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Abstract Secreted protein, acidic and rich in cysteine
(SPARC, also known as osteonectin or BM-40) is a gly-

coprotein component of the extracellular matrix that has

been reported to be involved with a variety of cellular
processes. Although SPARC expression levels are fre-

quently altered in a variety of tumor types, the exact

implications of deregulated SPARC expression—whether it
promotes, inhibits or has no effect on tumor progression—

have remained unclear. Our recent gene expression analyses

have shown that SPARC is significantly downregulated in
highly metastatic human prostate cancer cells. To test the

role of endogenous SPARC in tumorigenesis directly, we

examined cancer progression and metastasis in SPARC+/-

and SPARC-/- mice using two separate transgenic mouse

tumor models: transgenic adenocarcinoma of the mouse

prostate (TRAMP) and murine mammary tumor virus-
polyoma middle T (MMTV-PyMT). Surprisingly, in both

instances, we found that loss of SPARC had no significant

effects on tumor initiation, progression or metastasis.

Tumor angiogenesis and collagen deposition were also
largely unaffected. Our results indicate that, although dif-

ferential SPARC expression may be a useful marker of

aggressive, metastasis-prone tumors, loss of SPARC is not
sufficient either to promote or to inhibit cancer progression

in two spontaneous mouse tumor models.
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Abbreviations
SPARC Secreted protein, acidic and rich in cysteine

TRAMP Transgenic adenocarcinoma of the mouse
prostate

MMTV-

PyMT

Murine mammary tumor virus-polyoma

middle T
DL Dorsolateral prostate

VN Ventral prostate

SOI Surgical orthotopic implantation

Introduction

Secreted protein, acidic and rich in cysteine (SPARC) is an
extracellular, calcium-binding glycoprotein that functions
as a modulator of cell-matrix interactions [1, 2]. SPARC is

widely expressed during development and, later in the
adult, is highly expressed in tissues that undergo rapid

turnover of matrix, such as the gut and bone [3]. SPARC

has also been observed to be upregulated in instances that
involve cell migration, such as during tissue remodeling,

wound healing and angiogenesis [4].

SPARC is generally thought to function as a de-adhesive
molecule [5, 6]. Purified SPARC protein added exogenously
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to cells in vitro has been reported to induce disassembly of

cellular focal adhesions and reorganization of stress fibers
[6], which may promote an ‘‘intermediate’’ state of adhesion

that favors cell migration [5]. This is likely mediated, at least

in part, through the ability of SPARC to bind various matrix
substrates such as collagen and laminin [6, 7]; through

interactions with cellular receptors and cytokines [8, 9]; and

through induction and/or activation of pro-migratory factors
such as matrix metalloproteinases (MMPs) and TGF-b
[10–12]. Importantly, SPARC has also been reported to be
critical for the proper assembly of collagen fibers, and

SPARC-deficient mice have been observed to exhibit a

variety of subtle phenotypes which are thought to stem from
defective matrix assembly [2].

Given the varied effects of SPARC on cell adhesion and

matrix integrity, it is perhaps not surprising that SPARC
expression is frequently altered in a variety of tumors

[13–17]. In addition, experimental manipulation of SPARC

expression in tumor cell lines has yielded findings that
suggest that SPARC promotes an invasive phenotype in

prostate cancer and melanoma [16, 18–21]. However, these

results are contrasted by reports that SPARC may also
suppress tumor progression in ovarian, breast, colon and

immortalized human kidney cells [22–25]. Interestingly,

enhanced subcutaneous growth has been observed when
un-manipulated lymphoma, lung and pancreatic tumor cells

were implanted into SPARC-/- mice, as compared with

wild-type animals [7, 26]. However, evidence that the
opposite can be true—reduced mammary tumor growth in

SPARC-deficient mice—has also been reported [27].

These seemingly contradictory results might be explained
by the variety of factors that are thought to influence the

activity of, as well as the cellular response to, SPARC. Per-

haps most notably, as SPARC is known to be proteolytically
processed by matrix metalloproteinases [28], the protease

profile of the tumor microenvironment could potentially

impact the activity of this protein [23]. In addition, the local
composition of matrix molecules and the availability of

cytokines are also likely to be important, as are the identities

of the responding cell types. Thus, given the complexity of
these systems, it is possible that SPARCmay enhance tumor

growth in certain experimental contexts but have opposite or

no effect in others.
An important point that needs to be considered is that,

in most cases, studies examining the effects of SPARC

on tumorigenesis have relied either on in vitro experi-
ments or on implantation of already-transformed cells into

immunocompromised or SPARC-deficient animals. While

significant findings can be gleaned from these experiments,
spontaneous models of tumorigenesis, which recapitulate

all the steps of cancer progression from tumor initiation

to metastasis, are generally regarded as more accurate
representations of tumorigenesis. Indeed, recent studies

have reported that SPARC-/- mice appear resistant to UV

irradiation-induced squamous cell carcinomas and APCMin/+-
induced spontaneous intestinal adenomas, relative to

SPARC+/+ animals [29, 30]; however, as mentioned previ-

ously, the effects of SPARC may be organ/cell-type specific,
and therefore these findings need to be extended to different

spontaneous models of tumorigenesis.

Our interest in SPARC grew out of our gene expression
analyses of variably metastatic human prostate cancer cell

lines, which indicated that SPARC expression was specif-
ically downregulated in highly metastatic cells [31]. This

finding was concordant with human clinical gene expres-

sion data which showed that reduced SPARC expression
was associated with an aggressive prostate and breast

cancer phenotype. To test the effects of SPARC in spon-

taneous models of tumorigenesis, we used SPARC-/- and
SPARC+/- mice to examine tumor progression and

metastasis in two transgenic models of prostate and breast

cancer. In both instances, we observed that loss of
endogenous SPARC expression had no significant impact

on tumorigenesis. Our findings indicate that the effects of

SPARC may depend not only on the cell type(s) being
tested but also on the experimental setting. Although

SPARC expression levels may be prognostic of tumor

severity and/or aggressiveness, our results argue that loss
of SPARC, by itself, neither directly promotes nor inhibits

spontaneous prostate or breast cancer progression.

Materials and methods

Tumor models

Surgical orthotopic implantation (SOI) was performed, as
previously described [32, 33]. Variant subclones of the

human prostate cancer cell line PC-3 (American Type

Culture Collection, Manassas, VA [34]) were derived by
isolating metastatic cells from CD-1 immunodeficient mice

(Charles River Laboratories, Wilmington, MA) that had

been implanted by SOI and by expanding these cells
in vitro [31]. The PC3-pMicro-1 cell line was first derived

by passaging PC-3 cells in vivo using SOI. Re-implantation

of pMicro-1 cells by SOI led to the subsequent isolation of
poorly metastatic PC3-#78 and highly metastatic PC3-#82

cells. SPARC-/- mice, which were originally generated by

Norose et al. were obtained from Dr. E. H. Sage and were in
a mixed genetic background [35]. TRAMP mice, originally

generated by Greenberg et al. were obtained from Dr. Ailin

Bai (MIT) and were in a pure C57BL/6 background [36].
MMTV-PyMT mice, originally generated by Muller et al.

were obtained from Dr. Lei Xu (MIT) and were in an FVB

background [37]. The following cross was performed to
generate the majority of mice used in the TRAMP prostate
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studies: TRAMP+/- ; SPARC+/- 9 SPARC-/-. The fol-

lowing cross was performed to generate the majority of
mice used in the MMTV-PyMT mammary studies: PyMT-
MMTV+/-; SPARC+/- 9 SPARC-/- (for both TRAMP and

MMTV-PyMT, the oncogenic transgene was carried as a
single copy in either parent, who was either SPARC+/- or

SPARC-/-). Thus, only SPARC+/- or SPARC-/- mice

were generated (as littermates or cousins) for either analy-
sis. In our spontaneous prostate cancer studies, 26-week-old

TRAMP mice were sacrificed, and their urogenital sys-
tems were dissected, weighed and fixed in zinc (Becton

Dickinson, San Diego, CA). Lymph node metastases were

identified by the gross expansion of the draining lumbar/
para-aortic lymph nodes, and, in some marginal cases, were

confirmed by histology. In our spontaneous breast cancer

studies, 10-week-old MMTV-PyMT mice were checked
twice weekly for the appearance of tumor nodules in the

mammary fat pads. About four weeks after the initial date of

tumor detection, mice were sacrificed, and all tumors and
fat pads were dissected, individually weighed and fixed in

formalin. Tumor mass was then assessed either as the sum

of the masses of all tumors from each mouse (Fig. 4b), or as
the sum of the masses of all tumors removed from each set

of mammary glands found in each physiological quadrant of

every mouse (upper left quadrant, upper right quadrant,
lower left quadrant, lower right quadrant; Fig. 4c). Lungs

were also removed at the time of sacrifice, and metastases

were counted under a dissecting microscope. All animal
experiments were performed in accordance with the animal

care guidelines established by the MIT Division of Com-

parative Medicine.

Histology, immunohistochemistry and western blot

For TRAMPmice, prostates fixed in zinc were separated into

ventral and dorsolateral lobes, and each of these was sec-
tioned and stained by hematoxylin and eosin. The sections

were each blindly scored by a pathologist (R. T. B.) on a

scale of 1–6 (with ‘1’ representing normal prostate and ‘6’
representing undifferentiated prostate adenocarcinoma),

according to the system devised by Hurwitz et al. [38]. Each

section was awarded two grades: a highest grade for the area
of most severe pathology, and a predominant grade for the

most common degree of pathology observed on the section.

An overall highest grade was also assigned for each prostate,
identical to the highest grade awarded to any constituent

lobe. For MMTV-PyMT mice, formalin-fixed mammary

carcinomas were sectioned and stained by hematoxylin and
eosin. In all cases, lobular carcinomas were observed. Mas-

son’s trichrome staining was performed, as described [39],

on Grade 4-matched prostate cancer sections and on size-
matched mammary tumors (*200–300 mg) for each

genotype. A single section from at least six independent

animals was stained for each organ and for each genotype.
For immunohistochemistry, Grade 4 prostate sections were

microwaved in BD Retrievagen buffer (Becton Dickinson),

probed with rat anti-mouse CD34 antibody (clone RAM34,
1:25; BD Pharmingen, San Diego, CA), detected with bio-

tinylated rabbit anti-rat immunoglobulin (1:200; Vector

Labs, Burlingame, CA), and stainedwithVectastainABCkit
(Vector Labs). Four SPARC+/- and six SPARC-/- mice

bearing Grade 4 dorsal prostate lesions were blindly scored
for CD34+ vessels in representative low-power fields under a

10X objective. For Western blot, total prostate or mammary

lysates were extracted fromhigh grade tumors using Laemmli
SDS loading buffer containing 5% b-mercaptoethanol and

resolved by 15% or 18% SDS-PAGE gel. Membranes were

incubated overnight with chicken anti-SPARC antibody
(ab14071; 1:500;Abcam,Cambridge,MA), goat anti-SPARC

antibody (AF942; 1:500; R&D Systems, Minneapolis,

MN) and/or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) monoclonal antibody (1:5000; Chemicon,

Temecula, CA).

Gene expression studies, bioinformatics and statistics

Gene expression analyses on PC-3 prostate cancer cells were

performed as previously described [31]. Briefly, total RNA

from subcutaneous tumors was converted into cRNA and
hybridizedonto humanU133Achips (Affymetrix, SantaClara,

CA). Datawere analyzed by dChip software (HarvardMedical

School, Boston, MA) [40] and deposited in the Gene Expres-
sion Omnibus (GEO) database (www.ncbi.nlm.nih.gov/geo;

accession no. GSE7930). Quantitative PCR validation of

SPARC expression was performed on total RNA extracted
from tumors and tissue culture cells using the RNeasy kit

(Qiagen, Valencia, CA). Total RNA was reverse-transcribed

into cDNA using TaqMan reverse transcription reagent
(Applied Biosystems, Branchburg, NJ), and the cDNA was

amplified for qPCR using the SYBRGreen PCR amplification

kit (AppliedBiosystems).HumanSPARCmessage levelswere
normalized to those of human GAPDH internal controls.

Primer sets used for SPARC amplification were as follows:

50-GAGAGCGCGCTCTGCCTGCCG-30 (forward); 50-CA
CCACCTCTGTCTCATCAGGC-30 (reverse). Primer sets

for GAPDH were as follows: 50-GGAAGGTGAAGGTCG

GAGTC-30 (forward); 50-CTGGAAGATGGTGATGGG
ATTTC-30 (reverse). Clinical prostate cancer gene expression

data-sets were obtained from Oncomine 3.0 and analyzed at

www.oncomine.org [41]. The clinical breast cancer data-set
originally obtained by van’t Veer et al. [42], as well as the

accompanying support information, were downloaded from

www.nature.com and from http://www.rii.com/publications/
2002/vantveer.html.Normalized SPARCexpression datawere
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rank ordered and matched with patient metastatic outcome.

Log-rank test of the Kaplan-Meier plots was performed using
S-Plus software (Insightful, Seattle, WA). For other statistical

analyses, unpaired Student’s t-test was performed at

http://www.physics.csbsju.edu/stats/Index.html. Chi-square
analyses were performed at http://www.psych.ku.edu/

preacher/.

Results

We isolated variably metastatic subclones of the human

prostate cancer cell line PC-3 by repeated passage of these
cells in vivo, using a xenotransplant mouse tumor model

known as surgical orthotopic implantation (SOI). As has

been described previously, SOI is a two-step procedure
where subcutaneous tumors are first grown in immunode-

ficient mice [32, 33]. Small fragments of these tumors are

then used as solid graft material for implantation into the
prostates (the orthotopic site) of additional immunodefi-

cient animals. This approach has several advantages over

other xenotransplant techniques for modeling prostate
cancer but, most notably, the primary tumors metastasize

locally to lymph nodes and also distally to the lungs via

systemic circulation [43]. By isolating and culturing
metastases that arose from this model system (see Section

‘‘Materials and methods’’ for further details), we previ-

ously derived a series of cell lines that varied in metastatic
potential when implanted by SOI: poorly metastatic

PC3-#78 cells, moderately metastatic PC3-pMicro1 cells

and highly metastatic PC3-#82 cells [31].
We next performed gene expression analyses on sub-

cutaneous tumors derived from these three cell lines, as has

also been previously described [31]. Our results indicated
that SPARC was highly expressed in poorly metastatic

PC3-#78 cells, significantly downregulated in highly met-

astatic PC3-#82 cells, and expressed at intermediate levels
in PC3-pMicro1 cells (Fig. 1a). We subsequently con-

firmed these findings by performing quantitative PCR using

cDNAs derived from additional subcutaneous tumors and
also from tissue culture cells (Fig. 1a).

Our results suggested that SPARC may function as a

suppressor of prostate cancer progression and that down-
regulation of SPARC gene expression may enhance tumor

aggressiveness. We found that this hypothesis was sup-

ported by results obtained from several studies that had
examined gene expression in human clinical prostate cancer

and which were compiled on the ONCOMINE database.

Among them, we found that, in a study performed by
Dhanasekaran et al. [44], SPARC expression was signifi-

cantly downregulated in human prostate carcinomas relative

to normal prostate tissue or benign prostate hyperplasia

(Fig. 1b, P\ 0.01), and that SPARC was further down-

regulated in metastatic prostate cancer. Additional gene
expression studies performed on clinical prostate samples

by Lapointe et al. andWelsch et al. were also found to yield

concordant results [45, 46].
Using gene expression data originally obtained by van’t

Veer et al. for human clinical breast cancer [42], Smid et al.

noted that downregulation of SPARC expression was sig-
nificantly associated with tumors harboring the BRCA1

mutation (data not shown) [47]. Interestingly, after analyzing
the same data-set, we found that 33% of patients bearing

breast tumors with high SPARC expression developed

metastases within 5 years of diagnosis (Fig. 1c, n = 10
patients out of a total of 30). In contrast, 60% of patients with

low SPARC expression possessed metastases within the

same time period (n = 36 patients out of a total of 60;
P = 0.026 by log rank test). Thus, these data, together with

those for prostate cancer, indicated that downregulation of

SPARC may either be causal for, or associated with, an
aggressive tumor phenotype. However, it should be noted

that these gene expression studies do not distinguish whether

alterations in SPARC expression occurred within the tumor
epithelium and/or in the surrounding stroma.

To test the role of SPARC in spontaneous tumor pro-

gression, we obtained SPARC-/- mice (gift of E. H. Sage;
originally generated by Norose et al.) [35]. For the most

part, these animals are healthy and viable, exhibit subtle

phenotypes, and are not pre-disposed to forming tumors
[2]. Therefore, we crossed SPARC-deficient mice into two

spontaneous, viral-oncogene-driven models of prostate and

breast cancer: transgenic adenocarcinoma of the mouse
prostate (TRAMP) [36] and murine mammary tumor virus-

polyoma middle T (MMTV-PyMT) [37]. To confirm loss

of SPARC expression in knock-out animals, we extracted
total protein from high grade SPARC+/- and SPARC-/-

TRAMP prostate and MMTV-PyMT mammary tumors,

and performed Western blot analysis for SPARC. In both
tumor types, SPARC was detected in tumors derived from

SPARC+/- mice, but not in those from SPARC-/- animals,

as expected (Fig. 2).
For our prostate cancer studies, we compared 26-week-

old SPARC-/- and SPARC+/- mice that were either

TRAMP+ or TRAMP-. In the case of TRAMP- animals,
urogenital mass did not differ significantly between

SPARC-/- and SPARC+/- mice (Fig. 3a), and prostate

abnormalities were not observed (data not shown). While
TRAMP+ mice exhibited an expansion of prostate and

seminal vesicle mass, there was again no difference in

overall urogenital mass between SPARC-/- and SPARC+/-

animals (Fig. 3a). Almost all TRAMP+ mice in the study

had developed prostate cancer at the time of analysis, and

neither the incidence of palpable carcinomas (35% versus
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28% of animals) nor of macroscopic lumbar/para-aortic

lymph node metastases (25% versus 21% of animals) dif-

fered significantly between SPARC+/- and SPARC-/-

mice, respectively (Fig. 3b).

To assess disease progression at the histological level,
we separated and sectioned the ventral (VN) and dorso-

lateral (DL) lobes of each prostate, and graded the samples

based on the scoring method originally described by
Hurwitz et al. (see Section ‘‘Materials and methods’’) [38].

Each section was assigned a predominant grade and also a

highest grade, both ranging from a score of ‘1’ for normal
prostate to ‘6’ for undifferentiated adenocarcinoma. In all

cases, no significant differences in tumor progression were

observed between SPARC+/- and SPARC-/- mice
(Fig. 3c). When a single highest grade was assigned to

each prostate (identical to the highest grade given to any

constituent lobe), 45% of SPARC+/- mice developed the
most severe grade of prostate cancer (Grade 6), compared

to 29% of SPARC-/- mice; however, these differences
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were not statistically significant (Fig. 3d, P = 0.33 by Chi-

Square test). In addition, the distribution of lower graded

tumors was not significantly changed between genotypes.
As mentioned previously, we also used SPARC-deficient

animals to assess the role of this protein in spontaneous

breast cancer progression. SPARC+/- and SPARC-/- mice
expressing PyMT in the mammary epithelium were exam-

ined twice weekly beginning at 10 weeks of age for the

presence of tumor nodules. The first date of tumor detection
was noted, and this served as a rough estimate of time to

tumor initiation. All mice were sacrificed approximately

four weeks after the initial date of detection, and the total

tumor mass for each mouse was assessed, which served as

an estimation of the rate of growth. Macroscopic lung
metastases were also quantitated at the time of sacrifice.

Using these criteria to measure time to tumor initiation,

rate of tumor growth and metastasis, we found no signifi-
cant differences in cancer progression between SPARC+/-

and SPARC-/- mice. The average time to tumor initiation

for both cohorts was 15.4 weeks, and all mice bore tumors
by 19 weeks of age (Fig. 4a). The mean tumor mass of

SPARC+/- mice was 5.3 g, compared with 4.2 g for
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SPARC-/- mice (Fig. 4b, P = 0.2). Also, no significant

differences in mass were observed when tumors were sub-
divided by quadrant and compared by genotype (Fig. 4c).

Lastly, SPARC+/- mice bore an average of 9.6 metastatic

lung nodules at the time of sacrifice, compared with 23.3
nodules in SPARC-/- animals (Fig. 4d, P = 0.17). These

differences, however, were largely due to a single outlier

SPARC-/- mouse with[100 lung metastases, and, aside
from this animal, the rest of the SPARC-/- cohort (n = 7)

averaged 12.3 metastases.
SPARC has been observed in some studies either to

enhance or inhibit tumorigenesis by affecting the integrity

of the surrounding extracellular matrix, particularly of
collagen fibers [7, 25–27]. We therefore performed Mas-

son’s Trichrome staining on both TRAMP prostate and

MMTV-PyMT mammary tumors to visualize the collagen
networks encapsulating the tumors. In the prostate, colla-

gen staining was observed at the periphery of the

acinar ductal structures that contained cancerous lesions
(Fig. 5a–d). For both SPARC+/- and SPARC-/- tumors,

staining was heterogeneous, with some acini surrounded by

a fibrous, collagen-rich network, and others possessing
little matrix. In mammary tumors, collagen staining was

detected at the periphery and also within connective tissue

septa located at the interior (Fig. 5e–h). However, for both

tumor types, we found no readily observable differences in

either collagen staining intensity or localization within the
tumor, as assessed by trichrome staining. Tumor angio-

genesis was also largely unchanged between genotypes

(P = 0.80), as observed by staining for the blood vessel-
specific marker, CD34 (Fig. 5i–k).

Discussion

Previous studies have reported that SPARC can affect

several aspects of the tumorigenic process, including

matrix assembly, angiogenesis, proliferation, apoptosis and
invasion [2]. Most notably, SPARC is thought to enhance

the integrity of collagen matrices which encapsulate

tumors. This encapsulation has been postulated to act as a
physical restraint that limits tumor size (thus serving a

tumor suppressive function) [7, 26], but it may also prevent

leukocytes from infiltrating into the tumor, as has been
observed for mammary carcinomas [27]. In addition, recent

work has suggested that SPARC may inhibit TGF-b-med-

iated fibroblast activation, as assessed by expression of
smooth muscle actin [48]. Although the exact implications

of this remain unclear, activated fibroblasts are thought to

promote tumor progression by secreting cytokines and
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matrix molecules that could potentially affect tumor cell

proliferation and angiogenesis [49].
It is interesting to note that expression of SPARC is

frequently altered in a variety of human cancers, and there

has also been experimental evidence that this protein can
both promote and inhibit tumorigenesis. In light of these

conflicting results, the effects of SPARC have been inter-

preted as being cell type- and/or tumor microenvironment-
specific, and may depend upon the local availability of

MMPs and other proteolytic enzymes which are known to

process SPARC post-translationally [23, 27]. For instance,
plasmin-mediated cleavage has been reported to convert

SPARC from an anti-angiogenic molecule into one that

favors blood vessel growth [28]. Thus, when considering
the effects of SPARC on tumorigenesis, several factors

need to be taken into account, including the degree to

which SPARC is processed, the stromal context in which
SPARC and its fragments are present, and also the cell

types that ultimately respond to this molecule. Clearly, this

is a complicated situation—one that becomes even more
complex if the varying effects attributed to SPARC syn-

ergize or counter-balance one another during tumor

progression.
Although numerous reports have implicated SPARC in

tumorigenesis, most of these studies used tumor cell

transplant experiments. We therefore evaluated the role of
endogenous SPARC in spontaneous tumor progression for

prostate and breast cancer. Surprisingly, in both systems,

we observed no significant differences in tumor initiation,
progression or metastasis between SPARC+/- and

SPARC-/- mice. Collagen deposition and angiogenesis

were also largely unaffected.
There are several possible explanations for why our

results are discrepant with those previously reported by

others. Foremost among these is our use of spontaneous
tumor models to test the effects of SPARC, which is an
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approach that differs drastically from xenotransplant sys-

tems in that SPARC is deleted both in the tumor and the
stroma, and that most of the steps of tumorigenesis are

recapitulated in vivo. Thus, it is likely that a variety of fac-

tors may have differed between our experimental system and
those of others, including immune response, tumor matrix

composition and the local protease profile of the tumor

microenvironment. Our study also differed in that we com-
pared SPARC+/- and SPARC-/- mice in our tumor

experiments, whereas others utilized SPARC+/+ versus
SPARC-/- animal comparisons [7, 27, 29, 30]. It is currently

unclear whether SPARC+/- mice may be, to some degree,

haplo-insufficient, although this is unlikely, given that
SPARC-/- mice are healthy and viable, and manifest only

subtle phenotypes [2]. In addition, while some studies have

suggested that SPARC may act as a chemotactic factor for
renal and prostate cancer cells, particularly to bone [18, 21],

spontaneous tumors in mice metastasize rarely, if at all, to

bone. Therefore, our experiments do not rule out the possi-
bility that SPARC could affect osseous metastasis, a process

that has been better modeled using xenotransplant approa-

ches such as intracardiac injection of tumor cells [50].
Finally, although SPARC has been reported to affect matrix

deposition and integrity in tumors [7, 25–27], we observed

no readily apparent differences in collagenmatrix deposition
between SPARC+/- and SPARC-/- tumors. Whether the

integrity of this matrix was affected remains to be tested.

While our results suggest that loss of SPARC, by itself, is
insufficient to promote or inhibit spontaneous prostate and

breast cancer progression, our findings do not exclude the

possibility that SPARC is important for other tumor types.
For instance, SPARC-deficient mice have been reported to

be resistant to intestinal adenomas and squamous cell car-

cinomas [29, 30]. In addition, in spite of our animal model
results, SPARC expression may still prove useful as a

metric for assessing tumor aggressiveness. Indeed, our

interest in SPARC originally grew out of our observation
that its expression is significantly downregulated in highly

metastatic prostate cancer cells, as well as in several studies

of human clinical prostate cancer. We have also found that
reduced SPARC expression is predictive of metastatic dis-

ease in human breast cancer patients. Thus, while our

results indicate that loss of SPARC does not contribute
causally to prostate or breast cancer in the mouse models

tested, its association with disease progression may, none-

theless, make it a potentially useful biomarker.
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