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Pe3rome

AxTyanbHocTh: OOIMTEpPUPYIOLINI aTepockiepo3 cocyaoB HIbkHUX KoHeuHocTedl (OACHK)
MIpe/ICTaBIsieT cO00M OJHY M3 CaMbIX pacnpocTpaHEHHBIX (opM 3aboneBaHMM HepudepruuecKux
COCYJIOB HM)KHUX KOHeuHocTel. [IpuHuMas Bo BHUMaHME MOTEHIUAIBHOE y4yacTHe MOIMMOP(HBIX
BapHaHTOB IreHa, pealu3yeMoe Yepes3 peryIupoBaHue Ipoiudepaiu riagKoOMbIIIEYHbIX KJIETOK, 3TH
yuactkn JIHK Moryr paccMmarpuBaTbhCsi Kak TI'€HETHYECKHE MapKepbl MPEApacOIOKEHHOCTH K
atrepockiepo3y. IHeap  ucciaegoBanms:  M3yueHue  B3aMMOCBA3M  OJHOHYKJIEOTHIHBIX
nonumopdu3moB (SNP), acconnnpoBaHHBIX MO pe3yIbTaTaM NOJHOIT€HOMHOTO aHAJIN3a aCCOLMalui
(GWAS) ¢ puckoM pa3BuTHS HIIIEMHYECKOW OOJIE3HU Cep/Iia, ¢ mpeapacnoiokeHHocThio K OACHK.
Martepuanbl u MeToabI: B iccnenoBanue 0b110 BKITtoUeHO 1278 marnueHToB, Bkirodas 630 00IbHBIX
OACHK wu 648 ortHOcuTEnpHO 310poBbIX Jul. [IpoBeneHo reHotunupoBaHue 4versipex SNP
rs9818870, rs17087335, rs11556924 wu 1s9982601 ¢ wucnonn30BaHMEM T'€HOMHOI'O Macc-
cnektpomeTpa MassARRAY-4. Ananm3 accormaruu amuieneit u renotunos ¢ OACHK npoBoawics
¢ ucnonb3zoBanuem nporpammsl PLINK, v1.9. AanTuBHBIN IepMyTallMOHHBIN TECT UCIIOJIB30BAJICS
JUIs pacueTa YpPOBHS CTAaTUCTHYECKOM 3HaunMMocTd accorumanuii (Pperm). PesyabTrarhi:
YcranosiieHo, yto amwiens rsl1556924-T (OR=0,81 95%CI 0,69-0,95, Pperm=0,02) u reHoTHIl
rs11556924-T/T (OR=0,60 95%CI 0,43-0,82, Pperm=0,006) rena ZC3HC1l accouuupoBaHbl C
noHmxeHHbIM puckoM pa3Butist OACHK. Onnako, cTpaTuUIIMPOBaHHBIN 0 MOy aHAJTU3 [TOKa3al,
yt0 SNP 1511556924 accouunpoBaH ¢ noHMKeHHbIM puckoM pa3Butusi OACHK uckiatountensHo y
xeHmuH (OR=0,56 95% CI 0,39-0,81, Pperm=0,002). Taxxe ycranoBiaeHo, uro SNP rs11556924
aCCOLMMPOBAH C MOBBIIIEHUEM YpOBHEM TpuriuuepunoB kpoBu y OonbHbix OACHK (B=0,131
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Pperm=0,03). pyrue uccinenoBanusie SNP mnoxazanu acconumanuu ¢ tpuriunepunamu, JIITHII,
anruorpaduyeckumu nokazatessimu y 6oiapHbIXx OACHK. B wactHoCcTH, momumopdusm 1s9982601
rena MRPS6 accorumpoBaicsi ¢ mopakeHHeM aTepOCKICPOTHUECKUMH OJSIIKAMU TTOAB3AOIIHBIX
aprepuii (Pperm=0,001). 3aksouenue: Hacrosiiee wucciaegoBaHUE BIEPBBIC YCTaHOBHIIO, YTO
nomumoppmsm  rs11556924 rena ZC3HC1 sBusercss HOBBIM TI'€HETHYECKHM MapKepoM
MIPEIPacIoIOKEHHOCTH K OOIUTEPUPYIOIIEMY aTepOCKIEpO3y COCYAOB HIKHUX KOHEUHOCTEH U
XapaKTepu3yeTcss MPOTEKTUBHBIM A(PPEKTOM B OTHOIICHUU PUCKA Pa3BUTHS OOJIC3HU Y JKEHIIUH.
KutoueBble ci10Ba: 00IUTEpUPYIOLINI aTEPOCKIIEPO3; FTeHETHUECKHE OOMapKephl; CTENIEHb CTEHO3a
apTepuii; maToreHes; OAHOHYKICOTHUAHBIN TOTUMOphU3M
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Abstract

Background: Peripheral artery disease (PAD) is one of the most common forms of diseases of the
peripheral vessels of the lower extremities. Taking into account the potential participation of
polymorphic variants of the ZC3HC1 gene in the atherosclerotic process, realized through the
regulation of smooth muscle cell proliferation, these DNA regions can be considered as genetic
markers of predisposition to atherosclerosis. The aim of the study: To examine the association
between single nucleotide polymorphisms (SNP) and the risk of coronary heart disease and
susceptibility to PAD according to the Genome-wide association studies (GWAS). Materials and
methods: The study involved 1278 subjects, including 630 patients with PAD and 648 healthy
controls. Four SNPs (rs9818870, rs17087335, rs11556924, and rs9982601) were genotyped using the
MassARRAY-4 system. Association analysis between PAD risk and SNPs was performed using an
open-source whole-genome association analysis toolset (PLINK program v1.9). An adaptive
permutation test (Pperm) was used to calculate the statistical significance of the associations. Results:
The allele rs11556924-T (OR=0.81, 95%CI 0.69-0.95, Pperm=0.02) and genotype rs11556924-T/T
(OR=0.60, 95%CI 0.43-0.82, Pperm=0,006) of ZC3HC1 were associated with a decreased risk of
PAD. However, sex-stratified analysis showed that SNP rs11556924 was associated with a decreased
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disease risk exclusively in women (OR=0.56, 95% CI 0.39-0.81, Pperm = 0.002). It was also found
that the SNP rs11556924 was associated with an increase in blood triglyceride levels in patients with
PAD ($=0.131, Pperm=0.03). Other SNPs studied were associated with laboratory and instrumental
parameters in patients (triglycerides, LDL, angiographic parameters). In particular, the rs9982601
polymorphism of MRPS6 was associated with atherosclerotic plaque formation in iliac arteries
(Pperm = 0.001). Conclusion: This study is the first to establish that the rs11556924 polymorphism
of the ZC3HC1 gene is a new genetic marker of susceptibility to peripheral artery disease and is
characterized by a protective effect on disease risk in women.
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single nucleotide polymorphism
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BBenenue. 3aboseBaHus
nepudepuyeckux aprepuii (3[1A) 3anumaroT
OIHO W3 JNUAMPYIOIIMX MECT B pPa3BUTUHU
3200JIeBa€MOCTH M CMEPTHOCTH OT CEp/CYHO-
COCYIUCTBIX MaTOJIOTH. 3I1A
XapaKTEepU3yIOTCS PAa3BUTHUEM CTEHO3a WIH
OKKJIIO3M JI000M JIOKalW3allMd Ha BCEM
MIPOTSKEHUU ydacTka oT aopTo-
MOJIB3JIOIITHOTO CErMEHTa J0 MOJOIIBEHHBIX
aprepuii. Cerogus 3IIA moaBepKeHbI OKOJIO
236 MUJUIMOHOB YENIOBEK, YTO CTABUT MX Ha
OJHY CTyHE€Hb C HWIIEMHYECKOW OO0JIE3HBIO
cepaua (MUBC) wu  nepeOpoBacKysIpHBIMU
3a00J€BaHMsAMHU U JaeT MpaBo Ha3biBaTh 3[IA
CaMOCTOSITENTbHBIM 3a00s1eBanueM [ 1, 2].

O6nuTepupyroHit aTepOCKIIEpO3
cocynoB HmxkHHX KoHeuHocTei (OACHK) —
BeaylIee o 3HaYMMOCTH "
pacnpoCTpaHEHHOCTH 3a0oJIeBaHHE apTepuid
HW)KHUX KOHEYHOCTEH, KOTOpO€ NMPUBOIUT K
pPa3sBUTHIO CHUHAPOMA XPOHUYECKOW HIIEMUU
[3, 4]. CymecTtByer psx HCCISIOBaHUM,
yKa3bIBAIOIMX Ha MYJbTH(PAKTOPHATIBHYIO
MIPUPOY OACHK, 4TO O3Ha4aer
BOBJICUEHHOCTb, KaK CpElOBBIX, TaK H
reHeTHYecKuX (PakTopoB B €ro pazButue 35, 6].
Hecmotpst Ha  mamHbli  ¢axt, 0asza
UCCIIEIOBATENIbCKUX ~ paboT,  pe3yJIbTaThl
KOTOPBIX JOKAa3bIBAlOT YETKYIO CBSI3b MEXIY
pasHbIMH BapHaHTaMUd TE€HOB M PHUCKOM
IIPOrPECCUPOBAHUS 00JIUTEPUPYIOIIETO
aTepoCKJIepo3a COCYI0B HIYKHIUX KOHEUHOCTEH,
MQJIOYMCIEHHA B CpPaBHEHUM C TOH, YTO
MOCBAIIEHA  M3YYEHHMIO  CBSI3U  MEXIYy
TEHETUYECKOM  IPEIpacHOOXKEHHOCTBIO K

Pa3BUTHIO aTepOCKIepo3a KOPOHAPHBIX U
1epeOpalIbHBIX apTEPHIL.

Pesynbratsl ISTH KPYIHBIX
UCCIICIOBAaHUM, ONMyOJMKOBAaHHBIX B 0ase
JIAHHBIX KaTajora MOJTHOT€HOMHBIX
acconuatuBHbeIX  mcciepoBannii  (GWAS,
genome-wide association study), BeistBrH 260
OJTHOHYKJICOTUAHBIX monmuMopduzmoB (SNP),
CBSI3aHHBIX C MOBBIIIEHHBIM PUCKOM Pa3BUTHS

3a0oneBaHuil  nepudepuuecKkux — apTepuii
[https://www.ebi.ac.uk/gwas/home]. B Ttoxe
caMo€ BpEMH, 3HAYUTCIIbHAs qacTb

MOCICAYOIINX HCCHCHOB&HHﬁ, BBITIOJITHCHHBIX
B HC3aBUCHMBIX IMONYJIALOWAX MHUpaA, IMOKa3sajia
OTHOCUTCJIBHO HU3KYH0 BOCHPOHU3BOAUMOCTDb

BBISBJICHHBIX B PE3yJIbTare GWAS
accoIaIyi OJTHOHYKJICOTHIHBIX
noMMop(HU3MOB (single nucleotide

polymorphisms, SNP) ¢ 3aboneBaHusiMH
nepudepuyeckux aprepuil. CorjaacHO JaHHBIM
HEJIaBHO OITyOJIMKOBAHHOTO MeTa-aHanmu3a, 112
cTaTew, OMUCHIBAIOIIAX 231 JIHK-
MOIUMOPQH3M, aCCOLIMMPOBAHHBIN c
3a00JIeBaHUAMH  TIEPUPEPUUECKUX  aPTEPHA,
YCTAaHOBJEHO JUIIb 19 accOMUpOBaHHBIX C
00JIe3HPIO  BapUaHTOB, KOTOpble  ObUIM
BOCIIPOM3BE/IEHBI B HECKOJIBKUX KPYMHBIX
KOTOpTax MarueHTos [7].

Onupasicb Ha TPUBEJCHHBIE BBIIIIE
(dakThl W Y4YUTBIBaS ~ MEXITHHUYECKYIO
TE€HETUYECKYIO TeTepOreHHOCTh u
TEPPUTOPUATBHBIE PA3IMYUs BO BIUSHUSIX
CpenoBbIX (haKTOpoB, TpeOyeTcs BalUAAlUs
pe3ynbTaroB GWAS B OTAETBHBIX TTOMYJISIHSIX
MHpa C IeTbl0 OTOOpa TEHETHYECKUX
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MapKepoB, KOTOPBIE MOTJIH ObI HCIIOJIb30BATHCS
JUIST MOJICKYJISIPHOM JTMarHOCTUKUA OOJIE3HU H
MEPCOHAIM3UPOBAHHBIX  MOJIXOJO0B K €€
JICYCHUIO U TTPO(PHIIAKTHKE.

Heanb ucciaenoBanus. B paMkax 3Toro
MPEIBAPUTEIILHOTO  WCCIIEOBaHUSA  ObLIa
IIOCTaBJIEHA I€Jb BBISIBUTH B3aWMOCBSI3HU
MEXIy  pa3HbIMH  BapuaHTaMH  T'CHOB,

0OHapyXEHHBIX B MCCIICIOBAHMSX
IIOJIHOT'CHOMHBIX aCCOI_[I/IaI_[I/Iﬁ C PUCKOM
HPOTPECCUPOBAHUS 00JIUTEPUPYIOIIETO

aTepoCKJIepo3a COCYI0B HIYKHIX KOHEUHOCTEH.
HccnenoBanne (GoKyCcHpOBAIOCh HA JKUTEISAX
LEeHTpanbHOM Poccuu.

MatepuaJjibl 1 MeTO/AbI UCCIeI0BAHMSA.
[Tpu mpoBeneHuy uccine0BaHus ObUTH YUTEHBI
OCHOBHBIE TPUHIIMITEI MEIWIIMHCKON JTUKU H
o01miue nonoxeHus XeabcUHCKoM Jlexkmapanuu
Bcemupnoit  MeauruHckol  AccolMaiiyu.
bbuto monydeHo ono0peHue peruoHaIbHOrO
3THUYECKOTO KOMHUTETa Kypckoro
rOCyJJapCTBEHHOTO MEIULUHCKOTO
yauepcurera (Ne9 ot 10.12.2019). Ilepen
Ha4yajioMm paboThI BCE TAIMEHTHI
WCCIIE/IOBAHHOM  TPYMIBI  MPEIOCTABUIH
MUChbMEHHOEe MH(GOPMHUPOBAHHOE corjacue Ha
JTOOPOBOJIbHOE y4YacTHE, a TaKKe MOHHUMaHHE
1IeJIeH U BCeX MPOBEIEHHBIX MPOIEAYD.

ITposenen coop KJIMHUYECKOTO
MaTepuaa, BKJTIOYAIOILIETO 1278
HEPOACTBCHHBIX JINAI] CJIaBAHCKOTI'O

MIPOUCXOKACHUSA, B ToM umcie 630 GOIbHBIX
OACHK u 648 OTHOCUTENBHO 3/10POBBIX JIUII,
C OTCYTCTBHUEM XPOHHYECKHX 3a00JICBaHUM.
BboinnHbIE OACHK MIPOXOAWIIN
CTallMOHApPHOE JIeYeHHE Ha 0a3e OTAETCHHS
cocyaucroit xupypruu Kypckoit obmacTHOM
kimHudecko OonbHUIbL. [Inarnoz OACHK
ObUI yCTAaHOBJIEH HA OCHOBE KPHUTEPHEB,
W3JI0’KEHHBIX B HarmonansHbix
PEKOMEHIANNAX IO JTUArHOCTUKE U JICYCHUIO
3a00JIeBaHUN apTepuil HIDKHUX KOHEYHOCTEH
(2019 r.). Ing OUEHKU CTENEHH MOPaKEeHUs
nepuepuyecKux apTepuil y TMalUeHTOB C

OACHK HUCHOJIb30BaJINUCh METOJbI
yJIBTPa3ByKOBOT'O AYILJIEKCHOTO CKaHUPOBAHUS
n anruorpapuu apTepuit HIDKHUX

KOHEUHOCTEH. DTH MeToabl 00EeCIeYnBAIOT
TOYHYIO BU3YAJIN3ALUI0 apTEPUN U TIO3BOJISIOT
ONPEJICTUTh HATUYUE U CTETICHb CY>KEHUS WIH

3aKyIOpPKHU COCYOB [8].

Kaxxnomy nanuenty ObUIO MpOU3BEIEHO
BBIYHCIICHUE JIOJIBDKEUHO-TIJICUEBOM  HMHJIEKC
(Ankle Brachial Index niu ABI) — mokasarers,
KOTOPBI OTPa)kaeT COCTOSIHUE KPOBOTOKA B
HIDKHUX KOHEYHOCTSIX. Kpurepusimu
BKIIFOYCHHS MAIMEHTOB B TPYIIY OOJBHBIX
OACHK  Opumm:  Hanuuue  KIMHUYECKH
3HaYMMOI'0 CTEHO3a O/IHOM Ui OoJiee apTepuii
HIDKHUX KOHEYHOCTEeH COIJIaCHO
knaccuukanuu OoHTEHA, a TAKXKE 3HAUCHUE
0,6 1 HIDKE JIOABDKEYHO-TNICYEBOTO HMHJCKCA.
CreneHnb aTepoCKIEPOTUUYECKOTO MOPAKEHUS
apTepuil 1Mo pe3ybTaTaM HUHCTPYMEHTAILHOTO
WCCIICJIOBaHMSI ~ BBIpOKAIM  3HAUYCHUSIMU:
1 (creno3<50%;), 2 (creno3 51-70%)
u 3 (creno3 =>71%). Bce yuacTHuKH
UCCIICIOBAaHMsI  MPOXOAWIN  aHKETHPOBAaHHE
OTHOCHUTENBHO (DaKTOpPOB pHCKa OOJE3HH C
UCTIOJIb30BaHUEM BaJIUIUPOBAHHOTO
OMPOCHHKA [9]. st MOJIEKYJISIPHO-
TEHETUYECKUX HCCIEOBAHUN Yy  KaXI0ro
yYaCTHHMKA HCCJEIOBaHUs MPOBOAMIICS 3a00p
/5 M BeHO3HOM KpoBH B Ipobupku ¢ 0,5M
STUJICHIUAMUHTETPAYKCYCHOM KHUCJIOTON
(OATA). T'enomnyro JHK wu3Bnekamun c
UCTONBb30BaHUEM  CTAaHAAPTHOTO  METO/a
(heHONTbHO-XTOPODOPMHON  IKCTPAKIMH €
NOCIEAYIOIEH IPELUIUTALUEA JTaHOJIOM.
s sToro wuccnenoBaHusi ObUIM  BBIOpPAHBI
YeTblpe OJHOHYKJICOTHIHBIX MOTUMOpQH3IMa
(SNP) u3 paznu4HbIX TE€HOB, paHEE CBSI3aHHBIX
c pUCKOM pa3BUTHS KOPOHApHOTO
aTepocKiepo3a B MTOJTHOTCHOMHBIX
accoratuBHbIX uccnenaoBanmsx (GWAS). [lns
uccienoBanus u3 karanora GWAS (GWAS
Catalog,  https://www.ebi.ac.uk/gwas/home)
ObTM  OTOOpaHBl  CIENYIONIHE  JIOKYCHI:
oITUMOppU3M rs9818870 resa B
3'-HerpaHciaupyeMoit oOmact TreHa MRAS
(muscle RAS oncogene homolog), rs17087335
B obOnactu unTpoHa reHa NOAL (nitric oxide
associated 1), rs11556924 B sk30He TeHa
ZC3HCL1 (zinc finger C3HC-type containing 1)
u rs9982601 B wuntpone rena MRPS6
(mitochondrial ribosomal protein S6). Jlanubie
M0 YHCIy YCIEUIHO MPOT€HOTHITMPOBAHHBIX
obpasnoB JIHK ydacTHUKOB wucchneaoBaHus
npecTaBieHbl B Tabmuie 1.
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Tabauya 1
JlaHHBIE M0 YHCJIY YCIEIIHO NporeHoTunupoBanubix o0pa3uos AHK yyacTHukoB
HCCJIeI0OBAHNS
Table 1
Data on the number of successfully genotyped DNA samples of study participants
I'en Kontpoubsnas OO0mwuii 06bem
(SNP ID) rpymia Boababie OACHK BEIGOPKH SNP call rate
MRAS
(rs9818870) 647 627 1274 99,7
NOA1 (rs17087335) 648 630 1278 100
ZC3HC1
(rs11556924) 633 621 1254 98,1
MRPS6 (rs9982601) 648 628 1276 99,8
Hacrosmee HCCIIEN0BaHUE ObLTO OACHK  (unumasblii  cocraB  KpOBH,
MIPOBEACHO B COOTBETCTBUU C PYKOBOIAIIUMU JIOJBIKEYHO-TUIEYEBOU WHJIEKC)
npuniunamu STregthening the REporting of UCIIOJTb30BAJICS METO/T JIMHEHHOTO
Genetic  Association Studies (STREGA). PErPECCHOHHOTO aHaJIM3a. YpoBeHb

CrarucTudueckas MOIIIHOCTH ObuIa OLICHCHa C
HCIIOJIB30BAHUCM  KAJIBKYJIAITOPpA MOIIHOCTU

HCCICA0OBaHUA TCHETHUYCCKUX accounaunﬁ
(GAS) (https://csg.sph.umich.edu/
abecasis/gas_power _calculator/).

AccoumatuBabii  aHamm3  (0=0,05) mo3BosmI
BBIIBUTH OTHOCHTEIIbHBIN puck reHoTumna (OR)
1,30-1,50 ¢ mommaOCTEIO 88-99% B 11IETIOM (630
6omsHbIx OACHK u 648 mnpencraBureneit
KOHTpOJIbHOH rpymiibl) 1 nokaszateneM OR 1,40-
1,7 ¢ momHocTet0 80-99%. B moarpynmnoBom
aHainm3e. B pamkax Halero McciieloBaHUs MbI
UCTIONb30BAJIM  CTAaTUCTUYECKHE METOAbI IS
aHaJIM3a acCOLAalii MEX/Ty BApUAHTAMU I'€HOB
U PUCKOM Pa3BUTHS  OOJMTEPUPYIOIIETO
aTepocKIiepo3a COCyI0B HIPKHUX KOHEYHOCTEH.
JInst OLIEHKH 4acTOT T€HOTHIIOB U ajljiesied MBI
IIPUMEHWIN TOYHBIA TecT Puiepa U KpUTepun
XU-KBaJ[paT, B COOTBETCTBUM C PaBHOBECHEM
Xapnu-Baitn6epra (HWE), cpaBHuBammich
pa3IMYHbIe YacTOTHI ajuleNieil ¥ TeHOTUIIOB B
UCCIIEAYyEeMBIX ~ TpyMIax, YTOObl  BBIIBUTH
MOTEHIMAIBHBIE ACCOLMALUN MEXIy HUMH U
PHUCKOM OACHK. HCIOJIb30BATIOCH
MIPOrpaMMHOE o0ecrieueHue SNPStats.
(https://www.snpstats.net/start.htm) u PLINK,
v1.9.

JInst OLIEHKM CWJIBI acCOIMalid MEXIY
TEHETUYECKUMH  BAapHaHTAMH W PUCKOM
pa3BUTHSA OACHK PacCUUTBHIBAIACH
nokasarenu oTHomeHus mancoB (OR) u ux 95-
NIPOLICHTHbIE  JOBEPUTEIbHbIE  MHTEPBAJIBI
(95%CIl). Tns  aHanm3a  B3aMMOCBSI3H
UCCIIEIOBAaHHBIX TMOJIMMOP(HBIX JIOKYCOB Ha
KOJIMYECTBEHHBIC TIOKa3aTeM MAlUeHTOB C

3HaYUMOCTU (Pperm) acconmanuii oneHuBamu ¢
[OMOILBIO  AJAalTUBHOTO HNEPMYTALMOHHOTO
TecTa ¢ ucrnosnb3oBanueM nporpammsl PLINK.
Jlns onenku Biaustaus JIHK momumopduszma Ha
KOJINYECTBEHHbIE I10KA3aTEeNIM HCIOJIb30BaIN
METOJl JIMHEMHOI0 PErpecCHOHHOrO aHallu3a,
KOTOpPBIA ~ NPEIyCMaTpUBAaeT  HOpPMAaJlbHbIC
pacripenienenus KOJINYECTBEHHBIX
NpEeIUKTOpoB. B cBA3M ¢ TeMmM, 4YTO BCe
KOJINYECTBEHHbBIC MOKa3aTelIn JIIIN,
JANUOHBIM  cocTaB, JaHHele Y3U wu
aHruorpadguu  mokasanu  pachpesereHue
OTJIIMYHOE oT HOPMAJIBHOTO (TecT
KonmoropoBa-CMupHOBa), JaHHBIE MPU3HAKU
ObUTH TpaHC(hOpMHUPOBAHBI METOAOM
0o0paTHOrO0  PAaHroBOTO  MpeoOpa3oBaHMSL.
YuuteiBag TO, 4YTO B  IOJHOTC€HOMHBIX
aCCOIMATUBHBIX MCCIEIOBAHUAX JUISI OLICHKH
accormanuii  JIHK-mapkepoB ¢ ¢enorunamu
TECTUPYETCs, KaK IpaBWIO, aJJUTHUBHAS
MOJIeNlb, BCE BBINOJIHEHHBIE HAMU PaCUEThI
MIPOBOJMJINCH ~ UCKJIIOUUTEIBHO B paMKax
JAHHOU I'eHETUYECKOU MOJIEH.
OyHKUINOHATbHAS aHHOTalUA
TEHETUYECKOTO BapuaHTa 1511556924,
cBsizaHHOTrO ¢ prckoM pa3Butust OCAHK, 6bu1a
IIPOBEZICHA c UCIOJIb30BaHUEM
O61OMH(pOPMATUUECKIX pecypcoB u
nHctpymeHToB Ensembl Genome Browser.
[https://mww.ensembl.org/index.html],
VannoPortal
[http://www.mulinlab.org/vportal/index.html],
QTLbase2 [http:/Amww.mulinlab.org/
gtlbase/index.ntml] wu  HaploReg v4.2
https://pubs.broadinstitute.org/mammals
/haploreg/haploreg.php].
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PesyabTarel m  uX  00cy:xIeHHe.
Pe3ynbpraThl KIMHUYECKUX W J1a0OPAaTOPHBIX
UCCIIC/IOBAaHUIM  yYaCTHMKOB  HCCJIEIOBaHUSA
ObulM  JeTajbHO  ONHCAaHbl B  HalleM
npeapiayieM ucciaegoBanun [S]. YacToTsl
TeHOTUIIOB U3y4aeMbIX MOTUMOP(HBIX
BapUaHTOB COOTBETCTBOBAJIM PaBHOBECHUIO
Xapau-Baita6epra (p>0,05), uTo yka3biBaeT Ha

OTCYTCTBHE OTKIOHEHUH OT  OXHIACMBIX
9acTOT T€HOTHUIIOB B TOIYJISAIUU. Pe3ymbTaThl
aHaJIN3a accoLMarui MEXTY STUMH
MOJUMOP(GHBIMU ~ BapUaHTAMH U PUCKOM
pa3BUTHS OOJIUTEPUPYIOLIETO aTePOCKIepo3a
COCY/I0OB HIDKHUX KOHEUHOCTEH MPEICTABICHBI
B Ta0muIiE 2.

Tabauya 2

Acconanuu noJMMop(QHBIX BAPUAHTOB I'€HOB ¢ Pa3BUTHEM 00JIUTEPUPYIOIIETO
aTepoCcKJIepo3a COCYyA0B HUKHUX KOHEYHOCTel

Table 2

Associations of polymorphic gene variants with the development of peripheral artery disease

Fen FenoTHn Yacrorbl reHoTHnos, N (%0)
(SNP D) R u ajuiesneii, % Pperm! OR (95% Cl)?
KonTpoabHas rpynna Boababie OACHK
CIC 473 (73,1) 461 (73,5)
MRAS CIT 162 (25,0) 145 (23,1) 0,55 1,08 (0,86-1,36)
(rs9818870) TIT 12 (1,9) 21 (3,3)
T 14,4 14,9 0,86 1,04 (0,84-1,30)
G/G 373 (57,6) 376 (59,7)
NOA1 GIT 243 (37,5 217 (34,4 0,86 0,98 (0,81-1,19)
(rs17087335) TIT 32 (4,9) 37(59)
T 23,7 23,1 0,75 0,97 (0,81-1,16)
CIC 251 (39,7) 268 (43,2)
ZC3HC1 CIT 271 (42,8) 283 (45,6) 0,02 0,82 (0,69-0,97)
(rs11556924) TT 111 (17,5) 70 (11,3)
T 38,9 34,1 0,02 0,81 (0,69-0,95)
CIC 456 (70,4) 453 (72,1)
MRPS6 CIT 186 (28,7) 163 (26,0) 0,86 1,03 (0,82-1,31)
(rs9982601) TT 6 (0,9) 12 (1,9)
T 15,3 14,9 0,86 0,97 (0,78-1,21)

IIpuMedanue: 1 YpoBeHb 3HAYMMOCTH acCONMAlMU aulens/reHotvna ¢ puckoM passutust OACHK (Ppem paccumTan
IOCPE/ICTBOM aIalITHBHOTO MEPMY TALMOHHOTO TeCcTa ¢ ToMotbio nporpammbl PLINK v1.9); 2 OtHommenue mancos 1 95%-
JIOBEPUTEIIHHBIN HHTEPBA aCCOIMAINY (aTMTUBHASI MOJIENb) ¢ prckoM passutist OACHK ¢ koppekiweit mo mosy, Bo3pacry,
VUMT, Hammumo KOMOPOWAHBIX CEpAEYHO-COCYIMCTBIX 3alboneBaHMil (MImeMHuYeckass OOJIe3Hb Ceplld, THIIePTOHWYECKas

0OJIE3HD).

Note: * Level of significance of the association of the allele/genotype with the risk of developing PAD (Pgerm Was calculated using
an adaptive permutation test using the PLINK v1.9 program); 2 Odds ratio and 95% confidence interval of association (additive
model) with the risk of developing PAD with correction by gender, age, BMI, the presence of comorbid cardiovascular diseases

(coronary heart disease, hypertension).

Tabnuma 2 COAEPKUT  CIEAYIOINIYIO
nHpopMaIuio: ajienb rs11556924-T
(OR=0,81 95%CI 0,69-0,95, Pperm=0,02) u
rerorun rs11556924-T/T (OR=0,60 95%CI
0,43-0,82, Pperm=0,006, peneccuBHas
MOJIETIb) ObLIH aCCOILMUPOBAHBI c
MOHW)XEHHBIM puckoMm pa3Butuss OACHK.
JInst  OCTaNbHBIX M3YYECHHBIX TE€HETHYECKHX
JIOKYCOB HE HaOII0Janoch CTaTHUCTUYECKU
3HAYMMBIX Pa3JIMYMid B YACTOTAaX aJUleNied |
TEeHOTUIIOB MEXIy TpylnamMHl MalMeHTOB C
OACHK wu 370poBbIMH JHIIAMHU. ITO

YKa3bIBAa€T Ha OTCYTCTBHE aCCOLUALIUN MEKITY
3TUMH JIOKycaMHt U puckoM passutuss OACHK
B HCCJIEJOBAaHHOMN MOITYJISILIUH.

[IpoBenen cTpaTu(UIMPOBAHHBIN
ananu3 accounanuii SNP ¢ puckom pa3Butus
OACHK pa3nenpHO y MyXYMH M KCHILIHH.
PesynbraThl aHaIM3a accouuanuu
MOJIMMOP(HBIX BapHUAHTOB T'€HOB C PHCKOM
pa3BUTHS OOJIMTEPUPYIOIIETO aTePOCKIEpo3a
cocynoB HmxHHX KoHeuHocTelr (OACHK)
y MYXYUH W OKCHIIMH MpPEJCTaBICHbI
B Ta0iMuax 3 u 4 COOTBETCTBEHHO.
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Tabauya 3

Acconuanuu noJMMop(QHHIX BADUAHTOB I'€HOB ¢ Pa3BUTHEM 00JIUTEPUPYIOLIET0

aTepoCKJIepo3a COCYA0B HUKHUX KOHEYHOCTel (MyKUYMHBbI)

Table 3

Associations of polymorphic gene variants with the development

of peripheral artery disease (men)

Yacrorhl renorunos, N (%)

T'en Tenorun, u annesei, % Porm® | OR (95% CI)?
(SNP D) aqaedt KouTpoJbHas rpynna Boababie OACHK
CIC 287 (73,0 405 (75,3)
MRAS CIT 97 (24,7) 113 (21,0) 0,64 0,97 (0,75-1,25)
(rs9818870) TIT 9(2,3) 20 (3,7)
T 14,6 14,2 0,69 0,97 (0,24-1,26)
G/G 233 (59,1) 325 (60,1)
NOAl GIT 142 (36,0) 182 (33,6) 0,99 1,02 (0,82-1,26)
(rs17087335) T/T 19 (4,8) 34 (6,3)
T 22,8 23,1 0,99 1,01 (0,82-1,26)
C/IC 155 (40,8) 225 (42,1)
ZC3HC1 CIT 168 (44,2) 243 (45,5) 0,34 0,92 (0,76-1,11)
(rs11556924) T/T 57 (15,0) 66 (12,4)
T 37,1 35,1 0,46 0,92 (0,76-11,11)
C/C 287 (72,8) 392 (72,7)
MRPS6 CIT 104 (26,4) 137 (25,4) 0,69 1,05 (0,80-1,38)
(rs9982601) T/T 3(0,8) 10 (1,9)
T 14,0 14,6 0,86 1,05 (0,81-1,37)

IIpuMedanue: 1 YpoBeHb 3HAYMMOCTH acCONMALMH avleisy/reHotnna ¢ puckoM pasButHsi OACHK (Ppem paccumTan
MOCPEACTBOM aJalTUBHOTO MEPMYTAIIMOHHOTO TecTa ¢ moMoIbio nmporpammsl PLINK v1.9); 2 B x0/1e HCCIIEI0BAHHS MBI
TIPOBEJIH CTATUCTUYECKUM aHAIIH3, JUTS OLIEHKH OTHOIIIEHHUS IIAHCOB U 95%-T0BepUTEIBHBII HHTEpPBAI aCCOIMALINH (3IAUTHBHAS
Moziesib) Mexay puckom OACHK u koppekuuei o HeckosibkuM (akropaM. B 4acTHOCTH, Mbl YYUTHIBAJIM BIIMSHHUE TI0J1a,
BO3pacTa, nHaekca Macchl Tea (MMT) i Hammumst KOMOPOUTHBIX CEpIIEUHO-COCY TUCTHIX 3a00JIEBaHNH, TAKUX KaK UIIIEMUIECKast
0oJ1e3Hb Ccep/lia ¥ IUIepTOHNYEcKast 0OJIe3Hb.
Note: *Level of significance of the association of the allele/genotype with the risk of developing PAD (Pperm Was calculated using
an adaptive permutation test using the PLINK v1.9 program); 2 Odds ratio and 95% confidence interval of association (additive
model) with the risk of developing PAD with correction by gender, age, BMI, the presence of comorbid cardiovascular diseases
(coronary heart disease, hypertension).

Tabauya 4 (nauano)

Acconuanyuyu NOJUMOP(HBIX BADHAHTOB I¢HOB C Pa3BUTHEM O00JTHTEPUPYIOLIErO

aTepoCKJIeP03a COCYA0B HUKHUX KOHEYHOCTel (KeHIIUHbI)
Beginning of Table 4

Associations of polymorphic gene variants with the development of peripheral artery

disease (women)

Fen DT YacroTsl reHoTHnos, N (%0)
’ u ajuteneit, % Pperm’ OR (95% Cl)?
(SNP ID) aJIeb
KonTpoasnas rpynmna Boababie OACHK
CIC 186 (73,2) 56 (62,9)
MRAS CIT 65 (25,6) 32 (36,0 0,12 1,52 (0,94-2,44)
(rs9818870) TIT 31,2 1(1,1)
T 14,0 19,1 0,09 1,45 (0,93-2,28)
G/G 140 (55,1) 51 (57,3)
NOA1 GIT 101 (39,8) 35(39,3) 0,78 0,89 (0,59-1,35)
(rs17087335) TIT 13 (5,1) 3(4)
T 25,0 23,0 0,55 0,90 (0,60-1,34)
ZC3HC1 CIC 96 (37,9) 43 (49,4)
(rs11556924) CIT 103 (40,7) 40 (46,0) 0,002 0,56 (0,39-0,81)
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Tabnuya 4 (oxonuanue)
Acconuanyuu noJMMop(GHBIX BAPUAHTOB I'€HOB ¢ Pa3BUTHEM 00JIUTEPUPYIOIIETO
aTepoCKJIepPo3a COCYA0B HUKHUX KOHEYHOCTel (KEeHIINHBI)

End of Table 4

Associations of polymorphic gene variants with the development of peripheral artery

disease (women)

Fen Cenorim Yacrorhl renorunos, N (%)
(SNP ID) B ’ u ajienei, %o Pperm? OR (95% Cl)?
KouTpoJsbHasi rpynna Boasnbie OACHK

T/T 54 (21,3) 4 (4,6)

T 41,7 27,6 0,002 0,53 (0,37-0,78)
CiC 169 (66,5) 61 (68,5)

MRPS6 CIT 82 (32,3) 26 (29,2) 0,99 0,96 (0,60-1,56)

(rs9982601) T/T 3(1,2 2(2,2)
T 17,3 16,9 0,86 0,97 (0,61-1,52)

IIpuMedanue: 1 YpoBeHb 3HAYMMOCTH ACCONMALMH avleisy/reHotnna ¢ puckoMm pasButHsi OACHK (Ppem paccumTan
MOCPEACTBOM aIAlITUBHOTO MEPMYTAIIMOHHOTO TeCcTa ¢ moMoIbio nporpamMmsl PLINK v1.9); 2 OTHOLICHHE IAHCOB U 95%-
JIOBEPUTEIHHBI MHTEPBAJI aCCOIMAIINH (AINTHBHAS MoJieib) ¢ prickoM passutust OACHK ¢ xoppekmueti mo moity, Bo3pacry,
UMT, Haimuuio KOMOPOWIHBIX CEpIEeYHO-COCYIMCTBIX 3a00JeBaHMi (MIIeMHUuecKas OOJIe3Hb Ceplla, THIEPTOHHYEcKas

0OJIE3HD).

Note: * Level of significance of the association of the allele/genotype with the risk of developing PAD (Pperm Was calculated using
an adaptive permutation test using the PLINK v1.9 program); 2 Odds ratio and 95% confidence interval of association (additive
model) with the risk of developing PAD with correction by gender, age, BMI, the presence of comorbid cardiovascular diseases

(coronary heart disease, hypertension).

B xome wuccimemoBaHust He OBLIO
OOHapy»eHO  CTATUCTHYCCKH  3HAYMMBIX
accoluaiun MEXIY HCCIIeIOBAaHHBIMU

nokycamu 1 OACHK y myxunn. OniHako, npu
aHalM3e JAaHHBIX Y  JKEHIIMH  OBLIO
YCTAHOBJICHO, YTO TMOJUMOP(HBIM BapHaHT
rs11556924 rena ZC3HC1 umeer 3amuTHBII
addext, accoumupyscb € TOHMKCHHBIM
puckom pazsutuss OACHK. Drta Haxoaka
OyJleT UMETh NMPUHIUIUATIEHOE 3HAYCHUE IS

npodpunaktuke u  sedenunro  OACHK
y JKeHIIMH, yuuThiBas poib rena ZC3HC1
B PEryJsilMM  TPOIECCOB,  CBSI3aHHBIX
C pa3BUTHEM ITOTO 3a00JICBaHMS.

Ananus accouuarm,
CTpaTU(UIMPOBAHHBIA TI0 CTATYCy KypeHHS,
HE BBIBHJ  CTATHCTHYCCKH  3HAYUMBIX
pa3uuuii  BO B3aMMOCBSI3M  HCCIICIIyEeMBIX
MOJMMOP(HBIX BapUaHTOB T€HOB C PUCKOM
passutist OACHK (Ta6mnuma 5)/

pa3paboTku HOBBIX

IoaAX0J0B K

Tabauya 5 (nauano)
Kinnudeckue u 1a00paTopHbIe XapAKTEPUCTHKH M MOKA3aTeJIH YYACTHHKOB HCCICA0BAHUSA
Beginning of Table 5
Clinical and laboratory characteristics and parameters of study participants

3n0poBbie IMauueHTHI C
NpeACTABUTEH 3a00/1eBaHHEM P-value
XapakTepuCTHKH/TIOKA3aTeH N
KOHTPOJIbHOM IPyNIbI nepudepuIecKux (p-3HaueHue)
(N=648) aprepuii (N=630)

Bospacr, cpennee 3HaueHue 66,34+7,69 62,14+9,47 0,001
+CTaH1apTHOE OTKIOHEHHE
ox M, N (%) 394 (60,8) 540 (85,7) <0,0001

K, N (%) 254 (39,2) 90 (14,3) 0,12
UMT (kr/mM"2) 27,07 £ 4,54 26,59 +6,36 0,7
3HAa4YCHHE + CTaHIaPTHOE OTKIOHCHHE
Kypstme 2, N (%) 295 (45,5) 354 (56,2) -
UBC, N (%) - 193 (30,6) -
T'unepronus, N (%) - 371 (58,9) -
OXC (mmomp/m), Me (Q1; Q3) NA 5,07 (4,40, 5,60) -
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Tabauya 5 (oxonuanue)

Kiannudeckue u 1a0opaTopHble XapaKTEePUCTHKH M MOKA3aTeJIH YYACTHHKOB HCC/Ie0BAHUSA

End of Table 5

Clinical and laboratory characteristics and parameters of study participants

3nopoBbie IanueHTHI C
npeJcTaBUTeNH 3a00/1eBaHHeM P-value
XapaKkTepuCTHKH/MOKA3aTeJIH .
KOHTPOJIbHOM rpynnbl nepudepnueckux (p-3HaueHMe)
(N=648) aprepuii (N=630)

XC-JIITHIT (Mmomns/m), 3,20 (2,10; 4,50) -
Me (Q1; Q3)

XC-JIIBII (Mmoib/1), 1,18 (1,00; 1,57) -
Me (Q1; Q3)

TT" (Mmois/m), Me (Q1; Q3)

1,50 (1,11; 2,20) -

ITpumeuanue: ! UBC, 3abonesanus nepudepudeckux aprepuii; OXC, obmuii xonectepun; XC-JITTHII, xonectepun
JUNonpoTen 0B Hu3Koil mnotHocTH; X C-JITIBII, X0onecTepuH IMNIONpPOTEn 0B BEICOKOI moTHOCTH; TT, TpUrmMuepus:;
Kypsmme * y 18 mamueHTOB KOHTPOJIBHON TPYIIIBI OTCYTCTBOBAJIHM JaHHbIE O KypeHuH; CTaTUCTHYECKH 3HaYMMEbIE
3HAYEHHMs BbLACICHBI )KUPHBIM IprdToM. NA — TaHHBIE HE TOCTYIIHBI;

Note: ! IHD, peripheral arterial disease; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglycerides; # 18 data on smoking status were not available from 18 subjects from

the control group; statistically significant p-values are bolded. NA — not available.

Uccnenosanbl accouualuu
MOJIMMOP(HBIX BApUAHTOB C J1aOOPATOPHBIMU
U UHCTPYMEHTAIBHBIMH  (YJIBTPa3BYKOBOE
UCCIIeIOBaHKE u a"ruorpadus
nepudepuIecKux apTepwHii) JTaHHBIMU
nameHToB ¢ OACHK. VYcranosneHo, 4ro
SNP rs11556924 ©Obu1  acconuupoBaH C
MOBBIIICHUEM  YPOBHEM  TPUIJIHIICPUIOB
kpoBu y OombHbix OCAHK (B=0,131
Pperm=0,03). ITonumopdusm rs9818870 rena
MRAS moka3an CTaTUCTUYECKH 3HAYMMBIC
accolMalMu C YCPEIHEHHBbIM IOKa3aTeleM
ABI nim noapnKeYHO-IIIIEYEBBIM HHIEKCOM
(B=-0,019 Pperm=0,04), ypoBuem JIITHII
(B=0,377  Pperm=0,05), TI' (p=-0,255
Pperm=0,02), a taxke c HalIW4YHMEeM CTEHO3a
A0PTO-TIOJIB3/IOIIIHOTO CerMeHTa cieBa
(Pperm=0,04). ITomumopduzm rs9982601 rena
MRPS6 ObuT accomMUpoBaH C IMOPaKESHUEM
aTePOCKIEPOTHUYECKUMU OnsAIIKaMu
MOAB3JIONIHBIX apPTepUid WM  CHHIPOMOM
Jlepuma (Pperm=0,001).

Taxum oOpa3om, He CMOTpPS Ha MOJIOBOM
auMopdu3M, HaMu  BIEPBBIE  BBISBICHA
accorarmsa 1511556924 rema ZC3HC1 ¢
IIPEAPACIIONOKEHHOCTBIO K OACHK.
Cornacno pe3yapTaTtaM KpyIHEHIIMX
MEXIYHApOAHBIX TEHOMHBIX HCCIIEIOBAaHUM,
amens  rs11556924-T rema  ZC3HC1
aCCOIIMUPOBAH C TOHMKEHHBIM  PHUCKOM
pa3BUTHS UIIEMUYECKO Oosie3nu cepama [11],

uHpapkra MuoOKapaa [12], TOJIOXKHUTETBHO
KOppEJIUpPYET ¢ ypOBHEM JelkouuToB [13] u
TpOMOOLIUTOB [ 14] ¥ OTpULIATENBEHO C YPOBHEM
remoriobuna kposu [13]. Kpome Toro, amiens
rs11556924-T acconuupoBaH CO CHHKCHHEM
YPOBHS IMAaCTOJUYECKOTO U CHCTOJINYECKOTO
aprepuanpHOTO JgaBieHus [9], a Takke
YBEJIMYEHUEM YPOBHS TECTOCTEPOHA KpPOBU
[15]. B koHnTekcre mosoBoro aumopdusma
BBISIBJIECHHOM HamM accoranuu rs11556924 ¢
OACHK y KEHIUH 3aCIIyKHUBAIOT
pe3yabTaThl KPYHMHOTO  HUCCJIENOBAHHUS Y
KEHIIUH €BPONEOUTHOIO IPOUCXOKACHUS
(N=189473), cBUI€TEILCTBYIOIINE O TOM, UTO
amnend rs11556924-T TecHO MONOKHUTENBHO
KOppelIupyeT ¢  ypOBHEM  TJ00yIuHa,
CBS3BIBAIOLLIETO U TPAHCIOPTUPYIOIIETO
MIOJIOBBIE TOPMOHBI [15, 16],
MPEUMYIIECTBEHHO TECTOCTEPOH u
JUTUAPOTECTOCTEPOH, U TOBBIIIEHUE YPOBHS
KOTOPBIX YBEIMYUBAET PUCK META0OINYECKUX
3a00JIeBaHUN y MYKYHH U CHIKAET UX PUCK Y
MY>KYHUH.

I'en ZC3HC1 xoaupyer BakHEHIIMH
KOMIIOHEHT JmrazHoro komruiekca E3 SCF-
tuna, SCF (NIPA), kommekca, KOTOpPBIii
KOHTPOJHMPYET BXOJl B MHTO3, OIOCPEIyS
yOUKBUTHHHPOBAaHWE U MOCJEIYIOILYIO
nerpanamnuto rmukiauHa B1 (CCNBI1). B coro
ouepenb, CCNB1 yuacTByeT B mposudepariu
[JIAJKOMBIIIEYHBIX ~ KJIETOK M, COIJIaCHO
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Silvestre-Roig C et al, 2013, cHmkeHue ero
9KCIIPECCUM U, KaK CJIEJICTBUE YMEHBIICHHE
BBIpa0OTKM 1ukIMHA Bl, mnpuBogutr K
YMEHBIICHUIO npoaudepanuu
IJIQJIKOMBIIICYHBIX KJIETOK M pa3pacTaHHIo
HEOUHTHUMBI. JlanHb1i1 MEXaHU3M
B3auMoeiicTBus npoaykroB rena ZCHC1 u
aTePOCKIEPOTUUECKUX MIPOLIECCOB
noaTBepxaaeTcs u B padore Linseman T et al.,
2017, HanpaBJICHHON Ha H3y4YEeHUE
aHTHaTeporeHHoro 3(dexra U3y4aeMoro
Hamu Trena [17, 18]. B naureparype
OITyOJIMKOBAaHBI ~ HMCCIENOBAHUSA,  KOTOpHIC
HaIpaBJIeHbl HA OILEHKY BIUSHUS SKCIPECCHH
rena ZC3HCl Ha wu3MeHeHHE KOMILIEKCa
uHTEMa-mMeaua. B pabdore Lopez-Mejias R et
al., 2013 MIPUBEICHBI JIaHHEBIE,

MOATBEPIKIAIONINE ACCOIUAINIO H3y4aeMOro
HaMH MOJIUMOPPHU3MA € CYOKIMHHYCCKHM
aTepOCKJIEpO30M y  JHI,  CTPaJAIoNINX
pPEeBMATOMIHBIM apTpuTOM. [lpu 3ToM B
KauecTBE OCHOBHOTO TIPHU3HAKA HAJTUYHS
aTePOCKJICPOTHYECKOTO MOPAXKCHHS,
acCOLUUPYEMOro C HOJIUMOPPHU3MOM,
SIBJIICTCS YBEJIMYCHHUE IMOKa3aTelsl KOMILICKCca
HHTUMAa-MEInWa, YTO TakKe  I03BOJISIET
YCTAHOBUTH CBSI3b MEXKIY MPOJYKTaMHU I'eHa
W aTepoCcKIepO30M Yepe3 BOBJICYCHHOCTH
B IPOIECCHl  KJIETOYHOH mposmeparyu
u aaTHorenesa [19].

B Tabnuie 6 mnpeacraBicHbl JaHHBIC
(YHKITMOHATTLHOTO AHHOTHUPOBAHHUS
rs11556924 rena ZC3HC1 ¢ ucmosyp3oBaHHEM
nanaeiX Ensembl Genome Browser.

Tabnuya 6

@OyHknnoHaabHoe aHHOTHPOoBaHue SNP rs11556924 rena ZC3HCL1 ¢ ucnoJib30BaHnemM
paHHbIX Ensembl Genome Browser

Table 6

Functional annotation of the SNP rs11556924 of the ZC3HC1 gene using Ensembl
Genome Browser data

I'en ToAHCKDHIIT Atesb Tun IHonoxke | AMHMHOKHCI
(Ensembl piz EHE) (B I HHUE B oTHast SIFT PolyPhen
gene ID) B TPAHCKPHUNITE) yran oesike 3aMeHa
ZC3HC1 ENST000003 [Mator | BepositHO
11873.9 (-) 342 R/H 3 y
(ENSGO000 SenoK- T (A) Muccenc (w3 481) | (Arg342His) €HHBIA | IaTOreHHBII
00091732) 5 g (0.05) | (0.981)
KOJUPYIOILIMHA
ZC3HC1 ENST000003 [ator | BepositHO
58303.9 (-) 363 R/H 3 y
(ENSGO000 ook T (A) Muccenc (w3 502) | (Arg363His) €HHBIA | IaTOreHHbII
00091732) 5 g (0.04) | (0.958)
KOJMPYIOLIMHA
ZC3HC1 ENST000004 ITator | BepositHO
81503.5 () 320 RIH 3 y
(ENSGO000 6eoK- T(A) Muccenc (w3 459) | (Arg320His) €HHBIA | MaTOreHHbIH
00091732) 5 g (0.05) | (0.958)
KOJMPYIOIIUHN
Hyxneotnanas 3aMeHa C>T Ha cTpyktypy Oenka ZC3HCI. CormacHo
(rs11556924)  ¢dakTruecku  TPEICTABISIET nanaeiM  QTLbase2 amnens r1s11556924-T
cob0Olf  MHCCEHC  MYyTalMio,  KOTOopas ACCOIIMMUPOBAH C BBIPAKEHHBIM CHUXEHUEM
COIIPOBOXKAAETCS HECMHOHUMUYHON skcnpeccun rena KLHDC10 B kpoBu (pa3mep
AMUHOKHMCIIOTHOM 3aMEHOW apruHUHAa Ha addekra -0,2188, P=3,9x10-13). KLHDC10
TUCTUIUH B OJTHOM u3 Tpex (kelch domain containing 10) - Oe’ok,

TpaHCKpuOUpyembIx BapuaHToB reHa ZC3HC1
(Arg342His, Arg363His wu Arg320His).
buoundopmarnyeckue uacrpymentsl SIFT u
PolyPhen mo3Bommnmu mpezackasarb, 4TO
TTaHHBIE AMHHOKHCIIOTHBIC 3aMeHBI
NPEJCTAaBISAIOT COOOW  IMATOreHHbIE MU
BEPOSITHO MATOT€HHbIE BAPUAHTHI, BIMSIOINE

SBJISFOLMICS YaCcThIO KOMILIEKCa YOUKBUTHH-
nporennnurassl E3 (CRL2) nytu DesCEND
(pa3pymieHue mocpeAcTBOM aerpoHoB Ha C-
KOHIIE), KOTOpbI pacno3Haer C-aerpos,
pacrioioxeHHblii  Ha  C-koHIlE  OEJKOB-
MUIICHEH, 4TO TPUBOJIUT K ux
yOUMKBUTHHUPOBaHWIO U jerpamamuu [20].
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KLHDC10 pacrnonoxeH B TOM K€ T€HOMOM
yuactke, uto 1 ZC3HCL. Ilo Bceli BUAMMOCTH,
YUUTHIBas TOT ()aKT, 9TO MHUCCEHC MYTAIHs

rs11556924 MOJKET COIIPOBOXKAATHCSA
HapyIICHHEM CTPYKTYpPBbI Ocika H,
CIeI0BaTEILHO, ero KoH(popmaruu
BCJICJCTBHEC ero HEIMPaBUILHOTO
CBOpauYMBaHMS, MOKHO 1oJjiarath
CYLLECTBOBAHUE MOTEHIHAIIBHOMN
B3auMocBs3u  KLHDC10 ¢ mnponeccamu
yOUKBUTUHUPOBAHUS 51 Jerpajganus

myTtantHOi (opmbr ZC3HCI1. Kpome Toro,
COMJIACHO JaHHBIM TopTayioB VannoPortal n
QTLbase2, SNP  rs11556924  moxer
HAXOJIUTHCS B HEPABHOBECHU TI0 CLICTUICHUIO C
mIQTL — yd4acTKOM CBSI3bIBAHHS IS
MukpoPHK hsa-miR-183-5p, YPOBEHb
JKCIIPECCUU KOTOPOW B KPOBH OTPHUIATEIHHO
KOPpEIUpPYET C  HOCHUTEIbCTBOM  aJlIelIs
rs11556924-T rena ZC3HC1l (pasmep
apdekra -0,8819. P=0,01). IIpumeuarencu
TOT (akT, YTO TOBBIIIECHHBI YPOBEHb
skcnpeccur B kpoBr MHKpoPHK hsa-miR-
183-5p SIBJISICTCS Ouomapkepom
aTepockiepo3a U pEryjJsiiud  pocra
[JIaJIKOMBIIIEYHBIX KJIETOK cocynoB [21, 22].
CornacHo nanHeiM HaploReg v4.2, nanublii
MoIMMOP(PH3M TaKKe MOXKET MPEICTaBISThH
cobou y4acTOK CBSI3bIBAHUS
TUCTOH/I€ALIETUIIA3bI 2 (HDAC2),
BOBJICUCHHOW B PETYJISALNIO TPAHCKPHUIIINH H
KJIETOYHOTO IHKIA. V3BECTHO, UTO JaHHBIHA
Kj1acc ()epMEHTOB HTPAET POJb B PETYISALUU
COCYJUCTOTO TOMeOcCTa3a M MOXKET HMETh
MATOTCHETHYECKOE 3HAYCHHWE IS Pa3BUTHS
atepockiiepo3a [13]. CormacHo JaHHBIM
VannoPortal, mnomumoppuzm  rs11556924
TaKXKe pacroiiaraercs B 00JacTi THCTOHOBOTO
Mapkepa H3K36me3, koTopsiii JEHCTBYET Kak
METKa JJIsl TUCTOH ICAIETHIIa3, CBA3BIBAIOIINX
U JICAlCTHIHPYIOIIUX THUCTOHBI, TEM CaMBIM

peoTBpalias HEKOHTPOJIUPYEMYIO
Tpanckpurmio  [23].  Takum  oOpazowm,
nonuMophuzm rs11556924,
ACCOLIMMPOBAHHBIA C PHUCKOM  pa3BUTHSA
OACHK, IpeJCTaBIsIeT coboit
(GYHKIIMOHAITEHO 3HAYHMBIH BapuaHT,

KOTOPBIH, XOTS U ABJISIETCS MUCCEHC-MYyTaLlHM,
o  Bceil  BHOAMMOCTH, HaXOJUTCI B
HEPAaBHOBECUM [0 CLEIUIEHUIO C JAPYTUMH

HEKOAUPYIOLIMMHU SNP, KOTOpBbIE
IPEACTABIISIOT co0oil  ydacTku JUTSL
SMUTEHETUYECKON  PEryJsiiuu  SKCIPECCUU
reHa. HanbHeimme (GyHKIIMOHATILHBIE
Hcchae0BaHus MO3BOJISIT PacKpbITh
MOJIEKYJIIPHBIE MEXaHU3Mbl, IOCPEICTBOM
KOTOpPBIX JaHHBIA TI'E€HETHUYECKUW BapUaHT
CBsI3aH ¢ (OPMHUPOBAHUEM OOJIUTEPUPYIOIIETO

aTepocKiepo3a apTepui HUKHUX
KOHEYHOCTEH.

3akJ/loueHue. ITo pe3yJibTaTaM
HACTOSIILIETO nccaea0BaHus BIIEPBbIE

YCTAHOBJICHO, YTO TOJUMOPQHBIA BapuUaHT
rs11556924 rema ZC3HC1  oGnapaer
POTEKTUBHBIM, AHTHATEPOTCHHBIM
NEICTBHEM B OTHOILIEHUHU OOJIUTEPUPYIOLIETO
aTepocKiIepo3a apTepui HIKHUX
KOHEYHOCTEIA. Manoe KOJIMYECTBO
(YHKIIMOHATBHBIX ~HCCIICIOBAHUN  JaHHOTO
BapuaHTa JIMIIb  YaCTUYHO  ITO3BOJISACT
OOBSICHUTH  MOJICKYJSIDHBIE ~ MEXaHHU3MBI,
MOCPEACTBOM KOTOPBIX MPOAYKTHI JTAHHOTO
reHa peaJin3yloT CBO€ AaHTHATEPOTCHHOE
TIEUCTBUE. Heo0xonnumsl najpHEenIne
WCCIICIOBAHMS M0 M3YYCHHIO BOBJICYCHHOCTH
rena ZC3HC1 B pazsutue OACHK, a takxke
aTepOCKJIep03a KOPOHAPHBIX U IepeOpaIbHBIX
apTepuii C OIIGHKOW BOBIIEYEHHOCTH B
maroreHe3 OOJIE3HM IIOKAa3aTeliell KIETOYHOM
nponudepanuu CTPYKTYPHBIX KOMIIOHEHTOB
COCYIMCTON CTEHKH. Pe3ymbTaThl Takux
WCCIICIOBAHUI ITO3BOJIT HE TOJBKO IOHSTH
NPUPOAY  BBISBICHHBIX  HaMHU  T€HHO-
(eHOTUNMHUYECKUX  B3aUMOCBsI3€H, HO W
OKa3aThCs BOCTPEOOBAaHHBIMU B KIIMHUYECKOM

IIPAKTUKE  AHTHOJIOTOB U COCYIHUCTBIX
XUPYProB B KAaueCTBE  TI'E€HETHYECKHUX
MIPEAUKTOPOB aTepOCKIIEpO3a

nepudepruyecKkux apTepuil U MapKepoB, Ha
OCHOBAaHMHM KOTOPBIX MOYKHO OCYLIECTBIISATH
WHIUBUAYaIbHOE MPOTHO3UPOBAHUE pUCKA
pa3BUTHS PECTEHO30B apTepuii M BbIOOpa
CIOCOO0B XUPYPTrUYeCKON peBacKyIsipU3aliu
KaKk  2JEMEHTOB  IEPCOHAIM3UPOBAHHOU
MEIUINHBI.

Nudpopmanus o puHAHCMPOBAHUU

Paboma evinonnena 3a cuem cpeocme
Kypckozo 2ocyoapcmeentozo meouyuncko2o
YHU6epcumema.



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

JKabupn CH, u dp. Muccerc-eapuaum rs11556924 ¢ zene ZC3HCI ...
Zhabin SN, et al. The missense variant rs11556924 in ZC3HC1 ...

Financial support
The study was carried out at the expenses
of Kursk State Medical University.

KoH(uukT HHTEpEcoB
Asmopvr  3asaenaiom 00
KOHGIUKMA UHMEPecos.
Conflict of interests

The authors have no conflict of interest
to declare.

omcymcmeuu

Cuncok Jureparypsl

1. Horvath L, Németh N, Fehér G, et al.
Epidemiology of Peripheral Artery Disease:
Narrative Review. Life. 2022;12(7):1041. DOI:
https://doi.org/10.3390/1ife12071041

2. Aday AW, Matsushita K.
Epidemiology of Peripheral Artery Disease and
Polyvascular Disease. Circulation Research.
2021;128(12):1818-1832. DOI:
https://doi.org/10.1161/CIRCRESAHA.121.3185
35

3. Kamunun PE, CyuxkoB WA, YobausH
AA, u np. Mapkepsl TedeHus: 00IUTEPUPYIOIIETO
aTepoCKIIepo3a apTepuil HUKHUX KOHEUHOCTEH.
AHTHOIOrUst 5 cocyaucras XUPYPrus.
2021;27(2):17-23. DOI:
https://doi.org/10.33529/ANG102021203

4. PexomeHmauuu EOK/EOCX o
JAUArHOCTHKE u JICUCHUIO 3a00JIEBaHUN
nepudepuueckux aprepuit 2017. Poccuiickuii
Kapauonormueckuii  kypHan. 2018;8:164-221.
DOI: https://doi.org/10.15829/1560-4071-2018-8-
164-221

5. Zhabin S, Lazarenko V, Azarova I, et
al. The Joint Link of the rs1051730 and rs1902341
Polymorphisms and Cigarette Smoking to
Peripheral Artery Disease and Atherosclerotic
Lesions of Different Arterial Beds. Life.
2023;13(2):496. DOI:
https://doi.org/10.3390/1ife13020496

6. Klarin D, Tsao PS, Damrauer SM.
Genetic Determinants of Peripheral Artery
Disease. Circulation Research.
2021;128(12):1805-1817. DOI:
https://doi.org/10.1161/CIRCRESAHA.121.3183
27

7. Chaar CIO, Kim T, Alameddine D, et
al. Systematic review and meta-analysis of the
genetics of peripheral arterial disease. JVS-
Vascular ~ Science.  2023;5:100133.  DOI:
https://doi.org/10.1016/j.jvssci.2023.100133

8. Geroulakos G, Paraskevas KI. The
2024 ESVS Guidelines on Lower Limb Peripheral
Arterial Disease: A Step Forward. European
Journal of Vascular and Endovascular Surgery.
2024,67(1):3-5. DOL:
https://doi.org/10.1016/j.ejvs.2023.10.011

9. Kiuécora EN), Asapoa 10D,
Cynsiikuna OA, u np. Bammpgaumsa kpartkoro
OIIPOCHMKA JUIA OLIEHKA BKJIaJa CpPEIOBBIX
(hakTOpPOB pHICKA B Pa3BUTHE BO3PACT-3aBHCHMBIX
3a00JieBaHUil Ha TpuUMepe caxapHoro jguadera 2
TUTIA U MIIEMUYECKON Oomne3nu cepaua. Hayunsie
pe3ynbpTaThl OHMOMEIUIIMHCKIX UCCIIEIOBAHMUIA.
2022;8(1):130-137. DOL:
https://doi.org/10.18413/2658-6533-2022-8-1-010

10. Chen X, He Y, Fu W, et al. Histone
Deacetylases (HDACs) and Atherosclerosis: A
Mechanistic and Pharmacological Review.
Frontiers in Cell and Developmental Biology.
2020;8:581015. DOI:
https://doi.org/10.3389/fcell.2020.581015

11. van der Harst P, Verweij N.
Identification of 64 Novel Genetic Loci Provides
an Expanded View on the Genetic Architecture of
Coronary Artery Disease. Circulation Research.
2018;122(3):433-443. DOL:
https://doi.org/10.1161/circresaha.117.312086

12. Hartiala JA, Han Y, Jia Q, et al.
Genome-wide  analysis identifies novel
susceptibility loci for myocardial infarction.
European Heart Journal. 2021;42(9):919-933.
DOI: https://doi.org/10.1093/eurheartj/ehaal040

13. Chen MH, Raffield LM, Mousas A, et
al. Trans-ethnic and Ancestry-Specific Blood-Cell
Genetics in 746,667 Individuals from 5 Global
Populations. Cell. 2020;182(5):1198-1213.e14.
DOI: https://doi.org/10.1016/j.cell.2020.06.045

14. Hariharan P, Dupuis J. Mapping gene
and gene pathways associated with coronary artery
disease: a CARDIOGRAM exome and multi-
ancestry UK biobank analysis. Scientific Reports.
2021;11:16461. DOl:
https://doi.org/10.1038/s41598-021-95637-9

15. Ruth KS, Day FR, Tyrrell J, et al. Using
human genetics to understand the disease impacts
of testosterone in men and women. Nature
Medicine. 2020;26(2):252-258. DOLl:
https://doi.org/10.1038/s41591-020-0751-5

16. Lazarenko V, Churilin M, Azarova I, et
al. Comprehensive Statistical and Bioinformatics
Analysis in the Deciphering of Putative
Mechanisms by Which Lipid-Associated GWAS
Loci Contribute to Coronary Artery Disease.



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(1):37-51

Research Results in Biomedicine. 2026:12(1):37-51

Biomedicines. 2022;10(2):259. DOl:
https://doi.org/10.3390/biomedicines10020259

17. Silvestre-Roig C, Fernandez P,
Esteban, et al. Inactivation of nuclear factor-Y
inhibits vascular smooth muscle cell proliferation
and neointima formation.  Arteriosclerosis,
Thrombosis, and Vascular Biology.
2013;33(5):1036-1045. DOI:
https://doi.org/10.1161/ATVBAHA.112.300580

18. Linseman T, Soubeyrand S, Martinuk
A, et al. Functional Validation of a Common
Nonsynonymous Coding Variant in ZC3HC1
Associated With Protection From Coronary Artery
Disease. Circulation: Cardiovascular Genetics.
2017;10(1):e001498. DOI:
https://doi.org/10.1161/circgenetics.116.001498

19. Loépez-Mejias R, Genre F, Garcia-
Bermudez, et al. The ZC3HC1 rs11556924
polymorphism is associated with increased carotid
intima-media thickness in patients with rheumatoid
arthritis. ~ Arthritis Research and  Therapy.
2013;15(5):R152. DOL:
https://doi.org/10.1186/ar4335

20. Koren I, Timms RT, Kula T, et al. The
Eukaryotic Proteome Is Shaped by E3 Ubiquitin
Ligases Targeting C-Terminal Degrons. Cell.
2018;173(7):1622-1635.e14. DOI:
https://doi.org/10.1016/j.cell.2018.04.028

21. Lv D, Guo Y, Zhang L, et al
Circulating miR-183-5p levels are positively
associated with the presence and severity of
coronary  artery  disease.  Frontiers  in
Cardiovascular Medicine. 2023;10:1196348. DOI:
https://doi.org/10.3389/fcvm.2023.1196348

22. Sun B, Shan Z, Sun G, et al. Micro-
RNA-183-bp acts as a potential diagnostic
biomarker for atherosclerosis and regulates the
growth of vascular smooth muscle cell. Journal of
the Chinese Medical Association. 2021;84(1):33-
37. DOI:
https://doi.org/10.1097/JCMA.000000000000043
3

23. DiFiore JV, Ptacek TS, Wang Y, et al.
Unique and Shared Roles for Histone H3K36
Methylation States in Transcription Regulation
Functions. Cell Reports. 2020;31(10):107751.
DOI: https://doi.org/10.1016/j.celrep.2020.107751

References
1. Horvath L, Németh N, Fehér G, et al.
Epidemiology of Peripheral Artery Disease:
Narrative Review. Life. 2022;12(7):1041. DOI:
https://doi.org/10.3390/1ife12071041
2. Aday AW, Matsushita K.
Epidemiology of Peripheral Artery Disease and

Polyvascular Disease. Circulation Research.
2021;128(12):1818-1832. DOL:
https://doi.org/10.1161/CIRCRESAHA.121.3185
35

3. Kalinin RE, Suchkov IA, Chobanian
AA, et al. Markers of the course of obliterating
atherosclerosis of lower limb arteries. Angiologists
and Vascular Surgeons. 2021;27(2):17-23.
Russian. DOI:
https://doi.org/10.33529/ANGI102021203

4. 2017 ESC guidelines on the diagnosis
and treatment of peripheral arterial diseases, in
collaboration with the european society for
vascular surgery (ESVS). Russian Journal of
Cardiology. 2018;8:164-221. Russian. DOI:
https://doi.org/10.15829/1560-4071-2018-8-164-
221

5.  Zhabin S, Lazarenko V, Azarova I, et
al. The Joint Link of the rs1051730 and rs1902341
Polymorphisms and Cigarette Smoking to
Peripheral Artery Disease and Atherosclerotic
Lesions of Different Arterial Beds. Life.
2023;13(2):496. DOI:
https://doi.org/10.3390/1ife13020496

6. Klarin D, Tsao PS, Damrauer SM.
Genetic Determinants of Peripheral Artery
Disease. Circulation Research.
2021;128(12):1805-1817. DOL:
https://doi.org/10.1161/CIRCRESAHA.121.3183
27

7. Chaar CIO, Kim T, Alameddine D, et
al. Systematic review and meta-analysis of the
genetics of peripheral arterial disease. JVS-
Vascular ~ Science.  2023;5:100133.  DOI:
https://doi.org/10.1016/j.jvssci.2023.100133

8. Geroulakos G, Paraskevas Kl. The
2024 ESVS Guidelines on Lower Limb Peripheral
Arterial Disease: A Step Forward. European
Journal of Vascular and Endovascular Surgery.
2024,67(1):3-5. DOL:
https://doi.org/10.1016/j.ejvs.2023.10.011

9. Klyosova EYu, Azarova IE,
Sunyaykina OA, et al. Validity of a brief screener
for environmental risk factors of age-related
diseases using type 2 diabetes and coronary artery
disease as examples. Research Results in
Biomedicine. 2022;8(1):130-137. Russian. DOI:
https://doi.org/10.18413/2658-6533-2022-8-1-0-
10

10. Chen X, He Y, Fu W, et al. Histone
Deacetylases (HDACs) and Atherosclerosis: A
Mechanistic and Pharmacological Review.
Frontiers in Cell and Developmental Biology.
2020;8:581015. DOI:
https://doi.org/10.3389/fcell.2020.581015



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

JKabupn CH, u dp. Muccerc-eapuaum rs11556924 ¢ zene ZC3HCI ...
Zhabin SN, et al. The missense variant rs11556924 in ZC3HC1 ...

11. van der Harst P, Verweij N.
Identification of 64 Novel Genetic Loci Provides
an Expanded View on the Genetic Architecture of
Coronary Artery Disease. Circulation Research.
2018;122(3):433-443. DOI:
https://doi.org/10.1161/circresaha.117.312086

12. Hartiala JA, Han Y, Jia Q, et al
Genome-wide analysis identifies novel
susceptibility loci for myocardial infarction.
European Heart Journal. 2021;42(9):919-933.
DOI: https://doi.org/10.1093/eurheartj/ehaal040

13. Chen MH, Raffield LM, Mousas A, et
al. Trans-ethnic and Ancestry-Specific Blood-Cell
Genetics in 746,667 Individuals from 5 Global
Populations. Cell. 2020;182(5):1198-1213.e14.
DOI: https://doi.org/10.1016/j.cell.2020.06.045

14. Hariharan P, Dupuis J. Mapping gene
and gene pathways associated with coronary artery
disease: a CARDIOGRAM exome and multi-
ancestry UK biobank analysis. Scientific Reports.
2021;11:16461. DOI:
https://doi.org/10.1038/s41598-021-95637-9

15. Ruth KS, Day FR, Tyrrell J, et al. Using
human genetics to understand the disease impacts
of testosterone in men and women. Nature
Medicine. 2020;26(2):252-258. DOI:
https://doi.org/10.1038/s41591-020-0751-5

16. Lazarenko V, Churilin M, Azarova I, et
al. Comprehensive Statistical and Bioinformatics
Analysis in the Deciphering of Putative
Mechanisms by Which Lipid-Associated GWAS
Loci Contribute to Coronary Artery Disease.
Biomedicines. 2022;10(2):259. DOl:
https://doi.org/10.3390/biomedicines10020259

17. Silvestre-Roig C, Fernandez P,
Esteban, et al. Inactivation of nuclear factor-Y
inhibits vascular smooth muscle cell proliferation
and neointima formation.  Arteriosclerosis,
Thrombosis, and Vascular Biology.
2013;33(5):1036-1045. DOI:
https://doi.org/10.1161/ATVBAHA.112.300580

18. Linseman T, Soubeyrand S, Martinuk
A, et al. Functional Validation of a Common
Nonsynonymous Coding Variant in ZC3HC1
Associated With Protection From Coronary Artery
Disease. Circulation: Cardiovascular Genetics.
2017;10(1):e001498. DOL:
https://doi.org/10.1161/circgenetics.116.001498

19. Lopez-Mejias R, Genre F, Garcia-
Bermudez, et al. The ZC3HC1 rs11556924
polymorphism is associated with increased carotid
intima-media thickness in patients with rheumatoid
arthritis. ~ Arthritis Research and  Therapy.
2013;15(5):R152. DOI:
https://doi.org/10.1186/ar4335

20. Koren I, Timms RT, Kula T, et al. The
Eukaryotic Proteome Is Shaped by E3 Ubiquitin
Ligases Targeting C-Terminal Degrons. Cell.
2018;173(7):1622-1635.e14. DOL:
https://doi.org/10.1016/j.cell.2018.04.028

21. Lv D, Guo Y, Zhang L, et al.
Circulating miR-183-5p levels are positively
associated with the presence and severity of
coronary  artery  disease. Frontiers  in
Cardiovascular Medicine. 2023;10:1196348. DOI:
https://doi.org/10.3389/fcvm.2023.1196348

22. Sun B, Shan Z, Sun G, et al. Micro-
RNA-183-5p acts as a potential diagnostic
biomarker for atherosclerosis and regulates the
growth of vascular smooth muscle cell. Journal of
the Chinese Medical Association. 2021;84(1):33-
37. DOI:
https://doi.org/10.1097/JCMA.000000000000043
3

23. DiFiore JV, Ptacek TS, Wang Y, et al.
Unique and Shared Roles for Histone H3K36
Methylation States in Transcription Regulation
Functions. Cell Reports. 2020;31(10):107751.
DOI: https://doi.org/10.1016/j.celrep.2020.107751

Cratps noctynuia B penakuuto 18 anpenst 2024 r.
[ocrynuna nocne nopadorku 30 mast 2025 T.
IIpunsta x neyatu 2 utons 2025 r.

Received 18 April 2024
Revised 30 May 2025
Accepted 2 June 2025

HNudopmanus 06 aBTopax

Cepreii Huxonaesuu Kabun, xaHaugat
MEIUINHCKHAX HayK, JIOLIEHT Kadeaps
xupypruueckux Oomnesneir Nel &I'BOY BO
«Kypckuil  rocylnapCTBEHHBIM  MEIULMHCKUI
yHUBepcUTe™, I. Kypck, Poccniickas denepanus,
E-mail:  79038771993@yandex.ru,  ORCID:
https://orcid.org/0000-0002-9324-0972.

Buktop AHaToabeBu4 JlazapeHko, JOKTOp
MEIUIIMHCKUX HayK, Npodeccop, 3aBeAyIOIIHiA
kadenpoii xupypruueckux OonesHeid MHctuTyTa
HEMpepsIBHOTO 00pazoBanus, pekrop PI'bOY BO
«Kypckuii  rocynapcTBEHHBIM — MEAMLMHCKUN
yHUBepcUTe™, I. Kypck, Poccniickas denepanus,
E-mail: kurskmed@mail.ru, ORCID:
https://orcid.org/0000-0002-2069-7701.

HOgusn dayapaoBHa — A3zapoBa,  JIOKTOD
MEJUIIUHCKHUX HAaYK, IONEHT, ipodeccop kadeapbl
OMOJIOTHYECKON XUMMUU, 3aBEAYIOIINN



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(1):37-51

Research Results in Biomedicine. 2026:12(1):37-51

nmabopaTtopueli OMOXUMHUYECKOH TEHETHKH U
MeTab0JIOMUKH HUN TE€HETHUYECKOMN 51
MouteKyisipHoi  anmmaemuonornn, PI'BOY BO
«Kypckuii  rocylapCTBEHHBId  MEIULMHCKUI
yHHUBepcuTeT, I'. Kypck, Poccuiickas ®@enepanns,
E-mail: azzzzar@yandex.ru, ORCID:
https://orcid.org/0000-0001-8098-8052.

Enena IOpseBna KuécoBa, mmaamuil HayuyHbIA
corpyaauk HUU renetnyeckoil 1 MOJNEKYJISIPHOU
smupemuonorun, OI'BOY BO  «Kypckuit
rOCy/apCTBEHHBI MEIUIUHCKUI YHHUBEPCHUTETY,
r. Kypck, Poccuiickas ®Denepanus, E-mail:

ecless@yandex.ru, ORCID:
https://orcid.org/0000-0002-1543-9230.
Jdanuna AJlekcaHApPOBUY BbamkaTos,

opauHATOp Kadeapsl XUpypruu (aKkyIbTeTCKON ¢
KypcaMH JIallapOCKONHUYECKOW U  CepiedHo-
cocyaucTo xupypruu ¢ knuHukor, ®I'bOY BO
«IlepBriii Cankr-IleTepOyprekmii
FOCYJApCTBEHHBIA MEAMIMHCKUN YHUBEPCUTET
nvenn axagemuka HW.II. IlaBmoBa», r. CaHKT-
ITerepOypr, Poccuiickas ®enepanus, E-mail:
dr.bashkatov@gmail.com, ORCID:
https://orcid.org/0000-0002-7404-4933.

Cranuciaas MHropesuuy KoHOHOB, KaHIuaaT
MEJUIUHCKHX  HAayK, AacCHUCTEHT  Kadeapbl
BHyTpeHHUX 6ose3nert Ne2 ®I'BOY BO «Kypcknit
rOCYJapCTBEHHBIH MEIULMHCKUI YHUBEPCHUTETY,
r. Kypck, Poccwiickas ®enepanus, E-mail:
ck325@yandex.ru, ORCID:
https://orcid.org/0000-0002-7622-7354.

Mapuss  AnapeeBHa CoJjoamioBa, JOKTOp
OMOJIOTMUECKUX  HAyK, JOLEHT, mpodeccop
kadeapsl OHONOTHHM, MEIUIIMHCKON Te€HETUKH U
3KOJIOTUHU OI'bOY BO «Kypckuit
rOCYJapCTBEHHBIH MEIULMHCKUI YHUBEPCHUTETY,
r. Kypck, Poccwiickas ®enepanus, E-mail:
solodilovama@gmail.com, ORCID:
https://orcid.org/0000-0003-4607-4913.

Auekceil BasepbeBuu Ilo10HHUKOB, JOKTOp
MEIUIIMHCKMX Hayk, mpodeccop, mpodeccop
kadeapsl OHONOrMM, MEAWIMHCKONH TE€HETUKH H
3KOJIOTHUH, 3aBeAYOUN nmaboparopueit
CTaTHCTUYECKONW TEHEeTUKH W OMOWH(OPMATHKH;
mupekrop HUW renerndeckoil m MoseKyssspHOU
snupemuonorny, PI'BOY  BO  «Kypckuit
FOCYJApCTBEHHBIH MEIWIHUHCKUI YHUBEPCUTETY,
r. Kypck, Poccuiickas ®enepauus, E-mail:
polonikov@rambler.ru, ORCID:
https://orcid.org/0000-0001-6280-247X.

Information about the authors

Sergey N. Zhabin, Cand. Sci. (Medicine),
Associate Professor at the Department of Surgical
Diseases Nel, Kursk State Medical University,
Kursk, Russia, E-mail: 79038771993@yandex.ru,
ORCID: https://orcid.org/0000-0002-9324-0972.
Victor A. Lazarenko, Doct. Sci. (Medicine),
Professor, Head of the Department of Surgical
Diseases of the Institute of Continuous Education,
Rector, Kursk State Medical University, Kursk,
Russia, E-mail: kurskmed@mail.ru, ORCID:
https://orcid.org/0000-0002-2069-7701.

luliia E. Azarova, Doct. Sci. (Medicine),
Associate Professor, Professor at the Department
of Biological Chemistry, Head of the Laboratory of
Biochemical Genetics and  Metabolomics,
Research Institute of Genetic and Molecular
Epidemiology, Kursk State Medical University,
Kursk, Russia, E-mail: azzzzar@yandex.ru,
ORCID: https://orcid.org/0000-0001-8098-8052.
Elena Yu. Klyosova, Junior Researcher, Research
Institute of Genetic and Molecular Epidemiology,
Kursk State Medical University, Kursk, Russia,
E-mail: ecless@yandex.ru, ORCID:
https://orcid.org/0000-0002-1543-9230.

Daniil A. Bashkatov, Resident at the Department
of Faculty Surgery with Courses in Laparoscopic
and Cardiovascular Surgery and Clinic, Pavlov
First Saint Petersburg State Medical University,
Saint Petersburg, Russia, E-mail:
dr.bashkatov@gmail.com, ORCID:
https://orcid.org/0000-0002-7404-4933.
Stanislav 1. Kononov, Cand. Sci. (Medicine),
Assistant at the Department of Internal Diseases
Ne2, Kursk State Medical University, Kursk,
Russia, E-mail: ck325@yandex.ru, ORCID:
https://orcid.org/0000-0002-7622-7354.

Maria A. Solodolova, Doct. Sci. (Biology),
Associate Professor, Professor at the Department
of Biology, Medical Genetics and Ecology, Kursk
State Medical University, Kursk, Russia, E-mail:
solodilovama@gmail.com, ORCID:
https://orcid.org/0000-0003-4607-4913.

Alexey V. Polonikov, Doct. Sci. (Medicine),
Professor, Professor at the Department of Biology,
Medical Genetics and Ecology, Head of the
Laboratory of Biochemical Genetics and
Metabolomics; Director, Research Institute of
Genetic and Molecular Epidemiology, Kursk State
Medical University, Kursk, Russia, E-mail:
polonikov@rambler.ru, ORCID:
https://orcid.org/0000-0001-6280-247X.



