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ACCOONUANUA MOJTUMOP®U3MOB Serd447/Ter TEHA LPL 1
rs9939609 rEHA FTO C O)KUPEHUEM Y JETEU N
HOAPOCTKOB B TONNYJAIONUUN POCTOBA-HA-JOHY

Lenb nccnenoBanus — U3ydeHue accormanun noaumopdusmor Serd447Ter (C-G) rena LPL u rs9939609
reda FTO ¢ oxupenuem y aeteit u nompoctkoB PoctoBckoii 061. (Poccust). B uccnemnoBannu «ciaydai-
KOHTpOJIbY» U3ydeHa B3aUMOCBs3b noimmopdusmo rs9939609 rena FTO u Serd47Ter (S447X) rena LPL
¢ oxupenreM y 520 nereil ¥ oAPOCTKOB 000Ero IMojia B BO3pacTe oT 3 70 18 jer: 0OCHOBHYIO TPYIITY CO-
craBuiu 370 nereil ¥ MOIPOCTKOB C OXKMPEHUEM, a KOHTPOIBHYI0 — 150 nereit u moapocTkoB 6e3 oxKupe-
HUS. [ eHOTHUIMUpOBaHKME MOIMMOP(GH3MOB BBIIOJIHEHO C HCmonb3oBaHueM IILIP-amnesnb-cnerupuaHbIX
npaiimepos. [Tonmumopdusmer reHoB FTO (rs9939609) u LPL (Ser447Ter) B o6pasuax monopckoit JTHK
OBUIM THIM3UPOBAHBI AJIEKTPOPOPETHICCKAM METOOM C TPHUMEHEHHEM KOMMEPYECKHX TECT-CHCTeM
kommanun «JIutex» (Poccus). BoiseieHa cBsa3p nmomumopduszma rs9939609 rena FTO ¢ oxupenuem,
ycTaHoBIIeHb! pazauuus (p < 0.05) MeXIy OCHOBHOH M KOHTPOJILHOM IpYMIIaMHU IO 4aCTOTE BCTPEUaeMo-
ctu reroruna A4 (p = 0.0079) u amnenst 4 (p = 0.005; OR 0.67; 95% CI 0.51-0.88) monumopduzma
rs9939609 rena FTO. OmpeneneHbl KOMOMHAIIMK CHOTHIIOB C MOBBIIICHHBIM M MOHM)KCHHBIM PHCKOM
O)KUPEHUS B JICTCKOH M MOJPOCTKOBOH momyisinuy T. PocroBa-Ha-J{oHy. ITokazaHbl aHTarOHUCTHYECKHE
B3auMooTHoIIeHus nonumoppuszMoB rs9939609 rena FTO u Serd447Ter rena LPL. C ucnonb3oBaHreM
meropa MDR ycTaHOBIIEHBI KOMOMHALIMY T'€HOTUIIOB € TOBBIIICHHBIM U TIOHH)KEHHBIM PHCKOM OXXHPEHUS
B JIETCKOM 1 OJPOCTKOBOU momysitiuu I. PoctoBa-Ha-JloHy.

Knroueesvre cnosa: LPL Serd47Ter; FTO rs9939609; netu u moapocTKu; 0KUpeHHe.
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Association of Ser447Ter polymorphisms of the LPL gene and
rs9939609 of the FTO gene with obesity in children and
adolescents in the Rostov-on-Don population

The aim of this study was to study the correlation between the Ser447ter (C-G) polymorphisms of the
LPL gene and rs9939609 of the FTO gene and obesity in children and adolescents of the Rostov region
(Russia). A case-control study examined the relationship between the rs9939609 polymorphisms of the
FTO gene and Ser447Ter (S447X) of the LPL gene with obesity in 520 children and adolescents of both
sexes aged 3 to 18 years: the main group consisted of 370 obese children and adolescents, and the control
group - 150 children and adolescents without obesity. Genotyping of polymorphisms T / A rs9939609 of
the FTO gene and C / G Ser447Ter of the LPL gene was performed using PCR- allele-specific primers.
Polymorphisms of the FTO rs9939609 and LPL Ser447Ter genes in donor DNA samples were typed by
the electrophoretic method using commercial test systems from the Litekh research and production com-
pany (Russia). The relationship between the rs9939609 polymorphism of the FTO gene and obesity was
revealed, differences (P<0.05) were established between the main and control groups in the frequency of
occurrence of the AA genotype (P = 0.0079) and allele A (P = 0.005; OR 0.67; 95% CI 0.51-0.88) of the
rs9939609 polymorphism of the FTO gene. Combinations of genotypes with increased and decreased risk
of obesity in the child and adolescent population of Rostov-on-Don were determined. Antagonistic rela-
tionships between the rs9939609 polymorphisms of the FTO gene and Ser447Ter of the LPL gene are
shown. Using the MDR method, combinations of genotypes with an increased and decreased risk of obe-
sity in the child and adolescent population of Rostov-on-Don were established.

Key words: LPL Ser447Ter; FTO rs9939609; children and adolescents; obesity.

PacnipoctpaHeHHOCTh OKHpEHHUS Bo3pocna B 3 pa-  Oomee 1 Mipa B3pOCHBIX UMEIOT M3OBITOYHBIA BEC U
3a 3a mocaenrue 50 et [Organization, 2016]. B mupe  mouru 300 muH — aumarmo3 oxupenwmst [Lin et al.,

© Abox Amn A. X., bouaposa O. B., Hkypar T. I1., IlIxkypar M. A., Amenuna M. A., 2021
119



120

A. X. A60 Anu, O. B. bouaposa, T. I1. IlIxypam, M. A. Illxypam, M. A. Amenuna

2017]. Osxupenue sIBISETCS CEPhE3HOM METUIIUHCKON
1 SKOHOMHYECKOH HpOoOJIEeMOH, TOCKOIBbKY ITOBBIIIAET
PHUCK pa3BUTHSl THIIEPTOHHH, CaXapHOro auabera u
psna apyrux 3aboneBanuid [Velazquez, Apovian,
2018]. B Hacrosiiee BpeMsi YCTAHOBJICHO, YTO MPHYH-
HaMH OXKHPEHUsI, KpOME HapYIICHUs! MUILEBOrO TOBeE-
JICHUS. ¥ MaJIOIIOJBIKHOTO 00pa3a >KU3HH, SIBIIAETCS U
reHeTHUecKass  mpeapacrnoioxenHocts  [Goodarzi,
2018]. IIpu sToM HamboJIee PACIPOCTPAHCHHBIMH SIB-
JISIFOTCS TTOJIMT€HHbIE BAPUAHTBI O)KUPEHHSI.

B Hacrosiiee Bpemsi yCTaHOBIIEH Dsizi OIUMOP(U3-
MOB T€HOB, CBSI3aHHBIX C PUCKOM OKHpeHus. Cpean Hux
HanboJIee HMCCIIeIOBaHbI momMopdu3Mel rera FTO, ko-
TOpBIA pacronokeH B xpomocome 16 (16q12.2); ero
MPHK skcnpeccupyercss B OCHOBHOM B THIIOTalaMyce.
I'en FTO yuacTByeT B peryssiiiy MUIICBOrO MOBEICHUS
TIOCPE/ICTBOM €T0 BIIMSIHHSI Ha HEHPOMOIYJISITOPHBIE CH-
creMbl. HecMOTpst Ha TO, YTO BBISIBJIEHA CBSI3b MEXY Of-
HOHYKIICOTH/IHbIME  monuMopdusmamu FTO  (SNP) u
OXKUPEHHEM, OJHAKO TOIUMOP(HBIE YHaCTKH TOrO reHa
pasmuyarotcss B pasHeix  momymsmsx  [Ehrlich,
Friedenberg, 2016]. B Tom umcrie, cpemyt 3HAYUTENBHBIX
TeHeTHYECKHX (DaKTOPOB PUCKA OXKUPEHHsI Ha3bIBAIOT HO-
cutenbeTBo momumopdusma rs9939609 rewa FTO: an-
nenb A v reHotHn AA CBSI3BIBAIOT ¢ M30BITOYHOM Maccoit
tena [Al-Serri et al., 2018; Mozafarizadeh et al., 2019;
Priliani et al., 2020].

Jpyrum reHoM, ONpeAesIOIMM MIOBBILLEHHbIN PUCK
OKUPEHMS, sBISICTCSl TeH Jmmnonporentimnassl (LPL),
UTPAIONINH KIIFOYEBYIO POJIb B METa0OIM3ME JIUIIONpOTe-
unoB [Eshghinia et al., 2014; Baturin et al., 2016]. JIu-
HONPOTEHHIINIIA3a THAPONU3YET TPUIULEPHAB! B JIUIIO-
NpOTEeMHAX Ha JABE XKUPHBIE KHUCIOTHI ¥ ONHY MOJIEKYIY
mownoarmrmiepuna [Mead et al., 2002]. T'er LPL pac-
TIOJIOXKEH B XpoMocome 8p22, komupyeT Oenok 448 amu-
HOKHCJIOT. Y CTaHOBJICHBI BBICOKAs! CTEIeHb Bapuadeib-
HOCTH TocnenoBatenbHocTH TeHa LPL, HepaBHOBecume
CBs3ell MO CIEIUICHUIO Pa3HBIX IOIMMOP(H3MOB TeHa
LPL (Ser447Ter (5447X) u HindIH) [Humphries et al.,
1998]. B pasnuuHBIX TMOMYISIMIX HCCIECAYETCS CBS3b
nomamopdusmoB reHa LPL ¢ 3a0oneBaHusiMu, CBsi3aH-
HBIMHM C JUCIUIIONPOTEMHEMHEH. B ToM 4ncie nokasaHo,
gro miommopdusm Serd47(Ter) rena LPL, BbI3BaHHBIIM
TpaHcBepcueil murosuHa Ha ryaHuH (C1791G), Bmmsier
Ha 3aXBaT KIETOYHBIMH PELENTOPAMH JIUIIONPOTEHHOB
[Stocks et al., 1992]; rerorun rs238-GG-GC 3HauuTeinb-
HO CBS3aH C IOBBIIIEHHEM YPOBHS TPUIVIMLIEPUIIOB MO
cpasrenwto ¢ resoruriom CC [Emamian et al., 2015].

B nmaHHOM HCCIEZOBAaHMM H3YYald CBSI3b MEXIY
nonumopduszmamu LPL Serd47-Ter u FTO rs9939609
MIpU OKUPEHUU B JIETCKOW U MOAPOCTKOBOM MOMYJIs-
uuu 1. PocroBa-na-/{ony.

Marepuanbl 1 MeTOABI

B wuccnenoBaHMH «CIy4ail-KOHTPOJIb» HM3y4dEHA
B3auMOCBs3b nonumopdu3moB rs9939609 rena FTO u
Serd47Ter (S447X) rena LPL ¢ oxupenuem y mereii u

MIO/IPOCTKOB, TIpOKMBaromux B T. PocroBe-Ha-/loHy.
O6cneoBanre MpoBOAWIM B MEIUIIMHCKOM IEHTpe
«Hayka» (r. PocroB-Ha-J/lony, Poccust); m3ydeHue re-
HOTHIIOB OCYIIECTBIISUTM Ha Kadenpe reHetuku HOxk-
HOTO (heniepalibHOr0 YHHBEPCHUTETA.

B coorBerctBUM ¢ XENbCUHKCKOW JeKiIapalueit
BcemupHoOi MeAMIIMHCKOM accolmanuy « ITHYECKHUMU
MIPUHITAIIAMY HAYYHBIX METUIIMHCKIX MUCCICIOBAHMMA C
ydgactreM denoBeka» (¢ mompaBkamu 2000 T.), a Tak-
ke «lIpaBuiamMu KIMHUYECKOW MpakTUkd B Poccuii-
ckoil denepanum», BCe UCCIEIOBAHUS POBOJUINCH C
MH()OPMHUPOBAHHOTO COTIIACHS OMPOIICHHBIX BOJIOHTE-
poB (yTBepkaeHO TpukazoM MunznpaBa Poccum ot
19 uronst 2003 r. Ne 266).

B obGcnenoBanuu mpuHsimi ydactie 520 neredd u
MO/IPOCTKOB 000€ro 1ojia B Bo3pacre ot 3 1o 18 user.
OcHoBHy10 Tpymiy coctaBuwin 370 aerelt U moapocT-
KOB C OXHpEHHEM, a KOHTposbHyt0 — 150 nereit u
MOZIPOCTKOB  0e3 okupeHusi. MHaekc Macchl Tena
(MMT) ucnonp3oBajcs B KaueCTBE OCHOBHOT'O KpHTe-
pust otr6opa NOOPOBOIIBIIEB VISl UCCIIEAOBAHUS: IETH U
nozapoctku ¢ UMT>30 cocraBuiiy rpymiy ¢ 0XKUpeHH-
eM (OCHOBHas TpyINa), KOHTPOIBHYIO TPYIIy COCTa-
BWIHM JICTH U MOAPOCTKU 0e3 okmpenus (MMT<20).
['pymnmbl ObUIM COMOCTABUMBI MO BO3PACTY, IOIY U 3T-
HUYECKOM MPUHAITIEKHOCTH.

MoneKynsipHO-TeHETUUECKHE HCCIIeIOBAaHUs  TIPO-
BOJWJIM METOJOM ajuienib-crienuduunon TILIP. Jlns
aHanm3a ucnonb3oBamu odpasnsl JJHK, BoiaeneHHbe
U3 JIEMKOLMTOB nepudepuueckoil KpoBU. AJUIeNbHbIE
Bapuantel rea FTO (rs99305069) u rema LPL
(Serd47Ter) uzydanu ¢ mMOMOIIBIO HAbOpa pearcHTOB
SNP-Express (Jlutex, Poccusi). AHamu3 OCHOBaH Ha
peakuusx amIuiuuKaluyd ¢ IBYMs MapaMu ajuieib-
creruuHbIX TpaiiMepoB. [IpomykTel amruinduka-
MM pa3feisii TOPU30HTAIBLHBIM AJeKTpodope3oM B
3%-HoM arapo3Hom rene. Yucrory obOpasuno JJHK
npoBepsuin Ha crekTpodoromerpe NanoDrop 2000c
(Termo Scientific, USA).

{151 OLEHKM TeH-TEHHBIX B3aUMOOTHOILEHUM HC-
MOJTH30BAJI METOJl CHIDKeHHs pa3zMepHoct — MDR
(Multifactor Dimensionality Reduction). Mynbruso-
KyCHBIE TEHOTUIBI ObUTH OOBEIMHEHBI B TPYIIIBI BBI-
COKOTO W HHM3KOTO PHCKa IS CBEACHUS IPEITUKTOPOB
TeHOTHIIa K omHOMY m3MepeHmio. llocne momydeHms
Habopa Mojenei Ui OmpeAeleHHs HawIydIiel o0-
el U3 HUX HCIOIh30BaJN WHAEKCH cOallaHCHPOBaH-
HOH TouHOCTH TectupoBanus (TBA) u cormacoBaHHO-
ctu nepekpectHoi Bamunaiwm (CVC). Koppekuuio Ha
MHOXCCTBEHHBIC CPaBHEHHS IPOBOIMIN C HCIONB30-
BaHHWEM TIIEPMYTaIlOHHOrO TecTa. CTaTUCTUYEeCKH
3HAYUMBIMU CUUTAIH MOJEIH C YPOBHEM 3HAUNMOCTH
p < 0.05 [Hahn et al., 2003]. Orenky xapakrepa u
CHITBI MEXTEHHBIX B3aMMOOTHOIICHUN W WX BU3yalld-
3aIHI0 TIPOBOAMIIN ¢ TIoMoIIbio Metoga MDR.

COOTBETCTBHE AMIUPUUECKOTO PACIIPEICTICHUS Te-
HOTHUIIOB ¥ aJUICIBHBIX BapHUAHTOB/TEHOTHIIOB TEHOB
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LPL u FTO teoperndecku oxxugaeMoMy pacrpeserie-
HUIO TIpH paBHOBecHM Xapau-BaiitHOGepra anamnsnpo-
BaJIM C WCIIONb30BaHMEM )2 Tecra. bputa mposeneHa
KOPPEKIHs ISl HETIPEPHIBHOCTH U pacdyeTa COOTHOIIE-
HUs maHcoB u 95% moeepurensHOro uHTEpBana (95%
CI). JIns onpeneieHUs puUCKa OXXUPEHHS, CBI3aHHOTO
C aJUIeNIsIMH PUCKA, TPOBOAWIIN PACYET CBSI3H MEXIY
TEHOTHIIOM W aJIJIEJIEM OKUPEHHUS C MCIOJb30BaHHEM
orHomenus mancoB (OR) u 95% noBepurensHOro UH-
tepasa (CI), rie HemapaMeTpUUYCCKHE NaHHBIC BbI-
paXand C TIOMOUIBI0 KOMIIBIOTEPHOW IPOrpamMMbl
WinPepi Bepcun 11.655 ¢ ucronb3oBanneM y2 Tecra
n kpurepust Ounrepa. 3HaYMMble BapUallUH YacCTOTHI
TEHOTHIIOB M aJUleliell pacCUUTHIBAIIN C TIOMOIIBIO Me-
Toja Xapau-BaiinOepra.

Pe3yJ1bTaTbl HCCJICI0BAHUSA

W3BecTHO, YTO COBMECTHOE MPUCYTCTBUE HECKOJIb-
KHX aJUIeNIbHBIX BapHaHTOB TE€HOB, KOIUPYIOLIHX
(YHKIIMOHAJIBHO CBSI3aHHbIE OENKOBBIE MOJIEKYJIbI,
MOXKET TIPUBECTU K (JOPMHUPOBAHHIO HOBOTO (PEHOTHIIA
BCJICACTBUC HC3HAUUTCIBHBIX, HO B3aMMOCBA3aHHBIX
U3MEeHeHNI B (DYHKIIMOHMPOBAHWU T'€HOMAa M IPOTEO-
Ma. B xome nposenenust ananuza metonom MDR BbI-
sIBJIEHAa MOJEJIb MEXKIE€HHBIX B3aUMOJAECUCTBUM, KOTO-
pas IEMOHCTPUPYET CBSI3b JTHX B3aWMOOTHOLICHHH
nonmumopdusmo 1s9939609 rena FTO u Serd47ter
rera LPL c pa3sutnem oxwupenus (p = 0.0013). Tou-
HOCTh mpenckazanus monenu (TBA) cocrasmia 57%,
mokasateib coriacoBannoct mozpenu (CVC) 10/10
(BoctiponzBonumocts 100%). Ilpu B3aumMoneWcTBuu
TCHOB, BXOJSIIUX B JAHHYIO MOJEJb, PUCK Pa3BUTUSA
oxupennst nobimied (OR=1.903; 95% CIl (1.282-
2.825)).

[pu ananu3ze B3auMoAEHCTBUS OMTUMOPGHBIX JIO-
kycoB reHa FTO u rena LPL, acconmmpoBaHHBIX ¢
OXHPEHUEM, YCTAHOBJICHBI KOMOWHAIIMM IISTH COYe-
TaHHBIX T'€HOTHIIOB MOBBIIIEHHOI'O PUCKA U ABYX - IIO-
HIDKEHHOTO pucKa oxupeHus (puc. 1). Y nmeredt u
MIOAPOCTKOB PUCKOBBIMH SIBJISTFOTCSI COYETAaHHUs T'€HO-
tunos TT, AT (rs9939609, FTO) u CC, CG
(Ser447Ter, LPL), a takke AA (rs9939609, FTO) u
GG (Serd47Ter, LPL).

[Ipu aHanmu3e B3aUMOICHUCTBHS MOTUMOP(HBIX JIO-

kycoB reHa FTO u rena LPL, acconmmpoBaHHBIX C
OXXMPEHHEM, YCTaHOBJCHBl KOMOWHAIMK ST coYe-
TaHHBIX TEHOTHUIIOB ITOBBIMIEHHOTO PHUCKA U IBYX — I10-
HIDKEHHOTO pHUCKa oxupeHus (puc. 1). Y nereit u
TIO/IPOCTKOB PHCKOBBIMH SIBJISIFOTCSI COUETAHHS TeHO-
tunoB 177, AT (rs9939609, FTO) u CC, CG
(Serd47Ter, LPL), a taroxke AA (rs9939609, FTO) u
GG (Serd47Ter, LPL).

Ha pucynke 2 npencrapiieH rpad, WITIOCTPUPYIO-
MU XapakTep U CHIIY MEeKICHHBIX B3aUMOOTHOIICHUH
nonmmopdHbIX BapuantoB Serd47Ter C>G rena LPL
u re9939609 T>A rena FTO y nmereii 1 mOIPOCTKOB ¢
oXHpeHHeM. HTepecHO, 4To XapakTep B3auMOJIeiH-
creust FTO re9939609 T>A u LPL Serd47Ter C>G —
BBIPa)KCHHBIN aHTarOHUCTUYHBIH (IIBET JIMHUKM CHHUH).

LPLSerd47Ter
0 1 2
0| ea0
180 | 19.0
— |l 89
162.0
A
E1 56.0
20.0
I_l — 89
»| 87.0
|_| 51.0
17.0 13.0
| | 130 |EvDEEOD

Puc. 1. Pactipenienenne 9acToT ABYXJIOKYCHBIX
renoturos reHoB FTO re9939609 T>A u LPL
Serd447Ter C>G cpenu nereid ¥ MOAPOCTKOB
00enX TPYIII C 0XKUPEHHEM.

TemHo-cepble sUeHKN — T€HOTHIIBI MOBBIIIEHHOTO
pHCKa, CBETIIO-Cephie — MOHKEHHOrO PUCKa, Oelbie
— coyeTaHue KOMOMHALIUI T€HOTHUIIOB OTCYTCTBYIOT,

JIEBBIE CTOJIOMKH B sTYEMKAX — YHCIIO 00CIIeI0BaH-

HBIX C OXKMPEHHEM, MPaBble — YUCIIO0 00CIIe0BaH-

HBIX KOHTPOJIBbHOHU TpymIiel; 0 — TOMO3HTOTHI I10
MePBOMY aJIJIeNIO, 1 — reTepo3UroThl, 2 —
TOMO3HUTOTHI TI0 BTOPOMY aJLICITIO

Puc. 2. I'pad mexxrennsix B3aumoseiictuit FTO re9939609 T>A u LPL Ser447Ter C>G npu pa3Butuu
OKHPEHWUSI y ETEH 1 TIOPOCTKOB.

VHpopmaloHHast IIEHHOCTh MapKepoB TIPEACTaBIICHA Ha BEpIIMHAX, a UH)OPMAIMOHHAS IIEHHOCTh B3aHMOJICH -
CTBHS JUIS TTAphI JIOKYCOB — Ha JIMHUY, T/Ie CHJIa U HAIIPaBJICHHOCTh B3aMMOJEHCTBYS BBIPAXKEHBI B IIPOLEHTAX
SHTPONHUH

Jlasee MpOBENEH aHANW3 paCIHpeneieHus 4acToT
renotunoB LPL Ser447Ter u FTO rs9939609 y nereii
U TOIPOCTKOB KOHTPOJBHOW TPYIIIBI M CTPAIAFOIIUX

oxxupenueM. Yacrora reHotuna 17 B TpymIe ¢ OXH-
peaneM Obuta Bbime (22.4%), 4eM B KOHTPOJIBHOU
rpynme (17.3%). Tem He MeHee, 3HaUMMasi B3aHMO-
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CBsI3b ObUIa YCTAHOBIICHA MEXAY MOIAMOPHHIMOM
rs9939609 rema FTO u BBIABICHHBIMH TpYNIIAMH
pucka oxupenus (y2 = 9.965, P = 0.0079).

[pu aHanu3e pacmpeneneHus 4acTOThl TeHOTUIIOB
nonmmmopgdHoro sokyca Ser447Ter rena LPL mokaza-
HO, yto reHoTHIr CC ObuT y 313 AeTei u MOJPOCTKOB €
oxupenueM (84.6%), y 15.1% — renorun CG, y 0.3%
— GG renotun. B KOHTpONBHOHM Tpymie dYacTora
BcTpedaeMoctd reHotuna CC cocraBuia 83%, reHo-
tuna CG — 16.7%, renotun GG B 3TO# Tpymme He
Berpedancs. CBs3u nonmuMopgHOro Jiokyca Serd47Ter
resa LPL ¢ oxupeHueM He GbLIO yCTaHOBIEHO (¥ =
0.586; p > 0.05).

IIpu aHanu3e maHHBIX PELIECCUBHON Mopaenu «AA
vs AT + TT» ObUIN TIONyYeHBI PE3yAbTATHI, COrJIaCHO
KOTOPBIM THUIIOTE3a PELECCUBHOCTU IUKOIO ayjens
nonteepxkaaercs (P = 0.002; OR 0.53 95% CI (0.36-
0.79). UnaTepecHo, uto 28.4% nereil M OAPOCTKOB C
oxupenreM u 42.7% o0cnenoBaHHBIX KOHTPOJBHOMN
rpynmsl Opuin ¢ reHotunioM AA. HanGonmbmmii mpo-
LEHT JIeTell U MOAPOCTKOB C OKUPEHHEM MMEIH I'€HO-
tun AT, renotun 77 ObUT IPUMEPHO OJTMHAKOBO IIPE-
CTaBJIEH B TPYNINE C OXKUPEHUEM M Cpeau AeTedl u
TIO/IPOCTKOB KOHTpONbHOU rpymsl (18% u 17.3%, co-
OTBETCTBEHHO) (TabI. 1).

Tabuuna 1

Pacnipenenenue yactor motumopduzmon Serdd7Ter rena LPL n rs9939609 rena FTO B pamkax
JIOMMHAHTHOW M pelecCUBHOI Mojieei

I'eHoTHIIBI n = 370(%) n = 150(%) b p © 5(")/0112111/1)
FTOTT 83 (22.4) 26 (17.3)
AT 182 (49.2) 60 (40) 9.965 0.0079
AA 105 (28.4) 64 (42.7)
*AA+ AT Vs TT 287 (77.6) 124 (82.7)
83 (22.4) 26 (17.3) 1.675 0.234 0.73 (0.45-1.18)
**AAVSAT +TT 105 (28.4) 64 (42.7)
265 (71.6) 86 (57.3) 9.933 0.002 0.53 (0.36 — 0.79)
LPL Ser447Ter CC 313 (84.6) 125 (83.3)
CG 56 (15.1) 25 (16.7) 0.586 0.779
GG 1(0.3) 0(0)
*GG + CGvsCC 57 (15.4) 25 (16.7)
313 (84.6) 125 (83.3) 0.128 0.791 0.91 (0.55 - 1.52)
**GGvs CG + CC 1(0.3) 0(0)
360 (99.7) 150 (100) 0.406 1.000 1.22 (0.05 - 29.89)

X2 — Xu-xsanpar IMupcona, OIIl — oTHOIIEHHE MAHCOB, 95%-HbIii 1OBEPHTENBHBIA HHTepBAT — JIV, * TOMMHAHTHASA MO-

Ienb, **pereccBHasI MOJICIb.

IIpu comocTaBiaeHNN pe3ynbTaTOB COMPSKEHHOCTH
Mexay nonmumophHbeIMH ydacTkamMu reHa LPL wu
HaJIMYUEM OXKUPEHHUS BBIIBJICH JIMIIL OJWH CITydail ¢
MYTaHTHbIM reHoTUrIoM GG B rpyrmme ¢ 0KHpEeHUEM.
['eTepo3uroTHbIii TeHOTHIT ObUI TPEICTABIEH KakK B
rpymne ¢ oxxupenueM (15.1%), Tak ¥ B KOHTPOJIBbHOMN
rpynmne (16.7%). Yacrora BCTpe4aeMOCTH IMOIAMOP-
¢usma Serd47Ter rena LPL B aTux rpymmax craTu-
CTHYECKH HE pa3sindanach, MOATOMY JAHHBIA IOJIH-
MOP(QHBIN JIOKYC 0€3 MEXIESHHBIX B3aUMOJIEHCTBHIH C
JPYTUMH T€HETHUECKUMH MPEAUKTOPaMH OXHUPEHHS B
JTAHHOM NOIYJISIUU JETEW U MOAPOCTKOB HE aCCOLUU-
POBaH ¢ OXKUPEHHUEM.

Jlnist BBISABIICHUSI COOTBETCTBHS PACHPENCICHUIO
Xapnu-BaitHOepra ObUTO MPOAHAIM3UPOBAHO YaCTOT-
Hoe pacnpenenenue reHorunos reda FTO. Tlpu pac-
YeTe OTHOCHTENBHOTO PUCKAa OKHUPEHHS MO OTHOIIE-
Huto maHcoB (OR) mcTUHHBIN reHeTHIecKuin 3pdekt
HE COOTBETCTBOBAJ pacnpeaeneHuio Xapau-Baiin-
Oepra, mosToMy siBisieTcs: Hed(PPEKTUBHBIM IS HC-
cnenyeMbix rpymmn. Yacrora reHotuna AA Obma mo-
CTOBEPHO IOBBINIEHA B KOHTPOJIBHOM T'pyMIIe OTHOCH-

TeNbHO TPyNMkI ¢ oxkupenreM (X2 =9.933, P = 0.002).
[Ipu 3Tom yacrora rernotunoB 77 (P = 0.23; OR 1.38
95% CI (0.85-2.24)) u AT (P = 0.06; OR 1.45 95%
Cl (0.99-2.13)) mocToBepHO HE OTAMYANACH Y ACTEH 1
HOJIPOCTKOB C O)KUPEHHUEM M HE CTpalarolIuX OKHpe-
HHEM 00CIIeIOBaHHBIX T00POBOIBLIEB (TabI. 2).

Ipu uccnenoBanuu rena LPL Serd447Ter, mokasa-
HO, YTO paclpeleieHHe T'€HOTHUIIOB B HCCIEIYyeMOM
JIOKYCE COOTBETCTBYET paBHOBecHIO Xapau—Baiin-
Oepra B 0beux rpymnmax (C OXKUPEHUEM U B KOHTPOJIb-
Hoii rpymme) (tabia. 2). Yacrorsr reHorunoB CC (p=
0.79; OR 1.10 95% CI (0.66-1.83)) u CG (p = 0.69;
OR 0.89 95% CI (0.53-1.49)) nocroBepHO He pasiTu-
YaJIMCh B 00EUX TPyMITax.

CornacHo aHamM3a pachpeneieHHsi 4acToT ajule-
neii rena FTO B KOHTPOJIBHOM TPyIIie 4acToTa BCTPE-
gaemoctu ayens 1 cocraBuna 37.3%, ammens 4 —
62.7%, TOrma Kak B TpYIIE C OXKUPEHHEM pacrpeze-
JIGHHE YacTOT ATUX ajuleNied He CTONb CHJIBHO pasiii-
YaJochk: 4acToTa MX BCTPEYAEMOCTH COCTABMIIA, COOT-
BeTCTBEHHO, 47 1 53%. B pe3ynpraTe pasHuIa MEXIY
KOHTPOJIBHOM TPYIION U TPYNNAaMU JIETeN U MOIPOCT-



Accoyuayus nonumopgpuzmos Serd47Ter eena LPL u rs9939609 cena FTO c odicupenuem ...

123

KOB C OXHPCHUCM II0 IOKA3aTCII0 pacClpeacICHUs

JTAHHBIX 9acTOT ObLIa moctoBepHOH (p = 0.005).

Tab6muna 2

AHanu3 pacnpenejeHus yactor reHorunoB LPL (Ser447Ter) m FTO (rs9939609) y o6cJienoBaHHbIX AeTei

U MOJAPOCTKOB

I'pynma ¢ KonrponbHas 0)111
Tenorumet omI;I}I;r;HHeM rpI;fnna Xt (95% A1) P
rs9939609
TT 83 26 1.675 1.38 (0.85 — 2.24) 0.234
AT 182 60 3.622 1.45(0.99 — 2.13) 0.065
AA 105 64 9.933 0.53 (0.36 — 0.79) 0.002
Total 370 150
P-HWE 0.806 0.075
Ser447Ter
CC 313 125 0.128 1.10 (0.66 — 1.83) 0.791
CG 56 25 0.190 0.89 (0.53 —1.49) 0.689
GG 1 0 0.557 1.68 (0.07 — 40.99) 1.000
Total 370 150
P-HWE 0.359 0.265

X2 - Xu-xsanpar ITupcona, OIII - oTHOmIEHNe MaHCOB, 95%-HbIH TOBEPHUTENBHEIH HHTEpBAN - JIU, p - YPOBEHb 3HAUH-
moctH, P-HWE - BeposiTHoCcTh paBHOBecust Xapau-BaiinGepra.

[Ipu cpaBHEHMM paclpeneleHusl ajuienedl IeHa
LPL ycraHOBNIEHO, YTO B 00€HMX IpYIIax 4acToTa aj-
nens C Obuta Boime 90%, a yacrora annens G B rpyn-
ne c oxupeHueM coctaBmiaa 7.8%, B KOHTPOJLHOI

rpynne — 8.3%. IIpu 3TOM JOCTOBEpPHBIX pPa3IUUUI
pacnpenenenus amiened reda LPL B aTux rpynmax He
ycraHnosieHo (p = 0.80) (tabun. 3).

Tabmuna 3

Pacnipenenenue 4acToT ajesneii moaumvopgusmon resos LPL (Ser 447Ter) u FTO (rs9939609)
y 06cJIeI0BAHHBIX AeTeil U MOAPOCTKOB

I'pynma ¢ KontponpHas
N Ol
Yacrora annenei O)KHUPEHUEM rpymmna Ve p (95% IIH)

n =740 % n =300 % °
FTO/ T 348 (47.0) 112 (37.3) 8.132 0.005 1.49 1.13-1.96
FTO/ A 392 (53.0) 188 (62.7) ' ' 0.67 0.51-0.88
LPL/C 682 (92.2) 275 (91.7) 1.07 0.66 -1.74
LPL/ G 58 (7.8) 25 (8.3) 0.071 0.801 0.94 0.57-1.53

X2 — Xu-xsanpar ITupcona, OILI - oTHOLIEHHE MIAHCOB, 95%-Hblii I0BEpUTEbHBII HHTEpBaN — JIV, p — YPOBEHb 3HAUYUMOCTH.

Oo0cy:xneHue pe3yjbTaTOB

Jlerckoe oKHpeHHE OcTaeTcs OJIHOM W3 Hauboiee

BaKHBIX MPOOJIEM B 00JacTH 3ApaBOOXPAHEHIS, I0-
CKOJIBKY MMEeT KaK KpaTKOCPOYHbBIe, TaK W JIOJITO-
cpounbie mocnencteus [Di Cesare et al., 2019]. V ne-
Tel ¢ O)KMPEHHEM MOBBIIIEH PUCK Pa3BUTHUS SMOIHUO-
HaJIbHBIX U MOBEJCHYECKUX PACCTPOMCTB, a TAKKE Psi-
Ja comaruueckux 3abonmeBanuii [Friedemann et al.,
2012; Brady, 2017; Quek et al., 2017]. B monrocpou-
HOW NEPCIEKTUBE OKUPEHHUE y NETEH MOBBIIIAET PUCK
pasBUTHA KapAWOMETa0ONMYECKHX HapymleHHH Yy
B3pocibix [Park et al., 2012]. Drto akryammsupyer
Ba)XKHOCTb ONpEeTIeHNs] NPUYMH JETCKOrO OXUPEHHS
U ero npodunakTUKy. Pa3BuTHe mepcoHaIM3MpOBaH-
HOHM TEHOMHUKH TO3BOJIUT MIACHTU()UINPOBATH TeHETH-
geckre (PaKTOpHl prcKa 3a0oNieBaHW, B YaCTHOCTH,
okupeHus. Jlerckuii (eHOTHIT OKHUpeHus Ooiee ymo-

OeH 1711 aHanu3a, IOCKOJIBKY MEHBIEe CBA3aH C 00pa-
30M XHM3HH U OONBIIE ¢ MOMUMOP(PHU3MOM TE€HOB IO
cpaBHeHHIO co B3pocusivu [Li et al., 2020], uro goka-
3BIBAIOT U PE3YNITATHI UCCIEOBAHNUS, COTJIACHO KOTO-
PBIM MHZIEKC MacChl Tena y eTeil boee TeCHO Koppe-
JIUpYeT ¢ MaTepUHCKUM, yeM oTuoBckuM UMT, u uro
3HaueHuss UMT reHeTnyecku NEeTEpMHUHUPOBAaHbI Ha
40-90% NUMT [Fawcett, Barroso, 2010].

JlaHHOE FICCITEmOBaHME TPEACTABIIET COOOH TepBOe
coolleHre o yacrore nommopdusmoB Serd47Ter reHa
nunonporenriunasbl U r$9939609 rena FTO mpu oxu-
PEHUM B JIETCKOM M MOAPOCTKOBOW momysiuuu r. Pocro-
Ba-Ha-Jlony. T'en FTO sBnsiercss renernueckuM (hakto-
POM pHICKa OKHUPEHHSI, OCOOCHHO TIOMMOP(I3M TIEPBOTO
MHTpOHA AaHHoro reHa (rs9939609). st ananu3a Takxke
ObuT BbIOpan monuMopdusm Serd47Ter reHa JIHIONPO-
TEHHJINIIA3b], MOCKOMBKY MPEATIONAraroT, 9To TpH OXKH-
peHnHr pacteT akTHBHOCTE JITL/T B *wnpoBoit Tkaru [Kern
etal., 1990].
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B mpoBeneHHOM WCCIEAOBAHUM C WCMONB30BAHHEM
MeTofa CHIKeHus1 pazmepHocTd MDR Obita BbIsiBIEHA
MOJICNTb MEKICHHBIX B3aUMOJCHCTBHI MOITMMOPHH3MOB
rs9939609 rena FTO u Serd47ter rena LPL ¢ pasButnem
OXHUpeHus. B pesynbraTe ompesiesieHbl COYeTaHHs TeHO-
THIIOB MOBBIIICHHOTO M TIOHIKEHHOTO PUCKA OKUPEHUSI B
JIETCKOM M TOAPOCTKOBOW momyssiimu I. PocroBa-Ha-
JloHy. YcCTaHOBJEH aHTarOHMCTUYHBIM XapakTep B3au-
MOOTHOIICHHH TOMMMOPQHBIX BapuaHToB Serd47Ter
C>G rena LPL u re9939609 T>A rena FTO y nereii u
MOJIPOCTKOB C OXKHUPEHHEM. JTOT (PaKT MOXET CBHUIC-
TEJIBCTBOBATh O TOM, urto mnomumopdmsm LPL u
re9939609 T>A mnpu B3aumoneiictBuu ¢ reaom FTO
(re9939609) cHikaeT aTeporeHHOe JIEHCTBHE MYTAHTHO-
ro reda FTO. DT1o noATBep)KAatoT JaHHBIE JIUTEPATYPBI,
COIJIaCHO KOTOpHIM JIaHHBIA BapuaHT reHa LPL onpene-
JISIET CHHTE3 YKOPOUYEHHO! JIUMONPOTEHHA3bI, TEM CaMbIM
TOBBIIIIAs] CPOJICTBO JIMITOMPOTEHHOB K PEIIENTOPaM KJIeT-
KA ¥ CHIKash YPOBCHb MPOATEPOreHHBIX (PaKTOPOB
[Wang et al., 2011].

B mpoBeIeHHOM HCCIIEA0BAaHUH Takke ObUIO yCTa-
HOBJICHO, 4TO pacmpezeicuue amiens A rema FTO B
o0eux Tpymmax COOTBETCTBOBAIO [aHHBIM O €ro
BCTPEYaeMOCTH B pasHbIX momymsiimsx [Luczynski et
al., 2012; Moleres et al., 2012]. B autepatype coob-
I[AETCS O TOM, YTO HOCHTEILCTBO reHoTHIIOB TA 1 AA
resa FTO wu, cooTBercTBeHHO, aiens A ompemenser
PHCK OKHPEHHS, B TOM YHCIE, B AETCKOH HOMYJIAIUH
[Liu et al., 2017; Wang et al., 2020; Abd Ali et al.,
2020]. OmHako GONBHIMHCTBO paboT B pamKax Mpo-
OJIeMbl aCCOLUALIUK TTOTUMOP(HH3MOB I'E€HOB C OXKHpe-
HHEM B HACTOfINEE BPeMs BBIIOJIHEHO Ha B3POCIOH
nomyssituu [Prakash et al., 2016; Lubis et al., 2017 u
ap.]. B maHHOM mccienoBaHMM HE OOHAPYXKHIM Ipe-
obnamanus HocuTened noaumopduszma rs9939609 re-
Ha FTO cpenu nereil U MOAPOCTKOB C OXKUPEHUEM OT-
HOCHUTEJIFHO KOHTPOJILHOHM TPYNIBI: IIPU pacyere OT-
HOCHUTEJIBHOT'O PHUCKA O’KUPEHHS [0 OTHOLICHHIO IIaH-
coB (OR) apdexr annenst 4 He COOTBETCTBOBAI OXKH-
nanuto. [IpenmonokuTeIbHO 3TO CBS3aHO € TEeHOEp-
HBIMH  Pa3MYMsAMH  aCCOLMAIMU  IOIMMOphH3Ma
rs9939609 rena FTO ¢ mpu3HakaMu OXXUPEHUS: YyB-
CTBUTENIBHOCTBIO K MHCYIWHY M YPOBHEM TJIFOKO3BI B
mrasme kposu [Jacobsson et al., 2008], a taxke ¢
pasnuureM (U3NYECKOH aKTUBHOCTU M TOTPEOJICHUS
Ui y Hocurenedd nonumopgusma rs9939609 kak B
KOHTPOJIBHOM, TaK ¥ OCHOBHO# rpymmax [Wiemerslage
et al., 2016]. I'enmepHbie U TOBEACHIECKHE (HAKTOPHI B
JTAHHOM HCCJIEIOBAaHUH HE YUUTHIBAIIHL.

Takum 006pa3oM, TOCKOIBEKY OCHOBHOE KOJIMYECTBO
UCCIIeOBAHUI IT0 TPOOIeMe acCONUAlMU MOIUMOp-
(U3MOB T'CHOB, CBSI3aHHBIX C OXXKHPEHHEM, B YaCTHO-
ctu, noaumopduzma 1s9939609 rewa FTO, ObuiO
MPOBEJICHO HA B3POCION MOMYJIALMH, MOXHO IPEIIo-
JIOKUTB, YTO CYIIECTBYIOT BO3DACTHBIC pa3inyusi B
3HAQYUMOCTH IIOJIMMOP(GH3MOB TEHOB, CBS3aHHBIX C
OXKHpPEHHEM, Ha PUCK OXUPEHUS. DTO OIpenenser

BaXHOCTh IIOMCKa HOBBIX TI'CHCTHYCCKUX q)aKTOpOB
PUCKA OKHUPCHUS B Z[eTCKOfI u HOZ[pOCTKOBOfI TOITYJIsA-
uu, KOTOpPBLIC B I[OHFOCpO‘lHOfI NEPCICKTUBE MOI'YT
OpEeACINTb PA3BUTUC OXUPCHUA U CBA3AHHBIX C HUM
3a00JIeBaHMIA BO B3pPOCJIOM BO3pacCTe.

3akiIoueHue

B naHHOM wccienoBaHWM HM3ydeHA CBSI3b IIOJIH-
MopduzmoB 9939609 rena FTO u Serd47Ter rena
LPL B merckoii n moapocTkoBol momyssiuuu T. Pocto-
Ba-Ha-/lony (Poccust). BBIABICHBI TCHOTHIBI TIOBBI-
IIEHHOTO M CHW)KEHHOTO pucka oxxupenus. [lokazaHa
3HA4YHUTEIIbHAS CBS3b MEXK/Iy BOZHUKHOBEHHEM OXKHpe-
Hug B ¢ nonumopduzmom rs9939609 rena FTO, a
TaKKe OTCYTCTBHE accolManuu Jiokyca Serd47Ter re-
Ha LPL ¢ oxupeHueMm: MaHHBIA MOTUMOp(U3M Haxo-
JIUTCSI B AHTOTOHHUCTHMYECKUX OTHOIICHHSX C IOJH-
Mopduzmom rs9939609 rena FTO. Taxxke oOHapyxe-
HO 3Ha4YMTEJIbHOE CHIDKEHHE 3TOr0 MOoKa3aTens B KOH-
TPOJIBHOM TPYIIIE.

HccnenoBanue BBHIIOIHEHO NPH (DHMHAHCOBOH IOJ-
JepxkKe MUHHCTepCTBAa HayKH M BBICLIEr0 o0pa3oBa-
Hus PO B paMKkax rocyapcTBeHHOro 3aaHust B cepe
Hay4HOI nestensHocTH Ne 0852-2020-0028.

Cnucok numepamypul

Abd Ali A.H. et al. Association analysis of FTO gene
polymorphisms rs9939609 and obesity risk among
the adults: A systematic review and meta-analysis
/I Meta Gene. 2020.100832.

Al-Serri A. et al. Association of FTO rs9939609 with
Obesity in the Kuwaiti Population: A Public
Health Concern? // Med. Princ. Pract. 2018. Vol.
27, Iss. 2. P. 145-51.

Baturin A.K. et al. The investigation the combined
effect of SNP rs9939609 (gene FTO) and rs4994
(gene ADRB3) polymorphisms on risk of obesity
/[ Vopr. Pitan. 2016. Vol. 85, Iss. 4. P. 29-34.

Brady T.M. Obesity-related hypertension in children
/l Front. Pediatr. 2017. Vol. 5. P. 197.

Di Cesare M. et al. The epidemiological burden of
obesity in childhood: a worldwide epidemic
requiring urgent action // BMC Med. 2019. Vol.
17, Iss. 1. P. 1-20.

Ehrlich A.C. Friedenberg F.K. Genetic associations
of obesity: The fat-mass and obesity-associated
(FTO) gene /I Clin. Transl. Gastroenterol. 2016.
Vol. 7, Iss. 1. P. e140.

Emamian M. et al. The lipoprotein lipase S447X and
cholesteryl  ester transfer protein  rs5882
polymorphisms and their relationship with lipid
profile in human serum of obese individuals //
Gene. 2015. Vol. 558, Iss. 2. P. 195-199.

Eshghinia S. et al. Association between lipoprotein
lipase gene Pvull polymorphism and lipid profile



Accoyuayus nonumopgpuzmos Serd47Ter eena LPL u rs9939609 cena FTO c odicupenuem ...

125

and body mass index in the Turkmen population
of Golestan province // Iran J. Nutr. Sci. Food
Technol. 2014. Vol. 8, Iss. 4. P. 21-29.

Fawcett K.A. Barroso I. The genetics of obesity: FTO
leads the way // Trends Genet. 2010. Vol. 26, Iss.
6. P. 266-274.

Friedemann C. et al. Cardiovascular disease risk in
healthy children and its association with body
mass index: systematic review and meta-analysis
// Bmj. 2012. Vol. 345.

Goodarzi M.O. Genetics of obesity: what genetic
association studies have taught us about the biology
of obesity and its complications // Lancet Diabetes
Endocrinol. 2018. Vol. 6, Iss. 3. P. 223-236.

Hahn L.W. et al. Multifactor dimensionality reduction
software for detecting gene—gene and gene—
environment interactions // Bioinformatics. 2003.
Vol. 19, Iss. 3. P. 376-382.

Humphries S.E. et al.. Lipoprotein lipase gene
variation is associated with a paternal history of
premature coronary artery disease and fasting and
postprandial plasma triglycerides: the European
Atherosclerosis Research  Study (EARS) //
Arterioscler. Thromb. Vasc. Biol. 1998. Vol. 18,
Iss. 4. P. 526-534.

Jacobsson J.A. et al. Major gender difference in
association of FTO gene variant among severely
obese children with obesity and obesity related
phenotypes // Biochem. Biophys. Res. Commun.
2008. Vol. 368, Iss. 3. P. 476-482.

Kern P.A. et al. The effects of weight loss on the activity
and expression of adipose-tissue lipoprotein lipase in
very obese humans // N. Engl. J. Med. 1990. Vol.
322, Iss. 15. P. 1053-1059.

Li G. et al. Interaction between early environment
and genetic predisposition instigates the
metabolically obese, normal weight phenotype in
children: findings from the BCAMS study // Eur.
J. Endocrinol. 2020. Vol. 182, Iss. 4. P. 393-403.

Lin H. et al. The prevalence, metabolic risk and
effects of lifestyle intervention for metabolically
healthy obesity: a systematic review and meta-
analysis: a PRISMA-compliant article // Medicine
(Baltimore). 2017. Vol. 96, Iss. 47.

Liu AL. et al. Association between fat mass and
obesity associated (FTO) gene rs9939609 A/T
polymorphism and polycystic ovary syndrome: a
systematic review and meta-analysis // BMC Med.
Genet. 2017. Vol. 18, Iss. 1. P. 1-7.

Lubis S.M. et al. Association of fat mass and obesity-
associated gene (FTO) rs9939609 variant with early
onset obesity among Bataknese and Chinese children
in Indonesia: a case-control study // Indones. Biomed.
J. 2017. Vol. 9, Iss. 3. P. 147-152.

Luczynski W. et al. The association of the FTO
rs9939609 polymorphism with obesity and
metabolic risk factors for cardiovascular diseases

in Polish children // J. Physiol. Pharmacol. 2012.
Vol. 63, Iss. 3. P. 241.

Mead J.R. et al. Lipoprotein lipase: structure,
function, regulation, and role in disease // J. Mol.
Med. 2002. Vol. 80, Iss. 12. P. 753-769.

Moleres A. et al. Dietary fatty acid distribution
modifies obesity risk linked to the rs9939609
polymorphism of the fat mass and obesity-
associated gene in a Spanish case—control study of
children // Br. J. Nutr. 2012. Vol. 107, Iss. 4. P.
533-538.

Mozafarizadeh M. et al. Evaluation of FTO
rs9939609 and MC4R rs17782313 polymorphisms
as prognostic biomarkers of obesity: A population-
based cross-sectional study // Oman Med. J. 2019.
Vol. 34, Iss. 1. P. 56.

Organization W.H. The double burden of
malnutrition: policy brief // World Health
Organization. 2016.

Park M.H. et al. The impact of childhood obesity on
morbidity and mortality in adulthood: a systematic
review // Obes. Rev. 2012. Vol. 13, Iss. 11. P.
985-1000.

Prakash J. et al. Association of FTO rs9939609 SNP
with obesity and obesity-associated phenotypes in
a North Indian population // Oman Med. J. 2016.
Vol. 31, Iss. 2. P. 99.

Priliani L. et al. Obesity in the Balinese is associated
with FTO rs9939609 and rs1421085 single
nucleotide polymorphisms // Peer. J. 2020. Vol. 8.
P. e8327.

Quek Y. et al. Exploring the association between
childhood and adolescent obesity and depression:
a meta-analysis // Obes. Rev. 2017. Vol. 18, Iss. 7.
P. 742-754.

Stocks J. et al. Lipoprotein lipase genotypes for a
common premature termination codon mutation
detected by  PCR-mediated site-directed
mutagenesis and restriction digestion // J. Lipid.
Res. 1992. Vol. 33, Iss. 6. P. 853-857.

Velazquez A., Apovian C.M. Updates on obesity
pharmacotherapy // Annals of the New York
Academy of Sciences. 2018. Vol. 1411, Iss. 1. P.
106-119.

Wang C. et al. Lipoprotein lipase Serd47Ter
polymorphism associated with the risk of ischemic
stroke: a meta-analysis // Thromb. Res. 2011. Vol.
128, Iss. 5. P. e107—e112.

Wang D. et al. Rs9939609 polymorphism of the fat
mass and obesity-associated (FTO) gene and
metabolic syndrome susceptibility in the Chinese
population: a meta-analysis // Endocrine.
Springer, 2020. P. 1-8.

Wiemerslage L. et al. An obesity-associated risk allele
within the FTO gene affects human brain activity
for areas important for emotion, impulse control
and reward in response to food images // Eur. J



126

A. X. A60 Anu, O. B. bouaposa, T. I1. llIxypam, M. A. lllkypam, M. A. Amenuna

Neurosci. 2016. Vol. 43, Iss. 9. P. 1173-1180.

References

Abd Ali A.H. et al. Association analysis of FTO gene
polymorphisms rs9939609 and obesity risk among
the adults: A systematic review and meta-analysis.
Meta Gene (2020): p. 100832.

Al-Serri A. et al. Association of FTO rs9939609 with
Obesity in the Kuwaiti Population: A Public
Health Concern? Med Princ Pract. V. 27, Iss. 2
(2018): pp. 145-51.

Baturin A.K. et al. The investigation the combined
effect of SNP rs9939609 (gene FTO) and rs4994
(gene ADRB3) polymorphisms on risk of obesity.
Vopr Pitan. V. 85, Iss. 4 (2016): pp. 29-34.

Brady T.M. Obesity-related hypertension in children.
Front Pediatr. V. 5 (2017): p. 197.

Di Cesare M. et al. The epidemiological burden of
obesity in childhood: a worldwide epidemic
requiring urgent action. BMC Med. V. 17, Iss. 1
(2019): pp. 1-20.

Ehrlich A.C., Friedenberg F.K. Genetic associations
of obesity: The fat-mass and obesity-associated
(FTO) gene. Clin. Transl. Gastroenterol. V. 7, Iss.
1 (2016): p. e140.

Emamian M. et al. The lipoprotein lipase S447X and
cholesteryl  ester transfer protein  rs5882
polymorphisms and their relationship with lipid
profile in human serum of obese individuals.
Gene. V. 558, Iss. 1 (2015): pp. 195-199.

Eshghinia S. et al. Association between lipoprotein
lipase gene Pvull polymorphism and lipid profile
and body mass index in the Turkmen population
of Golestan province. Iran J. Nutr. Sci. Food
Technol. V. 8, Iss. 4 (2014): pp. 21-29.

Fawcett K.A., Barroso I. The genetics of obesity: FTO
leads the way. Trends Gene. V. 26, Iss. 6 (2010):
pp. 266-274.

Friedemann C. et al. Cardiovascular disease risk in
healthy children and its association with body
mass index: systematic review and meta-analysis.
Bmj. V. 345 (2012).

Goodarzi M.O. Genetics of obesity: what genetic
association studies have taught us about the biology
of obesity and its complications. Lancet Diabetes
Endocrinol. V. 6, Iss. 3 (2018): pp. 223-236.

Hahn L.W. et al. Multifactor dimensionality
reduction software for detecting gene-gene and
gene—environment interactions. Bioinformatics.
V. 19, Iss. 3 (2003): pp. 376-382.

Humphries S.E. et al. Lipoprotein lipase gene
variation is associated with a paternal history of
premature coronary artery disease and fasting and
postprandial plasma triglycerides: the European
Atherosclerosis  Research  Study  (EARS).
Arterioscler. Thromb. Vasc. Biol. V. 18, Iss. 4
(1998): pp. 526-534.

Jacobsson J.A. et al. Major gender difference in
association of FTO gene variant among severely
obese children with obesity and obesity related
phenotypes. Biochem. Biophys. Res. Commun. V.
368, Iss. 3 (2008): pp. 476-482.

Kern P.A. et al. The effects of weight loss on the
activity and expression of adipose-tissue
lipoprotein lipase in very obese humans. N. Engl.
J. Med. V. 322, Iss. 15 (1990): pp. 1053-1059.

Li G. et al. Interaction between early environment
and genetic predisposition instigates the
metabolically obese, normal weight phenotype in
children: findings from the BCAMS study. Eur. J.
Endocrinol. V. 182 (2020): pp. 393-403.

Lin H. et al. The prevalence, metabolic risk and
effects of lifestyle intervention for metabolically
healthy obesity: a systematic review and meta-
analysis: a PRISMA-compliant article. Medicine
(Baltimore). V. 96, Iss. 47 (2017).

Liu A.L. et al. Association between fat mass and
obesity associated (FTO) gene rs9939609 A/T
polymorphism and polycystic ovary syndrome: a
systematic review and meta-analysis. BMC Med.
Genet. V. 18, Iss. 1 (2017): pp. 1-7.

Lubis S.M. et al. Association of fat mass and obesity-
associated gene (FTO) rs9939609 variant with early
onset obesity among Bataknese and Chinese children
in Indonesia: a case-control study. Indones. Biomed.
J. V.9, Iss. 3 (2017): pp. 147-152.

Luczynski W. et al. The association of the FTO
rs9939609 polymorphism with obesity and
metabolic risk factors for cardiovascular diseases
in Polish children. J. Physiol. Pharmacol. V. 63,
Iss. 3 (2012): p. 241.

Mead J.R. et al. Lipoprotein lipase: structure,
function, regulation, and role in disease. J. Mol.
Med. V. 80, Iss. 12 (2002): pp. 753-769.

Moleres A. et al. Dietary fatty acid distribution modifies
obesity risk linked to the rs9939609 polymorphism of
the fat mass and obesity-associated gene in a Spanish
case—control study of children. Br. J. Nutr. V. 107,
Iss. 4 (2012): pp. 533-538.

Mozafarizadeh M. et al. Evaluation of FTO
rs9939609 and MC4R rs17782313 polymorphisms
as prognostic biomarkers of obesity: A population-
based cross-sectional study. Oman Med. J. V. 34,
Iss. 1 (2019): p. 56.

Organization W.H. The
malnutrition:  policy brief.
Organization. 2016.

Park M.H. et al. The impact of childhood obesity on
morbidity and mortality in adulthood: a systematic
review. Obes. Rev. V. 13, Iss. 11 (2012): pp. 985-1000.

Prakash J. et al. Association of FTO rs9939609 SNP
with obesity and obesity-associated phenotypes in
a North Indian population. Oman Med. J. V. 31,
Iss. 2 (2016): p. 99.

double burden of
World  Health



Accoyuayus nonumopgpuzmos Serd47Ter eena LPL u rs9939609 cena FTO c odicupenuem ...

127

Priliani L. et al. Obesity in the Balinese is associated
with FTO rs9939609 and rs1421085 single
nucleotide polymorphisms. PeerJ. V. 8 (2020): p.
€8327.

Quek Y. et al. Exploring the association between
childhood and adolescent obesity and depression:
a meta-analysis. Obes. Rev. V. 18, Iss. 7 (2017):
pp. 742-754.

Stocks J. et al. Lipoprotein lipase genotypes for a
common premature termination codon mutation
detected by  PCR-mediated  site-directed
mutagenesis and restriction digestion. J. Lipid.
Res. V. 33, Iss. 6 (1992): pp. 853-857.

Velazquez A., Apovian C.M. Updates on obesity
pharmacotherapy. Ann. N. Y. Acad. Sci. V. 1411,
Iss. 1 (2018): pp. 106-119.

006 aBTOpax

A06n Anm Anaa Xammm, aciupaHt

OI'AOY BO «IOxHblii enepalibHblii YHUBEPCHTET
ORCID: https://orcid.org/0000-0002-9664-7751
344006, Pocros-na-Jlony, yn. b. Camoas, 105/42;
alaahashim960@gmail.com

bouapoa Onera BinaaumupoBHa, conckatesb
PocToBckuii roCcyaapCTBEHHbIA MENULUHCKUN YHU-
BEPCUTET

ORCID: https://orcid.org/0000-0002-5056-1506
344022, Pocros-nHa-/lony, mep. HaxwuueBaHCKwHiA,
29; sharmia@yandex.ru

Hlxypar TarbsiHa [TaBnoBHa, JOKTOp OUOIOrHYECKHX
HayK, rpogeccop, 3aBeyromInii Kadenpoii reHeTHKH
OI'AOY BO «OxHblii enepalibHbIii YHUBEPCHTET
ORCID: https://orcid.org/0000-0001-6197-7374
344006 Pocros-Ha-Jlony, ya. b. CanoBas, 105/42;
tshkurat@yandex.ru; (863)219-87-94

Ixypat Muxaun AeKceeBHd, CTAPILIHIA HAyIHBIH
COTPYIHHK

00O «Hayka»

ORCID: https://orcid.org/0000-0002-9383-4607
344034, Pocros-Ha-/lony, yn. 3aropckasg, 23a;
mashkurat34@mail.ru

AwmennHa Mapus AjnekcaHAPOBHA, CTAPIIHIA
Hay4YHbIH COTPYAHUK

OI'AOY BO «tOxHbI (enepalibHblil YHUBEPCHTET
ORCID: https://orcid.org/0000-0002-7459-2796
344006 PocroB-na-/lony, yn. b. Canoas, 105/42;
maamelina4d7@mail.ru

Undopmanus nis HUTUPOBAHMSA:

Wang C. et al. Lipoprotein lipase Serd47Ter
polymorphism associated with the risk of ischemic
stroke: a meta-analysis. Thromb. Res. V. 128, Iss.
5 (2011): pp. e107-e112.

Wang D. et al. Rs9939609 polymorphism of the fat
mass and obesity-associated (FTO) gene and
metabolic syndrome susceptibility in the Chinese
population: a meta-analysis. Endocrine. (2020):
pp. 1-8.

Wiemerslage L. et al. An obesity-associated risk allele
within the FTO gene affects human brain activity
for areas important for emotion, impulse control
and reward in response to food images. Eur. J.
Neurosci. V. 43, Iss. 9 (2016): pp. 1173-1180.

IMoctynuna B penakiuio 11.05.2021

About the authors

Abd Ali Alaa Hashim, PhD student

Southern Federal University.

ORCID: https://orcid.org/0000-0002-9664-7751
344006, Russia, Rostov-on-Don, str. B. Sadovaya,
105/42; alaahashim960@gmail.com

Bocharova Olga Vladimirovna, PhD student
Rostov State Medical University.

ORCID: https://orcid.org/0000-0002-5056-1506
344022, Russia, Rostov-on-Don, Nakhichevan
lane, 29; sharmia@yandex.ru

Shkurat Tatyana Pavlovna, Doctor of Biological Sci-
ences, Professor, Head of the Department of Genetics
Southern Federal University.

ORCID: https://orcid.org/0000-0001-6197-7374

344006, Russia, Rostov-on-Don, str. B. Sadovaya,
105/42; tshkurat@yandex.ru; (863)219-87-94

Shkurat Mikhail Alekseevich, Senior Researcher
Limited liability company «Science».

ORCID: https://orcid.org/0000-0002-9383-4607
344034, Russia, Rostov-on-Don, str. Zagorskaya
23a; mashkurat34@mail.ru

Amelina Maria Aleksandrovna, Senior Researcher
Southern Federal University.

ORCID: https://orcid.org/0000-0002-7459-2796
344006, Russia, Rostov-on-Don, str. B. Sadovaya,
105/42; maamelina47@mail.ru

B3aunmocssi3b nunonporenHnunassl Serdd7Ter u nonmumopdusma rs9939609 rena FTO ¢ oxupenuem y ne-
Tel ¥ TIOIPOCTKOB B mormyJisiiun Pocroa-Ha-J{ony / A.X. A6 Amu, O.B. Bouaposa, T.I1. Illkypar, M. A. Illky-
patr, M.A. Amenuna // Bectauk Ilepmckoro yauepcutera. Cep. buonorus. 2021. Beimn. 2. C. 119-127. DOI:

10.17072/1994-9952-2021-2-119-127.

Abd Ali A.H., Bocharova O.V., Shkurat T.P., Shkurat M.A., Amelina M.A. [Association of Ser447Ter pol-
ymorphisms of the LPL gene and rs9939609 of the FTO gene with obesity in children and adolescents in the
Rostov-on-Don population]. Vestnik Permskogo universiteta. Biologija. Iss. 2 (2021): pp. 119-127. (In Russ.).

DOI: 10.17072/1994-9952-2021-2-119-127.






