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Effect of Cryopreservation Using Slow Freezing

or Vitrification on Viability and Metabolic Activity

of Mesenchymal Stromal Cells Encapsulated Within Alginate
Spheres with Diameter of 1 mm and More

PecdbepaTt: B paboTe n3yyeHO BNUAHME BPEMEHWU IKCMO3NLUM Me3eHXMMarnbHbiX cTpoManbHbix knetok (MCK) B cocTtaBe
anbrMHaTHBIX MUKPOCMEp C NpUMeHeHMeM KpuosalmTHon cpeabl AAMNC-1, coctosiwen us 10% gumetuncynsdokemaa, 20% aTunex-
rnvkonsi, 20% 1,2-nponangvona u 0,5 M caxaposbl, Ha X COXPaHHOCTb 1 MeTabonMyeckyto akTUBHOCTb MOCIe KPYOKOHCEPBUPOBaHUS
MeToAoM BUTpudmKaumm. B paboTte Gbinv ncnonb3oBaHbl cdepbl ¢ AnameTpom Gonee 1 MM, nonyvyeHHble MyTeM MokanernbHOro
BHECEHMWSI anbrmHaTa HaTpusi B pacTBOp Xnopuaa kanbuusi. AnbruHaTHble cdepbl, NonyYyeHHble C NMOMOLLbI Takoro Metofa Hecnu
fonbluee KONMMYECTBO KNETOYHOro MeTepuana no cpaBHeHuto co cdepamu ¢ guametpom (0,5 + 0,2) MM, Nony4yeHHbIMU NyTeEM
pacnbineHnst anbrmHata B pacTBoOp Xxnopuaa kanbums. NMokasaHo, 4To ucnonb3oBaHuWe KpuosawmTHou cpeapl J3MNC-1 no3sonser
nNpoBOANTb YCMeLlHoe KpuokoHcepBupoBaHne MCK, uMHKancynmpoBaHHbIX B anbruHaTHble cdepbl C pasHbiM AuameTpom. Ycta-
HOBIEHO, YTO ANS HacbIWeHUs uHkancynuposaHHbix MCK ¢ guameTtpom 1,2 MM KpMO3allMTHBIM pacTBOPOM Heobxoauma Gonee
NPOAOMXMUTENbHAsA 3KCMO3MUUS KNETOK B pacTBope no cpaBHeHuto ¢ MCK, nHkancynupoBaHHbiMKW B cdepbl ¢ gnameTtpom 0,5 mm.

KnioyeBble crnoBa: Me3eHXMMarnbHble CTPOMarbHble KNeTKW, anbrMHaTHble cdepbl, BUTpUdUKaLUS, MynbTUKOMMOHEHTHbIN
pacTBOp KPUOMPOTEKTOPOB, CTyNeH4YaToe HachblleHne KNeToK KpUo3alnTHLIM pacTBOPOM.

Pedpepar: [ocnimkeHo BNUB Yacy ekcrnosuuii meseHximanbHux ctpomanbHux knituH (MCK) y cknapi anbriHaTHUX Mikpocdep
i3 3acTocyBaHHsAM Kpio3axucHoro cepegosuwa OEMC-1, wo cknagaetbes 3 10% gumetuncynbdgokengy, 20% etunenrnikonto, 20%
1,2-nponangiony i 0,5 M caxapo3n, Ha ix 36epexeHicTb i MeTaboniyHy akTUBHICTb MiCNS KPiIOKOHCEPBYBaHHS LUMSXOM BiTpudikaLii.
Y poboTi 6ynu BukopucTaHi ccepu 3 fiameTpom Ginblue 1 MM, OTPMMaHI LINSAXOM rMoKanenbHOro BHECEHHS anbriHaTy HaTpito y po3-
YMH Xnopuay KanbLito. AnbriHatHi cdepu, oTpMMaHi 3a JAONOMOroH Takoro meToay, Hecnu Ginbluy KinbKiCTb KNITMHHOMO Mmarepiany
nopiBHsAHO 3i cdhepamu 3 giameTtpom (0,5 £ 0,2) MM, OTPUMAHMMM LUNSXOM PO3NUIEHHS anbriHaTy B pO34MH xnopuay kanbuito. Moka-
3aHo, WO BMKOPUCTaHHSA KpiosaxucHoro cepeposuwa JEMNC-1 gossonsie npoBoauTh ycniwHe kpiokoHcepByBaHHa MCK, iHkan-
CynbOBaHMX B anbriHaTHi cdepwu, 3 pisHUM AiameTpoM. BcTaHoBMNEHO, WO AN HACUYEHHS KPio3aXMCHUM PO3YMHOM iHKancynboBaHWX
MCK i3 piameTtpom 1,2 MM HeobxigHa TpvBaniwa ekcrno3uuis KniTMH y po34unHi nopisHsaHHO 3 MCK, iHkancynboBaHumu y cdepu 3
giametpom 0,5 MM.

KnioyoBi cnoBa: Me3eHximarnbHi CTpoMarnbHi KNiTUHW, anbriHaTHi Mikpocdepwu, BiTpudikauis, MynbTUKOMNOHEHTHUA PO34YUH
KpioNnpoTEeKTOpiB, CTYMiHYacTe HACMYEHHS KMiTUH KPiO3axXMCHUM PO3YMHOM.

Abstract: The aim of the study was to evaluate the effect of exposure duration of alginate encapsulated mesenchymal stromal
cells (MSCs) in multicomponent cryoprotective solution DEPS-1 (10% dimethyl sulfoxide, 20% ethylene glycol, 1,2-propane diol and
0.5 M sucrose) on survival and metabolic activity following cryopreservation using vitrification. The spheres of 1mm diameter
obtained by dropwise addition of sodium alginate into calcium chloride were used in the experiments. Alginate spheres derived by this
method contained more cells as compared to the spheres of (0.5 + 0.2) mm derived by pulverizing the alginate into calcium chloride.
It was shown that using of multicomponent cryoprotective solution DEPS-1 allowed achieving successful cryopreservation of MSCs
encapsulated in alginate spheres of different sizes. It was found that saturation with cryoprotective solution of MSCs encapsulated
in spheres with 1.2 mm size needed a longer exposure with CPA if compared with spheres of 0.6 mm size.

Key words: mesenchymal stromal cells, alginate microspheres, vitrification, multicomponent cryoprotective solution, stepwise
exposure.
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Wukarcynsmus KIETOK B ajJbruHaTHBIE Chephbl KaK
OMOTEXHONOTHYECKUH PUEM LIMPOKO UCIIONb3YeTCs
B TKAaHEBOW WHKXEHEPHH U KIICTOYHOU TeparuH |35, 8].
Takast mpoueaypa, ¢ OAHOI CTOPOHBI, 0OecIeYuBaeT
Ha/Ie)KHbIE TMMOOHIIH3ALNIO ¥ IMMYHOH30JISLINIO IPH
TpaHCIJIAHTALUH, a C JPYTOH — COXpPaHAET BO3ZMOXK-
HOCTh OOMEHa HU3KOMOJICKYJSPHBIMH BEILECTBAMH
MEXIy KJIETKaMu U BHEWIHeN cpenoil. IlepcrnekTus-
HOW KJIETOYHOM COCTaBJISIFOILEH B TEXHOJIOTUHU MHKATI-
CYJISILINM SIBJISIFOTCSI ME3eHXUMAJIbHBIE CTPOMATHHBIE
kinetku (MCK) uenoBeka. YHUKaJIbHBIE CBOWCTBA
MCK (BbIcoKast mponnepaTHBHAS AKTUBHOCTD, MYJIh-
TUIMHEWHBIH MU depeHIINPOBOYHbII MOTEHINAT U
HU3Kasi IMMYHOTE€HHOCTB) I€TA0T UX IPUBJICKATENb-
HBIM 00BEKTOM sl PyHIaMEHTaNbHBIX W TPUKIIaI-
HBIX 00JIacTeH OMOJIOTHH M METUIIHMHEI [6]. DTO, B
CBOIO OYepeb, 00yCIIaBINBAET aKTyaIbHOCTh pa3pa-
OOTKM HOBBIX M yCOBEPILIEHCTBOBAHUS CYIIECTBYIOIINX
METOZIOB CO3/JaHHS HHU3KOTEMIIEpaTypHbIX OaHKOB
nakancynupoBaaHbix MCK (M CK).

Panee Hamu n3y4anacs BO3MOKHOCTb COXPAHEHUS
crierpuueckux cBoricts MCK npu KoHCEpBHPOBAHUH
X B COCTaBE aJIBIMHATHBIX cdep ¢ MpHUBICUYCHUEM
MEIJICHHOTO 3aMopaxuBaHus moj 3amuToil 10%
numetuicynbhokcnna (IMCO), 9To mo3BoNHIIO 3Ha-
YUTENIHLHO COXPAHUTD KU3HECTIOCOOHOCTH U METa00IH-
YECKYI0 aKTUBHOCTH HHKAIICYJTUPOBAHHBIX KIETOK [7].
Takoke OblJ1a OCyILIECTBICHA YCIELTHAS MOAU(UKALIHS
MeToza BuTpudukanuu cycrnenznu MCK ¢ ucnosnb3o-
BaHMeM cMmecHu kpuonpoTtekropoB JIDIIC-1 (10%
JAMCO, 20% stunenrnukons (317), 20% 1,2-nponan-
muoia (1,2-I1/1) m 0,5 M caxapo3ssr) it utMCK B coc-
TaBe anbruHaTHBIX cdep auamerpom (0,5 + 0,2) MM
[1]. [IpeumymecTBOM TAaKOTO «Majoroy IHaMeTpa
SIBJIAETCS yIOOCTBO MPOBEICHHS MAHUITYJIALNIA CO ce-
pamu (B TOM YHCIIe B IEPCIIEKTUBE BBEACHHS B Opra-
HU3M PELMIHEHTA C TOMOIIbIO CTAHJAPTHBIX MHBEK-
LUOHHHBIX UIT). OTHAKO METOJ HOTYYEHHUS «MaJIBIX)»
cdep, OCHOBaHHBIN Ha PaCIIBUIEHUH aJIbTHATA B pacT-
BOP XJIOPUIA KaJIbLIHsI, HE IO3BOJISUT JOOUTHCS BBICOKOM
KOHIIEHTPAI[MM WHKAICYJIHPOBAHHBIX KJIETOK BCIE/-
CTBHE HECTaOMIILHOM BA3KOCTH pacTBopa. PazpaboTka
JIPYTOro METOAMYECKOTO TIOAX0a, 3aKIII0YArOIIErocs
B IIOKANeIbHOM BHECEHUH aJbIMHATA B PACTBOP XJIO-
pHUAa KaJblus, 1ajda BO3MOXKHOCTh YaCTUYHO IPEO0I0-
JIETh 3TH OTPAHUYEHHS U 3HAYUTEIHHO YBEIHYHTH
KOHIICHTPALHMIO KIETOK B cepax. AlbruHaTHbIE ce-
PBIL, IOTYYEHHBIE C TOMOIIIBIO0 BTOPOTO METO/[a, UMENH
Ooonpmnii nuamertp. Ilockonbky pasmep u ¢opma
00pa3LoB — 3HAYMMBbIE B KPHOOMOJIOTHYECKUX UCCTIe-
JOBaHMAX MapaMeTpsl, BOZHUKAET BOMPOC: OyayT N
ycaoBust kprokoncepsuposanust MCK B cocrase cdep
«MaJioro» nuameTpa oOecreynuBaTh COXpPaHEHHE HX
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Encapsulation of cells into alginate spheres is widely
used as a biotechnological method in tissue engineering
and cell therapy [2, 8]. This procedure, on the one
hand, provides reliable immobilization and immune
isolation during transplantation, and on another it
preserves the ability to provide low molecular weight
substances exchange between cells and their environ-
ment. Human mesenchymal stromal cells (MSCs) are
promising cell component for the encapsulation tech-
nique. The unique properties of MSCs (high proli-
ferative activity, multilinear differentiation potential and
low immunogenicity) make them an attractive object
for fundamental and applied fields of biology and medi-
cine [3]. This, in turn, stipulates the demand of deve-
loping new and improving existing methods to create
(establish) low-temperature banks of encapsulated
MSCs (eMSCs).

Previously we studied the possibility to maintain
specific properties of MSCs during their low tempe-
rature storage within the alginate spheres using slow
freezing and protection by 10% dimethyl sulfoxide
(DMSO), which resulted in significant preservation of
the viability and metabolic activity of the encapsulated
cells [6]. Moreover we performed a successful modifi-
cation of MSC suspension vitrification technique using
a mixture of cryoprotectants DEPS-1 (10% DMSO,
20% ethylene glycol (EG), 20% 1,2-propanediol (1,2-
PD) and 0.5 mol sucrose) for eMSCs within the alginate
spheres of (0.5 £0.2) mm diameter [7]. The advantage
of 'small' diameter is the convenience for performing
manipulations with the spheres (including the introduc-
tion to the recipient organism using standard injection
needles). However, the method of obtaining 'small'
spheres based on the spraying of alginate into calcium
chloride solution, did not allow to achieve a high
concentration of the encapsulated cells due to unstable
solution viscosity. Development of other methodological
approach involving dropwise addition of alginate to the
solution of calcium chloride gave the opportunity to
partially overcome these limitations and to significantly
increase cell concentration in the spheres. Alginate
spheres obtained by the second method had larger
diameter. Since the size and shape of the samples are
essential parameters in cryobiological research, there
arises a question whether the conditions for cryopre-
servation of MSCs within the spheres of 'small' diame-
ter would provide the preservation of their biological
properties within the alginate spheres with larger
diameter.

Herewith, the aim of this study was to assess the
viability and metabolic state of MSCs within the alginate
spheres of different diameters after cryopreservation
using slow freezing and vitrification.
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OMOJIOTHYECKNX CBOWCTB B COCTaBE allbTMHATHBIX
cdep, UMErOIHX OOJBIINHA JUaMeTp.

B cBsI3U C BBHIIEU3IOKEHHBIM IEIbI0 TaHHON
paboThI OBLIO OLIEHUTH JKU3HECTIOCOOHOCTH U MeTabo-
nraeckoe cocrossune MCK B cocTaBe albrMHATHBIX
cdep pa3HOro AUaMeTpa rMociie KpHOKOHCEPBUPOBAHUS
[TyTEM MEJICHHOTO 3aMOPaKMBaHUSI U BUTPU(PHUKAIUH.

Martepuajbl 4 MeTOABI

B skcnepumentax ucnonp3zoBanu MCK mepmsl
YEJI0BEKa, MOJIYUYEHHBIE OT B3POCIBIX TOHOPOB € MX
uHdopMHupoBaHHOrO comtacud. KiaeTku momyyanu
METOZIOM SKCIUIAaHTALNHU KycouKoB [2]. [lanee ux Kyib-
TUBUpOBanu B cpene 0-MEM («Sigmay, CLLA), no-
nostHeHHOM 10% »MOpuonansHOM chiBOpoTKH (DC)
KpymHoro porartoro ckora («buomnort, Poccus), 2 MM
L-rmoramuna, 50 en/mn nenunuaanaa v 50 mr/mi
crpentomunmna npu 37°C, 5% CO, n 95% Bnaxnoc-
tu. [Ipu moctmxerann 60—70% xoH]IyeHTa B MOHO-
cnoe, MCK 2-3-ro maccaka TPUIICHHU3APOBAIH 10
CTaHJAPTHON METOAMKE M OCAXKIAIH C TIOMOIIIBIO IIeH-
Tpudyruposa-aus npu 200g B reuenne 7 muH. [lomy-
YEHHBIA 0CaZI0OK PECYCIIEHAUPOBAIN B OUYHUIIEHHOM
pactBope 1,2% anbrunara Hatpus («Sigmay) Ha OCHO-
Be pocdarnoro Oydeproro pactsopa (DPBP; «Sigmay).
CycneH3no KJIETOK B pacTBOPE alblMHATa HATPUSA
PacIBUISIIN ¢ TOMOIIBIO CIIENUAIIBHO CKOHCTPYHPOBaH-
HOTO ycTpoicTBa [3] muO0 BHOCHIN IMOKAIENIbHO C
[TOMOIIIBIO MHBEKITNOHHOM UIITHI (quameTpom 0,8 MM)
B pactBop 100 MM CaCl,. IToce nonmumepusannu (8
teuenue 10 mun) chepsl npomeiBany ObP, momonHeH-
ueiM 25 MM HEPES («Sigma»), nns ynanesus n305b1T-
ka CaCl,. Ipu pacnblLieHHd IMaMeTp 3THX cep coc-
taBisn (0,5 £ 0,2) mm (rpynma uMCK-0,5), a mocie
nokanenbHoro Baecenus — (1,2 £ 0,1) mm (Tpymma
uMCK-1,2). [lonydennsie cdepbl Ha CyTKH NOMELIAIH
B YCJIOBUS KyJIbTUBHUPOBAHUs, ONIUCAHHBIE BBILIIE.

Mennennoe 3amopaxuBanue UMCK-1,2 ¢ koHTpO-
JIUPYEMBIMHU CKOPOCTSIMH OXJIAXKICHNS IPOBOIMIIN IO
samutoit 10%-ro IMCO B cpene 0-MEM («Sigmay),
coneprkarieit 20% DC. [ 3T0or0 chephl MePeHOCHITH
B KpuokoHTelHeps! («Nuncy, CIIIA) o6bsemom 2 M
(u3 pacdera 6 cep Ha OTHY KPHOTIPOOHPKY), COMEp-
xkasmme 500 MK KPHO3alIUTHOTO PacTBOPA, U BBI-
JIepkrBaiu 15 MUH MpU KOMHATHOW TeMmIeparype.
O06pasipl 0XJIaKAadl co CKOPOCThIO | Tpaa/MuH 10
—80°C ¢ ucnonap30BaHMEM IMPOrPAMMHOIO 3aMOpa-
xuBartens «3[1-10» (CKTB ¢ OIl UIIKuK HAH
YKpauHbl), HOCIIE YETO IEPEHOCHIIN B )KUJIKHUHI a30T U
xpaHuwiau ot 1 10 5 cytok. OGpa3ubl oTorpeBain Ha
BOASIHON OaHe mpu Temmeparype 37°C, oTMBIBaIH
IIyTEM MOKAMeIbHOT0 BHECEHUS 5 Ml cpelibl d-MEM
B Teuenne 10 MHH CO CMEHOM pacTBoOpa.

Jist mpoBeieHus SKCIIEPIMEHTOB TI0 BUTPU(PHUKAIIN
B aHAJIOTUYHBIE BBIICYKAa3aHHBIM KPHOKOHTEHHEPHI
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Materials and methods

The experiments were performed in human dermal
MSCs derived from adult donors after their informed
consent. The cells were obtained by explantation of
fragments [4]. These were cultured in a-MEM (Sigma,
USA) supplemented with 10% fetal bovine serum
(FBS) (Biolot, Russia), 2 mM L-glutamine, 50 IU/ml
penicillin and 50 mg/ml streptomycin at 37°C, 5% CO,
and 95% humidity. Following reaching 60—70% con-
fluent monolayer the MSCs of passages 2—3 were tryp-
sinized by standard technique and sedimented by cent-
rifugation at 200g for 7 min. The resulting pellet was
resuspended in purified solution of 1.2% sodium algi-
nate (Sigma) based on the phosphate buffered saline
(PBS; Sigma). The cell suspension in sodium alginate
solution was sprayed with specially designed device
[5] or was dropped with an injection needle (0.8 mm
diameter) into the solution of 100 mM CaCl,. After
polymerization (during 10 min) the spheres were
washed by PBS supplemented with 25 mM HEPES
(Sigma) to remove the excess of CaCl,. In case of
spraying the diameter of the spheres was (0.5 +
0.2) mm (group of eMSCs-0.5) and in case of dropping
it made (1.2 £ 0.1) mm (group of eMSCs-1.2). The
resulting spheres were placed for 24 hrs in culture
conditions described above.

Slow freezing of eMSCs-1.2 with the controlled
cooling rates was performed under protection of 10%
DMSO in a-MEM (Sigma), containing 20% FBS. For
this purpose, the spheres were transferred to 2 ml
cryocontainers (Nunc, USA) (6 spheres per cryovial)
containing 500 pl of cryoprotective solution and incu-
bated for 15 min at room temperature. The samples
were cooled at 1 deg/min down to —80°C using the
programmable freezer ZP-10 (Special Designing and
Technical Bureau with Experimental Unit of the Insti-
tute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences, Ukraine), then
transferred into liquid nitrogen and stored from 1 to
5 days. The samples were warmed in water bath at
37°C, washed by dropwise addition of 5 ml a-MEM
during 10 min solution changing.

The experiments on vitrification were performed
in equal cryocontainers: 6 eMSC-1.2 spheres were pla-
ced to 100 pl FBS supplemented with 25 mmol HEPES
(Sigma). Then, cryoprotective solution DEPS-1 [7] was
poured to the containers and the spheres were incuba-
ted at room temperature by one or two stages. To per-
form one-step exposure the solution with spheres was
mixed with 900 pl DEPS-1 and incubated for 5 min, in
case of two steps the cryocontainer with spheres was
filled with 100 pul DEPS-1 (the first stage) and then
with 800 Hl of the same cryoprotectant solution (the
second stage). After introducing DEPS-1 at the first
stage the exposure time was 2 min 30 sec [7] or 4 min
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nomernianu mo 6 chep uMCK-1,2 B 100 mxn DBP,
nononmaeHHoro 25 MM HEPES («Sigmay). [Janee B
KOHTENHEpbI BHOCUIIN Kpro3auuTHbIN pactBop JIOI1C-1
[1] 1 mpoBoAMIM HHKYOUpOBaHuE cdep NpH KOMHAT-
HO TeMIiepatype B OWH WK JBa 3Tamna. [Ipu oxHo-
STAIHOW YKCIIO3UIINU K pacTBOPY co cepamu 100aB-
ssm 900 mxn [IBIIC-1 u BeIAep>)KUBaK 5 MHH, IIPH
JBYXSTaIHOM BHa4aje B KpHOKOHTEHHED co chepamu
BHOCHIH 100 M JIDIIC-1 (mepBrlif 3Tam), a 3aTeM
nmo6asisuy emre 800 MKJI TOTO JK€ pacTBOpa KpUOIIPO-
TEKTOpOB (BTOpoii 3Tam). [locne Buecenus JADI1C-1
Ha IEpPBOM 3Tale BpeMs 3KCIO3UIMU COCTaBIsAiIa
2 muH 30 ¢ [1] nmn 4 mus 30 ¢, Ha BTopoM — 30 c. I1o-
CJIe HKCTIO3UIIUH KPHOKOHTEHHEPHI TOTPY KN B KHU/I-
Kuii a30T. OTOrpeB MPOBOIMIIN HA BOASHOW OaHe mpH
temmneparype 37°C, cogepkuMoe KpUOKOHTEHHEPOB
HEMEJICHHO TIepeHOCHITH B 5 M1 pactBopa 0,5 M caxa-
po3bl Ha ocHOBe PBP u B TeueHue 5 MUH MOATAIHO
BBOMUIH 5 MII cpentbl O-MEM («Sigmay).

J17151 OLIeHKH BIMSHUS SKCTIO3ULIMH Ha )KU3HECTIOCO0-
HocTh cycnieHsnn MCK B mpoOupkm, comeprxarine
xietkn B 100 M1 pu3nonorugeckoro Oydepa, BHOCHITN
400 MK1 pacTBOpa KpHOIPOTEKTOPOB, COAEPHKAILETO
10% AMCO, 20-60% 3I, 0-20% 1,2-I11 u 0,5 M
caxapo3sl (B KOHEYHOH KOHIIEHTpanun). Bpems akcmo-
3UIAHA COCTABIISIIO 5 MUH, ITOCJIE YETO KIETKH OTMBI-
BaJIM.

HexoncepBuposannsie chepsl ¢ MCK kynsTuBu-
pOBaJM B TEUEHHE CYTOK B YCIOBHSX, OMHUCAHHBIX
Beime. Ha onny cdepy ¢ MCK npuxoansock He MeHee
100 MK7 cpeqibl KyJIbTHBUPOBAHUS.

Metabonndeckyto aktrBHOCTE UMCK orenuBanu
[0 CTETIEHW BOCCTAaHOBJIEHHUS PEIOKC-MHIMKATOpa
Alamar Blue™ (AB; «Serotec», CIIIA) Ha onHUX U
Tex ke chepax 10 KpHOKOHCEPBHUPOBAaHUS, HEITOCPEI-
CTBEHHO I10CJIE OTOTPEBA M YEPE3 CYTKU KYIBTUBUPO-
BaHHUS TOCIie OTOrpeBa. st 3TOro B IyHKH KYJBTY-
paipHOTO TUTaHIIeTa co chepamu nobdasismu 100 MKIT
5%-r0 pactBopa AB. ®nyopecueHI1I0 BOCCTAHOBIICH-
Holi popmbl AB onpenensinu uepes 2 4 KyJIbTHBUPOBA-
Hus Ha crnekrpodayopumetpe («Tecan GENiosy,
ABcTpanus) npy JUTHHE BOTHBI BO3OYKaeHus 550 HM
1 BOJTHBI amuccun 590 HM. OO0pabOTKy JaHHBIX POBO-
qwd ¢ ioMoInbto nporpaMMsl « XFLUOR4 v.4.50»
(«Tecan GENiosy»). Pe3ynpTaTsl mpencTaBisuid Kak
pasI4Hs MeXKTy 3HAYeHHEM (ITyOPECHEHIMN ONIBITHON
U X0NocToi mpoosI (5%-it pactBop AB) 1 BeIpakanu
B YCJIOBHBIX eanHuLax ¢uyopecuenuuu (YE®). [Ins
oleHKku MeTabonnueckoi aktuBHocTH MMCK-0,5 u
nMCK-1,2 ucrop30Baiy OAUHAKOBOE KOJIMYSCTBO UH-
KaIlCyJIMpPOBAaHHOTO KJIETOYHOTO Marepuasia u BbIpa-
»kayu kak Y E® Ha nmyHKy. J{71s onpeneneHust Kolm4ecT-
Ba KJIeTOK cdepsl pactBopsutn B 10 MM pactBOpa
THJIEHANAMHUHTETpaykcycHoU kucinotsl (OATA;
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30 sec, at the second stage it was 30 sec. After expo-
sure the cryocontainers were immersed into liquid nit-
rogen. Thawing was performed in water bath at 37°C,
the content of cryocontainers was immediately trans-
ferred into 5 ml of 0.5 mol FBS-based sucrose solution
and during 5 min 5 ml of 0-MEM (Sigma) was added
stepwise.

To assess the effect of exposure on the viability of
MSC suspension the vials containing cells in 100 pl of
physiological saline were supplemented with 400 L1l of
cryoprotectant solution containing 10% DMSO, 20—
60% of ethylene glycol, 0-20% of the 1,2-PD and 0.5
sucrose (final concentration). The exposure time was
5 min, whereat the cells were washed.

Frozen-thawed spheres with MSCs were cultured
for 24 hrs under conditions described above. We used
not less than 100 pl of culture medium per one sphere
with MSCs.

Metabolic activity of eMSCs was assessed by the
degree of recovery of redox indicator Alamar Blue™
(AB; Serotec, USA) in the same spheres prior to cryo-
preservation, immediately after thawing and in a day
of culture after thawing. For this purpose the wells of
culture plate with spheres were supplemented with 100
pl of 5% AB solution. The fluorescence of the reduced
AB form was determined after 2 hrs of culture using
a spectrofluorometer (Tecan GENios, Australia) at the
excitation wavelength of 550 nm and emission wave-
length of 590 nm. The data were processed with
XFLUOR4 v.4.50 (Tecan GENios). The results were
presented as the differences between the values of
fluorescence of experimental and blank sample (5%
AB solution) and expressed in arbitrary fluorescence
units (AFU). To assess the metabolic activity of
eMSCs-0.5 and eMSCs-1.2 we used the same amount
of encapsulated cell material and expressed it as AFU
per well. To determine the number of cells the spheres
were dissolved in 10 mM of ethylenediaminetetraacetic
acid (EDTA; Sigma), the cells were counted in Go-
ryaev’s chamber. The effect of cryopreservation on
metabolic state of cells involved in eMSCs-1.2 was
estimated by AB test in the same spheres and expres-
sed in percentage as AFU per one sphere after cryo-
preservation/AFU per one sphere before cryopreserva-
tion.

Viability of eMSCs was assessed by MTT assay,
in 24 hrs of culture after encapsulation we compared
the indices of eMSCs-0.5 and eMSCs-1.2. For eMSCs-
1.2 the viability was determined also after cryopreser-
vation: into each well we placed one alginate sphere
with MSCs and added 100 pl of the medium containing
MTT indicator (3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazoliumbromide) with concentration of
5 mg/ml. After 2 hrs of incubation at 37°C the spheres
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«Sigmay) ¥ TOICYNTHIBAITN KIIETKH M3 0Ca/IKa B Kame-
pe T'opsesa. IIpu ucciieqoBaHuM BIUSHUS KPUOKOHCEP-
BHUPOBaHMSI HA META0OINYECKOE COCTOSIHHUE KIETOK B
coctaBe *UMCK-1,2 AB-TecT npoBOAWIN HA OTHUX U
TeX ke chepax U BhIpaKaiu B MpoleHTax kak YED
Ha OfHY cdepy mocie KpuokoHceppupoBanus / YED
Ha OAHY cdepy 10 KPHOKOHCEPBUPOBAHHUSL.
XKuznecnocoonocts ”UMCK onennBanu ¢ nmomo-
o MTT-TecTa: uepe3 CyTKkH KyJIbTUBUPOBaHMSI I1OC-
JIe MHKAICYISIUH cpaBHuBaiy nmokasareimn uMCK-0,5
uuMCK-1,2. Ins uMCK-1,2 onpenensuiu ;ku3Hecno-
COOHOCTB TAKKe MOCIIe KPHOKOHCEPBUPOBAHMUS: B KaXK-
JIYTO JTYHKY TIOMETIAJIH 10 OJTHOM albrMHATHOH chepe
¢ MCK u nanee BHocunu 100 MK cpensl, comepika-
et uaukatop MTT (3-(4,5-mumeTnn-2-Tra3omnmn)-
2,5-mudennn-2H-rerpazonust 6poMun) B KOHLEHTpa-
uuu 5 mr/mi. [locre 2 4 KynbTHBHPOBaHUS IPH TEMIIE-
patype 37°C cdepbl pacTBOPSIIN ITyTeM JT00aBICHUS
10 MM pactBopa JATA. Knerku ocaxxganu ¢ momo-
mipto neHTpudyruposanus npu 200g B TeyeHue 7 MUH.
[TomydeHHBIH 0CaOK pecyCIeHANPOBAIH B (PU3HOIIO-
THYECKOM PacTBOPE, MOJICYET KIETOK OCYIIECTBISUIN
B kamepe [opsieBa. JKuzHecnocoOHOCTE onpenensiu
KaK OTHOLICHHE YHCIIa KJIETOK, HAKOIMBIIHNX opMasaH,
K 00111eMy YHCITy KJIETOK M BBIPa)KajH B IIPOLIEHTAX.
CTaTuCTHUYECKH MTOJTyICHHBIE Pe3yIbTaThl 00pabda-
THIBAJHU C HCIIONB30BAHUEM NPOTPAaMMHOTO MaKeTa
«Origin 6.7». JlaHHBIE PEACTABISLTA B BUE (X £ 1)%.
st OlleHKM 3HAYMMOCTH pa3iuyui MEXy MoKas3a-
TEJISIMUA WCIIOJIb30BAJId MapaMeTPUUECKH MEeTO
CTaTUCTUYECKOro aHanu3a (t-kpurepuid CTHIOCHTA).

Pesyabrarhl U 06cyxKaeHHe

MeroJ pactiblIeHUs CYCIIEH3UH KIIETOK B paCTBOPE
1,2%-ro anpruHaTta HaTpUs MO3BOJUJ MOJYYHUTh
c¢epsl nuamerpom (0,5 + 0,2) MM, KOJTHYECTBO KJle-
TOK BHYTpH ofHOH chepsl cocTtasiso ot 100 o 150.
MerTon rmokaneiabHOro BHECEHHS CyC-
TIEH3HUH B TIOJIMMEPH3AIIHOHHBIN PacT-
BOP C MOMOIIBI0 HHBEKITMOHHBIX UTIT
JaJl BO3MOKHOCTH YBEIWYHUTH AHA-
MeTp chep mo (1,2 £0,1) MM 1 koTH-
YECTBO KJIETOK B Kaxkaou chepe 10
8000-12000. BuzyansHas olieHKa HE
BBISIBUJIA OTJIMYMI MEXIY 000MMH Ba-
pUaHTaMH HHKAINCYISLHU: pasMep
KJIETOK BapbUPOBAN B TeX e Mpeie-
JlaX, OHU MMEJH MPEHMYIIECTBEHHO
OKpYIIIyI0 GOpPMY M PaBHOMEPHO pac-
MpenessuInch Mo 00beMY HOCHUTENS
(puc. 1).

UYepe3 cyTKH KyJIbTHBUPOBaHHUS
uMCK ObL1a mpoBeieHa OLIEHKa COC-
TOSIHUS KJeTOK B cdepax. bruio
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were dissolved by mixing with 10 mM EDTA solution.
The cells were pelleted by centrifugation at 200 g for
7 min. The obtained pellet was resuspended in saline,
the cells were counted in Goryaev’s chamber. Viability
was de-termined as the ratio of number of cells
accumulated formazan to total number of cells and
expressed in percents.

The obtained results were statistically processed
using the Origin 6.7 software. The data were expressed
as (x = ¥)%. To assess the significance of differences
between the indices we used parametric method of
statistical analysis (Student’s t-test)

Results and discussion

Method of spraying the suspension of cells in
solution of 1.2% sodium alginate allowed to get spheres
with diameter (0.5 + 0.2) mm, the number of cells within
spheres made from 100 to 150. Method of dropping
the suspension into the polymerization solution using
injection needles allowed to increase the diameter of
spheres up to (1.2 £0.1) mm and the number of cells
in each sphere up to 8,000-12,000. Visual assessment
revealed no differences between two options of
encapsulation, cell size varied within the same ranges,
they were mostly rounded and homogeneously
distributed over the volume of carrier (Fig. 1).

In 24 hrs of eMSCs culture we assessed the cell
state in the spheres. It has been shown that encap-
sulation regardless of the used method did not adversely
affect cell viability, by MTT test it was above 90%.
Cells in the ‘small’ (eMSCs-0.5) and ‘large’ (eMSCs-1.2)
spheres reduced the AB similarly ((0.17 +0.05) AFU/
well and (0.16 = 0.02) AFU/well, respectively),
indicating the same level of metabolic activity.

The spheres of 1.2 mm diameter with MSCs were
cryopreserved one day later encapsulation using slow
freezing or vitrification under protection of DEPS-1

Puc. 1. BHewHun Bug MCK, vHKancynvpoBaHHbIX B anbrMHaTHble cdepbl
auametpom: A — (0,5 + 0,2) mm; B — (1,2 £ 0,1) mm.

Fig. 1. Appearance of MSCs encapsulated into alginate spheres with two
diameters: A - (0.5 £ 0.2) mm; B - (1.2 £ 0.1) mm.

npo6rembl KPMOOMONOrMKN 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 24, Ne/issue 3, 2014



[MOKa3aHO, YTO MPOIIECC MHKATICYIISIINH ITPH HCIIOINb-
30BaHHHM JBYX METOJOB HETAaTUBHO HE BIIHSUT Ha JKH3-
HECNOCOOHOCTH KiIeToK, Mo MTT-tecty oHa cocTas-
nsuta 6onee 90%. Knerku B «manbx» (mMCK-0,5) n
«oompmmx» (MMCK-1,2) chepax ¢ aHamoruaHou
WHTEHCUBHOCTHIO BoccTaHaBmBaiy AB (0,17 0,05)
YE®/nynka u (0,16 £ 0,02) YE®D/nyHka cooTBeTCT-
BEHHO, UYTO CBHJICTEIIECTBYET 00 OJIMHAKOBOM YPOBHE
MeTabOoIMYeCKOW aKTHBHOCTH.

Cdepst qmametpom 1,2 mm ¢ MCK gepe3 cyTtku
[IOCJIe MHKAICYJSAIUU KPUOKOHCEPBUPOBAIH ITyTEM
MEIJICHHOTO 3aMOPaKUBAHUS UITU BUTPH(PUKAITIH TTO]T
3ammutoi cMmecu JIDTIC-1, mpuMeHssi METOTUYECKHE
moaxoAs! st cdep «manoro» auamerpa [1, 7]. Ilpu
MEJUICHHOM 3aMOPaKUBAaHUH HCIIOIb30BAIIU HKCIIO3U-
uuto UMCK ¢ 10%-m IMCO B cpene a-MEM, conep-
xkamei 20% 3C, ¢ moCIeayomMuM OXJIaXKICHUEM
00pa31oB co ckopocThio 1 rpaa/muH. Butpudukamnmro
npoBoauiu o 3auutoit cmecu A3I1C-1 ¢ skcno3u-
nued B reuenue 2 MuH 30 ¢ Ha nepBom aTamne u 30 ¢ —
Ha BTOPOM.

Pesynsratel MTT-TecTa, MpOBEIEHHOTO NOCIE
KPUOKOHCEPBUPOBAHUSI ITyTEM MEJJICHHOTO 3aMopa-
JKUBaHMsI, TOKA3aJTH 3HAYUMOE CHIDKEHUE KU3HECTIO-
cobroctr UM CK Ha 20% 110 OTHOIIEHHIO K TIOKa3aTe-
JIM 70 3aMopakuBaHus (puc. 2). CHIkeHne metado-
JTU4ecKol akTuBHOCTU (AB-TecT) cocTaBUiIo OKOJIO
30%. Ilocne BUTpU]UKALUN-OTOTPEBA CHIKECHUE
KU3HECITOCOOHOCTH ¥ METa0OTMYECKOI aKTUBHOCTH
nMCK Or110 6071€€ BBIPaKEHHBIM U COCTABHIIO OKOJIO
70%. ns kpuoxoHcepBupoBanus uUMCK-1,2 npume-
HSUTA PEKUMBI, aJanTUPOBaHHBIC paHee st chep
Menbirero auamerpa (0,5 mm). MennenHoe 3amopa-
kuBanue noj 3amuToit 10%-ro JIMCO no3Boauio
COXpaHuTh )xu3HecnocobHocts UMCK-0,5 Ha ypoBHE
(87 £2)% (okpammBanue (heHUITANETATOM/3TUARYM-
opomunom) [7]. Mcmons30BaHmE TOTO K€ METOA IS
nuMCK-1,2 Taxxe gano mpueMiieMble pe3yJIbTaTH.
OTO CBUAECTENBCTBYET O TOM, UTO MEAJICHHOE 3aMOpa-
YKUBAHUE MOKET OBITh MPUMEHEHO TSI ATbTMHATHBIX
ctep c uMCK He3aBUCHUMO OT WX AMAMETpA.

omxon x Burpudukanum uMCK-1,2, 3apexomen-
nosasimi ce0s mist uMCK-0,5 [ 1], He 1an yaoBieTBo-
PHUTENBHBIX pe3yabTaToB. Ha OCHOBaHMM TIPEIbITY-
IIETO OIBITA MBI MPETOJIOKIIIA, YTO aIbTHHATHBIN
HOCHUTEJIh MOXET 3aMeJUISITh MPOHUKHOBEHHUE KPHO-
MPOTEKTOpa B KJIETKH. BO3MOXKHO, yCTaHOBIEHHAs
paHee s «Mambix» cep OnTUMaNbHAS TPOJIONIKH-
TeTBHOCTh WHKyOHpoBanwus B pactBope IJIIC-1 o
BUTpUDUKAIINN OKa3ajdach HEOCTATOYHON IS KJle-
TOK B COCTaBe HOCHUTeIIeH Oomblero quamerpa. s
MIPOBEPKHU TAKOTO MPEATIONOKEHUS Ha OCHOBE CKPUHUH-
ra ObLTM BEIOpAHEI JIBa BapHaHTa 00Jiee JTUTEILHON
00paboTKH pacTBOPOM KPHUOTIPOTEKTOPOB: OJHOITAII-
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mixture, the methodical approaches were the same as
for ‘small’ spheres [6, 7]. For slow freezing technique
the eMSCs were incubated with 10% DMSO in
0-MEM supplemented with 20% FBS and then the
samples were cooled with the rate of 1 deg/min.
Vitrification was carried out under protection of DEPS-
1 mixture with exposure lasted 2 min 30 sec at the
first stage and 30 sec at the second one.

The results of MTT assay performed after cryopre-
servation involving slow freezing showed a significant
decrease in eMSCs viability by 20% in relation to the
values before freezing (Fig. 2). Reduction of metabolic
activity (AB test) was about 30%. Following vitrifi-
cation and warming the viability and metabolic activity
of eMSCs decreased more and made about 70%. To
cryopreserve eMSCs-1.2 we used the regimens being
previously adapted for spheres of smaller diameter (0.5
mm). Slow freezing under protection of 10% DMSO
allowed to get high viability of eMSCs-0.5, (87 +2)%
(staining with phenylacetate/ethidium bromide) [6].
Applying the same method for eMSCs-1.2 also gave
satisfactory results. In other words, this indicates the
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MepgneHHoe Butpudumkauymsa
3amMopaxmBaHue Vitrification

Slow freezing

Puc. 2. >)Kusnecnoco6Hoctb MMCK-1,2 mm no MTT-Tecty
(l)n meTabonuyeckas aktuHocTb no AB-Tecty (CJ) nocne
KPMOKOHCEPBMPOBAHUS C UCMOSMb30BaHMEM MEANEHHOIO
3amopaxuBanus nog 3awmuton 10% AMCO unu Butpudun-
kaumu B pacteope O3MNC-1; 3a 100% NpuHATHI 3HAYEHWS,
Nnony4YeHHble 40 KPUOKOHCEPBUPOBAHUSA; * — pasnunyus
3Ha4YUMbl MO OTHOLUEHUIO K MoKasaTensam [0 KPUOKOH-
cepsupoBaHus (p < 0,05, n = 6), # — nokasatensam nocne
Butpudukaumm (p < 0,05, n = 6).

Fig. 2. Viability of eMSCs-1.2 mm by MTT assay (M) and
metabolic activity by AB test (CJ) after cryopreservation using
slow freezing under 10% DMSO protection or vitrification
in DEPS-1solution; the values obtained before cryopreser-
vation are denoted as 100%; * — the differences are signi-
ficant in relation to the indices prior to cryopreservation
(p <0.05, n =6), #—the indices after vitrification (p < 0.05,
n=6).
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YKunsHecnocobHocTb o MTT-TecTy 1 meTabonuyeckast akTuBHocTb no AB-tecty uMCK-1,2
nocre BUTPUUKaLUKN-OTOTPEBA C UCNOMb30BaHWEM Pa3fMYHLIX NPOTOKONIOB 3KCMO3MLUK

Viability by MTT assay and metabolic activity by AB test of eMSCs-1.2
after vitrification-warming using different exposure protocols

n POTOKOT KOMOKOHCEPBNPOBAHUA

MokasaTenu HenocpeACTBEHHO Nocrie oTorpesa
Indices immediately after warming

MokasaTenu yepes CyTKM KyNbTUBMPOBaHMWA Nocne
oTorpesa
Indices in 24 hrs culture post warming

Cryopreservation protocol

AB, %

MTT, % AB, % MTT, %

Butpudukauua 8 A13MC-1 nocne
VMHKy6Gauum B oOuH 3Tan B TeyeHne 5 MuH
Vitrification in DEPS-1 after one step
incubation for 5 min

63,0 £ 2,17

82,0 £ 1,3 56

H

2,12 75,0 £ 1,5

Butpudpmkauma s 13MNC-1 nocne
MHKyOauuu B ABa 3Tana (4 MUH Ha NEPBOM
atane, 30 ¢ — Ha BTopom)
Vitrification in DEPS-1 after two step
incubation(4 min at the first step, 30 sec
at the second step)

55,00 + 2,142

74,0 £ 2,522 47,00 + 2,54"%3 67,00 + 3,12'22

3amoparuBaHue B pacteope 10% AMCO
C HU3KOW KOHTPONMPYEMOI CKOPOCTbHIO
Freezing in solution of 10% DMSO with
low controlled rate

70,00 £ 2,18'2

80,0 + 3,1* 42,00 + 1,78"%3 55,0 £ 2,3'?3

Mpumeyanue: 3a 100% NpUHATLI 3Ha4YEHUS OO KPUOKOHCEPBMPOBAHUS; ' — pasnuyusi 3HaYvMmel

MO OTHOLWUEHUIKO K nokasaTtenam Oo

KpuokoHcepsupoBaHus (p < 0,05), 2 — nocne otorpesa (p < 0,05), 3 — BUTpUdMKaLmMM ¢ ogHoaTanHo nHkyGaumen B A3MNC-1 (p < 0,05,

n = 6).

Note: the indices prior to cryopreservation are denoted as 100%; ' — differences are significant in relation to the indices before
cryopreservation (p < 0.05), 2 — after thawing (p < 0.05), ® — vitrification after one-step incubation in DEPS-1 (p < 0.05, n = 6).

Holi ¢ akcno3uieit B 100% JIDTIC-1 B TeueHue 5 MuH
U JABYX3TanHOW ¢ 4-MHUHYTHOM 3kcnozunued B 50%
J3IIC-1 Ha nepBom atane u 30 ¢ B 100% JI2IIC-1 -
Ha BTOPOM.

Kak okazanocs, ncronb3oBaHue 000MX BApUAHTOB
JEHCTBUTENBHO MO3BOIMIIO 3HAYUTENBHO YBETUYHUTD
[TOKa3aTeNH KakK )KM3HECIIOCOOHOCTH, TaK X METa0OIIH-
yeckoit akruBHOCTH UMCK mociie Butpudukanuu u
ororpesa (Tabnuna). bonee Toro, 66u10 0OHAPYKEHO
HEKOTOpOE MPEUMYIIECTBO OAHOATAITHOTO MMPOTOKOJIA
9KCIIO3HUIINK — CPEIHHE TOKa3aTeNH >KM3HECTI0C00-
HOCTH ¥ METa0OJIMYECKON aKTUBHOCTH MOCJIE BUTPH-
(uKaMu U 0TOrpeBa KJIeToK, 00paboTaHHBIX PacTBO-
pom JIDIIC-1 B TeueHue 5 MUH, OBUIH BBIIIIE TAKOBBIX
IUTSE CITydast IByX3TAITHON SKCIIO3UIIIH B CMECH KPHO-
MIPOTEKTOPOB B T€UCHHE 4 MUH Ha TEPBOM I3Talle U
30 ¢ — Ha BTOpOM. Takue pa3nuuus BaKHBI C TEXHO-
JIOTUYECKOM TOUKH 3pEHUS: OUEBUIHO, UYTO OJHOITAl-
HBIH TPOTOKOJI SKCIIO3UITUH B PACTBOPE KPUOTIPOTEK-
TOPOB SIBNIAETCS OoJiee MPOCTHIM IO CPABHEHHIO C
JBYX3TalHbIM. IHTEpECHO, YTO TaKast IPOIOKUTEIb-
Hasg MHKyOalusi B clydae HEMHKAIICYJIHPOBAaHHOM
CYCIICH3HUH KJIETOK MPUBOAMIIA K MOJHOW MX THOenn
(>xn3HECTIOCOOHOCTH Ha ypoBHE (4 + 2)%), Bcneact-
BHE BBICOKOI KOHIIEHTPAIMH KPHOIPOTEKTOPOB B PACT-
Bope. MO>KHO IPEANIONOXKUT, YTO BEICOKHE 3HAYEHUS
YKU3HECIIOCOOHOCTH M METa0OJIMIECKON aKTHBHOCTH
KJIETOK, MOJYYEHHbIE TMOCiie UX BUTPU(PUKALUH B
cocTaBe aIbI'MHATHBIX C(ep, MOTYT OBITH 00yCIIOBIIe-
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slow freezing as applicable for the alginate spheres
with eMSCs regardless of their diameter.

The approach tested for vitrification of eMSCs-
1.2 which was developed for eMSCs-0.5 [7] did not
give satisfactory results. Based on the previous expe-
rience we assumed that the alginate carrier might dece-
lerate the penetration of cryoprotectant into the cells.
Probably the duration of incubation in DEPS-1 solution
prior to vitrification established previously as optimal
for ‘small’ spheres was insufficient for cells placed
into the carriers of larger diameter. To verify this
assump-tion we performed screening and selected two
options of longer treatment with cryoprotectant
solution: one-step exposure in 100% DEPS-1 for 5 min,
and two-step 4-min exposure in 50% DEPS-1 at the
first stage and 30 sec in 100% DEPS-1 at the second
stage.

As it was found, both options of treatment allowed
to increase considerably the indices of viability and
metabolic activity of eMSCs following vitrification and
warming (Table). Moreover, we have found an advan-
tage of one-step exposure protocol, i. e. average meta-
bolic activity and viability of eMSCs after vitrification
and thawing of the cells treated with DEPS-1 solution
for 5 min were higher than those in the case of two-
step exposure in a mixture of cryoprotectants for 4 min
at the first stage and 30 sec at the second one. Such
differences are important from a technological point
of'view, it is obvious that one-step protocol of exposure
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HBI CIOCOOHOCTHIO aJIbTHHATHOTO THPOTENS CHUKATD
HETaTHBHOE BJIMSHHUE Ha KJIETKU. DTOT BOMPOC Tpe-
OyeT OTIeNbHOT0 U3yUYeHHUS, TOCKOJIBKY €ro peleHHe
MOXET CYIECTBEHHO MOBBICUTH 3()PEKTUBHOCTD
KPHOKOHCEPBUPOBAHUS OHOJIOTHUYECKUX 00BEKTOB.
XKuznecrnocoOHOCTh U MeTa0ONUYECKasi aKTHB-
HOCTB KJIETOK, OIPEAETICHHbIE HETTOCPEACTBEHHO MOC-
JIe OTOTPEBA, HE MOTYT CUMTATHCA aJEKBATHBIMU I10-
Ka3aTeJasiMH KPHOKOHCEpBHpOBaHMS. VI3BeCTHO, 4TO
B TEUEHUE HEKOTOPOTO BPEMEHH IOCIIE OTOTpeBa B
YacTH KJIETOK pa3BUBAIOTCS JECTPYKTUBHBIE IPOIIEC-
CBbl, THULIUUPOBAaHHBIE BO BPEMsI KpPHOKOHCEPBHUPOBA-
Huda. Tak, oTMedeHa akTHBalWs KacKaza armornros3a
ocyIe OTOrpeBa KIETOYHOM CYCIIeH3HH, YTO TPHUBOANT
K JIOTIOJHUTEIHHOMY CHIDKEHHUIO €€ KH3HEeCIoco0-
HOCTU B T€UYEHHUE mocienyromux cytok [9]. Taxxe
HaMU ObIIO YCTAHOBJICHO, YTO B XOJI€ PEKYIBTUBHPO-
Barus MCK mocie KpHoKOHCEPBUPOBAHHSI B COCTABE
MaKpOMOPHUCTHIX HOCUTEJIEH MMOKa3aTeNb KU3HECIIO-
COOHOCTH CYCHIEH3HH CHHKAETCS U IOCTUTaeT MUHU-
MyMa K KOHITY IEPBBIX CYTOK, a 3aT€M yYBEITHIHUBACTCH,
OYEBHJIHO, BCJIEICTBHE MpOosH(pepanuy BEIKUBIINX
kietok [4]. ITo pe3ynpTaraM Uccien0BaHUs yCTaHOB-
JIEHO, YTO Y€pe3 CYTKH PEKYJIbTUBHPOBAHMS IOCIIE
BUTPHU(HUKAIMHN ¥ OTOTPeEBa «O0IBIIHX» chep oKazare-
JIY )KA3HECTIOCOOHOCTH ¥ META00INIECKOM aKTHBHOC-
TH OBUIH HIDKE Ha 7—8% 110 CPaBHEHUIO C TAKOBBIMHU
HETNOCPEICTBEHHO Nocie oTorpesa. Takum o0paszom,
MOy YeHHBIE JaHHBIE CBUETEIbCTBYIOT O COXPaHEHUN
MopdodyakoHaTRHBIX cBoHCTB MCK, mepenecmx
poLenypy BUTPUPHUKAINN B COCTaBe aJbIMHATHBIX
MUKpochep, 0OZHaKo HEOOXOAMMO JalbHeiiee yco-
BEPIICHCTBOBAHNE METOAOB KPHOKOHCEPBUPOBAHUS,
MIPEeIOTBPAIIAIOIINX CHIDKEHNE TIOKa3aTeNei )Ku3He-
CIOCOOHOCTH KIIETOK B XO/I€ PEKYJIbTHBUPOBAHHS.

BoiBoabI

Me3eHXUMalbHBIE CTPOMAIBHBIE KICTKH MOTYT
OBITh MHKAIICYIUPOBAHBI B AJIbTUHATHBIC CPEPHI pa3-
Horo nauametpa (0,5 £ 0,2) u (1,2 = 0,1) MM ¢ coxpa-
HEHUEM >KHU3HECIIOCOOHOCTH M METa0OJIHYECKOM aK-
THBHOCTH.

Burpudukanus MCK B coctaBe cdep pasHoro
JUaMeTpa BO MHOTOM OIpeesieTcs BpEMEHEM JKC-
TTO3UIIAY C PACTBOPOM KPHOTIPOTEKTOPOB. C yBemmde-
Huem auametpa chep c (0,5 £ 0,2) mo (1,2 £0,1) mm
BpeMs AKCIIO3UIUU, HEOOXOIMMOE JIJIsi COXPAHCHUS
JKH3HECTIOCOOHOCTH M METAa0OIMYECKON aKTHBHOCTHU
KJIETOK IOCTIE BUTPUDUKAITIH, TOKE YBEITUINBAIOCH.

IToka3arenu >KU3HECIIOCOOHOCTH U MeTabOIMIeC-
ko aktnBHOCTH MCK, 3aKJIFOUEeHHEIX B aJIbIMHATHEIC
cdepbl pa3HOro JUaMETpa, MOTYT OBITh COXPaHCHBI
MIPU KPHOKOHCEPBUPOBAHUH KaK ITyTEM MEIJICHHOTO
3aMOpaKUBaHMS, TaK U BUTPH(HUKALINH.
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in the solution of cryoprotectants is simpler if compared
to a two-step one. Interestingly, that such a continuous
incubation of non-encapsulated cell suspension resulted
in their complete death (viability of (4 £ 2)%), likely
due to high concentration of cryoprotectants in solution.
It can be suggested that high values of cell viability
and metabolic activity obtained after vitrification within
the alginate spheres could result from the ability of
alginate hydrogel to reduce negative effects on the
cells appeared during cryopreservation. This question
requires a more detailed individual study, as its solving
can significantly improve the efficiency of cryopreser-
vation of biological objects.

Viability and metabolic activity of cells assessed
immediately after thawing could not be considered as
reliable indices of cryopreservation. It is known that
the destructive processes initiated during cryopreser-
vation are developed in the cells during some period of
time post warming. For instance, the apoptotic cascade
activation after warming of cell suspension that led to
a further reduction of cell viability during the following
days was reported [9]. Also we have established that
during reculturing of MSCs after cryopreservation
within macroporous carriers the viability of suspension
decreased and reached a minimum to the end of the
first day and then again increased likely due to prolife-
ration of survived cells [1]. In the present research it
was revealed that following 24 hr reculturing after
vitrification and warming of ‘large’ spheres the indices
of viability and metabolic activity were lower by 7—
8% if compared with those immediately after thawing.
Therefore, the findings attested the preservation of
morphological and functional properties of MSCs
undergone vitrification within alginate microspheres,
but there is a need in further improvement of cryopre-
servation methods preventing the decrease in cell via-
bility during reculturing.

Conclusions

Mesenchymal stromal cells can be encapsulated
into alginate spheres of different diameters (0.5 +0.2)
and (1.2 £0.1) mm preserving their viability and meta-
bolic activity.

MSC vitrification within the spheres of various
diameter is largely determined by the exposure time
with the solution of cryoprotectants. With the increase
in the diameter of spheres from (0.5 = 0.2) to (1.2 £
0.1) mm the exposure time required to maintain viability
and metabolic activity of cells after vitrification also
increases.

The viability and metabolic activity of MSCs
involved into alginate spheres of different diameter can
be preserved during cryopreservation both by slow
freezing and vitrification.
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