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AHanu3upyeTcsi 3HaUMMOCTh TeHETUYEeCKUX (paKTOPOB B pa3BUTUU KaK IEPBUYHBIX (MJIU MEHIEIEBCKUX)
kapauomuonatuii (KMIT), Tak 1 HEKOTOPEIX BTOPUYHEIX (IIpro6peTeHHbIX) hopM KMII. i1 mepBUYIHBIX
KMII onucaHbl 1eCITKM T€HOB C MTATOT€eHHBIMM,/BEPOSITHO MAaTOr€HHBIMU BapuaHTaMu. B OOJbILIMHCTBE
cJlyyaeB CIEKTpP MPUYMHHBIX TeHETUYECKUX BapruaHTOB 111 padHbix KMIT cnienmduyeH, Ho peructpupy-
IOTCSl TAaKXKe OOIIMe TeHbl U BapuaHThl. [Ipy 3TOM, ¢ OMHO# CTOPOHBI, HE IJIsT BCEX CJyyaeB MEepPBUYHBIX
KMIT ycraHoB/eHbI TeHeTUYECKME TTPUUMHBI 3a00JIeBaHUi, a C IpYroii, MaToreHHble BApUaHThl B TeHaX
meHaenaeBckux KMII peructpupyiorcsa u nmpu BropudHbix KMII. I'eHeTHnYeckuii KOMIIOHEHT B pa3BUTUU
U TIEPBUYHBIX M BTOpnIHbIX KMIT ycTaHOBJIEH TakKe MpU TTPOBEASHUH ITMPOKOTEHOMHBIX aCCOLIMAaTUBHBIX
ucciaegoBanuii (GWAS). OnHoHykeoTunHbie BapuaHThl (SN Ps), accormupoBaHHbBIE U C IEPBUYHBIMU, U CO
BropuuHbiMu KMII, B 6onbiiMHCTBE citydaeB cietmduyHbl 11 pasHbix KMIT 1 BHOCST HEOObIION BKIa
B pucK pa3BuTus natonoruii. s Hekotopsix SNPs ycranoBieHsl accormanyu ¢ DKI- u Oxo-kapauorpa-
duueckuMu napameTpamu MopGhoJIOrMYecK HEM3MEHEHHOTO ceplia y yesioBeka. bobimHcTBO 13 SNPs,
accouunpoBaHHbIX ¢ KMII mo nanueiM GWAS, jioKkan3oBaHbl B HEKOAMPYIOIIMX y4acTKax TeHoMa, HO 00-
JIaJIAl0T PETYJISITOPHBIM IMOTEHILIMAJIOM, BBICTYIIasl B TKAHU cepilla B KaueCTBE JIOKYCOB, BJIUSIONIMX HA ypO-
BeHb akcnpeccuu (eQTL), crumaiicunr (sQTL) unu snureHetnyeckue moaudukanuu. [IppuMeyarenbHo, 4TO
addekTsl reHoTUIoB eQTL 1 sSQTL B psine ciiyyaeB HepaBHO3HAYHBI [IJIsT Pa3JIMYHBIX aHATOMUYECKUX OT/IE-
JI0B cepana. B nenom denotun u kiimHudeckasi KaptuHa KMIT MoryT onpeaensThesl IUMPOKUM CHEKTPOM
pPeIKMX TMaTOreHHBIX/BEPOSITHO TTATOTeHHBIX BAPUAHTOB C CWJILHBIM 3((HEKTOM U YaCTBIX BHICOKOITOIM -
MOPGHBIX BApUAHTOB ¢ HEOOJIBIIUM 3 HEKTOM U MOAUDUIIMPOBATHCS SIUTEHETUYECKMMU (DaKTOpaMU.

Karoueeswie croea: KapauoMuonaTuysi, TaTOreHeTHKa, reHbl MOHOT€HHBIX KapIMOMMOITATUI, IIIUPOKOTE€HOM-

HBIE aCCOLIMATUBHBIE MCCIIEIOBAHNSI.
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Kapanomuonaruu (KMII) — kKIMHU4YECKHU TeTe-
poreHHasl rpyImna 3a00J1eBaHUi CEpASYHON MBIIIIILIHI,
XapaKTepU3YIOIIAsICSI CJIOXHOM 3THojorueii. Mcromb-
3YIOT pa3jMdHbIe TTOaxoabl K Kiaccudukanum KMII,
KOTOpbIE TIEPUOANYECKHU TIepecMaTpuBaloTcs. B cBsizu
C OTUM 3a4YacTyIO0 B ITyOJMKALIMSIX IPUBOISATCI 000-
3HaueHus TumoB KMII, He npuHsATBIE B HACTOSIIIEE
Bpemsi. OgHaKo B gajbHEMIIEeM IPU U3JIOXKECHUN Ma-
Tepuaja MbI UCITOIb30BaIn Te obo3HadeHnss KMII,
KOTOpbIE ObLIN YKa3aHbl B IEPBOUMCTOUHUKAX.

HawnbGoiee 9acTo BEIACISIOT CeMeitHbIE U CIIOPaIn-
yeckre (GopMBbI; MepBUYHBIC (TEHETUYECKM OOYCIOB-
JIEHHBIE), IIPUOOPETeHHbIC, WA BTOPUYHBIC (BO3HUK-
Ve TIPY BO3MEMCTBUHU IIMPOKOIO CIEKTpa SHIOICH-
HBIX M 3K30T€HHBIX (paKTOPOB) M CMEIIaHHbIE (IIpH
KOMIUIEKCHOM BO3ACHCTBUU TeHETUYECKUX U CPEIO-

lﬂononHMTeanaq uHdopMalus s 3TON CTaTbM HOCTYITHA
mo doi 10.31857/S0016675823050107 misi aBTOPM30BaHHBIX
MOJIb30BaTeJICH.

N

615

BBIX (pakTOpOB). [eHETUYECKM IeTePMUHUPOBAHHBIE
KapJIMOMMOIIaTUM MOTYT ObITh yHacJeNOBaHHBIMU
WJIW pa3BUBATbCS BCJEACTBUE BO3HUKIIUX de novo
MyTalun.

C yyetoM MopdOhYHKIIMOHATBHBIX HAPYIICHUMI
cepnua KMII xkiaccudunmpyior Ha runepTpodude-
ckyio (I'KMII), nunataunonnyio (JIKMIT), aputmo-
reHHyo (APKMII), pectpuktusHyto (PKMII) kap-
IMOMUOMNATUM, K JaAHHOMY TaToJIoThyecKoMy (heHO-
TUIY OTHOCSIT TakKXKe HEKOMITAKTHBIM MUOKap JIEBOTO
xenygouka (HKMJIXK), Ho nuHorga Takoe maToJioru-
YECKOE COCTOSITHUE paccMaTpUBAaIOT B KayeCTBE He-
kiaccnpunmpoBanubix KMIT mimm BapmuanTa peHo-
tuna [1, 2].

IlepBuunbie KMII pazinyaioTcd no 4acTtoTe pe-
TUCTpALIMM U IS HEKOTOPBIX ee (hOopM XapaKTepHO
mupokoe pacrnpoctpaHeHue: JKMII Bcrpegaercs ¢
yactoToii 1 : 250; T'KMII — ¢ yacroroii 1 : 200—1 : 500;
npaBoxenynoukoBass APKMII — ¢ vacroroii 1 : 2000—
1:5000; PKMII — Hanboee peako BCTpedaromasics
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KMII, Ha ee momo npuxoautcs 2—5% Bcex ciiydaeB
KMII [3—6]. K kaTeropuu BTOPHYHBIX (IIpUOGpe-
TeHHbIX) oTHOcAT KMII, Kak mpaBuio, BOZHUKAIO-
1LIMe BCJIENCTBUE OCIOXHEHUS KaKOTo-JIM0O0 3a00Je-
BaHUS (Hanmpumep, UIIeMUYecKoil 00Je3HM cepalia,
caxapHoro nua6era, MH(GEKLIMOHHBIX 3a00JeBaHUit
W Ip.).

Knaccudukanuu KMII B HeKOTOpoM CMEBICHIE
ycioBHBI. C OIHOI CTOPOHBI, MaHUdecTalUsI TeHe-
TUYecku obycioBieHHbIX KMIIT MoxxeT nmpouzointu
MpPU BO3JIEUCTBUM BHEIIHUX CPEHOBBIX (HaKTOpOB
WY pU GUBNOJIOTUYECKUX U3MEHEHUSIX B OpraHU3Me
[7—10], a c mpyroii, MaToreHHbIC BapUaHThl B Te€Hax
KapIMOMUOIIATUI BBISIBJISIIOTC W TIPU HEMEHeJIeB-
ckux KMIT u npyrux marojorusix cepaia (Hampumep,
npu GUOPUITSILIUY MTPEACEePAN, MUOKApAUTE U AP.)
[11—14].

Kpowme Toro, Hapsiny ¢ mepBOHaYajlbHO BblIEJIeH-
Hoit mpaBoxenymoukoBoit APKMII, ipu xoTopoit
MPOMCXOAUT TMOeIb KapIMOMHUOIIUTOB U UX 3aMelle-
HUe GUOPO3HO-KMPOBBIMU PYOLIAMU B TTPABOM XKeJTy-
JIouKe (4To TpeapacrosiaraeT K apuTMUsIM U BHe3arl -
HOIf CMEpTH), B HACTOSsIILIEE BPEMSI BBIIEJISIIOT (hOpMBbI
C TIpeoOJiafaloluM MOpaKeHUEM JIEBOTO, a Takke
000X XeJTyI0YKOB, TTPUUEM CIEKTP T€HOB, MyTallu1
B KOTOPBIX MPUBOIST K Pa3BUTUIO PYOLIOBBIX U3MEHE-
HUI pa3INYHOM JIOKAIU3aLK, He UASHTUYEH [ 15, 16].

Muorna onHa ¢popma 3aboieBaHUS MOXET “Tiepe-
xomuth” B apyrywo (Hanpumep, [KMII — 8 JIKMII
[17]) wiu paznuyHble KTMHAYECKUE (DOPMBbI PETUCTPH-
DPYIOTCS Y OIHOTO Y TOTO 3Ke TallMeHTa OAHOBPEMEHHO
(Hammpumep, couetanue [ KMIT u JIKMII, aputmoreH-
HOI IucIuia3um rpaBoro xeiyamouka 1 HKMJILXK) [18,
19]. Cpenu neteii ¢ peHoruriom HKM Ha mosio uzo-
mupoBanHoro HKM mnpuxomutcst nmumb 23%, a B
OOJIBLIIMHCTBE Cy4yaeB PErUCTPUPYIOT CMEIlaHHbII
denoTut: couetanue ¢ JJKMII BoisiieHo y 59% ma-
meHToB, ¢ TKMII —y 11% manmenTos [20]. Y meteit
I'KMII moxeTt coueratbess ¢ PKMIT i AKMIT (mo
20% cnydaes) [21, 22]. deHOTUIT apUTMOTEHHOM
KapJMOMMOIIAaTUM TaKXe MOXET BCTpeuarhcs Mpu
JIPYTUX T€HETUYECKU OOYCIOBIEHHBIX KapAUOMUO-
natusx [15].

st KMII, B ToM 4rciie U epBUYHBIX U JaXe pu
HaJIMYMU Y UHIVMBUIOB OMHOTO U TOTO XK€ MaToJIornye-
CKOI0 BapuaHTa, XapaKTepHbI LLIMPOKUI1 BO3PACTHOM
IMara3oH MaHudecTaluy MNaToJoTuM (OT BHYTPHU-
YTPOOHOTO Meproia A0 MOXKUIOTO Bo3pacTa), pa3HOO0-
pas3Hble KIMHUYECKME TIPOSIBIICHUS (OT 0€CCUMIITOM-
HOTO HOCUTEIbCTBA MAaTOT€HHBIX BAPUAHTOB /10 BHE-
3alHOM CepleyHOl CMEepTH B KauyecTBE MEepBOIo
MpU3HaKa MaToJOrMM), TSKECTb TEUEHUSI U KJIMHU-
yeckue ucxonpl [23—28]. C yueToM cepbe3HbIX KU3-
HEYIpOXarollIuxX OCI0XHEeHUH 1Tpr pa3nuyHbix KMIT
(cyllleCTBEHHOE CHMXXEHHE KayecTBa XW3HU BCJIe/-
CTBME Pa3BUTHS CEPAECUYHOU HETOCTATOYHOCTHU, YaCTO
TpeOyIOIIEH TpaHCTUIAHTAILIMU CEPIIA; BBICOKUI PUCK
BHE3aITHOM CEPACYHON CMEPTH) Ba>KHBIM IIPEACTABIISI-
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€TCsI BBIIBJICHUE TIPUIWH pa3BUTHS pa3nmaHbix KMIT
1 $aKTOPOB, OIPEACIIIONINX KOHKPETHBIN ITaToI0-
rIYecKunii GeHOTUIT U KIMHUYECKYIO KapTUHY 00JIe3-
HU. [eHeTUUecKe MapKephbl MOTYT BBLICTYIIaTh B Ka-
yecTBe U MpruunHbI pa3Butusts KMIT, u Mmomuduimpyio-
mux (aKTopoB, a MX BBISIBIICHUE HA PAaHHUX 3Tarax
TO3BOJINT oTpenesmTh pucku pa3suTtuss KMII n cBoe-
BpPEMEHHO pa3paboTaTh WHAWBUAYAJTU3UPOBAHHBIC
NpoUIIaKTUIECKIE MEPOIIPUSITHUS.

Llenps HacTosIIIETO UCCIeTOBaHUS 3aKIoUaiach B
CPaBHUTEIILHOM aHaJIN3e TeHEeTUYeCKUX (haKTOpOB,
JIeXXallluX B OCHOBE pa3BUTHUA pa3nudyHbix KMII Ha
OCHOBE TAaHHBIX O TeHAaXx, IJIs1 KOTOPhIX U3BECTHHI Ma-
TOTeHHbIE BAPUAHTHI, U PE3YILTATOB IIIUPOKOTEHOM-
HBIX aCCOLIMAaTUBHBIX ucciegoBaHuii (GWAS).

MEHIEJEBCKHUE ®OPMbI
KAPANMOMMUOITIATUN

Haub6osee Xopoliio ¢ reHeTUYEeCKOU TOYKM 3pEHUS
M3Y4YeHBI U OXapaKTepU30BaHBI MOHOT€HHBIE,/OJIUTO-
re”HHbie (popmbl KMII (Tabi. 1, cocraBieHo o [29]).
B 6a3e Simple ClinVar (mata Bxoma 20.07.2022 r.) yka-
3aH 41 reH, B KOTOPBIX JTJOKAIM30BaHEI ITaTOT€HHBIE 1
BEPOSITHO ITaTOI€HHbIE BapUaHTBI, MPUBOMSAIINE K
pa3Butuio ' KMII, giast JIKMII Takux reHOB yKa3aHO
50, mst mpaBoxenynmoukoBoit APKMIT — 11, nys pe-
CTPUKTUBHOI — CEMb; B OOIIICH CITIOKHOCTH C JAHHBI-
mu KMII accouuupoBaHbl MaTOreHHbIE/BEPOSITHO
MaToreHHbIe BapuaHThl 76 reHoB. I1pu 3TOM ecTh Kak
crienupuuyHbIe I Kaxmaou u3 ykazaHHbix KMII,
Tak ¥ o01ure reHsl 1151 pa3Hbix TunmoB KMII. B yact-
HocTH, BapuaHThl B TeHax ACTN2u TTN MoryT 1ipu-
BOIMTL K dethipeM ¢dopmam KMIT — JKMII,
I'KMII, npaBoxenygoukoBoii APKMIIT u PKMIT;
oommmu st TKMIT, IKMII u paBoXeny1094KoBoii
APKMII asnsiorcs reusl DES, LMNA v TMEM43,
gsg TKMIT, AKMIT u PKMIT — reust MYH7, TNNI3
n TNNT2, nng TKMIT u AKMII — rensr ACTCI,
CSRP3, LAMP2, MT-TI, MYBPC3, MYH6, NEXN,
PLN, RAF1, TCAP, TNNC1, TPM1w VCL, nja JKMII
n npaBoxenymodkoBoit APKMII — rensr DSG2 u
DSP, nng AKMIIT u PKMII — reast CRYABwu FLNC
[29, 30].

BoAbIIMHCTBO OMUCAHHBIX HAa HACTOSIIUKA MO-
MEHT IAaTOT€HHBIX/BEPOSITHO MATOTCHHBIX BapuaH-
TOB SIBJISIIOTCSI MUCCEHC-MYyTalSAMU [29] 1 TUIib Ha-
YUHAIOTCSI UCCJIEAOBAaHUS TT0 OLIEHKE 3HAYMMOCTHU B
natoreHe3ze KMII BapuaHTOB, JIOKaJIM30BaHHLIX B
HEKOIMPYIOIINX YIaCTKaX TeHOB 1 MEXTEHHBIX PErr-
oHax [31]. [ToMuMoO MMaToreHHbIX/BEPOSITHO MAaTOTeH-
HBIX U3BECTHBI BApUAHTHI C HEOIIPEeAeIeHHOI 3HAY~
MOCTBIO, IIOCTOSIHHO OTKpPBIBAIOTCSI HOBBIE T€HBI
KMIT [32—35]. Tak, B 6a3e Simple ClinVar [29] Ba-
pUAHTBI C HEOIIPeAeICHHOII 3HAYMMOCTBIO IS
JKMIT 3aperucrpuponansl B 110 renax, mist TKMIT —
B 110 renax, njst mpaBoxkeaynoukoBoit APKMII — B
35 renax, miig PKMII — B 22 renax (ta6m. 1); cpenu
HUX €CTh KaK I'eHbl, HECYIII1€ IaTOT€HHbIE/BEPOSITHO
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Ta6muna 1. Yurcio reHOB ¢ MaTOreHHbIMU/BEPOSITHO TTATOTEeHHBIMU BapuaHTaMU U BApUaHTaMU C HEOTIpeIeJICHHOM 3Ha-
YUMOCTBIO JJIS1 pa3IMYHbIX NepBUYHBIX KapauomuonaTtuii (KMII, mo SimpleClinVar [29])

Yucio reHOB ¢ BApUaHTAMU
KMII TIaTOTreHHBIMH,/BEPOSITHO | ¢ HeonpeeeHHoi | OO1Iee YnCIIo reHoB
MaTOr€HHBIMM 3HAYUMOCTBIO
I'KMIT 41 110 119
JKMIT 50 110 116
[IpaBoxenymoukoBast APKMII 11 35 37
PKMII 7 22 24

MaTOreHHbIE BapUAaHTBI, OMMCAHHBIE paHee ST TeX
xe uiu npyrux KMII, tak u HoBble. Eciiut yuecTh re-
HBI, B KOTOPBIX JIOKAJIM30BaHbI IIaATOTeHHBIE 1 BEPO-
SITHO MATOT€HHBbIE BapUaHThI, a TaKXK€ BapUAHThI C
HeomnpeaeaeHHONH 3HAYUMMOCThIO B OTHoLIeHM KMII,
TO O0Illee YMCJIO T€HOB JAaHHOIrO 3a00JieBaHMS BO3-
pacrtaet 6osiee yeM B 2 pasa — g0 159. Ilpu aTtom mna-
TOTeHEeTUYECKasi 3HAUYUMOCTh PEAKMX I'eHEeTUUYECKUX
BapMaHTOB, BBISIBIICHHBIX ¥ MManeHToB ¢ KMII, 11e-
pUOIMYECKU II€pecMaTpUBAETCSI C YYETOM HOBBIX
JIAaHHBIX O YACTOTE UX BBISIBICHUSI CPeAU MAallUCHTOB
¥ B MOITYJISILUSIX, CETPErallii B CEMbSIX M YTOUYHEHUS
(DYHKUIMOHATILHBIX U3MEHEHUI MK X Hatnuuu [36].

U151 pa3HBIX TUTIOB FeHETUUYECKN 00YCIOBIEHHBIX
KMII ycranoBiieHBI OOIIIMEe HE TOJBKO TeHbI, HO U
rnmaToreHHble BapuaHThl: B Simple ClinVar Takux of-
HOHYKJIEOTUIHBIX BapuaHTOB (SNVs) u Bapuaiuii
yuciia kKormit yaactkoB JIHK (CNVs) B pasmmaHbIX
y4yacTKax TeHOB (PK30HbI, UHTPOHBI) 3apEerUCTPUPO-
BaHo 6oJee 200 [19, 29, 30]. Tak, MUcceHC-BapuaHT
c.2513C>T (p.Pro838Leu) B reHe MYH7 MoxeT 00y-
cnoBnuBaTh (opmupoBanue ['KMII, JIKMII wu
PKMII, a MucceHnc-3ameHa ¢.451C>T (p.Argl51Trp)
B reHe TNNT2 MoxeT IPUBOIUTH K Pa3BUTHIO TTeP-
BuyHoit [IKMII, cemeitnoit PKMII, cemeiinoit TKMIT
U T.1.

Wuorma pasuasie popmbl KMIT BeIsIBASTIOTCS ¥ Wiie-
HOB OIHOI CeMbH, HECYIIIX OIUH U TOT K& TeHeTUYe-
CKMIi BapyaHT B TeHax Kapauomumnatuii. S.C. Menon ¢
coaBT. [25] ommcaHa ceMbs ¢ ayTOCOMHO-IOMMWHAHT-
HBIM 3200JIeBaHNEM Cep/lia, BHI3BAHHBIM MUCCEHC-Ba-
pHaHTOM, IIpUBOASAIIMM K 3aMeHe p.lle79Asn B cep-
neaHoM TponoHuHe T (kommpyetr reH TNNTZ2): Bce
MopaXkeHHbIE WICHbI SIBISUIUCh TE€TePO3UTOTHBIMU
HOCUTEIISIMA JTaHHOTO BapHaHTa, HO y IBYX U3 HUX
mmarHoctrupoBaHa PKMIT, y Tpex — HeoOCcTpyKTUBHAS
I'KMII, y aByx — AKMII, y oqHoro — cmelaHHasi
KMIT (F'KMII, couertaromasicst ¢ ¢peHOTUMNISCKUMU
npuzHakamu JIKMI1 1 pecTpukTUBHOI (PU3HUOJIOTHEH ),
a elle y OQHOTO — JieTKasli KOHIEHTpHUYecKasi Turep-
Tpodus jieBoro xkerynouka (JI2K).

OOIIHOCTh TEHETUUYECKOM KOMIIOHEHTHI MEXIy
pa3HbiMu popmamu KMIT MoxxeT onpenesnsiTb CXOa-
CcTBO UX (peHOTUNIMYeCKUX HposBiaeHuid. [Ipu TKMII
n PKMII, koTopbie 00yCIOBICHBI ITATOTeHHLIMU Ba-
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pUaHTaMU F€HOB CapKOMEPHBIX OEJIKOB, B Ka4eCTBe
MpeobIIamamiero MmaTou3noIOTHIECKOro MeXa-
HM3Ma BBICTYIIA€T AUACTOJIMYeCKass AUCHYHKIIMS, a
WHOTOa BBIIEHSIOT rurneprpodpudeckyio KMII ¢ pe-
CTPUKTUBHOM natodusunoorueii [37—39].

HecmoTtpst Ha HeKOTOphIe MepeKpPhIBAaHUS 110 Te-
HaM, pa3Hble kKnuHudeckue popmbol KMII paznuya-
IOTCSI IO CIIEKTPY I'€HOB, ITaTOI€HHbIC BapUaHTHI B
KOTOPBIX OOBSICHSIOT OOJIBIIYIO OO T€HETHYECKMX
NpUYIMHHBIX (akTopos [29]. dua AKMII 15-20%
MMaTOTeHEeTUYECKM 3HAYMMBIX BApMAHTOB OITMCAHBI B
reHe TTN, ¢ yactoToii 3—6% peTuCTPUPYIOTCS TAKUE
BapuaHThl B reHax LMNA, MYH7, FLNC, MYH6,
BAG3, TNNT2u MYPN23 [40]. HanOoublmii BKJIam B
CTPYKTYpY reHeTnuecKoii KoMmoHeHTH ' KMIT BHO-
CIT MaTOreHHbIE BapMaHThI B ITeHax CapKOMEPHBIX
OenKoB, MpUYEM HaA BapuaHThl B reHax MYH7 u
MYBPC3 nipuxonurcst okojio 70%, a BapuaHTHI B Te-
Hax TNNI3, TNNT2, TPM1, MYL2, MYL3u ACTC]1
PETUCTPUPYIOTCSI ¢ YacToToil 1—5%, 6e3 BhIpaxkKeH-
HBIX MeX3THMYecKuX paznnmunii [4]. K mpaBoxerry-
noukoBoit APKMII vaiiie mpuBOISIT MaTOreHHbIE Ba-
pUaHTBI B IeHaX OEeCMOCOM, MHTEPKaJIMPOBAHHBIX
JIVCKOB M MOHHBIX KaHajoB: PKP2 (1o 50% BhIssBISI-
eMBbIX MaTOreHHbIX MyTtaumii), DSP, DSC2, DSG2,
JUP, PLN u SCN5A [41, 42].

OnHako Te TeHEeTUYECKHE BapUaHThI, KOTOPLIE
paccMaTpuBalOTCs B KayecTBe MPpUUMHHBIX 111 KMIT,
PETUCTPUPYIOT B ITOMYJISIIMUSIX PEAKO U B LISJIOM T'eHE -
TUYECKHUE IPUYMHBI YIAaeTCsd YCTAaHOBUTh HE y BCEX
MalMeHTOB C JaHHOI maToJjiorueii. YacTora BhISIBIIC-
HMsI MaTOTeHHbIX BapruaHTOB B reHax npu JIKMII co-
craBiseT 15—40% [43—45], npu T'KMII — 20—43%
[46, 47], npu npaBoxeaynoukoBoit APKMIT — 50—
63% [5, 41, 42]. abimMu crioBamu, 10 50% u Gonee
narmeHToB ¢ KMIT ocTatorcst 6e3 MOJIEKyIISIpHO-Te-
HETUYECKOTo TOATBepXKAeHUsI nuarHosa. Clemyer,
OIHAKO, OTMETUTb, UTO y NauueHToB ¢ KMII BBISIBIISI-
IOTCS eIlle M BapMaHThl ¢ KOH(MINKTHOM W HEeoIpene-
JICHHOI 3HAaYMMOCTBIO, U151 KOTOPBIX HET OMHO3HAYHO-
o MHEHUS 00 UX BOBJIEYEHHOCTH B pa3zBute KMII.

ITpuBeneHHbIE BbIlIE JaHHBIE yKa3bIBAIOT HA BaX-
HOCTb MOMCKAa KaK HOBBIX TEHOB Y HOBBIX BAPUAHTOB,
OPUBOIAIIMX K pa3BUTHUIO TepBUYHbIX KMII, Tak n
reHeTUUYeCKUX (haKTOPOB, ONPEAEASIIONIUX KIIMHUYEe-
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CKMIT TTOTMMOPGU3M pasIMIHBIX POpPM maHHOI Ta-
Tojloruv. OJHUM U3 MOAXOIOB K BBISIBJICHUIO TaKMX
TeHETUUYECKUX (PaKTOPOB SIBJISIFOTCSI IIIMPOKOTEHOM-
HbIe acconnaTuBHbIe uccienoBaHusa (GWAS).

XAPAKTEPUCTUKA TEHETHUYECKHWX
BAPUAHTOB, ACCOIMNPOBAHHDbIX
C KAPANMOMMUOITATUAMMU 110 JAHHBIM
M POKOTEHOMHBIX ACCOLIMATHUBHbBIX
NCCIEOAOBAHNU

K nacrosmemy Bpemenu GWAS npoBeneHbI Ij1st
I'KMII (B ToM uucie misi capKoMep-MO3UTUBHBIX U
capkoMep-HeratuBHbIX popm) [48] u JJKMII (Bkimio-
yas uauonatndeckyo) [49—53]; KMII npu 60ne3H1
IIaraca [54, 55]; KMII Taxkoiy60 (cTpecc-uHIyl-
poBanHag KMII) [56]; umemnueckoit KMIT [57];
KMII, cBs13aHHOI ¢ TIpEMOM aHTPALMKINHA Y Je-
Teli ¢ oHKo3aboJieBaHUSIMU [58]; mepurapTajibHOI
KMII [59] 1 HexoTophIxX npyrux [60]. Takum ob6pa-
30M, GWAS BBITTOTHEHBI HE TOJIBKO IJIST TIEPBUIHBIX
KMII, Ho u KMII, mpuurHO#f KOTOPBIX SIBUJINCH K-
30T€HHbIE U SHAOTeHHbIE (paKTOPHI.

HccnenoBanusi TpOBOAWIMCS 151 PA3JIMUHBIX 9THO-
TEPPUTOPUANIBHBIX TPYII HAaCEJIeHUs: €BpPOIICOUIOB
(CKMIT [61], AKMIT [49, 53, 61], nepumnapraibHas
KMIIT [59], KMII Takoiy6o [56]), 1aTuHOaMepUKaH-
ueB (KMII Iaraca [54, 55]), adpoamepukaHiieB
(AKMII [51]), ucnanueB (mmemudeckass KMII [57]),
cmemanHbIX rpynn (FKMIT — Bkitovanu appukaH-
1IeB, JIaTUHOAMEPUKAHIIEB, €BPOIICOMIOB, a3UaTOB
u ap. [48]; anTpauukiIMH-uHAynupoBaHHasa KMIT —
HEUCITaHOS3bIYHbIE €BPONIEOU b, CMEIIIAaHHAS STHU -
yeckas rpyiia [58]). B To ke BpeMsl cTaTUCTUYSCKU
3HaYMMEIe accounanuu (1o kpurepusim GWAS) ObI-
JIU TIOJTyY€Hbl HE BO BCEX UCCIIENOBAHMUSIX.

B GWAS Catalog [60] nmpuBeneHbI JaHHBIE 00 ac-
cotmanusix 49 SNPs ¢ 'KMII, 20 — ¢ capkomep-no-
sutuBHO ['KMII, 25 — ¢ capkoMep-HeraTMBHOM
I'KMII, 22 — ¢ AKMII, 44 — ¢ unuomnaTuyeckKoi
AKMII, 21 — ¢ KMII ripu 6one3nu Illaraca, mmsarb —
¢ KMII Taxkoiry6o n Tpu — ¢ unremmnaeckoii KMIT y
MalMEeHTOB C peBMaToOUIHBLIM apTpuTom (Ilpunoxe-
Hue, Tab. 1, cocraBiieHo 110 [60, 62, 63]).

B o6mmeit cmoxxaoct ¢ KMIT yctaHoBiIeHBI acco-
uuanyu 156 SNPs (ta6a. 2, cocrasieHa 1o [60, 62,
63]; [Ipunoxenwue, Tabi. 1), u3 koropeix 51 (33%) Ba-
pUMAaHT JOKaJM30BaH B MEXKTECHHBIX permoHax, 105
(67%) — B 102 renax (8B Tom umcie 10 SNPs, kaxapIit
X KOTOPHIX JIOKAJIM30BaH B ABYX EPEKPHIBAIOIINXCSI
reHax), BKJIo4ast 76 GeJIOK-KOAUPYIOLIUX IeHoB, 26
reHoB Hekonupytomux PHK (msaTe 13 KoTopbix — re-
HBI aHTUCMBICJIOBBIX TpaHCKpUITOB: CYP5SIAI-ASI,
LY86-AS1, TRDN-AS1, TTN-AS1wn SVIL-AS1). 1ns
psiga reHoB accouuupoBaHHbIMU ¢ KMII okazanuce
OT IBYX IO ISITH JOKaJIM30BaHHBLIX B HUX SNPs: 1o
IBa BapMaHTa pachnoJioxkeHbl B reHax FNDC3B,

MITF, PKDI, PRKCA, SMARCBI, SSPN, VTIIA, Tpu
SNPs — Brene BAG3, isitb SNPs — B rene FHOD?3.

Kaxk u B cityuae renoB KMII, B pesynbrate GWAS
BBISIBJICHBI CIIeIM(UYHBIE (OOJBIIMHCTBO) U OOIINE
reHbl M aCCOLIMMPOBAHHBIC BApUAHTHI (X YMCJIO He-
BEJIMKO) [IJIsl pa3HbIX TUIIOB MaTojioruu (Tadna. 2, 3;
I[Ipunoxenne, tada. 1). ToabKo yHUKaIbHBIE acCO-
LIMUPOBaHHbIE TeHbI ObUIM 3apeTUCTPUPOBAHBI JJIs
nimemunyeckoit KMIT nu KMII Takoiy0o, HO B LIeJ10M
GWAS na gpanapix KMIT Obut HEMHOTOYMCIICH-
HBIMU Y MaJJOMH(MOPMATUBHBIMU — BBISIBJICHO He-
00JIbIIIOE YMCIIO ACCOLIMMPOBAHHBIX BAPUAHTOB U Te-
HOB (Ta0J. 2).

Jas KMII araca quiib onuH reH u3 19 acconm-
MPOBaHHBIX ObLT HEYHUKAJIBbHBIM: B TeHe MITF pa3Hbie
nHaTpoHHBIe SNPs 661 cBsi3anbl ¢ KMIT Illaraca n
capkoMep-HeratuBHoit ' KMII.

Oomnmu mig T'KMIT n AKMII 661m rensl: BAG3
(uaTpoHHBIe BapuaHTHI 1517099139 u rs72840788 ac-
couuupoBanbl ¢ I'KMII, »53K30HHBIII BapuaHT
rs2234962 — ¢ AKMII), FHOD3 (4eTbIpe MHTPOHHBIX
SNPs — 15503274, rs118060942, rs4799426, rs617207 —
accouumnpoBanbl ¢ I['KMII, 5»K30HHBII BapuaHT
rs2303510 — ¢ AKMII), PKDI (pa3Hble MHTPOHHbIE
SNPs acconumpoBanbl ¢ AKMIT u TKMIT — rs2519236
u 159928278 coorBeTcTBeHHO), SMARCBI (pa3Hbie
aJijie I UHTPOHHOTO BapuaHTa rs2186370 acconuu-
poBaHbl ¢ AKMII m 'KMII, uHTpOHHBIN BapuaHT
157284877 — c AKMIT), PRKCA (onyH o011t THTPOH-
HbIl SNP — rs9892651, HO pa3HbIe ajIe)Ii aCCOLIMIPO-
Banbl ¢ JJKMII u 'KMIT; rs7210446 accouumpoBaH
toibko ¢ 'KMII) (tab6in. 2 u 3). Takum oOpa3oMm, He-
CMOTPS Ha OOIITHOCTD TeHOB, b aBa SNPs Obuin
accoummpoBaHbl mo TaHHBEIM GWAS 11 ¢ TKMII, n ¢
JKMII. Kpome Toro, c 'KMII accouunpoBaHbl 1o
JIBa pa3HbIX UHTPOHHBIX SNPS, ToKajn30BaHHBIX B
reHax FNDC3B (rs9647379 u rs4894803), SSPN
(rs17380837 wm r1s2003585), VTIIA (rs11196078 wu
rs11196085). MHTEpEecHO, YTO CITEKTp TeHOB, BaphaH-
Thl B KOTOPbIX MPUBOAWINU K Pa3BUTUIO CapKOMep-
MO3UTUBHOI M capkomep-HeratuBHoit KMII, He
uaeHTU4eH (Tadir. 2).

Hab6aromaeTcst Takke iepeKphIBaHUE MEXKIY pas3-
HbiMu TuniamMu KMII, misi KOTOpbIX YCTaHOBJIEHBI
KaK penKue IaToreHHbIe, TaK 1 YacThle (aCCOLMUPO-
BaHHBIe 110 JTaHHBEIM GWAS) BapraHTBI B OTHUX U TEX
ke reHax (tabin. 3). Tak, misa reHoB BAG3, FLNC,
FHOD3, LMNA, TTN n TTN-AS1 onricaHBI KaK Tia-
TOT€HHBIE/BEPOSITHO IIaTOI€HHBIE BapUAaHTHI IS
KMII, tak u SNPs, accouuupoBannbie ¢ KMII o
maaHEIM GWAS. s nmemmnyeckoit KMIT Taxcke
3aperucTpupoBaHa accouanms ¢ rs112941217-C, no-
KaJIu30BaHHBIM B reHe LMNA, njiss KoToporo ycra-
HOBJICHEI ITaTOTeHHBIE/BEPOSITHO ITaTOTeHHBIE BapH-
aHThl, TpuBoAgmIre K pazputuio 'KMII, AKMII n
npaBoxenygouykoBoiit APKMIT.

Cpenu accouuupoBaHHbIx ¢ KMII BapmanTOoB
b 12 (8%) nmokann3oBaHBI B 9K30HaX OEJI0K-KO-
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IMATOTEHETUKA KAPAVMOMMOIIATUN

Iupytoiux reHoB (B Tom yucie 11 SNPs nmpuBomar k
HeCMHOHUMUYHO, r$s8051448 B reHe JPH3 — K cuHO-
HUMMYHOI 3ameHe), Tpu Jiokaiu3oBaHbl B 3'UTR,
TPU — B 9K30HAX HEKOAMPYIOIINX TPAHCKPUIITOB, U
98 — B MHTpOHAaX OEJIOK-KOAUPYIOIINX U OeJTOK-He-
koaupytomux reHoB (I[Tpunoxenue, Tadiu. 1). Takum
o0pa3oM, BapMaHThI, aCCOLIMMPOBAHHBIC C Pa3IN4-
HeiMU KMII 1o manaHeiMm GWAS, nokammn3oBaHBI
MPEeUMYIIECTBEHHO JIMOO B MEXI€HHBIX peruoHax,
00 B HEKOAMPYIOIINX YYacTKaX OeI0K-KOOUPYIO-
IIUX 1 Yalle 0eJ0K-HEKOIUPYIOIINX TeHOB. B cBsI3m
C OTUM MPEACTABIISIET MHTEpPEC OlleHKa (PYyHKIIMO-
HaJIbHOM 3HAYMMOCTHY JaHHBIX BAPUAHTOB.

PEIYJISATOPHBIM MOTEHL A
IT'’EHETUYECKHNUX BAPMAHTOB,
ACCOLIMMPOBAHHBIX
C KAPAMOMUOITATUAMUN

M3 yncna accoumupoBaHHBIX IO JaHHBIM GWAS
¢ KMII BapuanToB 37 SNPs o06y1amaior peryIsiTopHbIM
MOTEHIIMAJIOM B Pa3IMYHBIX OTIEJIaX Cepala, SIBJISSICh
eQTL (Expression Quantitative Trait Loci — 10KyCHI
KOJIMYECTBEHHBIX MPU3HAKOB, OMNPEACISIONINX YPO-
BeHb 3kcripeccun) u/wim sQTL (Splicing Quantitative
Trait Loci — 1OKyChl KOJIMYECTBEHHBIX MPU3HAKOB
aJIbTEpPHATUBHOIO CIIAliCMHTA) TSI IITMPOKOTO CIIEKTpa
reHoB (34 SNPs apnsrores eQTL u 21 — sQTL) [65,
66] 1K BEICTYIIAsI B KAUECTBE METOK [IJIsl Pa3IMYHBIX
SIUTEHETUYECKUX MapPKEPOB, 3HAYMMBIX JIJISI PETYJIsI-
uuu skcnpeccuu reHoB (68 SNPs) [63] (ITpumoxke-
HHe, Tabx. 1, 2).

B o0meit cnoxxHoctn 79 reHOB B CepAlie peryJiv-
PYIOTCSI HA YPOBHE 3KCIIPECCUM WJIM CIUJIaiiCMHTa C
yuyactueM SNPs, accorunpoBaHHbIx ¢ KMIT (s 72
T€HOB aCCOIIMMPOBaHHBIE BapUaHTHI SIBIIsTIOTCS eQTL,
g 16 — sQTL), npuuem oguH SNP MoxeT OBIThH
3HAYUM IJISI PETYJISIIUU HECKOJIbKUX T€HOB, 4 ONUH U
TOT K€ T€H MOXET PEryIMpOBaThCs HECKOJIBKMMM aCCO-
nympoBaHHbIMA ¢ KMIT SNPs (puc. 1). K gnciy pery-
JIMPYyeMBbIX OTHOCATCS 13 reHOB, B KOTOPBIX JIOKAJIU30-
BaHbl SNPs, accommumpoBannbie ¢ KMII mo naHHBIM
GWAS (CDKNIA, CLCNKA, FHOD3, HSPB7, NMB,
NSF, PIWIL2 v np.), a TakXe IBa reHa, B KOTOPbIX
M3BECTHBI ITaTOreHHBIE/BEPOSTHO ITaTOTeHHEIE Ba-
puanThl 11 KMIT (8 rene ALPK3 nnsg TKMIT u B re-
He FLNC — nnsa AKMIT) [29].

BOkcnpeccusi CLCNKA B cepalie 3aBUCUT OT T€HO-
TunoB 4YeTbipex SNPs: mHTpoHHBIX 152015509 m
rs10927875, nokanmmuzoBaHHbix B reHax CLCNKA u
ZBTB17 cooTBeTCTBEHHO, 3K30HHOTO 151048302 re-
Ha HSPB7 (v Tpu SN Ps saBnsitorcest Takke SQTL mst
HSPB7), mexrenHoro rs10927886 (sBisieTcsl Takke
eQTL u sQTL mnst HSPB7; cM. puc. 1). IIpu atom
a3 dekTnl reHoTUIIoB 1o rs1048302 (accouumpoBaH ¢
capkomep-HeratuBHoii ' KMIT) u rs2015509 (capko-
Mep-niosutuBHasts 'KMII) kak sQTL nnsa HSPB7
paznuunbl B JIZK 1 yiike npasoro nipencepans (Ipu-
JIoXKeHue, Taoi. 2). B aTux otoenax cepauia mist Apyrux
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SNPs Takke 3aperncTprupoBaHBI pa3TmIHbIC 3POEKTHI
reHotumioB Kak sQTL (rs28768976 mna rena MAPT,
rs3740293 mnst rena SYNPO2L) v eQTL (rs13273616
ot reHa PIWIL2, rs6003909 u rs2186370 st reHa
MMPI11, rs3779381 nnst reHa FAM3C, rs748455 nnsa
reHa ALPK3). Bo3MOXHO, YTO MMEHHO KaMepHasi
crienudmuaOoCcTh B 3(pdekrax sSQTL m eQTL moxker
OOBSICHATH “TIPpEAITOYTUTESIbHOE” TTOpakeHUEe Orpe-
JIEJIEHHBIX OTaeqoB mpu HekoTopbix KMII: mpwu
I'KMII — neBbIif XeIygodeK, a TPy apUTMOTeHHOM
KMII — mipaBbIii xKeaynodex.

Kpome Toro, pasnnuusi perucTpupyroTcs o crek-
TPY T€HOB, PEeIKUE BapUaHThI B KOTOPBIX MPUBOAST K
naTojoruu cepaua, B ToM uuciae u KMII paznuyHoit
JioKain3anuu (T.e. TeHbI, KOTOpblE 3HAYMMBbI B pa3-
Ut KMII, 3aBUCST OT ITopakaeMoro oTesia cepi-
na). Tak, mis apurmorenHoit KMIT ripu nopaxeHuun
MPaBOTO KEJIYIOUKa BbISIBJISIOTCS MATOTEHHbIE Bapu-
aHTel B reHax PKP2, JUP, DSC2, DSG2, DSPu SCN5A,
OEJIKOBbIE MPOIYKThI KOTOPBIX KOHTPOJIUPYIOT (hyHK-
LIUIO IECMOCOM, UHTEPKAJTMPOBAHHBIX JUCKOB U MOH-
HBIX KaHaJIOB, Ipu nopaxkeHuu JIZK — B reHax LMNA,
DSP, FLNC, TMEM43, BAG3, RBM20 n np. (0OTHO-
CAIIMXCS K ILIMTOCKEJEeTy, CapKOoIUIa3MaTUYeCKOMY
PETUKYJIYMY, CapKoOMepy, MOHHOMY KaHajy, MUTO-
XOHIPUSIM), TP TTIOPAXKEHUU 0O00UX XKeTYyT0UKOB — B
redHe PLN, IpooyKT KOTOPOTO BaskeH JJIsSI TOMeocTas3a
KaJIblMs B Muokapae [41].

I[MToMmuMoO peryiasdauuu reHoB Ha YPOBHE 3KCIIpec-
CUM M CIUIalicuHra, accouurpoBaHHble 10 GWAS ¢
KMII BapuaHTHI BEICTYIIAIOT B KAYECTBE SIUTCHETH -
YeCKUX METOK — noka3aHo 11 68 SNPs (ITpumoxe-
HMe, Tao. 1, 2). BuacTHOCTH, faHHBIC BAPUAHTHI JIO-
Kaau3oBaHbl B TuIlepyyBCcTBUTENbHBIX K JIHKaze
caiitax (DNase-seq, 53 SNPs), B permoHax mocTyma K
TpaHcno3ase xpoMaTuHa (ATAC-seq, 21 SNPs), B 06-
JacTyu MomuUIUpoBaHHBIX TMCTOHOB (H3K27me3,
H3K27ac, H2AFZ — Bcero 49 SNPs) u pa3nuaHbIX
SMUTEHETUYECKN 3HAYMMBIX PETUOHAX IJIST TIOAAep-
XKaHUSI CTPYKTYpHl M (byHKIMM XpomaruHa. Tak, 12
SNPs pacnomoxens! B ooiractu POLR2A — JIHK -3a-
Bucumoi cyobenuHuiibl PHK-nonumepassr 11 RPBI,
neBsITb SNPs — B 00J1aCTH TpaHCKPUIILIMOHHOTO pe-
npeccopa CTCFL, 12 SNPs — EP300-B3anmoneii-
CTBYIOIIIETO MHTUOWTOPA TUMDEPEHIIUPOBKHU 1, 1IIECTh
SNPs — roMojtora 0ejka pernapauyy JByX1IeOYeUHbIX
pa3peiBoB rad2l, nBa SNPs — 1ieHTpaabHOTO KOMITO-
HeHTa Kore3uHa (SMC3), 3HayMMOro ISl TIPOXOKIe-
HUS KIETOYHOro LmMKiaa. Hampumep, TIeHOTUIIBI
rs3740293 (accouuupoBan ¢ 'KMII), ntokannzoBaH-
Horo B 3'UTR rena SYNPOZ2L, BIusIOT Ha YPOBEHb
SKCHPECCUH Psifa TeHOB, B TOM Y1CJIe — TUCTOHOBOTIO
mrariepoHa DNAJC9 (puc. 1; Ilpunoxenue, Taomn. 1, 2).
DNAJC9 neiicTByeT napajjIeIbHO C KJIaCCUYECKUMU
IIariepoHaMy1 TMCTOHOB, IIpuBjcKast (paKTOPhl TEIl-
JIOBOTO IIIOKA IJIsI 3aIlIUThl CTPYKTYPHOM HETOCTHO-
CTU AuMepoB ructoHoB H3—H4 Ha HaubGosee cliox-
HBIX CTaAUSIX MX JTOCTABKM W BCTPaMBaHUs B XpOMa-
TMH, B TOM 4YHMCJI€ B YYacTKaX, CBSI3aHHBIX C
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[ rR M cap+ CLCNKA

HSPB7

AC034243.1
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; / FKBP7
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FLNC
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109” * ..

§75 (ZBTB17) FAM66A

NEIL?

ARHGAP27
DNDIPI
LINC02210
LRRC37A4P
MAPKSIP1P2
RP11-707023.1

ARLI17A
LINCO00964
KANSLI-AS1
MTSS1
SVIL-AS1
LRRC37A4
LRRC37A2

STRN
RP11-288C18.1
MAPT

NSF
RP11-259G18.1
RP11-259G18.3

KANSL1

ALPK3*
CSPG4P12
GOLGA2P7
LINCO0933

NMB
WNT3
RP11-18271.14

RP1I-182J1.18
UBE202L

WDR73
DNMIP51
EFTUDIPI

PRKCA

TPGS2
RP11-532N4.2
MMPI11

SMARCBI1

VPREB3

SSPN
AP000351.3

AP000351.4
FHOD3*
ADAMTS7P3
KB-112543.11
ADAMTS7

BAK1
RPI-302G2.5
TMEMI51B

Puc. 1. PeryasitopHbiii noteHuman SNPs, accoumupoBanHbix ¢ Kapauomuonatusimu (KMIT) o nanaeiMm GWAS. CrieBa Ha-
npaBo ykazanbl deHotunt KMIT; SNP, accoumupoBanusiii ¢ KMII (Jokanuzamusi rTeHEeTUYEeCKOro BapuaHTa); TeHBI, Ha
9KCIPECCUIO KOTOPBIX B YIIIKE MPEACepAus WIN B JIEBOM XeTyOUKe cepalia BIusiioT accoumupoaHubie SNP B kauectse eQTL
u/vm sQTL. * O603HaueHbl reHbl MeHaeaeBckux KMIT.
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peluMkanueir u TpaHckpumnuueit [67]. Ilpumeua-
TEJIbHO, YTO YPOBEHbB 9KCIIPECCUU U HAJTMYME CILIali-
CUHTOBBIX BapuaHTOB reHa HSPB7, Koaupylollero
OIIVH 13 OEJIKOB TEIUIOBOI'O IIIOKA, 3aBUCST OT YETHIPEX
SNPs (eQTL u sQTL: mexrennsiit rs10927886;
sQTL: rs2015509, nokanu3oBaHHbII B UHTPOHE reHa
CLCNKA, 151048302 — B »3k30He/3'UTR rena
HSPB7, 1s10927875 — B untpoHe reHa ZBTB17), ac-
couupoBaHHbix ¢ KMIT no GWAS (I'KMII u
JAKMII), 1 onyH 13 3TUX BapHMaHTOB JIOKAJIM30BaH B
aToM ke reHe (puc. 1; Ilpunoxenue, Tabm. 1, 2). Ilpu
stoM cBs3biBanue HSPB7 ¢ ructonamu H3.1 1 H4 3a-
Bucut ot DNAJC9 [67]. 3HaYMMOCTh 3IUTeHETHUYE-
CKUX TIPOIIeCCOB MoKa3aHa s pa3naudHeix KMII, B
TOM YMCJIE Ha YPOBHE MOAM(UKALIUN TUCTOHOB, M-
TismmpoBanusa JJHK, a Takke m3aMeHeHMsT 3Kcrpec-
CHUM ILIMPOKOTO CIIEKTPA PETYISITOPHBIX HEKOIUPYIO-
mnx PHK [68—73].

BosneuenHocTh B ntaroreHe3 KMIT peryiasitTopHbIX
Hekogupyromyx PHK moareBepxmaercsi, BO-TIEPBBIX,
JIOKQJIM3alMed acCOLMUPOBAHHBIX C JAHHOM ITaToO-
Jorueit SNPs B reHax paszJIWyHBIX HEKOAWPYIOIIMX
PHK, Bo-BTOpEBIX, peryasiueil acCouMupoBaHHBIMU
SNPs ypoBHS 3KcIIpeccui TaHHOTO Kjlacca MOJICKYJT
B Muokapje (puc. 1; Ilpuioxenue, Tabi. 1). Kak uz-
MEHEHHE CTPYKTYPhI, TAaK 1 U3MEHEHUE YPOBHSI PEry-
nsaropubix PHK MoryT mosmmaTs Ha 3¢ HEeKTUBHOCTH
TeX MeTabOoJIMYECKUX ITyTEM, KOTOpbIe 00eCTIeunBalOT
paboTy cepalla B HOpMe U MpU Pa3BUTUU TaTOJIOTU-
YeCKMX IIPOLIECCOB, B TOM YMCJIe Y BO3ACHCTBUU HE-
01aronpUsATHBIX (AaKTOPOB (CM., Harpumep, [68]). B
yactHocT, SNPs, accoumupoBannsie ¢ KMII, o-
KaIM30BaHbI B 3K30He 7TN 1 B TeéHe ero aHTUCMBIC-
JioBoro TpaHckpunta 7TN-AS1, cTpyKTypHbIe U (DyHK-
LIMOHAJIbHbIE 0COOEHHOCTU KOTOPHIX MOTYT IIPUBOIUTH
K pa3BUTUIO JaHHOM naTosioruu [68]. OnuH 13 accoLu-
npoBaHHelx ¢ TI'KMII SNP jokaim3oBaH B
ENSG00000287149, koTOpblii KOTUPYET aHTUCMBICIIO-
Boit TpaHckpunT K TTN (8 rene 77N n3BeCTHBI IaTO-
reHHBIE/BEPOSITHO MAaTOTEHHbIE BAPUAHTHI IS Pa3JINy-
HbIx TUIIOB KMIT — JIKMII, 'KMII, npaBoxenynod-
koBoit APKMII, PKMII) u CCDC141 [29, 74].

M3BecTHO, yTO AIMHHBIE Hekoaupyromue PHK
(IncPHK) yyacTByIOT B peryisiiiuy akTUBHOCTU T€HOB,
CTPYKTYPHBIE BapHaHThlI KOTOPBIX IIPEApPacojiaraior
K pazputuio KMII. IncPHK MIRF B kauecTBe KOH-
KypeHTHOI1 aHnoreHHoii peryisitopHoii PHK (ceRNA)
MyTeM CBg3bIBaHUA ¢ miR-26a BiausgeTr Ha ypOBEHb
peryaupyeMmoro maHHoi mukpoPHK Bakl, tem ca-
MBIM CITOCOOCTBYSI alTONITO3Y KapIMOMHUOIIUTOB [75].
B cBo10 ouepenb, ypoBeHb 3Kcnpeccun reHa BAK]
perynupyeT rs6910233, accoumupoBaHHBI ¢ KMII
IHlaraca mo manueiM GWAS (puc. 1; Ilpumeuanue,
tab6ma. 1, 2). IncPHK LINC00964 otHeceHa K KaTero-
puM KiawoueBbix 3HOIoreHHbIX PHK, BoBiIe4YeHHBIX B
PETYJISILINIO TEHOB, ACCOLIMMPOBAHHBIX C GUOPMIIIS -
uueit npencepnyst [76]. YpoBeHb 3KCIpecCHU TaHHOM
IncPHK 3aBucut ot reHotunos 1512541595 (MHTpOH-
Hblli BapuanT ENSG00000255491 (LOCI105375743)),

TEHETUKA Ne 6

TOM 59 2023

623

KoTopsIii 110 mTaHHBEIM GWAS accormmumposan ¢ JIKMIT
(puc. 1; Ipunoxenue, Tadia. 1, 2). AccounnupoBaH-
Hble ¢ KMIT SNPs jokain3oBaHbl U B reHax IpyTrux
Hexkogupylommx PHK, koTopele OTKpBITHI HeTaBHO,
WX POJib U BIMSHUE CTPYKTYpHOI BapuabeJlbHOCTU
Ha (yHKIMIO, B TOM 4YHCJIe B KJIeTKax MUOKapIa,
MIPEACTOUT €ellie BhISICHUTD: B ENSG00000257732 (ko-
IUpPYeT aHTUCMBICIOBOI TpaHCKpuUIT K TXNRDI),
ENSG00000285939  (kxomupyeT aHTUCMBICIOBOI
TpaHcKpunT K KIF2B) vt npyrux [74].

B 11e;iom MeHee TToJI0BUHBI AaCCOLIMUPOBAHHBIX TTO
JaHHbIM GWAS ¢ KMIT SNPs (70 uz 156 SNPs) He
sapiasitorest HU eQTL/sQTL, Hu snUreHeTUYeCKUMU
MeTKaMu, 3HAUYMMbIMU [IJISI MOAAEPXKAHUSI CTPYKTY-
pbl U byHKIMY XxpomaTtuHa. [laToreHeTnyeckasi 3Ha-
YUMOCTbh BApUAHTOB B HEKOAMPYIOIIMX YJacTKax re-
HoMma st pa3putusi KMIIT Bce 6obliie MpuBIeKaeT
uccaegoBareseil. P Takux BapuaHTOB, JTOKJIU30-
BaHHBIX B WHTPOHAX, IIPOMOTOpaX/3HXaHCepax,
5'UTR u 3'UTR, B renax MmukpoPHK, onucansl npu
I'KMII, IKMII n mpaBoxkenymoukoBoit APKMII
[31]. B maHHOM ciTydae Ba>KHBIM SIBJISICTCSI BBISIBJICHUE
TeX TeHOB U MeTabOoJIMYeCKUX MyTeil, KOTopble OKa-
3bIBAIOTCSl MO BJIMSIHMEM COOTBETCTBYIOIIUX PEry-
JsITOpHBIX SN Ps.

CBS3b T'EHOB, PETYJIMPYEMBIX
ACCOLIMMPOBAHHBIMU C KMII
BAPUAHTAMU, C TEHAMU
MEHIEJEBCKMX KAPAMOMUOIIATUN
U C MTATOJIOTUEUN CEPILA

ALPK3, FHOD3, FLNC, HSPB7 n HEKOTOpbIE
JIpyrve TeHbI, KOTOpbIe PETYJIUPYIOTCS Ha ypOBHE
sKcrnpeccun M cruraiicmara SNPs, accoummnpoBaH-
aeiMU ¢ KMIT mo nanaeiM GWAS, OTHOCSTCS K YNCITY
T€HOB, IJE€ 4YacCTO BBISBJISIIOTCS HOBBIE BapUaHTHI,
npuBoggimue K KMII, B ToM 4wnciie K ceMeiHbIM
dopmam [77—83], a kKommpyeMble MU OEITIKA BasKHBI
JIJISE HOpMaJibHOTO (YHKIIMOHUPOBAHUS Ceplia.

B yumike mpaBoro mpencepausi 3KCIpeccusi reHa
ALPK3 paznuyaeTcsi B 3aBUCUMOCTU OT T€HOTUITOB
MucceHc-BapuaHTa 181051168 B rene NM B (acconum-
poBaH ¢ JIKMII), a B yiike nmpaBoro npeacepaus 1 B
JIK — ot reHoTtunoB rs748455, 1oKaJM30BaHHOTO B
ZSCAN2/ENSG00000275120 (accoumupoBaH ¢ cap-
koMmep-HeratuBHOU ['KMII), mpryem xapakrep BiIn-
SIHUSI TEHOTUIIOB 15748455 Ha ypoBeHb IKCIIPECCUU
pa3HOHaMpaBjeH IJIsi MPaBOro XeJiymouka W yIlKa
npencepaus (puc. 1; Ilpunoxenue, Tabn. 1, 2).

I'en ALPK3 xonupyeT siAepHYI0 KMHA3y, KOTopast
WTpacT BaXXHYIO POJIb B paHHel nuddepeHINPOBKE
kapauomuonuToB [84]. J.C. Herkert ¢ coaBr. [85] mo-
Kazajii, YTO peaKue OuaUieIbHBIe BApUAHThI B TeHe
ALPK3 (coueTaHue BapHaHTOB C moTepeir dyHKIIMNI
U TTAaTOTeHHBIX MUCCEHC-BapUaHTOB) BBI3bIBAIOT Kap-
JIUOMHMOIIATUIO Y HETel, MPOSIBIISIONIYIOCS IIEpeX0-
oM JKMII B runieprpodunio, 4acTo ¢ HapylmeHUEeM
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COKpaTuTellbHOM (yHKIUKU. BapmaHThl ¢ motepeit
GYHKIIMY 1 IAaTOTeHHbIE MUCCEHC-BapUAaHThI B TeTe-
PO3UTOTHOM COCTOSTHUM JAHHOTO TeéHa PErucTprupo-
BaJIUCh C TTOBBIIIEHHOM YaCTOTOM Cpeau B3pOCHBIX
nanueHToB ¢ KMII, y KoTOophIX HEe OBLIN BBHISIBJICHBI
MMaTOreHHbIE BAPMAHTHI B 83 MPOTECTUPOBAHHBIX T'e-
Hax KMII [85]. Kpome Toro, y martmeHToB ¢ ' KMII
¢ ykopoueHHBIM BapuaHToM ALPK3 (ALPK3tv) Ha-
Oronany CeHUPUIHOCTh KIMHUYECKOM KapTUHEL:
yalle perucTpUPOBaINCh alTMKAIbHO-KOHIEHTpUYE-
cKas TurepTpodusl 1 KOpoTKuit mHtepBand PR, BHe
3aBUCHUMOCTHY OT HaJIUYMS Y HUX NAaTOT€HHBIX Bapu-
aHTOB B TeHax capKoMepHbIX 6eiKoB [86]. ITpu aTtom
BO3pacT Ha MOMEHT MOCTAaHOBKU JMArHo3a U MaKCU-
MaJjibHasl ToIIIMHA cTeHKW JIZK y Takux ImalMeHTOoB
OBLIY aHAJIOTUYHBI CapKOMEp-HETraTUBHBIM HalleH-
TaMm, Torma Kak cucroaudeckue HapyieHus JIK u
HEyCTOMYMBasI 3KeJIyIOYKOBasI TAXUKAPIUsI 10 YaCTO-
T€ PETUCTPAlNU OBIJIM CXOIHBI C TAKOBBIMH IJISI cap-
KOMEP-MO3UTUBHBIX MAL[IEHTOB.

ComnacHo ganHbIM GWAS uyetbipe SNPs rena
FHOD3 accoumuupoBanbl ¢ I'KMII (rs503274,
rs118060942, rs4799426, rs617207) v oouH — C
AKMIT (rs2303510) (puc. 1; ITpunoxenue, Tadi. 1).
HMutponHswIit 18617207 rena FHOD3, accoumupoBaH-
HBIIT ¢ capkoMep-HeratuBHON I'KMII, perymipyer
BKCIIPECCUIO TeHA CBOEH JIOKaJU3alluM B YIIIKe Ipa-
Boro npeacepaus (puc. 1; [punoxenue, Tadiu. 1, 2).
Hexoropble ucciaenoBaTed OTMEYalOT yBeJIWYeHUE
akcnpeccun FHOD3 npu 'KMII B TKaHu cepana
[87]. st aTOTO TeHA HEe U3BECTHBI MAaTOTEHHbIE/Be-
POSITHO TIaTOT€HHbIE BapUaHTbl, HO ONMCAaHbl BapU-
aHTHI C HeollpeaeJaeHHO 3HaunMocThio 1is1 ' KMIT
[29]. B To xe Bpems uzBectHo, uto FHOD?3 urpaer
pEelIaoIIYIO POJIb B pa3BUTUM cepllia Ha pAHHUX 3Ta-
Max v B HOAJAeP>KaHUU ero (DYHKIIMY BO B3POCIOM CO-
CTOSIHUM, YYacTBys B OpraHM3alliM CapKOMEpoOB
[88—91], 1 HapymieHne CTPYKTYphl M (DYHKIIUM TaH-
HOTO OeJIKa MOXKET IMPUBOAUTH K MaTOJOTUHU CepAalia.

I'en FHOD3 otHocsat K HOBbIM reHam I'KMII,
penKue BapMaHTEl B HeM OOBSICHSIOT 1—2% cirydaeB
nmanHoit matonoruu [78]. ITo manaeiMm GWAS 3aperu-
ctpupoBaHa accouuaunus rs2303510 (p.Valll34lle)
redHa FHOD3 ¢ AKMII (puc. 1; IIpunoxenne, Tadm. 1),
a B uccnegoannu E.C. Wooten ¢ coanrt. [87] mnsa
3TOTO XK€ HECUHOHUMMYHOTO T€eHETUYECKOTO Bapu-
aHTa ycraHoBlieHa cBsi3b ¢ [KMII. I'en FHOD3 nHe
TOJIBKO paccMaTpuBaeTcsl B KayecTBE MPUYMHHOIO
s pa3zputuss 'KMII, Ho u ompenensieT KIMHUYE-
CKue 0COOEHHOCTU 0O0JIE3HU, U HAJIMUME B HEM MaTO-
T€HHBIX BApUAHTOB MpeACTaBisieT coboit He3aBUCU-
MBI pUCK CMEPTHU OT CePIACUHO-COCYIUCTHIX 3a001¢e-
BaHMI U cMepTH OT Beex npuuuH npu F'KMIT [79].

M3BecTHBI 1 apyrue BapuanThl TeHa FHOD3, XoTo-
pbIe cBs3bIBatoT ¢ pasputneM KMII. Tak, MucceHc-Ba-
puaHT p.Tyr1249Asn, noreHIUATBLHO MOAUMULIUPY-
IOIIUA  TPEXMEPHYIO CTPYKTYpy W Hapyllarouui
¢yuxkumio FHOD3, npensarcTByeT cOOpKe aKTHHOBBIX

KYYEP u np.

¢duIaMeHTOB B MHMOKAapAe, TeM CaMbIM CITOCOOCTBYSI
pasutuio JIKMIT [92]. Co crutaiiciHroBbIM BapraH-
ToM (1s2036163874; NM_001281740.3: ¢.1646+1G>A) B
rede FHOD3 kocerpernpyeT HeKoMnakTHOCTE JIZK ¢
APUTMUYECKUMU U TPOMOOTUYECKUMU OCJIOXKHEHMU -
aMu, (GpUOpPO30M MHUOKAapIa U CepAeYyHOM HeaocTa-
touHocThio [93]. Kpome Toro, ¢pochopunmmpoBanue
o6enkoB FHOD (FHOD1 u FHOD3) paccmaTtpuBaeTcst
B Ka4eCTBE OJHOIO M3 3TAIlOB ITaTOreHe3a Kapauo-
MUOIIaTUi, BEI3BAaHHBIX MyTalsiMu B TeHe LMNA [94].

I'enernueckune Bapuanthl ¢uinamuHa C (FLNC)
CBSI3aHBI C PA3IMYHBIMU CePACUYHBIMU U MbIIIICUHBI-
mu ¢peHoruriamu, Bkiodass TKMIT u JIKMII, k-
HUYECKUMHU ocoOeHHocTsIMHU TedueHuss KMII (mmpu
AKMII xapakTepHO 3JIOKaYeCTBEHHOE TE€UYEHUE U
BBICOKUIT pUCK BHE3AITHOM cMepTH) 1 ap. [81, 83, 95—
98]. Cpenu meteii (cpemHuii Bo3pacT — 3 Mec.) y 00-
JlajareJieit peakux BapuaHToB B reHe FLNC nuarHocTu-
poBanbl PKMII (¢.3557C>T, p.Alal186Val; c.4916 G>A,
p.Cys1639Tyr) u IKMII (cruraiiciHTOBBIM BapuaHT
c.2265+4del; c.1322G>T, p.Argd4llle), a Ttakxke
aputMus (c.7942G>T, p.Ala2648Ser) [83]. Bapuan-
THI crtaiicnaTa B TeHe FLNC y manmnenTos ¢ JIKMIT
OIMcaHbl U B ApYrux uccienoBaHusix [97]. Ykopo-
yeHHbIe BapyuaHThl FLNC peructpupoBainch y XeH-
IIMH C IMepunapTaibHOi Kapauomuomnatueit [99]. ¥V
MalMeHTOB ¢ npaBoxenynoukoBoit APKMII, Hecy-
IIUX MMaTOTeHHbIe BapuaHThI B reHe FLNC, sKcnpec-
CcHs JaHHOTO TeHa OblIa cHxkeHa B TKaHu JI2K [98].
Bonee Toro, y naHHBIX IMAalIMEHTOB HA OCHOBAaHUU pe-
3yJIbTaTOB TPAHCKPUNTOMHOIO aHajau3a oOpaslioB
TKaHelt JIZK BbISIBJIEHO MOBBIIIEHUWE YPOBHSI TpaH-
CKpUNTOB 623 reHOB U CHMXeHUe — 486 reHoOB Mo
CPaBHEHUIO C KOHTPOJIbHBIMU obOpasuamu. [Tomumo
reHa FLNC cHIXKeHHWE 3KCIIPECCUM 3apeTUCTPUPO-
BaHO U JUISI APYTUX TEHOB, ACCOLIMMPOBAHHBIX C aKTH -
HoM — VCL, PARVBwv MYL7. Ha ocHOBaHUM MOJy-
YEHHBIX pPe3yJIbTaTOB aBTOpPaMu MPOLUTUPOBAHHOTO
HCClIeOoBaHUsI ObUIO BhICKA3aHO MPEAIIOJOXKEeHUE O
HOBOM MEXaHU3Me MpaBoxeaynouykoBoil APKMII,
KOTOPBII OTJUYAETCS OT KJIaCCMYECKOU (DOPMBI, BbI-
3BAaHHON MyTallUSIMU J€CMOCOMHBIX TeHOB [98].

JJ1s1 HEKOTOPBIX T€HOB, PETYJIUPYEMBbIX aCCOLIU-
poBa"nHbIMu ¢ KMIT SNPs, ycraHOBIIEH IPOTEKTUB-
HBIT 3((PEeKT B OTHOIICHUN NTAHHOI MaTtojgornu. ¥
MBIIIEH B TUIIEPTPO(GUPOBAHHOM cepille MpU CTa-
OMIBHOM o0t aKcipeccun reHa Mtusl perucTpu-
pOBaJIU yBEJIMUEHHUE OJHOTO U3 CIIJIAMCUHTOBBIX Ba-
PUAHTOB IaHHOTO reHa — MtuslA (TipuyeM JaHHBIN
BapUaHT OKa3blBaeT MHTMOUpYIOIee BIUSHUE Ha TU-
neptpoduio cepalia), YTO CBUAETENLCTBYET O CIELIM-
duuyHocTu crutaiicudra npu 'KMII [100]. ¥V yenoBe-
Ka ypOBEHb DKCIIpeccuu n1aHHoro reHa B JIZK 3aBucur
ot 187829987, accommMpOBAaHHOIO C WIWOMATHYE-
ckoit IKMII (puc. 1; ITpunoxenue, Tadm. 1, 2).

CBepxakcrpeccust capkociiada (SSPN) obnerya-
eT KIMHUYECKOEe TeYeHUe KapAUOMMOIIATUU, CBS-
3aHHOM ¢ MBIIIeyHOM nucTpodueit dromennHa [101].
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Wutponnsnit BapuaHT rs17380837 rena SSPN BBICTY-
nmaeT B KauecTtBe 1 ¢eQTL, u sSQTL st cBoero reHa, a
YPOBEHb 3KCIPECCUM HAHHOIO I'eHa BO3pacTaeT C
yBeIMYeHNEeM ducia accoumupoBaHHbIX ¢ ['KMII
ayeneii (puc. 1; Ipunoxenwue, Tadn. 1, 2).

Csa3p ¢ KMII orMevanack u oJ1sT Ipyrux reHoB,
perynupyeMblx SNPs, accoummupoBanaeiMu ¢ KMIT
o naHHbIM GWAS. Jlokann3oBaHHBIN B reHe HSPB7
rs1739843 accoumuponan ¢ uauonatudeckou JIKMII
(MUHOPHBIN aiienb T, peTuCTPUPYEMBI ¢ YaCTOTOM
39%, ob6iamanm MpPOTEKTUBHBIM 3()(HEKTOM) B €BPO-
neiickmx xKoroprax [102]. A.A. CTpenbIoB ¢ COAaBT.
[103] otmeuanu, yto reHoturn 77 u ajutenb 7 1o naH-
HoMYy 151739843 vaie, yeM y 300pOBBIX UHIAUBUIOB,
peructpupoBanu y nmauueHtoB ¢ 'KMII (B Bo3pacte
crapiire 45 J1eT) 1 XpOHUYECKOM cepIeyHOoit HeJocTa-
TOYHOCTBIO C COXpaHEeHHOM (ppakieii BeIOpoca JIK
(=50%), v y nun, ¢ MaJOCUMIITOMHBIM TeUYeHUEM
I'KMII (c 6onee 6J1aronpusITHBIM IPOTHO30M).

C mnpempacnojioKEHHOCThIO K  (UOPpWLISLINN
Mpencepaunii, KoTopasi MOXeT pacCMaTpUBaThCs Kak
MpencepaHasl KapaAMOMUOIIaTHSI, CBSI3bIBAIOT PEAKUiA
BapUaHT caiiTa craiicuHra (rs766868752), mokanu-
30BaHHBII B MHTpoHe reHa SYNPO2L [104], n uzme-
HeHue skcnpeccun reHa FKBP7 B yIlIKe JIEBOTO
npencepaus [105].

CDKNIA oTHOCUTCSI K YMUCJIY T€HOB, 3HAUYMMBIX
i1 1porHo3upoBaHusa JAKMII B KiInMHMYeCKO
npaktuke [106]. C yacTeiM BapuaHTOM (1s4135240)
9TOTO TeHa TaKXKe acCOlMMpPOBaHa cepledyHast HeJo-
CTaTOYHOCTH y MalIMEHTOB ¢ HeulneMudeckoii KMII,
JlaHHasi accolldalius BOCIIPOU3BOIWIACH B HE3aBU-
CUMOM BBIOOpPKE IAllMEHTOB, COXPAaHSUIACh IOCTE
KOPPEKTUPOBKHU (haKTOPOB pUCKA CEPIeUYHOMN HeI0-
CTaTOYHOCTU 1 Obljla 3HAaUMMa MpPU aHaJIn3e rokKasa-
teneit aucyakuyu JIXK y aui 6e3 KIMHUYECKUX
MpOoSIBICHUI cepaecyHOM HenocTaTouyHocTH [107].

Takoke BapraHTBI C HEOMPEAeICeHHOM 3HAUMMOCTBIO
a1 JIKMIT BeisiBinens! mist reHa ZBTB17, B KOTOpOM
JIOKQJIN30BaH aCCOLMMPOBAHHBII C 3TUM K€ TUIIOM
KMIT (IKMIT) o nanasiMm GWAS 1510927875, ripu-
yeM 3ToT SNP gasiagerca eQTL nnsg rena CLCNKA B
JIKu sQTL — nnss rena HSPB7 8 JIXK u B ylike npen-
cepaus cepaua (puc. 1; Ilpunoxenue, Taodiu. 2). MH-
tepecHo, uto 31 SNP, accomuupoBannsbiii ¢ KMII,
W3MEHSIET 3KCIIPECCUIO OMHOTO U 00Jiee TeHOB (BCETO
29 SNP) u/vnu ssasiercst sSQTL (Bcero 9 SNP) mis
psina reHoB B JIZK (ITpumoxenue, Tadu. 2), 18 n3 Hux
accouumpoBanbl ¢ ' KMII mo nanaeim GWAS.

BOBJIEHEHHOCTb TEHETUYECKHX
BAPUAHTOB, ACCOLIMNPOBAHHDbIX
C KAPAMOMUOIIATUAMMU, B PET'VIALINIO
BAPUABEJIBHOCTH 3BKI- N 9xoKI-
ITAPAMETPOB CEPILA

M3BecTHO, 4TO y MallMeHTOB ¢ pa3iudyHbiMu KMII
peructpupytorcs nuameHeHust Ha DKI'/OxoKI u, 6onee
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TOTO, OHM MOTYT BBICTYITaTh B KaYeCTBa MMArHOCTHIE-
cKuX npu3HakoB Hekotopbix KMIT [86, 108—110]. DTo
MO3BOJISIET TIPEAIOJOXUTh, UYTO BapUaHThl U T€HBbI,
KoTopble 3HauMMBI 11 passutusgs KMII, BHOCAT
BKJIaJ B BapuabeJbHOCTh MAaTOIreHETMYECKU 3HAYM-
Mbix/nuarHoctudyeckux DKI'- u OxoKI-napamerpon
ceprna. eictBurenbHO, 110 maHHBIM GWAS 13 uncna
accouuupoBaHHblx ¢ KMII BapuanTtoB mist 19 SNPs
BbISIBJIEHA TaK3Ke CBSI3b C UBMEHUYMBOCTBIO [TapaMeTPOB,
OTpakalox GYHKIIMOHATHLHOE COCTOSHIE Cepaia 1
cepaeuHo-cocyaucToit cucreMbl (DKI- m OxoKI-
rnmapamMeTpbl, OMOXMMHUUYECKHE TloKaszaTelu), WU C
IPYTUMU TTATOJIOTUIECKUMHU COCTOSTHUSIMU Cepara u
cocynioB (puOpUIIISLIMS ITpeacepaAnii, IPoJarc MUT -
paJibHOTO KJjalaHa u ap.; IlpunoxeHue, Tada. 1). B
YaCTHOCTH, C TIPOIOZKUTEIIHHOCTBIO KoMITIeKca QRS
accolanyy 3aperucTpupoBaHbl Iis mectu SNPs. M3
3THX TTOIUMOP(MHBIX BapuaHTOB nBa (rs17362588 u
rs3176326) 6bn accoumupoBanbl ¢ [KMII, a emie
yetbipe  (rs12319113, rs1356410, rs182503338,
rs10769783) moka3zanu He ToIbKO cBsi3b ¢ KMIT Illara-
ca, HO M OBITM BOBJICYCHBI B BaprabeIbHOCTb YKa3aH-
Horo DKI-nmapamMerpa y malueHTOB, CEPOINTO3UTHUBHBIX
no Tripanosoma cruzi (MpOBOLMPYET pa3BUTHE JaHHO
KMIT). Yetsipe SNPs yyacTBOBaIu B IeTepMUHALIUA
n3MeH4YMBoCcTU MHTepBaia PR, Bkimrouas rs41306688,
rs3176326 mn rs4894803 (accoummpoBaHBI TaKXKe C
capkomep-HeratuBHoiT [KMIT) u 152042995 (accouun-
uposaH ¢ JIKMII). JIsa accouuupoBaHHbIx ¢ I KMII
SNPs Bausiiu Ha u3MeHUYMBOCTb MHTepBaia QT:
rs846111 u rs28436726 (nas BTOPOro M3 yKa3aHHBIX
SNPs acconmanus 3aperucTpupoBaHa ¢ IMHAMUKOM
QT Bo Bpems TpeHUpoBKM). Eiie yuetbipe SNPs oka-
3a11ch MHMOPMATUBHBIMH TIPU M3YYEHUH B paMKax
GWAS cTpyKTyphl 2JIeKTpOKapaAUOrpaMMbl (aMILIM-
TYIOBI B pa3HBIX BDEMEHHBIX TOUKaX) — 3TO 1s2234962
(accommpoat ¢ IKMIT), rs4894803 n rs846111 (acco-
UMpoBaHbl ¢ rureprpodudeckoint KMIT) u rs2186370
(accoumnuponaH ¢ JIKMII u ¢ TKMII).

Kpowme Toro, misa rs3176326 u rs17380837 (oba ac-
coumnupoBaHbl ¢ [KMII) 3apeructpupoBaHa CBsI3b C
dubpunnsauMeit npencepauii, a mus rs17362588 (ac-
couuunpoBaH ¢ 'KMII) — ¢ yacTtoToii cepaeuyHbIX CO-
KpallleHWiI 1 peaklyeil cepaedyHoro puTMa Ha BOC-
cTaHoBiIeHUe TIocne TpeHupoBku (IIpuiioxenue,
Ttabj. 1). CienyeT OTMETUTD, YTO HA HAYaJIbHOM CTa-
nuu npossiaeHuss KMIT moxer Habmonatecst puod-
pwisinust npeacepauit (PI1), ay 10% nHIUBUIOB C
paHHeit I1 BBISBISIIUCH TMATOT€HHBIN/BEPOSATHO
naToreHHble BapuaHThl B reHax KMII, u yactoTa ta-
KX BApMAHTOB ObLJIa BBIIIIE Y JIUII C pAHHUM HavyaIioM
®IT (mo 30 neT), 110 cpaBHEHUIO ¢ TeMu, Y Koro PI1
perucTpupoBajiach B MO3MHEM Bo3pacTe (craplie
60 net) [111].

C psagom DxoKI'-mapameTpoB, TaKUMHU KaK Aua-
CTOJIMYECKUT BHyTpeHHMI pa3smep JIZK, dpakims BbI-
opoca JI2K, KoHeUHO-I1MaCTONMYECKIIT 1 KOHEYHO-CH-
cronndyeckuii 0obeM JIZK, ob1rast okpyxHast nedop-
manus JI2K n mmobanpHasg pagnanbHas gedopManms
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JI2K, 3apermcrpupoBaHBI acconmanmm rs72840788,
rs12541595 u 152042995 (nepBblit U3 ykazaHHbIX SNPs
accouuupoBaH ¢ I'KMII, a gBa mociemHuUX — C
JKMII; ITpunoxenue, Tadmn. 1).

Cpenu 3tux SNPs ecTb 1 Te, KOTOpbI€ JTOKAJIU30-
BaHbI B O01IIMX reHax, accouuupoBaHHbiX ¢ JKMIT u
T'KMIT (BAG3 — 152234962, rs17099139, rs72840788;
SMARCBI — rs2186370; PRKCA — rs9892651), v B re-
Hax meHaesieBckux KMII (BAG3, TTN-AS1/TTN —
rs2042995; ITpunoxenue, Tad. 1). K ynciay BoBieyeH-
HbIX B BapuabenpHOCTh DKI-/DxoKI-mapamerpoB
ucciaenoBatein GWAS otHocwiau u apyrue SNPs u
reHbl MeHaeneBckux KMIT (MYH6 — rs452036), a
takke SNPs, koTopble JIOKaIM30BaHbI B (MIM BOJIM3M)
reHax, BapMaHTbhl KOTOPbIX ObLIM aCCOLIMMPOBAHBI C
pasnuuabeiMu KMIT (HSPB7/CLCNKA — 151763604
(nokanu3oBaH B6aMU3U TeHOB), PRKCA — 19909004,
SYNPO2L — rs3812629) [112, 113]. I1pu 3TOM acco-
nuanuu mis 152234962 (BAG3) u rs1763604 (Bomu3n
HSPB7/CLCNKA) c¢ BDKI-napamerpamu, 3aperu-
cTpupoBaHHbIe y nanueHToB ¢ JIKMII, coxpansiauch
y Jwoaeii, y KOTopbIX He auarHoctupoBaHbl JJKMII
WV ApyTre 3a00JIeBaHMS CEpLa, YTO YKa3blBaeT Ha
TO, YTO Pa3BUTHE MATOJOTMU HE OMpeNessieT CBI3U
MEXTy 3TUMU BapuaHTamu 1 OKI-mapamerpamu [112].

Ha MonenbHbIx 00beKTax (MbIlb) MOKa3aHO, YTO
HokayT reHa HSPB7 npuBOAUT K OLICTPOMY Pa3BUTUIO
CepHOeYHOM HEAOCTAaTOYHOCTH M BHE3AITHOM CMEpPTH,
MpuyeM nepes TUoesbio Y MbIIIe pPerucTpupoBalu
CepIEYHYI0 apUTMUIO C aHOMAJILHOM IIPOBOIMMO-
cThio [114]. B TO ke BpeMsI CBepX3KCITPECCUST JaHHO -
ro 6eJiKka 3alllMIIaeT OT peMOASIUPOBaHUsI cepalia U
TaxyKapauu 3a cueT ocjiabneHust mytu RhoA GTPase
Ha pa3HbIX ypoBHIX [115]. CormmacHo manHEIM GWAS
psan accouunpoBaHHbIX ¢ KMIT SNPs BeicTynaioT B
TKaHsAX cepnua mjist reHa HSPB7 B xadectBe sQTL
(rs2015509 u rs1048302 — nokanu3oBaHbl B TeHax
CLCNKA v HSPB7 cOOTBETCTBEHHO, aCCOLIMMPOBAHBI
¢ 'KMIT; rs10927875 — nokanu3oBaH B reHe ZBTB17,
accouuuponaH ¢ JIKMII), a MexxreHHbIi rs10927886
sapasgercsa u sQTL, u eQTL mist nanHoro reHa (puc. 1;
IMIpunoxenne, ta6a. 1, 2). Kpome Toro, rs1048302,
rs10927886 wu rs10927875 ABASIIOTCS SMUTeHETHYE-
CKMMU MeTKaMM, YTO TaKXKe MOXET BIUSITh Ha (PyHK-
MOHAJIbHOE COCTOSIHME KaK reHa HSPB7, Tak u apy-
rux GyHKIIMOHAJIBHO 3HAYMMBIX IJIsI CepAlia TEHOB.

C pazmuuabiMu DKI-nmapamerpamu (maTepBai PR,
MPONOIKUTENbHOCTh KoMILIeKca QRS u np.) u puoc-
pwuIsiLMeii peacepauii 3aperucTpupoBaHa accolu-
alusl UTHTPOHHOTO BapuaHTa 1s3176326 reHa CDKNIA,
kotopeiii accouuupoBadn ¢ ['KMII (ITpuioxenue,
Tabs. 1). [Ipu 3TOM ycTaHOBIEHA KOPPEJSILIUS MEXITY
ypoBHeM 3kcripeccunt CDKNIA n ¢ppakiineit BEIOpo-
ca JeBOoro xejaygodka [116] — BaxXHOTO mmokasarTes,
oTpaxarolero (pyHKIIMOHAJIbHOE COCTOSIHUE Cepli-
11a, B TOM 4ucie U pu pa3zButuu KMII.

MexreHHBII 1$28768976, accOLMUPOBAHHBIN 11O
manHeIM GWAS ¢ I'KMII, onpenensieTr ypoBeHb 9KC-

KYYEP u np.

npeccuu reHa ARHGAP27 B cepane (puc. 1; [Ipuio-
KeHue, Tabi. 1, 2), mpu 3TOM Ha MOJIEIbHBIX OOBEK-
Tax ObLIO TTOKa3aHO, UTO TpaHCKpUIIUUs Arhgap27 B
ceplle Koppenuponala ¢ uarepsaiom PR [116].

Takum oOpasom, cpenm peryjaupyeMBIX T€HOB,
SNPs kotoprix accortmmponanbl ¢ KMIT 1mo manHBIM
GWAS, ecTb reHbl CTPYKTYPHO M (bYHKIIMOHAIBHO
3HaYMMbIe UISI HOpMaJIbHOI paboThl cepala. DTu
JIaHHbIE CBUACTEILCTBYIOT O TOM, YTO JIOKAJIM30BaH-
Hble B reHax KMII kak peakue rnmaToreHHble BapyuaH-
Thl, TaK W YacThle, PETYJUPYIOIINE UX IKCIIPECCUIO,
MOTYT BBICTYIIaTh B KQ4€CTBE IIPUINHHBIX IJISI Pa3BU-
TSI JAHHOI MaTOJIOTUHU, a TAaKKe B KAYeCTBE TeHETH -
yecKux (pakTopoB, MOIM(PULUMPYIOIINX KIMHUIYEC-
cKyto Kaptuay KMIT.

3AKJIFTOYEHHME

IIpuBeneHHble B 0030pe pe3yabTaThl pabOT CBU-
JIETEIBCTBYIOT O 3HAYMMOCTH B Pa3BUTHUHU PA3IMYHBIX
KMII He ToabpKO penKux IIaTOreHHbBIX,/BEPOSITHO Ia-
TOI€HHbIX BapMaHTOB, HO M 4YaCTbIX BapHMaHTOB IC-
HOB, B TOM YMHCJI€ BBISIBISIEMBIX IPU IIPOBEACHUU
GWAS.

IlaToreHHbIE/BEPOSTHO TIaTOTEHHbIE BapUaHThI
OKa3bIBaIOT 3HAYUTEIBbHOE BIUSTHUE HAa (DOPMUPOBaA-
HUE IaTOoJOrM4ecKoro (heHOTHUIIa, HO OHHU PEIKO
BCTpEYaloTCs B IMONYJISILIMSIX U HE MTO3BOJISIIOT OObsIC-
HUTH Bce BoIssBIsieMble cirydyan KMI1. Bkiaam gacTeix
noauMopdHbIX SNPs B puck pazsutuss KMII kak
MPaBUJIO HEBEJIMK, HO 3TU BapUaHTbl MOTYT (pOpMU-
pOBaTh NOJUTEHHYIO OCHOBY pa3BUTHUS JAHHOM MaTO-
Jjoruu. [JeficTBUTENIbHO, HAKATIJIUBAIOTCS JaHHbBIE O
TOM, 4TO Ha puck pa3putusga KMII u nmaronoruye-
CKM (peHOTHNT NpH JAHHOM 3a00JIeBaHUU MOKET
BJIUSITb COBOKYITHOCTD YaCThIX TTOJUMOP(MHBIX Bapu-
aHnToB [48, 61, 117]. OcobGoe MeCTO B BLISIBJICHUU
BKJTaga MoJUMOp(HBIX BApUAHTOB B hopMUpOBaHIE
pUCKa pa3BUTHUS PA3IUYHBIX KapAUOMUONATUIA MTPU-
Hawiexut GWAS.

ITpu nipoBenenun GWAS TI'KMII ycraHoBieHO
CUJIbHOE TIOJIMTEHHOE BIIMSHHWE HAa PUCK Pa3BUTUS
JTaHHOM ITaTOJIOTUM Y JINI, 0€3 MaTOreHHBIX MyTallii
B T€HaX CapKOMEpPHBIX O€JIKOB (PUCK B 2 pa3a HIKE B
caMOM HHM3KOM KBUHTWJIE 1 B 2 pa3a BhIIIIE B cCaMOM
BBICOKOM KBUHTHJIE), a TAKXKe Ha TSKECTb TEUCHUS
MaTOJOTUU Y HOCUTEJIe MaTOreHHbIX BapuaHTOB B
reHax capkomepa [48]. 3HaumTenbHas IOJISI PUCKa
I'KMII 6p11a cBSI3aHa ¢ agAuTUBHBIMU 3P deKTaMu
pacnpocTtpaHeHHbIX SNPs (4acToTa MUHOPHOTO ajuiesst

>0.01): oLleHKM HacCJIeMyeMOCTH (hg2 ) SNPs, paccuu-
TaHHBIE ¢ HMcronb3oBaHneM GREML-LDMS, nnga
BbIOOpKU peructpa KMII cocraBuim 0.35, 1ist BbI-
6opku BioResource for Rare Diseases — 0.68, mpu
3TOM oneHka Haciaenyemocty GREML s capko-
Mmep-HeratuBHoi ['KMII mipeBbIliaga TakoBYyIO IS
capkomep-no3utuBHoit ' KMIT (0.34 1 0.16 cooTBeT-
CTBEHHO) [48].
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[MomurenHEbI (DOH MOXET OIpPEaeIsiTh U TO, Ka-
kast popma KMII pa3zoBbeTcs, a Takxke 0COOCHHOCTU
KJauHu4Yeckoil KapTunbl. [lpu mpoBeneHuun GWAS
YCTaHOBJIEHO ITOJIMT€HHOE BIMSHHUE Ha TSKECTh Te-
yenust ' KMII y HocuTelieil maToreHHbIX BApUaHTOB
B reHax capkomepa [48]. B mpyrom GWAS mis
I'KMII, IKMII u neBatm mapamerpon JI2K, mmomy-
YEeHHBIX HA OCHOBAHUM MarHUTHO-PE30HAHCHOI TO-
Morpaduu cepalia, BBISBIEHbBI COOTBETCTBEHHO 16,
13 u 23 acconunpoBaHHBIX JTOKYCOB [61]. [Tpu sTOM,
HECMOTpSI Ha TO, UTO BOCEMb U3 16 JIOKYCOB, aCCOLIV-
npoBaHHbIX ¢ ['KMII, ObUIM CBSI3aHBI TakKXke C
JKMII, a 12 noxkycoB AKMII — ¢ T'KMII, st acco-
allMi UMEeJIM pa3HOHaNpaBJleHHOE BJIMSHUE IIPU
I'KMIT u IKMII (3a uckioyeHreM TOJIbLKO JIOKyca
DCMA4, nokanm3oBaHHOTO psimoM ¢ reHoM JKMII
TTN). BaxXHBIM TIpeACTaBISICTCS TaKxKe TO, YTO ITHU
MapKephbl OBLIM aCCOLIMUPOBAHBLI ¢ MOPQOIOTnYe-
cKnMU ITapaMmeTpamMu JI2K B TOonmyJIsIIImMOHHOM BEIOOD-
Ke [61].

IIpu n3ydeHUM TeHETUYECKON KOMITOHEHTHI KO-
JIMYECTBEHHBIX Mokazateseil JIZK, moaydyeHHBIX Ha
OCHOBAaHMM MAarHUTHO-PE30HAHCHOM Tomorpaduu
cepaia, ¢ ucrojib3oBaHueMm moaxoma GWAS takcke
MoKa3aHO, YTO MOJIMTeHHbIe (PaKTOpPhI, y4acTBYIO-
e B KOHTPOJIe cUCToJMm4YecKoro oonrema JI2K, He
TONBKO CBsI3aHBI ¢ Bo3HMKHOBeHHeM JIKMII B 00-
ILIei MoNyJIsILMM, HO U BJIMSIIOT Ha pa3Mep U PyHK-
LIIO cepalia y obiagaTesieil pegKrX NaTOreHHbIX Ba-
PMAHTOB, BEAYIINX K BOZHMKHOBEHUIO IIPEXAEBPE-
MEHHOTO cTomn-KoJaoHa B reHe 771N (ogHa U3 caMbIX
YacThIX U3 U3BeCTHRIX npuunH JKMIT) [117].

B 1ie1oM Kak penkue, Tak M pacrpocTpaHeHHbIe
reHeTUYEeCKHEe BapuaHTbl BHOCST CYIIECTBEHHbIM
BKJIa1 B npenpacroioxeHHocTb ' KMIT B obiiieii mmo-
MyJISIUUU W YJIy4lIaloT MPOTHO3UPOBaHUE PUCKA JaH-
HOI MaTOJIOTUM 10 CPABHEHUIO C TEM, UTO JOCTUTAETCS
C TIOMOIIBIO KJIMHUYECKUX (haKTOPOB (TaKMUX KakK
OXHpeHue, apTepuaibHasi TUTIepTeH3UsI, GUOPUILIS -
LM Mpencepanii u uiremMudeckass 00Je3Hb ceplia)
[118]. OnuroreHHast Mofesb (COueTaHUE HECKOIbKUX
HeOJaronpUsITHBIX BApUMAHTOB) BCe yallle MpuBJieKa-
eTcs IJIsT OOBSICHeHUS KakK npuunH passutusg KMII,
TaK U UX KJIMHUYECKOI KapTuHbI [119—121].

Jlokanuzauus accouuupoBaHHbix ¢ KMII 1o
GWAS nonuMopdHbIX BApUaHTOB, B TOM YHMCJIE U B
reHax MeHpaesieBckux KMII M B HeKooupyrolux
ydyacTkKax reHoma, ux GyHKIIMOHaIbHAs 3HAYMMOCTb
(BOBJIEUEHHOCTD B PETYJISILIUIO SKCITPECCUPYIOITUXCS
B cepllie TeHOB) U CBsA3b He ToJibko ¢ KMII, Ho 1 co
CTPYKTYPHO-(YHKIIMOHAJIbHBIMU MapaMeTpaMu cepi-
na (OxoKI- u DKI-nmapamerpsbl), CBUAETENbCTBYIOT
0 HECJIYYaliHOCTH BbISIBJISIEMbBIX aCCOLIAALIMIA.

Takum oOpa3om, K YKUCITy IPUIMHHBIX,/TIOBBIIIIA-
omux puck pasputus ¢gakropoB KMII otHocsTcs
KaK peiakue, TaK U 4acTble TeHEeTUYSCKME BapUaHTHI,
a reHeTn4eckas KomrnoHeHTa KMII MoxeT peaiuso-
BBIBAThCS Yepe3 MOHOTCHHYIO, OJIMTOTeHHYIO U I10-
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JureHHele Moaeau. CnemyeT OTMETUTh, YTO Cpeau
MaTOTeHETUYECKU 3HAYMMBIX I pas3Butusi KMII
KaK pedKMX, TaK M YacThIX BapMaHTOB IPEUMYIIE-
cTBeHHO aHaymmsupyiloTrcss SNPs, Ho mpakTnmdeckm
HET CBeJCHUII 0 TaKOM (hyHKIIMOHAIBHO 3HAYMMOM
ki1acce MapkepoB kKak CNV (Copy number variation —
Bapuaumu yncia konuii yaactkoB JJHK) [122]. Kpo-
M€ TOro, BCE €llle HeIOCTaTOYHO HCCJieaoBaHa POJib
TeHEeTUYECKNX BAPUAHTOB, JIOKAJIM30BaHHBIX B HEKO-
IUPYIOIINX y9acTKax TeHoMa, BApMaHTOB, 00agaro-
IIMX PEryJSITOPHBIM IMOTEHIIUAJIOM, B TOM 4YHUCJE U
JIUISI META0OIMUECKMX ITyTeil, KPpUTUUECKM 3HAYMMBIX
IUIST HOpMAaJIbHOTO (PYHKIIMOHMPOBAHUS cepana. DTo
YKa3bIBaeT Ha aKTyaJlbHOCTb MPOBeNeHUS (DYHKIIO-
HaJIbHBIX YICCICIOBAHMI, B TOM YMCJIe M Ha 0Opa3liax
TKaHeil cepaua. JIMIIb KOMIUIEKCHBIM IIOOXOm K
OILIEHKE 3HAYMMOCTHU CTPYKTYPHO-(PYHKIIMOHAJILHOM
BapuaOeIbHOCTY T€eHOMa B HOpME U IIPU Pa3BUTUU
MaTOJIOTHHU ITO3BOJIMT HE TOJBKO IETAIM3UPOBATh Ma-
toreHe3 KMII, HO U BBISIBUTH Te KPUTHUECKUE DTa-
bl /TIEPUOABI, BO3IEHCTBUEM Ha KOTOPbIE MOXKHO
MpeayIpeanTh WM IPUOCTAaHOBUTDH Pa3BUTHE ITATO-
JIOTUU.

PaGora BeImmoTHeHa B paMKax [ocynapcTBEeHHOTO
3agaHnsd MUHMCTEPCTBA HAYKU U BBICILIETO 00pa30-
Banudg Ne 122020300041-7.

Hacrosimast ctatbst He COOCPXKUT KaKuX-JI100 uc-
cJielIoOBaHUIl C UCITOJIb30BAaHUEM B KaueCTBE 00bEKTa
2KMBOTHBIX.

Hacrosiimast ctatbst He COIepKUT KaKMUX-JIM0O MC-
cJIeqOBaHUM C yJacTHEM B KaueCTBE 0OBbEKTa JIIONCH.

ABTOpr 3a4BJIAIOT, YTO Y HUX HET KOH(bJ'II/IKTa HNH-
TEPECOB.
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Pathogenetics of Cardiomyopathy

A. N. Kucher?, A. A. Sleptcov®, and M. S. Nazarenko* *

“Research Institute of Medical Genetics, Tomsk National Research Medical Center
of the Russian Academy of Sciences, Tomsk, 634050 Russia

*e-mail: maria.nazarenko @medgenetics.ru

This review summarizes the current state of knowledge on the genetic factors of both primary or Mendelian
cardiomyopathies (CMPs) and some of its secondary forms. Dozens of genes with pathogenic/probably
pathogenic variants have been described for primary CMPs. In most cases, the spectrum of causal genetic
variants is specific for different CMPs, but shared genes and variants are also discovered. On the one hand
genetic causes of diseases have not been established for all cases of primary CMPs, but on the other hand
pathogenic variants in Mendelian disease genes are also found for its secondary forms. The genetic compo-
nent in the development of both primary and secondary CMPs was also established during genome-wide as-
sociation studies (GWAS). Single nucleotide polymorphisms (SNPs) associated with both primary and sec-
ondary CMPs are in most cases specific for different types of disease and make a small contribution to an in-
dividual’s overall risk. The link between some SNPs and electro- or echocardiogram features of the normal
heart has been reported in the population. Most of the CMPs-associated SNPs are localized in non-coding
regions of the genome, but they have a regulatory potential, acting in the heart as loci that affect the level of
expression (eQTL), splicing (sQTL) or epigenetic modifications. It is noteworthy that the effects of the eQTL
and sQTL genotypes in some cases are not equivalent for different anatomical regions of the heart. The phe-
notype and clinical presentation of CMPs in general can be determined by a wide range of rare pathogen-
ic/probably pathogenic variants with a strong effect and common polymorphisms with a small effect and

modified by epigenetic factors.

Keywords: cardiomyopathy, pathogenetics, genes of monogenic cardiomyopathies, genome-wide association

studies.
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