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leHeTn4eckasi BapunabesibHOCTb MOMyASLMM MOXET OObSICHUTL Pa3J/IMYHbIe HANBULAYA IbHbIE UMMYHHbIE
peakumn Ha Bupyc SARS-CoV-2. Vicrionb3oBaHWe TEXHOIOMMA Ha OCHOBE aHasin3a reHoma v nporeoma
JaeT BO3MOXHOCTb paspabarbiBaTb BaKUWHbI MyTeM ONTuMmn3aLmnmy Beibopa aHTureHoB-muweHen. Meto-
L0J10r1si KOMIbIOTEPHOIO MOAENNPOBaHUS MPEAOCTaBIISET Hay4YHOMY COOOLLEeCTBY 60/1€€ MOJHbIN CIINCOK
VIMMYHOI€HHbIX MEnTUAOB, BKJOHaKOLWMA B ce6s1 pSa HOBbIX M MEPEKPECTHO-PEaKTUBHBIX KaHAULATOB.
UcenenoBaHus, npoBogUMbIe HE3aBUCUMO APYr OT Apyra C pas/inyHbIMy Noagxonamu, 4atoT BbICOKYHO CTe-
MeHb yBEPEHHOCTY B BOCMPOU3BOAUMOCTY pe3y/ibTatoB. bosbluas 4acTs ycuami rno paspaboTke BakyH
n nekapcTs npotusB SARS-CoV-2 HarnpaBneHa Ha rmMKonpoTeuH Lwmna (6esiok S) — rnaBHbIN UHAYKTOP
HEeNTPann3yroLmx aHTuTes. HecKosibKo BakKMH MpOAEMOHCTPUPOBaIN 3(hheKTUBHOCTb B JOKSIMHUYECKNX
Mnccae[0BaHUSIX 1 MPOLLIN KITMHUYECKUE UCTIbITaHWS o npotusogencTauto nHpekumn COVID-19. B 0630-
pe npegcTaBeH npogub npegckasaHHbix in silico’ ummyHoreHHbix nentugosB Bupyca SARS-CoV-2 ansi
riocaeayroLLen (hyHKUMOHaIbHON Baaugaummn n pas3paboTKu BaKLMH; OCBELLAIOTCS TEKYLUNE AOCTUXEHUS
B pa3paboTke cybbeanHN4HbIX BakyH 4151 60pbbbi ¢ COVID-19 ¢ y4eToM onbiTa, KOTOPbIV Obll JOCTUMHY T
paHee ¢ SARS-CoV n MERS-CoV. Metoab! uMMyHOUHGOPMATUKIU COKpaLLaroT BPEMS Y 3aTpaThl rpu pas-
paboTKe BaKLMH, KOTOPbIE BMECTE MOryT OCTaHOBUTL 3TY HOBYIO BUPYCHYIO MHDEKLMIO.
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popmartyiKka.
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BBEAEHUE

B pnekabpe 2019 roga B ropofe YxaHb KUTANCKOW
npoBuHUUN Xy63in 6bIN10 OOHOBPEMEHHO 3aperncTpu-
POBaHO HECKOMbKO TSXKENbIX Cly4aeB MHEBMOHUM
Hen3BeCTHOWN aTnonorun. Bckope nocne aToro HOBbIN
6eTa-kopoHasupyc 13 cemerictea Coronaviridae poga
Betacoronavirus otpsga Nidovirales 6611 nugeHTunum-
poBaH Kak BO36yauTeNb TSXKeoro OCTporo pecnupa-
TOpHOro 3abonesaHus. Y nogen 6eTa-KoOpoHaBupyChbl
MOTyT BbI3bIBaTb JIEMKME PECMMPATOPHbIE MHMEKLIN
(«npocTypa»), a Takxe ropa3no 6onee cepbesHble 3a-
6onesaHusa (SARS n MERS).

11 deBpang 2020 r. BcemupHasa opraHusauus
34paBOOXPaHEHNsT MPUCBOMUSIA2 HOBOW KOPOHaBUpYC-
HOW MHbekummn oduymanbHoe HasBaHne — COVID-19
(COronaVirus Disease 2019), a MexxgyHapoaHbIi KoMu-
TET no TakcoHomuu BupycoB (International Committee
of Taxonomy of Viruses, ICTV) — odumuymaneHoe Ha-

3BaHue BO36yanTento aTon nHdekumn — SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2) [1].

11 mapta 2020 r. BcemupHas opraHusauus 3gpa-
BOOXpaHEHNs1 00bsABMIA pPacnpoCTpaHeHne Kopo-
HaBupyca SARS-COV-2, Bbi3biBalowero 60ne3Hb
COVID-19, rnobanbHon naHgemunen. Pasnu4yHble
wrammbl SARS-CoV-2 ¢ cekBeHNpOBaHHbIM FEHOMOM
nmetoT 6onee 99,98% MAEHTUYHOCTI NOCNeaoBaTeNb-
HOCTW, N OHWN B6IM3KOPOACTBEHHbI (88% WAEHTUYHO-
ctn) SARS-nogo6HbIM KOPOHaB/pycaMm NeTydnX Mbl-
Lien, B TO BpeMsi Kak 6onee otganeHbl oT SARS-CoV
n MERS-CoV 4enoseka [2].

Y ogHWUX VHOMBUAOOB, 3apakeHHbIX KOpPOHaBUpY-
com SARS-CoV-2, pa3BuBaeTCsl TONbKO Nerkas unm
b6eccumnTomHas cdopma COVID-19. Opyrue ctpaga-
IOT TSXKENOo MHEBMOHWEN C OCTPbIM pecnupaTop-
HbIM [OUCTPECC-CMHOPOMOM U BbICOKOW JNleTaslbHO-
cTbto. CornacHo pesynsrataMm aHanmnsa KJMHUYECKUX
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The genetic variability of population may explain different individual immune responses to the SARS-
CoV-2 virus. The use of genome- and peptidome-based technologies makes it possible to develop vac-
cines by optimizing the target antigens. The computer modeling methodology provides the scientific
community with a more complete list of immunogenic peptides, including a number of new and cross-re-
active candidates. Studies conducted independently of each other with different approaches provide a
high degree of confidence in the reproducibility of results. Most of the effort in developing vaccines and
drugs against SARS-CoV-2 is directed towards the thorn glycoprotein (protein S), a major inducer of neu-
tralizing antibodies. Several vaccines have been shown to be effective in the preclinical studies and have
been tested in the clinical trials to combat the COVID-19 infection. This review presents the profile of in
silico predicted immunogenic peptides of the SARS-CoV-2 virus for the subsequent functional validation
and vaccine development, and highlights the current advances in the development of subunit vaccines to
combat COVID-19, taking into account the experience that has been previously achieved with SARS-CoV
and MERS-CoV. The immunoinformatics techniques reduce the time and cost of developing vaccines
that together can stop this new viral infection.
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XapakTepuUCTUK MauMeHToB W3 73 Hay4dHbIX cTartei,
Hanbonee pacnpoOCTPaHEHHble CUMMNTOMbI Havana
3aboneBaHnss — nosbilleHne TemnepaTypbl (82,1%),
Kawenb (45,8%), cnaboctb (26,3%), ronosHasi 60sb
(6,5%) n opblwka (6,9%); N3 HUX TSXKENbIX ClyyaeB
C oablwkon — 32,6%) [3]. Brmakre nNo 3Ha4eHuo aaH-
Hble O KNMHU4eckux nposisneHmsx COVID-19 nonyye-
Hbl B PETPOCMEKTUBHOM UCCIE[OBaHNN B YXaHbCKON
6onbHuLe Li3nHbnHTaHb [4] n B Poccuum [5].
KopoHasupyc SARS-CoV-2 obnagaet Tponu3Mom
K TKaHsM NIerkoro (anbBeosioumTam, aibBeONIIPHbIM
aNUTENMOLMTAM, JIEFOYHbIM Kanuansapam, nuMmdbong-
HOW TKaHu 1 Makpodaram erkoro), Bbl3biBasi BHe-
OONBHNYHYIO MHEBMOHMIO. Y HEKOTOPbIX MaunueHTOB
C MHEBMOHUEN BHE3AMNHO pasBMBaEeTCs TsKenas Abl-
XaTenbHas HeJoCTaTOYHOCTb, TPebyolas pecnmpa-
TOPHON nopaepXKu. PUck cmMepT aTuUX NauMeHToB
pocTuraet 60% [6]. Y 6onbluMHCTBA NALMEHTOB C TS-
)Kenow fpIxaTeslbHOW HeOoCTaTOYHOCTLIO npeobna-
AaeT UMMyHHas ancyHKUMS ¢ NMMGOneHnein, Yypes-
MEPHOWN Cekpeunen NPpoBOCAannTENbHbIX LMTOKNHOB

1 6enkoB OCTpoW (hasbl BocnaneHms [7]. Pesynerathbl
KOMMbIOTEPHOIrO MOLENNPOBaHUS (B dKCNEPUMEHTaX
in silico) nokasbiBatoT, YTO CYLLECTBYIOT FEHETUYECKUNE
pasnu4ynsi, 0OCOBEHHO B UMMYHHOW CUCTEME YENOBEKA,
KOTOpblEe MOTYT OOBbACHUTb Pa3/INYHYHO CMOCOOHOCTb
pearnpoBaTtb Ha nHgekumo SARS-CoV-2, pasnuyus
B cuMnNTOMaTuke un cteneHu Tsxxectn COVID-19.

Korpa KopoHaBupyc UHMULMPYET KNETKN YenoBe-
Ka, OpraHn3Mm pearupyeT aHTUBUPYCHbIM CUrHaWH-
rom. YT0o0bl BbISCHUTb, MOTYT I PasHble anienm cur-
HaJIbHOM CUCTEMbl OOBACHUTL AManasoH WMMYHHbIX
otBeToB Ha SARS-CoV-2, MHOroYMCneHHble rpynnbl
nccneposartenenl MCMNOMb3YHT KOMMbIOTEPHbIE an-
ropuTMbl N8 aHanm3a BCex GeflKoB KOpOHaBupyca,
4yTOObl NpenckasaTtb, HACKONBKO XOPOLUO pasfinyHble
BEPCUN aHTUBUPYCHOW CUrHANbHON CUCTEMbI 06-
Hapy>XnBatoT BUPYCHble 6enkn. B wacTtHocTu, HLA-
TUNUPOBaHWE NPefocTaBAseT MHGOPMauuo O ponu
rannoTtuna HLA (human leukocyte antigens) B Bupyc-
HON MH(EeKUMM ONS NepCoHanM3npoBaHHON Npodu-
NaKTUKN, ANarHOCTUKK 1 neYvenns [3].
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PesynstaTbl  KOMMBIOTEPHOrO  MOLOENUPOBaHUSA
npenckKasbiBalT, 4YTO HekoTopble annenn HLA-
AHTUreHOB CBA3bIBAOTCA C OONbLUMM KOUYECTBOM
nentnpoB 13 6enkoB Bupyca SARS-CoV-2, Torga kak
Opyrve CcBA3bIBaOTCS C O4EHb HEMHOIMMU [8], T.e. He-
koTopble BapuaHTel HLA nmetoT 6osbluee CPOACTBO
Kk SARS-CoV-2, yem ppyrue, n, cnegoBartenbHo, cre-
uncuyeckue annenm HLA 6yoyT BnunsaTb Ha addek-
TMBHOCTb UMMyHHOro oTteeTa npu COVID-19. Ha atom
OCHOBaHMM [OOCTUTHYT KOHCEHCYC O TOM, 4YTO pas-
nnuna B reHax HLA aBnsaoTca 4acTblo 06bSCHEHMS
LUMPOKOro AvanasoHa pasfivyvii B CTEMNEeHU TSXKECTU
COvVID-19.

BUOJIOrnA U TEHETUKA SARS-COV-2

leHom SARS-CoV-2, Kak 1 reHOMbl Opyrix KopoHa-
BMPYCOB, KOOMPYET P CTPYKTYPHBIX 1 HECTPYKTYPHbIX
6enkoB. OH COCTOUT M3 OOHOLIENOYEYHOW MO3UTUBHO-
cmbicnosort PHK gnvHon ~30 000 HykneoTugos 1 co-
OEPXUT OBe (hnaHKMpyroLme HeTpaHcnnpyemble 06-
NlacTV 1 OZHY AJIMHHYIO OTKPbLITYHO PaMKy CYMTbIBAHUS
(open reading frame, ORF), koTopas kogupyeT nonau-
NPOTEWNH, BKOHAIOLLMI B Ce6s1 penMKasHbIn KOMMIEKC
ORF1ab, 1 reHbl 4eTbIpeX CTPYKTYPHbIX 6e/1KoB — ru-
konpoTeuHa wwuna (S), rmkonpoTenHa Membpabl (M),
6enka obonoykm (E) n HykneokancugHoro cpocconpo-
TenHa (N). MocnepgoaTensHocTs ORF1ab (>65% Bcei
OJMHbI FeHOMa) KoampyeT 16 HEeCTPYKTYPHbIX GESKOoB.
S-6enok Bupyca SARS-CoV-2 obnagaeT CTPyKTYpoi,
ONTUMaNbHOW 4151 CBA3bIBAHUSA C KNIETOYHbIM PELIeNTO-
pom ACE2 (angiotensin-converting enzyme) [3, 9].

Bce pennuumpytoLmecs BUpycChl, BKJto4as KOpoHa-
BVPYC, HaKanaMBarT MyTauun, KOTOPbIE COXPaHSHOTCS
6narogapsi eCTeCTBEHHOMY OTOOpPY M CMOCOGCTBYIOT
YKNIOHEHNIO OT MMMyHUTeTa. ViccnegoBaHme MyTauuii
B 6420 nocnepoBaTtenbHOCTSAX reHoma SARS-CoV-2,
N30/IMPOBaHHbIX y nauueHToB n3 Asun, CesepHoN
Amepukn, EBponbl n OkeaHun, maoeHTUULMPOBao
B 0oOLe CNnoXXHOCTM 156 MUCCeHc-MyTauuin, KoTo-
pble Habnoganucb ¢ YacTtotoln >0,5%. MyTaummn OR-
Flab P4715L n S-6enka D614G BcTpeyatoTcs BO BCEX
YeTbIpeX PernoHax, XoTs B a3naTCKUX CTpaHax 3Hayu-
TENbHO pexe, 4eMm B gpyrux (15,4 npotus 52,6-73,7%;
p=3,81x10-"2%), MyTtaumn ORFlab P5828L n ORF1ab
Y5865C npeobnapatotr B CeBepHon Amepuke (30,6
npotme 0-7,8%; p=3,26x10-2%, n 31,4 npotus 0-8,1%
B OApyrux pernoHax; p=5,54x10-%%¢, cOOTBETCTBEHHO).
MyTaums N-6enka R203K/G204R BcTpevaeTcs datlle
apyrux mytaumin B OkeaHun n Espone (14,7-27,6 npo-
TmB 3,6-5,3%; p=2,56x10""%) [9]. B wnccnegoBaHun
no MOLENUPOBAHMIO TOMOJIOMUN  MPOTECTUPOBAHBI

TpaHcMembpaHHble cnupanbHble cermeHTbl ORF1ab
B HECTPYKTYPHbIX 6enkax nsp2 u nsp3 (nonstructural
protein) KopoHasupyca. Peadynerarbl nmokasanu, 4To
Kak cTabunmavpylowas, Tak 1 gectabunnsunpytoLuas
MyTaumMm SHAOCOMAJIbHO-aCCOUMMPOBAHHOIO AoMe-
Ha 6enkoB nsp2 1 NSp3 MOryT OOBACHUTL BLICOKYHO
KOHTarno3Hyt cnocobHocte SARS-CoV-2 [3].

[Ba 6enka SARS-CoV-2 — ORF-3a n ORF-7a —
ABNAIOTCA  NpefnonaraemMbiMy  AeTepMUHaHTaMu
T-kneTo4Horo pacno3HasaHus. O6a 6enka BaXkHbl o5
penavkaumm Bupyca M MOryT BUATb Ha MNaTtoreHes
N pacnpocTpaHeHune 3abonesaHns. HanbonbLuee cHu-
YKEHWE 3KCNaHcuy BMpyca OTMEYEHO Nocne yaaneHns
6enka ORF3a [10].

LUUTOKMHOBbIN LUTOPM MPU COVID-19

Kak y>ke 0TMe4anoch Bbille, y NaUMEHTOB C KpariHe
Tshkeneim COVID-19 HabniopaeTtcs numdoneHns xa-
PaKTEePU3YOLLAACA MPOrpPeCcCMBHbLIM CHIDKEHEM ab-
COJMIIOTHOrO K OTHocuTenbHoro 4mcna CD4+, CD8+
n gpyrux cyénonynsumin nMmM@ouuToB, MpU 3TOM
3KCNpeccusi MapkepoB T-KNeTo4yHOW akTmBaumm —
HLA-DR, CD45R0O n PD-1 — yBenuyeHa y nayneHToB
C TSPKENON N 0COBEHHO C KpaiiHe Tskenon hopmMor
No CpaBHEHMWIO C MaumeHTamy ¢ nerkon opmoin 3a-
6oneBaHns. YPOBHU UMTOKMHOB IL-2, TNF-q, IL-6, IL-10,
a Takxxe C-peakTnBHOro 6enka B nia3me KpoBy NOBbI-
LLEeHbI, B TO BPEeMS KaK akTuBaumsa AeHOAPUTHBLIX KNEeTOK
(OK) n B-kneTok CHM>XeHa y nauneHTOB C KPUTUHECKN
TsH>kenon opmoin 3abonesaHus. XOTS MPOLEHTHOE
copepxxaHune IFN-y-npopyumpytowmx T-knetok CD4+
n CD8+ y nMaumeHTOB C TSXXKENON U KpanHe TAKenon
dopmon COVID-19 HamHOro Bbilwe, YeM Y NauneHToB
¢ COVID-19 nerkon n cpegHen Ts)XecTun, abCcontoTHoe
NX KONINYECTBO HE pasnnyanocb MeXAy 3TUMK TPeEMS
rpynnamu. 9T1 AaHHble CBUAETENbCTBYIOT O TOM, YTO
natoreHes kpamnHe Tskenoro COVID-19 obycnosneH
runepdyHkumen T-knetok CD4+ n CD8+ [11].

Ha paHHux ctagusx 3abonesaHus Murpaums Jmm-
ounTOB 13 KPOBU B NErkne MOXET OblTb MPUHNHON
aeduyuta AMMaounToB B Nepudeprnyeckon KpoBsu,
YTO OOYCNOBMIEHO aHTWUIEHHOM CTUMYNSaUuen. OKC-
npeccnss mapkepa aktmsaumnm HLA-DR nosbiweHa,
a KocTuMmynupytowelnn Monekynbl CD28 — cHukeHa
y NaLMEeHTOB C TsHKeNbiM 3aboneBaHneM, YTo Npeano-
naraet akTuBaumio T-KIETOK y NALMEHTOB C TSXENbIM
TeyeHuem 3abonesaHusa. [UnepdyHKuns T-KNeTok
CD4+ vHuumnpyeT CMHAPOM akTmBaumn Makpodaros,
KOTOPbIV NPUBOOUT K LUTOKMHOBOMY LUTOPMY Yy nauu-
eHTOB C KpanHe Tsxxenbim COVID-19. HenpepebiBHble
1 N36bITOYHbIE BOCNANIUTENBHbIE PEAKLIN B KOHEYHOM
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UTOre BbI3bIBAKOT anonTo3 JumdounTtos, Ha 6onee
no3gHMX CTagmax MHMeKUUm HabnogaeTcss aHeprus
nmmdounToB. Taknum 06pa3oM, pyHKUUS numcoLmToB
MOXXET ObITb COBEPLUEHHO Pa3HON Ha Pa3HbIX CTagusaX
nHdpekuun [11, 12].

Monekynel HLA-knacca I, ocobeHHo HLA-DR,
9KCMPECCUPYIOTCA KOHCTUTYTUBHO raBHbIM 06pa3om
AHTUreHNPE3EHTUPYWUMN  KneTkamy, B-knetkamu
N HEKOTOPbIMW aKTUBUPOBAHHbIMK T-KneTkamu. Kx
aKcnpeccua Heobxoguma Ans 3anycka afanTuBHOMO
UMMYHHOrO OTBETa U KNnpeHca natoreHa. IFN-y nHay-
umpyet akcnpeccuto reHos HLA-DR n Bocnanutenb-
HbIX UMTOKMHOB TNF-a, IL-1B 1 IL-6. AkTuBauma HLA
knacca Il yesenuumaet HLA-peCTpUKTMPOBaHHYO
AHTUreHHYIO NMpe3eHTauuio U afanTUBHBIA UMMYHHbIRA
OTBET.

BupycHble nHpekuun, B TOM Y1UCne KOpOHaBupYChl,
CMOCOBHbI HAYUMPOBaTb OOMbLIOE KOIMYECTBO NPO-
BOCManMTENbHbIX LUTOKUHOB Y NMPeapacrnonoyXeHHOro
X035MHa, YTO B KOHEYHOM UTOre MOXXET Bbl3BaTb M-
nepgeppuTMHEMMYeCKUin (remodaroumTapHbIn) CUH-
OPOM. YcuneHne cekpeunn LMTOKUHOB numdoLmTamm
Th1 n Th17 cdopmumpyeT NpoBOCNaNMTENbHYIO Cpeay
CO CHVKEHHbIMU YPOBHSAMU MPOTUBOBOCNANUTESNb-
HbiX LMTOKMHOB (IL-4, IL-10, TGF-B) n nocnegyoLimm
YMEHbLUEHNEM KOMMYECTBa OOLMX U (PYHKLMOHANb-
HbIX perynaTopHbix T-knetok (Treg CD4+, FoxP3+)
N, COOTBETCTBEHHO, OrpaHv4YeHnemM KOHTPONs ayTo-
TONEPaHTHOCTW. DTO CBA3AHO C POJSbI KNEeToK Treg
B onpepeneHun cteneHn Tsbkectu COVID-19. B T4-
XKEenbIX Cryyasx HabnogaeTcsi CHKEHNE NMponopLuum
HamBHbIX Treg, HO NOBbIWeHMe Treg-NamMsaTn, KOTopble
B CBOIO o4epenb MOryT urpatb posib B (hOpMUPOBaHNM
BbICOKOVHTEHCMBHOIO ayTOMMMYHHOIO OTBETa C Au1C-
6anaHCoOM LIMTOKMHOB U FMNEPIKCNPECCUEN MONEKYI
HLA-DR [12].

AHTUIFEHbI HLA U SARS-COV-2

AHTUreHHas npeseHTauus

npu KOPpoHaBMpycHoN Hdekuumn

Jlokycbl cnctembl HLA ABASIOTCA OAHUM U3 BaXK-
HbIX (haKTOPOB rEHEeTNYECKOI NPeapacnonoXXeHHOCTH
yenoBeka K UHMEKUNOHHBbIM 3aboneBaHusam. Pasnuny-
Hble rannoTunbl HLA cBsizaHbl C pasnnyHon noasep-
YKEHHOCTbIO 60one3HaM, raBHbIM 06pas3om bnarogaps
peuenTopam aHTUreHoB T-KNETOK, KOTOpble pacmno-
3HaIOT KOH(MOPMALMOHHYKD CTPYKTYPY aHTUreHCBS-
3blBalOLWero gomeHa monekynol HLA B Komnnekce
C COOTBETCTBYWOLLMMN a@HTUFEHHbIMU  MNENTUOAMU.
CoOTBETCTBEHHO, MPEACTABNSAETCA MPEMMYLLECTBOM
nmeTb Monekynbl HLA ¢ MOBbILWEHHON cheumpuyHo-
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CTblO CBA3blBaHMA ¢ nentugamu supyca SARS-CoV-2
Ha MOBEPXHOCTU aHTUIEHMNPE3EHTUPYIOLLNX U OPYrnX
MMMYHHBIX KNeToK. Heobxogmmo ngeHTuguumnposatb
cneundpuryeckne annenn HLA knacca | unnm Il, cBazan-
Hble C pa3BuUTMEM UMMyHUTeTa npotus SARS-CoV-2.
Takas nHpopmauns BaxkHa s pas3paboTky TeCT-cu-
CTEM U OLEHKN 3 HEKTUBHOCTU BaKLMHALMN Y Pa3HbIX
nogen B obuen nonynsauum [3, 13].

Korga BvpyC NMPOHMKAET B KNETKY, ero aHTUreHbl
6ygyT npegctasneHsl HLA-cucTemoln aHTurexnpe-
3EHTUPYIOLWKMX KJIETOK U 3aTeM pacrno3HalTCs BU-
pyc-cneunuyHbIMA  LUTOTOKCUYECKUMIU  T-numdo-
uutamn (UTH). Hanpumep, npeseHTaunss aHTUreHOB
SARS-CoV B OCHOBHOM 3aBucUT OT Monekyn HLA
knacca |, Ho HLA-Il Tak>XXe y4acTBYKOT B UX NPE3EH-
Taumn. MHoOro4YmcneHHole nonumopdunambl HLA-
aHTUreHOB KOPPENUPYT C  BOCMPUMMYUBOCTBIO
K SARS-CoV, Takue kak HLA-B*46:01, HLA-B*07:03,
HLA-DRB1*12:02 n HLA-Cw*08*01, Torpa kak annenu
HLA-DR*03:01, HLA-Cw*15:02 n HLA-A*02:01 cBs-
3aHbl ¢ 3awmTon oT uHdpekunn SARS-CoV [14]. Mo-
nekynol HLA-II, Takne kak HLA-DRB1*11:01 n HLA-
DQB1*02:02, accounnpoBaHbl C BOCMPUUMHYNBOCTbLIO
K nHpekumn MERS-CoV. HecmoTps Ha TO, 4TO Konu-
yecTBO T-knetok CD4+ n CD8+ B nepudepnyeckon
KPOBW MauneHToB, UHdMLMpoBaHHbiXx SARS-CoV-2,
3HAYMTESIBHO CHUXKEHO, B TO BPEMS KaK X UMMYHHbIN
cTatyc NpefcTaBnsieT COOON Ype3MepHy akTuBa-
LMo, O YeM CBUAETENbCTBYET BbiCOKas Jons dpak-
unin HLA-DR-nosutueHbIXx T-knetok CD4+ (3,47%)
n T-knetok CD38+ CD8+ (39,4%) [14].

MocpencTBOM  KOMMAEKCHOrO  BromHbopmam-
OHHOrO CKPUWHWHra 3nMTOMoB U3 MOCneaoBaTesibHO-
ctenn SARS-CoV-2 onsa HLA noeHtndunumposanbl 2013
1 1399 noTeHumManbHbIX NENTUOHbLIX ANUTOMOB C BbICO-
Kol aprHHOCTBIO K Mofiekynam HLA knacca | n Il co-
OTBETCTBEHHO, KOTOPbIE MOIYT NHAYLMPOBATb OTBETHI
T-knetok CD8+ 1 CD4+. 3Tn anuTonbl pacnpeaeneHbl
Mo CTPYKTYPHbIM (6enku wuna, 060/104KM, MeMOpPaHbI
N HYKJIEOKancupa) U HECTPYKTYPHbIM Gefikam (CooT-
BETCTBYIOLUM LUECTN OTKPbITbIM paMKaM CHUTbIBa-
HWSY); NPU 3TOM OBHapY>XeHbl HECKONIbKO obnacTen,
oboratleHHbIX BbICOKOAPUHHBIMI 3nuTonamm. Pe-
3yNbTaThl NUCCNENOBAHUA JAOT LIEHHYIO MHMOpMaLuio
onsa paspaboTku BakuuH npoTtus SARS-CoV-2 1 MOHuU-
TopuHra T-KneTo4HbIX OTBETOB [9)].

JlnmcboneHns 3amMeTHO yMEHbLUAETCA MO Mepe
ynyyweHns coctosHusa [15]. Y ymeplumx nauneHToB
¢ COVID-19 6b1/10 3HAYNTENIBHO CHIKEHO KONMMYECTBO
CD4+ n CD8+ T-KNeToK, HO OHW BbiNn rMNepakTnBM-
poBaHbl [16]. Kak Tenepb M3BECTHO, rMnepakTMBNpO-
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BaHHble UMMYHHbIE KNETKU BOBJiEYEHbl B VMMYHHOE
noBpexXaeHne TkaHel 1 opraHos npu COVID-19.

S. Zhang n coaBT. [17] N3y4nnu anHammnky UMmy-
HONOrMYecKnx nokasartenein y 55-neTHero nauumeHTa
c kputndeckn Tsbkenonm COVID-19. OT kpuTuyeckon
ctagun COVID-19 go ctagum pekoHBanecueHLummn H1s-
kne ypoBHu T-knetok CD4+ n CD8+ nocteneHHO no-
BbICUJICb [0 HOPMaJsibHbIX YPOBHEN, Korga onpenene-
Hye BupycHol PHK gano otpuuaTenbHbliil pesynsrar.

CurnaneHein nyte HLA-G n ero peuentopa, 9Kc-
NPEeCcCUpyemMoro Ha MOBEPXHOCTU MMMYHHbIX KNETOK,
HeraTmBHO perynupyeTt dyHKuum T-, B- n NK-knetok
N y4acTBYeT B BUPYCHON MHdekumn. CuntaeTcs, 4To
ycuneHme akcnpeccun HLA-G sBnsieTcst ctparervei
YKNOHEHNs Bupyca OT MMMyHuTeTa. OCHOBHOWN Me-
XaHW3M YKJIOHeHMs1 3akntovaetcs B ToM, 4To HLA-G
CBA3bIBAET UMMYHOVHIMOMPYIOLWME PeuenTopbl LATO-
TOKCUMYECKUX MMMYHHBIX KNETOK. AHanusunpysi avHa-
MUKY nepndepuHecknx NMMYHHbIX KNeTok, S. Zhang
n coasT. [17] cpaBHunu akcnpeccuto HLA-G un ero
peuenTopoB Ha nepudeprnyecknx WMMYHHbIX KneT-
Kax B [eHb, Korga Obl1 MOLTBEPXKAEH MOSIOXKUTESb-
Hbl pesyneTat Tecta Ha PHK SARS-CoV-2, 1 B aeHb,
Korga pesynsraTr cTtan oTpuuatenbHbIM. AHann3 no-
Kasan nonoxuTenbHyto cBsasb akcnpeccun HLA-G Ha
B-knetkax ¢ ypoBHsimu IFN-y, akcnpeccust HLA-G Ha
MOHOLMTax HeraTuBHO cBs3aHa ¢ ypoBHAMU IL-2. [po-
ueHT T-knetok HLA-G+ n skcnpeccusi UMMYHOWHIU-
6upytoLero peuentopa ILT4 Ha B-kneTkax HeraTMBHO
KoppenunpytoT ¢ yposHaMu TNF-a, Ha MoHounTax —
NONIOXKNTENIBHO KOPPENNPYET C YPOBHAMU LIUTOKNHOB
IL-6, IL-10 n IFN-y. MatTepH akcnpeccun HLA-G Ha
nepneprnHecKnX MMMYHHBIX KNeTKax MOXeT OTpa-
XXaTb TpW CTagum TeyeHus 3aboneBaHns — uHbuLm-
poBaHus, pennnkauun n knupeHca SARS-CoV-2. Mpn
3TOM Habnofanucb pPasnnyHble KOPPEensauum Mex-
oy akcnpeccuein HLA-G Ha B-knetkax u mMoHoumTax
n npopykumen IFN-y n IL-2. OuHamunka akcnpeccum
HLA-G Ha kneTkax nepndepnyecKmnx UMMYHHbIX Cy6-
nonynsauuin - (BbICOKNA—HN3KNN—BbLICOKNI YPOBHK) OT
SARS-CoV-2-no3utmBHoro craryca o SARS-CoV-
2-HeraTMBHOIO yKasblBaeT Ha TO, YTO CTaTyC UHQEK-
unm SARS-CoV-2 cBs3aH C perynsaumen aKcrnpeccum
HLA-G untokumHamu. YyutbiBas, 4to HLA-G aBnseTcs
AHTUrEeHNPE3EHTNPYIOLLEA MONEKYSION, NOAaBneHne
Bupycom SARS-CoV-2 askcnpeccun HLA-G moxeT
HapyLiaTe pacrnosHasaHue Bupyca T-knetkamm CD8+
1 NoAOepXKnBaTh YKJIOHEHNE OT MMyHuTeTa [17].

Cuctema HLA nrpaet Kto4eByto posib B UMMYHHOM
OTBeTe Ha nartoreHbl. Tak, 82 nauneHta ¢ COVID-19
6blIM FeHOTUNMPOBaHbI No flokycam HLA-A, HLA-B,

HLA-C, HLA-DRB1, HLA-DRB3/4/5, HLA-DQAT1, HLA-
DQB1, HLA-DPA1 n HLA-DPB1 c wucnonb3oBaHu-
em TexHosiorunm NGS (Next Generation Sequencing).
YacTtoTbl annenen HLA-C*07:29, C*08:01G, B*15:27,
B*40:06, DRB1*04:06 wn DPB1*36:01 noBbIweHbI,
B TO BpeMs Kak 4acTtoTbl annenen DRB1*12:02
n DPB1*04:01 cHmxeHbl y naumeHtoB ¢ COVID-19
MO CPaBHEHUIO C KOHTPOJSIbHOW nonynsauunei. [Npw
PacCMOTPEHNN CKOPPEKTUPOBAHHON CTaTUCTUYe-
CKOM 3HAYMMOCTU pasnnyanucb HacTtoTbl TOJSIbKO
HLA-C*07:29 n HLA-B*15:27. OTu faHHble CBMAETENb-
CTBYIOT O TOM, YTO HekoTopble annenn HLA accouumu-
poBaHbl ¢ pa3sutuem COVID-19 [18].

PA3PABOTKA BAKLWH NPOTUB SARS-COV-2

Ons paspaboTkm BakuuHbl npotuB SARS-CoV-2
N  OUEHKN WMMYHOrE€HHOCTN BaKUVH-KaHOWGATOB
Ba>XKHO MPOrHO3MPOBAaTb AHTUrEHHblE AETEPMUHAHTHI
SARS-CoV-2 1 MMMYHHblE OTBETbI Ha HUX.

C nomMOoWp MNPUKNagHOro  MaTeMaTu4ecKoro
aHanmsa uaeHTUMULMPOBaHbl T-KNETOYHbIE 3MUTO-
Mbl, CMOCOBHbIE BbI3blBaTb CTOWKUA WMMYHHBIA OT-
BeT npotns SARS-CoV-2 B rnobanbHOn nonynsumm
nopein. MporHosmpoBaHne B-KneToYHbIX 3MMTOMNOB
(Kak nNUHENHbIX, TakK U KOH(MOPMAaUMOHHbIX) cyMUTa-
€TCH HeHaAeXHbIM MO CPaBHEHWUIO C T-KNETOYHbIMM
anuTonamn. Kpome TOro, B-KNeTOYHble 3NWUTOMbI HE
BbI3bIBAKOT CUNIBHOIO rymMmopansHoro otseta. 1o aToi
npuvyvHe B OONBLUMHCTBE WUCCNEeOOoBaHW aHanmau-
poBanu in silico ToNbKO aPheKTNBHbIE T-KNETO4YHbIE
3MNUTOMbI, CNOCOBHbBIE FEHEPMPOBATb ANNTENBHbBINA OT-
BeT T-knetok CD4+ n CD8+, 4TOO6bI BbIOPaTh CPEeam
HUX Hanbonee NOAXOLsALNE U OCTOBEPHbIE AMNUTONMBI,
KOTOPbIE MOXHO B AalbHENLLEM TECTUPOBATb B «MO-
Kpoin» naboparopun [10].

Mpu BUpYCHON NHeKU 6enKn BUpyca aKCnpec-
CUPYIOTCS B MH(DULMPOBAHHBIX KNIETKax 1 npoleccupy-
l0OTCS NpoTeacoMamu B HeOOsbLLNE NeNTUAbI, KOTOPbIE
npeseHTupyoTcs Monekynamm HLA Ha noBepxHOCTU
NHULMPOBaHHbIX KNETOK 1 pacrno3HarTcsa T-kKneTka-
MU MOCPEACTBOM T-KNETO4YHbIX PELEnTOpPOB. JNMTO-
Mbl, NOTEHLUMANBHO pacrno3HaBaemMble T-kneTkamu, Mo-
ryT ObITb NOMYyYEHbI U3 JTFOObIX BUPYCHBIX CTPYKTYPHbIX
1 HeCTPYKTYpHbIX 6enkoB. K. Kiyotani n coasT. [9] ocy-
LLEeCTBUAN UMMYHOUHMOPMaTUYECKNIA MPOrHO3 3nu-
Tonos 6enkoB S, E, N, M n ORF (cooTBeTCTBYOLLMX
permcTpaunoHHbiM HoMepam QHD43415-QHD43423,
QHI42199) sTanoHHoro ob6bpasua SARS-CoV-2_Wu-
han-Hu-1 (pernctpaunoHHbin Homep MN908947). Yto-
6bl Npeackasatb anutonbl HLA knacca |, otobpanu
7 annenen HLA-A, 10 annenen HLA-B n 8 annenen
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HLA-C 4enoBeka, KOTOpPble MPUCYTCTBYIOT B AMOHCKON
nonynsuun ¢ 4actoton 6onee 5%. Ona npepckasa-
Hust anuTonoB HLA knacca |l BbiGpaHbl 5 rannoTtunos
HLA-DPA1-DPB1, 6 rannotunos HLA-DQA1-DQB1
n 7 annenen HLA-DRB1, KoTopble BCTpeYaTCs B No-
nynsauusax AnoHum ¢ yactoTon 5-38%. MNMonHopasmep-
Hble BMPYCHbIE HYKJIEOTUOHbIE MOCE0BaTENIbHOCTU
SARS-CoV-2 (ngeHTudrKauMoHHble HOMepa B 6ase
AaHHbix MN908947 n MN996527-MN996531), SARS-
CoV (Homepa B 6ase pgaHHbix AY274119, AY278488
n AY390556), SARS-nogo6HOr0 KopoHasupyca neTy-
Yyenn mbiwn (bat-SL-CoV) RaTG13 (Homep MN996532)
n MERS-CoV (Homep JX869059) npepocTtasnsieT NCBI
GenBank [9].

Ons BoisBneHns mytauuin SARS-CoV-2 ncnonb3o-
Banun 587 reHoMoB, n3onnpoBaHHbiXx B Asnn, 1918 —
B CeepHonn Amepuke, 3190 — B EBpone n 726 —
B OkeaHun, OenoHNpoBaHHbIX B 6a3e gaHHbix Global
Initiative on Sharing Avian Influenza Data ¢ 18 anpens
2020 ropa. Kaxgyto 13 atmx nocnegoBaTeslbHOCTEN
SARS-CoV-2 BbIpOBHSAM OTHOCUTENBHO 3TaNOHHOM
nocnenoBaTenbHOCTU SARS-CoV-2_Wuhan-Hu-1,
3aTeM 3KCTparmpoBany HyKJIeoTUAHble MocefoBa-
TENbHOCTN, COOTBETCTBYKOLIME OTAENbHbIM 6enkam
SARS-CoV-2, TpaHcanpoBany ux B aMUHOKUCOTHbIE
nocnefoBaTeNbHOCTU, KOTOPbIE CPaBHWAN C 3TasIOH-
HbIMW  aMWHOKMCIOTHBIMIA  MOCJIe40BaTENIbHOCTSAMU
SARS-CoV-2 Wuhan-Hu-1.

AdbprHHOCTE cBA3biBaHWS € Mosekynamu HLA
knacca | paccuntaHa gnsa scex 9- n 10-mMepHbIx nen-
TnooB n3 6enkoB SARS-CoV-2 ¢ ucnonb3oBaHMeM
nporpamMm NetHLAv4.0 n NetMHPIManv4.0. BeibpaHbl
0,5%-Hble 4acTOTHble 3NUTOMbI HA OCHOBE MPOrHO-
3a Hanbonee CubHOrO CBA3biBaHWUA. AMQUHHOCTb
cBsA3blBaHMA ¢ mosiekynamm HLA knacca Il paccuu-
TbiBanu gnsi Bcex 15-mepHbIX nentugoB M3 6enkos
SARS-CoV-2 ¢ 1ncnonb3oBaHWEM MPOrpPamMmmMHOro
obecneyveHns NetHLAllpanv3.1. B kadyecTtBe nopora
CBSA3bIBaHNSA 3NNTOMNOB NPUMEHEH 2%-HbIl YPOBEHbD.

Crnepyrowmm  aTtanomM Obll CKPUHUHE  3MUTOMOB
C BEPOATHOCTbIO OblTb MPEACTaBAEHHBIMU Ha MOJie-
kynax HLA knacca | n Il. Cpegn BbicOKOAPPUHHBIX
nentupos 13 6enkos SARS-CoV-2 nosiy4eHbl B 06LLEN
cnoxxHocTn 2013 yHMKasbHbIX MPefcKasaHHbIX armMTo-
nos 6enkos M n N gnsa HLA knacca | n 1399 anuto-
nos 6enkos M, N, ORF3a n ORF6 gna HLA knacca Il
C Bbicokol adhdurHHocTbio K HLA-DPA1, DPB1, DQAT,
DQB1 n DRB1.

Mockonbky SARS-CoV-2 nmeet 79%- n 50%-Hyto
rOMOJIOMMIO  HYKJIEOTUOHbBIX  MOC/e40BaTEIbHOCTEN
¢ supycamn SARS-CoV n MERS-CoV cooTBeTCTBEH-
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HO, nNpenckasaHHble anutonbl SARS-CoV-2 cpaBHWUAN
¢ nocnepgoatenbHocTaMn SARS-CoV (BJO1, GZ02
1 Tor2) u MERS-CoV gnst oLeHKM X NePeKPECTHO pe-
akTmBHocTn. OBHapy>xeHo, 4To 780 (38,8%) annTonos
HLA knacca | aBnsaoTCs KOHCepBaTUBHbIMN BO BCEX
Tpex nocnegosartenbHocTax SARS-CoV, n3 Hux 633
(81,0%) pacnonoxeHbl B 6enke ORF1ab, a 58 (7,4%),
15 (1,9%), 28 (3,6%) 1 33 (4,2%) nenTmuga HaxogaTcs
B 6enkax S, E, M n N cootetcTBeHHo. [pn atom 36
(1,8%) anutonos HLA knacca | gemoHcTpupytoT 100%-
HYIO MOEHTUYHOCTb MOCNEAOBATENLHOCTU C NenTug-
HbIMY nocnegosatensHocTamm MERS-CoV, na Hux 33
pacnonoxeHbl B 6enke ORFlab n 3 — B 6enke S; 30
anuTtonoB B 6enke ORFlab sBnsioTca obwumu gns
SARS-CoV n MERS-CoV. Cpegu 1399 BO3MOXXHbIX
anuTonos HLA-II 418 (29,9%) pemoHcTpupytoT 100%-
HYIO WOEHTUYHOCTb MOCNEedoBaTEeNbHOCTN O BCEX
Tpex KopoHaBupycos; 362 (86,7%), 40 (11,0%), 4 (1,1%),
4 (1,1%) n 7 (1,9%) pacnonoxeHbl B 6enkax ORF1ab,
S, E, M n N cootBeTcTtBeHHO; 10 (2,4%) anuTtonos (Bce
B 6enke ORF1ab) Takxe nmetotcs y MERS-CoV.

T-KNeTo4YHble aNMUTOMbI, KOTOpble C HambonbLuewn
BEPOATHOCTbIO NpeAcTasfieHbl Monekynamuy HLA,
MOryT MPUCYTCTBOBATb Y 3HAYUTESIbHOW 4acTu WH-
avBuoos/naumeHToB. [pa anutona B 6Oenke OR-
Flab — ORF1ab2168-2176 n ORF1ab4089-4098, ko-
TOpble, Kak npenckasaHo, UMEKT CUNIbHOE CPOACTBO
K HLA-A"24:02, HLA-A"02:01 n HLA-A"02:06, nokasanu
camblin LWmpokuii oxeaT (83,8%) HaceneHus AnoHun.
ORF1ab2168-2176, npenckasaHHbIli Kak anuTon, CBS-
3biBarowmii monekynbl HLA-C (C*01:02, C*08:01, C*12:
02 n C*14:02), nmeetcsa y 76,5% sAnoHUeB, anMTOMbI
S268-277 n S448-457 B 6enke S — y 70% AnoHLEB.
HLA-onuromepbl ¢ aTUMK NenTugamy nonesHbl ANs
MOHUTOpUHra oTBeToB T-knetok CD8+ y naumeHToB
N 6eCCMMNTOMHO UH(ULUPOBAHHbBIX MHAMBUOOB. My-
Tauum B NocsieqoBaTeNlbHOCTAX OMNMCaHHbIX 3MNUTOMOB
He 06Hapy>xeHbl [9].

Bce nayneHTbl ¢ TSXXeNon gpixaTenbHon HegocTa-
TOYHOCTBLIO MMEeNN Mb6o CUHAPOM aKTuBauUuMM Makpo-
daros (macrophage activation syndrome, MAS), nm6o
O4YeHb HU3KYLo akcnpeccuto HLA-DR, conpoBoxpaato-
wytocs rny6okmm uctouleHnem T-numcounTtos CD4+
N eCTECTBEHHbIX KNneTok-kunnepos (natural killer cells,
NK). Ycunenrnas npogykumns TNF-a v IL-6 unpkynupy-
owmnmmn MoHountTamn otnmdaet COVID-19 ot 6akTe-
puanbHOro cencuca unu rpunna. Nnasma nayneHTos
¢ SARS-CoV-2 wuHrubupyet akcnpeccuto HLA-DR,
KOTOPYIKO 4acTM4HO BOCCTaHasnmsaeT 6nokaTop IL-6
TOoUMNM3yMab; neyeHve nauueHToB Touunnsymabom
COMPOBOXAANI0Cb YBEIMYEHNEM YMCNa LMPKYINPYHO-
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LWMX MM oumnToB. TakuMm 06pasoM, YHUKabHbI nat-
TEPH UMMYHHOW ONCPErynaLnm Npu TSXKENOM TeYeHnN
COVID-19 xapakTtepuayetcs IL-6-onocpenoBaHHbIM
nogasneHnem akcnpeccun HLA-DR n nnmconenuein,
CBSA3aHHOW CO CTOMKMM YCUNEHNEM MPOAYKUUN LNTO-
KVHOB 1 runepsocnaneHuem [7].

CocTosiHne wmmMMyHHOI cuctembl npu COVID-19
XapaKTepU3yeTCsl 3HAYUTENIbHbIM CHUDKEHUEM KO-
yectBa Monekyn HLA-DR Ha moHoumTax CD14. XoTs
y nauneHToB C GaKTepumanbHOW MHEBMOHMEN TakXe
cHmxeHa akcnpeccuss HLA-DR Ha moHouuTtax CD14,
UX YPOBHU LUPKYANPYIOLLEro (heppUTNHA 3HAYUTENBHO
BbILLE HOPMbl. OTa 0COHOEHHOCTb OBHapY>KeHa TOJbKO
y naymeHtoB ¢ SARS-CoV-2 1 cMHApOMOM akTuBauum
MakpodaroB. 3HadyeHus1 remodaroumTola 6onee 169
SABMSIOTCS BbICOKOAWArHOCTUYECKUMU. Y NauneHToB
Cc bGakTepuanbHOW MHEBMOHMEN C MPOMEXYTOYHbIM
UMMYHHBIM COCTOSIHMEM KonnyecTBO Monekyn HLA-
DR Ha moHoumTax CD14 6b110 HuXe HopMbl. OpHako
nauneHTbl ¢ NMHEBMOHMEN, Bbi3BaHHONW SARS-CoV-2,
coxpaHsaamn konnyecTtso monekyn HLA-DR Ha moHoum-
Tax CD14 ropasgno 6amxke K 340POBOMY COCTOSHUIO.
Korga oHO BHe3anHo ynano, passunach TsXxenas Abl-
xaTefibHas HepgocTaTto4HocTb. bonee Toro, abcontoT-
Hble MokasaTenu HelTPOMUIOB Y MOHOLUTOB Obln
BbllLe Yy NaLMEeHTOB C HapyLUEHUSIMU UMMYHHOW pery-
nauum, 4em y naumeHtoB ¢ MAS. Takum o6pasom, 3Ha-
yntenbHoe cHwxeHne HLA-DR Ha moHouutax CD14
CBSI3aHO C TSKENOW OblXaTeNbHOM HEAOCTAaTO4YHOCThIO.

Y BCcex naumeHToB, WHMUUMPOBaHHbIX SARS-
CoV-2, umpkynupytowwme koHueHTpauun IFN-y Huxe
npegena obHapy>XXeHUsl, TO eCTb MMMYHHbIE OTBEThI
Thi1-Tuna He cnNOCOGCTBYIOT Ype3MEpPHOMY Bocnane-
HU0. HanpoTuB, KoHueHTpauum IL-6 n C-peakTuBHOro
6enKa 3HaYNTENBHO BbiLle Yy NaUMEHTOB C HAPYLLEHHON
perynayuen UMMyHUTETA, YeM Y NaumneHToB C Npome-
XKYTOYHbIM COCTOSIHUEM WMMYHHOW akTuBauun. W3-
BECTHO, 4TO IL-6 nHrnbupyet akcnpeccuto HLA-DR.
B cooTBeTCTBUM C 3TVM OOHapy>keHa HeraTuBHasi Kop-
pensums MeXXAy CbiIBOPOTOYHLIMU YPOBHAMM IL-6 1 ab-
COMOTHbIM yucnom monekyn HLA-DR Ha mMoHoumTax
CD14, a Takxxe mexgy abContoTHbIM YUCIOM NNMAO-
LUTOB 1 abCoNTHbIM KonmdecTBoM Mosniekyn HLA-DR
Ha MoHouuTax CD14 y nauneHTos ¢ COVID-19 [7].

Ponb IL-6 kak thakTopa cHmxeHns HLA-DR Ha mo-
HouuTax CD14 nopgTBep)KOaeTcs yBenuMYeHnem vmcna
unpkynupytowmx knetok HLA-DR+ BO Bpems BbI3O0-
poBneHusi ot COVID-19 [19]. NIHTepecHO, 4YTo 6nokaaa
IL-6 ¢ TouMnM3ymaboM YacTU4YHO BOCCTaHaBMBaeT
akcnpeccuto HLA-DR Ha moHounTax CD14 n yBenuyun-
BaeT KOJMIMYECTBO LMPKYyNMpyowmx numdounTtos [20].

YHUKaNbHbI NaTTEPH HapyLUEeHWUS Perynsuum nMMmy-
HuTeTa y nauymeHtoB ¢ SARS-CoV-2 xapakTepusyeT-
CSl, C OOQHOIN CTOPOHbI, MOBbILUEHNEM LIMPKYIUPYOLLNX
YPOBHEN NMPOBOCMNANNTENBHbIX LIUTOKNHOB (OCOBEHHO
IL-6), ¢ Apyron CTOpOHbl — AedeKTOM NUMQONLHON
pyHKUMN, CBSA3aHHbIM C IL-6-0nocpenoBaHHbIM CHU-
xeHnem akcnpeccun HLA-DR [7]. OTu pesynbrathbl
noaTBEePXXAat0T 0OOCHOBAHHOCTb Ha4daTbiX KJIMHUYeE-
CKUX UCMbITaHUN 3(P(EKTUBHOCTN aHaKWUHPbI, capu-
nymaba, cunstykcumaba un Tounnudymaba (Clinicaltri-
als.gov NCT04330638, NCT04317092, NCT04315298
n EudraCT Ne 2020-001039-29) onsa nHaykKumm npoTu-
BOBOCMNAJIMTENbHbIX OTBETOB Y 3TUX MaLMEHTOB.

KoMMNeKCHbI aHanma ¢ MOMOLLbI0 KOMMbIOTEPHO-
ro mopgenupoBaHus (in silico) adhuHHOCTU CBA3bIBa-
Hus nentua-HLA knacca | pns 145 renotunos HLA-A,
-B n -C n nonHoro npoteoma Bupyca SARS-CoV-2,
a TaKXe MEepeKkpecTHOro 3alnTHOro MMMYHUTETA,
BO3HMKAIOLLEro B pe3ysibraTte NpeaBapuTeNbHOro BO3-
OENCTBUSA YeTbIPEX PacnpoCTPaHEHHbIX KOPOHaBUpPY-
COB 4eioBeka, 06Hapy»xun, 4to aHTureH HLA-B*46:01
CBA3bIBAET HAVMEHbLLEE YMCIO NPeacKasaHHbIX ner-
Tngos SARS-CoV-2. 310 no3BonsieT NpeanosioxXunTb,
YTO UHAMBUABI C STUM annenem MoryT ObiTb 0COOEH-
HO ya3BuMbl K COVID-19, kak aTo paHee 6bInoO Mnoka-
3aHO oTHocuTenbHo SARS-CoV, 4TO COOTBETCTBYET
KJIMHNYECKUM [aHHbIM, CBA3bIBAKOLMM 3TOT anfefb
C TsKenbiM 3abonesaHvem. W, HaobopoT, annenb
HLA-B*15:03 npopemMoHCTpupoBan  HambonbLUyto
CNOCOBHOCTb MPEeACTaBNsATb BbICOKOKOHCEPBATUB-
Hble nentugbl SARS-CoV-2, koTopble ABNsAOTCA 06-
LMK 0719 KOPOHaBUpPYCcoB 4Yenoseka [8]. Mo MHeHuto
AaBTOPOB, 3TO 0O3HAYaEeT, YTO OH MOXEeT obecneynTb
NEepPeKPECTHbIN T-KNETOYHbIN UMMYHUTET, WU, Cnego-
BaTeNbHO, OTAeNbHble reHoTunbl HLA moryT andde-
peHUManbHO MHOYLMPOBaTb T-KAETO4HbIN NPOTUBOBU-
PYCHbI OTBET, BNMSAS Ha TeveHne 3aboneBaHusi n ero
TpaHCcMMCCuto.

Cpean 48 395 yHuKanbHbIX 8—12-MepHbIX NenTnaoB
n3 npoteoma SARS-CoV-2 n3 ganbHelwero paccmoT-
peHusa nckno4vmnm 16 138, OTHOCUTENBHO KOTOPBIX HE
ObII0 NpeacKasaHo, YTO OHWM MPONAYT MyTb NPOLEC-
CuUHra 4epes npoTeacoMasibHOe paclienneHue. Ons
ocTaBLmxcsa 32 257 nentugos nokasaHo SARS-CoV-
2-cneuunduryHoe pacnpegeneHve npeseHTaumm mone-
kynamu HLA knacca |, rnaBHbiM1 NpeacTaBuTensiMm
koTopbIX ABns0TCcA annenu HLA-A*02:02, HLA-B*15:03
n HLA-C*12:03 (nporHosupyemblii nopor adruHHOCTK
cBa3biBaHNa <500 HM). Ba)kHO OTMETUTb, 4TO MNpesa-
nonaraemasi crnocobHocTb nentugos SARS-CoV-2
K aHTUIEHHOW Mpe3eHTauun He cBsi3aHa C 4acToTOn
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annenen HLA B nonynsuun. lMNMpepcrtaeBnss rnobanb-
Hble KapTbl YacToTbl 145 n3dy4veHHbIx annenein HLA,
aBTOpbl 0CO60 BbIAENAOT rnobanbHble pacnpegene-
HUst Tpex nydwmnx (A*02:02, B*15:03, C*12:03) n Tpex
xypowunx (A*25:01, B*46:01, C*01:02) npe3eHTnpyoLLmMX
HLA-annenen no cnocobHOCTM reHepupoBaTtb penep-
Tyap anutonoB SARS-CoV-2 onsa nognep)Xxku T-kne-
TOYHOrO MMMYHHOIO OTBEeTa. DTN Pas3NNynsa OCTaTCA
3HaAYNMBIMW Ha YPOBHE ranioTunoBs, C 6ONbLUOW Ba-
prabenbHOCTLIO NPe3eHTauun cpeay pasfinyHbiX ra-
naoTUNOB. XOTA UCCNEAOBaH TOSIbKO OrpPaHUYEeHHbIN
Habop 13 145 xopoLlo n3y4eHHbix annenen HLA, atoT
aHann3 MOXXEeT OblTb BbIMNOSHEH AN 6ofee LWMPOKO-
ro pasHoobpasnsi reHoTMnoB. [eHoTUNM4eckas rete-
poreHHocTb 1 aBonounst SARS-CoV-2 in vivo moryT
MoandMLmMpoBaTh penepTyap Npe3eHTMPOBaHHbIX BU-
PYCHbIX 3NUTOMOB WA MOZAYNNPOBaTb BUPYEHTHOCTb
nHbiM, HLA-He3aBucumMbiM 06pasom. Tem He MeHee
aBTOPbl PeKoMeHOyT BKMo4YMTbL HLA-TMnuposaHune
B KJIMHUYECKUE NCMbITaHNA N 0O0BbEANHUTL C TECTUPO-
BaHuem COVID-19 ona npuMeHeHns NoTeHUManbHOro
npegukTopa (NpeankTopoB) TAXKECTU 3aboneBaHus
cpeau HaceneHus 1, BO3MOXKHO, ANs agantauun dyny-
LLUMX CcTpaTerun BakuUHaLUm K reHOTUNNYeCKUM rpyn-
nam pucka.

A. Joshi n coagT. [10] Tak)xe npeanpuHanM NonbIT-
Ky paspaboTtatb BakuuHy npotmB SARS-COV-2 Ha
OCHOBE anuTona nyTeM aHanmMsa npoTeoma Bupyca
C UCMOJSIb30BaHNEM CPEACTB VMMMYHOUH(OPMATUKN.
Bbl6paHbl aHTUreHHblE HETOKCUYHbIE HeanlepreHHble
nenTuopl U3 HeannepreHHblXx GenKoB Ha OCHOBE UX
B3anMopencTausa ¢ Habopamu HLA-annenen (taén. 1).
Cpenn ngeHTMUUMPOBaHHBLIX MU T-KNETOYHbIX 3Mu-
TOMNOB B pe3ynbraTe n3yyveHns 6enkoBbIX nocnenosa-
TenbHocTen SARS-COV-2 kaHaMpaTom Ha BaKuWHY
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npoTme aToro Bupyca sensetcsa anuton ITLCFTLKR
C Ny4LIMMU NoKasaTensiMu CBA3bIBaHNA B npegnonara-
eMbIX Komnnekcax anuton-HLA n npvemnembiMu rno-
KasaTensimmu cTabunbHOCTU (NpegnosiaraemMbiin nepuog,
nonypacnaga atoro nentunga — 20 4 B peTukynoyutax
MJTEKOMUTAIOLLMX), TOKCUYHOCTU 1 OXBaTa HaceseHus,
KOTOPbIV OO/MKEH Tenepb NPovTy nabopaTopHyto Be-
pudmkauuio [10].

Ona nonyyeHns MMMYHOrEHHbIX 3MNUTOMOB 4alle
BCEro aHanusnpylT MMKONPOTEeUH wuna (6enok S),
KOTOPbI C BbICOKON aPUHHOCTLID CBA3bIBAETCA
¢ peuentopoMm ACE2 4yenoseka gnsi NPOHMKHOBEHMS
B KJIETKW. Ha 3TOM OCHOBaHuUM rAMKONPOTEWUH Liuna
CUMTaAETCHA MOOXOQALLEN MULLIEHBIO BakLUUHbI MPOTUB
KopoHaBupycoB. PaboTa M. Bhattacharya n coasT. [21]
3akJiro4anach B NOVCKe NOAXOAALLMX B- 1 T-KNeTo4HbIX
3MNMTOMOB, KOTOPbIE MOrYT FEHEPUPOBaTb UMMYHHbIN
oTtBeT nNpoTuB uHdpekumn SARS-COV-2 gns ycuneHns
NMMYHHbIX peakuuin LIT/T n T-xennepos. Ha ocHoBaHuK
3KCMNEPUMEHTOB in Silico, ncnonb3yss MeTodbl MMMY-
HOMH(OPMATUKN 1 KOMMBIOTEPHOrO MOAENNPOBAHNS,
nofly4eHbl B o6LLein cnoxHocTu 34 nocnepoBaTesib-
HbIX JIMHEWMHbIX B-KNeTouHbiXx anuTona pasfiM4yHOon
OnvHbI (1-62 aMMHOKMCNOTLI) B Npefenax ramkonpoTe-
nHa wuna SARS-COV-2, n3 HuXx ngeHTnhnLmpoBaHbl
13 anutonos HLA-I n 3 anutona HLA-II ¢ aHTUreHHbI-
MUK CBOWCTBaMM rnmkonpoTerHa wuna SARS-COV-2,
cBasbiBaowmxca ¢ annenamm HLA-I, nm 3 anuTtona,
ceasbiBaowmxcs ¢ annenamu HLA-II, koTopble pac-
nosHatTcsa T-kneto4vHbIM peuentopom TLRS (Toll-like
receptor 5) [21].

AHaNOrN4YHbIN  UMMYHOUHOPMATYECKUA  NOA-
XO[ ONA BbISBNIEHNS 3HAYUMbIX 3NUTOMNOB B S-6enke
wuna supyca SARS-CoV-2 npumerHunn V. Baruah
n S. Bose [22], koTOpble u3yyanu B3aVMOAENCTBUE

Tabnuua 1/ Table 1

BeposiTHble B3aMmMmofelucTBUsSl aHTUreHHbix anutonoB SARS-COV-2 u anneneit HLA
AN NPOrHO3MpoOBaHUA aHTUreHHocTu [10] /
Probable SARS-COV-2 antigenic epitopes and HLA allele interaction for the antigenicity prediction [10]

Annenb MenTtup (6enok) AddurHHOCTD

HLA knacca |

HLA-A"68:01 FTIGTVTLK (ORF3a) 4.9

HLA-A*31:01 RLWLCWKCR (ORF3a) 16.59

HLA-A*11:01 GTITVEELK (M) 20.98

HLA-A*11:01 ITLCFTLKR (ORF7a) 22.97

HLA-A"68:01 ITLCFTLKR (ORF7a) 27.24

HLA-A*23:01 VFITLCFTL (ORF7a) 60.42
HLA knacca ll

HLA-DRB1*04:01 WLLWPVTA (M) 2375.78

HLA-DRB1*01:01 VYQLRARSYV (ORF7a) 267.05

HLA-DRB1*07:01 VYQLRARSYV (ORF7a) 1235.08
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Tabnuua 2 / Table 2
dnuTtonbl LUTOTOKCUYecKux T-numcounTos.,
npeHTUhULMpoBaHHbie B S-rNnMKoNpoTenHe BUpyca
SARS-CoV-2, n cooTBeTcTBYylOLME
um annenu HLA [22] /
Probable interactions of antigenic epitopes of the
SARS-COV-2 spike protein and HLA alleles [22]

AnuTon HLA
YLQPRTFLL HLA-A*02:01
GVYFASTEK HLA-A*03:01
EPVLKGVKL HLA-B*07:02

VVNQNAQAL HLA-B*07:02
WTAGAAAYY HLA-B*15:01

Mexgy uaeHTuguumposaHHbiMu  LTI1-pacno3Hasae-
MbIMU BUPYCHBIMY 3MUTOMaMn 1 COOTBETCTBYHOLLMMU
npenctasutenamm cyneptuna HLA knacca |, pacnpo-
CTpaHeHHbIMM B Kutae, C NMOMOLLBI0O MOOENNPOBaHNS
MONeKynsipHou AunHamukn. OHW naeHTudmumpoBanm
B S-rnukonpoTtenHe wwuna natb LTJI-cneundunydHbix
anuTonos. Bce 3T anuTonbl KnaccuuumpoBaHbl Kak
BbICOKOA(PMHHbIE K COOTBETCTBYIOLLMM NpeacTasnTe-
nam cyneptuna HLA knacca | (tabn. 2). B npouecce mo-
OENNPOBaHNA MONEKYNAPHON ANHAMUKN OBHApPY>XXEHO,
yto LUTJ1-cneuunduyHblie annTonbl CBA3bIBAKOTCA C Nen-
TUACBA3bIBAKOLLEN KaHaBkom monekyn HLA-I, koTopas
06bI4HO UCMONb3YETCHA AN MPEe3eHTauun aHTUreHa,
4yepe3 MHOXXECTBEHHbIE KOHTaKTbl, YTO yKasbiBaeT Ha
nX NOTeHUMan B reHepaunn MMMYHHbIX OTBETOB. Heko-
TOpbIE N3 3TUX ANUTOMOB SABAAIOTCS KaHAupaTamy Ha
paspaboTky BakuuH npote SARS-CoV-2. B gononHe-
Hue K akTuBaumm LTI, ycnewHble MIMMYHOreHbI JOSK-
Hbl reHepupoBaTb CTOWKWUIA ryMOpasnbHbIi UMMYHUTET,
1 B 3TOM MCCNeoBaHnn NAeHTUMOULMPOBaHbI TPU He-
npepbIBHbIX B-KNEeTo4YHbIX anuTona, a nocne Mogenu-
poBaHns 98% OCTaTKOB MMMKOMPOTENHA Wnna — eLe
NATb NPEPbIBUCTbIX B-KNETOUHbIX 3nNMTOMNOB [22].

3a nckntoyeHnem LTIT-anutona VVNQNAQAL, ko-
Topbii HAa 100% wnpeHTn4eH SARS-CoV, Bce naeHTn-
duuympoBaHHbie anuTtonbl LITJT n B-KneTtok no MeHb-
Wen Mepe 4acTMYHO YyHuKanbHbl gns SARS-CoV-2.
Onuton UTJ/T EPVLKGVKL He coBnagaeT HU C OfHOW
13 COOTBETCTBYIOLLMX MOCe[oBaTelbHOCTEN APYIrnX
KOPOHaBIPYCOB.

D. Santoni n D. Vergni [23] npumeHunn 6nonHapop-
MauUMOHHYK0 METOLONOND, OCHOBaHHYIO Ha BblOoOpe
BMPYCHbIX NENTUOO0B, KOTOPbIE HAXOOATCSA Ha pPaccTo-
AHUN Bonee Tpex MyTaLMOHHbIX 3TanoB OT YefIoBeKa.
Opyrumn cnosamu, BblIGpaHbl T€ BUPYCHbIE NENTUAbI,
KOTOpblE OTCYTCTBYIOT Yy YenoBeka (Hyn1oMepsbl). 9Tu
nenTuabl UMEeKT 60siee BbICOKYHD BEPOSATHOCTb CBS-
3biBaHNA HLA, yem oXmpganocb, MO3TOMY WOEHTU-

dvkaums Hanbonee pganekmx OT 4YesloBeka NenTuaoB

MOXET OblTb MHTEPECHON C TOYKM 3pPEHUst au3anHa

BaKLMHbI MO NPUYMHaAM MEPEKPECTHON PEaKTUBHOCTM

1 6onbLlero pasHoobpaauns NoTeHUuanbHbIX aHTUTEN,

CMOCOBHbIX VX pacno3HaBaThb, a Tak)Xe BO n3bexaHne

pucka pasBuTusi ayTOUMMYHUTETA.

Obuee 4MCNO YHMKaNbHBIX 9-MEpPHbIX MenTu-
OB B npoTteome 4enoseka — 11 224 527, B 10 Bpe-
Ms kak y SARS-CoV-2 — 9591. Mpu atom 25 u3 27
HalAEHHbIX HYNJIOMEPOB ABMAOTCA OOLLMMM O18 BCEX
M3BECTHbIX HA MOMEHT nybavKauum cTaTtbu LITaM-
moB SARS-CoV-2, B TO BpeMs Kak OBa OCTaBLUMXCA
(IMRLWLCWK 1 MRLWLCWKQC) oTCyTCTBYIOT TOJIbKO
B ogHoMm wTamme MT039890. 3T0 HeyouBMTENLHO,
MOTOMY YTO OOCTYMHbIE B HACTOSLLEE BPEMS LUTAMMbI
gemoHcTpupytoT 6oniee 99,98% wAEHTUYHOCTU MO-
cneposarefibHOCTEN. OTN NenTudbl (Ha3BaHHbIE HyI-
JioMepamun TPETbLEro MOPsSiAKa, TO eCTb OTHOCSALLMECS
K knaccy W4 — camoMy OTZafIeHHOMY OT YeNOBEKA)
NPOLLAN TPU OOMNOSIHUTENBHBLIX 3Tana Cenekuun, YTo-
Obl 6bIN BbIOPaHbl T€ U3 HUX, KOTOPbIE UMEKT Haun-
OONbLUYIO BEPOATHOCTb 3KCMO3ULMM Ha KIIETOYHOM
NOBEPXHOCTU:

1) BepOATHOCTb BbITb NPOAYKTOM NMPOTEACOMAJIbHOrO
pacLienneHns;

2) BepOSATHOCTb TpaHcdepa Ha KNETOYHYH MOBEPX-
HOCTb TpPaHCMOPTHbIM Komnnekcom TAP (trans-
porter associated with antigen presentation);

3) BEPOSITHOCTb CUJIBHOIO CBSA3bIBAHUS MO MEHbLUEN
Mepe ¢ ogHum annenem HLA n3 89 paccmoTpeH-
HbIX B 9TOM UCCNeA0BaHNN.

NpenTnudmumpoBaH MuHUManbHbIn Habop u3 9
nenTuOoB, 3acy>XMBaKOLWMX OaNbHEWNLLEro aKcnepu-
MEHTanbHOro uccnefosaHns. B yacTHOCTW, cornacHo
npepckasanuio in silico, nentng YVYMHANYIF n3s ORF1
(nsp16) npo4Ho cBaAsbiBaeTcs ¢ 27 pasdnuyHbiMn HLA-
aHTMreHamm n cnabo — ee ¢ 17, 4YTO CBNOETENBCTBY-
€T O BbICOKOW BEPOSATHOCTMN pPacCLLENnSIeHns npoTeaco-
MaJIbHbIM KOMMJIEKCOM 1 O4€Hb BbICOKOI BEPOATHOCTU
TAP-3aBucrmoi TpaHcnopTupoBku. Npeanonaraercsy,
yto nentuabl FLCWHTNCY n YIKWPWYIW npo4yHo
caasbiBatoT 11 1 10 pasnuyHbix HLA cooTBETCTBEHHO
C BbICOKOI BEPOSATHOCTbLIO MpOTeacomasibHOro pac-
wennernnsa n TAP-TpaHcdepa. Mentng YYHKNNKSW
n3 S-6efka wWmna TakXe AEMOHCTPUPYET CUSTbHYIO
cBa3b ¢ 8 HLA-annensamm n 3Ha4MTeNbHblIE MOKa-
3atenn npoTteacomManbHOro pacuienneHna un TAP-
TpaHchepa. KoMMbloTePHbI MPOrHO3 C MOMOLLbIO
nporpamMmmHoro o6ecnedeHnss NetSurf [24] nokasbiBa-
eT, 4yto nentng YYHKNNKSW Haxogutcsi B gOCTyn-
HoW ons pacTBoputens obnactu 6enka wuna n MoXeT
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ObITb LOMOSIHATENIbHO UCCe[oBaH Kak MoTeHumasb-
HbIl B-kneTouyHbIn anuton [23].

CornacHo mporHoady, 4eTbipe nentuga us 8 Bbi-
6paHHbIXx (FLCWHTNCY, WHHSIGFDY, YIKWPWYIW
n YVMHANYIF) npoYHO CBA3bIBAIOT aHTUIEHbI Cynep-
Tnos HLA-B15 n HLA-B40, Kaxpgblil n3 KOTOpPbIX
BCTpevaeTcs npumepHo y 15% wuHgmeupgos. MNentu-
abl YYMHANYIF, YYHKNNKSW n KLMGHFAWW, no
NPOrHO3Yy, NPOYHO CBA3bIBAKOT aHTUreHbl CynepTuna
A24, BcTtpevaroweroca y 17% nopen. CpaBHUTENb-
Hbll aHanuM3 B Mouckax 3TMX NenTuaoB y 6An3Ko-
poacTeeHHbIx Buoos SARS, MERS n BatCorona noka-
3a, 4To BCe 8 NenTuaoB BCTPEYATCA TOSIbKO Y ABYX
6nm3KopoacTBeHHbIX Bat-SARS-nogo6HbIX BUPYCOB.
Hu oguH n3 Hux He BcTpeyaetcs y MERS nnn SARS
YyenoBeka. OTn BblbpaHHble in silico nenTugpl SARS-
CoV-2 npepcTaBnsAT coboit noTeHuuasnbHble MU-
LWEHN AN MMMYHHON CUCTEMbI, KOTOPblE HAQJIEXUT
9KCNEPUMEHTAJIBHO MPOBEPUTL 411 MOATBEPXKAEHMS
X UMMYHOIrE€HHOCTU. DTN NENTUAbI BbiOpPaHbl Kak ca-
Mble OTOANEHHbIE OT YEI0BEKa C TOYKN 3PEHNS My Ta-
LUMiA B pacyeTe Ha TO, YTO 4em Oonblue pacCcTosiHue
OT 4efioBeKa, TEM Bblle BEPOATHOCTb CBSA3bIBAHUS
C aHTureHamu cuctembl HLA. ABTOpbI uccnenoBaHus
ybe>xXaeHbl, 4TO UCMONb30BaHNE HYJIOMEPOB BbICO-
KOro nopsiika BMeCTO MPOCTbIX HyNJIOMEpOB — Luar
BMepef B 3TOM KOHTeKcTe [23].

O6pazoBaHne aHTUTEN MNPOTUB WMMMYHOIEHHbIX
6enkoB SARS-CoV pacnpocTpaHeHO y NauneHToB, NH-
druMpOoBaHHbIX 3TUM BUPYCOM. He BCe aTn aHTuUTena
3 (EKTUBHBI (TO €CTb HE BCE ABNAIOTCA HENTPAIN3Y-
IOLLIIMK), KPOME TOrO, OHV UMEKOT KOPOTKYHK NMPOJoI-
XKUTENBHOCTb XXU3HW MOCNEe BbI3AOPOBAEHUS Nauu-
eHtoB. OTBeTbl CD4+ n CD8+ obecneunsaioT 6onee
ONMTENbHYIO0 3almnTy. BeiCOKuiA ypoBeHb T-KNeTo4Ho-
ro oteseta Ha 6enok N Bupyca SARS-CoV obHapyxu-
BaeTCs Yepes 2 roga nocfie Bbi3AOPOBEHNS, TO eCTb
KJIETOYHBIE UMMYHUTET MMEET pelualoLlee 3HaveHne
npu aTux nHgekuusax. MNMpepgnonaraercs, 4To NOL06-
Hbll beHOoMeH BbI3biBaeT 1 MHbekums SARS-CoV-2.
KoHuenuus MynsTUanUMTOMHOW BakLUHbI 3aKo4aeTcs
B ngeHTndumKauum n coopke B- n T-KneTo4HbIX anmTo-
MoB B €AVHbIN IMMYHOIrEH, KOTOPbIN MOXET NHAYLIMPO-
BaTb 60nee ahHeKTUBHbIA OTBET 060MX 3BEHBLEB UM-
MYyHUTETA — FYMOPanbHOro u KnetoyHoro. Mentugbl
N 3NUTOMbI OKa3aNIMCb XXenaTenbHbIMY KaHgugatamu
ONs pas3paboTky BakUMH N3-3a UX OTHOCUTENBHO Ner-
KOro Npon3BOACTBA, XUMNYECKOW CTabUILHOCTY 1 OT-
CYTCTBUS MHMEKUMOHHOrO noteHumana. MHoroanu-
TOMHbIE BaKLHbI COCTOAT U3 3NNTOMNOB ANs B-kneTok,
LIT/1 CD8+ n T-xennepos CD4+.
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M. Enayatkhani n coasT. [25] ckoOHCTpyupoBanu,
OCHOBbIBasACb Ha aHanuse in silico, MynsTUANUTOMHYIO
kaHgnpatHyto NOM-BakuuHy (Nucleocapsid, ORF3a,
Membrane protein). OcHoBHasi cTpaTernsi uccnego-
BaHNs 3aKjyanacb B KOHCTPYMPOBaHWM PEKOMOU-
HaHTHOrO MyNBTUANUTONHOrO 6enka 13 npoTteomMa
SARS-CoV-2. Tpu aHTUreHHbIx 6enka (Hykneokancug-
HbIi pocponpoTenH, ORF3a n membpaHHbIn 6enoK)
Bupyca SARS-CoV-2 BbibpaHbl Ans NpOrHo3mposa-
HUSt UMMYHOIEHHbIX anMTonoB B- n T-kneTok, a 3atem
BaNMAMPOBaHbl C WCMNOJSIb30BAHWEM WHCTPYMEHTOB
6uonHdhopmaTku. YTobbl reHepupoBaTb 6onee pas-
HOOOPAa3HbIi U CTOWKNUI TyMOPasbHbIA N KNETOYHBIN
VNMMYHHbI OTBET, 0TOOPaHbl NSATb 060raLleHHbIX anu-
TOnamu JOMEHOB, BK/0Yas BbICOKOA((EKTNBHbIE 00-
wue gna T- n B-kneTok anuTtonbl, COEANHEHHbIE C MO-
MOLLbIO NInHKepa. AHanna Ha cepsepe Bepipred ans
npeackasaHns NMMHENHOro 3nUTona BbISBUS HECKOJSTb-
KO HemnpepbIBHbIX aHTUreHHbIX anuTonoB 6enkos N,
ORF3a n M (tabn. 3) [25].

[MporHo3upoBaHMe aHTUreHHOCTU KaHgupata Ha
pPOnb BaKUWHbI MPeACTaBnseT cobon onpeaeneHune
YMCNEHHOrO NokKasaTeNsi CNOCOOHOCTN BaKLVHbI CBS-
3blBaTbCs C B- 1 T-kneTo4HbIMK peuentopamMu 1 ycu-
MBaTb MMMYHHBIA OTBET. AHANN3 CKOHCTPYNPOBaHHO-
ro 6enka NOM nokazan CUibHY aHTUreHHOCTb 6e3
agbloBaHTa. PaspaboTaHHas KaHoupaTHas BakuMHa
He OOJPKHa, COornacHo npepckasaHuto in silico, Bbl-
3blBaTbh aJNEPrnyecKyd peakumo opraHusma. [lo-
Cne nMpOrHo3npoBaHus Hanbonee nepcrnekTBHas
TpexmepHas MOAESNb MCMNOJIb30BaHa LS UccnenoBa-
HU MOJNEKYNSAPHOro AOKUHra ¢ peuentopammn TLR4
n HLA-A*11:01.

Ha cnepywoolwem 3tane MogenMpoBaHue More-
KYNSAPHON OVHaAMVKM MNOKasano CTabuibHOCTb CO-
efVHeHNs pekoMbuHaHTHOro 6Genka C  peuenTo-
pamu TLR4 un HLA-A11:01 (mogenn NOM-TLR4
n NOM-HLA-A"11:01). OueHka in silico nokasana, 4To
CKOHCTPYMPOBAHHbIA XUMEPHbIA 6enoK MOXeT of-
HOBPEMEHHO BbI3bIBaTb FYMOPAJbHbIA U KJIETOYHbIN
UMMYHHbIN  OTBEeT. VHpekc HectabunbHocT NOM
(85,75, TO ecTb <40) ykasbiBaeT Ha TO, YTO CKOHCTPY-
NPOBaHHbIN 6eNOK 06nagaeT BbICOKON CTabuIbHOCTBIO
ANS1 IHULMPOBaHNS UMMYHHOI peakuun. TpexmepHast
CTPYKTYypa pekombuHaHTHoro 6enka NOM cmopenu-
poBaHa ¥ BanMaMpOBaHa Kak YyOOBNETBOPUTENbHAS.
BsanmopencTeme mMexny pPeKkoMOUHAHTHbIM GenkoMm
NOM wn peuentopamu TLR4 n HLA-A*11:01 wnHpyum-
PYeT pasnn4yHble MMMYHHble OTBETbl. YTO6bI JOCTUYb
CTabWnbHOrO U PEenakCMpOBaHHOrO COCTOSHUS Genka
NOM B KomMnekce C MMMYHHbIMK peLenTopamMu, ans
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Tabnuua 3 / Table Header
Mpepcka3aHHble aHTUreHHble BbicoKoaguHHbIEe anuTonbl, o6wue anst B- n T-kneTok [25] /

Predicted antigenic high affinity SARS-CoV-2 epitopes common to B and T cells [25]

Benok

Hykneokancupg

ORF3a

Mem6paHHbI
6enok

MenTtung

GMSRIGMEV
KHWPQIAQF
FPRGQGVPI

DPNFKDQVI
LPNNTASWF
FPRGQGVPI

FPRGQGVPI
LPNNTASWF

ASLPFGWLIV
LIVGVALLAV
TLKKRWQLAL
FVCNLLLLFV

ASLPFGWLI
ALSKGVHFV
STDTGVEHV

WLIVGVALL
ALSKGVHFV
NLLLLFVTV

IPIQASLPF

LPFGWLIVG
IPIQASLPF

LLEQWNLVI
KLLEQWNLV
FVLAAVYRI

LLWPVTLAC
FIASFRLFA

NLVIGFLFL
FVLAAVYRI
GLMWLSYFI
FIASFRLFA

WPVTLACFV

Annenu u cyneptunbi HLA-I

HLA-A*02:01
HLA-A*02:04
HLA-B*07:02

HLA-B*51

HLA-B*54:01
HLA-B*53:01

HLA-A*02:01

HLA-A*02:04

HLA-A*02:06

HLA-B*07:02

HLA-B*51

HLA-A*02:01

HLA-A"02:04

HLA-A"02:06

HLA-B*07:02

Mentung

YKHWPQIAQ
NKHIDAYKT
YYRRATRRI
AQFAPSASA
WFTALTQHG

WFTALTQHG
YYRRATRRI
HWPQIAQFA
TASWFTALT

FKDQVILLN
HWPQIAQFA

RPQGLPNNT
DQVILLNKH

YRRATRRIR
YYRRATRRI
GARSKQRRP
YKHWPQIAQ
WPQIAQFAP

ASWFTALTQ
YKTFPPTEP

YYQLYSTQL
YQLYSTQLS
LKKRWQLAL

YYQLYSTQL
WLIVGVALL

WLIVGVALL
YYQLYSTQL
IITLKKRWQ
LLFVTVYSH

ASKITLKK
FVTVYSHLL
AVFQSASKI

IITLKKRWQ
RWQLALSKG

VHFVCNLLL
LLLFVTVYS

ICLLQFAYA
FVLAAVYRI
ITGGIAIAM

IAIAMACLV

FLTWICLLQ
WLLWPVTLA
FVLAAVYRI
YRINWITGG

FLTWICLLQ
IKLIFLWLL
FAYANRNRF

FVLAAVYRI
IIKLIFLWL
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Annenu v cyneptunsi HLA-II

HLA-DRB1*01:01

HLA-DRB1*04:01

HLA-DRB1*07:01

HLA-DRB1*08:01

HLA-DRB1*11:01

HLA-DRB1*15:01

HLA-DRB1*01:01

HLA-DRB1*04:01

HLA-DRB1*04:02

HLA-DRB*10:701

HLA-DRB1*11:01

HLA-DRB1*15:01

HLA-DRB1*01:01

HLA-DRB1*04:01

HLA-DRB1*04:02

HLA-DRB1*07:01
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Benok Mentug

WPVTLACFV HLA-B*51
Mem6paHHbIf
6enok

WPVTLACFV HLA-B*54:01

KaXK[O0WN CTPYKTYPbI BbINOAHEHO MOAENNPOBAHUE MOJie-
KYNSAPHON ANHAMUKK, KOTOPOE FrapaHTUPYET, YTO CTPYK-
Typbl 4OCTATOYHO CTabWibHbI, YTOObI X MOXXHO ObINO
1Cnonb3oBaTb AN 6eNOK-6eKOBOr0 MONEKYNAPHOMO
[JOKuHra. Bce Tpu CTPyKTypbl OKasanncb [OCTATOYHO
cTabubHbIMM ON18 CnedyoLero wara npoekTa.

YTO6bI HANTW NYYLLYIO OPUEHTALMIO A1 ONTUMalb-
Horo B3anmogencTems 6enka NOM ¢ UMMyHHbIMK pe-
LenTopamu, NCNonb30Bann 6enoK-6enKoBbIi MONEKY-
NAPHBIN JOKMHI C MOMOLLb0 Be6-cepBepa PatchDock,
KOTOPbIN CReuuanMsnpyeTcs Ha pacrno3HaBaHun U co-
NocTaB/IEHUN NOBEPXHOCTEN 6ENKOB, YTOObI pacnono-
XKUTb UX B HANYYLUNX BO3MOXHbIX MNONOXKEHMSAX. PaH-
XKNPOBAHNE COCTbIKOBAHHbLIX KOMIMIEKCOB OCHOBAHO
Ha 3Heprum ONMXXHEro, [asbHEro, NPUTArMBaIOLLErO
N OTTaNKMBAKLLEro B3aVMOLENCTBUS MEXAY OBYyMS
6enkamu. C NMOMOLLBIO 3TOrO KpUTEPUst MCCNefoBa-
Tenu BbiOpany OBa NyyWnX PeLeHns — KOMMJIEKChI
NOM-TLR4 n NOM-HLA-A*11:01. PegynbtaTbl noka-
3a1M CUNbHOE B3aMMOAENCTBME MEXAY aMUHOKUC-
ioTamMn  PEKOMOMHAHTHOro 6enka M peuenTopamu.
AmunHokuncnotbl HLA-A*11:01 (GLU53, ASN174, GLY56,
ASN174, GLU53, PRO57) yyacTtBOBanu BO B3auMO-
penctaum ¢ ammHokncnotamm ARG49, SER97, GLN91,
MET102, ARG49 n GLN91 BakuuHbl-kaHamaata. Kpo-
Me Toro, BoceMb amuHokucnot TLR4 (LYS123, ILE319,
THR66, SER90, LYS124, LYS46, HIS85, LYS123) yyacT-
BOBaJIM BO B3aUMOZENCTBMM C aMUHOKUCIOTaMu
SER45, GLU199, GLN91, ALA84, MET328, GLN65,
SER90, GLU68 BakuuHbl-kaHanpgaTa. Monekynsp-
HO-AMHaMUYeCKOe MOLENUPOBAHME NyYLUNX PELLEHWN
NMokasabIBaeT, 4To CTpykTypa 6enka NOM onTumnanpo-
BaHa [J19 B3aMMOLENCTBNS C UMMYHHbIMY peLenTopa-
MU. AHann3 yKTyaumm Kaxkgaoro aMmHOKUCIOTHOro
ocTatka BO BPEMS MOAENMPOBaHNS YyKa3blBAET, YTO
pekoMbuHaHTHbIN 6enok NOM HamHoro 6onee ctabu-
JIeH, KOraa OH HaxXo4uUTCS B KOMMEKCE C 3TUMMK OBYMS
UMMYHHbIMK peLenTopamm, ocobeHHo ¢ HLA-A*11:01.

TakuM 06pa3omM, MeTogaMmv UMMYHOMH(MOPMATUKK
NpefckasaH 1 BampgupoBaH PeKOMOUHAHTHbBIN 6enoK
NOM B ka4vecTBe MyNbTMAMUTOMHOIO KaHAupara Ha
BakuuHy npoTtus COVID-19. Ero oueHka ocHoBaHa Ha

Annenu v cyneptunbl HLA-I

OB30OPbI

Tabnuua 3 OkoH4aHume / End of the Table 3

Mentung

RFLYIIKLI
WLLWPVTLA
WPVTLACFV

WICLLQFAY
YANRNRFLY
LMWLSYFIA

Annenu u cyneptunsi HLA-II

HLA-DRB1*08:01

HLA-DRB1*11:01

CTPYKTYPHOM aHanm3e, a TakXe Ha MOAeNMpoBaHun
MONEKYNAPHOrO OOKUHra U MOMEKYNSAPHON OUHaMU-
kn. Komnnekcel NOM-TLR4 n NOM-HLA-A*11:01 BbI-
COKOCTabubHbI, NMPOSBAAIOT CUSIbHbIE CreuuduyHbIe
MOJIEKYNISIPHBIE B3AVMOAENCTBUSA U MOTYT CTUMYSIMPO-
BaTb KakK KJETO4YHbIN, TaK U F'yMOpPanbHbI UMMYHUTET,
y4MTbIBas, YTO B OKOHYaTESIbHON KOHCTPYKLMKW BbiOpa-
Hbl B- 1 T-kneTo4Hble anuTonbl [25].

C.H. Lee n H. Koohy [26] yTBep>XgatoT, 4TO MMM
naeHTUVUMpoBaH in Silico NOMHbLIN CNMCOK UMMYHO-
FeHHbIX NenTUAoB KopoHasupyca SARS-CoV-2, ko-
TOpble MOryT ObITb MCMONB30BaHbl B KAYECTBE MULLIE-
Hel B pasdpaboTke BakuuHbl. Cpeaun Hux 48 nenTnaos
SARS-CoV-2, nmMetoLmx BbICOKYKO CTeneHb CXoacTsa
C VIMMYHOreHHbIMW nenTugamu, OenoHUPOBaHHbLIMI
B 6a3e gaHHbIX MMMYHHbIX anuTonoB Immune Epitope
Database (IEDB), n 28 nentugos SARS-CoV-2, ugeHTny-
HbIX MenTugam kKopoHasupyca SARS-CoV, oxapakTe-
PU30BaHHbIX paHee Kak MMMYHOTreHHble AN T-KNeTokK.
Movck de novo ¢ NOMOLLBIO anropuTMa MogennpoBsa-
HUS MMMyHoreHHocTn iPred nmentupoB SARS-CoV-2,
pacno3HaBaeMbIx T-kneTo4vHbiMu peuentopamu (TCR),
ngeHTnprumposan 63 nentmga C BbICOKMM MOTEH-
UManomM MMMYHOreHHOCTW. B noncke MMMYHOreHHbIX
nentnpos SARS-CoV-2 uccneposatenn COCpPenoTo-
YWNNCb Ha ranioTunax, pacnpoCTPaHeHHbIX B NOMys-
umsax Eeponbl n Kntast n Bktodarowmx B cebs annenu
HLA-A"02:01, HLA-A"01:01, HLA-B*07:02, HLA-B*40:01
n HLA-C*07:02. igeHTW4HbIE MIMMYHOI€HHbIM NenTaam
kopoHaBupyca SARS-CoV 28 nentmupoB SARS-CoV-2
CBA3bIBAOT pasnmdHble annenn HLA kak n3 knacca |
(c Hanbonee BbicOoKON adppmHHOCTBEIO K HLA-A"02:01),
Tak 1 us knacca ll n MoryT 6bITb MULLEHBIO O T-KNeToK
CD8+ n CD4+ cooTBeTCTBEHHO. B Tabn. 4 npeacrasneH
CMNNCOK Hambonee NepCcneKkTUBHbIX KaHOMAATOB, KOTO-
PbIA MOXET YCKOPUTb MPOLEeCC pa3paboTKy BaKLMHbI
npotme SARS-CoV-2 [26].

Ha ocHoBaHun HLA-npeseHTaumm 1 nporHosa nv-
MyHOreHHOCTK oTob6paHbl 5 nentugos (VQMAPISAM,
AMYTPHTVL, TLDSKTQSL, KVDGVVQQL, KVDGVD-
VEL), KoTopble, MO NPOrHo3y, byoyT cBsA3biBaTb 4 pas-
nn4HbIX annenst HLA (tabn. 5).
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B coOBOKynHOCTM 3TOT aHanu3 npegnaraer psag
9-MepHbIX MMMYHOMEHHbIX KaHAWLATOB ANA AabHEN-
LUEe SKCMepMEHTaIbHO BanugaLun.

Ons pa3paboTky CyObeAMHMYHbIX BaKUUH MpPO-
TnB Bupyca SARS-CoV-2 Ha OCHOBe 3nMTOMOB MpPO-
BEAEHO MCCefoBaHne C NCMNoJib30BaHNEM METOLOB
o6paTHON BaKUMHOMOMUN N UMMYHOUH(MOPMATUKN.
B pesynsrate KOMMbIOTEPHBIX 3KCMEPUMEHTOB pas-
paboTaHbl TPW KOHCTPYKLUMM MOTEHLMANbHOW Bak-

UMHbI M Ha OCHOBE WCCIIE[0BaHUSA MONEKYNSPHOro
JOKMHra BbiOpaHa OfHa W3 HUX, KOTOpas AO/KHa
ahdekTMBHO pgencTBoBaTh npoTB SARS-CoV-2.
MNocne aTOro MpoBefdeHbl MONEKYNAPHO-ANHAMUYE-
CKOEe MOAENMPOBaHNE U 3KCNEPUMEHTHI in silico no
npoBepke OMONOrM4EeCKOn CTabubHOCTM U MOUCKY
a(p(heKTMBHON CTpaTermm MaccoBOro Npom3BoacTBa
BbIOpPaHHON BakuuHbl. B obpaTHon BakuMHOMOM MK
NHCTPYMEHTbI BMONHMOPMATUKN UCMONBL3YIOTCA ANA

2021
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Tabnuua 4 / Table 4

Haun6onee ummyHoreHHbie nentuabl SARS-CoV-2, uaeHTUYHbIe MMMYHOreHHbIM nenTugam u3 6a3sbl JaHHbIX

Immune Epitope Database (IEDB) [26] /

Most immunogenic peptides of SARS-CoV-2, identical to the immunogenic peptides from the Immune

Epitope Database (IEDB) [26]

Benok
Mem6paHHbIV FMMKONPOTEUH
HykneonpoTenH
HykneonpoTenH
HykneonpoTenH
HykneokancugHoeii pochonpoTenH
HykneonpoTenH
HykneonpoTteunH
HykneonpoTteunH
HykneonpoTteunH
HykneonpoTenH
HykneonpoTenH
HykneonpoTteuH
HykneonpoTenH
HykneokancuaHbii hochonpoTenH
HykneonpoTteunH
HykneonpoTteunH
HykneokancugHeii pochonpoTenH
S-npoTenH
MpepwecTBEeHHNK rMNKONpPOTEeMHa Wwuna
MpewecTBEeHHNK MNKONPOTEMHA Wnna
S-npoTenH
S-npoTenH
[MpepLwecTBEHHNK MMKONPOTENHA Wwuna
S-npoTenH
MpenwecTBEHHNK MNKONPOTEMHA Wrna
S-npoTenH
S-npoTeunH
S-npoTeunH

lNMpumeyarnmne. H/ — He ngeHTudrumposaH.
Note. H/ — not identified.

MenTug Annenb HLA
TLACFVLAA HLA-A*02:01
AFFGMSRIGMEVTPSGTW HW
ALNTPKDHI HLA-A*02:01
AQFAPSASAFFGMSR HLA class |l
AQFAPSASAFFGMSRIGM HW
GMSRIGMEV HLA-A*02:01
ILLNKHIDA HLA-A*02:01
IRQGTDYKHWPQIAQFA HW
KHWPQIAQFAPSASAFF H
LALLLLDRL HLA-A*02:01
LLLDRLNQL HLA-A*02:01
LLNKHIDAYKTFPPTEPK HWN
LQLPQGTTL HLA-A"02:01
RRPQGLPNNTASWFT HLA knacc |
YKTFPPTEPKKDKKKK HW
ILLNKHID HLA-A*02:01
MEVTPSGTWL HLA-B*40:01
ALNTLVKQL HLA-A"02:01
FIAGLIAIV HLA-A2
LITGRLQS HLA-A2
NLNESLIDL HLA-A*02:01
QALNTLVKQLSSNFGAI HLA-DRB1*04:01
RLNEVAKNL HLA-A*02:01
VLNDILSRL HLA-A"02:01
VVFLHVTYV HLA-A*02:01

GAALQIPFAMQMAYRF
MAYRFNGIGVTQNVLY
QLIRAAEIRASANLAATK
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HLA-DRA*01:01/DRB1*07:01
HLA-DRB1*04:01
HLA-DRB1*04:01
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Tabnuua 5/ Table 5

OeBatumepHbie nentugbl 2019-nCoV, cBasbiBatowme 4 pas3nuyHbix annensa HLA [26] /
SARS-CoV-2 9-meric peptides that bind 4 different HLA alleles [26]

Snuton A*01:01
VQMAPISAM
AMYTPHTVL
TLDSKTQSL
KVDGVVQQL
KVDGVDVEL

A*02:01

4 aa00
— — — —,

B*07:02 B*40:01 C*07:02
1 1 1
1 1 1
1 0 1
1 0 1
1 0 1

lMpume4vaHune. 1 — ceasbiBaHve ¢ annenem HLA; 0 — oTCyTCTBME CBA3bIBAHUSA.

Note. 1 — binding to the HLA allele; 0 — no binding.

aHanm3a reHoma naTtoreHa, ugeHtudukauum n aHa-
JIN3a HOBbIX aHTUreHoB. [aHHbIl Nogxon no3BonseT
BblOpaTb aHTUrEHHblIE CErMeHTbl BUPYCa, KOTOPbIM
cnepyeT yaensitTb BHUMaHue npu pa3paboTke BakLUH.
OTOT MeTon SBnSeTCA ObICTPbIM, 3(MEEKTUBHBIM,
MPOCTbIM 1 3KOHOMUYHBIM CMOCO6OM pas3paboTKu
BakKuUuHbI (puc. 1) [27].

B. Sarkar n coaBT. [27] npoBenn 3KCNEPUMEHT Mo
CO3[aHNI0 PEKOMOVHAHTHON CYyObEAMHNYHOW BaKLM-
Hbl NpoTUB 4eTbipex 6enkos SARS-CoV-2 (Hykneo-
KancugHoro docdonpoTenHa, KOTOpPbIA OTBEYaeT 3a
YyMakoBKy reHoma v cbopKy BUpyca; NMOBEPXHOCTHOIO
rNMKONPOTENHA, KOTOPLIA OTBEYAET 32 CANSHNE MEM-

6paH BO BpeMsi NPOHMKHOBEHWS BUpYyca; 6enka ORF3a,
OTBETCTBEHHOrO 3a PeEnunKauuio Bupyca, BUPYNEHT-
HOCTb, pacnpoCTpaHeHNe BMpyca 1 pa3Bute NHpek-
Lnn; MEMOBPAHHOrO FMKOMPOTENHA, OTBETCTBEHHOIO
3a B3aMMOOENCTBUE BUPUOHOB C KIJIETOYHbIMU pe-
LuenTopamu) ¢ UCMonb30BaHNEM MOAXOO0B 06paTHON
BakuuHonorun. Cepsep |EDB reHepupyeT anuTonsbl
nyTEM aHanM3a 3KCNEPUMEHTasbHbIX AaHHbIX 00 aH-
ThTenax n T-KNETOYHbIX ANUTOMNax 13 NUCCNeLoBaHUNM,
NPOBELEHHbIX B KOHTEKCTE anneprumn, MHPEKLNOHHbIX
3abonesaHnin, ayTOMMMYHWTETa U TPaHCMAaHTauuu.
Vicxogsa 13 OLeHOK aHTUreHHOCTU 1 apPUHHOCTM CBS-
3blBaHMs, 13 20 Ny4LIMx aNUTOMNOB A1t CO34aHNs Bak-

MpeHTndukaumsa n otéop BUPYCHbIX MULLEHEN

V3BneyeHne nocnepgoBaTenbHOCTEN BUPYCHbIX 6€NKOB (M3 6a3bl faHHbIX)

AHann3 aHTUreHHOCTU N PUNKO-XUMUNYECKINX
CBOWCTB BMPYCHbIX 6€nKOB (M3 6a3bl flaHHbIX)

I'Ipe,l:tCKasaHme T-KNEeTOYHbIX 3NNTOMNOB

v

I'Ipe,u:lCKasaHme AHTUTeHHOCTW, annepreHHoCcTNn,
TOMONOrNN N TOKCUYHOCTN

¥

KnacTtepHbiin aHanna annenen HLA n reHepauns
3D-CTpYyKTYypbl aNMMTONOB

v

CTblkoBKa Mexxay anvtonamu 1 monekynamu HLA \

KOHCprVIpOBaHVIe BaKLUWHbI

—

AHanns aHTUreHHoCTH,
annepreHHocTn n pusunko- —————————>
XUMUYECKUNX CBONCTB

KnoHuposaHue in silico
JyYLLen KOHCTPYKLUMKn
BaKLVHbI

-

MpenckasaHve 1 Banugauus
BTOPWUYHOW 1N TPETUYHON
CTPYKTYpPbI

MopenupoBaHue MoSIEKYNSIPHOIA
OVNHAMUKW JTyYLlein KOHCTPYKLUNN

I'Ipe,E;CKaaaHme B-KneTo4HbIX anMTONOB

v

I'Ipe,qCKasaHme AHTUTEeHHOCTWN 1 annepreHHoCcTn

CoepfuHeHne cybbenHumL,
——» BaKUUHbl ANCYbMOUAHBIMU
MOCTUKaMun

v

MonekynspHbI JOKWUHI
MeXxay BakUMHON 1
monekynamuv HLA

-

Puc. 1. MostanHaa cTparternsg obpaTtHOn BakLUMHONOMX Npy pa3paboTke BakLUuH [27].
Fig. 1. Step-by-step strategies of the reverse vaccinology approach of vaccine development [27].

64

https://doi.org/10.17816/clinpract76291



OB30OPbI

UMHbI BblIBpaHbl BbICOKOAHTUIEHHbIE, HeannepreHHble
N HETOKCUYHbIE T-KNETOYHbIE N B-KNETOUHbIE 3NUTOMbI
(tabn. 6).

Ons nporHo3upoBaHMs 1 KAcTEePHOro aHanu-
3a BO3MOXHbIX annenein HLA knacca | u I, koTopble
MOTryT B3aUMOLENCTBOBATb C BblOpaHHbIMK 3nuUTOMnNa-
MU, nucnonb3oBaH online-uHcTpymeHT HLAcluster 2.0
(http://www.cbs.dtu.dk/services/HLAcluster/). Tocne
NPOrHO3NPOBaHNSA TPEXMEPHON CTPYKTYPbl BblIOPaH-
HbIX 3MUTOMOB MOAENNPOBAN OOKUHI NenTua—6enok,
YTOObI BbISCHUTL CNOCOBHOCTL 3NUTOMOB CBA3bIBATLCSA
¢ monekynamu HLA knacca | n Il. Annenbs HLA-A*11:01
NCMNONb30Bann B Ka4ecTBe peLenTtopa ANs CTbIKOBKU
¢ anutonamn HLA knacca |, a HLA-DRB1*04:01 — gnsa
CcTbikoBKM ¢ anuTonamu HLA knacca Il. Jlyqwue pe-
3ynbTathl NOMAYyYeEHbl AN NENTUOOB U3 HYKNEOKancug-
Horo cocconpoTenHa — QLESKMSGK ¢ snutonamu
HLA knacca | n LIRQGTDYKHWP c¢ anutonamu HLA
knacca Il. Mentng GVLTESNKK 13 noBepxHOCTHO-
ro raykonpoTeuHa 6bi1 nyywuMm ans anutonos HLA
knacca |, a nentug TSNFRVQPTESI noBepxHOCTHOro
rnvkonpoTenHa — ansa anutonos HLA knacca |l.

[Mocne ycnewHom CTbIKOBKM NenTua-6enoK 6biam
CKOHCTPYMpPOBaHbl TpW BakuuHbl npoTuB SARS-
CoV-2 ¢ ncnonb3oBaHneM BbIOGpaHHbIX 3NMTONoB. s
KOHCTPYUPOBaHWS BaKLMH UCMOJIb30BaNu Tpy pasnunyd-
HbIX apbtoBaHTa (B-pedeHcuH, pubocomarsbHbIn Ge-
nok L7/L12 n 6enok HABA) n nuHkepbl EAAAK, GGGS,
GPGPG 1 KK. lNpn KOHCTpyMpOBaHUN BaKUWHbI UC-
nonb3oBanack nocnepgosatensHocTb PADRE, o6napa-
foLas CNoCOBHOCTBIO yBennymnBatb 3PHEKTUBHOCTb
BaKUMH C MUHUMAIbHOW TOKCUYHOCTBIO U yCUnMBaTtb

otBeT LTJI. CospaHHble BakuUuMHbI 0603HAYEHbI Kak
CV-1, CV-2 n CV-3.

Jlyqwen  cuyutaeTcs  KOHCTPYKUMSA  BaKLMHbI
C Ny4YlWMM pe3ynbTatoM MO KPUTEPUIO MONEKYSp-
HOro AokuHra. o aToMy KpuUTEpPUO NyulIen Bakuu-
How okasanacb CV-1. OpgHako CV-2 npogemMoHCTpu-
poBana Hambonblwyl adpPUHHOCTL CBA3bIBAHNSA
¢ HLA-DRB3*02:02 n HLA-DRB1*03:01. Y Bakuu-
Hbl CV-3 nydywmne nokasartenn 3Heprum CBA3blBaHWSA
¢ 6onbwwnHcTBoM HLA-annenen (HLA-DRB5*01:01,
HLA-DRB5*01:01, HLA-DRB1*01:01 n HLA-
DRB3*01:01). Tak kak CV-1 nokasana Hauny4ive
pe3ynbTaTbl CTbIKOBKM 6enok—6enoK, oHa npusHa-
Ha ny4llen KOHCTPyKUMen n3 Tpex. MogenmposaHue
MOJIEKYNSAPHON OVHAMUKWA 1 aganTauuoHHbIE Ucche-
00BaHus in vitro NpOBOANANCL TOSIbKO Ha 3TOW Bak-
umHe. OuHammnyeckoe MopenmpoBaHe 6enkos onpe-
OENUNO NMPUEMSIEMYID OTHOCUTENIbHYIO CTabUIbHOCTb
komnnekca CV-1-TLR8. Ecnn B ucnbiTaHmsax in vitro
n in vivo 6ygyT NONyYeHbl YOOBNETBOPUTENBHbIE pe-
3ynbTaThl, NPEOIOXKEHHbIE BaKUMHHbIE KOHCTPYKLMM
MOryT ObITb MCMOJIb30BaHbI A1 BakUMHaUMM NPOTUB
SARS-CoV-2 1 npepoTBpalleHnsi pacnpocTpaHeHns
nHekuun [27].

Heckoneko rpynn paspaboTtanu cybbeguHu4Hble
BakuuHbl npotnB SARS-CoV-2, ogHako pnsi pas-
paboTKM BakUWHbl OHM WCMONb30Banu nnbo oauvH
6enok, nubo Tonbko anutonbl LITIT 6e3 B-knetou-
Hoix © XTJl-anuTonoB (xennepHbli  T-numdouuT).
KOHCTpyKUMS HOBOW PEKOMOVMHAHTHOWM MyfsTUnen-
TUOHON CyObeanHu4HoOn BakuuHbl npotus COVID-19
copepxut UTJT-knetouHble, XTJ1- n B-kneTo4yHble anu-

Tabnuua 6 / Table 6

dnutonbl SARS-CoV-2, cooTBeTCTBYHOLWME KPpUTEPUSIM 0TGOpa (BbiICOKasi aHTUFreHHOCTb, HeaJlNIepreHHOCTb
1 HETOKCUYHOCTDb) U BbiGpaHHble ANl CO3[aHNA BaKUuHbI [27] /
The SARS-CoV-2 epitopes that fit the selection criteria (high antigenicity, non-allergenicity and non-toxicity)
and were selected for the vaccine creation [27]

Anutonbl HLA Anutonbl HLA

Benok
knaccal l knacca ll
QELIRQGTDYKH
HVKIEOKANCUTHBI AGLPYGANK  LIRQGTDYKHWP
i;1on(neﬂ4 AADLDDFSK  RLNQLESKMSGK
thoccponp QLESKMSGK | LNQLESKMSGKG
LDRLNQLESKMS
. SVLNDILSR TSNFRVQPTESI
[MOBEPXHOCTHBIN GVLTESNKK
SNFRVQPTESIV
rMMKONPOTENH RLFRKSNLK LLIVNNATNVVI
QIAPGQTGK

B-kneToyHble aNUTONMbI

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSK
QRRPQGLPNNTAS

RIRGGDGKMKDL

TGPEAGLPYGANK
GTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSS
RGTSPARMAGNGGD
SKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKAYN
KTFPPTEPKKDKKKKADETQALPQRQKKQQ

LTPGDSSSGWTAG
VRQIAPGQTGKIAD
YQAGSTPCNGV
QTQTNSPRRARSV
ILPDPSKPSKRS
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TOMbl, COEOUHEHHble CneunUYecKUMmn nnMHKepPamu.
OTa yHuKasbHas BakuuHa coCTouT 13 33 BbICOKOAH-
TUreHHbIX anuTonoB u3 Tpex 6enkoB SARS-CoV-2,
KOTOpbIE Y4YacTBYIOT B pPacrno3HaBaHUM KNETO4YHbIX
peLenTopoB, NPOHMKHOBEHNN BUpyCca B KNETKY U na-
TOreHHocTn (Tabn. 7). Bce oTobpaHHbie ons BaKumHbI
XTI-, UT/1- n B-KneTto4yHble annUTOMbl HETOKCWYHBI.
PacyeTHble gaHHble NMO3BONSIOT NPEANOIOKNTb, HYTO
BaKLUMHa HeannepreHHa, TepmoctabunbHa n obnagaet
CMOCOBHOCTLIO BbI3bIBATb N'YMOPAasbHbI U KIETOYHbIN
UMMYHHbIN OTBET. CTabunbHOCTb KOHCTPYKLMUN BaKLu-
Hbl NOOTBEPXAAETCHA NCCEN0BaHUAMY MO MOAENNPO-
BaHUO MOJIEKYNIAPHON AnHaMUKK [28].

OB30OPbI

Ons KOHCTpyupoBaHUs CyObegUHNYHOW BaKLUHbI
npotnB SARS-CoV-2 ncnonb3oBaHbl B 0OLLEA CNOX-
HocTu 6 XTJ1-, 18 UT/1- n 9 B-KneTo4HbIX 3NnUTONoB 13
Tpex 6enkoB. dnutonbl XTJT NpoTecTUpoBaHbl Cep-
Bepom IFN-anuTonoBs (http://crdd.osdd.net/raghava/
ifnepitope/) Ha cnocoBHOCTbL MHAYLMPOBaTb MMMYH-
HbI OTBeT Tuna Th1, conpoBoXAaLLMICA NPOLYKLM-
en IFN-y. nga ycuneHnss IMMYHOMreHHOCTY BakLMHHOMN
KOHCTPYKLMN B Ka4eCcTBe agbloBaHTa gobasneHa no-
cnegoBaTeNbHOCTb M3 68 aMUHOKMCNOTHBIX OCTAaTKOB
YyenoBeyeckoro B-gedeHcuHa — aroHncTa peLentopa
TLR3. 9nutonsbl LIT/T Heo6xoauMbl ANst MHOYKLMW Kne-
TOYHOrO MMMYHHOrO OTBETa C Liefbio HerTpanusauum

Tabnuua 7 / Table 7

LT/-kneTo4Hble, XTJI-kneTo4Hble n B-kneTo4yHble aNUTONbl B PEKOMGUHAHTHOW MyNbTUNENTUAHON
cy6beguHNYHOM BakunHe npotus COVID-19 [28] /
CTL-cell, HTL-cell and B-cell epitopes in the recombinant multi-epitope subunit COVID-19 vaccine [28]

CneuuncduyHoCcTb Benok

HykneokancungHbin
dochonpoTenH

XTJ1-cneundunyHble aNUTOmMbI

[MnkonpoTeuH wuna

HykneokancugHbin
docchonpoTenH

B-cneuundunyHbie anuTonsl

[MnkonpoTeuH wuna

HykneokancugHbin
dochonpoTenH

LTN-cneuunduyHslie anuTonsl

[MnkonpoTeuH wuna

Mem6paHHbIN FMNKONPOTEUH

Mem6paHHbIN FMKONPOTEUH

Mem6paHHbIN FMKONPOTEUH

nurton Annenb HLA
GTWLTYTGAIKLDDK DRB1*07:01
AALALLLLDRLNQLE DRB4*01:01
NRFLYIKLIFLWLL DRB4*01:01
EFVFKNIDGYFKIYS
ITRFQTLLALHRSYL DRB5*01:01
ATRFASVYAWNRKRI
TRRIRGGDGKMKDLSP
KSAAEASKKPRQKRTA
EGALNTPKDHIGTRNP
RSMWSFNPETNILLNV
SFRLFARTRSMWSFNP HeT gaHHbIX
YACWHHSIGFDYVYNP
VVKIYCPACHNSEVGP
TLKGGAPTKVTFGDDT
TSRYWEPEFYEAMYTP
LLLDRLNQL
GMSRIGMEV Cyneptun A2
KSAAEASKK
KTFPPTEPK Cynepun A3
FPRGQGVPI
KPRQKRTAT CynepTvn BY
GLMWLSYFI
FVLAAVYRI CynepTun A2
LSYFIASFR
RIAGHHLGR Cyneptun A3
LPKEITVAT
RLFARTRSM Cyneptun BY
YLQPRTFLL
KIADYNYKL Cyneptun A2
RLFRKSNLK
GVYFASTEK Cyneptun A3
SPRRARSVA
IPTNFTISV Cyneptun B7

Mpumeyanue. LITJ1 — untotokcudeckunm T-numdoumnt; XTJT — xennepHoin T-numdouunT.
Note: LIT/1 — cytotoxic T-lymphocyte, T-helper cell; XT/1 — helper T-lymphocyte.
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NHMULMPOBAHHBLIX BUPYCOM 1 MOBPEXAEHHbIX KNETOK
nyTeM BbICBOOOXXAEHUSA LIUTOTOKCUYECKINX BENKOB, Ta-
KMX KakK rpaH3umbl, nepdopuHbl 1 T.4. Jns nporHosu-
poBaHnsa paccmMoTpeHbl cyneptunbl HLA A2, A3 n B7,
MOCKOJIbKY OHM OXBaTbIiBaloT He MeHee 88,3% ob6Luen
YyCNEeHHOCTU HaceneHns. Bece BbibpaHHble XTJ1-, LITJ-
1 B-KneToyHble annTOMbl NPOTECTUPOBaHI in Silico Ha
TOKCUMYHOCTb C MnomoLlbo Mogyns ToxinPred (http:/
crdd.osdd.net/raghava/toxinpred/multi_submit.php).

VIMMyHM3aLmsa Ha OCHoBe 6enka MoXeT noTpebo-
BaTb NMOBTOPHOIO BBEAEHUSA BaKLMHbI AN9 Noanepxa-
HUS TepaneBTUYecKn 3(PMEKTUBHOrO YpOBHA. Kpo-
Me TOro, pesynsTaToM BBELEHUS 3TUX BaKUUH MOryT
ObITb HEKOTOPbIE Hecneundndeckne ahdeKTbl, Takne
Kak nepekpecTHo-peakTuBHble TCR n aHTUTEna, ak-
TUBaLUS paHee CyLIEeCTBOBAaBLUNX KETOK-3ah(eKTo-
POB MAN KNETOK NaMsaTu. VIMEHHO NO3TOMY BakLUHbI
Ha ocHoBe MPHK SARS-CoV-2 noTeHumManbHO NMEeT
nperMyLLIeCcTBa Haf, BakLHaMn Ha OCHOBe 6enka: OHM
6e3onacHee, apheKTUBHEE 1 MPOLLE B N3rOTOBIEHNN.
Mpon3BoncTBo BakLmH Ha ocHoBe MPHK siBnsieTcs Ho-
BblM MEPCMNEKTMBHbLIM HanpasfieHNEM BaKLUHOMOIMNN.
CyuwecTtsytoT gga Trna PHK-BakUMH NpOTUB MHpeKLM-
OHHbIX MaToOreHoB: Hepenauuupyowmecs MPHK-Bak-
UUHBI 1 caMoamMnanuLmpyowmecs, UM pennkoH-
Hble, PHK-BakuUWHbI. [TPOHUKHOBEHWE Yepes NUNUOHbIN
MeMOpaHHbIi 6apbep ABNSETCA NMEPBbIM LLIArOM A4S
nonapaHusa ak3oreHHon MPHK B uutonnasmy. Mexa-
HM3MbI nornowenns MPHK-BakUuH KneTo4YHocneun-
hryHbI, a pursmko-xmummdeckme cseoictea MPHK mo-
ryT CYLLECTBEHHO BANSATb HA €€ KNIETOYHYIO AOCTaBKy
n pacnpepeneHue B opraHax. Bce atu hakTopbl HE06-
XOAMMO Yy4uTbIBaTb Npu paspaboTke aMEKTUBHON
BakLMHbl Ha ocHoBe MPHK. HecmoTpsi Ha 31O, MP-
HK-BakumHa cuyuTaeTca Hanbonee nepcrneKTUBHbLIM
KaHOMAATOM, MOCKOJIbKY €6 MOXXHO ObICTPO MacLuTa-
6UpoBaTb, YTO MOXET C3KOHOMWTb BPEMS B YCNOBUSAX
naHoemMuu.

B mapTte 2020 roga B CLLIA Ha4anocbk nepBoe K-
Hu4eckoe nccneposaHne asbl | HOBON BaKUMHbI Ha
ocHoBe MPHK — mRNA-1273, nHKancynmpoBaHHOM
B NunuaHble HaHo4YacTuubl [Safety and Immunogenicity
Study of 2019-nCoV Vaccine (mRNA-1273) for
Prophylaxis of SARS-CoV-2 Infection (COVID-19).
ClinicalTrials.gov. Identifier: NCT04283461. https:/
clinicaltrials.gov/ct2/show/NCT04283461].  BakuuHa
mRNA-1273 kogupyet S-6enok wwuna SARS-CoV-2.
KnuHnyeckune ncnbitaHust BakumHbl MRNA-1273 Ha 6e-
30MacHOCTb U MMMYHOMEHHOCTb NPOBENU CPeamn 300-
POBbIX BOJIOHTEPOB amMeprKaHcKasi BUoTeEXHOIOrnYe-
ckas koMmnaHus Moderna Inc. n LieHTp nccnegosaHui

BakumH (Vaccine Research Center) HaumoHansHoro
WHCTUTYTa anneprum n NMHMOEKUNOHHbIX 3abosieBaHunii
(National Institute of Allergy and Infectious Diseases).
B Hosibpe 2020 r. Moderna onybnukoBana AaHHble
KNMHU4eckoro mnccnepgosaHus dasbl Il 06 94%-Hon
3(PeKTBHOCTM B NpefoTBpalleHnn  3apakeHus
COVID-19. TMo6o4Hble athdeKTbl NpeacTaBnsanm co-
6on rpunnonogobHble cumnToMbl. B HacTosiwee Bpe-
mMsa BakuuHa Moderna (MRNA-1273) pekomeHpoBaHa
BcemupHon opraHnsaument 3gpaBooxXpaHeHns n npu-
MEHsieTCa 8 UMMyHU3aumm nuy, B Bo3pacte 18 net
n cTapLue.

B uHdurumposaHHoi kopoHasumpycom SARS-CoV-2
KNeTKe CUHTEe3upyloTcs nonunpoteuH 1a/1ab (ppla/
pplab) u 16 HeCTpPyKTypHbIX 6enkoB pennmkauu-
OHHO-TPaHCKPUMUUOHHOIO KOMMMeKca [ANs  CUHTe-
3a AnCKpeTHbIX cybreHomHbix PHK (sgRNA), koto-
pble cry>aT maTtpuuamu gasi CuHTe3a CybreHOMHbIX
MPHK. Osa nonunentuga (ppla n pplab) BosHunkaoT
u3-3a cpsura pamkum cuntbiBaHus mexgy ORFla
n ORF1b. Opyrue ORF (35% reHoma) KognpyT CTPyK-
TypHble 6enkn S, M, E n N. Bce atn cTpykTypHbie
N HECTPYKTYpHble 6enku TpaHcnmpyTca ¢ sgRNA.
B HacTosiwee Bpemsi 6onee 200 NOSHbIX U YaCTUYHbIX
nocnepoBaTenbHocTeln reHoma SARS-CoV-2 pgeno-
HMpoBaHbl B 6a3e gaHHbix Global Initiative on Sharing
All Influenza Data (GISAID; https:/www.gisaid.org/)
n B 6ase aaHHbIXx GenBank HaumoHanbHOro MHCTUTY-
Ta 3goposbs CLLA (NIH; https:/www.ncbi.nim.nih.gov/
nuccore/?term=covid-19). BakunHbl, OCHOBaHHbIE Ha
umTonnasMaTnYecKor aKcrnpeccum xmmepHoix MPHK,
cogepXawyx cneumanbHO nogobpaHHble BUPYCHbIE
nocnepgosatensHoctn ORF, o06nagalT OrpOMHbIM
NOTEHUMANOM MPAMON TpPaHCNAUMU B LMTOMNIasMmy
1 6N1OKMPOBaHWA HTErpaLmmn BUpyca ¢ XpOMOCOMaMU.
Mocne nHbekun BakumnHHas MPHK MoxeT npoueccu-
poBaTbCsl UMMYHHbIMW KJIETKaMU 1 MPOLYyLMpOBaTh
6eN10K HEMNOCPEACTBEHHO B NPOLIECCE TPaHCNALMn, 3a
KOTOPOW CrefdyeT akTuBauus OPYrux UMMYHHBIX KJie-
TOK AN pacno3HaBaHMs BHOBb MPOAYLMPOBAHHOIO
BMPYCHOro 6eka n obpasoBaHus aHTuten [29].

KopoHasupyc SARS-CoV-2 obnagaet PHK, camo-
amMnInUUMPYOLENCSa B LMTO30J1e. OTO 06CTOATENb-
CTBO SIBNSIETCA OCHOBOW pa3paboTkn MPHK-BakuyHbI.
BakuuHbl Ha ocHoBe MPHK ncnonb3yoT nocneposa-
TenbHOCTb MPHK pekoMOMHaHTHOro 6enka-muLieHu,
a He aHTuTena-muweHn. 3atem MPHK nepeHocuTcs
JMNUOHBIMU HAHOYaCTULLAMU B LIMTOMNa3My 15 TPaHC-
naumm 6enka-muweHn. Korga 6enok-MuLLeHb BbICBO-
boxpaeTcsa W3 KNEeTKW, aHTUreHnpeseHTupyowme
KNeTKu ObICTPO 3axBaTbiBalOT U MPOLECCUPYHOT €ro.
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3atem npoucxogut npeseHTaums mosiekynamm HLA-I
nnn HLA-II Ha NOBEPXHOCTW aHTUIrEHNPE3EHTUPYIOLLEN
KNEeTKM C nocnegyowen aktmsaumen B- n T-kneTok u,
COOTBETCTBEHHO, N'YMOPAJIbHOIO 1 LIMTOTOKCUYECKOrO
oteeTa [29].

[Monck Hambonee nOAXOASALLErO CalTa-MULLEHN
Ansa paspaboTku BakumHel npote SARS-CoV-2 ypes-
Bbl4aHO BaXXeH. [MukonpoTeuH wwuna (6enok S) siB-
NAIETCA KIYEBOW MULLEHBIO N5 pa3paboTKy BakUWH
1 reHepauun TepanesTudeckux aHtuten. Bupyc SARS-
CoV-2 npoHMKaeT B KNETKY-XO3AMHA MYyTEM CIUSHUSA
rOMOTPUMEPHOro S-6enka ¢ KIeTO4YHON MembpaHo,
npu aToM cybbepmHuua S1 cBA3bIBAETCS C peuenTo-
POM KJIETKU, YTO BbI3bIBAET HECTAOMIIBHOCTb TPUMEPA,
3a KOTOpOW credyeT oTaeneHne cyobveanHuubl S1 ot
cybobeguHMLbl S2 ¢ 06pa3oBaHNEM BbICOKOCTabUIb-
HOW CTPYKTYpbl. BENOK S momoraeT BUpycy NpoHnKaTb
B KJIETKN-MULLEHN, HO 3TOT 3HAOLUTO3 OOHOBPEMEH-
HO 3aBUCUT Kak OT CBA3bIBaHuSA 6enka S ¢ meMbpaH-
Hbim peuenTtopom ACE2, Tak 1 OT akTuBauum 6enka S
KJIETOYHbIMM NpoTeasamu. BakuvHa MOXeT npenoT-
BpaTUTb NepBOHaYasibHyr0 akTusauuio S-6enka, 650-
Kupys ero csasbiBaHne ¢ ACE2. Ecnn Tutp aHtuten
K S-6eNKy [OCTaTO4HO BbICOK, YTOObI NPefoTBPaTUTb
nonagaHue Bupyca B SHAOCOMbI WAM €ro ChAusiHue
C KJIETOYHOW NMOBEPXHOCThIO, TO BUPYCHAs NH(EKLUS,
CBSI3aHHasa C akTmBauuen S-6enka 1 BHYTPUKIIETOY-
HbIM BbICBOOOXKAEHNEM BUPYCHBIX YacTul, byaet ag-
(PEeKTUBHO NHIMBUPOBaTLCS.

Ecnn B opraHuame o6pasyeTcst 4OCTaTO4HOE KOMU-
4YeCTBO aHTUTES K S-0eKy, TO C y4eTOM B1OAOCTYMHO-
¢t ACE2 Kak Knio4eBo feTePMUHAHTbI pacnpocTpa-
HeHns 1 nHpuumpyowen cnocobHoctn SARS-CoV-2
MOXET BO3HUKHYTb [ABOWHOW TepaneBTUYeCKuin ag-
ekT. Bo-nepBblX, MIMMYHHas cuCTeMa yoanuT KOM-
NeKC S-6efIoK—aHTUTENO, YTO MPUBERET K KINPEHCY
camoro Bupyca. Bo-BTopbix, 6uogocTynHocTs ACE2
OyOeT 3HAYMTENBHO CHIKEHA, YTO MOMOXXET 0CNabutb
pacnpoCcTpaHeHne 1 KOHTarmo3HOCTb BMpyca. OMmnu-
pu4eckue faHHble uccnegosannin SARS-CoV n SARS-
CoV-2 onpegenunu ACE2 B kKa4eCTBE OCHOBHOIO Nop-
Tana gns MPOHUKHOBEHMSI 3TUX BUPYCOB B KIETKY.
QOYHKLMOHANBbHO 3Ha4YUMble MyTaumumn S-6enka, no-su-
OrMoMy, obecne4ymBaloT 60siee BbICOKYKD aduH-
HOCTb CBfA3bIBaHMSA NO cpaBHeHuto ¢ SARS-CoV [30].
CnepoBaTefibHO, HET rapaHTuW, Y4TO HaleneHHas Ha
S-6en0K BakuMHa MOXET MCNOMb30BaTbCHA B TEYEHNE
OINTENIbHOMO BPEMEHU, TaK Kak CyLLEeCTBYET BEPOST-
HOCTb TOro, 4TO B Gavxanwwem byayLiem oHa yTpatuT
3(pheKTNBHOCTb 13-3a MyTaLmin. Tem He meHee MPHK-
1273 vHAyuMpyeT MOLLHbIE OTBETbI HENTPANN3YOLLNX

OB30OPbI

aHTuTen kak Ha SARS-CoV-2 pukoro tuna (D614),

Tak 1 Ha MyTaHTHbIh D614G 2 SARS-CoV-2, a Takxe

T-kneTo4Hble oTBeTbl CD8+ u 3awuTy OT UHDEKLUN

SARS-CoV-2 B nerkmnx n Hocy in vivo 6e3 npu3HakoB

nmmyHonaronorum [31].

CyLLeCTBYIOT 4eTbipe OCHOBHbIX MpPeumMyLlecTsa
NCMOob30BaHNs NPOTUBOBUNPYCHBIX BaKLMH HA OCHOBE
MPHK no cpaBHeHUIO ¢ TPpaanUMOHHBLIMU NOSX04aMN:
1) MpPOTUBOBMPYCHbIE BaKUWHbI HAa 0CHOBE MPHK mu-

HMU3VPYIOT MOTEHLUMaNbHbIA PUCK MHMULMPOBA-

HUS 1 MyTareHesa BCIIe[ICTB/E eCTECTBEHHON fe-

rpagauun MPHK B KNeTo4YHOW MUKpOCpeae;

2) BblcOKas ahheKTUBHOCTb MMMYHOreHa bnarogaps
CTPYKTYpPHbIM Mogudukaumam MPHK nosbiwaeT
ero cTabunbHOCTb 1 3PEKTUBHOCTL TPAHCNALNY;

3) BbICOKO3(h(heKTNBHbIE BaKLMHbI Ha ocHoBe MPHK
CMOCOBHbI reHepupoBaTb NMPOTVBOBUPYCHbIE HEN-
TpanuayoLwme NMMYHOrI00YNNHbI TONIBKO C OFHOW
UM OBYMST HUSKUMW J03aMV UMMYHU3aLUNK;

4) pekombuHaHTHas MPHK cnocob6cTByeT KpymnHO-
MacLTabHOMY MPOM3BOACTBY LOCTATOYHbIX [03
BaKUUHbI, HEOOXOOMMbIX ANA NedYeHus 60nbLInx
rpynn HaceneHus.
31n dhakTopbl genaoT MPHK-BakuuHy 6onee nopa-

XOAsLLEe Ans 6bICTPOro pearmpoBaHns Ha NaHAeMUIO

COVID-19 [29].

[MrKo3MNMpoOBaHNE ABASIETCA OYEHb pacnpocTpa-
HEHHbIM BUONIOrMYECKUM SIBNIEHNEM, OOHOW 13 hopMm
NOCTTPaHCASLMOHHON MoanduKaLmm 6enKoB 1 CNoco-
60M perynsaummn nokanusaumm u QyHKUMM 6enkos.
Y BUPYCOB MUKO3UNPOBAHNE NX CTPYKTYPHbIX 6en-
KOB TECHO CBSA3aHO C UHBA3WEN B KJIETKN U pennka-
uuen, 4To NoMoraeT BMPYCYy n3bekaTb 0OHapyXeHus
MMMYHHOW CUCTEMON Yenoseka. Heobbl4HO BbiCOKas
cTeneHb rnuko3unmposaHua SARS-CoV-2 o3HadvaeT
BO3MOXXHOCTb ObICTPO MyTMPOBaTb, YTO YPE3BbIHaHO
3aTpygHsSeT paspaboTky BakuuHbl. OgHako Mcnonb-
30BaHNe TEXHONIOMMM MONYYEHNS BakLHbI HA OCHOBE
MPHK 1 HauennBaHue Tonbko Ha 6enok S, a He Ha ue-
JIYI0 BUPYCHYIO HacTuLy, MOXET MPUBECTU K TOMY, YTO
MMMYyHHas cuctema 4yenoseka OygeT nmpogyuupoBatb
aHTUTENa K 6enky S, HeB3upas Ha caTyC rMKOo3uu-
pOBaHMS.

lMpyHumMas BO BHMMaHWE MONE3Hble CBONCTBA
BakUuMH Ha ocHoBe MPHK, Takme Kak OTCYyTCTBUE WH-
Terpauum B reHoM, OTCYTCTBUE UHAYKLMN ayTOaHTU-
Ten, BO3SMOXHOCTb npopgyumpoBatb MPHK-BakuuHbl
B 60O/bLUMX KOJIMYECTBAX U NX BbICOKYH YACTOTY, Bak-
umHa Ha ocHoBe MPHK — nepcnekTuBHbIN BbIGOP A4S
60pbLbbl ¢ COVID-19. OpgHako gnsi obecneyeHus cta-
6unbHocT MPHK-BakLUHbI TPebOTCSA HOBblE CMOCO-
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Obl YNakoBKU BaKUWHbl B HaHO4YacTULAX U OYUCTKM
UM yganeHusi KOMMOHEHTOB peakuun, CBA3aHHbIX
¢ MPHK-BakuuHoii. Kpome Toro, TpebytoT paspaboTku
HOBble cnocobbl JOCTaBKM in Vivo, YTOBblI Makcumarsb-
HO yBeNN4MTb 3PEKTUBHOCTb noraoweHns mPHK-
BaKUMHbl. Hauny4ywnii cnocob JomkeH 3akJ/yaTbes
B 3aKpensieHnn nHrnbutopa PHKasbl B eguHON CTPyk-
Type MPHK-BakuuHbl. Heobxogumbl yrnybneHHble uc-
cnepoBaHus CTPYKTYPbI 1 CBOWCTB S-6enka n gpyrux
CTPYKTYpPHbIX 6enkos Bupyca SARS-CoV-2, koTtopble
NCNONb3YTCA B pa3paboTke BakLH [29].

Ewe opHa BakuumHa npotmB COVID-19 Ha 6ase
MPHK — BakuwnHa Pfizer/BioNTech (BNT162b2), pas-
paboTaHHas HeMeLKO BMOTEXHOIOMMHYECKON KOMMa-
Huen BioNTech B coTpygHUYeCcTBE C aMEPUKAHCKON
Pfizer n kntainckon Fosun Pharma, npolusia nonHbIn
LUK KIUHUYECKUX UCMbITaHUA 1 y>XXe LUMPOKO npu-
MEHsieTCa A8 BakuMHauuy HaceneHus, 0gHako Mo-
HUTOPVHI MEepBUYHbIX pesynstatoB ¢asbl |l byget
npogonkarbcsa oo asrycta 2021 roga, a MOHUTOPUHT
BTOPUYHBIX pe3ynsTaTtoB — Ao aHBaps 2023 roga [32].
BakuuHa BNT162b2 ot Pfizer/BioNTech, kak n Bak-
umHa mMPHK-1273 ot Moderna, ocHoBaHa Ha ctabu-
nmaunposaHHoi MPHK, kogupytoLlen S-6enok Bupyca
SARS-CoV-2 [33].

3AKJTIOYEHUE

B oTcyTcTBUME Ccrneunduyeckoro fneyYeHns BakumHa
SBNSETCA NyywuM BapuaHtoMm 6opbbbl ¢ COVID-19.
BblumncnutenbHble MCCNefoBaHUsA € MOCNEAYOLWMMU
OOKJNIMHNYECKMI  UNCMbITAHNAMW MNOKa3bIiBakOT, YTO
Cy6‘be,D,VIHI/IHHaF| BaKL/HaA HA OCHOBE HECKOJIbKUX anun-
TOMOB MOXET BbITb 6e3onacHa 1 3 heKTNBHA NPOTUB
nHpekuun SARS-CoV-2.

VHouBnayanbHble reHeTuyeckne Bapuaumm cu-
ctembl HLA-aHTUreHOB MOTyT OOBSCHUTL PasnnyHbie
UMMYHHbIE Peakuun Ha BMPYC B NOMyAsALMN, NO3TOMY
B pa3paboTke BakLUH Ba)kHas pPOJib NMPUHALNEXMNT
BbISIBMIEHNIO 3HAYMMbIX 3NUTOMOB B NpoTeome SARS-
CoV-2, pacno3HaBaeMbIX aHTUMEHMNPE3EHTUPYIOLLMY
knetkamu, UTJT n B-knetkamn, ¢ ncnosib3oBaHNEM
MEeTOA0B 6UoMHMOPMaLIMOHHOMO aHanunaa.
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