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THE PRO-INFLAMMATORY CYTOKINE CASCADH

Fong et al. J. Exp. Med. 1989, 170, 1627
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The cascade is influenced by the compartment

IL-6 LEVELS IN TISSUES AND BLOOD OF WILD TYPE AND TNF / Lta
DEFICIENT MICE FOLLOWING CRYPTOCOCCUS NEOFORMANS INFECTION

Rayhane et al. J. Infect. Dis. 1999, 180, 1637
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Synergy
Effect of cytokine injection in mice

Shalaby et al. Clin Immunol. Immunopathol. 1989, 53, 488
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A SYNERGY EXISTS BETWEEN
HYPOXAEMIA AND
ENDOTOXAEMIA ON THE
DEVELOPMENT OFLETHAL
ORGAN FAILURE

Gerlach et al
Eur. J. Anaesth. 1993,10,273
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TNF production by human monocytes
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ng/ml Escherichia coli
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TIR domain-containing adaptors define the specificity of TLR signaling.
Adapted from Yamamoto et al. Mol Immunol. 2004;40:861
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Beneficial effects of pro-inflammatory cytokines
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eficial effects of pro-i i IL-1

AUGMENTATION OF HOST RESISTANCE TO MIC
INFECTION BY RECOMBINANT la-1

Minami et al. Infect. Immun. 1988, 56, 3116
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ficial effects of pro-inflammatory cytokines TNF &
IFNg

PROTECTIVE EFFECT OF rTNF & )
IN MURINE SALMONELLOSIS T 6h : Cytokine (ip.)

T 0 : S. Typhimurium(i.p.)

Nakano et al. J. Immunol. 1990, 144, 1935
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Beneficial effects of pro-inflammatory cytokines TNE

EFFECT OF AN ANTI-TNF a INJECTION
ON EXPERIMENTAL PERITONITIS

Echtenacher et al. J. Immunol. 1990,145,3762
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Role of mast cells in

innate immunity
CRITICAL PROTECTIVE ROLE OF MAST CELL ]

IN A MODEL OF ACUTE SEPTIC PERITONITIS

Echtenacher, Mannel & Hltner, Nature 1996, 381, 75
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Beneficial effects of pro-inflammatory cytokines TNE

TNFa / Lta deficient mice
Amiot et al. Eur. J. Immunol. 1997, 27, 1035

Listeria monocytogenes (8x10%i.v.)
load 48h after infection

Log CFU of Listeria

+/+ +/- -

Beneficial effects of pro-inflammatory cytokines TNF

SURVIVAL CURVES OF WILD TYPE AND TNF/LTa DEFICIENT MICE
FOLLOWING CRYPTOCOCCUS NEOFORMANS INFECTION

Rayhaneet al. J. Infect. Dis. 1999, 180, 1637
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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

Survival

55 kDa TNF R
+/+ -I-
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Synergy

EVIDENCE FOR IFN g AS A MEDIATOR OF
THE LETHALITY OF ENDOTOXIN & TNF

Doherty et al. J.Immunol. 1992,149,1666

TNF a
IFN g 50,000 U

TNF a +IFN g

300 pglkg 0 % lethality
0 % lethality

100 % lethality

TNF a

1to4LD 100 (1400 pg/kg)

ANTI-IFN g Protection



MIF IS A PITUITARY-DERIVED CYTOKINE THAT POTENTIATES
LETHAL ENDOTOXEMIA

Bernhagen et al. Nature 1993, 365, 756

survival %
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HMGB-1 . IS A LATE MEDIATOR OF ENDOTOXIN LETHALITY IN
Wang et al. Science 1999, 285, 248
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1001 SOO‘ug LPS + 100 Hg
anti HMGB'l_
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X
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INTERLEUKIN-1 RECEPTOR ANTAGONIST
REDUCES MORTALITY FROM ENDOTOXIN SHOCK

Ohlson et al. Nature 1990, 348, 550

SURVIVAL ON DAY 7

= R . o
i.v. TO:E. coli 0.5mg/kg +~ IL-1ra Saline : 20 %

IL-1ra 90 %

IL-1ra (100 mg/kg)
Every 2 hfor24h

Improvement :

Mean arterial pressure
White blood cell counts
Cellular infiltrate in the lungs
Confirmed in mice by :

Wakabayashi et al. FASEB J. 1991, 5, 338

Alexander et al. J. Exp. Med. 1991, 173, 1029

PROTECTION INDUCED BY SOLUBLE TNF RECEPTOR

Van Zee et al. PNAS 1992, 89, 4845

, Baboon
E.coli +
E. coli STNFRI
3 TNF (2h) 30ng/ml <d.l.
IL-1b (3h) 25ng/ml 05ng/ml
IL-6 (8 h) 20 000 u/ml 9000 u/ml
T0 : E.coli [LD 100]
Infusion = 30 min Mean arterial - 56 % -29%
pressure
Resuscitation fluid
TO:+s TNFR required to maintain 163 mijkg 13 mikg
(molar excess x 300) htergpldtynamic
Infusion =3 h stability

ISTNF responsible of the deleteriou: -—
effects observed during sepsi L ANTLTNE STUDIES

Beutler et al.
Passive immunization against cachectin/tumor necrosis factor
rotects mice from lethal effects of endotoxin
Scien 985, 229, 869

Tracey et al.
Anti-cachectin/TNF|
shock during lethal

Nature 1987, 330, 662

odies prevent septic

’ - - v
8 multicentric double blind against'ﬂ'l'abé%‘o "
Studies (1990/1998): 4132 patients (1990 / 1998)

Mortality day : Placebo 41% / anti-TNF 40%

Is IL-12 responsible of the deleterious
effects observed during sepsis?
INVOLVEMENT OF IL-12 IN LPS-DEPENDENT SHOCK BUT NOT

IN TNF-DEPENDENT SHOCK
Mattner et al. Infect. Immun. 1997, 65, 4734

% SURVIVAL % SURVIVAL
) (LPS 0.1ug
(50 g LPSi-p.) | GaNH2 10 mg)
CONTROLS 12 0
ANTI-IL-12 7602 90 0

LPS challenge

TNFR- IgG 1™ 70 90

challenge




Circulating cytokines : the tip of the iceberg ?

Cavaillon et al. Circ. Shock 1992, 38, 145

Detection of cytokines

SHOCK AND MULTIPLE ORGAN DYSFUNCTION AFTER SELF-
ADMINISTRATION OF SALMONELLA ENDOTOXIN

Taveirada Slvaet al. N. Engl. J. Med. 1993, 328, 1457

SEPSIS :
an exacerbated production of

anc-inflannatory R

Exacerbated production of pro-inflammatory cytokines
IL-18 TNFa IL-6

Pq/ Survival = pa/ Survival = u/ S E

m (@75+112 pg/mly [ ml (143+25 pg/ml)| ™ (638 + 158 u/ml)
Non survival = Non survival = Non survival =

1000 (21285 pg iy | 3 (217 £41 pg/ml)| oo (15205 + 6430 u/ml)

400

100
250

0 0

BEsurvIVAL  [INON SURVIVAL

C. Munozet al. Eur. J. Immunol. 1991, 21, 2177

A 1 mg LPS (15 pg/k, i.e. 3750 X dose given to human volunteers)
EXCESS
Biol | q
(Bio ﬁﬂlfﬁ) Serum concentration (pg/ml)
Hours after TNF TNF
o IL-8
LPS injection LPS ELISA Bioassay L3
PRODUCER j o i. 36 nd 14630 9157 nd nd
CELLS
ACTIVATION 6.8 38 147 17 263510 16410
REST OF IMMUNE OVER-
CELLSAND  PRODUCTION - o5 d
OTHERS c n nd 51910 3190
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1986  Waageeta. Scand. J. Immunol. 24, 739

1988  Girardinetal. N. Engl. J. Med. 319, 397

Waage et a. J. Exp. Med. 169, 33
1989 Hack et al. Blood 74, 1704

1992 Hack et a. Infect. Immun. 60, 2835
Friedland et al. Infect. Immun. 60, 2402

1994  Marchandet a. Lancet 343, 707
1994  Rogy et a. J. AmColl Surg. 178, 132

1996  Maieeta. Ann. Intern. Med. 125, 520

THE PERSISTENCE OF TNF (AND IL-6) IN THE SER
RATHER THAN THE PEAK LEVELS CORRELATES WITH
MODS DEVELOPMENT AND PREDICTS A POOR OUTCOME

Pinsky et al. Chest 1993,103,565

Septic shock patients who developed MODS
Septic shock patients who did not develop MODS



PLASMA LEVELS OF I1L-8 WITHIN 48 hr OF ADMISSION
in patients with sepsis syndrome
Marty et al. Crit. Care Med. 1994, 22, 673
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Poor outcome : are chemokines markers or causative agents ?...

Correlation (r values) between markers at admission

[ n = 18 sepsis patients APACHE 11 =23 + 2]

IL-8 MCP-1 MIP-1b RANTESIL-1ra IL-10 sTNFRII
IL-6 [0.80* 0.77* 0.89* no 074" 097* no
IL-8 - 0.99* 0.89* no 0.80* 0.85* no
MCP -1 - - 0.87* no 0.77* 0.83* no
MIP-1b - - no 0.90* 0.93* no
RANTES - - - no no no
IL-lra| - - - 0.84* no

RANTES is inversely correlated with APACHE Il scorer=-0.71, p = 0.02

MIF IN MOUSE PERITONITIS

AND IN HUMAN SEPSIS

Calandra et al. Nature Med. 2000, 6, 164

median - ng/ml -

(range)
Healthy Severe Septic
controls sepsis shock
3 12.2 17.8
(19-54) (6.2-141.8) (6.6-154.4)

HMGB-1 IS A LATE
MEDIATOR OF ENDOTOXIN
LETHALITY IN MICE
.and is found in human sepsis|

Wang et al. Science 1999, 285,248
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Exacerbated production of pro-inflammatory cytokines

Exacerbated production of anti-inflammatory cytokines

Neisseria meningitidis
SEPTICEMIA + SHOCK

p 62 years DIC, ARDS, Died within 8 h after admission in 1.C.U.
Circulating cytokines (pg/ml)
IL-1 TNRy

IL-1p,

IL-lra IL-10 TGFp
25 40 420 9 /1525400 2360 15480
IFNg  IL-8 STNFRI sTNFRII
<50 63515 43500 142 340
] e
1122 400
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6t"European Congress of Trauma
and Emergency Surgery
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Are anti-inflammatory
mediators sufficient to
counteract the deleterious
effects of pro-inflammatory
cytokines ?

NATURAL CYTOKINE ANTAGONISTS IN SEPSIS SYNDROME
Goldieet al. JAMA 1995, 274, 172

0001 |EEE without

STNFR p55 with shock

STNFR p75

IL-1ra

0 5 10 15 20 25 30
Median (ng/ml)

STNFR p55

STNFR p75

IL-1ra

5 0
60 Medianj(ng/ml)
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CIRCULATING TNF &sTNFR IN MENIGOCOCCAEMIA
Girardin et al. Immunol. 1992, 76, 20

SURVIVALS (n=26) DEATHS (n=9) P
470 pg/ml (3.1 x) 1466 pg/ml 0.001

26.3 ng/ml (1.3 x) 35.4 ng/ml 0.007

TNF
STNF R |

STNF RII 67.8 ng/ml (1.4 x) 93.3 ng/ml 0.04

CLINICAL DEVELOPMENT OF ARDS

Suter et al. Am. Rev. Resp. Dis. 1992, 145, 1016

116 +38 —— 10 731 +5048 X 92.5

3700 +1400 —— 24600 £2600 x 6.6

STNFR |

O
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A O
SIRS Systemic Inflammatory SIRS

Response syndrome

Pro-inflammatory

cytokines\

Antl‘-inflammatory
cytokines;

Time

CARS

Compensatory anti Inflammatory
Response syndrome

Insult

CARS

SUCCESSFUL CARDIOPULMONARY RESUSCITATION
AFTER CARDIAC ARREST AS A «SEPSIS-LIKE SYNDROME»

(3 B
m ﬁg:vsl\ég\RIIS\IgRsl?: e Plasma levels Median (25 to 75% quartile)
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<0005 <0.05

157 <0005 <005 30
17 l | 200
0.57 100 I
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days days
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3501 <005 <0005 IL-10 40 4 T IL1ra

250 301
200
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Adrie et al. Circulation 2002, 106, 562

Cell-associated cytokines

NEO-SYNTHESIZED L\\l\
CYTOKIN
—<4 mMRNA
MEMBRANE FORM M
OF CYTOKIN

INTERNALIZED
CYTOKINE

RELEASE }
CYTOKINE S ~

RECEPTOR BOUND

% CYTOKINE,

Cell-associated cytokines TNF

MEAN VALUES OF CIRCULATING TNF and MONOCYTE-
ASSOCIATED TNF AT THE END OF THE LONGITUDINAL
STUDY AMONG SEPTIC PATIENTS

NON
SURVIVING SURVIVING
Mean day of the 14 + 2 10+3

last measurement

Plasma TN
(pg/ml)

Monocyte -
Associated TNFa
pg/lO6 monocytes

17 % (<70-150) 67 % (125 +53)

67 % (233 + 67) 100% (372 + 90)

Munoz et al.
Eur.J. Imunol 1991, 21, 2177

Cell-associated cytokines IL-8
PLASMA [
Whole cells
" i |

associated IL-8

PBMC
associated IL-8

Red blood cells
associated IL-8

associated IL-8
PBMC
associated IL-8|
Red blood cells|
associated IL-8

100 0.01

1 10 101 10
pg /106 cells pg 1 10° cells

Marie et al. Infect. Immun. 1997, 65, 865
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SEPSIS AND THE CYTOKINE PARADOX

CIRCULATING

CIRCULATING
INFLAVIVAIPRO- 4 a4 |L-1ra TGFb
INFLAMMATOsz‘ STNFRI/II

LCYTOKINE IL-10 -6

Hyporeactivity

1L

Altered pro-
inflammatory
cytokine productior

LEUKOCYTE REPROGRAMMING DURING
SYSTEMIC INFLAMMATION

Alteration of immune status assessed by
ex vivo cytokine production

LYMPHOCYTES MONOCYTES NEUTROPHILS
T-cell mitogen LPS LPS
s
IL 2 IL-la TNFa IL-1b IL-1Ra
1FNg IL-1b IL-6 IL-12 IL-8

CLINICAL RELEVANCE

Monocyte deactivation in septic patients :
restoration by IFNg treatment

Ddocke et al. Nature Med. 1997, 3, 678 TNF (ng/ml)
whole blood
+LPS

% CD14+
HLA DR +
HLA DR

Healthy controls

0 1 2 3 4
days after admission (IFNg was started at day 1)

Hematopoietic
compartments
(blood, spleen ...)

Potentially all
other organs

INFLAMMATION IS ASSOCIATED WITH AN ENHANCED CYTOKINE
PRODUCTION BY CELLS DERIVED FROM INFLAMMATORY FOCI

IN THE LUNGS

ARDS ALVEOLAR MACROPHAGES yersus
Jacobs et al. (1989) Spontaneous, LPS & Zs:tlrt:l);
Am Rev Respir Dis 140, 1686 LPS +IFNg -induced IL-1

IN THE PERITONEAL CAVITY

INFECTIOUS

PERITONITIS PERITONEAL MACROPHAGES
Fieren et al. (1990)

Eur. J Clin Irwest 20 453 f LPS +IFNg-induced IL-1  \oous

infection free

o SEPSIS
Lipoproteins ompP
PGN Lps Hmbrlae \

INFECTION

COMPLEMENT
SVSTEM

Endothelial cells

Neutrophils

Monocytes / Lymphocytes |
Mast cells macrophages
Epithelial Dendritic
B cells

Phase
Protein

o} 5 a
Tissue factor
COAGULATION APOPTOSIS PeriRhenss

! system

\4
lanti-inflammatory mediators
IL-10, ILl-1ra, STNFR...

IMMUNITY :
immune depression

L{ INFLAMMATION : down-regulation

Pro-inflammatory mediators

IL 1 INNATE\MMUN\TV
ar\h—mfecuuus response

INFLAMMATION MODERATE:
beneficial alarm signal

r
endocrine
pathway |

INCREASED

SEVERE DZ‘,E,‘:C"‘Z”S» ORGAN SUSCEPTIBILITY TO
DYSFUNCTION NOSOCOMIAL
INFECTION
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