I||H|| dPoHn

MHTEeJIJ1eKT

MaLllnHHOe oby4yeHue B
MMMYHOIOTMX U MegULNHe

BBegeHne B MUMMYHOOMMIO. TUMbl UMMYHHOTO OTBETA.
BpoXkaeHHbIV U MpNoBpeTEHHbIN UMMYHUTET.



YnpolyeHHasa cxeMa CTPOeHUs UMMYHHOWU CUCTEMDbI
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KnioueBble 3agauun MMMYHHOﬁ CUctemMbl

3almMTa oT naToreHos

YHUYTOXEHME MyTUpOBaBLNX (“HEHOPManbHbIX”) KNIeTOK Tena
YHUUTOXEHME CTapbIX N MOBPEXAEHHbIX KNETOK

KOHTpONb MUKPOOBUOTHI

Mopaep)xka pasBUTUSA U pereHepaumm



C KakuMu Bbi30BaMU CTaJIKuBaeTcCH MMMYHHaA cucrema?

BHewWwHue;

BakTepun (BHE- N BHYTPUKIETOYHbIE)
Bupychbl

[PnbbI

[pocTenine

MHOrokNeTo4YHble MapasunThbl

BHyTpeHHuUe:

‘Mycop” (BHEKNETOYHbI AeOPUC, OCTATKM OTMEPLLMX KIETOK)
AHOManbHble KNeTKM (pak, CTpecc 1 TA)
PaHbl 1 noBpeXxaeHna



OCHOBHbIe KOMMOHEHTbI MMMYHHOﬁ CNctemMbl

Immune System

!

Innate Immune System

. .

Cellular
Components

}

b Macrophage
Neutrophil

Molecular
Components

|
(3

Innate immune
molecules
(cytokines,

chemokines,
complement
proteins)

!

Adaptive Immune System

. }

Cellular
Components

Molecular
Components

| |
@ B cell i )}-“
O T cell %
Antibodies



Makpodaru, peHapuTHbIE
KNeTKu -
aHTUrEHMNPE3EHTUPYOLLME
KNEeTKM

NK KNeTKu -
LMTOTOKCUYECKME  KIETKMW,
obecneymBaroLine ObICTPbLIN
OoTBET Ha BUPYCHYO
NHMEKLINIO n ap.
BHYTPUKIIETOUHbIE
napasuTbl

FpaHynouuTbl

(HenTpodUNbI,
303MHOMUbI, 6a30MUbI) -
KNeTKkn, obecnevymBaroLme
3alUMTy OT BHEKIETOYHbIX
naToreHoB

INNATE IMMUNITY

ADAPTIVE IMMUNITY

=] Macrophage CD8T Cell
-Highly phagocytic Cytolytic "Killer T Cell”
-The sentinel of the immune - Activated cells can directly
system induce death in infected target
a -Produces powerful cells ° )
5 IL-6 4 inflammatory cytokines & o IFN-y ©
TNF-a 4 2 IL-2@ oGranzyme (o]
AL a4 Q4
AR CD4TCell
Dendritic Cell el

- Phagocytic

-Antigen presenting

cell activates acquired

immunity )
Granzyme

@ IFN-y

O©TNF-a o

: ®
k B @
:-‘ 93 “ Natural Killer Cells

- Performs innate monitoring

of tissues for viral or tumour

-Activated cells produce
powerful inflammatory
cytokines

and B Cell responses

IL-4©
B Cell 0,09
“Antibody Cell”
-Activated by cytokines
. produced from the CD4 T
cells

- Produces antibodies that A
invasion o © target and inactivate
o © pathogens Antibodies
° @ ) o

e o 0 © TGF-beta Regulatory T Cell

IL-10 o, “T-Reg”
Pro.te?ses . y 2 %X -This '?-cell is specific for

@ Antimicrobial Peptides o : 20
NETs antigens which the body
° ¢L, should NOT form a response
o against.
- Produces anti-inflammatory
cytokines.
(5]
° NK-T Cells

Neutrophils,
Basophils and

Eosinophils

-Specialized inflammatory cells of
the immune system

-AKA polymorphonuclear cells

One of the oddball members of the
T cell family

-Are considered acquired immune
cells as they have a TCR repertoire
produced through random
recombination (although of a
restricted range).

-Are also considered innate

IFN-y
Granzyme @

immune cells as they can be
activated without classical antigen
presentation

-Aids in the activation of CD8

*

4

T-KneTKu - OCHOBa
afanTMBHOIO  MMMYHUTETA,
MMerT pasnnyHble
(DYHKLMOHANbHbIE
Cyobnonynsumm, obulas
yepTa - TCR (T-KNeTouYHbIM
peuenTop), Ccneumduyeckm
pacno3HaroLLni AHTUTEH,
npeacTaBieHHbIN Ha

aHTUrEHNPE3EHTUPYHOLLIEM
KoMmece

B-knetku - KNETKMW,
OTBETCTBEHHbIE 3a CUHTE3
aHtuTen, BCR (B-KNeTouHbIN
peLenTop) pacrno3HaeT
aHTUreH BHE
aHTUIreHNPEe3eHTUPYOLLErO
KOMMeKca



[pocTpaHCTBEeHHaA opraHu3aLuusa UMMYHHOW CUCTEMDI

Pharyngeal tonsil (adenoids)
[lepBuYHblE NUMPONLHbIE OpraHbl: /—V eeine e NALT
£ _ Lingual tonsils
Upper respiratory mucosa

1. KpacCHbl KOCTHbIN MO3I

ower respiratory mucosa h ThmeS
2. Tumyc am[ = '
Bronchial patches
Skin_| SALT
BTopuyHble NMMPONAHbIE OpraHbl: @_H_ Spioen
ntestinal mucosa
1. JlumdaTtmnyeckne yanbl ‘—\——— Ip;yet, : Lams] .
2. CeneseHka — Appendix
3. NALT, GALT, BALT, SALT Urogenital mucosa
4. MuHpannHbI
Bone marrow
Lymph node

B Primary lymphoid tissues
W Secondary lymphoid tissues



COUNTING HUMAN CELLS

Most of our body'’s cells are small red blood cells, although fat cells
and muscle cells make up the majority by mass.

M Red blood cells (erythrocytes) = Platelets ™ Fat cells (adipocytes)

M Other M Muscle cells } 4tn
24 9 trillion cells
' by number !
2.5 kilograms

13 kg 10 kg 20 kg

' by mass
enature




KpacHbIU KOCTHbIW MO3r

Bone Anatomy

Spong_y bone Blood vessels in
(contains red bone marrow
marrow)

Blood stem
cell

Red blood cells

®

White blood cells

Platelets

v ¥
-~
i
w @
»

2,4M apuTtpoumnToB/cekyHay

[emaTONO3TUYECKME CTBOJIOBbIE KNETKH:

e [loNroxmByLLME, CMOCOBHbI K
CaMOBOCCTaHOB/EHMIO

e JlatoT Havano MNUETOUIHON U
AMMGONAHOM BETBAM Pa3BUTUSA
KPOBSIHbIX K/1ETOK



Pa3Burtue KPOBAHDbIX KJIETOK

Multipotential hematopoietic
stem cell
(Hemocytoblast)

v v

Common myeloid progenitor Common lymphoid progenitor

| |
l l l t ) } . l
- 0. © @ O
o Erythrocyte  Mast cell Natural killer cell ?” Iy@o‘cyte

Myeloblast (Large granular lymphocyte)

. ‘ l l| l T lymphocyte B lymphocyte
Megakaryocyt.e . ‘) @ w @ l
l Basophil Neutrophil Eosinophil Monocyte ‘
i:s ) l Plasma cell
Thrombocytes

Macrophage



JlnmdaTnyeckasa cuctema

— /,"' —
sy e
Lymphatic capillaries < f S i

4/'7~ ’\'l;’\/;o\/ ?,

'do 2=

Pulmonary capillary network

—Efferent
lymphatic
vessel

— Afferent lymphatic vessel
+— Lymph flow

Tissue cell = AL\
Anchoring fibers : 3 )
Lymphatic fluid

Interstitial fluid (IF)

Lymphatic capillaries

Systemic capillary
network

Interstitial fluid (IF)

TkaHeBas XWAKOCTb, CoAepKallast

NPOAYKTBl  XM3HEeAesTenbHOCTY
KNeToK 7 noTeHUManbHble
aHTUreHbI, nocrynaet B
nmmdatmyeckme  cocygbl, Mo
KOTOPbIM MUrpupyeT B

nnmdaTtmyeckme y3nbl

B opraHu3ame HaxoAsaTCcAa COTHU
nmMmeaTmnyeckmnx Y3/108B,
pa3bpoCcaHHbIX MO BCEMY Teny



JlInmpaTuyeckum ysen

\A - Complem'ent
Q |gen Subcapsular receptop
Immune
complexes
MACROPHAGE P
‘ Noncognate
N interaction
P Antigen
' Subcapsu r 1 | ' Antigen
macrophage () _C) | @ B celleceptor transport
Q o \ C n throughout
Iy O O \ ot | _theollel
Folllcular
€]
naive B cell Medullagy § {
() Q macroPhane Activation of
Q Lymphati¢ Antigen-specific
endothelium B cell
() - f © \ |

(DVIHpraLWIﬂ ﬂMMdeII I\/IaKpO(baFI/I NOrMIOWAT KNETOYHbIN ﬂe6pmc, a Tak>XXe noteHunanbHble
dHTUTEHbI, YTO MOXET NpnBOANTb K 3alyCcky MMMYHHOIO OTBETa




JlInmpaTuyeckum ysen

Antigen Antigen capture Inflammatory Loss of DC
capture by dendritic cells (DC) cytokines adhesiveness

AKTMBaUUs aganTMBHOIro MMMyHuTeTa (B- n T-kneTok)

Immature DC
in epidermis
(Langerhans cell)

HavBHble numdounTbl, LUUPKYNUPYOLLME B KPOBMU,
NnepexoasT W3 opHoro numdaTvyeckoro yana B
> oe APYro B NMouckax COOTBETCTBYIOLLEIO aHTUreHa

Maturation of
migrating DC

Antigen L
presentation

Mature
dendritic cell
presenting
antigen to
naive T cell




KakuMmu peuenTopamMmu OGH&A&IOT MMMYHHDbIE€ KJ1IeTKH

PeLienTopbl XeMOKMHOB 1 LIMTOKMHOB (KyAa MHE UATU? HY>XXHO NN MHE
M3MEHNTb CBOK aKTUBHOCTbH?)

PeuLenTopbl pacno3HaBaHus nattepHoB (PRRS) (oLyLiato v 9 ¢ 4To-TO
Yy>kepoaHoe?)

CTUMYNMPYOLLME/HIMBUPYIOLLME PELEnTOPbI (JOMKEH K S
NponndepnpoBaTh? AOMKEH NN A NMPOSIBUTb TONEPAHTHOCTL?)
AHTUreHcneundundeckme peuentopbl (TCR/BCR) (aT0 Mo aHTUreH?)
Fc-peuenTopsbl (OLLyLWa0 I 9 aHTUTENO?)



PeLenTopbl pacno3HaBaH1A NaTTEPHOB

PARASITE  YEAST BACTERIA

L Bl A

anchor  zymosan lipopeptides Ilpopeptldes LPS  flagellin

TLR6 iTLRZ i i TLRhe

TLR2 © TLR4 TLR5

TLR3 )

0008 dsRNA

TLR7 VIRUS

—— SSRNA 4

== CpG  BACTERIA

DNA

TLR9 .

\cytosol endosome )

Peu,enTopbl KJIETOK BPOXXAEHHOIO UMMYHUTETAQ, pacCno3Haowne MoneKyndapHblie NaTTepHbl



PeLenTopbl pacno3HaBaH1A NaTTEPHOB

PARASITE  YEAST BACTERIA
RTINS
GPI Diacyl Triacyl
anchor  zymosan lipopeptides hpopeptldes LPS  flagellin
TLR6 TLR2 TLR1 TLR2 TLR4 TLR5
&
=
i
\cytosol

TpaHcmeMbpaHHble (pacnosHatoT
YyXXepoaHble MOSEKynsApHble
naTTepHbl, BCTPEYaloLLMECS CHapyXu
KIeTOoK):

KOMMOHEHTbI BaKkTepuanbHbIX KNETOK,
a Takke rpuboB M MHOrOKMETOYHbIX
napasvToB

*AKTnBauma TLR (Toll-like
peuenTtopoB) MpuMBOOUT K 3arycky
NF-kB nyTu n CUHTE3Yy

npoBocCnannTernbHbIX LUTOKMHOB



PeLenTopbl pacno3HaBaH1A NaTTEPHOB

BHYTpuKneTouYHble (pacno3HatoT
Yy>KepoaHble MOSEeKYNsIPHbIe NaTTEPHbI,
BCTpEYaloLLNeCs BHYTPU KNETOK):

BMpPYCHbIe N BakTepmnanbHble HYKNeNHOBbIE
KMCNOThI

BbiBatoT aHaocomanbHbIMU (TLR) n
umuTosonbHbIMK (NOD-like peuenTtopbl 1
RIG-I-like peuenTopbl)

35

TLR3 )
S-S dsRNA

TLR7 VIRUS
S

= CpG  BACTERIA

DNA
TLR9
endosome

E




MMMyHHaa cuctema pearupyeT He TONIbKO Ha

Eukaryotic cell —
Mitochondrion

Bacteria Evolution | )

‘Seps:s
PAMPs DAMPs

Formyl Bacterial ] [Mitochondrial Formyl 7]
peptides _DNA | DNA peptides |

Trauma

Neutrophil
chemotaxis

Acute lung injury

Hidden
DAMPs

Apopt

Apoptotic cell

DAMPs
remain
hidden | Q)

Innate
immune
cell

0sis Necrosis
Necrotic cell
Secondary &)
& necrosus %
\__) Ve 4

OQ Release of
0L DAMPs
U DAMP
receptor

Innate
immune
cell

|

or anti-inflam
respons

No response

Pro-inflammatory

mator,
Y response

e

Jy)XXepoaHbleé MOJieKYJibl

PAMP (pathogen-associated
molecular patterns)

DAMP (damage-associated
molecular patterns)

DAMP MoryT 6bITb
MCMNONb30BaHbl B Ka4eCcTBe
afabtoBaHTOB (HSP, MoyeBas
KMCNoTa, reHOMHast
ayxuenodeyHas JHK)



maeHbI KoMnekc rucrocoemectumoctu (MHC)

Type | Major Histocompatibility Complex Type Il Major Histocompatibility Complex

«a (V¥4
o
ad 11 :
a?

Benku MHC y4acTBYIOT B npeseHTaLnm AHTUIrEHOB T-knetTkam:
MHC | npes3eHTMPYOT BHYTPMUKJIETOYHbIE AHTUTEHbI, YTO MPUBOAUT K YOUNCTBY KIIETKW, €C/u
NPe3eHTUPYEMbI AQHTUIEH YYXKEPOAHbIN, SKCMPECCUPYIOTCA BCEMW KETKaMU opraHuama (Kpome
SpUTPOLIUTOB)

MHC |l npe3eHTMpYyOT BHEK/IETOYHbIE aHTUreHbl, YTO HEeOO6XOAMMO A7 3arycka peakumm
afganTuBHOIO UMMYyHUTETA



maeHbI KoMnekc rucrocoemectumoctu (MHC)

MHC class | antigen presentation

MHC class Il antigen presentation

/™SS MHC dla

helper pr

b\

ss Il with




Bpo>xAaeHHbIN U aganTUBHbIN UMMYHUTET

Pa3nuyHble 3agaum:

e BpoxaeHHbIN:

(@]

O
@)
@)
©)

PacrnosHaBaHme 4y»oro
PacrnosHaBaHue T1na 4y»oro
OueHKa CcTeneHn yrposbl
HemenneHHas 3awmTa

e AJanTUBHbIN:

(@]

NHopMmnpoBaHme afjanTUBHOIoO
MMMYyHNTETA
[onyyeHmne MHMOpMaLmm oT

BPOXAEHHOIO UMMYHUTETA
OT60p T- 1 B-KNETOK NOA4 KOHKPETHbIN
aHTUreH

Bbibop Tuna oTeeTa
AHTUIreHcneUnhUYHbIN
OTBET

3anoOMUHaHMe aHTUreHa 1 TMna OTBETa

MMMYHHbIA

INNATE IMMUNITY

(rapid response)

ADAPTIVE IMMUNITY

(slow response)

N\acrophage

B Cell
O (primary white blood cell) P
S ( </
Natural O “T\” Heihad
% /\ ntiboaies
Killer Cell o T Cell -
\\fo‘g"
P e
3 f 5 O
Z} Dendritic cell B
Neutrophi Natural Killer T Cell

Y o

® . by

. . CD4+
Eosinophil T Coll

CD8+
Basophil T Cell



Bpo>xAaeHHbIN U aganTUBHbIN UMMYHUTET

Pa3nunyHaa namMaTb:

e BpoxaeHHbIN:
o  OBOMOUMOHHAs NaMATb
o KcnonbayoT MH®OOPMaLNIO 06
aHTUreHax, HaKoMMEeHHYO B MpoLecce
3BOOLNN, YHUBEpPCabHble
OTNIMYMUTESIbHbIE  YEepPTbl YYXKOro OT
CBOEro
e AJanTUBHbIN:
o MHamemayanbHasd NnaMaThb
o MWcnonbaytoT MH(bOopMaLMtO,
HAKOMMEHHYKD B  TEYEHWe  XXU3HU
OpraHMama, 0 KOHKPETHbIX aHTUreHax,
C KOTOPbIMW OH CTasiKMBascs

INNATE IMMUNITY

(rapid response)

ADAPTIVE IMMUNITY

(slow response)

.N\acrc.)phage B Cell
..O (primary white blood cell) / =
Natural o \’\“T\* Antibodi
Killer Cell o T Cell /\ N ntibodies
- E\’O\\‘ ®
Z} Dendritic cell T
Neutrophil Natural Killer T Cell
T Cell Py >
®
) . £ CD4+ CD8+
S TCell  TCel
asophil



Bpo>xAaeHHbIN U aganTUBHbIN UMMYHUTET

PasnuyHble peuenTopbl:

e BpoxaeHHbIN:
o  HusKkoe pasHoobpasme
o  OBOJIFOLMOHHO KOHCEPBATMBHbIE
e AJanTUBHbIN:
o OrpomMHoe pasHoo6pasue (~10'8-TCR,
~10'-BCR)
o O6pasytoTcs de novo

INNATE IMMUNITY

(rapid response)

ADAPTIVE IMMUNITY

(slow response)

Macrophage B Cell
O (primary white blood cell) @ =
Natural o \’\“T\* Antibodi
KMerCeH.\N%« T Cell m%ﬁ ntibodies
. E\’O\\‘ ®
2L Dendritic cell -
Neutrophil Natural Killer /T Cell\
T Cell Py >
®
. . CD4+ CD8+
Sosinophi TCell  TCel

Basphil



Bpo>xAaeHHbIN U aganTUBHbIN UMMYHUTET

CneuuduyHoCTb:

e BpoxaeHHbIN:

(@]

Huskas cneynbuyHOCTb, OJMH
peLenTop pacrnosHaeT MHOXECTBO
MOXOXMX aHTUIEeHOB, BKJ1OYasd
COOCTBEHHbIE " aHTUreHblI

KOMMeEHCaNbHOW MUKPOMIOPbI
3a4acCTyto [enCTBYeT KakK opyxune
MaCCOBOIro MOPaXeHnsa ¢ 60MbLLIMM
NO60YHbIM YLLIEPOOM

e AJanNTUBHbIN:

o

Bbicokas cneyn@uyHocTb, ogmH TCR -
O[MH aHTUreH

Bbicokass cneumuyHOCTb MO3BOMSET
JlencTBOBaTb TapreTHo, HaHOCH
MeHbLLIEe NO60YHOrO yliepba

INNATE IMMUNITY

(rapid response)

ADAPTIVE IMMUNITY

(slow response)

N\acrophage

B Cell
O (primary white blood cell) P
S ( </
Natural O “T\” Heihad
% /\ ntiboaies
Killer Cell o T Cell -
\\fo‘g"
P e
3 f 5 O
Z} Dendritic cell B
Neutrophi Natural Killer T Cell

Y o

® . by

: - CD4+
Eosinophil T Coll

CD8+
Basophil TCell



Bpo)xAaeHHbIW U afAanTUBHbIK UMMYHUTET

CKOpOCTb peaKLMmii:

e BpoXAeHHbIN: Innate immunity Adaptive immunity
o HemMeaneHHbIM OTBET

s

|
| Blymphocytes ~ Plasma cells Antibodies
e AfanTUBHbIN: ° oo Epithelial |
barriers ), A
o HeobxoaMmo BpemMss Ha OoTbop MU | \f» :‘ }»‘&
|
Pa3MHOXEHMe crneumduyHbIX K o : - St
aHTUIEHY KNeToK Q b ® | :
“ |
Phagocytes Dendritic cells Effector T cells
| APC T Iymphocytes
I
I
)]

Complement NKIIs h. / )4 .j
L Hours Iy A Days |
0 6 12 1 4 7

Time after infection



Bpo>xAaeHHbIN U aganTUBHbIN UMMYHUTET

MHdopmauusa o naToreHe:

e BpoxaeHHbIN:

o Knetkn BPOXAEHHOIO MWMMYHUTETA
3HAOT C KakUM TUMOM YY>KEPOAHOrO
MPOW30LLIO CTOSIKHOBEHNE,

e AfanNTUBHbIN:

o DOU3NKO-XMUMUYECKME
XapakKTePUCTMKM  pacrno3HaBaeMom
MOBEPXHOCTK, TO YTO pPacrno3HaroT
afjanTMBHble pPeLEenTopbl, OHW He
3HaAOT  MHPOpMaUMKO O  Tune
naTtoreHa



Bpo>xAaeHHbIN U aganTUBHbIN UMMYHUTET

MHdopmanusa o naToreHe:

e BpoxaeHHbIN:

o Knetkn BPOXAEHHOINO WMMMYHUTETA
3HAKOT C KakMM TUMOM YY>KEPOLHOro
NPOU30LLINO CTOSIKHOBEHWE,

e AAnNTUBHbIN:

o PUBNKO-XMMUYECKME XapaKTEPUCTUKM
pacno3HaBaemMomn NOBEPXHOCTK, TO YTO
pacno3HaloT ajanTuBHbIE PeLEenTopbl,
OHM He 3HarT MHOOPMALMIO O Tune
naToreHa




Bpo)XAeHHbIi UMMYHUTET NnepegaeT MHGOPMaALMIO O
TUNe naToreHa a4anTUBHOMY UMMYHUTETY

Dendritic cell | 3
/ @laive T cell

A 4

TGFpB
IFNy IL-4 + |L-6 - |L-6
{ <« : | &: S
IL-12 - IL-23
\ Th2 \ / Th17 aTreg
: (5 == ([ ) [
IL-12R Gata-3 IL-23R\ RORYt FoxP3

PROTECTIVE Intracellular Parasitic Extracellular Counter-
ROLE pathogens worms bacteria regulation

Autoimmunity
Inflammation
Cancer

HARMFUL Systemic Allergy and
ROLE pathology asthma




Bone
marrow

Cortex

Thymus

Medulla

Lymph node

Peripheral blood/tissue
Function Secretion

\ Ch4

l cD8
Positive selection Q»”\\ J§\ T-cell receptor
( \ )

N\ )
@Dt D8k
O \ T cell @
Negative selection — ) v/

CD4+ T cell CD8* T cell

=
T-cell precursor

<¥(/7\\ Perforin P TNF-a
W/ Granzyme B - # ‘\. ) S TNF-B

Granulysin “IFN-y
i helper cell Cytotoxic T cell
@ IFN-y, IL-12 @ IL-2, IL-4 @TGF-B, IL-1, IL-6, IL-23 @IL-6 @ TGF-B, IL-2
O© -4, IL.-10 ® IFN-y O IFN-y, IL-4 OIL-2 Ol-6
Thl t. h2 s Thl7 G‘.\ ) TEH (}‘.\Xr Treg
/ \ - © AR N R
-y ) - o \
¥ 21 D4 .35
IFN-y I 2 £ ¥ L ¥ 117 ¥ Y 1crp
IL-13 IL-10 IL-22 IL-21 IL-10
Response to Response to Response to Support B cells T cell regulation,
intracellular extracellular extracellular in lymphoid follicles self-tolerance
pathogens parasites parasites promotion



Tvnbl UMMYHHOIO OTBeTa

Th rpynna MpogyKTbl KneTok Knetka-muweHn Bo3byaurenn nHpekymn
wHTEpgepon -y Makpodaru BHyTpUKneTouHble
Thi —_—p k-2 NlenapuTHble 6aKkTepum
KNeTku [pubbi
Mpycol

IL=17A | Heutpodunsi Baktepun

IL-17F fon6
Th17 iL-21 pubbl

IL-22

IL-4 J03uHOPUNbI Napa3zurbl
Th2 IL-13 Wbl

=
v
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