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HapyLweHunsa 3alnTHbIX CBOUCTB UMMYHHOU CUCTEMBI



HecnocobHoCTb BbICLLEro opraHnama nNpoTUBOCTOATb MHPEKLIMM

N3beraHne natoreHoM 4enNCcTBnS IMMyHOOEdPULMTbI
WMMYHHOW CUCTEMbI

[lepBUYHbIE BTopuyHble
(BpOXXOEeHHbIE) (NpnobpeTeHHbIE)




AHTUreHHble BapunaHTbl NO3BOJIAIOT NaTOoreHam n3bdexarb
MMMYHOINOIrmn4eckKoro Hag3opa.

BHekneTo4YHble natoreHbl, ycTpaHsaemMble 06bI4HO C MOMOLLbIO AT K MOBEPXHOCTHbIM
Al
1. MHorve MHPEKUMOHHbIE areHTbl CYLLIECTBYIOT B HECKOMNbKNX aHTUIEHHbIX

BapuaHTax.
Streptococcus pneumoniae — 84 cepoTuna = 84 BapnaHTa normcaxapmaHomn
Kancynbl, KaXx4bl U3 KOTOPbIX pacrno3HaeTca cBouM crneundundecknm AT. byayT
Bbl3blBaTb 3aboneBaHne y 0O4HOro 1 TOro e opraHnama npuv noBTOPHOW MHeKLNK
OoTNn4aloWmMmMCcs cepoTnnom baktepumn.

2. AHTUreHHbIV opend n aHTureHHas cMeHa = Antigenic drift and antigenic shift
- BUpYChbl

3. 3anporpammupoBaHHbie nepectpourkn B [IHK natoreHa - Trypanosoma brucei




MHOX€eCTBEHHbIE aHTUIEeHHbIe BapuaHTbl NonMcaxapuaHon Kancynbl
Streptococcus pneumoniae NO3BONSOT OakTepUN Bbl3blBaTb NOBTOPHYO MHEKLIMIO
y y>ke nepebonesLlero nHANBMAyyma

0501010101010

There are many types of S. pneumoniae, which
differ in their capsular polysaccharides




AHTUreHHbIN apeund (antigenic drift) n aHTUreHHbIN WNOT/caBUr (antigenic
shift) y Bupyca rpunna

Binding of neutralizing
antibodies to hemagglutinin
of virus V prevents binding
to cells in person P

In person Q, mutation
occurs in virus V to produce
virus V* with an altered
hemagglutinin

Neutralizing antibodies
against virus Vin person P
do not block binding of
virus V* to cells
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Figure 11.2 The Immune System, 3ed. (© Garland Science 2009)

A secondary host is infected
with a human and an avian
strain of virus

Recombination of viral RNA
in the secondary host
produces virus with a

different hemagglutinin

No cross-protective
immunity in humans to
virus expressing a
novel hemagglutinin

avian

human

Q

|

[

porcine cell

S Z

P
S\
. A
human cell

Figure 11.3 The Immune System, 3ed. (© Garland Science 2009)
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Generation of a Pandemic Influenza Strain
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Source: CDC | Influenza Division, Centers for Disease Control and

Prevention. Modified from Emergence of HSN1 influenza virus and control
options. (Emerging Infectious Diseases » www.cdc.gov/eid = Vol,. 12, No. 1,
January 2006)



AHTUreHHbIN WNAT BbI3bIBAET pe3KUe N3MEHEHUA BUpPYCa U NpUBOANT
K naHgemMunu B nNonysnsaumm XxossanHa

CmeHa nogtmnos BUPYCa rpurna A 1 cBA3aHHblE C HEN MAaHOEMUU N ANMNOEMUN YenoBeKa

TsaxecTb
oAbl MoaTun
anuaeMmnm
Taxxenast naHgemMus
1889-1890 H2N8: YMepeHHas «McnaHka»
H3N8 annaemms
1900-1903
H1N1 (paHee Tsxxenaa naHoemus
1918-1919 ]
1933-1935 HswNI) H1N1 Nerkasa anuaemmna Asvartckun rpynn
(paHee HON1) Nerkas anngemus
1946-1947
1957-1958 H1N1 Takenasa naHAemMus
1968-1969 H2N2 YmepeHHasi
] B H3N2 naHaemMus
1977—1978 H1N1 YmepeHHasd

naHaemMus



3anporpamMmmupoBaHHble nepectpounku B [1HK naTtoreHa

There are many inactive trypanosome
VSG genes but only one
site for expression
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Many rounds of gene conversion can
occur, allowing the trypanosome
to vary the VSG gene expressed
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Trypanosoma brucei , npocTeniee, NePeHOCYUK — MyXa
Leue, y YenoBeKa — B KpOBM, pe3yrbTraT — COHHasA 60ne3Hb,
NOKPbLIT O4AHMUM TUMOM IMUKONPOTEUnHa - variant-specific
glycoprotein VSG, Bbi3biBaeT HapaboTky AT, acpcheKkTUBHbIX
NpPOTUB NapasuTa.

Ho: 1000 reHoB ans VSG B reHomMe, OAWH reH
3KcnpeccupyeTcs B KaXxXablh MOMEHT BPEMEHM,
nepekrnoyYeHue akcnpeccum VSG (yacrtorta 0.1% Ha
KIeToyHoe geneHue) - reHHas KOHBepCcus, uaeT COHTaHHO -
HOBbIN NreH B aKTUBHOM CalTe 3KCNpeccum (Unm akTuBauua
HOBOrO CauTa 3Kcnpeccuun)- nosiBrieHUe HOBOro aHTUreHa -
3anasgbiBaHWe MMMYHHOM CUCTEMbI C OTBETOM — O0One3Hb
MMMYHHbIX KOMMNJIeKCOB, NpoxoanT

reMRIRAHHSDAN M HRSEHHERAP HER; KEAMPIIAK KOHEHEITO
pe3wiLTai|3adboneBaHus




3anporpammupoBaHHble nepectponku B [1HK naTtoreHa B
OakTepusx

bakTepun nmerT aare3vHbl, NO3BOSIAKOLLME UM UITN NPOCTO NMPUCOEAUNHATBLCA K
KneTke (Neisseria gonorrhoeae, 6€n0oK aare3aum - MAMMH) , NN NPOHNKaTb BHYTPb
KNeTKn (Salmonella sp.). 1IgG 1 IgA aHTUTENa K aare3anHam MoryT BrokMpoBaTb aare3uto
N NPENATCTBOBATb KONOHU3aLUNK 6akTepusamMmn NOBEPXHOCTU KIETOK.

HO: y 060ou1x BMOOB HECKONBLKO BapnaHTOB reHa donarennuHa (Salmonella
typhimurium) unn nunuHa (N. gonorrhoeae), HO aKTUBEH TONbKO OAWH IeH,

NMUINnNH




HekoTopble BUpPYCbl MOTYT «McYe3aTb» U3 BUAUMOCTU UMMYHHOW CUCTEMBI B
NaTeHTHbIN Nepuos - NePCUCTUPYIOT in vivo U He pennUuUUpPYyroTCcA. Herpes

simplex virus/ Herpes zoster
Pennukauunsa Bupyca — nosiBrneHve B

Latency Reactivation MHULUMPOBAHHOMN KIeTKe BUPYCHbLIX OenkoB —
BbICTaBNeHMe Ha NOBEPXHOCTU B KOMIIEKce C
sonaigangion | MIHCI — ONO3HaBaHue CD8+ T-KNeTKOM.

HeT pennukauum (naTteHTHbLIN Nepuoa) — HeT
orno3HaBaHMA MMMYHHOWN CUCTEMOM, HeT
6one3Hun. lNpu nepBnYHON MHpeKUUN HSV-
no4ytn appeKTUBHbIN UMMYHHbLIU OTBET, HO
YacTb BUPUOHOB «yXOAUT» MO TPOUHNYHOMY

— Sensory neuron
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®\ 203 NPOBOKaLUA - «CNYCK» MO aKCOHY B 3NUTeNnumn
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1. B HenpoHax HSV cnab6o Neural passae -
pennMuupyeTcs - Mano BUPYCHbIX e
nenTtnaos. - Y
- . «
2. Hn3kuim ypoBeHb 3kcnpeccumn MHCI B £ —\ VIMMYHHas CliICTEMa «HE

HeMpoHax. BUONT» HSV B HEeMpoHax u He



Ha camom gerne, B HEPBHbIX raHIMKUAX C NnepcucTupyrowmm HSV ectb CD8+ T-
KIeTkn n CD68+ makpodaru, NoBbilEH YPOBEHb 3KCMPECCUN LUTOKUHOB IFN-y U
TNF-a, c nogasnsawowen pennmkaymio HSV akTUBHOCTbIO.

XpoHun4ecku BocnanuTenbHbi NPOLIECC B raHIMUsSIX C NaTeHTHbLIM HSV.
Ho 6e3 noBpexaeHnst HepBHbIX KNETOK!

CD8+ T KNETKN KOHTPONMMUPYIOT HU3KNIA YPOBEHb PennuKaLumn Bupyca B HEMPOHax
4yepes CEKPELMIO LIMTOKMHOB

MMMyHOCcynpeccums |:> peakTuBauusi BUpyca



KakoBbl MOJ1EKYINAPHbIE MEXaAQHNU3MbI n3deraHms BMPYyCOM HSV HOpManbHOIo MMMYHHOIO
OTBETa B KIeTKkax anuTenua?

M. L. Oldham, R.K. Hite, A. Steffen, E. Damko, Z. Li, T. Walz & J. Chen, Nature. 2016

-Hebonbwon 6ernok (88 a.k.) Bupyca repneca ICP47 cBs3blBaeTcA C 6ernKom-
TpaHcnopTepoM TAP 1 npedoTBpallaeT nepemMelleHne nentuaos u3 untosons B JAlP.




ICP47 ¢ BbICOKOW adddUHHOCTbIO (OonbluUe, YeM y ApYrnx NnenTnaos)
CBsA3bIBaeTCsl ¢ TAP CO CTOPOHbI LIUTO30/S, C €r0 LIeHTPOM CBSA3bIBaHUS U
«3aTbIKaeT» ero.

«[ycTtble» monekyrnbl MHCI octatotcs B 9P, npeseHTaumns BUPYCHbIX
NenTUOOB HapyLlaeTcd

Cytotoxic T cell KomMmnnekchbl

TAP-ICP47

T-cell receptor

Extracellular

Endoplasmic reticulum

Peptide-loaded

Proteasome Peptides




ICP47 B BUAE WNUIMbKN CBA3LIBAETCS C aKTUBHbBIM LIEHTPOM TAP 1 CTabununanpyer ero
B OAHOM HEAKTUBHOM, «OTKPbITOM» B LLUTO30S1b NOMNOXEHUN. TAP HE MOXET
N3MEHUTb KOHOPMAaLMIO U CBA3aTb Apyrne nentuabl. TAP He MOXeT
TpaHcnopTupoBaTk ICP47 B LUMTO30Mb KaK Apyrne nentuabl n3-3a ero 60nbLoro
pasmepa (88 a.k.).

ATP hydrolysis,
peptlde release

ER lumen
Binding of

ATP and peptide
Inhibited state Inward-facing Outward-facing
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Table 1. Immune evasion strategies employed by HSV.

Viral protein

Effect

Mechanism

References

Inhibition of IFN and cytokine signalling and IFN function

ICPO

ICP27

Us3

vhs

vhs

ICP27

vhs

ICP34.5

ICP34.5

Usl1

Usll1

2°-5’A
analog
ICPO

Enhanced resistance to IFN

Decreased IFN and
cytokine expression
Decreased ISG expression
(Mx) and reduced IRF3
activation

Inhibition of IFN-o/f3
production

Inhibition of JAK/STAT
signalling

Inhibition of IFN
signalling

Suppression of
proinflammatory
cytokines, IFNs, and
chemokines
Suppression of antiviral
genes

Inhibition of PKR and
PERK activity

Inhibition of dsRNA-
dependent and PACT-
mediated activation of
PKR

Inhibition of 2°-5”> OAS

Inhibition of the 2°-5°
OAS/ RNAse L system
Inhibition of RNAseL-
independent rRNA
degradation

Modification of IRF3 and
IRF7 activation

Reduces IRF3 and NF-xB
activation

n.d.

Potentially because of
reduced IRF7 activation
Induction of SOCS3,
repression of STATI
activation

Decreased STAT1

activation and translocation

to the nucleus
n.d.

Inhibition of IRF3
activation via interaction
with TBK1

Reverses the PKR and
PERK-induced
phosphorylation of elF2a
Binds to dsRNA

Binds to PKR

Binding to dsRNA
(dsRNA binding domain
of Usl1 essential)

2’-5” A analogue

n.d.

[70-74]

Bupyc HSV umeer
[27] 1000 1 1 cnocob
1791 n3beraHus
MMMYHHOrO OTBETA
CO CTOPOHbI
opraHu3ma

[80-82]

[82,83]

[78]

[84]

[85]

[61,62,86]

[63]
[64]

[67]

[69]

[68]




Table 1. Cont.

Inhibition of host gene expression

ICPO Inhibition of TLR-induced Recruitment of USP7 [87]
JNK and NF-kB activation binding to TRAF6 and IKKy

ICP27 Inhibition of splicing Interacts with spliceosome ~ [88-90]

components

[CP27 Reduction of mRNA n.d. [91]
stability

VP16 and RNA degradation n.d. [92]

vhs

[CPO Cell cycle arrest and Upregulation of p53- [93]
disturbed cellular gene responsive genes.
expression

Unknown Inhibition of NFAT n.d. [94]
activation

Inhibition of apoptosis

ICP4 Inhibition of apoptosis n.d. [95]

gJ Inhibition of apoptosis Inhibition of caspase [96]

activation

[CP27 Inhibition of apoptosis n.d. [97]

ICP34.5 Inhibition of apoptosis Inhibition of PKR activity [62]
Inhibition of CTL-induced Downregulation of cell [98,99]
cell death (apoptosis) surface Fas ligand

Inhibition of autophagy and anti-microbial proteins

[CPO and Inhibition of SLPI n.d. [100]

ICPO

[CP34.5 Inhibition of autophagy Targeting of Beclin-1 [66]



Inhibition of complement, antigen presentation and APC function

gC Inhibition of complement  Binds to complement factor [101,102]
C3
gEB/gl Blocking of Fc-mediated Binds to Fc domain of I[gG ~ [103]
complex activities, including
complement activation and
ADCC
vhs Inhibition of DC n.d. [104,105]
maturation and reduced
cytokine production
1ICP47 Inhibition of antigen Interferes with TAP1/TAP2  [106-108]
presentation by MHC |
vhs Inhibition of antigen Interferes with MHC 1 [109-111]
presentation by MHC I and transport. Reduces levels of
MHC 11 MHC 11
gB Inhibition of MHC II- Inhibited expression of [112]

mediated antigen
presentation

invariant chain and interacts
with HLA-DR and HLA-
DM




Epstein-Barr virus  EBV

NHdomumpyeT B-knetkn 4epes CD21 n MHCIL.

[lepBnYHas HPEKUNS — UM 6eCCMMNTOMHO UNK
NH(PEKLUMOHHBIN MOHOHYKNe03. bonbLwaga YyacTb BUPYCHbIX
6enkos (bonee 70) akcnpeccupyetcs. CD8+ T-KNeToYHbIN
MMMYHHbIN OTBET, CTL ybmBaloT MHPUUMpPOBaHHbIE B-KneTku

JlaTeHTHaa nHdekums - B-kneTtkm namatu (peako aensarcs),
BUPYC HE peENMUMNPYETCH, dKCnpeccupyeTca HeborbLlada YacTb
BUPYCHbIX reHOB. EBNA-1 (Epstein-Barr Nuclear Antigen)
B3aMMOAENCTBYET C NPOTEOCOMOWN, BNOKNPYET ee K
NpeaoTBpaLLaeT gerpagaumio u npe3eHTauuio COOCTBEHHbIX
6enkos. Onyxoneasi TpaHcdopMauns B-KrneTok yenoseka in
vitro. CNOHTaHHaga onyxornesasd TpaHcdopmMmauus
NHPUUMPOBAHHBLIX EBV B KneTok in vivo numdoma
bepkuta (nogaeneHa akcnpeccusi TpaHcnopTepoB TAP1/TAP2-
nogasrieHa npeseHTaumsa nentuagos monekynamm MHCI — CD8
CTL «He BUOAT» ONyXosieBble KIETKN)

CEEE——

The B-cell receptor and co-receptor
cooperate in B-cell activation

bacterial cell

{
!
I

CR2 =cp21

CD81

==

cD19
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= | j
B cell C s
activation signals
X Z

Changes in gene expression in nucleus
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HeKOTOpre naToreHbl YCTOﬁHMBbI K3dlWUTHbIM MeéXaHNU3MaM XO03AnHa Unun
MCNonb3yrT €ro B CBOUX COOCTBEHHbIX Lensx

Micobacterium tuberculosis — 3axBaTbIBalOTCA Makpodaramu, HoO MeLaKT CIUAHNIO
arocombl ¢ NMM3ocomoun. HyxxHa nomouub T 1.

Toxoplasma gondii — BbipabaTbiBAaeT CBOM COOCTBEHHbIE BE3UKYSIbI, KOTOPLIE OTAENSIOT €€
OT COAEPXUMOIo KNeTKN-Xxo3anHa

Listeria monocytogenes —
BHYTPUKIeTOYHasa baktepus, B
Makpodarax ycKornb3aeT 13
doarocombl B unToniasmy,
pa3MHOXaeTcs U nepenaeTcd
HanpsAMYyro B LMTOMNIa3My cocegHen
KIETKN, NOXMLLAA U3 LUTOCKENEeTa U
NCNOMb3ysl HUTU aKTUHa, T.0. n3deraet
MEXKNETOYHOro NPOoCTpaHCTBa U
BO3aeuncTBus aHtutesn. Ho CTLs moryT
ybmnBaTb MHOULMPOBAHHLIE KNETKMW.
bonesHb - nucTepnos

. f
VARG S,
¥ a2
G i
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C

e
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Copyright @ 2006 Nature Publishing Group
Nature Reviews | Microbiology



BpoxaeHHble uMMyHOOePULMTLI
(bonee 100) —geeKkTbl B reHax,
y4acTBYOLMX B KOHTPONE UMMYHHOIO
oTBeTa

Obuast 0coObEHHOCTb - B UICTOPUKM DOME3HN YacTble
NHAEKLMN HAYMHAs C O4eHb paHHEro Bo3pacTa

BakTepuarnbHble — cTpagaeT aHTUTESbHbIN OTBET,
KOMMSIeMeHT
BupycHble — T-KNeToYHbIN OTBET.

BpoxxaeHHbIN 1 NpnobpeTeHHbIM UMMYHHbIN OTBET.
BO3MOXHOCTb U3y4YnNTb MOMEKYIIAPHYO UMMYHOMNOMUIO

yernoBeka. JleueHune - nepecagka KOCTHOIMo Mo3ra Ui
pegjaktnpoBaHUe reHomMma CTBOJ10BbIX KITETOK.



HedekTbl B passutum T- n B-kneTok, Bbi3biBalOLLMe UMMYyHOO4EMULMATDI.
OedekTbl T-KNETOK — CaMble TsKenble

Fig12-2 : Congenital (X-linked agammaglobulinemia)
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X-linked SCID (XSCID) — MmyTauusa B reHe ramma-Lenu, obwen ana peuentopoB K IL-2, IL-4, IL-7, IL-9,IL-15, IL-21,
HapyweHue pa3BuTua T- n NK KneTok, “bubble boy disease”, konn4yecTBo (HO He PYHKLNS) B-KNeTOoK -

HopMarsbHoe

RAG gecumumt — RAG1/RAG2 reHbl, HeT V(D)J -pekoMOUnHa3bl, HeT V(D)J- nepecTpoek, HeT B- n T-kneTok,

Konun4yecTtBo NK- HopmanbHoe — MblILun SCID

Btk AepLUT — HET TUPO3UH-KUHA3bI, ONOCPEenYHOLWMNUA CUTHANMUHT OT pre-BCR — HET co3peBaHusi B-kneTok,



CuHgpom npnobpeteHHoro nmmyHogedpuunta CriAL/AIDS
nogasneHne UMMYHHOIO OTBETa, Bbl3BaHHOE MHAbeKumen HIV (human
immunodeficiency virus)

1981 — nepBoe coobLleHne. Cenyac -35 MIH. 6ONbHbIX, KaXabln rog
3apaxaetca bonee 2 MIH.

[TpyynHa cmepTUn: oNNOPTYHUCTUYECKNE HeKuun, capkoma Kanowun, B-
KIeTodHada numMmdoma - Kak pesysnistaT noyTu NofHOM annMmnHaumm CD4+

KINEeToK

NHJbeKUuMOoHHbIN areHT y Yenoseka — BAY /HIV-1 and HIV-2
y Makaku - SIV
Y yenoBeka — OT LUMMMAH3e?

[1Be cTagmn — octpas MHgeKuns
- XpoHW4yeckas nHdekumd



I'IyT|/| nonagaHnsa HIV B opraHn3m 4yenoBeka:

1. Yepes crnnamncTyro NoNoBbLIX NyTeEN — OCHOBHOW NYTb
C KpoBblo (Yepes wnpuy 6/y, npu nepenmBaHumn KPoBU U T.4.)
3.  OT uHMUUMpoBaHHON MaTepPU K peBEHKY Npu poXXaeHUn nnn c
rpyaHbIM MOMNOKOM (YacToTa - 11%-60%)
+ Npu NpoBeaeHnn gnarHoCTUYECKNX npoleayp

N

He siCHO, KaK BUpYC NpoxoanT anuTenuarnbHbln 6apbep, HY>XKHO 605bLLIOE KONTIMYECTBO KOHTAKTOB,
Npu PU3nN4eCcKoM NoBpeEXOEHNN NUIN MPU NHAEKLUUSX NPOXOoXKaeHMne obrneryaeTcs.

HaunHaeTcsa ¢ ogHOM BUPYCHOM YacTuubl, KOTOpasa BbICOKO 30 eKTUBHO 3apaxaeT CD4+ T-
numcouunT B CrNmM3ncTon Yepes peuentop CD4 n XeMOKMHOBBLIW KO-peLlenTop CCR5 (CXCR4),
KOTOPbIN 3KCNpeccupyeTcsl B OCHOBHOM Ha CD4+ T-KneTkax namMsiTn, Makpodparax u geHapuUTHbIX
KrneTkax. [lanee — pa3aMHOXeHWe B KneTkax immdoysna u pacnpoTpaHeHNe C KPpOBbLO MO BCEMY
opraHuamy. [1OTOMCTBO 3TOM YacTUL bl MOXET 3apaKaTb JIMM(OUAHbLIE U MUESTONAHbIE KITETKN C
oAuHakoBon 3(pdekTUBHOCTLIO. [leneuna no CCR5 (1% ntogen eBponenckoro NpoNCcXoXXaeHusa B
CLLA) — no4yTr nonHoe oTCyTCTBUE 3apaXeHust. 3apaxeHune —4vepes T-nMModuTbl, Makpodaruy,
OEHOPUTHbIE KITETKMW.



Organization of the HIV-1 Virion

gp120
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Reverse
Transcriptase
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: » Lipid Membrane

HIV — peTpoBupyc, noarpynna JIeHTUBMPYCOB (Nnar.
Lentus — MearneHHbIn) HIV npoHMKaeT B T-KNeTKn
yernoBeka yepe3 CD4-peuentop 1 cBov 060M104EYHbIN
©enok gp120. XemoknHoBble peuentopbl CCR5 (Yalle)
N CXCR4 Ha KrieTKkax yerioBeka ncnonb3yrotes HIV angd
3apaxkeHusi Kak Ko-peuenTtopbl. OBonoveyHbIn 6enok
gp41 - crinaHue BMpycHon 060104k ¢ MembpaHom
KneTkn-xo3anHa. CCR5 —TpornHbIN BUPYC 3apaxaeT
CD4+ T-kKneTkn NnamMaTn 1 Makpodoaru Bcerga npu
nepBOM 3apaxeHnn, CXCR4 —CD4+ T-KNeTkM namsTi,
HamBHble CD4+ T-kneTkn, Mmakpodaru

2, Core




Bupyc HIV 3apaxkaeT CD4+ T-KneTku. dnumuHaumns CD4+ T-KneTok
(unTonartunyeckun adppekT Bupyca, anontos, CD8+ T-KNeTkn) — oCHOBHad

npuynHa Clrida.
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TemHasn hasa — BUpyC He geTekTnpyeTcsa
B Mra3me KpoBu (Huxe 102 B.Y./mn)

lNMuk BUpeMnmn — BUpyC 1 3apaxkeHHble
KNeTKN JoXoaaT 40 IMMdoy3roB, rae
BCTpeYarT akTuBMpOBaHHble CD4+CCR5+
T-kneTkn. [lomoratoT B pacnpocTpaHeHnn
BUpyca AeHOPUTHbIE KITETKM Yepes
DC-SIGN peuenTop n B-knetkn yepes CR2
(CD21). Bupyc 6bICTpO pennuuupyeTcs B
aKTMBMPOBAHHbLIX T-KneTkax u goxoaut
0o GALT - ocHoBHOW pesepByap BUY.
Bupemuns — oo 10 B.4./mn. Konnyectso
CD4+ B KpOBU O4EHb HN3KOE, 3aTEM
HopManuayeTcs, B GALT — ocTaeTcs
HU3KUM. AKTUBaLMS aganTUBHOIO
MMMYHHOIO OTBETA, COMPOBOXAAEeTCH
paHHUM 1 aKTUBHbLIM anonTo3om T- 1 B-
kKneTtok. CD8+ T-KNeTOYHbIN OTBET —
JYHKLMOHANNbHO HOpMaribHbIN B OCTPOWN
drase NHgeKUnm, N03BONSAET CHU3UTb
BUPYCHYIO Harpy3ky, HO
yHKLUMOHaNbHO UCTOLWEHHbIN — B
XpOHW4eckoun gase.

AHTUreHHbIN apend 1, Kak cneacTene,
cMeHa MMMYHOOMWHAHTHOrO anuTona —
OCHOBHas NpuYKMHa yCKosib3aHNA BMpyca
HIV OT UMMYHHOrO Hag3opa 1
XpoHu3auum 3abonesaHns



EcTecTBEeHHbIN MMMyHHbIVI oTBeT CJIMWWKOM MaJ1 U HacTynaeT CJIMWWKOM No3AHO,
YTOObI aNnMuUHupoBaTtb HIV — u3-3a notepu CD4+ T-KNeToK
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Transmission

[MepBble HenTpanuayoLe aHTUTENA\BO3HUKAIOT 12 HeAenb CNyCcTa Havana NHgekLmmn, orpaHnyeHs! no
CMEKTPY SNNTOMNOB — pearupyroT TONbKY C onpeaeneHHbIMN LUTaMMaMmy U NO3BOSISOT BUPYCY «YCKONb3aTb» OT
MMMYHHOro oTBeTa. LLInpoko HenTpanmniyoLne aHTuTena, pearmpyrowme co MHOMMMU LUTaMMaMu, Peakn
BO3HMKAIOT nocne 20-30 MecsueB B XPOHUYECKOW CTaann NHAeKLMN, B pe3yrisTate CoMaTn4ecKoro
rmnepmyTareHesa V-reHoB U™ B 3apofbILLIeBbIX LEHTPaX, pearnpytot Takke ¢ cobctBeHHbIMU Al'. MegneHHo
pa3BuBaeTcs T-3aBMCUMBbIN B-kneToyHbIn QTBET (PpyHKUNA CD4 T-KNeTok HapyLleHa, ToNepaHTHOCTL B-
KNeToK K cobcTBEHHbLIM AlT, MACcCUBHbIN B-KigeTouHbIM anonTo3 1 notepst 50% 3apoabllLeBbiX LEHTPOB B GALT
B OCTPYI0 (pasy NHdeKLmn).
3aecb AomkHa paboTaTh BaKuMHa, npeaodTBpaLlas anMMmmHauuio CD4+ T-KNeToK N XpOHUYECKY0
aKTMBaLMIO BCE UMMYHHOMN CUCTEMbI



BakuuHa npotne BUY gormkHa obecrneymBatb NpucyTcTBue
LUMPOKO HENTPANU3YOLWMX aHTUTEN B Nia3aMe u
CITIN3UCTbIX



AHTUreHHbIN gpend n PyHKUMOHarbHoe nctouleHmne CTLs — OCHOBHbIE
NPUYMNHBI HECMTIOCOBHOCTU UMMYHHOW CUCTEMbI YEroBEKA ANIMMUHNPOBATL
BY



~yepes 30 AHel Bupyc-cneumdudeckne LTI XpoHuueckas (pasa HIV-uHpeKumm

Tcell response to HIV
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mutations in HIV

* First Env and Nef
* Later Gag and Pol
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CD4* T cell depletion
‘and immunodeficiency

s Ibinding 'CD8* T cell response Decreased T helper
gaition insufficient to clear infection cell function
rocessing -

& Chrohicintact T cell exhaustion (loss
p romtc énTec ll;)n _— of effector function and
SREMEC LCRILasUvaL Ol Upregulation of inhibitory proliferative capacity)

receptors on CD8* Tcells
nv and NeT, whereas Gag-specific and Pol-specitic responses tend to arise later. Epltope changes are

rapidly optimized for the fittest variants and occur through three main mechanisms: mutations that affect HLA allele binding; mutations

that affect TCR recognition; and mutations that affect epitope processing, which can also occur in sequences flanking the actual T cell
epitope.




XpoHuyeckas pasa BUY-nHpekumm

Pesynsrat XpoHU4YeCKOW aHTUreHHOW cTumynaunm CD8+ T-
KIETOK W, KaK crieCcTBune, NOBbILLIEHHOW SKCnpeccuun
NHIMBMpYOLWMX peuenTopoB — PD-1, TIM-3, CTLA-4, LAG-3.
dyHKUMOHanbHoe nctoweHne CD8+ KNeTokK,
HeCcnocobHOCTb Pa3MHOXaTbCA U BbINOSTHATbL CBOU
LMTOTOKCUYECKME (PYHKLNK (CHUXKEHO coaepxaHune
nepdgopuHa n rpaH3nma B B LMTonuTUYeCcKnx rpaHynax,
CHWXeHa npoaykuus IL-2 n IFN-y). OgHa n3 npuymH
HecnocobHOCTN MMMYHHOW CUCTEMbI SNUMUHUPOBATb
BUPYC 13 opraHmama. PyHKLMOHaNbHOE UCTOLLEHNE He
aBngeTcd HeobpaTUMbIM.



Antigen-bearing cell
(APC? Tumor cell?)

(E) Altered motility
and T cell/APC
interactions

T cell

(A) Antagonized
TCR signaling

proliferation @

(B) Decreased
survival, proliferation,
and altered metabolism

(D) Altered
transcription
factor expression

Effector
‘ gene transcription
Nucleus

TRFENDNS in Imminnlonv

PD1 - Nel B (pyHKLMOHaNbLHOM
NCTOLLEHUN T-KNETOK, OCHOBHOM
perynatop. ITIM-cogepxaLinm
peuenTop, aKcnpeccusa Bcerga
NnoBbILLAETCs Npu akTuBauum T-
KNEeTOoK, nocne B3anmoagenctensa TCR
c nMraHgom, B HopMarsbHbIX
YyCNoBUSAX — AN orpaHn4yeHns
«CBEpX-aKkTnuBaLUUn» U nogaepxaHms
TOSIEPAHTHOCTU K «CBOMM»
aHTureHam. MexaHn3m NCToLLEeHUS
4yepes3 PD1 Hanbornee BEPOATHbIN —
pekpyTupyet doocdarasbl 1
nogaBnseT cCUrHanuHr Yepes TCR.

briokMpoBaHue curHanbHOro NyTu
PD1-PD-L1 C NOMOLLbIO @aHTUTEN
BOCCTaHaBNMBaET 3P EKTOPHLIE
doyHKUMN T-KNETOK N yMeHbLUaeT
BUPYCHYIO Harpy3Ky 1 onyxoneByto
Harpysky.

AHTU-PD1 aHTUTENA B 2014 -
bonbLle B UMMYHOTEpanuu
onyxonen.



Okono 1% BNY-3apaxeHHbIX — «3NIUT-KOHTPOSNepbI» UNKN «3NUT-HOH-
NPOrpeccopbl» UNKU «3SINT-CYNPEeCCOopPbI».

be3 peTpoBupycHOM Tepanmn — BUpyCHasi Harpy3ka He Bbille 1008.4./Ms1 B
TeyeHue gonroro BpemeHun. CINI He pa3BuBaeTcs, ypoBeHb CD4+ KIeToK
HOPMaJSibHbIN,

CBsa3b ¢ onpeaeneHHbiMn annensamm MHC I IpnynHbI He ACHBI.

HIA alleles HIA-B*5701, HIA-B*5703, HIA-B*5801 HIA-B27 and HIA-B51
accouunmpoBaHbl C XopoLunm KoHTposiem BUY-nHpekumn 1 megneHHsbIm
passutmnem CIriAL.



TABLE 1

POTENTIAL MECHANISMS OF VIRAL SUPPRESSION IN HIV CONTROLLERS

Mechanism Results of studies in HIV controllers References
Viral factors (attenuated virus)
Gene deletion Deletion of a key regulatory gene, e.g. Nef (Sidney cohort). [18]
Mutations Viral strains with mutations decreasing viral replicative capacity, located in particular in [14, 17-20]
conserved regions of Gag.
Decreased susceptibility of target cells to HIV
Reduced viral entry Genetic polymorphisms in the CCRS co-receptor are enriched in HIV controllers. [7, 23, 24]
Intracellular factors inhibiting viral ~ Decreased susceptibility of CD4 T cells to HIV infection [28, 29]
replication
Upregulation of the tumor suppressor gene p21 may inhibit viral replication in CD4 T [28]
cells
Decreased cell death Inactivation of the FOXO3a pathway renders memory CD4 T cells less susceptible to [32]
programmed cell death (apoptosis).
Innate immunity
NK cell function Specific NK receptors in conjunction with protective HLA [35, 36]
Class I alleles increase the likelihood to achieve controller status. [37]
Better NK functionality in HIV controllers. [38]
Stronger Antibody-dependent Cellular Cytotoxicity (ADCC).
Dendritic cell function Higher frequencies of plasmacytoid dendritic cells (pDCs). [39]
Better antigen-presenting properties of myeloid dendritic cells (mDCs). [41]
CD4 T cell subpopulations
Memory CD4 T cell compartment Better preservation of the central memory CD4 T cell compartment in HIV controllers [47-49].
Maintained capacity to produce IL-2 [41; 42; 43]
Maintained capacity to respond to IL-7 [53, 54]
Maintained capacity to produce IL-21 [68-70]
Regulatory T cells Lower Treg frequencies in lymphoid tissue of controllers. [87]
Contradictory data on Treg frequency in the blood. [85]
Lower expression of the immunoregulatory molecule CD39 on Treg in controllers.
Th17 CD4 T cells Maintained balance between Th17 and Treg in controllers, whereas the Th17/Treg ratio [89, 90]

decreases with HIV disease progression




TABLE 2

POTENTIAL MECHANISMS IN HIV CONTROLLERS -ADAPTIVE IMMUNITY

Mechanism Results of studies in HIV controllers References
Adaptive immunity
HIV-specific CD4 T Association of some HLA Class II alleles with lower viral loads reported in some reports. So far  [80, 82]
cells not confirmed in GWAS studies of HIV controllers.
Polyfunctional HIV-specific CD4 T cells, with secretion of multiple cytokines. Maintained [24, 47, 48, 64,
magnitude of these responses in spite of low antigen load, in contrast to ART-treated subjects in ~ 65]
whom HIV-specific CD4 T cell responses decrease on therapy. This has also been shown in [81]

mucosal tissue.
Greater production of IL-21 by HIV-specific CD4 T cells in HIV controllers

Higher functional avidity and TCR binding affinity of HIV-specific CD4 T cells in HIV
controllers

[69, 70, 134]
[72]

Lower expression of CTLA-4, an important inhibitory molecule, on HIV-specific CD4 T cells [6]
of elite controllers
HIV-specific CD8 T Strong genetic association of HIV controller status with specific HLA Class I alleles. Confirmed  [7, 8, 10]
cells in multiple cohorts and by Genome-Wide Association (GWAS) studies.
Difference in thymic selection of the TCR repertoire for protective alleles [91]
Unique properties of the epitope binding groove of protective HLA Class I alleles [7]
Escape mutations in CD8 T cell epitopes leading to reduced viral fitness [92]
Superior proliferative capacity [94]
Higher frequency of “polyfunctional” CTL producing multiple cytokines in both peripheral [97]
blood and tissues [119]
Greater ability to produce cytotoxic proteins (e.g., perforin) [94-96]
Greater production of IL-21 [71]
Superior capacity to suppress viral replication in vitro [94, 98, 99]
Preferential targeting of some viral proteins (e.g, Gag) [24]
Dominance of Gag-specific CTL responses in Gut-Associated Lymphoid Tissue (GALT) [118]
Higher functional avidity of HIV-specific CTL [106, 107]
Humoral responses Role currently unclear. Overall, HIV controllers have low titers of neutralizing antibodies. [38]

However, Antibody-dependent Cellular Cytotoxicity (ADCC), which can also be mediated by
non-neutralizing antibodies, has been shown to be higher in HIV controllers in one study.




2008. Timothy Brown, also known as the «Berlin patient»

1995 - BUY

2006 — nNenkemus
2007 — nepecagka
KOCTHOro mora
2008 - BUY He
onpenenserca, AT
~ HeT

CCR5del
ITO Tenepb He
3a30pHO!




HacTosuwee:

AHTN-peTpoBMpYyCHas Tepanusi — 1. MUHIMOUTOPbLI O6paTHOW TPaHCKPUNTAa3bl U
nporteasbl BUY
2. bnokaTopbl cBA3bIBaHMA gp120 ¢ CCR5.

[lepcnekTuBbl:

1. BakuuHa, HanpaeBneHHas Ha HapaboTKy B OpraHu3mMe LUMPOKO
HenTpanusywme AT (npoTuB gp120 - NPOTMB JOMEHA,
B3aMMogenCTByoLero ¢ CD4).

2. JleyeHue yxe 3aboneBLUNX — pedakTMpoBaHMUE reHoMa CTBOSTOBbIX
KIEeToK



