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UCNONIb30BAHUE CTBOJIOBbIX KNETOK
MPW ULEMUYECKON KAPAWOMMUOMNATUM
YACTDb 1

MUJINKA MACJTOBAPUY!, HUKOJIA ®PATUYZ, DMUJINA JEJTEBUY3

1 Dono codeiicmeus pazeumuio Hayku Prona,

2 Omdenenue cocyoucmoii xupypeuu, Knunuueckuii yenmp Yeproeopuu,
3 Meouyunckuii paxyasvmem, Yuueepcumem Yeproeopuu, Iloozopuya, Yeprocopus

Hwemuueckasn kapouomuonamus — 5mo 00Ha U3 6e0yuUX NPu4UH 3a6018aeMOCMU U CMEPMHOCINU 80 BCEM
mupe. IlepcnekmusHolM HANPAgaeHUEM 6 AeUeHUU UeMU1ecKoll KapouoOMUoOnamuu 64aemcs mepanus ¢ uc-
N0Ab308AHUEM CTNBOA0BBIX KAEMOK. B KAuHUuecKux uccaed08aHusx Uzy4aioch HeCKOAbK0 U008 CMBOA0BbIX
KAemoK, 6KAI04Asl CMB0A08ble KAeMKU cepoyd, KOCMHOMO03208ble CMB0108ble KAeMKU, Me3eHXUMAAbHble
CcMeo0a08ble KAemKU, ckeaemuble Mmuobaacmot, cmeonogvie knemxu CD34+u CD133+. Kaunuueckuil aghgpexm
6 3HAUUMEAbHOIL CIMeNneHU 3A8UCUmM Om MpanHcougdgepeHyuposKU u napaKpuHubix paxmopos. OOHa u3 6aiNCHbIX
npobaem 3aKA04aemcs 8 MoM, 4mo HU3KUe YPO8HU KAK BbiCUBAEMOCTNU, MAK U NPUNICUBACHUS NEePECANCEHHBIX
CMBOA0BBIX KACMOK CHUNCAIOM Pe3YAbMAMUBHOCb 80CCIMAHOBACHUS NOBPENCOeHHbIX cmpyKkmyp cepiya. Ewe
npeocmoum uzy4ums MHONCeCHE0 Opyeux (paKmopoas, acCouUUPOBaHHbIX ¢ IPPeKMUEHOCMbIO 3aMeCmMUmenbHol
KAemMO4HOIl mepanuu npu umemu4eckoll KapouomMuonamuu: nyms 00CmagKu, ud u KoAuuecmeo 6600UMbIX
CMB0A0BLIX KAEMOK, CPOK 88e0eHUs, (hu3u1ecKoe cocmosaHue NayueHma, KOHKpemHoe MUKPOOKpYJceHue, 8 KO-
mopoe nonadarom 8600uMble KAeMKU, A MAKice KAUHU4eckue ycaosus. B cmamoe npugodumes kpamruii 0630p
Memodos 00cmasKu CMEoA08bIX KAeMOK, UG08 CINB0A08bIX KAEMOK U 00CYHC0aemcs COBPEeMeHHOe COCIOSHUE

ux mepaneemu4ecKoco nomernuyuania.

Karoueesvie caoea: mezenxumanbHblie cmeonogvle Kaemku, cmeoaosvle Knemku cepaua, cKenemmuble Muooaa-
Cmbsl, KOCMHOMO03206ble CMEB0.106blE K/1eMmKU, 6’Hym[)LlMll0KCl[)aLla./le06 66606HH€, mpchcocyaucmaﬂ docmaska.

BBELEHUE

CHI:XKeHIe KPOBOCHAOXKEHUS B 00JIaCTH NITEMU3U-
POBAHHOTO MMOKapiaa SIBJISIETCSI OMHOM M3 OCHOBHBIX
MIPUYUH 3a00JIEBAEMOCTH I CMEPTHOCTH Y TAIINEHTOB
¢ MIeMHuYeckoil KapauomuoraTtueit [1, 2]. XoTs oko-
0 1% XapaInoOMMOLMTOB 00JIaZal0T CITOCOOHOCTHIO
CaMOOOHOBIICHHSI, OHM HE MOTYT OOECICYUTh BOCCTA-
HOBJICHHE CEepICUYHBIX TKaHEH Iociie MH(papKTa UIN
TSDKEIOTOo ToBpexaeHus cepana [3—35]. Tak, obycnos-
JICHHas UIIeMUEH aloNTOTHIeCKass U HEKPOTHIeCKast
ru6eTh KapIUOMUOIINTOB N3MEHSIET TeOMETPHIO JICBOTO
KeJTyIoYKa, IIPOMCXOIST IPOIECCH PEMOICTINPOBAHMS,
rutieptpocdun u nponudepanuu ¢GudpoodIACTOB, YTO
IIPUBOIUT K pyOIIEBAHUIO U YXYAIIICHUIO COKPAIIICHUS
JIEBOTO Xenynouka [6—8]. Takue IIMpoKo pacipocTpa-
HEHHBIC CTpAaTeTUM JCUCeHUSI, KaK (papMaKoTeparmms,
A0pTOKOpPOHAPHOE ITYHTUPOBAHUE M CTCHTHPOBAHUE
KOPOHApPHOM apTepHUy ITO3BOJISIOT BOCCTAHOBUTH KPO-

BOCHAOXeHNE UIIIEeMU3UPOBAHHOTO YIAaCTKA U CIIOCO0-
CTBYIOT YMEHBIIICHUIO 00JIEBOTO CMHAPOMA, OTHAKO
OHU HE B COCTOSTHUM OOpaTUTh (PM3NOJIOTHIECKIEC 13-
MCHCHUS MOCJIe NIIeMHICCKOTO MOBPEXKICHUS, PaB-
HO KaK M BOCCTAaHOBUTH MBIIICUHBIC TKAHW CEplia.
CiemoBaTeIbHO, OCHOBHOM 3(P(PeKT JIeUeHUsI JOJLKEeH
3aKJIFO9AThCS B BOCCTAHOBJICHNH KJIETOK MIOKAapaa, 9To
MOXET OBITh JOCTUTHYTO IMyTEM BBEICHMS CEPICUHBIX
KJIETOK-TIPEAIIeCTBCHHUKOB YIIN IPYTUX 3K30T¢HHBIX
MYJIBTUTIOTEHTHBIX CTBOJIOBBIX KJIETOK [9]. TpaHcmiaH-
Tal s CTBOJOBBIX KJIETOK IUIS JIEYEHUS UILIEMUYECKOM
KapaIUOMUONATUM OTKPBLIA HOBBIC BO3MOXHOCTH LTSI
MalIMEeHTOB, HO B TO ¢ BPeMsI OKa3aJlach COIpPsDKeHA
C MHOTOYMCJICHHBIMH TTpobieMaMu. HeykimoHHO pacTy-
Iee KOJMIEeCTBO JaHHBIX CBUACTEIBLCTBYET O TOM, UTO
CTBOJIOBBIC KJIETKHM BOCCTAHABIIMBAIOT OBPEXKICHHBIA
YJacTOK CepaIla He TOJBKO ITyTeM HeITOCPeACTBEHHOM
¢ GepeHIMPOBKHN B KJISTKM MUOKapaa, HO U CIIO-
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Puc. 1. NonepeyHbii paspes NeBOV kaMepbl Cepaua ¢ NpusHakamm
cyB3Ha0KapamanbHoro dubposa [12]

COOCTBYSI aHTMOTeHe3y, mpoiudepanuyu IHAOTEHHBIX

CTBOJIOBBIX KJIETOK CEP/ILIA U BHIPAOOTKE LIMTOKUHOB, X€-
MOKUHOB 1 (DaKTOPOB POCTa, KOTOPHIE B CBOIO OUepeb

aKTUBUPYIOT SHIOTEHHBIE PETTAPATUBHBIEC PEAKIINH, TTO-
JABJISTIOT ATloTITO3 KJIETOK ¥ pa3BuThe (hrudposa, a Takxke

yIIy4dmialoT cokpanieHne muokapna [ 10]. 3a mocnennue

10 et mpoBeIeHO GOJTBIITIOE KOJIMIECTBO KIIMHUYECKUX

WCCJIENOBAHUI, HAIIPABJICHHBIX HA BBISIBJICHUE YPOBHS

Oe3ormacHoCTH, 11eJieco00pa3HocTu 1 3(PHEeKTUBHOCTH

TMIPUMEHEHUS CTBOJIOBBIX KJIETOK Y OOJIbHBIX UILIEMUAYE-
CKOW KapauoMuonaTtrei. J1s olileHKY MOTeHIMAaTbHBIX

BO3MOXHOCTEH Teparuu CTBOJIOBBIMU KJIE€TKAMU ObLIU

HWCMOJb30BaHbl PAa3JIUYHbIE BUIBI KJIETOK, BKIIOYas

KOCTHOMO3TOBEIE CTBOJIOBBIE KJIETKU, ME€3€HXUMAaJb-
HbIE CTBOJIOBBIE KJIETKU, CTBOJIOBBIE KJIETKU Cepalla

U TEeMOTIO3TUYECKUE CTBOJIOBBIE KiIeTku. OmHaKO

Hapsny ¢ OOHAIeXWBAIOIIMMU PE3yJbTaTaMU KJIWHU-
YEeCKUX MCCIENOBAHUM, YKA3bIBAIOIIMMU Ha yIy4lle-
HUe (QYHKIIMOHATBHBIX TTApAaMETPOB MUOKapa Mocie

KJIETOYHOW TpaHCHOJAHTALlUU, OTMEYAJIUCh TaKXe

u caydyau Hed(pdeKTUBHOTO JedyeHus. Tepamnes-
TUYECKUN ycleX B yAydylleHUU (GYHKIUU cepaua

3aBUCUT OT CITOCO0A TOCTaBKHU KJIETOK, X BUIIA U JO3HI,
TEXHOJIOTUU BBIIEJICHUSI KJIETOK, BDEMEHU UX TPaHC-
TUTAHTALUU.

NLEMUYECKAY KAPAMOMUONATUSA

Kapauomuonatuu mpeacTaBisilOT cOO0M nereHe-
paTUBHBIC 3a00JIeBaHUA MUOKapaa (puc. 1), KOoTopsle
pPa3BUBAIOTCSl CAMOCTOSITEJIBHO TOJ AeHCTBUEM psiaa
M3BECTHBIX M HEM3BECTHBIX (PaKTOPOB YUIM SIBJISTIOTCSI
JTOTIOJTHUTEIbHBIM MAaTOJI0TUYECKUM 3BEHOM TIPU IPYTUX
06ome3Hsx cepaua. B mocienHem ciaydyae mopakeHue M-
oKapja yalie BCEro o0ycCJIOBI€HO FTeMOAUHAMUYECKUMU
HapyleHUsIMU MPpU CUCTEMHOM UM JIETOYHOU TUMep-
TeH3MSIX, a TaKXKe BCTPEJacTCs TIPU IIPUOOPETEHHBIX
W BPOXAEHHBIX MOpOKax cepila WM UIIeMUYEeCKOM
00J1e3HU cepllia, COCTABIISIS C STUMU MAaTOJIOTMYECKUMU
COCTOSIHUSIMU earHoe 1eoe [11].
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BbifIeNeHHbIX U3 NynoBuHbl [17]

NmeMmuyeckas KapauoMUOIaTUs SIBIIETCS Haubo-
Jiee pactipOCTPAaHEHHBIM BapUAaHTOM AUJIATALIMOHHOU
Kapauomuonatuu. [1pu uireMuyeckon KapauoMuorna-
TUW HACOCHAs (PYHKIIUS CepAlla CHIXKEeHa, YTO CBSI3aHO
C YBEJIMYECHUEM, PACIIMPEHUEM U OCIAOIIEHUEM CUJIbL
JIEBOTO XeJyJ04YKa BCJIENCTBUE HEIOCTATOYHOTO KPO-
BOCHAOXXEHUST CEPIEYHON MBITIIIBI TTPY UTIIEMUIECKOM
6one3Hu cepaua. beuto Moka3aHoO, YTO MPUMEHEHUE
SHIOTEHHBIX CTBOJIOBBIX KJIETOK, Hapsy C TpaguLU-
OHHBIMU METONAMU JIEYEHUSI, MOXKET UMETh BBICOKUA
pereHepaTUBHBIN MOTEHIMA B CIy4ae UIIEMUYECKON
Kapauommornatuu [13].

CTBOJ/IOBbIE KNETKK

CTBOJIOBBIE KJIETKU TPENCTABISIIOT co00ii Heand-
(bepeHLIMPOBaHHBIE KIETKM Pa3TMIHOTO MOTEHIINANA,
00JIaIaI0T CITOCOOHOCTHIO K CAMOPETUTMKAIINY U TPAHC-
dopmanuu B tuddbepeHINPOBaAaHHBIE KIIETKU. Y CIIOBHO
TOBOPST, CTBOJIOBBIE KJIETKHU SIBJISTIOTCST aKTUBHO JIEJISIIIN -
MUCSI KJIETKAMU, KOTOPBIE TTPOU3BOIST IBE TOYEpHUE
KJIETKU, OHA U3 HUX OCTAeTCS CTBOJIOBOW, a Apyras
TpaHchopMupyeTcss B MOTU(DUITMPOBAHHBIN 3peTbIil
nudbepeHIMPOBAHHBIN BUA. DTOTO OMpeneIeHUS
JIOCTATOYHO JTSI OTIMICAHUSI PAHHUX 3TAMlOB 3MOpUOTe-
He3a TocJie OTJIONOTBOPEHUS, OMHAKO 10 MEpe pocTa
¥ pa3BUTUS S9MOPUOHA (DYHKIUS CTBOJOBBIX KJIETOK
ycaoxHsiercsi. OyHKIITMOHAIBHO CTBOJOBBIE KIIETKHU
MOXHO OTIPENeTUTh KaK KJIeTKH, 00Jiagaolie 00ab-
0¥ CITOCOOHOCTHIO K CAMOOOHOBJIEHUIO I CBOMCTBAMM
nuddepeHINPOBAHNS B CIIEIIMATN3NPOBAHHBIC TUTIHI
kjetok [14, 15].

ME3EHXWUMAJIbHbIE CTBOJIOBbIE KNETKK
Me3seHXUMaIbHBIE CTBOJIOBBIE KIJIETKA BCTPEYAIOTCS
BO MHOTHX TKAHSIX OpPTraHW3Ma: B XUPOBOUW TKaHW, TIe
OHM YYaCTBYIOT B pEreHepaIriuy MOy aTUTIOM-
TOB, B KOCTHOM MO3T€, TJI¢ OHU BBITIOJHSIOT (DYHKITUIO
pereHeparyy KOCTHBIX CTPYKTYD, a TAKXKE B XpSIIIiax, e
OHU WUTPAIOT POJTh B (DOPMUPOBAHUY XOHAPOIMTOB. OHU
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HaxOMSITCA B ITyJIbIIC 3y0a M, TIPOJIH-
depupyst, 061aIaI0T CTIOCOOHOCTHIO
muddepeHIMpoBaHusg B GUOPO-
0J1aCTBL. DTH KIIETKH IIPUCYTCTBYIOT
B IIyIIOBUHE (pHC. 2) U B COCTUHM-
TEJILHOI TKaHW B3POCJIOTO YeJIOBE-
Ka. Mopgonornuecku oHU UMEIOT
nupamMuaabHoe cTpoeHue [16].

CKEJIETHBIE MUOB/ACTbI

CkeneTHbIE MMOGIACTHI Ha-
XOIATCSA B CKEJIETHBIX MBILIIIAX
U BBITIOJHAIOT B HUX (QYHKIHUIO

Muobnactsi (%20)

Meorosaepable MHOTPYOouxKH (<100)
Junetinviti Macumadb = 20 mxu

00pa30BaHMsI MBIIIICYHEIX BOJIOKOH.
Ilponudepauusa u gudpdepeH-
IUPOBKA 3TUX KJIETOK SIBIISICTCS
MIPUINHOMN TUTIepTPODUH U TUTIEP-
IUTA3UU CKEJIETHBIX MBI, MBI-
IIeYHBIC BOJIOKHA (DOPMUPYIOTCS
IyTeM CIHUSTHUSI U TOCJICAYIOIIeit
muddepeHIUPOBKU OOJBIIETO
KoIm4decTBa MHOOJIAcTOB (puc. 3).
DTU KIETKN TaKXXKe MMEIOT ITHpa-
MUIATIbHYI0 opmy [16].

CTBOJIOBbIE KNETKW CEPALA

CTBOJIOBBIC KJIETKH Cepalia
pacIiojlaraloTcsl B TOJIIE cepaia
W MOTYT OBITh MACHTU(HUIINPOBA-
HBI IT0 3KCIIPECCHUM PsIIa MOJIEKYII,
OTHAKO, YYUTHIBASI UX PACIIOJIOXKE-
HUe UMEHHO B MHOKAapIe, IS NX
UICHTU(GUKAIIUN OOBIYHO JOCTa-
TOYHO YETBIpEX MapKepoB (puc. 4):
c-kit (THpo3mHKMHA3a), COXpaHEH-
HBIE TeJTOMEpPHI, P53 n pl6.

DTU CTBOJIOBBIE KJICTKU 00JIa-
IaI0T CIOCOOHOCThIO nuddepeH-
IIPOBATHCSI B KapIMOMUOIIUTHI
W SHOOTEINAJIbHBIC KICTKN KpPO-
BEHOCHBIX cocymoB. Mx dyHKIuUs
3aKJII09aeTCSI B BOCCTAHOBJICHUH
CepACIHOM MBIIIIIE M SHIOTEINS KPOBEHOCHBIX COCY-
IIOB, XOTSI U3BECTHO, YTO TAKOTO BOCCTAHOBJICHMS YaCTO
OBIBaCT HETOCTATOYHO IPU PA3IMIHBIX ITOPAKECHUSIX
u 3abosieBaHuAX cepana [19].

MOJTYYEHME W OCTABKA CTBOJIOBbIX K/TIETOK

OCHOBHO# HENBIO JTIO60TO METONA JOCTABKU CTBO-
JIOBBIX KJIETOK SIBJISIETCS IOCTHXEHHE WICATbHON KOH-
LEHTPAIINY KJIETOK, HEOOXOIMMOM JUISI BOCCTAHOBIICHHST
MOPaXeHHOIO yJacTKa MUOKapaa ¢ HAaMMEHBIIUM PH-
cKkoM Jutsl manuenta. ClieoBaTebHO, CTpaTerust TpaH-
CIIOPTa KJIETOK J0JDKHA YIUTBIBATH TKAHEBOE OKPYKEHUE
Y MECTHBIE YCIIOBUS, TAK KaK CTBOJIOBBIE KIETKM MOTYT

Puc. 3. Mo6nacTbl (hOPMUPYIOT MbILLIEYHYIO CTPYKTYPY MyTeM cusHug [18]

telomeres

Puc. 4. VpneHTuduKauma c-kit-nosuTUBHBIX CTBONMOBLIX KNETOK cepaLa, c-kit - TMPO3WHKMHA3a,
TeNoMepb! - KOHLIEBbIE Y4ACTKM XPOMOCOM, P53 1 p16 - Berku-Cynpeccopb! onyxonesoro pocta [20]

pearnpoBaTh MO-Pa3HOMY B 3aBUCHMMOCTH OT JIOKAJTh-
HBIX CUTHAJIBbHBIX cucTeM. CliengpraecKoe OKpyKeHUe
¥ JIOKAJIbHBIC YCJIOBHSI BO MHOTOM OITPEIEIISIIOT YPOBEHB
TIPYCKUBIICHUS 3THX KJIeTOK. CTBOJIOBEIE KJIIETKHA MOKHO
BBOIUTH Yepe3 KOPOHAPHEIC apTepUH, KOPOHAPHEIC BEHBI
WIN iepudeprmaecKuie BeHsI (pUC. 5). ATbTepHATUBHBIM
CII0COOOM SIBIISICTCSI HETIOCPEACTBEHHASI BHYTPUMMOKAp-
IHWabHAs MHBEKINS IIyTeM IPSIMOTO XMPYPTAIECKOTO
TPaHCOHIOKAPIUAIBHOTO M TPAHCBEHO3HOTO MOCTYIIOB.
VY Kaxkmoii MeTOOUKH €CTh CBOM OCOOCHHOCTH, IIO3TOMY
CII0CO0 CIleAyeT BEIOMPATh C Y4eTOM KOHKPETHBIX KITMHU -
yecKuX ycnoBuii [21]. CTparerust OCTaBKM CTBOJIOBBIX
KJICTOK MOXET BKJIFOUYATh MX aKTUBU3AIINIO U3 KOCTHOTO
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H}’TH JOCTABKH KJIACTORK

Henpasuie [MpAMbe

BHYTPHBEHHOS
BREIEHHE

MoGumsams KoporapHas apTepits

KAETOK H3 I€MmO

DHIOKAPI

SnHEapa

Puc. 5. MoTeHLManbHble NyTi J0CTaBKM CTBONOBbIX KNEToK [22]

IlepBHYHAA NeHEpPALNA: HHbEKIHA KOCTHOMO3IOBBIX K1eTOK

i Herpaxoponapran wm
S MR TPAMHOK AP AR ATLEAY

BTopH4HAA reHepalnf: HHbeKIHA CEPIEeHBIX KIETORK

Herpaxeporapaax wm
HHTPAMH DAL THATHAN

fa

Sy

%,
Tlommaumn ovmmennL:, **.
COONUENSCIIIT CHPDFMNAI
KRATOK, MONYAHEMX PR |
Guomen wm m}pmumﬁ‘
BMADITETWCTE

Tperuunan resepanns: NepenporpaMMHEPOBAHEE KIETOK
in situ, Fegadd epernuposka KapIHOMHONHTOE HIN
CTHMY. IHOHA YHI0TeHHEBIX CTEO.TOEBBIX KIeTOK Ceplla

MO3ra IyTeM LMTOKMHOBON Tepamuu C pe3yJbTaTaMH,
PErUCTPUPYEMBIMU B IepudepruuecKoM pyciie, uin 6e3
TakoBBIX [21].
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Puc. 6. COBDEMEHHOG COCTOSHME U3y4yeHud KNEeToYHo Tepanuu ong neyeHnsa nopaxeHHoro
cepaua [37]

NpeaIeCTBEHHMKOB U3 KOCTHOIO
MO3ra IIPOUCXOIUT MOCJIE OCTPOIO
vHdapKTa MMOKapaa u SIBJISIETCS
€CTECTBEHHO! ITOIIBITKOM opra-
HM3Ma BOCCTAHOBUTH TOBPEXICH-
HYIO CepIeuyHyIo MBIy [22, 23].
TepaneBTuueckass MOOMIM3ALUS
CTBOJIOBBIX KJIETOK-IIPEIIISCTBEH-
HMKOB M3 KOCTHOTO MO3ra IocJie
ocTtporo mHdapkKkTa MuUokapaa
TEOPETUYECKU TIPUBENET K YCU-
JIECHUIO CYIIECTBYIOLIEr0 OTBETa
Ha jeyeHre. Mobunu3auust 3TUX
KJIEeTOK-TIPEAIIECTBEHHUKOB SIB-
JISIeTCS TIPUBJIEKATeIbHBIM Bapu-
aHTOM Ojarogapsi CBOEil IIpOCTOTE
U UCKJIIOUEHUIO HEOOXOMUMOCTHU
VHBAa3MBHOI'O BMEILIATeIbCTBA WIN
TpaHCIJIaHTALIMK KjieToK. OJHaKO
CYLIECTBYET psil po0aeM, CBI3aH-
HBIX ¢ 0€30ITaCHOCTHIO MCIOJIb30-
BaHMS JaHHBIX ITpeTiapaToB B 3TOM
CUTyallMu, Halpumep, IpUMeHe-
HMe TIpernaparta 110 He3aperucTpu-
POBaHHBIM MOKa3aHUSIM, PUCKOB
HeOJIarOIIPUSITHBIX UCXOJ0B B pa3-
JIMYHBIX TTOMYJISILMSIX MAallUeHTOB,
a TakKXXe TEOpPEeTUUYECKUX PUCKOB,
CBSI3aHHBIX C KAaHIIEpOTeHE30M [24].
Kpome Toro, B omHOM U3 Hcceno-
BaHUM MO KJIETOYHOMU TpaHCIJIaH-
TallMM TIOCJIe OCTPOro MHpapKTa
Muokapaa OblJI0 0OHApyXeHO
YBEJIMYEHUE YACTOThI PECTEHO30B,
YTO MOXET OBITh CBSI3aHO C YBe-
JIMYEeHHEM KOJMUYECTBA KJIETOK
BOCIaJIeHUSI B MOPaX€HHBIX KO-
pOHApHBIX apTepusx [25].

JIOCTABKA KJTETOK YEPE3
KPOBOTOK

I[Mepudepuueckasa (BHyTpHU-
BeHHAsI) MHQPY3USI CTBOJIOBHIX
KJIETOK, KaK OBLIO ITOKa3aHO MpPH
nepecagke KOCTHOTO MO3ra, MO-
XeT OBITh YAOOHBIM METOAOM
IIJISI TPAHCIUIAHTAIIMN CTBOJIOBBIX
KJIeTOK. B omHOM mMcciaenoBaHUM
Ha IIpUMepe MEBIMICH OBIJIO IOI-

TBEPKICHO, YTO P BBEACHNH KJIETOK KOCTHOTO MO3Ta
YyeJloBeKa B nepudepuIecKuii KpOBOTOK OHM PacIio-
Jlararorcd B nmepurH@apKTHOM pernoHe [26]. Kpome

TOTO, CTBOJIOBBIEC KJIICTKH, BBeICHHBIC TTepU(epUICCKH,

MOBWN3ALING CTBONOBLIX KNETOK

pacnoiaralorcd B ITOPa*KC€HHbBIX I/IH(bapKTOM ydyacTKax,

Y yenoBeka MoOUAM3aLUSI CTBOJOBBIX KJIETOK- €CJIM OHM BBEICHBI B TEUEHNE HECKOJBKMX THEW MOCe
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KOPOHAPHOM BEHBI IIPU UCIIOJIb- Eg iy
30BaHUU JOIMOJHUTEIbHOTO BbI-

cokoro pasnenud [28]. [1pnu sTom
BapMaHTe JOCTAaBKM KOPOHAPHbIIA
CHHYC KaHIOJIMPYETCS, U B OAHY
W3 KPYITHBIX BeH CepIa YCTaHABIUBACTCS 0AJUIOH ISt
AHTUOILIACTUKU. DTOT OA/UIOH pa3MellaeTcsl B BbIOpaH-
HOM BEHe cepla B 30He, nojyiexaiieii iedeHuto. [locne
pa3ayTus 6a/UIoHAa U IIPeKpallieHust KpOBOTOKA B KOPO-
HapHOI1 BeHe, uyepe3 KaTeTep MPOU3BOAUTC UHOY3US
KJIETOK ITOJT BBICOKUM JHaBlieHeM [28]. DTOT MeToxn
obecIieurBaeT IIMPOKOE M pPABHOMEPHOE PacIIpeie/ieHIe
kierok. K ero HemoctaTkam cieayeT OTHECTH OTCYTCT-
BUE IPSIMOTO KOHTAKTa C IIOBEPXHOCThIO MUOKApIa, a
TakxXe pa3HoobOpasue U Tornorpapuueckre 0COOEHHOCTU
KOPOHAPHOI BEHO3HOI CUCTEMBI, YTO MOXKET CHEJIaTh
JIOCTYIl K HEKOTOPLIM BeHaM MHUOKAapAa TPYIHbIM WU
HEBO3MOXHBIM.

BuyrpukopoHapHas nHbY31s IBIsieTCS Hanboee
MOMYJISIPHBIM CIIOCOOOM JOCTaBKU KJIETOK B KJIMHU-
YeCKMX MCCIEIOBAHUSIX, OCOOEHHO IIOC/IE OCTPOro
nHpapKkTa Muokapaa [29—31]. BBemeHne CTBOJIOBHIX
KJIETOK 4epe3 4—9 mHeil mociie ocTporo mHpapKTa
MuoKapaa acCOUMUPOBAHO C XOPOLIMM IpoduaeM
06€e30MacHOCTH. DTa METOAMKA CXOAHA C MAaHUIIYJIs-
el KOpOHApPHOM aHTMOIIACTUKUA M 3aKJII09aeTCs
B YCTaHOBKe 0aJIJIoHa Ha IIPOBOIHMKE B OTHOM M3 KO-
poHapHbIX apTepuil. KopoHapHBIil KPOBOTOK 3aTeM
OCTaHABJIMBAIOT IPUMEPHO HA 2—4 MUHYTHI (Ha BpeMs
BBEIEHUS KJIETOK IOJ AaBlIeHUEM). DTO 00ECIIeunBaAET
0oJiee XOpOILIMI KOHTAKT MEXIY CTBOJOBBIMU KJIET-
KaMU U 3JIeMEHTaMKM MHUKPOLMPKYISITOPHOIO pycia
B MMOPAXEHHON TKAHMU.

DTa MeToAMKA MOAXOAMUT TOJIBKO B ClIydyae OCTPOM
MILIEMMH, KOTIA CYLIECTBYET BBICOKUIA YPOBEHD aiTe3UK
¥ KOHIIEHTPALIMU COOTBETCTBYIOIINX IINTOKUHOB. XOTS
BHYTPUKOpPOHApHAasl MHOY3HS HIUPOKO MCIOJIb3YEeTC,
9TOT METOJ He IMOJYYUJI JOCTOBEPHOIO dKCIIEPUMEH-
TaJIbHOTO ITOATBEPKIECHUSI OTHOCUTEIHLHO Oe30IaCHOCTH
n a3(ppexkTBHOCTH [32].

Puc. 7. Monynsiuys CTBOMOBIX KNETOK U HanpaBneHus Ans TpaHennataumm [37]

BHYTPUMUOKAPOANMANIbHAA WHBEKLMA

WuTpamMuokapauaibHas UHbeKLus (puc. 6, 7), Ko-
TOPYIO OCYIIECTBIISIIOT Yepe3 SMUKap/, SHAOKAPI WU
KOPOHApHYIO BEHY, BBIMOJHSETCS TIPU XPOHUYECKOM
nimemMun Muokapnaa [33—35]. IIpu sToit MeTogUKE
mnpenapaTr KJIeTOK BBOIAMTCS B MMOKap/ MO BbICOKMM
IaBJICHUEM TIPU ITOMOIIY WTJIEL. DTO MPEAITOYTUTEb-
HBII MyTh BBEAEHUS CTBOJOBBIX KJIE€TOK MallMeHTaAM
C XpOHMYECKOM OKKIIO3ME KOPOHAPHBIX apTEpUL U B
WHBIX CUTyallUsIX, KOT/la XOYMWHT-CUTHAJIbI HE CTOJIb
BbIpaxk€Hbl, HATIpUMeEp, MPU XPOHUUYECKON 3aCTOMHOM
CcepIeyHOI HETOCTaTOUHOCTU. TeopeTuUeCcKu 3TO 10K~
HO OBITh HambOoJiee YOOOHBIM IIyTeM JIOCTaBKU OoJjiee
KPYITHBIX KJIE€TOK, TAKUX KaK CKEJETHbIe MUOOJIACThI
U ME€3eHXMMaJIbHbIE€ CTBOJIOBbIE KJIETKU, KOTOPbIE MTPU
BHYTPUCOCYIHMCTOM BBEIEHUY MOTYT «3aCTpeBaTh» B Ka-
MUJUISIPHOM pycJie, KaK ObUIO yKe OonrcaHo Boime [36].

TPAHCIANUKAPOQUANBHAY UHBEKLINA

TpanHcanukapauatbHOE BBEIEHME CTBOJIOBBIX KJIIETOK
SBJISIETCS HanboJiee IIMPOKO MPUMEHSIEMBIM METOIOM
B Tepaluu CTBOJOBBIMU KiIeTKaMu cepaua. OHO ocy-
LIECTBJISIETCS] BO BPEMSI OTKPHITOI XUPYPIUUECKOM pe-
BaCKyJISIpU3aLIIM, KOT1A KJIETKY BBOAST B ITOPAKEHHBII
YYacTOK Cep/lia WIK MOBPEXICHHYI0O MH(papKTOM 00-
JIACTh IO HETIOCPEICTBE HHBIM BU3YaJIbHBIM KOHTPOJIEM
KoMTIbIOTEpHOM ToMorpaduu [33—35]. DToT moctymn
TpeOyeT BLIMOJIHEHNS CTEPHOTOMMUU U BCJIEICTBUE NHBA-
3MBHOCTH aCCOLIMMPOBAH CO CIIeLM(UYECKUMU OCIOXK-
HeHusMu. OQHAKO B cilydae IUIAHUPYEMOM oIlepaluu
Ha OTKPBITOM CEp/Lie BCIIOMOTATeIbHOE IMPUMEHEHE
KJIETOYHOM Tepaluu MOXKET ObITh ompaBaaHo. OmIHO
M3 BaXXHBIX MPEUMYIIECTB 3TOM METOIMKMU 3aKII04a-
€TCSI B TOM, 4TO OHa CIIOCOOHA 00eCIeYnTh BBEACHUE
0OJIBILIOT0 KOJIMYECTBA KJIETOK HA €IMHUIY ILIOLIAIN.
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Puc. 8. Katetep Stiletto™ ons BHyTpUMUOKApAKANbHON [OCTaBKM
Knetok [39]
Kpowme Toro, He 10 BceX y4acTKOB MUOKapaa (HarpuMep,
IIePEropoaKa) MOXHO JOOPaThCS C MCITOJb30BaHUEM
BHENTHEro noctymna [37].

TPAHC3HAOKAPAWANIbHAS NHBEKLINA

TpaHcaHIOKapAMATEHOE BBEACHNUE OCYIIIECTBIISIETCS
C UCTIOJTh30BaHMEM JOCTYTIA Yepe3 OeAPEHHYIO apTepHIO,
KOT/Ia KaTeTep C UTJI0M ITPOBOIUTCS PETPOTPATHO Yepe3
AOPTAIBHBIN KJIallaH U pa3MeNaeTcss y TOBEPXHOCTH
9HIOKAp/A, TP 3TOM KJIETKM MOXHO BBOAUTH HEIO-
CPENCTBEHHO B JTIOOYIO YaCTh CTEHKH JIEBOTO JKETyTOUKa.
B Hacrosiiee Bpemst CyIecTBYIOT IBe KaTeTepHBIE CHC-
TEMBI [JTSI TPAHCIHIOKAPINATHHOTO BBEICHMS: KATETEPHI
Stiletto™ u MyoStar™ [38].

Karetep Stiletto™ (puc. 8) mpuMeHsIeTCST TIO PeH-
TTeHOBCKMM KOHTposieM. OCHOBHOI HETOCTATOK 3TOTO
crocoba 3aKJTIovaeTcsl B TPYIHOCTH TOYHOTO TO3UIIH-
OHMPOBAaHUS TAHHOTO KaTeTepa U OIpeNeIieHUs 1eje-
BOI TOUYKW BBEACHUS TIPU IBYMEPHOM PEHTTE€HOBCKOM
KOHTpoJie. B MOKTMHWYECKUX UCCIENOBAHUSX OBLIN

TIOTMBITKYA PELIEHUST TUX MTPOOJIEM 3a CYET MCITOIbh30-
BaHUSI MATHUTHO-PE30HAHCHOU ToMoTpaduu, 0THAKO
JMIAHHBIX 1O OlleHKe 3(PpDEeKTUBHOCTU U GE30MaACHOCTH
9TOU METOJWKU Y YeJIoBeKa Mmoka eie HeT [39].

OnHako TaHHYIO TEXHUKY BBEICHUS MOXHO UCTIOJNb-
30BaTh U C APYTUMH METOAMKAMU BU3yaTu3allu¥l VN
KOTJ]a MECTO BBEICHUSI HEOOSI3aTeIbHO MOJKHO OBITH
CTOJIb TOYHO JIOKJIN30BaHO [39].

Cuctema MyoStar™, NOGA (puc. 9) siBisieTcst 5ex-
TPOMEXaHUUYECKOU CUCTEMOI Ha OCHOBE UCITOJIb30BAHUS
KaTeTepoB MJII BHYTPUMHOKAPANATbHON HAaBUTAIIUU
u KaptupoBaHus. [1pu 3Toi1 METOMMKE UCTIONB3YIOTCS
YIBTPAHN3KOUACTOTHBIE MATHUTHBIE TIOJISI, BHIPAOAThI-
BaeMble TPEYTOJbHBIM KapKacoM, KOTOPBIi pa3Mera-
€TCSI o] MAallMeHTOM. MarHUTHBIE TIOJIS TIepeceKaroTcs
B MECTE PaCTIONIOXEHUS JaTIMKaA MPOKCUMAIBHO Ka-
TETepy I KAPTUPOBAHUSI, UTO TIOMOTAET OTIPEIECINTh
MPaBWIHHOE TTOJIOKEHNE Y OPUEHTAITUIO KaTeTepa B Jie-
BoMm kemynouke [38]. Karerep mnsa uanekuuit NOGA
WMeET TIPEUMYIIIECTBa HEPEHTIEHOBCKOW MarHUTHOM
MapupyTuzanuu. MHbEeKIINM OCyIIeCTBISIOTCSI B CUC-
TEME TPEXMEPHOI NTEKTPOMEXAaHNIECKON KapThI JIEBOTO
KeTymouka. Jta KapTa CTPOUTCS MTyTeM O0beTUHEHUS
OOJIBIIIOTO KOJIMYECTBA TOUEK PA3TMYHBIX JIOKATU3AIN ]
Ha TMOBEPXHOCTH SHIOKAPA, KOTOPBIE OTIPEAEISTIOTCS
npu snekTpokapauorpacdum [38].

B cucreme NOGA ucmionb3yeTcsl allTOpUTM JJIsT
TMojcyYeTa U aHaau3a ABVKEHUS KaTeTepa U/uin Oocy-
IIECTBIICHUS JJOKATM3AIIUY TOYKHU SHI0Kapaa BO BpeMst
CHUCTOJBI U quacTonbl. Kaxnprit mapaMeTp mMeeT 3Ha-
YEHWST JJOKAJbHOTO JTUHEWHOTO YKOPOUYESHUSI Y HaTpsi-
xeHud. B cucteme NOGA Bce naHHble O0OBEIUHIIOTCSH
W TIPENICTABIISTIOTCS B TPeXMepHOM BuIie. [1pu kiieTouHoM
TpaHCTUTAHTAIIUM KpaliHe BaxHO nuddepeHIIpoBaTh
XapaKTepUCTUKU TKAHEW B IJIaHE BOBJIEUYEHHOCTH
KOHKPETHBIX YUYaCTKOB B UIIEMUYECKOE MMOpPaKeHUeE.
DTa MeTonunKa UCCleoBaHa Y YeJI0BeKa M XXUBOTHBIX
¥ UMeeT BhICOKUH TTpoduib 6e3omacHocTu [40].

TPAHCKOPOHAPHO-BEHO3HAY UHBEKLMA
MeToauka TpaHCKOPOHAPHO-BEHO3HOTO BBEIEHMS
OCYIIECTBISIETCS NP MOMOIIU KaTeTepPHOI cucTe-
MBI, KOTOPasi BBOAUTCS YPECKOXHO M Pa3MEIIaeTCs

Puc. 9. CucTeMa KaTeTepHOro BHYTPUMUOKapaManbHoro BeeneHus NOGA® MyoStar® [41]
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B KOpOHapHOM CHHYCE. HepBOHa‘IaHLHBIC QKCIIEpU-

MEHTAJIbHBIC MCCICIOBAaHNS HA CBUHBSIX TTOATBEPIMIIN
11eJ1eco00pa3HOCTb U 0€30MaCHOCTb 3TOW METOAUKU
[27]. JaHHBI MeTOO TPAHCIIOPTA KJIETOK ITPUMEHSIICS
IS BBEICHUSI CKEJIETHBIX MUOOJIACTOB B TIOBPEXKICH-
HBII MUOKapJ, y TTallMeHTOB ¢ KapauoMuornaTueit [41].
OH BHITIOJHACTCS IIPU MOMOIINU BHYTPHUCOCYIMCTOTO
VIBTPa3BYKOBOTO MCCIEAOBAaHUS, KOTOPOE ITO3BOJISI-
eT oIlepaTopy MCIOJb30BaTh KaTeTep M WUTJIY BIAIU
OT TIepUKApAUAIFHOTO IIPOCTPAHCTBA M KOPOHAPHBIX
apTepuii, B TOJIIIe MIUOKapaa U ero TKaHsIX. Pe3ynbra-
TBI TIPOBEACHHBIX UCCICIOBAaHNI TOKA3aIM XOPOIIMA
npoduik 6e30macHOCTH 3Toi MeTonuku [27]. I1penBa-
pUTEIbHBIC TaHHBIE CBUICTEIBCTBYIOT O TOM, YTO ITO-
Ka3aTeIn OCTPOM MPIKUBAEMOCTH KJIETOK B MHOKapIe

(ymepxxaHWe KJIETOK B TIEPBBIC YaChl ITOCIIC MHQY3UM)
IIPY KUCIIOJb30BAHUU ITOIO METOMAA 110 KOHTPOJIEM
(i1roopockonuu MpeBOCXOMST TAKOBBIE IIPU DJIEKTPO-
MeXaHN4eCKOM KapTUpoBaHUM [42].

MuHyCBI TaHHOM METOIVUKH CXOXM C HEIOCTaTKaMH,
yKa3aHHBIMU BBIIIIE, YYUTHIBAsE OTPAHUYEHUsI, CBSI3aH-
HbI€ C KOPOHAPHBIM BEHO3HBIM BBeAecHHEM. B oTinuue
OT TPaHCAHIOKAPIAMAIbHOM METOAUKU, IPU KOTOPOit
KJIETKM BBOISITCS MEPIIEHAMKYIISIPHO B CTEHKY JIEBOIO
KeJlyIouKa, TPaHCKOPOHAPHO-BEHO3HAsI MHBEKILIUS
MMO3BOJISIET BBLIMOJHATH MapallelbHYI0 MHBEKIUIO
KJIETOK, YTO MOXET IIPUBECTU K ropasfo JydilleMy
TIPWXUBIIEHUIO [41].

Kongpauxm unmepecoé omcymcmeyem.
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STATE OF THE ART OF STEM CELL THERAPY
FOR ISCHAEMIC CARDIOMYOPATHY
PART 1
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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
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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.

ISCHEMIC CARDIOMYOPATHY
Cardiomyopathies are myocardial degenerative
diseases (Fig. 1), which develop independently under
the influence of a series of known or unknown factors
or occur as a side effect of other heart conditions. These
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Fig. 1. Cross section through the left heart chamber, with signs
of subendocardial fibrosis [12]

myocardial damages are most often due to hemodynamic
disorders; in systemic and pulmonary hypertension, as
well as acquired and congenital heart disorders, or due
to ischemia in coronary heart disease and are closely
related to these disorders, making with them a whole [11].

Ischemic cardiomyopathy is the most common
type of dilatative cardiomyopathy. In ischemic
cardiomyopathy, the ability of the heart to pump blood
is reduced, because the main heart chamber for arterial
blood supply, left ventricle is enlarged, expanded
and weak. This is caused by ischemia — a lack of blood
supply to the heart muscle, which is induced by coronary
artery disease. A study of stem cells has shown that the use
of endogenous stem cells in the heart, as a regenerative
approach, along with other methods of treatment, possess
promising therapeutic potential [13].

STEM CELLS

Stem cells are not completely differentiated cells
of different potentials, with the ability to self-replicate
and generate differentiated cells. According to the
simplest definition, stem cells are actively dividing cells,
and on that occasion they create two daughter cells,
one of which remains a stem cell, and the other gives
modified, mature, differentiated offspring. This definition
is understandable when it comes to fertilized egg cells
and early stages of embryogenesis, but as the growth
and development of embryos progress, the stem cell
function also complicates. Stem cells can be functionally
defined as cells that possess outstanding capacity for self-
renewal and the ability to differentiate into specialized
cell types [14, 15].

MESENCHYMAL STEM CELLS
Mesenchymal stem cells are found in a number
of tissues in the body: in adipose tissue where they
participate in the regeneration of the adipocyte population,
in the bone marrow in which they have the function
of bone structures renewal and in the cartilage in which

the umbilical cord [17]

they play a role in the formation of chondrocytes. They
are found in pulp of the tooth, and have the possibility
of proliferative formation of fibroblasts. These cells are
present in the umbilical cord (Fig. 2) and in the connective
tissue of the adult. They have a pyramidal structure viewed
from the morphological angle [16].

SKELETAL MYOBLASTS

Skeletal myoblasts are found in muscles and have
the function of creating muscle fibers in skeletal muscles.
Hypertrophy and skeletal muscle hyperplasia are caused
by the proliferation and differentiation of these cells.
Muscle fibers are formed from the fusion of more
myoblasts, as shown in Figure 3, and the subsequent
differentiation of a large number of myoblasts. These
cells are also pyramidal [16].

CARDIAC-DERIVED STEM CELLS

Cardiac-derived stem cells are located in the heart
wall and express a series of molecules that can be reliably
identified, however, taking into account the place where
they are situated, i. e. the myocardium, it is usually
sufficient to identify them only through four indicators
(Fig. 4), which are as follows: c-kit (tyrosine kinase),
preserved telomers, p53 and p16.

These stem cells have the ability to differentiate into
cardiomyocytes and endothelial cells of blood vessels.
Their function consists in reparation of the heart muscle
and endothelium of the blood vessels, although it is
known that this reparation is often insufficient in various
damages and heart diseases [19].

PROCUREMENT AND DELIVERY OF STEM CELLS

The main goal of any of the stem cell transport
methods is to achieve the ideal concentration of cells
needed to recover a damaged part of the myocardium,
with the lowest risk to patients. Therefore, cell transport
strategies have to take into account the clinical
environment and the local environment, because
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Myoblasts (20X)

Multi-nucleated Myotubes (100X)
scale bar = 20um

injected by direct surgical injection,
intracoronary infusion, retrograde
venous infusion, transendocardial
injection, and peripheral infusion.

STEM CELL MOBILIZATION
In humans, the mobilization
of progenitor cells from the bone
marrow occurs after acute myocardial
infarction and indicates a natural
attempt to recover the heart [22, 23].
Therapeutic mobilization of progenitor

Fig. 3. Myoblasts create muscle structure through fusion [18]

toelomoras

=

Fig. 4. Identification of c-kit positive cardiac stem cells, c-kit - tyrosine kinase, telomeres -

chromosome ends, p53 and p16 - tumor suppressor proteins [20]

the stem cells can react differently, depending on the i

local signaling systems. A heart surrounding can help
determine the level of cell retention. Stem cells can
be injected through coronary arteries, coronary veins
or peripheral veins (Fig. 5). Alternatively, direct
intramyocardial injection can be performed using

surgical, transendocardial and transvenous approaches.

Each technique has its own features, and thus the choice
of modality should be based on the clinical scenario
in which we find ourselves [21]. The cell transport
strategy may include the mobilization of stem cells from
the bone marrow using cytokine therapy, with or without
peripheral results [21].

There are different cell transmission modalities
in the case of stem cell-based therapy. Cells can be
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telomorons

stem cells of the bone marrow after
an acute myocardial infarction will,
in theory, enhance the existing response
to treatment. Mobilization of these
progenitors is an attractive option
because it is simple and eliminates
the need for invasive results or cell
transplant procedures. However, safety
issues have been enhanced by the
“off-label” application, due to the
possibility of unsuitable outcomes
in different patient populations, as
well as theoretical problems with
tumorigenesis [24]. In addition, in one
clinical attempt to transfer bone
marrow cells after an acute myocardial
infarction, an increase in restenosis
has been observed, which may be
associated with increased availability
of inflammatory cells in recently
damaged coronary arteries [25].

TRANSVASCULAR DELIVERY OF
CELLS

Peripheral (intravenous) stem cell
infusion, as shown in bone marrow
transplantation, could be a suitable
method for transplanting stem cells.
Astudy on mouse models has confirmed that, when injected
into the peripheral circulation, human bone marrow cells
are located in the peri-infarct region [26]. In addition,
stem cells injected peripherally inhabit in infarct-affected
areas only if injected a few days after acute myocardial
infarction, this method of infusion of stem cells is less
useful for the treatment of chronic myocardial ischemia.
The main disadvantage of intravenous injection of the
cells is the failure to reach the desired destination, due
to cell loss in microvascularization of the lung, liver or
Ilymphatic tissue [27]. Infusion of stem cells through
the coronary vein system under additional high pressure
was successfully achieved in in-vivo experimental models
[28]. In this procedure, the coronary sinus is cannulated
and the angioplasty balloon is placed in a large heart
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vein. The balloon is positioned in the selected
heart vein, depending on the surface to be treated. Cell Delivery Routes
After inflation of the balloon, which is carried out Indirect Direct
with the interruption of blood flow in the coronary
venous system, the cell infusion is brought under FYEvEOLS
great pressure through the lumen of the catheter N

balloon [28]. This method of cell injection
provides a wide and even distribution of cells. Its
limitations include the inability to specifically direct
the myocardial surface, as well as the diversity
and correlation of the coronary venous system,
which can make access to certain myocardial veins
difficult or impossible.

Intracoronary infusion is the most popular way
of transporting cells in clinical trials, especially

after acute myocardial infarction [29—31]. Stem
cells injected 4—9 days after acute myocardial

Fig. 5. Potential pathways for the transport of stem cells [22]

infarction are associated with a good safety profile.
The technique is similar to that in which coronary

angioplasty is used, which includes the over-the-
wire position of angioplasty balloon in one of the

coronary arteries. The coronary blood flow is then

stopped for about 2—4 minutes while stem cells are

injected under pressure. This allows better contact

between stem cells and microvascularization in the

infarction affected artery.

This technique would be suitable only in the
case of acute ischemia, after adequate adhesions
and cytokine signals were temporarily increased.
Although intracoronary infusion is widely used, this
method lacks a strong experimental background,
with a view to safety and efficacy [32].

INTRAMYOCARDIAL INJECTION

Intramyocardial injection (Fig. 6 and 7), carried
out through the epicardium, endocardium or
coronary vein, is performed in chronic myocardial
ischemia [33—35]. In this technique, the cell
preparation is introduced into the myocardium
under high pressure, using a hollow needle. This
is preferential path for the stem cell transport
in patients with the chronic occlusion of coronary
arteries and in clinical trials which includes weaker

First Generation: BM-derived cell injection
Intra-corcnary of
intra-myocardial Injection
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octitained by Blopey of surgery

Third Generation: in situ cell reprogramming,
cardiomyocyte dedifferentiation, or stimulation

of endogenous cardiac stem cells
-

homing signals, such as chronic congestive heart
disease. Theoretically, this should be the most
convenient way for transporting larger cells, such

as skeletal myoblasts and mesenchymal stem cells, which
could clog the capillaries [36].

TRANSEPICARDIAL INJECTION
Transepicardial stem cell transport is the most
commonly used technique in cardiac stem cell therapy.
It is performed during open surgical revascularization,
when the cells are inserted into the damaged area
of the heart or the area affected by the infarct, under

Fig. 6. The current status of a cell therapy study for the treatment

of a damaged heart [37]

CT-guided direct visualization [33—35]. This approach
requires sternotomy and, with regard to invasiveness,
is associated with significant surgical morbidity.
However, in the case of elective open-heart surgery,
the auxiliary transport of cell therapy may be justified.
One important advantage of this technique is that
it can provide a large number of cells per unit of area
on which they are injected. In addition, not all parts
of the myocardium (e. g., septum) can be reached using
a direct external access [37].
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The map was constructed by combining
a number of points from several locations
on the surface of the endocardium, which
was separated with electrocardiogram
[38].

The NOGA system uses an algorithm
to calculate and analyze the movement
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of the catheter and/or the location of the
endocardial point during the systole
and diastole. Each data has a value (local
linear shortening — LLS) and a voltage
value. When the folder is compiled,
all data is integrated with the NOGA
system and presented three-dimensional.
Due to the unclear involvement
of myocardium in the onset of ischemic
heart disease, the ability to distinguish
the characteristics of the subcutaneous

Fig. 7. Population of stem cells and pathways for transplantation [37]

TRANSENDOCARDIAL INJECTION

Transendocardial injection is performed using
percutaneous access to the femoral artery. Once
a catheter with a needle is progressed retrograde through
aortic valve and placed opposite the endocardial surface,
cells can be injected directly into any part of the wall
of the left ventricle. Two catheter systems are currently
available for cell transendocardial transport: the Stiletto™
and MyoStar™ [38].

The Stiletto™ (Fig. 8) catheterisguided fluoroscopically
usually in two levels. Its basic disadvantage is that it is
two-dimensional and has an “innate” lack of precision
associated with fluoroscopy. The second disadvantage
is that it does not show an adequate target point for the
myocardium. This, in preclinical experiments, was
associated with magnetic resonance imaging, which
allows a three-dimensional assessment of myocardial
thickness and perfusion. This technology is still being
tested. Several preclinical studies have been carried out,
and human safety data have not been evaluated yet [39].

However, it can be used with other recording
techniques or when myocardial therapy does not have
to be targeted [39].

The MyoStar™ (Fig. 9): The NOGA system is an
electro-mechanical system based on the use of catheters
for intramyocardial navigation and mapping. This
technique uses extremely low magnetic fields, generated
by atriangular backbone, which is placed below the patient.
The magnetic fields are crossed with the location of the
sensor proximal to catheter for mapping, which helps
in determining the right location and the catheter
orientation within the left ventricle [38]. The NOGA
injection catheter uses the benefits of non-fluoroscopic
magnetic routing. Injections are maintained in a three-
dimensional electromechanical map of the left ventricle.
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tissue is very important when it comes

to cell transport. This technique has been
widely tested on humans and animals, and proved to have
an excellent safety profile [40].

TRANS-CORONARY VEIN INJECTION

Trans-coronary-vein injection is performed using
a catheter system, placed percutaneously in the coronary
sinus. Initial studies confirmed the feasibility and safety
of this venture on pig models [27]. This cell transport
method was used to inject skeletal myoblasts to the
damaged myocardium in patients with cardiomyopathy
[41]. It is administered by intravascular ultrasound, which
allows the operator to expand the catheter and needle,
far from pericardial space and coronary arteries, in the
myocardium and its surroundings. To date, the feasibility

Fig. 8. The Stiletto™ catheter for intramyocardial cell transport [39]
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Fig. 9. NOGA® MyoStar® intramyocardial injection catheter system [41]

of studies has shown a good safety profile of this technique
[27]. Preliminary data suggest that the effectiveness
of acute retention (retention of cells in myocardium in the
first hours after infusion), using this fluoroscopy-guided
transvenic method, is superior to endovascular endpoints
used in electromechanical mapping [42].

The disadvantages of this technique are similar
to those mentioned above, observing the constraints
associated with the coronary vein delivery. In contrast
to a transendocardial technique in which the cells are
injected perpendicularly into the wall of the left ventricle,
the trans-coronary-vein injection allows parallel injection
of the cells, which can result in greater retention of cells
[41].
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