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NMEPCIEKTUBBI MCTTOAB3OBAHMSA
ME3EHXUMAABHDbIX CTBOAOBbBIX KAETOK
B TEPAINMTMN MHCYADBTA

B HacToquwen 0630pHOM CTaThe MPUBOASTCS WM AHAAM3MPYIOTCS PE3YAbTAThl 3aBEepPLEHHbLIX U
NPOAOAKAIOIIMXCH  KAMHMYECKUX WUCCAGAOBAHMIA ME3EHXMMAABHBIX CTBOAOBBIX KAeTok (MSC) B
kayectse (e30MacHOM M NOTEHUMAABHO 3(MEKTUBHOM TEXHOAOTMW Tepanuu KMHCYAbTa Y AIOAEN.
MHCYABT, KaK M3BECTHO, SBASETCH OCHOBHOM MPUYUHON MHBAAMAHOCTH TPYAOCNOCOOHOrO HaceAeHUs.
OT YeTBePTH AO MOAOBUHBI MEPEKUBLIMX MHCYALT AIOAEH OCTAIOTCH CO 3HAYMTEABHBIMM HapyLLEHUAMM
3A0POBbLA. TPAAMLMOHHbBIE METOABI AEYEHMS NPUHOCAT NMOABL3Y AMLIL HEDOABLIOW YacTH NauMeHToB. B
HACTOALLEE BPEMS NOTEHUMAABHON pereHepaTMBHONW CTpaTermen AAS NMauMeHTOB C HEBPOAOrMYECKHM
ASHULUMTOM MOXKET CAYXKWTb TEPAanua CTBOAOBLIMW KAETKAMM, B TOM YUCAE, ME3EHXMMAAbHBIMK
CTBOAOBBIMU KAETKamu. MSC, Kak M3BecTHO, cnocobHbl K CamoobHOBAEHMIO 1 AndidiepeHUMpoBKe B
TKaHeCneumMueckmne KATKM, yYacTBYIOT B PA3BUTUM, NOAASPXKaHMK M BOCCTAHOBAEGHWW TKaHen, 4To
MPUBAEKAET K HMM BHMMAHME KaK K NOTEHUMAAbHBIM MCTOMHWKAM B PEreHepaTMBHON TePanmu MHOMMX
3aboAeBaHUi, BKAIOYAS MHCYABT. MSC, nyTem BKAIOUEHWS B MHAYKUMIO aHTMOreHe3a, CTUMYAUPOBaHme
HEMPOreHe3a, WMMYHOMOAYASLIMIO, MPeAOTBpalleHe anonTo3a, MOryT B 3HAYMTEAbHOW CTeneHu
HUBEAMPOBATL NATOAOMMYECKME NPOLLECCH], CBS3aHHbIE C PA3BUTHUEM MHCYAbTA. AHAAN3 AOKAMHUYECKKX
nccaeaoBaHni, maydawowmx addextsl MSC-Tepannn NocAe MILEMWYECKOrO MHCYABTA, NOKa3blBaeT,
yto MSC BAGroTBOPHO BAMSIOT Ha BOCCTAHOBAEHME OT MHCYALTA.

KAloueBble CAOBa: MHCYABT, ME3EHXMMAaAbHbLIE CTBOAOBbLIE KAETKM, pereHepatvBHas Tepanus,
Tepanms CTBOAOBbIMM KAETKAMM, PACTUTEAbHBIE aHTMOKCUAAHTI.
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Prospects for the use of mesenchymal stem cells in stroke therapy

This review article presents and analyzes the results of completed and ongoing clinical studies of
mesenchymal stem cells (MSC} as a safe and potentially effective technology for treating stroke in hu-
mans. Stroke is known to be the main cause of disability of the working population. Between a quarter
and half of stroke survivors are people with significant health problems. Traditional treatments benefit
only a small fraction of patients. Currently, stem cell therapy, including mesenchymal stem cells, can
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serve as a potential regenerative strategy for patients with neurological deficit. MSCs are known to be
capable of self-renewal and differentiation into tissue-specific cells, are involved in the development,
maintenance and repair of tissues, which draws attention to them as potential sources in the regenerative
therapy of many diseases, including stroke. MSC, by including in the induction of angiogenesis, stimula-
tion of neurogenesis, immunomodulation, prevention of apoptosis, can largely offset the pathological
processes associated with the development of stroke. An analysis of preclinical studies examining the
effects of MSC therapy after ischemic stroke shows that MSC has a beneficial effect on recovery from
stroke.

Key words: stroke, mesenchymal stem cells, regenerative therapy, stem cell therapy, herbal antioxi-
dants.

Hypkenos T.T.', Ackaposa LU.H.%, Lo A.K.?, LLlaraxmetoBa T.M.*
1BMOaAyaHyPAIAIK sKaHe BuopecypcTap kaceapacbibii, PhD-A0KTOpaHTbI,
an-Dapabu aTbiHAaFbI Kazak yATTbIK, yHUBepcuTeTi, KasakcraH, AamaThi K., e-mail: nur-t@inbox.ru
'0.F.K., PhD, BronHeHepus KaHe PeaHnMALMSABIK, MEAVLIMHA 3€PTXAHACLIHLIH MEHTepyLici,
«ACTaHa YATTbIK, 3epTxaHacbls, «Hazapbaes YrueepenTeTis, KazakcTaH, AcTaHa K., e-mail: shaskarova@nu.edu kz
'PhD., BUOMHXEHEePUS KaHe PereHepaTRTi MeAMLMHA 3ePTXaHAChIHbIH FhIABIMUA Kbi3MEeTKep,
«ACTaHa YATTBIK, 3epTxaHacbl», «<Hazapbaes YuupsepeureTi», KasakcTtaH, AcTaHa K., e-mail: andrey.tsoy@nu.edu.kz
40.F.A., BroaayaHypaiaik xane buopecypcTap kadeapachiHbiH npodeccopst,
an-Mapabu aTbiHAarbl Kasak, YATTBIK yHUBepcuTeTi, KasakcTad, AaMatsl K., e-mail: tamara.shalakhmetova@kaznu. kz

MHCYALTTI emaeyae Me3eHXMMaAAD!
BGaraHaAbl xacyLlarapAbl KOAAAHY BoaallaFbl

ByA Makasasa meseHxumanbabl OaraHanbl kacylwanapAbiH, (MSC) agKTaAraH kKaHe »KaAfFacbin
KEAR JKATKAH KAMHUKAALIK, 3ePTTEYAEPIHIH HATUXKEAED] dAdMFd MHCYALTTI eMAeY YLIIH Kayincis KoHe
BIKTUMAA THIMA] TEXHOAOTMS DETIHAE KapacThiPblAaAbl XKaHe TaAAaHaAbL. MIHCYABT XKYMbICKA sKapamabl
XAALIKTLIH MYFeAeKTIrHIH Heriari ce6e6i 6oAbin Tabbiaaabl. MHCYALTTAH aMdH KaAFaHAap iwinae
TEPTTIH BiPiHEH KAPTbIChbiHA AGAIH aMTAPALIKTAN ABHCAYAbIKKA KaTbICTbl mMaceseaepi 0ap asamaap.
ABCTYpAi emaey ToCIAAEP] NaLMEHTTEPAIH a3 FaHa OeAiriHe naiaanbl G0AbIN TabblAaAbl. Kasipri yakbiTTa
BaraHaAbl KacCyliaAap TEPANUACH!, OHbIH ILIIHAE ME3eHXMMAAbAT BaF aHAAbI KACYLLIAAAR HEBPOAOTHUAABIK,
TanlWbIAbIFbL 6ap HayKacTap YLiH SAEYeTTI pereHepaTuBT CTpATerus PeTiHAE Kbi3MET eTyi MYMKIH.
MSC e3airiHeH KaHapTbIAYbiHA 3XKOHe TIHre TeH JKacyllaAapFa capaAaHybliHa KabireTTi eKkeHairi
GeArial, oAap TIHAEPAI AAMBITYFA, KYTYTe JKOHEe JKOHAELYre KaTbiCaabl, OAap KeNTereH aypyAapAbiH,
COHbIH (WIHAE MHCYABTTIH PereHepaTuBTI TEepanusChiHAA SAGYETTI Ke3Aep peTiHAe KapacTbipaAbl.
MSC aHrnoreHesAl MHAYKUMSIAQYbIHA KATbIChIMN, HEMporeHes 6eH MMMYHOMOAYASLMSHbBI bIHTaAaHABIPY,
anonTO3AbIH AaAABIH aAY apKblAbl, MHCYABTTHI AAMBITYFa BafAAHBICTbI NATOAOMMAABIK, MPOLECTEPAI B8TER
anaabl. MHcyAbTTaH keftinri MCK TepanmschbiHbig 8CepiH 3epTTeMTiH NPEKAMHUKAALIK 3epTTeyAepAI
Taaaay MCK-HbIH MHCYALTTaH KaAMbiHA KEATIpyre oH acepi 6ap ekeHiH kepceTeal.

TyHiH cO3AEP: MHCYALT, ME3EHXHMMaAbAbI GaraHaAbl JKaCyllaAap, KaAMbiHA KEATIDY Tepanmschbl,
BaraHaAbl )Kacyllaaap Tepanusachl, WenTiK aHTMOKCUAAHTTAP.

Beenenue

WucynsT — BTOpas MO pacmpecTPaHEHHOCTH
npuurHa cMepTH [ 1] 1 OCHOBHAs NpUuMHA UHBATTHI-
HOCTH, IPHOOPETEHHOH B3pOCILIMH BO BCEM MHpE
(2, 3]. I1o ouenkam BO3, mpsAMbie H KOCBEHHbBIE 3a-
TpPaThl Ha IMArHOCTHKY, JICUCHHE W peabHIHTALMIO
DOIBHBIX MHCYIBTOM COCTAaBIAOT Donee 50 mapi.
nomnapos CIIA B roa tonbko B CoeaHHEHNBIX
Ilrarax [4]. B HacrosAumee BpeMs €AMHCTBEHHBIM
3O PEKTHBHBIM JICKAPCTBCHHBIM CPEICTBOM, 0J10-
OPEHHBIM JUTA TEUSHHS OCTPOI0 HHICMHYCCKOTO WH-
CynbTa, ABIACTCS PEKOMOHHAHTHEIN TKAHEBOH 4Kk-
tuBaTop riasmuHorena (tPA) [S. 6]. K coxanenuro,
BPEMEHHOE OKHO /I TEPANEBTHYECKOrO NpUMEHe-
1us tPA cocrasisier Beero 4,5 4aca, H B pe3ynbTaTe
ToaEKO 1 13 20 NALHEHTOR C OCTPLIM UILEMHUYECKHM
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MHCY/AbTOM B HACTOALIEE BPEMS NOIYYAKT ITY Te-
pammio B Coepuncuubix lrarax [7]. boaee Toro,
MPUMEPHO MOJIOBHHA MAIMECHTOR, KOTOPLIC MOJIyYa-
0T tPA, HMEIOT 3HAYUTENBHYIO MPONOIKHTENbHY O
MHBAJIMAHOCTh. B CBA3H € 3THM, BO BCCM MUPC OCY-
WCCTRIACTCS TOMCK U Pa3pad0oTKa HOBBIX METOI0B
JIEUEHHMS ¢ TIEIbI CHIDKEHUA WHBAJIMJIHOCTH OT WH-
cynera. OOHOM M3 HUX sIBISETCA peadHIHTALHOH-
Has Tepanus ¢ UCIOIb3OBAHHEM ME3CHXHMAIbLHBIX
CTBOJI0BBIX KileTok (MSC).

MSC — MYJIbTUIOTEHTHBIE CTPOMAbHbBIC KIIET-
KH [PSACTABSIIOT COOOH  B3POC/BIC HCICMOO-
YTMYECKHE TUIFOPHIIOTCHTHBIC KICTKH, KOTOpPBIC
BOBNIEKAIOTCA B KJIETOUHYIO Tepamuio Onaroaaps
MHOKECTBY MyTeH WX NEHCTBUS HA [ATOIOIHHECKHE
LPOLCCChI, [IPOHCXOUALING BO BPCMs MHCYJIBTA B
TeHTpaIbHOM HepBHOH cucteme (ITHC) [8].
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HEPCHEKTHBH HCMONL30BAHHA ME3CHXHMANLHBIX CTBOJOBLIX KIETOK B TEpaniy HHCYILTa

Me3zeHXHMaNbHBIE CTPOMANbHbBIE KIETKH MOJY-
YaKT W3 HECKOJBKMX MCTOYHHMKOB, MPEXKIE BCEro,
M3 KOCTHOTO MO3ra, a TakkKe W3 TKaHeH, KOTOphIC
BKJIKOYAIOT KHPOBYIO, MYTOBHHHYIO KPOBB, Tna-
[EeHTAPHYIO TKaHb, 3yOHBIE 3a4aTKH M [IEUEHOTHYIO
tkanb [9, 10]. MeseHXxuManbHble CTPOMAJIbHbIE
KJIETKH MOTYT AH((epeHIHpoBaTECA B HECKOIBKO
Me30epMalblbIX JJHHHH U NPH ONpeaenetibX yc-
JOBHAX TaloKe MOryT AupdepeHHpOBaTLCA B KIIeT-
KM, KOTOpBIc 001a1a0T (CHOTUITHYCCKHMH Xapak-
TEPUCTUKAMM HEHPOHOB, MIHH M 3u0Tenus [11, 12,
13]. Umetolecs 1aHHbIE CBUAETENbCTRYOT O TOM,
gro MSC ciiocoOCTBYHOT BOCCTAHOBJICHHIO (PYHK-
IIUHM MO3Ta TIociIe HHCYIbTa M JICNA0T 3TO ¢ MOMO-
IIIBI0 HECKONBKHX PA3IHYHBIX MEXaHH3MOB, TAKHX
KaKk TpaHcau(depeHnpoBKa, HHIYKIHS HEHpore-
HE3a M aHTMOreHe3a, HeHPONPOTEKLIMA H AKTHBALIMA
SHIOreHHEIX HeHPOBOCCTAIOBHTEbIIBIX IPOLIECCOR
[14]. B nannom o030pe paccMarpuBaercs oO1Mp-
HbIH OIBIT B 00/1aCTH Tepallly Ha OCHOBE IIPUMC-
HeHus MSC, B TOM 4Hcle HX o0HaaCKHBAKOIIHI
npoduns 0e30nMacHOCTH B OOKIHHHYECKHX M KJH-
HHYCCKHX MCCICIOBAHMAX, TIC OCHOBHOC BHMMa-
HHC YACTACTCS JICUCHHIO HIICMHUCCKOTO HHCYJIBTA,
0Cc00EHHO B OTHOIIIEHHH BOCCTAHOBJIEHHA [TOCTIE €T0
PA3BUTHA,

TepaHEBTH‘IECKOE npuMeHeHHe
MAJbHBIX CTBOJTOBBIX K/I€TOK

Me3eHXH~-

Tpaucnnanrauus MSC y naiieHTOB Hayanach B
1995 roay, npuiem B OOJBIINHCTBE PAHHHUX UCCIE-
JI0BaHHH OCHOBHOE® BHMMAHHE YIEANO0CH NOTEH-
LUHALHBIM [IPCUMYyLICCTBAM ayTojiornudbix MSC
MPH HCTIONE30BAHMH TEMOIIOITHUCCKHX CTBOJIOBRIX
KISTOK B YCJIOBHSAX TeMaTONOTHUeCcKOH 37l0Kade-
cTBeHHOCTH. TIpH JTOM TpaHCIUIAHTAlMs Crocob-
CTBOBANA YCKOPEHHK) BOCCTAHOBIIEHHS TEMOIO3-
3a, BOCCTAHAB/IMBAsg KPOBETBOPHYIO MHKPOCpENY,
yMEHbLIANA PUCK OTTOPXKEHHA TPAHCILIAHTATA U 3a-
fonesaecmocts ocrpoil PTIIX (TpaHciuladrar npo-
THB x03suHa) [15]. OtcyTeTBHE NOOOUHBIX (Pek-
TOB MO3BOJHIO Mcnons3oBaTe MSC y nauMeHToB ¢
JpYruMH natojorusmu [16]. B Hacroswee Bpems
H3ydaeTcs MOTCHIIHAIIBHAA TepaneBTHIeCKas pollb
MSC npu psine 3a0oneBaHHIl: PaCCEAHHOM CKIIEpO-
3e, uHGapkTe MHokapa, nuadere | Tuma [15, 17].
H3-3a coco6roctn MSC auddeperHumpoarscs B
pasiauyHble BUALI KAPIHOMHOLNTOB (COKPATHTE b~
HbIE, MeiicMEKepHble, NPOBOAALLINE, CEKPETOPHbIE)
in vitro, a TAIOKE HAJICKHOH cexpeuuci umu Ouo-
AKTHBHBIX MOJICKYJ, CTaJ0 BO3MOMKHBIM HX IIpH-
MellelHe 18 Jiedenns MHpapkTa MHOKapaa Ha
pasubix ctaguax [15]. MHorue KiMHHYECKHE HC-

CNeIoBaHus TOKa3alu 3HAYWTENbHOe YylyuylleHHe
(YHKLMH XEeNYyI04KOR TOCNIe BHYTPUKOPOHAPHOMN
unsekim MSC npu ocTpoM HHbapkTe MHOKapIa
[16]. OnHako ocTaeTcs OTKPBITBIM BOIIPOC, CBA3aHBI
JIH 3TH Pe3yNbTaThl ¢ IpaMoii nHTerpauneii MSC B
MHOKAp/I HITH ¢ napakpiHHeIMU 3ddexramn Bblae-
naeMbix Mu BAB. McenenoBatensm npeicTouT pe-
WIHMTh JaHible BOMPOCHI, @ TAKKe, MOMHMO MPOYero,
yeTanoButh dezonacuocts U dddextusnocts MSC
IIPH CePACUHO-COCYIUCTHIX 3a00ICBaHUAX.

HaHGOﬂCC 3HAYUMOC KIIMITHYECKOC [IPHUMCHCHHE
MSC Ha ceroJHsILIHHI 1€HL YCTAHOBIIEHO P pe-
AKLHU «TPaHCILIAHTAT 1IPOTHB Xo3zsuHa» (PTIIX).
Y 40% neTel, KOTOPBIC MOIYUAIOT AMITOTCHHBIC
TPAHCTUTAHTATE! KOCTHOTO MO3Ta, HMMYHHEIE KIIET-
KH B TPAQHCIUIAHTHPOBAHHOM MaTepuane MoryT aTa-
KOBaTh KJIETKH XO3AHHA. DTO 3a4acTy0 NPUBOIAMT
K YIpOXalOLIUM SKH3IH OCIOKUENAM, MOITOMY,
qame BCero, OHM NMojly4arwT HMMYHOCYIIPECCHBHBIC
[IPCLIAPATHL, HApUMEP, KoprukocTepowinl (18] VY
MAIIHEHTOR, HCBOCMPHHMYHBBLIX K METO/aM Jeue-
HMS Ha OCHOBE CTEPOMIOB, cTanu npumensts MSC
B CBA3H C OOHAPYKCHHBIMH Y HUX UMMYHOMOIY/IH-
pyromnmu sbdektaMu K TpaHcruantaty. B 2012
roay Teparms Ha ocHore MSC Onlna odunuansHo
onobpeHa ans ucnons3oBanusa y Jetett ¢ PTIIX B
Kanazne u Hoeoit 3enanaun [15]. [lannas tepanus
CTBOJIOBLIMM KJEeTKaMH 1714 CHCTeMHoro 3abonera-
HHA nokKasalla KIMHHUYCCKH 3HAYHMBIC PE3y/1bTaThbl
y 64% naunenros. Heo0xo1uMOCTh TAKOH TCpalluu
HCXOOMT H3 TOro ¢akTa, YTO YPOBCHL CMCPTHOCTH
or PTIIX, ycToiiuuBOH K CTepoHAaM, TOCTHIAET
85% [18]. Omobperne MSC ansa nedenns PTIIX
CBHJICTC/ILCTBYCT HC TOILKO 00 MX Oe3011acHOCTH,
HO ¥ crmocobHoCTH 3 derTHBHOM Tepannu 3abore-
BAHMS, HE MO UTAIOLIETOCS TPATHIIHOHHBIM METOAaM
neueHnda. Mcxond W3 JaHHBIX HAOMIOAEHHH, MOKHO
NPeanoIoKknThL, YTO TepaneBTHUECKHH MOTeHLHAT
MSC Bckope OyzaeT peann3oBai s Miorux 3abo-
JieBaHuil.

MexaHu3Mbl JIeHCTBUS  Me3eHXUMAJBHBIX
CTBOJIOBLIX KJIETOK B TePANnHH HHCYJIBTA

FKCICpUMCEHTaNbHOe 000CHOBAHHE HCIIO/IB30-
sanust MSC B Tepaniu HHCYJIBTA BKJIIOUAET B ce0
psd pd3JIHYHBIX MCXaHH3MOB ,IICﬁCTBHf{, TAKHX KdK
nutdepeHUHalMs Ha PasIW4Hble THILl KIETOK,
HeOOXOAUMBIX IS BOCCTAHOBICHHA, MOTY/ALHA
HMMyHHOI:i CHCTEMbl, HHAYKUHA dHIHOIeHEsa H
HEHporeHesd, Ccekpelus HCHPOLPOTCKTOPHBIX H
HeifpoTpoduucckux axropos [15]. O0wmmuM ana
spdexros MSC B ITHC 1 apyrux Tkausax sBasercs
HX crnocoOHOCTE M30HpaTeNLHO BO3ACHCTBOBATE Ha
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obnactu noepexaeHuit. [TosroMy B3pocikie CTBO-
JIOBblE KJIE€TKH MOTYT OBITH XOPOLIHM BLIOOPOM 115
TCpanuu MHCYJIBTA, MOCKOIBKY OHH CCKPCTHPYIOT
pasHooOpa3Hele OHONOTHYECKH AaKTHBHBIC Bellle-
CTBd, BKJIOUas Tpodudeckne (HaKkTOPEl M BHEKIIE-
Tounble Be3MKynl (EVs, kpyroeele MemOpaHHBIe
tparmenTs! pasmepom O,1-1 MkM, oTaenHBIIHECS
C MOBEPXHOCTH KIETKH), B MOBPEKICHHBIH MO3T,
Bbl3blBasd HEHPOIreHe3, AHTMOreHE3 M CHHANTOTEHE3
[19-21]. Kpome Toro, kak OblIO OTMEYEHO, TPaHC-
mwiantupyemsie MSC BBI3BIBAIOT ociadneHHe Boc-
nanenus [22], ymeHblIeHHe TonnHe! pybua [23],
ycuiaenue ayrodarun [24], HOpMallM3auMl mera-
Oonmuyeckux mpoduneit [25] U, BO3MOKHO, 3aMEHY
TOBPEHICHHBIX KIETOK [26] mpH pazanuneix 3a00-
JIeBaHHSX TOJOBHOIO MO3TA.

KpnTHueckuM orpaHdueHHeM TepanuH B3poc-
JILIMH CTBOJIOBLIMU KIETKAMM MPH HHCYJILTE SBISA-
€TCA OTCYTCTBHE MOJHOrO MOHMMAHUA MEXaHH3Ma
JACHCTBHUS, OLOCPCAYIOIIEr0 HA0AKJACMbIC TCpa-
MERTHYCCKHC  MPCHMYIICCTRA,  IMOPHOHANLHBIC
creosioBble KneTkH (ESCs) M MHAYLUPOBAHHEIC
TUIOPHIIOTCHTHBIC CTBONOBEIC KNeTkH (iPSCs) mo-
TyT 3aMEHHTB HCIOCTAIOUIHC KICTKH TOJOBHOTO
mo3ra B obnactH HHepapkTa [19]. OaHako ycTaHos-
JIEHO, UTO CYLIECTBYIOT MPENsSTCTBHSA, CBA3ZAHHBIE C
HCTHHHOM 3aMEHOH HEHPOHOB 1715l BOCCTAHOBJIEHUSA
HelipoHHOH (yHKIIMHN Mocne uHCynbTa [27], a Tepa-
nug ESC/iPSC moxer npuBoanTh K 00pa3oBaHHIo
olryxoiiefl. bonee TOro, JOKIHHHYCCKUE HCCIIE/[0BA-
HUA NOKa3alnH, 4To OOAbLIIMHCTBO TPAHCIIAHTHPO-
BaHHBIX KJIETOK MCHE3aI0T M3 TKAHH MO3ra B Teue-
HHE HECKOJbKHX Heaenb [28].

[TepBoHavalibHBIC UCCICAOBAHMS [N VITFO 11OKA-
3anu, 9yTo MSC cnoco®HB TH((epeHIIMPOBATECSA
B KJCTKH MHOKCCTBCHHBIX 3apOAbILICBBIX JTHHHﬁ,
BKIIKOYas HEI:’IPOHHBIE H TJHUaJIbHbIE KIETKH, 4YTO
MPHBOIUT K HaJEKIe Ha TO, 4TO TpaHcauddepeH-
UHpoBKa TpaHcmianTupoBanuoro MSC  moxet
CHI'PAaTh POAb B YAYHLUEHUW pe3ybTATOB [10CHE
uneyawta [13, 29]. In vitro takke ObUIO OnMca-
HO nudpdepennuporanne MSC B 3nnoTenuif. He-
CKOJIBKO rpymnm YUYCHBIX OIMHUCAIH ')KCHpeCCPHO
HEHPOHHBIX M MIHaNBHBIX Mapkepos MSC s ITHC
TMMOCHC TPaHCIUIAHTAOHH TIPH HHCYJIBTC B MOICIIAX
Ha TpeizyHax [30, 31, 32]. Takxe cooburamocs 00
sKkcrpeccHu Oenka, CBA3aHHOIO C PELENTOPOM
raMMa-aMHHOMACAHOH KHCIoThI, Oenka cHHan-
THYeckoro peuenropa [33]. Oanako gokazatenb-
crBa Toro, yro MSC cTaHOBATCA MONHOLEHHBIMU
(YHKUMOHANBHBIMH 3aMEHaMHU Ul HCHPOHOB WM
riaud, orcyTeTByioT. Hampumep, MSC ue obpasy-
10T KaHalbl ¢ HOHHBIM BO30yXAeHHEM, HeoOXomH-
MbI€ [l TEHepaluy oTeHUManoB aeicteus [34], a
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yJyuluenne noBeleHyecKoro pesynstata, obHapy-
weHHoe npH BeeaeHWH MSC depes 24 yaca nocne
Hayvala WHCYIbTA, HE COIIPOBOKIACTCA YMEHBIIIE-
HHeM o0wema HHQApKTa, BOMPEKH oxuIanusm [ 14,
35, 36]. [lo-BuauMomMy MoBe/IeHYECKOe COCTOSHIE
OKOHUYATENBHO YIYUILAeTCs Ha OCHOBE HEHPOHHOI
NIACTHYHOCTH 0€3 COMYTCTBYIOWEr0 YMEHBINCHHS
obwvema uidaprra [37, 38]. B uenom Bonpoc o Tom,
g depenuupyrores nn MSC HenocpeacTBEHHO B
HCHPOHBI M TIHATBHBIC KJICTKH, KOTOPLIC 3aMCHSIIOT
nospexaennyro tkans LHIHC nocne uncynera, npen-
CTOMT J0Ka3zaTh [29, 39].

CyumecreyeT MHeHHE, uT0 yyactue MSC B Boc-
CTAHOBJICHHH TOCIIC MHCYJIBTA CBA3AHO C TIOBBIIICH-
HOH mponudepanneil KIeTok B CyOBSHTPHKYIAP-
HOW U ¢yOrpanyIApHON 30HaX, UTO Npealoiaraet
MOOMIH3AHHMIO 3HAOTCHHLIX [peaueCTBEeHHHKOB
HEHPOHOB, DTO MOATBEPXKAAET Baxiyio posis MCK
B nponudepauuu, audhepeHUHPOBKE U MHTPALH
HOBBIX HCHPOHOB M3 ICPBHYHOIO MCTOMHHKA B 110~
BPCIK/ICHHBIC YYACTKH. 3HAYNTCILHOC YBCAHYCHHE
HOBbIX KJIETOK MPHCYTCTBYET B CYOBEHTPHKY.SpP-
HOH 30HC M0CJC MUICMHH U cule Donee yCHIHBaCTCA
npu nedeHnn MCK [31, 40]. IMapakpunnas cexpe-
st MSC crnoco0CTBYIOT BEIKHBAHHIO HEKOTOPHIX
KJTETOK MO3Ta, BKJIIOUas HeHpOHEIL, 1 crocoOCTBYIOT
nponudepauly IpYrHX KIeTOK, HampHMep. TIHH
[41]. MSC Takxe MOXeT OrpaHHuYHTL BTOPHUHYIO
Heliponererepauiio nocne HHcyasta [42]. HH-
TepeccH ToT (pakt, 410 MSC MOryT yBeIM4HBATH
MIACTHYHOCTh HEMOBPEKICHHBIX HCHPOHOB U ak-
TUBMPOBATh ACTPOTNHANLIbIE KIETKH, 4TOOBI HH-
AYLHPOBATh CEKPELMIO HEHPONMPOTEKTOPHBIX MOJe-
Kyi1. MSC yeroiiunBo 1 crieuudHUCCKH IOBBILIAIOT
VPOBCHE HelpoTpodnueckoro GakTopa TITHATEHEIX
KIIETOK B KYJIBTYpe aCTPOUMTOB [n vitro [43]. Ycra-
HOBJIEHO, uT0 MSC nocne TpaHcminaHTALMM uepes
KPOBb JOCTHratoT 001acTh HILIEMHYECKOr0 MO3ra H
AKTHBHPYIOT I€libl, JKCIPECCHs KOTOPBIX YCHAHBA-
eT HeHpopereHepaLmio, aHTHOIeHEe3 H CHHANTOIeHe3
[44]. Kpome Toro, 0OHapyk’eHO, YTO KOMIIOHCHTbL
BHCKJICTOUHOTO MaTpHKca, TakHe Kak (puOpoHEK-
THH, cexpetupyemblii MSC, moryT Tarke cnocod-
CTBOBATH BLKMBAHHMIO U CHHAHTOICHE3Y HEHPOHOB
OKpYsKaoIcH 30HBI (MEeHYMOpPBI), Y4TO YKa3hIBaeT
Ha IpyTHe (pyHKIHOHANBHBIE Bo3mokHOCTH MSC B
LIHC, kpome 3ameHsl kieTok [45]. MoxkHO 3akio-
YHTb, YTO OTH PE3YNbTaTbl MOATBEPKIAAIOT POJib
MSC B perynsuuu 4ucia KIeToK I0c/Ie HHCYIbTa,
HE34BHUCUMO OT TOIO, BKAKOYACT JIH 3TO [PAMYHO 3a-
MEHY HOIMOLINX KIETOK MM KOCBCHHBIE MCXAHM3-
Mbl pelapauty MOBPEKACHHS.

HMmemMHyeckHii HHCYNBT BBI3BLIBAET CHUJIBIILIH
BOCMAIMTENBHBIH OTBET, KOTOPLIH NPUBOIWT K MO-

Experimental Biology. Nel (78). 2019 7



”epcl‘lEKTHBhl HCMONL30BANHA ME3EHXHMAIBLHLIX CTBOJTOBLIX KJIETOK B TEpanHKA HIICYILTA

CleyIOLeMy MPHBIEYEHHIO JICHKOLMTOR B 3011y
uddapkra [46]. Me3zeHXHMaNbHbIE CTpOMabHbIE
KICTKH TAK/KE SIBISIOTCH HMMYHOMOIYJIHPYHOUIH-
MM, B HaCTHOCTH, OBUTH 00Hapy:keHa Crioco0HOCTh
0cnmabIATE Kak BPOXKIEHHBIC, TaK W aJANTHBHEIE
UMMYHHBIE OTBeTHl. Kpome Toro, Bo3acicTBHE
MSC na UMTOKHHBI, TakMe KaK HHTepdepoH-y,
crocodCTBYET MMMYHOPEryJIATOPHOMY (GeHOTHIY
MSC, uTo NpUBOANT K JanbHeHIIEMY NOIABIEHUIO
T-KIeTOK MM CeCTCCTBCHHBEIX KIICTOK-KHILICPOB
[47]. DkcnepuUMenTSl in vitro NOKas3aiu sSBHOC CHH-
AeHne nponudepalunt JeiKOUHTOR H H3MEHEHHI
B IU(pQEPEHLUPOBKE NPH COKYJILTHBUPOBAHHHU C
MSC [48].

BaxkHO OTMETHTB, 4UTO MHOTHE W3 PGEKTOR,
kotopele MSC oka3zbiBaeT Ha UMMYHHYK CHCTe-
MYy, HampsAMyH CBS3aHbl ¢ MpoLieccaMH, JNeXalll-
MH B OCHOBE HEHPOHHOI'0 BOCCTAHOB/EHHA MOCIE
uHcyneta. Hanpumep, MSC copelictByer npekpa-
HICHUIO BOCHAIUTC/IbHBIX SBJICHUR 1IOCTHHCYIIBT-
HOH BOCMANMUTENLHOH Cpefbl, KOTOpas MOXKET mpe-
NATCTBOBATE BOCCTAHOBIEHHIO, H MOMKET CMELLATh
npodunn Makpodaroe Ha T¢, Kotopsic Oonee Gna-
TOTIPUATHBI AN BOCCTaHOBICHUA [49]. Kioucroi
ocobeHHOCTEIO TpaHchysun MSC amnsercs oT-
JaneHHbIil 3pderT, KOTOpslit 3TH KIETKH MOTYT
OKa3bIBATh HA UMMYHOJIOTHUECKYH (pyHKUMKO. Ha-
npuMep, cHCTeMHO BBOAMMBIH MSC MoxkeT ObITh
3aXBayeH B JIErKHX, HO 001azaTth HMMYHOMOIY-
JUPYIOWMUM ACHCTBMCM HAa OT/JAJICHHBIC OpIaHBI,
Btouas Mo3r [50, 51]. MHTepecHo, 4TO cene3eHka
UrpaeT BaXKIHYIO POIb B ONMOCPEI0BAINH CHCTEMIIO-
ro HMMYHHOTO OTBETA Ha MIIEMHYECKHH HHCYIBT;
CIUICH3KTOMHA IPHBOIHUT K 3HAYUTC/ABHOMY YMCHB-
IIeHHI0 HEHPOJICTCHEePAlud H CHIKCHHI0 UMMYH-
HOT'O OTBETA TOCHE OKKIH3UH CpelHell MO3roBoH
aprepun (OCMA) y kpeic [52]. 3amMeTHOE Hakome-
e MSC B ceneszeHke mocie BHYTPHBEHHOTO BBe-
JeHHs [1aMeKaeT Ha BO3MOJKIbIE POIH CHCTEMHOMN
HMMYHOMOAYJSLMK 3aeck [53], X0Ta 7Ta runoTesa
CILIE HE [1POBEPCHA.

Me3eHXHMAILHBIC CTPOMATLHBIC KICTKH JKC-
npeccupyoT Momnekyiasl HLA Ha ouyeHb HU3KMX
ypoBusx [54]. B pesyiasrare MSC ssisarorcs UM-
MYHOIIPUBHJICTHPOBAHHBIMH — HMX aAKTHBHOCTH HC
MEHSETCS B 3aBUCHMOCTH OT CTENEHH COOTBETCTBHA
MHC mexny moHopoM M peuunuentom. [lostomy
MHOTHE M3 HX MMMYHOMOAYJIHPYIOLWHNX 3D (eKToB
HabMI0aalTCl KaK B ayTOJIOTHYHOH, TaK H B ajllo-
reHHOH 0OCTaHOBKE, YTO MPEaNnoIaraeT LIHPOKoe
TepaneBTHyccKoe npumcHenue. Onnako cooduie-
Hust 00 MMMYHHBIX pCaKUHAX, CTHMYIHPYCMBIC
MSC, mpeanonaraior, 4To 3T0 MOMKeT ObITh OTHO-
CHTENBHOE, a He a0COMOTHOR CROHCTBO [55], XoTs

MSC He mokazbIBalOT ]'Ipi‘lSE[aKOB HMMYHOJIOTHYE-
CKOH CeHCHOMMM3aLUHH B FONOBHOM MO3Te [PH Ha-
3HauYeHWH Tocne HHeynbTa [50].

Brnusane MSC Ha HMMYHHBIH OTBET BO BpeMs
HHCYTBTA HETOCPEICTEEHHO HCCIeIOBATH CPABHH-
TCIBHO HCMHOIHC pﬂ6OTLi. beilo oTMeueHO CHH-
JKeHHe PeKpYTHPOBAHHUA MakpoharoB U akTHBALIHA
BPOXIOCHIOTO KHMMYHHOIO OTBETA I1OCJIE HHCYJIbTA
[56]. [NoTpebHoCTh, B TAKMX HMCCAEIOBAHUAX MOI-
YepKUBACTCA TeM (pakTom, uto BozjacicTeue MSC
HAa MMMYHHYIO CHCTEMY MOXKET BapbHPOBATLCSH B
3aBUCHMOCTH OT YPOBHSA CNEUH(PHYECKOrO XeMOo-
KWHA, yciloBuil 3abosiceanus u BuuoB [57, 58]. Dra
HCOOXO0MMOCTE clic DoNce MOAMCPKUBACTCS TCM
thaxToM, 4TO, 1O KpalHeil mepe, 11g MSC, 1aHHEIX
B TICPBLIC JHH MOCTTE HAYala HHCYIIbTa, Mo0sIe D(-
dextel MSC Ha MMMYHHYIO CHCTEMY JOMKHBL HH-
TEPNPETHPOBATLCH B KOUTEKCTE COCTOAHMA HUMMY-
HOCYNPECCHH, KOTOPOE BO3ZHUKAET MOC/IE UHCYAbTA
[59].

CuuTacTcs, YTO AHFHOTCHE3 BHYTPH 30HBI HH-
¢apkTa 1 okpyxatoel neHyMOpsl UrpaeT Kirote-
BYHO posib B 00CCTICUCHHH BBIKHBAHHA H pereHepa-
MK HCHPOHOB MOCIC HHCYIBTA, Me3CHXHMAIIbHBIC
CTpPOMATEHEIE KITETKH REIIENAIOT pa3zHooOpa3HBIe
LUUTOKHHBI, MHOTHE W3 KOTOPBIX SIBISIOTCA MpPO-
AHTHOTCHHBIMH. XOTH TOYHBLIC cyﬁcmmum MOTYT
PA3NHYATLCA B 32BHCHMOCTH OT HCTOYHHKA KNETOK,
HEeOAHOKPATHO OMHCHIBATACE Ccekpelus dakTopa
pocra aHjpotenus cocviaos (VEGF), ocHoBrOro
(akrtopa pocta GubpodnacTos u ¢akropa pocrta
mnatentsl [60, 61]. MutepecHo, 4to MHOrHe au-
THOTeHHBIE  (AKTOPbl HUMEIOT  JAOMNOJHUTENbHbIE
HeHponporekropusic csolictea. Hanpumep, VEGF
HC TOJBKO HWHAYITHPYET aHTHOTCHE3, HO TAKAKC SB-
JIFETCSA MPOTHBOBOCTIATHTENLHBIM H CTIOCOOCTBYET
pekpyTupoBaHuk W IHbdepeHInalun  dHA0TeH-
HbIX MPeAIecTReHHUKOB Helipounos [62]. [upoxue
5(QeKThl aHTHOTEHHBIX MOJEKY] MOIYT NO3ITOMY
NOMOYL OOBACHUTL PAa3iM4Hble TepaneBTHHECKHE
upeumymecrea MSC npu uncyisre. Kpome 1oro,
MSC 061anai0T CXOJCTBOM € MCPHUHTAMH, KO-
TOpblE MOTYT MO3BOJMTH TPAHCMAAHTHPOBAHHBIM
MSC uMeTh JIOMONHUTCIBHBIC POJIH, CBA3AHHBIC ¢
MOCTTPABMATHYCCKHM BOCCTAHOBICHUCM HCPBHOH
CHCTEMBI, TaKHE Kak [MOJAepKaHHE COCYIHCTOrO
MUTAHHA M TIOJIEPKKA HOPMalbHOIrO B3aHMOJeH-
CTBHS MEPHLMTOB C ACTPOLMTAMH U 3HOOTEIHEM
AU MOAAEPKaHHs LeNOCTHOCTH reMaTtodHLedanu-
yeckoro Gapeepa [63].

Bbu10 00HAPYIKCHO, UTO MC3CHXMMAIIBHBIC CTPO-
MAaJTbHbIC KICTKH, MOJYUCHHbBIEC IO/ IKCICPUMEH-
TanblOrO WHCYJbTA, BbIICAAIOT OOMNBIIOE KONHYE-
CTBO HEHPOMPOTEKTOPHBIX W HelipoTpoduueckux
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(hakToOpoB, KOTOpPbIE CMOCOOCTBYIOT BOCCTANOBJE-
HHIO 9€PE3 MHOTOYHUCIICHHBIC MMyTH. B cooTreTcTBHH
¢ 2THM BBcacHHC MSC-KOHIHIHOHHPOBAHHBIX HO-
CHTETIeH BOCTIPOM3BO/IHT MHOTHE 3(EKTE MPSMOTt
tpancrmanTann MSC [64, 65]. Taknm oOpazom,
MSC ciysxar B kauecTBe NAATHOPMBI JOCTABKH LI
LIHPOKOrO CIEKTPa CEKPETHPYEMBIX MONIEKYII, AEH-
CTBYIOLIMX CHHEPrHYeCcKH W MapauleNblo Mo He-
CKOALKUM OHOTOruyeckuMm myTsaM. Paa ¢gaxtopos,
cekpeTupyeMblx MSC, BIHAIOT HA BLDKUBACMOCTE
H mpoaHdepalnio KIeToK mociae WHeyabta. Hu-
CYNBT MPHBOIAMT K HEKPO3Y M anonTo3y HellpoOHOB,
IHIOTCIIMAIBHEIX M IVIMAIBHBIX KileTok. Mecieno-
BaHMA TOCIEI0BATCNEHO 00Hapyxumn, uto MSC,
BBEJIEHHBIE T0C/IE WHCYIBTA, YMEHBLIAIOT AronTos
U YBEJTHUNBAET MPOTH(EPALHIO HECKOIBKHX THTIOB
KJIETOK, BKJIIOYAs 3HAOTE@HHbIE HEHPOHHBIE CTBOJIO-
Bble KJIeTkH U rnuio [40, 56, 66]. D10, BepoATHO,
MPOHCXOAUT KaK OCPEACTBOM cekpeln hakTopos
BBDKHBAHMWA, TAK U AHTHALOLTOTUYCCKUX (HaKTOPOB
H TOCPEJICTBOM HEMpAMOH CTHMYISIMW TMapcH-
xumarosubix kierok ITHC nna cekpeunu Heiipo-
TpO(MUECKHUX, HEHPONPOTCKTOPHBIX H TPOOTHIO-
JeHaporeHHBIX (akTopoB [31, 67, 68], HanpuMep,
uHCcynHHOMo00HOTO hakTopa pocta |, HeHporpo-
¢puveckoro akTopa MO3ra , IMUAECPMATLHOTO (k-
Topa pocTa U (hakTopa CTBOTOBEIX KneTok [40, 69,
70, 71]. Ocobenno BaKHLIM KOCBEHHLIM d(diekTOM
MSC npu uHCYIBTE MOXKET ObITh HHAVKLHA tPA B
ACTPOLIMTAX, YTO CLIOCOOCTBYCT POCTY HCHPHTOB H
Heitponpotexuny [72]. Cexpeuus MSC anruorcu-
HEIX dakTopor, Takux kak VEGF, moxeT uMeTs 10-
MOJHUTENBHYIO POIb B CMbIC/e peadbunntauuu [62].
Pesynbrarom 3toil pesreiasHoctw MSC sisiercs
YBEIHYEHUEC HCHPOTCHE3d, YJIYYUICHHC UCIOCTHO-
¢TH 0eNoro BenecTsa U cuHanTorexes [ 14].

Herounukn mMe3eHXMMAJIbHbIX  CTBOJIOBBIX
KJeTOK

BoablunHeTBO MCCiICJOBaHUE HA KMBOTHBIX
no TpaHcnaantauun MSC npu MHCYILTE MCNOL-
zoBanu MSC, nonydeHHbIH W3 KOCTHOTO MO3ra, B
MeHbIUeH cTeneHr u3ydas MSC, nosydcHHBIC M3
KUpOBOH TKaHW MW mynosuHbl [73]. K coxane-
HHIO, OBITIO MPOBEJCHO CPaBHHUTENBHO HEOONIBIIOE
KOJIHYECTBO HCCJ]C}]OBHHHﬁ., HETIOCPEACTBCHHO
CPAaBHHBAIOLUMX OTHOCHTENBHYIO 2(dexTuBHOCTL
MSC, nony4yeHHOH W3 HECKOIBLKMX HCTOYHHUKOB B
YCAOBUSIX UHCYNBTA. DTH Apyrue ucrouHuky MSC
HOMHMO KOCTHOTO Mo3ra wid amjoreHunix MSC
OT MOIIOJIBIX IOHOPOB MOTYT OBITb NpHBICKATCIb-
Hbl ¢ Y4YCTOM QUEBHUAHOIO CHHMMXKEHHUSA KOJIHYeCTBa U
dyukuuit MSC M3 KOCTHOTO MO3ra y UL MOKHII0TO
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Bospacta. OGe UpOBas TKallk M MYTOBHHA SBISA-
H0TCA NepeneKTUBHbIMH HcTodHMKaMH MSC. Co-
001IaNOCk, UTO CTBOJOBBIC KICTKH, HOJTYUCHHEIC U3
FKuUporoH Tkanu (ADSC), obnanaiT HEKOTOPRIMH
MPEHMYIIECTRAMH TI0 CPABHEHHK) C CTBOIOBEIMH
KJIETKAMHA, MOJOYYCHHBIMH W3 KOCTHOIO MO3ra. B
IKCMIEPHMEHTAX Ha MbILIAX, KOTOPbIE MOABEPIIHCEH
OCMA ¢ MSC, nomyuenusiMi 1H00 U3 KHPOBOH
Tkanu, aAM00 U3 KOCTHOrO Mo3ra, ©eL10 0OHapy-
KCHO, UTO KJICTKH M3 JKUPOBOH TKAHH HC TOJBKO
criocoOCTBOBAMIM yMelbliennio o0beMa HHpapkTa
TOJIOBHOTO MO3ra H HEBPOIOTHUECKOrO BOCCTAHOB-
JICHUSE, HO TAKKC LIPOSABISAIH OOJIBILYIO HC3ABHCH-
MOCTB OT JIOHOPCKOTO Bo3pacTa [74]. OTHOCHTCITE-
Ho Oombmoe koauuectBo ADSC MOKHO OTIENHTH
OT MOJAKOKHOH JKUPOBOH TKAHM ¢ MUHUMAJIBHO HH-
BA3HBHBIMH MMPOLIETYPAMH.

Jna MSC w3 nynoeuiist ObUIM XapaxkTeprbl
NPEUMYLLECTBEHHO — CeKpeTupyeMble  (akTOpBI,
CBA3AHHbLIC C HCHPOLPOTCKUMCH, HEHPOICHEIOM W
aHruorcHesoMm [75, 76], a Taioke OnarompHATHBIC
BOIMOKHOCTH AH(pQepeHIHaunl W HU3KHH HM-
MyHuTeT. Ecnu npennonoxuts, 4to B OyayuieMm B
KJIMHHKC OYIyT HCMOIb30BATECA MHOTOUHCIICHHEIC
uctounnkn MSC, neobxonumo, utobrr muddepen-
LHPYIOIMAA CIIOCOOHOCTE, MPOMUIL CEKPELHH K-
TOKHHOB H MMMYHOMOIYJUPYIOLHE CHOCOOHOCTH
MSC, nony4eHHble U3 HECKONbKUX TKaHeH, Oblau
[HOJHOCTBIO OXAPAKTCPH30BAHbLI H HEMOCPEJACTBEH-
HO CPaBHUBAIMCh HCXO/IA H3 PE3YIILTATOB.

TpaHcnnaHTauus MC3CHXUMANIBHBIX CTPOMA/b-
HBIX KJE€TOK MOKeT ObITh THOO0 ayTOMOrHYHOIH, HAN
AOTeHHOH. AYTOJIOrHYHAS TPAHCTUIAHTALLMSA HME-
e1 HeOOUIBLIOH PHCK HMMYHOPCAKTHBHOCTH, HO Tpe-
OyeT HCeTb JUIA KYJIbTHBHPOBAHHWA H pacillupCHHs
KJIETOK JUIS TpaHCIUTAaHTALHH, UTO CePBe3HO OTpa-
HHYHBAET UX MCOOJb30BAHUE B YCIOBHHAX OCTPOro
3abonesanus [77]. Kpome Toro, MSC, nonyueHHble
OT MALMEHTOB ¢ XPOHHYECKHMH 3aloieBanusiMH
WIH [PEKIOHHBIM BO3PACTOM, YTO XapaKTEpHO 7
[ALHUEHTOB ¢ MHCYIBTOM, IIOCTOSHHO JICMOHCTPU-
PYCT CHMXKCHUC TCMITOB pocTa B KynnType [78].
Bumecte ¢ TeM, HMMYHOMPHBUIETHPOBAHHOCTH
MSC npeanonaract 0€30MACHOCTL AJUIONCHHOIO
MoaXoda K HMX WCMONB30BAHHIO MOCNIC HHCYIIbTA
[79]. BeszonacuocTs annorennoil MSC-teparin Mo-
eT OBITH TECHO CBSI3aHa ¢ UX KPATKOBPEMEHHBIM
CYIIECTBOBAHHEM Y XO3fMHA Mociie npuMeHenud. B
MOATBEPKACHHE TOMY, KJIHHHYECKHE HCCIIE0BAHMA
y kel CO MHOTHMHE Pa3TH4HBIMH G0Ie3HEHHBIMU
COCTOAHMAMMK  YCTAHOBHIIM, Y10 TPaHCLUIAHTALH
autoreHueix MSC Oczomacua [80]. AnnoreHHsie
MSC moryt ObITh CTAHAAPTU3IHPOBAHBI C TOYKH
3pEeHUs NPOM3BOACTBA, @ TAKKE PANIMUATBCA 110
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CTeMmeHH HX nponudepauHd H HelpopeaKTHBHOH
CMOCOOHOCTH, 110 CPABHEHHIO € KJIETKAMH, 1Oy YeH-
HBIMH OT TIOJKHJIBIX TATHCHTOR C XPOHHUCCKHMH 3a-
OoneBanuamu. Mcnonkioranue amnorenasix MSC
YMeHBIIAeT BpeMs, HeoOXOAUMOe NS MOIyueHs
JOCTATOYHOrO KOIHYECTBA KIeTOK. B Kinnnyecknx
HCCTICIOBAHHAX NPH BHYTPUBEHHOM MPHMEHEHHH
QIIOT€HHBIX CTBOJNIOBBIX KAETOK (MultiStem®) y
[AUHEHTOB ¢ OCTPBIM MHCYIBTOM CTBOJOBbIE KIET-
KH IIPUMCHSIHCE B TeycHHE 24-48 yacos nocie no-
ABNEeHHS cUMNTOMOB [81]. Ha suBOTHLIX MOIENAX
ObLIM MOKa3aHbl PYHKUHOHATLHBIE MPEHMYLIECTRA
JUIOICHHBIX 1Iepe] ayToiloruineiMa MSC [82]. V
KpBIC, KOoTOpeIe moaBepriavuck OCMA, MSC cno-
COOCTBOBA/IM PA3BHTHIO AHTHOTEHE3d W yiTydllle-
HHKO Hcxoza 3aboneBanus u [83]. 1o ykasbisaeT
Ha TO, YTO HHCYNIbT MOKET BIMATHL HA SKCIIPECCHIO
HEHPOTPOPHYECKHX HIIM AHTHOrCHHBIX MONEKYN B
3HA0reHHbIX MSC in vivo. OfHaKO CYLECTBYIOT U
LIPOTHBOPEYHBLIC pe3ysibratbl. [locie kourakra ¢
CBIBOPOTKOH X038HMHa amutoreHHsle MSC moryT ax-
THBHPOBATL KOMIJIEMEHT BPOKIEHHOTO HMMYHH-
TeTa H ObITb MM MOBPEXKICHBI, 4TO NPUBOAMT K HX
UUTOTOKCHYHOCTH U JUC(HYHKIHNH, a 3 KH3HCCTIOC00-
HOCTH a/utoreHHeIx MSC mocrme wHy3Hw 3Haun-
TETBHO CHUZKAETCH 110 CPABHEHHI) C ayTONOTHYHbI-
mu MSC [84]. D10 n03BONMET MPEINONOKHTE, YTO
aytonornunsie MSC MOTyT HMeTh MpeHMyLICCTBA
nepern aanoreHHbIMH MSC, W uTo HHrHOHpOBaHue
AKTHBALMHY KOMIUIEMCHTA MOMKCT CTATh OJHOMN M3
CTpaTeruil Mo yIyulICHHIO CYUICCTBYFOLIHX MCTO-
J10B JieyenHs na ocHore MSC.

,HP[HaMP[Ka pacnpejejicHUsi BBeJICHHBIX Me-
3€HXHMAJIbHBIX CTBOJIOBBIX KJIETOK

[lociie MHCYIBTA LENTOCTHOCTH COCYIOB MO3Ta
HAPYILIAETCsA, YTO MOKET NPUBECTH K HAKONJICHHI)
MSC B mosre 4epes naccuBubii 3axsat [51]. pu
3TOM €ILE TPEICTOUT BbICHUTL B KaKOI CTENeHn U
kak MSC nepecexaer remarosuucdamnycckuii 6a-
pbep. Monekynsl pasmepom Oonee 400 Jla He mo-
IyT NpoXoanTh uepes ['Ib, 4To MokKeT MOBNUATL Ha
3(QhEKTHBHOCTE KICTOYHON TCpalluM y HALHCHTOR
¢ uHcynbTOM. OIHAKC PE3yNIBTATEl TCPATTHH MOYKET
VIVUIINTE depe3 BHYTPHBEHHOE COBMECTHOE BBe/Ie-
HHE CTBOJIOBBIX KJIETOK H MAHHHUTA, OCMOTHIECKOTO
areHTa, KOTOPBIl MOYKET peryjaupoBaTh MPOHHIA-
emocte ['D6. B MomensHLIX 3KcnepumeHTax ObITo
noKasaHo, 4ro MaHunyaauuu ¢ 96 ¢ ucnonsso-
BAHHEM BHYTPUBEHHO MAaHHHTA 10 JsicucHus MSC
NPHBCIIH K YBCIMYCHHKD YPOBHCH TPO(YHYCCKHX
daxTopos B nopaxennoM mosre [85]. Kpome toro,
HACKOJILKO XOYMMHI M NpWXKHUBIeHHe B obnacTu

Tpasmbl neodbxoaumel 111 MSC npu ofecrnieue-
HHH TepaneBTH4eCcKOH 3(h(heKTURHOCTH, TaKKe He
TIOJTHOCTBEO MOHSITHO. Kak yKa3wBamocs, MC3CHXH-
MallbHBIE CTPOMATbHBIE KIIETKH MOTYT HMETh OT/1a-
JIEHHBIE HMMYHOMOTYTTHPYIOLLHE b heKTh, Harpu-
mep MSC, 3axBavcHHBIE B JIEMKHX, AKTHBHPYIOTCS H
BIHAKT Ha QYHKUHIO HMMYHHOI CHCTEMBI, B 4acT-
LIOCTH CEKPeTHPYsl IPOTHRBOBOCTIATHTEbIIbIA GenoK
TSG-6, nonapagrOWMi YpesMepHblil BOCTIATHTEAb-
HeIi oTBeT [50, 51], 4TO MO3BOMACT MPEATOIOIKHTS,
uto 3¢ Pexrei MSC npu HHCYABTE MOTYT OBITH pe-
anu30BaHbl B OTCYTCTBME 3HAYHTENbHOTO Habopa
MSC B obuacti nadapkra [86].

HeoOX0mHMO OTMETHTE, HTO CTOCOD mnpHMe-
HEHHUS CTBOOBEIX KJIETOK MOMKeT CYIIECTBEHHO
BJIIMATL Hd KOJMYECTBO KIETOK, JOCTABICHHBIX B
uesieBble OOMACcTH, a TAKKE HA YACTOTY MOOOYHLIX
sdepexron. [locne uncynsra MSC MOKHO BBOIHTD
JIOKaJIbHO, TO €CTh IIYTeM MNPSIMOH HHBEKLHH B 110~
PamCHHYI0 00/1aCTh MO3Ia (BHYTPHMO3I'OBOC BBE-
JICHHEC), HIIH 4YCPC3 BCHO3HBIC MIH apTCpHAlLHBIC
nytu. TIpu 3ToM gocTikenne MSC ovara nospex-
JICHHA MO3ra 3aBUCHUT OT CMocoda WX BBCACHUSA, TO
¢CTh MapupyTa JOCTaBKH. YCTAHOBICHO, YTO Me-
3EHXHUMABHEIE CTPOMANbHBIC KIETKH W30HpaTensb-
HO MPUTATHBAIOTCA K YYACTKAM TPaBM M BOCTalle-
Hus [87], Gnaromaps BeipabOTKe BOCHANHTEIBHLIX
UUTOKHHOB ~ MHUKPOOKPY:KEHHEM  MOBPEKISCHHOH
TKaHH MO3ra, Hanpumep SDF-1 (ctpomanshenii hax-
TOp-1), 9KCIPCCCHPYEMBLIL B aCTPOLIUTAX, HeHipoHAX
1 3HI0TEIHH [88] M CYHICCTBOBAHMIO XCMOKHHOBBIX
perenTopos, sxcnpeccupyiomuxca 8 MCK, nanpu-
mep CXCR4 (peuentop SDF-1)[89]. B ycnosusx in
VIIro TaKKe MOXKHO BbI3BaTh MUIpaunto MSC, noj-
Bepras ux runoxcuu [90].

Me3eHXuManbHbIe CTPOMATBHBIE KIETKH Tpeji-
CTaBAAT co00il OTHOCHTRITLHO DONbIIHE KIETKH ¢
nuameTpoMm oT 10 1o 30 mxm [91]. [Hoatomy Gosb-
wrasg 4acth Buytpupenno Beegentbix MCK o0bru-
HO MOMAaJaeT B JErKHe M [ACCUBHO 3aXBATHIBAKOT-
Cs B MX COCYIUCTOH cucreme, dopmupys amMO0I1bI
B KPOBCHOCHBIX COCYJIaX JICTKOrO H3-3a HX 00Jib-
LIOrO pazMepa M Halu4uMs PelenTopOB AAre3HH Ha
KJICTOYHOH I110BEPXHOCTH, YTO MOXKCT [IPCPBIBATDH
KPOBOTOK Ha TIpeKalumIspHoM yporHe, Heemorps
HA 3TH OCTOKHEHHA, HMCCIeI0BAHHA TMOKA3BIBAIOT
MOJOKHUTENBHBIE PE3YNLTATHI MOCTe CHCTEMHOH
uHpyznn MSC [53], mockonbKy Mociae HHCYIbTA
MSC raxke HanpapaAoTCsa B 001aCTH MOpPaKEHHs
ronoBHoro mosra [50], rae GOALUIMHCTBO M3 HHX
HAXOJIUTCs B MIICMUYCCKOM SLApC M CI'O 110I'PaHHY-
HOI1 30He. JTa TKaHb ABAACTCA MOTCHUHATLHO K3~
HECMOCco0HOMH, Tae TPOHCXOAAT MHOMXECTBEIIHbIE
MPOLECChl BOCCTAHOBIEHHS KJIETOK. B 4acTHOCTH
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MSC poccTanaBIHBalOT Geoe BEMIECTEO H CIIOCo0-
CTBYHOT POCTY aKCOHOB M pemuenuHu3auuu 8 [[HC,
9TO TECHO CBA3AHO ¢ (PYHKUHOHAIBHBIM BOCCTAHOB-
neHueM BriociieICTBUHM, uepes o1 MOCHe HHCYLTA,
OoMBIHHCTBO BhiKHBIINX MSC HaXoquTCs B Hile-
MHYECKOM MO3re, MPHCYTCTBYA B OUCHB MANbIX KO-
JIMYUECTBAX B IPYTHX opranax [92].

OTH pesynbrarsbl ObutH moaTBepskaens MPT-
BU3yalu3alied BCEro Tea npu BBEJEHHH BHYTpH-
BeHHO paaHoakTHBHO MeucHoro MSC kpricam ¢
OCMA u Oe3 HHCYITBTA, & TaKKe OHOMIOMHIECHEHT-
HOH BH3yanH3alMel, KoTopas MO3BOJSIET HEHHBA-
3HBHO OTCICIKHBATE PACHPEACICHHC HHBCUHPOBAH-
HBIX MSC ¥ WX MOTOMCTRA MO BCEMY OpraHi3My B
TeYCHHE HECKONBKHX jHel. B Tedenue mepreix 2
qacoB nociie uHCynsta MSC BpeMeHHO 3aaepsku-
BAKOTCA B JIETKHX, 4 3aTeM 0OHAPYKHBAKOTCH B 00-
niacTu vinemuy Mosra [53]. Takum oGpazom, Todioe
pacnpenenenne MSC pasnudaercsa B 3aBHCHMOCTH
OT nytd ux Beeienus [93]. Bueppenne MSC no
BHYTPHapTEPHAILHOMY HJIH  BHYTPHMO3TOBOMY
MyTH YMEHbIIAET MPEeNOTBPALIEHHE JETOUHBIX (-
(eKTOB M, CICAO0BATCBHO, TPHBOANT K MCHBLICMY
KonmuuecTBy MSC B JICTKHX, HO 3TH MOIX0as! Honce
HWHBA3HBHEL U 1109TOMY TIPHRO/IAT K OIPE/IE/IeHHBIM
puckam, a Takxe MCK MOTyT BbI3BIBATE MUKPOCO-
cyaucTyto o0eTpykiuto [94]. Heemotps Ha To, uTo
OTAENbHLIE HCCNENOBATENH CPAaBHHBATH 3DeKTHE-
HOCTb pasauyHeIX nyrteil aoctaeku MSC, Heobxo-
AUMbl JaJIbHEHIINE IKCIEPUMCHTAILHBIC JOKa3a-
TC/ILCTRA.

Hdokaunuyeckue H KIHHHYeCKHe HCCIe10Ba-
HHA Oe3omacHocTH M 3ddexTuBHocT MSC npu
TepanuH HHCYJIbTa

B mocrmenH#e rofiel pacTer YMcao IOKIHHHYE-
ckux uccnenopanuit MSC B ycnoBusx IkcnepHmMen-
TabHOr0 HILIEMHYECKOro HIICYNbTa. bbla moxasad
OmaronpuatHstii g dext MSC Ha dyHKuMOHATLHOE
BOCCTAHOBJICHHC B OTHOLUCHUHM BHIIOB IPBI3YHOB M
[PHUMATOB, NyTeH OCTABKU (BHYTPHBCHHLIH, BHY-
TpHapTepHanbHblil U BHYTpUMO3roBoi) [93], Tuna
MSC (ajuroreHHsIi H ayroitoruuHstii) [80], speme-
HH BBEJICHUA B CBA3H ¢ HHCYIBTOM (OT 5 HEICHB 710
1 MecsUa Mocre UHCYIBTA) W 10361 BBOAMMBIX MSC
[45]. DTu naHHBIE CBUAETENLCTBYIOT O TOM, YTO Ha
HKHBOTHBIX MOJENAX HHCYIBTa MSC oKa3sIBalOT Te-
paneBTHYECKHH 3P PEKT B LIMPOKOM AHANAZ0HE 103,
MOTYT ObITh BBEICHBLI YK B 1 MECALL [TOC/Ie HILIEMHH
IOJIOBHOTO MO3Ia M MOLYT ObIThb 1IOJC3HBIMH HC3d-
BHCHMO 0T McToynuka MSC unu nyTei ux gocras-
KH. byayle TOKIHHHYECKHE HCCENOBAIUS MOTYT
PACIIMPHTBL 3TOT OMBIT, HATPUMED, TYTEM H3YYEHHS

ISSN 1563-0218; cISSN 2617-7498

Toro, kak ypderter MSC B3aumoeHeTBYIOT ¢ pas-
AHYHBIMH dopMaMi peaOHINTALHH HIH OOBIYHO
HCTIONB3YCMBIMH (papMaKOIOTHICCKHMH MCTOIAMH
noc/ie MHCYIBTa, HIH MYTEM CPAaBHCHHSA JCHCTBHA
MSC nipu pasiHIHeIX GOPMax HHCYIBTA, TIPH 3TOM.,
KaK M 1pu 100N HOBOH MOTEHUMHANLHON TepalHy,
HeOOX0IMMO YUHTBIBATEL BIHAHHE COMYTCTBYHOLHX
sabonesanuii. Tak, pacxoxaenus B nelcTBHH CTBO-
JOBBIX KNETOXK B JIOKIMHHYECKHX H KIHHHYECKMX
HCCICIOBAHMAX MOTYT ObITh YaCTHUHO CBA3AHEL C
PA3IHYMAMH B PEreHepaTHBHOM [TOTEHIHATE 3/10-
POBBIX MONOBIX KHBOTHBIX W MOKHIBIX MALHEH-
TOB C XPOHHYCCKMMH 3abosicBanmsiMu. OJHO W3
MO/T00HBIX HCCACAOBAHHIT TOKA3AII0, YTO JICYCHHE C
nomome MSC kKocTHOro Mo3ra y aHabeTHyaeckux
Kpbic | THIIA yBETHIUBAIO CMEPTHOCTD W HAPYILATO
remarosHuepannueckuii 6apsep (BBB), uro npu-
BOJIH/IO K KPOBOH3/HANHIO B MO3T, H MOJYEPKIY-
JI0, 4YTO Tepalus CTBOMOBLIMU KINETKAMH HE MOMKET
ObITb HONIC3HOI 1IPU HHCYJILTC Y NALMCHTOB ¢ IMa-
octoM [95]. JOKITHHHUYCCKME M KJIMHWYECKHC HC-
CNE/IOBAHHS TAKIKE MOKA3alH, 4To npoinndepais
H @aHTHOrCHHAs COcOOHOCTD YHAOTCIHAIBHBIX KJIC-
TOK-TIpeAMCCTBEHHAKOR H MSC Oputi HapyuieHs!
y MAlMEHTOR ¢ MITEMUYECKOH OONe3HBIO cep/ia U
HapylweHHAMH oOMeHa [96]. [Tosromy HeoOXoauME]
JAanbHellle HCClIeOBAHUA, H3YUAIDIIHE [OCIE/-
CTBHA TEPANHH CTBONOBLIMH KIICTKAMH 4718 HHCY b~
Ta Y JKHBOTHBIX H JI0JeH ¢ pasnuuHbIMU XPOHHYE-
CKUMHU 3a00JICBAHUAMH.

OcCHOBBIBAACHE Ha pPE3yJbTaTaXx JOKIHHHYC-
CKHX Hccneonanunii ucnonszosanus MSC nocne
MHCYNIBTA H HMX [MOTEHLMANLHbBIE NMPEUMYLIECTEA B
OTHOLUCHHM JIPYI'HX KJICTOHHBIX MCTOJOB JICUCHHS
(HarmpUMep, TTONYUCHHE H3 HCCKOJBKHX HCTOYHM-
KOB, HMMMYHOIIPHBHIErHPOBAHHOCTE), BO3HHKAET
3HAUUTENLHBIH MHTepec k nmpumMeHenuio MSC ma
pa3Hbix cTaguax 3aboneBanus. BakHo oTMETHTE,
YTO BCE 3aABEpLIeHible HCCACA0BANA H3YHATH TT0-
nes3HocTs MSC B OTHOCHTENBLHO MO3/HUE MOMEH-
Thl BPEMCHM, TO CCTb 110 KpaiiHeil mepe uepes 23
JIHSI TOCTIe HHCYIBTA. DTO MOAYCPKHBACT TOT (DAKT,
YTO HCC/eN0BAHMSL, [POBEJCHHbIE HA MalHeHTax
nocie 23 aHell mociic MHCYJbTA, (GOKYCHpYHROTCH
Ha BOCCTAHOBUTCILHONH CTPATCIMM, YTO ABJIACTCA
BaKHBIM OTIAHYHEM II0 CPaBHEHHIO C HCCIIEI0Ba-
HUAMH UHCYJIBTA Y MALMEHTOB B MEPBbIE HaCHI MO-
Clle MHCYNIbTA, TO €CTh B OCTPBIH MEPHOA Pa3BHTHSA
3abosnepaHus.

Bee Texyuime M 3aBeplueHHbIe KIMHHYECKHE
ucese]oBaHuA pacemarpuBaii dGHCKTHBHOCTL ay-
TONOrMUHOH TpanciulanTaudy MSC y naiHeHToB.
XoTa pesyabTaThl HUCCIEA0BaHMI He Bceraa o/Ho-
3HAYHbI, OHH NOJATBEPANJIN OTCYTCTBHE KAKHX-TH-
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0o npobsiem, cBA3aHHBIX ¢ 32007€RAEMOCTHIO HIH
CcMepTHOCTBIO B cBsA3H ¢ MSC-tepanueii. [lepsolii
oTHeT 0 TpaHCcIUTaHTau MSC y MaIHeHTOB ¢ HH-
cyneToM OB TIpoBesieH Bang et al. [97]. B s1om
HCCIIEIOBAHUH MALIHEHTRI C HIIEMHIECKHM HHCYITh-
TOM OBLIH PaHOIOMH3HPOBAHBI Ha KOHTPOJIBHBIC H
IKCIICPHMEHTAJILHBLIC TPYIMILL, MPH 3TOM DKCIICPH-
MEHTaJbHBIE TPYIMEL [ONYYaId BIYTPHBEHHYIO
unpysuo 10% ayronoruunsix BM-MSC uepes 4-9
Heslelb [ocfe [OSBJICHUA CHUMITOMOB. ABTOpHI
HaOMIOAam!  3HAYUTENLHO  YJYHIICHHbIE OLEHKH
Paunkunba, no3sonsiolle OLEHUBATh CTeNeHb HHBA-
JHAHU3AIHHK LIOCIIC MHCYJIbTA, U MHJICKCHI BapTch.
JIAFOTITAC BO3SMOKHOCTE ONPC/ICTHTE CTENEHb 3aBH-
CHMOCTH TallMeHTa OT MMOCTOPOHHEH MOMOLIH, 10 6
MecsleB nocne TpaHennantaunn MSC mo cpaeme-
HHKO C KOHTPOJIBHBIMH IPYIIaMH.

Bruto omeueno, uro MSC, naccupopanibie B
AYTONOrHYHON Yel0BeYecKO ChIROPOTKE, PRCTYT
obicTpee, yeMm B GdeTanbHOM TeiAYbCH ChIBOPOT-
KC, YMCHbLIIAs BpCMA [MO/ITOTOBKH KJICTOK H PHCK
TPaHCMHCCHBHBIX 3a0oneBaHuii npu mpoJomkatro-
LLIeMcd BHYTPHBEHHOM BBEJCHHH ayTOJOTHYHBIBIX
MSC ot 36 g0 133 greif mocne HHCYIBETa, XOTS 2T
HCCIIeTOBAHHE HE BKITHOUAN0 KOHTPOIBEHYIO TPYIITY.,
aBTOPBI YCTAHOBWIIH, 4TO NpuMeHeHHe MSC He co-
nposoxaanock onyxomsimMu LIHC, anomansHeiM po-
CTOM KJIETOK WM HEBPOJOrHYECKUM YXYIIUEHHEM.
He 6110 0OHapyxeHo nokazarenscts Hebaaronpu-
ATHBIX COOBITHIL, TAKHX KaK BCHO3HAA TpoMbodmObo-
I, CUCTeMHAad 310KaYCCTBCHHOCTD HIIH CHCTEMHAd
uiipexnua nocne uudyzuu MSC [77]. B apyrom
HCCNIeA0BAHUH  COOOWIANOCh, YTO BHYTPHBEHHAs
TpaHciuianTauns ayroioruudsix MSC y wecru na-
IIHEHTOR ¢ XPOHUYECKHM HHCYIBTOM (3-12 Mecsien
nocre) OvUTa 6E30MACHOH IO CPAaBHEHHIO C MIECTRIO
KOHTPOJIbHBIMU, W uTO neuenue MSC He Oblno cBa-
3aHO € KAKUM-THOO 3HAUWTENbHBIM W3MEHEHUEM
nesposiornyecknx ¢yukunii [98]. B cookynio-
CTH 3TH H JIPYTHe JdHHBIE NOLASPIKUBAIOT NPeano-
J0YKCHUE O TOM, 4TO BHYTPHBECHHOE LICPCIHBAHUEC
MSC y nanHEHTOB ¢ XPOHHYCCKHM HHCY/ILTOM
0e30MacHO M MOKET YJIYULIMTh KAa4yecTBO JKH3HH.
Tax:xe BaXHO OTMETHTb, YTO HELOCTATOYHO NOKIIH-
HHYECKHX JaHHBIX, HCCIeayronmx Baugaue MSC,
BBeIeHHBIX Yepes 30 mHel mociie Havana HHCYINbTa,
COOTBETCTBEHHO, CYIECTBYET 3HAUHTENLHOE HECo-
OTBETCTBHE B KJIMHHYECKUX HCCIEIOBAHUIX Aeii-
crBuss MSC mo OTHOWIGHHIO K YHCAY OHEH 1ocie
HHCYIIBTA Korjaa BBoannauce MSC.

Hapsiy ¢ otum Obuin o11yOIMKOBaHbl PEKO-
MCH/IALIMH, KOTOpbIC MOTAH OBl MaKCHMM3HPO-
BaTh I)PEKTHRIOCTL KIMHHUECKUX HCCen0Bannii
MSC. Komuccus «Tepanus cTBONOBBIMH KI€TKaMH

Kak (popMUpYIOWIAACS NapajurMa JJIs UHCYIBTa»
(STEPS) mpenctaBuia pan pekoMeHOALMH OTHO-
CUTCITBHO MOKITHHUYCCKHX W KIMHHUCCKHX HCCIIC-
HDBHHHI:'I B OTHOHICHHH TCPANTHHA Ha OCHOBE CTBOJTO-
BEIX KIIETOK MPH HUIEMHYECKOM HHCYIIBTE, BKIIKOMAst
HEOOXOAMMOCTL MPOBEPEHHLIX DKCMEPHUMEHTOB Ha
’KHBOTHBIX, HaJeKHBIE HcClenoBaHus Oe3onacHo-
CTH I1a JHOOAX, H BAXHOCTH Bb[()OpH NoaAXO0JALIHX
BPEMEHHBIX TOUEK M [PYIII NALUMEHTOB 115 KJIMHH-
UCCKHX HcchenoBaHuil. B wactHoeTH, oHM mpeato-
MM TPH 00JIACTH HCCIE0BalIHH, KOTOpble HEoO-
XO/MMBI B 3TOH chepe:

1) pazpaboTka MCTOLOB KIICTOYHOH MapKHPOB-
KH, KOTOPEIC ABIAHOTCA OC30TACHREIMH W HAJIC/KHEI-
MU JUIS KJIIMHWYECKOTO TeCTHPOBAHHS;

2) unentudHKaLMI H BATHIALHMS MAPKEPOB BOC-
CTAHOBICHHS OT WHCYJILTA;

3) dopMupoBanue 6a3bl H30OpakeHui npu Boc-
CTAHORICHUH OT HHCYJbTA [99].

Hcciiegopanus Bo Beex dTHX 00uiactsix, Heco-
MHCHHO, OyIlyT MMCTbL OTPOMHBIC APCHMYHICCTBA
1 noHuMaHug pond MSC B Tepanuu diiemuue-
CKOro MHCynbTa. JIpyrue pekoMeHIalHH NPUBOAAT-
CH B IyQIIMKALMAX OT «KPYIIOTO CTOJA 10 JICUCHUID
uacynsTa» (STAIR). KoToprle TOMHMO peKoMeH 1a-
1uii no pa3paboTKe JOKITHHHYSCKHX M KITHHHYECKHX
HCCIIEI0BAHMI 110 BOCCTAHOBICHUIO OT MHCYIIbTA,
PEKOMEHI0BAIN COCPEIOTOYHTLCSA HA JIEYEHHH ¢
HECKOJIBKHMH MEXaHH3MaMH JeHCTBH, a TAIOKE Ha
JICYCHHH, KOTOPOC HAUCICHO HA (QU3HOINOIHYECKUE
CHCTEMBI 32 NpCAeaaMu MO3ra, HarpuMep, Kak HM-
mytinas cucrema [100]. PasnooOpasiibie Mexanus-
mbi aeiicTus MSC B coueTaRuM ¢ MX HMMYHOMOY-
JMPYIOUIHMH QYHKLHAMH CBHACTCILCTBYROT O TOM,
YTO OHH CTAHYT TICPCICKTHUBHBIMH KaHIW/aTaMH
JUTs Tepaniu Oy IyIIHX HIIEMHYECKHX HHCYIIBTOR,

OvpanuvenMsi ¥ HOBbIE MEPCNEKTHBbI IIPH
HCITO/IB30BAHMH CTBOJIOBBIX KJIETOK B Tepanuu

[epBuuHblC LPCHATCTBHA Ul COBPCMCHHbIX
MCTO/10B CTBOJIOBBIX KNETOK BKIIOHAIOT:

a) OrpPaHUYEHHBIH MCTOYHMK TIPUBHBAEMBIX
CTBOJIOBBIX KJICTOK]

6) HanuYMe ONTHMAJIBHOTO BPCMCHHOTO OKHA
IUTS TeParUK CTBOJNTOBBIMH KIETKAMH;

B) HACTIEACTBEHHAS OrPAHHICHHOCTD MTOTEHIHA-
71 CTBOJIOBBIX KJIETOK B3POCIHBIX;

') BOSMOYKHBIE KJI€TOYHO-OTNOCPEIOBAHHbBIE 10-
Oounble 3(pderThl, TakHe Kak oOpazoBaHHE ONyXo-
JICH M/IM UHCYJIBT.

Bo-nepBbix, X0TA ONTHMAanbHas 103a KJICTOK
U TIYTH BBEICHHS CTBO/IOBBIX KJIETOK NpPH cepiey-
HO-COCYIMCTBIX 3200J€BAHHAX HE YCTAHOBJIEHBI
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[101], BReteHME MOCTATOYHOH 103bl KNETOK SBIS-
eTcst 00A3aTeNbHBIM /15 NONOKUTETLHOTO ApdekTa
CTBONOBBIX KIeTOK. B oTiwune oT remMaTorcHHBIX
CTBOJIOBBIX KIETOK KoiuuecTBo MSC B KOCTHOM
MO3Te Pe3K0 CHIDKAETCA ¢ BO3pacToMm, Tpelys pac-
wHpeHua kyneTypsl [102]. Kpome Ttoro, wHeyneT
00bIYHO BCTpewaeTcs y NMOKHIbIX MroaeiH, a MSC,
MOMTYHYCHHBIE OT MOXHIBIX [MALHECHTOB, AEMOHCTPH-
PY!OT CHIDKEHHE CNOocOOHOCTH K mpoaudepanuu,
CaMOODHOBIICHUIO MK nuddepeHUHALNH.

Bo-BTOpBIX, CyIIECTBYET ONTHMANLIBIH MO-
MEHT BPEMEHU MJIs1 NPUMEHEHMs CTBOJOBBIX Kile-
TOK. YPOBHH XCMOKHHOB, TpOpHUCCKUX (AKTOPOB
H cooTeeTcTByrommX MukpoPHK (miRs) samerno
YBEIIMYHBAIHCE TPH HHCYIIBTE TOJOBHOTO MO3TId BO
BpeMst OCTPOH ero (asel, HO CO BPEMEHEM YMEHb-
wanuck [103]. Kpome Toro, MullieHn ans KineTou-
1OH TepanHd MOTYT pa3iH4aThCsl B 3aBHCHMOCTH
OT BPEMEHHBIX OKOH [oce HHCYAbTA. [Ipumenenue
CTBOJIOBBIX KJICTOK BO Bpems 0CTpOil (ha3sl HHCYIIb-
Ta MOXKeT noTpeboRaThes, YTOOL! MOAYUUTE PSII Na-
PAKPUHHBIX X HMMYHOMOAYTHPYIOILHX 3DPeKTos,
KOTOPBIC MPHBOAAT K YMCHBLUCHHID BTOPHYHBIX
MPOLICCCOB TIOBPCKACHUS U CTHMYISHHH BOCCTa-
HOBJIEHHA Tocne HHCybTa [104].

B-TpeThHx, B3pOCHbIE CTBONOBBIE KISTKH MO-
TYT HMeTb BpOXKAeHHBIE orpanuuenus. MSC sgna-
KOTCA IETEPOreHHLIMH H COACPKAT MHOI0 pPasHbLIX
THIOB MpealIeCTReHHUKOB HIH CTBOIOBBIX KIETOK
C TOYKHM 3pEHUs pocTa, TPOUUECKON 110ICPIKKY
U MOTCHUHAT0B NUGPCPCHUHPOBKU. 3aTyXaHue
perenepaTHBHOTO MOTEHIHala CTBOMOBBIX Kie-
TOK y MALHEHTOB CTAPLIErO BO3pAcTa ¢ HHCYJIbTOM
MOXKCT 6!:in BBI3BAHO CTApCHHCM B JOHOPCKHX
KICTKaX WIH B KIeTKaX-peuunuenTax. OIHaKo HH-
CYNIBT-UHIYLUPOBAHHBIN HEHporeHes nabsronancs
y NALHEHTOB ¢ MHCYILTOM B Bo3pacte 60 u 70 ner
[105]. XoTta konuuecTBO HEHpaIbHBIX CTBOJOBBIX
KJIETOK YMEHBIIATOCH C BO3PACTOM B HYENMOBCYECKOM
Mo3re, a DazanbHbli HeliporeHes Hapyluanca y mnpe-
CTapCiblX KHUBOTHbIX, CICICHDb ucﬁporcnma 1ocie
HHCY/TbTA ObITA CXOMHON Y MOJIOJIBIX M CTAPBIX KH-
BOTHbIX [106].

Haxoneu, cepbe3Hod  1npoGieMoi  Tepaiinu
CTBONOBBIMH KIJICTKAMH ABIAROTCA TOOOUHEBIC 3h-
(heKThI, BBI3BAHHBIC KIIGTKAMH, B YAaCTHOCTH, 0fpa-
30BaHME OMyXOoJNeH TPAHCTIIAHTHPOBAHHBIMHU KeT-
KaMH, KOTOPBIC MOTYT 3a1€PKaTh BOCCTAHOBIICHHE
nociae uHCyabTa [107] M ynaBnuBaHHe CTBOJIOBLIX
KJIETOK B JIETKHX MPH BHYTPHBEHHOM MPHMEHEHUH
WIH COCYIaMH I'0OJOBHOIO MO3Ia LIpH BHYTpHaplc-
puaasHoM [108].

C yueTrom ckazamioro BechMa Mioroobemntao-
1IeH BBITJISAAMT KAETOUHAN Tepanius, CNoab3yioLasn
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CeKpeToMBI (TpodHueckHe GaKTOpPbl, MTOKHHBI
WIH XEMOKHHBI, TPOYLHPYEMbIE MOCPEACTBOM Ma-
PAKPHHHOH CCKPCIMH) HIH BHEKICTOYHEIC BC3HKY-
7el (EVs, HampuMep, MHKPONY3BIPEKH H 3K30COMBEI),
MOIYYEHHBIE M3 CTBOJOBBIX KJIeTok. OHa MoweT
NPeaCTaBIATE COOOH HOBYIO, KIMHHUYECKH OCYIIe-
CTBUMYK H OECKIETOUHYIO TMapajurMy, KOTopas
no3posinaa Obl H30exaTb MpoOJeM, CBA3AHHBIX C
KJIeTKaMH, TakuX, Kak oOpasoBaHue OMyXouell u
HH)APKTHI, BEI3BAHHbIC OKK/IIO3HCH cocy 0B, CTRO-
JOBBIE KJIETKH BhifensioT EVs, a Takxe pacTBopH-
Mble (akTopsl (Hanpumep, TpodudecKHe HaKTOPLI),
a MHCYJIBT y JIH0ICH 3anyckact Mobuimszauno EVs
u3 MSC [109]. EVs coxepxaT OHONOTHHCCKH ak-
THBHBIE MOJIEKYJBI, TaKHE KakK JHIHILI, Oefku W
miR, u Donee cinokHble CyOCTAHIMH, YeM ApYTrHe
knetouHsle uerounuku [110]. Mukancymsius Ono-
aKTHBHBIX MOneKy1 B EVs mopeinaer ux crabuse-
HOCTB M OHOAOCTYHHOCTh M MOMOIaeT NPOXOIHTh
['36 [111]. EVS crBOMOBBIX KICTOK HIPAKT KPHTH-
HCCKYH POJib B 0OMeHE HHpOpMaIIHCt MCXK/TY CTRO-
JIOBBIMH KJIE€TKAMH H MOBPEKICHHBIMH KJICTKAMH
M H3MCHAIOT MOBEACHHE KICTOK-MulleHeH. B uc-
C/ICLOBAHUAX MHKPOIY3bIPbKH, CCKPETHPYEMBIC H3
MSC, crocobcTBOBaNH pereHepaIlH CETATHTITHOTO
Hepra v kpeic [112]. Takum obpazom, npumMeHe-
HHC MalbIX MOJEKYIL, 6110MaTepHﬂJ’IDB 1 OHOJIOTH-
YECKHMX TMPEnapaToB, KOTOPbE HALEMSHb HA HHULIY
CTBOJIOBBIX KJICTOK, ABJ/IAETCA MHTEPECHBIM W MHO-
roo0eUIAIOIMM HAlIPaBICHUCM B pereHepaTHBHOM
MCIHLUHHE, ¢ YYCTOM TOLQ, YTO HCOOAbLIMC MOJIC-
KyJibl OTHOCHTENBHO Jietensbl, Gonee y100ibl B He-
nonb30BaHKH. TeM He MeHee, B hTOM HanpaBleHUH
TCPAIMK HHCYIIBTA [10KA ObUIO [IPOBCICHO OTHOCH-
TCIEHO HEOOITBINOE KOTHYCCTRO HCCICTOBAHMTIA,

Jaknwuenue

Takum obpazom, 0630p U aHATH3 JaHHbIX Ha-
VYHOH JHTEPATYpPhl TMOKA3Q0, YTO ME3EHXHMAlb-
HBIC CTPOMAUIBHBIC KIICTKH, 00121351 C1I0COOHOCTbID
muddepeHIMpOBaTLCS B Pa3IHUYHLIC THIILI KICTOK,
cekpeTupoBaTh BAB, yuacTBoBaTh B mpoueccax
BOCIHIQJICHHUA KU ﬂy']’O(bﬂl‘HH., HHUYKLUHWH aHI'HOI'CHE3A,
HeipoTeHe3a, MOIYIALHE HMMYHHOH CHCTCMBI, MO-
TyT OBITH IPUMEHEHE! B TEPATTHH LIHPOKOTO psifa 3a-
OoMeBaHNH, BKIIIOYASA BOCCTAHOBIIEHUE OT HHCYJIBTA.
B 10KNHHHYECKHX MCCleN0BaHUAX ObLI0 MOKa3aHo,
uto MSC yiyuuiaior ABuratenbHble U MoBeJeHYe-
CKHE peaKiH JKUBOTHLIX MOCAE PA3BUTHA HHCYIb-
Ta. BMmecte ¢ ICM, CLUC HCT HPAMbIX H0Ka3aTC/IbCTB
auddeperuuporky MSC B HCHpPOHBI, 4 TaKKC CLUE
HE JJOCTATOYHO HM3YUECHbl MOJICKYTAPHO-KIIETOYHbIE
MEXAHHM3MBI MX Y4acTHf B MILIEMHYECKHX Mpoiec-
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cax, pacrnpeiefcHHH U XOYMHUHTE B OPralu3Me Mo- B COCYAUCTOH M HelpoanaToMuu, TOABEPHKEHHBIX
cae TpaHcrnantauuu. Kpome TOro, HeoOXoaMMbl — BAHAHHIO MCHXOCOLHANBHBIX (AKTOPOB, pa3BHTHE
IHPOKOMACIITAOHBIC KIIHHUYCCKHE HCCICI0BAHNA.,  WHCYJbTA H ero peabHiInTauHs MpoOHCXOaIT OTInY-
NOCKOJIBKY Y JIFOJIeH, 00/1a/1a101MX OCOOCHHOCTAMH  HO OT 3KCTIePHMEHTAIBHBIX KHBOTHBIX.
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