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Genetics to Discover Causal
Pathways

Association between genetic variation and
phenotype can be used:

* As a biomarker
* To direct therapy - precision medicine

* As discovery of a causal pathway
— To develop novel therapeutics



Biomarkers and Pharmacogenomics

« Genotyping VKORC1 and CYP2C9 may
be helpful in estimating warfarin dose

Mean Warfarin Dose (mg/day)
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Reider MJ, et al. NEJM. 352:2285-2293, 2005



Unbiased discovery

chromosome




Looked at 1536 SNPs In Sepsis
PCSK9 rs644000 genotype
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GG 60 52 44 42 41
G 234 185 159 145 138

AA 295 215 182 166 151



Wall Street Journal
PCSK9 Inhibitors: Super statins

« Sanofi/Regeneron: alirocumab (Praluent)

 Amgen: evolocumab (Repatha)
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PCSK9 genetic variants

Autocleavage

site
Signal . I . . . .
peptide Prodomain l Subtilisin-like catalytic domain Carboxy terminal domain
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R46L A53V Va74i G670E
rs11591147 rs11583680 rs562556 rs505151
1.6% 13% 18% 3.6%
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Kotowski IK et al. Am J Hum Genetics. 2006. PMID 16465619
Soutar AK et al. Nat Clin Pract Cardiovasc. 2007. PMID 17380167
Mayne J et al. Lipids in Health and Disease. 2013. PMID 23663650
Slimani A et al. J Mol Neuro. 2014. PMID 24599757
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PCSK9 Loss-of-Function (LOF)
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PCSKO9 Inhibitors increase lipid
clearance by LDL Receptors
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PCSKO9 inhibitor trials: (ClinicalTrials.gov)
* Hypercholesterolemia, hyperlipidemia

« Statin intolerance

« Familial Hypercholesterolemia

Image from caltagmedsystems.blogspot.com



Lipoproteins In Sepsis?
Central role for LDL receptors

Pathogen lipid
(e.g.LPS, LTA)

Sequestration /
Clearance

Transfer proteins '
(LBP, BPI, PLTP, CETP)
Activation of

inflammatory
cytokines, LDL , 8 <« @ VLDL

Pro-inflammatory
response

TLR and other
innate immune receptors

Macrophage/ upregulation of
monocyte; adhesion molecules,
other cell lines iNOS induction, etc.
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Pathogen lipid clearance
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Could PCSKJ9 inhibition increase

pathogen lipid clearance?
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Concentration(pg/mL)

Pcsk9 knockout T LPS
clearance and <4 inflammation
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TNF (log pg/mL)
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Concentration (pg/mL)

PCSK9 and human inflammation

“Normal subjects”
1 ng/kg LPS I.v.
m m % H IL-6 peak at 4 hours
| | | | | LOF: 114 pg/mL
& F L P No LOF: 147 pg/mL
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Survival
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PCSKO9 inhibition
Increases hepatic
LDL receptor
numbers and may
Increase pathogen
lipid clearance

Bacterial lipids are
cleared through the

bile duct
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Conclusions

* Genetics can lead to discovery of an
unanticipated pathway

 Investigating mechanism is key to necessary
understanding

« PCSKO9 inhibition may improve outcomes in
sepsis
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Sepsis drugs

Clearing the pathogen works (e.g. antiviotics)
Kumar A et al Crit Care Med, 34:1589-1596, 2006
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Late modulation of host response doesn’t work (e.g. rhapc, anti-TNF)
Deans KJ et al. J Trauma, 58:867-874, 2005
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