Az immunologia alapjai

3. elbadas

Az immunvalasz kezdeti lepesei:
velesziletett immunvalasz,
mintazatfelismeres
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* Az iImmunvedekezés kulonbozo szintjel

e A veleszuletett immunitas felismero
receptorai



Az immunveédekezeées kulonbozo szintjei

 Anatdmiai ,barrierek”

* Veleszuletett immmunvalasz, gyulladas

« Adaptiv immunvalasz
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Az immunvédekezés kulonbozo szintjei
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l. Az elsé védelmi vonal: anatémiai ,,barrierek”

Intrinsic epithelial barriers — o Lungs Eyes/nose/oral cavity
to 'nfeCtlon Epithelial cells joined by tight junctions I
Mechanical :
— X ) Movement of Tears
Longitudinal flow of air or fluid mucus by cilia Nasal cilia
T
Low pH PSLJIrrfnagrtwaag Enzymes in tears
Fatty acids and saliva
i |
Chemical Enzymes (pepsin) (tysozyme)
; a-defensins
Lalrgr;gl(laa?r:gésies (cryptdins) a-defensins Histatins
Cathelicidin Reglll (lecticidins) Cathelicidin B-defensins
Cathelicidin
Microbiological I Normal microbiota

az artalmatlan
baktériumok és gombak kiszoritjak az
korokozo mikroorganizmusokat.
lizozim (nyal, kdnny)
defenzin (bér, bél), cryptidine (bél).
— a légutak megtisztitasa a belélegzett
partikulumoktol.

Figure 2-4 Immunobiology, 6/e.(© Garland Science 2005

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






~ Antimikrobiélis fehérjék Il
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Az epithelialis ,,barrierek” feladatai

Physical barrier | %%

to infection
re— . ' Peptide i
Killing of microbes T |
antibiotics ¢ .
by locally produced \ %=  berenzinek
antibiotics, Sﬁ “cathelicidinek
defensins,

calthelicidins

Intraepithelial

e : ' lymphocyte
Killing of microbes RN =>> - '
and infected cells 'ﬁ' e Hizosejtek, 1EL:

by intraepithelial 10 T-sejtek

lymphocytes

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



II. A masodik védelmi vonal: veleszuletett
immunitas, fagocita sejtek, gyulladas

g o O ' Fagocitozis
.’D’.' ‘.L'l_‘ Whﬂa-m“"“‘_-‘.* A X

e+ Antitest / komplement

_ Macrophage %

o | 0’

a verben és a szovetekben.
2. A szolubilis , bevonjak a mikréba
felszinét ( ) ezaltal megkonnyitik a fagocitozist.




A veleszuletett immunvalasz funkcioi

A fertbzesek elleni elsO aktiv védekezési vonal

Lokalizalja és megakadalyozza a mikrobak
szétterjedeset

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

Aktivalja es befolyasolja az adaptiv
iImmunvalasz lefolyasat



III A harmadlk védelmi vonal adaptlv
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| Anugen I
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* Az iImmunvedekezés kulonbozo szintjel

e A veleszuletett immunitas felismero
receptorai



A patogéenek felismerése, fagocitozis

A neutrofil granulocitak a bakterialis
sejtfalkomponenseket felismeré
receptorokat expresszalnak

PRR= ,Pattern Recognition Receptors”

mannose
LPS receptor L Mintazatfelismeré receptorok

- A mikrobak megkotése PAMP-hoz
kapcsolodva

. ,Pathogen Associated Molecular Patterns”
A neutrofil sejtek felveszik és Patogén-asszocialt molekularis mintazatok
megemeésztik a megkotott
baktériumokat

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



A fagocitézis folyamata

Microbes bind to

Microbe Fusion of
Phagocyte
f ingested in phagosome
phagocyte receptors membrane zips up -
£ Mao around microbe phagosome with lysosome
integrin
Mannose Scavenger
receptor receptor

So
\{g/ °o

Phagosome Lyso_sgme
with ingested Wit
microbe ~ ©NZymes

o
Lysosome-~ ©

. ‘%p

¢ Activation of
i phagocyte

Killing of o
microbes by %, Citrulline
ROS, NO, and iy

lysosomal
enzymes in Y"‘
phagolysosomes 2

i
Phagocyte

oxidase

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



Reaktiv oxigén/nitrogén intermedierek

Antimicrobial species generated from oxygen and nitrogen

Reactive oxygen species (ROS) NADPH OH™ Hydroxyl
— . . phagosome Superoxide , *OH radicals
*0, " (superoxide anion) L = ) . L
o oxidase dismutase Myeloperoxidase
OH* (hydroxyl radical) 0, y 0, s H,0, > HCIO—
H_)()g (hydf()g(‘ﬂ p(.‘f()Xid(' ) ()X}'g(‘n SUpCf()XidC H-\-drogcﬂ / ‘ H}'p()chl()f()us
HCIO (hypochlorous acid) anion peroxide [ acid
‘ Cl
|
\ Chloride
ion
------------------------------------------------ ﬁ;:-------—--—------------—---------—--—-----------'
Reactive nitrogen species (RNS) o > ONOO™
e nitri vd Peroxynitrite o )
NO (nitric oxide) ndockhie akizic . S-nitrosothiols
. L oxide synthase |
NO; (nitrogen dioxide) S \ 5> NO
ONOO ™ (peroxynitrite) Lt sl 2 bt
' o ' Nitric oxide Nitrogen dioxide

L-Citrulline

Owen, Punt, Stranford : Kuby Immunology
7th Edition, 2013.



A NETozis folyamata

Granule ey

NETosis
(slow cell death)
3
S
* Nuclear e Cellular :
delobulation depolarization ¢ Plasma membrane
e Disassembly of e Chromatin rupture
nuclear envelope decondensation  Release of NETs

Extracellular
assembly of NET

Neutrophil

Non-lytic NETosis
(rapid release from
live cells)

. Degranulatién XL
* Expulsion of PLoS One, 2014: 0097088

nuclear chromatin

Nature Reviews | Inmunology

NET: neutrophyl extracellular trap



~ Fagocita receptorok

Microbe_ $
Chemokines Lipid s
N-formylmethionyl OKGS
peptides N (/ CD14
Av - ‘ .
Seven o-helical I:;:::‘:r
— transmembrane Mannose
Recpgnltlon receptors = .| receptor
of microbes, e 7 |\
| mediators i 4
Cellular Increased integrin Production of cytokines; Phagocytosis
n avidity; cytoskeletal reactive oxygen of microbe into
response changes intermediates (ROIs) | _ phagosome
Functional Migration Killing of Killing of
outcomes into tissues microbes microbes

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

~ Abbas, Lichtman: Cellular and Molecular
“Immunology 5th Edition, 2005.



Mintazatfelismero receptorok

Fungal polysaccharide

‘ Extracellularl if?? ,
—— Lectin

Plasma
membrane

Viral RNA

| Endosomal ,;

Bacterial cell
wall lipid

Endosomal
membrane

Toll-like receptorok' (TLR)

RIG-like receptorok (RLR)

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

NOD-like receptorok (NLR)



Mintazatfelismeré 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 peptidoglycans, viral nucleic
cells, and many other cell types acids

NOD-like receptors (NLRs) Cytoplasm of phagocytes epithelial NOD1/2 Bacterial cell wall peptidoglycans
cells, and other cells NALP family Flagellin, muramy! dipeptide, LPS;

(inflammasomes)

urate crystals; products of
damaged cells

RIG-like receptors (RLRs)
OO

Cytoplasm of phagocytes and other
cells

RIG-1, MDA-5

Viral RNA

C-type lectin-like receptors

——

Plasma membranes of phagocytes

Mannose receptor

Dectin

Microbial surface carbohydrates
with terminal mannose and
fructose

Glucans present in fungal cell walls

Scavenger receptors

Plasma membranes of phagocytes

CD36

Microbial diacylglycerides

N-Formyl met-leu-phe receptors

Plasma membranes of phagocytes

FPR and FPRLI

Peptides containing
N-formylmethionyl residues

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




Mintazatfelismero receptorok:
Toll-like receptorok (TLR)

Bacterial Bacterial
lipopeptides : peptidoglycan: LPS
TLR

Bacterial : Bacterial
flagellin | lipopeptides
TLR5 TLR2:TLR6

Blasta TLR structure

membrane | || eucine rich
repeat motifs—

Cysteine rich

sSRNA : ssRNA :CpG DNA
Endosome flanking motif__

TLR7 ' TLR8 ' TLR9

TIR domain —

Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology. 7th Edition, 2012. Trerds iBiehanical Sciehees 200G a4, B53:661



Mintazatfelismero receptorok:
NOD-like receptorok (NLR)

Pathogenic bacteria
Extracellular ATP Plasma

membrane

NLRP3 "Bacterial products
(sensor) - Crystals
== K+ efflux

Adaptor QO . Reactive oxygen species ‘
A NOD: Nucleotide
(nactive) oligomerization domain

Innate signals
(e.g., TLRs)

A inflammasome

Pro-IL1j3 gene
transcription

Nucleus g AT

ol Secreted
. : I w |[_-‘|B
Abbas, Lichtman, Pillai; Cellular and = S
| Acute inflammation

Molecular Immunology 7th Edition, 2012.




Mintazatfelismero receptorok:
RIG-like receptorok (RLR)

Microbial
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Molecular Immunology 7th Edition, 2012 .



Szolubilis mintazatfelismero
molekulak |

Mannose-binding Ficolin

lectin

MASP1
MASP2

™ .
L /

7 N
Microbial IgM antiboc

! ]
Mannose N-acetylglucosamine
surface on microbe on bacterial cell wall
antigen surface

Collectin (MBL, Ficolin:
SP-A, SP-D): C-  Fibrinogen
type lectin - domain '

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



pentraxinok

Szolubilis mintazatfelismero molekulak ll:

Bacteria induce macrophages to produce /
IL-6, which acts on hepatocytes to induce / A ZRA\ a
synthesis of acute-phase proteins _:_&,.s,' WA o\ \-\
- 1 7’\; o = \ H
" - C-reaktiv P | KA
/‘ ‘V—“ N\ protein- '~ /=
- LA CRP
1 / g i
1!: nogen
wurr C-mactve
amyloid protein PN
I o 3
< < 2 L
NS \/
C-reactive protein binds phosphocholine lectin binds mannose
on bacterial surfaces, acting as an residues on bacterial surfaces, acting as an
opsonin, and also activating complement opsonin, and also activating complement
e, G e _"\

| & " (o -2
@\ (o) ) / §\| - o)
/ \6 o J/ _/ - O)?
o 7 u Y
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Murphy. Janeway’s Immunobiology, 8th Edition ,2012. J Biol Chem.

2004 Nov 19;279(47):48487-90.



C-reaktiv protein klinikai jelentoséege

Infekcid, szepszis
gyanuja

C % s o
CRP_ca(d :_I@” SN
‘ e

CRP levétele, teljes
verkep, hemokultura
utan
Antibiotikus kezelés
CRP <10 mg/L & 5 Antibiotikus kezeles

l O &5 > hemokultdra negativ leallitasa

CRP >10 mg/L,
antibiotikum terapia
folytatasa

l’ CRP 7 nap

CRP <10 mg/L: antibiotikus kezelés leallitasa

CRP >10 mg/L: klinikai adatok ujraértékelése (Uj vérkép, mas antibiotikum)



~ A velesziiletett és adaptiv immunitas jellemzéi

Innate Immunity

Adaptive Immunity

Specificity For structures shared b pathogen- For structural detail of microbial molecule ay
associated molecular patterns recognize nonmicrobial antigens
Do
microbes
Identical [Kﬂ‘" l\
mannose o AN SN &N
receptors Distinct
antibody
molecules
Receptors

N-form

i - Mannose Scavenger
Toll-like methionyl
receptor receptor 'eceptor receptor

Encoded by genes produced b@
gene segments; greater diversity
g

Distribution of
receptors

Nonclonal: identical receptors on all cells of the same lineage

L ——

and non-self

Discrimination of self

Clonal: clones of lymphocytes with distinct specificities
express different receptors

es; healthy host cells are not recognized dr they may
express morgcmeEs s PTEvenT Innate immune reactions

Yes; based on elimination or inactivation of self-reactive
lymphocytes; may be imperfect (giving rise to
autoimmunity)

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



 Vakeinacié és az adjuvansok szerepe

T cell oo Antigen
%

Alum

Signal 1 \

- Signal 27 .
v
\\ ._*
MHC |
IL-1R NOD-like r%ceptor

Inflammasome =

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