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CBA3b nonmmoppuama rs12449964 reHa goc-
paTnannaTaHoaMnHN-meTUNTPaHchepasbl
C pasBUTUEM TUNEPTPUTNNLIEEPNAEMUN
N OXXKNPEHUSA Y 60/IbHbIX CaxapHbIM aAnabeTom
2-T0 TUna
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AKTyanbHOCTb: ®PochaTnamnnataHonamuu-K-metuntpancgpepasa (PEMT) - 3To
(hepMeHT AMNUAHOro 06MeHa, KaTanv3VpyLWniA ceputo Tpex MocnefoBaTeNlbHbIX
peakunin MeTunMpoBaHus gocgatmannataHonammHa B hochatuanaxonuH. CHuxe-
HVe aKTMBHOCTW [aHHOro npoLecca NPUBOAMT K MepepacnpefeneHnto cybcTparos-
npeALecTBEHHUKOB (hOCHONUNNLOB U TPUTIMLEPUAO0B B MOJb3Y CUHTE3a NOCNeLHUX
M YBEMIMUYEHUIO PUCKA PA3BUTUSA OXUPEHUS, BaXKHENLLEro (akTopa pucka caxapHoro
nunabeta 2 Tuna (CO2). Llenb nccnepgoBaHua: M3yuyntb CBA3b NOAMMOPYHOro Bapu-
aHTa rs12449964 (C>T) B perynaTopHOM yyacTke reHa PEMT c ypoBHeM Tpuranue-
PUAOB MN/1a3Mbl KPOBK, a TAKXKe PUCKOM PasBUTUSA oxupeHus u CO2 y xuTenen LieH-
TpasibHOW Poccmun. MaTepuansl 1 meTofbl: B nccnegosaHune 6biin BkatoYeHbl 2060
HEpPOACTBEHHbIX MHANBMAOB CMaBAHCKOr0 NPOUCXOoXaeHus, u3 Hux 1024 naunmeHToB
¢ CA2 n 1036 ycnoBHO 340p0BbIX [06pOBO/bLEB. TeHOTUNUPOBaHWE NOMMOPGN3-
Ma rs12449964 reHa PEMT 6bli0 BbINOSHEHO METOAOM BPEMSAMPOSIETHOM Macc-
CNEeKTPOMETPMM Ha reHeTMyeckom aHanmsatope MassArray Analyzer 4 (Agena
Bioscience). [Ona cTaTUCTUYECKOro aHanu3a MoslyyYeHHbIX [aHHbIX WCMOo/b30Banu
nporpammy SNPStats. Pe3ynbTaTbl: JINHENHbIA perpecCMOHHbI aHann3 He BbISBUN
accoumaunn rs12449964 reHa PEMT c puckom passutua C2 BHe 3aBUCMMOCTU OT
nHaekca macchbl Tena (P>0,05). OgHako, reHotun T/T nsyyaemoro SNP cBsizaH C no-
BbILUEHHbIM PUCKOM pPa3BUTUA OXupeHus y nauumeHToB ¢ CA2 (OR 1,66; 95%ClI
1,11-2,46; P=0,011 He3aBMcMMO OT nona v Bo3pacta. Kpome Toro, HOCUTENLCTBO re-
HoTuna T/T 6bII0 CONPSHKEHO C 60nee BbICOKMM YPOBHEM TPUALMNTILEPOSIOB B
nnasme Kposu 60/bHbIX CL2, KaK Npy HaM4mMm 0XXmpeHus, Tak 1 6e3 Hero (P<0,05).
Mo paHHbIM GTEX Portal, annenb rs12449964-T accoLMmpoBaH CO CHVKEHUEM IKC-
npeccun PEMT B pasnuuHbIX TKaHAX. 3aKntoyeHue: Bnepsble yCTaHOBNEHA acco-
uvaumsa rsl12449964 reHa PEMT c runeptpurnvuepuemuein v noBblLEHHbIM
PUCKOM Pa3BUTUA OXMPeHUs Y 60/bHbIX CL2, 4TO MOXeT ObiTb 00YC/I0B/IEHO HU3-
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KON  TPaHCKPUMUWOHHON  aKTMBHOCTbIO  reHa  hocaTmannataHonammH-N-
MeTunTpaHcgepasbl y HOCUTENEN anbTepHATMBHOIO annens usyyaemoro SNP.
KntoueBble cnoBa: caxapHblii gnabeT 2 Tvna; O4HOHYKNEOTUAHBIA NOIMMOPHN3M;
PEMT,; Tpurnuuepuabl, reHeTuyeckas npespacrnonoXKeHHoOCTb

BnarofapHocTu: ABTOp BblpaxaeT 61arofapHOCTb CBOEMY YUYUTENKO, HAy4YHOMY
pykosoautento npogeccopy Anekceto Banepbesudy MONOHMKOBY 3a KpUTUYECKOe
NPoYTEHME PYKOMUCK, a TakKe MaagLemMy HayyHomy cOTpyaHuMKY HUW reHeTunye-
CKOM 1 MONeKynspHoi anugemuonoruu EneHe KOpbeBHe KnécoBoil 3a momolyb B
npoBefAeHNN NabopaToOpPHOI YacTh paboTbl.

AOna yntuposaHus: Asaposa KO3. Ceasb nonumopgmama rs12449964 reHa ocda-
TUANNITaHONAMUH-bl-MeTunTpaHcgepassl ¢ pasBUTUEM TUNEPTPUTINLEPULEMUN 1
OXUPEeHUs Yy 60MbHBbIX caxapHbiM AvabeToM 2-ro Tuna. HayuHble pesynbTaTbl 6MO-
MeAUUMHCKUX unccnepgoBaHnin. 2021;7(3):245-256. DOI: 10.18413/2658-6533-2021-
7-3-0-4
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Abstract

Background: Phosphatidylethanolamine N-methyltransferase (PEMT) is the enzyme
of lipid metabolism that catalyzes the conversion of phosphatidylethanolamine to
phosphatidylcholine in a series of three methylation reactions. Low activity of the
enzyme can increase the availability of phosphatidic acid for triacylglycerol synthe-
sis and thus favor obesity, one of the most important risk factors for type 2 diabetes
(T2D). The aim of the study: To study the relationship of the rs12449964 (C>T) in
the regulatory region of the PEMT (phosphatidylethanolamine-N-methyltransferase)
gene with blood plasma triglycerides, as well as the risk of obesity and T2D in popu-
lation of Central Russia. Materials and methods: The study included 2060 unrelat-
ed individuals of Slavic origin, including 1024 patients with T2D and 1036 healthy
volunteers. Genotyping of PEMT gene polymorphism (C>T, rs12449964) was per-
formed by laser desorption / ionization time-of-flight mass spectrometry using the
MassArray Analyzer 4 platform (Agena Bioscience). SNPStats online program was
used for statistical analysis of the obtained data. Results: Linear regression analysis
did not reveal an association of rs12449964 of the PEMT gene with a risk of devel-
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oping T2D regardless of body mass index (P>0,05). However, the T/T genotype of
the studied SNP is associated with an increased risk of obesity in patients with type 2
diabetes (OR 1.66; 95% CI 1.11-2.46; P = 0.011, adjusted for sex and age, recessive
model). In addition, carriage of the T/T genotype was associated with a higher level
of triacylglycerols in the blood plasma of patients with T2D, both in the presence of
obesity and without it (P<0.05). According to GTEX Portal, the rs12449964T allele is
associated with decreased PEMT expression in various tissues. Conclusion: The
study revealed for the first time the association of rs12449964 of the PEMT gene
with hypertriglyceridemia and an increased risk of obesity in patients with T2D,
which may be due to the low transcriptional activity of the phosphatidylethanola-
mine-N-methyltransferase gene in carriers of the alternative allele of the studied
SNP.

Keywords: type 2 diabetes mellitus; single nucleotide polymorphism; PEMT; tri-
glycerides; genetic predisposition
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BBegeHne. CaxapHblii gnabeTt 2 Tuna
(CA2) - 310 cepbe3HOe XPOHU4YecKoe 3abo0ne-
BaHWe, XapakTepu3sytoLleecs runeprimkemMuen
M Bbl3BaHHOE MNPEVMYLLECTBEHHOW WHCYNNHO-
PE3UCTEHTHOCTbKD U OTHOCUTE/IbHOM WHCYNU-
HOBOW HEeLOCTaTOYHOCTLIO WM  MNpeuMyLLe-
CTBEHHbIM [Ae(EKTOM CEKPELUN WHCYINHA C
NHCY/IMHOPE3UCTEHTHOCTbIO MU 6e3 Hee [1].
Mo oueHke MexayHapoaHOW AnabeTUYecKoii
®epepaunn (IDF), uncno 601bHbIX AMabeToM B
Mupe 3a nocnefHue 20 feT BbIPOCIO B 3 pasa u
Ha KoHeL, 2019 roga cocTtaBnset 463 M/H yeno-
BeK [2]. Cxoxmmu Temnamu pacTeT n 3abone-
BaEMOCTb OXXMPEHMEM, BaXXHEWLIMM (hakTopoM
pucka pa3sutua CA2. CornacHo gaHHbIM Bce-
MWUPHOI OpraHmn3aummn 34paBoOOXPaHeHUs, OXN-
peHnem cTpagatoT 60nee 500 MSIH 4yenoBek, W
ewe 1,6 mnpg nuy, ctapwe 15 et uMerT ms-
6bITOYHYI0 Maccy Tena [3]. B Poccuiickoii de-
Aepauuy  pacnpoCcTpaHeHHOCTb  M36bITOUYHOM
Maccbl Tena M OXWpeHua cocTtaensdet 46,5%
cpean MyXuuH u 51,7% cpean >XeHWwuH [4],
TOorga Kak obuiee 4mcno 60/bHbIX AMabeTom
npeBblllaeT 8 M/IH YenoBeK W MNPOJoKaeT
HeYK/I0HHO pacTu [2].

CBA3b MeXAy 3NUAeMUONOrnet oxmpe-
Hna n CA2 c 70-x rr XX Beka ONuCbIBaloT
TepMUHOM «diabesity», nogyvepkuBas Takum
06bpasom, BaxHOe MNPeANKTOPHOE 3HaYeHue
oXupeHus B passutum CA2. N oxupeHue, u
CA2 sasnAwTCA MHOroakTopHbLIMK 3a60ne-
BaHWsAMM, TeHeTMyecKas OCHOBa KOTOPbIX WH-
TEHCUBHO M3y4aeTcs. KaHangaTHble U NOMHO-
reHOMHble accouuaTvBHbIE  WUCCNef0BaHUA
YCTaHOBWAN COTHM O6LUMX AN 3TUX [BYX HO-
30/10TMiA OLHOHYK/IEOTUHbIX BapuaHTOB B
reHax, OTBETCTBEHHbIX 32 AUCHYHKLUNIO 6eTa-
KNeToK nomkenyaoyHoin xenesbl (TCF7L2,
KCNJ11, GCKR, SLC30A8, IGF2BP2,
HNF1A, HNF1B, HNF4A, PDX1) n nHcynu-
Hope3sucteHTHocTb (FTO, PPARA, PPARG,
IRS1, IRS2, PTEN, UCP2), ogHako, mecTo ab-
COMIIOTHOrO  GOMbLUIMHCTBA  OOHaPY>XXeHHbIX
NnokycoB B nartoreHese C[2 HeusBecTHO [5].
OfHMM K13 Takux BapuaHToB aBnsetcd SNP
rs12449964 B perynaTopHOM Y4yacTKe reHa
(hochaTnamnataHonaMmH-N-
meTuntpaHcgepassl (PEMT), accoummpoBaH-
HbliA C NOBbIWEHHLIM PUCKOM pa3suTus CL2
[6], vwemunyeckoin 6GonesHn cepaua U WH-
cynbta [7]. PepmeHT KaTann3npyeT Tpex-
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KpaTHOe MeTUIMPOBaHMe aToMa a3oTa aMUHO-
rpynnel ocharngmnataHonammHa (keganm-
Ha) B ocaTugnnxonuH (neynTuH). 3TOT
nyTb CUHTE3a (POCHONUNULOB CBA3AH C CUH-
Te3oMm Tpuaumnrnuueponos (TAI), NOCKO/b-
Ky W He:ATpanbHble XWpbl, U hochonmnuibl
obpasytoTcs 1“3 06Wero npeawecTBEHHUKA,
- (hochaTMAHON KUCNOTbl. B cnyvae cHuxe-
HWUA CKOPOCTW CUHTe3a (hochonununios un3-3a
HefoCTaToOYHOW akTMBHOCTM PEMT wnn pe-
(vumTa  MUCTOYHMKA  METWNbHbIX  rpynn,
S-afieHO3UNIMeTUOHMHA, (hoctaTULHAA KUCNO-
Ta ucnosnb3yetca gna cuHtesa TAIl. Cnepyet
0c000 NOAYEPKHYTb, UTO HapyLUeHWUs Nunuj-
HOro o6meHa B BUAe runepTpurauLepnaeMmmm
ABNAKOTCA XapaKTepHOW YepToOi MHCYNMHOpe-
3UCTEHTHOCTU, NPUCYLLEN KaK OXMUPEHWIO,
Tak 1 CA2 [8]. OaHako, faHHble O CBA3W reHa
PEMT c pa3sutuem oxupenusa, CO2 wn ru-
nepTpUrNnLEPUAEMUN B PYCCKON Nonynaumm
Ha CerofHALWHNIA feHb OTCYTCTBYIOT.

Llenb nccneposaHua. V3yyeHne cBA3M
nonumopusma reHa PEMT (rs12449964,
C>T) C ypOBHEM TpUTNULEPUAOB Nasmbl
KpOBW, a TakKXXe PUCKOM PasBUTUS OXUPEHUs
n CA2 y xxutenein LieHTpanbHol Poccun.

Matepuanbl “U MeTOAbl WCCnenoBa-
HudA. poToKoN nccnefoBaHUs bbin 0406peH
PervoHasbHbIM 3TUYECKMM KOMWUTETOM Mpu
KrMY. B uccnegosaHve sownu 1024 601b-
HbiXx CO2 (367 MyX4YMH U 657 XEHLLMH) co
cpefHUM Bo3pacTom 61,1+6,9 net, HaxoAms-
LIMXCA Ha CTauMOHApHOM fleYeHUU B 3HAO-
KPUHO/IOTMYECKOM OTAeneHnn Kypckon ro-
POLCKOW  KAMHUYECKOW 60/bHULbI  CKOPOM
MeAMLMHCKOA nomowm ¢ Hosbpsa 2016 no
oKTs6pb 2019 roga. AwarHo3 CL2 ycTtaHas-
NnBanM Ha OCHoBe Kputepmes BO3 [9-10].
Mpynny koHTponsa coctasunu 1036 yCnoBHO
3[10pOBbIX A06p0BO/bLEB (396 MY>XUMH 1 640
YEHLWMH) co cpefHMM Bo3pacTom 60,8+5,7
net, foHopoB OO6NAaCTHOW CTaHUUW nepenu-
BaHWA KPOBW, Kak Obl0 OMMUCAHO HamMu paHee
[11-12]. ¥ Bcex Y4aCTHWKOB uCC/efoBaHuA
Ha OCHOBEe MWCbMEHHOI0 MH(OPMMPOBAHHOIO
cornacms nposoaunu 3abop 5 M BEHO3HOM
KpPOBM HATOWAK B BaKyyMHble MpPOBMPKK
Vacuette ¢ 34TA B KayecTBe aHTUKOAry/nsH-
Ta. F'eHoMHyto OHK Bblgensanu metogom ge-
HO/IbHO-XNT0PO(OPMHONM  3KCTpakummn. [eHo-
TUNMpoBaHMe nonumopnsma reHa PEMT
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(C>T, rs12449964) 6bIn0 C NOMOLLbLIO Nasep-
HON [AewpOUNOHHO/MOHN3ALMOHHOW BpEMS-
MPOJIETHOM MaccC-CNeKTPOMETPMUM Ha nnat-
¢opme MassArray Analyzer 4 (Agena
Bioscience). [na nposefeHUs OGUOXUMUYe-
CKMX MCCNeaoBaHUn 5 M1 KPOBM HATOLLAK 3a-
bupann B BaKyyMHble MPOBUPKN C renaprHom
nMTna. KOHUEeHTpauuu rnKo3bl, [UKUPO-
BaAHHOro remornobuHa, TpuUrauuepuaos, 06-
LLero xXosecTepnHa 1 ero noagpakuuii onpe-
aensann Habopamu upmbl «nakoH-AC» Ha
NnosyaBTOMaTMyecKoM OGUOXMMUYECKOM aHa-
nusatope Clima MC-15 (RAL).

BuomHgpopmaTuyecknii aHanm3 MpoBo-
OUNKM € NPUMEHEHWEM  UHCTPYMEHTOB
STRING (https://string-db.org) ansa Bu3syasnb-
HOW OLEeHKN 6enkoBbIX nNapTHepoB PEMT;
GTEXx Portal (https://gtexportal.org) gna nsy-
YeHUs TKaHecneymgpUUYHON 3KCMpPeccun reHa
PEMT; mQTLDatabase
(http://www.mqtldb.org) ana nsyyeHus snaus-
HUs n3yyaemoro SNP Ha cTatyc MeTunanpo-
BaHWA reHa. CtatucTuyeckyto o6paboTky no-
NYYEHHbIX [aHHbIX NPOBOAMAN C MOMOLLbIO
OHNalH nporpaMmbl SNPStats
(https://lwww.snpstats.net/start.htm).  TecTu-
poOBaN NSATb FEHETUYECKUX MOofeneii: Kopo-
MWHAHTHYI0, [LOMWHAHTHYIO, PELEeCCUBHY!O,
CBEPXAOMUHaHTHY 1 log-aganTusHyto. Ac-
coumauma cumtanacb 3Haummon npu P<0,05.
[na npoBepkn HOPMaNbLHOCTWU pacnpegene-
HUA BUOXMMUYECKMX MOKasaTeNlein Ucrnosb3o-
Bam  Kputepuii  Konmoroposa-CMUpHOBA.
MMepemMeHHble, MMeKOLMEe HOPManbHOe pac-
npeseneHve, OblNM OnucaHbl C WCMO/b30Ba-
HUeM cpefHero 3HayeHus (Mean) W CTaH-
[apTHOro OTK/MOHeHus (St.Dv.) B Buge
Mean+St.Dv. B kayecTBe TecTa CTaTucTuYe-
CKOM 3HA4YMMOCTM MCNOb30BaIn TecT CTbio-
feHTta. [lokasaTenn C HeHopMasbHbIM pac-
npegeneHnem OnucbiBasn C UCNOJb30BaHUEM
MefmaHbl (Median), nepsoro (Q1) v TpeTbero
(Q3) kBapTuneid, B Buge: Median [Q1; Q3]. B
KayecTBe TecTa CTaTUCTUYECKON 3HAYMMOCTU
B TaKuX Cnyvasx NpUMeHsnu Kputepuii MaH-
Ha-YWUTHU. O6HapYy>XeHHble OT/MuMA rpynn
NMPUHUMANNUCL 3a CTATUCTUYECKM 3HAYMMble
npu p<0,05.

PesynbTaTbl U ux obcyxaeHue. Knu-
HNKO-NabopaTopHble MokKasaTenv Y4aCTHUKOB
nccnefoBaHUs npuBefeHbl B Tabnuue 1
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BonbHble CO2 umenu 3HauyMmMo 60/ee BbICO-
KU ypoBeHb [/IOKO3bl HATOLlaK, FMKMPO-
BaHHOro remornobuHa, TAI, obuero xosne-
CTepvHa W NUMONPOTEMHOB HW3KON NIOTHO-
CTU MO CpPaBHEHMIO CO 340POBbLIMU NULAMM
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(P<0,05). Kpome TOro. 627 nauueHTOB
(61,2%) umenn UMT>30 Kr/M, 4To Knaccu-
(bmumpyeTca Kak OxupeHue. B rpynne KoH-
Tpons 3TOT Mokasartenb coctasun 12,6% (131
4esioBek).

KnnHuKo-nabopaTopHble NMoKa3aTenn y4acTHUKOB UCCNef0BaHUA

BonbHble COA12
3HaueHue
MokasaTesib

napameTpa
BospacT, cp, + CT.OT. 61,1+6,9
My>uuHbl, (%) 35,8
Ctax guabeta, Me [Q1; Q23] 9,0 [3,0; 15,0]

31,9+6,7

MHpekc maccebl Tena (Kr/m ), cp, + cT,0T.

Oxunpenwue, % 61,2

HbAIC Me[Q1;Q3], %
Mnoko3a HaTowlak, Me[Q1;Q3], MMosb/n
O6wwii xonectepuH (Mmonb/n), Me [Q1; Q3]

JINH (mmonb/n), Me [Q1; Q3]
NIBM (mmonb/n), Me [Q1; Q3]
TAI (mmonb/n), Me [Q1; Q3]
HbAIL -

MpumeyvaHua:

r/IMKMPOBaHHbI  FeMOr06uMH;

9,10 [7,90;11,00]
12,00 [9,49;14,9]
5,10 [4,27; 6,09]
3,03 [2,40; 4,05]
0,85 [0,74; 1,07]
2,20 [1,55; 3,00]

AHM -

Tabnuua 1
Table 1
KOHT ponb
n 3HauyeHue n p
napameTtpa
1024 60,8+5,7 1036 0,39
367 38,2 396 0,77
1024 - 1036 -
1024 27,2+3,6 1036 0,001
627 12,6 131 <0,0001
1024 4,50 [4,10;4,70] 1034 <0,001
1024 4,90 [4,40;5,00] 1034 <0,001
972 3,06 [2,86; 3,12] 449 <0,0001
546 1,74 [1,60; 1,79] 446 <0,0001
546 1,47 [1,36; 1,62] 446 <0,0001
758 1,15 [0,98; 1,23] 438 <0,0001
NMNONPOTEUHbI HU3KOW nnoTHoctw; J1BIM -

IMNONpPOTEeNHbI BbICOKOW MNNOTHOCTU; TAI - TPMaLUArAMLeposbl; XXUPHbIM BblAeeHbl CTAaTUCTUYECKN 3HAUUMBIA P
Note: HbAIc- glycated hemoglobin; JIHM - low density lipoproteins; JIBI - high density lipoproteins; TAI - triacyl-
glycerols; bold is statistical significant P values

Tabnuua 2

YacToTbl reHOTUNOB 1 anneneit rs12449964 reHa PEMTYy 60/bHbIX C2 1 340p0BbIX /1AL

MeHoTUMN

Cc/iC
CIT
TIT

ciC

CIT

TIT
T

CiC

CIT

TIT
T

KoHTposnb,
n (%)

386 (37,3)
517 (49,9)
133 (12,8)
37,8

331 (36,6)
458 (50,6)
116 (12,8)
38,1

55 (42)
59 (45)
17 (13)
35,5

BonbHbIE
Cha2,n (%)

381 (37,2)
501 (48,9)
142 (13,9)
38,3

151 (39)
195 (50,4)
41 (10,6)
35,8

226 (36)
301 (48)
100 (15,9)
40,0

and controls

Table 2
Genotype and allele frequencies for rs12449964 in the PEMT gene in T2D patients

OR (95% CI) P OR (95% CI)* p*
O6was Bbl6opka
1,00 0,49 1,00 0,80
1,09 (0,85-1,41) 0,96 (0,72-1,29)
1,02 (0,90-1,16) 0,72 - -
NMT<30
1,00 0,26 1,00 0,24
0,81 (0,55-1,18) 0,80 (0,55-1,17)
0,90 (0,76-1,08) 0,26 - -
MMT >30
1,00 0.38 1,00 0,38
1,27 (0,73-2,21) 1,28 (0,73-2,26)
1,21 (0,92-1,60) 0,18 - -

MpumeyaHme: OR* (95% CI) - OTHOLUEHMWE LIAHCOB W [OBEpPUTE/IbHbIM MHTEPBaS NpU MOMpaBKe Ha Mosi, BO3pacT u
NMT,; P*- ypoBeHb 3Ha4MMOCTHK Npu rnornpasKe Ha nos, Bo3pact u MMT
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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WcecneposaHHbIli SNP Haxoguncsa B co-
OTBETCTBUU C  paBHOBecMeM  Xapau-
BaiH6epra (P>0,05). YacToTbl annenein usy-
yaemoro SNP reHa PEMT 6bi1 conocTtasu-
Mbl C €BPOMENCKUMM MONYAALUAMU COTNIaCHO
JaHHbIM npoekTa «1000 Genomes», LeMOHU-
POBaHHbIX B Ensembl (https:
/lwww.ensembl.org). B Tabnuue 2 npeacras-
NeHbl AaHHble MO 4YacToTam annenei u reHo-
TMnos PEMT y 340p0BbIX NNl U BO0JbHbIX
Ch2. JnHeHbI perpeccMoHHbI aHanu3 He
BbIABWU/ accoumnaumn rs12449964 reHa PEMT
C puckom passutua Ch2. CrtpaTtuguumpo-

AzapoBatO 3. Csasb nonumopdusma rs12449964 .

Azarova IE. The relationship between polymorphism rs12449964.

BaHHbI aHanu3 no MMT Takxke He 06Hapy-
XUn accoumaumm M3y4yaemoro BapuaHTa C
puckom CA2 HW cpegn nNuL, ¢ C OXXUPEHUEM
(MMT>30 Kkr/m ), HM cpegn nuy 6e3 Hero
(MMT<30).

B Tabnuue 3 npeacrasneHbl pesynbTa-
Tbl aHanM3a accoumauuin  rs12449964 ¢
PUCKOM Pa3BUTUA OXUPEHUS Y MaLneHToB C
CO2. Kak okasanocb, reHotun rs12449964-
T/T cBA3aH C MOBbILIEHHbLIM PUCKOM Pa3BUTUS
oXupeHus y 6onbHbIX CA2 (OR 1,66; 95%Cl
1,11-2,46; P=0,011, peueccrBHas MoAenb).

Tabnmua 3

YacToTbl annenein n reHotTmnos rs 12449964 reHa PEM Ty 60nbHbIX CL2
C OXXMpPEHUEM U Be3 OXKUPeHUs

Table 3

Genotype and allele frequencies for rs12449964 in the PEMT gene in T2D patients with

BonbHble CA2

.
FenoTun UMT<30, n (%) UMT >30, n (%) OR (95% Cly* i

T 35,7 39,9 1,20 (1,00-1,44) 0,055

cic 154 (39,1) 227 (36,1) 1,00 0,041cd

cIT 199 (50,5) 302 (48) 1,03 (0,78-1,35)

T 41 (10,4) 100 (15,9) 1,65 (1,09-2,51)

cic 154 (39,1) 227 (36,1) 1,00 0,34d

CIT-TIT 240 (60,9) 402 (63,9) 1,14 (0,88-1,47)

cl/c-CIT 353 (89,6) 529 (84,1) 1,00 0,012r

T 41 (10,4) 100 (15,9) 1,63 (1,10-2,40)

CIC-TIT 195 (49,5) 327 (52) 1,00 0,440d

cIT 199 (50,5) 302 (48) 0,90 (0,70-1,16)

- - - 1,21 (1,00-1,46) 0,05ad

MpumeyvaHne: Mogenun: CD - kofomuHaHTHadA; D - goMunHaHTHasA; R - peueccuBHasa; OD - cBepxgoMuHaHTHasA; AD -
Log-agamtmBHasA; OR* (95% CI) - OTHOLUEHMe LWIAHCOB 1 AOBEPUTENbHBIA MHTepBas Mpu NonpaBKe Ha Mos U BO3PacT;

P* - ypoBeHb 3HAUMMOCTY NPU MONPaBKe Ha Mos 1 Bo3pacT

Note: Models: CD - codominant; D - dominant; R - recessive; OD - overdominant; AD - log-additive; OR* (95% CI)
- odds ratio and confidence interval when adjusted for gender and age; P* - significance level when adjusted for gender

and age.

Kpome TOro, npu aHanvse B3avMOCBSA-
3eli mexay reHotunamm PEMT un 6noxumun-
YeCKMMM MNoKasaTensamy yYrneBofHOro n nu-
nugHoro obmeHa 60/bHbIX CA2 6b110 06Ha-
PY)XEHO, 4TO  HOCUTE/NbCTBO  reHoTuna
rs12449964-T/T conpshkeHO C 6onee BbICO-
KUM YPOBHEM TpuauunriuLeponos B nnasme
KpOBW, KaK MPWU HannuumMm OXUPEHUs, Tak u
6e3 Hero (P<0,05, Tabnuua 4).

C nomoubto pecypca KEGG Pathways
cTasia BO3MOXKHOM nAeHTU(MKaums hepMeHTa

(hochaTngmnataHonaMmH-N-
MeTunTpaHcgepasbl (2.1.1.71) Ha meTabonu-
Yeckol KapTe nmnugHoro obmeHa (puc. 1).
dPepMeHT KaTanm3upyeT TpU peakunu MeTu-
NNPOBaHUA, MOCNefoBaTeNbHO  MpeBpaLyas
(hocthaTmannataHonamuH (KeannH) cHavana
B MOHO-, 3aTem B Au-, W, HaKOHeL, B TpuMe-
TungocarngmnataHonammH  (ocharngmn-
XOMNVH, UK NEUUTUH).


http://www.ensembl.org
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Tabnmua 4
Accounauynm reHotnnos PEMT c ypoBHEM TPpUTNMLEPUAOB NNa3Mbl KPOBU 601bHbIX CA2
Table 4
Associations of the PEMT genotypes with the triglyceride plasma levels of T2D patients

KoHueHTpauuna TI,

eHoTun n OTnuune (95% CI) P
CP.£CT.OTK/., MMONb/N
Bce naumeHTbl ¢ CA2
CiC 269 2,46 (0,08) 0,00
CIT 366 2,4 (0,07) 0,0037r
TIT 113 2,88 (0,22) 0,45 (0,15 - 0,75)r
NMMT<30
CiC 104 2,22 (0,14) 0,00
CIT 135 2,18 (0,08) 0,037r
TIT 31 2,66 (0,23) 0,46 (0,03 - 0,90)r
NMT >30
c/Cc 165 2,61 (0,11) 0,00
CIT 231 2,53 (0,09) 0,048r
TIT 82 2,96 (0,29) 0,39 (0,05 - 0,79)r

Mpumeyanue: TI - Tpuranuepuasl; R - pelieccMBHan MOAeb.
Note: TG - triglycerides; R - recessive mode

->./.11 | AVIi_CATrPprr.|

MpuMeyaHme: KpacHbIM OTMe4deHbl TpWU peakuun, kKatanmsupyemble PEMT (gaHHble KEGG pathways
https://www.genome.jp/kegg/pathway.html)

Note:  three reactions catalyzed by PEMTare marked in red (KEGG pathways data
https://www.genome.jp/kegg/pathway.html)
Puc. 1 Metabonmam ochonunungos
Fig. 1 Phospholipid metabolism


https://www.genome.jp/kegg/pathway.html
https://www.genome.jp/kegg/pathway.html
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®PyHKUMOHaNbHbIE  napTHepbl PEMT
(naHHble STRING) opmupyoT MHTepak-
TOMHYt0 ceTb M3 10 6enkoB, 4 M3 KOTOPbIX
obecneymBalOT CUHTE3 JfleunUTuHA (XONWH-
aTaHonamuHgocgoTpaHchepasa 1, CEPTI,
XONnHhochoTpaHchepasa 1, CHPT1,;
nmsopochonmnuaaumnntpaHchepasa 5,
LPCAT3 u xonuHgerugporeHasa, CHDH), 3
6eNka KaTanM3npytoT obpasoBaHue KeasimHa
(bocpaTnamncepuHaekapbokennasa,  PISD;
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aTaHonaMmuHgocgoTpaHcepasa 1, EPTI,;
nmsogochonmnupaleTuntpaHchepasa 2,
MBOAT2), »n ewe 3 {YHKLANOHAbHBIX
naptHepa PEMT BoBneyeHbl B  CUHTE3
(hocaTtmanmnxonmHa

(nm3oochonmnupauetTunTpaHchepasa 1

MBOAT]; (hochaTnamncepmHcnHTasa 1,
PTDSSI, (hochaTmanncepmHcHTasa 2,
PTDSS2).

Puc. 2. CeTb 6enkoBbIx napTHepos PEMT
Fig. 2. PEMT protein network

HacToqwee wuccnefoBaHne BbIABWIO
B3a/IMOCBA3b NoAMMOP{HOro nokyca
rs12449964 B perynaTtopHOM Y4yacTKe reHa
PEMT C nOBbIWEHHbIM PUCKOM pPa3BUTUA
OXUpeHus y 60nbHbIX CL2, LeMOHCTpuUpys
TEM CaMbIM MOTEHLUMANbHYO BOBNEYEHHOCTb
reHa (ocaTnamnataHonammH-N-
MeTUnTpaHcgepasbl B MaroreHes 3abone.a-
HUA. B nuTepatype ecTb e4WHUYHbIE UCCIe-
fosaHua ponu PEMT B dopmupoBaHuu
NpeapacnonoXXeHHOCTU K ULWeMUYecKoin 60-
Ne3Hu ceppaua, UWEMUYECKOMY UHCYNbTY [7],
ocTpomy naHkpeatuty [13, 14] n obceccus-
HO-KOMMY/NbCUBHOMY cUHApOMY [15]. Takxe
onucaHbl accoumauymm loss-of-function Bapu-
aHtoB PEMT c ypoBHeM TAI nnasmbl KPoBK

(rs11656215) [16] ® OTHOWeEHMEM 06beMaA
Tanmm K obbemy 6Gegep: rs4646404 [17],
rs9944423 [18]. N3yuaembii SNP Takxe OKa-
3anca accoummpoBaHHbIM € puckom CA2 B
koropte UK Biobank, Bkntovatoweri 19860
6onbHbIX CO2 1 432404 300poBbIX nuy, [6].
Tem He MeHee, accouunaums rsl2449964 c
puckom C[2 He Obl1a noATBEPXAeHa B
HacTosLwen paborTe.

CornacHo 3KCnepMMEHTa/IbHbIM ~ AaH-
HolM GTEXx Portal, annenb rs12449964T ac-
COLMMPOBAH CO CHMXXEHWeM 3Kcnpeccuu
PEMT B neueHu, BuCLepasbHON M NOLKOX-
HOI YXMPOBOW TKaHW, Hanbonee akTUBHO CUH-
Tesupyrwowmx TAI n ®J1 no cpaBHeHUO C
opyrumu Knetkamu (puc. 3).
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Puc. 3. Okcnpeccuss PEMT B pa3nnyHbIX TKaHAX
Fig. 3. Expression of PEMT in various tissues
Kpome TOro, oueHka 3((PeKTOB YyBCTBUTE/IbHOCTb MepUdepuYecKnx TKaHel

rs12449964 Ha ctatyc MeTUINPOBaHUA reHoB
(mQTL) nokaszana, YTo anbTepHaTUBHbLIN as-
nens T cBA3aH C rUMNepMeTUANPOBaHUEM
PEMT, a 3HauuT, CO CHVKEHNEM 3Kcrnpeccum
3TOro reHa B [eTCKOM K B3pOC/IOM BO3pacTe.
YMeHbLUeHNe aKTUBHOCTU CUHTE3a /IELMTUHA,
camoro pacnpocTpaHeHHOro ocdgonunuaa,
MOXET MPUBOAUTL K NepepacnpeseneHunio
nyna gocgaTngHon KUCnoTel, - obLiero cy6-
cTparta Ana cuHtesa ochonununaos n TAl, B
nosnb3y 06pa3oBaHMs MOCNeLHMX, CMNOCO6-
CTBYSl TakKum 06pa3om, HAKOMMEHWUK B KNeT-
Kax HenTpasbHbIX >KUPOB, W YBENUYEHUIO
maccbl Tena. B faHHoM paboTe Bnepsble Mo-
KasaHa B3aMMOCBA3b MeXAy reHOTUMNOM
rs12449964-T/T n 6onee BbICOKUM COfepXKa-
Hnem TAI B nnasme KpoBu 60/bHbIX CL2
BCEX BECOBbIX KaTeropuin. Cnegyetr oTMe-
TUTb, YTO YBenM4YeHWe KOHueHTpauun TAT,
OCOBEHHO B COYeTaHWM CO CHUXEHWeM ypoB-
HA  JIMMNONPOTEUMHOB BbICOKOM MIOTHOCTY,
CUNTaETCA MapKepoM WHCY/IMHOPE3UCTEHTHO-
ctn [8, 19]. Tak, B AeCATW/IETHEM MpPOCMNEK-
TMBHOM wuccnegoaHun A. Tirosh [20] 6bino
nokasaHo, 4YTo yBennyeHue cogepxxaHna TAI
B Msasme KpOBWM OT HM3KOI0 [0 BbICOKOrO
TEPTUNA B TeyeHue 5 NeT YBENNUYMBAET PUCK
passutna CA2 B 12 pas He3aBUCUMO OT MH-
pekca maccbl tena (MMT) y4acTHUKOB WcC-
cnefoBaHus. Linpkynupytowine B KpoBu
TAI cnyaT noTeHuManbHbIM NUCTOYHUKOM
CBOOOAHBIX XWPHbIX KUCNOT, YXyALlatoLmx

K VHCYNMHY W 3aMblKaloLWMX NOPOYHBIA KpyT
MeXAay runepTpurinuepuieMmen u UHCyu-
HOPEe3NCTEHTHOCTbLIO, COCTaBNAOLLE/ naTore-
HeTuyeckuin pyHgameHt CA2 [21, 22]. Mo-
BbileHMe ypoBHA TAI 1 cBOGOAHBLIX >XUp-
HbIX KWCNOT aKTMBMPYeT arnonto3 6eTa-
KNETOK MOMKeNyLOUYHON Xenesbl, CHUKaa nxX
(hYHKUMOHANIbHYIO Maccy, - 3((eKT nmno-
TOKCMYHOCTMW, KOTOPbIA B COYETAHWUU C [/HO-
KO30TOKCMYHOCTbIO CMOCOGCTBYET Mopaxe-
HAKO  pas/IMyHbIX OpraHoB W CUCTEM, B
MepByt0 o4vepefb, rnas, Nnovek, COCyfoB U He-
PBOB HVKHUX KOHEYHoCTel [1].

3aknoyeHue. Takum o6pas3om, npose-
[eHHOoe uccnefoBaHWe 06HapYXunio accouu-
aumo rs12449964 reHa PEMT c runeptpur-
nnuepuiemuneli 1 NOBbIWEHHbIM PUCKOM pas-
BUTUS 0XKUPeHUA Yy 60/1bHbIX CL12, 4TO MOXET
ObITb 00YCNOBMEHO HWU3KON TPaHCKPUMLMUOH-
HOM aKTUBHOCTbIO TreHa (hoctaTmannaTaHo-
namuH-K-meTunTpaHcdepasbl Yy HOcUTenein
a/ibTepHaTMBHOrO ansiens T M3yyaemoro of-
HOHYK/eoTUAHOro  nonmmopgusma. Mony-
YeHHble pe3ynbTaTbl TAKXe CBUAETE/IbCTBYIOT
0 TOM, YTO caxapHblin anabeT, diabetes melli-
tus, rnaBHbIM AMArHOCTUYECKUM KpUTepuem
KOTOPOro MO-NpPeXxHemy CAY>XWUT XPOHWU4e-
CKas runeprinkemmns, CepbesHo rnopaxaet He
TOJIbKO YI/IEBOAHbIA, HO U NNNULHbIA 0OMEH,
N MOXET No npaBy HasblBaTbCA diabetes mel-
lipidus.



OpuruHanbHas cTaTbs
Original article

MHpopmaynsa o hHaHCMpoBaHUY
WccnefoBaHue BbINONHEHO 3@ CYET rpaHTa
Poccuiickoro HayyHoro oHaa (MpoekT
Ne 20-15-00227).

Financial support

The study was supported by the Russian Sci-
ence Foundation (Ne 20-15-00227).

KOHMNNKT NHTepecoB

ABTOp 3asBn5ieT 06 OTCYTCTBUN KOH(AUK-
Ta MHTepecos.

Conflict of interests

The author has no conflict of interest to de-
clare.

Cnncok nutepartypbl

1 AwmetoB A.C. CaxapHblii gnabet 2 Tu-
na: npobrembl W pelleHWe. 2-e  U3JaHue.
M.:F'30TAP-Megua; 2013.

2. Saeedi P, Petersohn I, Salpea P, et al.
Global and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045: Re-
sults from the International Diabetes Federation
Diabetes Atlas. Diabetes research and clinical
practice. 2019;157:107843. DOl:
https://doi.org/10.1016/j.diabres.2019.107843

3. Bluher M. Obesity: global epidemiolo-
gy and pathogenesis. Nature Reviews Endocrinol-
ogy. 2019;15(5):288. DOI:
https://doi.org/10.1038/s41574-019-0176-8

4.  AwmetoB AC, lMawkosa EHO, Pamasa-
HoBa 3/, v ap. OXupeHVe Kak HeMH(eKLOHHas
anngemuna XXI Beka. CoBpeMeHHble MpescTas/e-
HUA O MaToreHese, pyUCcKax M noaxopax K gapma-
KOoTepanuu. SHLOKPUHOMOMNA: HOBOCTU, MHEHMS,
00yyeHue. 2019;8(2):57-66. DOI:
https://doi.org/10.24411/2304-9529-2019-12007

5 Buniello A, MacArthur JAL, Cerezo
M, et al. The NHGRI-EBI GWAS Catalog of pub-
lished genome-wide association studies, targeted
arrays and summary statistics 2019. Nucleic acids
research.  2018;47(D1):D1005-D1012.  DOI:
https://doi.org/10.1093/nar/gky1120

6. Bycroft C, Freeman C, Petkova D, et
al. The UK Biobank resource with deep phenotyp-
ing and genomic data. Nature.
2018;562(7726):203-209. DOI:
https://doi.org/10.1038/s41586-018-0579-z

7. Dichgans M, Malik R, Konig IR, et al.
Shared genetic susceptibility to ischemic stroke
and coronary artery disease: a genome-wide anal-
ysis of common variants. Stroke. 2014;45(1):24-
36. DOI:

A3apoBa t03. Csasb nonumopdusma rs12449964 . 254

Azarova IE. The relationship between polymorphism rs12449964..

https://doi.org/10.1161/STROKEAHA.113.00270
7

8 Saxena R, Voight BF, Lyssenko V, et
al. Genome-wide association analysis identifies
loci for type 2 diabetes and triglyceride levels.
Science.  2007;316(5829): 1331-1336. DOI:
10.1126/science.1142358

9. World Health Organization: Defini-
tion, Diagnosis and Classification of Diabetes
Mellitus and its Complications: Report of a WHO
Consultation. Part 1 Diagnosis and Classification
of Diabetes Mellitus. Geneva: World Health Org.;
1999.

10. World Health Organization. Global re-
port on diabetes: executive summary (No.
WHO/NMH/NV1/16.3). World Health
Organization; 2016.

11. Azarova |, Bushueva O, Konoplya A,
et al. Glutathione S-transferase genes and the risk
of type 2 diabetes mellitus: Role of sexual dimor-
phism, gene-gene and gene-smoking interactions
in disease susceptibility. Journal of Diabetes.
2018;10(5):398-407. DOI:
https://doi.org/10.1111/1753-0407.12623

12. Asaposa HO3, Knécosa EHO, CamruHa
TA, 1 gp. Ponb NOMMMOPMHBLIX BapUaHTOB reHa
CYBA B natoreHese caxapHoro auabeta 2 Tuna.
MeguumHckas reHetuka. 2019;18(8):37-48. DOI:
https://doi.org/10.25557/2073-7998.2019.08.37-
48

13. CamruHa TA, A3saposa KO3, KaHuLLeB
OB, n gp. Ponb nonumopgmama reHa PEMT
(hochaTramnaTaHonaMuH-K-MeTunTpaHcepasbl
rs12449964 B pa3BMTMM OCTPOro MaHKpeaTuTta u
ero OCNIOKHEHWA. POCCUMCKUIA XXypHan racTpo3H-
Teposioruy,  renatoniorun,  KONOMpOKTOMOM .
2019;29(5):21-25. DOI:
https://doi.org/10.22416/1382-4376-2019-29-5-
21-25

14. CamruHa TA, Asaposa KO3, KaHuLes
FOB, n ap. Ponb nonumopgmnsma reHa goctatu-
AnnataHonammH-N-MeTunTpaHchepasbl
rs12449964 B pa3BUTMW OCTPOro MaHKpeaTuTa.
KypCKuWiA Hay4HO-MPaKTUYeCKWin BECTHUK «Yeno-
BeK M ero 3moposbe». 2019;3:28-33. DOI:
https://doi.org/10.21626/vestnik/2019-3/04

15. Den Braber A, Zilhao NR, Fedko 10,
et al. Obsessive-compulsive symptoms in a large
population-based twin-family sample are predict-
ed by clinically based polygenic scores and by
genome-wide SNPs. Translational psychiatry.
2016;6(2):731-e731. DOI:
https://doi.org/10.1038/tp.2015.223


https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.24411/2304-9529-2019-12007
https://doi.org/10.1093/nar/gky1120
https://doi.org/10.1038/s41586-018-0579-z
https://doi.org/10.1161/STROKEAHA.113.00270
https://doi.org/10.1111/1753-0407.12623
https://doi.org/10.25557/2073-7998.2019.08.37-
https://doi.org/10.22416/1382-4376-2019-29-5-
https://doi.org/10.21626/vestnik/2019-3/04
https://doi.org/10.1038/tp.2015.223

OpuruHanbHas cTaTbs
Original article

16. Klarin D, Damrauer SM, Cho K, et al.
Genetics of blood lipids among- 300,000 multi-
ethnic participants of the Million Veteran Pro-
gram. Nature genetics. 2018;50(11):1514-1523.
DOI: https://doi.org/10.1038/s41588-018-0222-9

17. Shungin D, Winkler TW, Croteau-
Chonka DC, et al. New genetic loci linkadipose
and insulin biology to body fat distribution. Na-
ture. 2015;518(7538): 187-96. DOI:
https://doi .org/ 10.1038/nature14132

18. Tachmazidou I, Suveges D, Min JL, et
al. Whole-genome sequencing coupled to imputa-
tion discovers genetic signals for anthropometric
traits. The American Journal of Human Genetics.
2017;100(6):865-884. DOI:
https://doi.org/10.1016/j.ajhg.2017.04.014

19. McLaughlin T, Reaven G, Abbasi F, et
al. Is there a simple way to identify insulin-
resistant individuals at increased risk of cardio-
vascular disease? The American journal of cardi-
ology. 2005;96(3):399-404. DOI:
https://doi.org/10.1016/j.amjcard.2005.03.085

20. Tirosh A, Shai I, Bitzur R, et al
Changes in triglyceride levels over time and risk
of type 2 diabetes in young men. Diabetes care.
2008;31(10):2032-2037. DOI:
https://doi.org/10.2337/dc08-0825

21. Patel PS, Sharp SJ, Jansen E, et al. Fat-
ty acids measured in plasma and erythrocyte-
membrane phospholipids and derived by food-
frequency questionnaire and the risk of new-onset
type 2 diabetes: a pilot study in the European Pro-
spective Investigation into Cancer and Nutrition
(EPIC)-Norfolk cohort. The American journal of
clinical nutrition. 2010;92(5):1214-1222. DOI:
https://doi.org/10.3945/ajcn.2010.29182

22. Hodge AM, English DR, O'Dea K, et
al. Plasma phospholipid and dietary fatty acids as
predictors of type 2 diabetes: interpreting the role
of linoleic acid. The American journal of clinical
nutrition. 2007;86(1):189-197. DOI:
https://doi.org/10.1093/ajcn/86.L.189

References

1 Ametov AS. Type 2 diabetes mellitus:
problems and solution. The 2nd edition. M.: GE-
OTAR-media; 2013. Russian.

2. Saeedi P, Petersohn 1, Salpea P, et al.
Global and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045: Re-
sults from the International Diabetes Federation
Diabetes Atlas. Diabetes research and clinical
practice. 2019;157:107843. DOI:
https://doi.org/10.1016/j.diabres.2019.107843

HayuHble pe3ynbTaTbl GUOMEANLNHCKIX uccnegoBanuin. 2021;7(3):245-256 255

Research Results in Biomedicine. 2021:7(3):245-256

3. Bluher M. Obesity: global epidemiolo-
gy and pathogenesis. Nature Reviews Endocrinol-
ogy. 2019;15(5):288. DOI:
https://doi.org/10.1038/s41574-019-0176-8

4.  Ametov AS, Pashkova EYu, Rama-
zanova ZD, et al. [Obesity as a non-infectious ep-
idemic of the XXI century. Modern ideas about
the pathogenesis, risks and approaches to pharma-
cotherapy]. Endocrinology: News, Opinions,
Training.  2019;8(2):57-66.  Russian.  DOI:
https://doi.org/10.24411/2304-9529-2019-12007

5. Buniello A, MacArthur JAL, Cerezo
M, et al. The NHGRI-EBI GWAS Catalog of pub-
lished genome-wide association studies, targeted
arrays and summary statistics 2019. Nucleic acids
research.  2018;47(D1):D1005-D1012.  DOI:
https://doi.org/ 10.1093/nar/gky 1120

6. Bycroft C, Freeman C, Petkova D, et
al. The UK Biobank resource with deep phenotyp-
ing and genomic data. Nature.
2018;562(7726):203-209. DOI:
https://doi.org/10.1038/s41586-018-0579-z

7. Dichgans M, Malik R, Konig IR, et al.
Shared genetic susceptibility to ischemic stroke
and coronary artery disease: a genome-wide analy-
sis of common variants. Stroke. 2014;45(1):24-36.
DOl:
https://doi.org/10.1161/STROKEAHA.113.002707

8. Saxena R, Voight BF, Lyssenko V, et
al. Genome-wide association analysis identifies
loci for type 2 diabetes and triglyceride levels.
Science. 2007;316(5829): 1331-1336. DOI:
10.1126/science.1142358

9. World Health Organization: Defini-
tion, Diagnosis and Classification of Diabetes
Mellitus and its Complications: Report of a WHO
Consultation. Part 1 Diagnosis and Classification
of Diabetes Mellitus. Geneva: World Health Org.;
1999.

10. World Health Organization. Global re-
port on diabetes: executive summary (No.
WHO/NMH/NV1/16.3). World Health
Organization; 2016.

11. Azarova |, Bushueva O, Konoplya A,
et al. Glutathione S-transferase genes and the risk
of type 2 diabetes mellitus: Role of sexual dimor-
phism, gene-gene and gene-smoking interactions
in disease susceptibility. Journal of Diabetes.
2018;10(5):398-407. DOI:
https://doi.org/10.1111/1753-0407.12623

12. Azarova YUE, Klyosova EYu, Samgi-
na TA, et al. Role of CYBA gene polymorphisms
in pathogenesis of type 2 diabetes mellitus. Medi-
cal Genetics. 2019;18(8):37-48. Russian. DOI:


https://doi.org/10.1038/s41588-018-0222-9
https://doi.org/10.1016/j.ajhg.2017.04.014
https://doi.org/10.1016/j.amjcard.2005.03.085
https://doi.org/10.2337/dc08-0825
https://doi.org/10.3945/ajcn.2010.29182
https://doi.org/10.1093/ajcn/86.L189
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.24411/2304-9529-2019-12007
https://doi.org/
https://doi.org/10.1038/s41586-018-0579-z
https://doi.org/10.1161/STR0KEAHA.113.002707
https://doi.org/10.1111/1753-0407.12623

OpuruHanbHas cTaTbs
Original article

https://doi.org/10.25557/2073-7998.2019.08.37-
48

13. Samgina TA, Azarova YUE, Kan-
ishchev YuV, et al. The Role of Phosphatidyleth-
anolamine-N-methyltransferase  (PEMT) Gene
rs12449964 Polymorphism in the Development of
Acute Pancreatitis and its Complications. Russian
Journal of Gastroenterology, Hepatology, Colo-
proctology. 2019;29(5):21-25. Russian. DOI:
https://doi.org/10.22416/1382-4376-2019-29-5-
21-25

14. Samgina TA, Azarova YE, Kanishchev
YV, et al. The role of polymorphism of the phos-
phatidylethanolamine-N-methyltransferase  gene
rs12449964 in the risk of acute pancreatitis. Kursk
Scientific and Practical Bulletin "Man and His
Health". 2019;3:28-33. Russian. DOI:
https://doi.org/ 10.21626/vestnik/2019-3/04

15. Den Braber A, Zilhao NR, Fedko IO,
et al. Obsessive-compulsive symptoms in a large
population-based twin-family sample are predict-
ed by clinically based polygenic scores and by
genome-wide SNPs. Translational psychiatry.
2016;6(2):e731-e731. DOI:
https://doi.org/ 10.1038/tp.2015.223

16. Klarin D, Damrauer SM, Cho K, et al.
Genetics of blood lipids among- 300,000 multi-
ethnic participants of the Million Veteran Pro-
gram. Nature genetics. 2018;50(11):1514-1523.
DOI: https://doi.org/10.1038/s41588-018-0222-9

17. Shungin D, Winkler TW, Croteau-
Chonka DC, et al. New genetic loci linkadipose
and insulin biology to body fat distribution. Na-
ture. 2015;518(7538): 187-96. DOI:
https://doi .org/10.1038/nature14132

18. Tachmazidou I, Suveges D, Min JL, et
al. Whole-genome sequencing coupled to imputa-
tion discovers genetic signals for anthropometric
traits. The American Journal of Human Genetics.
2017;100(6):865-884. DOI:
https://doi.org/10.1016Zj.ajhg.2017.04.014

19. McLaughlin T, Reaven G, Abbasi F, et
al. Is there a simple way to identify insulin-
resistant individuals at increased risk of cardio-
vascular disease? The American journal of cardi-
ology. 2005;96(3):399-404. DOI:
https://doi.org/10.1016/j.amjcard.2005.03.085

20. Tirosh A, Shai I, Bitzur R, et al
Changes in triglyceride levels over time and risk

A3apoBa t03. Csasb nonumopdusma rs12449964 . 256

Azarova IE. The relationship between polymorphism rs12449964.

of type 2 diabetes in young men. Diabetes care.
2008;31(10):2032-2037. DOI:
https://doi.org/10.2337/dc08-0825

21. Patel PS, Sharp SJ, Jansen E, et al. Fat-
ty acids measured in plasma and erythrocyte-
membrane phospholipids and derived by food-
frequency questionnaire and the risk of new-onset
type 2 diabetes: a pilot study in the European Pro-
spective Investigation into Cancer and Nutrition
(EPIC)-Norfolk cohort. The American journal of
clinical nutrition. 2010;92(5):1214-1222. DOI:
https://doi.org/10.3945/ajcn.2010.29182

22. Hodge AM, English DR, O'Dea K, et
al. Plasma phospholipid and dietary fatty acids as
predictors of type 2 diabetes: interpreting the role
of linoleic acid. The American journal of clinical
nutrition. 2007;86(1):189-197. DOI:
https://doi.org/10.1093/ajcn/86.L.189

Crarbsa noctynwna B pegakumio 8 anpens 2021 r.
Moctynuna nocne fopaboTkn 23 mas 2021 .
MpuHaTa K neyatn 31 maa 2021 .

Received 8 April 2021
Revised 23 May 2021
Accepted 31 May 2021

MHopmauuns o6 aBTope

HOnna SpyappoBHa Asaposa, KaHAMAAT Meaun-
LIMHCKNX HayK, [OLEHT Kateapbl G10/10rMyecKoi
XUMUK, 3aBefytoLLas nabopatopuei
OMOXMMUYECKON TEHETUKM U MeTaboMoOMMUKM
HN FEHETUYECKOM 7 MOJIEKYIAPHON
ammgemvonormn,  ®re0yY BO  «Kypckuii
rOCYAapCTBEHHbIA MEAULWHCKNIA YHUBEPCUTET»,
r. Kypck, Poccuitckas ®Pepepaumns, E-mail:
azzzzar@yandex.ru, ORCID:
https://orcid.org/0000-0001-8098-8052.

Information about the author

luliia E. Azarova, Cand. Sci. (Medicine), Asso-
ciate Professor at the Department of Biological
Chemistry, Head of the Laboratory of Biochemi-
cal Genetics and Metabolomics of Research Insti-
tute for Genetic and Molecular Epidemiology,
Kursk State Medical University, Kursk, Russia, E-
mail: azzzzar@yandex.ru, ORCID:
https://orcid.org/0000-0001-8098-8052.


https://doi.org/10.25557/2073-7998.2019.08.37-
https://doi.org/10.22416/1382-4376-2019-29-5-
https://doi.org/
https://doi.org/
https://doi.org/10.1038/s41588-018-0222-9
https://doi.org/10.1016Zj.ajhg.2017.04.014
https://doi.org/10.1016/j.amjcard.2005.03.085
https://doi.org/10.2337/dc08-0825
https://doi.org/10.3945/ajcn.2010.29182
https://doi.org/10.1093/ajcn/86.L189
mailto:azzzzar@yandex.ru
https://orcid.org/0000-0001-8098-8052
mailto:azzzzar@yandex.ru
https://orcid.org/0000-0001-8098-8052

