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B nacrosee Bpemsi Ui BOCCTAaHOBJICHHUS MSATKUX
TKaHei 0OBIYHO MPUMEHSICTCS UMILIAHTAIINS COOCTBEHHOM
(ayTOJOTMYHOMN) KUPOBOW TKaHW manueHTa [3] nmbo
CHUHTETHUYECKUX MaTepHalIOB, B OCHOBHOM CHJIIMKOHOBBIX
UMILTaHTaToB. OIHAKO MPH UCTIONB30BAaHUU TAKUX CHHTE-
TUYECKUX MAaTE€pUaIOB HEPENIKO MPOUCXOMST Pa3phIB,
yTEUKa COIEPKUMOTO MJIM CABUT UMIUIaHTaTta. Kpome
TOr0, OHM 00JIaZat0T HEAOCTATOYHON OOCOBMECTUMOC-
Th0. HecMOTps Ha MOMyNsSpHOCTh NaHHBIX MTOJXOJIOB, B
OCHOBHOM OHH HaIlpaBJICHbI HA 3aMEIICHHUE JIUIIH (POPMBI
nmoBpexaeHHON TKaH!. [1pn aTOoM TpaHCIUTaHTaIHS COO-
CTBEHHOM KUPOBOH TKaHH OCTaeTcsi Majod(HEKTUBHOM,
YTO CBSI3aHO C HEAOCTAaTOYHOI HEOBACKYJISIpU3aIMeH KU-
pPOBOIO TpaHCIUIaHTaTa U B pe3ynbTare — MoTepeil ero
o0beMa. IHbeKITus CyCrieH3NH auIOIMTOB TAKXKE HE SB-
JsieTCsl IOJIHOLIEHHOM alibTepHAaTUBON BBULY XPYIIKOCTH
Y Ype3BbIUaifHON TIOBPEXJAEMOCTH 3TUX KIIETOK B XOJI€
JIATIOCaKInHA [5].

MeToap! 1 TOAXOAB! TKAHEBOW WHKEHEPUH YPE3BbI-
YaifHO NepCHeKTUBHBI JJ1s PeLEHHs 3a/1a4, CBA3aHHBIX C
BOCCTaHOBJIEHHEM 00beMa U (HyHKIIUH )KUPOBOH TKAaHU.
Cpenu MaTepuaoB s CO3/1aHUs TPEXMEPHBIX MaTPHULI-
HOCHUTEJEH IPUPOIHOTO MPOUCXOXKIEHUS OTHO U3 TEp-
BBIX MECT 3aHUMAET aJIbTMHAT — JIMHEHHBINA oIHcaxapu,
noJy4aeMblii u3 OyphIx Bogopocieil. B kauecTse kinerou-
HOTO KOMIIOHEHTa IpHU pa3paboTKe OHOIKBHBAJICHTOB
TKaHEH C MCIIOJIb30BaHHEM IOJXO0J0B TKAHEBOM MHIKE-
HEpUU HauOoJee MePCICKTUBHBIMU SBISIOTCS MYJIBTH-
MOTEHTHbIE ME3CHXUMAaJIbHbIE CTPOMANbHBIE KIETKU
(MCK), obmagaromivie BRICOKUMH IPOTH(pEepaTHBHBIMH
CBOWCTBAMH in Vitro, a TAKXKE CIIOCOOHOCTBIO K HAIIPaB-

MHCTUTYT NpobAeM KPUOOMOAOTUM U KPUOMEANLIMHBI
HAH YkpauHbl, r. Xapbkos

* ABTOp, KOTOPOMY HEODXOAMMO HarpaBASiTe KOPPECMOHAEHLIMIO:
yA. MNepesicaaBckasi, 23, r. XapbkoB, YkpaunHa 61015; Tea.: (+38
057) 373-30-34, dakc: (+38 057) 373-30-84, aAeKTpOHHasi noyta:
pravduke@yandex.ru

# AaHHOe uccaeaoBaHue ObINO MPEACTABAEHO Ha MUHU-CUMITO3UYME
«A€eHb CTBOAOBOM KA€TKM», rnpoxoamsuwem 22 masa 2012 rosa B
r. Xapbkose.

KpuoGMOROr M

T.22,2012, Ne2

Microbeads and Macroporous Scaffolds*

The reconstruction of soft tissues is usually prepared
by the implantation of either autologous adipose tissue
of a patient [3] or synthetic materials (mainly silicon
implants). However, when using these synthetic materials
the ruptures, leakages or implant dislocation are frequent-
ly observed. In addition, they are insufficiently biocom-
patible. In spite of the popularity of these approaches
they are mainly directed to reconstruct only the shape
of damaged tissue. Herewith the transplantation of auto-
logous adipose tissue has remained inefficient. It is asso-
ciated with insufficient neovascularization of adipose
trans-plant and as a result the loss of its bulk. Injection
of adipocyte suspension is not a valuable alternative due
to fragility and sensitivity of these cells to the liposuction
procedure [5].

Methods and approaches of tissue engineering are
extremely promising to solve the problems associated
with restoration of volume and function of adipose tissue.
Among the naturally derived materials for designing 3D
carrier matrices the alginates, linear polysaccharides,
derived from brown algae could be considered as a most
promising. As a cell component for development of tissue
bioequivalents using tissue engineering approaches the
multipotent mesenchymal stromal cells (MSCs) posses-
sing high proliferative properties in vitro as well as ca-
pability to directed multilineage differentiation are the
most prospective. These cells can be derived from vario-
us sources such as bone marrow, adipose tissue, placen-
ta, synovial membrane, periosteum etc. [8].

Only recently the heterogenous populations of dermal
fibroblast-like cells were considered as an available sour-
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JICHHOW MYJIBTHITHHEHOM muddepentmpoBke. OHI MOTYT
OBITh BBIJIEJICHBI U3 PA3JIMYHBIX HCTOYHUKOB: KOCTHOTO
MO3ra, )KUPOBOl TKaHH, TUIALIEHThI, CHHOBHAIBHOI MEM-
OpaHbl, HAIKOCTHULBL U JIp. [8].

CpaBHUTENBHO HENABHO TETEPOTCHHBIC MOMYIISAIIUN
JIepMaibHbIX (UOPOOIACTONMOMOOHBIX KICTOK CTalu
paccMaTpuBaThCs B KaueCTBE JIOCTYITHOTO MCTOYHHKA
myasrunoreHTHeIX MCK [2, 4, 8]. B HeMHOTO4nCIEHHBIX
HCCIICJIOBAHUAX IIOKa3aHa CIIOCOOHOCTH JepMalbHBIX
¢ubpobnacToB Kk HampaBieHHOU nUDdepeHITUPOBKE in
Vitro B aJUIoO-, 0CTE€0-, XOHAPOTeHHOM [2, 4] Hampas-
JICHUSX, a TAKOKE B UHCYIMHIPOAYLIUPYIOIIHE KiIeTku [1].

B Hacrosieit pabote uccieoBaHb IpoITH(epaTHBHbIE
u maddepertmpoBodnbie cBoiicTBa MCK, BBIIEICHHBIX U3
KOCTHOTO MO3T'a ¥ IEPMbI B3pOCIIOTO YelloBeKa, P MOHO-
CJIOITHOM ¥ 00BbEMHOM KYJIETUBUPOBAHUH B COCTABE aJIb-
THHATHBIX MHKPOC(Ep U ITMPOKOIMOPHCTHIX T'YOOK.

B pabote ncrionpzoBaym MCK 4-ro maccaxa, BbIeeH-
HbIe 13 kocTHOTO Mo3ra (MCK-KM) u nepmer (MCK-/1)
B3pPOCIIOTO YEJIOBEKa.

KynsTuBupoBanue kieTok nposoamwu B cpezne a-MEM
(«Sigmay, CIIIA), nononaennoit 10% 3mOproHanbHOM
CBIBOPOTKH KPOBH KPYITHOTO POraroro ckora («buonory,
Poccust), 2 MM L-mmrotamuna, 50 e71/MI1 IEHUIMIUTHHA 1
50 mr/mn ctpentomununa npu 37°C, 5% CO, u 95%
BIIQYKHOCTH.

NmmyHODEHOTUITIUECKHE UCCIIEI0BAHNS BBITOIHSIN
C IIOMOIIIBIO TPOTOYHOM UTOGITyopuMeTpuH. I7st 3T0T0
KIIETKHU 4-T0 Maccaka OKpaIIuBaId MOHOKIIOHATbHBIMU
anTutenamu CD29, CD34, CD73, CD90 u CD105 u ana-
TU3UpoBaH Ha TpoTouHoM rutomerpe «FACS Calibury
(«BD Biosciencesy, CIILIA).

O 3axmouernss MCK B anbrunaTHbie MEKpOChephI
KJIETKH PeCyCIeHANPOBaIM B oUHIeHHOM 1,2% pacTBo-
pe anpruHata HaTpus («Sigmay), MoCIIe Yero CyCIeH3HI0
nokanenpHo BHocuiu B pactBop 100 MM CaCl, na 10 mun
Ui nonumepu3sauuu. [lomydeHHble HHKAICYIMPOBaHHbIE
MCK otmbIBaH HU3HOIOrHISCKAM OyhepoM, comeprxa-
mmM 0,9% NaCl u 25 MM HEPES, u ncions3oBanu st
JATEHEHIITNX SKCIICPUMEHTOB.

[InpoxonopucThie albruHATHBIE CKad (OB B BUIE
JIUCKOB TOJIIWHOW 2 MM OBUTH TIOJTY4YEeHBI KaK OTIICAHO
pasnee [7]. 3acenenue ckadGoI0B MPOBOIUIN C HCTIOh-
30BaHHEM Pa3padOTAHHOTO HaMH Mepdy3UOHHOTO METO/1a
[6].

JJ14 O1leHKH aKTUBHOCTH MporQepaTUBHO-METa00-
nuueckux npoueccoB B MCK npu MOHOCIONHOM KyJIBTH-
BUPOBaHHH, a TAK)KE B COCTAaBE AJIbTHATHBIX MUKpoCc(ep
U OIHPOKOIIOPUCTHIX CKa(P(OIIOB MPUMEHSIIA TECT C
Alamar Blue (AB).

KuznecnocooHocts MCK-KM u MCK-/I B cocTaBe
TPEXMEPHBIX HOCUTEJIEH OLIEHUBAJIH IBOMHBIM OKpaIlIBa-
HUEM QIIyOpeCIeHH AUALETATOM U STUANYM OPOMHUJIOM,
a Taxxe ¢ moMmomso MTT-Tecra.
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ce of multipotent MSCs [2,4,8]. In a few studies a ca-
pability of dermal fibroblasts to the in vitro differentiation
towards adipo-, osteo- and chondrogenic lineages [2,4],
as well as insulin-producing cells [1] have been shown.

This research was performed to assess proliferative
and differentiation properties of MSCs, derived from adult
bone marrow and dermis during 2D and 3D culturing
within alginate microspheres and macroporous sponges.

The investigations were prepared using the MSCs
of the 4" passage derived from adult bone marrow (MSCs
of BM) and dermis (dermal MSCs).

The cells were cultured in a-MEM (Sigma, USA)
medium supplemented with 10% fetal calf serum (Biolot,
Russia), 2 mM of L-glutamine, 50 units/ml of penicillin
and 50 mg/ml of streptomycin at 37°C, 5% CO, and
95% humidity.

Immunophenotypic studies were performed by flow
cytometry. The 4 passage cells were stained with mo-
noclonal antibodies for CD29, CD34, CD73, CD90 and
CD105 and analyzed with flow cytometer FACS Calibur
(BD Biosciences, USA).

To encapsulate MSCs into alginate microbeads the
cells were re-suspended in purified 1.2% sodium alginate
(Sigma, USA), then, the suspension was drop-wise intro-
duced into 100 mM of CaCl, for 10 min to perform po-
lymerization. The obtained encapsulated MSCs were
washed with physiological buffer, containing 0.9% NaCl
and 25 mM HEPES and used in further experiments.

Macroporous alginate scaffolds in the form of 2 mm
disks were obtained according to the previously descri-
bed method [7]. Scaffolds were seeded by the application
of previously developed perfusion method [6].

To assess the activity of proliferative and metabolic
processes in MSCs during 2D culturing as well during
culturing in alginate microbeads and macroporous scaf-
folds the Alamar Blue (AB) test was aaplied.

Viability of BM MSCs and dermal MSCs in 3D car-
riers was assessed by double staining with fluorescein-
diacetate and ethidium bromide as well as MTT-test.
For induction of adipogenic differentiation the MSCs
were cultured for 3 weeks in DMEM medium, containing
factors, stimulating adipogenesis (Adipogenic Stimulatory
Factors, Stem Cell Technologies Inc., Canada). Direction
and level of cell differentiation towards adipogenic lineage
were assessed by accumulation of intracellular neutral
lipids, positively stained with Oil Red O or Nile Red.

The assessment of immunophenotype of the 4th
passage fibroblast-like cells (Fig. 1), derived from adult
bone marrow and derma showed that more than 90%
of cells in the cultures expressed markers of MSCs
(CD29, CD73, CD90, CD105).

Induction of BM MSCs and dermal MSCs towards
adipogenic direction was accompanied with the accumu-
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Puc. 1. Ummynodenorun Gpubpod1acTonomo0HbIX KICTOK 4-ro maccaxa, BBIACICHHBIX U3 KOCTHOI'O MO3ra U JEPMbI

B3pOCJIOTO YCJIOBCKA.

Fig. 1. Inmunophenotype of 4" passage fibroblast-like cells, derived from adult bone marrow and dermis.

JAns uHaykuuu anunoreHHo auddepeHunpoBKU
MCK kynpTHBHpOBalU B T€UEHUE 3-X HENEIb B Cpelie
DMEM, conepxarteii pakTopbl, CTUMYIUPYOIINE a/TH-
norene3 (Adipogenic Stimulatory Factors, «Stem Cell
Technologies Inc.», Kanana). HanpasneHHOCTS 1 CTEIEHD
1uhGepeHIUPOBKHU KIICTOK B aTUIIOT€HHOM HaIlPaBJICHUN
OLICHUBAJIM TI0 HAKOTIJICHUFO BHY TPUKJICTOYHBIX HEUTPaTb-
HBIX JIMITHA0B, TO3UTHBHO okpamuBaromuxcs Oil Red O
WJIM HUJIBCKUM KPaCHBIM.

Hccnenosanne nMmyHodeHotuna Gudpobdiacto-
MOTOOHBIX KJIETOK 4-T0 maccaxa (puc. 1), BBIIEICHHBIX
13 KOCTHOTO MO3ra U J€pMBbI B3pOCJIOTO YeJI0BeKa, IIOKa-
3a110, uTo 60s1ee 90% KIIETOK B KyJIbTypax 3KCIIPECCUPO-
Banu mapkepsl MCK (CD29, CD73, CD90, CD105).

[pu naaykuun MCK-KM u MCK-/] B aaumoreHHOM
HAITPaBICHUH OTMEYAIIOCH HAKOTIICHHE BHY TPHKIICTOUHBIX
JIMIIKAIOB, O3UTHBHO okpamuBatomuxcs Oil Red O.
ITocne 21 cyTok KyabTUBUPOBAHUSA B OCTEOT€HHOM cperie
KJICTKH U3 00OUX MCTOYHUKOB XapaKTePU30BAIIIChH JKC-
mpeccuei menodHoi ¢ocdarassl, mpu 3ToM HabIOMA-
JIaCh MUHEPAJIN3allKs BHEKJIETOYHOTO MaTpUKCa, TI03H-
THBHO OKPAIIIMBAIOIIETOCS HUTPATOM cepedpa o METOy
von Kossa. 91y faHHbIe NOATBEPKAAIOT IPUHAIIEKHOCTh
HCCIIEIOBAHHBIX KYJIBTYp KieTok kK MCK.

IIpouecc unkancynsuuu MCK B anbruHaTHbIe MUKpPO-
cdepbl He BIMAN Ha >KU3HECIIOCOOHOCTH KieTok. [Ipu
JaJIbHEHIIeM KyJIbTUBUPOBAHUHU B aJIbI MHATHBIX MUKPO-
chepax KIETKH COXpaHSUIA OKPYTIyr0 GopMy U HE TIpo-
nrQepupoBaT HE3aBUCHMO OT TKaHH-ucTo9HIKa MCK.
[Ipu aTom xu3HecniocobHocTh MCK, omieHeHHas ¢ uc-
nons3oBaHueM MTT-Tecta U ABOMHOIO OKpAalIMBaHUS
®JIA/9B, coxpansutack Ha ypoBHe 80—90%.
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lation of intracellular lipids, positively stained with Oil
Red O. After the 21* day of culturing in osteogenic medi-
um the cells of both sources were characterized by ex-
pression of alkaline phosphatase, herewith mineralization
of intracellular matrix, positively stained with argentic
nitrate according von Kossa was observed. These data
confirmed that the investigated cell cultures belonged to
MSCs.

Encapsulation of MSCs into alginate microspheres
did not affect cell viability. During further culturing of
MSCs in alginate microspheres, cells preserved their
round shape and did not proliferate, independently of
the tissue source of MSCs. The viability of MSCs as-
sessed by MTT-test and double staining with FDA/EB
was preserved at the level of 80—90%.

And vice versa culturing of BM MSCs and dermal
MSCs within the macroporous alginate scaffolds resulted
in proliferation of the cells. MSCs filled the pores and
distributed through the whole volume of the carrier.
Furthermore the proliferation assessed by AB did not
significantly differ from the indices obtained during mo-
nolayer culturing of cells.

The adipogenic induction of cells, cultured as mo-
nolayer and within the alginate microspheres and macro-
porous alginate scaffolds, resulted in accumulation of
intracellular lipids, stained positively by Oil Red O and
Nile Red (Fig. 2).

Thus, the presented results demonstrate the promise
of using 3D bioengineered constructs based on MSCs de-
rived from human adult bone marrow and dermis, as
well as alginate carriers for the engineering of adipose
tissue.

problems
of cryobiology

Vol. 22, 2012, Ne2



Hanpotus, npu KyJasTHBHPO-
Baunu MCK-KM u MCK-/] B tiu-
POKOMIOPUCTHIX aJIbIUHATHBIX
ckaddoamax KICTKH Tpoiude-
pUPOBANIH, 3aMOJHSIS MOPHI U
pacnpeenssach 1o Bcemy oone-
My Hocurens. [Ipy 5ToM ypoBeHb
nponudeparmu no AB nocrosep-
HO HE OTJINJAJICS OT IIOKa3aTeyICH,
MOJIYYCHHBIX TIPH MOHOCIOHHOM
KyJIBTHBUPOBaHHUU KICTOK.

WHykims KIeToK, KyJI6TUBH-
POBaHHBIX B BHIE MOHOCIOS, a
TaK)Ke B COCTaBE aJbTHHATHBIX
MUKpOC)Eep U MIHAPOKOTIOPHCTHIX
QIBbIMHATHBIX CKah(OIIIOB B a1~
MMOTCHHOM HAIPaBJICHUH [TPUBO-
JIMJIa K HAKOTUICHHIO B HUX BHYT-
PHKJICTOYHBIX JIUITUIOB, KOTOPHIE
okpamuBanuck Oil Red O win
HWJIBCKUM KpacHbIM (puc. 2).

MoHocrnonHas
KyrnbTypa

AnbrnHaTHble
MuKpocdepbl

Takum oGpasom, mpeacTas-
JICHHBIE PEe3YyIbTaThl JEMOHCT-
PHUPYIOT MEPCICKTUBHOCTH TPH-
MEHEHUSI TPEXMEPHBIX OMOMHIKE-
HEPHBIX KOHCTPYKIIHMIA Ha OCHOBE
MCK KOCTHOTO MO3ra U KOXHU
B3POCIIOTO YEJIOBEKa, a TaKKe
AIIETUHATHBIX HOCHUTENEH JUIs
WHXEHEPUH KUPOBOU TKaHHU.

ckadpcbonabl

Monolayer culture

Alginate microbeads

LLinpokonopucTele

Macroporous scaffolds

MCK-KM
MSCs of BM

MCK-O
dermal MSCs

Puc. 2. Anunorennas nuddepennuposka MCK-KM u MCK-/] npu moHo-

CITOWHOM KYJIBTHBHPOBAHHUH, & TAK)KE B COCTaBE aIbTHHATHBIX MHKpoOchep u
IIMPOKOTIOPHCTHIX cKaddorios.

Fig. 2. Adipogenic differentiation of BM MSCs and dermal MSCs in monolayer
culture, as well as in alginate microbeads and macroporous scaffolds.
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