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Huwemuueckasn kapduomuonamus — 5mo 00Ha U3 6e0yuUX Npu4UH 3a601€8aeMOCMU U CMEPMHOCINU 80 BCEM
mupe. IlepcnekmusHoim HAnpagaeHuem 6 AeUeHuU UemMu1eckoll KapouoMuonamuu 64aemcs mepanus ¢ uc-
N0Ab308aHUEM CTNBOA0BbIX KAEMOK. B KAunUuuecKux ucciedo8anusx Uzy4aioch HeCKOAbKo U008 CMBOA0BbIX
KAemoK, 6KAI0YAsl CMB0A08ble KAeMKU cepoyd, KOCMHOMO3208ble CMB0108ble KAeMKU, Me3eHXUMAAbHble
CcMeoa08ble KaemKu, ckeaemuble muobaacmot, cmeonogvie knemxu CD34+u CD133+. Kaunuueckuii aghgpexm
6 3HAYUMEAbHOIL CIeNneHU 3A8UCUmM 0m MPanHcoudgepeHyuposKU u napaKpuHubix paxmopos. O0OHa u3 8aXNCHbIX
npobaem 3aKA0Uaemcs 8 MoM, 4mo HU3KUe YPOBHU KAK BbiCUBAEMOCTNU, MAK U NPUNCUBACHUS NePECANCEHHBIX
CMBOA0BBIX KACMOK CHUMNCAIOM Pe3YAbMAMUBHOCHb 80CCIMAHOBACHUS NOBPENCOeHHbIX cmpyKkmyp cepoya. Ewe
npeocmoum uzy4ums MHOJCeCE0 Opyeux (paKmopoas, acCouuUPoOBanHbIX ¢ IPPeKmueHOCMbIo 3aMecmumenbHoil
KAemo4HOl mepanuu npu uemMu4eckoll KapouomMuonamuu: nymes 00Cmasku, ud u Koau4ecmeo 8600UMbIX
CMB0A0BLIX KAEMOK, CPOK 88e0eHUs1, (hu3u1ecKoe coCmosHue NAyueHma, KOHKpemHoe MUKPOOKPYJceHUe, 8 KO-
mopoe nonadarom 8600uMble KAeMKU, A MAKice KAUHUYeckue ycaosus. B cmamoe npugodumces kpamxuii 0630p
Memodos 0ocmasku CmMeoa08biX KAeMOK, UG08 CINB0A08bIX KAEMOK U 00CYHc0aemcs CO8peMeHHoe COCIOsSHUE
UX mepanegmuueckoe0 NOMeHyuand.

Karoueevie caoea: mezenxumanbHbvlie Cmeonogvle Kaemku, cmeoaosvle Knemku cepi)ua, cKenemmuble Muoona-
Cmbsl, KOCMHOMO03206ble CMEB0.106blE K/1eMmKU, 6’Hym[)uMll0KClpaLla/le06 6660€Hu€, mpanccocy@ucmaﬂ docmaska.

BBELEHUE

CHIKeHMe KpOBOCHAOXEHMSI B 00J1aCTH UIIEMU3H-
POBAHHOTO MHMOKapiaa SIBIISICTCS OTHOM M3 OCHOBHBIX
MIPUIMH 3200J1€BAeMOCTH U CMEPTHOCTH Y TTAIIICHTOB
¢ MIIeMu4YecKoli Kapanomuorarueii [ 1, 2]. XoTs oKoJro
1% KapIMOMUOLIMTOB 00JIafai0T CITOCOOHOCTHIO CAMO-
OOHOBIICHHUSI, OHN HE MOTYT 00€CIICUNTh BOCCTAHOBJIC-
HHE CePICIHBIX TKaHEH ITocyie mH(bapKTa WIH TSDKEJIOTO
moBpexaeHust cepana [3—5]. Tak, obycnoBieHHas
WIIeMHEH alloNToTHIecKass 1 HEKpOTUUECKasl THOEeIb
KapINOMMOIINTOB M3MEHSIET TeOMETPUIO JICBOTO K-
JIyAOYKa, TPOUCXOHAT MPOLECCH pEMOIAEIUPOBAHNS,
runeptpoduy u npoaudepanum GuoPoOIIaCTOB, YTO
MIPUBOOUT K pyOIIeBAHUIO W YXYIIIICHUIO COKPALICHUS
JIeBOro Xejaynouka [6—8]. Takue mupoko pacmpocTpa-
HCHHBIC CTPaTeIUH JICUCHMSI, KaK (hapMaKoTepaImns,
a0pPTOKOPOHAPHOE IMYHTUPOBAHWE M CTCHTUPOBAHUE
KOPOHAPHOI apTepHny MO3BOJISIIOT BOCCTAHOBUTH KPO-

BOCHA0OXXEHNE UIIIEMU3NPOBAHHOTO YIaCTKa M CTIIOCO0-
CTBYIOT YMEHBIIICHUIO 00JICBOTO CMHAPOMA, OTHAKO
OHM HE B COCTOSTHHUM OOPaTUTh (PM3MOTOTUICCKUE
M3MEHEHUS MOCIe UIIEMUISCKOTO MOBPEKICHUS,
PaBHO KaK 1 BOCCTAHOBHUTH MBIIIICYHBIC TKAHU CEpLIa.
CrenoBaTeIbHO, OCHOBHOM 2(D(EKT JIeUeHNS TOKCH
3aKJTIOYATHCS B BOCCTAHOBJICHUH KJIETOK MUOKApP/Ia, UYTO
MOXET OBITh JOCTUTHYTO ITyTeM BBEICHUS CEpHCIHBIX
KJICTOK-TIPENIIECTBEHHUKOB MJIN IPYTUX 9K30TCHHBIX
MYJIBTUIIOTEHTHBIX CTBOJIOBBIX KJIETOK [9]. TpaHCIIIIaH-
TamusI CTBOJIOBBIX KJIETOK IIJIs JICUCHUS NIIEMIUICCKOM
KapIMOMMOIIATHH OTKPBLIA HOBBIE BO3MOXKHOCTH JIJISI
MaIleHTOB, HO B TO € BpeMsI OKa3ajach CONpPsDKEeHaA
C MHOTOYMCJICHHBIMHU IpobieMaMu. HeykiioHHO pacTy-
1Iee KOJIMISCTBO TaHHBIX CBUIETEIBLCTBYET O TOM, UTO
CTBOJIOBBIC KJIETKHA BOCCTAHABIIMBAIOT ITOBPEKICHHBIM
YJacTOK cepIlla He TOJBKO IyTeM HEeTIOCPEeICTBCHHOM
g depeHINPOBKHN B KJIIETKA MHUOKapaa, HO M CIIO-
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CcOOCTBYsSI aHTHOTreHe3y, MpoaKrdepaly HIOIeHHbBIX
CTBOJIOBBIX KJIETOK CE€pAlla U BbIPAOOTKE LIUTOKUHOB,
XEMOKMHOB M (paKTOPOB POCTa, KOTOPbIE B CBOIO
oyepenb aKTUBUPYIOT DHIOTEHHBIC pellapaTUBHEIE
peaxkiuy, MOAABJISIOT allOITO3 KJIETOK M Pa3BUTHUE
(ubpo3sa, a TakxKe yaydiIaloT COKpalleHHe MUOKapaa
[10]. 3a mocnequme 10 jeT IpoOBEIEeHO OOIBIITOE KOJH-
YeCTBO KJIMHUYECKMX MCCIEIOBaHUI, HAIIPABIEHHBIX
Ha BBISIBIIEHUE YPOBHSI 0€30MaCHOCTH, LieJecoodpas-
HOCTU U 3(hGEKTUBHOCTH MIPUMEHEHUSI CTBOJIOBBIX
KJIETOK Y OOJIbHBIX MIIEMUYECKON KapAMOMUOIIATHEN.
st OIeHKM MMOTEHIIMAIbHBIX BO3MOXHOCTEHN Tepa-
MUY CTBOJOBBIMM KJIE€TKAMHU OBLIM MCIIOJIb30BaHbI
pasIuyHble BUIBI KJIETOK, BKJII0Yasi KOCTHOMO3TOBBIE
CTBOJIOBBIE KJIETKU, Me3eHXMMalbHble CTBOJOBEIE
KJIETKH, CTBOJIOBBIE KJIETKM CepAIIa ¥ TeMOTIOSTUIECKIUE
CTBOJIOBHIC KieTKU. OmHAKO, Hapsiay ¢ OOHaIeXnBa-
IOIIMMU pe3yJbTaTaMU KJIMHUYECKMX MCCIeIOBaHUI,
YKa3bIBAIOLIMMM Ha yaydlleHre (PyHKIMOHAIbHBIX
apaMeTpoB MHOKapa I10CJie KJIETOYHOM TpaHCIUIaH-
TaLMK, OTMEYAIMCh TAKXKE U CiIydan Hed(PHeKTUBHOIO
nevyeHust. TepaneBTUYECKMIA yCIIeX B YIydIlleHUN PYHK-
LMK CepAlia 3aBUCUT OT CITIOCO0a TOCTaBKU KJIETOK, UX
BMJIA Y JO3bI, TEXHOJIOTMU BbIAEIEHNUS KIIETOK, BDEMEHU
MX TPAHCIIAHTALIVN.

PE3YNbTATbI

3HOOTEHHLIE/MPOrEHUTOPHBIE CTBOJIOBbIE
KNETKW CEPQLA

CrBososble kieTku cepaua (CKC) 6bL1M OTKPBITHI
B 2003 r. rpy1IIO¥i MCCIIemoBaTe e IO pyKOBOICTBOM
Hamanp—I'enapma. B pe3yiabTaTe mepecMOTPEHBI TpaIH-
IIMOHHEIE IIPEICTABICHUS O TOM, YTO CEPILIC SBISICTCS
TepMUHAJIbHO OuddepeHINPOBaHHBEIM opraHoM [11].
Ha Momenstx JKUBOTHBIX ITOKa3aHbI MYJIbTUIIOTCHTHEIC
CBOJICTBA 3THUX KJIETOK, JOKa3aHa MX CIIOCOOHOCTH Ca-
MOOOHOBJIATHCS U M GEepeHIINPOBATLCSA B KAPINOMHU-
OIIWTHI, KIIETKN SHIOTEINS U [JIATKOMBITIICIHBIC KIICTKH,
YTO YKa3bIBaeT Ha MOTCHIMAIBHYIO PETEHEPATUBHYIO
CIIOCOOHOCTH CepAlla B3pOCaoTro opranmsma [12].
B skcnepmMeHTaIbHBIX UCCIETOBAHNUSIX COOOIIAIOCH,
YTO KapAUOMMOIINTHI MOXKHO IOJIYIUTD U3 Pa3TMIHBIX
punoB CKC, Bkirouast KJIeTku c-kit+, isl-1+ u sca-1+
(cepmme mbrmm) 1 KieTku Kaparocheps! (KKC) [13].

Knetku kaparocdepsl BBIAETSIOT U3 OUOTICUITHBIX
00pasloB cepAlla U BBIPALIMBAIOT B BUALE KIJIACTEPOB,
comepKalImx HEOMHOPOIHYIO TOMYJISIINIO CTBOJIOBBIX
KJICTOK ITO3UTUBHEIX IT0 ¢c-Kit (3HIOTeHHBIE CTBOJIOBEIC
kinetkn), CD105 u CD90 (cepmedyHo-COCYIUCTRIE Me-
3¢HXUMAaJIbHBIC CTBOJIOBEIC KJICTKI), HO HETaTUBHBIX
mo CD45 (reMOTIO3TUYECKHE CTBOJIOBBIEC KIIETKH), UTO
YKa3bIBacT Ha UX CITOCOOHOCTh K KJIOHOTCHHOM, camMo-
BO300HOBISIEMOM ¥ MYJIbTUTCHHOU TU( (e peHIINPOBKE
[13]. CKC, rmaBHBIM 00pa3oM, HAXOIITCI B BEPXYIIIKE

8

neBoro xemymouka (JIK) 1 TkaHsIx npencepaust. B Ha-
CTOSIIIIUIT MOMEHT pPe3YyJIbTaThl HECKOJbKUX KIIMHU-
YeCKMX MCCIICHOBAaHNN (HAXOMSIINXCS Ha pa3INnIHBIX
KIMHUYECKUX CTAONUsIX) MOATBEPIMIN IIeaecoo0pas-
HOCTbB, 0€30ITaCHOCTh 1 3(P(PEKTUBHOCTD TePATTUN IPU
nomontu TpadciurantTaun CKC y manmueHToB ¢ uie-
MUYECKOM KapANOMUOTIATUEN.

B nepBoM knmHM4YeckoM ucciaemnoBaHum I ¢assl,
BKJIIOYalOmeM 16 MauueHTOB, IMePEeHECIINX a0PTO-
KOpPOHapHOEe MIYHTHPOBAHUE, ¢ IMMOCTUHOAPKTHON
nuchynkuueit JIXK (dpakuus Beiopoca <40%) moka-
3aHO, YTO BHYTPUKOPOHAPHOE BBEICHNE OTHOTO MIJI-
mmoHa CKC (kmetok c-kit+) yBenmuuBaeT pakiIiio
BoiGpoca JIK ¢ 30,3 no 38,5% B TeueHue 4 MecsueB
u 10 42,3% B teuenue 1 roma. Kpome toro, cHuxa-
¢l 00beM MOPaXKEHHOTO MHMAPKTOM yJacTKa y CeMU
naureHToB ¢ 32,6 no 24,8 T B TeyeHne 4 MecsILEB U 10
22,8 r B TeueHue omHoro roja [14]. INo3nHee B paHmo-
MHU3UPOBAHHOM KIIMHUYECKOM MccaenoBaHuu I a3k,
KOTOpoe IpoBesim MakKap M COaBT., OIlEHNBAJIaCh
6e30IMmacHOCTh BHYTpuUKopoHapHoii nHpy3nu CKC
y manueHToB ¢ aucynkuueir JIZK BcieacTBue MH-
dapkra muokapma (dpaxiust Beropoca JIZK cocrasuia
25—45%) [15]. [lonydyeHHble pe3yabTaThl ITOKA3aIn
CHIDXEHUE MACCHl TTOpaXXeHHBIX TKaHEeH, YBeIMICHHE
Beca XXM3HECITOCOOHBIX TKaHEH cepama M peruoHallb-
HOI COKpaTUMOCTU B TeYeHUE 6-MECIYHOTO MCCIIEH0-
BaHUS B TPYIIIE NAIIMeHTOB, KOTOPBIM BBOmmICch KKC,
HO He TT0KAa3aJI1 TOCTOBEPHBIX N3MECHEHNI KOHETHOTO
IHACTOJIMIECKOTO ¥ KOHEUHOTO CHCTOJIMIECKOTO 00Be-
MOB uiu (ppakiuu Beiopoca JIZK mo cpaBHeHUIO € TTaliu-
€HTaMMU, IIPOXOISIIITNMY TPATULIMOHHBIC BUIEI TEPAITH.
K cuacTrio, He 3apMKCHUPOBAHO CEPHE3HBIX ITOOOTHBIX
3¢ @deKTOB B TeueHUE 6-MECIUYHOrO UCCIIEAOBAHUS, YTO
MOATBEpAMIIO 6e30omacHOCTh TpaHcmaHTauuu KKC
TIpY JIeYeHNH nHGapKTa MAOKapa.

B uensgx nzyuenus 3¢pHEeKTUBHOCTA 3TOTO METO-
a JeYeHus y mauueHToB ¢ aucdyHkumeit JIZK Ob10
TIPOBEICHO PAaHIOMU3UPOBAHHOE KOHTPOINPYEMOE HC-
cnegoBanne CADUCEUS (ayToornaHbIe CTBOJIOBBIE

KJIETKY Kapauocepsl 171 BOCCTAHOBJICHUS (DYHKITUHT
JIXK) [16].

3K30MEHHbIE CTBOJIOBBIE KJ/TETKK
MOHOHYKNEAPHbIE KNETKW KOCTHOI0 MO3raA

MoHOHYKJIeapHbIe KICTKH KOCTHOTO MO3Tra
(MHKKM) npencTaBisiioT co00l CMEIIaHHYIO TOITy-
JISILIMIO Pa3INIHBIX BUIOB HeaudGepeHIMPOBAHHBIX
KJIETOK, KOTOpbI€ COAEpXKaT MEPBUYHbIE KIETKHU, I'e-
MomoaTtudeckue ctBojioBeIe KieTkr (I'CK), sHmorenm-
aJIbHBIC KIIETKU-TIPEAIIICCTBCHHUKI 1 IIPUOIN3UTEITEHO
0,01% Me3eHXMMAaIbHBIX CTBOJIOBBIX KJIETOK [ 17]. XoTs
6oapiminHcTBO MHKKM He SBASI0TCS CTBOJOBBIMU
KJIETKaMM, HO CUMTAeTCsI, YTO 3(D(HEKTUBHOCTH BOC-
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CTAaHOBJICHUS 3aBHUCUT, IIABHBIM 00pa30M, OT 3HAUM-
TenbHOTro MctouyHmka I'CK, KoTophie crmocoOCTBYIOT
00pa30BaHMIO HOBBIX TKaHEH ceparia M KPOBEHOCHBIX
cocynoB. IIpuHSATO ToNaraTh, YTO BOCCTAHOBJICHUE
cepaua mpu momomnn tepanun I'CK Mmoxer 3aBHCETH
OT BBIPAa0OTKHU (paKTOPOB POCTA U IPYrUX OEIKOB, KO-
TOpBIE CITOCOOCTBYIOT aHTHOTEHE3Y U CTUMYIUPYIOT
poardepanio 1 MUTPAINIO0 SHIOTCeHHBIX CTBOJIOBBIX
KJIETOK cepjala win KapauomuounTos [18, 19]. 3ame-
YeHO, YTO BHYTPUKOPOHApHOE BBEICHUE B3POCIEIX/
IIPOTEHUTOPHBIX CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta
y AIIMEHTOB C OCTPBIM MHMAPKTOM MHUOKApIa YCYIIM -
BaeT cokpaTtuTesibHyo ¢yHKLuio JI2K, o yem coobia-
Jochk B kuHn4eckux uccienoBanusax REPAIR-AMI
n TOPCARE-AMI [20, 21].

IToka3aHo, YTO JIeYCHHWE CTBOJIOBHIMM KJICTKAMMU,
BEIICJICHHBIMHU M3 KOCTHOTO MO3Tra, 3HAYUTEIBLHO
CHITXAET HeXXeJIaTeIbHBIC KIIMHIICCKUE TTPOSTBICHMSI.
CrnemoBaTelIbHO, Pe3yaIbTaThl KIMHUYECKUX IKCIIe-
PUMEHTAJIBHBIX MCCICAOBAHUI MTOATBEPININ (-
(ekTUBHOCTL M 000CHOBAHHOCTH Tepanuu MHKKM
B JICYCHUH HUIIEMHUICCKON KapIMOMUOIIATHU, XOTSI
TOYHBIE MEXaHU3MBbI AEHCTBUS 3TUX KJIETOK TTOKa elle
MOJIHOCTBIO HE pacKphiThl. [To3nHee 6osee yoeauTeab-
HBIC PEe3YJIBTATHl, CBUICTEIbCTBYIOIINE 00 YIIYUIICHUN
dpakmum BeIOpOca JIXK, cokpaTumocTn cepana u Gu-
3UMYECKOM paboOTOCIIOCOOHOCTH, OBIIH ITOATBEPKICHBI
B XOI¢ MHOTOUMCJICHHBIX KITMHUYECKUX UCCIICIOBaHMIA
[22—-24].

B nacrtosmuit MmomeHT Jeevanantham, et al. aB-
JITIOTCST aBTOpaMM CaMOT0 KPYITHOTO MeTaaHaImsa,
B KOTOPBII BOILIM pe3yabTaThl 50 mMccaemoBaHUIA,
BKJIIOYABIIKE 2562 manyeHTa ¢ OCTPOM MM XpOHUYE-
CKOI1 MmeMn4ecKoi Kapauomuonatueit [25]. BHe 3a-
BUCHMOCTHU OT OCOOCHHOCTE IIPOTOKOJIA TIPOBEACHUS
WCCIenoBaHUI (HAIIpUMep, IIyTh U BpeMsI BBEACHUS
KJIETOK), a TaKXe CIeHN(PUIECKUX BUIOB WIIeMUUIC-
CKOU KapauoMHOIIaTuH (OCTpasl WJIM XpOHUIECKas),
naureHTsl, monyvyasimue jJedueHue MHKKM, nmoxka-
3aJI1 yMepeHHoe yBeaumueHue ¢pakiumu Beiopoca JIZK
(~3,96%), KOHEUHBIX CHUCTOJIMYECKOrO U AUACTONIM-
YeCKOro 00beMOB M YMEPEHHOE CHIDKCHUE TUIOIIAIN
nopaxenuss nugapkroMm (~4,03%) 1o cpaBHEHUIO
C TPYIIION KOHTPOJISI. DTOT aHAIM3 TaKKe IPOIEMOH-
CTPUPOBAJI, YTO OJHOSAECPHBIE CTBOJIOBbIE KJIETKU
KOCTHOTO MO3Ta 3HAYNTEIbHO CHIUKAIOT YaCTOTY TAKMX
HeXXeJIaTeNIbHBIX SIBJICHUI, KaK CMepTh, MH(MAPKT MH-
oKapma 1 TpoM003 CTeHTa. DTU JaHHBIE COTIACYIOTCS
C pe3yJabTaTaMM IPYroro MeTaaHajan3a, KOTOPBIA OBLI
ornyoaukosaH B 2014 1. [26].

O0BbennHEHHbIE pe3yabTaThl 32 MCCIeTOBaHUM,
BkioyaBmux 1300 manmeHTOB, KOTOPBIE MOAyYaand
sneuene MHKKM, n 1006 maiyeHTOB, MPOLIEIIINX
O0OBIYHOE JICUCHUE B Ka9eCTBE KOHTPOJIS (00€ TPYIIIIBI
COCTOSITM M3 OOJBHBIX C OCTPHIM KOPOHAPHBIM CHH-

IPOMOM WM CTaOWMJIBHOM CTeHOKApAMEl), ITOKa3aan
CTaTUCTUYECKU JOCTOBEPHOE yBeIUUeHUE (ppakiiuu
Boiopoca JIK (~4,6%) 1 cHuXXeHUe II0Iaan ITopaxe-
Hus (~9,5%). OnHako B IpYyroM MeTaaHaau3e caeaaHo
MIPOTUBOPEINBOE 3aKITIOUCHIE 110 pe3yJIbTaTaM 22 paH-
JIOMU3NPOBAHHBIX KccaeqoBanmii [27]. B aToii pabote
He 3a(DMKCHPOBAHO YIAYUYIICHUS CepAedHON (PYyHKIINHN
10 TapaMeTpaM MarHUTHO-PEe30HAHCHOI ToMOTrpacdhrin
WIN KIMHAYECKUM HMCXOAaM, HeCMOTpPSI Ha He3HAYM-
TeJbHOE yBennueHue dppakuuu Boiopoca JIXK (~2,1%),
XOT$1 BHOBb ITPOJAEMOHCTPUPOBaHa O€3011aCHOCTb TEpa-
nuu MHKKM y manumeHToB ¢ UilleMU4ecKoil Kapauo-
muoratreif. O6 OTCYTCTBUHU YIYYIICHUIA CO CTOPOHEI
xkenygouka npu tepanuu MHKKM Taxske coodmmam
aBTOPbI OJHOTO HEJABHO MPOBEAEHHOTO KIMHUYECKO-
To MCCJICHOBAaHMSI, B KOTOpOe BOILIM 28 IMallMeHTOB
C UIIEMAYECKONM KapJAMOMHUOIIAaTUEN HA MO3THEW CTa-
mvu [28]. Yepes 6 MecsalEeB y GONBHBIX, MOJyJaBIINX
neyenrne MHKKM, He Ob1I0 BEISIBIIEHO JOCTOBEPHOTO
yayudieHust ppakuyu Beiopoca JIZK, KoHeuHoro cucro-
JIM4eckKoro oobeMa u o0beMa MH@apKTHOI 30HBI JI2K,
YTO YKa3BIBAJIO Ha HE3(P(PEeKTUBHOCTH pe3yIbTaTOB
JIeUeHMsI TpY MOMOIIM 3TOTO BUIa CTBOJOBBIX KJIETOK.

B mpyrom miame60-KOHTPOJIUPYEMOM HCCIIEIO-
BaHUM, BKJIIOYABIIEM 65 MALIMEHTOB C UIIEMUYECKOMI
KapauomuonaTueir u ppaxuueit Beiopoca JIXK <50%,
He OBIJIO ITOKAa3aHO CTaTUCTUUYECKU TOCTOBEPHOTO
YBeIMICHUS PpaKIINy BEIOPOCa M CHIKCHMSI TUIOIIAIN
TKaHU, MOpaxXeHHo nHdapkToM [29].

ME3EHXUMAJIbHbIE CTBOJIOBbIE KJTETKK

MCK B 0CHOBHOM 3KCITPECCHUPYIOT IIOBEPXHOCTHEIE
aatureHsl: CD73, CD90, CD105, CD44 u CD133, a
TaKXe MOBepXHOCTHEIE MoJieKy bl CD105 [30, 31]. Oun
00JIamafoT PSIIOM IIPEUMYIIECTB, CPeId KOTOPHIX CITO-
COOHOCTh K CaMOOOHOBJICHHUIO, TTOTCHIIMAI MHOTOKJIC-
TOYHOI MM hepeHIIMPOBKI, HU3KAsI UMMYHOTC€HHOCTb,
VMMMYHOMHTUOMPYIOIIE CBOMCTBA M HMU3Kasl OHKO-
reHHOCTb. KpoMme Toro, OHM HE TTOABEPTHYTHI PUCKY
UMMYHHOTO oTTopXeHus [32]. [Tpu cooTBeTCTBYIONIEH
crumyisiot MCK moryT nuddepeHImpoBaThes B Kap-
IVUOMUOLIUTHI [32] MaM MOTYT BBICBOOOXKIATH OIpeJe-
JICHHBIC (PaKTOPBI POCTA TSI BOCCTAHOBJICHUS Ceplia.
OmHaKo BEDKMBAEMOCTb M MATPAIIMOHHAS CIIOCOOHOCTD
B ICJICBOIM TKAHM SIBIISIIOTCSI IBYMSI KITFOUeBEIMH (haK-
TOpaMU, OTIPEACIISIOMINMU TeparieBTUIeCKHe 3 PEKTHI
MCK. Bo MHOTMX KIIMHAYECKHUX UCCIIEAOBAHUIX OBLIO
TI0KAa3aHO YIy4dIlieHre (DYHKITMH CEPIIIa ITOCIe ICYCHUST
HWIIEMUIeCKO¥ KaparuoMuoIatTiuu mpu momori MCK,
HECMOTpSI Ha OTAEeJIbHbIE JaHHbIE O HEA(P(PEKTUBHOCTU
tepariu ipu momom MCK [33].

B omHO 11a116060-KOHTPOIMPYEMOE UCCIICIOBAHNE
BOLIIM 69 MAaIMEHTOB C OCTPLIM MH(PAPKTOM MUOKapaa
TOCJIe YPECKOKHOIO KOPOHAPHOT'O BMEIIATEIbCTBA,
KOTOpEIe OBUIM paclpenesIcHB Ha 2 TPYIIBl, OgHA

9
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13 KOTOPBIX (n=34) TToTy4Jaa iedeHIe ayTOJTOTMIHBIMI
MCK, a rpymma KoHTpoJIsI (n=35) moxydJaa JiedueHue
¢u3pactBopoM. Yepes 3 Mmecsiia mocie TpaHCIDIaHTa-
I OTMEYECHO JOCTOBEPHOE YIIyUIIeHHE (PPaKIINH BBI-
6poca JIZK 1 oTHOILLIEHUSI KOHEYHOT'O CUCTOJUYECKOTO
K KOHCYHOMY TUACTOIMIECKOMY 00BEMY ITO CPABHEHHIO
C TPYMIION KOHTPOJIS, YTO CBUACTEIBCTBOBAJIO 00 3(-
dexTuBHOCTH MCK B BOCCTaHOBICHHHU CepACUYHOM
¢dyukum [34]. BHyrpuBeHHOE BBEIEHNE aJUIOTEHHBIX
MCK, KoTOpBIe CHUXAIU 3MMU30IBI KEIIYIOUKOBOI
TaXUKapaIuu U yBeaIn4duBaiu pakuuio Beiopoca JIZK
B TeueHue 6 MecsILeB, 0Ka3alio TaKoi xe 3(PheKT, Kak
¥ B IPEIBIAYIIEM UccIemoBanum [35].

IMo3mHEee B IpyroM KIMHUYECKOM HMCCIICIOBAaHNT
110 BHYTPUMUOKAPINAJIbHOMY BBEICHUIO ayTOJIOTHI-
HbIx MCK manumeHTaM ¢ nHpapKTOM MHUoOKapaa ObUIO
IMOKa3aHO CHIKEHME IUIOMAny MHpapKTa MUOKapaa
n yaydmenune pyukuun JIK gepes 1 rox [36]. Dt
PE3yIbTATHI HALILIU JaTbHEIIIee IIOATBEPKACHIE B ITO-
CIICAYIOMNX KIMHUYECKUX MCCIICIOBAHUSIX, KOTOPHIC
IIPOIEMOHCTPUPOBAJIH YIIydIIeHIe (PpaKIlny BRIOpOca
JI2K y manueHToB ¢ oCcTphIM MH(MAPKTOM MHOKapa,
moryuaBimx JeaeHre MCK mo cpaBHEHHIO ¢ TPYIITIOi
KoHTpons [24, 37].

KOHTPAPI'YMEHTHbI

OpnHako B paboTe, oImyoimkoBaHHoi# B Journal of the
American Medical Association B 2014 T., OTMEU€HO, YTO
gpecaHgoKaparanbHas nHbekuss MCK yrayuimaet co-
CTOSIHUE TP 6-MUHYTHOM X0ab0€, (PYHKIIMIO MUOKApaa
¥ CHIDKACT pa3Mep 30HHBI MH(papKTa, OTHAKO He OBUIO
oOHapyxeHO U3MeHeHUl oobeMma JIXK u dpakuun
BBIOpOCa [29].

B 1Byx MeTaaHanm3ax oneHUBaIN 3(PHEKTUBHOCTD
tepanmun MCK B 1eyeHUM nlIeMU4ecKoil 00JIe3HN
ceplia 1 MPpUIILIH K 3aKIII0YeHUTO, 9T0 JiedeHrne MCK
JIOCTOBEPHO CHIKAET PMCK CMEPTH, COKpAIlaeT KOJIM-
YeCTBO MPUCTYIIOB CTCHOKAPAWUN W MPUBOIUT K YIIyd-
LIEHWIO KadecTBa Xu3Hu [38, 39].

B omHOM HemaBHO IIPOBEACHHOM MeTaaHaJm3e,
BKJIo4alomeM 1255 manmueHTOB, MOJTydeHBl TOoKa3a-
TEJIbCTBA YMEPECHHOTO Ka4eCTBA, CBUIACTCIILCTBYIOIINE
o oM, uto ieueHne MCK ynyumaet dppaximio JIK [40].
CremoBaTebHO, BO MHOTHX 13 3TUX MCCIICIOBAHMIA IT0-
Ka3aHO YJIYYIIeHNE cepaeIHOM (PYHKIIUM 1 CHIDKCHIE
nunatanuu JI2K, a Takxke 6ojiee OBICTpOE BOCCTAHOB-
JICHUE TTAaIlIMEeHTOB, CTPATAIOIINX OCTPEIM NH(DAPKTOM
MHUOKapAa WIA UIIeMUIeCcKO KapamoMuomnaTuei
[41]. Xorsa neuenne MCK He Bcerma JOCTUTAET IO-
CTaBJICHHO 1IeJIN, 3HAYUTEJIbHEIC TTePCIICKTUBEI OBLIH
ITOKa3aHHI B JICUCHNY Ha3BaHHBIX BEITIIE 3a00JICBaHUIA.

CKENETHBIE MUOBJIACTbI

CkenetHbeie Muo0acTel (CM) SBISIIOTCS HEOOJIb-
ol nmonyasiuueil Heau@hepeHUMPOBAHHBIX U HE-

10

aKTUBHBIX CTBOJIOBBIX KJIETOK, KOTOPBIC HAXOISITCS
B BOJIOKHAX 3pEJIbIX CKEJICTHBIX MBIII. I1pn BO3HUK-
HoBeHUM ToBpexaeHnsT CM aKTUBUPYIOTCS, OBICTPO
pa3MHOXaloTCs U AU GEePeHIUPYIOTCSI B MbIIIIEYHbIE
BOJIOKHA JJIS1 3aMEIleHUs TOBPEXIEHHBIX U TUOHY-
IIMX MBIIIEYHBIX KJIEeTOK [42]. DKCIIepUMeHTaIbHbIE
TaHHBIE MMOKa3aJId MX CIIOCOOHOCTh MUTPUPOBATH
B Y9aCTOK, MOpaxXeHHBIN MHpapKTOM, nuddepeH-
LPOBATHCS B MBIIIEYHBIE TPYOOUKM [43], aKTUBU3U-
pOBaTh AaHTHOTEHE3, TEM CaMBIM YIIyYIasl CEPACUHYIO
(GYHKINIO 1 YCKOPSIS BOCCTAHOBIIEHNE MUoKapaa [44].
B HECKOJIBKMX MUIOTHBIX MCCICIOBAHUSAX OTMEYCHO
ompenesieHHoe yayulieHue gpakuuu Beiopoca JIZK
¥ BOCCTAaHOBJICHNE KaMePhI XKeJIyIouKa ITociIe IIpruMe-
HeHuss CM-Tepanun.

Y manmMeHToB ¢ UIIEMUIECKON KapaIrOMMUOIIaTHEH
TSKEJION CTEeIIeHN, KOTOPEIM B CepAlle BBOOUIIM ay-
tosmornuyHble CM, BBISIBIIEHO YIIyYIIeHUE KaK (ppak-
nuu BeIOpoca JI2K, Tak u (pyHKIIMOHAJBHOTO Kjacca
no xiraccuduxaunu Hpio-Mopkckoil Kapauoaoru-
YeCcKOi accoumanuu yepes 6 win 11 Mmecsies mocie
XUPYPIUYECKOTO BMeIareabeTna [45, 46]. XoTst 31 nc-
CJICIOBAHUS TIPOIEMOHCTPHPOBAIIH 1IEJIECOO0PA3HOCTb,
06e30MacHOCTb U yMepeHHBIe 3¢ (eKTH TpaHCIUIaHTAa-
mun CM TIpu JIe9eHNHN UIIeMHIeCKOoil KapIMoMHIOoIIa-
THH, obOpalllaeT Ha ceOs] BHUMaHME BBICOKAsI 4acTOTa
TIPUCTYIIOB XKeJIyIOIKOBOIT apUTMUU ITOCIIC TIEPEeCaIKH
muobaacToB [47]. KpoMe TOTO, B OTHOM M3 HEJABHUX
HWCCIeIOBAaHUU TIPU JOJATOCPOUHOM KIMHUIESCKOM
IMCIIAHCEPHOM HAaOJIOJeHUM B TeYeHUE 6 JIEeT, Mpo-
BEIEHHOM ITOCJIe TPaHCIUIAHTAIIMM ayTOJOTUUIHBIX
CM y ceMM MAIIMEHTOB ¢ MIIEMHUYECKOM OOJIC3HBIO
cepiiia, IMMOKa3aHO OTCYTCTBUE YIIYUIICHUS (PYHKIIMU
JIK [48]. Kpome TOTO, B TpyIIIe MAllMEHTOB, MOIy4YaB-
mmx iedeHre CM, BEIsIBIICHA 00jiee BEICOKAs YaCcTOTa
BMCIIATEJIBCTB ¥ OOJBHBIX ¢ UMIIJIAHTUPOBAHHBIM
KapIHUOBEPTEPOM-IeUOPMILISITOPOM TI0 CPaBHEHUIO
¢ rpymmoit KoHTpos [49]. CiaemoBaTeIbHO, TEPaIIHs
CM 1moka3zana ompeae/iecHHbIC TepaleBTUICCKIEe (-
(beKTH y MAIIUEHTOB C XpOHUYECKON MITeMUIECKOM
KapIMOMMOITIATHEH, YTO JOJDKHO CTATh IIPUIMHOM TSI
TaTbHEUIIIeTO NCCIeTOBaHNS M3YIeHMS 3(PPeKTUBHO-
ctr CM B JIe4eHUH TTAIIUEHTOB C OCTPBIM MH(MAPKTOM
MHOKapa.

OPYTUE BUAbI CTBOJTOBbIX KNETOK

B HECKOJIBKHUX YK€ 3aBePIIMBIINXCS KIMHUYECKUX
HCCIIEAOBAHUSIX COCPENOTOYEHO BHUMAHME HAa BOCCTa-
HOBJIEHMH CepAlia 3a CUET COAEHCTBUS aHIMOIEeHE3Y
M HEOBACKYJISIPU3ALMU B MIIEMU3MPOBAHHBIX TKAHSIX
[50]. TpancanmokapauaabHasg nHbeKnsa CD34+-kie-
TOK IepudepudecKoii KpOBU HalMeHTaM ¢ HIlleMUuYe-
cKoli Kaparomuonatueii (ppakuus Biopoca JI2K <40%)
yBeJIMYMBAaJa IMOCAEIHIO U PACCTOSIHUE 6-MUHYTHOM
XOIbObI, CBUAETEILCTBYSI TEM CaMbIM 00 YIy4IlEeHUUN
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dynaxumm JIZK u pusndeckoit paborocriocobHocTH [51].
Kpowme Toro, BBenenne CD34+-kjieToK O0JBHBIM CTe-
HOKapAVen pa3IndHOU CTETIEHU TSKECTU Y UILIEMUEH
MUOKap/ia 1MokKa3ajao J0CTOBEPHOE CHUXKEHUE YaCTOThI
CTEHOKAapJAWU U MOBbILIEHUE (PU3NIECKON BBIHOCIU-
BOCTHU [52—54]. B 3TuX nccaenoBaHusIX TIpU Teparuu
CD34+-xieTkaMu He OBIJIO OOHAPYKEHO CEPhbEe3HBIX
HeXeJaTeJbHbIX SBAeHUli. Takxke coo0l11anoch, 4To
tepanugd CD34+-kaeTKaMy OKa3bIBAET IOJOXKUTETb-
HOE BJIMSIHUE B BUIC YMEPEHHOTO YIyJIIeHUs (DYHK-
LIMKM Ccepilla, He BbI3bIBasl 3HAYUTEJIbHbBIX MTOOOYHBIX
SIBJIECHUH Y MMALIMEHTOB C XPOHWYECKOU NUITEMUYECKON
KapaIuoMuoIiaTiet mpyu BHYTPUMMUOKApINAIbHOM BBeE-
neHnu [53—55]. OnmHako B KIIMHUYECKOM MCCIIeIOBa-
Hun «Kapamo133» mokazaHo OTCYTCTBUE KaK BIUSHUS
Ha pyHkumio JIZK, Tak 1 KIIMHUYECKUX MTPOSIBICHUM
y IallMeHTOB C XPOHUYECKOM MllIeMUel U HapyllIeHUEM
dysaxirm JIXK rmpu nHTpaMUOKapanaaTbHON MHBEKIINT
kierok CD34+-kierok [56].

OBCYXAEHUE

DbDDEeKTUBHOCTD JIEUeHUS] UIIEMUISCKON Kapanuo-
MUOMATHU TPUA ITOMOIIN Pa3JIMYHBIX BUIOB CTBOJIO-
BBIX KJIETOK ITOATBEPKICHA OOJBIITUM KOJIUIECTBOM
nccaenopanmit. Xotst unciao CKC orpanndeHo (omHa
xiietka Ha 8.000—20.000 kapanOMUOIIUTOB), OHU MOTYT
BbIpabaThIBaTh 1OCTATOYHO KapAMOMMUOLIMTOB B CYTKA
IS TIOIIE P>KaHUS PaBHOBECHSI BO30OHOBIICHUS KJICTOK
MUOKapAa B 3010poBOM cepale. OIHAKO 3TU KIETKU
HE CIIOCOOHEBI CIIPABUTHCS C CEPhe3HBIM WU OCTPBIM
MOBpexXIeHUEM TKaHel cepaua [57].

Tepanuss CKC B 0cHOBHOM cocpeIoTOYCHA Ha ITa-
LIMeHTaxX ¢ MH(APKTOM MUOKapaa Win AUCHYHKIUEH
JI2K, rnaBHBIM 06pa3om, BcaeacTBUe pudposa cepaua,
KOTIa IIOPaKeHHBIN YIaCTOK HUCITBITHIBACT HETOCTATOT-
HOe KpoBocHaOXeHue. TakuM o0pa3oM, 3Ta Teparus
oKasajiach 6osee 3 (HEeKTUBHOI B JIeueHNM MH(MapKTa
MHOKapaa, YeM UIIeMIYeCKOM KapaInOMHUOTIaTh! [24].
OmHaKo 3TV OTpaHNYCHHBIC KIMHNIECKIE PE3YIbTATHI
HE MOTYT MOJHOCTBIO ITOKa3aTh MPaKTUIECKYIO CITO-
coorocth Tepannu CKC B jedeHNH UIIeMUYeCKOM
KapIuOMMOIIATHM.

B HacTosIee BpeMs yCTAaHOBIIEHO, YTO PE3YJIBTATHI
neyeHnst MHKKM okazanuch BecbMa UBMEHUUBBIMU
W MIPOTUBOPEUYMBHIMU, TEMOHCTPUPYS YMEpPCHHEIE
3 dEKTH WIN OTCYTCTBUE MOJOKUTCIBHOTO BO3ICH-
cTBUs Ha ¢yHKkuuio u reomerpuio JIZK. K cuactbio,
B KIMHHYECKHX MCCICIOBAHUSIX HE OOHAPYXKCEHO
cepbe3HbIX MOOOUYHBIX 3¢ dekToB. B 1enom tepanus
MHKKM 65L1a HINPOKO UCIIOAb30BaHa y ITAllUEHTOB
C OCTPpOM MJIM XpOHMUYECKOW MIIEeMUYECKON Kapauo-
Mmuonatueii. Ho mpoTuBopeunBBIe pe3yaIbTaThl ObLIN
IMOJIy4eHBI M3-3a BIUSTHUS MHOTOYMCICHHBIX (PAKTO-
pOB, TJIaBHEIM 00pa3oM, 3To BeiaesieHne MHKKM, a
TakKe BUI U 00Ilee KOTUIECTBO BBEICHHBIX KICTOK.
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K xi1eTouyHBIM MeXaHM3MaM, KOTOPBIE BIUSIOT Ha 3¢~
(beXTUBHOCTD Tepaliy, OTHOCSITCS ITPOXYKTUBHBIN
XOYMUHT, TIponudepanusa u nuddepeHnupoBKa
BBeneHHBIX MHKKM [58].

OxXumaeTcs, YTO 3TU PE3YIbTAThI IOCITYKAT CTUMY-
JIOM K IIPOBEACHUIO 00JIce KPYITHBIX paHIOMU3UPOBaH-
HBIX KIMHUYECKUX KOHTPOJIMPYEMBIX MCCIICIOBAHUA,
HaIlpaBJIeHHBIX Ha COBEPIICHCTBOBAHME METOIMK
BBIICJICHUS KJIETOK M BHIPAOOTKY IIJIaHA IJIsI TPaHC-
wranTamuu. Yro Kacaercs kieTok CM, TO OHA UMEIOT
HECKOJIbKO YHHUKAJBHBIX IIPEUMYIIECTB, TAKNX KaK
ayTOJIOTMYHOE IIPOMCXOXKICHNE, JIETKOIOCTYITHOCTD,
HETPYAHOE BbIEJIE€HNE, BBICOKUI YPOBEHb IJIACTUY-
HOCTH M YCTOMYMBOCTH K WIIIEMUM, OTCYTCTBHE KaH-
LeporeHHocTH [55].

OmHaKo 3TH HesICHBIC ¥ IIPOTHUBOPEUYMBEIC Pe3yJIbTa-
THI BRI3BAJI HEOOXOIMMOCTD HauaTh IMMPOKOMACIIITA0-
Hble pPaHIOMM3UPOBAHHBIE UCCIEAOBAHMS, a TAKXeE
HCITOIB30BaTh KieTK CM Il maabHEHIIeil oleHKN
5 GEeKTUBHOCTH JICUSHUS OCTPOIT U XpOHUIECKOM Kap-
nuoMuonatuu. [Ipu 3ToM ciaenyer UMETh B BUIY, UTO
XKeJIyIOIKOBBIC apUTMUM MOTYT IIPEACTaBIATh MOTCH-
IUAJIbHBIN PUCK BO BpeMs JieueHnsI Kiretkamu CM [55].

B HecKOJIBKHMX MPOIOJIKAIOIINXCS B HACTOSIIEE
BpeMsI MCCICAOBAaHUSIX OXUIACTCS ITOJIYIUTH Oojiee
a¢ddeKTUBHBIC pe3yabTaThl. HeoOXoanMbl nalbHEHTIIe
WCCIIEIOBAaHUS IJI Pa3pabOTKM HOBBIX TEXHOJIOTUIA
B JICUCHUUM MIIEMUYCCKON KapaumoMuomatnu. Taxk,
MpoBeIecHNE OOJIBIIETO KOJTMIECTBA JOKIMHUICCKIX
¥ KIMHUYIECKUX MCCICTOBAHUN CIIOCOOCTBYET OOBSIC-
HeHMIo 3(pDeKTHBHOCTA MH(PY3UU KIIETOK B IIPOTPECCH-
pPOBaHNM BOCCTAaHOBJIEHUS cepaia. MHOXECTBO IPYTHAX
BUIOB CTBOJIOBBIX KJIETOK OYIET MCITOJB30BAaHO IS
OILICHKM MX ITPAaKTUIECKUX BO3SMOXKHOCTEH TP JICUCHUT
HWIIEMHUIECKOM KapaIMOMUOIIATHH B OYIyIIEM.

(OAKTOPbI, BNUAHOLLINE HA NEYEHWE
NWEMWYECKOWN KAPOMOMWUOMATUN
CTBOJIOBbIMU KNETKAMHU

Ceityac yXe COBEpPIICHHO OYEBHIHO, YTO COBpE-
MEHHOE COCTOSTHHE JICUCHUSI CTBOJIOBBIMU KJICTKAMU
SIBJISIETCS BeChbMa IIePCIIEKTUBHBIM, OTHAKO CYIIECT-
BYIOT HEKOTOPBIE TTpO0IeMBI. BO-TIepBBIX, pe3yIbTaThl
OOJIBPIIMHCTBA KIIMHIYECKMX UCCIIeIOBAHII ITOKAa3kIBa-
0T TIOJIOXKUTEIbHBIC 3((MEKTHI JICUYCHUST CTBOJIOBEIMU
KJIETKaMM Ha BOCCTAaHOBJICHHUE Cepilla BHE 3aBUCUMO-
CTH OT BUa KJICTOK ¥ METOIOB ITepecanku. Bo-BTOpHIX,
COBpPEMEHHEIC PE3Y/IbTAThI TCPAITNH CTBOJIOBBIMHU KJICT-
KaMM B JICYCHUH NIIEMUICCKON KapINOMUOIIATHY TP
BBICOKOI M3MEHYMBOCTU M ITMPOKOM Pa3HOOOpa3UM
MOKa3ajan cIabo WIM YMEpEeHHO BBIPaXKCHHBIC, a TO
¥ TIPOTUBOPEUUBEIC PE3YIbTaThl OTHOCUTEIIBHO (DYHK-
nuu unu reomerpun JIK. Hakonelr, ObU10 TTOKa3aHo,
YTO HEKOTOPBIE BHUIBI CTBOJIOBBIX KJIETOK M IYTH UX
IOCTaBKU OBIIM aCCOIMUPOBAHEI C CEpPbEe3HBIMMU HE-
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JKeJIaTeJIbHBIMU SIBIICHUSIMY, TAKNMHA KaK HapyIIeHHe
pUTMAa CepaIia MU PECTEHO3 COCYyI0B. DPHEKTUBHOCTD
WHQY3UM CTBOJIOBBIX KJIETOK Yy ITAIIMEHTOB C OCTPBIM
nH(MAPKTOM MUOKapaa WIM UIIeMHISCKON Kapauo-
MMOITaTHEH 3aBUCUT OT MHOKECTBA BaXKHBIX (PaKTOPOB,
BKJTIOUAS IIYTh TOCTaBKH, BUI ¥ KOJTMIECTBO JOHOPCKIX
KJIETOK, a TaKXKe KIMHUIECKOEe COCTOSTHUE ITallieHTa

[59—61].
GOEHOTUN N KONWYECTBO CTBO/TOBbIX KNETOK

@eHOTHN TPAaHCIUIAHTUPYEMBIX KJICTOK MMEET
CUJIBbHYIO KOppEJSLUIO ¢ 6€30MaCHOCTbIO U 3(PPEeKTUB-
HocThlo. [Tepecanka MCK manmeHTaM ¢ HIIIeMUYeCKOI
KapauoMMoIlaTHell maeT 0ojee 0OHAIEeKMBAOIINE pe-
3yJIbTATHI M MEHBIIIEE KOJIMIECTBO ITOOOUHEIX 3(P(PeKTOB
Mo cpaBHeHUIO ¢ Teparueit CM. MeraaHanus ciy-
JaiHBIX 2 (HEKTOB, MPOBEICHHBIN Ha 888 KMBOTHBIX
B 52 ncciiemoBaHUAX, TToKa3ai, yto Tepanusts MHKKM
MeHee 3¢ (heKTHBHA IO CPAaBHECHUIO C JICYCHUEM TP
nomont MCK [62]. AHaiin3 4yBCTBUTEIBHOCTH TIPO-
IeMOHCTpUpOBaj 3(P(PeKTUBHOCTL, KOTOpasl ObljIa ac-
COLIMMPOBaHA ¢ OOJIBIITNM KOJIMIECTBOM KJIIETOK 1 00JIee
MMO30HEe MHbeKIMel KeToK (>1 Hem.) [52].

B HemaBHEM CpaBHUTEIBHOM KIMHUYECKOM WC-
cJeqoBaHMU OblIa TTOKa3aHa Oosiee BhicoKas 3¢ ek-
THUBHOCTH B Tpytiie jedeHnss MCK 1o cpaBHeHHIO
¢ rpymiroi, monydasiimx repanio MHKKM [60]. Kpo-
M€ TOTO, KOJIMIECTBO KJICTOK, BBEICHHBIX MAllICHTAM
C UIIEMUAYECKOM KApAUOMUOTIATAEN PAa3JIMIHOM CTETe-
HU TSDKECTH, BAPBUPYET B PA3IMIHBIX NCCIICIOBAHUSIX.
B omHOM KIIMHMYECKOM HCCIIEAOBAHUM YKAa3bIBAJIOCH,
gyT0 HM3Kas 1o3a KoHueHTparn MCK (20 MIUIMOHOB)
npuBOAUIA K yBeIMYyeHUIO ppakuuu BeiOpoca JI2K
110 CPAaBHEHUIO C TPYIIION MAIlMEHTOB, ITOJYYMBIINX
6oiee Boicokue 1036 (100 MuummoHoB n 200 MIILIHO-
HOB) [52], 9TO cortacyeTcsi ¢ IpYyTUMM CPaBHUTEIIEHBIMU
pe3yabTaTaMu, YTBEPXKIAOIMIUMM, YTO HU3Kas 4034
IIpY MHTpaMUOKapauaabHOI mHbeKIMu CD34+-Kire-
TOK TIPUBOAUT K OOJIBIIEMY YIYUIIICHUIO (DU3NICCKOM
BBIHOCJIMBOCTH M CHIDKCHMIO YAaCTOTHI CTCHOKAPIUH
110 CPaBHEHUIO C TPYNIONA MNAllMEHTOB, TOJIYYaBIIUX TE-
paruio B BLICOKOi1 103e [63]. DTu ciay4au MoKa3bIBalOT
BakKHOE 3HaYCHUE IIPUPOIEI U JO3BI BBOTUMBIX KJICTOK,
4To TpebyeT OoJiee ITyOOKOTO U3YYeHUSI B JaIbHEHAIIINX
KIIMHIYECKNX UCCIeIOBAHUSIX.

TEXHONOI U4 BbIAENEHUA

TexHOI0THH TTOATOTOBKY KJIIETOK B OCHOBHOM IO-
CTaTOYHO pa3padOTaHbI, OMHAKO JOBOJBHO N3MCHUYNBEI
W3-3a pa3IUYHBIX MEPUOIOB MHKYOAIInu. MOHOKIIO-
HaJIbHBIEC CTBOJIOBBIC KJIIETKH, BBIICIICHHBIC 13 KOCTHOTO
MO3ra, JIETKOTOCTYITHEI 1 BBOASTCS MAIlMICHTAM B ICHB
WX TTOCTYIUICHUSI, HO IPYTHE BUABLI CTBOJIOBBIX KIIETOK
IMOABEPTraloTCs MPOLIECCY TIIATSIFHOIO O0TOOpa, KYJIb-
THUBUPOBAHUS X POCTA, UTO MOXET 3aHUMATh HECKOJIBKO

mHew v Heneb. O0bryHbIe MeTOIBI BhIneaeHuS MCK
1 CKC BKIIFOYAIOT OOJIBIIOE KOJIMIECTBO STAIIOB.
Pazmranast cKopocTh IEHTpHU(GYTUPOBAHUS 1 COCTAB
IPOMBIBOYHOIO Oydepa Bo BpeMsi 00pabOTKM KJIETOK
aCCOUMUPYIOTCS C TepameBTHICCKUMH 3P derTamu
MIpU UIIEMUYECKON Ooje3Hm cepaua [64]. Muorue
TIPOTOKOJIEI 1 KOMITOHEHTHI IUTS BEIICJICHIS CTBOJIOBBIX
KJIETOK 1 MIX XpaHEHWSI UMEIOT 3HAYNTEIbHBIC pA3IMINS,
a TaKKe MOTYT BJIUSTh Ha QYHKIIMOHAIBHYIO CIIOCO0-
HOCTB BOCCTAaHOBJICHHSI HOPMAJIBHOTO KPOBOTOKA ITOCIIC
tpancmantauun MHKKM [65]. 3arpsisHeHue 3pu-
TpoLIMTaMU BO BpeMs npoliecca BoiaeaeHuss MHKKM
TaKKe CHIDKACT KM3HECIIOCOOHOCTh, MUTPALIMOHHYIO
¢GYHKILUIO, CITOCOOHOCTh K 00pa30BaHUIO KOJOHUI
¥ HOBBIX cocyaoB [66]. Takxke BeayTcs MCCIeI0BaHMs,
HaIlpaBJICHHBIC Ha pa3pabOTKy HOBBIX TEXHOJIOTHH C IIe-
JIBIO YBEIMUYCHUST KOJIMYECTBA U YIYJIICHHST KauecTBa
kieToK. CodeTaHne TOKIMHUICCKUX M KITMHUIECKIX
WCCeNOBaHUM MPEeAOCTaBUT XOPOIINUE PE3YAbTAThI
MIpu pa3paboTKe HAMJIYYIIeTO U HamboJiee IMPOCTOrO
CI10c00a IMOJIy4EeHUS NIeATBHBIX CTBOJIOBBIX KJIETOK [67].

HNU3KAG XWU3HECMOCOBHOCTb
N NPVXXUBAEMOCTb TPAHCM/TAHTUPYEMBIX
CTBOJIOBbIX K/TETOK U CTPATEIUK
MOBbILLEHNA 3OOEKTUBHOCTH

XOoTs Tepamnus CTBOJOBBIMU KJIETKAMU SIBJISICTCS
MEPCIEKTUBHBIM MOIXOIO0M K JICUCHUIO CEepAeUIHOMN
HEOOCTAaTOYHOCTHU TTOocjie MH(papKTa MHUOKapaa, Ipo-
61eMa HI3KOM 3(D(EeKTUBHOCTHU BBI3BIBACT CEPHE3HYIO
TPEBOTY. DTO IMIPOUCXOANT HE TOJIBKO M3-3a 3HAUNTEITh-
HOM ITOTePU TPAHCIUIAHTUPOBAHHBIX KJIECTOK B KpPO-
BOTOKE, COKpaIlleHWsI MUOKapla M YTeYKH M3 MecTa
BBCICHUS, HO TaKXKe W BCJICACTBHEC HU3KOTO YPOBHS
BBEIXKMBAEMOCTU PE3UIACHTHBIX KJIETOK B YCIOBHUSIX
HEOJIaTOIIPUSATHOTO OKPYKCHUSI B pe3yabTaTe UIIeMU-
YeCKOTO, TUITOKCHIECKOr0, OKCUIATUBHOIO CTpecca
VUIM BOCTIAJTMTEIbHON peakumu [68]. st yirydireHust
KaK BBIKMBAE€MOCTH CTBOJOBEIX KJIETOK, TaK M HUX
(GYHKIMOHATIBHON CIIOCOOHOCTU OBbLIM pa3pabdoTaHbI
pasznmmuHble MeTonbl. Cpean HUX IIpeaBapUTeIbHAS
00paboTKa KJICTOK CPEHOBBIMHU YCIIOBUSIMH, a TaKXKe
dapmakomormyeckasi, TeHeTUICCKAsT MAHUITYJISIITUS
CTBOJIOBBIMHM KJICTKAMM TIepe]I IIepecagKoii, COBMECTHAS
TpaHCIJIAHTAIIS CTBOJIOBBIX KJIIETOK C MOJICKYJIaMU
BHEKJICTOYHOTO MaTpUKca, HAHOBOJOKHAMM, THAPO-
rejieM uin GUOPUHOBBEIM KJIeeM, a TAaKKe COUeTaHHas
Tepanus ¢ IPUMEHEHNEM ABYX BHUIOB CTBOJIOBBIX
KJIETOK [69].

Bo-nmepBriX, npeaBapuTeIbHO 00paboOTaHHBIE
KJIETKHA CIIOCOOHBI HAXOAUTHCS B ICKYPHOM DPEXKIME
3a CYET aKTUBALIUMU MyTeH CUTHAJIU3ALMU BbIKMBAHUS
KJIETOK, YTO J€JIaeT X PE3UCTEHTHBIMU K BpaxkieOHOMY
OKPYXKCHMIO. YOeANTEILHO ITOKA3aHO, 9YTO TUIIOKCIYe-
CKOE WJIN yIAPHO-BOJTHOBOE IIPEKOHINIITMOHUPOBAHNE
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npenoTBpalllaeT Ype3MEPHBI aronTo3 TpaHCIJIaH-
THUPOBAHHBIX KJIETOK ITOCPEIACTBOM HECKOJIBKUX IIPO-
IIeCCOB, BKJI0Yast MOTU(UKALNI0 (heHOTUIA KICTOK,
BbIPAOOTKY Pa3JIMYHbBIX IMTOKMHOB U YCUJIEHUE TPaHC-
KPUIILIMY U TPAHC/ISLIMY TeHOB aHTharomnro3a [68, 70,
71]. B 1OKITMHUYECKUX UCCICIOBAHUSIX OTMEYEHO, YTO
npeaBaputeabHas oopadoTrka MCK TpaHcopmMmupyio-
1M (pakTopoM pocTa-a, ¢pakTopom pocta ¢Gudpobdia-
CTOB, MHTEPJICHKUHOM- 13 MM TpaHC(hOPMUPYIOIINM
dakTopom pocra-f yaydmraet onocpenoBanayo MCK
3aIIATY MUOKapIa ¥ CTUMYJIMPYET 0Opa3oBaHe HOBBIX
KPOBEHOCHBIX cOCyHoB [72, 73]. Belno Takke 1oKa3aHo,
gT0 JIM30dochaTuIHAs KUCI0Ta M aTOPBACTATHH MOTYT
MIPeIOXPaHSITh Me3CHXUMAaIbHBIC KJICTKN KPBIC OT TH-
MOKCHYECKOTO aronTo3a [74].

Bo-BTOpEIX, TeHHO-UHXEHEPHAI MOIU(PUKAIINS
MCK craja nepcreKTUBHBIM ITOIXOIOM K ITOBBITIICHHIO
pPaboOTOCIIOCOOHOCTH 3THUX KJIETOK C IEJBI0 3allNThI
OT aIloIITO3a, YTOOB YBEINMYUTDH IMIPUKNUBACMOCTD
1 YIIYYIITATH CIIOCOOHOCTH K MUTpauu 1 T hepeHIT-
poBKe. BeIpaxkeHHas SKCIIpeccrsi TeHOB aHTHAIIOIITO3a
¥ TIPOAHTUOTeHe3a WIN PELEIITOPOB XOYMHUHTA TIPU-
BOJIUT K 3HAUUTEJIbHOMY YJIYUIIIEHUIO BBIKUBAEMOCTU
MCK 1 noBBIIIIAET UX MUTPALIMOHHYIO CITOCOOHOCTH
[75, 76].

B-TpeThrx, COBMECTHAST TOCTaBKa CTBOJIOBBIX KJIC-
TOK C MOJIEKyJIaMH BHEKJICTOUHOTO MaTpUKca, HAaHOBO-
JIOKHAMM, THAPOTEIISIMH YIN (DMOPUHOBBIMHU KJICSIMU
MOXET HETIOCPEICTBCHHO YBEJIUYNUTh IPUKUBACMOCTD
00paboTaHHBIX COOTBETCTBYIOIIUM 00pPa3oM KJIETOK
¥ CITOCOOCTBOBATh MX BBEIXKMBAaHUIO W muddepeHIIna-
uuu [77].

BximioueHME CTBOJIOBBIX KJIETOK CEepAlla B MAaTPHUKC-
o0oraIeHHYIO THIPOTeIbHYIO KaTICYIy IIpeIoTBpaliacT
nx THobenb M ynydmaet npuxuBaemocth CKC [77].
B mByX IMOCIIeTHNX MCCIEIOBAHUSIX COOOINAIOCH, YTO
tpaHciianTannst MCK, KyTbTMBUPOBaHHBIX Ha Ha-
HOMATpPUIle WUIM Ha TPEXMEPHOI BHYTPUKICTOTHON
MaTpHIle, MOXET YAYUIIUTh IMpukuBaeMocTh MCK
W CTUMYJIMPOBATh KJICTOYHYIO TIpoaudepanio, aare-
3110 U MUTPALIMIO, YTO €111 pa3 TOBOPUT O MOTEHIUATb-
HO1 BO3MOXXHOCTH UX IIPUMEHEHMSI B peTeHepaTUBHOM
Teparuy UIIeMUIeCKoit KapauomMuonaTuu [78, 79].

PesynbTaThl Apyroro 3KCnepuMEHTAJIbHOTO UC-
cJIeIOBaHUS MOKa3ajJu 0O0pa3oBaHUE TOJCTOTO CJIOS
W aHTUOTeHEe3 IepecakeHHBIX OMHOCIOMHBIX MCK
10 MEXaHN3MY TapaKpUHHOTO meicTBrsl. OmHAKO IIepe-
cagKa TeHeTHICCKA MOIU(UITNPOBAHHBIX KJICTOK €IIIe
HE BBIMOJIHSUIACH MAIMEHTAM B KITMHUYECKUX YCIOBUSIX
M3-3a HEMPEeICKa3yeMOCTH ITOCICACTBUI OTTOPKECHUS
WHOPOIHBIX KJIETOK 1 YIpo3sl aputmun [80].

HaxkoHen, KoMOMHMpOBaHHASI TPaHCIUIAHTAIIMS
ayTooTndHBIX CM 1 CTBOJIOBEIX KJIETOK, BBIIEJICHHBIX
13 KOCTHOTO MO3Ta, IToKa3aJjia IeJIeCoo0pa3HOCTh 1 3¢~
(EeKTUBHOCTD Y TALIMEHTOB C UIIEMUICCKOMN KapIOMM--
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onaTuel TSKeJIOW CTeNeHU, He TPUBO/IS K JIETaJIbHbIM
apuTMUSIM Wi ocaoxkHeHsIM [81]. TTocie KoMOMHMpPO-
BaHHOI TpaHcIIaHTaIMy CM M KJIETOK KOCTHOTO MO3-
ra y naliMeHTOB OTMEUYEHO 3HAUYUTEIbHOE YIy4YllIeHUE
cepleyHor (yHKIIMM U aHTUOTeHe3a, a TAKXe YMEHb-
menue puoposa. Kpome Toro, coBMecTHOE BBEICHIE
CKC n MCK 4enmoBeka METOIOM MHTpaKapIUaIbHOM
WHQY3UU IPUBOIUIIO K OOJIBIIEMY COKPAIIICHHIO pa3Me-
pa 30HbI HH(pAPKTa, 60JIe€ BHIPAXKEHHOMY YJYUILIEHUIO
cokparumocTu JIK 1 yaydiieHuo NpuXKuBaeMOCTU
CTBOJIOBBIX KJIETOK IO CPaBHEHUIO C KaXKI0W rpynIioun
BBEICHUS OTACIHLHOTO BUIA KJIETOK U IPYINON Iiaieoo,
YTO OTpaxKaeT BaxKHOE OMOJIOTUYECKOE B3AaMMOIENCTBIE
Mexny c-kit+-xnetkamu cepaua 1 MCK.

Takum obpaszom, 3TU AOKJIMHUYECKUE U KIMHU-
YeCKHe Pe3yJbTaThl SIBISIOTCS BaXKHOU OCHOBOM IS
IATBHEUIINX NCCACA0BAHNM IO YIYUIIEHUIO CEpACYHON
(byHKIMY 1 KadecTBa XXU3HU O00IbHBIX. CyIIecTByeT
ellle MHOTO HEM3YYEHHBIX M HEBBISICHEHHBIX BOITPOCOB
U TIpo0JieM, KOTOpbIE 3aCIyKMBaAIOT 0ojiee ri1yOooKoro
W3Y4YEHUs JJIs1 IOMCKa U pa3pabOTKU MEPCHEKTUBHBIX
METOOB JIeYEHUS UIIEMUYECKON KapIMOMUONATUH.

3AKJTOYEHUE U NEPCMNEKTKBbI

IMomBomst UTOTH, ClIeMyeT OTMETUTh, UYTO Oe3omac-
HOCTB 1 1IeJIeCO00Pa3HOCTh KIIETOYHO-3aMECTUTEIFHOMN
Tepanny y MAIlUCHTOB ¢ MIIEMHUYECKON KapIHOMHO-
aTuei 0OCTOSITEIFHO MCCIIEMOBAHEl B MHOTOUMCIICH-
HBIX KIMHUYIECKUX MCCICIOBAaHMSIX. 3aMeCTUTEIbHAS
kiretouHad teparnus npu nmomomy MCK 1 MHKKM
JIOCTaTOYHO ITMPOKO U3ydeHa Y OOJBHBIX OCTPOI MU
XPOHMYECKON KapaAMOMUOIIATHE, IPOIEMOHCTPH-
pOBaH ompedelIcHHBIN TepalleBTHYCCKUM 3¢ (PEKT.
Jleyenue ¢ momornpio MCK noxkasano 6ojiee oOHazne-
KUBAIOIINE PEe3yIbTAaTHl ¥ MAIUEHTOB C OCTPBIM WH-
(apkTOM MUOKapaa 1 SIBJISIETCS XOPOIIIe OCHOBOM IUIS
KIIMHUYECKOTO IPUMEHEHUs B OJIIKaliIeM OyayImeM.
Xorsa kaetku CM, CD34+ u CD133+ OblIN KCITOJb-
30BaHbl Yy MAIIUEHTOB C UIIEMUYECKON KapIMOMUO-
maTueil, NX MOTEeHIINAIbHAS CIIOCOOHOCTh OKa3ajach
Huxe, yeM euenne MCK u CKC. TpaHcruraHTaums
STHX BUIOB CTBOJIOBBHIX KJIETOK ITOKa3ajla YMEpECHHBIC
TOJIOXKUTETbHBIC 3(D(EKTH WX IIPOTUBOPEUUBEIC pe-
3yabTathl. OTHAKO HECOCTOSATCILHOCTD Pe3yJbTaTOB
olleHKY 3(P(OEKTUBHOCTH HE YOWBUTEIbHA U3-3a WC-
MOJIb30BAaHUS PA3INUHBIX TEXHOJOTUIN IONIyICHUS
¥ 103 KJIETOK, pa3HUIIBI ITyTel BBEACHMS 1 BKITIOUCHUSI
B MICCIeNOBAaHNS MAIIMEHTOB C PA3IMYHBIMA KJIIMHIYC-
CKMMMU cocToSTHUSIMU. B 1enom oxasanock, yto MCK
¥ CTBOJIOBBIE KJIETKI KOCTHOTO MO3Ta UMEIOT OOJTBIITIIA
TOTEHITUAJI TIPUMEHEHMS 110 pe3y/IbTaTaM KOMIUIEKCHO-
ro aHaim3a. YTo KacaeTcs CIToco00B TOCTaBKH KIIETOK,
WHTPpaMHUOKapANAJIbHBIA M WHTPAKOPOHAPHBIA ITyTH
MMOKAa3bIBAaIOT HAMHOTO 00Jice BBICOKUIT MOTECHIINAI,
yeM BHYTPUBEHHOE BBelIecHIE. MexXaHN3MBI TeCTBHS
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BBEICHHBIX KJIETOK, TJIABHBIM 00pa3oM, BKIIIOYAIOT
mapakpuHHBIC 9((HEKTH CICACTBUEM aKTHBAIIUM ITH-
TOKWHOB, XeMOKWHOB U ITOBBIIIICHNS YPOBHS (PaKTOPOB,
KOTOPBIC TIOMABJISTIOT aIlOINTO3 KJIETOK M (pUOPO3 U IIy-
TeM aKTUBAIIMU SHIOTCHHOM peTeHepaTUBHOMN CUCTEMBI.

Jpyrue ajneMeHTHI 3aCIyKMBalOT 0oJiee TITy0OOKOro
W3YYeHMsI OTHOCUTEILHO ONTHMAaJIbHOIO IpoIliecca
pasnesieHus1, UaeaqbHOTO BMIA KJIETOK, 103bl, BpeMEHU
¥ TIyTH BBEIACHMS, a TaKXKe KIMHUYECKNX MOKa3aHUIA.
XOTsT 00JIBIIOe KOJTMYECTBO CPAaBHUTEIBHBIX MCCIIEIO0-
BaHMIT JAIOT BeCbMa BaXXHBIC PE3YJIBTATHI, MX BCE CIIe
HEIOCTATOYHO, YTOOBI MOJYIUTh HAMIYIIIYIO CXEMY
BBIOOpA TepalleBTUUECKMX IIPpOrpaMM JiedeHus. B Ha-
crosiIee BpeMsl IIPOIOKAIOTCS KPYITHOMACIITAOHBIC
PaHIOMU3UPOBAHHBIE UCCIIETOBAHUS B LIEJISIX ONITUMU-
3a1uu 3G HEKTOB JieUeHUSI.

Kpowme Toro, npyrue BUIbI KIeTOK, Takie Kak MCK
myImoBUHE! YeaoBeka, MCK m3 KpoBH ITyIIOBUHEI, a
takke MCK, BrImelleHHBIC U3 XUPOBOUM TKaHU, IT0-
Ka3bIBaIOT XOPOIINE MEPCIIEKTUBBI IIPUMEHECHUS IS
JICUCHUST WIIEMIIECKON KapAMOMUOIIATUH. DTO TOI-
poOHOe 3aK/I0UYeHre OyIeT CTUMYJIMPOBATh TIIYOOKUA
WHTEpEC K MPOBENCHUIO NOTMOJHUATEIBHBIX U 6osee
IMMPOKOMACIITAOHBIX KIMHUIECCKUX MCCICIOBAHNA.
MbsI cunTaeM, 9TO Oyaromaps IMPOIOIKEHUIO MCCIe-
TOBAaHWN M MHOTONPOMIILHBIM TUCIUIIMHAPHBIM
YCHJIMSM TPAHCIUIAHTAIINST MYJIBTUIOTCHTHBIX CTBO-
JIOBBIX KJICTOK JTACT YIOBJICTBOPUTEIBHBIC PE3YIbTaTh
B OTHOLUEHWU JICUEHUS TMALMEHTOB C ULIEMUYECKOM
KapIuOMMOITaTHEIHA.

Tak Kak cepIeuyHO-COCYIUCTHIC 3a00JIcBAHUS
(CC3) aBstioTes BemyIiei IpUIUHOI 320016 BaeMOCTH

M CMEPTHOCTH B MHpE, TO HEOOXOOIUMO pa3padoTaTh
HOBBIC TE€XHOJIOTUH, KOTOPHIE TagyT BO3MOXHOCTh
C YCIIEXOM JICUNTh JaHHBIC 3a00eBaHus. JoCTIKeHIS
B 00JIACTU MOJICKYJISIPHO# OMOJIOTUH U LINTOJIOTUH TI0-
3BOJIMJIY BEISIBUTH TCHETUIECKHUE TIPS TUKTOPHI PA3BUTHS
CC3, 00BSICHUTD HOBYIO TOUYKY 3pEHMSI OTHOCUTEIIBHO
npoduIaKTUKU U JiedueHus1. TakuM o0pa3oM, ObICTpoe
pa3BHUTHE U COBEPIICHCTBOBAHNE METOINK PEIAKTHPO-
BaHUd TeHoMa, Takux Kak CRISPR-Cas9 no3Bosior
BIIMSITh HA CJIOXHBIM T€HOM, KOTOPBII KOHTPOJIUPYET
BO3HHUKHOBEHME TOTO MJU MHOTO 3a00JeBaHUS.
MonekylsipHble OMOJOTU CTpEeMSTCS pa3paboTaTh
TaKyI0 METOIOJIOTHIO, KOTOpask MOTJIa ObI UCKITIOUNTH
WUIX CHU3UTHh BEPOSITHOCTh MYTAIIMi, BHI3BIBAIOIINX
CC3. HeobxognMo yCTAaHOBUTH MOJIEKYJISIpHBIE Me-
XaHW3MBI VTSI PETYIISILIUY MyTUPOBABIIMX T€HOB M IS
TIPEOIOJICHMS IIPOOJIeM IIepeHoca TepaIlleBTUICCKOTO
TEHEeTMIECKOTO MaTeprajia B MyTHPOBAaBIINIE KIICTKH.

CTBOJIOBBIC KJIETKH CUYMTAIOTCSI PEBOJIONUECH B pe-
TeHEepaTUBHOM MEIWIIMHE, a MX cOYeTaHNEe ¢ TeHHOM
Teparmeil CerOTHS CBUIECTEIBCTBYET O OOJIBIIIOM IOTCH-
Maje ISl JICUCHUS pa3IMIHbIX 3a00J1eBaHmi. OMHAKO
TeHHAas Tepalnsl — 3TO PeaTbHOCTh, PAaBHO KaK U TO,
YTO CTBOJIOBBIC KJIIETKH 3aHUMAIOT 0CO00E MECTO B Me-
muiHe. BaxkHO ITOI4epKHYThH, YTO K TCHHOM TepaItny
clielyeT OTHOCUTBCS ¢ OOIBIIOI qoeil HAyIHOM, TPo-
(heccrmoHaTbHOM U KITMHIYECKOI OTBETCTBEHHOCTH, TAK
KaK HeJIb3sT MCKITI0YaTh BO3MOXHOCTh TeHETUUECKIX
MaHUITYJISIINH, KOTOPBIE MOTYT OBITh OIIACHBIMU IS
3II0POBBS YeJIOBEKA.

Kongauxm unmepecoé omcymcmeyem.
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Ischemic cardiomyopathy is becoming a leading cause of morbidity and mortality in the whole world. Stem
cell-based therapy is emerging as a promising option for treatment of ischemic cardiomyopathy. Several stem cell
types, including cardiac-derived stem cells, bone marrow-derived stem cells, mesenchymal stem cells, skeletal
myoblasts, CD34+ and CD133+ stem cells have been used in clinical trials. Clinical effects mostly depend
on transdifferentiation and paracrine factors. One important issue is that a low survival and residential rate
of transferred stem cells blocks the effective advances in cardiac improvement. Many other factors associated
with the efficacy of cell replacement therapy for ischemic cardiomyopathy mainly including the route of delivery,
the type and number of stem cell infusion, the timing of injection, patient’s physical conditions, the particular
microenvironment onto which the cells are delivered, and clinical conditions remain to be addressed. Here we
provide an overview of modern methods of stem cell delivery, types of stem cells and discuss the current state
of their therapeutic potential.

Key words: mesenchymal stem cells, cardiac-derived stem cells, skeletal myoblasts, bone marrow-derived

stem cells, intramyocardial injection, transvascular cell delivery.

INTRODUCTION

Reduced blood flow in a myocardial infarction affected
area is the leading cause of morbidity and mortality
in patients with ischemic cardiomyopathy [1, 2].
Although averagely 1% of adult cardiomyocytes appear
to possess the ability of self-renewal, they cannot provide
recovery of heart tissue after an infarction or some
serious heart damage [3—5]. Thus, ischemia-induced
apoptosis and necrosis of cardiomyocytes damage
the geometry of the left ventricle undergoing progressive
remodeling, hypertrophy and proliferation of fibroblasts,
which results in cicatrization and poor contractility
of the left ventricle [6—8]. Such common treatment
strategies as pharmacotherapy, coronary artery bypass
grafting and coronary artery stenting allow the recovery
of blood supply to the ischemic regions and relative pain
relief, but they fail to treat pathophysiological changes
after ischemic injuries, and regenerate the muscle
tissue of the heart. Therefore, the essential effect
of treatment is to enable regeneration of myocardial
cells using cardiac progenitor cells or other exogenous
multipotent stem cells [9]. Stem cell implantation for the
treatment of ischemic cardiomyopathy brought a new
age to patients, and at the same time it faces numerous
challenges. A lot of evidence suggests that the stem cells
perform regeneration of the damaged part of the heart
by differentiating into cardiac muscle cells, promoting
angiogenesis, proliferation of endogenous cardiac stem
cells and secretion of cytokines, chemokines and growth
factors that activate endogenous reparative responses,

inhibit cellular apoptosis and fibrosis, and improve
myocardial contractility [10]. In the last decade, many
clinical trials have been conducted to assess the safety,
feasibility and efficacy of stem cell administration
in patients with ischemic cardiomyopathy. Different
types of cells, including bone marrow-derived stem
cells, mesenchymal stem cells, cardiac-derived stem
cells, skeletal myoblasts and hematopoietic stem cells,
have been used to evaluate the potential therapy based
on the stem cells. However, promising results from
numerous clinical studies, in improvement of functional
parameters, have shown several ineffective treatments.
Cell transport modes and their doses, cell isolation
procedures and transplantation time can determine
effects on improving heart function. This paper
presents the status of previous clinical trials and future
perspectives for the use of stem cell therapy in patients
with ischemic cardiomyopathy.

RESULTS
ENDOGENOUS/PROGENITOR CARDIAC STEM CELLS

In 2003, cardiac stem cells (CSCs) were discovered
by Nadal-Ginard and his colleagues, who outperformed
the traditional understanding that the heart is a terminal-
differentiated organ [11]. Multipotential and self-
renewal characteristics of these cells have been identified
on animal models, proving their ability to differentiate
into cardiomyocytes, endothelial cells, and smooth
muscle cells, indicating the potential regenerative
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capacity of the adult heart [12]. Experimental studies
have reported that cardiomyocytes can be derived from
different types of cardiac stem cells, including c-kit+
cells, isl-1+ cells, and sca-1+ cells (limited to the mouse
heart) and cardiosphere-derived cells (CDC) [13].

The CDCs are extracted with a biopsy of the heart
and grown in the form of clusters possessing heterogeneous
cell populations positive for c-kit (endogenous stem
cell), CD105 and CD90 (cardiovascular MSC), but
negative for CD45 (hematopoietic stem cells), thus
indicating their capacity for clonogenic, self-renewing
and multigenic differentiation [13]. The CSCs are
mainly located at the top of the left ventricle and the
atrial tissue. To date, several clinical studies (in different
clinical stages) have been approved and/or completed
to demonstrate the feasibility, safety and efficacy of CSC
cell transplantation therapy in patients with ischemic
cardiomyopathy.

The first clinical phase I study involving 16 patients
after endured coronary artery bypass grafting
and postinfarction left ventricular dysfunction (ejection
fraction <40%), suggested that an intracoronary
infusion of one million autologous CSCs (c-kit+ cells)
increased left ventricular ejection fraction (LVEF)
from 30.3 to 38.5% at four months and to 42.3% at one
year. In addition, it reduced the size of the area affected
by infarction in seven patients, from 32.6 to 24.8 g
at four months and to 22.8 g at 1 year [14]. Later,
arandomized phase I clinical trial conducted by Makkar,
et al. evaluated the safety of intracoronary infusion
of cardiosphere-derived cells (CSCs) in patients with
left ventricular dysfunction after myocardial infarction
(with left ventricular ejection fraction of 25—45%) [15].
The obtained results demonstrated a decrease in the mass
of damaged tissue, an increase in the weight of healthy
heart tissue and regional contractility, during the six-
month trial in the group of patients treated with CDCs,
but did not show significant differences in changes
of end-systolic volume, end-diastolic volume or LV
ejection fraction, compared with patients undergoing
conventional therapies. Fortunately, there were no
serious adverse effects during the six-month trial, thus
indicating the safety of CDC implantation treatment
for myocardial infarction.

The CADUCEUS (CArdiosphere-Derived
aUtologous stem CElls to reverse ventric Ular dySfunction)
randomized and controlled trial was performed on patients
with left ventricular dysfunction in order to examine
the effectiveness of this therapeutic method [16].

EXOGENOUS STEM CELLS
BONE MARROW-DERIVED MONONUCLEAR CELLS

Bone marrow-derived mononuclear cells (BM-
MNCs) are a mixed population of different types
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of non-differentiated cells that contain primary cells,
hematopoietic stems (HSCs), endothelial progenitor
cells (EPCs) and a fractional part of about 0.01%
of mesenchymal stem cells (MSCs) [17]. Even though
most BM-MNC:s are not stem cells, the effects of cardiac
recovery are considered and are mainly dependent
on a significant source of hematopoietic stem cells
(HSCs) that contribute to the development of new
heart tissue and blood vessels. It is generally accepted
that cardiac recovery with HSC therapy may depend
on the secretion of growth factors and other proteins that
promote angiogenesis and stimulate the proliferation
and migration of endogenous cardiac stem cells
and cardiomyocytes [ 18, 19]. Several clinical trials have
shown that the intracoronary administration of adult/
progenitor bone marrow stem cells in patients with acute
myocardial infarction enhances the contractile function
of the left ventricle, which was reported by REPAIR-
AMI and TOPCARE-AMI clinical studies [20, 21].

It has been shown that the treatment of stem
cells separated from the bone marrow significantly
reduces unwanted clinical manifestations. Therefore,
clinical experimental responses confirmed the efficacy
and feasibility of BM-MNSC therapy in the treatment
of ischemic cardiomyopathy, although detailed
mechanisms of the use of these cells have not been
confirmed. Furthermore, much more convincing results
on the improvement of ejection fraction of the left
ventricle, cardiac contractility and exercise capacity have
been suggested by numerous clinical studies [22—24].

To date, the largest meta-analysis conducted
by Jeevanantham, et al. has also reviewed
the systemically classified clinical results of 50 studies,
involving 2562 patients with acute or chronic ischemic
cardiomyopathy [25]. Regardless of the detailed plan
ofthis study (e.g. pathway and time of cell transplantation)
and specific types of ischemic cardiomyopathy (acute or
chronic), patients treated with mononuclear stem cells
separated from the bone marrow showed a moderate
increase in the ejection fraction of the left ventricle
(~3.96%), ESV, EDV and a moderate reduction in the
area affected by the infarction (~4.03%), compared
with control subjects. This analysis also showed that
mononuclear stem cells of the bone marrow significantly
reduced the occurrence of some manifestations,
including death, myocardial infarction rate and stent
thrombosis. This progress is consistent with another
recent meta-analysis released in 2014 [26].

The aggregate results from 32 trials, which
included 1300 patients treated with BM-MNC
therapy and 1006 patients who went to regular
controls (both groups with acute coronary syndrome
or stable coronary disease) demonstrated a statistically
significant increase in LVEF (~ 4.6%) and reduction
of the damaged area (~9.5%). However, another
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recent meta-analysis has exposed the contradictory
conclusion of 22 randomized trials [27]. In this
study, improvement in the cardiac function of MRI
parameters or clinical outcome was not demonstrated
despite a slight increase in the left ventricular ejection
fraction (~2.1%), although the safety of BM-MNC
therapy for patients with ischemic cardiomyopathy
was again demonstrated. The lack of improvement
of the ventricle using BM-MNC therapy enhancement
was parallel in a recent clinical study, which included
28 patients with advanced ischemic cardiomyopathy
[28]. After 6 months, patients treated with BM-
MNC therapy did not show significant improvement
in LVEF, ESV, and in the volume of affected left
ventricular infarction, indicating ineffective treatment
results with this type of stem cells.

Another placebo-controlled study, which included
65 patients with ischemic cardiomyopathy and a LVEF
of less than 50%, showed no statistically significant
increase in the ejection fraction and the reduction
of affected infarction area [29].

MESENCHYMAL STEM CELLS

Mesenchymal stem cells (MSCs) mainly
express cell surface antigens: CD73, CD90, CD105,
CD44 and CD133, as well as CD105 surface molecules
[30, 31]. They have many advantages: the ability
to self-renew, multi-cellular differentiation potential,
low immunogenicity, immunosuppressive properties
and low carcinogenicity, and do not face the risk
of immune rejection [32]. Under appropriate stimulation,
the mesenchymal stem cells can be differentiated into
cardiomyocytes [32], or they may develop some growth
factors for heart recovery. However, the survival rate
and migration abilities in the target tissue are two
key factors for determining the therapeutic effects
of mesenchymal stem cells. Many clinical studies
have shown improvement in cardiac function after
the treatment of ischemic cardiomyopathy by using
mesenchymal stem cells, despite several ineffective MSC
therapy results [33].

A placebo-controlled trial included 69 patients
with acute myocardial infarction after percutaneous
coronary intervention, who were randomly assigned
to receive intracoronary injection of BMSCs (n=34)
and saline (control group, n= 5). Three months after
transplantation, there was a significant improvement
of the left ventricular ejection fraction (LVEF)
and the ESV/EDV ratio as compared with the control
group, thus suggesting efficacy of MSC in recovery
of the cardiac function [34]. Intravenous injection
of allogeneic mesenchymal stem cells, which reduced
episodes of ventricular tachycardia and increased
LVEF, produced a similar effect as in the previous study
for a period of six months [35].

Later, another clinical study of intramyocardial
injection of autologous mesenchymal stem cells
in patients with myocardial infarction showed a reduction
in the myocardial infarction area and an improvement
in left ventricular function after one year [36]. These
conclusions were confirmed by subsequent clinical
trials that suggested that patients with acute myocardial
infarction showed improvement in LVEF, in the
group of patients treated with mesenchymal stem cells
compared to the control group [24, 37].

COUNTERARGUMENTS

But the work published in the Journal of the
American Medical Association in 2014 revealed that
although the transendocardial injection of mesenchymal
stem cells improved the six-minute walk, the function
of the myocardium, and reduced the area affected by the
infarct, no changes in left ventricular chamber volume
and ejection fraction were observed [29].

Two meta-analyses evaluated the efficacy of MSC
therapy in the treatment of ischemic heart disease
and concluded that MSC treatment significantly reduces
the risk of death, reduces weekly angina episodes
and leads to a better quality of life [38, 39].

A recent meta-analysis, involving 1255 patients,
produced moderate-grade evidence suggesting that
MSC therapy improves the LVEF [40]. Therefore, many
of these studies have shown improvement in cardiac
function, reduced left ventricular dilatation, and a faster
recovery of patients suffering from acute myocardial
infarction or ischemic cardiomyopathy [41]. Although
the effects of treatment with MSC grafting do not always
reach the target site, significant prospects have been
demonstrated in the treatment of acute myocardial
infarction or ischemic cardiomyopathy.

SKELETAL MYOBLASTS

Skeletal myoblasts (SMs) are a small population
of undifferentiated and inactive stem cells found
in mature skeletal muscle fibers. When injuries occur,
SMsare activated, rapidly proliferated and differentiated
into muscle fibers to replace the injured or muscle
cells that are extinct [42]. Experimental results have
demonstrated their ability to migrate in the infarct-
affected area, to differentiate into skeletal muscle
myotubes [43] and to improve angiogenesis, thereby
improving heart function and accelerating the recovery
of the heart muscle [44].

Several pilot studies have shown to some extent an
improvement in LVEF and recovery of the ventricular
chamber following the use of SM therapy.

Patients with severe ischemic cardiomyopathy,
whose heart was injected with autologous SM, showed
improvement in LVEF, as well as the New York Heart
Association functional class after 6 or 11 months
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after the surgery [45, 46]. Although these studies
have demonstrated the feasibility, safety and modest
effects of SM grafting for the treatment of ischemic
cardiomyopathy, the high incidence of ventricular
arrhythmia attacks following myoblast transplantation
is drawing attention [47]. In addition, a recent six-
year study, conducted after SM cell transplantation
in 7 patients with heart ischemia, implies that SM therapy
did not improve left ventricular function [48]. Moreover,
in the group of patients treated with SM therapy, a higher
incidence of interventions was observed in those patients
who had an implantable cardioverter defibrillator (ICD)
compared to the control group [49]. Therefore, SM
therapy has shown some therapeutic effects in patients
with chronic ischemic cardiomyopathy, which will
appeal to many scientists to investigate the therapeutic
effects of SM therapy in patients with acute myocardial
infarction.

OTHER TYPES OF STEM CELLS

Several clinical trials, that were completed, focused
on the recovery of the heart, using angiogenesis
and neovascularization in ischemic tissue [50].
Transendocardial injection of CD34+-cells from
the peripheral blood into the heart of patients with
ischemic cardiomyopathy (LVEF <40%) increased LVEF
and the six-minute walk test, demonstrating improved
left ventricular function and better exercise capacity
[51]. In addition, CD34+-cell therapy in patients
with various-severity angina and myocardial ischemia
showed a significant reduction in the incidence of angina
and tolerance to exercise [52—54]. The main adverse
effects were not observed in these CD34+ treatment
studies. It has also been reported that CD133+-cell
therapy has positive effects on moderate improvement
in cardiac function, without serious adverse effects,
in patients with chronic ischemic cardiomyopathy,
using intramyocardial injection [53—55]. However,
a clinical trial called «Cardiol33» showed no effect
on left ventricular function and clinical symptoms
in patients with chronic ischemia and impaired left
ventricular function, treated with intramyocardial
injection of CD133+-cells [56].

DISCUSSION

Numerous results have shown the effects of the
treatment of ischemic cardiomyopathy using several
types of stem cells. Although the number of CSC cells
is limited (one cell at 8,000 to 20,000 cardiomyocytes),
they can generate enough cardiomyocytes a day in order
to preserve the balance of recovery of myocardial cells
in a healthy heart. These cells cannot tolerate major
acute damage to the heart tissue [57].

The CSC therapy is mainly focused on patients with
myocardial infarction or left ventricular dysfunction,
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mainly due to cardiac fibrosis, when the affected area did
not have enough blood flow and this therapy proved to be
more effective in treating myocardial infarction than
ischemic cardiomyopathy [24]. However, these limited
clinical findings cannot fully demonstrate the practical
abilities of CSC therapy in the treatment of ischemic
cardiomyopathy.

To date, it is known that BM-MNC therapy has
shown very different and disaggregated results, which
have reported modest effects or that there are no positive
effects in the function and left ventricular geometry.
Fortunately, no major adverse effects were found
in clinical trials. All in all, BM-MNC therapy has been
widely used in patients with acute or chronic ischemic
cardiomyopathy. However, contradictory results have
been presented, due to the effects of numerous factors,
which mainly involve the methods of isolating the bone
marrow-derived mononuclear cells, as well as the type
and total number of injected cells. Cell mechanisms that
affect the efficacy of therapy include effective homing,
proliferation and differentiation of the injected bone
marrow-derived mononuclear cells [58].

These results are expected to be an initiative for larger
randomized and controlled clinical studies, which
is related to the improvement in the cell isolation
procedure and the selection plan for transplantation. As
for the SM cells, they have several unique advantages,
such as autologous origin, they are easily accessible, easy
to isolate, have a high level of flexibility, high resistance
to ischemia, and a lack of carcinogenicity [55].

However, these vague and conflicting results have
issued an order to initiate large randomized trials and the
use of SM cells for further assessment of efficacy in the
treatment of acute/chronic cardiomyopathy. However,
what is worth keeping in mind is that ventricular
arrhythmias can be a potential risk during SM treatment
[55].

Of the several ongoing studies, it is expected to give
more effective results. Further research is needed
to develop new technologies in the treatment of ischemic
cardiomyopathy. Thus, more preclinical and clinical
trials are needed, which will illuminate the effects
of cell infusion on the progression of cardiac recovery.
Many other types of stem cells will be used to assess
their practical abilities in the treatment of ischemic
cardiomyopathy in the future.

FACTORS INFLUENCING THE STEM CELL

TREATMENT OF ISCHEMIC CARDIOMYOQPATHY

So far, it is obvious that the current status of the
stem cell therapy is very promising, but it faces
several challenges. First, many clinical results have
demonstrated positive effects of stem cell therapy
on the recovery of the heart, regardless of cell type
and transplantation methods. Secondly, the current
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results of stem cell therapy in the treatment of ischemic
cardiomyopathy with high variability and diversity
have shown mild to modest or even conflicting results
in the function and left-ventricular geometry. Lastly,
some types of stem cells and injection routes have
shown severe side effects, such as cardiac arrhythmias
and vascular restenosis. Many important factors affect
the efficacy of cellular infusion, in patients with acute
myocardial infarction or ischemic cardiomyopathy,
including: cell transplant pathways, type and number
of donor cells, as well as medical conditions of the
patient [59—61].

PHENOTYPE AND STEM CELL NUMBER

The phenotype of transplanted cells has many
correlations with safety and efficacy. MSC transplantation
in patients with ischemic cardiomyopathy refers to more
promising results and less side effects, contrary to SM
therapy. The effects of random meta-analysis, performed
on 888 animals, through 52 studies, reported that
BMMNC therapy showed poorer results compared
to MSC therapy [62]. Sensitivity analysis described that
efficacy was more relevant in a large number of cells
and subsequent injection of cells (> one week) [52].

A recent comparative clinical trial supported higher
efficacy of MSC therapy compared to BMMNC therapy
[60]. In addition, the number of injected cells in patients
with varying levels of ischemic cardiomyopathy varies
from study to study. A single clinical trial showed that
a low dose of mesenchymal stem cell concentration
(20 million) resulted in an increase in LVEF, compared
to a group of patients injected with a higher cell dose
(100 million and 200 million) [52], consistent with other
comparative results, that say a low dose of intramyocardial
injection of CD34+-cells shows a greater improvement
in exercise tolerance and reduction in the incidence
of angina compared to a group of patients with a high
dose of therapy [63]. These cases show the importance
of the nature and dose of injected cells, which requires
further research in detailed clinical studies.

ISOLATION PROCEDURE

Cell preparation techniques are basically developed,
but are to some extent variable due to different periods
of incubation. Monoclonal stem cells isolated from
the bone marrow are available and injected into patients
on the same day after isolation, but other types of stem
cells go through the selection, culture and expansion
process, which can take several days or weeks. The usual
methods for isolating mesenchymal stem cells and stem
cells isolated from the heart include a large number
of open procedures.

Different centrifugation speeds and the composition
of the wash buffer during treatment of cells correlate
with the therapeutic effects of ischemic heart disease

[64]. Different protocols and components for isolating
stem cells and their storage maintain great differences
in response to the functional ability to return normal
blood flow after BM-MNC transplantation [65].
Contamination of erythrocytes during the isolation
process of bone marrow mononuclear cells also
reduces cellular viability, migratory function, colony
formation capacity, and neovascularization capacity
[66]. Also, studies on the development of new
technology are ongoing, in order to improve the quality
and quantity of cells. A combination of preclinical
and clinical studies will produce good results, in terms
of developing the best and easiest way to generate
the best cells in the body [67].

LOW VIABILITY AND HOUSING RATE
OF TRANSPLANTED STEM CELLS AND STRATEGIES
FOR INCREASING EFFICACY

Although stem cell therapy imposes a promising
approach to heart treatment and cardiac failure after
a myocardial infarction, the problem of low efficacy
imposes a number of issues. This occurs not only
because of the significant loss of transplanted cells
due to blood circulation, myocardial contraction
and leakage from the site of the sting, but also
because of the low level of survival of host cells due
to environmental damage, arising after ischemic,
hypoxic, inflammatory response or oxidative stress
[68]. Various methods have been used to improve cell
survival rates and to improve the functional capabilities
of these stem cells. An improvement project involves
the pre-treatment of cells by environmental conditions
and pharmacological, genetic manipulation of stem
cells prior to transplantation, combined transplantation
of stem cells with molecules of extracellular matrix,
nanofibers, hydrogel or fibrous adhesive; as well as
a combination of therapy using two types of stem
cells [69].

First, pre-treatment cells can maintain the standby
state by activating cellular signaling pathways to make
them resistant to the enemy environment. Hypoxia
or pre-induction of shock waves has been effectively
demonstrated to prevent extensive transplant cell
transplantation through several processes, including
modification of cell phenotype, secretion of different
cytokines, and an increase in transcription and translation
of antiapoptotic gene [68, 70, 71]. Preclinical studies
have shown that treatment of mesenchymal stem cells
with transforming growth factor-a (TGF-a), basic
fibroblast growth factors, interleukins-13 (IL-18)
or transforming growth factor-f (TGF-f3) improves
myocardial protection and stimulates angiogenesis [72,
73]. It has also been proven that lysophosphatidic acid
and atorvastatin can save rat mesenchymal cells from
hypoxic apoptosis [74].
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Secondly, the genetic engineering of mesenchymal
stem cells has become a promising approach to 'improving'
these cells in order to protect themselves from apoptosis
in order to increase their retention rates and improve
their ability to migrate and differentiate. Excessive
expression of antiapoptotic, progenitor or homing
receptors causes a significant improvement in the
survival rate of mesenchymal stem cells and improves
their migratory ability [75, 76].

Thirdly, subsequent transplantation of cells with
extracellular matrix molecules, nanofibers, hydrogels
or fibrin glues, can directly increase the retention rate
of cells that are subjected to certain treatments and also
stimulate cell survival and their differentiation [77].

An encapsulation of the cardiac stem cells within
the matrix-enriched hydrogel capsule prevents
cell death and improves retention of the cardiac
stem cells [77]. The last two studies reported that
the transplantation of mesenchymal stem cells,
cultured on the nanomatrix or on the 3D extracellular
matrix, can successfully improve the retention
rate of mesenchymal stem cells and stimulate cell
proliferation, adhesion and migration, which again
demonstrated the potential application in regenerative
ischemic cardiomyopathy therapy [78, 79].

Another experimental study demonstrated
the formation of a thick layer and the angiogenesis
of transplanted single-layer mesenchymal stem cells
by paracrine effects. However, the grafting of genetically
modified cells has not been performed in undergraduate
studies due to unpredictable consequences of rejection
of foreign cells and arrhythmias [80].

Finally, combined transplantation of autologous
skeletal myoblasts and stem cells separated from the bone
marrow, demonstrated the feasibility and efficacy
of patients with severe ischemic cardiomyopathy,
without generating fatal arrhythmias and complications
[81]. After combined transplantation of SM and bone
marrow cells, patients have shown significant progress
in cardiac function and angiogenesis, as well as reduced
fibrosis. In addition, subsequent injection of human
cardiac stem cells and human mesenchymal stem cells
by intramyocardial infusion caused a greater reduction
ininfarction affected zone, greater progress in contractility
of the left ventricle and improvement of stem cell survival
rates, compared with each group of injection of separate
type of cells and the placebo group, which reflects an
important biological interaction between c-kit+-stem
cells of the heart and mesenchymal stem cells.

Thus, these preclinical and clinical results represent
an important basis for further testing, in order to improve
the quality of life and the cardiac function. Therefore,
many unexplored and unknown fields deserve deeper
testing, in order to find promising treatment of ischemic
cardiomyopathy.
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CONCLUSION AND PROSPECTS

Summing up, it should be mentioned that the safety
and feasibility of stem cell-transplant therapy in patients
with ischemic cardiomyopathy have been widely studied
in numerous clinical studies. MSC and BM-MNC
cell therapy have been widely tested in patients with
acute or chronic ischemic cardiomyopathy and certain
therapeutic effects have been demonstrated. MSC
therapy shows more promising results in patients
with acute myocardial infarction and is a good basis
for clinical applications in the near future. Although
SM, CD34+ and CD133+ were used in patients with
ischemic cardiomyopathy, they showed less application
potential than treatments with MSC and CSC cells.
Similar results of transplantation of these types of stem
cells have shown modest and controversial improvement.
However, the inconsistent results of the efficacy
assessment are not surprising, due to the use of various
techniques and doses of cellular transplantation, due
to the use of several pathways for transplantation
and due to different conditions in patients. Overall,
the mesenchymal stem cells and stem cells of the bone
marrow seem to have greater application potential,
based on the results of a comprehensive analysis. As
for pathways for cell transplantation, intramyocardial
and intracoronary pathways show much greater potential
than intravenous injection. Mechanisms of action of cell
pretreatment include paracrine effects by activating
cytokines, chemokines, and increasing factors that
will inhibit cell apoptosis and fibrosis, and activate
the endogenous regenerative system.

Other elements need to be deeper examined in order
to achieve maximum efficiency in terms of optimal
separation process, good stem cells, cellular dose,
timing and cell transplant pathways, as well as clinical
indications. While a large number of comparative studies
provide very important results, they are not sufficient
to offer the best choice of therapeutic programs. Large
random studies are ongoing, in order to optimize
therapeutic effects.

In addition, other cell types, such as human
mesenchymal cord stem cells, mesenchymal stem
cells from the umbilical cord blood and mesenchymal
stem cells separated from the fat tissue, show a good
prospect in the application of the treatment of ischemic
cardiomyopathy. This detailed conclusion will stimulate
great interest in additional and large clinical trials.
We believe that through the continuation of research
and joint multidisciplinary efforts, the transplantation
of multipotent stem cells will produce a satisfactory
response to the treatment of patients with ischemic
cardiomyopathy.

Since cardiovascular diseases (CVD) are the leading
cause of morbidity and mortality in the world, it is
necessary to develop new technologies that will
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enable the treatment of these diseases. Progress
in the field of molecular and cell biology allowed
the illumination of genetic causes involved in the
development of cardiovascular diseases, highlighting
anew point of view in terms of prevention and treatment.
Thus, the rapid development and improvement
of genome editing techniques, such as CRISPR-Cas9,
make it possible to influence the complex genome that
controls the onset of the disease. Molecular biologists
seek to develop a methodology that can nullify or
mitigate the effects of CVD-inducing mutations,
and it is necessary to establish molecular mechanisms
for the regulation of mutated genes and to overcome
the problems of transferring therapeutic genetic material
into mutated cells.

Stem cells are considered a revolution in regenerative
medicine, and their combination with genomic therapy
today suggests great potential for the treatment of various
diseases. However, gene therapy is a reality, as well as
the fact that they have their place in medicine. It is
important to point out that gene therapy should be
tackled with a high degree of scientific, professional
and ethical responsibility, since it is not possible
to exclude the possibility of genetic manipulations that
are dangerous to human health.
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