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POJ1b NOJINMOP®U3MOB rEHOB PNPLA3, MBOAT7 N TM6SF2 B PA3BUTUIA
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HEAJIKOTOJIbHO XKUPOBOW BONE3HU NEYEHW NMPU METABOJINYECKOM
CMHAPOME
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HeankoronbHas XnpoBas 60ne3Hb NeYeHn B HacTosALlee Bpema nopakaeT 6onee 30% HaceneHus. NMommmo ponu obpasa
XM3HU 1 XapakTepa NUTaHUsA, NocnefHNe NCCNefoBaHUA NOAYEPKUBAIOT POsb NOMMOPPN3MOB FreHOB, CBA3AHHbIX C KaTa-
60n1M3mMoM 1 aHaboN3MOM X1POB, B MaHMdeCcTaLumn aHHOro COCTOAHUA 1 ero nporpeccuu. B pabote npoaHanvsnpoBaHbl
3apybexxHble Ny6nvKaumm, NoCBALLEHHbIE MONEKYIAPHBIM 1 OMOXUMUYECKUM acneKTam BANAHNA AaHHbIX Nonnmopdr3mMoB
Ha COCTOAHNME NeYeHy, a TakxKe paboTbl, M3yyatoLme UX BANAHNE Ha MapKepbl MeYeHOUYHOI NnaTonorum 3a nocnefHue 10 ner.
Tak, nonumopdursmbl reHoB PNPLA3, MBOAT7 n TM6SF2, BnnAaa Ha GyHKLMOHaNbHOCTb 3KCNpeccmpyemMbix M1 6enKkoB, npu-
BOAAT K M3MEHEeHMI0 MeTabonmn3ma XMPHbIX KACNOT B NeYEeHU, YTo, B CBOK ouepeflb, BEAET K Pa3BUTUIO HEanKoronbHowm
XNpoBOW 6ONe3HN NeyeHn n ee Nporpeccum. HecmoTtpA Ha To uTo BKNag nonumopdusma rs738409 reHa PNPLA3 Hennoxo
OnMcaH Kak B 3apybex<HOl, TaK 1 B OTeueCTBEHHOW nuTepatype, nonumopdusmbl reHoB MBOAT7 n TM6SF2 n nx BnuaHve Ha
HeasnlKoronbHyo XMpoByto 60e3Hb NeveHn, PaBHO Kak M Nexallre B ee OCHOBE MOJIEKYNIAPHO-6MOXMMYECKNe MeXaHU3-
Mbl, M3yUYeHbl KyAa Xy>e B 3apy6exHbIX NCCiefoBaHMAX U Mano YNOMUHAOTCA B pOCCUCKMX. Momumo aToro, TpebyeT fo-
NONHUTENbHbIX UCCNIef0BaHMI BOMPOC BbIPaXeHHOCTU BANAHNA BbllleyKa3aHHbIX NONMMOPPN3MOB Ha NONYNALMUN pa3HOW
3THMYECKOW 1 BO3PaCcTHOWM NpuHaaneHocTu. [laHHaA cTaTbA MbiTaeTca CUCTEMaTM3NPOBATb MMELNECA AaHHbIe MO 3TUM
BOMPOCaM.

KJTIOYEBbIE CJIOBA: Heankozo/bHAA Xupoeas bonesHs neyeHu; PNPLA3; adunoHympuH, TM6SF2, MBOAT?.

THE ROLE OF POLYMORPHISMS OF PNPLA3, MBOAT7, AND TM6SF2 IN THE DEVELOPMENT OF
NON-ALCOHOLIC FATTY LIVER DISEASE IN METABOLIC SYNDROME
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Non-alcoholic fatty liver disease currently affects more than 30% of the population. Recent studies highlight the role of
genetic polymorphisms in genes associated with fat catabolism and anabolism in the manifestation of this condition and
its progression. The work analyzes foreign publications on the molecular and biochemical aspects of these polymorphisms,
as well as works studying their effect on the state of the liver and markers of its pathology over the past 10 years. Thus, pol-
ymorphisms of the PNPLA3, MBOAT7, and TM6SF2, affecting the functionality of the proteins they express, lead to a change
in the metabolism of fatty acids in the liver, which in turn leads to the development of NAFLD and its progression. Despite
the fact that the contribution of the rs738409 polymorphism of the PNPLA3 gene is well described both in foreign and Rus-
sian articles, polymorphisms of the MBOAT7 and TM6SF2 genes and their effect on NAFLD, as well as the molecular biochem-
ical mechanisms underlying it, have been studied much worse in foreign studies and are little mentioned in Russian ones.
In addition, the issue of the severity of the influence of the above polymorphisms on populations of different ethnic and age
groups requires additional research. This work attempts to systematize the available data on these issues.
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BBEJEHUE

HeankoronbHas *unposas 6onesHb nevenn (HAXBI) —
3TO COCTOAAHME, NoparkatoLlee, Mo pasHbiM oueHKam, 4o 30%
B3POCIOro HaceneHms 1 CBA3aHHOE B NepPBYIO ouepeb C 13-
ObITOYHBIM HAKOMJIEHNEM XMpPa B MEYEHN, KOTOPOEe MOXET
BapbMpPOBaTb OT HE3HAUNTENbHbIX CTENEHEN BbIPaXKEHHOCTN
1o cTeaTo3a 1 cTeatorenatuTa [1]. B HacToALwwee Bpems cun-
TaetcA, yto HAXBI aBnaeTcsa neyeHouHOM MaHnbecTaumen
mMeTabonnyeckoro cnHgpoma [2]. besycnoBHo, posnb B pas-
BMTW [AHHONO COCTOAHWA UrpaloT HecbanaHCMpPOBaHHas
aveTa, 6oraTas yrneBofamMu 1 HaCbILEHHbBIMY >KUPHbIMA
KUCSIOTaMK, @ TakKe Hu3Kasa Gpu3myeckas akTMBHOCTb, CMo-

cobcTByloLiie Habopy M36bITOYHOro Beca B abgomMuHasb-
Hol obnacTtu [3]. OgHako nccnegoBaHuA nocnegHux 10 net
MOKa3bIBaloT, YTO GYHKLMOHANbHOCTL HGENIKOB, OTBEYAIOLLMX
3a MeTabosiM3M XMUPHbIX KWCIOT, PaBHO KaK 1 BbIpaKeH-
HOCTb UX 3KCNPECCUM, MOTYT BHOCUTb OnpeaesieHHbI BKNag
He TonbKo B pa3sutue camort HAXKBI, Ho 1 B fanbHenwyto
NPOrpeccrio AaHHOro COCTosAHMA A0 ¢Mbpo3a U UUppo-
32 C BO3MOXKHOW renaToLensioNsapHON KapumHomon [4].
B pycckossbluHONM nuTepaType H6onee BCero usyvyeHa pac-
NPOCTPaHEHHOCTb U BKag nonumopdriama reHa rs738409
PNPLA3 B pa3sutme HAMBI, octanbHbIM e reHam, CBA3aH-
HbIM C TeYeHreM JaHHOro 3aboneBaHus, yaeneHo ropasgo
MeHbllUEe BHMMaHWA KakK B OPUTMHabHbIX UCCedoBaHMAX,
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Tak 1 B 0630pHON nuTepatype. [103ToMy NoncK nmuTepatypbl
NPEeUMyLLECTBEHHO NMPOU3BOAWIICA B aHIOA3bIYHbIX Oa3ax
OaHHbIX (PubMed). B KauecTBe 3anpoCcoB KCMOMb30BaNUCh
cnepytowme knoyesble cnosa «PNPLA3 and nonalcoholic
fatty liver disease», «<TM6SF2 and nonalcoholic fatty liver
disease», «MBOAT7 and nonalcoholic fatty liver disease».
B 0630p BKNOYANUCb OpPUTMHaNbHbIE NCCNeQoBaHWA, KNu-
HUYeCKMe UCMbITaHUA U MeTaaHanusbl 3a nocnegHue 10 net
(2011-2021).

BJINAHUE TEHA PNPLA3 HA PA3BUTUE
HEAJIKOTOJIbHOW XXUPOBOW BOJIE3HU NEYEHU

leH PNPLA3 xopupyeT 6enok agunoHYyTpPVH, KOTOpPbIi
KparHe akTUBHO 3KCNPEeCcCMpYeTca B KNeTKax ceTyaTku rna-
3a U CTENNIATHBIX KNeTKax neyeHu. Ecnv roBoputb o Bbipa-
XEHHOCTW 3KCNpeccrn H6esika B MeyeH B LiesIoM, TO MOXHO
OTMETMUTb, YTO €ro 3KCNPeccua B CTeJATHbIX KNeTKax 3Ha-
YNTENbHO NPEBOCXOAUT TAaKOBYH B rematoumtax. AKTUB-
HOCTb [aHHOTrO TreHa perynumpyetca YpOBHeM peTuHonNa
B KJETKE: YeM BbILUe ero cofeprkaHne B KNeTKe, TEM HUXe
3KCNPECCUs [aHHOTO FeHa, MHCYNVH, HAanpoTMB, obnagaer
AaKTUBMPYIOLMM BO3JENCTBUEM. DKCNpeccmpyemMblin 6enok
AAUMNOHYTPUH B CTENNIATHBIX KNETKax 00/afiaeT Bblpa)KeH-
HOWN MMAPONNTUYECKON aKTUBHOCTbIO NO OTHOLLEHUIO K pe-
THONY 1 Nu3odocdaTMAHON KUCNOTe 1 yyacTByeT B 0bpa-
30BaHUM MMNnAHbIX Kanenb. MNpu myTtauun PNPLA3 rs738409
(1148M) peTHMN-3CTepasHasa aKTUBHOCTb AaHHOro 6Genka
He MPOoABNAETCS, OAHAKO aunnTpaHchepasHas akTMBHOCTb
Mo OTHOLEHNIO K Nn30pochaTnaHON KUCIOTE CTaHOBUTCA
Bbiwe [5-7]. Mpouncxopawasa npu faHHOM MyTaunn 3aMeHa
n3onenumMHa Ha METVOHWH MPUBOAUT K M3MEHEHMIO KOH-
dbopmaumy akTMBHOTO LieHTpa Takum 06pa3om, Uto cybcTpat
6onee He cnocobeH cBsi3aTbCsi C HUM. BeposiTHO, Bbllieonu-
CaHHble N3MEHEHUSA U NMPUBOAAT K M3ObITOYHOMY HaKorMe-
HUIO XXMNPOB B KJeTKax neyenu [8]. MiccnegosaHue D. Linden
1 COaBT. NOATBEPXKAAET 3TO, NPOBeAEeHHasA UMM Tepanua aH-
TUCMbIC/IOBbIMU ONIUFOHYKeoTUAaMU (M »Ke aHTUCEeHC-Te-
panus, 6noKnpyoLan CUHTE3 onpefesieHHOro 6efka nyTem
6noknpoBaHua MPHK aHTUCMbICIOBbIMY ONMFOHYKNIeoTMAA-
MM) Y Mbllle, NPUBOAALLAA K CaWNeHCUHIY reHa, Bbi3Basa
YMEeHbLUEHMe JONN XNPOBOM TKaHW B neyeHu [9]. DeHoTn-
nuyeckme NposBieHUs JaHHOro nonuMopdusmMa CBsA3bIBa-
I0TCA C NMOBbIWEHHbIM NHAEKCOM MacCbl Tena, NeYeHOUHbIM
OXXVPEHMEM 1 CTEAaTO30M 1 MOBbILLEHVEM YPOBHSA G1OXMMU-
YecKux MoKasaTesien, Hanpumep anaHWHaMmMHoTpPaHchepa-
3bl (AJ1T) n acnaptatamuHoTpaHcdepasa (ACT) [10].

Takxe npegnonaraeTcs, YTO 3CTPOreH Y »KEHLUMH MOXET
OKa3blBaTb MPOTEKTUBHBIA 3PDEKT 1 CHMXKATb HEraTMBHOE
BNUAHVE, Bbl3BaHHOE AAaHHOW myTauunen. BoamoxHoO, umeH-
HO 3TO MOXET MPUBOAUTL K 6onee BbipaxeHHoW HAMBI
y myxuvH [11]. Nonumopdusm rs738409 cnocobeH BNUATHL
Ha pa3BUTUE HeaNkorosibHOro creatorenatuta u ¢ubposa,
a B flanbHenwemM u umppo3sa y nayuentos ¢ HAXBI [12, 13].
OTmeyvaloTcA MNOBbLIWEHHBIA PUCK Pa3BUTAA MEYEHOYHOMN
[eKOMMEeHcaLmmn 1 renatouesioNApHON KapUUHOMbI, a Tak-
e MOBbILLIEHWE pUCKa CMepTH OT bonesHeln neyeHu. BaxkHo
OTMETUTb, YTO Hannuue Gubposa B ctagum F3-F4 B couetaHmm
C AaHHBIM NMONIMMOPGU3MOM ABNANIOCH €AMHCTBEHHbBIM HE3ABM-
CUMbIM NPEeAVKTOPOM TernaToLe/UTIONAPHON KapLuyHOMbI [14].
Kpome 3Toro, Hanmuve gaHHoro nonumopdusma CBA3bIBAET-
CAl C NOBbILEHVEM 00LLeli CMepTHOCTY B nonynsuun [15].

OTmeuaeTtca u ponb nonumopoursma rs738409 B pasBu-
TUW NOYEYHOW HeJoCTaTOYHOCTM Ha ¢poHe HAXKBI. Hanpu-
Mep, MOKa3aHO MOBPEXAEHUE MOYEYHBIX KITyOOUKOB U Ka-
Hanbues y naumneHtoB ¢ HAXKBI [16, 17].

Mpu nepecaike neyeHM HeobOXOAMMO YyuuTbIBaTb Ha-
nnyne myTtaumm reHa PNPLA3 He TONbKO y peuunueHTa,
HO 1y OHOPA, MOCKOJbKY 3KCMPeccna MMEeHHO 3TOro Bapu-
aHTa B NeYeHu (B OTINYME OT BHEMNEUYEHOUYHOW SKCNpPeccuni)
CNoco6CTBYET PA3BUTUIO MEYEHOUYHOrO OXUPEHUs Mocie
TpaHCMIaHTaUWKy, eCniv JOHOP TOXEe MMEeT AaHHYyl MyTa-
yuio [18, 19].

Y petenn Hanuume nonumopdmrsma PNPLA3 p. lle148Met
TakXe cBA3aHo ¢ passutmem HAXKBIT n noBpexgeHvem ne-
YyeHu B paHHeM Bo3pacTe [20].

Monumopdursm rs738409 ABNSETCS OQHUM U3 CaMbIX U3-
YUEHHbIX B KOHTEKCTE BAIUAHMA Ha BO3HVKHOBEHME 1 Pa3BU-
e HAMBI. TakKe 13BECTHbI U KOHGOPMALIMOHHbIE N3Me-
HeHVA B CAMOM afiNOHYTPUHE, NPUBOAALLMNE K HAPYLLIEHWNIO
ero paboTbl B neYeHu.

BJINAHNE TEHA TM6SF2 HA PA3BUTUE
HEAJIKOTOJIbHOW YXUPOBOW BOJIE3HU NEYEHU

Opyrum nonnmopdramMom, CBA3aHHbIM C HebaronpuaT-
HbiM TeyeHrem HAXKBI, asnsaetca TM6SF2 rs58542926 [21].
HecmoTps Ha To uTO ero BAMsAHKE Ha 0COBEHHOCTU MeTabo-
NN3Ma XKUPHBIX KACIOT B MEYEHN LIMPOKO OMUCAHO, CTPYK-
Typa camoro 6enka M3ydyeHa B KyJa MEHbLUEN CTEMEHW.
MNpepnonaraeTcs, YTo AaHHbIV 6enok nmeeT ot 7 o 10 TpaHc-
MembpaHHbIX (TM) OOMEHOB, TakKXe ANA Hero maeHTudu-
LUMpPOBaHbl TaHAeMHble MOBTOPbl B obnactm TM-gomeHoB
N KoHcepBaTnBHbIN gomeH EXPERA, nmerowmin ctepon-umso-
Mepa3HyIo akKTUBHOCTb. DTO NO3BOJIAET NPeANONOXNTb, YTO
pornb 3Toro 6enka MoXeT ObiTb CBA3aHa C MeTabonusmom
ctepona [22, 23]. CBA3b gaHHOro nonmmop¢rama C Bbille-
yKa3aHHOW naTtonorven nofaTBepXKAaeTca y eBponenckon
N a3naTcKon nonynauuin, OgHaKo ANnA »uTtenen JlaTuHCKon
AmepuKu, Hanpumep, 6pa3usnbLEB, HE OOHAPYKEHO 3HAUM-
TeNbHOWM accoumaumm MyTaHTHoro reHotuna TM6SF2 ¢ pas-
Butnem HAMBIT n HeankoronbHoro creatorenatuta. 37O
HeobXoAVMO yunTbIBaTb NMPU SKCTPANONAUMM Pe3yNbTaToB
nccnefoBaHM Ha nNpeacTaBuTeneil pasHbix pac U STHUYe-
CKMX NpuHapnexxHocten [24, 25]. BaKHO OTMETUTb, UYTO My-
Tauua BAUSIET Ha CTabUIbHOCTb 6enka 1 nepuog ero nony-
KU3HW B KneTke. [poAaBnaoTca 3T M3MeHeHNa cneayoLmm
06pa3oM: NMPONCXOANT YMEHbLUEHNE CEeKPeuun Tpurnule-
PVAOB NMeYeHbto, KPOME TOro, OKa3blBaETCA BIMAHUE HA IKC-
npeccuio anonunonpotenHa B (AnoB). AnoB HakannuBaeTca
B JHAOMIAa3MaTUYECKOM PETUKYIYME, N ero AanbHenwuni
TpaHCcnopT B annapat lonbaKu 61oKMpyeTcs, Yto, B CBOIO
oyepenb, MeLIAeT TPAHCMNOPTY XonecTeposia 13 KNeTkn [26].
Cam TM6SF2 BbinonHseT cBo0 GpYHKLMIO MO CTabunusauymm
AnoB, cBA3bIBaACb C HUM B NPOCTPAHCTBe. B 3TOM Komnnek-
ce yyactyet 6enok ERLIN, KoTopblii, He B3aumopencTeya
c AnoB, cBasbiBaeTca ¢ TM6SF2, cnocobcTByA cTabmunusaumm
komnnekca ¢ AnoB [27].

Kpome 3TOro, HOCUTEAbCTBO MYTAHTHOro reHotuna TT
nonumopémama rs58542926 BnusieT Ha COCTaB MepPeHOCH-
MbIX NUMOMPOTENHAMM >KMUPHBIX KUCNOT. Tak, nunonpore-
VIHbl 0YeHb Hu3Kon nnotHocty 1 (JIMOHM1) n NMOHMN2 co-
AepKanu MeHbLUEe HEHACILWEHHbIX XUPHbIX KUC0T, Of4HaKO
UYNCIO HACBILEHHbIX XXUPHbIX KNCIOT B HMX BO3pacTano [28].
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Mostomy BnunsaHMe TM6SF2 Ha 6enKku-TpaHCNopTePbl MOXET
ABNATbCA YACTbi0 TOFO MEXaHK3Ma, KOTOpbI 0bycnaBiunBa-
eT 3¢ PeKTbl, OKasbiBaeMble Ha METAbONN3M XKUPHbIX KUCIOT
B MeyeHu.

HokayTHaa no gaHHOMy reHy KynbTypa Knetok HuH7
nokasana MoBbILEHHOEe HaKOMJeHNe MOHOHEHACBILWEHHbIX
W HACBIWEHHbIX »KUPHbIX KUCNOT. [JaHHble KNeTku nmenmu
CHWXXEHHOe KonuuyectBo docdatuaunxonuHa n docootu-
AnnsTaHonamMuHa B MembpaHax. [laHHble dochonunumgpl, Kak
npaBuo, N HecyT B cebe MOHOHEHACHILLEHHbIE 1 HACbILLEH-
Hble XXMPHble KUCNOTbl. [py 3TOM OTMeyYaeTcA NoBblleHME
UX BHYTPUKIIETOYHOW KOHLeHTpaumu [29]. CxofHbin b ekt
HabniofgaeTca 1 y NauMeHTOB — HOCUTENEN AaHHOro Bapw-
aHTa HyKNeoTMAHOW nocsiefoBaTenibHOCTU. B nnasme Kpo-
BV HabniogaeTca Aeduunt NOMMHEHACBILEHHbIX >KUPHbIX
KMCNOT, OHM KyAa MeHbLUe BKJIYaloTCA B TpUrnuuepuabl
n docdatngmnxonvH. Kpome 3Toro, CH/MXEHHas SKcnpeccus
reHa TM6SF2 MOXeT BNATb Ha KO3KCNpPEeCcCcMpyemble reHbl.
Hanpumep, reHbl, cBA3aHHbIe C 06pa3oBaHNEM TPUTULEPU-
noB 1 JINOHTI, TakXKe nMeny MeHbLUYIo 3KCNpeccuio, Toraa
KaK reHbl, CBA3aHHblE C OKUCIIEHNEM XXUPHbIX KUCNOT, 3KC-
npeccnpoBanucb ropasgo cunbHee [30].

WHble nposiBneHns CBA3bIBAIOTA C BAUAHUEM Ha GUOXMMU-
yeckme nokasatenum Kposu. [ToKasaHo, UTo y getein C oxupe-
HMeM Hannuue JaHHOrO BapuaHTa HyKNeoTMAHbIX NOCNefoBa-
TeNIbHOCTEN CBA3aHO C HN3KMMU YPOBHAMM TPUIMULEPUAOB,
NIMNOMNPOTENHOB HU3KOW NJIOTHOCTM 1 XONecTeposia B KPOBMY,
npwv 3ToM ypoeHb AJTT 6b11 NoBbILeH. Kpome 31oro, 6bis1o oT-
MeYeHO Hanuuyme cteatosa neveHu [31]. Y B3pocCnbix naymneH-
TOB — HOCHTeNen AaHHOW MyTaLMM OTMEYATCA 3MEHeHNA
B MeTabonm3me roKo3bl Y YPOBHSAX aAUMNOHEKTVIHA U TTIHOKO-
303aBUCMMOrO UHCYSIMHOTPOMHOIO NoAunenTuaa nocne npu-
ema nuwwm [32]. Kpome 3Toro, AaHHbIN NonMMmopdusm cesAsaH
C MOBbILIEHMEM PUCKA pa3BuTUs ¢pnbpo3a 1 Tem, HaCKOMb-
KO OH OyfdeT BbIpaXeH, a TakXKe CO 3HAUNTENbHOW XNPOBOU
HUNbTPauren nedenu [33, 34]. [lns 3TOro reHa, Kak u g
PNPLA3, oTmeuaeTca BAUAHME Ha COCTOAHUE NoYek y naum-
eHToB ¢ HAXKBI. Y gaHHOWM rpynnbl NauueHToB Habnogaetcs
6onee BbICOKAA OLEHEHHasA CKOPOCTb Kiyb6oukoBoW ¢uib-
Tpaumu, HO NPU 3TOM aNibOYMUHYpPVA BblpaXKeHa B MeHbLUEN
cteneHn [35]. TakKe MOXHO OTMETUTb, UYTO AMeTOTepanuAa
y NaLMeHTOB C AaHHbIM NONMMOPPH3MOM UMEET psig 0cobeH-
HocTel. Tak, NMOBbILIEHME KONIMYECTBa PblObl B paLMoHe (Kak
WCTOYHMKA MOJIMHEHACDILEHHbIX »KUPHbIX KNCNOT) CBA3bIBa-
eTca ¢ 6onbLmm prickom passutua HAXBIM. Ho B Lenom asto-
pbl MOAYEPKMBAIOT, UTO NMPUMEHEHME ANETbl ANA NalLMeHTOoB
¢ HAXBI1 cnocobHo HUBENMPOBATb HEraTUBHbIE METAbONU-
yeckume acneKTbl JaHHOW MyTaumu [36, 37].

HecmoTpss Ha TO utOo nposABneHWa nonumopdmrama
TM6SF2 rs58542926 n3yyeHbl JOCTaTOYHO XOPOLIO, Cama
CTPYKTYpa 3TOro 6efika 1 BO3MOXHble KOHPOPMALIMOHHbIE
V3MEHeHWsA, CBA3aHHble C JAHHOW HYKNeOTUAHOWN 3aMeHOM,
TPeOYIOT AOMONIHUTENbHBIX MCCNIeLOBAHWIA.

BJINAHUE TEHA MBOAT7 HA PA3BUTUE
HEAJIKOTOJIbHOW XXUPOBOW BOJIE3HU NEYEHU

leH MBOAT7 pacnonoeH Ha gnnHHOM nneye 19 xpo-
MOCOMBbI, €ero nNpoayKTom Aensetcs 6enok LPIAT1, koTtopbii
npepctaBnseTr cobor aumntTpaHcpepasy. ITO TpaHCMEM-
6paHHbIV 6enok ¢ 6 TM-gomeHamu, NpeanosnaraeTcs, uto ero
KaTaIMTUYECKNIA LIEHTP PacronoXeH BO BHYTPUKIIETOYHOM

npoctpaHcTBe. LPIAT1 nposasnaeT HanbonbLIy0 akTUBHOCTb
MO OTHOLUEHMIO K MOMNHEHACHILLEHHbIM KUPHbIM KACNOTaM,
B YacTHOCTK, K 20:4-CoA 1 20:5-CoA, ncnonb3ya nx B Kaye-
CTBE JOHOPOB aLWIbHOIO OCTaTKa AsA obpa3oBaHua ¢oc-
donunupos. MucceHc-myTauus rs641738 npnBoguT K note-
pe auunTpaHcdepasHON akTMBHOCTY 3Toro 6enka [38, 391
Moka3aHo, uTO ¢YHKLMOHANbHAA HeQOCTaTOYHOCTb [JaH-
HoOro 6efika y Mblillel, KOTOPbIX KOPMUIN KOPMOM C BbICO-
KUM cofeprKkaHMeM XNPOB, MprBena K pa3BUTUIO CTeaTo3a
1 ¢ubposa. B KynbType KNeToK neyeHu in vitro oTMmeyaeTcs
M36bITOYHOE HAKOMJIEHUE TPUININLIEPUAOB U KOJINareHa, Yto
ABNAETCA CNefCcTBNEM HapyweHus pabotsl LPIAT1 [40]. Ha-
nuume nonmmopdrsma rs641738 accoLMMpoBaHO C PUCKOM
pa3BUTUA renaToLenNoNAPHON KapumHombl [41].

HekoTopoe KonnuuyecTBo nccnefoBaHmi NOCBALLEHO BU-
AHMIO BblLLEeYKa3aHHOro nonumopdrama Ha TedeHune HAXKBI
y deten c oxmpeHuem. B nccnepgosanHum PANIC nokasaHo,
YTO HOCUTENW MyTaHTHOro amnena T MMenu CKNOHHOCTb
K 6osiee BblpaXKeHHOMY OXKUPEHMIO, MOBbILLEHHOMY YPOBHIO
C-peaktusHoro 6enka u AJ1T. Mpy 3ToM HeobXxoAMMO OTMe-
TUTb, YTO ANA AeTel C MyTauMen B JaHHOM yyacTke OTMe-
Yyanacb TeHAeHUMa yBennueHna aktusHoctn AJIT. 3a 2 roga
HabnogeHn nokasatenb AJIT Bbipoc ¢ 7% fo 10% oT Hop-
ManbHoro ypoBHsA [42]. Mpu 3Tom uccnepgoBaHne 2021 T.
He roKasano CBA3W MeXay Hannumem myTtaumm rs641738
1 n3meHeHmem aktnsHoct AJTT n ACT y peTen ¢ oXnpeHu-
em [43]. MopgobHoe npoTMBOpeumne, 6e3ycsIoBHO, TpebyeTt
6osee TWATENBHOrO NCCIEOBAHNA U HAKOMIEHWA JaHHbIX
[n5 OAHO3HAYHbIX BbIBOAOB. 1151 3TOro nonnumopdursma, Kak
1 OnA gpyrux, oTMeYaeTca BAMAHME STHOCA Ha NposAB/eHne
ero HeraTuBHbIX 3¢ beKTOB. Y AeTell 13 eBpOneouaHoOM norny-
NALMYN JaHHBIA NONMMOpPdM3M OKa3ancs CBs3aH C NOBbILLEH-
HbIM YPOBHEM VHCY/IMHA Y CHUXEHHOWM YYBCTBUTENIbHOCTbIO
K Hemy, a Takxe ¢ 60/1bLIMM MPOLEHTOM NMEeYEHOUYHOr O XK1pa.
OpfHako 3T0T 3G PeKT He Hbi 06HAPYXKEH y feTel U3 NaTVHO-
aMeprKaHCKoM 1 apprikaHCKo nonynsauun [44].

B uenom MoXHO roBOpWTb O TOM, YTO POJSib NMOANMOP-
¢dur3ma rs641738 B passuT HAXKBI, a TakXke ero BnusaHue
Ha CTPYKTYPHYIO 1 GYHKLMOHANbHYIO aKTVBHOCTb 3KCMpec-
cupyemoro reHom MBOAT7 6enka n3yyeHbl [JOBOSIbHO Cnia-
60, paBHO Kak U GeHOTUNMYECKNe NPOABNIEHNA B Pa3nny-
HbIX rpynnax nauveHtos ¢ HAMBIT.

COBOKYNMHOE BJIMAHUE TEHOB PNPLA3, TM6SF2
W MBOAT7 HA PA3BUTUE HEAJIKOTOJIbHOM »KUPOBOI
BONE3HU NMEYEHU

Henb3a He ynomsHyTb O COBOKYMHOM BAVAHWUW HOCWU-
TeNIbCTBA AaHHbIX NOAMMOPGM3MOB Ha COCTOSIHUE MALMEH-
ToB ¢ HAXKBI. MNoka3aHo, YTo aganTMBHbIN 3¢deKT nonu-
mopousmo TM6SF2 E167K 1 PNPLA3 1148M crnocobcTByeT
yBENMYEHUIO 3Kcnpeccun reHoB SREBP-1c (TpaHckpunuu-
OHHbIN GaKTOP, perynupyioLwmin 4OCTYNHOCTb XonecTepona
B Knetke) n FASN (reH crHTa3bl >XMPHbIX KUCMOT), NPU 3TOM
OTAeNbHbIA BKNaA 3TMX MyTauuid B YCUJIEHME 3KCMpeccum
6bIn ropasgo meHblue [45]. Takke Hanuume nonumopdus-
MoB PNPLA3 n TM6SF2 cBA3bIBaeTCA C NOBbILLIEHNEM YPOB-
HSi aMMHOTpaHcdepas B Kpoeu [46]. Ans nonumopdrnsmos
reHoB TM6SF2 n MBOAT7 He oTMeuyaeTca COBOKYMHOrO
BAIVAHNA Ha COCTOAHME MeYeHn 1 pa3sutre ¢prnbpo3sa. Kpo-
Me TOro, UX B3aMMOLENCTBME HE BNUAET Ha OKa3blBaemble
nonumopomramom PNPLA3 rs738409 spdekTbl [47].
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3AKNIOYEHUE

BbiweonucaHHble nonnmopdrambl reHoB PNPLA3, TM6SF2
1 MBOAT7 cnoco6Hbl 0Ka3biBaTb pasnuyHble 3¢ dekTbl. B nep-
BYIO OYepellb OHM BAWAIOT Ha CaMy CTPYKTypy Oenkos, Ko-
TOpble onucaHbl AnA agunoHyTpuHa u LPIAT, yto npusogut
K notepe ux aumntpaHchepasHom akTuBHOCTU. [ns Gernka,
ABnAoLeroca npogyktom reHa TM6SF2, nnoxo onucaHbl Kak
€ro CTPYKTYPa, TaK 1 3PeKT faHHOWN 3aMeHbl Ha GYHKLIMOHU-
pOBaHVe 1 perynauuto paboTbl Apyrux 6eNKOB, BOBEYEHHbIX
B METAGONN3M >KUPHBIX KACIOT B NeuyeHn. XOTsA HaKomMJeH-
Has B Xofe uccnefoBaHuin MHGOPMaLMA MO3BONSAET AeNaTb
HeKoTopble BbIBOAbI 06 0COOEHHOCTAX YHKLIMOHNPOBAHUSA
[aHHbIX 6eNIKOB B HOPME U1 naTosiornu, TpebyloTcs JoNonHN-
TeNlbHble UCCNeloBaHUsA. 3a4acTyto GpeHoTMNMYEeCK e NPosB-
NEHVA BbILIEOMNMCaHHbIX FTeHOB CBA3aHbI HE TONbKO C BIMAHW-
€M Ha COCTOsIHVE NMeYeH, OHW CMOCOOHbI HEraTUBHO BINATH
Ha paboty nouek. MiccnepoBaHna nocnefHrx 10 net noka-
3bIBalOT, YTO MyTauumn reHoB PNPLA3, TM6SF2 n MBOAT7 Kak
Mo OTAENbHOCTM, TaK U COBOKYMHO OKa3blBalOT HeratMBHOE
B/IMAHVE Ha METaboNM3M XNPOB B MEYEHN 1 Ha Ero peryns-
LMo, OfHAaKO [aHHbIX HE[OCTAaTOUYHO, YTOObl MOBCEMECTHO

NPUMEHATb NOSlyYeHHble 3HAHNA B AUArHOCTUKe 1 Tepanuu.
Bonpochl, cBsi3aHHble C M3y4YeHWeM BAUAHWA PaboTbl Gen-
KOB — YYaCTHUKOB NINMUAHOTO 0OMeHa Ha COCTOSIHUE MeYeHn
npv HAXBI, TpebytoT AONONHUTENbHBIX UCCIIe0BAHUA.

AONOJIHUTENIbHAA UHOOPMALINA

UcTtouHukn ¢uHaHcumpoBaHunAa. OrHaHCMpPOBaHME OCYyLieCTBAETCA
B pamkax loc3apaHua Ne 0287-2021-0005 «WccnepoBaHue Monekynsp-
HO-TeHETUYECKUX 1 PerynaTopHO-MeTabonmnyecknx mexaHmamoB GyHKLMO-
HaslbHOW aKTUBHOCTM KJIETOK VIMMYHHO CUCTEMbI B HOPME W NPU UMMYHO-
NaToONOrMYeCcKnX COCTOAHNAX.

KoHpnuKT mHTepecoB. ABTOpbI AEKNApUPYIOT OTCYTCTBME ABHbIX
1 MOTeHUManbHbIX KOHGIMKTOB UHTEPECOB, CBA3AHHbIX C COAep)KaHUeM
HacToALWEN CTaTbM.

Yuactme aBropoB. CmupHoBa O.B. — nonyyeHne n aHann3 AaHHbIX,
HanuncaHwe ctatby; JlaryTuHckaa [.B. — nonyuyeHve n aHanu3 AaHHbIX,
HanucaHue cTaTby. Bce aBTOpbl 0fobpUNM rHaNbHY BepCuio CTaTby
nepep nybnvkauuer, Bbipasuan cornacme HeCcTM OTBETCTBEHHOCTb 3a BCe
acnekTbl paboTbl, NOAPa3yMeBaloLLYIO HafJIeXallee n3yyeHne 1 pelleHne
BOMPOCOB, CBA3AHHbIX C TOYHOCTbIO UM AOOPOCOBECTHOCTbIO NHO6OI YacTn
paboTbl.

CMNCOK JINTEPATYPbI | REFERENCES

1. Marchesini G, Day CP, Dufour JF, et al. EASL-EASD-EASO
Clinical Practice Guidelines for the management of non-
alcoholic fatty liver disease. J Hepatol. 2016;64(6):1388-1402.
doi: https://doi.org/10.1016/jjhep.2015.11.004
2. Kopowi M.B., CnagHes C.A, Aroaa A.B. B3aumocsa3b MeTabonmueckoro
CYHAPOMA C MONEKYaMM afire3ni NP HeanKorobHOM X1pOBO
6onesHu nevenu // MeduyuHckuti eecmHuk CegepHozo Kaskaza. —
2020. — T. 15. — Ne1. — C. 23-27. [Koroi PV, Slyadnev SA, Yagoda AV.
Relationship of metabolic syndrome with adhesion molecules
in non-alcoholic fatty liver disease. Medical News of North Caucasus.
2020;15(1):23-27. (In Russ.)]. doi: https://doi.org/10.14300/mnnc.2020
3. Setroame AM, Kormla Affrim P, Abaka-Yawson A, et al. Prevalence
of Metabolic Syndrome and Nonalcoholic Fatty Liver Disease among
Premenopausal and Postmenopausal Women in Ho Municipality:
A Cross-Sectional Study. Biomed Res Int. 2020;2020(6):1-9.
doi: https://doi.org/10.1155/2020/2168381
4. Costanzo A, Pacifico L, Chiesa C, et al. Genetic and metabolic predictors
of hepatic fat content in a cohort of Italian children with obesity. Pediatr
Res. 2019;85(5):671-677. doi: https://doi.org/10.1038/541390-019-0303-1
5. Pirazzi C, Valenti L, Motta B, et al. PNPLA3 has retinyl-palmitate
lipase activity in human hepatic stellate cells. Hum Mol Genet.
2014;23(15):4077-4085. doi: https://doi.org/10.1093/hmg/ddu121
6.  Kumari M, Schoiswohl G, Chitraju C, et al. Adiponutrin Functions as
a Nutritionally Regulated Lysophosphatidic Acid Acyltransferase.
Cell Metab. 2012;15(5):691-702. doi: https://doi.org/10.1016/j.cmet
7. Peregud DI, Baronets VY, Lobacheva AS, et al. PNPLA3 rs738409
associates with alcoholic liver cirrhosis but not with serum levels
of IL6, IL10, IL8 or CCL2 in the Russian population. Ann Hepatol.
2021;20(6):100247. doi: https://doi.org/10.1016/j.a0hep.2020.08.065
8. XinY-N, Zhao, Lin Z-H, et al. Molecular dynamics simulation
of PNPLA3 1148M polymorphism reveals reduced substrate
access to the catalytic cavity. Proteins Struct Funct Bioinforma.
2013;81(3):406-414. doi: https://doi.org/10.1002/prot.24199
9.  Lindén D, Ahnmark A, Pingitore P, et al. Pnpla3 silencing with
antisense oligonucleotides ameliorates nonalcoholic steatohepatitis
and fibrosis in Pnpla3 1148M knock-in mice. Mol Metab.
2019;22(3):49-61. doi: https://doi.org/10.1016/j.molmet.2019.01.013
10.  Xia M-F, Lin H-D, Chen L-Y, et al. The PNPLA3 rs738409 C&gt;G variant
interacts with changes in body weight over time to aggravate liver
steatosis, but reduces the risk of incident type 2 diabetes. Diabetologia.
2019;62(4):644-654. doi: https://doi.org/10.1007/500125-018-4805-x
11.  Delik A, Akkiz H, Sadik D, et al. The effect of PNPLA3 polymorphism
as gain in function mutation in the pathogenesis of non-alcoholic
fatty liver disease. Indian J Gastroenterol. 2020;39(1):84-91.
doi: https://doi.org/10.1007/512664-020-01026-x

12. Vespasiani-Gentilucci U, Gallo P, Porcari A, et al. The PNPLA3 rs738409
C>G polymorphism is associated with the risk of progression to
cirrhosis in NAFLD patients. Scand J Gastroenterol. 2016;51(8):967-973.
doi: https://doi.org/10.3109/00365521.2016.1161066

13.  Mazo DF, Malta FM, Stefano JT, et al. Validation of PNPLA3
polymorphisms as risk factor for NAFLD and liver fibrosis
in an admixed population. Ann Hepatol. 2019;18(3):466-471.
doi: https://doi.org/10.1016/j.achep.2018.10.004

14.  Grimaudo S, Pipitone RM, Pennisi G, et al. Association
Between PNPLA3 rs738409 C&gt;G Variant and Liver-

Related Outcomes in Patients With Nonalcoholic Fatty Liver
Disease. Clin Gastroenterol Hepatol. 2020;18(4):935-944.e3.
doi: https://doi.org/10.1016/j.cgh.2019.08.011

15.  Wijarnpreecha K, Scribani M, Raymond P, et al. PNPLA3 gene
polymorphism and overall and cardiovascular mortality
in the United States. J Gastroenterol Hepatol. 2020;35(10):1789-1794.
doi: https://doi.org/10.1111/jgh.15045

16.  Sun D, Zheng K, Xu G, et al. PNPLA3 rs738409 is associated with
renal glomerular and tubular injury in NAFLD patients with
persistently normal ALT levels. Liver Int. 2020;40(1):107-119.
doi: https://doi.org/10.1111/liv.14251

17. Wu J-T, Liu S-S, Xie X-J, et al. Independent and joint
correlation of PNPLA3 [148M and TM6SF2 E167K variants
with the risk of coronary heart disease in patients with non-
alcoholic fatty liver disease. Lipids Health Dis. 2020;19(1):29.
doi: https://doi.org/10.1186/512944-020-01207-9

18.  Trunecka P, Mikova |, Dlouha D, et al. Donor PNPLA3 rs738409
genotype is a risk factor for graft steatosis. A post-transplant
biopsy-based study. Dig Liver Dis. 2018;50(5):490-495.
doi: https://doi.org/10.1016/}.dld.2017.12.030

19. LiuZ ChenT, Lu X, et al. PNPLA3 [148M variant affects
non-alcoholic fatty liver disease in liver transplant
recipients. World J Gastroenterol. 2015;21(34):10054-10056.
doi: https://doi.org/10.3748/wjg.v21.i34.10054

20. Krawczyk M, Liebe R, Maier B, et al. The Frequent Adiponutrin
(PNPLA3) Variant p.lle148Met Is Associated with Early Liver Injury:
Analysis of a German Pediatric Cohort. Gastroenterol Res Pract.
2015;2015(1):1-6. doi: https://doi.org/10.1155/2015/205079

21. LY, LiuS, GaoY, et al. Association of TM6SF2 rs58542926 gene
polymorphism with the risk of non-alcoholic fatty liver disease and
colorectal adenoma in Chinese Han population. BMC Biochem.
2019;20(1):3. doi: https://doi.org/10.1186/512858-019-0106-3

22.  Sanchez-Pulido L, Ponting CP. TM6SF2 and MAC30, new enzyme
homologs in sterol metabolism and common metabolic disease. Front
Genet. 2014;5(1):3. doi: https://doi.org/10.3389/fgene.2014.00439

OXupeHune n metabonusm. — 2022. - T. 19. - N22. — C. 166-170

doi: https://doi.org/10.14341/omet12855

Obesity and metabolism. 2022;19(2):166-170



https://doi.org/10.1038/s41390-019-0303-1
https://doi.org/10.1093/hmg/ddu121
https://doi.org/10.3109/00365521.2016.1161066
http://dx.doi.org/10.1111/liv.14251

170 | OxupeHvie 1 MmeTabonusm / Obesity and metabolism HAYYHOE NCCNEAOBAHUE

23.  Kozlitina J, Smagris E, Stender S, et. al. Exome-wide association in Nonalcoholic Fatty Liver Disease. Hepatology. 2015;62(2):658-659.
study identifies a TM6SF2 variant that confers susceptibility to doi: https://doi.org/10.1002/hep.27643
nonalcoholic fatty liver disease. Nat Genet. 2014,46(4):352-358. 36.  Krawczyk M, Stachowska E, Milkiewicz P, et. al. Reduction of Caloric
doi: https://doi.org/10.1038/ng.2901 Intake Might Override the Prosteatotic Effects of the PNPLA3

24. XuM, LiY, Zhang S, et. al. Interaction of TM6SF2 E167K and p.1148M and TM6SF2 p.E167K Variants in Patients with Fatty Liver:
PNPLA3 1148M variants in NAFLD in northeast China. Ann Hepatol. Ultrasound-Based Prospective Study. Digestion. 2016,93(2):139-148.
2019;18(3):456-460. doi: https://doi.org/10.1016/j.achep.2018.10.005 doi: https://doi.org/10.1159/000441185

25. Lisboa Q, Nardelli M, Pereira P, et. al. PNPLA3 and TM6SF2 37. Kalafati IP, Dimitriou M, Borsa D, et al. Fish intake interacts
polymorphisms in Brazilian patients with nonalcoholic with TM6SF2 gene variant to affect NAFLD risk: results
fatty liver disease. World J Hepatol. 2020;12(10):792-806. of a case—control study. Eur J Nutr. 2019;58(4):1463-1473.
doi: https://doi.org/10.4254/wjh.v12.i110.792 doi: https://doi.org/10.1007/500394-018-1675-4

26.  Ehrhardt N, Doche M, Chen S et. al. Hepatic Tm6sf2 overexpression 38. Caddeo A, Jamialahmadi O, Solinas G, et al. MBOAT? is anchored
affects cellular ApoB-trafficking, plasma lipid levels, hepatic steatosis to endomembranes by six transmembrane domains. J Struct Biol.
and atherosclerosis. Hum Mol Genet. 2017;26(14):2719-2731. 2019;206(3):349-360. doi: https://doi.org/10.1016/j.jsb.2019.04.006
doi: https://doi.org/10.1093/hmg/ddx159 39. Caddeo A, Hedfalk K, Romeo S, Pingitore P. LPIAT1/MBOAT7

27. LiB-T, Sun M, Li Y-F, et al. Disruption of the ERLIN-TM6SF2— contains a catalytic dyad transferring polyunsaturated
APOB complex destabilizes APOB and contributes to non- fatty acids to lysophosphatidylinositol. Biochim
alcoholic fatty liver disease. PLOS Genet. 2020;16(8):e1008955. Biophys Acta - Mol Cell Biol Lipids. 2021;1866(5):158891.
doi: https://doi.org/10.1371/journal.pgen.1008955 doi: https://doi.org/10.1016/j.bbalip.2021.158891

28. Boren J, Adiels M, Bjornson E, et. al. Effects of TM6SF2 40. Tanaka Y, Shimanaka Y, Caddeo A, et al. LPIAT1/MBOAT7
E167K on hepatic lipid and very low-density lipoprotein depletion increases triglyceride synthesis fueled by high
metabolism in humans. JC Insight. 2020;5(24):e1444079. phosphatidylinositol turnover. Gut. 2021;70(1):180-193.
doi: https://doi.org/10.1172/jciinsight.144079 doi: https://doi.org/10.1136/gutjnl-2020-320646

29.  Ruhanen H, Nidhina Haridas PA, Eskelinen E-L, et. al. Depletion 41.  Donati B, Dongiovanni P, Romeo S, et al. MBOAT7 rs641738 variant
of TM6SF2 disturbs membrane lipid composition and dynamics and hepatocellular carcinoma in non-cirrhotic individuals. Sci Rep.
in HuH7 hepatoma cells. Biochim Biophys Acta - Mol Cell Biol Lipids. 2017;7(1):4492. doi: https://doi.org/10.1038/541598-017-04991-0
2017;1862(7):676-685. doi: https://doi.org/10.1016/j.bbalip.2017.04.004 42. Viitasalo A, Eloranta A-M, Atalay M, et. al. Association

30. Luukkonen P, Zhou'Y, Nidhina Haridas P, et. al. Impaired hepatic of MBOAT7 gene variant with plasma ALT levels
lipid synthesis from polyunsaturated fatty acids in TM6SF2 in children: the PANIC study. Pediatr Res. 2016;80(5):651-655.
E167K variant carriers with NAFLD. J Hepatol. 2017;67(1):128-136. doi: https://doi.org/10.1038/pr.2016.139
doi: https://doi.org/10.1016/jjhep 43, Zusi C, Morandi A, Maguolo A, et al. Association between MBOAT7

31. Grandone A, Cozzolino D, Marzulio P, et. al. TM6SF2 Glu167Lys rs641738 polymorphism and non-alcoholic fatty liver in overweight
polymorphism is associated with low levels of LDL-cholesterol or obese children. Nutr Metab Cardiovasc Dis. 2021;31(5):1548-1555.
and increased liver injury in obese children. Pediatr Obes. doi: https://doi.org/10.1016/j.numecd.2021.01.020
2016;11(2):115-119. doi: https://doi.org/10.1111/ijpo.12032 44, Umano G, Caprio S, Sessa A, et al. The rs626283 Variant

32.  Musso G, Cipolla U, Maurizio C, et. al. TM6SF2 rs58542926 variant in the MBOAT7 Gene is Associated with Insulin Resistance
affects postprandial lipoprotein metabolism and glucose and Fatty Liver in Caucasian Obese Youth. Am J Gastroenterol.
homeostasis in NAFLD. J Lipid Res. 2017;58(6):1221-1229. 2018;113(3):376-383. doi: https://doi.org/10.1038/ajg.2018.1
doi: https://doi.org/10.1194/jIrM075028 45. ChenL,Dus, Lu L, et. al. The additive effects

33.  Eslam M, Mangia A, Berg T, et. al. Diverse Impacts of the TM6SF2 E167K and PNPLA3 1148M polymorphisms
of the rs58542926 E167K Variant in TM6SF2 on Viral and Metabolic on lipid metabolism. Oncotarget. 2017;8(43):74209-74216.
Liver Disease Phenotypes. Hepatology. 2016;64(1):34-46. doi: https://doi.org/10.18632/oncotarget.18474
doi: https://doi.org/10.1002/hep.28475 46. Krawczyk M, Rau M, Schattenberg J, et al. Combined effects

34.  Zhou, Llaurado G, Oresic M, et. al. Circulating triacylglycerol of the PNPLA3 rs738409, TM6SF2 rs58542926, and MBOAT7 rs641738
signatures and insulin sensitivity in NAFLD associated with variants on NAFLD severity: a multicenter biopsy-based study. J Lipid
theE167K variant in TM6SF2. J Hepatol. 2015;62(3):657-663. Res. 2017;58(1):247-255. doi: https://doi.org/10.1194/jIrP067454
doi: https://doi.org/10.1016/jjhep.2014.10.010 47. Basyte-Bacevice V, Skieceviciene J, Valantiene |, et al. TM6SF2 and

35. Musso G, Cassader M, Gambino R, et. al. PNPLA3 rs738409 and MBOAT7 Gene Variants in Liver Fibrosis and Cirrhosis. Int J Mol Sci.
TM6SF2 rs58542926 Gene Variants Affect Renal Disease and Function 2019;20(6):1277. doi: https://doi.org/10.3390/ijms20061277

MHOOPMALINA Ob ABTOPAX [AUTHORS INFOI:

*JlaryTtuHckas [lapbs BnagumuposHa [Darya V. Lagutinskaya]; agpec: Poccus, 660022, KpacHoapck, yn. MNaptunsaHa MenesHska,
4. 3r [address: 3g Partizana Zheleznyaka street, 660022 Krasnoyarsk, Russia]; ORCID: https://orcid.org/0000-0003-1295-9262;
Scopus Author ID: 57208819963; eLibrary SPIN: 4745-2729; e-mail: dlagut1210@gmail.com

CmupHoBa Onbra BaneHTuHoBHa, .M.H., npodeccop [Olga V. Smirnova, MD, PhD, Professor];
ORCID: https://orcid.org/ 0000-0003-3992-9207; Researcher ID: C-2722-2018; Scopus Author ID: 56350970700;
eLibrary SPIN: 2198-0265; e-mail: ovsmirnova71@mail.ru

*ABTOp, OTBETCTBEHHbIN 3a nepenuncky / Corresponding author.
LNTUPOBATD:

CmunpHoBa O.B., JlarytnHckasa [.B. Ponb nonumopousmos reHos PNPLA3, MBOAT7 u TM6SF2 B pa3BUTUN HEanKorosibHOW
XKMpOoBOW 6one3HN neyeHn Npu MeTabonuueckom cuHapome // OxnpeHmne n metabonmsm. — 2022. - T. 19. - N°2. - C. 166-170.
doi: https://doi.org/10.14341/omet12855

TO CITE THIS ARTICLE:

Smirnova OV, Lagutinskaya DV. The role of polymorphisms of PNPLA3, MBOAT7, and TM6SF2 in the development
of non-alcoholic fatty liver disease in metabolic syndrome. Obesity and metabolism. 2022;19(2):166-170.
doi: https://doi.org/10.14341/omet12855

OxwupeHnue n metabonusm. - 2022. - T. 19. - N°2. - C. 166-170 doi: https://doi.org/10.14341/omet12855 Obesity and metabolism. 2022;19(2):166-170


http://dx.doi.org/10.1038/ng.2901
https://dx.doi.org/10.4254/wjh.v12.i10.792
 doi: https://doi.org/10.1093/hmg/ddx159
http://dx.doi.org/10.1016/j.jhep 
http://dx.doi.org/10.1111/ijpo.12032
https://doi.org/10.1194/jlr.M075028
http://dx.doi.org/10.1016/j.jhep.2014.10.010
http://dx.doi.org/10.1002/hep.27643
https://doi.org/10.1016/j.jsb.2019.04.006
doi: https://doi.org/10.18632/oncotarget.18474
http://dx.doi.org/10.1194/jlr.P067454
mailto:dlagut1210@gmail.com

	_Hlk106725580

