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CTBONOBbLIE KITIeTKW.

CTBONOBbLIE KNeTKn — HeanpdepeHUMpoBaHHbIE (HE3PErbIE)
KIETKN, obnagaroLlimne cBomcBamMu:

CaMo000HOBJIEHHE, TO €CTh CIIOCOOHOCTH COXPaHSTh
HEU3MEHHBIA EHOTHUI TToCcIIe AeneHus (0e3 nudHepeHITUPOBKH).

IIoTEHTHOCTH (muddepeHuupy oIl MOTEHIIMAN), WJIH
CIIOCOOHOCTh JaBaTh IOTOMCTBO B BHJIE€ CIEIHATIU3UPOBAHHBIX
TUIIOB KJIETOK.

HoBopo:xknennbie 20-25 ger 30-35aer 50 -60 Jer
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UcTopusa nsyvyeHus cTtBonoBbIX KneTok B 20 Beke

Adara
1908 rog

MIONTb-aBrycr
1963 ropa

cepeguHa
60-x rogos

Havano 70-x
rogos

80-e roabi
1988 rop

1998 rop

1998 ron
1999 rop

1999 ron

CobbiTHe
PycCKuMit yueHbit AnekcaHap MakcMmoe npegnaraer KOHUENUMIO pa3suTHUA CTBONOBO KNETKMU.

Cambi¥ Nepebiii IKCNepUMMEHNT C NYNOBUMHHOW KPOBbIo OT 17 gertei, Kotopan Oblaa MMNAaHTMPOBaHa
B3POCAOM EHLIMHE C MEeTacTasupyloLllein capkomMon. HacTynuno BpemeHHOoe ynyudlleHMe, HO B
mapTe 1964 roga 6oabHan ymephna. Uccheposartenu XOoTeNM NOKa3aTh, YTO KPOBb HOBOPOXASHHbIX
cogepuT QaKTopbl, NOLAABNAIME KaHUEpOTeHes.

CogeTckue yueHble Anexkcanap PpuaeHwTenH (1924-1998), paboraswmi 8 HUM anngemuonorum m
Mukpobuonorum um. H.®. Namanen PAMH, u Mocud JibBoBMY YepTKOB, M NOHbIHE paboTawowmi 8
Fematonoruyeckom uUeHTpe PAMH, 3aknaabiBalOT OCHOBbLI HayKM O CTBOAOBbLIX KAETKax KOCTHOrO
Mo3ra.

Nepoit CTMBEHC BNEPBLIS UCNONb3YET TEPMUH “"IMOBpPUOHaANBHLIE CTBONOBbLIE KNeTkn" — 3CK.

MepsBas TpaHCNAAHTAUMA CTBONOBLIX KNETOK, NONYYEeHHbIX U3 nepupepuyeckon KpPoBU MeToA0M
adepesa.

3nman MTnokmaH 8 KAMHMKE Csatoro flioasura 8 (Mapuike npoBena nepsye onepauymio no
TPAHCN/AHTAUMM NYNOBMHHOW Kpoen pebeHKy c aHemmnen PaHKOoHW.

AMEPMKAHCKMM y4eHbiMm [Lxkeimcy TOMCOHY v [)KOHY BeKkkepy y4anocCk BbIASAMTL YHesoBeYecKMe
amOpuoHanbHble CTBONIOBble KneTkn (3CK) ¥  noayyduTe nNepebie /AUHMKM  3TUX  KAETOK.
MawopunoteHTHocTb 3CK, TO €cTb CNOCOBHOCTL AaTh HA4Yaso, NO MeHblweln mepe, 350 pasNUYHBIM
TUNAM KNETOK, NOCAYKMNA TONYKOM K BYPHON MCCNenoBaTeNbCKON AEATENBHOCTHY NO M3ydyeHnio 3CK
M OTKPBINA LWKMPOKUE NepcneKkTUBbl UX NPaKTUYECKOro UCNoNb3oBaHUA B BMONOrMM M MmeguuvHe, B
nepsylo oyepeab B TPAHCNAAHTONOIMMM, MMMYHOAOINMK U TEPOHTONOMUM.

B CLLUA caenaHa nepecaaka Heﬁpaﬂbﬂblx CTBONIOBLIX KNIETOK HE/10BEKY NOCAE UHCYNbTA.

B segywmx nabopatopmax lWseiuapmm Ha4Yanocb wUccAeQOBaHME WM TECTMPOBAHME Npenapartos
3MEpPUOHaNbHbIX CTBONOBLIX KNETOK

HypHan Science npu3Han OTKPBITUE CTBONOBLIX KAETOK TPETBMM NO 3HAYMMOCTHM cobbiTMem B
6uonoruu nocne pacumppoeku ABOMHONK cnupanu AHK u nporpammer "NeHom Yyenoseka".



Knaccudumkauma CK no cnocobHOCTH K
anddepeeunpoBke

ToTunoTeHTHblE KNEeTKU CNOCOOHDI dopmmnpoBaTb BCEe
3MOpPUOHA/IbHbIE U 3KCTPa-aIMOPMOHAIbHbIE TUMbI KNETOK. K Hum
OTHOCATCA TO/JIbKO ONIOAOTBOPEHHbLIN OoOUMT U bnhacTtomepnbl 2 - 8
KNE€TOYHOMN CTaanNn.

[TAOPUNOTEHTHbBIE KNETKU CNOCODOHbI pOPMUPOBATL BCE TUMbI KIETOK
ambpunoHa. K HMUM OoTHOCATCA 3MOpUMOHaNbHbIE CTBONOBbLIE KETKMU,
NepBUYHbIE NOJIOBbIE KNETKU N KNETKU SIMOPUOHANbHbBIX KaPLMHOM.

Npyrue TUNbI CTBOJIOBbIX KNEeTOK JIOKaIN3yHoTCA B
COOPMMPOBABLUNXCA TKAHAX B3pocaoro opraHmama (adult stem
cells). OHM BapbupylOT MO CNOCOBHOCTU K AudPepeHUnpoBKe OT
MYbTU- A0 YHUNOTEHTHbIX.




MMNropUNoTeHTHbIe KNeTKU

ONNoAoOTBOPEHHAN
ANLeKneTka

KyNbTUBUPYEMbIE T

HeaudpepeHUUpOBaHHbIE &
CTBOMNOBbIE KNETKW % ™
§ NNIOPUNOTEHTHbIE '\

HENPOHAaNbHbIE KNETKN

cepaeyHan Mbilla



Knaccudumkauma CK no nctouyHuky BbigerieHUs

IMbpMOHanbHble cTBONOBblE KAeTKn (ICK) - BHYTpUKAETOYHas

Macca paHHero smbpuoHa (Ha 3Tane 6nactouucTtbl 4-7 A€Hb
pPa3BUTUA).

deTanbHble CTBOJIOBbIE KNETKU - KAETKMU 3apoablwa Ha 9-12 Hepene
Pa3BUTUA, BblaeNeHHble U3 abpTMBHOro matepuana.

b

CTBO10BbIE K/IETKMU B3POCNOINo opraHnM3ma




CK B3pocnoro opraHm3ma

[emonoatnyeckme cTtBOsOBble KneTkn (FCK) - MynbTUNOTEHTHblE CTBOMOBbIE
KNEeTKW, AatloliMe Havyano BCEM KJIeTKaM KpOBM: KPOBWU - 3puTpoumtam, B-
nmmooumntam, T- ammboumtam, HemTpodunam, 6bazodbunam, so3nHodunam, u ap

Me3eHXMMHbIE CTBONOBbIE KNETKU-MYNbTUNOTEHTHbIE PErMoHaNnbHblE CTBONOBbIE
KNETKU, coaepKallneca BO BCEX ME3eHXMMaNbHbIX TKaHAX (rnaBHbIM obpa3om B
KOCTHOM Mo3re), cnocobHble K AndPepeHUMpoBKE B pPas/anYHbIE TUMbI
MEe3eHXMMaAJIbHbIX TKAHEWN, a TaK XKe B KIETKU APYrnxX 3apoabllLleBbiX CNOEB.

CTpOMaI'IbeIe CTBOJ10Bbl€ KNETKU - MYJIbTUMNOTEHTHbLIE CTBOJ/IOBbIE KJ/IETKU

B3POCN0Oro opraHM3ama, obpasytoLime CTpoMmy KOCTHOro mo3sra (noaaepK1BatoLLyto

I'eMOI'I033), nmerwmne meseHXxmmasibHoe NponcxoxKageHme.

TkaHecneundUYHblie CTBONIOBbIE KJIETKM - pacnoaaratoTcs B Pas/IMYHbIX BUAAX
TKaHEeN U B NEPBYIO oYepeb, OTBEYAOT 33 OOHOBAEHME UX KNETOYHOM NONYASLUUN,
NepBbIMU  aKTUBMPYIOTCS Npu  nospexaeHun. 0O6napator 6onee HUSKUM
MOTEHLMANOM, YEM CTPOMA/IbHbIE K/IETKM KOCTHOrO MO3ra.
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TkaHecneundunyHblie CK

» HelipoHaabHbIC CTBOJIOBBIC KJISTKH B TOJOBHOM MO3TE -Jal0T HA4Yal0 TPEM OCHOBHBIM THITAM
KJIETOK: HEPBHBIM KJETKaM (HEMpoHaM) W JByM TIpyliaM HE HEUpOHaJIbHBIX KIETOK -
aCTPOLIUTAM U OJUTOJCHIPOLIUTAM.

» CTBOJIOBBIC KJIETKH KOXH - pa3MelIeHHbIE B 0a3albHBIX IUIACTaX AMUIACPMHCA M BO3JIC OCHOBBI
BOJIOCAHBIX (DOJUITMKYJIOB, MOTYT JaBaTh Hadyajlo KepaTrolUHUTaM, KOTOpPhIE MUTPUPYIOT Ha
MOBEPXHOCTH KOXKU U (POPMUPYIOT 3aIIUTHBIN CIIOU KOXKH.

»CTBOJIOBBIE KJICTKH CKEJICTHOM MYCKYJIaTypbl - BBIACISIIOT W3 TMOMEPEYHO II0JI0CATOU
MYCKYJIaTypbl., OHU CIIOCOOHBI K JU(PhEepeHIIMPOBKE B KIETKA HEPBHOM, XPSAIIEBOM, )KUPOBOU U
KOCTHOM TKaHEH, IMOMEepEeUyHOoNnojsocaTol MycKyiaaTypbl. OJHAKO TOCIEIHUE HCCIECA0BaAHUS
MOKA3bIBAIOT, YTO KJIETKH CKEJIETHOM MYCKYJaTypbl, 3TO HE UYTO HMHOE, KaK ME3CHXHWMHBIC
CTBOJIOBBIC KJIETKH, JIOKAJU30BAHHBIC B MBIIICYHOU TKAHM.

»CTBOJIOBBIE KJIETKH MHOKapaa - cHocoOHbI auddepeHIMpoBaTbCI B KapAWOMHUOIUTHI U
SHAOTEIIMUA COCYIIOB.

»CTBOJIOBBIE KJIETKHU KUPOBOM TKaHU - oOHapykeHbl B 2001 romy, mpoBeAcHHBIE C TE€X TMOpP
JOTIOJIHUTENIbHBIE MCCIICIOBAHUS MOKAa3ajdy, YTO ATH KJIETKHM MOTYT IpEeBpallaThCs U B JIpyTrue
TUINBl TKAHEW, M3 HUX MOXKHO BBIPAIIMBATh KJIETKHM HEPBOB, MBI, KOCTEH, KPOBEHOCHBIX
COCYJIOB, WJIK MO KpaHEH Mepe, KIIETKU, UMEIOIINE CBOMCTBA BHIIIECTICPEUUCIICHHBIX.
»CTpoMajibHbIC KJICTKH CIMHHOTO Mo3ra (Me3eHXHMMAajbHbBIC CTBOJIOBBIC KJICTKH) JAOT HAdajo
pa3HBIM THIAM KJIETOK. KOCTHBIM KJIETKaM (OCTEOIIMTaM), XPSIICBBIM KJICTKaM (XOHIPOIIMTaM),
’KUPOBBIM KJIeTKaM (aJUIONKTaM), a TaK)Ke APYTHM THIIAM KJIETOK COSAUHUTEILHON TKaHH.

» OnuTennalbHbBIC CTBOJIOBBIE KJICTKH ITHINEBAPUTEIBHOTO TpPaKTa PAaCMOIOKECHBI B TIIYOOKHX
CKIagKax OOOJIOYEeK KHIICYHMKA W MOTYT JaBarb Hayalo pasHbIM THIAM KJIETOK
MUIIEBAPUTEIIHLHOTO TPAKTA.



UcTouHukn gnsa nonydvyeHus CK

»[lynoBMHHaA KpOoBb HOBOPOXKAEHHOIro MaaaeHua;

» KOoCTHbIM Mmo3r pebeHKa UM B3POCA0Oro YeN0BeEKa;
»Mepudepunyeckas Kposb (M3 BeHbl) nocne cneumnasbHOM
CTUMYNALNNK;

» ABOPTUBHbBIN MaTepuasn, NOJAYYEHHbIN OT eHLWMUH Ha 2 — 12
Hepenax bepemeHHOCTH;

»noabl Ha cpokax 18 — 22 Hepgenn 6epemeHHOCTH, KoTopble
YMEpP/N B pe3ynbraTe npexaeBpemMeHHbIX poaoB, NMO3AHEro
BbIKMAbILA AN abopTa NO COUMANbHBbIM MOKA3aHUAM;
»TKaHW HedaBHO yMepLIMX 340pOBbIX Atogen (Hanpumep,
CMepTb HAaCTyNuaa B pe3yabraTte TpaBMbl U T.A4.);

» *u1poBaa TKaHb B3POC/I0ro YesioBeKka uam pebeHkKa;
»0OnnoaoTsopeHme B npobupke ANLEKIETKU
crepmaTo3oMaom ¢ obpasoBaHMem 3UroThbl. v



NonyyeHne CK u3 nynoBuHHOW/ 1
nepedepunyeckoun kposu/ KM

3abop KM(oT 20 go 200 mn) B xoae NyHKLUMU NOAB3A0LIHON KOCTU Y B3POC/bIX NHOAEN NN
rPyAMHbl Y aeTten. 3abop nepmpepmnyeckon KpoBu M3 BeHbl. 3ab60p NynoBMHHOW KPOBU B
CTEPUNbHYIO NPOOMPKY NPAMO B POAMABHOM AOMeE, M3 NoA Nepepe3aHHOM MNynoOBUHDI

PasgeneHne B rpagmneHTe NAOTHOCTU uKonn-yporpadpuHa. B pesynbrate Yero Ha rpaHuLe

MAadeHLa.

pasgena $as duKonna m yporpapuHa ynnoTHAETCA U KOHLEHTPUPYETCA TOHKOE KO/bLO
[106aBNAOT NUTATENbHYIO CPeay U elle HECKONbKO pa3 OTKPYUYMBAKOT Ha LeHTpudyre, 4tobbl

[OTOBble CTBOJIOBble KNETKU UAM NOMeLlWatoT B MNUTATe/IbHYKO cpeay ANA ,u,aaneﬁLuero

CTBONOBbIX KNneToK. Cobupatot CK.

YAa/1IUTb BCE cnyqaﬁHo nonaswune B KOJZibLLO HECTBOJ/10Bbl€ K/TIETKW.

BblpalLMBAHUA (KYIbTUBMPOBAHMUA), NN 3aMOPAXKMBALIOT B }KUAKOM a30Te ANA AJIUTENbHOrO
XpaHeHUA, WAN pecycneHanpyroT B PU3MONOrMYECKOM pacTBope WM BBOAAT B Buae

MHBEKUUNMN.



NonyyeHne CK u3 nynoBuHHOW/ 2
nepedepunyeckoun kposu/ KM

3abop KM(oT 20 go 200 mn) B xoae NyHKLUMU NOAB3A0LIHON KOCTU Y B3POC/bIX NHOAEN NN
rPyAMHbl Y aeTten. 3abop nepmpepmnyeckon KpoBu M3 BeHbl. 3ab60p NynoBMHHOW KPOBU B
CTEPUbHYIO MPOBUPKY MPSAMO B POAMIBHOM AOME, U3 NOA Nepepe3aHHOM MynoOBMHbLI
MAageHua.
Jlusupyrowuti bygep — amo crieyuasnbHeIl pacmeop co cmpo2o nooobpaHkAsIMU

KoHUueHmpauyuamu coned, Komopslie 8bi3blearom 2ubenb 8cex Ks1emoOK, Kpome
cmeosioeblX

§ 7

KpoBb UM KOCTHbIN MO3I CMELLUUBAKOT C AM3npyrowmm bypepom u octasasatoT HA 15 — 30
MWHYT, MNOC/e Yero OTKPY4YMBAIOT Ha LEeHTpUdyre 4ytobbl yaanuTb BCce cCay4yalHO nonaswime

HEHYXHbIE K/IETKU

[OTOBble CTBOJIOBble KNETKU UAM NOMeLlWatoT B MNUTATe/IbHYKO cpeay ANA ,u,aaneﬁLuero

BblpalLMBAHUA (KYIbTUBMPOBAHMUA), NN 3aMOPAXKMBALIOT B }KUAKOM a30Te ANA AJIUTENbHOrO

XPaHEeHUA, WAN pecycrneHanpyoT B (GU3MOOTMYECKOM PacTBOpe M BBOAAT B BuUAe

MHBEKUUNMN.




OcCHOBHbIE HanpaBneHnsa ncronb3oBaHmnsa CK




3peasie CK Mbimna _g 3peabie KOCTHOMO3TOBbIE
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Cell Stem Cell. 2016 Mar 3;18(3):368-81. doi: 10.1016/.5tem.2016.02.001.

Expandable Cardiovascular Progenitor Cells Reprogrammed from Fibroblasts.
Zhang ¥', Cao N, Huang ¥2, Spencer CF, FuJD? Yu €' LiuK' Nie B', Xu T', LiK", Xu 8", Bruneau BG*, Srivastava D?, Ding_S2.

# Author information

Abstract

Stem cell-based approaches to cardiac regeneration are increasingly viable strategies for treating heart failure. Generating abundant and
functional autologous cells for transplantation in such a setting, however, remains a significant challenge. Here, we isolated a cell population
with extensive proliferation capacity and restricted cardiovascular differentiation potentials during cardiac transdifferentiation of mouse
fibroblasts. These induced expandable cardiovascular progenitor cells (ieCPCs) proliferated extensively for more than 18 passages in
chemically defined conditions, with 10(3) starting fibroblasts robustly producing 10(16) ieCPCs. ieCPCs expressed cardiac signature genes
and readily differentiated into functional cardiomyocytes (CMs), endothelial cells (ECs), and smooth muscle cells (SMCs) in vitro, even after
long-term expansion. When transplanted into mouse hearts following myocardial infarction, ieCPCs spontaneously differentiated into CMs,
ECs, and SMCs and improved cardiac function for up to 12 weeks after transplantation. Thus, ieCPCs are a powerful system to study
cardiovascular specification and provide strategies for regenerative medicine in the heart.

Copyright @ 2016 Elsevier Inc. All ights resenved.

Comment in
Expansion of cardiac progenitors from reprogrammed fibroblasts as potential novel cardiovascular therapy. [Stem Cell Investig. 2016]
Comment on: Expandable cardiovascular progenitor cells reprogrammed from fibroblasts. [Stem Cell Investig. 2016]

PMID: 26942852 PMCID: PMCS826680 DOl 10.10164.stem.2016.02.001

[Indexed for MECLINE]  Free PMC Article
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kol Cell Neurogei. 2008 Jun; 25(2):245-58. doi: 10.1016/.mcn. 20053.02.014. Epub 2008 Mar 13.

Long-term tripotent differentiation capacity of human neural stem (NS) cells in adherent culture.
Sun ', Pollard S, Conti L, Toselli M, Biglla G. Parkin G, Willatt L, Falk A, Cattaneo E, Smith A,
[+ Author information

Abstract

Stem cell lines that provide a renewable and scaleable supply of central nervous system cell types would constitute an invaluable resource
for basic and applied neurcbiclogy. Here we describe the generation and long-term expansion of multiple human foetal neural stem (NS) cell
lines in monolayer culture without genetic immortalization. Adherent human NS cells are propagated in the presence of epidermal growth
factor (EGF) and fibroblast growth factor 2 (FGF2), under which conditions they stably express neural precursor markers and exhibit
negligible differentiation into neurons or glia. However, they produce astrocytes, oligodendrocytes, and neurons upon exposure to approprate
differentiation factors. Single cell cloning demonstrates that human NS cells are tripotent. They retain a diploid karyotype and constant
neurogenic capacity after over 100 generations. In contrast to human neurospheres, we observe no requirement for the cytokine leukaemia
inhibitory factor (LIF) for continued expansion of adherent human NS cells. Human NS cells can be stably transfected to provide reporter
lines and readily imaged in live monolayer cultures, creating the potential for high content genetic and chemical screens.

PWID: 158430476  DOLEND1016/.men 200502014
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PLaS One. 2012 7(1)e285597_ doi; 10,137 1/journal pone. 0028597 . Epub 2012 Jan 17.

Capture of neuroepithelial-like stem cells from pluripotent stem cells provides a versatile system
for in vitro production of human neurons.

Falk A!, Koch P, Kesavan J, Takashima Y, Ladewig J, Alexander M, Wiskow O, Tailor J, Trotter M, Pollard S, Smith A, Bristle ©.

(# Author information

Abstract

Human embryonic stem cells (hESC) and induced pluripotent stem cells (iPSC) provide new prospects for studying human
neurcdevelopment and modeling neurological disease. In particular, iPSC-derived neural cells permit a direct comparison of disease-relevant
molecular pathways in neurons and glia derived from patients and healthy individuals. A prerequisite for such comparative studies are robust
protocols that efficiently yield standardized populations of neural cell types. Here we show that long-term self-renewing neurcepithelial-like
stem cells (t-NES cells) derived from 3 hESC and 6 iPSC lines in two independent laboratories exhibit consistent characteristics including 1)
continuous expandability in the presence of FGF2 and EGF; i) stable neuronal and glial differentiation competence; iii) characteristic
transcription factor profile; iv) hindbrain specification amenable to regional patterning; v) capacity to generate functionally mature human
neurons. We further show that t-NES cells are developmentally distinct from fetal tissue-derived radial glia-like stem cells. We propose that It-
MES cells provide an interesting tool for studying human neurcdevelopment and may serve as a standard system to facilitate comparative
analyses of hESC and hiP3C-derived neural cells from control and diseased genetic backgrounds.

PMID: 22272235 PMCID: PMG3260177 DOl 10.1371fjournal pone. 0029557

[Indexed for MECLIME]  Free PMC Article
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Blood. 2015 Feb 14;133(7)633-643. doic 10.1182/blood-2018-04-342641. Epub 2015 Nav 23.

Megakaryocytes and platelets from a novel human adipose tissue-derived mesenchymal stem
cell line.

Tozawa K', Ono-Uruga Y2, Yazawa M?, Mori T*% Murata M®, Okamoto §', lkeda Y7, Matsubara Y258,

* Author infoermation

Abstract
The clinical need for platelet transfusions is increasing; however, donor-dependent platelet transfusions are associated with practical

problems, such as the limited supply and the risk of infection. Thus, we developed a manufacturing system for platelets from a donor-
independent cell source: a human adipose-derived mesenchymal stromal/stem cell line (ASCL). The ASCL was obtained using an upside-
down culture flask method and satisfied the minimal criteria for defining mesenchymal stem cells (MSCs) by The International Society for
Cellular Therapy. The ASCL showed its proliferation capacity for =2 months without any abnormal karyotypes. The ASCL was cultured in
megakaryocyte induction media. ASCL-derived megakaryocytes were obtained, with a peak at day & of culture, and ASCL-derived platelets
{ASCL-PLTs) were obtained, with a peak at day 12 of culture. We observed that CD42b* cells expressed an MSC marker (CD30) which is
related to cell adhesion. Compared with peripheral platelets, ASCL-PLTs exhibit higher levels of PAC1 binding, P-selectin surface exposure,
ristocetin-induced platelet aggregation, and ADP-induced platelet aggregation, as well as similar levels of fibrinogen binding and collagen-
induced platelet aggregation. ASCL-PLTs have lower epinephrine-induced platelet aggregation. The pattern of in vivo kinetics after infusion
into irradiated immunodeficient NOD.Cg-Prkdcsc@i2rg™Wil)Sz.) mice was similar to that of platelet concentrates. ASCL-PLTs have similar
characteristics to those of peripheral platelets and might have an additional function as MSCs. The establishment of the ASCL and its
differentiation into ASCL-PLTs do not require gene transfer, and endogenous thrombopoietin is used for differentiation. The present protocol is
a simple method that does not require feeder cells, further enhancing the clinical application of our approach.

@ 2019 by The American Society of Hematology.
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