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Pesrome

AKTyanbHOCTh: Pak MosouHoii sxene3sl (PMIK) 310 ommyxosib MOJIOUHOM KeJie3bl 37I0Ka4YeCTBEHHOTO
XapakTepa, KOTopasi 3aHUMaeT BeAyIlee MECTO Kak B CTPYKTYpe OHK03a00JIeBaHUH Y JKEHIIWH, TaK U
CpeAy MPUYMH CMEPTHOCTH KEHCKOI'0 HaceIEeHUs OT 3710Ka4eCTBEHHbIX HOBOOOpa3oBaHuii. Posb re-
HeTnueckux (pakropo B hopmupoBannu PMIK He Be3biBacT comHenuid. Llesan nccienoBanusi: U3zy-
YUTh POJIb BEICOKOIIEHETPAHTHBIX MyTauuil B reHax BRCAI n CHEK?2 B xapakTepe accolaluii 1no-
auMop(¢ur3Ma TeHOB MaTpUKCHBIX MeTayutonpoTtenHas (MMP) c PMK. MartepuaJjibl u MeToabl: s
peleHus] TOCTaBIEHHON IEeJIM UCCIIeAOBaHUS ObUIM C(HOPMHUPOBAHBI CIEAYIOLIHME TPH BHIOOPKU:
26 OonpHbix PMIK, wmmMmerolmue BBICOKONEHETpaHTHble MyTauuud B reHax BRCAI (c.5266dup
(5382insC), ¢.68 69del (185delAG), 2080delA) u CHEK?2 (1157T)), 332 6oapabIx PMIK 6€3 repmu-
HanpHBIX MyTammid B reHax BRCAI (c.5266dup (5382insC), ¢.68 69del (185delAG), 2080delA,
4153delA), BRCA2 (6174delT) u CHEK?2 (I1157T) u 746 »eHIIUH KOHTPOJIBHOM rpynimsl. B pabote
U3Y4YeHbl JECATh MONMMOPPHU3MOB TNSATH TEHOB MAaTPUKCHBIX MeTtamuionporenHas (MMPI,
MMP2, MMP3, MMP8 n MMP9). Ananu3 accouyanuii mpoBOIUIICS METOJIOM JIOTUCTHYECKON pe-
rpeccun. Pesyabrarel: ['enotun TT rs1940475 MMPS8 y 6onbabix PMIK, nmeromux BrICOKOTIEHE-
TpaHTHbIe MyTaluu B reHax BRCA I u CHEK? (3,84%) BcTpeuaercs B 6-7 pa3 pexxe B CPaBHEHUH Kak
C MalMeHTKaMH, He UMeroImux 3Tux mytauui (22,80% ppem=0,04), Tak 1 MHAUBUIYyyMaMu KOH-
TposnbHOM rpynmsl (26,18% ORcov=0,11 95%Clcov 0,01-0,81 pperm=0,03). Cpenu 6onbHbIx PMIK, He
MMEIOILIUX BBICOKOIIEHETPAaHTHBIX MyTauuil B reHax BRCAI u CHEK?2, ¢ 3ab001eBaHHEM acCOLIMUPO-
BaH nonumopdusm rena MMPY9: 1517576 (ORcov=0,81 pperm=0,03), 1s2250889 (ORc¢0v=0,61-0,66
Pperm=0,03), 1$3787268 (ORcov=2,03 pperm=0,04) 1 neBITH pa3iaHUHBIX TaIJIOTUIIOB IIECTH U3y4YeH-
HBIX JIOKYCOB MMP9 (Pperm<0,05). 3akarouenue: [Tomumopdusrit moxyc rs1940475 MMPS cBs3aH ¢
puckom pazButs PMX y skeHIIMH ¢ BBICOKONIEHETpaHTHBIMU MyTalusiMu B reHax BRCAI n CHEK?2,
a nomumopdusm rena MMP9 acconuupoBaH ¢ 3a00JI€BaHUEM Yy >KEHIIMH, HE MUMEIOIIMX JaHHBIX
MyTalui.

KuroueBble cjioBa: pak MoJOuHOM kene3sr; MMP; nonumopdusm; accounanuu; BRCA1; CHEK?
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Abstract

Background: Breast cancer (BC) is a malignant breast tumor, which occupies a leading place both
in the structure of oncological diseases in women and among the causes of female mortality from
malignant neoplasms. The role of genetic factors in the formation of breast cancer is beyond doubt.
The aim of the study: To study the role of highly penetrant mutations in BRCAI and CHEK? genes
in the pattern of associations of matrix metalloproteinase genes (MMP) polymorphism with BC. Ma-
terials and methods: To solve the research goal, the following three samples were formed: 26 BC
patients with highly penetrant mutations in the BRCAI (c.5266dup (5382insC), c.68 69del
(185delAG), 2080delA) and CHEK?2 (1157T)) genes, 332 BC patients without germinal mutations in
the BRCAI (c.5266dup (5382insC), c.68 69del (185delAG), 2080delA, 4153delA), BRCA2
(6174delT) and CHEK?2 (1157T) genes and 746 women of the control group. Ten polymorphisms of
five matrix metalloproteinase genes (MMP1, MMP2, MMP3, MMPS8 and MMP9) were studied. The
analysis of associations was carried out by the method of logistic regression. Results: The TT
151940475 MMPS genotype in BC patients with highly penetrant mutations in the BRCA 7 and CHEK?
genes (3.84%) is 6-7 times less common in comparison with both patients without these mutations
(22.80% pperm=0.04) and control group individuals (26.18% ORcew=0.11 95%Clcov 0.01-0.81
Pperm=0.03). In BC patients who do not have highly penetrant mutations in the BRCAI and CHEK?
genes, MMP9 gene polymorphisms are associated with the disease: rs17576 (ORc¢ov=0.81 pperm=0.03),
152250889 (ORcov=0.61-0.66 pperm=0.03), rs3787268 (ORcov=2.03 pperm=0.04) and nine different hap-
lotypes of the six studied MMP9 loci (pperm<0.05). Conclusion: The rs1940475 MMPS polymorphic
locus is associated with the risk of developing BC in women with highly penetrant mutations in the
BRCAI and CHEK? genes, and polymorphisms of the MMP9 gene are associated with the disease in
women without these mutations.

Keywords: breast cancer; matrix metalloproteinase genes; polymorphism; associations; BRCAI,;
CHEK?
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Pak monounoii sxene3sl (PMIXX) sTo omy-
XO0JIb MOJIOYHOHM >KeJe3bl 3J0KaueCTBEHHOTO
XapakTepa, UMeIolIas SMUTEIHAIBFHOE TPOKC-
xoxaenue [1]. CorinacHo JAaHHBIM MHUPOBOM
CTaTUCTUKHU (MaTepuaibl MeXIyHapoIHOTO
areHTCTBA 110 M3YYEHMIO paka) B HacToOsllce
BpEMs €KErOJJHO Cpe/id HACEJIeHUs MUpPa BbI-
ABIIsiETCA OoJiee 2 MIJUIMOHOB HOBBIX CITy4acB
PMX [2]. Cpenu Bcex ciydaeB paka (exe-
rOJHO B MHpe perucrpupyercsa 19,3 miH Ho-
BBIX cllydaeB oHkomnaronorun) PMX sBnsercs
HaubOonee gacteiM (11,7%) [2]. Cpenu xeH-
CKOTo HacesneHus yaenbHbI Bec PMX cpenu
BCceX OHKo3aboneBanuii cocrtasiager 24,5%
[3].Ilo nannbiM Poccrata B 2020 roay B Poc-
culickor denepanny KOJIMYECTBO JKEHIIUH Y
KOTOPBIX OB BIEPBBIC B KU3HU YCTAHOBJICH
nuarao3 PMOK coctaBuiio 65,0 ThIC. YEJIOBEK,
a rokasaTeb 3a001eBaeMOCTH ObLI paBeH 82,8
Ha 100000 ugenoBek [4]. OOpaimaer Ha cebdst
BHUMaHUE UMEIOIAsICS TEHCHIIHS K POCTY 3a-
6omneBaemoct PMXK B P®: crangaptu3oBaH-
HBIM ToKa3zaTenpb 3aboneBaemoctu Ha 100000
HaceJIeHusl (MUPOBOM CTaHIapT) 3a MOCJIETHUE
necsTh Jet Boipoc ¢ 42,83 B 2008 1. 1o 51,63 B
2018 r., mapaMeTp CpeIHEroJ0BOrO TeMIa
npupocta 3abonaeBaeMocTu coctaBui 1,97%, a
MoKasareiab MpHUpocTa 3a00JeBaEMOCTH 3a
JaHHBIA BpeMeHHOM nepuon — 22,15% [5].

HacnenctBennsle  (akTopbl  UrparoT
Ba)XXKHOE 3HaueHue B paszputuu PMXK [6-10].
[IpoBeneHHbIE K  HACTOSILIEMY BpPEMEHH
MoJTHO-TeHOMHBIe  nccaenoBanus (GWANS)
PMIXX yxa3piBaioT Ha CBs3b C 3a00JeBaHUEM
6onee 180 pa3aMyHBIX T€HETUYECKUX BapHaH-
TOB
[https://www.ebi.ac.uk/gwas/search?query=br
east%?20carcinoma], BOBJIEYEHHOCTb KOTOPBIX
B (OpMHpOBAHUE NMATOJOTMM 3aBUCHUT OT Ta-
KUX (aKTOpOB KaK MOJEKYJSPHBIA MOJITHUI
OIyX0JdH (JIIOMUHAJIbHBIA, TPOMHON HEraTHB-
HBIM W Jp.), HajguuuMe MyTaluil B TeHax
BRCAI1/2w ap.[11, 12, 13]. Ilpu oToM crenyer
OTMETUTH, YTO JJAaHHBIE TOJIMMOP(HBIE TOKYCHI

o0BsicHstoT b 18% HacnienyemocTu 3a60-
JieBaHud [9], a ¢ BBICOKOIIEHETPAHTHBIMU MY-
tauusiMu B reHax BRCAI/BRCA2, CHEK?2,
ATM, PALB2 w psne ap. TEHOB CBsi3aHO ~5%
PMX [6, 7]. BmMecTe ¢ 3TUM, IO COBPEMEHHBIM
TFE€HETUKO-3IIUIEMUOJIOTUYECKUM  OLIEHKaMm
BKJIaJ] HACJIEJICTBEHHOI KOMIIOHEHTHI B (op-
mupoBanue PMX nocturaer 1o 31% [10]. Uc-
X0l M3 3TOr0 MOYKHO 3aKJIIOUUThH, YTO He-
CMOTpS Ha aKTUBHOE UCCIIEIOBaHUE F€HETUYE-
ckux ocHoB PMJX, koTopoe akTUBHO MPOBO-
JUTCSI MHOTOYHCIICHHBIMU HAYYHBIMU KOJIJIEK-
TUBaMH, B T€UECHUU TOCIECIHUX JIECATUICTUH,
3HAYUTENIbHAs YacTh I€HETUYECKUX JEeTepMU-
HAaHT, BOBJICUEHHBIX B BOSHUKHOBEHHE 3a0071e-
BaHUs, 10 HACTOSLIET0 BPEMEHHU OCTAEeTCs He-
W3BECTHOM, YTO IUKTYET HEOOXOIUMOCTb MPO-
JOJDKEHUSI  T€HETHKO-3IUAEMHOIOrMYECKUX
ucciaenosauuii PMXK.

Cpenu «1oTeHIMABbHBIX) T€HOB-KaH 1~
natoB PMJK akTuBHO M3y4aroTcsi reHbl MaT-
PUKCHBIX MeTauionporeunas (MMP) [14, 15].
CBsI3b IPOTYKTOB 3KCIIPECCUH 3TUX I'€HOB (0]1-
HOMMEHHbIE O€JIKM) ¢ 3a00JI€BaHUEM B HACTO-
siliee BpeMsl He BbI3bIBaeT COMHEeHMH [16, 17].
3a cueT CcBOEW KOJUIareHa3HOW aKTHUBHOCTH,
CMOCOOHOCTH PAaCIIEIUIATh IPOANONTOTHYE-
cKkre (akTopbl, MOOUIIM3OBBIBATH/AKTUBUPO-
BaTh IPOAHTUOT€HHbIE (PaKTOPBI ((pakTOpbI po-
CTa), MOJIaBJISATh BEIPA0OOTKY HHTMOUTOPOB aH-
ruoreHe3a (aHrMOCTaTHH, dHA0cTaTUH) MMP
o0ecrieunBalOT JIerpajaliio  KOMIIOHEHTOB
CTPOMaJIbHON COEIUHUTENILHOW TKaHW MU Oa-
3anpHOM MeMOpansl MMP, uto umeer «kiito-
4eBOE» 3HAYCHME B IIPOLIECCAX AHTHMOTEHE3a,
WHBa3UM M METacTa3upoBaHUs omyxouu [16,
17].11oBbruennas sxcnpeccus MMP (MMP1,
MMP2, MMP9, np.) B ouare nopaxeHus UH-
OYLHUPYET pOCT OIyXOJIEBOM TKAHU, WHULMU-
pyeT ee WHBa3WI0 M MeTacTasupoBaHue |15,
18]. Umerotcst yoenuTenbHble JaHHbIE O CBSI3U
MMP ¢ BeDKHBaeMOCTBIO 00IbHBIX PMIK [16].

CBs3b (DyHKIIMOHAJIBHO 3HAYUMOTO TO-
numopduzma reHoB MMP (MMPI, MMP?2,
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MMP9, np.) ¢ puckom pazsutusi PMX ak-
TUBHO M3y4YaeTCsl pa3IU4YHbBIMU HAyYHBIMU
koyektuBamu [15, 19-31 u np.]. Ilpu >3TOoM
HECMOTpsSI HAa 3HAYUTEIbHBIA HAKOIUICHHBIN
(hakTUYECKUI MaTepuai Mo ATOW TeMme, Clie-
yeT KOHCTaTHpOBaTh, YTO 3TU JIaHHbIE He-
PEAKO HE COTJIaCyrOTCsl MEeXIy co0oil, B psne
CIIy4a€B OHHU IPOTUBOPEYMBBI, a MO OTAEIIb-
HBbIM JIOKycaMm (Hanpumep, 1s17577 MMPY,
rs1940475 MMPS8 u np. [30, 31]) — enuHAYHBI
u ¢parmenTapubl. Hampumep, 3Haunmas acco-
muarms rs1799750 reaa MMP1 ¢ PM2K o6Ha-
pyXeHa B nsATH paboTax, TOrAa Kak B JIECATH
HCCIEAOBAHUAX TAKOM CBSI3U BBISIBICHO HE
obuto [15, 19-22 u np.]. IlporuBopeunBbIe
naHHble 1o accouuanuu ¢ PMXK umerorcs B
nuTeparype s jgokyca rs3918242 MMPY: B
OIIHUX paboTtax moauMopdHsbIii Bapuant T ne-
MOHCTPHUPOBAJ «PUCKOBOE» 3HAYEHHE JJIS 3a-
6oneBanus [23, 24, 25], no pe3ynbratam apy-
I'UX HUCCIIEI0OBAaHUM 3TOT JIOKYC HE ObLI CBSA3aH
¢ 6onesnnio [19, 20, 21, 26, 27, 28] wim Ha060-
pOT reHernyeckuii Bapuant TT nposBisuI «3a-
i THBINY 3@ dekt st PMX [29]. Beimeyka-
3aHHbBIC JaHHBIE JUKTYIOT HEOO0XOAMMOCTh
MIPOJIOJKEHMS UCCIIEOBAHUMN 10 3TOM TEME C
LIEJIbIO0 YCTAHOBJICHUS «3HAYMMBIX» 111 PMIK
MNOJUMOP(HBIX JIOKycOB reHoB MMP B 0T-
JeJIbHBIX 3THO-TEPPUTOPUATBHBIX IPYyNIax U B
ToM unciie Poccuiickoit denepanumn.

Heabio 1aHHOI PadoTHI SBUIOCH U3Y-
YEHHE POJIM BHICOKOIIEHETPAHTHBIX MyTallui B
reHax BRCA1 u CHEK? B xapakTepe accolu-
anuii nonuMop¢u3Ma reHoB MaTPUKCHBIX Me-
TaJUIONPOTENHA3 C PAKOM MOJIOYHOM JKeJe3bl.

Martepnanbsl M MeTOAbI HCCJIEI0BA-
HMA. /{1 pemieHus nmocTtaBIeHHOW LENH uc-
clieioBaHusl ObUTM C(OPMHUPOBAHBI CIEAYIO-
e Tpu BeIOOpKuU: 26 601bHBIX PMIK, nmero-
II1€ BBICOKOIIEHETPAHTHBIE MyTallui B T€Hax
BRCAI (c.5266dup (5382insC), c¢.68 69del
(185delAG), 2080delA) u CHEK?2 (1157T)),
332 6onpHbIXx PMXK 6€3 repMuHaIbHBIX MyTa-
uit B reHax BRCAI (¢.5266dup (5382insC),
c.68 69del (185delAQG), 2080delA,
4153delA), BRCA2 (6174delT) m CHEK2
(I157T) u 746 KeHIIMH KOHTPOJIBLHOU TPYTIIIHI.
Crnenyer OoTMETUTh, U4TO cpeand 26 OOJIBHBIX
PMIK, umeromux BBICOKOIIEHETPAHTHBIE MY-
tanmu B reHax BRCAI w CHEK?2 (nons 3Toit

Ipynnbl MAallMeHTOB CpPeAu BCeX OOIbHBIX
PMIXK (n=358) paBHa 7,26 %), reHeTHYECKUI
BapuaHT ¢.5266dup (5382insC) BRCA 1 Bctpe-
yaicst 'y 22 namueHTtok (6,14 % cpenu Bcex
6onpHBIX PMOK, n=358), myTamus c.68 69del
(185delAG) BRCA1 6vbina BeisiBIeHa y 1 jkeH-
umHbl (0,28 %), mytanusa 2080delA BRCAI
nuarnoctupoBana y 1 manuentku (0,28 %) u
myTtauus [157T CHEK?2 yctaHoBiieHa y 2 K€H-
e (0,56 %). Ciaenyer oTMETUTh, YTO MyTa-
st B reHe BRCA2 (6174delT) He Obuia BhISB-
neHa cpeau OonpHBIX PMIK, mostomy mpu
OIMCAaHUU PE3YJIbTATOB PA0OTHI AJISl XapaKTe-
PUCTHKH paccMaTPUBAEMBIX T'PYII OOJIbHBIX
PMK mbI ucnionb3oBanyu TEPMUHBI «OOJIbHbBIE
PMIXK, umeromue/He uMeroe BHICOKOIIEHE-
TpaHTHble MyTauuu B TeHax BRCAI wu
CHEK2».

O6cnenoBanue 60nbHBIX PMOK 1 nocra-
HOBKa JMarfHo3a 3a0ojeBaHHs MPOBOAMIUCH
BpauaMH-OHKoJioraMH  benropoackoro  006-
JIACTHOT'O OHKOJIOTUYECKOTO JHCIaHcepa B Ie-
puoxn 2010-2016 rr. Bepudukanus nuarHosa
BBITIOJHSIACH MIPH MMaTOTUCTOIOTUYECKOM HC-
CIIEZIOBaHUHM O00pa3IOB OITyXOJIEBOW TKaHU
(Matepuan 111 MOP(OIOTHUECKOro HUCCIe0-
BaHMs ObLI MOJY4YEeH UHTpaoIepanuoHHo) [1].
dopmupoBaHUEe KOHTPOJILHOW TIpymmbl (63
KJIMHUKO-aHAMHECTUYECKUX IPU3HAKOB
PMX) npoBoamiiocs Ha 6a3e nepuHaTaIbHOTO
nentpa BOKB (B xone npod. ocmoTtpos). Bos-
pacTHble XapaKTePUCTUKU OOJbHBIX M KOH-
Tpoist ObUIM comocTaBuMbl. Bce OosbHbBIE
PM)XK ©n >KeHIIMHBI KOHTPOJIBHOM TIpYMIIbI
ObUIM PYCCKHUMH, MPOXHUBAIHU (POIUINCH) B
HentpansHom YepHnozembe Poccuu [30, 31] u
MOANUCATH UH()OPMHPOBAHHOE COTJIacCHE Ha
y4yacTHe B MCCIIeJOBaHUU (ITPOBEACHUE HCCIIe-
JIOBaHMsI OBLIIO COTJIACOBAHO C ATUYECKUM KO-
MHUTETOM MEIUIIMHCKOTo nHCTUTYyTa benl'Y).

I'enorunuposanue o6pasioB JHK (mo-
Jy4eHbI U3 BEHO3HOU KPOBH 00CIIEyeMBbIX Me-
TOAOM (EHOIBHO-XJTOPOPOPMHON IKCTPAK-
LUU) TPOBOAMUJIOCH Ha  aMIUTH(HUKaTOpe
¢upmbl  Bio-Rad (CFX96) wmeromom Tag-
Man3oH10B  (MCMONB30BaNach TEXHOJIOTHUS
real-time I11IP) [32] ¢ ucnons3oBaHueM pea-
T'eHTOB, pa3paboTaHHbIX Gupmoit «Tect-I'eny.
[Ipu npoBeeHNH SKCIIEPUMEHTAIbHBIX HCClle-
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JOBaHU OBLJIO BHITIOJHEHO Pe-reHOTUITUPOBa-
HUE yacT 00pa3ioB (<5%) ¢ UeIbI0 KOHTPOJISI
KayecTBa TeHoTunupoBanus [33], moarsep-
nusiee noyinyio (100%) Bocpou3BOAMMOCTb
pe3ynbTaroB. B paboTe u3yyanuch 1ecsaTh Mo-
TUMOP(HU3MOB TATH T'€HOB MATPUKCHBIX Me-
TaJUIONPOTEHHA3 U B TOM YHKCJIE HIECTh MOJH-
MopduzmoB reHaMMP9 (rs2250889, rs17576,
rs3787268, rs17577, rs3918249, rs3918242) u
mo oaHoMy mnosmMmopdusmy reHoB MMP]
(rs1799750), MMP2  (rs243865), @ MMP3
(rs679620) u MMPS (rs1940475). IIpu otGope
MOJTUMOP(PHU3MOB U MCCICIOBAHUS YUUTHI-
BAJINCh ONpeACIeHHbIE Kputepun [34]: ux
cBaA3b ¢ PMJK B paHee BBIIIOJIHEHHBIX UCCIIE-
JOBAHUSIX, PETYJIATOPHBIN MOTEHIHA (IS €TO
OIICHKH OBLI MpOBeJIeH in silico aHanmmu3 Mare-
puaigoB OwomH(popMaruueckoi 0a3pl Hap-
loReg [35]), uacToTa anbTepHATUBHOTO Bapu-
aHTa B €BPOIEUCKHUX MOMYJSAIUSIX HE MEHee
0,05.

Ces3p nmonumopdusma ¢ 3abosieBaHUEM
OLICHHMBAJIaCh HA OCHOBE PACCUMTAHHBIX METO-
JIOM PErpecCMOHHOTO aHaiu3a B MPOrpamMme
PLINK (Bepcus 1.07) mokasareneil oTHolie-
Hus maHcoB (OR) u ux 95% noBepUTENHLHOTO
untepsaina (95%C]) [36] c BkiroueHreM B aHa-
JU3 KOBapuaT- BO3pacTa M HMHJEKCA MaccChl
Tena (COOTBETCTBEHHO ObUH paccuuTanbl OR-
cov 1 95%Cleoy). st KOppeKIMM Ha MHOXe-
CTBEHHbIE CpaBHEHHsS B paboTe HCHOJIb30Ba-
JIUCh TIEpMyTallMOHHBIE ITpouenypsl [37]. Ilpu
3HA4EHUU MOKa3aTels Pperm<0,05 paznmums
CUMTAJIUCh CTAaTUCTUYECKU 3HAYMMbIMU [38].
Jlnis nokycoB reHoB MMP, cBsi3aHHBIX C 3a00-
JIEBAHUEM B PACCMATPUBAEMBIX MOATrPYMIIAX
OOJBHBIX (HAJIMYUE WM OTCYTCTBHE BBICOKO-
NIEHETPAaHTHBIX MyTauuid B reHax BRCAI n
CHEK?2) npoBefieH «JIeTalbHBIN» aHalu3 HUX
perynasTopHoro noreruuana [39] (ucnomb3o-
Bajach OHJIAH 0a3a SMUTCHETUYECKOW WH-
¢dopmanuu HaploReg [35], GTExportal [40] u
Npyrue JTuTepaTypHble MaTepHalibl MO 3TOH
Teme).

Pe3yabTarsl u ux 00cy:xaenne. [Ipose-
JIEHHOE HCCIIEZIOBAaHUE PACIpENEICHUs AECATU
MOMUMOP(HBIX JIOKycOB TreHoB MMP cpenu
6onpHBIX PMOK, MMeromux BEICOKONIEHETPaHT-
Hble MyTanuu B TeHax BRCAI n CHEK?2 u He

MMEIOIIMUX JaHHbIE MYTAaIlUH, a TaKkKe B KOH-
TPOJIBHOM TpyIIE HE BBISBUIO JTOCTOBEPHBIX
OTIM4uil B HaOII01aeMOM pacIipe/ieieHuu Te-
HOTHUIIOB I10 JIaHHBIM JIOKyCaM B CPaBHEHUU C
OKU/IaEMBIM pacIpe/ie]ICeHHeM TpU BBINOJIHE-
HUU 3akoHa Xapau-BaitnOepra (B pabote BBO-
JIUJIaCch TIOIPaBKa Ha MHOXECTBEHHbBIE CpaBHE-
Hus (TTonpaBka boHpeppoHH) B COOTBETCTBUH C
KOJIMYECTBOM M3Y4YaeMbIX JIOKYCOB paBHas 10-
Poont>0,005 (0,05/10)) (Tabmmma 1).

JlanHblie TaOIUIIBI 2 CBUIECTEIBCTBYIOT O
CYILIECTBEHHBIX Pa3IMUYUAX B XapaKTepe acco-
[UAIUU TOTUMOPQHBIX JIOKycOB reHoB MMP
y OompHBIX PMJK, mMMerommx BBICOKOTICHE-
TpaHTHbIe MyTaluu B reHax BRCAI u CHEK?2
B oTinuue oT 6onpHBIX PMIK, He umeromux
naHHble MyTanuu. Tak, cpeau 601apHbIX PMOK
C BBICOKOIICHETPAHTHBIMHU MYTAIIUSIMH B T€HAX
BRCAI n CHEK? c 3a005eBaHHEM aCCOIUH-
poBan nonumMop®HsbIi okyc rs1940475 rena
MMPS8, npuyem amienbHblid BapuanT T 3Toro
JIOKyCa COTJIaCHO PEIECCUBHOM T'eHeTHYeCKOn
mozenu (TT vs CT u CC) umeer npoTeKTUB-
HOE 3HA4YeHHE [UIsl Pa3BUTUS MATOJOTUH
(ORcov=0,11 95%Cleov 0,01-0,81 peov=0,03
Pperm=0,03). Toraa kak cpeau 6onbabBIX PMIK,
HE UMEIOIINX BHICOKOTIEHETPAHTHBIX MYTaIlHil
BreHaXx BRCAI nw CHEK?2, c 3a0oieBaHUEM ac-
COLIMMPOBAaHbBl TPU MOIUMOpPPHU3Ma TIeHa
MMPY: 1s17576, rs3787268 1 152250889 (Tad-
nuna 2).Cnenyer OTMETHTh, YTO MHHOPHBIE
ayenbHble BapuaHThl G 1517576 u 152250889
MPOSBIISIOT «3ALIUTHBIID 3QGEeKT npu pa3Bu-
TUU TATOJIOTMU COTJIACHO aJUIeJbHOW (IS
1s17576: G vs A, OR¢0v=0,81 95%Clcov 0,66-
0,98 pcov=0,03 pperm=0,03), anaUTHUBHOI U J10-
MuHaHTHOU (17151 152250889: GG vs CG vs CC,
ORcov=0,66 95%Clcov  0,45-0,96  peov=0,03
Pperm=0,03 1 GG u CG vs CC, ORc0v=0,61
95%Clcov 0,40-0,94 pcov=0,03 pperm=0,03 cooT-
BETCTBEHHO) TE€HETHMYECKUM MojesaM (Tal-
muna 2). Hapsigy ¢ 5TUM MUHOPHBIN aljielnb-
HbIA BapuaHT A rs3787268 B pamkax periec-
CUBHOW T€HETUYECKOW Mofenu sBisercs (ax-
TOpoM pucka pa3zsutus PMIK y xeHmmH, HE
MMEIOIUX BBICOKOMIEHETPAHTHBIX MYTaIluil B
reHax BRCAI u CHEK?2 (GG vs CG u CC OR-
cov=2,03  95%Cleov  1,05-3,95  peov=0,04
Pperm=0,04) (Tabnuna 2).
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Tabnuya 1

YacToThl MUHOPHBIX aJlIes1el OJIUMOP(HBIX T0KYCOB reHoB MMP u 1aHHbIe
0 COOTBETCTBUM HMX pacrpeneieHusi 3akoHy Xapau-BaiinOepra B usy4yaembIX rpynmax
skeHIIUH ¢ PM7K, uMeomux 1 He HMEOIINX BbICOKONIEHETPAHTHBIE MyTalliH
B reHax BRCAI v CHEK? v B KOHTPOJILHOM rpynime

Table 1

Frequencies of minor alleles of polymorphic loci of the MMP genes and data on the compli-
ance of their distribution with the Hardy-Weinberg law in the studied groups of women with
breast cancer with and without high-penetrance mutations in the BRCAI and CHEK? genes
and in the control group

HN3yyaemble rpynnsl
Boabusie PMIK, umero- B(::(:)Hbf Pl\glfc’oﬂi_
HMoaumopduzm (dbSNP), ren I1e BHICOKOIIEHe- :é: a:::[bs:);l Ta H“ﬁ KonrtposbHas
(rs mosmmmMop¢u3Ma, MUHOPHBIN ajLlelIb) | TPAHTHbIE MYTAllUH B Bpreﬂax BR Cil 7 :; rpynmna
renax BRCAI n CHEK? CHEK? (n=746)
(n=26) (n=332)
0,442 0,471 0,464
-1 2G>1G MMP] (rsl 2 ’ ’ ’
c.-1607 2G>1G (rs1799750, 2G) (Piwe=0.69) (Piwi=0,91) (Piwe=0,07)
0,240 0,235 0,249
-1 >T MMP?2 (rs24 T ’ ? ’
c--1306 C (rs243865, T) (Puwe=0,28) (Prwe=0,88) (Piwe=0,20)
0,440 0,476 0,499
133 T>C MMP. 20, T ’ ’ ’
c.133 T>C 3 (rs679620, T) (Piwe=0,69) (Puwe=0,74) (Piwe=0,56)
0,404 0,488 0,489
259 T>C MMPS (rs1940475, T ’ ’ :
¢.259 T>C MMP8 (rs1940475, T) (Prwe=0,02) (Prwe=0,51) (Prwe=0,02)
0,135 0,172 0,167
-1562 C>T MMP 18242, T ’ ’ ’
c-1562 C 9 (rs3918242, T) (Puwe=0,37) (Puwe=0,12) (Puwe=0,57)
0,340 0,361 0,389
¢.139-369 T>C MMP9 (153918249, C) (Puanc 66) (Puanac0.09) i 82)
¢.836 A>G MMP9 (1517576, G) (PH3;3f15, 00) (PH\%S j(i 7 (PH\?«’:& )
c.1331-163 G>A MMP9 (rs3787268, A) (PH\(Z/fjll,OO) (PH\(})\/’EZj,(i 16) (PH\(z/f:l(i 39)
c. 1721 G>C MMP9 (rs2250889, G) (PH\(Z/;;O=211,00) (PH\?/’EOE(;S, 27) (PH\(z/;l=()()9, 02)
¢.2003 G>A MMP9 (1517577, A) (PHg; 1=713 00) (PH\?«’E lf(i ) (PH\?«; 127(?, %)
OOHapy>KeHbl AaCCOIMAIMU TalIOTHUIIOB rs17576  (ORcv=2,49 p=0,007), CCAG

rs3918242-rs3918249-rs17576-rs3787268

IeCTH TOJIMMOP(HBIX JOKycoB TeHa MMPY
(pacmonoxensl Ha 20 XpOMOCOME Ha paccTosi-
Huu ~7 kb, yyactok renoma (hg38) 46007337 —
46014472) c PMX TonbKO Cpeau KEHIIUH, HE
MMEIOIINX BBICOKONIEHETPAHTHBIX MYTAllMi B
reHax BRCA1 u CHEK?2. B 310l rpy1ie xeH-
muH acconuupoBanbl ¢ PMOK neBsTe paznuy-
HBIX TaIlUIOTUIIOB, B COCTaB KOTOPBIX BXOMST
BCe IIecTh M3yueHHBIX B pabore SNPs rena
MMP9. Yetblpe U3 3TUX JEBATH T'AILUIOTUIIOB
MOBBIIIAIOT PUCK BO3HUKHOBEHUSI MATOJIOTHH:
CA r$3918249-rs17576 (ORcov=2,03
p=0,013), CCA  1s3918242-rs3918249-

(ORcv=3,78 p=0,004), CAGCG 1rs3918249-
rs17576-rs3787268-rs2250889-rs17577
(ORcv=3,01 p=0,008). IlsaTh ramiaoTUoB ac-
COLIMMPOBAHBI C HU3KUM PUCKOM Pa3BUTHS 3a-
OoJieBaHUS: GG rs17576-rs3787268
(ORcv=0,63 p=0,004), GG 1s3787268-
rs2250889 (OR¢v=0,58 p=0,015), GGC
rs17576-rs3787268-rs2250889  ORc¢ov=0,65
p=0,009), CGG rs3918249-rs17576-
rs3787268 (ORcov=0,64 p=0,007), CGGC
1s3918249-rs17576-rs3787268-rs2250889
ORcov=0,64 p=0,009).
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Tabnuya 2
JlaHHbIE IO acCOUMALHUAM MOJUMOP(PHBIX BAPUAHTOB reHoB MMP ¢ pakoM MOJIOYHOI Kejie3bl B IPyNnax 00JbHbIX B 3aBUCUMOCTH
OT HAJIMYMSI/OTCYTCTBHSI BLICOKONIEHETPAHTHBIX MyTauuii B reHax BRCAI u CHEK?
Table?2
Data on associations of polymorphic variants of the MMP genes with breast cancer in groups of patients depending on the presence/absence

of highly penetrant mutations in the BRCAI and CHEK? genes

Tosmvopdusm (dbSNP), ren AJ'[.]'IeJ'IbOHaH MoJeNb AIlIlI/ITI/IBOHaH Moj1eJb )IOMI/IHal:)THaﬂ MoJ1eJb Peueccm;naﬂ MoJ1eb

(rs noiMMopgu3Ma, MHUHOPHBII aJLIeh) N lor 95% Cleoy Pcov [OR 95% Cleoy Pov |OR 95% Cleoy Peov |OR 95% Cleox P
P ’ P ' L95co [ U95cov | |7 L95coy | U9Beov | ~ ™ |~ " LIScov | U95cov | ~ " |7 [ L95cov | U9Beov | ~

B rpyriie OOJBHBIX, UIMEIONINX BHICOKOIICHETPaHTHBIC MyTannu B reHax BRCAI u CHEK?
¢.-1607 2G>1G MMPI (rs1799750, 2G) 749 10,92 | 0,52 1,60 | 0,76 | 0,89 | 0,52 1,53 | 0,68 | 1,15 | 0,47 2,77 10,76 | 0,57 | 0,19 1,68 | 0,31
c.-1306 C>T MMP2 (rs243865, T) 757 10,95 | 0,49 1,84 10,88 0,96 | 0,50 1,84 1091 |1,26 | 0,57 | 2,80 | 0,57 ] 0,01 | 0,00 inf | 1,00
c.133 T>C MMP3 (rs679620, T) 764 | 0,79 | 045 1,39 1041 0,81 | 0,46 1,43 | 0,47 10,93 | 0,38 2,28 10,88 0,57 | 0,19 1,68 | 0,30
¢.259 T>C MMPS (rs1940475, T) 767 1 0,71 | 0,40 1,24 10,23 10,73 | 0,42 1,25 10,25 | 1,36 | 0,54 | 3,44 | 0,52 ] 0,11 | 0,01 0,81 | 0,03
c.-1562 C>T MMPY (1rs3918242, T) 761 | 0,78 | 0,35 1,75 10,54 10,74 | 0,33 1,69 | 0,48 | 0,64 | 0,25 1,61 1034 | 1,68 | 0,21 | 13,19 | 0,62
c.139-369 T>C MMP9 (153918249, C) 760 | 0,81 | 045 1,47 1048 10,78 | 0,43 1,43 |1 0,42 | 0,86 | 0,38 1,95 10,71 | 0,47 | 0,11 2,02 10,31
c.836 A>G MMP9 (rs17576, G) 769 1 0,98 | 0,56 1,73 10,95 0,95 | 0,54 1,67 10,86 094 | 042 | 2,10 |0,87]0,94 | 0,32 2,78 10,91
c.1331-163 G>A MMP9 (rs3787268, A) 765 11,09 057 | 2,11 | 0,79 | 1,10 | 0,57 | 2,15 | 0,77 | 1,17 | 0,53 2,58 10,70 | 0,91 | 0,12 6,95 10,92
c. 1721 G>C MMP9 (rs2250889, G) 759 10,17 | 0,02 1,26 | 0,05 ] 0,20 | 0,03 1,42 [ 0,11]0,19 | 0,02 1,39 10,10 | 0,01 | 0,00 inf | 1,00
c.2003 G>A MMP9 (rs17577, A) 752 11,02] 049 | 2,12 096|098 | 046 | 2,08 1096|092 039 | 2,15 0,84 ] 1,59] 0,20 | 12,42 | 0,66
B rpymiie OOJBHBIX, HE MMEIOIINX BEICOKOIICHETPAHTHRIX MyTalmu B reHax BRCAI u CHEK?

c.-1607 2G>1G MMPI (rs1799750, 2G) 1040 | 1,03 | 0,85 1,24 10,77 | 1,09 | 0,88 1,35 1045] 1,30 | 0,91 1,84 0,151 0,95 | 0,65 1,38 | 0,77
c.-1306 C>T MMP2 (rs243865, T) 1046 | 0,93 | 0,75 1,15 1049 0,85 | 0,66 1,11 [10,24]0,91 | 0,67 1,26 | 0,58 | 0,48 | 0,22 1,06 | 0,07
c.133 T>C MMP3 (rs679620, T) 10591 091 | 0,76 1,10 10,33 ]0,85| 0,68 1,06 |0,15]0,84 | 0,59 1,19 10,33 ]0,77 | 0,53 L,11 ] 0,16
¢.259 T>C MMPS (rs1940475, T) 10591 0,99 | 0,83 1,20 |1 0,95 | 1,07 | 0,86 1,32 10,56 10,99 | 0,70 1,40 | 0,96 | 1,20 | 0,85 1,71 ] 0,30
c.-1562 C>T MMPY (rs3918242, T) 1052 ] 1,04 | 0,81 1,33 10,75 ] 1,04 | 0,78 1,38 [ 0,81 ] 1,01 | 0,72 1,41 10,98 | 1,33 | 0,56 3,14 10,52
¢.139-369 T>C MMP9 (153918249, C) 10471 0,89 | 0,73 1,07 10,21 ] 0,96 | 0,76 1,20 10,69 | 0,91 | 0,66 1,25 10,56 | 1,01 | 0,65 1,54 | 0,98
c.836 A>G MMPY (rs17576, G) 10581081 | 0,66 | 0,98 | 0,03 0,82 | 0,65 1,03 | 0,09 0,81 | 0,59 1,10 | 0,18 1 0,70 | 0,44 1,11 |0,13
c.1331-163 G>A MMP9 (rs3787268, A) 1052 1,11 | 0,89 1,38 10,36 | 1,18 | 0,90 1,53 10,23 11,09 ] 0,79 1,50 | 0,60 | 2,03 | 1,05 3,95 | 0,04
c. 1721 G>C MMP9 (rs2250889, G) 10551 0,75 | 0,55 1,03 | 0,08 | 0,66 | 0,45 0,96 | 0,03 ]0,61 | 040 | 094 | 0,03 | 0,62 | 0,17 2,26 | 047
c.2003 G>A MMP9 (rs17577, A) 10421 0,97 | 0,75 1,24 10,78 1 0,95 | 0,71 1,27 10,72 10,94 | 0,67 1,32 10,72 10,94 | 0,39 2,26 | 0,89

IMpumeuanue: ORcoy — oTHOMmEHUE mAHCOB, 95%O0Rcoy — HOBepHUTENBHBIH HHTEpBAN OTHOIMIEHUS MAHCOB (L95.0y — HKkHMI npenen n U95.,, — BepXHHI Npeen TOBEPUTEIHHOTO
uHTepBana), inf — He onpexnensercs, P — ypoBeHb 3HAYMMOCTH, )KUPHBIM BBIICIEHBI CTATHCTHYECKH 3HAUYMMBbIE ITOKA3aTEIM C yUYETOM Pe3yJIbTaTOB IIPOBEICHHOTO aIallTUBHOTO I1ep-
MYTallMOHHOTO TECTa.

Note: ORcoy —0dds ratio, 95%OR..v — confidence interval of the odds ratio (L95.,v — lower limit and U95.,v — upper limit of the confidence interval), inf — not determined, P —significance
level, statistically significant indicators are highlighted in bold, taking into account the results of the adaptive permutation test.
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Bce BhllIeyka3aHHbIe TaHHBIE MTOATBEP-
KICHBI MepMyTaIllMOHHBIM TECTOM
(Pperm<0,05). B rpymnme 6ompubix PMXK C BBI-
COKOIIEHETPAHTHBIMH MYTallUsIMU B TeHax
BRCAI w CHEK? noctoBepHBIX accoluanui
ramotunoB SNPs rena MMP9 c 3aboneBa-
HUEM He BBIABIEHO (Pperm>0,05).

[IpoBeneHHBIN CpaBHUTEIBHBINA aHAIU3
pacnpezesieHus ajiesiell U TeHOTUIIOB U3y4dae-
MBIX IMOJTUMOP(HBIX BapUaHTOB reHOB MMP B
IBYX TpymIax OOJIbHBIX — UMEIOLIUX/HE nUMe-
IOIIUX BBICOKOTICHETPAHTHBIE MYyTalluu B Te-
Hax BRCAI u CHEK?2, noka3an JOCTOBEpHBIE
pasnuuus B PacnpoOCTPAHEHHOCTH TIEHOTHUIIA
TT rs1940475 rena MMPS (peueccuBHas re-
Hetnueckast Mmozienb, TT vs CT u CC): nanub1it
TeHeTUYECKUI BapraHT cpennbonbHbix PMIK,
HE UMEIOIINX BBICOKOIIEHETPAHTHBIE MyTaIllH

reHax BRCAIl v CHEK?2, Bctpedaetcst B 5,93
pasa yamie 4em Cpeliyd MalHUeHTOK Y KOTOPBIX
3aperucTpupoBaHbl JaHHble MyTauuu (22,80%
u 3,84%  COOTBETCTBEHHO,  Pcov=0,04
Pperm=0,04) (Tabnuma 3). Tak ke, cineayer or-
METUTh, YTO JAHHbIA T€HETUYECKUN BAPUAHT
(rernotun TT rs1940475 MMPS8) B KOHTPOIIb-
HOM IpyIIIe BCTpeyaercs ¢ yacTotou 26,18% u
3TOT IOKa3aTellb JIOCTOBEPHO HE OTIMYAETCS
OT aHaJOTUYHOTO TOKa3aTeiass y OOJbHBIX
PMX, He wumerommx BBICOKONIEHETPAHTHBIE
myTanuu B renax BRCAI u CHEK? (22,80%,
p>0,05), HO TIpH 3TOM OH B 6,81 paza npeBbI-
IaeT JaHHBIM apaMeTp B CPaBHEHUU ¢ OO0JTb-
HbiMH PMOK, nMeromuymMu BBICOKOIIEHETPAHT-
Hble MyTtanuu B TeHax BRCAI w CHEK2
(3,84%, pperm<0,05) (Tabnuia 2).

Tabnuya 3

Pe3yabTaThl CPABHUTEIBHOI0 AHAIN3A YACTOT ajljieied M TeHOTUIIOB NMOJMMOP(HBIX
JIOKYCOB reHoB MMP mexay rpynnaMu s;keHmmH ¢ PMOK, nMeonux 1 He HMeEKOIIHNX
BbICOKOINIEHEeTPAHTHbIe MyTanuM B reHax BRCAI n CHEK?

Table 3

The results of a comparative analysis of the frequencies of alleles and genotypes of polymor-
phic loci of the MMP genes between groups of women with breast cancer with and without
high-penetrance mutations in the BRCAI and CHEK? genes

HMonumopduszm (dbSNP), ren PaccMoTpeHHBIE TeHeTHYECKHE MOJIeJTH
(rs moaumMoppu3Ma, MUHOPHBIN ajJielb) ajjieJibHAasl | aJJIUTHBHAsI | JOMMHAHTHAs | peleccCUBHAs

c.-1607 2G>1G MMP1 (151799750, 2G) 0,69 0,48 0,86 0,33
c.-1306 C>T MMP2 (rs243865, T) 0,94 0,83 0,80 1,00
c.133 T>C MMP3 (rs679620, T) 0,62 0,88 0,71 0,87
c.259 T>C MMPS (rs1940475, T) 0,24 0,20 0,82 0,04
c.-1562 C>T MMP9 (rs3918242, T) 0,49 0,36 0,35 0,67
¢.139-369 T>C MMP9 (1rs3918249, C) 0,77 0,71 0,88 0,35
c.836 A>G MMP9 (1517576, G) 0,50 0,65 0,57 0,92
c.1331-163 G>A MMP9 (1rs3787268, A) 0,97 0,86 0,71 0,73
c. 1721 G>C MMP9 (rs2250889, G) 0,12 0,12 0,12 1,00
¢.2003 G>A MMP9 (rs17577, A) 0,88 0,94 0,98 0,78

IIpumeyaHue: npyUBeIEHBI I0KA3aTEIU YPOBHS 3HAUUMOCTH Pa3INuUil P, dKUPHBIM BbIJCJICHbl CTATUCTUYECKH 3HAUYUMBIE
MOKA3aTely C yIeTOM a/IalITHBHOTO MePMYTAIHOHHOTO TECTA.
Note: indicators of the level of significance of differences p are given, statistically significant indicators are highlighted

in bold, taking into account the adaptive permutation test.

Taxum 00pa3zom, MOXKHO 3aKIHOYHUTh, YTO
CYIIIECTBEHHO O0Jiee HU3Kas 4acTOTa TeHOTUITA
TT rs1940475 MMPS (npaktuuecku B 6-7 pa3)
SIBISIETCSL  «CIIENU(PHIECKOi» XapaKTepuCTH-
koi 60nmpHBIX PMIK y KOTOpBIX 3aperucTpupo-
BaHbI BHICOKONIEHETPAHTHBIE MyTallUX B T€HAX
BRCAI n CHEK?2, otnu4aromas uX Kak OT Ma-
ureHTok ¢ PMOK, He MMEIoIuX 3TUX MyTaluii,
TaK W OT HWHJAMBUIYYMOB KOHTPOJBHON

rpynnsl. Hapsiny ¢ 3TuM, MOKHO KOHCTaTUpPO-
BaTh (akKT TOTO, YTO MOJIUMOPHU3M TEeHA
MMPY, xak camocTosTenbHO (1517576,
rs2250889 u rs3787268), Tak U B cocTaBe Je-
BATH pa3IM4YHBIX TamwioTHNnoB (rsl17576,
rs17577, 1s3918249, rs3918242, rs2250889,
rs3787268) ompenensieT TMOJIBEPKEHHOCTh
PMX y >xeHIIMH, HE UMEIOINX BBICOKOIIEHE-
TpaHTHbIe MyTaluu B reHax BRCAI u CHEK?2
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U HE CBSI3aH C PUCKOM pa3BUTHUs 3a00JIeBaHUS
y JKEHIIMH, Y KOTOPBIX JHArHO3LHUPOBAaHbI
JAaHHBIE MYTallUH.

Nwmeromuecss nuTepaTypHble JaHHBIE O
cBs3u monumopdusma 1s1940475 MMPS c
PMXX manouwnciieHHbIE U HEOJHO3Ha4YHbIE. B
JOCTYITHOW HaM JIUTEpaType HUMeEETCs JIUIIb
4eThIpe paboThl 10 3TOMY Borpocy [41-44].

B uccnenoBanuu, nposenenHoM Decock
et al. [41] na BeIOOpKe u3 140 eBponeickux ma-
uuentok ¢ PMXK (benbrus), ycraHoBieHa
cBs3b 151940475 MMPS ¢ pa3BuTHEM MeTa-
cTazoB y OosbHBIX PMJXK — mpoTEeKTHBHBIM
(hakToOpoM MeTacTa3MpOBaHUS SBISCTCS all-
nenbHbiil Bapuant T (OR=0,60, p=0,03), uro
COTJIaCyeTCsl C HAIIMMU JAHHBIMU O «3aIIUT-
HOM» posn renoruna TT rs1940475 MMPS
npu popmupoBanuu PMXK cpeau xeHIuH eB-
pornerckol yactu Poccrn, MMEIOIKX BBICOKO-
MEHEeTpaHTHble MyTaluu B reHax BRCAI u
CHEK?.

Wang et al. [42] Ha BwIOOpKE U3 571
6onpHBIX PMOK 1 578 KOHTpOJsS M3 ATHUYE-
CKOM rpynnbel Han KWTaiCKOW MOIYJISALIMH, C
OJTHOW CTOPOHBI, HE BBIIBHII «TJIABHOTO» (-
dexra 151940475 MMPS npu hopMupoOBaHUH
3aboneBanus (p>0,05), ¢ Apyroil cTOpoHsI, MO-
Ka3aJI1 3HaUMMbI€ aCCOLMAIINU ATOTO MOJIUMOP-
¢u3ma c PMXK B cocrase ramnoruna “AGTCA”,
BKJTFOYAIOLIETO nosuMopgHbIE JIOKYCBI
rs3740938, 152012390, rs1940475, rs11225394,
u 1511225395 rena MMPS (OR=1,23; 95%
CI=1,00-1,51; P=0,048). Crnienyer OTMETHUTH,
YTO B COCTaBE JIAHHOIO TaljioTUNa aJuleIbHbBIN
BapuaHt T rs1940475 MMPS ssnsiercst pakro-
POM pHiCKa pa3BUTHs 3a00JIeBaHUS B KUTAMCKON
nonyysAuuu [42], Toraa Kak COIJIAaCHO HAalluxX
nmagubelx regotun 1T rs1940475 MMPS umeer
MPOTEKTUBHOE 3HA4YeHHE TPU (POPMUPOBAHUU
MATOJIOTUU CPEJIU KEHILUH €BPONEUCKON YacTh
Poccun, nMeronmx BBICOKONICHETPAHTHBIE MY-
Tanmu B renax BRCAI u CHEK?2. Baxuo non-
YEPKHYTh, YTO Y KEHIIUH €BPOIEUCKON YacTH
Poccun, y KOTOpBIX OTCYTCTBYIOT BBICOKOTICHE-
TpaHTHble MyTanmu B reHax BRCAI n CHEK?
(momaBmsttoriee OOMBIIMHCTBO OONMBHBIX PMOK,

92,74%) Tak e Kak u B uccienoBannuu Wang et
al. [42] B xuraiickor momymsiuu 151940475
MMPS8 ne accouuupoBan ¢ PMXK. B n1Byx uc-
CIICIOBAHUAX, BBINOJHEHHBIX B EBPONEHCKUX
MOMYJISILMAX, 3HAUMMBIX accouuanuii rs1940475
MMPS8 ¢ PMX BoisiBiaeHo He Obuto [43, 44].
Cnenyer OTMETUTb, YTO B JIUTEPATYPE UMEIOTCS
naHHble O cBs3u 151940475 MMPS ¢ npyrumu
(bopMamMy OHKOIATOJIOTUHU (PaK MOYEBOTO ITy-
3BIpSL, JKEIyKa u ap.) [45].

CornacHO UTEpaTypHBIM MarepuajiaM U
0a3bl JaHHBIX 110 snureHerrke HaploReg mosmu-
Mop¢usm rena MMPS v B Tom umnciie rs1940475
UMEET BaKHOE (YHKLUMOHAILHOE 3HAYCHHUE B
opranuzme [45, 46]: 1s1940475 naxoaurcs B 3K-
30He reHa MMPS u saBnsieTcss MHUCCEHC-MyTa-
LUEH, OIpenesnssi aMHHOKHCIOTHYIO 3aMeHy
Lys87Glu B cooTBeTCTBYIOIIEM HOJUMIENTHIE
(p.K87E), pacnionoxeH B (pyHKIIMOHATBHO aK-
THUBHOM PErMOHE r'eHOMa (TaK Ha3bIBaeMbIi «OT-
PBITBII» XPOMAaTHH), BBINOJIHAIOIIEM pEryJs-
TOPHYIO (PYHKIMIO (3HXAHCEp) B Ppa3IUYHBIX
KyJbTypax KIICTOK (Monocytes-CD14+
ROO01746 primary cells u ap.) u Tkausx (KpoBb
(primary neutrophils from peripheral blood,
primary monocytes from peripheral blood,
primary mononuclear cells from peripheral
blood u np.) 1 p.) ¥ B TOM YMCIIEB OpraHe-Mu-
nieHe npu PMOK- nepBUYHBIX KIIETKaX SIUTENNSA
MmosouHoi xene3sl (HMEC mammary epithelial
primary cells), BXOAUT B cocTaB CaliTOB CBSI3bI-
Banus JIHK ¢ Tpems daxTopamu Tpankcpunumu
(CIZ,Myc,NF-AT1). Ilpuuem, annenbHblil Ba-
puanT T, UMerOmMi MPOTEKTUBHOE 3HAYCHHE
1 PMOK y JKEHIIIMH ¢ BBICOKOIIEHETPAHTHBIMU
mytaiusimMu B reHax BRCAI w CHEK?2 (B co-
craBe reHorumna TT), cBi3aH ¢ Oojee BBICOKOM
aduHHOCTBIO perynstopHoro motuBa JIHK
¢axropam Tpanckpurnimu CIZ u Myc, u 6onee
HU3KOM €ro 4yBCTBUTEIBHOCTBIO K TPAHCKPHII-
uuoHHoMy Gaxtopy NF-ATI1. INomumopdusm
151940475 MMPS8 accouuupoBaH C YpPOBHEM
sKkcnipeccun reHa MMP27 B nepudepudeckoin
KpPOBH, JKMPOBOW M MBIIIEYHON TKaHSIX,I'€Ha
RPI11-817J15.3 B nepudepudeckoil KpoBH U
neuvenu (nanubie [40]) (pucyHOK).
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Puc. Accouunanuu renotunos 151940475 MMPS ¢ ypoBHeM akcnipeccuut rena MMP27
B niepudeprudeckoit kpou (A) mxupoBoit Tkanu (B) u rena RP11-817J15.3 B nepudepuueckoit
kpoBH (C) u neuenu (D) (http://www.gtexportal.org/)
Fig. Associations of the rs1940475 MMP8 genotypes with the expression level of the MMP27 gene
in peripheral blood (A) and adipose tissue (B) and the RP11-817J15.3 gene in peripheral blood (C)
and liver (D) (http://www.gtexportal.org/)

NmeroTcs auTeparypHble TaHHbBIE O 3HA-
yuMoi poiu B ¢popmupoBanuu PMX cunbho
cuerieHHoro ¢ rs1940475 MMPS nonumopd-
Horo nokyca 1511225395 (1?=0,84 D' =1,00)
[41, 42]. JlaHHBIE O 3HAYUMBIX ACCOITHAITUSIX
rs11225395 MMPS8 ¢ PMX u natoreneruye-

cku 3HaunMbIMu a1 PMOK napamerpamu no-
Jy9eHBI KaK JIJIsl €BPOIEUCKOM (MeTacTa3upo-
Banne npu PMIXK, nacenenme benmbrum) [41]
Tak U JUIs a3uarckoi (puck PMIXK, stHndeckas
rpymnmna Han Kuras; craqun PMX n BepkHBa-
€MOCTh OOJIbHBIX, IIIaHXalCKas BBIOOpPKA C


http://www.gtexportal.org/
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PMX) nomynsuuii [41, 42]. DxcnepumeH-
TaJbHbIE HCCIENOBaHUS YOEAUTEIHHO IOKa-
3anu, uro momuMmopdusm rs11225395, pacmo-
JIOKEHHBIW B peruoHe npomotopa rena MMPS
Ha pacctosHuU 799 bp oT caliTa WHUIIUAITUN
TPAHCKPUIILINH, CBSI3aH C 1,8-KpaTHBIM MOBbI-
IEHUEM aKTUBHOCTH nmpoMoTopa B MDA-MB-
231 kyeTkax paka MOJIOYHOM >KEIe3bl INpHU
HaJIMYUU aJlJIeJIbHOTO BapuaHta T B cpaBHe-
HUM C ajuiesnbHbIM BapuanTom C [41]. B nans-
HEHIIMX SKCIEPUMEHTaX YCTAHOBJIEHO, YTO
nocnenoBarensHocTh JAHK mpu Hamuuum an-
nenss T B pernone rs11225395 Bzaumopei-
CTBYET C siiepHbIMH Oenkamu B MDA-MB-231
KJIETKaxX paka MOJIOYHOM JKene3bl, TOrJa Kak
npu Haanuuu anens C rs11225395 sto ITHK-
OenKoBOE B3amMoJIeiicTBUE HE ObLTO OOHApY-
xeHo [41]. Pe3ynbrarbl 3THUX 3KCHEpPUMEH-
TaJbHBIX UCCIIEOBAHNM JIE)KAT B OCHOBE IIPEI-
MOJIOKEeHHU 00 MHTrUOHpyIoueM IeiCTBUH
MMPS8 Ha mporiecchl MeTacTa3upOBaHUs paka
MOJIOYHOM kene3nl [41, 45].

MMP-8 Takke M3BECTHas Kak HEHUTpO-
¢wIbHas KoJJIareHasa Wid KoJjlareHasa-2 siB-
JieTCs AHAO0NENTH1a30M (OTHOCUTCS K MOJice-
MEHCTBY KOJUIareHas3), KOTopas OTBEYaeT 3a
TUJIPOJIUTHYECKOE pacIleNJICHUE 3HAYUTENIbHO
yruciaa (GUOPWIIAPHBIX M HeQUOPMILIAPHBIX
KOJIJIaTeHOB (Ba)KHEWIIINE KOMIIOHEHTHI BHE-
KJeToyHoro marpukca) [41, 45]. Cuuraercs,
yro MMP8 nposiBisieT HEKOTOpbIE MPOTHUBO-
ommyxoJieBble 3(PPEKTHI 32 CUET pacierIeHus
cybctpata Ddpun-Bl — mpunamiexur k ce-
MeicTBY OenkoB 3(hprHA, KOTOpPBIE MEPENAI0T
CHTHAJBI, CBSI3aHHBIE C KIIETOYHOM ajare3meil u
anruorenesoM [45]. JlpyruM MexaHU3MOM
poTuBooIyxonesoro aeiicteuss MMP8 mo-
KeT ObITh BBI3BAHHOE JIAHHOW METAJJIONpPOTeE-
uHazoit ycunenue sxcnpeccuto TGF-B1 Benen-
crBue aktuBanmu PI3K/Akt/Racl-mytu [45].
Hapsiny ¢ atuM, cinegyer OTMETUTh, HEOJHO-
3HAYHOCTh HMMEIOIIUXCS K HACTOSALIEMY MO-
MEHTY BPEMEHHU (PaKTUUECKHUX TaHHBIX O CBSI3U
ypoBHs MMPS8 u PMX [45].

B Hacrosmieit pabote nmokaszaHo, 4To Io-
mumopdusm rena MMP9Y, kak caMocCTOs-
TenbHO (1517576, 152250889 n 1s3787268), Tak
U B COCTaBE JICBATU PA3IMYHBIX TallJIOTUIIOB

(rs17576, 1s17577, 1s3918249, 1rs3918242,
rs2250889, rs3787268) omnpenensier moasep-
»keHHOCTh PMK y JKeHIIIMH, HE UMEIOLINX BbI-
COKOIICHETpaHTHbIE MyTalluu B reHax BRCAI
n CHEK2. Ilpu 3toM MuHOpHble amienu G
1517576 (ORcov=0,81 pperm=0,03) u rs2250889
(ORcov=0,61-0,66 pperm=0,03) umeror npoTex-
TUBHOE 3HadyeHue 11 PMOK, a anprepHaTuB-
Held  BapuaHT A 153787268 (ORcov=2,03
Pperm=0,04) sBAsIeTCS haKTOPOM pHUCKA pa3BU-
Tus 3a00neBanus. CieyeT OTMETUTD, YTO JIU-
TepaTypHbIE JaHHBIE O CBSI3U BhIIICYKa3aHHbBIX
noumopdu3zmMoB ¢ PMIXX B pa3HbIX momyiisi-
LIUAX HEOJHO3HAYHBI (HMXKE MPHUBEACHBI
TOJIbKO JaHHBIC SKCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHMM, pe3yNbTaThl METa-aHAINU30B B CBS3U
C MAaJOYHCIECHHOCTBIO JKCIEPUMEHTATbHBIX
JAHHBIX HE YYUTBIBAIUCH): isg 1s2250889
MMP9 accormaruu ¢ PMOK noxasass! TG B
oJiHOM paboTe [47], Toraa Kak B TpEX HCCIIeI0-
BAHMSX CTATUCTHMYECKH 3HAYUMBIX pe3yJjibTa-
TOB BBISIBJICHO He Obuio [28, 48, 49]; mis
1s3787268 MMP9 pa3zHoHanpaBieHHbIE CBSA3U
¢ PMX (puckoBoe/IpOTEKTUBHOE 3HAYECHUE
nosinMopdusma) oOHapyx eHsl B paborax [42,
48, 50] u oTcyTcTBHE accolMalMii B UCCIEN0-
BaHuU [28]; miist rs17576 He BBISIBIEHBI acco-
nuanuu ¢ 3aboseBanueM B padborax [28, 48], a
MPOTUBOMNONOXKHBIE  pe3yNbTaThl  (PHUCKO-
BOE/IIPOTEKTUBHOE 3HAYCHHE MOTUMOP(PH3MA)
MIPOJIEMOHCTPUPOBAHBI B HCCIeN0BaHUAX [47,
51, 52].Cnenyet ormetutb, uto MMP9 Tak xe
M3BECTHAsl KakK jKellaThHa3a B wmnm kosare-
Haza [V Tuma 3a cyer cBoero ydactusi B Mpo-
reccax aerpaaamnuu komiaresa IV tuna u ne-
HaTypUPOBAHHBIX KOJUJIAT€HOB, COIJIACHO JIH-
TE€paTypHBIM JaHHBIM, UTPAET BaXKHYIO POJIb B
nporeccax nporpeccupoBanuss PMIK u ero
MeTracTazupoBaHus [23].

3axurouenne. B pesynbrare mpoBeneH-
HOTO MICCTICIOBAaHUS YCTAHOBJIEHBI 0COOEHHOCTH
accouyaiuii  nmomuMopdusma reHoB MMP ¢
PMX B 3aBHCHMOCTH OT HATWYHS/OTCYTCTBUS Y
OOJIBHBIX BBICOKOTICHETPAHTHBIX MYTaIldil B
renax BRCAI wn CHEK2. BrpIBiIE€HO, 4TO
nonuMopHbIi Tokyc 151940475 MMPS cBsizan
¢ puckoM pasutua PMIXK y sxeHnmH cC
BBICOKOTICHETPAHTHBIMA MYTAaIlMSIMH B TE€HAX
BRCAI n CHEK2, Torga xak monumopdusm
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reHa MMP9 accouuupoBaH ¢ 3a00J€BaHUEM Y
YKCHILUH, HE UMEIOLINX JaHHBIX MyTallUM.

Nudpopmanus o GuHAHCUPOBAHUU

Paboma ewvinonnena npu ¢unancosou noo-
Oeparcke epanma Ilpezudenma P® «Uzyuenue
2eHemuyecKux axmopos penpooyKmueHo20
300p08bs Hcenwuny (M/[-3284.2022.1.4).
Financial support

The study was supported by the grant of the
President of the Russian Federation "Study of

the genetic factors of women's reproductive
health" (MD-3284.2022.1.4).

Konduukrt nuurepecon

Asmop 3asensnem 00 omcymcmeuu KOH-
@ruxkma unmepecos.

Contflict of interests

The authors have no conflict of interest to
declare.

Jluteparypa

1. Gradishar W], Anderson BO, Blair SL, et
al. Breast cancer version 3.2014. Journal of the Na-
tional Comprehensive Cancer Network: JNCCN.
2014;12(4):542-590. DOLI:
https://doi.org/10.6004/jnccn.2014.0058

2. Ferlay J, Colombet M, Soerjomataram I,
et al. Cancer statistics for the year 2020: An over-
view. International  Journal of Cancer.
2021;149:778-789. DOL:
https://doi.org/10.1002/ijc.33588

3. Sung H, Ferlay J, Siegel RL, et al. Global
cancer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers
in 185 countries. Ca-A Cancer Journal for Clini-
cians. 2021;71(3):209-249. DOI
https://doi.org/10.3322/caac.21660

4. 3npaBooxpanenne B Poccun. 2021. Cra-
TrcTHYecKuid coopHuk. M: Poccrat; 2021.

5. Kanpun AJl, Crapunckuii BB, Ilerposa
I'B, penakropsl. 3n0KadecTBEHHbIE HOBOOOpA30Ba-
Hus B Poccun B 2018 roay (3aboneBaeMocTh M
cmeptHOCcTh). M.: MHUOU um. ILA. TI'epuena —
¢wman PI'BY «HMUL pagnonorum» Mun-
3npasa Poccum; 2019.

6. Lilyquist J, Ruddy KJ, Vachon CM, et al.
Common Genetic Variation and Breast Cancer
Risk-Past, Present, and Future. Cancer Epidemiol-
ogy Biomarkers and Prevention. 2018;27(4):380-
394. DOL: https://doi.org/10.1158/1055-9965.EPI-
17-1144

7. Shiovitz S, Korde LA. Genetics of breast
cancer: a topic in evolution. Annals of Oncology.
2015;26(7):1291-1299. DOLI:
https://doi.org/10.1093/annonc/mdv022

8. Bamosa SIB, Munraxesa IT, [Ipokods-
eBa JIC, n np. Pak aMuHUKOB B cocTaBe HaCieI-
CTBCHHBIX OHKOJIOTHYECKUX CHHIPOMOB (0030p).
Hayunble pe3ynbTaThl OMOMEIMIMHCKUX HCCIIEI0-
BaHHH. 2021;7(4):330-362. DOLI:
https://doi.org/10.18413/2658-6533-2021-7-4-0-2

9. Michailidou K, Lindstrém S, Dennis J, et
al. Association analysis identifies 65 new breast
cancer risk loci. Nature. 2017;551(7678):92-94.
DOI: https://doi.org/10.1038/nature24284

10.Mucci LA, Hjelmborg JB, Harris JR, et
al. Familial Risk and Heritability of Cancer Among
Twins in Nordic Countries. JAMA - Journal of the
American Medical Association. 2016;315(1):68-
76. DOIL: https://doi.org/10.1001/jama.2015.17703

11.Zhang H, Ahearn TU, Lecarpentier J, et
al. Genome-wide association study identifies 32
novel breast cancer susceptibility loci from overall
and subtype-specific analyses. Nature Genetics.
2020;52(6):572-581. DOI:
https://doi.org/10.1038/s41588-020-0609-2
12.Ahearn TU, Zhang H, Michailidou K, et
al. Common variants in breast cancer risk loci pre-
dispose to distinct tumor subtypes. Breast Cancer
Research. 2022;24(1):2. DOI:
https://doi.org/10.1186/s13058-021-01484-x
13.LeeJY, KimJ, Kim SW, etal. BRCA1/2-
negative, high-risk breast cancers (BRCAX) for
Asian women: genetic susceptibility loci and their
potential impacts. Scientific Reports.
2018;8(1):15263. DOL:
https://doi.org/10.1038/s41598-018-31859-8
14.Dofara SG, Chang SL, Diorio C. Gene
Polymorphisms and Circulating Levels of MMP-2
and MMP-9: A Review of Their Role in Breast
Cancer Risk. Anticancer Research.
2020;40(7):3619-3631. DOI:
https://doi.org/10.21873/anticanres.14351
15.Przybylowska K, Kluczna A, Zadrozny
M, et al. Polymorphisms of the promoter regions of
matrix metalloproteinases genes MMP-1 and
MMP-9 in breast cancer. Breast Cancer Research
and  Treatment.  2006;95(1):65-72. DOI:
https://doi.org/10.1007/s10549-005-9042-6
16.Radisky ES, Radisky DC. Matrix metal-
loproteinases as breast cancer drivers and therapeu-
tic targets. Frontiers in Bioscience - Landmark.
2015;20(7):1144-1163. DOI:
https://doi.org/10.2741/4364



Opueunansnas cmambsi
Original article

Ilasnosa HB, u op. Ponb 6bicOKOneHempanmHuuix Mymayuii 6 2eHax ... 192
Paviova NV, et al. The role of highly penetrant mutations in ...

17.Eiro N, Gonzalez LO, Fraile M, et al.
Breast Cancer Tumor Stroma: Cellular Compo-
nents, Phenotypic Heterogeneity, Intercellular
Communication, Prognostic Implications and
Therapeutic Opportunities. Cancers.
2019;11(5):664. DOL: https://doi.org/10.3390/can-
cers11050664

18.Baker EA, Stephenson TJ, Reed MWR,
et al. Expression of proteinases and inhibitors in
human breast cancer progression and survival. Mo-
lecular pathology : MP. 2002;55(5):300-304. DOLI:
https://doi.org/10.1136/mp.55.5.300

19.McColgan P, Sharma P. Polymorphisms
of matrix metalloproteinases 1, 2, 3 and 9 and sus-
ceptibility to lung, breast and colorectal cancer in
over 30,000 subjects. International Journal of Can-
cer. 2009;125(6):1473-8. DOI:
https://doi.org/10.1002/ijc.24441

20.Zhou P, Du LF, Lv GQ, et al. Current ev-
idence on the relationship between four polymor-
phisms in the matrix metalloproteinases (MMP)
gene and breast cancer risk: a meta-analysis. Breast
Cancer Research and Treatment. 2011;127(3):813-
818. DOI: https://doi.org/10.1007/s10549-010-
1294-0

21.LiuD, Guo H, Li Y, et al. Association be-
tween polymorphisms in the promoter regions of
matrix metalloproteinases (MMPs) and risk of can-
cer metastasis: a meta-analysis. PLoS ONE.
2012;7(2):e31251. DOI:
https://doi.org/10.1371/journal.pone.0031251

22.Biatkowska K, Marciniak W, Muszynska
M, et al. Polymorphisms in MMP-1, MMP-2,
MMP-7, MMP-13 and MT2A do not contribute to
breast, lung and colon cancer risk in polish popula-
tion. Hereditary Cancer in Clinical Practice.
2020;18:16. DOI: https://doi.org/10.1186/s13053-
020-00147-w

23.Zhang X, Jin G, Li J, Zhang L. Associa-
tion between four MMP-9 polymorphisms and
breast cancer risk: a meta-analysis. Medical Sci-
ence  Monitor. 2015;21:1115-1123. DOI:
https://doi.org/10.12659/MSM.893890

24.Xu T, Zhang S, Qiu D, et al. Association
between matrix metalloproteinase 9 polymor-
phisms and breast cancer risk: An updated meta-
analysis and trial sequential analysis. Gene.
2020;759:144972. DOI:
https://doi.org/10.1016/j.gene.2020.144972

25.Yan C, Sun C, Lu D, et al. Estimation of
associations between MMP9 gene polymorphisms
and breast cancer: Evidence from a meta-analysis.
International Journal of Biological Markers.

2022;37(1):17246008221076145. DOL:
https://doi.org/10.1177/17246008221076145

26.Lei H, Hemminki K, Altieri A, et al. Pro-
moter polymorphisms in matrix metalloproteinases
and their inhibitors: few associations with breast
cancer susceptibility and progression. Breast Can-
cer Research and Treatment. 2007;103(1):61-69.
DOI: https://doi.org/10.1007/s10549-006-9345-2

27.Roehe AV, Frazzon APG, Agnes G, et al.
Detection of polymorphisms in the promoters of
matrix metalloproteinases 2 and 9 genes in breast
cancer in South Brazil: preliminary results. Breast
Cancer Research and Treatment. 2007;102(1):123-
124. DOI: https://doi.org/10.1007/s10549-006-
9273-1

28.Beeghly-Fadiel A, Lu W, Shu XO, et al.
MMP9 polymorphisms and breast cancer risk: a re-
port from the Shanghai Breast Cancer Genetics
Study. Breast Cancer Research and Treatment.
2011;126(2):507-13. DOLI:
https://doi.org/10.1007/s10549-010-1119-1

29.IlleBuenko AB, KonenkoB BU, I'apOy-
koB EIO, u ap. AccouuupOBaHHOCTh HOJIUMOP-
¢u3Ma B MPOMOTOPHBIX Y4aCTKaX FCHOB METAJLIO-
nporenHaz (MMP2, MMP3, MMP9) c Bapuan-
TaMHU KJIMHHYECKOTO TCUCHHUS paka MOJIIOYHOM XKe-
Je3bl y JKeHIIWH POCCHH. BOMpOChl OHKOJOTHH.
2014;60(5):630-635. DOI:
https://doi.org/10.37469/0507-3758-2014-60-5-
630-635

30.Churnosov MI, Altuchova OB, De-
makova NA, et al. Associations of cytokines ge-
netic variants with myomatous knots sizes. Re-
search Journal of Pharmaceutical, Biological and
Chemical Sciences. 2014;5(6):1344-1347.

31.Krivoshei 1V, Altuchova OB,
Golovchenko OV, et al. Genetic factors of hyster-
omyoma. Research Journal of Medical Sciences.
2015;9(4):182-185. DOI:
https://doi.org/10.3923/rjmsci.2015.182.185

32.Mockaneako MU, Ilonomapenko WB,
[Homonukos AB, u gap. [lomumopdHEIA JOKYyC
rs652438 rena MMP12 acconuupoBan C pa3BU-
THEM apTepHUaIbHON TUIIEPTEH3NH Y KEHIIUH. Ap-
tepuanbHas runeprersus. 2019;25(1):60-65. DOLI:
https://doi.org/10.18705/1607-419X-2019-25-1-
60-65

33.Bushueva O, Solodilova M, Churnosov
M, et al. The Flavin-Containing Monooxygenase 3
Gene and Essential Hypertension: The Joint Effect
of Polymorphism E158K and Cigarette Smoking
on Disease Susceptibility. International Journal of
Hypertension. 2014:712169. DOI:
https://doi.org/10.1155/2014/712169



Opueunansnas cmambsi
Original article

HayuHvble pesys1bmambl 6uomeduyuHckux uccaedoganutl. 2022;8(2):180-197 193

Research Results in Biomedicine. 2022:8(2):180-197

34.Golovchenko O, Abramova M, Ponoma-
renko I, et al. Functionally significant polymor-
phisms of ESR1 and PGR and risk of intrauterine
growth restriction in population of Central Russia.
European Journal of Obstetrics, Gynecology and
Reproductive Biology. 2020;253:52-57. DOIL:
https://doi.org/10.1016/j.ejogrb.2020.07.045
35.Ward LD, Kellis M. HaploReg v4: sys-
tematic mining of putative causal variants, cell
types, regulators and target genes for human com-
plex traits and disease. Nucleic Acids Research.
2016;44(D1):D877-D881. DOI:
https://doi.org/10.1093/nar/gkv1340
36.Ilonomapenko WB, IlomonukoB AB,
UypHocoB MMU. Acconmanus mnonumopdusma
rs4986938 rena ESR2 ¢ pa3BuTueM runepruiazuu
SHAOMETpUS. AKYIIEpCTBO W  TMHEKOJIOTHSL
2019;4:66-72. DOI:
https://dx.doi.org/10.18565/aig.2019.4.66-72
37.Che R, Jack JR, Motsinger-Reif AA, et
al. An adaptive permutation approach for genome-
wide association study: evaluation and recommen-
dations for use. BioData Mining. 2014;7:9. DOI:
https://doi.org/10.1186/1756-0381-7-9
38.Yarosh SL, Kokhtenko EV, Churnosov
MI, et al. Joint effect of glutathione S-transferase
genotypes and cigarette smoking on idiopathic
male infertility. Andrologia. 2015;47(9):980-986.
DOI: https://doi.org/10.1111/and.12367
39.Polonikov A, Bykanova M, Ponoma-
renko I, et al. The contribution of CYP2C gene sub-
family involved in epoxygenase pathway of arachi-
donic acids metabolism to hypertension suscepti-
bility in Russian population. Clinical and Experi-
mental Hypertension. 2017;39(4):306-311. DOI:
https://doi.org/10.1080/10641963.2016.1246562
40.GTEx Consortium. The GTEx Consor-
tium atlas of genetic regulatory effects across hu-
man tissues. Science. 2020;369(6509):1318-1330.
DOI: https://doi.org/10.1126/science.aaz1776
41.Decock J, Long JR, Laxton RC, et al. As-
sociation of matrix metalloproteinase-8 gene vari-
ation with breast cancer prognosis. Cancer Re-
search. 2007;67(21):10214-10221. DOI:
https://doi.org/10.1158/0008-5472.CAN-07-1683
42.Wang K, Zhou Y, Li G, et al. MMPS8 and
MMP9 gene polymorphisms were associated with
breast cancer risk in a Chinese Han population. Sci-
entific Reports. 2018;8(1):13422. DOI:
https://doi.org/10.1038/s41598-018-31664-3
43.Mavaddat N, Dunning AM, Ponder BA,
et al. Common genetic variation in candidate genes
and susceptibility to subtypes of breast cancer.

Cancer Epidemiology Biomarkers and Prevention.
2009;18(1):255-259. DOI:
https://doi.org/10.1158/1055-9965.EPI-08-0704

44.Pharoah PD, Tyrer J, Dunning AM, et al.
Association between common variation in 120 can-
didate genes and breast cancer risk. PLoS Genetics.
2007;3(3):e42. DOI: https://doi.org/10.1371/jour-
nal.pgen.0030042

45 . Juurikka K, Butler GS, Salo T, et al. The
Role of MMPS8 in Cancer: A Systematic Review.
International Journal of Molecular Sciences.
2019;20(18):4506. DOL:
https://doi.org/10.3390/ijms20184506

46.Mockanenko MU. BosneueHHOCTH Te-
HOB MaTPHUKCHBIX METAIONPOTEHHA3 B (POPMHUPO-
BaHUE apTEPUATBHON FHIIEPTECH3UH U €€ OCIIOXKHE-
HuH (0030p). Hayunslit pesynprat. Meaunuaa u
(hapmarus. 2018;4(1):53-69. DOI:
https://doi.org/10.18413/2313-8955-2018-4-1-53-
69

47.Chahil JK, Munretnam K, Samsudin N,
et al. Genetic polymorphisms associated with
breast cancer in malaysian cohort. Indian Journal
of Clinical Biochemistry. 2015;30(2):134-9. DOL:
https://doi.org/10.1007/s12291-013-0414-0

48.Fu F, Wang C, Chen LM, et al. The influ-
ence of functional polymorphisms in matrix metal-
loproteinase 9 on survival of breast cancer patients
in a Chinese population. DNA and Cell Biology.
2013;32(5):274-82. DOI:
https://doi.org/10.1089/dna.2012.1928

49 Al-Eitan LN, Jamous RI, Khasawneh
RH. Candidate Gene Analysis of Breast Cancer in
the Jordanian Population of Arab Descent: A Case-
Control Study. Cancer Investigation.
2017;35(4):256-270. DOI:
https://doi.org/10.1080/07357907.2017.1289217

50.Slattery ML, John E, Torres-Mejia G, et
al. Matrix metalloproteinase genes are associated
with breast cancer risk and survival: The Breast
Cancer Health Disparities Study. PLoS ONE.
2013;8:€63165. DOI: https://doi.org/10.1371/jour-
nal.pone.0063165

51.Resler AJ, Malone KE, Johnson LG, et al.
Genetic variation in TLR or NFkappaB pathways
and the risk of breast cancer: a case-control study.
BMC Cancer. 2013;13:219. DOI:
https://doi.org/10.1186/1471-2407-13-219

52.0liveira VA, Chagas DC, Amorim JR, et
al. Association between matrix metalloproteinase-
9 gene polymorphism and breast cancer in Brazil-
ian women. Clinics. 2020;75:€1762. DOI:
https://doi.org/10.6061/clinics/2020/e1762



Opueunansnas cmambsi
Original article

Ilasnosa HB, u op. Ponb 6bicOKOneHempanmHuuix Mymayuii 6 2eHax ...
Paviova NV, et al. The role of highly penetrant mutations in ...

194

References

1. Gradishar W], Anderson BO, Blair SL, et
al. Breast cancer version 3.2014. Journal of the Na-
tional Comprehensive Cancer Network: JNCCN.
2014;12(4):542-590. DOL:
https://doi.org/10.6004/jnccn.2014.0058

2. Ferlay J, Colombet M, Soerjomataram I,
et al. Cancer statistics for the year 2020: An over-
view. International Journal of  Cancer.
2021;149:778-789. DOL:
https://doi.org/10.1002/ijc.33588

3. Sung H, Ferlay J, Siegel RL, et al. Global
cancer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers
in 185 countries. Ca-A Cancer Journal for Clini-
cians. 2021;71(3):209-249. DOI:
https://doi.org/10.3322/caac.21660

4. Health care in Russia. 2021. Statistical
compendium. Moscow: Rosstat; 2021. Russian.

5. Kaprin AD, Starinsky VV, Petrova GV,
editors. Malignant neoplasms in Russia in 2018
(morbidity and mortality). Moscow: MNIOI im.
P.A. Gertsena — filial FGBU «NMITS radiologii»
Minzdrava Rossii; 2019. Russian.

6. Lilyquist J, Ruddy KJ, Vachon CM, et al.
Common Genetic Variation and Breast Cancer
Risk-Past, Present, and Future. Cancer Epidemiol-
ogy Biomarkers and Prevention. 2018;27(4):380-
394, DOI: https://doi.org/10.1158/1055-9965.EPI-
17-1144

7. Shiovitz S, Korde LA. Genetics of breast
cancer: a topic in evolution. Annals of Oncology.
2015;26(7):1291-1299. DOI:
https://doi.org/10.1093/annonc/mdv022

8. Valova YV, Mingazheva ET, Prokofieva
DS, et al. Ovarian cancer as part of hereditary can-
cer syndromes (review). Research Results in Bio-
medicine. 2021;7(4):330-362. Russian. DOI:
https://doi.org/10.18413/2658-6533-2021-7-4-0-2

9. Michailidou K, Lindstréom S, Dennis J, et
al. Association analysis identifies 65 new breast
cancer risk loci. Nature. 2017;551(7678):92-94.
DOI: https://doi.org/10.1038/nature24284

10.Mucci LA, Hjelmborg JB, Harris JR, et
al. Familial Risk and Heritability of Cancer Among
Twins in Nordic Countries. JAMA - Journal of the
American Medical Association. 2016;315(1):68-
76. DOI: https://doi.org/10.1001/jama.2015.17703

11.Zhang H, Ahearn TU, Lecarpentier J, et
al. Genome-wide association study identifies 32
novel breast cancer susceptibility loci from overall
and subtype-specific analyses. Nature Genetics.
2020;52(6):572-581. DOI:
https://doi.org/10.1038/s41588-020-0609-2

12.Ahearn TU, Zhang H, Michailidou K, et
al. Common variants in breast cancer risk loci pre-
dispose to distinct tumor subtypes. Breast Cancer
Research. 2022;24(1):2. DOIL:
https://doi.org/10.1186/s13058-021-01484-x

13.LeeJY, KimJ, Kim SW, et al. BRCA1/2-
negative, high-risk breast cancers (BRCAX) for
Asian women: genetic susceptibility loci and their
potential impacts. Scientific Reports.
2018;8(1):15263. DOI:
https://doi.org/10.1038/s41598-018-31859-8

14.Dofara SG, Chang SL, Diorio C. Gene
Polymorphisms and Circulating Levels of MMP-2
and MMP-9: A Review of Their Role in Breast
Cancer Risk. Anticancer Research.
2020;40(7):3619-3631. DOI:
https://doi.org/10.21873/anticanres.14351

15.Przybylowska K, Kluczna A, Zadrozny
M, et al. Polymorphisms of the promoter regions of
matrix metalloproteinases genes MMP-1 and
MMP-9 in breast cancer. Breast Cancer Research
and  Treatment.  2006;95(1):65-72. DOI:
https://doi.org/10.1007/s10549-005-9042-6

16.Radisky ES, Radisky DC. Matrix metal-
loproteinases as breast cancer drivers and therapeu-
tic targets. Frontiers in Bioscience - Landmark.
2015;20(7):1144-1163. DOI:
https://doi.org/10.2741/4364

17.Eiro N, Gonzalez LO, Fraile M, et al.
Breast Cancer Tumor Stroma: Cellular Compo-
nents, Phenotypic Heterogeneity, Intercellular
Communication, Prognostic Implications and
Therapeutic Opportunities. Cancers.
2019;11(5):664. DOI: https://doi.org/10.3390/can-
cers11050664

18.Baker EA, Stephenson TJ, Reed MWR,
et al. Expression of proteinases and inhibitors in
human breast cancer progression and survival. Mo-
lecular pathology : MP. 2002;55(5):300-304. DOI:
https://doi.org/10.1136/mp.55.5.300

19.McColgan P, Sharma P. Polymorphisms
of matrix metalloproteinases 1, 2, 3 and 9 and sus-
ceptibility to lung, breast and colorectal cancer in
over 30,000 subjects. International Journal of Can-
cer. 2009;125(6):1473-8. DOI:
https://doi.org/10.1002/ijc.24441

20.Zhou P, Du LF, Lv GQ, et al. Current ev-
idence on the relationship between four polymor-
phisms in the matrix metalloproteinases (MMP)
gene and breast cancer risk: a meta-analysis. Breast
Cancer Research and Treatment. 2011;127(3):813-



Opueunansnas cmambsi
Original article

HayuHvble pesys1bmambl 6uomeduyuHckux uccaedoganutl. 2022;8(2):180-197 195

Research Results in Biomedicine. 2022:8(2):180-197

818. DOI: https://doi.org/10.1007/s10549-010-
1294-0

21.LiuD, Guo H, Li Y, et al. Association be-
tween polymorphisms in the promoter regions of
matrix metalloproteinases (MMPs) and risk of can-
cer metastasis: a meta-analysis. PLoS ONE.
2012;7(2):e31251. DOLI:
https://doi.org/10.1371/journal.pone.0031251

22.Biatkowska K, Marciniak W, Muszynska
M, et al. Polymorphisms in MMP-1, MMP-2,
MMP-7, MMP-13 and MT2A do not contribute to
breast, lung and colon cancer risk in polish popula-
tion. Hereditary Cancer in Clinical Practice.
2020;18:16. DOI: https://doi.org/10.1186/s13053-
020-00147-w

23.Zhang X, Jin G, Li J, Zhang L. Associa-
tion between four MMP-9 polymorphisms and
breast cancer risk: a meta-analysis. Medical Sci-
ence  Monitor.  2015;21:1115-1123.  DOI:
https://doi.org/10.12659/MSM.893890

24.Xu T, Zhang S, Qiu D, et al. Association
between matrix metalloproteinase 9 polymor-
phisms and breast cancer risk: An updated meta-
analysis and trial sequential analysis. Gene.
2020;759:144972. DOLI:
https://doi.org/10.1016/j.gene.2020.144972

25.Yan C, Sun C, Lu D, et al. Estimation of
associations between MMP9 gene polymorphisms
and breast cancer: Evidence from a meta-analysis.
International Journal of Biological Markers.
2022;37(1):17246008221076145. DOLI:
https://doi.org/10.1177/17246008221076145

26.Lei H, Hemminki K, Altieri A, et al. Pro-
moter polymorphisms in matrix metalloproteinases
and their inhibitors: few associations with breast
cancer susceptibility and progression. Breast Can-
cer Research and Treatment. 2007;103(1):61-69.
DOI: https://doi.org/10.1007/s10549-006-9345-2

27.Roehe AV, Frazzon APG, Agnes G, et al.
Detection of polymorphisms in the promoters of
matrix metalloproteinases 2 and 9 genes in breast
cancer in South Brazil: preliminary results. Breast
Cancer Research and Treatment. 2007;102(1):123-
124. DOI: https://doi.org/10.1007/s10549-006-
9273-1

28.Beeghly-Fadiel A, Lu W, Shu XO, et al.
MMP9 polymorphisms and breast cancer risk: a re-
port from the Shanghai Breast Cancer Genetics
Study. Breast Cancer Research and Treatment.
2011;126(2):507-13. DOLIL:
https://doi.org/10.1007/s10549-010-1119-1

29.Shevchenko AV, Konenkov VI, Garbu-
kov Elu, et al. Associating of polymorphism in the
promoter regions of genes of metalloproteinase
(MMP2, MMP3, MMP9) with options of the clini-
cal course of breast cancer in Russian women. Vo-
prosy onkologii. 2014;60(5):630-635. Russian.
DOI:  https://doi.org/10.37469/0507-3758-2014-
60-5-630-635

30.Churnosov MI, Altuchova OB, De-
makova NA, et al. Associations of cytokines ge-
netic variants with myomatous knots sizes. Re-
search Journal of Pharmaceutical, Biological and
Chemical Sciences. 2014;5(6):1344-1347.

31.Krivoshei 1V, Altuchova OB,
Golovchenko OV, et al. Genetic factors of hyster-
omyoma. Research Journal of Medical Sciences.
2015;9(4):182-185. DOI:
https://doi.org/10.3923/rjmsci.2015.182.185

32.Moskalenko MI, Ponomarenko IV, Polo-
nikov AV, et al. Polymorphic locus rs652438 of the
MMPI12 gene is associated with the development
of hypertension in women. Arterial Hypertension.
2019;25(1):60-65. Russian. DOI:
https://doi.org/10.18705/1607-419X-2019-25-1-
60-65

33.Bushueva O, Solodilova M, Churnosov
M, et al. The Flavin-Containing Monooxygenase 3
Gene and Essential Hypertension: The Joint Effect
of Polymorphism E158K and Cigarette Smoking
on Disease Susceptibility. International Journal of
Hypertension. 2014:712169. DOI:
https://doi.org/10.1155/2014/712169

34.Golovchenko O, Abramova M, Ponoma-
renko [, et al. Functionally significant polymor-
phisms of ESR1 and PGR and risk of intrauterine
growth restriction in population of Central Russia.
European Journal of Obstetrics, Gynecology and
Reproductive Biology. 2020;253:52-57. DOI:
https://doi.org/10.1016/j.ejogrb.2020.07.045

35.Ward LD, Kellis M. HaploReg v4: sys-
tematic mining of putative causal variants, cell
types, regulators and target genes for human com-
plex traits and disease. Nucleic Acids Research.
2016;44(D1):D877-D88]1. DOLI:
https://doi.org/10.1093/nar/gkv1340

36.Ponomarenko IV, Polonikov AV, Churn-
osov MI. Association of ESR2 rs4986938 poly-
morphism with the development of endometrial hy-
perplasia. Obstetrics and Gynecology. 2019;4:66-
72. Russian. DOLI:
https://dx.doi.org/10.18565/aig.2019.4.66-72



Opueunansnas cmambsi
Original article

Ilasnosa HB, u op. Ponb 6bicOKOneHempanmHuuix Mymayuii 6 2eHax ... 196
Paviova NV, et al. The role of highly penetrant mutations in ...

37.Che R, Jack JR, Motsinger-Reif AA, et
al. An adaptive permutation approach for genome-
wide association study: evaluation and recommen-
dations for use. BioData Mining. 2014;7:9. DOL:
https://doi.org/10.1186/1756-0381-7-9
38.Yarosh SL, Kokhtenko EV, Churnosov
ML, et al. Joint effect of glutathione S-transferase
genotypes and cigarette smoking on idiopathic
male infertility. Andrologia. 2015;47(9):980-986.
DOI: https://doi.org/10.1111/and.12367
39.Polonikov A, Bykanova M, Ponoma-
renko I, et al. The contribution of CYP2C gene sub-
family involved in epoxygenase pathway of arachi-
donic acids metabolism to hypertension suscepti-
bility in Russian population. Clinical and Experi-
mental Hypertension. 2017;39(4):306-311. DOI:
https://doi.org/10.1080/10641963.2016.1246562
40.GTEx Consortium. The GTEx Consor-
tium atlas of genetic regulatory effects across hu-
man tissues. Science. 2020;369(6509):1318-1330.
DOI: https://doi.org/10.1126/science.aaz1776
41.Decock J, Long JR, Laxton RC, et al. As-
sociation of matrix metalloproteinase-8 gene vari-
ation with breast cancer prognosis. Cancer Re-
search. 2007;67(21):10214-10221. DOI:
https://doi.org/10.1158/0008-5472.CAN-07-1683
42.Wang K, Zhou Y, Li G, et al. MMPS8 and
MMP9 gene polymorphisms were associated with
breast cancer risk in a Chinese Han population. Sci-
entific Reports. 2018;8(1):13422. DOI:
https://doi.org/10.1038/s41598-018-31664-3
43.Mavaddat N, Dunning AM, Ponder BA,
et al. Common genetic variation in candidate genes
and susceptibility to subtypes of breast cancer.
Cancer Epidemiology Biomarkers and Prevention.
2009;18(1):255-259. DOI:
https://doi.org/10.1158/1055-9965.EPI-08-0704
44 Pharoah PD, Tyrer J, Dunning AM, et al.
Association between common variation in 120 can-
didate genes and breast cancer risk. PLoS Genetics.
2007;3(3):e42. DOI: https://doi.org/10.1371/jour-
nal.pgen.0030042
45 Juurikka K, Butler GS, Salo T, et al. The
Role of MMPS in Cancer: A Systematic Review.
International Journal of Molecular Sciences.
2019;20(18):4506. DOI:
https://doi.org/10.3390/ijms20184506
46.Moskalenko MI. The involvement of
genes of matrix metalloproteinases in the develop-
ment of arteial hypertension and its complication
(review). Research Result. Medicine and Phar-
macy. 2018;4(1):53-69. Russian. DOI:

https://doi.org/10.18413/2313-8955-2018-4-1-53-
69

47.Chahil JK, Munretnam K, Samsudin N,
et al. Genetic polymorphisms associated with
breast cancer in malaysian cohort. Indian Journal
of Clinical Biochemistry. 2015;30(2):134-9. DOL:
https://doi.org/10.1007/s12291-013-0414-0

48.Fu F, Wang C, Chen LM, et al. The influ-
ence of functional polymorphisms in matrix metal-
loproteinase 9 on survival of breast cancer patients
in a Chinese population. DNA and Cell Biology.
2013;32(5):274-82. DOI:
https://doi.org/10.1089/dna.2012.1928

49 Al-Eitan LN, Jamous RI, Khasawneh
RH. Candidate Gene Analysis of Breast Cancer in
the Jordanian Population of Arab Descent: A Case-
Control Study. Cancer Investigation.
2017;35(4):256-270. DOI:
https://doi.org/10.1080/07357907.2017.1289217

50.Slattery ML, John E, Torres-Mejia G, et
al. Matrix metalloproteinase genes are associated
with breast cancer risk and survival: The Breast
Cancer Health Disparities Study. PLoS ONE.
2013;8:¢63165. DOI: https://doi.org/10.1371/jour-
nal.pone.0063165

51.Resler AJ, Malone KE, Johnson LG, et al.
Genetic variation in TLR or NFkappaB pathways
and the risk of breast cancer: a case-control study.
BMC Cancer. 2013;13:219. DOI:
https://doi.org/10.1186/1471-2407-13-219

52.0liveira VA, Chagas DC, Amorim JR, et
al. Association between matrix metalloproteinase-
9 gene polymorphism and breast cancer in Brazil-
ian women. Clinics. 2020;75:€1762. DOI:
https://doi.org/10.6061/clinics/2020/e1762

Cratps noctynuia B penakuuto 12 saBaps 2022 r.
[Moctynuia nocie qopadotku 25 despanst 2022 T.
[Ipunsra x nevatu 2 mapra 2022 r.

Received 12 January 2022
Revised 25 February 2022
Accepted 2 March 2022

HNnudopmanus o0 aBTopax

Hapexna BuraabeBna IlaBiaoBa, couckarels 10
HayyHOW cmemmanbHOoCTH 1.5.7 — T'eHermka
OI'AOY BO «benropoackuii TocyaapcTBEHHBINA
HallUOHANBHBIA HCCIEIOBATENbCKUI YHUBEPCH-
ter», r. benropon, Poccuiickas ®enepanus,
E-mail: doc.ss@mail.ru, ORCID:
https://orcid.org/0000-0002-7754-5231.
Banentuna CemenoBHa OpJjioBa, TOKTOp MeIH-
LIMHCKUX Hayk, rpodeccop, npodeccop kadeaps



Opueunansnas cmambsi
Original article

HayuHvble pesys1bmambl 6uomeduyuHckux uccaedoganutl. 2022;8(2):180-197 197

Research Results in Biomedicine. 2022:8(2):180-197

akymepctsa u ruaexonoruu ®I'AOY BO «benro-
POJCKHH TOCYJapCTBEHHBIM HAIlMOHAIBHBIM HC-
CIeIOBaTEIbCKUNA YHHBEpCUTET», TI. benropog,
Poccutickas Ddenepartus, E-mail:
orlova@bsu.edu.ru, ORCID:
https://orcid.org/0000-0003-3882-9191.

Hpuna BuranaseBna bataynkas, nokrop 6mono-
THYECKUX HayK, JOLEHT, 3aBeqytoumid kadenpoii
ouorexnosiorun 1 mMukpooduonorun GI'AOY BO
«benaropoackuil rocy1apCTBEHHBIA HAI[MOHAJIb-
HBII HCCIIEN0BATEIbCKUI YHUBEPCUTETY, T. benro-
pox, Poccutickas Oepnepanys, E-mail:
bat@bsu.edu.ru, ORCID: https://orcid.org/0000-
0003-0068-6586.

Oasra AnexceesHa EdpemoBa, noxtop mMemu-
IIMHCKUX HAyK, JOILCHT, 3aBeAyoUuil Kadeapoit
¢akynprerckoi Tepanun PI'AOY BO «benropon-
CKHI rocyJapCTBEHHbBIN HAIIMOHAJIBHBIN HCCIEH0-
BaTEJIbCKUI YHUBEPCUTET», I'. benropon, Poccnii-
ckas Depeparusa, E-mail: efremova@bsu.edu.ru,
ORCID: https://orcid.org/0000-0002-6395-1626.
HNpuna BacuabeBna IloHomapeHko, 1OKTOp Me-
IUIWHCKUX HayK, JOLCHT, mpodeccop kadeaps
Mennko-omonornueckux mucnurima @TAOY BO
«benropoackuii  rocyIapCTBEHHBIM Hal[MOHAJIb-
HBII MCCIIE0BATENICKUI YHUBEPCUTETY, T. beiro-
pox, Poccwiickas Denepanms, E-mail:
ponomarenko i@bsu.edu.ru, ORCID:
https://orcid.org/0000-0002-5652-0166.

Information about the authors

Nadezhda V. Pavlova, Applicant in Scientific
Specialty 1.5.7 — Genetics, Belgorod State National
Research University, Belgorod, Russia, E-mail:
doc.ss@mail.ru, ORCID: https://orcid.org/0000-
0002-7754-5231.

Valentina S. Orlova, Doct. Sci. (Medicine), Pro-
fessor, Professor at the Department of Obstetrics
and Gynecology, Belgorod State National Re-
search University, Belgorod, Russia, E-mail: or-
lova@bsu.edu.ru, ORCID: https://orcid.org/0000-
0003-3882-9191.

Irina V. Batlutskaya, Doct. Sci. (Biology), Asso-
ciate Professor, Head of the Department of Bio-
technology and Microbiology, Belgorod State Na-
tional Research University, Belgorod, Russia,
E-mail: bat@bsu.edu.ru, ORCID: https://or-
cid.org/0000-0003-0068-6586.

Olga A. Efremova, Doct. Sci. (Medicine), Associ-
ate Professor, Head of the Department of Faculty
Therapy, Belgorod State National Research Uni-
versity, Belgorod, Russia, E-mail:
efremova@bsu.edu.ru, ORCID: https://or-
cid.org/0000-0002-6395-1626.

Irina V. Ponomarenko, Doct. Sci. (Medicine),
Associate Professor, Professor at the Department
of Biomedical Disciplines, Belgorod State National
Research University, Belgorod, Russia, E-mail:
ponomarenko_i@bsu.edu.ru, ORCID: https://or-
cid.org/0000-0002-5652-0166.



