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Jns mpoHukHOBeHUsT KopoHaBupyca SARS-CoV-2 (Severe Acute Respiratory Syn-
drome-CoronaVirus-2), Bo3oyautensi nanaemun COVID-19, B KJieTKy HEOOXOAMMO
B3aUMOJECTBHE MTOBEPXHOCTHOTO IIMITOBUIHOTO S-0ejTKa 3TOT0 BUpyca C BHEKJIETOU-
HBIM JIOMEHOM MeMOpaHHO-CBsI3aHHOM (hOPMbI AaHTHOTEH3MH-TIpeBpallamliero Gep-
MeHTa 2-ro tuna (ACE2). B1oT hepMeHT, KIII0YeBOE 3BEHO PEHMH-aHTMOTEH3MHOBOM
CHCTEMBI, OTBEYAET 3a CUHTE3 aHTMoTeH3nHa-(1—7), HalleJIeHHOTo Ba30AMIaTOPHBIMU
U TPOTUBOBOCTIAJIUTEIbHBIMU CBOMCTBAMM, U3 aHTHMOTeH3MHa-11, MOIIIHOTO Ba30KOH-
CTPUKTOPA, CUHTE3 KOTOPOTO KaTaJIM3UPYETCsl aHTMOTEH3WH-TIPeBpalLalouM (hepMeH-
toM (ACE), pyHkimmonanbHbiM aHTaronnuctoM ACE2. T1ocne caitT-crnenudHOro rui-
posin3a, OCYIIECTBISIEMOTO JIOKAJIM30BaHHON B MHMUIIMPYEMO KJIETKE TpaHCMEM-
OpaHHOIl cepuHOBoOii mpoTeaszoii TMPRSS2, BupycHblii S-06e0K crieuuduIHO
cBsi3biBaeTcst ¢ ACE2, 9To sIBJIsIeTCS TPUTTEPOM MHTEPHAIM3AllMK BUpYyCca B KIIETKY ITy-
TeM sHaounuTo3a. [logaBieHue 3TOro mpoiecca ¢ MOMOIIBIO MpenapaToB, HHIMOUPYIO-
mux rnporeazy TMPRSS2 u napyiatonux Bzaumoneiictsue S-6enka ¢ ACE2, mo3BoJisi-
€T MPeaoTBpaTUTh MHGMUIIMPOBAHUE U, TEM CaMBbIM, SIBJISIETCSI TIEPCIIEKTUBHBIM TTOIXO0-
nom st tedeHus U npoduaktuku COVID-19. CxonHblii MeXaHN3M ITIPOHUKHOBEHUS B
KJIETKY UcIoJib3yeT U BUpyc SARS-CoV, Bo30ynuTe b aTUITMYHOW MHEBMOHUU, POJI-
crBeHHbIt SARS-CoV-2. [1pu jeyeHnr naureHToB ¢ apTepuaibHO TUIepTeH3ueit u
caxapHbIM 1ruadeToM ¢ momoinbio ACE-MHrMONTOpOB, 6J10KaTOPOB aHTMOTEH3UHOBBIX
peLenTopoB, CTATUHOB U HEKOTOPBIX aHTUIMAOETUYECKUX MPenapaToB SKCIPECCUsi U
aktuBHOCTh ACE2, Kak mpaBWIO, MOBBIIIAIOTCS, YTO YBEJMYMBACT PUCK 3apakeHUS
SARS-CoV-2 u yxynmaert ucxon 3abojeBaHus. B mponiecce mHUIIMpOBaHUS BUPYC,
o6pasys komiuieke ¢ ACE2, cHuxkaeT KonndectBo ACE2 Ha moBepXHOCTH KJIETOK, Ha-
pymaet 3aBucumbie oT ACE2 du3unonornyeckue mpoiecchl, U 3TO SIBJISIETCS OMHOU U3
MPUYUH OCTPOTO PECITUPATOPHOTO OUCTPECC-CUHAPOMA U CEPAECYHON HEIOCTATOUHO-
ctu y 6osbHbIx COVID-19. B Hactosiiem 0630pe aHaiu3upyercsl pyHKLIMOHATbHAS
ponb ACE2 B uHdumpoBanuu kiietok BupycaMu SARS-CoV-2 u SARS-CoV, a Takxke
00CYXIAl0TCsl MOJIEKYJIIPHbIE MEXaHU3MBbI 3TOTO Mpoliecca U ero narodu3nosornie-
CKHeE TOC/ICICTBUS.

Kniouegvle cnroea: aHrMOTeH3UH-TIpeBpallaloOnil hepMeHT 2-ro TUIA, PeHUH-aHTUO-
TeH3uHOBas crcteMa, ipoteaza TMPRSS2, SARS-CoV-2, SARS-CoV, npoteaza ADAM17,
MHTMOUTOP aHTMOTEH3UH-TIpeBpalliaero ¢hepMeHTa, 6JI0KaTOp aHT'MOTEH3UHOBOTO
peuenTopa 1-ro Tuma
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BBEJEHUE

B nexa6pe 2019 rona B ropone Yxanb (KHP) 6r11a 3apeructpupoBaHa HOBast KOpoHa-
BUpYycHasl nHGEKIUS, KOTopas B NaJibHEHIlIeM cTaja CTPEMUTEIbHO PacTpOCTPAHSITHCS
no mupy. 11 deBpansa 2020 roma Bo30yauTeb 3TOM MHGEKINHY ObUT KiIacCUUIIUPOBaH
Bcemupnoii Opranuszanmeit 3apaBooxpaHeHnst Kak SARS-CoV-2 (Severe Acute Respira-
tory Syndrome-CoronaVirus-2), a camo 3a6osneBanue kak COVID-19 [1]. KopoHaBupyc
SARS-CoV-2 pasmepom 30 kb, nipencrasisier coboii ogHouenoyeuyHblit PHK-conep:ka-
I BUPYC, KOTOPBIT OTHOCUTCS K cemeiicTBy Coronaviridae. B ero reHome 3aKkonupoBa-
HEBI YeThIPE CTPYKTYPHBIX Oejika — MeMOpaHHBIIT 6e10K M, 6e1ok obonouku E, HykIteo-
KancuaHbli 6esok N, a TakKe OTHOCSIIIUICS K INIMKOMPOTEeMHAM IIIUMTTOBUIHBIN O0eToK S
(spike), KOTOpPBIi BBICTYyMAET HaJ MTOBEPXHOCTHIO BUPYCHOTO Karicuaa, o0pasysi CTpyKTY-
pBI Harloio6ue “IMMMUKOB”, MpeaAHa3HAaYeHHbIE IJIs1 KOHTAKTa ¢ MOBEPXHOCTHIO KIETKM-
xo3suHa [2]. Octpas pecnupaTtopHast UH(eKLMsI, BbI3biBaeMmasi BUpycoM SARS-CoV-2,
XapaKTepU3yeTCsl CPAaBHUTEIBHO BBICOKOM CMEPTHOCTBIO CPEIM TOXUIIOTO HaCEeICHUS
(ctapire 60 yeT), a TakKe Cpeny MAllMEHTOB, CTPAIAIOIINX 3a00JIeBAaHUSIMU CEPIEYHO-
COCYIUCTOUN CUCTEMBI, OOJIE3HSIMU TIOUEK, CaXxapHbIM IUa0ETOM, OHKOJOTMYECKUMU U
ayTOMMMYHHBIMU 3a00jieBaHUSIMU [3—6]. OCHOBBIBasICh HA UMEIOILIMXCSI B HACTOSIIIIEE
BpeMsl SMUIEMUOJIOTUYECKUX NAaHHBIX, UMEIOTCS OCHOBAaHUSI CUUTATh, YTO MO TIKECTH
CUMIITOMOB M YPOBHIO CMEePTHOCTU MHeKI1us, Bbi3biBaeMasi SARS-CoV-2, o kpaHeii
Mepe, He MPEBOCXOIUT TaKOBbIE, BhI3bIBaeMble pOJACTBEHHBIM BUpycoM SARS-CoV, ko-
TOpbIN cTan npuuuHoit anuaemuu B 2003 roay. OnHaKO IMPOKOE paclpoCTpaHEHUE BU-
pyca SARS-CoV-2, koTopoe B HacTosIIee BpeMs IIprUoOdpeio XapakTep NaHAeMUM, 1 60-
nee obIcTpast, B cpaBHeHUM ¢ SARS-CoV, niepenaya Bo30yIuTelIsI OT YeJIoBeKa K YeJIoBe-
Ky CO CPaBHUTEJIbHO BBICOKUM PETPOAYKTUBHBIM YMCIIOM CO3AI0T BBICOKME PUCKU LIS
3[0POBbS JIIOACH BO BCEX CTpaHaX MUpa. DTO CTABUT Mepe] CrelyaucTaMy B 00J1acTU
MEIULIMHBI, OMOJOTUY U CMEXHBIX HayK 3aJayy B caMble cXXaTble CPOKM paciindpoBaTh
MOJIEKYJISIDHBIE MEXaHU3Mbl MHMUIMPpOoBaHUs KeToK BUpycoM SARS-CoV-2, a Takxke
pa3pabortaTh 3 deKkTuBHBIC TToaxoas! mist aeueHus COVID-19.

HaubGonpinii nHTEpEC MPeaCcTaBISIOT JaHHbIE O TOM, YTO Wit 3(GEKTUBHOTO TIPO-
HUKHOBEHUSI B MHUIIMPOBaHHYIO KJIeTKy Bupycy SARS-CoV-2 Heobxomumo “comeii-
CTBHE” OTHOIO U3 KJIIOYEBBIX (PePMEHTOB PEHUH-aHTMOTEH3UHOBOI CUCTEMBI — aHTHUO-
TeH3UH-TpeBpaiatoiiero pepmerra 2-ro tura (ACE2). BTo Xopollio corjiacyercs ¢ TeM,
yto B Haubosblent creneHu ot COVID-19 crpanaroT moxXusible JIIOAW 1 TTallUeHThI C XPO-
HUYECKMMU 3a00JIeBaHUSIMU CEpPJIlla U TMOYEK U CaXapHbIM I1UabeTOM, KOTOPbIE JUIUTEIb-
HOE BpeMs MOJy4aloT JieUeHe aHTUTUTIEPTEH3UBHBIMY 1 aHTUAMA0ETUYECKMU TIperapa-
TamMu. Y 3THUX NAlIMEHTOB OTMEYalOTCsl HanboJsiee BbIpak€HHbIE U3MEHEHHS KCIIPECCUU U
aktuBHOCcTH ACE2, KoTOphle, KaK IpaBuUO, MOBBIIAIOTCI B pe3yJjbTaTe MPOBOIUMOI
dapmakorepanuu [7, 8]. B cBsi3u ¢ 3TUM pa3BepHyTa LIUPOKasi TUCKYCCUSI O TOM, KakK
ydecThb (pakTop n3MeHInBOCTH 3KcIpeccun ACE2 y manimeHToB ¢ 1nadbeToM U CepaeuHO-
COCYIMCTOI ITaTOJIOTHEeil IIpM OlleHKe PUCKOB MX 3apaxeHus BupycoM SARS-CoV-2 u
MpU MpOrHo3upoBaHuM TeueHus u ncxoga COVID-19, a Takxe o ToOM, KaK Teparnusi 3TUX
MalMEeHTOB C MOMOIIbI0O MHTUMOMTOPOB aHTMOTEH3UH-TIpeBpaiiatoliero gpepmenrta (ACE),
O0sokaTopoB pelenTopa 1-ro tuna aHruoreHsuHa-II (AT1R), ctaTuHOB, aHTUAMAOETH -
YeCcKUX IpenapaTtoB MoxeT nosausitb Ha ACE2-omocpenyeMoe nux uHGUIIMpoBaHNE BU-
pycoMm SARS-CoV-2. Heob6xonuMo oTMeTuTh, uTo BUpYyCc SARS-CoV, umeronuii yeptsbl
cxonctBa ¢ SARS-CoV-2, mis mpoHMKHOBEHMSI B KIIETKY XO35IMHA TaKKe MCIIOIb3yeT
ACE2 [9—11]. D10 yka3pIBaeT Ha TO, 4TO HapaOOTKM IO B3aUMOJEHCTBUIO BUpYyCa
SARS-CoV ¢ depmenTom ACE2, KoTophle ObLIN CAeJIaHbl paHee, ellle 3a10JIro 10 ITaH-
nemuu COVID-19, MoryT ObITh YCIIEIIIHO MCITOJb30BaHbI JJIsI pacIiM(pPOBKU MOJIEKY-
JIIPHBIX MEXaHU3MOB MPOHUKHOBEHMUSI B KJIETKY HOBOro KopoHaBupyca SARS-CoV-2,
YTO COOCTBEHHO YK€ B3SITO Ha BOOPYXXEHME BUPYCOJIOraMU U MOJIEKYJIIpPHBIMU Ouoiora-
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MU, TbITalolMMuUcs caepxartb nmaHgemuio COVID-19 [12, 13]. OOCyXAeHUIO 3TUX BO-
MPOCOB U MOCBSIIEH HacTosMii 00630p. OmHAaKoO cHayajga KpaTKO OCTaHOBUMCSI Ha
CTPYKTYPHO-(YHKIIUOHAJILHOM OpraHU3allii PEHUH-aHTMOTEH3UHOBOM CHUCTEMBI, a
TakXKe Ha CTPYKTYpe M PETYJISITOPHBIX CBOMCTBAX aHTMOTEH3UHOBBIX PELIENITOPOB M HU-
JKeJIeXKalllUuX CUTHAIbHBIX KACKAAaX U MUILICHSIX.

PEHWH-AHI'MOTEH3MHOBAA CUCTEMA
N AHTUMOTEH3MHOBBIE PELIEITTOPHI

PeHUH-aHTMOTEH3UHOBAsI CUCTEMa BKJTIOYaeT (hepMEHTBI C MPOTECOTUTUYECKOM aK-
THUBHOCTBIO, BOBJICYEHHBIE BO B3aMMOIIPEBpAIlCHUST TIENITUIOB aHTMOTEH3MHOBOTO Ce-
MelicTBa, caMU aHTUOTEH3UHOBBIE MENTUIbI, UX PELENTOPbl U COMPSIKEHHbIE C HUMU
BHYTPMKJIETOUHbIE CUTHAJIbHBIE KacKanbl U 3¢dekTophl (puc. 1).

IlepByto cranuio rpeBpalleHuii TeNTUI0B aHTMOTEH3UHOBOTO CEMENCTBA OCYILIECTB-
JISIET peHUH, PEPMEHT C MPOTEOTUTUUYECKON aKTUBHOCTbIO, KOTOPBI OTILETUISIET OT MO-
Jekyabl aHrnoteHanHoreHa (AGT), umeroniero WiMHy 153 aMUHOKMCIIOTHBIX OCTaTKa,
N-KOHI1IeBOIi IeKarenTul, COoTBeTcTBYIomMii aHrnoreH3uHy-1 (ANG-I) [14]. AGT or-
HOCSIT K CeMeiiCTBY MHTMOMTOPOB CEPUHOBBIX MTpOTea3 (CEPIMHOB), MPUYEM aKTUBHOCTD
AGT B0O MHOTOM 3aBUCHT OT CTeIIeHHU ero IimKo3uianpoBanus [15]. I1pespamenune ANG-1
B ANG-II ocymectBisier dpepmenT ACE, nipencrasistiomnmii co6oii CBSI3aHHYIO ¢ MeMOpa-
HOI LIMHK- M XJIOpUI-3aBUCUMYIO nunentummikapookcurnentuaaly (EC.3.4.15.1), katanu-
TUYECKUI CAalAT KOTOPOI PacIiojiokKeH BO BHEKJIIETOYHOM MPOCTPAHCTBE. DTOT (pepMEeHT
SABJISIETCS MUILIEHBbIO ST Oosbiioro yucia ACE-mHruoutopoB, apMakoJioruuyecKue
3¢ GhEKTh KOTOPBIX HATIPABJIEHBI Ha OcJIabieHWe apTepuaibHO runepreH3uu [16].

Ox3onentunaza ACE2 (EC.3.4.17.23), ocymectisiomias npeBpaiieHue ANG-11 no
ANG-(1-7) u ANG-I no ANG-(1-9), HecMOTps1 Ha 3aMETHbIii YPOBEHb TOMOJIOTUU C
depmenTom ACE (okono 40% vneHTUYHBIX U 60% CXOMHBIX MO (PU3UKO-XUMUYECKUM
XapaKTepUCTUKaM aMUHOKUCIOTHBIX OCTaTKOB), UMEET MTPOTHUBOIIOJIOKHYIO 11O OTHOIIIE-
HUIO K HeMy (yHKIIMOHAJIbHYI0 aKTMBHOCTb, TMOCKOJIbKY MPEIOTBpAIlacT Ba30KOH-
crpukTopHbie 3P dexkTer ANG-II n, HanpoTUB, yCWJIMBAeT MPOTUBOACUCTBYIOIINE WM
BazonunatopHbie 3 dexTsl nentTuaoB ANG-(1—-7) u ANG-(1-9) [17—20]. B otinuue ot
ACE, depmenT ACE2 siBisieTcst MOHOKapOOKCHUIIENITUIA30i U XapaKTepU3YeTCsl CPaBHU -
TeJIbHO HU3KOM CITelIu(PUIHOCTBIO, TUAPOJIU3YsI HE TOJbKO aHTMOTEH3MHOBbBIC MEMTUIbI,
HO TaKXe anejuH, OMMounHble enTuabl 1 KuHUHbL. MHruouropsl ACE He BIusSIOT Ha
KatanuTudeckyo akTuBHOCTh ACE2, 1TocKoJibKy B 0071aCTH KaTaTUTUYECKUX U aJlJIOCTe-
pUYECKNX CaliTOB, MUILIEHE 3TNX MHIrnouTOopoB, MoueKysbl ACE 1 ACE?2 cymecTtBeHHO
paznmuuaiorcsa. Umerorcst ase popmbl ACE2 — ¢yHKIIMOHAIBLHO aKTUBHAsI MEMOpPaHHO-
cBsI3aHHasi (popma, KoTopasi, Hapsiny ¢ N-KOHLIEBBIM KaTaJIMTUUYECKHUM 3KTOAOMEHOM,
BKJIIOYAET TpaHCMEMOpaHHBIN JOMEH M HeOOJIBbIION Mo pa3Mepy LIMTOIUIa3MaTUYECKUI
IIOMEH, U pacTBopuMasi ¢hopMa, COOTBETCTBYIOIIAsi N-KOHIIEBOMY 3KTOJAOMEHY, KOTOpast
TEHEepUpYeTCs IMyTeM OTIIETUIEHUs BHEKJIeTOUHOM YacTu MosieKyiabl ACE2 ot ee TpaHc-
MeMOpaHHOro momeHa [17]. DTOT Ipoliecc OCyIIeCTBISIETCS 3HAYUTEIbHOM 110 pa3Mepy
MeMOpaHHO-CBsI3aHHOI TIpoTea3zoit ADAM17 [21—-23]. IIpoteaza ADAM17 nipencrasisieT
coboii TpaHcMeMOpaHHBbIi 6e1oK [-ro TUMNa 1 ConepXKUT HECKOIBKO (DYHKIIMOHATBHBIX J0-
MeHOB — (1) N-KOHLIeBOi1 TOMEH, KOTOPbII BHITIOIHSIET (DYHKLIMIO “BHYTPEeHHETO” OJI0Ka-
TOpa MpOTea3HOil aKTUBHOCTU, (2) MeTa/ulonpoTea3HbIi (KaTaIMTUYECKUiIl) ITOMEH,
(3) me3mHTEerpruHOBLII TOMEH, (4) o0oTaIlleHHBII OCTaTKAaMU UCTEHA ITPOKCUMAaJIbHbBII
K MeMOpaHe n1oMeH, (5) TpaHcMeMOpaHHbIi foMeH U (6) HeGOIbIION LIUTOIIa3MaTHIe-
ckuit ygactok [24]. I1o Tomonorum B razmMaTudeckoit MemOpane oba pepmenrta, ACE2
nu ADAMI17, cxomHbl Mexay coboil. CpaBHUTEIbHO BBICOKMI YPOBEHb 3KCIPECCUU
ACE2 n ADAM17 o6HapyXeH B CepAlIe, JIETKUX, TIOYKaxX, MO3re U CEMEHHUKAaX, B TO Bpe-
MS$I KaK B IPYTMX TKaHSIX OH HUXXE WJIM He3HAUYUTeJeH. DTU NaHHbIe YKa3blBalOT Ha He-
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Puc. 1. Ponb nporeazst TMPRSS2, ACE2 1 KOMIIOHEHTOB aHTMOTEH3MHOBOTO MTYTH B TPOHUKHOBEHUH BHpyca
SARS-CoV-2 B kietky.

Yenosnvie obosnauenus: TMPRSS2 — tpaHcMeMOpaHHasi ceprHOBasi TipoTeasa (transmembrane protease, serine 2);
ACE — anrnoreH3uH-TnipeBpainaomuii pepment; ACE2 — aHrmoTeH3uH-IpeBpaniaonnii GepMeHT 2-T0 TUIIA;
AT1R — penienitop 1-ro tumna anruorensuHa-11; AGT — anruorensunoreH; ANG-1 — anruorensus-1; ANG-11 —
anruoteHsuH-11; ANG-(1—-7) — anruoreHsuH-(1-7); Gq/ll — reTepOTPUMEPHBIiA Gq/11—6en01<; PKC — npo-
TeunkuHasza C; S1, S2 — cyonomeHsl S1 1 S2 B MOBEPXHOCTHOM IITUITOBUIHOM BUPYCHOM S-0eJKe.

Fig. 1. The role of the protease TMPRSS2, ACE2 and angiotensin pathway components in the penetration of the
SARS-CoV-2 virus into the cell.

Abbreviations: TMPRSS2 — transmembrane serine protease (transmembrane protease, serine 2); ACE — angio-
tensin-converting enzyme; ACE2 — type 2 angiotensin-converting enzyme; AT1R — angiotensin-II receptor of
the type 1; AGT — angiotensinogen; ANG-I — angiotensin-I; ANG-II - angiotensin-1I; ANG-(1-7) — angio-
tensin-(1-7); Gq/” — heterotrimeric Gq/” protein; PKC — protein kinase C; S1, S2 — the subdomains S1 and
S2 in the surface spike viral protein S.

paBHOMEPHOE paclpeeeHue SKCIIPECCUM U aKTUBHOCTU 3TUX (PePMEHTOB B Pa3IMUHBIX
opraHax M TKaHsIX M Ha TECHYIO B3aMMOCBS3b Mexay Humu [17, 24]. CienyeTt, omHaKo,
OTMETUTh, 4TO Tpoteaza ADAMI17, momumo ACE2, KOHTpoaupyeT aKTUBHOCTH €IIe
MHOXECTBa APYrux O0€JIKOB, KOMITOHEHTOB CUTHAJIBHBIX U 3(D(EKTOPHBIX cucTeM [24].
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OcHoBHbiMM MullieHsiMu ANG-II sBasiiotess nBa moaruna G-06e10K-COIpPSIKEHHBIX
peuentopoB — AT1R u AT2R, KoTopble CMIBHO pa3inyaroTcs Kak Mo CIIeKTPY peryanpy-
€MBIX Yepe3 HUX CUTHAJIbHBIX KACKAIO0B, TaK M MO (DU3MOJIOTMIYeCKUM oTBeTaM [25—27].
I1pu aTom AT2R MmoxkeT MomyanpoBaTh GyHKIMOHAIBHYI0 aKTUBHOCTE AT 1R, o6pasys ¢
HUM TeTepOJMMEPHBIN pelenTopHblii KoMmIuiekc [28, 29], a TakxKe MOAaBisSITh aKTUB-
HOCTb ITOCTpelenTOpHBIX 3BeHbeB AT 1 R-akTUBUpyeMbIX CMTHaIbHBIX KackanoB [30].

CesizpiBanue petientopa AT1R ¢ aroHUCTaMU MPUBOIMUT K CTUMYJISILUU TETEPOTPU-
MepHoro G, -6ejika, KOTopblil akTuBUpyeT (ochonHosuTha-cnenuduiHyio docdo-
nunazy CP. PesynbratoM aToro siBiisietcst oo6pasoBaHue nuHosuton-1, 4, 5-rpudocdara,
KOTOPBI, aKTUBUPYS Crieliu(UIHbIE K HEMY BHYTPUKJIETOUHBIE PELICTITOPBI, CTUMYJIU-
pyer BbicBo6oxIeHne Ca2t U3 BHYTPUKIIETOUHBIX JETO, a TAKKE CUHTE3 IMaLVUTTITHLIE-
poJla, KOTOpblil aKTUBUPYET (HOPOOJI-UYBCTBUTEIbHBIE W30(OPMbI MPOTEMHKUHA3BI
C (PKC) [26, 31]. Hapsiny ¢ atim, AT1R-aroHUCTB aKTUBUPYIOT PETYJISITOPHBIE OEKN
B-appecTuHBI, CTUMYJIMPYST KacKal MUTOTEHaKTUBUPYeMbIX mpotenHKkrHas (MAPK) u
P IpyTUX B-appecTUH-3aBUCUMBIX TTyTei [26, 32]. BaxkHo orMetnTsh, uro ANG-11-1H-
nynvpoBaHHas aktuBanusi ERK1/2, kioueBbix KOMIIOHEHTOB Kackana MAPK, moxer
OCYHIECTBIATBCA Kak ¢ ydyactueM G y;-6enkoB [33], Tak u HesaBucuMo or G-6eNKkoB,
myTeM akTuBaiuu [-appecturos [32, 34]. B otmnune ot AT1R, pererrrop AT2R peanu-
3yeT cBoM 3G MEKTHI MO MyTsIM, He3aBUCUMBIM 0T G-GeJIKOB 1 B-appecTHHOB, 4TO HE TH-
MUYHO I “kiaaccudeckux” G-6eJIoK-COMNpsKEHHBIX pelenTopoB. Ero addexrnl, Kak
OTMEYaJIOCh BhIIIIE, MOTYT PEIM30BBIBATHCS ITyTEM 00pa30BaHUS TeTePOIUMEPHBIX KOM-
mwiekcoB ¢ AT1R, Mas-penernrropoM u apyruMu G-0e10K-COTPSDKEHHBIMU PELIEIITOPAMM.
Hapsiny ¢ atum, 6ynyan aktuBupoBaH ANG-II, penenrrop AT2R yepe3 HeKaHOHMYECKUE
KacKaJbl CIOCOOEH ITOBBIIIATh aKTUBHOCTh pa3IMIHbIX n30(hopM NO-CHUHTa3 U aKTUBUPO-
BaTh, TeM camMbiM, N O-3aBUCUMBbIE ITyTH, a TakKKe cTuMyiarpoBaTb MAPK- u 3-dochou-
HO3UTUIHBINA nyTH [27, 29, 35, 36].

AHnruoteH3uHoBble TtenTUIbl ANG-(1—7) u ero ykopoueHHblit aHamor ANG-(1-5)
cnielinUIHO B3aUMOACHCTBYIOT ¢ G-0eJIoK-COoMNpsKeHHbIM Mas-petentopom, TpoayK-
TOM npoTooHKoreHa MAS1, yepe3 MmocpenacTBo KOTOPOTro OHU OKa3bIBAIOT MPOTUBOBOC-
HaJuTeIbHBINA, BAa30AMJIATOPHBIN 1 aHTU(PUOpOTUUEeCKMiA 3¢ PEKTHI HA KISTKU-MUIIIEHNU
[29, 37]. Ecniu Mas-peuenTop siBisiercst GyHKIMOHAbHBIM aHTaroHuctom ATIR, To ero
ocHoBHOM nurana nentun ANG-(1-7) — dyHKuUoHaNbHBIM aHTaroHuctom ANG-II.
[Mentun ANG-(1—7) MOXeT OBbITh TIOJlydeH TuApoJuTUIYecKuM paciieryieHneM ANG-I
wim ANG-(1-9) c noMo1iplo HENMPUIN3uHA, HO OCHOBHOM €ro myJjl MoJy4yaeTcsl B XoJe
karanusupyemoro ACE2 runponausa ANG-II [16].

ACE2-OMOCPEAYEMbBIY MEXAHU3M MMPOHUKHOBEHUS
BUPYCA SARS-COV B KJIETKY

Kaxk yxe ormevanocs, eme g0 mosiaeHns SARS-CoV-2, npu n3y4eHUM poaCcTBEHHO-
ro emy Bupyca SARS-CoV, Bo30yauTenst oCTpOro pecrmpaTropHOTro CUHAPOMa, Oblia I1o-
Ka3zaHa CIIOCOOHOCTh MOCJIEIHEeTO MCIOJIb30BaTh MeMOpaHHO-CBsI3aHHYI0 opmy ACE2
IUIST TPOHUKHOBEHMSI B KJIeTKy xo3sguHa [9—11]. Ilocne ycraHOBJieHUSI B3aMMOCBSI3U
Mexay mpoHuKHOBeHHeM SARS-CoV B KJIETKU JIETKUX YeJIOBeKa U MPUCYTCTBUEM B HUX
ACE2 6b11 BBISIBJIEH TPOTEOJIMTUYECKUN (DEPMEHT, KOTOPbIii HEOOXOAUM [IJIsI TaKOTO
npoHukKHoBeHUs1. UM okaszajiack TpaHcMeMmOpaHHasi cepuHoBasi mpoteaza TMPRSS2
(transmembrane protease, serine 2), KOTopasi ¢ BBICOKOII MHTEHCUBHOCTBIO 3KCIIPECCH-
pyeTcs B BMUTEJUATIbHBIX KJIETKaxX JISTKUX YeJIOBEKa U CIOCOOCTBYEeT UX MH(MULIMPOBaA-
HUIO BUPYCOM TpuIiiia A 1 MeTanmHeBMoBUpYycoM [38—41]. [1pu nsyyeHun Bupyca rpuiiia
A 6b110 moKa3aHo, yTo nporea3a TMPRSS2 paciierisieT MMKOnpoTena reMarrjiloTeHUH
ero o00JI0YKHU, B pe3yJibTaTe Yero BUPYC IpUIina A nMpuodpeTaeT CloCOOHOCTh CIMBATHCS
¢ MeMOpaHOl KJIETKU-X03sIMHA U B TaJIbHEHIIIeM MyTeM 3HIOLMTO3a MPOHUKATh BHYTPb
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kietku [38, 40]. B cnyuae SARS-CoV, nporeaza TMPRSS2 ocyuiecTBisieT 4aCTUYHbBII
TUIPOIN3 TTOBEPXHOCTHOTO BUPYCHOTO IIMITOBUIHOTO Oeika S, TeM caMbIM, BbI3bIBasi
ero nmpaiiMMpoBaHHUe, UTO UHAYLUPYET 3(DHEKTUBHOE CIUSIHUE BUpYCa C TIa3MaTUIECKOM
MeMOpaHOi1 1 ero MHTEpHAIN3aIIO BHYTPh KJIeTKM Xo3sa1Ha [10]. CiremyeT OTMETUTD, 9YTO
perUnKalms BUPYCOB B KJIETKaX ¢ MOBBIIIEHHOI aKcmpeccueil mporeassl TMPRSS2 He
COMPOBOXJIAETCS YBEJIMYEHUEM CITOCOOHOCTU BUpPYyca K MHPUIIUPOBAHWIO U UBMEHEH WS -
MU CTPYKTYpbl BUPYCHOIO Oejka S, uTo ykasbIBaeT Ha ydyactue mnpoteassl TMPRSS2
MMEHHO B TIpoliecce TTIPOHUKHOBEHUSI BUpYyca Yepe3 KIETOYHYI0 MeMOpaHy, a He B KOH-
TpoJIe ero JajibHeleit perummkanum [10].

B nanpHeiinmem O0bU10 MoKa3zaHo, uTo Ipoteaza TMPRSS2 crioco6Ha He TobKO pac-
LIETUISITh U aKTUBUPOBATh BUPYCHBIN O€JIOK S, HO U paclIeruisiTh MeMOpaHHYIO (opmy
ACE2, 9yTo TaK:Xe BHOCUT OIpeAe/IeHHBIN BKJIad B IpOHUKHOBeHMe Bupyca SARS-CoV B
KJIeTKy. PaciieruieHre ocyecTBiasieTcst o ocTaTkam JIM3MHA U apTMHUHA, PACIIOIOXKEeH-
HbIM B cerMeHTe 697—716 ACE2. Caiitbl, MutiieHu ripoteasbl TMPRSS2, otiinuatorest ot ta-
KOBBIX, IO KOTOPBIM (pepMEHT pacIIeruIsIeTcsl TpaHCMeMOpaHHOI 3KToIpoTea3oit ADAM17,
BCJICICTBUE YEro M IMOCJEACTBUS TaKoro paciieryieHus pazandabl. Tak TMPRSS2-un-
nyuupoBaHHoe paciierienne ACE2 cnoco6¢TByeT MHMUIIMPOBAHUIO KIETKU BUPYCOM,
B TO BpeMsl Kak paciieruieHue gpepMeHTa ¢ nmoMmoiisio ADAM 17, HanpoTuB, 3TOT TPO-
necc yruetaer [11].

B 2005 roaoy aHrImitckumMu y4eHbIMHU ObUIO yCTaHOBJIEHO, 4To pacuieruieHue ACE2 ¢
nomolblo nporeasbl ADAMI17 npuBoauT K mosiBieHuio pactBopumoii ¢hopmbl ACE2,
KOTopas celu(dUIECKH CBSI3BIBACTCS C MOBEPXHOCTHBLIM OenkoM S Bupyca SARS-CoV
M, TEM CaMbIM, MIPEISITCTBYET €ro B3auMoAeiCTBUIO ¢ MeMOpaHHoit hopmoii ACE2, Bo-
BJICYEHHON B WMHGUIMPOBAHME KIeTKU-MullleHn [21]. Manbsie uHTepdepupyoie
PHK, naru6bupyromue cuate3 ADAM 17, momasisttot nipotiecc paciierieHuss ACE2, B To
BpeMs Kak IoBbIIIeHHas 3Kkcrpeccuss ADAM17, nanpotus, ctumynupyet ero. Ilokaza-
HO, 4TO (hopOosIoBEIi 3hup — popbon-12-mupucrar-13-anerar B kierkax HEK-293 u
Huh-7 ¢ skcnpeccupoBaHHO B HUX MeMOpaHHO-cBsizaHHO ACE2 ctuMynupyet npo-
necc ADAM 17-unnyuupoBaHHoOro pacuierieHus: Mojiekynabl ACE2, mpuuem cenekTuB-
Hble UHIMOoUTOphl MeTautonporernHassl TAPI-1 1 GM6001 npemoTBpallaioT 3TOT IIpO-
1ecc. OTM NaHHbIE CBUAETEIbCTBYIOT O TOM, UTO B IMpolecc akTuBauuu ADAM 17 Bosne-
YeHbl CUTHAJIbHBIE ITyTH, peaju3yeMble uepe3 (popOoI-uyyBCTBUTEIbHBIE M30(OPMBI
T1KC [21]. B nanbHeiileM ObLIO MOKa3aHO, YTO B HEMIpOHAX U TJIMAJIbHBIX KJIEeTKaX MO3ra
MalyeHTOB C TUMIEPTEH3UE|, Y KOTOPBIX Obljla MOBBIIIEHA 3KCITpeccust U akTUBHOCTb ACE2,
MOBBILIIAJIACh M aKTUBHOCTH MpoTea3bl ADAM17. T1pu atoM aktuBHOCTE ADAMI17, a, cieno-
BaTeJIbHO, 1 HakorieHne pactBopuMbIX popM ACE?2 mosbeimanucek mpu ANG-I1-uHmy-
nupoBaHHOU ctuMyisiiym penentopa AT1R [22]. Bee aTo ykaseiBaeT Ha TO, uTo ANG-11
n npyrue AT1R-aroHucTsl cTUMynIUMpyeT CUTHaJIbHBIM Kackan, Bkaodaommii AT1R,
Gy/11-6em0k u docdonunasy Cp, pe3y/ibTaToM 4ero sIBJISIETCS MTOBBIIIIEHUE TIPOIYKIINN
MUALIWINIMIEpoJia, akTuBaus popoor-ayBcTBUTEIbHBIX 130opM PKC 1 uaTeHCcubum-
Kauuss ADAM 17-unnynupoBanHoro pacmeruieHust ACE2 [23]. MmeroTcst ocHOBaHUS
cuuTaTh, YTO U Apyrue akTuBatopbl 3TUX nM3odopM PKC cnocoOHBI CTUMYJIMPOBATh
ADAM 17 u uHayIUpOBaTh r’UAPOIU3 MeMOpaHHO-cBsi3aHHO#T ACE?2.

C uenpio pacmn@poBKY MEXaHM3MOB B3anmoneicTBus 6eiaka S Bupyca SARS-CoV ¢
MeMOpaHHO-cBsa3aHHOI opMoit ACE2 Obutn maeHTU(OUIIMPOBAaHbBI KIIOUEBbIe aMUHO-
KUCJIOTHBIE OCTaTKW, BOBJEUYEHHbIE B 3TOT Tpoliecc. B pe3yabTaTe ObLIO YyCTaHOBJIEHO,
urto s B3amMoneiicteust ¢ ACE2 wenoseka Hanbonee BaxkHbl octaTku Tyr*#2, Leu?’?,
Asn??, Asp®0 Thr*®” u Tyr®! BupycHoro 6enka S SARS-CoV (NP_828851.1). Dtu amu-
HOKHCJIOTHBIE OCTAaTKHU BXOIST B COCTaB TaK HA3bIBAEMOIO “PELEITOpP” -CBSA3bIBAIOIIETO
JIOM€HAa, COOTBETCTBYIOIIIETO TocaenoBaTeibHOCTH 424—494 6enka S [42, 43]. B cBoio
ouepenb, B cTpyktype ACE2 BBISIBICHBI BBICOKOKOHCEPBATHBHBIE aMUHOKHUCIOTHBIE
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octatku Lys®!, Glu®®, Asp?®, Met®? i Lys>*3, ueTbIpe 13 KOTOPBIX pACIIONOXEHbI B N-KOH-
LIEBOI1 YacTU 3KTOoAOMeHa hepMEeHTa, OTBETCTBEHHbBIE 32 B3aUMOJACHCTBUE C BUPYCHBIM
oeskoM [43].

KomMrmuiekc nmpoBeaeHHbIX MCCIeNOBaHMI TTO3BOJIMII BbICKA3aTh BIIOJIHE OOOCHOBAaHHOE
MpeaIoJiokeHue o Tom, uto nomasieHue TMPRSS2/ACE2-omnocpenoBaHHOrO IMPOHUK-
HoBeHMs1 BUpyca SARS-CoV B KIIeTKYy MOXET ObITb OAHUM U3 3(P(HEeKTUBHBIX MyTeit
MpenoTBpallleHUs OCTPOI peCTUpPaTOpHO MHMEKIINH, BEI3bIBAEMOM 3TUM KOPOHABUPY-
coMm [10, 11]. OmpenencHHBIE HAIEXIbl CBI3BIBAIA U C PETysIiuueil GYHKIIMOHAIBHOMN
aKTUBHOCTHU TpaHcMeMOpaHHOI mmpoTea3sl ADAMI17, KoTopasi, B OTJIMYME OT IIPOTea3hbl
TMPRSS2, npenorBpaiiaer nHduuupoBaHue kKieTok BupycoM SARS-CoV. Omnako
npekpalieHue SMUAEMUM U TepeolieHKa MepCreKTUB pa3pabOoTKU BakKIIMH TPOTUB
SARS-CoV He MO3BOIWIM 3TUM paboTaM ITOJYIUTh JOCTOMHOE MpoaokeHne. B To xe
BpeMsI, UMEIOIIMNECs HapabOTKU CTaJIM MPAKTUYECKUM M TEOPETHYESCKUM 3aIeIOM ISt
n3ydeHnss ACE2-omocpenyeMbIX MeXaHU3MOB MH(MHUILIMPOBAHMS KJIETOK HOBBIM BUPYCOM
SARS-CoV-2.

ACE2-OIMOCPEAYEMbBIN MEXAHU3M IMTPOHUKHOBEHUSA
BHUPYCA SARS-COV B KJIIETKY

C y4eToM CTpyKTypHOro 1 (hyHKIMOHAIEHOTO cxoncTsa BUpycoB SARS-CoV u SARS-CoV-2
yXe B cCaMOM Hauajie UCClieloBaHui, cTapToBaBiiux B Hayase 2020 roga, OCHOBHOE BHU-
MaHMe 0bUI0 cKoHIIeHTpupoBaHO Ha pojin ACE2 u mporea3 TMPRSS2 u ADAMI17 B Mo-
JIEKYJISIPHBIX MeXaHU3MaX MTpoHUuKHOBeHUs Bupyca SARS-CoV-2 B kineTky. M3yyanu mo-
NeKyJasgpHble ocHOBBI B3aummopeictBusi ACE2 ¢ moBepXHOCTHBIM O€JIKOM S BHUpyca
SARS-CoV-2 u posb B 3TOM TpaHcMeMOpaHHBIX TipoTea3 TMPRSS2 1 ADAM 17, crioco6-
HBIX U3MEHSTD CTpYKTYpy Oesika S (TMPRSS2) 1 BEI3BIBaTH THAPOIUTIYECKOE pacIIerie-
Hue MeMOpaHHo-cBsizaHHOU (hopmbl ACE2 (ADAM17, TMPRSS?2) [7, 12, 13, 44—49].

[ToBepxHocTHbIe 6esiku S BUpycoB SARS-CoV 1 SARS-CoV-2 nMeror 3HauuTeJIbHOE
CXOJICTBO MEPBUYHOM CTPYKTYPHI (76% MIEHTUIHBIX aMUHOKHUCIIOTHBIX OCTaTKOB), B TOM
quciie B 00JIaCTH “pellenITop” -CBSI3BIBAIOIIETO JOMEeHa 3TUX O6eakoB. [Ipu aToM msaTh u3
1IECTY aMUHOKMCJIOTHBIX OCTAaTKOB, UTPAIOLIMX KJIOUEBYIO POJIb BO B3aMMONEHCTBUM
oenka S SARS-CoV ¢ memOpaHHoO-cBsi3aHHOU ¢opmoit ACE2, B cTpykType Genka S
SARS-CoV-2 (YP_009724390.1) 661t usmenensl (Leu*>, Phe*®, GIn*3, Ser*™*, Asn°"!), 3a

uckimoueHneM ocratka Tyr®> Genka S SARS-CoV-2, cootBercTBylolero ocrarky Tyr*!
oenka S SARS-CoV. HecMoTpst Ha 3TOT (akT, TONMOJ0rust 1 KoH(pOpMallMOHHbBIE XapaKTe-
puctrku ACE2-cBsI3bIBaloIIEro caiita 6eJ1KoB S 000MX BUPYCOB SIBJISTIOTCSI CXOOHBIMU [45].
CorylacHO JaHHBIM MOJIEKYJIIPHOTO MOIEIMPOBaHUsI, HAauOOoJbIyt0 adhUHHOCTH K OeJ-
Ky S SARS-CoV-2 nmetor ACE2 yenoBeka, MaHTOJIMHA, COOaKM, KOIIKM, 30JIOTUCTOIO
XOMSTYKa, B TO BpeMs Kak, HanpuMep, ACE2 Mbiiireit 1 KpbIC ¢ 3TUM 0EJIKOM B3aIMOIeii-
CTByeT c1a60. B CKOHCTPYMPOBAaHHO MOIEN THUCTAHLINS MeXIy ocTaTkoM Phe*s0 B Ger-
Ke S SARS-CoV-2 u ocratkom Met®? B ACE?2 uenoBeka B KOMITIEKCE MEXILY STUMU Gel-
Kamu cocrasisier 3.753A. B Momesnn komrutekca 6eka S SARS-CoV-2 ¢ ACE2 maHromm-
Ha, co0aKu, KOILIKA U 30JI0TUCTOTO XOMSIUKa, 9Ta AUCTaHLMs paBHa 1.621, 2.695, 3.753 u
2.024 A COOTBETCTBEHHO, YTO MOXET YKa3bIBaTh HA BO3MOXKHOCTh 3((PEKTUBHOIO TIPO-
HUKHOBEHUSI BUpYyCa B KJIETKU 3TUX XUBOTHBIX. CrtocodbHocTh ACE2 adhdekTrBHO B3au-
moneiictBoBath ¢ 6e1koM S SARS-CoV-2 Bo MHOTOM 00yCJI0BJIeHa MPUPOIO aMUHO-
KHUCJIOTHOTO OCTaTKa B TMojioxkeHnU 82. TeopeTUyecKuii aHaJIM3 TTOKa3bIBaeT, YTO MYy-
tanTHBIE ACE2 4yeynoBeka ¢ 3aMeHO ocTaTka METMOHMHA B 3TOM IIOJIOXKEHWM Ha
acraparuvH OyzaeT elne 00JbIlle CriocoOCTBOBaTh MPOHUKHOBeHMIO Bupyca SARS-CoV-2 B
ki1eTKy B cpaBHeHUM ¢ ACE2 nukoro tura [45]. JIpyrie aBTopbl, OCHOBBLIBAsICh Ha Pe3yJib-
TaTrax MpPOBEACHHOIO UMM CTpyKTypHOro aHanuza ACE2 u B3aumoneiicTBusi 3Toro ep-
MeHTa ¢ 6esikoM S SARS-CoV-2, nokazanu, 4To, Hapsiy ¢ YeJIOBEKOM, TAKOE B3aMOIeii-
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CTBHE BO3MOXHO Y 1I€JIOTO Psijia MJIEKONMUTAOIIMX (ITaHTOJIMH, CBUHbS, OBIa, KOIIIKa,
cobaka u np.), umerorcsa popmbl ACE2, KoTopbie CITOCOOHBI ¢ BBICOKOM 3(h(EKTUBHOCTHIO
B3anMOAECTBOBATh ¢ BUPYCHBIM OesIkoM S SARS-CoV-2. [lonydyeHHBIE MU pe3yJIbTaThl
CBUIIETEILCTBYIOT B TIOJTb3Y BBICOKOI BEPOSITHOCTH MHMUIIMPOBAHUST 3TUX XKUBOTHBIX BU-
pycom SARS-CoV-2. UckitoueHue cCoCTaBISIIOT MBIIIU 1 KPBICHI, YTO CO31aeT OrpaHuyYe-
HMSI 711 X VICITOJIb30BaHMsI B 9KCIepuMeHTax 1o usydyeHunio SARS-CoV-2 [47].

[TokazaHo, uto, Kak U B ciyyae SARS-CoV, nporeaza TMPRSS2 urpaetr uckiouu-
TeJbHO BaxkHy10 posb B ACE2-onocpenoBaHHOM NpoHUKHOBeHUU Bupyca SARS-CoV-2
B KJIETKY-MUIIEHD [6, 13, 46]. Muinenbsio TMPRSS2 Takke aBsieTCst 610K S, KOTOPBIit
pacIerisieTcs mpoTea3oit o AByM caiitam. OnUH M3 HUX 0OOTallleH OCTaTKaMU aprMHUHA
M pACIIOJIOKEH Ha TpaHUIe OBYX cyomoMeHOB S1 1 S2, BClIeICTBHUE Yero ero 0003HavYaroT
S1/S2, B To Bpems Kak APYroii 1oKaianu3oBaH B N-KOHIIEBOI yacTu S2-IoMeHa U OTOMY
Ha3BaH S2-caiitoMm. CleayeT OTMETUTD, YTO cydomoMeH S1 cogepKuT “pelenTop’” -CBsI3bI-
BaOIIMM y4aCTOK M OTBEYAeT 3a MpUKperuieHue K MeMopaHHocBs13aHHOI ACE?2, a cy6-
noMeH S2 orBevaeT 3a (popMupoBaHue KoMriekca ¢ akronoMmeHoM ACE?2 u nanpHeiiiiee
MPOHUKHOBEHUE BUPYCHOI YyacTuilbl B KieTKy. [Ipoteonus no S1/S2-caitty ocyiiecTs-
JISIETCSI TOPA310 MHTEHCUBHEE, YeM IT0 caiiTy S2, M urpaeT NCKITIOYNUTETbHO BasXKHYIO POJIb
B IIPOHUKHOBEHUHM BUpPYCa B KJIETKY. B Moyib3y 3TOro CBUAETEIbCTBYIOT JaHHBIE O 00JIb-
IIIOM KOJIMYECTBE paciierieHHoro no S1/S2-caiity BUpycHoro S-6ejika BHYTpU KJIETKH,
nHpumpoBanHoil SARS-CoV-2. PaciiernieHne BUpycHOro 6eyika S mo3BossieT S2-cyo-
IOMEHY BBICBOOOIMTHCS M3 KOMILIEeKca ¢ S1-cy0nomMeHOM, MOocje Yero OH mpruooperaeT
CITOCOOHOCTh 3 (PeKTUBHO B3anMoeiicTBoBaTh ¢ 3KTonoMeHoM ACE2 1 06pa3oBBIBaTh
komriekc ACE2—S2(SARS-CoV-2), obGecrnieyuBaloliiii MHTEpHaIM3alUi0 BUpyca B
KJIETKY TTyTeM 3Hmonuro3a [13, 50]. BaxkHOo OTMeTUTb, YTO caiiT st paciuerieHust S1/S2
OTCYTCTBYET B S-0eJIKax Ipyrux BUPYCOB, B TOM yucie B S-0eynke Bupyca RalTG13, ¢puo-
reHetTndecku Hanboee 6amu3koro SARS-CoV-2. BT1o ykas3siBaeT Ha 1o, 4yTo TMPRSS2
criocobeH onocpenoBaTh MpoHNKHOBeHE SARS-CoV-2 B KJIeTKy X03s1MHa, HO, KaK I10-
Jlaratot, MOXeT okKa3aThcsl Hea(h(hEeKTUBHBIM B OTHOIIIEHUW BUpYyca aTUITMYHON aHEBMO-
Hru SARS-CoV u HekoTopbIX Ipyrux poacTBeHHBIX SARS-CoV-2 koponaBupycos [13].
Knerounas kyiasTypa VeroE6, B KoTopoit 0bl1 aKcnipeccupoBan TMPRSS2, obnamana
BBICOKOIi crmocoOHOCThIO MHpuLMpoBaTthcst SARS-CoV-2, B To Bpemst Kak B OTCYTCTBUE
MpoTea3bl BUPYC B KJIIETKU He MIPOHUKAJ U 3apaXkeHUsT He TIPOUCXOIIITO [46].

Hapsany ¢ TMPRSS2, xarericurbsl B u L, 3HIOCOMHBIE LIMCTEMHOBBIE TIPOTEa3bl, TaK-
Ke CIIOCOOHBI pPacHICIUISITh BUPYCHBIE S-0eaKu KopoHaBupycoB [51]. OmHako B ciaydae
SARS-CoV u psina npyrux poicTBEHHBIX €MY BUPYCOB 3TO HE MPUBOAUT K “TIPaBUILHO-
My” IpaiMUPOBaHUIO S-0ejIKa ¥ IIPOHUKHOBEHUIO BUPYCHOI YaCTUIEI B KJIETKY [50, 52,
53], a B ciiyyae SARS-CoV-2, kak npearoiaraloT, MOXeT BHOCUTb JIMIIb HE3HAUYUTE/b-
HBII BKJIa B 3TOT nporiecc [13]. Ha 3To yka3pIBaoT faHHBIE O TOM, YTO MH(UIIMPOBaHE
Bupycom SARS-CoV-2 kinerok Calu-3, o6paboTaHHBIX ME3MJIaTOM KaMOCTaTa, CeJIeK-
TUBHEIM MHIrnoutopom TMPRSS2, 6bu10 ocnabiaeHo, HO He GJIOKMPOBAHO ITOJHOCTHIO.
DTO MOXET OBIThH OOYCIIOBJIEHO mpaiiMupoBaHueM S-0ejika KaTerncuHamu B u L, xorsa
HEeJIb3sl UCKJTIoUaTh M HenosiHoro nHruouposanuss TMPRSS?2 [13]. B aToii ¢cBSI3u He0O-
XOJIUMO OTMETUTh, UTO OINpeeIeHHbIN BKIal B TPOHUKHOBEHUE B KJIETKY BUpYca OJIMXK-
HEBOCTOUYHOTO pecrmmparopHoro cuHapoma (Middle East respiratory syndrome-CoV,
MERS-CoV), BHOCUT cepuHOBas IIpoTeasa ¢GypuH, HO HIpU 3TOM it 3G (OEKTUBHOTO
nHbuIMpoBaHus HeobxonuMa 1 ripoteaza TMPRSS?2 [54, 55]. Bce BblllleckazaHHOE CBUIE-
TEJLCTBYET O TOM, YTO Me3WjaT KaMocTaTa U Apyrve MHruouropsl rporeadsl TMPRSS2
MPEeICTaBJISIOT 3HAUUTENbHBIN MHTEepeC sl pa3paboTKU MPEenapaToB, MpeTHa3HAYeHHBIX
IIJIST TIPEAOTBPAIICHUS U JIeUeHUs KOPOHABUPYCHOM MHGEKIIMU, TeM Oojiee YTO caM Me-
3UJIaT KaMocTaTa yke Mpolliesl KIMHUYeCKUe UCTIBITAaHUS U OMOOpEH IJisl IIPUMEHEHMS,
Kak (papmaxkoyiormyeckuii mpenapart [52, 53].
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B otHomenuu posu nporeassl ADAMI17 B undunmpoBaHuu Bupycom SARS-CoV-2
MPSIMBIX JAHHBIX MOKA HE MOJYYEHO, XOTs M Tipearnosaraercsi, uro aktuauuss ANG-II
curHajbpHOTO IyTH, BKIodammero ATIR u ¢opb6oa-ayBctButenbHble opmbl PKC,
IOJDKHA YCUJIMBATh MPOTeoM3 MeMOpaHHO-cBs3aHHOM (popmbl ACE2 1, TeM caMbIM,
BJIMSITh Ha €€ yJyacTue B IPOHMKHOBEHUHU BUpyca B KJIeTKy. OfHaKO OHO3HAYHbIE BBIBO-
IIbI O B3aMMOCBsI31 MeXay akTUuBHOCTbI0 ADAM17 u ACE2-onocpenoBaHHBIM 3HIOLIM-
T030M BUpyca SARS-CoV-2 BHYTpb KJIE€TKM MOTYT OBbITh ClieJIaHbI TOJILKO TTOC/Ie MPOBe-
JICHUSI COOTBETCTBYIOIIMX SKCIIEPUMEHTOB [7].

KIIMHUYECKHME IMMOCIEOACTBUA YHACTUA ACE2
B UHOULIMPOBAHHNU KIIETOK-MUWUIIIEHEN BUPYCOM SARS-COV-2

OCHOBHOI1 KOHTUHTEHT MallMEHTOB, KOTOPbIe HAauOOJee TSKEIO IePEeHOCIT UH(MEeK-
uio, BbI3biBaeMylo SARS-CoV-2, cocTaBisIlOT TMOXWJIbIE JIOAM, CTpajalolliue aTepo-
CKJIEPO30M, TMIIEPTOHNYECKO 00JIE3HbIO, UIIIEMUYECKOI OOJIE3HBIO Cep/lla, caXapHbIM
nuabeToM, 3a00IeBaHUSIMU TIOYEK U JIerKux. MHorue u3 3Tux 3abosieBaHuil 00ycCJIoBJIe-
Hbl HapylieHueM (YHKIMOHUPOBAHUSI PEHUH-aHTMOTEH3MHOBOUW CUCTEMBbI U COIPO-
BOXIIAIOTCSl KOMIIEHCATOPHBIMU WJIU BbI3BAaHHBIMU (hapMaKoJIOTUUECKMMU Tpenapara-
mu usmMeHeHusMu skcrnpeccun ACE2 [3—6, 56, 57]. TTocKoabKy MeMOpaHHOCBSI3aHHAasI
dopma ACE2 ycunusaet npoHukHoBeHUE SARS-CoV-2 B KJIeTKy-MUIIE€Hb, TO MOBbILLIE-
HHE 3KCIPECCUU U KOoJMdecTBa 3Toil (hopMbl (hepMeHTa B MeMOpaHe JOKHO CIOCO0-
cTBOBaTh 3apaxkeHuto BupycoM SARS-CoV-2 u yrsexensats TedeHrne COVID-19. B sToit
CBsI3U HeoOxomnuMo oTMeTUTh, 4To ACE2 skcrpeccupyercss B OCHOBHOM B TeX TKaHSX,
KOTOPEIE SIBIISIIOTCSI OCHOBHBIMU MulieHsIMU 111 SARS-CoV-2 1 nepBbIMU OABEPraloT-
cs1 ”THOULIMPOBAHUIO — 3TO JIETKKE, MOYKU, KUILIEUHUK, CTEHKU KPOBEHOCHBIX COCY/OB,
MO3r, ceMeHHuKHM [17, 18, 58-62].

Bpemenu ¢ Hauana maHIeMUM TPOIILIO HEMHOTO, BCJIEACTBUE YeTO BOIIPOC O TOM, Ha-
CKOJIbKO YpOBHU 3Kcnpeccur U akTuBHOCTH ACE?2 y maliMeHTOB KOPPeJUupyIoT C TSLKe-
CThIO 3a00JIEBaHUSI, M KaK Ha 3TO BJIUSICT CUCTEMHas Teparus NaleHTOB C XpPOHUUYECKMU -
MU 3a00JIeBaHUSIMU CEPAECYHO-COCYAUCTON CUCTEMBI U CaxapHbIM TUA0ETOM €111e OCTaeT-
csl OTKpBITBIM. HO psin BaXXHBIX COOOpaXkeHUi1 MO 3TOMY ITOBOJY YMECTHO BbICKa3aTh
MMEHHO ceifuac.

[Mpu caxapHoM nuaGete akTMBHOCTh ACE2 cHMXXaeTcsl, YTO BO MHOTOM OOYCJIOBJICHO
U30BITOYHBIM TJIMKMPOBAHUEM MOJIEKYJIbl (DEPMEHTA B YCJIOBUSIX XapaKTepHOI 1151 nua-
OeTUYEeCKO MaTOJIOTUHN JUTUTEIbHOU TUTIEPTIMKEMUM, U 3TO CHUKEHUE SIBJISIETCS] OMHOM
W3 IEPBOMPUYMH MPEAPACIIONIOKEHHOCTU MALIMEHTOB C IUa0eTOM K TSKEJIbIM 3a00JieBa-
HusMm sterkux [63]. Camxenue npu nnabdere aktuBHoct ACE2 u ypoBHst ANG-(1-7),
TSI KOTOPOTO XapaKTePHO BBIPAXKEHHOE MPOTUBOBOCITAIMTEIbHOE U aHTUOKCUIAHTHOE
neiicTBre, ocaabseT 3allUTy TKaHU JIETKOTO OT BUPYCHBIX MH(MEKIINi1, KaK 3TO MoKa3a-
HO Ha TIpUMepe XapaKTEePU3YIOIIErocsl BBICOKOW JIETAJILHOCTBIO TITUYBLETO TpUIIa-A
(H5N1) [64]. UMeroTcs BeCKME OCHOBAHMSI CYUTATh, UTO JIEUEHHME CaXapHOTo auabeTa ¢
TIOMOIIBIO HEKOTOPBIX aHTUANA0ETUYECKUX MPernapaToB, B TOM YMCJIE MUOMIMTA30Ha U
JMpariyTuaa, nopeiiaeT akcnpeccuio ACE2, 4yTo Ob110 MPOAEMOHCTPUPOBAHO B KCIIE-
PUMEHTAX C KUBOTHBIMH [3, 65]. Tak JupariayTum, aHajJor TII0KarornogooHoro nentuaa- 1,
MpU €ro BBEJACHUU KaK 3M0POBBIM KpbICaM, TaK U XWBOTHBIM C 3KCIEPUMEHTAIbHBIM
nuabeToM B 3HAYMTEJIbHOM cTerieHu noBbiian skcnpeccuio ACE2 B JIerkux u yBeauuu-
BaJl YpOBeHb LMPKYIupyioiiero B KpoBu ANG-(1—7) [65]. CaxapHblit 1uabeT 0ObIYHO
COMpPOBOXAeTCsI TUCHYHKIUSIMU CEPASYHO-COCYAUCTON CUCTEMbI — aT€POCKIEPO30OM U
TUIepTeH3Mel, 4To TpeOyeT crienn¢purIecKoil Tepanuu ¢ momMoinbio nHruoutopos ACE,
onmokaTtopoB AT 1R u craTuHOB. MIX IpuMeHeHWe TakKe MPUBOAUT K 3HAYUTEIbHOMY I10-
BoieHU1o akcnpeccun ACE2, mpuuem 3toT 3dhdeKT oTMeuaeTcst y alMeHTOB C cepliey-
HO-COCYIHCTBIMHU 3a00JIeBaHUSIMU 1 0e3 nuadbetndeckoii maronoruu [3, 8, 57]. OH noxn-
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TBEPXKIEH B DKCIIEPUMEHTaX Ha XMBOTHBIX [8, 66-68]. TToka3zaHO, YTO MPU BBEAEHUMU
HOPMOTEH3UBHBIM KpbICaM Ju3uHonpuia, unruouropa ACE, u no3apraHa, aHTaroHUCTa
ATI1R, skcnpeccus ACE2 B cepatie noBsiianachk B 4.7 u 2.8 pasza, COOTBETCTBEHHO [67].
IMoBwimenue skcripeccun ACE2 B cepiedHoi MbIIIle OTMEYaIu U TIPU BBEIEHUU 3TUX
MperapaToB TMIIEPTEeH3UBHBIM TPAaHCTE€HHBIM KpbicaM JIMHUU Ren-2 [68]. [1pu BBeaeHUMn
KaK HOPMOTEH3MBHBIM, TaK W TUMEPTEH3MBHBIM KpbICaM JIM3MHOIIPWJIA W Jlo3apTaHa
Tak>Ke TMoBbIIIaTach 3Kcnpeccust 1 akTuBHOCTL ACE2 B roukax, XoTsI 1 B MEHbIIIE cTe-
MeHu, 9eM B cepate [68, 69]. [Ipyu usydeHUM BIUSTHUS pa3TndHbIX O6j10KaTopoB AT 1R Ha
MBbIlIei ObUIO 0OHAPYXKEHO MOBbIIIEHNE TPUMEPHO B J1Ba pa3a KonaudyectBa 6enka ACE2
B cepaeuHoi mprie [70]].

Takum 06pa3oM, BOZHUKAET 3aMKHYTHII KpyT. C OJIHOI CTOPOHBI, B OTCYTCTBUE Jieue-
Hus ypoBeHb ACE2, Kak mpaBuio, CHUKEH, YTO COMTPOBOXKIAETCS OTIACHBIMU ISl XKU3HU
(YHKIIMOHAJIBHBIMU PACCTPOMCTBAMU U OCJIabJIeHUEM UMMYHUTETA, U 3TO KPUTUUYHO B
ycaoBusix COVID-19. C apyroii cTOpoHbI, JJedeHUe HEKOTOPbIMU aHTUANA0ETUUECKUMU
M aHTUTUMIEPTEH3UBHBIMMU TIperapaTtaMu MPUBOIUT K IMOBbIIeHUIO 3Kcripeccun ACE2,
YTO CIOCOOCTBYET MpOHMKHOBeHMIO BUpyca SARS-CoV-2 B kieTky. BaxkHO OTMETUTD,
YTO B YCJIOBUSIX MH(MpUIIMPOoBaHUS KieToK BUpycoM SARS-CoV-2 B pesysibTaTe BUpYC-
onocpenyemoro 3HgonuTo3a pepmenTa ACE2 u ero manbpHeIeil BHyTpUKICTOUYHOM JIe-
rpajgaluuy KoJnu4ecTBo MyHKIMOHAIBHO akTuBHOTOo ACE2 Ha MOBEpXHOCTU KIETKU-MU-
IIEHU Pe3KO CHUXAeTCs. DTO B ellle OOoJbIIei CTeneHu ycyryomseT (pyHKIIMOHATbHbIE
HapyllIeHUs B JIETKUX, CEPAEYHO-COCYAUCTON CUCTEME U MOYKaX U CITOCOOCTBYET pa3BU-
TUIO OCTPOTO PECIMPATOPHOrO AUCTPECC-CUHAPOMA U OCTPOM CepAeYHOI HeI0CTaTOY-
Hoctu ipu COVID-19 [8, 71]. B 310ii cBSI31 psin ucciegoBaTesieil MpeajiaraloT Ha BpeMst
3aboneBanuss COVID-19 nauueHTam, KOTOpble CUCTEMHO TPUHUMAIOT WHTUOUTOPHI
ACE, 6mokatopsl AT1R 1 cTaTuHEI, OTKa3aThCs OT 3TUX IIPEIapaToB U 3aMEHUTh UX, Ha-
npumMep, 6JI0KaTOpaMu KaJIbIIMEBBIX KAHATIOB MJIU UCITOJIb30BaTh KOMOMHUPOBAHHYIO Te-
panuio [3, 57]. HecMoTpst Ha TO, YTO B JOCTYITHOI JIUTepaType NJaHHbIE O BIAUSHUU OJ10-
KaTOpOB KaJIbLIMEBBIX KaHAJIOB Ha 3KcIpeccuio U akTUBHOCTL ACE2 OTCYTCTBYIOT, HEJb-
35 UCKJIIOYUTb, UTO BbI3BIBAEMOE MMM CHUXXEHUE KOHILIEHTpAllMd MOHOB KasbliUs B
KJIETKE TaKXKe CITOCOOHO TMPpUBECTU K ycuieHuo akcnpeccun ACE2. BTo o0ycioBiieHO
TeM, 4TO OJIOKMPOBaHME KaJIbIIUEBOTO CUTHAJIMHTA MPUBOAUT K UHTMOMPOBAHUIO TOTO
ke AT1R-3aBUCMMOro CUTHaJILHOTO KacKaia, KOTOPbIi MOAaBJsSeTCs MPU UHTMOMpOBa-
Hur AT 1R unm cHmkenun nponykiuu ANG-I1.

3HaunTeNnbHEIN ypoBeHb a3Kcrnpeccun ACE2 moka3aH B HEKOTOPBIX OTAEIAX MO3ra.
C oHOII CTOPOHBI, 3TO €llle OAWH MYyTh pacHpOCTpaHEHUsS MHMEKIMU, BbI3bIBAEMOI
SARS-CoV-2, u, ¢ npyroii, npuunHa pe3koro cHmkeHus: ypoBHs ACE2 B LIHC, kak pe-
3yJIbTaT €r0 COBMECTHOM WMHTEepHAIM3alMU C BUPYCHBIMU YacTULIAMU B HelpoHHI [3].
Bbicokoe conmepkaHue BUPYCHBIX YaCTHUIL M aCCOLIMMPOBAHHBIN C 3TUM TIepEeHOC JIerpaim-
pytomux ¢popm ACE2 GBI BBISIBJICHEI B CTBOJIE MO3Ta U OTXOISIINX OT HETrO YepeITHBIX
HepBax [72, 73]. B pe3ynbTaTe oTMeUaay aKTUBALIMIO allONTOTUYECKUX IIPOLECCOB B 3TUX
KJIETKaX U UX TUOEb, UTO MPUBOAMIIO K HApYILIEeHNIO (yHKIIMOHUPOBAHUS LIEHTPOB MO3ra,
OTBETCTBEHHBIX 32 PETYJISILUI0 apTEPUATIbHOTO NaBleHUs U nbixaHusi. Heobxoaumo otme-
TUTh, 4TO cHUXKeHue ypoBHSI ACE2 B cTBoJIe MO3ra MOXET TakKxXXe BbI3bIBaTh HapyllIeHUE
TOHYCa CUMIIATUYECKOW HEPBHOM CHUCTEMbI M OOOCTPSITh apTepUaibHYIO TMIIEPTEH3UIO
[74—76], uTo, cormacHO MMEIOLLIMMCS COOOILIEeHUIM, XxapakTepHo i1t COVID-19.

3AKJIIOYEHHME

YcraHoBneHNEe KII0OYeBOM POJIM peHUH-aHTMOTeH3uHOBOM cuctembl 1 ACE2 B nHpu-
LUPOBAHUY KJIETOK XO3sIMHA BO30yauTeeM aTUNMUYHOi mHeBMOHUM SARS-CoV, a Takke
HoBbIM BUpycoM SARS-CoV-2, Bo3byautenem HoBoii maHnaemun COVID-19, He Toabko
TMO3BOJISIET BBIIEJIUTD TPYIIITLI pUCKa, HanboJiee BOCTIPUUMYMBBIE K 9TUM 3a00JIeBaHUSIM,
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HO U pa3paboTaTb HOBBIE IOAXOAbI JUISI CO3AaHUsI MPOTMBOBUPYCHBIX IPErapaTos,
MpeaoTBpallalolIMX KOPOHABUPYCHYIO MHOEKIMIO. Pe3yabratel KIMHUYECKUX HaOJII0-
neHuii mauueHToB ¢ COVID-19 nokassiBaoT, 4TO 6ajaHC BA30OKOHCTPUKTOPHBIX U Ba30-
NUJIATOPHBIX BIUSIHUM, peain3yeMbIX MeNTUIaMU aHTUOTEH3UHOBOTO CeMeiCcTBa uepes
pa3IUyYHbIE TUIBl AHTMOTEH3UHOBBIX PELENTOPOB, COOTHOIIEHUE MEXIAY aKTUBHOCTHIO
ACE u ero ¢gyHkuuoHanbHoro aHtaronucra ACE2, marrepH MeMOpaHHO-CBSI3aHHBIX
npotea3 (TMPRSS2, ADAM17), onpenensiomux cynboy ACE2 u crmiocoOHOCTh BUpyca
WHTEPHAIN30BATLCS B KJIIETKY, HE TOJbKO BJIUSIIOT Ha MPOLIECCHI 3apaXKeHUsl YeJIOBEKA BU-
pycoMm SARS-CoV-2, HO 1 BO MHOTOM HpeaoInpeneissior natoreHe3 u ucxom COVID-19.
B Hacrosiiiee BpeMsi TIPEIIOXKEHO HECKOJIbKO TOAXOM0B JIsl CO3[IaHMs MpernapaToB, B
OCHOBE [IefICTBMSI KOTOPBIX JIEXKUT HapylLIeHUe CIIOCOOHOCTU BUpYyCca MPOHUKATh B KJIET-
Ky — B IIEPBYIO o4yepeab 3T0 MHIMOUTOpHI ImpoTteassl TMPRSS2, a Takke coequHeHus,
CITOCOOHBIE MPensITCTBOBaTh 3 dekTuBHOMY B3aumoaeicTBuio ACE2 ¢ BuUpycHbBIM 6e-
koM S. OrmpeneneHHbIE HaAEXIbl CBSI3BIBAIOT U C TeHepalMeil pacTBOPUMBIX (hopm
ACE2, xoTopble cToCOOHBI HENTPAJIM30BaTh BUPYCHBIEC YacTUIIbl. OMHAKO B 3TOM ClIydae
BO3HUKAIOT pucKu rureprponykuun ANG-(1—7) ¢ pa3BuTHEM y ITallMeHTa TUIIOTOHUU.
He meHee aeKTUBHBIMU SIBISTIOTCS MEPHI, HAIIpaBJIeHHbIE HA HOPMAIMU3alINI0 PEHUH-
AHTMOTEH3MHOBOM CUCTEMBI M Ha ONITUMHU3ALIMIO CTPATETUU IPUMEHEHUS (HapMaKOJIOTH -
YyecKUX IpemnaparoB, MullieHsIMU KOTopbIX sBiassioTcss ACE u AT1R, nockonbky nucba-
snaHc B cucteMe ACE—ANG-II/ACE2—ANG-(1—7) MOXeT UMEThb CaMble MaryoHble Mo-
cJIenCTBUS 11 mamueHTa B yelioBusax SARS-CoV-2 nHpuumpoBanus. Bee 3t moaxomst
BOCTpeOOBaHbI, U B COUETAHUU C pa3padboTKoIi BaKIH ITpoTuB Bupyca SARS-CoV-2, xo-
TOpbIE€ TAKXK€ HAXOMASTCS TOJIbKO B Havasie nytu [77—79], MOTyT OCTAaHOBUThH MaHAEMUIO
COVID-19, yHecuryto o gaHHbIM Ha anpesnb 2020 roga yxxe 6osee 180 Thicsy yenoBeye-
CKMX XXU3HEMN.
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Angiotensin-Converting Enzyme of the Type 2 as a Molecular Mediator
for the Entry of SARS-Cov and SARS-Cov-2 Viruses into the Cell

A. O. Shpakov*

Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences,
St. Petersburg, Russia

*e-mail: alex_shpakov@list.ru

To enter the SARS-CoV-2 coronavirus (Severe Acute Respiratory Syndrome-CoronaVi-
rus-2), the causative agent of the COVID-19 pandemic, into the cell, the interaction of
the surface spike S-protein of this virus with the extracellular domain of the membrane-
bound form of the angiotensin-converting enzyme of the type 2 (ACE2) is necessary.
This enzyme, a key element of the renin-angiotensin system, is responsible for the syn-
thesis of angiotensin-(1—7), which has vasodilator and anti-inflammatory properties,
from angiotensin-1I, a powerful vasoconstrictor, the synthesis of which is catalyzed by the
angiotensin-converting enzyme (ACE), a functional antagonist of ACE2. After the site-
specific hydrolysis, which is carried out by the transmembrane serine protease TMPRSS2
localized in the infected cell, the viral S-protein specifically binds to ACE2, which trig-
gers the internalization of the virus into the cell by endocytosis. Suppression of this pro-
cess with drugs that inhibit the TMPRSS2 protease and disrupt the interaction of S-pro-
tein with ACE2 helps prevent infection and, therefore, is a promising approach for the
treatment and prevention of COVID-19. A similar mechanism of penetration into the
cell is used by the SARS-CoV virus, the causative agent of SARS, which is related to
SARS-CoV-2. When treating patients with arterial hypertension and diabetes mellitus
with ACE inhibitors, angiotensin receptor blockers, statins and some antidiabetic drugs,
the expression and activity of ACE2 are usually increased, and this increases the risk of
SARS-CoV-2 infection and worsens the outcome of this disease. During infection, the
virus, forming a complex with ACE2, reduces the number of ACE2 on the cell surface,
disrupts ACE2-dependent physiological processes, and this is one of the causes of acute
respiratory distress syndrome and heart failure in patients with COVID-19. This review
analyzes the functional role of ACE2 in cell infection with SARS-CoV-2 and SARS-CoV
viruses, and discusses the molecular mechanisms of this process and its pathophysiolog-
ical consequences.

Keywords: angiotensin-converting enzyme of the type 2, renin-angiotensin system, pro-
tease TMPRSS2, SARS-CoV-2, SARS-CoV, protease ADAM 17, angiotensin-converting
enzyme inhibitor, type 1 angiotensin receptor blocker
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