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BACKGROUND
Vulnerability to atherosclerosis represents an evolutionary trade-off: balancing the liability associated with the pathology against

the multiple biological benefits contained within the phenotype of vulnerability. Emerging bioinformatic platforms enable a

pathway-level analysis of these evolutionary trade-offs. Here we present a novel systems biology approach using publicly

available gene expression pathway platforms to depict the series of overlapping and interdependent physiological and

pathophysiological processes which play central roles in both atherogenesis and critical physiologic functions.

OBJECTIVES
We aimed to develop a method for identifying overlapping pathophysiological and physiological gene expression pathways for

human disease. A criterion for our methodology was to make use of publicly available gene expression pathway platforms

exclusively. With our results, we sought to create visualization techniques illustrating and emphasizing the evolutionary tradeoffs

for human diseases. For demonstrating our methodology, we used the leading cause of death in our species, atherosclerosis.

IMPLICATIONS 
& CONCLUSION

METHODOLOGY
1 . We utilized KEGG (Kyoto Encyclopedia of  

     Genes and Genomes) to source genes that are 

     key to several canonic atherosclerosis pathways. 

2 . We then superimposed the overlapping physiological 

     and pathophysiological pathways. For example:
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2 . Each gene from the pathway was compiled  

     (215 total).

3 . We imported the compiled genes into Gene Analytics.

Gene Analytics provides a ranked list of physiological

(biologically beneficial) pathways that overlap with the

pathophysiological atherogenic pathways.

a) To identify the overlap between pathophysiological atherogenic pathways and physiological (biologically beneficial) pathways:

1 . We compared the gene sequences found in the pathophysiological atherogenic pathways with 

     those found in the physiological pathways.

b) To visualize the degree of overlap between pathophysiological atherogenic pathways and the top 3 physiological pathways:

The top 3 physiological (biologically beneficial)

pathways that maximally overlap with the

pathophysiologic atherogenic pathways are the: 

Immune Caspase-1 Activation Pathways

NOD-like Receptor Pathways

Toll-like Receptor Signaling Pathways 
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2.

3.

Note: the top 3 physiologic pathways that overlap

with pathophysiologic atherogenic pathways are

heavily linked to immune physiology
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We replicated sections in the RnD

Systems pathway from the GeneAnalytics

result to enable overlap visualization
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The proximate causes of atherosclerosis have been extensively
studied and characterized since the Framingham Heart Study.
While classic atherosclerosis risk factors, such as cholesterol,
hypertension, and lifestyle (diet and sedentary behavior), play a
significant role in determining susceptibility to atherosclerosis,
our study focuses on exploring the often-overlooked vulnerability
to atherogenesis from an evolutionary perspective. We present a
methodology for exploring non-proximate (evolutionary)
processes shaping vulnerability to atherosclerosis.

We developed a user-friendly methodology that could be easily
used by physicians and medical students for identifying
overlapping pathophysiologic and physiologic gene expression
pathways, applicable to various human diseases. Our approach
emphasizes clarity of visual depiction of these overlaps to drive
home the following central concept in evolutionary medicine:
Embedded within the biology of vulnerability to disease, are
dense networks of interdependent and overlapping biologically
beneficial pathways. These components of vulnerability have
evolved over an evolutionary timescale. Recognizing their
biological benefits enhances our understanding of evolutionary
tradeoffs. Strengthening our knowledge of their functions and
influence promises more informed development of strategies for
treatment and prevention. Our method for identifying and
visualizing these components of vulnerability offers a novel
method for clarifying the nature of evolutionary tradeoffs
underlying vulnerability to human pathology.

https://www.kegg.jp/entry/map05417

