemically-induced ovarian follicular depletion with ovaries retained, and 
negative cognitive performance correlated with high endogenous serum Andro levels. In a 
subsequent study, we found that exogenous Andro treatment in ovariectomized (Ovx) animals 
was detrimental to cognition. In order to methodically test whether Andro impacts the effects of 
HT estrogens, the current study was performed. We utilized Ovx C57BL/6J mice to evaluate the 
effects of these individual and combination hormone regimens on a cognitive maze battery. The 
most striking findings were that while the combination of CEE and Andro impaired performance 
on multiple measures, the combination of E2 and Andro did not; in some cases, this E2 plus 
Andro hormone regimen was the only one to enhance cognition. These results suggest that 
Andro interacts with E2 in a manner distinct from CEE to regulate cognition. There could be 
significant clinical implications if these findings translate to women, as the results from this 



study indicate that E2-containing HT may pose an advantage over CEE-containing HT for 
improving cognition in ovary-intact menopausal women with moderate levels of circulating 
Andro. 
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Abstract: Removal of endogenous estrogens via ovariectomy (OVX) in the rat alters metabolic 
regulation, and increases anxiety- and depressive-like behaviors. Readministration of estradiol 
(E2) reverses this phenotype. Naturally occurring non-steroidal isoflavones, which are present in 
standard rodent chows, can interact with estrogen receptors and can have both estrogenic and 
anti-estrogenic effects. These dietary isoflavones can exert sex-dependent effects on anxiety, 
memory, learning and depression. However, the interaction of dietary isoflavones and 
endogenous steroids, such as E2, is unknown. The goal of this study was to examine this 
interaction on depressive-like behaviors using the forced swim test (FST). OVX female rats fed 
an isoflavone rich diet and treated with E2 had an increased struggle time (decreased depressive-
like behaviors) compared to animals given VEH (P < 0.05). There was no effect of E2 
administration in the isoflavone-free chow animals. To potentially explain these behavioral 
effects, we measured serum and white adipose tissue cytokines levels in addition to brain-derived 



neurotrophic factor (BDNF) from limbic brain regions in response to diet and E2 replacement. 
The presence of isoflavones in diet decreased serum levels of macrophage colony stimulating 
factor (M-CSF) but increased serum levels of chemokine (C-X-C motif) ligand 1 (GRO/KC) (P 
< 0.05). White adipose tissue levels of M-CSF and GRO/KC, in addition to erythropoietin were 
decreased in rats fed an isoflavone-rich diet (P < 0.05). E2 treatment decreased WAT GRO/KC, 
serum monocyte chemoattractant protein 1 and increased vascular endothelial growth factor. 
Other measured cytokines (19 analytes, including interleukins) revealed no significant 
difference. Using an ELISA to measure BDNF levels, E2 replacement in rats fed an isoflavone-
rich diet increased total BDNF in the amygdala and the hippocampus (P < 0.05). E2 treatment 
decreased BDNF expression in animals on the isoflavone-free diet (P < 0.05). Overall, we 
demonstrate that dietary isoflavones can interact with E2 treatment to alter affective processing 
and depression-relevant mechanisms. We propose that when examining the effects of E2 
replacement dietary content should be carefully considered. 
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Abstract: Ovariectomy and concurrent loss of estrogens impair spatial memory and synaptic 
plasticity in vivo. However, ovariectomy is also followed by a stark increase in peripheral levels 
of luteinizing hormone (LH), an aspect that is associated with a marked decrease of brain LH 
levels. Since we recently discovered a correlation between brain LH levels and spatial memory, 
we hypothesized that restoring LH signaling in the CNS with an analogue, human chorionic 
gonadotropin (hCG), would ameliorate spatial memory deficits due to ovariectomy. We 
ovariectomized C57Bl/6J mice at 3 months of age, infused artificial CSF or hCG (3 or 



30mIU/day) to the lateral ventricle at 6 months of age and trained mice to perform the Morris 
water maze task. Our data show that hCG treatment increases ERK phosphorylation and rescues 
ovariectomy associated deficits in spatial memory on the probe trial of the Morris water maze 
task. Additionally, we treated primary neuronal cultures with 300mIU hCG, which increased the 
number of secondary neurites and branch points, an aspect that may be linked to the ability of 
hCG to increase ERK phosphorylation in vivo. Together, our data suggest that LH signaling is 
able to restore spatial memory deficits and increase the complexity of the dendritic arbor. 
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Abstract: The brain derived neurotrophic factor (BDNF) Val66Met is a common single 
nucleotide polymorphism in humans, with approximately 30% of the Caucasians being 
heterozygous for the BDNFMet allele (BDNF+/Met). Clinical and animal studies have shown that 
BDNFMet carriers exhibit an increased risk for affective disorders and metabolic dysfunction. 
Interestingly, a few findings have highlighted the importance of the estrus cycle to unmask 
behavioral impairment in the BDNFMet knock-in mouse (BDNFMet/Met), an animal model that 
recapitulates the main hallmarks of humans carrying the BDNFMet allele. The interplay between 
BDNF and sex hormones is consistent with evidence showing that replacement or endogenous 
surge of estradiol increases BDNF expression in the brain, notably in hippocampus. Here, we 
aimed at the determining whether the Val66Met status can alter the effects of 17-β estradiol (E) 
replacement. To this purpose, we ovariectomized (OVX) BDNF+/Met mice and their matched wild 
type BDNF+/+. After a 7 day-recovery period, cage water bottles were refilled with water 



containing either 200 nM E/0.1% ethanol or vehicle (0.1% ethanol). This treatment was provided 
ad libitum for 6 weeks, during which mice underwent a battery of behavioral tests, including 
light-dark test, splash test, and object placement. Body weight was recorded once per week. 
Following the behavioral tests, mice were killed and hippocampi, prefrontal cortex, 
hypothalamus, and uteri were dissected. Blood was collected and peripheral blood mononuclear 
cells were isolated. E treatment prevented body weight increase in OVX mice of both genotypes. 
Uteri weights and optical analysis further validated the success of surgery and E treatment. In the 
light-dark test, E add-back had a more prominent anxiolytic effect in BDNF+/Met when compared 
to BDNF+/+. Curiously, we found that E treatment induced depressive-like behavior in OVX 
BDNF+/Met, which displayed a reduced number of grooming sessions compared to vehicle treated 
OVX BDNF+/Met. Also, we observed that ovariectomy affected cognitive performance in 
BDNF+/+ but not in BDNF+/Met. Indeed, only vehicle treated OVX BDNF+/+ showed no 
discrimination of the misplaced object. Thus, there appears to be a procognitive effect of E only 
in BDNF+/+. This suggests that the Met allele might confer cognitive protection during estradiol 
fluctuation. We are currently examining the gene expression profile in the different tissues 
collected. These findings lay the groundwork for novel investigations aimed at determining how 
the interplay between sex hormones and the BDNFMet allele increases the risk for affective 
disorders at discrete time points in a woman’s life. 
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Abstract: Social hierarchy exists within the majority of different animal populations including 
humans. This hierarchy affects both reproductive fitness and individual health. Neuronal 
mechanisms underlying social hierarchy can be studied by comparing the central nervous system 
of dominant and subordinate animals; a quite unexplored research area. We set out to study the 
effect of dominance on exploratory behavior and long and short-term memory in the P 
generation of both male and female zebrafish, and to establish if this is a trait that is inherited 



and if the changes in the aminergic systems will be carried over to the next F1 generation. There 
were no gender differences in basic locomotion and exploratory behavior. In the hierarchy 
establishment test the male fish showed a clear spatial hierarchy with the dominant individual 
patrolling the top compartment of the tank and the subordinate male spend most of the time 
freezing at the bottom of the tank. In females the hierarchy was also established but not spatially 
as clearly as in the males. The dominant female was generally chasing the subordinate female. 
Also, the subordinate female did not spend time freezing in the bottom part of the tank, rather the 
subordinate female was avoiding all contact with the dominant female. Shor- and long-term 
memory was reassessed in the dominant and subordinate animals to test if the established 
hierarchy affected the performance in the T maze. We found that the dominant females 
performed faster compared with subordinate females. However, there was no difference in their 
short- or long-term memory formation assessed by T maze. The dominant and subordinate males 
did not differ in time spent to find the deep (or preferred) compartment in the T maze. Here we 
found that males were much faster in reaching the deep compartment of the T maze compared 
with females. To assess the role of dopaminergic and histaminergic signaling in the dominant 
and subordinate zebrafish, we studied geneexpression in the F1 generation of animals (offspring 
of wt, dominant or subordinate) by quantitative PCR. The only transcript changed in both 
dominant and subordinate zebrafish was hdc as its mRNA expression was significantly reduced 
in both dominant and subordinate larvae when compared with wild-type controls. We have 
shown that both male and female zebrafish form social hierarchies and that the status of the 
female animals affected their performance in the T maze. The offspring from the dominant and 
subordinate animals did not differ in regard of the dopaminergic signaling whereas the 
histaminergic system was significantly reduced in both dominant and subordinate larvae when 
compared with wild-type controls. 
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Abstract: Ovarian hormones, especially estrogen has an immense physiological role in cognitive 
processing through enhancement of synaptic plasticity, hippocampal neurogenesis, neurite 
outgrowth and long-term potentiation which are essential for episodic memory formation. In 
postmenopausal women (either natural or by oophorectomy), cognitive function is declined due 
to insufficient hormones in circulating blood. Women are more susceptible to dementia, 
particularly Alzheimer’s disease (AD), than men. Moreover, hormonal therapy alone does not 
seem to improve the cognitive function. Studies exploring nootropic potential of cholinesterase 
inhibitor, donepezil in ovary intact (OVI) and ovariectomised (OVX) female rats are scarce. 
Hence, we explored, whether donepezil activity was mediated through ovarian hormones in a 
simple episodic form of memory, essential to perform activities of daily living (ADL). Object 
recognition task (ORT) was used to assess episodic memory in OVI and OVX female Wistar 
rats. Object exploration time and discriminative index were calculated and compared among the 
groups. Rats were subjected to testing after an inter trial interval (ITI) of 3 and 24 h. At an ITI of 
3 h, OVI animals remembered the familiar object (*p<0.05) and showed discrimination between 
novel and familiar objects, where as OVX animals did not discriminate novel object. We also 
found that, donepezil prevented 24 h ITI induced natural deficits of object recognition memory 
in OVI animals. Significant (*p<0.05 and**p<0.01) improvement in discriminative index was 
noted for OVI animals treated with donepezil (0.3 and 1 mg/kg, i.p.) as compared to vehicle. 
However, donepezil did not alleviate object memory deficits in OVX animals which may be 
attributed to hormonal insufficiency. In addition, we observed significant gain (**p<0.01) in 
body weight for OVX groups as compared to OVI animals. Furthermore, locomotion was found 
to be unaffected by ovariectomy. Current study demonstrated that, anti-dementic activity of 
donepezil is ovarian hormone dependent in female rats. Nootropic potential of donepezil requires 
presence of ovarian hormones for object recognition and thereby episodic memory processing in 
female Wistar rats. Earlier clinical report found lack of efficacy of donepezil in postmenopausal 
women for symptomatic treatment of AD type dementia which is in line with the current 
preclinical finding. As hormonal therapy alone was found to worsen cognitive function further in 
post menopausal women, combined donepezil and estrogen therapy would be a promising 
therapeutic intervention to manage dementia in this population. 
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Abstract: Estrogen replacement therapy in menopausal women enhances hippocampus (HPC)-
dependent cognition, and alleviates hot flashes. While estrogens are synthesized in the ovaries 
through the conversion of testosterone to 17β-estradiol (E2) by the enzyme aromatase, other 
tissues, including the brain, produce estrogens. Recent studies in rodents and birds suggest that 
brain-derived estrogens play an important role in modulating cognition, but studies in primates 
have been limited. The purpose of the present study was to examine the effects of aromatase 
inhibition on cognition, behavior, and thermoregulation in gonadectomized middle-aged (6-10 
years old) marmosets (Callithrix jacchus). Following a baseline period, half the marmosets were 
given Letrozole (20 µg, p.o; females: n = 3, males: n = 5) daily for four weeks, while the 
remaining (females: n = 3; males: n = 5) received vehicle. HPC-dependent cognition was 
assessed daily using the delayed matching-to-position (DMP) task. Observations of spontaneous 
daytime behaviors (duration and frequency) in addition to nighttime activity, was assessed 
weekly. To determine the effect of Letrozole on thermoregulation, facial temperature in response 
to a 20-min thermal challenge was recorded once during the final week of drug treatment via 
thermal imaging. While Letrozole reduced urinary E2 levels in both sexes, it increased E2 levels 
in the HPC of females, but not males. Letrozole reduced DMP task performance in both sexes 
and increased facial temperature in response to the thermal challenge. Decrements in DMP task 
performance were associated with increased E2 levels in the HPC. Letrozole also influenced both 
daytime and nighttime behaviors. These results indicate that aromatase inhibition modulates 
HPC-dependent cognition, thermoregulation and behavior in gonadectomized primates. Further 
studies are needed to elucidate the mechanisms underlying these effects. 
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Abstract: Estradiol affects the synthesis, release and turnover of dopamine (DA), which relates 
to executive functions in an ‘inverted U-shaped’ manner with different DA optima for different 
functions. Accordingly, it has been demonstrated that inhibitory functions of working memory 
are enhanced or impaired during the high estradiol phase of the menstrual cycle depending on 
DA baseline levels (Jacobs & D’Esposito, 2011). A similar relationship for other executive 
functions has yet to be established. The eye-blink rate (EBR) has been suggested as a non-
invasive indicator of striatal DA levels. However, the usefulness of this indicator has not been 
established in menstrual cycle research. 
In order to study the interactive effect of estradiol and DA on performance, women with a 
natural menstrual cycle were tested in three different cycle phases (menses - low progesterone 
and estradiol; pre-ovulatory - high estradiol; mid-luteal - high progesterone and estradiol). 
During each session, women performed a verbal n-back task, as measure of working memory, a 
Stop Signal Task (SST) as measure of inhibitory control, a Stroop task as a measure of cognitive 
flexibility, and the Balloon-Analogue Risk Task (BART), as measure of impulsive risk taking. 
Hormone levels were assessed from saliva samples and the spontaneous EBR was recorded as an 
indicator of striatal DA levels. 
Interactive effects between cycle phase and EBR were confirmed. Specifically, in the n-back and 
Stroop tasks, women with low EBR showed an increased performance during their pre-ovulatory 
phase, as opposed to a decreased performance in women with high EBR. Conversely, in the SST, 
women with low EBR were less efficient in inhibitory control during their pre-ovulatory phase, 
while inhibitory control did not change across the menstrual cycle in women with high EBR. 
Impulsive risk taking in the BART was increased during the pre-ovulatory phase for all 
participants, but more strongly for women with low EBR. During the luteal phase performance in 



all task reached intermediate levels. 
With the present study we demonstrate the usefulness of the EBR as DA indicator in menstrual 
cycle research and extend the previous findings of DA dependent changes in performance across 
the menstrual cycle to the luteal cycle phase on the one hand and to a variety of cognitive 
functions on the other hand. The patterns of interaction between menstrual cycle phase and DA 
baseline levels in the different tasks also confirm that different levels of DA are optimal for 
different executive functions. Therefore, we emphasize the importance of taking into account 
both cycle phase and DA baseline levels when studying these cognitive control functions in 
women. 
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Abstract: Sex differences in cognitive performance have been related to sex-specific cognitive 
strategies on the one hand and influences of sex hormones on the other hand. Specifically, 
holistic strategies (an orientation in terms of Euclidian distances and the use of an allocentric 
perspective) and testosterone levels have been related to improved performance of men during 
spatial tasks, while switching between categories and estradiol as well as progesterone levels, 
have been related to improved performance of women in verbal fluency tasks. However, a link 
between sex hormone fluctuations such as during the menstrual cycle and cognitive strategies 
has not been previously established. 
We therefore assessed cognitive strategy use during a 2D-matrix spatial navigation task and a 
verbal fluency task in 51 men and 49 women. In order to relate cognitive strategies to menstrual 
cycle changes, men and women were tested twice, with test-sessions in women being scheduled 
during the early follicular (low estradiol and progesterone) and mid-luteal cycle phase (high 
estradiol and progesterone). Performance differences between sexes were confirmed in both 



tasks and the superior performance of women during verbal fluency was explained by them 
switching more often between categories. Furthermore, we here demonstrate for the first time a 
menstrual cycle modulation of strategy use during navigation, with a preference for more holistic 
strategies in the follicular compared to the luteal cycle phase. No menstrual cycle effects were 
however observed on switching or clustering during verbal fluency. This suggests a modulation 
of cognitive strategy use during spatial navigation, but not during verbal fluency, by relative 
hormone increases during the luteal phase of the menstrual cycle. 
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Abstract: While sex differences have been narrowing in risk-taking behavior, researchers have 
reported stable sex differences over time in Disinhibition on Zuckerman’s Sensation Seeking. 
Since our previous findings in humans showed comparable levels of Disinhibition in females 
who used hormonal birth control to males, and both groups were higher than naturally cycling 
females, we designed the present study to examine the influence of oral contraceptive use and its 
influence on novelty-seeking behavior in rats during adolescence. In human beings, novelty-
seeking behavior is high during adolescence, particularly in males, and has been associated with 
both disinhibition and impulsivity, all of which have associations with the dopaminergic 
neurotransmitter system. While rodent studies have shown that the dopamine system changes 
across adolescence and differs in function between males and females, and that gonadal hormone 
production increases during adolescence in both humans and rodents, few studies have 
investigated the influence of synthetic hormones on changes in novelty-seeking behavior in 
adolescence in male and female rodents. In our study, intact female Long-Evans rats were 
injected with a combination of subcutaneous ethinyl estradiol and levonorgestrel (10/20 
µg/rat/day) or vehicle, and intact males received only vehicle, for five days prior to testing on the 
novel object recognition task at postnatal day 40 (mid-adolescence). The test consisted of a 10-
minute familiarization trial, in which the animal was placed in a novel box, followed by i) a 5-



minute trial with 2 novel objects and ii) a 5-minute trial prior to which one of the objects had 
been replaced with a different novel object. Side preferences in each trial were calculated and 
adjusted to reflect Novelty Preference Change between the 2 trials, with movement more towards 
the novel object indicating novelty preference. The results showed that males displayed a higher 
novelty-preference than hormonally-treated females, while the hormonally-treated females 
exhibited similar levels of novelty-preference to control females. These results are consistent 
with prior findings where adolescent males were higher in novelty-preference than females, with 
no difference in females treated with Antide, a GNRH antagonist, and control females, and 
Antide treated males lower in novelty-preference than control males. These findings suggest that 
novelty-seeking behavior may be driven by the influence of testicular hormones rather than 
estrogens during adolescence, or that synthetic hormones may have lower impact on behavior 
beyond the critical pre-pubertal period of development. 
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Abstract: There are clear physiological changes following pregnancy to the reproductive 
system, but also to the hormone-sensitive regions of the brain. The vast majority of rodent 
studies on aging and hormone replacement take place with virgin females. However, this 
situation ignores the impact of earlier pregnancy on the efficacy of hormone replacement therapy 
in adulthood and the fact that 75% of all American women give birth at some point in their life. 
We allowed half of the female rats to give birth to and wean three litters (multiparous), while the 
other half remained unmated (nulliparous).  At 10 months of age all females were 
ovariectomized and then half of each group received conjugated equine estrogen (Premarin) for 
two months.  These aged multip and nullip female rats, males and young females completed a 
behavioral testing battery including open field, elevated plus maze, Morris water maze, and 
water radial arm maze. In addition, regions of the basal forebrain, hippocampus and enthorhinal 
cortex will be assessed for ACh activity. Preliminary data analysis does not indicate an influence 



of parity on hormone replacement efficacy on behavioral tests. Histological results will also be 
presented. 
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Title: Women with premenstrual dysphoric disorder (PMDD) differ in baseline and steroid 
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Abstract: Premenstrual dysphoric disorder (PMDD) is characterized by cyclic affective and 
behavioral symptoms confined to the luteal phase of the normal menstrual cycle. No diagnosis-
related differences in reproductive hormone levels distinguish PMDD; however, in PMDD (but 
not asymptomatic controls) PMDD symptoms recur after re-exposure to physiologic levels of 
ovarian steroids during GnRH-agonist-induced ovarian suppression. To identify a cellular basis 
for the differential behavioral sensitivity to ovarian steroids in PMDD, we created 
lymphoblastoid cell cultures (LCLs) and induced pluripotent stem cells (iPSCs) from blood 
samples of women with and without PMDD. LCLs (n = 10 PMDD, 9 controls) were exposed 24 
hours to vehicle or ovarian steroids (estradiol, E2 or progesterone, P4) and examined for 
differences in gene expression via whole transcriptome RNA analysis (RNA-seq), followed by 
pathway analysis (DAVID and GSEA). Among several significantly altered pathways, the 
ESC/E(Z) complex pathway was chosen for further study because of its role in gene regulation, 



modulation of/by steroid signaling, and small number of genes in the pathway. There was 
increased baseline (diagnosis) mRNA expression in PMDD cell lines over controls, with 
significant effects in MTF2, PHF19, and SIRT1 (p<0.05), (confirmed with qRT-PCR). Further, 
we found a diagnosis x P4 interaction effect in RNA expression (EED, EZH2, MTF2, p<0.05) 
where expression increased after P4 treatment in control but not PMDD LCLs, and a diagnosis x 
E2 interaction in RNA expression (JARID2, p<0.05) where expression decreased after E2 
treatment in PMDD but not control LCLs. Interestingly, protein analysis of baseline ESC/E(Z) 
complex genes revealed a decreased expression in PMDD LCLs over controls, with MTF2, 
PHF19, and SIRT1 reaching significance (p<0.05). Whole exome sequencing was then 
performed on DNA extractions from blood of women with and without PMDD (n=52, n=27, 
respectively) and compared against allele frequencies in Exome Aggregation Consortium to look 
for potential sequence variants correlated with PMDD. Further, we attempted to differentiate 
iPSCs into serotonergic neurons to examine a cellular model of PMDD with more direct 
functional relevance. These data identify a potential cellular basis for the difference in 
affective/behavioral response to hormones observed in PMDD mediated by a dysregulated 
ESC/E(Z) complex in the absence of and in response to ovarian steroid hormones. 
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Abstract: While serious mental health disorders affect 4% of the adult U.S. population (NIMH, 
2012), both the etiology of many disorders and why some populations are disproportionally 
affected remain unknown. Intriguingly, there are sex differences in the rates, age of onset, and 



progression of a variety of these disorders. Understanding the role biological sex plays in the 
development of risk or resilience in mental health is therefore critically important to further our 
understanding of these disorders. Many psychiatric conditions, including schizophrenia, exhibit a 
high level of alternative splicing of RNA,. While the molecular mechanisms regulating 
alternative splicing are complex and largely unknown at present, long non-coding RNAs 
(lncRNA) appear to play an important role in the process. Mutations and dysregulation of 
lncRNAs have recently been linked to a vast array of human diseases (Wapinkski, O. & Chang, 
H.Y. 2011). Specifically, Gomafu—a long non-coding RNA—was downregulated in 
postmortem tissue samples of individuals with schizophrenia (Barry et. al., 2014).. 
As there are links between Gomafu expression, anxiety and schizophrenia it is important to 
understand whether early life stress effects are seen in a biological sex specific pattern. Our 
laboratory recently looked at the effects of early life stress (ELS) on Gomafu expression by using 
a novel, neonatal predator odor exposure paradigm. Using RT-qPCR, we examined the 
interaction of ELS and biological sex during the neonatal and juvenile time periods. Preliminary 
data has shown sex differences in Gomafu expression levels within the developing amygdala, but 
no effects of stress. We also demonstrate a stress effect in the neonatal prefrontal cortex, whereas 
there is no sex difference in this region. Currently very little is known about how Gomafu is 
transcriptionally or epigenetically regulated, though this will be an important future avenue for 
study. Key words: early life stress, non-coding RNA, sexual differentiation 
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Abstract: The modification of typical brain development by early life stress (ELS) has the 
potential to increase risk for developmental neuropsychiatric disorders such as depression and 
anxiety. Importantly, sex differences are often observed in the prevalence, age of onset, and 
manifestation of some of these conditions. This suggests that variations in the underlying 
circuitry between males and females may differentially alter mental health risk or resilience in 
response to early life perturbations. The dopamine system is often dysregulated in 
neuropsychiatric disorders, suggesting that disruption of this system may be critical in the 
etiology of these disorders. For this reason, our goal was to investigate whether ELS alters 
typical development of the dopamine system within the nucleus accumbens (NAc) and 
amygdala, two major sites of dopaminergic activity. 
We used a variable predator odor exposure paradigm to induce ELS in male and female Sprague-
Dawley pups on postnatal days 1 through 3 (P1-P3) for 5 minutes each day. We examined two 
developmental time points: a neonatal time point 30 minutes after the last predator odor exposure 
on P3, and a juvenile time point at P33 before the onset of puberty. At P3, ELS decreased the 
dopamine D2 receptor (DRD2) expression selectively within the NAc of female rats compared to 
controls; males showed no significant differences. In contrast, males were affected during the 
juvenile period, with DRD2 expression in the NAc decreasing in response to ELS, whereas 
females no longer showed any significant differences. This finding replicates previous studies 
using maternal deprivation as a stressor, looking solely at adult male rats (Zhang et al., 2013); 
our study provides new information about an earlier developmental time point and demonstrates 
sex-specific regulation of DRD2 by ELS within the NAc. In the neonatal P3 amygdala, we did 
not observe any significant differences. However, at P33, there appears to be a sex-difference in 
DRD2 expression within controls, with higher levels in females than males. Furthermore, ELS 
decreased expression in females to a male-typical level without altering male levels. This 
indicates that ELS regulation of DRD2 expression within the amygdala also depends on the 
developmental time point as well as biological sex. As ELS alters juvenile DRD2 expression 
within the female amygdala and the male nucleus accumbens, these data suggest that ELS may 
induce different behavioral phenotypes in response to the same stressor. Future studies will be 
done to determine the impact of ELS on other molecules involved in dopamine signaling, and 
whether alterations in gene expression are being regulated by epigenetic mechanisms. 

Disclosures:  L. Chang: None. S.L. Kigar: None. A. Cuarenta: None. J.H. Ho: None. V.P. 
Bakshi: None. A.P. Auger: None. 

Poster 

174. Sex, Hormones, and Cognition 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 174.21/GGG12 



Topic: F.02. Behavioral Neuroendocrinology 

Support: FAPEMIG 

 CNPq 

 CAPES 

Title: Post-menopause animal model presents distinct features of anxiety 

Authors: *L. C. CASTRO, A. PEREIRA-CAIXETA, L. O. GUARNIERI, C. P. BASTOS, 
30310200, G. S. PEREIRA;  
Biophysics and Physiol., Federal Univ. of Minas Gerais, Belo Horizonte, Brazil 

Abstract: The appearance of mood disorders, such as depression and anxiety, is very common 
during the menopause. However, there are still very few studies investigating the neural basis of 
anxiety caused by ovarian hormone deprivation, limiting the development of specific treatments 
to menopausal women. Our laboratory has shown that female mice submitted to ovaries removal 
(OVX) present depressive-like behaviors after 12 weeks. Here, we investigated if this animal 
model of post-menopause also present anxiety-like behaviors. For that purpose, females 
C57BL/6 mice were divided in 2 groups: SHAM-operated and OVX. Twelve weeks after the 
surgery both groups were subjected to five behavioral tests to evaluate distinct features of 
anxiety, named: Elevated Plus Maze (EPM); Light-dark box (LDB); Marble Burying Test 
(MBT), Novelty-suppressed feeding (NSF) and Open Field (OF). Our results showed that post-
menopause female mice present features of anxiety measured in the EPM and LDB, but not in 
the other tasks. Neural circuits that mediate the different aspects of anxiety are not the same. 
Additionally, most of studies evaluating the neural circuits of anxiety do not use animals under 
chronic conditions. Therefore, our next step is to further investigate the neural circuits involved 
in the anxiety-like behaviors observed in the 12 weeks OVX female mice. Financial Support: 
CNPq, FAPEMIG and CAPES. 
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Abstract: Anxiety disorders are the most prevalent form of mental illness in the US and women 
are twice as likely as men to develop anxiety disorders; yet studies that examine sex differences 
in the neurobiology related to these disorders are limited. The basolateral amygdala (BLA) is a 
critical component of the neurocircuits involved in anxiety and fear responses. Furthermore, the 
amygdala is hyperactive in patients with anxiety disorders and is more active in females during 
specific affective tasks. This suggests that BLA activity may contribute to the sex differences in 
the pathophysiology of anxiety. The purpose of this study was to determine if BLA neurons in 
female rats are more excitable than males. Single-unit extracellular electrophysiological 
recordings in vivo were used to record spontaneous BLA neuronal activity in naïve male and 
intact cycling naïve female rats. It was determined that, independent of estrous cycle stage, 
females had a significantly higher basal firing frequency in the BLA compared to males. The 
activity of these neurons is regulated, in part, by after-hyperpolarization potentials (AHP) that 
limit neuronal firing frequency. Measurement of membrane excitability in vitro found that 
cycling females also had smaller medium AHP (mAHP) and slow AHP (sAHP) amplitudes 
compared to males. Since small conductance calcium-activated potassium (SK) channels 
contribute to the mAHP and sAHP, the relative expression of SK channel mRNA and protein 
levels in the BLA of naïve male and female rats was measured. Using quantitative real time PCR 
(qPCR), the relative mRNA levels of all SK channel isoforms (SK1-4) were found to be 
comparable between sexes. However, Western blot analysis revealed that SK2 channel protein 
expression was significantly reduced in intact female rats, irrespective of estrous cycle stage, 
compared to males. Together this suggests that sex differences in SK2 protein expression are not 
likely due to differences at the level of transcription, rather SK2 protein levels may be altered in 
females through differential post-translational modifications or recycling of the channel, and that 
this is not dependent on estrous cycle stage. These results implicate a role for SK2 channels in 
the sexually divergent BLA neuron activity and AHP amplitudes in naïve rats. Moreover these 
studies identify a potential therapeutic target for the treatment of anxiety related disorders, and 
enhance our understanding of sex differences in anxiety. 
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Abstract: The basolateral and lateral amygdala nuclei complex (BLC) is implicated in a number 
of emotional responses including fear and anxiety. Previous studies have shown that increased 
serotonin release in the BLC enhances fear conditioned behaviors, and we recently demonstrated 
that pharmacologically depleting serotonin in the BLC using 5,7-dihydroxytryptamine (5,7,DHT) 
injections disrupted fear conditioned behaviors. In 2005 Abrams and colleagues determined that 
there were robust BLC projections that originate from the midline dorsal (DRD) and ventral 
(DRV) subdivisions of the dorsal raphe nucleus (DRN), but it was not determined that they were 
serotonergic. Here we injected a saporin (SAP) toxin coupled to a serotonin transporter (SERT) 
into the BLC to selectively lesion local serotonergic fibers which replicated disrupted fear 
conditioning behaviors that was observed in the BLC 5,7DHT study. Since the SERT-SAP can 
retrogradely lesion the associated cell bodies (Shen et al., 2007) via fast retrograde microtubule 
associated transport, we also injected the retrograde tracer cholera toxin B (CtB) into the BLC 
via same the cannula that SERT-SAP was injected. This was done to not only verify loss of 
serotonergic neurons in DRN subdivisions, but also to specifically verify BLC projecting 
serotonergic neurons. We later used immunohistochemistry (IHC) to detect SERT in the BLC 
and observed a 90% decrease in local SERT-immunoreactive fibers. We also verified that almost 
all CtB-immunoreactive BLC projecting neurons in DRN were also positive for tryptophan 



hydroxylase (TPH: a serotonergic specific enzyme). We further determined that BLC projecting 
neurons immunoreactive for both CtB and TPH were primarily located within the midline DRD 
and DRV divisions of the DRN, and not in the lateral wing (DRVL) divisions of DRN. 
Regardless of location, the SERT-SAP group had 72% to 74% less CtB/TPH-double 
immunoreactive neurons than control-SAP group. These data elucidate the roles of serotonergic 
networks in the pathophysiology of fear, and especially focus on the origins of these pathways as 
a way to identify potential novel therapeutic targets. 

Disclosures:  C.S. Bernabe: None. I.F. Caliman: None. A.R.R. Abreu: None. A. Shekhar: 
None. P.L. Johnson: None. 

Poster 

174. Sex, Hormones, and Cognition 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 174.24/GGG15 

Topic: F.02. Behavioral Neuroendocrinology 

Title: Estrogen replacement during pre-exposure enables latent inhibition of fear conditioning in 
the rat 

Authors: *M. E. LONG1, W. P. JORDAN2;  
1Psychology, St. Mary's Col. of Maryland, Mechanicsville, MD; 2Psychology, St. Mary's Col. of 
Maryland, St Mary's City, MD 

Abstract: Latent inhibition (LI) and prepulse inhibition (PPI) are disrupted in schizophrenia 
patients and used to model schizophrenia in animals. The estrogen hypothesis of schizophrenia 
suggests that schizophrenia symptoms are more severe when estrogen levels are low during the 
menstrual cycle or after menopause, predicting that both LI and PPI may be restored with 
estrogen administration. Current literature is conflicting about the relationship between estrogen 
levels and LI and does not provide a clear explanation for how estrogen produces these effects 
(Arad & Weiner, 2009; Nofrey, Ben-Shahar, & Brake, 2008). 
Manipulations of serotonin (5-HT), but not dopamine (DA), alter LI during the pre-exposure 
(PE) stage, while the opposite has been found with drug treatments during conditioning (Weiner, 
2003). Atypical anti-psychotic drugs (APDs) disrupt LI by acting on 5-HT during PE, an effect 
not seen for typical APDs (Shadach, Gaisler, & Schiller, 2000). If the estrogen hypothesis is true, 
it is not clear whether estrogen is acting more like an atypical or typical APD to restore LI. The 
present experiment tested the effects of estrogen replacement during PE in an LI design. 
14 of 28 ovariectomized female Sprague-Dawley rats received subcutaneous injections of 17β-
estradiol (150 µg/kg BW) for three days prior to PE. Control animals received vehicle injections 



of corn oil. Half of each group received 20 white noise stimuli (88dB, 20s) on each of two PE 
days in a standard operant chamber. Non-preexposed (NPE) rats received a single stimulus 
presentation to reduce unconditional responding to the to-be-CS. A three day break before 
conditioning without replacement therapy was followed by six daily presentations of a single 
noise CS paired with a foot shock US (0.5mA, 0.5s). Freezing to the CS was scored from video 
recordings of each session. Following LI testing, estradiol was administered again for three days 
prior to the PPI test consisting of startle stimuli (110dB, 50ms) alone mixed with startle stimuli 
preceded by either a 72dB or 78dB prepulse (20ms, 100ms inter-pulse interval). 
NPE ovariectomized rats conditioned normally; however, the PE group failed to show LI. LI was 
present in estrogen-treated rats. PPI also was present following estrogen replacement, but was 
diminished in ovariectomized animals. The failure of ovariectomized rats to show LI under 
conditions where estrogen replacement during PE is sufficient for LI suggests that estrogen may 
be required for normal LI. Estrogen confined to the 5-HT-dependent PE stage altered LI, 
suggesting that estrogen may be affecting 5-HT, similar to an atypical APD. 
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Abstract: Post-traumatic stress disorder (PTSD) is a deleterious mental health condition with a 
lifetime prevalence of 6-9% in the US, affecting twice as many women as men. Since gonadal 
hormones play a crucial role in many sex differences, they may contribute to sex differences in 
the etiology and prevalence of PTSD. Using a PTSD rodent model, Single Prolonged Stress 
(SPS), our lab has shown that male rats exposed to SPS develop a deficit in retention of fear 
extinction, a postulated key deficit in PTSD. Here, we sought to determine how hormones 
controlling the estrous cycle in female rats affect various aspects of fear associated learning like 
fear conditioning (FC), fear extinction (FE), and SPS-induced extinction recall (ER) deficits. 



Adult female rats were first ovariectomized and later treated with a single s.c. injection of 
estrogen (E), progesterone (P), both (EP) or vehicle (sesame oil) on the day of SPS, FC or FE. 
Findings indicate that activational effects of P enhanced fear acquisition on the day of FC, and E 
or P exerted activational anxiolytic effects on the day of FE. In addition, while P had the capacity 
to increase memory consolidation of both fear and safety information, E only enhanced 
consolidation of safety memory. Interestingly, when animals had been exposed to SPS trauma, 
these hormonal effects on behavior were altered. Finally, when EP was given on the day of SPS, 
rats showed decreased fear trace on the day of FE. Together, these data indicate that female 
gonadal hormones modulate fear associated learning behaviors and that the experience of trauma 
alters these hormonal effects. 
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Abstract: Women exhibit a much greater prevalence of anxiety disorders than men. Animal 
models have examined the potential role for gonadal hormones as an underlying mechanism 
driving sex differences in anxiety behaviour. In female rodents, estrogen receptor alpha has been 
shown elevate anxiety behaviour, while estrogen receptor beta activation appears have an 
anxiolytic effect. In male mice, testosterone rapidly reduces anxiety behaviour, pointing at an 
activational role for gonadal hormones in mediating anxiety. However, little is known about how 
gonadal hormones may impact anxiety behaviour developmentally. Given the importance of 
testosterone for the masculinization of the male fetus, we hypothesize that sex differences in 
anxiety behaviour may be driven in part by the developmental action of testosterone. Thus, we 
administered either 10ųg testosterone propionate or sesame oil control to pregnant CD1 mice 12, 
14, and 16 days following conception. This dosage is at the low end of a range of doses which 



have been shown to produce behavioural effects, and administration was timed to coincide with 
prenatal sexual differentiation of the male fetus. Animals underwent a series of behavioural tests 
prior to the onset of puberty, including a dark-light test for anxiety-like behaviour. Following the 
prepuberty set of behavioural tests mice underwent one of three surgical interventions sham 
surgery, gonadectomy, or gonadectomy with hormone replacement via implantation of a capsule 
containing either crystalline testosterone (males) or 17-beta-estradiol dissolved in sesame oil 
(females). 10 days following hormone replacement, mice underwent the behavioural test battery 
again in adulthood, at 9 weeks of age. Prior to puberty, we found that mice treated with 
testosterone prenatally exhibited greater anxiety-like behaviour than control animals. This effect 
was observed only in male mice on some of the behaviours we measured, suggesting that males 
may be more vulnerable to the effects of elevated testosterone during development. We are in the 
process of examining the effects of our prenatal treatment and surgical interventions on anxiety-
like behaviour in adulthood. 
Acknowledgements: supported by OMHF and OGS 
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Abstract: Nandrolone Decanoate (ND) is an Anabolic Androgenic Steroid (AAS) that is often 
chronically abused for physical enhancement and results in multiple adverse side effects, such as 
anxiety, aggression, and impulsivity as well as disruption of physiological functions. Although 
the negative impacts of AAS misuse are well recognized, the exact mechanisms of AAS 
mediated adverse effects are still poorly understood. To better understand long-term behavioral 
and neurobiological consequences of AAS abuse, we carried out a comprehensive battery of 
assessments in order to investigate the consequences of long-term ND administration 
(20mg/Kg/week for 13 weeks total) in adult gonadally intact male rats. After 4 weeks of ND 
treatment, we observed a reduction in weight gain, lower food intake and alterations in body 
composition (less total body fat and higher body lean mass) in ND-treated male rats, confirming 
the anabolic effects of this AAS. We also detected an anxiety-like behavior in ND-treated 
animals in several behavioral tests, including open field (decreased total time in center zone, 
increased freezing), social interaction (reduction in interaction and proximity with the partner), 
elevated T-maze (increased latencies for inhibitory avoidance and escape behavior), acoustic 
startle reflex (increased in acoustic startle response), pre-pulse inhibition (reduced PPI) and light-
enhanced startle (enhanced startle during light onset). Moreover, in the defensive burying test, 
ND-treated rats displayed passive coping (increased immobility/freezing), indicating a different 
behavioral expression of anxiety (a passive form of shock-prod avoidance behavior). We did not 
observe alterations in memory and learning components assessed by the novel object recognition 
test. We hypothesize that the anxiety-like behaviors induced by ND in treated males are likely 
due to alterations in key structures regulating metabolism and anxiety such as the ventromedial 
and perifornical hypothalamus, the bed nucleus of the stria terminalis (BNST), and the medial 
amygdala. Further research is needed to elucidate the cellular and molecular mechanisms of AAS 
long-term effects in these brain regions. 
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Title: Interactions between sex, estrus, and SERT function in anxiety- and depression-like 
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Abstract: The serotonin system is implicated in the etiologies and treatment of mood and 
anxiety disorders, which are characterized differently in men and women and are more 
commonly diagnosed in women. Sex-associated differences in anxiety- and depression-like 
behaviors have been reported in animal models, including mice with constitutive loss of the 
serotonin transporter (SERT). We have observed differences in basal and stimulated extracellular 
serotonin between male and female mice in the context of female estrous phases.1 Here, we 
report the interacting effects of sex and Sert genotype in anxiety- and depression-like behaviors 
in mice. In the novelty-suppressed feeding test we report significantly decreased latencies to feed 
in female mice, compared to male mice, independent of Sert genotype. Genotype-associated 
differences in emotion-like behavior are sex-dependent in the forced swim test, where 
immobility times were significantly different in SERT wildtype vs. SERT-deficient male mice, 
but not female mice. Interactions between sex and genotype in widely used tests for anxiety- and 
depression-like behavior in mice and their relevance to human affective and anxiety disorders 
will be presented. 
(1) Yang, H., Sampson, M. M., Senturk, D., and Andrews, A. M. (2015) Sex- and SERT-
mediated differences in stimulated serotonin revealed by fast microdialysis. ACS Chem. 
Neurosci. 10.1021/acschemneuro.5b00132 

Disclosures:  M.M. Sampson: None. H. Yang: None. A.M. Andrews: None. 

Poster 

175. Decision Making: Corticolimbic Circuits 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 175.01/GGG20 

Topic: H.01. Animal Cognition and Behavior 

Support: Fundação para a Ciência e a Tecnologia (52446, M.S.F) 

 European Research Council (250334 & 671251, Z.F.M.) 

 Simons Foundation (325057, Z.F.M.) 



 Champalimaud Foundation (Z.F.M.) 

Title: Serotonin stimulation modulates waiting through direct effects and associative learning 

Authors: *M. S. FONSECA, M. MURAKAMI, E. LOTTEM, Z. F. MAINEN;  
Champalimaud Neurosci. Programme, Champalimaud Ctr. for the Unknown, Lisbon, Portugal 

Abstract: Neuromodulators can affect behavior by directly modulating neural circuits and by 
indirectly shaping them through learning. This is exemplified by the dual roles played by 
dopamine (DA): directly energizing behavior and indirectly reinforcing appetitive actions. The 
case for other neuromodulators is less clear. Photostimulation of dorsal raphe nucleus (DRN) 5-
HT neurons enhances patient waiting, biasing the competition between competing patient and 
impulsive actions. These effects are rapid and transient and have been interpreted as 
complementing DA’s direct function. 5-HT is also known to modulate cortical plasticity and to 
contribute to reversal learning tasks, but 5-HT stimulation does not appear to drive appetitive or 
aversive learning. Hence the involvement of 5-HT in associative learning processes remains 
unclear. Here, we sought to test whether 5-HT stimulation effects include an associative 
component. We reasoned that if 5-HT acted solely through an immediate and direct effect, then 
its effects should be independent of context and stimulation history. To test this, we modified the 
previously studied waiting paradigm by training mice to wait for randomly delayed tones at two 
spatially distinct ports. In one port, waiting was paired with optogenetic activation of DRN 5-HT 
neurons in 80% of trials and in the other only 20% of trials. Surprisingly, preliminary results 
show that waiting developed to be longer in the high probability port and that this difference 
reversed upon reversal of stimulation probabilities (n=6 mice). Control experiments showed that 
the effects were not accounted for by change in success, and thus reward, rate. These results 
suggest that 5-HT modulation of waiting may not be fully explained by immediate and direct 
effects on action circuits and that, like DA, 5-HT may also contribute to directly or indirectly 
driving contingency-sensitive associative learning processes. 
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Abstract: Olfaction is one of the most dominant senses across many organisms, including 
rodents. The context in which odors are experienced is a critical component for decoding the 
behavioral significance of the odors. In addition, these associations powerfully influence the 
perceptual qualities of odors. The posterior piriform cortex (pPC) receives olfactory information 
from the olfactory bulb, anterior piriform cortex, as well as top-down inputs from higher-order 
brain regions such as hippocampus and entorhinal cortex. However, relatively little is known 
about the role of pPC in olfaction. Here, we explore the encoding of odor associations using 
extracellular tetrode recordings of pPC and hippocampal area CA1 neurons in freely behaving 
rats. We develop a novel 4 alternative-forced choice odor-guided spatial navigational task, where 
odor stimuli are mapped to reward locations following an allocentric rule. Rats were trained on 
an elevated plus maze with a port at the end of each arm. For a given trial, rats received 1 (out of 
4) odor at a give port and then were required to navigate a specific port for water reward. Solving 
this task requires a cognitive map of space along with representation of odors and with their 
associated spatial outcome locations. Our preliminary results show that neurons in pPC are active 
conjunctively to odor identity and the spatial location in which odors were sampled. In particular, 
we find that pPC neurons selectively fire to odors when odors are sampled at the predicted 
reward outcome location. Our data suggests that pPC neurons not only encode odor identity, but 
also the spatial context in which odors are experienced. 
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Abstract: The orbitofrontal cortex (OFC) is thought to be involved in the representation of 
anticipated behavioral outcomes that drive goal-directed behavior. Among the properties of goals 
or outcomes that may be represented in the OFC is their spatial location, a fundamental feature 
of goals for animals that rely heavily on locomotion for foraging. Previous studies have 
described neural correlates of choice and goal location in rats performing spatial two-alternative 
choice tasks. However, relatively little is known about the spatial properties of these OFC neural 
representations. In previous tasks, the constrained spatial extent of the behavioral arena did not 
allow characterization of the detailed spatial properties of representations. Furthermore, because 
the location of the reward and the choice side were always correlated, the data could not 
disambiguate between representations of the nature of the action and the spatial location of the 
goal. Here we show that the OFC is necessary to maintain performance in a spatially extended 2 
alternative free choice task only if the subject is required to initiate a trial by visiting the opposite 
side of the box but not in a simple spatial reversal task. The introduction of this 
spatial/navigational component seems to be the key variable responsible for our results. In order 
to better investigate these spatial properties we developed a 4 alternative forced choice odor 
guided spatial navigation task where odor stimuli are mapped to outcome locations using an 
allocentric rule. Solving such task requires a cognitive map of space and a representation of the 
cued outcome spatial location. Indeed we find that previously rewarded locations, more so than 
actions, bias the behavior of the animal suggesting that outcome location value is being used as a 
relevant decision variable. We performed extracellular tetrode recordings in the rat's OFC to 
reveal their role in coding for outcome locations and spatial navigation. 
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Abstract: Deciding when to abandon a given resource to explore elsewhere (the “explore/exploit 
dilemma”) is a key component of foraging behavior and has been studied extensively in the field 
of behavioral ecology. However, how different neural systems impact this process is not well 
understood. On-going experiments in our laboratory have implicated the central neuromodulator 
serotonin (5-HT) in foraging behavior. We study a foraging task in which mice obtain water 
rewards by nose poking at two resource sites. Reward size is constant but reward probability 
decreases over time. Optogenetic activation of 5-HT neurons in the dorsal raphe nucleus (DRN) 
promotes exploitation: when stimulated during a site visit, mice make more nose pokes before 
abandoning the site. Within the framework of optimal foraging theory, several explanations 
could account for prolongation of exploitation by 5-HT, including increased estimation of the 
travel cost, increased uncertainty about the inferred probability of site depletion, or decreased 
opportunity cost of time. To better understand the role of these factors, we used a modified task 
in which reward probability is initially constant but with a low probability switches to a depleted 
state in which rewards are no longer available. We then manipulated orthogonally reward size, 
travel time and reliability of reward delivery. We found that the main factor shaping the animals’ 
behavior was the statistical uncertainty of reward delivery: when reward was delivered in smaller 
but more reliable amounts the mice required fewer failed reward attempts to be confident that the 
site had been depleted. To analyse this aspect of the behavior quantitatively, we derived the 
strategy that maximizes reward over time in the general framework of partially observable 
Markov decision processes. The optimal agent estimates the probability that the foraging site is 
no longer rewarding and leaves when this probability exceeds a given threshold. We show that 
this process can be modeled by an accumulate-to-threshold or drift diffusion process in which a 
particle representing the inferred probability of site depletion is driven by unrewarded pokes 
until reaching a fixed bound that signals the decision to leave. We found that this model can 
provide a parsimonious description of mice’s foraging behavior. Interestingly, we found that 
within this framework the effect of DRN 5-HT activation is captured by a single parameter: 5-
HT reduces the drift rate, thereby increasing the time taken to reach the threshold. We suggest 
that this model-driven approach represents a promising avenue to elucidate neuromodulatory 
function at an algorithmic level. 
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Abstract: The central neuromodulator serotonin (5-HT) has been implicated in impulse control. 
Activation of dorsal raphe nucleus (DRN) serotonin neurons has been shown to promote patience 
in mice trained to wait for randomly delayed rewards, and inhibition of these neurons in a similar 
task results in premature leaving. These effects may be the result of a direct reduction in 
movement vigor or “behavioral inhibition”. Alternatively, 5-HT might modulate decision-
making to favor actions associated with waiting. In particular, waiting for delayed rewards could 
be considered a type of exploitative foraging behavior under conditions of uncertainty. Mice 
continue to wait in hopes of garnering randomly delayed reward rather than giving up and 
exploring elsewhere. To distinguish between these alternatives we developed a probabilistic 
foraging task in which mice obtained rewards by performing nose pokes at two sites. In each site 
visit reward size was constant but reward probability decreased exponentially with the number of 
pokes made. Similar to waiting tasks, mice were faced with the challenge of tolerating delayed 
rewards and deciding when to give up. But whereas waiting tasks required only passive waiting, 
in the foraging task mice were required to actively nose poke in order to exploit a given site. We 
reasoned that if 5-HT acts by behavioral inhibition, then activating 5-HT neurons ought to 
decrease the rate or number of pokes per visit. If, instead, 5-HT enhances exploitation behavior it 
ought to increase poking. Consistent with the latter alternative, we found that optogenetic 
activation of DRN 5-HT neurons significantly increased the average number of nose pokes mice 



made before leaving (n = 10 SERT-Cre mice infected with AAV2/9-Dio-ChR2-EYFP virus). 
Wild type control animals (n = 6, infected and stimulated similarly to SERT-Cre mice) showed 
no effects. Furthermore, optogenetic activation of DRN 5-HT neurons during switching, while 
animals moved from one site to the other, had no effect on movement speed. While our results 
are consistent with earlier accounts linking 5-HT to inhibition of impulsive responding, they 
challenge a simple notion of “behavioral inhibition” in which 5-HT activation reduces activity or 
movement vigor. Instead, they suggest that DRN 5-HT activation biases action selection 
processes away from certain classes of behaviors and towards others. Some classes of behaviors, 
such as those involved in resource exploitation, are actually enhanced rather than inhibited by 5-
HT. 
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Abstract: Adaptive expression of motivated behavior requires mechanisms to both promote and 
inhibit output depending on changes in motivational state. Although the cortico-limbic-striatal 
circuitry contributing to the promotion of appetitive behavior are fairly well described, less is 
known about how such circuitry may inhibit reward-seeking that may be punished. Recent 
reports suggest that the medial prefrontal cortex and basolateral amygdala (BLA) act to suppress 
reward-seeking during punishment, as inactivation of either structure disinhibits punished 
reward-seeking. Notably, both structures can modulate goal-directed behavior (in part) via 
largely segregated projections to the two major subregions of the nucleus accumbens (NAc). It is 
currently unknown whether these two subregions, the core (NAcC) and shell (NAcS), 
differentially modulate punished reward-seeking. Here we examined the effects of reversible 
inactivations of the BLA, NAcS, and NAcC on a “Conflict” task where rats had access to a lever 



that delivered sucrose reinforcement during three distinct 5 min phases. During the first and last 
phases of a session, rats lever-pressed for sucrose delivered on a VI-15/FR5 schedule. In between 
these phases, a cue-light signaled a “Conflict” period, whereby each lever-press was reinforced 
on a FR1 schedule with sucrose, but was simultaneously punished on 50% of presses with a foot-
shock (0.3-0.8 mA). Individual foot-shock intensities were titrated over training until rats 
received less than 20 foot-shocks during the “Conflict” period. Under control conditions, well-
trained rats pressed freely during the two VI-15/FR5 periods, but reduced responding during the 
punished “Conflict” period. Inactivation of either the BLA or the NAcS via infusions of 
baclofen/muscimol disinhibited punished seeking, increasing lever-pressing during the 
“Conflict” period, while attenuating pressing during VI-15/FR5 phases. In contrast, NAcC 
inactivation markedly decreased output to a similar degree across all three task phases. In a 
separate control experiment, rats were trained on an identical task with the same schedules of 
reinforcement, but with no punishment. Here, BLA and NAcS inactivation reduced responding 
during the first phase, but did not affect responding during the FR1 schedule, suggesting that 
these regions make a unique contribution in situations requiring inhibition of punished reward-
seeking. These results imply that BLA and NAcS are part of a circuit that suppresses reward-
seeking in the face of danger, which in turn may have implications for disorders characterized by 
punishment resistance, including substance abuse and behavioral addictions. 
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Abstract: Deficits in attention are widely observed in schizophrenia, and may be an underlying 
factor for other cognitive impairments associated with the disorder. These attentional deficits 
may arise, in part, from abnormalities in either GABA or NMDA receptor signalling. In rodents, 



antagonism of prefrontal GABA-A or NMDA receptors impairs attentional accuracy assessed 
with 3- or 5-choice serial reaction time tasks. However, what remains unclear is whether these 
errors arise from decreased ability to detect stimuli themselves or erroneous responses to outside 
distractors (i.e. false alarm responses). Here, we sought to address whether attentional 
impairments observed following prefrontal GABA-A or NMDA receptor antagonism result from 
deficits in signal detection and/or increased false-alarm responding by using the operant 
sustained attention task (SAT). The SAT consists of signal trials in which a brief light stimulus 
(500, 250, 50 ms) is presented, and non-signal trials in which no stimulus is presented. After a 
brief delay, subjects indicate presence vs. absence of the stimulus by pressing on one of two 
levers. Male Long Evans rats were well-trained on the task prior to implantation with bilateral 
cannulae in the prelimbic region of the prefrontal cortex (PFC). Rats were then re-trained to 
criterion performance, and then received counter-balanced infusions of saline or the GABA-A 
receptor antagonist bicuculline (12.5-50 ng) or MK-801 (6 ug). Reducing PFC GABA activity 
impaired attention as indexed by a reduction in the overall vigilance index, with this effect being 
driven predominately by increased false alarm responses. In contrast, PFC NMDA receptor 
antagonism did significantly affect SAT performance. As the SAT is contingent on the ability to 
perform conditional discriminations, a subsequent experiment assessed whether PFC GABA-A 
receptor antagonism affects performance of a simplified version of the task identical to the SAT 
in all parameters, except that stimulus duration lasted 2s and there was no delay between 
stimulus presentation and lever extension, reducing the attentional load of the task. Here, 
reducing PFC GABA activity caused a slight decrease in overall accuracy. These results indicate 
that PFC GABA signalling facilitates attention primarily by suppressing erroneous responses in 
the absence of target stimuli, and may also facilitate implementation of conditional 
discrimination rules. Taken together, the present findings further clarify the nature of attentional 
impairments that arise deficiencies in GABA and NMDA receptor function. 
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Abstract: Dopamine (DA) plays a key role in optimizing decision making processes that require 
evaluations of relative costs and benefits, particularly those involving effort-related costs. The 
nucleus accumbens (NAc) is integral for mediating these types of decisions: inactivation of this 
nucleus or reducing DA activity at D1 or D2 receptor sites biases choice away from larger 
rewards associated with a greater effort cost. Although it is well established that NAc DA is 
required to overcome effort costs in order to gain reward, how excessive stimulation of NAc DA 
receptors alters effort-related decision-making has not been explored in detail. To address this 
question, the present study investigated the effects of infusions of DA D1, D2 and D3 receptor 
agonists into the NAc core on effort discounting, using an operant chamber assay that required 
rats to choose between a low effort/low reward lever (LR; 2 pellets), and a high effort/high 
reward lever (HR; 4 pellets), with the effort requirement increasing over trial blocks (2, 5, 10 and 
20 presses). In well-trained rats, we observed that D1 receptor stimulation (SKF 81297; 0.2-2µg) 
caused a slight, nonsignificant reduction in preference for the HR option. In contrast, activation 
of D2 (Quinpirole; 1, 10µg), drastically and dose-dependently biased choice away from the HR 
option and increased choice latencies, in a manner similar to the effects of D2 antagonists and 
notably, acute stress. On the other hand, D3 receptor stimulation had no effect at a higher dose 
(PD 128907; 3µg) but slightly increased choice of the HR option at the lower dose (1.5µg). The 
inability of D3 agonist to reduce preference for the high effort option is notable, given that these 
compounds (like D2 receptor agonists) can act on autoreceptors in the NAc to reduce DA release. 
These results indicate that either blocking or stimulating D2R in the NAc core biases preference 
away from the more rewarding but costlier option, whereas stimulation of D1R or D3R 
marginally reduces or increases choice of the more effortful option, respectively. The effects of 
D2 receptor stimulation is unlikely to be mediated solely by reduced DA release, but instead, 
may be driven by a combination of factors that include excessive activation of postsynaptic D2 
receptors. Ongoing experiments aim to establish how DA receptor stimulation in the NAc shell 
may alter this form of decision making. Collectively these findings suggest that aberrant 
increases in DA D2 receptor activity, as may occur during acute stress or certain psychiatric 
illnesses, can perturb certain aspects of motivation and cost/benefit decision making. 
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Abstract: We often face decisions requiring a choice between options that vary in terms of 
magnitude and relative uncertainty of obtaining different rewards. Moreover, the relative amount 
of risk associated with any given option is often not fixed, but can also vary across situations. 
For example, an experienced blackjack player knows that the risk of losing a hand is higher 
when the dealer is showing an “ace” compared to a “6” card. Studies with humans have revealed 
that distinct parts of the orbitofrontal cortex (OFC) and different regions of the prefrontal cortex 
(PFC) are recruited to guide risky decisions. In these tasks, subjects are often presented with 
explicit cues that inform about the probabilities of winning a gamble. Previous research from our 
group used a probabilistic discounting assay to show distinct roles for the medial part of the rat 
OFC (mOFC) and medial PFC (mPFC) in risky decision making. In these assays, animals are 
presented with choice between a small/certain (1 pellet) and a large/risky (4 pellet) option and 
the odds of obtaining the large reward varied across blocks. We previously showed that the 
prelimbic region of the mPFC facilitates changes in decision biases in response to changing 
odds, whereas the mOFC reduces the temptation to chase after large/risky rewards. We aimed to 
bridge the gap between assays in rats and humans in terms of learning (across blocks) vs. 
knowing (using external cues) the odds associated with a risky choice. To this end, we developed 
an operant assay we refer to as the “Blackjack” task, which uses external cues to signal the 
relative risk associated with the large/risky option. Rats were trained to choose between a 
small/certain and a large/risky option. Prior to a choice trial, one of two tones informed the rat 
that the probability of obtaining the risky reward was either 12.5% (high risk) or 50% (low risk). 
An equal number of high and low risk trials were randomly presented over 40 trials. Under 
control conditions, well-trained rats selected the risky vs. certain option more on low risk trials 
(~70%) compared to high risk trials (~20%). mPFC inactivation reduced risky choice in a 
maladaptive manner, in that rats chose less risky primarily on low risk trials. This was 
accompanied by an overall increase in sensitivity for negative feedback. Inactivation of the 
mOFC also reduced risky choice on low risk trials. This effect was driven by increased reward 
and negative feedback sensitivity. Collectively, these data show that these regions of the frontal 
lobes integrate external information about the relative probabilities of obtaining rewards to 
promote more profitable decision making. 
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Abstract: The medial prefrontal cortex (mPFC) and dorsal striatum (DS) are known to 
contribute to decision-making by signaling task relevant information including working memory, 
choice, prior outcomes, and expected rewards. In complex self-initiated tasks such as delay 
discounting, the role of these structures in signaling key task epochs such as choice, delay, 
agency and outcomes are poorly understood. To examine the neural responses of the mPFC and 
DS in delay discounting, an O-shaped maze based version of the task was utilized. Male Long-
Evans rats chose to pass through one door for a single pellet delivered immediately or through an 
alternative door to receive three pellets delivered after a delay which increased from 5 to 20 to 40 
seconds across three blocks. Each block consisted of 8 alternating forced choice trials and 8 free 
choice trials where both doors were available. Once animals performed the discounting task 
stably, they were implanted with microdrives aimed at both the mPFC and DS. Following 
recovery and reestablishment of stable behavior, neurons were recorded during performance of 
the delay discounting procedure. Partial regression analysis revealed that key task information 
such as whether it was a free or forced trial (agency), current length of the delay, and choice 
between small and large reward significantly affected individual neuron firing rates. 
Additionally, the location of the rat on the maze interacted with the other predictors suggesting 
that neurons in both the mPFC and DS were modulated by multiple task epochs as the trial 
progressed. The nature of these interactions suggests that the mPFC and DS are both involved in 
decision-making with the mPFC playing a prominent role in holding relevant information across 
time, while the DS seems primarily important for both choices and outcomes. This is the first 
demonstration of these neural correlates in a delay based discounting task in which key task 
elements are both spatially and temporally distinct. 
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Abstract: Hippocampus (HPC) has been implicated in decision-making as context-based 
features of reward have been shown to bias hippocampal place field properties. Its direct 
connectivity with brain structures known to be involved in determining the value of response 
outcomes (e.g. ventral striatum) and impulsivity related to reward-motivated behavior (e.g. 
orbitofrontal cortex) further implicates a role for the HPC during reward-motivated decision 
making. Indeed, it has been shown that the expected probability of receiving a reward biases 
HPC place field remapping: it seems to scale directly with the probability of receiving a reward 
during a probability discounting task (Tryon et al., under revision). In addition, HPC lesions 
increase variability in an animal’s preference for large delayed rewards over small immediate 
rewards in a delay discounting task suggesting that the HPC is involved in cost-benefit decision 
making (McHugh et al., 2008). In this study, we determined whether place fields encode delay-
associated costs by recording place cell activity in the CA1 region of HPC in rats as they ran a 
delay discounting task on an elevated T-maze. Each recording session consisted of three blocks 
of trials during which the rats chose between a smaller reward (1 sugar pellet) associated with a 
short delay (3s) and a larger reward (4 sugar pellets) associated with a longer delay (10, 20, or 
40s). The delay to the small reward was held constant throughout the experiment while the long 
delay varied between, but not within, the three blocks. At the beginning of each block rats 
underwent ten forced choice trials in order to familiarize them with the delay associated with the 
large reward during that specific block. The rats were then allowed ten free choice trials where 
they chose between the small or large reward. Neural activity was correlated with reward 
encounters as well as the onset and end of delays. This task required rats to evaluate the cost of a 
decision in terms of the amount of time they were willing to wait in order to obtain the large 



reward. Consistent with operant studies, the behavior analysis from 4 rats revealed the strongest 
preferences for the large reward when it was associated with the 10s delay, but this preference 
declined as the delay increased. Preliminary analysis of hippocampal place fields show evidence 
for encoding the cost of a reward in that place field remapping was observed across trials 
associated with different delays. Additionally, remapping between forced vs free choice trials 
was observed. This suggests that the intrinsically generated value constructs, such as the 
expected cost of a reward, influence spatial context coding by hippocampal neurons. 
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Abstract: Bigger is not necessarily better. Neurons that encode the value associated with an 
image should do so faithfully in the face of changes in its physical size. To assess the encoding 
of value across variations in image size, we monitored neuronal activity in the lateral 
intraparietal area (LIP) and the amygdala of monkeys making value-based decisions between 
images associated with rewards of different magnitudes. Images associated with 0, 1 or 2 drops 
of juice were presented at scales that spanned a twofold range. On each trial, two cues associated 
with rewards of different sizes were presented at diametrically opposed locations in the 
contralateral and ipsilateral visual hemifields. The monkeys made optimal choices on most trials 
regardless of image size. We analyzed neuronal data from trials culminating in an optimal choice 
in order to characterize the impact on neuronal activity of both the size of the image and the 



value of the associated reward. We hypothesized that variations in image size would have less 
impact on the encoding of reward in the amygdala than in LIP. The main analysis focused on the 
effects of image size and image value on trials when the preferred option was located in the 
visual hemifield contralateral to the recorded amygdala neuron or in the response field of the 
recorded LIP neuron. The earliest signal to appear took the form of stronger firing in response to 
larger images in LIP. An equivalent effect appeared later in the amygdala. Value-related activity 
made its appearance approximately simultaneously in LIP and the amygdala. The strength of the 
value signal relative to the size signal was, however, markedly greater in the amygdala than in 
LIP. Thus, although neurons in each area were influenced by both reward magnitude and the size 
of the image, firing in the amygdala formed a more veridical representation of value because it 
was less subject to interference from size-related activity. 
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Abstract: In real-life events, reward motivated actions often involve potential risk of an aversive 
event, i.e., punishment risk. Understanding how the brain encodes this form of risk is critical for 
understanding how organisms achieve behavioral goals in the face of aversive events. Neurons in 
the prefrontal cortex (PFC) are likely to play a role in this context because PFC is implicated in 
risk taking behavior as well as representation of aversive states. The dorsomedial PFC (dmPFC) 
is innervated by dopamine neurons in the ventral tegmental area (VTA), which are critical for 
processing reward related information. We hypothesized that coordinated activity between VTA 
and dmPFC neurons is vulnerable to punishment risk during reward-motivated behavior. We 
designed and characterized a task that involved actions leading to a reward with varying levels of 



punishment risk in different task blocks and recorded single units and local field potentials 
(LFPs) simultaneously from VTA and dmPFC neurons during this task. We found that 
substantial proportions of single neurons in both regions encode risk, before and during the 
action. During risk-free actions, coherent oscillations emerged between VTA and dmPFC. This 
oscillation was driven by VTA, and synchronized the spike activity of neurons in both regions by 
LFP-spike phase-locking. During risky actions, power, coherence, and directionality of the 
oscillation as well as LFP-spike synchrony collapsed. Together these data characterize 
individual- and population-level neural representations of risk-based behavioral modulation in 
the VTA and dmPFC, and unravel VTA-dmPFC asynchrony as an encoding scheme for risky 
reward seeking. 
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Abstract: Organisms are often separated from rewards by work-related costs. Rewards of higher 
magnitude often have higher costs, while rewards of lower magnitude typically have lower costs. 
The basolateral amygdala (BLA) is known to be involved in appetitive behavior, but its role in 
cost-benefit, effort-related choice of qualitatively different rewards (more preferred/less 
preferred), beyond magnitude differences (larger/smaller), is poorly understood. We assessed the 
effects of BLA inactivations on effort-related choice behavior, before or after exposure to choice 
of a preferred vs. less preferred option. Rats were first trained to lever press on a progressive 
ratio (PR) schedule of reinforcement for sucrose pellets. Following ~10 days of PR training, rats 
were implanted with bilateral cannulae in the BLA. Rats then received further PR testing until 
stable performance was achieved. Rats were subsequently introduced to the choice procedure: 
chow was concurrently available in the testing chamber while they could work for sucrose. Rats 
were infused with either vehicle (aCSF) or baclofen/muscimol (125ng each/hemisphere) prior to 



test across 4 days. These rats were compared to a separate group of rats that reached stable 
choice performance before BLA inactivations. BLA inactivations had no effect on a control test 
of food preference, with both vehicle and inactivation groups exhibiting a strong preference for 
the sucrose pellets when both options were concurrently freely available. After reaching stable 
choice performance, BLA inactivations produced a significant decrease in number of lever 
presses for sucrose pellets, compared to the vehicle group. There was no effect on chow 
consumption. Critically, when lab chow was not concurrently available, BLA inactivations had 
no effect on the number of lever presses for sucrose, indicating that primary motivation in the 
absence of choice remains intact with BLA offline. Additionally, a test under specific satiety for 
sucrose pellets resulted in a main effect of satiation, yet, as expected, animals with BLA 
inactivations prior to satiation were less sensitive to devaluation than the vehicle group. The 
effects of BLA inactivations in our task are not mediated by decreased appetite, an inability to 
perform, a change in food preference, or decrements in primary motivation. Because animals 
were more sensitive to effort costs for the preferred option even with previous choice exposure, 
these data implicate the BLA not in the acquisition but in the performance of value-cost 
computations. Taken together, BLA supports the specific value and effortful choice of a 
preferred option. 
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Title: Neural correlates of positive affect in subcallosal anterior cingulate cortex and amygdala. 
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Abstract: Anhedonia is a defining symptom of depression and other mood disorders and is 
characterized by a loss of positive affect from rewarding events. Current theories of anhedonia 
emphasize two distinct deficits in positive affect: a hedonic or consummatory deficit 
corresponding to a loss of pleasure from receiving rewards, and an anticipation or motivation 



deficit that reduces work toward rewards. Data from studies of monkeys with subcallosal ACC 
lesions indicate that this area is important for sustaining arousal in anticipation, but not the 
receipt, of rewards. However, no approach to date has been able to provide a circuit-level and 
mechanistic understanding of how the subcallosal ACC influences positive affect in general or 
reward anticipation in particular. We hypothesize that the role of the subcallosal ACC is to 
modulate reward-related neural activity within amygdala during reward anticipation, especially 
when no predictive stimuli are present, i.e. during trace intervals. To test our hypothesis, we 
monitored behavior and recorded autonomic responses and neural activity in Macaque monkeys’ 
subcallosal ACC and amygdala while subjects performed Pavlovian and instrumental trace 
conditioning tasks where they could receive different types of juice rewards. We found that 
monkeys showed elevated behavioral (anticipatory licking) and autonomic (pupil size) responses 
in anticipation of rewards and these responses were modulated by each animal’s subjective 
preference for the different fluid rewards. Recordings of single neuron activity and local field 
potentials in each of these structures revealed that the activity of neurons in subcallosal ACC and 
amygdala was similarly modulated by animal’s subjective preferences. Furthermore, as 
hypothesized a proportions of neurons in subcallosal ACC and amygdala encode anticipated 
rewards during the trace intervals. We are now exploring how these areas interact as a functional 
circuit by looking at coherence of oscillations in the local field potentials recorded within and 
between subcallosal ACC and amygdala. 
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Abstract: Learning is not a unitary process and the neural circuitry that underlies learning likely 
depends on the type of association being learned. For example, action-based reinforcement 
learning may depend on different neural circuits than stimulus-based reinforcement learning. 



Prior research in our lab demonstrated that rhesus macaques (Macaca mulatta) with ventral 
striatum (VS) lesions showed behavioral deficits in tasks that required stimulus-based reward 
association learning. In the current study, we evaluated VS-lesioned animals’ performance on a 
probabilistic two-arm bandit reversal learning task that comprised two distinct types of learning 
blocks – stimulus-based (WHAT), and action-based (WHERE). Each block was separated into 
an acquisition phase and a reversal phase in which the initial reward mapping was reversed. We 
found that, compared to controls, monkeys with VS lesions had significant deficits in making 
stimulus-based reward associations in the WHAT blocks. By contrast, the groups did not differ 
in their ability to learn action-based reward associations in the WHERE blocks. We fit a 
reinforcement learning model to the monkeys’ choice data to evaluate their choice consistency 
(inverse temperature), and positive and negative learning rates. We found that, in comparison to 
controls, the VS-lesioned monkeys were more influenced by negative feedback (no juice reward) 
in the stimulus-based WHAT blocks in both the acquisition and reversal phase of learning 
(p<.001). In addition, the monkeys with VS lesions had an overall higher positive and negative 
learning rate across learning phases in the action-based WHERE blocks compared to the controls 
(p<.001). Furthermore, we found no statistically significant (p = .200) difference groups in their 
inverse temperature parameters in the action-based WHERE blocks. However, we found 
disparities between the groups’ inverse temperature parameters in the stimulus-based WHAT 
blocks, in that the VS-lesioned animals’ inverse temperature parameters were lower than those of 
the controls (p<.001). Overall, we find that the VS is implicated in learning stimulus-based 
reward associations but not action-based reward associations. Thus, the VS is not relevant for 
motivating behavior independent of the learning modality. Rather, it is specifically important for 
learning the motivational value of stimuli. 
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Abstract: Animal and human studies have provided that somatosensory stimuli influence 
mesolimbic dopaminergic systems and can reduce drug craving and addiction. Classically, there 
are two main somatosensory pathways in spinal cord that carry sensory signals from peripheral 
receptive fields to the higher center in the brain; dorsal column (DC) and spinothalamic tract 
(STT) pathways. Our previous studies have shown that acupuncture at Shenmen (HT7) points 
suppresses addictive behaviors of abused drugs including cocaine, alcohol and morphine and the 
effects are mediated by A-fiber activation of ulnar nerve originating from superficial and deep 
tissue. The present study aims to investigate the spinal ascending pathway responsible for 
somatosensory inhibition of addiction behaviors. Here we suggest a new role of dorsal column 
somatosensory pathway that conveys inhibitory signals from periphery to brain reward system. 
Stimulation of ulnar nerve suppressed addiction behaviors such as cocaine locomotion, morphine 
or ethanol self-administration and the effects were completely abolished by disruption of DC 
pathway at the level of dorsal column, cuneate nucleus or ventral posterolateral (VPL) nucleus of 
the thalamus, but not STT pathway. Low-threshold or wide-dynamic range neurons in the medial 
portions of cuneate nucleus were excited following the peripheral stimulation. A DC lesion 
prevented the inhibitory effects of peripheral stimulation on cocaine-induced neuronal activation 
in nucleus accumbens. And, the activation of habenula neurons projecting to VTA/RMTg region 
was seen following the peripheral stimulation. We conclude that DC pathway contains a pathway 
linking external somatosensory pathway to negative reinforcing circuits in addiction. 

Disclosures:  S. Chang: None. Y. Ryu: None. Y. Gwak: None. N. Kim: None. D. Kim: None. H. 
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Abstract: The superior temporal sulcus (STS) region of cortex contributes to various aspects of 
social cognition, including face perception, biological motion detection, joint attention, and 
theory-of-mind. Recent brain imaging studies have also implicated this area in establishing a 
social context during decision making. However, the precise neuronal mechanisms underlying 
the establishment of social context by STS remain unknown. To address this question, we 
recorded the activity of 243 neurons in the middle STS in rhesus macaques performing a reward 
donation task (Chang et al., 2011, 2012, 2013). Monkeys chose between two donation options in 
two contexts: (1) donating reward to self or to both self and a recipient monkey in the room, (2) 
donating reward to the recipient monkey or to no one. Critically, these two-choice options were 
interleaved with computer-driven “cued” trials in which the monkey was only given one option 
of reward donation. Consistent with our prior published studies, monkeys exhibited reliable 
preferences for reward donation and specific patterns varied by donor monkey and his 
relationship with the recipient monkey. ANOVAs with reward type (self, other, both, none) and 
trial type (choice, cued) as factors revealed that the activity of 31% of STS neurons was 
significantly modulated by reward type during the decision epoch of the trial, and 28% during 
the reward outcome epoch of the trial. Critically, the activity of 14% of neurons was significantly 
modulated during the decision epoch as a function of the interaction of reward type and trial 
type. Post-hoc analysis showed that all of these neurons showed higher firing rates for self and 
both choices than other and none choices, but did not when monkeys could not freely decide 
whom to reward. Our findings suggest that neuronal activity in primate middle STS may 
contribute to establishing a social context for decision-making by distinguishing between self-



regarding and other-regarding outcomes when this information is used to guide active, deliberate 
choices. 
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Abstract: Action valuation is a core element of decision-making. Reward-based action selection 
is a critical mechanism that allows animals to achieve goals in a variety of behaviors. The basal 
ganglia compose a key part of the neural substrate of action selection and goal-directed behavior, 
and the striatum in particular has been shown to be important for arbitrating between alternative 
choices. Neural activity in the caudate, or dorsomedial striatum, has been shown to be modulated 
by the values associated with potential choices and reward-values. When values of choices 
diverge from true reward-values, it is unknown how choice behavior is affected. 
In this work, we applied unilateral microstimulation in the caudate nucleus of two rhesus 
macaque subjects to selectively mediate decision-making during a free-choice joystick task. The 
subjects were required to hold a cursor at a center target for a fixed interval and then move the 
cursor to a peripheral target to select it. In free-choice trials, two alternative targets were 
presented, each with a different probability of reward indicated by a different color, and the 
subjects were permitted to freely select either target. During instructed trials, only one of the two 
targets was presented. High-frequency stimulation paired with a particular choice during an 
instructed trial biased the subjects to select that target with a higher rate in free-choice trials 
irrespective of the reward likelihood. Additionally, stimulation history exerted a strong effect on 
monkeys’ upcoming choice similar to how reward history can influence choice behavior. We 
argue that caudate microstimulation can differentially inflate value independent of action and 



reward, and that, even though the brain has bilateral value representations, unilateral 
manipulations of value are sufficient to mediate choice behavior. 
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Abstract: Impulsive choice is characterized by preference for smaller immediate rewards over 
larger delayed rewards, and trait impulsive choice behavior is a determining factor in the 
development and persistence of drug abuse. However, the neuroanatomical substrates of 
impulsive choice and how they may differ in impulsive vs. controlled phenotypes are still under 
investigation. Emerging evidence from human and animal studies suggests frontal cortical 
regions exert influence over striatal reward processing areas during decision-making in 
impulsive choice or delay-discounting tasks. To examine how these circuits are involved in 
decision-making in animals differing in trait impulsive choice, we used chemogenetic tools to 
selectively and reversibly target corticostriatal projections during the performance of a delay-
discounting task in rats previously screened for high (impulsive) vs. low (controlled) impulsivity. 
The prefrontal cortex (PFC) was injected with a viral vector expressing inhibitory designer 
receptors exclusively activated by designer drugs (Gi-DREADD), and then PFC projections to 
the nucleus accumbens (NAc) were selectively suppressed by intra-NAc administration of the 
Gi-DREADD activator clozapine-n-oxide. Inactivation of the PFC-NAc projection elicited a 
robust increase in impulsive choice in controlled rats without affecting decision-making in 
impulsive rats. This demonstrates a critical role for PFC afferents to the NAc during controlled 
choice behavior and suggests that maladaptive hypofrontality underlies decreased executive 
control in animals with high trait impulsivity. Results such as these may have important 



implications for the pathophysiology and treatment of drug addiction and impulse control 
disorders such as attention deficit/hyperactivity disorder. 
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Abstract: Our experience of the world depends on integration of cues from multiple senses to 
form unified percepts. How the brain merges information across sensory modalities has been the 
object of debate. To measure how rats bring together information across sensory modalities, we 
devised an orientation categorization task that combines vision and touch. Rats encounter an 
object-comprised of alternating black and white raised bars-that looks and feels like a grating and 
can be explored by vision (V), touch (T), or both (VT). The grating is rotated to assume one 
orientation on each trial, spanning a range of 180 degrees. Rats learn to lick one spout for 
orientations of 0±45 degrees (``horizontal'') and the opposite spout for orientations of 90±45° 
(``vertical''). Though training was in VT condition, rats could recognize the object and apply the 
rules of the task on first exposure to V and to T conditions. This suggests that the multimodal 
percept corresponds to that of the single modalities. Quantifying their performance, we found 
that rats have good orientation acuity using their whiskers and snout (T condition); however 
under our default conditions, typically performance is superior by vision (V condition). 
Illumination could be adjusted to render V and T performance equivalent. Independently of 
whether V and T performance is made equivalent, performance is always highest in the VT 



condition, indicating multisensory enhancement. Is the enhancement optimal with respect to the 
best linear combination? To answer this, we computed the performance expected by optimal 
integration in the framework of Bayesian decision theory and found that most rats combine 
visual and tactile information better than predicted by the standard ideal-observer model. To 
confirm these results, we interpreted the data in two additional frameworks: Summation of 
mutual information for each sensory channel and probabilities of independent events. All three 
analyses agree that rats combine vision and touch better than could be accounted for by a linear 
interaction. Electrophysiological recordings in the posterior parietal cortex (PPC) of behaving 
rats revealed that neuronal activity is modulated by decision of the rats as well as by categorical 
or graded modality-shared representations of the stimulus orientation. Because the population of 
PPC neurons expresses activity ranging from strongly stimulus-related (e.g. graded in relation to 
stimulus orientation) to strongly choice-related (e.g. modulated by stimulus category but not by 
orientation within a category) we suggest that this region is involved in the percept-to-choice 
transformation. 
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Abstract: Medial forebrain bundle (MFB) is a part of the reward system, involved in the 
integration of pleasure and reward. Previous studies used various stimulation parameter values 
for operant conditioning, but the effectiveness of each parameter value has not been 



systematically studied. Our previous study investigated the optimal parameter value for operant 
conditioning. We fixed values for the amplitude and changed the stimulation forms such as train 
duration, number of stimulation, pulse interval. 
Electrodes were implanted in the MFB region (AP:-2.3mm, ML:-2.0mm DV:8.6mm) of Male 
Sprague-Dawley rats (n=7, 270~350g). Tungsten electrodes were used for the MFB stimulation. 
After implantation, we conducted a self-training experiment where an electrical stimulation is 
sent to the MFB region via the implanted electrodes upon pressing of a lever in the Skinner box. 
Magnitude of the electrical stimulation was fixed between 300µA to 450 µA. We varied the 
frequency from 50Hz to 500Hz, the duty cycle 0.05ms-0.5ms and the total train duration 100ms-
400ms. We considered individuals that pressed the lever more than 30 times per minute as 
addiction models. 
The number of pulse and frequency did not seem to have much effect on number of lever 
pressures. The number of lever pressure was rather influenced by amplitude and total stimulation 
time. 
Our study focuses on electrical stimulation parameters for behavioral control using reward 
stimulation of MFB, and further research will be necessary for establishment of stimulation 
parameters that target regions other than MFB for operant conditioning. We plan to select the 
optimal parameter for lever pressure, and compare between high and low burst stimulations. In 
addition, in order to investigate the correlation between self-stimulation training and T-maze 
directional control training performances, the rats will be grouped according to the number of 
lever pressure and will be subject to T-maze directional control training. Our study will shed 
light on optimization of electrical stimulation for animal behavior control and we anticipate that 
more efficient training for operant conditioning could be possible using optimal parameters. 
This study was supported by the grant from CABMC (Control of Animal Brain using MEMS 
Chip) funded by Defense Acquisition Program Administration (UD140069ID) 
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Abstract: Accumulating evidence suggests that neuronal coordination across multiple brain 
regions is important for guiding complex behaviors. Social behaviors are unique in that they 
require processing multidimensional information across self and others. One critical component 
of social processing is the computation of prosocial and antisocial decisions, and recent studies 
have begun to elucidate how neurons from individual brain regions such as the anterior cingulate 
gyrus (ACCg) and the basolateral amygdala (BLA) are engaged in social decision-making. 
Although strong reciprocal connections between BLA and ACCg suggest a close functional 
relationship, the nature of their interaction and coordination is not yet understood. 
Using a modified dictator game in which an actor monkey chooses between delivering juice 
reward to either himself (“Self”) or both himself and a recipient monkey (“Both”) in one context 
and donating juice reward to the recipient (“Other”) or no one (“Neither”) in another context, we 
investigated the neuronal coordination between ACCg and BLA by recording single-unit activity 
and local field potentials (LFP) simultaneously from both regions. The actors preferred to deliver 
rewards to Other over Neither (mean of 65% for Other), but preferred to deliver rewards to Self 
over Both (mean of 70% for Self), providing the behavioral contexts for examining the ACCg-
BLA neuronal interaction for prosocial and antisocial decisions. The time-frequency analyses of 
LFP signals in ACCg and BLA showed an overall robust and enhanced power associated with all 
reward outcomes, consistent with the function of these two brain regions in reward-guided 
behavior. Self and Both commonly engaged alpha and beta bands, whereas gamma band activity 
was associated only with Both. Similarly, Other and Neither showed enhanced power in the 
alpha band, whereas upper beta and low gamma bands were associated only with Neither. Field-
field coherence analyses revealed strong synchronization of ACCg and BLA around the upper 
beta and lower gamma bands that was higher in Other compared to Neither. By contrast, 
synchronization between ACCg and BLA was not different in Self compared to Both. Over 
multiple days of testing, we found a significant correlation between the preference to donate 
reward to Other compared to Neither and the degree of synchrony between ACCg and BLA in 
the upper beta and lower gamma bands, whereas this correlation was absent for preference to 
deliver juice to Self compared to Both. Our results demonstrate that neuronal synchronization 
between ACCg and BLA carries unique signatures underlying the computations of prosocial 
behavior. 

Disclosures:  O. Dal Monte: None. N. Fagan: None. A. Nair: None. S.W. Chang: None. 



Poster 

175. Decision Making: Corticolimbic Circuits 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 175.24/HHH16 

Topic: H.01. Animal Cognition and Behavior 

Support: NSERC 444759 

 NSERC 05069 

Title: Pathway-specific recordings of glutamatergic input to the nucleus accumbens during a 
reward seeking task 

Authors: *S. J. REED1, C. LAFFERTY2, T. DAVIDSON3, L. GROSENICK4, K. 
DEISSEROTH5, J. P. BRITT2;  
1Integrated Program in Neurosci., Mcgill Univ., Montreal, QC, Canada; 2Dept. of Psychology, 
McGill Univ., Montreal, QC, Canada; 3Dept. of Physiol., UCSF, San Francisco, CA; 4Dept. of 
Statistics, Columbia Univ., New York, NY; 5Dept. of Bioengineering, Stanford Univ., California, 
CA 

Abstract: The decision to allocate effort in pursuit of uncertain reward is a function of the 
nucleus accumbens. This structure likely receives information concerning possible goals and 
action plans, information which is presumably encoded in the glutamatergic input to the nucleus 
accumbens from the prefrontal cortex, amygdala, hippocampus, and thalamus. To gain insight 
into the kind of information that is encoded in these glutamate inputs, we selectively measured 
pathway-specific axonal activity in the accumbens using GCaMP-based fiber photometry in mice 
performing a discriminative stimulus reward seeking task. Notably, thalamic input to the nucleus 
accumbens increased during periods of movement, cue presentations, and reward seeking. In 
contrast, there was a dramatic reduction in thalamic pathway activity during periods of food 
consumption. Optogenetic inhibition of this pathway causally promoted food consumption in 
satiated animals. This work highlights how glutamatergic input to the nucleus accumbens 
contributes to motivated behaviours. While dopamine input to the accumbens clearly influences 
motivational processes, fluctuations in the glutamate input directs that energy to either reward 
seeking or consummatory behaviours. 
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Abstract: The social world is an elaborate context in which much of human and animal behavior 
is situated. Thus, it is not surprising that social influences exert a pronounced effect on both the 
structure and function of the brain. However, our knowledge of the direct function of neuronal 
processing, on which much of translation relies, is limited to the behavioral and 
neurophysiological study of a single, isolated animal. To expand these efforts to social contexts 
our research aims to develop flexible electronics, wearable, wireless tools to record different 
biopotentials on behaving rats during social tasks. Our preliminary behavioral studies utilized 
these tools, as a “proof of concept”, by examining the neural processes underlying interoception. 
The “interoceptive system” is likely to be instrumental in social decisions, as it plays a role in 
self-awareness and in self-other distinctions, in addition to spanning central to peripheral levels 
of the nervous system. Using our tools, integrated with typical tetrode arrays, we are exploring 
wireless simultaneous acquisition of neural signals of the basolateral amygdala and insular 
cortex, in addition to heart rate data, recorded from behaving rats during socially relevant 
interactions in two dyadic behavioral tasks designed to recruit the “interoceptive” system. We are 
also applying machine-learning approaches to develop automatic classifications of rodent 
behavior based on accelerometer and gyroscope data recorded using our wireless devices. 
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Abstract: Compulsivity has been linked to several types of addiction, a highly prevalent public 
health issue. It can be defined as a general inability to alter behavior with changing 
reinforcement contingencies. A switch from random or recreational use of reinforcers, such as 
drugs or highly palatable foods, to compulsive use is one of the hallmarks of addiction. Thus, 
compulsivity appears to be a core behavioral feature of addiction, although no one has evaluated 
this hypothesis directly. A highly selective 5-HT2C receptor agonist, WAY163909 (WAY), has 
been shown to decrease food consumption and effectively reduce self-administration of 
psychostimulants. If compulsivity is a core feature of addiction, then activation of 5-HT2C 
receptors should also reduce compulsive behavior. In order to test this hypothesis, we evaluated 
the effects of WAY (vehicle, 0.1mg/kg, 0.3mg/kg and 1.0mg/kg) on perseverative responding 
during a Discrimination Reversal Learning (DRL) task in rhesus monkeys (N=5). WAY 
increased correct responses (p<0.05), while decreasing perseverative responses (p<0.05). A 
proof-of-concept experiment was conducted to demonstrate that WAY reduces food 
consumption in our subjects. These results demonstrate the modulatory role that 5-HT2C 
receptors play in both food consumption and compulsivity, which may inform the search for 
novel pharmacotherapies for treatment of addiction. In addition, we are currently measuring 
compulsivity using the DRL task in abstinent monkeys with an extensive history of cocaine 
(COC) self-administration (SA) and will determine whether their prior levels of COC intake 
during SA are predictive of compulsivity levels. This research was supported by USPHS Grants 



DA10344 (LLH), DA31246 (LLH), DK96983 (MW) and P51OD11132 (Yerkes National 
Primate Research Center). 
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Abstract: Impulsivity is a core feature of many psychiatric disorders including substance use 
disorder, pathological gambling, attention deficit hyperactivity disorder, and personality 
disorders. Impulsive behavior is modulated by serotonin but the mechanisms through which 
these effects occur are largely unknown. Given that polymorphisms in the serotonin 1B receptor 
(5-HT1BR) are associated with impulsive behavior, and 5-HT1BR knockout mice display 
increased impulsivity, we generated a transgenic mouse line (floxed tetO-htr1b) which allows for 
inducible and tissue-specific knockout of 5-HT1BRs. Using this model, we have begun dissecting 
the circuits through which 5-HT1BRs modulate impulsive behavior. First, the absence of 5-
HT1BR expression increased impulsivity in tests of behavioral inhibition - the differential 
reinforcement of low-rate responding (DRL) and Go/No-Go operant paradigms. This impulsive 
behavior this was reversed with adult rescue of the receptor, suggesting an adult mechanism of 
action. Tissue-specific knockouts interestingly revealed that an absence of 5-HT1B autoreceptors 
did not significantly alter impulsivity in these tasks. However selective knockout of 5-HT1BRs 
from GABAergic cells throughout the brain was sufficient to recapitulate the impulsive 
phenotype. These results suggest that 5-HT1BRs affect impulsivity through modulation of 
inhibitory tone, rather than directly through alterations in serotonin levels. Furthermore, we 



explored the extent to which 5-HT1BR signaling influences different dimensions of impulsive 
behavior beyond behavioral inhibition or impulsive action. Specifically, we assessed impulsive 
choice, another component of impulsive behavior characterized by intolerance to delay and 
increased risk-taking. Using delayed discounting and probabilistic discounting tasks, we found 
no effect of 5-HT1BR on impulsivity in these paradigms. Further analysis using an exploratory 
factor analysis revealed a good-fitting two-factor model to describe the behavioral data. The 
latent factors represented impulsive action and impulsive choice tasks as independent 
components, with 5-HT1BR expression and sex as significant covariates. Overall, our results 
point to a role for 5-HT1BR modulation of GABAergic signaling in the regulation of impulsivity, 
specifically affecting impulsive action rather than impulsive choice. 
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Abstract: Modulating global network state, such as response gain and synchronization level, of 
a neural network is crucial for various brain functions including memory allocation (Zhou et al., 
2009) and learning. Inhibition plays a critical role in orchestrating the global network state of 
neural circuits (Isaacson and Scanziani, 2011). In particular, disinhibition—inhibition on 
inhibitory neurons—is thought to be important in facilitating learning (Letzkus et al., 2015). 
However, it is still elusive by what mechanism disinhibition contributes to learning. In this study, 
we suggest that a small number of disinhibitiory neurons can effectively control the global state 
of the neural network and well mediate brain functions such as learning. 



Using computer simulation, we constructed a model neural network in which excitatory (E) and 
inhibitory (I) leaky-integrate-and-fire (LIF) neurons were locally connected to each other. We 
divided I cells into two subcategories—neurons that inhibit E cells and neurons that inhibit I 
cells—and restricted their target neurons to E and I cells, respectively. Then we examined how 
many neurons of each type were needed to be manipulated in order to increase the gain of the 
neural network to a certain level. As a result, we observed that controlling disinhibitory neurons 
is the most efficient way of boosting the net gain of a network; even a single disinhibitory neuron 
was sufficient to change the global network state. 
We, then, observed the role of disinhibitory neurons in learning to see whether they were capable 
of controlling actual cognitive functions. To simulate learning, we used our network model in 
which synaptic weights were allowed to be changed in the feed-forward connections based on 
spike-timing-dependent-plasticity (STDP) rule. Arbitrary spike patterns were introduced to the 
network, and the output spike consistency was calculated as a measure of memorization. We 
confirmed that only a few disinhibitiory neurons could effectively control the learning process by 
increasing neural excitability. 
Overall, our simulation results show that disinhibition is more economic and efficient way to 
induce changes of the global network state than direct intervention of excitatory or simple 
inhibitory neurons. Our study also suggests that disinhibition could manipulate the general 
cognitive functions in the brain. 

Disclosures:  W. Choi: None. H. Lee: None. Y. Park: None. S. Paik: None. 

Poster 

176. Executive Function: Inhibitory Control 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 176.04/HHH21 

Topic: H.01. Animal Cognition and Behavior 

Support: Ministry of Science and Technology, Taiwan 

Title: Region-dependent differences of dopamine receptors, DAT and BDNF associated to 
individual differences of impulsive action and vulnerability to drug reward 

Authors: *R.-M. LIAO1, C.-Y. CHUANG2, Y.-C. CHANG3, Y.-B. CHEN3, S.-F. CHEN2, P.-
W. CHU3;  
1Natl. Cheng-Chi Univ., Taipei, Taiwan; 2Inst. of Neuroscience, Natl. Cheng-Chi Univ., Taipei, 
Taiwan; 3Dept. of Psychology, Natl. Cheng-Chi Univ., Taipei, Taiwan 



Abstract: Behavioral trait of impulsivity is implicated as an important factor of the development 
or maintenance of drug addiction from both clinical and preclinical studies. Although impulsive 
action can be screened by the use of an operant behavior maintained on the differential 
reinforcement of low-rate (DRL) schedule of reinforcement, little is known for individual 
differences on DRL behavior in associated with drug reward. Here, we hypothesized that 
inherent variation of dopamine (DA) receptors, DA reuptake transporter (DAT) and brain-
derived neurotrophic factor (BDNF) might underlie individual differences of impulsive action 
and vulnerability to drug reward. The rats (n=47) were first trained to press lever on a continuous 
reinforcement schedule and then shifted to a DRL 10-sec schedule. Following 12 daily training 
session, these subjects were classified into three groups as high impulse (n=12), low impulse 
(n=12) and the intermediate (n=23), based on the efficiency to earn reinforcer in the DRL 
operant paradigm. The mean values (with the maximum and the minimum) of efficiency 
(reinforced responses/total responses) were used in categorizing subjects into high impulse, low 
impulse, and the intermediate groups: 0.26 (0.20-0.32), 0.51 (0.43-0.61), and 0.36 (0.32-0.42) 
respectively. As compared to the high impulsive group, the low impulsive group significantly 
made less burst responses, and conversely, had a higher mean peak time. After DRL screening, a 
part of the rats in each group were tested with place conditioning by d-amphetamine (1 mg/kg), 
and the other part of subjects was used for biochemical assays. The intermediate group had a 
significant drug induced conditioned place preference (CPP). No such CPP was performed in the 
low impulsive group, nor was the high impulsive group. The Western blot data showed a 
decrement of D2 receptor in the medial prefrontal cortex and an increment of DAT in the 
amygdala in the high impulsive group. Together, the DRL behavioral task can be used to screen 
the individual difference of impulsive action in associated with the vulnerability of stimulant 
induced CPP and regional differences of D2 receptors and DAT. 
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Title: Elucidating the function of the prefronto-striatal circuit of the macaque brain using the 
double virus vector infection 
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Abstract: Our brain makes value-based decisions through an interaction between the model-
based system in the prefrontal network and the model-free system in the basal ganglia network. 
Anatomical studies revealed that there are unidirectional projections from each subarea of the 
prefrontal cortex to the striatum in the basal ganglia. The lateral prefrontal cortex (LPFC), which 
is thought to be the center of the model-based system, strongly project especially to the caudate 
nucleus (Cd) in the striatum. This LPFC-Cd pathway seems to have an important role in the 
interaction between the two systems, such as the inhibitory control or the working memory 
function. So far, however, mainly due to technological constraint, no study directly elucidates 
what role this pathway plays on the interaction. In this study, we used a chemogenetic method 
that can reversibly modulate the signal transmission of a specific neural pathway by expressing 
the Designer Receptors Exclusively Activated by the Designer Drugs (DREADDs) through the 
double virus vector infection and by administering its extrinsic ligand, Clozapine-N-Oxide 
(CNO), to the DREADD-expressing neurons. We applied this technique to the bilateral LPFC-
Cd pathway in the macaque brain. We trained the doubly-infected monkeys to learn the one-
direction reward saccade task (1DR), which is a version of the memory-guided saccade task. In 
1DR, one cue direction (left or right) is associated with a large amount of reward and the 
opposite direction is associated with a small amount of reward. The association between cue 
direction and reward size randomly changes block by block.We recorded local-field potential 
(LFP) from LPFC and Cd before and after CNO administration while the monkeys were 
performing 1DR. As a result, task performance gradually deteriorated after administering CNO 
to the doubly-infected monkeys. This effect was stronger for small reward trials than large 
reward trials. Moreover, we found behavioral alterations on several aspects of eye movement 
(e.g., poorer saccade accuracy, shorter saccade latency, and faster peak saccade velocity). These 
results suggested that the inhibitory control to maintain accurate and vigilant behavior was 
impaired after CNO administration. On the contrary, the error due to saccade to the non-cued 
direction was not increased, suggesting that the working memory function was not impaired. 
These behavioral results were consistent with the inhibitory control hypothesis about the function 
of the LPFC-Cd pathway. Preliminary LFP analysis, in addition, showed that CNO 
administration modulated the amplitude of the LFP signal over whole range of frequency bands. 
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Abstract: Single unit recording studies have implicated the ventral striatum in reward valuation 
and processing. We investigated whether muscimol-induced unilateral inactivation of ventral 
striatum would alter delay discounting and/or reward size valuation in rhesus monkey, and then 
assessed whether the observed effects could be replicated through neuronal silencing with an 
inhibitory chemogenetic system. 
The monkey performed a stimulus-reward association task in which stimuli concurrently 
representing reward size and delay-to-reward were presented. In each trial, the monkey either 
accepted or rejected the offer presented; accepting the offer resulted in delivery of the reward 
predicted by the stimulus after the proposed wait time, refusing the offer allowed the monkey to 
begin a new trial with the potential for a new stimulus and different outcome. The monkey 
indicated choice selection by releasing a lever in one of two intervals: during the presentation of 
a yellow target to ‘reject’ or a purple target to ‘accept’ the outcome of a trial. If the lever was 
released during the red ‘wait’ cue, that is, if the monkey aborted the trial, an error was recorded, 
and the trial was repeated. 
In the first phase of the study, muscimol was used to unilaterally inactivate the right ventral 
striatum. In three muscimol treatment sessions, the monkey received a unilateral 3 µL injection 
of muscimol (4 µg/µL) into the ventral striatum. For three control sessions, the same volume of 
vehicle was infused. In both muscimol treatment and control sessions, we observed similar 
accept rate patterns; the monkey was more likely to accept offers with higher reward values and 
shorter delays-to-reward. On muscimol treatment days, the monkey aborted significantly more 
trials. 
In the second phase of the study, an inhibitory chemogenetic receptor - hM4Di DREADD 
(Designer Receptor Exclusively Activated by Designer Drug), activated by exogenous ligand 
CNO - was targeted to the right ventral striatum. Systemic CNO injection (10 mg/kg) was used 
to induce temporary silencing. On CNO treatment days, the monkey aborted significantly more 
trials, similar to what happened with muscimol. 



In summary, although unilateral inactivation of ventral striatum appears insufficient to alter 
reward evaluation, it consistently produces an elevated rate of spontaneous early responding. 
Thus it seems as if even unilateral inactivation of this tissue impairs response inhibition, leading 
to the increase of inappropriate early responses. 
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Abstract: The locus coeruleus (LC) is a sensitive site for expression of the somatic aspects of 
morphine withdrawal. The LC nucleus receives dense orexinergic projections from the 
hypothlamus, and is shown to express orexin type 1 and GABAA receptors. Some studies have 
shown that orexin-A and GABA transmitters are involved in morphine dependence and 
withdrawal syndrome. In this study, the effect of orexin type-1 receptor (OX1R) at the LC 
nucleus on inhibitory synaptic transmission in morphine dependence and withdrawal syndrome 
was investigated. Materials and Methods: Whole-cell recording: Wistar rats (P21-P28) were 
anaesthetised by ether and decapitated. The brain was quickly removed and trimmed in ice-cold 
(1-4°C. Horizontal slices of 300 µm thickness including the LC were made at 1-4°C. The slices 
incubated in a holding chamber with standard aCSF. The slices were then kept at room 
temperature. IPSCs were recorded at a holding potential of -70 mV. Each event of IPSCs was 
detected and its amplitude and frequency were measured. Results: The data presented here show 
that orexin induces an effect of inhibitory synaptic transmission to the LC neurons synapses. 
Several observations support this conclusion. First, in vitro application of orexin-A decrease 
spontaneous sIPSCs frequency of LC neurons, but does not change the sIPSCs amplitude. 
Second, Orexin-A application decreased the eIPSCs amplitude in LC neurons. Orexin-A induced 
IPSCs depression in LC neurons was antagonized by SB 334867, it is mediated through OX1 
receptors. Conclusion: This finding, for the first time, implicates evidence that there is an 
interaction between orexinergic and GABAergic systems in the presence of naloxone in LC. It 



seems that orexin-A might either act via OX1R in LC nucleus as an external factor or affect 
other substances such as GABAergic currents in this brain region to play its role in morphine 
dependency. Key Wordes: Locus coeruleus, Orexin-A, GABAergic currents, Whole-cell patch 
clamp recordings, Orexin type-1 receptor, SB-334867, Morphine, Rat 
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Abstract: Response inhibition refers to the suppression of actions that are inappropriate in a 
given context and that interfere with goal-driven behavior. Attention-deficit/hyperactivity 
disorder (ADHD) is characterized by attentional dysfunction, impulsivity, and excessive motor 
activity levels. Studies in patients with ADHD have confirmed deficient response inhibition and 
its remediation by psychostimulant treatment. Methylphenidate (MPH; Ritalin) is the most 
effective and widely used form of therapy for ADHD. However, effect of MPH on response 
inhibition in health objects remains unclear. Here, we employed the stop signal task (SST) to 
examine effect of MPH on response inhibition in adult rats. 
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Title: Glutamatergic neurons in the basolateral amygdala and infralimbic cortex regulate 
impulsivity via connections to the ventral tegmental area 
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Abstract: Impulsivity is defined as a tendency for premature, unduly risky and poorly conceived 
actions and as a behavioral trait is associated with a number of psychiatric disorders including 
attention deficit/hyperactivity disorder, substance abuse and addiction, mania and antisocial 
behavior. The neurobiological mechanisms underlying impulsivity are thought to involve 
dysfunction within cortico-striatal networks and impaired modulation by monoaminergic 
neurotransmission. Recent studies have shown that systemic as well as directed administration of 
NMDA receptor antagonists to the infralimbic cortex exacerbates impulsive responding on the 
five choice serial reaction time task (5CSRTT). However, it is unclear whether distinct 
populations of striatally-projecting glutamatergic neurons contribute to this effect. Using viral 
(AAV2)-mediated delivery of inhibitory (hM4Di) designer receptors exclusively activated by 
designer drugs (DREADDs) in CaMKIIα-expressing, glutamatergic projection neurons, we 
investigated the contributions of glutamatergic neurons of the basolateral amygdala (BLA), 
prelimbic cortex (PrL), infralimbic cortex (IL), and ventral hippocampus (vHC) to impulsivity on 
the 5CSRTT. Since these projection pathways also innervate the ventral tegmental area (VTA), 
we additionally examined whether effects on impulsivity were driven by interactions in the 
ventral striatum (VS) or VTA. We achieved this by targeted application of the DREADDs 



ligand, clozapine-n-oxide (CNO, 1µM) to specifically inhibit glutamatergic projections to these 
regions. We first confirmed the ability of the DREADDs approach to inhibit remote 
neurotransmitter release, demonstrating a reduction in glutamate efflux in the VTA of animals 
expressing DREADDs in the IL cortex following CNO administration. Behaviorally, we found a 
significant effect of inhibition of glutamatergic projection neurons from both the IL cortex 
(p=0.01) and BLA (p = 0.03) to enhance premature responding on the 5CSRTT, specifically via 
projections to the VTA, but not the VS. Suppression of PrL and vHC glutamatergic neurons 
produced no significant effect on impulsive responding on the 5CSRTT. These results implicate 
a rather selective role of glutamatergic projection neurons in both the IL cortex and the BLA in 
impulsivity. This modulation appears to be exerted via projections to the VTA rather than the 
VS. Thus, previously hypothesized contributions of top-down glutamatergic projection systems 
to response inhibitory control may be preferentially exerted at the level of the dopaminergic 
VTA rather than different sub-regions of the ventral striatum. 
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Abstract: Abstinent alcoholics exhibit persistent impairments in the capacity for response 
inhibition, and this form of impulsivity is significantly associated with heightened relapse risk. 
Brain imaging studies implicate aberrant prefrontal cortical function in this behavioral pathology, 
though the underlying mechanisms are not understood. Here, we present evidence that deficient 
activation of glycine and serine release in the infralimbic cortex (IL) contributes to increased 
motor impulsivity during protracted abstinence from chronic alcohol exposure. Levels of 12 
neurotransmitters were monitored in the rat IL during performance of a challenging variant of the 
5-choice serial reaction time task (5-CSRTT) in which alcohol-exposed rats exhibit excessive 
premature responding. Following chronic ethanol exposure, rats showed blunted task-related 
recruitment of IL glycine and serine release, and loss of an inverse relationship between levels of 
these neurotransmitters and premature responding normally evident in alcohol-naïve subjects. 
Intra-IL administration of the glycine transport inhibitor ALX5407 prevented excessive 
premature responding by alcohol-exposed rats, and this was reliant on NMDA glycine site 
availability. Collectively these findings provide novel insight into cortical neurochemical 
mechanisms contributing to increased impulsivity following chronic alcohol exposure, and 
highlight the NMDA receptor co-agonist site as a potential therapeutic target for increased 
impulsivity that may contribute to relapse risk. 
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Abstract: Animals can use predictive cues to resolve situational ambiguity. For instance, neutral 
cues can, through learning, gain powerful inhibitory control over behavior. However, it is 
unclear how cortical circuits generate and maintain these kinds of inhibitory signals that are 
capable of modulating specific behavioral outcomes. To address this, we have adopted a 
simplified Pavlovian feature negative (FN) conditioning paradigm. In this paradigm, it is the 



pattern of temporally separated cues (rather than any individual cue) that predicts the absence of 
a reward delivery. Specifically, mice learn that a reward follows an odor conditioned stimulus 
(CS1) presented alone, but if this odor is preceded by an air puff cue (CS2) the trial is 
unrewarded. Mice appear to solve this task using an occasion setting strategy because we 
observe that on a feature negative (FN) trial, the CS2 cue enters into a specific inhibitory feature-
target relationship with the CS1 cue (target cue). Thus, we hypothesize that the CS2 acquires 
properties that allow it to initiate an inhibitory signal that coopts working memory to selectively 
gate the ability of the target cue to trigger reward representations. To examine this we conducted 
large-scale recordings in the orbitofrontal cortex (OFC), a region implicated in working memory. 
We have made a number of observations that are consistent with our hypothesis. First, we found 
that OFC activity to the CS1 cue was significantly diminished when it was preceded by the 
feature cue (FN trials). Therefore, the feature cue significantly dampened the ability of the CS1 
cue to trigger its reward representation. Results from a transfer test suggested that this 
relationship was cue specific because the feature had very little inhibitory effect on OFC activity 
in a novel feature-odor pairing. In this instance, the odor (in the novel pairing) was able to trigger 
its reward representation despite following the feature cue. These findings fit well with our 
behavioral observations because mice withheld reward responses on FN trials but demonstrated 
typical reward responses during transfer trials. Finally, we observed a modest decrease in firing 
rate (relative to baseline) during the working memory phase of the FN trial, indicating the feature 
triggers a persistent and distinct neural state. Taken together our results suggest that, within 
cortical circuits, cue patterning displays inhibitory gating properties consistent with occasion 
setting behavioral properties. 
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Abstract: Decision-making in perceptual discrimination has been explained as the outcome of 
stochastic accumulation of evidence for the alternatives. Response inhibition in the stop-signal 
(countermanding) task has been explained as the outcome of a race between stochastically 
independent GO and STOP processes. However, models of decision-making that execute 
response inhibition have only recently been formulated (Logan et al. 2014 Psych Rev). Here, we 
present progress on a interactive stochastic accumulator model to explain performance in a novel 
task that jointly tests perceptual decision making and response inhibition. Macaque monkeys 
reported with a saccade the color of a pattern that varied in color coherence. On a minority of 
trials a visual stop signal was also presented after a variable stop-signal delay. On no-stop signal 
trials reinforcement was earned for a correct choice. On stop signal trials reinforcement was 
earned for inhibiting the saccade. Behavioral results indicate that perceptual choice and response 
inhibition function independently (Middlebrooks & Schall 2014 Atten Percept Psychophys). 
We have tested the simplest interactive race model consisting of 2 stochastic accumulators for 
each response alternative (GO1, GO2) plus a STOP accumulator. We consider three mechanisms 
of choice (race, feed-forward inhibition, and lateral inhibition between GO units) and one 
mechanism of inhibition (lateral inhibition from STOP to GO units). 
We tested four versions of parametric manipulation in each model architecture. Drift rate was 
allowed to vary across choice difficulty in all four versions. Starting point, threshold, drift rate, 
and/or non-decision time were allowed to vary across response alternatives in across the 
versions. 
We fit the three model architectures and each of their versions to the data to determine their 
account of correct and error RT distributions, accuracy, and SSRT across levels of discrimination 
difficulty and stop-signal delays. Each model architecture accounted for both choosing and 
stopping performance, with little distinction between the goodness of fit. Discrimination 
difficulty was accounted for by variation in drift rates. Response time directional biases were 
accounted for by variation in starting point, threshold, drift rates, and non-decision time. 
Response inhibition was accounted for by late but potent inhibition of the GO units by the STOP 
unit. 
These results show how the two major models of decision making and performance can be 
unified. Ongoing neuronal recordings in the frontal eye field should resolve the model mimicry 
to further guide model selection. 
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Abstract: Environmental cues associated with rewards, such as food or substances of abuse, 
often prompt approach and consummatory actions that are difficult to override, even when 
restraint would be beneficial in the short- or long-term. As such, much research has focused on 
the neural underpinnings of behavior driven by cues, directed at obtaining reward. However, the 
neural systems that underlie restraint of behavior in response to reward related cues are not well 
understood, but play a critical role in maladaptive, impulsive actions. We hypothesized that 
medial prefrontal cortex (mPFC) and its communication with nucleus accumbens (NAc) play 
vital roles in such behavioral restraint. Using pharmacological manipulations and a Go/NoGo 
task with symmetric outcomes, we found that rats’ ability to restrain approach behavior on NoGo 
trials was substantially reduced when glutamatergic AMPA/kainate, but not NMDA, receptors 
were blocked in NAc, suggesting that excitatory inputs inform NAc to inhibit approach behavior. 
We further hypothesized that mPFC serves as a source for this excitatory input. In support of 
this, bilateral inactivation of mPFC activity and disconnection of mPFC communication with 
NAc caused an increase in NoGo errors. Additionally, we implanted multiwire electrode arrays 
in the mPFC and recorded the activity of single neurons and characterized firing rate responses 
to task cues based on cell type, categorized by specific waveform characteristics. Neurons in 
mPFC showed greater transient responses at the onset of cues when the animal preformed 
correctly on both Go and NoGo trials. These results suggest that mPFC signals the appropriate 
action needed for optimal performance and that NAc integrates this signal to render appropriate 
approach/withhold behavior. 
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Abstract: Disrupted-in-schizophrenia 1 (DISC1) is a gene associated with schizophrenia and 
other mental illnesses. One yet unexplored role DISC1 might have in the development of mental 
illness is the misassembly and aggregation of DISC1 protein in the brain (Leliveld et al., 2008). 
DISC1 protein assembly was mimicked by transgenically overexpressing non-mutant human 
DISC1 in rats (tgDISC1s) (Trossbach et al., 2016), resulting in phenotypes related to a 
dysfunction in the dopamine (DA) system. Here we performed in vivo tetrode recordings of 
dorsal CA1 place cells in tgDISC1s exploring a familiar and novel open-field and sleeping in the 
following order: familiar – sleep – novel – sleep. In both open-field explorations tgDISC1 place 
cells had smaller field sizes and consequently higher spatial information. Improved spatial 
coding however was accompanied by deficits in the coding of other variables: tgDISC1 place 
cells showed 1) a lower coefficient of variation in spike numbers occurring in the placefield, 2) 
less speed modulation of their firing rate, 3) locking to a broader distribution of theta phases and 
no novelty-induced shift in preferred theta phase, and 4) increased reactivation in sleep after 
exploration of the familiar environment, but a reduction after exploration of the novel 
environment. In light of the DA phenotype of tgDISC1s the above results possibly suggest a DA-
mediated disturbance in plasticity and novelty detection. 
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Abstract: There is great variability in the recovery of executive function, particularly memory, 
after general anesthesia. Patients with neurodegenerative diseases (e.g. Alzheimer's disease) are 
at greater risk for prolonged hypoactivity after anesthesia. Calcineurin (CN), a phosphatase 
activated by low levels of intracellular calcium, has been implicated in the pathogenesis of 
neurodenerative disease and has been thought to mediate isoflurane-induced toxicity in cultured 
neurons. CN is directly involved in GABAA receptor (GABAAR) trafficking and synaptic 
plasticity, by controlling GABAAR surface expression via regulatory sites on the GABAAR γ2 
subunit. For decades, calcineurin inhibitors such as cyclosporine A (CSA) have been 
standardized therapy for organ transplantation or autoimmune diseases, but the potential for 
chronic use to affect the response to anesthesia is unclear.To investigate potential overlapping 
mechanisms of CN-mediated changes in GABAAR surface expression and isoflurane 
neurotoxicity, we conducted in vitro studies in primary hippocampal neuron cultures (DIV17-22) 
using cell-surface biotinylation, western-blot analysis, and immunostaining. We found that 
regardless of CSA pretreatment, one hour of isoflurane had no significant effect on β2 or γ2 
subunits surface expression, nor in caspase-3 cleavage.In addition, we investigated the effect of 
chronic CSA treatment on post-anesthetic cognitive behavior. Adult mice ingested CSA or 
vehicle for 12 days prior to either 30 minutes of isoflurane anesthesia or sham treatment. 
Visuospatial learning was assessed via the water radial arm maze during the 3-14 days following 
anesthesia. Ambulation and exploratory activity were recorded via the Oxymax automated 
monitoring system. We found that chronic CSA significantly impaired the post-anesthetic 
recovery of both visuospatial learning and exploratory activity. Currently, we are undertaking 
experiments to characterize the changes to inhibitory network function that underlie this 
phenotype. Brain slices containing hippocampus and temporal cortex were harvested for 



biotinylation-based measures of GABAAR surface expression. We also measured total protein 
expression of key GABAAR subunits as well as caspase-3 and GAD67, the GABA synthesis 
enzyme. Our studies suggest that under chronic CSA treatment, isoflurane anesthesia triggers the 
development of adverse neurological changes that impair memory and wakefulness. Therefore, 
we speculate that patients receiving CSA may be an at-risk group for post-anesthetic cognitive 
dysfunction. 
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Abstract: A decline in estradiol (E2)-mediated cognitive benefits denotes a critical window for 
the therapeutic effects of E2. Our recent results demonstrate that the window for E2-mediated 
benefits on cognition and hippocampal E2 responsiveness can be reinstated by upregulation of 
estrogen receptor alpha. Further, the beneficial effects on cognition are associated with an 
increase in N-methyl-D-aspartate receptor (NMDA) receptor mediated synaptic function; 
however the mechanisms for the increase in NMDA receptor function is unknown. Here, we 
hypothesized that a NMDA receptor hypofunction, starting in middle-age, will be ameliorated by 
an E2-induced reduction in redox state. Furthermore, the ability of E2 to influence the redox 
mediated NMDA receptor hypofunction will decline in the oldest animals (i.e. following closing 



of the therapeutic window). We employed female Fisher 344 rats at ages that are on both sides of 
the therapeutic window (middle aged (MA): 12 months; aged: 20 months) whose ovaries had 
been removed ~ a week earlier and were injected with cyclic injections of 17β-estradiol-3-
benzoate (EB, 10 µg, sc) or oil vehicle, for six to twelve weeks. Starting 48 hr after the final 
injection, we performed in vitro electrophysiological recording from CA3-CA1 hippocampal 
synapses, and measured total field excitatory postsynaptic potentials and NMDA receptor 
mediated synaptic responses. After isolating NMDA receptor mediated synaptic responses, we 
analyzed effect of a reducing agent, dithiotreitol (DTT) on NMDA receptor mediated synaptic 
transmission. Input/output (I/O) curve confirmed an EB-induced increase in NMDA receptor 
responses limited to MA animals (p = 0.046, n = 8/8 slices). The lack of an effect in aged 
animals is indicative that the therapeutic window was closed. Following collection of I/O curves, 
baseline NMDA receptor mediated synaptic responses were collected and DTT (0.5 mM) was 
bath applied and responses were followed for 60 minutes. An ANOVA across treatment groups 
indicated a trend for a treatment effect on the DTT-mediated growth of the response (EB vs Oil p 
= 0.068; 21/17 slices), which was largely due to MA animals (EB vs Oil; p = 0.053; n = 8/7). In 
fact, one group t-test on the percent increase in the NMDA receptor synaptic response relative to 
the baseline indicated that all groups (Aged-EB: 127.1 ± 8.9% of baseline, n = 13; Aged-Oil: 
133.8 ± 6.8, n = 9; MA-Oil: 139.9 ± 11.8, n = 7) except MA-EB injected (109.5 ± 6.8, n = 7) 
exhibited a DTT-mediated facilitation of NMDA receptor response. These results suggest that, 
prior to closing of the therapeutic window, the E2-induced increase in NMDA receptor mediated 
synaptic function is due to a shift in redox state. 
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Title: Expression of G-protein estrogen receptor 1 (GPER1) in the hippocampus and prefrontal 
cortex over the oestrous cycle: Influence of ovariectomy and aging 
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Abstract: Many of the rapid effects of estradiol are diametrically opposite to changes observed 
in aged memory impaired animals. Estradiol rapidly increases cell excitability and the strength of 
synaptic transmission. However, the effect of estradiol may decline with advanced age or 
prolonged estradiol deprivation, contributing to the closing of the therapeutic window. The 
decline in estradiol responsiveness is associated with altered expression of estrogen receptors. 
Evidence suggests that the orphan G protein-coupled estrogen receptor 1 (GPER1) mediates the 
estradiol-induced rapid increase in synaptic strength at CA3-CA1 synapses in females. The 
current study was designed to analyze GPER1 expression during the estrous cycle, hormonal 
deprivation, and senescence. We employed Western blotting to investigate expression of GPER1 
in the dorsal hippocampal areas CA1, CA3, DG, and prefrontal cortex (PFC) throughout the 
estrous cycle in young: 3-4 months female Fischer 344 rats. Vaginal lavage was performed each 
day for 2-3 weeks to confirm an estrous cycle (diestrus, estrus, metestrus, proestrus). Following 
confirmation of estrous cycle, animals were euthanized and tissues were collected and stored at -
80 for Western blot analysis. Results demonstrate that there was not a significant change in 
GPER1 expression in the hippocampus or the PFC across the estrus cycle (n = 5-6/cycle) of 
young animals. A second study examined GPER1 expression during aging in intact animals and 
3-4 weeks following ovariectomy (OVX) for aged (21-24 months, n = 12) and young animals (2-
4 months, n = 24-30 (all estrus cycles included as non OVX)). Western blot analyses 
demonstrate a significant decrease (p<0.0001) in GPER1 expression in the area CA1 regardless 
of OVX/non OVX state. A tendency for an age-related decline in the DG (P=0.063) was due to 
the fact that OVX decreased expression in young relative to non OVX young (P<0.05). No age-
associated difference in GPER1 expression was observed in area CA3 and PFC. However, there 
was a tendency for expression to decrease in the PFC of young OVX vs young non OVX 
(p=0.053). These results indicate that prolonged hormone deprivation in young or advanced age 
may cause a decrease in GPER1 expression in different areas of the brain. Future studies will 
determine if these alterations in GPER1 expression contribute to impaired cognitive and synaptic 
function over the life span. 
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Abstract: Systemic inflammation and associated serum cytokines are thought to induce a latent 
neuroinflammatory response in specific brain regions. Furthermore, pro-inflammatory cytokines 
increase in the serum during normal aging and the level of several cytokines is correlated with 
age-associated cognitive impairments. Episodic memory impairments begin to emerge in middle-
age and we hypothesize that systemic cytokines contributes to the onset of impaired 
hippocampal-dependent spatial learning and memory. For all studies, a low dose (0.25 µg/kg, ip) 
of lipopolysaccharide (LPS) or vehicle was injected into young (4-6 months, n=18) and middle 
aged (12-14 months, n=16) Fischer 344 male rats. We examined 11 cytokines by using Multiplex 
technology at two different time points following LPS injection, 4 hours following one injection 
(acute effects: young, n =8, middle aged, n = 8) or 48 hours after seven injections delivered on 
alternated days (chronic effects: young, n =8, middle aged, n = 8). For the chronic LPS study, 
learning and memory was assessed 48 hr after the fourth injection using the water maze task as 
described previously. The results indicate that four hours after a single LPS treatment, IL-1α, IL-
1β, IL-6, 1P-10, MCP-1, GRO/KC, and RANTES levels were significantly (p < 0.05) elevated in 
blood plasma. MCP-1 and Eotaxin displayed a significant (p<0.05) age and treatment effect with 
higher concentrations in middle aged LPS injected animals. In contrast, IL-12p70 levels 
exhibited an age effect where young animals had significantly (p=0.018) elevated IL-12p70 
compared to older animals. For chronic LPS treatment, the results revealed no effect of treatment 
on cytokine levels 48 hours after the last LPS injection, indicating that cytokine elevation was 
not long lasting. The behavioral results indicate a trend (p=.16) for spatial memory decline 48 
hours after the seventh LPS injection in middle aged animals compared to middle aged rats 



injected with vehicle only. This trend was not reflected in the younger animals. These results 
demonstrate that systemic inflammation-induced a transient increase in cytokine levels. Further, 
while cytokine levels decline back to baseline over a 48 hours period, these cytokines may have 
longer-lasting influence on the brain function and contribute to the onset of cognitive decline 
during aging. 
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Abstract: The N-methyl D-aspartate (NMDA) receptor is a critical mediator of the changes in 
synaptic strength that underlie learning and memory. Mounting evidence indicates NMDA 
receptor function declines with advanced age, and that this decrease is associated with cognitive 
deficits. Our previous work demonstrates that age-related impairments in episodic spatial 
memory are related to NMDA receptor hypofunction localized in region CA1 of the 
hippocampus, and aged animals are more susceptible to cognitive impairment due to a low dose 
of the activity-dependent NMDA receptor antagonist, MK-801. On the other hand, the idea that 
cell death in Alzheimer’s disease is associated with over activity of NMDA receptor, provides 
part of the basis for the use of the low affinity activity-dependent NMDA receptor antagonists. 
Thus, it is important to understand how NMDA receptor function interacts with normal aging 
and in age-related neurodegenerative diseases. Upregulation of the GluN2B subunit of NMDA 
receptor can protect against cognitive decline in mice; however, it is unclear if the effects result 



from increased activity during development, resulting in a “biological reserve” against aging. To 
determine whether enhancing NMDA receptor function in older animals can protect against 
memory deficits and enhance NMDA receptor mediated synaptic transmission, we are 
employing a viral vector-based approach to upregulate GluN2B targeted to the CA1 region of the 
hippocampus. Lentivirus containing a synapsin promoter to drive green fluorescent protein 
(GFP) followed by a self-cleaving 2A peptide and GluN2B was injected into the hippocampus of 
male Fischer 344 rats. Hippocampi were collected at 2 and 4 weeks post-surgery, and expression 
was verified for GFP and GluN2B via fluorescent microscopy and quantitative Western blotting. 
Examination of the in vivo time course indicates that expression continues to increase from 2 to 4 
weeks post vector injection. The extent of expression is estimated at ~1 mm2. Currently, young 
(5 mo) and older (15 mo) F344 male animals are receiving bilateral injection of lentivirus 
containing the GluN2B+GFP vectors or GFP alone, and 4-5 weeks following vector injection, 
behavior and NMDA receptor-mediated synaptic function will be assessed over the life span. 
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Abstract: The dentate gyrus (DG) of the hippocampus consists of a large population of 
developmentally-born granule cells (dGC) and a smaller number of adult-born granule cells 
(aGC). These GC populations have distinct neuroanatomical and physiological characteristics, 
providing the DG with unique computational properties to process incoming information. The 
dGCs are positioned in the middle/outer granule cell layers (GCL) and exhibit low 
activity/excitability, whereas aGCs are generally located in the inner GCL and exhibit transiently 
increased synaptic plasticity. The aGCs are considered important for the processing of similar 
incoming stimuli. Analysis of the neuronal circuitry of aGCs using a combination of retroviral 



and rabies virus mediated neuroanatomical tracing showed that these neurons receive preferential 
input from the lateral entorhinal cortex, which may promote pattern separation processes. 
However, less is known about the functional contribution and connectivity of dGCs. We have 
now used the same dual virus approach to delineate the neural circuitry of dGCs. In order to 
specifically label dividing cells, retrovirus expressing green fluorescent protein, avian TVA 
receptor and rabies glycoprotein was injected into the DG of mouse pups on postnatal day 1 (P1). 
Two months thereafter, these mice were injected with EnvA-pseudotyped rabies virus expressing 
MCherry (MCh) in the DG for retrograde tracing. One week later mice were deeply anesthetized 
and perfused. Preliminary histological analysis of MCh-expressing afferent cells shows that 
dGCs receive input from similar regions as aGCs, predominantly from the entorhinal cortex, 
septum, and intra-hippocampal inputs 8 weeks after cell division. Quantification and 
characterization of presynaptic cells from these various regions may reveal specific differences 
in the phenotype of the cells and proportion of input to dGCs in comparison to aGCs. Ultimately, 
analysis of direct inputs onto dGCs may illuminate the type of information these cells process, 
providing a better understanding of DG function. 
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Abstract: The dentate gyrus (DG) engages in sustained activity-regulated cytoskeleton-
associated protein (Arc) transcription for at least 8 hours following behavioral induction. 
Moreover, this time course is functionality coupled to its unique role in learning and memory. 



The factors that regulate this spatio-temporal pattern of Arc expression, however, remain poorly 
understood. Previous findings show that mice deficient for early growth response 3 (Egr3) 
express lower levels of Arc following seizure. However, the effect of Egr3 ablation on 
behaviorally-induced Arc expression remains unknown. This is important to characterize, since 
the pattern of immediate early gene expression following supra-physiological stimulation often 
differs from the pattern induced by spatial processing. To address this, Egr3-/- and wildtype mice 
were placed in a novel environment and allowed to explore for five minutes. Groups of animals 
were sacrificed 5 minutes (m), 60m, 240m, or 480m later, and Arc expression in the DG was 
quantified using fluorescence in situ hybridization. Results showed that Arc expression at 240m 
and 480m after spatial exploration is selectively reduced in Egr3-/- mice. These data indicate that 
Egr3 plays a critical role in regulating the late, protein-dependent phase of Arc expression in the 
mouse DG. 
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Abstract: Diabetes mellitus is a common metabolic disorder that has steadily increased in 
prevalence over the past five decades. Although type I and type II diabetes differ in their 
pathophysiology, both types are characterized by hyperglycemia, and both types have been 
associated with cognitive decline and increased risk of dementia. To further investigate the link 
between chronic hyperglycemia and cognitive ability, here we test both memory performance 
and hippocampal function in the Goto-Kakizaki (GK) rat, which is selectively bred to have 
persistent hyperglycemia in the absence of obesity. Preliminary data indicate that GK rats show 
deficits, relative to Wistar rats of the same age, in performance of a what-where-when test of 



episodic-like memory. Further testing is being conducted to determine if the pattern of 
expression of Arc (an immediate-early gene critical for memory function) is altered in the 
hippocampus of GK rats during the completion of this task, or following spatial navigation. 
Analysis will focus on the dentate gyrus as the most likely brain region to mediate performance 
in a task with high-interference stimuli. Results of these tests will help to functionally link 
persistent hyperglycemia to changes in hippocampal physiology. 

Disclosures:  D.F. Marrone: None. B. Renda: None. 

Poster 

177. Hippocampal Learning and Memory Disruption: Genetic and Viral Approaches 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 177.10/HHH40 

Topic: H.01. Animal Cognition and Behavior 

Support: NIMH Grant P50-MH0779720 

 Dr. Miriam and Sheldon G. Adelson Medical Research Foundation 

Title: Role of CCR5 in learning and memory and in HIV V3 peptide induced cognitive deficits 

Authors: *M. ZHOU1, S. GREENHILL2, S. HUANG1, T. SILVA1, Y. SANO1, S. WU1, Y. 
CAI1, Y. NAGAOKA1, M. SEHGAL1, D. CAI1, Y.-S. LEE1, K. FOX2, A. J. SILVA1;  
1Neurobio., Univ. of California Los Angeles, Los Angeles, CA; 2Cardiff Univ., Cardiff, United 
Kingdom 

Abstract: Cognitive deficits are a significant clinical problem associated with HIV infection. 
Although the role of CCR5 in immunity and in HIV infection has been studied widely, its role in 
neuronal plasticity, learning and memory, and in HIV-associated cognitive deficits is not well 
understood. In a reverse genetic screen, we found that a Ccr5 null mutation results in 
hippocampus-dependent memory enhancements. Molecular and cellular studies indicated that the 
memory enhancement is caused by increases in MAPK/CREB signaling and enhanced long-term 
potentiation (LTP). Ccr5 knockdown in the hippocampus of adult mice also led to enhancements 
in hippocampal memory, thus confirming a role for this receptor in adult plasticity and memory. 
These results suggest that besides its role as a co-receptor for HIV, CCR5 is a powerful 
suppressor for learning and memory, and that CCR5 over-activation by viral peptides may 
contribute to HIV-associated cognitive deficits. Consistent with this hypothesis, the HIV V3 loop 
peptide, known to bind and activate CCR5, caused deficits both in signaling implicated in 
learning and memory (hippocampal MAPK activation) and in a key cellular mechanism for 



learning and memory (LTP). Accordingly, acute hippocampal injection of V3 peptide also 
caused memory deficits. Importantly, V3 peptide induced signaling, LTP and memory deficits 
were prevented by a Ccr5 knockout. Overall, our results demonstrate that CCR5 plays an 
important role in plasticity and memory, and CCR5 over-activation may contribute to the 
cognitive deficits caused by HIV coat proteins. 
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Abstract: In the last few decades, there have been significant advances in the molecular, cellular 
and systems mechanisms underlying the storage of single memories. Real-world memory, 
however, involves the integration of multiple memories across time, with one memory affecting 
how others are processed and stored. Recent memory allocation studies suggest the hypothesis 
that a shared neural ensemble may link distinct memories encoded close in time. Using in vivo 
calcium imaging (with head-mounted fluorescent microscopes in freely behaving mice), TetTag 
transgenic system, chemogenetics, electrophysiology and novel behavioral designs, we tested 
key predictions of the memory allocation hypothesis in hippocampal networks. According to this 
hypothesis, learning triggers a temporary increase in neuronal excitability that biases the 
representation of a subsequent memory to the neuronal ensemble encoding the first memory, 
such that recall of one memory increases the likelihood of recalling the other memory. 
Accordingly, we report that the co-allocation between the hippocampal CA1 ensembles activated 
by two distinct contexts acquired within a day is higher than when the two contexts are separated 
by a week. Multiple convergent findings indicate that this co-allocation of neuronal ensembles 
links two contextual memories. First, fear paired with one context is transferred to a neutral 
context when the two are acquired within a day but not across a week. Second, the first memory 
strengthens the second memory within a day but not across a week. Older mice, known to have 
lower CA1 excitability, do not show the co-allocation between ensembles, the transfer of fear 
between contexts or the strengthening of the second memory. Finally, in aged animals, 
increasing cellular excitability and activating a common ensemble of CA1 neurons during two 
distinct context exposures rescued the deficit in linking memories. Taken together, these findings 
demonstrate that contextual memories encoded close in time are linked by directing storage into 
overlapping ensembles. Alteration of these processes by aging could affect the temporal structure 
of memories, thus impairing efficient recall of related information. 
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Abstract: Contextual information is represented in the hippocampus (HPC) partially through 
recruitment of distinct populations of neurons. We have recently shown that norepinephrine (NE) 
input from phasic locus coeruleus activation can induce plasticity in the HPC resulting in global 
remapping of these representations. We hypothesize that NE may provide a molecular switch to 
cause the HPC to move from a state of retrieval to a state of encoding. This hypothesis suggests 
that the effect of modulating NE on memory will critically depend on the stage of training. To 
further understand how NE modulation of hippocampal circuits affects spatial memory, we 
tested whether infusions of the β-adrenergic agonist isoproterenol (ISO) impaired working and 
reference memory retrieval (i.e. switching the system back to encoding when it is maladaptive) 
and facilitated cognitive flexibility thus improving reversal learning (i.e., switching the system 
back to encoding when it is adaptive). We employed a delayed non-match to position (DNMP) 
task in a 12-arm radial maze, and a spatial learning task in the Barnes maze. DNMP: Using 
extra-maze spatial cues, rats learned to obtain a reward from one arm of the maze (sample phase, 
encoding) and 10 min later were given a choice between the previously rewarded arm and a 
newly baited arm (choice phase, retrieval). As the distance between the arms narrowed during 
the choice phase, the task became more dependent on the dentate gyrus (DG) of the HPC. 
Bilateral DG infusions of ISO were administered prior to encoding or retrieval and choice 
accuracy was measured. Barnes Maze: Motivated by bright light and open space, rats used extra-
maze spatial cues to learn the location of an escape hole leading to a dark escape box beneath an 
elevated circular platform. Immediately prior to a probe test, bilateral DG infusions of ISO were 
administered and memory accuracy was measured. Rats were then retrained to reduce possible 
extinction associated with the probe trial. Then, prior to reversal training, which lasted 5 days, 
rats were given another bilateral DG infusion of ISO and reversal learning was assessed during a 
probe test. Acknowledgements: Supported by NSERC & OMHF. 
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Abstract: Dendritic spines are the postsynaptic sites of excitatory synapses on pyramidal 
neurons. Structural plasticity mediated by addition and elimination of dendritic spines is thought 
to underlie the formation of long-term memory. Here, we performed in vivo imaging of dendritic 
spines in mouse retrosplenial cortex (RSC) before and during learning. We report that spine 
turnover prior to learning predicts future learning performance in contextual fear conditioning 
and Morris water maze. Contextual and spatial learning lead to addition of new spines that are 
spatially clustered in RSC. Importantly, these newly formed clustered spines are highly stable 
after training ends. Remarkably, compared to wild type littermates, CCR5 mutant mice, known 
to have enhanced memory for contextual and spatial learning, show higher spine turnover ratio 
before learning as well as higher proportion of clustered new spines induced by learning. One 
implication of these findings is that increased spine turnover allow neurons to more efficiently 
sample the synaptic space during learning in order to optimize information acquisition. Once 
acquired, spine clustering may stabilize this information, thus strengthening memory circuits. 
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Abstract: Previous work by our lab has demonstrated that the avian hippocampus expresses 
gene products of EGR1 (also called ZENK) in a context-dependent manner during a spatial 
learning task. The pattern of expression seemed to carry less spatial information than mammalian 
cells, but this may be a reflection of differences in behavior, rather than physiology. Examining 
Egr1 expression in a non-flying species (Japanese Quail) under conditions that more closely 
match those employed for mammals will help to address this issue. Preliminary data show that 
under these conditions the pattern of Egr1 expression in the avian hippocampus more closely 
resembles the pattern observed in mammals. That is, when quail were allowed to explore a single 
open environment twice, the vast majority of hippocampal cells expressed Egr1 during both 
explorations. In contrast, when two highly distinct environments were visited the probability of 
the same cell expressing Egr1 during both explorations was close to chance. Moreover, granule 
cells (identified by the expression of Prox1) showed a much lower probability of repeated 
activation than non-granule counterparts, similar to the pattern observed in mammals. Further 
investigation of differences in the pattern of Egr1 expression along anatomical gradients (e.g., 
dorsal-ventral, rostral-caudal) will help to further clarify the comparative physiology of the 
spatial learning systems among these classes. 
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Abstract: Previous studies have demonstrated that changes in neuronal excitability determine 
whether a given neuron will be involved in storing a specific memory (memory allocation)1,2. 
The memory allocation hypothesis posits that the encoding of one memory may trigger a 
transient increase in excitability in neurons involved in storing that memory, such that for a 
period of time, neurons involved in storing the first memory are preferentially recruited to store 
subsequent memories3. There is now compelling evidence that demonstrates that the co-
allocation of hippocampal CA1 ensembles activated by two distinct contexts acquired across five 
hours is higher than when they are separated by one week4. Furthermore, the co-allocation of 
memories into similar neuronal ensembles behaviorally links the two contextual memories such 
that 1) the recall of a given memory triggers the recall of a linked memory and 2) the encoding of 
one memory enhances a subsequent memory. Here, we investigate the time course of these three 
processes. We found that the three processes appear to follow a similar time course. Co-
allocation, linking and enhancement of two contextual memories are highest when memories are 
acquired within the same day and begin to decrease when separated by more than one day. 
1. Zhou, Y., Won, J., Kartsson, M., Zhou, M., Rogerson, T., Balaji, J., … Silva, A. J. (2009). 



CREB regulates excitability and the allocation of memory to subsets of neurons in the amygdala. 
Nature Neuroscience, 12, 1438-1443. 
2. Yiu, A. P., Mercaldo, V., Yan, C., Richards, B., Rashid, A. J., Hsiang, H. L., … Josselyn, S. 
A. (2014). Neurons are recruited to a memory trace based on relative neuronal excitability 
immediately before training. Neuron, 83, 722-735. 
3. Rogerson, T., Cai, D. J., Frank, A., Sano, Y., Shobe, J., Lopez-Aranda, M., & Silva, A. J. 
(2014). Synaptic tagging during memory allocation. Nature Reviews Neuroscience, 15, 157-169. 
4. Cai, D. J., Aharoni, D., Shuman, T., Shobe, J., Biane, J., Song, W., … Silva, A. J. (in press). A 
shared neural ensemble links distinct contextual memories encoded close in time. Nature. 
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Abstract: The locus coeruleus (LC) responds to novelty in the environment and sends a major 
noradrenergic projection to the hippocampus (HPC). It is hypothesized that novelty-associated 
activation of the LC may help to sculpt representations in the HPC, but influence of 
norepinephrine (NE) over HPC representations remains poorly understood. One possible 
mechanism is that NE may provide a “reset” signal causing the HPC to recruit distinct 
populations of neurons (neuronal ensembles). Thus, NE may provide a molecular switch to 



dictate if hippocampal circuits should generate new representations or update existing 
representations to incorporate novel information. This hypothesis suggests that agonism of the 
NE system should cause the hippocampus to recruit a unique population even in the presence of 
the same stimuli an animal has just experienced. The compartmental expression of Arc and 
zif268 allows us to test this hypothesis by mapping the activity history of individual HPC 
neurons as animals engage in spatial processing following manipulation of the NE system. Rats 
were placed in either the same context twice (A/A) or two different contexts (A/B). Prior to 
placement in the second context, separate groups of rats were infused bilaterally in the LC with 
glutamate (phasic LC activation) or clonidine (blockade of LC discharge). Additional groups 
were infused bilaterally with orexin A, bethanachol, and CRF (tonic LC activation). Remapping 
was assessed in the dentate gyrus, the CA3 and the CA1. Preliminary data show that phasic, but 
not tonic, LC activation can drive global remapping in the HPC, consistent with the notion of NE 
as a novelty “reset signal” for hippocampal mnemonic circuits from retrieval to encoding. 
Acknowledgements: Supported by NSERC & OMHF. 
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Abstract: Our recent work has examined the dynamics of neural stem progenitor cell (NSPC) 
function in the subventricular zone (SVZ) of aging animals (Corenblum et al., 2016). These 
studies have identified a critical time-period during middle-age (13-15 mos), when a marked 
reduction in NSPC survival and regenerative capacity occurs, and determined the reduced 



expression of the redox-sensitive transcription factor, nuclear factor (erythroid-derived 2)-like 2 
(Nrf2), as an important mechanism underlying this phenomenon. Given this, in the current study 
we analyzed the function, and Nrf2 expression, of NSPCs residing within the other major 
mammalian germinal niche, the dentate gyrus (DG) of the hippocampus. More specifically, using 
cells from seven groups of aging male Fisher 344 rats (0, 2, 9, 11, 13, 15 and 24 mos) we found 
that, similar to SVZ NSPCs, the proliferative capacity of cultured DG NSPCs also declined 
substantially during the 13-15 month critical period. However, the survival of the DG NSPCs 
was only compromised significantly (p<0.05) from the 0 to 2 mos old stage, after which it 
remained relatively stable throughout adulthood until old age (24 mos). Correlatively, the 
number of Nrf2 expressing DG NSPCs was also prominently reduced from 0 to 2 mos of age, 
with no further changes in Nrf2 labeled cell numbers noted across the age groups. 
Immunohistological assessment of hippocampal tissues from the various groups of aging animals 
confirmed the results from the in vitro analysis. Furthermore, at a behavioral level, these data 
correlated with a decline in spatial memory when the animals were tested via a Morris water 
maze task. Here it was observed that increasingly more time was taken by the animals to learn 
the location of the hidden platform (higher CIPL scores) with advancing age, and that the 15 mos 
old rats were the first adult age-group exhibiting a significant decrement in spatial memory 
function. Based on these results, we are currently further examining Nrf2’s role in DG NSPC 
function using Nrf2 knock-out (Nrf2 -/-) mice, as well as tissues from young and old non-human 
primates. Overall, this work will provide important information on whether and how Nrf2 
regulates DG NSPC activity with age. 
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Abstract: The hippocampus is crucial for episodic memory and certain forms of spatial 
navigation. Firing activity of hippocampal principal neurons contains environmental information, 
including the presence of specific objects,

 as well as the animal’s spatial and temporal position 
relative to environmental and behavioral cues. The organization of these firing correlates may 
allow the formation of memory traces through the integration of object and event information 
onto a spatiotemporal framework of cell assemblies. Characterizing how external inputs guide 
internal dynamics in the hippocampus to enable this process across different experiences is 
crucial to understanding hippocampal function. A body of literature implicates the medial 
entorhinal cortex (MEC) in supplying spatial and temporal information to the hippocampus. Here 
we develop a protocol utilizing bilaterally implanted triple fiber optic arrays and the red-shifted 
inhibitory opsin JAWS to transiently inactivate large volumes of MEC in freely behaving rats. 
This was coupled with extracellular tetrode recording of hippocampal CA1 ensembles during an 
object-delay-response association task involving temporal, spatial and object related epochs, 
enabling assessment of the importance of MEC activity for hippocampal feature selectivity 
during a rich and familiar experience. We report that inactivation of MEC during a mnemonic 
delay selectively disrupts the existing time cell sequence structure in CA1 and the ability of 
individual neurons to fire in a temporally tuned manner during and following the inactivation 
period. Neurons with firing fields prior to the inactivation on each trial remained relatively 
stable. The disruption of CA1 time cell sequences was accompanied by a behavioral deficit 
implicating MEC activity and hippocampal temporal field sequences in effective memory across 
time. Inactivating MEC during the object or spatial epochs of the task did not significantly alter 
CA1 object selective or spatial firing fields and behavioral performance remained stable during 
these inactivation protocols. We observed highly object selective firing which precessed relative 
to local LFP theta. Our findings suggest that MEC is crucial specifically for temporal field 
organization and expression during a familiar and proximally rich experience. These results 
support a role for MEC in guiding hippocampal cell assembly sequences in the absence of salient 
changing stimuli, which may extend to the navigation of cognitive organization in humans and 
support memory formation and retrieval. 
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Abstract: The mammalian hippocampus is crucial for encoding the spatial and temporal features 
of episodic memories. Previously published work has shown that elapsed time is tracked by 
sequential activity of hippocampal neurons in the absence of changing extrinsic input 
(MacDonald et al., Neuron 2011; Pastalkova et al., Science 2008). These internally generated 
sequences, comprised of “time cells”, are thought to organize memory by binding temporally 
discontiguous events and associating features of the environment that are proximal in time. Until 
now, the long-term properties of these sequences and how their day-by-day stability relates to 
temporal coding have not been characterized. We trained mice to run on a treadmill for fixed 
delay periods in between laps on a rectangular track and used in vivo calcium imaging to observe 
the stability of hippocampal sequences during the delay across days. Here, we present 
preliminary data suggesting that the temporal tuning fields of time cells are retained for multiple 
days. The persistence of these responses lends credence to the idea that the hippocampus upholds 
sequential firing patterns for long-term maintenance and storage of temporal representations. 
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Abstract: Interactions between the hippocampus and entorhinal cortices have been implicated in 
the creation of spatiotemporal trajectories used in organizing episodic memories. Both spatial 
and temporal properties have been observed in neurons in the medial entorhinal cortex (MEC) 
and hippocampus (Kraus et al., 2013; Kraus et al., 2015), but the mechanisms reponsible for 
generating these signals remains unclear. Here we report that transient disruptions of intrinsic 
hippocampal circuitry, via stimulation of the ventral hippocampal commisural (vHC), alters 
hippocampal temporal representations during the delay period of a spatial working memory task. 
Rats were implanted with a biploar stimulation electrode in the vHC along with an array of 
recording tetrodes in CA1. We tested memory performance using a delayed alternation T-maze 
paradigm, whereby rats ran on a treadmill located on the center stem of the maze during an 8s 
delay on each trial. After each treadmill run, the rat was rewarded for remembering its most 
recent trajectory and selecting the alternate route. During the treadmill run, CA1 neurons 
consistently fired at successive brief moments, such that “time cell” sequences spanned the entire 
delay. Two seconds into the delay, we stimulated the vHC with a single 1 ms biphasic pulse, 
which has been shown to inhibit CA1 pyramidal cell firing for 100-200 ms (Zugaro et al., 2005). 
In contrast to reports of place cell stability following vHC stimulation (Jadhav et al., 2012), 
hippocampal time cells were susceptible to the transient disruption of intra-hippocampal 
processing. These results suggest that mechanisms within the hippocampus may be crucial for 
stable temporal representation across a delay. 
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Abstract: The Lateral Entorhinal Cortex (LEC) is a central node in the episodic memory 
network. It provides the majority of object information into the hippocampus, and is a crucial 
node for relaying prefrontal information to the hippocampus. The LEC is hypothesized to buffer 
object and event information so that it may be properly integrated into a contextual continuum of 
space and time in the hippocampus. We tested this hypothesis by recording from LEC neurons in 
a rat performing a delayed matching task in which the rat was required to link objects across a 
delay. Single units showed significant object-related and object-specific coding both during the 
sampling period as well as during the delay. Moreover, we found that LEC units showed reliable 
firing rate patterns during the delay that provided significant temporal information. LEC 
population activity reliably held both object and time information on-line during the delay in a 
dynamic manner. These data confirm the hypothesis that the LEC buffers object representations 
by coding for both current and past objects. These data also suggest that the LEC may participate 
in establishing an evolving temporal context for which to bind events and experiences. 
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Abstract: Background: The protein synthesis process is essential for learning and memory 
formation. While the initiation phase of translation is considered to be the rate-limiting step, 
regulation of the elongation phase via Eukaryotic Elongation Factor 2 Kinase (eEF2K) was also 
suggested to be important for memory and synaptic plasticity consolidation. eEF2K, known as 
calcium/calmodulin-dependent protein Kinase III (CaMKIII), is a ubiquitous protein kinase 
involved in the control of mRNA translation, whose catalytic activity is Ca2+-dependent. Upon 
activation, eEF2K phosphorylates and inhibits eukaryotic elongation factor 2 (eEF2), leading to 
inhibition of mRNA translation at the level of elongation. In the present study we aim at 
examining the role of eEF2K/eEF2 pathway in the hippocampal circuit and memory formation. 
Results: Genetic deletion of the eEF2K (knock-out, KO) in mice, which leads to a complete loss 
of eEF2 phosphorylation, differentially affects hippocampal-dependent memory formation. 
Importantly, long term trace and contextual fear conditioning are impaired in eEF2K-KO, 
whereas several other forms of learning and memory are normal. In addition, basal synaptic 
transmission is unaltered in the CA1 subregion of the eEF2K-KO mice. However, β/γ 
oscillations activity in the CA3 subregion and GABAergic synaptic transmission in the DG are 
increased in the eEF2K-KO mice. Proteomic analysis revealed that eEF2K/eEF2 pathway 
regulates the expression levels of several proteins, mainly cytoskeletal and presynaptic proteins. 
Loss of eEF2K increased the presynaptic protein Synapsin 2b (Syn 2b) and α5-containing 
GABAA receptors protein expression levels. We identified eEF2K/eEF2 pathway to differentially 
affect hippocampal sub-regions and neuronal subtypes. 
Currently, we aim to delete specifically eEF2K expression in neuronal subtypes in the CA1, 
CA3, and DG of hippocampus in order to better explore its role at the circuit level. 
Conclusions: Our results suggest that manipulation of the eEF2K pathway, affects specific 
hippocampal subregions and neuronal subtypes. This differential role of the eEF2K/eEF2 
pathway provides novel insights into the intimate relationship between translation regulation and 
inhibition/excitation ratio in normal and diseased brain. 
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Abstract: Recent gene expression data in the mouse has revealed that the hippocampus contains 
discrete genetic subdivisions. However, it is unclear how to reconcile these genetic domains with 
previous data which suggested hippocampal connectivity was organized along topographical 
gradients. Using online gene expression data from Allen Institute, we created a full coronal and 
sagittal atlas map of the genetic domains in the dentate gyrus, CA3, CA1, and subiculum 
(Hippocampus Gene Architecture Atlas, HGAA). Then, we analyzed the connectivity of each 
hippocampal genetic domain using anatomical tracer data from the Mouse Connectome Project 
(www.mouseconnectome.org) to create a comprehensive and detailed wiring diagram of the 
mouse hippocampus. Overall, the distribution patterns of anterograde and retrograde labeling 
matched remarkably to the genetic domains outlined by the HGAA. To examine hippocampal 
network modularity, we performed a network analysis of intrahippocampal connectivity which 
revealed that the hippocampus genetic domains are organized as constituent parts of four major 
subnetworks. After defining the hippocampal subnetwork organization, we examined 
hippocampal extrinsic connectivity with cortex, thalamus, basal forebrain, amygdala, and 
hypothalamus. We found that each hippocampal subnetwork had unique connections with the 
rest of the brain, suggesting that information from each subnetwork is involved in unique 
functional processes. Together, our research provides a new conceptual understanding of 
hippocampus organization that reconciles gene expression and connectivity and lays the 
foundation for future functional studies with optogenetic tools. 
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Abstract: The finely tuned balance of inhibition and excitation in the hippocampus is essential 
to its role in memory and perturbations are evident in diseases such as Alzheimer’s and epilepsy. 
The CA2 subfield is anatomically well positioned to influence hippocampal physiology and 
processing, but its integrative role is poorly understood. Here, we describe novel functions of 
CA2 in the control of hippocampal network activity. In mice with genetically-engineered chronic 
shutdown of CA2 pyramidal cell synaptic transmission we observed a novel pathophysiological 
state. On the single cell level we found increased activity in CA2 output areas, accompanied by 
changes in spike timing. During exploration this manifested as spatially-triggered episodes of 
network-wide hyperexcitability and was accompanied by the emergence of epileptiform 
discharges during rest. These findings demonstrate that CA2 controls the flow of information 
through the hippocampal circuit via subcircuit switching and identify CA2 as a locus of interest 
in epilepsy. 
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Abstract: Long-term synaptic plasticity is a prime candidate cellular substrate for learning and 
memory. It has been extensively studied in principal excitatory neuron networks but to a much 
lesser extent in inhibitory interneurons. In the hippocampal CA1 region, excitatory synapses onto 
somatostatin interneurons (SOM-INs) show a cell type-specific long-term potentiation (LTP) 
dependent on type 1a metabotropic glutamate receptors (mGluR1a) that regulates hippocampal 
network plasticity, can persist 24h and requires translation via Mechanistic Target Of Rapamycin 
Complex 1 (mTORC1). The present study aimed at investigating the functional role of 
translation-dependent LTP in SOM-INs in hippocampal networks and memory, using the Cre-lox 
system to knock out the expression of Raptor, an essential component of mTORC1, selectively in 
SOM-INs (SOM-Raptor-KO mice). 
We first confirmed that mTORC1 signalling was deficient in SOM-INs from KO mice, as 
treatment with mGluR1a agonist failed to increase ribosomal S6 protein phosphorylation, a 
downstream effector of mTORC1. Next we determined with whole cell recordings that SOM-INs 
show normal membrane properties and basal synaptic transmission, but that mGluR1a agonist-
induced persistent LTP was prevented in SOM-INs from SOM-Raptor-KO mice. Thus, SOM-
INs show impairment in mTORC1 signalling and persistent synaptic plasticity in SOM-Raptor-
KO mice. We next investigated the behavioral relevance of mTORC1-mediated persistent LTP, 
and examined if contextual fear learning induces plasticity at SOM-IN synapses. We performed 
whole-cell recordings 24h after contextual fear conditioning and found that training induces an 
increase in spontaneous and minimally evoked excitatory transmission, as well as input-output 
function at SOM-IN synapses in WT mice. However, these learning-induced persistent synaptic 
changes were prevented in SOM-INs from SOM-Raptor-KO mice, demonstrating that contextual 
fear learning induces persistent mTORC1-dependent LTP at SOM-INs synapses. We then 
examined the consequences on hippocampal function of impaired SOM-IN mTORC1 activity 
and synaptic plasticity. Field recordings revealed a decreased LTP in the Schaffer collateral 
pathway of CA1 pyramidal cells in slices, suggesting impairment in CA1 network plasticity in 
SOM-Raptor-KO mice. At the behavioral level, SOM-Raptor-KO mice showed intact learning 
but impairment in long-term consolidation of contextual fear and spatial memories compared to 
WT mice. 
Our results suggest that learning-induced mTORC1-mediated persistent synaptic plasticity in 
SOM-INs regulates CA1 local network activity and hippocampus-dependent memory. 
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Abstract: Contemporary views on long-term memory (LTM) organization suggest that the 
hippocampus is involved in specific types of memory, and that its disruption before or soon after 
learning should cause similar, specific types of amnesia. Evidence shows that hippocampal 
disruption before learning causes specific anterograde amnesia (AA), while its disruption after 
learning results in more pervasive retrograde amnesia (RA). We propose a heterarchic concept of 
memory organization to account for this finding. On this view, hippocampal disruption causes 
dissociable AA, and more general RA due to its influence on non-hippocampal representations 
during learning and memory retrieval. In order to test this prediction we developed a visible two-
platform discriminative water task that allows for the assessment of spatial and discriminative 
cue memory in parallel, and how these types of memory interact to guide behaviour. Using both 
permanent lesion and chemogenetic temporary inactivation approaches, we examined 
anterograde and retrograde memory for cue and place information, and the ability of animals to 
learn new cue and place associations. The results of the present series of experiments 
demonstrate that cue and place information are acquired in parallel, and interact to control 
behaviour. Our results also support that the hippocampus is involved in both cue discrimination 
and place memory. Together, these findings add to a growing literature suggesting that the 
hippocampus is involved in numerous types of memory, and that memories acquired in its 
presence and absence differ in important ways. 
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Abstract: The hippocampus plays an essential role in learning and memory. For the proper, 
encoding and retrieval of memories, information from a wide neural circuit bridging to the 
hippocampus is required. In addition to the entorhinal cortex, the major source of input, the 
hippocampus receives significant projections from various brain areas, such as the medial 
septum, nucleus reuniens, as well as other neuromodulatory systems. Here we focus on a neural 
circuit from hypothalamic supramammillary nucleus (SuM) to the hippocampus in the mouse 
brain. Although the role of SuM efferents to the hippocampus in the modulation of the 
hippocampal theta oscillation has long been studied, comparatively little is known about the role 
of the SuM-hippocampal circuit in memory encoding and retrieval on the behavioral level. By 
taking advantage of a recently developed SuM-Cre transgenic mouse line, we specifically 
expressed light-responsive channels, either channelrhodopsin-2 or archaerhodopsin, in SuM 
efferents, which were simultaneously labeled by the co-expressed fluorescent proteins. After 
brain tissue clearing by the ScaleS technique, high-resolution 3D imaging revealed strong direct 
projections from SuM to the hippocampal subfields of dentate gyrus (DG) and CA2. Next, we 
employed targeted optogenetics to test the functionality of the SuM-hippocampal circuit in 
various memory-related tasks. In particular, we examined whether optogenetic activation or 
inhibition of the SuM-DG subcircuits had different effects on the behavioral performance of the 
mouse in spatial working memory, fear memory, and social memory tasks. Our results showed 
that SuM-DG and SuM-CA2 subcircuits fulfill distinct functions in different memory tasks, 
indicating memory type-dependent information routing by the SuM-hippocampal projections. 
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Abstract: Nicotine enhances the motivational salience of environmental cues, engendering 
ongoing seeking of nicotine and other drugs of abuse. It is established that prefrontal cortex 
(PFC) regions provide information about outcome expectation during predictive cues and 
reward-driven behavior, but little is known about how this processing is altered during nicotine 
exposure. To address this, we recorded single unit activity from rat orbitofrontal cortex (OFC), a 
PFC subregion that encodes information about specific outcome expectancy during reward 
anticipation. Activity was recorded across 7 sessions of Pavlovian conditioning; each session 
consisted of 50 cue/reward pairings, followed by subcutaneous administration of 0.2 mg/kg 
nicotine, then an additional 50 trials. Before nicotine exposure, a subset of OFC neurons was 
selective for cue onset, and this selectivity was most pronounced on trials in which rats 
performed at least one conditioned response (food trough entry during the cue). After nicotine 
exposure, these initially cue selective neurons became disengaged by no longer changing their 
firing rate at cue onset. This suggests that nicotine may reduce OFC-driven outcome 
representation during cues, perhaps shifting motivational focus from impending outcomes to the 
cue itself. In support of this, nicotine caused rats to prefer a sign-tracking strategy over a more 
outcome-driven goal-tracking strategy. Thus, lack of OFC engagement during reward-predictive 
cues may be related to nicotine-induced cue salience. 
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Abstract: Recent studies have shown that the medial prefrontal cortex (mPFC) could be 
involved in memory encoding, particularly of aversive events, such as inhibitory avoidance (IA) 
training. Dissociable roles have been found for different mPFC subregions in mediating various 
memory processes, with the cingulate cortex (CgC), prelimbic (PL) and infralimbic (IL) cortex 
involved in the acquisition, retrieval and extinction, respectively. However, these findings are 
controversial. On the other hand, it has been demonstrated that enhanced training impedes the 
effects on memory of treatments that typically interfere with memory consolidation. The 
objective of the present work was to determine whether enhanced IA training also has a 
protective effect on short (STM) and long-term (LTM) memory in rats treated with a 
tetrodotoxin (TTX, sodium channels blocker) in the different subregions of mPFC. Independent 
groups of rats were trained in IA using two different intensities of foot-shock (1.0 or 3.0 mA). 
TTX (5 ng/0.5 µL) or its vehicle (NaCl 0.9%), was administered 25 min or 60 min (in the case of 
CgC) before the training session. Thirty min (STM) or forty-eight hours (LTM) later their 
retention latencies were measured. Our results indicate that PL inactivation impairs LTM in the 
1.0 mA group while in the group that had been trained with 3.0 mA TTX did not produce 
alterations in memory consolidation. IL inactivation weakened LTM in both training conditions. 
CgC inactivation only impaired STM in both 1.0 and 3.0 mA training conditions. These results 
provide evidence that STM and LTM are served by distinct mPFC subregions: CgC mediates 
STM, whereas PL mediate LTM only in low training condition and IL in both training 
conditions. We thank Leonor Casanova, Nydia Hernández, Omar González and Ramón Martínez 
for technical assistance. Supported by CONACYT (237570) and PAPIIT (IN201415). 
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Abstract: Behavioural flexibility is critical for rapid adaptation to changing environmental 
conditions with direct impact on proliferation and survival. The prefrontal cortex is involved in 
higher-order functions such as cognitive control, memory and decision making. Specifically, the 
orbitofrontal cortex (OFC) plays an essential role in the formation of cue-outcome 
representations, reversal of learned associations, coding various statistical aspects of reward 
properties and may be a major player in the model-based reinforcement learning. 
In addition, the interaction of the OFC with the temporal lobe, particularly during reward-driven 
spatial navigation tasks, and areas of the reward network has been demonstrated both 
anatomically and electrophysiologically. Multiple studies have investigated the role of these 
areas in the integration and storage of task related information and indicated the post-task replay 
phenomena, observed in the hippocampus, ventral tegmental area, amygdala, striatum and 
medial prefrontal cortex, as the electrophysiological mechanism supporting memory 
consolidation. 
Despite the high degree of functional integration in the frontotemporal network during decision-
making tasks and reward reinforcement learning paradigms, reactivation of neuronal ensembles 
during post-task rest has not been described in the OFC. 
In this study we used a behavioral task set in a Steering Wheel Maze, which requires 
unidirectional locomotion along six equally spaced reward sites. Four rats were implanted with 
hyperdrives containing independently moveable tetrodes directed at the lateral OFC. Animals 



were tested on a place-reward association task, where reward positions were changing every 
third training session, with each training sessions flanked by sleep episodes. We show that 
ensembles of putative pyramidal neurons in the OFC reactivate significantly during post-task 
sleep, with reactivating cells showing task-like spatiotemporal cross-correlation patterns. 
Furthermore, reactivation is stronger following exposure to novel spatial reward distributions as 
compared to familiar ones. 
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Abstract: Many neuropsychiatric disorders are characterized by a shift from flexible, outcome-
mediated behaviors to inflexible, persistent habits. Response strategy selection is mediated in 
part by corticostriatal circuitry. Previous research has implicated the infralimbic PFC (IL) in the 
expression of habitual reward seeking; loss of IL function restores goal-directed action in rodents 
that have acquired habitual reward seeking. Though IL is critical for the expression of habitual 



reward seeking, though little is known about the mechanism by which IL encodes habits or 
mediates the transition from actions to habits. To investigate the role of IL in response strategy 
selection, male mice were implanted with multielectrode arrays targeting the IL and trained to 
self-administer sucrose. The present study took advantage of two different training schedules 
known to produce different response strategies - a habit-promoting schedule and an action-
promoting schedule - in order to determine how the IL encodes actions and outcomes during the 
performance of habitual versus goal-directed behaviors within subjects. Task-dependent 
modulations of neural activity during key epochs of behavior were assessed that included the 
interval when information on action-outcome contingencies was provided (i.e., during reinforcer 
delivery after a lever press) as well as during periods where reward value information was 
available (i.e., during consumption of the reinforcer). We observed response strategy-dependent 
differences in neural activity in IL during lever pressing such that increases IL activity during 
goal-directed actions occurred during reinforcer delivery. In contrast, firing rates within IL 
showed increase during lever pressing under conditions where animals were seeking rewards 
habitually. These data suggest that habitual reward seeking is associated with a transition from 
IL activity during outcome information to action performance, potentially suggesting a 
mechanism by which IL drives habitual reward seeking. 
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Abstract: Associative recognition memory, the ability to associate an object with a location or 
position in a sequence, requires a neural circuit which includes the perirhinal cortex (PRH), 
hippocampus (HPC) and medial prefrontal cortex (mPFC) (Barker et al 07, Barker & Warburton 



2011). The nucleus reuniens of the thalamus (NRe) is reciprocally connected to all three brain 
regions in the associative recognition memory circuit and therefore is anatomically well placed 
to be engaged during associative recognition memory formation (McKenna & Vertes 04, Vertes 
et al 06). Thus ablation of the nucleus reuniens impaired the formation of long-term but not 
short-term associative recognition memory (Barker & Warburton 2015), however how the 
nucleus reuniens interacts with the other structures within the associative recognition memory 
network has not yet been established. Therefore this study investigated the specific role of 
projections from the medial prefrontal cortex to the nucleus reuniens in associative recognition 
memory formation. 
Projections from mPFC to NRe were targeted using a pharmaco-genetic technique which utilised 
an EIAV neuron-specific lentiviral vector, expressing lac-z, pseudotyped with a hybrid rabies 
envelope protein that enhances retrograde transport. Injection of the virus into the NRe of male 
Lister-Hooded rats resulted in lac-z expression in the mPFC. Infusion of a ‘prodrug’ Daun02 into 
the mPFC, via chronically implanted bilateral cannulae, inactivated the mPFC-NRe projection as 
Daun02 is converted to daunorubicin by beta-galactosidase, the protein product of lac-z, which 
inhibits neuronal firing (Koya et al 09). 
Daun02 was infused into the mPFC three days before behavioural testing. The animals were run 
through a series of preferential object exploration tasks (Dix & Aggleton 98) which tested 
different types of associative and non-associative recognition memory; object-in-place, temporal 
order, temporal location, object recognition and object location. Associative recognition memory 
was tested at either a short-delay (5 min) or a long-delay (3 h), non-associative recognition was 
tested at a long-delay (3 h). 
Inactivation of the direct mPFC-NRe projection impaired performance in the object-in-place and 
temporal order memory tasks at the long delay but not the shorter delay, in contrast performance 
in the temporal location task was not altered at the long delay. Performance of non-associative 
forms of recognition were not altered by deactivation of the mPFC-NRe projection. 
Therefore these results demonstrate that projections from the mPFC to NRe are essential for the 
formation of some types of associative recognition memory. 
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Abstract: The control of instrumental learning, whereby organisms come to associate actions 
with their outcomes, is supported by both a stimulus-response ‘habit’ system and a goal-directed 
action-outcome mechanism (Dickinson, 1985). Disruption to the balance between these systems 
is suggested to be responsible for the pathology of obsessive-compulsive disorder (OCD, Gillan 
& Robbins, 2014), a neuropsychiatric illness involving dysfunction in fronto-striatal circuitry. 
Goal-directed actions have been shown to be dependent upon contingency, defined as the 
difference between the probability of reinforcement given a response, and the probability of 
reinforcement in the absence of that response (Hammond, 1980). We have previously reported 
that marmoset monkeys with excitotoxic lesions of either orbitofrontal cortex (OFC) or 
perigenual anterior cingulate cortex (pgACC) fail to detect when one of two trained action-
outcome contingencies is degraded by the non-contingent delivery of one of the potential 
outcomes (Jackson et al., 2016). We sought to extend these findings using localised reversible 
inactivations in marmosets. Marmosets were trained to respond to a stimulus on the left side of a 
touchscreen for delivery of reward A and, in separate sessions, to the same stimulus on the right 
side of the screen for reward B. Once marmosets reliably made ~10 responses per reward, they 
were implanted with chronic indwelling cannulae in the OFC or the pgACC. The 
GABAA/GABAB agonists, muscimol/baclofen, were infused to inactivate, reversibly, either the 
OFC or pgACC during contingency degradation sessions. In the degraded session, the reward for 
which the marmoset was working was also delivered non-contingently on an independent 
schedule, thereby degrading the association between action and outcome. In the non-degraded 
session, the non-contingent reward differed from the contingent reward, thus leaving the action-
outcome contingency intact. Under control conditions, subjects reduced responding more in 
degraded sessions vs. non-degraded sessions. OFC inactivation diminished the impact of non-
contingent reward on overall responding whilst inactivation of pgACC, by contrast, appeared to 
selectively disrupt the action-outcome association. By using a novel contingency degradation 
paradigm that allows multiple acute pharmacological manipulations, we have revealed 
differences in the contribution of the OFC and pgACC to the use of action-outcome contingency 
information in response selection. These results have broader implications for the dysregulation 
of instrumental learning in OCD. 
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Abstract: Sleep spindles are 12-15 Hz oscillations observed in the mammalian neocortex during 
non-rapid eye movement (NREM) sleep. They are produced by the activation of thalamocortical 
circuitry and play a critical role in memory consolidation and reconsolidation. Reactivation has 
been proposed as a mechanism for this process and is thought to return a memory to a labile state 
in which it becomes susceptible to interference. In a rodent memory reconsolidation task, we 
produce or protect against this interference by changing the spatial context in which learning 
occurs. Animals learn to obtain rewards from a first set (Set1) of spatial locations in context A. 
They then learn a second, non-overlapping set of locations (Set2) in either the same context or in 
a different context B. Set1 recall is assessed in context A. As in previous work, we find that rats 
make significantly more intrusions recalling Set1 if they learn both sets in the same context as 
opposed to different contexts, with no difference in recall performance between conditions. This 
suggests that context exposure may reactivate memory for Set1 during or immediately after Set2 
learning and increase the interference between the two sets. We recorded from the anterior 
cingulate, prelimbic, and infralimbic regions of the medial prefrontal cortex (mPFC) in adult 
male Brown Norway rats to investigate the relationship between spindle characteristics and 
memory performance. We hypothesize that a correlation exists between post-learning spindle 
density and intrusions during recall several hours later. Further analyses examine cell pairs that 
become correlated during learning and reactivate together post-learning, and we predict a 
correlation between reactivation during spindles and memory interference. We extract spindles 
using delay differential analysis, a time-domain classification framework based on embedding 
theory in nonlinear dynamics. This provides a low-dimensional nonlinear functional basis onto 



which the data are mapped. Since this basis is built on the dynamical structure of the data, 
preprocessing is unnecessary, and the low dimensionality avoids overfitting. We compare the 
characteristics and temporal synchrony of spindles across all levels of mPFC. This study gives 
further insights on the role of cortical oscillations in memory consolidation and reconsolidation 
during sleep. 
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Abstract: Recent electrophysiological evidence suggest that subcortical areas contain distinct 
functional populations that also project axons to different brain areas, but little is known about 
whether cortical regions also contain functionally- and anatomically-defined subpopulations. To 
approach this question using microscopy, we used activity-dependent targeting to express 
fluorescently-tagged synaptic proteins in populations of neurons active during fear recall. When 
injecting into the prelimbic area (dorsalmedial prefrontal cortex), we found that these active 
populations of neurons have differential projections to other brain regions compared to the 
constitutive labeling of the same synaptic markers, suggesting that experience-related neuronal 
ensembles have distinct anatomical profiles. These populations also display distinct projection 
profiles across groups of mice that have undergone fear conditioning and fear extinction. This 
data has implications on neuronal allocation of memory by a circuit bias as reflected by their 
projection patterns. 
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Title: Circuit dissection of input required for the cortical encoding of a trace fear memory. 
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Abstract: Trace fear conditioning (TFC) requires a neural network that is distinct from standard 
delay fear conditioning. In delay conditioning, an auditory conditional stimulus (CS) co-
terminates with a shock unconditional stimulus (UCS). This association is largely supported by 
converging auditory and somatosensory input in the amygdala. Trace conditioning differs from 
delay conditioning in that the CS and the shock are separated by a temporal gap. We have shown 
that imposing this temporal complexity renders the acquisition of associative fear dependent on 
both the hippocampus and the prefrontal cortex. In addition, we described a subset of neurons in 
the prelimbic (PL) area of the prefrontal cortex that exhibit sustained increases in learning-
related neuronal spiking that bridges the empty trace interval, reminiscent of a working memory 
buffer. Indeed, we optogenetically silenced neuronal activity in the PL cortex specifically during 
the trace interval and blocked the formation of a trace fear memory. What remains unknown, 
however, is which subcortical inputs to the PL cortex are necessary to support TFC, when 
precisely they are important, and to what extent these inputs control learning-related neuronal 
spiking. Here we recorded single unit activity in awake-behaving rats and used optogenetic and 
chemogenetic techniques to selectively silence afferent input to the PL cortex during TFC to 
determine its control of both the learning-related bridging activity and to the learning itself. 
Preliminary findings suggest that silencing ventral hippocampal (VH) input to the PL cortex 
during the cue and trace period reduces learning related neuronal activity. Behaviorally this input 
plays a modulatory role in trace fear acquisition. Despite having a significant influence on 
neuronal cell firing in the PL cortex, the influence of silencing VH afferent input on learned fear 
was transient and could be overcome with more training. Ongoing studies will determine the 
extent to which silencing VH inputs to PL for longer durations can control prelimbic encoding 
and formation of a trace fear memory. 
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Title: Whole-brain atlas of direct input to GABAergic neurons of medial prefrontal cortex 
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Abstract: To play critical roles in working memory, decision making, emotion regulation and 
social behavior, medial prefrontal cortex (mPFC) integrates information from numerous cortical 
and subcortical regions through projection neurons and interneurons. Previous studies on 
GABAergic neurons have focused almost on local inhibited connection neglecting those neurons 
earning long-range input from and projecting to different areas. The inter-regional 
communication depends upon the subsets of postsynaptic neurons and upon what cellular the 
projections target. Even with recent advance in optical whole-brain imaging methods, to 
distinguish the circuit of single neuron in the whole brain remains many difficulties, especially 
for the long-range input-output networks. Here, we employed monosynaptic circuit tracing with 
modified rabies virus and fluorescence micro-optical sectioning tomography to acquire the whole 
brain inputs to GABAergic neurons in the mPFC. Combined with immunohistochemistry, we 
characterized the location and the properties as well as the more complete morphology of the 
input neurons in different brain areas. Thus, this study generated a whole brain, comprehensive, 
precise view of the wiring diagram of specific type neurons in the mPFC and helped us 
understand the circuit mechanism underlying diverse functions of mPFC. 
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Abstract: The context preexposure facilitation effect (CPFE) is a contextual fear conditioning 
paradigm in which learning about the context, acquiring the context-shock association, and 
retrieving/expressing contextual fear are temporally dissociated into three distinct phases. 
Previous research using the CPFE in adult rats has shown that the hippocampus is required for all 
three phases of learning (Matus-Amat et al., 2004). Conversely, NMDA receptor dependent 
plasticity in hippocampus is only required for acquiring a context representation and NMDA 
receptor dependent plasticity in the basolateral amygdala is only required for learning a context-
shock association (Matus-Amat et al., 2007). Additionally, our lab has previously shown that the 
CPFE induces the expression of the transducible transcription factor early-growth-response gene-
1 (egr-1) in the hippocampus, amygdala, and medial prefrontal cortex (mPFC) of adolescent and 
adult rats, suggesting that the mPFC might play a role in the CPFE (Schreiber et al., 2014; 
Chakraborty et al., 2016). Nothing is known about the specific role of the mPFC in mediating the 
acquisition and retention of the CPFE at any age. The current set of experiments were designed 
to assess the regional contributions of the mPFC to the CPFE by utilizing intra-mPFC infusions 
of the GABA-a receptor agonist muscimol prior to each phase (context preexposure, context-
shock training, and retention testing). Experiment 1 found that intra-mPFC infusions of 
muscimol (0.5 µg/0.25 µl/side) prior to context preexposure disrupted retention test freezing to a 
level that did not differ from non-associative controls that were preexposed to an alternate 
context. Experiment 2 found that the same muscimol infusions prior to context-shock training 
partially disrupted retention test freezing measured 24 hours later. Finally, Experiment 3 found 
that the same muscimol infusions prior to a retention freezing test disrupted the retrieval and/or 
expression of contextual fear within the CPFE. In summary, the mPFC is required for learning or 
performance during all three phases of the CPFE in adolescent rats. Future experiments will 
examine the role of the mPFC in the ontogeny of context acquisition and contextual fear learning 



within the CPFE across normal and abnormal development.[NIH grant R01 HD075066-01A1 to 
MES and JBR] 
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Abstract: The context preexposure facilitation effect (CPFE) is a variant of contextual fear 
conditioning in which acquisition of the contextual representation, association of the contextual 
memory with an immediate footshock, and retrieval of the context-shock association are all 
separated by 24hrs. This temporal separation allows specific aspects of the learning experience to 
be isolated and the neurobiological substrates of each phase to be examined independently. 
Previously, our lab has shown that the CPFE is expressed at adult levels shortly after weaning on 
Postnatal day 24 (PD24), but is not evident in infant rats at PD17 (Schiffino et al., 2011; 
Jablonski et al., 2011; Robinson-Drummer & Stanton, 2014). Expression patterns of the 
immediate early gene known as early growth response -1 gene (Egr-1; Alberini, 2009; Veyrac et 
al., 2014) in the lateral nucleus of the amygdala (LA), hippocampus (dHPC) and medial 
prefrontal cortex (mPFC) is similar between adolescent (PD31; Asok et al., 2013; Shreiber et al., 
2014) and adult rats (Chakraborty et al., 2016) following preexposure and context-shock training 
in the CPFE which suggests that plasticity in these brain regions are involved in fear learning in 
the CPFE. The current experiments sought to extend these findings by examining Egr-1 
expression in infant and juvenile rats (PD17 and PD24, respectively). Following a 5 min 
preexposure, Egr-1expression in the mPFC, dHPC and LA in both the Group Pre (i.e. exposed to 
the same context during all three phases) and Alt-Pre (i.e exposed to an alternate context during 
the first phase) was significantly increased relative to homecage controls (HC) at PD24. 



However, at PD17 this increase was absent and there was no difference in expression between 
the groups. In contrast, Egr-1expression following an immediate footshock (1s, 1.5mA) did not 
differ between PD17 and PD24 rats although neither age showed the learning-related increase in 
mPFC expression observed previously in adolescent (Asok et al., 2013, Schreiber et al., 2014) 
and adult rats (Chakraborty et al., 2016). Interestingly, increased exposure to the training 
chamber on the preexposure day altered expression in PD24 rats such that a learning-related 
increase in expression between Pre and Alt-Pre animals was observed in the mPFC on the 
training day. Together, these results illustrate a clear maturation of Egr-1expression that is both 
age and experience dependent. In addition, the data suggest that regional activity and plasticity 
within the mPFC may contribute to the ontogenetic profile of the effect. Further study is 
necessary to elucidate the role of subregion-specific neuroplasticity in the ontogeny of the CPFE. 

Disclosures:  P.A. Robinson-Drummer: None. T. Chakraborty: None. N.A. Heroux: None. J.B. 
Rosen: None. M.E. Stanton: None. 

Poster 

178. Learning and Memory: Prefrontal and Anterior Cingulate Cortex 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 178.13/III30 

Topic: H.01. Animal Cognition and Behavior 

Title: Using the Rescorla-Wagner equation to model choice behavior 

Authors: *R. M. FRANCIS1, A. A. ORTIZ2, L. A. ENDER2, K. E. GREEN2, R. A. WIRT2, J. 
M. HYMAN2;  
1Psychology, UNLV, Las Vegas, NV; 2Univ. of Nevada Las Vegas, Las Vegas, NV 

Abstract: In order for animals to successfully exploit their available natural resources, they must 
rapidly update their preferences to adapt in a dynamic environment. To perform this function, the 
animal must continually monitor and update internal representations of these preferences. We 
examined this by utilizing a differential reward probability operant task, which allowed us to 
periodically alter the likelihood of reward following different responses. By interspersing 
‘choice’ trials with ‘training’ trials, we could assess any changes in the animal’s preferences for 
the different responses. We then used a mathematical model originally developed to describe 
classically conditioned behavior, and not operator controlled behavior like our current task. 
Using this computational model we were able to successfully replicate the animal’s behavior and 
preferences, suggesting that choice behavior of this type is more similar to classical conditioning 
than it is to instrumental learning. Furthermore, the model allowed us to examine whether our 
subjects had any behavioral biases for the different response ports, which could possibly have 



been influencing serial reversal learning. Finally, our modeled preferences were very similar to 
changes in anterior cingulate cortex unit firing rates when reward probabilities change. 
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Abstract: In recent years, two separate streams of research have been examining how spatial 
information is shared between the medial prefrontal cortex, including the anterior cingulate 
cortex (ACC), and the hippocampus (HC). Dual site electrophysiological recordings have 
revealed robust ACC-HC interactions in the theta range that are directly related to working 
memory performance (Jones & Wilson, 2005; Hyman et al., 2010). Separately, consolidation 
studies have shown an increased reliance on prefrontal activity for remote but not recent spatial 
memories (Ding et al., 2008). The current study examined whether electrophysiological 
interactions between the ACC and HC changed as memories went from recent to remote. We 
exposed rats to novel environments and then re-exposed them to the same environments after 
differing delays ranging from 1-14 days later. We recorded bilaterally from both the ACC and 
HC simultaneously and analyzed local field potentials. ACC-HC interactions were significantly 
changed in both theta and gamma bands on day 14. We also found striking increases in bilateral 
ACC coherence and synchrony on day 14. Since there were no corresponding increases in ACC 
theta or gamma power, this indicates that these interaction effects were not merely the product of 
stronger oscillatory drive. These findings offer compelling evidence that ACC-HC interactions 
change over the consolidation process. Furthermore, changes in cross-hemispheric cortical 
synchrony, which might be indicative of an ACC mediated readout of a remote memory, could 
potentially be an exciting and novel electrophysiological measure for detecting memory 
consolidation. 
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Abstract: Accurately calculating the probability of different outcomes is essential for optimal 
behavior, however, very little is known about how the brain actually performs this function. We 
recorded large ensembles of neurons in the anterior cingulate cortex (ACC) during a task where 
one of three different response ports was available on each trial. Each port had an assigned 
reward payout probability at the start of each session, but these were reversed midway through a 
session. We found that ACC ensembles were strongly affected by the port probability reversals, 
even though these reversals were not overtly cued and had to be surmised based on the history of 
recent outcomes. We used decoding analysis to assess reward predictions on a trial to trial basis. 
First, we examined whether cell firing rates could be used to accurately classify the two outcome 
states (reward and no-reward) and we found that ~45% did. Next, we compared each trial’s 
action firing rates to these two different outcome states. Thus, an action period firing pattern 
more similar to the reward state would be classified as a reward prediction for the current trial. 
Then, for each trial we calculated how often that cell had predicted a rewarded outcome over the 
last four trials, allowing us to construct real time reward probabilities for each cell over the 
course of a session. This decoding analysis was performed on each of the three response ports. 
Overall, the decoded reward probabilities were very similar to the actual (experimenter-
controlled) reward probabilities. When we plotted the mean outcome probabilities for the high 
and low likelihood ports, the lines crossed a few trials after the reversal point. We found similar 
patterns if we looked at the percentage of ACC neurons ‘predicting’ reward on each trial. At the 
ensemble level, signals were extracted that appeared to track the numbers of consecutive past 
rewarded versus non-rewarded outcomes at each port. Furthermore, we found that the firing rates 
of these cells were strongly influenced by recent trial outcome histories, but only for consecutive 
outcomes of the same type (reward or no-reward). Thus, if a trial was preceded by two or more 
consecutively rewarded trials, activity during the nose-poke more resembled activity exhibited 
during rewarded outcomes than non-rewarded outcomes whereas the converse was true if the 
trial was preceded by two or more consecutive non-rewarded trials. In addition to these signals, 
we found others related to session block (pre- and post-reversal) and the encoding of the actual 



ports. Therefore, all the information necessary to accurately track outcome probabilities at 
different ports over trials was present in ACC ensembles. 
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Abstract: Predicting which actions will lead to rewards is vital to survival. Neuronal recordings 
from the medial prefrontal cortex, including the anterior cingulate cortex (ACC), have shown 
clear responses that are consistent with action-outcome predictions (Hyman et al., 2013). Our lab 
has recently found that ACC neurons can compute highly accurate ‘predictions’ about the 
likelihood of rewarded or non-rewarded outcomes, and these ‘predictions’ are highly dynamic 
and update with changes in reward contingencies (Hyman et al., 2016). To better understand the 
computational environment that would engender outcome ‘predictive’ responses, we created a 
computational model that simulates neurons in the ACC as an organism is presented with 
successive reward and no-reward outcomes. Our recording data suggest that these ACC neurons 
are tracking past outcome history to predict the likelihood of rewards and no-rewards on ensuing 
trials. To test this, we set up a model with two interconnected neural networks; one network was 
activated during a reward and the other network was activated during a no-reward. This outcome 
activation lead to changes in synaptic strength, so that the network with more activation would 
be more excitable on future trials. When we ran simulations with different probabilities of 
reward and no-reward trials, the firing rates demonstrated that tracking past outcome history can 
be used to accurately predict the likelihood of rewards and no-rewards on ensuing trials. 
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Abstract: Classic electrophysiology studies identified the selectivity of neurons with specific 
stimuli (in the case of primary sensory areas) or specific motor outputs (in the case of primary or 
secondary motor neurons). However, in the case of cells recorded from more cognitive brain 
areas, the neural correlates of for cellular firing are more elusive. Cells in the various areas that 
comprise the Prefrontal Cortex (PFC) in particular have been connected to a wide range of firing 
correlates in a variety of species. Indeed, recently there has also been growing interest in cells 
that seem to represent multiple different firing correlates simultaneously (Horst and Laubach 
2012, Powell and Redish 2014) and cells that respond to multiple task properties in a non-linear 
fashion (Rigotti et. al. 2013). 
However, great care must be taken in how we identify neuronal selectivity in cognitive areas to 
distinguish it from the classical model of selectivity in input and output areas. In particular, many 
analyses do not consider all trials or instances of a particular stimulus individually, but instead 
concentrate on group comparisons of all instances of with a possible neural correlate vs. all laps 
or trials without said correlate. These analyses may obscure a considerable range of firing 
responses to the correlate in question, and in some cases a few laps with extreme firing may be 
enough to produce a finding of “selectivity” for cells that fail to respond on most instances. It is 
important to consider how consistently cell firing changes in response to a possible correlate 
before we label those cells as being selective to that correlate. 
Here we consider several populations of neurons recorded from higher cortical areas (PFC and 
ACC) in terms of both group response statistics and in their response properties on individual 
trials to show that these cells are not often highly consistent in their response properties from 
trial to trial. In contrast, we demonstrate that other cells recorded from more primary sensory 
areas are significantly more consistent in their responding across trials. We will also demonstrate 
that some cognitive constructs (such as place fields) can be quite consistent across trials. 
However, despite the lack of consistent responding on an individual cell-individual trial level, it 
is still possible to decode meaningful information about many aspects of task structure from 
neuronal recordings in PFC and ACC. In light of the prevalence of population coded 
information, we argue that it is time to retire the concept of individual selectivity of neuronal 



cells in higher cortical areas in favor of more neutral terminology reflecting their more complex 
population-based coding schemes. 
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Abstract: The brainstem nucleus locus coeruleus (LC) provides norepinephrine (NE) 
innervation to nearly the entire brain. The LC-NE system has been linked with changes in 
arousal that can affect learning, attention, and other aspects of higher-brain function. Activation 
of the LC-NE system can reflect not just extreme fluctuations in arousal state, like fight/flight 
versus relaxed or awake versus asleep, but also more nuanced modulations that can influence 
moment-by-moment, attentive information processing in the brain. These effects are thought to 
involve NE-mediated changes in coordinated neural activity throughout the brain, but there is 
little direct evidence for such a link between moment-by-moment changes in arousal and neural 
dynamics. To evaluate such a link, we made paired recordings in LC and either inferior 
colliculus (IC) or anterior cingulate cortex (ACC) of awake, behaving monkeys while also 
measuring physiological arousal via pupil diameter, heart-rate variability (HRV), and 
electroencephalography (EEG). We targeted the IC, which is part of the ascending auditory 
pathway, because it receives strong LC projections. We targeted the ACC because it both 
projects to and receives projections from the LC. 
Recordings were made while the monkey performed two different tasks. The first task simply 
required passive fixation on a central cue. On a randomly selected subset of trials, a startling 
sound was played. This task allowed us to obtain baseline measurements of coordinated activity 
under conditions of low arousal (no startling sound) versus high arousal (startling sound). The 
second task was a two-alternative forced-choice visual-oddball task in which the probability of 
the oddball occurring in one of two locations depended probabilistically on its previous location. 



This task allowed us to examine relationships between arousal, coordinated neural activity, and 
task performance under various degrees of choice uncertainty. 
We have preliminary data indicating that arousal is modulated during performance of both tasks. 
These modulations correspond to changes in the firing patterns of individual LC neurons as well 
as changes in pupil diameter. These firing patterns also are related to changes in spiking activity 
recorded in IC and ACC. Ongoing analyses will test if and how these changes include variations 
in coordinated activity of simultaneously recorded pairs of neurons. 
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Abstract: Although rodent anterior cingulate cortex (ACC) has never been considered a truly 
spatial structure, theories about ACC function highlighting its fundamental role in decision 
making, conflict detection, and cognitive control suggest that recruitment of ACC would emerge 
in environments which contain dynamic elements. To test this hypothesis, we evaluated 
performance in two spatial avoidance paradigms, Robot Avoidance Task (RAT) and Carousel 
maze task. Prior to each behavioral testing, male Long-Evans rats were implanted with bilateral 
guiding cannulae aimed at ACC (AP +2.0; ML ± 0.7). In RAT, a freely moving rat on a circular 
dry arena is required to keep a minimum 25 cm distance from a randomly moving programmable 
robot; otherwise it receives a mild foot-shock. Bilateral infusions of muscimol (compared to 



saline) abolished performance of well-learned animals avoiding fast, but not slow or fixed robot. 
In Carousel maze, a rat placed on a slowly rotating circular dry arena is required to avoid a 
sector-shaped shock zone which remains stable in the reference frame of the room. Thus a rat 
solves a conflict of discordant spatial cues: misleading rotating arena-bound cues must be treated 
as irrelevant while stable room frame cues remain relevant. Bilateral muscimol inactivations of 
ACC impaired avoidance of a sector located in the south-east, and slowed (but not blocked) 
reversal learning with sector located in north-west. When the conflict was attenuated by training 
rats in a wading arena suppressing olfactory cues, ACC inactivations had the same deteriorating 
effect. Thus, the discordant cues conflict was not likely a cause of the observed deficit. Instead, 
as results from both Carousel maze and RAT suggest, ACC appears to be particularly important 
for continuous monitoring of dynamic spatial information. This work was supported by GACR 
grant 14-03627S, AZV 15-34524A, GACR P304/12/G069 and by MSMT LH14053. 
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Abstract: Sex differences with males having a higher number of granule cells in the dentate 
gyrus have been reported in some mouse strains (LG/J, A/J, and MA/MyJ) but not in others 
(Wimer & Wimer, 1985). Similarly, A/J strain males have a larger volume in the granule cell 
layer and a laterality difference that is not present in females (Tabibnia, Cooke, & Breedlove, 
1999). We sought to extend observations to the DBA strain of mice by measuring the area of the 
granule cell layer of the dentate gyrus as well as the whole hippocampus. 
We used images of coronal sectioned, Nissl-stained DBA mouse brains (5 males, aged 36-294 
days; 5 females, aged 44-178 days) obtained from the Mouse Brain Library 
(http://www.mbl.org/). Each section was 30 microns thick and every tenth section was presented 
in these images. The Allen Brain Atlas (http://www.brain-map.org/) was used for guidance to the 
extent of the granule cell layer and the entire hippocampus. The cross sectional areas of the 
granule cell layer and entire hippocampus were measured blind using NIH ImageJ. In instances 



where we had two sets of sections for a given mouse, we averaged their total areas. (In one 
instance, one set had far fewer sections than the other set, so we discarded it while still being 
blind.) 
As in A/J mice, DBA males had a marginally larger granule cell layer when averaged across 
side. However, unlike A/J mice, there was no laterality difference in the granule cell layer of 
DBA mice. This sex difference in granule cells may be involved in sex differences in spatial 
learning. Notably, DBA/2J male mice learned a spatial escape task with shorter latencies and 
fewer errors than females (O’Leary, Savoie, & Brown, 2011). 
Whole hippocampus area measures revealed neither sex nor laterality differences. Nonetheless, 
we found a significant sex X section interaction in hippocampal areas; the area of the 
hippocampus was smaller in females’ caudal sections, suggesting a sex difference in the shape of 
the hippocampus. In this latter analysis, we (1) averaged the right side areas by section across all 
sets for each mouse, (2) similarly averaged the left side areas, (3) averaged the right and left side 
areas obtained in (1) and (2). The number of sections used in analyses was based on the mouse 
with the fewest number of sections per brain region. Similar analyses examining the areas of the 
granule cells revealed no such interaction between sex and section across rostral-caudal sections. 
The shape difference seems to involve the intermediate hippocampus, which is involved in rapid 
one-trial place learning (Bast, Wilson, Witter, & Morris, 2009). 
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Title: Estradiol regulates bioenergetics in hippocampus and striatum of young adult female rats 
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Abstract: Estrogens enhance hippocampus-sensitive learning and memory but impair striatum-
sensitive cognition. One possible explanation for these bidirectional effects is that estradiol 



might differentially modulate bioenergetics across brain regions such as the hippocampus and 
striatum. To test this hypothesis, we used microdialysis to measure extracellular glucose and 
lactate concentrations in the hippocampus and striatum of three-month-old ovariectomized 
Sprague-Dawley rats that received either estradiol benzoate (4.5 µg/kg) or oil vehicle (s.c.) 24 
and 48 hours prior to microdialysis. Microdialysis probes were used to collect dialysate samples 
from the hippocampus or striatum while rats were in a holding container that allowed free 
movement. Artificial cerebrospinal fluid prepared with six different concentrations of glucose 
(0.5 mM-3 mM) was infused through the probes while samples (20 µL at 1 µL/min) were 
collected for off-line assay of glucose concentrations. Separate groups of rats were tested for 
each glucose concentration. The dialysates were later measured for glucose content with an 
enzymatic assay. Differences between [glucose]out and [glucose]in plotted against different 
glucose concentrations in the perfusate generated a Zero-Net-Flux regression line. The 
concentration where [glucose]in = [glucose]out was taken as the extracellular concentration. Rats 
with estradiol treatment had significantly higher hippocampal extracellular glucose 
concentrations (2.44 ± 0.1 mM) than did oil-treated rats (1.86 ± 0.16 mM). In contrast, estradiol 
did not alter extracellular glucose concentrations in the striatum (2.75 ± 0.17 mM for oil 
treatments vs 2.61 ± 0.14 mM for estradiol treatments). We also measured lactate concentrations 
from a portion of glucose perfusate samples using lactate enzymatic assays. Interestingly, we 
found a treatment by brain structure interaction for lactate concentrations: after estradiol 
treatment, extracellular lactate levels were decreased in the striatum (0.51 ± 0.02 mM for 
estradiol and 0.62 ± 0.03 mM for oil) but increased in the hippocampus (0.73 ± 0.04 for estradiol 
and 0.64 ± 0.03 for oil). The results indicate that estradiol increases availability of substrates for 
energy metabolism in the hippocampus but actually decreases availability of these substrates in 
the striatum. With past evidence from our labs and others indicating that substrate availability 
modulates learning and memory, these opposing actions of estradiol on bioenergetics in these 
memory systems may contribute to the bidirectional effects of estrogens on different types of 
learning and memory. 
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Abstract: Past studies have shown a positive relationship between circulating testosterone and 
spatial memory in men. Testosterone declines with age in men, implicating testosterone as a 
cause of age-related memory loss. To test this relationship, we tested rats using the object-
location memory task (OLMT), which relies on a rat’s preference for novelty. Our protocol 
involved 4 days of habituation, during which the rat was introduced into the testing arena for 10 
min each day. On testing days, rats were first exposed to two identical objects in the testing arena 
for 5 min. This was followed by an inter-trial interval of variable length and then a 3 min testing 
period, during which one of the objects was moved. Rats demonstrated good spatial memory if 
they investigated the moved object more than the unmoved object. Our first experiment tested 
the dose-dependent effects of testosterone on OLMT performance using young (2-month old) 
male rats and a 2 h inter-trial interval. All subjects were castrated or sham-castrated and were 
given daily injections of either drug vehicle (castrated and sham-castrated control groups) or one 
of four doses of testosterone propionate (0.125, 0.250, 0.500, and 1.00 mg/rat). Injections started 
7 days before the first day of testing and continued throughout testing. Three groups (0.125, 
0.500, and 1.00 mg/rat) showed significantly more investigation of the moved than the unmoved 
objects, whereas the other groups showed no preference. These results demonstrated a dose-
dependent enhancement of spatial memory by testosterone. For our second experiment, we used 
young (2-month old) and old (20-month old) rats that were either castrated or sham castrated. 
Short inter-trial intervals (5 and 30 min) were used to ensure that the task was not too difficult 
for old rats. Castration had no effect on memory among the old rats at the 5 min interval but 
caused memory impairment at the 30 min interval. For the young rats, castrated subjects 
performed worse than intact subjects at the 5 min interval but, surprisingly, castrated subjects 
performed better than intact subjects at the 30 min interval. These results suggest that 
testosterone may differentially impact memory in young and old males. We are in the process of 
replicating this experiment with a longer (2 h) inter-trial interval. Brain tissue was collected from 
all subjects at the end of the second experiment to assay BDNF. We observed no significant 
effects of castration on BDNF, but within the hippocampus we found significantly higher BDNF 
among old rats than young rats. Overall, we have demonstrated that elevated testosterone can 
enhance spatial memory in young and old rats, but BDNF levels do not seem to explain this 
effect. 
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Abstract: The stress hormone corticosterone affects hippocampal-dependent spatial memory in 
birds through modifications of glutamatergic neurotransmission. Glutamate is loaded into 
vesicles by vesicular glutamate transporter proteins (VGLUTs) prior to its exocytosis. Previous 
studies revealed the immunocytochemical distribution of one of these isoforms, VGLUT2, in the 
brains of male and female zebra finches (Taeniopygia guttata). Additional work found that acute 
(48 hr) corticosterone treatment enhanced learning in a spatial memory task and increased 
VGLUT2 mRNA in the dorsolateral hippocampus in females. The current experiments were 
designed to replicate these results and extend the findings to adult male finches. As males of this 
species perform better during retention trials in a spatial memory task, we hypothesized that 
acute corticosterone treatment would further potentiate memory function and VGLUT2 mRNA 
levels relative to females. Silastic capsules containing corticosterone or nothing were implanted 
subcutaneously in adult male and female zebra finches. After 48 hrs, birds were food-deprived 
and tested for spatial learning and memory function in two stages: birds had to learn the location 
of a cup that contained seed by reaching a predetermined criterion level, then remember the 
location of that cup during probe trials after an extended interval. Brain tissue from additional 
groups of hormone- or blank-implanted birds was collected after 48 hrs of treatment and a 
similar period of food deprivation (but no spatial memory test), and VGLUT2 mRNA expression 
in the hippocampus was measured with digoxigenin-tailed oligonucleotides. Overall, 
corticosterone treatment decreased the number of learning trials relative to controls, with no 
significant difference between males and females. In the first retention trial, corticosterone-
treated males took significantly less time to reach the baited cup and made significantly fewer 
mistakes than blank-treated males and corticosterone-treated females. Interestingly, 
corticosterone treatment significantly increased VGLUT2 mRNA in the dorsolateral 
hippocampus of females but not males. These data suggest that corticosterone-induced 
potentiation of learning in female zebra finches may result from an increased transcription of 



VGLUT2. Corticosterone-induced potentiation of spatial memory function in males may occur 
via mechanisms independent of glutamate shuttling or may not entirely depend on levels of 
VGLUT2 transcription. Additional studies aim to determine the signal transduction mechanisms 
mediated by glucocorticoid receptors that lead to modifications in VGLUT2 levels. 
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Abstract: In addition to the delayed and long lasting gene-transcription regulation of steroid 
hormones, very rapid actions have also been described. The rapid effects of estrogens on learning 
and memory have been repeatedly shown. In female mice, facilitation of social recognition was 
found within 40 minutes of systemic administration of 17β-estradiol (E2), as well as estrogen 
receptor α (ERα) and G-protein coupled estrogen receptor (GPER) selective agonists (PPT and 
G-1 respectively), but not an estrogen receptor β (ERβ) selective agonist (DPN)(Phan et al, 2011; 
2012; Gabor et al, 2015). The dorsal hippocampus mediates these effects as intrahippocampal 
administration of E2, PPT, or G-1 facilitates social recognition (Phan et al, 2015; Lymer, 2015). 
Furthermore, systemic administration of E2, PPT, or G-1 increases dendritic spine density in the 
dorsal hippocampus (Phan et al, 2011; 2012; Gabor et al, 2015). The mechanisms of action by 
which these rapid effects occur are not well understood; however, estrogenic actions on cell 
signaling cascades affecting synaptic plasticity and dendritic spine dynamics are thought to play 
a role. One candidate cascade is the extracellular signal-regulated kinase (ERK) pathway as 
blocking the phosphorylation (activation) of the ERK protein has been shown to block estrogen 
facilitated increases in dendritic spine density in cultured neurons (Sellers et al, 2015) and rapid 
estrogen-induced enhancements in object memory consolidation (Fernandez et al, 2008). 



Whether the ERK pathway is also involved in rapid estrogenic facilitation of social recognition 
in the hippocampus is unknown. First we infused (0.5µL/side, 0.2µL/min) MEK/ERK inhibitor 
U0126 (0.1, 0.5, or 1.0µg/side) in the dorsal hippocampus of ovariectomized female mice 15 min 
prior to testing for social recognition. Preliminary results suggest doses of 0.1 and 0.5µg/side do 
not block social recognition whereas 1.0µg/side does. Then, we infused into the dorsal 
hippocampus the highest dose of U0126 that did not block social recognition to investigate only 
the ERK-dependent effects of 50nM E2 – a dose shown to rapidly facilitate social recognition in 
a difficult version of the social recognition paradigm. These paradigms consist of habituation 
trails where two female conspecifics are presented and one test trial where one conspecific is 
novel and the other is familiar. The paradigms are completed within 40 minutes of drug 
administration, thus enabling the investigation of rapid effects of estrogens. 
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Abstract: Our laboratory has shown that 17β-estradiol (E2) infused directly into the dorsal 
hippocampus of ovariectomized female mice immediately after training increases memory 
consolidation in the object placement and object recognition tasks. This enhancement depends on 
the rapid activation of numerous cell-signaling cascades in the dorsal hippocampus including the 
extracellular signal-regulated kinase (ERK) cascade. In males, systemic post-training injection of 
E2 enhances spatial memory consolidation, but the effects of intrahippocampal E2 infusion on 
memory in males are unknown, as are the signaling pathways necessary for E2 to enhance 
memory formation in males. Thus, the present study compared the effects of dorsal hippocampal 
E2 infusion on memory consolidation and cell-signaling in ovariectomized females and sham-
operated gonadally-intact males. Males were left gonadally-intact to better relate their data to the 
vast majority of learning and memory literature that has used gonadally-intact male subjects. 



Immediately after ovariectomy or sham surgery, mice were implanted with bilateral dorsal 
hippocampal cannulae and allowed a week to recover. Immediately after training in the object 
placement and object recognition tests, mice received bilateral vehicle or E2 infusion into the 
dorsal hippocampus. Memory was tested 48 h (object recognition) or 24 h (object placement) 
later. E2 enhanced memory consolidation in both sexes in both tasks. Two weeks after behavioral 
testing, mice were infused again with vehicle or E2 and the dorsal hippocampus dissected 
bilaterally 5 minutes later. Preliminary Western blot findings suggest that although females 
treated with E2 had increased phosphorylated p42-ERK levels, as shown previously, males did 
not. Measurement of the effects of E2 on the activation of other signaling pathways that our 
laboratory has found to be necessary for E2’s memory-enhancing effects will be measured in 
both males and females. 
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Abstract: The potent estrogen 17β-estradiol (E2) enhances learning and memory through 
activation of several cell signaling cascades, including mTOR, ERK, and PI3K. Previously, we 
demonstrated that learning robustly activates the Wnt/β-catenin signaling pathway by rapidly 
increasing levels of β-catenin, phosphorylated GSK3β, and Cyclin D1 (Fortress et al., 2013, 
JNeurosci, 33:1219-1226). Moreover, activation of Wnt/β-catenin signaling is necessary for 
object recognition memory consolidation in male mice. Specifically, blockade of Wnt/β-catenin 
signaling through dorsal hippocampal infusion of the Wnt/β-catenin antagonist Dickkopf-1 
(Dkk-1) impaired object recognition memory consolidation in male mice. E2 may modulate 
Wnt/β-catenin signaling through crosstalk with other pathways, such as PI3K signaling, that are 
similarly able to phosphorylate GSK3β and thus allow for downstream transcriptional activation. 
However, a role for E2 in mediating memory formation by activating the Wnt/β-catenin signaling 



pathway has yet to be elucidated. To determine whether E2 activates Wnt/β-catenin signaling in 
the dorsal hippocampus, 10 week-old ovariectomized female C57BL/6 mice were infused 
bilaterally into the dorsal hippocampus with vehicle or E2, and the dorsal hippocampus was 
dissected bilaterally 5 minutes or 4 hours later. Preliminary data indicate that E2 rapidly activates 
this pathway, as demonstrated by increased levels of Wnt7a, phosphorylated GSK3β, and total β-
catenin 5 minutes post-dorsal hippocampal infusion of E2. Collectively, these data provide 
support for a role of E2 in rapidly activating dorsal hippocampal Wnt/β-catenin signaling. 
Ongoing studies will investigate the necessity for activation of Wnt/β-catenin signaling in E2-
enhanced memory consolidation in female mice. 
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Title: The role of the dorsal hippocampus and medial prefrontal cortex in estradiol-mediated 
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Abstract: Dendritic spine plasticity is thought to be essential for the formation and consolidation 
of memories. Both natural fluctuations and systemic administration of the sex-steroid hormone 
17β-estradiol (E2) can regulate spine density in the dorsal hippocampus (DH) of rodents. 
Recently, we found that infusion of E2 directly into the DH also increases dendritic spine density 
in the DH and medial prefrontal cortex (mPFC), and that these effects depend upon rapid 
activation of the extracellular signal-regulated kinase (ERK) and mammalian target of rapamycin 
(mTOR) cell-signaling pathways in the DH. These intriguing findings highlight a previously 
unexplored interaction between the DH and mPFC that may have important implications for 
understanding how E2 regulates memory. As such, these data led us to question whether 
interactions between the DH and mPFC are necessary for the E2-induced memory enhancements 
that we have previously observed in hippocampus-dependent object tasks (Fernandez et al., 



2008; Fortress et al., 2013; Boulware et al., 2013). To investigate whether the DH and mPFC 
collaborate to facilitate object memory consolidation, we utilized inhibitory Designer Receptors 
Exclusively Activated by Designer Drugs (DREADDs) to inactivate the DH or mPFC 
immediately after object training. As expected, we found DREADD-mediated inactivation of the 
DH immediately after object placement training impaired spatial memory tested 4 hours later. 
Ongoing studies are evaluating the extent to which E2 infusion or inactivation of the mPFC 
affects spatial memory consolidation, and whether activation of the mPFC is necessary for DH-
E2 mediated enhancement of object memories. Together, these studies will provide critical 
insight into the estrogenic regulation of memory formation in female mice. 
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Abstract: Adult neurogenesis in the dentate gyrus (DG) plays an important role for pattern 
separation, the process of separating similar input and forming distinct neural representations 
during memory encoding. The objectives of this study were to determine the effect of estradiol 
on adult neurogenesis and the ability for separating similar patterns. Ovariectomized female 
Sprague-Dawley rats received daily injection of estradiol benzoate for 28 consecutive days (from 
day 0 to 27). A single bromodeoxyuridine (BrdU) injection was administrated on day 1 and rats 
were tested in the spatial pattern separation paradigm for 14 days beginning on day 14 after 
BrdU. Rats were tested in a delayed nonmatching to place with radial 8-arm maze. During the 
sample phase, only the start arm and the sample arm were open and a rat was allowed to explore 
the sample arm and retrieve sugar pellets as a reward. Forty seconds after the sample phase, an 
additional arm, “correct arm”, opened and the rat was allowed to choose one arm from the 
sample arm or the correct arm. A separation pattern was 45 degrees away (similar) and the other 



pattern was 135 degrees away (distinct) from the sample arm. Rats were all perfused on day 27. 
Chronic estradiol benzoate reduced adult neurogenesis in a dose dependent manner, whereas 
there was no significant effect on the ability for separating similar patterns in the radial arm 
maze. High estradiol benzoate reduced the density of BrdU/NeuN double labelled neurons 
compared to either oil treated or low estradiol benzoate. We also examined the effects of 
estradiol benzoate on cell proliferation in the dentate gyrus with using Ki67 
immunohistochemistry. In contrast to BrdU/NeuN double labeled cell density, there was no 
significant effect of estradiol benzoate on Ki67 immunoreactive cell density. In conclusion, 
chronic administration of estradiol benzoate reduced adult neurogenesis in a dose dependent 
manner by reducing cell survival of newly produced neurons but did not influence the ability to 
separate similar patterns or altering cell proliferation in the dentate gyrus. NSERC grant 203596-
13 
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Abstract: It has become increasingly well established that estrogens play a role in various types 
of learning and memory. The binding of estrogen to its receptors often mediates long-term 
genomic actions (Nilsson et al., 2001). It has more recently been reported that estrogens also 
mediate rapid actions, requiring only minutes to hours (Woolley, 2007). Specifically, systemic 
treatment with 17β-estradiol (E2) was shown to rapidly improve object recognition, social 
recognition and object place learning in ovariectomized mice within a timescale of 40 minutes 
after treatment (Phan et al., 2012). Recent studies have further identified the dorsal hippocampus 
as one site of these estrogenic enhancing effects on learning and memory (Phan et al., 2015). 
Whether or not these rapid estrogenic effects are mediated solely by membrane-bound estrogen 
receptors is unknown. The current research seeks to determine the role of membrane estrogen 



receptors in the rapid effects of E2 in the hippocampus. By conjugating E2 to a large bovine 
serum albumin molecule (BSA-E2), the estradiol is prevented from passing through the cellular 
membrane and thus, from binding to intracellular receptors (Taguchi et al., 2004). Therefore, the 
use of BSA-E2 allows for the investigation of the role of membrane-bound estrogen receptors in 
the rapid nongenomic effects of estrogens on learning and memory, while ruling out the 
intracellular mechanisms of estrogen action. The methodology will then use the rapid versions of 
social recognition, object recognition and object placement paradigms (Phan et al., 2012) to test 
the rapid effects of intrahippocampal BSA-E2 infusions on these types of learning and memory 
within 40 minutes post-administration. BSA-E2 or a vehicle control, are infused via previously 
implanted bilateral hippocampal cannulae, 15 minutes prior to the initiation of the testing 
procedure. The paradigms involve two 5 minute habituations where two stimuli are presented, 
and one 5 minute test phase where one of the now familiar stimuli is replaced by a novel one. An 
investigation ratio of the preference for novel stimulus is calculated. Due to the innate inclination 
for mice to investigate novel stimuli over familiar ones, mice that remember the habituation 
stimuli show a preference for the novel stimulus at test. We expect the BSA-E2 treated mice to 
show investigation ratios at test that are significantly different from the those during 
habituations, thus demonstrating that these rapid effects of E2 are not impeded by the 
conjugation with BSA, suggesting the involvement of hippocampal membrane-bound estrogen 
receptors in these types of learning and memory. Supported by NSERC. 
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Abstract: The G-protein-coupled estrogen receptor (GPER) is a novel membrane estrogen 
receptor expressed in areas of the brain including the hippocampus. Although, we previously 
demonstrated that the ability of 17β-estradiol (E2) to enhance hippocampal memory depends on 
rapid activation of extracellular-signal-regulated kinase (ERK) in the dorsal hippocampus (DH), 
little is known about the role of GPER in mediating the effects of E2 on memory or cell 
signaling. Therefore, the present study examined whether activation of GPER mimics the effects 
of E2 on ERK signaling and hippocampal memory. Post-training DH infusion of the GPER 
agonist G-1 enhanced object recognition and spatial memory in ovariectomized female mice, 
whereas the GPER antagonist G-15 impaired memory, suggesting that GPER activation, like E2, 
promotes hippocampal memory formation. However, unlike E2, G-1 did not increase ERK 
phosphorylation, but instead significantly increased phosphorylation of c-Jun N-terminal Kinase 
(JNK) in the DH. Moreover, DH infusion of the JNK inhibitor SP600125 prevented G-1 from 
enhancing object recognition and spatial memory, but the ERK inhibitor U0126 did not. These 
data suggest that GPER enhances memory via different cell-signaling mechanisms than E2. This 
conclusion was supported by data showing that the ability of E2 to facilitate memory and activate 
ERK signaling was not blocked by G-15 or SP600125, which demonstrates that the memory-
enhancing effects of E2 are not dependent on JNK or GPER activation in the DH. Together, these 
data indicate that GPER regulates memory independently from E2 by activating JNK signaling, 
rather than ERK signaling. As a next step, we are currently determining the necessity of GPER 
for hippocampal memory using short-interference RNAs (siRNAs) to silence GPER expression 
in the DH. We determined the spread of the Accell short-interference RNAs (siRNAs) using 
Accell FAM (6-fluorescein amidite)-labeled non-targeting control siRNA. Mice received 
bilateral DH infusion of FAM-labeled control siRNA and the brains were cut on a cryostat 2, 4, 
and 7 days later. FAM-labeled siRNA fluorescence was detected in the DH, mostly in the CA1 
and part of the dentate gyrus, on day 2 and 4, but not day 7. Infusion of GPER-targeting siRNA 
suppressed GPER mRNA expression significantly compared to control-non-targeting siRNA 
infused mice at day 2. Also, levels of GPER protein were reduced 4 days later in mice infused 
with GPER-targeting siRNA. The effects of hippocampal GPER silencing on learning and 
memory consolidation are currently being investigated. Collectively, these data provide new 
insights into the role of GPER in regulating hippocampal function. 
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Abstract: Brain-derived neurotrophic factor (BDNF) promotes neural plasticity as well as the 
establishment of long-term memories. Abnormalities of BDNF levels have been associated with 
behavioral impairment and altered mental status. Also, BDNF mediates the effects of gonadal 
hormones, which, along with transcriptional regulation, critically contribute to the establishment 
of sex differences. The discovery of the single nucleotide polymorphism BDNF Val66Met 
suggested a novel predictor to identify populations at greater risk of affective disorders. 
Heterozygous carriers (+/Met) are of considerable clinical value with a frequency as high as 
40%, depending on the ethnicity. The disparity in affective disorders, which is higher in women 
than in men, indicates the necessity to include both sexes in neuroscience studies. We wanted to 
assess the brain transcriptional signature characteristic of heterozygous BDNF+/Met mice both in 
naïve animals and in response to an acute challenge. We used a BDNFMet knock-in mouse 
(BDNF+/Met), which recapitulates the pathological human hallmarks, and their matched wild type 
BDNF+/+. We focus our study on the CA3 region, a BDNF-enriched hippocampal area that 
displays sex-dimorphism in response to stress. We generated a Bacterial Artificial Chromosome 
mouse in which the EGFP-L10a ribosomal protein is expressed under a promoter for a CA3-
selective gene. Genetically-targeted translating ribosome affinity purification allowed for the 
isolation of the CA3 area. RNA-sequencing analysis revealed that stressed BDNF+/+ and 
unstressed BDNF+/Met showed similar transcriptional changes when compared to unstressed 
BDNF+/+, although both differed with respect to sex. In particular, epigenetic markers such as 
DNMT1 and DNMT3a were equally dysregulated in stressed BDNF+/+ and unstressed 
BDNF+/Met. Yet, one marker of acute stress, c-Fos, was not increased in unstressed BDNF+/Met 
mice, indicating that BDNFMet carriers featured a “pre-stress” transcriptional phenotype. Gene 
ontology based clustering of equally dysregulated genes displayed a sex-dimorphic enrichment 
score of the pathways. BDNF+/Met females showed a poor discrimination index in the object 
placement test whereas cognitive performance was intact in BDNF+/+ regardless of acute stress. 
Estrus cycle status modulated anxiety-like behavior in BDNF+/Met, demonstrating that sex 
hormones critically modulate the behavioral phenotype of BDNFMet carriers. Together, these data 
suggest that the transcriptional response in the hippocampus may predict the increased 
vulnerability to neuropsychiatric disorders of BDNFMet carriers. 
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Abstract: Schizophrenia very often occurs comorbid with depression, which can necessitate the 
use of both antipsychotics and antidepressants for treatment. The present study investigated the 
effects of co-administration of clozapine (an antipsychotic) and fluoxetine (an antidepressant) on 
depressive behavior, learning and memory, and androgen levels of male rats. Rats were 
randomly assigned to one of four groups: vehicle-vehicle, vehicle-clozapine, vehicle-fluoxetine, 
or clozapine-fluoxetine. Rats were administered the assigned drug regimen once daily for five 
weeks. After one week of drug administrations, behavioral tests were conducted once per week 
and order of testing was counterbalanced among rats to avoid order effects. All rats were tested 
in the forced swim, Y-maze, and object recognition tasks. One week following completion of 
behavioral testing, brains were collected for measurement of androgen concentrations in the 
hippocampus. Fluoxetine decreased depressive behavior in the forced swim test; there was no 
effect of clozapine in this task. In both learning tasks, clozapine decreased performance, but the 
co-administration of fluoxetine attenuated these effects. Clozapine and fluoxetine, alone and 
together, significantly altered androgen levels in the hippocampus. Together, these data suggest 
that some of the negative side-effects (clozapine) and therapeutic effects (fluoxetine) may be 
due, at least in part, to their actions to alter androgen levels. 

Disclosures:  M.E. Rhodes: None. C. Sledzik: None. 

Poster 

179. Hormones and Cognition: Hippocampal Mechanisms 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 179.14/III50 



Topic: F.02. Behavioral Neuroendocrinology 

Support: NIA Grant RO1AG041374 

Title: Previous midlife estradiol treatment results in increased nuclear ERα expression in the 
hippocampus of aging ovariectomized rats 

Authors: *K. L. BLACK1, R. C. SPRINGER1, N. E. BUMGARTNER1, J. A. GELLER1, J. M. 
DANIEL2;  
1Neurosci. Program, 2Psychology, Tulane Univ., New Orleans, LA 

Abstract: Work from our lab has demonstrated that previous midlife estradiol treatment 
improves memory in ovariectomized female rats months after hormone exposure has ended. 
Furthermore, midlife estradiol exposure results in lasting increases in levels of estrogen receptor 
alpha (ERα) in the hippocampus, an effect that mediates the memory enhancements. 
Traditionally, ERα acts as a nuclear receptor, initiating genomic effects including increased 
transcription of certain genes. More recently, ERs have been localized to the membrane. 
Activation of membrane ERα could result in non-genomic, rapid acting effects. The goal of the 
current work is to determine where ERα is localized following midlife estradiol treatment. 
Middle-aged rats were ovariectomized and implanted with hormone capsules containing either 
estradiol or vehicle. Forty days later, capsules were removed. One month after hormone 
treatment ended, rats were killed and hippocampi were dissected and processed for subcellular 
fractionation. Hippocampal lysate was homogenized and separated into cytosolic, membrane, 
and nuclear compartments using the protocol included with a commercially available kit. All 
samples (cytosolic, membrane, and nuclear) were further processed for western blotting. Using a 
subset of samples, we verified that there was negligible contamination between subcellular 
compartments. Western blotting for ERα was then performed. Previous estradiol treatment 
resulted in lasting increases of nuclear protein expression of ERα compared to vehicle-treated 
rats. There were only trace amounts of cytosolic ERα, regardless of hormone treatment. We 
found no differences in membrane ERα protein expression. Results demonstrate that in the aging 
female hippocampus, lasting increases in ERα protein expression following midlife estradiol 
treatment are due to increases in nuclear-localized ERα. 
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Abstract: Previous work from our lab has revealed that adult female rats have increased levels 
of myelin basic protein (MBP), a marker for myelination, in the orbitofrontal cortex (OFC) as 
compared to adult males. However, this sex difference in MBP in the OFC was not seen in 
prepubertal rats. In a follow-up experiment, we examined adult circulating levels of gonadal 
hormones for activational influence on this sex difference in myelination and found no impact. 
Therefore, we hypothesized that exposure to a rise in gonadal hormone levels during puberty 
mediates a sex difference in MBP in the OFC of rats. To test this hypothesis we compared the 
impact of gonadectomy prior to and after puberty on levels of MBP in the OFC of adult male and 
female rats. 36 rats (18 males, 18 females) were used in this experiment. One third of rats (28d of 
age) underwent gonadectomy prior to puberty, one third of rats (90d of age) underwent 
gonadectomy in adulthood, and one third of rats received sham surgeries (at either 28d or 90d of 
age). At 4 months of age, animals were killed and OFC were dissected and processed for western 
blotting. Consistent with our previous results, intact female rats had increased levels of MBP in 
the OFC than did males and there was no impact of adult gonadectomy on levels of MBP. A 
significant decrease in MBP in the OFC was found in female rats gonadectomized prior to the 
onset of puberty while no such effect was seen in males. These results indicate that exposure to 
gonadal hormones during puberty organizes and significantly increases adult levels of MBP in 
the OFC in female rats as compared to males. Future work will examine the ability of gonadal 
hormones acting during the pubertal period to influence previously described sex differences in 
OFC-dependent behaviors in adult rats. 
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Abstract: The long-tern effects for the brain and memory of short-term use of estrogen therapy 
following surgical or natural menopause in women are unknown. We have previously found that 
a 40-use of continuous estradiol exposure in aging ovariectomized female rats improves 
hippocampal dependent memory and increases hippocampal expression of the estrogen receptor 
alpha (ERα) up to 7 months after treatment has ceased. Furthermore, an increased hippocampal 
expression of ERα alone is sufficient to elicit memory enhancement in rats. However, the 
cellular functions through which ERα mediates memory enhancement in absence of circulating 
estrogens remain unknown. We hypothesize that ERα continues to act as a nuclear transcription 
factor to elicit these effects. The goal of the current work is to first replicate our previous 
findings using mice and then utilize ERE-LUC transgenic mice to determine if and how long 
estrogen receptors act as nuclear transcription factors in the hippocampus after termination of 
previous estradiol exposure or cessation of ovarian function. In experiment 1, wild-type 
C57BL/6 mice were trained to criterion on the radial arm maze (RAM) task, OVX and treated 
for 40 days with continuous estradiol or vehicle, and tested on the RAM between two and four 
weeks after termination of treatment. Experiments 2 and 3 were conducted with transgenic ERE-
LUC mice that express the firefly luciferase protein under transcriptional control of the estrogen 
response element (ERE). In experiment 2, mice were OVX and treated as in experiment 1. 
Hippocampi were harvested four or seven weeks following termination of estradiol or vehicle 
treatment. For comparison, mice in experiment 3 were simply either OVX or sham OVX and 
hippocampi were harvested four weeks after surgery. Hippocampi were analyzed for the 
presence of the luciferase reporter gene, which is indicative of ERE-dependent gene 
transcription. From these three experiments we determined that previous estradiol exposure 
increases the hippocampal expression of ERα protein and enhances hippocampal dependent 
memory in OVX female mice. We also determined that ERE-dependent gene transcription 
occurs at near intact levels four weeks after either ovariectomy alone or termination of previous 
estradiol treatment. Data from the seven week time point are pending. These results suggest that 
ERα can improve memory by initiating ERE-dependent gene transcription in hippocampi of 
female mice lacking circulating estrogens. The mechanisms through which this occurs are still 
under investigation. 
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Abstract: Essential for social species is being able to identify others based on information 
obtained from previous encounters. This ability is referred to as social recognition and is 
important for the development of social bonds, dominance hierarchies, and various other aspects 
of social life. Both estrogens and oxytocin (OT) facilitate social recognition. When the estrogen 
receptor alpha (ERα), OT, and the oxytocin receptor (OTR) are each knocked out social 
recognition is impaired. In addition, estrogens can rapidly facilitate social recognition (Phan, et 
al., 2012). This suggests that both estrogens and OT are needed for social recognition. A model 
was developed (Choleris, et al., 2003) that suggests that estrogens bind to the estrogen receptor 
beta (ERβ) located on OT neurons in the paraventricular nucleus (PVN) of the hypothalamus and 
facilitates the production and release of OT. OT reaches the medial amygdala where estrogens 
bind to ERα to facilitate the production of OTRs. OT-OTR binding in the medial amygdala then 
facilitates social recognition. The purpose of this research is to determine whether this model 
accurately depicts estrogens/OT regulation of social recognition within the rapid time frame of 
estrogen effects. First we need to determine whether 17β-estradiol in the PVN can facilitate 
social recognition. This is tested by ovariectomizing (OVX) female, CD-1 mice, to control 
circulating estrogens and inhibit social recognition, then infusing 17β-estradiol (25nM, 50nM, 
and 100nM) in the PVN through implanted bilateral cannulae prior to testing in a “difficult” 
social recognition paradigm where social recognition in OVX mice is typically not found. The 
paradigm begins 15 minutes after the infusion of 17β-estradiol. The mice are presented with two 
stimulus mice (habituation phase) and, after a delay, with two mice again (test phase), one from 
habituation and a novel stimulus mouse. This “difficult” paradigm with low performance in the 
control mice allows for the detection of enhancing effects of treatment. In addition, the paradigm 
takes place within 40 minutes of treatment to assess the rapid effects estrogens have on social 
recognition. Since mice have a natural inclination to investigate novelty, if at test they investigate 
the novel mouse more than the familiar mouse, it would suggest that they recognize the 
previously encountered familiar mouse. It is expected that 17β-estradiol infused into the PVN 



will recover social recognition while the control mice will still be impaired. This would prove 
that estrogens in the PVN facilitate social recognition and we can next determine if this 
facilitation occurs through an interaction with OT. Funded by NSERC. 
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Abstract: The production and maturation of new neurons in the dentate gyrus of the 
hippocampus provide a physical substrate for new learning1. However, computational models 
also predict that the addition of new neurons should lead to degradation of previous acquired 
information (i.e., forgetting)2,3,4. Consistent with this possibility, our lab recently demonstrated 
that high rates of neurogenesis cause forgetting of hippocampal-dependent information learned 
one month earlier5. Our current model of neurogenesis-induced forgetting is based on the idea 
that as newborn neurons mature and form synaptic connections, they necessarily remodel the 
circuitry upon which hippocampal memories are dependent. This ‘destructive remodeling’ of the 
circuit likely reduces the probability that a given environmental cue will reactivate the specific 
pattern of neural activity that mediates successful memory retrieval6. If this model is correct, 
then inhibiting the synaptic integration of newborn neurons into the surrounding circuit should 
alleviate the forgetting phenotype. To test this hypothesis, we have developed multiple 
transgenic mouse lines in which the integration of new neurons is selectively disrupted. In one 
such line, we deleted the Rho GTPase Rac1 from neural progenitors using a cre-loxP strategy. 
This deletion does not affect the proliferation (Ki67+ cells) or survival (DCX+ cells) of newly 
generated neurons. However, deletion of Rac1 reduces synaptic integration as indicated by 
decreased dendritic growth, arborization, and mushroom spine development7. To test the idea 
that forgetting depends upon integration of new neurons, we then trained these mice in a 
contextual fear conditioning task. Following training, half the mice were allowed free access to a 
running wheel for a month and the other half were housed conventionally. Whereas post-training 



running increased hippocampal neurogenesis and induced forgetting in control mice, conditional 
deletion of Rac1 prevented running-induced forgetting. Since the integration, rather than 
production, of new neurons is altered in the Rac1-deficient mice, these results suggest that 
forgetting is mediated by circuit remodeling caused by the synaptic integration of recently 
generated hippocampal neurons. Critically, deleting the Rac1 gene from mature CaMKII+ 
forebrain neurons did not block the forgetting phenotype, thereby establishing the cellular 
specificity of this effect. Furthermore, this effect was not driven by an anxiogenic alteration, as 
behavior in the open field and elevated plus maze was unchanged. This set of experiments helps 
elucidate the mechanism underlying neurogenesis-induced forgetting. 
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Abstract: Schizophrenia is a devastating neurodevelopmental disorder that affects about 1% of 
the population. The etiology of schizophrenia is quite complex with numerous genetic and non-
genetic risk factors. The vast majority of research to date has focused on understanding the 
genetic components of schizophrenia, which has come at the expense of identifying and 
exploring non-genetic risk factors that may act alone or in concert with genetic factors to cause 
schizophrenia. Of the currently known non-genetic risk factors, one of the most prevalent is 
exposure to the parasite toxoplasma. Toxoplasma infection leads to a 2.6 fold increase in 



schizophrenia rates in offspring, which is an odds ratio similar in magnitude to many of the 
genetic risk factors. Therefore, toxoplasma is clearly an important contributing risk factor but 
there is no model system to study schizophrenia associated with toxoplasma infection. In order to 
develop a toxoplasma infection based model of schizophrenia we injected mice at either 
postnatal day (p) 10 or p60 with a type III (CEP) strain of T. Gondii. 8 weeks later we examined 
the mice for chronic changes to schizophrenia-related behaviors including pre-pulse inhibition 
(PPI) of the acoustic startle response and locomotor sensitization. The results of these behavioral 
tests show that mice infected with T. gondii demonstrate impaired prepulse inhibition without 
changes in the startle response, which suggest deficits in sensorimotor gating. In addition, T. 
gondii treated mice exhibited a disrupted locomotor response to cocaine sensitization. These 
abnormalities in sensorimotor gating and drug sensitivity are indicative of cognitive and positive 
symptoms of schizophrenia. Therefore, our results further support the involvement of T. gondii 
in neuropsychiatric disorders such as schizophrenia, and also lends credence to this paradigm as 
a viable animal model for these disorders. 
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Abstract: Translation of mRNA into proteins is vital for memory formation. The necessity of 
translation is evidenced by local, spine-specific mRNA translation in response to synaptic 
stimulation and the detrimental effects on memory produced by translational inhibitors. Although 



the role of translation in memory is well accepted, the actual mechanism that underlies local 
control of translation is poorly understood. In this study, we explored whether mRNA 
methylation, a novel regulator of translation, is involved in memory formation. RNA can be 
heavily modified, with the most abundant modification being methylation of adenine (m6A). The 
potential to locally control translation makes m6A particularly enticing as a regulator of synaptic 
activity, where local control of translation in synapses is vital for synaptic plasticity. Here, we 
provide the first direct exploration of mRNA methylation in memory. We demonstrate that 
associative learning dynamically regulates the RNA demethylase Fto and mRNA methylation in 
area CA1 of the dorsal hippocampus. Notably, isolation of synaptosomes from the hippocampus 
of trained mice shows preferential removal of FTO from the synaptic fraction after training, 
suggesting that a major function of FTO during memory occurs at the synapse. Finally, we 
knocked-down FTO from the dorsal CA1 of mice using either CRISPR/Cas9 or traditional 
shRNA and observed an improvement in memory. These studies represent the first attempt to 
link epitranscriptomics (the study of mRNA modifications) to memory formation and 
demonstrates the importance of RNA modifications in memory. 
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Abstract: Systems consolidation requires time-dependent reorganization of brain regions that 
are necessary for memory retrieval. Analysis of a fear memory functional network (Wheeler et 
al. 2013) revealed that remote memory recall involves an increase in functional connectivity 
between thalamic, hippocampal and neocortical brain regions. Most interestingly, further 
analysis of this remote memory network revealed a unique pattern of negative functional 
connections between the anterodorsal thalamic nucleus (ADn) with the rest of the network. This 



led us to hypothesize that inhibition of the ADn may be necessary for remote memory retrieval. 
Using an optogenetic approach, we virally infused an adeno-associated virus (AAV) carrying the 
excitatory opsin, channelrhodopsin-2 (ChR2), in the ADn of wild-type mice, and trained them in 
a standard contextual fear conditioning paradigm. When we excited ADn CaMKII+ neurons 
during remote memory recall 28 days post-training, we found that ADn activation impaired 
reduced conditioned freezing, suggesting that ADn inhibition is necessary for successful memory 
retrieval. Next, we examined the anatomical connectivity, and found that in addition to 
functional connections, ADn is also structurally connected with hippocampal and neocortical 
regions that are highly implicated in memory consolidation, such as CA3, prelimbic, and anterior 
cingulate cortex. In particular, we identified strong inhibitory projections from the CA3 to the 
ADn that could potentially mediate the inhibition of ADn during remote memory recall. To test 
this, we bilaterally infused a cre-recombinase-dependent AAV carrying the inhibitory opsin, 
archaerhodopsin (eArch), in the CA3 of VGAT-cre mice, and implanted optrodes in the ADn. 
This allows us to specifically inhibit GABAergic projections from the CA3 to the ADn. When 
we inhibited these projections during the remote memory test, mice showed reduced freezing 
levels. These results indicate that CA3 inhibition of the ADn is necessary for memory retrieval. 
Here, we show for the first time, that remote memory recall engages and requires a unique 
negative functional and structural connection from the CA3 to the ADn. 
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Abstract: Adult zebrafish are a useful vertebrate model organism for studying memory due to 
their genetic accessibility, low cost, and potential for high-throughput analysis. However, there 



are few robust, rapidly acquired, one-trial learning paradigms that have been established in 
zebrafish. Such a paradigm would be useful for facilitating the in-depth analysis of mechanisms 
involved in memory formation and forgetting. Towards this end, we developed a contextual fear 
conditioning task in zebrafish that has numerous similarities to the contextual fear paradigm 
extensively used in rodents. Exposure of fish to a series of mild electric shocks results in a 
shock-number and -intensity related reduction in locomotor activity. Upon re-exposure to the 
conditioning tank a day later, fish continued to demonstrate a decrease in locomotor behavior 
relative to baseline and is absent in un-shocked fish. Furthermore, we find that the decrease in 
locomotor activity is robust, lasting at least 2 weeks, and is specific to the tank in which the fish 
were shocked. Finally, we find that various strains of fish, such as the AB, Tu, and TL strains, all 
demonstrate robust learning of this paradigm, but differ with respect to extinction of the memory. 
We believe this paradigm will prove useful in the study of learning and memory due to its 
robustness, rapid acquisition, and consistency across fish strains. In addition, the task is similar 
to the widely used contextual fear conditioning paradigm in rodents, thereby allowing 
straightforward comparisons to a considerable body of experimental findings that we can now 
extend by exploiting the extensive molecular genetic toolbox of zebrafish. Research support: 
This work was supported by the Canadian Institute for Health Research (FDN143227) and the 
Human Frontier Science Program (LT000759/2014). 

Disclosures:  J.W. Kenney: None. I.C. Scott: None. S.A. Josselyn: None. P.W. Frankland: None. 

Poster 

180. Genes, Learning, and Memory 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 180.06/JJJ7 

Topic: H.01. Animal Cognition and Behavior 

Support: CIHR; MOP-74650 

 Restracomp 

Title: Neuronal allocation to a hippocampal engram 

Authors: *S. PARK1, E. E. KRAMER2, V. MERCALDO2, A. J. RASHID2, N. INSEL3, P. W. 
FRANKLAND2, S. A. JOSSELYN4;  
1Sickkids Hosp., Toronto, ON, Canada; 2SickKids Hosp., Toronto, ON, Canada; 3sickKids 
Hosp., toronto, ON, Canada; 4sickKids Hosp., Toronto, ON, Canada 



Abstract: The dentate gyrus (DG) is important for encoding contextual memories, but little is 
known about how a population of DG neurons comes to encode and support a particular 
memory. One possibility is that recruitment into an engram depends on a neuron’s excitability 
(Han et al, 2009; Zhou et al, 2009; Choi et al, 2011; Sano et al, 2014). Here we manipulated 
excitability by overexpressing CREB in a random population of DG neurons and examined 
whether this biased their recruitment to an engram supporting a contextual fear memory. To 
directly assess whether neurons overexpressing CREB at the time of training became critical 
components of the engram, we examined memory expression while the activity of these neurons 
was silenced. Chemogenetically (hM4Di, an inhibitory DREADD receptor) or optogenetically 
(iC++, a light-activated chloride channel) silencing the small number of CREB-overexpressing 
DG neurons attenuated memory expression, while silencing a similar number of random neurons 
not overexpressing CREB at the time of training did not. As post-encoding reactivation of the 
activity patterns present during initial experience is thought to be important in memory 
consolidation, we investigated whether post-training silencing of neurons allocated to an engram 
disrupted subsequent memory expression. We found that silencing neurons 5 min (but not 24 h) 
following training disrupted memory expression. Together these results indicate that the rules of 
neuronal allocation to an engram originally described in the lateral amygdala are followed in 
different brain regions including DG, and moreover, that disrupting the post-training activity 
pattern of these neurons prevents memory consolidation. 
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Abstract: Energy drink (ED) use and popularity has increased over the years due to its effects on 
metabolic and cognitive processes. Nowadays, the beverage has been distributed in some 
countries as Mexico without regularizations about its consumption during pregnancy. 
Additionally, there is a lack of studies about the relationship between ED consumption during 
pregnancy and brain development in fetuses. Therefore, the aim of the study was to analyze the 
effects of ED consumption during pregnancy on spatial learning and memory and hipocampal 
synaptophysin expression in the offspring of Wistar rats. In this study, we used commercial 
energy drink. It was given at free access to female Wistar rats during pregnancy and lactancy as 
experimental group (EG), while rats from control group (CG) consumed only water. The pups 
were evaluated on postnatal 28 on spatial learning using the Morris Water Maze (MWM), while 
spatial memory was evaluated in P42. Brain tissue was extracted to analyze the expression of 
synaptophysin in CA3 and DG hipocampal areas. Significant differences were only found in 
spatial learning, where EG pups showed an improved performance in MWM compared with CG 
pups (t=2.21, df=89, p=0.03). Synaptophysin expression in CA3 was lower in EG pups (U=2, 
P<0.01). Similar results were found in DG, where synaptophysin expression was also lower in 
EG pups than CG pups (U=0, P<0.01). Also, a significant prevalence of low weight gain was 
found in EG pups. According to this, synergy between ED ingredients can enhance learning 
processes when consumed during prenatal development. However, synaptophysin expression 
may indicate changes in neuronal communication that not necessarily affects spatial learning and 
memory, adding a low weight gain that could be an indicative of metabolic malfunctions that 
lead to future health problems. Thus, ED consumption should be avoided during pregnancy not 
only for its caffeine content but for the combined effect of its ingredients. 
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Abstract: Experience-dependent plasticity in the brain requires a balanced interplay between 
excitation and inhibition. Parvalbumin (PV) basket cells constitute the most abundant 
subpopulation of inhibitory neurons and have been shown to be critical for the regulation of 
plasticity and learning. In the cerebral cortex PV cells are enwrapped by the perineuronal net 
(PNN), a complex of extracellular matrix molecules that has been shown to regulate synaptic 
plasticity. However, little is known about the precise mechanism by which individual PNN 
proteins regulate PV cells to ultimately trigger plasticity in complex cortical networks. We found 
that transcripts of the chondroitin sulphate proteoglycan Brevican, one of the most enigmatic 
PNN proteins, are expressed in astrocytes, oligodendrocytes and in the majority of PV basket 
cells. Indeed, PV cells expressed both the secretable and the GPI-Brevican isoforms. Using 
super-resolution microscopy, we showed that Brevican was flanking the excitatory synapses 
made onto PV cells. Loss of Brevican caused a decrease in the density of the excitatory boutons 
during synapse maturation and a substantial change in the PV intrinsic properties. Furthermore, 
we demonstrated some of the molecular mechanism behind these defects and found that 
Brevican expression was dynamically regulated by activity. Finally we showed that the lack of 
Brevican has singular impact in some aspects of learning and short-term memory. Our findings 
uncover the mechanism by which the PNN protein Brevican regulates the maturation of 
excitatory synapses and modulates the properties and function of PV cells to orchestrate 
plasticity in the neural circuits. These results further reveal the different molecular programs 
underlying learning and memory. 
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Abstract: Of the two major subdivisions of the habenula, the medial and lateral nuclei, the 
medial habenula is the least understood in terms of synaptic transmission, intrinsic properties and 
plasticity. The medial habenula (MHb) is composed of glutamatergic neurons which receive the 
majority of their inputs from the septal region and project predominantly to the interpeduncular 
nucleus (IPN). To understand the synaptic transmission, we studied both glutamatergic and 
GABAergic synaptic transmission in the dorsal region of the medial habenula (dMHb). While 
glutamatergic transmission dominates during early development, an attenuation of glutamatergic 
transmission and an enhancement of GABAergic transmission occur during development leading 
into adulthood. Furthermore, as reported previously, GABAA receptor-mediated transmission is 
excitatory in the adult dMHb, which is consistent with the reduced expression of the K-Cl co-
transporter KCC2. Given the potential role of the dMHb in fear behavior, we examined whether 
fear conditioning affects synaptic transmission and excitability in dMHb neurons. Fear 
conditioning caused a reduction in GABAergic transmission without affecting glutamatergic 
transmission. Furthermore, we observed a suppression of the excitability of dMHb neurons 
following fear conditioning. Given that the medial habenula is upstream of the median raphe 
nucleus which is believed to be involved in the consolidation of fear memory, the decrease in 
GABAergic transmission and excitability in dMHb neurons following the fear learning might 
play a role in the strengthening of fear memory. 
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Abstract: Folic acid (FA) plays an important role in the development and maturation of the 
central nervous system (CNS). For pregnant women, FA supplementation and fortification is 
implemented with doses depending on their health state, administration periods and 
gynecological and obstetric history. In addition, CNS indispensably requires a certain amount of 
FA, due to its intervention on DNA (deoxyribonucleic acid) production and replication. 
Furthermore, motor and cognitive processes can also be influenced by external factors, such as 
maternal nutrition before and during gestation. In this study, we evaluated the effect of maternal 
food supplementation with FA on motor, cognitive and neural development of Wistar rat pups. 
For this porpoise, supplementation of 0.2mg of FA per day was given one week pre-conception 
and one week during gestation to the short fortification scheme group (SFS), meanwhile, long 
fortification scheme group (LFS) received FA from one week pre-conception until the end of 
pregnancy. Control group consumed only a balanced diet. Also, mobility of pups was evaluated 
ad postnatal 27 (P27) using the open field test (OF), while spatial learning and memory were 
evaluated with the Morris water maze (MWM), 1 trial per day during 7 days for learning at P28, 
and only trial for memory at P42. Brain tissue was extracted for synaptophysin analysis in CA3, 
dentate gyrus and fimbria from the hippocampus. In 7 days of MWM, no significant differences 
were identified in spatial learning between groups [F(3, 55)=1.13,p=0.34]. However, when we 
excluded the days 1 and 2 of habituation, significant differences were found in all groups [F(3, 

55)=1.1,p=0.02]. In all cases, LFS group presented an improved learning performance. Spatial 
memory evaluation showed similar results, where LFS group indicated better results in this test. 
As for motor skills analysis, OP showed that groups treated with an FS traveled a greater 
distance compared to the control group [F(3,55)=15.52, p<0.01]. No significant effect was found 
on speed [F(3,55)=0.97,p=0.41], which could indicate an anxiolytic effect. On the other hand, 
immunological analysis showed significantly more expression of synaptophysin only on 
hipocampal CA3 [F(3,36)=3.511,p=0.025]. This results indicate that maternal consumption of 
food enriched with FA positively affected the hippocampus-dependent learning and memory, 
neuronal plasticity and motor skills of Wistar rat pups, especially to pups with LFS. It is 
reasonable to think that FA supplementation could help to enhance fetal development, for which 
FA doses should be adequate to the woman needs and nutritional status before and during the 
whole pregnancy. 
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Abstract: The hippocampal dentate gyrus (DG) is essential to cognition, learning and memory. 
Sensory information about the environment arrives from the entorhinal cortex (EC) via the 
perforant pathways to granule cells (GCs) in the DG, the so-called gateway to the hippocampus. 
GCs are responsible for coding similar EC inputs into distinct output patterns in a process called 
pattern separation. Pattern separation ensures that catastrophic interference between recall of 
similar memories does not occur. 
Mossy cells are the principal glutamatergic cells of the DG hilum. They are directly excited by 
GCs and also feedback onto GCs via a direct excitatory projection to GC dendrites and an 
indirect inhibitory projection via hilar interneurons. Although integral to the DG and the process 
of pattern separation through their disparate projections, the net impact of MCs on GC activity is 
largely unknown. 
PRDI-BF1 and RIZ homology domain containing 8 (PRDM8) is a member of the PR/SET 
domain transcription factor family. PRDM8 is expressed in MCs and GCs in the developing and 
mature DG. We have found that Prdm8-/- mice have deficits in spatial learning and memory 
associated with the specific absence of MCs. Electrophysiological recordings of field excitatory 
post-synaptic potentials (fEPSPs) from GC dendrites in hippocampal transverse slices in 
response to 5Hz, 20Hz and 50Hz subthreshold stimulations of the medial perforant pathway 
(MPP) have shown that MCs provide frequency-dependent inhibition of GC activity. We found 
that MPP-GC signal transmission was depressed in adult Prdm8 -/- mice and litter-matched 
controls (aged 8-10 weeks) to a comparative level after 5Hz stimulations. However, 20 and 50Hz 
stimulations resulted in weaker depression of MPP-GC signal transmission in Prdm8-/- versus 
wildtype animals, an effect that could be recapitulated in wildtype mice in the presence of 
picrotoxin, a γ-aminobutyric acid A receptor (GABAAR) antagonist. Using a variant of the object 
recognition task to test pattern separation (van Hagen et al., 2015), we have further characterised 



the learning and memory deficits caused by absent MCs and the observed altered transmission in 
Prdm8-/- mice. 
These findings suggest that the net impact of MCs is frequency-dependent inhibition of GC 
activity via their indirect projection to hilar interneurons. These data further our understanding of 
the role of MCs in hippocampal-dependent learning and memory. 
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Abstract: Diffusely projecting noradrenergic (NE) neurons of the brainstem nucleus locus 
coeruleus (LC) regulate excitatory/inhibitory balance in their multiple forebrain targets. The net 
effect of LC activation depends on the amount of NE released and mediated by different types of 
adrenergic receptors. It has been long recognized that a predominant effect of NE in cortex is 
suppression of spontaneous firing, which increases a signal-to-noise ratio of sensory 
transmission. However, we have recently reported that a brief phasic activation of LC transiently 
increases gamma power and spike probability in the prefrontal cortex (PFC). Research on NE 
effects in hippocampus mainly focused on synaptic plasticity. The vast experimental evidence 
shows that NE release in hippocampus creates a temporal window of heightened synaptic 
plasticity, but both potentiation and depression effects have been documented. Here, we recorded 
simultaneously extracellular activity in multiple cortical and subcortical projection targets of LC 
including sensory and associative thalamic nuclei, hippocampus, sensory cortex and PFC in the 
urethane-anesthetized rat using high-density multi-electrode arrays. We quantified the effects of 
LC phasic activation (direct electric current: 0.5mA, at 50-100Hz for 100-200 ms) on neural 
activity using band-limited power (BLP) analysis. Briefly, a wide-band (0.1Hz-8kHz) signal was 
band-pass filtered in different frequency ranges; the BLP for each band was normalized to pre-
stimulus values and the magnitude of power modulation was extracted over 1s post-stimulus 



period. Power increase/decrease in the gamma frequency range was indicative for 
excitatory/inhibitory net effect, respectively. The LC stimulation produced remarkable 
dissociation between thalamo-cortical activation and strong suppression of neural activity in 
hippocampus. The neuromodulatory effects were transient and lasted for 1-3 s post-stimulation. 
This result suggests that LC phasic activation in response to salient stimuli potentiates 
broadcasting within thalamo-cortical circuit, while suppresses potentially competing 
hippocampal-cortical network, which support ‘off-line’ information processing. Present results 
also consistent with our recent findings that LC stimulation at times of hippocampal ripples after 
learning reduced the efficiency of ‘off-line’ memory consolidation, possibly by activating a 
competing thalamo-cortical network and therefore causing interference for hippocampal-cortical 
communication. 
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Abstract: Pupil diameter has been used as a predictor of brain arousal. However, little is known 
about the neuromodulators responsible for pupil-mediated brain state, and to what extent pupil 
size can predict these neuromodulatory tones. Here we recorded the activity of noradrenergic 
(NA) neurons by using both functional imaging of NA axons in the cortex, and by single unit 



recordings in the locus coeruleus (LC) of awake mice. We show that pupil dilation predicts an 
increase of correlated NA activity both at a single cell and population level. The increase in LC-
NA firing rate is linearly correlated with the amplitude of dilation events. This coherence 
between NA and pupil signals peaks in the low frequency range (10-2 to 10-1 Hz). Direct 
activation of LC-NA neurons by optogenetics further demonstrates the causal relationship 
between NA and pupil dilation. We are currently investigating the interaction between the 
pathways governing light mediated pupil constriction and internal state driven dilation. 
Altogether, our results show that pupil diameter can be used as a tool to track noradrenergic tone 
in the brain. 
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Abstract: Cognitive theories assume that the locus coeruleus (LC), a brain stem 
neuromodulatory nucleus, broadcasts a redundant signal to the entire forebrain due to 
synchronized activity of a homogeneous population of diffusely projecting norepinephrine (NE) 
neurons. Until recently, technical challenges limited recordings to 1-2 LC single units, which 
was insufficient for characterizing the diversity of LC cell types and their ensemble activity 
patterns. We recorded as many as 75 single units simultaneously in the urethane-anesthetized rat 
using a high-density multi-electrode array and analyzed 11893 unit pairs. To assess input-output 
specificity of LC units, we electrically stimulated 15 forebrain LC projection sites and analyzed 



evoked orthodromic and antidromic LC spiking. Using noise and cross correlation analyses, we 
assessed the heterogeneity of unit activity with respect to input-output circuits. Our results 
revealed 2 cell populations differing by spike width (Type 1: 461±14µs, Type 2: 1076±9µs) and 
rate (Type 1: 1.6±0.06Hz, Type 2: 0.84±0.04Hz). NE identity was confirmed for both types by a 
α2 agonist. Spontaneous noise correlations were weak and did not depend on linear distance, but 
Type 1 units exhibited higher correlations with one another (pair of Type 1’s: 0.138±0.007, Type 
2’s: 0.049±0.001, mixed Type1/2 pair: 0.038±0.002 in 200ms bins). Evoked noise correlations 
were also weak (Type 1: 0.155±0.009, Type 2: 0.051±0.006, Type 1/2: 0.040±0.008, in 750ms 
window after five 5mA, 0.5ms, 30Hz foot shocks). Consistent with weak noise correlations, the 
majority (77%) of pairs did not have any significant spike count change at any cross-
correlelogram bin (-2 to +2s). Some pairs were correlated (from 0 to +50ms or +1.0 to 1.5ms) or 
anticorrelated (+1.0 to 2.0ms). We defined projection targets for 65 of 205 units. 53% of those 
projected to only 1 forebrain site and the remainder projected to multiple (up to 8) sites. Both cell 
types projected widely to the forebrain. Unit pairs projecting to thalamus had significantly higher 
noise correlations (0.198±0.015) than pairs with diverging projections (0.132±0.011). PFC input 
to the LC was area-specific: PL stimulation decreased and IL increased spiking (PL: 9% of units 
dec., 3% inc; IL: 1% dec., 14% inc.). PFC stimulation also decorrelated LC activity (200ms 
before / after stimulation in PL: 0.063±0.005 / 0.050±0.005 and IL: 0.053±0.006 / 0.038±0.007). 
Thus, we found 2 LC cell types differing in spike width, rate, and noise correlation; however, 
overall correlations were weak. These findings challenge the prevailing view that LC cells are 
physiologically similar and are homogenously driven to provide a global signal. 
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Abstract: The adaptive gain theory (AGT) hypothesizes that the locus coeruleus-norepinephrine 
(LC-NE) system regulates the balance between exploiting available rewards vs. searching for 
alternative sources of reward. According to AGT, opportunities for reward elicit phasic burst 
responses that facilitate decisions to exploit such rewards. When utility, or opportunity for 
reward wanes, LC tonic baseline firing increases, causing disengagement from a task in favor of 
searching for alternative sources for reward. However, there has been little causal examination of 
these predictions. We tested predictions of AGT using a patch foraging task for rats, in which 
rats must repeatedly make decisions to harvest reward from a patch, which depletes with each 
harvest, or to leave the patch to travel to a new, full patch, which requires the cost of time and 
effort. We examined how frequently rats decided to travel to a new patch and used a logistic 
model to estimate rats’ subjective value of staying in the patch vs. leaving the patch compared to 
optimal behavior (i.e. bias towards staying in the patch too long or leaving too early), as well as 
how correlated rats’ decisions were to this subjective value (i.e. how noisy rats’ decisions were). 
AGT predicts that increased tonic NE should promote disengagement from the task, causing rats 
to leave patches more frequently, not due to a change in subjective value or decision bias, but by 
increasing decision noise. We tested this hypothesis using selective DREADD stimulation of 
LC-NE neurons and pharmacological inhibition of NE via the alpha2 agonist clonidine. As 
predicted by AGT, DREADD stimulation of LC-NE neurons caused rats to leave patches more 
frequently, with no change to decision bias, and increased decision noise. Clonidine, at a 
moderate dose (10 ug/kg) caused rats to leave patches less frequently, but not at a higher dose 
(20 ug/kg). Regardless of dose, clonidine reduced decision noise, but also changed rats 
subjective value of leaving the patch. Future studies will include additional pharmacological 
manipulations. Overall, these findings indicate that tonic LC-NE activity regulates the balance 
between exploiting available rewards vs. searching for alternative sources of reward. Supported 
by PHS grants R01-MH092868, K99-MH104716. 
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Abstract: It has long been known that communication between hippocampus and medial 
prefrontal cortex (PFC) is crucial for various cognitive processes including working memory and 
long-term associative recognition memory. These regions are connected by a direct 
glutamatergic projection which when disrupted impairs cognition. Additionally hippocampus and 
PFC are both reciprocally connected to the midline thalamic nuclei (MTN) consisting of the 
nucleus reuniens and rhomboid nucleus. It is thought that the MTN may play a crucial role in 
contributing to synchronous oscillatory activity between hippocampus and PFC. As the PFC is 
not directly connected to hippocampus it is thought that the MTN may be a key node for 
feedback from PFC to hippocampus. Additionally many hippocampal neurons project to both 
PFC and MTN neurons, thus the output of these hippocampal neurons may be transmitted both 
directly to PFC neurons and in a modified form via the MTN. Whilst we have some 
understanding of the physiological properties of the hippocampal-PFC synapse, such as short- 
and long-term plasticity, the function of NMDA receptor mediated transmission and modulation 
by neuromodulators including acetylcholine and dopamine, nothing is known of transmission 
from MTN to PFC. Here we combine electrophysiological and optogenetic approaches to allow 
study of hippocampal and MTN synaptic inputs in modified coronal PFC slices, allowing direct 
comparison of these paths onto the same layer 5 PFC pyramidal neurons. Using short bursts (10 
stimuli) of synaptic stimuli ranging from 5 to 100 Hz we show that there are significant 
differences in the degree of short-term plasticity between these synapses, with MTN inputs to 
PFC undergoing more short-term depression than hippocampal inputs at low frequencies and 
greater short-term facilitation at higher frequencies. Interestingly although NMDA receptor 
mediated transmission plays a crucial role in temporal summation of hippocampal-PFC 
transmission (Banks et al 2015, PNAS), we did not observe any difference in the NMDA 
receptor-mediated components of hippocampal and MTN inputs to PFC. Furthermore we show 
that hippocampal and MTN inputs are differentially modulated by cholinergic receptor 
activation, with carbachol (10 µM) inducing a profound depression of hippocampal input whilst 
leaving MTN inputs virtually unaffected. We have thus embarked upon investigating alternative 
pre- and postsynaptic mechanisms for these pathway differences. 
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Abstract: INTRODUCTION: Electrical stimulation of the VTA restores the righting reflex in 
anesthetized rats. It is unknown whether it also restores cognitive function. In this study rats 
were trained to perform a visual discrimination task to test if VTA stimulation restores task 
performance during isoflurane (ISO) sedation. 
METHODS: Male Sprague-Dawley rats (n=8) were first trained to perform a visual 
discrimination task in a modified chamber with ports for gas in/outflow and sampling. Two 
images were presented on a touchscreen, and rats were trained to touch the correct image for a 
food reward. After >85% correct responses for at least 3 consecutive days, the rats underwent 
stereotaxic implantation of VTA stimulation electrodes, and recovered to their baseline 
performance levels 3 weeks after surgery. After establishing that task performance was reliably 
lost with 0.5% ISO, once a week (for 5 weeks) the rats underwent VTA stimulation during 
sedation with 0.5% ISO. In week 3, the D1 dopamine receptor antagonist SCH-23390 (0.5 mg/kg 
ip) was administered before VTA stimulation. Figs. A and B show the protocols for anesthesia 
and stimulation, respectively. After completing all the experiments, histological analysis 
revealed that the electrode tip was in the VTA in 5/8 animals. Only these animals were used for 
analysis. 
RESULTS: The trials completed by each rat are shown in Fig C (black circles= correct 
responses, white=incorrect). At 0.5% ISO, all rats were heavily sedated and performed no trials. 
However, with VTA stimulation 5/5 rats performed the task despite 0.5% ISO (weeks 1,2,4,5). 
SCH-23390 (week 3) reversibly abolished the task performance induced by VTA stimulation. As 
shown in Figs. D and E, VTA stimulation restored task performance but not mean accuracy. 
CONCLUSIONS: At a dose of ISO insufficient for loss of righting (0.5%) the ability to perform 
a visual discrimination task was lost, suggesting that this many be a useful endpoint to determine 
anesthetic-induced loss of cognitive function. VTA stimulation restores task performance but not 
accuracy, an effect likely mediated by dopamine. 
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Abstract: The superior colliculus (SC) is a midbrain structure critically involved in selecting 
targets for orienting movements. Multiple cell types are found comingled within the SC, but how 
these cell types function together to underlie target selection is not well understood. 
Approximately one-third of SC neurons are GABAergic and these cells have been proposed to 
mediate inhibition between competing motor plans. However, while GABAergic SC neurons 
have been studied ex vivo, their activity has not been directly examined in behaving animals. We 
have recently begun to examine GABAergic activity in the SC during head-fixed and freely- 
moving behavioral paradigms, each of which requires the mouse to select and initiate a leftward 
or rightward orienting movement in response to a stimulus cue in order to receive a water 
reward. In these contexts, the activity of principal output neurons of the SC increases as 
contralateral movements are selected. Given that GABAergic neurons are thought to inhibit these 
output neurons, we predict that the activity of GABAergic neurons will decrease during the 
selection of contralateral movements. We selectively expressed channelrhodopsin-2 (ChR2) in 
GABAergic neurons of the intermediate and deep (motor output) layers of the SC by injecting an 
AAV-mediated Cre-dependent ChR2 construct unilaterally into the SC of GAD2-Cre mice. The 
specificity of ChR2 expression to GABAergic neurons ultimately enables us to optically identify 
these cells in vivo so that we can record, and selectively manipulate, GABAergic activity during 
behavior. This approach will allow us to test whether and how GABAergic activity in the SC 
mediates competition between the circuits responsible for discrete motor plans. This is the first 
study to examine GABAergic activity in the SC in vivo and provides a platform for future studies 
to delineate how specific GABAergic cell types contribute to the functional circuitry underlying 
target selection. 
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Abstract: Nucleus reuniens (RE) of the midline thalamus is an important part of a brain circuit 
linking the medial prefrontal cortex (mPFC) with the hippocampus (HF) and whose inactivation 
has been shown to alter spatial working memory (SWM), goal directed actions, and behavioral 
flexibility (see Vertes et al., 2015). Infusions of muscimol into RE has been shown to produce 
impairments in SWM at short delays (Layfield et al., 2015). However, the disruption of the HF, 
the mPFC, or their interactions has been shown to alter SWM at much longer delays - about to 5 
min (Jones and Wilson, 2005; Lee and Kesner, 2003). We presently examined the effect of 
reversibly inactivating RE on SWM and behavioral flexibility by comparing the actions of saline, 
the GABA agonist, muscimol, and procaine infused into RE using various delays. Long Evans 
rats were implanted with guide cannulas targeting RE and were trained to alternate between arms 
of a modified T-maze at delays of 30 s, 60 s, or 120 s (at the start of each trial) which were 
presented in a pseudorandomized order. When an incorrect choice was made, rats were allowed 
to continue to make choices until a successful choice was made. Once performance reached a 
level of 80% correct on two consecutive days, rats were given infusions of the various substances 
over several days. Two doses of muscimol were used: 0.250 and 0.500 mg/ml. A dose of 0.250 
mg/ml muscimol significantly impaired choice accuracy and produced an increase in 
perseverative responses (repeated re-entry into the previously rewarded goal arm) across all 
delays. A dose of 0.500 mg/ml muscimol also produced impairments in choice accuracy across 
all delays, but only resulted in perseverative behaviors at the shortest delay (30 s). Interestingly, 
RE infusions of procaine failed to alter behavior at any of the time delays, and it is presently 
unclear why that was the case. As indicated above, the perseverative behavior following 
infusions of muscimol was very pronounced in that rats continued to make 
unsuccessful/unrewarded choices even when allowed to correct their behavior on repeated trials. 
This inability to inhibit a previously successful but now inappropriate choice is similar to the 
perseverative deficits seen with lesions/inactivation of the dorsal or ventral hippocampus 
(Dallard, 1976). The present results contribute to a growing body of research indicating that RE 
serves a pivotal modulatory role in the exchange of information between the mPFC and HF for 
spatial working memory, and further that selective RE input to the mPFC is critical for executive 
functions and behavioral flexibility as demonstrated by the compulsive behavior resulting from 
RE inactivation. 
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Title: The mediodorsal thalamus regulates prefrontal function and E/I balance through 
modulation of PV interneuron activity 
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Abstract: The prefrontal cortex (PFC) was originally defined by its projections from the 
mediodorsal thalamus (MD). However, how the MD is regulating local circuit activity to 
optimize medial PFC (mPFC) dependent behaviors, such as working memory, remains elusive. 
Data from primary sensory cortices indicate that thalamocortical activation of excitatory versus 
inhibitory cellular populations is distinct, with stronger activation of local GABAergic 
interneurons, an important property in feed-forward inhibition. Additionally, we previously 
demonstrated that decreasing MD afferent activity with DREADDs reduces inhibitory post-
synaptic currents (IPSCs) in mPFC Layer V pyramidal neurons, concurrent with impairments in 
working memory performance. We hypothesize that the critical intermediaries between MD 
glutamatergic afferents and excitatory pyramidal neurons in the mPFC are local parvalbumin 
(PV) expressing fast-spiking (FS) interneurons. Further, under normal conditions, MD afferents 
provide stronger drive to PV interneurons, to help maintain the proper E/I balance. To explore 
this, we utilized pharmacogenetic downregulation of MD neuronal activity, and examined the 
consequences for excitatory versus inhibitory neurons in the mPFC. Following MD inhibition, 
we observed a downward shift in the resting membrane potential and action potential threshold 
in both Layer V FS interneurons and pyramidal neurons. Although both neuronal populations 
show no alterations in spiking output, we saw a specific increase in input resistance only in FS 
interneurons, suggesting less open channels. We also observed a shift in the E/I balance towards 
excitation, due to a specific loss of the evoked IPSC amplitude. Ongoing studies involve seeking 



to rescue the E/I balance and proper circuit function with pharmacogenetic upregulation of 
mPFC PV activity. 
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Abstract: Successful navigation of the world requires precise coordination of voluntary actions 
in combination with accurate perception of the motion experienced both as a result of these 
actions and due to external events. Linear accelerations as well as rotations of the head are 
sensed by the vestibular labyrinth in the inner ear, and this information is eventually transmitted 
through the thalamus to contribute to a representation of spatial orientation and speed in a given 
direction. Interestingly, early central processing of both linear and angular self-motion 
differentiates between motion that is passively applied versus self-generated. To date, vestibular 
thalamic responses to externally generated motion have been well characterized (e.g., Meng et al. 
2007); however, the important question remains: are passive and active movements distinguished 
in ascending vestibular pathways? We addressed this question by recording from n=45 neurons 
in the ventral posterior lateral thalamus (VPL) of rhesus monkeys (Macaca mulatta) that were 
sensitive to passive, whole-body rotations and/or translations in the horizontal plane, and did not 
respond to eye movements or visual stimuli. We characterized responses to both whole-body and 
head-on-body motion, and then compared these to responses of the same neurons during 
monkeys' self-generated head-on-body movements with matching trajectories. We found that 
neurons showed robust and comparable modulation to passive whole-body and head-on-body 
rotations and/or translations (the latter with preferred directions spanning 360 degrees). 
However, these same neurons showed a dramatic reduction (>80%) in firing rate modulation 
when monkeys generated voluntary motion to rotate and/or translate their heads in to space. 
Interestingly, we further found that VPL neurons were even more selective for passive motion 
relative to active motion than neurons at the first central stage of vestibular processing 



(vestibular nuclei: Carriot et al. 2013). Thus, taken together, these results suggest that 
thalamocortical vestibular pathways specifically signal unexpected self-motion to higher-order 
processing areas for the subsequent computation of self-motion and spatial orientation in order to 
ensure perceptual stability and accurate motor control. 
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Abstract: It has become increasingly clear that thalamic circuits are not uniform, with some 
nuclei primarily relaying subcortical inputs to cortex (first order) and others mediating cortico-
cortical interactions required for a wide range of cognitive functions (higher order). While, in 
both cases, inhibition plays critical roles in gating thalamic output and shaping overall network 
activity, little is known about the microcircuits underlying different types of inhibitory control. 
The thalamus receives inhibitory inputs from the thalamic reticular nucleus (TRN), a group of 
GABAergic neurons that are segregated into subnetworks each establishing reciprocal 
connections with a particular thalamic nucleus. Thalamic nuclei also receive excitatory input 
from topographically aligned cortical Layer 6 pyramidal neurons (L6) which is often thought to 
be modulatory in nature. Higher order nuclei receive additional inputs from Layer 5 (L5) which 
are faster, stronger and more precise than ones from L6. While it is commonly assumed that the 
TRN only receives L6 inputs, making L5 corticothalamic inputs purely excitatory, here we report 
a novel pathway from L5 frontal cortex to well-defined TRN subnetworks. This pathway enables 
rapid and robust thalamic inhibitory control by frontal cortical circuits. 
We performed selective and conditional anterograde tracing in the L5-specific Rbp4-Cre mouse, 
which revealed dense, topographically-organized terminal clusters in the anterior and ventral 



TRN arising selectively from the primary motor (M1), secondary motor (M2), cingulate and 
prelimbic cortices. Retro-anterograde viral tracing from the brainstem showed that L5-TRN 
terminals were the collaterals of classical, corticofugal, L5 fibers. At the electron microscopic 
level, L5 terminals established asymmetrical synapses with TRN somata and proximal dendrites. 
L5 and L6 (L6 labelled using Ntsr1-Cre) terminals from a given cortical region innervated the 
same TRN regions. Optogenetic activation of L5 pyramidal cells both in Thy-1 and RBP4 L5 
specific mouse lines elicited actions potentials in juxtacellularly recorded and labeled TRN cells 
with short latency, high fidelity and little jitter. Of note, TRN cells were able to follow cortical 
stimulation up to 60 Hz. 
The data suggest that frontal cortical control of certain TRN neurons and the corresponding 
thalamic targets is distinct from previous reports. This specialized L5-TRN projection may allow 
precise temporal coordination of frontal cortico-thalamic circuits, even when both areas are 
engaged in rapid firing and high frequency oscillations underlying certain cognitive functions. 
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Abstract: The higher order thalamic nuclei are hypothesized to mediate cortico-cortical 
communication in the brain. A prominent example is the primate pulvinar, believed to play an 
important role in attention and confidence. However, little is known precisely how the pulvinar 
contributes to flexibly gating cortico-cortical communication. For instance, as interconnections 
between principal excitatory neurons in the thalamus are absent, how is the interaction between 
two cortical areas instantiated in the pulvinar? What may be the role of the inhibitory reticular 
thalamic nucleus (RTN)? In this computational study, we designed and implemented a three-



module architecture that includes the dorsal pulvinar, the parietal, and prefrontal cortices. Using 
a firing-rate description for each of the areas, we first show that the pulvinar acts as a gate that 
determines the effective connectivity between the two cortical modules. Direct and indirect 
(through the RTN) corticothalamic projections modify the gain of thalamic relay neurons and 
this gain in turn modulates the connectivity between the cortical modules. We study the function 
of this malleable connectivity between prefrontal and parietal cortex in the context of decision-
making, conflict resolution, and working memory. Next, we show that a similar thalamo-cortical 
architecture can account for the representation of confidence in the parietal cortex (Kiani and 
Shadlen, 2009) and in the pulvinar (Komura et al, 2013). In this architecture, we propose that a 
dynamic cortico-thalamic switch that includes the RTN (Crandall et al., 2015) contains the 
necessary computational elements to transform an implicit cortical representation of confidence 
into an explicit representation in the pulvinar. Our modeling results suggest that the pulvinar can 
flexibly control cortico-cortical connectivity for attentional tasks and is also part of a distributed 
thalamo-cortical circuit that represents confidence. 
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Abstract: Humans and animals often display learning and memory impairments as they age, 
however the underlying mechanisms of these impairments are poorly understood. Identifying the 
molecular pathways that mediate these impairments will allow us to design therapeutics to 
prevent or reverse these deficits. Increasing activity of the transcription factor cAMP response 
element-binding protein (CREB) in young adult rodents has been shown to facilitate their 
behavioral performance and increase intrinsic cellular excitability - both of which are impaired in 



normal aged animals. To test if increasing CREB activity would ameliorate age-related cognitive 
deficits, we overexpressed CREB in CA1 of dorsal hippocampus using an adeno-associated viral 
vector. Young and aged rats both received CREB or control virus, then received Morris water 
maze training. CREB overexpression in aged animals ameliorated the deficits in long-term 
memory seen in control animals, while surprisingly; young animals were unaffected by CREB 
overexpression. Concurrently, cells overexpressing CREB in aged animals were found to have a 
reduced post-burst afterhyperpolarization i.e., increased excitability. These results indicate that 
activation of CREB signaling is a potential therapeutic for age-related cognitive deficits. 
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Abstract: Age-dependent changes in coordinated neural activity of cortical and subcortical 
structures alter functional connectivity of brain networks important for cognition. Poorer 
memory performance in aging has recently been linked to increased neural excitability in the 
hippocampus. Here, we ask whether changes in the excitability of cortical areas connected to the 
hippocampus are also associated with memory decline seen in aging. We assessed cortical and 
hippocampal responses of aged rats with and without memory impairment to a low dose of the 
cholinergic agonist pilocarpine. Aged Long-Evans (24 mo-old) and young controls (6 mo-old) 
rats were behaviorally characterized for memory performance in a water maze protocol. Aged 
rats that performed on par with young controls were designated as memory-unimpaired, and 
those that performed beyond the young normative range were considered memory-impaired. 
Several weeks after cognitive assessment, rats were administrated a low-dose pilocarpine (25 
mg/kg) intraperitoneally in the home cage to induce neural activation. No age differences in 
behavioral/peripheral response to the drug treatment were observed. Rats were perfused 1 hr 



after injection and their brains were processed for mRNA expression of the immediate-early 
gene c-fos, used here as a marker for neuronal activity. Aged rats with memory impairment 
showed higher c-fos expression than young and memory-unimpaired aged rats in the CA3 of the 
hippocampus, frontal, orbitofrontal and parietal cortices. A similar trend of expression was 
observed in the retrosplenial but not the anterior cingulate cortex. Interestingly, c-fos expression 
in the CA1 of the hippocampus showed no differences between memory-impaired aged rats and 
young controls, but instead was significantly lower in memory-unimpaired aged rats consistent 
with the recent findings of increased tonic inhibition in the CA1 in those rats. Across the full 
spectrum of individual differences, c-fos expressions in the hippocampus and cortical regions 
were strongly correlated with memory function such that aged rats with the worst memory deficit 
exhibited the strongest c-fos activation. These data extend the findings that tie age-associated 
cognitive impairment to greater neural excitability in specific cortical networks important for 
cognitive function, and support a need to consider the impact of hippocampal-cortical 
communication. 
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Abstract: The medial temporal lobe (MTL) circuit underlying the formation of episodic memory 
is sensitive to modification by a variety of physiological and environmental factors, such as 
aging and exercise. Voluntary wheel running enhances both the number of new neurons and 
afferent connectivity of adult generated neurons in the dentate gyrus (DG) (Vivar, et al. 2016). 
Running was shown to recruit input to newborn DG neurons from brain areas relevant to 



contextual and spatial-temporal information processing, changes that appear to have relevance 
for memory computations performed by the MTL. The widespread connectivity of the new 
neuron network and the sparse number of cells it contains present a challenge for identifying and 
reconstructing how such networks integrate new neurons into complex circuits. However, these 
same features of new neuron integration are especially amenable to new technologies for whole 
brain clearing and imaging, which allow for improved detection of sparse populations of cells 
and their connections. To investigate this network, both newborn neurons and their upstream 
afferents were labeled in young adult male C57B1/6 mice housed with or without a running 
wheel using a dual-virus tracing system. This began with retroviral labeling of newborn neurons 
with nuclear GFP, TVA receptor, and rabies glycoprotein, which was followed one month later 
by trans-synaptic retrograde tracing of monosynaptic inputs with an EnvA-pseudotyped rabies 
virus carrying cytoplasmic mCherry. Brains from these animals were cleared with the iDISCO 
method and imaged with the LaVision Ultramicroscope to generate 3D projections of the 
newborn neuron network under these conditions. This set of tissue will allow for validation of 
the use of 3D morphometric analysis on the network properties including the number, regional 
distribution, and connectivity profiles of labeled newborn neurons. We intend to extend this 
analysis to the investigation of aging on newborn neuron integration into MTL networks. 
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Abstract: The medial prefrontal cortex (mPFC) of rodents is involved in executive function and 
the mPFC transcriptional profile is altered over the course of aging. Further, transcriptional 
changes are associated with impaired performance of attentional set-shifting behavior. While it is 
understood that the transcriptional profile of the mPFC differs with aging and cognitive 
impairment, studies are needed to identify the mechanism of transcriptional regulation of these 
target genes. To address this question, the current study investigates DNA methylation of 
cytosines in guanine-cytosine dinucleotides (CpG) as a possible epigenetic regulator of mRNA. 
Young (5-6 months) and aged (17-22 months) male Fischer 344 rats were behaviorally 
characterized on a set-shifting task, a mPFC dependent behavior. The mPFC was isolated 
bilaterally and, for one hemisphere, RNA expression was determined using next generation 
sequencing (RNA-seq: Ion Proton). For the other hemisphere, whole genome bisulfite 
sequencing (WGBS) was implemented. Multiplex sequencing of WGBS libraries was performed 
in an Illumina NextSeq 500, and a high-performance pipeline for differential methylation 
analysis was employed. The pipeline includes quality trimming, alignment, DNA methylation 
base calling and statistical comparison across aging and cognitive impairment in hypo and 
hypermethylated sites and regions. The results for RNA expression (Ianov et al., Frontiers in 
Aging Neuroscience, in press) indicated a correspondence of transcription with age-related 
changes identified in the dorsolateral PFC of aging humans, including expression of genes linked 
to synaptic function. Moreover, cluster analysis indicated increased expression of genes linked to 
inflammation. In contrast, impaired set shift behavior was associated with increased expression 
of genes linked to transcription and synaptic activity/plasticity. Here we will report on the DNA 
methylation status of these target genes. Currently, we are focused on CpG methylation state of 
genes identified by RNA-seq as differentially expressed due to age or cognitive status. 
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Abstract: Hippocampal-dependent episodic memory declines with advancing age in a number of 
species, including humans and rodents. This collaborative effort across McKnight Brain 
Institutes examines region-specific hippocampal transcription profiles (i.e., CA1, CA3 and the 
dentate gyrus, DG) that may help explain differential susceptibility to impairment in specific 
cognitive domains over the lifespan of the rat. Young (5-6 months) and aged (17-22 months) 
male Fischer 344 rats were trained on a spatial episodic memory task, and hippocampal regions 
CA1, CA3 and DG were collected for transcriptional profiling ~2 weeks after behavioral testing. 
In this regard, next-generation sequencing technology is a powerful tool for examining complex 
processes, such as aging, by monitoring the parallel expression of thousands of genes. However, 
the technique requires verification of differentially expressed genes. In many cases, a subset of 
genes is confirmed using RT-PCR. We have taken advantage of two different next-generation 
platforms to confirm differential expression associated with aging and cognitive decline. RNA-
seq was implemented using the Illumina HiSeq2500 and the Ion Proton. Illumina was used to 
generate seed lists of genes that were differentially expressed across age or cognitive function in 
each hippocampal subregion. The gene lists were then retested using the Ion Proton platform for 
validation of the results. Age effects: Across regions, aging was associated with an increase in 
expression of genes for gene ontology clusters linked to immune responses (FDR p<0.05). The 
DG region showed the highest number of gene changes related to the age of the animal, 
including the greatest number of distinct genes, consistent with the idea that the DG may be 
more vulnerable or responsive to aging. Cognition-related genes: The results suggest that the 
CA1 region was the most sensitive to cognitive impairment, with 45 up-regulated and 49 down-
regulated genes in impaired animals. Clustering was observed for genes linked to Ca2+ signaling 
(FDR p<0.05) with decreased expression of Hpca, Dclk2, Prkca. Likewise, a decrease was 
observed for genes associated with Ca2+ entry (Neto1, Prickle2) and release of Ca2+ from 
intracellular Ca2+ stores (Adra1d, Homer3, Itpr1). An increase was observed for the Ca2+ pump 
(Atp2b4) in aging. In addition, altered expression was observed in genes linked to synaptic 
function (e.g., Gabra5, Nptxr) and K+ channels (Hcn4, Kcnk1, Kcnab2). Together, these results 
suggest that impaired performance of aged animals is linked to the regulation of Ca2+ and 
synaptic function in region CA1. 
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Abstract: Subregions of the hippocampal formation have been suggested to possess varying 
vulnerabilities to aging and disease-related pathologies, but the underlying molecular 
mechanisms of these differences are not well understood. RNA-sequencing allows an unbiased 
comparison of transcriptional differences between hippocampal subregions and can therefore 
potentially identify the underpinnings of the differential regional susceptibility. Here, we apply 
RNA-seq to adult rat hippocampal subregions CA1, CA3, and DG to investigate the 
transcriptional differences among them. Male Fischer 344 rats (n=34) were aged to 5-6 months 
(“young”) or 17-22 months (“old”) and tested with the Morris Water Maze to identify “good” 
and “bad” performing individuals. Two weeks after cognitive testing, hippocampal subregions 
CA1, CA3, and DG were isolated. RNA-sequencing was conducted in replicate by two different 
laboratories on two different platforms, the Illumina HiSeq 2500 at the University of Arizona 
and the Ion Proton at University of Florida. Pair-wise differential expression was conducted 
among the three regions, between young and old rats, and between rats with good and bad 
cognitive performance. While the study design allows the investigation of transcriptional 
changes associated with aging or cognitive decline, here we present subregion-specific 
expression regardless of age or performance. To identify subregion-specific levels of expression, 
a gene must be significantly different from both of the other regions using both sequencing 
platforms. Region-specific level of expression can be up-regulated, down-regulated, or fall 
between expression in the other two regions. Overall, we identified 1068 genes exhibiting a 
region-specific level of expression in CA1, 1200 genes in CA3, and 2532 genes in DG. These 
genes likely play a key role in the development and aging of the distinct hippocampal 
subregions. 
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Abstract: Next generation RNA sequencing (RNA-Seq) provides the ability to construct an 
unbiased whole transcriptome map, digitally quantify transcript levels, and interrogate splice 
form abundance. It has been widely established that in response to neuronal activity, specific 
RNA species redistribute within one hour or less to the dendrites where local translation can 
occur. Much is left to be discovered about the function of these dendritic mRNAs, however, 
evidence suggests that they play a key role in synaptic plasticity and transmission, the 
dysfunction of which is indicated in many neurological disorders including Alzheimer’s disease. 
We propose that the creation of a complete catalog of activity-regulated transcripts will enable a 
hypothesis-driven investigation of neurological disease with a focus entirely on activity regulated 
genes. In this study, we utilized RNA-Seq to identify transcripts from small amounts of total 
RNA (~1ng) obtained from laser-capture microdissected (LCM) regions of the hippocampus 
(dentate gyrus, CA1, and CA3) of 6 month old Fisher344 rats. The cell soma and corresponding 
neuropil regions were compared in caged control (CC) animals and maximal electroconvulsive 
shock (MECS) treated animals sacrificed at 10 minutes, 30 minutes, 1 hour, 2 hours, 4 hours and 
24 hours post treatment. In a previous pilot study with one time point we sacrificed animals at 60 



min post MECS and utilized an analytical approach to identify those transcripts that were 
differentially compartmentalized within each hippocampal subregion in CC animals, the “resting 
state”, and in response to MECS treatment, the “induced state”. Following MECS treatment, we 
found a significant difference in the expression of several immediate early genes like Arc, 
Homer1, Egr1 and Fos in the different hippocampal regions. RNA sequencing is a valuable tool 
for identifying and quantitating differentially-compartmentalized RNAs. Further understanding 
of the activity regulated transcriptome will likely offer valuable insight into the biology of the 
neuronal environment and may provide new avenues to treat neurological disease. 
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Abstract: Immediate-early genes (IEGs) are rapidly and transiently induced following excitatory 
neuronal activity. The rapid RNA response is blocked by tetrodotoxin, indicating a role for 
electrical excitation in induced mRNA responses (Cole et al., 1990). Using the IEG Arc (Lyford 
et al., 1995) which is selectively synthesized at active synapses, we have previously shown that 
there is a sharp threshold of activation in granule cells between 65 and 77 mA current (65 mA = 
2.8 %, 77 mA = 85%). Here we investigate whether other subregions of the hippocampus (CA1 
and CA3) exhibit a similar abrupt threshold for burst spiking activity. F344 rats (5-6 mo old) 
were divided into 6 groups. Five groups received electroconvulsive shock treatment of varying 



intensity (20, 40 65, 77 and 85 mA) using a UGO Basile ECT unit (1sec, 100Hz, 0.5ms square 
wave pulse). A sixth group did not receive shock. Five minutes following treatment, brains were 
rapidly extracted and quick frozen. Sections were cut and fluorescence in situ hybridization was 
performed as described previously (Chawla et al., 2005) using the full length Arc cDNA. 
Confocal images were acquired using a Leica SP5 microscope equipped with 405 nm and 543 
nm lasers, with a 40x oil immersion lens. Images were obtained of proximal, distal and medial 
CA1 subregions of the hippocampus and Arc mRNA-positive cells were counted. Compared to 
the granule cells there is more Arc mRNA positive pyramidal cells at the lower current 
intensities (20 and 40 mA conditions) with ~ 20-30% of pyramidal cells having a lower threshold 
for Arc induction up to 65 mA. And similar to the granule cells there is a sudden threshold 
crossing between 65 and 77 mA where there is a dramatic increase in Arc transcription. 
Proximal CA1, 0 mA = 8.35%, 20 mA = 15.8%, 40 mA = 23.4%, 65 mA = 17.4%, 77 mA = 
72.1% and 85 mA = 75% Arc mRNA-positive cells. Middle CA1, 0 mA = 10.9%, 20 mA = 
22.5%, 40 mA = 24%, 65 mA = 26%, 77 mA = 71% and 85 mA = 71% Arc mRNA-positive 
cells. Distal CA1, 0 mA = 11%, 20 mA = 25%, 40 mA = 30%, 65 mA = 27.4%, 77 mA = 70.1% 
and 85 mA = 70% Arc mRNA-positive cells. Indeed, recent observations in CA1 pyramidal 
neurons suggest that a supralinear summation of electrical activity occurs when entorhinal layer 
III input to distal CA1 dendrites crosses a threshold to produce a Ca++ plateau potential. These 
plateau potentials appear to drive burst firing, characteristic of CA1 place cell discharge 
(Milstein and Magee, SfN Abstr, 2014). Our data suggest the possibility that similar plateau 
potential processes may regulate both the in vivo patterned firing that occurs when granule and 
pyramidal cells express place fields and when these cells express Arc mRNA. We are currently 
collecting the same data from the CA3 region. 
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Abstract: The hippocampus is known to show biological changes with age that are related to 
changes in memory processes. For example, in aged rats, the CA1 region of the hippocampus 
fails to show accurate map retrieval upon revisiting a familiar environment (Barnes et al., 1997). 
The distal part of CA1 receives major inputs from Lateral Entorhinal Cortex (LEC) layer III. In 
contrast to the well-studied Medial Entorhinal Cortex (MEC), LEC neurons do not show 
substantial spatial selectivity in their firing patterns (Deshmukh and Kneirim, 2011). Rather, 
LEC is thought to be involved in non-spatial memory, such as encoding object and odor 
information. The role of LEC in odor discrimination and how the corresponding neural activity 
may change with age remain unknown. In this study we aim to discover if LEC neuronal 
populations are active in response to distinct odors during track running, and whether age-related 
changes in activation patterns may provide faulty input to the hippocampus that may explain 
remapping in older animals. To test this, 24 young (9 months) and 24 aged (24 months) male rats 
were trained to run in alternating clockwise and counterclockwise laps on a circular track in a 
constant spatial environment. One behavioral group (A/A) experienced the same set of 6 odors 
mixed with sand in ramekins in the same order around the track during two run sessions 
separated by 20 minutes. A second group (A/B) also experienced two run sessions, but the odor 
stimuli were all distinct between the two time points. A positive control group underwent 
Maximal Electroconvulsive Shock (MECS), and a negative control group was sacrificed from 
their home cages (CC). The mRNA of immediate-early gene Arc is localized to distinct cellular 
compartments based on the time since neuron activation. We use cellular compartment analysis 
of temporal activity by fluorescence in situ hybridization (catFISH; Guzowski et al., 1999) and 
confocal microscopy to visualize this time-dependent subcellular distribution of Arc mRNA. 
This method enables us to identify neurons activated during the first, second, or both running 
sessions in LEC. Preliminary data from LEC averaged across both treatments and age groups 
confirm that the track-running behavior with odors elicits 26% neural activation in comparison to 
low resting Arc expression (2%) for CC animals. With additional animals added to treatment 
conditions and age groups we will be able to determine if LEC encodes odor information that can 
discriminate between the A/A and A/B conditions, and if population representation of odor 
stimuli in LEC changes across the lifespan. 
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Abstract: As with older adults, aged rats show robust impairments on a number of different 
spatial navigation tasks. There is some evidence that these navigation impairments are 
accompanied by a bias away from using an allothetic-based (i.e., external cue) navigation 
strategy towards relying on an idiothetic-based (self-motion) strategy (Rosenzweig et al., 2003). 
To test the degree and timing with which aged animals utilize these two forms of spatial 
information, a novel behavioral arena has been developed that allows for complete and 
immediate control of all visual cues in the environment in order to put idiothetic and allothetic 
reference frames in direct conflict. The arena is composed of a circular track with a 360 degree 
panorama of visual cues projected on the walls. Identical feeders are spaced every 10 degrees 
along the perimeter of the track and animals learn to run to only one of them for food reward. By 
instantaneously rotating the cues we were able to characterize how quickly and accurately aged 
animals utilize allothetic feedback to navigate to a new rotated feeder location. Behavioral data 
collected from six young (9 – 15 mo) and six aged (24 - 30 mo) animals revealed that 
immediately following cue rotation aged rats were significantly more likely to navigate to either 
the exact original (idiothetically aligned) or rotated (allothetically aligned) feeder locations. 
Young rats, by comparison, were more significantly more likely to stop at multiple feeders, 
particularly those half-way between the original and rotated reward location. These findings 
suggest that when spatial reference frames are put into conflict young rats settle on a strategy 
which combines the two sources of spatial information, while aged animals adhere more rigidly 
to only one spatial reference frame. Previous studies have shown that when spatial reference 
frames are put into conflict the place cells of the same CA1 network can anchor to entirely 
different reference frames, while CA3 place cells will align coherently with only one reference 
frame (Lee et al., 2004). The behavior we observe may be a consequence of the reported 
hyperexcitability and excessive pattern completion of aged CA3 principle cells driving an all-or-
none shift to one or the other reference frame. If this is the case we expect that 



electrophysiological data from downstream CA1 place cells will match our behavioral findings 
and that CA1 place fields of aged animals will tend to snap to one or the other reference frames 
coherently as a population while those of young animals well show more variability in terms of 
which reference frame they anchor to. 
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Abstract: The consolidation of episodic memories relies on the transfer of information from 
hippocampal networks to cortical networks, and much of this information is thought to be 
transferred during hippocampal sharp-wave ripple events in periods of rest. During normative 
aging, we have recently shown that the rate of ripple occurrence decreases, and the mean 
frequency of ripple events is reduced by roughly 19 Hz prior to and following behavior on a 
spatial eye-blink conditioning task (Wiegand et al., 2016). To extend these recent findings, here 
we present an age-comparison of spectral power in the local field potential before and after 
performance on a spatial eye-blink conditioning task. Specifically, the time periods analyzed 



were: sharp-wave ripple events, the 50 ms immediately preceding and following ripple events, 
and quiet inter-ripple periods. In young rats, the spectral power in the 80-200 Hz frequency band 
during ripple events was greater in the post-behavior rest period compared to the pre-behavior 
rest period, although in aged rats the ripple power was not different between the rest epochs. 
During the inter-ripple periods spectral power was significantly lower in young rats during post-
behavior rest relative to pre-behavior rest, and again the power in aged rats did not differ 
between rest epochs. No changes were noted between rest epochs for the 50 ms immediately 
preceding and following the ripple events for either age group. The observations that ripple 
power increases and inter-ripple power decreases following behavior only in young rats may 
suggest a mechanism for increased signal-to-noise in these young animals. The signal-to-noise 
ratios were examined by computing the ratio of the summed squared magnitudes of the 80-240 
Hz spectral power of ripple events relative to inter-ripple periods. This analysis showed an 
increase in the signal-to-noise ratio of ripple events during post-behavior rest relative to pre-
behavior rest in young animals, while aged rats did not show a change in signal-to-noise ratio 
following behavior. Increases in the signal-to-noise ratio of ripple oscillations in rest periods 
following behavior may increase the efficacy by which ripple oscillations transfer information 
during memory consolidation. The absence of this signal to noise ratio increase in older animals 
suggests less efficiency in consolidation processes carried out in hippocampal networks. 
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Abstract: With aging, older adults tend to use strategies that differ from those used by young 
adults to solve decision making tasks. This is often accompanied by the recruitment of larger 
brain areas, inter-hemispheric bilateralization or added brain structures, which can be interpreted 
as compensatory mechanisms for less effective brain networks. It has been suggested that this 
process is facilitated through synchronized oscillations that occur between distant brain areas, 
presumably enabling connections that allow more optimal performance. Because the aging 
process is known to alter circuit properties that may impact brain oscillations, the present study 
examined how network changes in the basolateral complex of the amygdala (BLA), known to 
support reward-based decision making, may be altered in aged rats. To examine this problem, we 
trained young and old rats to perform three different versions of a decision making task. Two of 
the tasks were versions of discrimination problems in which either the reward magnitude (reward 
magnitude discrimination) or the probability of receiving a reward (probability discrimination) 
was manipulated. The third task version was a probability discounting task in which rats had a 
choice between a small/certain reward and a large/uncertain reward (probability discounting). In 
the BLA of old, but not young rats, we found task-specific increased oscillatory power in the 
beta range (15-30Hz) after lever presses as the animals reached the goal location. Periods of 
high-power beta were minimal at first, but developed over training days in the aged rats. Within 
a daily session, the incidence of beta epochs was greater for the early trials and less evident by 
the end of the session. Both the incidence and power of beta epochs were affected by tasks that 
involved differing reward magnitudes. Indeed, beta power was significantly greater after 
pressing for the large reward option. Thus, our results suggest that aging impacts BLA networks 
in a way that promotes the emergence of beta band activity when learning or deciding between 
differently sized rewards. Furthermore, we found a correlation between beta incidence and how 
often the small/certain reward was selected in a session, for both the reward magnitude 
discrimination and probability discounting tasks. Thus, increased beta oscillations in the BLA of 
aged rats may reflect compensatory mechanisms which promote a more exploratory type strategy 
to solve certain reward-based decision making tasks. 
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Abstract: Cognitive aging is known to alter reward-guided behavior, implicating dysfunction of 
prefrontal cortical circuits, including the orbitofrontal cortex (OFC). It has been reported that 
there is a decline in OFC volume with age, which correlates with performance on a reward 
devaluation task (Burke et al., 2014) in bonnet macaques. The basolateral amygdala (BLA) 
volume, however, does not change with age, nor correlate with performance. In the present 
study, the integrity of the uncinate fasciculus (UF), the primary white matter tract between the 
BLA and OFC is examined using high angular resolution diffusion imaging (HARDI) along with 
anatomical T1- and T2-weighted imaging. The number of tracks between the BLA and OFC and 
fractional anisotropy (FA) were calculated and performance measures were obtained in a 
modified Wisconsin General Testing Apparatus in a group of 11 healthy adult female bonnet 
macaques (10 to 31 years). Specifically, monkeys were tested on a delayed response (DR) 
working memory task, reversal learning task (RL, affective shifting) and delayed nonmatching-
to-sample (DNMS) with interference task. HARDI scans were acquired using a single shot EPI 
sequence with a diffusion weighting of b = 1000 s/mm2 in 51 diffusion directions and with an 
isotropic resolution of 1.4 mm. Data pre-processing involved corrections for distortions due to 
eddy currents using FSL, field inhomogeneity corrections using TORTOISE followed by local 
PCA-based denoising. Diffusion data were then registered with anatomical T1 images using a 
rigid body transformation. Gray matter volumes corresponding to BLA and OFC were identified 
previously (Burke et al., 2014). Gray matter, white matter and CSF were segmented, and the 
interface of the white matter and the BLA boundary was used for seeding the streamlines. 
Mrtrix3 was used for probabilistic tractography to identify tracks between the BLA and the OFC. 
Exclusion masks were identified to eliminate tracks that cross between the hemispheres or 
continue posterior to the BLA. Binary masks were created using track density images to extract 
the mean FA values along the UF for each animal. There were no statistically significant 
differences between age groups in mean FA values along the UF, nor were there significant 
relationships between mean FA values and performance on any of the behavioral tasks. The 
number of tracks (normalized by the seed volume), however, did significantly correlate with the 
DNMS task with interference, such that animals with a lower number of tracks performed more 



poorly. These data suggest that disruptions in the interaction between the OFC and the BLA may 
contribute to certain age-related cognitive deficits. 
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Abstract: Goal-directed behaviors provide the behavioral flexibility necessary for selecting 
appropriate responses when similar stimuli are encountered in different contexts. The cognitive 
processes that provide this flexibility have been collectively described under the category of 
executive functions. Executive function can be segregated into at least 3 separate components: 
inhibition of prepotent responses, set shifting, and attentional control and monitoring. In humans, 
partially non-overlapping neural networks in the prefrontal cortex underlie the different 
components of the executive function network. For example, orbitofrontal and striatal networks 
have been shown to underlie set shifting, while dorsolateral prefrontal and medial prefrontal 
networks have been shown to underlie attentional control processes. At the behavioral level, age-
related impairments in inhibition, set shifting, and attentional control arise independently of one 
another, suggesting that the separate neural networks that underlie these behaviors are also 
altered independently with age. To test whether different executive functions are similarly 
affected independently in the macaque, young (n = 6) and aged (n = 7) monkeys were tested on a 



set shifting and attentional control task in a Wisconsin general testing apparatus. The results 
show that aged monkeys were deficient on both tasks, but the impairment scores between the two 
paradigms did not correlate, suggesting that set shifting-impaired animals were not necessarily 
impaired on the attentional control task and vice versa. These results suggest that, like in 
humans, different components of executive function in aged monkeys are impacted by normative 
aging independently. Furthermore, these data argue against the suggestion that the age-related 
deficits in attentional control seen in aged humans arise due to differences in exposure to 
technology, relative to young, which may negatively impact their ability to perform 
computerized tasks. All monkeys in the current study were exposed equally to all aspects of the 
task environment, suggesting that the detrimental effects seen in the aged individuals are in fact 
due to differences in attentional control processes. 
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Abstract: The midbrain dopamine complex is a collection of nuclei found in the ventral 
mesencephalon. These nuclei contain dopaminergic projection neurons that innervate multiple 
forebrain regions, including the prefrontal cortex, ventral hippocampal formation, and striatum. 
Among other functions, dopamine neurons are thought to provide reward prediction error signals 
critical to reinforcement learning, and modulate frontal cortical networks underlying working 



memory. Dysfunction in dopaminergic networks has been implicated in several brain 
pathologies. During normative aging, deficits in mental operations that require dopamine are 
common. While our understanding of alterations in the midbrain dopamine complex across the 
primate lifespan is limited, it is evident that degradation of dopaminergic innervation in the 
rodent prefrontal cortex plays a key role in age-related cognitive decline (Allard et al., 2011). 
Furthermore, it has previously been shown, by our laboratory and others, that aged macaques 
require more trials than younger monkeys to learn delayed nonmatching-to-sample (DNMS) and 
reversal learning (RL) tasks, which assess object recognition and working memory functions, 
respectively. The aged monkeys included in this experiment have been previously shown to be 
impaired on both the DNMS and RL tasks (Comrie et al., 2015). To test whether alterations in 
the mesencephalic dopamine complex relate to learning impairments in the macaque, we have 
identified coronal sections of tissue containing regions of the midbrain dopamine complex in 
monkeys ranging in age from 8-32 years. The numbers of tyrosine hydroxylase-positive neurons 
in A8, A9, A10 nuclei will be quantified using unbiased stereological sampling techniques. 
Dopaminergic neurons in this region of the midbrain have been shown to project to the prefrontal 
cortex and hippocampus, both regions understood to play key roles in learning and memory 
processes. Furthermore, we will quantify the numbers of GAD67-positive neurons and calbindin-
positive neurons in the same sections as we assess TH. Immunohistochemically-classified cell 
numbers will then be correlated with DNMS and RL learning scores to identify if and to what 
extent changes in dopaminergic circuits underlie age-related impairments on working memory 
and object recognition tasks. 

Disclosures:  W. Pyon: None. D.T. Gray: None. K.M. Andersh: None. M.R. Permenter: 
None. J.A. Vogt: None. C.A. Barnes: None. 

Poster 

182. Learning and Memory: Aging - Hippocampus 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 182.16/JJJ40 

Topic: H.01. Animal Cognition and Behavior 

Support: McKnight Brain Research Foundation 

 NIH Grant R01 AG003376 

 P51 RR000169 

 R01 NS076856-05 



Title: Histology informed probabilistic hippocampal atlases of young and old rhesus macaques 

Authors: *C. KYLE1,2, J. L. BENNETT4, J. D. STOKES5, M. R. PERMENTER6, J. A. VOGT6, 
A. D. EKSTROM5,7, C. A. BARNES1,2,3,6;  
1Evelyn F. McKnight Brain Inst., 2Divison of Neural Systems, Memory and Aging, 
3Departments of Psychology, Neurol. and Neurosci., Univ. of Arizona, Tucson, AZ; 4Dept. of 
Psychiatry and Behavioral Sci. and M.I.N.D. Inst., 5Dept. of Psychology, 6California Natl. 
Primate Res. Ctr., 7Ctr. for Neurosci., Univ. of California, Davis, Davis, CA 

Abstract: Identifying primate hippocampal subfields in vivo using structural MRI imaging relies 
on variable anatomical guidelines, signal intensity differences, and heuristics to differentiate 
between regions, and lack a clear anatomically-driven basis for subfield demarcation 
(Yushkevich et al., 2015). Recent work, however, has begun to develop methods to use ex vivo 
histology or MRI to better inform subfield demarcations of in vivo images (Iglesias et al., 2015, 
Adler et al., 2014). For optimal results, though, ex vivo and in vivo images should be matched to 
the same subjects, with the goal to develop a neuroanatomically-driven basis for in vivo 
structural MRI images. Here, we address this issue in young and aging rhesus macaques (young 
n=2 and old n=2) using ex vivo Nissl-stained sections in which we identified the dentate gyrus, 
CA3, CA2, CA1, subiculum, presubiculum, and parasubiculum using morphological cell 
properties (30 µm thick sections spaced at 240µm intervals and imaged at 161 nm/pixel). These 
were merged with in vivo structural MRIs (0.625 x 0.625 x 1 mm) from the same subjects via 
iterative rigid and diffeomorphic registration resulting in probabilistic atlases of young and old 
rhesus macaques. These methods will inform subfield differentiation by identifying features of 
the MRI images that correspond to histological properties in the same animals, useful for work in 
both young and aging primates. Furthermore, we believe that this approach may be helpful in 
developing a phylogenetically-driven “ground truth” for more accurate identification of 
hippocampal subregions in human brains. 

Disclosures:  C. Kyle: None. J.L. Bennett: None. J.D. Stokes: None. M.R. Permenter: None. J.A. 
Vogt: None. A.D. Ekstrom: None. C.A. Barnes: None. 

Poster 

182. Learning and Memory: Aging - Hippocampus 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 182.17/JJJ41 

Topic: H.01. Animal Cognition and Behavior 

Support: NSF Career Award 1256941 



 NRSA F31MH105161-02 

Title: Spatial reorientation in aged mice 

Authors: *K. LAKHANI1, R. K. YUAN2, I. A. MUZZIO3;  
1Dept. of Biology, Neurosciences Inst., The Univ. of Texas At San Antonio, San Antonio, TX; 
2Dept. of Psychology, Univ. of Pennsylvania, Philadelphia, PA; 3Dept. of Biology, 
Neurosciences Inst., Univ. of Texas at San Antonio, San Antonio, TX 

Abstract: Spatial reorientation — regaining one’s bearings when lost — is crucial for survival. 
Navigators keep track of their bearings by using internal (idiothetic) self-motion cues and 
external (allothetic) sensory cues. Idiothetic and allothetic cues are usually complementary, 
signaling the same spatial position and orientation. However, during disorientation, the internal 
sense of direction (idiothetic information) is disrupted, and the navigator must use allothetic cues 
to reorient. Behavioral findings in situations with no contextual ambiguity have shown that 
navigators regain their bearings by relying on spatial geometry, often ignoring non-geometric 
cues even when they are informative (Cheng, 1986). Using a novel 2-chamber paradigm, we 
recently demonstrated that in situations of contextual ambiguity, animals use the non-geometric 
cues in the environment only to identify the chamber where they are located (context 
recognition), relying instead on spatial geometry to retrieve their facing direction (heading 
retrieval) (Julian et al., 2015). We have also recently found that in young adult animals, these 
distinct cognitive processes are differentially represented in the hippocampus. Even though age-
related deficits in place and route learning have been demonstrated in several species, at present 
it is unknown how aging affects reorientation. Here we trained disoriented aged male C57BL/6 
mice to find a reward consistently hidden in one out of four cups placed in the corners of a 
rectangular environment. The chamber contained a distinctive visual cue that signaled a unique 
facing direction within the chamber, and the reward was consistently placed at the right or left of 
this cue (position counterbalanced across animals). We found that aged mice ignored the 
geometry of the layout and instead used the non-geometric feature to find the reward, making 
fewer errors than young adult animals. To further determine if aged animals could use geometric 
cues, we also tested the aged mice in the same task in the absence of non-geometric cues. In this 
situation, aged mice performed at chance levels, corroborating that aged animals could use the 
cue as a beacon to find the reward but failed to use the geometry of the chamber. Furthermore, 
when aged mice were tested in our novel two-chamber reorientation paradigm, performance was 
highly variable, with some animals using the cues for context recognition and other failing to 
identify the context. These data suggest that reorientation strategies differ in young and aged 
adult animals. We are now recording from hippocampal CA1 cells in aged disoriented mice to 
examine the cellular correlates underlying reorientation in aged mice. 
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Abstract: Both sleep architecture and cognition have been shown to undergo changes with 
aging. Moreover, there is evidence that sleep may play a role in memory consolidation, since 
cellular ensembles active during learning become reactivated during sleep, and sleep deprivation 
has been shown to cause learning impairments. Here, we examined changes in sleep 
characteristics and cellular activity in young and aged male adult C57BL/6 mice that were sleep-
deprived after training in a hippocampus-dependent object-place recognition task. Animals were 
habituated to a novel environment in which they subsequently explored an array of 3 objects, 
over the course of 3 consecutive training sessions. Immediately after the last training session, 
animals were sleep deprived for 5 hours using an automated sleep deprivation system consisting 
of a cylindrical enclosure with a continuously rotating bar. The following day, animals were 
reintroduced to the environment for a single test session in which one object was displaced. We 
found that relative to controls, young sleep deprived animals exhibited lower preference for the 
displaced object, along with lower peak firing rates and less global remapping from the third 
training session to the displaced object test session. Surprisingly, these trends were reversed in 
the aged adult mice. Aged sleep deprived mice showed a stronger preference for the displaced 
object than aged controls, and also displayed more global remapping and higher peak firing rates 
during the test session. We examined patterns of REM and NREM during the 5 hours of 
recovery sleep occurring immediately after sleep deprivation. Relative to controls, young sleep-
deprived animals exhibited an increase in overall amount of NREM and number of REM bouts, 
though not overall REM. Meanwhile, aged sleep-deprived animals showed an increase in overall 
REM and more consolidation of NREM sleep relative to controls. Our preliminary findings 
suggest that mice may encode object displacement through global remapping, and that sleep 
deprivation in young mice and normal aging both result in reduced remapping that corresponds 
with impaired performance. Interestingly, an acute period of sleep deprivation in aged adult mice 



appears to result in improved sleep consolidation, which corresponds with changes in 
hippocampal representations that may underlie enhanced recognition of object location. 
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Abstract: These experiments determined whether age-related decreases in lactate production in 
the hippocampus are important for memory impairments in aged rats. Extracellular lactate is 
largely derived from glycogenolysis and glycolysis in astrocytes and can be used to supplement 
glucose as a neuronal energy substrate. The availability of lactate may be particularly important 
with regard to age-related memory impairments because of our prior evidence that extracellular 
glucose levels measured in the hippocampus of aged rats are markedly decreased during memory 
tests. Here, male Fischer 344 rats showed age-related impairments on a spontaneous alternation 
task used to assess spatial working memory. In a separate group of rats, biosensor probes were 
placed in the hippocampus to measure extracellular lactate levels while the rats were tested on 
the spontaneous alternation task. During testing, lactate levels increased by 128 ± 25 µM in 
young rats but only by 48 ± 17 µM in old rats. To determine whether the loss of lactate was 
important to the age-related memory impairments, lactate (100 nmol) was infused into the 
hippocampus 15 min prior to testing on the alternation task. The intrahippocampal infusions of 
lactate reversed the age-related deficits, resulting in alternation scores higher than those of 
saline-injected old rats (57 ± 5% vs. 37 ± 7%) and even higher than those of saline-injected 
young rats (45 ± 4%). Together, with past evidence that glucose levels are also depleted during 
memory testing in aged rats, the findings suggest that age-related memory loss may reflect 



impaired bioenergetic capacity in the aged hippocampus. Moreover, the apparently complete 
rescue of working memory in aged rats by lactate infusions shown here, and by glucose 
treatments shown previously, indicate that the aged hippocampus can function well if the 
bioenergetic capacity is restored. We are currently assessing whether aging is accompanied by 
impaired and preserved bioenergetics of brain areas associated with other attributes of learning 
and memory. 
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Abstract: Preserving cognitive function is critical to achieving a high quality of life in elderly 
individuals. Mechanisms of successful brain aging are under study in our laboratory in a rat 
model of cognitive aging in which individual differences span a range of outcomes including 
impairment and preserved memory function relative to young adult rats. Here we compared 
behavior and gene expression in aged rats characterized for preserved cognitive spatial ability 
and in young adult rats in response to change within a familiar environment, using a paradigm 
that engages the encoding properties of hippocampal neurons (Monaco et al. Nat Neurosci. 17: 
225, 2014). After initial behavioral characterization for cognitive status, age unimpaired and 
young rats were acclimated to performance on a circular track in an environment with both local 
and global cues. On test day, half the rats in each age group encountered an altered environment 
in which cues were rotated in opposite directions to create a mismatch between local and global 
cues (mismatch condition). For the other half of subjects, the cues were left unchanged (no-
change condition). We assessed behavioral evidence that rats detected the cue mismatch by 
measuring attentive head scans, episodes during track running when the rat stops and surveys the 
environment. In both young and aged unimpaired rats, head scans significantly increased on the 



test day in response to the mismatch rotation relative to the previous day. As expected, no 
increase was observed in either age group in the no-change condition. Supporting that behavioral 
outcome, in both age groups we found increased CA3 expression of neuroligin1, a synaptic 
plasticity gene, in the mismatch condition relative to no-change. These data add support for the 
characterization of individual differences in aging such that some aged individuals maintain 
cognitive functions and underlying neurobiological mechanisms on a par with younger adults. 
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Abstract: Current rodent models of Alzheimer’s Disease (AD) based on the genetics of early 
onset familial AD have contributed substantially to understanding the pathophysiology of this 
disease. However, these models do not develop the complete brain pathology of the disorder 
including progressive neurodegeneration. The Octodon degus, a large rodent native to South 
America, recently emerged as a potential candidate for a natural model of AD. Two previous 
studies have documented neurobiological evidence for AD in degu, including age related 
accumulation of Aβ containing inclusions and tau protein phosphorylation that negatively 
correlate with performance on cognitive tasks. Our research attempts to further validate the degu 



as a model for AD that includes the neuropathological hallmarks together with 
neurodegeneration. Two series of coronally sliced sections from 19 degus aged 7-96 months 
(kindly provided by Dr. Palacios) were immunohistochemically processed for NeuN or for 
doublecortin (DCX). NeuN was used as a marker for all neurons, and DCX was used to identify 
newborn neurons, which decrease progressively with age in many species. We focused our initial 
neuron counts on CA1 because it is the hippocampal subregion where neurodegeneration is first 
observed in AD. Stereological methods were used to obtain estimates of total NeuN positive 
neurons in this subfield. In the degu, we did not find a significant difference in total cell counts 
between young and aged groups or a correlation with age. Exhaustive counting in matched 
sections was used to compare DCX positive cell counts in the dentate gyrus of the same subjects. 
Relative DCX counts confirmed a significant decrease in neurogenesis between young and aged 
animals (students t-test: p<0.0001) and a strong negative correlation with age (Pearson’s: r=-
0.839, p<0.0001). These results show that there are age-dependent changes in the hippocampus 
of degus consistent with that of other rodent species. However, no evidence for age-dependent 
neuronal loss in CA1 was observed in these degus. Our data suggest that in the presence of 
naturally occurring AD-like pathology, degus may more closely resemble asymptomatic 
Alzheimer’s, a clinical condition in which AD-like pathology occurs without dementia or 
neurodegeneration. Further studies are currently examining AD pathological markers in the 
cohort described above. 
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Abstract: Distinct types of learning and memory map well onto dissociated neural circuits 
consistent with a multiple systems perspective. Learning to navigate an environment by relying 
on the arrangement of spatial cues (place learning) requires an intact hippocampus; in contrast, 
learning a fixed route or sequence of movements (response learning) requires an intact striatum. 
The hippocampus and striatum also interact and under certain conditions compete to control 
behavior. Thus, study of a single form of memory or neural structure may lead to an incomplete 
understanding of structure-function relationships. Importantly, older adults demonstrate a greater 
reliance on response navigation than do younger adults, suggesting a shift with age in the 
dominant learning strategy. This shift is also observed as deficits in place navigation among old 
vs. young rats accompanied by unaffected or improved response navigation. Here, we augment 
this prior work to further characterize age-accompanied changes in memory systems by 
measurement of brain derived neurotrophic factor (BDNF) in hippocampus and striatum among 
young (3 month) and old (24 month) F344 rats trained on place and response tasks. BDNF is 
implicated in age-related changes in learning and memory and modulates both hippocampal- and 
striatal-dependent performance. We found that levels of mature BDNF in the hippocampus were 
higher in old compared with those in young rats, an effect most pronounced among place-trained 
rats. In contrast, levels in the striatum were largely comparable across conditions. Interestingly, 
these results parallel data from our lab demonstrating alterations across the lifespan in energy 
substrates associated with learning, i.e., glucose and lactate. Specifically, training-induced 
increases in extracellular glucose and lactate are attenuated in hippocampus but not in striatum 
among old compared to young rats. Altogether, these results verify that age-related changes in 
learning and memory are not all-encompassing and suggest site-specific changes to both BDNF 
signaling and bioenergetics in aging. Characterization across the lifespan of distinct forms of 
BDNF (pro vs. mature) with a high degree of spatial resolution (permitting cellular vs. 
extracellular localization) in addition to expression levels of BDNF receptors will further 
enhance our understanding of changes to learning and memory that accompany aging. 
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Abstract: Irregular light-dark cycles (circadian disruption) can trigger adverse effects that 
include the cognitive and motivational domains in humans and rats. Several studies have found 
that in normal aging circadian disruption is common and may contribute to age-related adverse 
outcomes. Here we exposed rats with continuous access to running wheels to two weeks of 
phase-shifting (3 hr/day phase advance), the two weeks were separated by a one week re-
entrainment phase. This procedure is known from previous work to generate several adverse 
effects. We confirmed that circadian disruption, even after 6 days of re-entrainment, tends to 
reduce long-term retention of spatial memory measured in the Morris water task and also 
reduced adult hippocampal neurogenesis measured by number of Ki67, doublecortin and BrdU 
labeled cells. We found that 30 min/day of light treatment (Litebook) at the beginning of the 
light phase during re-entrainment improved spatial memory retention and enhanced adult 
hippocampal neurogenesis. No reliable effects were observed on social or food motivation. In a 
second experiment we measured spatial memory and adult hippocampal neurogenesis in 12 
month old male and female rats. We provided 6 weeks of continual access to running-wheels or 
30 min/day of light treatment or combined running wheel and light treatment. Both adult 
hippocampal neurogenesis and memory showed a reliable trend for benefit from both treatments. 
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Abstract: Hippocampal function and spatial memory has been shown to decline in response to 
normal aging across multiple species, including humans. C57Bl/6 mice are the most commonly 
utilized strain for characterizing gene effects on memory, but the effect of age on memory in this 
genetic background is poorly understood. Here, we characterized the effects of normal aging on 
contextual fear memory and spatial memory in the Barnes Maze. Aged 21-22 month old mice 
were unimpaired in short-term contextual memory, but showed significantly less freezing than 
young 3 month old animals in a 24 h long-term memory test, as well as in tests of contextual 
discrimination. This impairment of memory retention coincided with reduced training-induced 
immediate early gene (IEG) expression and reduced hippocampal CREB levels. Because training 
parameters and CREB gene-dosage interact to control memory retention in invertebrates and 
vertebrates alike, we reasoned that spacing of trials should result in improved memory in age-
associated memory impairment. In young mice, training for 1, 2 or 4 trials with a 1 min intertrial 
interval (ITI) over 4 days resulted in similar levels of 24 h memory. With 2 days of training, 
however, 24 h memory was improved when trials were spaced by a 10 min ITI rather than 
massed together. Aged mice that received 2-trial training with a 1 min ITI had significantly 
impaired spatial memory when compared to young mice, but this impairment was overcome by 
introduction of a 10 min ITI. Our results provide behavioral and neurogenetic evidence for a role 
of CREB in age-associated memory impairment. 
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Abstract: A possible correlation exists between cognitive function and dietary habits in the 
elderly population; but comparative assessment of nutrient deficiency or supplementation and its 
effects on learning and memory function is not clear. We investigated the effects of various 
micronutrients on learning and memory tasks, neuronal plasticity, energetic and neuroimmune 
status in the aged hippocampus. 18 month-old C57BL/6J mice were fed 8 distinct diets, of 
various concentrations of select micronutrients, essential vitamins and minerals. After 16 weeks, 
mice were tested on behavioral tasks to measure learning and memory. The number of immature 
neurons (DCX+) in the hippocampal dentate gyrus (DG) was determined. Gene expression of 
molecular markers of mitochondrial biogenesis (Ppargc1α, Sirt1, Tfam), mitochondrial content 
(amount of mtDNA) and neuroinflammatory markers (IL-10, Alox15, Ptgs2, IL-1β, IL-6 and 
Tnf) were assessed by RT-PCR of brain sections containing hippocampus; and tissue 
incorporation of selected nutrients was measured by ultrahigh performance liquid 
chromatography and mass spectrometry. The diet supplemented with RRR d-alpha tocopheryl 
acetate, citicholine, 5-methyltetrahydrofolic acid, Quercetin and the n-3 fatty acid PS-DHA, 
improved performance on the active avoidance learning and memory task compared to the other 
diets. Also, increased IL-10 expression and attenuated the age-related change in mtDNA content 
in the hippocampus. Although the mechanisms remain unknown, we conclude that chronic 
supplementation of diets with multiple micronutrients including quercetin and PS-DHA can 
improve learning and memory in aged mice. These observations support the hypothesis that 



cognitive benefits of wholesome diets are partially mediated through antioxidant and anti-
inflammatory activities of combined micronutrients. 
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Abstract: Learning and memory is an instrumental function enhancing the ability of many 
higher organisms’ ability to thrive in a dynamic environment; however, many species experience 
disruptions in this domain as they age, which can be exacerbated by pathological factors in 
diseases such as Alzheimer’s disease and frontotemporal lobe dementia. However, a substantial 
proportion within these aged populations will experience decline in normal memory function in 
the absence of such pathology. The specific mechanism underlying the decline in normal aging, 
however, remains elusive. Many of the cognitive domains, including spatial memory, that 
become impaired with age are hippocampus-dependent. Therefore, we sought to investigate 
possible synaptic alterations, particularly in the CA1 - a major output region of the hippocampus, 
that occur with aging using aged, behaviourally characterized rats. Our previous work has shown 
that there is distant-dependent synaptic scaling along the CA1 apical dendrites in young adult 
rats, which is maintained in both aged groups. We have also shown that in young adult rats the 
basal dendrites exhibit very similar synaptic scaling properties. The exact distribution of 
synapses along these dendrites in the same aged rats, with and without cognitive impairment, is 
currently being investigated. The cognitive function of 29 month old male rats was assessed 



using trace eyeblink conditioning and the Morris Water Maze; rats that were able to learn both 
tasks successfully were categorized as aged, memory-unimpaired (AU), whilst those that did not 
learn were categorized as aged, memory-impaired (AI). These groups were compared with young 
adult (YA) rats. The total number of perforated and non-perforated axo-spinous synapses in the 
proximal, middle, and distal portions of the CA1 basal dendrites were then determined using 
serial section electron microscopy and unbiased systematic random sampling techniques. 
Through a deeper understanding of the synaptic alterations that occur in these three groups, we 
may find clues as to those changes that are adaptive, allowing continued cognitive performance 
with age, and those which are maladaptive, hindering the ability for learning and memory to be 
maintained with age. 
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Abstract: Rats readily repeatedly explore their spatial environments even in the absence of 
aversive consequences or explicit appetitive rewards. In young rats, this exploratory behavior is 
not random, but governed by prior behavioral choices. In simple spatial environments, such as 
Y- or plus-mazes, young rats perform “spontaneous alternation”, i.e. distributing exploratory 
behavior around all regions of the environment. On subsequent trials, arm entries avoid 
immediately repeating entries to arms recently visited (extending two, three, or four arms back), 
supporting a hypothesis that cognitive mapping guides exploration. Memory for space highly 
depends on hippocampal function, with both spontaneous alternation and direct measures of 



hippocampal plasticity degrading under adverse conditions, including high-fat diet ingestion 
from weaning (Underwood and Thompson, 2016). The current study assessed whether 
spontaneous alternation declines with age, and whether decrements correlate with age-dependent 
changes in hippocampal biomarkers. 
Cohorts of Fisher 344-Brown Norway (FBN) hybrid rats were socially housed from weaning 
until behavioral assessment. Rats were handled daily for a minimum of 5 min for 7 d while while 
being acclimated to the testing room prior to introduction to the maze. Testing was carried out on 
a 4-arm radial maze (plus-maze), with 58 cm long x 13 cm wide x 24 cm walls high arms joined 
to a central 20 x 20 cm platform. Each rat was placed in the center area of the maze (facing the 
same direction) and allowed 12 min for free exploration. Arm entries were monitored, and 
alternations defined as 4 different arm choices out of 5 consecutive arm entries, scored serially. 
Alternation scores were calculated, dividing the number of alternations (in overlapping 
quintuplets of trials) by the number of possible alternations. Afterwards, rats were deeply 
anesthetized and brain tissue rapidly dissected for assessment of age-dependent changes in 
protein expression via western blotting. 
Through 12 mo, no significant age-dependent differences were observed in spontaneous 
alternation. Comparisons of young rat behavior to that of aged (24 mo old) rats, however, 
revealed significant age-dependent decrements in spontaneous alternation. A remaining question 
is whether these deficits are sex-dependent or shown by both males and females. Behavioral 
changes across ages are discussed in comparison to altered hippocampal protein expression, 
including the immediate-early gene Arc, the phosphatase calcineurin, the calcium-sensor 
hippocalcin, and other biomarkers of signaling pathways critical for regulation of synaptic 
plasticity and intrinsic excitability. 
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Abstract: One major feature of cognitive aging is the degradation of our capability to form 
conscious memories of what happened where and when, i.e. declarative memory. We recently 
showed in young adult male mice that estradiol enhances a key component of this memory, i.e. 
the retention of temporal associations, through CA1 NMDA receptor surface trafficking. Both 
the retention of temporal associations and the surface distribution of hippocampal NMDA 
receptors have been shown to be altered in aging. We hypothesized that a treatment with 
estradiol may normalize these aging-associated alterations and hence rescue the declarative 
memory deficit occurring in senescence. First, using a trace fear conditioning task, we found that 
(i) learning induces a redistribution of surface NMDAR in the CA1 subfield of young but not 
aged mice. This redistribution varied according to the level of the 24h-retention of the temporal 
(tone-shock) association. (ii) In aged mice, treatment with 17β-estradiol (1µM) via drinking 
water normalized the pre-learning distribution of CA1-NMDAR and abolished the retention 
deficit. Secondly, using a radial-maze task in which flexible spatial memory is assessed as a 
model of declarative memory, we found that the same estradiol treatment abolished the age-
associated memory impairment. This effect was associated with the normalization of (i) thin 
spine density in CA1, leading to a “youthful” apical dendritic spine profile, and (ii) learning-
induced CA1 (Fos) activation and functional connectivity. In conclusion, estradiol rescues aging-
related defects in CA1 function in temporal associations and declarative memory, potentially 
through NMDAR surface trafficking. 
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Abstract: Expression of the immediate-early gene Arc is essential for the formation of long-term 
memories, and experience-dependent hippocampal Arc transcription and translation are disrupted 
specifically in aged rats with spatial memory deficits. Considerable evidence also links 
cholinergic dysfunction to age-related cognitive decline. Prompted by this background, here we 
examined whether cholinergic-mediated Arc expression is affected in the hippocampus of aged 
rats. We utilized a well-established rat model of cognitive aging in which aged animals are 
categorized as impaired or unimpaired relative to young based on performance in a 
hippocampus-dependent ‘place’ version of the Morris water maze. The muscarinic cholinergic 
receptor agonist pilocarpine (25 mg/kg) or vehicle was injected (i.p.) 90 min prior to euthanasia. 
Brains were fixed, frozen sectioned, immunolabeled for Arc protein and c-Fos, and stained with 
phalloidin to detect F-actin. Labeling in hippocampal CA1 and CA3 cell fields was digitized 
using a Typhoon Trio Plus Scanner, and immunofluorescence intensity was quantified using 
ImageJ. Cholinergic stimulation in young and aged-unimpaired rats lead to similar effects on Arc 
and c-Fos expression, yielding significant increases in both markers relative to age-matched 
vehicle control values. In contrast, aged-impaired rats displayed increased basal levels of c-Fos 
expression relative to young and aged-unimpaired animals, and a failure of both Arc and c-Fos 
induction following pilocarpine injection. Together these findings suggest that disrupted 
cholinergic signaling may contribute to uncoupling neuronal activity from hippocampal Arc 
expression in cognitive aging. 
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Abstract: Adult neurogenesis is impaired in disorders of stress, memory, and cognition though 
its normal function remains unclear. Moreover, a systems level understanding of how a small 
number of young hippocampal neurons could dramatically influence brain function is lacking. 
We examined whether adult neurogenesis sustains hippocampal connections across the life span. 
Long-term suppression of neurogenesis as occurs during stress and aging resulted in a 
progressing alteration in hippocampal acetylcholine and the slow emergence of profound 
working memory deficits. These deficits were accompanied by compensatory rewiring of 
cholinergic dentate gyrus inputs. Our study demonstrates that hippocampal neurogenesis 
supports memory by maintaining the septohippocampal circuit across the lifespan. It also 
provides a systems level explanation for the progressive nature of memory deterioration during 
normal and pathological aging and indicates that the brain connectome is malleable by 
experience. 
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Abstract: Hippocampal place cells are selectively activated when the animal physically occupies 
a particular location in space, leading to the idea that they comprise a cognitive map of the 
external world that animals use to solve spatial problems. Our prior work has shown that even 
extensive visual observation of a region of a rat’s environment is insufficient to create a stable 
hippocampal place cell map without its direct experience (Rowland et al, 2011). However, many 
studies have shown that sequences of place cells can traverse unoccupied space, in some cases 
even into unexplored portions of the animal’s environment. Moreover, many studies over the 
years suggest that animals are capable of learning by observation, and that the stabilization of a 
place cell map depends upon the level of an animals’ attention to space. This raises the question 
of whether rats create stable maps of observed space during observational learning. We have 
therefore developed an observational spatial learning task that allows us to unambiguously 
address this question. It relies upon the same arena used in our prior work consisting of two 
concentric squares: an outer square with asymmetric spatial cues on the walls, and an inner 
square made out of clear plastic. The only difference is the presence of 12 identical food wells in 
the outer square. One rat (the Demonstrator) learns the location of a hidden food reward placed 
in one of the wells, with odor and visual cues rendered uninformative. The other rat (the 
Observer) is familiarized only to the clear inner square, but is then allowed to watch the behavior 
of a trained Demonstrator rat. On the test day, the Observer rat is allowed into the outer square 
for the first time and is scored on which well it chooses to dig in first. Remarkably, the behavior 
of Observer rats on the test day is indistinguishable from that of the trained Demonstrators, 
which are both easily distinguishable from naïve animals. The Observer animal thereby shows 
purely observational learning of spatial knowledge. We present the results of recordings from 
Observer rats implanted with tetrode arrays in hippocampal CA1 to see whether their 
demonstrable spatial knowledge of a purely observed space resulted in a stabilization of the 
animal’s hippocampal representation of unexplored space, in whole or in part, purely by virtue of 
the animal paying attention to an observed space. Rowland D, Yanovich Y, Kentros C, (2011) 
PNAS USA, 108(35):14654-8 
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Abstract: Recent years have seen the development of extraordinary molecular tools for 
neuroscience, from transgenes that allow the control or visualization of neuronal activity to 
precise and unambiguous neuroanatomical tracing systems. However, the full potential of such 
tools can only be realized if they are deployed with anatomical specificity that approaches the 
granularity at which neural circuits operate. This cell-type specificity can only be obtained by 
molecular genetic methods. To date this has involved using the specificity of native promoters to 
direct transgene expression, either by using minimal promoter constructs with viral vectors or 
pronuclear injections into oocytes, or by knocking the transgene directly into the native RNA 
transcript via homologous recombination. However, despite several initial successes, these 
techniques have serious limitations. Viruses and transgenic lines made with minimal promoters 
typically do not faithfully phenocopy native gene expression. Even knock-ins, which can do so, 
are limited by the fact that very few genes actually express exclusively in a single cell type. 
Therefore, all these approaches have fatal flaws. Leveraging precise tissue dissection techniques 
with ChIP-Seq of histone modifications associated with active enhancers, we have identified 
enhancers active specifically in particular brain regions. Combining these tissue specific 
enhancers with a mutated minimal promoter incapable of driving gene expression alone has 
allowed us to generate lines of transgenic mice, which target distinct cell types of particular brain 
regions. While our first proof-of-principle case targets distinct neurons of the Medial Entorhinal 
Cortex, this method can be used to target cells of any brain region. Ultimately, this enhancer-
based approach should provide a means to deliver any transgene to any cell type in the brain, 
greatly enhancing our ability to understand the native circuitry of the brain at the level of 
granularity at which it operates. 
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Abstract: The subiculum is one of the main output regions of the hippocampal formation. 
Together with CA1 it provides input to a number of cortical and subcortical regions which rely 
on spatial and mnemonic information previously processed in the hippocampus proper. While 
the firing properties of CA1 place cells have been investigated quite extensively, our current 
knowledge of neuronal computation and representation in the subiculum remains very limited. In 
previous studies of subicular neurons, Lever et al. (2009) have identified boundary vector cells 
and Deadwyler and Hampson (2004) have reported the presence of cells with task phase specific 
firing in a delayed non-match to place task. However, it is unclear how abundant these cells are 
and little is known about how they are distributed along the subiculum’s proximodistal axis and 
across its layers. Furthermore, it is unknown whether they form distinct functional populations or 
a single population with mixed selectivity. To address these questions, we performed 
extracellular recordings of single units in the subiculum while rats were alternating between 
random foraging for chocolate milk rewards and goal directed running in an adapted version of 
the Pfeiffer & Foster task (2013), a task where animals search for food rewards in an array of 6 x 
6 food wells on an open arena. We found cells that changed their firing rate according to which 
phase of the task the animal was in. Other cells responded for features of the environment like 
the food wells or the walls. The response to food wells or walls appeared to be unaffected of, or 
in some cells even diminished by, the presence reward. These various functional cell types where 
unequally distributed along the proximodistal axis; while cells that responded to the food wells 
could only be found in the very proximal part of subiculum (and the distal CA1), the others were 
more dispersed. It thus appears that the subicular output varies quite substantially along its 



proximodistal axis and that the information provided is not amplifying but complementing 
hippocampal CA1 output. 
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Abstract: Temporal spike coordination enables transient functional coupling between brain 
regions in accordance with behavioral demands (Singer, 1993, 1999). During navigation, spatial 
maps in the hippocampus are thought to interact with action-planning systems in other regions of 
cortex, such that the animal will eventually reach the goal location. In agreement with this idea, 
previous studies have reported enhanced spike coordination between the medial prefrontal cortex 
(mPFC) and hippocampal area CA1 on the central stem of a T-maze, before the animal makes a 
decision about the next lap (Jones and Wilson, 2005). The enhancement is specific for the theta-
frequency band. While this spike coordination was thought to reflect enhanced signal flow from 
CA1 to mPFC, the circuit mechanisms and the functional significance of the coordination are 
still largely unknown. We now show that spike coordination in mPFC and CA1 can also enhance 
signal flow in the reverse direction, from mPFC to CA1, by using the midline thalamic nucleus 
reuniens (NR) as a relay. Rats were trained to perform a continuous alternation task on a T-maze 
with return paths. Spikes of NR neurons, which receive mPFC inputs and project to CA1, 
exhibited enhanced phase-locking to theta oscillations in CA1 LFPs on the central stem of the 
maze. There was not a corresponding increase in phase locking in other parts of the maze. 



Consistent with the spike data, there was enhanced theta phase coherence between CA1 and NR 
LFPs on the stem. Thus, mPFC and CA1 cells are reciprocally coupled at times when animals 
make decisions about subsequent trajectories. What is the mechanism of coupling between 
mPFC, NR, and CA1 during decision making on the stem of the maze? We found that the 
supramammillary nucleus (SUM) in the hypothalamus plays a key role in coordinating the three 
regions. SUM gives rise to inputs to mPFC, NR and hippocampal area CA2, which in turn 
projects to CA1. Neurons in SUM exhibited enhanced phase-locking to theta oscillations in CA1 
LFPs on the central stem, in the same way as mPFC and NR neurons. When SUM activity was 
silenced optogenetically, theta-frequency spike coordination in the mPFC-NR-CA1 circuit was 
significantly reduced. Representations of future trajectories in CA1 place cells, which depend on 
mPFC-NR inputs (Ito et al., 2015), were reduced after silencing of SUM. Taken together, the 
findings point to SUM-mediated temporal spike coordination as a key mechanism for controlling 
signal flow from mPFC through NR to the CA1 during spatial decision making. 
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Abstract: Grid cells of the medial entorhinal cortex (MEC) are defined by their periodic spatial 
receptive fields that tile two-dimensional environments. Since the discovery of grid cells, much 
discussion has focussed on the mechanism responsible for their firing patterns, and 
computational network models have demonstrated proof of concept for several distinct 
mechanisms. Although empirical studies of grid cells have yet to provide compelling evidence 
for any particular mechanism, the observation of fixed spatial relationships between comodular 
grid cells has been interpreted in terms of low-dimensional attractor-like behaviour, which could 



result from selective connectivity of individual grid cells within a module. 
We hypothesized that, if specific connectivity is a primary determinant of grid cells’ spatial 
tuning, low-dimensional attractor dynamics might persist during sleep, when grid cells are not 
engaged in navigational computations. To address this prediction, we performed extracellular 
electrophysiological recordings of grid cell ensembles in rats in vivo using chronically implanted 
tetrodes, during open field running (OF) and sleep. 
We examined pairs of simultaneously recorded comodular grid cells and found that grid cells' 
spatial phase differences predicted temporal spiking relationships during slow-wave sleep 
(SWS). Pairs of grid cells with similar spatial phases (indicated by positive rate map correlation 
values) in OF fired coincidently within latencies of 20 ms during SWS. Conversely, cell pairs 
with distant spatial phases (indicated by negative rate map correlation values) avoided spiking 
together within this period. Conjunctive grid/head-direction cells were predisposed to fire 
simultaneously with grid cells of similar spatial phase, while they also fired synchronously with 
head direction cells of similar directional tuning, suggesting that the structure of the entire 
spatio-directional map was retained. During rapid-eye-movement sleep (REM), the same trends 
were apparent as in SWS, suggesting that the phenomenon is not confined to hippocampal sharp-
wave-ripple replay epochs. The time scale of cross-correlations appeared compressed in SWS 
relative to both REM and OF, consistent with the acceleration of temporal dynamics seen in 
various brain regions during SWS. 
In summary, we found that the spatial tuning relationships of individual grid cells, conjunctive 
grid/head-direction cells, and pure head-direction cells, predicted their temporal spiking 
correlations during sleep, supporting the hypothesis that selective connectivity forms an 
important contribution to the spatial firing properties of grid cells. 
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Abstract: Grid cells in the enthorinal cortex fire in a triangular pattern that tessellates the surface 
of the surroundings. Detailed analysis has shown that the grid pattern displays local distortions in 
the shape and the orientations of the grid vertices, distortions that often are related to the walls 
and corners of the recording enclosure. Consistencies in the pattern of distortions over animals 
suggest that they arise from a common mechanism, possibly reflecting anchoring of the grid to 
the local geometry of the environment. 
The aim of the present study was to determine how grid patterns develop and how they anchor to 
the environment during the first minutes of experience in a new enclosure in an unfamiliar room. 
Cells were recorded for several sessions subsequent to the initial exposure to monitor the long 
term development of the grid pattern. To visualize local changes in the grid we used a sliding 
window crosscorrelation on rate maps within or between sessions during familiarization to the 
novel environment. 
The stability of the grid in a new environment varied between different experiments and ranged 
from being stable after the first session to needing several sessions to stabilize. There was 
variation in the stability of different fields of the same grid cell, both during the first and during 
subsequent sessions. Whereas some fields were stable from the first visit to a location, others 
shifted across visits. New fields sometimes arose in locations already visited by budding off from 
neighboring fields. In some experiments, a large part of the grid, consisting of several vertices, 
shifted coherently while the rest was stationary or moved in a different direction. This partial 
shift, which was consistent over simultaneously recorded cells, could be an indication that the 
grid over time reduces mismatches in grid fragments with different initial anchoring locations. 
To conclude, grid cells display rich dynamics when animals learn a new environment, possibly 
reflecting how the entorhinal cortex uses sensory cues such as corners and walls of the 
environment for anchoring. 
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Abstract: The medial entorhinal cortex is one of the central hubs of the mammalian spatial 
representation system. A key component of this system is the grid cell, whose firing fields tile 
the available space in a remarkably periodic hexagonal pattern. Grid cells are unique in the sense 
that no similar pattern exists in the animal’s sensory inputs, pointing to intrinsic circuits of the 
spatial representation system as the source of the pattern. Recent theoretical models have 
identified the inhibitory network of the MEC circuit as a potential critical element in the 
formation of grid patterns (Burak and Fiete, 2009; Couey et al., 2013). In the present study, we 
designed experiments to test whether grid cells depend on local inhibitory interneurons and if 
they do, whether specific classes of interneurons are required. A pharmacogenetic approach was 
employed to silence specifically either parvalbumin (PV)-, somatostatin (SST)- or vasoactive 
intestinal polypeptide locus (VIP)-expressing interneurons during recording from spatially 
modulated MEC cells in freely moving mice. Three different Cre lines of transgenic mice were 
used - PV-Cre, SST-Cre and VIP-Cre. During surgery, each mouse was injected in MEC with 
Cre-dependent adenoassociated virus (AAV) expressing the pharmacologically selective 
designer Gi-protein-coupled muscarinic receptor hM4D (Armbruster et al., 2007). This led to 
selective expression of hM4D receptors in PV, SST or VIP interneurons. Subsequent i.p. 
injection of clozapine-N-oxide (CNO), a specific ligand of hM4D, caused selective inactivation 
of the respective interneuron subtypes. CNO caused a clear disruption of the hexagonal firing 
pattern in grid cells when the hM4D receptor was expressed specifically in PV-positive 
interneurons in the PV-Cre line. Spatial periodicity was reduced, and firing was dispersed across 
most of the recording environment. In sharp contrast to the PV-Cre line, there was no change in 
the grid pattern in SST-Cre mice. Firing rates increased after CNO in both mouse lines. VIP-Cre 
animals are currently being tested. The effect in the PV-Cre group was selective for grid cells; no 
changes in the spatial firing properties of border cells or the directional tuning of head direction 
cells could be detected. Taken together, these findings point to a unique role for PV-expressing 
interneurons in the local functional connectivity that enables formation of grid patterns in 
principal cells of the MEC. 
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Abstract: The medial entorhinal cortex (MEC) is a key element of the brain circuit responsible 
for spatial mapping of the local environment. An important component of this circuit is the 
network of grid cells, cells with hexagonally patterned firing fields that, together with head-
direction and border cells in the same region, provide a dynamic representation of the animal’s 
changing position in space. The characteristic hexagonal firing pattern of grid cells appears at a 
late stage of postnatal development (around postnatal day P28 in rats, Langston et al., 2010), 
suggesting that the grid-cell system is not hardwired at birth but matures in conjunction with the 
animal’s first spatial experiences. However, the mechanisms underlying the development of grid 
cells and the possible contribution of synaptic plasticity have not been determined. To address 
these questions, we applied Cre-lox technology to specifically knock out (KO) the NR1 subunit 
of the N-methyl-D-aspartate (NMDA) receptor in MEC. Floxed NR1 mice were bilaterally 
injected with an adeno-associated viral (AAV) vector encoding for Cre recombinase, either at P1 
or in adulthood, and then surgically implanted with electrodes for subsequent recording of 
neuronal activity in MEC during exploration of a familiar 1 x 1 meter open arena. Recording 
electrodes targeted layer II of dorsal MEC in all animals. A subset of the injected animals was 
used to verify KO of NMDA -receptors using in vitro patch clamp recordings. These recordings 
showed that the Cre-lox system reliably disrupted NMDA-currents in MEC cells. Grid-like firing 
in the open arena was consistently disrupted in KO mice injected with AAV-Cre at P1, while the 
control group (consisting of floxed NR1 animals injected with an AAV-vector encoding for a 



control fluorophore) displayed normal hexagonally patterned fields. The effect of injections at 
adult age is currently under investigation. Taken together, these findings point to a critical role 
for NMDA receptor-dependent synaptic plasticity in the formation or maintenance of grid-like 
firing patterns in MEC cells. 
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Abstract: The medial entorhinal cortex (MEC) contains the basic elements of the brain’s 
representation of space. The most abundant cell type in this representation is the grid cell, which 
fires at the vertices of a periodic hexagonal array that covers the entire available environment. 
Since no external stimulus occurs with a grid-like pattern, it is thought that the periodic firing 
pattern of the grid cells is formed by network computations and, as such, should be influenced by 
local microcircuit connectivity. In support of this hypothesis, and unlike other spatially 
modulated cells, the regular firing of grid cells emerges at the end of a protracted period during 
postnatal development, which coincides with the structural and functional maturation of the layer 
II (LII) microcircuit. However, the mechanisms regulating LII network development and its 
possible influence on computation in grid cells are poorly understood. Here we investigate the 
structural maturation of the MEC network, looking at the interplay between excitatory neurons 



(stellate and pyramidal cells) and fast-spiking interneurons. By systematic labeling of neuroblasts 
targeted by in-utero infection during neurogenesis, and quantitative analysis of maturation 
markers, we primed cohorts of neurons born in specific time windows (“isochronic cells”) for 
further characterization and manipulation. MEC cells developed in a cell type-dependent 
manner. In stellate cells neurogenesis progressed topographically, with the earliest born cells 
located in the dorsal MEC and later born at progressively more ventral locations. A similar 
dorso-ventral gradient was not observed in pyramidal cells or interneurons. In contrast, all cells 
showed dorsal-to-ventral topography in maturation, but in pyramidal cells and fast-spiking 
interneurons, this topography was completely disrupted by chronic pharmacogenetic silencing of 
isochronic stellate cells during postnatal days P14-P20. Maturation of stellate cells was 
unaffected by such silencing, independently of birth date and dorso-ventral position of the 
inactivated cohort. The findings suggest that maturation of the MEC LII microcircuit is driven by 
excitatory activity in developing stellate cells. Local excitation is necessary for maturation of 
pyramidal cells and fast-spiking interneurons but not stellate cells. The topographical distribution 
of isochronic cohorts of stellate cells may set the pace for the dorsal-to-ventral topography of 
MEC maturation. 
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Abstract: In the medial entorhinal cortex (MEC), speed cells form a functionally distinct 
neuronal population, consisting of cells whose firing rates increase linearly as a function of 
locomotion speed. This speed signal is believed to be a key component for the dynamic update of 
grid cell activity. However, the origin of this speed signal has not been determined. Recently, 
several studies have reported speed-coding neurons in the mesencephalic locomotor region 
(MLR), an area where electrical stimulation has long been known to induce locomotion, but it 
remains unclear whether and how signals from these neurons reach the MEC. Here we combined 
classical anatomical tracing studies with chronic unit recording and optogenetics in freely 
moving rats to search for a putative speed circuit between the pedunculopontine tegmental 
nucleus (PPN), a functional component of the MLR, and the MEC. Simultaneous injections of a 
retrograde tracer in the MEC and an anterograde tracer in the PPN revealed strong overlap 
between labelled PPN axons and MEC-projecting cell bodies in the ventral medial septum and 
diagonal band of Broca (MS/DB). Chronic in vivo tetrode recordings during free foraging in an 
open field confirmed the presence of speed cells with linear speed-rate relationships at all three 
levels of the putative circuit - PPN, MS/DB, and MEC. Optogenetic stimulation of 
channelrhodopsin-2-expressing neurons in PPN was followed, at regular latencies, by activation 
of subsets of cells in MS/DB, and we are currently searching for similar responses in MEC to 
assess the possibility that speed cells in the three areas are synaptically connected. We are also 
currently investigating whether speed coding in PPN and MS/DB is prospective, as it is known to 
be in MEC, and as would be expected if the code is derived from ascending motor-efference 
signals. Taken together, the results raise the possibility that the PPN-MS/DB-MEC circuit 
mediates the coding of a speed signal with relevance for dynamic spatial mapping and 
navigation. 
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Abstract: The medial entorhinal cortex is the hub of a spatial representation system consisting of 
a variety of functional cell types - including grid cells, border cells and head direction cells - 
which each represent a specific element of the animal’s current location. For activity to be 
translated from one group of active cells to another in a way that reflects the animal’s movement 
in the environment, these cells must have access to information about the current speed of the 
animal. Speed-responsive cells have recently been shown to exist in the MEC circuit (Kropff et 
al., 2015). Here we show that almost half of the entorhinal speed-cell population has interneuron-
like firing properties, such as narrow waveforms and high firing rates. More than 70% of all fast-
spiking cells were speed cells, as was more than one-third of the hippocampus-projecting fast-
spiking cells. Using GAD65-Cre, PV-Cre, SST-Cre, VIP-Cre, and CCK-Cre transgenic mice, in 
combination with local entorhinal injections of channelrhodopsin (ChR2)-expressing Cre-
dependent adeno-associated virus (AAV), we are currently testing with an optogenetic tagging 
approach whether speed cells in MEC express markers for specific classes of interneurons. 
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Abstract: The medial entorhinal cortex (MEC) is a hub of a brain network for dynamic 
representation of location. MEC neurons are functionally specialized in the sense that different 
neurons encode different features of the animal’s position within an environment. The most 
abundant cell type is the grid cell, which on open surfaces is characterized by periodic firing 
fields that form a triangular lattice across the entire environment visited by the animal.  While 
most cell types of the MEC network express adult-like firing when rats are exposed to an open 
spatial environment for the first time a few days after eye opening, grid cells mature more 
slowly, over a two-week period after the animals leave the nest. Whether the slow emergence of 
grid patterns reflects a need for experience with salient spatial cues has not been determined, 
however. Here we show that grid cells can still be formed in rats that are raised for the first 
months of their life in opaque spherical environments, in the absence of stable reference 
boundaries that can be used for spatial orientation. In such animals, grid-like firing patterns are 
almost absent during the first trial in an environment outside the sphere, but grids emerge upon 
repeated exposure. In rats that are raised in a similarly opaque cube, with sharp vertical 
boundaries, cells express grid-like firing from the beginning. A mild disruption of grid formation 
was observed in rats with similarly prolonged exposure to spherical environments at adult age. 
Taken together, the results suggest that the periodic firing of a grid cell is determined primarily 
by intrinsic network dynamics, although a minimum of experience with geometric references, at 
young or adult age, is required for stable expression of grid patterns. 
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Abstract: In the medial entorhinal cortex (MEC), grid cells represent environmental distances in 
the form of repeating firing fields and are thought to serve as a metric for navigation. On planar 
surfaces grid fields form an approximately evenly spaced, tessellating pattern, however it is not 
known how grid fields are organized on more complex, undulating terrain that is common in 
natural environments. Here we recorded from grid cells in freely moving rats as they foraged in a 
rectangular arena (2 x 1m), with either a flat floor or a floor with three evenly spaced hills. To 
accomplish this in the same recording arena, we covered the hills for a portion of the trials with a 
removable floor (see right part of figure). We found that the pattern of grid cells tended to 
contain more fields on the bumpy floor than the flat floor, consistent with its greater total surface 
area. Furthermore, the horizontal projections of the grid pattern on the hilly floor had decreased 
average grid spacing compared to the flat surface, which was partially recovered by using the 
total 3 dimensional distance between field centers. Preliminary analysis suggests that the 
decrease in spacing depends on the size of the grid. In animals in which we recorded grids from 
larger modules, the change in spacing was substantial and primarily due to a decrease in field 
distances along the length of the box. In animals with smaller grids (< 30cm), this effect was 
diminished or absent. Experiments are underway to distinguish whether these differences are 
consistent across animals. Together these observations raise the possibility that grids with 
different spacing encode distances in different ways, with at least some modules taking into 
account the total distance traveled on non-planar surfaces to estimate position in three 
dimensions. 
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Abstract: Grid cells in the medial entorhinal cortex of mammals form a hexagonal pattern that 
tessellates the space in which the animal navigates. There are however two key issues that are 
still unclear about the properties of grid cells with major impact on understanding how they can 
be used in navigation. First, it is unknown whether the different fields of a single grid cell are 
simple replicas of each other. If each field is simply a translation of another field, the code 
provided by a single grid cell about where the animal is in the space is ambiguous. This 
ambiguity will certainly decrease if there are stable field-to-field variations in, for instance, the 
firing rate of a grid cell. The second issue is if grid cells cover the space uniformly, namely, if at 
any position in space, the number of cells coding for that position is the same as at any other 
position. A uniform coverage, for which some evidence exists in the literature, is consistent with 
one of the major models of grid cells, the continuous attractor models. In fact, the uniformity of 
coverage is required for attractor networks as currently implemented to function at all. 
However, from a coding perspective it makes little sense to cover the space uniformly, allocating 
similar number of cells (that will lead to similar accuracy in representing the space) to 
behaviorally relevant positions versus others. 
We assessed the differences in the firing rate of the various fields of grid cells, as well as the 
uniformity of the coverage, by analyzing a total of 562 grid cells from multisite tetrode 
recordings in five rats, and 48 grid cells recorded in a mouse using a microdrive of tetrodes All 
the data was recorded in familiar, square, open-field environments. 
For each cell, we observed stable and reproducible variations in the firing rate of the cell across 
its fields, proving that each field is not simply a translation of another one. Regarding the 
uniformity of the spatial coverage, we found that the result depended on the modular structure of 
the grid cells. Of the ten modules with sufficiently many cells to perform a meaningful statistical 
test, there were six with small spacing and four with large. Evidence of lack of uniformity 
(clustering) was found in half of the modules. 

Disclosures:  Y. Roudi: None. D. Wennberg: None. Z. Huang: None. B. Dunn: None. Ø.A. 
Hoydal: None. M. Moser: None. E. Moser: None. 



Poster 

183. Grid Cells and Hippocampal Interactions 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 183.15/KKK8 

Topic: H.01. Animal Cognition and Behavior 

Title: Integration of independently anchored grid maps in merged environments 

Authors: *T. WERNLE1,2, M. MORREAUNET1, A. TREVES3, E. I. MOSER1, M.-B. 
MOSER1;  
1Kavli Inst. For Systems Neuroscience/Cnc, Trondheim, Norway; 2Janelia Res. Campus, 
Ashburn, VA; 3SISSA-Cognitive Neurosci., Triest, Italy 

Abstract: In natural environments, local maps of grid cells and place cells are thought to be 
stitched together at salient landmarks. Each map may be anchored to different features of the 
environment but the mechanisms for generating transitions between differentially anchored 
spatial maps have not yet been established. To search for these mechanisms, we trained rats in 
two rectangular compartments A and B (each 1x2m) separated by a wall. Once two distinct grid 
maps were established, one for each environment, we removed the partition wall and allowed the 
rat to explore the merged open square box (2x2m). Exploration in the large environment was not 
accompanied by de novo grid formation. Instead, the original grid patterns of the rectangular 
boxes were largely retained, but with decreasing similarity along an axis from the outer walls 
towards the centre. Centrally in the box, where A and B environments merged, individual grid 
fields changed location, resulting in increased local spatial periodicity and the creation of local 
continuity between the two original maps. The grid pattern was rarely a simple extension of the 
A map or the B map. The reorganization of the grid maps was expressed already during the first 
exposure to the merged environment, suggesting that it takes place on a fast time scale. Grid cells 
of the same module responded coherently to the intervention, more than grid cells from different 
modules, suggesting that the reorganization was modular. Taken together, the data suggest that 
when environments are merged, differentially anchored grid maps fuse very rapidly, with 
reorganization of the grid field locations in the centre, in a direction that causes local periodicity 
to be established throughout the environment. 
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Abstract: The entorhinal cortex (EC) constitutes the main cortical gateway to the hippocampal 
formation. EC comprises two divisions, the lateral (LEC) and medial entorhinal cortex (MEC), 
which are functionally different. While neurons in MEC code information relevant for spatial 
navigation, neurons in LEC code for objects and their position in the environment. In the present 
study, we aimed to characterize the postsynaptic targets of inputs in LEC from perirhinal cortex 
(PER), piriform cortex (PIR) and MEC. We first injected anterograde tracers in mice to study the 
distribution of projections from these areas, showing that axons from all three regions distribute 
in superficial layers of LEC. Second, we injected adeno-associated virus (AAV) carrying 
channelrhodopsin (ChR2) either in MEC or in PIR. We subsequently performed patch clamp 
recordings from superficial LEC neurons in acute semi-coronal brain slices, optimized to 
maintain PER to LEC connectivity, while optogenetically stimulating the AAV labeled fibers 
and activating PER with a bipolar electrode. We recorded from 43 superficial principal neurons, 
identified by their biophysical features. Neurons responded to laser stimulation of AAV labeled 
PIR axons (N=10), to electrical stimulation of PER (N=21), or to both electrical stimulation of 
PER and laser stimulation of axons from MEC (N=4) or PIR (N=8). We are currently identifying 
the recorded principal neurons morphologically and immunochemically. Our results indicate that 
superficial principal neurons in LEC likely receive convergent information. * T.P.D. and E.S.N. 
contributed equally to this study 
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Abstract: The direct, monosynaptic input from the entorhinal cortex to the CA1-CA3 place cells 
arrives mostly from layerIII entorhinal cortical pyramidal cells, which are conveying spatial and 
non-spatial information as well. A particularly interesting spatial information generated in the 
medial entorhinal cortex is the so called grid-cell firing. How this geometrically aligned firing 
pattern arises is still a continuous debate. One entorhinal cortex specific cytoarchitectonic feature 
is the patch-like islands in layerII, which has been recently theorized to play a major role in 
forming grid-cell firing. This patchy structure of layerII, however, do not appear in deeper 
cortical layers where grid cells are also present. Therefore, we investigated the layerII-III cells 
dendritic and somatic alignment. Recent studies suggested that only the layerII calbindin positive 
cells form patchy structures in the MEC and the apical dendrites of deeper cortical layer located 
pyramidal cells fill up the space around these patches as a “matrix”. We found that the cell 
bodies of both layerII and III principal cells are relatively homogeneously aligned, however, the 
dendrites of both the layerII calbindin positive pyramidal cells and the layerIII pyramidal cells 
form well defined dendritic clusters which are aligned in a patch-like structure. With the help of 
light, electronmicroscopical and super-resolution microscopy we also revealed that these patches 
of layerIII apical dendrites receive excitatory inputs from the presubiculum. The presubical 
axons largely prefer the spines of layerIII pyramidal cells over the layerII calbindin positive 
pyramidal cells. Importantly, presubiculum conveys both head-directional and grid-cell firing 
information, therefore we suggest that the grid-cell firing in layerIII might be formed in a parallel 
manner with the layerII grid-cells. 
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Abstract: We investigated the structural development of superficial-layers of medial entorhinal 
cortex and parasubiculum in rats. The grid-layout and cholinergic innervation of calbindin-
positive pyramidal cells in layer 2 emerged around birth while reelin-positive stellate cells were 
scattered throughout development. Layer 3 and parasubiculum neurons had a transient calbindin-
expression, which declined with age. Early postnatally, layer 2 pyramidal but not stellate cells 
co-localized with doublecortin - a marker of immature neurons. This suggested delayed 
functional maturation of pyramidal cells compared to stellate cells and mirrored the dichotomy 
of functional maturation of grid and border cells respectively. Three observations indicated a 
dorsal to ventral maturation of entorhinal cortex and parasubiculum: (i) calbindin-expression in 
layer-3 neurons decreased progressively from dorsal to ventral, (ii) doublecortin in layer-2 
calbindin-positive patches disappeared dorsally before ventrally, and (iii) wolframin expression 
emerged earlier in dorsal than ventral parasubiculum. The early appearance of calbindin 
pyramidal grid organization in layer 2 indicates that this pattern is instructed by genetic 
information rather than experience. Superficial layer microcircuits mature earlier in dorsal 
entorhinal cortex, where smaller spatial scales are represented while microcircuits in the ventral 
entorhinal cortex - representing larger spatial-scales - mature later around the onset of spatial 
exploratory behavior. 
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Abstract: To form stable estimates of location, the brain must combine input regarding sensory 
landmarks with input regarding the animal’s motion relative to these landmarks. The velocity 
estimate could derive from many sources, including locomotor, vestibular, and optic flow cues. 
To probe the relative contributions of different classes of inputs to spatial coding in the medial 
entorhinal cortex (MEC), we compared entorhinal activity in mice between open arenas and 
head-fixed virtual reality. Grid, as well as other entorhinal, cells were tuned to multiple positions 
on the virtual linear track. Gain manipulations, which put self-motion and visual cues in conflict, 
revealed that grid cells were influenced by self-motion cues more strongly than any other cell 
type. Speed cells maintained their tuning on the virtual track, though with an average decrease in 
slope that quantitatively matched the expansion of grid cell spacing in VR, and responded to gain 
manipulations in a manner consistent with grid cell responses. During gain manipulations, grid 
cells, speed cells, and theta were driven more strongly by self-motion during decreases in gain 
than increases in gain, suggesting that the relative strength of self-motion and visual inputs to 
speed estimates may be contextually dependent. Despite the importance of self-motion cues to 
grid cells and subsets of other MEC neurons, all cell types were sensitive to the presence of 
visual landmarks on the track, showing pronounced reductions in stability when landmarks were 
removed, even when optic flow cues were still available. These data indicate that a subset of the 
MEC population, including most grid cells, estimates position by integrating self-motion signals 
over time, but that this estimate rapidly degrades in the complete absence of environmental 
landmarks. 
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Abstract: In order to survive, animals must maintain an internal representation of their current 
location and movement. Superficial medial entorhinal cortex (sMEC) likely supports this 
representation, as sMEC neurons have been shown to modulate their activity with the animal’s 
position, head direction, or running speed. However, the conventional tuning curve-based 
methods that are typically used to characterize a cell’s coding properties fail to describe >50% of 
recorded cells, indicating that these heuristics may only reveal the tip of the iceberg of sMEC 
coding properties. To gain an unbiased understanding of sMEC encoding properties, we 
employed a statistical model-based approach in which we fit a series of nested generalized linear 
models (GLMs) containing various combinations of position, head direction, and speed 
information. We then used principled hierarchical probabilistic model selection methods to 
detect which variables each cell encodes. 
Our method reveals that classical metrics miss several important features of entorhinal coding. 
First, we detect more navigationally-relevant neurons: of 794 neurons recorded from mice during 
open field navigation, we find that 72% encode at least one variable, while classical metrics 
detect only 45%. Second, we observe increased conjunctive encoding: the model-based method 
reports that 37% of cells encode multiple variables, while classical methods report 6%. Third, we 
observe a striking degree of heterogeneity across the population: we see a wide range of tuning 



curves, no evidence of a relationship between the variables a cell encodes and the tuning curve it 
exhibits, and little structure in the degree to which a cell differentially encodes these variables. 
Why might sMEC exhibit high levels of conjunctive coding and heterogeneity? First, previous 
information theoretic analyses suggest that conjunctive cells are advantageous when sensory 
inputs vary rapidly (Finkelstein et al., COSYNE, 2015). Consistent with this, we find that the 
fraction of conjunctive cells increases with running speed, with some cells adaptively gaining 
features under faster speeds. Second, through simulated population-level recordings, we find that 
the number of linearly independent neural activity patterns increases with the degree of 
conjunctive coding and heterogeneity. Importantly, this is advantageous for operations like 
robust pattern separation in dentate gyrus. 
Combined, our methods successfully confront MEC heterogeneity, uncover adaptive behavioral-
state dependent changes in its coding properties, and show that MEC exhibits characteristics that 
are specifically advantageous for downstream decoding. 
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Abstract: Medial entorhinal cortex (MEC) grid cells fire at regular spatial intervals and project 
to the hippocampus, where place cells are active in restricted locations. Germline deletion of 
forebrain HCN1 channels increases both grid and place cell spatial scales, pointing to HCN1-
dependent ion channel kinetics as crucial for setting the scale of spatial representations. 
However, the mechanism of these effects, and the precise role of HCN1 in spatial memory 
remain unknown. We addressed these questions by specifically reducing HCN1 in the MEC of 
adult mice. First, we find that grid scale expands, demonstrating that the influence of HCN1 on 



grid scale is not confined to developmental window. Strikingly, CA1 place field size also 
increases, despite the preservation of speed, head direction, and border cells, suggesting that 
changes in grid scale may directly influence the scale of place representations. This expansion is 
strongest in place fields located within the center of the environment, where grid cell, rather than 
border cell, input may have a stronger influence on place cell properties. Finally, we probed the 
impact of increased spatial scale on learning and memory. In HCN1 knockdown mice we 
observed normal reference memory on the Barnes and Morris Water Maze tasks, but impaired 
rapid place learning on a delayed match to place task. Ongoing experiments will help reveal 
whether this selective impairment results from an inability to encode orthogonal spatial locations 
within a single spatial context. Together, our data point to HCN1-dependent membrane 
biophysics as major contributors to grid scale, and suggest that HCN1-driven grid scale 
expansion results in expanded CA1 place fields and impaired spatial memory. 
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Abstract: Spatial representations in the hippocampus and entorhinal cortex are systematically 
affected by deformations of environmental geometry. When a familiar environment is deformed, 
the firing fields of large-scale entorhinal grid cells stretch to match the deformation, while the 
fields of small-scale grid cells remain unchanged. Similarly, the firing fields of hippocampal 
place cells stretch, bifurcate, or disappear as the environment is progressively deformed. The 
origin of these stereotyped responses is not yet known. We propose a mechanism that involves 
input from entorhinal border cells which are active only near particular environmental 
boundaries, and stretch to continue covering that boundary when it is elongated. To test our 
proposal we constructed a model of the interaction between grid cells, place cells and border 



cells and asked whether input from entorhinal border cells alone might be sufficient to account 
for the diverse influences of environmental deformations on grid and place cells. Specifically, we 
modeled multiple grid cell modules, each corresponding to a different spatial scale, as separate 
attractor networks (Burak & Fiete, 2009), elaborated to include additional input from border 
cells. Although initially random, connections from border to grid cells were tuned via 
competitive Hebbian learning during simulated exploration of the environment. Similarly and 
simultaneously, place cells were developed from initially random grid and border cell inputs 
tuned via competitive Hebbian learning during simulated exploration (Pilly & Grossberg, 2012). 
To test the model, we first simulated grid and place cell responses to parametric deformations of 
a familiar open field environment. We observed changes in the firing properties of simulated grid 
and place cells matching the responses of recorded grid (Stensola, et al., 2012) and place cells 
(O’Keefe & Burgess, 1996). Exploring further, we found that parametric compressions of a 
familiar linear track resulted in simulated place cell responses which closely mirrored the 
responses of recorded place cells (Gothard, et al., 1996). Lastly, we develop novel predictions of 
the model by characterizing the response of the network to simulated lesions. Together, these 
results demonstrate that input from border cells can account for the influence of environmental 
deformations on grid and place fields. 
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Abstract: Entorhinal grid cells have multiple fields distributed across the entire environment 
arranged in hexagonal symmetry in the circular and square enclosures commonly used in most 
laboratories. The hexagonal symmetry and seeming invariance of the grid cell firing pattern has 



suggested that they represent the internal universal metric of space. Previously we have shown 
that grid cells become more elliptical and non-homogeneous in more polarized environments 
such as trapezoids. Here we further demonstrate how local changes of the geometry of the 
environment induce local transformations of the grid patterns. Local transformations were also 
observed in co-recorded place cells supporting the idea of a major role for place cells in 
determining grid cell properties or a substantial interaction between the two. 
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Abstract: Spatial representations provided by neurons of the medial entorhinal cortex (MEC) are 
essential for navigation. Within this network, the firing fields of grid cells act as a metric element 
for position. The location of the grid firing fields is controlled by interactions between self-
motion cues, geometrical properties of the environment and nonmetric contextual information. 
Here, we test whether and how visual information, including nonmetric contextual cues, 
regulates the firing rate of MEC neurons. Removal of visual landmarks caused an impairment in 
grid cell periodicity. In addition, speed cells changed their firing rate in darkness and the activity 
of border cells was less confined to environmental boundaries. The firing rate of approximately 
half of MEC neurons was changed in darkness. Finally, manipulations of nonmetric visual cues 
in a 1D environment caused rate changes in grid cells. These findings reveal context specificity 
in the rate code of MEC neurons. 
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Abstract: Stellate cells are the most populous principal cell type in the medial entorhinal cortex 
(MEC). These neurons possess conductances that endow them with mixed mode oscillations, that 
is, sub-threshold oscillations coexist with periodic spiking. In this study we examine the role of 
mixed mode oscillations on the collective dynamics of the network. In MEC networks, stellate 
cells interact with each other, primarily, via an inhibitory intermediary. In a model network of 
stellate cells coupled via inhibitory interneurons, we demonstrate a novel mechanism of 
switching where individual stellate cells either exhibit mixed mode oscillations or bursts of 
spikes. Stellate cells switch from one mode to the other due to a rebound from inhibition induced 
by the inhibitory interneurons. The timing of the switch is effectively regulated by sub-threshold 
oscillations generated by stellate cells that are in turn determined by the intrinsic properties of 
stellate neurons. These properties, in particular, the h-conductance and the inhibitory drive to the 
network, vary systematically along the dorso-ventral axis of the MEC and have been shown to 
play a role in determining the spatial periodicity of grid cell firing fields. We vary these 
parameters in our model network and show that the periodicity of spike bursts generated by 
stellate cells and the sequential ordering of bursts between cells change in a manner consistent 
with that seen along the dorso-ventral axis of the MEC. 
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Abstract: Place cells in the hippocampus are active when an animal visits a certain location 
(referred to as the place field) within an environment, and remain silent otherwise. Grid cells in 
the medial entorhinal cortex (mEC) respond at multiple locations, where the firing fields exhibit 
a hexagonally symmetric periodic pattern. Both cell types have a dorso-ventral organization with 
larger firing fields distributed towards the ventral end. In addition, grid cells are clustered within 
discrete modules, wherein cells share scale and rotational phase, but differ in spatial phase offset. 
The joint activity of grid and place cell populations, as a function of location, forms a neural 
code for space. 
Different neural networks are constructed by varying the numbers of cells, grid modules, and 
grid scaling ratios. An ensemble of codes, for a given set of parameters, is generated by 
randomly selecting grid cell phases and place cell tuning curves. For each code in the ensemble, 
codewords are generated by stimulating a network with a discrete set of locations. The resulting 
code's resilience to neural noise is measured by the minimum pairwise distance between 
codewords, d. A larger d implies a more noise tolerant representation of space. Normalized code 
rank, on the other hand, measures dimensionality of the code space. Code rate, the number of 
locations represented per neuron, measures resolution of location. 
This hybrid code has the following properties: For a fixed number of place cells, grid cell 
parameters may be chosen to produce a code with nearly any desired rank. For a fixed set of grid 
cell population parameters, increasing the number of place cells increases rank to a maximum, 
after which, inclusion of additional place cells lowers rank. For a fixed code rate, there is a sharp 
tradeoff between rank and d, i.e. maximizing either minimizes the other, and lower rates yield 
more desirable tradeoffs. There is a similar tradeoff between d and code rate. These findings hold 
for any scaling ratio between consecutive grid modules, L. An intermediate value of L yields a 
better tradeoff between d and rate. Increasing the number of grid modules increases d, but does 
not impact rank. 
Finally, these coding theoretic observations are revisited by measuring the performances of 
biologically realizable algorithms (e.g., winner take all) implemented by a network of place and 



grid cell populations, as well as interneurons, which implement de-noising operations. 
Simulations demonstrate that de-noising mechanisms analyzed here can significantly reduce 
mean squared error (MSE) of location decoding. Furthermore, the modular organization of grid 
cells can be exploited to improve MSE. 
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Abstract: Storage and recall of spatial memories relies on accurate estimation of location. This 
can be achieved through use of landmarks or by path integration, which involves inference about 
location from direction and distance moved relative to a known start point. The extent to which 
animals can use path integration to solve spatial memory tasks is unclear and implementation of 
tasks that dissociate path integration from other strategies is challenging. The roles of specific 
cell types are also unknown. Within the hippocampal-entorhinal circuit, place, grid, head 
direction and border cells encode information that can be used to estimate location. The extent to 
which these cell types contribute to path integration or other strategies for solving spatial tasks is 
still unclear. To investigate these issues, we developed a spatial memory task for mice, which 
uses virtual reality to generate sensitive measures of an animal’s ability to path integrate. In this 
task mice are trained to locate a reward zone marked with a visual cue within a 2-meter long 
virtual linear track. Use of path integration strategies can be tested in trials in which the reward 
zone is unmarked. We show that in this task male and female wild-type mice can locate the 
reward zone using either proximal cues or a path integration strategy. To assess whether self-
motion derived motor information or visual feedback is used for path integration we manipulated 
the translation between physical and virtual movement. These manipulations revealed mice use 
self-motion information to locate the reward zone on path integration trials. To test roles of 
identified cell types in the task we injected adeno-associated virus expressing the light chain of 



tetanus toxin, conditionally in the presence of Cre, into the medial entorhinal cortex of mice 
expressing Cre specifically in stellate cells in layer 2. We show that this manipulation abolishes 
synaptic output from stellate cells and interferes with performance of the spatial task. Our data 
establish a novel behavioural test for spatial learning in which roles of landmark cues and path 
integration can be dissociated. We provide evidence that stellate cells in the medial entorhinal 
cortex are required for successful performance of this task. 
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Abstract: The mechanisms underlying the spatial firing pattern of grid cells in medial entorhinal 
cortex (MEC) are still not fully understood. Pharmacological inactivation of medial septum (MS) 
disrupts both the spatial firing pattern of grid cells and theta oscillations in local field potential 
(LFP) in the MEC (Koenig et al., 2011; Brandon et al., 2011). The disruption of the grid cell 
pattern could potentially be caused by indirect effects from MS inactivation associated with the 
hippocampus, as hippocampal inactivation also disrupt grid cell firing (Bonnevie et al. 2013). In 
the majority of grid cells, spiking activity shows a striking relation to LFP theta oscillations, 
suggesting that theta oscillations are closely related to the grid pattern. In contrast, grid cells in 
bats lack this relationship in grid cell activity, indicating the grid cell spatial representation to be 
dissociated from theta oscillations. To better understand these opposing views it is imperative to 
understand the effects of a selective manipulation of MS projections to the MEC. The aim of the 
present work was to assess the function of MS projections to the MEC in a combined 



computational and experimental study. 
Septal input projections to the MEC in adult Long Evans rats were optogenetically manipulated. 
Manipulations in behaving animals were directly assessed with chronically implanted tetrodes 
mounted on a microdrive. Grid cells displayed increased activity due to activation of MS 
projections to the MEC. During stimulation, theta modulation of grid cell firing was disturbed 
while the spatial firing pattern in a familiar environment remained stable. These preliminary 
results indicate that the spatial activity of grid cells is resilient to temporal alterations of the MS 
input and is not dependent on theta oscillations. 
In order to further understand mechanisms of the grid cell network, we developed a model 
consisting of adaptive exponential integrate and fire (AdEx) neurons. We found a parameter 
regime where the AdEx model reproduces temporal dynamics of stellate cells consistent with 
experimental data e.g. resonance, sag, rebound spiking. Using these parameters, we constructed a 
sparsely connected network of 80 % excitatory neurons with recurrent interactions in inhibitory 
neurons. Preliminary results show that this network acts as an oscillator with its natural 
frequency in the theta band, indicating that large amplitude theta oscillations in MEC can be due 
to network resonance from oscillations in MS input. 
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Abstract: The medial entorhinal cortex (MEC) is central in a distributed network of the brain’s 
navigational system. Grid cells in MEC show a remarkable repetitive firing pattern providing 
stable spatial representations. Grid cells are connected through a network of fast-spiking 



parvalbumin (PV+) expressing inhibitory neurons suggesting that this network of inhibition may 
contribute to the firing pattern of grid cells. The PV+ cells in the adult brain are enwrapped by 
specialized extracellular matrix molecules called perineuronal nets (PNNs). Emerging evidence 
suggests that perineuronal nets stabilize synaptic connections and restrict plasticity in the adult 
brain. Indeed, experimental disruption of PNNs has been shown to induce high degrees of 
plasticity in several brain regions of adult animals. The MEC shows dense expression of PNNs 
but their role for the grid cell network or spatial processing remains elusive.In the present study, 
we investigated how enzymatic degradation of PNNs affects spatial representations in the MEC 
of adult Long Evans rats. In contrast to neocortex where PNNs mainly surround PV+ neurons, 
PNNs enwrap a more diverse population of neurons in MEC accounting for 70% of PV+ neurons 
and a fraction of reelin positive and and some calbindin positive neurons. Histological 
examinations revealed that PNNs mature at a postnatal age similar to when grid cell activity has 
been reported. To investigate the role of PNNs for spatial representations in MEC, bilateral 
injections of the enzyme chondroitinase ABC in the dorsolateral band of MEC were used to 
disintegrate the PNNs. The animals were implanted with tetrodes in MEC and single unit activity 
and local field potentials were recorded from rats exploring open fields (1x1m). To compare 
stored representations and the encoding of novel maps where plasticity is required, the same 
units were recorded on repeated trials in a familiar environment and in a similar box in a novel 
room. There were clear effects of PNN removal on spatial representations and unit activity. In 
the familiar room, grid cells from treated animals had increased average firing rates but reduced 
spatial information while putative inhibitory units showed decreased activity. When placed in a 
novel environment, grid cells from treated animals showed a dramatic reduction in gridness 
scores a lower spatial correlation throughout the recording session compared to grid cells from 
control animals. Together, these results indicate a role for the PNNs for stable spatial 
representations of MEC in adult animals. 
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Title: Sequential synaptic innervation of interneurons and principal cells along axons in medial 
entorhinal cortex 
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Abstract: The precise delineation of synaptic contact patterns is typically done by ultrastructural 
methods in very small tissue samples; larger scale connectivity patterns are then extrapolated 
from such data. As a consequence we have good understanding about the overall statistics of 
neural connectivity, but we know little about synaptic connectivity of individual axons, which 
extend through large tissue samples. Here, we use large-scale EM-based circuit reconstruction in 
the rat medial entorhinal cortex, the site of grid-like spatial representations, to delineate the 
connectivity of individual axons. We find that medial entorhinal cortex axons sequentially 
innervate inhibitory neurons, followed by excitatory targets. This axonal synapse sorting is 
substantial, allows for significant temporal delay generation, reflects high synaptic target 
specificity, and its magnitude is unique when compared to circuits from mouse primary 
somatosensory cortex. This data suggests that highly ordered synaptic wiring may be a neural 
mechanism for both sequence generation and analysis in a part of the cortex widely known for its 
precise temporal discharge patterns. 
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Abstract: High arousal states first engage the fast-acting sympathetic nervous system, and 
subsequently engage the hypothalamic-pituitary-adrenal (HPA) axis, stimulating cortisol release. 
These two arousal-modulated systems may influence cognition in a complex manner. To 
investigate this, participants encoded scenes that included either a high-arousal, neutral, or 
moderate-arousal object placed on a neutral background. Forty-eight hours later participants 
underwent either a stressor or a control condition and recognition memory was assessed for 
objects separately from the backgrounds. Heart rate was measured during the stressor as a metric 
of sympathetic response and cortisol samples were taken throughout the experiment as a measure 
of HPA response. Elevations in cortisol at retrieval were associated with impaired memory for 
objects, but not backgrounds. Increased heart rate was associated with impaired memory for both 
items and backgrounds. These findings suggest that sympathetic and HPA response in reaction to 
stress differentially impact memory for items and backgrounds. 
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Title: Endogenous Brain Stimulation through EMG: investigation using intracranial EEG and 
volume conductor modeling 
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Abstract: Chewing has been shown to have effects on various aspects of cognition, on time 
scales from minutes 1 to years 2. These effects have previously been attributed to increased 
arousal, metabolism, blood flow, somatosensory processing, as well as to shared resources and to 
reduced stress. We hypothesize that the effects of chewing on cognition, at least partly, arise 
from the modulation of brain activity by the electric fields (EF) generated by the chewing 
muscles. Previously, EF induced by exogenous brain stimulation or neuronal activity have been 
shown to have measurable effects above a critical amplitude threshold of approx. 0.2 V/m 3,4. 
To verify our hypothesis we quantified the EF amplitudes reaching the brain during chewing. We 
present results obtained intracranially in epilepsy patients undergoing pre-neurosurgical 
evaluation and extrapolate these to healthy subjects using finite element method (FEM) head 
modeling and non-invasive electroencephalography measurements. Five epilepsy patients and 3 
healthy subjects were analyzed. The amplitudes of the muscle activity reaching cortex during the 
single chew events (CE) was used to calibrate our FEM model. Skull defects and silicone sheets 
of the implantation were modeled to ensure an accurate calibration. Single CE EF gradients were 
then simulated for the whole brain, removing skull defects and silicone sheets from the model to 
approximate a healthy subject. Finally, the single CE EF were scaled by the ratio of the non-
invasive amplitudes of the chewing activity of healthy subjects and patients. As several analysis 
parameters strongly influenced the results, a comprehensive range of parameters was tested to 
find a conservative set. 
Using these conservative parameters, our results show that during chewing gum and licorice 25% 
and 80% of CE produced cortical fields exceeding the critical threshold of 0.2 V/m, respectively. 
Peak EF amplitudes occurred at the temporal pole and extended along the anterior temporal lobe. 
Furthermore, we observed that chewing repetition rate and the frequency profile of the muscle 
activity both matched brain stimulation parameters described in the literature. 
We conclude that the cortical EF caused by gum chewing could be strong enough to modulate 
ongoing neural activity in the cerebral cortex and might thus influence cognitive performance. 
Further investigations using direct measurements of intracranial EF gradients with hippocampal 
and skull base electrodes are in progress. 
1 Onyper S. V. et al. (2011) Appetite 57:321–328 
2 Chen H. et al. (2015) Int. J. Med. Sci. 12:502-509 
3 Moliadze V. et al. (2012) Brain Stim. 5:505–511 
4 Fröhlich F., McCormick D. A. (2010) Neuron 67:129–43 
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Abstract: The overarching purpose of the study was to extract and quantify multiple biomarkers 
that are sensitive to mental demands imposed on a highly skilled individual performing an 
ecologically-valid cognitive-motor task. Nineteen experienced pilots from the US Navy and US 
Air Force performed a series of tasks of varying nominal difficulty (easy, medium, & hard) using 
a computer-based flight simulator while EEG, eye-tracking, ECG, self-report, and performance 
data was collected. Self-reports of task demand revealed a positive relationship with task 
difficulty while objective performance displayed a negative relationship with difficulty. Overall, 
psychophysiological measures also revealed expected results. Theta band power had a positive 
relationship with difficulty, while both alpha band power and P3a amplitudes decreased with 
increasing difficulty. Blink rate decreased with increasing task difficulty while gaze patterns also 
indicated an increase in difficulty. Steps are currently underway to combine these various 
sources of information in order to identify robust a network of biomarkers via machine learning 
techniques that could be utilized as a "workload metric". Such a metric may potentially be used 
to infer the state of a performer in real-time and would be useful is a variety of real-world 
environments. 

Disclosures:  K. Jaquess: None. L. Lo: None. H. Oh: None. Y. Tan: None. J.C. Rietschel: 
None. M.W. Miller: None. R.J. Gentili: None. B.D. Hatfield: None. 



Poster 

184. Human Cognition and Memory I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 184.04/KKK27 

Topic: H.02. Human Cognition and Behavior 

Support: NSF Proposal #1149078 

Title: Behavioral oscillations during working memory maintenance 

Authors: *J. LIU, T. LIU, S. RAVIZZA;  
Dept. of Psychology, Michigan State Univ., East Lansing, MI 

Abstract: Persistent neural activity in the absence of external stimuli has been argued to reflect 
working memory (WM) maintenance (D’Esposito & Postle, 2015). However, recent evidence 
suggests that sustained activity might not be necessary for maintaining representations in WM 
(LaRocque et al., 2013). Instead, computational modeling based on neuronal firing patterns 
suggested that multi-item WM is manifested by sporadic and coordinated bursts among cell 
assemblies (Lundqvist et al., 2016). Furthermore, a human magnetoencephalography study 
identified a theta-coupled periodic reactivation of maintained information underlying the 
retention of one item in WM (Fuentemilla et al., 2010). Though converging evidence from 
neurophysiological recordings has unveiled the role of neuronal oscillations in WM maintenance, 
direct behavioral evidence is still lacking. To investigate the possibility that selective attention 
could sample multiple mental representations rhythmically, we measured recall precision 
performance on two simultaneously presented oriented gratings at varying intervals (0.2-1.8s in 
steps of 50ms) after a cue that indicated the probability of each grating being probed (retrocue). 
This manipulation also allowed us to assess the ability to modulate potential oscillations by cue 
validity (100%/0, 60%/40%, 50%/ 50%). Our preliminary results revealed dynamic oscillatory 
patterns in all three retrocue conditions. We found peak frequencies for 100% valid and 50% 
valid/invalid cues in the range of theta frequency band (4-8Hz). However, 60% valid/invalid cue 
condition induced higher peak frequencies. These findings provided the direct behavioral 
evidence for the oscillation underlying WM maintenance, and revealed the impact of reliability 
cue on this dynamic pattern. 
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Abstract: Background: Exposure to a repetitive stimulus results in a change in behavioral 
response to that stimulus that is associated with a change in the brain’s neural response (Horner 
and Henson, 2008). Re-exposure to a stimulus can result in suppression or enhancement of the 
brain’s neural response, in what are known as repetition suppression and repetition enhancement 
(Segaert et al., 2013). Re-exposure is a facet of episodic memory when judgments must be made 
about whether current stimuli were previously seen/experienced or not. Yet the effects of 
stimulus valence on suppression or enhancement during episodic recall have not been well 
studied. We used fMRI to study functional responses during re-exposure to aversive or appetitive 
stimuli in the context of episodic memory. 
Methods: Fifteen healthy participants underwent fMRI (3.0 T Siemens Trio) during which 
subjects performed a stimulus-driven episodic memory task using emotionally contextual images 
from the International Affective Pictures System (IAPS). Images were presented in a mixed 
block-event related design, with alternating encoding and retrieval epochs (6 images, 27 s each 
for old vs. new judgment), with a period of rest between each epoch (9 s) (Soloff et al., 2015). 
fMRI data were processed using standardized methods (SPM8). Events (aversive or appetitive 
scenes) were modeled using time and dispersion derivatives for both encoding and retrieval. 
fMRI responses to Targets (i.e., scenes present in both encoding and retrieval) were estimated. In 
second level random effects analyses, directional contrasts, Enc [Aversive] vs. Ret [Aversive] or 
Enc [Appetitive] vs. Ret [Appetitive] were employed to assess patterns of repetition suppression 
or enhancement (p<.05, cluster level). 
Results: Suppression of fMRI responses during retrieval was associated primarily with aversive 
stimuli, in areas including the prefrontal cortex, medial temporal cortex, and primary visual 
cortex. By comparison, enhancement of fMRI responses during retrieval was associated 
primarily with appetitive stimuli, in areas including the orbitofrontal cortex, posterior cingulate 
cortex, and visual cortex. 



Discussion: These results provide fMRI evidence of enhanced hemodynamic response to 
rewarding vs aversive stimuli in the context of episodic memory, implying a correlation between 
valence and episodic recall. The healthy brain appears able to suppress negative or aversive 
memories, but primed to enhance positive or rewarding memories. These findings provide a 
basis for further studies pertaining to disorders of memory and emotion, particularly in the 
context of stress and trauma. 
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Abstract: In every daily life, we are unconsciously consolidating external events as memory 
function. Music has also a stimulating effect to be implicitly consolidated to the human memory 
system dependent on their emotional states. However, the underlying neural substrates for 
consolidating the musical memory largely remain unclear. To tackle this, we investigated the 
whole-brain hemodynamic responses associated with memorizing unheard music using the 1.5 
Tesla functional magnetic resonance imaging (fMRI). Sixteen healthy participants, who 
preferably listen to “foreign popular music” around 1-3 hours per day, were selected in this 
study. In the fMRI scan, they listened to 32 60-s unheard musical clips selected from their 
preferences based on a musical recommendation software. In this experiments, we did not 
explain to them that they should memorize each musical clip. After 1 week, however, we graded 
musical memory by means of 4 rank questionnaire to evaluate whether the participants 
remembered the previously heard musical clips with their confidence levels (i.e. heard with high 
confidence, heard with low confidence, unheard with low confidence, or unheard with high 
confidence). Whole-brain analysis of hemodynamic activities with fMRI during the 60-s 
listening period of memorized music excerpts with high confidence level showed the increased 
activity in the nucleus accumbens, caudate, and hippocampus, which are the key regions in 



reward-related mesolimbic circuits (p<0.001, (uncorrected)). These results suggest that the 
increased activities among mesolimbic reward circuitries induced by musical listening lead to 
implicitly consolidate new experiences in musical listening as memories. 

Disclosures:  K. Kato: None. S. Tsuchimoto: None. D. Nishida: None. H. Ebata: None. J. 
Ushiba: None. 

Poster 

184. Human Cognition and Memory I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 184.07/KKK30 

Topic: H.02. Human Cognition and Behavior 

Title: Visual working memory benefits from luminance inputs - evidence from psychophysics 
and EEG. 

Authors: *M. KOSILO1, J. MARTINOVIC2, C. HAENSCHEL1;  
1Dept. of Psychology, City Univ. London, London, United Kingdom; 2Univ. of Aberdeen, 
Aberdeen, United Kingdom 

Abstract: Working memory (WM) is the ability to encode and temporarily maintain 
information. There is some evidence that early perceptual processes make an important 
contribution to successful WM performance. However, perceptual contributions to WM are not 
yet fully understood. In a series of experiments we investigated whether stimuli specifically 
designed to engage luminance or the cone-opponent chromatic mechanisms in the visual system 
would differentially influence WM performance. 
In the first psychophysical experiment, 16 participants performed a delayed match-to-sample 
task, with one, two or three abstract shapes presented one at a time, followed by a delay and 
finally a memory probe. We created three classes of shapes designed to stimulate luminance 
mechanism (L+M), or two isoluminant, chromatic mechanisms (L-M and S(L-M)). Using a 
staircase procedure, we obtained WM thresholds by measuring the level of contrast at which the 
stimuli were memorized with 75% accuracy for three levels of WM load for each stimulus class. 
In a second experiment (N=19), the same delayed match-to-sample task was used, however 
stimulus intensity was fixed at a suprathreshold level based on a baseline measurement of 
discrimination thresholds. We recorded event-related potentials (ERPs) to investigate changes in 
neural signature during WM encoding in response to the different classes of visual stimuli. 
We predicted that encoding of luminance-defined shapes would lead to lower WM thresholds 
and better behavioural performance. 
Experiment 1 showed that contrast thresholds increased for all three classes of stimuli with the 



increase in WM load. However, threshold increases with increments in load in response to 
luminance stimuli remained lower than those for chromatic stimuli. Results of the ERP 
experiment showed that luminance-defined shapes resulted in higher WM accuracy and faster 
reaction times. This benefit was mostly evident at higher WM loads. ERP responses during 
encoding for luminance-defined stimuli showed that the early visual component P1 was 
modulated by working memory load. P1 amplitude also correlated with behavioural 
performance. 
Results from these experiments point to the importance of early encoding processes in working 
memory. In particular, we demonstrated that luminance signals provide an advantage over 
chromatic signals in working memory processing. This advantage is reflected in both 
behavioural and neural responses. 
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Abstract: Recent studies of “unconscious working memory” have challenged the notion that 
only visible stimuli can be actively maintained over time. In the present study, we investigated 
the neural dynamics of subliminal maintenance using multivariate pattern analyses of 
magnetoencephalography recordings (MEG). Subjects were presented with a masked Gabor 
patch whose angle had to be briefly memorized. We show with an unprecedented level of 
precision, that irrelevant sensory features of contrast, frequency and phase are only encoded 
transiently. Conversely, the relevant feature of angle is encoded and maintained in a distributed 
and dynamically changing manner throughout the brief retention period. Furthermore, although 
the visibility of the stimulus correlates with an amplification of late neural codes, we show that 



unseen stimuli can be partially maintained in the corresponding neural assemblies. Together, 
these results invalidate several predictions of current neuronal theories of visual awareness and 
suggest that visual perception relies on a long sequence of neural assemblies that repeatedly 
recode and maintain task-relevant features at multiple levels of processing, even under invisible 
conditions. 

 

Disclosures:  J. King: None. 

Poster 

184. Human Cognition and Memory I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 184.09/KKK32 

Topic: H.02. Human Cognition and Behavior 

Support: University of Texas at Austin Startup Funds 

 University of Texas System Neuroscience UT BRAIN Grant 

Title: Competition and forgetting during context-based episodic memory retrieval 



Authors: M. HOLLENBECK1, *J. A. LEWIS-PEACOCK2,3;  
1Dept. of Computer Sci., 2Dept. of Psychology, 3Imaging Res. Ctr., Univ. of Texas at Austin, 
Austin, TX 

Abstract: Does shared encoding context for items in episodic memory increase the likelihood 
that those items will compete and get weakened when the context is reinstated during memory 
retrieval? Recent memory models suggest that retrieval uses contextual information as a 
"spotlight" for probing memories during recall (Polyn et al., 2009). These models predict that 
greater overlap of features between a memory probe and the memory trace enable easier access 
and reactivation of the target (Eich, 1985). A consequence of context-based memory retrieval is 
that related items bound to the same context may also reactivate and compete with the selection 
of the target memory, leading to retrieval-induced forgetting of the competing memories 
(Anderson et al., 2000). Neural network modeling has proposed oscillating feedback inhibition 
as the mechanism underlying the weakening of competing memories (Norman et al., 2007). This 
model predicts a non-monotonic relationship between the strength of neural activation of a 
memory and its subsequent accessibility. In particular, memories that activate to a moderate 
degree are susceptible to weakening and subsequent forgetting. Here, we hypothesize that 
retrieval-induced forgetting will be more likely for contextually similar competitors. We 
developed an fMRI experiment in which participants first encoded objects presented in triplets 
over a background scene image that was unique for each triplet. They were instructed to create 
mental associations between the consecutive objects and their corresponding scene. Later, the 
background scenes were presented as retrieval cues, followed by temporal order cues (1st, 2nd, or 
3rd object), to bias episodic retrieval toward a particular object and to establish the other objects 
from that context as competitors. The experiment ended with a surprise recognition memory test 
for all studied objects. We predict that competitor objects that reactivate to a moderate degree 
(vs. strongly or not at all) will be more susceptible to weakening and subsequent forgetting. 
Representational similarity analysis of fMRI data in ventral temporal cortex was used to identify 
object-specific representations and track their reactivation during the cued retrieval task. 
Preliminary data suggest there is a non-monotonic relationship between reactivation strength and 
recognition performance: competitors with the highest reactivation (corresponding to “moderate” 
activation relative to more strongly reactivated targets) were associated with lower subsequent 
memory performance. These results suggest that incidental reactivation of contextually related 
memories during retrieval can trigger forgetting. 

Disclosures:  M. Hollenbeck: None. J.A. Lewis-Peacock: None. 



Poster 

184. Human Cognition and Memory I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 184.10/KKK33 

Topic: H.02. Human Cognition and Behavior 

Support: NINDS IRP 

Title: Complex waves in the human cortex during memory encoding and retrieval 

Authors: *V. SREEKUMAR1, A. JANG2, J. WITTIG, Jr2, S. INATI3, K. ZAGHLOUL2;  
1Functional and Restorative Neurosurg. Unit, 2Dept. of Functional and Restorative Neurosurg., 
3Office of the Clin. Director, NINDS/NIH, Bethesda, MD 

Abstract: Recent studies have quantified the emergent spatiotemporal patterns of population 
neuronal activity in the primate cortex during rest. Here, we draw upon the physics of wave 
propagation to characterize the spatiotemporal organization of activity in the human cortex 
during memory encoding and retrieval. Specifically, we examined local field potential (LFP) 
signals captured from microelectrode arrays (10x10, 400um spacing) implanted on the cortical 
surface of the middle temporal gyrus in four patients with medically refractory epilepsy. Patients 
engaged in a paired associates task, and we examined the instantaneous power and phase of 
bandpass filtered LFP signals at each electrode during encoding and retrieval trials. We 
calculated phase velocity fields to capture changes in the spatial organization of activity across 
time. Using dynamical systems methods to assess stability, we identified and characterized the 
emergence of different types of propagating complex waves during successful encoding and 
retrieval. Although we found node, spiral, and saddle point wave activity, the majority of 
complex waves that were identified using an automatic classifier were unstable saddle points. 
Plane waves and synchronized activity comprised the remaining classified patterns of activity. 
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Abstract: Adaptive behavior relies on the ability to learn arbitrary associations. Such associative 
learning depends on a distributed network across the medial temporal lobes, frontal and parietal 
lobes, that show linear changes that scale with how well associations have been learned (Law et 
al., 2005). Work in animals points to a crucial role of theta and beta oscillations during 
associative learning (Rutishauser et al., 2010; Hargreaves et al., 2012), but we know little about 
how human neural oscillations change during the learning and retrieval of associations in 
memory. Here, we address this issue by relating oscillatory activity to measures of learning 
arbitrary visuo-motor associations. We recorded EEG while participants performed the task, 
where they learned 48 associations where each of the 48 images could be associated with one of 
4 button presses. On each trial, an abstract image was displayed (cue period) before a blank delay 
period. Participants were then prompted to select one of 4 buttons, after which feedback was 
provided to indicate whether the response was correct or incorrect. Learning of the 48 
associations occurred across 12 repetitions of each image. Results from a final testing session 
showed that participants learned the majority of associations (mean accuracy 90%). Trial-wise 
learning (or “memory strength”) was quantified using a state-space model of learning to estimate 
the probability of a correct response on a given trial (Smith et al., 2004). We performed two 
complementary analyses that related memory strength to neural oscillations, (1) Linear 
modelling between power and memory strength, and (2) pattern similarity analysis of oscillatory 
power across learning. First, using linear models we related memory strength to oscillatory 
power while controlling for the effects of experiment time, reaction time and reaction time on the 
previous trial. During the cue period, bilateral parietal electrodes showed a significant positive 
relationship between alpha/low-beta power and memory strength. During the delay period, 
frontal midline electrodes showed a significant negative relationship between theta power and 
memory strength. Second, multivariate analysis of spatial activity patterns revealed that, over the 
course of learning, the presentation of each association elicited increasingly distinct patterns of 
theta and alpha/low-beta activity. Our results show that theta and alpha/beta oscillations across 



frontal and parietal sites track associative learning, and that the topography of these oscillations 
could track the differentiation of neural representations over the course of learning. 
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Abstract: Episodic memory experiments typically observe an “old/new” effect in the medial 
temporal lobe and fronto-parietal regions, including left intraparietal sulcus (IPS). Over the past 
decade researchers have proposed several hypotheses to account for IPS activity during retrieval, 
including top-down attentional processes, accumulation of mnemonic evidence, or the 
conversion of mnemonic evidence to action outcomes. However, in the majority of previous 
studies responses were indicated with manual button presses; this raises the possibility that left 
IPS effects are specific to the transformation of mnemonic signals into manual motor responses. 
To examine the nature of IPS activity during mnemonic decision-making, the present experiment 
required participants to make recognition decisions while varying the effector system used to 
implement responses. First, participants studied a series of words while making abstract/concrete 
judgments. Then, they entered the MR scanner and performed a recognition memory task. 
Critically, each run was split into miniblocks in which participants were prompted to respond 
with either their eyes (saccading to left/right targets; oculomotor) or hands (making button 
presses with left/right pointer fingers; manual). Prior to each run of this task, participants were 
instructed that old and new choices should be indicated with left and right (or right and left) 
responses respectively. After the recognition memory task, participants performed an effector 
(manual/oculomotor) response localizer task. ROI analyses revealed that effector-specific fronto-
parietal regions (a) tracked the effector used to make mnemonic judgments, and (b) were 



generally sensitive to decision processes (indexed by response time), although independent of the 
effector system used to implement the response. In addition, IPS regions tracked old/new status 
regardless of whether the effector system was manual or oculomotor, suggesting that IPS activity 
during retrieval is not selectively involved in the transformation of mnemonic evidence to 
actions. Finally, the IPS region sensitive to old/new status also tracked decision response time for 
both effectors, suggesting that resources engaged during retrieval may also be drawn upon in 
situations of decision uncertainty. 
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Abstract: Recent models of memory differentiate between neural representations of context and 
object information, positing that these aspects of memory are represented by separable brain 
regions. In practice, however, contextual information can be used to disambiguate the meaning 
and significance of objects (i.e. “contextual significance”). Despite this, little is known about 
how context-dependent information is incorporated into object representations. Given that the 
hippocampus and perirhinal cortex (PRc) are known to contribute to the learning of object-
context associations, analyses targeted these regions of interest. Additionally, we identified a 
region of interest in orbitofrontal cortex (OFC), as this area is critical for making decisions about 
the significance of objects. Functional magnetic resonance imaging (fMRI) was used to measure 
activity in these areas as participants learned context-dependent information about the 
significance of 16 fully crossed pairs of 8 novel objects. During each learning trial, participants 



saw a pair of sequentially presented objects, followed by one of two categorical outcomes 
(hat/glove). Half of the objects were always presented first in a pair (Cue 1), whereas the 
remaining objects were always presented second (Cue 2). During Cue 2 presentation, participants 
predicted the upcoming category outcome, and were subsequently given feedback on their 
choice. The experiment was designed such that no individual object, in and of itself, was 
predictive of any outcome, however each Cue 1-Cue 2 object sequence was 100% predictive of 
categorical outcome. Critically, this design also created subsets of objects that had equivalent 
information about possible cue pair-outcome associations (“contextual significance”). In order to 
model individual learning curves and fMRI data, a Bayesian computational model was 
employed. Preliminary fMRI analyses, guided by parameters derived from the Bayesian 
computational model, indicate that the hippocampus, PRc and OFC are involved in the building 
of object pair-outcome predictions as learning progresses, and that parameter estimates in these 
regions track behavioral generalization across objects with similar contextual significance. 
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prediction 

Authors: *M. RITCHEY1,2, M. J. GRUBER1, A. S. DHILLON1, G. M. O'DAY1, C. 
RANGANATH1;  
1Ctr. for Neurosci., UC Davis, Davis, CA; 2Boston Col., Chestnut Hill, MA 

Abstract: In uncertain situations, a representation of ongoing context can be useful for 
predicting the likelihood of an emotionally salient event. Studies have suggested that neural 
oscillations might play a role in anticipatory states, but it is not clear whether or how these states 
may differ between emotional and neutral contexts. Accordingly, we used scalp EEG to 
investigate the neural dynamics of emotional anticipation during a context-guided prediction 



task. We predicted that anticipation of emotionally salient events would affect neural oscillations 
previously linked to context maintenance and anticipation (e.g., in the theta and beta frequency 
bands). We also investigated whether these effects would be related to changes in learning of 
neutral information encountered in emotional contexts. To accomplish these goals, scalp EEG 
data were collected from healthy young adults while they completed a context-guided prediction 
task. Neutral objects were presented in one of three contexts and were preceded by a context-
specific cue and 2.5 s delay period. In the emotional context, there was a 12.5% chance that the 
cue would be followed by an emotionally negative scene, rather than a neutral object. In the 
other “safe” contexts, the cue was followed by a neutral object or neutral scene, but never an 
emotional scene. Subsequent recognition memory for the objects was also tested. Time-
frequency analyses focused on the delay period between the cue and item onset, during which 
time participants were expected to generate predictions about upcoming stimuli. Estimates of 
theta (4-7 Hz), alpha (8-12 Hz), and beta (13-30 Hz) power were obtained for each condition, 
and permutation tests were used to correct for multiple comparisons across channels and time-
points. Relative to the safe contexts, the emotional context was associated with a significant 
decrease in widespread alpha and beta power during the anticipation/delay period. Beta power 
decreases during the delay also predicted subsequent forgetting of neutral objects on the 
recognition memory test. The present results support the idea that anticipation of emotional 
events is associated with changes in neural oscillations involved in context-guided prediction. 
Future analyses will use multivariate pattern analyses to determine whether oscillatory activity 
patterns carry information about emotional scenes during the delay period. 
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Abstract: Working memory enables transient holding of information. It is required for learning, 
reasoning, updating information, and performing everyday visuomotor tasks. Intra-cortical 
recordings in nonhuman primates and fMRI studies in humans demonstrated the involvement of 
the frontal cortex during working memory. However, it is not known whether such frontal 
involvement reflects the encoding of information content itself or the rule allowing one to recall 
this content. Using a machine-learning algorithm (multivariate pattern analysis), it was recently 
reported that occipito-parietal BOLD fMRI signal and MEG signal successfully decodes visual 
input 1,2. Disentangling the spatio-temporal encoding of memory content and memory processing 
would go a long way to address this question. We developed an original working memory task in 
which two visual stimuli with different orientation and spatial frequency were presented to the 
participant. After a short delay, a post-cue instruction indicated which visual feature (spatial 
frequency or orientation) of which stimulus (left or right) the participant had to remember. A 
group of 10 healthy adults performed with a high accuracy (83% correct response) this task 
inside a CTF-MEG system with 275 channels and the signal was recorded at 1200-Hz sampling. 
Three head position indicator coils were placed on the scalp of the participant and head position 
was measured at the beginning and at the end of each block. Eye movements were monitored 
during each trial to ensure correct central fixation. When participants broke the central fixation, 
they received an alert message on the screen and the trial was repeated in random position in the 
remaining trials. Multivariate pattern analysis showed first that both spatial frequency and 
orientation could be decoded from MEG early visual responses. In addition, we observed how 
trained classifiers generalized across time to get information on the dynamic representations of 
working memory states. Our results demonstrate that while visual spatial frequency and 
orientation (content) are simultaneously encoded, each one in a serial manner, information about 
the cue (rule) is encoded in a durable manner with a sustained representation over time. 
1. Christophel, T. B., Hebart, M. N. & Haynes, J.-D. Decoding the contents of visual short-term 
memory from human visual and parietal cortex. J. Neurosci. Off. J. Soc. Neurosci. 32, 12983-
12989 (2012). 
2. Cichy, R. M., Ramirez, F. M. & Pantazis, D. Can visual information encoded in cortical 
columns be decoded from magnetoencephalography data in humans? NeuroImage 121, 193-204 
(2015). 
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Abstract: Episodic memories are organized as sequences of events. Computational models 
suggest that neural oscillations play a role in the coding of temporal sequences, but the extent to 
which oscillations support sequence representation remains unclear. To address this question, we 
used scalp electroencephalography (EEG) to examine oscillatory activity over during learning of 
different object sequences. Participants made semantic decisions on each object as they were 
presented in a continuous stream. For three of the sequences, the order of the objects was always 
fixed. Activity during learned sequences was compared to a “Random” and a “Novel” sequence. 
Random sequences consisted of the same objects presented in a different order on each 
repetition, whereas Novel sequences consisted of trial-unique objects. Behavioral results showed 
that, over the course of learning, semantic judgments were faster for objects in learned 
sequences, as compared to objects in Random and Novel sequences. These findings indicate that, 
although participants were not required to recall sequence information during the semantic 
decision task, they used knowledge of learned sequences to optimize their decisions. EEG 
analyses revealed increased oscillatory power in the beta (13-27Hz) band and decreased power in 
the theta (4-8Hz) band for objects in learned sequences compared to objects in random 
sequences. These effects were most evident in late learning blocks, suggesting a role of beta and 
theta oscillations in representing structured order information over the course of sequence 
learning. Preliminary spatial pattern similarity analyses revealed increased pattern similarity in 
the theta band for objects in learned sequences compared to objects in random sequences. 
Further analyses will evaluate the contributions of spectral patterns in other frequency bands to 
sequence learning. 
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Abstract: We investigated functional connections in human intracranial EEG data during cued 
recall. Our approach capitalizes on an important feature of functional connections that mediate 
communication in the human brain. Whether through direct or indirect synaptic connections, 
changes in local field potential signals coordinated across regions, or even the propagation of 
electric fields, communication between brain regions must occur through a physical connection 
of some kind. Importantly, the constraints associated with any physical connection imply that the 
time required for communication should be well defined and preserved. Every time information 
is conveyed from one point to another, it should take approximately the same amount of time to 
do so. Hence, one plausible requirement for identifying a functional connection between brain 
regions is that the communication between them occurs with a consistent time delay. 
Here, we investigate functional connections in iEEG recordings as patients with medically 
refractory epilepsy participate in a paired-associates verbal memory task. Using the temporal 
precision afforded by iEEG, we used time-lagged mutual information (MI) to identify functional 
connections in the human brain that exhibit a consistent and significant increase in MI with a 
specific time delay. Mutual information (MI) is attractive in that it captures all temporal relations 
between two brain regions, and is agnostic to the particular neural mechanism underlying how 
those regions are communicating. Each significant connection identified in this manner is 
therefore defined by its latency, its direction, and the consistency of its communication at that 
latency. We examine these identified functional connections, how these connections mediate 
communication during memory encoding, and how such communication is reinstated during 
retrieval. Our data provide novel insights into the network mechanisms that bind distributed 
patterns of neural activity during memory formation and retrieval. 
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Abstract: Proactive interference (PI) - the tendency for previously acquired information to 
negatively impact memory performance for more recently learned information - is a major cause 
of forgetting. Although a large body of research has investigated the detrimental effects of PI on 
memory, most studies have focused on the experimental induction of non-affective PI. Recently, 
however, it has been shown that emotion slowed down the build up of PI while hindering the 
controlled processes that resolves it (Mızrak & Öztekin, 2015). Here, we tested the neural 
mechanisms that modulate the interaction between emotion and interference resolution in 
memory. We manipulated PI using the release from PI paradigm, in which study material from 
the same semantic category is presented for several consecutive trials, resulting in accumulation 
of PI in the retrieval context. We introduced emotional (i.e., disgust and fear) and neutral (i.e., 
kitchen utensils and furniture) categories and evaluated the build up and resolution of PI across 
emotional and neutral categories. Participants were scanned using functional Magnetic 
Resonance Imaging (fMRI) while performing a 5-item short term recognition task. Behavioral 
measurements showed that accumulation of PI reduced the recognition accuracy for neutral trials 
but not for emotion trials. In contrast, response times to emotion trials linearly increased as a 
function of PI. Neuroimaging results implicated the ventrolateral prefrontal cortex (VLPFC) to 
mediate successful resolution of PI. In addition, neural activation in amygdala and the 
hippocampus was associated with higher recognition accuracy to high PI emotion trials 
compared to high PI neutral trials. The data further implicated higher anterior VLPFC activation 
for high PI emotion compared to neutral trials, suggesting that resolving PI for emotional 
material was more effortful than neutral study material. 
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Abstract: We captured single unit activity from microelectrode arrays in the middle temporal 
gyrus (MTG) of 5 participants with pharmacologically resistant epilepsy as they performed a 
verbal paired associates memory task. The microelectrode arrays (Blackrock Cereplex I; 96-
electrodes) were implanted during routine surgical placement of intra-cranial 
electroencephalography (iEEG) contacts used to localize the seizure focus prior to surgical 
resection. During the paired associates task participants studied pairs of words presented 
sequentially on a laptop, and were later cued with one word from each pair and instructed to say 
the partner word out loud. Word pairs were on the screen for 4 seconds, and about 1 second 
before each pair an orientation cue (“+”) was presented for 500 ms. Across five subjects, we 
recorded activity from a total of 9 sessions of the memory task, where the number of isolated 
units ranged from 17 to 121 per session. Mean recall accuracy during these sessions was 17±8%. 
We first examined the mean across-unit spike rate during the encoding period. On average, 
human MTG units had a lower spike rate during word-pairs that were subsequently remembered 
compared to those that were subsequently forgotten. This effect was predominant during the 
orientation cue and about 3 seconds after the word-pair was presented on the screen. 
Interestingly, we previously reported significant decreases in low-frequency power at these same 
time points when analyzing iEEG electrode responses over the MTG in a different cohort of 
patients performing the same task. 
Despite seeing an overall trend in single unit activity, the activity patterns of individual units 
were largely heterogeneous. For example, some units showed decreased rates during the 
orientation cue of correctly remembered pairs, while others showed increased rates during the 
orientation cue on the same trials. We therefore used a population-level analysis to quantify the 
trial-by-trial consistency of the response from all units recorded at the same time. We found that 
on average, the ensemble response to word pairs that were subsequently remembered was more 
consistent than the ensemble response to word-pairs that were subsequently forgotten. This 
finding is in line with our previous report of a more consistent brain-wide distribution of iEEG 



power when word pairs are successfully remembered versus those that are forgotten. Taken 
together, these preliminary findings from single units in the human MTG provide a deeper 
understanding of the neural mechanisms supporting an important human cognitive function. 
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Abstract: Research on transcranial direct current stimulation (tDCS) has grown rapidly, but 
there is controversy regarding whether and how tDCS could impact memory performance. We 
report two studies that addressed this question by examining the effects of two types of tDCS on 
subsequent episodic memory performance and concomitant recordings of neural oscillations. In 
study 1, 20 minutes of anodal tDCS, or sham, was applied over the left DLPFC, and after 
stimulation, EEG was recorded while subjects performed an item and associative recognition 
task. Behavioral results indicate that associative memory performance was marginally higher 
during active tDCS as compared to sham stimulation (p = 0.059). Initial EEG analyses indicate 
that tDCS was associated with increased parietal theta power during both encoding and 
recognition of object pairs. In Study 2, we investigated the effects of oscillatory tDCS, in which 
anodal stimulation was amplitude-modulated at theta (5.5Hz) over the left DLPFC. Following 
stimulation, EEG was recorded as subjects performed a combined item and source recognition 
task. Behavioral results showed that tDCS had no significant effects on item recognition. 
Surprisingly, unlike anodal tDCS, oscillatory tDCS impaired source memory performance 
(p=0.029) relative to sham stimulation. Future EEG analyses will examine the relationships 
between the type of stimulation, oscillatory activity, and episodic memory performance. 
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Abstract: Although there is general agreement that the hippocampus binds item and context 
information, little is known about the relative roles of hippocampal subfields (CA1, CA23DG) in 
representation of different contextual attributes. Here, we used high-resolution fMRI to 
investigate how hippocampal subfields support representations of incidentally retrieved cognitive 
and temporal context information. Participants studied visual objects divided into eight lists 
(temporal context) while making one of four semantic judgments (cognitive context). During 
high-resolution (1.5mm3 voxels) fMRI scanning, participants made memory judgments on 
objects and also indicated if they could retrieve their associated temporal and/or cognitive 
context. We performed voxel pattern similarity analyses to investigate how hippocampal 
subfields carried information about retrieved temporal and cognitive context . When temporal 
context was correctly retrieved, voxel pattern similarity carried information about the list in 
which an object was studied at encoding (temporal context). During successful recollection of 
cognitive context, voxel patterns carried information about the encoding question (cognitive 
context). This preliminary evidence supports theories of hippocampal involvement in context 
reinstatement and suggests that subregions of the hippocampus may differentially bind 
concurrent temporal and cognitive contextual elements. 
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Abstract: The context in which an event takes place can be used to generate predictions about 
future events in order to guide adaptive decision-making. However, little is known about the 
neural underpinnings of context-dependent predictions and decisions in humans. In the current 
fMRI study, we tested the hypothesis that context-dependent decision-making is associated with 
functional interactions between a posterior-medial cortico-hippocampal network (the PM 
system) and regions in prefrontal cortex (PFC). Outside of the scanner, participants learned about 
eight different food items within four grocery store contexts. For each food item, participants 
predicted whether a customer would “like” or “dislike” the item, and were then presented with 
the outcome (a happy face or a disgust face) along with feedback on their prediction accuracy. 
For half of the food items (context dependent (Cd) condition), outcome was deterministically 
linked to the store context (p(“like”) = 1 or 0); every item was liked in two stores and disliked in 
two stores, for an overall “like” rate of 0.5. For the other half of food items (context independent 
(Ci) condition), outcome was probabilistic (p(“like”) = 0.75 or 0.25) and consistent across every 
store. The following day, during fMRI scanning, participants again made binary outcome 
predictions (“like”/”dislike”) about the same set of stores and foods (prediction phase). Next, 
pairs of food items were presented simultaneously within a store, and participants selected the 
item that was most likely to be “liked” (choice phase). In both Cd and Ci conditions, prediction 
phase performance significantly predicted choice phase performance, suggesting that learned 
context-item-outcome relations generalized to guide decisions. Within each phase, however, 
performance on Cd trials was not significantly correlated with Ci performance, suggesting the 
independence of Cd and Ci representations. Preliminary fMRI results suggest differential 
engagement of the PM system between Cd and Ci trials, and planned analyses will evaluate 



multivoxel pattern information in and functional connectivity between PM and PFC regions 
during context-dependent decision-making. 
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Abstract: Humans can remember words that are seen or heard even if barely paying attention, 
but memory is better when attention is focused. This is true whether attention is focused 
proactively, before a word is seen, or retroactively, soon after that word has disappeared from 
sight. fMRI studies have revealed similar activation patterns during proactive and retroactive 
attention-enhanced memorization, suggesting they share a common neural mechanism. We 
recently hypothesized that the human temporal pole supports proactive attention-enhanced 
memorization based on intracranial electroencephalography (iEEG) signals that predicted 
successful memorization of a to-be-presented stimulus (Haque et al 2015). Here we test the 
hypothesis on 15 participants implanted with iEEG electrodes to localize epileptic seizure focus 
prior to surgical resection. Participants viewed lists of serially presented words on a computer 
screen, and were asked to remember just those words that were immediately preceded or 
followed by a visual cue. Recognition memory of both cued and non-cued words was assessed 
about 30 seconds later. Performance satisfied three criteria: cued word performance was 
significantly better than non-cued word performance; performance on proactive and retroactive 
cued words was indistinguishable; and non-cued word performance was significantly better than 
chance. We tested the hypothesis that the human temporal pole supports attention-enhanced 
memorization using 3 approaches: (1) we compared behavioral performance before and after the 
temporal pole was resected in 6 participants and found a significant decrease relative to matched 
controls, (2) we examined iEEG signals in this brain area in 15 participants and found a 
significant decrease in high-frequency power during the proactive, but not retroactive, attention 



cue, and (3) we examined spiking responses of 234 single units in the middle temporal gyrus of 5 
participants with microelectrodes (Cereplex I Utah Array) and found significant changes in spike 
rate during proactive attention, and to a lesser extent, retroactive attention. Single units that 
encoded proactive attention with a sustained change in spike rate often also encoded retroactive 
attention, whereas neurons that transiently encoded proactive attention showed no consistent 
response to retroactive attention. Results from all three approaches support the hypothesis that 
the human temporal pole mediates proactive attention-enhanced memorization, and to a lesser 
extent, retroactive enhancement. Our data provide insight into the neural mechanisms that 
differentiate proactive and retroactive attention-enhanced memorization. 
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Abstract: Psychosis is a disorder characterized with symptoms of hallucinations and delusions, 
which reflect a difficulty to distinguishing things not pertaining to reality. Orbitofrontal (OFC) 
lesions may also induce a confusion of reality, as evidenced by patients acting upon their 
confabulations and by disorientation. A surrogate marker of this disorder has been a continuous 
recognition task with repeated runs, each being composed of the same set of pictures but 
arranged in different order, in which subjects had to indicate picture repetitions only within the 
ongoing run. Confabulating patients had an increased rate of false positive as from the second 
run, indicating that they failed to suppress the interference of currently irrelevant memories. 
Healthy subjects, when correctly processing a stimulus as new within the repeated runs, 
displayed a distinct positive frontal evoked potential at 200-300 ms. We refer to this memory and 
thought control mechanism as “orbitofrontal reality filtering” (ORFi). In this study we explored 



whether the reality confusion in psychosis was also characterized with disturbed ORFi. We 
recorded high-density electroencephalography from 9 patients with mild to moderate psychosis 
(measured with the Brief Psychiatric Rating Scale, ver. 4) and 10 age-matched healthy controls 
at rest and while they performed the continuous recognition task. The level of hallucinations 
correlated with the number of false positives in the second run of the continuous recognition 
task. Successful treatment of newly presented stimuli of the second run induced a positive frontal 
potential at 250-300 ms in both groups, as previously observed in healthy subjects. Inverse 
solutions localized this activity, which was stronger in patients, to the OFC. Electrical potentials 
of patients then differed at 350-400 ms, when first run repetitions evoked a specific positivity 
previously suggested to represent a “feeling-of-rightness”. Again at 400-600 ms, where new and 
repeated stimuli were differently processed in controls, the distinction became unclear in 
patients. Resting state functional connectivity also revealed coherence differences between 
groups. Patients had higher alpha coherence in right primary auditory and insular area, but lower 
gamma coherence in OFC. Both measures were inversely correlated with levels of hallucination. 
These findings indicate that patients with mild-to-moderate psychosis may generate the early 
orbitofrontal signal associated with reality filtering but that subsequent stimulus processing is 
abnormal. These processing differences may reflect differences in underlying resting-state 
connectivity. 

Disclosures:  R. Thézé: None. A.L. Manuel: None. F. Chantraine: None. L. Nahum: None. L. 
Curtis: None. A.G. Guggisberg: None. A. Schnider: None. 

Poster 

184. Human Cognition and Memory I 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 184.25/KKK48 

Topic: H.02. Human Cognition and Behavior 

Support: ERC-StG 261177 

 NWO-Vidi 452-12-009 

 NWO 406-15-291 

Title: Neural representation of value space 

Authors: *N. DE HAAS1, S. THEVES1, A. NITSCH2, B. EPPINGER2, N. W. SCHUCK3, C. F. 
DOELLER1;  



1Donders Institute, Radboud Univ., Nijmegen, Netherlands; 2Tech. Univ., Dresden, Germany; 
3Princeton Univ., Princeton, NJ 

Abstract: The hippocampal formation (HF) is the key region involved in spatial navigation and 
in representing the geometry of spatial environments. One major question is whether the HF also 
supports geometrical computations in non-spatial domains. Here we aim to test the idea that the 
HF processes value in a geometric fashion, representing distances between objects in a 2D 
“value space”, akin to representation of spatial distances between locations. To this end, we 
combined high-resolution fMRI with a two-armed bandit task. In the experiment participants 
learned associations between every-day objects and two choice-dependent outcomes (outcome A 
and outcome B). Each object can therefore be represented in two ways: ether by jointly 
representing the value of both outcomes in a “2D value space” or by representing the mean value 
associated with this object in a “1D mean value space”. Results from a behavioural experiment 
(n=50) showed that even though participants are not aware of any spatial structure while making 
decisions, our participants formed robust associations between the objects and the values on both 
axes in value space, as reflected in participants’ choices. Before and after the decision task, we 
presented all objects in randomized order and recorded fMRI data (data acquisition ongoing). 
This allows us to detect changes of across-voxel pattern similarity for the different types of 
object pairs as a function of distances in 2D value space and 1D mean value space. We 
hypothesized that distances in 1D mean value space are processed in prefrontal areas known to 
process value (especially the orbitofrontal cortex), whereas distances in 2D value space are 
encoded in the HF. Specifically, following the learning experience object pairs with low 
distances in value space should show higher neural similarity than object pairs with higher 
distances in value space, consistent with the recent finding that objects with lower 2D spatial 
distance in a virtual environment are associated with increased neural similarity (Deuker et al., in 
prep). This study can help us to elucidate if geometrical computations in the HF support the 
formation of value space in the service of efficient decision making. 
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Title: False memory for spatial location activates contralateral visual regions within 400 to 800 
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Abstract: True memory for spatial location reactivates contralateral regions of the visual cortex, 
which is thought to reflect the constructive nature of memory. In a recent functional magnetic 
resonance imaging (fMRI) study, we demonstrated that false memory for spatial location was 
also associated with activity in contralateral early and late visual regions (Karanian & Slotnick, 
submitted). Given the low temporal resolution of fMRI, the timing of such contralateral false 
memory activity is still unknown, which is critical to our understanding of false memory 
construction. In the present event-related potential (ERP) study, we assessed whether false 
memory activity in contralateral visual regions initially occurred within the 400 to 800 
millisecond epoch, which is thought to reflect detailed recollection, or initially occurred within 
the 1000 to 1600 millisecond epoch, which is thought to reflect post-retrieval monitoring. During 
encoding, abstract shapes were presented in either the left visual field or the right field during 
central fixation. During retrieval, abstract shapes were presented at fixation and participants 
classified each shape as previously in the “left” or “right” visual field. False memories were 
defined as “left” responses to items previously presented in the right visual field and “right” 
responses to items previously presented in the left visual field. Preliminary analyses revealed that 
false memories for the “left” spatial location initially produced activity in right/contralateral 
visual regions within the 400 to 800 millisecond epoch and this contralateral activity continued 
into the 1000 to 1600 millisecond epoch. Similarly, false memories for the “right” spatial 
location initially produced activity in the left/contralateral visual regions within the 400 to 800 
millisecond epoch and this contralateral activity continued into the 1000 to 1600 millisecond 
epoch. The present results demonstrate that false memory effects in contralateral visual regions 
initially occur in a relatively early time period that is thought to reflect conscious recollection, as 
opposed to the post-retrieval monitoring period. Such evidence suggests that relatively rapid 
processing in early visual regions plays a critical role in the construction of detailed false 
memories for spatial location. 
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Title: Human genomic signatures of brain oscillations during memory encoding 
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Abstract: Memory encoding is an essential step for all learning. However, the genetic and 
molecular mechanisms underlying human memory encoding remain poorly understood, and how 
these mechanisms give rise to specific patterns of brain oscillations observed during memory 
encoding is completely unknown. Here, we directly compare intracranial EEG recordings from 
the neocortex in individuals performing an episodic memory task with human gene expression 
from the same areas. We identify genes correlated with oscillatory memory effects across six 
frequency bands. These genes are enriched for preferential expression in neurons, in particular 
genes encoding synaptic proteins and ion channels, supporting the idea that the genes regulating 
voltage gradients are involved in the modulation of oscillatory patterns during successful 
memory encoding across brain areas. These data are the first to identify correlations between 
gene expression and active human brain states as well as provide a molecular window into 
memory encoding oscillations in the human brain. 
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Abstract: Neural activity patterns that reflect stimulus features during perception are reactivated 
when that stimulus is retrieved from memory. For example, reactivation of high-level visual 
category information has frequently been observed in ventral temporal cortex. However, several 
recent studies indicate that reactivation of event-specific information occurs in lateral parietal 
cortex. At present, there still remains ambiguity regarding the nature of reactivated 
representations in lateral parietal cortex and how these representations relate to those in high- 
and low-level visual cortex. To address this question, we first sought to compare activity patterns 
in occipital, ventral temporal, and lateral parietal areas across perception and retrieval. Second, 
we sought to test whether retrieval goals differentially influence stimulus representations 
reactivated in occipital and parietal cortex. In two separate studies, we asked human subjects to 
learn word-image associations for 32 unique object stimuli that varied in color and object 
category membership. After learning the word-image pairs, subjects from Experiment 1 
performed two different tasks while undergoing fMRI scanning: perception and cued retrieval. 
During perception runs, subjects viewed the images (without word cues) while performing an 
orthogonal target detection task. During retrieval runs, subjects were presented with word cues 
and recalled the corresponding images. Multivariate pattern analysis showed that, in visual 
regions, feature sensitivity (sensitivity to colors and object categories) during perception was 
reinstated at retrieval. Additionally, comparison of neural activity patterns across perception and 
retrieval revealed item-specific reinstatement within posterior IPS and angular gyrus. Moreover, 
reinstated item-level patterns in parietal cortex could be predicted from feature-level patterns in 
visual cortex (independently measured during perception), suggesting a role for parietal cortex in 
combining visual feature information during memory retrieval. Experiment 2 was similar in 
structure to Experiment 1, but during retrieval runs subjects were alternately instructed to 
retrieve either the color or the object category of the cued stimulus. This allowed us to assess the 
relative sensitivity of reactivation in parietal and occipital cortices to top-down retrieval goals. 
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Abstract: Background: For deaf people, sign language is an essential medium for social 
interaction and plays a critical role in verbal learning. In particular, language development in 
those people should rely on the verbal short term memory (STM) via sign language. Most 
previous studies compared neural activations between sign language processing in deaf signers 
and spoken language processing in hearing participants. However, it remains unclear (1) how the 
cross-modal conversion of visual inputs into verbal STM occurs in deaf brains, and (2) whether 
deaf and hearing signers rely on different neural components in verbal learning. In this study, we 
examined fMRI activation in deaf and hearing signers using an identical memory span task 
which would engage verbal STM equally for both groups. Materials and Methods: Six deaf 
signers and 13 hearing signers participated in the present study. On each trial, participants were 
instructed to memorize a non-word (4-7 syllables in length) presented with fingerspelling and 
keep the item for 12 seconds. They were then presented with the identical non-word or one-
syllable different non-word from the learned item, and decided whether the pair of non-words 
were the same or different. Echo-planer imaging data were acquired using a Siemens Trio 3 T 
head scanner with the following parameters: TR = 1.0 s, TE = 30 ms, flip angle = 60°, FOV = 
192 mm × 192 mm, multiband acceleration factor = 3, voxel size 3 × 3 × 3 mm, 48 axial slices. 
Imaging data analysis was performed using SPM8. Results: Behavioral analysis revealed that 
deaf and hearing signers relied on visual and phonological memory, respectively. At the neural 
level, verbal maintenance broadly activated the left hemisphere language network, including 
inferior frontal gyrus, supplementary motor area, and inferior parietal lobule in both groups. 
Interestingly, however, deaf signers more engaged left middle occipital lobule (MOL) and 
fusiform gyrus (FG) whereas hearing signers more engaged left inferior parietal lobule (IPL) and 
ventral premotor area (PMv). Discussion: We found that the identical verbal STM task using 
sign language activates different neural systems between deaf and hearing signers. Specifically, 



deaf signers relied more on the left MOL and FG, i.e., higher-order visual association cortex, 
probably reflecting a top-down activation of the visual memory, whereas hearing signers 
recruited the left IPL and PMv, reflecting their greater reliance on the phonological memory. 
These findings suggest that deafness influences development of neurocognitive basis for verbal 
learning and provide novel imaging data to establish an effective verbal learning program for 
deaf children. 
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Abstract: Working memory is defined as the maintenance (Mt) and manipulation of information 
(Mp) in a goal-directed behavior. Mt involves keeping in mind the information of the stimulus 
when it is no longer available in the environment, whereas Mp involves the reorganization of the 
information that is currently maintained. The aim of this study was to evaluate the brain 
electrical activity, by means of event-related potentials (ERPs), along encoding and delay phases 
of working memory. Mt and Mp were measured in two independent conditions (Mt vs Mp) in a 
Delayed Match-to-Sample Task. The Mt condition involves keeping in mind two features, (color 
and shape) of irregular figures, while the Mp condition involves the mental rotation (180º plane 
rotation) of these irregular figures. Behaviorally, higher accuracy and faster reaction times were 
observed for the Mt than for the Mp condition; also, there were marginal differences in 



amplitude between Mt and Mp conditions, from 200 to 1000ms post-stimulus-onset in frontal 
electrodes, only during the encoding phase. On the other hand, when encoding and delay phases 
were compared as a function of Mt and Mp conditions, higher amplitude between 200-550 ms 
post-stimulus onset in ERPs was observed. These results suggest that the strategies for encoding 
information in working memory differ from the delay phase where keeping information “online” 
was required, regardless of the maintenance and manipulation requirements. 
This study was conducted with the support of the following grants: DGAPA PAPIIT IN219516, 
IN218316, IA207416 to AERC, OPG and MMD, respectively. 
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Abstract: With expansion microscopy (ExM; Science 347(6221):543-548) it is now possible to 
identify and localize a variety of kinds of biomolecule with multi-color readout, and nanoscale 
precision, throughout 3-D tissues such as brain circuits. We recently collaboratively initiated the 
development of a number of different nucleic acid readout technologies, including expansion 
fluorescent in situ hybridization (ExFISH), which enables the analysis of nucleic acids in the 



context of ExM. We here explore how this strategy, applied to nucleic acid barcodes expressed 
by neurons, may enable the readout of neural morphology. In one proposed method, exogenous 
nucleic acid barcodes are expressed by neurons. The barcodes are transported along axons and 
dendrites. Using ExM equipped with nucleic acid readout modifications, we can then attempt to 
read out barcodes with single-molecule resolution. Using a combination of spatial and spectral 
information, it may be possible to encode ~25 bits of identity information per neuron, and to read 
this information out using conventional microscopes in expanded samples. This many bits of 
information would enable the assignment of a unique barcode to every neuron in a population of 
millions of neurons, appropriate for the mapping of large-scale neural circuits. As an example 
application, by matching barcodes at the origin and termination of a neural projection, it may be 
possible to map long-range neural projections with single-cell resolution. We will discuss the 
theory of this approach, as well as preliminary data that we are acquiring. 
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Title: 20-nm resolution imaging of brain circuitry by next-generation expansion microscopy 
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Abstract: Understanding how biomolecules such as proteins are architected in 3-D throughout 
synapses, neurons, and brain circuits is essential to understanding how such molecular and 
cellular machines work together to support the operation of normal and diseased neural 
networks. Earlier, we discovered that biological specimens could be physically magnified by 
~4.5-fold by embedding them in a dense swellable polyelectrolyte gel, anchoring key 
biomolecules to the polymer network, and then adding water to osmotically swell the gel - a 
process we call ‘expansion microscopy’ (ExM; Science 347(6221):534-548). We are now 
creating an improved, next-generation form of expansion microscopy, which can expand 
specimens up to 20-fold, enabling ~20-nm spatial resolution imaging, using conventional optics. 
Here, we report the optimization and application of this next-generation expansion microscopy to 
reveal extremely fine structures that make up brain circuits, including components of the 
synaptic cleft in intact brain circuits, and Brainbow-labeled neural circuits. Given that 
conventional, diffraction-limited optics can proceed with very high throughput (e.g., in lightsheet 
microscopy), the organization of brain circuitry can be revealed with nanoscopic precision over 
large volumes relevant to behavior and disease, using next-generation ExM. We anticipate that 
large-volume nanoscopic imaging via next-generation expansion microscopy, because it does not 
require any special hardware, may support widescale and democratized investigation of the 
molecular configurations of brain circuits. 
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Abstract: Understanding in 3-D how molecules are configured throughout neurons, and how 
neurons are configured in circuits, may not only enable the discovery of new targets and 
technologies for treating neural diseases, but could help reveal fundamental principles of neural 
computation. Since biomolecules are nanoscale, however, and configured with nanoscale 
precision, this has remained difficult to study. For example, with electron microscopy, fantastic 
spatial resolution is possible, but it is difficult to identify the biomolecules in a protein complex. 
Ideally, one would be able to achieve electron microscopy resolution, but with the additional 
capability of single-molecule biomolecular identification. 
While conventional microscopy techniques involve magnification of images of samples, 
recently, we discovered that it was possible to physically magnify the biological specimen itself 
(Science 347(6221):543-548). This is done by embedding the specimens in dense swellable 
polymers, associating key biomolecules or labels with the polymer, mechanically disrupting the 
sample, and adding water to swell the biomolecule-polymer composite. This process, which we 
call expansion microscopy (ExM), was originally shown by us to enable ~60 nm resolution, 
achieved through ~4.5x linear expansion (i.e., a 300 nm diffraction limited lens would now have 
a resolution of 300 / 4.5 ~ 60 nm), and is in increasingly widespread use because it enables 
nanoscale imaging of a wide variety of preserved specimens on conventional, diffraction-limited, 
hardware. 
Here we report a new polymeric chemistry that enables 100x linear expansion, which would 
ideally give an effective resolution of 300 / 100 ~ 3 nm, comparable to that of electron 



microscopy. This method does not require any hardware except that found in conventional 
biology laboratories, and is compatible with existing dyes, fluorophores, and antibodies. Our 
approach may be useful for analyzing protein complexes and cellular architectures with high 
precision, thus helping link nanoscale biological mechanisms with large-scale circuit 
architectures in the brain. 
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Title: Nanoscale imaging over large volumes via combined expansion microscopy and lattice 
light sheet microscopy 
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Abstract: Conventional fluorescence microscopy suffers from trade-offs in resolution, imaging 
depth and photobleaching. In this work, we implemented a novel scalable 3-d imaging strategy 
by combining the physical expansion and clearing capabilities of expansion microscopy (ExM; 
Science 347(6221):543-548) and the fast and high-resolution imaging volumetric capabilities of 
lattice light-sheet microscopy (LLSM; Science 346 (6208): 1257998). 
Refractive-index matching between expanded samples and the imaging medium allows for deep 
imaging into samples, with minimal aberration. Physical expansion in combination with the 
high-resolution of the lattice light-sheet microscope offers effective resolution of approximately 
~51 x 51 x 82 nm at an expansion ratio of ~4.5x. In addition, tissue is rapidly imaged at ~7000 
um3 (in pre-expansion units) per minute under these conditions. Finally, the ultra-thin light sheet 
significantly reduces out of plane photodamage, which enables imaging of expanded volumes of 
up to ~1 mm x 2 mm x 1 mm. We show that our new imaging strategy, which we call ExLLSM 
(expansion lattice light sheet microscopy) is compatible with, and enhances the interrogation of, 
a wide range of biological samples and model systems of different morphologies and origins 
such as mouse brain slices, Drosophila brains and central neural systems, tumor and lymph node 
models, and various cultured cells. In particular, the new imaging strategy is ideal for rapid 
imaging of extended neuronal systems with nanoscopic resolution, high signal-to-noise ratio and 
low photobleaching. 
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Title: ExFISH: Nanoscale imaging of RNA with expansion microscopy 
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Abstract: The ability to image RNA identity and location with nanoscale precision throughout 
brain circuits would enable the molecular characterization of cell types, synapses, and signaling 
pathways, in normal as well as pathological brain states. We have developed a small molecule 
linker which enables RNA to be covalently attached to a swellable gel synthesized throughout a 
biological specimen. Then, post-expansion, fluorescent in situ hybridization (FISH) imaging of 
RNA can be performed with high yield and specificity, with single molecule precision, in both 
cultured cells and intact brain tissue. This process, which we call Expansion FISH (ExFISH), 
decrowds RNAs and supports amplification of single molecule signals as well as multiplexed 
RNA FISH readout. ExFISH thus enables super-resolution imaging of RNA structure and 
location with diffraction-limited microscopes in thick specimens. We deploy ExFISH to image 
transcripts in mammalian brain circuitry, within cellular compartments such as dendritic spines, 
which require nanoscale resolution for identification and segmentation. We anticipate that 
ExFISH can be used for the transcriptomic profiling of neuronal cell-types in-situ, as well as for 
the super-resolved characterization of neuronal connectivity and synaptic organization in intact 
brain circuits, key for an integrative understanding of the mechanisms underlying neural circuit 
function and dysfunction. 
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Abstract: Expansion microscopy (ExM; Science 347(6221):543-548) is a new modality of 
imaging that physically magnifies biological specimens in order to enable nanoscale resolution 
images to be obtained on conventional, high-speed, diffraction limited optics. Recently, we 
found that biological specimens can be expanded up-to 20-fold by employing a new polymer 
system, which we term ‘next-generation expansion microscopy’. As next-generation ExM-
processed specimens are optically clear, 20-nm lateral resolution can be achieved, with high-
speed diffraction limited microscopes, over large volumes. Accordingly, we asked whether this 
new version of ExM, in combination with novel lipid stains compatible with the ExM context, 
might be able to support large-scale neural circuit imaging and reconstruction. We applied next-
generation ExM to the imaging of mouse brain circuits labeled with polymer-anchorable lipid 
binding tags developed in our lab, in order to assess whether 20x physical magnification could 
clearly separate labeled membranes for connectomic purposes. The lipid-binding tags we 
developed are ExM compatible lipid intercalating labels that can bind to plasma membranes, or 
any other membranes, of neurons and other cells. Their physical and chemical properties 
facilitate their fast 3D diffusion within tissue, in aqueous buffers, thus allowing staining of large 
tissue volumes. Furthermore, the tags contain chemical groups that facilitate the chemoselective 
conjugation of multiple types of fluorescent labels, important for multicolor and amplified 



labeling. We present the chemistry as well as the kinds of data that can be expected with this 
novel combination of technologies. 
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Abstract: All cells in the brain are surrounded by a narrow extracellular space (ECS), which is 
filled with interstitial fluid (ISF) and the extracellular matrix. The ECS forms a complexly 
shaped reservoir, which is thought to be critical for metabolite clearance and brain homeostasis 
and may serve as an important communication channel for chemical and electrical signals. While 
the volume and diffusive properties of the brain ECS have been measured by various biophysical 
techniques (radiotracers, iontophoresis etc), virtually nothing is known about its spatial structure, 
its heterogeneity, and dynamics in live brain tissue. This is because it cannot be visualized by 
conventional light microscopy, which lacks sufficient spatial resolution. Electron microscopy 
(EM) using chemical fixation gives the impression that the ECS is a uniformly thin layer (<15 
nm) and devoid of larger channels or basins. By contrast, EM based on cryo-fixation indicates 
that the ECS is much more heterogeneous and larger, which is consistent with the higher ECS 



volume fractions reported by iontophoretic techniques in live tissue (15-30%). Here, we present 
a new and straightforward method to directly visualize the ECS in living brain tissue and to 
monitor its dynamics by time-lapse imaging. It is based on super-resolution STED microscopy in 
3D and labeling of the ISF with a diffusible fluorescent dye (brain interstitial fluid imaging, ‘ISF 
imaging’). The home-built STED microscope uses pulsed lasers for fluorescence excitation and 
quenching and incorporates a combination of phase plates to improve the spatial resolution of the 
microscope in all spatial dimensions, including the z-axis. The setup is fully equipped with a 
recording chamber and micromanipulators to enable electrophysiological experiments in brain 
slices. We demonstrate the feasibility of this technique to resolve the ECS in live hippocampal 
brain slice cultures, using Alexa-488 as a fluorescent dye to label the ISF. We show that the 
spaces between brain cells are highly heterogeneous and dynamic. Moreover, we show that ISF 
imaging opens up a radically new way to view the complete anatomical organization of living 
brain tissue, providing sufficient image resolution and contrast to clearly resolve individual 
axons and spines within the dense neuropil. 
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Abstract: Fluorescence microscopy is the dominant technique in neuroscience to visualize 
neural morphology and sub-cellular organelles. The development of super-resolution techniques, 
such as stimulated emission depletion (STED) microscopy, has greatly extended our ability to 
resolve biological structures on a spatial scale of 100 nm or less, such as dendritic spines, axons 



and glial processes, which are often out of reach for conventional light microscopy. 
As STED microscopy is highly sensitive to light scattering and aberrations, the ability to acquire 
super-resolved images is typically restricted to regions close to the surface of the biological 
sample (<10 µm). However, for many neurobiological questions it is essential to be able to 
achieve higher depth penetration for super-resolution microscopy. Towards this end, optical 
clearing strategies that reduce scattering and aberrations and that are compatible with super-
resolution fluorescence microscopy hold great promise. 
Here, we report on our comparative tests of a variety of mounting media for super-resolution 
imaging in thick tissue sections (40 µm), including the recent high refractive index clearing agent 
CFM3 (RI: 1,518) and a common mounting medium (mowiol). We immuno-labelled YFP-
positive neurons with Atto647N in fixed brain slices obtained from transgenic animals and 
imaged their dendritic spines with a STED microscope. Our results indicate that CFM3 helps 
maintain high spatial resolution and image contrast throughout thick brain sections, largely 
irrespective of imaging depth. On a downside, photobleaching of Atto647N labelling was more 
severe when imaging with CFM3 as compared with mowiol. 
We are currently optimizing the experimental conditions to improve the photostability of 
Atto647N, and are systematically investigating the impact of various clearing agents/mounting 
media on spatial resolution using 3D-STED. Our preliminary results indicate that CFM3 may be 
a useful mounting media for super-resolution imaging in thick fixed brain slices. 
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Abstract: Transient transfection of fluorescent fusion proteins is a key enabling technology in 
fluorescent microscopy. Transient transfection of proteins may however bypass the normal 
regulation of expression, leading to overexpression artefacts. With the advent of gene editing 
techniques many of the potential problems with overexpression can be avoided. In this study we 
have combined super-resolution PALM/STORM imaging and CRISPR/Cas9 gene editing to 
analyze to what extent overexpression may compete with normal protein expression. We selected 
the α1-subunit of the integral membrane protein Na,K-ATPase (NKA-α1) as a target for this 
analysis based on its central role for the integrity of virtually all eukaryotic cells. 
A control cell line was generated using CRISPR/Cas9 gene editing where the N-terminus of 
NKA-α1 was fused to mMaple3. Single molecule PALM imaging was then used to quantify the 
density of NKA-α1 in control cells (23 µm-2). Competitive overexpression was then introduced 
by transfection of NKA-α1-pHluorin. Quantification of the endogenous NKA-α1-mMaple3 
during competitive overexpression revealed a time dependent reduction of the endogenous 
density to 40% of control after 48 hours. The amount of overexpression was quantified in cells 
transiently transfected with NKA-α1-mMaple3. The mean density of NKA-α1 increased to 140% 
of control density. As a complement to PALM based quantification, we also performed STORM 
based quantification of immunolabeled control and overexpressing cells. The ratio of 
endogenous and exogenous densities were comparable to the PALM study, but the absolute 
densities of NKA-α1 were higher (37 µm-2 in control cells) due to the differences in mMaple3 
conversion rate vs. antibody labeling efficiency. 
Na,K-ATPase requires a β1-subunit for assembly and insertion in the plasma membrane. It has 
been suggested that expression of β1-subunit could be a limiting factor for the expression of the 
full heteromeric Na,K-ATPase in the plasma membrane. Our data suggest that this is not the 
case. To further analyze this factor we performed 3D-STORM (PRILM) imaging of β1-subunits 
in endogenous and competitive α1 expressing cells and found that there is a relatively large pool 
of β-subunits in the cell that is not exhausted during overexpression. 
In conclusion our findings illustrate that care needs to be taken when evaluating localization data 
gained from overexpressing systems and we demonstrate that CRISPR/Cas9 gene editing 
provides a good strategy for introduction of fluorescent proteins in single molecule localization 
microscopy studies. 
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Title: CUBIC-X: Whole-organ cell analysis of mammalian brain with expansion chemical 
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Abstract: Organism-level systems biology aims to identify, analyze, control and design cellular 
circuits in organisms. To realize system-level identification and analysis of cellular circuits 
within intact organs, we developed a whole-organ expansion and imaging protocol, termed 
CUBIC-X, by performing comprehensive chemical screening, which achieved highly resolved 
imaging of intact whole organs. CUBIC-X is a simple chemical immersion protocol, which is 
compatible to fluorescent proteins and enables the whole-organ expansion ~10 times in volume 
and extremely high optical tissue clearing. Using nucleus stained adult mouse brains, we 
demonstrated every nucleus counting and phenotyping over the whole brain with the customized 
high-speed light sheet microscope. The CUBIC-X protocol is also applicable to anatomical and 
pathological analysis in fine subcellular resolution. These highly resolved information in whole-
organ scale will accelerate our comprehensive understanding of the cellular circuits in complex 
biological systems. 
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Abstract: Previously we reported how heavy-metal stained, plastic embedded brain tissue can be 
‘hot knife’ sectioned (using a heated, oil-lubricated diamond knife) into a series of 20 micron 
thick slabs optimized in size for efficient FIB-SEM imaging; and showed how such slabs can be 



computationally ‘volume-stitched’ back together creating a volume suitable for tracing neuronal 
processes (Hayworth et al. 2015). We have now integrated this technique into a general pipeline 
for imaging the Drosophila brain across the multiple FIB-SEM machines in our expanding ‘FIB 
farm’. A Drosophila brain (prepared by the C-PLT method) is epon embedded, trimmed, and 
then x-ray micro-CT scanned. The brain is then hot knife sectioned into 35 sagittal 20 micron 
thick slabs. All slabs are flat embedded in Durcupan, sandwiched between a sturdy PET backing 
film and a 20 micron thick blank of Durcupan which acts as a front mask to reduce FIB streak 
artifacts. The laminated slabs are individually mounted on metal studs and UV laser trimmed to 
the tissue dimensions. Each slab is then micro-CT imaged individually. The resulting x-ray 
volumes (acquired with 0.7 micron voxels) are of significantly higher quality than the whole 
brain micro-CT since the x-rays need traverse far less tissue. They serve for quality control, and 
provide sufficient detail to delineate neuropil compartments assisting targeting of subvolumes. In 
the present study, the 12 slabs spanning the center of the fly brain were micro-CT imaged and 
used to identify connected neuropil compartments of the fly central complex. Slabs containing 
the ellipsoid body, fan shaped body, noduli, and parts of the protocerebral bridge were FIB-SEM 
imaged with 8nm isotropic voxels using two of our custom FIB-SEM machines -a total volume 
representing over 5 million cubic microns. We will discuss the results of this imaging 
concentrating on the many technical improvements we have implemented to make such large-
scale parallel FIB-SEM possible (closed-loop FIB beam control, FIB beam shape profiling and 
optimization, electron detection optimization, etc.). We will also discuss an extension to the hot 
knife procedure called ‘hot-guillotine dicing’ which is designed to allow for efficient 3D 
subdivision (and hence parallel FIB-SEM imaging) of large volumes of mammalian brain tissue. 
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Abstract: The emerging discipline of high resolution connectomics has fueled interest in 
development of tissue preparation methods for high throughput 3D electron microscopy. Our 
goal is to combine these methods with multi-photon in vivo imaging of Ca2+ activity from the 
cortex of an awake, behaving mouse and investigate the structural – functional properties of local 
cortical microcircuits. Given the spatial properties of mouse cortical neurons, our current focus is 
to achieve en bloc staining on vibratome sections with 200 um thickness and tissue blocks larger 
than 1 mm3. 
These methods require tissue processing that produce sharply delineated and intact membranes 
throughout the sample. Samples must possess sufficient membrane contrast to identify neural 
processes in consecutive serial sections and allow manual and automated segmentation of the 
data collected from thousands of serial sections. To avoid the production of artefacts such as 
precipitate and dirt, we use en bloc techniques to avoid post staining of thin sections with heavy 
metals. 
Recent improvements have been made to the reduced osmium ferri- or ferricyanide /OTO 
bridging technique (Hua et al, Nat Commun. 6, 7923 (2015). Some newly developed methods 
including wbPATCO- periodic-acid– thiocarbohydrazide-OsO4 (Nature Methods, 9, 1198, 2012) 
and BROPA (brain-wide reduced osmium staining with pyrogallol-mediated amplification) 
(Mikula and Denk, Nature Methods, 12, 541, (2015) have been introduced as well. These 
protocols are optimized for FESEM, which utilizes either backscattered or in- lens imaging 
modes to produce images. Our imaging needs differ as we use high throughput Transmission 
Electron Microscopy with Camera Arrays (TEMCA), which takes advantage of both high speed 
and the unparalleled lateral resolution of the TEM. 
To produce samples more suited to our imaging needs, we have made adaptations to the Hua et 
al. protocol. These include reduction in timing of the critical thiocarbohydrazide step, and using 
ferricyanide to stain cellular components. We also use a kit epoxy resin and special embedding 
and blocking techniques to find the region of interest (ROI) in the previously imaged sample. 
Our protocol consistently produced high contrast samples with well-defined membranes. Using 
potassium ferricyanide also maintained staining of cellular components, especially microtubules, 
while preserving translucency of the cytoplasm. Taken together, this protocol has reliably and 
consistently produced high contrast, well infiltrated samples. 
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Abstract: Recent advances in generating large-scale serial section image datasets of neural 
tissues using electron microscopy have enabled dense reconstructions of ever larger and more 
detailed neuronal circuit structures. As the number of tissue sections being imaged increases to 
tens of thousands in a single experiment, the need for automated processing, handling, imaging, 
and analysis becomes apparent. Here we describe an Automated Transport and Positioning 
System (ATPS) for loading specimens into a transmission electron microscope (TEM) and 
positioning them for imaging, thereby addressing a subset of these automation needs. This 
system is a second-generation commercial derivative of an operational system developed for and 
in conjunction with the Howard Hughes Medical Institute Janelia Research Campus. Leveraging 
a cartridge-based storage and retrieval system holding up to 512 uniquely serialized grid-
mounted sections, the system has demonstrated the ability to automatically pick any grid from a 
cartridge for subsequent imaging, provide five-degree-of-freedom positioning control of the 
specimen within the TEM column, and move and settle between adjacent camera fields-of-view 
in less than 100ms, all while maintaining compatibility with the standard TEM grid format. In 
addition to describing the architectural and functional design of the system, operational test data 
will be presented. 

Disclosures:   J.H. Price: E. Ownership Interest (stock, stock options, royalty, receipt of 
intellectual property rights/patent holder, excluding diversified mutual funds); Owner, Hudson 
Price Designs, LLC. C. Goodwin: None. B. Gunderman: None. O. Torrens: None. 



Poster 

186. Advanced Imaging Techniques: Electron Microscopy 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 186.04/KKK67 

Topic: I.03. Anatomical Methods 

Title: Linking functional and anatomical circuit connectivity using fast parallelized TEM 
imaging 

Authors: *A. A. BLECKERT, D. BRITTAIN, J. BORSETH, D. BUMBARGER, J. PERKINS, 
D. WILLIAMS, M. TAKENO, D. REID, D. CASTELLI, D. SULLIVAN, T. KEENAN, C. 
REID, N. DA COSTA;  
Allen Inst. For Brain Sci., Seattle, WA 

Abstract: It is commonly hypothesized that the neocortex is composed of repeated local circuits 
that implement a set of canonical computations. The ability to readily link functional properties 
of these local circuits to their underlying connectivity has the capacity to reveal the algorithmic 
framework of cortical computations. To this end we are in the pursuit of developing the 
technologies to map and co-register the physiology of neurons measured with calcium imaging 
to their synaptic connectivity measured with electron microscopy. We intend these technologies 
to acquire datasets at the spatial scale of cortical microcircuits, which will require an increase in 
their speed, stability and reproducibility. 
We have currently optimized a tissue processing protocol to identify and map live imaging 
multiphoton microscopy datasets and transition them through EM histology and onto the final 
EM dataset. In addition, we are working towards a cross imaging registration framework which 
leverages the surface and descending cortical vasculature to provide a common reference space 
for co-registration of functionally imaged neurons within the anatomical network. 
To acquire the anatomical datasets we are developing a high-throughput platform for fast, 
parallelized transmission electron microscope (TEM). This is an enhanced version of the original 
TEM with camera arrays (TEMCA) and current rates of image capture exceed 30 Mp/s (step and 
settle + imaging + Image QC + corrections) at < 4nm resolution. One extra advantage of this 
system is that imaging can be multiplexed over several microscopes. 
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Abstract: Volumetric reconstructions of neurons and their synaptic connections, or connectomes 
(typically derived from electron microscopy image data), are often reduced to brain graphs in 
which nodes represent neurons and directed edges indicate a synapse between them. Many 
classic metrics for evaluating the quality of a reconstructed connectome compare the 
reconstruction to ground truth data at the voxel level—for example, Rank Index, Warping Index, 
and Variation of Information. In the case of the brain graph, however, the derived graph is 
insensitive to some types of reconstruction segmentation errors and thus its quality is not well 
evaluated by classic metrics applied at the voxel level. Here we introduce a novel metric, the 
Neural Reconstruction Integrity (NRI) metric, which measures how well graphs estimated from 
reconstructions capture the connectivity structure of the true brain graph. The NRI metric 
compares ground truth and estimated graphs in which synaptic locations are preserved in the 
graphs. The fundamental unit of assessment incorporated into the NRI is the presence or absence 
of a notional intracellular path between a pair of synapses on a given object (putative neuron or 
neuron fragment). Synapses in the reconstruction are first matched with those in the ground truth 
volume based on spatial location and polarity (pre- and post-synaptic halves are treated as two 
different entities). Then, the paths between synapse pairs are identified as True Positives (TP: 
both synapses are found on a single object in both the reconstruction and the ground truth), False 
Positives (FP: both synapses are found on a single object in the reconstruction, but not in the 
ground truth), and False Negatives (FN: both synapses are found on a single object in the ground 
truth, but not in the reconstruction). The NRI is the harmonic mean (F1 score) of precision and 
recall scores computed from TP, FP, and FN totals. Taken together, sensitivity of the NRI to both 
single synapse location and polarization, along with sensitivity to object ownership of synapse 
pairs, results in the NRI capturing connectivity structure veridicality without being sensitive to 
image segmentation errors that do not affect the brain graph. The NRI can be applied to evaluate 
both local (e.g., single neuron) and global (complete network) structure. We evaluated the NRI 



on synthetic neural data with simulated reconstruction errors, and demonstrate here the intuitive 
relationship between single-neuron reconstruction errors and single-neuron NRI scores. We also 
provide examples of hypothetical network errors and the resulting global NRI scores. 

Disclosures:  M.J. Roos: None. E.P. Reilly: None. J.S. Garretson: None. W.R. Gray Roncal: 
None. D.M. Kleissas: None. M.A. Chevillet: None. B.A. Wester: None. 

Poster 

186. Advanced Imaging Techniques: Electron Microscopy 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 186.06/KKK69 

Topic: I.03. Anatomical Methods 

Support: NIH Grant DP1 NS082121 

 NIH Grant RC2 NS069407 

 NIH Grant P41 GM103712 

 NIH Grant S10 RR028832 

 NIH Grant P30 NS062685 

 NIH Grant T32 MH20017 

 NIH Grant T32 HL007901 

Title: Reconstruction of a larval zebrafish myelin projectome from whole-brain serial-section 
electron microscopy 
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Abstract: Investigating the dense meshwork of wires and synapses that form neuronal circuits is 
possible with the high resolution afforded by electron microscopy (EM). However, the imaging 
scale required to reconstruct the paths of axons and dendrites is more than 10 orders of 
magnitude smaller than the spatial extents occupied by networks of interconnected neurons—



some of which span nearly the entire brain. Difficulty generating and handling data obtained by 
nanoscale imaging of relatively large volumes has thus confined most studies to axon and 
dendrite fragments until recently. These efforts have now been transformed by computing 
advances and the development of new sample handling and imaging techniques, but examining 
entire brains at high resolution remains a challenge. Here we present serial-section EM data for a 
complete larval zebrafish brain and its surrounding head structures. Our approach utilizes 
multiple rounds of targeted imaging at different scales to reduce acquisition time and data 
management. We show that the resulting dataset can be analyzed to reconstruct the myelin 
projectome, consisting of all myelinated processes throughout the brain and periphery. Finally, 
we provide this dataset as an as an open-access resource for neurobiologists and others interested 
in the ultrastructure of the larval zebrafish. 
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Abstract: Analysis of dendritic arbors of gap-junction-coupled spinal neurons in a motor pattern 
generating microcircuit of adult male Western Mosquitofish, Gambusia affinis (Mosquitofish) 
suggests that the relationship of dendritic arbors and the constituent synaptic proteins found at 
gap junctions may be linked to the emergence of gap-junction-coupled fast motor pattern 
generating microcircuits. 
In male Mosquitofish, a major restructuring of the spinal motor-pattern generating microcircuit 
controlling the extremely fast movement of the intromittent organ, gonopodium, occurs 
concomitantly with a body plan remodeling that results in the development of the gonopodium. 
Analysis of the dendritic arbors of gap-junction-coupled spinal neurons reveals significant 
male/female differences in Type-1 motor neuron (MN) dendritic arbors. Male dendritic arbors 
are longer, wider, and denser than those of females; male dendritic arbors have more branches 
than do those of females, and male arbor branches are longer than those of females. Adult male 
Type -1 MN dendritic arbor surface area is three times larger than that of adult females and of 
Type-2 and Type-3 MNs. The density and frequency of connexin (Cx) puncta, specifically 
Cx35/36, is higher in males than in females. 
These dendritic arbors may be essential for the establishment of synaptic inputs to other spinal 
neurons. In addition, the relationship of dendritic arbors and the constituent synaptic proteins 
found at gap junctions may be linked to the emergence of gap-junction coupled fast motor 
pattern-generating microcircuits, such as that of the adult male Mosquitofish. The increased 
surface area finding correlates with results suggesting that the location and type of gap junction 
protein (in this case Cx35/36) expressed have a critical role in controlling MN dendritic arbor 
length, width, density, and synaptic connectivity. 
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Abstract: Silicon wafers constitute ideal substrates for carrying ultrathin biological tissue 
sections for subsequent imaging using either array tomography, correlative array tomography, or 
multibeam scanning electron microscopy technology. We developed a method for the automated 
collection of hundreds of consecutive ultrathin sections directly onto silicon wafers. Hundreds of 
floating ultrathin sections carrying magnetic material are densely accumulated with remote 
magnetic actuation at the water surface in a custom diamond knife bath. The sections are 
subsequently deposited directly onto a previously immersed silicon wafer onto which we 
routinely collect about 1000 sections of about 1 mm2 occupying as little space as about 25 cm2 
(40% wafer covering density). The cutting order of the sections is retrieved either using light or 
electron microscopic imagery by solving a global optimization problem. 
We are currently scaling up our approach to the collection of several thousands of sections onto a 
single large silicon wafer. We hope that our technology will help accelerate volumetric structural 
research efforts such as connectomics. 
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Abstract: Fluorescence light microscopy (FLM) are commonly used for localizing specific 
cellular and subcellular targets. Electron microscopy (EM), especially electron tomography (ET) 
technique, can reveal the three dimensional (3D) details of cellular architectures at nanometer 
resolution. To combine the advantages of the two techniques for the study of neuronal synapses, 
we have developed a system of correlative light and electron microscopy (CLEM) capable of 
visualizing the same sample with ET and FLM. The CLEM system is based on specific patterned 
substrate, on which dissociated primary hippocampal neurons grow and form synaptic 
connections. After imaging and localizing specifically labelled synapses with FLM, samples are 
embedded in Epon resin and sectioned prior to ET analysis. The patterned substrate allows for 
efficient correlation between FLM and ET images at high precision. Custom software are 
developed to achieve automated EM image collection and FLM/EM alignment. With this CLEM 
system, we have obtained high quality tomograms of synapses along dendrites of identified 
hippocampal neurons and distinguished between excitatory and inhibitory synapses. This 
technique provides an efficient approach for combing functional study with ultrastructural 
observation at single synapse level. 
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Abstract: We present a new brain-banking technique for connectomics research, Aldehyde-
Stabilized Cryopreservation (ASC), which allows for cryoprotection and indefinite storage of 
whole, fixed brains at -135°C with no synaptic degradation. 
ASC begins with blood washout and rapid chemical fixation using 3% glutaraldehyde, then uses 
low quantities of sodium dodecyl sulphate (SDS) to permeabilize the blood-brain barrier. 
Ethylene glycol is added via a recirculating gradient former over 4 hours until 65% of the brain's 
water is replaced, then the brain is stored at -135°C where it converts to a glassy solid, a process 
called vitrification. 

 

 
ASC has several advantages over other brain preservation methods: 1) Vitrification ensures that 
preserved brains can be stored for essentially unlimited amounts of time. 2) ASC brains can be 
rewarmed and reperfused, enabling graceful transition to other perfusion-based protocols. 3) 
ASC can scale to larger brains without substantial modification. 
To evaluate preservation quality, multiple rabbit and pig brains were prepared with ASC and 
then analyzed with extensive electron microscopy across multiple brain regions and by FIB-SEM 
(focused ion beam milling and scanning electron microscopy) of several selected regions. We 
found no difference in preservation quality between ASC brains and brains prepared using 
traditional fixation methods. 
The Brain Preservation Foundation has further verified our work as part of their administration 
of the Brain Preservation Prize. 
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Abstract: Diffusion MRI (dMRI) microstructure techniques, e.g. axon diameter and membrane 
permeability estimation, are often validated using Monte Carlo (MC) simulations. The geometric 
substrates are usually oversimplified cylindrical models. This work investigates more realistic 
geometry derived from electron microscopy (EM) data and aims to showcase how subtle 
microstructural features can be explored. 
An EM section from mouse corpus callosum was segmented into 6 compartments: 
unmyelinated/myelinated axons; myelin; glial bodies/processes; extracellular space (Figure1a). 
MC simulations were performed using MCell (Stiles et al., 1996), with DifSim (Balls and Frank, 
2009) calculating the dMRI signal from the phase of protons diffusing under a PGSE sequence 
with diffusion times Δ=2-160 ms, b-values 100-32000 s/mm2 in 30 perpendicular directions. 
The effects of two tissue features were assessed: 
(A) Shape, by comparing EM-derived vs. cylindrical geometry with equivalent radii (Figure1b): 
The aggregate dMRI signal averaged over directions is similar for EM-derived vs. cylindrical 
geometry, lending validity to modeling axons in cross-section as circles. Two regimes where 
shape is relevant: i) short Δ, where lower signal in EM-derived geometry appears driven by 
irregularly-shaped cell processes; ii) lower b-values, where higher signal in EM-derived 
geometry might be due to more tortuous diffusion in ECS around realistic cell packings. 
(B) Myelination, by comparing EM-derived vs. geometry with myelinated axons replaced by 
unmyelinated axons under various permeability conditions (Figure 1c): at low permeability, only 
a modest effect of myelination on the dMRI signal is seen, suggesting myelination does not 
contribute much to signal attenuation in healthy tissue. 
The EM-based geometry and simulation environment presented here has been developed to 
provide researchers with a flexible tool for investigating the role of a range of tissue features. 
Here, we have presented two examples: shape and myelination. Ongoing work extends these 
realistic simulations in full 3D using SBFSEM. 
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Abstract: Connectomic maps facilitate the understanding of information processing through 
neural networks. Serial-section electron microscopic (EM) datasets provide the requisite 
nanometer-scale resolution, but are tedious to reconstruct, permit only indirect identification of 
cell types, and are limited to small volumes reducing the likelihood of capturing rare cell types. 
We have developed a novel tool for labeling genetically identified neurons at the light-
microscopic (LM) and EM level with spatial and temporal control. We generated a recombinant 
AAV2 virus to deliver a Cre-dependent construct of membrane-targeted green fluorescent 
protein (mGFP) fused to an engineered ascorbate peroxidase enzyme (APEX2) (Lam et al., 
2014). Cre-specificity of mGFP-APEX2 labeling was validated in retina and/or brain of well-
established Cre-driver lines (OPN4-Cre, ChAT-Cre, Rbp4-Cre, and Parvalbumin-Cre). Robust 
mGFP labeling marked virally infected, Cre-containing cells 2-4 weeks post-injection, permitting 
detailed confocal reconstruction. After peroxidase histochemistry with 3,3'-Diaminobenzidine 
(DAB), the same cells labeled with mGFP exhibited an opaque reaction product visible in LM. 
Following osmication, the reaction product became electron-dense and thus visible in EM. 
APEX2/DAB-labeled cells were clearly marked in electron micrographs, exhibiting both 
membrane and cytosolic staining throughout their processes including their axon terminals at 
distant efferent targets. In wildtype mice, we used a dual viral strategy, combining our vector 
with a retrogradely transported Cre-expressing AAV, to express mGFP-APEX2 in neurons 
sending axons to specific postsynaptic targets. Applications of the new method include: 1) serial-
section EM analysis of genetically identified neurons, including their somata, dendrites, and 
local or remote axonal projections; 2) correlated LM and EM cell reconstructions to place small, 
high-resolution serial EM volumes into a broader anatomical context documented at the LM 



level; 3) correlated LM and EM labeling of neurons with identified efferent projections; and 4) 
enhanced segmentation of EM volumes using APEX2/DAB labeled processes as points of 
reference. 
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Abstract: Electron microscopy (EM) is perfectly poised to investigate connectivity since it is 
widely recognized as the gold standard to identify synapses. However at such high resolution it is 
usually difficult to identify the specific cell types forming the pre- and post-synaptic terminal in 
any given synapse. Mapping of cortical circuits would benefit from such cell-type specific 
markers visible at the EM level, and here we report the successful in vivo expression of the 
genetically encoded ascorbate peroxidase, APEX2 (Lam, et al. Nat. Methods 12(1):51-4) in 
mammalian mouse cortex using virus and transgenic mouse reporter line Ai133. APEX2 allows 
highly sensitive enzyme-based diaminobenzidine (DAB) staining to occur in a pre-embedding 
step; tolerates a high concentration of glutaraldehyde during the primary fixation step, critical in 
preserving ultrastructure and suppressing background endogenous peroxidase activity; is not 
dependent on photoconversion (and therefore, light penetration depth) for visualization; and 
allows intensification by heavy metals such as nickel and cobalt. We have demonstrated nickel-
enhanced DAB (DAB-Ni) staining in tissue sections up to 300 microns thick. EM imaging 
reveals fine structural details and high-contrast staining, facilitating identification and tracing of 
processes across serial EM sections. 
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Abstract: A comprehensive reconstruction of the mammalian whole-brain ‘wiring diagram’ is 
highly desirable because the computations that underlie the control of behaviour involve 
neuronal circuits that are widely distributed. Currently only electron microscopy provides the 
resolution necessary to reliably reconstruct neuronal circuits en toto. Substantial progress is 
currently being made with respect to automated ultramicrotomy and imaging throughput. One of 
the bottlenecks has been sample preparation. Recently we described a method, which we call 
BROPA (Brain-wide formamide-Reduced-Osmium staining with Pyrogallol-mediated osmium 
Amplification), that allows for the preparation of whole mammalian brains with sufficient 
membrane contrast and ultrastructural preservation for high-throughput electron microscopy-
based neural circuit reconstructions (Mikula & Denk, 2015). Here we report on the development 
of further improvements in mammalian whole-brain sample preparations for electron microscopy 
based on BROPA and their application to a number of different mammalian brains, including 
Etruscan pygmy shrew and mouse. By fine-tuning the parameters of the sample preparation, we 
have resolved issues with whole-brain crack formation, which we routinely diagnose with X-ray 
microCT and electron microscopy and which appears due to increased sample brittleness 
resulting from high-concentrations of metal oxides deposited in the sample. We are currently 
working on further improvements to membrane contrast, scaling our sample preparations to 
larger mammalian brains, and on high-resolution, high-throughput mammalian whole-brain 
serial block-face and serial-section electron microscopic mosaic acquisitions that will lead to 
mammalian whole-brain cellular connectomics (Mikula, 2016). 
References: 
Mikula, S. & Denk, W. 2015. “High-Resolution Whole-Brain Staining for Electron Microscopic 
Circuit Reconstruction.” Nature Methods 12 (6): 541-46. doi:10.1038/nmeth.3361. 
Mikula, S. 2016. "Progress Towards Mammalian Whole-Brain Cellular Connectomics." 
(submitted) 
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Abstract: There is urgent need to understand pathophysiology of psychiatric disorders such as 
schizophrenia, bipolar disorder and major depression. To perform this, biomarkers correlated to 
those disorders and symptoms must be identified. Since the organ mostly involved in psychiatric 
disorders is the brain, tissue biopsy is generally impossible. Under this condition, identifying 
molecules which are released from the damaged organ and detectable in peripheral tissue such as 
blood, urine, etc. are useful approach. However, such kinds of molecules have been poorly 



identified in psychiatric disorders. Previous studies have reported that elevated serum levels of 
brain-type fatty acid-binding protein (B-FABP) was observed in dementia patients and patients 
with ischemic stroke, thus suggested that B-FABP may be useful biomarker for them. Although 
analysis of serum levels of B-FABP has been studied in neurological disorders and 
cerebrovascular disorders, relations between serum B-FABP levels and psychiatric disorders 
have not been investigated. Unlike conventional neurodegenerative diseases, it is considered that 
there is no prominent neuronal loss or cell death in psychiatric disorders. However, several 
previous studies suggested that there were pathophysiologic processes which associate or could 
lead to neurodegeneration in psychiatric disorders. Therefore, we hypothesize that serum B-
FABP levels may be useful biomarker for mental stress which can increase in risk of psychiatric 
disorders. 
Our recent test with using restraint stress model mouse showed substantially higher serum B-
FABP levels were observed compared to controls (stressed group, 35.1±13.5pg/mL and control 
group, 0.0±11.7pg/mL, t-test p=0.0042) and there were duration-dependent effects of repeated 
stress in serum B-FABP levels. These findings suggested that B-FABP in serum is useful 
indicator for accumulated mental stress. We preliminarily assessed serum B-FABP levels in 
patients with schizophrenia, bipolar disorder and major depression. The subjects with psychiatric 
disorders seemed to have higher serum B-FABP levels than the control subjects. Further 
numbers of subjects are necessary to investigate associations between serum B-FABP levels and 
psychiatric disorders subgrouped with clinical status such as duration of illness, symptom 
assessment scales etc. 
The present findings demonstrated that B-FABP may be an indicator of stress levels in the brain 
and could be a useful biomarker for objective evaluation in psychiatric disorders. 

Disclosures:  M. Koga: None. S. Nakagawa: None. Y. Wakatsuki: None. K. Kitagawa: None. A. 
Kato: None. I. Kusumi: None. 

Poster 

187. Drug and Biomarker Discovery in Mood Disorders and Schizophrenia 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 187.02/LLL9 

Topic: I.05. Biomarker and Drug Discovery 

Support: Dana foundation 

 NIH R01MH103324-02 

Title: Long-term plasticity underlies antidepressant effects of repetitive transcranial magnetic 
stimulation 



Authors: *C. KELLER1, W. WU2, R. WRIGHT2, N. ICHIKAWA3, J. HUEMER4, M. WONG2, 
A. YEE2, K. SARHADI2, N. ANICETTI2, L. MCTEAGUE5, A. ETKIN2;  
1Stanford Univ., Mountain View, CA; 2Stanford Univ., Stanford, CA; 3Hiroshima Univ., 
Hiroshima, Japan; 4Med. Univ. of Vienna, Vienna, Austria; 5Med. Univ. of South Carolina, 
Charleston, SC 

Abstract: Background: Depression is a highly prevalent and serious mental illness, with 
unsatisfying success rates for even the best-calibrated combination of pharmacotherapy and 
psychotherapy. Newer treatments such as transcranial magnetic stimulation (TMS) target 
specific brain networks and provides a promising non-invasive therapy for those who are 
medication-resistant or suffer intolerable side effects from antidepressants. However, our 
understanding of the mechanism by which TMS exerts its antidepressant effect is minimal. 
Furthermore, importantly, we currently lack a neural circuit biomarker to track and predict 
clinical outcome. 
Methods: We performed a randomized, sham-controlled clinical trial randomizing patients to 
receive daily 10Hz Left DLPFC repetitive TMS (rTMS) or sham stimulation. Single pulse TMS 
(spTMS) evoked potentials (TEPs) were recorded before and after treatment to assess the causal 
network effects of rTMS. Clinical outcome was assessed with MADRS and HAMD screening 
scores. 
Results: Across subjects, daily rTMS elicited significant changes in the TMS-evoked potential 
across distributed regions, most evident in the later p200 potential. P200 suppression was 
observed across bilateral medial and lateral prefrontal regions and was highly predictive of 
clinical outcome, both at the sensor and source level. Importantly, both the baseline strength and 
the change in strength of the P200 suppression significantly correlated with clinical outcome; 
that is, the stronger the baseline TEP and the stronger the strength of TEP suppression predicted 
better clinical outcome. Evoked potential changes were accompanied by a frontal reduction in 
the early gamma response and a more distributed increase in late alpha power reduction. 
Conclusion: Daily rTMS induces long-lasting cortical neuromodulatory effects across broadly 
distributed regions. These effects are temporally and spatially removed from the onset and 
location of stimulation, but are highly predictive of clinical outcome. 
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Abstract: Despite being classified into distinct categories, psychiatric disorders such as 
schizophrenia (SCZ), major depressive disorder (MDD), obsessive-compulsive disorder (OCD) 
and autism spectrum disorder (ASD) show clinical overlap, familial co-aggregation, and share 
genetic risk factors. Therefore, a better understanding of the biological overlap between 
psychiatric disorders may lead to improved clinical diagnosis and treatment strategies. Geneticist 
now have a reasonable framework for understanding the basic genetic architecture underlying 
psychiatric disease; however, the variable expressivity of genetic mutations suggests that 
environmental factors play a crucial role. In this context, the neural phenotype is the outcome of 
both genetic and environmental factors, representing a more comprehensive domain to study the 
cross-disorder overlap. In our previous work, we designed a Control vs ASD classifier based on 
resting-state functional connectivity magnetic resonance imaging (rs-fcMRI), and showed that 
the output of the classifier might provide a quantitative measure of “ASD-ness” along one of the 
biological dimensions in psychiatric disorders. Indeed, based on this new metric we found that 
SCZ is closer to ASD than other mental disorders. Here we extend this idea by defining cross-
disorder dimensions based on datasets that incorporated SCZ (N=98), MDD (N=200), OCD 
(N=50) and ASD (N=145). For this purpose, we build a classifier for each possible 1 vs. 3 (e.g. 
MDD vs ASD, SCZ, OCD) and 2 vs. 2 (e.g. MDD, OCD vs ASD, SCZ) combinations of 
disorders. The classification performance of each classifier is evaluated by stratified 10-fold 
cross-validation and by the area under the curve (AUC) of the receiver operating characteristic 
(ROC). We observe that the classification performance is fair to good for each classifier 
(AUC=0.81±0.04), and that the set of relevant functional connections selected by the machine 
learning algorithm is independent for each classifier. These results suggest that psychiatric 



disorders can be clustered into multiple broader biotypes that depend on the abnormal functional 
connections taken into consideration. This motivates further studies towards a more continuous 
representation of these biotypes, and towards a better understanding of the cross-disorder 
overlap. 
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Abstract: The diagnosis of psychotic disorders relies on clinical characteristics defined 
according to DSM criteria. However, there is growing evidence that the DSM classifications 
have limited overlap with biologically meaningful variables. Recent research suggests that a 
biomarker-based approach to classify psychoses might be more advantageous for disease 
understanding than traditional symptom-driven criteria. Here, we examined whether structural 
brain measures, specifically regional grey matter densities derived from voxel-based 
morphometry (VBM), would be more accurate when used to classify individuals within the 
psychosis dimension when these were defined according to DSM criteria or were based on 
multivariate biomarker profiles – Biotypes (BIO). We analyzed T1-weighted MRI images from 
the Bipolar-Schizophrenia Network on Intermediate Phenotypes (B-SNIP) sample that includes 
psychotic probands, their first-degree relatives, and healthy controls. The present analysis 
focused on 557 probands first grouped by conventional diagnoses [schizophrenia (SZ, n=242), 
schizoaffective disorder (SAD, n=138), psychotic bipolar disorder (BD, n=177)] and then by 
Biotype (B1, n=150; B2, n=185; B3, n=222), as well as 251 healthy controls. Classification of 
the individual MRIs was conducted using L2-penalized logistic classifiers (λ=1) using gray 
matter density to predict group membership in a repeated cross-validation approach (1000 
iterations per analysis). Classification outcomes indicated that healthy controls could be reliably 
distinguished from probands at rates higher than chance (25%) when every gray matter voxel 
was treated as a feature. Classification accuracy was highest for the SZ (35%) and B1 (the most 
impaired Biotype based on cognitive and sensorimotor profiles) (37%) probands. Importantly, 
the probands could be accurately classified above chance (33%) for both the DSM (42%) and 
BIO (39%) categories even when healthy controls were not included in the analysis. 
Classification accuracy further improved, primarily for SZ (39%) and B1 (44%) when the feature 
set was reduced using an ROI approach (45 bilateral AAL ROIs). This latter result suggests that 
the application of ROI-based approaches may improve classification. In conclusion, although 
grey matter densities were able to classify the most severe cases of psychosis (SZ and B1), there 
was no evidence for superiority for DSM or Biotype models. 
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Abstract: The objective of this study was to develop and test a method for screening the acute 
effect of test articles on 14C-2-deoxyglucose (14C-2DG) concentration in mouse brain, as a 
representation of glucose uptake due to compound-induced changes in neuronal activity. Eighty 
C57BL/6 mice were separated into 10 groups of 8 animals. After an overnight fast, each mouse 
was administered one of 10 test articles while awake via intraperitoneal (IP) injection. Five of the 
test articles were controls and included water (vehicle), Haloperidol, Desipramine, Ketamine, 
and Lithium Chloride. The other five test articles were Sunovion compounds in late stage 
discovery. Fifteen minutes after test article administration, each mouse was administered 14C-
2DG intravenously (IV), also while awake. Mice were euthanized at 45 minutes post-injection of 
14C-2DG, and their brains were harvested. 
Each brain was halved sagittally along the midline and frozen. All 80 frozen brain halves were 
blocked together in a grid-like configuration for autoradiography. Sagittal 30-µm thick sections 
of the 80 brain halves were produced using a cryomacrotome. High resolution optical images 
were acquired prior to each section being taken from the block. Sections were exposed to 
phosphor imaging plates to measure radioactivity in the tissue and produce 
autoradioluminograms. 
All 2D white light images and autoradioluminograms were reconstructed into 3D volumes. 
Individual 3D brain volumes were digitally extracted and all 80 brains (white light and 
autoradiography data) were registered to a common space. Qualitative comparisons and 
quantitative statistical parameters (vehicle vs. remaining test articles) were generated on the 
voxel-level and the region-level using the Allen brain atlas. 
Changes in raw counts of radioactive signal produced patterns of responses in Regions of Interest 
(ROI’s) that relate test compounds (unknowns) to reference compounds used for the treatment of 
Schizophrenia (Haloperidoll), Depression (Desipramine), Treatment-Resistant Depression 



(Ketamine), and Bipolar Disorder (Lithium). 
Comparisons of patterns of response and statistical analysis will be presented as they capture 
similarities and differences with respect to mouse ROIs’s of interest, brain circuits, and 
behavioral changes between known therapeutics for psychiatric indications and compounds in 
late stage discovery. 
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Abstract: Mental disorders are multidimensional and severely disabling diseases, with a strong 
need for pharmacotherapies with better adherence, long-term outcome and patient functionality. 
Unfortunately, the scientific advancements in the field have not yet led to the introduction of 
truly novel pharmacological approaches to treatment. One of the possible avenues to achieve this 
goal is to take advantage of world's ancient knowledge of healing practices to direct search of 
new lead compounds, with expectedly novel action mechanisms that would lead to better 
treatment outcomes. For this reason, we have directed our efforts to the search of new 
pharmaceuticals in Peruvian flora traditionally used for the treatment of mental disorders. 
Previous studies have led us to collect information on the traditional use of plants for the 
treatment of mental disorders in several Peruvian localities and geographical regions. We 
currently have extracts from plant collections corresponding to 265 species from 87 different 
plant families. These plants are traditionally used for one or more of the following activities: 



antipsychotic, antidepressant, anxiolytic and sedative. Importantly, about 60% of those species 
have never been described in the scientific literature for their potential effects on the modulation 
of behavior. 
Half of our plant extracts have been screened so far to validate their traditional medical use with 
behavioral tests in mice. We have identified 157 plant extracts having one or more potential 
psychotropic activity (123 antipsychotic/antimanic, 84 anxiolytic and 38 antidepressant). 
Additionally, our extracts have been tested for 56 receptor targets in the NIMH Psychoactive 
Drug Screening Program (PDSP) - University of North Carolina, Chapel Hill (UNC), showing 
they are potentially active towards several targets of interest (e.g. serotonin 5-HT6 and 5-HT7A 
antagonists, nocioceptin/orphanin agonists, GPR68 antagonists, among others). 
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Abstract: GPR88 is an orphan G-protein-coupled receptor (GPCR) highly expressed in the 
striatum. Genetic deletion and gene expression studies have suggested that GPR88 plays an 
important role in the regulation of striatal functions and is implicated in basal ganglia-associated 
disorders. However, the receptor functions of GPR88 are still largely unknown due to the lack of 
potent and selective ligands. Development of a high-throughput screening (HTS) assay for 
GPR88 should facilitate the discovery of novel ligands as in vivo probes of GPR88 function. 
Toward this goal, we have developed a CHO-Gαqi5-GPR88 cell-based calcium mobilization 
assay. This assay takes advantage of functional coupling of GPR88 with the promiscuous Gαqi5 
protein and consequent mobilization of intracellular calcium, which can be measured in a 384-
well format with a Fluorescent Imaging Plate Reader (FLIPR). The assay was validated using the 
known GPR88 agonist (1R,2R)-2-PCCA (EC50 = 297 nM). The assay was deemed robust and 
reproducible with a Z’-factor of 0.72 and tolerated dimethyl sulfoxide to a final concentration of 



2%. A diversity library of nearly 20,000 compounds was screened using this assay to identify 
novel GPR88 agonist leads. 
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Abstract: The orphan receptor GPR88 is richly expressed in both dopamine D1 and D2 receptor-
expressing medium spiny neurons. Genetic knockout and gene expression studies have suggested 
that GPR88 plays an important role in the regulation of striatal functions and is implicated in the 
basal ganglia-associated disorders such as Parkinson’s disease and schizophrenia. We have 
previously reported 2-PCCA inhibits isoproterenol-stimulated cAMP accumulation in a 
concentration-dependent manner in HEK293 cells expressing GPR88, indicating that GPR88 is 
coupled to Gαi proteins. 2-PCCA has a high calculated lipophilicity (cLogP 6.2) and was 
reported to be a P-glycoprotein substrate. In order to elucidate the biological function of GPR88, 
an in vivo agonist probe appropriate for CNS investigation is required. This poster will present 
the synthesis, structure-activity relationship and molecular modeling studies of substitutions on 
the aniline moiety of 2-PCCA with the goal of improving potency and lowering the lipophilicity. 
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Abstract: Antagonist or partial agonist at dopamine D3 receptor (D3R) have been proposed as 
medications for substance abuse and neuropsychiatric disorders. The development of D3R 
selective ligands as therapeutic agents has been challenging because of the 1) high degree of 
homology (~80% sequence identity) between the D2 and D3 dopamine receptor subtypes within 
the helical transmembrane spanning regions and 2) suboptimal physicochemical and 
pharmacokinetic properties of current ligands. In our earlier effort, we identified a series of D3R 
preferring amides possessing moderate binding selectivity compared to the D2R. Based on the 
insights gained from modeling studies, we designed and synthesized a library of piperazinylbutyl 
ureas. Evaluation of binding affinity of this library of compounds at human D3 and D2L 
receptors led to the identification of compounds with greater than 400-fold selectivity for D3R 
over D2R. Functional activity and functional selectivity of selected ligands were also profiled 
using GTPγS binding assay, β-arrestin-2 recruitment assay, and forskolin-dependent adenylyl 
cyclase inhibition assay. Docking experiments utilizing the refined crystal structure of D3R and a 
D2R model, generated using the D3R crystal structure as homology modeling template, indicate 
that the interaction of the tail groups on the urea nitrogen plays a critical role in imparting 
differential binding affinity at D3R and D2R. The results of these studies, along with our efforts 
to identify receptor residues that may play a key role in binding selectivity, will be presented. 
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Abstract: Our purpose was to identify the gene expression markers of early-onset depression 
(EOD) in blood by microarray analysis. To exclude bipolar disorder patients who had first 
episode of depression, we selected EOD patients (N = 10 in depressed state, N = 13 in remitted 
state) who had no manic episode until elderly (age ≥ 50 years old). Seven hundred ninety seven 
genes (up; 558, down; 239) with annotation of gene symbol were identified as EOD markers 
compared to healthy control (N = 30). These genes were cross-matched the microarray data in 
blood of the depression model mice (676 genes, up; 148, down; 528). In six common genes 
between patients and mice, five genes were validated as the downregulated-genes in EOD 
patients by quantitative real-time PCR. These genes may be the biological markers of EOD in 
blood. 
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Title: Neural targets of tolcapone enhanced cognitive control in healthy adults. 
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Abstract: Background: Chronic psychotic disorders, including schizophrenia (SZ), are 
characterized by significant impairment in cognitive control (CC); a higher cognitive process that 
broadly impacts goal or context representation and maintenance, attention allocation and 
stimulus-response mapping, and is essential for decision-making and daily functioning. Impaired 
CC is thought to contribute significantly to functional impairment in SZ, and is largely 
unresponsive to antipsychotic (AP) medications. Tolcapone, a reversible catechol O-methyl 
transferase (COMT) enzyme inhibitor improves neurocognitive performance in healthy subjects 
(HS) carrying the Val/Val genotype of the COMT gene (SNP rs4680). However, tolcapone’s 
effect on the cognitive control construct is unclear. We used a reverse-translated 5 Choice-
Continuous performance test (5C-CPT) with simultaneous electroencephalography (EEG) to 
study tolcapone’s effect on CC in COMT-genotyped healthy adults. 
Methods: Healthy adults, between the age of 18-35 years were screened for baseline measures 
and COMT genotype; effects of a single dose of tolcapone (200 mg or placebo (PBO) p.o.) on 
neurocognitive performance and event related potential (ERP) measures were tested in a double-
blind, randomized, counterbalanced, crossover design. Participants completed two test days 
separated by one week. Effects of tolcapone on neurocognition and ERP measures were analyzed 
using repeated measures ANOVA with genotype or gender or median split (low vs. high) 
baseline (PBO day) d-prime (d’) score as between subject factor. 



Results: 27 subjects (10 Met/Met and 17 Val/Val) completed the study. Participants were mostly 
men, young, healthy and educated. Overall, 200 mg dose of tolcapone was well tolerated, 
however significant elevation of systolic blood pressure (p<0.05), and liver function tests were 
noted with tolcapone suggesting its bioactivity. Tolcapone significantly improved 5C-CPT 
performance and enhanced activation of frontal electrodes during response inhibition in 
individuals with low baseline d’ scores, but had the opposite effect in the high baseline d’ score 
group. 
Discussion: Among healthy adults, tolcapone (200 mg) enhanced cognitive control measured by 
false alarm rate during non-target trials, and activated frontal electrodes during correct inhibition 
of response to non-target trials, consistent with its behavioral effects, in specific subgroups. 
These findings suggest a frontal locus of bioactivity for tolcapone and its regulation of CC. 
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Abstract: Schizophrenia is a severe psychiatric disorder associated with persistent alterations of 
diverse neurocognitive functions, leading to life-long psychosocial disabilities. Although 
schizophrenia has long been considered as a pathology altering specifically the higher-order 
functions, recent research demonstrated that basic sensory processing was also impaired, 
especially in the auditory modality. 



Neurophysiological approaches including event-related potentials/oscillations and mismatch 
negativity have provided evidence that most schizophrenic patients show a wide range of 
clinically measurable dysfunctions in the treatment of auditory stimulations. Here we focus on an 
alternative method, called Auditory Steady State Responses (ASSRs), which is one the most 
consistent functional biomarker across schizophrenic patients. ASSRs consist in cortical 
electrophysiological oscillations entrained to the frequency and phase of a periodic auditory 
stimulus presented at a rhythm in the gamma range (that is, 30-80Hz). ASSRs are believed to 
reflect the interplay between cortical pyramidal neurons and parvalbuminergic interneurons. 
Consistent with the theory of imbalance between cortical excitation and inhibition in 
schizophrenia, patients show reduced power and phase locking, in particular to stimulations 
presented at 40Hz. 
Here we show that ASSRs can be consistently recorded in the auditory cortex of freely-moving 
C57Bl6 mice using methods inspired from clinical paradigms, i.e. following series of 2 second 
trains of 5ms white-noise clicks presented at 20, 40, 60 or 80Hz. Gamma Power and phase 
locking of ASSRs were altered following treatments with diverse NMDA antagonists (Ketamine, 
PCP⋯ ), as well as in murine models of psychiatric disorders. 
Given that these electrophysiological activities are well-conserved across species and can be 
recorded without the subject attention, ASSRs might constitute a powerful translational 
biomarker for drug-discovery in schizophrenia. 
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Abstract: Serotonin reuptake inhibitors have been the leading class of drugs for the treatment of 
depression and anxiety for several decades and have been associated with a number of sensitive 
peripheral and central biomarkers. The central biomarkers include PET transporter occupancy, 
fMRI and quantified EEG but these methods differ with regard to ease of use. Using EEG in the 
rat, escitalopram was found to produce a reduction the delta band at 2 mg/kg. We conducted a 
qEEG study in healthy volunteers which included evoked P300 cognitive potentials, auditory 
evoked gamma and ERP during a word list memory task (LMT) and the Flanker task focusing on 
errors (error-related negativity; ERN) and the test was calibrated to produce a sufficient number 
of errors. 
Thirty two healthy male subjects, 18-45 years old, participated in a four-way double-blind cross 
over study during which they received placebo, escitalopram (15 mg) or two dose levels of a test 
drug (not reported here) for three days and in a randomized order. Each treatment was 
administered orally and separated by at least 18 days’ wash-out period. Resting and vigilance-
controlled EEG was recorded and complete ERP was tested on the day preceding the first dose 
(baseline) and on days 1 and 3 of dosing. 
P300 (amplitude or latency) was unaffected by escitalopram while induced gamma was increased 
on day 3. Investigation of qEEG power bands in the bipolar leads showed that escitalopram 
induced an increase in power of the fast waves (β and γ) compared with placebo in both resting 
and vigilance-controlled conditions. The spread was on most of the 28 electrodes flat maps. This 
effect was observed in most experimental conditions, in absolute power values as well as in 



relative values, and was more pronounced on day 1 than on day 3. A decrease in power of the 
slow wave (δ) was observed in resting conditions (on day 3 for absolute and relative values) and 
in vigilance-controlled conditions (on day 1 and day 3 for relative values only). There was no 
consistent pattern in the pair-wise comparisons of the auditory evoked gamma power or on the 
ERN or LMT late potential wave amplitude but a mild increase in the Pe (error positivity) 
potential following ERN was observed. 
The human EEG profile was different to that observed in the rat with higher magnitude effects 
and broader spread over different frequency bands; potential reasons for the species differences 
will be discussed. 
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Abstract: The N-methyl-D-aspartate (NMDA) receptors (NMDAR) are a subtype of ionotropic 
glutamate receptors that are highly expressed in the central nervous system (CNS) and are 
involved in the excitatory synaptic transmission and synaptic plasticity that form the basis of 
many critical CNS functions. NMDAR dysfunction has been implicated in Alzheimer’s 
disease, amyotrophic lateral sclerosis (ALS), neuropathic pain, schizophrenia, and depression, 
among others. Most non-selective NMDAR antagonists (e.g. ketamine) have undesirable side-
effects that restrict their clinical utility for relieving symptoms of neuropathic pain and 
treatment-resistant depression. Modulators of NMDAR function that either act indirectly or 



target particular NMDAR subtypes offer the potential to have reduced side-effects relative to the 
non-selective antagonists. One approach is to inhibit the production of the NMDAR co-agonist, 
D-serine, which is produced endogenously by conversion of L-serine to D-serine by the enzyme 
serine racemase (SR). Inhibitors of SR that reduce the production of D-serine may therefore have 
therapeutic benefits in disorders associated with NMDAR hyperfunction. 
Wild-type hSR was expressed with a polyhistidine-tag in BL21 CodonPlus (DE3)-RIL cells and 
after a two-step purification (immobilized metal affinity chromatography followed by size-
exclusion chromatography) was isolated to a high degree of purity (>90%) and yield of ~3mg/L. 
The presence and purity of SR were verified by western blot, mass spectrometry and 
crystallography, with the crystal structure of SR in complex with malonate being solved in-house 
to a resolution of 2.2Å. The conversion of L-serine to D-serine by SR was quantified by a 
coupled biochemical assay in which D-serine is broken down by D-amino acid oxidase (DAO) 
and the resulting H2O2 takes part in a chemiluminescence reaction with HRP and luminol to 
produce light. The Km of L-serine was determined to be 6.4 ± 0.5mM and at a substrate 
concentration of 2mM, the IC50 for the competitive inhibitor malonate was 82µM, in agreement 
with literature values. 
A single-point screen of 3000 fragments (molecular weight <300) has been performed (n=2). 
Hits have been reordered and IC50s will be determined in the SR assay and counter-screened in 
the DAO assay (which comprises the second part of the coupled assay). Specific hits will then be 
confirmed using biophysical methods such as thermal shift, MicroScale Thermophoresis with the 
ultimate mode of action being established using X-ray crystallography. These structural data will 
then be used to direct medicinal chemistry efforts aimed at increasing the potency and 
physicochemical properties of the hits. 
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Abstract: Pharmacological MRI (phMRI) is a translatable, versatile and powerful MRI 
technique that allows in-vivo non-invasive mapping of the effects of the pharmacological 



compounds in the brain. High temporal and spatial resolution, whole brain coverage and 
controlled environment render phMRI an invaluable tool for pre-clinical drug testing, allowing 
fast screening of the novel compounds for modulating neuronal metabolism and hemodynamic 
response in the brain. Most widely used phMRI modalities are blood oxygen level-dependent 
(BOLD) signal and regional cerebral blood volume (rCBV) measurements. Multiple 
experimental paradigms (e.g. acute dosing vs. pretreatment-challenge) combined with different 
approaches to data analysis gives flexibility to look into specific aspects of test molecule’s 
action. Applied analysis typically produces functional time-series from specific brain areas and 
statistical parametric maps (SPM) with GLM block modeling. Beyond that, independent 
component analysis (ICA), functional networks and connectivity analysis with seed-based 
correlation can be utilized for post-hoc extraction of additional information related to compound-
induces changes in the brain. Here we present our wide implementation of the pharmacological 
MRI platform in high field for pre-clinical drug testing, using both BOLD and rCBV readouts 
with a number of known psychoactive compounds in anesthetized rats and mice. Functional data 
were acquired using 7T or 11.7T Bruker MRI system, with single-shot spin echo EPI sequence 
with 2 seconds time resolution and (if not stated otherwise) 390x390 micrometers in-plane 
resolution with slice thickness of 1-1.5 mm. Battery of anesthetic protocols, including Isoflurane, 
Urethane and Medetomidine was used depending on the experiment. Typical duration of single 
experiment was 1 hour with 20 min baseline and 40 min follow-up after challenge. Every phMRI 
session was accompanied with physiological monitoring including ECG, respiration, 
temperature, blood gas analysis and in some cases - continuous blood pressure measurements, 
which provides additional information about the drug’s systemic effects. Results are shown as 
individual or group-level statistical maps and signal time-series from selected region of interests 
(ROI). Provided data and methodology established within this study, demonstrates extensive 
drug testing capabilities using phMRI in various pre-clinical rat and mouse models. 

Disclosures:  A. Shatillo: None. K. Lehtimäki: None. A. Nurmi: None. O. Kontkanen: None. P.J. 
Sweeney: None. 

Poster 

187. Drug and Biomarker Discovery in Mood Disorders and Schizophrenia 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 187.16/LLL23 

Topic: I.05. Biomarker and Drug Discovery 

Support: SHRF-EG 

 NSERC-DG 



Title: Comparison of protocols for quantitative analyses of membrane protein clustering in 
lymphocytes in relation to its use as a putative biomarker of depression 
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Abstract: Protein clustering along the cell membrane of peripheral lymphocytes is altered in 
depression and has been proposed as a putative biomarker of therapeutic efficacy in major 
depressive disorder. Here we compared different methods of blood collection and 
immunocytochemical analyses to determine the best and easiest manner of carrying out this type 
of analysis in a clinical setting. In our original protocol (protocol A), human blood samples were 
drawn by a registered nurse. Samples were centrifuged in a Ficoll-Paque-Plus gradient for the 
isolation of lymphocytes, followed by immunolabeling with a specific anti-serotonin transporter 
(SERT) antibody. Immunolabelling was performed in small Eppendorf tubes. The subsequent 
analysis of the clustering was performed using an epifluorescence microscope. In protocol B, we 
obtained human blood smears from drops of blood generated through pricking the forefinger. 
The smears were dried for an hour and stored at -80ºC. Immunolabelling was performed directly 
on the slide using the same anti-serotonin transporter (SERT) antibody. Identification of 
lymphocytes in the smears was aided by nuclear counterstaining. We then collected pictures with 
an epifluorescence microscope. For both protocols we used ImageJ software to quantify 
membrane protein clustering. Protocol A resulted in an average of 63.58 ± 3.22 SERT 
clusters/lymphocyte, with an average size of 0.11 ± 0.003 µm2. With protocol B, we found an 
average of 93.35 ± 3.5 SERT clusters/lymphocyte, with an average size of 0.09 ± 0.002 µm2. 
Statistical analyses showed that protein clustering is homogeneous across different patients, but 
that protocols A and B reveal different overall numbers of clusters and cluster size. This suggests 
that either of the protocols could be used in a clinical setting, but if one analyses data obtained by 
the two different protocols, it would be necessary to create an algorithm to convert the numbers 
from one to the other. Taking into account that protocol B (use of blood smears) is much faster 
and cheaper that protocol A (drawing of blood samples and isolation of lymphocytes), we would 
recommend the use of protocol B to further analyse membrane protein clustering in lymphocytes 
as a putative biomarker of depression. 
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schizophrenia and bipolar disorder 
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Abstract: Diagnosing mental illnesses such as bipolar I disorder and schizophrenia using 
standard clinical methods (e.g., DSM-V) can be difficult, especially when presenting symptoms 
are characteristic of multiple psychiatric disorders. Recent studies have explored the potential of 
auditory evoked potentials to serve as biological markers that can provide more objective 
diagnostic tools. Sensory gating, the neurological process of suppressing a response to redundant 
stimuli, is thought to index brain inhibitory function and occurs in an auditory paired click task 
when evoked potential peak amplitude is reduced to the second (S2) click stimulus compared to 
the first (S1). Previous studies have identified sensory gating of negative evoked potentials 
occurring 100 msec post-stimulus (N100) and positive evoked potentials occurring 200 msec 
post-stimulus (P200) as potential markers; both bipolar I disorder (especially with psychosis) and 
schizophrenia may exhibit impaired gating. Few studies have investigated the effect of gender on 
these potentials and on sensory gating; those that did had conflicting results. Larger amplitudes, 
worse sensory gating ratios, and weaker sensorimotor gating have been observed in women 
compared to men; however, other studies have observed no effects of gender. This study 
investigated the effects of group, gender, and psychosis in N100 and P200 peak measures and 
sensory gating for controls (n=70), schizoaffective (SczA, n=47), schizophrenia paranoid type 
(SczP, n=31), and bipolar I disorder (BPI, n=59; n=24 with psychosis). N100 and P200 peak 
amplitude measures and sensory gating measures (S1-S2 differences, S2/S1 ratios) were 
measured using an auditory paired click task. It was found that all groups, including control 
males, differed significantly from the control females for P200 amplitude measures and N100-
P200 peak to peak amplitude measures. Differences among groups were not significant for 
males. Gender effects on the gating ratio were not significant, but SczA, SczP, and the BPI 



psychosis groups had larger P200 ratios than the controls (i.e., impaired gating). In addition, both 
the control and BPI without psychosis groups had larger S1-S2 difference scores than the BPI 
with psychosis, SczA, and SczP groups. The amplitude difference between S1 and S2 was not 
significant for the BPI psychosis group for N100-P200 peak amplitude. Latency measures were 
affected by gender and click. The gating and peak measures that significantly differentiate 
patient groups may serve as markers for these disorders and help improve future psychiatric 
diagnosis and treatments. Gender effects on these measures require further investigation. 

Disclosures:  S.T. Siddiqi: None. B. Ho: None. J.V. Patterson: None. W.E. Bunney: None. 

Poster 

187. Drug and Biomarker Discovery in Mood Disorders and Schizophrenia 

Location: Halls B-H 

Time: Sunday, November 13, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 187.18/LLL25 

Topic: I.05. Biomarker and Drug Discovery 

Support: Russian Science Foundation # 14-25-00065 

Title: Identification and development of novel Trace Amine-Associated Receptors ligands for 
experimental and pharmacological applications 

Authors: *R. R. GAINETDINOV1,2,3, A. GERASIMOV2, A. LUKIN4, O. KORENKOVA2, E. 
EFIMOVA2,3, S. ESPINOZA1, M. Y. KRASAVIN2;  
1Inst. Italiano Di Tecnologia, Genova, Italy; 2Inst. of Translational Biomedicine, St. Petersburg, 
Russian Federation; 3Skolkovo Inst. of Sci. and Technol., Skolkovo, Russian Federation; 
4Lomonosov Inst. of Fine Chem. Technol., Moscow, Russian Federation 

Abstract: Background. Trace amine-associated receptors (TAARs) belong to G-protein coupled 
receptors family and respond to trace amines such as β-phenylethylamine (β-PEA) and tyramine. 
Recently, most of them have been deorphanized as odorant receptors but their other functions are 
still poorly understood. For example, the TAAR that is the best characterized, TAAR1, 
represents attractive potential mediator of certain aspects of movement, cognitive and emotional 
control and thus can serve as potential molecular target for neuropsychiatric disorders such as 
schizophrenia and depression. Investigation of TAAR receptors requires development of 
powerful ligand tools for specific modulation of their functions in vivo. For this purpose we 
aimed to create valuable library of effective and potent ligands of TAARs including agonists 
(full/partial) and antagonists for biological and pharmacological applications. Methods and 
results. All compounds had been designed to incorporate the PEA-like pharmacophore. For 
functional activity experiments we have used Bioluminescence Resonance Energy Transfer 



approaches (BRET). cDNA for TAAR1, TAAR2, TAAR5 and TAAR6 receptors were used. The 
gene of TAAR1 was modified by N-terminal extension with the first twenty amino acids of 
bovine rhodopsin, Rho tag or the first nine amino acids of β2-adrenergic receptor for improved 
membrane localization and were cloned into pcDNA3.1(+) vector. Transfections were carried 
out using HEK293T cells receptor cDNA vector and EPAC biosensor cDNA vector for 
evaluation of cAMP production. Then cells were seeded into 96-well plates. On the following 
day, 70 µl of PBS was added to each well followed by addition coelenterazine-h solution and 
IBMX solution. After 10-min incubation, either 10 µl of vehicle or 10 µl of compound at 
concentration 10-5 M in PBS was added, and the plate was then placed into a Mithras LB943 
instrument (Berthold Technologies, Germany). The BRET signal is determined by calculating 
the ratio of the light emitted at 530 nm (YFP) to the light emitted at 480 nm (coelenterazine-h). 
Natural ligands of TAARs were used as positive controls. Several full and partial agonists of 
TAAR1 and other TAARs have been identified. They have EC50 approximately 15 - 200 nM and 
their chemical structures differ from structures of other TAARs ligands. Conclusions. 
Application of BRET approaches to identify ligands of TAARs should aid in uncovering the 
pharmacology and signaling of this poorly characterized receptor family. Newly identified 
TAAR ligands can be perspective candidates for new drugs development. 
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Abstract: An inhibitory - excitatory (I-E) imbalance has increasingly been investigated as a 
functional mechanism giving rise to many schizophrenia-related pathophysiology. One of the 
robust non-invasive measurements of I-E abnormality in schizophrenia is the short-interval 
intracortical inhibition (SICI) elicited by paired-pulse transcranial magnetic stimulation (TMS). 
We hypothesized that part of the I-E abnormality, as indexed by SICI, in schizophrenia is likely 
white matter in origin as precision of signal transmission in the white matter may be critical for 
the I-E functions. Patients with schizophrenia (n=26) and healthy controls (n=36) completed one 
diffusion tensor imaging session using a 3 tesla scanner and one TMS session. SICI is measured 
using TMS to the left motor cortex. Only in patient group, stronger cortical inhibition was 
associated with better integrity of white matter tracts, such as left anterior corona radiata (r = -
.58, p = .002). Using mediation analysis, we found the relationship between diagnosis and SICI 
was fully mediated by white matter integrity of left ACR: controlling left ACR caused diagnosis 
effects on SICI completely disappeared (path C’ p > .05). To our knowledge, this is the first 
study demonstrated the importance of circuitry connection integrity in SICI deficits in 
schizophrenia. Moreover, cortical inhibition also predicted the performance of processing speed 
in patient group (r = -.46, p = .03). Those results together suggested that SICI was affected by 
diagnosis of schizophrenia largely through left ACR and further predicted the behavioral 
performance of patients. The clarification of the relationship between I-E function and brain 
white matter may help to reveal the pathology of schizophrenia. 
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Abstract: GPR139 (aka GPRg1 or GPCR12,) is an orphan GPCR. The cloning and expression 
patterns of this orphan GPCR, which belongs to the rhodopsin family of GPCRs, was described 
in the literature in 2005 (Matsuo et al., 2005). GPR139 has a low sequence similarity (20-25%) 



to other members of the GPCR rhodopsin1, 2 family. Human and mouse GPR139 share 94% 
amino acid homology. GPR139 is highly enriched in circumventricular regions of the habenula 
and septum. Biochemical and cell-based assays (GTPgammaS binding, calcium mobilization, 
ERK phosphorylation) demonstrated L-tryptophan and L-phenylalanine activate GPR139 at 
physiological concentrations (30-300 micromolar), suggesting the receptor may act as a sensor to 
detect dynamic changes of L-Trp and L-Phe in the brain (Liu et al., 2015). The aim of this study 
was to develop a mutant GPR139 receptor with an increased and decreased sensitivity to L-Trp 
and L-Phe. Through random and site-directed mutagenesis, we have identified several mutant 
GPR139 receptors with both a gain and loss of function. The various mutants were characterized 
using radioligand binding and calcium mobilization assays. 
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Title: Alzheimer's disease and aging effects in cortical folding 

Authors: *F. HANSEN PACHECO DE MORAES1, B. MOTA1, M. CARNEIRO 
MONTEIRO2, P. MATTOS2, F. TOVAR-MOLL2,3;  
1Inst. of Physics, Federal Univ. of Rio De Janeiro, Rio de Janeiro, Brazil; 2Dept. of Neurosci., 
D'Or Inst. for Res. & Educ. (IDOR), Rio de Janeiro, Brazil; 3Inst. for Biomed. Sci., Federal 
Univ. of Rio de Janeiro, Rio de Janeiro, Brazil 

Abstract: Recently Mota & Herculano-Houzel (Mota & Herculano-Houzel, 2015 Science) have 
proposed a model for cerebral cortical folding that predicts a power-law relation between cortical 
average thickness, exposed and total area, and have shown that this relation, in fact, applies for 
the cortices of a wide range of mammalian species. In the present work, we aim to investigate the 
universality of this relation for healthy and diseased human brain and analyze how the inter-
species variability in gyrification for humans relates to the inter-specific variation between 
different mammalian species. The present study is focused on the elderly subjects: healthy 
controls, mild cognitive impairment, and patients with Alzheimer`s Disease. We have analyzed 
3T Magnetic Resonance structural T1 weighted images and extracted the relevant morphological 
features using a cortical surface reconstruction software (http://freesurfer.net/). In addition to the 



comparison between groups we study how aging affects fitted parameters, both constrained and 
unconstrained by the model; this is done both for each group separately, and longitudinally for 
subjects as they age where such data is available, to understand how model parameters evolve, 
improving or decreasing the exponents and residue variance. Moreover, we examine how these 
quantities vary systematically between the groups, with the aim of characterizing health and 
disease in the cortex with purely morphological criteria. The control subjects follow collectively 
a power law with a slope that approaches the predicted theoretical value, while the Alzheimer 
group presents a significantly lower slope than the controls, suggesting that the exposed area 
remains constant while the product between thickness and the total area is reduced; this is a 
measurable morphological effect of the disease in the brain. 
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Abstract: In order to further advance our understanding about MRI signal changes due to 
formalin fixation over time, we measured different MR properties such as T1- and T2-relaxation, 
diffusion-based fractional anisotropy (FA), mean diffusivity (MD), and myelin water fraction 
(MWF) at thirteen different time points. Two neurologically healthy adult female postmortem 
brains were fixed with 10% phosphate buffered formalin, and four sequences - namely, diffusion 
tensor imaging (DTI), multi-component T2-weighted myelin water imaging (MWI), and T1-
weighted magnetization-prepared rapid gradient-echo (MPRAGE) and MP2RAGE sequences - 
were acquired in each session using a 3T Siemens MRI system. Image preprocessing pipelines 



included a two-stage high-dimensional non-linear warping procedure to normalize the data to the 
international consortium for brain mapping (ICBM) template. The corresponding FA, MD, T1, 
T2 and MWF maps were evaluated using five deep white matter (WM) regions of interest (ROIs) 
(i.e., genu, splenium of corpus callosum, corticospinal tract, optic radiation, internal capsule) and 
an additional four gray matter (GM) ROIs (i.e., putamen, thalamus, globus pallidus, caudate 
nucleus). 
After plotting the time-course in each ROI at 0, 12, 24, 46, 120, 168, 211, 288, 336, 500, 672, 
840 and 1032 hours after initial fixation, we observed that FA, MD and T2 maps remained fairly 
constant, whereas T1 appeared to increase both in WM and GM regions. Interestingly, MWF 
maps showed similar increasing trends in all ROIs, with a rapid increase between 46 to 120 
hours (except in the caudate nucleus, where the MWF appeared to be more or less unaffected). 
These linear changes indicate that formalin gradually diffuses inward from the ventricles and 
cortical surface, and that tissue fixation continues to affect MR properties until, and perhaps 
beyond our maximum fixation time of 1032 hours (approximately six weeks). Although the 
underlying mechanisms remain ambiguous, our findings suggest that ex vivo T1-weighted 
imaging and myelin water imaging should be performed soon after tissue fixation (i.e., to avoid 
erroneous signals), while diffusion imaging and T2-weighted imaging can be performed reliably 
after prolonged fixation. 
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Abstract: Recent advances in ultra-high field (UHF) magnetic resonance imaging (MRI) allow 
investigation of brain functions at submillimeter level using functional MRI (fMRI). Studies in 



hippocampal subfields and layers of the entorhinal cortex at this scale, for example, greatly 
furthered our understanding of their roles in cognition, ageing and dementing disorders. The 
successful application of UHF imaging technique, however, entails a series of methodological 
challenges, ranging from automatic segmentation to accurate delineation of the interested sub-
structures, which have often to be done with multimodal images, including super-high resolution 
(<0.5x0.5 mm2 in-plane), anisotropically acquired T2-weighted partial volume (slab) of the 
brain. Consequently, the co-registration between the T2 slab and the T1-weighted whole brain 
volume becomes pivotal, as most existing methods, mainly due to the discrepancy in acquisition, 
fail to co-register reliably or achieve the demanded precision. 
Here we propose a new approach to tackle this problem. We based our algorithm on two basic 
observations: 1. The anatomical boundaries between white and grey matter present exactly 
reverted gradient vectors in T1 and T2 modalities; 2. The magnitudes of directional gradients 
reach local maxima at the boundaries. To exploit these properties, we first computed a gradient 
field for the T2 slab, and then extracted the white matter boundary points in the whole brain T1 
volume from a probabilistic segmentation. With these boundary points, we sampled the T2 
gradient field and defined an objective function as the mean inner products between these vector 
samples and their T1 counterparts. We then optimize for a global minimum of the objective 
function in the transform parameter space, using a combination of gradient descent and multigrid 
method. 
To evaluate the proposed approach, we applied it to two sets of UHF imaging data, of in total 67 
subjects, acquired from a 7T scanner with different resolutions. We quantified the coregistration 
quality in terms of mutual information and cortical segmentation homogeneity. Compared to 
other existing methods (FSL, ANTs and SPM), our approach exhibited a significant 
improvement of registration precision and robustness over datasets. 
In summary, we present here a novel approach to solve the rigid alignment between multimodal, 
high-resolution structural images. Our algorithm achieves a submillimeter precision and robust 
performance over different datasets, and will play a crucial role in facilitating other high-
resolution fMRI analyses in complex subfields and cortical layers. 
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Title: Diffusion kurtosis imaging for the human connectome project 
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Abstract: Diffusion MRI (dMRI) measurements provide detailed information about human brain 
microstructure in vivo. One of the most commonly used methods to analyze dMRI is Diffusion 
Tensor Imaging (DTI; Basser et al. 1994). This model approximates diffusion in every voxel as a 
Gaussian distribution and provides useful information about tissue properties through metrics 
that summarize this distribution: mean diffusivity (MD) characterizes the mean displacement of 
water molecules within a voxel, while fractional anisotropy (FA) characterizes the variance in 
diffusivity across different measurement directions. These parameters from the Gaussian model 
depend on tissue properties such as the density of the tissue, the myelination of axons, the 
packing of axons, and the spatial coherence of fiber populations within a voxel. Numerous 
studies have found that variance in these metrics in specific locations in the brain accounts for 
variance in human behavior related to psychiatric and neurological disorders, normal 
development and aging, and psychological traits, providing a close tie between brain tissue 
properties and behavior. However, in complex tissue, with many barriers to the diffusion process 
(cell membranes, myelin sheaths, etc.), diffusion can also be non-Gaussian. Diffusion Kurtosis 
Imaging (DKI; Jensen et al. 2005) is an extension of DTI that accounts for non-Gaussian 
diffusion. But because it is a more flexible model (21 parameters for DKI versus 6 for DTI), it 
risks over-fitting to the noise in the data. Using cross-validation, we compared DTI and DKI in 
the dMRI data provided by the Human Connectome Project (Van Essen et al. 2012). We find that 
DKI provides a more accurate fit to the data than DTI (smaller cross-validation prediction error). 
We also find that MD and FA maps are more reliably estimated using DKI than using DTI. We 
conclude that FA and MD in these data should be calculated using DKI and we provide (1) open-
source software to fit the DKI model to data and to calculate MD and FA; and (2) a database of 
MD and FA maps calculated from HCP data. In addition to its better fit to HCP data, DKI has 
the additional benefit that it provides additional parameters that lend themselves to a richer 
biophysical interpretation of the signal. 
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Abstract: We compared the frequency distributions of information transfer using temporo-
dynamic symbolic transfer entropy (tdSTE). Transfer entropy (TE) is a bivariate information 
theoretic measure of directional information flow. This measure was evaluated for 90 centroids 
in the AAL atlas, giving 8,010 unique pairs. Data were acquired from a 275-channel MEG 
(CTF/VSM) at a sample rate of 1200 Hz (dc-300 Hz bandpass). For each dataset, a simultaneous 
linearly constrained minimum variance (LCMV) beamformer was applied to each pair of 
centroids to obtain estimates of the source time series. The tdSTE was computed for the pair 
after translation of the sources to symbolic time series, using the rank vector approach. 
Information transfer rate (ITR) was determined for six 50 Hz wide frequency bands. For three 
HV subjects, four MEG datasets - n-back, p300, clicks, and rest - were acquired in a single 
session. For each frequency band, the mean and standard deviation was computed for all pairs 
across the task time period. The rest (task free), p300 (frequent and rare tones), and click (60 
bursts of 5 clicks) datasets had similar patterns with the lowest ITR were seen in the 5-50 Hz and 
100-200 Hz bands and the greatest transfer rates in the 50-100 Hz and 150-200 Hz bands. By 
contrast, the n-back (working memory) dataset had significantly lower ITR for all frequency 
bands, with the maxima at 150-200 Hz and 250-300 Hz. One example is presented in the figure, 
results for the remaining subjects are similar. We expected to observe higher ITRs for the 
working memory (n-back) task (E/O visual stim with motor response). Instead, it appears that 
our measure of information transfer is actually reduced in all frequency bands, relative to the 
resting and auditory datasets (E/C no motor response). A possible cause for this is that each of 
the 90 nodes is multiply connected with superposition of disparate activity resulting in reduction 
of TE estimates. Since tdSTE is a bivariate measure, the expected increase in activities for the n-
back task result in underestimating TE. A multivariate approach may be necessary to resolve this 
problem. 
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Title: Statistically extracting cell-type specific information from human brain transcriptomic 
datasets captures the effects of age, manner of death, dissection, and psychiatric diagnosis 
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Abstract: Most scientists would agree that psychiatric illness is unlikely to arise from 
pathological changes that occur uniformly across the entire brain. Despite this fact, the majority 
of transcriptomic analyses of the human brain are conducted using block-dissected tissue due to 
the difficulty of conducting single-cell level analyses on donated post-mortem brains. To address 
this challenge, we compiled a database of more than 3300 transcripts that were specifically-
enriched in one of 10 primary brain cell types within published single-cell transcriptomic 
experiments. Using this database, we predicted the relative cell type composition for 157 human 
dorsolateral prefrontal cortex samples using Affymetrix microarray data from the Pritzker 
Neuropsychiatric Consortium, as well as for 841 samples spanning 160 brain regions included in 
an Agilent microarray dataset from the Allen Brain Atlas. These predictions were generated by 
averaging normalized expression levels across the transcripts specific to each primary cell type 
to create a “cell type index”. Using this method, we determined that the expression of cell type 
specific transcripts identified by different experiments, methodologies, and species clustered into 
three main cell type groups: neurons, oligodendrocytes, and astrocytes/support cells. Overall, the 
principal components of variation in the data were largely explained by the neuron to glia ratio of 
the samples. The relative balance of these cell types was influenced by a variety of demographic, 
pre- and post-mortem variables. In particular, age and prolonged anaerobic conditions around the 
time of death were associated with decreased neuronal content and increased astrocytic and 
endothelial content in the tissue, replicating the known vulnerability of neurons to adverse 
conditions and illustrating the proliferation of vasculature in a hypoxic environment. We also 
found that the red blood cell content was reduced in individuals who died in a manner that 
involved exsanguination. When comparing across brain regions, we were able to easily capture 
canonical cell type signatures - increased endothelial cells and vasculature in the choroid plexus, 
oligodendrocytes in the corpus callosum, astrocytes in the central glial substance, neurons and 
immature cells in the dentate gyrus, and interneurons in the globus pallidus. Finally, by including 
a set of “cell type indices” in a larger model examining the relationship between gene expression 
and neuropsychiatric illness, we were able to identify more provocative candidate molecules in 
relationship to major depressive disorder, bipolar disorder, and schizophrenia than using standard 
methodology. 
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Abstract: Objective: Many researchers have documented their views of the regional 
organization of the human cortex with comprehensive 2D images. The interpretation of their 
results is hindered by the lack of a common framework that allow a comparison with respect to 
the exact topography and the architectonic properties of distinguished regions. We have 
registered 2D and surface based maps from many published studies to the 3D-“Atlas of the 
Human Brain” in standard (MNI-) space to generate high-fidelity correspondence between 
different maps. 
Background: MR-X-Brain® provides a 3D model of the human brain (3D-AHB) with 
meticulously segmented structures and a software library that allows for automatic registration of 
the model to the individual brains. Previously we demonstrated the applicability of the software 
to register the surface-based maps from Brodmann and von Economo and Koskinas to our 3D-
AHB. We provided their direct topographic comparison with the cyto- and myeloarchitecure 
presented in our atlas (Mai et al., Elsevier, 2016) by means of the novel multidimensional data 
representation as “cortical stripes”. 
Methods: Our novel way of depicting cortical areal pattern is based on a linear representation of 
cortical cytoarchitectonic ribbon: the cortical stripe. The cortical stripe is an unfolded 
linearization of the cortex combined with associated layered parcellation. We have mapped a 
large number of the published results of detailed architectonic studies (Campbell, Elliot Smith, 
Sarkissov et al., members of the “Vogt School”, Öngür et al.) together with results of recent 
functional neuroimaging studies. We directly compared between studies and in the context of the 
cyto-and myeloarchitecture shown in the atlas. 



Results and Conclusions: The 3D-representation of the AHB in MNI-space provides a 
framework for comparing interpretations by different authors on the basis of standard 
topographic coordinates. Transfer of the 2D maps from different authors to the 3D-AHB allows 
presentation of each map in coordinated stripes to directly compare the different views ascribed 
to the homologous cortex region. Because of the linear presentation of x/y in every section (z-
coordinate) the numbers of synoptically presented findings 
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Title: Diffusion tensor distribution function FA boosts power to detect Alzheimer’s disease 
deficits in low resolution data 
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Abstract: In diffusion MRI (dMRI) studies, fractional anisotropy derived from the single-tensor 
model (DTI-FA) is the most widely used metric to characterize white matter (WM) 
microstructure despite known limitations with crossing fibers. Due to time constraints, complex 
diffusion acquisition protocols are rare in clinical studies. However, the tensor distribution 
function (TDF) can still be used to reconstruct multiple underlying fibers by representing the 
diffusion profile as a probabilistic mixture of tensors from which a scalar TDF-FA can be 
calculated. We compared the utility of DTI-FA and TDF-FA to profile deficits in Alzheimer’s 
disease (AD) across various dMRI angular resolutions. 3T T1-weighted and dMRI images were 
collected from 251 ADNI participants (age: 73.0+/-7.1 yrs; 138M/113F). After distortion 
corrections, the angular resolution was downsampled from the full 41 gradient directions to 
optimally distributed subsets of 30, 15, and 7 gradient images. For each angular resolution, we 
calculated voxel-wise scalar DTI-FA and TDF-FA maps. Subjects’ maps were spatially 
normalized to a common template via ANTs multichannel registration. Voxel-wise random-
effects linear regressions tested for FA associations with (1) AD diagnosis (2) CDR-sob 
cognitive ratings and (3) average hippocampal volume. FDR was used to correct account for 
multiple voxelwise comparisons. Across all FA metrics, AD diagnosis, greater cognitive 
impairment, and lower average hippocampal volume, were consistently significantly associated 
with lower FA. Across resolutions, larger effect sizes and more widespread differences, 
specifically in the temporal lobes and hippocampal regions, were detected with TDF-FA maps 
(Figure 1). Ultimately, TDF-FA may be a more sensitive metric than DTI-FA, as it can identify 
crossing fibers within the tensor model framework. This held true even when the angular 
resolution was limited to 7 gradients. TDF may be more appropriate than other proposed higher 
order models for clinical settings where there are time constraints and for low resolution legacy 
data. 
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Abstract: Objective: Head motion in resting-state functional magnetic resonance imaging 
(rsMRI) corrupts individual volumes within a dataset, and can cause spurious correlations if 
uncontrolled. The reliability of rsMRI data can be improved by censoring, or 'scrubbing', 
volumes affected by motion. However, it is a relatively common practice to also exclude subjects 
in the case of excessive censoring. 
rsMRI data are typically assessed for subject-level estimates prior to inclusion in group-level 
analyses. Datasets that have been heavily truncated due to censoring (i.e., fewer uncensored 
volumes) yield less-reliable estimates at the subject level. Although censoring removes 
corruption, it introduces bias to statistical tests resulting in inaccurate estimates and increases 
financial cost of research. We propose a statistical solution combining standard censoring and 
weighted regression based on each subject’s proportion of uncorrupted to total data. Hence, 
motion-related noise is adequately removed and datasets with less-reliable subject-level 
estimates contribute less to group-level statistics. 
Methods: We conducted simulations in R to compare statistical power at a range of effect sizes 
modeled on three scenarios: our weighted regression method; standard motion-censoring; and 
motion-censoring in conjunction with subject-level exclusions where motion exceeds a certain 
threshold (i.e., 10%). 
Results: Regardless of whether simulated motion was low or high, excluding subjects from group 
analyses on the basis of trial censorship significantly reduced statistical power. Weighted 
regression maintained accurate estimates of power across effect size equally well compared to 
censoring alone. 
Conclusion: Based on our simulations, we conclude that subjects should not be excluded from 
analyses if censoring has been applied. We recommend the application of standard volume-
censoring followed by statistical weighting of subject-level estimates based on the proportion of 
uncensored trial data, as this reduces the impact of less-reliable estimates on group analysis. 
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Title: Deep learning approach to resting-state networks analysis using fMRI data 
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Abstract: Deep learning approaches have recently gained interests in neuroimaging community. 
For example, the restricted Boltzmann machine (RBM), a single-layer bipartite 
generative/synthesis model, has been applied to the resting-state fMRI (rfMRI) volumes. There 
has been, however, no systematic evaluation on the reproducibility of the extracted features. The 
spatial features using a multi-layer non-linear network model has also not been presented. Our 
study addressed these two points by using the RBM and greedy layer-wise trained RBMs (i.e. 
deep belief network, or DBN) to the rfMRI data publicly available via the human connectome 
project. The FIX-denoised rfMRI data from ten randomly selected subjects were re-sliced to 
3mm isotropic voxel (54,885 voxels). The RBM (54,885-150) was trained using a contrastive-
divergence-1 approximation of free energy-minimization model. The sparsity level of the RBM 
weights was measured using a Hoyer’s sparseness (0-1; 0 being minimum sparsity; 1 being 
maximum sparsity). The L1-norm regularization parameter of the RBM weights was adaptively 
controlled to reach the target sparsity level (i.e. 0.4, 0.6, 0.8, or 0.9). Ten RBM runs were 
performed using randomly initialized weights for each target sparsity level. The weight vector 
from the input layer to a hidden node corresponds to a spatial feature. The reproducibility of the 
resulting 10 sets of 150 spatial features was evaluated using the ICASSO approach. The spatial 



features were compared with various representations of rfMRI volumes including the long-term 
dependency of time series in each voxel. Three-layer DBN (54,885-150-50-10) was then trained 
with maximal sparsity levels at each layer and the hierarchical organization of the spatial features 
at the third layer was examined using the spatial features at the first and second layers. The target 
sparsity of 0.9 at the first layer presented the highest cluster quality index across 150 clusters. 
The DBN spatial features showed hierarchical organization, in which the 10 spatial features at 
the third layer consisted of the fine-grained features at the first layer. For example, the default-
mode network node in the third layer comprised of the medial superior frontal area, the 
precuneus and posterior cingulate cortex, and the angular gyrus at the first layer. Our study has a 
potential to investigate biomarkers of the rfMRI data implicated in the neurologic and/or 
neuropsychiatric disorders and to develop the machine-learning based systems to conduct 
automated classification/regression tasks such as to diagnose these disorders. 
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Abstract: [Introduction]Water diffusion in peripheral nerve is known to provide valuable 
information on its structural and functional characters and can be quantitatively assessed based 
on apparent diffusion coefficient (ADC). ADC is estimated from a set of diffusion weighted 
magnetic resonance imaging (DWI) data as a function of the diffusion weighting factor, referred 
to as b-value. Since ADC represents the net effect of a complex mixture of diffusion and 
perfusion components, and hence its signal model is usually unclear, we hypothesize that novel 
fractions of DWI data would be achieved through decomposition of the data. [Aim] To segregate 



multi-b-value DWI data of the trigeminal nerve branches, inferior alveolar nerve (IAN) and 
lingual nerve (LN), confirming the homonymous artery and vein accompanying IAN as larger 
capillaries than those in LN. [Methods] Two types of multivariate analysis, cluster analysis and 
independent component analysis (ICA) with respect to their exploratory decomposition 
performance were conducted. In healthy men, axial DWI data of eight IAN and four LN were 
acquired with eight b-values ranging from 0 to 600 s/mm2 along the anterior-posterior direction. 
A region of interest was subjected to k-means clustering and ICA. K-means clustering separated 
the data into three clusters in a voxel-wise manner based on the similarity of b-dependent signal 
decay profile, while ICA decomposed the same data into a set of spatially independent 
component (IC) maps. For each cluster, an IC exhibiting the highest correlation between the map 
patterns was extracted as being potentially relevant. Assuming a double-exponential model for 
the signal decay of the clusters and ICs, two ADCs, represented as ADCfast (ADCf) and 
ADCslow (ADCs), as well as the relative fraction f were compared within and between the 
different decomposition schemes. [Results] Cluster analysis and ICA were segregated into three 
clusters and ICs, among each of which had different signal decay and map pattern. Among the 
clusters of IAN, one cluster showed significantly higher ADCf than the others, while no 
significant differences were observed for ADCs and f. Among the ICs, there were no significant 
differences in ADCf, ADCs and f. Cluster and IC corresponding high ADCf showed 
significantly higher f･ADCf. LN showed no significant differences in all fitting parameters 
among clusters and ICs. [Conclusion] We suggest that one fraction of IAN including a 
significant perfusion component is segregated, in agreement with histological differences 
between the two nerves. The remaining fractions would not be characterized and depend on the 
double exponential model to distinguish them. 
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Abstract: Electroencephalography (EEG)-based emotion classification has drawn increasing 
attention in the past decade, since EEG is a widely used functional neuroimaging modality with 
high temporal resolution and real-world applicability. Previous studies focused mainly on 
developing and optimizing machine-learning methods that consisted of feature extraction, 
selection, and classification of EEG signals. However, the classification results often had limited 
interpretability in neuroscience, and the classification accuracy remained far from satisfactory. 
The critical challenge is that EEG signals associated with emotional responses are still elusive 
and the responses are nonstationary over time. This study hypothesizes that EEG correlates of 
different emotional states can be modeled as distinct compositions and modulations of 
independent sources decomposed from independent component analysis (ICA). This study 
further proposes a model-deviation index (MDI) to quantitatively assess and track the source 
dynamics in different emotional states. Specifically, if an ICA model is trained with data under a 
known emotional state, a low MDI value is expected when the model is used to fit the test data 
under the same state. On the other hand, if the emotional state has changed, a high MDI value is 
expected, as the test data deviate from the model. The hypothesis is tested on the EEG data 
collected from 12 subjects in a music-listening experiment, where each subject sequentially 
listened to 24 music excerpts (each trial lasted around 37 seconds) and reported one of the felt 
emotions (happy, neutral, or sad) after each excerpt. Preliminary results on a representative 
subject showed that the ICA models (trained with EEG data of one happy- or sad-labeled trial) 
returned lower MDI values in the test trials under the same self-reported emotion than those 
trials under a different emotion. Furthermore, the differences in the MDI values were more 
prominent in the beginning of music listening and became less prominent toward the end of 
music listening. Hence the MDIs from the ICA models could serve as promising features for 
separating and tracking EEG dynamics of the emotional responses. In summary, the ICA model-
based approach incorporating the proposed MDIs not only allows for emotion classification of 
EEG dynamics, but also provides neurophysiological interpretation to emotion modulations. This 
approach has online capability that enables applications such as continuous monitoring of 
emotional states for affective brain-computer interfaces (ABCIs). 
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Abstract: The interactions between homotopic regions of the hemispheres are among the most 
prominent features of the functional network architecture of the human brain. Homotopic 
functional connectivity is robust and stable across time and conditions, and is thought to 
coordinate the specialized functions of the hemispheres. Partly reflecting its strength and 
stability, linear decomposition of brain networks using task-free and task-based fMRI datasets 
typically recovers networks that are highly symmetrical, especially at a low model order. 
However, the high degree of interhemispheric interactions may obscure the degree of lateralized 
network architecture within each hemisphere by treating them as residual to bilateral 
interactions. 
Here we examined the functional networks of the left and right hemispheres by performing 
independent component analysis (ICA) on each side separately using publicly available 
statistical maps of fMRI studies. Using the whole-brain ICA components obtained from the same 
dataset as a reference, we computed spatial similarity scores of each unilateral component and 
identified the best-matching pair of the left and right component images. We then assessed the 
functional similarity between the two by decoding the contrast maps associated with the 
component. 
Our analysis shows that overall, unilateral components were reliably matched to the whole-brain 
components, but with a few notable differences. First, the centroid of some components shifted 
position relative to their whole-brain counterparts, consistent with unilateral activity being 
obscured by bilateral analysis. Corroborating this observation, the functional signatures 
associated with components derived from each hemisphere were overlapping but distinct, even 
when the components were spatially symmetrical. Second, we found that unilateral and whole-
brain approaches showed evidence for hemispheric dominance in a small number of brain 
networks, suggesting that strongly asymmetric activations show very similar functional 
signatures. Finally, our unilateral components had greater contrasts than the whole-brain 
counterparts. This again suggests that bilateral analysis leads to asymmetric activity being treated 
as “residual” to bilateral activity. Our findings demonstrate the utility of performing hemisphere-
specific decomposition analysis to characterize functional symmetry and asymmetry of the brain. 
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Abstract: D.O. Hebb posited that transiently communicating brain assemblies may generate 
mental representations. Neural complexity has obscured a fundamental understanding of network 
mode architecture in active brain networks. MEG signals recorded from healthy human adult 
brain at rest and while performing a working memory task were studied using a novel framework 
combining empirical, probabilistic, and theoretical approaches to characterize spectral coupling. 
In comparison to non informational and random selections of modes, the mode probability and 
energy distributions in real data exhibit keystones varying across the subject cohort. Here, we 
report an intricate, but stably self-similar probability distribution of modes that deviates with 
human intelligence, neural network state, entropy, energy, and order parameter. The data imply 
that the brain may have adapted resonance coupling common to nonlinear oscillators for the 
generation of neural information by communicating ensembles in the human brain. 
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Abstract: Measuring functional connectivity from fMRI is important in understanding 
processing in cortical networks. However, because brain's connection pattern is complex, 
currently used methods are prone to produce false connections. We introduce here a new method 
for estimating functional connectivity. It leverages knowledge from the fMRI transfer function 
and uses a newly designed differential correlation method to produce better estimation. 
Benchmarked with a physiologically relevant spiking neural network, our new method's 
estimation is closer to the ground truth wiring of the network than other commonly used 
methods. Because our assumptions are simple and the model tested is physiologically realistic, 
the method has high potential for improving current estimates of functional connectivity. 
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Abstract: Multi-channel MRI head coils offer improved signal-to-noise ratio (SNR), providing 
higher resolution images and stronger functional activation. Findings suggest that while global 
tissue contrast remains similar, SNR and bias fields (i.e., spatially varying intensity gain) differ 
regionally depending on the number of head coil channels. These effects may impact structural 
MRI measurements. We compared T1-weighted volume pairs for 22 subjects collected on a 3T 
General Electric (GE) MR750 scanner using an 8-channel GE and a 32-channel Nova Medical 
head coil. The 8- and 32-channel volumes were processed independently with FreeSurfer v5.3.0 
(using "recon-all -nuintensitycor-3T") for cortical thickness and subcortical volume estimates, 
and with FSL v5.0.9 (using "fsl_anat --strongbias") for tissue segmentation and subcortical 
volume estimates. Tissue volume estimates showed a systematic statistical bias when using the 
32- relative to the 8-channel coil with less gray (-1.8%) and more white matter (+1.3%) and fluid 
(+0.8%). Intrasubject differences for all measures were complex and varied by software tool and 
region. For example, the left and right caudate was slightly larger for 32-channel data (FIRST: 
+1.7%, +2.1%; FreeSurfer: +0.3, +0.4) while the amygdala was notably larger for FIRST 
(+19.4%, +8.5%) but smaller for FreeSurfer (-5.0%, -11.1%). To compare summary measures, 
we used intra-class correlations (ICCs) that incorporated penalties for systematic bias and 
interactions between measures and head coils. ICCs for commonly reported structures ranged 
from 0.20 to 0.97 across all measures. ICCs for common subcortical measures ranged from 0.58-
0.95 (median 0.89) for FSL’s FIRST and from 0.36-0.93 (median 0.64) for FreeSurfer. Although 
SNR and bias fields both differ between coils, in general, adding Gaussian noise to the 32-
channel volumes minimally affected the structural measures. We reviewed ratio volumes of each 
subject's 8- and 32-channel volumes, which should be relatively uniform after bias-correction. 
Although both FreeSurfer’s and FSL’s bias-correction approaches reduced bias overall, FSL’s 
(“strongbias”) ratio volume was much more uniform. Finally, multiplying the 32-channel 
volumes by an estimate of the relative bias field generally improved intrasubject agreement. Our 
conclusion is that residual bias leads to localized, yet critical, differences in image intensity and 
intensity gradients between the two volumes. Although effects were variable across software 
tools and regions, our results caution that 32-channel structural MR data should not be directly 
combined with or compared to data from lower channel head coils. 
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Abstract: The application of supervised classification algorithms to neuroimaging data 
facilitated a series of exciting discoveries in cognitive neuroscience. In addition to the sensitivity 
gain achieved by optimally pooling data across voxels, MVPA classification seems to offer an 
intuitive way to convey the strength of an effect: High classification accuracy is commonly 
interpreted as evidence for well-separable neural responses. This work considers two sources of 
statistical bias that often render this interpretation invalid. 
Selection bias arises when multiple classification problems are evaluated, such as in searchlight 
classification analysis. While the estimated cross-validated accuracy within each classification-
problem may be unbiased, the subsequent statistical thresholding of the resulting accuracy map 
positively biases the reported results, since locations with favorable noise are more likely to be 
selected. This issue may affect both within-subject classification of experimental conditions and 
classification of individuals, as in classification for medical diagnosis. 
Aggregation bias arises when the performance of a classifier is evaluated using averaged 
estimates instead of the original, 'natural' experimental observations. When considering the 
distinction between classes of task-related neural responses, these natural experimental 
observations would be single-trial related responses. However, run-wise GLM parameter 
estimates (beta-values), pooling data across dozens of trials, are often used instead. It is 
analytically evident that such an aggregation of observations is equivalent with scaling the d' of 
the tested classifier. Hence in these cases, classification accuracy is in fact a misleading quantity. 
The potential impact of these two biases is demonstrated by simulations of realistic analyses. 
Using the OASIS dataset, a searchlight classification analysis trying to discriminate between T1 
MRIs of younger and older individuals showed how selection bias may yield very high 
performance (up to 100% peak correct classification) given only a weak true separation between 
the experimental groups. Aggregation bias is demonstrated by a simulation of fast-event related 
fMRI responses to two experimental conditions. Given a weak (but non-null) single-trial 
separation between the two conditions, classification accuracy rapidly approaches 100% as the 
number of aggregated trials within each test-GLM predictor increases. 



Although these two biases do not render null results into false-positives, they may still seriously 
hinder neuroscientific interpretation. Potential remedies and alternative analyses are discussed. 
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Abstract: A machine learning-based scheme was employed to predict the valence of the 
autobiographical memories recalled by human subjects based on the information contained in a 
single functional magnetic resonance imaging (fMRI) scan. Subjects (N = 11, 6 females, age 21 - 
37, average 28.2 years old, right-handed) were asked beforehand to prepare a list of happy and 
sad events that they had experienced in the past. During scanning, subjects were asked to keep 
their eyes closed and given auditory cues which indicated whether they should alternate between 
blocks of (a) counting down numbers and (b) recollecting positive or (c) negative 
autobiographical memories. Recollection in the memory blocks was self-paced, and subjects 
were asked to remember as many details as possible of the events. Blocks lasted 32 seconds, and 
were interleaved with rest periods of 16 seconds; each block type was repeated 3 times in each 
session. In 6 sessions, subjects switched between tasks (a) and (b), and in the remaining 6 
sessions they switched between tasks (a) and (c). All sessions were performed in the same day. 
One hundred forty seven scans were acquired in each session (TR = 2 s, 33 4-mm slices, in-plane 
spatial resolution of 3 mm x 3 mm). Each single scan was encoded as a vector containing the 
blood-oxygen level dependent (BOLD) signal of voxels covering the entire brain. Classification 
was performed in two steps: first, a subset of 2500 voxels was constructed using a modified 
version of the Relief algorithm, which assign weights to the features (voxels) according to the 
average distance to the target group, based on the “k-nearest” neighbors of the exemplar (fMRI 
scan). Next, a classifier based on a linear combination of one-level decision trees was 
constructed for each subject using the AdaBoost algorithm. This two-step scheme accomplishes 
two things (i) it drastically reduces the number of features since only the voxels yielding above 



chance level classification are passed to the AdaBoost algorithm, and (ii) it identifies the subset 
of most informative voxels, as the final classification is determined by a linear combination of 
the automatically selected features. Within-subject classification accuracy was assessed via 
cross-validation, with 70% of the data used for training, and 30% for testing. Individual results 
for the valence classification were in the range of 70.4% and 89.3%. These results represent a 
substantial improvement from the previously obtained results, and indicate that data-driven 
methods may help unravel the neural mechanisms involved with complex cognitive-affective 
processes such as recalling emotional personal events. 
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Abstract: Movies, mimicking audiovisual stimuli experienced in everyday life, provide a useful 
tool to study sensory and cognitive brain functions in naturalistic experimental settings. Despite 



the apparent complexity of movies, previous studies with functional magnetic resonance imaging 
(fMRI), magnetoencephalography (MEG) and electroencephalography (EEG) have shown 
consistent brain activations time-locked to movie events. 
MEG that measures neuronal currents directly and fMRI that reflects hemodynamics related to 
neuronal activity provide complementary views to human brain function. Here we compared 
MEG and fMRI signals during presentation of a 15-min black-and-white movie (“At Land” by 
Maya Deren, 1944) that eight subjects viewed twice during 3-T fMRI and twice during 306-
channel MEG recordings. To reveal the replicability of the responses, we computed intra-subject 
correlations of the signal time courses between the two trials and inter-subject correlations across 
subjects; the analysis was made for each anatomical location, separately for MEG and fMRI, as 
well as cross-modally between MEG and fMRI. 
The sources of MEG signals (studied in 12 different frequency bands from 0.03 to 85 Hz) were 
found by minimum-norm estimation, and the source-level time series and their envelopes were 
used for correlation analyses. Individual MEG and fMRI data were morphed to the same 
anatomical space. 
For fMRI, both intra- and inter-subject correlations were high (up to 0.7) especially in occipital, 
parietal and precentral areas. MEG showed intra-subject correlations up to 0.2 in occipital areas, 
whereas inter-subject correlations were low (< 0.1). Cross-modal correlations between MEG and 
fMRI were also low (< 0.1). 
Our results demonstrate high replicability of the hemodynamic fMRI responses to a movie, both 
within and between subjects, whereas the electromagnetic MEG responses were replicable only 
within subjects and poorly replicable across subjects. The low cross-modal correlations were 
likely due to the differences in the signals’ neurophysiological origins, spatial activation patterns, 
and temporal dynamics. The replicability can be further impaired for instance by inter-individual 
anatomical differences, inaccuracies of source identification, and different signal-to-noise-ratios 
of MEG and fMRI. More advanced analysis methods are needed to properly explore the 
connection between fMRI and MEG signals recorded in naturalistic settings. 
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Abstract: Background: Diffusion weighted (DW) images are inherently characterized by long 
acquisition times, low spatial resolution, and low signal-to-noise ratio (SNR). Super resolution 
reconstruction (SRR) techniques have been recently applied to DW images to improve through-
plane resolution by combining multiple low resolution (LR) images to reconstruct a high 
resolution (HR) image. In order to improve both in-plane and through-plane resolution, we 
propose a new strategy of acquiring LR DW images, which combines the fusion of orthogonal 
acquisitions and sub-pixel shifting techniques. 
Methods: LR DW image datasets (2mm3) of a healthy 43-year-old female volunteer were 
acquired with a 3T Siemens Trio scanner. Along each of the 3 orthogonal orientations (axial, 
sagittal, and coronal), DW images were acquired twice with the same parameters except that the 
second FOV was shifted by 1mm relative to the first acquisition. 2 b=0s/mm2; 12 directions at 
b=1000s/mm2. The number of slices was chosen to cover the whole brain, varying from 72 to 
102 depending on the acquisition orientation. The total acquisition time for the LR DW images 
was 25min54sec. HR DW images (1mm3) were then reconstructed using SRR with an iterative 
back-projection approach. 
For comparison, we acquired a conventional DW scan with parameters chosen to match the 
acquisition time of the previous scans: resolution=1.5mm3; 96 slices. 7 b=0s/mm2, 61 directions 
at b=1000s/mm2, 2 averages. The total scan time was 30min46sce. 
Additionally, a dual echo gradient echo field map image was acquired to correct for the image 
distortion induced by field inhomogeneity. 
Fractional anisotropy (FA) and color FA maps were derived from DW images. SNR of the FA 
map was measured in uniform regions in the corpus callosum (CC) and internal capsule (IC). FA 
profile was plotted along a line crossing the brain to evaluate the sharpness of the FA maps. 
Results: The SRR FA showed overall less noisy and finer structure than the conventional FA. 
SNR in the region of CC (26.3 vs. 14.0) and IC (11.4 vs. 9.4) was higher for the SRR FA 
compared to the conventional FA. The SRR FA maps appeared sharper than the conventional 
FA. Several white matter structures appeared markedly darker in the conventional compared to 
the SRR FA color maps. Finally, some small white matter structures such as anterior 
commissure, were clearly visible only in the SRR FA color maps. 
Discussion: The SRR DW images have improved in-plane and through-plane resolution. 
Meanwhile, the SRR FA and color maps were characterized by higher SNR and image 
sharpness, provided the ability to distinguish smaller white matter fiber structures. Future work 
will be focus on reducing total scan time. 
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Abstract: Resting state functional magnetic resonance imaging (fMRI) is typically acquired over 
the course of a 5-minute session and subsequently used to estimate functional connectivity in the 
brain. However, emerging data suggest that it may be necessary to increase the amount of data 
acquired for each subject in order to achieve stable subject-specific connectivity maps. Many 
studies suggest the use of longer scanning durations, but exact recommendations have been 
varied because different studies employ different definitions of reliability and the dataset 
required for an accurate assessment of reliability must be comprehensive. Here we assess the 
reliability of different scan durations using a comprehensive test-retest dataset and 
Generalizability Theory, an extension of classical intra-class correlation designed to assess the 
contribution of multiple facets of measurement and their repeated measures on reliability. We 
acquired resting state fMRI over four months from 12 healthy subjects who were each scanned 
on four separate sessions. Scans were conducted one to two weeks apart at two 3T scanners. 
Each session constituted six 6-min multiband acquisitions, enabling high spatial resolution 
relative to typical acquisitions. In total, 2.4 hours of data was collected for each subject. We then 
assessed reliability of functional connectivity between all nodes in the Shen-278 functional 
parcellation atlas (“matrix connectivity”), and separately from PCC nodes to all nodes in the 
atlas (“PCC seed connectivity”). For matrix connectivity, relative reliability (Eρ2) of functional 
connectivity from a single run was found to be 0.23 +/- 0.18, whereas relative reliability of 
functional connectivity averaged across all six runs was found to be 0.39 +/- 0.21. For PCC seed 
connectivity, relative reliability of functional connectivity from a single run was found to be 0.24 
+/- 0.16, whereas relative reliability of functional connectivity averaged across all six runs was 
found to be 0.40 +/- 0.21. We then conducted a Decision Study to assess reliability as a function 
of different numbers of sessions. Using a single run, fair reliability is achieved over 3-4 repeated 
sessions, whereas using all six runs, fair reliability is achieved over 2 repeated sessions. We will 
also examine the reliability of voxelwise connectivity measures (e.g., degree, ICD) as well as the 



spatial distribution of reliable measurements. These results suggest that increasing the number of 
runs acquired is an essential step towards guiding the development of functional connectivity-
based analyses extended to the single-subject level. 
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Abstract: Introduction: Deep brain stimulation (DBS) is an effective neurosurgical approach 
for treating motor disorders. To investigate the underlying mechanisms, non-invasive fMRI is 
performed. However, the application in patients with implanted DBS has faced metal-induced 
susceptibility artifacts near the metallic electrode contacts resulting in significant signal dropouts 
and geometric distortions. We aim to resolve the problems using the point spread function (PSF) 
mapping-based distortion correction method combined with reversed phase encoding (PE) 
gradient approach. 
Methods: A healthy pig underwent unilateral nucleus accumbens DBS. A PSF data was 
measured to correct geometric distortions in following DBS-fMRI scan. The PE polarity in echo 
planar imaging (EPI) was altered, which resulted in a pair of EPI images with opposite geometric 
distortion, and measured with an ‘interleaved’ order during fMRI scan. Three fMRI runs were 
performed using a different stimulation parameter at 3T. From each fMRI run, three BOLD 
contrasts were calculated from each EPI series with forward and reverse PE polarity and the 
combined series of the distortion corrected EPI pair. 
Results: The overall size of BOLD contrast increased with the increment of the stimulation 
voltage (Fig. 1A). Due to metallic electrodes, however, strong metal-induced susceptibility 
artifacts appeared in EPI data. In contrast to stretched distortions, even stronger signal dropouts 
appeared in compressed areas resulting in the total loss of BOLD contrast. The lost information 
could be observed from the corresponding EPI with opposite PE polarity due to the opposite 
geometric distortions. After distortion correction, the geometry of the EPI pair matched very well 



with the distortion-free reference image. Therefore, the BOLD contrast from the combined EPI 
preserved very well both BOLD contrasts from the EPI pair (Fig. 1B). 
Conclusions: Our results demonstrate that the proposed approach potentially can effectively 
resolve the loss of BOLD contrast, which may be beneficial in investigating the DBS 
mechanisms. 
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Abstract: One of the most striking endeavors in neuroscience is the accomplishment of a 
comprehensive functional representation of the human brain in which models concerning its 
organization could be derived from neuroimaging data. Many studies have extensively addressed 
high cognitive processes as well as perceptual mechanisms through the analysis of patterns of 
activity extracted from several imaging modalities. However, the absence of concomitant 
procedures for data collection, comprising different acquisition techniques with a broad selection 
of model behaviors, undermines the feasibility of performing generalizations about neural 
pathways. Particularly, task categories under specific constraints are used in functional Magnetic 
Resonance Imaging (fMRI) cohorts to assess brain activity involved in putative neurocognitive 
mechanisms. Yet, inter-subject functional and anatomical deviations arise as great sources of 
variability and such problems shall be tackled by appropriate registration algorithms that account 
for various imaging contrasts from different modalities. Here, we present the Individual Brain 
Charting (IBC) project: a ten-year initiative integrated into SP2 of the Human Brain Project 
(HBP). The main goal is to develop a multi-modal database pertaining to the topography of both 
functional specialization and functional connectivity of the human brain. This resource features 
foremost high-resolution fMRI (1.5mm) maps concerning a limited group of subjects on the 
performance of several canonical tasks. High resolution anatomical images along with diffusion 
MRI data will respectively provide a fine segmentation and structural connectivity representation 
of the brain. The database is complemented by behavioral protocols and task-related data 
extracted from each subject. These protocols comprise a wide variety of tasks, addressing both 
perceptual and cognitive functions (e.g. retinotopy, tonotopy, calculation, language processing 
and social cognition). The unambiguous encoding between task descriptors and brain imaging 
data allows for a parcellation of the brain volume into functional-specific regions. Such profiles 
assigned to brain regions designate the functional atlas that carries information on cognitive 
processes specific to these regions. This facility displays several kinds of post-processed data 
suitable for various meta-analysis techniques. Raw and processed data are documented and made 
available online. In addition, IBC datasets are stored in prototypical platforms developed by 
other HBP partners and unthresholded statistical maps can be accessed through the web-based 
repository NeuroVault.org. 
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Abstract: Cortical brain networks have been shown to have few nodes with high density of 
connections that play a critical role in maintaining the efficiency of the network. These few 
nodes, termed hubs, have large influence on the network due to their central position and are 
critical for information flow. “Hubness” can be measured in multiple ways including: (1) 
Degree: identifies the most connected nodes (2) Betweeness centrality: nodes along the shortest 
paths (3) Participation coefficient: nodes that participate in multiple sub-networks (modules) of 
the brain (4) Shapley value: Function of degree of neighbors for each node. While all of these 
hub definitions are valid, there is no consensus in the field on the definition of “hubness”, and 
few studies have reported good reproducibility of “hubness” across imaging sessions/subjects. In 
this study we examined the stability of functional hubs identified using these methodologies 
across multiple subjects and scans. We collected resting state functional MRI data (rs-fMRI) in 
10 healthy controls (10 7-minute scans were obtained over 2 sessions) to examine the functional 
topological properties of large-scale brain networks. Functional connectivity matrices were 
generated for each subject at each scanning session (n=100) by parcellating the brain into 90 (or 
264) nodes, and constructing networks from the edges between nodes representing correlation 
coefficient of rs-fMRI time courses. We constructed binary adjacency matrices or graphs over a 
range of connection densities (2-10%). Hubs were identified on connectivity matrices across all 
densities using above-mentioned four features. The features were summed over thresholds, 
subjects and scans to identify nodes that routinely showed high probability of “hubness”. Nodes 
that showed high summed values and low variance were identified as stable hubs. These hubs 
were mainly located in regions of the default mode network (DMN) and inferior parietal regions. 
Surprisingly, on comparing the hubs identified by these 4 definitions, we found a set of nodes 
that satisfied more than one property of “hubness”. These versatile hubs were located in the 
inferior parietal gyrus, precuneus and superior frontal gyrus that are part of the executive control, 
salience and dorsal attention systems. Notably, the DMN regions including the cingulate cortex 
are only reflected in hubs defined using participation coefficient. Hubs have been shown to be 
vulnerable nodes in disease. Here, we show the presence of versatile, multi-functional “super-
hubs” that are stable across time and subjects, and suggest that damage to these hubs could result 
in severe cognitive impairment. 
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Abstract: Creativity has been predominantly studied in three major categories: divergent 
thinking, insight problem solving, and having professional artists perform. Interestingly, the 
brain regions that are engaged in creative tasks are also known to play a role in cognitive 
processes not usually associated with creativity such as working memory, attention, and 
cognitive goal-oriented control. We propose to study the dynamic interaction between these 
cognitive processes in an unconstrained natural setting when professional artists create art in 
front of an audience. 
Artists who are well experienced and established in their fields participated in this study. They 
were fitted with mobile brain-body imaging (MoBI) technology and worked collaboratively 
following the ‘Exquisite Corpse’ protocol; a creative game developed by the Surrealists in the 
early 1920’s that embraces elements of chance and surprise. The game involved having the three 
artists collaborate on a work of art that is made up of 3 segments. Each artist takes turns 
completing a segment for 15 minutes while using only a small cue from the previous artists’s 
work. There were five sessions of three unique participants across different artistic modalities: 
visual art, dance, music, and creative writing. In order to dissect the multidimensional nature of 
creativity, the artists provided input to identify significant events in their creative process. The 
involvement of the artists in the analysis is essential to investigate the neural mechanisms 
associated with the distinct cognitive processes involved. Both bottom-up and top-down analyses 
were performed. The experiment was conducted in the presence of general audiences in public 
spaces at the University of Houston. A real-time visual representation of the artists’ brain 
activity, filtered in the alpha band (8-13Hz) was displayed in real time for the general audience, 



while members of the research team explained the evolution of the brain patterns, thus allowing 
STEAM outreach. 
We present our findings regarding the spatial and temporal dynamics in neural activity as the 
participants engage in an unconstrained creative process. Furthermore, we deploy neural 
engineering techniques to investigate the cognitive, emotional and motor intent of the artists as 
they create their art. We aim to reach an understanding for how the brain concurrently processes 
sensory input and dynamic internal state to produce the aesthetic experience; while at the same 
time inviting the community to be part of the scientific process by participating as volunteers, 
asking questions, and observing how the experiment unfolds. 
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