Citokinek, citokin receptorok
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»oejtek kozotti és sejten beliili interakciok szerepe az
immunvalasz kialakitasaban és szabalyozasaban”
PhD-tanfolyam, 2024,




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 iImmune system
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A citokinek az immunvalasz minden fazisaban hatnak:
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A citokinek altalanos jellemzoi:

Kis molekulasuly (10-40 kDa)
Glikoproteinek
|zolalt sejtek termelik aktivacio hatasara
Sejtek kozotti kapcsolatokat kozvetitik:
- informacio tovabbitas
- Immunvalasz szabalyozasa
Hatasmod: - atmeneti génaktivacio termekei
- receptorokon keresztul
- nagy affinitas
- pikomolaris cc.-ban



A citokinek funkcionalis csoportositasa

|. Természetes immunitasban és | IFNa, IFNJ

gyulladasos folyamatokban TNFa, IL-1a, IL-18, IL-6, IL-17
résztvevok
Kemokinek: CXCLS8(IL-8), CCL3,4
(MCP, MIF)
1. A limfocitak aktivaciojat és Th1:IL-2,, INFy, TNF, IL-12

differencialodasat szabalyozok Th2: IL-4, IL-5, IL-6, IL-13,
Treqg: IL-10, TGFf, IL-35

I1l. Az immunsejtek érésére hatok | SCF, GM-CSF, IL-3, IL-7




A citokinek hatasmaodja I.:
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Az IL-1 autokrin, parakrin €s endokrin hatasa
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Egy citokin kulonb6z6
célsejten, kulonbozé
hatast valt Ki

Tobb citokin hatasa a
célsejten azonos

Két citokin egyuttes
hatasa nagyobb a
célsejten additiv
hatasuknal

A célsejten egyik
citokin gatolja a
masik hatasat

A citokinek hatasmaodja Il.:
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Citokin receptorok



Citokin receptorok

Z\D Cytokine receptor families

e _ TNF receptors LT&lglaorgg%bulin
Type | cytokine ype |l cytokine -
(hemopoietin) receptors  receptors receptors .
Seven
Conserved transmembrane
cysteines o-helical receptors
WSXWS~-

o ey B e

Receptor for: IL-2, IL-3, Receptor for: IFN-o/B, : Receptor for:
IL-4‘.)IL-5. IL-6, IL-7, IFN-v, IL-10 Receptor for: IL-1,  Chemokines

IL-9, IL-11, IL-12, IL-13, Receptor for: TNF,  M-CSF, stem cell factor

IL-15, GM-CSF, G-CSF LT, CD40L, Fas, OX-40L

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com




A tobblancu citokin receptorok jellemz6i

Common i GM-CSF  :IL-6 receptor family
v chain family :receptor family: (common gp130
:  (common subunit)
: p chain) i gp130 gp130 gp130
£ "=
B .
i 1 ST 0 0 A 1 S 0
o o : ¢ “
B P % :
L2 IL-15  IL-4: GM-CSF IL-5 | IL-6 IL-11 IL-27
" (also: LIF, CNTF)

(also: IL-7, IL-9, IL-21)



IL-2 receptor lancok:

Intermediate High affinity Low affinity
affinity IL-2R IL-2R IL-2R
o o
Y ¥ Y
B B
Subunit
composition: IL-2RB IL-2Ra IL-2Ra.
IL-2Ry IL-2RP
IL-2Ry
Affinity
constant (K)): 10’M 10110 108M
Dissociation
constant (K;): 109M 10-1 M 10-8m
Cells % v <
expressed by:  NK cells Activated CD4+ and CD8+ T cells
Resting T cells Activated B cells

(low numbers) (low numbers)
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Abbas, Lichtman, and Pillai. Cellular and Molecular Inmunology, 7t" edition. Copyright © 2012 by Saunders, an imprint o
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A citokinek funkcionalis csoportjai:

1. Haematopoetikus citokinek —
novekedeési faktorok



Az immunsejtek erésere hato citokinek
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Stem cell factor receptor = c-KitR
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Immunsejtek erésere hato citokinek = hemopoetikus
novekedeési faktorok

CSF Colony Stimulating Factor
a csontvelpo progenitor sejtjeire hatnak

SCF, GM-CSF, IL-3 = multi-lineage (tobb-vonalon
hatd novekedési faktorok )CSF

AHGEIE Lineage-specifikus (egy vonalra hato
G-CSF 6vekedési faktorok)

EPO Hasonl6 szerkezet: monomer

TPO 4 & helikalis rész

IL-5

IL-7

T sejt

B sejt éres



A citokinek funkcionalis csoportjai:

2. Gyulladasos citokinek, kemokinek



|.1. A gyulladasos citokinek: TNFa, IL-1, IL-6
—> az akut fazis reakcio

Activated macrophages secrete
arange of cytokines
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Makrofag polarizacio a gyulladasban

. Classically activated 'Alternatively activated
~ macrophage (M1) ~macrophage (M2)
Microbial
TLR-ligands \
Monocyte T
IL-13,
IL-14
ROS, NO, IL-1, IL-12, IL-23, IL-10 Proline
lysosomal enzymes chemokines TGF—[§ polyamines,
v‘ TGF-B
Microbicidal @
actions: ____|Anti-inflammatory || Wound
phagocytosis | Inflammation| effects repair,
and killing of fibrosis

many bacteria
and fungi

Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition, 2012.

Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005.



A TNF koncentracio fuggo hatasai gyulladasos
reakcioban

Low quantities
(plasma conc. <102 M)

Local inflammation

| TNF
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quantities

High quantities
(plasma conc. 2107 M)

Sepfib shock
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A gyulladasos citokinek szisztémas hatasai
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Terapias celpontok immun-medialt gyulladasos
korképekben (IMID: RA, SLE, IBD, JIA, PsA)

Cell type or Cell interaction

@ ™

\‘Q IL-6

C

S-IL-6R

@

Monocyte or
macrophage

Jo'e

Osteoclast ’\J\‘ Fibroblast
@ B

Chondrocyte

Therapeutic

CTLA-4lg
(Abatacept)

Anti-CD20
(Rituximab)

TNF inhibitors

Proposed mechanism

Binds CD80 and 86 and
Inhibits CD80 and
86 - CD28 interaction

Depletes B celis

~

\

(Adalimumab, Binds TNF and blocks
Etanercept, binding to TNFR
Infliximab)
IL-1Ra Engages IL-1R and blocks
(Anakinra) IL-1 binding to IL-1R
: Binds IL-6R and s-IL-6R
Anti-IL6R el
2 and prevents |L-6 binding
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G ® 1 ]
DB0 or NF
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S (Autojantibody bound IL-6 receptor
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Hizosejt aktivacio mechanizmusai és a citokinek

TLR4 — LPS -2IL-1B, TNF-q, IL-6 and IL-13, without mast cell degranulation
TLR2 — peptidoglycan - mast cell degranulation and production of IL-4 and IL-5, IL-6, IL-13
TLR3,7,9 — Poly (I:C), CpG oligonucleotid - release of pro-infalmmatory cyitokines and chemokines

Granule constituents:
histamine, proteases,

proteoglycans
ALLERGENS — FceR L e ig : iy Synthesis of eicosanoids from
STEM CELL FACTOR™ Production of cytokines

they express several hundred thousand high affinity receptors for IgE (FceR1) and thus respond to IgE-
directed antigens

express the pathogen-recognizing Toll-like receptors (TLRs) which probably account for the ability of mast
cells to mount an effective innate immune response



Kemokinek

- Kemotaktikus citokinek: ,csalogatd” molekulak

Funkciojuk: Kemotaxis indukalasa: - sejtek vandorlasanak
- toborzasanak iranyitasa
- Limfocitak vandorlasa a nyirokcsomoba
- Effektor limfocitak ,homing”-ja
- Fagocita sejtek vandorlasa a gyulladasos teruletre
- Homeosztatikus kemokinek: normal immunszoveti szerkezet

Chemokine concen

Direction of chemotaxis =————p
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Kemokinek szerkezete

Three dimensional structure of chemokines
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- ,kis citokinek”™. MW: (8-10 kD)
- 4 konzervalt helyen levo cisztein (C)->
- Gorog kulcshoz hasonlé harmadlagos szerkezet
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,C” elhelyezkedése alapjan csoportositas:
(Cysteinek megjelenése)

a kemokinek (CXC)
b kemokinek (CC) Structure of chemokine classes
g, d kemokinek A A
| |
GH G
C C
C chemokines CC chemokines CXC chemokines
pepide \\\\\ hydrophobe

. — C S domain
chan | S
disulphide e XXX C mucine-like
bridge | ) domain \
C

CX,C chemokines
@ Kohidai, L.

CXCL8(IL-8), CCL3,4 (MCP, MIF)
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Chemokines signal through receptors
coupled with G-proteins
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Kemokin receptor expresszio aktivacio hatasara




Recruitrnent of neutrophil granulocytes to the
site of inflamrmation

Capillary Interstitial space Alveolar
space

Macrophage
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infection

CXCLS(IL-8), CCL3,4 (MCP, MIF), C3a, C5a



Az Interferonok antiviralis hatasai:

Type Il Interferon

Type | Interferons N 2 Adaptiv

iImmunitas

Termeészetes
immunitas
MRNS
-antiviralis fehérjék seﬁpusztu/a’s/ -Malfrgfé}g
< > aktivacio

-MHC expresszid

RNAseL: mRNA bontas
seL:m -NK és Tc aktivacio

PKR: EF-2 gatlas
- NK sejt aktivalas

termelése: /

antivira lis
rezisztencia



Biologic Actions of Type | Interferons (2)

Type | IFN —~
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by dsDNA Activation Activatiom@
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of translation @O@O‘%IigoA
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Activation
RNA‘;se _ of RNAase

e : Inhibition of viral
Inhibition of viral | |Degradation| |gene expression and
protein synthesis | | of viral RNA virion assembl

Abbas, Lichtman, and Pillai. Cellular and Molecular Inmunology, 7t" edition. Copyright © 2012 by Saunders, an imprint of
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A citokinek funkcionalis csoportjai:

3. A specifikus immunvalaszt
szabalyozo citokinek
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Signature  Immune Host Role in
cytokines reactions defense diseases

= —

Autoimmune
diseases;

Macrophage |ntracellular tissue damage
activation; microbes  associated with
I9G production chronic infections
Mast cell,
eosinophil
activation;  Helminthic Allergic
IgE production; parasites diseases
"alternative”
macrophage
activation

IL-17A  Neutrophilic, Extracellular Organ-specific
IL-17F monocytic bacteria; autoimmunity
IL-22 inflammation fungi

Fig. 9-13

Abbas, Lichtman, and Pillai. Cellular and Molecular Inmunology, 7t" edition. Copyright © 2012 by Saunders, an imprint o



Thelper sejt polarizacio

IL-25/IL-33
—_Q
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139. 2021



Dendritikus sejt polarizacio

(A) Bacteria and viruses

(8) Helminth (€)

Bacteria and fungi (D)

Bacteria and parasites
e.g., Candida albicans

e.g., Bordetella pertussis
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CXCR3

IL-17RB
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Naive CDM» T cells
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Mechanisms of T cell regulation by Treg cells
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A CD4+ IL-17 termel6 Th17 sejtek kialakulasa
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Cytokines regulate B cell activation,

proliferation and isotype (class) switching

Plasma cells

Proliferating B cells
(centrocytes)

IFN—y

Activated B cell

(centroblast)
IL-4, b
IL-5 '
Proliferation cytokines: Differention cytokines:
IL-2, IL-4, IL-5 IL-2, IL-4, IL-5, IFN-7y, TGF-3

IgG2a or
IgG3

IgA or
IgG2b

IgE or
IgG1

— IgM




Citokinek szerepe a T sejt tulelesben: IL-7, IL-15

Survival Clonal expansion and Survival and proliferation

differentiation
Naive T cell Effector Memory T cell
. l . p—

3

S ©
Lo oo oo 0o 00 00 00 00 00
IL-7 TSLP IL-15 IL-2 IL-4 IL-21 IL-15 IL-7 IL-15 TSLP?
\ ' / L5 TSLP
.

| ﬂ o 00 00
/\ OOO

Macrophage o

()
00 > o @
L2 O

Nature Reviews | Immunology



Virusfehérjek mint citokin(R) homologok:

Virus Product
Leporipoxvirus Soluble IFN-vy receptor
(a myxoma virus)

Several poxviruses Soluble IFN-vy receptor

Vaccinia, smallpox virus Soluble IL-1 3 receptor

Epstein-Barr IL-10 homolog

Human herpesvirus-8 IL-6 homolog; also homologs
of the chemokines MIP-| and
MIP-II

Cytomegalovirus Three different chemokine

receptor homologs, one of
which binds three different
soluble chemokines (RANTES,
MCP-1, and MIP-1«)



Cytokine-Based Therapies In Clinical Use

Agent Nature of agent Clinical application

Enbrel Chimeric TNF-receptor/IgG Rheumatoid arthritis
constant region

Remicade Monoclonal antibody Rheumatoid arthritis

against TNF-a receptor

Interferon «-2a

Antiviral cytokine

Hepatitis B
Hairy cell leukemia
Kaposi's sarcoma

Interferon «-2b Antiviral cytokine Hepatitis C
Melanoma
Interferon 3 Antiviral cytokine Multiple sclerosis
Actimmune Interferon vy Chronic granulomatous disease (CGD)
Osteopetrosis
Neupogen G-CSF (hematopoietic cytokine) Stimulates production of neutrophils
Reduction of infection in cancer patients
treated with chemotherapy
Leukine GM-CSF (hematopoietic cytokine) Stimulates production of myeloid cells after
bone-marrow transplantation
Neumega Interleukin 11 (IL-11), a Stimulates production of platelets
hematopoietic cytokine
Epogen Erythopoietin (hematopoietic Stimulates red-blood-cell production
cytokine)
Aldesleukin Interleukin 2 (IL-2) Metastatic renal cell cc., melanoma
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