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Cryosensitivity of Mesenchymal Stromal Cells
Encapsulated in Alginate Microbeads

TpexmepHOe KyIETHBUPOBAHHE ME3CHXUMAIIBHBIX CTpoMaiibHBIX KieToK (MCK), HHKaICyTMpOBaHHBIX B alIbIMHATHBIE MUKpOCheEphI,
SIBJISICTCSI IEPCIIEKTHBHBIM HAIIPABJICHUEM KIICTOYHOM OMOJIOTHY ¥ TKAHEBOI MH)KEHEPHH, UTO OIpeesseT HeoOX0JMMOCTb pa3paboTKH
METOZOB MX HHU3KOTEMIEpaTypHOro KOHCepBHpOBaHus. B paboTte moka3ana BO3MOXHOCTh kprokoHcepBuposanus MCK B cocrase
aJbIMHATHBIX MUKpOcdep myTeM MeaieHHoro 3amopaxuBanus non 3amurtoi IMCO. Cpauutensuoe usyueHne MCK B cocraBe
aJIbIMHATHBIX MUKpOC(ep U B BUE CYCIIEH3UH OJMHOYHBIX HEMHKAIICYJIMPOBAHHBIX KJICTOK TP KPUOKOHCEPBUPOBAHUH I10] 3aLUTOM
10% JAMCO He BBIIBUJIO CYIIECTBEHHBIX PAa3IH4Mil UX KPUOUYBCTBUTEJIBHOCTH, a B MPUCYTCTBUU 5% OHU MMeNH Oojiee HU3KUE
HOKa3aTeJH )KU3HECIIOCOOHOCTH. 3HAUCHHSI COXPAHHOCTH M METa00JIMYECKOM akTUBHOCTH Hociie Kpuokoncepsuposanus MCK B cocrase
aJbrMHATHBIX MUKpocdep yBenununBaiuch npy nosbimennu konuentpanun JIMCO c S o 10%. Maunuanus KpucTaauii3anuy B Xoue
MEIJICHHOTO MporpammHoro 3amopaxuBanus MCK B cocraBe ambruHaTHbIX MEKpocdep B mpucyretBud 10% JIMCO mno3Bossiia
JOOUTHCSI MAKCUMAJIbHBIX 3HAYCHHUH COXPaHHOCTH U MeTab0IMYeCKOit aKTUBHOCTH MHKAIICYJIMPOBAHHBIX KJIETOK. Pe3ynsrarel paboThl
MOTYT OBITh HCIIOJIB30BaHbI [uis co3nanus 6anka MCK, MHKancyMpoBaHHbBIX B aIbI'MHATHBIE MUKPOC(EPHI.

Knrouesvie cnosa: anpruHatHbie MUKpOC(Epbl, ME3CHXUMAIIbHbIE CTPOMAaJIbHBIC KIIETKH, MHKAIICYJISLNS, KPHOKOHCEPBUPOBAHHUE.

TpuBnMipHE KyIbTHBYBaHHS Me3eHXiManbHUX cTpomanbHux KiitHH (MCK), siki iHKancynpoBaHi y aneriHatHi Mikpocdepu, €
HEepPCIEKTUBHUM HAIPSMKOM KJIITHHHOI 0ioJoril Ta TKaHWHHOI iHXKeHepil, 110 BU3HAa4Ya€ HeoOXiJHICTh PO3POOKH METONIB IXHHOTO
HHU3bKOTEMIIEPaTypHOT0 KOHCEPBYBaHHs. Y poOOTI MoKa3aHa MOXJIMBICT KpiokoHcepByBanHs MCK y ckiani anbrinarHux Mikpocdep
LIIIXOM MOBiJIBHOTO 3amMopoxyBanHs mix 3axuctoMm JJMCO. IMopiBusibhe BuBueHHs MCK y cknani anprinatHux mikpocdep iy
BUIVISIIL CYCHEH31i MOOMHOKHUX HEeIHKAIICYIbOBAaHUX KIIITHH IPHU KpioKoHCepByBaHHi i 3axuctoM 10% IMCO He BUSBHIIO 3HAYHUX
po36ixHOCTEH X KpiouyTauBocTi, a y npucyTHOCTI 5% JIMCO BoHM Manu OibII HU3bKI TOKa3HUKH JKUTTE3AATHOCTI. [lokasHUKH
36eperkeHocTi i MeTaboiuyHol akTuBHOCTI micist kpiokoHcepByBanHss MCK y ckiani anbrinaTHUX Mikpocdep 301bIIyBaIuch IpH
ninsuienHi konuentpanii IMCO 3 5 no 10%. Ininiauis kpucTanizauii npy NoBUIBHOMY MporpamHomy 3amopoxyBanHi MCK y
ckuiafi anerinatHuX Mikpocgep y npucytrocti 10% JIMCO no3Bosnuia OTpEMaTH MaKCUMANbHI OKa3HUKH 30epekeHOCTi | MeTaboniuHoT
aKTHBHOCTI IHKaINCyJIbOBaHUX KIIITHH. Pe3ynbrat po6oTH MOXXyTh OyTH BUKOpUCTaHi 1uis ctBopenHs 6anky MCK, siki iHKancys1poBaHi
y albriHaTHi Mikpocdepu.

Kniouogi cnoea: anvrinatui mikpocdepu, Me3eHXiMalIbHi CTPOMaJbHi KIIITHHH, IHKAIICYJIALis, KPIOKOHCEPBY BAHHSI.

Three-dimensional culture of mesenchymal stromal cells (MSC), encapsulated in alginate microbeads is a perspective direction of
cell biology and tissue engineering, indicating the need of the development of their low temperature preservation methods. The study
describes the possibility of cryopreservation of MSC within alginate microbeads by slow cooling under protection of DMSO.
Comparison study of MSC within alginate microbeads and as non-encapsulated cell suspension during cryopreservation under
protection of 10% DMSO did not show significant differences in cells’ cryosensitivity, while during cryopreservation with 5%
DMSO encapsulated MSC had lower viability values. Survival and metabolic activity of MSC after cryopreservation within alginate
microbeads depended on DMSO concentration in cryoprotective medium and rised with increase of DMSO concentration from 5% to
10%. Initiation of crystallization during slow program cooling under protection of 10% DMSO allowed to achieve maximal values of
survival and metabolic activity of encapsulated cells. The results of this study could be used for the banking of MSC encapsulated into
alginate microbeads.

Key words: alginate microbeads, mesenchymal stromal cells, encapsulation, cryopreservation.

MeszenxumanpHbie crpoMaibable kKieTku (MCK)
001a1a10T YHUKAJILHOW CITOCOOHOCTHIO K CaMOOOHOB-
JIEHUIO W MYJIbTIIHHEITHOH nuddepeHnrpoBke B
KJIETKH KOCTHOM, XPSIIIEBOM, MBIILIEYHOH, )KUPOBOU U
JIPYTHUX TKaHeH in vivo u in vitro [2, 7, 19]. Onu umerot
BBICOKMH MpoJu(epaTuBHBIA MOTEHINANI, XOPOIIO
aJre3UpyIOT Ha KyJIbTypaJbHBIM IJIaCTUK, JEMOH-
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Mesenchymal stromal cells (MSC) have unique
capacity to self-renewal and multilineage differentia-
tion into cells of bone, cartilage, muscle, fat and other
tissues in vivo and in vitro [2, 7, 19]. They have a
high proliferative potential, adhere well to cultural
plastic, and demonstrate fibroblast-like morphology
when culturing in monolayer. These properties make
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CTpUpYIOT PrOpPoOIacTONOI00HY 0 MOPHOIOTHIO IPH
KyJBTUBUPOBAaHUY B MOHOCJIOE. DTH CBOWCTBA JIENAI0T
MCK mnpuBnekaTeiIbHbIM 00BEKTOM I TKAaHEBOM
WHXXEHEPHUH U pETeHEPaTUBHON MEUIIUHEI [29].

MoHoCcn0HOE Ky IbTUBHPOBAHHUE SIBIISIETCS KIIACCH-
YECKUM METO0M U3Y4EHHUs KIIETOK )KUBOTHBIX, B TOM
yucie u MCK. OnHako B 3T0# cucteme psiJi yCIoBUui
OTJINYAETCS OT TeX, B KOTOPBIX KJIETKH HAXOIATCS B
opranm3me. Tak, B MoHocnoe misgs MCK nmoctymHo
TOJIBKO JIByXMEPHOE MPOCTPAHCTBO, TOTNA KaK B €C-
TECTBEHHBIX YCIOBUAX — TPEXMEpPHOE. ATbTepHATHB-
HBIH IOJIX0/] OCHOBAH Ha KyJIbTHUBUPOBAHUH KIIETOK B
TPEXMEPHOM MPOCTPAHCTBE, YTO MO3BOJIET BHISIBUTD
TaKkWe WX CBOWCTBA, KOTOpPHIE HE MPOABISAIOTCS B
MoHocioe [8, 9]. 3To o0bsAcHIETCSA TeM, 4To Phopma
KJIETOK OIpeNeisieT UX (PyHKIHNOHAIBHOE COCTOSIHUE
U TOBE/ICHHUE, B TOM YHCJIE CIIOCOOHOCTH ONpeeeH-
HBIM 00pa30M pearnpoBaTh Ha CHIHAIbHBIE BO3EHCT-
Bust [22]. Hanpumep, ycranosneHo, uro gopma MCK —
OJIH U3 TPUITEPOB, ONIPEEIISIOMINX HX CIIOCOOHOCTD
g depeHIUpoBaThCs B KIIETKH XPSIIa THO0 [T KO
Myckyiarypsl [10].

OmHMM W3 TIEPCIEKTUBHBIX METOZO0B 0OBEMHOTO
KYJIETUBUPOBAHUS SIBIIIETCS MHKATICYIISALUS KIETOK B
MUKpOC(hEepbl, COCTOSIINE U3 PA3INIHBIX THIPOTETeH,
Cpear KOTOPBIX HanOOJIbIIIee pacIipOCTPaHEHNE MOy~
YIM ajdbruHaTHeIe MUKpocdepsl (AMC). brnaromaps
CBOEH CTPYKType ajbrMHAaTHbIE THAPOTEIN MO3BO-
JSOT AUPPYHIUPOBATH KUCIOPOAY, MUTATEIbHBIM
BEIIECTBaM, CUTHAJIBHBIM MOJIEKyJaM, 4To obecrie-
YUBAET KHU3HECIIOCOOHOCTh U (PYHKLMOHAIBHYIO aK-
TUBHOCTb MHKAICYIMPOBaHHBIX KiIETOK [11]. ITpu aTom
JIbIMHATHBIN Telb 00J1a1aeT OapbepHBIMH (PYHKIIHS-
MU 10 OTHOIICHUIO K IMMYHOTJIOOYJTMHAM M MOJIEKY-
nmam ¢ maccoit ceerme 100 x/la. DTo mMo3BoMIsSET HC-
IOJIb30BATH JAHHBIN OMOMaTepHal A1 IMMYHOHU30JIs-
1y k31eTok [ 17]. Kpome Toro, 6MOMHEPTHOCTH JIbIH-
HaTa ¥ BO3MOXKHOCTh MOJM(HUKAIINA €TO CTPYKTYPHI
OHMOIOrMYeCKH aKTUBHBIMH MOJIEKYJIaMH JIETal0T €ro
MPUBJICKATEIbHBIM JJI51 U3yUCHHUS B3aUMOCBSI3U MEK-
ny anresuerd MCK 1 ux criocoOHOCTEIO K iposdepa-
uun u auddepertuponke [4, 30]. CyliecTBeHHBIM Tpe-
HMYIIECTBOM albIHMHATa MEepe] APYTUMH Onomare-
pHUaiaMH AJIs1 HHKAICYJSIINAN SABIISIETCS BOBMOXKHOCTD
€ro JICTOJIMMEPU3ALIUH, YTO TIO3BOJISIET JIETKO U3BJIE-
KaTh WHKAIICYIMPOBAaHHbIE KIeTKH [ 16, 28].

braromaps COBOKYIMHOCTH CBOMCTB cHCTeMa
“MCK — anbruHaTHBIA THAPOTEISL” TPEICTABISICT
00JBIII0I HHTEPEC KaK [Tl TEOPETUIECKIX UCCIIE0-
BaHWH 10 KJICTOYHOM OMOJIOTHH, TaK U JIJIS ITPAKTHYIEC-
KOTO HCIIOJIb30BAaHUA B TKAHEBOW WMH)XEHEPHUHU U
pereHepaTuBHON METULIMHE.

Jis usyuenus ceoricts MCK,, HHKaICyTMpOBaHHBIX
B AMC, HeoOxonuMBbl co3anne 0aHKa 3TUX KYJIbTYp
1 pa3paboTka 3P PEeKTUBHBIX METOIOB X KPHOKOHCEP-
BUPOBAHUSI.
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MSC the attractive object for tissue engineering and
regenerative medicine [29].

Monolayer culture is the classic method to study
animal cells, including MSC. However in this system
several conditions are different from those the cells
are in an organism. For example, monolayer culture
presents only 2D space for MSC, while under natural
conditions the 3D is affordable. Alternative approach
is based on cell culturing in 3D space that enables to
reveal the properties, being not manifested in mono-
layer culture [8, 9]. This comes from the fact that
shape determines cells’ functional state and behavior,
including ability to respond the signals in a certain way
[22]. Among other things, the shape of MSC was
found to trigger their ability to differentiate into carti-
lage or smooth muscle cells [10].

One of the perspective methods of 3D culturing is
cell encapsulation into microbeads, composed of va-
rious hydrogels among which the most widespread
are the alginate microbeads (AMB). Due to their
structure the alginate hydrogels enable oxygen, nut-
rients as well as signal molecules to diffuse, providing
viability and functional activity of the encapsulated
cells [11]. Herewith the alginate gel possesses the
barrier functions in relation to immunoglobulins and
molecules with mass more than 100 kDa. This enables
the use of this biomaterial for cell immune isolation
[17]. Furthermore alginate is bioinert and can be
modified with bioactive molecules that makes it attrac-
tive for study of the interaction between adhesion of
MSC and their capacity to proliferate and differen-
tiate [4, 30]. Alginate’s essential advantage among
other biomaterials for encapsulation is the ability to
depolymerize, enabling to release the encapsulated
cells easily [16, 28].

Due to the sum total of properties the ‘MSC —
alginate hydrogel’ system is of great interest not only
for theoretical researches in cell biology, but also for
practical application in tissue engineering and regene-
rative medicine.

To study the properties of MSC, encapsulated in
AMB it is necessary to bank these cultures and deve-
lop the effective methods of their cryopreservation.

Technologies developed for cell suspension cryo-
preservation might be not applicable for cells encap-
sulated in AMB. Probably this is caused by changes
in the rate of water and cryoprotectants’ distribution
between cells and medium under freeze-thawing con-
ditions. During cryopreservation of cells within AMB
it should be taken into account that the protocols have
to provide both preservation of morphofunctional
properties of cells, and structure integrity of the carrier,
which mechanical damage unavoidably results in a
death of encapsulated cells.

For cryopreservation of MSC the slow freezing in
the presence of dimethyl sulfoxide (DMSO) cryo-
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Texnonoruwn, pazpaboTaHHbIE 17151 KPHOKOHCEPBU-
POBaHMS KJIETOYHBIX CYCIIEH3UI, MOTYT OKa3aTbCs HE
NPUMEHUMBIMH A KieTok B coctae AMC. Bos-
MOYHO, 3TO 00y CJIOBIEHO H3MEHEHHEM CKOPOCTH pac-
MpeneIeHNs] BOABI U KPHOIPOTEKTOPOB MEXKIY KIIET-
KaMH, a TaKXe CpeIo IIPH 3aMOPAKMBAHUU-OTOTPEBE.
B npouecce kpnokoHcepBUPOBaHUS KJIETOK B COCTaBE
AMC He00X0IUMO YUUTHIBATb, YTO MPOTOKOJBI IOIIK-
HbI 00ecreYrBaTh HE TOJLKO COXpaHEeHHE MOpPQo-
(hyHKUIMOHATBHBIX CBOWCTB KJIIETOK, HO U CTPYKTYPHYIO
LIEJIOCTHOCTH HOCUTEIS, MEXaHHYECKOE TIOBPEKICHIE
KOTOPOTO HEM30EKHO MPUBOIUT K THOEITN WHKAIICYITH-
POBaHHBIX B HUX KJIETOK.

s kpuokoncepsuposanus MCK o6braHO iprve-
HAIOT MEJUIEHHOE 3aMOpakXHMBaHUE B NPUCYTCTBUU
KpuompoTekTopa numetruicyiaspokcuga (JMCO) B
koHUeHTpausax 5—10% [12, 18, 20, 31]. Ognako Bo-
poc 00 A3PPEKTUBHOCTH TAKOTO IIPOTOKONIA IS KPHO-
koHcepupoBanuss MCK B cocrae AMC ocraercs
Majon3y4eHHbIM. KpoMe Toro, moka3aHo, 4TO ajlbIv-
HATHBIN THAPOTeNh 00J1a/1aeT KPHO3AIUTHBIMHU CBOM-
CTBaMH IIpH OBICTPOM 3aMOpaKUBaHUH HHKAIICYITHPO-
BaHHBIX TemaTonuToB [5, 15]. B cBsA3M ¢ 3THM TaKxke
MIPEeACTaBISAET NHTEPEC N3yUEeHNE KPUOTYBCTBUTEb-
vHoctu MCK B coctaBe AMC mpu UCIIOTB30BaHUHU
BBICOKHX CKOPOCTEH 3aMOpaKUBaHUSI.

Lenp paboThl — CpaBHUTEIBHOE U3yUECHHUE BIMSHUS
OBICTPOr0 U MEAJICHHOTO 3aMOPaKUBAHUS 11O 3a1H-
toii JIMCO Ha COXpaHHOCTh U METabOJIUUYECKYIO
aktuBHOCT MCK, nnkancynuposanueix B AMC, u B
BH/I€ CYCIIEH3UH OAMHOYHBIX KJIETOK.

Marepuanbl n metoasl

B pa6ote ucnonb3oBanu MCK, Bbiae/eHHbIE U3
Me30/1epMaIbHO-ME3eHXUMAIbHBIX TKaHEH IJI0I0B
gesoBeka 1mo [1], mocie SKCIaHCHH B CEIEKTUBHOM
cpene B TeUeHHE 6—8 IMacCcakei.

Kinetkn KynbTHBHpPOBAIM B MOHOCIOE B KYJIBTY-
paNbHBIX COCYax C IUIONIAbI0 TOBEPXHOCTH 25 cMm?
(“Nunc”, CIIIA) B cpene o.-MEM (“Sigma”, CIILIA),
nonojHeHHo# 15% smOpuonanbHoi chiBopoTky (OC)
KpyImHoTro poraroro ckora (‘“buonor”, Poccus), 100 ex.
neHunnHa, 100 Mxr ctpentoMunuHa, npu 37°C n
95%-ii Bnaxknoctu B armocdepe ¢ 5% CO.,.

IIpu noctmwxennn 60—-70% koHpIyeHTa KIETKH
CHUMAJIM ¢ cyOcTpaTa MpH MOMOIIY CMECH TPHUIICHH-
BepceHa (1:4) mo cranmaptaoit Metonuke [24] u
nepeceBanu ¢ kodpduruentom 1:2. [lurarenpHyo
Cpely MEHSUIH Kaxaple 3-€ CYTOK.

Ilepen uHKancysAUKUe KIETKU CHUMAJIU, KaK OIH-
CaHo BBINIE, OCAXKIAIN MYTEM IEHTPU(YTUPOBAHUS
npu 700 06/MuH B TeUeHHE 5 MUH, IPOMBIBAJIH CPEAOH
¢ 0,15 M NaCl u 25 MM HEPES (pH 7,4) u pecycnen-
nupoBanu B 1,2%-M pacTBope anbruHaTa HaTpus.
[TonyyenHyo cycmeH3u10 ¢ KOHUEeHTpauuen 1,2—
1,6x10° k71€TOK/MJI IIOMEIIAIN B CTEPHIIBHBIH LITTPHIL
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protectant in 5—10% concentration is usually applied
[12, 18, 20, 31]. However the question whether this
protocol is effective enough to cryopreserve the MSC
within AMB remains open. In addition it has been
shown that alginate hydrogel has cryoprotective
properties during rapid freezing of encapsulated
hepatocytes [5, 15]. That is why the cryosensitivity
of MSC within AMB during application of high
freezing rates is also of interest.

The research aim is to study the effect of rapid
and slow freezing under DMSO protection on viability
and metabolic activity of MSC, encapsulated in AMB
as well as in the form of single cell suspension.

Materials and methods

For this study the MSC were isolated from meso-
dermal-mesenchymal tissues of human fetuses as
reported previously [1] and expanded in selective
medium during 68 passages.

The cells were cultured in monolayer in culture
tubes (Nunc) with 25 cm? surface in a-MEM (Sigma)
medium, enriched with 15% fetal bovine serum (FS,
Biolot), 100 IU of penicillin, 100 mg of streptomycin,
at 37°C and 95% humidity in 5% CO, atmosphere.

When reaching the 60-70% confluent the cells
were detached from the substrate by trypsin-versene
mixture (1:4) according to the standard method [24]
and replated in 1:2 ratio. The nutrient medium was
changed each 3™ day.

Prior to encapsulation the cells were detached, as
described above, sedimented at 700 rpm for 5 min,
washed by medium with 0.15 M NaCl and 25 mM
HEPES (pH 7,4) and resuspended in 1.2% sodium
alginate solution. The obtained suspension in concent-
ration 1.2-1.6x10° cells/ml was placed into sterile
2 ml syringe and sprayed with specially designed
nozzle into the solution, containing 100 mM CaCl..
Alginate microbeads with cells were kept in CaCl,
for 10 min for polymerization, and then stepwise
washed from excessive calcium ions by the medium
with 0.15 M NaCl and 25 mM HEPES. The described
method enabled to obtain microbeads with the dimen-
sions of 500 to 1,000 pum.

Cryoprotective medium consisted of medium 199
with 10% FS and DMSO of 5 or 10% final concent-
rations. The medium, containing double concentration
of DMSO and FS was slowly dropwise added into
the equal volume of culture medium with MSC, and
after 15 min equilibration at 4°C the samples were
frozen in 1 ml cryotubes (Corning). The freezing was
carried out by three regimens: 1 — one step rapid
freezing by direct plunging into liquid nitrogen; 2 —
two step slow freezing with 1°C/min rate down to
—80°C with further plunging into liquid nitrogen; 3 —
three step slow freezing with 1°C/min rate from 0
down to —40°C with initiation of crystallization at
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00BEMOM 2 MII ¥ C TIOMOIIIBIO CTIEIUATEHO CKOHCTPYH-
POBaHHOHN HACaIKH PACTIBUIAIN B PaCTBOP, COAEpIKa-
muid 100 MM CaCl,. Anbrunatabele MEKPOCHEpPHI C
KineTkamu octapnsian B pactBope CaCl, ma 10 mun
JUTS TTIOJIMMEPU3ALINH, TIOCJIE YETO MPOBOMIIN CTYIICH-
4aTyl0 OTMBIBKY OT M30BITKa HOHOB KalbLUs pacT-
Bopom 0,15 M NaCl u 25 MM HEPES. Onucannsrii
cnoco® MO3BOJISI MOJydaTh MUKPOC(EpPH C pas-
mepamu B auanazoHe 500—1000 mMxm.

B xauecTBe KpHO3aLIUTHON Cpeabl UCIIOIB30BAIN
cpeny 199 ¢ 10% OC u JIMCO B KOHEYHOU KOH-
nerTparun 5 wim 10%. Cpexy, comeprkariyro TBOUHYIO
koHIeHTparmio JJMCO u OC, MemIeHHO TI0 KaIumsiM
I00aBISUTA B PAaBHBIM 00bEM KyJIbTYpPaTbHON CPEIbl,
coaepxauieit MCK, n mocine skBunuOpanuu B Te4eHHe
15 muH npu temneparype 4°C 3amopaxuBaiu B
kpuonpodupkax (“Corning”, CIIIA) o6bemom 1 mur.
3aMOpa)XxMBaHUE MPOBOAUIN MO TPEM pPEXUMAM:
pexxuMm 1 — ObICTpOe OJHORTANHOE 3aMOpPAKUBaHUE
MIyTEM MPAMOTO MOTPYKEHUSA B KUIKHHA a30T; pe-
UM 2 —MeJJIEHHOE IBYX3TaITHOE 3aMOPaKHUBAHUE CO
ckopocthio 1 C°/mun g0 —80°C ¢ mocneayomum
MIOTPYXEHUEM B )KUIKUN a30T; PEKUM 3 — MEJIEHHOE
TPEX3TAIHOE 3aMOPaKUBaHKUE CO CKOPOCThIO 1°C/MUH
ot 0 1o —40°C ¢ uHUIMAIMEH KPUCTALTU3AINH TIPH
—6,3°C, 3arem co ckopoctbio 10°C/mun ot —40 10
—80°C ¢ nocaeayoUM MOrpy>KEHUEM B XKUIKHUH a30T.

O6pa3usl xpanunu npu —196°C, ororpeBanu Ha
BonsiHON Oane mpu 37°C. KpuonpoTekTop ynaisuiu
MEJIEHHBIM Pa3BEACHUEM AEKOHCEPBUPOBAHHOMU
cycnenszuu cpenoit 199 ¢ 10% 3C B cooTHOIIEHUN
1:10, 3atem nenTpudyruposanu npu 200 g B TeueHune
10 MuH.

’KuzHecrmocoOHOCTh KIETOK OLEHUBAIH C ITOMO-
B0 KOMOMHAPOBAHHOTO OKPAIIMBAaHUS ()ITyOpeCIIeHT-
HBIMH KpacHuTellsiMA (QIIyopeclenH JUalneTaToM
(D®IA) n atuanym 6pomuaom (Ob) [6]. Briarouenue
(bayopecueHTHOTO KpacuTeisl B KIETKH (B cocTaBe
AMC 1 cycrieH3uH) ONpe eI ¢ TIOMOIIBIO HHBEP-
THUPOBAHHOTO KOH(OKAIBHOTO JIA3EPHOTO CKAHUPYIO-
mero mukpockorna LSM 510 META (Carl Zeiss,
I'epmanus) u nporpamMmuoro odecrieuenusst LSM 510
ver. 4.2 (Carl Zeiss, ['epmanus). 300pakeHus nomy-
Yajau MpU JAJIWHE BOJHBI BO30OyxknaeHus 488 HM
(aproHoBeIii nazep, pabouyas MOIHOCTH 5,4 MBT) ¢
ucnonb3oBanueM oobektuBa EC Plan Neofluar X10 u
¢unbTpa HFT 405/488/543/633 B Tpex kaHanax: B
[IEPBOM PETUCTPUPOBAIIN YMHICCHIO B trana3one 5S08—
550 HM, BO BTOPOM — IMUCCHIO B nuama3oHe 593—
646 HM, B TpeTbeM — BUANMOE U300pakeHNE B IPOXO-
JSIeM cBete. Bennuuna na3zepHoi anepTyphl (pinho-
le) coctaBmsina 150 M. KondokanbHbIe n300paxkeHus
AMC c marom no ocH z NMoJy4yaJd C UHTEPBAIOM
10 mxmMm. s mojcueTa KOJMYECTBA OKPAIICHHBIX
KJIETOK CTPOMJIH C IIOMOIIBIO POrPaMMHOTO o0ecIie-
yennst LSM 510 ver. 4.2 TpexmepHble NPOEKIUU U
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—6.3°C, then with 10°C/min rate from —40 down to
—80°C with further plunging into liquid nitrogen.

The samples were stored at —196°C, thawed in
water bath at 37°C. Cryoprotectant was removed by
slow dilution of frozen-thawed suspension with me-
dium 199 contained 10% FS in the 1:10 ratio, then
centrifuged at 200 g for 10 min.

Cell viability was estimated by combined staining
by fluorescent dyes, fluorescein diacetate (FDA) and
etidium bromide (EB) [6]. Inclusion of fluorescent dye
into cells (within AMB and in suspension) was inves-
tigated by inverted confocal laser scanning micro-
scope LSM 510 META (Carl Zeiss, Germany) and
LSM 510 ver. 4.2 (Carl Zeiss, Germany) software.
Images were obtained at excitation wave length of
488 nm (argon laser, operating power 5.4 mW) with
EC Plan Neofluar x10 objective and HFT 405/488/
543/633 filter in three channels: in the first one the
emission within the range of 508-550 nm was
detected; the emission within the range of 593-646 nm
in the second channel and in the third one the
transmitted light image was recorded. The pinhole was
150 nm. The z stacks of confocal images of AMB
were obtained with 10 pum step. 3D rendering and
sum projections of all obtained layers along the z axis
were obtained by LSM 510 ver. 4.2 (Carl Zeiss,
Germany) software and used to calculate the quantity
of stained cells.

The Alamar blue (AB) test was used to estimate
the metabolic and proliferative activity in MSC [25].
Cells in single cell suspension or within the alginate
microbeads were cultured in the medium, containing
10% of redox indicator AB (Serotec) for 12 hrs in 24
well plates (Nunc). Thereafter the fluorescence inten-
sity of reduced redox-indicator in culturing medium
was measured using Tecan plate spectrophotofluoro-
meter. Background was the cell free medium with in-
dicator. The reduction level of AB (X) was expressed
in relative fluorescence units (RFU) and estimated
by the formula:

X = (cell fluorescence — background fluore-
scence) / background fluorescence.

The two-tailed t-test was used to analyse the diffe-
rences in indices of viability and metabolic activity
between various experimental groups.

Results and discussion

At the first stage of the research the MSC within
alginate microbeads, as well as non-encapsulated cell
suspension were cryopreserved using the one-step
rapid freezing (regimen 1) in the presence of 10%
DMSO. Viability of encapsulated MSC before frezing
comprized 90 + 3% (Fig. 1, a). Viability of cells in
microspheres (Fig.1, b) and in suspension after thaw-
ing, evaluated by FDA/EB staining was 6 =2 and 3 +
2%, correspondingly. After further 12 hrs culturing
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IJIOCKHE MPOEKIIMH BCEX MOJTYYEHHBIX CJIOEB BIIOJIb
OCH Z.

Jns oueHKM aKTHBHOCTH MpPOJH(pepaTHBHO-
MeTabonunyeckux npoueccos B MCK mpumensiu tect
Alamar blue (AB) [25]. Knetku B Buzie CyClIeH3UH U
B COCTaBE aJIbTUHATHBIX MUKPOC(Ep KyJIbTHBUPOBAIH
B TeueHue 12 4 B cpene, conepxaiueit 10% pactropa
penokc-unaukaropa AB (“Serotec”, Benukoopu-
taHus) B 24-myHouHoM turanmete (“Nunc”, CILIA).
[Mocne 4yero m3Mepsyin HHTEHCUBHOCTH (uryopec-
LIEHLIUH BOCCTaHOBJIEHHOH (POPMBI peTOKC-MHANKATOpPa
B cpeJie KyJbTUBUPOBAHHUS Ha IJIAHIIIETHOM CIIEKTPO-
doroduryopumerpe “Tecan” (ABctpusi). DoHOM CiIy-
KHIla cpella ¢ UHIANKATOPOM Oe3 kieTok. CTeneHb
BoccTaHoBJIeHHOCTH AB (X) BhIpakanu B OTHOCH-
TeNbHBIX equannax ¢uyopecueHuu (OED) u onpe-
nensuiy no opmyne:

X = (3nHauenue gryopecyenyuu Kiemox —
3HayeHue @ayopecyenyuu Qona) / 3HayeHue
@ryopecyenyuu poHna.

st ananmu3a pa3nuuuii MoKkas3areneil COXpaHHOCTH
1 MeTabO0JMYECKOH aKTUBHOCTH MEXY a3 THYHBIMH
9KCIEPUMEHTAIBHBIMU TPYINIAMU HCIOJIb30BaIH
JIBYXBBIOOPOYHBIN t-TECT.

Pe3yAbTatbl M 00Cy)xaeHue

Ha nepBom stame paboret MCK B cocTtase
JIBIMHATHBIX MUKpOc(dep, a TaKKe B BUAE CYCIICH3UH
OAMHOYHBIX KJIIETOK KPHOKOHCEPBUPOBAIIU C UCTIONb30-
BaHHEM OBICTPOTO OJHOATAIHOIO 3aMOPaKMBAHUS
(pexxum 1) B mpucyrerBuu 10%-ro IMCO. XKuzHecno-
cobHocth uHKancynupoBanabix MCK nepen 3amopa-
xwuBanueM cocrasisiia 90 + 3% (puc. 1, a). Kusnecrno-
COOHOCTB KJIETOK B MUKpochepax (puc. 1, 0) 1 cycren-
3WH TIOCJIE OTOTPEBa, OIEHEHHAS TI0 OKPAIIWBaHUIO
®JIA/IB, cocraBmiia 6 +£2 u 3 = 2% COOTBETCTBEHHO.
[locne mocnemyromiero 12-4acoBOro KyaIsTHBHPOBAHUS
HMHKATCYJIUPOBAHHBIX KIIETOK ¢ AB 3HaueHus ¢uryopec-
LIEHIIUH PEIOKC-MHINKATOPa TOCTOBEPHO HE OTIINYA-
JUCh OT (hOHA, YTO MOIATBEPKAAIO THOETHb KIECTOK.
[Ipu MUKPOCKOITUH OTOTPETHIX MUKPOC(Ep BHISIBIIIN,
YTO Telib MUKpocdep Mpuodpes MEeIKOIUYCHCTYIO
CTPYKTYPY U B pe3yibTare yTpaTHi HPO3PaYHOCTb.
OueBHIHO, CTPYKTYPa aJIbTMHATHOTO TUAPOTEIIS HApY-
mraeTcsl BCJIEACTBHE 00pa3oBaHUS M POCTa B HEM
KPHUCTAJJIOB JIbJA.

OmnucaHHbIE Pe3yIbTaThl CBUIAETEIBCTBYIOT O TOM,
YTO UCIOJIb30BaHNE OBICTPOTO 3aMOPAKUBAHUS JJaXKe
B npucyrctBun 10%-ro IMCO BbI3BIBaeT Tudeins
npaktuaeckn Bcex MCK kak B coctae AMC, Tak u
B BHJIE CYCIIEH3WHU OJTMHOYHBIX KJIeTOK. [lokazano [15],
YTO aNbIMHATHBIA THAPOTeNb 00J1a1aeT KPHO3aIlnT-
HBIMH CBOWCTBaMH IIPH OBICTPOM 3aMOpPaKMBaHUH
WHKAICYJIMPOBaHHBIX I'eNaToUUTOB. Pe3ynbTarsl Ha-
cTosIILEeil pabOThl CBUAETENBCTBYIOT O TOM, YTO IIPH
OBICTPOM 3aMOPaKMBAHNH KPHO3AILUTHBIN 3 dekT He
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of encapsulated cells with AB the values of redox-
indicator fluorescence did not significantly differ from
the background, that confirmed the cell death. The
microscopy of thawed microbeads showed that the
gel gained a fine sponged structure and as result lost
the transparency. Obviously, the structure of alginate
hydrogel was affected due to the formation and
growth of ice crystals inside.

The described results testify to that fact that ap-
plication of rapid freezing even in the presence of 10%
DMSO leads to the death of almost all MSC, both
within AMB, or in the non-encapsulated cell sus-
pension. It has been shown recently [15] that alginate
hydrogel has cryoprotective properties during rapid
freezing of encapsulated hepatocytes. The results of
present work indicate that no cryoprotective effect
was manifested during rapid freezing, and changed
AMB structure can additionally affect the cells. Fur-
ther increase of DMSO concentration and exposure
time, would obviously not prevent MSC death, since
it was shown [13] that rapid freezing in presence of
32% DMSO and icreased duration of exposure with
cryoprotectant up to 30 min led to similar reduction of
viability of encapsulated cells of African green mon-
key kidneys.

In several studies dealing with cryopreservation
of different cell types within alginate microbeads using
slow cooling rates [3, 14, 23] DMSO was applied in
concentration of 5 to 20%. Considering that DMSO
has a toxic effect on the cells in concentrations above
12% [21, 27] it is necessary to use the lower concen-
tration.

In this respect at the next stage of the study the
MSC in non-encapsulated suspension and within the
microbeads were frozen by slow cooling (regimen 2)
with 1°C/min rate in the presence of 5 and 10%
DMSO.

Viability of encapsulated MSC before freezing was
90 + 3% (Fig.1, a). Freeze-thawing of cells within
microbeads in presence of 5 and 10% DMSO accor-
ding to the 2™ regimen decreased the viability down
to 61 =4 and 79 £ 3%, correspondingly (Fig.1, c, d;
Fig. 2). Freeze-thawing of non-encapsulated cells was
performed in the same conditions. Viability of non-
encapsulated cells before freeze-thawing was 93 +
3, and thereafter decreased to 73 = 5 and 84 + 2% in
the presence of 5 and 10% DMSO, correspondingly
(Fig. 2).

The viability of non-encapsulated cell suspension
after freeze-thawing in presence of 5% DMSO was
significantly higher than of MSC within alginate
microbeads. When increasing DMSO concentration
up to 10% the viability of cells after freeze-thawing
as suspension and within AMB did not differ and was
significantly higher than that in the presence of 5%
DMSO.
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MIPOSABIISETCS, a HapylieHne cTpykTypsl AMC Mmosxer
OKa3bIBaTh JOTIOJIHUTEIHHOE MIOBPEKIAIOIIEE AeHCT-
BHE Ha KJeTKu. [locnenyromiee yBeanueHue KOHIEHT-
pauun IMCO 1 BpeMeHHU 3KCTIO3ULUU C HUM KIIETOK,
04eBUHO, He TpeaoTBpatut rudeins MCK, mockonbKy
paHee HabOmomanu [13] cxomHOE C TONYYEHHBIM B
Haiuei pabote CHIKEeHHE )KU3HECTIOCOOHOCTH HHKAII-
CYJIMPOBaHHBIX KJIETOK MOYEK apUKaHCKOH 3€IeHOM
MapTHIIIKA MPU OBICTPOM 3aMOpPAXUBAHHUHU MO
3amutor 32%-ro IMCO u yBenudeHHH BpeMEHHU
AKCTIO3UITUH C KPUOTIPOTEKTOPOM 10 30 MUH.

B HeMHOTOUYNCTIEHHBIX HCCIIETOBAHMUSX, TIOCBSIIEH-
HBIX KPHOKOHCEPBHUPOBAHUIO PA3ITNIHBIX TUTIOB KIETOK
B COCTaBE aIbIMHATHBIX MUKPOC(hEp IpH MEUIEHHBIX
CKOpOCTSIX oxJaxaenus [ 3, 14, 23], npumensiiu IMCO
B KOHUEeHTpauu ot 5 10 20%. YuutsiBas, uro JMCO
0051aaeT TOKCHYECKUM AeHCTBHEM Ha KIETKH, KOTO-
poe NposIBIIAE€TCA MPU KOHLEHTpauuy Boite 12% [21,
27], uenecooOpa3HO MCHOIB30BAaTh KOHIIECHTPALHIO
HUXKE dTUX 3HAYECHUH.

B cBs3u ¢ 3THM Ha ciegyromeM dTane padoThl
MCK B cycnen3un u MHUKpocdepax KpHOKOHCEPBH-
POBaJIH C MPIMEHEHUEM MEJICHHOTO 3aMOPAKUBAHUS
(pexum 2) co ckopocTbio 1°C/MUH B IPUCYTCTBHH 5
u 10%-ro IMCO.

KuznecrocobHocTh nHKancynmupoBanHex MCK 1o
3aMopaxkuBanus cocrasisia 90 = 3% (puc. 1, a), a
ocJyie 3aMOPaKUBAaHHUSI-OTOTPEBA B IPUCYTCTBHU 5 U
10% AMCO no pexumy 2 —-61+4u 79 +3% cootBet-
cTBEeHHO (puc. 1, B, T; puc. 2). OTHOBPEMEHHO B TeX
XK€ yCIOBHUAX 3amopaxuBanu cycneHsuo MCK,
HenHKancyaupoaHHbIX B AMC. J)KuznecnocoOHOCTD
HEUHKAIICYTHPOBAHHBIX KIJIETOK J0 3aMOpaKUBAHUS
cocTaBisiia 93 + 3, a mocie 3aMOpaXKMBaHUA-OTOTPEBA

Encapsulated MSC reduced AB to the value of
2.27 +0.17 RFU prior to freeze-thawing. After free-
ze-thawing in the presence of 5 and 10% DMSO this
value decreased down to 0.83 £ 0.10 and 1.44 +0.18
of RFU, accordingly (Fig. 3).

In the same conditions the non-encapsulated MSC
suspension reduced AB to the value of 2.45 +0.04 RFU
prior to freezing, and to 1.37 £ 0.07 and 1.54 + 0.03
after freezing in the presence of 5 and 10% DMSO,
correspondingly.

Thus, the ability of encapsulated cells to reduce
AB after freeze-thawing in the presence of 5%
DMSO was significantly lower than that of non-
encapsulated MSC. However in the presence of 10%
DMSO the AB reduction levels for AMB encap-
sulated and non-encapsulated cells after freeze-
thawing not differ from each other and were signifi-
cantly higher than in the case of application of 5%
DMSO. Generally the changes in AB reduction level
and viability of MSC both within AMB and in non-
encapsulated suspension after freeze-thawing in the
presence of 5 and 10% DMSO were similar, though
the changes, found with AB test were more significant
that testify to a higher sensitivity of the metabolic
test.

The results obtained at this stage testify that slow
freezing in the presence of 5% DMSO affect MSC
within AMB more significantly than the cells in non-
encapsulated suspension. These differences in cryo-
sensitivity disappear when using DMSO in 10% con-
centration, and the viability of frozen-thawed MSC in
both groups significantly increased. Therefore in
further experiments the 10% DMSO concentration
was used.

bs c 3 d

Puc 1. MCK B cocraBe anbruHaTHbx MUKpocgep, okparienubie ®IA/Db: a— mo 3amopa-
JKMBAHMS; O — 1ociie KpHoKoHcepBupoBaHus 1o pexumy | ¢ 10% JAMCO; B —nocie Kpuo-
KOHCepBHpOBaHUA 10 pexuMy 2 ¢ 5% [AMCO; r — nocine KpHOKOHCEPBUPOBAHUS T10
pexumy 2 ¢ 10% IMCO; 1 — nocne KpuoKoHCEepBUPOBaHUS 110 peskumy 3 ¢ 10% JIMCO.
KondoxkanpHas ckaHupyromas 1a3epHas MUKPOCKOIIHNS, KaX10€ N300paKeHHE IOTyYeHO
CYMMHpPOBaHHEM KOH(POKaJIbHBIX H300pakKeHUH BJIOJIb OCH Z.

Fig. 1. MSCs within alginate microbeads, stained with FDA/EB, confocal scanning laser
microscopy: prior to freezing (a), after cryopreservation according to the 1* regimen with
10% DMSO (b), according to the 2™ regimen with 5% DMSO (c), according to the 2™
regimen with 10% DMSO (d), according to the 3™ regimen with 10% DMSO (e). Confocal
scanning laser microscopy, the images are the projection of confocal planes along the z
axis.
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B nipucytctBud 5 u 10%-ro AMCO — 73 + 5 u 84 +
2% cooTBeTcTBEeHHO (pHC. 2).

3Ha4YeHHe )KU3HECTIOCOOHOCTH CYCIIEH3UN HEMHKAII-
CYJIMpPOBAHHBIX KJIETOK IOCJE 3aMOpaXUBaHUMI-
ororpesa mox 3amutoi 5%-ro JMCO 6b1a nocto-
BepHO Bbile, ueM MCK B cocTaBe albrMHAaTHBIX
Mukpocdep. [Ipu ysenmuennu konueHTpaunu JMCO
1o 10% xu3HecrnocoOHOCTh KIETOK MOCIE 3aMopa-
JKUBaHHUSA-OTOTPEBA B BHUJE CYCIIEH3UH U B COCTaBe
AMC He oTiiM4ajnach W OblLIa 3HAYUTEIHFHO BBIIIIE,
yeM B nipucytctBuu 5%-ro IMCO.

o 3amopaxkuBanusi uHKarcynuposanasie MCK
BocctaHaBnmuBaiu AB mo 3nauenus 2,27 £ 0,17 OE®.
[Tocrne 3amopakMBaHUSA-0TOTPEBA B IPUCYTCTBUU 5 1
10%-ro IMCO stot noka3arens cHuxkaics 10 0,83 +
0,10 u 1,44 + 0,18 OE® cooTBeTcTBeHHO (pHC. 3).

OnnospemenHo ¢ 3TuM MCK B ¢popme cycnensun
OJIMHOYHBIX KJIETOK J0 3aMOpa’KUBaHMsI BOCCTaHABIIH-
Banu AB 1o 3nauenus 2,45 + 0,04, a mocine 3aMopaku-
BaHHA-0TOrpeBa B npucyrcteuu 5 u 10%-ro JMCO
cootBeTcTBeHHO 10 1,37 0,07 1 1,54 + 0,03 OE®D.

Taxum 06pazom, mociie 3aMOpaXKMBaHUA-OTOTPEBA
o1 3aruTo 5%-ro JIMCO criocoOHOCTh HHKAIICYJIH-
POBaHHBIX KJIIETOK BOcCTaHaBIMBaTh AB OpL1a ocTO-
BepHO HIke, ueM y MCK B Bune cycnensuu. Bmecrte
C TeM, TT0CJIe 3aMOPAKUBAHUA-OTOTPEBA B IPHUCYTCTBUN
10%-ro AMCO ypoBHH BOCCTaHOBIEHHOCTH PEAOKC-
HWHIUKaTopa Juisl KieTok B coctae AMC u B Buue
CYCIEH3UH HE OTJINYAINCH M OBUIH IOCTOBEPHO BHIIIE,
yeM B rpymie ¢ 5%-m JIMCO. B nenom n3menenns
CTENIeHU BOCCTAHOBJIEHHOCTH AB 1 *u3HecriocoOHOC-
™1 MCK B AMC 1 cycneH3uu nocie 3aMopaKkuBaHHsI-
ororpesa B nmpucytctBuu 5 u 10%-ro AMCO umenn
CXOJHBIA XapaKTep, XOTS Pa3iu4us, BHISIBICHHBIE C
noMomisio AB-Tecra, ObuIH 3HaYUTENBLHEE, YTO CBU-
JETENBCTBYET O Ooiee BBICOKOH YYBCTBHTEIHHOCTH
MeTab0JINYECKOIO TECTa.

[lonmyuyeHHbIe Ha TaHHOM 3TaIle Pe3yabTaThl CBUE-
TensCTBYIOT, 4T0 MCK B coctaBe AMC npu mMemsieH-
HOM 3aMoOpaXuBaHuM nox 3amuroi 5%-ro [IMCO
MOBPEXIAIOTCA B OOJIbILEH Mepe, YeM KIIETKH B BUJE
CYCIIEH3UHU. DTH Pa3iNuus KPUOYYBCTBUTEIBHOCTH
nc4esatoT npu koHueHTpauuu JIMCO 10%, B pe3yinb-
TaTe Yero 3HAYMUTENHbHO MOBBIIIAETCS COXPAHHOCTD
kpuoxoHcepBupoBaHHbIX MCK B 00enx rpynmnax. [1os-
TOMY B JaJbHEHIINX AKCIEPUMEHTAX MCIOIb30BAIN
rxontneHTpamnuio JIMCO 10%.

st MUHMMM3a1 U1 KPUOTIOBPEXKIEHU I CyCIIEH3UM
KJIETOK yCIIEIIHO MPUMEHSETCS TPOTpaMMHOE 3aMopa-
KUBaHUE C MHULMAIMEHN KpucTaum3anui. Bo3mMoxk-
HOCTh yCTPaHEHHSI KPUTHYECKOTO MEePEOXIIaXACHUS
uutoriazMel MCK, HHKAaNCynUpOBAHHBIX B aIbTUHAT-
HbIE MUKpPOC(]EpBI, ITyTeM HHULUALMN KPUCTALIU3AUH
[pU MEIJICHHOM 3aMOPaXMBaHUM NPAKTUYCCKH HE
nzyuena. [loaToMy B Xoe JabHEHIINX SKCIEPUMEH-
TOB MHKAIICYJIMPOBAHHBIE KIETKU 3aMOPasKUBAIIN IO
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Fig. 2. Viability of MSCs (%) within AMBs (H) and in non-
encapsulated suspension (O) after freeze-thawing accord-
ing to various regimens.
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Puc. 3. Cnocodrnocts MCK B cocraBe AMC (H) u B BUzC
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penokc-uHIMKaTOp AB mocie 3aMopaXxuBaHUSI-0TOTpEBA
[0 pa3NIn4HbIM pexkuMam. [lannble npuseneHsl B OED B
nepecuere Ha 20000 KI1eTOK.

Fig. 3. Ability of MSCs encapsulated in AMBs (H) and in
non-encapsulated suspension (O) to reduce the AB redox-
indicator after freeze-thawing according to the various regi-
mens. The data are shown in RFU per 20,000 of cells.
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samuToi 10%-ro AMCO 1o Me[yIeHHOMY JIByX3Tall-
HOMY TIPOTOKONIY (PEXUM 2) WM MO TPEXITATHOMY
PEKUMY C MHULMALMEH KPUCTAIITM3ALNH (PEXUM 3).

CoxpanHocts uHKancynuposanHelx MCK nocie
3aMOpPaKMBaHUSA-OTOTPEBA 10 PEKUMY 3 TOCTOBEPHO
HE OTJIMYaNIach OT 3HAYEHUH KOHTPOIIA (IO 3aMOPaXKH-
BaHHA) U coctaBmna 87 + 2% (cm. puc. 1, n). llpu
3TOM OHa OBLIa JOCTOBEPHO BBIIIE, YEM IOCTE
rcronp3oBanus peskuma 2 (79 + 3%) (puc. 2). Anano-
THYHBIE TIOKa3aTeNd COXPAaHHOCTH OBUIH MTOTYYEeHBI U
nocie kprokoHcepsuposanus MCK B Buzie cycnieH3uu:
1o pexumy 3 — 88 + 2% u pexumy 2 — 84 + 2%.

Wnkancynuposanasie MCK nocne 3amopakusa-
HUS-0TOTPEBA IO pexuMy 3 BoccTaHaBnuBanu AB no
3HaueHwus 1,57 £ 0,17 OED, koTopoe ObL10 JOCTOBEPHO
HUXe, 4eM 10 3amopaxuBanus (2,27 £ 0,22), u He
OTIIMYAJIOCh OT PE3yJIbTaTOB IMOCIE 3aMOPAKUBAHUS
o pexxumy 2 (1,44 £0,18) (puc. 3). Cxoxast TMHaAMUKa
HaOmrofatach B HEMHKAICYITHMPOBAHHBIX KIIETKAX.
ITocne 3amopaxuBanus-ororpesa MCK B Bumae
CYCIIEH3HH IT0 PEKUMY 3 CTENIEHb BOCCTaHOBJICHHOCTH
AB (1,74 = 0,07) Obuta 7OCTOBEPHO HHUXKE, YeM IO
3amopakuBanus (2,45 £ 0,04), u He oTIIMYANACH OT
pEe3yNbTaTOB MOCIE 3aMOpPaKUBaHUS MO PEXUMY 2
(1,54 +0,03).

[TonydyenHsle naHHbBIE CBUJETEILCTBYIOT O TOM,
YTO MHULMALKS KPUCTAIUIN3ALUH yCTPaHsIEeT KpUTHYEC-
koe nepeoxnaxjaenne MCK B anbrMHaTHBIX MUKPO-
cthepax mpu MeqIEHHOM 3amMopaxkuBaHuu. Panee
€00011a710Ch, YTO WHUIHAINIO KPUCTAJUIH3AHNH C
yCIIEXOM PUMEHSIIH TIPY KPHOKOHCEPBUPOBAHNH XOH/I-
pouuToB [ 3] ¥ TpaHCchOPMUPOBAHHBIX IMOPHOHATHHBIX
KJIETOK ITOYKH [26], mHKarcyiupoBanHbIx B AMC, uto
MIO3BOJIMIIO OOECTIEUUTH BBICOKYIO COXPAHHOCTD JISKOH-
CEpBHPOBAHHBIX KJIETOK B Ipeaenax 80-86%.

[Ipn ananuse pe3ynbTaToB HE BBIABIEHO JTOCTO-
BEPHBIX OTIMYMI B IOKA3aTENAX COXPAHHOCTH U METa-
Oonmnueckoii aktuBHOCTH Mex 1ty MCK, kprokoHcep-
BUpOBaHHBIMU o1 3amutoit 10%-ro IMCO, B
coctaBe AMC 1 B BUJI€ CYyCIICH3UN. DTO JOKA3BIBACT,
YTO WHKANCYJISAIUS B aTbIHHATHBIM THAPOTENh HE
BIIMAET Ha KpuouyBcTBUTENbHOCTE MCK mpu 3amo-
paXWBaHWU NPU JTaHHOW KOHIEHTPAIUU KPHOIIPO-
tekTopa. Bmecte ¢ TeM MCK B coctae AMC nocie
KpHUOKOHCEPBUPOBaHU noA 3amutoit 5%-ro JMCO
uMenn 0ojee HU3KUE MOKA3aTeNd COXPAaHHOCTH H
MeTabOoINUeCcKOl aKTUBHOCTH, YeM HEHHKAIICYIUPO-
BaHHBIE KJIETKH. BO3MOXXHO, 3TOT (haKT CBS3aH € TeM,
YTO albIMHATHBIN THAPOTeNb 3aMeISIET paclpeaee-
HHUE KPUOMIPOTEKTOPa BHYTPH MUKpOcdep, UTO MposiB-
JSIeTCs IPU €ro KOHUEHTPALKU HUXKE ONTUMAIILHOTO
ypOoBHS. B 101b3y 3TOTO MPeInonoKeHus CBUAETEb-
CTBYIOT pe3yabTaThl paboTHl [3], B KOTOPOM BEICOKHE
[TOKa3aTeNH )KU3HECTIOCOOHOCTH KJIETOK ITOCIIE 3aMO-
paXuBaHHUSI-0TOrpeBa B mpucytctBun 5%-ro JMCO
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For minimization of cryodamages of cell suspen-
sions the controlled rate freezing with initiation of
crystallization is successfully used. The possibility to
eliminate the critical overcooling of cytoplasm in the
MSC, encapsulated in alginate microbeads by initia-
tion of crystallization during slow freezing have not
been excessively studied. Thus, the further experi-
ments were performed in encapsulated cells under
protection of 10% DMSO using the two step slow
freezing (regimen 2) or three-step freezing with
initiation of crystallization (regimen 3).

Viability of encapsulated MSC after freeze-thaw-
ing according to the regimen 3 did not significantly
differ from the control values (before the cryopreser-
vation) and comprised 87 + 2% (see Fig. 1, e). It was
significantly higher, than after freezing according to
the regimen 2 (79 + 3%, Fig. 2). The similar viability
values were obtained after freeze-thawing of non-
encapsulated MSC suspension according to the
regimen 3 (88 = 2%) and regimen 2 (84 + 2%).

Encapsulated MSC after freeze-thawing accor-
ding to the regimen 3 reduced AB to the value of
1.57+0.17 RFU, that was significantly lower compa-
ring to pre-freezing level (2.27 + 0.22) and did not
differ from the values after freeze-thawing according
to the regimen 2 (1.44 £ 0.18, Fig. 3). The same
dynamics was observed in non-encapsulated group.
After freeze-thawing of non-encapsulated MSC
suspension according to the regimen 3 the level of
AB reduction (1.74 £ 0.07) was significantly lower
than pre-freezing one (2.45+0.04) and did not differ
from the value obtained after freeze-thawing accord-
ing to the regimen 2 (1.54 + 0.03).

The obtained data testify to the fact that initiation
of crystallization eliminates the critical overcooling in
encapsulated MSC during slow freezing. It has been
reported recently that initiation of crystallization was
successfully applied during cryopreservation of chond-
rocytes [3] and transformed fetal kidney cell [26], encap-
sulated in AMB, that enabled to provide a high viability
of frozen-thawed cells within the range of 80-86%.

When analyzing the results no significant diffe-
rences were found in viability indices and metabolic
activity between both encapsulated and non-encapsu-
lated MSC, frozen-thawed in the presence of 10%
DMSO. So it is no evidence that encapsulation in algi-
nate hydrogel affect MSC cryosensitivity during
freeze-thawing in the presence of cryoprotectant in
this concentration. Herewith the encapsulated MSC
had lower viability and metabolic activity indices after
cryopreservation in the presence of 5% DMSO than
non-encapsulated cells. Probably this fact is associa-
ted with slower diffusion of cryoprotectant inside the
alginate hydrogel microbeads and the resulted con-
centration appeared to be lower than optimal level.
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JOCTUTAUCH TIPH JUTUTETLHOW SKBUITHOPAIIUH C KPUO-
MPOTEKTOPOM. Pe3ynbTaThl HACTOAILIETO HCCIEN0Ba-
HUA HE OATBEPKIAI0T KPUO3AIUTHOE NEUCTBUE allb-
rUHaTa, IokazaHHoe B padore [15].

Crenyer OTMETHTH, 4TO Tuaporedsr B AMC He
YTpadrBaJI TPO3PAYHOCTD, OLICHEHHYIO BU3YaJIbHO TIOC-
Jie MEJUICHHOTO 3aMOpakKMBaHus (peXUMEI 2 U 3), B
OTIIMYHE OT OBICTPOTO 3aMOpakWBaHUA (pexuM 1).
DTO CBUIETENBCTBYET O COXPAaHEHUH CTPYKTYPHOH I1e-
JIOCTHOCTH QJIbTMHATHOTO TEJIS IIPH MEIJICHHOM 3aMO-
paXMBaHUHM B OMHCAHHBIX YCJIOBHSIX, YTO SIBISCTCS
B2)KHBIM KPUTEPHEM I pa3pabOTKU aJeKBaTHOTO
MIPOTOKOJIa KPUOKOHCEPBUPOBAHUS KIJIECTOK B COCTABE
QIBTUHATHBIX MHKpPOChED.

BbiBOABI

1. Kpuoxoncepsuposaane MCK, nakancymupoBas-
HBIX B alIbIUTHATHBIC MUKPOCHEPHI, C UCTIONB30BAHUEM
OBICTPOTO OXJIAXKICHHUS COTIPOBOXKTACTCS N3MECHEHUEM
OTITHYECKUX CBOWCTB THIIPOTEIIS U TPUBOTUT K THOCITH
KJIETOK.

2. Mcnonp30BaHue MENJICHHOTO 3aMOPaKUBaHUS
ipu KpruokoHcepeuposaHun MCK, MHKancynmmpoBaHHBIX
B allbTUHATHBIE MHKPOCQEPHI, MO 3alIUTOH 5 U
10%-ro IMCO no3BoJisieT B 3HAYUTEIBHON CTETICHH
COXPaHUTh )KU3HECTTOCOOHOCTH KIeTOK. [Ipn 3TOM 110-
Ka3aTeNy COXPaHHOCTH U MeTa0OINIECKOM aKTHBHOC-
THU KJIETOK 3aBUCAT OT KoHueHTpauu JJMCO B kpuo3sa-
mMUTHOM cpene. [Ipu MOBBINIEHUH KOHIIEHTpPAIUU
JAMCO ¢ 5 no 10% coxpaHHOCTh MHKAIICYTHPOBAHHBIX
KJIETOK ITOCJIe KPHOKOHCEPBUPOBAHUS BO3PACTACT 11O~
gtn Ha 20%, a moka3arenu AB-tecta — Ha 70%.

3. CpasuurensHoe uzydenrne MCK B cocraBe ab-
THHATHBIX MUKpOC(]Ep U B BUIIE CYCIICH3UU OJJMHOYHBIX
HEUHKAICYIUPOBAHHBIX KJIETOK IIPU KPUOKOHCEPBUPO-
Banuu noj 3amutoid 10% IMCO He BBISBHIO Cy-
LIECTBEHHBIX PA3IMUUi B UX KPUOUYBCTBUTEIBHOCTH,
a B npucytcrBun 5% JIMCO MCK B coctase anbru-
HATHBIX MUKpochep uMemn Ooliee HU3KUE TTOKa3aTeNn
KU3HECTIOCOOHOCTH.

4. KoHTpOIb KPUTHYECKOTO MEPEOXIIAKICHISI BHY-
TPUKIIETOYHOTO COAEPKUMOTO ITYTeM WHHITHAIIUN
KPUCTAJUTN3AIMU B XO/I€ MEJUIEHHOTO TPOTPaMMHOTO
3aMOpaXuBaHUs MpH KprokoHcepsupoBannu MCK B
COCTaBe albIHHATHBIX MHKpOc(ep B MPUCYTCTBUHU
10% AMCO mo3BoisieT JOOUTHCS MaKCHMAalbHBIX
3HAYCHUN COXPAHHOCTU M METabOIMYECKON aKTUB-
HOCTH UHKAICYJIUPOBAHHBIX KJIETOK.

Jlutepatypa
1. lempeHko A.FO., Ma3syp C.I1., [lempeHrko FO.A. u dp. Bbigene-
HUe n anddepeHUnpoBKa CTPOMarbHbIX KNeTOK U3 TKaHen
NNoAoOB M B3pOCNoOro yenoseka // TpaHcnnaHTonorns.—
2007.—T. 9, Ne1.— C. 218-220.
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This suggestion is confirmed by the data of Almqvist
et al. [3] showed the higher cell viability after freeze-
thawing in the presence of 5% DMSO achieved after
prolonged equilibration with cryoprotectant. The re-
sults of this research do not confirm cryoprotective
effect of alginate, shown by Kusano et al. [15].

It should be noted that the AMB hydrogel did not
lose the transparency visually assessed after slow
freezing (regimens 2 and 3 ) in contrast to the rapid
freezing (regimen 1). This testifies to preservation of
structural integrity of alginate hydrogel during slow
freezing in described conditions, and this is an impor-
tant criterion for development of adequate cryopreser-
vation protocol for cells encapsulated in alginate miro-
beads.

Conclusions

1. Cryopreservation of MSC, encapsulated in algi-
nate microbeads, using rapid cooling is accompanied
by changes in hydrogel optical properties and results
in cell death.

2. Application of slow freezing in the presence of
5 and 10% DMSO during cryopreservation of MSC,
encapsulated in alginate microbeads, enables to pre-
serve significantly the cell viability. Herewith the indi-
ces of viability and cell metabolic activity depend on
DMSO concentration in cryoprotective medium. When
increasing DMSO concentration from 5 up to 10%
the viability of encapsulated cells after freeze-thawing
rises by approximately 20%, and AB test indices do
by 70%.

3. Comparative study of MSC encapsulated in
alginate microbeads and in non-encapsulated suspen-
sion during freeze-thawing in the presence of 10%
DMSO did not reveal significant differences in their
cryosensitivity, and in the presence of 5% DMSO the
post-thaw viability of MSC encapsulated in alginate
microbeads was lower.

4. The elimination of critical overcooling of intra-
cellular content by initiation of crystallization during
slow controlled rate freezing during cryopreservation
of MSC within alginate microbeads in the presence
of 10% DMSO enables to obtain the maximal values
of viability and metabolic activity of encapsulated cells.
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