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During 3D Culturing Within Scaffolds of Different Origin*

TkaHeBas MHKEHEPHUS — MEXIUCUUIUIMHAPHOE Ha-
npaBiieHHe OMOTEXHOJOTHH, OCHOBAaHHOE Ha MPUHLIUIIAX
OHMONIOTUH, XMMUHU, MEIUIIUHBI, TEXHUUECKHUX HayK U Ha-
TIPaBJICHHOE Ha CO3/IaHUE in Vitro OUOJOTHUECKUX SKBU-
BaJICHTOB JIUISI BOCCTAHOBJICHUS | ITOJICPKAHUS (PYHKIIUN
TKaHeH Wi opraHoB. JlaHHOE HanpaBJiIeHUE BKIIOYAET B
ce0s1 HECKOIBKO OCHOBHBIX COCTABJISIOIINX: BEIOOD OHO-
COBMECTHUMBIX HOCHTEJICH, CIIOCOOCTBYIOIUX a/Ile3UH,
npoiudepanu U nuhHepeHIIUPOBKE KIETOK, a TaKKe
BBIOOD aIeKBAaTHOT'O THUIIA U UCTOYHMKA KIIETOK [1].

B nmanHoit paboTe npoBeIeHO H3Y4YCHUE CBOMCTB Me-
3eHXMMAaNbHBIX cTpoMaibHBIX KieTok (MCK) npu MmoHO-
CIIOMHOM U 0OBEMHOM KYJIETUBHPOBAHHH B COCTABE TPEX-
MEPHBIX MaTPUL-HOCUTEIICH PA3TUYHON IPUPOIBL.

B pabote ncons3oBanmu MCK, BeIZIeTICHHEIE U3 pa3-
JIUYHBIX WCTOYHUKOB. McciaenoBanus ObLIH 0100pEHBI
buostrueckum komurerom UTTKuK HAH VYkpauns.

KynpTHBUpOBaHUE KJIETOK MPOBOJUIU B cpeje
0o-MEM («Sigmay, CIIIA), nonostnerHo# 10% 3MOpro-
HabHON CHIBOPOTKU (DC) KPOBU KPYIHOTO POTraToro
ckora («buonor», Poccus), 2 MM L-rmioramuna,
50 e./MJ1 MEHUIMILIMHA U 50 MI/MJT CTPENTOMHIIMHA TIPH
37°C, 5% CO, u 95% BIaXHOCTH.

MeTaboaruecKyro 1 Npor(epaTiBHY 0 aKTHBHOCTD
KJICTOK OILICHUBAJIH C UCTOJb30BaHueM Alamar Blue- u
MTT-tecToB.

NmmyHO(DeHOTHITHYECKUE HCCITEIOBAHNS TIPOBOIAIA
METOJIOM TPOTOYHOH ITUTOMETPUHU MPH OKpaIIWBaHUU
kierok Ha CD29, CD34, CD73, CD90, CD105.

J1s MHAYKIHU OCTEOreHe3a MPUMCHSIIH Cpeay
a-MEM, conepxasuryto 10% 3C, 0,1 MxkM nexcamera-
30Ha, 0,05 MM ackopOuHOBOH KHCIOTHI, 10 MM TomIe-
pondochara. OcTeoreHes BhISBIISIIN MO SKCIIPECCHH IIe-
nouHOM (hocdaraspl M HATMUNIO MUHEPAITH3AIUY BHEKJIC-
TOYHOT'0 MaTpukca (okpamuBanue 1Mo von Kossa).
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Tissue engineering is an interdisciplinary field of bio-
technology based on the principles of biology, chemistry,
medicine and technical sciences, and is directed to the
development of biological equivalents in vitro to recover
and maintain the functions of tissues and organs in vivo.
This direction includes several basic components: the
selection of biocompatible carriers enabling cell adhesion,
proliferation and differentiation as well as selection of
adequate type and source of cells [1].

This research was directed to the assessment of the
properties of mesenchymal stromal cells (MSCs) during
2D and 3D culture within scaffolds of different nature.

The investigation was performed using MSCs iso-
lated from different sources. The studies were appro-
ved by the Committee on Bioethics of the Institute for
Problems of Cryobiology and Cryomedicine of the Na-
tional Academy of Sciences of Ukraine.

Cell culturing was performed in a-MEM (Sigma,
USA) supplemented with 10% fetal bovine serum (FBS)
(Biolot, Russia), 2 mM of L-glutamine, 50 units/ml of
penicillin and 50 mg/ml of streptomycin under 37°C,
5% CO, and of 95% humidity.

Cell metabolic and proliferative activity was assessed
by Alamar Blue- and MTT-tests.

Immunophenotypic analysis was carried-out by flow
cytometry with staining the cells for CD29, CD34, CD73,
CD90, CD105.

Induction of osteogenesis was made in a-MEM
medium containing 10% FBS, 0.1 mM of dexamethaso-
ne, 0.05 mM of ascorbic acid, 10 mM of glycerol-phos-
phate. Osteogenesis was revealed by expression of alka-
line phosphatase and presence of extracellular matrix
mineralization (staining according to von Kossa method).

Adipogenesis induction was prepared in 0-MEM me-
dium with 0.5 mM of 3-isobutile-1-methyl-xanthine,
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WHnyknumio agumorenesa npoBoawiy B cpesie 0-MEM,
conepxaieid 0,5 MM 3-u300yTHII-1-MeTHII-KCAaHTHHA,
1 MmkM nekcameraszona («Sigma-Aldrich», CIIIA),
10 mxr/mut uacynmuHa ¥ 100 MKM uHIOMeTaHa («Sig-
ma-Aldrich»). Aaunorennyo muddepeHIUPOBKY KIETOK
OTpENEsUIN MO0 HAKOIUIEHUIO BHYTPUKIIETOYHBIX HEUT-
panpHbIX Tunua0B (okpamuBanue Oil Red O n HUIBCKUM
KpacHBIM).

XoHzporeHHY0 UG PEPCHIMPOBKY MPOBOAMIIH MOCIIE
MepeBojia KIETOYHON CYCIICH3UH B IUIOTHBIM 0CaJ0K U
MOCJICAYIOMIETO €T0 KYJIbTUBUPOBAHUS B MPUCYTCTBUU
TGF-B3 (10 ur/ mn).

B kauecTBe TpeXMEpHBIX HOCHTENEH HCIOJIB30BAH
IIMPOKOIIOPHCTHIE KPHOTEJIEBBIE CKa (oI Ha OCHOBE
anprunara u araposs (MH2OC PAH, Mockaa), yriepon-
HBIE BOJIOKHA Ha OCHOBE KaTAJIUTUYECKHUX OCAJIKOB yIJIe-
pona (HHL «Xd®TW», Ykpauna), a TaKke KOMIO3UTHBIE
OCTEOKOHJYKTHBHbIE MaTepualbl HA OCHOBE I'MJIPOKCH-
anaruta «Komnamon» («ITomuctom», Poccus), «Ctumyn-
Oce» («benkozun», Poccust), «Bio-Oss®» («Geistlichy,
Tepmanus) n «OssaBase®-HA» («(LASAK Ltd.», Hem-
CKasl pecryOuKa).

IIpu kynerusupoBanuu MCK B cocTaBe IIUPOKOIO-
PHUCTBIX KPHOTEJIEBBIX CKa(QOII0B HA OCHOBE arapo3sl
WIN anbIHHATa aire3usl KIeTOK He HaOIonanachk, 4To
moTpe6oBaIo MOTU(PHUKANNN TPEXMEPHBIX MaTpull. Mc-
MOJIB30BAITH 2 METOAa MOANGMUKAIINK HOCUTENIEH — MeXa-
HUYECKOE BBEJICHUE B COCTaB HOCUTENEH JkenaTnHa 100
XUMHYECKOE MPUCOEANHEHNE KeJTaTHHA K TOBEPXHOCTH
HOpP HOCUTENSL. YCTAHOBIIEHO, YTO MEXaHUYECKOE BBEIC-
HUE )KeJIaTHHA He BIMSJIO Ha aJire3UBHbIE CBOMCTBA MaT-
PHLBL, KIETKH (QOPMHUPOBAIIH arperatsl U He Ipoaudepu-
poBanu. B TO e BpeMs XMMHUYECKOE MPHUCOCIUHCHIE
KeJIaTHHA K TIOBEPXHOCTSIM ITOp HOCHUTEIICH 3HAYNTEIIEHO
YIyUIIaIo UX afre3UBHBIC CBOHCTBA — KJIETKH pactiac-
TBIBAJIMCH U IPONTU(EPUPOBATH B 00bEME HOCUTEIICH, TpH
3TOM HpoJU(epaTHBHBIE CBOWCTBA HE OTIUYAINCH OT
MOHOCJIOMHOM KyNbTYpHl [2, 3]. lanbHel1ue ucciienosa-
Hus nokaszanu, 4to MCK coxpaHsIoT ciocoOHOCTB K Ha-
MpaBICHHOM (P PEepEeHIUPOBKE B ATUIIO-, 0CTEO- U XOH-
POTCHHOM HAIPaBICHHUAX MPU 0OBEMHOM KYIBTUBUPO-
BaHUU B COCTaBe MOAU(UIMPOBAHHBIX LIUPOKOIMOPUC-
TBIX aJIbTMHATHBIX MaTpHIL [2], @ TaK)Ke CIIOCOOHBI K a1~
MOTeHHOH AN PepeHIIMPOBKE B COCTaBE MATPHII Ha OC-
HOBE arapossl [3].

OTnenpHast ceprs KCIIEPUMEHTOB OBLIa IPOBEICHA
JUTSL OLIEHKY OMOCOBMECTHMOCTH ¥ a[IT€3UBHBIX CBOMCTB
OCTEOKOHIYKTUBHBIX HOCHTEINICH Ha OCHOBE THAPOKCH-
amaturta u kojutareHa «Komamomy, «Ctumyn-Ocey, «Bio-
Oss®» u «OssaBase®™HA». BoisiBneno, uto ryoku «Kosma-
o, rpanyiisl «OssaBase®-HA» u «Bio-Oss®™»He Brausuiu
Ha XXU3HECTIOCOOHOCTh U METa0OIUYECKYIO aKTUBHOCTh
MCK, a ry0ku «Ctumyi-Occ BbI3BIBAJIH I€T€HEPATUB-
HbI€ U3MEHEHHS B KJIETKaX IPU COBMECTHOM KYyJIbTHUBHU-
poBanuu. Ilpu 3acenenun rybox «Komamom», rpanyin
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1 mM of dexamethasone (Sigma-Aldrich, USA), 10 g/ml
of insulin and 100 M of indomethacine (Sigma-Aldrich).
Adipogenic differentiation was revealed by accumulation
of intracellular neutral lipids (staining with Oil Red O
and Nile Red).

Chondrogenic differentiation was performed after
sedimentation of cell suspension and following culturing
with TGF-3 (10 ng/ml).

As 3D scaffolds the macroporous alginate and aga-
rose cryogel scaffolds (A.N. Nesmeyanov Institute of
Organoelement Compounds of Russian Academy of
Sciences, Moscow), carbon fibers based on carbon cata-
lytic deposits (National Science Center Kharkov Institute
of Physics and Technology, Ukraine) as well as the com-
posite osteoconductive materials based on hydroxyapa-
tite: Kolapol (Polistom, Russia), Stimul-Oss (Belkozin,
Russia), Bio-Oss® (Geistlich, Germany), and OssaBase®-
HA (LASAK Ltd., Czech Republic) were applied.

Culturing of MSCs in macroporous agarose and algi-
nate cryogel scaffolds did not result in cell adhesion,
determining the necessity for the modification of 3D
matrices. Two methods of scaffold modification were
applied: mechanical introduction of gelatin into carriers
or chemical coupling of gelatin to the carrier pore surface.
It was established that mechanical introduction of gelatin
did not affect the adhesive properties of the matrix, the
cells formed aggregates and did not proliferate. At the
same time the chemical coupling of gelatin to the pore
surfaces of the carriers significantly improved their
adhesive properties: the cells flattened and proliferated
inside the scaffolds, thereat the proliferative properties
did not differ from MSCs during the monolayer culture
[2, 3]. Further investigations showed that MSCs pre-
served the ability to a directed differentiation towards
adipo-, osteo- and chondrogenic lineages during 3D cul-
turing inside the modified macroporous alginate matrices
[2] as well as they were able for adipogenic differentiation
inside agarose-based matrices [3].

Separate set of the experiments was performed to
estimate biocompatibility and adhesive properties of
osteoconductive carriers based on the hydroxyapatite
and collagen: Colapol, Stimul-Oss, Bio-Oss®, OssaBase®-
HA. We have revealed that the sponges Colapol, granules
OssaBase®-HA and Bio-Oss® did not affect the viability
and metabolic activity of MSCs, however the sponges
Stimul-Oss caused degenerative changes in the cells
during co-culturing. Under culture inside the sponges
Colapol, granules OssaBase®-HA and Bio-Oss®™ the MSCs
attached to the carrier’s surface, flattened and proliferated
during culturing, that testified to the perspective of ap-
plication of these materials for development of bioengi-
neered constructs using MSCs to recover bone defects
in maxillofacial surgery and dentistry.

Appication of carbon materials as 3D carriers for
mesenchymal stromal cells is promising for tissue engi-
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OssaBase®-HA u Bio-Oss® MCK npukperuisiiucs K mo-
BEPXHOCTSIM HOCHTEJISI, PACIUIACTHIBAIIUCE U IPONU(EepH-
POBaJU B X0J1€ KYJIbTUBUPOBAHUS, UTO CBUAETEIbCTBOBA-
JI0 0 MEPCIEKTUBHOCTY MIPUMEHEHUS 3TUX MaTEpPHAIIOB
JUisl pa3pabOTKU OMOMHXKEHEPHBIX KOHCTPYKIMH € HC-
nonb3oBaHreM MCK 111 BocCTaHOBIEHUSI KOCTHBIX Je-
(hEeKTOB B UEITIOCTHO-TULIEBON XHUPYPIHU U CTOMATOJIOTUH.

Hcnonb3oBaHue yriepoaHbIX MaTEpUAIIOB B KAYECTBE
TPEXMEPHBIX HOCHUTEICH I ME3CHXMMAIBHBIX CTpPO-
MaJIBHBIX KJIETOK SIBJISICTCS IIEPCTICKTUBHBIM JJISI TKAHE-
BOI MH)KEHEPUU KOCTHOM WIH XPAILIEBON TKaHU, OJHAKO
nioBezieHue U cBotictBa MCK nipu 00beMHOM KYJIBTHBUPO-
BaHUHM B COCTaBE YITICPOIHBIX CKa(pQOII0B M3yUCHBI
HEJJOCTAaTOYHO. B Hammx sKcIiepruMeHTax 1Mo KyJIETHBUPO-
BaHHI0 MCK Ha yrnepoaHbIX BOJOKHAaX HAa OCHOBE KaTa-
JUTUYECKUX OCAJKOB yIlepoJa KIeTKU aAre3UpoBal K
MOBEPXHOCTSIM BOJIOKOH, PACIIIIACTHIBAINCH U IIPOIHpe-
pupoBaiu, GopMupyst MeMOpaHbI MeX Ty OJIU3IIEKALH-
MU BontokHaMu. [Tocne npoBeneHys HanpaBIeHHOM XOHA-
porennoii muddepernmporku MCK ObLIO BBISIBIIEHO Ha-
KOIUIEHHE BHEKJIETOYHOTO MaTpPUKCa, MOSHTUBHOTO II0
OKpacKe albIMaHOBBIM CHHHM. Takum o0OpaszoM, yrie-
POAHBIC BOJIOKHA HA OCHOBE KaTAJHUTUYECKHX OCAIIKOB
yrepoaa SBISIOTCS OHOCOBMECTUMBIM TI0 OTHOIICHUIO
k MCK marepuaiiom, No3BOJISIONIMM 00ECTICUUTh ajre-
3M10, IPONH(epaIyio, pacipeaeieHie U HHIYIUPOBaH-
HyI0 M (epeHINPOBKY KIETOK B TPEXMEPHOM HOCHTENE,
YTO CBUJICTENBCTBYET O IEPCHEKTUBHOCTH €TI0 UCIIOJIB30-
BaHHUs B TKAHEBOU HHXeHepuH [4].

OtHUM M3 BaKHEWIINX 3TAIOB CO3JIaHUs OMOMHKe-
HEPHBIX KOHCTPYKIIUI SIBISETCS BEIOOP METO/Ia 3aCENEHUS
TPEXMEPHOTO HOCUTENS KJIETKAMHU, TIOCKOJIbKY O0COOCH-
HOCTH paclpejiesieHHs] KIEeTOK Mo 00beMy MaTpUIlbl B
JaTbHENIIIEM ONPEAeISIIOT YCTICITHOCT (POPMUPOBAHUS
MOJTHOIICHHOW TKaHW. Hamu OBIJIO MpoBeseHO CpaBHH-
TEJIbHOE UCCIIE0BAaHUE JIOKAIU3ALMU, PACIIPENEICHHUS,
MeTabO0INIeCKONH aKTUBHOCTH 1 TIOBEPXHOCTHBIX CBOHCTB
MCK mpu craTnueckoM U neppy3nOHHOM 3aCEICHUN
IIMPOKOIIOPUCTHIX aTbIMHATHBIX KpHoresei. st BhIomn-
HeHus iep(y3UOHHOT0 METO/Ia 3aCENEHHS HCTIONb30BaIU
2 wmnpuna o0beMoM 1 MII, COETUHEHHBIX MEXy cOO0i
3JIACTUYHOH IIACTUKOBOM TpyOKoil. B ouH U3 mnpuion
MOMeILAJIU TIOPUCTBIN abIMHATHBIN HOCUTEIb, TUAMETP
KOTOPOTO COBMAJal ¢ BHYTPEHHUM JUaMETPOM LITNPHULIA.
Bo BTOpOI#i MIMpHI NOMELAIH CYCIEH3HUIO KIETOK, OCIIEe
YEro IMyTeM II00YEPEAHBIX MATKUX MOCTYIIaTeIbHO-BO3B-
PaTHBIX TYPOB IOPIIHEH MIMTPUIIOB MEJICHHO HACHIIIAIH
HocuTeNb KieTkamu [ 5]. [Ipeanoxennas nephy3noHHas
cucrema 3acenenuss MCK B mmpokonopucTsie TyOKH Ha
OCHOBE aJBTMHATHOTO KPHOTEISI TI03BOJISUIa OBICTPO M
PaBHOMEPHO PaCHpEeAEIUTh KIETKH 0 BCEMY 00BEMy
HOCUTENS, COXPaHsAs MIPU 3TOM UX (DYHKLIUOHAbHBIE U
Mop¢hoaorudeckue CBOHCTBA.

Takum o6pazom, B paboTe paccCMOTPEHbI MpoiaHde-
paTtuBHO-IU(HEepeHIUPOBOYHBIE CBOWCTBA ME3EHXH-
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neering of bone and cartilaginous tissues, but the be-
havior and properties of MSCs during 3D culturing
within carbon scaffolds have been studied insufficiently.

During the culturing of MSCs on carbon fibers based
on the carbon catalytic deposits the cells adhered to the
fibers surfaces, flattened and proliferated forming the
membranes between neighboring fibers. After perfor-
ming the directed chondrogenic differentiation the accu-
mulation of extracellular matrix positive by alcian blue
was revealed. Thus the carbon fibers based on carbon
catalytic deposits are biocompatible with MSCs materials
that can provide the adhesion, proliferation, allocation
and induced differentiation of cells inside the 3D carrier
that attests its prospect application in tissue engineering
[4].

One of the most important stages in the development
of bioengineered constructs is the selection of method
for seeding cells to the 3D carriers, since the peculiarities
of cell allocation within the matrix volume determine
the success of following formation of functional tissue.
The comparative study of localization, allocation, meta-
bolic activity and surface properties of MSCs after their
static and perfusion seeding to macroporous alginate
cryogels was prepared.

The perfusion seeding was performed using two 1 ml
syringes connected together with elastic plastic pipe.
One of the syringes contained porous alginate carrier,
with diameter equal to the inner diameter of the syringe.
The cell suspension was supplied from the second syrin-
ge to slowly enrich the carrier with cells by repeated
mild back-and-forward syringe plunger movements [5].
The suggested perfusion system for seeding of MSCs
into macroporous alginate cryogel sponges enabled the
rapid and homogeneous allocation of cells within the
whole volume of a carrier preserving their functional
and morphological properties.

Hereby this investigation outlined the proliferative-
differential properties of mesenchymal stromal cells du-
ring 3D culturing inside the carriers of different structure
and nature as well as demonstrated several methods of
the improvement of 3D culturing technique. These data
may serve as the basis for the development of different
tissue bioequivalents utilizing tissue engineering ap-
proaches.

The investigation was supported by the grant of
President of Ukraine for young scientists Nr. GP/F36/123.
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MAaJIbHBIX CTPOMAIIBHBIX KJICTOK ITPH 00bEMHOM KYJIBTH-
BHPOBAHMHU B COCTaBE TPEXMEPHBIX HOCUTEIICH pa3ind-
HOU CTPYKTYPbI U IPUPOJIBL,  TAKXKE OIIMCAHbI HEKOTOPBIE
METOANYECKUE IPUEMBI, TO3BOISIONINE COBEPIICHCTBO-
BaTh TEXHUKY 00bEMHOTO KyIbTUBUPOBAHUSL. ITH JaHHBIE
MOTYT IOCIY>KUTb OCHOBOH JU1s pa3pabOTKU OMOIKBUBA-
JICHTOB Pa3IMYHBIX TKaHEH C UCTIOIb30BaHUEM MOJXOI0B
TKaHEBOM MH)KEHEPHU.

Hannoe uccredosanue npogedeHo npu noooepiucke
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