Immunologia Alapjai

A sejt-medialta immunvalasz effektor mechanizmusai
(CMI):

1. Citotoxicitas
2. T, sejt medialta makrofag aktivacio
Késoi tipusu hyperszenzitivitas = DTH



Sejt-medialta immunvalasz (CMI)

Citotoxicitas DTH
Effektor sejtek kozvetlen Effektor sejtek citokin
citotoxikus aktivitassal: termeléssel:

- CTL (CD8+ Tc), - Tpty Sejtek = Th1 sejtek
- v0 T sejtek - Makrofagok

- NK sejtek,

- Makrofagok

Célseijt (citoszolikus antigén):
- allogén sejtek
(transzplantatum minor
histocompatibilitasi antigénjei)
- malignus sejtek

- virussal fertozott sejtek

- kémiailag moédositott sejtek

Antigén a fagoliozoszémaban:
- intracellularis bactérium,
gomba, parazita, virus

- contact antigének (kis
molekulak (haptén) bor
fehérjékkel komplexet képeznek)




A T sejt medialta immunreakciok tipusai

@ Phagocytes with ingested microbes;

microbial antigens in vesicles @ Infected cell with
microbes in cytoplasm

Cytokine secretion j
Killing of
@ infected cell

Macrophage |nf|ammation mens FPallidac mmed Balac dau Tosmemala
activation =
killing of
ingested
microbes
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A PATOGEN TiPUSA

AZ ANTIGEN FELDOLGOZASA, A FOLYAMAT EREDMENYE

BEMUTATASA

extracellularis
. (szamos baktérium)

ellenanyag-termelés

peptidek kdtédése: 4',\ ‘ '

MHCII molekulakhoz \
prezentacio: :

patogén lebontasa:
savas vezikulumokban *

intravezikularis
(pl. mycobacteriumok)

CD4+ T-sejteknek
a baktérium vagy parazita

) ) elpusztitasa a vezikulumban
patogén lebontasa:

savas vezikulumokban

peptidek kotédése:
MHCII molekulakhoz

prezentacio:
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(virusok)

MHCI
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CD4+ T-sejteknek Y




Az intracellularis és extracellularis antigéenek
eltéro modon kerulnek bemutatasra
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CITOTOXICITAS



Citotoxikus CD8+T limfocitak antigéen
felismerese

Cross-reacts

Peptide from
allogeneic cell

virus-infected
self cell

allogeneic cell

Aktivalt Tc sejtek = effektor CTL
TcRafp, CD8+ sejtek
MHC- | restrikcioval torténo antigén specifikus felismereés



Effektor CTL kialakulasa naiv Tc sejtbol:
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A kostimulacios szignal és a Th sejtek szerepe a
CD8+ T limfocitak differencialodasaban (aktivacio)

®

Costimulators
B7)

CD8+* T cells
recognize antigen +
costimulators on
professional APCs =
CTL differentiation
without helper T cells

Differentiated CTLs

CD4+ helper T cells
produce cytokines
that stimulate
CTL differentiation
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CD4+ helper
T cell

Differentiated CTLs
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CD4+ helper T cells
enhance the ability
of APCs to stimulate
CTL differentiation

CD4* helper
T cell

Differentiated CTLs
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A memoria CTL aktivacioja mar nem igenyli
Th1 sejt segitseget

@)

Memoaria CTL: autokrin IL-2
termelés

dendritic cell

(M

Naiv CTL: Th1 termeli az IL-2-t

Virus-infected
dendritic cell




A CTL-medialta target sejt pusztitas lepesei:
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4. CTL granulum exocytosis 5. Target sejt apoptosis
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A CTL indukalta apoptosis mechanizmusa:

GRANULE EXOCYTOSIS
PATHWAY FAS PATHWAY
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Soluble effectors: perforins and granzymes

Membrane-bound effectors: Fas ligand (FAS-L)



Az apoptozis indukcid szekretoros mechanizmusa
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Extrinsic Apoptozis utvonal

TNF-family death receptors

TNF TRAIL TRAIL
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Caspase Activated Deoxyribonuclease (CAD)

HNG TAT RS SRR Activated 3 cleaves
Fas ligand (FasL) binds to | | a conformational change in | | The adaptor proteins recruit caspase 3 ¢
Fas. Both m‘opmem at cell| |Fas, which then m “and activate caspase 8, mwmg:‘;’o’
awfaou as homotrimers. ‘domain- containing whloh clum caspase3 | .o ' leus and cleave DNA
adaptor proteins

—y
e

>

=
=

active

caspase 80

active caspase 3

CAD “ I-CAD_/

Fiaure 6-24 Immunobioloav. 6/e.(© Garland Science 2005} y/

When activated by caspase-3, CAD is responsible for cleaving DNA into the
characteristic ~200 bp fragments of apoptotic cells.




v0 T sejtek

5 % a T sejteknek,

Intraepidermalis limfocitak: CD4/8 negativ
Intraepithelialis limfocitak: CD8+

Az embryonalis életben képzdédnek, nincs recirkulacio,

Limitalt, szovet-specifikus TcR diverzitas - meghatarozott
antigénekre specifikus

Ligand felismerés: - nem- MHC-korlatozott, de antigén specifikus
Antigének: - virus proteinek,

- sejtfelszini h6-shock fehérjék (gyulladasos
reakcioban jelennek meg)

- bacterialis lipidek, phosphatidok - PRR

- VY9Vo2 TcR — pathogén bactériumok mintazatat
ismeri fel: HMB-PP

Funkcioé: sérult sejtek és mikroorganizmusok elpusztitasa



v0 T- sejtek

KC

Inhibition of 7t.1eutrophils/

W TCRligand | Rae-1
L/ TCR v8 H NKG2D
Stressed KC KC

inflammation

granzymes
perforin

Enhancement of NK and a3
T-cell immunosurveillence

*Antigenek, melyek
konstitutivan jelen vannak a
mikrobak és a sajat sejtek
felszinén:

Phospho-Ligandok,
Virustehérjék, Hosokk fehérjék

*Indukalt Antigének: nem-
klasszikus MHC-lb-(MICA,
MICB) osztaly



Natural killer sejtek (NK)

10-15%a a periférias limfocitaknak = LGL cells
TcR- CD3-, CD4-, CD8+/-, CD2+, CD16+ (FcyRIIl) CD56+,

Veleszuletett immunvalasz sejtje, de IL-2, IL-12, INFgamma
hatasara aktivalodik

Citokint termel: INFy = immunregulacio (Th1)

Funkcié: korai valasz egyes virus,
intracellularis baktérium és tumor sejt ellen

NK-sejt receptorok:
Killer inhibitory receptors (KIR): normal sajat MHC-| felismeres

Killer activatory receptors (KAR): aberrans glycosylaciot ismer
fel a tumor vagy virussal fert6zott sejteken



Cytotoxic T cell
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Az NK sejt aktivacio ellentétes szignal
modellje

(a) KIR and/or
Class ]| MHC CD94/NKG2

- No killing

Normal cell NK cell

KIR and/or
CD94/NKG2

-
|l
/

AR-ligand AR

Virus-infected cell NK cell
(L class I MHC)

(b)

— Killing




Antitest-dependens sejt-medialt
citotoxicitas (ADCC)

Cross-linking of Fc
receptors signals the
NK cell to kill the target cell

Antibody binds antigens on Fc receptors on NK cells
the surface of target cells recognize bound antibody

Target cell dies
by apoptosis
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Figure 9-34 Immunobiology, 6/e. (© Garland Science 2005)




A virusok elleni cellularis immunvalasz ido-
kinetikaja

Cytokines and NK cells combine to
provide early defense against virus infections

TNFy, T cell killing

1L12 NK cell
Killing
IFN,

antibody

virus titre

1 2 3 4 5 6 7 8 9
time after viral infection (days)




Virus-infected host cells

vinus
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IFN-ct, IFN-B

Induce resstance 10 wral replicabon
in all cels

Increase MHC class | exprassion and antigen
presentabon n all cells

Activate NK cells 0 Xill virus-nfected cells




Natural Killer T sejtek = NKT

A periférias ver T sejtjeinek 0,2%-a

Antigén felismerés: a nem-polimorf CD1d altal bemutatott lipidek

és glycolipidek

Markerei: invarians o3 TcR (iVa24-Ja18) limitalt specifitassal CD4,
DN vagy CD8aa + NK markerek: NK1.1, CD56, CD16+ CD161

Funkcié: gyors citokin termelés, IL-4, IL-10, IL-13 vagy IFNy, TNFa,

(NKRP1)
IL-17, IL- 21
TCR
Ligand
MHC

Major tissues

Development

Va14 NKT

invariant Va14
a-GalCer

monomorphic
CD1d

Liver, Spleen
Bone marrow

GM-CSFR

Conventional T

heterogenous TCR
peptides

polymorphic MHC

Thymus, Spleen
Lymph nodes

no GM-CSFR



Natural Killer T cells = NKT
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Bacterialis lipid antigének bemutatasa CD1-el

és MR1-el

Endocytic
compartments

endoplasmic
reticulum

Intracellular bacteria
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Mucosa-asszocialt invarians T sejtek (MAIT)
Természetes szenzorai a fert6zéseknek, korai akkumulacio a fert6zés helyén
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TRENDS in immunology

3+, CD26+, CD161+

1. MAIT cells arise from the thymus and are present predominantly in the gastrointestinal tract and associated

organs such as MLNs and the liver.

N

In periphery by encountering the commensal flora, MAIT cells expand and acquire a memory phenotype.

3. They have antimicrobial function and help fight off bacterial infection by responding to infected cells and

producing cytokines = Role in intestinal homeostasis.....

4. Innate sensors of infection as they accumulate early in infected tissues

http://dx.doi.org/10.1016/j.it.2011.02.005



Mucosa-asszocialt invarians T sejtek (MAIT)
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Mucosa-associated invariant T cells (MAIT)

MAIT cells recognize MR1 and the associated microbial ligands on resident
APCs, such as macrophages, dendritic cells or B cells, or directly on intestinal
epithelial cells.

In the absence of inflammation, MAIT cells participate in the control of the
commensal flora or food-borne antigens by modulating APC function, or by
regulating epithelial cell homeostasis and secretion of antimicrobial molecules.

In case of bacterial invasion, however, the provision of the MR1-bound ligands
to infected epithelial cells or APCs, in an inflammatory context (production of
IL-18, IL-12 or IL-23, for which MAIT cells have receptors) induce production of
IFN-y by MAIT cells to prevent intracellular bacterial replication.

Under certain conditions, MAIT cells can also secrete granzymes and other
cytotoxic molecules to kill potential target cells, or IL-17 to activate innate
immune cells such as neutrophils.



