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Vitrification of Mesenchymal Stromal Cells in Alginate Microbeads

KpuoxoHcepBUpOBaHHE KIIETOK, HHKAIICYIHPOBAHHBIX B aIbIMHATHBIE MUKPOC(EPHI, SBISICTCS OAHUM U3 aKTyaJIbHBIX BOIIPOCOB
TKaHEeBOW HMHXKeHepuH. B mpeacraBieHHON paboTe N3yvaaoch BIUSHUAE BPEMEHH SKCIO3UIHMU C MYJIBTHKOMIIOHEHTHBIM PacTBOPOM
kpuonpotekropos JIDIIC-1 (10% JIMCO, 20% 3T, 20% 1,2-I1J] u 0,5 M caxapo3bl) Ha KH3HECIIOCOOHOCTh M METaOOTHMUCCKY IO
AKTUBHOCTb ME3CHXHUMaJIbHBIX CTpoMaibHbIX KieTok (MCK) nocie ButprduKaryy B cocTaBe ajlbIMHATHBIX MUKpocdep. beuto nmokaszaHo,
YTO HCII0Ib30BAaHUE MYJIBTUKOMIIOHEHTHOTO PACTBOPA KPUOIIPOTETOPOB U CTYIIEHYATON SKCIIO3UIIMHU [I03BOJISIET IPOBOIUTD YCIIELIHOE
KpHOKOHCepBUpoBaHue MetonoM Butpudukamuun MCK, MHKancyIMpoBaHHBIX B albIrHHATHBIE MUKpocdepbl. OcoOeHHOCThIO
sutpudukannu MCK B coctaBe MUKpochep 110 CPaBHEHHIO C KIIETKAMU B CYCIIEH3UH SBJIsIeTCS O0Jiee IPOI0IIKUTEIbHAS IKCIIO3UIHS
B PacTBOpE KPHUOIPOTEKTOPOB.

Kniouesvie cnosa: Me3eHxuManbHbIe CTPOMAIBHBIC KIIETKH, allbTHHATHBIE MUKPOC(hephl, BATPU(UKALIUS, MyTbTHKOMIIOHEHTHBIH
PacTBOp KPUONPOTEKTOPOB, CTyIIEHYAaTOE 100aBICHNUE KPUOIIPOTEKTOPOB.

KpiokoHcepByBaHHS KIIITHH, IHKAIICYJIbOBAaHUX B aJIbTiHATHI MIKpOC(EpH, € OTHUM 3 aKTYaJIbHUX MUTaHb TKAHUHHO] iHKeHepii. Y
HpencTaBieH i poOoTi BUBYABCS BILIUB Yacy €KCIO3HLIT 3 MyJTbTHKOMIIOHEHTHUM po34nHOM Kpionpotekropis JJEIIC-1 (10% AMCO,
20% ET, 20% 1,2-I1]11 0,5 M caxapo3u) Ha )KUTTE3MATHICTh | MeTabOJIIYHyY aKTUBHICTh ME3eHXIMaNbHUX cTpoMaibHux Kt (MCK)
nicist BiTpudikanii B ckiaai anprinaTHUX Mikpocgep. Byno mokaszaHo, 1110 BUKOPHUCTaHHS MYJIBTHKOMIIOHEHTHOIO PO3YUHY
KPIOMPOTETOPIB Ta CTYMiHYATOI €KCIO3MUIIl JO3BOJISIE MIPOBOAUTH YCIIIIHE KpiOKOHCEpByBaHHA MeTonoM Bitpidikanii MCK,
IHKaICyIbOBaHUX B anbrinatHi Mikpocgepu. OcobnuBictio BiTpudikamii MCK y cxiazai mikpocdep y MopiBHSHHI 3 KIITHHAMH Y
cycneHsii € O1IbI TpHBailia eKCIO3ULIs y PO3UYHHI KPIONPOTEKTOPIB.

Knruosi cnoea: me3eHxiMalnbHI CTPOMaJbHI KIITHHH, aJlbriHATHI MiKpocdepH, BiTpudikais, MyIsTHKOMIOHEHTHUH PO3UYUH
KpIOTPOTEKTOPIB, CTyMiHYACTE AOAABAHHS KPIOMPOTEKTOPIB.

Cryopreservation of cells encapsulated in alginate microbeads is one of the important issues of tissue engineering. The present
study was directed on the estimation of the effect caused by of duration of alginate encapsulated mesenchymal stromal cells (MSCs)
exposure in multicomponent cryoprotective solution DEPS-1 (10% DMSO, 20% EG, 20% 1,2-PD and 0.5 M sucrose) on survival
and metabolic activity after vitrification and rewarming. It was shown using of multicomponent cryoprotective solution and stepwise
exposure allowed to achieve successful cryopreservation by means of vitrofication of MSCs encapsulated in alginate microspheres.
The main difference between vitrification of MSCs encapsulated in microspheres vs. single cells was the longer exposure with CPA.

Key words: mesenchymal stromal cells, alginate microbeads, vitrification, multicomponent cryoprotective solution, step-wise

exposure.

Wukancynsuus B alblHHATHBIE MHKPOCQEPEHI
MO3BOJISIET 00ECIIEUNTh HAICKHYI0 HMMOOHITU3ALIHIO
1 UIMMYHOM3OJISILUIO KJIETOK NP TPAHCIUIAHTALlUN, a
TaKke OOMEH BEIIECTB MEXIY KIETKaMH M Cpelou
[4, 16, 21]. OnHUM W3 MEPCIEKTUBHBIX OOBHEKTOB
VMHKAIICYJISIIAA B aJbTMHATHBIE MUKpOC(epuyecKre
HOCHTEJIH SIBIISTFOTCSI ME3€HXMMAJIbHBIE CTPOMAaJIbHBIE
kietku (MCK) uenoBeka, 9To 00yCIIOBIEHO UX BBICO-
KO MpouGepaTUBHON aKTUBHOCTHIO, MYJIbTHIINHEH-
HBIM U GEPESHIINPOBOYHBIM IIOTEHIIUATIOM U HA3KOH
MMMYHOT€HHOCTBIO [3, 5, 12, 18]. bmarogaps stum
YHHUKaJIbHBIM CBOMCTBaM, HHKarcynupoBanHeie MCK
(uMCK) Bce yaiiie UCTIOIB3YIOTCS B KIIETOYHOH OHO-
TEXHOJIOT'UH, TKAHEBOW MH)KEHEPHH U TPAHCIUIAHTOJIO-
ruu [4]. Ho mu1s1 pa3paboTKu HOBBIX M YCOBEPILIEHCTBO-
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Encapsulation in alginate microbeads enables to
provide a reliable immobilization and immune isolation
of cells during transplantation as well as to maintain
optimal exchange of substances between cells and
medium [4, 16, 21]. One of the prospective objects of
encapsulation into alginate microbead carriers are hu-
man mesenchymal stromal cells (MSCs), which are
characterized by a high proliferative activity, multili-
neage differentiation potential and low immunogenicity
[3, 5, 12, 18]. Due to these unique properties, encap-
sulated MSCs (eMSCs) are often used in cell biotech-
nology, tissue engineering and transplantology [4]. To
establish a low temperature bank of eMSCs it is neces-
sary to develop new or improve the existing methods
of eMSC cryopreservation.
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BaHMsI CYLIECTBYIOUIMX METOAOB KPHOKOHCEPBUPO-
Banus UM CK HeobOxoammo co3nars 6ank uMCK.

MeTtozas! KpHOKOHCEPBUPOBaHUs, OCHOBAaHHBIE Ha
MEIJIEHHOM 3aMOpa)XMBaHWH, HANPABJIEHBl Ha TO,
9TOOBI MCKIIIOYUTH 00pa30BaHUE BHYTPUKICTOUHOTO
JBJa 33 CUET BBIXOAA BOABI U3 KJIIETKH U €€ KPUCTaI-
JU3aLHUIo B OKpysKatomieit cpene [1]. AnprepHaTuBoi
MEJIJIEHHOMY 3aMOPa)XMBaHUIO SBISIOTCS METOIBI,
OCHOBaHHBIE Ha IMpolecce BUTPpUPHUKAINN, KOTOPHIE
MTO3BOJISIOT UCKIIOYUTh BHYTPH- U BHEKIETOYHYIO
kpuctamumsaiuo. CormacHo G.M. Fahy [8] ucrons3o-
BaHUE MEJIEHHOTO 3aMOPaKMBaHUA JJ11 KPUOKOHCEP-
BHUPOBaHUs OMOJIOTHYECKUX OOBEKTOB yCTyMaeT Me-
TOJY BUTPU(UKALMHN [0 TOKA3aTEISIM BEDKUBAEMOCTH
[OCJIe 3aMOPAKUBAHUA-0TOTpeBa. Tak Kak Npu Mea-
JIEHHOM 3aMOpPa)KUBAaHUU BHEKJIETOUHAs! KPUCTAILIH-
3anust criocoOHa BIUATH HAa CTPYKTYPY HOCUTEIS, 3TO
MOJKET MPUBECTU K THOETN KIIETOK.

B nuTeparype mocTarodHO MIHPOKO OCBEIIECHBI
MTOAXOABI K BUTPU(DHUKAITNN SIUHUIHBIX KIIETOK [2, 6,
19, 20], a Taxxe TKaHeH u oprados [7,9, 17]. Bmecte
C TeM HCCJIEIOBAHNS 10 BUTPU(PUKAIIH KIETOK B COC-
TaBe TKaHEM)KEHEPHBIX KOHCTPYKIIMH HavyaJId IPOBO-
JUTH JIUIIB B TIOCIeqHee BpeMs. Tak, onmucaHsl Croco-
Ob1 BUTpU(DUKAIINY HHCYTHHIPOAYIHPYIOIINX KIETOK
munun 3TC3 [15], ketok koctHOTrO MO3ra [ 10] 1 rema-
TouuToB [11] B cocTaBe adbruHaTHBIX MUKpocdep, a
TaKe 0CTe00JaCTOB B MOPUCTHIX HOCUTEIISAX Ha OC-
HoBe rupokcuanmatuTa [ 13]. Bormpoc o Butpuduka-
unn MCK B cocTaBe pa3iHdHbIX OMOMHKEHEPHBIX
KOHCTPYKIMH, B YaCTHOCTH HWHKAIICYJTUPOBAaHHBIX B
aNbrUHATHBIE MUKPOC(HEPHI, OCTAETCS OTKPBHITHIM.

Panee Hamu ObITH pa3pabOTaHbl YCIOBHS BUTPH-
¢ukanmu cycnienzun MCK [2], koTopble MO3BONMIH
3HAYUTEIBbHO COXPAHUTHh METAOOINYECKYIO aKTHB-
HOCTB KJIETOK, CHOCOOHOCTE K aJre3uu, poudepannu
u g epeHIUpoBKE B OCTEOr€HHOM U aIUTIOTeHHOM
HanpaBJIeHUsIX. MeTon BUTpUUKAMK BKIIOYaI JBa
JTamna 5KCIO3ULUU C PacTBOPOM KPHOIPOTEKTOPOB
JDIIC-1, conepxamum 10% AMCO, 20% I, 20%
1,2-I1J1 m 0,5 M caxapo3ssl [2]. OqHako HE SICHO, OyIyT
JIV OTH YCIIOBHUS 00€CIIEYNBATh COXPAaHHOCTE OMOJIOTH-
geckux cBoiicTB MCK mocie Butpudukamnmm B cocra-
BE€ aIBIUTHATHBIX MUKpochep.

Lens paboTsl — M3yYUTH BIUSHUE BUTPUPUKAITNN
C UCIIOJIb30BaHUEM MYJIBTUKOMIIOHEHTHOTO pacTBopa
kpuonporekTopos JADIIC-1 Ha coxpaHHOCTh U METa-
Oonmuueckyto akTuBHOCT MCK, MHKaTCyIMpOBaHHBIX
B QJIbI'MHATHBIE MUKPOC(EPEI.

Matepuanbl n metoabl

Me3zeHXuManbHbIE CTPOMATBHBIC KIIETKH BBIJIEIs-
JIY U3 JIEPMBI B3POCIIOT0 YeTIOBEKa METOIOM SKCILIaH-
TaIud KyCOYKOB KOXH [3], KOTOpBIC MOITyJaTd OT
B3POCIIBIX JJOHOPOB TOJBKO C UX MUCHMEHHOTO COTIIa-
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Cryopreservation methods based on slow freezing
are directed to avoid the intracellular ice formation due
to outflow of intracellular water and its following crys-
tallization outside the cell [1]. Vitrification, which allow
to exclude both intra- and extracellular crystallization
is an alternative to slow freezing. According to Fahy
[8] the application of slow freezing for cryopreserva-
tion of biological objects is inferior to vitrification by
the post-thaw survival indices. The extracellular crys-
tallization during slow freezing can affect carrier struc-
ture and may result in a cell death.

There are numerous reports on the vitrification of
single cells [2, 6, 19, 20] as well as tissues and organs
[7, 9, 17]. However, only recently there were under-
taken the investigations of the vitrification of cells within
tissue engineered constructs. The approaches for vitri-
fication of insulin-producing TC3 cells [15], bone mar-
row cells [10] and hepatocytes within alginate micro-
beads as well as osteoblasts in hydroxyapatite porous
scaffolds have been described [ 13]. However, the ques-
tion of MSCs vitrification within different bioengineered
constructs, particularly encapsulated in alginate micro-
beads, remained open.

Previously we developed the protocol for the vitrifi-
cation of MSC suspension [2], which enabled to preser-
ve metabolic activity of cells, as well as its ability to
adhesion, proliferation and osteogenic and adipogenic
differentiation. The vitrification protocol included two
steps of exposure with cryoprotective solution DEPS-1,
containing 10% DMSO, 20% EG, 20% 1,2-PD and
0.5 M sucrose [2]. However, it was not clear if these
conditions would provide the preservation of biological
properties of MSCs within alginate microbeads after
vitrification and rewarming.

The aim of the research was to study the effect of
vitrification using multicomponent cryoprotective so-
lution DEPS-1 on the integrity and metabolic activity
of MSCs encapsulated in alginate microbeads.

Materials and methods

Mesenchymal stromal cells were derived from adult
human dermis by tissue explants method [3]. Tissue
fragments were obtained from adult donors only after
their written informed consent. Cells were cultured in
medium o-MEM (Sigma, USA) supplemented by 10%
fetal bovine serum (Biolot, Russia), 2 mM of L-gluta-
mine, 50 U/ml of penicillin and 50 mg/ml of streptomycin
at 37°C, 5% CO, and 95% humidity.

Cell encapsulation was performed by the method
described by A.I. Pravdyuk et al. [4]. Briefly, mesen-
chymal stromal cells of 2—-3 passage after achievement
of 60-70% confluence were trypsinized by the stan-
dard method and centrifuged at 200g for 7 min. The
obtained sediment was resuspended in 1.2% purified
solution of sodium alginate (Sigma) afterwards suspen-
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cusi. KynpTuBHpOBaHNE KJIETOK MPOBOAWIIH B Cpelie
a-MEM («Sigmay, CIIIA), nomonaerHOo# 10% >MO0-
PHUOHATIBHON CBIBOPOTKH KPOBHU KPYIHOTO pOraToro
ckora («bumomor», Poccus), 2 MM L-rnoTaMuHa,
50 ex/mi neHUIMILIMHA ¥ 50 MI/MJI CTPENTOMUIIMHA
npu 37°C, 5% CO, u 95% BnaxuocTu.

WHKancy1smuro KJIeTOK IPOBOAWIN TI0 METOJTUKE,
onucanHoil A.U. IIpaaiokom u coarr. [4]. Me3enxu-
MaJbHBIE CTPOMAJNIbHBIE KIETKH 2—3 Taccaxka 1mocie
nocrmkerus 60—70% koH(IIyeHTa B MOHOCIIOE TPHII-
CHHU3HPOBAJIH 110 CTAHIAPTHON METOUKE U OCAXK AN
uenTpudyruposanuem rpu 200g B reuenue 7 muH. ITo-
JTy4eHHBIA 0CaI0K PECYCIIEHANPOBAIIN B OYHIIIEHHOM
1,2%-M pacTBOpe anmbruHaTa HaTpus («Sigmay), mocie
YEero CyCHEH3HIO MOKANeJIbHO BHOCWIN B PAacTBOP
100 MM CaCl2 Ha 10 MuH ansa nonumepusanuu. [lo-
nyyernble HIMCK oTMbIBanmy Gpu3nonornieckum Oy-
dbepom, coneprxarum 0,9% NaCl u 25 MM HEPES, u
HCIIOJIb30BAJIM TS AJAIbHEHIINX IKCIIEPUMEHTOB.

Hns surpudukanun uMCK npuMeHsnn MeTof,
onucanHbii B [2]. B kpuonpoobupky («Nunky, CILA),
coneprkarryro Mukpocheps! u 100 mxn Oydepa, BHO-
cwi 100 mxn pactBopa [ADIIC-1 u ocymecTBusau
MIEPBBIN ATAIT IKCIIO3UINY, 3aTeM 100aBisin 800 MKIT
JDIIC-1 u BBIMONHSUIA BTOPOH 3Tam. DKCIIO3UIUIO
IIPOBOIMIIN TP KOMHATHOHM TEMIIeparype, ee Ipoao-
KUTEIBHOCTh U3MEHSUIACh B 3aBUCUMOCTH OT 3KCIIe-
PUMEHTAIBHON TpyMIBL. 3aTeM 00pa3ibl MOTPYXKalu
B JKHIIKHI a30T Ha 30 C ¥ BRIIEP)KUBAJIA B TIApax a30Ta
pu temreparype okono —145°C B Tedenne 5 MuH,
[IOCJIE YETO CHOBAa MOTPY’KaIW B KUAKUN a30T AJA
XpaHEHUS.

OO0pas3Iel OTOrpeBaIy Ha BOASHOMN OaHe IIpH TeMIIe-
parype 40°C. MakancynmupoBanasie MCK oTmbiBamu
OT pacTBOpa KpHONPOTEKTOPOB, MOMEIIAs B pacTBOP
0,5 M caxapo3bl, 4 3aTeM MOLIArOBO Pa3BOAMUIU Cpe-
moit Urma (I'VII UTIBD um. MLIT. UymakoBa PAMH,
Poccus).

Coxpannocts UMCK mocie BuTpuuKanuu-oTor-
peBa OLIEHUBAIIH C TIOMOIIBIO IBOMHOT0 OKpaIlIuBaHHs
dbnyopecuennaunaneraroMm (GOIIA) u satuauymMo6po-
mugoM (Ob). OkparieHHble KIETKH MOACUYNUTHIBAIN
¢ momoInkko ryopecteHTHOro Mukpockona («CETDy,
BenmukoOpuranus), kak ObUIO onucaHo B pabore [4].

KommaectBo Merabonmmueckn aktuBHBIX MCK B
cocTaBe MUKpocdep mocie BUTPUPUKALINH-0TOTpeBa
orieHuBanu ¢ nomoibio MTT-tecra. s aToro yepes
48 g kynerHBHUpOBaHus ociue otorpesa UMCK B Teue-
HUe 2 4 UHKYOMpOBaIIX B cpelie, CoAep KaIei 5 Mr/mi
MTT. Knetku, HakonuBIIue (popmasaH, OACYUTHIBAIN
¢ momouisio cBeToBoro mukpockona («CETI»). Mera-
00NMMYECKYI0 aKTUBHOCTD ONPEACISUIN KaK OTHOILE-
HHE€ KOJIMYeCTBa KJIETOK, HaKOMUBIIHNX (opMaszaH,
K 001IeMy KOJIHYECTBY KIETOK.
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sion was introduced by drop wise manner into 100 mM
of CaCl, solution and incubated during 10 min for poly-
merization. The derived eMSCs were washed with
physiological buffer, containing 0.9% NaCl and 25 mM
HEPES and used for further experiments.

The vitrification of eMSC was performed by the
method of Gorokhova et al. [2]. Briefly, 100 pl of
DEPS-1 solution were added into cryotubes (Nunc,
USA), containing microbeads in 100 ul of buffer. After
the first exposure stage 800 ul of DEPS-1 solution were
added and the second exposure stage was performed.
Exposure was carried-out at the room temperature; its
duration varied depending on the experimental group.
The samples were plunged into liquid nitrogen for 30 sec
and exposed in nitrogen vapors at —145°C for 5 min
and afterwards plunged into liquid nitrogen for storage.

The samples were thawed in water bath at 40°C.
Encapsulated eMSCs were washed free of cryoprotec-
tant solution by placing them into solution of 0.5 M
sucrose solution followed by stepwise dilution with
Eagle’s medium (Chumakov Institute of Poliomyelitis
and Viral Encephalitides of Russian Academy of Medi-
cal Sciences, Russia).

Integrity of eMSCs after vitrification and rewarming
was evaluated by fluorescein diacetate (FDA) and
ethidium bromide (EB) double staining. The stained
samples were analyzed using fluorescent microscope
(CETL UK) [4].

The number of metabolically active eMSCs after
vitrification-rewarming was evaluated by MTT-test.
Briefly, the rewarmed eMSCs were cultured during
after 48 hrs and thereafter incubated for 2 hrs in the
medium containing 5 mg/ml MTT. The cells accumu-
lated formazan were calculated using transmitted light
microscope (CETI). Metabolic activity was determined
as a ratio of formazan positive cells number and the
total cell number. The indices of integrity and metabolic
activity of eMSCs before vitrification served as the
control.

The statistical processing of obtained results and
the significance estimation was performed by paramet-
ric method of statistical analysis (Student’s t-criterion)
using Origin 6.7 software.

Results and discussion

Some approaches of vitrification of the cells encap-
sulated in alginate microbeads have been described pre-
viously [10, 11, 13, 15]. These approaches were usually
based on the several stages of sample exposure in
multicomponent solutions of cryoprotectants. A com-
mon trend was the stepwise increase of the cryoprotec-
tants concentration in the mixture at each stage of ex-
posure with corresponding reduction of the duration
of contact with the cryoprotectant. The main task of
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KonTtponem cimyxunu nokasareiar COXpaHHOCTH U
MeTtabonmaeckoit aktuBHOCTH HMCK mocie nHKarncy-
JISILIAH.

st cratucTudeckoii 00pabOTKU MOTYUEHHBIX pe-
3yJIBTaTOB MCIOJB30BAJIM MAKeT nporpamm «Origin 6.7»,
JUTSL OLIEHKH JOCTOBEPHOCTH IMOJIyYE€HHBIX JAaHHBIX -
napamMeTpU4YeCKUil METOJ] CTAaTUCTUYECKOTO aHaIu3a
(t-xkputepuii CTbrONCHTA).

Pe3yAbTatel M 00Cy)xaeHue

B nuteparype onmicaHbl HEKOTOPBIE TOAXOBI K BUT-
pudUKaInK KIETOK, HHKAICYTUPOBAHHBIX B aJIbTHHAT-
Hble MuKpocheps [ 10, 11, 13, 15]. OcHoBO# 3THX O~
XOIIOB SIBJISIFOTCS] MICTIONIb30BAaHNE MHOTOKOMITOHEHT-
HBIX paCTBOPOB KpHONIPOTEKTOPOB U IIPOBEICHHE HE-
CKOJIbKHX 3TaIlOB SKCIO3UINHI 00pa3LoB B KPUO3AIIUT-
Ho#1 cpene. [Ipu 3ToM OOIIVM SIBIISIETCS CTYIIEHUATOE
YBEJIMYEHHE KOHLIEHTPALNU KPUO3aLIUTHON CMECH Ha
Ka)KIOM 3Tare 3KCIO3UIUH, a TAK)KE COOTBETCTBYIO-
Ie€ YMEHBIICHUE BPEMEHHU KOHTAKTa C KPUOIPOTEK-
topoM. OCHOBHOW 3amaveil mcciuempoBareneid OBLIO
OTIpeNIeIeHre ONITUMAIIEHOTO COCTaBa PacTBOpPa KPHO-
IIPOTEKTOPOB, a TAKXKE KOJIMIECTBA STAIIOB SKCTIO3UIINN
1 UX IPOJIOJKUTENHHOCTH.

Panee Hamu ObITH pa3pabOTaHbl YCIOBHS BUTPHU-
¢ukannu cycnensun MCK mop 3amuToil pacTBOpa
kpuonporekropoB JIIIC-1 [2]. YcraHOBNEHO, YTO
JUTsl yCHEIHOM BUTPH(UKALIMN HEOOXOIMMO IPOBOIHTh
J[Ba 3Tara HKCIO3UINH KJIETOK B PaCTBOPE KPUOIIPO-
TEKTOpPOB: Ha epBoM — B 50%-M pacTBOpe KpUOIpo-
TEKTOpOB B TeueHue 1 MuH, Ha BTopoM — B 100%-M
pactBope 15-20 c. B pesynbrare yganoch 1oOUThCS
BBICOKOT'O YPOBHS coxpaHHocTH cycrienznn MCK noc-
ne putpudukaipm-otorpesa (70,6 + 2,8% mo okparim-
BaHUIO TPUIIAHOBBIM CHHUM).

[TockoapKy 00BEKTOM HACTOSIIETO UCCIEIOBAHUS
sersuinck ”UMCK, To aiist ux BUTpudUKauu ObUT OIl-
poOoBaH METOJ], XOPOIIO 3aPEKOMEHI0BABIINI ceOs
MIpY BUTPU(PHUKAIINH ITHX KJIETOK B BUAE CYCIIEH3UU
[2]. [IpocToe MOBTOpEHUE YCIOBHUM TaHHOTO METOAA
npuBonuio K rudenu MCK, 3akimro4eHHbIX B alIbTHHAT-
HbIe MUKpOC(EpPHI, YTO, BO3MOXKHO, CBSA3aHO C TEM,
YTO BPEMEHH HKCIIO3ULNH B KPHO3AIIUTHOM PacTBOpE,
JOCTATOYHOTO JUIS1 YCTICIIHOM BUTPU(PUKALINY € THHUY-
HBIX KJIETOK, HE IOCTaTOYHO JJIsl KJIETOK, MHKAIICYIIU-
POBaHHBIX B aJbIMHATHBIA HOCUTENb. V3 3TOTO CIie-
NIYET, YTO JUIsl JOCTHKEHUsI YCIICUIHOW BUTPUDUKALTUH
uMCK Heo0x0oauMo Ob110 MOTUGDUIIUPOBATH TaHHBIH
Metol. C 3TO 1enbio Ha OCHOBE IPeIBaPUTENbHBIX
9KCMEPUMEHTOB OBLTH C(hOPMUPOBAHBI YETHIPE IKCIIE-
PUMEHTAIbHBIE TPYTIIB, OTIHYAIONINECS 10 BpEMEHU
9KCHO3MLIMHU 00PA3LIOB B PACTBOPE KPHOIPOTEKTOPOB
JADIIC-1 Ha mepBOM M BTOpOM 3Tamnax (Tadnuua).

g onenku coxpanHoct ”UMCK nocie KpokoH-
CEpBHUPOBAaHMsI NPOBOAMIN JABOWHOE OKpAIIMBAHHE
®JIA/3b 00pa3ioB Kax 101 TPyIIIHL.
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researchers was to determine the optimal composition
of cryoprotectant solution as well as a number of
exposure stages and their duration.

Previously we have studied the conditions for MSC
suspensions vitrification under the protection of
DEPS-1 cryoprotective solution [2]. It was established
that successful vitrification required the performance
of two stages of cell exposure in cryoprotective solution:
at the first stage the cells were exposed to 50% cryo-
protective solution for 1 min, and at the second stage
lasted 15-20 sec in 100% solution. The use of this ap-
proach enabled to achieve high integrity level of MSCs
suspension after vitrification-rewarming (70.6 £2.8%
by trypan blue staining).

Since this research was performed with eMSCs,
we have chosen the method which was shown to be
effective for vitrification of these cells as the suspen-
sion [2]. Simple reproduction of the conditions required
by the mentioned method resulted in death of the MSCs
encapsulated in alginate microbeads, that could pro-
ceed from the duration of exposure in the cryoprotec-
tant solution, sufficient to achieve the successful vitri-
fication of single cells, however, insufficient for cells
encapsulated in alginate carriers. Thus, to achieve a
successful vitrification of eMSCs, the modification of
this method was needed. Based on the previous experi-
ments we formed four experimental groups, which
differed by time of samples exposure in cryoprotective
solution DEPS-1 at the 1 and 2™ stages (Table).

To evaluate the integrity of eMSCs after cryopre-
servation we performed FDA/EB double staining of
samples from each group.

It was found, that vitrification resulted in a signi-
ficant reduction of integrity of eMSCs by 29-53% de-
pending on exposure time (Fig.1). The most expressed
decrease in integrity was observed in the groups 3 and
4, where the duration of the second exposure stage
was 45 sec. In this case the integrity was 47.21 + 1.8
and 51.25 + 3.34%, correspondingly, which differed

[IponomxurenbHOCTH 3TanoB 3xcno3uund UMCK
¢ pactBopoM KpuomnpotekTopos JIDTIC-1

Duration of exposure stages of eMSCs in
cryoprotective solution DEPS-1

TTpOAOAKUTEABHOCTD dTara
Stage duration
OTarnsl
Stages
I'pymma 1 I'pymnma 2 I'pymnma 3 I'pymnma 4
Group 1 Group 2 Group 3 Group 4
1-i1 sTan
(50% ASIIC-1) | 2vua 15¢ | 2Mur 30c | 2MuH 15¢ | 2Mmuu 30 C
1st stage 2min 15s | 2min30s | 2min 15s | 2min 30s
(50% DEPS-1)
2-11 3Tan
(100% ASIIC-1) 30c 30c 45 ¢ 45 ¢
2nd stage 30s 30s 45s 45s
(50% DEPS-1)
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Puc. 1. Biiusiare BpeMeHU 9KCTIO3HUIIMK B PaCTBOPE KPHO-
nporekropoB JIOIIC-1 Ha coxparHocTs UMCK nocie BUTpu-
¢ukannu-ororpesa (n = 8); * — pa3nu4us JOCTOBEPHHI (p <
0,05) Mo OTHOIIEHUIO K KOHTPOIIO 0 KPHOKOHCEPBUPO-
BaHMs; # — pas3nu4ust 1ocToBepHsI (p < 0,05) 110 OTHOIIEHHIO
Krpynnam 1 u 2.

Fig. 1. Effect of exposure time in cryoprotective solution
DEPS-1 on the integrity of eMSCs after vitrification-rewar-
ming (n = _8); * — differences are significant (p <0.05) relative
to the control prior to cryopreservation; # — differences are
significant (p < 0.05) relative to the groups 1 and 2.

Burpudukanus npuBoauia K A0OCTOBEPHOMY CHU-
YKEeHHIO0 ypoBHs coxpaHHoctd ”MCK Ha 29-53% B 3a-
BHCHUMOCTH OT BpEMEHH 3Kco3uiuu (puc. 1), Hanbo-
Jiee BEIpa)KeHO CHIDKEHHUE B TpyMIax 3 u 4, rae mpoxod-
JKUTEITHFHOCTHh BTOPOTO dTara 3KCIO3UIuy Obla 45 c.
B nanHOM cityuae coXpaHHOCTH cocTaBisia 47,21 +
1,8 m 51,25 + 3,34% COOTBETCTBEHHO M JOCTOBEPHO
ornuyanack ot rpymm 1 u 2 (71,87 £ 2,0 m 73,12 +
1,8%). U3 puc. 1 cnenyer, 4To NpoAOIKUTENbHOCTD
[IEpPBOTO 3Tana HECYIIECTBEHHO BIIMSAET Ha YPOBEHb
COXPaHHOCTH, a pelIarollee 3HaYeHNe UMEET BpeMs
9KCMO3UIUH Ha BTOPOM 3Tare. XOTs 3Ha4YeHHs COXpaH-
HOCTH B rpynnax 1 u 2 Obuix BbIIIE, YeM B rpynmax 3
1 4, OHM OBLIH JOCTOBEPHO HIKE YPOBHS KOHTPOJISL.

[Tpu onreHKe MeTaO0OITNYECKON aKTHBHOCTH KJIETOK
c ucnionp3oBanneM MTT-tecta yepes 48 4 mocie BuT-
pHUQHKAUH-0TOrpeBa HAOIIONAIACH CXOXKasl TUHAMU-
Ka ¢ pe3yibraramu okpamuBanus OJA/IB, onnako
rokaszaTenu Oput HIKe (puc. 2). Bunxo, uto meTabo-
JIUYecKas aKTUBHOCTh B rpynmnax 3 u 4 Obuta go-
CTOBEPHO HMJKE, YEM B Tpymnnax 1 v 2, 4To HOATBEpK-
JlaeT HEraTUBHOE BIMSHHE POJOJKUTENILHOTO (OoItee
30 c¢) korrakta UMCK ¢ pacTBOPOM KPHOTIPOTEKTOPOB
Ha BTOPOM 3TaIle YKCIIO3ULHNHU, KOTOPO€E HaOII0AaI0Ch
nipu okpamunsanui OIA/3b. Kpome Toro, ncrnomnb3osa-
Hue MTT-Tecta N03BOINIIO OLIEHUTD BIHMSHUE BPEMEHU
9KCITO3UIINH KJIETOK B PaCTBOPE KPHOIPOTEKTOPOB Ha
[IEPBOM JTaIle, 4TO HE Y/IaBAIOCH ITPH OIIEHKE COXPaH-
HOCTH KJIeTOK ¢ momornsio ®JIA/Db. Tak, Ob10 OT-
MEUYEHO, YTO IKCTIO3UIHS KIeTOK B pactBope ADI1C-1
B Teuenne 2 muH 30 ¢ Ha mepBoM dTamne (Tpynmsl 2 1
4) nmpuBoaMia K O6oyiee OJTHOMY COXPaHEHHIO METa-
6osmueckoii akruBHocT MMCK nocie Butpuduka-

Puc. 2. BnusiHre BpeMeHHU 3KCIO3HLUU B PacTBOPE KPHO-
npotektopos JIOIIC-1 Ha MeTabonn4ecKyto aKTUBHOCTb
uMCK nocie Butpudukanun-otorpesa (n = 8); Bce mpuBe-
JICHHBIE TaHHBIE IOCTOBEPHO OTINYAIOTCS APYT OT APYra u
oT ypoBHs koHTpods (p < 0,05).

Fig. 1. Effect of exposure time in cryoprotectant solution
DEPS-1 on metabolic activity of eMSCs after vitrification-
rewarming (n = 8); all the presented data are significantly
different from each other and the control level (p <0.05).
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significantly from data of groups 1 and 2 (71.87 £ 2.0
and 73.12 £+ 1.8%). Fig. 1 shows that the duration of
the first stage insignificantly affects the integrity of
cells, while the exposure time at the second stage has
a crucial effect. Although values of integrity in the
groups | and 2 were higher than in 3 and 4 ones, they
were significantly lower compared to the control (prior
to vitrification).

The evaluation of cell metabolic activity using MTT-
test in 48 hrs after vitrification-rewarming showed the
dynamics similar to FDA/EB staining results, however
the indices were lower (Fig. 2). The metabolic activity
in groups 3 and 4 was significantly lower than in groups
1 and 2, confirming the negative effect of continuous
(more than 30 sec) contact of eMSCs with cryoprotec-
tive solution at the second stage of exposure, found
also by FDA/EB staining. Moreover, the application
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LIMU-0TOTPEBA, TI0 CPABHEHUIO ¢ Tpymmamu 1 u 3, rae
JUIMTENILHOCTh 3KCITO3UIMH cOcTaBistia 2 MuH 15 c.
HaunGonee Bbicokas meTabonauueckas akKTHBHOCTD
KJIETOK ObLta JocTurHyta B rpymme 2 (54,7 + 1,9%),
HauMeHsbIas — B rpyme 3 (22,8 + 1,7%), rae Bpems
9KCITO3ULIMH COCTABIUIO 2 MUH 15 ¢ Ha mepBOM 3Tare
1 45 ¢ — Ha BTOPOM. AHAJOTMYHasl TUHAMHUKA OTMe-
yanack R. Malpique u coaBt. [ 14]: coxpannocts MCK,
OILIEHEHHAs HETIOCPE/ICTBEHHO TTOCIIE 3aMOPaKUBAHUSA-
OTOTpeBa, OblJIa 3HAYNTENHHO BHIIIE, UeM depe3 24 4
KyJIBTHBAPOBaHUS. BrioiHE ecTeCTBEHHO, UTO PE3YITh-
TaThl, NOJIy4YeHHbIe ¢ noMouipo MTT-TecTa, IBASAIOT-
cst bosiee MH(POPMATUBHBIMU, TOCKOJILKY OKpaIlIUBaHHE
®JIA/Db BBISBISET TOJBKO KIETKH C HApPyIICHUEM
LEJOCTHOCTH Miia3MaThuueckoid memOpansl, a MTT-
TECT — MeTabOJIMYeCKN aKTUBHBIE KIIETKH.

B nanHo#i paboTe noka3aHo JOCTOBEPHOE CHIKE-
HUE KaK COXPaHHOCTH, TaK ¥ METa00INYeCKON aKTHB-
HocTH B rpynnax 3 u 4. Takas ke 3aBUCUMOCTB ObLa
orMeueHa B padore L. Kuleshova u coaBr. [11]: xkwu3-
HECTIOCOOHOCTH TeMaTOUTOB JOCTOBEPHO CHIKAIACh
[IPH TPOOTKUTETHHOM KOHTAKTE C PACTBOPOM KpPHO-
[IPOTEKTOPOB Ha MOCJIETHEM dTaIe SKCIO3ULIHUU. ITO
yKa3bIBaeT Ha TO, YTO MPH JIUTEIHHOM KOHTAaKTe
nMCK ¢ pacTBOpOM KpHONPOTEKTOPOB Ha BTOPOM
3Tarne MposBIAETCS TOKCHYecKuil ekt kpuompo-
TEKTOPOB, BXOIAILINX B COCTaB KPHO3ALIUTHON CMECH,
MPUBOASALINN K THOEITH KIIETOK.

Takum 0Opa3om, HOTy4YeHHBIE PE3YJIbTAThI CBUE-
TEJIBCTBYIOT O IEPCIEKTUBHOCTH IPUMEHEHNS BUTPH-
¢dukanuu 111 coxpanenus csoricts MCK, nnkarcy-
JUPOBAHHBIX B ATbTHHATHBIE MUKPOCQEPHI.

BbiBOADI

[Tokazano, uro ”MCK, KprnOKOHCEPBHPOBAHHBIE
METOJOM BUTPUQPHUKAIMK MO 3alUTO pacTBOpa
kpuonpotektopoB JIDI1C-1, nMeroT BEICOKHIT YpOBEHb
COXPaHHOCTH W META0ONWYIECKON aKTHBHOCTH. JIist
Hacsieans MCK B coctaBe Mukpocdep Kpruo3amur-
HeIM pactBopoM DIIC-1 Tpebyercsa Goiee nmpomon-
JKUTEJIbHAsI SKCIO3ULMA B PACTBOPE KPHOIPOTEKTOPOB,
4yeM 1S KIIETOK B cycnieH3uu. Cienyer nonararb, 4To
JUIsl YCHIEITHON BUTpHU(UKALIUK KIJIETOK B cocTaBe 00-
Jiee KpYITHBIX OMOMHKECHEPHBIX KOHCTPYKIMI U (par-
MEHTOB TKaHel norpedyercs ee OoJee ATUTEIbHAS
9KCITO3UIHS B PACTBOPAX KPHOTIPOTEKTOPOB.
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of MTT-test enabled to evaluate the effect of the first
stage exposure duration on the metabolic activity of
cells, which was impossible using the FDA/EB test
for assessing cell integrity. Thus, it was noted that cell
exposure in DEPS-1 for 2 min and 30 sec at the first
stage (groups 2 and 4) resulted in more effective pre-
servation of metabolic activity of eMSCs after vitri-
fication-rewarming in comparison to the groups 1 and
3, where the exposure duration made 2 min and 15 sec.
The highest metabolic activity of cells was achieved
in group 2 (54.7 = 1.9%), the lowest one was found in
group 3 (22.8 = 1.7%), where exposure time at the
first stage was 2 min and 15 sec and at the second one
was 45 sec. A similar dynamics was observed by Mal-
pique et al. [14], i. e. MSCs integrity evaluated imme-
diately after freeze-thawing was significantly higher
than after 24 hrs of culturing. It is obviously that the
results obtained with MTT-test are more informative
because the latter allows assessing the number of meta-
bolically active cells, while FDA/EB staining reveals
only the cells with damaged plasma membrane.

Our study showed the significant reduction both of
the integrity and metabolic activity of cells in the groups
3 and 4. Similar dependence was described by Kule-
shova et al. [11], it has been noted that hepatocytes
viability was significantly reduced after long-term con-
tact with cryoprotective solution at the last stage of
exposure. This indicates that continuous contact of
eMSCs with cryoprotectant solution at the second stage
causes a toxic effect of the cryoprotectants comprising
the solution, which could lead to death of the cells.

Thus, the obtained results confirm the vitrification
as a promising method allowing to preserve the pro-
perties of MSCs encapsulated in alginate microbeads.

Conclusions

It was shown that eMSCs cryopreserved by vitrifi-
cation under protection of cryoprotective solution
DEPS-1 had high levels of integrity and metabolic
activity. To saturate MSCs within microbeads with
cryoprotective solution DEPS-1 a longer exposure in
cryoprotective solution is required, if compared to cells
in suspension. It could be suggested that the suc-
cessful vitrification of cells within larger bioengineered
constructs and tissue fragments requires longer expo-
sure in cryoprotective solutions.
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