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1/ DEFINITIONS
2/ RECEPTORS
3/ FUNCTIONS
4/ LIFE WITHOUT CYTOKINES
5/ PRODUCTION (homeostasis vs activation)
6/ THE CYTOKINE NETWORK
7/ INDIVIDUAL HETEROGENEITY

8/ PARAMETERS THAT AFFECT FUNCTIONS &
   PRODUCTION

ENDOCRINE
SYSTEM

NERVOUS
SYSTEM

IMMUNE
SYSTEM

HORMONES

NEUROPEPTIDES

CYTOKINES
CYTOKINES

NEUROPEPTIDES

HORMONES

NEOLOGISM

1957 : INTERFERON

1969 : LYMPHOKINES

1974 : CYTOKINES

1979 : INTERLEUKINS

1992 : CHEMOKINES

MACROPHAGE
MIGRATION
INHIBITORY
FACTOR (MIF)

1966 : Découverte du MIF (HSR; T-cell)

Secreted by 
a 

specialyzed 
cell 

Specificity 
rather limited 
to one single 
type of target 

cell
(Except insulin)

juxtacrine
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AUTOCRINE

JUXTACRINE

PARACRINE

ENDOCRINE

INTRACRINE

                              IL-1α, IL-1β, IL-1ra, IL-2, IL-3, IL-4, IL-5, IL-6,
         IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16,
       IL-17A-E, IL-18, IL-19, IL-20, IL-21, IL-22, IL-23, IL-24, IL-25,
       IL-26, IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33

INTERLEUKINS

CYTOKINES
INTERFERONS IFNα , IFNβ,  IFNγ, IFNκ, IFNτ, IFNλ 

TNF family TNF, Ltα, Ltβ, NGF,  CD27L, CD30L, CD40L, CD137L
FasL, LIGHT, TRAIL, RANKL, TWEAK, APRIL, BLyS 

TRANSFORMING GROWTH FACTORS TGFα, TGFβ 1, 2, 3

COLONY STIMULATING FACTORS 

Leukemia Inhibitory Factor (LIF), Cardiotrophin, Oncostatin M, CNTF

CHEMOKINES

M-CSF, G-CSF, GM-CSF

CCL1, CCL2, CCL3.... CCL28
CXCL1, CXCL2, CXCL3... CXCL16

XCL1, XCL2
CX3CL1

Migration inhibitory factor (MIF),             Stem cell factor (c kit ligand)

THE STORY OF DISCOVERIES

1948 - early 70 ’s

Late 70 ’s - early 80 ’s

Mid 80 ’s - mid 90 ’s

Late 90 ’s - 2000 ’s

BIOLOGICAL ACTIVITIES

BIOCHEMICAL CHARACTERIZATION

MOLECULAR CLONING

RESEARCH IN DATA BANKS OF
GENE HOMOLOGY AND CLONING

1984 : 10 000 L of activated Jurkat cell supernatant  -> 30 mg IL-2

1985 : 10 L of recombinant E. coli supernatant          ->  1 g

1985 : first clinical application of IL-2

Biological activities

ENDOGENOUS  PYROGEN   1948

OSTEOCLAST ACTIVATING FACTOR

HEMOPOIETIN-1

CATABOLIN

LYMPHOCYTE ACTIVATING FACTOR

1977   - Biochemical characterization 

   =>  17.5 kDa ;  2 I.p.  = 5.0  &  7.0
1979   - INTERLEUKIN-1

1984 / 85  - CLONING OF GENES

(6 coding exons)

Chromosome 2 [human & mouse]

PRECURSOR FORM = 30 kDa

2 GENES IL-1α & IL-1β  (26% homology)

OCTA
binding

motif
AP1 
like

CAT
box

HSF 
like NFβA TATA 

box EXON I

-610   -
604

AP1 
like

-316   -
300

-296   -
286

-250   -
240

-217   -
207

-208   -
200

-125   -
118

-69   -
54

HSF 
like

NFκB 
like SRF

-49   -
38

-35   -
26

II III IV V VI VII

1972

IL-1α
TNFα Ltα Ltα/Ltβ IL-10

IL-15
IFNγ

MEMBRANE FORMS
OF CYTOKINES

M-CSF R
PDGF R
EGF R
c kit

IL-1 R
type I & II

IL-1 R AcP
IL-18 R

IL-6 R IL-2 Rβ
IL-2 Rγ
IL-3 Rα
IL-4 R
IL-5 Rα
IL-7 R
IL-9 R

GM-CSF Rα
EPO R

Prolactin R
GH R

β chain :
IL-3 R
IL-5 R

GM-CSF R
TPO R

G-CSF R IFNγ Rα
TF R

IL-10 R
IFNα Rgp 130

common 
to

IL-6 R
ILL-11 R

LIF R
OSM R

TNF R I
TNF R II
NGF R
CD40 
CD30
CD27
Fas

Immunoglobulin
superfamily domain

Hematopoietin receptor
superfamily domain

type III
fibronectin 
domain

Class II cytokines 
receptor domain

TNF receptor
superfamily domain

4 Cysteines
Trypt-Ser-x-Trypt-Ser

IL-8 R
CC R

CXC R
C5a R

fMLP R
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OSM

gp130

α

IL-6 LIF

α

CNTF

gp190

IL-11

?
?

?

gp130 gp130 gp130 gp130 gp130
gp190

β

IL-3

α β

GM-CSF

α
βα

IL-5

ββ
γc γc

OSM R

IL-2

α

IL-
15

IL-7

α

IL-4

α

IL-13 IL-9

α ?

gp190

γcγc γcα

IL-4 IL-9 IL-15 IL-21

α
γc

α β
αα

JAK JAK

STAT

PI3 Kin

SOSgrb2

RAS
GTP

VAV ?

HCP?

?

STAT
Hétérodimérisation
ou homodimérisation

STAT

?

Raf1

MEK

MAPK

?

PLCγ?

shc

myc

α

βCK

TF

 

 

Shedding

CYTOKINE

Signal
transduction

Membrane form
of receptor

SOLUBLE
RECEPTOR

PROTECTION
& CARRYING

THE RECEPTOR STORY

0

AMPLIFICATION

INHIBITION

T

MØ

MHC
peptide
Ag

Ag

IL-1

IL-2
  / IL-4

proliferation  IL-2

 IL-4

(IL-5)

IL-1

TNF

B

proliferation

differentiation

IFN

Ag

plasma 
cell

 IL-6

ANTIBODIES

CYTOKINES & RÉPONSE
IMMUNITAIRE SPÉCIFIQUE

Resting
B cell Activation Prolifération Differentiation 

Antigen

G1

IL-4
S

IgM

IgG

IL-2, IL-4, 
IL-5

IL-2, IL-4, 
IL-5, IL-6

IL-2, 
IL-4, 
IL-5

IL-5, 
TGFβ

IL-4Cytokines

Processing

G0

S

IgA

IgE

Involvement of cytokines during the
different steps of B cell  activation

Th

Proliferation

Th2

Th0

Th1 IL-3
GM-CSF

IL-2
IFNγ
LTα 

IL-4
IL-5
IL-6
IL-10
IL-13

IL-3
GM-CSF

IL-18
IL-12
IFNγ

IL-4
IL-25

T. Mosman et al. Two types of murine helper T cell clones
I. Definition according to profiles of lymphokine activities and secreted proteins

J. Immunol. 1986, 136, 2348-2357
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IL-2   TNFß   

CYTOTOXICITY
DELAYED TYPE 

HYPERSENSITIVITY
INDUCTION OF PRO-

INFLAMMATORY 
CYTOKINES

INFLAMMATORY 
SYNDROME

ANTIBODY PRODUCTION
ACTIVATION OF BASOPHILS AND 

EOSINOPHILS
INHIBITION OF PRO-INFLAMMATORY 

CYTOKINES

ALLERGIC SYNDROME
HYPERGLOBULINEMIA

inhibits 
TH 2

inhibit 
TH 1

Th2Th1

IL-5 IL-4   IL-10 IFNγ

inhibits

Th1

inhibits

Th2

ACTIVATION DES MACROPHAGES
RÉPONSE INFLAMMATOIRE
CYTOTOXICITÉ
HYPERSENSIBILITÉ DE TYPE RETARDÉ

PRODUCTION D’ANTICORPS
ACTIVATION BASOPHILE & EOSINOPHILE
HYPERSENSIBILITÉ IMMÉDIATE

inhibe inhibe

Th2

Th1

ADRENALS

Glucocorticoids

Slow wave sleep
Anorexia

Fever

HYPOTHALAMUS
CRF

ACTH

IL-1

-

PITUITARY GLAND

TNF

Sexual behaviour 

IL-6
PGE2 

Via vagal
nerve

de la phase
Protéases

eicosanoide
s

radicaux
libres catabolisme

- dégradation
- nécrose
- protéolyse

- activité  
  procoagulante
- perméabilité 
  vasculaire
- adhérence

Glucocorticoide

PAF

SIGNAUX 

CELLULES  CIBLES

CYTOKINES 
IFN γ

IL-3

AMPLIFICATORY CYTOKINES
IFNγ
IL-3

  GM-CSF

TARGET CELLS

eicosanoids

free 
radicals

INFLAMMATION

PAFProteases

CELLULEENDOTHELIAL 
CELLS

- procoagulant
   activity
- vascular     
   permeability
- adherence

TISSUES

- catabolism
- degradation
- necrosis
- proteolysis

CELLULE

LIF
β

HEPATOCYTE

acute phase 
proteins

IL-6
IL-11
LIF

TGFβ

IL-8 / MCP-1IL-8 / MCP-1

 chemoattraction

TNFIL-1
 TNFIL-1  TNFIL-1

Fever
slow wave 

sleep
anorexia

CENTRAL
NERVOUS 
SYSTEM

ADRENAL 

ACTH

Glucocorticoids

Macrophage

ACTIVATION SIGNALS

IL-1TNF

INHIBITORY CYTOKINES
IL-4
IL-10
IL-13
TGFβ
IFNα
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IL-6 DEFICIENT MICE

Stomatitis Vesicular Virus :       Low levels of IgG antibodies

Vaccinia Virus  :                       Low cytotoxic T cell activity
                       -> Increased number of virus in the lungs

Listeria monocytogenes :          High frequency of bacteria
in liver and lungs              

Kopf et al. Nature 1994, 368, 339

Haptoglobin α-1 Acid
Glycoprotein

Serum 
amyloid A

Control
Turpentine
LPS
IL-6

IL-6+/+  IL-6-/-  IL-6+/+  IL-6-/-  IL-6+/+  IL-6-/-  
mg/ml

<0,1
4,0
1,7
0,5

<0,1
0,9
0,7
0,9

0,4
1,2
1,2
0,6

0,3
0,3
0,7
0,6

mRNA

<0,2
100

55
12

<0,2
1

25
14

mg/ml

IMMUNE RESPONSE

INFLAMMATORY RESPONSE

GM-CSF - lacking mice Dranoff et al. 1994
Science 264, 713

HEMATOPOIESIS :
normal numbers of : 

- peripheral blood cells
- bone marrow progenitors

- tissue hematopoietic populations

LUNG
- accumulation of surfactant lipids 
and proteins in the alveolar space

- lymphoid hyperplasia

NOT ESSENTIAL 
AS A GROWTH 
FACTOR FOR 

BASAL 
HEMATOPOIESIS

CRITICAL ROLE IN 
PULMONARY 

HOMEOSTASIS

DEVELOPMENT OF CHRONIC INFLAMMATORY

ARTHROPATHY IN IL-1ra DEFICIENT MICE

Horai et al. J. Exp. Med. 2000, 191, 313

INCIDENCE OF ARTHRITIS

BALB/c C57Bl/6
+/+ -/- -/-

Weeks

0
0

80%
100%

0
0

8
16

mRNA expression in the joints of BALB/c mice (16 weeks)

IL-1ra +/+

IL-1ra -/-

IL-1α IL-1β TNF IL-6 COX-2

1 10 1 3150 0 0 0 0

SPONTANEOUS EXPRESSION OF CHEMOKINES IN TISSUES

THYMUS CCL17 (TARC) ; CCL25 (TECK)

LYMPH NODES &
PEYER’S PATCHES

CCL21 (exodus-2)
CXCL13 (BLC)

Numerous tissues CXCL12 (SDF-1)

SPONTANEOUS EXPRESSION OF CYTOKINES  WITHIN CELLS

MAST CELLS

KERATINOCYTES

LEUKOCYTES

IL-1; IL-4; IL-6;
IL-13; TNF…

IL-1α; IL-1Ra; IL-8; GM-CSF

MIF
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SPONTANEOUS EXPRESSION OF CYTOKINES IN BIOLOGICAL FLUIDS

SWEAT

TEARS

SALIVA

SEMINAL FLUID

COLOSTRUM
/ MILK

IL-1α ; IL-8

IL-1α ; IL-1β ; IL-6 ;
IL-8 ; GM-CSF ; TGFβ

IL-2 ; IL-8 ; TNFα ;
TGFβ ; sTNFR

IL-2 ; IL-6 ; IL-8 ; IL-10 ;
IL-12 ; TNF ; sIL-2R ; sIL-6R

IL-1β; IL-1ra; IL-2; IL-4; IL-5;
IL-6; IL-8; IL-10; IL-12; IL-13;
IL-18; TNFα; IFNγ; TGFβ; GROα;
MCP-1; RANTES; PDGF; sFasL;

sTNFR I & II; sCD30

PLASMA IL-1RA ; TGFβ ; RANTES ; sTNFR

Gram-negative bacteria

MØ

ENDOTOXIN
FIMBRIAE

LIPOPROTEINS
PEPTIDOGLYCAN

DNA  (CpG)

TLR4

TLR2 TLR9

FLAGELLIN

TLR5

C Y T O K I N E S

ENHANCEMENT

SPECIFIC IMMUNE 
STIMULATION

MICROBIAL STIMULATION

FEED BACK 
INHIBITION

SYNERGY

B

A

INHIBITION
C

CASCADE OF  
PRODUCTION

D

E

CYTOKINE NETWORK

IL-1

LYMPHOCYTES

CELL. ENDOTHELIALES

FIBROBLASTES

CHONDROCYTES

MONOCYTES /
MACROPHAGES

IL-2

IL-4

LIF
IL-1

PAF

M-CSF
G-CSF
GM-CSF
IFNß
IL-6

PGE2
IL-8
PDGF

IL-3

TGFß

MCP-1
IL-11

IL-1

NGF

NO

TNFα

Cytokine
cascade

3020100

20 h

8 h

IL-8  (ng/ml)

LPS-INDUCED BIPHASIC IL-8 PRODUCTION

LPS + Control Ab
LPS + Anti-TNF
& Anti-IL-1

LPS

IL-8

Human Whole blood

DeForge et al. J. Immunol. 1992, 148, 2133

IL-1 TNFIL-8

Cytokine
cascade

1 2 3 4 5 6 7 8

Serum  IL-6 (pg/ml x 10-4)

IL-1β
0.5 µg

TNF
1 µg

0

Effect of cytokine injection in mice
Shalaby et al. Clin Immunol. Immunopathol. 1989, 53, 488

IL-1β + TNF

Synergy

Cytokine
cascade

0/10

0/10

6/10
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CYTOKINE

Microbial derived products

CYTOKINE

Receptor

±
+++ +

CYTOKINE

INDIVIDUAL HETEROGENEITY

2000

1500

1000

500

0

TNF (u/ml)

Jacob et al. PNAS 1990, 87, 1233

INDIVIDUAL RESPONSIVENESS TO LPS STIMULATION

A B C

SEX-DEPENDENT SUSCEPTIBILITY TO INFECTION

Pasche et al. Infect. Immun. 2005, 73, 5952

105 CFU S. pyogenes 1.5 x 104 CFU Listeria

1.5 x 104 CFU
Listeria

Balb/c

A GENOMIC POLYMORPHISM WITHIN THE TNF LOCUS 
INFLUENCES PLASMA TNFα CONCENTRATIONS AND 

OUTCOME OF PATIENTS WITH SEVERE SEPSIS
Stüber et al. Crit. Care Med. 1996, 24, 381

TNFB1
homozygotes

10 %

21

150

3 / 4

TNFB1/B2
heterozygotes

48 %

22

250

12 / 19

TNFB2
homozygotes

42 %

22

600

2 / 17

frequeny

APACHE II

mean TNFα (pg/ml)

Survivors

1

every 6h during the first 48h, every 12h thereafter untill 96h

polymorphic site 
of the restriction 

enzyme Nco I

1

 EX VIVO STUDY OF CYTOKINE PRODUCTION IN HUMANS

- GENETIC POLYMORPHISM
- AGE
- NUTRITION
- DRUGS
- ALCOHOL AND SMOKE

- SAMPLING
anticoagulant, storage, contamination 
(platelets, LPS...)

- CHRONOBIOLOGY
- PHYSICAL EXERCISE
- PSYCHOLOCAL STRESS
- PHYSICAL STRESS 
surgery, diseases, infection, trauma
- GENDER

INFLUENCING  PARAMETERS

pro-inflammatory
cytokines

Substance P

Norepinephrine

+

Epinephrine ; VIP ;

PACAP ;  Acetylcholine

IL-1

TNF

fever
anorexia

sleep

ACTH

Glucocorticoids

CRF

αMSH
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1
2
3
4
5
6

00

100

200

300

400

500

IFNγ 
(U/ml)

IL-1β 
(ng/ml)PBMC + 

Con.A
Monocytes + 
LPS

(29 Medical students)

A B C A B C

A :  No exam (4 week before / 4 week after)
B :  just after a major writen exam 
C : 10 days after, and back from 7 days vacation 

Dobbin et al. Brain Behaviour Immunity 1991,5,339

Effect of stress on 

cytokine production
ENDOGENOUS SUBSTANCE P MEDIATES COLD WATER STRESS-INDUCED

INCREASE IN INTERLEUKIN-6 SECRETION FROM PERITONEAL MACROPHAGES

Zhu et al.  J Neurosci. 1996 Jun 1;16(11):3745-52.

Cold water stress augments LPS-
induced IL-6 secretion from

peritoneal macrophages.

The SP antagonist RP67,580 blocks
the cold water stress-induced
increase in IL-6 secretion from

peritoneal macrophages stimulated
by LPS.

CYTOKINE ANALYSIS IN HUMANS
WHERE ?

NATURAL BIOLOGICAL FLUIDS 

TISSUES BIOPSIES 

- whole blood, isolated cells
- spontaneous or induced production 

- Ex vivo
- After in vitro culture

BLOOD LEUKOCYTES
- broncho-alveolar or peritonéal lavages 

INDUCED BIOLOGICAL FLUIDS

- Plasma, synovial fluid, crevicular fluid, urine, 
cerebrospinla fluid, pleural effusion, sputum, etc...)

CYTOKINE ANALYSIS IN HUMANS
HOW ?

BIOLOGICAL ASSAYS  

ELISpot

IN SITU HYBRIDIZATION

IMMUNOHISTOCHEMISTRY

NORTHERN 

RT PCR

CYTOMETRY

IMMUNOBLOT

ELISA

mRNADOT ANALYSIS

BCG

LPS

10 - 14 days

2 h - drawn serum

PURIFY TNF
CLONE GENE

EXPRESSION IN
BACTERIA

LPS

CULTURED 
MACROPHAGES

HARVEST CELL
CULTURE MEDIUM

T E S T    F O R    T N F    A C T I V I T Y

Tumor

1 day

TUMOR NECROSIS

L Fibroblast

48 h

CELL LYSIS

IL-2

CTLL-20

IL-1 + mitogen

IL-2
EL4
LBRM33
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CYTOKINE MEASUREMENT
BY ELISA

vs INTERNAL STANDARD  

# 5 # 6# 4# 3# 2# 1

MIN.
MAX.

1850
18300

5000
57800

7172
111500

5500
>150000

40
765

106
2200

RATIO
Max/Min. 9,9 11,6  15,5 27,3 19,1 20,7

10

100

1000

10000

100000

SYNOVIAL FLUIDS

pg/ml
A
B
C
D
E
F
G

IL-6 KITS

SAMPLES

TNF in supernatants of human monocytes activated with
10 ng/ml (#l) or 10 µg/ml (#2) Neiseria meningilidis LPS

TNF ELISA :
Genzyme, Immunotech, Innogenetics,
Medgenix, R&D Systems, T-cell-Diagnostics

IL-1β

TNFα

MCP-1

RNASE PROTECTION ASSAY
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SEMI QUANTITATIVE RT-PCR

sham

hemorrhage

Hemorrhage
+ prolactin

IL-1β mRNA 
IL-1 bioactivity in

supernatants

PROLACTIN ADMINISTRATION FOLLOWING
HEMORRHAGIC SHOCK IMPROVES

MACROPHAGE CYTOKINE RELEASE CAPACITY

Zellweger et al. J. Immunol. 1996, 157, 5748

!
mRNA data do not always

correlate with protein analysis

Peritoneal MØ + LPS

NB1 Similar results were obtained with splenic MØ

NB2 Similar results were obtained for IL-6

* *

RT-PCR analysis

Analysis by flow cytometry

IL-2

CD4 CD4

IL-4

CELL SURFACE MARKERS  +
INTRA-CELLULAR CYTOKINES 

Th1 / Th2 PROFILE

Immunohistochemical Analysis of Cytokines using Cytokine Affinity-purified Antibodies

Fig. 1. Typical IL-1 beta staining using biotinylated antigen affinity-purified anti-IL-1 beta
polyclonal antibody (Catalog # BAF201) in cultured human blood monouclear cells stimulated with
LPS for 4 hours. A strong nuclear staining in monocytes is the most prominent feature.
Magnification 400x.
Fig. 2. Typical IL-2 staining using goat anti-human IL-2 (Catalog # AF-202-NA) and indirect
immunohisto chemistry technique in a tissue section from a human tonsil, surgically removed
because of severe EBV-induced mononucleosis. Magnification 250x.
Fig. 3. IL-4 staining using biotinylated antigen affinity-purified anti-IL-4 polyclonal antibody
(Catalog # BAF204) in cultured human MNC after 24 hours of stimulation with SPE-A. IL-4 is
produced in a lymphocyte in close collaboration with a SPE-A presenting monocyte. The cytokine-
producing lymphocyte directs its Golgi organelle towards the antigen presenting cell to deliver the
signal in a focal, directed way. Magnification 400x.
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mRNA

MEMBRANE FORM 
OF CYTOKINE

RELEASE
CYTOKINE

RECEPTOR BOUND
CYTOKINE

INTERNALIZED 
CYTOKINE

NEO-SYNTHESIZED
CYTOKINE

Cell-associated cytokines

Marie et al. Infect. Immun. 1997, 65, 865

0.01 0.1 1 10 100

       PMN 

PBMC 

Red blood cells

 cell - associated IL-8   ( pg / 106 cells )

1 10 100 1000
pg IL-8 / ml blood

PLASMA

Whole cells

Huge amounts of IL-8 are found associated to circulating cells

SEPSIS


