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PereHepauunsa NOKpPOBHbIX TKaHel 6e3 wpamMmoB
BO3MOXKHA Y MJ1IeKONnuTalowmnx

AMepuKaHCKne y4yeHble pasobpanuncek B getansx paboTbl CBA3KU PerynsTOpHbIX
reHOB N COOTBETCTBYHOLLMX BENKOB BO BPEMS 3aXXUBMNEHNSA PaH KOXHbIX MOKPOBOB U
NOAKOXHbIX TKAHEN. QKCNEPMMEHTbI NPOBOAUIIUCH HA MbillaX, HO Tak Kak B AaHHOM
cnyyae 3afiencTBOBaHbl KOHCEPBATUBHbIE MeHbl, TO pe3ynbTaTthl, BNOMIHE BO3MOXHO,
NPUNOXMMbI U K YeroBeYEeCKOW MeauumnHe. Y4YeHble Jokasann, YTo BO3MOXHa
pereHepauust 6e3 obpaszoBaHusa pybLIOB, OBOBLACHUIM N NOKa3anu, Kak MOXHO
AOCTUTHYTb NOgOBHOro pesynsraTa.

Puc. 1. Beepxy: ywku mbiwel ¢
rpPoKornombIiMU ObipoyKamu 8 rnepebil
O0eHb u nocrie 28 OHel. Criesa —
06bI4HbIe Mbiwu (WT), cnpasa —
20M03U20mHble NIUHUU Mbiwed p21
=/—, Y KOMOpPbIX 8 MOKPOBHbLIX MKaHSIX
He cuHme3supyemcs 6ernok p21;
8UOHa 8bICOKasi cmereHb
pezaeHepayuu mkaHel 80 8MoOpPoOM
crydae. BHU3y Ha 2paghuke rnokasaHo
usMeHeHue row,adu rpokosna 8
rnpouecce 3axuerieHus. Y mbiwed p21
=/— (NMyHKMupHas fuHUs) rniouw,adb
MpoKora cokpawaemcs
cywecmeeHHo bbicmpee u ¢ 1yq9uwum
pe3yrnbmamom, 4eM y 0bbIYHbIX
Mbiweu (crinowHas nuHus). PucyHok
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Ipynna y4eHbix N3 MeanumnHcKon wkorbl CTOHOPACKOro yHMBEpCUTETa n3yyvana npowuecc
pereHepaumm TKaHeN Nocne paHeHUn B 3aBUCMMOCTM OT NpucyTCcTBuA 6enka p21 — uHrmbutopa
LMKIMH-3aBUcMMon knHasbl 1A (ero Takke HasbiBatoT CDKN1A — cyclin-dependent kinase
inhibitor 1A). M3BeCTHO, B 4aCTHOCTHU, YTO 3TOT BENOK UrpaeT 3Ha4YMMyto posb B

G OpMUPOBAHUNKIIETOYHOrO OTBETa Ha noBpexaeHue AHK n B perynauumn knetovHoro umkna. O
APYrnx ero PyHKUMSAX 1 perynaTopHbIX Kackagax ¢ ero y4actmeM noka M3BeCTHO HEMHOTO.
MHTepecHOM C TOYKM 3pEeHUS KNMHNYECKUX BO3MOXHOCTEN SBNSAETCS BbICOKas 3KCNpeccus reHa
aToro 6enka B MecTax 3aXUBMeHust paH: npexae 66110 NPoAEMOHCTPMPOBAHO Ha MblLLaX,
KpOmuKax M KoLKax, YTO MHrMbrupoBaHne nnmn otcytctane p21 npmBoanT K BbICTPO pereHepaumnm
TKaHewn ywen 6e3 obpasoBaHus pyoLOB.



W BOT Tenepb y4eHble NpoBenn MHOroNaHoBbIE UCCegoBaHWs, NoKasas, Kak UMeHHOo paboTaeT
3TOT 6enok B MecTax NoBpeXxaeHui. Y Mblllen B yLIKax NpoKanbiBanu Kpyrible AblpOYKM
AnamMeTpoMm 2 MM 1 B TEYEHUE MecsiLia perMcTpmpoBanu CKOpOCTb UX 3apacTaHUs, COCTOSIHUE
KNeToK pasHbIX TUMOB, CyAbOY OTAENbHbIX KIETOYHbIX JIMHUI, @ TakKe YPOBEHb KCNPECCUn reHoB,
CBSI3aHHbIX TaK U1 nHadve c p21.

Kak n oxxmaanocb, y TeX MbILLEN, Y KOTOPbIX B KOXXe 6enok p21 He cMHTe3upoBarncs (MyTaHTHas
NNHUSR), 3aXKUBNEHNE M pereHepauns noBpexaneHnst NpoTeKanu CyLLeCcTBEHHO bbicTpee (puc. 1).
Ho 310 ewle He BCE. 3a MecsiL, BOCCTAHOBUIICA B M3BECTHOM 0ObeMe XpsiLLEBOW NPOCHON nog
KOXeWn, a Takke NOABUINCH U KPOBEHOCHbIE Kanunnspbl. Bonpeku n3BecTHbIM NnpeacTaBneHusiM o
XO[le 3aXMBIIEHUS, KNETKN COOTBETCTBYHOLLUX TKAHEN (POPMUPOBANINUCHL HE U3
Hecneunanm3mpoBaHHbIX CTBOSIOBbLIX KIETOK, a 3a CHET CO3PEBaHNSA KNEeTOK-NpeaLeCTBEHHUKOB
Kaxgomn u3 TkaHen. HbIMM cnoBamm, KNeTKn KoXn obpasytoTcs U3 KreToK-npeaLecTBeHHNKOB
KOXW, KNETKN Xpsillia — M3 NpealecTBEHHMKOB XOHOPOUUTOB (pUc. 2).

Pa3BuTMe Kaxgoro Tvna KneTok Ha CBOEM MeCTe, onpeaerieHHOM OKpYXatoLLnMm
OMOXMMMYECKNMM YCITOBUSIMU, 0BECNEeYnno BOCCTaHOBIIEHME TKAHEBOW CTPYKTYPbI. Takke B Xoae
3aXMBRNeHnsa He cdopmmnpoBarncs obblvHbIN pybeL, 1 Ha MecTe 3apocLlen ObIPOYKN HE NOABUIICS
lWpam. Bcé aTo He noxoxke Ha 0ObIYHbIN NPOLECC 3AXMBIIEHNS, KOr4a Ha MEeCcTe NOBpPeXaeHMs
BMECTO NepBOHaYaribHOM rMCTONOrMYECKon apxXnTeKkTypbl obpasyeTtca Tonctas gubposHasi TKaHb.
Kak Takoe Mormno nonyy4nTtbcs?

O6bluHO BMecTe ¢ 6enkom p21 B pereHepupyowmnx TkaHax nosenaetca dpakrop SDF-1 (stromal
cell-derived factor 1). Ero npon3BogaT kepaTuHoLmMTbl B MecTax noBpexaeHus. OH, CBA3bIBAsiCb C
peuentopoM Cxcr4 B nenkouuTax, perynmpyet Murpaumio n Mmobunmsaumio nemkoLumToB K MecTy
noBpexaeHus, rage oHn obecnevnBaroT pocT pubpo3Hom TkaHn. Takum obpasom, cesaska SDF-1 u
Cxcr4 npuBoguT kK 06pa3oBaHmio pyoLIOB B pa3nnyHbIX TKaHAX (Nerkux, nedeHn, cepaue). A BoT B
MbILUNHBIX MNMHUAX p21-/-, y KOTOpbIX 6enok p21 He cuHTeanposancs, konuyectso SDF-1 u,
COOTBETCTBEHHO, CXCr4 pe3ko yMeHbLUEHO. 3 9TOro MOXHO 3aKmnio4YnTb, YTO B MecTax
nospexaeHus npucytcremne benka p21 ycunmsaet cnHtes SDF-1.

OTOT BbIBOA, NPOBEPUIN C NMOMOLLbIO FEHETUYECKUX MapKepOoB (M3MePUNN KONM4eCTBO MaTpUYHbIX
PHK SDF-1) B MecTax noBpexaeHum ywen y 00bl4HbIX MbILLEN N Mbillen NnHnn p21-/-. Takke
NpoBepUIn, YTO NPOM3ONAET, €CNN B HOPMASibHbIX KepaTUHoOUUTax BbIKMOYUTL P21 TeM UK NHbIM
cnocobom, Hanpumep cBsa3aTb Xummndeckn. B atom cnyyae SDF-1 Toxxe nepectaet
CUHTE3MpPOBaTbLCA. Takke paHee ObIfo N3BECTHO, YTO p21 4ENCTBYET COBMECTHO, Kak KodakTop, C
TpaHCcKpUNuuoHHbIM haktopom C/EBPa. B obCcykaaembix aKCnepMMeHTax y4eHble NpoBEPUNN U
aT10: nogaBneHne C/EBPa Bbi3biBaeT cCHMXeHne oTBeTHOro cnHresa SDF-1.

Taknm 06pa3om, BbIPUCOBLIBAETCHA CXEMa AENCTBUSA PaKTOPOB pereHepaumm — Unn, ckopee,
hakToOpOB, NPENATCTBYHOLMX pereHepaumm (puc. 3). OTcyTCcTBUE akTUBHOCTM p21 B
KepaTuHouMTax OTKNovaeT obpasoBaHme curHanbHoro komnnekca SDF-1 + C/EBPq; B
pesynsraTe K MeCTY NOBPEXAEHUA B MEHbLUEM KONUYeCcTBE MOBUNU3YIOTCA NENKOUUTbI, UMetoLLne
peuenTtopbl Cxcr4. B pesynsrate obpasoBaHne pubposHoro pybua cunbHoO 3ameansercs. B
OTCYTCTBUE KOHKYPEHLIMN BMECTO 3TOr0 akTUBU3UPYIOTCH TKaHEBbIE KNEeTKN-NpeaLeCTBEHHUKN,
hbopMUpys n3HaYarbHYH0 (KOHTEKCTHYIO) CTPYKTYPY TKaHEMN.



p21-- Col2CreER™TmG Puc. 2. ObpasosaHue criosi
XOHOpoYumMoe (3erneHbil
crnou, obo3Ha4yeH KpacHou
cmperikol) 8 Mmecme
nospexoeHusi yxa. lNoka3aH
rnornepeyHbIl cpe3 mkaHed,
MOHKUU MyHKMUp —
epaHuya npokorsa, cripasa
Ha Kaxxoom Kadpe —
mekKywas epaHuya
peseHepauyuu mkaHed. Y
Mbiwelt OuKo20 mura
(nesasi KorloHKka kadpos)
XOHOpoOUUmMbI He
nosigusniuck, a y nuHud p21
-/— cghopmuposarics criou
xpswa. BHusy —
KOnu4ecmeeHHble OUEHKU
qucra XoHOpouumos.
PucyHok u3 obcyxdaemou
cmambu 8 Genes &
Development
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Pa3 nponcxoant Takaa ygadHasa pereHepauusi, To BO3HUMKAET eCTECTBEHHOE XenaHue neyvnTb
NOBPEXAEHUS KOXWN C MOMOLLbIO MaHUNYNMPOBaHUS BMOXMMUYECKON aKTUBHOCTbLIO YHaCTHUKOB
3TOMN CXeMbI. YUYeHble NPOAEMOHCTPUPOBAM Takyto BO3MOXHOCTb. OHM UCMonb30Banu MHIMouTop
dakTopa Cxcr4 — xopowo n3sectHbin ADM-3100, KOTOpbI NPUMEHSIETCA ANS NeYeHns
HeKoTopbIX TUNOB paka n BUY-nHdpekumn. Mpn obpaboTke npokonos npenapatamm ADM-3100 B
TeyeHne Heaenn (Kak BbIICHUMOCh B 9KCNEPUMEHTaXx, 3TOr0 CpoKa AOCTAaTOYHO) 3apacTaHune yxa
LUSIO CYLLLECTBEHHO CKOpEe, YeM Y KOHTPOIbHOW rpynnbl Mbilwewn (puc. 4). Pybubl He nosBunucs,
3aT0, CornacHoO cxeme, ctan popMmpoBaTbLCS XPSLLEBON NMPOCIOMN.
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Puc. 3. Cxema Kackaoa,
obecriequsarouie2o
peaeHepauyuo mkaHel
rnospexx0eHHOo20 yxa: crieea
— Y HOpMaribHOU MbiWU,
cripasa — y MblWuU TUHUU
p21-/-. PucyHok u3
obcyx0aemoli cmambu 8
Genes & Development
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Puc. 4. CpasHeHue rpoKorios 8 ywkax Mmbiweli 6e3 rie4eHusi U ¢ MecmHou
obpabomkou npokona npenapamom ADM-3100. Crieea — ¢pbomo pesyribmamos
3apacmaHusi rpokosoe bes fie4yeHus (nesoe ¢pomo) u ¢ ne4eHuem, cripasa —
epaghuk ¢ QuHaMuKoU 3apacmaHusi fpokKosa ¢ iedeHuem (nyHkmup) u 6e3 Hezo.
BudHo, ymo soccmaHosrneHue mkaHu rnpu siedeHuu udem e 08a pasa bbicmpee u
aghgbekmueHee. PucyHok u3 obcyxx0aemol cmambu 8 Genes & Development



ABTOpbI NpeanonaratoT, YTO HAa OCHOBE OTKPLITOrO MexaHmn3ma ¢ nomotbto kak ADM-3100, Tak n
APYrMX COMPSPKEHHbBIX BELLLECTB MOXHO JIEYNTL CITOXHbIE KOXHbIE 3K3EMbl — XOTSI MEPCNEKTUBDI
KITMHMYECKOro MCNONb30BaHMs 3TON CXEMbI CYLLECTBEHHO Wwupe. [1pu aTom oHM obcyxaatoT
pasnuyHble Bapnauum paboTbl BbISBNEHHOIO Kackaga B 3aBUCMMOCTM OT TUna TKaHen 1 TUMNOB

noBpexaeHui, pokycupysi BHUMaHWe Ha O4YeBMAHOM TkaHecneunduYHOM KOHTEKCTE ee
aKTMBHOCTW.
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