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Richard Pfeiffer

An extract of the cell 

wall of Vibrio cholera:

Endotoxin

- 1894



Lipopolysaccharide (LPS)



Endotoxin in the 

Environment



The Gastrointestinal Tract

• 1014 organisms

• 25 grams of endotoxin



• As a toxin

• As a hormone

• As a therapeutic target
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- N Engl J Med 328:1457  1993



Mediators of Lethality in Murine Endotoxemia

- Marshall: Trends Mol Med 20:195, 2014



Gram-negative 

bacterial infection



Admission Endotoxin Activity
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Endotoxemia Predicts Adverse Outcome

- Marshall, J Infect Dis 190:527, 2004



- Charbonney et al, Crit Care Med  (44:335, 2016)

Endotoxemia in Multiple Trauma



Endotoxin Levels on Day 1

Survivors 0.28 ± 0.24

Non-survivors 0.48 ± 0.15*

* p<0.05

Risk Factors:      Hypotension

Early surgery  

- Charbonney et al, Crit Care Med  44:335, 2016



Conditions Associated with Endotoxemia

• Vigorous exercise
Jeukendrup,  Clin Sci 98:47, 2000 

• Acute pancreatitis
Ammori, Pancreas 26:122, 2003

• Major elective surgery

Buttenschoen, Am J Surg 181:36, 2001

• Inflammatory bowel disease
Pastor Rojo Inflamm Bowel Dis 13:269, 2007

• Cirrhosis
Lin, J Hepatol 46:816, 2007



• As a toxin

• As a hormone

• As a therapeutic target



“A regulatory substance produced 

in an organism and transported in 

tissue fluids such as blood or sap to 

stimulate specific cells or tissues into 

action.”

Hormone

- Oxford English Dictionary



Interaction of LPS with Host Cells

Endotoxin

Lipopolysaccharide-binding

protein (LBP)

Bactericidal Permeability-

Increasing Protein (BPI)



Interaction of LPS with Host Cells

Endotoxin

Lipopolysaccharide-binding

protein (LBP)

MD2

Toll-like Receptor 4

(TLR4)

CD14



Interaction of LPS with Host Cells

Signal transduction

MD2

TLR4

CD14

LPS

LBP



TLR4
CD14

Endotoxin

IRAKMyD88

TRAF2

NFkB

MAP Kinases:  Erk, p38, Jnk

PI3 Kinase

Pro-inflammatory genes:

IL-1, TNF

PAF, Nitric oxide, 

Coagulation
Tissue ischemia,

Cell necrosis, 

Apoptosis



Hormone  or  Toxin?

Hormone Toxin

Endogenous Exogenous

Releasing hormone None

Carrier protein None

Dedicated receptor None

Counter-hormone None

Evokes cellular response Blocks cellular activity

Excess or deficit harmful Any amount harmful



Endotoxin

or

Exohormone?



LPS challenge in 

human volunteers 

causes altered 

expression of 3714 

distinct genes. 

- Calvano, Nature 437:1032, 2005 
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Clearance of Candida is Impaired

in TLR4 Mutant C3H/HeJ Mice

- Netea, J Infect Dis 185:1483, 2002



Impact of TLR4 Inhibition on 

28 Day Survival

Mortality

Placebo   Eritoran p.

Gram positive    24.7%      33.8%    0.03

(N=182)

Gram negative 22.3%      21.9%    0.81
(N=215)

- Opal, JAMA 309:1154, 2013



• As a toxin

• As a hormone

• As a therapeutic target



TLR4 Antagonists Eritoran

TAK242

CD14 Antagonists IC14

Anti-LPS Strategies Antibodies:

J5, HA-1A, E5

rBPI21

Polymyxin B dextran

HDL, taurolidine

Alkaline phosphatase

St. Farmer’s #35

PCSK9 inhibitors

Extracorporeal removal

Therapies Targeting Endotoxin



Randomized Trial of HA-1A in Sepsis

All patients               43%             39%          0.24

Gram negative         49%             32%         0.014

Gm -ve shock           57%            33%         0.017

Placebo    HA-1A         p.

Mortality

- Ziegler, N.Engl.J.Med. 324:429, 1991



Followup Study of HA-1A

(2199 Patients)

All patients              36%         38%        0.19

Gram negative        32%         33%        0.86

Gram positive         37%         41%        0.07

Placebo    HA-1A        p.

14 Day Mortality

- McCloskey, Ann.Intern.Med. 121:1, 1994



rBPI in Pediatric Meningococcemia

Placebo      rBPI
(N=203)       (N=190)      p.

Mortality 9.9%            7.4%      0.48 

Amputations 7.4%            3.2%      0.07

Full recovery 77.3%           66.3%     0.02

- Levin, Lancet 356:961, 2000





• Endotoxin has an evolutionarily 

acquired role as a stress hormone 

that triggers inflammation

• Disease may result from either excess 

or inadequate activity

• The goal of intervention may well be to 

optimize, not eliminate endotoxin



Thank You!


