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AHHOTaLMA

AKTyanbHOCTb: AUCHYHKUUSA 6eTa-KNeTOK MOAXKeNyL0UYHOM Xenesbl, Hapagy C WH-
CY/NIMHOPE3UCTEHTHOCTbIO Nepuepuyecknx TKaHeid, ABMSETCA K/0UYeBbIM 3BEHOM
naToreHesa caxapHoro gmnaberta 2 Tuna. B 3Tol CBA3M 3HAYUTENbHbIA UHTEPEC Mpef-
CTaBNsfeT U3yyeHWe Ponu NoMMOPPU3IMOB FEHOB, HEMOCPEACTBEHHO YUaCTBYHOLLUX
B paboTe 6eTa-K/IeTOK OCTPOBKOB JlaHrepraHca, B (hOopMuMpoBaHUM npegpacnosno-
XXEHHOCTU K 3abonesaHuto. Lienb nccnegoBaHunsa: M3yunTb cBA3b NONMMOPHHOro
BapuaHTa reHa Koaupytouiero 6enok 2 cesasbiBarowmnin MPHK nHcynmHonogo6Horo
(hakTopa pocta 2, IGF2BP2, (T>C, rs11927381) c puckom passutusa CA2 y xutenei
Kypckoi obnactn. MaTepuanbl n MeToabl: B nccnegoBaHue 6biin BKAOYEHbl 559
60onbHbIX CA2 1 540 NpaKTUYeCKM 340pOBbLIX LOOPOBONLLEB. TEHOTUNMPOBaHME NO-
numopgusma reHa IGF2BP2 (T>C, rs11927381) 6b1/10 BbIMNOMHEHO C MCMO/b30BaHN-
em TexHonorum iPLEX Ha reHOMHOM BpPeMAMNPOSIETHOM MAacC-CNeKTpoMeTpe
MassArray Analyzer 4 (Agena Bioscience). CTaTUCTUYECKYyt0 06pabOTKY MOAy4eH-
HbIX [@HHbIX MPOBOAWAN C NMOMOLLLIO OHNaH nporpaMmmbl SNPStats. Pe3ynbTaThbl:
YactoTa BcTpeyaemocTureHoTuna C/C 6biia 3Ha4MMO Bbllle B rpynmne 601bHbIXx CL2
no cpaBHeHWO ¢ rpynnoi KoHTpons (OR 1,75; 95%CI 1,25-2,44; P=0,0026). Acco-
umaumnsa coxpaHuia 3Ha4MMOoCTb U MOCne BBeAeHUs NnonpasoK Ha Mos, BO3pacT U WH-
pekc maccol Tena (OR 1,87; 95%Cl1 1,26-2,78; P=0,0054). CTpatuduumpoBaHHbIN
aHanM3 Mo rMosy rnokasan, 4YTO BbIfIB/IEHHAsA accouuaums 6biia XxapakTepHa TO/bKO
ana myxuuH (OR 2,27; 95%CI 1,17-4,40; P=0,041), B TO BpeMs KaK Yy XEHLNH ac-
coumaums He Habnwganacek (P>0,05). M'eHotunbl C/T n C/C 6blnn accouMnpoBaHbI
CO CHMXeHMeM cofepXXaHua obLero XonecTepmHa M UNONPOTENHOB HWU3KOM MAOT-
HOCTW y 60nbHbIX CO2 (P<0,05). 3aknoueHune: YcCTaHOBNEHHAd accoumnaums yka-
3blBaeT Ha BOB/IeYeHHOCTb reHa IGF2BP2 B hopmupoBaHue npegpacnonoXXeHHOCTH
K CO2. N3yyaemblit BapmaHT rs11927381 Takxke cBfidaH C 60nee HM3KUM cOAepXKa-
HMem 06LLero XonecteprHa M AMNONPOTEMHOB HU3KOW MAOTHOCTWU Yy MaLWEHTOB C
CL2, uto MoXxeT 6bITb cneacTBnem aphekToB SNP Ha aNUreHeTUYECKOM YPOBHE.
KntoueBble cnoBa: caxapHblii gnabeT 2 Tuna; OLHOHYKIEOTUAHbIA MOAMMOPHOU3M;
IGF2BP2; reHeTnyeckas npeapacnosoXXeHHOCTb
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Abstract

Background: Pancreatic beta-cell dysfunction, along with the insulin resistance of
peripheral tissues, is a key element in the pathogenesis of type 2 diabetes (T2D). In
this regard, of considerable interest is the study of the role of polymorphisms of the
genes directly involved in the work of the beta cells of the islets of Langerhans in the
formation of susceptibility to the disease. The aim of the study: To study the rela-
tionship of the polymorphic variant of the gene encoding insulin like growth factor 2
MRNA binding protein 2, IGF2BP2, (T>C, rs11927381) with the risk of developing
T2D in the residents of the Kursk region. Materials and methods: The study in-
cluded 559 patients with type 2 diabetes and 540 healthy volunteers. Genotyping of
the IGF2BP2 gene polymorphism (T>C, rs11927381) was performed using iPLEX
technology on a genomic time-of-flight mass spectrometer MassArray Analyzer 4
(Agena Bioscience). Statistical analysis was performed with the use of the online
program SNPStats. Results: The frequency of the C/C genotype was significantly
higher in the group of patients with T2D compared with the control group (OR 1.75;
95% CI 1.25-2.44; P=0.0026). The association retained its significance after adjust-
ment for sex, age and body mass index (OR 1.87; 95% CI 1.26-2.78; P=0.0054). A
gender-stratified analysis showed that the identified association was typical only for
men (OR 2.27; 95% CI 1.17-4.40; P=0.041), while in women it was not observed
(P>0.05). C/T and C/C genotypes were associated with a decrease in total cholesterol
and low-density lipoproteins in patients with T2D (P<0.05). Conclusion: The estab-
lished association indicates the involvement of the IGF2BP2 gene in the formation of
susceptibility to T2D. The studied variant ofrs11927381 is also associated with low-
er levels of total cholesterol and low-density lipoproteins in type 2 diabetic patients
that may account for the SNP effects on epigenetic markers, such as methylation and
acetylation.

Keywords: type 2 diabetes mellitus; single nucleotide polymorphism; IGF2BP2; ge-
netic predisposition
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BseneHune. PacnpocTpaHeHHOCTb Ca-
XapHoOro pauabeta CTPeMUTENILHO pacTeT BO
BCEM MUpe, M N0 faHHbIM MexXayHapoaHOW
JnabeTnyecKol thedepaumnmn, Ha CEroAHSALHNIA
[leHb cocTaBnseTt 6onee 425 mnH yenosek [1].
Ha koHeu 2018 roga B Poccum HacuuTbiBa-
nocb 4,58 MAH 60MbHbLIX AnabeTom, 92,6%
KOTopbIX (4,24 MNH 4enoBek) cTpajalwT ca-
XapHbIM guabetom 2 tuna (CA2) [2]. 3a ne-
puoa ¢ 2000 no 2018 rr uncno 6o0nbHbIX CL2
B Hallleil cTpaHe BbIPOC/O 60nee YeM B 2 pasa.
Bcepoccuiickoe 3anuaemMmoniornyeckoe  uc-
cnepoBaHne NATION BbisBUNO Anabetunye-
CKYl0 runepravkemunto y 5,4% y4yacTHUKOB
nccnegosaHua B Bospacte 20-79 net, 4to
yBennumMBaeT obuiee YMCNO nauueHToB Ao 8
MJ/IH yenosek [3].

3aboneBaHne npepfcTaBnsieT coboi ce-
PbE3HYID MHOro(aKTOpPHYH NaTtonorni, B
peanusayuMy (eHoTMna KOTOPOW NPUHUMAKOT
yyacTue reHeTUYeckune u cpefoBble hakTopbl.
[MonHOreHOMHbIe accouuaTuBHbIe WKCCNeno-
BaHWA, NPOBefleHHble 3a nocnefHue 12 neT m
BK/IlOYaBLWMe 60nee MUNIMOHA OGONbHBIX K
TpexX MWJIMOHOB 3[0POBbIX /UL, BbISBUIN
COTHM OAHOHYKNEOTUAHbIX BapuaHTOB, CBA-
3aHHbIX C puckom passutua CA2 [4]. 3Haum-
TeNbHasA 4acTb 0OHapPYXXEHHbIX MOAMMOPHN3-
MOB /10Ka/nin3oBaHa B HeKoaupyrwwmx obna-
CTAX TreHOMa WAM MEXTeHHbIX MpPOCTpaH-
CTBax, UTO OCNOXHAET WHTepnpeTauuto no-
NYYEHHbIX AaHHbIX. JTOKYCbl, 6U0I0rNYECKYIO
PO/ib KOTOPbIX YAanocb YyCTaHOBUTb, B 60/Ib-
Wen cTeneHU BAMAOT Ha 6GeTa-KNeTKM Nofg-
XEeNnyLo4YHON Xenesbl, ONpeaenss nx Konmye-
CTBO, Maccy, (PYHKLMOHaNbHYI aKTUBHOCTb,
YyBCTBUTE/IbHOCTb K YPOBHIO T[J/IlOKO3bl B
KPOBM, a TaKXe BbDKMBaeMOCTb B YCNOBUAX
rNOKO30- W JUNOTOKCUYHOCTU. [opasgo
MeHblLiee KOMIMYyecTBO BapuMaHTOB accouuMmnpo-
BAHO C WM3MEHEHUAMU B CUTHANMU3aLUN WHCY-
NIMHAa B Mepugepnyeckux TKaHAX, MpuUBOAA-
WNX K MHCYNUHOpPEe3ncTeHTHOCTU [5]. Momu-
MO CHUWXXEHWSA YyBCTBUTENLHOCTU nepudepu-
YEeCKMX TKaHel K UHCY/IMHY N HapyLUeHUs ero
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NPoAYyKLUMN NOAXKENyA0UYHOR Xene3ol, cyule-
CTBYHOLLAA CerofHA KOHUenuua natoreHesa
CA2 BKNOYaET yBeNMYEHME NPOLYKLUN TNIH0-
KO3bl MeYeHb0, YCWU/IEHUE CeKpeuun rnwka-
roHa OCTPOBKamu JlaHrepraHca, yMeHbLUeHune
CMHTEe3a TOPMOHOB >Ke/lyJOYHO-KULIEYHOrO
TpaKTa MHKPETUHOB, NOBbIWEHNE peabcopbLmm
FNIOKO3bl  MOYKaMK, YCWNEHWEe BCacblBaHUA
FNIOKO3bl B KULLIEYHUKE, & TakKXe MOBbILLIeHUue
aKTUBHOCTU LEHTPOB annetuTa B runotanamy-
ce. lepeuyncneHHble BOCEMb 3BEHbEB COCTaB-
NSOT TaK Ha3blBa€MbI «yTPOXAIOLLINA OKTET»
DeFronzo [6], n060i1 KOMMOHEHT KOTOPOro
MOXET Crnoco6CTBOBaTb Pa3BUTUIO XPOHMYe-
CKOWA TUNEeprivMKeMnn M HapyLLeHUO MpaKTu-
4eCKmn BCEX BW/0B 0OMEHA.

OfHUM W3 TeHOB, CBA3b KOTOPOro C
C/[2 6bina BnepBble YCTAaHOB/IEHA B MOJMIHOre-
HOMHBIX  WCCNefoBaHWMAX, ABNAAETCA  TeH
IGF2BP2, koanpytouimini 6enok 2 cBs3biBato-
wmii MPHK unHcynuHonogo6bHOro aktopa
pocta 2 [7]. Accoumaumnsa noaMMopgHOro Ba-
punaHTa rs11927381 ¢ puckom CA2 6bina Bbl-
fB/IeHa Ha 3THUYECKW reTeporeHHon nonyns-
LMK 1 HK pa3y He Oblna penamyuposaHa.

Llenb uccnegosaHua. M3ydyeHne ceasu
nonumopusma reHa IGF2BP2, (rs11927381,
T>C) c puckom passutus CL2 y xutenei
Kypckoli o6nactu.

MaTtepuansl U MeTOAbl uccnegoBa-
HWA. MpoTOKON UccnefoBaHns 6bin1 0406peH
PervoHanbHbIM 3TUYECKUM KOMUTETOM Mpwu
KIrMY. B wuccnepgosaHue Bownu 559 60/b-
HbiXx CA2 (155 My>Xu4uH 1 404 XeHLWMWHbI) CO
cpefHMM Bo3pacTtoMm 62,2+7,5 net, Haxogmus-
LWNXCA Ha CTauMOHapHOM JleYeHUM B 3HAO-
KPUHOMOTMYECKOM oTAeneHnn Kypckow ro-
POACKOM KAWHWUYECKOW 6O0NbHULbI CKOPOWA
MeAULMHCKON MoMOLK ¢ AHBaps No fekabpb
2018 ropa. AwarHos CL2 ycTaHaB/iMBaan Ha
ocHoBe KpuTepues BO3 [8, 9]. pynny KoH-
Tponda coctaBnnun 540 NpakTUYECKN 340POBbIX
pob6posonbLeB (239 MyXumH 1 301 XeHuim-
Ha) co cpegHMM Bo3pacTom 61,1+5,9 net, fo-
HopoB OO6nacTHOW CTaHUMKM nNepenuBaHuUA
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KpPOBM, KaK 6blfI0 OnuMcaHO Hamu paHee [10,
11]. ¥ BCex y4yaCTHWKOB MCC/iefloBaHUA Ha
OCHOBE TMWUCbMEHHOro WH(OPMUPOBAHHOIO
cornacus npoBogunn 3abop 5 M BEHO3HOW
KPOBM HaTOWaK B BaKyyMHble NpobupKu
Vacuette ¢ STA B KayecTBe aHTUKOArynsH-
Ta. NeHomHyto OHK Bbigensnn ¢ nomMoLLbio
6unoxmmmnyeckoro Habopa QIlAamp DNA
BloodMiniKit (Qiagen) Ha aBTOMaTM4eCKOI
CTaHUUM AN 3KCTpakumu 6enkoB U HYKJeu-
HOBbIX KucnoT QiaCube (Qiagen). M'eHoTUNK-
poBaHve nonumopgusma reHa IGF2BP2
(T>C, rs11927381) 6bII0 BbIMO/SHEHO C MC-
nosib3oBaHMem TexHonorum iPLEX Ha re-
HOMHOM Macc-CneKTpoMeTpe
MassArrayAnalyzer 4 (AgenaBioscience).
Ons nposegeHnss GUOXMMUYECKUX WUCCNefo-
BaHWI 5 M1 KpOBM HaTowak 3abupann B Ba-
KYYMHble NpOOGMPKM C renapuHOM NINTUS.
KoHUeHTpaunun rnawKosbl, TIUKAPOBAHHOIO
remMornobuHa, TpUrnnLepnaos, o6LLero xone-
CTepuHa W ero noAdpakunin onpegensnun
Habopamu (upMmbl «nakoH-AC» Ha nonyas-
TOMaTM4YeCKOM BMOXMMMUYECKOM aHanM3aTope
Clima MC-15 (RAL).

BuonHgpopmaTnyecknii aHann3 npoBo-
AWAn  C  MNPUMEHEHWEM  VHCTPYMEHTOB
STRING (https://string-db.org) gns Busyanb-
HOM oueHKK 6enkoBbIX napTHepos IGF2BP2;
GeneOntology (http://geneontology.org) ans
MoucKa O6LMX FEHHbIX OHTONOrWI NapTHe-
poB IGF2BP2; mQTLDatabase
(http://www.mqtldb.org) NMENCODE
(https://www.encodeproject.org) And u3yue-
HUA BAUAHMA n3ydaemoro SNPra cratyc Mme-
TUINPOBAHUA TeHa W [Apyrue anureHeTuye-
cKkMe MeTKW. CTraTucTuyeckyro 06paboTky
NOJIyYeHHbIX AaHHbLIX MPOBOAUAN C MOMOLLbLIO
OHNaiH nporpammbl SNPStats
(https://www.snpstats.net/start.htm). TecTun-
poBanu MATb FEHEeTUYECKUX MOLenein: Kopo-
MWUHaHTHYIO, [AOMWHAHTHYI0, PEeLeCcCUBHYIO,
CBEpPXAOMWHAHTHYIO W log-afanTuBHY0. Ac-
coumaumsa cumtanacb 3Haummor npu P<0,05.
[Ona npoBepkM HOpManbHOCTU pacnpepfene-
HUA BMOXUMMNYECKUX MOKasaTenen MCnosb3o-
BanM Kputepuin KonmoropoBa-CMUpHOBa.
lMepemMeHHble, uMelOLWMe HOpPManbHOE pac-
npegeneHue, OblAM OnNucaHbl C MCMNOJb30Ba-
HMeM cpefHero 3HadyeHusa (Mean) u cTaH-
JapTHOro  OTKNOHeHua (St.Dv.) B Buge
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Mean+St.Dv. B KauyecTBe TecTa CTaTUCTUYe-
CKOM 3HAYMMOCTU MCMONb3oBann Tect CTblo-
feHTta. [lokasatenun C HeHoOpMalibHbIM pac-
npegeneHnemM OMUCbIBasNM C UCMOJb30BaHUEM
meanaHbl Median), nepeoro (Q1l) n TpeTbero
(Q3) kBapTunei, B Buge: Median [Q1; Q3]. B
KayecTBe TecTa CTaTUCTUYECKOM 3HAYUMOCTM
B TaKUX Cnyyasx NpUMEeHANN Kputepuin MaH-
Ha-YWUTHW. OOGHapyXeHHble OTAnuusa rpynn
NPUHUMANNUCb 3a CTATUCTUYECKU 3HA4YMMble
npu p<0,05.

PesynbTaTbl 1 UX 0bcyxaeHne. emo-
rpagmyeckme un nabopaTopHble XapakTepu-
CTUKN 60/bHBIX W 340POBbLIX NPUBELEHbLI B
Tabnuue 1. Crtax amabeta coctaBun 10,6 net.
HacnefcTBeHHas OTATOWEHHOCTb  MPUCYT-
CTBOBana y TpeTtun nauueHToB. lNMogasnstoLee
O0MbLINHCTBO 60MBHbLIX TakKXe cTpaganu ap-
TepunanbHOW runeptoHneir, y 31,8% 60NbHbIX
Oblna ycTaHOBNEHA OAHA M3 (DOPM ULLIEMUYE-
CKOW 60n1e3HN cepfua. AHanu3 pe3ynbTaToB
OMOXMMWNYECKOrO UCCNef0BaHNA KPOBU Bbl-
ABUN Knaccuyeckme ana CAO2 runeprauvke-
MUWIO, MNOBbILUIEHWE YPOBHA T[/INKAUPOBAHHOIO
remMornobuHa, o6uiero xosiecTepuHa, uno-
NMPOTEMHOB HWU3KOW MAOTHOCTWU, TPUaLMNTAN-
LEeposioB Ha (POHe CHUXEHUs Ccofep>KaHus
NNNONPOTENMHOB BbICOKOW MAOTHOCTH.

[aHHble Mo yacToTam anfenen n reHo-
TunoB IGF2BP2 y 60nbHbIX 1 340POBbIX AL
npeacTaeneHbl B Tabnuue 2.

YacTtoTa BCTpeyaemocTu reHotuna C/C
Oblna 3Ha4YMMo BbliWwe B rpynmne 60/bHbIX CA2
no cpaBHeHWIO C rpynnoi KoHTpons (OR
1,75; 95%Cl 1,25-2,44; P=0,0026, kogomu-
HaHTHas wmofenb). Accouunaums coxpaHuna
3HAYMMOCTb W Mocfie BBefeHUA MOMNpaBoK Ha
nos, Bo3pacTt U nHaekc maccol Tena (OR 1,87;
95%CI 1,26-2,78; P=0,0054, kogoMWHaHTHaA
mogens). CTpatuduumMpoBaHHbIA aHanu3 mno
nony (tabn. 3) nokasan, YTO BbISAB/IEHHas ac-
coumaumsa Oblna XapakTepHa TOMbKO [Ans
MyxunH (OR 2,27; 95%CIl 1,17-4,40;
P=0,041, KogOMWHAHTHaA MOfeSb), B TO Bpe-
M$S KaK Y >KeHLIMH nocfie BBefeHWA NnonpaBok
Ha BO3pacT M MHAEKC Macchl Tefa accoumnaumsa
He Habnwpganace (P>0,05). Tem He MeHee,
yactota MUHOPHOro annens C 6bina 3HaYNMO
Bbille Yy naumeHToB ¢ CA2 kak B 06Lieli Bbl-
OopKe, TaK M B MOArpynnax MyXUUH N XeH-

LLVH.
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KnnHuKo-nabopaTopHblie NoKa3aTenn y4yacTHUKOB Mccnef0BaHUs

Clinical and laboratory characteristics of the study participants

MapameTpbl CpaBHEHUS

BospacT, cp.+CT.0TK/.
Yucno my>x4mH, n (%)

MHpekc maccbl Tena, Kr/im2

Ctax gnabeta, Me [Q1; Q3]
HacnegcTBeHHas OTArOLWeEHHOCTb, N (%)
ApTepuanbHasa runepToHuns, n (%)

MNBC, n (%)

HbA1C(%),Me [Q1; Q3]
noko3a KpoBu HaTowak, Me [Q1; Q3]

O6wuniixonectepuH (Mmonbs/n), Me [Q1; Q3]

NMNH (mmone/n), Me [Q1; Q3]

NBMN (mmons/n), Me [Q1; Q3]
TAT (mmonb/n), Me [Q1; Q3]
Mpumeyanue: JIHM - nMnonpoTenHbl HU3KOW NAOTHOCTWU; JIBP - nnnonpoTenHbl BbICOKOW MNOT-
HocTh; TATl - Tpuayunrnnueponsl
Note: JTHI - low density lipoproteins; JIBP - high density lipoproteins; TAI - triacylglycerols

KOHTpOAb,
n=540
61,1+5,9
239 (44,2)
26,4+4,6

4,69 [4,12; 4,97]
4,56 [4,41; 4,88]
3,11 [2,89; 3,18]
1,77 [1,51; 1,76]

1,38 [1,32; 1,67]
1,13 [0,92; 1,36]

BonbHble CA2,
n=559
62,2+7,5
155 (27,7)
32,7+4,9
10,6 [3; 12]
186 (33,3)
469 (83,9%)
178 (31,8)
8,90 [7,97; 10,80]
11,70 [9,34; 15,11]
4,81 [4,10; 6,04]

3,12 [2,48; 4,09]

0,82 [0,74; 1,08]
2,27 [1,85; 3,02]

1 C9-19

1P 9-19 13

Tabnmua 1

Table 1

0,17
<0,0001
<0,0001

<0,0001
<0,0001
<0,0001
<0,0001

<0,0001
<0,0001

Tabnuua 2

CpaBHWUTENbHbI aHaNM3 4acTOT FEHOTUMNOB W anfiefieil M3yyaemoro reHa

Table 2

Comparative analysis of frequencies of the studied gene genotypes and alleles

Mogenb

KogoMuHaHTHas

JoMWHaHTHasA

PeueccnBHas

CBer,IJ'OMI/IHaHTHaFl

Log-agantuBHas

FeHOTUN KOHTpOAb,
/ Annenb n=540
C 35,9

TIT 238 (44,1%)
CIT 216 (40%)
c/Cc 86 (15,9%)
TIT 238 (44,1%)
C/T-C/C 302 (55,9%)
TIT-CIT 454 (84,1%)
Cc/Cc 86 (15,9%)
T/T-C/C 324 (60%)
CIT 216 (40%)

BonbHble

ch2 megse  OR (95% CI) P  OR*(95%CI) P
43,6 1,38 (1,16-1,63) 0,00026 - -
195 (34,9%) 1,00 0,0026 1,00 0,0054
241 (43,1%) 1,36 (1,05-1,77) 1,40 (1,02-1,92)

123 (22%) 1,75 (1,25-2,44) 1,87 (1,26-2,78)

195 (34,9%) 1,00 0,0018 1,00 0,0039
364 (65,1%) 1,47 (1,15-1,88) 1,53 (1,14-2,05)

436 (78%) 1,00 001 1,00 0,013
123 (22%) 1,49 (1,10-2,02) 1,58 (1,10-2,26)

318 (56,9%) 1,00 03 1,00 0,38
241 (43,1%) 1,14 (0,89-1,45) 1,14 (0,85-1,52)

1,33 (1,13-1,56) 0,0006 1,37 (1,13-1,66) 0,0012

MpumeyaHne: OR* (95% CI) -0THOLWEHNE LWAHCOB M AO0BEPUTENbHbIN MHTEPBAN NPW NOMpaBKe Ha
non, sospact u MMT; P*- ypoBeHb 3HAYMMOCTW Npu NonpaBKe Ha non, sospact u UMT
Note: OR* (95% CI) - odds ratio and confidence interval when adjusted for gender, age and BMI,;
P*- significance level when adjusted for gender, age and BMI
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Tabnuua 3

CTpaTutmMuMpoBaHHbIA MO NONY CPaBHUTENbHbIA aHaNN3 4acTOT FEHOTUMOB
M annenem nlyyaemoro reHa

Table 3
Gender-stratified comparative analysis of frequencies of the studied gene genotypes
and alleles
Fewo- KOHTpO/b, BofbHbIe
Mogenb Tun/Ann n=540 CA12, n=559 OR (95% CI) P OR (95% CI)* p*
enb
My>XUnHbI
- C 36,2 48,4 1,65 (1,24-2,21) 0,001 - -
KoAgoMUHaHTHas TIT 103 (43,1%) 44 (28,4%) 1,00 0,0049 1,00 0,041
cIT 99 (41,4%) 72 (46,5%) 1,70 (1,07-2,71) 1,59 (0,93-2,73)
c/c 37 (15,5%) 39 (25,2%) 2,47 (1,39-4,37) 2,27 (1,17-4,40)
[JoMuHaHTHas TIT 103 (43,1%) 44 (28,4%) 1,00 0,0029 1,00 0,023
C/T-C/C 136 (56,9%) 111 (71,6%) 1,91 (1,24-2,95) 1,78 (1,08-2,93)
PeueccuBHas T/T-CIT 202 (84,5%) 116 (74,8%) 1,00 0,018 1,00 0,061
cic 37 (15,5%) 39 (25,2%) 1,84 (1,11-3,04) 1,76 (0,98-3,16)
CeepxgoMumHaHTHaa  T/T-C/C 140 (58,6%) 83 (53,5%) 1,00 0,33 1,00 0,49
CIT 99 (41,4%) 72 (46,5%) 1,23 (0,82-1,84) 1,18 (0,74-1,90)
Log-agauTusBHas — 1,59 (1,20-2,10) 0,0012 1,52 (1,09-2,10) 0,012
YKeHLW W HbI
- C 35,7 41,7 1,29 (1,04-1,60) 0,023 - -
KogomunHaHTHas T/T 135 (44,9%) 151 (37,4%) 1,00 0,099 1,00 0,32
cIT 117 (38,9%) 169 (41,8%) 1,29 (0,93-1,80) 1,24 (0,83-1,86)
CIC 49 (16,3%) 84 (20,8%) 1,53 (1,01-2,34) 1,44 (0,87-2,41)
LoMUHaHTHas TIT 135 (44,9%) 151 (37,4%) 1,00 0,046 1,00 0,17
CIT-CIC 166 (55,1%) 253 (62,6%) 1,36 (1,01-1,85) 1,30 (0,90-1,89)
PeLeccrBHas TIT-CIT 252 (83,7%) 320 (79,2%) 1,00 0,13 1,00 0,28
cic 49 (16,3%) 84 (20,8%) 1,35 (0,91-1,99) 1,30 (0,81-2,07)
CsepxgoMmumHaHTHaas  T/T-C/C 184 (61,1%) 235 (58,2%) 1,00 0,43 1,00 0,61
cIT 117 (38,9%) 169 (41,8%) 1,13 (0,83-1,53) 1,10 (0,76-1,59)
Log-agauTuBHasn — 1,25 (1,02-1,53) 0,033 1,21 (0,94-1,55) 0,13

MpumeyvaHue: OR* (95% CI) -OTHOLWEHME LWAHCOB 1 4OBEPUTENIbHbLINA MHTEPBAN NpY NonpaBke Ha
non, sospact u MMT; P*- ypoBeHb 3HAYMMOCTWN Npu Nonpaske Ha non, sospact u UMT
Note: OR* (95% CI) - odds ratio and confidence interval when adjusted for gender, age and BMI;
P*- significance level when adjusted for gender, age and BMI

Mbl

TakKXXe npoaHain3nposaan CBA3b

KO4OMWHAHTHasa Mogens). Kpome Toro, reHo-

BCEX KO/IMYECTBEHHbIX OGUOXMMMUYECKUX MO-
KasaTefiell, W3MEPEeHHbIX B MJia3me KpoBw
O60NbHbIX W 3[40POBbIX, C reHOTMMNaMu
IGF2BP2 (tabn. 4). Kak oka3anocb, reHoTu-
nel C/T n C/C accoummnpoBaHbl CO CHMXEHMU-
eM cojep>kaHua obuiero xonectepmnHa Ha 0,31
n 0,32 mmone/n, cootsetcTBeHHO (P=0,036,

Tnn C/C cBsA3aH M CO CHUXEHMEM YPOBHS NN-
NnonpoTENHOB HN3KOW NAOTHOCTK Ha
0,45 mmons/n y 6onbHbix CA2 (P=0,041, Ko-
OOMWHaHTHas Mojefb). 3HaYMMbIX B3auMO-
ceazein IGF2BP2 c¢ apyrumm metabonunde-
CKMMW NOKa3aTensiMu BbISB/IEHO He Obl10.
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Tabnuua 4
Accoumnaynmn reHotuno IGF2BP2cnokasatensamMmu nunuaHoro obmeHa naymeHtos ¢ CA2
Table 4
Associations of IGF2BP2 with parameters o'lipid metabolism of type 2 diabetic patients
MeHoTun n Cp.EcT.0TKN, Otnnune (95% CI) P
MMOJb/N
O6uLnii XxonecTtepunH
TIT 192 5,19+0,1 0,00
T/IC 238 4,88+0,08 -0,31 (-0,56 - -0,05) 0,036CD
C/C 119 4,88+0,12 -0,32 (-0,62 - -0,01)
TIT 142 3,55+0,12 0,00
TIC 169 3.28+0.1 -0.27 (-0.57 - 0.03) 0,041CD
C/IC 84 3.10+0.14 -0.45 (-0.82 - -0.09)

MpumeyaHne: CD - KOAOMUHAHTHaA MofLenb
Note: CD - codominant model

NHcTpymeHT STRING BbigBUA (DYHK-
LUMoHanbHbIX naptHepoB IGF2BP2 (puc. 1):
UMK ABNAKOTCA BenKW, NpuHagiexatime K ce-
MeiCTBY WHCY/MHOMOAO6GHbLIX (hakTOpOB po-
cta (IGF2, IGFBP1, IGFBP2, IGFBP3,
IGFBP4, IGFBPS5, IGFBP6, IGF1R, IGF2R),
6enkn  Wnt-curHansHoro nytm (TCF7L2,
EP300, CTNNB1, MYC, CREBBP, TLE1,
TLE3, TLE4, NLK, AXIN2), a Takxe 6e/ku,

perynupyrowmne raoKo30CTUMY/TMPOBAHHYO
cekpeunto umHcynmHa (HHEX, CDKALL,
JAZF1, FTO, THADA, CDC123, SLC30AS,
KCNJ11, ABCC8, ABCC9). Takum obpasom,
IGF2BP2, coBMeCTHO C Apyrumu 6enkamu
CeTu, y4yacTBYyeT B MPOLECCUHIe MPOUHCYNN-
Ha, perynaumm CuHTe3a peLenTopoB KMHKpe-
TUHaM, akTuBauuu nponugepauum 6Geta-
KNeTOK 1 MojaBneHny ux anonTosa [12-14].

Puc. 1. CeTb 6enkoBbIx napTHepos IGF2BP2
Fig. 1. IGF2BP2 protein network
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CornacHo 3KcnepuMeHTaNbHbIM  [aH-
HbIM NO OLeHKe 3P(eKTOB OLHOHYKNEOoTUA-
HbiIX BapnaHToB [JHK Ha ctaryc metunnmposa-
HuUa reHoB mQTL, annenb Crell927381 cBf-
3aH ¢ runometunuposaHnem IGF2BP2
(tabn. 5), a, cnefosaTeNbHO, C YBe/IMYEHUEM
3KCMNpeccumn 3Toro reHa B pasMyHble nepuoabl
Xu3HW. [ferictBuTtensHo, Marsellrn coasTopbl
[15] nokasanu NOBbIWEHHYK KOHLEHTpauuto
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MPHK IGF2BP2 B 6eTa-KneTkax OCTPOBKOBO-
ro annapara nauyueHToB ¢ C2 no cpaBHe-
HWIO C TPYNMOK KOHTPONS. YBeNnyeHne 3Kc-
npeccun IGF2BP2 MOXeT cnoco6CcTBOBaTb
yBennyeHmto obpasosaHua IGF2 n HegocTat-
Ky MUTOXOHApPWanbHoOro 6enka-pasobwunrens
UCP1, uTo Bfeyet 3a co0O0 pa3BUTME OXMU-
PEHWNS, NUHCYNMHOPE3UCTEHTHOCTN U HapyLue-
HMA CeKpeLuun NMHCyNnHa [16-18].

O dheKTbl M3yyaemMoro nonmmopgmrsma Ha cratyc metunnposaHua IGF2BP2

Tabnmua 5
Table 5
beta t-stat EffectSize P

-0,3248 -8,3158 0,04529 3,68e-16
-0,3303 -6,8595 0,00130 1,42e-11
-0,2657 -5,8454 0,00088 7,25e-09
-0,2831 -8,2955 0,03068  4,33e-16
-0,3297 -6,9746 0,00127 6,81e-12
-0,2448 -5,4855 0,00449 5,66e-08
-0,3083 -8,1151 0,03790  2,02e-15
-0,2513 -5,7721 0,02412 1,14e-08
-0,4299 -10,1204  0,05788 1,13e-22

Mepuog Xun3HK Al A2 MAF CpG

MoapOCTKOBbIN C T 0,295  ¢g23956648
MnafieH4eCcTBO C T 0,288  cgl18267471
[JetctBO cC T 0,296  cgl18267471
[JetctBO cC T 0,296  ¢g23956648
CpepnHuii Bo3pacTt cC T 0,304  ¢g18267471
CpepnHuii Bo3pacTt cC T 0,304  ¢g12781915
CpeaHwin Bo3pacT C T 0,304  ¢g23956648
bepemeHHOCTb C T 0,306  cg15487251
bepemeHHOCTb C T 0,306  £g23956648

BruonHpopmaTmyeckuii NHCTPYMEHT

ENCODE nossonun onpegenutb, 4To Bapu-
aHTHbIn annenb C BXOAWT B COCTaB LWUC-
PerynaTopHOro 3fieMeHTa C y4acTKOM runep-
yyBcTBUTENbHOCTM K [AHK-aze (Z>1,64).
M3yuvaemblii SNP Takxe accoumupoBaH C MO-
andurkaunei ructoHa H3, a nMeHHo, caueTu-
NnpoBaHMeM ocTatka nusnHa 27 ~ang
H3K27>1,64), 4TO COrnacHoO 3KCNepuMeH-
Ta/IbHbIM [AaHHbIM, COMPSXXEHO C MOBbILWEHN-
eM akcnpeccun [19]. OTKpbITbIA XpOMAaTWH B
JAHHOM peryfnaTopHOM 3/IeMeHTe co3jaet
yyaCTKWU CBA3bIBAHUA A1 NATU TPaHCKpUN-
LMOHHbIX hakTopoB: USF1, USF2, FCAG-
NFY” RAD51. AHanu3 o60ralieHns reH-
HbIX oHTONoruii Gene Ontology 06HapyXun,
4YTO  MepeyuncneHHble  TPaAHCKPUMNLUOHHbIE
thakTopbl obecneunsarT rNOKO30-
NHAYUMPOBAHHYO aKTUBALUKO TpaHCKpUNLun
(P=2,72*10-7, FDR=4,3*10-3) reHa
IGF2BP2. Kpowme TOro, B psge paboT 6bis10
MOKa3aHo, 4YTO TPaHCKPUMUUOHHBIA (aKTop
USF1 o06nagaet MOLLHbIM PerynsaTopHbIM Mo-
TeHLMaNoM B OTHOLWEHWUWU TEHOB NIUMUAHOIO

obMeHa M BOBJ/IeYEeH B NaTOreHe3 CemMenHow
KOMOWHNPOBAaHHOIA rmnepannuaeMum
[20, 21]. Takmm o6pasom, O06GHapyXeHHas B
HalleM uccnefoBaHWM B3aMMOCBA3b TFEHOTU-
nos IGF2BP2 cypoBHsSIMM 00LLEro xonecte-
pYHA W NUNONPOTEMHOB HWU3KOW MIOTHOCTU
MOXET oTpaxartb 3()peKT He caMoro reHa, a
ABNATLCA C/IeACTBMEM TPaAHCKPUNLUOHHOTO
KOHTPONS mMeTabonun3Ma rnKosbl U NNUL0B
CO CTOPOHbI aCCOLMNPOBAHHbLIX C U3yYaeMbIM
SNP 6enkoBbIX (DaKTOpOB, B 4YacTHOCTM,
USF1.

BbiBoabl. [lpoBefeHHOe HaMW wuccne-
[loBaHMe BbIABW/IO accouuauuto BapuaHTta
rs11927381 reHa IGF2BP2c noBbIlWEHHbLIM
puckom passutua CL2. Mbl TakXe yCTaHO-
BMNM B3aMMOCBH3b MW3Yy4YaemMoro noavMmop-
(hn3mMa C ypoBHeM 06LLero XonecTepuHa U
NNMONPOTEMHOB HW3KOM MAOTHOCTW W Mpeg-
NoXnnu 6unonHgopmatnyeckoe 060CHOBaHME
aToro (pakta ¢ nosuumnin athdektos SNP Ha
anureHeTUYyeckne mMoguukaumm rucTOHOB U
OTKPbITOCTb ~ XpOMaTWHa, perynupyoLue
akcnpeccuto IGF2BP2 n ocyuwectsasowmne
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CNOXHbIA TPAHCKPUMLMOHHbIA KOHTPONb Me-
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B OTHOLWEHNN JaHHOWK cTaTbM He 6bINO
3aperncTpupoBaHO KOH(WANKTa MHTEPECOB.
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