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Spontaneous multipotent mesenhymal stromal cells malignant transformation in culture - does it really exist?

A.S. Grigorian, P.V. Kruglyakov
Trans—Technologies Ltd., Saint—Petersburg

B nocrnieqHvie rogbl B Hay4HOVI ITATEPATYPE MNOSIBAIIVCHL COO6LLE-
HUSI O TYMOPOreHHbIX CBOVCTBAXx, rnpuobpetaemMbiX MyJIbTUMOTEHT-
HbIMY Me3eHXVIMaribHbIMy cTpoMarsHbiv (MMCK) knetkanm npuv
KY/bTUBMPOBaHUY in vitro. B 0630pe o06cy»kaaloTcsi BO3MOXXHbIE
MexaHV3Mbl 3T0ro (heHoOMeHa Y BOMpOoC O TOM, HACKOJIbKO MpaBo-
MepHOo roBopuTb 06 onacHocTy nipymeHeHnss MIMICK B krieTo4Hou
Tepanuu.

KnioueBble cnoBa: MynbTUNOTEHTHLIE ME3EHXMMarIbHbIE CTPO-
MaribHble KIeTKM, 3I10Ka4YecTBEHHas TpaHchopmMaLumsi, XpOMOCOMHbIE
abeppaunn.

Beepgenne

MynbTunoTeHTHbIE ME3eHXMMarbHbIE CTPOMarbHble
knetkn (MMCK) yenoBeka cuUMTaldTCA OOHMM U3 CaMbIX
NepCcneKTVBHbIX BUOOB KNETOYHOro Matepuarna ans KneTou-
HOW Tepanuu LUMPOKOro CrekTpa 3abonesaHni 1 TKaHeBOMN
VIH)KEHEPUW. 3TO TWM B3pPOCIIbIX CTBOMOBbLIX KMNETOK, Npu-
cyTCcTBYHOLWMIA B psge TkaHen mnexkonutalowmx: MMCK mo-
ryT 6biTb U30NMPOBaHbI 13 MnaueHTbl [1], avHMoTYeckon
sxkupgkoctu [2], nynosunHOM kpoBu [3] v >xuposon TkaHu
[4], Ho Ha cerogHSALWIHWA OeHb Hanbonee 60raThbiM 1 NOOX0-
OAWMM Ons KNMHUYECKOr0 MCNO0STb30BaHUSA VX UCTOYHMKOM
cumTaeTcs KOCTHbIA Mo3r [5]. B nepBuyHom kynbType
MMCK, BblgeneHHbIX U3 KOCTHOro M03ra, COOEpP>XXUTCH
HefoCTaTo4YHOo KNEeTOK N9 TpaHcniaHTauuy, B CBA3W C YEM
TpebyeTcs vx 3KCnaHcwa in vitro, Npy KOTOPOW KIETKW OKa-
3bIBAOTCS B YCIMOBUSAX, NULLb OTYACTU NPUBAMXEHHBIX K
hmavonorrdeckm. B oTnvyme oT yecnoBui in vivo, B KynbTy-
pax KIeTKM NuLIeHbl CBOEro eCTECTBEHHOIO MUKPOOKPY>Ke-
HUS, a, CrnenoBaTernbHO, NPOAYUVPYEMbIX UM aKTUBUPYHO-
LWIX U IHIMBMpyoLLmx curHanos. B cBasm ¢ aTum Bo3HMKaeT
npo6rnema coxpaHeHusi HaTuBHbIX cBocTB MIMCK npu mnx
KYyNbTUBMPOBAHUN N BO3MOXHOCTb U3MEHEHUS 3TUX
CBOWCTB, YTO MOXXET MPMBECTU K HEraTvBHbIM MNOB0YHbIM
adopexkTam TpaHCcrnnaHTauun.

eHeTnyeckve abeppaumn, KOTOPblE TEOPETUHECKN MO-
ryT NPOV30NTN B KNETKE Mpu KynbTUBMPOBAHUW in Vitro, v
NpUoBPETEHVE KNETKON TYMOPOrEHHbIX XapakTEPUCTUK Bbi-
3blBAET Hambonbliee H6ecrnoKONCTBO Kak uccrepoBaTenen,
TaK 1 KnuHuuymctos [6—9]. OpgHako HacKosibko 060CHOBaHHO
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During last years some reports on the spontaneous malignant
transformation of multipotent mesenchymal stromal cells (MIMSC)
in in vitro cultures have appeared in scientific literature. This review
highlights the possible mechanisms of this phenomena and the
question of safety of the MIMSC application for cell therapy.

Key words: multipotent mesenchymal stromal cells, malignant
transformation, chromosomal aberrations.

370 6ecnokoncTBo? B nocnegHme rogbl B Hay4Hom nutepa-
Type NosiBUSIocb He 6ornee AecaATy ny6nukauui, roe onnca-
Hbl €OWHWYHbIE crny4an nmameHeHus ceoncte MMCK npu
aKcnaHcum in vitro. V13-3a yHMKanbHOCTM U3MEHEHHOMO Kile-
TOYHOro MaTepvarna Ka)kgasi OTAeSibHas rpynna mccriegosaTe-
Nen He UMEET BO3MOXXHOCTU OeTarlbHO U3Y4iTb MEXaHW3Mbl,
nexkawe B ocHOBe npouecca HapyweHus ceorcte MIMCK
B KyNnbType, W cAenaTb YBEPEHHbIE BbIBOAbI O BIVSHAWN MO-
O06HbIX HapPYLLUEHUA Ha KIMHUYECKOE NPUMEHEHNE ME3EeH-
XUMarnbHbIX KNeTok. B gaHHom o063o0pe Mbl NpeanpuHanv
nonbITKYy CUCTEMAaTM31POBaTb CBEOEHUs, Kacalwmecs 13-
MeHeHuin, npovcxoaawwmx ¢ MIMICK in vitro, v coenaTe npeq-
MOSI0>KEHWS1 OTHOCUTESIbHO MOTEHUMANbHOW 0MacHOCTK 3TWX
W3MEHEHU C TOYKN 3PEHUS KITMHWYECKOro NPUMEHEHUS
MMCK.

WiameHenus ceovictB MIMICK akcriepyMeHTarnbHbIX
KVBOTHBIX MPY KYIbTUBMPOBAaHWW IN Vitro v nocne[cteuvs
TpaHcrnaHTaumi Takvx KneTok B OpraHn3am

Havbonee pacnpocTpaHeHHbIM MOAENbHbIM 06BLEKTOM
COBPEMEHHOW KINEeTo4HOM 61oSIorn 1 UMMYHOOrn SIBNsi-
eTcs Mbillb U KINETOYHbIA MaTepuar, U305IMPoBaHHbIN 13
TKaHeln 3TOro >XMBOTHOro. JKCrNepuMeHTarbHble AaHHbIe,
nony4eHHble B paboTe Ha MblLLaxX, 3aTeM 3KCTPanosMpyoT Ha
6U1OMOrI0 KINETOK W TKaHer YeroBeka. VieseHxumarbHble
CTpoMarbHble KNETKN He SBNSTCH B 3TOM CMbICNe WC-
KJIO4YEHWEM, N OrPOMHOE KONMYEeCTBO PaboT, KacatoLLMXCs
caMbIX pasnuyHbIX acnekToB 6uonoru MMCK, npoBoguT-
¢ exkerogHo ¢ ucronb3oBaHeM MIVICK MbIlL 1, HECKOITbKO
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pexe, KpbiCbl 1 Opyrx mrekonuTawwmx [gadHsie Public
Library of Sciences, www.pubmed.orgl. B 2006 r. nossu-
nMCcb NEPBblE COOBLLEHMS O CMOHTAHHOW TpaHcdopmaumn
KynbTyp MblwnHbIXx MMCK, 4To nocrtaBmio BONpoc O BO3-
MO>XHOCTW NOA06HbIX HEraTUBHbLIX M3MEHEHUI B KynbTypax
MMCK 4yenoBeka.

Hay4Hasa rpynna nog pykosoacteom Y.F. Zhou, 3aHuma-
towasnca TpaHcnnantauven MMCK B uensix pesackynspu-
3aUMN KOHEYHOCTEN NPU HapyLLEHNSX KPOBOTOKA Ha Moaenmu
nepeBa3kn GeApeHHoN apTeEpPMM Y MblIlEen, NepBor coo6-
wuna o pasBuUTUX aGeppaHTHOro reHotTuna v deHoTmna
y KIeToK, BblpawmsaemMbix B KyrbTypax [10]. Knetku 6binin
nosyyYeHbl CTaHAapTHbIM METOOOM U3 KOCTHOrO Mo3ra Mbl-
wen nuHum CS57BL/6 n KynbTMBMPOBaHbl B TEYEHWE ABYX
Hepnenb, 3a kotopble MIMICK ycnesanu npontn 3—4 ynpoe-
HUs nonynaumn. ocne NpPoxoXXaeHns KreTkamMmm Tpex nac-
ca)ken mccrnegoBaTeny 0GHapy>XUIiM pe3koe U3MEHEeHUEe
BHELLHEro BMOa BCEX KyfbTyp: B HOPME afre3viBHbIe K nrac-
TUKY W MpekpaLlaloLme eneHre npy OOCTVKEHMW NMIIOTHOro
MOHOCS0s 6rarogaps MexaHU3my KOHTakTHOro MHrméupo-
BaHuns, MMCK nocne TpeTbero naccaxa dopmMupoBanm
OKpYrIble MHOIOCIOMHbIE KOSTOHWW, B KOTOPbIX Npovcxoauna
aKTVBHasi nponudepaums KNeTok, YTo CBUOETENIbLCTBOBAIO 06
yTpaTe KOHTaKTHOro MHrMérpoBanus. LintodnyopuveTpuyec-
KNA aHanmMa nokasarn, 4To y KIeToK MeHSNcs npousb
3KCMpeccuy NoBEPXHOCTHbLIX MapKepoB.

BHyTpMbIWEYHas TpaHcnaHTaunsa Takux BMOoU3Me-
HEHHbIX KJIETOK MpuBoAwna K nopasuTeflbHbIM pesyribTa-
Tam: MMCK B 100% cny4aeB hopmMupoBan onyxonm Kak
B TKaHSX MbIWEN C OTCYTCTBMEM MMMYHHOWN CUCTEMbI
(Mbilwy NuHUA nude n SCID), Tak 1 B MbIWLAX CUHMEeHHbIX
>KMBOTHBIX C (DYHKUMOHAMNbHOW MMMYHHOW cucTemon. AHanm3
Broncur onyxornen nokasasn, YTo OHWU ABMSNMCL capkoma-
Mu. Onyxonn pa3BuBanmCcb 04YeHb BbICTPO — B TEYEeHne 3—
4 Hep., Npy 3TOM BO BCEX K OKOHYaHWK 3TOr0 Cpoka Hauu-
Haricsl Npouecc BHyTPeHHero Hekpo3a. MeTacTasbl Capkom
06Hapy>XMBanMcb B NErkux, rge Takke hopMuypoBanvicb
6bICTPO pacTyle HoBOO6Pa3oBaHWs, COCTOSLWME U3 Ma-
noanepeHUMPoBaHHbIX ME3EHXMMAarbHbIX KNeToK 1 He-
BONbLUOr0 KOMMYECTBa KIIETOK, ANM(EPEHLMPOBABLUNXCS
B OCTEOreHHOM HanpaBSIEHUW, XapakTEPHOM Ars HopMarsb-
Hbix MIMICK [11].

KneTkw, BblAENEHHbIE N3 06Pa30BaBLUVXCS CapKoM, He-
CN MHOXKECTBO XPOMOCOMHbIX abeppauuin. AHanm3 ux ka-
pyoTWNa nokasarl, YTo GOSbLUMHCTBO KIIETOK aHeymnionaHbl,
a TakXXe COoAep)kaT OT OAHOW A0 CeMW PoBEPTCOHOBCKMX
TpaHcnoKauu, BO3SHKAKLWMX B PE3YNbTATE CIUSHUS OBYX
aKpOoUEHTPUYECKMX XpoMocoMm. [Mpn npoBepke KapuoTuna
nexogHbix kynbTyp MIMICK Ha TpeTbem-4eTBEPTOM nacca-
>Kax 0B6Hapy>XWrocb, YTO OHW TakXe HEecCyT CXOAHble reHe-
TUYECKME aHOManum, B OTNIMYME OT KJIETOK 3KCnfaHTaTa
KOCTHOrO M03ra 1 KfeTok NepBOro-BTOPOro naccaxew. Ta-
KM 06pa3oM, TYMOPOreHHbIM NoTeHUman 6bin NpuobpeTeH
KIeTKamMu MEHHO B NMPOLIECCE KYIbTUBMPOBaHWUSA 1 HE SBWS-
Csl pes3ynbTaToM TpaHCriaHTauum, a Takke He 6bin npu-
CyLLl KJfleTKamM KOCTHOro Mo3ra [JOHOPOB.

lNpoBepka TymoporeHHocTy MIMCK, BblgeneHHbIX U3
KOCTHOro Mo3ra gpyror nuHuv mblwen (Balb/c), nokasana
aHanorn4yHble pesynbTaTbl, TO ECTb NPUOBPETEHNE XPOMO-
COMHbIVI @aHOManum 1 03710Ka4YeCcTBIIEHNE HENb3s Mpunu-
caTb Kk cBonctBaMm MIVICK ofHOM KOHKPETHOM FMHUK 3KC-
neprMeHTanbHbIX XMBOTHbIX. B To >e Bpems, nonbiTka
NoBTOPUTL AaHHbI akcnepuMeHT Ha MIMICK, BbigeneHHbIX
13 KOCTHOro Mo3ra 6ecrnopofHbiX Kpbic, a Takke Ha MIMICK
YenoBeKa, HanpoTueB, NpogemMoHcTpupoBana, 4to MMCK
KPbICbl 1 YerioBeka COXpaHsT CTabuibHOCTb KapuoTuna um
VMMYHOEHOTUNA NMPU ONUTESNTbHOM KYJIbTUBUPOBaHUW, a

TakXkKe He NpuBOAAT K (DOPMMWPOBAHWIO OMyXOoSien nocrie
TpaHcnnaHTauuy XXWBOTHLIM C VMHOYUMPOBaHHLIM UMMYHO-
necmumTom. Tem He meHee, B KynbTypax MIMCK kpbic Bce
>Ke 06Hapy)kMBanocb HEKOTOPOE KONMYECTBO TeTpansiong-
HbIX KNIETOK, YTO HMKaK HEe OTpakaroCb Ha UX CBOWCTBaXx.
B 2007 r. cpa3y B AOByX He3aBMCUMbIX fa6opaTopusx
6bINV MOATBEPXKAEHbI OMMcaHHble pe3ynbTaTbl. Vccneno-
BaTeNbCKME rpynnbl Nog pykoBoactsom S. Aguilar n J. Tolar
rnokasanu aHanorn4yHoe opmMrpoBaHME CapkoM B NErkux
N KOCTSIX KOHEYHOCTEN Y MbIWEN C (OYHKLUMOHANbLHOM M-
MYHHO CUCTEMOW, Mosy4aBLUNX BHYTPUBEHHbIE UHMY3MK
cuHreHHbix MMCK, nepep TpaHcnnaHTauven KybTUBMPO-
BaHHbIX in vitro [12,13]. TymoporeHHocts MIMCK npro6-
peTanM Ha paHHWX nacca)kax, Of4HaKo B AaHHbIX pab6oTax
6bI510 NPOAEMOHCTPMPOBAHO, YTO HAKOMJIEHWE KIeTKamu
XPOMOCOMHbIX aGeppauni npu KynbTMBMPOBAHUN BCE XXe
3aBMCUT OT JIHMX MbILWEN, N3 YbEr0 KOCTHONO MO3ra 6bInun
n3onupoBaHbl MIMCK. Tak, Hanpumep, u3 13 KynbTyp
MMCK, nony4eHHbIX 0T Mbiien nuHum B16/129, Hu
B OQHOM HE MPOWCXOAWI0 HaKOMMEHUS TEHETUYECKMX aHOo-
Manuin U HA ogHa He nprobpena CnocoBHOCTY OaBaTb Ha-
4yano 3510Ka4YecTBEeHHbIM HoBOOGpa3oBaHusaM. KynbTypbl
MMICK, nony4eHHble OT OpPYrux FAVHWIA, MOFIA Hakanmm-
BaTb MHOXXECTBEHHbIE XPOMOCOMHbIE abeppaunn, Ho Mpu
aTom He npuobpeTtany TymoporenHocTy [13]. Tymoporeh-
HOCTbO 06naganu Tonbko Te KynbTypbl MIMICK, B KOTOpbIX
Habnpganack akTUBHOCTb (DEPMEHTa TefloMepasbl, 0TBEe-
Yawuwlero 3a NoAdep>XaHve OJIMHbl TerloMep XPOMOCOM.
CnepgyeT oTMETUTb, YTO B 06emnx paboTax B KA4YECTBE KOHTPO-
ns 66 ncnonb3oeaHbl MIMICK venoBeka, KoTopble, Kak 6bI10
nokasaHo, H/ B OOHOM 13 Criy4aeB TpaHcnnaHTau M He daBa-
NN Hayana 3110Ka4YecTBEHHbIM HOBOOBPAa30BaHWSAM, a Takxke
COXPaHsan Npu KynbTUBMPOBaHUM CTaBUSbHbIA KapyuoTum.
loBops o TpaHcdopmaumy MIMCK >XMBOTHbIX, HEMb3d
He yNnoMsiHyTb WCCrefoBaHve, NpoBEAEHHOE NoA PyKOBOM-
ctBom H. Li B 2007 r. ABTopbl 3TO paboTbl NPeanoroxXunu,
4yTto B npouecce ctapeHus MIVICK cTaHOBATCS OCHOBHbIM
TUNOM KJeTOK, B KOTOPOM MPOVCXOOUT HakoMfeHne Xpo-
MOCOMHbIX abeppauuii, NPUBOOSALLINX B KOHEYHOM WTOre K
pasBUTMIO B OpPraHM3Me MbILIEN OMyxonen Me3eHXumarb-
Horo npovicxoxaeHuns [14]. CeBoe npennonoXeHne mnccre-
[O0BaTesf OCHOBbLIBaNM Ha TOM, YTO HEKOTOPbIE KyJbTypbl
MMCK wmbilwv, He NpeTepneBalwlVe 3510Ka4eCcTBEHHOMN
TpaHcdopMauuMy Ha PpaHHKX Naccakax, MoryT 03510Ka4yecTB-
NATbCA NPY ONIUTENBHOM KyIbTUBMPOBaHUA B TEYEHME Goree
yem pecaty naccaxein [15]. CornacHo ruvnotese H. Li n ero
Konner, npy CTapeHn B KOCTHOM MO3re >KMBOTHOMO MOXET
NMPOVCX0OMTb aHanorn4YHbIA NPOLECC, B Pe3ynbTaTe KOToporo
MMCK KkocTHOro Mo3ra CTaHOBSITCS MCTOYHMKOM OMyXosew.
B cBoen pa6oTe y4yeHble nokasdanu, 4to MMCK mbiwwn,
npowenwme 6onbLIoe KONMMYecTBO YOBOEHWUI B KyrbType,
NMpY CUCTEMHOW VMHBbEKUMM MPUBOOUMN K Pa3BUTUIO Yy XXW-
BOTHbIX MHO>XECTBEHHbIX (DMGPOCApPKOM B TKaHW MeveHu,
CEene3eHKr, CEMEHHNKOB, BPbDKENKE KULLIEYHMKA U B KOCT-
Hon TKaHu. CxopgHbiMU cBoricTBamMmu o6napann MIMICK, Bbl-
[OENEHHbIE M3 KOCTHOrO MO3ra CTapbIX >XMBOTHbIX, V>Ke Ha
paHHMX naccax)kax, MPUYeEM Y HEKOTOPbIX >XWBOTHbIX Mpu
cTapeHnn nbpocapkoMbl pa3BMBanmCh CNoHTaHHO, T.e. 6e3
3KCMepuMeHTarnbHOro BMellaTenscTBa. bbino nokasaHo, 4To
WCTOYHMKOM 3TUX CMOHTaAHHO pas3BMBaBLUMXCS umbpocap-
KOM TaKXXe GblfIN KOCTHOMO3r0OBblE CTPOMASIbHbIE KIETKM,
KOTOpPblE MPWU BbIAENEHUW U CUCTEMHOW TpaHcnnaHTauum
peunnMeHTaM BHOBb [aBasny Hayano 3J10Ka4eCTBEHHbIM
HoBOOGpa3oBaHMAM, nognanas, Takuv o6pa3om, Mnofd on-
pefeneHne «pakoBbIX CTBOSOBbIX KNeTok» («cancer stem
cells») [16]. Li H. n ero konnern pa6otany Ha Mbllwax nn-
Hun C57BL/6d, ans 4dbkx MIMCK He 6binio paHee npopge-
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MOHCTPMPOBAHO CKITOHHOCTM K 3J10Ka4eCTBEHHOM TpaHcdop-
Maumu, Nno KparmHew Mepe, Ha paHHMX naccaxkax.

Mpwn cTapeHun B KIeTKax NPOVCXOOUSIN MHOIOYMCIIEHHBIE
HapyLeHns NpoayKuMy pocToBbIX ¢hakTopoB (B 4acTHOCTW,
Fgf1), dhakTopoB, OTBETCTBEHHbIX 3@ PEOPraHN3aLMio BHEKSE-
TOYHOro MaTpukca, 3a MUrpauuid 1, YTo OCOGEHHO BaXkHO,
NMPOVCXOAMI0 MOAaBrEHNE 3KCMPECCUM TEHOB-CYNpPeccopoB
onyxonesoro pocta p21, p53 n itgab, a Takke peakTBauus
(haKTOpoB, 3KCMPECCUPYIOLIMXCSA B 3MOPMOHAarbHbIX CTBOSIO-
BbIx kneTkax (KIf4, Oct4, Sox2 n c-myc), a Takke B KreTkax
arpeccyiBHbIX 3r0KavecTBeHHbIx onyxonen [17]. Takum 06-
pasoM, N3MEHEeHWS], NpovcxoavBLumMe npu ctapernn ¢ MIMICK
MbILWK, GbINN aHanornyHbl U3MEHEHUSIM, 0BHapY>XVBaEMbIM
B KIETKax 3/10Ka4ecTBeHHbIX onyxosnen venoseka [18].

Viamerenusa ceovicts MIMICK qenoBeka
npv KynbTUBMPOBaHWM in Vitro v nocrneacTeus
TpaHcrnaHTaumi Takux KneTok B OpraH1n3am

[aHHblie oTHocuTensHo MIMCK 4yenoBeka npoTuBope-
ymebl. B 2007 r. 6bino npoBegeHo BecbMa Joka3aTeslbHoe
vnccrneposaHue, nokasaswee, 4To MMCK 4venoBeka, Bbl-
[OENEHHbIE N3 KOCTHOro MO3ra 3[0P0BbIX A0HOPOB, HE CKITOH-
Hbl K HAKOMEHWIO XPOMOCOMHbIX abeppaunii Npy onnTenb-
Hom (Oo 25 naccaxen) KynbTUBMPOBAHUW, COXPaHAT
CTabunbHbIA KapuoTWN in Vitro n No O0CTVXKEHUW «TOYKMN
KpU3nca» Unn «uMmnTa Xengnvka» anonToTUYecKN rmeHyT
[6,7]. ABTopbl gaHHom pa6oTbl n3y4ynnn 10 kynbTyp MIVICK,
M HM B OOHOM U3 HUX B CTaHOAPTHbIX YCIOBUSAX KyNbTUBW-
pPOBaHUS HE MPOUCXOAWII0 HapyLEHUI 3KCMPeccun noBep-
XHOCTHbIX MapKepoB, UBMEHEHWUA KapuoTuna, peakTmBauumn
NMPOTOOHKOMEHOB W akTuBauuUW Teriomepasbl. TeM He Me-
Hee, MCcCcrneaoBaTeNn OCO6EHHO OTMETUNN, YTO KNEeTKW,
nosly4eHHble OT pa3HbIX AOHOPOB, MMEKT CYLLECTBEHHO
pasfiMyHble XapakTepUcTUKXA, @ UMEHHO — Ha pasHbIX nac-
ca)kax OoCTUrawT «TOYKM Kpuauca» (oT 3-ro oo 25-ro) un
o06nagatoT pasnrMyHon NponMdepaTVBHOM akTVBHOCTLHO.

B 10 >xe Bpemsd, paHee, B 2005 r., nccnenoBaTenbCKow
rpynnon nog pykosoactsom D. Rubio opns MMCK, Bbige-
NEHHbIX V3 XXNPOBOW TKaHW YenoBeka, 6bIfo Noka3aHo, YTo,
rnocrne npoxoxaeHus knetkamu okono 50 naccaxken in vitro,
B HMX MOXXET MPOMCX0AUTb HaKOMMEHNE FrEHOMHbIX HapyLue-
HAM W, KaK creacTeue, 3r0KavyecTBEHHas TpaHcdopmauus
[19]. Cnoco6HocTb Takmx KIeTok K TyMOpOoreHesy aBTopbl
NPOBEPSNM Ha MbIWaxXx C UHOYUMPOBaHHbIM 06y4YeHneM
nvimyHopeduumtom (Balb/c-SCID). TymoporeHHsle MIMCK
(TMMCK), npowegwve ctaguio Kpuaunca, Xapakrepr3oBa-
NnUcb NOTEper CBOMCTBA KOHTAKTHOrO WHIMGMPOBaHUS
B KynbType in vitro, OTCYTCTBUMEM 3KCMPECCUM OCHOBHbIX
noBepxHocTHbIX MapkepoB VICK — CD90 n CD105, nmenu
M3MEHEHHOE CTPOEHME BEPETEHa AENeHUs N HapyLUeHHYH
Mopdonormio. bonblWMHCTBO 13 HUX HECNO TPUCOMUMK, MO-
nMNAonaMn 1 Opyrvie Y1McroBble 1 CTPYKTYPHbIE abeppaumn
B XpPOMOCOMHOM Ha6ope. CucTtemMHas TpaHcnnaHTaums Ta-
KMX KNETOK Mblllam npusoamna K oopMmMpoBaHni0 MHOXKE-
CTBEHHbIX onyxonen y Bcex (n=38) akcrnepumeHTanbHbIX
>KMBOTHbIX. B kneTkax onyxonen o6Hapy>KMBasiacb peakTu-
BaLWSA NPOTOOHKOreHa C-MyC 1 BbICOKas 3KCMPEccUs aHru-
oreHHoro chaktopa VEGF. ABTopbl gaHHOM pa6oTbl Takxke
npoaHanuanposarmm 10 kynbtyp MMCK 0T pa3sHbix OoHO-
poB, NokKasaB, YTo nocrie npoxoxaeHus 6onee Yem 50 nac-
caXkem N obxoda «TOYKM Kpuauca» nponudepaums U Ha-
KOMMEeHNE TeHOMHbIX HapyweHun npoucxoamnt B 50%
KynbTyp. AHanorn4dHble pesynbTaTbl 6bISIV MOSyYeHbl B 3K-
cnepumeHTax ¢ MIMCK, BbiOeneHHbIX 13 XXMPOBOW TKaHWU
Mblwen nuHnin C57BL/6 n CD1.

Pa6oTa D. Rubio 1 konner ctana nepBbiM 0nN1caHNeM CroH-
TaHHo TpaHcdopmaumn He Torbko VMIMVICK, Ho 1 Boo6Lie

KIEeToK Yenoseka B KynbType. B Tom >xe rogy nonyyeHHble
VMW pe3yrnbTaTbl GbIM BOCMPOV3BEOAEHbl B HE3@BUCUMON
na6opatopun Ha MIMICK, nony4eHHbIX U3 KOCTHOro mMo3ra
YyernoBeka, C TEM NLLb 3aMevYaHNeM, YTO B Ka4ecTBeE EeLle
O[HOro MPOrHOCTUYECKOro )akTopa TpaHcdopMauny Hayu-
Has rpynna nop pykosogcteoMm Y. Wang npegnoykuna akcn-
PECCUI0 KINEeTKamMu NMOBEPXHOCTHOrO Mapkepa sHOoTenmarb-
HbIX KreTok-npegwectseHHny CD133 [20]. Takxke Y. Wang
W KOSIEern oTMETUNX, YTO TpaHcdopmauns NpomucxoguT
nwb B 1 n3 40 kynbtyp MCK, a He B 50% cny4aeB — no-
BUOMMOMY, 3TO B GOMbLLOM CTENEHW 3aBUCUT OT reHoTuna
noHopos MIMICK.

B 2008 r. rpynna D. Rubio nogTtBepaounna ceou pe-
3ynbTaTbl, NPOBEAs NCYEepPnbIBALWMIA aHann3 reHeTnyec-
KX nameHeHun, npovcxogawmx ¢ MMCK npu gnutens-
HOM KyJTbTUBMPOBaHWUM, ¢ nomoLubio JHK-mukpoyunnos [21].
ViccnepoBaTtenu npennonoXXunuv, Y4To, NOCKOJSIbKY 03r10Ka-
YEeCTBNIEHME HOPMASTbHOW KIETKM — CIOXKHbIM MHOrOCTYMNEH-
YyaTbin npouecc [22], To gorkeH cyllecTBoBaTb 06LUMIA
MexXaHn3Mm, npreogaLmin K TpaHcopmaumm MMCK B Kyrb-
Type. AHanna nameHeHns akcnpeccun reHoma MIMICK noc-
ne BCTyNneHns B a3y KMeTOYHOro CTapeHusl, Ao U nocre
NMPOXOXOEHWS TOYKN Kpu3unca, OefCTBUTENbHO BbISIBUST OM-
peferieHHble 3aKOHOMEPHOCTY, o6LUve Ofs BCeX TpaHcdop-
MWPOBaHHbIX KySbTyp, 1 NO3BOAU COPMYMpoBaTb Noc-
nefoBaTenbHOCTb KITHOYEBBIX MOMEKYNSPHbIX COBbITUN,
nprBoaALLMX K TpaHcdopmaumm MMCK.

CornacHo koHuenuuy D. Rubio, TpaHcdopmaums MIVMICK
NpPOXoauT B [Ba NocreaoBaTesibHbIX 3Tana:

1. Ha nepBom aTane nNpoMCXoAauT akTMBaumst NpPOTOOH-
KoreHa c-myc 1 NofaBrieHe akTUBHOCTW reHa-cynpeccopa
onyxosieBoro pocta p16, 6narogapst YeMy Mnocre NpoxoX-
OEHVS cTagun Kpu3nca KIeTKW NMpoaorbKaT akTUBHO Mpo-
nndpeprpoBaTb. Npy 3TOM TakXkKe NMPOUCXOAUT 3KCMNpPeccus
reHa TenoMmepasbl tert 1 ee akTvBauus B KIeTke, geneuns
nokyca Ink4a/Arf n akTnBauma npotooHkoreHa Rb. Henas-
HO 3ToM e rpynnoin nccneposatenen Ha MIMICK mbiwm
6bIN10 NOKalaHo, YTO A1 3anycka 3510Ka4eCTBEHHOM TpPaHc-
dopmMaumn KNeTok AOCTaTOYHO OAHOBPEMEHHOro WHInéu-
poBaHWs ABYX rEHOB-CYNPeccopoB OnyxosieBoro pocta, p2l
n p53 [23], HO HAcKOMbKO 3TN O@HHbIE COOTHOCKMBbI
¢ MMCK 4enoseka, Ha OaHHbI MOMEHT He BbIACHEHO.

2. Ha BTopom aTane TpaHcdopmauun B KINeTKe npouc-
XOOAT HapyLIEeHUS 3KCMPEeccun FeHoOB, acCOLUMNPOBAaHHbIX
C MUTOXOHAPWasbHbIM METaboNM3mMoM, FreHoB, YbW NMPOAYK-
Tbl O0TBe4YalT 3a penapaumio OHK, a Takxe perynatopoB
KNETOYHOro umMKna.

B 2009 r. B Hay4HOW nuTepaType NosiBUrocb nocnep-
Hee coo6UEeHNE O 3JI0KaYeCTBEHHOM TpaHcdopmMauum
MMCK uenoBeka, N3onmpoBaHHbIX N3 KOCTHOro moara [24].
'pynna nccneposaTtenen n3 YHusepcuteTta beprerna (Hop-
BErnsl) NpPoAeMOHCTPYpOBara, YTo npu OJSIUTESNTbHOM KyJlb-
TuBupoBaHun (6onee 100 naccaxken) 45,8% kynbTyp
MMICK (B pa6oTte — 11 n3 24) npeTepnesaloT 3/10Ka4eCTBEH-
Hyt0 TpaHcdopmMaumio. Mpy aTom B KIETKax NpoVCXoasaT co-
6bITVA, aHanornyHble onvcadHbiM paHee [19,20], a Takke
o6Hapy>kBaeTcs noTeps A epeHLPOBOYHOI0 NOTEHUN-
ana — TpaHcdopmMupoBaHHbie MIMICK npu cneunduvyeckon
VHOYKUMKW BbIIM CNOCO6BHbLI BCTyNaTh NWWb B paHHWE CcTa-
OV OCTEOreHHon OUAMEPEHUMPOBKNA, 1 HE OTBEYanu Ha
agunoreHHble N XOHOPOreHHbIE CTUMYIbl. ABTOPbI OaHHOW
pa6oTbl Takke 0CO6EHHO OTMEYalT arpecClBHOCTb U ak-
TUBHOE MeTacTa3npoBaHNE 06pPa30BbIBaBLUMXCS M3 TpaHc-
nnaHTMpoBaHHbix MIMCK capkom. BbICTpbIi pocT onyxo-
nen G.V. Rosland v konneru, kak v gpyrue nccrienoBaTenu,
CKJTOHHbI CBSA3bIBaTb C MOBbILWEHHON NpoAykunen Heamd-
(hEPEHUMPOBAHHBIM ME3EHXUMHbIMU KITETKaMM Capkom
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aHOoTenmMansHoro takTtopa pocta cocynos VEGF, yto xa-
paKkTepHo U s HopMasnbHbix MMCK [25].

3aknovyeHne

CymMmmupys pe3yrnbTaTbl HEMHOIO4YMCIIEHHbIX NCCNEOOBa-
HU B 0651acTy 3rnokadecTBeHHon TpaHcdopmvauun MIMCK
B KyfbType, MOXHO Ha3BaTb PsAn HEOTbLEMIIEMbIX MPU-
3HaKoB, NocreaoBaTesibHO NPUOGPETaEMbIX KNeTkaMuy Kak
3KCMEePUMEHTAarbHbIX XXMBOTHbIX, TaK 1 4YefoBeka npu
03/10Ka4YeCTBIIEHNN:

1. VI3avieHeHre BHELUHEro B1Aaa KIeTok, NnoTeps UMn Xxa-
pakTepHon (pumnbpobnacTonogobHon opmbl;

2. lNoTepsa KOHTaKTHOro UHrGPoBaHNS;

3. YckopeHve nponudepauuv (Nneprog yoBoeHUs nony-
naumn — okono 12 4);

4. /I3avieHeHVe CTpPOeHWs1 BEpeTeHa AereHus;

5. HakonneHne 4ncnoBbIX U CTPYKTYPHbIX XPOMOCOM-
HbIX abeppauunn;

6. PeaktmBaums reHa Tenomepassbl tert 1 psaga npoTooH-
KOreHoB, Ybsl SKCMPECCUs xapakTepHa Ans 3MBpMOHarbHbIX
CTBOJIOBbIX KNETOK, B YacTHOCTW, c-myc 1 Rb; nogaenerne
reHoB-CyrnpeccopoB onyxonesoro pocta (p16, p21, p53);

7. MHoro4mcrneHHble HapyLleHUs 3KCNPeccun reHos,
YbW MNPOAYKTbl OTBETCTBEHHbI 3@ KJTOYEBLIE MPOLECCHI
B KIeTKe: nponudepauunio, KOHTPOsb KNeTOYHOro LuKIa,
meTabonunam (Tak Ha3biBaembix housekeeping genes);

8. lNprobpeTeHe TYMOPOreHHbIX XapakTePUCTMK, 06pa-
30BaHMe capkom 1 hnbpocapkoM Npuv TpaHcnnaHTaumn
3KCMNEPUMEHTasbHbIM XXMBOTHLIM C UHAYUMPOBAHHLIM VM-
MYHOOEUNLNTOM.

B uenowm, pa6oTbl B AaHHOM 061acTy MOXKHO pa3fenunTb
Ha MccrnenoBaHuns, roe onvMcaHbl CNOHTaHHbIE U3MEHEHNUS
reHeTU4eckoro Martepuana KreTok Ha paHHUX naccaxax, u
Ha MccnenoBaHns, KacalwLwmecs OMTENbHOMO KynbTYBMPO-
BaHMa MMCK n HapylweHwnin, BO3HMKAKLWNX B KIeTKax
B CBSI3M C Npoueccamy CTapeHns 1 06xXoaa «TOYKK Kpr3unca».
CnenyeT OTMETUTb, YTO, MO YTBEPXXAEHUSM GOSbLUMHCTBA
aBTOPOB, K TpaHCHOPMauun B KyrbTYPE CKITOHHbI FMaBHbIM
o6pazomv MMCK mbilwn, 1 TONMbKO AN HUX Ha CerofHsiL-
HAM OEeHb NPOOEMOHCTPMPOBAaH (DEHOMEH 3510Ka4eCTBEHHOMN
TpaHcdopMauuy Ha paHHUX naccaxkax. Mbl npegnonaraem,
4YTO 3TO CBS3aHO C WHGPEOHOCTbH NHWIA. I3BECTHO, 4TO
B FEHEeTUYEeCKOM MaTepuane UHGpeaHbIX MbIen Hakanmm-
BAKTCS Tak Ha3blBAEMbIE «MOfYallMe» MyTauun, a TakxKe
VIS HUX XapakTepeH heHomeH apudTta reHos [26]. 3tum
MO>XHO OObACHUTb M Pa3SfINYHY0 CKITOHHOCTb K TpaHcdop-
Maunn kynbtyp MIMCK, nomny4eHHbIX 0T pasHbIX JIMHUA Mbl-
Len, X0TA K HACTOsALWEMY BpemeHy He 6blII0 NpoBeneHo
crneuunanbHbIX NCCNenoBaHui, aBTopbl KOTOPbIX CTaBUA Bbl
nepen cobom 3anadvy OLUEeHUTb 3aBMCUMOCTb BEPOSTHOCTU
3rokavyecTBeHHon TpaHcdopmaumm MMCK nu6o gpyrmx
TUMNOB KNETOK OT CTeNeHn UHBPEeOHOCTU JIMHUN 3KCrepu-
MEHTasbHbIX >XMBOTHbIX.

HecmoTpsa Ha To, 4TO aBTOpbl 06CyXXAaBLUMXCS paboT
nokasanu, 4To B nepBuyHbIX KynbTypax MMCK >XnBOTHbIX
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