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Sepsis drugs

3
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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



Pathogen lipid clearance
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PCSK9 Inhibitors increase lipid 

clearance by LDL Receptors

Image from caltagmedsystems.blogspot.com
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• Sanofi/Regeneron: alirocumab (Praluent)

• Amgen: evolocumab (Repatha)



Are Plasma Lipids

Involved In Sepsis?

6Chien J-Y et al. Crit Care Med 33:1688–1693, 2005.
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Low LDL/HDL levels in sepsis

7Boyd JH, et al. J Innate Immunity. 8(2):211-20, 2016



Low LDL drives PCSK9
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Elevated PCSK9 is Bad

9Boyd JH et al.  Journal of Innate Immunity. 8(2):211-20, 2016



Pathogen lipid clearance
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Lipopolysaccharide

(LPS) Gram -

endotoxin

Lipoteichoic acid 

(LTA) Gram + 

Could PCSK9 inhibition increase

pathogen lipid clearance? 



Pcsk9 knockout mice

 LPS clearance,  inflammation
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Walley KR et al.  Science Translational Medicine. 6(258):258ra143



Pcsk9 knockout mice
 physiologic response
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PCSK9 antibody:  CLP 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)



Human 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

1.  Kotowski IK et al.  Am J Hum Genetics.  2006.  PMID  16465619

2.  Soutar AK et al.  Nat Clin Pract Cardiovasc.  2007.  PMID  17380167

3.  Mayne J et al.  Lipids in Health and Disease.  2013.  PMID 23663650

4.  Slimani A et al. J Mol Neuro. 2014. PMID 24599757

LOF LOF LOF GOF



PCSK9 Loss-of-Function (LOF)

 Human septic shock survival
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VASST

p=0.0054

SPH

p=0.022



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

Walley KR et al.  Science Translational Medicine. 6(258):258ra143



Replication and extension

17Dwivedi DJ, et al.  Shock. 2016 Jul 11



Bacterial load

18Dwivedi DJ, et al.  Shock. 2016 Jul 11.



Was it via the LDL receptor?

19
Topchiy E, et al.  PLoS One. 2016 May 12;11(5):e0155030

Blood Liver



LPS uptake by hepatocytes

20
Topchiy E, et al.  PLoS One. 2016 May 12;11(5):e0155030



21

PCSK9 inhibition 

increases hepatic 

LDL receptor 

numbers and may 

increase pathogen 

lipid clearance



Conclusions

• PCSK9 inhibition increases LDL receptor density 

on hepatocytes

• This increases clearance of pathogen lipids (e.g. 

endotoxin) from LDL cholesterol particles

• Genetic PCSK9 Loss-Of-Function suggests that 

PCSK9 inhibition may improve outcomes in 

human sepsis
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