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Differentiation of Cryopreserved Bone Marrow
Stromal Cells in Alginate Microcarriers

MeszeHxumanbHble CTPOMasbHbIE KIETKH KOCTHOTO
Mosra (MCK KM) criocoOHBI K MyIbTUIMHEHHOM
nuddepeHIupoBKe in Vivo W in Vitro IO JeicTBUEM
OTIPE/ICICHHBIX CUTHANBHBIX BemecTB. biaromaps
atoMy cBoiicTBy MCK KM SBISIOTCS IEHHBIM
HCTOYHUKOM HH(MOpManuu npu pacumdpoBke Mexa-
HU3MOB KJIETOYHOW CIIEIIHATU3AIIH, TEPCIIEKTHUBHBIM
00BEKTOM 3aMECTUTENILHOM U pereHepaTuBHON MeIn-
LHUHBI, a TaK)K€ KOMIIOHEHTOM OMOMH>KEHEPHBIX
KOHCTPYKIIMI, TPOTOTUIIOB UCKYyCCTBEHHBIX OPIaHOB U
TKaHEH B TKAHEBON MHKEHEPHH.

Knaccuuecknil MeTon KyJIbTUBUPOBAaHMS ajare-
3UBHBIX KJIETOK — MOHOCJIOIHAsI cucTeMa, B KOTOPOH
KJIETKH OPUEHTHPOBAHbI B IBYXMEPHOM IIPOCTPAHCTBE,
TOTZa KaKk B OpraHW3Me€ OHH UMEIOT TPEXMEpPHYIO
OpHEHTANHIO. YCTAaHOBIIEHO, YTO TPEXMEpPHAs CHC-
TeMa KyJbTHBHPOBAHHS 00eCIIeunBaeT Oojee ecTecT-
BEHHBIE YCIIOBHSI ISl KIIETOK IO CPaBHEHUIO C TPAIH-
[IMOHHOI MOHOCIIONHOM KynbTypoi [5—7]. OxHoit u3
HanboJiee MPUBIEKATEIbHBIX MOJENEH I TpeX-
MEpHOTO KYJIbTUBHPOBAHUS SIBJISIOTCS aJbIMHATHBIC
MUKPOHOCHUTEIH.

ATNBrUHAT HATpUSA — JMHEWHBIA IOJHMCaxapul,
cocrosinmii u3 3-D-mManypoHOBO# 1 O-L-TymypoHOBO#t
KHCJIOTBI, PaCTBOPUMBII B BOIHBIX WM Oy(epHbIX
coJIeBbIX pacTBopax. KiieTku, BHECEHHBIE B pacTBOD
JIbIMHATA HATPHSI, MOTYT OBITh TOMOTEHHO pacrpe-
JeJeHBl B CYCIICH3WH. ANBIMHAT HATPHUS TOJHMeE-
pu3yeTcs B MPUCYTCTBHU MOHOB KaJbIus, Oapus,
Martus, 00pasys MopucCThIX ruaporens. Pasmep mop
THJIPOTEINS MO3BONSET MUPGYHAUPOBATH KHCIOPOY,
MIUTATEeIFHBIM BEIIECTBAM, CUTHAJIBHBIM MOJIEKYJIaM,
HO MpPENsATCTBYET MPOXOKIACHUIO 0oJiee KPYMHBIX
MOJIEKYJ (HampuMep, UMMYHOIJIOOYJIIMHOB), YTO
obecreynBaeT IMMYHOJIOTHUECKYIO 3aIUTY HHKAIICY-
JUPOBAHHOTO B MUKPOHOCHTENb OMOIOTHYECKOTO
Marepuaia. AJbrHHATHBIA THAPOrelb obiagaer
JOCTAaTOYHOM MEXaHW4YECKOM MPOYHOCTHIO U CII0COOCH
JerpaupoBaTh B OpraHu3Me uesoBeka 6e3 oOpaso-
BaHHA TOKCHYECKUX MPOAYKTOB.
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Bone marrow mesenchymal stromal cells (BM
MSCs) are capable for in vivo and in vitro multilinear
differentiation under certain signal substance effect.
Due to this property BM MSCs are the valuable
information source in decoding cell specialisation
mechanisms, a perspective object for substitutive and
regenerative medicine, as well as a component of
bioengineered constructions, prototypes of artificial
organs and tissues in tissue engineering.

The monolayer system, where cells are oriented in
2D space, is the standard culturing method for adhesive
cells, meanwhile they are 3D-orientated in an organism.
The 3D culturing system was established as providing
more natural conditions for cells than the standard
monolayer culture [5-7]. One of the models for 3D
culturing is alginate microcarriers.

Sodium alginate is a linear polysaccharide, com-
prising 3-D-mannuronic and 0-L-hyaluronic acids, so-
luble either in aqueous or buffer saline solutions. Cells,
introduced into sodium alginate solution may be homo-
geneously distributed in suspension. Sodium alginate
is polymerised at calcium, barium, magnesium ion pre-
sence with porous hydrogel formation. Hydrogel pore
size enables a diffusive process of oxygen, nutritive
substances, signal molecular but prevents passage of
larger molecules (immunoglobulins, for example), that
provides an immunological protection for biological
material, encapsulated into microcarrier. An alginate
hydrogel is quite a solid and capable to degrade in
human organism with no toxic product formation.

Multipotent stem cells are known as capable to lose
their unique properties (capability to self-renewal and
differentiated potential) as a result of either long-term
culturing or under stress factors [2—4]. It is of common
knowledge that cells are subjected to different physical
and chemical stress effects under cryopre-servation.
At the same time the question about the effect of
cryopreservation factors on BM MSCs properties
under culturing in 3D carriers has still remained
unstudied.
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N3BecTHO, YTO MYJIbTHIOTEHTHBIE CTBOJIOBBIE
KJIETKA MOTYT yTpauMBaTh CBOM YHUKaJbHBIE CBOM-
cTBa (CIIOCOOHOCTH K CaMOOOHOBIIEHHUIO H U dhepeH-
LUPOBOYHBIN MMOTEHIMAI) B PE3YJIBTATE ATUTEIHHOTO
KyJbTUBHPOBAHMS WX IO BO3/IEHCTBUEM CTPECCOBBIX
¢axTopoB [2—4]. 3BecTHO, B X01€ KPHOKOHCEPBUPO-
BaHUS KJIETKU MOABEPraloTCsl pa3inuyHbIM (pHU3HKO-
XUMHUYECKHUM CTPECCOBBIM BO3JeHCTBUAM. [Ipn aTOM
BOIPOC O BIUSHUH (PaKTOPOB KPHOKOHCEPBUPOBAHUS
Ha cBoiictBa MCK KM mnpu KynbTUBHPOBaHUHU B
TPEXMEPHBIX MHUKPOHOCHUTEISIX OCTA€TCAd HEU3YyUeH-
HBIM.

Lens paboThI — Hcce0BaHNe BIMSHUS KPHOKOH-
CEPBHUPOBAHMS U JNINTENHHOTO XpaHEHHS Ha CIIO0C00-
Hoctb MCK KM k mynbrunuHeiinoit auddepenuu-
POBKeE NP KYJIBTHUBUPOBAHUH B COCTABE AT MHATHBIX
MUKPOHOCHTEIIEH.

Matepuarbl n meTOAbI

CrpomasbHbIe KJIETKH, MOJyYeHHbIE U3 KOCTHOTO
MO3Tra B3pOCIIOTo YeJI0BeKa, KyJbTHBUPOBAIHA B MOHO-
cnoe. [Tocie 2-ro maccaka KJIIETKH CHUMAJIH C KYJIbTY-
PaTBbHOTO IIIACTHKA U KPUOKOHCEPBHUPOBAIIN B KPHOTIPO-
oupkax oobemoM 1 mi mox 3amutoit 10%-ro AMCO
IMyTeM MEAJIEHHOTO 3aMOPaXUBAHHUS CO CKOPOCTHIO
1°C/mun 10 —80°C. KprokoHcepBrpOBaHHbIE 00pa3IIbI
XpaHWIN B KUJKOM a30T€ B TeUeHHE 9 MecsleB.
[ocne XxpaHeHus! KIETKU OTOrPEBaIN Ha BOJSHON OaHe
nipu 37°C 1 KynbTUBHPOBAIN B TEUEHUE 2-X MacCaken
B MOHOCJIOE.

CoxpaHHOCTH KJIETOK ONPEIEIISIIN M0 OKpallH-
BaHUIO BUTAJIBHBIM KPACUTEJIEM TPUIIAHOBBIM CHHUM.

[Io okoH4YaHUM 3Tama MOHOCJIONHOTO KYJIBTH-
BUPOBAHUS KIETKH CHHUMAIllH C KYJIbTYypPajlbHOTO
IJIACTHKA U TTepeBoIviIn B 1,2%-i pacTBOp anbruHarta
Hatpud (Sigma). [Ipu momomy criennaibHO CKOHCT-
PYMpPOBAaHHOM YCTaHOBKH CYCIIEH3HIO [TOKAIETFHO BHO-
CHJIH B PaCTBOP XJIOPHU/IA KAJTBIHS 1S TIONMMEPU3aIN
anprunata. [lomydyeHHbIe MUKPOHOCHTENTU OTMBIBAIIH
1 UCTIONB30BANIH IS JabHEHIITNX HKCIIEPUMEHTOB.

J7st ”HIYKIMUM aJJuIo- U XOHAPOreHHoH g depen-
LUPOBKHU KJIETKH B COCTaBE MHUKPOHOCUTENEH KyJib-
TUBUPOBAJIN B TEUCHHUE YETHIPEX HEICNb B CPEAax,
KOTOpPBIE COZEpXkaJli POCTOBBIE (PaKTOPBI, CTUMYIIHU-
pytouue agunorenes (Stem Cell Technologies Inc.) u
xouzporene3 (Cambrex). [Tocine KyabTHBUPOBaHUS
WHKAICYTMPOBaHHbIE KIIETKH PUKCUPOBAIH B (hopMa-
JIHE.

Anunoresnyio 1uddepeHIHPOBKY OLEHUBAIH 110
HAKOIUICHUIO HEUTPaIbHBIX JIUTHUJIOB, KOTOPBIE OKpa-
muBaiauck Oil Red O. Mapkep XOHAPOTeHHOU
muddepeHunpoBKky — KoyuiareH tuna Il — BeLBISIIM
METOZOM HENPSIMOH MMMYHO(]IIOOpPECEHIINH C HC-
0JIb30BaHUEM IIEPBUYHBIX MOHOKJIOHAJIbHBIX aHTUTEI
K kosareny tuna Il (Chemicon) 1 BTopu4HBIX Meue-
HeiX FITC-antuten (Dako). Mukpodororpaduu
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The research was aimed to study the effect of cryo-
preservation and a long-term storage on BM MSCs
ability for a multilinear differentiation under culturing
as a part of alginate microcarriers.

Materials and methods

Stromal cells, derived from adult human bone
marrow were cultured in a monolayer. After second
passage cells were removed from a culture plastic and
cryopreserved in 1 ml cryovials under 10% DMSO
protection via slow freezing with 1°C/min rate down
to —80°C. Cryopreserved samples were stored in a
liquid nitrogen within 9 months. After storage the cells
were thawed on water bath at 37°C and cultured during
2 passages into a monolayer.

Cell integrity was determined by staining with
trypane blue vital dye.

After finishing the stage of monolayer culturing,
we removed cells from a culture plastic and placed
into 1.2% sodium alginate solution (Sigma). Using a
specially designed device we introduced the obtained
suspension drop by drop into the calcium chloride
solution for alginate polymerisation. The obtained
microcarriers were washed out and used for further
experiments.

To induce the adipo- and chondrogenic diffe-
rentiation we cultured cells as a part of microcarriers
within 4 weeks in the media, containing growth factors,
stimulating adipogenesis (Stem Cell Technologies Inc.)
and chondrogenesis (Cambrex). After culturing the
encapsulated cells were formalin fixed.

Adipogenic differentiation was estimated by accu-
mulating the neutral lipids, stained with Oil Red O.
Chondrogenic differentiation marker: II type collagen
was revealed using the method of indirect immune
fluorescence with primary monoclonal antibodies to
the II type collagen (Chemon) and secondary labelled
FITC antibodies (Dako). Microphotos were taken using
Nikon digital phtotocamera with Carl Zeiss Jena
luminescent microscope.

Results and discussion

Stromal cells, derived from adult human bone
marrow after the 4™ passage were of normal fibroblast-
like morphology and MSCs-intrinsic phenotype [1].
Under 2D culturing they are capable to differentiate
into osteo- and adipogenic MSCs lineages [1]. Cell
viability after trypsinization and cryopreservation was
95+3 and 85+4%, correspondingly. Cryopreserved cells
were successfully adhered to culture plastic surface
and flattened. BM MSCs transfer into alginate
microcarriers (500—1000 mm) does not significantly
affect the cell viability. Cells in alginate microcarriers
were of roundish shape. During culturing in the
differentiation inducer-free medium the morphology of
encapsulated cells did not significantly change.
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Puc. 1. Arperanmus MCK KM B ajnbruHaTHBIX MHUKPO-
HOCHTEJISX IIPH KYJETHBHPOBAHUY B CpEie, HHAYIHPYIOIICH
xoHzaporenes, X200.

Fig. 1. BM MSCs aggregation in alginate microcarriers dur-
ing culturing in chondrogenesis-inducing medium, %X200.

nory4yensl nudpoBoii porokamepoit Nikon Ha moMu-
HUCLeHTHOM MuKpockorne Carl Zeiss Jena.

Pe3yAbTaThl M 00CyxaeHue

CrpoManbHBIE KIETKH, MTOIy9eHHbIE H3 KOCTHOTO
MO3Tra B3pOCJIOTO YeJI0BeKa rmocie 4-ro rnaccaxa, ume-
JIK HOpMaJibHY10 (udpo01acTono100Hy0 Mopdoio-
ruto, perorun, xapakrepusiit 111 MCK [1]. B ycio-
BHUSIX IBYXMEPHOTO KYJIFTUBUPOBAHHS OHH CITIOCOOHBI
UG GepeHIUPOBaThCS B OCTE0- M aIMITOT€HHOM Harl-
paBnennsx MCK [1]. XKu3HecnocoOHOCTh KIIETOK
rocJie TPUICUHM3AIMK cocTaBisa 95 + 3%, a mocine
KpuokoHcepBupoBaHus — 85 + 4%. Kprokoncepsupo-
BaHHBIC KJIETKH YCIICIIHO aJre3UPOBAI K MOBEPX-
HOCTH KyJBTYPaJbHOTO IUTACTHKA U PACIUIACTHIBAIIUCH.
ITepesogq MCK KM B anbruHaTHbIE MUKPOHOCUTETU
(500—-1000 MxMm) CyTIIECTBEHHO HE BITHSIT Ha JKU3HECTIO-
COOHOCTB KJIETOK. KJIeTKM B aJJbTMHATHBIX MUKPOHO-
CUTEISIX UMeNu OKpyriyto ¢opmy. Ilpu KynbTHBH-
pOBaHUU B cpejie 0e3 MHAYKTOPOB auddhepeHIInPOBKH
MOpGOJIOTHS HHKAIICYJTUPOBAHHBIX KJIETOK CYIIECT-
BEHHO HE N3MEHSIIACH.

N3BecTHO, 94TO B YCIOBUAX ABYXMEPHOTO KYJIBTH-
BHUpOBaHMs XoHAporeHHas auddepenunpoka MCK
KM npaktruecku He peanusyercs. B TeueHue nepBoit
HEJIeNIN KYJIETUBUPOBaHUS KPUOKOHCEPBUPOBAHHBIX
MCK KM B cocTtaBe MUKPOHOCHUTENIEH B cpelne,
HMHIYLHUPYIOLIEH XOHIPOTeHe3, 0TMEUEHO 00pa30BaHue
KJIETOYHBIX arperatoB pa3HbIX pa3MepoB u (HopM
(puc. 1). [Ipu ganpHEHIIIEM KyJIbTUBUPOBAHUHN pa3Mep
arperaToB YBEIMIUBAJICA, depe3 28 CYTOK OHU MO3H-
THBHO OKpallMBalIKNCh Ha KojutareH tuna II.

Knetku B cpene, MHAyUHUPYIOIIEH aaUNOTeHE3, C
TpeThell HeJenu KyJIbTHBHPOBAHUS HAKAILTMBAIH B
HHTPALEIUIIONIIPHOM IPOCTPAHCTBE HEUTPaIbHBIE JIU-
nuabl (puc. 2), koropsie okpamusaiuch Oil Red O. B
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Puc. 2. Haxonnenne HeHTpaIbHBIX JIMIUIOB B &JIbIMHATHBIX
MUKPOHOCHUTEIISIX MPU KYJIBTUBUPOBAaHUMU B Cpelle, UHAY-
nupyouei agunorenes, X200.

Fig. 2. Neutral lipid accumulation in alginate microcarriers
during culturing in adipogenesis-inducing medium, x200.

Under 2D culturing the BM MSCs chondrogenic
differentiation is known as not practically realised.
During first culturing week of cryopreserved BM
MSCs as a part of microcarriers in the medium, indu-
cing chondrogenesis, the formation of cell aggregates
of different sizes and shapes was noted (Fig. 1). During
following cultivation the aggregate size increased, 28
days later they were positively stained for II type colla-
gen.

Cells in adipogenesis-inducing medium from the
third culturing week accumulated in an intracellular
space the neutral lipids (Fig. 2), stained with Oil Red
O. During culturing the size of vesicles, comprising
neutral lipids, increased.

Conclusions

Cultured mesenchymal stromal cells of bone mar-
row, subjected to a slow freezing, long-term storage in
liquid nitrogen and thawing, preserve the capability of
chondro- and adipogenic differentiation under 3D
culture conditions as a part of alginate microcarriers.
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X0Jl¢ KyJIbTUBUPOBAHUA pa3Mep BE3UKYJ, COIEp-
KAIIUX HeUTpaIbHbIE INTTUABI, YBEITUIABAJICS.
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