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Az immunveédekezeés kulonbozo szintjei
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Az immunvédekezés kulonbozo szintjei

 Anatémiai ,barrierek”
* Veleszuletett immunvalasz, gyulladas
« Adaptivimmunvalasz

Anatomical and Innate
Physiological Barriers Immunity
Natural Kikker Neutroptels
Celly
Intact 54 |
Skin Ecinephils Vo T o~ "SIJ
( Cellular ) .
NMacroohaoes Mast Cells
. Cendiinge at
Cifiery @ Cets
Clearare e
Mannose Binctrg
Complesrent Leciin
Low iy e — ¥ :
Stomach ' 1
pH ‘ £ \"!l—.lm()i?l/ “ .
Antimicrobeal
: Pepaices LS Binding Proten
,l
Lysoryme “WA&‘
nToars £ Reactive Protein
and Salva

J Allergy Clin Immunol. 2010;125:524-S32.



l. Az elsO védelmi vonal: anatom

Intrinsic epithelial barriers
to infection

Figure 2-4 Immunobiology, 6/e.(© Garland Science 2005
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- Antimikrobialis fenérjék
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Il. A masodik védelmi vonal: veleszuletett
immunitas, fagocita sejtek, gyulladas
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A veleszuletett immunvalasz funkcioi

A fertbzesek elleni elsO aktiv védekezési vonal

Lokalizalja és megakadalyozza a mikrobak
szétterjedéset

A veleszuletett immunvalasz effektor
mechanizmusai segitik az adaptiv
Immunvalaszt a korokozok eltavolitasaban

Aktivalja es befolyasolja az adaptiv
Immunvalasz lefolyasat
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A patogének felismereéese, fagocitozis

A neutrofil granulocitak a bakterialis
sejtfalkomponenseket felismeré
receptorokat expresszalnak

A neutrofil sejtek felveszik és
megemesztik a megkotott
baktériumokat

PRR= ,Pattern Recognition Receptors”
Mintazatfelismerd receptorok

- A mikrobak megkotese PAMP-hoz
kapcsolodva

,Pathogen Associated Molecular Patterns”
Patogen-asszocialt molekularis mintazatok

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



Mintazatfelismero receptorok
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Fungal polysaccharide

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



Mintazatfelismero receptorok csoportjai

Toll-like receptors (TLRs) Plasma membrane and endosomal TLRs 1-9 Various microbial molecules
membranes of dendritic cells, including bacterial LPS and
phagocytes, B cells endothelial peptidoghycans, viral nuclaic
cells, and many other cell types acids

MOD-like receptors (MLAs) Cytoplasm of phagocytes epithelial NOoD1/2 Bacterial cell wall peptidoglycans
cells, and other cells MALP family Flagellin, muramyl dipeptide, LPS;

[inflammasomes)

urate crystals; products of
damaged cells

RIG-like receptors (RLAs)
L —

Cytoplasm of phagocytes and other
cells

RIG-1, MDA-5

Viral RNA

C-type lectin—like receptors

T—=

Plasma membranes of phagocytes

Mannose receptor

Dectin

Microbial surface carbohydrates
with terminal mannose and
fructose

Glucans present in fungal cell walls

Scavenger receptors

X
o

Plasma membranes of phagocytes

CD36

Microbial diacylglycerides

N-Farmyl met-leu-phe receptors

8

Plasma membranes of phagocytes

FPR and FPRLI

Peptides containing
N-formylmethiony! residues

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




Mintazatfelismero receptorok:
Toll-like receptorok (TLR)

Bacterial ' Bacterial Bacterial - Bacterial
LPS - flagellin ' lipopeptides

lipopeptides ; pephdoglycan
TLR1 TLR2 TLR2 TLR5 TLR2 TLR6

Blasrs TLR structure

membrane | | | eucine rich
repeat motifs—

*/dsRNA | ssRNA | ssRNA /CpG DNA Cysteine rich
. _Endosome flanking motif__

TLR3 | TLR7 ! TLR8 | TLR9

TIR domain —

Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition, 2012. Trends in Biochemical Sciences 2009: 34: 553-561.



Fagocita receptorok
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Abbas, Lichtman: Cellular and Molecular
Immunology 5th Edition, 2005.



A velesziletett és adaptivimmunitas jellemzoi

Innate Immunity

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



: Vakcm ci6 és az adjuvénsok szerepe

oo Antigen
OO Alum

Signal 1 \

- Signal 27 ;

MHC |

IL-1R NOD-like rgceptor
Inflammasome

T cell

EMBO Mol Med. 2009;1: 92-8.
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Akut gyulladas:

- Fert6zés vagy szovetkarosodas nem-specifikus reakciok kaszkadjat inditja el
- Azonnali valasz
- szerepe, hogy megakadalyozza a fert6zés és szOvetkarosodas tovaterjedését

Vasoactive and
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Celsus: a gyulladas 4 jele: - rubor (piros), calor (meleg), dolor (fajdalmas), tumor (duzzadt) +
functio laesa (csOkkent funkcio)

3 f6szakasz: - Vazodilatacio (eértagulat) — percek alatt
- A kapillaris permeabilitas novekszik, folyadek kiaramlas,
odéma kialakulasa

- A fagocita sejtek kiaramlasa: - orak alatt
Goldsby RA, Kindt TJ, Osborne BA:
Kuby Immunology 4th Edition, 2000.



A gyulladas molekularis mediatorai

Plazma enzim mediatorok:

Endothelial damage

- kinin-kallikrein rendszer

- Fibrinolitikus rendszer L

- Komplement rendszer ~ Activation of

B Véralvadési kaszkéd Hageman factor

L Activated

ST L . ' L |, clotting Activated
Lipid mediatorok: Prd“lulkrtm cascade fibrinolytic
Thre »;nhin y System
leukotriének, - \
i Kallikrein ‘ : _ Plasmit
prosztaglandinok (PGE) R S T |
Kemoattraktansok: - Vo -
Bradykinin €—— Kininogen Fibrin degradatio !
-kemokinek (”__8) T vascular permeability Tvascular Complement |
- Vasodilation permeability activation
- komplement alegysegek Pain Neutrophil
- PAF (platelet activating Smooth-muscle chemotaxis
factor) contraction '

Gyulladasos citokinek

Goldsby RA, Kindt TJ, Osborne BA:
Kuby Immunology 4th Edition, 2000.



Az akut gyulladas kialakulasa

TISSUES
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Neutrofll granulocitak kivandorlasa a gyulladt
endotélen keresztiil
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Kemokinek altal kivaltott integrin
konformacio valtozas

: Extended
Low affinity High affinity (high affinity)
integrin (LFA-1) R -

Bent (low affinity)

7 »

mecm—yt
CHICUORINS Chemokine ICAM-1

receptor

Leukocyte functional antigen 1 (LFA-1)
i ! Abbas, Lichtman, Pillai: Cellular and
Intercel‘lular adhesion molecule 1 (ICAM 1) S e T



A naiv limfocitak a perlferlas nylrokszervekbe
‘vandorolnak:

A magas endotéll venulak (HEV) és adhézids molekulak szerepe:

Rolling Activation Arrest/adhesion
g m (2) 3)
Naive L \&/ 3)

\LFAI (4) Transendothelial
Q =\ migration
lCAM-l
'_"'.-‘
CD || @
||
e == B N S 7-—_;/" -\ et e
1. Szelektin-mediélt 2 Kemoattraktans 3 Integrln medlalt .//_>\
medialt ’ )
: HEVS |‘Iymph nOd Electron mirroscopy : - .'\_-\_ /’I

| Goldsby RA, Kindt TJ,
Osborne BA: Kuby
Immunology 4th Edition, 2000.




Eltéro adhézios molekulak hatarozzak meg a
naiv és memoria (effektor) sejtek vandorlasat

Periférias nyirokszovet

@)
Naive T cell
L-selectin L-selectin 2 e \,/‘
W N
‘ ‘ ‘ ‘1"}(‘“‘*3:"\-.'(..,'{;\.3.,
CD34 GlyCAM-1 Sk ° 5 %
i Sy
1 J
@ ; U
HEV
Gyulladasos szovet
©
®) ’ Skin-homing
Mucosal-homing effector T cell
effector T cell
ICAM1 7 Eselectin ) ICAM-1 Falus A: Adj kiraly katonat! 1999.
o IPAMI T | MAACAM- A
m = Ve o )
1 @™
Goldsby RA, Kindt TJ, Osborne BA:

Skin dermal venule
endothelium

Kuby Immunology 4th Edition, 2000.

Intestinal lamina propria
endothelium

Tertiary extralymphoid tissue

Tertiary extralymphoid tissue



LimeCita rECirKUIéCié: a sejtek folyamatos mozgasa a vérarambol

és nyirokkeringésbdl a limfoid szovetekbe és a gyulladas teruletére = HOMING

Post-capillary venule Lymph High endothelial Post-capillary venule
node venule (HEV) N

% (AOC
1
\

Arte}g\ %/;

Infected or injured tissue Infected or injured tissue

\\\

Neutrophils and Naive T and B cells Effector and memory
monocytes migrate to migrate into secondary T cells migrate into
sites of infection and lymphoid tissues: sites of infection

tissue injury: initiation of adaptive and tissue injury:
inflammation immune responses cell-mediated immunity

Szerepe:

- Az antigennel torténé talalkozas elGsegitése
-A gyulladasos valasz kifejl6édésének elésegitése

Mechanizmusa:
-Extravazacio: a leukocitak kitapadasa és athaladasa az érfalon a vérarambdl a

szovetekbe , .
. . . . . Abbas, Lichtman, Pillai: Cellular and
Minden limfocita naponta 1-2 teljes kort tesz meg Molecular Immunology 7th Edition, 2012.




A makrofagok szerepe az akut gyulladasban I

A Gram — baktérium eredetll LPS aktivalja a makrofagokat, melyek kulonb6z6

citokineket termelnek

TNF¢

A

=2

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

S = Lokalis hatasok S
Erendotél és az | Fehérvérseijt . o limfocita- NK-sejtek
effektor kemotaxis, . Erendotelsejtek aktivacio, aktivalasa,
| limfocitak aktivilasa es megndvekedett Th sejtek Th1 iranyu
aktivalasa Effektorsejtek megnoveli az er Antitesttermelés differencidlédasanak
aktivalasa | permeabilitast indukalasa
& ‘ D
- Szisztémas hatasok "
laz, GM-CSF 14z, laz,
IL-6 termelés | Komplement szeptikus sokk Akut-fazis-fehérjék
INFa termelése

iing/Elsevier Sclancs



A makrofagok szerepe az akut gyulladasban li:
klasszikus és alternativ aktivacio

'Alternatively activated
macrophage (M2)

' Classically activated
~_macrophage (M1)

Microbial

TLR-ligands
IFN-y
2 1 ‘( 7"'=
@ )
Monocyte
IL-13,

| Ros.,I NO, IL—1H IL-1 2k,.IL—23, IL-10, Proline

. . r _unE sSOsOmal en mes cnemokines _ H
Klasszikus aktivacio Y “ ll | Tji P polamines

2 2 - TR Microbicidal {}
Nyugvo makrofag: - Fagocitozis et __ [Antiinflammatory| Wound
phagocytosis | Inflammation| effects repair,
and killing of 7 fibrosis

LPS many bacteria -U
and fungi

Aktivalt mgkrofég: = antigénprezentacio, pycH 1

citokin-termelés

IFNy

v

Hyperaktivalt makrofag: - citotoxicitas MHCII |

(TNFa)

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

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



Szisztemas akut gyulladas = akut fazis reakcié

Prostaglandins

= :J {
& (via pituitary)
3, ACTH
&

Hypothalamus

& -
:‘ Mellékvese
% * kortex
S LA
k | . Kortikoszteroid
Helyi — -
¥ 31 [L-1. TNF-0t N Akut-fazis
ELCL | fehérjék
gyulladas [L-6, LIF, OSM {255 °° termelése
. - < Maj
%
/-.
,-12'
o3
Leukocitozis
- —_—
»— -~ ( T white blood cells)
Csontvel6

( T CSF by
stromal cells and
macrophages)

Fibrinogen
Mannose-binding protein
v Complement components

Goldsby RA, Kindt TJ;, Osborne BA:
Kuby Immunology 4th Edition, 2000.



Akut gyulladas / Krénikus gyulladas

Local
inflammation

Endothelial cells

IL-1,

INF. chemﬂklnes

TNF

;--h
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Adhesmn Y
molecule Inc:reased

\ permeability
Endothelial cell

IL-1, IL-6
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Activan

Systemic
protective effects

Brain

TNF,
IL-1,
IL-6&

proteins

Bone marrow
TNF,

IL1\
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l}i""t

WK

Leukocyte
production

Systemic
pathological effects |

.

TNF inhibitorok,
Szteroidok

Heart
TNF

\
\

Low
output

Endothelial cells/
blood vessel

‘-\ e
Increased
Thrombus armeability

Multiple tissues

W

TNF

Skeletal
muscle

Insulin
resistance

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