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accounmpoBanHble ¢ BA B onpefeneHHbix Nonynsaumsx, reHsl, BAMSIOLLME Ha (DYHKLVMOHVMPOBaHE PECHUHYEK XOMaHMMOLMTOB, @ TakxKe reHbl, y4acTByloLLme B
cTpecc-peakumsax. OfHaKko, NCXOAA N3 MHOTONETHMX PE3YNLTATOB HAOMOAEHWA 6rM3HELIOB C BA, MOXXHO caenarb BbIBOA O TOM, 4TO POSib MeHOTVNA HE ABNSETCS
NepBOCTENeHHOM B pa3BuTuv 3abonesaHns. MpeanonoxuTensHo, B 3TUONOMO 3aboneBaHns MOryT BHOCUTL BKIAA Kak SMUreHeTU4eckne MexaHnambl, Tak 1
MOCT3UrOTUHECKME CoMaTHecKre MyTaumn. B nocneaHee Bpems HakanvBatoTcs Takke AaHHbIE O BO3MOXKHOW reHETUHECKOM MPEAPacnoNOXEHHOCTU K CXOLY
NMopTOaHTEPOCTOMMM MO Kacan, nposoanmon npu BA. BMecTe € Tem, Hanm4me MHOrX hakTopoB, UMPatoLLIMX POJTb B Pa3BUTUM 3a00NeBaHNs, CO3AAET TPYOHOCTN
B BbISIB/IEHWV TOUYHbIX FEHETUHECKX MapKepOB.
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GENETIC ASPECTS OF BILIARY ATRESIA ETIOLOGY
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Biliary atresia (BA) is a cholestatic disorder of infancy that is fatal if untreated. Despite years of study the etiology of BA remains unknown. Three etiopathogenic
mechanisms may be involved, such as immune dysregulation, environmental factors and genetic susceptibility. Genetic predisposition is being actively studied.
Candidate genes associated with BA in certain populations, genes affecting the cholangiocyte cilia function, as well as genes involved in stress responses have
been identified. However, the long-term follow-up of twins with BA suggests that genotype is not of paramount importance for the disease development. Both
epigenetic patterns and postzygotic somatic mutations may contribute to etiology of the disease. Recently, some evidence is being accumulated on the possible
genetic predisposition to certain outcome of Kasai portoenterostomy performed in patients with BA. However, the presence of a number of factors contributing to
the development of the disease makes it difficult to identify the genetic markers.
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Bununaprag artpesus (BA) — 910 BocmanuTenbHas u go 1 : 18 000 (B EBpone), cpean 6onbHbIX MpeobnagatoT

mbposupytoLiad obnutTepaumnsa BHEMEHYEHOYHbBIX MENYHbIX
MPOTOKOB C MOCTEMEHHbIM BOBJIEYEHWEM B  MPOLECC
BHYTPUMEYEHOYHOW >KEMYHOM CUCTEMbI 1 (HOPMMPOBAHVEM
uMppo3a nedeHW. 3abofeBaHne 4Yalle BCTpedaeTcs B
N30/IMPOBAHHOW (HECUHOPOMANbHOW/MepUHaTaNbHOM) hopme
(85% cny4aeB), pexke — B CUHAPOMASILHOM (3MOPVIOHAIBHOM)
dopme (10-15% cnydaes) 1 B 5-8% cny4aeB BbISBASETCA
KCTO3HasA hopma. HactoTa BcTpedaemocTv BA B nonynsaumm
Konebnetcs B pasnmyHbIx cTpaHax ot 1 : 8000 (B A3um 1 AdpuKe)
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neBoukn [1, 2]. KnvHudeckn 3aboneBaHne NposiBNAETCS
HeoHaTasIbHbIM X0NecTas3oM. [pu aTomM andepeHLmansHas
OVarHOCTVKa BKJIOHAET OOLUMPHYKO Fpynny BPOXOEHHBIX U
HacneaCTBEHHbIX 3aD0NEBaHWIN, MHOTVIE 13 KOTOPbIX B TEYEHME
MepBbIX MECHALIEB >KN3HM MPOTeKatoT nog Buaom BA (3, 4].
[varHo3 noarsep)x4atoT MOPAOSIOrMHECKM UCCNEN0BaHNEM
O1oNTaTOB MEYEHN U XKEMYHOIO MPOTOKA BO BPEMSs ornepaLiym.
Xupyprudeckaa Koppekuus  (rematonopTOSHTEPOCTOMUS
no Kacau, KPE) n TpaHcnnaHTauus nedeHn MOo3BONSAOT
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YAYHLWNTL OBLLYHO BbKMBAEMOCTb Aeten ¢ BA 0o 90% [4-6].
OpHako MpuynHbl passuTusa BA, a Takxe npeanochliku,
onpefdensalmne UCXOL NeYeHust, Ha CErogHsWHUA OeHb
OCTaKOTCS ManoU3y4eHHbIMN.

OTnonornsa sabonesaHnsa

[MNepen 03HAKOMIIEHMEM C UCCAEOOBaHUSAMU FEHETUHECKMX
MEXaHM3MOB, CBS3aHHbIX C padeuTvemM BA 1 BAMSHMEM Ha
MCXO[, IEYEHNST CTOUT KPAaTKO YMOMSIHYTb O APYrnx hakTopax,
BOBJIEYEHHbIX B MatoreHe3 BA, — nMMyHHOW gycperynsaumm v
hakTopax okpy>katoLLeN cpeabl (BUPyCcax, TOKCUHAX).

CyLLEeCTBYET MHOXECTBO [AaHHbIX 0O 3TMONOrMYECKNX
(hakTopax, cpeam KOTOPbIX BEXKHASA POSb MPUHAOSEXUT (DaKTopam
VMMYHHOM gucperynaumn. BA — 310 dmbpoBochanmTensHoe
3aboneBaHne,  xapakTepuaylolleecss  UHUALTPaUMEN
BOCMaNUTENIbHBIMU KNeTKamMK, U36bITOYHOM 3aKCnpeccuei
LIMTOKMHOB W/WAN  XEMOKWHOB Mpu  MOPMOIOrMHECKOM
1ICCNeaoBaHnM G1OMTaToB nesYeHn 6oMbHbIX. KnroueBoe 3BEHO
B MMMyHonaToreHese BA — BpPOXOEHHbIN IMMYHHbIN OTBET C
axkTBauven NK-knetok 1 cybnonynsaummn T-xennepoB 1-ro tvna,
M3BECTHbIN Kak Th1-Tvn OTBET aJanTVBHOMO VIMMyHWUTETA C
MpViBneYeHrieM aeKTOPHbIX T-KMETOK, BEOyLLUMIA K BOCHaIEHMIO
1 0BCTPYKLMM [7]. [pr 3TOM HabMOAAETCA CHYDKEHVE KOTMHECTBA
Treg-KNeToK, OKasblBaOLMX CYMPECCOopHbIN 3PdeKT Ha
BocnaneHue. [Nocne BOSHUKHOBEHNST OBCTPYKLIM, HE3ABMCKMO
OT BOCCTaHOBJEHUST OTTOKA >KEN4M, MMMYHOOMOCPEOOBaHHOE
MOBPEXIAEHME >KEMYHbIX MyTe coxpaHsieTcsa [8] B pesynsrate
akTvBauum Th2- n Th17-oteeTta. TeM He MeHee peLvaviBbl Mocne
TPaHCMNaHTaLMN MEYEHN OTCYTCTBYIOT, Kak STO MPOUCXOOUT Mpui
OPYIX UMMYHHBIX 3a00/1EBaHNSAX XENYHBIX MPOTOKOB [9].

BupycHoe nnu TOKCMYECKOE BO3OENCTBME HA SMUTENUN
>KEMYHBIX MPOTOKOB MOTEHUMATBHO MOXET MPUBOOUTL K
MOSIBNIEHNIO HOBbIX 3MUTOMOB aHTUMEHOB, KOTOpble OyayT
VHUUMMPOBATb WM yCUMBATb ayTOMMMYHHOE BOCMaNleHve
[8, 10]. Cpean BO3MOXHbIX MATOrEHHbIX BUPYCOB
paccmatpuBatotes: LIMB, BIMN4Y, Bupyc repmeca 6-ro Tvna,
OBB, peosupyc n potasupyc [11]. Bo MHOMMX MCCNeaoBaHMSX,
B KOTOPbIX ncnonb3osancs metod MUP (Ha BupycHble OHK/
PHK) nnn nMmyHookpalvBaHe Ha BUPYCHble IgM+ mnnn Ha
6enok Mx, B HEKOTOPbIX, HO HE BO BceX, obpasuax TKaHem
neyeHn OBHapY>XMBaIMCb Cnedbl MEPEHECEHHOW BUPYCHOM
nHpekumn [12, 13]. B HacTosulee BpeMs HET YeTKMX
[0oKasaTebCTB pas3esutua BA BCneacTBre BUPYCHOM MHAEKLM
1n3-3a MPOTMBOPEYMBBLIX PE3YNbTATOB WCCIeaoBaHu C
OTCYTCTBMEM KOHTPOJIbHBIX 06Pa3L0B, METOAONOMMHYECKNX
HETOYHOCTEN 1 HEOOHO3HAYHOW MHTepnpeTaumm daHHbix [10,
11, 14]. MapagokcanbHo, HO BA He pa3BunBaeTCcst y B3POCbIX,
3apaXkeHHbIX 3TUMK BUpYycamu. YOeauTenbHbIM OCTaeTca TOT
hakT, 4TO HanM4re BUPYCHOM MHAEKLIM OTAMOLLAET TeYEHVe
BA 1 noBbllLaeT BEPOATHOCTb HEOGNAronpPUATHOrO Mcxoda
[12, 13, 15].

Cpean 9K30reHHbIX TOKCWUHOB, KOTOPblE MOMYT ObiTb
TpUrrepHbIMK hakTopamMn B PasBUTUM aTPe3nn XKeYHbIX
NyTEN Y XXMBOTHbIX, B ABCTPan ObiN BbIABNEH PACTUTENBHbIN
n3ohnasoHona, GUNNATPE30H, COAEPXXALLMNCA B PaCTEHUSX,
YyNOTPEDBAAEMbBIX CKOTOM B YCOBMSAX 3acyxu [16]. Y nnymHOK
pbl6 Danio rerio (Zebrafish) — Knaccu4ecKoro MoAenbHOro
obbekTa BNONOrMHYECKMX UCCneaoBaHUn — OuIMaTpPes3oH
BbI3bIBAET Pa3PyLUEHNE BHEMEYEHOYHbIX XXEMYHbIX MPOTOKOB,
HO He BHYTPMMEeYeHOYHbIX [17]. HecmoTpsa Ha TO 4TO
4efloBEK He MnoaBepraeTcsa BO3AENCTBUIO OUNMaTpPe30Ha,
pacnosHaBaHMe KIIHOYEBbIX MEXaHU3MOB MOBPEXAEHNA
>KETHHBIX MPOTOKOB MOXET MPUBECTU K PACKPbITUIIO TOKCUHOB,
VIMEIOLLIMX OTHOLLIEHVE K YENOBEKY.

leHeTu4yeckme cdaktopbl 1 BA

B coBpemeHHOM nuTepatype nosiBAseTcs Bce 60sblue
OaHHbIX O TOM, YTO mMaumeHTbl ¢ BA MMEIOT reHeTnyveckyto
MPeQpPacnoNOXeHHOCTb K Pa3BUTUIO U TEHEHNIO 3a60NeBaHVIA.
Hacneposanne BA He nopuquHsieTcs 3akoHam Menpgens. o
9TON MpU4MHE 3abofieBaHNEe He HaCNemyeTCs MEeHETUYECKMU,
XOT$ HECKOJIbKO TaKMX Clydaes 1 6b110 onmcaHo [18]. Beicokas
3aboneBaemMocTb BA B psge pernoHoB A3uvnv HaABOOUT Ha
MbICSTlb O GO0MbLUEM PACMPOCTPAHEHUN B 3TUX MOMYAALMAX
FEHETUHECKNX BapUaHTOB, aCCOLMMPOBaHHbIX C BA, ogHako He
CTOUT UCKIKOHaTb U OCOBEHHOCTW BHELLHEN cpefdpl (MUTaHue,
BVIPYCHYIKO Harpysky v Op.) W OTIMHYMs B AUArHOCTUHECKMX
KpUTEPUSIX, NCMOMB3YEMbIX a3uaTCKuMmy cneuvanuctamm [19].

BnnsHeupbl ¢ BA

[anee Mbl pacCCMOTPVM FeHbl, KOTOPbIE MOMYT ObiTb BOBMEYEHDI
B pas3BUTUE aTpesnn >XeYHbIX nyTen. CTOUT OCTaHOBUTLCS Ha
VHTPUMNYIOLLIMX pe3yrnbraTtax, MPeAcTaBNeHHbIX B MeTaaHamse,
onybnukoBaHHoM B 2020 r.: aBTOpbl MPOCYMMUPOBaIN
OBLLEMNPOBbBIE AaHHBIE MO M3BECTHBIM KIMHUYECKMM CryHasiv
poxaeHus 6nmsHeloB ¢ BA n obHapyxuau, 4to n3 35
M3BECTHbIX Map (19 MOHO3UrOTHbIX, 15 AN3UrOTHBIX, OOHOM
HEM3BECTHOW), KOHKOPAAHTHOM Mo BA 6bif1a TONbKO oaHa napa
(onsnroTHas), a ocTanbHble OKa3aICb AMCKOPAAHTHBIMY, T. €.
BA 6bina gnarHoCTUpOBaHa TOIbKO Yy OOHOMO 13 OM3HEL0B
(97,1%) [20]. B peTpoCneKkTVBHOM HabMOOEHUN KUTANCKNX
vcenegosatenel Toxxe cooblaetcs o 19 napax 6IMsHELIOB C
BA, KoTopble abCcontoTHO BCe ObINM ANCKOPAAHTHbIMK MO BA
(8 MOHO3UrOTHBIX 1 11 AN3KUroTHbIX) [21].

[nckoppaHTHOCTb 6M3HeLoB Mo BA HaBOOWT Ha MbICHb,
4YTO B pas3BuTUM 3ab0NeBaHVA HaCNeOCTBEHHbIE (haKTopbI
He SBASIOTCS OOMUHUPYIOLWMMK, Bedb, Kak MpaBufo,
MOHO3UIOTHbIE GIM3HELbI WUMEKOT OAMHAKOBBIA FEeHOTUM.
Mpy 3TOM MOpaXkeHne MHMEKLUNOHHBIM UM TOKCUHECKNM
areHTOM CKopee [OO0/MKHO ObifNo Obl 3aTparmBaTb 0O0OMX
6nmM3HeLoB B yTpobe MaTepy M MNPUBOAUTL K Pa3BUTUIO
3aboneBanHns. Cpean W3BECTHbIX Cly4aeB TOKCUYECKUX
N MHAEKUMOHHBIX  SMOPUONAaTUA  KOHKOPAAHTHOCTb  A1A
OnM3HELIOB (0OCOBEHHO MOHO3MIOTHbBIX) COCTaBMSET 0kono 80%
[22]. V13BECTHO, YTO MOMUMO U3MEHEHWIN HEMOCPEACTBEHHO B
HYKNEOTWOHOW MOCNenoBaTeNlbHOCTY reHa Ha (heHoTUN MOy T
OKasblBaTb BAUGHWE WX SMUrEHETUYECKMe mMoambrkaumn,
VIMEIOLLIME HEKTACCUYECKUM XapakTep HacnegoBaHus. Tak,
Y MOHO3UrOTHbIX AMCKOPAAHTHbIX 6/M3Hel0B ¢ BA Gbiv
dheHoTUAMYECKE pa3Nnyng, YTO MOBLILLAET BEPOSTHOCTb
BKJ1a4a anmreHeTn4Heckmx hakTopos B natoreHe3 BA [20].

He cTouT Takxe nckmtovaTb BEPOATHOCTb BOSHUKHOBEHUS
MOCT3UMOTUHECKMX COMATUHECKMX MaTOrEHHbIX BapUaHTOB
y OOHOMO 13 GIM3HELOB B reHax, perynsTopHbiX 06acTsax v
T. M., NPEAnoONOKUTENBHO 3aryCKatoLLX OBAUTEPUPYIOLLLYIO
xonaHrmonatuo. vnotesa o passutum BA BcneacTtsue
coMaTn4eckon MyTaumm (bonee KOPPEKTHO YnoTpebnaTb
TEPMUH «MaTOreHHbI BapuaHT») Obina BbigBuHyTa B 2016 T,
1 019 ee MPOBEPKN aBTOPbI MpeanaraoT NpoaHaMsnpoBaTh
OHK TkaHen nedenn, 6unmapHoro TpakTa 60bHbIX 1 FEHOMbI
X poautenen [22].

leHbl-kaHgupatel BA
[eHeTnyeckne nopxodbl K MoHuMMaHumio BA  BkntodatoT
aHannM3 reHoB-KaHaMOaToB, WCCRedoBaHVe 4ucna Konui

reHoB (CNV, copy number variation), MOMHOMEHOMHbIVM MOUCK
accounaumn (GWAS, genome-wide association studies),
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Tabnuua. leHbl-kaHamaaThl, accouumpoBaHHble ¢ BA no pesynstatam GWAS

OB30P | MEONUMHCKAA TEHETUKA

Jlokyc OTHUYecKas rpynna BapuwaHnt leH-kangvpat GWAS
2g37.3 EBponeongHas leTepoauroTHas geneumns GPC1/AGXT 23/24
14921.3 EBponeongHas Hekopmpyrowmin OHI ARF6 25
10g24.2 XaHbckasi/Tarickas Hekopupytowwmin OHI ADD3/XPNPEP1 26/27/28
2p.16.1 EBponeoungHas Hekopupytowwmin OHIM EFEMP1 29

Mpumeyanmne: OHIMN — OOHOHYKNEOTUAHbIA MOAMMOPDM3M.

cekBeHupoBaHue sk3oma (WES, whole exome sequencing).
Mo GWAS oueHmBaloT CBS3b Mexay 3aboneBaHuneMm
n pacrnpocTpaHeHHbIMMN TeHEeTU4YeCKNMN BapuaHTamMin B
pasHbIX MOMYyNAUMAX UCCNeayemMon rpymnbl NauveHToB 1 B
KOHTPOSBHOWM 3A0POBOV. B Tabnniuge npencTaBnieHbl HEKOTOPbIe
accounmpoBaHHble ¢ BA reHbl-kaHauOaThl, BbISABNEHHbIE B
paznnyHbix GWAS.

leHbl GPC1, AGXT B passutumn BA

B ogHom 13 GWAS, y aByx n3 35 HEpOACTBEHHbIX OETEN C
noaTeepxkaeHHoM BA (MpOTUB KOHTPOMLHOM rpynibl 2026
300POBbIX He0BEK) Oblia OOHaPY»KeHA METEPO3NIOTHaSA AeneLyis
Ha ydacTke 2g37.3 xpoMocoMbl [23]. [NepeKkpbiBatOLMINCS Y
060VX MaUMeHTOB AENeTMpOBaHHbIN pervioH (1,76 MaH M.0.)
cocTosn U3 30 reHoB, cpean KOTOPbIX aBTOPbI BbIAENUAN FeH-
kaHanoaT AGXT, SKCNPEeCCUPYOLLMICSA B MeYeHn. STOT reH
KOOVIPYET anaHnHmnokcunaTammHoTpaHcdepasdy (AGXT) —
dhepmMeHT MEepoKCUCOM renaTouMTOB, UrparoLlLvin ponb B
METab0IM3ME TOKCUHECKMX BELLIECTB 1 PACLLEMNIEHNN XXNPOB.
MOXXHO MPEANONOXKNTb, YTO CHYPKEHME akTMBHOCTU AGXT,
YYaCTBYIOLLEN B OETOKCUKALIMWN, UMEET BaXKHOE 3HAYEHUE B
KOHTEKCTE MMMoTE3bl O TOM, YTO OMOCPEAOBAHHOE TOKCUHOM
noBpeXXaeHne BUAMAPHOrO TPakTa BOBMIEYEHO B MaToOreHes
BA. ABTOpbl MOAPOOHO OMMCHLIBAOT [ABYX MALMEHTOB C
neneuven 2g37.3. B ogHOM cnyyae »eHLMHa BO Bpems
6epeMeHHOCTY paboTana B KIVHUHIOBOW KOMMaHWM 1 4acTo
KOHTaKTMpOoBasna C NMoTEHLMANbHO TOKCUHHBIMU XUMUNYECKMM
MOWLLMX cpeacTBamMun. BTopasa nmepeHecna BETPSAHYHO Ocry
Ha 15-n Hepene 6epemMeHHOCTU, U el MPOBOAUIIN NeYeHne
AUMKIOBMPOM, KOTOPbIN MPOHWKAET Yepes3 MnaLeHTapHbI
Bapbep 1 MeTabonNM3NPyeTCst B KneTkax nederHn. OgHako oTeL,
O[HOMO M3 MaUMEHTOB TOXE SBMSICA HOCUTENEM aeneuum
2037.3, HO He umen 3aboneBaHun nedeHn. CnegoBaTtesbHO,
HanM4Me reTeposuroTHoM  geneumm  2937.3  MOXXHO
paccMatpurBaTb B KadeCTBe hakTopa, NpeapacnonaratoLLero
K pasBuTuo BA, BOBMOXKHO B peaynstaTte broTpaHchopMaumm
KCEHOOMOTVIKOB.

B opyrom nccnenosaHim Te »Xe aBTopbl YBENHIM BbIOOPKY
0o 61 nauyerTa ¢ BA npotve 5088 300POBbIX YENOBEK MPYMMbI
KoHTpONs [24]. Jeneumn TOro »e y4acTtka 2937.3 pasnnyHom
MPOTAXKEHHOCTU OblIN HaMAEHbI Y LeCTX naumeHToB (9,84%)
1 YeTbipex 3a0poBbix Yenosek (0,08%), HO B 3TOT pas3 B
acCOLMMPOBAHHOM PErMOHe C Aeneumen Haxoouacst TONMbKO
oavH reH GPCT, KOOVPYKOLWWA [ANNNKaH, CHWKaOLLMIA
akTMBHOCTbL Hedgehog-curHanuHra u yyacTByWMA B
peakunsax BocnaneHus. Y pblibok Danio rerio OTCyTCTBUE
aKcmpeccun reHa gpcl ceBepxakTmBupoBano Hedgehog-
CUMHaNHI, YTO MPVBOAMIO K HaPYLLEHUIO (hOPMUPOBaHNS
OUNMApPHOro TpakTa, YMEHbLUEHUIO PasMepPOB MXXENYHOro
ny3bIPst 1 MAOXON 3KCKPELMN XKendn 13 nedeHn. B obpasuax
nauneHToB ¢ BA Habntogany cHkeHne GPC1 B anukanbHom
MOBEPXHOCTY XONMaHMMOLMTOB. ABTOPbI 3aKIKOYatoT, YTO reH
GPC1, no-B1aMoMy, SBASIETCS MEHOM BOCTIPUMMHMBOCTY K BA.

B wuccnemoBaHun  «CnyyYam-KOHTPOMb»  aBTOPbl U3
Kutaa ponoXxunu o nNpeanofioXUTENbHOM  accoumaunn
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CO CHWXeHneM pucka BA Ha 50% y maumeHTOB, WMEHOLLIMX
cnegyrowime rannotunbl no  reHy GPCT1: C
C T mn T [30].

rs38283364& ' rs3828336 152292832~ 7;33828336

152292832

lFeHbl ADD3 n XPNPEP1 B passutum BA

B camom nepsom GWAS B KuTaCkow nonynsaumm Obino
npoaHanunanpoBaHo 500 000 OAMUIrOHYKNEOTUAHbIX MOBTOPOB
(OHIM) y 200 naumeHTOB ¢ BA 1 KOHTPOSbHOW rpynmbl,
cocTosllen n3 481 3gopoBoro venoBeka [26]. Hanbonee
3Ha4YMMasa accouvauusa Obina BbigBneHa ansa rs17095355,
pacnonoXeHHoro B Jokyce 10024.2 Mexay reHamu
X-nponnnammHonenmgasel P (XPNPEP1) n agoyumHa 3 (ADD3).
ABTOpPbI, OOHAKO, HE CMOMIN YCTAHOBUTb, Kak STOT MEXIEHHbIV
BapUaHT MOXET BUSATb Ha YyBCTBUTENBbHOCTb K BA, HO
MpPennonoXKNIN, YTO 3aTPOHYTA PEMYNALMS COCEOHNX MEHOB.

ADD3 kogmpyeT 6enok agayumH 3, KOTOPbIA OTHOCUTCS K
CEMENCTBY MEMOPaHHbIX CKENETHbIX GENKOB, YHYaCTBYHOLLMX
B aKTWH-CMEKTPUHOBbLIX B3aNMOOENCTBUSX B SpUTPOLIMTAX
N MEXKIETOYHbIX KOHTaKTax SnUTeNnaNbHbIX TKaHew,
BKJIKOHYAsA OpraHbl XelyAO4HO-KNLWEYHOrO TpakKTa, MeyveHb
1 bunuapHbin TpakT [31, 32]. Skcnpeccus ADD3 Hanbonee
BblpaXXeHa B 3MUTENMASIbHBIX KIETKAX MEYEHN N XKEMYHbIX
nyTen y nnoga no CPaBHEHUIO CO B3POC/bIM HenoBekoM [32].
CokpallleHVs1 KaHasbLEBbIX MeMbpaH >eN4HbIX MPOTOKOB,
CMOCOBCTBYIOLLME OTTOKY >KEN4n, HaXOAATCA Mo, KOHTPOSEM
aKTUH-MNO3UHOBbBIX B3anMOAeNcTBUN. BaXHO 3aMeTuTb,
YTO HapylUeHne STUX B3aUMOOEWCTBUA B SKCMEpVMEHTE C
MCMOSIb30BaHNEM NTEKaPCTBEHHbBIX MPEnapaToB MPUBOAMIO K
Tshkenomy xonectasy [33]. NoBbILEHHOE OT/IOXKEHNE aKTUHa
N MUO3VHA BOKPYr >KEMYHbIX KaHa/bLeB Habnojanm n y
naumeHToB ¢ BA, y KOTOpbIX Mocne onepauun Obii HapyLleH
OTTOK >ken4u [34]. Kpome Toro, MHTEHCMBHOCTb 9KCMPEeCccum
Q-MAOKOMBILLEYHOMO  aKTUHA  KOPPENMPYET CO  CTEMEHbIO
drbposa y naumeHTos ¢ BA [35].

Okenpeccua XPNPEPT npoucxoguT B anuUTenanbHbIX
KNneTkax renatobunMapHom cuctembl [36] n  koaupyeT
pPacTBOPVMYIO X-nponuaamMmmHonenTnaasy P iz
pacTBOpUMytO ammHonenmnaagdy P (APP1). ®epment APPA
y4acTBYET B pacLlenieHnn 6pagvkiHvHa (BK) 1 cybcTaHumm P
(SP) [37]. BpagnknHVH NPUHUMAET y4acTne B BasoguaaTaLmm
1 MPOHNLAEMOCTU KanuisapoB, ero 3KCAPECCUIO HaNpPsMyHO
PEryIMPYET HYKIEapHbIA PELIENTOP XKenyHoW KMcnoTbl FXR
(bapHe3oma-X-peLenTop), urparLlLvin pofib B pPerynaumm
MeTabom3amMa U CEeKpPeLMU >KEMYHbIX KUCMIOT, a Takxe
npoueccoB Bocnanenus [38-39]. B perynaumm cexkpeumm
XKENYW, OVMHAMUKM KENMHYEBLIBOOALUMX MyTEN W WHHEpBaLMN
MeYeHy y4acTByeT Takxke meamatop BocnaneHvs SP. Ponb
renatobuMapHbIX MEePEHOCHNKOB (B YacTHOCTM FXR) 6Gbina
13y4eHa Ha MbILLMHbIX Moaensx [40].

OT0 nccnegoBaHve BbI3BAIO MOBbLILLEHHbI UHTEPEC K
nokycy 10g24.2. Bbino BbIMOHEHO HECKONBKO MCCNEA0BaHMI
MO €ero U3y4YeHNo B padHblx nonynauusx [41-46]. IHTepecHo,
4TO  YNOMsHyTbIM  noaumMopduam  rs17095355  6bin
CTaTUCTUHECKM AOCTOBEPHO acCcoLmmMpoBaH ¢ BA 1 B Tanckom
koropTe [42].
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OpHako B paboTe, NpoBedeHHOM Ha  rpynne
ceBepoaMEepPUKaHCKIX naumeHToB, accoumaumm rs17095355
¢ BA He 6b1o BbISIBNEHO, HO OTMeYeHa cBA3b BA ¢ aopyrim
OHIM (rs7099604), nokann3oBaHHbIM B MEPBOM UHTPOHE
ADD3 [41]. Mpn nomowm konudecteeHHom [P 6binm
OBHapy>XeHbl pasnnyma B auddepeHLmanbHON aKCnpeccum
reHa ADD3, Ho He XPNPEP1, B TKaHsX Ne4yeHn y 60MbHbIX 1
3[0POBbIX, MPY STOM HUKaKNX OCODEHHOCTEN B HyKIEOTOHON
rocnenoBaTtelbHOCTU reHa ADD3 mexay rpynnamMi BbISiBIEHO
He 6b1n0. [103TOMY HE UCKITKOHEHO, HYTO Y 60MbHBIX MOTYT ObITh
pasnnM4ns B PEryaaTOPHbIX HEKOAMPYHOLLMX yHacTkax JHK nnm
AMUFEHETUYECKNE NBMEHEHNS.

B 2020 r. 6bima MNOBTOPHO MPOAEMOHCTPUpPOBaHA
accoupnauma ¢ BA Tpex OHIT B reHe ADD3 (rs17095355,
rs10509906 v rs2501577), aByx OHI B reHe GPC1 (rs6750380
1 rs6707262) B rpynne nauneHToB 13 Kutas (n = 340) [59].

B 2019 r. co3gaHa nepeas mogenb bA ¢ ncnonb3oBaHnem
VHOYUMPOBAHHbBIX MIFOPUMOTEHTHBIX CTBOMOBbBIX KJETOK
(MMNCK) [60]. Mony4eHHble 13 0OpPa3LIOB KPOBM MaLMEHTOB
¢ BA uwlCK in vitro BHOBb AuddepeHLMpoBancL B
MaToNoOrMyHblEe XOMAHMMOUMTBI C Mpu3Hakamu urbpoasa.
Vicmonb3yss TexHonornio CRISPR/Cas9, aBtopbl BHeapuv
OHI1 B reHax GPC71 n ADD3, accounmpoBaHHble ¢ BA, B
300POBYIO  YenoBedeckyto MHWIO MIICK 1 vHayumpoBamm
onnvapHyto onddOepeHLMPOBKY. OTW KIETKN BOCMPOU3BENU
naTonorn4eckoe pasBuTue xonaHrmoumtoB kak UlMCK
nauneHToB ¢ BA. Mogenb BA Ha uUlMCK umeeT 6onblune
MepcneKTVBbI 4N AaSTbHENLIEro U3ydeHns natoreHesa bA.

l'eH ARF6 B passutun BA

B 2015 r. 6bi1a BbigBAEHaA accoumauns pucka pasBuUTUs
BA un OHIM rs3126184 un rs10140366 B reHe ARF
(amerHosnHaMdoCcthaTPrOOSUIMPYHOLLIAIA (HAKTOP), PACTONOXKEHHOM
B nokyce 14021.3 [25]. MVHOpHbIe annenm aTx NonMMoprsMoB
CBSI3aHbl C MOHVPKEHHOW akcnpeccuen ARF6.

feHbl ARF6, GPCT n ADD3 nMetoT cxoxune QyHKLUM B
dhopmmpoBaHun 1 pa3BuTUM bGunuapHoro TpakTta. GPCT
n ARF6 3apmenicTBOBaHbl B CUrHanavHre dakropa pocTa
dunbpobnactos (FGF) v snuaoepmanbHoro daxktopa pocTa
(EGF), BavkHbIX B OpraHoreHese. Tak >ke kak 1 red ADD3, ARF6
y4aCTBYET B PEMOAENMPOBAHUM aKTMHOBOMO LUTOCKENET],
BNSIET Ha MOABWKHOCTb KIIETOK, MEXKIIETOYHbIE KOHTAKTbI.
ARF6 aktnBupyeTcst npu cBA3blBaHUM C pelentopoM EGF
(EGFR) ¢ ero aktmBatopom GEP100, KOTOpbIN B CBOW
oYepedb MOCNenoBaTelbHO 3amnyCKaeT OCTallbHble pPeakumn.
HanbHenwasa aktuBauna EGFR-GEP100-ARF6 npusognt
K akTmBaumm curHanbHoro kackaga ERK/MAPK n CREB,
4YTO B WTOre BAUSIET HA HOPMa/lbHOE KMETOYHOE pasBuUThE U
nponudepaunto [49-52].

B HacTosiLLee BpeMs HET OVHOM TOYKM 3PeHWs, ABAAKOTCS
IV UBMEHEHMST BO BHYTPUMEYEHOYHbIX >KEMYHbIX MPOTOKax
BTOPUYHBIMY 1M POPMUPYIOTCS HE3ABUCUMO. Tak, YETbIPEM
OETAM C paHHUM MOCTHaTallbHbIM AuMarHo3oM BA B mepsble
OHW mocne poXkaeHust Gblia MpoBedeHa cepust Guoncuii, Ha
KOTOPOW BbISIBIEHA HEQOCTATOYHOCTb BHYTPUMEHEHOUHbBIX
>KENYHbIX MPOTOKOB 6e3 Mpu3HakoB (hubposa 1 Lmppo3a
rneveHn, Bcerga OOHApPY>XMBaeMblX MNPV BbIMOMHEHNN
MOPTO3HTEPOCTOMUM MO Kacau vnmn TpaHChnaHTauumM neveHn
[63]. Ewe B 1974 1. Landing BblABWHY MMMoTE3Y O TOM, YTO
npu OBCTPYKTUBHBLIX XOMAHrMOMaTUsAX B MaTONOrMYECKnin
MpoLLeCC BOBMIEYEeHO BCe OuavapHoe [AepeBo: 6yayT B
OonblUel CTEMEHN BOBAEYEHbI BHYTPU- WM BHEMEYEHOYHbIE
MPOTOKMN, 3aBVCUT OT BPEMEHN U XapaKTepa NOBPEXOatOLLErO
BO3OencTBUs [54].

Mpw HokOayHe arfé y NUYMHOK pbiboK Danio rerio Gbian
OTMEYEHbI YMEHBLLIEHE Pa3MEPOB MEYEHN 1 Yncna BuanapHbIX
anUTENVaNbHbIX KNETOK, HapYLUEHWE CEKPELU >XKEenyu u
pPasBUTUS Kak BHE-, TaK U BHYTPUMEYEHOYHbBIX >XEMYHbIX
npoToKoB. Cxoxue ahdekTbl HabMogan 1 Npu BBEASHUM
nHrnbutopa EGFR. ABTOpbI KOHCTATUPYIOT, YTO CUrHasbHBbIN
nyte EGFR-Arf6  moxeT perynupoBate MOpdoOreHes
BHYTPUMEYEHOUHbBIX XKENYHbIX MPOTOKOB [25].

Tak, B AByx 13 29 6BuonTaToB MneveHn naumeHtoB ¢ BA
ObINO BbIABNEHO Cnaboe VMMyHOOKpaluvBaHne Ha ARF6 un
OTMEYEHO CHIDKEHNE KOMMHECTBA BHYTPUMEHEHOYHBIX YKEMHHbIX
MPOTOKOB C Mpu3Hakamu Gubposa. Ha ocHoBaHUM 3TUX
[aHHbIX aBTOPbl MPEAMONOXKNIN, HYTO CHIYDKEHME 3KCMPECCU
ARF6 cnocob6CTBYET HapyLLEHNIO (DOPMUPOBAHNST HE TOSTbKO
BHEMEYEHOHHBIX YXKEMHHBIX MPOTOKOB, HO 1 BHYTPUMEHEHO HbIX [25].

l'eH EFEMP1 B pa3sutun BA

BbIn yCTaHOBNEH HOBbI JTOKYC BOCTIPUAMHMBOCTU K BA — y4acTok
2p.16.1 Kak cpean OeTen ¢ U30MPOBaHHOM hopmort BA, Tak 1
cpenu Tex, y koro BA codetanack ¢ apyrummn aHomManmamm [55].
B aTOM f1OKyCe B MATOM WHTPOHE reHa EFEMPT obHapy»Xunv
Tpu BA-accoummpoBanHbix OHIM: rs10865291, rs6761893 u
rs727878. KonnyectBo TpaHckpunToB EFEMPT 6bino Bbilwe
B TKaHsX MedveHn (MperMyLLEeCTBEHHO B XOnaHrMouuTax wu
nopTanbHbiX drnbpobnacTtax), He ToNbko nMpu BA, HO 1 Npu
OPYrX XOeCTaTUHECKMX 3ab0MeBaHMAX MO CPaBHEHUIO C
FPYMNMNOW KOHTPOSS.

feH EFEMP1 kognpyeT hmnbynvH-3, MPUHUMAaIOLLMIA yHacTe
B PEMOAENMPOBAHUM SKCTPALEIONSAPHOIO MaTpuKeca, B
pereHepaLun TKaHel 1 opraHoreHese [56, 57]. Kpome Toro,
EFEMP1 aktvBMpyeT curHansHbin nyTe Notch in vitro, xota
1 C MeHbllen ahdhexkTUBHOCTLIO, Yem JAGT [58]. M3BecTHO,
4YTO (PUOBYNMHBI TECHO B3aMMOAENCTBYIOT C NaMUHVHAMN Y
OPYrMY  SKCTPaLEIIOASPHBIMY  MPOTEMHaMN.  Y4uTbiBas
TECHYIO CBA3b U OnM30CTb Pa3BUBAIOLMXCS  XKETYHbIX
MPOTOKOB C 9KCTPaLENIIONAPHbIM MaTPUKCOM MOPTasIbHOM
ME3EHXMMASTIbHON TKaHW, MOXXHO MPennonoXnTb, YTO 6enoK
EFEMP1 yyacTByeT B pasutuim BramapHOro TpakTa.

OpHako B 2020 r. B MCCNEAOBaHWN rpynnbl MaUnMeHToB C
BA 13 Kutas He 6bino 0BHapy)xeHO accouvaummn ¢ reHamm
EFEMP1 v ARF6 [59].

leHbl STIP1 n REV1 B passutun BA

B 2020 r. mpu npoBefeHMM TpUO-aHanM3oB ak3omMa B 30
ceMbsix ¢ BA 'y geten 6binn ngeHTUUUMPOBaHbl B 66 reHax
66 BapuaHTOB de novo, cpeay KOTOPbIX aBTOPb! BblAENNAM
noTeHUManbHO naToreHHble B reHax STIPT n REV1 [61]. Benku
3TVIX MEHOB B3aVMOAEWCTBYIOT C OENKOM TEMIOoBOrO LUOKa
HSPO0 wn ydacTeBytoT B cTpecc-otBeTax. [Lpyrie aBTOpbI
MPOBENN 3KCMEPUMEHTbI MO BBEAEHUIO MyTauui B FeHbl
stip? v revl ¢ nomouwbto CRISPR/Cas9 y peibok Danio rerio
1N NOOBEeprv 1X BO3OENCTBUIO GUAMaTPE30Ha: MyTaHTHble
PbIOKM OKa3anmnchb YyBCTBUTENbHBI K HASKVM A03aM, B OTA4ME
OT pbIBOK AMKOro Tuna [62]. HokgayH STUX reHOB B KeTKax
XONaHMOLMTOB in Vitro 1 BO3AENCTBNE Ha HUX BUIMaTPE30HOM
MPUBOOVAM K HAPYLIEHWAM LMTocKeneTa. [JaHHble pesynsraTbl
MOOKPENSAT MNOTE3y O BKIAAE OKPY>KaloLler cpedbl B
paseuTVe BA y reHeTMHeCK BOCMPUNMUMBBIX NTFOAEN.

[eHbl pECHUYEK XONaHMMOUUTOB B pa3suTtun BA

B 2020 r. 6biv npoBeneHbl Tpno-WES-nccnegosanms B 89
ceMbsix ¢ BA y pgeten [63]. ABTopbl 0bHapyxum y 31,5%
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nauUneHTOB pedKMe MmaToreHHble de Novo BapuaHTbl B reHax
PECHUYEK XOMaHMMOLIMTOB, CPEOM KOTOPbIX BbIOEINM TpU
reHa-kaHgupata — KIF3B, PCNT w TTC17. Yvucno 6enkoB
KIFSB 1 TTC17 B TKaHsX MeYeHn naumeHToB ¢ MyTauusMn B
COOTBETCTBYIOLLIMX FeHax 6blno CHkeHo. HokayT kif3b, pcnt
n ttc17 ¢ momoupto CRISPR/Cas9-crcTembl peaakTpoBaHis
Yy NMNYnHOK Danio rerio NpuBen K HapyLUeHWO Yy HUX OTTOKa
Xendn. ABTOPbI MpeAnofiaraoT, YTO AedEKTHbIE PECHUYKN
MOMYT rMnepaxkTVBMpoBaTb Hedgehog-curHanmHr, Imbo »xenyb
MOBPEXXAAET aHOMASTbHBIE XOMAHMIOLTBI, YTO TaKKE MOBbILLIAET
Hh-curHanuHr 1 BeOeT K BOCNaNeHMo U (DnOpPOreHesy.

leHeTu4eckue akTopsl,
BAMsiOLIME Ha NporHo3 BA

VIHOMBMAyanbHble TreHeTU4eckne OCOBEHHOCTU Kaxkaoro
OONMBbHOMO MOMYT 3HAYUTENIbHO BAVATH HA KIMHUYECKYHO
TSHKECTb 3aboneBaHnsi, 1, HECMOTPSA Ha (DEHOTUMNYECKYIO
reTeporeHHocTb  BA, [O0BOABHO Mano  UCCNeaoBaHWUN
MOCBSALLEHO U3YYEHUIO FEHETUYECKUX (PaKTOpPOB, KOTOpPbIe
oKaablBanm 6bl BAMSIHUE HA UCXOM XMPYPIUHECKOrO NTEHEHNS —
NopPTOaHTEPOCTOMUM Kacawn. o AaHHbIM HEKOTOPbIX aBTOPOB,
Ha WUCXOA omepaumy MOryT BMSATb Takue reHbl, kKak ATAT,
JAGT, CFTR [64-68].

Oednunt  al-aHTUTPUNCHUHA BbISLIBAET MOHOMEHHOE
ayTOCOMHO-PEeLECCBHOE 3aboneBaHne (reHoTun ZZ no reHy
ATAT), npuBodsiLLee K natonorum neveHn y aetein. NokasaHo,
4YTO martonorndeckve amnenn Z, S u ap. (B retepo3nroTHOM
COCTOSIHMM) BCTPEYatOTCS Yalle Yy OeTEeN C XPOHUYECKMMN
3aboneBaHNsIMU neveHn (n = 241), B Tom wmcne n ¢ BA (n = 67),
Yem B 0bLen nonyaaumm [69]. MNpr 3TOM € TakMK FeHOTUNamm
6onbHbIM BA getam notpeboBanach TpaHCnaHTaUms NeYeHmn
paHblLe, YeM Aetam ¢ BA ¢ HopmanbHbIM reHoTunom MM.

B TawnaHpe 6bin nposegeH WES-ananns [OHK,
BbIOENEHHOWN 13 NeveHn npu troncun y 20 naumeHtoB ¢ BA
rnocne NpoBeAeHMs MopToaHTepocToMun [70]. Tonbko y cemmn
MauVeHToB MOcfe omepauuy OTMeYanoch KymmpoBaHue
XKEMTYXW, Y TPOMX BbINO YaCTUHHOE yiyulleHvie 1y 10 nauveHToB
onepaums okasanacb HeaddekTnBHOW. Y nNauneHToB C
BA 6binv BbiiBeHbl 13 pegknx BapnuaHTOB B OEBSATU reHax,
OTBETCTBEHHbIX 32 W3BECTHblE 3ab0NeBaHVs, B TOM 4uUCne
XONecTaTn4eckme (HO KIIMHUHECKMX MPUSHAKOB aTuUX B0one3Hen
OnarHoCTMpoBaHO He 6bIno): JAGT (cuHApOM Anaxkunb,
AGS); MYO5B (BpoxxaeHHasd atpoursa MUKPOBOPCUHOK/
MPOrPECCUPYIOLLNIA  BHYTPUCEMENHBI  XOnecTas Tun  6);
ABCB11 (CeMelHbIi BHYTPUMEYEHOYHbIA Xxofnectad Tun
2); ABCC2 (cuHpgpom [ybuHa—[xoHca); ERCC4 (aHemus
®aHkoHn); KCNH1 (cuHgpom Linmvepmara—/labaHga); MLL2
(curopom Kabykwn); RFX6 (cuHgpom Mutuenna—Pes) n UGTAT
(curopom Kpurnepa—Harsapa tvn 1). ABTOpbI npegnonaraor,
410 BA 1 gpyrne 3abonesaHvd MeYeHn MOryT UMETb OOLLIA
aTvonaToreHe3. Hannume ganHHbIX accoumaum onpenenser
TSHKECTb COCTOSAHMS U HeONaronpusiTHbIA MPOrHO3 >KU3HWU
nauyeHToB ¢ BA ¢ HaTUBHOM NEYEHbHO.

BbiseneHa mmucceHc-myTaums B reHe JAGT y gesatn 13 102
nauveHToB ¢ BA, mpu 3TOM xapaKTepHbIX (DEeHOTUMNHECKMX
nPosIBAEHWN cuHapoMa Anaxxnnnb He 6bino [71]. CornacHo
MHEHUIO aBTOPOB, Yy OETEN C TakUM BapWaHTOM MPOrHo3
3ab0neBaHNs 1 NCXOA MOPTOSHTEPOCTOMUM ObIN Xy>Ke.
OpHako MpoBefeHHble HeAABHO NCCNEOOBaHVS MoKasam, YTo
cuHapom Anaknnng (AGS) MOXET MPOSIBASTLCH KIIMHUHECKMM
npusHakamn BA: y matyu geten ¢ AMarHOCTUPOBAHHOM B
MnageHdectee BA 1 naToreHHbiMK BapuaHTamu B reHe JAGT
K TpeMm rogam pagdBuiICa TUMUYHBbIA CUMMATOMOKOMIIEKC
AGS [72].
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BnusiHne renaTtouenonsApHbIX TPaHCMOPTEPOB U
SAfePHbIX PEeLLenTOPOB XeJTYHbIX KUC/IOT Ha UCXO[,
NOPTO3HTEPOCTOMUM

3a nocnegHee pecaTuneTve  HakonneHo  6onblloe
KOMMYECTBO [AaHHbIX, KOTOPbIE OMUCHIBAIOT KOMMEHCATOPHbIE
BO3MOXHOCTV MeYeHn npu xonectase bnarojapst perynsaumm
aKTUBHOCTU renaToLeItoNgpHbIX TpaHcnopTepos (BSEPR,
MDR1, MDR3, OSTb) 1 saepHbiX PeLenTopoB MXEMYHbIX
kucnot KK) (FXR, PXR, CAR) [73-75].

[MedeHb  XOpPOLWIO  adanTUPYeTCsl K HaKOMIEHUO
>KEMYHBIX KUCNOT. YCTaHOBMAEHO, YTO Yy 3O0POBbIX OETel
FeHeTU4eckn OOYyCNOBAEHHbIM AeUUNT 3TUX PELIenTOpOB
HE VIMEET KIJIMHMYECKOrO 3HAYEHMs 3a CHET CYLUECTBYHOLLMX
KOMMEHCATOPHbIX MexaHn3MoB. OOHako Mpu  Haayum
xonectatndecknx 3saboneBaHui, BktoYaa BA, paHHble
M3MEHEHNSA MOryT CTaTb OOMOMHUTENbHBIMU (hakKTopamu,
BAVSIOLLMMM Ha TeYeHWe naTtonorndeckoro npouecca. [lpu
HOPManbHOM  (DYHKUMNOHNPOBAHUM  renaToLenTtoNapHbIX
TPaHCMOPTEPOB renaTounTbl 3alMLleHbl OT TOKCUYECKOrO
nenctena KK  6Gnarogapa  ux BbiBegeHuto  BSEP-
TPaAHCMOPTEPOM, a BUMaPHBbI SMUTENVIA 3aLVLLEH Gnarogaps
OCHOBHbIM TpaHcnopTepam FICT n MDR3 [76].

C y4yeTOM 39TUX [JaHHbIX Ha CEerogHAWHUA  OeHb
MPOBeAeHbl NCCNefoBaHNS MO OLEHKE YPOBHSA SKCMpPeccum
MEYEHOYHbIX HyKeapHbIX (HDaKTOPOB M renatoLenIFoNspHbIX
TPaHCMOPTEPOB Kak npeankTopoB ncxopa KPE y neteit ¢ BA.

O6Hapy»>KeHO, YTO B rpyn