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KKU International Teaching Platform

Cytokines and infectious diseases
1/ INDUCTION OF CYTOKINES BY MICROBIAL PRODUCTS

2/ CO-FACTORS & SYNERGIY

3/ INFECTION & Th1 / Th2 PROFILE

4/ ANTI-INFECTIOUS PROPERTIES OF CYTOKINES

5/ EXACERBATED PRODUCTION & DELETERIOUS EFFECTS

6/ STRATEGIES OF PATHOGENS TO COUTERACT CYTOKINES

7/ MODULATION BY NATURAL PRODUCTS
Jean-Marc Cavaillon

Unit Cytokines & Inflammation

O’Neill, Science 2004
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Whole bacteria are always more potent activators than any isolated PAMPs

Cavaillon Biomed. Pharmacother. 1994, 48, 445
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Whole bacteria are always more potent activators than any isolated PAMPs

Müller-Alouf et al. Infect. Immun. 1994, 62, 4915
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SHOCK AND MULTIPLE ORGAN DYSFUNCTION AFTER SELF-
ADMINISTRATION OF SALMONELLA ENDOTOXIN

Taveira da Silva et al. N. Engl. J. Med. 1993, 328, 1457

1 mg LPS (15 µg/k, i.e. 3750 X dose given to human volunteers)
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Liang et al. J. Infect. Dis . 2005, 191, 939

Peptidoglycan-associated lipoprotein (PAL) has synergy with LPS

ng/mL µmol/LIL-6 Nitrite

Activation of mouse peritoneal macrophages

SYNERGY BETWEEN PAMPs

Synergy between MDP and
TLR2, TLR4 and TLR9 ligands

Huehara et al. Cell. Microbiol. 2004
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Cavaillon et al. Eur. J. Immunol. 1990, 20, 253

Recombinant C5a enhances IL-1 and TNF release
by LPS-stimulated monocytes and macrophages

SYNERGY WITH ANAPHYLATOXIN C5a
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Rothstein et al. PNAS 1998, 85, 607

TNF

LPSLethal
shock

7 / 7

!

300 µg

10 µg
T-18h

0 46 %

Heinzel et al.
J. Immunol. 1990, 145, 2920

IFNγ

LPSLethal
shock

92 %

SYNERGY BETWEEN PAMPs AND CYTOKINES SYNERGY WITH ASYMPTOMATIC VIRAL INFECTION

SYNERGY WITH HYPOXIA

A SYNERGY EXISTS BETWEEN 
HYPOXAEMIA AND 
ENDOTOXAEMIA ON THE 
DEVELOPMENT OF LETHAL 
ORGAN FAILURE 

Gerlach et al.  Eur. J. Anaesth. 1993,10,273
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HYPOXIA INCREASES 
PRODUCTION OF IL-1 AND TNF 
BY PBMC TRIGGERED BY LPS

Ghezzi et al.  Cytokine 1991,3,189
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GENE EXPRESSION AND SURVIVAL TO PNEUMONIA
Schurr et al. Infect. Immun. 2005, 73, 532

Survival to i.t. 104 CFU
Klebsiella pneumoniae

Up-regulated genes in
lungs 4 h post i.t. infection

TNF POLYMORPHISM IN TRAUMA PATIENTS
Flach et al. Cytokine 1999, 11, 173

Allotype
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TNFB1/TNFB2

Non septic
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Complications
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IN VITRO IL-6 & TNF PRODUCTION IS HIGHER IN THE COMPLICATION GROUP
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MITOCHONDRIAL DNA AND
SURVIVAL AFTER SEPSIS

Baudouin et al. Lancet 2005, 366, 2118

p = 0.0094

SURVIVAL

MOST EXTREME CORE TEMPERATURE IN THE 1ST 24H

p = 0.003

H haplogroup is associated with enhanced
respiratory-chain activity

TLR MUTATIONS AND MENINGOCOCCAL SEPSIS

An excess of rare mutations are found
in meningococcal sepsis as compared
to healthy controls

Smirnova et al.  Proc Natl Acad Sci U S A. 2003 May 13;100(10):6075-80

TLR4

The mutation
P631H found in
around 4,8% of
healthy controls
is rarely found in
meningococcal
sepsis (1%)
p = 0.05

TLR2

Leishmaniasis

few skin lesions

mRNA
in lesions
IL-2   +
IFNγ ++
LTα  ++

IL-4   ++
IFNγ    ±

Pirmez et al. J.Clin.Invest.1993,91,1390
Melby et al. Infect.Immun.1994,62,837

Diffuse 
cutaneous

leishmaniasis
Visceral

leishmaniasis

widely disseminated
lesions

mRNA
in lesions

mRNA in bone 
marrow and 
lymph nodes

IL-10   ++
+ Pro-inflammatory 

cytokines :
IFNγ , IL-1α, 
IL-6, TGFβ

Localized 
cutaneous

leishmaniasis

Mycobacterium leprae

TUBERCULOID LEPROSY LEPROMATOUS LEPROSY

restriction of the growth of 
the pathogen

high susceptibility to
infection

mRNA
in skin 
lesions

IL-2  ++
IFNγ ++
LTα  ++

IL-4   ++
IL-5   ++
IL-10 ++

1.9 CD4+/CD8+ 0.6

Yamamura et al.
Science 1991,254, 277

CD8+ : IL-4
MØ :   IL-10
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T LYMPHOCYTE BLOOD VESSEL

IL-12
IL-18

IFNγ

DENDRITIC
CELL

NEURO-MEDIATORS

COAGULATION
FACTORS

MACROPHAGE
RESIDENT

LYMPH NODES

NK CELL

IL-1
TNF

INFLAMMATORY
CYTOKINES

CHEMOKINES

DEFENSINS

EPITHELIAL CELLS

BACTERIAL
INFECTION

MAST
CELL

Microbicidal
activity

Fever

RecruitmentHematopoiesis

Lizard
+ Aeromonas

hydrophila

2 days

5 days

34°C

5%

0%

36°C

30%

25%

38°C

40%

25%

40°C

75%

65%

42°C

95%

80%

S U R V I V A L

FEVER AND SURVIVAL

Kluger et al. Science 1975, 188, 166

FEBRILE CORE TEMPERATURE IS ESSENTIAL FOR OPTIMAL
HOST DEFENSE IN BACTERIAL PERITONITIS

Jiang et al. Infect. Immun. 2000;68:1265

housing Core Temp.

23°C 36.5°C

35.5°C 39.2°C
100 CFU

K. pneumoniae

Survival

Bacterial load
in peritoneal fluid

Endothelial cells

F L U X

CAPTURE ROLLING ADHESION

P-SELECTIN

L-SELECTIN

E-SELECTIN  (ELAM-1)

Ig Super-Family (ICAM-1, VCAM-1)  

INTEGRINES (LFA-1, VLA-4)

Macrophage

MIGRATION

CHEMOKINESCell recruitment

Microorganisms

DIFFERENTIAL REGULATION OF HUMAN β-DEFENSIN PRODUCTION

Sorensen et al. J. Immunol. 2005, 174, 4870

Bacteria

LPS TLR

IL-1 hβD2IL-1R

TGFα hβD3EGFR
Mo/MØ

Epithelial
cell

HUMAN β-DEFENSIN-2, 3 & 4 but not -1 INDUCE IL-18 PRODUCTION

Niyonsaba et al. J. Immunol. 2005, 175, 1776 

KeratinocyteIL-18
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GENE-DEFICIENT MICE
(KO MICE)

Beneficial effects of pro-inflammatory cytokines

INJECTION OF

Cytokine

1
OR 

INJECTION OF

1

Injection of microorganisms
2

+
cytokine

Neutralisation
of cytokine
KO mice

EFFECT OF G-CSF AFTER INTENSIVE INDUCTION 
THERAPY IN RELAPSED OR REFRACTORY ACUTE 

LEUKEMIA
Ohno et al. New Engl. J. Med. 1990,323,871
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Neutrophil count > 1000 mm3
(cumulative % of patients)

Days after chemotherapy

G-CSF 
group 
(n=48)

Control 
group 
(n=50)

G-CSF 
group

Control
group

Documented 
infections

septicemia, 
pneumonia, 
perianal abscess, 
cellulitis,
gingivitis and 
pharyngitis, cystitis

5/27

15/33

p=0.03

IL-1 INDUCES PROTECTION IN 
FUNGAL INFECTION

80

60

40

20

% SURVIVALS

Days after
inoculation

Control

10 µg IL-1α
/ mouse

0.3 µg IL-1α : p < 0.01

Minami et al. Infect. Immun.1988,56,3116

D -3  : IL-1α
D -1  : IL-1α
D  0  : Candida albicans

100

0
0
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PROTECTIVE EFFECT OF rTNFα
IN MURINE SALMONELLOSIS

Days after infection

T -6h : Cytokine (i.p.)
T  0  :  S. Typhimurium (i.p.)

Nakano et al. J. Immunol. 1990, 144, 1935

100

80

60

40

20

4 8 12 16 20 24 28

Control

IFNγ

TNFα TNFα + 
IFNγ

TNFα PLAYS A PROTECTIVE ROLE IN 
EXPERIMENTAL MURINE CUTANEOUS 

LEISHMANIASIS

Titus et al. J. Ep. Med. 1989,  170, 2097

Challenge
(L. major)

20 x 106

0.5 x 106

none
TNFα (every 3 days)

Control Ig (every 2 days)
anti-TNFα

Treatment
(started on day7)

Number of 
Leishmania major in 
the lesion on day 21

1200
100

12
190

1
2
3
4
5
6
7
8

20 40 60 80
Hours after CLP

Anti-TNFα mAb

Echtenacher et al. J. Immunol. 1990,145,3762

Control mAb

EFFECT  OF  AN   ANTI-TNFα  INJECTION
ON  EXPERIMENTAL  PERITONITIS

Surviving  mice

TNFα / Lt α deficient mice
Amiot et al. Eur. J. Immunol.  1997, 27, 1035

Listeria monocytogenes (8x103 i.v.)
load 48h after infection 
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SURVIVAL CURVES OF WILD TYPE AND TNF/LTα DEFICIENT MICE 
FOLLOWING CRYPTOCOCCUS NEOFORMANS INFECTION

Rayhane et al.  J. Infect. Dis. 1999, 180, 1637
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Role of mast cells in
innate immunity
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Echtenacher, Männel & Hültner, Nature 1996, 381, 75

CRITICAL PROTECTIVE ROLE OF MAST CELL 
IN A MODEL OF ACUTE SEPTIC PERITONITIS
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Bactéries parasites allergènes

IgE

Immunité naturelle Immunité acquise

INFLAMMATION

MASTOCYTE

TNFα et autres médiateurs

MASTOCYTE

Innate Immunity Adaptive immunity

AllergensBacteria

Mast Cell

TNF and other mediators

PMN

MØ

CD4+

MCP-1   in BAL
(ng/mg total protein)

10 205 15
Leukocytes in lung (x106)

Lung CFU (x106)
1 2 3

pre-immune serum
anti-MCP-1 (d+5,7,9,11)

2 4 6 8

(ng/mg total protein in BAL)
2 4 6

TNF

IL-6

ROLE OF MCP-1 DURING PULMONARY 
CRYPTOCOCCUS NEOFORMANS 

INFECTION

Huffnagle et al. J. Immunol. 1995,155,4790

Analysis 
D+15

Beneficial effects of chemokines

PATIENTS WITH A HISTORY OF ACUTE PYELONEPHRITIS
DECREASED PMN CXCR1 EXPRESSION   ( P < 0.03 VS CONTROLS  )
DECREASED PMN mRNA CXCR1 EXPRESSION  ( P < 0.001 vs CONTROLS  ) 
NORMAL CXCR2 EXPRESSION 

IL-8 RECEPTOR DEFICIENCY CONFERS SUSCEPTIBILITY
TO ACUTE EXPERIMENTAL PYELONEPHRITIS 

SIMILAR OBSERVATION
IN THE BLADDER

ASSOCIATED WITH AN 
IMPAIRED MIGRATION

OF NEUTROPHIL FROM
THE TISSUES TO THE 
EPITHELIAL BARRIER

Frendéus et al. J. Exp. Med. 2000, 192, 881

2h 6h 24h 7d
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0

log CFU/ml

Viable E. coli  in
kidney homogenates

IL-8 R KO MICE

CONTROL MICE

Beneficial effects of chemokines

IMPAIRED RESPONSE TO
neurotropic mouse hepatitis virus

IN IP-10 (CXCL10) DEFICIENT MICE

Dufour et al. J. Immunol. 2002 168, 3195

MICE

IP-10 +/+

IP-10 -/-

Observation in brains 12 days after infection

Log10 PFU/g

< 2

3.1 ± 0.2

CD4+ %

5.6 

2.7

CD8+ %

4
 

2.6

F4/80+ %

13

7

RT PCR in brains
7 days after
infection

MICE DEFICIENT FOR THE 55 kDa TNF RECEPTOR ARE

RESISTANT TO ENDOTOXIC SHOCK YET SUCCOMB TO

Listeria monocytogenes INFECTON

Pfeffer et al. Cell  1993, 73, 457

55 kDa TNF R

+/+ -/-

S u r v i v a l

5 x 104 live
L. monocytogenes

6/6 1/7
Death
Within
6 days

100 µg LPS *

200 µg Staphylococcal

Enterotoxin B *

0/6 6/6

0/3 7/8

Necrosis of
almost all
hepatocytes

* D-GalNH2 treated mice
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Anti-MIF

MIF IS A PITUITARY-DERIVED CYTOKINE THAT POTENTIATES
LETHAL ENDOTOXEMIA 

Bernhagen et al. Nature 1993, 365, 756
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HMG-1 IS A LATE MEDIATOR OF ENDOTOXIN LETHALITY IN MICE (II) 
Wang et al. Science 1999, 285, 248
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60 µg LPS +
50 µg HMG-1 
(T+2, 16, 28 40 h)

BALB/c

HMGB-1

HMGB-1

HMGB-1

Nakano et al. J. Immunol. 1990, 144, 1935

Beneficial effect of IFNγ in
murine salmonellosis

Mean day
survival % survivals

5 d
14 d

0 %
20%

Control
IFNγ (T-6h)

Flynn et al. J. Immunol. 1996, 155, 2515

Beneficial effect of IL-12 in
murine M. tuberculosis infection

Mean day
survival

Viable bacilli
in organs

58 ± 8
112 ± 3

a 10 - 50 X
reduction

Control
IL-12 (d-1 to d+5)

Echtenacher et al. Infect. Immun. 2001, 69, 7271

Deleterious effects of IFNγ & IL-12
in murine polymicrobial septic

peritonitis
Control

IFNγ (1 µg, T0)

IL-12 (100 ng; d-1)

% survivals

91 %
40 %
20 %

Experimental infectious models

Nakane et al Infect.Immun. 1995, 63, 1165

Deleterious effects of IFNγ in
lethal S. aureus infection

% survivals
0 %
60%

Control serum
+ anti-IFNγ (T-2h)

IL-10, IL-1ra, sTNFR….

APOPTOSIS

INFLAMMATION : down-regulation

Peripheric
Nervous
system

Acute
Phase

Protein

Neuro-
endocrine
pathway

Anti-inflammatory mediators

INFECTION SEPSIS

COMPLEMENT
SYSTEM

Monocytes /
macrophagesEpithelial

cells

Endothelial cells

Dendritic
cells

Lymphocytes
Mast cells

Neutrophils

IMMUNITY :
immune depression

INCREASED
SUSCEPTIBILITY TO

NOSOCOMIAL
INFECTION

?

Bacteria

LPSPGN
DNA Lipoproteins

Fimbriae
OmP

Pro-inflammatory mediators

INFLAMMATION MODERATE:

beneficial alarm signal

TNF,
IL-1
NO...

COAGULATION

Tissue factor

C5a

 INNATE IMMUNITY :
anti-infectious response

Nod

PGRP
TLR

SEVERE
Deleterious

effects
ORGAN

DYSFUNCTION

VIRULENCE 
FACTOR

MAJOR
RELEASED
PROTEIN : 

Peak:
1 - 4h

homology with s IFNγ R 
(≈ 26%; 8 cystein maintained)

 T7 protein 
neutralize the 
potency of 

rabbit 
interferon-γ 

to induce anti-
viral status

ENCODING OF A HOMOLOG OF THE 
IFN-γ RECEPTOR BY MYXOMA VIRUS

Upton et al.
Science 

1992, 258, 1369

“VIROKINES”

“VIROCEPTOR”

 T7  (37 kDa)



10

GENE HIJACKING
BY VIRUS

MYXOMA VIRUS T2 

SHOPE FIBROMA VIRUS T2

TNF R I      TNFR II

38 %

Identity

29%

Upton et al. Virology 1991, 184, 370
Smith et al. Bioch. Biophys. Res. Comm. 1991, 176, 335

The viral disease in rabbits 
infected with Myxoma virus T2- 
is significantly attenuated

≈ 40% identity in the 
cystein-rich domains

Soluble TNF 
Receptor

76%

TNF

USE OF CHEMOKINE 
RECEPTORS TO ENTER 
THE CELL

ex.: VIH
(via CCR5 & CXCR4)

CD4

SYNTHESIS OF VIRAL
CHEMOKINES 

ex.: Stealth virus
(56% homol. GROα)

Marek disease virus (40% homol. IL-8)
Kaposi’s sarcoma associated virus

vMIP-I    (43% homol. MIP-1α)
vMIP-II  (51% homol. MIP-1α)
BCK        (25% homol. MIP-1β)
Molluscum contagium virus
MC148 (27% homol. MCP-1)
CC& CXC  CHEMOKINE ANTAGONISTS 

CHEM
OKINE

VIRAL

SYNTHESIS OF 
SOLUBLE LIGANDS FOR 

CHEMOKINES

ex.: Myxoma virus
orthopoxvirus

pox virus (β−chemokines)
[cowpox; variola; vaccinia;
shope fibroma]

 

CHEMOKIN
E

ex.:   Cytomégalovirus 
(β but not α-chemokines)
Herpes virus saimiri  

Human Herpes virus
(U12 : β but not α-chemokines)

poxvirus

CHEMOKINE

SYNTHESIS OF VIRAL 
CHEMOKINE RECEPTORS

(α but not β-chemokines)

Les stratégies du virus de la Vaccine pour contrecarrer la réponse immunitaire
Travaux de Jeffrey Smith (London)

VIRUS 
DE LA

VACCINE

B13R (serpin), inhibiteur de la caspase-1
(enzyme de maturation de l’IL-1 & IL-18)

B15R, un homologue du
récepteur soluble de
l’IL-1, inhibe IL-1β

mais pas IL-1ra

C12L, une “IL-18
binding protein”

soluble

A52R, un inhibiteur de la
signalisation par les TLR
(dont TLR3) s’associant
avec IRAK2 & TRAF6

B8R, un inhibiteur soluble
des chémokines CC

A44L, un homologue de la
3β-hydroxysteroid deshydrogenase,

une enzyme impliquée dans la
synthèse des stéroïdes

A46R, contient un domain
TIR, inhibe la signalisation
de l’IL-1 et les agonistes

des TLRs, antagonise
MyD88 et la voie TRIF

EBV
B

IL-10

MULTIPLICATION

LYSIS STEP

Burdin et al.
J.Exp.Med.
1993,177,295

EBV
vIL-10

Beuscher et al. Infect.
Immun. 1995, 63, 1270

TNF

Idem + Y.enterocolotica sup.

Idem + YopB

+++

Per MØ

+  L P S   &   I F N γ

Yersinia enterocolitica

Strategies used by bacteria to counteract cytokines

Oral infection

Oral infection
+ anti-YopB

No TNF mRNA

Peyer ’s patches (d+6)

5 x 105 CFU

TNF mRNA : ++ 2 x 103 CFU

Strategies used by bacteria to counteract cytokines
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INACTIVATION OF MEMBRANE TNFα BY GINGIPAINS FROM
Porphyromonas gingivalis

Mezyk-Kopec et al. Infect Immun. 2005; 73: 1506-14.

Gingipains are cysteine proteinases produced by Porphyromonas gingivalis, a major
causative bacterium of adult periodontitis. They consist of arginine-specific (HRgpA
and RgpB) and lysine-specific (Kgp) proteinases.

Flow cytometric
analysis of membrane
TNFα expressing cells

Ctrl

w/o gingipains

RgpB

HRgpA

Kgp

Strategies used by bacteria to counteract cytokines

INACTIVATION OF IL-8 BY Streptococcus pyogenes
Edwards et al. J. Infect. Dis. 2005, 192, 783

In vitro neutrophil migration in response
to IL-8 and IL-8 cleaved by

supernatants
from S. pyogenes H292

LETHAL NECROTING FASCIITIS CAUSED BY
S. pyogenes IS CHARACTERIZED BY A PAUCITY
OF NEUTROPHILS AT THE SITE OF INFECTION

LETHAL NECROTING FASCIITIS CAUSED BY
S. pyogenes IS CHARACTERIZED BY A PAUCITY
OF NEUTROPHILS AT THE SITE OF INFECTION

IL-8 cleavage by supernatants
from S. pyogenes H292

S.pyogenes
cell envelope
proteinase

Glu59

Arg60

Strategies used by bacteria to counteract cytokines

EVASION OF TLR5 BY FLAGELLATED BACTERIA

Andersen-Nissen et al. PNAS. 2005, 102, 9247

Luciferase activity in CHO
expressing human TLR5

Two monomers
of Flagelin

Mutations occurred in 89-96
region, known to be important
for TLR5 recognition
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Number of publications related to (plant or natural products)
+ cytokine + infection

PubMed

De Bosscher et al.  PNAS 2005, 102, 15827

An anti-inflammatory
compound of plant origin

In vivo anti-inflammatory effect in a zymosan-
induced inflamed paw mouse model

Effect of compound A on TNF-induced IL-6
Production by TC10 endothelial cells

NF-κB

Inhibition of TNF and NO production by
mangiferin (from Mangifera indica)

Garrido et al. Pharmacol. Res. 2004, 50, 165

A food supplement used in Cuba
from the stem bark of Mangifera
indica

in vivo

Effect of per os administration of
Mangifera indica extract (V) and
mangiferin (M) [10 - 200 mg/kg] for
7 days on LPS-induced TNF (T+60 min)

in vivo

TNF mRNA expression (T+30 min) in lungs and liver after
LPS injection

Effect of mangiferin (M: 1-200 µg/ml)) on LPS (± IFN)-
induced TNF and nitrite production by RAW 264 MØ

in vitro
TNF

NO
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Bacterial load after i.v. injection of MRSA (107

cfu) in mice and after oral treatment (T+16h)
with vancomycin, garlic extract (GE), diallyl
sulphide (DAS) and diallyl disulphide (DADS)

(T+24h)

IL-6 plasma levels after i.v. injection of MRSA
(107 cfu) in mice and after oral treatment (T+16h)
with vancomycin, garlic extract (GE), diallyl
sulphide (DAS) and diallyl disulphide (DADS)

(T+24h)

Andrographolide inhibits
E-selectin expression on human
umbilical vein endothelial cells
(HUVEC)

Xia et al. J. Immunol. 2004, 173, 4207

Andrographolide attenuates inflammation
by inhibition of NF-κB activation

Andrographolide
from
Andrographis
paniculata

Andrographolide inhibits NF-κB
activation in endothelial cells

Andrographolide inhibits
leukocyte recruitment in
peritoneal cavity injected
with TNF

Andrographolide prevents endotoxin-induced
shock

(before LPS challenge)

NF-κB
Expression in the lungs

A low molecular weight fraction (LMWF)
from Angelica sinensis protects against sepsis

Wang et al. J. Nutr. 2006, 136, 360

LMWF suppresses activation of
RAW 264 MØ by LPS

LMWF protects mice against
lethal endotoxemia and reduces
HMGB1 accumulation

LMWF protects mice against
lethal sepsis (induced by CLP), and
reduces HMGB1 accumulation

Protective effects of Sugar Cane Extract
(SCE) on endotoxin shock in mice

Motobu et al. Phytoth. Res. 2006, 20, 359

SCE has no effect on plasma levels of TNFEffect of SCE (500 mg/kg i.p.) on hepatic insufficiency
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Histopathology of livers

LPS + GalN
severe lesions
+ hemorrhage

+ necrosis

LPS + GALN
+ SCE

Ahn et al. FEMS Immunol. Med. Microbiol 2006 , 46 ,187

Protection of Staphylococcus aureus-infected mice by
suppression of early acute inflammation and enhanced

antimicrobial activity by gisan

GISAN is an acidic polysaccharide
extrated from the roots of Panax
Ginseng, composed of β-(2→6)-
fructofuranose and α-(1→6)-
glucopyranose

Survival rate of mice receiving
1.5x108 CFUs i.p. treated with Gisan
i.v. 25 µg/kg

Enhanced bactericidal activity in mice receiving
1.5x108 CFUs i.p. treated with Gisan i.v. 25 µg/kg
24h before

Enhanced phagocytic activity of macrophages (J774)
towards heat killed S. aureus  by Gisan 0.1 µg/ml

Reduction of inflammatory cytokine in Gisan-treated septic mice

TNF IFNγ

Suppresion of TLR mRNA and
MyD88 in peritoneal MØ
stimulated with S. aureus


