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PeTuHanbHbIil TurMeHTHBIN anutenuit (PI1D) sBisieTcst KIeTOYHBIM UICTOYHUKOM pereHepaluy CeTyaTku
y amdubuii in vivo n pa3Butusi 3a00JieBaHUI CETYATKN Y MJIEKOIMUTAIOIINX U YeJloBeKa. B ocHoBe o6oux
MPOLECCOB JIeXUT TpaHcauddepeHMpoBKa KiieTok PITD — npeBpallieHre B KIETKW MHBIX (DEHOTUIIOB: B
MEPBOM cllyyae HelpalibHbIe, BO BTOPOM — ME3eHXMMHBIE. B 0030pe onrcaHbl OCHOBHBIE 3Talbl TPAHC-
nuddepeHmpoBku Kietok PI1D: mHUIManus rpoiecca, MUrpamnus 1 npoiavdepanus KieTok, nearudde-
PEHIIMPOBKA, penporpaMMHpPOBaHUE U CTIELIMaNN3alllsl KIETOK B HOBBIX HarpaBieHusx. [IpuBeneHa nH-
dopmMaLust 0 MOJIEKYJISIPHO-TEeHETUUECKMX MEXaHU3MaX, 00eCIIeYBaIOLINX TTPOXOXIEHNE KJIeTKaAMU 3TUX
aTanoB. [IpeacraBiaeHbl MOJIEKYISIPHBIE YYACTHUKY PETYJISLIUU TpaHcAUDDEePeHIIUPOBKU CO CTOPOHBI 11e-
JIOTO OpraHu3Ma, JJOKaJbHOIO KJIETOUHOTO MUKPOOKPYKEeHUS (POCTOBBIX (DAKTOPOB, CUTHAJIbHBIX KacKa-
JIOB), 9KCIIPECCUU TPAHCKPUTILIMOHHBIX (DAKTOPOB, a TAKXKE PETYJISILIMUA CO CTOPOHBI antureHoma. OTMeue-
HBbI CXOJICTBA Y OTJIMYUS B MOJICKY/ISIPHO-TEHETUYECKUX MeXaHM3MaX peanu3alluy pa3inyarolimxcs cTpa-
teruii TpaHcauddepenuuposku PIID y ambuobuit 1 miaekonmmraomux. OOHapy:KeHNE MOJEKYISIPHBIX
KJTIOUEBBIX YYaCTHUKOB 3TOTO BHIOOPA CIIYXKUT KaK Pa3BUTUIO TEOPUU KIETOYHOTO perporpaMMUpPOBaHMS,
TaK 1 pa3paboTKe MOAXOM0B IS JIeueHUs TIpoudepaTUBHBIX 3a00JI€BaHU I CETYATKU YeJI0OBEKa, aCCOLIMU -
pPOBaHHBIX ¢ naTonorusimu PI1D.
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CITUCOK COKPAILIEHU

PII® — petnHAIBLHBII MUITMEHTHBINA STTUTETIA
HC — neiipanpHadg ceTyaTKa

T® — TpaHCKPUITIUOHHBIN (PaKTOP

DMII — snuTenaabHO-Me3eHXUMHBIN ITepexo
DM — srmpeTnHAIILHAasT MeMOpaHa

I1BP — nmpommdepatnBHasg BUTPEOPETHHOIIATHS
BKM — BHEKJIETOUHBIN MaTPUKC

[T P — mommMepasHas 1iemHasT peaxKiiast

BBEIJEHUWE

B HOpMaJTBbHBIX, HE TATOJIOTUYECKMX TSI TKaHei
OpraHu3Ma YCJIOBUSIX, KJIETKHA B3POCITBIX TTO3BOHOY-
HBIX COXPAHSIOT CTaGMIBHOCTD MM depeHIIPOBKMA.
HM3MeHeHMe KIIeTOYHOM MISHTUIHOCTH 03HAYaJI0 OBl

HEBO3MOXHOCTb JIJIsI TKAHU COXPAHSITh CBOIO 1LIEJIOCT-
HOCTB 1 JOJKHBIM 00pa3oM yHKIIMOHUPOBATh B CO-
ctaBe opraHusma. CtabMiabHOCTE TN depeHITNPOBKA
JIOCTUTAETCS TIOCPEACTBOM BIUTEHETUIECKOM perysisi-
LIMU B COBOKYITHOCTH C 9KCITPECCUEN TPAHCKPUTIILIMOH-
HbIX (hakTopoB (TD). U1 10, 1 Apyroe, B CBOIO 0UYEPEb,
JIUKTYeTCsI KIIETOYHBIM MUKPOOKPYKEHUEM 1 0011Ie0p-
raHU3MEHHBIMU peTyasaTopHbeIMU pakTopamu (Holli-
day, 2006; I'puropsta, 2018; Basinski et al., 2021).
IIpoTUBOMNOIOXHBIMU COCTOSIHUIO CTaOMJIBHOCTU
ABJISIIOTCA Jie- U TpaHCcIuddepeHIIMPOBKA KIIETOK,
IIUPOKO HCCIeAyeMble CO BpPEMEHHM OTKPBLITUS
Hx. l'opmonom (Gurdon, 1962) npeBpaiieHust tud-
depeHIIUPOBAHHBIX 3pelIbIX KJIETOK KHUIIEYHOTO
STIUTEINS TOJIOBACTUKOB B KJIETKM CO CBOMCTBAMU
OIUIOJIOTBOPEHHBIX OOLIUTOB TIPU TpaHCIJIAHTALIUU
aaep. [IpucTaabHBII UHTEpEC K U3MEHEHUSIM KJIE-
TOYHOM MACHTUYHOCTH Y MO3BOHOYHBLIX B TeUCHUE
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MOJIyBeKa TPUBEJ K HAKOIUIEHWIO TaHHBIX, CBUIE-
TEJILCTBYIOIIUX O TOM, YTO MOAOOHOE MPOUCXOAUT B
HaIpaBJIeHHBIX JJaOOPaTOPHBIX IKCIIEPUMEHTAX, TPU
MaTOJIOTUU M OOJIE3HSIX, a TAKXKe TPU pereHepanuu
(cMm. o063opkl: Jopling et al., 2011; Merell, Stanger,
2016). Y B3pocabIX peI6 1 aM(GUOMIi TTPOLIECCHI K-
TOYHBIX Je- U TpaHcIu(depeHIIUPOBKHU JIEXAT B OC-
HOBE pereHepaly yTpauyeHHBIX UJIH TOBPEXKIECHHBIX
TKaHeil 1 opraHoB (Alvarado, Tsonis, 2006; Jobling
et al., 2010).

SpyaiiimMu, CTaBIIMMHU KJIACCUYCCKUMM, IIPU-
MepaMM pereHepanuy MOCPEICTBOM TpaHcaudde-
PEHILIMPOBKU SIBJISIETCSI BOCCTAHOBJICHUE CETYATKU U
XpyCcTaJlnKa U3 KJIeTOK MUTMEHTHUPOBAHHBIX SITUTE-
queB rinaza Urodela (Okada, 1980, 1991; Eguchi,
1986). DT Momenu Ha MNPOTSKEHWM MHOTHUX JIET
MHOT'OCTOPOHHE HcCaeaoBaanuch. OCHOBHBIMU 3Ta-
naMu ObLIN: U3YyYEeHME KJIETOYHOTIO MOBEASHUST, MOP-
¢dosorum KJIeToK, TMHAMUKU TTpojudepalu, usme-
HEeHMI 00IINX U CIEHU(PUIECCKIX CUHTE30B, U3MEHE-
HUII MUKPOOKPYXEHUS M MOJIEKYJ HAAKIETOUHOU U
BHYTPUKJIETOYHOI pEryasdiyu Ipouecca, U HakKo-
Hell, MCCJIeIOBaHMUS MOJIEKYISIPHO-TEHETUIYECKOTO
naTTepHa 3KCIIPeCcCUu reHOoB. IIpuunHoii CTOIb Mac-
IITaOHBIX UCCJIENOBAaHUM ObLIO CTpeMJICHHUE MaKCHU-
MaJIbHO PacKpbITh BHYTPU- M BHEKJIETOYHBIC MeXa-
HUM3MBbI, JieXalllMe B OCHOBE TKAHEBOM W OpraHHOI
pereHepauuu y MO3BOHOYHBIX XXMBOTHBIX. IToHMMa-
Hue TpaHcaud@epeHIUPOBKUA HA KJIIETOYHOM U MO-
JICKYJISIPHOM YPOBHSIX ITPUOJIMKAJIO pa3padoTKYy CITO-
co0O0B JieueHUs 3aboyieBaHUt, TPU KOTOPBIX KOHBEP-
CUsl KJICTOYHOIO THMIIA UTpaeT KIIIOYEeBYIO POJb, a
Takke GOPMUPOBAIIO OCHOBY IJIsI OMOTEXHOJIOTYE-
CKOTr'0 BOCIIPOU3BOJICTBA YCIOBUMA, CTUMYJIUPYIOLIUX
pereHepanuio TKaHel Iji1a3a y MJIIEKOIUTAIOIINX 1 Ye-
JIOBEKa.

B ma6oparopusix UBP PAH, 6iaromapst ipodec-
copam O.I'. CrpoeBoii u B.M1. MuraioBy, co3agaB-
MM ¥ O0OTaTUBIIMM HalIpaBJIEeHUE MCCICAOBAaHUIA
pa3BUTUSI U pereHepanuy TKaHel I1asa B HOpMe U
MaToJIOTUM, 0CO00e BHUMAHUE YACISIOCH MOJSIU
pereHepany CETYaTKU 3a CYET KIJIETOK PETUHAJILHO-
ro murmeHTHoro anutenus (PI19) y Urodela (Stroe-
va, Mitashov, 1983; Mitashov, 1996, 1997). Ilapai-
JIETbHO B MUPE U3y4YaICs BOIPOC MpoandepaTUBHBIX
3a00JIEBaHMI 1 BIUTEIMAIbHO-ME3EHXUMHOIO TIe-
pexona (DMIT) knerok PIID ceTyaTtku riaza MiaeKo-
NUTaIIMX 1 4YenoBeka. B wactHOCTM, M3ydanuch
MOJIEKYISIpHbIC MEXaHMU3MBbI IIPOILIECCOB IIpordepa-
LIUY 1 KOHBepcUuU KiieToK PIID B Me3eHXMMHOM Ha-
MpaBjeHUHU, IIPUBOISIINE K pa3BUTHIO IIpoardepa-
tuBHOI BuUTpeoperuHonaruu (ITBP, PVR) (Mores-
calchi et al., 2013; Idrees et al., 2019; Zou et al., 2020),
a TaKKe TaKuX 3a00eBaHUI KaK IIpoiandepaTUBHAs
nuabernyeckass peruHonatus (Abu El-Rasral, 2013)
1 cyopeTHHaIbHBIN (Pubpo3 (Lopez et al., 1996).

B cratbe 00001LEH psia KIIOYEBbIX, TTOTYYEHHBIX
paHee, 1 COBPEMEHHBIX CBEISHMIA, paCKPhIBAIOIINX
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siBlieHue TpaHcaudbepeHUMPOBKU Ha TMpuMepe
KoHBepcuu Kietok PITD rnaza y ambuowmii 1 Miaeko-
nuTrapiux. Be paziuyaroniyecs: CTpaTeruu n3Me-
HeHuit nuddepeHunupoBku PIID — B HelipajibHOM
HarpaBJIeHUM Y aMpuOnit 1 ME3EHXUMHOM y MJICKO-
MUTAIOIINX — HAXOISITCS TOJ MHOTOYPOBHEBBIM pe-
TYJISITOPHBIM KOHTPOJIEM, KOPOTKO OCBEIIIEeHHOM B
ITaHHOM 0030pe. OOCy:KIaloTcsT BOIIPOCHI BpeMEeHHU 1
ycioBuii Bbioopa kiaetkamu PITD pa3HbIX MoOeKy-
JIIPHBIX CTpaTeruii Ijisi KOHBEPCUU B pa3HbIX Ha-
npaBieHUsIX. BHUMaHue yaelleHO BONpPOCY T'€HEeTH-
YEeCKOTO M BIUTeHETUYECKOTO COCTOSIHUI KJIETOK
PI1D Ha kitoueBoM 3Tarne TpaHcaudhepeHIIMPOBKU —
IPY BXOZE KJIETOK B ITpoandepaTUBHBINA UK U a3y
pernporpaMMHUpPOBaHUsI TeHOMA.

PETUHAJIbHBIA MUTMEHTHBIN
BIIUTEJINM TTO3BOHOYHBIX XKUBOTHBIX

PII® B3poCabIX MO3BOHOUYHBIX SIBJISIETCSI BHICOKO-
CIICUMAJIM3UPOBAHHON TKAHBIO — 3MUTEINAIBHBIM
MOHOCJIOEM MUTMEHTUPOBAHHBIX, MOJSIPU30BAHHBIX
KJIETOK, C XapaKTEpHBIMU 1 OOIIMMMU IJIsI BCEX U3Y-
YeHHBIX IT03BOHOYHBIX YyepTamu. PIID pacnosmoxeH
Mexay HelipanbHoit ceTuaTkoit (HC) u ee Backysip-
HBIM cJioeM, cHaOxaromuM HC HeoOXonuMBIMU Be-
mectBamMu 1 kuciopogoM (Ilanosa, 1993; Strauss,
2005; Fuhrmann, 2014) (puc. 1a). IToMmumo nepeHoca
BEIIIECTB I10 0a3aIbHO-aIMKAJIbHOMY IPaaleHTY KJe-
TOK, PIID BhBIIIONHSIET psim BasKHBIX (DYHKIIMIA, IIPO-
U3BOIS (paKTOPHI 1 CUTHAJIBHBIE MOJIEKYJIBI, TTIOAIEP-
>KUBalOIIe TOMEOCTa3 U HOpMalbHOEe (PYHKIIMOHU-
poBanue cerdyatkm (Strauss, 2005; Sparrow et al.,
2010). ITpu 3ToMm ocHoBHOI pyHkumeit PI1D sBaser-
¢ (parouMTOo3 CAYIIUBAIOIINXCS HAPYKHBIX CETMEH-
ToB potopenienTopoB HC, a 3aTeMm nx nepeBapuBaHue
C TTOMOIIBIO JIM30COM. DTO ITO3BOJISIET (POTOPELIEITTO-
paM CUHTE3MpOBaThb HOBbIC OTPOCTKU IS CBETOBOC-
MPUSITUSI, 00SCIIEUNBAET XKM3HECTIOCOOHOCTh KIIETOK U
MeTabom3M peTHHOMIOB. 1o cnx mop, HeCMOTpsT Ha
OTpe/ieJIeHHYI0 TeTePOreHHOCTb KJIETOYHOM TTOITyJIsI-
muu PI1D, HeT cBeneHMit 0 HAJIMYNY B HATUBHOM €TO
cJIoe in Situ CTBOJIOBBIX WJIM TTPOTE€HUTOPHBIX KJIIETOK
(Burke et al., 1996; Burke, Hjelmeland, 2005; Strauss,
2005).

HNE- U TPAHCAN®OEPEHLUNPOBKA
KJIETOK PII9, OITPENEJIEHWUE
KIIETOYHOM MAEHTUYHOCTU

Tepmun nmennddepeHIMpPOBKa TIpearoiaracT
Bo3BpaT auddepeHIIUPOBAHHONM KJIETKU B COCTOSI-
HUE ¢ OOJIBIINM ITOTEHILIMAJIOM Pa3BUTHUS, OJIU3KUM
TaKOBOMY y CTBOJIOBBIX M ITPOT€HUTOPHBIX KIIETOK.
Haubonee sspkyM IIpUMepOM SIBIISIETCS IIOJTydeHUE MH-
JIyLIAPOBAHHBIX ILTIOpUITOTeHTHBIX KiteToK (MITCK) 13
KYJIbTUBUPYEMBIX SMOPHUOHAIIBHBIX U 3pebIX (hrOpo-
0J1aCTOB MBIIH in Vitro TIOCPEACTBOM CO3JaHUS YCIIO-
BUI IS cBepxaKkcnpeccuu B HuX psga Td: Oct4,
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Sox2, KiIf4 u c-myc (OSKM) (Takahashi, Yamanaka,
2006). Cpenu apyrux, MeHee U3BECTHBIX IPUMEPOB,
BhIsiBIeH T® MyoD, skcripeccusi KOTOPOro Iocie
TpaHC(hEKIUM TeHa, CIIOCOOCTBYET IpeBpallleHUIO
kietok PIID, a Takke (pnOpo6IaCTOB M XOHAPOIIU -
TOB B MBIIIIeUHbIE KJIETKU in vitro (Davis et al., 1987;
Tapscott et al., 1987; Weintraub et al., 1989; Tapscott,
Weintraub, 1991). In vivo sBnenue nenuddepeHn-
POBKM TI0Ka3aHO JIsI pa3IMYHBIX TKaHel aMpuomii,
a TaKKe BBICIINX ITO3BOHOYHBIX ITOCIIE IIOBPEXKICHUS
U B ycioBusx nmatojioruu (Szibor et al., 2014; Yao,
Wang, 2020).

“TpancouddepeHINpOBKAa” — TEPMUH, BOIIE-
I B HAYYHBIN o6uxon B 60—70-X romax mpoIioro
cronetus (Weissenfels, Hundgen, 1968; Okada, 1975;
Eguchi, 1979). McxonHo OH oTpaxkas MmpeBpalleHue
MOJTHOCTBIO IU(PGEePEHIIMPOBAHHOTO KJIETOYHOTO
THUMA B WHOM, TakKKe AUddepeHIIMpOBAHHbBINA THUII,
MUHYSI TPOMEXKYTOUHBIN 3Tanm — aenuddepeHIn-
poBKy (Mills et al., 2019). ITo3xxe TepMuUH “TpaHc-
muddepeHIMpoBKa” YTBEpAWICS KaK Ioapa3yMeBa-
IOIIMI TI0 YMOJIYaHUIO HaJU4YUe IIPOMEXYTOUHOTO
COCTOSIHUSI, HEOOXOAMMOrO IJisI MOTepu KJIETKaMU
HWCXOMTHBIX (DEHOTUITNYECKHUX YePT, Ipojudepalun 1
BO3HUMKHOBCHUA YCPT APYyroro KJICTOYHOIO TUIIA
(Okada, 1980). TpaHcouddepeHLIMPOBKA SIBISETCS
IyOOKOM peopraHu3alneil KJIeTKM Ha BCEX YPOBHSIX —
OT TPAHCKPUIILIMOHHOIO 10 MOP(OTreHETUYECKOTO
(rmpu popMuUpoBaHUM de noVo TKAaHU U3 TIpETePIICB-
IIIMX KOHBEPCUIO KJIeTOK). B 3T0ii CBSI3M BHEKIETOU-
HbI€ CUTHAJIBI, PETYJIUPYIOIIYE IIPOoliecC TpaHCaud-
¢depeHIIMPOBKH, TOJKHBI padboTaTh KOOPAWMHUPOBA-
HO, HOCUTb YETKMI ITPOCTPAHCTBEHHO-BPEMEHHOM
xapaktep. MHorue n3 peryimpyionmnx (pakropoB U3-
BECTHHI (CM. HUKE), OTHAKO, KapTUHA UX AUHAMUYE-
CKOW CETH in vivo ellle najeka 10 1ojaHoii. B HacTogiee
BpeMsI Mpeanosaraercs, yro padbora TD u peryaupye-
MBI 3MUTeHETUYSCKUM JTaHaAadT, CIIOCOOHbIE aKTU-
BUPOBaTh WJIM MONABIATh Ty WIM HWHYIO IPOTrpaMmy
9KCIIPECCUU T€HOB, JIeXaT B LIEHTPe COOBITUI TpaHC-
muddepeHuupoku (Powell, 2013; Merell, Stanger,
2018; Grigoryan, 2020; Vanden Bosch, Reh, 2020).

Takum oGpazoM, Ipu TpaHCAUGDEPEHIINPOBKE
UMEET MECTO CMEHA “KIJIETOYHON WAEHTUYHOCTH
(“cell identity”), ompenensieMoil B pa3HOe BpeMs C
pa3HOI CTeNEeHbIO TOYHOCTU. TpaguLIMOHHO CITelU-
¢dryeckre KIETOYHbIE TUILI ONPEASIsiid, UCIOIb-
3ys1 Mopdosiorndueckue Kpurtepuu. I1o3:ke BBISICHU-
JIOCh, YTO 3TOTO HEIOCTATOYHO: HeBUAMMAS MOP(dO-
JIOTUYECKHU, HO TPUCYTCTBYIOIIASI HA APYTUX YPOBHSIX
U3Y4YEHUs] TeTEPOreHHOCTb, KaK MCXOIHOM TKaHU,
Tak 1 opMupylolleiicss B xoae TpaHcaupdepeHI-
POBKH, TpeOoBaa yrouHeHuii. B HatuBHoM PI13D BbIsiB-
JIEHBI PETUOHAIbHBIC OTJINYHUS B 9KCITPECCUU CTPYKTYP-
HbIX MOJIeKyJ (Schmidt, Peisch, 1986; Burke et al., 1996;
Burke, Hjelmeland, 2005; Durairaj et al., 2012) u B
criocobHocTtu K mpoaudepanun B cioe (Crtpoesa,
1971; Al-Hussaini et al., 2008; I'puropsin, 2015). I1pu
OMII knerku PIID miiekonmuTamolnux TOXE UMEIOT

I'PUTOPAH, MAPKUTAHTOBA

I
I
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Puc. 1. CxemaTnueckoe M300paxkeHUE PETUHAIBHOIO
IMUTMEHTHOTO STUTEIUS BO B3aUMOJEMCTBUU C OKpYKa-
IOIMMU TKaHSIMM 33JHE CTeHKM TIjla3a MO3BOHOYHBIX
XUBOTHBIX. (a) — HOpMaJbHbIi r1a3. ®P — doropenen-
Topel, PIID — permHANbHBIII MUTMEHTHBIM SITUTENINIA;
MB — mem6pana Bpyxa; XO — xopounajibHasi 000JI09Ka:
CO — ckyepajibHas1 000104Ka. (0) — pa3oOIIeHUEe peTU-
HaJIbHOTO MUTMEHTHOTO 3MUTEIUsI ¢ (POTOPELETOPHBI-
MM KJIETKaMM CETYaTKM (CIpaBa) MO CPaBHEHMIO C HOP-
MaJIbHBIM cocTosiHueM (ciieBa). C — Koybouku (cones);
R — manoukwu (rods).

OTJINYUSI TI0 CTEIEHM IIPOSBIEHUS ME3eHXMMHOTO
deHoTHUIIA KaK in vitro, Tak u B xoge I1BP n npyrux
npoaudepaTuBHBIX 3a0o0aeBaHuii ceryatku (Chtche-
glova et al., 2020). BaxxHbIM 3TaroM cTajio IIpUMeHe-
HUE MMMYHOXMMHWYECKMX W MOJICKYISIPHBIX METO-
JIOB, CITIOCOOHBIX BBISIBUTH JIOKAJIM3ALUIO U YPOBEHb
9KCIIPECCUN T€HOB, OTBEYAIOIIMX 32 CUHTE3 CTPYK-
TypHBIX 6e1K0B, T® 1 cUrHajabHBLIX MOJIEKYJI. B mo-
clieqHee BpeMsI CTajo BO3MOXKHBIM M3y4eHUE TeHO-
MOB M TpaHCKpuNTOMOB mpenctaButeneit Urodela-
00BEKTOB HCCIIeNOBaHUS TpaHcaUdGepeHIIPOBKU
(Bruckskotten et al., 2012; Nakamura et al., 2014;
Nowoshilow et al., 2018; Biscotti et al., 2020); moxy-
YWJIO pa3BUTHUE M3YYEHUE SMUTSHOMA KJIETOK TJias3a
no3BoHOYHBIX (Aldiri et al., 2017; Corso-Diaz et al.,
2018; Dvorianchikova et al., 2019). ApceHan coBpe-
MEHHBIX ITIOJIXOA0B ¥ METOIOB OTCYTCTBOBAJI Ha 3Tarle
MOP@OJIOTUYECKUX UCCAeIOBaHUM TpaHCcaAUPdepeH-
LIUPOBKHU, ogHako, uMeHHo Torna O.I'. CtpoeBoii u
B.1. MuTtamoBsIM B OCHOBY HalIpaBJIeHUSI paObOTHI
OBUIO 3aJI0KEHO TIPEJCTaBIIEHNE O “TIePEKITIIOYCHUN
padoOThl TeHOB”, KaK OCHOBOIIOJIAraiolleM COOBITUH
KOHBepcum KiietouyHoro turma (CtpoeBa, MUTaIlOB,
1970; Stroeva, Mitashov, 1981). DTo 1O3BOJIMIO CO
BpeMEHEM BBLIBECTH pellieHre TPoGaeMbl TpaHCAU (-
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Puc. 2. [MocnenoBarenbHblE CTAINU PereHepaliMy ceTyaTKy y amduobuii (a) u pa3BuThs NpoandepaTuBHON peTUHOTIATUM Y
miekonuralomux (6). HC — HelipanabHas cetuaTtka; PI1D — peTuHanbHbIi NIUIMeHTHBIN anuTtenuit; KnPIID — tpancoudde-
penumpyoomuecs Kietku PI1D; PC — perenepart ceruatku; DMII — snutennomMe3eHXUMHBIN niepexon; DM — anmmpeTuHab-

Hasi MeMOpaHa.

bepeHIIMPOBKN Ha YPOBEHb M3YYCHUS €€ MOJIEKY-
JISPHBIX MEXaHU3MOB M PETYIISIIIUHN in Vivo.

TPAHCAVM®PEPEHIIMPOBKA KJIETOK
PII® ¥V B3POCJIbIX AMOHWBUU
N MJIEKOITUTAIOLOUX IN VIVO

PII® xBocratbix amdpuoduit (Urodela) obnamaet
CMOCOOHOCTBIO K pereHepalu ceT4YaTKU U AaeT sip-
KU IpUMEp eCTeCTBEHHOM KOHBEPCHUM B PETUHAJIbHbBIC
KJIETKH in vivo. Tlocie moBpexXaeHui T1a3a (OTCIONKI
CeTyaTKu, ¢ yIaJeHUsI, Tepepe3Ku 3pUTEIbHOrO HEP-
Ba) PIID cTaHOBUTCSI MCTOYHMKOM BOCIPOM3BOICTBA
HoBo#i cetyaTku (Stone, 1950; Hasegawa, 1958; Keefe,
1973; Stroeva, Mitashov, 1983; Mitashov, 1996, 1997;
Chiba, Mitashov, 2007; Yasumuro et al., 2017) (puc. 2a).
OCHOBHBIMU COOBITHSIMHM TIpollecca TpaHcIudde-
PEHIINPOBKM SIBJISTIOTCST: BBIXOH, KJIIeTOK 13 ciios PI1D,
MoTepsl UCXOMHBIX YepT U CBOMCTB (memauddepeHim-
poBKa), amMIumMduKanys, (GoOpMUPOBAHUE ITPOMEXKY-
TOYHOI IOMYJISIIUM TIPOIU(EepUpPYIONINX Heipooia-
CTOB, BBIXOJ MX M3 LIMKJIA PEerponyKunu u audde-
PEHIIMPOBKA PETUHAIBHBIX KJIETOYHBIX TUIIOB.
ITorenuun kierok PIID B KauecTBe KJIETOK-UCTOU-
HUKOB JIJIs BOCCTAHOBJIEHUSI CETYaTKN OOHAPY>KEHBI
U Y B3POCJIBIX 6€CXBOCTBIX aMuOUit, sryiiek X. lae-
vis (CBuctyHOB, Muraios, 1983). [1o3:xe mokazaHo,
YTO MpPU COXPAaHEHUM OrpaHUYMBAIONIE BHYTPEH-
HMI Kpai ceTyaTKM BacKyJISIPHOM MeMOpaHbI B XO/¢e
yaaJeHWsI UCXOMHOM ceT9aTKu, KieTku PIIO mokm-
JIalOT CJIO, MUTPUPYIOT, OCeB Ha MeMOpaHe IpOoJIu-
depupyior 1 GOpMUPYIOT pereHepar Tak ke, Kak 3TO
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npoucxoaut y Urodela (Yoshii et al., 2007; Araki et al.,
2007).

V gyenoBeka, Kak 1 y aM(dubOuMii, B OTBET Ha IIOBPE-
XaeHue ceTyatku kietku PIID TepsioT cBou anuTe-
JIajibHbIe XapaKTepUCTUKU, BBIMEILAIOTCS U3 CJIOS,
MUTPUPYIOT U TIPpOoauepupyror, TpaHcauddepeH-
LUAPYSICh IIPU 3TOM B ME3EHXUMHbBIE KJIETKH, 110100~
Hble MUO(DUOpoOIacTaM; MpY ABUXKEHUHU 3a TIpeaesibl
CEeTYATKM OHM M30eTaloT KJIETOUHOI TMOe I M CUHTE-
3upyloT KoMImoHeHTel BKM, yyactBys B (hopMupo-
BaHUM 3NUpPETUHAIbLHON MeMOpaHbl (BDM) (puc. 260)
(Kirchhof, Sorgente, 1989; Abe et al., 1998; Tamiya
et al., 2010; Wu et al., 2018). O6pazoBaHue DM B oT-
BeT Ha noBpexaeHue HC (yaliie pa3pbiB U OTCIONKY)
NPUBOINT K cokpammeHno DM Bmecte ¢ HC, 9TO BBI-
3bIBaeT CHMXKEeHME 3peHus. OnucaHbl 3Tallbl IIPOLIEC-
ca u ux peryasauus (Garweg et al., 2013; Tamiya, Ka-
plan, 2016; Zou et al., 2020). DMII knetok PI1D mMite-
KOTIMTAIOIIUX MOXKET MMETb MECTO HE TOJIbKO MpU
natojorusix (3abojeBaHusIX) IJla3a, HO U B IIpoliecce
BOCCTAaHOBJICHUSI CJIOsI, HaIlpuMep, II0CJIe BO3Ieii-
ctBus nazepom (Han et al., 2015). IlpeBpaleHust
kietok PIID miexonurarommx in vivo ipy DMII
noAIiagaeT o ompenencHue “tpaHcaudepeHIIn-
poBKa”, XOTsI BCTpeYaloTCs M APYrue onpenaesieHus,
HanpuMmep, “nucohyHkuus PI1D” (Zhou et al., 2020).

bonpnras mHdopMalusa, CBUIAECTEILCTBYIONMIAS O
BO3MOXKHOCTA TpaHCIUGGEPEHIUPOBKU  KIETOK
PI1D maexornuraloninx 1 4eJI0BeKa HaKOIUIEHa B pe-
3yabTaTe 3KCIEpUMEHTOB in vitro. WcciaenoBanus
CBUJETENILCTBYIOT O MposiBieHnu Kietkamu PIID
CBOMCTB MyJIbTUHOTEHTHBIX. PIID B3pocCibIX rpeI3y-
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HOoB (Engelgardt et al., 2005) u yenoBeka (MwuJromIm-
Ha u ap., 2009; Milyushina et al., 2011, 2012; Li et al.,
2019) B ycinoBuUsIX in vitro B IIpUCYTCTBUU MoOpdore-
HOB 1 (DAaKTOPOB POCTa IEMOHCTPHUPYET IIpoardepa-
nuto, neanddepeHINPOBKY U B HEKOTOPBIX CIydasix
npoaykuuio HelipoHoB. Ha cranuu neauddepeHm-
poBku kieTku PIID yenmoBeka mproOpeTaloT YepThl
HENPO3IMUTENNATbHBIX KJIIETOK, 3KCIIPECCUPYIOT Te-
Hbl OCT4, NANOG, KLF4, OTX2, PAX6 u NESTIN
(MwumommHa u ap., 2009, 2011, 2012; Ky3HeiioBa u 1p.
2014). B padote Canepo u ap. (Salero et al., 2012) mo-
KazaHo, yTo kjeTku PIID denoBeka in vitro crioco6-
HBI He TOJIBKO K BOCIIPOM3BOJICTBY CBOEro (heHOTUIIA
U MIPOU3BOJICTBY HEMPOHOB, HO U KJIETOK C IIpPU3HA-
KaMU ME3eHXUMHBIX (aIUII0-, OCT€O- U XOHAPOTeH-
Hoi1) muddepeHuupoBok. Ha muann xieroxk PIID
yenoBeka ARPE-19 moxkazaHo, 4TO CUTHAaJIbHBIN
nyTb Wnt sIBJISIETCS OOHUM U3 peryiasitopoB DMII
(Chen et al., 2012). Bce 3T0 IO3BOJIMIIO IIEPECMOT-
peTh CYIIeCTBOBABIINI B3TJIsIA HA TO, UYTO KOHBEPCHUST
PTID MoxeT mpoucxoauTh TOJBKO B Mpeaenax “Bo3-
MOXHOCTE I1a3HOro 3a4aTka”, a UMEHHO B 3KTO-
JiepMaJbHOM HampaBjieHUuM. Bce aTu naHHbIE CBUAE-
TEJIbCTBYET O 3ayoxkeHHoU B PIID nBoiiHOI KomIe-
TeHUUHU. MoJeKyasspHble M3MEHEHUSI B KJIETKax
KynbTuBHpoBaHHOTO PIID MiaekonmuTaommx nMeioT
CXOACTBO C COOBITUSIMU, mpoucxodsiumu B PITD
ampubuii mpu pereHepauunu cetdyatku in vivo (Engel-
hardt et al., 2005; Milyushina et al., 2012). DTo yka3bI-
BacT HA KOHCEPBATUBHYIO MOJIEKYJISIPHO-TeHETUYE-
CKYIO IIpUPOIY MEXaHU3MOB TpaHcaAn( e peHIIUPOB-
k¥ PIID y HU3MIMX ¥ BBICIIMX TTO3BOHOYHBIX.

NMHULOMALOUA ITPOLUECCA KJ'IETO‘IUHOI?I
KOHBEPCHU B PII® AMO®UBUU
N MIIEKOITUTAIOIIINX

Bormpoce! mHMIIManny KoHBepcuu Kietok PI1D y
aMmpuOuili U y MJIEKONMUTAIOIIUX OBbLIM MOAPOOHO
paccMOTpEHBI ISl OTpenesieHUsI CXOACTBA U OTJIU-
Y1 KIETOYHBIX COOBITUM (0030phl: Grigoryan, 2012;
Chiba, 2014). YcraHOBIEHO, YTO TPUITEPOM TpPaHC-
nuddepeHMpoBku gpisietcst pasodiieHue HC u
PIID, B yacTHOCTM pa3pylieHHe MHTepdOTOpeleI-
TopHoro marpukca (IPM), obecrieunBaloiero B3au-
MoJleficTBUEe MEXIy ABYMsl TKaHSIMM CEeTUYaTKU U UX
XKusHecnocobHocTh (Lazarus, Hagemann, 1992; I1a-
HoBa, 1994; Uehara et al., 2001) (puc. 16). de3uHTe-
rpalusi sSIBJSIETCSI TPUITEPOM COOBITUI, CyMMUPO-
BaHHBIX B 00I11eM Buae B Ta0a. 1. PanHue coObITUs
nocJie pazodiieHuss HC u PIIO y mo3BOHOYHBIX CBSI-
3aHbl C HApYILICHUSMU pedOKC-ToMeocTasa, pa3Bu-
TUEM OKMCJIUTEJILHOTO CTpecca, 3allyCKalollMMu B
KJIeTKaX BOCTIAJIUTEIbHYIO PEaKIMi0 U MMMYHHBII
otBeT (MapxkuranToBa, Cumupckuii, 2020). Ha ca-
MBIX HavaJlbHBIX 3Tamnax IpeBpaineHuit Kietok PI1D
CYLIECTBYET OOJIIIIOE CXOJICTBO BHE 3aBUCUMOCTHU OT
TOTO0, YTO CTajI0 MpUUnHOii pazoodiieHus PIIO ¢ HC,
M KakKyio cTpareruio kietku PIID BeIOepyT B maiab-

I'PUTOPAH, MAPKUTAHTOBA

HelllleM — cTaTh HelipoHamu npu pereHepanuu HC
y ampuOuMit min MpruoopecTy Me3eHXUMHYIO Tnudde-
peHLpoBKY npu DMII y miiekonuraronux. B oboux
cllydasix HabomaeTcsl Ae3HTerpalys KJIeToK B cioe
PII®D, HapyireHne B cucTeMe KOHTAKTOB U MEXKJIE-
TOYHBIX B3aUMOJICMCTBUI, U3MEHEHUS BO B3auMMO-
JIEHACTBUSIX C MOIJICKAIIMMU TKaHSIMU, IIpUOOpeTe-
HUE CIIOCOOHOCTHU K Murpauuu (063opsl: Grigoryan,
2012; Chiba, 2014). UMeOT MeCTO peopraHu3alius
nuTockenera v Kommno3uuud BKM Ha ¢poHe nuameHe-
HMIA CO CTOPOHBI IUPKYJIMPYIOIIEH KPOBU U UMMYH-
HOit cucteMbl. Bce 3T udMeHeHUs1, MPUBOAAT K Ae-
crabunuzauuu ¢deHotumna PI1D, deHoTunuyeckoit
TpaHc(OpMallMM IPU BBIXOME M3 CJIOS U MUTPALIUU
kinetok. IlapannenbHo mpoucxoguT down-peryssi-
LIYSI KCITPECCUU MOJIEKYJT — KOMIIOHEHTOB 3pUTE/b-
Horo mwmkna (Rattner et al., 2008; Garcia-Ramirez
etal., 2009) u skcnpeccuu OeJKOB creUM(UIHBIX
st PIID (Chiba et al., 2006; ABgoHuH u ap., 2008).
B To Xe BpeMs1 MMeeT MECTO Up-PeTyJISIIMS IKCIIPEeC-
cum 6enkoB TeruioBoro moka (HSPs) (Faktorovich
et al., 1992; Geller et al., 2001), psiza pocTOBBIX (hpak-
topoB (PEDF, VEGF, FGF, CNTF, IGF, TGF) n
KOMITOHEHTOB UX CUTHAJIbHBIX ITyTei (0030p: Strauss,
2005; Abu El-Asrar et al., 2007; Chen et al., 2015; Far-
jood, Vargis, 2017). YBenumuuBaeTcsl B3KCHPECCUS
MPOanoNTOTUYECKUX (PEPMEHTOB 1 T€HOB OBICTPOTO
pearupoBaHus Ha ctpecc (“immediate early response
genes” u AP-1 complex) (Kaneko et al., 1999; Reme
et al., 2003; Gelleret al., 2001). Bce cBsI3aHHBIE C pa3-
obumenneMm PIID u HC cobbitus, u y amouoduii, u 'y
MJIEKOTIMTAIONINX, MOXHO PacliecHUBaTh KaK YHUBEP-
cajbHbIe OTBETHl Ha KJIeTO4YHBI cTpecc (Rattner
et al., 2008; Grigoryan, 2012). Tem He McHee, TOMU-
MO CXOACTBAa M YHUBEPCAJIIbHOCTH PAaHHUX KJIETOY-
HBIX pEaKIUiA, ydacTUsl CUTHAJbHBIX MyTeH, Oei-
CTBME KOTOPBIX HAIIpaBJISHHO Ha 3alllUTy KJIETKHU OT
cTpecca, CYyIIeCTBYIOT 3BOJIIOLIMOHHO 3aKpEIUICHHEIS
(GyHKIIMOHATbHbIE OCOOEHHOCTH B CTPATETUSIX TTOBE-
neHwus kiaetok PITD y xBocTaThix amdpuoduii u Miaeko-
nurtatomux (MapkutanToBa, Cumupckuii, 2020).

N3MEHEHUA HUTOCKEJIETA, KOHTAKTOB
1N KOMITIOHEHTOB BKM B XOJIE
TPAHCOINOO®EPEHIIMPOBKHN KIIETOK
PI15 AM®UBNUN U MIEKOITUTAIOLINX

HwurockeneTt kireTok PIID saBnsieTcs orpaxkeHneM
ero 3MUTEINAIbHONM U (DYHKIIMOHAIBHOM Criel[aIn-
3allUM, a TakXke (PEeHOTUITMYECKON ITACTUYHOCTH.
MBI ucceqoBaii COCTOSTHUE ITUTOCKEeTa KIETOK
PI1D tputona PIl. waltlii B HopMe 1 B HaYajie KOHBEP-
cun. Manykims K pernporpamMmupoBanuio PI1D my-
teM uzosinuu HC (ynaneHue, oTciaoiika) MpruBOIM -
JIa K ”THTUOVMPOBAHUIO SKCIPECCUU IIUTOKEPATUHOB B
KJIeTKax, Haxomsmuxcs eie B ciioe PITO (I'puropsH,
1995; I'puropsin, AHTOH, 1995). To ke HabJIOaaJIOCh
MPY W30 U Juccoluannu Kietok PI1D tpurto-
Ha, YTO ObLIO BHI3BAHO MEHSIOIIUMUCS YCIOBUSIMMU:
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Taomumma 1. CXOZ[CTBO OCHOBHBIX COOBITUI 1 UX KIETOYHBIX U MOJICKYJISAPHBIX MOCJIEACTBUIA IIp1U HAPYILIECHWHU CBA3U KJIC-
TOK PETUHAJIBHOTO ITMTMECHTHOI'O 3ITUTCIINA 1 HCpraJILHOfI CE€TYATKMU

OCHOBHBIE COOBITUS TIPY HAPYIIEHUN
ces3u PII® n HC

KrneTtoyHble 1 MOJIEKYISIPHBIC
MOCJIENCTBUS MHULIAALIY
TpaHcauddepenurposku PI1D
in vivo y ampuouii

KJieTouHble 1 MOJIEKYJISIpDHbBIE
MOCJIEACTBUS MHULIALIUN
TpaHcauddepeHposku PI1D
IIPU OTCJIOMKE CETYATKHU Y YeIoBeKa

Pa3pyliiieHue cBsi3u anmuKaJIbHBIX
otpoctkoB PITD u doropenentopon

HapyiiieHue 3puTebHOIO LUKIIA,
arrornTo3 yactu KiaeTok B PI1D 1 HC

H3MeHeHUsT B KPOBEHOCHOM M UMMYH-
HOI1 cucTeMax B 3aHel CTeHKe IJ1a3a

AKTHUBAIIUST POCTOBBIX (DAKTOPOB U
CUTHAJIBHBIX MyTeM

Up-perymsaus skcnpeccuu HSPs n
TeHOB paHHETO pearnpoBaHms (imme-
diate-early response genes)
PeMonennpoBaHie BHEKJIETOYHOTO
MaTpukca 1 nurockeiera PI1D

Paspymenue UMDM, ocnabiaenue u
MOTepsI KOHTAKTOB MEXIY KJIIETKAMU
PI1® u cBs3u ¢ Mmem6panoii bpyxa,
BBIXOJI KJIETOK M3 CJIOSI, OTePs
SIUTEINATILHON MOPGhOJIOTUH,

BX0J B S-ha3y KJIETOYHOTO LIMKJIa

IIpekpaieHue cMHTEe3a MeJIaHMHA,
down-peryisius 6eJIKOB 3pUTEIbHOIO
[UKIA U cIIeIn(pUIecKIX OEIKOB
PII®

AxTuBanys GUOPUHOIUTUIECKUX
komnoHeHTOB KpoBH (TF, thrombin)
u cucteMbl KommuieMeHTa (C3, C5)

FGF2, IGF1, TGFB, MEK-ERK

HSPs 70, 90; c-Myc

VYyactue pubpoHEeKTHHA, IAaMUHIHA,
teHacunHa 1 N-CAM. UarubupoBa-
HUE [IUTOKEPAaTMHOB 1 Ha4YaJIo 9KC-
npeccuu 6eJIKOB HelipodrIaMeHTOB

Paszpymenue UMM, ocnabiaenue u
MoTEPS KOHTAKTOB MEXIY KJIETKaMU
PIID u cBs13u ¢ MemOpaHoii bpyxa,
BBIXOJI KJIETOK M3 CJIOsI, TOTEPST SITUTE-
JIMAJIbHOI MOp@OJIOTHH, BXOJ B
S-da3y KJIeTOYHOTOo IIMKJIa
IMpekpallieHne CUHTE3a MeJIaHUHA,
down-perysiius 6eJIKOB 3pUTEIbHOTO
[UKJIA U CIIeIn(puIecKIX OeIKOB
PII®

AxTuBanust GUOPpUHOIUTIIECKIX
KOMITOHEHTOB KpoBH (tPA), 6e1K0B 1
KJIETOK BOCTIAJICHHUS

PEDF, VEGF, FGF1,2, CNTF,
BDNF, IGF1, TGFP, MAPK-ERK

HSPs, c-Fos, c-Jun, AP1-complex

VYuactue TaMUHUHA U MTHTETPUHOB.
M3MeHeHne KOMITO3ULIMI KaATrepUHOB,
oUTOKepaTHOB, BUMeHTHHA 1 GFAP.
MBaumyanys skcrpeccuy 6eIKOB IIa-

(NF-200)

KOMBIIIIEYHOTO aKTUHA ((-SMA)

MoTepeil KOHTAKTOB KJIETOK IPYT C AIPYTOM, BBICTUIIA-
roieit PITD memOpanoii bpyxa u ¢poTopenienTtopamu
HC, 1.e. ¢ yrepeii TpexMmepHOro okpyxeHus. B To xe
BpeMs, B IIEPBbIX, BHICEIISIIOLIMXCS U3 CJIOSI I MEHSTIO-
mux ¢peHotun kiaetkax PITD, nHULIMUpoBaaach 3KC-
npeccus naH-HelipaiabHoro 6enka NF-200, mpu Ha-
JIMYUK B IUTOIUIa3Me MUTMEHTHBIX Irpanys (I'puro-
psiH, AHTOH, 1993). B xome pa3BuUTHUSI MOMyISLIMUU
HelipobiacToB (KjieTok ImoToMKoB PIID) ee nudde-
peHIpoBKM 1 MopdoreHe3a 6enkn NF-200 Hakar-
JIMBaJINCh. JIaHHBIE CBUIETEIBCTBYIOT O TOM, YTO 3a-
MellleHUEe cHenu@HuIecKux OeJIKOB IUTOCKENIeTa
PIID (uuTtokepaTHHOB Ha MaH-HeWpaJTbHbIE OETKN)
BXOJIUT B IIpOorpaMmy TpaHcauddepeHIINPoBKU. Bri-
COKasl CKOPOCTh IEPEeKIIOUYEHUSI Ha CUMTBHIBAaHUE C
reHoB, Kommpytommx Oeakm NF-200, cBumeTeln-
CTBYET O JIAOMJIBHOM COCTOSIHUM CUCTEMBI PETyJIsi-
LIMM SKCIIPECCUU TeHOB. Bompoc MoneKyIsIpHbIX U3-
MEHEHMII B CUCTEMe KJIETOUYHBIX KOHTAaKTOB, MaJjio
nsydyeH. [IpenBapureabHble JaHHBIE O JIOKAJIM3AIUN
oenkoB ZO (zonula occludens), acconpoOBaHHBIX C
IJIOTHBIMU KOHTakTamMu PIID, mokazanu yBelnde-
Hue sKcrpeccuu ZO-1 m 1epepacripefieieHue I10
KJIETOUHBIM mToBepxHocTsIM PITD. 1o Mepe manpHei-
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el Murpauuu u Jaeand@epeHIMPOBKU KIIETOK
PII®O skcmpeccus 6enka ZO-1 cHUXajaach, YTO BbI-
3BaHO IIOJIHOM yTepeli KOHTAKTOB M KOHTAKTHOTO
nHruouposanusa B cioe PIID (Huxonaes, 2018). B
CTadMJIM3alY U TUIACTUYHOCTU KJIETOUHOM nudde-
PEHLIMPOBKM CYIISCTBEHHYIO pojb urpaet BKM
(Hausman, 2007; Bonnans et al., 2014). Hamu otme-
YeHbl TMHAMMWYECKNE U3MEHEHHUS B JIOKAIU3aluu U
akcrnpeccun ¢udpoHekTrHa (FN) B cayyae MUKpO-
XUPYPruuecKoil OTCIOMKMU ceTyaTKu y TpuToHa. Ha
10-e cyt ummyHopeakuust FN-antureHoB Ha obpa-
OOTKY aHTHUTEeJIaMM CHMKajach Ha 0a3aJibHOM ITO-
BEPXHOCTHU, HO YCUJMBAJIACh Ha JlaTepaJbHBIX IO-
BepXHOCTSIX KieTok PIID, Bxomsimux B 3TO BpeMs B
dazy nponudepauuu (I'puropsH u np., 1990). Te ke
3aKOHOMEPHOCTH B HOPME M NPOIEeCCe KOHBEPCUU
PIID tputoHa orMeuyeHbl no3xke OpTU30M U COABTO-
pamu (Ortiz et al., 1992). ITockonbky FN-anre3anoH-
HBIII KOMITOHEHT MeMOpaHbl bpyxa 1 cmocoocTByeT
npuKpeniaeHnio Kinetok PI1D, cHmkeHme ero comep-
XKaHUS TIPU KOHBEPCUM MOXHO paccMaTpuBaTh Kak
SIBJICHUE, CITOCOOCTBYIOIIIEe BBIXOAY KJIETOK U3 CJIOS.
Ha ponp peryastopoB TpaHcauddepeHIMPOBKYU
PII® mperennyror m npyrne KomnoHeHTEI BKM n
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OasanbHBEIX MeMOpaH: TeHacuuH U N-CAM, takke
MEHSIIOIIME CBOIO BKCIIPECCUIO B TMpoliecce KOHBEp-
cuu PI1D tputona (Mitashov et al., 1995). Ha pan-
HeM 3Tane TpaHcauddepeHuupoBku PIID tputoHa,
oOHapyXeHa siiepHasi TpaHCJIoKallus 6eTa-KaTeHUHa
(B-catenin) omHOBpEMEHHO CO CHMXKEHUEM UMMYHO-
peaktuBHocT N-Cad (N-KaarepuHa), 4TO CIIYXKUT
BXoay KJIeTOK B S-¢pa3y (Yasumuro et al., 2017).

CocTossHHE MEXKJIETOYHBIX KOHTakKToB 1 BKM
BO MHOI'OM OIIPEACISIIOT cyab0y KiaeTok PIID mpu
npoandepaTUBHBIX 3a00JICBAHUSIX CETYATKA MJICKO-
nuTtatomux (Hiscott et al., 1999). CyiectBeHHas
poJib B KoHBepcum KiaeToK PITD mipu [1BP npunan-
nexut nomunentunay Z0-1 u E-Cad (E-kaarepuny),
MPUCYTCTBYIOLIEMY B CalTaxX MEXKJICTOYHOM aiure-
3un. beakn 0060MX TUIIOB y9acTBYIOT B (hDOpPMUPOBa-
HUU TUIOTHBIX KOHTAKTOB U aAre3MM, HEOOXOIMMBIX
IUISI COXpaHEeHMsI SNUTeINaIbHON TuddepeHIInpOoB-
ku 1 pyakuuu PI1D (Stevenson et al., 1986; Lee et al.,
2007). BHyTpUKIETOUHBIM OEJIKOM-MapKEpPOM 3ITH-
TeIMO-ME3eHXUMHOI mnddepeHINPOBKA, MNPEXKIE
BCETO, SIBIISIETCS COKpaTUTENIbHBIM Oellok o-SMA
(rMagKOMBIIIEYHBIT aKTUH anbda), o0ecIieurnBaio-
1T KJIETOYHYIO ImoaBkHOCTh PITD. Kpome Toro,
MIPUCYTCTBYeT BUMeHTHUH (Vim), Urparoniuii BasKHYIO
poJIb B CTAOMIM3ALM CTPYKTYPHl MHUIPUPYIOIINX
kietok. Ilpomyumpyemsrii kiietkamu FN sBiasercs
MapKepHBIM 0eJIKkoM (pubpo3a nmpu popMHUPOBAHUN
DM, HeoOXOmMMBLIM IJIS IEMOHUPOBAHUS MUKPO-
dubpmnn (Lee et al., 2007; Zou et al., 2020). B pe-
3yJIbTATe IIePECTPOMKN MEXKKISCTOUHBIX KOHTAKTOB,
noasepratoimuiicss DMII PIID nmpuobperaeT Me3eH-
XAMOMIOOOOHBI (PeHOTUIl, XapaKTepU3yIOIIUIACSI
YCHJIEHHOM 3Kcmpeccueit 0enkoB nurockenera (Vim,
a-SMA), noBHIIIIEHHBIM OTJIOXXeHHeM 0e1KoB BKM,
BKJIIOYass KosuiareH u ¢uopoHekTnH (Imamichi,
Menke, 2007). B mpoutecce DMII B PIID in vivo mpo-
WCXOOUT CHIDKEHNE 3KCIIPECCUM OdeCMOIUIaKIHA,
0OEJIKOB IIPOMEXYTOYHBIX (DUIAMEHTOB M IPYTHUX
KOMIIOHEHTOB YYacTBYIOIIMX B (DOPMUPOBAHUU [IE-
cmocoM. IIporecc compoBoXaaeTcss TakKsKe CMEHOM
naTTepHa 3KCIPEeCCUU IIMTOKEPAaTUHOB, CBOMCTBEH-
HbIX HaTuBHOMY PIID (murokepatunst 8 u 18) (Sher-
idan et al., 2005), 3aMeHSIOTCSA LIMTOKEpaTUHAMM 7 1
19, ycunmmBaeTcs akcnpeccus KoyutareHa I Tuna u FN
(Philp, Nachmias, 1987; Kigasawa et al., 1998). ®de-
HoTUTIMUecke m3MeHeHus PIID mpm DMII n mm-
rpayy BKJIIOYAIOT CHIDKEHUE SKCIIPECCUH SITUTEI-
ampHbIx MapkepoB ZO-1 u E-Cad, u yBenmmueHmue
9KCIPECCUM ME3CHXMMHBIX MapKepoB — O-SMA,
Vim, u FN (Lee et al., 2007). /I MBIIIM ITOKa3aHO
yBenmnuyeHre akTuBHOCTH TM® ZONAB u cHuXeHUe
Z0-1 ipu uamenennn ¢peHornna PI1D ot nmurmeH-
TUPOBAHHOTO 3MUTEINAJIBHOTO K (hHUOpobIacToIro-
nmoonomy (Georgiadis et al., 2010).
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[MPOJIMDPEPALINA, KAK COCTABJIAIOLLAA
IMPOLHECCA KOHBEPCHHA KJIETOK PIID
Y AMOUBUUN 1 MITEKOITUTAIOLIIUX

B wm3ydyeHum mnponudepaTuBHEIX MPOLECCOB B
PI1D B pa3BuTuu 1ri1a3a 1 Ipy KJIETOYHOM KOHBEPCUU
oombiroit Bkaang BHeceH O.I'. CtpoeBoit u B.1. Mu-
tamoBbIM (CTpoeBa, 1962; Stroeva, Mitashov, 1983;
Muramos, 1969a, 19696, 1970, 1974). C nmoMoIbio
MMITYJIbCHOTO MeueHUs *H-TUMUINHOM Y TPUTOHOB
T. vulgaris B HatuBHOM PI13D ynmanoch BEISSBUTH 110 3%
cuntesupylomux JHK knerok (I'puropsin, Mwurta-
moB, 1979). IMo3xke TNpu UCMOIb30BAaHUMU MeETOa
JIOJITOBPEMEHHOI MOCTAaBKM aHajora TUMWIWHA —
opomae3okcuypuauHa (BrdU), a Takke mpu MHOTO-
KPaTHOM BBeleHUM “H-TumuauHa, Hanuuue B PI1D
TPUTOHOB peaKUX KJIeTOK B paze cuHTe3a JIHK mox-
tBepaunochk (HoBukosa u ap., 2008). IIponudepa-
ous kJjeTok HatuBHoro PIID xapakrepusoBajach
JUIMHHBIM S-TIEpUOOOM U KpaiiHe peIKMMU MHUTO3a-
mu. EcTb maHHBIE, CBUOETEIBCTBYIOIINE O IIPUCYT-
CTBUH ITponudepupyiomux Kietok B PIID miekomnu-
tatommx (Al-Hussaini et al., 2008; Stern, Temple,
2015). OtMedeHO, YTO MEIJIEHHO IIpOIudepupyio-
e KiIeTKu B ciioe PI1ID 1M03BOHOYHBIX B HOpME U
IIpU IIOBPEXICHUM JIOKAJIM30BaHbI Ha epudepun —
oOjacTy HamboJiee TTO3MHETO CO3peBaHMs 3TOM TKa-
Hu (CrpoeBa, 1971; CununuHa, 1971; MwuTtaios,
1974; Kiilgaard et al., 2007). ¥ TputoHa npoaudepa-
nus B PI1D nHunmupyetcs Ha mepBoil Heaele ocie
pazobuieHus ero ¢ kinerkamu HC, 3aTem Bo3pacTtaer
U B TeUeHUe 2 Hell. JeP>KUTCS Ha BHICOKOM YpPOBHE.
IMapanenbHBIM COOBITUEM SIBJISIETCSI TIpeKpallleHue
CUHTE3a MeJIaHMHa U Bce 0oJiee YIIIyOoasiiolasics ae-
nuddeperuponka (I'puropsin, Muraios, 1979). B
xone aMImmdukauuu s kKietok PIID mokazaHbl
YMEHBIIICHUE BpeMEeHU KJIETOYHOrO LIMKJIAa U M3MeE-
HEHUS ero rapamMeTpoB: cokpailieHue G, 1 yBeiauue-
Hue S-das3el (Muraimos, 19696; Stroeva, Mitashov,
1983). BbIsicHEHO TakXKe, UTO Yy TPUTOHA JIJISI TPOSIB-
JIEHUsI TIePBBIX YepT CHelUaln3alii B pereHepare
CeTYaTKU KJIETKAM HYKHO ITPONTH 6—7 meJIeHUiA, 4TO
CBHUACTEIILCTBYET O HEOOXOOUMOCTH HAKOIUICHUS
omnpeneIeHHO 4YHCISHHOCTH KJIETOK B OJlacTeme
CETYATKM JUISI OKOHYATEJIbHOT'O IPUOOPETEHHUSI KIIET-
KaMM HOBBIX YEpPT — HEMPOHAJIBbHOU U TJIMAJIbHOM
nuddepeHurpoBok (MurtamoB, 1970; Mitashov,
1980). ITo3xe caemaHbl MOMBITKY BBISIBICHUS MOJIE-
KyJISIpHOTO MexXaHmu3Ma Bxoja KieTok PITD B S-¢azy
KJIETOYHOTO IIMKJIa, BBI3BAHHOIO pa3o0IleHreM
PII® u HC (Mizuno et al., 2012; Yoshikawa et al.,
2012; Yasumuro et al., 2017). Mu3yHO 1 COaBTOPHI UC-
cienoBav aktuBaimio MEK—ERK-kackana B PIIO
in vivo nocne ynanenuss HC (Mizuno et al., 2012). Ak-
TUBALUSI CUTHAJIILHOIO ITyTU ObLIa BBISIBJICHA 4Yepe3
30 MUH TIOCJIe PeTMHAKTOMUU. MI3MEHEHUST aKTUB-
HocTtu Tyt MEK—ERK wn3yyanu npu KpaTKoBpe-
MeHHOM KynbTuBMpoBaHud PIID B cocTaBe 3amHeit
creHku ri1a3a tputoHa (Yoshikawa et al., 2012). Ot-
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MEUYEHBI OCHOBHBIE COCTABJISIIOIINE 3TOTO COOBITHS:
BbICBOOOXIeHMe KiieToK PIID us-mox BnusiHus KOH-
takTHOro uHruouposanus, MEK—ERK, remapun-
3aBUCHUMBI CUTHAJIBHBIN OyTh. [10 MHEHUIO aBTO-
poB, aktuBanusgs MEK—ERK mnpoucxogut 3a cuer
Up-peryasy CUTHAJILHOTO ITYTH 110 MEXaHU3MY I10-
JIOXUTEIBbHOI 00paTHOI cBsI3K. JIJaHHBIE CBUIETEIb-
CTBYIOT O TOM, uto KieTku PIID tputona obmangaior
MEXaHU3MOM OBICTPOIO 3allycKa WHIYLIMPYIOIIETO
npoandepallnio CUTHAJIBHOTO KacKaaa U O IOoAnep-
>KaHWH ero B aKTMBUPOBaHHOI1 (popMe ellie B TeueHHe
7—10 mueit (Mizuno et al., 2012; Yoshikawa et al.,
2012).

Bonpoc mnponudgeparuBHoii akTtuBHOcTU PIID
MJICKOIIMTAIONINX M 4YeJoBeKa ITOAPOOHO pacCMOT-
peH B 0030pe (Stern, Temple, 2015). PanHee co3peBa-
HMe U cTtabunusauus auddepeHuuposku PIID, a
TakKKe YMCISHHOCTU TIONMYJISIIMKU B HOPME in Vivo
ONpeaeJIsIIOT BO3MOXKXHOCTb KpailHe pelKrUX MUTOTH-
yeckux aejaeHuii (Ctpoesa, 1961). OgHako cuTyamnust
MeHsieTcst ecnn nuddeperimposka PIID mecradom-
Ju3upoBaHa paszobmenueM ¢ HC, mpu matosorusix, a
TaKXKe B YCJIOBUSIX N Vitro B pe3yJbTaTe BO3NEUCTBUN
CO CTOPOHBI BHOCUMMBIX B CpPely POCTOBBIX (DaKTOPOB.
V 4enoBeka, KaK yKa3aHo BBIIIE, MHAYKIIWS TPOJIU-
depauuu in vivo 4aile Bcero conpoBoxaaercss DMII
1 BO3HUKHOBEHMEM ME3eHXMMHBIX KJIeToK (Casaro-
li-Marano et al., 1999; Tamiya et al., 2010). B psne
JIIPYTUX Cily4aeB, TaKUX, HAIpUMepP MpU BO3pacT-3a-
BUCHUMOII MakyJIsipHOM AereHepaluu, Ipoaudepa-
111 — HEYaCTOe COOBITHE 1 HE TIPUBOIUT K BOCIIOJI-
HeHUto ciosi PITD mocie rubesiv yacTu ero KJIeTOK
(Stern, Temple, 2015).

IMIpomudeparuBHas akTuBHOCTH PITD muekomnu-
TaIOIIMX M YeJioBeKa usydanacs in vitro (Flood et al.,
1980; Stern, Temple, 2015). OTMeueHO, YTO aKTUB-
HEbIi1 pocT PI1D in vitro yaiie Bcero IpuBOAUT K IOSIB-
JIEHUIO KJIETOK, paziaudarouieiicas mopdoiaorum B
CIIEKTPE OT BITUTEINAIBHBIX 10 (PrOpoO6IacTOIOI00-
Hbix (Tamiya et al., 2010; MuntomuHa u ap., 2011).
[Mponudepanus conmpoBoOXIaET U MPOsSIBIeHUE OoJiee
IIMPOKUX, CBOMCTBEHHBIX CTBOJIOBBIM KJIETKAM I10-
teHuuii PIID, B ompenelieHHBIX YCIOBUSIX in Vitro
OKAa3bIBAIOIIMXCS CIIOCOOHBIMU BXOIWTH B KJIETOY-
HbIM LIMKJA U OpOAYLUUPOBATH KJIETKM KaK HEUpo-
HaJIbHOM, TaK U Me3eHXMMHOM muHuii (Salero et al.,
2012). B Hacrosimee BpeMsi pa3pabOTaHbI yCIOBUS
in vitro, mo3BoJsTIonIe n3o6exatb DMII n HapabaThI-
BaTh OOJIBIIIYIO YUCIEHHOCTD KJIETOK, MUMEIOIINX (he-
HOTHII, OJIM3KMM K ucxogHomy. McciaemoBaHus mx
CBOICTB Ha YPOBHE TPAHCKPUIITOMA BBISIBJISIIOT DKC-
IIPECCUI0 MapKePOB MOBEPXHOCTU U (PYHKIIMOHUPO-
BaHUSI, OJM3KME TAaKOBHIM HAaTUBHBIX KieToK PIID
(Hu, Bok, 2001; Blenkinsop et al., 2013, 2015). IIpu
M3y4eHUM MeXaHM3Ma Bxoja KjieTokK PIID denoBeka
B (pa3y cunresa [IHK in vitro yctaHoBNI€HO, 4TO, Kak
M B cIIydae MHULIMAIWK nipoaudepannn Kietok PI1D
amM@uOMii, KIIIOUEBYIO POJIb UTPAIOT MUTOIESH-aKTH-
BUpoBaHHas1 mporenH kmHaza (MAPK) m kunHa3a,
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peryaupyemasi BHekjJaeTOYHbIM curHaioM (ERK)
(Zhang, Liu, 2002). Ha aTOM CUTrHajJbHOM MIYyTHU pe-
LIENITOp pocTOBOro ¢akropa akTuBupyer rasGTP-
azy, yto npuBoaut kK MAPK/ERK dochopunupona-
Huto (Hecquet et al., 2002). MAPK/ERK B cBolo oue-
penb, peryaupyeT 9KCIIPECCUI0 TPAHCKPUIITOB: C-myc,
Pax6, kif4, 1 MITF, cBUaeTEeILCTBYIOIIMX O TTOHIKE-
HyuM ypoBHS muddepenmposku PIT1D (Bharti et al.,
2006).

MOJEKVIIAPHO-TEHETUYECKHUE
CObbITUA, ITPOUCXOLAALLINE
I[MTPU PEITPOI'PAMMMWPOBAHWU PIID IN VIVO
Y XBOCTATbBIX AM®UBENU

Perenepauusi HC y xBocrtarbix amdubdbuii ocy-
LLIECTBJISIETCS] TI0J, KOOPAUHNUPOBAHHBIM KOHTPOJIEM
pabOThI FeHHBIX CETEM, B KOTOPBIX BEAYIILYIO POJIb UT'-
paioT T®D u curHajibHbIe OEJIKM, 3aIlyCKalollue WiIn
WHTUOUpYIOlMe KJoYeBble CUTHAJbHBIC KacKabl
(Chiba, Mitashov, 2007). B mabopaTtopuu moja pyko-
BojicTBoM B.M. MwurtaioBa B cepenuHe 90-x Haya-
JIUCh PabOTHI TIO OIpPeaeIEHUI0 MOJIEKYISIPHO-TEeHEe-
THdeckoro npodunasg kinerok PIID m murmeHnTHOTrO
SIIUTENS palyXKK1 Ha pa3HbIX dTalax pereHepaiuu
ceTyaTKM U XpyCTaJiMKa Yy B3pOCJOro TpPUTOHA
Pl waltlii (Mitashov et al., 1995; Markitantova et al.,
2003; MapkurtaHToBa u Ap., 2004; Muraiuos, 2007).
M3yuyenue HatuBHoro PIID TpuToHa nokasaio, 4To
KJIETKU 3KCIIPECCHUPYIOT T€HbI, OTBETCTBEHHBIC 3a
crieuMaJu3anuio 1 MeJaHOTeHHYIo nuddepeHI-
poBKky (MapkutaHToBa u 1p., 2004; ABIOHUH U Ap.,
2008; 2010; MapkuranToBa u ap., 2010, 2014, 2015;
Grigoryan, Markitantova, 2016). OcHoBHOe HaIlpas-
JIeHUe HallluX UCClieMoBaHUi ObLIO CBSI3aHO C MOUC-
KOM M U3y4YE€HMEM 3KCIIPECCUM PETYIITOPHBIX TEHOB,
1 TeHOB, KOAUPYIOIIUX MOJICKYJIbI, B3AUMOICHCTBUSI
KOTOPBIX MOTYT 3aMycKaTb U KOHTPOJIUPOBATh TpaH-
cmuddepennmponky PIID, mocnenyioiiyo Tpoian-
depaiuio HelipobaacToB U AUMHEepeHIIMPOBKY Kile-
TOK, TPUBOASIINX K BoccTaHoBNeHUto HC.

B ocHOBY momxona K U3y4eHUIO MEXaHU3MOB pe-
nporpamMmupoBaHus PITD u pereHepaliuy ceTyaTkKu
JIeTJiIa TUTIOTE3a CXOACTBA PETYISITOPHBIX MEXaHU3MOB,
KOHTPOJIUPYIOLINX MPOLECCHl Pa3BUTUS U pereHepa-
MM OJHOMMEHHBIX TKaHell. BiepBbie ¢ ncnoiab3oBa-
aneMm Metoga OT-TILIP n rmopunmsatmn in situ, B pe-
TeHepupylollleil ceTdyaTke B3pocabix Pl waltlii MBI
UIEHTU(PUINPOBAIM TOMEeOOOKCCOAEpKAIIe TeHBI
“rimasHoro mnojst” Pax6, Proxl, Six3, nmpuHamiiexa-
IIMEe PETyJaTOPHON CEeTU, KOHTPOJIUPYIOLIEU Mpo-
LIECCHI Pa3BUTHA TKaHel miasa (MapKuTaHToOBa U JIp.,
2004). Co BpeMeHEM peaKCIIpeccus psiaa KIIOYeBhIX
9BOJIIOIIMOHHO KOHCEPBAaTUBHBIX I'€HOB, KOIMPYIO-
mux TP u curHanbHble 6enku Pax6, Proxl, Six3,
Otx2, Fgf2 Oblna BBISIBCHA B pereHepalui XpycTa-
JIMKA U CeTYATKM y OPYIUX BUIOB aM(MUOMii, B TOM
yuciie xBocTaTtbix (Markitantova et al., 2004; Chiba,
Mitashov, 2007; Veldman et al., 2007; ABDOHWH u JIIp.,
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2010; MapkurtanrtoBa u ap., 2010, 2014; Sousounis
etal., 2013). MBI mcciienoBaad HPOCTPAaHCTBEHHO-
BPEMEHHOM XapakTep pacHpelesieHUsI ToMeoOOKC-
HBIX Pax6, Proxl1, Six3, Pitxl, Pitx2 v TKaHeCHeIn-
¢uuHbIX TeHOB RPE6S5 n Otx2 B Havyaje KOHBepCUU
PIID 1 Ha mocenoBaTeIbHBIX CTAAUSIX PEreHepaliu
ceTyaTKu TputoHa Pl. waltlii, c UCIOJIb30BAaHUEM Me-
tonoB I1LIP, rubpuauzauuu in situ 1 UMMYHOXUMUU
(MapkutanToBa u ap., 2004, 2010; ABnOHUH U 1p.,
2010). M3ydyeHue JokKanuzalliyd W paclpeaeseHus
MPHK noxkazano, yro tpanckpumnuusg MPHK rexnos
Pax6, Prox1 n Six3 B HatuBHoM PITD He HaGmonaeTcs,
¥ 9TO 3TU I'€HbI aKTUBUPYIOTCS Ha pAaHHMX 3Tarax pere-
Hepauyu cerdyatku (MapkuranroBa u ap., 2004). C
BHeIpeHneM B mccienoBanme MetomoB I[P, yma-
JIOCh MOJYYUTh OoJiee ITOJIHYIO KApTUHY IVMHAMUKU
9KCIIPECCUU U3yJ4aeMbIX TEHOB Ha MOC/IEIOBaTeIbHBIX
CTamusIX pereHepaluy, HaurHasl ¢ paHHuX. Tak, ¢ 1mo-
morpio OT-TTLP 6pUI0 MOKa3aHO, YTO aKTUBALIUS
reHoB Pax6, Six3, FGF2 npoucxonut Ha ¢poHe IToaaB-
JneHus1 ypoBHs 3kcrnpeccun MPHK perynsitopHoro
reHa Ofx2, KOHTPOJUPYIOIIETO MCXOAHYIO MeJIaHO-
reHHywo auddepeHInpoBKy Kietok PIID, a takke
reHa-mapkepa auddepenuuposku PIID — RPE6S
(ABmoHuH u ap., 2008). ITo naHHBIM JTUTEpaTyphl Ha
paHHel cTaauy pereHepaluy CeTYaTKu HaOmoaaeTcs
CHIDKEHME YPOBHS DKCIIPECCUU HE TONBKO reHa Orx2,
Ho 1 MapKepoB MestaHoreHe3a — RPE65, CRBP, asisi-
ommxcs muiieHsamMu 11 Otx2 (Sakami et al., 2005).
Haim pe3yibTaThl HAIIM COOTBETCTBUE C TaHHBIMU
00 U3MEHEHNM YPOBHS 9KCIIPECCUM KITIOYEBBIX PEry-
JIITOPHBIX TeHOB Pax6, Mitf, Otx2 Ha paHHUX CTaausIX
pa3BUTHS IJIa3a NO3BOHOYHLIX. [1oka3aHo, 4TO B OC-
HOBe (hbopMHUpPOBaHUSI HeMpOOIaCTOB pa3BUBAIOIIIEIi-
Csl CeTYaTKM JiexkaT aHTarOHUCTUYECKUe B3auMoeii-
CTBUS Mexay 3Tumu reHamu (Baumer et al., 2002).
CrienyeT OTMETUThb, YTO B JEIIMTMEHTUPYIOLIMXCS
kietkax PIID 3apermcrpupoBaHbl HU3KHE YPOBHU
MPHK Pax6, ProxI n Six3, 1o cpaBHEHUIO C IIPOIU-
depupyolIMMHI HelipobiacTaMu, 00pa3yIoIIMMHU 3a-
YaToOK CETYaTKU U XapaKTePU3YIOIIMMUCS aKTUBHOM
9KCIpeccueit, 0OHapy>KeHHOII Ha paHHUX CTaIMsIX
pereHepanmm BO Bcex HelpooOmactax 3agatka HC
(MapxkuranToBa u np., 2004). B aktuBHO mpoande-
pupyomnx HelpobiacTtax Oymymieil ceTdyaTKy MBI
UICHTU(PULIMPOBAIM TPAaHCKPUIILIMOHHYIO aKTHB-
HOCTb I'eHa HyKjieocTeMuHa (/Ns), KOmupylomero oe-
ok sapeinka. Conokanu3anus HYKJICOCTEMUHA U
Fgf2 B HeiipobiacTtax pereHepUpYIOLIEl ceT4aTKH
MO3BOJIWJIa BBIABUHYTh TPEAIONOXKEeHNe 00 UX yJa-
CTUM B PEryjsiLivy mpojudepaliii KJIETOK B COCTaBe
o01ero curHajapHoro mytv (MapkutaHToBa W Jp.,
2014, 2015; Markitantova et al., 2020). Ilpu sToM, c
y4eToM Mpoduis 3KCIPEeCCUU psijia U3YYEHHBIX pe-
TYJIITOPHBIX TEHOB U 0€JIKOB, KJ1eTKu PI1D TpuTtoHOB
MOTYT OBITh OTHECEHBI K KATeTOPUU KJIETOK C “MOJIO-
IBIM” (peHOTHTIOM. DTO O3HAYaeT, YTO B HUX Ha HU3-
KOM YPOBHE MoIiep:KuBaeTcs skcrnpeccuss T us
Yuclia peryasaTOpOB paHHEro pa3BUTHS Tja3a (early
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eye-field genes) (Pax6, Otx2, Mitf, Pitx1, Pitx2, Hesl),
Y4acCTBYIOIIMX B CIELU(PUIECKOM MOJEKYIIPHOM
KOHTEKCTe B KOHTpoJsie aguddepeHipoBku PIID B
sMmbpuorenese (RPE6S5, Pax6, Otx2, Mitf, Pitxl,
Pitx2) (puc. 3) (Grigoryan, Markitantova, 2016).

Hamm naHHBIE OPOAEMOHCTPUPOBAIM Yy4yacTHUE
IePEeUMCIIEHHBIX BhILIIE TeHOB B ()OPMUPOBAHUU pe-
TYJISITOPHOI CEeTH, KOHTPOJIUPYIOIIEH KakK TpaHC-
nuddepeHIMpoBKY KiieToK PIID, Tak 1 mmocienona-
TeJbHBIE CTaAUM pereHepaunu cerTyaTku. OTHUM U3
BaXKHBIX PE3YyJIbTATOB SIBUJIOCH OOHApPYXEHHE CXOI-
HOIO C pa3BUTHUEM MaTTepHa 3KCIIPECCUU T€HOB MH-
Tepeca Ha paHHel cTaauM pereHepalnm — B HEMpoOo-
nacrtax pereHepupytonieit HC. [TonyyeHHbIe JaHHBIE
MO3BOJIMJIM TaKXKe CAeaTh BHIBOM O TOM, YTO ITOCJIE
peTuHAKTOMUM B KjeTkax PIID rnasa tputoHa pe-
MIPECCUPYIOTCS T€HBI, OMPENeNSIOIINe UX UCXOTHbBII
¢heHOTHUI, 1 OMHOBPEMEHHO 3KCIIPECCUPYIOTCS HO-
BbIE€ PETYJISITOPHBIE Te€HBI, ITepernporpaMMUPYIOIIe
PII® mirs mipnobpeTeHWsT UMM CBOMCTB CTBOJIOBBIX
kJreTok (Mapkuranrtosa u ap., 2004; Chiba, Mitashov,
2007). TakuM oOpa3oMm, MPEAIOJOXEHUsI, CleaH-
aeie O.I'. CtpoeBoit m B.M1. MuramossM 0 “niepe-
KJouyeHun pabdoTtel reHoB” (CtpoeBa, MwuTallos,
1970; Stroeva, Mitashov, 1981) HallLI1 CBOE BKCIIEpU-
MEHTAJIbHOE TTOATBEPXKACHUE.

B PIID u mipm pereHepanmm ceTdaTKH Iia3a TpH-
ToHa Buna Pl. waltlii Mb1 BiepBbIe MASHTUDUIITPOBA-
JI1 romMeoOoKc-codepxkaiuue reHbl Pitxl, Pitx2 u
OIpENeTNIN JOKAJIU3alNI0 COOTBETCTBYIOIINX Oell-
KOBBIX IPOAYKTOB (ABmoHUH u ap., 2008; Mapxku-
TaHToBa U ap., 2010; ABooHuH u ap., 2010). Panee ¢
IMOMOIIBIO TeHHOTO HOKayTa, ObLIO MTPOAEMOHCTPHU-
poBaHO ydacTtue Piftx2 B peryJsiiiuu 3KCIIPECCUM Te-
HOB Otx2 u Mitf, KOHTPONIUPYIOIIVX MEJaHOTeHE3 B
xone muddepeHIpoBKH KiaeToK PIID mbimm. B
KCIIEpUMEHTAaX 1Mo OBep3IKcnpeccuu reHa Pitx] ObI-
JIO OOHAPYXXEHO CYIIECTBEHHOE CHIXKEHUE DKCITpeC-
cun reHoB Ofx2, Pax6, a Takke HelipaalbHOIO MapKe-
pa b-mybyauna B TnazHoM Ookajne u mMosre (Evans,
Gage, 2005). CornacHo 3TuM cBeaeHUSIM, U Pitx1, u
Pitx2 HaxonsTCcsl Ha BepXHell CTyNeHU UepapXuu re-
HOB, KOHTPOJIMPYIOLIUX MPOLIECChl MeJIaHOTeHe3a 1
HeliporeHe3a. Y XBoCcTaThiX aMpUOUii mocjie TpaBMbl
TKaHell OTMe4YeHa TaKXKe aKTHBAlUsI TEHOB UMMYH-
HOTO OTBeTa M NMPOTOOHKOTEHOB, M3 uuciaa T —
c-fos, c-myc, c-jun (Maki et al., 2009).

BaxHbIM cTajio omnpeaeneHWe BpeMEHHU, KoOrna
IIPOUCXOIUT PEeIIPOrpaMMHpPOBaHNE, KOIIa peain3y-
eTcd perreHne Kietok PITD TputoHa moiiTy mo mHO-
My niytu. C momolblo KoiaudectBeHHoi [TIHP Ha
M30JIMPOBAaHHBIX KJIETKAaxX YIAJIOCh BBIICHUTH, UYTO
nepBbie nodepHue KieTku PITD Ha 10-if neHp nmocie
PETUHAKTOMUYU MHULIMUPYIOT PabOTy 'eéHOB TLIIOPU-
noteHTHOCTU c-Myc, Kilf4u Sox2, a taxxe Mitfn Pax6
(Islam et al., 2014). ITo BpeMeHH: 3TO COBIIaAAeT CO
BXOJOM KJIETOK B MpoJiudepaTuBHyo dazy U 3KC-
Ipeccueil MapkKepa HelipaJabHbIX CTBOJOBBIX KJIIETOK
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Melanin Histon H3
RPE65 Cyclin D1
CRALBP Neurogeninl
OTX2 Hesl

Mitf None
Cyrokeratin None

Fef2, Fgf2R None

Pax6 None
a-SMA Pitx

N-Cad E-NTPDase
Vim Nucleostemin
Z0-1

Msil

Melanin Histon H3
RPE65 Cyclin D1
CRALBP Neurogenin 1
;T[)f(Z Hesl

N(l)ne C-Mye
NF-200 kif4

Fef 2 Notch-1

Pax6 l Sox2

a-SMA Pitx

N-Cad E-NTPDase
Vim Nucleostemin
Z0-1

Msil

Puc. 3. MukpodoTo (cneBa) kKieTok peTuHaabHOTO murMeHTHOro anutenust (PI1D) Bckope mocite pazobieHust ero ¢ potope-
LIENITOPAaMHU B pe3yJibTaTe OTCIOUKM CeTYaTKM y TPUTOHA. ['01yOble CTpelkKy — KJIeTKU, Haxoasluecs elle B cioe PI1D; kpac-
HBIe CTpeJIKU — KiIeTku PI1D, B Hayase nmpoiecca TpaHcaudGepeHUMPOBKY, MOKMHYBIIME caoii PITD. BumHbl oTauyus B co-
crostHuM xpomaTuHa. CripaBa — BbISIBJIEHHBIE T€HBI M OeJIKU (CYMMUPOBaHHBIE CBEICHNsI), KPACHBIE CTPEJIKM YKa3bIBAIOT OT-
JIMYMST B 9KCITPECCUU T10 CPaBHEHMUIO C KIIETKaMU, coXpaHstomumucs B cioe PI13D.

Musashi-1 (Kaneko, Chiba, 2009), a Taxske rmaH-Heii-
panmpHOTO Mapkepa NF (I'puropstH, AutoH, 1993).
BaxHo, 4TO B 3TO BpeMsl 9KCIpeccusl TeHa, KOAUpY-
foniero cnenuuyeckuii 6enok PI1D — RPE6S, Geuia
CXOOHOM IIO0 YPOBHIO KaK JUISI MHTAKTHBIX KIJIETOK
PIID, Tak 1 mis nmepBbix kKieTok 3adaTtka HC. Dto
CBUCTEJILCTBOBAJIO O COXPaHEHUHU OTHOTO 13 OCHOB-
HBIX IIPM3HAKOB HCXOMHOI mnddepeHINPOBKA B
MOMEHT ITOSIBJICHUSI KJIETOK C IIPU3HAKaMU MYJIbTH-
MOTeHTHOCTHU. ITo3Xe B KJIeTKax 3a4yaTKa 3KCIIPECCUST
RPEG65 nomasisinack, B TO BpeMsl KaK TeHbI MYJIbTH-
MOTEHTHOCTU TIPOJOJIKAIU 3KCIIPECCUPOBATHCS 110
14—15-Tro nmHeii pereHepanuu, A0 (GOPMUPOBAHUS
MHoropsimHoro 3adatka HC, mocie yero yxe B IOJI-
HYIO CUJTY BKJTIOYAJIMCh TeHBI TTPOHepaabHON nud-
¢depeHIMPOBKY 1 3aTeM I'eHBI CIICHUMUIECKIX KITe-
TOYHBIX TUIIOB U TJINU.

COBOKYITHOCTb MOJIYYEHHBIX HAMU U KOJIJIeTaMu
CBEIIEHUI1, CBUACTEILCTBYET O YACTUUYHOM COXpaHe-
A PITD WMHTAKTHBIX, ITOJTOBO3PETBIX XBOCTATBIX
aM(duOUii KJIIeTOYHOTO, MOJIEKYISIPHO-TEHETUUECKO-
ro W BIMUICHETUYECKOro Hpoduieit, XapaKTepHBIX
JIJIST FOBEHWJIBHBIX COCTOSIHUM, HApsILy C SKCITpeccueit
BCeX MPU3HAKOB (PYHKILIMOHAJIBHOM CrielIuain3aiun
(Grigoryan, Markitantova, 2016; Grigoryan, 2020).
DT JaHHBIE COTJIACYIOTCS C pe3ysibTaTaMU PabGOTHI
Ha PII® kypuHoro am6puoHa (cT. E4), Takxke cro-
COOHOTO K CMEHE KJIETOYHOI'O THUMA in Vivo U DKC-
MPECCUPYIOLIETO psia (PaKTOPOB — MAPKEPOB KIIETOU -
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Hoii mopunoteHTHOCcTH (kIf4, c-myc, lin-28) (Luz-
Madrigal et al., 2014). HekoTopbie peryjisiTopHbIe
Oesiku, Takue Kak Wnt, ITMKOIMPOTEUHBI, B KOOIepa-
muu ¢ T® mmopurnoreHTHOCTU Oct4, Sox2, Nanog,
YYaCTBYIOT B PeTyJISILIMM mpojudepaluu KJIeToK, B
YaCTHOCTH, TMONAEPXKaHUU TMyJIa CTBOJIOBBIX KJIETOK
npu pereHepaiiuu TkaHeil (Desai et al., 2010; Kats-
man et al., 2012; Khan et al., 2015). HakonneHHEbIe
9KCIepUMEHTaJIbHbIC pe3yJibTaThl I1al0T OCHOBAHUS
MpearnoJjaraTh, YTO Ha CaMbIX paHHUX CTaAUSIX pere-
Hepaiiuu HC B TKaHSIX 3alHEro cekropa rjasa B
OoutblIeit Mepe BOCTpeOOBaHBI (DAKTOPHI, YIACTBYIO-
mue B 3amuTe Kietok PIID ot rubenu n nogmepka-
HUM nx QyHkouid. Jns amduoumit 1 BEICIIMX IT03BO-
HOYHBIX B KAUECTBE €l1l€ OJJTHOTO U3 Takux (haKTOPOB
obcyxnaeTcsl anuaepmaibHblii akTop pocta (Egf)
(Defoe, Grindstaff, 2004).

HTak, cylecTBEeHHBIM TOCTHXXKEHUEM B MCCIIEHO-
BaHUSIX MOJIEKYJISIDHBIX ME€XaHW3MOB pereHepanuu
CETYATKM y XBOCTAThIX amM(puOMii cTajo OOHapyxKe-
HHUE CXOIICTBA OCHOBHOI CETU PETYISITOPHBIX TCHOB,
KOHTPOJIMPYIOIIEl MPOLIECChl pa3BUTUSI U pereHepa-
IIMA CETYATKU, CXOACTBO MOJICKYISIPHBIX MEXaHM3-
MOB TIPOIIECCOB KJIETOUHON 1nddepeHINPOBKHI MO~
cJie 00pa3oBaHMSsI CI0sI HEMPOOIACTOB B pa3BUTUU U
mpu pereHeparnu. OmHAKO, CYIIECTBYIOT M pa3iiv-
qust. OHM CBSI3aHBI C OTJIUYMEM KIIETOYHBIX MCTOY-
HuKoB hopmupoBaHust HC: B xone aMOpUOHaAILHOTO
pPa3BUTHS UCTOYHUKOM CIIYXKaT KJIIETKH BHYTPEHHETO
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cJiog IIa3HOTo OoKaja, a B Ipollecce pereHepanuu
cetyaTku KjieTku PI1D.

MOJIEKVIIAPHO-TEHETUYECKHE
COBbbLITUA, TTIPOUCXOAALLINE
ITPU PETTPOTPAMMMPOBAHWU PIID IN VIVO
Y MJIEKOITUTAIOIIINX N YEJTOBEKA

ITpouecc DMII urpaet BasKHYIO pOJIb B Pa3BUTHH
OpraHoOB, KJIETOYHOM pPeINporpaMMUpPOBaHUU, a TaK-
ke mpoueccax MeractasupoBanus (Kalluri, Weinberg,
2009). LenoctHocTts PITD mommepXuBaeTcss KOOPIM-
HUPOBAaHHBIM B3aUMOCHCTBUEM I€HOB, KOHTPOJIUPY-
IOLIMX IIPOLIECCHI, 00eCIIeunBalOIIe CTA0MIbHOE U -
¢epeHLIMPOBAHHOE COCTOSIHME 3TOM TKaHM (Strauss,
2005). Y¥1pata peHoTunmueckux yept PIID nipu na-
TOJIOTMYECKUX COCTOSIHUSIX JIEKUT B OCHOBE BO3HUK-
HOBEHUSI U IIPOrPECCUPOBAHUS IIPOJIM(PEPaTUBHBIX
HapyllIeHui B a3y, Takux kak [TBP. OMII kietok
PIID xak yacTh abeppaHTHOM peakKlU IIPpU paHO3a-
XKUBJICHUHW TIpU HAHHOM MATOJIOTMU CIIOCOOCTBYET
dopmupoBanuio DM (Snead et al., 2008; Tamiya,
Kaplan, 2016). Oco6ennoctu DMII B PI1D mieko-
MUTAIOIINX CBSI3aHbBI C YTPATO HOJISIPHOCTH, CIICII-
aJIM3UPOBAHHBIX TJIOTHBIX MEXKJIETOUHBIX KOHTaK-
TOB (tight junctions), peopraHuzanueii IMTOCKEJIETa,
1 TIpUOOpPETEHUEM CBOMCTB ME3CHXMMAaJbHBIX KJIe-
tok (Philp, Nachmias, 1987; Huang et al., 2012). Oc-
HOBHBIM COOBITUEM pPEOpPTraHM3alMM LIUTOCKEICTa B
PII® mipu DMII gBiageTcsT cMeHa MATTEPHOB 3KC-
npeccun KaarepuHoB (Thiery, Sleeman, 2006; Ima-
michi, Menke, 2007): npu kaHoHudeckom DMII B
PIID npoucxoout nmomasieHue 3Kcnpeccun N-Kaj-
repuHa (CDH2) u mepekioyeHrue Ha 3KCIPECCUIO
KaarepuHos, crieunduyHbIx ;i PI1D, takux kak E
(CDH1) u R (CDH3) (Maeda et al., 2005; Nieto,
2011).

Monekynsgpubie ocHoBEl DMII B PITD, BKmIouas
M3MEHEHUS B 9KCIIPECCUU U PETYJISILIUM T€HOB, OCTa-
1oTcst ioxo mi3ydeHHbIMU (Vadigepalli et al., 2003;
Nazarieh et al., 2016). OHu BK/II0YalOT U3BMEHEHUS B
aKcrnpeccur (PYHKIIMOHAJIILHO 3HAYMMBIX TEHOB IO,
KOHTpoJjieM crielndriecknx TM B reHETUYECKOM ce-
TH, B KOHTEKCTE IIaTTePHOB CKOOPIMHUPOBAHHOM
perynssuun B PIID B HOopMe m B mponecce DMII.
OIuH M3 acHeKTOB 3TOM peryJisiiuy IIpeariojiaract
YIIOMSIHYTOE BBIIIIE IEPEKII0OYEHUE SKCIIPECCUM IO -
TUIOB KaarepuHoBbIX OciakoB. IIpoumecc DMII B
PI1I® conpoBoxmaeTcss IomaBJIeHUEM 3KCIIPECCUM
T®, nunpyuupyromux DMIT (BMII-T®), Takux Kak
Snail, Slug, ZEB1/2, TWIST, GSC (Choudhary et al.,
2015) u mpyrux, BeI3bIBAIOIINX Kiaccudeckuit DMII
npu ¢pudpo3Hoit 1 oHkoTpaHchopmanuu (Hua et al.,
1998; Kang, Massague, 2004). B3anMopaeiicTBus ¢
sTuMu TD UrparoT HEHTPaIbHYIO POJIb B MEXaHU3MAaX
penpeccun E-kanreprHa B Me3eHXMMAaJIBHBIX KJIETKaX,
IOCKOJIBKY OHa SIBJISIETCSI OMHUM U3 BaXXKHBIX YCJIOBUIA
IS BO3BpAaTa B SIUTEINATIBLHOE COCTOSTHHUE.

I'PUTOPAH, MAPKUTAHTOBA

C npuMMeHEeHUEM METOJ0B KOMITLIOTEPHOTO MO-
JIeanupoBaHusI, OMOMHGOPMAIITMOHHOTO U OMOXUMM-
YeCKOrI'o aHajin3a, OOHapy>XKeHbl OMOJIOTMYSCKM 3Ha-
yuMble T, crnocoOHbIE peryjaupoBaTh (EeHOTUIT
kietok PITD (Pratt et al., 2008). B mpomoTtopax psima
T€HOB WICHTU(MUIIMPOBAHbBI CIleLU(pUUIECKUE 3Je-
MeHTBI, oTBevalomue 3a TpaHckpunuuio (TRE) pu
cBs3bIBaHNM ¢ TP — KaHIMIaTaMu Ha pOJIb IIIaBHBIX
“y3710B” B TPaHCKPUMNIIMOHHON CETHU, PEryIupyro-
meit ODMII B PI1D. Cpenu npenckazaHHBIX MUIIICHE
neiictBus TD, paccMaTpuBaeMbIX B KAUYECTBE ITOTEH-
IIMJIbHBIX TEPATIEBTUYECKUX MUILIEHEN B ITpodriak-
TUKE W JieYeHUU TMposiudepaTUuBHBIX 3a00JeBaHUI
cetuyatku 1 PI1D venoBeka Haxomsarcs: Oct-1, smep-
Hblii daktop renarouutoB 1 (HNF-1), saepHbIit
daxrop TpaHckpunuuu GATA-1, SMAD3, dakrop
tpadHckpunuuu E (TFE), dakrop peryasaiuu nuHrep-
depona-1 (IRF), HNF3alpha, E2F, CDP, SP3, romeo-
o6okcconepxkamuii reH NKX3A, cBI3bIBaOIINIA pery-
JIITOPHBII 251eMeHT cTeposia Oermok-1 (SREBP-1),
dakrop-ycunurenb aumdponutos-1 (LEF-1), a Tak-
ke N-u R-kaarepunos. JluddepeHumanibHast 1 CKO-
OpAMHUPOBaHHAas »BKcrpeccusi (GYHKIMOHATbHBIX
KJIaCTEPOB PETYJISITOPHBIX T'€eHOB BO Bpemst DMII
PIID nontepxkxaeHa TP ¢ o6paTHOI TpaHCKpUII-
mueii (Pratt et al., 2008).

B xaudecTBe Mozesneil sl BbISIBIEHUS MEXaHU3-
MOB TMPUOOpPETeHUsT SMUTETUATbHOrO (heHOTUIa U
OMII, mmpoxo ucrnonb3yoTcsa kietku PI1D, momy-
YEeHHbIE U3 YeJ0BEUECKUX IMOPUOHATBbHBIX CTBOJIO-
BoiX kjeTok (hESC), PI1I® minona yenoeka u PIID
kierouHoii 1uHUM ARPE19 (Vaajasaari et al., 2011;
Buchholz et al., 2013; Lynn et al., 2017; Zhou et al.,
2020). BaxxHy0 poJib B ONpeAeaeHUU SUTeInab-
HoOit cyns0bl PITD urpaer T® — npoTOOHKOTEH
FOXMI1 (Benayoun et al., 2011). Ha ormMedyeHHBIX
MOJIeJIbHBIX CHCTeMax Moka3aHo, uto PITD® mperep-
neBaer DMII, 3aBucumbiM o T® FOXM1 cnoco-
ooMm. Caepxakcrnpeccust FOXM1 npuBoouT K ycuie-
HUIO CBOMCTB 3MUTEJIMATILHOTO (PeHOTUTIA, O UEM CBUIE-
TEBbCTBYET TOBBIIIIEHHAs SKCIpeccust Mapkepa PI1D —
npeMmesraHocoMHoro 6einka PMELL7. I1penmonaraer-
Csl, UTO 3TO JOCTUTAETCS 3a CYET HEMOCPEACTBEHHOM
perynsauun npomdepanuu PI1D. YcranosiieHo Tak-
ke, uTo FOXM 1 HanpsaMmyto peryanpyet rmpoandepa-
o kjetok PIID mocpencTtBoM KOHTpOJIST KiacTe-
POB T€HOB, CBSI3aHHBIX C Mposudepannein (KieTou-
HbIM LuKiIoM, perumkauueir JHK, oOumorenezom
pu6ocom). CBsi3b ¢ nposundepalmeil moaATBepKIaeT-
cs1 acconuanueir FOXM1 ¢ mpomMoTopaMu TeHOB, pe-
ryaupytonii kietouHblii ki (Chen et al., 2013).
Hoxmayn FOXM1 ¢ momompio sSiRNA npuBomguT K
CHUXXEHUIO 9KCIPECCUU MO3UTUBHBIX PETYISTOPOB
kierogyHoro nmkiaa (CDCSL, CDKI12 u FZRI1) un
yBennueHuo skcnpeccun CDKNIA, usBecTHOro
nHInouTopa kKierouHoro nukia (Wang et al., 2005;
Qu et al., 2013). Mexanuzm DMII BKIIIOYaeT Takxke
yuyactue T® FOXM1 B MOyJISILIMM SKCITPECCUU CUT-
HaJIbHBIX 6eIKoB BMP7 1 Wnt5B, cmocoGHBIX TTepe-
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JIaBaTh BHEKJICTOYHBIE CUTHAJIBI 1 BJIUSITH Ha CyOb0OY
SITUTEINS aHTAaTOHUCTUYECKUM oOpa3oM. eicTBys
PELUIIPOKHO, OHM OO0eCIIeYMBaIOT MOIAepKaHUE
SIUTEIMAIBLHOTO (heHOTUIA. DK30TeHHBII peKOMOM-
HaHTHBIT Wnt5B cymiecTBeHHO CHIXKAeT 3KCIpec-
CUIO BIUTEIIMAJIbHBIX MapKepoB, MeHsIsT (DeHOTUII
SIUTEIMAIBLHEIX KJIETOK B CTOPOHY ME3€HXMMAaJIbHO-
ro (Choudhary et al., 2015). B3aumHble aHTaroHu-
cTuyeckue B3auMmojeicTeuss BMP/Wnt HeoOxonu-
MBEI [J1st caMmooOHOBIeHMs PI1D, 4yTo mpogeMoHCTpU-
poOBaHO B pa3JMYHBIX KJIETOYHBIX cucTemax PIID
(Kandyba et al., 2013; Stewart et al., 2014). [deiicTBue
FOXM 1 1a BMP7 1 Wnt5B MmoxXeT OBITh OIToCcpeoBaH-
HBIM, ITOCKOJIBKY CBSI3bIBAHME C TIPOMOTOPAMU UX TEHOB
He obHapyxeHo. Perynsiust co ctoponsl FOXM1 Mo-
XKET IIPOMUCXOIUTh MOCPEACTBOM BO3ICCTBUS Ha
Jpyrye, BbIIIeCTOsIIME (haKTOpbl, WJIM Ha IIOCT-
TPAaHCKPUNLIMOHHOM YPOBHE, KaK 3TO OITMCAHO IJIs
perynsuun Komriekca SMAD3/4 (Xue et al., 2014).
B coBoKyImHOCTH, UMEIOIIUECS KCIIEpUMEHTAIbHbIE
JaHHbIe YKa3bIBalOT Ha To, 4To FOXMI1 peryaupyer
npoaudepauuio kietok PI1D, neiicTBys Kak akTBa-
TOP UJIU PEIPECCOP T€HHO-3aBUCHUMBIM O0pa30M.

B nammx paborax, a Takke Koyeramu u3 Smo-
HUU, OBbLIU BBISIBJIEHbl HEKOTOpPbIe OCOOEHHOCTHU
BKCIIPECCHU psAna reHoB, komupytomux Td, B Tom
yucie Pax6, Otx2, Fgf2 npu perenepanuu ceT4aTKA y
XBOCTaTbhIX aM(drOUii, B OTIIMUME OT MOAesel MoBpe-
XKIEHUSI ceTyaTKu y MmJjekonurtaroimmx. JlomnomaHu-
TEJIbHBIM TIOJTBEPXKAEHUEM BbIIBUHYTOU HaMU TU-
MOTE3bl O KJIETOUHBIX U MOJIEKYJSIPHBIX OCOOEHHO-
ctax PITD® Urodela, mo3Boasgommx 3TUM KJIETKaM
€CTeCTBEHHOE perporpaMMupoBaHue (natural repro-
gramming) B HEMPOHbI CETYATKHU, SIBJISIFOTCS PE3YJib-
TaTbl, MOJYYEHHbBIE SITTOHCKMMU WUCCIEA0BATENSIMU B
2016 r. (Casco-Robles et al., 2016). Dra pabora, mipo-
BelleHHas ¢ MOMOIIIbIO HOoKayTa reHa Pax6 c ucnosib-
30BaHuEeM TexHosioruu Cre-lox y JUUMHOK TPUTOHOB
Cynops pyrrhogaster, iBUJIach KJIIOU€BbIM MCCJIEI0Ba-
HYeM B IOHUMaHUU Pa3IUYMil B BHIOOpE MyTeil KOH-
Bepcun PI1D — mpuoOpereHnn HepalabHOM WA Me-
3eHxuMHOI muddepermpoBok (Casco-Robles et al.,
2016). Tak, y xBocTaTblx aM(puUOHii KIIFOYeBOi (hak-
TOp TpaHCKpUNIIMY Pax6 oTBevaeT 3a perporpaMMu-
poBaHue kieTok PITIO B xiretkm HC npu ee perene-
pauuu in vivo. OKa3ajloch, UTO OTCYTCTBHE IKCIpPeC-
CHM 3TOTr0 MacTep reHa 0JiokupyeT pereHepainmio HC
Y B3pOCJIBIX TPUTOHOB M MHAYLIMPYET B KieTkax PT1D
TPUTOHA BBIXOJ B ME3eHXUMHYIO OTUuddepeHIMpPOB-
Ky, KaK M3BECTHO, o0ycinoBnuBaloniyo I1BP y uemo-
Beka. Bmecto yyactnsa B perenHepaunn HC kieTku,
nokuaas ciaoii PTID, dopmupoBain MHOTOKJIETOY-
Hble arperaTbl, He CIIOCOOHbIE K OpraHU3aluu yIo-
psimIOYeHHOTO cJiosi. B arperarax HaOiroganach 3KC-
Mnpeccusi MapKepHbIX 0eJIKOB MUODUOPOOIACTOB —
anb(pa-raagKoMpeiedHoro axkrtuHa (alpha-SMA),
BuMmeHTuHA (Vim) n N-kaarepuHa (N-Cad). IIpen-
roJiaraeTcsi, YTO B XO/I€ IBOJIOLIMU MEXaHU3M, MC-
noab3yeMblii Urodela mis pereHepaliy CeTYaTKU,
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9BOJIIOLIMOHUPOBAJ TaKUM 00pa3oM, YTO €ro MOAu-
¢dukalms B KOHEYHOM UTOTE y aMHHUOT JIeTjia B OCHO-
By PIT1D-3aBucumbix narosioruii (Casco-Robles et al.,
2016). BaxkHO OTMETHUTB TOT (haKT, YTO JAHHBIA BbI-
oop knerkamu PIID ocymiecTBiaseTcs paHo, cpas3y
TOCJI€ BbIXOJa KJIETOK U3 CJIOST, B HOPME CAePXKMBaI0-
iero TpaHcopmaumnu peHoruna PITD. Kpome KoH-
CepBaTUBHBIX (PYHKIIUI, ycTaHOBICHHBIX 111 TD, 1,
B yacTHOcTH mjisg Pax6, cyllIecTBYIOT pa3inyusl B
CTpaTeTHsIX IoBeAcHUSI U TpaHcauddepeHIUPOBKA
kietok PIID y »BOMIOIMOHHO OTHAJICHHBIX BHIOB
IMO3BOHOYHKIX, O0BSICHSIEMble OCOOEHHOCTSIMU B pe-
TYJSIUMU KJIETOUHBIMU MpolieccaMiu, KaK Ha JOKaJlb-
HOM, DBIUICHETUYECKOM, TaK M OpPraHU3MEHHOM
ypoBHsX (MapkutantoBa, Cumupckuii, 2020). Cre-
JloBaTeJIbHO, ISl pacCMaTpUBaeMOil HAMU CHUCTEMBbI
TpancandepeHIpoBKU KieToK PIID B Heipanb-
HYIO TKaHb CETYaTKM Yy B3POCJBIX aMduoduit u npu
OMII knerok PIID y maekonurtarommx, Hampamim-
BaeTCs 3aKJII0OYEHUE, YTO B 000MX CIydassx UMEeT Me-
CTO OJ1M3Kasi MOJIEKYJIsSIpHAsi OCHOBA, HO coliepkaliiast
MoauduUKauuu padboThl KIHOUYEBBIX reHOB. B cBolO
ouepenb, 3T MOIN(PUKAIINHU O0YCIOBICHEBI IECTBU-
€M DPETYJSITOPHBIX MeXaHU3MOB (KaK BHe- TaK M
BHYTPUKJIETOUHBIX), BAUSIOIIMX Ha BMUTCHOM KJle-
Tok PIID.

MOJIEKVJISPHBIE MEXAHU3MBbI
PETYJISILIMUN CO CTOPOHBI
MUKPOOKPYXXEHUS
TPAHCOAUDDPEPEHLIMPOBKHU PI1D
I[MTPU PETEHEPALIMU CETYATKH
Y AMOUBUN

IMoHuMaHMe peTyasIIUU CO CTOPOHBI KJIETOYHOTO
MUKPOOKPYKEHUS SIBJISIIOTCS KJIIOYOM K HaIlpaBJIEH-
HOMY M3MEHEHUIO TToBeneHus KiieTok PIID ¢ uenpio
BOCCTAaHOBJICHUSI CETYATKU W/WJIM MHTMOUPOBAHUIO
naronornyeckux cocrossHuii PI1D. B mponiecce n3y-
yeHMs AByX cTpaTeruit Kousepcuu PIID y ambuoduii
Y1 MJICKOTIMTAIONINUX BHIIIIE MBI OTMETUIM CXOJICTBO B
KJIETOYHOM IIOBEICHUM, WMHUIIMAIIMU, TIpOorpecce
TpaHcaAupPEepeHIIMPOBKU, a TaKxXKe IOCIIeI0BaTEIb-
HOCTHU €€ OCHOBHEBIX 3TanoB. B To ke BpeMs HaKoII-
JIeHHasi MH(OopMaIus CBUAETEILCTBYET O TOM, YTO B
PETYISLIMOHHBIX (haKTopaX MMUKPOOKPYXKEHUSI U B
MaJOM3y4eHHOM TIOKa TaTTepHEe WX OKCIPecCUuu
MPUCYTCTBYIOT oTinumsi. I3BecTHO, YTO MHOTHE pe-
TYJISITOpHBIC (DAKTOPHI MPOU3BOASATCSI U CEKPETUPY-
1orcs kak HC, Tak 1 cobcTBeHHO KileTkamu PITD, B
OTBET Ha pazobieHue ¢ ceryatkoit (Grigoryan et al.,
2012; Pastor et al., 2016).

Cpenu n3ydyaeMbIX CUTHAJIBHBIX GEJIKOB, KOTOPEIE
BOBJICYEHBI B KOHTpPOJIb pereHepamuu CeT4aTKU,
BHUMaHUE TIPUKOBAHO K yYaCTHUKAM MOJIEKYJISIp-
HBIX KackanoB Fgf, Bmp, Wnt, Shh (Hayashi et al.,
2004; Merceretal., 2012; I'puropsta u 1p., 2013; Sher-
pa et al., 2014; Grigoryan, Markitantova, 2016). B
HaMOOJIbIIEH CTeTIEH HAaMU U3y4eHa POJIb CUTHAJb-
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Horo nyti FGF2, sasisionierocst KIIToYeBbIM [IJIs1 pere-
Hepaly ceT4yaTKu y TpuTtoHa (MapkuraHToBa U Ap.,
2014). B nccienoBaHusIX pabOThl KOMIIOHEHTOB CUT-
HajmbHOTO Kackama FGF2 oGHapyXeHO, 4TO B paH-
HUI TIepuo nmocje yaajaeHUs: ceTyaTKy B pereHepare
npoucxoaut down-peryJsiius reHa fgf2, 4ro cBuie-
TEJILCTBYET O ToAaBeHnU curHaioB Fgf2 no nHuima-
muu npoiudepannun kiaetok PITD, cpasy mocne pe-
TuH3KTOMMU (MapkurtanToBa u ap., 2014). CornacHo
CBEIIEHUSIM, TTOJTyYeHHBIM 3apyOeKHBIMU KOJIEraMU
st apyrux BumoB Urodela, u HallluM AaHHBIM I10
Pl waltlii, Fgf2 He sBisieTcsi TIepBUYHBIM, MHIYILIUPY-
JOIIINM TIpollecc KoHBepcuu KireTok PIID, a BeITON-
HSIET 9BOJIIOIIMOHHO KOHCEPBAaTUBHYIO (DYHKIIMIO
MUTOT€HA. YCWJIEHNE SKCIIPECCUM M MUTOT€HHBIA
addexT Fgf2 cBs13aH ¢ Oojiee mo3mHENM IO BpeMEHU
CTUMYJISILIMEN TIPponnpepaTUBHON aKTUBHOCTH Heli-
pobnactoB pereHepatra HC u mepmogoM pe3koro ee
Bo3pactaHust (Susaki, Chiba, 2007; Mercer et al.,
2012; MapxkutaHToBa u ap., 2014). OCHOBHBIM MC-
TouyHUKOM curHajioB FGF MoXeT ciyXutb cocyau-
cTast oboJiouka riasa (Azuma et al., 2005; Araki et al.,
2007). Habmomaemass Hamu aktuBauusi FGF2 B paH-
HeM pereHepare HC, ripencraBiieHHOM cJIoeM Helpoo-
JIaCTOB, U B KJIeTKax Mioyiepa nuddepeHIIMpoBaHHOM
HC (MapkuranToBa u ap., 2014), koppeJupyeT ¢ paH-
HUM (OpMUPOBAaHUEM B XOI€ pPEreHepalliy KIIETOK
MAaKpOTJINH, KOTOPasi, BO3MOXHO, SIBJISIETCS €IIIe OJI-
HUM HCTOYHUKOM 3Toro ¢akropa (Sakami et al.,
2005). UMMyHOTHCTOXUMMYECKHU OIpeaesieHa JIOKa-
mm3anus 6enka FGF2 u ero peuentoposn Fgfr2 B PITD
M XOpouIe, a Takke Bo BHyTpeHHeil HC, 3puTtebHOM
HepBe 1 pOCTOBOM 30He (pars ciliaris v ora serrata) Ha-
TUBHOTO T1a3a TpuToHa. C momomibio 11 P B peannb-
HOM BpeMeHU OOHapykeHOo, 4To reHbl 1 6enku FGF2
obnagaroT auddepeHIMaIbHONA 3KCIpeccueili He
TOJIBKO B XOJI€ PEereHepaluy ceT4aTKu in vivo, HO U
invitro (MapkutanToBa u ap., 2014; Markitantova
et al., 2020). Hus 6enkoB TerioBoro moka (HSPs),
OOHapyXeHHbIX HAMHU B CeTYaTKe TPUTOHOB U pa3-
JIMYHO 3KCIIPECCUPYEMBIX B HOPME U MIPU pereHepa-
U1, TIOMUMO MX IIallepOHHOII aKTUBHOCTHU, TaKKe
MIPEeAIoaaraeTcss peryasiTopHasl pojib B KOHBEPCUU
PII®. B tpancmuddepenimposke PIID y tpmroHa
IMoKa3aHo y4JacThe curHajgbHoro 1yt Notch (Kane-
ko et al., 2001; Nakamura, Chiba, 2007). IIpocaexe-
Ha guHaMuKa skcrapeccuu Notch-1, Bo3pacraromeit
o Mepe pa3purtus pereHepara HC u cHukaromasicst
IIpU BBIXOJIe KJIIeTOK B nnddhepeHIPOoBKY. BBemeHue
o6mokaTtopa DAPT npuBOmUT K MPeXIEBPEMEHHOMY
co3peBaHUIO HelipoHoB B O0i1acteme HC. BrisicHeHO
Takke, 4To KjieTku PTID TpuToHa B X0A€ pereHepaiin
HC muddepeHIanibHO 3KCIIPECCUPYIOT CUTHATBHBIE
monekyJsbel Hes-1, neurogeninl u Delta. Ha posb yyacr-
HUYKa PETyJISILMOHHON CETH MUKPOOKPYKEHMST KIETOK
PIID npereHmayeT u curHaibHBIM myTh Wnt/B-catenin,
PEeryIupyOLIMii pereHepaluIo CeTYaTKU y PbIO U Ky-
punHoro amopuoHa (Meyers et al., 2012; Gallina et al.,
2016).

I'PUTOPAH, MAPKUTAHTOBA

MdakTOophl MUKPOOKPYXEHUSI pab0TaIOT JOKAIHLHO
U KOPOTKOAMCTAHTHO, 1 B 9KCIIPECCUM OOHApYy XK1 Ba-
IOT CXOJICTBO C aKTMBHOCTbIO B MEPUOJ TUCTOTeHe3a
ceTyaTKM I1a3a. OmMHAKO 3TH COOBITHUSI B UEPAPXUU CH-
CTEeMbl HAIKJIETOYHOIO CUTHAIM3UPOBAHMST HAXOISITCSI
HIXE CUCTEMHBIX, 00IIIeOpraHn3MeHHBIX (pakTopoB. K
MOCJIEMHUM OTHOCSITCSI: TOPMOHBI, (DaKTOPBI MMMYH-
HOIT CUCTEMBI M KPOBU. XBOCTaThie aM(UONH, SKUBOT-
HbIe ¢ HanboJiee BHICOKMM PereHepaTOpPHbIM MTOTEHIIU -
ajioM, SBISIICH MeNOMOP(MHBIMU, ITEMOHCTPHUPYIOT
YCKOPEHHOE I10JI0BOE CO3pEBaHUE, TOPMO3SIIIIEe COMa-
tuueckoe pazsutue (Grigoryan, 2021). B ocHoBe de-
HOMEHA JIEXXUT aKTUBHOCTh TUPEOMIHOIO T'OPMOHA
(TT') — rnaBHOrO peryJsitopa Metamopdosa y ampu-
ouii. B cBoro ouepensb, aciicteue TI' onmocpenoBaHO
€ro pelenTopaMu, SIBJISTIOIIUMHUCS siAepHBIMU TA, 1
aKcIIpeccueii TeHoB metl—3. TlokazaHa peryiasnms
dyukuuu TI' co cTopoHBl “reHa TeTepOXpOHUUN”’
lin28, yneHa cemeiicTBa TeHOB Lin28, KOOUPYIOIINX
T®, usBecTHBIE B KAYeCTBE WHAYKTOPOB TLTIOPUIIO-
TEHTHOCTM COMATMYECKUX KJIETOK BBICIIUX TTO3BO-
HouHBIX (Faunes et al., 2017). MoXHO IIpenIrojio-
XKUTb POJIb 3TOTO U MOAOOHBIX €My T€HOB B MOAAEP-
)KaHUU KJIETOK Ha ypoBHe nuddepeHIUpPOBKH,
MEPMUCCUBHOM I KOHBEPCUU B HEWPOHAJIHLHOM
HanpasjieHun uyepes peryisiuuio TT, TCI' (tupoun-
CTUMYJIMPYIOILLIETO TOPMOHA) M JAPYIMX TOPMOHOB. B
001acTsIX percHepaly XpyCTaJIMKa, KOHEYHOCTU U
CeTYaTK! y TPUTOHA ObliIa BEISIBJIEHA KCIIpeccHs (pak-
TOPOB UMMYHHOM cucteMbl KoMmrieMeHta — C3 u C5
(Kimura et al., 2003). Kommiement C3a crocobeH
WHAYyLUPOBaTh pereHepainuio cetyatku uz PIIO y
SMOpUOHA ILIBITICHKA Yepe3 aKTUBALIMIO peryJssitopa
tpaHckpurmu STAT3, B cBoIo ouepenb aKTUBUPYIO-
mero (pakTophl OTBETA Ha MOBPEXKACHHE Y BOCITAICHIE
IL-6,IL-8 u TNF. D10, B UTOTE, MPUBOINT K PETYIIsI-
LM TeHOB CUTHaJIbHOTO IIyTh Wnt2b, a TakKxKe T€HOB
Six3 n Sox2, xkogupytomux Td, xapakTepHbIe IS
nporeHUTOpHBIX KieTok (Haynes et al., 2013). Bce
9TU JaHHEIE CTyXKaT HaKOIUICHWIO MH(pOpMaInuu, He-
00XOIMMOI1 IJISI TTOCIEA0BATEeIbHOTO BEICTPAaMBaHUS
ceTu, peryaupyloumeili  TpaHcaud@epeHIIPOBKY
PIID y Urodela.

MOJIEKVYIIAPHBIE MEXAHW3MbI
PEI'YJIAOMNM ITPOLECCA
TPAHCANOPDEPEHLIMPOBKMHA PIID
CO CTOPOHbBI MUKPOOKPYXEHUAA
ITPU T1BP ¥ MJIEKOIIMTAIOIIINX

B kadecTBe OCHOBHOI'O pEryasiTopa CTaOMIM3a-
LUK sruTeananbHoro ¢genoruna PIID, kagrepuH-
3aBUCUMOI MEXKIJIETOYHON! aare3nu U MMTMEeHTAIlUN
KJIETOK Y MJIEKOMUTAIOIIMX paccCMaTpUBAETCsl CUT-
HabHBIN yTh Wnt/B-catenin (Burke, 2008). B xome
DMII knetkm PITD TepsioT 4epTh CrienaIn3aliim,
MEXKJIETOYHbIE KOHTAKTHI 1 aAre3uio, MpuoodpeTaroT
XapaKTePUCTUKUA MUTPUPYIOIINX ME3EHXUMHBIX KJIE-
tok (Kigasawa et al., 1998; Tosi et al., 2014; Tamiya,
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‘_a,b-Cat E-Cad y DMII

DONUTEIMaIbHBIN
(heHOTHUII

Tight Junctions
N-cadherin
Beta-catenin
Z0-1
Cytokeratins 8, 18

Collagen

Me3eHXuMHbII
dbeHoTuUI
Alfa-SMA
ZONAB

E-, R-cadherins
Vimentin
Fibronectin
Collagen I
Cytokeratins 7, 19
MMPs/TIMPs

Puc. 4. I3aMeHeHMsI KOMITO3UIIMH OeJIKOB KOHTAaKTOB KJIeToK PI1D 1 BKM 1ipu nipoimdepaTuBHOM PETUHOIIATHY Y MJICKOITH~
tatommx. OMT — snuranuanbHO-Me3eHXUuMHbIN niepexon; MMPs/TIMPs — maTpuKCcHBIE METAJUTONIPOTENHA3HI U X TKAHE-

BbIC I/IHFI/I6I/ITOpr .

Kaplan, 2016). BMecTo cuHTe3a XapaKTEpHBIX JIJIsI
PIID BHYTpUKIETOYHBIX OETKOB, TAKUX KaK IIMTOKE-
paTUHBI, KJIIETKM 3KCIpeccupyiorT o-SMA u Oenku
crpecc pubpmn (Feist et al., 2014). Dt coObITUS
MPOMCXOMST MOJ KOHTPOJIEM POCTOBBIX (PaKTOPOB U
PE3UIEHTHBIX KJIETOK BOCIAJECHUS, HAXOASIIUXCS B
LIMPKYJIUPYIOLIEH KPOBU U CTEKJIOBUIHOM TeJie I1a3a
(Wiedemann, 1992; Pastor et al., 2002) (puc. 4). B
KOHTPOJIE CO CTOPOHBI UMMYHHOI CUCTEMBI yJacT-
BYIOT LIUTOKUHBI — MHTepieKkuHbl — (IL-) 1, IL-6,
IL-8, IL-10, a takxxe unTepdepoH-ramma (INF-y)
(Morescalchi et al., 2013). CymecTBylomue Ipem-
craBneHus1 o naroreHese I1BP BxmoualoT m3meHe-
HUE JTOKAJbHBIX KOHIIEHTpAlUil He TOJIbKO IIUTOKU-
HOB, HO U psiia POCTOBBIX (haKTOPOB, YITPABIISIONINX
npoueccamMu TpaHcanbGepeHINPOBKU, MUTPALINU,
npoandepaun u popmupoBanuss BKM (Parmeg-
giani et al., 2010). B rtepBy1o ouepenb K HUIM OTHOCUTCSI
tpaHchopmupyromuii dhaktop pocra 6eta (TGFp), a
takke ¢pakrop pocra remarouutoB (HGF), dakrop
pocta, BelmeiaeHHbI 13 TpomoounToB (PDGF), cur-
HasbHbIe Tyt Notch, Wnt/B-catenin, u curHaIbHbBII
myTth Hippo (Bochaton-Piallat et al., 2000; Spraul et al.,
2004; Stern, Temple, 2015; Chen et al., 2015). TGFp
oOHapyxXuBaeTcs B riasax mauueHTtoB ¢ IIBP, Ha
YPOBHE B3KCIIPECCHUU, ITOJIOKUTEIBHO KOPPEIUPYIO-
muM ¢ pa3ButheM nartojioruu (Connor et al., 1989;
Shuetal., 2017). Poib TGFJ B TpancanddepeHIMpoB-
K€ B ME3eHXMMHOM HarpaBJIeHUY MHOTOKPATHO TTOKa-
3aHa Kak 111 yenoBeka (Stocks et al., 2001; Liet al., 2011;
Xiao et al., 2014; Dvashi et al., 2015), Tak 1 Ha MBIIIIH -
"ot momenmu PVR (Saika et al., 2004; Saika et al.,
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2007). ¥ uenoeka TGFP2 aktuBupyer p38 MAPK
CUTHAJIbHBIN MYTh, a TIPU €ro UHTMOMPOBAHUM TIPO-
WCXONUT TIOJaBJIEHUWE CHUHTe3a KoJjulareHa [ Tuma
(Kimoto et al., 2004). O6HapyXeHO, YTO Hapsay C
TGFp akrtuBupyercsi u TNFa, TO eCTb UMeeT MeCTO
Bausollee Ha mporpecc OMIT komOuHaTOpHOE Aeii-
cTBHE 3TUX (aKTOPOB. Y YeIoBeKa PELEIITOPEl 3TUX
CUTHAJTbHBIX MOJIEKYJI OOHapy>kKeHBbI B HaTUBHOM PIID
(Strunnikova et al., 2010; Boles et al., 2020). Poapb
TGF B, npuBJeKawllas Hauboabllee BHUMAHUE UC-
clienoBaTesieil, BhISIBJIEHA B aKTUBAllMU MHOTUX CHUT-
HaJIbHBIX KackanoB npu DMII knerok PIID, yto, B
CBOIO ouepenb, maeT Kinouu K jedeHuio IIBP (Yang
et al., 2015). ITomumo TGF[} B uccienoBanusix Mozie-
neit DMII knetok PIID in vivo u in vitro nmpoaeMoH-
CTpHpOBaHa BaxKHasl poOJIib CUTHAJILHOTO MyTH Smad.
V MpIeit, neuuTHEIX Mo Smad moka3aHo MojaB-
JIeHue npoliecca Kousepcuun PIID mocie nHAyKLIUU
DMII ¢ nomompio TGFP, a Takxke B ciaydae sKcrie-
pumeHTanbHOM otcioiiku HC (Saika et al., 2004).
Kak orMeueHo BbllIe, KjieTku PITD O6bicTpo oTBeya-
10T Ha otcnoiiky HC aktuBaumeit ERK curnansHoro
IyTH U TIoBBILIeHeM 3Kcrnpeccn TA AP-1. OcHoB-
Hoit pakTop pocta FGF2 Takke BK/IIOYEH B paHHUM
otBeT PIID Ha orcnoiiky HC (Geller et al., 2001), kak
u 1ipu KoHBepcun PIID y tputoHa.

Kak yrmomsHyTo BhIllIe, €CTh 3KCIIEPUMEHTAJb-
HBIE ToKa3aTeJIbCTBa TOro, 4To KiieTku PITD B3poc-
JIOTO d4ejloBeKa in Vitro MOTYT JIE€MOHCTPUPOBATH
CBOICTBa HEMPOHAJILHBIX KJIETOK. DTO TIpernojiaracTt
MOMUCK (PaKTOPOB, IIPEISITCTBYIOIIMX TpaHcAudde-
peannpoBke PIID B HelipallbHBIE KJIECTKA CETYATKH



274

in situ ¥, HaIIPOTUB, MHAYLIUPYIOIINX TuddepeHII-
poBKy kietok PIID B HelipoHaMbHOM HaIlpaBJIEHUU,
3a cueT nogaBiaeHust DMII, nisg BoccranosineHuss HC
nocjie TpaBMbl uiau Iatonoruun. HeiictBue FGEF2
invitro Ha xietku PIID 4yemoBeka TmposiBisieTcs B
KOHCEepBAaTUBHOM (DYHKIMU B KauyecTBe MUTOreHa
TSI TIOIe pKaHus mpojndepaliii KIeTOK, a Ha TeH-
HOM yPOBHE€ — IJISI MOOYJISILIUM SKCIIPECCUU TEHOB,
MPUHUMAIOIIMX yJyacTue B HeiipanbHON nuddepeH-
muposke (Iadeun u np., 2017). OgHaKo, B JaHHOM
cucTeMe, TOSIBJIEHUE KJIETOK HelpalbHOro (heHOTH-
ma peructpupyercss Ha ¢OHE COXpaHEHUSI CBOICTB
KJIETOK ME3CHXVMHON JTMHNU ITUddEepeHIIUPOBKI, O
YyeM CBUIETEILCTBYET SKCIIPECCHUST IIMPOKOTo psiaa
MapKepoB He HeMpoHallbHOI Tpuponbl. Meromamu
nmmyHouuToxumuu, I1LP, TTIHP-PB u MTT-tecta
MOJyYeHBI NTaHHBIC O POJIM CUTHANBHBIX IyTeit TG-
Fo/BMPs, WNT, Notch u FGF B perynsiuuu mnia-
ctuyHocTr KieTok ARPE-19 B3pocioro yenoseka. B
kietkax PITD rmasza B3pocaoro denoBeka in vitro 3ape-
ructprupoBaHa TpaHckpurist MPHK Notch 1 BMPs,
JIMTAaHJIOB CUTHAJbHBIX ITyTeil, CHOCOOHBIX MHIMOM-
poBaTh HeWpallbHYI0 IU(POHEPSHIMPOBKY KIIETOK.
Curnansl Wnt cnocoOHbI MOIYJIUPOBATh IKCIIPEC-
cuto 6enkoB Notch 1 BMPs. Wntl ycunuBaeT npo-
HelipanbHyo InddepeHINPOBKY, B TO BpeMsI Kak
Wnt7a Bausier Ha aeauddepeHUUpPYIOLIUeCs in Vitro
kiteTky PITD KOHTEKCT 3aBUCHUMO, YCUIMBAS B OTHUX
KJIETKax TMpollecchl HelpanbHOM anddepeHINPOB-
KU, B APYTUX — peanuddepeHIIMPOBKY B TUTMEHTUPO-
BaHHBIE snuTeauanbHble KiaeTku (Kuznetsova et al.,
2014; Pxxanosa u ap., 2020).

TakuM o0pa3oM, peryasiTopHble COOBITHS, IPO-
HUCXOISIINe MpU KOHBepcuu KieTok PI1D miexkonu-
TAIOIIMX B ME36HXUMHOM HaIllpaBJI€eHUM, KaK U B CJTy-
yae KoHBepcumn PI1D B HelipalbHOM HaIlpaBJICHUU Y
am@uouii, pa3HOOOPa3HHBI, UMEIOT CXOJICTBA U OTJIM-
4yusl, HO 10 KOHIIAa HE OMpPeaeJICHbl. DTO AeJIaeT COIO-
CTaBJICHUS 3aTPyIHUTEIILHBIMUA, OMHAKO, OYEBUIHO,
YTO peTYJISIIMOHHBIE CETU IIPU BEIOOPE pa3HBIX CTpa-
Ternii TpaHcan@depeHINPOBKN UMEIOT IJIsT aMPu-
OMii 1 MJICKOIIMTAIONIUX CBOM CHeLU(UIECKUE OU-
HaMMYeCKUE ITaTTePHBDI.

N3MEHEHUA SITUTEHETUYECKOI'O
JAHIIIADTA B XOJE
TPAHCANOPDEPEHLUMPOBKMHA PIID
Y AM®UBUN U TATOJIOTUU CETYATKU
Y MIJIEKOITUTAIOIIINX

Kax MbI BUIMM, KJIIOYeBBIM U B HACTOSIIIICE BPEMST
XOPOIIIO TOKYMEHTUPOBAHHBIM COOBITHEM TpaHCI]-
¢penumpoBku PI1D y amdpuduii aeiseTcs perporpam-
MHUpPOBaHME, TIEPEKITIOYeHNUE TEHHOM TPOTrpaMMBI,
obecrieynBapllell AMUTEUAIbHYI0, MeJaHOTEHHYIO
mddepeHITMPOBKY, Ha IIPOrpaMMy, TTPUBOIAIIYIO K
HelpabHO 1 rmranbHoM nnddepeHnmposkam. Ka-
KUM 00pa3oM OCYIIECTBJISIETCSI PEeryJjslus pernpo-
rPaMMUPOBAHUS CO CTOPOHBI SITUTEHOMAa — BOIIPOC

I'PUTOPAH, MAPKUTAHTOBA

JIeTaJIbHOTO M3y4eHUsI B OyayieM. B HacTosIee Bpe-
MsI €CTh TIOHMMAaHUE TOTO, YTO CYIIECTBEHHYIO POJIb B
YPOBHE 3KCIIPECCUY TeX WJIN UHBIX T€HOB UTPacT IU-
HamMM4yeckass Kommo3ulus xpomatuHa (Venters,
Pugh, 2009; Chen, Dent, 2014). XapakTep mepecTpoek
XpoMaTuHa npu pernporpammupoBanuu PITO tputoHa
W UX POJIb B aKTUBALIMK TPAHCKPUITLIMOHHOI ITporpam-
MBI, o0OecIieunBaloIeii peTMHOTeHHYIO0 TuddepeHIn-
POBKY M3y4eH MpeaBapuTeIbHO. MBI NpearpuHSLIA
MOIIBITKY OXapaKTepU30BaTh COCTOSIHME XpOMaTHUHA B
Hagajie KoHBepcuu PITD TpuToHa mipu pa3oOimeHun
PI1I® u HC, BbI3BaHHOM OOJIydYeHUEM CETYATKU SIp-
KUM CBETOM WJIM MEXaHU4YECKOW oTcioiikoit (Map-
KuTaHToBa u ap., 2015; HukomaeB u ap., 2017). daH-
HbI€ CBUIETEIbCTBYIOT O TOM, YTO Ha 7—10-i mHU mo-
ciie pazoomenuss PIIO u HC B BeIMelIaOIIMXCS U3
cnos kietkax PIID, mpomcxomuT peopraHM3anus
XpoMaTuHa, OYeBUIHAs HAa OKpAIeHHBIX MOJYTOH-
KMX cpe3ax, IpY CPaBHEHUU C KJIETKaMU1, COXPaHSIIO-
mumucs B cinoe PIIO (puc. 3). B sinpax K1eToK B ciioe
PII® Habmomanock nuddy3Hoe pacnpeneieHue He-
OOJIBIIINX JIOKYCOB KOMIIAKTU3allMU, HPUKPEIUICH-
HBIX K siAepHO MeMOpaHe (IIPHUCTeHOYHBII IreTepo-
xpoMmaTuH). B BeiMemaronuxcs kierkax PIID umeno
MECTO YBEJIMYeHHE OOBEeMOB KOMITAKTU30BAHHOTO
XpoMaTHHa (IIPULIEHTPOMEPHBIIA T'eTEPOXPOMATHH),
MEHSIJIOCh COOTHOIIIEHWE KOHIEHCUPOBAHHOTO W
I @y3HOro XxpoMaTuHa B MOJIb3Y IEPBOro, IPOUC-
XOOWJIO HEHTPOOEXHOEe €ro CMeEIleHUE, CHUKAIOCh
YHUCJIO KOMITAKTU30BaHHBIX OO0JacTeil XpoMaTuHa
IIpU YBEIUYECHUU UX OOBEMOB, UMEJI MECTO (hOJIIMHT
sanepHoii MeMOpaHbl (MapkutanToBa u ap., 2015).
BceM aTM u3MeHeHUSIM Oblla JaHa KOJUYECTBEH-
Hasl OlLIEHKAa IIPY MCHOJIb30BAHUM MIPOTrpaMM KOM-
nerotepa (Hukonaes, 2018). OnucaHHble M3MeEHE-
HUsI, KaK U3BECTHO, HE IMPeAyCMaTPpUBaIOT aKTUBHOM
TPaHCKPUIMILINM, HO HAIIPOTUB, CBUACTEIILCTBYIOT O
perpeccun 3toro Ipouiecca (Popova, Barnstable,
2019). M=I nipeanojiaraeM, 4YTo OOHapYyKeHHbIE HAMU
U3MEHEeHUsI XpoMaTHHA U SIIEpHOM MeMOpaHbl B pe-
nporpaMMupyeMbIx Kietkax PIID tputoHoB cBsi3a-
HBbI C OTBETOM Ha KJIETOYHBIM CTpecc, yXOA0M OT KJle-
TOYHOI TMOEJIU U TOATOTOBKOU K MpoJindepaluu.
I[ToMuMoO cOOBITHIi, CBSI3aHHBIX C peopraHu3almeit
XpoMaTHhHa, U3BECTHO Takke, yTo B PIID B3pocibix
TPUTOHOB MPUCYTCTBYET 3KCMHpPECcCUsl KOAUPYEMOTo
reHoM Ns HYKJIICOCTEMMHA, PeryJIsiTopa TPaHCKPUII-
LIMOHHOI aKTUBHOCTU, XapaKTEpHOIO IJISI CTBOJIO-
BBIX U MajioauddepeHIIMPOBAaHHBIX KJIETOK, MapKe-
pa iponudepanum (Maki et al., 2009; MapkuraHTo-
Ba 1 Ap., 2014, 2015). PadoTa rena Ns B TkaHu PI1D
TakXe SIBJISETCS] SMUTeHETUYECKUM MPEePEeKBU3UTOM
BBICOKOM ITACTUYHOCTHU NX AUdpepeHINPOBKY IIpU
pereHepauuu in vivo (MapkutanToBa u ap., 2014).

B ucciaegoBaHuM 3MUreHeTUYECKOTO JTaHamadTa
kieTok HaTuBHOTO PI1D B3pocibix memireii JIBopsH-
yukoBa u coaBTopsl (Dvoriantchikova et al., 2019)
OMUpaIUCh Ha (PaKThl O CBOMCTBAX PETUHAILHBIX
nporeHuTopos, oommx mrs1 PIID® nu HC, pa3BuBaro-
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muxcsli U3 odbuiero 3avyatka (Jlomamos, Crtpoesa,
1961; Chow, Lang, 2001; Graw, 2010). BozHukio
MNpearojoxeHue, 4yTo Kiaetku PIID B3pociibix MbI-
IIEH MOTYT COXPaHSITh CXOACTBA SIIMTEHOMA, IIPUCY-
II1M€ pPEeTUHAJbHBIM MpealIeCTBEeHHUKaM. ABTOpaM
(Dvoriantchikova et al., 2019) ynanocs nokasarb, 4To
COCTOSIHME METUJIOMOB B KjieTKax PI1D amMGproHOB 1
B3POCJBIX MBIIIEH, TEUCTBUTEIBHO, CXOIHO: OOJIb-
IIUHCTBO IMTPOMOTOPOB T€HOB HAXOAUTCSI B OTKPHITOM
(aKTUBHOM) XpOMaTHHE, XapaKTePHOM IJIsI SITUTeHEe-
TUYECKU MOOUJIBHBIX CTBOJIOBBIX U MPOTreHUTOPHBIX
KJIeTOK. B TO >Xe Bpemsl AeTajbHBIN aHaIU3 METUIN-
pOBaHUS T€HOB, OTBETCTBEHHBIX 3a CeIU(PUKAIINIO
peTUHAIbHBIX (DEHOTUIIOB, YKa3aJl Ha JIOKAJIM3aIUIo
IMPOMOTOPOB T€HOB, KOHTpOJUpYIoLux nuddepeH-
LUPOBKY He (hOTOPELIENTOPHBIX HEUPOHOB, B perpec-
CHMpPOBaHHBIX ydacTKaX XpOMaTWHa, HaXOMSIIUXCS B
HEMETUJIMPOBAHHBIX (CJ1a00 METWIMPOBAHHBIX) €ro
obnactsx. I[To mEeHMIO aBTOpOB (DvVoriantchikova et al.,
2019), akTuBalusl 3TUX T€HOB BO3MOXHa B IPUCYT-
ctBUHU “nimoHepckux” Td, criocoOOHBIX MHULIUMPOBATh
TPAHCKPUIILIMOHHbBIE COOBLITUSI B 3aKPHITOM XpOMAaTH-
He. B To ke BpeMsT OOIBIIMHCTBO TEHOB, OTBETCTBEH-
HBIX 33 (POTOPELIETITOPHYIO UM HEPEHLIMPOBKY, OKa-
3aJIMCh BHICOKO METWJIMpPOBaHEI. Takum oGpaszoM,
JNIEMETUJIMPOBAHUE PETYISITOPHBIX 3J€MEHTOB (Do-
TOPELIENMTOPHBIX TEHOB — BTOPO MeXaHU3M, HEO0-
XOIMMBII1 IJISI peajin3aluy KOHBepcuu Kiietok PI1D
B peTUMHAJILHOM HarmpasieHuu. [Ipenmnonaraercs, 4To
0ba MexaHu3Ma (pabota mmoHepckux TA u gemMeTH-
JIMpOBaHWE PETYJSTOPHBIX 3JIEMEHTOB (hOTOpeLel-
TOpHBIX TeHOB) npucyinu PITD amdubuii n padorator
MpU pereHepalry CeTYaTKU TOCje TTOBPEXKICHUSI
(Dvoriantchikova et al., 2019). He uckiioueHo Takxe,
YTO Yy TPUTOHOB, MCXOMHO O0JadarollyX IOBEHUJIb-
HeiMu cBoiictBamu (I'puropsitH, 2016; Grigoryan,
2021) moHmxeHue ypoBHS AuddepeHIMPOBKHU B X0O-
JIe perporpaMMMpOBaHMsl, He TpeOyeT MacIITaOHbBIX
MoaudUKaLUi padoThl TEHOB, IPU OJHOBPEMEHHOM
HaJU4UU TIEPMUCCUBHOTO JIs1 OBICTPOTO TEepeKIIto-
YyeHusI mporpamMm osnureHome. IloarBepXxaeHueM
9TOTO MPEAIOJOXKECHUSI MOXKET OBITh YITOMSIHYTasl
BbIlIE, OOHApY>KeHHasi HaMyd B HAaTUBHBIX KJIETKaX
PI1D TpuTOoHOB coBMecTHasi paboTa reHOB, KOOUPY-
IOLIMX TIPU3HAKM KaK UCXOOHOM, TaK U HOBOM Au@-
depenupoBok (Grigoryan, Markitantova, 2016).
Ponbs T®, ob61agammx CBOMCTBAMU “IMTUOHEPCKUX”,
TO €CTb CIIOCOOHBIX MHAYLIMPOBATh MPSIMOE PEIpO-
rpammupoBaHue kietok PITD uenoBeka, odcyxnaercs
B 0030ope PxanHoBoii 1 coaBropoB (2020). ABTOpPEHI
MpeAroaaralT, YTO TePMUHAIBHO AuddepeHImupo-
BaHHBI PI1D Miiekonmurarommx 6orat SureHeTnuye-
CKHMM PETyJISITOPHBIMA MeXaHM3MaMHU, KECTKO
duKcUpyoIUMU crieuubuIecKre IaTTepHbl DKC-
npeccuu reHoB (Pxxanosa u ap., 2020).

Y MJIEKOIMTAIONINX U YeJIOBeKa HapyIIeHUs CO-
CTOSTHMSI XpOMaTWMHA W WU3MEHEHUS JIMUTeHeTHYe-
CKOM peryysiniu paboThl TEHOB TIPY MHOTHX 3a60J1e-
BaHMSX TIPUBOAAT K MCIIOJIB30BAHMIO TIATOJIOTHYE-
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CKUX MpOrpaMM 3KCIIPECCUM TeHOB, B TOM YMCJIe
KOIUpYIOMNnX (pepMEHTHI, OTBEYAIOIINE 3a MOTU(MU-
kauuu JHK 1 riucTOHOBEIX OEJIKOB, B CBOIO OYepelb
OIpeNeIsIIoIINX apXUTEKTYpy XxpomaTtuHa (Mirabella
et al., 2016; Popova, Barnstable, 2019; Basinski et al.,
2021). BpoxaeHHbIe HApyIIEHUsI B CETYATKE MJIEKO-
MUTAIOIINX, TaKhe KaK MUKpOohTaTbMUsl, aHODTa b-
MU U KOJIoOOMa acCOLIMUPYIOTCS C UBMEHEHUSIMU B
paboTe peryJsiTOpHbIX TeHOB, Komupymoimux Td
(Markitantova, Simirskii, 2020), a Tak:ke TeHOB, KO-
IUPYIOLIMX STMUTeHEeTUYecKre OejiKu, B CBOIO O4Ye-
penb, peopraHusympomue xpomaTuH (Oliver et al.,
2016; Basinski et al., 2021). HakoreHna nHpopMaIms
00 3MUTEHEeTUIECKIX U3MEHEHUSIX U X cBI3u ¢ TD
U O TIOCJIEACTBUSIX 3TOM CBsI3U B xoae DMII. OgHako,
BHUMaHHE B OCHOBHOM yneJieHo ciydasim DMII nipu
pa3Butuu omyxoJieit (Wang, Shang, 2013; Sun, Fang,
2016). Eciu onupaThes Ha 3Ty MHGOPMALIMIO B COBO-
KYITHOCTH C MoJTydeHHo Ha Mofesisix PIT1D-3aBucumoii
natonorny HC, a Takske B 9KCIIEepUMEHTAaX ix Vitro, cTa-
HOBUTCSI SICHO, YTO TiporpaMmma koHBepcuu PIIO nipu
OMII B xone passutusi [1BP perynupyetcs kak TO,
TaK U 3MUTE€HETUYECKMMU U3MeHeHusimu. Ilocnen-
HUMU sIBJIsTIOTCS — MeTrwipoBaHue JJHK, Mmonndu-
Kaluu TrucToHoB, a Takke MUKpOoPHK (miRNAs),
CMOCOOHBIE UHTMOUPOBATH TPAHCIISIIMIO Psiia TEHOB.
B martorenese IIBP BoisiBieHa BaxkHast pojib miR-
29b, ocylIecTBAsIIOIIEel HEraTUBHYIO PETYJISILIAIO
Akt2 curHansHoro iyt (Li et al., 2016). OnpeneneHa
posib nHrubuTopa aeaneruiasbl ructoHoB (HDACH) —
TPUXOCTATMHA, MHTUOUPYIOIIETO KAaHOHWYECKUI CUT-
HaIbHBIMA myTh Smad 1 curHaabHbIe myTH Jagged /Notch,
PI3K/Akt, 1 MAPK/ERK1/2. UHruGuTOp yCTpaHsI
TGFB-unnyunpoBaHHbie MOpHOIOrHUECKUE U3ME-
HeHus1 kietok PIID yenoBeka B ME€3eHXMMHOM Ha-
MpaBJICHUU U MpeaoTBpaIlal Up-peryasiuuio o-SMA,
FN, xomnarena I u IV tTunos (Xiao et al., 2014). I1o-
MBITKY BO3IEMCTBUA ¢ ToMolIbio miRNA Ha kitoye-
BBIEe, onpeaensionie DMII curHaabHbIC ITYyTH, OBLIU
clieslaHbl Ha KyJIbType KieTok JuHu ARPE-19 veno-
Beka (Fuches et al., 2020). TGFp, aktuBupyIoI1Imii cur-
HanbHBIe 0enku SMAD2 u SMAD3, Bo3neicTByeT Ha
aKTUBHOCTb psiia reHoB, cpenu KoTopbix VEGFA. NH-
rudupys 3Tot mpouecc, Fuchs et al. (2020) ncnoib-
3oBaii MiR-302d u miR-93, cmocoOHbBIe peryimpo-
BaTh cUrHaIbHBIN myTh TGFPB Ha pasHbIX ypOBHSIX.
miR-302d u miR-93 nanpasnsiu TGFB-3aBucumyio
koHBepcuio kietok ARPE-19 B Me3eHxuMHOM Ha-
MpaBJIeHUU BCIISATh, Bo3Bpalasi kiietkaM ARPE-19
MPU3HAKU  BMUTETUaTbHONH  nudbhepeHIUPOBKM.
Ilpennonaraercst, YTo HaHHBINA ITOAXOM B JaJbHEH-
IeM MOXEeT ObITh MCMOJb30BaH Tpu JieueHuu [IBP
(Fuchs et al., 2020).

[IponmoirkaeTcss MOMCK MOJIEKYJISIPHBIX PEryJIsiTO-
pOB IeTepMUHALIUM SIUTSINAILHOM cynbobl PIID n
ee TePeKIIIOYEHS Ha MyTh ME3CHXMMHOMN WM MHOM
nuddepeHIIMPOBKU, C UCIIOJIB30BAHNEM COBPEMEH-
HBIX METOIOB aHaJM3a TPaHCKPUITOMa, TeHOoMa,
IIpoTeoMa, 4YTO JIEKUT B OCHOBE pPa3pabOTKM Iep-
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CMEKTUBHBIX TTOAXOAOB KJIETOUHOM Tepanuu st
MOIJEPXXaHUS CTAOMJIBHOCTU U XU3HECTTIOCOOHOCTH
PII®O (Alge et al., 2003; Pratt et al., 2008; Du et al.,
2016; Saini et al., 2017; Boles et al., 2020). BosHuUKHO-
BeHHe DM, 1TorydeHHBIX OT nanueHToB ¢ I[I1BP, cBs-
3aHO C akTuBalueill curHaibHbIXx TyTel TGF-b un
TNF-a (Asato et al., 2013; Roybal et al., 2018), koto-
pble CUHEPreTUYeCKU MOTYT aKTUBUPOBATh ITPOTpaM-
My OMII B kierkax PIID B3pocioro uenoBeka
(RPESC). INoBeimenue yposHsa TGF-b (Kita et al.,
2008) u TNF-a (Korthagen et al., 2015) 010 OTMeE-
YeHO B CTeKJIOBUIHOM TeJie mauueHToB ¢ ITBP u kop-
peJIupyeT ¢ TSKECTbIo 3TOro 3abojieBaHus. JIJisi BbI-
SIBJIEHUS] MEXaHU3MOB 3TUX TMPOLIECCOB MPEANPUHU-
MalOTCSI TIOMBITKA CO3JAaHMSI KapThbl CBSI3aHHBIX
SMUTEHETUYECKUX U TPAHCKPUITLIMOHHBIX U3MEHEHU
B PIID® B HopMme u B ciiydae DMII (Choudhary et al.,
2015). Iloka3zaHo, 4TO Haubojee 3aMETHBIE DITUTE-
HOMHBIE UBMEHEHMUsI, colpoBoxaatoie DMII, cBs-
3aHbI C YCWJIEHUEM METOK aKTUBHOTO XpOMaTHMHa Ha
MHOTHMX BJIEMEHTax 3HXaHCEPOB IIpearnogaracMbIxX
MullieHel cBsi3biBaHUs ¢ TM — KJtoYeBbIMU KaHIU-
JlaTaMU, KOTOpblE MOTYT ObITh BOBJIEYEHBI B PETYJIsi-
LIUI0 3TOTO Tipoliecca. IIpu corocTaBlieHUN JaHHbBIX
aHajm3a arMureHoMa u TpaHckpunroma PT1D B HopMme 1
nocie oopadotku ¢pakropamu TGF-bl 1 TNF-a, ob11
UIEHTUDUUIMPOBAH JaHAA(PT pPeryasiiuyd TeHOB,
conpoBoxnatomuii DMII. Panee ycraHOBIIEHO, YTO
B KieTtkax PIID, mojiydeHHBIX M3 TUIIOPUITIOTEHTHBIX
CTBOJIOBBIX KJIETOK YeJO0BeKa M MHIYLIMPOBAHHBIX B
HamnpasiaeHun DOMII, npoucxoaut MHTUOUPOBAHUE
iyt TGF-b, 11 pa3BuTie BocnaaTuTeTbHBIX IIPOIIECCOB,
rocJjie 00padboTk1 HUKoTMHaMUI0M (NAM, nmpousBoa-
Hoe ButamuHa B3) (Saini et al., 2017). BoaneiicTBre
NAM na RPESC-RPE B3pocioro yeinoBeka, ycuiamBa-
I0lllee BMUTEIUATbHBIN (DEHOTUII, MNpPeaOoTBpallacT
OMII tpaHchopmalio U paccMaTpuBaeTcsl B Kaue-
CTBe cIioco0a Tepanuu namueHToB ¢ DM (Schiff et al.,
2019). Cpenu 3¢hbheKTUBHBIX CTpaTErnii, HarpaBIeH-
HbIX Ha MOJaBJeHWe CUTHAJIbHBIX MyTeil, BOBJICUEH-
HBIX B natonoruio PI1D, paccmaTpuBaercss Momyisi-
uust nepegayu curHaioB RhoA/Rho-kinase, Smad
win MAPK (Saika et al., 2009; Yan et al., 2009). JIpy-
rue TMOoAXOAbl MpeArojiaraloT OJOKMPOBAHUE 3IKC-
npeccun ALKS, yTo acddekTuBHO 1onaBiisieT pa3Bu-
e puobposa (Ishida et al., 2006; Pannu et al., 2007),
WHrUOMpoOBaHue KIOUEeBbIX (paKTOPOB aHTHOTeHe3a
(Fernrandez-Robredo et al., 2014) u neanetruaasbl
ructoHoB (Xiao et al., 2014).

IMogBoast UTOrM, MOXHO KOHCTAaTUPOBATh, YTO
PIID® HU3IMMX 1 BBICIINUX MO3BOHOYHBIX KMBOTHBIX
00J1aTacT BBICOKOII CTEIIEHBIO INIACTUYHOCTH, IIPO-
ABJISTIOILENCS B CITOCOOHOCTH K CMEHE KJIETOYHOTO
Tuma — TpaHcauddepeHumponke. [1pu HabIOneHUN
3a 3TUM IIPOLIECCOM in Vivo, MBI OOHApYKMBaeM JIBE
pas3UYHbIE CTPATeTMU ITOBEACHUS: KOHBEPCUIO B
HENpPOHAJIILHOM U TJIMAJIbHOM HallpaBJIeHUU IIpU pe-
reHepaluy CeTYaTKU y aMPUOUil U B ME3EHXMMHOM
P MATOJIOTUU CETYATKU Y MIICKOIIUTAIOIINX U Ye-

I'PUTOPAH, MAPKUTAHTOBA

JioBeka. B HampaBieHHBIX yCIOBMsX in vitro PI1D
MJICKOTIMTAIONINX Pa3IBUIaeT paMKU 3THUX BO3MOXK-
HOCTel, AeMOHCTPUPYSI KOHBEPCUIO B (DEHOTUIIHI,
Hecyllye IIpoHelpabHble ITpu3Haku. B ocHOBe Me-
XaHU3MOB KOHBEPCUM in Vivo B 00EUX CTpaTETUsIX
MOXHO OOHAPY>KUThb CXOACTBO, HAIIPUMED, B UHULIM-
alMy Ipolecca U CONPSKEHHBIX C HEI0 M3MEHCHUIA
nurockenera u BKM, B mmpommdepaTHBHON aKTUB-
HOCTH, CITOCOOHOCTU K MUTpanuu kjietoxk PIID. On-
HAKO MMEET MECTO psif CYIICCTBEHHBIX OTIMYMIA,
MpeXIe BCETO, B MOJIEKYJISIPHO-TEHETUUECKUX Pery-
JIIMAOHHBIX MeXxaHu3max: pabote T®, pocTOBBIX
¢$akTOpOB 1 HIUTOKUHOB, KOMIIOHEHTOB CUTHAJIbHBIX
MMyTeii, a TakXkKe B OTIMYAIOIIEeMCSI SIUTeHETUIECKOM
nangmadre. OTMETUM, YTO BCE TPU KIIIOUEBBIE CH-
CTEMBI PETYJISIIMY HAaXOASITCS B JMHAMUYECKOM B3a-
nMozeicTB. B 3T0M CcBsI3M, omopa Ha OgHY U3 Tiepe-
YHCJIEHHBIX CUCTEM BpSIJI I MOXKET IIOMOYb B TIOHMMa-
HUM TOTO, KAaKMM 00pa30oM MOKHO SKCIIEpUMEHTAIEHO
MEHSITh cTpaTerun KoHBepcuu PIID. B aT10if cBa3m
IaJIbHENIIINe UcciiefoBaHUs Ouooruu kietok PITD,
¢denomeHa TpaHcaudbepeHuupoBku PIID, u cs3u
KJIFOUEBBIX PETYJIMPYIOIIUX €€ Pa3HOYPOBHEBBIX CO-
OBITHI1, HEOOXOIIMBI.

SAKITIOYEHHME

B n1aHHOM o0030pe, MOCBSIIEHHOM IIaMSITU
O.I'. Crpoesoit u B.11. Muramiosa, IIpuBeaeHbI I10-
JIydeHHBIE C TIOMOIIIbIO COBPEMEHHBIX METOJIOB CBU-
JIETEIbCTBA, MOATBEPKIAIONINE paHee 3aJI0KECHHYIO
WM B OCHOBE pabOTHI TUIIOTE3Y O “IepeKII0YeHUN
paboTHl TeHOB”, KaK 0a30BOro SBJICHHUS IIpoliecca
KJIECTOYHOM KOHBEpCUM. 3a IOCICAHUE ABa OECSTU-
JIETUSI, OCYIIECTBIICHBI UCCIIeIOBAHMS, PACKPBIBAIO-
III1€ CJIOXKHBIE MOJIEKYJISIPHBIE MEXaHU3MBI SIBJICHUS.
OOHapyKeHEBI KJIIOUeBbIe TeHBI M OCJIKU, OIIPEICIISTIO-
€ WCXOMHYI0 MEJIAHOT€HHYIO, SIIMTEIUAIbHYIO
muddepentiposky PIID 1 BHOBR BO3HUKAaIOIINe
IIpU KOHBEPCUU HENPaJIbHYIO, ITTUAJIBHYIO U CIIEKTP
ME3eHXMMHBIX T epeHINPOBOK KaK in Vivo, TaK 1
in vitro. OnipenejeHbl CUCTEMbl BHYTPHUKIIETOYHBIX
MepecTpoeK LIMTOCKEIeTa, KJICTOYHON ITOBEPXHOCTU
u BKM, a Takxe M3MeHEeHUsI MOJIEKYISIPHBIX MeX-
KJIETOUHBIX B3aMMOOTHOIIEeHM B cinoe PI1D u ¢c mpn-
JIeXaluMU TKaHSIMHU 3a eTo IpeaeiaMu. BoissBiIeHbI
pPETyIATOPHBIE MEXaHM3MbI IIpolecca KOHBEPCHUU
PII® B TepmmHax pabOTHI IIMTOKWHOB, POCTOBBIX
¢$akTOpOB 1 UX CUTHAJILHEIX IyTeii. M, HakoHelr, Ha-
YaThl MCCICAOBAaHUS N3MEHEHUI 3MUTeHETUIECKOTO
JaHmmadTa U Apyrux yCIOBUM 3KCIIPECCUM T€HOB B
xolle KoHBepcuu kjeTtok PIID, B mepcriekTuBe OT-
KPBIBAIOIINX BO3MOXHOCTh 3KCIIEPUMEHTAJIBHOTO
“mepexioueHnsT padbotel TeHoB”. Ilo-BUmmmomy,
9TOT acleKT U3YYeHUs mpoliecca TpaHCcAuGhepeHII-
POBKM, KaK ¥ JajJbHelilllee BHICTpaBaHUE CETEU ero
PeTyIMpPOBaHMS, a TAKXKE ITOMCK UX KITIOYEBBIX MOJIEKY-
JISPHBIX YYACTHUKOB — MpEICTaBIsIeT COOOI Jlornuue-
CKOE€ TIpOHOJDKEHME HaIpaBiICHUs, 3aJIOKEHHOIO B
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cBoe Bpemst O.I'. Crpoesoii u B.M. MuramossM. I1a-
paJIeJIbHbIE MCCIIeTOBaHUS CTpaTeruu TpaHcandde-
peHIMpPOoBKU KJIeToK PIID B Me3eHXMMHOM HarlipaB-
JIEHUHU Y MJIEKOTIUTAIOILIMX iM Vivo 1a10T BO3MOXKHOCTh
HE TOJIbKO COTMIOCTaBJIEHUS IBYX PA3IUUYHbBIX MOJIEKY-
JsIipHBIX cTpateruit PIID (Bexymmx K pereHepauuu
ceTyaTku y am(puOuil U MaToJOTUN Y MJIEKOIUTAIO-
IIUX), HO U JIJISI TIONBITKU MOAEIUPOBAHUS YCIOBUIA,
TMIEPMUCCUBHBIX JIJISI pereHepaliiu CeTYaTKU U 3arpe-
LIAIOIIVX Pa3BUTUE TTATOJOTUU.

HccnenoBaHue pereHepalliy CETYATKU 3a CYET
PIID umeer u npyrue BaxkHble TOYKU COBPEMEHHBIX
npuioxeHuit. OHO HeoOXoAUMO i1 TIOHUMAaHMUS
Ccnoco0OB penporpaMMUpoBaHust in vivo (naturally
regulated reprogramming), CcIOCOOOB WHIYKIIUU
MYJbTUTIOTEHTHOCTH, a TaKXe COCOO0B OOpeTeHU s
KJIETKaMU MOJIHOLICHHOM, CTaOMJIN3UPOBAHHOI HEMl-
panpHON mudGepeHIMPOBKU. BaxkHO, UTO KIIETKH
PT1®D y Urodela u BbICIITMX TTO3BOHOYHBIX OOHAPYKU-
BAaIOT CXOACTBO IO MHOTUM CBOMM CBOIICTBaM, a I10-
TOMY NajbHelllee u3ydyeHue U MOHMMaHUE CXOJICTB
U OTJIMYUIA HA MOJIEKYJISIPHOM YpPOBHE ABYX pa3ivy-
HBIX CTpaTeruii KOHBEPCUHU KJIETOK, UMEIOLINX OOUH
M TOT XKe (peHoTutl, 6osree yeM ymectHO. OHO, B CBOIO
ouepelb, TpeOyeT BBEIEHUS B OOMXO/I JOTIOJTHUTEIIb-
HBIX COBPEMEHHbBIX METOJIOB U3YUYEHUS, B TOM YMCJIIC
HCCIeAOBaHYSI TPAHCKPUIITOMOB OTACIbHBIX KJIETOK B
JIVMHAMUKE DPa3BUTUSI Mpolecca TpaHcauddepeHim-
POBKM, METOMIOB OITpeAC/ICHUSI M MHAYKIIMK TeHETUYe-
CKOI M SITUTEHETUYSCKOI MOIN(PUKALINI U TPYTUX.
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Retinal pigment epithelium (RPE) is the cellular source for retinal regeneration iz vivo in amphibians and for
retinal diseases’ development in mammals and human. The transdifferentiation is the basis for both processes
of RPE transformation into cells of other phenotypes: in the first case — neural, in the second — mesenchy-
mal. The review describes the main stages of RPE cells’ transdifferentiation: the initiation of the process, cell
migration and proliferation, dedifferentiation, reprogramming, and cell specialization in new directions. An
information about the molecular and genetic mechanisms that ensure the passage of these stages by cells is
provided. Molecular participants in the regulation of transdifferentiation by the whole organism, the local
cellular microenvironment (growth factors, signaling cascades), by an expression of transcription factors, as
well as by epigenome regulation are presented. Similarities and differences in the molecular-genetic mecha-
nisms of implementation of different strategies for transdifferentiation of RPE in amphibians and mammals
are noted. The investigation of molecular key participants in this choice serves both to develop the theory of
cellular reprogramming and to develop approaches for the treatment of proliferative diseases of the human

retina associated with RPE pathologies.

Keywords: eye, retina, pigment epithelium, transdifferentiation, regeneration, proliferative retinopathy, tran-

scription factors, signal molecules, epigenome
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