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of Hair Follicle with Properties of Neural Crest Derivatives*

Bonocsanoit ¢pomnukyn (BP) Ha npoTskeHUH Bcei
YKU3HU MIIEKOTIUTAIOLIMX HAXOOUTCS B JUHAMUYECKOM
YKI3HEHHOM ITUKIIE: (paza pocTa (aHATeH) CMEHSETCS TIe-
pexonHoi (a3oi (KaTareH), 3a KOTOPOH CIIeyeT KOpOTKast
(aza nokost (tenoreH). [TomoOHBIN KUZHEHHBIA KT
MIPEeNoaracT HaJIMIHNE CTBOJIOBEIX KIIETOK, 33 CUET KOTO-
PBIX IPOUCXOJAT reHeparys 1 hepeHIPOBAHHBIX KIle-
TOK M BOCCTAHOBJICHHE YTPaYHBaeMbIX B (pa3e karareHa
cTpykTyp. Byns6apnsiii peruon (BP) siBnsieTcst moctosiH-
HoM yacTbio B 1 npezicTaBiieH yToILEHUEM Hapy>KHOTO
KOPHEBOTO BJIaraJIMIla B MECTE KPEIJIEHUS MBIIILbI
arrector pili. BynbOapHblii peroH ABIAeTCS HULIEH s
SMUJIEPMANIBHBIX CTBOJIOBBIX KJIETOK [2] M MEeTIaHOLIUTap-
HBIX CTBOJIOBBIX KJIeTOK [6]. ['pymma M. Sieber-Blum
coobmmia o nonyueHun u3 bP BO MynbTHIIOTEHTHBIX
CTBOJIOBBIX KJIETOK C HEOOBIYAITHO IIMPOKNM IudepeH-
[UPOBOYHBIM MOTECHIIUAIOM H, HCIIOJIB3YS «IBONHBIX)»
TpancreHHbIX Mblmeid Wntl-Cre/Rosa26R, nokazana ux
npoucxoxaeHue u3 Heppaoro rpedus (HI) [8]. Lensto
JaHHOH pabOoTHI OBUIO MOTyYECHUE KYJIBTYPbl MYJIBTUIIO-
TEHTHBIX CTBOJIOBBIX KiIeTOK n3 bP B®, nccinenosanue
uX (PeHOTHIIA 1 0COOCHHOCTEH KYIBTHBUPOBAHHS i1 VItro.

OKCIepuMeHTHI ObLITH BBHITOJHEHBI HA S-KIETOUYHBIX
Kynberypax u3 bP B Bubpucc, noiyyeHHBIX OT CaMLIOB
Mmelient iuann FVB 4—6-MecssaHoro Bo3pacra ¢ cooito-
JEHHEM MPUHLUIIOB OMOATUKH U HOPM OMOIOTHYeCKOI
0€30IacHOCTH.

Kynerypy knerok u3 bP noiyvanu meronom skcIuiaH-
taroB 1o M. Sieber-Blum [8]. KiteTkn KynbTHBHpOBaIH
B cpene DMEM:F12 («Sigmay, CHIA) ¢ 10% 3TC
(«Sigmax), 1% B27 («<PAA», ABcTpus) 1 2 MMOJITb TITyTa-
muHa («Sigmay, CHIA) npu 37°C u 5% CO.,,.

CriocoOHOCTE KJIETOK K POCTY B YCIIOBHSAX KJIOHAIb-
HOM MJIOTHOCTH ompeaessiiu myTeM 3aceBa 100 kiieTok B
gamky [lerpu (amametp 100 mm, «Corningy», CIIIA).
CriocoOHOCTh KJIETOK K CAaMOOOHOBJICHUIO ONPEeIIsIIH

Y «MHCTUTYT reHeTuHeckon M pereHepaTMBHOM meAnumHbl HAMH
YKpaunHbl», K. Knes
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Hairfollicle (HF) through-out mammal lifetime
possess a dynamic cycle, when the growth phase (ana-
gen) is alternated with a transitional phase (catagen),
and followed by a short resting phase (telogen). Such a
cycle requires stem cell pool giving rise to the differen-
tiated cells and restoring lost structures in catagen phase.
Bulbar region (BR) is a permanent part of HF and appears
as a thickening of the outer root sheath at the attachment
site of arrector pili muscle. Bulbar region is a niche for
epidermal stem cells [2] and melanocyte stem cells [6].
M. Sieber-Blum group announced an isolation of the
multipotent stem cells with an unusually ample differen-
tiation potential from BR HF and using a system of
‘double’ transgenic mice Wntl-Cre/Rosa26R, they pro-
ved their origin from the neural crest (NC) [8]. The aim
of this work was to obtain a culture of multipotent stem
cells from BR of HF, their phenotype exploring and in
vitro culturing features.

The experiments were performed with 5 cell cultures
from BR of whisker HF obtained from 4—6 months old
FVB mice males with respect of bioethics principles and
biosafety regulations.

Bulbar region cell cultures were obtained by explant
method according to M. Sieber-Blum [8]. The cells were
cultured in DMEM:F12 medium (Sigma, USA) supple-
mented with 10% FBS (Sigma), 1% B27 (PAA, Austria)
and 2 mM L-glutamine (Sigma) at 37°C and 5% CO,,.

The ability of cells to grow at clonal density was
determined via 100 cells’ plating into 100 mm Petri dish
(Corning, USA). The ability of cells to self-renew has
been defined by mean of clonal colony replating using
the cloning cylinders (Sigma).

Adipogenic and osteogenic differentiation tests were
performed by conventional methods [7]. The specificity
of'adipogenic and osteogenic differentiation was confir-
med by OilRed O and Alizarin Red S staining (Sigma).
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MepeceBOM KIOHAJIBHOMN KOJOHHUH C ITOMOIIBIO KIOHH-
PYIOIIUX IMITHHAPOB («Sigmay).

AJTUIIO- ¥ OCTEOTeHHYIO TU(PPEPEHIIMPOBKY OCYILECT-
BIISUTH 110 OOIIETIPUHATEIM MeToaukam [7]. Cneundud-
HOCTB aJIUTO- U OCTCOTCHHOM TU(HEePCHIUPOBKH O~
tBepkaanu okpamuanueM Oil Red O u Alizarin Red S
(Bce — «Sigmay).

KyneruBupoBanue B GeCCHIBOPOTOYHBIX YCIOBHUSIX
OCYIIECTBIISUTH IO METOUKE OTYIEHUs Helpocdep u3
HHC B monu¢ukanuu K. Fernandes juis ki1eTox KoXu
[4].

Krnetkn Taxke KyJbTHUBHPOBAIH B KOJUIAT€HOBOM H
¢ubpuHoBOM reinsix. KomareHoBBIH refib TOTOBHIIH 110
metony E. Bell [1]. ®uOprHOBBI relib TOTOBHIIU ITyTEM
cmemmuBanus 0,5 mi 4%-ro pactBopa puOpUHOTEHA C
0,5 mut uTarensHO# cpenpl ¢ kiaetkamu U 1 Ex tpomOuaa
(«Texnonorus-Crangapt», Poccus). Kierku 3aceBanu
B KOHIIeHTpanuu 5%10° Ha MII rejist ¥ KyJIbTHBUPOBAIN
Ha nmpoTsbkeHuu 14-21 cyTok.

st onpepeneHust SKCIpecCruu KIeTKaMy Oerka mpo-
MEXYTOUYHBIX (PMIIAMEHTOB HeCTHHA c(epbl TOMEeIIaln
Ha TOKPHIThIE TIOJH-L-T3UHOM («Sigmay) OKpOBHbBIE
CTEeKJIa ¥ KyJbTUBUPOBAIHU 24 4 AJI UX aAre3uu. 3aTeM
¢ukcupoBamu 4%-m napadopMaNbIeTHAOM, EpMea-
oummsuposamm 0,2%-M pactBopom Triton X-100 u ok-
pammBaiy aHTHHECTHH — aHTHTeaMu («BD Pharmingeny,
CILIA), KOHBIOTHPOBaHHBIMU C (iyopoxpoMoM Alexa
647.

deHoTHN ONpeNeNSIIN Ha IPOTOYHOM HUTO(IYOpH-
Metpe-coprepe «BD FACSAria» ¢ mporpaMMHBIM 00ec-
neuerneM «FACSDiva 6.1.1» ¢ ucrons3oBaHueM aHTH-
MBIIIUHBIX MOHOKJIOHAJBHBIX aHTHTEeN kK CD44, CD45,
CD73, CD90, CD117 u Sca-1 (Bce — «Becton Dickin-
sony», CIIA).

Busyanuzamnmro n poTogoKyMeHTHpPOBaHHE KIETOU-
HBIX KYJIBTYp OCYIISCTBIISIM IPU ITOMOINHM WHBEPTH-
poBaHHOTO (yopeciieHTHOro Mukpockona [X71 («Olym-
pus», AAnonwust), ocHameHHOro udpoBoii kamepoit DP20
U mporpaMMHBIM obecrnieuenrneM «Quick Photo Microy.

Bce uncnoBble JaHHBIE IPECTABICHEI B BUIE CPEI-
HETO0 3HAYEHUS ¥ CTaHAapPTHOTO
oTkiioHeHus (M = s).

Ha 3—4-e cyTku KyiabTUBH-
poBaHMs W3 SKCIUIaHTaToB bP
HauWHaNach Murpaius Gudpo-
071aCTOMIHBIX KIIETOK, KOTOPEIE
B JJAJIbHEHIIICM aKTUBHO IIPOJIH-
¢depupoBanyu u k 11-15 cytkam
(opMupoBaTH KOH(IYIHTHYIO
MEPBUYHYIO KyIbTYypy (puc. 1).
Kynbrypa kierox u3 bP BO xa-
PpaxTepu30Baliach BHICOKOH Po-
nudepaTUBHON aKTHBHOCTHIO
(cpenHee BpeMs yIBOSHHS KJie-
TOYHOM NomyIsiuy Ha 1-M mac-

> Npobnembl
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Puc. 1. Kynsrypa ¢pudpo
skcruanTara bP; B — koHdmysHTHAst nepBraHas KyneTypa; X100; pebedHbIif KOHTpacT.

Fig. 1. Fibroblastoid cell culture obtained from BR of HF: A — emigration of cells
from the BR explant; B — primary confluent culture; x100; relief contrast.

Culturing under serum-free conditions was perfor-
med according to the method of neurospheres’ genera-
tion from the CNS with a modification of K. Fernandes
for skin cells [4].

The cells were cultured as well in collagen and fibrin
gels. Collagen gel was prepared according to E. Bell
method [1]. The fibrin gel was prepared by mixing of
0.5 ml of 4% fibrinogen, 0.5 ml nutrient medium supp-
lemented with cells and 1U thrombin (Tekhnologia-
Standart, Russia). Cells were plated at 5x10° per ml of
gel and cultured for 14-21 days.

To determine the expression of nestin, a cell inter-
mediate filament protein, the spheres were placed onto
poly-L-lysine (Sigma) coated cover slips and cultured
within 24 hrs for adhesion, and then fixed with 4% para-
formaldehyde, permeabilized with 0.2% Triton X-100
and stained with anti-nestin antibody conjugated with
fluorochrome Alexa 647 (BD Pharmingen, USA).

Phenotyping was performed determined with the
flow cytometer-sorter BD FACSAria and FACSDiva
6.1.1 software, using anti-mouse monoclonal antibodies
to CD44, CD45, CD73, CD90, CD117 and Sca-1 (Bec-
ton Dickinson, USA).

Cell cultures’ visualization and photo-documentation
were carried-out using the inverted fluorescent micro-
scope IX71 (Olympus, Japan) equipped with DP20 di-
gital cameraand Quick Photo Micro software.

All numerical data are presented as mean and standard
deviation (M = s).

At culture day 3—4 the migration of fibroblastoid cells
had started from BR explants, which further actively
proliferated and formed a primary confluent culture up
to day 11-15 (Fig. 1). BR of HF cell culture was charac-
terized by high proliferative activity (the average cell po-
pulation doubling time at passage 1, P1, was of 23.02 +
0.68 hrs) and easily cultured up to P10 with 1:10 split
ratio.

Cultured BR fibroblastoid cells at P3 expressed: CD44
(98.92 + 0.78% of cells), CD73 (86.52 + 4.78%), CD90

o B

OmacTonaHBIX K1eToK u3 BP BD: A — sMurparus kietok u3
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caxe — 23,02 + 0,68 ) u Jerko
KyJIbTUBHPOBAJIACh BIUJIOTH JIO
10-ro maccaxa ¢ ko3hduimeH-
ToM naccuposanus 1:10.
KynsTusupyemoie pudpo-
Omacronanbie kineTku u3 bP BO
Ha 3-M maccaxke JKCIPeCcCHUpo-
Banu: CD44 (98,92 + 0,78% xie-
ToK), CD73 (86,52 + 4,78%),
CD90 (97,24 + 3,24%) u Sca-1
(95,5 +2,81%). B xymbeType oT-
cyTcTBOBaja 3kcnpeccus CD4S5.
Heo0xonnmo OTMETHTE, YTO 3Ha-
YHUTENbHAS YacTh KI1eToK (42,43 +

Puc.2. Anunorennas u octeoreHHas nuddepennmarus; A — okpammanue Oil Red
O, xoHuTpactupoBanue o Pomanosckomy; B — okpammusanue Alizarin Red S; x100.
Fig. 2. Adipogenic and osteogenic differentiation: A —Oil Red O stain, Romanowsky
counterstain; B — Alizarin Red S stain.

11,86%) »sxcnpeccupoBaia
CD117 (c-kit) — pemenTtop k
(haKTOpy CTBOJIOBBIX KIIETOK.

D¢ heKTHBHOCTH KOJTOHHEOOPa30BaHUS IPHU TOCTa-
HoBke KOE-tecTa sl KJIE€TOK NMEPBUYHON KYJIBTYpPbI
cocraBmia 49,27 + 7,05%. [1pu cyOKIOHUPOBAaHHUHU KOJIO-
HUl HaOII0naI0Cch GOPMUPOBAHUE HOBBIX KOJIOHHUH.

Ipu KyTBTUBUPOBAHUY B AUIIO- ¥ OCTEOMHTYKTUBHBIX
cpenax knetkn bP nudepernupoBannucy B cOOTBET-
CTBYIOILIMX HaIpaBlIeHUAX (puc. 2).

IIpn KynapTHBHPOBaHUU B GECCHIBOPOTOYHBIX YCIIO-
BUSIX YacTh KJIETOK BEDKHMBANIA U HAYMHAIIA MPOIH(pepH-
pOBaTh, YTO IPUBOHUIIO K 00pa30BaHUIO (GIOTHPYIOLINX
cdep B TeueHue 2—3 HemeNnb KyJIbTUBHPOBaHUS (puC. 3,
A). Knetku B coctaBe cdep ObUTH KU3HECTIOCOOHBIMH,
MOTJIH OBITH IIEpEBEIEHBI B aAT€3NBHOE COCTOSHHIE IIPU
CMEHE yCIOBHUil KYJIIFTHBUPOBAHUS U SKCIIPECCHPOBAIIH
0€eJI0K MPOMEKYTOUHBIX (DUITAMEHTOB HECTHH — MapKep
MIPOTEHUTOPHBIX KJIETOK (puc. 3, B).

Krnerku BBDKHMBaNIM B COCTaBe KaK KOJJIATCHOBOTO,
Tak 1 pudpuHOBorO reneid. OHAKO MOBEAEHHE KIETOK
U MEXaHU3MbI PEMOJIENIUPOBAHUS reflell OTIMYANUCE.

(97.24 + 3.24 %) and Sca-1 (95.5 + 2.81%). There
was no expression of CD45 in culture. Of note, a
significant cell number (42.43 + 11.86%) expressed
CD117 (c-kit) — a Stem Cell Factor receptor.

The colony-forming efficiency at CFU-assay for the
primary cell culture was 49.27 £+ 7.05%. At subcloning,
the new colonies’ formation was observed.

When cultured in adipo- and osteoinductive media,the
BR cells differentiated in appropriate directions (Fig. 2).

When cultured under serum-free conditions, a part
of cells survived and started to proliferate, resulting in
the formation of floating spheres within 2—3 weeks of
culture (Fig. 3A). The cells within the spheres were
viable, transferrable to an adhesive state via changing
the culture conditions and expressed the nestin, an inter-
mediate filament protein, which is a marker of progenitor
cells (Fig. 3B).

Cells survived both within collagen and fibrin gels.
However, the cell behavior and gel remodeling mecha-
nisms were different. Thus, BR
cells within collagen gel formed
a network of intercellular con-
tacts and then contracted the
gel. In the fibrin gel the occu-
rrence of cell clusters, as a re-
sult of their proliferation, was
observed, and the active gel
degradation accompanied with
its complete resorption at cul-
ture day 14-21 took place.

Thus, cell culture with high

Puc. 3. Cheporenes n skcrpeccus Hectuna: A — cpopmupoBanHas pudpodiacTona-
HBIMU KJIeTKaMu 13 OyibbapHoro peruona BO duotupyrommas cdepa npu KyJibTh-
BHPOBaHUH B OECCHIBOPOTOUHBIX YCIOBUX, X100, penpedHBIN KOHTpacT; B — akc-
IIpeccHs KJIETKaMH OelKa MpOMeKyTOYHBIX (riaMeHToB HectuHa; X100, duryopec-
LIEHTHAs! MUKPOCKOTIHS.

Fig. 3. Sphere formation and nestin expression: A — a floating sphere formed by
fibroblastoid cells from bulbar region of HF when cultured under serum-free con-
ditions; x100; relief contrast; B — expression of nestin, an intermediate filament pro-
tein, by BR cells; x100; fluorescence microscopy.
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proliferative potential and capa-
city for multilineage differen-
tiation has been derived from
BR of HF of adult animal. This
population expressesthe anti-
gens characteristic to the multi-
potent mesenchymal stromal
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Tak, B KoJImareHoBoM reiie kietku bP ¢opmuposanu
CETh MEKKJIETOUYHBIX KOHTAKTOB M KOHTPAaKTHPOBAIH
resb. B pHOpUHOBOM refie MosIBISUINCH KIACTEPHI KIIETOK
B pe3yJIbTaTe UX NponuepaIuy, U MPOUCXOIUIIA AKTHB-
Has Ierpajauus rejs ¢ MoJHoH ero pe3opOuueii Ha 14—
21-e CyTKHU KyJbTUBUPOBAHUSL.

Takum o6pazom, u3 bP B® B3pocibix KHBOTHBIX
MoJTydeHa KyJIbTypa KJIETOK C BBICOKHM Ipoiudepa-
TUBHBIM ITOTEHIIMAJIOM U CIIOCOOHOCTBIO K MYJIBTHIIMHEH-
HoH audeperpoBke. [lanHas MOMyISAIHs YKCIIPECCH-
pyeT aHTUTEHBI, XapaKTepHbIE JUIS MYJIBTHIIOTCHTHBIX
ME3CHXMUMAaIILHBIX CTPOMAaIIbHBIX KileTok (CD44, CD73,
CD90 n Sca-1) u CD117 (Mapkep MUTpHPYIOLIUX KICTOK
HI" u menano6nactoB) [5]. B kynbType in vitro kneTku
BP neMOHCTpHUpYIOT MpU3HAKU CTBOJIOBBIX KIJIETOK —
CIOCOOHOCTH K KJIOHAJIBHOMY POCTY U CIIOCOOHOCTB K
camoo0HOBIIeHUI0. PocT B Buae duioTupyrommx chep u
JKCIpeCCHs HECTUHA YKa3bIBAIOT Ha TO, YTO JaHHbIE KIIET-
KU SIBJIAIOTCA NMPOU3BOJHBIMU HEpBHOro rpedus [3], a
WX CIocOOHOCTh BBIKHMBATH B cocTaBe 3D rerneii ¢ pas-
JUYHOW MUHAMUKOW W MEXaHM3MaMHU HX PEMOJEIH-
POBaHMSA JaeT MOTEHIMATbHYI0 BO3MOXKHOCTH CO3/1aBaTh
KOHCTPYKITHH JIJIsl BOCCTaHOBJICHUS IE()EKTOB Pa3IHYHBIX
cTpykTyp — ipou3Boanbix HI, B yacTHOCTH KOCTEH Yepena
U nepuhepuIecKux HEpBOB.
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cells (CD44, CD73, CD90 and Sca-1) and CD117 (a
marker of migrating NC cells and melanoblasts) [7]. In
vitro BR cell culture shows the characteristics of stem
cells, such as the capacity for clonal growth and for
self-renewal. Growth as floating spheres and nestin
expression indicate these cells are neural crest-derived
[8]. The ability of this cell type to survive within 3D
gels with different dynamics and mechanisms of their
remodeling potentially allows creating the constructs for
the restoration of defects of various NC derivatives
structures, such as skull bones and peripheral nerves.

References

1. Bell E., Ehrich H., Buttle D., Nakatsuji T. Living tissue formed
in vitro and accepted as skin-equivalent tissue of full thick-
ness // Science — 1981. — Vol. 211, N4486. — P. 1052—-1054.

2. Cotsarelis G. Epithelial stem cells: a folliculocentric view // J.
Invest. Dermatol. — 2006. — Vol. 126, N7. — P. 1459-1468.

3. Delfino-Machin M., Chipperfield T., Rodriges F., Kelsh R. The
proliferating field of neural crest stem cells // Dev. Dyn. —
2007. — Vol. 236, N12. — P. 3242-3254.

4. Fernandes K.J., McKenzie I.A., Mill P. et al. A dermal niche for
multipotent adult skin-derived precursor cells // Nat. Cell Biol. —
2004. — Vol. 6, N11. — P. 1082—-1093.

5. Motohashi T., Yamanaka K., Chiba K. et al. Unexpected multipo-
tency of melanoblasts isolated from murine skin / Stem Cells. —
2009. — Vol. 27, N4. — P. 888-897.

6. Nishimura E., Jordan S., Oshima H. et al. Dominant role of the
niche in melanocyte-stem cell fate determination // Nature. —
2002. — Vol. 416, N6883. — P. 854—-860.

7. Prockop D.J., Phinney D.G., Bunnell B.A. Mesenchymal stem
cells: methods and protocols. — Totowa, NJ: Humana Press,
2008. — 192 p.

8. Sieber-Blum M., Grim M., Hu Y., Szeder V. Pluripotent neural
crest stem cells in the adult hair follicle // Dev. Dyn. — 2004. —
Vol. 231, N2. — P. 258-269.

Accepted 01.06.2012

problems
of cryobiology

Vol. 22, 2012, Ne2



