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Skin Stem Cells as an Object for Cryopreservation.
1. Skin Stem Reserve

PedepaT: O630p coaepxuT cBeAEHUs O CMeKTpe, CBOMCTBaxX W fokanusaumy pe3umaeHTHbIX CTBONOBbLIX/MPOreHUTOPHbIX
KNeToK KoXu. PaccMoTpeHbl Nonynsuum anutenvanbHbiX U AepMarnbHelX cTBonoBbix kneTtok (CK), cTBONoBbIX KNeTOK MenaHouMToB
M NOOKOXHOWN XMpoBOMW kneTyaTkn. OHU NpeacTaBnsaT cOOON NEPCNEKTUBHLIA OBLEKT ANs KPUMOBMONOrm4eckux TEXHONOrnn 1
opraHuMsaumm HusKoTemnepaTypHbiXx BaHKOB ANs HYXA TeopeTU4Yeckow W aKCcnepumeHTanbHoW Buonorun, oblien u nepcoHndu-
LMPOBaHHOW MeAWLMHBI, @ Takke ANs co3AaHns GUOMHXEHEPHbIX 3KBMBANEHTOB TKaHeM U MCKYCCTBEHHbIX OpraHoB.

KnioyeBble cnoBa: KoXa, CTBOMOBbIE KINEeTKW, aNUTenuin, Aepma, NoAKOXHAas XMpoBas Krnetyatka, MenaHouuTbl.

Pecbepat: B 0630pi HaBegeHO BiAOMOCTi NPO CMEKTP, BNACTUBOCTI Ta Nokanisauito pe3naeHTHUX CToBOYPOBUX/MPOreHiTOPHUX
KNiTUH WKipn. Po3srnsHyTo nonynsuii enitenianbHux i gepmanbHux ctoBbyposux knituH (CK), cToBOYpOBMX KNITUH MENaHoUUTIB i
NiAWKIpHOT XNPOBOT KNiTKOBUHW. BOHW € nepcrnekTuBHUMK 06’ekTamu Ans kpioGionoriyHUMX TexXHONorin i opraHisauii HU3bko-
TemnepatypHux 6aHkiB Ans notpeb TeopeTnYHOT Ta ekcnepumeHTanbHOI Gionorii, 3aranbHoi Ta nepcoHricikoBaHoi MeauUMHK, a Ta-
KOX ANsi CTBOPEHHsI BiOiHXEHEPHUX eKBiBaNEeHTIB TKaHWH i LUTYYHUX OpraHis.

KniouoBi cnoBa: wkipa, ctoBOYpoBi kniTMHW, eniTeniit, Aepma, MidLKipHa XuMpoBa KMiTKOBUHA, MenaHoUUTU.

Abstract: The review contains the data on scope, properties and localization of resident stem/progenitor cells of skin. The
emphasis is given to populations of epithelial and dermal stem cells (SCs), as well as of melanocyte and subcutaneous fat SCs. The
cells represent a prospective object for cryobiological technologies and establishing low temperature banks for use in theoretical and
experimental biology, general and personalized medicine, development of bioengineered equivalents of tissues and artificial organs.
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[porpecc 6Gronornveckux Hayk B MOCIEIHHE Jecs-
TWJIETHsI B 3HAYUTEIBHOM Mepe Oazupyercs Ha yriyo-
JICHUH 3HaHUI O 3aKOHOMEPHOCTSX MoporeHesa, pere-
HEpalyy 1 perapanii MHOTOKIETOYHBIX OPraHHU3MOB.
PasBuTHe U cOBepIIEHCTBOBaHHE METOAOJOTUU H
TEXHOJIOTHI UCCIIEIOBAHUI ex Vivo, TIIaBHBIM 00pa3oM
BBIJICNICHUSI, UICHTU(OUKAIIMA U KYJIETUBUPOBAHMSI
KIJIETOK, 00ECTICYHIIN BO3MOXKHOCTh OOHAPYKCHHUSI
pe3epsa ooHOBIeHUS AU PepeHITMPOBAHHBIX KIETOK —
myiia cTBOJOBBIX KieTok (CK) miin «CTBOJIOBOTO pe-
3epBa». IIpu 3TOM OBITa yCTaHOBJIEHA COCTOSTENb-
HOCTbh TAKUX METOJUYECKUX MOJXOJ0B, OCHOBAHHBIX
Ha IPOBE/ICHUHN UCCIICOBAaHUI B CICTEMaX «BHE Opra-
HU3May, KaK JUIsl OTyYCHHS HOBBIX (DyHJIaMEHTab-
HBIX 3HaHWH o npupozae u ouonorun CK, Tak u pac-
LIMPEHHUS IEPCIIEKTHUB UX UCIOIb30BaHUS B IPAKTHKE
pereHepaTHBHON MEANIIMHBL, OMOMHXEeHEpHH 1 (hapMa-
konoruu [2]. OQHOBpEMEHHO OYEBUIHBI I[EIECO00-
Pa3HOCTh U HEOOXOAMMOCTD UCTIONB30BAHNS €IIIe OJTHO-
r'0 BXKHOTO HHCTPYMEHTa — KpHOOUOJIOTHIECKUX TEX-
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Recent progress of life sciences has been largely
based on expansion of knowledge about the regularities
of morphogenesis, regeneration and reparation in multi-
cellular organisms. Development and improvement of
ex vivo investigation methods and techniques, in parti-
cular isolation, identification and culture of cells, made
possible to explore the reservoir of differentiated cells
renewal, a stem cell (SC) pool or ‘stem reserve’. The
mentioned ex vivo methodological approaches were
confirmed as consistent to obtain a new fundamental
knowledge about the nature and biology of SCs, as
well as to widen their prospective applications in the
practice of regenerative medicine, bioengineering and
pharmacology [22]. It is apparent as well that another
important tool, the cryobiological technologies, could
provide the preservation of biological objects properties
and/or modification of their properties [16]. A combi-
nation of these approaches in relation to highly potent
SCs allows to isolate these unique cell specimens from
various sources, cryopreserve them, and after long
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HOJIOTUH, KOTOpbIE CHOCOOHBI 00eCeYnBaTh COXpaHe-
HUE TIOJTHOIIEHHOCTH OMOOOBEKTOB HITH/U MO (PUTIHPO-
BaTh uX cBoiicTBa [1]. Codyeranue 3TUX MOAXOMIOB B
MPUIOKEHUN K BhICOKONOTeHTHBIM CK mosBomser
MOJIYYUTh YHUKAIbHBIN KIETOUHBINA MaTepUal U3 pas3-
JIUYHBIX UCTOYHHUKOB, KPHOKOHCEPBHUPOBATh €T0 H
TOCJIE JIONITOCPOYHOTO XpaHEHHsI BO3BPATUTh B (PH3HO-
JIOTHYECKHE yCIIOBHA 0€3 yTpaThl CBOWCTB. briaromaps
ycrexam B uzyuennu crienuduaecknx kadects CK, B
YaCTHOCTH MX IUIACTHYHOCTH, CTAHOBHUTCS PeaTbHBIM
COBEPUIEHCTBOBaHHUE TEPAIEBTUYECKOTO MBIIIICHUS,
MIpEeX/ie BCETo, B UHTEpecax MepcoHUPpULINPOBAHHOI
MEIHLMHBIL, a TAKKE PACHIMPAIOTCS JUATHOCTUYECKHE
Y KOHLIENTyaJIbHBIE aCIIEKTHI KOPPEKIIUH PSAA TATOJIO-
THH YeoBeKa.

OpHuM u3 HanboJee AOCTYHNHBIX OOBEKTOB IS
n3yuennsa CK sBisiercs koxka. OCHOBHOE CBOE TIPei-
Ha3Ha4YEHHE B OPTaHU3ME — CITY)KUTh MHOTO(YHKITHO-
HaJIbHBIM 0apbepoM MEKAy BHYTPEHHEH cpenoii opra-
HM3Ma ¥ BHEIIHUM MHPOM — OHa BBITIOJIHAET Oaro-
Japs MpUCYIIEMY €l MOIITHOMY pereHepaTHBHOMY I10-
TEHIHaNy, KOTOpbIi oOecnieunBaeTcs pesepsom CK.
B xone BoccTaHOBUTENBHBIX NMPOLIECCOB MPOUCXOANUT
O0OHOBJIEHHE KJIETOUYHBIX M HEKJIETOUHBIX 3JIEMEHTOB
KOXKH U €€ MPUAATKOB 32 CUET MOMYISIIUI MyIbTUIIO-
TEHTHBIX pernoHanbHbIX CK 1 MX NOTOMKOB, OCHOBHOM
(yHKIMEH KOTOPBIX SBIAETCA (PU3HNOIOTHIECKast 3aMe-
Ha OTCJIYXHBIIUX JTHOO0 rmorubmmx nuddepeHupo-
BaHHBIX KJIETOK W TOJAEep)KaHHE ITOCTOSTHCTBA Kile-
TOYHOTO cocTaBa. Perymsanuio camononaepxxanus CK
1 mr¢epeHINPOBKH JOUEPHUX TPAH3UTOPHBIX KIIETOK
o0ecreunBaeT UX «HHIIA», TO €CTh JMHAMHYECKOE
MuKkpookpyxkenne CK, 0CHOBHBIMHE 2IEMEHTaMH KOTO-
poro ABifIOTCA Oa3anbHas MeMOpaHa, MOJEKYJIbI
BHEKJIETOYHOTO MaTPUKCa, a TAK)KE COCEe-
HU€ KJIETKH, MPOAYLHPYIOMHE (HaKTOPHI
pocTa ¥ ApyTre peryasTOPHBIE MOIEKYIIbI.

AHATOMHYECKH KOXKa B3POCIBIX COC-
TOWT W3 dMUACPMHUCA, IEPMBI U TUIIONEP-
MBI, OPHEHTHUPOBAHHBIX TIOCIONHHO (pHc.1),
U MTOCTPOEHA NMpUMepPHO U3 20 TUIIOB Kile-
TOK, pa3INYaroluXcs M0 TUCTOT€HETH-
YECKOMY NMPOUCXOKIEHUIO, TIOTEHIIMATY H
CTETIEHU 3pETI0CTH, a TAKXKE 3HAYUTEIEHOTO
KOJIMYECTBA KOMIIOHEHTOB BHEKJIETOUHOTO
MaTpukca. [IpsgIMoro cooTBeTCTBUS MEXKAY
MIEPEYUCIIEHHBIMH BBIIIIE TKAHSIMH, BXOMS-
IIUMH B COCTaB KOXXH, ¥ HUIIIAMH OT/IETb-
HbIX THITOB CK KOXXH HE CYIIECTBYET B CHITY
cnennuky nx oprannzanuu. [1o mepe paz-
BUTHUSA U TP HEPEHITUPOBKU SJTEMEHTHI O~
HOTO 1 TOT0 ke tnhdhepora (COBOKYITHOCTH
kietounbix ¢popm ot CK 1o Beicokoaudde-
PEHIIMPOBAHHBIX KJIETOK, COCTABIIAIOMNX
olpeieNICHHYIO JIMHHIO AU PepeHINPOBKH )
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term storage to turn back in to physiological conditions
without a significant loss of properties. The successful
studies of specific features of SCs, in particular their
plasticity, underlie the possibility of a feasible impro-
vement of therapeutic thinking, primarily for the benefit
of personalized medicine, as well as expanding of
diagnostic and conceptual aspects of the correction of
several human pathologies.

One of the most accessible sites to explore the SCs
is the skin. Its main service area inside an organism,
i.e. to be a multifunctional barrier between the internal
environment of an organism and the external envi-
ronment, the skin provides owing to its specific
powerful regenerative potential, which is provided by
the SC reserve. Any of recovery processes are accom-
panied with renewal of cellular and non-cellular compo-
nents of skin and its appendages due to the populations
of multipotent regional SCs and their descendants,
which main physiological function is to replace dead
or senile differentiated cells and maintain the persis-
tence of the cell repertoire. Regulation of SCs’ self-
renewal and differentiation of daughter transient cells
is provided by their ‘niche’, i. e. dynamic microenviron-
ment of SCs, which main elements are the basal
membrane, extracellular matrix molecules, as well as
neighboring cells producing growth factors and other
regulatory molecules.

Anatomically, the skin of an adult consists of epi-
dermis, dermis and hypodermis oriented layerwise
(Fig. 1), and contains approximately 20 cell types,
differing by histogenetic origin, potential and maturity,
as well as of significant amount of extracellular matrix
components. There is no direct association between
the mentioned tissues and certain types of skin SCs’
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Puc. 1. CxemaTtnyeckoe CTpOEHME KOXMU.
Fig. 1. Schematic representation of skin.
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MOTYT HaXOAMTHCS B Pa3HBIX CIOSX KOXH. B HacTos-
11ee BpeMs OCHOBHOM MHTEpEC UcCIen0BaTeIe pyB-
JIEKAOT SIUTENUAIBHBIN U GuOpodiracTHueckuit Aug-
(epoHBI B KOXKe. DIEMEHTHI [IEPBOTO U3 HUX COCPEI0-
TOYEHBI IPENMYIIIECTBEHHO B AMHUIEPMIICE U IPUIAT-
Kax KOXH, BTOPOTO — B IEPMAIIEHOM CJIO€ U TTOJKOXK-
HOM )KUPOBOU KJieTyaTKe. B COOTBETCTBUY C TKAaHEBOM
tororpadueit npu n3yuennu CK koxxu MOXXHO BBIfe-
JIUTH HECKOJIBKO HHIII, ITIABHBIE N3 KOTOPBIX — 3TO HUIIIA
snuTenuanbHbIX (Anunepmansaeix) CK, nepmanbHas
Y KupoBasi Hui [35].

OnuTeNHaNbHBIE CTBOJOBbIE KJIETKH KOKH
Haubonee musyuennsiii Tun pesunentHeix CK
B3POCIIOHN KOXKH — MYJIBTUTIOTEHTHBIE ATUTETHALHBIC
ctBosnoBbie KieTku (OnCK), koTopeie B OHTOreHE3E
MIPOUCXOIAT OT KIETOK HEeHpo3KkTonepmbl. Bo B3poc-
noit koxxe OnCK cocpeoToueHs! B BUAE TPEX OCHOB-
HBIX POIH(EPUPYIOMIMX TKAHECTIEIUPHIECKIX CyOTI0-
MYJIANAA: B 0a3aI5HOM CJI0€ HHTEPHOILTUKYIIPHOTO
SMHUJIEpPMHUCA, BBHIIAYUBAHUHA HAPYXHOW 00OJIOUKH
(Hapy»KHOTO SMUTENNATHLHOTO BIIarJIUIIA) BOJIOCSHOTO
(homnukya u BONMHM3M canbHBIX xene3 (puc. 2) [18].
Ha mpotshxkeHnn Beeit )KU3HYU YeTI0BeKa 3TH CyOTIoITy-
JISIIIAX OTBEYAIOT 32 (PH3HOIOTHYECKOe (DOPMHUPOBAHHE
MHOTOCJIOMHOT'O OpPOTOBEBAIOIIETO SIUTEIHS, POCT
BOJIOC, 00pa30BaHKEe KOYKHOTO )KHPa U BOCCTAHOBIICHHE
LIEIOCTHOCTH KOXKHOTO TIOKPOBA ITPY MOBPEIKIACHUSX.
Cyonomymsimin O1CK SBIISIOTCST 9aCThIO IIATE-
nuansHoro nuddepona. OH mpencTaBiseT coOOH
HepapXUIecKyto CTPYKTYPY, B OCHOBAaHHH KOTOPOH Ha-
XOOATCA MEJJIeHHO aeismuecs 6asanbHbie DnCK,
TOJI/ICP)KUBAIOIIHE CBOKO JKU3HECATEIBHOCTh B TeE-
YEHHE MPOIOJDKUTEIHHBIX IEPUOJA0B BpEMEHH Ty TEM
ACUMMETPUYHOTO JiesieHus. CTBOJIOBBIC KJIIETKH JTAIOT
Ha4yajao KJIEeTKaM-MPEeAIeCTBEHHHKAaM C KOPOTKUM
JKU3HEHHBIM ITUKIIOM, TaK HA3BIBAEMBIM TPAH3UTOP-
HeIM aMmiuummpyommmces kinetkam (TAK), npen-
CTaBJISFOIIUM COOOM JIoUepHEE MOKOJICHUE KOMMHTH-
POBaHHBIX KJIETOK-TIPEAIIECTBEHUKOB, KOTOPHIE TIPE-
Ha3HaYEeHBI 7151 KOHEUHOU muddhepeHIpoBKy. B mHTEp-
dhommkymsipaoM staepmuce TAK criocoOHBI TpoiTH
2—4 nUKIIa ACTICHAS, TIEPEMEIAsCh U3 0a3aILHOTO CIIOS
K moBepxHOoCTH Kok (puc. 3) [4]. [Iporece muddepen-
nupoBKHU 6a3zansHEIX DTCK B 3persie KepaTHHOITUTHI-
KOPHEOLIUTHIL, Tpoucxoasiuii mpu nepemeniennd TAK
KHapY>K1, TPUBOIUT K (DOPMHUPOBAHHIO IIIUITOBATOTO,
3€pHUCTOr0, OJIECTAIIEr0 (TOHKUH CIION KIETOK, Ha
puc. 3 He nokazau) u porooro cioes. imenno TAK, crio-
COOHBIE K OBICTPOMY A€JICHUI0, 00ECTICUNBAIOT HENpe-
PHIBHOE OOHOBIICHUE SMUACPMHUCA U MPOTPECCHBHO
THOHYT B MPOIIECCE arlONTO3a B TEUCHNE JKU3HH.
Omurenuansabie CK nHTEphOIIIHKYIIPHOTO 1TH-
JIEPMIHCa, 9aCTO Ha3bIBa€MBbIE 3MUIECPMAIbHBIMU,
AMEIOT HECKOJIBKO OTpaHW4YeHHBIN muddepeHmupo-
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niches due to the specifics of their organization. As
the elements of the same differon (set of cellular forms
from SCs to highly differentiated cells forming a par-
ticular lineage) develop and differentiate, they appear
in different layers of the skin. Currently, the main
targets of researchers’ interest are epithelial and fibro-
blast differons of the skin. The elements of the first
one are found mainly in the epidermis and skin appen-
dages, and components of the second differon are in
the dermis and subcutaneous fat. In accordance with
the tissue topography several skin SC niches could be
distinguished, and the principal ones are epithelial (epi-
dermal) SC niche, dermal and adipose niches [35].

Epithelial stem cells of the skin

The most studied type of adult skin resident SCs
are the multipotent epithelial stem cells (EpSCs), that
originate ontogenetically from neuroectodermal cells.
In adult skin the EpSCs exist as three main proliferating
tissue-specific subpopulations: in the basal layer of the
interfollicular epidermis, the hair follicle outer shell (the
outer epithelial sheath) bulge, and near the sebaceous
glands (Fig. 2) [15]. Through the whole life of a human
these subpopulations are responsible for the physiolo-
gical formation of a multilayer stratum epithelium, hair
growth, formation of sebum and restoration of skin
integrity in a case of damage.
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Fig. 2. Shematic representation of hair follicle.
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BOUHBIN TOTEHIMAJI, HEKOTOPHIE UCCIIEN0BATENHN JJAXKe
T0JIaTaloT, YTO OHM YHUIIOTEHTHBI, T. €. CIIOCOOHBI (op-
MHPOBATh TOJIBKO KJIETOUHYIO JTUHHUIO SIHAEPMATbHBIX
kepatuHonuToB [10].

Omurenmansabie CK BonocstHoro dommmkymna (BD)
HAaxoMATCs B KOMITAPTMEHTE BBHIITTUYMBaHU (bulge) Ha-
PY>KHOI 000JI0YKH KOPHS BOJIOCA, ITOJT CATHHOM Kee-
30# (cM. puc. 2). Onu, kak u Bce CK, apnsrorca men-
JIEHHO [UKJIMPYIOMMMHU KieTkamu. VIx motomku — TAK
Hapy»XHOH 00OJIOYKH KOPHS BOJIOCA — MUTPUPYIOT K
OCHOBAHHIO BOJIOCSIHOM JTYKOBHUIIBI X (POPMUPYIOT aK-
TUBHO Npodepupyromuii poyTUKyYISPHbIA MaTPHUKC,
KOTOPBIN OKpy>KaeT AepMaibHbIi cocouek BO. [Tocne
BcIuiecka nponudepannu snutenuansasie TAK mar-
pHUKCa BCTyNmaloT B mpouecchl AuddepeHunpoBku 1
(opMHUPYIOT BOJIOCSIHON KaHasI, BHY TPEHHIOIO 000J104-
Ky (BHYTpEeHHEE SITUTETHAIBHOE BIaralInIIe) KOpHS U
CTepKeHb Bojioca. Kak B pM3HOJIOTHIECKHUX YCIIOBHSIX,
TaK 1 TI0CJI€ PAaHEBOTO TTOBPEXKACHUS IPOUCXOANT MHT -
pamus TAK 13 BO B unTephONMIHKYIISPHBINA IHIEP-
MHC, CaJbHBIE W TIOTOBBIE JKEJIE3bl, U OBICTPOIEIS-
mecst motoMku TAK o0pasytoT snuTennaibHbIe Kie-
TOYHBIE JINHUU COOTBETCTBYIOIIHMX CTPYKTYpP KOXH.
Crnocoonocts CK 13 001acTu BRIISTYMBAHUS HAPY K-
HOH 000JI0YKM KOpHsI Bojoca (hOPMHUPOBATH AIIHTE-
JIMaJbHbBIE KJIETOUYHBIE TMHUH HE TOJIBKO BOJIOCSHOTO
(dommKysa u canbHOH KeJIe3bl, HO U HHTEPOIITUKY -
JSIPHOTO 3MHIEPMHUCA CBHIETENBCTBYET 00 MX BBI-
COKOM MYJIBTHUIWHEHHOM MHU((HEepeHIUPOBOTHOM
[TOTEHIIHAIIE.

CanpHbIe XKelle3bl KOXKH YeJIoOBeKa CofaepiKar He-
6omnpmoe konmnaectBo IMCK u KieToK-npeniecTBen-
HUKOB, JIOKAJM30BaHHBIX BOJHM3M WJIM B OCHOBAaHUHU
CaJIbHOM KeTe3bl. DTH KIETKH Mpoiudepupyrot, oopa-
3ys nuddepeHnpoBaHHbIE KIETKH CATBHOM XKee3bl —
ceOOLHNTHI.

Takum 00pa3oM, OTHIENIbHBIE CYOOMYJISIIUT MYJTb-
TUNIOTEHTHBIX ONCK KOXHU pa3nuyaroTcs 1o CBOEMY
ucxonHoMmy nuddepeHunpoBOYHOMY HOTEHLIUATY:
OnCK unTepdommkyspHoro srmmTeris u OnCK caims-
HBIX JkeJie3 mudQepeHITUPYIOTCS COOTBETCTBEHHO B
KOPHEOIUTHI U CEOONUTHI, B TO BpeMs kak OnCK u3
BBIIISTYMBAHUS BOJIOCSHOIO (DOJUIMKYJIa CIIOCOOHBI K
HOAAEPKAHHUIO [IOJTHOTO CHEKTPa SIUTEIHAIBHBIX JU (-
(hepeHIIMPOBOK KOXKH.

[Ipu n3yuennu nporpaMm 3MuAepMaIbHOTO TOMEO-
CTa3a BBISICHUIIOCH, YTO B OCHOBE PETYISILUH (PyHKIHO-
Huposanus OnCK nexaT curHaabl MUKPOOKPYKEHHS —
HULI cTBONIOBBIX KiteTok. [t OnCK mexdommukymnsp-
HOTO SMUICPMHUCA KIETKH HUIIN, Oa3albHbIE AIHUEP-
MOLUTHI, OPMHUPYIOT OCHOBHBIE MEYKKJICTOYHBIE CHUT -
Has! Wnt, Notch [ 11], mockonpKy Hanboiee BaXKHBIMHU
MyTSIMHU perynanuu GyHkuuonuposanus 3tux CK
seastores Wnt/B-katenun, Shh u TGF-3/BMP [37].
s CK BostocssHOTO (hOJITHKYIIa KIETOTYHOW HHUTIIESH
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Puc. 3. Cxematnyeckoe ctpoeHune anngepmuca. Qudde-
peHUMpOoBKa 3anuTenuanbHbiX CTBOMNOBbLIX KNeTok (1) B
TpaH3uTOpHbIe amnnuduumpyowmnecs KneTkn (2) u ganee
B KepaTuHOUMThbI (3) U KOpHeouuTbl (4).

Fig. 3. Schematic representation of epidermis. Differen-
tiation of EpSCs (1) to transient amplifying cells (2), there-
after keratinocytes (3) and corneocytes (4).

Subpopulation of EpSCs is a part of epithelial dif-
feron. The latter is a hierarchy based on slowly dividing
basal EpSCs, supporting their long-term vitality by
asymmetric division. The stem cells give the origin to
progenitor cells with a short life cycle, so-called tran-
sient amplified cells (TACs), being the filial generation
of committed progenitor cells intended for the terminal
differentiation. The TACs are able to undergo 2—4 divi-
sion cycles in interfollicular epidermis, migrating from
the basal layer towards the surface of the skin (Fig. 3)
[1]. The process of basal EpSCs differentiation into
mature keratinocytes-corneocytes, occurring when the
TACs migrate outwards (ectad), results in the forma-
tion of thorny, granular, brilliant (thin layer of cells, not
shown in Fig. 3) and the horny layers. Exactly the TACs,
able for the rapid division, provide a continuous renewal
of the epidermis and progressively die in the process
of apoptosis during an individual’s lifetime.

Epithelial SCs of interfollicular epidermis, called
often epidermal ones, have rather limited differentiation
potential, some researchers believe even that they are
unipotent, i. e., capable to form only cell line of epider-
mal keratinocytes [7].

Epithelial hair follicle (HF) SCs are found in a bulbar
region (bulge) of hair root outer sheath near the
sebaceous gland (see Fig. 2). Like all the SCs they
are slowly cycling cells. Their descendants, TACs of
hair root outer sheath, migrate to the bed of the hair
follicle and form actively proliferating follicular matrix
that surrounds the dermal papilla of HF. After the
proliferation burst the matrix epithelial TACs start to
differentiate and form the hair canal, the hair root inner
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BBICTYIIAET COCYANCTas cucTeMa (poynKya, a OCHOB-
HBIMHM MEXKKJICTOYHBIMU CUTHajamMu — Wnt, BMP,
TGF-B[9]. [ToMrMO CIIOKHBIX BHY TPHAIHUTEIHATBHBIX
cBs3elt, npoueccsl B ONCK perynupyrorcsi CUrHajIaMu
13 TOJIeKAIIEH TepMbl (HalpuMeEp, IePpUOIHIECKOM
skcrpeccueir BMP2 u BMP4).

Ceenenust o ciocoonoctn InCK k nuddepennu-
POBKaM, OTJIMYHBIM OT ITPUBEACHHBIX SMTUTEIHATbHBIX,
MPAaKTUYECKH OTCYTCTBYIOT, OJHAKO M3BECTHO, YTO
MOCJIE COOTBETCTBYIOIIEH CTUMYISLIMH OHH MOTYT
9KCIPECCUPOBATH AHTUTEHBI, XapaKTEePHbIE I IMO-
puoHanbHEIX CK 1 CK reMonosTHYecKuX JTUHUM, a IpH
9KCIICPUMEHTAJIBHON ay TOTPaHCIUIAHTAIY 00eCTIe -
BAalOT BOCCTAHOBJIEHHUE MOBPEXKIACHHON POTOBUIIBI
ria3a [38]. HexaBHO ObLITO MTOKa3aHO, YTO HEOOPATUMO
komMmuTupoBanHble TAK n3 munum OnCK MoryT sxc-
npeccupoBath Mapkepsl CK 1 BO3BpamaTsCsi B CBOIO
Hury [19].

CoBpeMeHHbIe METOBI KyITUBUPOBAHUS iH Vitro
MO3BOJIAIOT Tony4ars nomyssun OnCK yenoseka,
obJagaronue CrrocoOHOCTRI0 00Pa30BEIBATH THIICP-
MaJbHbIE KIETKH (KEPATHHOIIUTHI) B YCIOBUSAX J1AlThb-
HeHIero KIMHAYECKOTo IPUMEHEHHS B COCTaBe OMO-
MHXEHEPHBIX SKBUBAJIEHTOB KO>KH M PAHO3aKUBJISIO-
LIUX MPOAYKTOB.

CTBOJIOBBIE KJIETKU MEJAHOIHTOB

B obOnactsax koxu, COPMUPOBAHHBIX MPEUMY-
mectBeHHO moTomMkamu OnCK, oOHapyXUBaroTCA
MEJIaHOIUTEl — MOTOMKH KJIETOK HEPBHOTO TPEOHS,
MIPOBH30PHOTO OpPraHa, BO3HUKAIOIIETO B AMOpHOre-
He3e BO BpeMs Helpyrsiun 3apoapima [31]. bonbma-
CTBO MEJIAHOIIUTOB COJICPXKHUTCS B 0a3abHOM CIIOE
AMHIEPMHUCA KOXKH, BOJIOCSHBIX (DOIUIHKYIaX, MHOT/IA B
JepMe, CITM3UCTBIX 000704YKaX u p. OHU OTBETCTBEH-
HBI 32 TUTMEHTAIUIO BOJIOC, KOXKH U V143, TIOCKOIBKY
SIBIISTFOTCS CIICIIUATT3UPOBAHHBIMHU KJICTKaMHU, BhIpada-
THIBAIONIVMH TUTMEHTBI MEJIAHUHBI.

BriepBbie momyssius CTBOJOBBIX KJIETOK MEJIaHO-
nutoB (MenCK) 0pi1a maeHTHGUIIpPOBaHa B 00J1aCTH
BBIISTYMBAHNS HAPYKHOTO SMTUTENATIFHOTO BIIarainina
BOJIOCSHBIX (DOJUTHKYIIOB, KOTOPOE CUUTAIOT X OCHOBHON
aHATOMHUYECKOM HUIIECH, pe3epByapoM, 00eCIIeInBaro-
ITAM [TATMEHTAITAIO0 KOXKH U BOJIOC [25]. DTH KIETKH
HaxozxsaTcst TaM Bmecte ¢ DnCK, obecreunBaroniumMu
oOpa3oBaHue Booc. B xo/e Kax/10ro HOBOro IUKJIa
pa3BHUTHUS BOJOC YKa3aHHbIe JBe nmonysiiuu CK cun-
XPOHHO aKTUBUPYIOTCS U B IajbHElHIIIEM nposndepa-
nus v uHeliHoe npoyprkeHre CK Bo BpeMs IUKIIa pas-
BHTHS BOJIOC PETYIHPYIOTCSI CUTHAJIAMH MUKPOOKPY-
xenus. Ha cranum nepexona U3 neproia moxost (Telo-
reHa) B pa3y pocra (anaren) MenCK acummeTpudHO
JEJSATCS W MPOU3BOAAT KIETKU-TIPEAIIECTBEHHIKA
menanoruToB (TAK), crtocoOHBIE K iponmdepanuy 1
MHTpaIMi K OCHOBAHHIO BOJIOCSHOHW JTYKOBHIIBI, B
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shell and hair shaft. Both in physiological conditions
and post wound injury the TACs migrate from HF to
interfollicular epidermis, sebaceous and sweat glands,
and thereafter the rapidly dividing descendants of TACs
form epithelial cell lines for relevant skin structures.
Ability of SCs from hair root outer sheath bulbar region
to form epithelial cell lines not only of the hair follicle
and sebaceous gland, but of interfollicular epidermis
indicates their high multilineage differentiation potential
as well.

Human skin sebaceous glands contain a small
amount of EpSCs and progenitor cells, localized near
or directly in the bed of the sebaceous gland. These
cells proliferate and form differentiated cells of the
sebaceous gland, the sebocytes.

Thus, the subpopulations of skin multipotent EpSCs
differ by their original differentiation potential: EpSCs
of interfollicular epithelium and those of sebaceous
glands differentiate respectively into corneocytes and
sebocytes, while EpSCs of hair follicle bulbar region
are able to provide a full range of epithelial differen-
tiation of the skin.

Investigation of epidermal homeostasis pathways
revealed that the EpSCs function control is based on
the signaling of microenvironment, the stem cell niches.
Interfollicular epidermis EpSCs are triggered by their
niche cells, the basal epidermocytes, mainly using Wnt
and Notch intercellular signals [8], as the most im-
portant pathways to control the functioning of these
SCs are Wnt/B-catenin, Shh and TGF-/BMP [37].
Hair follicle SCs have their cell niche in follicle vascular
system, and the main intercellular signals are Wnt,
BMP, and TGF-[3 [6]. Besides complex intraepithelial
communications (signalling) the EpSCs activity is
regulated by signals from the underlying dermis (e. g.,
periodic expression of BMP2 and BMP4).

There are virtually no reports about the ability of
EpSCs to differentiate into the lineages different from
the mentioned above epithelial ones, but it is known
that after appropriate stimulation they can express
antigens characteristic of embryonic or hematopoietic
stem cells and restore an injured cornea after experi-
mental autologous transplantation [38]. Recently it has
been shown, that irreversibly committed TACs of
EpSCs lines could express SC markers and return to
their niche [17].

Contemporary in vitro culture techniques allow to
procure human EpSCs populations with the ability to
form the epidermal cells (keratinocytes), which could
be thereafter applied in clinics as a part of bioengi-
neered skin equivalents and wound healing products.

Melanocyte stem cells
In areas of the skin, formed mostly of EpSCs des-
cendants, one could find melanocytes, originating from

7



KOTOPO IPOUCXOAUT Nporiecc AndpepeHIPOBKY STHX
KJIETOK-TIPEILIECTBEHHUKOB C 00pa30BaHNEM MeJIaHH-
HOB. Mukpookpyxenre MenCK criocoOHO Kak HHITY-
LUPOBAaTh, TaK U OJIOKUPOBATH BCTyIJICHNE B TU(de-
peHnrpoBKy. Co3peBIIIre METaHOUTH MOTYT ITepe/a-
BaTh CHHTE3WPOBAHHBIE HMH MEJIaHUHBI BOJOCSHBIM
KJIETKaM, a KJIETKU-MPEeAIIECTBeHHINKN MeIaHOI1-
TOB — MUTPHUPOBATHh CKBO3b AEPMY W SMUIAEPMHC B
COCTaBe Pa3BUBAIOIINXCS BOJOCSHBIX (POJUTHKYIIOB.
Ota MuTpaIus ¥ BEDKMBAaHUE 3aBHCAT OT pelenTopa
c-Kit u ero nuranga — gakropa CTBOJIOBBIX KIETOK
SCF, B oTcyTcTBHE KOTOPBHIX HalmomaeTcst HeoOpa-
THMas MOTeps MUTMEHTAallUM Y HOBOPOXKIEHHBIX
TPBI3YHOB U OTCYTCTBUE MEIAHOLIUTOB y YEIOBEKA.

CymecTBytoT npeanonoxenus, yto MenCK npu-
CYTCTBYIOT HE TOJIBKO B 00IaCTH BBIISTYMBAHUS 000-
souku BD, Ho 1 B 1pyrux TkaHeBbIX HAMax. [Tokaza-
HO, 9T0 MynbTHIOTeHTHBIE CK AepmanbHOTO pownc-
XOXJIEHHUS, BBIJICICHHBIE U3 YEJIOBEUECKON KpaliHeu
IJIOTH, B KOTOpoii BD 0TCYTCTBYIOT, TaKKe CITIOCOOHBI
mudhepeHIPOBaTHCS B METTAHOLIUTHL. DTO YKa3bl-
BaeT Ha CyIIeCTBOBAHNE HUII MEIAHOIIUTOB B COOCT-
BEHHO JIEPMAJILHOM CJIO€ KOXH, O0Jiee 3alIUIEHHOM
OT BHEUIHUX BO3ACUCTBUM, yeM snuaepmuc [20], onHa-
KO 3TH MPECTABICHUSA HYKAAIOTCSI B YTOYHEHHH.

CTBOJIOBBIE KJIETKH JIepPMBbI

CTBONIOBBIE KJIETKH J€PMBI U3YyUYEHBI rOpasio
MEHBIIIe, YeM SIUAepPMaTbHBIE U aCCOIIMMPOBAHHbBIE
C BOJIOCSHBIMH (QOJUTMKyIamMu snuTenuaitbasie CK.
OTO yIMBHTENBHO, TaK KaK JIepMa MOXKET MPECTaB-
nath Oonpmmii pesepyap CK B3pociwix, yem >mu-
nepmuc 1 BO Bmecte B3aThie [26].

JlepManbHBIi CII0H KOYKH COAEPIKUT CPAaBHUTEIHHO
HEeOOJBIIOE KOJMIMYECTBO CBOOOMHBIX KIIETOK M KJle-
TOYHBIX CTPYKTYP Pa3IMYHOr0 reHe3a, HaXOAALINXCS
B 00BEMHOM reTepOreHHOM BHEKJIETOYHOM MaTpHKCe,
COCTOSIIEM IPEUMYIIECTBEHHO U3 KOJIJIAr€HOB, AJ1ac-
THHA ¥ NIUKO3aMHUHOIIMKAHOB. COETMHUTENBHOTKAH-
HBIC KJIETKHM Pa3JINYHOM CTENEHU 3PENOCTHU, KIETKU
COCYIUCTOM CETH U MBIIIL, [TOAHUMAKOUIUX BOJOC,
aJUIOLMTHI ITOJIKOKHOT'O KUPA U KIIETKM UMMYHHOU
CUCTEMBI, KOTOPBIE 3aCEISAI0T JEPMY, SABISAIOTCS MPO-
M3BOJHBIMA 3MOPHOHAIBHON Me30aepMbl. [Tomumo
3TOTO, B3pOCIas IepMa SIBISIETCA CBO€00Opa3HOMi MaT-
PpHIIEH, cofepaKaIEl BOTOCAHBIE TYKOBHIIBI, IOTOBBIE
U CajbHBIE XKEJEe3bl, COCYAUCTYIO CE€Th, HEPBHBIE
OKOHYaHMS, 8 TAK)KE CBOOOIHBIC KIIETOUHBIE SIEMEH-
ThI, IPOUCXOXKJICHUE U LIUTOTUII KOTOPHIX HE BCEraa
MO>KHO OJHO3HauHO ompeAeianTs. HempocTo oTBETUTH
1 Ha BONPOC, KaKKe MOMYJISIIUH CTBOJIOBBIX/TIPOT€HU-
TOPHBIX KJIIETOK 00€CIIeYNBAIOT TOMEOCTa3 JEPMbI U
TJie OHH, COOCTBEHHO, JJOKAJTN30BaHbI.

B pesynbrare uccienopanuit Hauana XXI Beka B
JepMe ObIIH 0OHAPYKEHBI MYJIBTUIIOTEHTHBIC KJIETKH-
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the neural crest cells, a provisional organ emerging
throughout embryogenesis at the stage of embryo
neurulation [30]. Most melanocytes are in the basal
layer of skin epidermis, hair follicles, sometimes in the
dermis, mucous membranes, efc. They are responsible
for the pigmentation of hair, skin and eyes, as they are
specialized cells producing the pigments melanins.

For the first time the stem cell population of me-
lanocytes (MelSCs) was identified in the hair follicle
outer epithelial sheath bulge, considered as their main
anatomical niche, and a reservoir to provide pigmen-
tation of skin and hair [25]. These cells are situated
there together with EpSCs, which provide hair for-
mation. During each new cycle of hair growth, these
two populations of SCs are activated synchronously
and further proliferation and advancement of SCs
during a cycle of hair growth are regulated by micro-
environment signals. After transition from the resting
period (telogen) to the growth phase (anagen) the
MelSCs are asymmetrically divided, and produce
melanocytes progenitors (TACs) capable of prolifera-
tion and migration to the hair follicle bed, where the
process of differentiation of progenitors occurs and
melanins are produced. Microenvironment of MelSCs
is capable both to induce and to block the onset of
differentiation. Mature melanocytes could transmit the
synthesized melanin to the hair cells, and melanocyte
progenitors are able to migrate through the dermis and
epidermis as a part of developing hair follicles. Their
migration and survival depend on the c-Kit receptor
and its ligand, stem cell factor (SCF), which absence
is accompanied with irreversible loss of pigmentation
in newborn rodents and lack of melanocytes in humans.

There are the hypotheses that MelSCs are present
not only in the HF shell bulge but in other tissue
compartments as well. Multipotent SCs of dermal ori-
gin were isolated from human preputium, where no
HFs are present, and these cells were also capable to
differentiate into melanocytes. This indicates the
existence of melanocyte niches even in the dermal layer
of'the skin, being more sheltered from external influen-
ces than the epidermis [18], but these findings are to
be refined.

Stem cells of the dermis

Stem cells of the dermis are much less studied than
epidermal ones and the SCs associated with the hair
follicles. This is quite surprising, since the dermis may
be a larger SC reservoir in adults than the epidermis
and HF together [26].

Skin dermal layer contains a relatively small number
of free cells and cell associates of various origins, that
are located in voluminous heterogeneous extracellular
matrix, composed mainly of collagen, elastin and glyco-
saminoglycans. Connective tissue cells of varying ma-
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MpeAIeCTBeHHUKH. [0 TaHHBIM OTHHX UCCIIEIOBaHNH,
3TH KJIETKH HaXOAATCA BO ()pakiuM aAre3uBHBIX K
1acTuky Gudpo01acTONON00HBIX KIETOK HEPBUYHOM
CYCIIE€H3MM KJIETOK JAepMbl [7]. B mpyrux skcnepu-
MEHTaX, HAlIPOTUB, KIIETKU-TTPE IIIECTBEHHUKH BHISB-
JISTUCH CPETN HEeaAre3UBHBIX KJIETOK fepMbl [30]. D10
MIPUBENO K MPEACTABICHUSIM O TOM, YTO B JepMe
UMeeTcs IBe CyOOMyIsIHA MYJIBTUIIOTEHTHBIX Jiep-
MaJbHBIX KJIETOK, KOTOpbIE 00€CIIeYnBal0T €€ TOMEO-
CTa3 ¥ CIIOCOOHBI K Me30IepMabHBIM Ju(hepeHnn-
POBKaM, a UMEHHO, aJre3UBHBIC MYJIBTHIIOTCHTHbIE
Me3eHXHMaibHbIe cTpoMaibhbie Kietkn (MCK), mpo-
H3BOJIHBIE SMOPHOHANIBHON ME3CHXUMBI, I HEa/Ir €31 B-
HBIE B IEPBUYHOH KYJIBTyPE MYJBTHIIOTEHTHBIE KIIETKHU-
MpeaIeCTBEHHUKN Koxu (Skin-derived precursors,
SKPs), npoucxoasiiye u3 HEPBHOTO IpedHs SMOpHOHA.
3TH cyONONYISIIMN BBIJICNSIOT B YCIIOBHSX KYJIETHBH-
pOBaHUS NEPBUYHON CYCHEH3UHU KJIETOK JEPMBbI in
Vitro B COOTBETCTBHUH CO CBOMCTBAMU KaXK/IOM U3 HUX,
MIpHYeM yrKe pa3paboTaHbl METOIMKH MTapajuIeTFHOTO
MOTyYeHNs1 00eHX CYOTIOMyYIISIIHIA U3 OTHOTO F TOTO XKe
KOXKHOTO JIOCKyTa [42].

Unentuduxauns MCK koxu 3arpyausiercs n3-3a
X (EHOTHIHUYECKOTO CXOACTBa ¢ (hubpobmactamu,
npeo0IafaoUM KIETOYHBIM THIIOM aAre3UBHBIX
KJIETOK JAEpMBL. DTOT THI UMEET €IIe HE TTOTHOCTHIO
U3YyYEHHYIO (PU3HOIOTHYECKYIO T€TepPOTeHHOCTD, YTO
00yCIOBIIEHO KJIETOYHBIM pasHooOpaszueMm ¢Gpuodpo-
omactuaeckoro nuddepona [28]. Haxe crrycts 50 net
nocxe nepBoro omucanusgs MCK kocTtHOro mosra
A5l ©punenmreiinoM [ 17] He HaliZieH HCYEPITBIBATO-
i Habop TOBEPXHOCTHBIX MAPKEPOB, CIICITU(HIHBIX
JUISL 3TOTO THTIA KIIETOK, XOTS M BhIpaOOTaHBl MHHU-
MaJIbHBIE KPUTEPUU COOTBETCTBHUS €My, a UMEHHO:
(hubpobIacTONOA00HKIH BUI, aIT€3UBHOCTH K TUIACTH-
Ky, ME€30/IepMaJIbHBINA TU(PepeHINPOBOYHBIH TOTEH-
1uall, onpeaeaeHHbI uMMyHOGeHoTHII [ 13], BRICOKHIA
npoiuepaTUBHbINA NOTEHIMAI U CIIOCOOHOCTH K KOJIO-
HueoOpaszoBaHuio. Mesenxumansnbie CK nepmer
OTBEYAIOT 3TUM KPUTEPHUAM, IMOCKOIBKY JKCIpec-
cupyroT HectuH u Mapkepsl CD44, CD73, CD90 u
CD105, neratusnsl 1o CD34 u CD45, 061agaior ciio-
cOOHOCTRIO MUDPEPEHITUPOBATHCA B aTUIOIKTHI,
KJIETKH TJIJIKMX MBIIII, OCTEOIUTHI, XOHJIPOIIUTHI, B
nepMabHbie (HOPOOIACTHI M HEHPOHEI.

[IpakTnuecku 00IIENPU3HAHHBIM HCTOYHUKOM
MynbTUIOTeHTHBIX CK nepMbl cuntarorcst qepmalib-
HBIA COCOYEK W BOJIOCsHasA cymka B®, u3 koTopsix
OHHU MOTYT OBITb IOJTyYeHBI IPU KYJBTUBUPOBAHUH iNt
vitro. MUrpupoBaBIIne U3 €IWHUYHBIX BOJIOCSIHBIX
(OHKYIIOB B3pOCIIOT0 YeI0BeKa aire3uBHbIe (huopo-
0J1acTOTIOJO0HBIE KIIETKH 00J1a/1al0T BEICOKAM ITPOJTH-
(hepaTHBHBIM TOTEHIIAIIOM H MOTYT MIPOXOIUTH BHE
opranusma 6oiee 45 yIBOSHUHN MOMYIAIIAN, TIPEXKIC
YeM HaYMHAIOT TPOSBIATHCA NMPU3HAKH KIETOYHOTO
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turity, the cells of the vasculature and muscles, rai-
sing the hair, subcutaneous fat adipocytes and immu-
ne system cells populating the dermis are derived from
embryonic mesoderm. Moreover, adult dermis contains
hair follicles, sweat and sebaceous glands, vasculature,
nerve terminals, and free cell elements, which origin
and cytotype could not be always clearly defined. It is
also hard to say which populations of stem/progenitor
cells provide homeostasis of the dermis and where they
are actually localized.

At the beginning of the 21* century the researchers
succeded to reveal multipotent progenitor cells lines in
the dermis. According to several studies, these cells
were found among the fraction of fibroblast-like cells
of the primary dermis cell suspension which were
adherent to the plastic [4]. In other experiments, vice
versa, the progenitor cells were identified among the
non-adherent cells of the dermis [29]. This led to the
idea that dermis contained two subpopulations of multi-
potent cells maintaining its homeostasis and being cap-
able of mesodermal differentiation, and namely adhesi-
ve multipotent mesenchymal stromal cells (MSCs),
being the derivatives of embryonic mesenchyma, and,
secondly, non-adherent in primary culture multipotent
progenitor cells of skin (Skin-derived precursors, SKPs),
originating from the embryonic neural crest. These sub-
populations could be isolated by in vitro culturing from
initial cell suspension of the dermis in accordance with
the properties of each one, moreover there are the
techniques, allowing to procure both subpopulations
from the same skin graft simultaneosly [42].

Identification of skin MSCs is hampered by their
phenotypic similarity with fibroblasts, being the pre-
dominant cell type among the adhesive cells of the
dermis. This cell type has a physiological heteroge-
neity not fully studied yet, that is preconditioned by a
cellular diversity of fibroblastic differon [27]. Even 50
years after the first description of bone marrow MSCs
made by Friedenstein [14], a comprehensive set of
surface markers specific for this cell type is not found,
although there are minimum eligibility criteria chosen,
namely fibroblast-like appearance, adhesion to plastic,
mesodermal differentiation potential, some specific
immunophenotype [10], high proliferative potential as
well as the ability to colony formation. Dermal mesen-
chymal SCs meet these criteria since they express
nestin and CD44, CD73, CD90 and CD105 markers,
are negative for CD34 and CD45, have the ability to
differentiate into adipocytes, smooth muscle cells,
osteocytes, chondrocytes, dermal fibroblasts and
neurons.

Almost generally accepted source of multipotent
SCs of the dermis are dermal papilla and hair sac of
HF from which they can be derived during in vitro
culturing. Adhesive fibroblast-like cells, migrated from
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cTapeHus. B yci1oBHAX COOTBETCTBYIONIEH HHIYKIIUH
TaKHe KJICTKU BCTYNalOT B TUP(EpEeHIIMPOBKY B OCTEO-,
aJuIo-, XOHJIPO- WIM MHOTEHHOM HANpaBICHUAX,
mpudeM 6oiee 70% winonoB CK oOHapyxuBaroT Ou-
WY TPUITHHERHBIHN T QEepeHIIPOBOYHBIH TOTEHIIAAIT
[5]. Takum 06pa3zom qoKa3aHo, 9TO AATE3UBHBIC CTPO-
MaJbHBIE KIETKH BOJOCSHOTO (OIIIMKYIa B3POCIOro
YeJI0BEKa SIBIIAIOTCS HCTHHHBIMU MYJIBTUIIOTEHTHBIMU
meseaxumanbHbiMu CK, a He mpencTaBisoT coOoit
TeTEPOTEHHYIO0 MOMYISINI0 KIETOK-TPEIIeCTBEH-
HHKOB C OTPaHUYEHHOH CIOCOOHOCTHIO K I dhepeHIu-
POBKe.

Hdpyroil Tunm nepMaibHBIX MYJIbTHIOTEHTHBIX
KJIETOK, TPOUCXOASAIINMI U3 IepMalIbHOTO cocouka BO,
SKPs, obnagaeT cmoCoOOHOCTBIO HE TONBKO K ME30-
JepMallbHBIM, HO H K psily HelpalbHBIX AudepeH-
umpoBok. B otnmume ot MCK, nepsuunbsie SKPs B
KYJIBTYp€e B PUCYTCTBUH POCTOBBIX (haKTOPOB HE aj-
re3UpyIoT K IUIACTUKY, a 00pa3yroT cepoust [15, 29].

Knerounsie nonynsnun SKPs u3 nepManbHbIX
cocoukoB BD moryT momo6Ho MCK npousBoauTh
KJIETKH J€PMBI 1 HHAYIUPOBATH MOP(OTeHe3 BOJIOC
[8]. Onu Tarxke crnocoOHb! AupdHepeHIIpoBaThCS B
HEHpOHBI 0€3 CENeKIMH 1 3KCIIaHCHH, a B YCIOBUSX
WHIYKIMH — TPOU3BOAUTH MOTOMKOB C (DEHOTHIIOM
aJUTOIUTOB, TJIAJKOMBIIIEYHBIX KJIETOK U KJIETOK
nepudepraeckoil HEpBHON CHCTEMBI, TAKUX KaK IIBaH-
HOBCKHE KJIETKH U KaT€XOJIaMUHEPTNYECKHE HEHPOHBI.

CpaBuenue cpoiictB CK, momy4eHHBIX H3 Jep-
MaJILHOIO CJI0s1 KOKH, co cBoiicTBamu MCK kocTHOTO
Mo3ra, HanboJee U3yYeHHOTO UCTOYHUKA STOTO THUIIA
KJIETOK, MOKAa3aJl0 CXOJCTBO HCCIENYEMBIX KIIETOU-
HBIX CyOmomymsiiuii 1o Mopdo- 1 ”MMYHO(EHOTHITY,
nponudepatnBHOMY U Au(pPepeHITIPOBOYHOMY TT0-
TEHIHay, a TAKKE UMMYHOCYIIPECCUBHBIM CBOMCT-
BaM. [Ipu sToM MynsTunioreHTHBIe SKPS nmeror He-
CKOJIBKO OTpaHUYECHHBII Me30IepMabHBIN, HO OoJiee
IUPOKUH HelporeHHslil norenuan, yem MCK, gto
OTIpENENIETCA UX NMPOUCXOKICHUEM M3 HEPBHOTO
rpebns [34].

Taxum 06pazom, aHATOMHYECKOW HUIIEH MYITBTH-
noTeHTHBIX CK AepMEBI SBIISIFOTCS TepMaTbHBIA COCO-
yek B® u nepudonnukynsapHblid cinoil nepManbHBIX
KJIETOK BOJOCSHOM cyMku [14]. B kauecTBe BO3MOXK-
HOTO MecTa Jokamm3anuu aepMmanbHbix CK Takke
Ha3BIBAIOT MEPUBACKYISIPHYIO 30HY, IIOCKOJIBKY yCTa-
HOBJIEHO, uyTO IpuMepHO 20% aAre3nBHBIX AepMallb-
HBIX KJIETOK 3kcmnpeccupyor CD146 [33], mapkep
nepunutToB [12] u sHgoTeMManbHBIX KiIeTok [6]. [To-
ckonbky MCK nepMbI HE 3KCIIpecCHpPYIOT SHAOTE-
nuanbHele Mapkepsl CD31 u CD34, to Hanuuue
CD146 yka3bIBaeT, ckopee BCEro, Ha X CTPYKTYpHO-
(hyHKIMOHAIBHOE CPOJICTBO C ieputtuTamu. [lomo6HOE
MIPEATNON0KEeHHEe HEJaBHO HAIIJIO CBOE MOATBEPK-
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single hair follicles of an adult, possess a high prolife-
rative potential and could undergo ex vivo more than
45 population doublings before appearance of first signs
of cellular aging. In appropriate induction conditions
such cells start to differentiate into osteogenic, adi-
pogenic, chondrogenic or myogenic directions, whereat
more than 70% of the SC clones exhibit bi- or trilinear
differentiation potential [2]. In other words, it was
proved that the adhesive stromal cells of the hair follicle
of an adult were true multipotent mesenchymal SCs,
and did not represent a heterogeneous population of
progenitor cells with limited capacity for differentiation.

Another type of dermal multipotent cells derived
from the HF dermal papilla, the SKPs, has the ability
not only to mesodermal but to a number of neural diffe-
rentiation directions as well. Unlike MSCs, when cultu-
red in the presence of growth factors the primary SKPs
do not adhere to the plastic but form spheroids [12, 28].

Cell populations of SKPs from HF dermal papillae
can produce dermal cells and induce hair morphogenesis
like MSCs do [5]. They are also capable of differentia-
ting into neurons without selection and expansion, and
under induction conditions they produce an offspring
with phenotypes of adipocytes, smooth muscle cells
and the cells of peripheral nervous system such as
Schwann cells and catecholaminergic neurons.

Comparing the properties of SCs obtained from the
skin dermal layer with the properties of bone marrow
MSCs, being the most studied source of this type of
cells, revealed the similarities of studied cell subpo-
pulations by morpho- and immunophenotype, prolife-
rative and differentiation potential and immuno-
suppressive properties as well. Herewith, multipotent
SKPs have narrower mesodermal, but wider neuro-
genic potential, that is quite expectable due to their
neural crest origin [34].

Thus, anatomical niche of dermal multipotent SCs
are the HF dermal papilla and perifollicular layer of
dermal cells in the hair sac (Fig. 4) [11]. As another
possible localization of dermal SCs one distinguished a
perivascular zone, as it was established that appro-
ximately 20% of adhesive dermal cells expressed
CD146 [33], pericyte [9] and endothelial cell [3] mar-
kers. Since dermal MSCs do not express endothelial
markers CD31 and CD34, the expression of CD146
likely indicates their structural and functional affinity
with pericytes. Such an assumption has been confirmed
recently: a small population of adherent cells was
revealed along the blood vessels of the papillary layer
in the skin dermis of the human head, mostly around
the hair follicles; these cells possessed the properties
characteristic for MSCs from perivascular areas of
adipose tissue. The found cells also had fibroblast-like
appearance, had the ability to form colonies, to dif-
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J€HUE: BIIOJIb KPOBEHOCHBIX COCYIOB COCOYKOBOTO
CJIOS I€PMBI KOXKH TOJIOBBI YEJIOBEKAa, B OCHOBHOM
BOKPYT BOJIOCSIHBIX (DOJUTUKYJIOB, BBISIBIIEHa HEMHOTO-
YHCIIEHHAS OIS are3UBHBIX KJIETOK CO CBOMCT-
BamH, oncaHHbiME U1t MCK nepuBacKyIsipHBIX 30H
XKUPoBOoH TkKaHU. OOHapyKEHHBIE KJIETKH TaK JK€ UMe-
m puOpoOIacTHUECKUi BUA, IPOSBIISUIN CIIOCOOHOCTD
K KOJIOHHEeOOpa3oBaHUIo, 1udPpepeHunpoBaHUIO B
OCT€0-, XOHJPO- ¥ aIUTIOTEHHOM HaIIPaBIEHUSX, IKC-
npeccupoBayid Mapkep nepunutoB NG2 u mapkep
remonostuuecknx CK CD34. Otu HabmoneHus 03Bo-
JSIFOT PacCcMaTpUBaTh EPUBACKYIISIPHBIC 30HBI IEPMBI
kak eme ogay Hury MCK [36], XoTs He uckimogaercs
Hanmuaue u apyrux caiitoB CK gepmel, 9To Tpebyer
JaJIbHENIIETO N3yYEHUS.

CTBoOJIOBbIE KJIETKH MOAKOMKHOH KHUPOBOI
KJEeTYATKH

[MoakoxkHas >kupoBas KieTdyaTka COCTOUT B OC-
HOBHOM U3 )KHPOBBIX KJIETOK aIUIOLUTOB, OPTaHU30-
BAaHHBIX B JOJBKHU, KOTOpBIC 3aHuMaroT 6omee 90%
o0beMa TKaHU, W TOAICPKUBAIOIICH BOJIOKHUCTOM
ctpoMbl. Kpome Toro, kupoBasi KIeT4yaTka COIEPKUT
MpeauInonuThl, GuOpPoOIaACTHI, I JKOMBIIICYHBIC
KJIETKH COCY/IOB, IEPHIINTHI, SHAOTEIHATbHbIE KIIETKH,
pe3UIEHTHBIE MOHOLIUTHI/MaKpodaru, TMMQOIUTH 1
MYJIBTUIIOTEHTHBIE ME3CHXUMAbHbIE CTPOMAaJIbHBIC
knetku xupoBoit Tkanu (OKT). [Tocne pepmenTaTus-
HO¥ 00paOOTKH YKUPOBOU KIIETYATKH C IIEITHIO YIATCHUS
3peNbIX aJUIOIUTOB OCTABIINECS KJIETKH IPECTaB-
JSIOT cOO00H CTPOMAalIbHO-BaCKYJISPHYIO (hpaKIHio
(CB®), 13 koTopoil B pe3ynbTaTre NpOIECCUHra WIN
MIPH KyJATHBHPOBAHUHN MOTYT OBITH BBIEneHR MCK
JKT. Onu B HacTOsAIIEe BPEMS SIBIISIOTCS OTHON W3
Han0oJIee N3y9YaeMbIX U MEPCIICKTUBHBIX MTOMYIISIAN
MYJIBTUIIOTEHTHBIX ME3CHXHUMAJBHBIX CTPOMATbHBIX
CTBOJIOBBIX KJIETOK YeJIOBEKa M )KUBOTHBIX. DTO CBS-
3aHO C TE€M, YTO MPOIEaypa U3BICUCHUS MCXOTHOU
JKUPOBOM TKaHU CPaBHUTEJIBHO MaJOMHBA3UBHA,
BO3MOYKHO MOJTY4YeHHE OONBIINX 00BEMOB JIUIIOACTIU-
pata 6e3 ymep0a Il MarueHToB, OTHOCUTEIBLHOE
konmaectBo MCK B KUpOBOH TKaHU Ha MOPSIIOK
BBIIIIE, YEM B KOCTHOM MO3T€ — «30JI0TOM CTaHAApTE»
it moydennss MCK. DTu 0ocoOeHHOCTH, a Takxke
BBISIBJICHHBIN BBICOKWN MOTEHITHAN auddepeHITupo-
BaHWS B XKUPOBBIE, XPSIICBBIC, KOCTHBIC, TJIATKOMBI-
[ICYHBIC ¥ DHJIOTEITUANBHBIEC KIIeTKH [21] 00ycnaBiu-
BaloT HecoMHeHHoe npeumyiectso MCK KT no
CPaBHEHHIO C KJIETKAMH, TTOJTyIEHHBIMH U3 JPYTHX TKa-
HEBBIX HCTOYHUKOB.

Conepskanue u corictBa MCK B xKUpOBO# TKaHU
3aBUCAT OT JOHOPCKOTO y4acTKa: UX MaKCHUMalbHas
KOHIIEHTPALIMS OTMEYEHA B TIONKOKHON KIIETYaTKe PyK,
a HamOOoJIbINas MIACTHYHOCTD — Y KIIETOK, BBIJEIEH-
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ferentiate into osteo- , chondro- and adipogenic direc-
tions, expressed NG2, a pericyte marker, and CD34, a
marker of hematopoietic SCs. These observations allow
to consider dermal perivascular zones as another niche
of MSCs [36], although the existence of other sites of
dermal SCs could not be excluded, and requires further
study.

Stem cells of subcutaneous fat

Subcutaneous adipose tissue consists primarily of
adipocytes, or fat cells, organized into lobes occupying
more than 90% of the tissue, and supporting fibrous
stroma. Furthermore, it contains preadipocytes, fibro-
blasts, vascular smooth muscle cells, pericytes, endo-
thelial cells, resident monocytes/macrophages, lympho-
cytes and multipotent mesenchymal stromal cells of
adipose tissue (AT). As a result of enzymatic treatment
of adipose tissue in order to remove mature adipocytes
the remaining cells represent stromal-vascular fraction
(SVF), which could be processed or cultured to isolate
AT MSC:s. The latter is currently one of the most stu-
died and prospective populations of multipotent mesen-
chymal stromal stem cells from humans and animals.
This is due to the fact that the procedure of initial adi-
pose tissue extraction is rather low invasive, it is
possible to procure voluminous lipoaspirates without
prejudice to the patients, and the relative amount of
MSCs in adipose tissue is much higher than in the bone
marrow, being the ‘gold standard’ for MSCs. These
features, as well as revealed high potential of differen-
tiation into adipose, cartilaginous, osseous, smooth
muscle and endothelial cells [19], determine an undoub-
ted advantages of AT MSCs if compared with the cells
derived from other tissue sources.

The content and properties of MSCs in adipose
tissue depend on the donor site position: their maximum
concentration was observed in the subcutaneous tissue
of the hands, and the greatest plasticity was found in
the cells isolated from the inguinal region [24]. Precise
localization of AT MSCs anatomical niches needs to
be justified: some researchers indicate that these cells
are found in the perivascular areas, as they are capable
of expressing cell surface antigens characteristic of
pericytes [31]. Immunophenotypic study of freshly
isolated SVF of adipose tissue confirmed that it had
heterogeneous composition and included main subpopu-
lations of stem/progenitor cells, closely associated with
small blood vessels: endothelial progenitor cells of the
vessel lumen, adventitious pericytes, and supraadven-
titious AT MSCs surrounding the vessel like an enve-
lope [40, 41]. Using the technique of organ culture of
adipose tissue the MSCs were isolated from the
interstitium between adipocytes and endothelium, which
also indicated their origin from perivascular areas [39].
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HBIX U3 TaxoBoi oonactu [24]. Tounas nokanu3anus
aHatoMudeckux Hum MCK XT nyxnaercs B yrou-
HEHUU: HEKOTOpBIE HCCIIENOBATENN YKa3bIBAIOT, UYTO
9TH KJIETKH HaXOIATCsI B IEPUBACKYIISIPHBIX 001aCTSIX,
ITOCKOJIBKY CITIOCOOHBI AKCTIPECCHPOBATH TOBEPXHOCT-
HBIE KJIETOYHBIE aHTUTEHBI, CBOHCTBEHHBIE IIEPULIUTAM
[32]. UMMyHO(QEHOTHTTHYECKOE NCCIIETIOBAHNE CBEKE-
BeIenieHHOM CB® )UpoBO# TKAaHU TIOATBEPIAIIO, UTO
OHa SIBISIETCS TETEPOTEHHOM MO0 COCTaBY U BKJIIOYAET
OCHOBHBIE CYOTIOMYISIIIY CTBOJIOBBIX/TIPOT€HUTOPHBIX
KJIETOK, TECHO CBSI3aHHBIE C MEJIKUMH KPOBEHOCHBIMHU
COCyZlaMU: HJOTENHANIBHBIE KIETKU-TPEAINIECTBEH-
HUKH MIPOCBETA COCY/1a, IEPULIUTBI, BXOMSIINE B a/IBEH-
TULIMANIBHBIN CJIOU, U cynpaanseHTunranbusie MCK
KT, koTopble OKpyKaroT cocyn B Buae 00oi0uku [40,
41]. Ilpn noMoIy METOAUKHN OPTaHHOTO KYJIETUBHPO-
BaHus kupoBoi TkaHu MCK ObUTH BBIICICHBI U3
MHTEPCTHUILNS MEXTY aUITOIUTaAMH H SHIOTEIINEM, UTO
TaKXe CBUJIETEIBCTBYET 00 X MIPOUCXOKACHNH U3 TIe-
PHUBACKYIIApHO# 30HHI [39]. UIMMyHOTHCTOXUMITYE CKHIN
aHanm3 mokasai, uro Mapkeps! CK (sanprmvep, STRO-1,
Wnt5a, SSEA1) B xupoBoii TKaHu 1uddepeHaupo-
BAaHHO 9KCIIPECCUPYIOTCS B KaWJUISIPax, apTeproiIax
U apTepusax. ITO Jalo OCHOBAHUE MPEIOaraTb, 4To
MCK XT moryT ¢akTryecku OBITH COCYAHCTBIMH
CK na paznuunbix ctaausax auddepenunposku [22].
C npyroii TOuKH 3peHusl, B3aMHast KOHKYPEHIIUS MEX-
oy sunotenuanbHbiMu kietkamu 1 MCK KT moxer
peryaupoBarb 00pa3oBaHHE KPOBEHOCHBIX COCY/IOB, &
He3peJble aAUIOIUTHI TPOTyIIHPYIOT POCTOBBIE (hak-
TOpPBI, KOHTpoNMpytomue aktTuBHOCTh CK BostocsHOTO
cocouka [16]. B COBOKYITHOCTH 3TH pe3yIbTaTHI TTOKa-
3p1BatoT, 4T0 MCK XT TecHo cBs3aHbI C COCYTUCTHIM
U (ONTUKYISIPHBIM TOMEOCTa30M, HO HEOOXOAMMEI
JaJbHENIINE UCCIEN0BAaHUS AJI1 TOUHOTO OIpeee-
HUS UX MECTOPACITIONIOKEHNUS U PO B HEM [21].
MoHocn0lHOE KyJIBTHBUPOBAHNE HITH APYTHE Me-
toael onydeHuss MCK u3 cexxeBninenenHoit CB®
KT B KOHEUHOM HUTOTE MPUBOJAT K MOTYUEHUIO Ipe-
HMMYILIECTBEHHO TOMOT'€HHOM MOIYIIALUH aJT€3UBHBIX
K TUTACTHKY BBICOKOTIOTCHTHEIX (UOPOOIacTOmomo0-
HBIX KJIETOK, COOTBETCTBYIOmMMX Kputrepusim MCK
[43]. MopdodyHKITMOHATHHBIC XapaKTEPUCTHUKH dTHX
H30JIMPOBAHHBIX KJIETOK aKTUBHO U3y4alOTCs, OMHAKO
IIOTIBITKH YCTAaHOBUTh UX TOUHBIH UMMYHO()EHOTHII U
OTIPENICJIUTh YETKHE Pa3INuus MEXILy HUMH U (Hub-
poOIiacTaMu IOKa He YBEHYAIUCh ycrexoM [23]. Oye-
BUAHO, uTo MeToabl nmoaydeHuss MCK XT cymect-
BEHHO BJIMSIIOT Ha COOTHOIIEHUE PA3JIMYHBIX THIIOB
MIPUCYTCTBYIOLINX KJIETOK. B cBOIO 04epensp, ycinoBus
KyJIbTUBUPOBAHUS, B YACTHOCTU COCTAB CPENbI KYJb-
THUBUPOBAHUS U MEXaHO(HU3HOJIOTHUECKOE OKPYKEHUE
(TpexmepHOE KyJIbTUBHUPOBAHUE, BBEICHHE MEXaHU-
YeCKON Harpy3KHu Ha KJIETKU U CTETIEHb OKCUTEHALIH )
oTpakaroTcs Ha mpodue sxcnpeccrn renoB MCK XKT.
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Immunohistochemical analysis revealed that SC mar-
kers (e. g., STRO-1, Wnt5a, SSEA1) of adipose tissue
are expressed differentially in capillaries, arterioles and
arteries. This gave the reason to believe that AT MSCs
might actually be a vascular SCs at various stages of
differentiation [20]. From another point of view, a mu-
tual competition between endothelial cells and AT
MSCs could trigger the formation of blood vessels,
and immature adipocytes could produce growth factors
controling the activity of hair papilla SCs [13]. Taken
together, these hypotheses indicate that AT MSCs are
closely associated with vascular and follicular homeo-
stasis, but further studies are needed to pinpoint their
location and their responsibilities [19].

Monolayer culture or other methods of procure-
ment of MSCs from freshly isolated AT SVF finally
result in a predominantly homogeneous population of
adherent to plastic highly potent fibroblast-like cells
meeting the criteria of MSCs [43]. Morphological and
functional characteristics of these isolated cells are
actively studied, but the attempts to establish their
comprehensive immunophenotype and to define a clear
distinction between them and fibroblasts were to the
moment unsuccessful [21]. Obviously, the methods of
obtaining the AT MSCs significantly affect the ratio of
different types of present cells. In turn, the culture
conditions, in particular, the composition of culture
medium and mechanophysiological environment, such
as three-dimensional culturing, applying of mechani-
cal stress on the cell and the degree of oxygenation
are reflected in the gene expression profile in AT
MSCs.

Although the AT MSCs are of mesodermal origin,
it was found that they could differentiate, along with
mesodermal, to ectodermal and endodermal directions
[43]. Mesodermal potential of AT MSCs allows them
to differentiate into adipo-, osteo-, chondro-, myo-,
angio-, periodontogenous and cardiomyocytic lineages
[23]. In appropriate microenvironment, they may ex-
press the ectodermal phenotype markers, e. g. cytoke-
ratins 8 and 18, inherent to the epithelial cells, could
differentiate into neurons or neuronal progenitor cells.
Of undoubted interest is an endodermal potential of
AT MSCs, which allows them to enter the induced
differentiation into hepatocytes and insulin-producing
cells [21].

Collectively, the described data indicate that the skin
is a complex set of tissues with a high restoration po-
tential, contains a wide repertoire of SCs, among which
are the resident epithelial stem/progenitor cells, me-
senchymal stromal cells, dermal progenitor cells with
neural-mesenchymal potential (SKPs), melanocyte
stem cells and blood-vessel-associated multipotent me-
senchymal stem/progenitor cells of subcutaneous fat.
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Xotst MCK XKXT umeror Me3onepMaibHOE MPOHC-
XOXKJICHUE, YCTAHOBJICHO, YTO OHU MOTYT nuddepeH-
LUPOBAThCs, KPOME ME30JEPMaIbHOr0, B 3KTOAEP-
MaJIbHOM M 3HTOJE€pMalbHOM HampaBieHusx [43].
Mezonepmanbabiil norennuan MCK sxupoBoii TkaHH
103BOJIsIET UM AUGPepeHINPOBATHCS B aJUII0-, OCTEO-,
XOHJIPO-, MHO-, aHTHO-, IEPUOJOHTOIEHHOM 1 KapAHO-
MHUOIIUTApHOM HampasieHusx [3]. B yciaoBusax coot-
BETCTBYIOIIETO MHKPOOKPYKEHHUS OHH MOTYT JKC-
MIPECCUPOBATH MapKePHI IKTOJEPMAILHOTO (DEHOTHIIA,
HanpuMep, IUTOKepaTHHHI § 1 18, CBOWICTBEHHBIE SITH-
TEeIUAIbHBIM KJIETKaM, CTIOCOOHBI nuddepeHInpo-
BaTbCA B HEMPOHBI TN HEHPOHAIbHBIE KJIETKU-TIPE-
EeCTBEHHUKU. [IpeicTaBisieT HECOMHEHHBIN UHTEpEC
sunoaepmanbubid moteHunan MCK XKT, xoropsriit
MO3BOJISIET UM BCTYMNAaTh B UHAYLUPOBaHHYIO Audde-
PEHIIMPOBKY B reNaTOLMTHI M HHCYJIMHIIPOLYLIMPYIOLLHE
Kietku [23].

Takxum 00pa3zoM, U3I0KEHHBIE MAaTEPUAIIBI CBH/IE-
TEITLCTBYIOT O TOM, YTO KOXa, KaK CIIOKHBIA KOMII-
JIEKC TKaHEH ¢ BBICOKMM BOCCTaHOBUTEIHHBIM IIOTCH-
LIMaJIoM, COIepXUT mupokuid penepryap CK, cpenn
KOTOPBIX TPHUCYTCTBYIOT PE3UICHTHEIC IIUTEINAIE-
HBIC CTBOJIOBBIC/TIPOTEHUTOPHBIC KIETKH, ME3CHXH-
MaJIbHBIE CTPOMAJbHBIC KJIETKH, JECPMaJIbHBIC KIICeT-
KHU-TIPEIICCTBEHHUKH C HEUPaTbHO-ME3CHXUMAIbHBIM
noteHuanoM (SKPs), cTBOIOBbIE KIIETKH METaHOIIH-
TOB U CBSA3aHHBIE C KPOBEHOCHBIMU COCYIaMU MYJIBTH-
MTOTCHTHBIE ME3CHXUMAJIbHBIE CTBOJIOBHIC/TIPOTCHH-
TOPHBIE KJIETKU HOJKOXKHOM KUPOBOU KIETUATKHU.

braromapst akTHBHOMY HHTEPECY K H3YICHUIO
0Cc00EHHOCTEH BOCCTAHOBUTEIHLHOTO TTOTCHITHANIA KO-
K B TIOCIICTHUE TOABI pa3padOTaHbl COBPEMEHHEIC
METOJBI I TEXHOJIOTHH afieKBaTHOTO Bhifenenms CK
W3 3TOTO OpraHa W JlaHa XapaKTEPUCTHKA €ro CTBO-
JIOBOTO pe3epna [27]. JanpHelee u3ydeHune u npak-
TUYECKOE UCTOIb30BaHIE U30IUPOBAHHBIX MOIMYISIIIUNA
CK k0x1 B 3HAYUTEIBHOU MEPE 3aBUCST OT 1OCTUXKeE-
HUiA KproOwosoruu. Ha ocHOBaHWY PUMEHEHUSI TEOpe-
THYECKHUX TOCTYJIATOB M MPAKTHYESCKUX HApabOTOK
KpHUOOUOJIOTHUECKON HAyKH BO3MOXKHO CO3JIaHUE HU3-
KOTEMIIEpPaTypHBbIX OAHKOB KPHUOKOHCEPBUPOBAHHBIX
cycneH3ui BeIcokocoxpaHHBIX CK Ko pa3smnaHoTo
IEHE3a U UCKYCCTBEHHBIX 3KBHBAJECHTOB, BKJIIOYAIO-
X ATU KIEeTKU. [JonHOLIEeHHBIE KPUOKOHCEPBUPO-
BaHHBIE BbICOKOTOTeHTHBIe CK KOXXHM MOTYT HalTH
[PUMEHEHHUE [IPU U3YUYCHUU HOPMAJIbHOM, a TaKxke
MIaTOJIOTUYECKOH (PU3HOIOTHH ¥ OMOXUMHY TIOKPOBHBIX
TKaHEH, MPU KUCCICTOBAHUU BIUSHUSA PA3TUUYHBIX
XUMUYECKUX coelMHeHu uiu Jexapcts Ha CK koxw,
IJIsl CHHTE3a B KJIETOUHBIX KYJIbTypax POCTOBBIX
(haKTOPOB ¥ TUTOKUHOB, MOTYYCHHUS KIIOHAJBHBIX U 1PS-
KIJIETOK, a TAaK:K€ B TKAHEBOW MHXKEHEPUU U pEreHe-
paTUBHOI MeIUIIUHE.
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Owing to an active interest to the investigation of
pecularities exhibited by skin restoration potential,
modern methods and technologies have been developed
recently to adequately isolate SCs from this organ and
characteristics of its stem cell reserve were described
[27]. Further study and practical use of skin isolated
SC populations are largely dependent on the achieve-
ments of cryobiology. Basing on the application of
theoretical postulates and practical developments of
cryobiological science one could establish low-tempe-
rature banks of cryopreserved suspensions of vital skin
SCs of various origins, as well as synthetic equivalents
comprising these cells. Full value cryopreserved highly
potent skin SCs may find their applications in studies
of normal and pathological physiology and biochemistry
of epithelial tissues, during studying the effects of
various chemical compounds or drugs on the skin SCs,
for cell-culture-based synthesis of growth factors and
cytokines, obtaining of clonal and iPS-cell, and finally,
in tissue engineering and regenerative medicine.
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