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The interaction among cells of the immune 
response are mediated by 2 mechanisms:

1. By direct cell-cell interactions: through 
adhesion molecules

2. By low MW regulatory proteins, called 
cytokines: messengers of the immune system



Cytokines act in each phase of the immune response
Recognition:

Activation:

Effector phase:



Basic characteristics of cytokies
• Low molecular weight (10-40 kDa) glycoproteins
• Isolated cells secrete them, due to gene activation
• They mediate cell-cell interaction:   
• - sending information
• - regulation of immune response
• Mechanism of action:

- produced after transient gene activation                                                                                     
- act through receptors triggering signal-transduction
- high affinity
- picomolar concentration

They act mostly locally.



Mechanism of cytokine action I.:

Cytokine producing cell            Target cell:

Cytokine producing cell

Nearby cell

Distant cell

Autocrine action

Paracrine actiont

Endocrine action



Mechanism of cytokine action II.:

A cytokine induces different 
effects on different target cells 

The action of more cytokine on 
the target cell is similar

The effect of two cytokines is 
stronger than their additive 
effects

One cytokine inhibits the 
effects of another cytokine

Pleiotropy

Redundancy

Synergy

Antagonism

Starting a cascade



Cytokine producing cells

Activated macrophage

Activated Th cell

BM and thymus
stroma cells



Functional groups of cytokines

I. Regulators of natural immunity 
and inflammation

IFNα, IFNβ,
IL-1α, IL-1β, IL-6, TNFα IL-12,

Chemokines: CXCL8 (IL-8), CCL3,4 
(MCP, MIP-1)

II. Regulators of lymphocyte 
activation and differentiation

TH1: IL-2, INFγ, TNFβ (LT)
TH2: , IL-4, IL-5, IL-6, IL-13, IL-15

Treg: IL-10 and TGFβ

III. Regulators of haematopoiesis IL-3, IL-7, GM-CSF, SCF



Cytokine receptors



Cytokine receptor families



Characteristics of multichain cytokine receptors



IL-2 receptor chains:
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Cytokine	Induction	of	JAK-STAT	Signaling

Fig.	7-25
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TNF	Receptor	Signaling

Fig.	7-24



Functional groups of cytokines:

1. Haematopoetic cytokines –
growth factors



Haematopoietic cytokines – growth factors



Haemopoietic growth factors

CSF: Colony Stimulating Factor

SCF: stem cell factor
GM-CSF multi-lineage
IL-3 
M-CSF
G-CSF
EPO
TPO
IL-5

Lineage-specific

IL-7 : T and B cell maturation

CSF= Colony Stimulating Factor



Functional groups of cytokines:

2. Inflammatory cytokines, 
chemokines



IMPORTANT CYTOKINES SECRETED BY MACROPHAGES IN RESPONSE TO BACTERIAL PRODUCTS INCLUDE IL-1, 
IL-6, IL-8, IL-12, AND TNF-Α
TNF-α is an inducer of a local inflammatory response that helps to contain infections; it also has systemic effects, many of 
which are harmful (see Section 2-23). IL-8 is also involved in the local inflammatory response, helping to attract neutrophils 
to the site of infection. IL-1, IL-6, and TNF-α have a critical role in inducing the acute-phase response in the liver (see 
Section 2-24) and induce fever, which favors effective host defense in several ways. IL-12 activates natural killer (NK) cells 
and favors the differentiation of CD4 T cells into the TH1 subset during adaptive immunity.
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Enhanced cytotoxicity
Cytokine production
Adhesion mol. Expr.

Prostaglandin 
Production, fever
Acute phase protein
Secretion by hepatocytes



Concentration dependent effects of TNFα



Functions:
- Chemotaxis for different leukocytes

- regulation of normal leukocyte traffic
- recruitment of cells to inflammatory sites 

- Enhancement of cell adhesion
- Activation of effectors leukocytes

- Development of inflammatory reaction
- Development of normal lymphoid tissues

Chemokines



- Chemokines posses 4 conserved cystein residues:
α Chemokines: C-X-C
β Chemokines: C-C
δ Chemokines

- „small cytokines”: MW: 8-10 kD
- special structure 



They all possess conserved cytseins that are important for creating their 
3-dimensional structure: 4 cysteins interact with each other in pairs to 
create a Greek key shape that is a characteristic of chemokines. 
Intramolecular S-S bonds typically join the first to third, and the second 
to fourth cysteine residues 



Chemokines signal through receptors 
coupled with G-proteins 



Recruitment of neutrophil granulocytes to the
site of inflammation



IFN ,α β IFNγ

vírus

T-sejt
NK-sejt

antivirá lis
rezisztencia

enzimek

mRNS
MHCII

MHCI

sejtpusztulás

mRNS

Natural immunity
Type I. Interferons
IFNα and IFNβ

Adaptive immunity:
IFNγ

Antiviral effects of interferons:

-Macrophage
activation

-MHC expression
-NK and Tc
activation 

-Secretion of antiviral
-proteins:
RNAseL: mRNA 

digestion
PKR: inhibition of EF-2 

- NK cell activation



Functional groups of cytokines:

3. Cytokines, regulating specific 
immune response
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TH1,	TH2,	and	TH17	Subsets	of	CD4+ T	Cells

Fig.	9-13





Development of  CD4+ Th17 cells 

The Th17 derived IL-17 induces inflammation. It correlates with the severity 
of different immunological diseases: rheumatoid arthritis, asthma, multiple 
sclerosis, psoriasis, transplant rejection. 



Cytokines regulate B cell activation, 
proliferation and isotype (class) switching 



Viral mimics of cytokines and cytokine receptors





Cytokine balance of inflammation


