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Llenb uccnepoBanus: n3y4ntb CBA3b OAHOHYKNEOTUAHOrO MOSMMOPCM3MA reHa peuentopa 3CTporeHa BToporo tuna (ESR2)
C BO3pacTOM MeHapXxe Y XeHLLMH LieHTpanbHoro YepHosembsa Poccum.

Matepuansl n Mmetofbl. Boi6opka Ans HACTOALLEro PeTpOCNeKTUBHOIO UCCNe0BaHUs cocTaBmna 696 >eHLwmH. NHdopmaums o
BO3pacTe MeHapxe Oblfia Nony4eHa Npu 0Npoce XXeHLMH. G NoMOLLbI NONMMePa3HOIi LienHon peakumn metogom TagMan 30HA0B
NPOBEAEHO FEHOTUNUPOBAHNE TPEX MONUMOPAHbIX NoKycoB rs4986938, rs1256031, rs10144225 reHa ESR2. OyHKUMOHANbHbIE

anuUreHeTUHeckne 3@eKTbl MeHapxe-acCoLMUPOBAHHOIO nonumopduama rs4986938 ESR2 n3y4anucb C UCMOMb30BAHUEM
OH-naiH nporpamm HaploReg.

PesynbTatbl. YCTaHOBMEHbI accoumaumm nonumopduama rs4986938 reHa ESR2 ¢ BO3PAacTOM MEHApXe Y PYCCKNUX >KEHLLWH
LleHTpanbHOro YepHosembst Poccuu. Y XXeHLLWH, UMeoLKUX B reHoTune annens A nonumopduama rs4986938 ESR2 (reHoTuMbI
A/A v G/A), meHapxe HacTynano B Bo3pacte 12,71 + 1,03 neT, 470 Ha 0,20 roga no3xe N0 CPABHEHWIO C XKEHLLMHAMN, HE NMEHO-
LLIMMK B TEHOTIMNE AAHHOIO0 annens (reHotun G/G), y KOTOpbIX MeHapxe HacTynano B 12,51 + 1,05 net (pperm =0,01). Nonumopusm
rs4986938 reHa ESR2 xapaKTepu3yeTcs BbIPQXXEHHbIMU 3NUreHeTUYeCKUMU 3peKTamu: BNIMSET Ha aOMHHOCTb K NATU (haKTo-
pam TpaHckpunuyuu — CTCF, Nr2f2, Pax-6, Pax-8 n RAR, CBSi3aH C 9HXaHCEPHbLIMI U NPOMOTOPHBLIMM Y4acTKaMm B Pa3HbIX MeHap-
Xe-3Ha4MMbIX TKAHAX 1 OpraHax OpraHn3ma, accounmnpoBaH ¢ aKkcnpeccuei reHa ESR2.

3akntovenue. MonmmopdHbIi nokyc rs4986938 reHa ESR2 accoLMMpoBaH C BO3PACTOM MEHapXe Y XEHLLWUH eBPONENCKOM 4acTu
Poccun.

Kntoyesble cNoBa: BO3pacT MeHapXxe, 0AHOHYKNEOTUAHbIA NOANMOPHU3M, SNUTEHETUYECKNE SPMEKTI

Ins uyutuposauus: PewertHukos E.A., NMonomaperko .B., YypHocos M./. Bo3pacT meHapxe y XeHLUuH Poccum accoummpoBaH ¢
reHoM-kaHamaatom ESR2. Akywepctso, uHekonorus u Penpogykums. 2021;15(2):166-172. https://doi.org/10.17749/2313-7347/
ob.gyn.rep.2021.196.
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Age at menarche in Russian women is associated
with the ESR2 candidate gene
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Abstract

Aim: to study a relation between a single-nucleotide polymorphism in the estrogen receptor beta (ESR2) gene and age of menarche
in women of the Central Black Earth region of Russia.

Materials and Methods. There were enrolled 696 women to the retrospective study. All subjects were interrogated data regarding
the age of menarche. Three polymorphic loci rs4986938, rs1256031, and rs10144225 of the ESR2 gene were genotyped by using
the TagMan probe polymerase chain reaction. The functional epigenetic effects of the rs4986938 £SR2 menarche-associated
polymorphism were studied by using the online HaploReg software.

Results. There were found out associations of ESR2 rs4986938 polymorphism with the age of menarche in Russian women of the Central
Black Earth region of the Russian Federation. Women with the rs4986938 £SR2 polymorphism allele A in the genotype (genotypes A/A
and G/A) had menarche at the age of 12.71 + 1.03 years, which is 0.20 years later than in women lacking it in the genotype (genotype
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G/G), who had menarche at age of 12.51 +1.05 years (p

erm

=0,01). The rs4986938 ESR2 polymorphism is characterized by pronounced

epigenetic effects: it affects affinity for five transcription factors — CTCF, Nr2f2, Pax-6, Pax-8, and RAR, being associated with enhancer
and promoter sites in various menarche-significant body tissues and organs, and associated with the expression of the ESRZ2 gene.

Conclusion. The rs4986938 polymorphic locus of the ESR2 gene is associated with age of menarche in women in the European part

of Russia.

Keywords: menarche age, single-nucleotide polymorphism, epigenetic effects
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OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» Bo3pacT MeHapxe XapakTepu3yeT 3aBepLUeHWe CTAHOBMEHUS
PenpoayKTUBHOA (DYHKLMW AEBOYKU-NOAPOCTKA, a TaKXkKe
(PepTUNBLHOCTL B3POCOI XXEHLMHBI U PUCKI Pa3BUTUS Y Hee
OnpefeneHHbIX 3a601eBaHNiA B MOCNEAYOLLEN XXU3HU.

» Onpepenstowyto ponb (53-74 %) B hopMUPOBaHAN MEHapXe
MEOT HaCNeACTBEHHbIE (DAKTOPbI.

Y710 HOBOrO f1aeT cTaThsA?

» [Monumopchuam rs4986938 reHa ESR2 accouMmpoBaH ¢
BO3PacTOM MeHapXe Yy PYCCKMUX >KeHLWWH LleHTpanbHoro
YepHo3embss Poccuu: y eHwuH ¢ reHotunamu A/A u G/A
MeHapxe HacTynano B Bo3pacte 12,71 + 1,03 net, 410 Ha 0,20
rofia N03)Ke N0 CPAaBHEHWIO C XKEHLLUHAMK ¢ reHoTunom G/G.

» [Monumopcuam rs4986938 £SR2 xapakTepu3yeTcs BbIpaXKeH-
HbIMU 3MUreHeTUHeCKUMN 3pPeKTaMmn: BIIUAET HA adpuH-
HOCTb K NATK chakTopam TpaHckpunumn — CTGF, Nr2f2, Pax-6,
Pax-8 n RAR, cBfidaH C 9HXaHCEPHbIMKU M MPOMOTOPHbIMM
y4acTkamu B PasHbIX MEHapXe-3HauMMbIX TKaHSAX U OpraHax
OpraHu3ma, accoLMMpoBaH C aKcnpeccnen reHa ESR2.

Kak 3o MOXET NOBNMATL HAa KIIMHNYECKYH) NPAKTHKY
B 0603pumom byayLiem?

» Vccnenoanue nonumopduama rs4986938 rena ESR2 moxet
NCMoNb30BaTLCA A8 (DOPMUPOBAHUS TPYNMbI PUCKA MO PA3BM-
TUIO Y HUX B laNbHEALLEN XIU3HI psiaa 3a6oneBaHuin (runepnina-
CTU4eCcKune 3a6051eBaHNS MaTKI, OXMPEHNe 1 ap.).

Beemenue / Introduction

OfHUM M3 BaXHbIX MOKa3aTteseli NonoBOro pasBuUTUS
[eBOYKM ABNAETCA BO3pacT MeHapxe. G BO3pacTtom me-
HapXe CBA3AHO 3aBepLUEHWe CTAHOBJIEHUS PENnpOAYKTUB-
HOM (PYHKUMM [eBOYKM-MOAPOCTKA, a TaKkXe (DepTusib-
HOCTb B3POCNOM XXEHLLMHbLI U PUCKMN PA3BUTMSA Y HEE onpe-
JeneHHbIX 3ab6onesaHnini B nocnegyowen xusuu [1, 2].
Ha BO3pacT MeHapxe MOXET 0KasblBaTb BIUSAHUE 3HA4M-
TenbHOe KOJIMYeCTBO (DaKTOPOB KaK BHELLHEN cpefpl (06-
pas >XM3HU [OEBOYKW, Hanu4ue BPeaHbIX MPUBbIYEK, 0CO-
GEHHOCTM MUTAHMA U Ap.), TaK W 3HAOMEHHbIX (DAKTOPOB
(0CO6EHHOCTM FOPMOHANBHOIO CTaTyca, Hann4me oXupe-
HUA n ap.) [1-3]. Bo3pacT MeHapxe HanpsMylo Koppenu-
pyeT C pa3BUTMEM LIENOro psaaa pasnmnyHbiX 3a60eBaHuii
Y XKEHLLUWHbI B TEYEHUE €6 XM3HU. K HacTosLemy Bpeme-
HU NOJTy4eHbl MHOTOYUCIIEHHbIE YOEANTENbHbIE AaHHbIE,
YKa3blBalOLLEe HA MOBbILIEHHbIE PUCKW BO3ZHUKHOBEHMS
rUNepniacTUYecknx 3abosieBaHNA >KEHCKON penpoayk-
TMBHON cpepbl [4-10], 3CTPOreH3aBUCUMbBIX OHKONOIU-

What is already known about this subject?

» The age of menarche characterizes completed formation of the
reproductive function in adolescents, as well as the fertility of
adult female and risks of developing certain diseases later in
life.

» Hereditary factors play a decisive role (53-74 %) in formation
of menarche.

What are the new findings?

» Polymorphism rs4986938 of the ESR2 gene is associated with
the age of menarche in Russian women of the Central Black
Earth region of Russia: women with genotypes A/A and G/A
had onset of menarche at the age of 12.71 + 1.03 years, which
is 0.20 years later than in women with genotype G/G.

» The rs4986938 ESR2 polymorphism is characterized by
marked epigenetic effects: it affects affinity for five transcription
factors — CTCF, Nr2f2, Pax-6, Pax-8, and RAR, being associated
with enhancer and promoter sites in various menarche-
significant body tissues and organs, and associated with the
expression of the ESR2 gene.

How might it impact on clinical practice in the foreseeable
future?

» The rs4986938 ESR2 polymorphism can be used to form a risk
group for development of various diseases later in life
(hyperplastic diseases of the uterus, obesity, etc.).

YeCKMX 3a00/€eBaHuii (pak ANYHUKOB, MOJIOYHOIA XKeesbl,
SHAOMETpUS), MeTaboNn4ecKux pPaccTPoncTs (HapyLue-
HUE TOMEPaHTHOCTU K ITOKO3€ U PasBUTME PE3NUCTEHTHO-
CTW K UHCYMWHY, CaxapHbl AnabeT 2-ro Tuna, 0XnpeHue)
1 60n1e3HeN cepaeyHo-cocyamncTon cuctemsl [11, 12].
®opmMupoBaHNe MeHapxe ABNAETCA Pe3yNbTaToM B3au-
MOJEliCTBMA LieNoro KomMmnnexkca ropMoHoB, npoayuupye-
MbIX B rrnoTanamyce, runouse n aUYHMKax esoydku [1,
2]. BaxHOe 3Ha4eHMe Npu 3TOM UMEIOT XKEHCKIE MOJIOBbIe
FOPMOHbI — BO3HUKHOBEHWE MOJIOXXMTENbHON 06paTHOM
CBA3M MexAy 3CTPOreHamu U JITEMHUSUPYIOLWUM Top-
MOHOM MNPWUBOAMT K MHAYKLWW OBYNALUWU U BO3HUKHOBE-
HUIO MeHapxe [2]. Hapagy ¢ 3TUM 3CTPOreHbl, CUHTE3NpY-
eMble B AMYHMKAX, UMEIOT KIto4eBOe 3Ha4YeHne ang Tenap-
Xe (Pa3BMTIE MOMOYHBIX XKEJIe3, HAPYXKHbIX U BHYTPEHHUX
XKEHCKMNX M00BbIX OPraHoB) U ny6epTaTHOro0 ckadyka po-
CTa (3a CYEeT MHAYKLMN 3CTPOreHaMu BbIpaboTKI FOPpMOHA
pocTa 1 MHCynMHonoLo6Horo gakropa pocra l) [2].
CymTtaetcs, 4TO HACNeACTBEHHbIe (DAKTOPbI OKa3blBa-
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10T JOMUHMPYLOLLee BnsHWE (53—74 %) Ha CTaHOBJIEHME
meHapxe [2, 13, 14]. [poBefeHHbIe NoNHOMACLUTA6HbIE
NCCNeoBaHMa reHeTUYeCKUX eTepMUHAHT BO3pacTa me-
Hapxe (BbINONHEH PAA NONHOrEHOMHbIX UCCNeL0BaHUiA 1
MHOXXECTBO acCOLMATUBHbIX WCCNEA0BAHNIA TEHOB-KaH-
ANOATOB) B Pa3nMyHbIX 3apyOeXXHbIX MONYNALMAX YKa3bl-
BAIOT HA 3HAYMMYIO POJSib B CTAHOBJIEHUN MeHapxe 6onee
350 pasnuyHbIX NOAUMOPMHLIX JIOKYCOB, BAUAIOLWNX Ha
YPOBeHb TpaHcKpunumun 6onee 200 pas3nuyHbIX reHoB [2,
14]. Mpu 3Tom cnegyeT OTMETUTbL TOT (PaKT, YTO Mone-
KYNAPHO-TEHETUYECKNE AETEPMUHAHTLI, AETePMUHUPYIO-
LLne BO3paAcT MeHapxe cpeam >eHwuH Poccuitckon QOe-
Jepaumun, K HacToALeMy BpeMeHU M3y4eHbl KpaiiHe cna-
60 [15, 16], a pe3ynbTaThl MHOFOYUCIEHHBIX 3aPYOEXHbIX
1CCNeaoBaHMii N0 3TOMY BONMPOCY HEPeAKO HeOoLHO3HaY-
Hbl, NPOTUBOPEYMBbI U CN1a60 BOCNPOM3BOANMDI.

Llenb uccnenoBaHus: n3y4ntb CBA3b OAHOHYKNEOTU-
HOro NonMMopdn3ma reHa peLenTopa acTporeHa BTOpo-
ro tuna (ESR2) ¢ BO3pacToM MeHapxe y XeHWuH Llex-
TpanbHoro YepHosembs Poccuu.

Marepuansl 1 MeTObI / Materials
and Methods

Bbl6opKka [4Nf JAHHOrO PETPOCMEKTMBHOrO MCCneno-
BaHMSA cOCTaBuna 696 XeHLLUWH, CpeaHniA BO3pacT coCTa-
BUNn 26,37 + 4,90 net (Bapbuposan ot 16 net go 35 ner).
®opmupoBanne BbIGOPKM MPOBOAWUIIOCL B MepuHatanb-
HoM ueHTpe OIBY3 «benropoackas OKB Ceatutens Wo-
acaga» B xofe NpodMNaKTUYECKNX OCMOTPOB XXEHCKOr0
HaceneHusa (2010-2013 rr.). B pe3ynbrare onpoca eH-
MK nonyyYann MHopmaunio 0 Bo3pacte (KOMN4YecTBO
MOJSHbIX NIET € AaTbl POXK/AEHNS) NEPBbIX MEHCTPYaNbHbIX
KPOBSHWCTBIX BblAeNeHnin (Bo3pact mMeHapxe). Mpu dop-
MWPOBAHWUU BbI6OPKN YYNUTbIBAIIN HALMOHANBHOCTD U Me-
CTO POXAEHUA XeHLWMH [17].

Kputepuu BkntoueHus n ucknioyenus / Inclusion
and exclusion criteria

Kputepuu BKIOYEHNS: PYCCKas HALMOHANbHOCTb, Me-
CTO POXAEHUA U NpoXuBaHus — LleHTpanbHoe YepHo3e-
Mbe Poccuu; OTCYTCTBME POACTBA MEXAY Y4acTHUKaMW
1ccnenoBaHms; [o6pOBOSIbHOE COrflacue Ha BKIIHOYEHMe
B UCCIeS0BaHMe.

Kputepun nCKoYeHns: Hanm4mne comaTn4eckomn nato-
NOTUN TAXKENIOro TeYeHMs U 0HK03a60J1eBaHUI; Hanmyne
rUnepniacTUYecknx 3abomneBaHnii XXEHCKOW penpoayk-
TUBHOI CCPEpPbI; HEPYCCKaA HALWOHANIbHOCTb; UHOE, YeM
LleHTpanbHoe YepHo3eMbe PD MeCTO poXXaeHus w/unm
NPOXXMBAHWUA; HaNM4ne POACTBA MEXAY Y4acTHUKaMn 1c-
CNeJj0BaHNs; 0TKa3 OT y4acTus B UCCIe[0BaHUMN.

Jdtnyeckue acnektbl / Ethical aspects

[Tpn npoBefeHnn nccnenoBaHus, 0406PEHHOr0 aTUYe-
CKUM KOMUTETOM MefuuuHckoro uuetutyta HY benly
(npotokon Ne 2 ot 13.02.2008), BbINOMHANM CTaHAAPTbI
HaJINeXallel KNUHWYECKON NPAKTUKN 1 NPUHLUNBI XeNb-

CUHCKOM Aeknapauun. OT BCEX XEHLLMH, BKIOYEHHbIX B
nccnenosaHme, 6bIo NOMy4eHO NUCbMEHHOE MHAOPMU-
pOBaHHOE cornacue.

MeTofbl MONEKYNAPHO-reHeTUYECKOro aHanusa /
Molecular genetics analysis

[na reHoTunupoBaHnus 6biin 0TO6PaHBI OJHOHYKSEO0-
TUOHbIE nonumopduamsl reHa ESR2, obnanatwoLine 3Ha-
YUMbIM PErynaTopHbIM noteHuuanom [18]: rs4986938,
rs1256031, rs10144225. TeHeTnyeckoe wuccefoBaHue
nposoaunu Ha npuéope-amnandukarope CFX-96 (ocy-
LLIECTBNANM C NMOMOLLbIO NOSIMMEPA3HON LIENHON peakumm
metogoM TagMan 30HA0B) M HabopaMu peareHToB, CUH-
Te3npoBaHHbix 000 «TectleH» (VnbaHoBCK). Monekynbl
OHK, ncnonbaoBaHHble B Ka4eCTBe MatpuL 4ns reHotu-
NUPOBaHUS, BbILENANN U3 BEHO3HON KPOBK 06CeayeMbIX
XKEHLLUH (0TOOP 5 MJT BEHO3HOM KPOBW NPOBOAUAN B NPO-
6upku cuctembl Vacutainer® ¢ koHcepsaHtom 3TA) ¢ uc-
NoNb30BaHWEM CTaHAAPTHOTrO MeToAa (HEeHONbHO-XNOPO-
(bOopMHOI 3KCTpaKLNW.

CratucTuyeckuin ananu3 / Statistical methods

[Ins BbIABIEHMA CBA3M OJHOHYKNEOTUAHbIX JIOKYCOB
C BO3paCTOM MEHapxe WCMonb30Bann Nor-nuMHenHbIA pe-
FPECCUOHHBIN aHanNN3 ¢ KoBapMaTtamm — BO3PAcT W MHLEKC
MacCbl TENa XXEHLLMHbI 11 KOPPEKLMIO HA JIOXHOMOM0XN-
TeSIbHble Pe3ynbTarbl, CBA3aHHbIE CO MHOXECTBEHHbIMM
CPaBHEHMAMU (NPUMEHANCA afanTUBHbIA MepMyTaLnOH-
Hblid TecT). OLeHKy CBA3M nonumopdu3Ma ¢ Bo3pacTom
MEeHapxe NpoBOAMNK HA OCHOBE PACCYMTAHHOIO KO3 du-
uueHTa perpeccumn (B). JaHHbIA cTaTMCTMYECKMi napa-
METp YKa3blBAeT HA HaNpPaBieHHOCTb CBA3W OLHOrO0 NOMu-
MOPCOHOro BapmaHTa (PeaKo BCTPeYaoLwnii anieflb — Tak
Ha3blBAEMbI MUHOPHBIA annenb) ¢ BO3PACTOM MeHapXxe.
B kayecTBe CTaTUCTUYECKW 3HAYMMOr0 YpOBHSA MpW Mpo-
BEJEHMW PACcyeToB W WMHTEpNpeTaumn nosiydeHHbIX LaH-
HbIX NpuHUMANCa p, . < 0,05. Bce Bbl4UCNEHNA B paM-
Kax JaHHOI paboTbl BbINOMHANM B CELNani3npoBaHHOM
nporpaMmHom o6ecneyeHuu PLINK (Bepcus nporpaMmel
2.050), npeacTasneHHOM B CBOOOAHOM [OCTYMe Ha cail-
Te http://zzz.bwh.harvard.edu/plink/. TlpoBogunn oueH-
Ky 9nureHetnyeckux 3dhghekToB nonmMopduama resa
ESR2, nNpoLeMOHCTPUPOBABLLEr0 CTaTUCTUYECKN 3HAYU-
MYI0 CBSI3b C BO3PACTOM MEHApPXe; UCMoSb30BaN OHMAMH
6a3y paHHbix HaploReg (Bepcusi nporpammbl 4.1 pas-
MellleHa B CBOGOJHOM [OCTYyne Ha caiite http://archive.
broadinstitute.org/mammals/haploreg/haploreg.php) 1
METOANKN, NpefcTaBneHHble paHee [15, 19].

Pe3yabTaTsl B 00Cy:xaeHHE / Results
and Discussion

Monumopchuam reda ESR2 v Bo3pacT meHapxe / ESR2
gene polymorphism at the age of menarche

Pesynbtathl N0 accoumaunam 0AHOHYKNEOTUAHbIX No-
KYCOB reHa peLenTopa 3cTporeHa 2-ro Tuna ¢ BO3pacToMm

m http://www.gynecology.su
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MeHapxe npueedeHbl B Tabnuue 1. CornacHo [gaHHbIM
Tabnuubl 1, CTaTUCTNYECKN 3HAYMMO CBSI3aH C BO3PACTOM
MOSIBIIEHMS MEPBLIX MECAYHbIX MoAUMopduram rs4986938:
annenb A rs4986938 ESR2 accoummnpoBaH ¢ NO3AHUM Me-
Hapxe (LOMMWHAHTHas MOJENb B3aUMOAECTBUSA annenen
p=020+0,08 p=001;p,, =001). CpenHuii Bo3pacTt
MOSIBNEHNS NEPBbIX MECAYHbIX Y XKEHLLWH C FeHOTMNaMi
A/A nnmn G/A (B reHOTMNE UMEETCS annenbHbIA BapuaHT A)
coctaBnsan 12,71 ner, Toraa Kak y XXeHLIMH C FeHOTUMOM
G/G (B reHoTMNE OTCYTCTBYET annesbHbIA BapuaHT A) nep-
Bble MeCsYHbIe NMOABNANNCH paHblue — B 12,51 ner.

OueHka anureHeTyeckux agppextos rs4986938 reHa
ESR2 [ Assessing epigenetic ESR2 gene rs4986938
effects

Mosy4eHHbIe C MCMonb30BaHUEM 6UOMHAOPMATHYe-
ckoro pecypca HaploReg naHHble YKa3bIBAKT Ha CyLlle-
CTBEHHbIE 3anureHeTnyeckne 3MMeKTbl OAHOHYKNEOTUI-
Horo nonumopdunama rs4986938 reHa ESR2. [laHHbIii no-
nuMopdn3M NoKanM3oBaH B o6nact MoanQULUPOBaAH-
HbIX TMCTOHOB, MapKMUPYIOLLMX NPOMOTOPHbLIE 06nacTn B
NOAKOPKOBbIX LIEHTpax roNOBHOMO MO3ra, KieTkax nepu-
(hepryecKoii KpoBu, a TakKe 3HXAHCEPHbIe Y4acTKu B 60-
nee 10 pasHbIX KNETO4YHbLIX CTPYKTYP (B TOM YKUCIIE KNETOY-

Hble KYNIbTYPbl U3 3KTO-, 3HTO- 1 ME30ePMbl 1 Ap.) U Ap.

PaccmatpuBaemblil B HacTosilleid paboTe NIOKYC
rs4986938 FSR2 ABNseTCS COCTAaBHOI YacCTbl) y4acT-
KoB B3aumopeicTemsa OHK ¢ dpaktopamu-perynsaropamu
TpaHckpunuuu (T®): Nr2f2, RAR, CTCF, Pax-8 u Pax-6. G
LEeNbio OLEHKN BNUSHMS annenbHbIX BapMaHTOB JAHHOIO
SNPs Ha apuHHOCTb K BbileyKa3aHHbIM T® 6binu no-
NyYyeHbl CnemytoLLMe nokKasaTenu, oTpaxaroliue pasnu-
yusa B LOD scores mexay reHeTU4ecKumun BapmaHtamm A
u G atoro nokyca: 0,6 ana CTCF, —2,6 ans Nr2f2, 0,1 ans
RAR, 11,1 ons Pax-6, —1,6 ans Pax-8. 3Tu AaHHble yKa-
3bIBAOT Ha TO, 4TO annenb A rs4986938 ESRZ, cBs3aH-
HblA C NO3OHUM MeHapXe, COrNacHO MoNy4eHHbIM HaMu
NaHHbIM, 06YCNOBIINBAET CHUXXEHNE «YYBCTBUTEIbHOCTU»
moTuBoB [1HK k T® Nr2f2 u Pax-8 1 60nee BbICOKY ad-
uHHoCTb K T® RAR, Pax-6, CTCF. JlutepaTypHble ma-
Tepuanbl [JeMOHCTPMPYIOT BOBNEYEHHOCTb Bbille pac-
cMatpusaemMblx TM B pasnuyHble NPOLECCHI XKNUIHEHHOTO
LMKNa KNeTkn — anddpepeHLmMpoBKa KNeTok, nponudepa-
TUBHbIE NPOLIECCHI, aNOMNTO3 W AP., KOTOPbIE MOTYT MUrpath
OnpeaensioLLyto ponb B ny6epTaTHOM Pa3BUTUM U B TOM
yucne B oopmmpoBaHuu meHapxe [20].

B  pesynbrate  McCnegoBaHWUs,  BbINOJSIHEHHOTO
T. Lappalainen ¢ coast. [21] (MHTerpmMpoBaHbl ¢ GMOWH-

Tabnuya 1. CBS3b BO3pacTa MeHapXe ¢ reHoTunamn nonuMopdHbIX OKYCOB reHa ESR2.

Table 1. A relation between age of menarche and genotypes of ESRZ gene polymorphic loci.

Bo3pact meHapxe,
I'Ionumopql_usm FeHoTHNbI M TEHETHYEcKUE MOenu n % ner
Polymorphism Genotypes and genetic models Age of menarche,
years
A/A 73 10,51 12,59 + 0,83
rs4986938 G/A 333 47,91 12,74 +1,08
(ansTepHaTUBHbLIN annenb A) G/G 289 41,58 12,51+1,05
rs4986938 G/G vs. G/Avs. A/A (1) B=0,11+0,06;p=0,08
(alternative allele A) G/G vs. G/A+A/A (2) B =0,20 £ 0,08; p = 0,01
G/G+G/A vs. A/A (3) B =-0,02+0,09; p=0,87
C/C 147 21,12 12,61 + 1,00
rs1256031 T/C 354 50,86 12,61+ 1,04
(anbTepHaTMBHbIA annensb C) T 195 28,02 12,67 + 1,11
rs1256031 T/Tvs. T/C vs. C/C (1) 3 =-0,03 +0,05; p=10,61
(alternative allele C) T/T vs. T/C+C/C (2) 3=-0,06 £0,09; p=0,51
T/T+T/C vs. C/C (3) f=-0,02£0,10; p=0,87
G/G 19 2,73 12,74 +1,10
rs10144225 AG 203 29,21 12,56 + 1,00
(anbTepHaTMBHBLIN annenb G) AA 473 68,06 12,65+ 1,07
rs10144225 A/Avs. A/Gvs. G/G (1) B=-0,05+0,07;p=0,49
(alternative allele G) A/Avs. A/G + G/G (2) 3=-0,08 £0,09; p=0,34
A/A + A/G vs. G/G(3) B=0,11+0,24;p=0,64

Tpumeyanme: B + SE — KO3 DULNEHT INHENHOIN Perpeccum (MU3MeHeHne Bo3pacta MeHapxe Ha MUHOPHBINA annesb, J1ET) U €ro OLINOKa;
D — YPOBEeHb 3HAYNMOCTH, BbIAESIEHbI 3HAYUMBIE PA3Nans. PaccmarpuBannce 3 reHeTnyeckue Mogenn. agantneHas (1), JomMuHaHTHas (2),

peyeccusHas (3).

Note: B + SE - a linear regression coefficient (change in age of menarche per minor allele, years) plus error; p — significance level, significant
difference is highlighted in bold. There were analyzed three genetic models: additive (1), dominant (2), and recessive (3).
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thopmatnyeckum pecypcom HaploReg), BbisiB/ieHa acco-
umnaums rs4986938 £SR2 ¢ ypoBHEM TPAHCKPUMLIMOHHOM
aKTUBHOCTU reHa ESR2Z (p = 5,03x1075) (naHHble nonyye-
Hbl Ha MOZENN MMM 061aCTHBIX KNETOK).

ITak, nony4eHHble HaMKU [aHHbIE YKAa3blBAKT HA Bbl-
PAXEHHbIE ANUTreHEeTNYecKne 3EEKTbI OJHOHYKNEOTU -
Horo nonumopdunama rs4986938 ESR2 (BnuseT Ha ad-
(PMHHOCTb K NATU (pakTopam TPaHCKPUNLUMW, CBA3AH C
3HXAHCEPHbIMW U NPOMOTOPHBLIMU Y4aCTKaMi B PasHbIX
MeHapXe-3Ha4UMbIX TKaHAX W OpraHax opraHuama, acco-
LMMPOBAH C aKcnpeccuel reHa ESR2), u 3T pyHKUWMO-
HaNbHble 3dppekTbl rs4986938 moryT coctaBnaTb Meau-
K0-OMOSOrM4eCKy0 OCHOBY YCTAHOBJIEHHON B HaLIEM WC-
CNefjOBaHNK ero CBA3N C BO3PACTOM MOSBNIEHWS MEPBbIX
MECSHYHbIX.

CsefieHus, npeacTaslieHHble B OHNaiiH 6ase Genecards
(http://www.genecards.org/) o reHe ESR2 (koampyeT pe-
LLenTopbl 3CTPOreHOB 2-ro TUNa, Ux elle HasbiBawT 6e-
Ta-peLenTopbl 3CTPOreHOB), YKa3blBAKT HA TO, Y4TO OH
ABNAETCA «CWUJIbHbIM>» PErynaTopoM MPOLECcCoB, Npouc-
XOAALLMX HA HA4Ya/IbHOM 3Tane peanusauny HacneaCcTBeH-
HOM MHAOPMALMKN B KIIeTKax — 3Tarne TPaHCKPUNUMK:
B3aUMOJeNcTBys ¢ 60NbLIMM KONUYECTBOM PA3NINYHbIX
(bakTOpOB TpaHCKpUNUMu, OH 06ecneynBaeT Perynsauuio
TPAHCKPUMNLMOHHOA aKTMBHOCTM MHOXXECTBA pasHbIX re-
HOB. JluTepaTypHble MaTepuansl CBUAETESIbCTBYIOT O 3Ha-
4/IMOI POSN PEeLenTopoB 3CTPOreHoB 2-ro Tuna (ESR2) B
npoLeccax onocpenoBaHns 3GHeKTOB XKEHCKMX NOSOBbIX
FOPMOHOB B Pa3fiNyHbIX 3CTPOreH-3aBUCUMbIX OpraHax u
TKaHAX (Tak Ha3blBaemble afepHo-ER-onocpenoBaHHbie
nyTy Nepeaadn CUrHanos) U B TOM YUCAE NyTU CUrHAN-pe-
FYNNPYEMbIX BHEKNETOYHbIX KWHA3, CUTHANbHbIX Kacka-
[0B peLenTopa K TMPO3NHKNHA3E, MUTOTeH-aKTUBMPOBAH-
HbIX NPOTENHKMHA3 W Lp. [22]. 3TN Xe CUrHaNbHble NyTH

WMEIOT BaXKHOE 3Ha4yeHWe W B BO3HWUKHOBEHWUW MeHap-
Xe-CBA3AHHbIX FOPMOHO32BUCKUMbIX TUNEPNIACTUYECKMX
3a060/1eBaHMNIA XKEHCKOW PenpoayKTMBHOW cdoepbl (3HAO-
MeTpno3, Mmoma Matku u ap.) [5, 7, 23]. B panee ony-
OIIMKOBAHHbIX Hay4HbIX paboTax yKa3aHbl JaHHbIE O CBA3N
rs4986938 ESRZ2 ¢ pa3BUTMEM TMHEKOMACTWUK Y MOAPOCT-
KOB [24], BO3HWMKHOBEHWEM ruUnNepniasui 3HLOMETPUA
[25], aHgomeTpuo3a [26] M 3HAOMETPMO3-aCCOLMMPOBAH-
Horo 6ecnnofus [27]. Matepuanbl HacTosiLield paboThl,
CBWAETENbCTBYIOLLME O BRXHOW ponu B hOPMMPOBAHMN
MeHapXe Yy XeHLWuH Poccun 0QHOHYKNEOTUAHOrO MOMu-
mopdouama (rs4986938) rewa peuentopa 3CTPOreHoB
2-ro tina (ESR2), aBnat0TCA 3HAYUMbIM LOMOSHEHUEM
pe3ynsTatoB, MOMYYEHHbIX PaHee HalUM KOJSIIEKTUBOM,
06 accounauusax ¢ (popMMpoOBaHMEM MEHApXe Yy Hacene-
HUA eBponenckoir yactn Poccum (LleHTpanbHoe YepHo-
3eMbe) reHetuyeckux mapkepos rs3020394 v rs1884051
reHa peLenTopa acTporeHoB nepeoro Tuna (ESRT) [16] u
NOATBEPXKAAKT KITHOYEBYIO POJib 3CTPOreHOB, peanmnayio-
KX cBOU (DEHOTUNUYECKNE 3PeKThl Yyepes cneuudu-
yeckue peuentopbl (ESR1 n ESR2), B cTaHoBNeHUM me-
HapXe Yy XXeHLLWH eBPONencKoii yactu Poccuu.

3axiarouenue / Conclusion

OpHoHykneoTuaHbIA nonumopduam rs4986938 ESR2
accoLMNPOBAH C BO3PACTOM MEHapXe Yy XeHLLuH Poccun:
Y WHAMBUAYYMOB ¢ reHoTunamn A/A n G/A meHapxe Ha-
CTynaso no3)e no CPaBHEHUIO C UHAMBULYYMAMN C FeHO-
Tunom G/G. Monumopuam rs4986938 ESR2 xapaktepu-
3YeTCA BbIPXEHHbIMU 3MUTEHETUHECKUMMN 3hdheKTamm
(BnnseT Ha adyUHHOCTL K MATW (pakTopam TPAHCKpun-
LI1K, CBSA3AH C 3HXAHCEPHBLIMI 11 NPOMOTOPHbLIMIA Y4aCTKa-
MW B Pa3HbIX MEHapPXe-3Ha4MMbIX TKaHAX 1 OpraHax opra-
HW3Ma, acCcoLMMPOBaH C 3Kcnpeccueil reHa ESR2).
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