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Hyperszenzitivitas

o Az immunrendszer altal adott nemkivanatos
reakcio

o Gyulladast, szovetkarosodast, kellemetlen
tuneteket okoznak, ritkan fatalisak is lehetnek.

o A hypersenszenzitiv reakcio létrejottéhez a
gazdaszervezet pre-szenzitizacioja
(immunrendszer korabbi aktivacioja) szukseéges.

o A pathomechanizmus szerinti 4 csoportba
osztast P. H. G. Gell és Robin Coombs
vegezték el 1963-ban



http://en.wikipedia.org/wiki/Philip_George_Houthem_Gell
http://en.wikipedia.org/wiki/Robin_Coombs
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Hyperszenzitiv reakciok - Allergia

Azonnali —-IgE medialta o Keésoi tipusu - sejtmedialta
Atopia o Kontakt allergia
Genetikai hajlam o Antigén- bacterialis, vagy

Allergén - kdzonséges kismolekula (hapten)

kornyezeti fehérje, kemikalia

Th2 fliggd o Th1l medialta

Azonnali vascularis és o Foként a borben
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AZ ALLERGIA BETEGSEGEK FAJTAI
attol fliggoen melyik testrésziink érintkezik az allergénnel

Az orrba kertl:
bo, vizes, szintelen
orrfolyas, orrviszkedés,
tlisszogés

A légutakba kerill:
fulladasérzés, sipolo,
zihal6 nehézlégzés,
kohogés, kopettrités

D

A szembe keril:
kipirosodas, viszketés,
fajdalom, konnyezés

A bérre keril:
a bor kipirosodasa,
viszketd bérholyagok,
csalankitités

=3

Az emésztorendszerbe

{kertil: hasfajas, hasgorcs,

hasmenés, rosszullét, »
hanyinger, hanyas

Az adott szertdl fiiggéen
igen valtozatos tiinetek,
akar életveszélyes
allapot

=

Eletveszélyes allapot
(anafilaxia)




Az allergias immunvalasz komponensel

o IgE-dependens
o Magas affinitasu FceReceptor fliggo
o A primer effektor sejt a hizosejt




Miért kulonbozik a tobbi immunvalasztol?

o A magas affinitasu FceR folyamatosan antigen-
specifikus IgE-vel van fedve ,szenzitizalt” - ez a
kotés hosszu életidejd, pl borben 2 hét is lehet

o Multivalens allergén keresztkotest kepez néhany
szaz FceR kozott > antigén megjelenésekor
azonnal aktivacids szignalt kild a hizosejtbe

o Lokalis valasz — IgE-t a B sejtek a szovetekben
termelik + FceR csak a hizosejteken, effektor
sejteken és APCn



Az |IgE medialta allergias immunvalasz
szakaszal
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Events in Immediate Hypersensitivity

Immediate
hypersensitivity
: . reaction (minutes
. _— - Repeated after repeat
First exposure Production exposure exposure
to allergen of IgE to allergen to allergen)

AIIerg\en *;.\

IgE-secreting
3 cell TH2cell B cell

Y 4
- Vasoactive amines,
lipid mediators

“Mediators

1

: — . . — — \ Cytokines
Activation of TH2 cells Binding of Activation of Y
and stimulation of IgE to FceRI mast cell:
IgE class switching on mast cells release of
in B cells - - mediators Late phase

reaction (2-4
hours after
repeat exposure
to allergen)

Fig. 19-1

Abbas, Lichtman, and Pillai. Cellular and Molecular Immunology, 7t edition. Copyright © 2012 by Sau



Szenzitizacidé — primer immunvalasz

First exposure ]
to allergen Allergen

Antigen activation B
of TH2 cells and “(THz cell

stimulation of
IgE class switching
in B cells

Production of IgE

IgE-secreting \v‘l

cell

Binding of IgE
to FceRl on
mast cells




Binding of IgE
to FceRl on
mast cells

Repeated exposure
to allergen

Activation of
mast cell:
release
of mediators

Effektor fazis

Mediators™"

\

Vasoactive amines,

| Cytokines |

lipid mediators I
)
Immediate Late-phase

hypersensitivity
reaction (minutes
after repeated
exposure
to allergen)

reaction (2-4
hours after
repeated
exposure
to allergen)




Eosinophil

High-affini
Fc'%RI W

Killing of helminth




Immunvalasz a nyalkahartyakon -MALT

Peyer's patches
Isolated lymphoid
follicles (ILFs)

: Appendix
Waldeyer's ring (NALT)




Az allergen jellemzoi

o Olyan fehérjek vagy feherjehez k6todo
kemikaliak, amikkel kronikusan, ismetelten
talalkozunk

o Alacsony molekulasuly, glykozilaltak, nagy az
oldekonysaguk testfolyadekokban

o Enzimatikus aktivitasuk van (lehet)

o Sajat fehérjéhez kotott kismolekulak -haptén (pl.
penicillin)

o T-sejt dependens immunvalaszt valtanak ki

o Antigének, amelyek nem stimulaljak a
velesziletett immunvédekezest (nem okoznak
makrofag aktivaciot) - nincs IL-12, IL-18
szekrecio> Th2 irany




IgE 1zotipus valtas mechanizmusa



Switch rekombinaco

3 szignalizacio:

1. Antigén

2. Th2 sejtek altal termelt szolubilis
,segitseg”: IL-4, IL-13

3. Th2 sejtek CD40L altali
costimulacioja

Konvergencia az Ig epsilon génnél (l)



1. Antigén és feldolgozasa:

-4 ésll-13

Antigen és IgM CD40 ’
CD40 Ligand h



A Th2 sejtek citokinjei a humoralis
immunvalaszt segitik elo

Naive CD4*
— N T cell Activated
~ macrophage
Proliferation and %
differentiation &
' 'L'1 O, o,
IL-4 IL-4 ﬂ
7
T2 cells @

N Eosinophil

-
g .
@1’%4@ X=X L5 g vk g

Production of || Production activation

neutralizing of IgE
IgG antibodies
(human: IgG4;
mouse: IgG1)

Helminth

Mast cell Eosinophil
degranulation activation

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



Egyéb citokinek

Role of cytokines in requlating lg isotype expression

Cytokines lgh lgG3 lgG1 lgG2h KG2a IgE IgA
L4 | nhibits Inhibits Induses Inhibits Incluces
L5 s
IFM -y | nhibits Induces Inhitaits Incluces Inhikits
TEF-p | nhibits Inhibits Incluces Induces

& 1000 Garland Publishing/E laevier Science




A konvergencia helye: le promoter

Activacio/cytokine

responS|je promoter

C/EBP PU.1 NFkB  BSAP

r's & 48[ [

N

Indukalva IL-4,13 és a CDA40ligand altal

BSAP — B cell specific activator protein. C/EBP CCAAT/enhancer binding protein.
PU.1 — Spil equivalent in humans, ets transcription factor
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HiZOSEJTEK SZEREPE



IgE-coated resting mast cell Antigen-activated mast cell

cross-linked
IgE/FceRl

Histamine/lipid Cytokines
Allergen mediators Jl’
Vascular/smooth Inflammation:
muscle response: late-phase
immediate reaction reaction

an: Cellular and Molecular Immunoloay 5e www.studentconsult.com
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© Elsevier 2005. Abbas & Lichtm
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Hizosejtek aktivacios mechanizmusal

TLR4 — LPS =>I1L-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

o " s is of ei ids fro
ALLERGENS — FeeRIBRSSCT oo a7l B " rcnidonic acd

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



Bone marrow or other
haematopoietic tissues

Blood

Epi’lchelial cell

Peripheral tissue

Mucoslal mast cell

Smooth
muscle cell

tissue mast cell

Immature
mast cell

Connective-

Mucosa

Submucosa

Muscularis
propria

Nature Reviews | Immunology



Egyeb hizdsejt aktivator molekulak

o MIP-1a - makrofag gyulladasos kemokin

o C3a, C5a anafilatoxin —komplement
o Neuropeptidek — P-substance, somatostatin, VIP
o FcyR - IgG



A nagy affinitasu IgE receptor (FceR)
szerkezete

éound o

Hizdsejtek, bazofil, eo.,
Langerhans sejtek, makrofagok

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



Mast cell
plasma

membrane

Y A4

[PGD2| [LTC4|

\

\J \{

PGDg -3 LTC4=3» LTD4-» LTE4

Lipid mediators

Cytokine gene
expression

Myosin light chain
phosphorylation

Granule /

®

Cytokine RNA Vr/y
I
v
O OO Cytokines /
———‘_-_-‘/‘- -
Exocytosis
Secretion
RARSSR= S Mast cell
i v plasma
J.7 . 4 membrane
O \OO TNF Histamine - *™ *,7
Cytokines Granule contents

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



§

Allergen

Phosphatidylcholine

<

Biochemical Events of Mast Cell Activation (1)

PIP2

\
BT,
k
5 @IP3 ':.4:.

DAG

T
W

s Granule
'Arachidonic' Ca2+™ et aao
acid 'Ras/MAP kmases : J 1 888,95
4} ‘ Nucleus el : g ‘ :
PGD2 LTC S T " Myosin light chain
- 2' T 4' Cytokine gene A et 4 ; phosphorylation,
exgressmn % V V granule movement .
" SNARE complex '
formation,
membrane fusion
Cytokine RNA /77, < 2
Qoaa b
@ Cytokines N -
Secretion s _— Exocytosis
. IR Mast cell
\ 00 plasma
PGD2 LTCg>»LTD4g->» LTE4 @@ TNF, others 0°« 00 Histamine membrane

Lipid mediators

Cytokines Granule contents

Flg 15-0

Abbas, Lichtman, and Pillai. Cellular and Molecular Immunology, 7t edition. Copyright © 2012 by Sau



Az FceRI és az FceRIl (CD23)

FceRI: —nagy affinitas
— [g—csalad
o, B 2y lanc

al és a2 domén ~80aa.lg—domén

IgE upregulalja a megjelenését
hizésejteken

FceRIl: -kozepes affinitas
(CD23) - lektin—csalad
— homotrimer
B sejteken, monocitakon, eozinofileken
IL-4 indukalja

Ligandja: szolubilis és migE
— komplement receptor 2,3,4

The IgE-receptor Complexes

@

Y Y
IgE—FceRlI
complex

>10 nm

FcgRIlb

15 nm

IgE-CD23
complex

(b) ITIM- inhibitory

Helgate, Church and Lichtenstein:

Allergy 3rd edition @ 2006 Elsevier Ltd
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Jellemzo Hizosejt Bazofilek Eozinofilek
eredet CD34+ CD34+ CD34+
hematopoetikus hematopoetikus hematopoetikus
' prelkurzor  lorekurzor ! orekurzor 0000
Mediatorai Hisztamin, Hisztamin, Major basic
heparin, kondroitin | kondroitin szulfat, | protein, eo.
szulfat, protedzok | proteazok Kationos fehérje,
peroxidaz,
hydrolaz,
lysophospholipase
Erett sejt igen Nem Nem
proliferacios
képessége
Elettartam Hetek-honapok napok Napok-hetek
Differencialéda- | Ossejt faktor IL-3 IL-5
sahoz kell
FceRI sok sok kevés

expresszio




Triggering agents and regulatory cytokines
Bacteria and

*rlgG e OlL4 l other TLR ligands
[
X e

5@ @3 © GM-CSF

Monacyte/ S
macrophage

.

[#]
IL-), IL-6 and TNF

IL-5 and IL-13 Hlstamme

Mediators produced by cells

Nature Reviews | Inmunology

Bischoff Nature Reviews Immunology 7, 93-104 (February 2007) | doi:10.1038/nri2018

nature
REVIEWS [T



Hizosejt mediatorok funkciol

o Biogén aminok: hisztamin, szerotonin (H1,2,3,4R) -
vasodilatodcio, plazmaklaramlas SI konstrikcid'

o Szerin proteazok: tryptaz, chymase, carboxypeptodaseA,
cathepsinG

o Proteoglykanok: heparin, chondroitin szulfat - tarold
matrix

o Lipid mediatorok: rapid de novo képzodés

ProsztaglandinD2, Leuktrién C4,D4,E4, PAF >
vasodilatacio, bronchus konstnkuo

Citokinek: TNF, IL-1, IL-4, IL-5, IL-6, IL-13, MIP1a, IL-3,
GM-CSF



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

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



The Wheal and Flare Reaction in the Skin

Intradermal /i
injection of >4
antigen (3

R

Vasodllatl : : Vasodilation
at edge ©  atedge
of lesion of lesion

Fig. 19-8

Abbas, Lichtman, and Pillai. Cellular and Molecular Immunology, 7t edition. Copyright © 2012 by Sau



Vascular leak

A mediatorok biologiai hatasai

Biogenic amines
(e.g., histamines) Broncho-

constriction

Lipid mediators
(e.g., PAF, PGDg, LTCy)| «

Intestinal
hypermotility

Activated 4

mast cell - '
N Cytokines
(or basophil) (e.g., TNF)

Inflammation

Lipid mediators

(e.g., PAF, PGD2, LTC4)

Enzymes Tissue
(e.g., tryptase) damage

ioni i Killing of

Cationic granule proteins |
M (e.g., major basic protein, | s ’ pa;?)sslttii |a|:d
D - eosinophil cationic protein) / RS . s IR

Eos.i;;phil \ (e.g eosiigf)%wg;oxidase) Tissue

— remodeling

© Flesevier 2005. Abbas & lichtman: Cellular and Molecular Immunoloav Se www . studentconsult com



Késoi fazis

C Late phase: allergic inflammation

Smooth-muscle-cell
activation and
hyper-reactivity for
contraction, and release

Eosinophil activation
and release of mediators,
chemokines and pro-

" inflammatory cytokines

IL-9.1L-13

of chemokines and
pro-inflammatory
c_ytola'nes

IFNy, TNF
P L

Increased
endothelial-cell

adhesion and IL-4,I1L-13, CCLS

inflammatory-cell
transmigration

SCEKIT

I'chl
Histamine 3
o ° 5 !

( °°°Oo

Mosl cel! Basophil
Basophil entry to tissues, mast-cell
and basophil degranulation, and
release of monoamines, lipid
mediators, chemokines and
pro-inflammatory cytokines

IL-4,1L-13,

@Eosinophil

Allergic rhinitis and asthma

o T, 2-cytokine-mediated
induction of increased
mucus production

¢ Local production of IgE

o T, 1-cell-mediated
induction of bronchial
epithelial-cell apoplosss

DC

‘ inflammatory DCs

T-cell activation and proliferation by |
lgE -facilitated and non-IgE-facilitated |
presentation of allergens by

Atopic dermatitis

¢ T, 1-cell-mediated
induction of keratinocyte
apoptosis

e T 1-cell-mediated epithelial-
cell activation, and release
of chemokines and
pro-inflammatory cytokines

Copyright © 2006 Nature Publishing Group



EARLY RESPONSE
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Type IV hypersensitivity reactions are mediated by antigen-specific effector T cells

Syndrome Antigen Consequence
Proteins: Local skin swelling:
Delayed-type Insect venom IEr(}lthetma
hypersensitivity Mycobacterial proteins o ""I urd ﬁ? ;
(tuberculin, lepromin) LML Il
Dermatitis
Haptens: o5zl enslid I -
Pentadecacatechol (poison ivy) fea e%retrhm; EEaction:
Contact BNFS CelIngr i?\fil?rate
hypersensitivity Small metal ions: .
Nickel Vesicles
Chromate Intraepidermal abscesses
Gluten-sensitiveenteropathy Gliadin Villous atrophy in small bowel

(celiac disease)

Malabsorption

Figure 12-24 Immunobiology, 6/e. (© Garland Science 2005)




TABLE 14-3 INTRACELLULAR
PATHOGENS AND CONTACT ANTIGENS
THAT INDUCE DELAYED-TYPE

HYPERSENSITIVITY

Intracellular bacteria Intracellular viruses
Mycobacterium tuberculosis Herpes simplex virus
Mycobacterium leprae Variola (smallpox)

Teasles virw:

Contact antigens
Picrylchloride
Hair dyes
Nickel salts
Poison ivy

Poison oak

Listeria monocytogenes
Brucella abortus
Intracellular fungi
Prneumocystis carinii
Candida albicans
Histoplasma capsulatum
Cryptococcus neoformans
Intracellular parasites
Leishmania sp.




Sejtkozvetitette immunvalasz (CMI)

Cytotoxicitas
(Kozvetlien)

Makrofag aktivalas

(Kozvetett )(DTH)

Effektor sejtek direct
cytotoxicitas:

- CTL (CD8+ Tc¢),

-y T cells

- NK cells,

- Macrophages

Effektor sejtek citokin
termelés:

- makrofagok

Cél seijtek (cytosolic
antigen):

- allogén sejtek (minor
histocompatibility
antigens)

- malignant sejtek

- virus-fertozott sejtek
- kémiailag modosult
sejtek

Antigének a
fagoliozoszoémakban:

- intracellularis baktérium,
gomba, parazita, virus

- kontakt antigének
(kismolekulak, bor-fehérjékkel
komplexben)




A késoi tipusu hyperszenzitiv reakcio

DTH) szakaszai: e . e
( ) . Szenzitizacio

(a) Sensitization phase

Intracellular /
bacteria /

Antigen-presenting cells: Ty cells:
Macrophages Ty cells (generally)
Langerhans cells CD8* cells (occasionally)




Il. Effektor fazis

(b) Effector phase

Secreted

Class I1 MHC

.\’ICﬂle:lﬂC
TNE- TNF receptor

Resting
Sensitized Ty macrophage Activated macrophage

Effects of macrophage activation:
T Class Il MHC molecules
T TNF receptors
T Oxygen radicals
T Nitric oxide

Ty secretions:
Cytokines:  IFN-y, TNF-$}, IL-2,
IL-3, GM-CSF
Chemokines: IL-8, MCAF, MIF




Infected
EhECcas macrophage

Reaktiv oxigén termékek

Activated macrophage

MHC
class | &

Figure 8-40 Immunobiology, 6/e. (© Garland Science 2005)

N=y receptor
Figure 8-39 Immunobiology, 6/e. (© Garland Science 2005)




Role of Dendritic Cells in the Biphasic Nature of Atopic Eczema

chemotactic signals inflammatory signals

IL-16 IL-8
TNFo
/ MCP-1 IL-1
MIP-1o
Y
Mo

Holgate, Church and Lichtenstein: Allergy 3rd edition © 2006 Elsevier Ltd




Sensitization:
primary
infection or
immunization

Elicitation:
challenge with
antigen

DTH reaction

Infection

Patient

!n_trad_ermal
mfjeqtlon )
of microbial

24-48 hours

Area of induration
and erythema

A DTH klinikai kepe

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



Partial removal of live
M. tuberculosis

o =

Granuloma

mycobacteria

multi-
nucleated
giant cell
epithelioid
cell

T cells

Figure 8-42 Immunobiology, 6/e. (© Garland Science 2005)




