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KreTouHas pereHepaLvoHHas Tepanis ABSETCS HOBbIM MHO—
roo6eLLaroLLyIM crioco60M neveHysi 3a60oneBaHi cepaevYHo—co—
CyavcToV cucTeMsl. B faHHOM 0630pe paccMoTpeHs! pasnnyHeie
3KCMEepYMEHTasbHbIE Y KITMHUYECKME Moaxodbl K NpoBeaeHuo
KIETOYHOW pereHepaunoHHoN Tepanuy, Takme Kak: 5lokabHast
Tepanus UNTOKUHaMU, CTUMYSISILIMS BbIXOA8 PE3VUAEHTHbIX CTBO—
J10BbIX KNIETOK KOCTHOIO MO3ra 1 CO6CTBEHHO TPaHCIaHTaLms
CTBO/I0BbIX KIIETOK. B paboTe npenctasneH AeTanbHbivi aHamms3
PasnnNYHbIX TUMNOB JOHOPCKUX KIETOK, NPUMEHSIeMbIX /18 Kie—
TOYHOV KapAMOMMONNacTUKM B 3KCEPUMEHTAITbHbIX U KITMHN—
ueckux vccrefoBaHmsx. Oco60e BHUMaHVE YAEeneHo 06CYXAEHNIO
Croco60B [OCTaBKY KITETOK B 06/1aCTb MOBPEXAEHHOr0 MUOKap—
[a v MeTofam BU3yanu3aLmy TpaHCcnnaHTara.

KnioueBbie cnoBa: KeTo4Has Tepanis, MHgapkT M1uokap—
0@, CTBOJIOBbIE KNETKMW.

BeepeHnne

VHdhapkT Mrokapaa ABNsSeTCA 0CHOBHOM MPUYMHON UHBa—
NMOM3aummM N CMEPTHOCTY HaceneHust B pasBuTbIx cTpaHax [1].
OcTpbit MHhapKT MMOKapaa NPUBOAUT K Pa3BUTUI0 M3MEHEHWI
B 06/18CTV MOPaXKeHNst Ha TPeX YPOBHSX:

* Ha ypoBHe opraHa (hopM1poBaHMe HEKPOTUHECKOro 04a—
ra c nocnegytoLm obpasoBaHrem cmnbposHoro pybua, Hapy—
LLeHMe CoKpaTUTeNbHOM hyHKLMX cepaua);

* Ha ypoOBHE KNeTkn (HeEKPO3 KapAVOMMOLUWTOB, YCUNEHWE
anonTos3a, rmnepTpodna KapaMoMMoLIMTOB);

* Ha YPOBHE KNETOYHOro Aapa (M3MeHeHre aKCNpeccun re—
HoB] [2].

CoBpemeHHas hapmakoTepanus, Bkito4aroLLan B cebs onb—
PVHONUTWKW, aHTUarperaHTbl, MHMMBUTOPbI aHIMMOTEH3MH-NPe—
BpaLLaoLLmX hepMeHTOB, B—6nokaTopbl, aHTaroHWUCTbI KanbLms
W HUTPaTbl, 4AET NO3UTMBHbIE KIMHWYECKMe pe3ynbTaTsl [3].
BannoHHasa aHrvonnacTuka co CTEeHTMPOBaHWEM KOPOHaPHbIX
apTepuii 1 BBeAeH1e TPOMBOIMTUYECKMX MPenapaToB No3Bons—
tOT 3HAYMTENBHO YNYYLLUMTL COCTOSIHUE NaLMeHTa, BOCCTaHOBUTb
HapyLLEHHbI KOPOHAPHbIA KPOBOTOK, HO HE peLuatoT npobnemy
NOBPEXAEHHOM MHDAPKTOM TKaHn Mrnokapga [4]. AopTo-kopo-—
HapHoe wyHTrpoBaHue (AKLLI), HecMOTpsa Ha 3Ha4YUTENbHYIO
3(pheKTUBHOCTb, MMEET PAA OrpaHWYeHnn, cpean KOTopbIX:
aHaTOMUYEeCKW y3KMe Cocyabl y NaLmeHTa, PacChINHOM TUM Kpo—
BOCHabXeHns ceppua, a Takke BO3MOXHOCTb BbINMOMHEHUS
3hheKTUBHOM ONepaLmm TomnbKo B TedeHne 6—12 4acoB oT Ha—
yana 6onesoro npucTyna. AKLLl ansa neveHna ocTporo nHdapkTa

B HaCTOsILLIee BPEMSA NPUMEHSIOT PEAKO, B 0CHOBHOM bBrnarogaps
ycrnexam 3HO0BAacKyNApHOM XMPYpPriav, KoTopasi o3BonsaeT Bbic—
Tpee 1 MeHee TPaBMaTU4YHO BOCCTAHOBWTL KOPOHaPHbIA KPOBO—
Tok. OgHako nocre 3aBepLUEHMA OCTporo neprofa onepauma AKLL
BbINOSIHAETCS Tak XXe 4acTo, Kak 1 6annoHHas aHrmonnacTnka
KOpOHapHbIX apTepuin. YacTuyHoe yaaneHve mMmokapga npu
TSKENOW KapaNoMMONaTW, NPeQNoXeHHoe 6pasnnbCKnM X1pyp—
rom P. Batucton, He MoXeT BbITb MCNONb30BaHO ANA NeYeHns
0CTporo nHhapkTa Mrokapaa. B cnyyae xpoHudeckon cepaeyHom
HeJoCcTaTo4YHOCTV onepauma BaTucTbl ncnonb3yeTcs B nocne—
[HVIe rofbl PefKo B CBSA3M C OrpaHMyYeHHbIM M0 BPEMEHW Nono—
XutensHbIM adhgpekTom (6—-9 mecsues). Kpome Toro, gaHHbIN
MeTOo[ CBA3aH C NoTepew 3Ha4YUTENbHOM YacTy 300P0OBOro Mn—
okapaa 1 MoxeT BbiTb orpaBAaH TONbKO B Cry4asx THXenown
LIMTENbHOM KapAMOMMOonaTum Npy NNaHMpPoBaHUM TPaHCNNaH—
Tauum cepgua [S]. AnnoreHHaa TpaHcnnaHTaumsa cepgua no—
KaszaHa npu 06LUMPHBIX NOPa>KeHNAX CEPAEYHON MbILLIEYHON
TKaHW, Korga hapmakoTepanua yxxe HeahPeKTMBHA, 0AHaKO,
B CBA3M C HE06X0AMMOCTbI0 NpoBeAeHsS UMMYHOCYNPECCUMB—
HOW Tepanuu, BbICOKOM CTOMMOCTbIO M OTCYTCTBMEM J0CTaTOY—
HOro KonMyecTBa f4OHOPOB NPUMEHEeHVe AaHHOMo NOAX0[a or—
paHnyeHHo [B]. Takme cnocobbl NeyvyeHUss ceppeyHom
HefoCcTaTO4YHOCTW, K&K KCEHOTPaHCNAaHTaLUMmM 1 UMMAaHTaums
NCKYCCTBEHHOrO MEXaHMYeCcKOoro ceppLa noka HefocTaTo4yHo
pa3paboTaHbl AnA MacLITabHOro NCNonb30BaHWSa B MEANLIMH—
CKOW MNpakTuKe.

1. MNMoaxoAbl K NPOBeAEHUIO KJIETOYHON

pereHepaynoHHOI Tepanun

B HacTosiLLee Bpems Hanbonee nepcneKkTMBHbIM Cnocobom
neYvYeHns MHPApKTa MMOKApAa W ero NoCnNeacTBui SBMSETCH
KIeTo4Hasa Tepanusa (KNeToYHas KapavoMm1onnacTuka), BKo—
YatoLLasn B cebsi TpM OCHOBHbIX MOAX0oAa:

* MpoBefeHWE NOKarNbHOM TePann LMTOKUHAMM;

* BBELEHWE KOMOHNECTUMYNUPYOLLMX (hakTopoB Ans Mobu—
NN3aLMM BbIXOAA PE3MAEHTHbIX KNETOK KOCTHOrO MO3ra;

* TPaHCMNaHTaUMsi CTBOMOBbIX KIETOK.

[maBHasA Lenb NofobHOM Tepanuy COCTOUT B YyYLLIEHUM CO—
KpaTUTENBbHOM (hyHKLMN NOBPEXAEHHOMO MMOKapLAa U YCUNeHum
KPOBOCHaBXEHMA MMOKapAa, YT0 MOXET BbITb AOCTUIHYTO 38 CHET:

* YBENUYEHUS N/ UNN COXPAHEHUS KONMMYECTBa 3[0POBbIX
KapAMOMUOLUTOB;

* YNyYLLIEHWs KPOBOCHABXEHUST MbILLILbI 38 CHET aHrvore—
Hesa W,/ U HeoBacKynspu3aLmm.

*



MprMepom nokanbHoM Tepanum LMTOKMHaMM ABNAETCS CO—
YyeTaHHOe MpYMeHeHne MHCyNMHonopobHoro dpakTopa pocTa u
thakTopa pocTa renaToumToB, KOTOpPbIe CTUMYNMPYIOT AndidiepeH—
LIMPOBKY 3HAOMEHHbLIX CTBOMOBLIX KNETOK CepALa B KapanomMmo—
umTbl. [NogobHas Tepanysa MO3BONSET YNyyLLNTL COKPaTUTENBHYIO
dyHKLMIO MM1OKapAa Y XMBOTHBIX C MHAYLIMPOBaHHLIM MHhapK—
TOM M1okapaa. bbeino nokasaHo, 4To MHCYNMHOMOAO6HbIN hak—
TOp pocTa TakXxe npepoTBpaLlaeT rnbenb KapavMoMUOLMTOB 1
CTUMYNMPYET BOCCTaHOBNEHVE NeBOro xenygo4ka [7].

AHTVaNoNTOTUYECKUM 1N KapAMONPOTEKTUBHbLIM LENCTBU—
em 0bnafaeT Takxke 3puTPONo3TUH, PELIENTOPbI K KOTOPOMY 06—
Hapy>XeHbl Ha KapAMOMNOLIMTaX, 3HAOTENMATbHBIX KNETKax 1 nb—
pobnacTax cepaua. SpUTPONO3TUH CTUMYNMPYET MOBUNM3aLmo
BbIXOAA@ 3HAOTENUanbHbIX MPEefLEecTBEHHUKOB 1 aKTUBUPYET
aHrMOreHHy aKTVBHOCTb 3HAOTENMANbHbIX KNETOK MUoKap-—
[a. SHpoKapaviansHoe BBEAEHWE 3pUTPONO3TUHA XMBOTHBIM C VH—
LyLMPOBaHHBLIM MHWapKTOM M1MOKapAa CYLLIECTBEHHO CHMXaeT
yPOBEeHb anonTo3a KapavoMUOLIMTOB, yMeHbLLIET pa3mep UHhap—
KTU3MpoBaHHOWM 06acTu 1 ynyyLuaeT cepaeqHyto oyHkumio [8,9].

[NpoBeaeHe KapAMOMMONAACTUKMA BO3MOXHO C MOMOLLbIO
Mobunmsauum Beixoga BeegeHvem -KC® (rpaHynoumntapHoro
KONOHMECTUMYNMPYIOLLIErO hakTopa) pe3naeHTHbIX CTBOMOBbIX
KMEeTOK KOCTHOr0 MO3ra, KOTopble 3aTeM A0CTUraloT MoBpeX—
LEHHOro y4acTka M1MoKapaa v CTYMYNUPYIOT ero BOCCTaHOBNEe—
Hue [10]. HepaBHUMIN nccnegoBaHNAMM MOKA3aHO CrOHTAHHOEe
yBenuyeHne cogepxanusa -KC® B cbiBOpoTKe NauMeHToB B
paHHUA NOCTUHAPKTHBIA Nepuog, NpusoasLlee K Mobunmaa-—
umn Bbixoga CD34* kneTok C BbICOKMM YPOBHEM 3KCMPEccumn
CXCR4 — peuenTtopa k SDF-1 (stromal cell derived factor) [11].
HepocTtaTok kvcnopofa B 06n1acT NopaXeHHoM TKaHW M1oKap—
[a NpBOAWT K Pe3KOMY YBENMYEHWIO YPOBHSA 3Kcnpeccum hak—
Topa HIF-1 (hypoxia inducible factor-1), koTopbit ABnseTcs
TPaHCKPUNUMOHHBIM hakTopom ansa reHa sdf-1 v aktmeupyet
€ro 3KCNpeccuio B KaPANOMUOLUTAX, KIeTKax 3HAOTENVSA COcy—
pos v tmbpobnacTtax [12,13]. CunTtaeTtcs, 4TO BbICOKUIA ypO—
BeHb SDF-1 aBnseTca MHAMKATOPOM NopaxeHHow 06nacTv Myu—
oKapaa v aKTMBHO y4acTBYET B MPMBNEYEHUM CTBOMOBbIX KIETOK
B AaHHbI y4aCTOK, T.e. ABNAETCHA NoKanbHLIM MegMaTopom npu—
XvBneHws. BaxHo oTMETUTb, 4TO NoBbiLLeHne ypoBHA SDF B cbi—
BOPOTKE 04EHb KPaTKOBPEMEHHO M HabnioAaeTCcs N1LLb B nep-—
Bble 12-24 yaca nocne uHdapkta [14, 15]. MakcrmansHbiii
ypoBeHb akcnpeccun SDF 1 B 6onee NosgHMe CPoKM MOXHO
BbISIBUTbL MO KpasiM 06MacTv NoBpeXxaeHus, npuyem 6enok acco—
LMMpoBaH ¢ MeMbpaHamun NpoayLmpyroLLMX ero knetok [16].

PeaynbTaTbl paHAOMN3POBAHHOI 0 KNMHUYECKOM0 UCCNeno—
BaHuA REVIVAL-2 He nopgTBepavnu no3nTUBHbIA 3dhithekT Te—
panuu -KC® naumeHToB C OCTPbIM MHhapKTOM MUOKapaa.
Tepanuio HaumHann Ha 5-1 geHb Nocne Bepudrkaumm ocTporo
nHpapkTa, 0AHAKO AOCTOBEPHbIX PA3NNYUIA MO YIyHLLEHWIO CO—
KpaTuTenbHOM hyHKLMM CepaLua Mexay UCCNegyemMon N KOHT—
ponbHOM rpynnamu nony4eHo He 6bino [171.

OtcyTCcTBME pasnuymii, BO3MOXHO, CBA3aHO C BPEMEHHbLIMU
pamkamu npoBefeHvs nofobHon Tepanuun. Penn et al. B akcne—
pUMEHTAaX Ha KpblCax C MHOYLIMPOBAHHOW KapAnomMunonaTuen
nokasanu, 4To oTcpoyeHHoe BeBegdeHne [-KC®d He BnnsieT Ha
NPUXMBREHWE KNETOK B MMOKapAE M HE MPUBOMT K Yy4LLEHWNO
CoKpaTUTENBLHOM (DYHKLMM NIEBOr0 XXenyAo4Ka, HECMOTPS Ha yBe—
NNYeHNe KOMMYeCTBa LIMPKYNMPYOLLWX B Neprcthepu-eckon Kpo—
Bu c—kit* (CD117*) knetok B 25 pas [18]. Kpome Toro, -KCP
NPUBOAUT K 3HAYUTENbHON aKTMBaLMN MaTPUKCHBbIX METanio—
npoTeas, KoTopble NOMUMO Aerpagaumny BHEKNETOYHOro MaT—
pvikca akTuBHOo paspywatoT SDF. B kocTHOM Mo3re nofobHbiIin
athdhekT NpMBOANT COBCTBEHHO K MOBMAN3aLIMM BbIXOAA KINETOK—
NpefLwecTBEHHMKOB B Lmpkynsumio [19], Ho B noBpexaeHHoM
MUoKapAe, HECMOTPS Ha MO3UTUBHYIO POfb MEeTannonpoTeas B
peopraHn3aumm BHEKNETOYHOr0 MaTpUKCa, MapannensHo Npouc—
XOAWT yH14TOXEHWe rpagmeHTa SDF, 4To 3HaumnTensHo 3aTpyaHaeT
HanpasneHHyto murpaumio CXCR4* kneTok—npeaLlecTBeHHN—
KOB B 06n1acTb NoBpexaeHus.

Cpefv MeTonoB KNeETOYHO Tepanum 3abonesaHni cepaua 0c—
HOBHOE KNMHNYEeCKOoe NPUMEHEHWE NOMyY1n NOAXOA, CBA3aHHbIN C
npoBefAeHVeM TpaHCMNaHTaumn CTBONOBLIX kNeTok. B npeane
CTBONOBas KNETKa AfA NPoBeAeHV A KapANOMMONNacTUKM AOMKHa
obnagaTb CnocobHOCTLIO K Nponudiepaumnm 1 andidiepeHUmpoBKe
B COKpaTUMble KNEeTKMW, K (DOPMMPOBaHUIO 3NEKTPOMEXaHNYEC—
KMX KOHTaKTOB C OKPY>XXaHLLMMWN KIETKaMM 1 He AOIXKHA Bbi3bl—
BaTb UMMYHOMOMMYECKMX pPeakLuii Co CTOPOHbI peumnnenTa [20].
Cpeav BO3MOXHbIX KQHAMAETOB paccMaTprBaloT:

1) ambpuoHanbHbIe CTBONOBbIE KIETKY;

2) heTanbHble CTBOMOBbLIE KIETKM:

* (heTanbHble KAPANOMUOLNTLI;

3) comaTvn4eckune CTBONOBbIE KNETKM W KNeTKu-npeaLle—
CTBEHHUKW:

* 3HAOTENVAanbHbIE NPedLLecTBEHHNKY,

* KNETKM—-CaTENNUTLI NONepeYHo—NonocaTon MycKynaTypbl,

* Me3eHXVMarnbHble CTBOMOBbIE KNETKM,

* reMono3aTM4ecKne CTBOMOBbIE KNETKY,

* 3HOOreHHbIE CTBOMOBbLIE KIETKM cepAaLia.

Tabrmya 1. MexaHuambl XOYyMUWHra n oprau—cneuuqmquble CUrHasbl Ang npusJsievieHNA CTBOJIOBbIX KJIETOK

B o6nactb noBpexpeHus
Ha ypoBHe noBpexaeHHOro Muokapaa

¢ Nwemus, npuBogsilas K yBenmMYeHno ypoBHS 3KCMpeCccun
HIF-1 kneTkamu B nopakeHHoW obnactu 1 nocneayLlen
akTneBaumm akcnpeccumn SDF-1 [12]

* Hekpo3, KOTOphIN BbI3bIBAET BbicBOOOXAEHNE Oerka,
cBs3bIBaKoLLero xpomatuH, HMGB1, genctBytoLLero kak
BHEKMETOYHbIA aTTPaKTaHT KIETOK-NpealeCcTBEHHNKOB [22]

¢ CHMXeHHbIN ypoBeHb 3kcnpeccun VEGF. Okcnpeccus
reHoB dpaktopa pocrta aHgoTenusi cocynos (VEGF) n ero
peuentopa (VEGF-R1) B Hopme Takke KoHTponupyetcs HIF-1
no TUMYy MONOXUTENBHOW 0BPATHOWM CBA3M, HO Y MOXWIbIX
nogen N NaumMeHToB, CTpagalowmx anabeTom, rmnokeus-
3aBvCMMas perynsauus HapyweHa [23]

e daKkTOpbl MUKPOOKPYXKEHUA, KOTOPbIE CTUMYNUPYIOT POCT
1 andepeHUnpoBKY CTBOMOBbLIX KMETOK, B TOM YuUcre
KOHTaKTbl CTBOJIOBasi KNeTka-kapanommoumnT [24]

Ha ypoBHe TpaHcnnaHTUpyeMbIX KNeToK

» XoymuHr-peuenTopsbl, B YactHoctn, CXCR4 — peuenTtop
k SDF-1 u c-kit (CD117) — peuenTop K chakTopy pocta
cTBOMoBbIX knetok (stem cell factor, SCF) [25]

* UHTerpuHbl u gpyrue agre3auoHHbIe MOMEKYJbl, KOTOpble
obecneyrBatoT TPAHCMUIPaLIMIO KNETOK Yepe3 CTEHKY COCYOOB,
B 4yactHocTu, LFA-1 (lymphocyte function associated antigen-1),
VLA-4 (very late activation antigen-4) n VLA-5 [26]
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Pue. 1. Knetku, TpaHcrnaHTupyeMbsie npy MHhapKTe M1oKapaa, v X nev4ebHbi noTeHuman

"eHeTU4YeCKMEe 1 KNETOYHblE MEXaHN3MbI, MPUBOAALLME K
TpaHcandhepeHLMPOBKE CTBONOBbIX KIIETOK B KApAMOMUOLM—
Tbl, MOKa BbI3bIBatOT Maccy cnopos [3,11,18,211.Btabn. 1 npep-
CTaBfeHbl HEKOTOPbIE BO3MOXHbIE MEXaHN3MbI MPUBEYEHUA
CTBOMOBbLIX KNETOK B 06M1acTb NOBPEXAEHWS.

[anee n3noxeHbl NpeMmyLLECTBa U HEAOCTaTKN BO3MOXHbIX
LOHOPCKMX KNEeTOK AnA NpoBeAeHWst pereHepaLnoHHon Kapan—
omwuonnacTukm (puc. 1).

2.Tunbl KNeToYHbIX TPaHCNIAHTaTOB
ANnA pereHepaLWOHHOW KapAWOMMWONNacTUKN

2.1. SmbpuoHanbHble CTBOMOBbIE KNETKM

3AmbproHankHble cTeonosble kneTky (3CK) vyenoseka nnopu—
MOTEHTHbI 1 06NIaAat0T BLICOKMM NPONUGIEPATUBHBLIM MOTEHLE—
nom. MonyyatoT 3CK 13 BHYTPEHHEN KNETOYHOM Macchl (amMbpn—
o6racTa) AOHOPCKMX 3MBPUOHOB Ha CTaauM paHHe 6racToumcTbl
[27]. MNokaszaHo, 4To nommmMo kapanommoumToB 13 3CK MoxHO
norny4atb KNeTKU-BOQUTENN pUTMa 1 KINeTkW ypkrHbe, npuyem
BCE OHV 0611aAatoT CrieLmMNHECKUMM VIOHHBIMI KaHAamm U CTPYK—
TypHbIMY Benkamu gns o6ecreyeHns aneKkTpoth3MoNorMHecKom
dhyHkumm cepaua [28]. ViccneposaHusammn Min et al. nogreepx—
LEHO YCMELLIHOE CO3PEBAHWE KINETOK, NMPYXKMBIEHWE TPaHCMNaH—
TaTa 1 BOCCTaHOBNEHVE (DYHKLMM M1OKapga nocrne MHTpamMmno—
KapavanbHon TpaHcnnaHTaummn 3CK kpeicam [29]. CywlecTsyroT

LaHHble 0 BO3MOXXHOCTV BO3HVKHOBEHWS apUTMUM MPY TPaHC—
nnaHTaumm mMbiwmHbix ACK [30]. 3CK, koMMUTMpOBaHHbLIE B
CTOPOHY KapANOMMOLIMTOB, AENCTBUTENBEHO UMEHOT HECKOMNBKO
N3MEHEHHYIO 3NeKTPUYECKYHO aKTUBHOCTb MO CPaBHEHWIO C Ha—
TUBHLIMW KapanomMuoumTamu, ogHako nofobHoe asneHve 6bino
0TMEYeHO 1 y andidiepeHUMpoBaHHbBIX MMOLMTOB NpY aHanuae
N30NMPOBaHHbIX KNETOK 1nn KneTok B kynbType [31]. Tem He
MeHee, KNMHYeckoe ncrnonb3osaHue 3CK conpsokeHo ¢ papom
TPyOHOCTEN, Cpean KOTopbIX:

* HECOBEPLUEHCTBO 3aKOHOLATENLHOMO PErynupoBaHus B
obnactn ncnone3osarnsa 3CK [3];

* HVU3KWI MO CPaBHEHMWIO C 3KCMepUMEHTaNbHbIMN XMBOT—
HbIMK ypoBeHb AvdhdhepeHumpoBky Yenoseveckmx 3CK B kap—
avomuounThbl [3];

* Heobx0AMMOCTb NPOBEAEHNA NMMYHOCYNPECCUBHOM Te—
panuu, T.K. TpaHcnnanTauma 3CK aBnsaeTca annoreHHon [25].
Bo3moxHO, HeMMMYHOreHHbI TpaHcnnaHTaT 6yaeT nony4eH
MOMOLLbI0 METOA0B TEPANEBTUYECKOr0 KNOHUPOBAaHNUS C UC—
nonb3osaHnem 3CK 1 HaTMBHbLIX KapanomuoumTos [32];

* MOBbILLUEHHbIN YPOBEHb rMBEen KNeTok 3A0poBOro M1MoKap—
[a Npuv TpaHcnnaHTaumm KapanmoM1oumMToB, nonyyeHHbIx 13 3CK,
YTO CTaBWT NOfA BOMPOC 3thheKTMBHOCTbL NOA0BHbLIX TPaHCMNaH—
Taumn [33];

* BO3MOXHOCTb (DOPMMPOBaHMA TEPATOM, 4YTO MOXET BbiTb
CBSI3aHO C OTCYTCTBMEM (haKTOPOB—MHOYKTOPOB KapAMoreHesa

*



(6enkos 13 cemencts fibroblast growth factor (FGF), transforming
growth factor (TGF-B), bone morphogenetic protein (BMP), a
Takxe \WWnt) B cepgue B3pocrnoro opraHuama [34].

2.2. MeTarnbHble KapaNoMUoLNTbI

B akcneprmeHTanbHbix paboTax 6bino nokasaHo, 4To de—
TanbHble KapAMOMNOLIMTLI 0611aAatoT CNOCOBHOCTHIO K AiENEHNIO,
W Npu TpaHcnnaHTaumm B o06nactbe MMoKkapAvaneHoro pybua
chopMMpYIOT HOpManbHO YHKLIMOHMPYIOLLWIE BCTABOYHbIE ANCKU
C KapgvomuoumTamu peumnuerTa [35, 36]. VIsBecTHo Takxe,
YTO (heTanbHble KAapAMOMMUOLIMTEI BOBIEYEHBI B MPOLIECC BbiAe—
NEeHNst aHrMoreHHbIX hakTopoB, Takux, kak VEGF [3]. Yay4ywe-
HVEe MUKPOLIMPKYNALMM B 06NacTyi NOBPEXAEHWSt NPUBOQUT He
TONbKO K YBENMYEHWIO Nepdy3unn, HO TakXXe NO3BONSET yAanuTb
OCTaTKM NOrMBLLMX KNETOK U3 HEKPOTM3MPOBAHHOIO y4acTKa.

Oco6eHHOCTEI0 theTanbHbIX KapAMOMMUOLIMTOB, TpaHCMNaH-
TUPOBaHHbIX B 06nacTe NOBPEXAEHHOrO MVOKapaa, ABNSeTCs
04YEeHb HM3Kas BbPKMBaeMOCTb. MeTodamu KonMyYecTBEHHOMO
MLP aHann3a B onbiTax Ha Kpbicax bbina BbiABNeHa 3Ha4YUTENb—
Hasi noTepst AOHOPCKMX KNEToK B 06nacTu nopaxeHusi nocne
TpaHcnnaHTaumn. Hepes 4ac nocne MHTPaM1oKapaVanbHoro BBe—
[eHVs heTanbHbIX KApANOMUOLMTOB Tornbko 57% oT obLuero Ko—
nnYyecTBa TPaAHCMNNAHTUPOBaHHbIX KNETOK Bbinv 06HapyXeHb! B
NoBPEXAEHHOM y4acTKe, Yepes cyTkn — 24%, a yepes 12 Hepenb —
15%, 4T0 CBYAETENLCTBYET 06 06LLMPHOM MpoLecce rmbenm kne—
TOK nocne TpaHcnnaHtaumu [37]. YBenvyeHne konvyecTBa
TPAHCMNaHTUPYEMbIX KNETOK HE MPUBOAUT K UBMEHEHUIO YPOBHS
npwxuenenns knetok [33]. BaxHo Takxe NoMHUTL 0 Heobxogn—
MOCTM NPOBeAeHVst MMYHOCYNPECCUBHONM Tepanuu nepep an-—
NOreHHoN TpaHCcnnaHTaumen KapanoMmoLmToB 1 06 3TUHECKMX
OrpaHVYeHnsaX NCNoNb30BaHWA dheTanbHbIxX kneTok [38].

2.8. Knetkn—catennutsi rnornepe4Ho—rnonocarTon

MYCKynaTypbi

KneTku—catennutbl ABAAOTCA NPeALLIEeCTBEHHMKAMN MUO—
LMTOB NOMepeYHO-MNonocaTon MycKynaTypbl U pacrnonaratoTcs
nop 6azansHon MembpaHon MblLeyHoro BonokHa [39]. B Hopme
3TV KNETKM HAaXOASATCS B COCTOAHUM NMOKOS, HO B MEPUOA MOCT—
HaTanbHOrO POCTa N NPU HeOHXOAMMOCTU pereHepaLmmn Mbl—
LLIeYHOr0 BOMTOKHA OHW CNocobHbI K nponmdpepaumn. Konnyectso
KNETOK—CaTeNnMTOB B TEYEHME XMN3HW OCTAETCS NMPakTUYecKm
KOHCTaHTHbIM, YTO CBUOETENLCTBYET O BO3MOXHOCTU MX CAMO—
Bo306HoBNeHus [39]. MNokasaHo, 4To KNeTK—-caTennmTbl Cnocob—
Hbl K (DOPMMPOBAHUNIO CUHLIMTUA, @ TaKXKe BbICOKO YCTOMYMBbI K
nwemmnn [6]. AyToreHHble KNneTkM—caTennmTel MoryT 6biTe No—
ny4eHbl ¢ NOMOLLEH B1oncuM NonNepeYHo—MNoNoCcaThIX MbILLIL
naumeHTa, HanpuMep, naTepanbHON LUMPOKOM Mblwubl 6eppa
[40], noaTtomy nogobHas TpaHcnnaHTauma He UMEET UMMYHO—
MOrMYECKMX U 3TUHECKMX 3aTPYOHEHUN.

VHTpammokapananbHas TpaHcnnaHTaumsa npeasapuTensHo
KYNbTUBMPOBAHHbIX KIIETOK—CaTENUTOB MaLMEHTaM C MHDapKTOM
MWOKapAa NPUBOAMT K YNYYLLEHUIO COKPATUTENBHOM thyHKLMN
nesoro xenypo4yka [40, 41], HO MOXET BbI3bIBaTb TaxMKapamo
[42]. ABnseTcs Ny HapyLUeHWe pUTMa eCTECTBEHHBLIM OTBETOM
CepAeYHOo TKaHW Ha TPaHCMaHTaUMo KNETOK Unu 3TO KakuM-—
To 06pa3om CBSI3aHO C UHTErpaumen TpaHcnnaHTaTa U HaTuB—
HbIX KApAMOMMOLMTOB, AndichepeHUmMaLmen KNeToK—caTennmToB
unu gaxe mx rmbenesto, HemssecTHo [43]. OgHako, Heobxoan—
MOCTb UMMMaHTaumM1 KapanoBepTepoB—AenbpunnaTopos B
25% cny4aeB nocne NpoBedeHNs KapaMoMMonnacTkK ¢ No—
MOLLbHO KneTok—caTennuntos [44] He NO3BONSAET LUMPOKO PEKO—
MeHA0BaTb AaHHbIN METOA ANst KMMHUYECKOr0 MCMONb30BaHWS.

C 6ronornyeckomn To4kM 3peHnst, TeM He MeHee, MHTepecHa
BO3MOXHOCTb TpaHCAndhepeHLIMPOBKI CATENNIMTOB Nonepey—
HO—MONOCcaTo MycKynaTypbl B KNETKW C UCTUHHBIM KapaMoMu—
OreHHbIM (heHOTUMOM, @ TakXe BO3MOXHOCTb HOPManbHOro
3NeKTPOMEXaHNYEeCKOro hyHKLMOHMPOBaHWA NOCAE CAMSAHWS C

HaTMBHbIMM KapgvomMuoLmTamun. B oTnnydve ot kapgrMoMmoumTos,
KNETKM—CaTeNUTbI NoNepeYHo—MNonocaTon MycKynaTypbl HE Me—
0T CNEeLUndINHecKmX KOHTaKTOB KIeTKa—KneTka, 06ecne4nBaroLLmnx
anekTpuyeckoe (gap-junction) n mexaHu4yeckoe (adhesion-
junction) cnusHMe. XoTa Ha paHHUX cTagusax AnddepeHLIMpoBKM
KNeTKU—CaTennTbl 3KCNPECCUpYHOT ABa MaBHbIX 6ernka gaHHbIX
KOHTakToB (KoHHekcnH-43 n N-kagrepuH), Ha 6onee No3gHUX
CTagusx aKkcnpeccus aTmx 6ekoB PeE3KO CHUXXaEeTCs, YTo Aena—
€T HEBO3MOXHbIM (JOPMMPOBaHME KOHTaKTa C KapavoMuoLm—
Tamu [43]. Tem He mMeHee, NpY MHTPaKOPOHapHOM BBEAEHWN
KNeToKk—caTennMToB NnonepeYHo—-nonocaTon MyckynaTypbl B
HEMOBPEXAEHHbIN MNOKaPA B MEXKIETO4YHbIX KOHTaKTax MexX-—
[y TPaHCNNaHTUPOBaHHBLIMU MbILLEYHBIMW KIETKaMU 1 HaTUB—
HbIMM KapanomuoumTamu 6bin BbiABNEH KOHHeKCMH-43 [46].
BoamoxHo, akcnpeccusa 6enkoB cneuntn4eckmnx KneToYHbIX
KOHTaKTOB 3aBWCUT OT UCXOQHOr0 YPOBHS MLLEMUM 1 cnocoba
[OCTaBKW kneTok. [na npegoTBpaLLeHnst apuTMOreHHoro adh—
thekTa nocne TpaHcnnaHTaumm KNeTOK—CaTeNMTOB B HACTOSILLIEE
BpeMsi pa3pabaTtbiBaloT NoAxXod, OCHOBaHHbIN HA FEHETUHECKON
MoaMrKaLmmn KNeTOK—CaTeNINTOB C LieNb 3KCMPECCUN B HUX
KoHHekcnHa-43 [47].

B nonepeyHo-nonocaTbIX MbILLEX YenoBeka NpucyTCTByeT
elle ogHa HebonbLUas NonynAUMSA CTBOMOBbIX KIETOK, N3BECT—
Has kak SP—-nonynauma (side population) [48]. Beigenuts gaHHyto
rpynny KNeTok MOXHOo C noMoLbo copTuHra (fluorescence-—
activated cell sorting, FACS) ¢ ncnonb3osBaHnem metkm Hoechst
33342 [49]. KneTkn SP-nonynsauum sKCnpeccupyoT Mapkepbl
CD45 n stem cell antigen (Sca-1) (y rpbi3yHOB), XapakTepHble
[/19 FeMOM03TUYECKUX CTBOMOBbIX KIETOK, CNOCOBHbI K BOCCTa—
HOBMEHWIO remMorno3asa y netanbHo obnyyeHHbIx Mbien [50], a
B MPUCYTCTBMM MWOIrEHHOIMO MUKPOOKPYXEHWSA ONpeneneHHo
[aKoT Havarno kneTkam—catennutam [49]. PacnonaratoTcs KneTku
SP-nonynaumm Mexgay MbllLeYHbIMU BOIOKHaMU 1 TECHO CBS—
3aHbl C KpoBEHOCHbIMK cocyaamu [49]. YkasaHHble dhakTbl no—
3BOMAT NPEANONoXNTb, YTO KNeTkn SP-nonynauun obnagatoT
KakK MWUOreHHbIM, Tak Y FeMOno3TMYecK M noTeHumanom. Bos-
MO>HO, YTO NPV TPaHCNaHTaumn B CEPAEYHYHO TKaHb, OHY ByayT
[JaBaTb Havano Kak aHAoTenMasnbHbIM KeTkam, Tak U Kapano—
MMoLMTaM Unu Ux NpedLuecTseHHnKam (No aHanorum ¢ hopmu—
pOBaHNEM KNETOK—CATENNUTOB B MUOrEHHOM MUKPOOKPYXXEHNN).
MNpuHMMan Bo BHUMaHME TOT haKT, 4YTO Ha paHHWUX aTanax anud—
thepeHUMpoBKM M1OBNacTel Nonepe4YHO—MNonocaTon MycKynaTy—
pbl 3KCMPeccUpyroT Benkum KNeTO4YHbIX KOHTaKTOB, XapaKTepHble
L9 KApAMOMMOLMTOB, MOXHO NPeRnonoXnTb, YTo KNeTkn SP-
nonynaunK, SBNAOLLMECH NPeALEeCTBEHHMKAMN KNeETOK—caTen—
NUTOB, TAKXXE 3KCMPECCUPYIOT AaHHbIe BENKM U NX 3KCNpeccust
MOXeT 6bITb MHAYLIMPOBaHA KapAMOMMOreHHbIM OKPYXXEHWEM.

2.4. SHpoTenuanbHbIe NPeaLIecTBEHHKN

BonbLian YacTb aHOOTENManbHbIX NPEALLIECTBEHHKOB AB—
nAeTCs pesraeHTaMn KOCTHOro Mo3ra. 3HAoTeNnnansHble KneT—
KV TaKXXE MOXHO NOMYy4UTb U3 ME3EHXMMaNbHbIX CTBOSIOBbIX Kile—
TOK, SP—-nonynsumn, aHOOreHHbIX CTBOMOBbLIX KNETOK Cepaua u
KNETOK—MNpeALLEeCTBEHHNKOB HenpoHoB [51]. 13 MmoHoHykneap—
HOW chpakLmm NeprdiepUHeCKor KpoBY 3HAOTENMANbHbIE MpeaLLe—
CTBEHHVKM MOXHO BbIAENUTL N0 OOHOBPEMEHHOW 3KCMPECcCun
peuenTtopa—2 k VEGF, nasectHoro Takxe kak fetal liver kinase
(FIk-1), CD34 n CD133. 311 knetkn gudhdepeHumpyoTcs B
3HAOTENWI COCYAOB 1 y4acTBYIOT B HEOBacKynapusauuu. In vivo
3HAOTEeNManbHbIe NpedLlecTBEHHVKM 3acensaioT UWeMU3Npo—
BaHHbIE y4aCTK1 MMOKapAa, CTUMYNPYHOT HEOBAaCKYNSpM3aLmno
N CHVXAKT YPOBEHb anonTo3a B rmnepTpopoBaHHbIX MUO—
unTax nepunHgapkTHom obnactu [B]. MokasaHo, 4To in vitro
3aHOOTENManbHbIe NPeaLLIECTBEHHUKN cnocobHbl K audidhepeH—
LUMPOBKE B KapAMOMUOLMUTBI NMPU YCNOBUW HaNN4YMs KOHTaKTOB
«kneTka-kneTkay c kapgmomuoumntamu. CnmsaHns kneTok (fusion)
npv aTOM BbIABNEHO He 6bino [52].
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EcTecTBeHHO, BO3HMKAET BOMPOC, NOYEMY 3HAOTENMANbHbIE
CTBOMOBbIE KNETKW, ECAN OHW CNOCOBHbI K TPAHCMUIpaLmn, CTU—
MynSiLMW HEOBACKYNSApM3aLmmn 1 gaxe TpaHcamddepeHumpoB—
Ke B KapAvOMMOLMTBI, HE MOryT MOMNHOCTLI0 0Becne4nTs BoCcCTa—
HOBJEHVE NMOBPEXAEHHOr0 MMOKapaa B MOCTUHAaPKTHbIA NepUoL?
[NokasaHo, 4To y Nofen, CTpaaatoLLMx cepaeyHbiMM 3abonesaHn—
AMKN, CNOCOBHOCTb 3HAOTENUANbHbLIX NPEeALIECTBEHHNKOB K
TpaHcandhepeHLMpoBKe 3Ha4UTENBHO CHKeHa [53]. Y noxun—
nbIX NOAEN 1 NAUMEHTOB, CTPafjaLmx avabeTom, oTMe4eHo
yxyALueHne thyHKLUMOHanNbHbIX Ka4ecTB 3HAOTENManbHbIX Nped—
wecTeeHHMKOB [54]. Skcnpeccus daktopa VEGF, koTopbin A8—
NAETCA rnaBHbIM aTTPaKTaHTOM, y4acTBYIOLLMM B NMPUBIEYEHNN
3HAOTenManbHbIX NpefLlecTBEHHNKOB B 0bnacTb NopaxeHus,
06bI4HO yCUNMBAETCA MO AENCTBUEM TMNOKCUK. 10 HEMOHAT—
HbIM MOKa MPUYMHaM Y HEKOTOPbIX NIOAEN Takaa perynaums He
paboTaet [23].

[ns poctaBky B nopaxeHHyto 06nacTe AOCTATOYHOrO KONN—
YecTBa 3HAOTEeNManbHbIX MPeALLECTBEHHNKOB, X MOXHO Bblae—
NATb N3 MOHOHYKNeapHon hpakumm nepuepmnyeckon Kposu ¢
MOMOLLbH0 MarHUTHOM cenapaumi, yBenm4meaTh KOnM4ecTBo 3a
CYeT KyNbTMBMPOBaHUSA (ex vivo akcnaHcuu), a 3aTem TpaHC—
NNaHTUPOBaTb MHTPaBEHO3HO. TPYAHOCTAMY [aHHOMO MOAXOAa
ABMNAOTCA, NPEX/AE BCEr0, OrPaHNYeHHasn pennmnkaLyoHHas Cro—
COBHOCTb 3HAOTENMANbHbIX MPeALLECTBEHHUKOB MPU X ViVo 3K—
CMaHCuK, a TaKXe CHWXEHWE CNOCOBHOCTM KNETOK K XOMUHIY
nocne KynbTBMpoBaHua [53].

M3BecTHo, 4To Tepanua ctatuHamu (MHrmbruTopamn pegyk—
Tasbl rmgpokcumeTunrnytapun CoA) naumeHToB ¢ KOPOHapHOM
HefoCcTaToO4HOCTLIO0 MPUBOANT HE TOMbKO K YMEHbLLIEHNIO CO—
[ep>xaHnsa nposocnanuTenbHbIX UMTOKMHOB (-6, TNF-), Ho n
3Ha4UTENBLHO YBENMYMBAET KONMYECTBO 3HAOTENNaNbHbIX Nped-
LLIeCTBEHHMKOB B nepudepuyeckon kposm [55]. BoamoxHo, cta—
TUHOBAasA Tepanna NO3BOUT PACLLUMPUTL NMPUMEHEHWNE 3HAOTENN—
anbHbIX NPeALIECTBEHHNKOB B KMMHNYECKON NPaKTUKe.

2.5. MeseHxumarbHble CTBO0BbIE KIIETKU

KOCTHbIZ MO3I 1 XMpoBas TKkaHb COAEePXaT Mano4ncneH—
Hyto nonynsaumio CD34-CD45 —kneTtok, KOTOpble Ha3biBaloT
Me3eHxnMarnbHbiMy cTBonosbiMn kKetkamu (MCK). MCK akcn—
peccupytot CD105, CD73, CD166, CD44 1 STRO-1, a Takxe
obnapatoT cnocobHOCTLIO K AnddepeHLMPOBKE B XOHAPOLMTHI,
ocTteobnacTbl, agunounTsl, rnbpobnacTel n MoryT hopMUpo-—
BaTb CTPOMY KOCTHOro Mo3ra [56]. B akcnepumMeHTanbHbIx
paboTax nokasaHa BO3MOXHOCTb anddepeHumposkn MCK
B CEPAEYHYI0 1 CKENETHYH MbILLEYHYH TKaHb Nof AeNCTBUEM
S5-azauntngmHa (BelwecTtBa, femetunmpytotero JHK) n muk-
POOKPY>XEHWs!, HaNpMMep, B3anM0oAeNCTBUA «KIeTKa—KneTkan
mexgy MCK v mbiweyHbiMmn kneTkamm [24]. TpaHcnnaHTaums
MCK nossonseT 3Ha4uMTenbHO yny4YlliuTb COKpaTUTENbHbIE
hyHKLMM MMOKapAa Yy MbllLen nocne MHAYLMPOBaHHOMO UH—
dhapkTa [57]. NokasaHo, 4TO COBMECTHas TpaHcnnaHTauus
MCK n KocTHoro moara ycunvMBaeT 3KCMpecCuio reHoB ce—
MEencTBa TeHACLMHa W Bbi3bIBAET YCUIIEHME CUMMAaTUYECKOW
nHHepBauun cepgua [58]. TeHacuuHbl oTHocATCS K Henkam
BHEKNETOYHOr0 MaTpUKCa, KOTOPbIE YHaCTBYHOT B BOCCTAHOB—
NMEHUN CEPAEYHON MblleYHON TKaHW. [1ogobHbIn MexaHM3m
06bACHAET NO3UTUBHBIN 3thdhekT TpaHcnnaHTaumm MCK anq
nevyeHns Kapauonormyeckux 6onbHbIX, HO Heo6xoarmo no-—
MHWUTb, YTO CUMMNATUYECKas MMNepUHHEPBaLNS MOXET NPUBO—
OUTb K XEeny[o4KkoBOv TaxmapuTMUK, ONacHOM Anst XXU3HW.

B HacTosiLLee BpemMsa HEM3BECTHO, MOXHO NI C MOMOLLIbHO
S5—asaunTmamHa cneundinyHo akTMBMpoBaTh akcnpeccuto B MCK
TONbKO FEHOB KapavoMm1oreHe3a, 0bnafgaeT nv OH CX0QHbIM er—
CTBMEM Ha FeHbl KNETOYHOM Nponmdepaumn 1 MOXET N CTUMYIIN—
poBaTb OHKOreHes. [lokasaHo, 4To B KNeTkax MUenouaHom MHAN
P39 paHHbIM areHT rMnoMeTunMpyeT NMPOMOTEPbI FEHOB, OTBET—
CTBEHHbIX 38 KOHTPOIb KNeTo4Horo umkna [59]. B ceazn ¢ atum,

TpaHcnaHTauma KynbTMBMPOBaHHbIX ¢ S—asaumTtugnHom MCK
orpaHnyeHa aKkcrnepyMeHTanbHbIM1 paboTamu.

B Takon cutyaumm Bo3HukaeT Bonpoc 06 adidieKTMBHOCTM
TpaHcnnaHTaumm MCK, He KOMMUTMPOBaHHbLIX B CTOPOHY Kapan—
omvoumToB. HegaBHO 6bIN0 YCTAHOBMNEHOD, YTO BOCCTAHOBMNEHWE
ceppaeyHon chyHKLmmn npy y4actum MCK, He KynbTMBMPOBaHHbIX
¢ 5-a3aunTMaMHOM, MOXET BbITb OMOCPEAOBAHO BLIAENAEMbIM
nmn hakTopom pocTa cTeonoBbix knetok (SCF) [60]. SCF obna-
[AeT MOLLHbIM @HTVanonToOTUYECKM AENCTBUEM, YCUNMBAET X0—
MWHT, NPYXMBEHWE 1 thyHKLUMOHMPOBaHWE 3HAOTENNaNbHbIX U
Lpyrvx NpeaLLecTBEHHMKOB B 0bnacTy nospexaeHns [61]. Kpo-
me Toro, SCF aBnseTcs rmaBHbIM akTMBaTopoM C—Kit" Ty4HbIX kne—
TOK, KOTOPbIE MH(DMNBTPYPYHOT MOBPEXAEHHYIO 06MacTb M1okap—
fa v cTumynupyloT nponudepauunio U COKpaTUTENbHYIO
aKTMBHOCTb MuochnbpobnacTos [62], nponcxopaLLmx N3 pesm—
LEHTHbIX KapamanbHbIX gmbpobnacTos, a He U3 KOCTHOro Mo3ra
[63]. Takum 06pazom, gaxe Npu OTCYTCTBUN MHAYLIMPOBAHHOMO
kapanommoreHesa MCK y4acTByloT B npoLeccax CTUMynaumm
aHrmoreHesa W BOCCTaHOBNEHUN COKPATUTENbHOM hyHKLMUN
NOBPEXAEHHOr0 M1oKapaa nocpeacTsom aenctaua SCF Ha pas-—
nnyHble c—kit' npeALLecTBEHHUKM 1 KIETKM.

2.6. BHporeHHble CTBOMOBbLIE KNETKY cepaua

[o HegaBHero BpeEMEHW cyMUTanu, Y4T0 cepiLe B3pocnoro
YyernoBeka ABMAETCHA OpraHoM, He 06nagatoLLMM NOTEHLMANoM K
pereHepaumn. Heckonbko rpynn nccnegosaTenen HegaBHo Bbl—
LEnunu Nonynsaumio Xenyao4koBbIX MUOLMTOB, CNOCOBHbIX K
peneHuto [64, 65]. MNokazaHo, 4To B Aapax okono 4% M1oLMTOB
B CEepALe Y NaLMeHTOB, CKOHYaBLUMXCA OT MH)apKTa MMoKapaa,
3KCMpeccupyeTcs Mapkep nponudepatmeHon aktmeHocTy Ki-
67 [66]. BoamoxHO, 4TO yBENMYEHME KONMYECTBa MMUOLUTOB,
Habnogaemoe nNpu rmnepTpodny CepaeyHo MbILLLbI Nocne
MHhapkTa, CBA3aHO MMEHHO C Nponvdepaunent SHLoreHHbIX
CTBOMOBbIX KNETOK [67]. 3HAoreHHbIe CTBOMOBLIE KIETKM cepaLa
FIBAAKOTCA MyNbTUNOTEHTHBIMW 1 AAKOT HA4ano KneTkam 3HZ0—
Tenus, rMagkuM MMoumMTaMm 1 OYHKLMOHUPYIOLLIMM KapanoMu—
oumTam, MmMetoT heHoTMM c—Kit"y BCex MIekonuTatoLLmX, 8y rpbl—
3yHOB Takxe sca—1". B oTin4me oT reMonoaTm4ecKmnx CTBOMoBbIX
KIIETOK OHW HE 3KCMPECCUPYHOT HW NaHNenKoLunTapHbIA Mapkep
CDA45, Hu mapkep CD34. MNpu TpaHcnnaHTauum MeYeHbIx sca—
1* 3HOOrEeHHbIX CTBOMOBbLIX KMETOK Cepaua MbillaM C UHAYLM—
pOBaHHOM nLemMner 6bI0 BbISBEHO, YTO 3TV KNETKM 3acensioT
Kpasi noBpexxaeHHon obnactu n npeTepnesatoT anddepeHymn—
poBky B kapanomuoumTel [68]. HesicHo, ogHako, nodemy xe
COBCTBEHHbIX 3HO0MEHHbIX CTBOMOBbLIX KNETOK MMoKapaa HeJo—
CTaTO4HO ANA MOMHOro BOCCTaHOBMEHWUST MbILLEYHON MacChl 1
ynyyLLeHns qiyHKUMIM NeBoro xenygoyka. BoamoxHo, 4to camu
no cebe aHOOreHHbIE CTBOJMOBbIE KNETKM HE CNOCO6HbI pearn—
poBaTb Ha OCTPbIN MHGAPKT UM UM HeobxoanMbl Kakme—nnbo
LOMNOfHUTENbHbIE CTUMYIbI. [JpyruM BO3MOXHbLIM 06bACHEHW—
€M MOXET BbITb MX COBCTBEHHOE CTapeHme N HECMOCOBHOCTb K
WHOYKUMM nponudiepaumn B 4OCTAaTOHHOM 06beME Y MOXMIIbIX
naumeHTos [32].

lNoka He pa3paboTaHa TEXHONOrMUS NOMNYYeHUs 3TUX Kne—
TOK, OTKPbIT BOMPOC 0 BO3MOXHOCTU MX KyNbTUBMPOBaHWSA B
J0OCTATOYHbIX KONMYecTBax in Vitro N 3K30reHHom akTmusauuu in
vivo. [NokasaHo, 4To KoMBrHaumsa nHcynMHonogobHoro ghakTo—
pa pocTa 1 dpakTopa pocTa renaTouMToB CnocobHa akTVBUPO—
BaTb 3HOOreHHbIE CTBOMNOBbLIE KNETKWN CepaLa B YCNoBusX in situ
[69]. HeobxogumMo TakXe y4nTbiBaTb, YTO ONA BbDKWUBaHUA
TPaHCMNaHTUPOBaHHbIX KAPANOMMOLIMTOB B 06nacTu nHdpapkTta
BacKynsipn3aums 4aHHOro y4acTka ofkHa bbimb 6osbLue, Yem
3TOro TPebyoT MMOBNAacTbI, U 3HAYUTENBHO BoNbLLUE, YEM Ta, YTO
NpUCyTCTBYET B 06nacTn nospexaeHus. Takum obpasom, addexT
OT TPaHCMNaHTaLMn KIEeTOK C HA3KOW YCTOMHMBOCTBHIO K ULLIEMWN
MOXET BbITb JOCTUIHYT TONbKO COBMECTHO C HEOBaCcKynapu3a-—
LMEN UIN aHIMOMrEHE30M.
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2.7. [emonoatnyeckmne cTBoMoBbLIE KIETKU

"emonoaTtunyeckune cteonosble knetku (MCK) obnagatoT map-
kepamun CD34 n CD133 v aBnatoTcst ogHMMK 13 Hambonee go-
CTYMHbIX KMETOK Ana nposefeHus kapavomuonnactukum. ['CK He
06nagatoT cnoco6HOCTLH0 K AMdithepeHUMpoBKe B KApAVOMUOLIM—
Tbl [70], Ho, BO3MOXHO, CNOCO6HbI K CIUSHUIO C HUMK. B HacTo—
filllee BPeMs Ons TpaHcnnaHTauuy naumMeHTaMm Uchnonb3yT
thpakumm CD34CD45" knetok [71] nnn CD133* knetok [72].
Bo3MoxHbIMU 06bACHEHUSMY yry4LLEeHUs DyHKUMK cepaua
nocne TpaHcnnaHTauumn [CK moryT 6bITb:

* HeoBackynapu3aums 3a c4eT auddepeHUMpPoBKM B 3HO0—
TenuansHble NpPeaLLecTBEHHUKN;

* BbIOEMNEHNE LIMTOKNHOB W XEMOKWHOB, CHUXAaHLLIMX BOCNa—
NEeHNE B NOBPEXAEHHOM 0BMNacTX 1 yHacTBYOLLUMX B NpUBNeYe—
HUW Opyrvx NpepLUecTBEHHUKOB;

* BOCCTaHOBMEHME BHEKIIETOHHOIO MaTPUKCa;

* BOBJIEYEeHVE 3HO0MreHHbIX MpeaLLecTBeHHNKOB cepaua [7 3].

OpH1M 13 Hanbonee 4acTo NPUMEHSEMbIX TUMOB TPAHCMNaH—
TaTa ona pereHepaLnoHHOM KapaAMoOMUONIacTVKV ABNAETCA dipak—
LmMsi MOHOHYKINeapoB KOCTHOro Mosra. B Hel npucyTcTBytoT, Mo
MeHbLLEN Mepe, ABE NMOMyNsALMY COMaTUHECKMX CTBOMOBbIX Kre—
TOK: FEMOMO3TUHECKE 1 Me3eHXMarbHbIe. BolgeneHue hpakumm
MOHOHYKIIEAPOB He TPEBYET CNOXXHbLIX MaHUMYMALMA UM KynbT—
BMpoBaHus. MNMpucyTcTBrE BO thpakLmn MOHOHYKIEAPOB KIEeToK
C @HrMoreHHbIM, MMOreHHbIM MOTEHLMANoM, a Takxke HelaBHO
BblAENEHHOM MoNynaLyn MynbTUMOTEHTHBIX COMaTUYECKMX CTBO—
noBbIx kneTok (multipotent adult progenitor cells, MAPC) no3so-
NAET CYATaTL e OAHVM 13 Hanbonee YHMBEPCANbHbBIX TUMOB TPaHC—
nnaHTaTa. //13BecTHble PaHAOMU3NPOBAaHHbIE NCCIEA0BaHuS,
HanpaBneHHble Ha n3y4eHie achthexkTa BBEAEHNA CBEXEBbIAENeH—
HOW ayTOreHHOWM MOHOHYKIeapHoW pakLmmn KOCTHOro Mo3ra y
60rbHbIX, MEPeHecLUNX OCTPbIA MHAapKT Muokapaa (TOPCARE-
AMI, BOOST), cBupeTensCTBYOT 0 6830MacHOCT NPUMEHEHNS
3TOr0 BMAA KIETO4HOM TepanumM 1 NoNb3e B NaHe BOCCTaHOoBNe—
HWA COKPaTUTENBHOM hyHKLMW M1UOKapAa NeBoro Xenyaoyka no
CpaBHEHWIO C KOHTPOMbHOM rpynnon 60mbHbIx [71, 741,

3. Cnocobbl AOCTaBKU K/1IETOK B NMOBPEXAEHHbIN

muokapn

Onsa noctaBku KNeTok B 06nacTb NOBPEXAEHHOro M1oKapaa
pa3paboTaHo TP NPUHLMNManNbHBLIX NoAX0Aa, KOTopble UMET
pasnu4Hble Bapuauun (puc. 2):

* NMPSIMOE MHTPaMVOKapAnanbHOe BBEOEHVE;

* BHYTPMCOCYANCTOE BBEAEHVIE;

* TKaHeBas MHXeHepWs.

3.1. lMNpavoe nHTpammokapavanbHoe BBeneHue

CtBONOBbIE KNETKM MOrYT BbIThb MPAMO BBELEHLI MO KPasm
30HbI MHd)apKTa unm B 06nacTb pybua so Bpems onepaummn AKLL
W1 Bo BpeMsi oTAenbHo onepaumn [75]. JaHHbin cnocob no-
3BOMSAET YETKO KOHTPONMPOBaTh ToNorpadmio TpaHCcnaHTaumm
n TpebyeT HeBOMLLLOro KONMMYECTBa KNeToK AfA OOCTUXEHMUS
KIIMHNYECKM BbIPaXXEHHOM0 NPUXMBIEHNA. TeM He MeHee, 3T0
MHBAa3VBHaA KapAMoXMpypruYeckasn npowenypa, kotopasi co—
NPS>XXEHa C BbICOKUM OMepaLnoHHbIM PUCKOM, @ TKaHeBas r—
NoKcKsA 1 PN3NYECKNA CTPECC OT BBEAEHWUS BbI3bIBAKOT rnmbenb
3HA4YMTENbHOro Yncna TpaHcnnaHTMpoBaHHbIX knetok [20].
CepbesHbIM HEQOCTaTKOM SIBMSAETCS BO3MOXHOCTb (hOpMUPO-—
BaHWs B MOBPEXAEHHOM MUOKapAe «OCTPOBKOBY KIEeTOoK 1U3—3a
X HepaBHOMepHOro pacnpegeneHns. lNogobHble ckonneHus
KINETOK MOryT CTaTb NPUYNHON 3NEKTPUYECKON HECTabUNbHOCTH
1 BbI3BaTb Taxmaputmuio [3].

AnbTepHaTUBHbIA ManoWHBa3MBHbIA NOAXOL CBA3aH C
BBEAEHVEM KIIETOK Yepes XXenyao4KoBbIZ KaTeTep B MMOKapS
C NMOMOLLIbHO 31IEKTPOMEXAHNYECKOro KapTUPOBaHusi, KOTOpoe
NO3BOSAET YETKO MAEHTUhULMpPOBaTL NOBPEXAeHHY 06nacTb
MWokapgaa. Takoe ConpoBOXAEHWE NOMOraeT HanNpaBnsTb KIETKN
B 06nactu xmn3HecnocobHoro rmnepTpocthpoBaHHOI0 MUOKap—
[a, 4Tobbl n3bexaTb TkKaHeBow runokcun [76].

B akcneprmeHTax Ha KpbiCax nokasaHa BO3MOXHOCTb MHTPa-—
MWOKapAManbHOW TPaHCMNaHTaLmM CyCneH3Mn KIeToK—caTennm—
TOB MOMNEpPeYHO—M0N0CcaTon MycKynaTypbl B hMBPMHOBOM KIee,
YTO MO3BONSET NMOBLICUTL MPUTOK KPOBW B ULLEMU3NPOBAHHYO
06nacTb 1 XM3HeCNOCOBHOCTL TpaHcnnaHTaTta [77].

Concifibl TETanEN CTRAINAME KISTHR

Puc. 2. Cnocobbl OCTaBKM CTBOMOBbIX KNETOK K MUOKapAay
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3.2. Brytpucocynuctoe seeneHve

BeefeHne KNeTok Yepes KOpPOoHapHbI KaTeTep ABNAETCH
MeHee TpaBMaTUYHOWN NPOLEfYPO N0 CPaBHEHMIO C MPAMbIM
BBegeHvem B muokapg [78]. JanHbin cnocob nossonsieT 4oc—
Tn4yb Honee paBHOMEPHOro pacrnpefeneHns KNeTok no Kpasm
noespexpeHns. BaXHbIM NpenMyLLECTBOM MHTPaKOpPOHapHOro
BBEAeHWs ABMNSAETCH BO3MOXHOCTb JOCTABKN MaKCUManbHOM0
KonuM4ecTBa KNeTok B 0bnacTe MHtapKTa 1 NepuMHgIapKTHOM
30HbI 32 0AVH pas. Kpome Toro, BBEAEHWE CTBOMNOBbIX KNETOK NOA,
BbICOKUM [aBneHnemM B 06nacTb MHhapKTa MOXET cnocobcTBO—-
BaTb NMPOHVKHOBEHWIO KNETOK Yepes 3HA0TENU 1 MArpaumn B
noBpexpaeHHble y4acTku [78]. Bo nsbexaHne gononHuTensHo—
ro HEKpPO3a MbILLEYHOM TKaHW 1 NMOBPEXAEHUS1 KOPOHApHOro
TOKa Heo6XxoAMMO TO4HO onpefensdTb 06beM TpaHcnnaHTaTa 1
cKopocTb ero BeegeHus [79].

VIHTpaBeHO3HOE BBEAEHME ABNSETCA Havbonee npuBneka—
TeNbHbIM C TOYKM 3PEHNS KMMHUYECKOW NPaKTUKK, MOCKOMBKY He
TpebyeT X1pypruyeckoro BMeLLaTenbCTBa Unn KaTeTepuaaumn.
OpHako Tako cnocob BBeAeHUs onpasAaH Npu UCNonb3oBa—
HWW KINETOK C BbICOKMM MNOTEHLMANOM K XOMUHIY U 3HaYUTENBHO
6onbLUMM (B AECATKM 1 COTHU Pa3) KOMMHYECTBOM TpaHCMNaHTV—
pyeMbIX KNETOK MO CPaBHEHWIO C NOKaNbHbIM MHTPaKopoHap—
HbIM BBEAEHWEM. B akcnepyMeHTax Ha Kpbicax Moka3aHo, YTo
KNETKU-NPEeALLIECTBEHHNKY 3aCENSA0T NOBPEXAEHHbIA MUOKapA
3Ha4YNTENbHO MHTEHCKBHEE, Yem 3g0poBbi [8O]. BoamoxHo,
TpaHCNNaHTYPYeMbIe KIETKM CNOCOo6HbI 3acensiTb Apyrie opraHbl
M TKaHW, 4TO MOXET CTaTb OrpaHNYEHNEM MPUMEHEHWS [AHHOMO
nopxopa [20].

3.3. TkaHeBas nHxeHepusi

VIckyccTBEHHbIE TKaHW, CO34aHHble METOAaMU TKaHEBOM
WHXEHEPUW, MOTYT CIY>XTb AR TPAHCNOPTUPOBKM 3HAUYUTENb—
HOro KonmyecTBa hyHKLMOHMPYIOLLMX KNEeTOK UAN LeflbHOro
Muokapga B 0bnacTe noBpexaeHus. [laHHble KOHCTPYKLMM MO—
ryT BbITb CO3[aHbl HA OCHOBE (heTanbHbIX KAapAVOMMOLMTOB C
1CMonb30BaHMEM CreLmanbHoro ocToBa (ckadidonga) s mate—
pvanos, cnocobHbIX K Buopgerpagaumn, Hanpumep, nonnypeTa—
Ha. B ocToB ¢ 6onbLumm konudectesom nop (>90% cymmapHoro
obbema) MorpyXxaroT 0KO0 S5 MUNAMOHOB KYyNbTUBUPOBAHHbBIX
dheTanbHbIX KAPAMOMMOLMTOB, KYyNbTUBMPYIOT eLue 2 Heaenu, a
3aTeMm MonyYeHHyH KOHCTPYKLMIO HaKnaabIBakaT Ha 06nacTb no—
BpexaeHHoro muokapga [20]. KneTku n3 nmnnaHtata He Mur—
pvpytoT B 06nacTb NOBPEXAEHHOr0 MMOKapaa, YTo CHUXaeT
pVICK Pa3BUTWS apUTMUK, OQHAKO 38 CYET HEMOCPEACTBEHHOMO
KOHTaKTa C NOBPeXAeHHbIMM y4aCcTKaM1 MOryT BOCCTaHaBNMBaTh
cokpaTuTenbHble diyHKLMW, BO3MOXHO, 38 CYET MapakpUHHOMO
atpchekTa [81]. BesycnosHo, Noka 3TO TONbLKO 3KCNepUMEHTab—
Hble paboTbl Ha XMBOTHbIX, 1 BPAA N B brivkanwem byayuiem
TKaHEBbIE KOHCTPYKLMX Ha OCHOBE heTarnbHbIX KapanoMmnoLm—
TOB MONy4aT LUMPOKOE pacnpocTpaHeHue.

Brsyanusauma npuknBneHns KNeTok nocrne pereHepaTue—
HOW KapAMOMNONNacTUKN UFPaeT OfHY U3 BEQYLLIX PONer B OLIEH—
Ke yCreLLHOCTV MPoBeAEeHHOr 0 neverus. /lneanbHaa TexHnka BU—
3yanunsaumm NPYMEHUTENBHO K KIIMHUYECKM UCCREefoBaHNAM
LOMKHAa MO3BOMNATb B Ny4LLEM CryyYae HabnogaTte 3a KneTkamu
B peanbHOM BpeMeHW, HabnioaaTe UX pacrnpeaeneHne no Tka—
HW, UK, KaK MUHUMYM, thukcrpoBaTb adadhekT nogobHoro ne—
YeHWA Ha cHabXXeHWe KPOBbIO WAN COKPaATMMOCTb MUOKapAaa
[82]. B HacTofLLEe Bpems B OCHOBHOM MCMOMb3YHOT Takme Tex—
HVKM BM3yanu3aumn COKpaTUTENbHOM yHKLMK, nepdy3nmn 1
>KN3HECNOCOBHOCTM, Kak aaepHO—MarHUTHbIN pe3oHaHc (MR,
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magnetic resonance imaging) [83], cunHTurpadna, ogHodho-
TOHHasA 3MWCCMOHHAA KoMMbloTepHaa Tomorpadms (SPECT,
single photon emission computed tomography), axokapanor—
pacus nnu No3UTPoHHasa ammuccuoHHasa Tomorpacms (PET,
positron emission tomography) [25, 82]. OgHako, Bce aTn
MEeTOfAbl He NO3BONAKT AMddEepeHUMpoBaTbL TpAHCNNaHT—
pOBaHHbIE HEMEYEHbIE KNETKM 0T HaTMBHbIX KapAVOMMOLIMTOB
n, Tem bonee, BbISBUTb B3aVIMOCBA3b MeX[y CNocobom nHTer—
paumn TpaHcnnaHTaTa B CUHLMTUIA NOBPEXAEHHOro MMoKapaa
1 HabnrogaeMon adhheKTUBHOCTbLIO NIEYEHUS.

B Poccun k Teme pereHepaLVoHHON KapaMoOMMUONIacTUKK
Kak crnocoby neveHusa pspga naTonorni cepaevHo—CcocyamcTon
CUCTEMbI TAKXE MPOABAAT 3HaYUTENbHbIN nHTepec. MNoMmmo
aKkcnepumeHTanbHbix paboT [84, 85], BO MHOMMX MEQULIMHCKNX
LileHTpax CTpaHbl MPoBOAAT KNMHUYECKNE nccneaoBaHns adh—
heKTMBHOCTM NPUMEHEHNS KNeTOYHOW Tepanuu, valle —
B hopme TpaHcnnaHTaumm pakumm MOHOHYKNeapoB ayTo—
FEHHOr0 KOCTHOrO MO3ra, Ans NevYeHns pasnnyHbIX CepaeYHbIx
3abonesaHui [86, 87, 88]. BaxxHo 0TMeTUTb, 4TO NOABASIOTCA
[aHHble He TONbKO O (PYHKLUMOHAaMNbHbIX N3MEHeHUsax paboTbl
cepfua B neprofsl Ao 6 MecsaLes nocne NpoBefeHNA Kapano—
MMOMNNacTVKK, HO U pe3ynbTaTbl 0TCPOYeHHbIX HabnoaeHuin [89],
a Takxe cBefeHust 06 ummyHodpeHoTune TpaHcnnaHTata [90].

KneTo4Has pereHepauvoHHan Tepanua onsa neYeHns Kap—
Amonornyeckmx 3abonesaHnin Noka HAXOAUTCA Ha 3ape CBOEro
cTaHoBneHus. Bonbluas 4acTb 3KCNepMMEHTOB MPOBeAeHa Ha
XXMBOTHBIX, @ A@HHbIX MO MOHUTOPWHIY COCTOSIHWA MaLMEeHTOB,
nepeHecLUMX KNETOYHYIO KapAMOMMOMNNacTyKy, KpanHe marno.

Cpeau 6ronorm4ecknx BONpoCOB, KOTOPbIE NMOKa 0CTalTCa
OTKPbITbIMW, CRegyeT 0cob0 BbIgeNUTb CReayoLLme:

* KaKoBa BO3MOXHOCTb TPAHCMNAHTMPOBAHHbIX KNETOK
ondhdhepeHUMpoBaTLCA B TUMWYHbIE KAPAMOMUOLWTBI, U B HEM
3aKkn4aeTcs cobCTBEHHO MEexaHW3M BOCCTaHOBMEHUSA Mo-—
BpeXAeHHOro MMOKapAaa;

* KaKoBbl peakLMn TPaHCNNaHTUPOBAHHbLIX KNETOK Ha ec—
TECTBEHHblE (PM3MNONOrMYeCcKMe CTUMYMbl U CTUMYNbI Npw
naTonorn4eckmx npoueccax;

* CYLLIECTBYET MM BO3MOXHOCTb KOHTPONMpyemow nponude—
paumn 1 andichepeHLMpoBKM CTBOMOBbLIX KNETOK NOcne TpaHc—
nnaHTaumm?

Movck peLleHns aTx 3apad OTKPbIBAET Y4eHbIM LLUMPOKNE
rOPU30HTLI AN UCCNed0BaTeENbLCKOM AEATENBHOCTY, @ NCNOSb—
30BaHVe CTBOMOBbIX KIETOK B MEAULIMHCKOM NpakTuke TpebyeT
KOHKPETHbIX OTBETOB Ha eXeJHEBHO BO3HMKAMLLME BOMPOCHI.
Camble BaxHbIE U3 HUX KACaOTCs:

* anropuTt™Ma Bblibopa ONTUMarnbHOM Tepanun Ansg KaXporo
naumeHTa;

* ONUTENBHOCTW NPUXMBAEHWA TPaHCNNaHTaTa;

* BblbOpa ONTUMAanbLHOro TWMNa TpaHcnnaHTaTa U BO3MOX—
HOCTV MCNOMb30BaHNA COYETaHHbIX TPAHCMNNAHTaToB.;

* cnocoba [oCTaBKW KNETOK B MUOKapL;

* KONM4YEeCTBA KINETOK B TPAHCNMNaHTaTe 1 cnocobos ero noa-—
rOTOBKW;

* BPEMEHHbIX PAMOK MPOBEAEHUs KapAMOMUOMIaCcTUKWY;

* BO3MOXHOCTM COYETaHUsA pereHepauvoHHon Tepanum ¢
KOHCEPBAaTVBHbLIMW 1 ONEPaTUBHBIMU METOAAMW NEYEHUS.

Heobxogumo npoBoguTb 0BLLMPHBLIE ABOVIHbIE CrEMbIe KOH—
TpONUpyeMble UCCNefoBaHns Ansa AeTanbHOro BbIACHEHNA POu
TpaHCcnnaHTaumMmn CTBOMOBbIX KNETOK B BOCCTAHOBEHUA MUO—
Kapga, oueHkn 6esonacHocTV 1 3hEKTUBHOCTY NpoBeaeHus
nopobHon Tepanun.
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