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Hespenble AeHOPUTHbIE KNETKN
MOrMOLLAT aHTUreH B TKaHSX

Fluorescence microscopy

Scanning electron microscopy

Dendritic cells in peripheral tissues

Pa3nnyHble aHTUTEHMNPE3EHTUPYOLLINE
KNETKMN NOKanmnayTcsa B pa3nnUyHbIX
obnacTtax numdaTn4ecKknx y3nos

Dendritic cells
(interdigitating reticular cells)

the dendritic cell

Macrophages B cells

Figure 8-2 Immunobiology, 6/e.(© Garland Science 2005)
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HaunBHble T-nuMmdounTbl pearMpyroT ¢ aHTUreHOM B nepudpepunHeckmnx
numdongHbIX opraHax, Kyaa rnonagatoT Yepes BeHYIbl, BbICTAHHbIE
BbICOKMM SHOOTENMEM. AKTUBMPOBAHHbLIE OCTAIOTCH B Y3re, a He
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endothelial venules in the cortex
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T cells that encounter specific antigen
proliferate and differentiate to effector cells

N

Figure 8-4 Immunobiology, 6/e. (© Garland Science 2005)

BCTpETUBLLNE aHTUIEH BO3BPALLAOTCA B PELNPKYNALNIO.

Antigen-specific T cells are
detained transiently in the lymph node,
where they become activated
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XOMWHI HAUBHbIX TMMPOLNTOB B
numdonaHble TKaHW HanpaBnsoT
L-cenekTnH n MyumHonoaooHble
agpeCcCuHbl CocydoB
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Morekyrnbl KNneTo4HOW NOBEPXHOCTU BaXKHble A1 B3aMMOL4ENCTBUA
T-nMM@OUNTOB C aHTUTEHNPEZEHTUPYIOLLIMMU KITETKAMM

T cell
02 iEAd lFAq GV

~

DC-SIGN
ICAM-1 (CD209)
antigen-presenting

cell

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



TpaH3nTHoe agresmBHoe B3anmogencrtaune ¢ AllK ctabunuanpyercs
B pe3ynbrarte aHTUreHHou akTnesauum T-numdoounTa

T cell initially bind APC
through low-affinity

Subsequent binding
of T-cell receptors

Conformational change in
LFA-1 increases affinity and

LFA-1:ICAM-1 interactions signals LFA-1 prolongs cell-cell contact
T cell

CD4 TCR LFA-1 i
T ¢

[@,]
s

MHC
class li

ICAM-1

antigen-presenting cell (APC)

i

Figure 8-9 Immunobiology, 6/e. (© Garland Science 2005)






[maBHOM KOoCcTMMYynupyoLen monekynoun Ha AlK asngaetca B7, koTopbin
cBa3blBaeTcs ¢ monekyrnon CD28 T-numdoumnTta

T cell 3 @

CD4 TCR/CD3  (cp2s KOCTUMYNATOPHLIE MONEKYIIbI:

B7.1 (CD80) nnu
B7.2 (CD86)/CD28

CD40/CD40L(CD154)
4-1BBL/4-1BB(CD137)

LICOS/ICOS

APC  MHCclass I
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Uepes HecKornbKo YacoB nocrie aktueauum Ha T-numdooumTe NoABSAETCS
NHIIMBGUTOPHLIN peuenTop - monekyna CTLA-4 (CD152),
KOHKYPEHTHO cBA3blBatowadaca ¢ B7

Cross-linking of CD28 delivers the co-stimulatory
signal during activation of naive T cells and
induces the expression of CTLA-4 (CD152)

CTLA-4 binds B7 (CD80 or CD86) more avidly than
does CD28 and delivers inhibitory signals to

naive T cell 6

activated T cell

5 88 686 &
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CD28 U[] Du T-celll CD4 CTLA-4[] Du Bu U[] l
receptor (CD152)
Antigen @
MHCH H
class I
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AKTuBauuna HansHoro T-numdoumnta npodeccuoHanbHom AllK
(eHapuTHOM KneTkon) Beaet K nHaykuum CTL,
aKTuBauma B OTCYTCTBUE KOCTUMYMSILUN - K aHEPTUN.

Naive T cell stimulated T cell recognizes same : !
by virus-infected antigen on infected in‘f\:;;‘:ltzd i-{h:ilalllk::ls
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T cell >

o ph e
IR

Naive T cell regognizes
self antigen on
epithelial cell

=]

T cell is unresponsive to
self antigen on
dentritic cell

Antigen-specific signal
alone induces anergy
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Immature dendritic cells
in peripheral tissues

MHC
class |

DEC 205
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< 5
g
Dendritic cell in lymphoid tissue
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Figure 8-14 Immunobiology, 6/e. (© Garland Science 2005)

Hespenas aeHapuTHas KneTtka B TKaHsx obnagaer
BbICOKOM dharoumTupyroLen crnocobHOCTLIO
onarogaps peuentopy DEC 205 n He akcnpeccupyet
KOCTUMYNATOPHbIX MOnekys. KOHTakT ¢ aHTUreHom
NPUBOOUT K ee CO3peBaHUto, yTpaTe
daroumTupyroen cnocobHocTn, Murpaumn B
NUMAOUOHY0 TKaHb, 9KCNPECCUN KOCTUMYNATOPOB

N MONEKYN KNeToYHOW aaresmm



OdheKkTnBHAA aKkTMBaUUS «4acoBble» Ha NyTU NPOHUKHOBEHUSA
HauBHbIX T-KNeTok BupycHbIX HdeKuMin, NnpoayumnpyroT
IFN Tvnna |



Knetkn J'IaHreprcha B KOXX€ CNOCOOHbI 3axBaTbiBaTb aHTUTEHBI, MUTpUpoBaTb B
nepwcpepwqecme J'II/IMCbOI/I,EI,HbIe opraHbl, CTaHOBUTbCA OEHOPUTHBbIMU KIETKaMW,
IKCrpeccnpyrowimmn B7,n Nnpe3eHTUpoBaTb HYyXepoaHbl€ aHTUIEHbI T-J'II/IMCbOLI,VITaM.
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HekoTopble MUKPOBHbIE NPOAYKTLI MOTYT MHAYLMPOBATb KOCTUMYIISATOPHYHO
aKTUBHOCTb MakpodaroB 1 cnocobcTBoBaTb OTBETY Ha HBEKOBLIE aHTUMEHbI
HebakTepmnanbHOM NpMpoabl. - AQbloBaHTbI. - AYTOUMMYHHbIE OTBETHI.
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B-JTumdpoumntbl 9 PEKTUBHO NPEIEHTUPYIOT aHTUTEHbI, C KOTOPLIMU
CBA3bIBAOTCA UX NOBEPXHOCTHbIE UMMYHOIMOBYNMHOBLIE PELIENTOPHI.

Specific antigen efficiently [ | High density of specific
internalized by receptor- antigen fragments
mediated endocytosis presented

Antigen-specific
B cell binds antigen

Figure 8-17 Immunobiology, 6/e. (© Garland Science 2005)



CeoucTtBa pa3rinyHbIX aHTUTEHNPE3EHTUPYOLLNX KITETOK.

Dendritic cells Macrophages B cells
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BbicokoadhpUHHBIV peuenTop K MHTEPNENKNHY-2, COCTOALLUN U3 3-X
cyobeanHuL, NoABNSETCA TONMbKO HA aKTUBMPOBaHHbIX T-numdoumnTtax.

— |IL-2 receptor

g

activated T cell

Figure 8-19 Immunobiology, 6/e. (© Garland Science 2005)



[Mokoswmeca T-nMMAOUNTLI SKCMPECCUPYIOT TOSbKO

Hu3koaduHHBIN peuenTtop IL-2, cocToaAwmnm ns cybbegmHny,  n v.

[Mpn akTMBauMn HaumHaeTcs akcnpeccud IL-2Ra (CD25)

Resting T cells express only a
moderate-affinity IL-2 receptor
(IL-2RB and vy chains only)

moderate-affinity
IL-2 receptor

- =
Activated T ceMxpress a high-
affinity IL-2 receptor (IL-2R«, B and
v chains) and secrete IL-2

Figure 8-20 Immunobiology, 6/e. (© Garland Science 2005)
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DA
Binding of IL-2 to its receptor signals
the T cell to enter the cell cycle




[MNepudepnyeckas TonepaHTHOCTb K TKAHEBbLIM aHTUTeHaM SIBISIETCS,
B YACTHOCTM, pe3ynsTaTtoM pacno3HaBaHUS aHTUreHa
B OTCYTCTBME KOCTUMYNALNK

Co-
stimulator

T-cell
receptor

Y 4
Inactivation (anergy) or deletion of T cell
No effect on T cell Decreased TCR signaling through induction
of GRAIL and activation of Cbl

YouksutuHnurasza GRAIL n E3-nurasa Cbl
cnocobcTBytoT gerpagaumm CD3(



[Mponudpepupytowme T-kneTkn anpdepeHUNpyroTCa B «kapMUPOBaHHbLIE»
9o (peKTOPHLIE KIETKU, KOTOPbIE HE 3aBUCAT OT KOCTUMYNALINMN.

Active effector T cells kill

Stimulation of naive T cell Proliferating T cell virus-infected target cells

RECOGNITION > PROLIFERATION DIFFERENTIATIO} EFFECTOR FUNCTION >

Figure 8-22 Immunobiology, 6/e. (© Garland Science 2005)



[Mpu akTMBaUUN T-KNETKN MEHAETCA IKCMpPeccus

HEKOTOPbLIX MOBEPXHOCTHbLIX MOJIEKYIJI

Cell-surface molecules

W

i

CDAT cell [[L-selectin| vLA-4 | LFA1 | cD2 | cD4 ret:s::)r cDa4 | cD45RA | cD45RO
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A dekTopHble T-NMMMAOUNTBLI B KNETOYHO-0NOCPEAO0BAHHbIX
N rymopanbHbIX UMMYHHbIX OTBETax

Types of
effector T cell
Main functions Kil virus-infected Aﬁi;cart:p:;g:d ) 2?:% rh:lnfbtg dy Enm:;oesp&egetrophil B-cell help Suppress
in adaptive calle Provide help to adiision eatedios Promote barrier Isotype switching Tell
immune response B cells for antibody B switd\'n'g tzp?gE y integrity (skin, Antibody production responses
production intestine)
Microbes that persist
in macrophage
b e vesiles . Kiebsiella
Pathogens rab'i%s vaoc‘nie'n) (e.g. mycobacteria, Helminth pneumoniae Al types
targeted : Listeria, Leishmania parasites Fungi (Candida
Som%;rétt:gliular donovani albicans)
Pneumocystis carinii)

Extracellular bacteria
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OunddpepeHumposka B Th1 unu B Th2 onpenensert, Kakon TMn uUMMyHuTeTa 0yaet
npeobnagaTh - KNETOYHbIN UK rymopanbHbii. MIMMyHHaa oesnauuns - coBur otTeeTa
B CTOpOHY Th2 (BaxkHa B nogaepXaHnn TonepaHTHOCTU MaTepu K nrioay).

Treg

Naive CD4 T cell
(uncommitted)

S

Suppression
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[MpoBocnanuteneHble
LUUTOKMHBbI:

IL-2, IFNy, TNFo

lNpoTnBoBOCNanu-
TENbHbIE LUMTOKUHbI:

IL-4, IL-5, IL-6,
IL-13

A8

IL-17, IL-21, IL-22




B3anMOOTHOLEHNA TPAHCKPUMNUNOHHBLIX Perynatopos
andpdoepeHunpoBku T-xennepos

AHTaroHun3m

T-bet | | GATA-3 B3aumHoe nogaBneHue

" " TPAHCKPUNLMOHHbIX PErynsaTopoB
T-xennepoB peanusyeTcs Ha ABYX
_ _ = — YPOBHSIX: NyTeM noaaBrieHUs

_ 3Kcnpeccun reHoB (4Yepe3 gencrene
Ha perynAaTopHble Y4aCTKU reHa) un
— - nyTemM MHaKTUBaLUUn B pe3yrnbTaTe
RORC | FOXP3 MeX6enKkoBbIX B3aUMOAENCTBUN.

(A.A.ApunuH, 2010)
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[deHapuTHble KNEeTKM CrnocobHbl NpsiMO nHayumpoBaTtb Krnetkn CD8
K NpoayKuum cobcTtBeHHoro 1L-2

Dendritic cells express high levels of B7
and can activate naive CD8 T cells

Activated CD8 T cell makes IL-2, driving
its own proliferation and differentiation

T cell |

2 (1

CD28

A -4C= §

e o Virus-infected dendritic cell @

@ o Virus-infected dendritic cell ®
0

[N -
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APC stimulates effector CD4 T cell,
which in turn activates the APC

MHC i MHC |
antigen-presenting cell

g o

N
Activated APC expresses CD40 and
4-IBBL, which co-stimulates
naie CD8T cell

Figure 8-26 Immunobiology, 6/e. (© Garland Science 2005)

OTBeT Ha HEKOTOpble BUPYCbl TpebyeT

yyacTtua knetok CD4 n uenoro Kackaga
MEXKMNETOYHbIX B3aUMOOENCTBUN, NPUBOAALLNX
K ctumynsauun AlK n akcnpeccun nmu
KOCTMMYynupyowmnx nurangos - B7, CDA40,
4-1BBL, koTOpble, B CBOIO o4epeqpb,
CTUMYNUPYIOT HanBHble KIeTkn CD8 K
nponudepaunmn, npoaykumm IL-2 n ero
peuenTtopa (RIL-2) n anddpepeHumpoBke B
adbdekTopHble CTLs.



ell dies by apoptosis




[MepdopuH, ocBobOXaaeMbIN N3 NINTUYECKUX FPaHY LMTOTOKCUYECKOrO
T-numdoumTa BCTpamBaeTcs B MEMOpPAHY KIETKN-MULLIEHN U
doopmMupyeT nopsl

Exterior

a
Figure 8-36 Immunobiology, 6/e. (© Garland Science 2005)




A dekTopHbIE nNpoTenHbl CTL

Protein in lytic
granules of
cytotoxic T cells

Actions on
target cells

Polymerizesto form a

Perforin pore in target membrane
Serine proteases,
G which activate apoptosis
ranzymes

once in the cytoplasm
of the target cell

Granulysin Induces apoptosis

25
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AKTnBauus 6akTepuunaHON akTUBHOCTU MakpodaroB apMmMpoBaHHbIMM
knetkamu CD4 Th1

Infected
fECa macrophage

B

S g IFN-v

IFN-y receptor
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Monekynbl akTnBnpoBaHHbIX Makpodraros: CD40 n peuentop TNF,
npoaykuma aytokpmHHoro TNFa, koTopbiv cnHeprmsysdch ¢ IFNy,
BegeT K npoaykumn NO 1 cynepokcmaHoro aHMoHa

Activated macrophage
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AKTMBMpPOBaHHbIE KINNETKN Th1 KOOPOMHUPYIOT OTBET
Ha BHYTPUKNETOYHbIE DakTepun

ActivatedTy1 cell
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dopMurpoBaHue rpaHyrnem B pesynsraTe HeMnosHon anMMuHaLnm
BO30OyauTens Tybepkynesa

Partial removal of live
M. tuberculosis

mycobacteria

multi-
nucleated
giant cell
epithelioid
cell

T cells
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