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Endotoxin In the
Environment




The Gastrointestinal Tract

» 10 organisms

« 25 grams of endotoxin




e AS atoxin
e AS a hormone

* As atherapeutic target




e AS atoxin




Vol. 328 No. 20 BRIEF REPORT —

BRIEF REPORT: SHOCK AND MULTIPLE- —
ORGAN DYSFU NCIION AFTER SELF- repeat 40 units
ADMINISTRATION OF SALMONELLA

ENDOTOXIN

Core polysaccharide

Disaccharide
diphosphate

ANGELO M. TAVEIRA DA SiLva, M.D., Pu.D,,
HerLen C. KauvLBacH, M.D., Fatty acids
Francrs S. CHuipian, M.D.,

Davip R. LaMBerT, M.D_|
ANTHONY F. SUFFREDINI, MtDt’ Structure of Lipopolysaccharide
AND RoBERT L. DANNER, M.D.

CAsE REPORT

A middle-aged laboratory worker was brought to the emergency
department because of malaise, headaches, nausea, and vomiting.
The patient was awake but listless with a pulse of 114 per minute, a
blood pressure of 42/20 mm Hg, and an oral temperature of 40°C.
The patient was treated with intravenous fluids, and a dopamine
infusion was started at a dose of 5 ug per kilogram per minute.

- N Engl J Med 328:1457 1993




Mediators of Lethality in Murine Endotoxemia

Neutraization improves survival

Cytokines and related proteins

Receptors and membrane proteins

Intracellular proteins

Transcription factors
Coagulation factors
Others

IL-1, IL-12, IL-18, IL-33, TNF
IL-25, IFN-, Gelsolin, Ghrelin
MIF, LIF, IFN, HMGB1, G-CSF
MIP-1e:, MFP-14, LBP, PTH-RP
VEGF, VIP, Leptin, Activin A
TREM-1, IRF-2

Annexin-1, Annexin-AS
Adrenomedullin

S100A8, Fetuin A, HSF-1
Pro-insulin C peptide, CGRP
IL-1R, TNFR1, PAF-R, LECAM-1
TREM-1, LDLr, CD11a, CD14
IFN-1R, Caveolin-1, MMP2
IFIT2, ZBTB20 zinc finger protein
mTORC1-S6K, Caspase-3
Caspase-7, Caspase-11, PTEN
Flatelet glycoprotein 1b-1X
Rab27a, Farnesyltransferase
Uncoupling protein 2, DAP12
Transglutaminase I, eNOS, Hck
P38, JNK, iNOS

MF-«<B, BET proteins

Tissue factor, PAN

PAF, PLAZ

Nicotinamide, bilirubin

Administration improves survival

IL-1Ra, IL-1o, IL-4, IL-10, IL-13
HGF, LIF, CRP

MCP-1, BPI

CAP-18, TSG-14, VLDL, VIP
C3, C4, melatonin, APO-A1
Protein C, Apolipoprotein E
Hemoglobin, Urocortin
Cortistatin

Lipocalin-2, Follistatin, SFIt-1

SR-B1, PARZ, P2ZX(1), BKR1,

Caveolin-2, EPCR, Tie-2

Adenosine A3R, VIPR, a7-nicotinic Ach receptor
Stat-2, Stat-4, Stat-6, B, HSP70
Hemoxygenase, A20 zinc finger protein,
SENPE, ApoAl, Miz1

Gilz, MCPIP1, Takl, BKB1

Ber, Abr, Platelet factor 4

B-Arrestin

ATF3, KLF2

TFPI, APC, Platelet factor 4
Vitamin B12, vitamin D3

- Marshall

- Trends Mol Med 20:195, 2014
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Endotoxemia Predicts Adverse Outcome
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- Marshall, J Infect Dis 190:527, 2004



Endotoxemia in Multiple Trauma
60

40F

Percent with EAA > 0.40

Day 0 Day 1 Day 3 Day 5
Days Following Injury

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



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
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Hormone

“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.”

- Oxford English Dictionary




Interaction of LPS with Host Cells

Bactericidal Permeability-
Increasing Protein (BPI)

Endotoxin

Lipopolysaccharide-binding
protein (LBP)



Interaction of LPS with Host Cells

Endotoxin

Toll-like Receptor 4

Lipopolysaccharide-binding

(TLR4)
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Interaction of LPS with Host Cells

Signal transduction
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Hormone or Toxin?

Hormone Toxin
Endogenous Exogenous
Releasing hormone None
Carrier protein None
Dedicated receptor None
Counter-normone 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/HedJ Mice
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- Netea, J Infect Dis 185:1483, 2002




Impact of TLR4 Inhibition on
28 Day Survival

Mortality
Placebo Eritoran p.

Gram positive
(N=182)

Gram negative
(N=215)

24./%  33.8% 0.03

22.3% 21.9% 0.81

- Opal, JAMA 309:1154, 2013




* As atherapeutic target




Therapies Targeting Endotoxin

TLR4 Antagonists Eritoran
TAK?242
CD14 Antagonists IC14
Anti-LPS Strategies Antibodies:
J5, HA-1A, ES
rBPI,,

Polymyxin B dextran
HDL, taurolidine
Alkaline phosphatase
St. Farmer’s #35
PCSK9 inhibitors
Extracorporeal removal




Randomized Trial of HA-1A In Sepsis

Mortality
Placebo HA-1A 0.
All patients 43% 39% 0.24
Gram negative 49% 32% 0.014
Gm -ve shock 57% 33% 0.017

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



Followup Study of HA-1A
(2199 Patients)

14 Day Mortality
Placebo HA-1A o)

All patients 36% 38% 0.19
Gram negative 32% 33% 0.86

Gram positive 37% 41% 0.07

- 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



RESEARCH ARTICLE

CRITICAL CARE

PCSK9 is a critical regulator of the innate immune
response and septic shock outcome

Keith R. Walley,'* Katherine R. Thain,' James A. Russell,’ Muredach P. Reilly,> Nuala J. Meyer,**
Jane F. Ferguson,? Jason D. Christie,>*® Taka-aki Nakada,® Chris D. Fjell," Simone A. Thair,’
Mihai S. Cirstea,' John H. Boyd'
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 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!



