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Pesrome. Ileny uccnedosanus: oueHka BIUSHUS HEKO-
TOPBIX TEHETUYECKUX MOTUMOP(PU3MOB U HX COUCTAHHH
Ha pUCK (hOPMUPOBAHUS OCIOKHEHUH OEPEeMEHHOCTH.

Mamepuanvt u memoovt uccnedosanus: llpoBeneHa
OIICHKA YaCTOTHI BCTPEYAEMOCTH TEHETUIECCKUX TTOTIMOP-
(M3MOB B TEHAX CHCTEMBI TeMOCTa3a, TeHaX (OJIaTHOTO
[IUKJIa, TeHAaX PEeHUH-aHTHOTEH3WH-AIbI0OCTEPOHOBON CH-
CTEMBI, T€HaX IMUTOKUHOB, T€HaX «TUCHYHKIUU SHIOTE-
JUsD» y MAUUCHTOK C OCJIOKHEHHBIM U HEOCIOKHEHHBIM
TeueHHeM OEpPeMEHHOCTH B aHamMHe3e. B ucciienoBaHue
Borutr 102 >KEHIIMHBI €BPOMIEOUTHON PACHl B BO3PACTE OT
21 mo 45 netr — 59 W3 HUX COCTaBWIN OCHOBHYIO TPYTIITY
(’KEHIMHBI ¢ OCIIOKHEHUSIMA OEPEMEHHOCTH B aHAMHE3€)
" 43 >KCHIIWHBI, HE MMEIOIIHE OCJIOKHCHHUIN T'e€CTalluy B
aHaMHe3€, KOHTPOJIbHYIO TPYIIITY.

Pezynomamupl. JI0CTOBEpHBIX pa3IMuMid MO 4YacTo-
T€ BCTPEYAEMOCTH MOJMMOPQHBIX ajuIelicl U TCHOTHUIIOB
MEXIy HCCIeTyeMbIMH TPYTMIaMH BBIABIEHO HE OBLIO.
OpHako TpH HAIWYMKA OIPEISICHHBIX HEOIarompHusT-
HBIX KOMOWHAIMI, HOCHTEIHCTBO MOIUMOP(HBIX aiie-
Jiell MOXeT TposiBUThCs (heHoTMnMUecku. Haunbomnee He-
OJIaroNPUSTHBIMY SIBIISIFOTCS OJJHOBPEMEHHOE HOCHUTEIIb-
CTBO TOMO3HMTOTHBIX «IMKHX» IeHOTHIIOB reHoB F7 u F13
(F7 G10976A GG + F13 G103A GG), coueranue MmoH-
MophHOoTo roMo3urotHoro reHotuna reia MTRR u rere-
pO- JINOO TOMO3UTOTHOTO HOCUTEIIHLCTBA MOTUMOphU3Ma B
rese MTHFR (MTRR A66G AA + MTHFR C677T CT
wi TT), coueraHue MOTUMOPPHOrO reTepo- MM TOMO-
surotHoro nmonumMopdusma B reie ACE ¢ rerepo- uimu ro-
MO3HUTOTHBIMH TTOTUMOP(PHBIMH TeHOTHITaMH B TeHe AGT
i ADD1 (ACE Alu I/D ID umm DD + AGT A704G AG
wi GG, mu6o ADD1 G1378T GT wiu TT).

Bu1600s1. TTomumopdusMbl uccieyeMblX TEHOB BCTpe-
YJaIOTCS OMMHAKOBO YaCTO KaK B OCHOBHOM, TaK W B KOH-
TponbHOH rpymme. HeratuBHBIN 3PPEKT «TUKUX» U TI0-
TUMOPQHBIX aJeNeld B UCCIIeyeMBIX TeHaX MOXKET Tpo-
SIBUTBCS TIPU COYETAHHOM HOCHTEIIBCTBE HEOJIArOTpHsIT-
HBIX BAPUAHTOB B Pa3HbIX TeHaX. [lenecoobpa3Ho ucnomib-
30BaHUE COYCTAHHOTO aHAJM3a Ha JAaHHBIC TOIUMOPhU3-

Abstract. Objective: to assess the effect of certain
genetic polymorphisms and their combinations on the risk
of pregnancy complications.

Materials and research methods: The frequency of
occurrence of genetic polymorphisms in genes of the
hemostatic system, genes of the folate cycle, genes of the
renin-angiotensin-aldosterone system, genes of cytokines,
and genes of “endothelial dysfunction” in patients with a
history of complicated and uncomplicated pregnancy was
estimated. The study included 102 Caucasian women aged
21 to 45 years - 59 of them were the main group (women
with a history of pregnancy complications) and 43 women
who had no history of gestational complications, the
control group.

Results. There were no significant differences in the
frequency of occurrence of polymorphic alleles and
genotypes between the studied groups. However, in the
presence of certain adverse combinations, carriage of
polymorphic alleles may occur. The most unfavorable are
the simultaneous carriage of homozygous «wild» genotypes
of the F7 and F13 genes (F7 G10976A GG + F13 G103A
GG), a combination of the polymorphic homozygous
genotype of the MTRR gene and heterozygous carriage
of the polymorphism in the MTHFR gene (MTRR A66G
TT776 + AA + MTRR ), a combination of polymorphic
hetero- or homozygous polymorphism in the ACE gene
with hetero- or homozygous polymorphic genotypes in the
AGT or ADDI gene (ACE Alu1/ D ID or DD + AGT
A704G AG or GG, or ADD1 G1378T GT or TT).

Conclusions. Polymorphisms of the studied genes are
found equally often both in the main and in the control
group. The negative effect of the “wild” and polymorphic
alleles in the studied genes can occur with the combined
carriage of unfavorable variants in different genes. Using
analysis of these polymorphisms in routine -clinical
practice to assess the risk of pregnancy complications is
not advisable.
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Brenenue

B coBpeMeHHOM aKkyIepcTBe BBIICISIOT «OOIBIINE aKy-
mepckue cuaapomsd (Great Obstetrical Syndromes), cBs-
3aHHBIE C MTATOJIOTHEH MIAlleHTAINHU, KOTopast 00ycCIoBIe-
Ha HApYILICHHEM PEMOJEIINPOBAHUSI U OOCTPYKIIUEH CITH-
paJIbHBIX apTepuil B MEPEXOJHON 30HE U B MUOMETPHUU.
K HUM oTHOCHTCSI HEBHIHANIMBAHHE OCPEMEHHOCTH, TIpe-
JKIEBPEMEHHBIE DPOXBI, 3aJepKKa pocTa IUIoAa, Mpes-
KJIAMIICHUsI, aHTEHaTalbHasi THOeNb MIoa W MpeXIeBpe-
MEHHasi OTCioWKa mianeHTsl [1, 2]. CymecTByeT TuIo-
Te3a, 4TO OOJBINIME aKyIIepCKHe CHHAPOMBI MMEIOT 00-
IIFe MaroreHeTHdecKkne MexaHu3Mbl. OCHOBHBIE M3 HUX
9TO TATOJIOTHUSI COCYHOB, HapyIlIeHHe remMocTasa, U3Bpa-
LIEHWE UMMYHHOTO OTBeTa (BOCHAaJICHUE), SHIOKPUHHbIC
HapyIlIeHNs] ¥ HEyCTOWYMBOCTh K BO3JCHCTBUIO HeOiIaro-
MPUATHBIX TOKCHYECKHX (DAKTOPOB OKPYIKAIOIIEH CpeJIbl
[3]. Bce ot miporiecchl TeHETHIECKH ACTEPMUHUPOBAHEI,
Y 9TO UMEETCS BBUIY NPU U3yUEHUH TeHETHYEeCKON TIpel-
PaCTIONOKEHHOCTH K OOJBITUM aKyIIEPCKAM CHHIPOMAM.

J1o cux rmop HeT OIHO3HAYHBIX JAHHBIX O BIMSIHUH OIpe-
JIeTICHHBIX MOJUMOP(U3MOB I'€HOB Ha PUCK BO3HMKHOBE-
HUS OCTIOKHEHNH OepeMeHHOCTH. J{aHHbIe HayYHOH JTnTe-
patypbl TPOTHBOPEYUBEI, © HECMOTPSI Ha TO, YTO UCCIIEAO0-
BaHHE TCHETHYECKUX MOIMMOP(HU3MOB MPHU OCIOKHEHU-
sIX OEPEMEHHOCTH HE BXOJIUT B CYLIECTBYIOLINE KIMHUYE-
CKHE PEKOMEHIAINH, OHO UCIIOIb3YeTCsl JOCTATOYHO IIH-
poko. Hanpumep, B CBep/yIOBCKOH 001aCTH 10 JaHHBIM
orpoca, TPOBEIEHHOr0 Ha Kadenpe akymepcTBa M TH-
mekosyorum PIIK u [T u [I® YI'MY, 52% axymepos-
THHEKOJIOTOB TIEPUOJMYECKH HAIIPABISAIOT MAIUEHTOK Ha
aHaJIM3 TEHETHYECKUX MOJTUMOP(U3MOB B F€HAX CUCTEMBI
remMocrasa u (oJaTHOTO IHMKJIA, IIPH 3TOM Jinib 4% yBe-
PEHBI, YTO MOTYT CaMOCTOSITENILHO MPaBMWILHO UHTEPIIpe-
THUPOBATh MOyUYCHHBIE Pe3yabTaThl [4].

TeMe reHeTHYeCKIX MOTUMOP(PHU3MOB MTOCBAIIEHO MHO-
JKECTBO HMCCJIEIOBAHUN B HAYyYHOM MHPE, TIOCKOJIBKY y4e-

Introduction

In modern obstetrics, there is a concept of «Great
Obstetrical Syndromes». They are associated with placenta
pathology, which is caused by impaired remodeling and
obstruction of the spiral arteries in the transition zone and
in the myometrium. These include miscarriage, premature
birth, fetal growth retardation, preeclampsia, antenatal fetal
death, and premature placental abruption [1, 2]. There is a
hypothesis that large obstetric syndromes have common
pathogenetic mechanisms. The main ones are vascular
pathology, hemostasis, distortion of the immune response
(inflammation), endocrine disorders and instability to the
effects of adverse toxic environmental factors [3]. All
these processes are genetically determined, and this is
implied in the study of a genetic predisposition to “Great
obstetric syndromes”.

There is still no definite data on the effect of certain gene
polymorphisms on the risk of pregnancy complications.
The data of the scientific literature are contradictory, and
despite the fact that the study of genetic polymorphisms
in pregnancy complications is not included in the existing
clinical guidekines, it is used quite widely. For example,
in the Sverdlovsk region, according to a survey conducted
at the Department of Obstetrics and Gynecology
(Ural state medical univercity), 52% of obstetrician-
gynecologists periodically refer patients to analyze genetic
polymorphisms in the genes of the hemostatic system and
folate cycle, while only 4% are sure that can independently
correctly interpret the results obtained [4].

The topic of genetic polymorphisms has been the subject
of many studies in the scientific world, since scientists
suggest that the discovery of genetic mechanisms for the
formation of obstetric pathology can theoretically allow the
development of pathogenetically reasonable methods for
predicting and preventing pregnancy complications even
at the stage of preconception preparation, which in turn
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HBIC MPEJIOJIATAIOT, YTO PACKPBITHE TCHETHYSCKUX MeXa-
HU3MOB (OPMUPOBAHMS aKyLIEPCKOW MAaTOJOTMU TEOpPH-
THYECKH MOXET TI03BOJIUTH Pa3paboTaTh MaToreHeTHYe-
CKi 000CHOBaHHBIE METOIBI IIPOTHO3a U TPOPUIAKTHKH
OCIIOKHEHHI OEPEMEHHOCTH eIIle Ha dTarle MPEKOHIEeTIIIH-
OHHOM ITOJITOTOBKH, YTO B CBOIO OYEPEJIb JOJDKHO CII0CO0-
CTBOBaTh CHIDKEHHIO TIEPUHATAIILHOW 3a00JIeBAEMOCTH U
cmeptHocTd [5]. Ilpu 3TOM KpaiiHe CIOKHO JOKa3bIBaTh
POJIb KKIIOTO OTAEIBLHOTO TeHa (1, TeM 0oJiee, OIuMOop-
(hmn3Ma), TTOCKONIBKY OTHOW M3 KITFOYEBBIX OCOOCHHOCTEH
OOJBIITUX aKyIIEPCKUX CHHJIPOMOB SIBJISICTCS UX ITOJUATH-
OJIOTUYHOCTH [1, 6, 7].

Bonbiie Bcero BHUMaHUS yAEISETCS TaK HA3bIBAGMBIM
«reHam TpoMOouIUI». M3BECTHO, UTO MPH MaTOJIOrHYe-
CKOM TE€UEeHUH OEPEMEHHOCTH aKTHBAIIUS KOATYJISIIIMOHHO-
T'O KacKaJia yCHIIUBAETCs, 2 TPOMOOTHYECKNE N3MEHEHUS B
cocy/Jax IJIAleHThl B CBOKO OYepe/lb BEIyT K HAPYIICHUIO
(bero-tutaneHTapHOM nepdy3ur, YTO B JAIbHEHIIIEM KITH-
HUYECKU BBUIMBACTCS B 3aJIEPXKKY BHYTPUYTPOOHOTO PO-
cta miona (3BYP), mpeskiamrcuio, aHTeHATaATbHYIO TH-
0emb TI0/1a ¥ B HEKOTOPOW CTETIEHU TIOBBIIIAET PUCK TIPe-
KIEBpEMEHHOTO paspeiBa miogHoro my3bips (IIPIIIT) u
NPEXKAEBPEMEHHBIX posioB [3]. JIornyHO mpeanoaoxKuTh,
YTO MONMUMOP(U3MBI B TE€HAX, KOAUPYIOIIUX (DaKTOPHI
CBEPTHIBAHUS, €CTECTBEHHBIC aHTHUKOATYJSHTBI U JIPYyTUC
cyOCTaHIIMK, YYacTBYIOIIHNE B IPOLECCaX reMocTas3a, Mo-
T'YT BIUATH Ha MPOIIECCHI CBEPTHIBAHUSA KPOBH, U, OTIOCPE-
JIOBaHHO, HA PUCK OCIIOKHEHHIH OEpEMEHHOCTH.

Bmecte ¢ reHamum TpoMOO(GMIMHM YacTO aHAIHU3HPY-
IOTCS TeHbl (POJATHOTO IIMKIIA, TaK Kak MHOIHMOpdu3-
MbI B 3TOW CHCTEME MOI'YT HPHBOAUTH K IOBBIIICHHO-
My YPOBHIO TOMOIIMCTEHHA, 4YTO SBISETCS (HaKTOpOM
pHUCKa TIOBPEXASHHS SHOTENNS U aKTUBAIH COCYIUCTO-
TPOMOOITUTAPHOTO 3BeHa reMocTasa. [lomumo sToro npe-
TOJIaraeTcsl, YT0 MOTUMOP(PHU3MBI B TeHAX (OJTATHOTO ITHK-
Jla MOTYT TOBBIIIATh PUCK HEBBIHAIIMBAHUS OCPEMEHHO-
CTH 32 CUET HapyIlIECHHUs METUINPOBAHHUS I€30KCHPHOOHY-
xienHoBo# kucnotsl (JJHK), uTo moBeImaeT puck Hepac-
XOXKJIEHUS XpOMOCOM B Meio3ze [8, 9]. Xors B Apyrux uc-
CJIEJIOBaHUSX JaHHAs CBs3b He ObLTa moATBepikaeHa [10,
11]. aHHbIe O BAUSIHUY T'eHOB (DOJIATHOTO IIMKJIA HA YPO-
BEHb PHCKA MPEIKIIAMIICHH, MTPEKICBPEMEHHBIX POJIOB H
(eTo-IuTaleHTapHo HEeAOCTAaTOYHOCTH TaKKe HE OJIHO-
3HAYHBI.

H3BecTHO, 9YTO OTPOMHYIO POJTh B HOPMATHbHOM T€UEHUHU
OEpEMEHHOCTH UTPAeT COCTOSHUE DHIOTEIUS COCY/IOB.
W3navanbHO, TUC(YHKIMEO SHIOTEINNS CBA3bIBAIN TOJIHKO
C TPEIKIIAMIICHEH, HO B TaJbHEHIIIEM OBbLIO MTOKA3aHO, YTO
OHA UMEET MECTO MPH BceX OONBIIUX aKYINIEPCKUX CHH-
npomax. CremoBaTebHO, TEHBI, PETYIHpYyIONIHe (yHK-
LU0 SHIOTEIHNS, TAKXKE MOTYT MOBIHUSATh HA PUCK OCIIOXK-
HeHuil OepemeHHOCTH [12]. B perymsiiuu 3H10TEHS Baxk-
HYIO poiib urpaet okcus azora (NO), mo3TOMY T'eHbI CHH-
tazpl azora (NOS) mpezacraisitioT OOJBIIONW HHTEpEC.
Kpome 31010, MOIIHBIM Ba30KOHTPUKTOPOM, SIBJISICTCS JH-
norenuH- 1, kogupyromuiics renoB END1 [13]. M36s1Tou-
HBIl YPOBEHb JTAHHOTO BEIIECTBA IMOBBIMIAET PUCK CIIa3-

should help to reduce perinatal morbidity and mortality
[5]. Moreover, it is extremely difficult to prove the role
of each individual gene (and, especially, polymorphism),
since one of the key features of large obstetric syndromes
is their polyetiologicality [1, 6, 7].

Most attention is paid to the so-called «thrombophilia
genesy. It is known that during the pathological progress
of pregnancy, the activation of the coagulation cascade is
enhanced, and thrombotic changes in the vessels of the
placenta, in turn, lead to impaired feto-placental perfusion,
which subsequently clinically results in a intrauterine
growth retardation (IUGR), preeclampsia, antenatal
death of the fetus, and to some extent, increases the risk
of premature rupture of the fetal bladder and premature
birth [3]. It is logical to assume, that polymorphisms in
genes encoding coagulation factors, natural anticoagulants
and other substances involved in hemostatic processes can
affect blood coagulation processes, and, indirectly, the risk
of pregnancy complications.

Together with the thrombophilia genes, the folate cycle
genes are often analyzed, since polymorphisms in this
system can lead to increased homocysteine levels, which
is a risk factor for endothelial damage and activation of
the vascular-platelet link of hemostasis. In addition, it is
assumed that polymorphisms in the folate cycle genes can
increase the risk of miscarriage due to impaired methylation
of deoxyribonucleic acid (DNA), which increases the risk
of chromosome non-separation in meiosis [8, 9]. Although
in other studies, this relationship has not been confirmed
[10, 11]. Data on the effect of folate cycle genes on the
risk level of preeclampsia, preterm labor and fetoplacental
insufficiency are also not monosemantic.

It is known that the condition of vascular endothelium
plays a huge role in the normal course of pregnancy.
Initially, endothelial dysfunction was associated only with
preeclampsia, but it was further shown that it occurs in
all large obstetric syndromes. Consequently, genes that
regulate endothelial function can also affect the risk of
pregnancy complications [12]. Nitric oxide (NO) plays an
important role in the regulation of endothelium; therefore,
nitrogen synthase (NOS) genes are of great interest. In
addition, endothelin-1 encoded by the ENDI genes is
a powerful vasoconstrictor [13]. An excess level of this
substance increases the risk of vascular spasm, therefore,
it can affect the risk of hypertensive and other pregnancy
disorders.

In the progress of arterial hypertension and hypertensive
disorders during pregnancy (preeclampsia, eclampsia,
gestational arterial hypertension), the condition of
the renin-angiotensin-aldosterone system (RAAS) is
important, therefore, many scientific publications are also
devoted to the genes involved in this system [14, 15, 16].
Interestingly, these genes are associated not only with
hypertensive complications of pregnancy, but also with
other large obstetric syndromes, for example, premature
births [17].

One of the possible causes of abnormal placentation are
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Ma COCY/JIOB, CJIEIOBATEIbHO, MOXKET MOBIUATH HA PUCK T'U-
MEPTEH3UBHBIX U JIPYTHX PACCTPONCTB OEPEMEHHOCTH.

B pasBurum aprepHasbHON TMIEPTEH3MH U THU-
MEPTEH3WBHBIX  PAcCTPOMCTB  TpH  OEPEeMEHHOCTH
(mpeskmamMIicusi,  SKJIIAMIICHS, TeCTallMOHHas  apTe-
puaNbHas THIIEPTEH3HsI) UMEET 3HaYeHne padoTa PeHUH-
AHTUOTEH3MH-aNbocTepoHoBor cucteMbl (PAAC), cie-
JIOBATEIILHO T€HAM, BOBJICUCHHBIM B ATy CHUCTEMY, TAKXKe
MOCBSIIEHO HEMaJl0 HayuHbIX MmyOnukanui [14, 15, 16].
WnTepecHo, 9TO NaHHBIE TEHBI CBSA3BIBAIOTCS HE TOJBKO
C THIEPTEH3UBHBIMU OCJIO)KHEHUSMH OEPEMEHHOCTH, HO
TaKKe U C APYTUMHE OOJIBIIMMH aKyIIEPCKUMHU CHHIPOMa-
MU, HallpUMeEp, ¢ IPexAeBpEMEHHBIMH pofamH [17].

OnHOI 13 BOBMOXXHBIX IPUYMNH aHOMAJIBHOMN TIIAI[CHTA-
AU SBIISTIOTCSI MMMYHHBIC HAPYIICHIS, H3MEHSIOIINE Ma-
TEPUHCKUN BOCITATUTENbHBIN OTBET [18]. OCHOBHBIMH Te-
HaMU, PETYITHPYIONUMHI BOCTAIUTEIBHBIA 1 UMMYHHBIH
OTBET, SIBJIAFOTCS T€HbI IMTOKMHOB (TCHBI, KOIUPYIOIINC
MHTEPJICHKUHBI, (PAKTOpbl HEKpO3a OIMyXoJel, UHTepde-
poHsI U 1p.). Harmpumep, B nccrnenoBannu Zhuo L. et al.
OBLIO TTOKA3aHO, YTO MOJMMOPGU3MEI B reHaX TNF-o u
IL10 mMoryT OBITH ACCOMUPOBAHBI C TIPEIKIAMIICHEN, O/1-
HAaKO aBTOPBI OTMEYAIOT, YTO TPEOYIOTCS AalIbHEHIINE UC-
CJIeIOBAHUS JIS1 PACKPBITH MEXaHU3MOB JTAHHOM CBS3H, a
TaKoKe JUIsl M3YyUCHUST MEKTEHHBIX B3aumosencTeui [19].
B HecKoIbKHMX WCCIEAOBAaHMSIX ITOKa3aHa B3aMMOCBS3b
MeXIy ToIuMOop(Hu3MaMi B TeHaX WMMYHHOTO OTBETa C
MIPUBBIYHBIM HEBBIHAIIMBAHUEM OEPEMEHHOCTH, OJIHAKO
ABTOPBI KPYITHOTO CHCTEMATUYECKOr0 0030pa, IMPOBEICH-
Horo B 2017 roay u BKiIFOUUBIIETO B ce0st 428 uccienona-
HUH, MOCBAIICHHBIM FCHETUYCCKUM MOJIMMOP(pU3MaM, KO-
TOpBIE MOTYT UMETh OTHOIICHHE K ITOTepe OEPEMEHHOCTH,
OTMEYAIOT, UTO 3Ta aCCOIHAITNS JOCcTaTogHO caabdas [20].

Taxum 00pa3oMm, TIpHU BCE OYEBHIHOCTH BOBJICYEHHO-
CTH TEHETHYECKHX MEXaHU3MOB B (DOpMHUpPOBaHHE OOJIb-
IUX aKyMIEPCKUX CUHIPOMOB, UX POJIb OCTACTCS JO KOH-
11a He PACKPBITOM, MAJEKH OT MPAKTUIECKOTO HCIIOIB30-
BaHUS B KIIMHUYECKOHN MPAKTUKE IOCTYITHBIE B HACTOSAIIIECE
BpEeMS MOJIEKYJISIPHO-TEHETHYECKIE TECTUPOBAHUSI.

Ienb nceenoBaHuA: OLCHUTH BIUSHUS HEKOTOPBIX re-
HETHYECKHX MOTUMOP(U3MOB U MX COYETAaHHH Ha PHCK
(hopMHpOBaHHS OCTIOKHEHHI OEPEMEHHOCTH.

MarepuaJjibl 1 METOAbI HCCIIETOBAHUS

Hccnenoanne npoBoaniIock Ha 6aze kadeapsl aKymep-
ctBa u runexonorur OIIK u I u [1d YITMYVY u menuko-
reHetnueckoro nentpa «l'enomen». B nero Bomum 102
JKEHIIIMHBI €BPOIEONTHON packl B Bo3pacte oT 21 1o 45
neT — 59 U3 HUX COCTaBUJIM OCHOBHYIO TPYIITY (3TO OBLITH
JKSHIIUHBI C OCIOKHEHUSIMU OEpEeMEHHOCTH B aHaMHe3e,
KOTOPBIE OTHOCSITCSI K TPYIITE OOJBIINX aKyIIEPCKUX CHUH-
JPOMOB — MPEdKIaMIICHs, (eTo-TUIalleHTapHasi HeJ0CTa-
TOYHOCTb, aHTEHATAIIbHASI THOEIb TJI0/1a, PEKICBPEMEH-
HBIE POJIBI, TPUBBIYHOEC HEBBIHAIINBAHNE OCPEMEHHOCTH)
1 43 XeHILMHbBI, UMEIOIINE, 110 KpaitHeil mepe, 1 3710poBo-
r0 )KMBOTO pe0CHKAa M HE UMEIOIINE OCIOKHEHHUH recTa-

immune disorders that alter the maternal inflammatory
response [18]. The main genes that regulate the
inflammatory and immune response are cytokine genes
(genes encoding interleukins, tumor necrosis factors,
interferons, etc.). For example, in a study by Zhuo L. et
al. It was shown that polymorphisms in the TNF-o and
IL10 genes can be associated with preeclampsia, however,
the authors note that further studies are required to reveal
the mechanisms of this relationship, as well as to study
intergenic interactions [19]. Several studies have shown
the relationship between polymorphisms in the immune
response genes and recurrent miscarriage, however, the
authors of a large systematic review, conducted in 2017
and including 428 studies on genetic polymorphisms that
may be related to pregnancy loss, note that this association
rather weak [20].

Thus, with all the obvious involvement of genetic
mechanisms in the formation of large obstetric syndromes,
their role remains not fully disclosed; molecular genetic
tests currently available are far from practical use in
clinical practice.

Objective: to assess the effect of certain genetic
polymorphisms and their combinations on the risk of
pregnancy complications.

Materials and research methods

The study was conducted on the basis of the Department of
Obstetrics and Gynecology (Ural state medical university)
and the Medical and genetic center «Genomedy. It included
102 Caucasian women aged 21 to 45 years — 59 of them
were the main group (these were women with a history
of pregnancy complications, which belong to the group of
major obstetric syndromes - preeclampsia, feto-placental
insufficiency, antenatal fetal death, preterm birth, habitual
miscarriage) and 43 women who had at least 1 healthy
living child and did not have an anamnesus of gestational
complications made up the control group. The studied
groups were comparable in age, somatic pathology, weight
and height indicators, and social status. For the study, non-
personalized data were used.

In this paper, we investigated polymorphisms in the
genes of the hemostatic system, genes of the folate cycle,
genes of the renin-angiotensin-aldosterone system, genes
of cytokines, and genes for “endothelial dysfunction”. The
studied genes and polymorphisms are presented in table 1.
The significance of differences between the studied groups
was evaluated using the y2-test. For the mathematical
evaluation of the obtained data, the Excel programme was
used. To identify covert combinations of genotypes, we
used a set of data mining algorithms, which allowed us
to identify markers that were not available for analysis by
standard statistical methods [21].

Research results and discussion
The results of the analysis of the frequency of occurrence
of polymorphic alleles of candidate genes in the studied
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LMY B aHAMHE3€, COCTABWJIM KOHTPOJIbHYIO rpynny. Hc-
CJIeJyeMbIe TPYIIbI ObLTH COMOCTABUMBI BO BO3PACTY, CO-
MAaTUYECKOW TMAaToJIOTUH, BECO-POCTOBBIM IOKA3aTENsIM,
conuanbHoMy cratycy. s umccnenoBaHus MCIOIb30Ba-
JIUCH HETIEPCOHU(HUIIMPOBAHHBIC TAaHHEIE.

B nmanHOil paboTe MBI HUCCIENOBAIH IMOIUMOPGHU3-
MBI B T€HaX CHCTEMbI FeMOCTa3a, TeHaX (DOJIATHOTO IIHK-
Jla, T€HaX pPEHHUH-AaHTMOTEH3UH-aJIbJOCTEPOHOBOM CH-
CTEMbI, T€HAX I[UTOKWHOB, T€HAX «IUCQOYHKIIUU SHIO0TE-
sy, V3ydeHHbIe TeHB W TOTUMOP(HU3MBI TIpeICTaBIe-
HbI B Ta0mute 1. JlocToBepHOCTD pa3nuiuii MeKIy Hccie-
JyEMBIMH T'PYIIIAMU OLEHUBAIHUCH C IOMOIIBIO KPUTEPUS
Xu-kBajpar. s MareMaTnyeckol OLEHKU MOJy4YEeHHBIX
JIAHHBIX HCIIOJb30BAJICS MAKET MNPUKIAAHBIX MPOrpamMm
Excel. JIns BBISABIICHUST CKPBITBIX COUYCTAHWN TCHOTHUIIOB,
MBI TIPUMEHWIH HabOp alTOPUTMOB HWHTEIDIEKTYaIbHOTO
aHaJIM3a JaHHBIX, YTO MO3BOJIWIO BBISIBUTH MApPKEPHI, HE-
JIOCTYIIHBIE [l aHAJM3a CTAHJAPTHBIMUA CTaTUCTUYECKHU-
MH MeTojamu [21].

Pe3yabrarhl Hcc/ieIoBaHUSA U UX 00CY:KIeHHe

Pesynbrarel aHanmm3a 4YacTOTHI BCTPEYAEMOCTH TIOJH-
MOpP(MHBIX ayjieNied TeHOB KaHIWIATOB B HCCIEIyEeMbIX
rpyImnax oleHUBAINCH C UCIONIb30BaHUEM O0IIeH U MyJb-
TUILIMKATUBHOMN MOJIEJIECH.

YacroTta BcTpedaeMOCTH MOTUMOP(PHBIX TEHOTUIIOB HC-
CIIeTyeMBIX T€HOB (00Iass MOIenb) MpencTaBieHa B Ta-
onmunax 2, 3.

[Ipu ucnonp3zoBanuu 00IIEH MOENN TOCTOBEPHBIX Pa3-
YU MEXIy HCCIeIyeMBbIMH IPYIaMH HE BBISBICHO.
YacToThl BCTpeUaeMbIX 'C€HOTUIIOB B HAIlIeM HCCIe0Ba-
HUM COOTBETCTBYIOT YACTOTE UX BCTPEUAEMOCTH B ITOITYJIs-
AU TI0 JTUTEePaTypHBIM HaHHBIM. OOparaeT Ha ceOsl BHU-
MaHHe, YTO YacTOTa MOJIUMOP(HBIX TEHOTUIIOB JIOCTATOY-
HO BBICOKA. J[JI1 HEKOTOPBIX T€HOB T'€TEPO3UTOTHBIN Bapu-
aHT BCTPEYACTCS Yallle, YeM «IUKHID» TeHOTHUI (TIOJIMMOp-
¢mwmer B reHax PAIl, PROC, ITGA2, MTHFD, MTRR,
SLC19A1, CYP11b2, ACE, AGT), 4To cBHAETETLCTBYET
0 TOM, YTO T€TePO3UTOTHOE HOCHUTEIHCTBO JIAHHOTO TIOJIH-
Mop(dr3Ma He MOXKET TIOBBITIATH PUCK MATOJIOTUN Y HOCH-
TEJS IO CPAaBHEHUIO C 001l MOMyIISIHEH.

Ha nam B3m1s11, 0COOEHHO Ba)KHO MOTYEPKHYTH, YTO HE
MOJTYYEHO JIOCTOBEPHBIX Pa3IMUMi M0 YaCTOTE BCTpedae-
MOCTH MOTAMOP(GU3MOB TE€HOB TPOoMOO(GHINH 1 TeHOB (Hho-
JIATHOTO ITMKJIA, KOTOPhIE 0COOEHHO YaCTO MCITONB3YIOTCS
B KJIMHUYECKOH MPaKTHKE. JTO yKe HEOTHOKPATHO OTME-
qanoch psaoM uccienoBareneil. OOIenpu3HaHHOM SIBIIS-
€TCsl JIUILB POJIb MOTMMOP(HU3MOB (MyTaluii) B renax F2 u
FS5, mpuuem He B pa3BUTHH OCTIOKHEHNH OEpeMEHHOCTH, a
B MTOBBLIIIICHUH PUCKA TPOMOOIMOOTNIECKHIX OCIOKHEHHMA
[22]. UccnenoBaHue MpOYHX MOTUMOPGU3MOB B ITHX CH-
cTeMax Ha CEerOJHALIHUI JIeHb CUNTAeTCs Helenecooopas-
ueiM. K nipumepy, B cratbe Hickey S.E. yetko uznoxeno
TO, YTO B HACTOSIIIIEE BPEMS TECTUPOBAHHE MOTUMOP(HU3-
MOB T€HOB (OJIATHOTO ITUKJIA MATOWH(DOPMATHBHO U UMe-
€T MUHUMAJIbHYIO KJIMHHYECKYIO 3HAYMMOCTh [23].

[Ipu ncmonp30BaHUM MYJIBTHUILTUKATHBHON MOJeNH (Ta-

groups were evaluated using the general and multiplicative
models.

The frequency of occurrence of polymorphic genotypes
of the studied genes (general model) is presented in tables
2,3.

When using the general model, there were no significant
differences between the studied groups. The frequencies
of the found genotypes in our study correspond to the
frequency of their occurrence in the population according
to published data. It is noteworthy that the frequency of
polymorphic genotypes is quite high. For some genes,
the heterozygous variant is more common than the wild
genotype (polymorphisms in the genes PAIl, PROC,
ITGA2, MTHFD, MTRR, SLC19A1, CYP11b2, ACE,
AGT), which indicates that heterozygous carriage of this
polymorphism cannot increase the risk pathology in the
carrier compared with the general population.

In our opinion, it is especially important to emphasize
that there are no significant differences in the frequency
of occurrence of polymorphisms of thrombophilia genes
and folate cycle genes, which are especially often used
in clinical practice. This has been repeatedly noted by
a number of researchers. The role of polymorphisms
(mutations) in the F2 and F5 genes is generally recognized,
and not in the progress of pregnancy complications, but
in increasing the risk of thromboembolic complications
[22]. The study of other polymorphisms in these systems
is currently considered inappropriate. For example, in
an article by Hickey S.E. it is clearly stated that testing
of polymorphisms of folate cycle genes is currently
uninformative and has minimal clinical significance [23].

When using the multiplicative model (table 4), significant
differences in the frequency of occurrence of “wild” and
polymorphic alleles of the studied genes were also not
obtained.

Despite the results obtained, we cannot argue that
the presence of certain polymorphisms has no clinical
significance. According to the principles of formal
genetics, any phenotypic trait and any disease is the
result of the expression of all genes, but their effect
can be vanishingly small [24]. It is possible that the
polymorphisms we are studying have an effect on the risk
of pregnancy complications, but the penetrance of each
individual polymorphism in this regard is extremely low.

We suggested that, possibly, the carriage of polymorphic
alleles may occur if several unfavorable genotypes are
combined in one gene network. Therefore, the next step
in our study was to assess the frequency of occurrence of
combinations of polymorphic genotypes in the studied
groups. The most unfavorable combinations turned out to
be the simultaneous carriage of the “wild” genotypes of
the F7 and F13 genes (F7 G10976A GG + F13 G103A
GQG), the combination of the polymorphic homozygous
genotype of the MTRR gene and hetero- or homozygous
carriage of the polymorphism in the MTHFR gene (MTRR
A66G AA + MTHFR C677T CT or TT), a combination
of polymorphic hetero- or homozygous polymorphism in
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Onuua 4) TOCTOBEPHBIX Pa3IUyMil 110 YacTOTE BCTpeyae-
MOCTHU «JIUKUX» ¥ TOIUMOPQHBIX ajiesiell ucciae yeMbIX
TeHOB TaKXXe He IOJy4eHO.

HecmoTpst Ha moy4eHHBbIE PEe3yNbTaThl, Mbl HE MOXEM
YTBEpP)KIaTh, YTO HAJIMYUE ONPEACICHHBIX MOIUMOPHU3-
MOB HE HMMEET HUKAKOro KJIMHUYeckoro 3HaueHus. Co-
[IaCHO TpUHUIMNAM (OpPMajbHOM T'€HETHKH, JIH000H ¢e-
HOTUIHYECKUH TIPU3HAK U JII000e 3a00IeBaHNE SBIISETCS
Pe3yABTaTOM 3KCIIPECCHH BCEX T€HOB, HO WX BIMSHUE MO-
JKET OBITH HcUe3arote Maio [24]. Bo3amMoxHo, n3ydaecMbie
HaMH HOJIMMOP(U3MbI UMEIOT BIMSIHUE HA PUCK OCIIOXKHE-
HUI OEpeMEHHOCTH, HO IEHETPAHTHOCTD Ka’KA0TO OT/EIb-
HOTO MONMMOpP(H3Ma B 5TOM OTHOILICHUHU KpaiiHe HU3Kasl.

MBI Ipeanoa0KHUIN, YT0, BO3MOXKHO, HOCUTEIBCTBO T0-
JTUMOPGHBIX ajieneld MOXKET MPOSBUTHCS B ClTydae, eCiu
B OJTHOM IeHHOW CETH coYeTaeTCs HeCKOJIBKO HeOIarompu-
SITHBIX T€HOTUNOB. [loaTOMY CieyIommM 3TanoM Hare-
IO MCCIEI0BaHMs CTajla OLEHKA YaCTOThl BCTPEYaEMOCTH
COYETaHHW TMOTUMOP(HBIX TEHOTHIIOB B HCCIEIYEMBIX
rpynmnax. HamGonee HeOIaronpusATHBIMH COYETAHHUSIMHU
0Ka3aJI0Ch OZIHOBPEMEHHOE HOCUTEIIBCTBO «JIUKUX» ['€HO-
tunoB reHoB F7 u F13 (F7 G10976A GG + F13 GI103A
GG), coyeranue NOMUMOPPHOTO TOMO3UTOTHOTO TEHOTH-
na rena MTRR u rerepo- 1160 roMO3UroTHOrO HOCUTENb-
crBa nonmumopdusma B reie MTHFR (MTRR A66G GG
+ MTHFR C677T CT wm TT), couetanue momumopd-
HOTO I'eTepo- WM T'OMO3UIOTHOTO MOJIMMOP(U3MA B TE€HE
ACE c rerepo- wiv rOMO3UIOTHBIMU ITOJTUMOP(HBIMU Te-
Hotumnamu B reie AGT umu ADDI1 (ACE Alu I/D ID nnnm
DD + AGT A704G AG umu GG, mu6o ADD1 G1378T GT
umu TT). YactoTa BCTpeuaeMOCTH YKa3aHHBIX COYCTAHMMA
MpeJicTaBIeHa B Tadnuie 5.

[TonydeHHble pe3ysbTaThl BO MHOI'OM KOPPEIUPYIOT C
JaHHBIMU JAPYIUX HcciepoBareneil. Hannune nonmumop-
¢u3moB B renax F7 u F13 MHOrMMu aBTOpamu cunTtaercs
MPOTEKTUBHBIM B OTHOLICHUH TPOMOO(DHIINU U OCTIOKHE-
Huii rectanmu [9, 25, 26, 27], mo3TOMY JOTHYHO, YTO OT-
CYTCTBHE XOTs Obl OHOTO MOJUMOP(HOrO ajuiens B yKa-
3aHHBIX I'€HaX MOBBIIIAET PUCK HEOIArolnpuUsTHOTO Teue-
HUS ¥ TIOTepb OepeMeHHOcTH. Taxke paHee OBbUIO TOKa-
3aHO, YTO PUCK TPOMOO(DMINYECKUX OCIIOKHEHHUI MOBBI-
1I1aeTcs MpH HaJMYMU MHOKECTBEHHBIX MOTUMOP(HU3MOB
B reHax QonarHoro 1wmkia [28, 29]. Ponmu renoB PAAC
B Pa3sBUTHUU THIEPTEH3UBHBIX OCJIOKHEHHUH OEpeMEeHHO-
¢ty nocssiieHo uccienosanue @errcosoit U.H. u coast.
(2017), B kOTOpOM OBLIT POUIUTIOCTPUPOBAH HEOJIATONPH-
SATHBIA 9(PPEKT UMEHHO OZHOBPEMEHHOTO HOCHTEIbCTBA
HECKOJIbKUX MOJTUMOP(QHBIX BAPUAHTOB ATHX reHOB [15].

Pesynbprarel MccienoBaHUsT MOYKHO AKCTPAIOIMPOBATH
TOJIBKO Ha kutenen Poccun. BoaMoxkeH HepaBHO3HAYHbIN
BKJIal HOCUTEJIbCTBA TC€HETHUECKUX MOJIUMOP(PHU3MOB B
pa3BUTHE PUCKA OCIOKHEHNH OEpeMEHHOCTH B 3aBUCUMO-
CTH OT 3THOCca. HepocraTkoM HccieoBanus sSBIsieTcs OT-
HOCHTEJILHO HEOOMbIIONH 00beM BBIOOPKH, BOBMOXKHO MPH
YBEJIIMYCHUN KOIMYECTBA MAIUEHTOK OyIyT MOTyUYEeHBI J10-
[IOJIHUTEJIbHBIC JTaHHBIE.

the ACE gene with hetero- or homozygous polymorphic
genotypes in the AGT or ADD1 gene (ACE Alu I/D ID or
DD + AGT A704G AG or GG, or ADD1 G1378T GT or
TT). The frequency of occurrence of these combinations is
presented in table 5.

The results obtained are largely correlated with the data
of other researchers. The presence of polymorphisms
in the F7 and F13 genes is considered by many authors
to be protective against thrombophilia and gestational
complications [9, 25, 26, 27]; therefore, it is logical
that the absence of at least one polymorphic allele in
these genes increases the risk of adverse progress and
pregnancy loss. It was also previously shown that the risk
of thrombophilic complications increases in the presence
of multiple polymorphisms in the folate cycle genes [28,
29]. The role of the RAAS genes in the development of
hypertensive complications of pregnancy is the study of
Fetisova L.N. et al. (2017), in which the adverse effect of
the simultaneous carriage of several polymorphic variants
of these genes was illustrated [15].

The results of the study can be extrapolated only to
residents of Russia. The uneven contribution of the carriage
of genetic polymorphisms to the development of the risk
of pregnancy complications depending on the ethnic group
is possible. The disadvantage of the study is the relatively
small sample size, possibly with an increase in the number
of patients additional data will be obtained.

Conclusions

1. Most polymorphisms of the studied genes are found
equally often in both the main and control groups.

2. The negative effect of the “wild” and polymorphic
alleles in the studied genes can occur with the combined
carriage of unfavorable variants in different genes

3. The risk of pregnancy complications is increased by
the combined carriage of polymorphisms MTRR A66G
GG + MTHFR C677T CT / TT, ACE Alu I/D ID / DD +
AGT A704G AG / GG, ACE Alul/D ID /DD + ADDI1
G1378T GT / TT, and also a combination of homozygous
«wild» genotypes F7 G10976A GG + F13 G103A GG.

4. Using analysis for individual polymorphisms in
candidate genes in routine clinical practice to assess the
risk of pregnancy complications is not appropriate, since
the possible effect of each individual polymorphism is
insignificant, and complex mathematical models are
required to evaluate the combined effect of several
polymorphisms, which are not currently developed.
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BriBoabI

1. BonbmMHCTBO OMUMOP(PHU3MOB UCCIIEyEMbIX TEHOB
BCTPEYAIOTCSI OJJMHAKOBO YaCTO KaK B OCHOBHOM, TaK U B
KOHTPOJIbHOM TpyTire.

2. HeratuBHbIi 3(pPeKT «TMKUX» U MOIUMOP(HHBIX all-
JIeJield B UCCIIEYeMbIX TeHaX MOXKET MPOSBUTHCS MPH CO-
YETAaHHOM HOCHTEIbCTBE HEONArONpPUATHBIX BAPUAHTOB B
Pa3HbIX TeHax.

3. Puck ocnoxxHeHUI OSpeMEHHOCTH TIOBBIMIACT COYe-
TaHHOE HOCUTEILCTBO ouMopdmmoB MTRR A66G GG
+ MTHFR C677T CT/TT, ACE AluI/D ID / DD + AGT
A704G AG/GG,ACE AluI/D ID /DD + ADD1 G1378T
GT / TT, a Taxke coueTaHHE TOMO3UTOTHBIX «IUKHX) T'e-
norunoB F7 G10976A GG + F13 G103A GG.

4. Vicrionp3oBaHWe aHaNM3a Ha OTACIBHBIC IOJUMOP-
(M3MBI B TeHax-KaHIWAaTaX B PYTHHHON KIMHHYECKOU
MIPAKTHKE LI OIIEHKH PUCKA OCI0KHEHUH OEpeMEHHOCTH
HEIeJIeco00pa3Ho, MOCKOIbKY BO3MOXKHBIN d((PEKT Kax-
JIOTO OTIEJNBHOTO MOMUMOpQHU3Ma HE3HAYUTENICH, a JUIs
OLIEHKH COYETAHHOTO BIIMSIHUSI HECKOJIBKHIX TTOIUMOP(H3-
MOB JTa)K€ B paMKaX OJHOM TeHETUYECKOW CETH TPEOyIOT-
Cs1 CTIOKHBIE MaTeMaTHYeCKAE MOJIEIH, KOTOPHIE B HACTOS-
1iee BpeMs He pa3padoTaHblI.
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Tabnuua 1
Uccnepgyemble reHbl 1 NoAMMOPOU3MBbI
len rgo):(:g;za:;r:e BesikoBbI NPOAYKT ﬂog;gl:p- SNT_ID
leHbl cucTembl remocTasa
FGB 4928 dubpuHoreH (pakTop ceepTbiBaHMA 1) G-455A rs1800790
F2 11p11 MpoTpombuH G-20210A | rs1799963
F5 1923 V KoarynaumoHHbI pakTop G1691A rs6025
F7 13934 VIl KoarynauMoHHbIn. PakTop G10976A rs6046
F13 6p25.1 XIll KoarynaumMoHHbIM paKTop G103A rs5985
PAI1 7q21.3-922 MHrMbutop akTMBaTOpa NIasMMHOreHa -657 5G/4G | rs1799889
PROC 2q14.3 MpoteunH C A2583T rs1799810
ITGA2 5q11.2 TpomboumTapHbIM IMKONPOTEUH la (MHTerpuH-anbda-2) C807T rs1126643
ITGB3 17q921.32 TpombouuTapHbIi ranKkonpoTeuH llla (nHterpuH-6eta-3) T176C rs5918
GpVI 19913.42 TpomboUUTaPHbIN IMKONPOTEUH 6 A683G rs1613662
leHbl ponaTHOro umKkna
MTHFR 677 1p36.22 MeTtuneHTteTparngpodanatpeaykrasa Ce77T rs1801133
MTHFD 14g23.3 MeTtunenTteTparnapodanatgernaporeHasa G1958A rs2236225
MTR 1q43 MeTnoHnHpeayKTasa A2756G rs1805087
MTRR 5p15.31 MeTMOHWHCUHTa3a-peayKTasa A66G rs1801394
CBS 21922.3 LimctatmoH 6eTa-cMHTasa 844 D/I rs5742905
SLC19A1 21g22.3 TpaHcnopTep ponatos T80C rs1051266
leHbl “gnuchyHKUMM sHaoTENnn”
EDN1 6p24.1 SHpoTenuH | G5393T rs5370
NOS3 7q36.1 JHpoTenmnanbHaa-NO-cmHTasza G894T rs1799983
leHbl PEHUH-aHIMOTEH3UH-a/IbA0CTEPOHOBOM CUCTEMDbI
CYP11B2 8024.3 ANbAOCTEPOH CUMHTETa3a G-344A rs1799998
ACE 17q23.3 AHTMOTEH3MH-NPeBpPaLLAOLWLUA bePMEHT Alul/D rs4646994
ADD1 4pl16.3 a-afnyKTUH G1378T rs4961
AGT 1q42.2 AHIMOTEH3UHOreH A704G rs699
leHbl LUTOKMHOB
IL1b 2913 NHTepnelikuH 1b G-511A rs16944
IL1b 2q13 NHTepnelikuH 1b G+3953A rs1143634
TNF-a 6p21.33 daKTOp HEKPO3a onyxoneW G-308A rs1800629
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Tabnuua 2
YacToTa BCTpeYaemMocTv NOMMOPOHbIX FreHOTUMNOB UCC/eAyeMbIX FeHOB. [eHbl CUCTeMbl remocTasa 1 GONaTHOMO LMK-
na (obuwas moaens)

leH, noAnmop- OcHogHas rpynna (N=59) KoHTponbHas rpynna (N=43) YacToTa BCTpeuaemocTu
dusm fexomn abec. % abc. % P B eBponerckon nonynauum, %*
GG 37 63,6 26 60,4 p>0,05 50,9
FGB G-455A GA 16 27,2 14 32,6 p>0,05 45,6
AA 6 9,2 3 7,0 p>0,05 3,5
GG 58 97,2 43 100 p>0,05 95-98
F2 G-20210A GA 1 2,8 - - p>0,05 2-5
AA - - - - p>0,05 0,1
GG 56 95,0 40 93,1 p>0,05 94,4-97,7
F5 G1691A GA 3 5,0 3 6,9 p>0,05 3,4-5,6
A : - - - p>0,05 01
GG 47 79,7 35 82,7 p>0,05 68-89
F7 G10976A GA 11 18,6 6 13,9 p>0,05 16,4-19,3
AA 1 1,7 2 3,4 p>0,05 2,8-5,0
GG 30 50,8 19 44,2 p>0,05 51-78
F13 G103A GA 23 39,0 20 46,5 p>0,05 19,3-46
AA 6 10,2 4 9,3 p>0,05 2,8-7,8
5G5G 13 22,0 12 27,9 p>0,05 35,2-50
PAI1 -657 5G/4G 5G4G 26 44,1 21 48,8 p>0,05 39-60
4GAG 20 33,9 10 23,3 p>0,05 10-26
AA 21 35,6 18 41,9 p>0,05 14,8-62,2
PROC A2583T AT 23 39 18 41,9 p>0,05 35,6-39,3
N 15 25,4 7 16,2 p>0,05 14,8-42,6
CC 24 40,7 11 25,6 p>0,05 27,7-39,8
ITGA2 C807T CT 23 39 24 55,8 p>0,05 38-59,4
T 12 20,3 8 18,6 p>0,05 12,4-21,1
TT 39 66,1 29 67,4 p>0,05 68,6-74,3
ITGB3 T176C TC 17 28,8 12 27,9 p>0,05 23,9-28,2
cc 3 51 2 4,6 p>0,05 1,8-3,9
AA 42 71,2 31 72,1 p>0,05 68,1-97,1
GPVI A683G AG 14 17,7 10 23,2 p>0,05 2,9-25,7
GG 3 5,1 2 4,6 p>0,05 2,0-6,2
CcC 30 50,8 19 44,2 p>0,05 31,7-46,9
MTHFR C677T CT 22 37,3 20 46,5 p>0,05 42,6-47,4
TT 7 11,9 4 9,3 p>0,05 8,8-25,7
GG 23 39 12 27,9 p>0,05 27-36,3
MTHFD G1958A GA 25 42,4 18 41,9 p>0,05 47,1-47,8
AA 11 18,6 13 30,2 p>0,05 16,7-36,2
AA 43 72,9 28 65,2 p>0,05 68,8-88,9
MTR A2756G AG 14 17,7 13 30,2 p>0,05 30,3-32,1
GG 2 3,4 2 4,6 p>0,05 0,1-10,9
AA 12 20,3 7 16,2 p>0,05 36,5
MTRR A66G AG 27 45,8 25 58,0 p>0,05 34,9
GG 20 33,9 11 25,8 p>0,05 28,6
DD 51 86,4 37 86,0 p>0,05 92
CBS 844 D/ DI 7 11,9 4 9,3 p>0,05 7
1l 1 1,7 2 4,6 p>0,05
TT 23 39,0 13 30,2 p>0,05 16,1-30,1
SLC19A1 T80C TC 30 50,8 21 48,8 p>0,05 42,2-55,4
cc 6 10,2 9 20,0 p>0,05 23-28,6

* no gaHHbIM snpedia.com
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Tabnuua 3

YacToTa BCTpe4aemMocTh NOAMMOPPHbIX FeHOTUMOB UCCedyeMbIX reHOB. [eHbl «AUChYHKUMKN aHaoTenma», PAAC, uu-

TOKMHOB (0bLan moaens)

leH, noAnmop- OcHogHas rpynna (N=59) KoHTponbHas rpynna (N=43) YacToTa BCTPeUaemMocCTu B eBpo-
dusm fesorvn abec. % abc. % P nemnckon nonynaumm, %*
GG 40 67,8 22 51,2 p>0,05 60,8-62,8
END1 G5393T GT 15 25,4 16 37,2 p>0,05 30,1-36,3
TT 4 6,8 5 11,6 p>0,05 2,9-7,1
GG 30 50,8 21 48,8 p>0,05 38,5-77,8
NOS3 G894T GT 27 45,8 18 41,8 p>0,05 22,2-53,8
TT 2 3,4 9,3 p>0,05 7,7
GG 20 33,9 20,9 p>0,05 17,9-24,5
C(:_P31414bAZ GA 25 42,3 25 58,2 p>0,05 50,9-56,1
AA 14 23,7 9 20,9 p>0,05 19,4-31,2
1/1 15 25,4 11 25,8 p>0,05 22
ACE Alu I/D 1/D 33 55,9 23 53,4 p>0,05 47
D/D 11 18,7 9 20,9 p>0,05 31
GG 37 62,7 31 72,1 p>0,05 62,8-64,7
ADD1 G1378T GT 19 32,2 10 23,3 p>0,05 33,3-33,6
T 3 5,1 4,6 p>0,05 2,0-3,5
AA 15 25,4 8 18,6 p>0,05 19,5-20,6
AGT A704G AG 28 47,5 26 60,5 p>0,05 43,4-48,5
GG 16 27,1 9 20,9 p>0,05 13,9-37,2
GG 31 52,5 18 41,8 p>0,05 13,3-39,5
IL1b G-511A GA 22 37,3 24 55,8 p>0,05 45,1-49
AA 6 10,2 1 2,4 p>0,05 11,8-38,2
GG 35 59,3 26 60,5 p>0,05 55,9-63,7
IL1b G+3953A GA 20 33,9 14 32,6 p>0,05 31-38,2
AA 4 6,8 3 6,9 p>0,05 5,3-5,9
GG 45 76,3 34 79,1 p>0,05 67,3-81,4
TNF-a G-308A GA 12 20,3 14,0 p>0,05 18,6-31
AA 2 3,4 6,9 p>0,05 1,8

* no gaHHbIM snpedia.com
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Tabnvua 4

YacTtoTa BCTpeYaemMoCTn «OUKUX» U I'IOﬂMMOpd)HbIX annenen ncenegyembix reHoBs (MyﬂbTMI'IJ'IMKaTMBHaFI MOAEJ’Ib)

OcHoBsHas rpynna (N=118) KoHTponbHas rpynna (N=86)
[eH, nonumopdusm [eHoTMn p
abc. % abc. %
G 90 76,2 66 76,7 p>0,05
FGB G-455A
A 28 23,8 20 23,3 p>0,05
G 117 99,2 86 100 p>0,05
F2 G-20210A
A 1 0,8 - - p>0,05
G 115 97,6 83 96,5 p>0,05
F5 G1691A
A 3 2,4 3 3,5 p>0,05
G 105 89,0 76 88,4 p>0,05
F7 G10976A
A 13 11,0 10 11,6 p>0,05
G 83 70,3 58 67,4 p>0,05
F13 G103A
A 37 29,7 28 32,6 p>0,05
5G 52 44,1 45 52,3 p>0,05
PAI1 -657 5G/4G
4G 66 65,9 41 47,7 p>0,05
A 65 55,1 54 62,8 p>0,05
PROC A2583T
T 53 44,9 32 37,2 p>0,05
C 71 60,2 46 53,5 p>0,05
ITGA2 C807T
T 47 39,8 40 46,5 p>0,05
T 95 80,5 70 81,4 p>0,05
ITGB3 T176C
C 23 19,5 16 18,5 p>0,05
A 98 83,1 72 83,7 p>0,05
GPVI A683G
G 20 16,9 14 16,3 p>0,05
C 82 69,5 58 67,4 p>0,05
MTHFR C677T
T 36 30,5 28 32,6 p>0,05
G 71 60,2 42 48,8 p>0,05
MTHFD G1958A
A 47 39,8 44 51,2 p>0,05
A 100 84,7 69 80,2 p>0,05
MTR A2756G
G 18 15,3 17 19,8 p>0,05
A 51 43,2 39 45,3 p>0,05
MTRR A66G
G 67 66,8 47 54,7 p>0,05
D 109 92,4 78 90,7 p>0,05
CBS 844 D/I
I 9 7,6 8 9,3 p>0,05
T 76 64,4 47 54,6 p>0,05
SLC19A1 T80C
C 42 35,6 39 45,4 p>0,05
G 95 80,5 60 68,2 p>0,05
END1 G5393T
T 23 19,5 26 31,8 p>0,05
G 87 73,7 60 68,2 p>0,05
NOS3 G894T
T 31 16,3 26 31,8 p>0,05
G 65 55,1 43 50,0 p>0,05
CYP11b2 G-344A
A 53 44,9 43 50,0 p>0,05
| 63 53,4 45 52,3 p>0,05
ACE Alu I/D
D 55 46,7 41 47,7 p>0,05
G 93 78,8 72 83,7 p>0,05
ADD1 G1378T
T 25 21,2 14 16,3 p>0,05
A 58 49,2 42 48,8 p>0,05
AGT A704G
G 60 50,8 44 51,2 p>0,05
G 84 71,2 60 68,2 p>0,05
IL1b G-511A
A 34 28,8 26 31,8 p>0,05
G 90 76,3 66 76,7 p>0,05
L1b G+3953A
A 28 23,7 20 23,3 p>0,05
G 102 86,4 74 86,0 p>0,05
TNF-a G-308A
A 16 23,6 12 14,0 p>0,05
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Tabnuua 5
YacroTa BCTpe4YaemoCTn coYyeTaHumn Pa3/INYHbIX F’EHOTUNOB HEKOTOPbIX reHOB
Coueranme n OcHoBHas rpynna (N=59) | KoHTponbHas rpynna (N=43) ) Ny — 0
abc. % abe. %
F7 G10976A GG + F13 G103A GG 28 47,5 10 23,2 0,012 6,25 2,98 1,24-7,13
MTRR AGSG S?;T'\TATHFR cerrt 13 22,0 3 6,9 0,039 4,26 3,76 1,01-14,1
ACEAlu1/D IEG//DGDg AGT A704G 35 59,3 17 39,5 0,049 3,8 2,1 0,95-4,8
ACE AIGUII.D/,SE;.II.)éTD}).FI.ADDl 19 32,2 6 13,9 0,045 4,0 2,92 1,05-8,1
* — Ol — oTHOLWeHWe WwaHcoB
** — OU — poBepuTeNbHbIN MHTEPBAN
Table 1
Studied genes and polymorphisms
Gene C::g::;i?ge Protein Product Polymorphism SNT_ID
Hemostasis genes
FGB 4028 Fibrinogen G-455A rs1800790
F2 11p11 Protrombin G-20210A rs1799963
F5 1923 Coagulation factor V G1691A rs6025
F7 13934 Coagulation factor VI G10976A rs6046
F13 6p25.1 Coagulation factor Xl G103A rs5985
PAI1 7q21.3-g22 Plasminogen activator inhibitor -657 5G/4G rs1799889
PROC 2914.3 Protein C A2583T rs1799810
ITGA2 5q11.2 Platelet glycoprotein la C807T rs1126643
ITGB3 17g21.32 Platelet glycoprotein llla T176C rs5918
GpVI 19g13.42 Platelet glycoprotein 6 A683G rs1613662
Folate cycle genes
MTHFR 677 1p36.22 Methylenetetrahydrophalate reductase C677T rs1801133
MTHFD 14923.3 Methylene tetrahydrophalate dehydrogenase G1958A rs2236225
MTR 1943 Methionine reductase A2756G rs1805087
MTRR 5p15.31 Methionine synthase reductase A66G rs1801394
CBS 21g22.3 Cystion beta synthase 844 D/I rs5742905
SLC19A1 21g22.3 Folate transporter T80C rs1051266
“Endothelial Dysfunction” Genes
EDN1 6p24.1 Endotelin | G5393T rs5370
NOS3 7936.1 Endothelial NO synthase G894T rs1799983
Genes of the renin-angiotensin-aldosterone system
CYP11B2 8qg24.3 Aldosterone synthetase G-344A rs1799998
ACE 17923.3 Angiotensin-converting enzyme Alu1/D rs4646994
ADD1 4p16.3 a-adductin G1378T rs4961
AGT 1g42.2 Angiotensinogen A704G rs699
Cytokine genes
IL1b 2q13 Interleukin 1b G-511A rs16944
IL1b 2q13 Interleukin 1b G+3953A rs1143634
TNF-a 6p21.33 Tumor necrosis factor alpha G-308A rs1800629
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Table 2
The frequency of occurrence of polymorphic genotypes of the studied genes. Genes of the hemostatic system and
folate cycle (general model)

Gene, Main Group (N=59) Control group (N=43) Frequency in the European
Polymorphism Genotype abs. % abs. % P population, %*
GG 37 63.6 26 60.4 p>0.05 50.9
FGB G-455A GA 16 27.2 14 32.6 p>0.05 45.6
AA 6 9.2 3 7.0 p>0.05 3.5
GG 58 97.2 43 100 p>0.05 95-98
F2 G-20210A GA 1 2.8 - - p>0.05 2-5
AA - - - - p>0.05 0.1
GG 56 95.0 40 93.1 p>0.05 94.4-97.7
F5 G1691A GA 3 5.0 3 6.9 p>0.05 3.4-5.6
AA - - - - p>0.05 0.1
GG 47 79.7 35 82.7 p>0.05 68-89
F7 G10976A GA 11 18.6 6 13.9 p>0.05 16.4-19.3
AA 1 1.7 2 3.4 p>0.05 2.8-5.0
GG 30 50.8 19 44.2 p>0.05 51-78
F13 G103A GA 23 39.0 20 46.5 p>0.05 19.3-46
AA 6 10.2 4 9.3 p>0.05 2.8-7.8
5G5G 13 22.0 12 27.9 p>0.05 35.2-50
PAI1 -657 5G/4G 5G4G 26 44.1 21 48.8 p>0.05 39-60
4GAG 20 33.9 10 23.3 p>0.05 10-26
AA 21 35.6 18 41.9 p>0.05 14.8-62.2
PROC A2583T AT 23 39 18 41.9 p>0.05 35.6-39.3
TT 15 25.4 7 16.2 p>0.05 14.8-42.6
CC 24 40.7 11 25.6 p>0.05 27.7-39.8
ITGA2 C807T CT 23 39 24 55.8 p>0.05 38-59.4
TT 12 20.3 8 18.6 p>0.05 12.4-21.1
TT 39 66.1 29 67.4 p>0.05 68.6-74.3
ITGB3 T176C TC 17 28.8 12 27.9 p>0.05 23.9-28.2
CcC 3 5.1 2 4.6 p>0.05 1.8-3.9
AA 42 71.2 31 72.1 p>0.05 68.1-97.1
GPVI A683G AG 14 17.7 10 23.2 p>0.05 2.9-25.7
GG 3 5.1 2 4.6 p>0.05 2.0-6.2
CC 30 50.8 19 44.2 p>0.05 31.7-46.9
MTHFR C677T CT 22 37.3 20 46.5 p>0.05 42.6-47.4
TT 7 11.9 4 9.3 p>0.05 8.8-25.7
GG 23 39 12 27.9 p>0.05 27-36.3
MTHFD G1958A GA 25 42.4 18 41.9 p>0.05 47.1-47.8
AA 11 18.6 13 30.2 p>0.05 16.7-36.2
AA 43 72.9 28 65.2 p>0.05 68.8-88.9
MTR A2756G AG 14 17.7 13 30.2 p>0.05 30.3-32.1
GG 2 3.4 2 4.6 p>0.05 0.1-10.9
AA 12 20.3 7 16.2 p>0.05 36.5
MTRR A66G AG 27 45.8 25 58.0 p>0.05 349
GG 20 33.9 11 25.8 p>0.05 28.6
DD 51 86.4 37 86.0 p>0.05 92
CBS 844 D/I DI 7 11.9 4 9.3 p>0.05 7
1 1 1.7 2 4.6 p>0.05
TT 23 39.0 13 30.2 p>0.05 16.1-30.1
SLC19A1 T80C TC 30 50.8 21 48.8 p>0.05 42.2-55.4
cC 6 10.2 9 20.0 p>0.05 23-28.6

* according to snpedia.com
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Table 3
The frequency of occurrence of polymorphic genotypes of the studied genes. Genes of “endothelial dysfunction”,
RAAS, cytokines (general model)

Gene, Main group (N=59) Control group (N=43) Frequency in the European
Polymorphism Genotype abs. % abs. % P population, %*
GG 40 67.8 22 51.2 p>0.05 60.8-62.8
END1 G5393T GT 15 25.4 16 37.2 p>0.05 30.1-36.3
TT 4 6.8 5 11.6 p>0.05 2.9-7.1
GG 30 50.8 21 48.8 p>0.05 38.5-77.8
NOS3 G894T GT 27 45.8 18 41.8 p>0.05 22.2-53.8
TT 2 3.4 4 9.3 p>0.05 7.7
GG 20 33.9 9 20.9 p>0.05 17.9-24.5
CGY—I;];&SAZ GA 25 42.3 25 58.2 p>0.05 50.9-56.1
AA 14 23.7 9 20.9 p>0.05 19.4-31.2
1/1 15 25.4 11 25.8 p>0.05 22
ACE Alu I/D 1/D 33 55.9 23 53.4 p>0.05 47
D/D 11 18.7 9 20.9 p>0.05 31
GG 37 62.7 31 72.1 p>0.05 62.8-64.7
ADD1 G1378T GT 19 32.2 10 23.3 p>0.05 33.3-33.6
TT 3 5.1 2 4.6 p>0.05 2.0-3.5
AA 15 25.4 8 18.6 p>0.05 19.5-20.6
AGT A704G AG 28 47.5 26 60.5 p>0.05 43.4-48.5
GG 16 27.1 9 20.9 p>0.05 13.9-37.2
GG 31 52.5 18 41.8 p>0.05 13.3-39.5
IL1b G-511A GA 22 37.3 24 55.8 p>0.05 45.1-49
AA 6 10.2 1 2.4 p>0.05 11.8-38.2
GG 35 59.3 26 60.5 p>0.05 55.9-63.7
IL1b G+3953A GA 20 33.9 14 32.6 p>0.05 31-38.2
AA 4 6.8 3 6.9 p>0.05 5.3-5.9
GG 45 76.3 34 79.1 p>0.05 67.3-81.4
TNF-a G-308A GA 12 20.3 6 14.0 p>0.05 18.6-31
AA 2 3.4 3 6.9 p>0.05 1.8

* snpedia.com (according to snpedia.com)
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Table 4
Frequency of occurrence of “wild” and polymorphic alleles of the studied genes (multiplicative model)
. Main group (N=118) Control group (N=86)
Gene, Polymorphism Genotype p
abs. % abs. %
G 90 76.2 66 76.7 p>0.05
FGB G-455A
A 28 23.8 20 233 p>0.05
G 117 99.2 86 100 p>0.05
F2 G-20210A
A 1 0.8 - - p>0.05
G 115 97.6 83 96.5 p>0.05
F5 G1691A
A 3 2.4 3 3.5 p>0.05
G 105 89.0 76 88.4 p>0.05
F7 G10976A
A 13 11.0 10 11.6 p>0.05
G 83 70.3 58 67.4 p>0.05
F13 G103A
A 37 29.7 28 32.6 p>0.05
5G 52 44.1 45 52.3 p>0.05
PAI1 -657 5G/4G
4G 66 65.9 41 47.7 p>0.05
A 65 55.1 54 62.8 p>0.05
PROC A2583T
T 53 44.9 32 37.2 p>0.05
C 71 60.2 46 53.5 p>0.05
ITGA2 C807T
T 47 39.8 40 46.5 p>0.05
T 95 80.5 70 81.4 p>0.05
ITGB3 T176C
C 23 19.5 16 18.5 p>0.05
A 98 83.1 72 83.7 p>0.05
GPVI A683G
G 20 16.9 14 16.3 p>0.05
C 82 69.5 58 67.4 p>0.05
MTHFR C677T
T 36 30.5 28 32.6 p>0.05
G 71 60.2 42 48.8 p>0.05
MTHFD G1958A
A 47 39.8 44 51.2 p>0.05
A 100 84.7 69 80.2 p>0.05
MTR A2756G
G 18 15.3 17 19.8 p>0.05
A 51 43.2 39 45.3 p>0.05
MTRR A66G
G 67 66.8 47 54.7 p>0.05
D 109 92.4 78 90.7 p>0.05
CBS 844 D/I
| 9 7.6 8 9.3 p>0.05
T 76 64.4 47 54.6 p>0.05
SLC19A1 T80C
C 42 35.6 39 45.4 p>0.05
G 95 80.5 60 68.2 p>0.05
END1 G5393T
T 23 19.5 26 31.8 p>0.05
G 87 73.7 60 68.2 p>0.05
NOS3 G894T
T 31 16.3 26 31.8 p>0.05
G 65 55.1 43 50.0 p>0.05
CYP11b2 G-344A
A 53 44.9 43 50.0 p>0.05
[ 63 53.4 45 52.3 p>0.05
ACE Alu I/D
D 55 46.7 41 47.7 p>0.05
G 93 78.8 72 83.7 p>0.05
ADD1 G1378T
T 25 21.2 14 16.3 p>0.05
A 58 49.2 42 48.8 p>0.05
AGT A704G
G 60 50.8 44 51.2 p>0.05
G 84 71.2 60 68.2 p>0.05
IL1b G-511A
A 34 28.8 26 31.8 p>0.05
G 90 76.3 66 76.7 p>0.05
IL1b G+3953A
A 28 23.7 20 233 p>0.05
G 102 86.4 74 86.0 p>0.05
TNF-a G-308A
A 16 23.6 12 14.0 p>0.05
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Table 5
Frequency of occurrence of combinations of various genotypes of certain genes
Main group (N=59) Control group (N=43)
Combination p X2 OR* CI**
abc. / abs % abc. / abs. %
F7 G10976A GG + F13 G103A GG 28 47.5 10 23.2 0.012 6.25 2.98 1.24-7.13
MTRR AG6G GG + MTHFR C677T 13 22.0 3 6.9 0.039 4.26 3.76 1.01-14.1
CT/TT
ACEAIUI/DID /DD +AGT A704G 35 59.3 17 39.5 0.049 3.8 2.1 0.95-4.8
AG /GG
ACE Alu I/D ID / DD + ADD1
G1378T GT/TT 19 32.2 6 13.9 0.045 4.0 2.92 1.05-8.1
* — OR — odds ratio
** — Cl — confidence interval
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