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AHHOTaLMA

AKTYyanbHOCTb: DepMeHTbl (PONATHOr0 LMKNA PErynpyroT KNO4YeBble peakuun B
(honaT-onocpefoBaHHOM OfHOYr/fepogHOM MeTabonusme. HapyweHus ¢onatHoro
LUMKNa MOryT OblTb CBA3aHbl C BO3HWKHOBEHMEM MNaLeHTapHOMW HeAo0CTaTOYHOCTU C
CUHAPOMOM 3afepXKu pocta nnoga (C3PIM) y 6epemMeHHbIX, 04HAKO Ha CerofHAL-
HWIA [eHb CBA3b NONAMMOPMM3Ma reHoB (PONATHOrO0 LUKAa C pa3BUTUEM MaToiorum
TeyeHNs 6epeMeHHOCTU M3yyeHa HefocCTaTtouyHo. Lienb wnccnepgosaHua: V3ydeHue
accoumnaummn noMMOPGHLIX SIOKYCOB reHOB (honaTHoOro uuknia ¢ passutuem C3PI1 2-
3 cTeneHn. MaTepuansl U MeToAbl: Bbl6opKy ans mnccnepgosaHusa coctasuam 112
6epeMeHHbIX ¢ C3PIM 2-3 cTeneHn n 243 6epeMeHHbIX C HOpMaJibHbIM BECOM HOBO-
poXaeHHoro. W3syyanucb NONUMOPgHbIE NIOKYCbl TeHOB (DOSIaTHOrO  LMKNa
rs1805087 reHaMTR, rs1801394 reHaMTRR, rs1979277 reHa SHMT1, rs699517 re-
Ha TYMS, rs2790 reHa TYMS. VccnepgosaHue nposogunm metogom MUP ¢ ncnonb-
30BaHMEM COOTBETCTBYHLMNX OIMTOHYKNEOTUAHbIX MpaiMepoB U 30HAOB C nocre-
AYIOLWMM aHaIM30M NoaMMopdPur3mMoB MeToAOM aeTekumm TagMan 30HA0B (real-time
MLUP). AHanu3 accoumaumnin NpoBoAUCA C UCNOb30BAHWEM NPOrpaMMHOro obecre-
yeHnsa gPLINK v2.050. MeXreHHble B3aMMOAeNCTBUSA B ABYX- U TPEX/TOKYCHbIX MO-
[enax aHanusuMposanu ¢ nomowbio metoga MDR un ero mogudukauum GMDR. Pe-
3ynbTaThl: MokasaHo, uto annenb T rs1979277 reHa SHMT1 accoummpoBaH C pas-
ButmemM C3PI 2-3 cTeneHW B pamkax agaumtmeHoi (OR=1,56, 95%d 1,10-2,22,
p=0,012, pperm=0,011) u peueccusHoin (OR=2,55, 95%Q 1,24-5,22, p=0,011,
pperm=0,007) mopenei. BoissneHa accoyuauuns annens G rs1805087 reHa MTR ¢
(hopmupoBaHmem C3PI 2-3 cTenmeHW B COOTBETCTBMM C PELLECCUBHON MOAENbIO
(OR=3,28, 95%d 1,14-9,47, p=0,028, pperm=0,014). BbiiBNeHbl B 2-X NTOKYCHbIX U
ofjHa TpexnokycHaa mogenn SNP x SNP B3anmofeliCTBUiIA, acCOLMMPOBAHHbIX C pas-
ButmeMm C3PI 2-3 cTeneHn. B cocTaB 3Ha4yMMbIX MOAeNell BXOAAT TpWU Noanumopd-
HbIX floKyca - rs1979277 SHMT1, rs1805087 MTR 1 rs1801394 MTRR. lNMapHoe B3a-
nmogericteme rs1801394 MTRR x rs1979277 SHMT1 saBnfetcs OCHOBOW ABYX
Hanbonee 3HaYMMbIX MOJENeN FeH-TeHHbIX B3aMMOAENCTBWIA, acCOLMUPOBaHHbLIX C
pazsutvem C3PI1 2-3 cTeneHn. 3akntouyeHue: TMonnMmMopgHbie NIOKYCbl rs1979277
SHMT1, rs1805087 MTR 1 rs1801394 MTRR accouunpoBaHsbl ¢ pa3sutuem C3PI1 2-
3 cTeneHmu.

KnwoueBble cnosa: nonumopduam; accoumaumn; SNPxXSNP B3anmoaeinctesus; nna-
LLleHTapHas Hef0CTaTOYHOCTb; CMHAPOM 3a[epXXKu pocTa nnoga; 6epeMeHHOCTb; (o-
NaTHbIA UMKN
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Abstract

Background: Folate cycle enzymes regulate key reactions in folate-mediated single-
carbon metabolism. The folate cycle disturbances may be associated with the occur-
rence of placental insufficiency with fetal growth restriction syndrome (FGRS) in
pregnant women, however, to date, the relationship of polymorphism of the folate
cycle genes with the development of pregnancy pathology has not been examined in
sufficient detail. The aim of the study: To study the association of polymorphic loci
of the folate cycle genes with the development of 2-3-degree FGRS. Materials and
methods: The sample for the study included 112 pregnant women with 2-3-degree
FGRS and 243 pregnant women with normal birth weight. The polymorphic loci of
the folate cycle gene rs1805087 of the MTR gene were studied, rs1801394 of the
MTRR gene, rs1979277 of the SHMT1 gene, rs699517 of the TYMS gene, rs2790 of
the TYMS gene involved in the formation of placental insufficiency and FGRS of the
2nd or 3rd degrees. The study was carried out by PCR using the appropriate oligonu-
cleotide primers and probes, followed by analysis of polymorphisms by the detection
method of TagMan probes (real-time PCR). Association analysis was performed us-
ing gPLINK v2.050 software. Intergenic interactions in two- and three-locus models
were analyzed using MDR method and its GMDR modifications. Results: It was
shown that the T allele rs1979277 of the SHMT1 gene is associated with the devel-
opment of 2-3-degree FGRS in the framework of additive (OR = 1.56, 95% CI 1,10 -
2,22, p = 0,012, pperm = 0.011) and recessive (OR = 2.55, 95% Cl 1.24-5.22, p =
0,011, pperm= 0.007) models. The association of the G rs1805087 allele of the MTR
gene with the formation of 2-3-degree FGRS was revealed in accordance with the re-
cessive model (OR = 3.28, 95% CI 1.14-9.47, p = 0.028, pperm= 0.014). Two 2-locus
and one three-locus models of SNPxSNP interactions associated with the develop-
ment of FGRS 2-3 degrees were identified. Significant models include three poly-
morphic loci - rs1979277 SHMTL1, rs1805087 MTR, and rs1801394 MTRR. Pairwise
interaction rs1801394 MTRR x rs1979277 SHMT1 is the basis of the two most signif-
icant models of gene-gene interactions associated with the development of FGRS of
2-3 degrees. Conclusion: Polymorphic loci rs1979277 SHMT1, rs1805087 MTR and
rs1801394 MTRR are associated with the development of FGRS of 2-3 degrees.
Keywords: polymorphism; associations; SNPxSNP interactions; placental insuffi-
ciency; fetal growth restriction syndrome; pregnancy; folate cycle
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BeegeHue. 3ajepxka pocrta naoga
(3PIT) - 3TO He CaMOCTOATENbHOE HO30/10TU-
yeckoe 3abonesaHune, a CMHAPOM, BO3HUKAlO-
WWiA BCNeACTBME PasBMTUA Pas3/iMyHbIX MaTo-
NOTUYECKMX MPOLECCOB, KOTOPbIE MO TeM Uu
WHbIM MNpUYMHAM pa3BUBaOTCA B CUCTEME
MaTb-nnawveHTa-nnog. OfHOW U3 NPUYUH
cuHapoma 3P (C3PI1) MOXeT ObITb NNaLeH-
TapHasa HegocTtatoyHocTh (MH). Cnegcteuem
[JAHHOT0 OC/IOXHEeHUs GepeMeHHOCTH, ABNSA-
eTCA pOXAeHue pebeHKa CO CHUMKEHHbIMU
Macco-poCTOBbIMM Nokasatensamu (meHee 10-
ro nepueHtunga) [1, 2]. A6conNOTHOE NN OT-
HOCUTENIbHOE YMEHbLUEeHWe MnalLeHTapHOoW
Macchbl B/INSIET HA KOMMYECTBO MUTaTeNIbHbIX
BELLEeCTB, KOTOpble NMONYyYaeT Nnof, Ha Xapak-
Tep razoobmMeHa, Ha 3HAOKPUHHYK N MeTabo-
NIMYECKYIO0 (PYHKLUMIO MNfaleHTbl, BCe 3TO Cno-
cobeTeyeT (hopmuposaHuo C3PI [2-4]. Tak
KaK, 3Ta maTonornsa umeetr 6GONbLUOK yAenb-
Hblli BEC B CTPYKTYpe nepuHaTaibHbIX NOTepb
N HEOHaTa/NbHbIX 3ab60/eBaHU, a TaKXe Be-
LeT K HebnaronpuaTHbIM MeAWKO-BUOoru-
YEeCKMM Y COLMabHbIM MPOrHo3am, nsy4yeHuve
(hakTopoB, BAMAKOWMX Ha passuTue MH un
C3PI1 nmeeT 60/bLLIOE 3HAYEHNE.

3BeCTHO, 4TO YacToTa NepuHaTanbHOM
cmepTHOoCcTM npu C3PI1 Bbiwe B 7-10 pa3 no
CpPaBHEHMID C HOpPMa/nbHO MpoTeKawlen Ge-
peMeHHOCTbIO. 3a nocnefjHuve [ecATUNETMA
yacTtoTa nnaueHTapHon pauchyHkuum (MA4),
3a/lepXXKW pasBuTUS nnofga v nnaaleHTapHow
HepgocTtatouyHocTu (IMH) He TONLKO He MMeeT
TEHAEHLUWUMN K CHUXXEHUIO, HO M pacTeT BO BCEX
cTpaHax mupa [3, 4]. Kpome 3aToro, npakrtu-
yeckn y 50% pgeTeil, KOTOpble POAMAUCH C
npu3Hakamy C3PI1, B AanbHeillem BbISBNSA-
IOT OCTpble U XPOHMYeckue 3abosieBaHUA
[5, 6]. MpuBeaeHHbIe HeraTMBHble 06CTOSA-
TeNbCTBa CBUAETENbCTBYOT 0 BaXHOCTM
cBoeBpeMeHHOro BbiABeHUs C3PIT ewe Ha
aTane npeHatasbHOro HabnAeHMA, ONTUMU-
3auuMun ycnoBuid passuTua Nnoga, niaHnMpoBa-
HUA U BeAeHUsa pofoB, obecrnevyeHus paumo-
Ha/JIbHOT0 YX0/a B NOC/IepO40BOM NEpPUose.

C aKyluepcKoli ToYku 3peHuns, MM - ato
recTaMOHHOE OCNOXXHEHMNE MHOTO(aKTOPHOM
3TMONIOTUKN, UMEEeT TAXKe/ble NOCNeACTBUA ANf
opraHvMsmMa Mmartepu, naoga W MOXEeT OblITb,
Kak MPUYUHON, TakK W peanusauumenn 0CN0OX-
HEHHOro TeyeHMs OepeMeHHOCTU M cOoMaTu-
yeckol natonorun [6]. MaTtoreHe3s MH 3a-
K/0YaeTca B HapyweHuu AeuungyanbHow
nepysumn, (pepMeHTaTUBHONW HeAOCTaTOYHO-
CTU feunpyanbHol TKaHu [2, 4]. MpoucxoasaT
CTPYKTYPHO-(DYHKLMOHA/IbHbIE  U3MEHEHUA
MnaueHTbl, ycuieHne BapuabenbHoOCTU Afep
CMMNNacToTPoh061acTOB, YMeHbLUEeHMe KO-
NINYEeCTBa MeJIKUX BOPCMHOK XOPWOHA, CHU-
YXEHVe WHTEHCMBHOCTW BacKynspusauuu, WH-
BOJIIOTMBHbIX W3MEHEHWI, NpPOLECCOB WUM-
nnaHTauuuW, nnayeHTauuun, nnaleHTapHow
reMOUMPKYNALMKN, LUPKYNATOPHLIX MNopaxe-
HW/A nnaueHTsl 1 T.4. Peakumn cocyaos Tep-
MUHaNbHbIX BOPCUHOK MMEKT KOMMNeHcaTop-
Hble pe3epBbl, MPW WX MUCTOLWEHUN OTCYT-
CTBYIOT BO3MOXHOCTU pasBUTUA [OMNOJHW-
TeNbHOW COCYANCTOW CETKM, BCE 3TO ABSETCA
Hayasom WHBOJTIOTUBHO-ANCTPOPUYECKUX
N3MeHeHUn ¢ QopmupoBaHnem MH un 3a-
[LEPXKWM pocTa niofa, aHTeHaTanbHOW noTepwu
nnoaa, MpexaeBPeMeHHOW OTCNONKOW Hop-
MasibHO M HWU3KO PacrofioXXeHHOW NnaueHTbl
[2, 4, 6].

OpHoli 13 npuumH MH n C3PIM saBns-
IOTCA W3MEHeHUs (honaTHOro uukna, ooby-
CNOBMIEHHbIEe pa3HoobpasHbIMU  (PakTopamu
pucka. K BHellHe cpefoBbIM (PakTopam pucka
MOXHO OTHECTWU: HW3KOE ynoTpebneHne MuK-
PO3/IEMEHTOB, BUTAMUHOB, BPeAHble MPUBbIY-
Kn (KypeHue, ankoronb) u ap. [7, 8]. Bonb-
loe 3HayeHWe WMEKT OMpefeneHHble 0COo-
6eHHOCTU TreHoMa, MOMIMMOP(N3Mbl TEeHOB,
yyacTBYKLWMX B MeTabonuame (osneBoi
Kucnotel. HapyuweHue o6meHa (onnesoi
KMCNOTbl, MOXET BbI3blBaTb Lenyl rpynny
MPUYUH, OCNOXHAOLWMNX TeyeHne OGepemeH-
HOCTM, B TOM u4wucne npmsogawmx Kk C3PTI
[7, 8, 9].
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M3BecTHO, 4TO (Po/smeBas  KucnoTa
yyacTByeT B (OPMUPOBAHMM COCYLMCTOrO
pycna. HapylueHne aHrmoreHesa MOXeT Bbl-
3blBaTb MALEHTAPHYIO AUCRPYHKLUIO, YTO
accouumpoBaHO C naToreHe3om (eTonnaLeH-
TapHoOi HegocTaToyHOCTM M C3PI 1 mMoxeT
NPMBOAWUTL K aHTeHaTanbHOM rubenn nnopga
[10, 11].

MeTa6onnsm ¢onMeBOil KMUCAOTbl OCY-
LLLeCTB/IAETCA C NMOMOLLbIO CNOXHOr0 Kackaf-
HOro npotecca, COMPOBOXJAAKOLLErocs reHe-
TUYECKN [eTepMUHUPOBAHHbIMW (PepMeHTa-
TUBHbIMUN peakumamu. MNMoHMMaHWe ponun no-
NMMOp(n3Ma TreHOB-KaHAWAATOB, BOBJ/IEYEH-
HbIX B Mpouecc (OpPMUPOBAHUA 3a[EPXKKU
BHYTPUYTPOOGHOro pasBuTUSA nNnoga, WMeet
BaXHOe 3HauyeHWe [Ana paspaboTku adhgek-
TUBHbIX MeTOAOB AMArHOCTUKW U npoduniak-
TUKW 3TOTO OCNIOXKHEHUA 6GEPEMEHHOCTN.

Llenb mccneposaHuda. V3ydeHne acco-
umaumm nonmMopgHbIX /IOKYCOB TeHOB (ho-
NaTHOTO LUMKMa C pa3BUTMEM CUHApPOMA 3a-
LepXKKn pocTa nnaoga 2-3 cTeneHu.

MaTepuanbsl M MeTOAbl WCCNefoBa-
HuA. Tog HabnwgeHMem Haxogunocb 355
O6epeMeHHbIX XEeHWMWH B TPeTbeM TPUMECTpe
6epeMeHHOCTHN, Yy KOTOPbIX OblM COOpPaHbI
aHaMHeCTWYecKne [JaHHble, wuccnefoBannchb
OOLLEKIMHNYECKNE N BUOXMMUYECKME TMOKa-
3atenn. BbibopKy AnA nccnefoBaHWA coOCTa-
BUAM 112 6epeMeHHbIX ¢ C3PI 2-3 cTeneHu
N 243 GepeMeHHbIX C HOpPMajbHbIM BECOM
HOBOPOXAeHHOro. [pynnbl 6blnn penpesaH-
TUBHbI MO BO3pacTy, POCTY U akylepcKoMy
aHaMHesy.

Matepnanom Ang wuccnefoBaHua no-
cnyxxkunn ob6pasubl AHK, BblgeneHHol u3
LleNIbHOW BEHO3HOM KpoBu. W3yyanucb crne-
Ayouive  nNoAMMOPMHbIE  JIOKYCbl  TEHOB
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thonaTtHoro uukna rs1805087 reHa MTR,
rs1801394 reHa MTRR, rs1979277 reHa
SHMTL1, rs699517 reHa TYMS, rs2790 reHa
TYMS. WVccnepgosaHue npoBoAu/iM METOLOM
MUP c mcnonb3oBaHWMEM COOTBETCTBYHOLLLUX
O/INTOHYKNEOTUAHbIX MpariMepoB U 30HAO0B C
nocnegyrowmum aHaanmsoMm noaumMmopgprsmMos
meTogom paetekumm TagMan 3o0HpgoB (real-
time MLUP).

CTaTucTnyeckue pacyeTbl OCyLLeCTBNA-
NMCb € WCMOJIb30BaHWEM  MPOrpamMHOro
obecneyeHuns gPLINK v2.050
(http://zzz.bwh.harvard.edu/plink/). Ona kop-
PeKLMN MHOXECTBEHHbIX CPaBHEHWI UCNOSb-
30Bann nepMmyTayuMoOHHbLIA TecT. And uccne-
[OBaHUS TEH-TEHHbIX B3aMMOAENCTBUIA WC-
MoJib30BaNCA METO[L CHWXEHUA pa3MepHOCTU
MDR (Multifactor Dimensionality Reduction)
B Moaupumkauum Model-Based-MDR (MB-
MDR) (Calle M L. et al., 2010).

PesynbTaThl U uXx o06CyXaeHue. [o
BCEM M3ydeHHbIM SNPs Kak B rpynne 6epe-
MeHHbIX ¢ C3PI1 2-3 cTeneHu, Tak 1 B rpynne
KOHTPONS  4YacToTbl  MWHOPHbLIX  anfenein
(MAF) 6binn Bbilie 5%. AHanu3 Habnwopgae-
MOro pacrnpejeneHus reHoTUMNoB He BbIABUN
OTK/IOHEHUA OT 0XWJAEeMOro pacnpegeneHus
B COOTBETCTBMW C paBHOBecuem Xapau-
BaliH6epra (HWE) no Bcem paccmatpuBae-
MbIX JIOKyCaM Kak cpegn 6epemMeHHbIX C
C3PI 2-3 cTteneHu (Tabn. 1), Tak U B KOH-
TpoNbHOM rpynne (Tabn. 2).

AHanuis accoumauyun annene nonu-
MOP{HbIX SIOKYCOB FeHOB (POSAaTHOrO LMKNa ¢
passmutnem C3PIM 2-3 cT. (Tabn. 3) nokasan
yto annenb T rs1979277 reHa SHMT1 gocTto-
BEPHO cBA3aH C passutnem C3PI1 2-3 crtene-
Hn (OR=1,57, 950.C1 1,11-2,23, p=0,011,
Pperm=0,012, Nperm=1596).
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Tabnumua 1
PacnpegeneHne 5 noNMMOpPgHbLIX NOKYCOB FreHOB (0O0NaTHOTO UukKna B rpynne 6epemeHHbix ¢ C3PI1 2 - 3 cTeneHu
Table 1
Distribution of 5/polymorphic loci of the folate cycle”genes in the group of pregnant women with FGRS of 2-3 degrees

Yactota Yucno usy- Hab6ntogaemas rete- Oxxupgaemas retepo-

MWHOpHbI  YacTbli PacnpeaeneHune

CHR  SNP leH MWUHOPHOFO  YE€HHbIX * PO3NTOTHOCTb 3UroTHOCTb P
annenb annenb reHoTnnoB
annens XpoOmMoCcoM HO He
1 rs1805087 MTR G A 0,230 674 9/35/66 0,318 0,366 0,191
5 rs1801394  MTRR A G 0,428 706 20/53/37 0,482 0,488 1,000
17 rs1979277  SHMT1 T C 0,312 664 17/43/41 0,426 0,472 0,398
18 rs699517 TYMS T C 0,287 690 10/40/60 0,366 0,397 0,469
18 rs2790 TYMS G A 0,172 704 3/34/73 0,309 0,297 1,000

MpumeyaHue: * - KOANYECTBO FOMO3UTOT N0 MAUHOPHOMY ansiento / reTeposnroTt / roMo3UroT Nno YacTOMy a/liento.
Note: * - count of homozygotes for the minor allele / heterozygotes / homozygotes for the frequent allele.

Tabnuua 2
PacnpegeneHve 5 NOAMMOP(HBIX TOKYCOB reHOB ()ONaTHOTO LMKNa B KOHTPONbHON rpynne
Table 2
Distribution of 5 polymorphic loci of the folate cycle genes in the control group
MWHOpPHLIA  YacTbli Hactora - Hncno nay- PacnpegeneHue Hab6nogaemas Oxunpaemas reteposu-
CHR SNP l"eH MWHOPHOTO YeHHbIX Xpo- * P
annenb annenb reHoTMrnoB reTepo3snMroTHOCTb rOTHOCTb
annens MOCOM

1 rs1805087 MTR G A 0,224 454 6/90/131 0,396 0,348 0,055
5 rs1801394 MTRR A G 0,43 486 44/121/78 0,498 0,490 0,896
17 rs1979277 SHMT1 T C 0,281 462 17/96/118 0,416 0,404 0,747
18 rs699517 TYMS T C 0,293 470 18/102/115 0,434 0,415 0,532
18 rs2790 TYMS G A 0,167 484 7/67/168 0,277 0,279 0,821

MpumMeyaHue: * - KOIMYECTBO FOMO3UTOT MO MUHOPHOMY asinento / reTepo3nroT / roMo3UroT No 4acToMy asnesnto.
Note: * - count of homozygotes for the minor allele / heterozygotes / homozygotes for the frequent allele.
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Tabnuua 3
Accoumnaumn anneneii 5 NONMMOPMPHbIX IOKYCOB FreHOB (hoNaTHOro unkna c C3PI 2-3 cT. y 6epeMeHHbIX
Table 3
Associations of aleles of 5 polymorphic loci of the folate cycle genes with 2-3-degree FGRS in pregnant women
CHR SNP Fen Mﬂ"é:ip(:’\;'/ﬂg”' MAFC§P6SP;“?”'G:T'.“°'X ©  MAF 8 koHTpOne OR L95 ugs P
1 rs1805087 MTR G 0,241 0,225 1,09 0,75 1,60 0,638
5 rs1801394 MTRR A 0,423 0,430 0,97 0,70 1,34 0,086
17 rs1979277  SHMT1 T 0,381 0,281 1,57 1,11 2,23 0,011
18 rs699517 TYMS T 0,273 0,294 0,90 0,63 1,29 0,572
18 rs2790 TYMS G 0,182 0,167 1,11 0,73 1,68 0,637
MpumeyvaHue: OR - oTHOLWeHKWe waHcoB (L95 - HMKHAS rpaHnua, U95 - BepxHAA rpaHuua), p - YPOoBEHb 3HA4YMMOCTH.
Note: OR is the odds ratio (L95 - lower limit, U95 - upper limit), p - significance level.
Tabnuua 4

Pe3ynbTaTbl IOFUCTUYECKOr0 PerpeccMoOHHOro aHanmnsa accoymnauymii 5 SNPs reHoB hon1aTHOro LUnknia ¢ popmmposaHmem C3PIT 2 3 cTeneHn
B paMKax afAnTUBHOWN, JOMUHAHTHON N PeLecCUBHON Moaenei

Table 4
Results of logistic regression analysis of 5 SNPs associations of the folate cycle genes with the formation of 2-3-degree FGRS in scope
of additive, dominant and recessive models
AJOVNTUBHAA MOAeNb OMMWHaHTHas MOJenb SeueccnBHas Mofenb
Chr SNP leH n 95%Cl 95%Cl 95%CI
OR L95 u9s P OR L95 u95 P OR L95 u95 P
1 rs1805087 MTR 337 1,10 0,74 1,62 0,630 0,91 0,57 1,45 0,689 3,28 1,14 9,47 0,028

5 rs1801394  MTRR 353 0,97 0,70 1,34 0,855 0,93 0,58 1,50 0,775 1,00 0,56 1,80 0,986
17 rs1979277 SHMT1 332 1,56 1,10 2,22 0,012 1,53 0,95 2,45 0,079 2,55 1,24 5,22 0,011
18 rs699517 TYMS 345 0,90 0,63 1,29 0,571 0,8 0,51 1,26 0,332 121 0,54 2,71 0,650
18 rs2790 TYMS 352 1,11 0,73 1,68 0,636 1,15 0,71 1,86 0,567 0,94 0,24 1,71 0,931

MpyvmMeyaHue: - BblfeneHbl CTAaTUCTUYECKM 3HAYMMbIE pesyfibTaThbl C YY4ETOM afanTMBHOIO mepmyTtaunmoHHoro tecta, OR - oTHoweHue waHcoB, 95%ClI -
95% posepuTenbHbIil MHTepBan (L95 - HMKHAA rpaHmua , U95 - BepXHAA rpaHuua), p - YPOBEHb 3HAYMMOCTH.

Note: - statistically significant results were selected taking into account the adaptive permutation test,- OR - odds ratio, 95% CI - 95% confidence interval
(L95 - lower limitl, U95 - upper limit), p - significance level.
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YcTaHOBNEHO, 4YTO annenb T rs1979277
rena SHMT1 accoummpoBaH C pasBUTUEM
C3PIN 2-3 cTeneHW B paMKax aAAnTUBHOW

(OR=1,56, 950.C1 1,10-2,22, p=0,012,
pperm=0,011, Nperm=1792) ” peLecCUBHOW
(OR=2,55, 95/C1 1,24-522, p=0,011,

pperm=0,007, Nperm=2961) mogenein (tabn. 4).
Takxe BblfBNeHa accouunaums annena G
rs1805087 reHa MTR c ¢opmupoBaHnem
C3PIT 2-3 cTeneHn B COOTBETCTBMW C peLiec-
cuBHOn Mopenbto (OR=3,28, 95%d 1,14-
9,47, p=0,028, Pperm=0,014, Nperm=1364).

Mpn aHanM3e accoumauuin ranaoTunos
MOSIMMOPMHBIX JIOKYCOB rs699517 wn rs2790
reHa TYMS c passutuem C3PI1 2-3 cTeneHun y
6epeMeHHbIX LOCTOBEPHbIX AaHHbIX He BbISB-
neHo (tabn. 5).

C wucnonb3oBaHnem metoga MB-MDR
BbifiBNIeHO 3 3HauyuMmble mogenn SNPXSNP
B3aMMO/JENCTBUIA reHoB (hONAaTHOrO LUKNA,
accouumpoBaHHbiX ¢ passutuem C3PIT 2-3
CTeneHn: 2 mofenn ABYX/IOKYCHOro B3aMMO-
gencTBma, 1 - TPexnoKycHoro “perm””)
(Tabn. 6).

MpoBeAeHHbI aHanu3 nokasasi, 4To B
cocTaB 3 Hanbonee 3Ha4YMMbIX MOAENEN MeX-
FeHHbIX B3aMMOAENCTBUI, acCoLMMPOBaHHbIX
c passutmem C3PI1 2-3 cTteneHu, BXopAT 3
nonMmMopgHbIX noKyca M3 5 paccmaTpuBae-
Mbix  SNPs: rs1805087 MTR, rs1801394
MTRR w rs1979277 SHMT1. Cnepyet oTme-
TUTb, YTO KaXAbIM U3 3TUX TPEX «3HAUYNMbIX»
SNPs BX0oAuT, Kak Mpaswufio, B COCTaB [BYX
mogeneid. Mpu 3aTom, NOAUMOPPHbLIA NOKYC
rs1805087 MTR yuacTByeT B (hOpMUpPOBAHUNU
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Hanbonee 3HaYMMbIX MOJENeN TeH-TeHHbIX
B3aMMO/ENCTBUII BCEX YPOBHEW (2-X u 3-X
NOKYCHbIX). Takxe, napHoe SNPXSNP B3au-
mopeiicteme rs1805087 MTR x rs1979277
SHMT1 saBnseTcs OCHOBOWM [BYX Hambonee
3HAYMMbIX MOfENel MeXreHHbIX B3anuMogein-
CTBMI - OAHOW 2-X NOKYCHOW W OfHOW 3-X
NOKYCHOI mogeneid. Accoymaunmn oTaenbHbIX
KOMO6MHaUWii reHoTUNoB ¢ pasButmem C3PI
2-3 cTeneHu B paMKax 3 Hambosee 3Ha4YNMbIX
mogeneiri SNPXSNP B3aumMogeinctsunin npep-
CTaBneHbl B Tabnuue 7. Hanbonee 3Haunmyro
accoymaumo ¢ C3PI 2-3 cTeneHun umeer
ABYX/IOKYyCHafd KoM6uHauua reHotunos AG
rs1801394 MTRR x GG rs1805087 MTR (beta
=0,47, p=0,002).

C nomowbto metoga MDR BbinosiHeH
aHanM3 MEeXreHHbIX B3aMMOAENCTBUIA Tpex
SNPs rs1801394 MTRR x rs1805087 MTR x
rs1979277 SHMT1, cBA3aHHbLIX C pa3BUTUEM
C3PTI1 2-3 cTeneHun. MNofyyeHHbIe pe3ynbTaThl
npefcTas/ieHbl Ha PUCYHKe 1 BBUAe LEHAPO-
rpammbl (A) u rpada (B). Cnepyet oTMeTUTb,
YyTo Hambonbwnin BKnag B (HOPMUPOBaHME
C3PIM 2-3 cTtagmy BHOCAT NOMIMMOP(HbIE JI0-
Kycbl rs1979277 SHMT1 (1,19% sHTponum),
rs1805087 MTR (1,19% 3HTponumu) v napHoe
MeXFeHHoe  B3aumogelicTBne  rs1801394
MTRR x rs1805087 MTR (-0,40% 3aHTponuu).

Takum 06pa3om, NpoBeAeHHOe uccre-
[0BaHMe YCTaHOBW/IO accoumauum Tpex u3
NATU U3YYEHHbIX NOAUMOPMHBIX STIOKYCOB re-
HOB (oslaTHOroO umkna ¢ passutnem C3PI 2-
3 cteneHn: rs1805087 reHa MTR, rs1979277
reHa SHMT1 1 rs1801394 reHa MTRR.

Tabnumua 5

Accoumaumn ransioTUnos NOANMOPMHLIX NOKYCOB rs699517 u rs2790 reHa TYMS
¢ passutuem C3PIT 2-3 cTeneHu

Table 5

Associations of haplotypes of polymorphic loci rs699517 and rs2790 of the TYMS gene with the

YacToTa ranaoTtuna

SNPs Fannotmn  EepemeHHble ¢ KoHTponb OR P
C3PM (n=112) (n=243)
rs699517|rs2790 TG 0,153 0,162 0,93 0,743
rs699517|rs2790 CG 0,029 0,008 3,50 0,038
rs699517 rs2790 TA 0,120 0,132 0,89 0,652

MpuMeyaHue: pe3ynbTaTbl NOMYUYEHbl METOAOM NIOTUCTUYECKON perpeccun. OR - OTHOLLEHWE LUAHCOB,

P - YPOBEHb 3HAYMMOCTH.

Note: the results uyky obtained by the method of logistic regression. OR is the odds ratio, p is the signif-

icance level.
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Han6onee sHaummblie mogenn SNP x SNP BzaumogeincTeuii reHoB ponaTHOro yukna,
accouumpoBaHHble ¢ passutuem C3PIT 2-3 cTeneHu

The most significant models of SNP x SNP folate cycle gene interactions associated with
the development 2-3-degree FGRS

N Mogenu SNP x SNP B3anmoaeiicTeuii NH betaH WH NL betalL WL
[ByxnokycHble mogenu (p<2,7*10-3)

1 rs1801394 MTRR x rs1805087 MTR 1 0,475 9,38 0 NA NA

2 rs1805087 MTR x rs1979277 SHMT1 2 0,283 9,13 1 -0,113 2,922
TpexnokycHble Mmogenu (p<1,4*105H

1 rs1801394 MTRR x rs1805087 MTR x rs1979277 SHMT1 4 0,440 19,43 0 NA NA

MpumeyaHne: nonyyeHol metogom MB-MDR;

NH - KOnM4ecTBO 3HAYMMbIX COYETAHWNA FTEHOTUMOB, CBA3aHHbIX C MOBbILEHHbIM PUCKOM pa3BuTus C3PI 2-3 cTeneHu;

beta H - KO3I(hMUNEHT NNHEHON perpeccun NS COYeTaHWii FTeHOTUMOB, CBA3aHHbIX C MOBbIWEHHbIM pUCKOM pa3sutua C3PI 2-3 cTeneHu;
WH - cTtatuctmnka Banbaa ans coveTaHWiA reHOTUNOB, CBSI3aHHbIX C MOBbILIEHHbIM PUCKOM pa3uTtna C3PI1 2-3 cTeneHu;

NL - 4yncno 3HaYMMbIX COYeTaHU TEHOTUMNOB, CBA3AHHbIX C MOHUXXEHHbLIM pUCKOM pa3BuTusa C3PI 2-3 cTeneHu;

beta L - KO3hULUMEHT NMHENHON perpeccumn ansg coueTaHUin reHOTUMNOB, CBA3aHHbIX C MOHMXEHHbIM PUCKOM pa3BuTus C3PI1 2-3 cTeneHu;
WL - cTtatuctuka Banbjga gnsa coyetaHuii reHOTUNOB, CBA3AHHbIX C MOHUXEHHbIM pUCKOM pa3BuTtusa C3PI 2-3 cTeneHu;

Pperm - ypoBeHb 3HA4YMMOCTWN MOAE/en nocne NPoBeAEHHOr0 NepMyTaLunoHHOro Tecta (BbinonHeHo 1000 nepmyTaymii).

Note: obtained by MB-MDR;

NH - the number of significant combinations of genotypes associated with an increased risk of FGRS of 2-3 degrees;

beta H - linear regression coefficient for combinations of genotypes associated with an increased risk of FGRS of 2-3 degrees;

WH - Wald statistics for combinations of genotypes associated with an increased risk of developing FGRS of 2-3 degrees;

NL -the number of significant combinations of genotypes associated with a reduced risk of developing FGRS of 2-3 degrees;

beta L is the linear regression coefficient for combinations of genotypes associated with a reduced risk of FGRS of 2-3 degrees;

WL - Wald statistics for combinations of genotypes associated with a reduced risk of developing FGRS of 2-3 degrees;

Pperm - significance level of the models after the permutation test (1000 permutations were performed).

Tabnuua 6

Table 6

Ppem

0,042
0,049

0,013
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Tabnunua 7
Accoumnaunm KomonHaunii reHOTUNOB PONATHOIO LMKAA, aCCOLNUNPOBAaHHbLIX ¢ pa3Butuem C3PI1 2-3 cTeneHm
Table 7
Associations of combinations of the folate cycle genotypes associated with the development of 2-3-degree FGRS
N N
MO- KOM6U- Komb6uHauunn reHoTnnos beta P Puck
fLenv HaLmm
[BYyX/IOKYCHble MOAenun
1 1 rs1801394 AG x rs1805087 GG 0,47 0,002
2 2 rs1805087 AA x rs1979277 TT 0,25 0,019 H
TpexnoKycHble Mogenu
3 rs1801394 AG x rs1805087 GG x rs1979277 CC 0,44 0,059 H
3 4 rs1801394 AG x rs1805087 GG x rs1979277 CT 0,49 0,018 H
5 rs1801394 AA x rs1805087 AA x rs1979277 TT 0,49 0,018 H
6 rs1801394 AG x rs1805087 AG x rs1979277 TT 0,32 0,056 H

MpumeyaHue: nonyyeHbl Metogom MB-MDR; beta - KO3(hPULNEHTbI NOTUCTUYECKON Perpeccum 41sa cO4eTaHUn reHoTUnoB;
P - YPOBeHb 3HAYMMOCTU (KUPHBbIM BblAefieHa Hanbosee 3HauMMas accouuanms); H -BbICOKUI PUCK.

Note: obtained by MB-MDR; beta - logistic regression coefficients for combinations of genotypes;

p - significance level (the most significant association is highlighted in bold); H - high risk.
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Puc. 1 Aenaporpamma (A) n rpad (b) Hanbonee 3Ha4MMbiXx SNPXSNP B3anmogeincTBuia, accounn-
poBaHHbIX C pa3suTrem C3PI 2-3 cTeneHun (mony4yeHsl metogoM MDR). XapakTepusyT cuny u
HanpaB/IEeHHOCTb B/IMAHUA NONUMOPMHbIX JIOKYCOB M UX COYETaHWU Ha pa3BuTue C3PI 2-3 cTene-
HY (% aHTponuu). Mpu 0603Ha4YeHUM nonumopdunsma ykasaHol Xxpomocoma u rs SNP. KopuuHeBbll
LBET - YMepPeHHbIi CUHEPTU3M, CUHWI - BblpaXXeHHbIN cuHeprn3m B SNP*SNP B3anmofencTemax

COOTBETCTBEHHO.

Fig. 1. Dendrogram (A) and graph (B) of the most significant SNP * SNP interactions associated
with the development of 2-3-degree FGRS (obtained by the MDR method). Characterize the
strength and orientation ofthe influence of polymorphic loci and their combinations on the devel-
opment of 2-3-degree FGRS (% of entropy). When designating polymorphism, the chromosome
and rs SNP are indicated. Brown is moderate synergism, blue is pronounced synergism in SNP *
SNP interactions, respectively.
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Mony4yeHHble pe3ynbTaTbl COrnacytTcs
C NUTepaTypHbIMU AaHHbIMW O MeAMKO-
o6uonornyecknx atekrTax mMccnegyembix re-
HOB B oOpraHusMe u4enoseka. HopmanbHoe
passuTMe nioga TpebyeT afeKBaTHOro ypos-
HA ONMEBON KUCNOTbI BO Bpemsi 6epeMeHHO-
cTn. donat cnocobCTBYET AENIEHN0 U POCTY
KNeTok, a metabonunsm honata yyacTByeT B
60/1bLLIOM KONMYEeCTBE (PU3NOMOTUYECKUX U
naToun3nN0NOrMyecKnx MpoLeccoB B pasBu-
T denoseka [8, 10]. Moatomy nonmmop-
(h3M FeHOB, OTBETCTBEHHbIX 32 06MeH (onun-
€BOM KUCNOTbl, MOXET HeraTMBHO CKasblBaTb-
CS Ha poCTe W AefleHUN KNeTOoK naofa v nna-
LLeHTbI.

Mpwu coyeTaHuu HenoIHOLEHHbIX
(hYHKLUWOHANbHO OCnabneHHbIX annenei Ha
(hoHe peincTBMA HebnaronpuATHbIX (NPOBO-
umpyrownx) hakTopoB BHELLHEN cpefbl Takne
NONMMOPMU3MbI MOTYT UrpaTb BaXHYK POJib
B Narosiormm 6epemMeHHOCTM W HapyLleHUwu
amb6puoHansHoro passutus [9, 10, 12].

MeTabonmueckne hepmeHTbl (onaTHo-
ro UWKIa MrparT BaXXHYK po/b B NoALepxa-
HUXN HOPMasIbHOrO pasBuMTUA nnoga. Tak, ce-
PUH-TMAPOKCMMETUNTPaHCcepasa (SHMTIL),
nupuaoKcanb-pocharT-3aBUCUMbIA  (DEPMEHT,
KaTanvm3upyouinii  B3aMMonpeBpalieHme ce-
puHa W raMumMHa, obecneymsaeT  ¢onat-
3aBUCUMbI  OAHOYTNEepOAHbIA  MeTabonnsm,
HEe06X0ANMbI ANS CMHTE3a MYPUHOB U TUMU-
Annata, a Takxe Ana npespalieHns romouu-
CTeMHa B METUOHWH. MeTUOHUH BROCNea-
CTBMM  afeHunupyetca B S-afeHO3UN-
MeTUOHUH (SAM), KoaKTop, KOTOpbIA Me-
Tunupyet AHK, PHK, 6enku n mHorue meta-
60nnThl [9, 10]. ABTOpPbI YKa3blBalOT, YTO MU-
TOXOHApuanoHble SHMT-npou3BogHble 0f-
HOYTNiepoAHble eAuHULbI HEeob6XoauMbl ANS
onocpefoBaHHOro (HonatoMm OAHOYr/ePOLAHO-
ro Mmetabonusma B uutonnasme [11, 12].
CsdA3b nonumopgpusma reHa SHMTL1 ¢ Hapy-
WeHNnemMm TeyeHUs 6epeMeHHOCTU U pasBUTK-
eM nnojda nokasaHa B pabote Katalin Fekete ¢
coaBTopamm [13]. Takxe npoBoAunMcb pa6o-
Tbl MO W3YYEeHWU accouunauuii  CepuH-
rmgpokcumeTuntpaHcpepassl (SHMT1) ¢
pasBUTMEM OCTPOro NMM§o61acTHOro neko-
3a, CKieposa, fAedekTa HeEpBHON TpyoKWM
[14-17].
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MeTunoHuHcuHTaza (METH, 710 ecTb
MTR) aBnseTca KAOUYEBbIM EPMEHTOM B My-
TW (ponata, KOTOPbIA WUrpaeT KpPUTUYECKYHD
pofb B CWUHTE3e, penapauum v MeTUIUPOBa-
HUM OHK. MeTnoHUHCUHTa3a aBndetcd Bio-
3aBUCUMbIM (pepMEHTOM, U HELO0CTaTOK BUTa-
MUHa Bi12 MOXET HapywuTb MeTUINpOoBaHue
roMoLnCTEMHa W MPUBECTU K €ro Hakonse-
HU0. [lemeTunmpoBaHne METWOHWHA B MPO-
Lecce MeTabonuama NpMBOAMT K 06pa3oBa-
HUIO TOMOLMCTENHA, a A5 ero MeTuanmpoBsa-
HUs TpebyeTcs onaT n KobanamuH. Huskue
KOHLUEeHTpaLuu (hoNneBor KNCNOTbl CBA3aHbI C
COCYAMCTbIMU  OCNOXHEHUAMWU BepeMeHHO-
ctn. [peablgylwine 3KCNepuMeHTaNbHbie U
TeopeTUYecKme MccnefoBaHUs rnokasanu, 4YTo
KOohakTopbl (posiaTa OrpaHMYMBaKOT LUTO-
nnasmatuMyeckne ¢onaraBUCMMble peakLun
[17, 18].

B page paboT nokasaHa CBf3b METUO-
HMHCUMHTa3apeaykTasbl (MTR) ¢ BHyTpu-
YTPOOHOW 3agepXxKoi pocTa nnoga [12, 13,
19]. Mpepblgyuime in vitro nccnegoBaHns Bbl-
ABWMMW, 4TO 3TOT (hepMeHT perynupyet pac-
npegeneHve MeTuneHTeTparngpogonara
Mexay nyTtamu MeTtabonusma Tumugunata u
romoumctemHa. [12]. Sung Hwan Cho ¢ coas-
TOpammn BbISBUAW accounaummn reHeTUYecKux
NoNMMophn3mMoB MeTUOHUHCUHTa3bl (MTRR)
N MeTUOHUHCUHTa3apefykTasbl (MTR) c pe-
LUAMBUPYIOLWLUM HapyLleHUeM uMniaHTaumm
nnoga [21]. WmetoTcs paboTbl, AEMOHCTPU-
pylouiMe accouuaumm nonumopgusMa reHos
MTRR n MTR ¢ vHMUMauneli OHKOreHesa U
OMyX0/1eBOI Nporpeccun, ¢ pUCKOM pasBuTuA
cepAevHo-coCyancTon natonorun [22-27].

3aknoyeHune. B pesynbTate nposefeH-
HOro unccflefloBaHNA YCTaHOB/IeHa accouua-
Uma NoNMMOPMHBIX TOKYCOB reHoB (honaTHo-
ro uukna rs1979277 SHMT1, rs1805087 MTR
n rs1801394 MTRR c passutuem cuHgpoma
3aflepXXKu pocta naoga 2-3 cteneHu. Annenu
T rs1979277 reHa SHMT1 un G rs1805087 re-
Ha MTR aBnalTCA (hakTOpamMu pucka passu-
TUA [AHHOTO OC/IOXHEHUA BGepeMeHHOCTH
(OR=1,56 - 2,55 n OR=3,28 cOOTBETCTBEH-
HO). YcTaHoBneHbl Tpu mogenn SNPXSNP
B3aMMOJENCTBUIA TeHOB (hONaTHOro LMKNa,
accoummpoBaHHbix ¢ C3PIT 2-3 cTeneHwu
(p<0,05). B cocTaB 3Ha4MMbIX MOAeENein BXO-
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OAT TpU NOAUMOPgHLIX NloKyca rsl979277
SHMT1, rs1805087 MTR n rs1801394 MTRR.
MapHoe B3ammogeiicTene rs1801394 MTRR x
rs1979277 SHMT1 ABnseTca OCHOBOMW [BYX
Hanbonee 3HaYMMbIX MOfLENen reH-FeHHbIX
B3aMMOLENCTBMIA, acCOLUMPOBAHHbLIX C pas-
BuTuem C3PI1 2-3 cTeneHu.

B OTHOLWEHNN JaHHOW CTaTbM He 6bIN0
3aperncTpupoBaHo KOH(MINKTa NHTEPECOB.
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