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Momusayus u yeaw: I'ecraumonnslii caxapusiit auadet (I'CH) aensercs Hanbosee yacTo
BCTPEYAIOUICHCSl AKCTPareHUTANBHOW MAaToJOTHel OepeMEHHOCTH W TPENCTaBIseT
CephEe3HYI0 MEAWIMHCKYI0 ¥ COIHAIBHYI0 MpoOJieMy, VBEIWYHBas YacTOTy
HEeXXeNaTeNbHBIX MCXOIOB OEpEeMEHHOCTH Kak /Il MaTepu, Tak u sl mmonxa [1]. B
ATHOMATOTeHE3e TeCTAIMOHHOTO CaXapHOTro AMadeTa BBISBICH TeHETHYECKUN (aKTop.
Poulsen ¢ xomeramu (2005) BBISCHHIIH, YTO T€HETHUECKHE (DAKTOPHI O0BACHSIOT OoJtee
75 % napymeHnus QyHKIUH B-KIETOK MOMXKETYJOYHOH KeJle3bl 1 TOMEe0cTas3a III0KO3bI
1 53 % pa3BUTHA HHCYIUHOPE3UCTEHTHOCTH [2]. Pa3iuuHble cTpaTeruu reHeTHYeCKOro
aHanmm3a, Takue Kak oOmiereHoMHbINH nouck accouuanuu (GWAS), npumenstorest uist
BEISIBIICHUS T€HETUYECKMX BAPHAHTOB (BKIIIOYAs OJHOHYKJIEOTHIHBIE ITOIUMOPHU3MEL
(SNP)), ceszannbix ¢ I'CJ [3—5]. Ha ceromHsmHuii 1eHb MACHTH(GHUIIMPOBAHO OKOJIO
40 reHeTnueckux JOKycoB, accoruupoBaHHbIXx ¢ ['CJl. YacTe W3 HUX cCBsizaHa C
cuatesom U cekpermerr mHCcynmmHa (INS, KCNJ11, ABCCS8, TCF7L2, ND1), ¢
nepenaueii curaana uacynuHa (INSR, IGF2, IRS1) u perynmupoBanuem yriieBogHoTo U
munmuaHoro oomena (PPARG, PPARGC1A, ADRB3, GLUT1, ADIPOQ, FOXC2) [3].
[Ipenpinymue wccineqoBaHUS IOKa3alld, YTO HEKOTOpble Te€HETHYECKHE JIOKYCHI,
KOTOpBIE TIPENpacIioNararoT K pa3BUTHIO caxapHoro muabera 2 tuma (C/12), Takxe
MoryT mpeapacmnonarate Kk ['CJ] [6]. TloaTroMy 1enbi0 JaHHOTO HCCIEIOBaHUS OBLI
MOKMCK OOIIMX ¥ YHUKAJIbHBIX IEHETHUYSCKUX BapuaHTOB, cBsa3aHHbIX ¢ C/I2 u I'CJl C
MOCIIEAYIONINM aHAIIM30M OTOOPAHHBIX TOTUMOP(PU3MOB TSI OOHAPYKEHHS KITFOYEBBIX
TEHOB | IyTel, BoBieueHHBIX B pazutue ['CI u CJ12.

Memoowt u ancopummor:. udopmanuro o noaumopdusmax, acconunpobanubix ¢ ['CJ]
u CJ12 mony4anu u3 6a3er qanasix GWAS-catalog (https://www.ebi.ac.uk/gwas/home)
[3]. HepaBHOBECHOCTh CHETUICHUS MEXITY MOIUMOP(U3MaMU OIIEHWBAIH C MTOMOIIIBIO
LDlink (Version 5.6.5, GRch38). Pacnionoxenue moauMoppu3MoB OTHOCHTEILHOCTh
obactu renoB ocymiectsistin B Ensembl Variant Effect Predictor (VEP) [7]. Ananu3
6enok-0enkoBbIx B3aumoeiictauii (PP1) mpoBoanu ¢ momomipo STRING DB (Bepcus
12.0, https://string-db.org) [8]. N3 ananu3a ObUTH UCKITIOUEHBI T€HBI, HE KOJUPYIOIIUE
OenKu.

Peszynomamur: C 2019 1. 6b11n ipoBeens! 10 GWAS, B paMkax KOTOPBIX 00HApYyKEHO
30 accommanmii ¢ ['CJl. I3 nanubix momuMophnu3MoB 28 BBISBICHBI B PaMKaX OJHOTO
WCCIIEOBaHMsI, B TO BpeMs Kak i mojgumopdusma rs10830963 B reae MTNRI1B
obHapyxena accoruanus ¢ ['CJ] B Heckonbkux He3aBUCUMBIX rccnenoBanusx (PMID:
36553520, 38182742, 35220425). Cornacuo LDlink (Version 5.6.5, GRch38)
rs10830962 C amnens koppenupyer ¢ amieneM C rs10830963 npu ananmuse Bcex
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nomymsiuid (P < 0.0001; D' = 0.9532; R2 = 0.2718), 4T0 CBUAETENBCTBYET B MOJB3Y
Ooyiee TMEPCHEKTHBHOW sl AajbHEHIIMX MCCIEJOBAaHMHM AacCOUMAlMH JAHHOTO
reHoMHoro Jokyca ¢ ['C/I.

Mpl TpoaHANIM3UPOBAIM PpACHONOKEHHEe 28 MOMUMOPPHU3MOB 1O OTHOUICHHIO K
TEHETHYECKUM permoHaM ¢ momorneio Ensembl Variant Effect Predictor (VEP).
BonpmmHCTBO OAMMOPQU3IMOB pacrionaraeTcs B HHTPOHHOH o0nactu reHa (67.9 %).
OcranbHbIe TOTUMOPGU3MBI HaX0aaTCs B MexreHHon oomactu (10.7 %), obmactu reHa
(muccenc Bapmantel, 7.1 %), perymstopHoit obmactu (7.1 %), HeKkoaHpyIOIIETo
BapHaHTa Sk30Ha TpaHckpunra (3.6 %), obnacts He onpeneneHa (3.6 %). Pacronoxenue
NOTMMOP(HU3MOB B PETYJIATOPHON 30HE MOKET 03HA4YaTh MX BIUSHHE HA HKCIPECCUIO
TCHOB, 00pa3oBaHUE CIUIAHCHHI BapUaHTOB TEHOB, a Takke (DYHKIMOHHPOBAHHE
perynstopusix PHK. BersiBneno, uto 13 nonumMopdu3mMoB ObUTH acCOLMUPOBAHBI KaK C
I'CH, tak u ¢ CI12: 1s34872471, rs7903146 untpona rena TCF7L2, rs780094 (muTpoH),
rs1260326 (mmccenc momumopdmsm), 1s780093 (uaTpoH) reHa GCKR, 151470579,
rs7633675 rena IGF2BP2, rs9348441, rs7754840 untpona rena CDKALL, rs76895963
B HekoaupyromeM sk3oHe TpaHckpunta CCND2-AS1 u CCND2, rs10811662 B
mexrenHon oonactu CDKN2B-AS1-DMRTALI, rs10830963 untpona rena MTNRIB,
1s77464186 untpona rena ARAP1.

Psan mommmopdusmoB accommupoBaH Tonbko ¢ I'CH: rs6798189 rema ADCYS5,
rs10220124 B mexrennoi oonactu SLITRK6 — MOB1AP1, rs34499031 unTpoHa reHa
CDKAL1, rs1402837 untpona rena SPC25, rs1820176 unrpona rera MIR583HG u
PCSK1, rs6821589 nuntpon rena PPM1K, rs36090025 natpon rena TCF7L2, rs7254268
B perymsatopHoir oOmactu LTBP4-NUMBL, rs10830962 B wmexreHHOW oOmacTu
SNRPGP16-MTNR1B, rs9663238 unrpona rena HKDC1, rs2274034 wHTpOH reHa
IL15RA, rs56381411 muccenc Bapuant rena MAP3K15, rs9275373 B perymstopHOit
obnactm HLA-DQB1-MTCO3P1, rs148031082 B unrpone rena PPP1R12A. Crenyer
oTMeTuTh, 4to S$36090025 rena TCF7L2 spnsercs ynukambHbiMu juis ['CI, a
rs34872471, rs7903146 rena TCF7L2 accoruuponans! kak ¢ C2, Tak u ¢ ['C/I.
AHanmn3 0enok-0eIKOBBIX B3aUMOJICHCTBHIA MOKAa3aJ, YTO Ui OCJIKOB, BOBJICUCHHBIX B
natoreHe3 ['CJ], oboramienue ObuI0 cTatuctuuecku 3Hauumo (P = 4.87e-06), onHako
JTIOKa3aHHBIX (PU3NYECKUX B3aUMOJCHUCTBHIA HEe OBLIO, M TOJIBKO YITIOMHUHAIOTCSI BMECTE B
HAyYHBIX MyOJIMKAAAX WK KOdKIpeccupyrores (puc. 1, a). s GenkoB oOmux st
I'CHI u CJ12 oboramenne Ob110 Takxke ctatuctudecku 3HaunMo (P < 1.0e-16), mpu 3Tom
oenxku DMRTAL, CCND2 u CDKN2B wuMmeroT gokazaHHOe (QU3HUECKOE
B3aMMO/ICHCTBUE, & OCTANBHBIC OCIIKM YITOMUHAIOTCS BMECTE B HAYYHBIX MyOIHKAIUSIX
i Ko3knpeccupyrTest (cMm. puc. 1, 0). Bee 6enkn, kpome DMRTAL, CCND2 u
CDKNZ2B, Bomineuensl B pasputue ['CJl, HapylieHWe YIiIeBOJAHOTO OOMeHa,
HacJle/ICTBEHHOE HapyllleHre oOMeHa BenlecTs, cornacHo 6ase nanasix DISEASES. 3to
CBUJICTENILCTBYET O TOM, YTO JAaHHBIC OCIKH HAXOJSATCS B OJHOM MOJIEKYISPHOM
Mapuipyte u Tpedyercs fanpHeiinee u3yueHue ux ponu B pazsutun ['CL u C12. Takxe
OHM MOTYT CTaTh MEPCIEKTUBHBIMH TEPANEBTUUECKUMH MHINCHIMHU IS Pa3paboTKu
HOBBIX JICKAPCTBEHHBIX MPEMAPATOB.
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Puc. 1. Bmyammsamus PPl gns Bcex B3auMMOACHCTBHS ¢ OOO3HAYCHHEM OCIKOB HX
B3auMozeiicTBusa. O6o3HaueHus HocTymHE B 0a3e naHHBIX STRING; a — PPI npoBenennoe mis
0eITKOB B 00JTACTH T€HOB KOTOPHIX PACHOararoTcs NoInMophu3MeL, accoruupoBanubie ¢ CJI2
I'CH; 6 — PPI mpoBemeHHoe it OETKOB B O0JACTH TCHOB KOTOPBIX PACIONAraroTCs
norMopduamel, accormupoBanubie ¢ CA2 u 'C/L

Buvisoowi: Hamu 0pimm BeisiBiieHsl obmue st CHA2 u I'CJl u ynukanenabie mis ['CJJ
accoquanuy  noauMop¢usmMoB. bompmmHCTBO M3 28 mpoaHaIM3HPOBAaHHBIX
NOIMMOP(HU3MOB SIBJISIIOTCS] HEAABHO BBISIBICHHBIMU U IPAKTUYECKUMH HEU3YUECHHBIMH.
Pacnionoxxenne nmoimmMopu3MoB B reHax, OENKOBbIE MPOAYKTHl KOTOPBIX COBMECTHO
(YHKIMOHUPYIOT B OOLIMX MOJEKYJSIPHBIX MapUIpyTax CO3/IaeT MEPCIeKTHBEI KaK s
JaJbHEHIIEr0 M3Y4YEHUS B paMKax HCCIENOBAHUM CIly4ail-KOHTPOJIb, TaK W JUIA
pa3paboOTKH HOBOW TapreTHOH TEeparvm.

Qunancuposanue: YcciienoBaHue BBINOJIHEHO B PaMKaX I'OCYJApCTBEHHOIO 3aJaHus
OI'BHY «HayuHo-uccneqoBaTeNNbCKU MHCTHTYT MTAaTOJNOTHH W MaTO(QHU3HOIOTHID
(No ®I'bHY-2022-0011: «BrisiBIeHHEe 3HAYAMBIX OWOMHIWKATOPOB Pa3IAYHBIX
HapylIeHnH GYHKIUNA OPTaHu3May).

Identification of shared and distinct genetic variants associated
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Motivation and Aim: Gestational diabetes mellitus (GDM) is the most common
extragenital pathology of pregnancy and represents a serious medical and social
problem, increasing the incidence of adverse pregnancy outcomes for both the mother
and the fetus [1]. A genetic factor has been identified in the etiopathogenesis of
gestational diabetes mellitus. Poulsen et al. (2005) found that genetic factors explain
more than 75 % of the dysfunction of pancreatic -cells and glucose homeostasis and
53 % of the development of insulin resistance [2]. Various genetic analysis strategies,
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such as genome-wide association searches (GWAS), are used to identify genetic variants
(including single nucleotide polymorphisms (SNPs)) associated with GDM [3-5]. To
date, about 40 genetic loci associated with GDM have been identified. Some of them are
associated with the synthesis and secretion of insulin (INS, KCNJ11, ABCC8, TCF7L2,
ND1), with insulin signal transmission (INSR, IGF2, IRS1) and regulation of
carbohydrate and lipid metabolism (PPARG, PPARGC1A, ADRB3, GLUT1, ADIPOQ,
FOXC?2) [3]. Previous studies have shown that some genetic loci that predispose to the
development of type 2 diabetes mellitus (T2DM) may also predispose to GDM [6].
Therefore, the aim of this study was to search for common and unique genetic variants
associated with T2DM and GDM, followed by analysis of selected polymorphisms to
discover key genes and pathways involved in the development of GDM and T2DM.
Methods and Algorithms: Information on polymorphisms associated with GDM and
T2DM was obtained from the GWAS-catalog database
(https://www.ebi.ac.uk/gwas/home)  [3].  Linkage  disequilibrium  between
polymorphisms was assessed using LDlink (Version 5.6.5, GRch38). The location of
polymorphisms relative to the gene region was carried out in Ensembl Variant Effect
Predictor (VEP) [7]. Protein-protein interaction (PPI) analysis was performed using
STRING DB (Version 12.0, https://string-db.org) [8]. Genes that do not code for proteins
were excluded from the analysis.

Results: Since 2019, 10 GWAS have been conducted and found 30 associations with
GDM. Of these polymorphisms, 28 were identified in a single study, while the
rs10830963 polymorphism in the MTNR1B gene was found to be associated with GDM
in several independent studies (PMID: 36553520, 38182742, 35220425). According to
LDlink (Version 5.6.5, GRch38), the rs10830962(C) allele correlates with the
rs10830963(C) allele when analyzing all populations (p < 0.0001; D' = 0.9532;
R2 = 0.2718), which indicates the benefit of more promising for further studies of the
association of this genomic locus with GDM.

We analyzed the location of 28 polymorphisms relative to genetic regions using the
Ensembl Variant Effect Predictor (VEP). The majority of polymorphisms are located in
the intronic region of the gene (67.9 %). The remaining polymorphisms are located in
the intergenic region (10.7 %), the gene region (missense variants; 7.1 %), the regulatory
region (7.1 %), the non-coding variant of the transcript exon (3.6 %), the region is not
defined (3.6 %). The location of polymorphisms in the regulatory zone may indicate
their influence on gene expression, the formation of splicing variants of genes, as well
as the functioning of regulatory RNAs. It was revealed that 13 polymorphisms were
associated with both GDM and T2DM: It was revealed that 13 polymorphisms were
associated with both GDM and T2DM: rs34872471, rs7903146 of the TCF7L2 gene
intron, rs780094 (intron), rs1260326 (missense polymorphism), rs780093 (intron)
GCKR gene, rs1470579, rs7633675 of the IGF2BP2 gene, rs9348441, rs7754840 intron
of the CDKAL1 gene, rs76895963 in the non-coding exon of the CCND2-AS1 and
CCND?2 transcript, rs10811662 in the intergenic region of CDKN2B-AS1-DMRTAL,
rs10830963 intron of the MTNR1B gene, rs77464186 of the intron of the ARAP1 gene.
A number of polymorphisms are associated only with GDM: rs6798189 of the ADCY5
gene, rs10220124 in the intergenic region of SLITRK6 — MOB1AP1, rs34499031 of the
intron of the CDKAL1 gene, rs1402837 of the intron of the SPC25 gene, rs1820176 of
the intron of the MIR583HG and PCSK1 gene, 589 intron of the PPM1K gene,
rs36090025 intron of the TCF7L2 gene, rs7254268 in the regulatory region LTBP4-
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NUMBL, rs10830962 in the intergenic region of SNRPGP16-MTNR1B, rs9663238
intron of the HKDC1 gene, rs2274034 intron of the IL15RA gene, rs56381411 missense
variant of the MAP3K15 gene, rs9275373 in the regulatory region of HLA-DQB1-
MTCO3P1, 8031082 in the intron of the PPP1R12A gene. It should be noted that
rs36090025 of the TCF7L2 gene is unique to GDM, and rs34872471, rs7903146 of the
TCF7L2 gene are associated with both T2DM and GDM.

Analysis of PPl showed that for proteins involved in the pathogenesis of GDM, the
enrichment was statistically significant (p = 4.87e-06), but there were no proven physical
interactions. and are only mentioned together in scientific publications or co-expressed
(Fig. 1a). For proteins common to GDM and T2DM, the enrichment was also statistically
significant (p < 1.0e-16), with the proteins DMRTA1, CCND2 and CDKNZ2B having a
proven physical interaction, and the remaining proteins being mentioned together in
scientific publications or being co-expressed (Fig. 1b). All proteins except DMRTAL,
CCND2 and CDKN2B are involved in the development of GDM, carbohydrate
metabolism disorders, and inherited metabolic disorders, according to the DISEASES
database. This indicates that these proteins are located in the same molecular route and
further study of their role in the development of GDM and T2DM is required. They can
also become promising therapeutic targets for the development of new drugs.
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Fig. 1. Visualization of PPIs for all interactions with their interaction proteins labeled.
Designations are available in the STRING database; a. PPI carried out for proteins in the gene
region of which polymorphisms associated with T2DM and GDM are located; b. PPI carried out
for proteins in the gene region of which polymorphisms associated with T2DM and GDM are
located

Conclusion: We identified associations of polymorphisms common to T2DM and GDM
and unique to GDM. Most of the 28 analyzed polymorphisms are recently identified and
practically unstudied. The location of polymorphisms in genes whose protein products
function together in common molecular pathways offers promise for both further study
in case-control studies and for the development of new targeted therapies.

Funding: The study is supported within the framework of the state assignment of the
Federal State Budgetary Institution ‘“Research Institute of Pathology and
Pathophysiology” (No. FGFU-2022-0011: “Identification of significant bioindicators of
various disorders of body functions”).
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