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Llenb 0630pa - oLeHKa Ponv MOJIEKYISIPHBIX CTUMYOB GpUOPOreHHON akTBaLuy 3BE3a4aTbiX KneTok nevexu (3KIM), urpaio-
LLMX BaXKHYIO pOJb B MeYEHOUHOM pribporeHese. [okasaHo, uto Ana nepedopmaTmpoBaHua HenofBuKHbIX 3KIM B akTBMpPOBaH-
HbI MOdPMBPoBnacTonofobHbI GeHOTMN TPebyeTcA N3MEHEHVE SKCMPECCUIN HECKOMbKIX COTEH Pa3fiIuHbIX reHoB. Pag cTumy-
NUPYLNX GaKTOPOB CMOCOOHDBI BAMATb Ha PeLLenTopPbI ANA MHOXECTBA MNapaKPUHHBIX U @y TOKPVHHBIX MHAYKTOPOB 3TOrO Npo-
Liecca. BoamoxHbIMuK KntoueBbIMU perynatopamm aktuaaummy 3KIM ABnATcAa MynbTuaoMeHHasA curHanbHaa monekyna GIV/Girdin n
meTun-CpG-cBasbiBatowuiin 6enok 2 (MeCP2). Kpome Toro, nx TpaHcanddepeHLupoBKa MOXET ObiTb 00YC/IOB/IEHa NMUreHeTnYe-
CKMMW MeXaH13MaMK, KOTopble BKouatoT MeTunnposaHue JHK n mogndurkaumm rucTOHOB, U KOHTPOMPYIOTCA MHOTOUYMNCIEHHBIMI
Hekogupytowmn PHK. CoxpaHATb SKcnaHcmio 1 npodubporeHHyto akTmeHOCTb 3KIN npy NOCTOAHHOM BO3AENCTBUM arpecCMBHOMO
areHTa CnocobHO yCTOMUMBOE yBeNIMYeHVe CUrHanbHo TpaHcaykumn hedgehog (Hh). CopeiictByeT neuéHouHomy dpubporeHesy
n aytodarua B 3KI1. MNog BnvAaHnem moneKynapHbix cTMynos 3Kl BCTynatoT B KNETOUHbIV LMK U MPOXOAAT pa3y HauanbHOW, a
3aTeM yCTOMUYMBON aKTMBaL K. B 3T0 Bpema NponNcXoaaT MHOrOUMCIIEHHbIE U3MEHEHUA B TPAHCKPUNLUM FeHOB KonnareHa | Tmna,
O-TNafKoMbILLEYHOTO akTuHa (a-SMA), TpaHchopmumpytolero pakTopa pocTa (TGF)-B1 1 ero peLenTopos, MaTPUKCHOW MeTao-
npotenHasbl (MMI)-2, TKaHEBbIX MHIMOUTOPOB MATPUKCHBIX MeTannonpotenHas (TUMM)-1 n 2, yemy cnoOco6CTBYIOT OTCYTCTBY-
lowme B HenoaBWXKHbIX 3KIM TpaHcKpunumoHHble dakTopsl Ets-1, Mef2, CREB, Egr-1, JunD, peuentop Butamuta D, CCAAT/3HxaH-
cep-cBaAsbiBatowmin 6enok B (C/EBP-B) n apyruvie. MoHMMaHre natopr3nonornyeckmx MexaHmamoB akTuaumm 3Kl asnaetca upes-
BblYaHO BaXKHbIM AN1A Pa3pabOTKM TapreTHo aHTUONOPOTUYECKO Tepanun. BHeapeHne eé B KNMHNYECKYIO NPAKTVKY NMO3BONNT
YNYYLIUTb NMPOTHO3 MPU XPOHNYECKUX 3aD051IEBaHNAX MEYEHUN U MOBLICUTb KaYeCTBO XKN3HW NaLNeHTOB.
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The aim of this review was to describe the molecular stimuli of fibrogenic activation in hepatic stellate cells (HSCs), which play an
important role in hepatic fibrogenesis. It has been established that the transformation of quiescent HSCs into activated, myofi-
broblast-like phenotypes requires changes in the expression of several hundred different genes. A number of stimulating factors
is able to influence the receptors for a variety of paracrine and autocrine inducers of this process. Possible key regulators of HSCs
activation are the multidomain signaling molecules GIV/Girdin and methyl-CpG-binding protein 2 (MeCP2). In addition, their trans-
differentiation may be due to epigenetic mechanisms, which include DNA methylation and histone modifications, and are con-
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trolled by numerous non-coding RNAs (ncRNAs). A steady increase in the hedgehog (Hh) signal transduction is able to maintain
the expansion and pro-fibrogenic activity of HSCs with constant exposure to an aggressive agent. The HSC autophagy also con-
tributes to hepatic fibrogenesis. Under the influence of molecular stimuli, HSCs enter the cell cycle and undergo phases of initial
and then perpetual activation. At this time, there are numerous changes in the transcription of genes of type | collagen, a-smooth
muscle actin (a-SMA), transforming growth factor (TGF)-B1 and its receptors, matrix metalloproteinase (MMP)-2, tissue inhibitors
of matrix metalloproteinases (TIMP)-1 and -2. This is facilitated by transcription factors that are absent in quiescent HSCs, such as
Ets-1, Mef2, CREB, Egr-1, JunD, vitamin D receptor, CCAAT/enhancer-binding protein 3 (C/EBP-B), etc. Understanding the patho-
physiological mechanisms of HSC activation is extremely important for the development of targeted antifibrotic therapy. Its intro-
duction into clinical practice will improve the prognosis for chronic liver diseases and enhance the quality of life of such patients.
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CnuncoK coKpalueHmii:

®IT — pubpos reyeHn

3KII — 3B&3muathlie KJIETKU MeYCHU

COK — cuHycouaanbHble 9HAOTEIMAIbHbBIE KIETKU

a-SMA — a-r1ankoMBbIIeYHbIN aKTUH

TGF — tpancdopmupytoiimii hakrop pocra

HGF — renatouutapHsiii (pakTop pocra

PDGF — tpombouuTapHbiii (pakTop pocta

TNF — ¢akrop Hekpo3a omyxoeit

IL — uHTEepNeiikuH

BKM — BHEKJIETOYHBIIT MAaTPUKC

MMIT — MaTpuKCHBIE METAIJIONPOTENHA3bI

TUMII — TKaHeBble MHTMOUTOPHI MATPUKCHBIX Me-
TaJUIONPOTENHA3

PPARs — penienitopsl, akTUBUPYEMbIil IEPOKCUCOM-
HBIMU TIponundepaTopamMmu

RARs/RXRs — pelienTopbl peTUHOUIHOMN KUCIOTHI

PXR — npernan-x-peuenTtop

KLFs — Kpymnrenb-nono0Hbie (paKTOPbI

GIV/Girdin — Ga-B3auMOAEMCTBYIOIINI BE3UKYI-ac-
COLIMMPOBAHHbII OEJIOK

MeCP2 — metun-CpG-cBs3bIBaonnii 6egok 2

DNMT — JHK-metunrpanchepasbl

miRNAs — mukpoPHK

IncRNAs — nmunHble Hekonupytoire PHK

NO — okcun azota

ExxeronHo xponunyeckue 3adoneBanus rneueHu (X3I1)
SIBJISTIOTCSI TIPUYMHOM CMEPTH 00JIee IBYX MUIJIMOHOB Ye-
JIOBEK BO BCEM MUPE, UTO BMECTE C TSXKETBIM OpeMeHeM
WHBAJMIHOCTU U 00paIllaeMOCTH 32 MEAULIMHCKOM TTOMO-
1IbIO, eaeT MpobaeMy Ype3BblYaiiHO aKTyalbHOI. He-
onaronpusaTHEIM ucxonoM X3IT cayxut ¢pudpo3 neyeHu
(PIT), 3aBepIuaroIIMiics IIPU MPOrPeCCMPOBAHUH IPOLIEC-
ca IMPPO30M, TSDKECTh KIIMHUYECKUX ITPOSIBIICHMIT KOTOPO-
ro O0YCJIOBJICHA, TIPEXKIE BCEro, IEYEHOUHOM HeI0CTaTOU-
HOCTBIO, IIOPTaJIbHOM TMIEPTEH3UEN U PA3BUTUEM OCJIOXK-
HEHMI, COMPOBOXAAIOIIMXCS BBICOKOM JIETaTbHOCTBIO [1].
3Bé3muathie KJeTkM neyeHu (3KII) B pusnonornyeckmux
YCIIOBUSIX HAXOASITCS B HEMOIBUKHOM COCTOSTHUM U CITY-
XKaT MecToM xpaHeHus a¢pupoB petuHona. [Tpu X3IT re-
HepUpYyeTCsT U TIpuodpeTeHre UMU (PUOPOTEHHBIX U ITPO-
BOCITAJINTEILHBIX CBOMCTB [2].

Lleap 0630pa — 03HAKOMJICHHE C MOJIEKYJISIpHMUE
ctumyiamu pudporeHHoi aktuBauu 3KI1, urparomim-
MU BaXKHYIO poJib B e4y€HoYHOM (pubporeHese. ITox nx
pnusinueM 3KII BcTynmaioT B KJIETOUYHBINM UK U MPO-
XoOAT (pa3y HayaJbHOI, a 3aTeM YCTOMYMBOM aKTUBA-
uuu (pUCYHOK). B 3TO Bpemsi mpoucxoasiT MHOTOYHUC-
JICHHBbIC U3MEHEHUSI B TPAHCKPUIILIMY TeHOB KoJIJlareHa
I Tuna, a-rmagkoMeieyHoro aktuHa (a-SMA), TpaHc-
¢opmupytomero pakropa pocta (TGF)-f1 u ero peuern-
TOPOB, MAaTPUKCHO# MeTajornporenHassl (MMIT)-2,
TKaHEBbIX MHTMOUTOPOB MaTPUKCHBIX METAJLJIONPOTEH -
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Ha3 (TUMII)-1 u 2, 9eMy cIOCOOCTBYIOT OTCYTCTBYIO-
mye B HermoaBMKHBIX 3KIT TpaHckpunuumoHHble pak-
Tophl, Takue Kak Ets-1, Mef2, CREB, Egr-1, JunD, pe-
mentop ButamuHa D, CCAAT /aHxaHcep-CBI3bIBAIOIINIA
oenox 3 (C/EBP-3) m mp. [3].

Hzmenenue sxcnpeccuu eenos. IlpeodpazoBaHue He-
noaBmKHBIX 3KIT B akTHBMpOBaHHBII MUO(PUOPOOIACTO-
TONOOHBIN (PEHOTHIT TPEOYeT M3MEHEHMST SKCIIPECCUU He-
CKOJIBKMX COTEH pa3IUYHBIX TeHOB. YacTh TpaHCKPHII-
OUOHHBIX (PAKTOPOB, K KOTOPBIM OTHOCSATCSI PELIETITOP,
AKTUBUPYEMBIil TTePOKCUCOMHBIMU IIpoIrdepaTopaMu
(PPAR)Yy, peuenrtopsr petnHOUIHOU KUCIOTH (RXRs
u RARSs), nperaan-x-pemenrop (PXR) 1 rer Lhx2 koHTpo-
JmpytoT ¢peHorur nokos 3KI1. Hanmporus, Kpynmeas-mo-
n06Hb1 dakrop 6 (KLF6), Ga-B3auMOmeiCTBYIOLINIA Be-
3UKyJ-accounupoBaHHbI 6emok (GIV/Girdin, ot aHrI.
Ga-interacting, vesicle-associated protein/Girdin), cur-
HaJbHBIN 0¢10K puinH U MeTUII-CpG-CBSI3BIBAIOIINIA
6emok 2 (MeCP2) ciocooctBytoT TpaHchopmanmu 3KIT
B MUOGUOPOOIIACTHI.

PPARSs npuHamiexar K cynnepceMeicTBy SIAepHbIX TOP-
MOHAJIBHBIX PEIIETITOPOB U SIBIISIIOTCS CIIeIINATN3MPOBaH-

HBIMU TPAHCKPUMIIMOHHBIMU (DaKTOpaMHM, KOTOPHIE CBSI-
3biBatoT JIHK 1 perynupytor TpaHCKpUIIIIUIO JIMTaH I-3a-
BUCHUMBIM 00pa3oM. OHU yIIPaBJISIOT SKCIIPECCHeil TeHOB
mmociie cBsi3biBaHUsA ¢ RXR B KauecTBe reTepomrmMepHOro
IMapTHepa co cruenUIecKUMHA 3JIeMeHTaMHU TTOCJIeIOBa-
terpHOCTH JIHK, Ha3pIBaeMBIMI 31eMeHTaMH OTBETA TIPO-
mmdepaTopa IepoKcrucoM. M3BecTHBI 3 OCHOBHBIX M30TH-
ma PPARs: PPARa, PPAR(3/6 u PPARY, kaxnprit n3 Ko-
TOPBIX MMEET OTYCTIMBEIN TKaHECIIeITNMUICCKUIA TTaTTepH
SKcIpeccuu. Pe3ymbTaThl MHOTOUMCICHHBIX MCCIIEIOBa-
HUI Moka3anau BaxHylo pojb PPARY B perynsiunu He-
MOJIBVIXKHBIX M MHAKTUBUPOBaHHBIX (peHOTHTIOB 3KIT [4].
OHM ITO3UTUBHO BIMSIOT Ha TeTIaTOLMTapHBINA (DakTop po-
cra (HGF), xotopsrit B pe3yiabprate HapymeHus TGF-f31
cUTHaIM3alny yMeHbimaeT akruBaunio 3KIT u cHmka-
eT CEeKpeInIo KoJulareHa, a TakXKe MOXKET CITOCOOCTBO-
BaTh BOCCTAHOBJICHMIO TICUCHHU TTOCTIC MOBPEXIeHUS [5].
ITpu sTomM, PPARY CTUMYIMPYIOT aKTUBHOCTb ITPOMOTOPA
HGF n ysemunBaror MPHK HGF B ¢pubpoodmactax. Or-
Meuasaochk, uto 3kcrpeccust PPARY B 3KII orpuiraresbHO
KoHTpoaupyetcs uepe3 MeCP2- u EZH?2-3aBucumyio pe-
npeccuio TpaHckpunuuu npomoropa PPARY, a curHaib-
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Phases of fibrogenic activation in hepatic stellate cells (HSCs).
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a1t iyt ETS1/PPARY mmonoXxuTebHO peryIupyeT 9KC-
npeccuio PPARY B nenonprxubix 3KIT [6].

RARs 1 6im3kue uM 1o ctpykrype RXRs BkitouatoT
B ceOs 3 moaTHIa, a MMEHHO o, [3 1 y. Bce monturier RARs/
RXRs, 3a uckmoueHuem RXRY, Xopoli10 BbIpaxkeHbl B He-
noaBuxHbIX 3KIT, mpu akTUBaIIMM KOTOPHIX UX IKCTIPEC-
CHS CHIDKaeTcsI. MexaHM3M 3TOro IToKa He YCTaHOBJICH,
60J1e€ TOTO, PEe3yJIBTaThl PA3TMIHBIX UCCICIOBAHUI HE pel-
KO MpoTuBoOpeyaT ApyT Apyry [7]. TpaHCKpUITIIMOHHBIN
(akrop PXR sBasteTcss oppaHHBIM SIIEPHBIM PEeLIeITOPOM
(NR112), akTHBHOCTb KOTOPOTO B OOJIBIITMHCTBE CIyJacB
MOIYJIUPYETCS CTEPOUTHBIMU TUTaHmaMu. OH TPaHCKPHII-
muoHHo pyHkumoHupyet B 3KIT yemoBeka u cnocobdeH
CBSI3BIBATh CBOM aKTUBATOPHI: IIPETHAH, JKeTYHBIC KMUCIIO-
THI, a TAKKE JIEKapCTBECHHBIC JIMTAHIbI, TAKKE KaK prudam-
MMULIH, TUTIepGOPHH, JIOBACTATUH, KJIOTPUMA30JI U METH -
parioH, B pe3yJIbTaTe Yero MHTHoOupyeT ux TpaHcaudde-
pPEeHIMPOBKY 1 TIpomdepario. Kpome Toro, akTuBaims
PXR nonasnset nmpopudporeHHsil 3¢ ekt TGF-B1 [8].

LIM-goMeH mpu3HaH OJHUM M3 KJIIOUYEBBIX KOM-
TOHEHTOB PETYJISITOPHOIN CUCTEMBI KJIETKU, IIPU 3TOM
reH 2 romeobokca LIM (Lhx2) ¢pyakumonupyet B 3KII
IUTSI COXpaHEHMSI MX TTOKOsIIIerocs peHOTHIA. bputo moka-
3aHO, YTO ITOBBIIIIEHHAS SKcIpeccus Lhx2 cHimkanza ypoB-
Hu koyutareHa I Tumma u a-SMA, a ero oTcyTcTBHE OJIOKM-
pPOBAJIO TIPOIYKIINIO TPOMOOIIMTAPHOTO (paKTOpa pocTa
(PDGF), MMII-2 u 3, TUMII-1 u 2, a TakXe U Ipo-
Jn-4-Tuapokcuassr [9].

KLFs nipeacraBiasiior cob0it ceMeicTBO (paKTOpPOB
TPAaHCKPUMNLIUU, COAEPKAIIUX [IMHKOBBIE MAJIbLIbI, KO-
TOpPEIE PeTYIUPYIOT Iponudepanuio, tuddepeHIpPOB-
Ky, pa3BUTHE, PereHepalinio U 3arporpaMMHUPOBAHHYIO
rubenb kierok. Munykuus KLF6 3ameTHO ycunuBaeTcs
¢ HavasoM akTuBanuu 3KI1, uro compoBoXmaeTcs TpaHC-
kpurmueit koymareHa [ tuma, TGF-B1 u ctumynupyer He-
KOTOPBbIE IPYTe KOMITOHEHThI 3TOTO IyTU, BKJIIOYas pe-
nentopsl TGF-f I u Il TumoB 1 akTUBaTOp IIa3MUHOTE-
Ha ypokuHasHoro Tumna [10].

KimtoueBniM perynsgtopom aktuBanun 3KIT Takke Mo-
xket 0bITh GIV/Girdin — MynbTHIOMEHHAs CUTHAJIbHAS
MoOJIeKyJIa, yCHIMBalomasi CUTHaIbHBIN myTh PI3K-Akt
CBsI3aHHBIX ¢ G-0eIKOM 1 (haKTOpaMM POCTa PEIeTITOPOB.
GI1V/Girdin HaxomuTCcs B TOUKe KOHBEPTCHIIMN HECKOJIb-
KX PETYTMPYIOIINX TIeY€HOUHBIN (hUOpOTreHe3 BHYTPUKIIC -
TOYHBIX CUTHAJILHBIX TTyTeii, BKinodas PI3K-Akt- FOXO1,
TGFpR1-SMAD u cAMP-PKA-pCREB [11].

M3BecTHO, YTO PacIioNOXEeHHBIN Ha XxpoMocome 7q22
red RELN konupyeT curHaiabHbI O€JIOK PUINH, KOTO-
PBIi UTpaeT KIIIOYEBYIO POJIb B MUTPAIIN HECKOJIbKIX TH-
TTOB HEHPOHABLHBIX KJIETOK M B pa3BUTHH HEMPOHHBIX CBSI-
3¢it. 3a TIpenenaMu LIEHTPaIbHOM HEPBHOM CHCTEMBI BaK-

HBIM NICTOYHUKOM PIJIMHA SIBIIIETCS TICYCHb, a €r0 yJacTHe
B e4€HOYHOM (pubporeHe3e ObUIO MOATBEPXKACHO B PSIIe
nccienoBanuii [12]. Ipeamonaraercs, 4To PUINH MOIY-
JINPYET BOCHAIUTEILHEIN OTBET, OTIOCPEIOBAHHBIN pe3u-
IEHTHBIMU U TIPOHUKIIUMU B IICYeHb UMMYHHBIMU KJICT-
kamu. Kpome Toro, oH perynmmpyeT (huOpOreHHYIO aKTH-
Baruto 3KII mocpencTBoM ayTOKPMHHBIX 1 TTapaKPUHHBIX
CUTHAJIPHBIX TIYTeH, B pe3yJIbTaTe KOTOPHIX PYUIMH BBI3BI-
BaeT m3MeHeHUs B camux 3KII u rmepekpecTHBIC TOMEXT
C Hepe3UICHTHBIMM KJIETKAMU TIeYeHH (HAIIpuMep, pe-
KPYTUPOBAaHHBIMU MaKpodaraMu u TpomodormTamu). Om-
HaKo JIeXKaIllfie B MX OCHOBE KJICTOYHBIC I OMOXMMMYIEC-
CKMe MEXaHU3MEI 10 HACTOSIIIIETO BPEMEHN OKOHYATEIb-
HO He YCTaHOBJIeHHI [13].

Dkcnpeccupyemblii 3KIT MeCP2 Bmecte ¢ MBDI,
MBD2, MBD3 u MBD4 oTHOCUTCSI K CEMEICTBY SIIEPHBIX
0eJIKOB, KOTOPBIX 00bennHseT Haauaue MeTii-CpG-CBs-
3BIBaOIETO moMeHa. JIJIsg peryisiuuu TpaHCKPUIIIINT
OH CBSI3BIBAETCS ¢ METUIMPOBaHHBIMU ydacTKaMu JIHK
1 YJ9aCTBYET B ITeu€HOYHOM (prbporeHese. MeCP2 uzmens-
eT manmmadT KMHHBIX HeKomupyrommx PHK (IncRNAs),
CIIOCOOCTBYS TIpeBpalleHNI0 HentoaBIKHBIX 3KIT B Mmo-
¢GubpobaacThl, 1 HEOOXOAUM AJII paOOTHI T€HOB, KOTO-
pBIe OTBEYalOT 3a IporpeccupoBanme perukanuu JHK
B 3KII [14].

Dnueenemuueckas peeyasyus. B HacTosIIIce BpeMsI 13-
BECTHO, YTO SIMUTEHETUIECKIEC MEXaHU3MBI, BKITIOJAsT Me-
tunupoBanue JJHK, Mmonudukauny rucToOHOB U HEKOIU -
pytomue PHK ynpaisitor MHOrMMU acieKTaMu ITeUY€HOY -
Horo ¢ubporeHesa [15].

B wactHOCTH, abeppaHTHBIC TTATTEPHBI METYIMPOBA-
Hust JIHK accounupyroTcs ¢ Hemoaxoasiiei penpeccuei
renoB 1 pazputueM PI1. 3KII Bo Bpems TpaHcaubdepeH-
LIMPOBKU HAYMHAIOT 3KcTpeccupoBatbh MeCP2, KoTophIid
CIIOCOOEH TOMABIISITh TPAHCKPHUITIIUAIO C TIPOMOTOPOB Me-
TUJIMPOBAHHBIX TEHOB, OITOCPEYST SITUTEHETUIECKOE MOJI-
yaHue reHa PPARY. [1pu yyacTuu TMCTOHOBBIX METUJI-
tpancdepas EZH2 u ASH1 MeCP2 ¢hyHKIIMOHUPYET KaKk
KJTFOUEBOI STIUTEHETUUECKUI peryiIsiTop TpaHcaudbepeH-
mposku 3KIT. EZH2 nunyunpyercst Ha ypoBHe OellKa B e€
HayvyaJIbHOW cTanuu u pekpyrtupyercs B reH PPARY, BbI3bI-
Basi HAKOIUIEHUe perpeccuBHOM curHatypbl H3K27me3
XpoMaTHHA. DTO HEOOXOOMMO IIJIs IIeperIporpaMMHUPOBa-
HUS HeaKTUBHOTO TpaHcKpuntoma 3KII B peHOTHTT MU~
ouodbpobmactos. [TapamnensHo ¢ 3TuM ASH 1 pekpytupy-
eTcs B IPOMOTOPHBIE 00J1acTh TeHOB 0-SMA, KotareHa |
tumna (al), TUMII-1 u TGF-p1, cmocobcTBYs aKTHBHOMY
cocrostHuIo Tpanckpurnimu [ 16]. Kpome Toro, tpancand-
depenumponka 3KIT conmpoBokmaeTcss U3BMEHEHNEM DKC-
MIPECCHUM PETYIUPYIOIINX METUIMPOBAHNE 1 TUIPOKCHUME-
tmmpoBanue JJHK ¢pepmenTos. Tak, Hammuue PIT 6610
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CBSI3aHO C yBeJInuyeHueM noaaepxubatomieii JIHK-meTmi-
tparcdepaszsl (DNMT)1 u de novo DNMT3au DNMT3b,
YMEHBILIEHUEM PEryIsiTOpHbIX (pepMeHTOB cemerictBa TET
(ot aHrJ. ten-eleven translocation), a rakxke TET-perynu-
PYEMBIM TIpeBpallleHueM S-METUIIINTO3MHA B S-TUIPOK-
CUMETWIIIATO3WH, YTO MOXET IIPUBOIUTHh K aKTUBAIINU
TPAHCKPUIILINY WIN YBEJINYEHUIO e€ amoHrauuu [17].

Psan vccinemoBaHmit BBISBUAIN PETYASITOPHYIO POJIb MO-
IUUKAIIA TUCTOHOB TIPY TTOBPEXKICHUN TICUYCHH, TIPH-
YEM OOJIBPIMMHCTBO 13 HUX CBSI3aHBI ¢ U3MEHCHUSIMU alle-
TIJIMPOBAHUS TUCTOHOB B pe3yiabTaTe (hapMaKOJIOTHIEC-
CKOTO MPUMEHEHUS MHTUOUTOPOB TMCTOHICAIICTIIA3EI
(HDAC), narpumep, kinacca I u I1. I1pu aTom, MexaHU3M
BaustHug HDAC-1 Ha Muodubdbpob1acTel MOXKET OBITh,
B YaCTHOCTH, OOBSICHEH ITPOTUBOBOCTIAINTEIHHEIM U aH-
TH(PUOPOTeHHBIM IEHCTBIEM BCIICACTBHE B3AUMOICCTBUS
HDAC-1 ¢ rucronamu taknx reHoB, kKak Ccl2, Cxcl10,
Gm-csf 1 MMII-13 [18]. Apyrum criocoboM peryisiiiu
AleTHJIMPOBAHUS TUCTOHOB SIBJISIETCS] MHTUONPOBaHME
6pomomoMeHa. brlto TOKa3aHo, YTO IIeeBOe ITOAaBIIe-
HUe OpomMomoMeHcoaep:xkamero oemnka 4 (BRD4) mpemna-
paTom JQ1 6110KMpOBaIo aKTUBAIMIO U crtocooHocTh 3KIT
K niposepariun [19].

Brmrenerndeckuit manmmadt mpu PI1 Takke KOHTPO-
JIMPYIOT MHOTOUMCIeHHBIe HeKomupytomue PHK, kotoprie
SBJISIIOTCS (PYHKUIMOHAIBHBIMU TpaHcKpuntamu PHK, pe-
TYJIUPYIOIIAME SKCIIPECCUIO TCHOB Ha YPOBHE TPAHCKPHII-
1N, TIPOIIECCUHTA W MOCTTpaHCcKpuminuu. OHU He yJa-
CTBYIOT B KOOTUPOBAHUM OEJIKOB, HO B3aUMOACUCTBYIOT
B 9KCIpeccnu TeHoB [20].

OnHoit 13 HamboJIee N3yYeHHBIX TPYIIT HEKOIUPY-
rormux PHK saBastoress MukpoPHK (miRNAs). B gact-
Hoct, miR-21, Bei3piBaeT aktuBaumio 3KIIT myreM cBs-
3BIBAaHMST HECKOJIBKUX TPAaHCKPpUNITOB, BKItouas PDCD4,
SMAD7 u PTEN. TapretupoBanue PDCD4 B atoMm
ciydae IpUBOOUT K IIOPOYHOMY KPYTY, KOTIa YCUIICH-
Hag npoaykumsg miR-21 B 3KIT nHrnbupyeT skcipec-
cuto antududpornueckux reHoB SMAD7, PTEN, SPRY2
1 NHF4A, uTo B ¢cBOIO 0o4epeb CIIOCOOCTBYET aKTUBALINI
3KII. Muorouuciaennbsle miRNAs, B Tom ynciae miR-
33a, 34a, 34c, 130a u 130b, perymupyitoT pyHkmmio PPARy
B aktuBupoBaHHBIX 3KII. Criennduuecky HaleJIeHHbIE
Ha 3’-UTR MPHK PPARy miR-130a u 130b cmioco6-
CTBYIOT CHIDKCHUIO MX BBIPAKEHHOCTH, a BIIOCIICACTBUNI
K TIOBBIIICHUIO 3KCIIPECCUN IMPODUOPOTUICCKIX TCHOB
ACTA2, COLIAl u TUMII-1. Heckombpko miRNAs He-
TIOCPEACTBEHHO OTBEYAIOT 3a CTAOMIBHOCTb TEHOB, KOTO-
phIe KOTUPYIOT 0K BHEKJIeTOUHOTO MaTpukca (BKM)
1 BKM-npoueccupyioiux pepmento. Hampumep, miR-
29a 1 miR-29b necrabmmsupyror MPHK COL1AI, a miR-
29b B100aBOK MHTUOMPYET CO3peBaHUE KOJIJIarcHa Imy-

teM cBs3biBaHUsS MPHK Genka teruroBoro moka HSP47
1 JTU3UJIOKCUIA3H ¢ JaJbHEHIIeil oImocpeIoBaHHOM Mo~
nasieHrueM SMAD3 akrusanueit 3KI1. miR-122 Biaug-
eT Ha YJaCTBYIOIIMI B IPOILIECCUHTE KoJIareHa (pepMeHT
P4HA, a Takke MHTUOMPYS CBIBOPOTOYHBIN (PaKTOpP OTBE-
Ta — TPAHCKPUITLIMOHHBIN (paKTOp, KOTOPBIX KOHTPOJIM -
pyeT akTuBaLMIoO (UOPOTEHHBIX KJIETOK, OJIOKMPYET DKC-
npeccrio COL1AL1 1 ACTA2 [21].

B psine ucciaenoBaHuii Obi1a u3dydyeHa pojib IncRNAs
B aktuBaumu 3KII. Tak, ren IncRNA PVT1 croco6c¢cTBY-
eT 9TOMY ITyTeM KOHKYPEHTHOI'O CBSI3BIBAHUSI MHTUOM-
pytomeit miR-152. Hammpotus, IncRNA p21, skcrpec-
CHs KOTOPO# YMEHBIIAeTC s TIPU LUPPO3€e TTeUeHH, T10-
nmasisgeT nponudepanuio 3KII, BeipaxkenHocts ACTA2
n COL1A1 nmocpeacTBOM KOHKYPEHTHOTO CBI3BIBAHUS
peryaupyomei skcrnpeccuio 6enka p27 u PTEN miR-
181b. Tem Bpemenem, reH IncRNA GASS monasiser
¢ubporeHe3 B pe3yIbTaTe KOHKYPEHTHOTO CBSI3bIBa-
Hust miR-222, a reH IncRNA MEG3, skcnipeccust Ko-
Topoii cHmXaetcs ripu DI, HeraTUBHO PeryaupyeT BHI-
paxxenHocth ACTA2 u COL1A1 1 610KUpyeT pOJIn-
depannio 3KIT [22]. Dkcnpeccus IncRNA HOTAIR
(ot anrn. Hox transcript antisense intergenic RNA) —
Hekonupyomuii TpaHckKpunT HOX aHTHCMBICTIOBOM
mexreHHoit PHK 3HauuTe/IbHO MOBBIIAETCS Y MbI-
mreii ¢ CCl4-nnnyuupoBanubiM PIT, mpu PI1 y mogeit
n aktuBupoBaHHBIX 3KII ipu ctumynsunu TGF-1
[23]. Bxcnpeccus IncRNA NEAT1 (ot anri. nuclear
paraspeckle assembly transcript 1) 3HAYUTEILHO TTOBHI-
maetcs y moieit ¢ CCl4-unnyunpoBanubeiM OIT u ak-
tuBupoBaHHBIX 3KII. E€ yrpaTta momasaser ®II in vi-
Vo U in vitro, TOTIa KaK CBEPX3KCIIPECCHSI, TIPH YIACTUU
ocu miR-122-KLF6, ycunusaer aktusanuo 3KII, cro-
COOCTBYS TTOBBIIIICHUIO UX TIpoudepaui 1 IMPOayK-
MM KoJimareHa. Kpome Toro, BEIABIeHA ITOJOXUTEIb-
Hast Koppeasuus yBeaudueHHoro ypoBHsa NEAT1 ¢ map-
kepamu PII y cTpagaromumx UM naueHToB [24].

Takum obpaszom, nosbiieHHbIE ypoBHU DNMT, Oen-
ka TET3 cemeiictBa TET m MeCP2 crmocoOGCTBYIOT aK-
tuBaumy v TpaHcauddepenuuponke 3KII. I'mctonoBas
MmeTunTpancdepaza ASH 1 nHaynmpyeT skcrpeccuio pu-
o6poreHHBIX TeHOB, BKIodass COl1Al, ACTA2 (a-SMA)
n TUMII-1, uro mpuBoauT K HakoruteHnio BKM. Cyre-
CTBEHHYIO POJIb B aNUTeHeTHIecKoM aHmmadTe mpu OI1
TaKXKe UTPAIOT PETYIUPYIOIINE paboTy TeHOB HEKOIMPYIO-
mue PHK, B yactHoct, miRNAs 1 IncRNAs.

Cuznaavuoui nymo hedgehog. CurHaabHBIN TyTh hedge-
hog (Hh) perymupyeT mponmdepaliinio, armomnTo3, MUTpa-
o 1 nudGepeHIMPOBKY KiieToK. [ToMrMo BaxkHOI po-
M B Mop¢oreHe3e TKaHEH BO BpeMsI Pa3BUTHUS TLIOMA,
OH MOIYJIMPYET BOCCTAHOBUTEIIBHBIC pEeaKIINU, HaIIpUMep,
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TIPY XPOHUIECKUX 3a00JIeBAHUSIX TIEUCHM, KOTIa 00JIb-
IIMHCTBO TOITYJISIIAI KJIETOK, BKJTIOUAsI TeTIaTOIIUTHI, XO-
JIAHTUOLIMTBI, CHHYCOMIAIbHBIC SHIOTEIUATbHBIC KIIET-
ku (COK), 3KIT u NKT-xierkn (oT aHr. natural killer
T cells), mom Bo3aeICTBIEM IIMTOTOKCUIECKOTO WM TIPO-
aITONTOTUYECKOTO CTpecca 3KCIpeccupyroT turanasl Hh
[25]. DTO MpOMCXOANT OMHOBPEMEHHO C TTOJABJICHIEM aK-
tuBupoBaHHbIMU 3KIT u COK BeIpaxkenHoctn Hh-B3aun-
MOIEHCTBYIOIINX OEJIKOB, YTO OOECIIeUNBAET JIMTAHI-PE-
LENTOPHYIO CBSI3b U CTUMYJIMPYET CUTHAIBHEIN myTh Hh
B Hh-uyBcTBUTEbHBIX KiTeTKax, TakuxX Kak NKT kier-
KM, XOJIJAHTUOIINTHI, OBAJIbHBIC KJIETKA 1 HEeTIOIBUKHBIC
3KII. IMoBrIIeHHas aKcIpeccus turanaoB Hh B meuenn
BO3HHUKAET IapaJuIeJIbHO ¢ yBeanmdeHnueM yrcia Hh-ays-
CTBUTENIPHBIX KJIETOK M 3aBUCHUT OT CTEIICHM €€ TTOBPEX-
IeHus U BeipaxkeHHOCTH DII.

CylmecTByeT HECKOJIBKO MEXaHM3MOB, B pe3yJbTaTe
KOTOPBIX MMapaKpUHHAsI CTUMYJISIIASI CUTHAJIBHOTO MyTH
Hh B 3KII crtocobcTBYeT 1/MIM MOAIep>KUBACT TTEYEHOT-
HbIi1 pubporene3. Hanpumep, nuranast Hh moryTt akTu-
BUPOBaTh U TipuBecTy K TpaHcaudodepenmmponke 3KIT,
ComeiicTBOBaTh UX Ipoaudepalii U CIIOCOOHOCTU CUH-
TE3UPOBATh M BHICBOOOXKAATH KOMIIOHEHTHI BHEKJICTOU -
Horo MaTpuKca. DkcraHcus 3KI1 BEI3bIBacT yBeTMICHUE
KPUTUIECKUX MPO(PUOPOreHHBIX (haKTOPOB, BEIPAOATHIBA-
€MBIX UMM B ayTOKPUHHO-TIapaKPUHHOI TIeTiIe (B OCHOB-
HoM PDGF 1 TGF-f1), 9To Tak:ke MOXeT yCYyTYOUTh CBSI-
3aHHBIC C CUTHAJIBHBIM ITyTeM Hh coOBITHS 1 cTUMYTUPO-
BaTh JAIbHEUIITYIO TIpOAYKIIMIO turannoB Hh.

Takum ob6pa3oM, ecii BpeMeHHAasI aKTUBAIINS CUT-
HasbHOTO Iyt Hh B HEeKOTOPOI cTeIeHr HeoOXommmMa JIjIst
BOCCTaHOBJICHUS TTIEYCHU TIOCTIE €€ OCTPOTO IMTOBPEXKICHMUS,
TO YCTOMUYMBOE YBEIMUCHNE CUTHAJIBHOU TpaHcayKiuy Hh
TIPY ITOCTOSTHHOM BO3IEUCTBUU arpeCCUBHOTO areHTa MO-
KET COXPaHSITh 9KCIIAHCUIO U TIPO(PUOPOTeHHYIO aKTHB-
HOCTb KPUTUUECKUX TUTIOB KJIETOK, IIIaBHBIM 00pa3oM,
3KII/Muopubpobiracros [26].

Aymocgpazus. B HacTosiee BpeMs ayTodarust paccma-
TPUBAETCS KaK CUCTeMa JMHAMMYECKOTO PEIIUKIMHTA, KO-
Topas HeoOXomInMa JIJIsT OOHOBJICHHS KJICTOK 11 TOMEOCTa3a,
a MIOJTyYE€HHbBIE MPOMYKTHI AETPAJalliy MOTYT ObITh UCTIOJIb-
30BaHbI IUISI CHHTE3a HOBOTO OejIKa, BRIPAOOTKM SHEPIUHU
¥ TIoKoHeoreHe3a. OHa UTpaeT BaXKHYIO POJIb B XXKM3HE-
IeATeIbHOCTH KJIETOK, KaK B HOpMe, TaK M IIPH pa3Ind-
HBIX TTATOJOTMIECKUX COCTOSIHUSIX, B YJACTHOCTH, MEUE-
HOYHOM (hubporeHese, rue e€ QyHKIINUSI KJIETOYHO-CIIEI-
nduyna [27].

Bo Bpems aktuBaiuu 3KIT ayrodarus siBaseTcs CTpo-
TO PeryJaupyeMBIM IIPOIIECCOM, KOTOPHIN COXpaHSIET X
9HEPreTHYCCKUIT TOMEOCTa3 MOCPEACTBOM THUIPOJIM3a
CIIOXHBIX 3(pUPOB peTUHOJA C 00pa30BaHUEM XKUPHBIX

kucitoT. OHa MOXKeT OBITh YacThIO OoJIee IMTUPOKOI peak-
LINY META0OJIMIECKOTO PeTIPOrpaMMHUPOBAHMSI, TIPH 3TOM
CIIOCOOCTBYIOT eii curHanbHbIM yTh Hh, X penenTop ne-
yenu (LXR), wieH cemelicTBa SmepHBIX PeleNITOpoB Rev-
ErbA Rev-erba, koTopsrii Hapsoy ¢ PPARY oco6eHnHO Ba-
KeH JUIsT coxXpaHeHus agunoreHHoro ¢penoturra 3KIT [28].
DHeproobecreueHre akTuBpoBaHHBIX 3KIT ocymiecTBis-
ercsl ayTo(arn4eckKoi aerpananueil XpaHsImuxcs B HAX
JIMTIIAIHBIX KaIleJIb, 4TO, BO3MOXKHO, CBSI3aHO C TTOBBITIICH-
HO1 3KcIIpeccueit anbda-cyobe IMHUIIB TYaHUH HYKJICO-
tua-cesa3biBaroniero G-oenka 12 (Gal2) [29]. Baxmbrii
1151 ayrodarnu 0eok p 62 rogasiasieT GUOPOTreHHBIN OT-
BeT 3KII, BbI3bIBasg 0Opa3oBaHUE TETEPOIUMEPOB MEXKIY
peuenropoM ButamuHa D m RXRa [30]. Perymuposats ay-
Tobaruro B akTuBUpoBaHHBIX 3KIT MOTYT r’MITOKCUSI-MH/TY-
mmbensHbI hakTop (HIF)-1a [31], TGF-f1 [32], a Takke
HETUCTOHOBHIN simepHbIin 6etok HMGBI (ot aarn. High
Mobility Group Box Protein 1) [33].

B otninmame ot 3KI1, B mey€HOYHBIX Makpodarax ay-
To(arus BHIITOIHICT aHTUDUOPOTUIECKYIO (PYHKIIHIO.
Hampumep, mpemoTBpaiiias BBICBOOOXKICHIE 13 HUX BOC-
MMaJUTEeIbHBIX IUTOKMHOB, B YaCTHOCTH MHTEPICHKIH
(IL)-1, ona cumxkaet aktuBanuio 3KII. Kpome Toro, ay-
Todarus B MeYeHOYHBIX MaKpodarax IIpOTUBOICICTBYET
bepMeHTY MOHOAIIMIITIIUIIC POJI-JIKITa3e, KOTOPHIL MeTa-
6oM3UpyeT 2-apaXUIOHOWITIUIICPUH B apaxXUIOHOBYIO
KHUCJIOTY JUIST UX aKTUBauu. AyTodarust TakKe BaxkHa
IS TIOIEPXKaHMST SHIOTEIMATILHOIO TOMEOCTa3a BO Bpe-
MsI XpOHUYECKOTO MTOBpexXaeHus meyeHu. E€ yrpaTa ycy-
ryossier (puOpo3 MmeYeH 3a CYCT CHIDKCHUS BHYTPUIIC-
yeHOYHOTro okcuaa azora (NO) u U3MEHEHHOIO OTBeTa
Ha OKMCIUTENbHBIN cTpecc [34]. B remaTomuTax ayro-
darusg HeobXogMMa IS COXpaHEHUs ToMeocTasa Iede-
HU, CBSI3aHHOTO ¢ OeJIKaMU, JIUIIUIaMHU M OpraHesjia-
MM, a HapyIIeHue e peryiIsaiiny IIPUBOIUT K ITOBPEXKIIC-
HUI0, BocTaJieHUI0, puodpo- u oukoreHesy [35]. Y. Shen
Y. 1 coaBrt. [36] 0OOHApYKMIN, YTO NMPU CHIKEHHOM ay-
todarun, IL-13 B mpucyrcTBUM (haKTOpa HEKpPO3a OITy-
xoau (TNF)-o ctaHOBUTCS IUTOTOKCUYECKUM U MPO-
BOCTIAJIMTENIBHBIM UISI TETTATOLNTOB. [ emaTOTOKCUYHOCTD
IL-1 6puTa cBsI3aHA HE C aIlONITO30M, a CKOpee HeKpo-
30M TeIaTOINTOB BCJIECACTBUE OMHOBPEMEHHOIO HAJM-
yust TNF-a. Kak u IL-13, TNF-a cam o cebe mist Hop-
MaJIbHBIX TEITaTOIIUTOB He ToKcuueH, a nx IL-13/TNF-a
00YCIIOBIIEHHASI CMEPTh, SIBIISICTCS Pe3yAbTaTOM IedeK-
Ta SHEPTeTUICCKOTO TOMEOCTa3a, BOSHUKAIOIIETO TOIbKO
B relmaToOIUTaX C HapyIIeHHOU ayTodarueii. 9To 00bsIC-
HSIETCSI OTCYTCTBUEM HEOOXOIMMBIX IUISI HETO CYyOCTPaTOB,
YTO MPUBOINT K McTomeHNI0 AT®, 3amyckaeT I1mM30co0-
MaJIbHYIO IIPOHUIIAEMOCThH 1 BEICBOOOXKICHIE BHI3BIBAIO-
IIMX HEKPO3 KaTeTICMHOB. ABTOPHI TAKXKe ITOKA3aJIH, ITO
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TIOMUMO CeHCHMOMIM3upoBaHHOM K NJI-13 tMTOTOKCMY-
HOCTH, CHIDKEHME ayTo(aruy CIrocOOCTBYET BOCTIAICHUIO
B pe3yIbTaTe CEKPEINU aCCOLMUPOBAHHEIX C TIOBPEKIC-
HUEM MOJICKYJISIPHBIX ITATTePHOB.

CenexTuBHasg ntoteps cnocodoHoctn CHK K ayroda-
TUH TIPUBOAUT K KICTOUHOM TUCHYHKIINU U CHIDKCHUIO
BHyTpuIieueHouHoro NO. B TO Xe BpeMsd, upe3mepHast eé
AKTHUBAIIMS MOXET BBI3BIBATH JAeTPagallnio KaBeoJnHa- 1,
TEeM caMBIM yxyamaTh nedeHectpanuo COK u B KoHeU-
HOM UTOTe MHIYIIUpoBaTh pudporeHe3. CiaemoBaTeIbHO,
Jo6o0e HapylieHue peryiasainuu ayrodaruu B COK Moxer
CIIOCOOCTBOBAThL pa3BUTHIO (ubOpo3a meyeHu [37]. Tu-
CTOJIOTUYECKME UCCICAOBAHMS C UCITOJh30BAaHIEM Me-
TOIOB UMMYHOMIIIOOPECIICHTHON MUKPOCKOIIMHU TTOKa-
3aJI1, YTO B MUPPOTUUECKU M3MEHEHHOU TTEUeHH Y0~
BeKa peakKTUBHBIC IIPOTOKOBBIC KJIETKM, KOTOPHIC OBLIN
OXapaKTepM30BaHBI KaK ITOJOXKUTEIbHEIC TT0 IIUTOKepa-
TUHY 19 XOJaHTHOIUT-TIOO00HBIE AIMUTEINATbHBIC KICT-
KM, C XOPOIIIO BEIPaXKeHHO ayTodarmeii UMeoT ITOBBI-
meHHyo 3kcnpeccuio TGF-f1 u dubpobiacT-crenn-
¢nueckoro 6enka 1 [38].

TakuMm o6pa3oM, poib ayTodarnu B Ie4EHOYHOM (hU-
OporeHe3e SIBJISIETCS CIIOXKHOI, M KOHEUHEBIN pe3ysIbTaT 3a-
BHUCHUT OT THIIA BOBJICUCHHOM ITOITYJISIIINY KJIeTOK. B gact-
HocTH, ayrodarus B 3KII u peakTUBHBIX ITPOTOKOBEIX
KJIeTKaX OKa3bIBaeT IMpodrOpOreHHOE BINSIHIE, TOTIa Kak
aytrodarus B renatoluTax, Makpogarax u COK emy mmpo-
TUBOIEWCTBYIOT.

3aknyeHne

OueBUIHO, YTO MEYEHOUHBIN (hubdporeHes sIBASIETCS
CJIO>KHBIM MaTOJOTMYECKUM TPOLECCOM, YIIPaBJIsieMbIM
MHOXECTBOM KJIETOK, MEAUATOPOB U CUTHAILHBIX MyTE,
CYILIECTBEHHYIO POJIb B KOTOPOM UTPAIOT 3B€34aThI€ KJIET-
Kku neyeHu. [Tpu xpoHn4yeckux 3a00eBaHUSIX TTEYEHU MO/
BJIMSIHUEM PA3JTUYHBIX MOJIEKYJISIPHBIX CTUMYJIOB OHU TTOJ/I-
BepraroTcs ApaMaTHIeCcKoi (peHOTUITMYECKOI aKTUBALUU
¢ nipuobpeTreHrueM (pUuOPOreHHBIX CBONCTB. YUacTBYIOIIME
B 9TOM PETYJISITOPHBIE BELIECTBA MOTYT OBbITh MEPCIEKTUB-
HBIMU MMUIIEHSIMU JIJIs1 TAPTeTHOM aHTU(PUOpOoTUUYECKON
Tepanuu. BHenpeHue e€ B KIMHUUECKYIO MPAaKTUKY T0-
3BOJIUT YJAYUYIIUTb MPOTHO3 MPU XPOHUYECKUX 3a00jieBa-
HUSX MIEYEHU Y MOBBICUTH KAUECTBO XXM3HU CTPaJaIOLIUX
VMU TTallMEeHTOB.
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