New insights into sepsis-induced renal injury
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Fact

Sepsis and septic shock remain the
most important cause of Acute Kidney
Injury (AKI) In critically ill patients,
and account for more than 50% of
cases of AKI In the ICU



What Is Sepsis?

e Syndrome caused by the interaction of a
pathogen with the host iImmune system

 Dynamic sets of events characterized by
a maladaptive response of the immune
system.



Clinical Definition of Sepsis

SIRS

(fever, tachycardia, leukocytosis......)

+evidence of infection
Sepsis
+organ dysfunction, hypotension
Severe Sepsis
+hemodynamic collapse, pressors

Septic shock

+complete failure of homeostasis

MODS



Calsative
agents:

Bacteria
Traum
Shock

Intensity of
inflammatory response

Epithelial cells

Excessive inflammatory
Endothelial cells response

Vascular permeabilityg
Bacterial killing$

DIC

Tachypnea

Fever

Leukocytosis
Tachycardia

Peripheral resistance 4
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COAGULATION SYSTEM Edema

= Tissue damage
Serum proteins - Organ failure
Leukocytopenia
Shutdown of n

phagocytic cell
HYPERREACTIVE Susceptibility to
IMMUNE RESPONSE

HYPOREACTIVE
IMMUNE RESPONSE,
IMMUNE PABALYSIS

Dynamic time-course of the inflammatory response during sepsis




Complexity of sepsis literature

. What animal sepsis model is being used
. Studies in same or different species
. Age of animals
. Single bacteria vs Polymicrobial
. Are the rates of bacterial release comparable
. What bacterial strain/endotoxin is being used
. Antibiotics
. Are the doses of endotoxin comparable
. What is the end-point: organ damage vs mortality
10.Systemic vs Local TLRs
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TNF meditates

LPS LPS shock
Describes Lps
. P CD14
endotoxin
1890........... 1940........... 1960............ 1980......... .1990........ 1996........... 1997.....1998........
Nomura _
TLR1 MEthltOV
TLR4
Drosophila Toll and
Toll yeast

Beutler
Lps = TLR4



C3H/Hed Mouse and LPS

e C3H/Hed mutant phenotype arose through spontaneous
mutation between 1960 and 1968

e C3H/HeJd strain exhibits natural tolerance to otherwise lethal
doses of LPS

 Hyporesponsive phenotype under the control of a single
locus, Lps existing in two allelic forms, Lps" (responsive)
and Lps? (hyporesponsive)

* Lps locus assigned to chromosome 4

J. Exp. Med. Volume 189; Number 4, Eebruary 15, 1999 615-625



Imidazoquinolines
(anti-viral compounds)

triacylated diacylated flagellin CpG DNA LPS dsRNA

Ilpnprftnin IlpaprEtﬂin 1 1 / / ‘x’

MD-2

‘)

TLR1 TLR2 TLR5S FHTLR7 ESTLR9 FITLR4 TLR3
TLR 6




loll-like
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Branching Nature of TLR Signaling

M}rDBE—dependeV wyDBB-independmt

Y i A
- IFN-
Cell growth and Inflammatory Cell inducible

transformation cascade survival poPtoss genes

El-Achkar and Dagher, Nature Clinical Practice Nephrology, 2006



eEndotoxin infusion or

injection

«Simple and inexpensive
*Well standardized dose

svasoconstriction

*ARF requires high doses
*high mortality, Short duration.
svariable response

eBacterial infusion

« Systemic hemodynamics like
human.

» Bacterial dose standardized

No MODS.

« Expensive and hard in large
animals.

« Standard supporting
measures, often lacking.

'Intraperitoneal infusion

of bacteria

«Simple and inexpensive.
*Rapid onset

sreproduces aspects of sepsis in
humans

econtrol over the dose of bacteria.

*Too severe in large animals.

*ATN not produced clinically or
pathologically.

*Cecal ligature and

perforation

e Simple and inexpensive.
» Septic shock with MODS

* response variable

* human like ATN not
reproduced.




Systemic injury
pathway
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& Mediators
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Local
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Inflammation
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_ocalization of TLR4

El-Achkar et al' AJP Renal 2005 In press



4 1N Proy

Fluorescence Intensity (AU)

Cellular

El-Achkar et all AJP Renal 2005



_ocalization of CD14
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Connections to Circulating
Heiting Fm“'n. Watar Hoatir

50mm Coverslip Bottom Dish
Exteriorized Kidney (filled with normal saline)







distal convoluted tubule

proximal
convoluted
tubule ‘;.;c.-.

Bowman's \

capsule afferent |
glomerulus arteriole,

loop of Henle

NEPHRON

RUSSELL KIIGHTLEY —

collecting
duct
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LPS pre exposure
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dextran

dextran
+
LPS

dextran
+
LPS

(pre exposure)

Dextran Fluorescence
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0 Before DCFDA

¢ After DCFDA
delta=4.8
(p<0.001)
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Green channel fluorescence intensity
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TLR4 KO
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control LPS 4 hrs LPS 12 hrs
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No CD14 With CD14

Rough LPS

Smooth LPS




Gram negative bacteria
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