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B nocnennee necstuneTye U3 pa3iuyHbIX HICTOUHUKOB
B3POCIJIOr0 OpraHru3Ma MJIEKONUTAIOIIUX (TKaHel U op-
TaHOB) BBIJIEJIEHBI MYJIBTUIIOTEHTHBIE CTBOJIOBBIE KIIETKH —
npousBoaHble HepBHOTO TpedHs (MCK-ITHI) [4-6, 8,
9], ux XapakTepHOil 0COOCHHOCTBIO SIBJIIETCS CIIOCO0-
HOCTB K HallpaBJICHHON T (hepeHInpOBKE B MEIAHOIH-
THI, KHEHpATbHBIC) (HEUPOHBI U TIIHS) U «ME3ECHXUMAITh-
HBIC» KJIETOYHBIC THIIBI.

Jist MCK-ITHI™ u3 GOJIbIIMHCTBA UICTOYHUKOB CITO-
COOHOCTB K «ME3eHXUMAIBHOI» AndhepeHIrpoBKe Ho-
Ka3aHa TOJBKO B HAMIPABICHIH MUOGUOPOOIACTOB H/WITH
DIaIKOMBIIIEYHBIX KiIeToK. Hanbonee mmpokuit nudde-
PEHIMPOBOYHEII TOTEHIIUA OBLT OMPECIICH Y MOCTHA-
tanbHeIXx MCK-ITHI" u3 Oynb6apHOTO pernoHa BoIocs-
HOTO (QOJUTHKYJa: HelpoHbl, [IIBAHHOBCKHE KIIETKH, Me-
JIAHOLIMTHI, TNIAJIKOMBIIIEYHBIE KIETKH U XOHAPOLUTHI [8].
B pabotax npyrux aBTopoB ObLia IMOKa3aHa UX CIIOCO0-
HOCTb K TU(DPEPEHIIMPOBKE B aTUMOIIUTHI U OCTEO0IaCThI
[1, 3], omHako criocoOHOCTH K auddepeHInpoBKe B «Me-
3EHXUMAITbHBIC» H «HEHPOHATBHBIE) KIIETOYHBIC THITHI HE
ObL1a MOKa3aHa Ha KIOHAJILHOM YPOBHE.

Lenp qanHOMN pabOTHI 3aKITF0YATaCh B HCCIEIOBAHIH
cnoco6HOCTH KIoHATEHBIX KyI6Typ MCK-ITHI" x nud-
(epeHINPOBKE B «ME3CHXMMAIIBHBIC» H «HEHPOHAIBLHEBIC)
KJIETOYHBIE THIIBL.
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During the recent decade a variety of adult mammal
sources (tissues and organs) were used to procure neural
crest-derived multipotent stem cells (NCD-MSCs) [4—
6, 8, 9], which feature was the ability to directed diffe-
rentiation into melanocytes, ‘neural’ (neurons and glia)
and ‘mesenchymal’ cell types .

The ‘mesenchymal‘ differentiation of NCD-MSCs
from most sources was found to yield only myofibro-
blasts and/or smooth muscle cells. The widest differen-
tiation potential has been revealed in the postnatal NCD-
MSCs from the hair follicle bulge region: i.e. neurons,
Schwann cells, melanocytes, smooth muscle cells and
chondrocytes [8]. Their ability to differentiate into adi-
pocytes and osteoblasts was also reported [1, 3], but
the ability to differentiate into ‘mesenchymal’ and ‘neu-
ronal’ cell types was not shown at the clonal level so
far.

The aim of this study was to estimate the ability of
NCD-MSC clonal cultures to differentiate into ‘mesen-
chymal’ and ‘neuronal’ cell types.

The experiments were performed in cell cultures
derived from 4 month-old male FVB mice in compliance
with the bioethical principles and biosafety regulations,
as confirmed by the Bioethics committee of the Institute
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DKCTHepUMEHTHI OBLITM BBITIOJHEHBI Ha KIECTOYHBIX
KyJIbTypax, MOJyYeHHBIX OT CaMIIOB MbItei tuanu FVB
4-MecsIUHOTO BO3pacTa, ¢ COONIONEHUEM IPUHLIUIIOB OHO-
STHKH ¥ HOPM OHOJIOTHYECKOH 0€30I1aCHOCTH, UTO TOA-
TBEPKJCHO 3aKIIOYEHHUEM KOMHCCHHU MO OMOITHUKE
I'Y «MlHCTUTYT reHeTH4eCKON B pereHepaTUBHON MEIH-
umael HAMH VYkpauHb.

Kynemypy MCK-IIHI" nony4anu U3 5KCIUIAHTaTOB
oyns0aproro pernona (bBP) BomocsHoro ¢ommukyna
(B®) Bubpucc no meroxy M. Sieber-Blum [8] B Hameit
moaudukanuu [2]. Beero B paboTe ObLIO HCCIIEIOBAHO
3 KyJNBTYpBI OT Pa3IUYHBIX JOHOPOB. JIns momydeHwus
TIEPBUYHBIX 1 KIIOHAJBHBIX KYJIBTYP, 4 TAKXKE HAIPaBIICH-
HOH M hepeHIIMPOBKH UCTIONB30BAIH KyJIETYPAIHHYIO
MOCYy, IPeABAPUTENBHO MOKPHITYIO KojutareHowm I tumna
(3a uckmoueHneM auddepeHpOBKY B HEHPOHATBEHOM
HalpaBJeHUH, IPU KOTOPO B KaUeCTBE cyOcTpara npu-
MEHSUIH MOJIU-L-JIN3UH).

Honyuenue xknonanvuvix kynemyp MCK-ITHI . T1o 100
KJIETOK U3 KynbTyphl nepBoro naccaxa MCK-ITHI 3a-
ceBainy B yatku Ilerpu 100 MM u KynasTuBHpOBanu 14 cy-
TOK B cpelie cienyromero cocraBa: DMEM/F12 ¢ 20%
OTC, 1% ButamuuoB MEM, 2% nuraTeasHOM 100aBKU
«Neuronal Stem Cell Supplement» («PAA», ABctpus),
2% mnwurarenbHoli no0aBku ITS («Becton Dickinsony,
CIIIA) 10 ar/mn bFGF u 2 MM tiyramuna. [{nst mosy-
YEeHUS KJIIOHAJIBHBIX KYJIBTYP OTOUpau KOJIOHUH, COIEP-
xamue 6onee 100 kierok (B cpeareM ~500—1000 xite-
TOK), U MepeceBalld MPHU OMOILIY KJIOHUPYIOLIUX LIH-
nuHApoB («Sigmay, CIIIA) B KynsTypasibHbIi (1akoH
T-25 (1o 3 KJIOHA OT KaXJ0TO JOHOPA).

Hanpasnennyio oughgpepenyuposky 6 aounocenHom
U 0OCMe02eHHOM HANPABIeHUAX OCYLIECTBIISUIN MO 001Ie-
TIPUHSATHIM TPOTOKOJIaM [7] ¢ mociexyronieil oreHKon
IUTOXUMHIYECKUM MeToIoM (okpammBanue Oil Red O n
Alizarin Red S cOOTBETCTBEHHO).

Hanpaenennyro oughgpepenyuposxy 6 nelipornaibHom
Hanpasienuy OCYIIECTRISIIN B CPEie CIEAYIOIET0 COC-
taBa: «Neuronal Base Medium P» («PAA»), 10% 3kc-
TpakTa MBIIIMHOTO TOJOBHOTO Mo3ra, 1% «Neuronal
Stem Cell Supplement», 2% nutaTenbHON n00aBKH
«NeuroMix» («PAA»), 2 MKM pEeTHHOEBOI KHUCIOTHI
(«Sigmay), 5 uar/mi bFGF u 20 ar/mn EGF («Sigmay).
HmurenpHocTh quddhepeHrpoBky — 11 nHEH.

Hanpasnennyio oupgepenyuposxy 6 enuanoHom Ha-
npasnenuu (11IBaHHOBCKHE KJIETKH) OCYHIECTBIISUIH B
cpene cienytoniero cocrasa: «Neuronal Base Medi-
um P», 10% skcTpakTa MBIIIMHOTO TOJIOBHOI'O MO3Ta,
1% «Neuronal Stem Cell Supplement», 2 MkM peTuHOe-
Boii kuciotel, 100 HM u3onporepeHona («Sigmay)
5 vr/miu bFGF u 40 vr/mit EGF. nutensHocTh nudde-
peHupoBKu — 11 nHeil.

Hmmynoyumoxumus. JIns feTeKIUN HEXPOHAIBHOMN
1 hepeHIIPOBKH UCTIONTB30BAJIN IIEPBIYHBIC MBIIIUHBIC
anti-f-11I-tubulin (TU-20) MOHOKJIOHATILHBIC AHTUTENA
(1:500, «Abcamy, BenukoOputanusi) 1 BTOPHUHBIE KO3bH
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of Genetic and Regenerative Medicine of the National
Academy of Medical Sciences of Ukraine.

The culture of NCD-MSCs was obtained from the
bulge region (BR) explants of whisker hair follicle (HF)
according to method of Sieber-Blum et al. [8] in our
modification [2]. The investigation involved three
cultures from different donors. Primary and clonal
culturing and directed differentiation was performed in
culture labware pre-coated with type I collagen (except
neuronal differentiation, where the substrate was poly-
L-lysine).

Obtaining of NCD-MSC clonal cultures. Hundred
cells from the first passage NCD-MSC culture were
seeded in each 100 mm Petri dish and cultured thereafter
during 14 days in DMEM/F12 medium supplemented
with 20% FBS, 1% MEM vitamins, 2% Neuronal Stem
Cell Supplement (PAA, Austria), 2% ITS (Becton Dickin-
son, USA), 10 ng/ml bFGF, and 2 mM of glutamine. To
perform cloning the colonies containing more than 100
cells were selected (in average ~500—1,000 cells) and
passaged using cloning cylinders (Sigma, USA) in culture
flasks T25 (3 clones from each donor).

Directed differentiation into adipogenic and
osteogenic lineages was carried-out according conven-
tional protocols [7], and confirmed cytochemically (Oil
Red O and Alizarin Red S staining, respectively).

Directed differentiation into neuronal lineage was
performed in Neuronal Base Medium P (PAA) supple-
mented with 10% of murine brain extract, 1% Neuronal
Stem Cell Supplement, 2% NeuroMix (PAA), 2 UM reti-
noic acid (Sigma), 5 ng/ml bFGF, and 20 ng/ml EGF
(Sigma). The differentiation lasted 11 days.

Directed glial differentiation (Schwann cells) was
carried-out in Neuronal Base Medium P supplemented
with 10% murine brain extract, 1% Neuronal Stem Cell
Supplement, 2 UM retinoic acid, 100 nM isoproterenol
(Sigma), 5 ng/ml bFGF, and 40 ng/ml EGF. The differen-
tiation lasted 11 days.

Immunocytochemistry. Neuronal differentiation was
revealed using primary mouse anti-B-III-tubulin (TU-
20) monoclonal antibodies (1:500, Abcam, UK) and
secondary goat anti-mouse FITC-conjugated antibodies
(1:2000, Abcam). Differentiation into Schwann cells was
found using primary mouse anti-S-100 monoclonal anti-
bodies (1:500, Abcam) and secondary goat anti-mouse
FITC-conjugated antibodies (1:2000, Abcam). The
antibodies were kindly provided by Dr. Galina Bozhok
from the Institute for Problems of Cryobiology and Cryo-
medicine (Kharkiv).

The cell nuclei were stained with propidium iodide
(2 pg/ml).

Intravital microscopy and cytological study of speci-
mens were performed using inverted fluorescent micros-
cope Axio Observer Al, equipped with a digital camera
AxioCam ERc 5s, ZEN 2012 and AxioVision 4.8 software
as well as fluorescence filter set 77 (FITC and PI) (all
by Carl Zeiss, Germany).
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anti-mouse FITC-koHBIOTHPOBAaHHEIE
antutena (1:2000, «Abcamy). J1jist oOHa-
pyxenns nuddepenuuposku B llIBan-
HOBCKHE KJICTKH UCTIOJIb30BAITH TIEPBHY-
Hble MbIHHBIE anti-S-100 MoHOKIIO-
HanbHble antuTena (1:500, «cAbcamy») u
BTOpHYHBIE KO3bU anti-mouse FITC-
KOHBIOTHpOBaHHBIe aHTHTena (1:2000,
«Abcamy). AxTHUTena ObLTH JTFOOE3HO
MpeIOCTaBIeHHI CT.H.c. MHCTHTYTA IP0o0-
JIeM KPUOOHOJIOTHH U KPHOMEIUIINHBI
HAH VYkpauns! (1. XapskoB) ' A. Boxok.

SAnpa KJIETOK OKpalluBald pacTBO-
pOM mporanyMa Homuna (2 MKT/Mo).

IHpusicuznennyro Mukpockonuio u
HCCIIEZIOBAHKE IIUTOJOTHUYCSCKHUX ITperia-
PaTOB POBOIWIIN MPHU TOMOIIIA HHBEP-
THUPOBAHHOTO (PIIyOPECIIEHTHOTO MHKPO-
ckoma «Axio Observer Al», ocHaleH-
HOTO IM(pOoBOil Kamepol «AxioCam
ERc 5s», mporpaMMHOTo o0ecriedeHust
«ZEN 2012» n «AxioVision 4.8», a
Takke Habopa GUIBTPOB s (iryopec-
neniuu Ne77 (FITC u PI) (Bce — «Carl
Zeiss», [epmanus).

IIpoBeneHHbIE HCCE0BAaHUS TIO3BO-
TWIA OOHAPYXUTh, YTO AMHUTPALUSI U
aKTuBHas mposudepanus hudpodiac-
TOMAHBIX KJIETOK HAYMHAINCh Ha 2—
4-e cyTKU KyNbTUBHUPOBAHHS U3 BCEX
skciutanTupoBaHHeiX bP BO. Ha 10-e
CYTKH KyJIGTHBHPOBAHMS HKCIIIIAHTATHI
YAAIISUIN U KJIETKU [IepeceBanu Bo (ia-

HanpaeneHHas anddepeHumpoBka knoHanbHbIx KynbTyp MCK-THI™: A —aguno-
reHHas andpdepeHumpoeka; okpalumsaHue Oil Red O, koHTpacTupoBaHue no Poma-
HOBCKOMY; CBETIIONOSIbHAsi MUKPOCKOMNWS B MPOXOAsLLEM CBETE, MaCLUTaBOHbIN
oTpe3ok — 50 mkm; B — ocTeoreHHas auddepeHumnpoBka; okpawumsaHue Alizarin
Red S, cBeTnononbHasi MMKPOCKONMS B NPOXoAsilLieM CBeTe, MacluTabHbIn OT-
pesok — 50 mMkm; C — andhdbepeHUMpoBKa B rnnanbHOM Hanpaenexum (LLiBaHHoBCckve
KNEeTKM), SKCNpeCCcust KneTkamu cneumduyeckoro ans rnuvm 6enka S-100, donyopec-
LeHTHasi MUKPOCKONMS, MacluTabHbIn oTpe3ok — 20 mkMm; D — anddepeHumpoBka
B HEVPOHaribHOM HanpaBfeHnmW, 3KCNPeccusi KneTkamm HEMpPOoH-cneumndn4ecKoro
6enka B-11l-TybynuHa; onyopecLeHTHas MUKPOCKONWS, MacLUTabHbIi OTPE30K —
20 MKM.

Directed differentiation of NCD-MSC clonal cultures: A — adipogenic differentiation;
Oil Red O staining, counterstaining according Romanowsky; bright field transmitted
light microscopy, bar 50 um; B — osteogenic differentiation; Alizarin Red S staining,
bright field transmitted light microscopy, bar 50 um; C — glial differentiation (Schwann
cells), expression of glial specific protein S-100, fluorescent microscopy, bar 20
pum; D —neuronal differentiation, expression of neuron specific protein B-1lI-tubulin;
fluorescent microscopy, bar 20 pm.

koH T-25. Ilpu nocTuKEeHUH KyIbTypOl
CYOKOH()TYEeHTHOTO COCTOSIHUSI KJIIETKH

CHUMAJIU U UCIIONIb30BAJIM AJIS MTOTyUYEHUS KIIOHATBHBIX
KYJBTYD.

N3 Bcex (n = 9) oTOOpaHHBIX KOJOHUH yIajJoCh
YCIICIIHO MOJIYYHUTh KJIOHAIBHBIE KYJIBTYPHI C JOCTATOU-
HBIM I JalbHEHIINX 3KCIIEPUMEHTOB KOIMYECTBOM
KIIETOK.

[Tpu KynETUBHPOBAHUU KJIOHATBHBIX KYJIBTYDP GHOpO-
OnmacTouHBIX KiIeToK 3 BP B® B cooTBeTCTBYHOIMNX
HWHIYKTUBHBIX TH((HepeHINPOBOYHBIX CpeIax ¢ KIICTKa-
MU TIPOUCXOIUIN MOP(HOIOTHIECKIE U (DYHKIIMOHAb-
HBIE H3MEHCHIS, XapaKTepHBIE IS JTAHHOTO HAIPABJICHUS
¢ depeHnnpoBKH. Tak, IpH KyTETUBHPOBAHUH B A THII0-
WHIYKTUBHOM Cpefie KIISTKU MPUOOPETAIH OKPYTIO-TOITH-
TOHATBHYIO (POPMY, B IUTOILIA3ME MOSBISIIICH MEIIKHE
JUNHIHBIC BAKYOJIH, KOTOPBIE CO BPEMEHEM yBEIHMUHBA-
JIUCH B pa3Mepax 1 okpammsaiuck kpacurenem Oil Red O
(pucynox, A). Ilpu KynbTUBUPOBAaHHU B OCTEOMHIYK-
TUBHOH cpelle KJIIETKH NPUOOpeTaId MOJIUTOHAIBHYIO
¢bopMy M HaYMHAIH IPOLYLHPOBATh KaJIbIH(DUIINPO-
BaHHBIN BHEKJIETOUHBIN MaTPUKC, KOTOPBIM OKpaITUBaIICS
kpacurenem Alizarin Red S (pucynok, B). Hanpaenennas
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The research revealed that the emigration and active
proliferation of fibroblastoid cells started to 2—4" culture
days in all explanted HF BR. To the 10" day of culture
the explants were removed and the cells were passaged
in T-25 flask. After the culture reached the subconfluen-
cy the cells were detached and used for obtaining clonal
cultures.

All the selected colonies (n = 9) successfully deve-
loped the clones with cell amount sufficient for further
experiments.

Clonal culture of fibroblastic cells derived from HF
BR in appropriate differentiation media resulted in mor-
phological and functional changes observed in the cells
which were specific to the chosen direction of differen-
tiation. In particular, the cells cultured in adipoinductive
medium were of rounded polygonal shape, their cyto-
plasm acquired small lipid vacuoles, their size increased
eventually and staining with dye Oil Red O was positive
(Figure A). The cells cultured in osteoinductive medium
became polygonal and started producing calcified extra-
cellular matrix, positively stained with Alizarin Red S
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nuddepeHIUpPOBKa B «HEHPATBHBIC) KICTOYHBIC TUIIBI
TaKKe MPUBOAMIA K XapaKTEPHBIM MOP(OIOTHICCKAM
HN3MEHEHHSIM 1 SKCTIPECCHH CIIeNN(HUUSCKUX ST Helipo-
HOB Y ruaNbHbIX (I1IBaHHOBCKHUX) KIIETOK OenKkoB. Tak,
TIpY HaIlpaBJICHHOH muddepeHpoBKe B HeHPOHBI rb-
poOIacTOMAHBIE KJIETKU TPAHC(HOPMHUPOBAIUCH B KJIETKH
C OKpymIIIo# (hazo-sipkoii COMOH W JUIMHHBIMH OTPOCT-
KaMH, KOTOPbIE MO3UTUBHO OKparmBaauch Ha 3-111-1y0y-
nuH (pucyHok, C). KynbTuBupyeMble B UHAYKTUBHOM JUIs
DIHAJIbHOM MU PEpEeHINPOBKY cpele KIeTKH prodpe-
TaJIM XapaKTepHyIo s [IIBaHHOBCKUX KIIETOK MOPOIIO-
THIO ¥ SKCIIPECCUPOBAIIN CIICIM(DUIeCKUi ISt TIInH Oe-
ok S-100 (pucyHnok, D).

Taxum 00pa3om, B TJaHHOW paboOTe Ha KIOHAIBHBIX
KyJIbTypax IOKa3aHO CyIIeCTBOBaHHE B OynpOapHOM
PETHOHE BOJOCSHOTO (POJUTHKYIa B3POCIBIX KHBOTHBIX
MYJIBTUIIOTCHTHBIX CTBOJIOBBIX/TIPOTCHUTOPHBIX KIIETOK —
MIPOM3BOJHBIX HEPBHOTO I'PeOHs, 00JIaAAI0INX CTIOCO0-
HOCTBI0 K (P PEepeHITUPOBKE KaK B «ME3CHXUMAITLHBIEY,
TaK ¥ B K<HEHPOHAIHHBIE)» KIETOYHBIC THITEL.
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(Figure B). Directed differentiation into ‘neural’ cell types
also led to appearance of characteristic morphological
changes and expression of proteins specific for neuronal
and glial (Schwann) cells. Specifically, during directed
differentiation into neurons the fibroblastoids transfor-
med into cells with a rounded phase-bright soma and
long processes positively stained for 3-III-tubulin (Figu-
re C). The cells cultured in the glial inductive medium
acquired the morphology characteristic for Schwann
cells and expressed glial-specific protein S-100 (Figu-
re D).

Collectively, the studies performed in clonal culture
allowed to reveal the existence of neural crest-derived
multipotent stem/progenitor cells in the bulbar region of
the adult animals hair follicle, which possessed the ability
to differentiate into ‘mesenchymal’ and ‘neuronal’ cell

types.
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