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KneTku KOCTHOro Mo3ra MoryT SBnATbCA MCTOYHMKOM
pPa3HO06pasHbIX TUMNOB HOBOOHBPAa30BaHNIA

BHenpeHve B KNMHNYECKYHO NPaKTKy METOLOB TPaHCMaH—
TaUUW KNeToK AN NeYeHns HeremMaTonornyeckmx 3abonesaHui
Hapsagy C yaOMBUTENbHLIMU BO3MOXHOCTAMY TauT B cebe u pag
noTeHUManbHbIX yrpo3. Jehnumt knetoyHoro matepuana npu—
BOZUT K MOMbITKAM 3KCNaHCUN HEOBXOAMMBIX MOMYSLMA KNETOK
in vitro. B npouecce KynbTMBMPOBaHWA KNETKU HaXoOaTcs BHE
dhmanonornyeckoro okpyxeHus. /lcnons3osaHue hakTopos po—
CTa, OTCYTCTBME KOHTPOMS CO CTOPOHbI MMMYHHOW CUCTEMbI W,
BO3MO>HO, (hakTOpOB, KOHTPONMPYHOLLIMX KNETOYHYHO nponude—
paLuio 1 anonTo3, MoryT ABASTLCA MPUHUHON MOBLILLEHHOMO
pvicka 31okavecTBeHHo TpaHcopmaLmny. [NogobHble paccyx-—
LEHWA NMOAKPEneHbl 3KCNepUMEHTaNbHbIMU UCCNeoBaHNsaMU,
B KOTOpbIX Habntoganack CnoHTaHHasa 3MoKavYecTBEHHAsA TpaHC—
dhopMauma pasnuyHbIX NOMynsUMiA CTBOMOBbIX M MPOreHnTop—
HbIX KNETOK KOCTHOro Mo3ra B kynbType [1-3]. B HacToAwmn
MOMEHT Y>Ke MonyYeHbl NepBble AaHHbIE, HTO KYNbTVBYPYEMbIE
KIETKN MOTyT SIBNATLCS UCTOYHUKOM OMyX0ner npu TpaHcnnaH—
Taunn aKcnepuMeHTanbHbIM XMBOTHbIM [4]. Takum obpazom,
pVICK BO3HVKHOBEHWSA HOBOOBPa30BaHUI y HeroBeKa Npuy TpaHc—
nnaHTaummn KNeTok NpeacTaBnseT coborn peanbHyto yrposy. Co—-
OTBETCTBEHHO, BCE acneKkTbl MPOLECCOB 3M10Ka4eCTBEHHOM
TpaHchopMaLmm UccreflyeMbix MoMymsLmi KNeTOK AOMKHbI Nog—
BEPrHYTbCS TLLATENbHOMY U3YHEHUIO.

B »xypHane «Neoplasia» nccnegosatenbckon rpynnon Liu
onybrnvkoBaHa paboTa, NOCBSILLEHHAA N3Y4EHUIO OMyXOreBoro
noTeHLuana cnocobHbIX K aareaui KNeTok KOCTHOrO MO3ra MbILLIW.

V3y4aemyto nonynsaumio KNeTok B TeveHve 7 aHer nogsep-—
ranu 06paboTke KaHLEpPOreHoM — 3—MEeTUNXonaHTpeHoM. 1o
nctedeHun 8 Hepenb nocne 06paboTku Habnoganucs Bce Npy-—
3HaKW 3110Ka4eCTBEHHOM TpaHchopMaLmm KIETOK: XapaKTepHbIe
Mopdhonornyeckmne N3aMeHeHus, BbICTPbIA POCT, yTpaTa aaresun
K MNacTuKy Y KOHTaKTHOMO TOPMOXXEHWS. [puy KyNbTUBMPOBaHUM
B nonyteeppon cpefe okono 18 n3 4000 TpaHcthopmmpoBaH—
HbIX KIIETOK B TeYeHVe 8 Heflenb 06pa30Bany KonoHWN.

VlccnepoBaHrue in vitro Ha Hanu4ne TkaHecneunuyHbIX
MapKepoB NMoKasano, 4To B CTaHAAPTHbIX YCMOBUAX KYNbTUBU—
posaHus (DMEM n 10% FBS) TpaHcdopMrpoBaHHbIEe KNEeTKM
KOCTHOro MO3ra xapakTepu3yHTCs BbICOKOW CTEMEHbID 3KCM—
peccun MapkepoB KIETOK 3MUTENWS, 3HAOTENWS, MUKW, HENPO—
HOB 1 MbILLIEYHbIX TKAHEN.

TpaHcnnaHTaums TpaHCOPMUPOBAHHBIX KIIETOK MYXCKMNX
ocober nof Koxy CaMmoK UMMYHOAE(MUMTHBIX MbILLIE NPUBOAW—
na K NMosiIBEHMIO OMyXorel B MECTE MHBbEKLMN Y BCEX XMBOTHbIX.
Mpy nccnefoBaHUM TKAHEBLIX CPe30B HAbNAANNCh NPU3HAKK
310Ka4YeCTBEHHbIX HOBOOBPa30BaHW: aTUMNMS KNeToK, NaTono—
rMYeCKUl MUTO3, MUIraHTCKME OMyXoneBble KIETKM, @ B HEKOTO—
pbIX Cry4asx — Y MHBA3UBHbIA POCT B OKPYXakLLUMe TKaHW.
TpaHcnnaHTaums KNeTok onyxorner BTOPUHHBLIM XMBOTHBLIM Npu—
BOOMNA K MOSIBIIEHWIO aHanornyHbix HOBOOHPa30BaHUI.

'mcTonorn4eckni n UMMYHOLIMTOXMMUYECKINIA 8HaNM3 BbISBUN
CrnepyroLLme TUMbl OMyXOrer: ONyXomny U3 MbILLIEYHbIX TKaHEew, ory—
X0nv 13 3H[OTENMA KPOBEHOCHbLIX COCYa0B, (hmbpobnacTononob—-
Hble OMyXomnw, anNUTENMarnbHbIE OMyXOnW, HelpaneHbIe U Manoand—
dhepeHLmpoBaHHble onyxonu. Kpome Toro, BCTpeYanich Omyxonu,
B KOTOPbIX 06HAPY>XeHbI AepUBaThI Pa3HbIX 3apOAbILLIEBbLIX MNCT—
KoB. KneTkun Bcex HoBoobpa3oBaHuii Cogepxany Y-XpoMocomy U,
cnepoBaTenbHO, MEN AOHOPCKOE MPOUCXOXAEHNE.

MoryT nu pasHble TNkl 0NyXonern ABAATLCA NMPOVM3BOAHBIMM
0[HOW MyNbTUMOTEHTHOW OMYyXONb—MHULMMPYIOLLIEN KNEeTKM? [ns
OTBETa Ha 3TOT BOMPOC C MOMOLLb0 METOAA CEPUNHbIX pa3Be—
LEHWN aBTOPbI KNOHMPOBanu TpaHCOpPMUPOBaHHbIE KNETKM.
OtoenbHble KNeTky MOrmv naccuposaTbes He MeHee 10 pas 6e3
Kakon-11Mbo noTepu cnocobHOCTM K (DOPMMPOBAHNIO KOMOHWIA.
AHanna Hanmumsa KpUTUYECKMX hakTopoB TPaAHCKPUMNLMK, He—
06x0AMMbIX ANA NoAaepXXaHUa camoobHOBAEHUS U MAOPUNO—
TEHTHOCTW Y 3MBPUOHanNbHbIX CTBOMOBbLIX KNETOK [5, B], noka—
3an, YTO KNOHWPOBaHHbIE KNETKN XapaKTepu3yHTCHA BbICOKON
cteneHbto akcnpeccun OCT4, SOX2 n NANOG.

B cBoto o4epedb, TpaHCANaHTauUUs KIOHMPOBAaHHbIX KINEToK
NMMYHOAEULNTHBIM MbILLaM NPMBOAUIA K hOPMUPOBaHMIO
OMyxonen y BCex XXUBOTHbIX. B 0gHoM 13 onyxoner obHapy>XeHbl
LepviBaThl TPEX 3apOoAbILLIEBbIX CMOEB, BKNOYaSA MbILLILbI, XPSALLN,
KepaTUHOLMTBI, MIOCKUI 3NUTENIA, OGHOCIONHbIN AMNTENNIA, 3ne—
MEHTbI FMNN 1N CXOAHbIE C HerpoHamu kneTku. CnepoBaTensHo,
LaHHoe HoBoobpa3oBaHve Mo BceM hopManbHbIM NpU3HaKam
ABMANOCh TepaTtomMoit. B gpyrix HosoobpasoBaHuax 0bHapyxe—
Hbl AepvBaThbl 1-2 3apodbILLeBbIX MTMCTKOB.

Taknm 06pasom, B AaHHOM UCCReaoBaHUM NoKasaHo, YTo oT—
LenbHble TPaHChOPMMPOBaHHbIE KIETKM Bbinv CMocoBHbI K camo—
06HOBNEHWIO 1 hOPMMPOBaHWIIO KONoHWI (knoHoB). KneTku nogob—
HbIX KONIOHWI XapakKTepus3oBanuCb BbICOKOW CTEMNeHbto
3KCMPEeccun Knto4eBbIXx aMBPUOHanbHbIX TPaHCKPUMLMOHHBIX
thakTopos OCT4, SOX2 n NANOG, a Takxe MHOMMX TKaHecne—
umhmnyHbIX Mapkepos. Kpome Toro, KNoHMpoBaHHbIE KNeTKM MO—
YT ABNATLCA CTOHHKOM Pa3HbIX TVMOB HOBOODPa30BaHWN 1 faxe
TepaToM Mpu TpaHcnnaHTauMm MMMyHoAeULMTHBIM MbiLuam. 1o
BCEM hopMarnbHbIM MpY3HaKam OnMcaHHbIe BbILLEe TpaHChopMmn-—
pOBaHHbIe KIETKM KOCTHOrO MO3ra COOTBETCTBYHOT OMPERENEeHNo
MYMbTUNOTEHTHBIX OMYXONb—WHULMNPYHOLLIMX KIETOK.

OcTaeTcA HesiCHbIM, Kakas NonynsaLma KNeTOK KOGTHOM0 MO3—
ra MOXeT SBASATbCA UCTOYHUKOM MyMbTUMOTEHTHbIX OMyXOSb—
NHULMMPYOLLMX KNeTok. PaHee pasHble nccnefoBaTensckue
rpynMbl OMMCcani cpeamn KNeToK KOCTHOMO MO3ra KIeTku C LUn—
pokow noTeHumen k audpcpepeHumpoBke. B yacTHocTw, rpynna
M. Kucia onucana nonynauuto knetok VSEL (very small
embryonic-like) [7], rpynna C. Verfaillie onncana MAPC
(multipotent adult progenitor cells) [8]. Tem He meHee, He nc—
KIHO4YEHO, YTO CMOCOBHOCTb OMYXONb—HULMMPYHOLLIMX KNETOK K
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AndhdhepeHLMPOBKe B MPOV3BOAHbIE TPEX 38POAbILLIEBLIX IMCTKOB
06yCrnoBneHo MyTaLmMAMM U XPOMOCOMHBLIMU NEePECTPOIKaMM, 38T—
parviBaloLLMM (DYHKLIMOHMPOBaHME COOTBETCTBYHOLLMX FEHOB.
Viccneposanue Liu et al. ABnseTca o4epegHon paboTon,
[aHHble KOTOPOW NPeAoCTeEPEratdT HAaC 0T MOCMELLUHbIX KIUHW—
Yeckux ncnblTaHun. B HacToAwmin MOMEHT Mbl He obnapgaem

LOCTaTo4HON MHhopMaLmen Ans oLeHKM pucka u npodmnak—
TUKM BO3HVUKHOBEHWSE HOBOOBPa30BaHWii, UCTOYHNKOM KOTOPbIX
MOryT ABASATHCH BBOAMMbIE KNETKW. 3TOT acnekT KNeTo4Hown
TPaHCMNaHToNorNM, HECOMHEHHO, HAXOAUTCA TOMBKO B HaYanb—
How ha3e CBOEero nayveHuns 1 TpebyeT AanbHeLLINX KpynHoMac—
LITabHbIX NCCcrnegoBaHni.
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Cxema rpovcXoX[eHNs CMELLaHHbBIX TUMOB OryX0nev Py TPaHCMIaHTauUUn TPaHCHOPMUPOBaHHbIX KITETOK KOCTHOro Mo3ra
VUMMYHOREHULUNTHBIM MbILLEM MOXET BbiTb 06bACHEHO ABYMS MPUYUHAMMU:
1. CornacHo nepBov rurnoTese, cpeav TPaHCEHOPMUPOBAHHbLIX KIIETOK KOCTHOrO MO3ra HaxoasiTCs KOMMUTVPOBaHHbIE B Pa3HbIX
HanpasneHVsx AnghehepeHLPOBKY OMNyXoneBble KIETKU—MPe[LIECTBEHHVKN. TPaHCMIaHTaUUs CMECY Takux KIeToK MMMYHOAEULNTHLIM
MbILLIAM MPUBOAUT K Pa3BUTUKO CMELLIAHHbIX TUMOB OrlyXonemn
2. CornacHo BTopovi ryunoTese, cpeay TPaHCopMMPOBaHHbIX KITETOK KOCTHOMO MO3ra CyLLeCTBYIOT MYSbTUMNOTEHTHbLIE
0ryXonb—UHULMUPYIOLUME KITETKY, KOTOPbIE UMEKT aHanornyHble aM6PUOHarbHbLIM CTBOIOBLIM KIETKaM MOTEHUMM K AnchchepeHLpOoBKe.
3KcnepyMeHTarnbHbIe AaHHbIe, MosyHeHHbIE ryTEM KIIOHUPOBaHUSA eauHNYHBIX TPaHCEHOPMMPOBAHHbBIX KITETOK, CBUAETENLCTBYIOT
B ro/b3y BTOpov runotesbl. MXA — 3-metunxonaHTpeH
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TpaHcnnaHTauus poTopeLenTopHbIX KIETOK
1A KOPPEKLMN CNenoTbl B 3KCMNEPUMEHTE

Cpeay NpUHmMH YacTUYHOM UK NMONHOM YTPaTbl 3peHNs 3Ha—
yuTenbHaa OoNA NPUXOAMUTCA Ha NaTornoruio DOTOPELENTOPHOrO
annapaTa — BPOXAEHHbIX aHOMasUIA, OTCROMKY CETYaTKM pasnny—
HOro reHesa, NUrMeHTHyLo gucTpodinio ceTyaTky 1 ap. K coxane—
HWIO, CYLLIECTBYHOLLIE CMOCOBbI NeYeHnst He Bcerga 3dhhekTUBHBbI,
a npu psge 3aboneBaHW paguKanbHble MeTodbl KOpPeKLn
Boo6LLIe oTCYTCTBYIOT. BMecTe ¢ Tem, yctaHoBneHo, 4to 80-90%
MHhopMaLIMM O COCTOSIHWM BHELLHErO MMpPa YenoBeK rnosyvaeTt
nocpeacTBOM 3peHus. YTpaTa 3Toro YyBCTBa WM Eero cylle—
CTBEHHOE ocnabrneHvne NpYBOAMUT K CTOMKOM MHBaNMaM3aumm,
MoYTY NOSHOW couManbHO fe3aganTauuni.

CetyaTtasa obonoyka rnasa — CrnoXHO YCTPOeHHasa CTPYKTypa,
Mo CBOEMY MMCTOreH3y BroSfIHE COOTBETCTBYHOLLIAS YaCcTy ronoB—
HOro M03ra, BbIHECEHHOW Ha nepudiepuio opraHmamva. Ha 4-5-in
Hepgenax ambpuoreHesa NpPoVCXoOMT BbiNAYMBaHME IMa3HOro
ny3bIipsi U3 MaTeprana BbICTUIKW NepefHero otaena byayLiero
Mo3ra. Ha ato ctagum 6yagyLias ceT4aTka NnpefcTaBneHa apy—
M$s crnosiMn HepobnacToB.

B pnanbHerLlem nponcxoaunT yBenmyeHne Konm4ecTsa KIeTok
N X gMBepreHTHast anddpepeHUMpoBKa, KoTopas NpMBOanT K
TOMY, 4TO K 8—My MecsiLly BHYTPUYTPoBHOro pa3suTus YenoBe—
Ka thopmumpyeTca Mopdhonornyeckn gedMHUTBHas CeT4aTka.
DyHKLUMOHaNbHOE «Co3peBaHue» (OTopeLEenTOpPHOro annapa-—
Ta NpoucxoauT 1 nocne poxaerus. B cetyatke BoigenstoT 10
CNOEB, TPX U3 KOTOPbIX NPeACTaBnAT cobo ypoBHM pacrnosno—
XKEHWSA MOCNEfOBaTENbHO COeANHEHHbIX HEMPOHOB.

Cnoi, B KOTOPOM pacronoXeHbl NepBble HENPOHbI 3pUTENb—
HOro aHanM3aTopa, FPaHNYUT C MUTMEHTHBIMM KneTkamn. Bo3byx—
LeHVe, BO3HMKLLEE B (DOTOPELIENTOPHbLIX HEMPOHaX — Nanoykax 1
Konbo4ykax, nepefaeTcs Ha BTOPOW HEMPOH — BUNONSpHLIN; B
LanbHerLLeM Ux OTPOCTKM NEPEKITIOYAOTCA Ha FraHMMOHapHbIE
KINETKM, YbM aKCOHbl U (hOPMUPYIOT 3PUTENbHBIN HEPB. TaknM
o06pa3om, hoTopeLenTopHble KNETKN — Mano4kn 1 Konboyku,
pacnonoXeHHbIe B HAPY)XHOM SlepHOM Croe, ABNATCS BUO0—
N3MEHEHHbIMU HENPOHAMU, UHTEMPUPOBAHHBIMU B CROXHYHO
HEMPOHHYI0 CETb CETHYAaTKM, U, KAk CBOMCTBEHHO NOAABMSoLLE—
My 6OMbLUMHCTBY HEMPOHOB, KaMbuanbHbIe 3aNeMeHTbI Ans Kie—
TOYHOW pereHepaummy CETHaTKM NPaKTUYeCcKn OTCYTCTBYHOT.

Ewe B 20-x rogax npoLunoro Beka UCCnefoBaTeny npei—
NPUHUMANKM NONbITKM TPaHCMNaHTaumMm hoTopeL,enTopHOro an-—
napata (y 3emHoBogHbIX). [lepBas ycneluHas nepecagka ceT—
yaTkn MnekonuTatoLlero gatupyetca 1959 rogom, korga 6binm
TpaHCMNNaHTMpoBaHbl YacTu ceTyaTky. byayyn noMeLleHHbIMK

B rna3Hble Cpefpl, OHW He nornbanu cpasy, Ho 1 He UHTErpupo—
Banvcb B ceT4aTky peuunuenTa [1].

B panbHenwem peuunueHTaMm nepecaxwvsani Hempobnac—
Tbl — NPEALIEeCTBEHHMKIN Nano4ek 1 Konboyek, NonyYyeHHble 13
thetanbHoro matepuana. [NpegnpyHUManUch NOMbITKX OCyLLEe—
CTBMSITb TPAHCMNaHTaLMKM Nnocne aTana KynbTUBMPOBaHWS in Vitro;
TpaHCMNaHTUpoBanMch (hoTopeLEenTopbl B3pOCTbIX 0ocobew, ogHa—
KO pesynbTaTbl 3TUX MCCNeaoBaHui By BECbMa NpoTMBOpeYn—
Bbl M HE MOMYy4UnM CyLLIECTBEHHOr0 AanbHenLero passuTuis [2,
3]. OgHVM 13 KpUTEPUEB YCMELLHOM TPaHCNaHTaUum ABNSeTCs
hopMUpoBaHMe CUHANTUYECKMX CBA3EN Mexay hoTopeLenTo—
pamm 1 HepPOHaMK PELMINIEHTA, YEero yaaBanoch o6UTLCA NLLb
B eauHnYHbIX cnyyasix [4, 5]. OgHako, HacToSALLMX YCNexoB yaa—
nocb [obuTbCs ToNbKo nccnepgoBaTtensckor rpynne R. MacLaren
n R.R. Ali, 0 4em coobrumn xypHan Nature S Hoabpa 2006 r.

Viccneposatenu n3 BputaHnu cumTatoT, 4TO NepecaxmBaTb
cnepyeT He paHHWe NpPeALIeCTBEHHUKM NanoYek 1 konbodek, a
NMOCTMUTOTUYECKME MPEKYPCOPbI — Ha cTagum Hadvana obpaso-—
BaHWsi MEXXKIIETOYHbIX CUHANTUYECKNX CBSA3el. B xode akcnepu—
MEHTA, BbINOHEHHOIO Ha MbILLIaX, CTPAAAOLLNX FTEHETUHECKM
LedhekToM — fereHepaumen ceT4aTku, mokasaHo, Y4To nepeca—
XKEHHbIE KIeTKW, NomnyyeHHble oT TpaHcreHHbix (GFP*, CFP*) pe—
uMnNMeHToB Ha cpokax oT 1 go 15 gHA NocTHaTanbHOM XU3HW,
cnocobHbl KONOHN3MPOBaTL CETHATKY B Npefenax Hapy>XHoro
AnepHoro cnost 1 audydhepeHUMpoBaTLes B hoTopeLenTopsbl.
HanbonbLumin yecnex 6bi1 JOCTUMHYT C NPUMEHEHVEM KETOK,
nosly4eHHbIX 0T MbIlWAaT B Bo3pacTe 3-5 gHen. PeunnveHtam
nHbeumposanu ot 300 go 1000 kneTok B cy6peTUHasnbHbI
cnon. MNepecaxeHHble kKNeTku guddepeHumpoBanucs B Mop-—
dhonornyecky ngeHTUULMpyeMble Nanoyky 1 konboyku. OHm
chopmupoBany hyHKLMOHMPYOLLME CUHANTUYECKME CBA3U C
BrNoNAPHLIMK KNETKaMK, YTo BbINo foKa3aHO BO3HMKHOBEHW—
€M 1 NPOBEAEHNEM 3NEKTPUYECKMX MOTEHLMANOB B OTBET Ha
OCBeLLieHVe 1 NOBeAEeHVEM PaHEE CrEeNbIX MblILLEN.

BeposiTHOCTb CnnaHns nepecaxxeHHbIX KNeTok ¢ hoTopeuen—
Topamu peunnueHTa bbina cBefeHa K MUHUMYMY MOCPeaCcTBOM
nepecapkun GFP* knetok CFP* peunnneHTam. MNpu KoHhokanb—
HOW MKPOCKOMNMK KoghrnoopecLeHLms He Bbina o6HapyxeHa Hu
B 0OHOM 13 HabnogeHun. Kpome Toro, sigpa nepecaxeHHbIX
KneTok 6binv MapkmpoBaHbl BrdU, 4To Takxe nogTBepanno no-
HOPCKOE NMPOMCXOXAEHME CHOPMMPOBAHHBIX (DOTOPELIENTOPHbIX
KIEeTOK B CeTHaTKe peumnnmeHTa. [okasaHo, 4To KNeTku, nosy—
YeHHble OT XMBOTHbIX B BO3pacTe A0 3—-X AHEl, eLLe CrnocobHbl
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