TEHETUKA
y AHTUTEHPACNO3HAIOLWEIO

PELENTOPA T-KNETOK

Nekuunsa 4




CnoBapuk

TCR — aHTUreHpacnosHawwmmn peuentop T-numdounToB

CD (Claster of differentiation) — knacTepbl
andpdepeHUUPOBKN, MapKepbl KNEeTOYHOU MOBEPXHOCTHU
NIeMKOUNTOB, MOTYT CJTYXXUTb peuenTopamMu, nuraHgamm,
Oenkamu agre3vm u np.




KNETOYHbIN UMMYHHbIU

OTBET
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MMMYHHBLIN OTBEeT: KINTeTOYHbIN

KoonepaTtnBHasa peakums MUMMYHHOWN CUCTEMBbI,
nHayumpoBaHHas Al.

Peanunsyetca T-cucremon MMMyHUTeETA.

Al noaBepraetcsa npoueccutrry AllK.

e [entnabl (T-KNeTo4YHbIE 3NUTONLI) B KOMMEKce C
monekynamu ll knacca npeseHTupyrorca T-nd.

B pesynbrarte: obpa3syrorca adhdekTopHsblie (T- Kunnepsbl,
T-adppekTopbl 3T ), perynatopHblie (T-xennepbl,
T-cynpeccopbl) T-numcpountbl U T-KNEeTKU NamMAT!.
AhheKToOpHbIE MeXaHU3Mbl HanpaBrieHbl Ha
3NIMMUHALUIO aHTUreHa.




Antigen Presentation 3.
The phagocyte
presents the antigen

daendritic call
to a halper T call

1. 2
A phagocyte "eats" Parts of the bacteria
a bacteria, (antigen) goes to the
surface of the phagocyte
=

/

helpar T cell

activated
helper T cell

D —
The helper T cell
is activated.




Unconnnesi
(C3b u ap.)

IL-1,12,18 ~,

C DZS (‘ DB0/8E

' TcR MHC 11 )
= JE |
- ‘71

polueccHEr

ParounTo:s

IL-1.6,12
TNFo
MIP
MCP

Oy

_ NO
AKTHBHPOBAHHBIH

¢ mMakpodar
[urorokcn4yeckoe
AeHCcTBHE
nepropun

Kaerka-Mmulens




T-nnmdounTbl
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T-nuMmdpouUnTLI

.

PeuenTtopbl n
KopeuenTopbl

OcHoBHas (pyHKLUUA
perynauma MMMYHHbIX peakuumn




Ilpu3Hak

T-nmum@ouuThHI

Opransl, B KOTOPBIX
Pa3BUBAIOTCH KJIETKH

KocTHBIA MO3I, BUJIOYKOBAS
JKejie3a

Peuenrop 1,1 aHTUTeHA

JIBa tuna gfumepos TCR

(op nau yo)
OcHoBHbIE MeMOpPaHHBbIE
MapKepbI:
oomMe CD3,2,5,7
CyOonmonyJsiiuOHHbIE CD4 u CD8
Conep:xkanue B KpOBH 65-80%

DyHKIUS

IlpeamiectBeHHUKH 3P (PeKTOPOB
KJIETOYHOI0 HMMYHHUTETA,
DErvJIsTODHBIC KJIeTKH



PyHKUMU T-numdounToB

[lpoTBOMHMEKLUNOHHAA — aKTUBHOCTb
HanpasrieHa NPoTUB 3apa*KeHHOU BMUPYCOM
KIMETKNU OpraHmama, a Takke Ha 3aluTy oT
rpnboB 1 NapasnToB..

MUMMyHORnornyeckum Haa3op — NpuHMMaroT

y4yacTue B NPOLIeCCe OTTOPXKEHUS YYy>KepOoaHOW
TKaHMW.

PerynaTtopHasa — nomoratoT B hopMnpoBaHum
rymopanbHOro MMMYHHOIO OTBETa.




O'cuplmue dyHKuun numdouuTos

LIMTOKMHBI
MNpeacrasnexne

: aHTUreHa

TOKCH4ec-
Koe
nencresune

Knetkun, nhpuumposBaHHblie
BUPYCaMK, U KNETKM
HEKOTOPbIX ONYX0nen

O6pasoBaHue
aHTuTen

Mukpo6bl BHYTPU
Makpodaros




KoMnoHeHTbl T-cuctembl

¥ N |

numcgponagHbIN OpraH, - KNEeTKN BocCnaneHus
obecneunBarowmnm - XefinepHble KreTKu
AnddepeHUNpPOBKY - KUNnepbl u
T-numcpouuntoB cynpeccopbl

MOJIEeKynbl,

npoayumpyemsbie

T-Knetkamm



PyYyHKLUMNOHAaITbHbIe KNAacCbl 3P PEeKTOPHbIX
T-KNneTokK

CD8 T-kneTku (LULMTOTOKCUYECKUE)
pacno3HalT BHYTPUKIIETOYHbIE aHTUMEHDI,
npeacrtaBngeMble Ha KIMETOYHYIO
NOBEPXHOCTL C NoMoLLblo Monekyn MHC

Krnacca |.

(K HUM omHocsamcs supyckl, MUKobakmepuu u m.ni.

CD8 T-knemku ybuearom UHUUUPOBAHHYIO KITEMKY, HO
rpu 3mMom camu 8blXxusarom).







CD8 T-knerxku
nentuasbl + MHC knacca !

nn-12

Collision and non-specific adhesion

cytotoxic T cell target cell

LuroTokcnyeckue
IFN- \ T-knetkn (CTL)
Luto- Fas-ligand e e it
TOKCHUHBI
MHC-]
\/
Bupyc Fas-
HHOUUMPOBAHHAN Receptor
eTKa
LnToTOKCHHDBI
rve
* nepgopnH- | n‘?{is Lu_;dnd
* PaH3UMbI + IFN-
. TNF-u
+ TNF-Ji

Anonros



PyYyHKLUMNOHAaITbHbIe KNAacCbl 3P PEeKTOPHbIX
T-KNeToK

CD4 T-knetku pacno3HatoT Al, cBA3aHHbIe C
monekynamu MHC-knacca |l.

[enaTtca Ha 2 YHKUMOHANbHbLIX TUNa

1. CD4 (Th1) — BocnanuTtenbHble T-KNeTKMU:

° aKTUBUPYHOT MH(PpULUPOBaHHbIE MaKpodaru K
darounTo3y BHYTPUKIIETOUYHbIX
MMUKPOOPraHM3mMoB,

 cuHTe3unpyroT IFN-g, IL-2,

e ctumynupyhot (IL-2) paamMHOXeHue U
andpdepeHumpoBky CD8 T-kneTok

°* CTUMYIIUPYIOT Ppa3MHOXeHe U YCUNUBaKoT
akTuBHOCTb NK-kneTok.




IFN-y and CD40 ligand

Fas ligand or TNF-B

Activated T, 1 cell

IL-3 + GM-CSF

LT + TNF-a

diapedesis

chemotaxis

v

site of infection

Activates macrophage
to destroy
engulfed bacteria

Kills chronically
infected cells,
releasing bacteria
to be destroyed by
fresh macrophages

Induces T-cell
proliferation,
increasing numbers
of effector cells

Induces macrophage
differentiation
in the bone marrow

Activates endothelium

to induce macrophage

binding and exit from

blood vessel at site
of infection

Causes macrophages
to accumulate
at site of infection %




CD4 T-knetku
rnentuast + MHC knacca |l

nn-12 Thi
o (BoCcnanurenesHbie) activate
\‘
TNF -«
HnTokuHbl MeMOpPaHHbIN

MHCO-1T

intra-

TNF- cellular
bacteria
Receptor macrophage
Makpodar
e © ® BHyTpU-
KNneTodHble
BGakrepum,
Makpodar- napa3uTsbl
aKTMBMPYIOLWME
UNTOKHWHBI
« IFN-7 Apyrve
« GM-CSF - L-3
« TNF-3 O | .

|

dead intracellular bacteria -




PyYyHKLUMNOHAaITbHbIe KNAacCbl 3P PEeKTOPHbIX
T-KNeToK

2. CD4 (Th2) — T-xennepHbIe

* aKTUBUPYHOT B-numdounTtbl, Bbi3biBas UX
andhdepeHuuposky B AOK.

* CeKpeTUpyroT poctoBble akTopsbl: IL-4, IL-5, IL-6,
akTusupyrowme B-knetku, a takxke IL-10.

J3KCNpeccupyroT MeMbpaHcBA3aHHbIe aare3mBHble
monekynbl CD40-ligand, ceasbiBatowmecs ¢ CD40
peuenTopom Ha B-numdountax n mHayumpyroime
nponudepauuro B-KkneTok.

3mu npouecchl riexkam 8 0CHO8e 2yMopasibHO20
UMMyHUmMema.




CD4 T-knetku
nenrnaer +~ MHC knacca Il

un-2 Th2 |
\ (xennepHsbie) activate
CD40-
LMTOKUHBI ' SiEAR v
g MHC-I1 R e
': antigen-specific
CD40 B cell
) ]
peuenrTtop
AHTUIreH-
cneundpuyeckas \
B-xnerka
LUurokumsl, .
aKTUBMPYOLWME st
B-numdounTsl . ILHD
- CD40-Ligand . GM-CSF
- IL-4
- IL-5

- IL-6




OndpepeHUnpoBKa

T-numdpounToB
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Murpauua T-numdpounToB npu cospeBaHuun

STAIbI XKU3HU KIETOK:
1. AkTuBauus — nepexop u3 ¢asbl G, B pasy G, kneTto4yHoro umukna
2. Tlponudepaumns — akTMBHOe AerieHne KneTok

3. [OudpcpepeHumpoBKka — npuodbpeTeHne MMMYHOKOMIMETEHTHbIX CBOUCTB




Cxema aundchepeHUUpoBKN NMMMOpPOLUTOB

CreonoBasn
KNeTKa KpoBM

B xpacuHou
KOCTHOM M O03re

Knerka -
npeawecrseHHuua B =
nuudounanore psaaa

P 8. Baovdozaru (a) = Tunoedotorru (6) (20 Pollisck, 1975).

l

(B KPACHOM KOCTHOM MO3re)

)

(B THMYCE)

A - el eciBer

ADOUMIOB




Cxema guddepeHUNPOBKN T-KNEeToOK B TUMYCE

CD4" CD8"

IL-2R" TKP
IL-2R TKP

g
_ ' * Y

~ 7 CD4'CD8 ' '

P s CD4'CD8

CyGxancyna

CD4 - mapkep T-xennepos,
CD8 - mapkep T-kunnepos,
TCR - T-KnemoyYHblIlU
(aHmueaeHpacno3Harowull)
peuenmop,

H-2 - aHmueeHbI
aucmocosMecmumMmocmu
(MHC) y mbilweu,

IL-2R peuenmop kK
UHMeprielKUHy-2

Knerounas
cMeptb

Meaynna




JTanbl anddepeHunpoBka T-numopouunToB

Iimch y3nbl

KOCTHBIN Mosf

T-xennep/MHy

Thy-1+
H2++4+
CD4-
CDB+
ofTHP+




TCR. O6bwume cBegeHuA
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« T-knetkm pacnodHatoT Al cBAsbiBadch ¢ Al -
netepmmHaHtamm 1 MHC Ha nosepxHocTun AlK.

 PacnosHaBaHune T-KNeTKM OCYLLEeCTBNAIOT

NOCpPeaCcTBOM aHTUreHpacrno3HarLWmXx
peuenTtopoB (TCR)

e OpHa T-KneTkKa MMeET peLenTop TONbKO AN

oAHOrIoO Al ( KaxkObIU numgboyum criocobeH pacrio3Hame MosibKo
OOHY MpocmpaHCmMeeHHY0 KOHgu2ypauuro YyXepoOHbIX

MaKpOMOIEKYI). 6

N

|
3



Pacno3HaBaHue aHTuresa T-KneTkomn

MHC-monexyna,
NPe3eHTupyowas
aHTUIreHHbIV NenTua

AHTUreHHbIA NnenTua,
CBA3aHHbIN C
MHC-monexynoin

T-KneToyHsii peuenrop,
pacno3HaLWuin
MHC-monekyny u
NenTUAHLIA GparMeHT
aHTUreHa




CtpoeHune TCR
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Surface immunoglobulin Antibody T-cell receptor
or B-cell receptor

antigen-binding antigen-binding site

site _ 1
/ T

— variable regions —

light chain
= —
— constant regions —
heavy chain
- —] ) SO
transmembrane transmembrane
region region

",

a chain B chain

Figure 3.1 The Immune System, 3ed. (© Garland Science 2009)
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- LeNb S-uens
44 xla 37 x[la

TCR — 310 retrepoanmep

B TCR1 BxogaT y- u O0-uenu,
TCR2 - a- n B-uenw.

Llenu coaepxar

KOHCTaHTHbIN (C) n
BapuabernbHbIU (V) y4acTKu.

COBOKYNnHOCTb V-QOMEHOB
rerepoanmepa chopmmpyet
Al -cBAA3bIBalOLWNU LEHTP.

Feuentop
1 «KNeTOK




i « r‘ |
= j ' .
Extracellular ,‘/ - -
space - : )
- = CD3 iy i CD3
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LHononHUTenbHbIe MOJIEKY b

mornekyna CD4, obnapgatowias
cpoacTtBom K monekynam MHC I
Knacca

mornekyna CD8, nmerowasa cpoacrtseo
K monekynam MHC | knacca.




Cxema CTpOeHUA peLienTopHoro annapara

b
eCTARIDIFOIA A
+ 4+ AHTHUTEH .«

eICTARILIOI A
+ o+ AHTHULEH .«




Cxema CTPpOEeHUA peuenTopHOro annapara

CD4’ T-numcounr CD8" T-numdouur

peuenTtop peuenTop
®parmeHT ®parmMeHT
aHTUreHa aHTUreHa

Ar-n peacrasnAaAOuUlan Knetka Ar-n peacTaBnAlWan Knevka



Ctpyktypa reHoB TCR
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APC

Med Um ver.com Bce 170
MEHI[HHE.

CD45

Tyrosine kinases
T cell
Phosphorylated proteins
Cytoplasm ety l P
Gene activation
Nucleus regulation of transcription

A. T-cell activation: Signal transduction

|||||||

co4(cos)

Ca-dependent

kinases

//PM>spllorylated

proteins




Y chain loci In man

14 o 5

interspersed 55

e

13 ter | TRAV:

= ‘ TRDV :
TROD -
TRDJ -
TRDC :
TRDY -
TRAJ -
TRAC -

— ) = = b ) =

1000 kb (127 genes)

locus representations from the International
Immunogenetics Information System (IMGT)

server (hitp://www.imgt.org/)

49, TRDV: 1, TRAV/DV: 5

ter

cen

TRBV : 63-66
TRED : 1
TRBJ : B
TRBC : 1
TRED : 1
TRBJ : 8
TREBC : 1
ot TRBY : 1
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22
21

15.3 15.2

15.1

13
12

£59 14 1k
1121 111 P

11.22
11.23

21.1

21.2 513

22

312 =351

31.3

TRGC ;
TRGJ :
TRGC :
TRGJ
TRGY :

— ) = N —
¥
‘

N}
£
o

160 kb
{19-22 genes)




Jlokanu3auusa reHos TCR

I'EHbBI Homep xpomMomochl
YeJI0OBEK

TCR (aHTMreHpacIO3HAKIIUX
peuentTopoB T-1uM@poOUTOB)

o-1enb H O-1enb 14q11
B-uens 7q32-34

Y-Lienb Tp14-15
MemOpaHHbIX aHTUTeHOB T-1UM.
CD3 11
CD4 |
CD8 2




Oprauunsaumna reHoB 3-uenu TCR

s O—Alli ] [] AU s
Votn o1 g -2 0, 2 )2 G2

'eH B-uenu (TCRPB) cocTonT M3 3apoabilieBbIX reHOB
BapunabenbHbIX y4acTKkoB V3 U yaBO€HHbIX HAOOpPOB reHoB
ydyacTtka pa3Hooobpa3ua D3 1, D3 2, coeguHUTENILHOIO
ydyactka JB 1, JB 2 n KOHCTaHTHbIX y4YyacTtkoB C[3 1, C[3 2




OpraHnsauusa reHoB a-uenu TCR

o' o []‘[]_H o ' X §
V 1-n V. 1-n %1-2 J51-2 CS Ja. 1- 40 C“

'eH a-uenn cocTouT N3 MHOXECTBEHHbIX BapnabenbHbIX
reHoB Va , 00beauHEeHHbIX B CEMEeNCTBA, PacrnofOXeHHbIX
nocriegoBaTesibHO, N0 MeHbLen mepe 40 reHoB

coeaAuHUTeNnbHOro yyacTtka Ja un ogHoro reHa Ca
KOHCTAHTHOro y4vacTKa 5' KoHua.




Opranunsauus reHoB O-uenu TCR

5 O—[HHH——# i 3

vV 1-n Vln 0812 J 1-2 (‘3 J 1-40 C

Cucrtema reHoB O-uenu coctout M3 Vo , D6 ,Jo n Co
cCermMeHTOB M pacnosnoxeHa B nokyce TCRa mexay reHamu

TCRa BapuabenbHoro u TCRa coeanHNTENIbHOro y4acTKoB.




UHcynaTop B reHe TCR

segments segments

l |

Insulator

.= promoter
.= enhancer



Opranunsauusa reHos y-uenu TCR

CeMeNncTBO reHoB Y-Lenv nMmeet COCTOUT ux 3 TUNOB
3apoabiweBbix reHoB Vy, Jy, Cy.




NMepecTtpouku reHoB TCR
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[lepBas nepecTpounka

[NepecTtpouka reHoB TCRy n o Ecnu
oHa adodpekTnBHa, cyobeanHmubl TCRy /0,
BMecTe ¢ komrnnekcom benko CD3
9KCnpeccupyroTcda Ha noBepxHocTu Tyo -
KIETOK.




BTopasa nepecTtpounka

[lpealuecTBeHHUKN T-KNETOK, B KOTOPbIX
npoayKkTuBHas peapaHxmposka TCR y/d reHa
He npouaoLuna, MoryT HadaTb peapaHXnpoBKy
reHoB TCRf




VB (35 families)
L Vh) V3 Vn

2 3 4 5 6 234/567

L V() V3 Vn

10ER m 1. D-J rearrangement

L Vi) W3D1/ )2 C2

1Bl 2. V-DJ rearrangement
\[6 7

N regions

mRNAm (an 3. Constant region (C2) is spliced to rearrangec

VD following transcription
TCRB V3 D1 J256 C2 transcript




BTopasa nepecTtpounka

leHbl TCRa npoxogdaT peapaHXuUpOoOBKY U
9KCMNpeCccupyroTcH, No3BoNdaa HavaTb
NPOAYKUUIO N 3KCNPECCU0 Ha KNEeTOYHOU
noBepxHOCTU retepoanmepa a /. OH
accouuunpyetca ¢ CD3 komnnekcom un

aKcnpeccupyeTca Ha noBepxHOCTU To3-
KINEeTOoK




Vo Vo dRec D5 J& Cd yJa

|
:
F

Va, V6 OSRecwyda Ja Ca

Coding-joint
Va Ja Ca (cj) TREC thymocytes,
o chromosome 14
— i (14q11)
locus TCRa/8




LV, 1 LV,n L V1 L Vsn Dzl Ds2 Js1Js2 Cs LVS Ju1d2 Jon Cao

erming aananona S-Hi—HI—HI—HI—HI—{H] HE—H—
J
»

\ L

LVl LVe2 LVododen Cp

Rearranged we-chain DNA 5'—'—.—'—. ----- |-.:|—D— 3

Vo Ja C,
Protein product aff heterodimer .
;g T cell
h‘
VaDpdsCy
LVagl LVgDyly Cp Dy2 Jp Cp2  LVyl4
Rearanges fetan ONA sHil- = - HEs
Ar_\_j
‘s g PG .
LVy LVepn Dy Jp Cyl Dy2 Js Cs2 LVy14

Germ-iine p-chain ONA  5-HIl- HI——HHHHHHHH : — +He
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