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Cryosensitivity of Mesenchymal Stromal Cells

Encapsulated in Alginate Microbeads

TpexMepHOe KYJIbTHBHPOBAHHE ME3CHXUMAITbHBIX CTpOMaiibHbIX KieToK (MCK), HHKAIICYIMPOBAHHBIX B AJIbITHHATHBIC MUKPOCHEpBbI,
SIBJISICTCSI IEPCIIEKTHBHBIM HAIIPABJICHUEM KJICTOYHOM OMOJIOTHH ¥ TKAHEBOM MH)KEHEPHUH, UTO OIpe/esseT He00X0IMMOCTb pa3paboTKH
METOIOB UX HHU3KOTEMIIepaTypHOro KOHCepBHpOBaHus. B pabore moka3aHa Bo3MOXHOCTh kprokoHcepBuposanus MCK B cocrase
IBTHHATHBIX MUKpocdep myTeM MeuieHHoOro 3amopaxusanus mof 3amutoit IMCO. CpaBuutensHoe n3yuenne MCK B cocraBe
QJIBIMHATHBIX MUKPOC(Ep U B BUE CYCIIEH3HH OAMHOYHBIX HEMHKAIICYIMPOBAHHBIX KJIETOK IIPU KPUOKOHCEPBUPOBAHMH MO/ 3aILUTOM
10% AMCO He BBISIBIIO CYIISCTBEHHBIX PAa3IMYMi X KPHOYYBCTBUTEIBHOCTH, a B MIPUCYTCTBUU 5% OHU MMeH Oojiee HU3KHE
TIOKa3aTeJIH )KU3HECTIOCOOHOCTH. 3HAYCHHsI COXPAHHOCTH U METabO0IMYeCKOH aKTHBHOCTH 1ociie kpruokoHcepBuposanus MCK B cocrase
aJIbIMHATHBIX MHKpocdep yBeIUIUBaINCh pu nosbinienun kouentpaunu JJMCO c 5 no 10%. Vuuipaius KpucTalIn3aiy B X01e
MeJICHHOTO TporpaMmuoro 3amopaxuBanus MCK B cocraBe anbruHatHbix Mukpocdep B npucyrcreuu 10% JIMCO no3Bossiia
JN0OUTHCS MAKCUMAJIbHBIX 3HAYCHUH COXPAHHOCTH U META0OIMYECKOI aKTHBHOCTH MHKAIICYINPOBAaHHBIX KJIETOK. Pe3ynbrarsl paboThl
MOTYT OBITh UCIIONB30BaHbI JIs co3aanus 6anka MCK, HHKarcynnpoBaHHbIX B aJIbTHHATHBIE MUKPOCQEPHI.

Knrouesvie cnosa: anprunatapie MUKpocdepbl, ME3eHXUMabHbIE CTPOMAJIbHBIC KIICTKH, HHKATICYJISLHS, KpHOKOHCEPBUPOBAHHE.

TpuBHuMipHE KyJIbTHBYBaHHs Me3eHXiMalnbHUX cTpoManbiux kit (MCK), ski iHkancynsoBaHi y ansriHathi mikpocdepu, €
MEPCIICKTUBHAM HANMPSIMKOM KIITHHHOI 610J10Tii Ta TKAHWHHOI iH)KEHepii, 1110 BU3HAYa€ HEOOXITHICTh PO3POOKH METOMIB IXHHOTO
HHM3bKOTEMIIEPaTypHOro KOHCEPBYBaHHs. ¥ po0OTi moka3zana MOKIUBICTh kKpiokoHcepByBaHHss MCK y cknani anbrinarHux Mikpocdep
LIUIIXOM HOBUIBHOTO 3aMopoxkyBaHHs i 3axuctoM JIMCO. IMopiusuibHe BuBueHHs MCK y ckiani anerinaTHux mikpocdep iy
BUIJISIII CYCIIeH31i TOOJHHOKHX HEIHKAIICYIbOBAaHUX KIIITHH NPH KpiokoHcepByBaHHi mij 3axuctom 10% JIMCO He BUSIBHIIO 3HAYHUX
po30ixHOCTEH 1X KpiouyTiauBocTi, a y npucytHocTi 5% JIMCO BoHM Manu 0ibII HU3bKI OKA3HUKH JKUTTE3MATHOCTI. [loka3HuKH
36epexeHocTi i MeTaboniyHOT akTUBHOCTI Ticist kpiokoHcepByBanHss MCK y ckiani anbrinaTHUX Mikpocdep 301bIIyBaNInuch IpH
nigsumenHi kounentpanii IMCO 3 5 no 10%. Ininianis kpucTanizauii npu HOBiUIEHOMY IporpamMHoMy 3amopoxyBanHi MCK y
CKJIa Il anbriHaTHUX Mikpochep y mpucytaocTi 10% JIMCO no3Bosuia OTpUMaTH MaKCHMAITbHI TOKA3HUKH 30€PeKEHOCTI | MeTaboTiuHOT
AKTHBHOCTI IHKAICYyJIbOBaHUX KIITHH. Pe3ynsraTn po6oTH MOXyTh OyTH BUKOpUCcTaHi 1uis cTBopeHHs 6anky MCK, siki iHkancynbpoBaHi
y anbriHatHi Mikpocdepu.

Knrouogi cnosa: anprinatui mikpocdepu, Me3eHXiMalIbHI CTPOMaIbHI KITITHHH, IHKAIICYJIALisl, KPIOKOHCEPBY BAHHS.

Three-dimensional culture of mesenchymal stromal cells (M SC), encapsulated in a ginate microbeadsis a perspective direction of
cell biology and tissue engineering, indicating the need of the devel opment 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%
DM SO encapsulated M SC had lower viability values. Survival and metabolic activity of MSC after cryopreservation within alginate
microbeads depended on DM SO concentration in cryoprotective medium and rised with increase of DM SO concentration from 5% to
10%. Initiation of crystallization during slow program cooling under protection of 10% DM SO 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 M SC encapsul ated into
a ginate microbeads.

Key words: alginate microbeads, mesenchymal stromal cells, encapsul ation, cryopreservation.

Me3senxumainbhbie cTpomanbhbie Kietku (MCK)
0071a1aF0T YHUKAITHHOU CTIOCOOHOCTHIO K CAaMOOOHOB-
JIEHUIO0 ¥ MYJbTUINHEHHON anddepeHunpoBke B
KJIETKU KOCTHOM, XPSIIIEBOM, MBILIIEYHOH, )KUPOBOH 1
IOpYTHX TKaHe# invivou invitro[2, 7, 19]. Ouun nmerot
BBICOKMH Mpoiu¢epaTuBHBIA MOTEHIMAN, XOPOIIO
aAre3upyIoT Ha KyJIbTypalbHbIH IMIACTHK, JEMOH-
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Mesenchymal stromal cells (MSC) have unique
capacity to self-renewa and multilineage differentia-
tioninto 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 morphol ogy
when culturing in monolayer. These properties make

Institute for Problems of Cryobiology and Cryomedicine of the Na-
tional Academy of Sciences of Ukraine, Kharkov, Ukraine

* To whom correspondence should be addressed: 23,
Pereyaslavskaya str., Kharkov, Ukraine 61015; tel.:+380 57 373
3034, fax: +380 57 373 3084, e-mail: pravduke@yandex.ru

25 of cryori)ricé?llgg;

Vol. 20, 2010, Ne3



CTpUpyIOT PrOpPoOIacTONOI00HY 0 MOP(HOIOTHIO IPH
KyJIBTHBHPOBAHUH B MOHOCIIO€. DTH CBOMCTBA JICNIAIOT
MCK mnpuBnekaTeIbHbIM 00BEKTOM IS TKAaHEBOU
WHKCHEPUH U pereHepaTHBHON MEeAUIHHBI [29].

MoHocTI0IHO€ KYJIFTUBHPOBAHHE SIBIJISIETCS KITaCCH-
YECKUM METO/I0OM M3Y4YEHHS KIETOK )KUBOTHBIX, B TOM
yucie 1 MCK. Oanako B 3TOH cucteMe psij| yClIoBUi
OTJINYAETCS OT TeX, B KOTOPBIX KJIETKU HAXOIATCS B
opranm3me. Tak, B MoHocioe mis MCK moctymHO
TOJIBKO ABYXMEPHOE IIPOCTPAHCTBO, TOIAA KaK B €c-
TECTBEHHBIX yCIIOBUAX — TPEXMEPHOE. AbTepHATUB-
HBIN MTOJIX0]] OCHOBAaH Ha KyJIbTUBUPOBAHUH KIICTOK B
TPEXMEPHOM IIPOCTPAHCTBE, YTO MO3BOJISIET BHIIBUTD
TaKue MX CBOMCTBA, KOTOPBIE HE NPOSBISAIOTCS B
MoHocoe [8, 9]. Dto oOwsicHseTCs TeM, 4To (opma
KJIIETOK OIpeiesisieT UX (PyHKIHOHAIEHOE COCTOSIHUE
U TOBEICHHUE, B TOM YHCJIe CIIOCOOHOCTH OTpeIeNICH-
HBIM 00pa30M pearnpoBaTh Ha CUTHAIbHBIE BO3/IEHCT-
Bus [22]. Hanpumep, ycranosneHo, uto ¢popma MCK —
OJIMH U3 TPUTTEPOB, ONIPEEIISIONINX HX CIIOCOOHOCTD
g GepeHITPOBaTLCS B KICTKHU XPSIa THOO0 TIa Ko
myckynatypsi [10].

OnHUM M3 MEPCIEKTUBHBIX METOAOB 00BEMHOIO
KyJBTUBUPOBAHHUS SIBJISICTCS] HHKAMCYJISIINS KICTOK B
MHKpPOC(hEpbI, COCTOSIINE U3 Pa3JINUHBIX TUAPOTEINEH,
Cpenu KOTOPBIX HanOoJIblIee PACIPOCTPAHEHUE TTOITY-
yin anbruHatabie Mukpocdepsl (AMC). briaronaps
CBOCH CTPYKType albrHHATHBIC THAPOTEIH TO3BO-
TS0T TUGOYHIUPOBATh KUCIOPOAY, MUTATEIbHBIM
BEIIeCTBaM, CHUTHAIBHBIM MOJIEKyJaM, 4yTo obecre-
YUBACT KU3HECTIOCOOHOCTh U (DYHKIIMOHAIBHYIO aK-
THBHOCTH WHKAICYTMPOBaHHBIX Ki1eTok [11]. TTpu atom
aNbrUHATHBIN Telib 0071a/1aeT 6apbepHBbIMU (DYHKITHS-
MH T10 OTHOIIECHHUIO K MMMYHOTJIOOYJIMHAM U MOJICKY -
nmam ¢ maccoi cBeie 100 k/la. IT0O MO3BONSCT HC-
0JIb30BATh IAHHBIH OMoMaTepuat st UMMYHOH30JIs-
1y KiteTok [17]. Kpome Toro, OMOMHEpTHOCTH alibru-
HaTa M BO3MOKHOCTb MOJU(HKALNU €r0 CTPYKTYPBI
OMONOTUYECKN aKTUBHBIMU MOJICKYJIaMH JIEIaI0T €T0
MPUBIICKATEIBHBIM JIJIsl K3YUCHUS B3AUMOCBSI3H MEXK-
ny aaresueit MCK u X crmocoOHOCTBRIO K TIpotrdepa-
1mu u i depenipoke [4, 30]. CyiiecTBEHHBIM Mpe-
UMYIIECTBOM aJIbI'MHATA Mepe]] APYruMu Onomare-
pHaliaM¥ JIJIsl HHKAICYJISIIAHN SBIISIETCS BO3MOYXKHOCTb
€ro JIETIOIMMEPHU3AIH, YTO TIO3BOJISIET JIETKO U3BJIe-
KaTh WHKAIICYIMPOBaHHbIC KiieTKH [ 16, 28].

Brnaronapst COBOKYMHOCTH CBOWMCTB CHCTEMa
“MCK — anbruHaTHBIA THAPOTENb’ MPEACTaBIACT
OOJBLION HHTEPEC KaK I TEOPETHUECKUX UCCIIEeNI0-
BaHMI 110 KJIETOYHOW OMOJIOTHH, TaK H JUIs IPaKTHYec-
KOTO HCIIOJIb30BaHUSI B TKAHCBOW WHXKEHEPHUHU U
pereHepaTUuBHONU MEAUITUHE.

Js m3yqenus coricte MCK, mHKarcymmpoBaHHBIX
B AMC, HeoOXoAnMBI co3/laHNe 0aHKa ITHX KYIBTYp
1 pa3paboTka 3(h(HeKTUBHBIX METOJOB X KPHOKOHCEP-
BUPOBAHUSI.
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M SC 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
conditionsthe 3D is affordable. Alternative approach
isbased on cell culturing in 3D space that enablesto
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 signalsin acertain 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-
rientsaswell as signal moleculesto diffuse, providing
viability and functional activity of the encapsulated
cells [11]. Herewith the alginate gel possesses the
barrier functionsin relation to immunoglobulins and
mol ecules 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
maodified with bioactive molecules that makesit 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
cellseasily [16, 28].

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

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

Technol ogies developed for cell suspension cryo-
preservation might be not applicable for cells encap-
sulated in AMB. Probably thisis caused by changes
in the rate of water and cryoprotectants’ distribution
between cells and medium under freeze-thawing con-
ditions. During cryopreservation of cellswithin 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 (DM SO) cryo-
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Texnonoruwu, pazpaboTaHHbIE 7151 KPHOKOHCEPBU-
POBaHUS KJIETOYHBIX CYCIIEH3HM, MOTYT OKa3aThCs He
MPUMEHUMBIMU I KIeTOK B coctaBe AMC. Bos-
MOYHO, 3TO 00yCJIOBIEHO H3MEHEHHEM CKOPOCTH pac-
npeaesieHus BOABI U KPUOTIPOTEKTOPOB MEKIY KIIET-
KaMH, a TaK)Ke CpeIol P 3aMOpaKMBaHUH-OTOTPEBE.
B nporecce kproKoHCEPBUPOBAHHSA KIIETOK B COCTaBE
AMC Heo0X0IMMO YUUTHIBATb, YTO MPOTOKOJBI IOIIK-
HBI 00ecreYnBaTh HE TOJBKO COXpaHeHHe MOpGho-
(hyHKIMOHATFHBIX CBOWCTB KJIETOK, HO U CTPYKTYPHYO
LIEIOCTHOCTH HOCUTEIIS, MEXaHHYECKOE TIOBPEKICHIE
KOTOPOTO HEM30EKHO TPUBOANT K THOSITH MHKATICYITH-
POBaHHBIX B HUX KJIETOK.

st kpriokorcepBupoaanst MCK o0BIaHO Tpume-
HSIOT MEIJICHHOE 3aMOPaKMBaHHUE B MPHUCYTCTBUH
KpHonpoTekropa aumermicynspokcuaa (JJMCO) B
koHreHTparmsax 5—10% [12, 18, 20, 31]. OxHaxo Bo-
poc 00 3PPEKTUBHOCTH TAKOTO IPOTOKOIA JIS KPHUO-
koHcepBupoBanust MCK B cocraBe AMC ocraercs
Manoun3y4eHHbIM. KpoMe Toro, mokasano, 4To ajabru-
HATHBIN THIPOTEINh 00J1a/1aeT KPHO3AIUTHHIMHU CBOM-
CTBaMH IIpH OBICTPOM 3aMOpa’KUBaHUH HHKAIICYJTHPO-
BaHHBIX rematonuTos [5, 15]. B cBsA3M ¢ 9TUM TakxKe
MIPEICTaBISAET HHTEPEC N3yUeHNE KPHUOTYBCTBUTENb-
Hoctu MCK B coctaBe AMC npu UCHOJIb30BAHUU
BBICOKHX CKOPOCTEH 3aMOpaKBaHWS.

e paboThl — cpaBHUTENBHOE U3YYEHUE BIHSIHUS
OBICTPOT0 U MEAJICHHOTO 3aMOPayKUBAHHUS 1101 3a1I[H-
toii JIMCO Ha COXpPaHHOCTh M METa0OJUYECKYIO
aktuBHOCTH MCK, nnkancynupoBanusix B AMC, u B
BHUJIC CYCIIEH3UU OJJUHOYHBIX KIECTOK.

Martepuanbl u meToAbI

B pabore ncnonezoBanu MCK, BbIneneHHbie u3
Me307iepMalbHO-ME3EHXUMAIBHBIX TKAaHEH IJI0I0B
yenoBeka mo [1], mocne 3KCMaHCHH B CENCKTHBHOM
cpezie B TeueHue 6-8 maccaxeii.

KieTkn KynbTHBUpPOBAIM B MOHOCJIOE B KYIBTY-
palbHBIX COCYIax C IUIONIAbI0 MOBEPXHOCTH 25 cM?
(*Nunc”, CIIIA) B cpene o-MEM (“Sigma’, CIITA),
nonoiaeHHo# 15% smoOpuonanbHoi ceiBopoTku (OC)
KpymHoro poraroro ckora (“ buonot”, Poccns), 100 ex.
nenuunnHa, 100 mxr ctpentomununa, pu 37°C u
95%-ii Bnaxknoctu B armocdepe ¢ 5% CO.,,

[pu noctmwxennn 60—70% koHdayeHTa KIETKH
CHHMaJIH ¢ cyOcTpaTa Mpy MOMOIIU CMECH TPHUIICHH-
BepceHa (1:4) mo crangapTHOi Meroauke [24] u
nepeceBanu ¢ koddduiuentom 1:2. [TuraTenbHyI0
Cpely MEHSUIH KaXable 3-€ CYTOK.

Ilepen uHKanCyasAUEN KJIETKU CHUMAJIH, KaK OIH-
CaHo BBINIE, OCAXKIAIN MYTeM IeHTPU(YTUPOBAHHS
npu 700 06/MuH B TeYeHHE 5 MHH, TPOMBIBAIIH CPEIOH
¢ 0,15M NaCl u 25 MM HEPES (pH 7,4) u pecycrien-
nupoBanu B 1,2%-M pacTBope anbpruHaTta HaTpHs.
[MonydeHHy0 CyCHEH3UI0 ¢ KOHIeHTparuen 1,2—
1,6x10° kieToK/MIT TOMEIIAaIH B CTEPUITbHBIH IIITPHIL
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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 ratesis also of interest.

The research aim is to study the effect of rapid
and dow freezing under DM SO protection on viability
and metabolic activity of MSC, encapsulated in AMB
aswell asin theform of single cell suspension.

Materials and methods

For this study the M SC were isolated from meso-
dermal-mesenchymal tissues of human fetuses as
reported previously [1] and expanded in selective
medium during 6-8 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
aginate 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 um.

Cryoprotective medium consisted of medium 199
with 10% FS and DM SO 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
frozenin 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 O
down to —40°C with initiation of crystallization at
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00BEMOM 2 MII ¥ C TIOMOIIIBIO CTIEIUATEHO CKOHCTPYH-
POBaHHOU HACaJKH PACIbUIUIA B paCTBOP, COIepkKa-
it 100 MM CaCl,,. Anbrunatnbie MUKpochepsl ¢
kneTkamu octasisiu B pactBope CaCl, na 10 mun
JUIS1 IOJIMMEPU3aLIiH, TIOCIIE Yero MPOBOIMIIN CTYTICH-
YaTyr0 OTMBIBKY OT M30BITKa MOHOB KaJlbIlUs PacT-
BopoMm 0,15 M NaCl u 25 MM HEPES. Onucannsiit
cnoco® MO3BOJISI MOJIydaTh MUKPOC(EpPH C pas-
Mepamu B auanazone 500-1000 mxm.

B xayecTBe KpHO3alIUTHON Cpeabl UCIIOJIb30BAIN
cpeay 199 ¢ 10% OC u IMCO B KOHEYHOH KOH-
nertpanuu 5 uiu 10%. Cpeny, comepiKaliryo JBOHHYIO
koHIeHTparmio JJMCO n OC, MemIeHHO TI0 KaIuisiM
T00ABIISITH B PaBHBIA 00hEM KYJIBTYpallbHON CpElbl,
coaepxamieit MCK, 1 mocne skBunuOpanuy B Te4eHIe
15 mun npu temnepatype 4°C 3aMopakuBaiu B
kpuomnpodupkax (“Corning”, CIITA) o6semom 1 M.
3aMopakuBaHHE MPOBOIWIN MO TPEM PEKUMAM:
pexxuM 1 — OpIcTpoe 0JHOATAITHOE 3aMOpAKUBaHUE
MyTeM NPSAMOTO MOTPYKEHUS B XKHUAKHUH a3oT; pe-
KHUM 2 —MeJUICHHOE JIBYXOTAIHOE 3aMOPaXKHBAHUE CO
ckopocthio 1 C°/mMun 1o —80°C ¢ mocnenyoouum
MOTPYKEHUEM B KHJIKUAH a30T; PEIKUM 3 — MEJICHHOES
TPEeX3TaIHOE 3aMOPAXUBAHUE CO CKOPOCThIO 1°C/MuH
ot 0 no —-40°C ¢ nHUIMAIed KPUCTAJUTH3AINH TIPH
—6,3°C, 3arem co ckopocthio 10°C/mun ot —40 no
—80°C ¢ nocieayonuM Morpy>KeHUEM B )KUIKHUH a30T.

O6pasupl xpanwiu npu —196°C, oTorpeBanu Ha
BoJsiHON Oane mpu 37°C. KpuompoTekTop yaamsiun
MEJJIEHHBIM pa3BelAeHUEM JEeKOHCEPBUPOBAHHOM
cycriensun cpenoit 199 ¢ 10% 5C B cOOTHOIIEHUH
1:10, 3aTem nentpudyruposanu npu 200 g B TeucHnE
10 muH.

XKu3HecmocoOHOCTh KIETOK OLCHHBAIU C ITOMO-
TIBI0 KOMOWHHUPOBAHHOTO OKPAIITUBAHS (ITYyOPECIICHT-
HBIMH KpacHuTelsIMu (QIyopeclerH JAHAleTaTOM
(®TA) u stunuym 6pomuaom (OB) [6]. Brmroyenune
(IIyOpECIIEHTHOTO KpacuTesst B KJIETKH (B cocTaBe
AMC 1 cycrieH31H) ONPeAeIsUIH C TIOMOIIBIO HHBEP-
THPOBAHHOTO KOH(OKAIHHOTO JIA3EPHOTO CKAHUPYIO-
mero mukpockona LSM 510 META (Carl Zeiss,
I'epmanusi) u mporpamMmmuoro obecreuenusi LSM 510
ver. 4.2 (Carl Zeiss, I'epmanms). M3006pakeHus OTy-
Yajiu NpU JJWHE BOJHBI BO30yx)aeHus 488 M
(apronossrii nazep, pabouas momHOCTE 5,4 MBT) ¢
ucnonp3oBanueM oobektrra EC Plan Neofluar x10 u
¢unsrpa HFT 405/488/543/633 B Tpex kaHanax: B
MEPBOM PETUCTPUPOBAIIU IMHUCCHUIO B Tuana3one 508—
550 HM, BO BTOPOM — 3MHCCHIO B quana3zoHe 593—
646 HM, B TpeTheM — BUANMOE H300paXKeHUE B TIPOXO-
JsieM cBere. Benndnna nasepHoii aneptypsi (pinho-
le) cocrapnsma 150 am. KordokansHbIe H300paKeHUs
AMC ¢ mraroM mo ocu Z moJIydadd ¢ HHTEPBaJIOM
10 mxm. [l moacdeTa KOJTWYECTBA OKpaIleHHBIX
KJIETOK CTPOMJIH C IIOMOIIIBIO POrPaMMHOTO o0ectie-
geraus LSM 510 ver. 4.2 tpexmepHbIe MPOSKINH 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.

Cdll 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 um 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].
Cellsin single cell suspension or within the alginate
microbeads were cultured in the medium, containing
10% of redox indicator AB (Serotec) for 12 hrsin 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. Thereduction 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, aswell as non-encapsul ated cell
suspension were cryopreserved using the one-step
rapid freezing (regimen 1) in the presence of 10%
DMSO. Viahility of encapsulated M SC before frezing
comprized 90 + 3% (Fig. 1, a). Viability of cellsin
microspheres (Fig.1, b) and in suspension after thaw-
ing, evaluated by FDA/EB stainingwas6 + 2 and 3 +
2%, correspondingly. After further 12 hrs culturing
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IJIOCKHME MPOSKIIMK BCEX MOJTYYCHHBIX CJI0EB BIIOJIb
oCH Z.

Jlns olleHKW aKTUBHOCTHU TNPOJU(EpaTHBHO-
Metabonnueckux nporeccoB B MCK npumensmu rect
Alamar blue (AB) [25]. KneTku B BUie CYCTICH3UU U
B COCTaBE AJIbTMHATHBIX MUKPOC(Ep Ky TbTHBUPOBAIH
B Teuenue 12 u B cpene, conepxkaei 10% pacteopa
penokc-unaukaropa AB (“Serotec”, BenukoOpu-
tauus) B 24-nmynounom mmanmrere (“Nunc”, CIIIA).
[Mocne 4yero mM3Mepsyii MHTEHCUBHOCTH (uyopec-
HEHIMH BOCCTAHOBIICHHOH (hOPMBI peTOKC-UHHKATOpA
B CpeJie KyIbTUBUPOBAHHUS Ha IJIAHIIETHOM CIIEKTPO-
dorodayopumerpe “Tecan” (Ascrpus). PoHOM City-
KWJIa cpella ¢ WHIUKaTopoM 0e3 kiaeTok. CTerneHnb
BoccTaHoBJIeHHOCTH AB (X) BBIpakanu B OTHOCH-
TenbHBIX equaunax Giayopecueniuu (OED) u onpe-
Jensui 1o gopmyie:

X = (3nauenue ¢hryopecyenyuu kiemox —
3Hauenue Gayopecyenyuu Gorna) | 3navenue
¢ryopecyenyuu @ona.

Jns ananm3a pa3nuyuuii mokasaresnei COXpaHHOCTH
1 METa0OINYECKON aKTUBHOCTH MEXY Pa3THYHBIMH
9KCIIEPUMEHTATBHBIMU TPYIIAMHU HCIOJIH30BATH
JIBYXBBIOOPOYHBIH t-TecT.

PesyAbTathl M 00Cy)AeHue

Ha mepBom atame paboret MCK B cocTaBe
IITMHATHBIX MUKpOc(ep, a TaKkKe B BUAE CYCIICH3UN
OZIMHOYHBIX KIIETOK KPUOKOHCEPBUPOBAIIH C UCTIONB30-
BaHHEM OBICTPOTO OJIHOATAITHOTO 3aMOPaKHBAHHS
(pexxum 1) B mpucytctBun 10%-ro JIMCO. XKusnecrno-
coOHOCTh MHKancynupoanHeix MCK niepen 3amopa-
xuBanreM cocrasisuia 90 + 3% (puc. 1, a). Kuznecro-
COOHOCTH KJIETOK B MUKpoc(hepax (puc. 1, 6) u cycren-
3WM TI0CJIE OTOTPEBA, OIICHEHHAs 10 OKPAIIUBAHUIO
®JIA/DB, cocraBuia 6+ 2 u 3+ 2% COOTBETCTBEHHO.
[Tocne nocneyromiero 12-4acoBoro KyJIsTHBUPOBAHUS
MHKaICYIMPOBaHHBIX KJIeToK ¢ AB 3HaueHus myopec-
LEHINHN PeJOKC-UHANKATOpa 10CTOBEPHO HE OTIMYa-
JUCch OT (hOHA, YTO MOJATBEPHKAAIO THOEIb KIETOK.
[Tpy MUKPOCKOTIHH OTOTPETHIX MUKPOCQEP BHISIBHIIH,
YTO Tellb MUKpocdep Mpruodpes MENKOTUYCHCTYIO
CTPYKTYPY U B pe3yibTare yTpaTHi MPO3PavHOCTb.
OueBHHO, CTPYKTYpPa ATbTUHATHOTO TUAPOT IS HAPY-
IaeTcsl BCJIEACTBHE 0Opa3oBaHUS M POCTAa B HEM
KPHUCTAJJIOB JIbJA.

OmnucaHHbIE Pe3yabTaThl CBUAETEIBCTBYIOT O TOM,
YTO UCTIOJIb30BaHHUE OBICTPOTO 3aMOPAKUBAHUS AaXKe
B npucytctBun 10%-ro IMCO BbI3bIBaeT Tudensb
npaktudecku Bcex MCK kak B coctae AMC, Tak u
B BH/IC CYCIICH3MH OJJMHOYHBIX KJIeTOK. [Tokazano [15],
9TO aJbTHHATHBIA THIPOTeNh 00JIalaeT KPHO3aIIUT-
HBIMH CBOWCTBaMHM IpH OBICTPOM 3aMOPAKHBAHUU
MHKAIICYJTMPOBAaHHBIX TeMaTOIUTOB. Pe3ynsrarsl Ha-
crosmiedl pabOTHl CBUIETEIBCTBYIOT O TOM, YTO HPU
OBICTPOM 3aMOPAKUBAHUHT KPHO3AMMNUTHEINA (D (PeKT 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 afine sponged structure and as result lost
the transparency. Obviously, the structure of alginate
hydrogel was affected due to the formation and
growth of ice crystalsinside.

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 DM SO concentration and exposure
time, would obviously not prevent MSC death, since
it was shown [13] that rapid freezing in presence of
32% DM SO 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 severa studies dealing with cryopreservation
of different cell typeswithin aginate microbeads using
slow cooling rates [3, 14, 23] DM SO was applied in
concentration of 5 to 20%. Considering that DM SO
has atoxic effect on the cellsin 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
M SC in non-encapsul ated 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.

Viahility of encapsulated M SC before freezing was
90 £+ 3% (Fig.1, @). Freeze-thawing of cells within
microbeads in presence of 5 and 10% DM SO 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 cellswas
performed in the same conditions. Viability of non-
encapsulated cells before freeze-thawing was 93 +
3, and thereafter decreased to 73 + 5and 84 + 2% in
the presence of 5 and 10% DM SO, correspondingly
(Fig. 2).

The viability of non-encapsulated cell suspension
after freeze-thawing in presence of 5% DM SO was
significantly higher than of MSC within alginate
microbeads. When increasing DM SO 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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MIPOSABIIETCS, @ HapylIeHne CTpyKTypsl AMC mosxer
OKa3bIBaTh JIOMOJIHUTEIBHOE TIOBPEKAAOIIEE ICHCT-
BuUe Ha KiIeTKH. [locnenyroiee yBeanyeHne KOHICHT-
pauuu JMCO u BpeMeHH 3KCIO3ULIUN C HUM KIIETOK,
04eBUIHO, He nTpeaoTBpatut rudeins MCK, mockonbKy
panee HaOmonanu [13] cxomHOE C MONyYEeHHBIM B
Haiei paboTe CHIKEeHHUE )KU3HECTIOCOOHOCTH MHKAII-
CYJIMPOBaHHBIX KJIETOK MOYEK apUKaHCKOH 3€IeHOM
MapTHIIIKYA [PU OBICTPOM 3aMOPaXUBAHUH IIOJ
samutor 32%-ro IMCO u yBenuYeHHH BPEMEHU
9KCITO3UIUH C KPHOITPOTEKTOPOM 10 30 MHUH.

B HEeMHOrouMCIEHHBIX UCCIIEOBAHUSIX, ITOCBSIIICH-
HBIX KPUOKOHCEPBUPOBAHUIO PA3TUYHBIX THIIOB KJICTOK
B COCTaBE aJIbIMHATHBIX MUKpOCc(hep NPH MEUICHHBIX
ckopocTsx oxnaxaenus [ 3, 14, 23], npumensutn IMCO
B KOoHIIeHTpanuu ot 5 1o 20%. Yuuteisas, uro JJMCO
o0J1aaeT TOKCHYECKUM AeHCTBHEM Ha KIETKH, KOTO-
poe IposBIIseTCs TPU KOHIIEHTpanuy Boiine 12%[21,
27], ueaecoodpa3HO HCMOIb30BaTh KOHIEHTPAIIUIO
HIKE ITUX 3HAYECHUI.

B cBsa3u ¢ 3THM Ha cienymoomeM dTane padoThl
MCK B cycnieH3nn u MHUKpocdepax KpHOKOHCEPBH-
POBAJIH C TPUMEHEHUEM MEJICHHOTO 3aMOPaKUBAHUS
(pexum 2) co ckopocThio 1°C/MUH B IPUCYTCTBHH 5
u 10%-ro IMCO.

JKuznecriocobHocth nHKarcynmmpoBanHpix MCK 1o
3amopakuBanus cocraisia 90 £ 3% (puc. 1, a), a
10CJIe 3aMOPaKMBAHUSI-OTOTPEBA B IPUCYTCTBHU S U
10% JAMCO no pexumy 2—61 + 41 79 + 3% coorseT-
ctBeHHO (puc. 1, B, T; puc. 2). OQHOBPEMEHHO B TEX
Ke yCIoBUSIX 3aMopaxuBanu cycrnenszuio MCK,
HenHKarncynpoBaHHbIX B AMC. XKuznecrnoco6HOCTh
HEMHKAIICYJINPOBAHHBIX KIIETOK J0 3aMOpaKUBAHHS
cocraBisiia 93 + 3, a rmocJie 3aMopaXMBaHUA-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% DM SO this
value decreased down t0 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 tothevaue 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% DM SO,
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 M SC. 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 changesin 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% DM SO were similar, though
the changes, found with AB test were more significant
that testify to a higher sensitivity of the metabolic
test.

Theresults obtained at this stage testify that slow
freezing in the presence of 5% DM SO affect MSC
within AMB more significantly than the cellsin non-
encapsul ated suspension. These differencesin cryo-
sensitivity disappear when using DM SO in 10% con-
centration, and the viability of frozen-thawed MSC in
both groups significantly increased. Therefore in
further experiments the 10% DM SO concentration
was used.

bs c N d

Puc 1. MCK B cocraBe anbriHATHBIX MHKpOChep, okparenabie ®JIA/IB: a — no 3amopa-
JKMBaHMS, O —I1ociie KpHOKOHcepBHpoBaHus 1o pexumy 1 ¢ 10% JIMCO; B —nocie Kkpro-
KOHCepBHpOBaHus 1o pexumy 2 ¢ 5% JIMCO; r — nociie KPHOKOHCEPBHUPOBAHHUS 10
pexumy 2 ¢ 10% JIMCO; n —nociie kprokoHcepBrpoBaHus 1o pexxumy 3 ¢ 10% JIMCO.
KondoxkanpHas ckaHupyromas 1a3epHas MUKPOCKOIIHUS, KX 10€ N300pakeHHE TI0JTyYeHO
CYMMHpPOBaHHEM KOH(pOKaJIbHBIX H300pakeHU BIIOJIb OCH Z.

Fig. 1. MSCswithin alginate microbeads, stained with FDA/EB, confocal scanning laser
microscopy: prior to freezing (a), after cryopreservation according to the 1% regimen with
10% DM SO (b), according to the 2™ regimen with 5% DM SO (c), according to the 2™
regimen with 10% DM SO (d), according to the 3 regimen with 10% DM SO (e). Confocal
scanning laser microscopy, the images are the projection of confocal planes along the z
axis.
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B npucytctBun 5 u 10%-ro JMCO — 73 £ 5u 84 +
2% cooTBeTcTBeHHO (pHC. 2).

3HaueHNE )KU3HECTIOCOOHOCTH CYCIIEH3UH HEMHKAIT-
CYJIUPOBAHHBIX KJIETOK TMOCJE 3aMOpaKUBaHUMI-
ororpesa mox 3amutoi 5%-ro JIMCO 6sl1a nocrto-
BepHO BhIIe, yeM MCK B cocTaBe aabrHHATHBIX
Mukpocdep. [Ipu yBenmuennu konueHTpaunu JMCO
10 10% xu3HECIOCOOHOCTh KJIETOK IOCINIE 3aMopa-
KUBaHUSA-OTOTPEBA B BHJE CYCIICH3UH U B COCTaBe
AMC He oTnmyanach W OblJIa 3HAYUTEIHHO BHIIIIE,
geMm B mipucytctBun 5%-ro JIMCO.

Jlo 3amopaxuBaHus WHKancyaupoBanasie MCK
BoccTanaBimBaimu AB no 3nadenus 2,27 £ 0,17 OE®.
[Tocne 3amopakMBaHUS-0TOTPEBA B IPUCYTCTBAN S5 1
10%-ro IMCO stoT mokasareinb cHrkajics g0 0,83 =
0,10 u 1,44 + 0,18 OE® cootBetcTBeHHO (puc. 3).

OnnospemenHo ¢ 3TuM MCK B ¢opme cycnenzun
OJTMHOYHBIX KJICTOK JI0 3aMOPaKUBAHsI BOCCTAHABIIH-
Banu AB o 3nauenns 2,45 + 0,04, a mociie 3amMmopaxku-
BaHUs-oTOrpeBa B npucytcTBun 5 u 10%-ro JMCO
coorBeTcTBeHHO 110 1,37 + 0,07 1 1,54 + 0,03 OED.

Taxum 00pazom, mocIie 3aMOpaKMBaHUA-OTOTPEBA
o 3amuToit 5%-ro JIMCO criocoOHOCTh HHKAIICYITH-
POBaHHBIX KIIETOK BoccTaHaBimBaTh AB OpL1a mocro-
BepHO Hike, ueM y MCK B Buze cycnensuu. Bmecte
C TeM, TIOCTIe 3aMOPKUBAHUA-OTOTPEBA B IPUCYTCTBUN
10%-ro IMCO ypOoBHHU BOCCTaHOBIEHHOCTH PEJIOKC-
WHIUKaTOpa I KiIeTok B coctae AMC u B Buje
CYCIIEH3UH HE OTJIMYAIUCH U ObLUTH JTOCTOBEPHO BHIIIIE,
yeM B rpymie ¢ 5%-m JIMCO. B 1ienom u3MeHneHus
CTETIeHH BOCCTaHOBIIEHHOCTH AB 1 xmn3HecrocodHoc-
™1 MCK B AMC 1 cycrnieH3uH 1ociie 3aMopakuBaHusI-
ororpesa B npucyrctBuu 5 u 10%-ro IMCO umenu
CXOJHBIA XapaKTep, XOTS pPa3jnuusl, BBIIBICHHEBIE C
romonipio AB-Tecta, ObLIM 3HAYNTENBHEE, YTO CBH-
JIETENILCTBYET O 00Jiee BHICOKOW YYBCTBHTEIHHOCTHU
MeTabO0IIMYECKOTO TEeCTa.

[TomyueHHBIC Ha TAHHOM 3Tarle Pe3yJIbTaThl CBUIC-
TenscTBYIOT, 4T0 MCK B coctaBe AMC npu measnieH-
HOM 3aMOpaXwBaHUH Tox 3ammutoil 5%-ro JMCO
MTOBPEKIAOTCS B 00JIbIIIEH Mepe, YeM KIIETKU B BUJIC
CYCIEH3UHU. DTU Pa3Indus KPUOUYYBCTBUTEIHHOCTH
ucuesarot npu KouuenTpanuu JIMCO 10%, B pe3yib-
TaTe 4ero 3HAYMTENbHO ITOBBIIIAETCS COXPaHHOCTh
kpuokoHcepBupoBaHHbEIX MCK B 00enx rpymmax. [1o3-
TOMY B JalIbHEHIIIUX YKCIEPUMEHTAX HCIIOIbh30BAIN
koHnenTpanuto JJMCO 10%.

JIJ1s MUHUMH3AIIMY KPUOTIOBPEXKICHUI CYCIICH3UN
KJICTOK YCIEITHO MTPUMEHSIECTCS IPOTrPaMMHOE 3aMOopa-
JKUBaHUE C MHUIIHAIMEH KpucTaum3anuu. Bo3mMoxk-
HOCTh YCTPaHCHHSI KPUTHYECKOTO MEPEOXIIAKICHUS
rurorutazMel MCK, HHKarcymmpoBaHHBIX B aJIbTMHAT-
HBIE MUKpOC(]epbI, TyTeM HHUIHAIIN KPUCTAIITA3AIN
MpH MEUICHHOM 3aMOpPaXKHBAaHUH TPAKTHYECKH HE
uzydeHa. [loaTomy B X07€ AaIbHEUIINX HKCIIEPUMEH-
TOB MHKAICYTUPOBAaHHBIE KIIETKH 3aMOPaKUBAIIH TTO]T
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Puc. 2. XKusnecniocoonocts MCK (%) B coctaBe AMC (H)
U B BHJE HEMHKAICYyIUpoBaHHO# cycnenzuu () mocie
3aMOPAKUBAHUA-OTOTIPECBA IO PA3JINYHBIM PEIKUMAM.

Fig. 2. Viability of MSCs (%) within AMBs (H) and in non-
encapsulated suspension () after freeze-thawing accord-
ing to various regimens.
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Fig. 3. Ability of MSCs encapsulated in AMBs (H) and in
non-encapsul ated suspension () to reduce the AB redox-
indicator after freeze-thawing according to the variousregi-
mens. The dataare shownin RFU per 20,000 of cells.
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3amuroit 10%-ro JIMCO no MemyieHHOMY ABYX3Tall-
HOMY TPOTOKONTY (PeXUM 2) WU 10 TPEXITATHOMY
PEeKUMY C MHUIHAIMEH KprcTa/uIu3anuy (pexum 3).

Coxpannocts nHkancynuposanHeix MCK nmocie
3aMOpaXKHBaHUSI-OTOTPEBA MO PEKUMY 3 JIOCTOBEPHO
HE OTJIMYAJIACh OT 3HAYCHHUI KOHTPOJIS (10 3aMOpayKH-
BaHus) U coctaBmia 87 + 2% (cm. puc. 1, ). [Ipu
3TOM OHa OblIa TOCTOBEPHO BBINIE, YEM IOCIHE
ucnonb3oBanus pexxuma 2 (79 = 3%) (puc. 2). Aunao-
THYHBIE TIOKA3aTeH COXPAaHHOCTH OBUIH MOJTYYEHBI 1
nocne kpuokoHcepBupoBanust MCK B Buje cycrieH3uu:
o pexumy 3 — 88 + 2% u pexumy 2 — 84 + 2%.

NuxancynupoBanneie MCK mnocie 3amopaxuBa-
HUS-0TOTPEBA MO pexnMy 3 BoccTaHapnmuBaimu AB 1o
3raveHus 1,57 £ 0,17 OE®D, xotopoe OBLTO TOCTOBEPHO
HIDKE, 4eM 10 3aMopaxkuBauus (2,27 + 0,22), u He
OTJINYAJIOCh OT PE3yJbTaTOB MOCIE 3aMOPaKUBAHUS
o pexxumy 2 (1,44 + 0,18) (puc. 3). Cxoxast IMHAMHKA
Ha0nrogasack B HEMHKAINCYJIUPOBAHHBIX KIIETKaX.
[Tocne 3amopaxuBanus-ororpesa MCK B Bune
CYCIICH3HH I10 PeXHUMY 3 CTETIEHb BOCCTAHOBJICHHOCTH
AB (1,74 = 0,07) Obuta JOCTOBEPHO HHIKE, YEM JI0
samopaxkuBauus (2,45 + 0,04), u He oTMYamacek OT
pe3yNIbTaTOB IOCIE 3aMOPAKUBAHUS TI0 PEKUMY 2
(1,54 +0,03).

ITosmyueHHblE JaHHBIE CBUIETEILCTBYIOT O TOM,
YTO UHUIIHAIINS KPUCTAINTA3AINH yCTPAHSICT KpUTHYEC-
koe nepeoxnaxaenue MCK B aJbruHaTHBIX MHUKPO-
chepax mpu MeAJIEHHOM 3aMopakuBaHuU. PaHee
c00011aJI0Ch, YTO WHULUALUIO KPUCTAIN3ALUN C
yCIEXOM NPUMEHSUTH [PH KPHOKOHCEPBUPOBAHNH XOHI-
pouutoB [ 3] 1 TpaHCcHOPMUPOBAHHBIX IMOPUOHAITBHBIX
KJIETOK IOYKH [ 26], nHKancynmpoBaHHbIX B AMC, uto
TI03BOJIAIIO 00ECTICYUTH BRICOKYIO COXPAHHOCTb JICKOH-
CEPBUPOBAHHBIX KJIETOK B npeaenax 80-86%.

[Ipu aHanu3e pe3yabTaTOB HE BBISBICHO JOCTO-
BEPHBIX OTIIMYHH B IIOKA3aTENISIX COXPAHHOCTH U METa-
6onmnueckoii aktuBHOCTH Mex 1y MCK, kxprokoHcep-
BUpoOBaHHBIMU noJ 3amuToii 10%-ro IMCO, B
coctaBe AMC u B BUJi€ CyCIIEH3UU. DTO JOKA3BIBAET,
YTO MHKAICYJSIIHS B aJbTUHATHBIA THAPOTENb HE
BIIMsAET Ha KpuouyBcTBUTENBbHOCTE MCK npu 3amo-
PaKMBAaHUU NPU AAHHON KOHLEHTPAaLMHM KPHOIPO-
tektopa. Bmecte ¢ Tem MCK B coctae AMC nocne
KpHOKOHCEpBUPOBaHUS 101 3amuTtoi 5%-ro JIMCO
uMmenn Oojee HU3KHE MOKA3aTed COXPAaHHOCTH H
MeTabOIMUECKON aKTUBHOCTH, YeM HEHHKAICYIUpO-
BaHHBIE KJIETKH. BO3MOKHO, 3TOT (akT CBs3aH C TEM,
YTO aJIbTUHATHBIN THUAPOTeIh 3aMeJISIET pacipeene-
HHE KPHONPOTEKTOPa BHYTPU MUKpocdep, 4TOo MPosiB-
JSieTCs IPU €r0 KOHLIEHTPAMH HUKE ONTUMAaIBHOTO
ypoBHS. B onp3y 3TOr0 NpeanonoxeHus CBUAETeIb-
CTBYIOT pe3yibTarhl paboTsl [3], B KOTOPOii BEICOKHE
[I0KA3aTeNIM )KU3HECIIOCOOHOCTH KJIETOK II0CJIE 3aMO-
paXuBaHUS-0TOTpeBa B pucyrcTBun 5%-ro JIMCO
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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 M SC 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, €). It was
significantly higher, than after freezing according to
theregimen 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 theregimen 2 (1.54 + 0.03).

The obtained data testify to the fact that initiation
of crystallization eliminates the critical overcoolingin
encapsulated M SC during slow freezing. It has been
reported recently that initiation of crystallization was
successfully applied during cryopreservation of chond-
rocytes[3] and transformed fetd kidney cell [26], encap-
sulated in AMB, that enabled to provide ahigh 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. Soitisno 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% DM SO than
non-encapsulated cells. Probably thisfact isassocia-
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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JOCTHUTAIIMCH TIPH JITUTEIBHON SKBUIIMOPALIMH C KPHO-
MPOTEKTOPOM. Pe3ynbTaThl HAaCTOSIIEro MCCIENI0Ba-
HUS HE TOJITBEPIKIA0T KPHUO3AIIUTHOE ICHCTBUE allb-
rMHATA, MOKa3aHHoe B pabote [15].

Crnenyer OTMETHTH, 4TO Tuaporeids B AMC He
yTpadKBaj MPO3PAYHOCTH, OLCHEHHYIO BU3YaJIbHO MOC-
JIe MEJJICHHOTO 3aMopaxkuBanust (pexxumel 2 u 3), B
OTJINYKE OT OBICTPOrO 3aMopakuBaHus (pexum 1).
DTO CBUICTENBCTBYET O COXPAHCHUH CTPYKTYPHOI I1e-
JIOCTHOCTH aJIbTHHATHOT'O TeJIsl TIPH MEUICHHOM 3aMO-
PKUBAaHUM B OMHCAHHBIX YCIOBHSX, YTO SIBIISCTCS
BXXHBIM KPUTEPUEM JJIsI Pa3pabOTKH aJlcKBATHOTO
MPOTOKOJIA KPUOKOHCEPBUPOBAHUS KJIIETOK B COCTAaBE
AIbIMHATHBIX MUKpOChep.

BuiBOABI

1. Kpuoxoncepsuposanre MCK, nHKancyarpoBaH-
HBIX B aJIbI'MHATHBIE MUKPOC(HEPHI, C HCIIOIb30BaHUEM
OBICTPOTO OXJIAKICHHS CONPOBOXKAACTCS HI3MEHEHUEM
OINITHYECKUX CBOWCTB FMPOTEIIsl M IPUBOJUT K THOCITH
KIIETOK.

2. lcnionb3oBaHue MEIJIEHHOTO 3aMOPaKUBAHUS
ipu KprokoHcepBrupoBanny MCK, MHKaTCy mpoBaHHBIX
B aJIbTHHATHBIE MHKpPOCGhEpHI, MO 3aIMUTOH 5 u
10%-ro IMCO 1103BONSET B 3HAYUTEIBHON CTEIEHN
COXPaHUTh JKU3HECTIOCOOHOCTH KJIeTOK. [Ipn aToM mmo-
Ka3aTeNy COXpPaHHOCTH U MeTa0OINIeCKO aKTHBHOC-
TH KJIETOK 3aBUCAT OT KoHIeHTparmu JIMCO B kpro3a-
mWUTHOHN cpexae. IIpu MOBBIIIEHUH KOHLEHTPALNH
JAMCO ¢ 5 no 10% coxpaHHOCTb HHKAIICYJIUPOBaHHBIX
KJIETOK T0CJIe KpHOKOHCEPBUPOBAHUS BO3pACTaLT I10-
gyt Ha 20%, a mokasarenu AB-tecra — na 70%.

3. CpasuurenbHoe nzyuenne MCK B coctase ajb-
TMHATHBIX MUKpOC(Ep U B BUE CYCIIEH3UH OJTAHOYHBIX
HEHHKAICYIMPOBAHHBIX KIIETOK IIPH KPHOKOHCEPBHUPO-
Banuu noj 3amurtoi 10% IMCO He BBIIBHIIO CY-
MIECTBEHHBIX Pa3InINi B UX KPHOUYBCTBUTEIHHOCTH,
a B npucytcreun 5% JIMCO MCK B coctaBe ajabru-
HATHBIX MUKpOC(ep UMenn 0osiee HU3KHe MOKa3aTel
KU3HECTIOCOOHOCTH.

4. KoHTpOJIh KPUTHYECKOTO MEPEOXIIAK ICHISI BHY-
TPUKIIETOYHOTO COAEPKUMOTO ITYTeM WHHIHAIUN
KPUCTAJUTN3AIMU B X0JI€ MEJUIEHHOTO TPOrPaMMHOTO
3aMOpaKuBaHus pu KpuokoHcepsuporanuu MCK B
COCTaBe albIHHATHBIX MHKpOcdep B MPUCYTCTBUHU
10% AMCO mno3BojseT OOOMThCS MaKCHMalIbHBIX
3HAYCHUN COXPAHHOCTU M METaOOIMUYECKON aKTHB-
HOCTH HHKAICYTHPOBAHHBIX KJIETOK.

Jlntepatypa
1. TlempeHko A.FO., Masyp C.I1., [lempeHko FO.A. u dp. Beigene-
HUe n anddepeHUnpoBKa CTPOMarnbHbIX KNEeTOK U3 TKaHen
nnofoB u B3pocroro 4yenoseka // TpaHcnnaHToONoOrus.—
2007.—T. 9, Nel.— 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% DM SO 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). Thistestifies to preservation of
structural integrity of alginate hydrogel during slow
freezing in described conditions, and thisis an impor-
tant criterion for devel opment of adequate cryopreser-
vation protocol for cells encapsulated in alginate miro-
beads.

Conclusions

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

2. Application of slow freezing in the presence of
5 and 10% DM SO during cryopreservation of MSC,
encapsulated in alginate microbeads, enables to pre-
serve significantly the cell viability. Herewith theindi-
ces of viability and cell metabolic activity depend on
DM SO concentration in cryoprotective medium. When
increasing DM SO 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
al ginate microbeads and in non-encapsul ated suspen-
sion during freeze-thawing in the presence of 10%
DM SO did not reveal significant differencesin their
cryosensitivity, and in the presence of 5% DM SO the
post-thaw viability of MSC encapsulated in alginate
microbeads was lower.

4. Thedimination 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% DM SO enables to obtain the maximal values
of viability and metabolic activity of encapsulated cdlls.
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