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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

2



• Genotyping VKORC1 and CYP2C9 may 

be helpful in estimating warfarin dose

Biomarkers and Pharmacogenomics

Reider MJ, et al.  NEJM. 352:2285-2293, 2005



Unbiased discovery
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Looked at 1536 SNPs in Sepsis
PCSK9 rs644000 genotype
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Wall Street Journal

PCSK9 inhibitors: Super statins
• Sanofi/Regeneron: alirocumab (Praluent)

• Amgen: evolocumab (Repatha)
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PCSK9 genetic variants
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Signal 
peptide Prodomain Subtilisin-like catalytic domain Carboxy terminal domain

1 31 147 425 692

NH2

Autocleavage 
site

R46L
rs11591147

A53V
rs11583680

V474I
rs562556

G670E
rs505151

MAF1 1.6%  13% 18%              3.6%

LDL 20%2  20%3 10%3 50%4
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PCSK9 Loss-of-Function (LOF)
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VASST

p=0.0054

SPH

p=0.022



PCSK9 Inhibitors increase lipid 

clearance by LDL Receptors

PCSK9 inhibitor trials: (ClinicalTrials.gov)

• Hypercholesterolemia, hyperlipidemia

• Statin intolerance

• Familial Hypercholesterolemia

Image from caltagmedsystems.blogspot.com
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Lipoproteins in Sepsis?
Central role for LDL receptors
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Pathogen lipid clearance
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Lipopolysaccharide

(LPS) Gram -

endotoxin

Lipoteichoic acid 

(LTA) Gram + 

Could PCSK9 inhibition increase

pathogen lipid clearance? 



Pcsk9 knockout  LPS 

clearance and  inflammation
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Pcsk9 knockout  response
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PCSK9 antibody  survival
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*

*

PCSK9 Antibody
Isotype Control

*

*

PCSK9 Antibody
Isotype Control

p=0.034

TNF (p=0.027), IL-6 (p=0.051), IL-10 (p=0.068), JE (p=0.0085) and MIP-2 (p=0.040)



PCSK9 and human inflammation
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“Normal subjects”

1 ng/kg LPS i.v.

IL-6 peak at 4 hours

LOF: 114 pg/mL

No LOF: 147 pg/mL
p=0.019



LDL Receptor
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PCSK9 inhibition 

increases hepatic 

LDL receptor 

numbers and may 

increase pathogen 

lipid clearance



Conclusions

• Genetics can lead to discovery of an 

unanticipated pathway

• Investigating mechanism is key to necessary 

understanding

• PCSK9 inhibition may improve outcomes in 

sepsis
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Sepsis drugs

20
20

Clearing the pathogen works (e.g. antibiotics)

Kumar A et al Crit Care Med, 34:1589-1596, 2006

Delayed antibiotic 

administration after 

onset of hypotension 

increases mortality by 

6% per hour.

Late modulation of host response doesn’t work (e.g. rhAPC, anti-TNF)

Deans KJ et al.  J Trauma, 58:867-874, 2005


