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U3zBecTHO, 9TO B SMOpHOTeHe3e POPMUPOBAHHE CKE-
JIeTa MPOUCXOIUT 32 CUCT BHYTPUMEMOPaHHOH 0ccru(pU-
Kalllu KJIETOK U OKOCTEHEHHUS €ro XpsIeBOil 0CHOBHI C
MIpeIBAPUTEIBHBIM 00pa30BaHUEM Y3EJIKOB Occhu(uKa-
un. HecMoTpst Ha TO, UTO IPH 3TUX Tpolieccax OOIbITHH-
CTBO KJIETOK XPSIIEBON TKaHW OTMHUPAET, 3aMEIIasICh
PaHHUMHU OCTEOIPOTEHUTOPAMH, OBLIIO YCTAaHOBJICHO, YTO
YacTh M3 HUX OCTAETCs, BHOCS CBOM BKJIAJ B Pa3BUTHE
KOCTHOW TKaHU [6]. B Hameld pabore mokazaHo, 4TO
ocreoauppepeHINPOBKA MYIBTUIIOTCHTHBIX CTPOMAIIb-
HBIX KJ1eToK u3 xupoBoit Tkanu (MCK XT) mbimeii ¢
MpeIBapUTEIbHON UX XOHAPOUHAYKIUEH yBeTnunBaeT
KOJIMYECTBO Y3€JIKOB 0CCU(UKALIUK KIETOK in Vitro.

B nanHoii paboTe npoBeeH CpaBHUTENbHbIN aHATU3
HaIpaBlieHHOW ocTeoreHHon auddepenunposkun MCK
KT wmbimeit in vitro mo CTaHAAPTHOMY NPOTOKOIY U
MIOATATHOM UX TU(PEPEHIMPOBKH.

@®parMeHThl NOAKOKHOM KUPOBON KJIETYATKU IOTY-
YaJii OT 3-MECSIYHBIX CaMIIOB Mbllek nuann FVB nukoro
THII, TIIATEILHO OTMBIBAJIM OT KPOBH B PACTBOPE MIUTATEIh-
Hoit cpensl RPMI-1640 ¢ antubuotuxkamu «PenStrep»
%100 (Bce «Sigmay, CLLIA). [Tocne 3Toro TkaHb nepeHo-
cwiu B pactBop 0,1% xonarenassl 1A («<PAA», ABct-
pust) u uHKyOupoBamu 2—2,5 4 npu 37°C npu MOCTOSH-
HOM IepeMeruBanuu. [1o ucreuenun cpoka pepMeHTa-
1y JieficTBre PepMeHTa HHruOMpoBau J00aBIEHUEM
paBHOTO 00BeMa IOTHON uTaTensHol cpeasl DMEM ¢
10% FBS (Fetal Bovine Serum, Bce «Sigmay) u pecyc-
TIEHAMPOBAIIN JI0 MOJIYYCHHUSI OJJHOPOTHOU CYCIICH3UH.
Knetkn ocaxnanu nearpudyruposannem mnpu 200g B
Tedenue 5 muH. CynepHaTaHT, Cofep Kalluii 3pesbie au-
TIOIMTHI, JIMTTUABI U JeOpUC, OTOPACHIBAIIN, OCAJIOK pe-
CyCIIEHAMPOBAJIM B MUTATEILHON cpelie U MPOIyCKaIn
4yepe3 KIETOUHBINH GUIbTp ¢ quaMeTpom nop 70 mxm. B
MO YE€HHOM CyCIIEH31H MOACYUTHIBAIIN KOIMYECTBO Kile-
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It is known that embryogenesis is accompanied by
the formation of skeleton due to intramembrane ossi-
fication of cells and calcification of its cartilage matrix
with pre-formation of ossification nodes. Despite the
fact that during these processes the bulk of cells of carti-
laginous tissue die and are replaced by early osteoproge-
nitors, it is established that the part of them remains
intact and contributes to the development of bone tissue
[6]. In our work it has been shown that osteodifferentia-
tion of mice multipotent stromal cells from adipose tissue
(AD MSCs) with their preliminary chondroinduction
increases the number of cell ossification nodes in vitro.

In this investigation we have comparatively analyzed
the directed osteogenic differentiation of mice AD MSCs
in vitro according to the standard protocol or their step-
wise differentiation.

Fragments of subdermal adipose tissue were obtai-
ned from FVB male mice of wild type (3-month-old),
then thoroughly washed free of blood with solution of
nutrient medium RPMI-1640 supplemented with anti-
biotics PenStrepx100 (both from Sigma, USA). Then
the tissue was transferred into solution of 0.1% collage-
nase 1A (PAA, Austria) and incubated for 2-2.5 hrs at
37°C with constant mixing. After termination of fermen-
tation the effect of enzyme was inhibited by supplemen-
ting with complete nutrient medium DMEM with 10%
fetal bovine serum (FBS; both from Sigma) of equal
volume, after that it was resuspended until getting homo-
geneous. The cells were sedimented by centrifugation
at 200g for 5 min. Supernatant with mature adipocytes,
lipids and debris was removed, sediment was re-
suspended in nutrient medium and was passed through
cell filter with 70 mm pores. In the obtained suspension
we estimated the number of cells using the test with
Trypan blue and seeded them into culture flasks (Sarstedt
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TOK B TECTE C TPUIIAHOBBIM CHHUM U BHICR)KUBAITU B KYJTb-
TypassHbIe prakoHsI («Sarstedt Cell+y, ['epmannst) B mon-
HYIO TUTATEIbHYIO Cpey u3 pacyera 5% 107 kineTok/cm?,
[Mocne unky6anuu B ycnosusx 5% CO,, 37°C u Bnax-
HOM BO3yX€ Ha NPOTSHKEHUH 4 4 MPOBOJWIIN MOJIHYIO
3aMeHy MMUTATENbHOM CPebl I KYJITUBUPOBAHUS U IIPO-
JOJDKAJIM MHKYOHPOBATh PU CTAaHIAPTHBIX YCIOBUAX 10
MOTy4YEHHS CyOKOH(ITIOOHTHOTO MOHOCITOSL. JIJ1s1 Hapariwm-
BaHUS KIIETOYHOM MacChl KJICTKH CyOKYTETHBHPOBAJIH Ha
MpOTsHKEeHNU 1—2 maccakeit; st AECTPYKIIMH MOHOCIIOS
HCTONB30BaNN pacTBop TpuncuHa (2000 U; «Sigmay) .
st heHOTHITMPOBAHUS KYJIBTYP KJIETOK HCTIOJIE30Ba-
JI1 MOHOKJIOHAJIBHBIC aHTUTENIa K MeMOPaHHBIM aHTHTE-
HaM MBIIIEH, MedeHHbIe (hITyOpOoXpOMaMu, C COOTBETCT-
BYIOILIUM U30THUII-KOHTpoJeM: anti-CD44 PE, anti-CD73
PE, anti-CD90 PE, anti-CD34 APC, anti-CD45 PE-Cy7,
anti-CD117 PE-Cy7 («Becton Dickinson», CILIA).

Knerku nakyOupoBanu ¢ aHTuTeaaMu B paboueit KoH-
uentpanui 0,5 Mxr Ha 10° KJIeTOK Ha TPOTSIKEHUN
30 mMuH, neHTpudyrupoBanu B 1 mi pactopa «BD
CellWash» («Becton Dickinson») mpu 200 g Ha ipoTsiKe-
HUU 5 MUH, 0CaJI0K JBaXKbI TpombiBain B «Cell Wash»
n a"anu3uposany He MeHee 10 000 coObITHIA ¢ TOMOIIIBIO
npoToyHoTo nuTodiryopuMerpa-coprepa «BD FACSAria»
C UCIOJIb30BaHUEM IporpamMMHOro obecrneueHus «BD
FACS Diva 6.1.2» («Becton Dickinsony). JInst HacTpoii-
KM KOMIIEHCAllUM NEPEKPBhITUS CIEKTPOB IMHUCCHHU
(GIIyopOXpOMOB MPH MHOTOIIAPAMETPUICCKOM aHAJIH3e
HCIIOb30BAIH KOHTPOIIBHEIC 00pas3IIbl KIIECTOK Oe3 BHECE-
HUs antuTen (unstained control), oOpa3siBl ¢ KaXIBIM
AHTUTEJIOM OTAENBHO (single stained control) 1 06pa3ubt
¢ KOMOWHAIMeH HECKOJIbKUX aHTuTelN 0e3 ogHoro (fluo-
rescence minus one control).

H3BecTHO, 4TO € BO3PACTOM IMOTEHITHAN KJIECTOK K JTU(]-
(epeHnpoBke cHUXkKaeTcs. [Ipu KyJbTHBUPOBAaHUU in
Vitro KJIETKH CTaperoT ObicTpee, ueM in vivo. IMeHHO
MO3TOMY JIJIS SKCTIEPUMEHTAITLHBIX HCCIISIOBAaHUH PEKO-
MEH/IyeTCSI HCIIOJIb30BaTh KJICTKH PaHHHUX Maccaxei (10
4-6) [2, 5]. Ang uHIyKOMN OCcTeOreHHOH anddepeHnn-
poBku in vitro nonyyeHusle MCK XKT Ha 1-2 maccaxe
BBICA)KMBAJIM B IYHKH O-TyHOUHBIX TUIAHLIETOB U3 pac-
yerta 4X10* kJIeTOK/CM? U HHKYOUPOBAIHU 10 MOy ICHHS
CYOKOH(IIIO3HTHOTO MOHOCIOS. 3aTeM KyJIbTypaJbHYIO
Cpey 3aMeHsUTH Ha cpeny Uit nuddepeHunpoBKy. s
MIPOBEACHUS CTAHAAPTHOM OCTEOMHAYKIIMU HUCTIOJIH30BAIN
paHee onrcaHHble MeToAUKH [3]. B muTaTenbHyto cpeny
DMEM:F12 no6asnsmu 7% FBS u nononasu L-ackop-
6uHOBO#1 KuCIOTHI 2-hocharom (0,05 MM), B-mumepo-
¢docharom (10 MM) u nexcamerazonom (100 HM) (Bce
«Sigmay). [TonHyto 3aMeny cpebl 11t octeoaup hepeH-
LUPOBKY MPOBOJIVIIN Kaxble 3—4 JHS Ha MPOTSHKCHUU
21 cyrok. [Iporniecc moatanHoi octeorenHon auddepen-
LIUPOBKH 3aKJIH0UAJICS B TOM, YTO CHayaJla KJIETKU UHIY-
LUPOBAJIM B XOHAPOTEHHOM HalpaBlieHUH, a 3aTeM — UH-
KyOupoOBaliu B CTaHAAPTHOW cpele Uil OCTEOr€HHON
muddepenmposku. Cpeny s XoHAporeHHou nudde-
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Cell+, Germany) with com-plete nutrient medium in an
amount of 5x10° cells/cm?. After incubation in 5% CO,
at 37°C and humid air during 4 hrs we changed
completely the nutrient culture medium and continued
the incubation at standard conditions untill subconfluent
monolayer. To expand cell mass the cells were subcul-
tured during 1-2 passages using the trypsin solution
(2000 U; Sigma) for destruction of monolayer.

For phenotyping cell cultures we used monoclonal
antibodies to mice membrane antigens labelled with
fluorochromes and with corresponding isotope-control:
anti-CD44 PE, anti-CD73 PE, anti-CD90 PE, anti-CD34
APC, anti-CD45 PE-Cy7, anti-CD117 PE-Cy7 (Becton
Dickinson, USA).

The cells were incubated with antibodies in concent-
ration of 0.5 pg for 10° cells during 30 min, then centri-
fuged in 1 ml BD CellWash solution (Becton Dickinson)
at 200 g for 5 min, the sediment was washed twice in
CellWash and not less than 10,000 events were analyzed
with cell sorter FACSAria with FACSDiva 6.1.2. softwa-
re (Becton Dickinson). To adjust the compensation of
overlapping fluorochrome emission spectra in multi-
parameter analysis we used the control samples of cells
without added antibodies (unstained control), the samples
with separate antibodies (single stained control) and the
samples with combination of several antibodies without
one (fluorescence minus one control).

It is known that with ageing the cell potential to
differentiation decreases. During in vitro culturing the
cells senescence more rapidly than in vivo. That is
exactly why the cells of early passages (up to 4-6) are
recommended for experimental investigations [2, 5].
For the induction of osteogenic differentiation in vitro
the obtained AD MSCs at 1-2 passages were seeded
into wells of 6 well plates in an amount of 4x10* cells/cm?
and were incubated till formation of subconfluent
monolayer. Then the culture medium was changed for
the medium for differentiation. Previously described
methods were used to perform standard osteoinduction
[3]. Nutrient medium DMEM:F12 was supplemented
with 7% FBS and L-ascorbate-2-phosphate (0.05 mM),
B-glycerophosphate (10 mM) and dexamethasone
(100 nm) (Sigma). The medium for osteodifferentiation
was completely changed every 3—4 days during 21 days.
Stepwise osteogenic differentiation consisted in follows:
firstly the cells were induced towards chondrogenic li-
neage, then the cells were incubated in standard medium
for osteogenic differentiation. The medium for chondro-
genic differentiation was prepared by earlier described
methods [1, 5]. It contained DMEM with 7% FBS as
well as L-ascorbate-2-phosphate (50 mg/ml), dexame-
thasone (39 ng/ml), Na pyruvate (100 mg/ml), TGF-3
(10 ng/ml) and IGF-I (100 ng/ml) (Sigma). Complete
change of the medium for chondrogenic differentiation
was performed every 3—4 days during 10 days, thereafter
the medium for standard osteogenic differentiation was
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PEHITMPOBKY TOTOBIIIH TI0 PaHee OMMCAHHBIM METOTUKAM
[1, 5]. Ona cocrosma u3 DMEM c nobaenennem 7%
FBS, a raxxe L-ackopOuHOBOW KHCIOTHI 2-(pocdara
(50 mxr/mi), mexkcamerasona (39 ur/mun), Na mupysara
(100 mkr/min) u dakropos pocta TGF-B (10 ur/mn) u
IGF-I (100 ar/mm) (Bce «Sigmay). [Tonayro 3ameny cpe-
IBI IJTs1 XOHPOTCHHOM TU(PPEPESHINPOBKU TPOBOIUIN
Kaxnple 3—4 nHs Ha npoTspkeHun 10 cyToK, a 3aTeM Ha
MPOTSKEHUU 12 CyTOK MCIOJIB30BAIU CPENyY JUIsl CTaH-
JIapTHOM ocTteoreHHOH muddepennuporku. Korrporem
KYJIBTYp CIYXKHIIN KJIETKH, KOTOPbIE KyJIbTHBHPOBAIN B
AHAJIOTUYHBIX YCIIOBUSX, OJJHAKO O3 100aBICHHS KOMITO-
HEHTOB 1 tuddepeHIpoBKH. Bo BpeMs KyJIsTHBHPO-
BaHUS U HaNpaBlIeHHOTO MU dEepeHIINPOBAHUS KIECTKH
HaxXOIWJIKCh B MHKYyOarope mnpu temneparype 37°C, 5%
CO, n yBnaxxneHHo# arMocdepe.

14 TUTOXMMHUYECKOTO UCCIIEI0OBaHHSI OCTEOT€HHOM
1 hepeHINPOBKH KIETOK IO UCTCICHHUHU CPOKa AU de-
PCHIUPOBAHUS KyJIBTYPHI KIECTOK (PUKCHPOBAIH B 2%-M
napadopmanbaeruae. st BRIIBICHUS TETTO3UTOB Kalb-
st QPUKCUPOBAHHBIC MOHOCIIOH KIIETOK OKPAIITHBAIIH 110
meroxny von Kossa [4].

[IpoBeneHHbBIE HCCTIETOBAHUS TO3BOJIHIIH ITOTYYHTh
CIIEYIOIIHUE Pe3yabTaThl. 13 MOAKOXKHOM )KUPOBOM TKaHU
OBUIH ITOJTyYCHBI are3uBHbIC KICTKH Gubpoodiacrorno-
JI00HO# MOP(HOJIOTHH C BEICOKOH Mponu)epaTHBHOM aK-
TUBHOCTBI0. OHU sKcnpeccupoBaiu CD44, CD90 Ha BbI-
COKUX ypoBHsX (98 u 96% cooTBeTrcTBeHHO), st CD73
u CD34 ypoBenb skcrpeccuut 0b11 HUXxe (25 u 15%
COOTBETCTBEHHO), a CD45 u CD117 3xcnpeccupoBaiuch
Ha MUHUMAJbHBIX YPOBHAX (3 1 3,5% cOOTBETCTBEHHO)

(puc. 1).

Maccax 2
Passage 2

used during 12 days. The controls were the cells cultured
in the same conditions but without the components for
differentiation. During culturing and directed differen-
tiation the cells were in incubator at 37°C, 5% CO, and
humid atmosphere.

To perform cytochemical analysis of cell osteogenic
differentiation the cell cultures were fixed in 2% parafor-
maldehyde after termination of differentiation. To reveal
the deposits of calcium the fixed cell monolayers were
stained by von Kossa [4].

The performed investigations allowed to obtain the
following results. Adhesive cells of fibroblast-like mor-
phology with a high proliferative activity could be derived
from subdermal adipose tissue. They expressed CD44,
CD90 at high levels (98 and 96%, respectively), CD73
and CD34 expression level was lower (25 and 15%,
respectively), and CD45 and CD117 were expressed at
the minimal levels (3 and 3.5%, respectively) (Fig. 1).

After the change of culture medium for the medium
for differentiation there was noted the change of cell
morphology from spindle-like to polygonal one, and at
the later terms of differentiation the cell boundaries could
be hardly revealed. In the control cultures the cell
morphology did not change significantly, but there was
the increase of cell density that led to the exfoliation of
monolayer in some wells.

Staining of cells according von Kossa did not revealed
any stained elements in the experiment with standard
method of differentiation (Fig. 2A), however in the wells
with stepwise differentiation of cells we observed silver
stained black calcium deposits (Fig. 2, B).

CD34

CD45

MNaccax 3
Passage 3

- ——

B % e * H

Puc. 1. ['ucrorpaMMber HMMYHO(CHOTHITUPOBAHUS MYJTBTHIIOTEHTHBIX KJICTOK KHPOBOW TKaHU MbItel Ha 2-M (A—F) 1 3-m
(G-L) naccaxax. KoHTypHas JIMHHS — MU30TUII-KOHTPOJIb, OKPALICHHBIH rpaduK — ypOBeHb (PIIyOpECHEHIINH OKPAIIEHHBIX
AHTHUTEJIAMH KJIETOK.

Fig. 1. Histograms for immunophenotyping of mice adipose tissue multipotent cells at the 2™ (A-F) and the 3 (G-L)
passage. Contour line is an isotype-control, stained diagram is the fluorescence level of the cells stained with antibodies.
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[Tocne 3amMeHbI KynbTypajibHOM Cpebl
Ha cpeny 171t i epeHIMpOBKY OBLIO OT-
MeUeHO U3MECHEHHE MOP(]OIIOTHH KIETOK
13 BEPETCHONOI00HOH Ha ITOJUT OHAJTBHYO,
a Ha TIO3JJHUX CPOKax MU depeHIIHPOBKH
TPaHUIIBI KIETOK OBLTO HEBO3MOXKHO OII-
penenuTh. B KOHTPOIBHBIX KYJIETYpax MOp-
(OJIOTHS KITETOK 3HAYUTEIEHO HE U3MEHSI-
J1ach, HO OTMEYAJIOCH YBEIUICHHUE TUIOT-
HOCTH KJIETOK, YTO 110 ucTeueHuu 15-21
JHSI IPUBOMIIO K OTCIAMBAHUIO MOHO-
CJIOS B HEKOTOPHIX JIyHKaX.

OxparmmBaHue KJIETOK IT0 METOTy Von
Kossa He 1aio pe3ynsraToB B 3KCIIEpUMEH-
T€ C UCMIOTb30BAaHNEM CTaHIAPTHOM METO-
ovku nudepeHurpoBanus (puc. 2, A),
OJTHAKO TPY MTOATATHOM AU PepeHIUPOB-
K€ B JIYHKaX ObLTH OTMEYCHBI JICTTIO3UTHI
KaJIbIIKs, OKpaIIeHHBIE CepeOpPOM B Uep-
HBI 1BeT (puc. 2, B).

Takum 00pazoM, HAMU OBUIH YCIICIIHO BBIICIICHBI
MYJIBTHUIIOTEHTHBIE KJIETKU U3 TTOAKOXKHOM )KUPOBOM TKaHU
MBIIICH, KOTOPBIC aKTUBHO TPOTH(EPUPOBAIH in Vitro
MIPY CTAHAAPTHBIX YCIOBUSX KyTGTHBAPOBAHUS. AHAIN3
MOBEPXHOCTHBIX MapKEPOB MMOKAa3aj, YTO 3TU KIIETKU
AKCIIPECCUPYIOT CTAHAAPTHBIHN Il MYJIETHIIOTCHTHBIX CTBO-
JIOBBIX KJIETOK Habop aHtureHoB. [duddepeHunponka
MCK KT B 0oCTEOreHHOM HamlpaBJeHUU in Vitro ¢ IpU-
MEHECHUEM CTaHAAPTHOIO MPOTOKOJIA HE Jaja MOJIOKH-
TEIBHBIX PE3YIIBTATOB, OMHAKO HX IPECABAPUTEIIBHAS XOH -
pOreHHast HHIYKINS CIIOCOOCTBOBAJIA OTIIOKCHHUIO KIIET-
KaMH JICTIO3UTOB KaJIbIIHs BO BHEKIETOYHOM MaTpPHKCE.
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Puc. 2. Oxpammanne MCK XT, nnddepeHInpoBaHHBIX B OCTEOTCHHOM
HaIpaBJICHUH in Vitro, OKpamuBaHue mo Metoxy von Kossa, X100: A — ¢
MPUMEHEHUEM CTaHIAPTHOIO IMPOTOKONIa Tu(hepeHupoBKy; B — ¢ mpu-
MEHEHHEM IIPeIBapUTEIILHON XOHAPONHIYKIIHH.

Fig. 2. Staining of AD MSCs differentiated in osteogenic lineage in vitro by
von Kossa, x100: A —using standard protocol of differentiation; B —using
preliminary chondroinduction.

Ry B

Therefore we have successfully isolated multipotent
cells from mice subcutaneous adipose tissue. The cells
actively proliferated in vitro in standard culture con-
ditions. Analysis of surface markers has shown that these
cells expressed antigene set being standard for multi-
potent stem cells. In vitro differentiation of AD MSCs
in osteogenic lineage under standard protocol yielded
no results, however, their preliminary chondrogenic in-
duction enabled cells to deposit calcium in extracellular
matrix.
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