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Xapbkos, YkpavHa

B 0630pe 06cyxaatoTcs COBPEMEHHbIE MOAX0Ab! K IEHEHNIO
MbILLEYHbIX AUCTPOCYUI — reTeporeHHoN rpynmsl HepBHO—
MbILLIEYHbIX 386011€BaHUV, KOTOPbIE NPOSIBASIKOTCS B BUAE NPO—
rpeccypyroLLen crnabocTy MbILLIL, 8 TAKXE UX YaCTUHHOV NoTepy,
4TO BO MHOMMX CITy4asX MPUBOAUT K CMepTU. SthheKTUBHbIX Me—
[VMKAMEHTO3HbIX CrIOCO60B neYeHns AMCTPOMi B HACTosLLEe
Bpemsi HeT. OgHaKo CyLLEeCTBYEeT HECKObKO UCCenyeMbIX Te—
paneBTUHECKUX BAPUAHTOB JIEHEHUS MbILLIEYHbBIX AUCTPOCIM,
BKITHOYAIOLLMX FEHHYIO TEPAMMI0 U TPAHCMIIaHTaLUMI0 MUOrEHHbIX
KIIETOK—MPEALLIECTBEHHUKOB — KIIETOYHYIO Tepanuto. B ctatbe
06CYXat0TCA BOCTVXKEHWS U TPYOHOCTY Ha 1yTY BHEAPEHS reH—
HOW Tepanum B KIMHWYECKYH NPaKTUKY NEYEHNS MbILLEYHbIX
avictpogpmii. Ocoboe BHUMaHWE yaeneHo KIeTOYHOV Tepaniy,
nepcrnekTBHOMY HaMpaBieHWI0 PEreHepaTBHON MeAVLIVHBI,
[atoLLemMy Hafiexay Ha n3neYeHne MHOMVX PaHee He 13neyn—
MbIX K&K HACIEACTBEHHbIX, TaK U MPUOBPETEHHBIX 38060/1EBaHU.
O6cyxparTcsi MOTEHUNANbHbLIE UCTOYHUKA COMaTUYECKUX U
3MBPUOHAsbHBIX CTBOMOBbIX,/ POreHUTOPHBIX KITETOK YerioBe—
Ka, KOTOpble MOryT UCMONb30BaThCH Kak B Ka4eCTBE 0ObEKTOB
MPUNOXXEHWST FTEHHO—VHXXEHEPHBIX METOLOB, TaK U1 TS KIeTo4—
How Tepany MbilLe4qHbIX aucTpoguii. ObcyxaaroTcsi npobne—
Mbl, CTOSILUME Ha MYTWU YCMELUHOro BHEAPEHWUS B KIIMHUYECKYIO
MPaKTYKY NeYeHNs MbILLEYHbIX AUCTPOMIA CTBOMOBbIX, Ipore—
HUTOPHbIX KIETOK YE10BEKa.

KnioueBbie cnoBa: mvognctpodus, CTBONOBbIE KNETKMN,
reHoTepanus, KNneTo4Has Tepanus

BsepgeHue

MblILeyHas gucTpodhnst — 3TO rpynna HacnNeaCTBEHHbIX 3a—
HboneBaHUn, KOTOPble XapakTepuU3yTCS NPOrpeccupyoLLen
MbILLEYHOW CNaboCTbto 1 NOTEPEN MbILLEYHbIX TKaHen. B HacTo—
siLLiee BPeMsi BCe ANCTPOMM cUMTar0TCs 3ab0oneBaHns M Hen3—
nevYMbIMU. B HekoTopbIx criy4dasnx 60nesHb NpUBOAUT K CMEPTM.
MblILLEYHbIE OMCTPOChMM Pa3nNMYakoTCA Mo rpynnamM NoBpeXaeH—
HbIX MbILLILl, BO3PACTY, NPV KOTOPOM Ha4MHaeTcs 6onesHb, U CKo—
pocTyv ee nporpeccupoBaHus. MonekynspHom NpUYnMHon, nexa—
LLiey B OCHOBE MHOMMX ANCTPOMNiA, ABMSIKOTCA MyTaLUW B reHax,
KOOMPYIOLLMX KOMMAOHEHTbI AMCTPOUH—-TINKONPOTEMHOBOMO
KOMMeKca, KoTopbi CBA3bIBAET MMODUBPUNBHBIN LIMTOCKENET
C BHEKINETOYHbIM MaTpukcom [1-3].

Hawnbonee 4acTo BcTpeyaeTcs 1 Hanbonee TSXENo npoTe—
KaeT MbillevHas auctpocua QowenHa (MOO). MOO nopaxa—
€T Manb4ymKoB ¢ YacToTol, paBHoi 1 Ha 3500. OHa nposBnseTcs
B 1-2-neTHeM BO3pacTe 1 xapakTepr3yeTcs NoTepen He3aBu—
cvmoro nepegsuxeHus yxe K 10 rogam. bonbHble MO, kak
npaBuno, ymupatoT B Bo3pacTe 15-25 neT oT ceppeyHon nnm
NEeroYHon HeJoCTaTOYHOCTM BCNEACTBUE aTpPOohun AbIXxaTenb—
HbIX 1 cepae4Hon Mbiwl,. CxogHbIMM CUMMTOMaMKN 1 MPUYNHOW
BO3HVKHOBEHWSA XapaKTepn3yeTcsa MblLLieyHasn aucTpodus Bek—
kepa (MOB), ogHako npoTekaeT 310 3a6oneBaHve B MEHEE TA—
xenow chopme. O6e HoneaHu ABNATCS CNEACTBUEM MyTaLWn B
reHe aucTpodinHa, KOTOPbIN NIOKaNM30BaH Ha KOPOTKOM nneve
X—-XpPOMOCOMbI 1 SIBMSIETCS CaMbIM BOMbLUMM U3 N3BECTHbIX Fre—

HoB yenoBeka. OH copepxuT 79 3K30HOB 1 COCTaBNAET Npu—
6nnautensHo 0,1 % Bcero reHoma 4enoseka [4-B61. 370t reH
KOOMPYET MbILLIEYHbIA BEMOK ANCTPOCVH C MONEKYNAPHLIM BECOM
427 k[a, KoTopbi ABNSETCH OCHOBHBLIM CTPYKTYPHbIM 6enkom,
CTabunNM3VpyoLLYIM CapKoiEMMY MbILLIEYHOro BorokHa. CBoum
N-KOHLIOM OH CBSA3bIBAETCS C aKTUHOM — IMaBHbIM KOMIMOHEH—
TOM BHYTPVKIIETOYHOMO LmToCkeneTa, a C—KoHLoM — ¢ rpynmnon
OMCTPOCVH acCOLMMPOBAHHBIX AMCTPO— U CapKOrMUKaHOB —
6enKoB capkoneMMbl, U HEPE3 HUX — C OCHOBHbIM GEJTKOM BHE—
KINeTOYHOro MaTpukca — nammHuHom (purc. 1).

OuctpornukaH

OuctpoduH

LUutonnasma

MukpoTpy6ouka

Puc. 1. Cxema CTpyKTYpHOV ponv BUCTPogbrHa B cTabunuaarmm
CapKoneMMbI MbILLIEYHOr0 BOSIOKHA

MyTaumn B reHe gucTpodhrHa NPUBOASAT K MOSHOMY OTCYT—
CTBUIIO WA CUMBHOMY CHUXXEHWIO YPOBHS ANCTPOhUHA B Crydae
ML, nm6o kK 06pa3oBaHNO HaCTUYHO PYHKLMOHANBHOMo AUCT—
pochuHa B cnyyae MOB. OtcyTcTBre nnm doyHKLMOHaNbHas HeJo—
CTaTo4HOCTb 3TOro 6enka NpUBOAMT K HapYLLIEHUIO LIENOCTHOCTH
KNEeTo4YHOM MemMbpaHb! 1 SBNSIETCA MPUYMHON 3amnycka NpoLec—
COB [ereHepauuy MbILLEYHOro BOMokHa. Pesynbtatom 3toro
npoLecca ABNAETCHA MOBbILLEHVE NPOHML@EMOCT MembpaH 1
BO3HVKHOBEHVE B HUX (DPU3NYECKMX Pa3pbIBOB, YTO NPUBOANT K
BbIXOAY (DEPMEHTOB 13 MbILLIL| B CbIBOPOTKY KPOBY (MOBbILLEHME
B CbIBOPOTKE KPOBW aKTMBHOCTY KPeaTUHKNHAa3bI ABNAeTCA 6ro—
xummnyeckmum mapkepom MO v MOB). Ha HavanbHbIx cTagmsax
3aboneBaHns fereHepaums MblLLEeYHbIX BOMIOKOH KOMMEHCHPY—
eTCsl akTUBHOW pereHepauyen onbpunn, 6narogaps AeneHuno n
CNMAHUIO MbILLIEYHbIX CATENMUTHBIX KneTok. OgHako ¢ Bo3pac—
TOM 3TOT NMPOLIECC CTAaHOBUTCS MeHee 3dhheKTUBHbIM, YTO NpU—
BOOWT K MPOrpeccupytoLLen MbiLe4Hon cnaboctu [7].
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B HacTosLLee Bpemsi npy 0TCYTCTBUM 3hheKTUBHbIX Megy—
KaMeHTO3HbIX CrocoboB Bo3naratoTcs 6osbLuve Hagexabl Ha
MCMNOMb30BaHVe ANS NeYeHNsa MbILLeYHbIX AUCTPO(UA METOROB
reHHOW 1 KNeTOYHOM Tepanuin. 3agaden aTnx cnocoboB neveHus
ABMNSAETCH BOCCTAHOBMEHNE CUHTE3a AUCTPOCIMHA B MbILLIEYHbIX
KIeTkax, 4To JOCTUraeTca NMbo nyTeM BCTPaMBaHUA B KIETKM
HOpPMarnbHOro reHa AMCTpodhrHa, NMB0 KoppeKLUmen MyTaumn B
camom rexde nnv B nPHK [8].

FeHHas Tepanusa mbiweYHbIX AUcTpodhui

OcHoBHOE pasnuyre reHHow 1 KNeTOYHOM Tepanuii 3ako—
4aeTcs B cnocobe [OCTaBKM HOPManbHOro reHa AUcTpodhnHa B
MbILLEYHYO KNeTKy. [eHHO-MHXeHepHble NoaxoAbl AOCTaBKM
reHa MCcnonbaytoT, Kak NpaBuno, BUPYCHbIe BEKTOPbLI. B akcne—
pUMeHTax Ha Mblwax 6bina NPoOAEMOHCTPMPOBaHa AOCTaTO4HO
3chdheKTVBHAA 1 [ONrOBPEMEHHasA TPaHCHEKLMA CKENETHBIX U1
cepaeYHon MblLL, @ Takke MbILL, AvadparmMel nocne BBEAE—
HWSt a0EHOBUPYCHbIX, PETPOBUPYCHbBIX UM NEHTUBMPYCHbIX BEK—
TOPOB, AOCTaBMSAOLLMX YHKLIMOHANbHbIV FreH AMcTpodnHa nnm
MUHMaMcTpodinHa [9-121.

BmecTe ¢ Tem, MCnonb3oBaHWe BUPYCHbIX HOCUTENEN, 0CO6eH—
HO B 3KCMepUMEHTaXx in vivo, HaTankMBaeTCa Ha CYLLIECTBEHHbIE
MeToanyeckme TpyaHocTY. K Hm, Hanprmep, OTHOCATCA HE[OCTa—
TO4YHasA NaKyHLLi@sA CrnocobHOCTL PETPOBUPYCOB 1 HEOBXOAMMOCTb
Hanu4us KneTok—-xennepoB. Hanbonbwmm NpenaTcTBUEM
MCMONb30BaHNA BUPYCHbBIX BEKTOPOB AN [JOCTaBKM MreHETUYEC—
KX KOHCTPYKLMI SBNAETCH BblpaXeHHbIA MMMYHHBbI OTBET pe—
LUMNUEHTa Ha BUPYCHblE aHTWUreHbl. HECMOTPS Ha OrpOMHBbIN
06bem paboT no moandrKaLmm reHoma BMpyca—HOCUTENS U Co—
KpaLLEeHWio ero pa3viepa [0 MUHManNsHO BO3MOXHOMO, MMYHHbIN
OTBET, TEM HE MEHee, COXPaHSAETCS U fenaeT 6ecCMbICNeHHbIM
NOBTOPHOE BBEAEHWE MrEHHO—MHXXEHEPHbIX KOHCTPYKUMA. B pe—
3yNnbTaTe 0Ka3blBAETCA HEBO3MOXHO [OCTWYb TAKOr0 YPOBHS
TpaHchekLmm, Npu KOTOPOM HacTynaeT addhexT neveHns. Bonb—
LLMHCTBO 1CCreRoBaTENen nonaraeT, YTo AOCTWKEHNE TepaneB—
Tr4eckoro adidexTa BOSMOXHO MNP yCreLLHoW TpaHcdekLmmn He
meHee 20% (rno nocnegHM gaHHbIM — paxe 40%) Bcex Mblley—
HbIX BOMOKOH, BKIO4ana MblLLiLbI cepaLia v anadparmel. [py atom
OCHOBHbIMU KpUTEpUsiMU 3DtPEKTVBHOCTM TPaHCEKLMN SIBMAKOT—
CA NosiBNeHne AVCTPOUH—TONOXUTENbHbIX MbILLIEYHbIX BOIOKOH,
HOpManM3aumsa ypoBHS KpeaTUHKMHa3b! B CbIBOPOTKE KPOBU, U3—
MeHeH1e hr3m1omnorm4eckmx NapaMmeTpoB (Cunbl MbiLLL 1 Ap.).

CyLuecTByHOT Takxe HeBUPYCHble cnocobbl gocTaBky K JHK
reHa auctpodimHa, KoTopble BKOYaOT B cebs bannmcTnyec—
Kyl TpaHcdekumio, MeTodbl anekTponopauun (anexkTpoLuoka),
BBEJEHVIE MTEHETUHECKNX KOHCTPYKLMIA B COCTaBE IMMOcoMm, Tmbo
yNaKkoBaHHbIX C MOMOLLbK ONUFONENTUAOB, MOMEKYNAPHbIX
KOHbIOraToB 1N NonMMepHbIx Hocutenen [9, 13, 141, 3tn cno-
cobbl He BbI3bIBAKOT TAKOr0 MMMYHHOIO OTBETa, KakK BMPYCHbIE
BEKTOPbI, 0AHAKO0 CNocobHOCTb K TpaHchopmaumn y 6onbLUnH—
CTBA U3 HYX HUXE.

HecmoTpsi Ha BOBOMbHO WHTEHCKBHbIE UCCNEROBAHUSA Ha
XVBOTHbIX MOAENsX, A0 HACTOALLEr0 BPEMEHW KIMHUYECKME
MCMbITAHUSA TEHHO—MHXXEHEPHbIX METOAOB NEeYeHns AMcTpodmnin
Ha 60MbHbIX MOAAX NPaKTUYECKM HE MPOBOANNCH.

CnepyeT TakXe ynoMsHYTb O CYLLIECTBOBAHWMN ELLE 0AHOM0
nopxofa K NeYeHuo AUcTpodnii — akTMBaLmMn CMHTe3a B Mbl—
LLEYHbIX KNETKax pernpeccupoBaHHOro B NpoLecce OHToreHe3a
ayTOCOMHOro romMoriora reHa gucTpodiviHa — reHa ytpoduHa
[15]. IaBecTHO, 4T0 B 3MbpuroreHese Yenosexka npubnmanTensHo
[0 CemMU Hefenb pasBUTUa AUCTPOCVH HEe 3KCMPECCUPYETCS, U
ero oyHKLUMIO B MbiLLLIaX BbINonHAET 6enok yTpodivH [16]. Mex-—
py 7 v 19 HepenaMmn pasBuTUS 3KcnpeccupytoTes oba bernka,
nocre Yero NPOVCXOAWT 3aMeLLEHNE MbILLIEYHOro yTpodvHa Ha
omcTpodhvH. 3 6enku noxoxm ceoMn N— 1 C—koHUeBbIMY fo—
MeHaMK, MrPaoLLMMM PeLLaIOLLYI0 Porb B hyHKLMK aucTpodivi—
Ha, Torfa Kak diyHKLMOHarNbLHO Mano3HauvMbli LIEHTParnbHbI rod

domain NpucyTcTBYET B YTPOhMHE B CUMBHO YKOPOYEHHOM BULE.
Ecnn poctnyb gepenpeccum reHa yTpodinHa y 60mbHbIX MblLLeY—
HOWM gucTpodivet, TO MPOQYKT ero akcnpeccun 6enok yTpodnH
Mor Bbl KOMMEHCMPOBAaTb HeAOCTaTOK AMCTPOINHA B MbILLILIAX
[17]. B HacTosLLee BpeMs Nony4eHbl faHHble, CBUAETENbLCTBYHO—
LLIME 0 TOM, YTO in vivo TpaHcheKkLms mdx MblILLer reHoM yTpodin—
Ha NPUBOAWT K 3KCMPECCUM 3Toro 6enka B CKENETHbIX MbILLLIAX U
avachparme [18-20]. 31 pesynbTaThl yKasbIBaKT Ha NPUHLMNM-
anbHy BO3MOXHOCTb KOPPEeKLMM HefocTaTka ancTpodivHa B
MbILLIEYHbIX BOMOKHaX C MOMOLLbIO yTpodnHa.

Kneroynaa tepanus mbiweyHbIx gncTpoghni

MepcneKkTMBHbIM HanpaBneHeM KNeTo4Hom Tepanin Mbl—
LLIeYHbIX AMCTPOdMI NPeAcTaBnsaeTca TpaHCnnaHTaums Kak
ctBonoBbIx knetok (CK), cnocobHbIXx K caMoBO30OHOBNEHUIO U
pvcbchepeHUMaLmn Bo MHOXECTBO KINETO4HbIX NIMHUN OpraHn3mMa,
TaK ¥ MMYOreHHbIX MPOreHNTOPHBIX KneTok. [pun aTom paccmaT—
pVBAKOTCA BO3MOXHOCTW MCMONb30BaHWA 4nst TpaHCNNaHTaumm
KaK B3pOCHbIX, Tak 1 SMBpUOHanbHbIX CTBOMOBbIX,/ MPOreHTop—
HbIX KIETOK.

«B3pocnbie» cTBonoBble KeTku. «B3pocnbiey CK Bnepsbie
6bInv 06HapyXeHbl B CTpoMe KocTHoro mo3ra (KM) coseTckum
yyeHbim AA. PpugeHwTenHom [21]. B HacToswee BpeMs no—
Mumo KM [22-24] CK obHapy»eHbl B B0NbLUMHCTBE TKaHew 1
OpraHoB B3POCSbIX OPraH13MOoB, BKHOYas LIEHTparnbHyl0 He—
pBHyt0 cuctemy [25-27], koxy [28], cepaeyHyto Mbiuy [29] n
ckeneTHyo Mbiuly [30-34]. [na kneTo4Hon Tepanim MbiLLEYHbIX
OMCTPOthUiA paccMmaTpmuBaeTcst NepcrnekTMBa UCNob30BaHNA
B3pocsbix CK KM, paznnyHbix «B3pOCrbIx» MbILLEYHbIX NpeaLle—
CTBEHHWKOB, @ Tak>Xe KNeToK NyrnoBUHHOM KPOBW.

CrBonoBble KneTtkn KoctHoro mosra. B KM, ocHoBbiBa-
AICb Ha afresMBHbIX CBOMCTBAX in vitro, pasnuyatot asa Tvna CK:
afresvBHble CTpoManbHble Me3eHxumanbHble CK v Heapgresns-—
Hble remonoatnyeckme CK. MezeHxumaneHble CK moryT gud—
thepeHUMpOBaTLCA B KNETKM KOCTU, XPALLA, KMPOBOW TKaHU 1
MbILLIL, KaK in vitro, Tak u in vivo. MnoreHHble KneTku MoryT BbiTb
nony4eHbl in vitro Npy AeNCTBUN Ha aAre3nBHbIE Me3eHX1Marnb—
Hble kneTkn S—asaunTugmHa (5—azacytidine), KOTopbI aKTUBU—
pYeT MbiweYHbIn nepekntodatens MyoD [35]. Cybnonynsaumsa
meseHxmmanbHbix CK Takxe 6bina naeHTMdmLpoBaHa B Mo—
HoHykneapHbIx knetkax KM — ato CD45*/glycophorin® knetkm
[36]. MNocne ex vivo akcnaHcUn 3T MyNbTUMOTEHTHbIE B3POC—
Nble NPOreHUTOPHbIE KNETKM MOMYT BbiTb TPAHCNNaHTUPOBaHbI
B Heobny4eHHbIN OPraHn3M MbILLEN, FAE OHW NMPUXUBAKOTCA U
pa3BMBAKOTCA B reMOMNO3TUYECKME NIMHUKN, 3NUTENNansbHbIe
KNETKW, KNETKWN NeYeH, Nerkunx, kuevHoro anutenvs. [Npu see—
LEeHVM B paHHI0I0 6nacToumMcTy 3T KNeTkn AudthepeHLmMpoBanichb
B MblILLEYHbIe. /] XoTs 1X CNOCOBHOCTb CTAHOBUTLCA MpefLle—
CTBEHHVKaMW CKENETHOM MbILLILIbI MPY BHYTPMBEHHOM BBEAEHWN
NMPOAEMOHCTPMPOBaHa He 6blna, CBONCTBO 3TUX MYMbTUNOTEHT—
HbIX B3POCTbIX MPOreHUTOPHBIX KIETOK aKTYBHO NPonMdieprpoBaThb
6e3 04eBMOHOro CTAapEHVS U MOTEPU MYNbTUNOTEHLMN AenaeT 1x
npvBneKaTenbHbIM KaHAMAaTOM AN KNeTO4HOM Tepanmn.

Bonee nepcnekTBHbIMK ANst KNETOYHOM Tepanuy MbllLey—
HbIX AMCTPOMI ABNAOTCA Heaare3nsHble reMono3aTUYecKne
CK, koTopble, NOMMMO remMorno3asa, y4acTsyoT B hopMmpoBa-—
HWUM HepBHOW TkaHw [37, 38], nevenn [39], cepaeyHon MbiLLLbI
[29] n ckeneTHbIX MbILLL,. Bbino nokasaHo, 4T 3TV MUOrEHHbIE
MPOreHNTOPbI MOTYT MUrPUPOBAaTL 1 y4acTBOBaTb B pereHepa—
LMW MOBPEXAEHHON MbILLEYHOM TKaHW nocne TpaHcnnaHTaumm
KM [40]. B atom nccnepnosaHum Takxe 6bino npoaemMoHCTpu—
pOBaHO, 4TO B penapauuv NoBpeXAeHHbIX KapAMOoTOKCUHOM
MbILLEYHbIX KNETOK MOMyT y4acTBOBaTb He TOMbKo KneTku KM,
BBE[leHHble HEMOCPEACTBEHHO B MbILLILYY, HO TaKXe 1 BBEAEHHbIE
BHYTpVBEHHO. B 06ownx cny4asx JoHOpCKMe KNeTKn CnBanmch ¢
MbILLIEYHbBIMM BONIOKHAMU PELMNNEHTA. SKCNEPUMEHTbI Mo BHYT—
pVIBEHHOMY BBEAEHMI0 AOHOPCKMX KneTok KM mdx mbiam
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Tak>xe NPOAEMOHCTPUPOBANHN, HTO TPAHCNAHTUPOBaHHbIE KIeT—
KV MonagatoT U3 KPOBEHOCHOW CUCTEMbI B MbILLEYHYHO TKaHb U
CNMBAKOTCS C BONOKHaMM ANCTPOMHECKIMX MbILLL, MdX MblILLEn
[30, 41, 42]. OgHako, BO BCEX 3TUX 3KCNEPUMEHTaX penapaums
OVCTPOIMHECKMX MbILLL, TPAHCMNAHTMPOBaHHBLIMU KNeTKamu
KM Hukoraa He npesbiwana 1%. 310 MoXHO 06bSACHUTL Kak cna—
6biM 3axBaTom knetok KM, Tak 1 HeCcnocobHOCTL0 CTBOMOBbLIX
knetok KM apgekBaTHO pearmpoBaTb Ha KNETOYHblE CUrHanbl
peunnmueHTa.

HecmoTps Ha To, 4To ncnone3osaHme knetok KM ansa neve-
Hua mogenn MO y XMBOTHbIX 0Ka3anocb HeahthekTUBHbIM,
CyLLIECTBYET MHEHWE HEKOTOPbIX UCCRefoBaTenewn, YTo TpaHc—
nnaHTauma KM gns neveHnss MbiLLeYHON gUCTpodium y niogem
6ynet 6onee adhpekTmBHOM. CnocobHocTb CK KM 4yenoseka
y4acTBOBaTb B penapaumn MbllLeyHbIX BONOKOH Bbina npoge-—
MOHcTpupoBaHa Gussoni ¢ coasTopamu [43]. OHn npegcTaBn—
M UMMyHormcToxuMmyecknn 1 FISH ananna Ml manbymka,
KoTopomy B Bo3pacTe 1 roga ans nevexus Taxenoro X—cesa—
3aHHOro MMMyHogeduunTa, AMarHoCTMPOBaHHONO BMECTe C
ML, 6bina nposegeHa TpaHcnnaHTauma KM. Mpu atom, B 12 net
MO nmena ymepeHHoe npoTekaHuve, a B MbllLLiax 60nbHOro
Yyepes 13 neT nocne TpaHcnnaHTaummn 6bino obHapy>xeHo npu-—
cyTcTBMe aunnongHeix goHopckux agep (0,5-0,9% Mbiue4Hbix
BOJIOKOH], 4TO yKa3bIBAET Ha CMOCOBHOCTb 3K30MEHHbIX KNETOK
KM 4yenoseka cnnBaTbCsA CO CKENETHLIMU MbILLIEHYHBLIMI BOMOK—
HaMV peumnmMeHTa U COXPaHATLCS Ha MPOTSXXEHUN, MO KpanHew
mepe, 13 nert.

Takmum 06pa3om, HECMOTPSt HA BO3MOXHOCTb B3POCHbIX re—
monoatudeckmx CK cnmBaTbes ¢ AMCTPOPNHECKMM CKENETHbI-
MW MbILLEYHBIMX BOIOKHAMM, 4YacToTa Takux Cry4aeB CrLLKOM
HM3Ka Ansa Toro, 4Tobbl 6biTb 3dhekTMBHBIM CNOCO60M NeYeHms
MbILLEYHbIX OMCTPOIUA.

Knerkn nynoeuHHoi KpoBu. O4eHb 6113KKM N0 CBOMCTBAM
knetkam KM kneTku nynoBuHHOM KpoBW. B nx coctaee Takxe
NMPUCYTCTBYIOT Kak KPOBETBOPHbIE, Tak 1 Me3eHxmuMarbHble CK
[44]. MpumeHeHWe 3TUX KNETOK NNLLEHO MOParbHO—3TUYECKNX
OrpaHn4eHun, nx nerko nony4atb, konmyectso CK B nynoBuH-
HOW KPOBM 3Ha4UTENbHO HonbLue, MPonndepaTUBHBIN NoTeHLMan
BblLLIE, OHW HE OTArOLLEHbI FPY30M FrEHETUHECKUX MyTaLuniA, Ha—
KonneHHbIx B3pocnbiMu comatudeckummn CK KM. Knetkun ny-
NOBWHHOW KPOBW MEHEE NMMYHOMOMMYECKM 3penble. IKcnepu—
MEeHTbI, MPoBeAeHHbIe Ha Mbiwax [45], npogeMoHCTprpoBany,
YTO MMOrEHHbIE NPOreHNTopPbI (MPeaLLECTBEHHMKN) MPUCYTCTBYHOT
B MYMOBWHHOM KPOBW YenoBeka 1 cnocobHbl MUrpUpoBaTh U
anchdhepeHumposaTtbes B MuoumTel. OgHako, kak u B cnydae CK
KM, no cux nop oTcyTCTBYKOT AokasaTenbcTea ahheKTMBHOMO
TepaneBTMYECKOro AeNCTBMA KETOK NYyNoBMHHOM KPOBW NpW NX
1CNONb30BaHWM ANs eYeHns MblLLeYHbIX AucTpodimn. Kak v gns
BCEX OCTasbHbIX NOTEHUManbHbIX NCTOYHMKOB KNETOK Ans ne—
YEeHUA MbILLEYHbIX AUCTPOhuiA, CyLLEecTBYOT METOLMYECKNE
npobnembl, CBA3aHHbIE C BbIAENEHMEM W3 NMYNOBMHHOW KPOBU
NONYNAUMM MUOTEHHbBIX MPEALLIECTBEHHMKOB 1 UX JanbHenLLen
3KCMaHcvew B YCNoBUsX in vitro.

MbiweyHble cTBonoBble KNeTKW. [lepBbiMy naeHTUdmn-
LUMPOBaHHBLIMY «B3POCHbIMMY MbILLEYHBIMU MPOreHNTOPHBIMI
knetkamu beinu catennutHble KneTtkn (CaTtk) MblllL, — KOMMUTU—
POBaHHbIE, MOKOSILLIMECH MbILLIEYHbIE MPedLLECTBEHHUKI, KOTOpPbIE
pacnonaratoTcs Mexay CapKoneMmMOon MblLLEYHbIX BOMOKOH U X
6azansHon membpaHon [46, 47]. AktnBmposaHHblie CaTtK ge—
NATCA Ha [oYepHWE KNETKN 1 AndhepeHLMpYOTCS B 0OHOSAEP—
Hble M1MOBnacTbl, KOTOpPbIe 3aTeM TMB0 CIMBaKOTCS Mexay cobor 1
06pa3yoT HOBblE MbILLEYHbIE BONOKHE, MMB0 CNMBakTCA C Cy—
LLeCTBYOLMMU MbiLlle4YHbIMW BonokHamu [48, 49] (puc. 2).
PesynbTaTthl nccnegoBaHnin pocTa MblLLL, W VX PEreHepaummn gatoT
OCHOBaHWe NpegnonoXuTb, YTo akTnBMpoBaHHble CatK, Bo3—
MOXXHO, MOMOMHAKT CBOW MNyn NyTeEM acMMMETPUYHOIO fene—
Hus [S0]. Mbiwe4Hble CaTK BO3HMKAKOT B MpoLEeCcce NO34Hero

3MBproHanbLHOro M1OreHesa 1, BEPOATHO, OTNNYAKTCA Mo Npo—
NCXOXOEHWIO OT APYrX MUOrEHHbIX MPefLecTBEHHMKOB. EcTb
HECKOMbKO rMnoTes, 06bACHAOLLMX UX MponcxoxaeHue. B yacT—
HocTw, Bblno obHapyxeHo, 4To CaTK pasBuBaloTCs U3 CNMHHON
aopTbl ambpuroHoB c—-met—/— Mbiwern [51]. Ckopee Bcero, Mbl-
weyHble CaTK npepcTasnsaoT cobor cybnonynaumio He andhdpe—
peHUMPOBABLUNXCA B NpoLecce aMbBpMoHanbHOro MMoreHesa
M10o61acToB, KOTOPbIE OCTaNMCh CBA3AHHbLIMU C MOBEPXHOCTbLIO
pas3BMBaOLLMXCA MbILLEYHbIX BOMOKOH (cMm. puc. 2). CatK reTte-
poreHHbl o akcnpeccun CD34 1 myf-5. Takxe cyLlecTsyeT no—
Nynsaumsa 3TUX KNETOK, He 3KCMPECCUPYHOLLIAS HUKaKMX MapKepoB
[52]. Cpasy nocne akTtmeaummn CatK 6bICTpo BCTYNaoT B KNETOY—
HbI LK 1 NPOXOQAT MUOreHes, aHanorn4HbIA aMBproHanbHOM
MWOreHHon nporpamme. In vivo aktmsuposaHHble CaTtK orpa-
HUYEHbl MbILLEYHOW NIMHMERN, 0AHAaKO N Vitro NOMUMO MbILLIL,
nokasaHo VX y4acTve B agmno— 1 octeoreHese [53].

I\Iuoonacnﬂ Muouursn

MesoaepmaanHble
COMIITHBI€ KIETRI

MyoD/Myf5s Myogenin/MRF4

Pax3 \
9

Pax7

Muoudprnue! i
CATENMTHBIE KIETKII

( OMITHBIE
KIeTki?
IHOTEAHANLHBIE
KIeTRH? Pax7

Care/LITHBIE KIETKH

Puc. 2. CurHanbHble (hakTopbl W KIETOYHbIE COb6LITUS,
BOB/eYeHHbIE B 3MbBPUOHanbHoe (hopMUpoBaHne CKeneTHon
MbiLLUbl. Pax3 akcnpeccus B KneTkax—npeaLwecTBeHHuKax
BHOCUT BKNapj B MUOreHHy0 3kcnaHcuo knetok. [locne
VIHAYKLUMA NEPBUYHBIMU MUOreHHbIMY ghakTopamm MyfS n/ vnn
MyoD mesonepmarbHbie COMUTHbIE KIETKM KOMMUTUPYIOTCS
B MUOreHHbIe ivHum (MnobnacTei). [103xxe aericTeme BTOpU1HbIX
MWOreHHbIX PerynsaTopHbix hakTopos (MvoreHuH v MRF4)
VIHBYUMPYET OKOHYaTenbHyo avghehepeHumaymio Mmyobnactos
B MUOLUTBLI, KOTOPbIE B AanbHenLwemM CimBaroTcs, obpasys
MHOrosifepHble Mbille4Hble BoslokHa. Bo spemsa 6onee
nosaHen thasbl aMbpUOHaNbHOro MuoreHesa cybnonynayus
Mnob61acToB, NPOUCXOJALEaa M3 CaTeINTHbIX KEeTOK,
C/MBAETCS C CyLLECTBYIOLMMMN MbILLEYHBIMU BOSIOKHaMM, HTO
103B0ONAET M PAaCTU. HekoTopble caTernUTHbIE KIIETKM OCTatoTCs
CBA3@HHbLIMU C MbILLEYHLIMW BOSIOKHAMW B MOKOSALYEMCSH
HeaunghhepeHUMpoBaHHOM COCTOAHMN. 3MOpuoHansHoe
MPOUCXOXAEHNE CATEN/INTHbIX KIETOK OCTAeTcs eLye He
0Ka3aHHbIM, 0aHaKo Pax7 akcripeccus ABnseTcs He0bXoaMMOown
A1 cneunghukaunm,/ aKkcnaHcuy nonynaynm caTeimTHbIX
knetok [54]

CatK 6binv 0gH1M 13 NePBbIX TUNOB KNETOK, UCMOMb3YeMbIX
B KJIETOYHOM Tepanuu MbilleyHbix auctpodunin. CaTtK, koTopble
BblpaLLMBataTCa in vitro, NpeacTaBnstoT cobon MOHOHyKneap—
Hble KNEeTKW, KOMMUTVPOBaHHbIE MO MUOrEHHOMY NyTY (M1ob—
nacTbl). 3KCNEPUMEHTbI MO BHYTPUMbILLEYHOM TpaHcinaHTaumum
M1OBNacToB, M30MMPOBAaHHbIX U3 MbILLEA QUKOro Tuna, mdx
MbILLIaM MPOAEMOHCTPVPOBAaN 3KCNPECCU0 ANCTPOdhvHA in vivo
[55, 56]. 3™ nccnenoBaHMa NOCNYXXUNM OCHOBaHUEM MPOBE—
LEHNA KIIMHUYECKNX UCMbITaHU MMOBIACcTOoB C LIENbIO NeYeHNs
MO [56-60]. Ona atoro goHopckue CatK 6binn nsonnposa-—
Hbl B pe3ynbTaTe 6uoncum MLl y 61M3KMx POACTBEHHNKOB
60nbHbIX AeTer. 3aTeM 3TV KNETKM BbIPaLLMBANMCh B YCIIOBUAX
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in vitro, nocne 4ero 80—100 M1UNAIMOHOB [OHOPCKMX MMOBnacToB
6b170 BBEAEHO B MbILLILbI AETEN MYTEM MHOXECTBEHHbIX MHBEK—
umn. KoHTpnaTtepanbHble MblLLLbl BbIM MHbELMPOBaHbI Kak KOH—
Tponb nnauebo. OgHako, ummyHormcToxummnydeckme n RT-PCR
nccnefoBaHns MbilL 60MbHbIX, KOTOPbIE MPOBOANNCH Ha NPO-—
TSXKEHUW rofa, nokasanu, 4To TpaHcnnaHTauma MmobnacToB
Takum cnocobom 6bina HeadhdhekTBHA. HecmoTps Ha To, YTO
nepecaxeHHble MMobnacTbl ENCTBUTENIbHO COXPaHSNUCh Y
npoayLMpoBan QUCTPOUH B MbILLEYHbIX BOMOKHAaX naumeH—
ToB c M/, yacToTa, Npy KOTOPO 3TO BCTPEYanoch, bbina 04eHb
HM3Kow (<1%). Mo3aTomy HeyaMBUTENBHO, YTO He Bbino 3apern—
CTPMPOBaHO HUKAaKOro (OYHKLMOHANbLHOr0 UAK KIMHWYECKOro
BbI300POBAEHWsA. IKCNEPMMEHTbI Ha MbILLIaX M0 NCM0b30BaHMI0
MunobnacTtoB ans nedeHna MO Takxe nokasanu, 4To yxe ve—
pe3 24 yaca nocne TpaHcnnaHTaunn S0% reteponornyHbIX
MrobrnactoB nornbaeT unm ncyYesaeT U3 MecTa TpaHcnnaHTa—
uru, 5% HaxoaaTcs B NOKOALLEMCHA CocTosAHUM, 5% cnnBatoTcs
C NOPaXXEHHbIMW MbILLEYHBbIMW BOOKHaMW, HO TOMbKO B MOS0—
BMHE 13 HUX (2,5%) HabntogaeTca cuHTes auctpodimHa [62, 63].
Npn aTom TpaHcnnaHTaumsa M1obnacToB XapakTepuayeTca Mu—
HUMarbHOM MUrpaumen KNeTok Nocne MHbLEKLMN N UMMYHHbIM
oTTopXeHnem [64, 65], koTopoe ABASeTCA 0AHOM U3 MPUHUH HUN3—
KOV CTEMNEHN BbIXMBaHWA KNETOK. [1ocne BHYTPUMbILLEYHOM NHb—
ekunn naumentam ¢ ML Bbicokoro KonMyecTsa MMobnacTos,
MOMYYEHHbIX Y 300P0BbLIX BNIM3KNX POACTBEHHUKOB, MPaBUILHO
nopobpaHHas IMMYHOCYMNPECCHs MO3BOSIAET YXXe Yepe3 MecsL
YBENUYNUTb KOMNYECTBO MbILLIEYHbIX BOMOKOH, CUHTE3UPYHOLLMX
onctpodovH go 10% [66]. 3T nccnepoBaHns ykasbIiBakoT, C Of-
HOW CTOPOHbI, HA BaXXHOCTb MCMOMb30BaHNA adeKBaTHON NMMY—
HOCyMNpeccum Npy TpaHcnnaHTaummM MMobnacToB, a C Apyron — Ha
HeobXxoaMMOCTb OMTVMU3aLMN METOLA TPaHCNIaHTaUmmn KNeTok,
YTO BK/HOHAET Hapsidy C onpedeneHnemM onTMManbHOro Konmye—
CTBa KIETOK, YacTOTy UX BBEAEHVS 1 MECTO TpaHCMnaHTaumun.

CrnepyeT 3aMeTWTb, 4YTO, MO MHEHMIO HEKOTOPbIX NCCNEeao—
BaTenen, CnocobHOCTb MbiLLLIbI BOCCTaHaBNMBAaTLCA NOCe No—
BPEXAEHUS ABNAETCH 3aKNto4MTENbHbLIM 3TanoM MMUOreHesa,
Ha4arno KOTOpOro 3aknagbiBaeTcs B NpoLecce ambproreHesa u
BK/tO4YaeT B cebs CTaguio MHOYKLMN MUOTEHHbIX PErynaTopHbIX
(haKTopOB 1 MNO3ULIMOHHBIX CTUMYMOB, ONKTYHOLLIMX HanpaBneHve
KnetTo4Hom gudpdbepeHumaLmm, nponudepaLmnio 1 oKoHYaTeb—
Hyto andpdhepeHLmaLmio Bo B3pOCnyH MbiLLLy [67], 4To ykasbl-
BAET Ha OrpaHN4eHHbI MUOTeHHbIN NOTEHUMAN MblLIEYHbIX
CatK. NoaTomy, HECMOTPSt Ha JOCTaTOYHO aKTVBHbIE MCCNeno—
BaHVSA, HANpaBneHHbIe Ha ONTUMU3aLMI0 MeToda TpaHCnnaHTa—
LM MMoB1acToB AN NeYeHNs MblLLEYHbIX QUCTPOUiA, MHOrVe
NCCnefoBaTeny BCe e CKITOHAKTCA K MCMOoNb30BaHMIO s 3TUX
uener 6onee NPUMUTVBHbBIX NPEALIECTBEHHNKOB MbILLIEYHbIX KIe—
Tok. OHM cnpaBe;IMBO CHATAKIT, YTO 3TN MmoreHHble CK ByayT
He TOMbKO CMMBATLCS C CYLLECTBYHOLLWMMU MbILLEYHBIMN BONOKHa—
MW peumnmeHTa, Ho Takxke ByayT cnocobHbl NponndepnpoBaTh,
ondchepeHUMpoBaTLCS B HY>XXHOM HanpasneHn 1 hopMmMpoBaTh
HoBble MyocuMnnacTbl. Kak nonaratoT, 6onee NpUMUTUBHBIMIA
MbILLIEYHbIMM MPEefLIeCTBEHHNKaMM Mo cpaBHeHuo ¢ CatK asns—
HOTCA MyNbTUNOTEHTHbIE MbiLLeYHble cTBonoBble knetkn (MMCK)
[34, 68-70], MbiweyHble SP kneTtkn [30, 31], mbiwe4Hblie CK re—
MOMO3TUYECKOro npomcxoxaeHus, n CK MblLuL, yCTon4YmnBble K
6onbLUMM Jo3am paguaumm.

MynbTUNOTEHTHbIE MbIWEYHbIE CTBOJIOBbIE KJIETKU.
MMCK akcrnpeccupytoT kak MUOreHHbIE MapKephb! (MoNoXnTenb—
Hble Ha desmin, myogenin 1 myoD), Tak 1 MapKkepbl CTBOMOBbIX
knetok (flk-1, sca—1, CD34). Onn He akcnpeccupytoT c—kit, CD45
unu gpyrve mapkepsl knetok kposu. MIMCK moryT 6biTb akc—
naHAMpoBaHsbl in vitro Ha npoTaxeHun 6onee 30 naccaxen 6e3
N3MEHEHNs1 KapuoTuna, MoryT BbiTb FrEHETUHECKN MogUdML—
pOBaHbI 4719 3KCMPECCUM MUHUAUCTPOMHA 1 B-ranakTo3vaassl,
MoryT anddhepeHLMpoBaTLES B KIETKM MbILLEYHOW, HEPBHOW Y
aHaoTenuanbHom TkaHew in vitro v in vivo [70]. MMCK obnapgatoT

crnocobHocTeio 3acensats KM 1 BoccTaHaBnmBaTh KpOBETBOPE—
HWe y cMepTenbHo 06MyYeHHbIX Mdx MbIlLen Npy BBEAEHUN
BHyTpuBeHHO. OHM cnocobHbl NonagaTtb B guctTpodmyeckune
MbILLLbI M y4acTBOBaTb B UX pereHepaummn [34]. Takum obpa-
30Mm, knoHbl MMCK moryT 6bITb 3KCMaHAMPOBaHb! C CoxpaHe—
HMEM MWOreHHOro noTeHumMana nocne remMaTono3TUYecKown
ondbdpepeHumaumn. Takxe 6bina nokasaHa CnocobHOCTb 3TKX
KINIETOK MUrpMpOBaTh 13 KPOBOTOKA B MOBPEXAEHHbIE MbILLLbI
rocne 1x BHyTpMapTepuanbHom nHbekumn mdx meiwam [71].

SP (side population) knetku. [Ipyron cybnonynsauyunei
B3POCIbIX MbILLUEYHbIX NMPEALLECTBEHHNKOB, 06HapYXEeHHbIX B
Mbilax n B KM, aBnatoTca Tak Ha3biBaeMble SP (side
population] knetku [30, 31]. 3ta nonynauma MynbTUNOTEHTHbIX
KIIETOK XapaKTePU3YeTCs TEM, YTO OHW aKTUBHO BbITECHAKOT Kpa—
cutenb Hoechst 33342, 6narogapsa akTMBHOCTM Ha KNETOYHON
nosepxHocT ABC nepeHocunka ABCG2 [72, 73]. Mbie4Hble
SP knetkn HeratueHbl Ha c—kit n CD45. 3HaunTenbHaa 4acTb
SP knetok nonoxwutensHa Ha CD34 [30]. IMpn BHYTPMBEHHOM
TpaHcnnaHTaumMm cMepTenbHO 06/1y4YeHHbIM caMmkam mdx Mbl—
Len MbilleyHble SP kneTky cnocobHbl BOCCTaHaBNMBaTL FeMo—
noaa [30]. MNMpn atom Ha 17-28 peHb nNocne TpaHchnaHTauum
LoHop—npon3BoaHble (Y+ aapa) aMcTpodvH—MNoN0XUTENbHbIE
MbILLIEYHbIE BONOKHA Bbinn HanaeHb! y 9% BONOKOH Mdx MbiLLEN.
CnepyeT 3aMeTUTb, YTO MblLLeYHble SP KNeTkn oTin4aoTes eLle
1 TeM, YTO MOryT BbITb N30NMpoBaHbI N3 MbilL, Pax 7-gedin—
LUMTHBIX MbILLIEN, KOTOPbIE HE MMetT MuoreHHbIx CatK [74], 4Tto
yKasbIBAET Ha YHNKANbHOCTb 3TOM NONyNaumm KneTok. [Npy atom
HehpakLMOHMPOBaHHbIE MblLLeYHble SP kneTku moryT obpaso-—
BblBaTb Kak CKENeTHbIE MblLLEeYHble BONokHa, Tak 1 CaTtK nocne
BHYTPVMbILLIEYHOM MHBEKLMW. TakXe OHW CMOCOBHbI CTaHOBUTb—
CS MbILLEYHbIMY KI1eTKaM1 Npy COBMECTHOM KYIbTUBUPOBaHWM
C nepBu4HbIMU Mr1obnacTamm [33].

CK mbiwy, ycTroiiumBbie K 60ablIMM fo3am paguauuu.
I3BecTHa Takxe nonynsaumsa KNeTok, KOTopble BHOCAT BK1ag B
penapaumio MbiLLL, nocne 6onblumnx o3 pagrauum [32]. 06ny-
4yeHne bonblummn gosamu (18 Gy) BnokupyeT pereHepauuio B
MblILLLax mdx MblLLen, MHIMBUPYS MUTO3 B MPONMIepUPYOLLINX
MMOBNacTHbIX/ caTennnTHbIX knetTkax. OgHako ganbHenLlee
BBeAeHVe myotoxin notexin (paspyLLaeT 3penble MbILLEeYHbIE BO—
NOKHa, HO He 3aTparvBaeT MOHOHYKIIeapHble KIETKW, BKo4as
caTennUTHbIE) MPUBOANT K pereHepaunm mMbil, AHann3 aToro
SIBNEHNS Yy HOPManbHbIX 1 AUCTPONYECKNX MbILLIEV NOCne 0by—
YeHWA Nokasan BbICOKWUIA YypoBEHb Nponvdiepaumm MbllLeyHbIX
KneTok-npepLlecTseHHKoB. OHW, BEPOATHO, ABNAIOTCS pPesun—
LEHTHbIMW CTBONOBBIMU KIIETKaMMU.

CnepyeT 3aMeTUTb, 4TO NepcrneKkTuBa UCMNonb30BaHUs
B3pocnbix CK gns kneTo4Hom Tepanuy BoobLLE 1N MbILLEYHbIX
OVCTPOdIMIA B HACTHOCTM MMEET JOCTaTO4YHO MHOM0 KPUTUKOB.
B yacTHoCTW, MHOrMMK McCcnedoBaTeNAMN NOABEPraeTcs Cepb—
€3HbIM COMHEHMAM cama BO3MOXHOCTb B3pocrbix CK k TpaHc—
ondbcpeperumaumn [75-77]. Tak, nccnegosaHue, NPOBEAEHHOE
rpynnoun T. BpayHa, NpOTMBOPEYUT MHEHWIO O TOM, YTO B3pOC—
nble MmeseHxumanbHble CK KM nnn nokansHele CK y4acTsytoT B
BOCCTaHOBMNEHUW CEPAEYHbIX N CKENETHbIX MbILLIL, MyTEM TPaHC—
onddhepeHumanmmn B MbllLeYHble kneTku. I/lccnenosaTteny npo-—
LEMOHCTPMPOBanNy, 4T0 BCE Cry4Yau, B KOTOPbIX qIyHKLMOHaNb—
Hble KIETKW CKENETHOM MbILLILbI BbIPACTan n3 Me3eHX1MMarnbHbIX
CK, Ha camoM fiefne 0CHOBbLIBaNMChb Ha CAVSIHAN ME3EHXUMarb—
Hbix CK ¢ yxxe anddepeHuLmMpoBaHHbIMI MbILLEHYHBIMM KNeTKamm
[77]. CnnBancb C kneTkamu BOCCTaHaBNMBaEMOW TKaHW, 3Tn
KINETKM, CKOPee BCEro, TOMbKO UMUTUPYIOT MeXaH13M TpaHcand—
thepeHumaLmn, 4To yKa3bIBaeT Ha X OrpaHNYeHHYH CMOCOBHOCTb
BOCCTaHaBnMBaTb NoBpexAeHHble Mblubl. CnegyeTr oTMETUTD,
YTO B NMPOLECCE NOCTHATaNbHOM0 Pa3BUTUA HabntogaeTcs CHU—
»eHune cnocobHocTn CK k xoymuHry [78]. Hekotopble nccne—
posaTtenu nonaratoT, 41o B [JHK B3pocnbix CK HakannueatoTca
MyTaumm, 1 ee nHhopmMaLms nocTeneHHo aerpagupyet. Opyrve
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yKa3bIBaloT Ha BO3MOXHOCTb HakonneHus mytauun B JHK mu—
TOXOHAPWIA, B KOTOPbIX OTCYTCTBYET MEXaH3M BOCCTAHOBIEHWS.
CyLuecTByeT Takxke MHeHre o Tom, 4To CK cTtapetoT u yTpadm—
BalOT CNOCOBHOCTL K camMoB0306HOBNEHNO. KynbTrBpOBaHve
CK in vitro npoBoAmUTCA B YCNOBUAX, CUMBHO OTNIMYAIOLLMXCS OT
YCNOBWW in Vivo, 4TO MOXET MPUBOANTB K CYLLIECTBEHHbLIM N3Me—
HEHVAM KaK reHeTUHYEeCKON NporpaMMbl 3TUX KIETOK, Tak 1 1X
peakuuy Ha BNAHWE BHELLHMX hakTopoB 1 perynsaTopos (mo-
L06HbIX POCTOBLIM thakTopam 1 LuTokmMHam). Bee atn namene—
HVSA, MPOMCXOASALLME KaK B MPOLECCe NOCTHaTanbHOro passn—
™a CK, Tak 1 B npouecce KynbTUBMPOBaHWUS in vitro, MoryT, B
KOHEYHOM UTOre, MPUBOAUTL K OFPaHNYEHNIO MX CMOCOBHOCTU K
MUrpaLun, camoB0o306HOBNEHWIO, Nponrdepaun, ouddepeH—
umaumm, a Takxke K HeafekBaTHOM peakLmn Ha KNeToYHbIe CUr—
Hanbl MMKPOOKPYXXEHWA B OpraHmame peumnuerTa. K Tomy xe B
HacTosLLee Bpems HET adhheKTUBHbIX METOLOB BblpaLLMBaHNA
«B3pocnbixy CK — B KynbType OHW pacTyT YpesBbl4anHo MedneH—
Ho. OgHMM 13 NPENSTCTBUA KIIMHWUYECKOro NPUMEHEHMS «B3POC—
nbix» CK Takxe ABNSETCA Mano4MCieHHOCTb MX NONynauum B
TKaHSX 1 TPYAHOCTY BbIAENEHNS.

3mbpuoHanbHble MUOreHHble NMpeALecTBEHHUKN

AmbpuoHanbHbie ctBonoBble knetku (ICK). VctouHrkom
MbILLEYHbIX NPOreHUTOPOB AN KNETOYHOM TEPanm MbiLLEYHbIX
oncTpodhmii MoryT Takxke cnyxumtb ICK — KNeTkn BHYTPEHHEN
KNeTo4YHom Mmacchkl 6nactouuncTbl Yenoseka [79, 80]. OHn ToTu-
MOTEHTHbI M XapaKTEPV3YTCS CBOMCTBOM CaMOBO306HOBNEHMS.
3TN KNETKM MOryT BbITb 3KCNAHAMPOBAaHbI in Vitro Ha NPoTaXe—
HUW OAUTENBHOMO Nepuoaa BPEMEeHW, ocTaBasick B Hegudide—
peHuMpoBaHHOM cocTosHuu. Teopetunyeckn, ICK aBnatoTca
HeorpaHN4eHHbIM UCTOYHUKOM KIETOK, CNOCOBHbIX AnddepeH—
LMpoBaTbCA BO BCE TUMbI KNETOK, BKHOYasA U MbllleYHble [81].
OpHako, pnuTenbHas akcnaHcua 3CK gocTaToyHO crnoXHas v
LnuTenbHas npolenypa, TpebytoLLias NoCTOSIHHOr 0 NPUCYTCTBUSA
cTpoManbHbIX (hraepHbIX) KNETOK, AOPOroCTOALLMX LIMTOKMHOB
(EGF, FGF, SCF, LIF, IL-6,), a Tak>xe cBoeBpemMeHHOM fesarpe-—
raumm 1 nepecesa KneTok. HeBbinonHeHWe xoTsa 6bl 0AHOrO K3
nepeynCrneHHbIX YCNOBUM NPUBOAUT K yMeHbLUEHMO CK B KynbTy—
pe 3a cueT ux audchepeHumanmm unm rubenn. C BospactaHmem
cpoka kynbTrBMpoBaHua ACK Bo3pacTaeT BEPOATHOCTb BO3HMK—
HOBEHUS FEHETUYECKNX MyTaLMIA, KOTopble ByayT HaKanmMBaTb—
Cs1 B MOCMNEQyLLMX KNeTO4YHbIX NoKoneHusx. Nommumo aToro, B
HaCTOSILLMIA MOMEHT HET TOYHOM0 MOHUMAHWS MOMEKYNAPHbIX
nyTewn, nexatumx B 0CHoBe (DOpMUPOBAaHNSA OPraHoB, U He ornpe—
LeneHbl hakTopbl, KOTOpble HEO0BX0AUMbI U [OCTaTO4HbI [ANs
dhopMuMpoBaHVs cneumdnyecknx TUNoB KneTok. B cnyvae knn—
Hu4eckoro npumeHeHnss CK cyllecTByeT noTeHumansHas
0MNacHOCTb 06pa30BaHNs HeXenaTenbHbIX KINETOK, TKaHen 1
pLaxe (hopMUPOBaHMS TepaToM. 3Ta 0NacHOCTb MPOUCTEKAET,
rnaBHbIM 06pasom, 13 nntopunoteHTHocT 3CK, 1 nx cnocob—
HOCTV 06pa30BbIBaTb BCE KNETKM 3KTOAEPMbI, 3HTOAEPMbI U
mMezofepmbl. Ans winpokoro npumeHeHns 3CK B KnMHU4ecKom
npakTVke NPeacTouT PeLunTb P OOCTATOYHO CROXHbIX 3apadY:
pa3paboTaTb METOAbI, NO3BONAOLLME NOSly4aTb 4OCTAaTOYHOE
KOnM4ecTBO HanpaBneHHo ANghepeEHLIMPOBAHHbIX B MbILLEYHbIE
npepwectBeHHMKM 3CK, a Takxke cnocobbl yCTpaHeHWs nn—
PUMNOTEHTHBLIX U 4acTUYHO AN EPEHLMPOBAHHbLIX KNETOK,
KOTOpbIE MOrYT BHOCUTb BKI1a[ B 03/10KAYECTBIIEHNE TKaHEN.

9CK umtornépungos. [JpyrimM MICTOYHNKOM MbILLEYHbIX MPed—
LLeCcTBEHHMKOB MoryT 6biTb 3CK, nony4eHHbIe B pesynbTaTe Mex—
BMOOBOW LMTornMbpransaumm [82], koTopas No3BoOAAET nonyyaTb
rmépugHble 6nacToumcTbl (HanpyMep, YenoBeka U CBUHbN, Ye—
noBeka 1 kopoBbl). MexsungoBas uMTornbpuansasms no3sonseT
nonyvate 3CK ¢ reHomom Yenoseka 6e3 Mcnonb3oBaHNsA die—
TanbHbIX TKaHeR Yenoseka. 3ToT MeTo TEOPETUYECKM NO3BONA—
€T norny4atb HENVMMUTUPOBaHHbIE konnyecTsa 3CK ¢ reHomom
peuMnMeHTa 1 Janee 1Ux UCNonb30BaTh A TpaHcnnaHTauum 6e3

prcKa MMMYHHbIX OCROXHEHWI, n36aBnsas Npy 3T0M 0T Moparb—
HO—-3Tn4eckux npobnem. OfHaKo CyLLEeCcTBYET AL HayHHbIX MPo—
6rem, CToALLMX Ha NYTY TepaneBTUYECKOro NCMOSb30BaHNA Lin—
Tormbpupos. Bo nepsbix, cTapetoLmMe NocT-MUTOTUYECKMNE
KINETKM XapaKTepn3ytoTCs HAKOMNIEHNEM FEHETUYECKIMX OLLMBOK
nmyTaumin. BonbLuon npobnemor Takxxe ABNAETCA OTHOCUTENBHO
He3adhekTMBHOE NepenporpaMMMpoBaHne OHOPCKOro sapa
obpaTHO B NNOpUNOTEHTHOE cocTosHMe [83].

Takum o6pazom, CK, nony4eHHble B pesynbTtaTe MexBugo—
BOM rmbpuansaumm ambprnoHOB, MOTyT XapakTepmn3oBaTbCA
60onbLLUMM KONMYECTBOM MyTaumi 1 owmbok (He roBops yxe o
HacneacTBEHHbIX 3aboneBaHusax), YTO CNOCOOHO NULLINTL KX
3hhEKTUBHOCTU, UMK, XYXXE TOro, CTaTb NMPUYMHON UX OHKOMOr—
Yyeckow TpaHchopmaumn. Heobxoaumo 3aMeTuTb, YTO NpaBoBble
N 3TUYECKME acnekTbl B 061acT MexBnaoBov rmbpuansanmnm
3MOpVOHOB BCE ELLie OCTaOTCA HenpopaboTaHHbIMU.

Mbiwe4Hble nNpeflwecTBEHHNKU 3MBPUOHOB pPaHHUX
CpoKoB pa3BuTuA. [loTeHUManbHbIM MCTOYHUKOM KIETOK Ans
KIIETOYHOW TEPanN MbILLEYHbIX ANCTPOhUIA ABAAKOTCA MUOTEH—
Hble NPeALLIECTBEHHMKW, MOMyYeHHbIe 13 abopTVBHbIX 3MOPUOHOB
4ernoBeka paHHUX CPOKOB rectaunn. 3T KNeTkn obnagaoT cy—
LLIeCTBEHHBIM HEQOCTaTKOM, OrpaHUYMBaOLLM UX KIUHUYEC—
KOe MCMonb30BaHNe — 3TO MOpPanbHO—-3TU4eckmne nNpobnemel,
CBf3aHHbIe C WX NonyyYeHnemM. Hapsigy ¢ aTvm, OHU UMEOT Joc—
TaTO4HO MHOr 0 NPEeNMYLLIECTB Nepes NocTHaTanbHbIMW MUOTEeH—
HbIMM NpedLUecTBEHHUKaMW. Bo—-nepBbIX, MUOreHHbIe KNeTKn
3MBp1OHOB YenoBeka BKIHaoT B cebs, TOMMMO OKOHYaTeNb—
HO AndhdepeHUMpOoBaHHbIX, BbILLEALLINX N3 KNETOYHOMO LuKia n
aKTMBHO (hOPMUPYIOLLIMX MblILLIEYHbIE BOIOKHA MMOLITOB, ME30—
nepmanbHble CK 1 KOMMUTMPOBaHHbIE B MbILLIEYHOM HarnpaBne—
HUM MMOBNACTbI, KOTOPbIE XapaKTEPU3YHOTCH BbICOKOWN CTEMEHBLIO
camMoB0306HOBNEHNS, NponuepaLmn, MUrpaLmmn 1 NiacTUYHo—
ctn (cm. puc. 2). Bo—-BTOpbIX, MMOreHHbIE NMPEALLECTBEHHUKN
3MBpVOHOB YenoBeKa NpPeAcTaBnAlT cobor AOCTaToYHO reTe—
POrEHHYHO MO MPOVICXOXAEHWIO KITETOYHYH MONYAALMID, YTO NMO3B0—
NSeT HafesATbCA Ha 1X CNocobHOCTb hOPMUPOBaTL B OpraHM3Me
peumnnmeHTa He TOMbKO BONMOKHA CKENETHbIX MbILLILL, HO TaKXe r
KINETKW, HanpuMep, CepAeYHON NonepeYHO—NonocaTon MblLLley—
HO TkaHW. B-TpeTbux, aMBproHbI 4YenoBeka paHHMX CPOKOB
recTaunm xapakTepuaytoTcs NMPakTUHYeCcKN NoMHbIM OTCYTCTBU—
€M Ha KIIETOYHOW MOBEPXHOCTW MOMEKYI FaBHOMO KOMMeKca
rMCTOCOBMECTUMOCTW. 3TO ONPEeENseT X HA3KYH UMMYHOreH—
HOCTb Mocre TpaHcnnaHTauun. 11 xoTs, Ha Hall B3rnsg, Henb3s
MOMHOCTbI0 0TKa3bIBaTbCA OT MMMYHOCYMNPECCUN NPy TpaHC—
nnaHTauum 3TUX KNeTOK, O0Ha MOXET BbITb MUHMMasbHOM Kak no
BPEMEHW, TaK 1 N0 UHTEHCUMBHOCTW. B—4eTBepTbIX, aMBproHanb—
Hble CTBOSIOBbIE U MPOrEHNTOPHbIE KNETKN XapaKTepuayrTcs
OTCYTCTBMEM NPUOBPETEHHBIX FTEHETUHECKNX HAPYLLEHNI.

Mesz3aHrno6nacrtbl — 370 NONyNALMA Me304epManbHbIX
CTBOJOBbIX KIIETOK, BbICTUNALLMX MOBEPXHOCTb HEKOTOPbIX 3M—
6proHanbHbIx cocyroB [51, 84]. 311 KNeTkn ABNSIOTCS eLLe Of-
HUM NOTeHLManbHbIM UCTOYHMKOM B3pocnbix CK ana knetoy-
HOM Tepanuun MbleYHbix gucTpodunin. OHM 3KcnpeccupyoT
Mapkepbl aHrnobnacTos, Takue kak Sca-1, Flk-1, n CD34, a
TaKXe reHbl, TUMMYHbIE AN Me304epMbl, BKIHOYas peLenTopbl
N CUrHanbHbIe MOMEKYMbl KNacCu4eckmnx MHOYKTOPOB Me30[ep—
Mbl, Takune, kak BMP, Wnt 1 Notch. Mesanrnobnactsi MmoryT 6bimb
3KCMaHAMPOBaHbI in Vitro, Npy AeNCTBUN Ha HUX LIUTOKUMHOB Wn
MpY COKYNbTUBUPOBAHUM C OPYrMIM KNETKaMU Me30AepMarnbHOro
npovicxoxaenns [84] cnocobHbl andichepeHumpoBaTbCs B 60mnb—
LLIMHCTBO TKaHen, MeLLMX Me30fepmMaribHoe NpoMCXoXaeHe,
BK/t04as KPOBb, XPSILL, KOCTb, MMafK1e CKeNeTHbIE 1 CepaeyHbIe
MblILLLbIL. Me3aHrnobnacTsl 0bnapatoT yaMBUTENBHOM CNOCOBHO—-
CTbH K XOYMUHIY B NOBPEXAEHHYH MbILLEYHYH TKaHb 1 aKTVBHO
BOCCTaHaBMBAIT NoBPeXAeHHbIe MblLLLbI [85-87]. BryTprap-
TepuanbHoe BBEAEHNE ME3aHMMOBNacToB, MEYEHHbIX NEHTU—BU—
PYCHbIM BEKTOPOM, 3KCMPECCUPYIOLLIM 0—CapKOrnKaH, MbILLaMm
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C MOJENbI0 Ta30B0—MOSACHNYHOWM MbilLeYHon auctpodum [85]
NPOAEMOHCTPUPOBANO, YTO OHM HAKanMBAKTCS B Kanunapax u
3aTeM MUrPYPYHOT B 06MacTy MbiLLEYHOM HELOCTATOYHOCTY U
BOCNarneHus, 1, B KOHEYHOM UTOre, UCMPaBNAT MOPCIONOrMyecku
1 doyHKUMOHansHo ancTpodmyeckme Mol [B5]. MHorokpat—
Hble BHYTpMapTepranbHble TpaHCMNaHTaumMm Me3aHrnobnacTos
npueenu K obpasoBaHunio Yepes 4 mecsua nocne BeedeHust 60—
nee 4yem 50% NoONoOXUTENbHbIX HA 0—CapKOrMMKaH MbILLEYHbIX
BOMOKOH. [MoMMMO HOBOro noTeHumansHoro nctodHnka CK gna
NEYEHNs MbILLEYHbIX AUCTPOMMIA, 3TN NCCNefoBaHMA Nokasanum
NepcrnekTMBHOCTb BHYTpMapTepuansHoro crnocoba BeBefgeHUs
KNETOK MpW KNeTo4HOW Tepanmu.

Takum obpasom, cnepyeT HapesTbes, 4To CK 1 MbiLLeyHbie
KNeTKN—NpepLLecTBEHHNKN 3MBPNOHOB YenoBeka paHHMX Cpo—
KOB rectaumv npv nonagaHuv B NoOBPEeXAeHHble MbILLUEeYHbIe
TKaHW peunnueHTa 6yoyT afekBaTHO pearnpoBaTh Ha KIeTo4y—
Hble CUrHasbl MMKPOOKPYXXEHWS, aKTUBHO NponudepuposaTh u
ondbchepeHuUmpoBaThLCS, hopMUPYs 300P0BbLIE BTOPUYHBIE Mbl—
LLIeYHbIe BOMOKHA, @ TakXXe CNMBaTbCH C YXXe CYLLECTBYHOLLMMN
BOSIOKHaMK, CNocobCcTBYsS UX penapaumm.

3aknwo4eHne

Vlcxops n3 nutepaTtypHbIX aHHbIX, MOXHO 3aKMH41Tb, YTO B
HacTosLLee Bpems HabnoaaeTcs napansensHoe pa3suTre OByX
04eHb NepPCneKTUBHBLIX MOAXOA0B NeYeHNA MbILLEYHbIX AUCTPO—
o1t — reHHoN 1 KNeTo4YHOM Tepanui.

["eHHas Tepannsi UMEET XOPOLLUME NepPCrnekTVBbI ANA NeYeHns
LLIMPOKOro CnexkTpa 3abonesaHni, B TOM Y1CIIE Y MbILLEYHbIX ANC—
Tpodhmn. OgHako ee ahheKkTMBHOCTb B HACTOSILLIEE BPEMST HAX0—
OVTCA Ha AOCTaTOYHO HU3KOM YpOoBHE. [py 3TOM, OCHOBHOW NPo-—
6nemor reHHom Tepanuu ABnseTcd npobrnema [oCcTaBKu
onpefeneHHoro reHa B Hy)XHyH kneTky. MoxHo HageaTbes, 4To pe—
LT 3Ty NpobnemMy nomoryT UCCRNefoBaHVs, HanpaBeHHbIe Ha
MCMOSb30BaHWE B KQYECTBE MepPeHOCcHMKa» HEOBX0AVMbIX FEHOB
CTBOOBbIX,/ MPOreHUTOPHbIX KNEeTok Yenoseka. CnegyeT nonarats,
4TO ycnexu B n3yydeHun CK no3BonaT BbIATY TEXHONOMMSIM FEHHOM
Tepanun Ha HOBbIN YPOBEHb, KOTOPbIX 0BECMEYNT KaYECTBEHHbIN
CKa40K B NeYeHN MHOIVX HacnedCTBEHHbIX 3ab0neBaHnin Yeno—
BEKa, B TOM H/CINE U MbILLIEYHbIX ANCTPOUIA.

Ha cerogHaLWHWA OeHb cyLLEeCcTBYET 4OCTATOYHO 06LLMPHBIN
KPYr NOTEHLUMasbHbIX NCTOYHWKOB COMaTUYECKMX v ambpuro—
HarnbHbIX CTBOMOBbIX,/ MPOrEHUTOPHbIX KIETOK YernoBeka, KoTopble
MOTYT MCMNOMNb30BaTbCs Kak B Ka4eCTBE 0ObEKTOB NPUNOXEeHWA
rEHHO—MHXEHEePHbIX METOAO0B, TaK U AN KINETOYHOW Tepanun
MbILLEYHbIX AMcTpodmr. OgHako ana ux LWMpPOKOro BHEQPEHUS
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