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AHHOTANHUA

AKkTyalbHOCTh: DepMeHThI (HONATHOTO IMKJIA PETYIUPYIOT KIIOYEBBIE PEaKlUd B
(dhonar-onocpeIoBaHHOM OAHOYTJIEpOAHOM MeTabonu3Me. Hapymenus ¢omataHoro
[IUKJIA MOTYT OBITh CBSI3aHBI C BOSHMKHOBEHHUEM IUTAIICHTAPHON HEIOCTATOYHOCTH C
cuHapoMoM 3aaepxku pocta wioga (C3PIT) y 6epeMeHHBIX, OTHAKO Ha CETOIHSIII-
HUHW JIeHb CBSI3b MOMUMOpP(HU3Ma TeHOB (HOJIATHOTO IUKIA C PA3BUTHEM MATOJOTHH
TeueHuss OepeMeHHOCTH Hm3ydeHa HemoctaTouHo. Lleab umccaenoBanusi: Mszyuenue
accolranyy NoIUMOP(HBIX JOKYCOB T'eHOB (onaTHOro 1ukia ¢ pazpurueM C3PII 2-
3 crenenu. Martepuajbl u MeToAbl: BiOOpKy Ui uccienoBanus coctaBuian 112
6epemennbix ¢ C3PII 2-3 crenenu u 243 GepeMEHHbBIX C HOPMAJIbHBIM BECOM HOBO-
poxnenHoro. HM3ydanmuch moauMop@HBIE JIOKYChl TE€HOB (DOJIATHOTO  IIMKJIA
rs1805087 rena MTR, rs1801394 rera MTRR, rs1979277 rena SHMT1, rs699517 re-
Ha TYMS, rs2790 rena TYMS. Uccnenoranue npooamm metogom [P ¢ ucmoms-
30BaHMEM COOTBETCTBYIOIIUX OJUTOHYKJICOTHUAHBIX MpPaiMEepOB M 30HJOB C MOCHe-
TYIOIUM aHAJIU30M MOJMMOP(HU3MOB MeTOAOM JeTekiuu TagMan 30H10B (real-time
[TIP). Ananu3 accoruaiuii IpOBOAUIICS C UCTIOIB30BAaHUEM MTPOTPAMMHOTO obecre-
yenust gPLINK v2.050. MexxrenHbie B3auMOJICUCTBUS B ABYX- U TPEXJIOKYCHBIX MO-
JeNAX aHamu3upoBaiu ¢ momoiisio Mmeroga MDR u ero mogudukaruu GMDR. Pe-
3yabTathl: [lokazano, uro ammiens T rs1979277 rera SHMTL acconumpoBas ¢ pas-
ButueM C3PII 2-3 crenenu B pamkax aamutuBHO (OR=1,56, 95%Cl 1,10-2,22,
p=0,012, ppem=0,011) u pemeccuBnoit (OR=2,55, 95%Cl 1,24-5,22, p=0,011,
Prerm=0,007) monmeneit. BreisBnena accoumarus amtenss G rs1805087 rena MTR ¢
dbopmupoBanrem C3PII 2-3 cremeHW B COOTBETCTBHHM C PEIECCUBHOW MOJIETBIO
(OR=3,28, 95%CI 1,14-9,47, p=0,028, pperm=0,014). BeIsiBIEeHBI ABE 2-X JTOKYCHBIX U
onHa TpexyiokycHas mozeraun SNP x SNP B3auMoneiicTBuii, acCOIMUPOBAHHBIX C pa3-
ButueM C3PII 2-3 crenenu. B cocTaB 3HaUMMBIX MOAENEH BXOIAT TPH MOIHUMOPD-
HBIX JIOKyca - 1$1979277 SHMTI, rs1805087 MTR wn rs1801394 MTRR. IlapHoe B3a-
umoneiictue rs1801394 MTRR x rs1979277 SHMTL sBnsercs OCHOBOM ABYX
Han0oJiee 3HAYMMBIX MOJIENIe TeH-TeHHBIX B3aUMOJICHCTBUM, aCCOIMUPOBAHHBIX C
pazButueM C3PII 2-3 ctenenu. 3akiaw4denue: [lonmumopdusie nokycsl 1s1979277
SHMT1, rs1805087 MTR u rs1801394 MTRR accoruupoBansi ¢ pazsutuem C3PII 2-
3 cTerneHu.

Kuarouesbie ciaoBa: nomumopdusm; acconnannn,; SNPxSNP B3anmopeiicTeus; mia-
[IEHTapHasl HEIOCTATOYHOCTh; CHHAPOM 3aJIePKKH POCTa IJI0Ja; OEPEeMEHHOCTb; (o-
JIATHBINA IUKII
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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 SHMT1, 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 SHMTL, 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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BBenenue. 3anepkka pocrta IUIOJa
(3PII) — »TO HE CaMOCTOSTENHHOE HO30JIOTH-
yeckoe 3a00JeBaHne, a CHHAPOM, BO3HHKAIO-
IUI BCIEACTBUE Pa3BUTHUS Pa3IUYHbIX MATO-
JIOTUYECKUX TPOIECCOB, KOTOPHIE 110 TEM WIH
WHBIM TIPUYMHAM Pa3BUBAIOTCS B CHUCTEME
MaTtb-IJlaneHTa-mwiol. OpHo M3 IpUYMH
cunapoma 3PII (C3PII) moxeT ObITh MIaIeH-
tapHas HepocratouHocTh (IIH). CrnenctBuem
JTAHHOTO OCIJIO)KHEHUS OEpEeMEHHOCTH, SIBIISI-
eTCsl pOoXKJIeHHue peOCHKa CO CHIDKCHHBIMU
Macco-pOCTOBBIMU TOKa3zarensiMu (meHee 10-
ro nepuentuis) [1, 2]. AGCOTIOTHOE WU OT-
HOCHUTEJIPHOE YMEHBIICHUE IUIAlEHTAPHOM
Macchl BIIMAET HA KOJMYECTBO MHUTATEIbHBIX
BEILIECTB, KOTOPHIE MOJIyYaeT IJI0JI, Ha XapaK-
Tep ra3000MeHa, Ha YHJIOKPUHHYIO U MeTabo-
JIMYECKy0 (QYHKIUIO TIAIEHTHI, BCE ATO CIIO-
cobcrByer opmupoBannio C3PII [2-4]. Tak
KakK, 3Ta IMaToJIOTUS MMeeT OOJBIION yAelb-
HBIN BEC B CTPYKTYpE MEepUHATAIBHBIX MTOTEPh
YW HEOHATaJbHBIX 3a00JIEBaHMI, a TaKXKe Be-
JIeT K HeOIarompusiTHBIM MEIHKO-OMOTIOTH-
YECKUM U COIMAJIbHBIM MTPOTHO3aM, U3yUYECHHE
¢daktopoB, Biustonmx Ha passutue [IH wu
C3PII umeet Gomblioe 3HaYEHHE.

H3BecTHO, YTO YacTOoTa MEpUHATATIHLHOMN
cmeptHocTH Tipu C3PII Bhiie B 7-10 pa3 mo
CPaBHCHHIO C HOPMAJILHO TMpOTEKaromen Oe-
PEMEHHOCTHIO. 3a TIOCIETHUE JCCATUIICTHS
yacTota mianeHtapHo mauchynkuuu (I11),
3aJICpKKU Pa3BUTHA TUIOAA U ILIAIEHTAPHOU
Henoctatounoctu (ITH) He Tonmbpko HE mMmeeT
TEHJICHIIMU K CHMXKEHHIO, HO U PAaCTET BO BCEX
cTpaHax mupa [3, 4]. Kpome 3toro, mpaxkTu-
yecku y 50% pnereil, KOTOpbIE POJMIIUCH C
npuszHakamu C3PII, B manbHeiinieM BbISBIIS-
IOT OCTpPhIE W XPOHUYECKHE 3a00JIeBaHUS
[5, 6]. IlpuBeneHHbIe HEraTHBHBIE OOCTOS-
TEJIbCTBA CBUJIETEIBCTBYIOT O BaXHOCTH
cBoeBpeMeHHoro BbisBieHUs C3PII eme Ha
JTane MpeHATAIBHOTO HAOIIOIEHUS, ONITUMHU-
3allMy YCIOBUM Pa3BUTHUS ILIO/A, TJIAHUPOBA-
HUS U BEJCHHS POJIOB, OOECIIEUEHHUs paIHo-
HaJILHOTO yXO0Ja B MOCIEPOI0BOM IIEPHUO/IE.

C akymepckoit Touku 3penus, [1J] — sto
recTaliOHHOE OCJIOKHEHNE MHOTO(aKTOPHON
STHUOJIOTUU, UIMEET TSIKENbIE TIOCTEACTBUS [T
OpraHu3Ma MaTepH, IUIoAa U MOXKET OBITh,
KaK MPUYMHOMN, TaK U peaau3alueil OCiIoxk-
HEHHOTO TEYCHHsI OEpPEeMEHHOCTH W COMATH-
yeckoi martosoruu [6]. Ilatorenes ITH 3a-
KIIIOYaeTcsli B HApPYIUICHUU JELUUTyaTbHOM
nep¢dy3un, (hepMEHTATUBHOW HEIOCTATOYHO-
CTHU JeUuayallbHOU TKaHu [2, 4]. IIpoucxonar
CTPYKTYPHO-(YHKIIMOHAIBHBIE ~ W3MCHCHHUS
IUTALICHTHI, YCUJICHHE BapuUaOeNbHOCTU sJIep
CUMIUIACTOTPO(P0OIACTOB, YMEHBUICHHE KO-
JUYECTBA MEJKUX BOPCHMHOK XOPHUOHA, CHH-
YK€HHEe MHTEHCHUBHOCTH BacCKyJISIpU3allid, UH-
BOJIIOTUBHBIX HW3MEHEHUM, TMPOIECCOB HM-
IUIAHTAlMY, IUTAllEHTaluy, IUIAleHTapHOM
TeMOLUPKYJIALNN, TUPKYJIATOPHBIX IOpaXKe-
HUW IUTAUEHTHI U T.A. Peakuuu cocynoB tep-
MHUHAJIBHBIX BOPCHHOK HUMEIOT KOMIIEHCATOP-
HbIE pPE3epBbl, MPU HUX HCTOUICHUH OTCYT-
CTBYIOT BO3MOKHOCTH Pa3BUTHsI JIONOJIHU-
TEJIbHOW COCYJIUCTOM CETKH, BCE ATO SABJISETCA
HA4aJIoM WHBOJIIOTUBHO-TUCTPOYUUECKUX
n3MeHeHud ¢ ¢opmupoanueMm IIH u 3a-
JEP’KKH pOCTa MII0/1a, aHTEHATAILHOW TIOTEpH
Io4a, MPEeXIACBPEMEHHON OTCIOWKON HOP-
MaJTbHO W HHU3KO PACIONONKEHHOW IUIAICHTHI
[2, 4, 6].

Opnoit n3 npuuud [IH u C3PII sBns-
I0TCS W3MEHEeHHs (OoNaTHOro IuKIiIa, o00y-
CJIOBJICHHBIE Pa3HOOOpa3HbIMU  (haKTOpaMu
pucka. K BHeIIHe cpeloBbIM (pakTopam prcKa
MOXHO OTHECTH: HHU3KOE YNOTpeOIeHNe MHUK-
PO3TIEMEHTOB, BUTAMUHOB, BPEIHbIC MPUBBIY-
Ki (KypeHue, ajakoroisr) u ap. [7, 8]. boub-
1I0€ 3HAYEHHE HUMEIOT OIpENEICHHbIE OCO-
OCHHOCTH TE€HOMa, MOIUMOP(U3MBI TEHOB,
y4acTBYIONIMX B MeTabonm3me (OITUeBOM
kucnotel. Hapymenune oOmeHa QomueBoii
KHUCJIOTBI, MOKET BbI3BIBATh LIETYIO TPYIILY
NPUYUH, OCIOXKHSIONINX TeUYeHHue OepemMeH-
HOCTH, B TOM uucie npuBoasmux k C3PII
[7,8,9].
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WzBectHO, uTo (onmmeBas KHUCIOTa
y4acTByeT B (POPMHPOBAHUHM COCYIHUCTOTO
pycna. HapyiuieHue aHruoreHesa MOXET BbI-
3bIBaTh IUIALIEHTApPHYIO JUCQYHKIHIO, YTO
aCCOLIMMPOBAHO C MaToreHe3oM (eroraneH-
tapHoil Hepoctatounoctd U C3PII u moxer
MPUBOJUTh K aHTEHATaJbHOM rubenu riona
[10, 11].

Metabonu3m (HonmeBol KHCIOTHI OCY-
LIECTBJIETCS C MOMOIIBIO CIOXKHOTO KacKal-
HOT'O IIpoLiecca, CONPOBOXKIAIOLIETOCS I'eHe-
TUYECKH JIETEPMUHUPOBAHHBIMU (EepMeHTa-
TUBHBIMH peakiusiMu. [loHumanue poinu mo-
auMopdu3Ma TeHOB-KaHIUAATOB, BOBJICYECH-
HbIX B Mpolecc (OPMUPOBAHUS 3aTEPKKU
BHYTPUYTPOOHOTO PAa3BUTHS IUIOAA, HMEET
BXHOE 3HAaueHWe s pa3paborku dpdek-
TUBHBIX METOJIOB JUArHOCTUKU U Tpodriak-
THUKH 3TOTO OCJIOKHEHUSI OEPEMEHHOCTH.

Leab uccaenoBanus. M3yuenue acco-
UUalUU TOJUMOP(GHBIX JOKYCOB T'€HOB (o-
JATHOTO IMKJA C Pa3BUTHEM CHUHApOMa 3a-
JIEPKKH pOCTa Ioga 2-3 CTENeHHU.

Martepuanbl M MeTOAbl HCCJIEA0BA-
Huda. Ilon nabmomenneM Haxoaunoch 355
OepeMEeHHBIX JKEHIINH B TPETbEM TPUMECTpE
OEpeMEHHOCTH, y KOTOPBIX OBLIM COOpaHBI
QHAMHECTHYECKHE JIaHHBIE, MHCCIIEI0BAINChH
OOLIEKTMHUYECKHEe M OMOXUMHUYECKHE MOKa-
3arenu. BeiOOpKy ans uccienoBaHus cOCTa-
Bunu 112 6epemennsix ¢ C3PII 2-3 crenenu
n 243 OepeMEHHBIX C HOPMaJIbHBIM BECOM
HOBOpOXXJeHHOTro. ['pymnmel Obuln penpesaH-
TUBHBI TI0 BO3PACTy, POCTY U aKyLIEpCKOMY
aHaMHe3y.

MarepuanoMm uisi UCCIEAOBAHUS I10-
cyxkunu  obpasusl  JIHK, BeigenenHoir u3
LIEJIBHOW BEHO3HOM KpoBHU. M3ywamuce cie-
OyIOIlMe TONUMOP(HBIE JIOKYCHl T'€HOB

¢omarnoro 1mkia rs1805087 rena MTR,
rs1801394 rema MTRR, 1rs1979277 rena
SHMT1, rs699517 rena TYMS, rs2790 rena
TYMS. HccnenoBanue TPOBOAMIN METOJIOM
[IIIP ¢ McrnoJib30BaHUEM COOTBETCTBYIOIIMX
OJIMTOHYKJICOTUAHBIX MPaiMEpPOB U 30HJOB C
MOCTICAYIOMUM  aHAJIM30M  TOJMMOP()HU3MOB
MeTooM aerekuuu TagMan 30HA0B (real-
time ITLLP).

CTaTUCTUYECKHE pacdeThl OCYIIECTRIIS-
JUCh C HUCIHOJB30BaHHEM MPOrPAMMHOTO
obecrieueHus gPLINK v2.050
(http://zzz.bwh.harvard.edu/plink/). lns xop-
PEKIIMU MHOXECTBEHHBIX CPAaBHEHHI UCTIOJb-
30BaJI MEPMYTANUOHHBIA TecT. Jlns wmcce-
JOBaHMSI TEH-TEHHBIX B3aUMOJCWCTBUN UC-
TIOJIL30BAJICSI METOJ] CHIDKEHUSI Pa3MEPHOCTH
MDR (Multifactor Dimensionality Reduction)
B momudukanuu Model-Based-MDR (MB-
MDR) (Calle M.L. et al., 2010).

PesyabTarel m ux oocyxkaenue. Ilo
BceM u3ydeHHbIM SNPs kak B rpymmne oepe-
meHHbIX ¢ C3PII 2-3 crenenu, Tak U B TpyIIIe
KOHTPOJII 4YacTOThl MHHOPHBIX  ajuiesei
(MAF) Obuu Bbime 5%. AHanu3 HaOmogae-
MOTO pAacCIpe/Ie]ICHUS TeHOTHIIOB HE BBISBHUII
OTKJIOHEHHSI OT OXHJIaeMOTO pacIpeleIeHHs
B COOTBETCTBMU C paBHOBeCHEM Xap.u-
Baitn6epra (HWE) no Bcem paccmarpuBae-
MBIX JIOKycaM Kak cpeau OepeMEeHHBIX ¢
C3PII 2-3 crenenu (tabn. 1), Tak U B KOH-
TPOJILHOH Tpymme (Tab. 2).

AHanu3 accoluanuu amujelned Tou-
MOP(]HBIX JIOKYCOB I'eHOB (hOJIATHOTO ITHKIIA C
pazsutuem C3PII 2-3 ct. (Taba. 3) mokasan
gyt0 ayutens T rs1979277 rena SHMT1 nmocro-
BepHO cBsA3aH ¢ pazsutuem C3PII 2-3 cremne-
Hu (OR=1,57, 95%Cl 1,11-2,23, p=0,011,
ppermZO,Olz, Nperm:1596).
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Tabnuya 1

Pacnpenenenue S noanmMop@HbIX JIOKYCOB IreHOB (hos1aTHOr0 KA B rpynne 6epemeHHsbix ¢ C3PII 2 - 3 crenenn

Distribution of 5 polymorphic loci of the folate cycle genes in the group of pregnant women with FGRS of 2-3 degrees

Table 1

. . | Yacrora |Ywucno uzy- Habmonaemas rere- | Oxunaemast rerepo-
MunopHblii | YacTbiid Pacnpenenenue
CHR| SNP I'en MHHOPHOT'O | YE€HHBIX % PO3UTOTHOCTh 3UTOTHOCTh P
ajienb ajenb TeHOTHIIOB
ajuiens | XpoMOCOM 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 [ 152790 TYMS G A 0,172 704 3/34/73 0,309 0,297 1,000

[Ipumeuanue: * - KOIMYECTBO TOMO3UTOT [10 MUHOPHOMY aJIJIEJIO / TE€TEPO3UTOT / TOMO3HUIOT IO YaCTOMY aJUIEIIO.

Note: * - count of homozygotes for the minor allele / heterozygotes / homozygotes for the frequent allele.
Tabauya 2
Pacnpenesienue S noJMMoOp(PHBIX JIOKYCOB I'¢HOB (POJIATHOI0 LIUKJIA B KOHTPOJIbHOM rpyIime
Table 2
Distribution of 5 polymorphic loci of the folate cycle genes in the control group
MunopHslii | YacTsiid Hacrora | Hucno usy- Pacnipenenenue Habmonaemas Oxunaemasi TeTepO3H+
CHR| SNP I'en p MUHOPHOI'O |4EHHBIX XPO- pea * A A p P
aenb annenb T€HOTHUIIOB reTepO3UTOTHOCTh TOTHOCTh
ajuienst 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

[Tpumedanue: * - KOJINYECTBO TOMO3HTOT TI0 MUHOPHOMY aJIIENIO / TETEPO3UTOT / TOMO3UTOT [0 YaCTOMY aJLIEIIO.
Note: * - count of homozygotes for the minor allele / heterozygotes / homozygotes for the frequent allele.
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Tabnuya 3
Acconuanum ajuiesneil S noauMopHbIX J0KycoB reHoB (posaTHoro nukiaa ¢ C3PII 2-3 cr. y 6epeMeHHBIX
Table 3
Associations of alleles of 5 polymorphic loci of the folate cycle genes with 2-3-degree FGRS in pregnant women
CHR SNP Ten 1\{1‘2‘;‘;1’(‘;?2;;1 MAFC§P6§F’2€_“§C:;"IX © | MAF B korTpose OR L95 U9s 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 1s699517 TYMS T 0,273 0,294 0,90 0,63 1,29 0,572
18 1s2790 TYMS G 0,182 0,167 1,11 0,73 1,68 0,637
[Ipumeuanue: OR — otHomenue mancoB (L95 — nmxHss rpanuna, U9S5 — BepxHsis TpaHuIia), p — YPOBEHb 3HAYMMOCTH.
Note: OR is the odds ratio (L95 - lower limit, U95 - upper limit), p - significance level.
Tabnuya 4

Pe3yabTaThl 10rMCTHYECKOT0 PerpecCHOHHOr0 aHaau3a accounanuii S SNPs renos ¢osaTnoro nuxia ¢ popmupoannem C3PII 2-3 crenenn
B paMKax aJyINTHBHO, TOMMHAHTHOM M pelecCUBHON Mojeei

Table 4

Results of logistic regression analysis of S SNPs associations of the folate cycle genes with the formation of 2-3-degree FGRS in scope
of additive, dominant and recessive models

AnuTuBHAsA MOJIED JloMuHaHTHAS MOJICIIb PenieccuBnast Mozenn
Chr SNP T'en n 95%CI 95%CI 95%CI
OR L95 U95 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 1,21 0,54 2,71 0,650
18 1s2790 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

HpI/IMe‘IaHI/ICZ — BBIACJICHBI CTATUCTHUYCCKU 3HAYUMBIC PE3YyJIbTAThbl C YUCTOM AJAlITUBHOIO INCPMYTALIMOHHOTO TECTA, OR — oTHOIICHHE mIaHCOB, 95%CI —

95% noseputenbHblii nHTEpBa (L95 — HuxHsA rpannna , U9S — BepxHsis rpaHuLia), p — ypOBEHb 3HAUUMOCTH.

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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YcranoBieHo, uto amienb T rs1979277
rera SHMT1 acconumpoBaH ¢ pa3BHTHEM
C3PII 2-3 creneHu B paMKax aAJUTUBHOU
(OR=1,56, 95%Cl 1,10-2,22, p=0,012,
Pperm=0,011, Nperm=1792) u peneccuBHOI
(OR=2,55, 95%Cl 1,24-5,22, p=0,011,
Prerm=0,007, Nperm=2961) mozpeneit (Tabdmn. 4).
Taxxe BbIsiBIeHa accommanus amwiens G
rs1805087 rema MTR c¢ dopmupoBanuem
C3PII 2-3 cTenenu B COOTBETCTBHH C pelieC-
cuBHori Mmojenbsio (OR=3,28, 95%Cl 1,14-
9,47, p:0,028, pperm:0,014, Nperm:1364).

IIpn ananu3e accouuanuid rariOTHUIIOB
noJIMMOP(PHBIX JIOKYcOB 15699517 u 152790
reHa TYMS c pazsutuem C3PII 2-3 crenenu y
OepeMEeHHBIX TOCTOBEPHBIX JaHHBIX HE BBISB-
aeHo (tadmn. 5).

C ucnons3oBanuem Meroga MB-MDR
BbIsIBIICHO 3 3HauuMble Mozaenu SNPxSNP
B3aMMOJICHCTBUII TE€HOB (OJATHOTO IUKJIA,
accouuupoBaHHbIX ¢ paszsutueMm C3PIT 2-3
CTENEHU: 2 MOJENH JIBYXJIOKYCHOTO B3aMMO-
nercTBus, 1 — TPexIIOKyCHOTO (Pperm<0,05)
(Tabm. 6).

[IpoBeneHHBIH aHANW3 TMOKa3aj, 4TO B
coctaB 3 Haunbolsiee 3HAUMMBIX MOJIETeH MexX-
TeHHBIX B3aWMOJICWCTBUMN, aCCOIIMUPOBAHHBIX
¢ pasButueM C3PII 2-3 crenenu, BXomsT 3
nouMOp(HBIX JIOKyca W3 5 paccMarpuBae-
Mbix SNPs: rs1805087 MTR, rs1801394
MTRR u rs1979277 SHMTL1. Cnenyer orme-
TUTh, YTO KOKIBIA U3 ITUX TPEX «3HAUUMBIX)
SNPs BxoauT, Kak IpaBWjIO, B COCTaB JIBYX
mozenen. [lpu 3TOoM, mMOTUMOpPQHBIA JIOKYC
rs1805087 MTR ygacTByeT B (hOopMHpPOBaHUH

Hanboyee 3HAYUMBIX MOJENeld TeH-TeHHBIX
B3aMMOJIEMCTBUI Bcex ypoBHeW (2-x u 3-X
nokycHbix). Takke, mapuoe SNPXSNP B3au-
moxeiicteue rs1805087 MTR x rs1979277
SHMT1 sBnsercs ocHOBO# aByX HaumOoJjiee
3HAYUMBIX MOJIENIell MEXTE€HHBIX B3auMOJICH-
CTBUM — OJIHOM 2-X JIOKYCHOM U OJHOH 3-X
JIOKYCHOM Mojeneil. Accouuannu OTAEIbHbBIX
KOMOHMHANMK TeHOTUNoB ¢ passutuem C3PII
2-3 cTeneHu B paMKax 3 HauboJiee 3HAYUMBIX
mozeneir SNPxSNP B3aumopeiicTBuil mpea-
cTaBiieHbl B Tabuuue 7. Hanbonee 3HaunmMyto
accormmaruio ¢ C3PII 2-3 cremenn umeer
JBYXJIOKYCHass koMmOuHanusi reHotunoB AG
rs1801394 MTRR x GG rs1805087 MTR (beta
=0,47, p=0,002).

C nomompbio Metona MDR BbinosiHeH
aHAJIU3 MEXKTCHHBIX B3aUMOJIEHCTBUI Tpex
SNPs rs1801394 MTRR x rs1805087 MTR x
rs1979277 SHMT1, cBs3aHHBIX C pa3BUTHEM
C3PII 2-3 crenenu. IlomyueHHble pe3yibTaThl
MPEICTABJICHBI HA PUCYHKE | BBUIE NEHIIPO-
rpamMmsl (A) u rpada (b). Cnenyer oTMeTuTb,
YTO HauOOJBIINKA BKJIAT B (OPMHPOBAHUE
C3PII 2-3 craguu BHOCAT MOAUMOP(HBIE JI0-
kycel 151979277 SHMT1 (1,19% suTpomnun),
rs1805087 MTR (1,19% suTpomnuu) u mapHoe
MexreHHoe  B3aumoaeiicteue  rs1801394
MTRR x rs1805087 MTR (-0,40% sHTpomnun).

Takum 00pa3oM, MPOBEEHHOE HCCIe-
JIOBAaHWE YCTAaHOBWJIO AaCCOLMAlUM TpPEX U3
ST WU3YYEHHBIX MOJTUMOPQHBIX JIOKYCOB Te-
HOB (homatHOro 1ukia ¢ pazsuruem C3PII 2-
3 crenenu: rs1805087 rera MTR, rs1979277
resa SHMT1 u rs1801394 rena MTRR.

Tabnuya 5

Acconuanum ranjioTUIOB MOJTUMOPQHBIX JIOKYCOB 1r$699517 u rs2790 rena TYMS
¢ pazsutuem C3PII 2-3 crenenn

Table 5

Associations of haplotypes of polymorphic loci rs699517 and rs2790 of the TYMS gene with the
development of 2-3-degree FGRS

Yacrora ramoruna
SNPs l'annotunt | Bepemennsie ¢ KonTpons OR p
C3PII (n=112) (n=243)
1569951752790 TG 0,153 0,162 0,93 0,743
1569951752790 CG 0,029 0,008 3,50 0,038
rs699517|rs2790 TA 0,120 0,132 0,89 0,652

[Ipumeuanue: pe3ynbTaThl IOJIyYEHbl METOIOM JIOTUCTHUECKOH perpeccun. OR — oTHOLIEHEe IaHCOB,

P — YPOBEHb 3HAUUMOCTH.

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

icance level.
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Tabauya 6
Hauo6os1ee 3nHaunmbie mogean SNP x SNP B3anmopeiicTBuii reHOB (DOJIATHOIO IUKJIA,
accouuupoBanubie ¢ pazButuem C3PII 2-3 crenenu
Table 6
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 B3aumoaencTBHi |NH | betaH | WH | NL | betaL | WL | Ppem
JIByxs0KycHbIe Mojenu (p<2,7*107%)
1 rs1801394 MTRR x rs1805087 MTR 1 10,475 938 | 0 NA NA 0,042
2 [rs1805087 MTR x rs1979277 SHMT1 2 10,283 9,13 | 1 0,113 2,922 0,049
Tpexnokycuble Moaenu (p<1,4*¥107)
1 [rs1801394 MTRR x rs1805087 MTR x rs1979277 SHMT1 | 4 0,440 [1943] 0 NA | NA | 0,013

[Ipumeuanue: nonyyensl Mmerogqom MB-MDR;

NH — kosin4ecTBO 3HAYMMBIX COYETaHUH T€HOTHUIIOB, CBSI3aHHBIX C MOBBILIIEHHBIM prckoM pazButusi C3PII 2-3 crenenu;

beta H — koo unreHT MruHEHHON perpeccHu 1T COYeTaHUi TeHOTHITOB, CBSI3aHHBIX C MOBBIIIEHHBIM pruckoM pa3sutus C3PII 2-3 crenenu;
WH — craructuka Banpaa uis couetanuii reHOTHIIOB, CBSI3aHHBIX C MOBBIIIEHHBIM puckoM pa3Butust C3PII 2-3 crenenu;

NL — 4ncito 3Ha4MMBIX COYETAaHUN T€HOTHUIIOB, CBA3aHHBIX C NOHM>KEHHBIM puckoM pa3zsutus C3PII 2-3 crenenwy;

beta L — ko3 urmeHT TMHEHHOW perpeccuu Ui COUYeTaHUil TeHOTUIIOB, CBS3aHHBIX C MOHM)KEHHBIM pruckoM paszsutus C3PII 2-3 crenenu;
WL — cratuctuka Banbaa ajisi coueTaHuil T€eHOTUIIOB, CBSI3aHHBIX C MOHMKEHHBIM puckom pa3putusa C3PII 2-3 crenenu;

Pperm — ypoBeHb 3HAUMMOCTH MOJIeJIel TI0CIIe MPOBEIEHHOI0 IepMyTaMOHHOTO TecTa (BbinoiaHeHo 1000 nepmyTariuii).

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).
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Tabnuya 7
Acconuanyy KOMOMHAIMI TeHOTUIIOB (POJIATHOIO IUKJIA, aCCOUMUPOBaHHBIX ¢ pasButueM C3PII 2-3 crenenn
Table 7
Associations of combinations of the folate cycle genotypes associated with the development of 2-3-degree FGRS
N N
MO- KOMOU- KoMmOuHanmy reHoTUIoB beta P Puck
IeIn HaIlUHA
JIBYXJIOKYCHBIE MOJIEIN
1 1 rs1801394 AG x rs1805087 GG 0,47 0,002
2 2 rs1805087 AA xrs1979277 TT 0,25 0,019 H
TpexsoKyCHbIE MOJETH
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

[Mpumeuanue: nony4yensl MmerogoM MB-MDR; beta — ko3¢ uItMeHThI IOTHCTHYECKON PErpecCHu sl COYSTaH A
T€HOTHIIOB; P — YPOBEHb 3HAUMMOCTH (PKUPHBIM BBIJIeJIeHa Hanbosee 3HaunMas accoruanus); H — BeICOkuit 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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Original article
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Puc. 1. leanporpamma (A) u rpad (b) nHaubomnee 3naunmbrx SNPxSNP B3anmozeiicTuii, acconuu-
poBanHbIX ¢ pazputrem C3PII 2-3 crenenn (momydensr metogom MDR). XapakTepusyror cumny u
HaNpaBJIEHHOCTh BIMSHUS MOJIUMOP(HBIX JIOKYCOB U MX codyeTanuil Ha pazsutue C3PII 2-3 crene-

Hu (% sHTponun). [Ipu o6o3HaueHnn nonumopusma ykazansl xpomocoma u rs SNP. Kopuunesiit
LIBET - YMEPEHHBI CUHEPTU3M, CUHUN — BhIpaXeHHbII cuHepru3m B SNPXSNP B3aumoaencTBusx

COOTBETCTBEHHO.

Fig. 1. Dendrogram (A) and graph (B) of the most significant SNP x SNP interactions associated
with the development of 2-3-degree FGRS (obtained by the MDR method). Characterize the
strength and orientation of the 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 X
SNP interactions, respectively.
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[TomyuyeHHbIe pe3ysbTaThl COTNIACYIOTCS
C JIMTEpaTYpPHBIMH JaHHBIMH O MEIHMKO-
ouonorndecknx 3¢p(HeKTax UCCIeTyeMbIX Te-
HOB B OpraHu3zMe uesjoBeka. HopmambHoe
pa3BuTHE IUI0Ja TpeOyeT aJeKBAaTHOI'O ypOB-
Hs (HOTMEBOM KUCIOTHI BO BpeMsi OepeMeHHO-
ctu. PonaT cnocoOCTBYEeT AETICHUIO U POCTY
KJIETOK, a MeTaboau3M (orara yyacTBYeT B
OOJIBIIIOM KOJIMYECTBE (PU3MOIOTUYECKUX U
MaTo(U3NOIOTHIECKUX TIPOLIECCOB B pPa3BH-
tun uyenoBeka [8, 10]. Ilosromy mnonumop-
(hu3M TeHOB, OTBETCTBEHHBIX 32 0OMEH (oJu-
€BOW KHUCIIOThI, MOKET HETaTUBHO CKa3bIBATh-
Csl Ha pocTe W JIeJI€HUM KJIETOK IUIo/a U Ia-
LIEHTBI.

[lpy  coueTaHMM  HEMOJHOIICHHBIX
(YHKIIMOHAIBHO OCJIA0JEHHBIX ajuleled Ha
¢one peiictBug HEOIAronpUATHBIX (IIPOBO-
LIUPYIOMIKX) (PaKTOPOB BHEIIHEN Cpeibl TaKHe
MOTUMOP(HU3MBI MOTYT UTPaTh BAXKHYIO POJIb
B NATOJIOTUU OEpPEeMEHHOCTH U HapyLICHUU
sMOpuoHanpHOro paszsurus [9, 10, 12].

Mertabonuueckue ¢GepMeHTs! (oJaTHO-
r0 UKJIAa UTPAIOT BAXKHYIO POJIb B MOJIEPIKA-
HUM HOPMAaJIbHOTO pa3BuTHs miona. Tak, ce-
puH-THIpOoKcuMeTHATpancdepaza (SHMTL),
nupuaokcanb-hocdar-3aBUCUMBIN  epMeHT,
KaTAIM3UPYIONINA B3aMMOTIPEBPAIIICHHE Ce-
pUHa M TIMLOMHA, obecreuynBaeT (¢onat-
3aBUCHUMBIN OJHOYTJICPOIHBIA METa00IN3M,
HEOOXOAUMBIN [T CHHTE3a IIYPHUHOB U TUMH-
TIIaTa, a TaKkKe U TPEBPAICHUsS TOMOIIH-
CTeMHAa B METHOHMH. METHOHHUH BIIOCTE]I-
CTBUHM  aJCHWIHPYETCS B  S-aJeHO3WI-
MeTHoHUH (SAM), kKohakTOp, KOTOpHIH Me-
tunmpyet JIHK, PHK, 6enxu u MHorHe mera-
6omuTel [9, 10]. ABTOpBI YKa3bIBaIOT, YTO MH-
ToxoHApuaibHble SHMT-npousBoanbie on-
HOYTJIEPOJIHbIE E€IMHUIBI HEOOXOIUMBI ISt
OTIOCPETOBAHHOTO (DOIATOM OTHOYTIEPOTHO-
ro merabonmusma B mmrormiasme [11, 12].
Ces3p momumopdusma rena SHMTL ¢ Hapy-
LIEHHEM Te4YeHUs1 OEPEeMEHHOCTH M Pa3BUTH-
eM TuIo/a mokaszana B pabore Katalin Fekete ¢
coastropamu [13]. Taxxke mpoBoauiIHCh pabdo-
Tl 10 W3YYEHUIO aCCOUMAIMA CEepHUH-
ruapokcumetruntpanchepazsr  (SHMTL) ¢
pa3BUTHEM OCTPOTO JMM(POOIACTHOTO JICHKO-
3a, CKJepo3a, JedeKkTa HEpBHOM TpyOku
[14-17].

Mertnonuncunraza (METH, T0 ecTh
MTR) siBnsieTcs KIOUeBBIM (EPMEHTOM B ITy-
TH (QonaTa, KOTOPBIA HUTPaET KPUTHUUYECKYIO
poJib B CHHTE3€, pernapaiyy 1 MeTHINPOBa-
Huu JIHK. MertuonuncunTasa sisisiercss Biz-
3aBUCHMBIM (PEPMEHTOM, U HEJIOCTATOK BUTa-
MuHa Bi2 MOXET HapylUIUTh METUIUPOBAHUE
TOMOITUCTCHHA W TIPUBECTH K €ro HaKoIuIe-
HUIO. JleMeTwiupoBaHHe METHOHWHA B TIPO-
necce Mmertabonu3ma NPUBOAUT K 0Opa3oBa-
HUIO TOMOILIMUCTEHHA, a JUIsl €r0 METUIUpPOBa-
Hus TpeOyercst ¢onat u kobanamuH. Huzkue
KOHIEHTpaluu (OIMEBOI KUCIOTHI CBSA3AHBI C
COCYAMCTBIMH OCJIOKHEHHUSIMH OepeMEeHHO-
ctu. [lpenpimymue >KCIEpPUMEHTANbHBIE H
TEOPETUYECKHE UCCIIECIOBAHUS MOKa3alld, YTO
kodakTopsl (ojara OrpaHUYUBAIOT IHUTO-
Iia3MaTHueckue (osaT3aBUCUMBbIE pEaKUuU
[17, 18].

B psine pabor mokazaHa cBSI3b METHO-
HuHcuHTazapenykrassl (MTR) ¢ BHyTpH-
yTpoOHO# 3aaepkkoi pocra twioma [12, 13,
19]. lpenpinymue in vitro uccaea0BaHUS BbI-
SIBUIM, YTO 3TOT (PEPMEHT peryjiaupyer pac-
IIpeieTIeHUE METHJICHTeTparuapodoaaTa
MEXTy MyTIMH MeTaOoJM3Ma THUMHIWIATA U
romorcrenHa. [12]. Sung Hwan Cho ¢ coas-
TOpPaMH BBISIBUJIM aCCOIMAIIMN T€HETHYECCKHIX
nonumMopdusmo MernonnHcuHTaszsl (MTRR)
n MeTHoHMHCHHTa3apeaykrtassl (MTR) c pe-
IUAUBUPYIONIUM HapYIICHHEM HMILIaHTAIluU
wiona [21]. Mmerorcs paboThI, AEMOHCTpPHU-
pyIoIIue accoruaniy noanumMopdusmMa TeHOB
MTRR u MTR ¢ uHHIManueli oHKOTeHE3a U
OITyXOJIEBOW MPOTPECCHH, C PUCKOM Pa3BUTHUSA
CEPJIEYHO-COCYAUCTOM maronoruu [22-27].

3akiouenue. B pesynpTare npoBeieH-
HOTO MCCIIEJIOBAHHS YCTaHOBJIEHA accolua-
1Ml TOTUMOP(HBIX JIOKYCOB I'eHOB (POJaTHO-
ro mukia rs1979277 SHMT1, rs1805087 MTR
u rs1801394 MTRR ¢ pasBuTueM cHHIpOMa
3aJIEpKKHU pocTa Iiojaa 2-3 creneHu. Aienu
T rs1979277 rena SHMT1 u G rs1805087 re-
Ha MTR sBisifoTCs pakTOpaMu prcKa pa3BH-
TUSL JaHHOTO OCJOXXHEHHUS OepeMEeHHOCTH
(OR=1,56 - 2,55 u OR=3,28 COOTBETCTBECH-
HO). YcraHoBneHbl Tpu Mojenn SNPxSNP
B3aUMOJCHCTBUN TE€HOB (DOJATHOTO IIMKJIA,
accoruupoBanHbix ¢ C3PII 2-3 crenenu
(p<0,05). B cocTaB 3HAYMMBIX MOJEICH BXO-
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I9T TpU TOMUMOPQHBIX JoKyca 1s1979277
SHMT1, rs1805087 MTR u rs1801394 MTRR.
[Tapnoe B3anmoneiicteue rs1801394 MTRR x
rs1979277 SHMT1 sBnsercss OCHOBO# IBYX
HanOoJiee 3HAYMMBIX MOJIEJICH TI'€H-IeHHBIX
B3aUMOJICVCTBUI, aCCOLIMMPOBAHHBIX C pas-
putuem C3PII 2-3 cTenenu.

B omuowenuu oannoti cmamou ne owi10
3ape2ucmpupo8ano KOHGIUKMA UHMEPECOs.
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