

Lecture 2

EVOLUTIONARY PERPSECTIVES 

GOALS

1. 
Differentiate between proximate and ultimate causation

2. 
Describe oxygen delivery in evolutionary terms 
3. 
Characterize the basic body plan of multicellular organisms

4. 
Consider evolutionary history of endothelium

5. 
Consider evolutionary basis for endothelial disease
6.
Explain the term “Darwinian Medicine”

READING

Required reading:

1. Nesse RM, Williams GC. Evolution and the origins of disease. Sci Am. 1998 Nov; 279(5): 86-9
2. Yano K, Gale D, Massberg S, Cheruvu PK, Monahan-Earley R, Morgan ES, Haig D, von Andrian UH, Dvorak AM, and Aird WC. Phenotypic heterogeneity is an evolutionarily conserved feature of the endothelium. Blood. 2007;109:613-615. 
Suggested reading:
1. Munoz-Chapuli R, et al. The origin of the endothelial cells: an evo-devo approach for the invertebrate/vertebrate transition of the circulatory system. Evol Dev. 2005;7:351-8

2. Shigei T, Tsuru H, Ishikawa N, Yoshioka K. Absence of endothelium in invertebrate blood vessels: significance of endothelium and sympathetic nerve/medial smooth muscle in the vertebrate vascular system. Jpn J Pharmacol. 2001;87: 253-60 

SUMMARY

Theodosius Dobzhansky once said: “Nothing in biology (and by extension medicine) makes sense except in the light of evolution”. The application of evolutionary principles to an understanding of health and disease represents the foundation of a new discipline, termed Darwinian Medicine, which was largely popularized by R. Nesse and G. Williams in their trade book “Why we get Sick” and a follow-up feature article in Scientific America entitled: “The Evolutionary Origins of Disease” (see required reading list). In their book, Nesse and Williams make the following claim:

“When evolution is included in medical school curricula, it will give students not only a new perspective on disease but also an integrating framework on which to hang a million otherwise arbitrary facts. Darwinian Medicine could bring intellectual coherence to the chaotic enterprise of medical education”.

An interesting way to look at the endothelium is through the lens of a landscape metaphor, as originally described by Richard Dawkins in his book, Climbing Mount Improbable. According to this metaphor, complex design rests at the peak of a mountain. Dawkins called the mountain Mount Improbable because the species or organ could not have reached the summit by chance alone. There are two sides to the mountain. For centuries, mankind recognized only the side with the cliff. Reaching the summit depended on giant leaps through divine intervention or single generation macromutations, a process referred to as saltation. In 1859, Charles Darwin exposed the other side of the mountain. He proposed that the gradual incline was surmountable by the cumulative selection of chance mutations, a mechanism that came to be known as natural selection. Once at the summit, the product carries the illusion of design. The endothelium metaphorically resting at the peak of a mountain, does indeed impress us with improbable perfection.

As discussed by Dawkins, there are several rules to climbing this side of the mountain. First, each step represents an improvement. Every change must confer a survival or reproductive advantage. Second, the path is one way up. A species or organ system cannot get worse as a means towards eventual improvement. Third, there are no sudden leaps, or precipitous increases in ordered complexity. Finally, there is more than one peak or more than one way to solve a given problem. 

Evolutionary perspectives offer fresh insights into endothelial health and disease. In this lecture, we will consider the following questions: 1) how/why did the cardiovascular system and endothelium evolve, 2) how do we apply evolutionary considerations to an understanding of the vulnerability of the endothelium to disease? These questions will provide a crucial framework for the remainder of the course. 
QUESTIONS

1. Name a few examples of predictable structural and functional differences between mammalian and non-mammalian endothelial cells
2. You will hear about the endothelium in hagfish in this lecture. How would you design further experiments to study the evolutionary origins of endothelial cells?
3. What selective advantages are associated with the endothelial heterogeneity? (A warm up to the term exam!)
4. How might an understanding of the early ancestral environment help us understand human health and disease today?
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