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Pedbepar: Vccneposanu BnusHue rmnotepmuyeckoro xpaHeHuns (IMX) Ha )M3HecnocobHOCTb M DYHKLMOHANBHYH aKTUBHOCTb
Me3eHXxMmarnbHbIX cTpomanbHbix krneTok (MCK) yenoseka B cycneHsum u anbrmHaTHbiIX Mukpocdepax (AMC). KneTkn xpaHunu B
repMeTUYECKM 3aKpbITbIX kKpruonpobupkax npu 4°C B kyneTypanbHoi cpege (KC), caxapo3o-coaepxkaluem pacteope (CCP) u pactsope
YHuepcuteta BuckoHcnHa (UW). Yepes 3 u 7 cyToK XpaHEHUS XKN3HECTIOCOOHOCTb, MeTabonnyeckyto akTMBHOCTb U MOPAOyHK-
LMoHanbHoe coctosiHue MCK oueHuBanm no MTT-, Alamar Blue-tectam, aaresmBHON akTUBHOCTWU, MOPAONOrMM 1 cnocobHOCTU K
MYNbTURMHENHON AnddepeHLMpoBKe B YCNOBUSAX MOHOCIIONHONO KynbTUBMPOBaHUA. YctaHoBneHo, 4to X cycneHsum MCK B KC
B TeYyeHune 3-X CyTOK MPUBOAMT K 3—4-KPaTHOMY CHWDKEHWIO MX XM3HEeCnocobHOCTM M cnocobHocTu Kk aaresuun. MHkancynaums B
AMC vacTuyHo npepoTBpalyaeT rmbenb knetok. MMNnoTepmmuyeckoe xpaHeHWe B TeYeHue 7 CYTOK Bbi3biBaeT rmbenb npakTu4ecku
Bcex MCK kak B cycneHsuun, Tak 1 B AMC. Mpu 3ameHe KC Ha koHcepsupytowumii pactBop UW 1 CCP coxpaHstoTcs XXUM3HECNOCOBHOCTb
n metabonuyeckasa aktusHocTtb MCK npu X B TeyeHne 3-x CyTOK kak B cycneH3uu, Tak n coctase AMC. lNMocne 7 cyTtok X B
pactBope UW n CCP MCK B cycneH3aun n AMC coxpaHstloT xun3HecnocobHocTb Ha ypoBHe 60—-80%, aaresmBHble CBOWCTBA,
MeTabonMyeckyto akTUBHOCTb, a Takke CNoCOBHOCTb K MHAYLMPOBAHHONW aanno- 1 ocTeoreHHon anddepeHumposke. Vicnonb3oBaHve
KoHcepBupytowero pactsopa UW 1 CCP noseonsieT npoanutb CPoKM rmnoTepMmyeckoro xpaHexwms MCK.

KniouyeBble cnoBa: Me3eHXMManbHble CTpOMarbHble KNeTKU, anbrmHaTHble MUKpocdepbl, TMNoTeEPMUYECKOE XpaHeHue,
KOHCEepBUpYyloLLMe pacTBOpbI, KyNbTUBMpPOBaHWe, aare3ns, metabonuyeckass akTMBHOCTb, MHAYLMPOBaHHas AvddepeHLpoBKa.

Pedpepat: [docnigxysanu Bnnve rinotepmiyHoro 36epiraHHs (M3) Ha XUTTe3gaTHICTb Ta PYHKUIOHANbHY akTUBHICTb ME3eHXi-
ManbHux ctpomanbHux knitnH (MCK) nmiogmHmn B cycnensii Ta anbrinaTHux Mikpocdepax (AMC). KnitnHu 36epiranv B repmMeTvyHO
3akpuTux kpionpobipkax 3a 4°C y kynetypansHomy cepegosulli (KC), caxapo3o-BmicHoMy po3duHi (CBP) Ta po3uuHi YHiBepcuteTy
BickoHciHy (UW). Yepes 3 i 7 ni6 3b6epiraHHs xuTTe3naTHiCTb, MeTabonivyHy akTuUBHICTb Ta MopdodyHKUioHanbHuin ctaH MCK
ouiHtoBanu 3a MTT-, Alamar Blue-Tectamn, aare3aviBHOI akTUBHICTIO, MOPAIOIOTi€t0 i 30aTHICTIO A0 MYNBTUMIHIMHOMO AndepeHLitoBaHHS
B YyMOBax MOHOLLAPOBOro KynsTuByBaHHS. BctaHoBneHo, wo M3 cycnersii MCK y KC npotsrom 3-x ai6 npussoaunts Ao 3—4-kpaTHoro
3HWXKEHHS X XWUTTE3OATHOCTI Ta 34aTHocTi Ao agresii. IHkancynsuis B AMC yacTkoBo 3anobirae 3armbeni knituH. FinotepmiyxHe
36epiraHHa npoTarom 7 Aib Buknukae 3armbenb npaktuyHo BCix MCK sk y cycneHnsii, Tak i B AMC. 3amiHa KC Ha koHcepBytounii pos-
unH UW i CBP 3anobirae 3HMxeHHI0 XUTTe3aaTHOCTI Ta MeTaboniyHoi aktmuBHocTi MCK npu '3 npoTsirom 3-x aib sik B cycneHasii, Tak
i cknagi AMC. Micna 7 pi6 M3 y posumHi UW i CBP MCK y cycnensii Ta AMC 36epiratoTb XWUTTE3AaTHICTL Ha piBHIi 60—80%), aareavsHi
BMacTUBOCTI, MeTaboniyHy aKTUBHICTb, @ TaKOX 34aTHICTb [0 iHAYKOBAHOro afino- Ta OCTEOreHHOro AudepeHLuitoBaHHS.
BukopuctaHHs koHcepBytodoro posumHy UW i CBP pno3Bonsie nogoBXuTU TEPMIH rinoTepMiyHoro 36epiraHHa MCK.

KnioyoBi cnoBa: me3eHximarnbHi CTpoManbHi KNiTUHKW, anbriHaTHi Mikpocdepu, rinotepmivyHe 36epiraHHsi, KOHCEPBYHOYI PO34YUNHM,
KYNbTUBYBaHHS, aaresisi, metaboniyHa akTUBHICTb, iHOYKOBaHe AMdEPEHLIiOBAHHS.

Abstract: The effect of hypothermic storage (HS) on viability and functional activity of human mesenchymal stromal cells (MSCs)
in suspension and within alginate microspheres (AMSs) was studied. Cells were stored in sealed cryovials at 4°C in culture medium
(CM), sucrose-based solution (SBS) and that of the University of Wisconsin (UW). After 3 and 7 days of storage the viability,
metabolic activity and morphology of MSCs were assessed by MTT-assay, Alamar Blue test, adhesive activity, morphology and ability
of multilineage differentiation at monolayer culture conditions. Hypothermic storage of MSCs suspension in CM for 3 days was
established to result in a 3—4-fold decrease in their viability and adhesive ability. The encapsulation into AMSs partially prevented cell
death. Hypothermic storage for 7 days caused death of almost all MSCs both in suspension and AMSs. The substitution of CM for UW
and SBS preservation solutions maintained the MSCs viability and metabolic activity following HS within 3 days both in suspension and
within AMSs. After 7 days of HS in UW and SBS solutions the MSCs in suspensions and within AMSs preserved their viability on the
level of 60-80%, adhesive properties, metabolic activity, as well as the ability for induced adipogenic and osteogenic differentiation.
The use of UW and SBS preservation solutions enabled to prolong the hypothermic storage terms for MSCs.

Key words: mesenchymal stromal cells, alginate microspheres, hypothermic storage, preservation solution, culture, adhesion,
metabolic activity, induced differentiation.
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WHTtepec uccnenoBaTeneil kK UCMOIb30BAHUIO B
pereHepaTHBHON MEAWIIMHE U TKAHEBON MHXKCHEPHH
ME3eHXUMaIbHBIX CTPOMaNbHBIX KiIeTOK (MCK)
YeJI0BEKa MOKHO OOBSICHUTh UX YHUKAITBHBIMU AU (]-
(hepeHIIMPOBOYHBIMU U TEPANTEBTUYCCKUMHU CBOMCT-
Bamu [1, 2, 7, 17]. 3axmouenne MCK B anpruHaTHEBIE
mukpochepsr (AMC) mo3BoasieT HUBEIUPOBATH
HEXeNaTeIbHbI MMMYHHBIN OTBET I1OCJIE TPAHCIUIAH-
Taluu, KOHTPOJIMPOBATH TOCTABKY KJIIETOYHOTO MaTe-
puana, mojaydath MPOJIOHTUPOBAHHBIM TEpaneBTH-
yeckuii 3pdexT [4]. [Ipu 3TOM MOCTYIUICHNE B KIIETKH
MUTATEIHLHBIX BEIIECTB M KUCIOPOa, HEOOXOIUMBIX
JUTs X (QyHKIIMOHWPOBaHHUS, He Hapymaercs. J{is nzy-
YEHHs CBOMCTB U MpakTuieckoro npumeHenuss MCK
B coctaBe AMC Heo0Xx0auMO CO31aHHE JOCTATOUHOTO
ux 3amaca. C 1eJbio J0JITOCPOYHOTO XpaHeHHs OHo-
MaTepHaa, Kak IpaBwiIo, MPUMEHSIOT TOPOTOCTOSIIHE
W 3aTpaTHbIE N0 BPEMEHU METOJbl KPHOKOHCEPBU-
pOBaHUs, TpEIIoIaramine IpedbBaHue 00pa3IioB
B HHU3KOTeMIieparypHom Oanke [3, 5]. Mcionb3yemsbie
MIPOTOKOJIBI JIOJKHBI 00eCTIeYuBaTh COXPAHHOCTH
Mop o yHKIIMOHATBHBIX CBOHCTB KJIETOK U CTPYKTYP-
HYIO [[EIOCTHOCTh HOCUTEIS. ATTBTePHATUBOM XpaHe-
HUIO B 3aMOPOKCHHOM BUJIE MOXKET OBITh THITOTEPMHU-
yeckoe xpanenue (I'X) nmpu HU3KUX MOTOKUTEIEHBIX
temneparypax (0...4°C). OgHako 10 HacTOSMIETO
BPEMEHH CYIICCTBYIOT TOJIBKO €AMHUYHBIC ITyOIHKa-
LUH, TOCBSAIICHHBIE UCCIIEA0BAaHHIO 3()(HEKTUBHOCTH
runorepmudeckoro xpanenuss MCK B coctare AMC.

Lenpro paboThI IBUIIOCH MU3yUEHHUE BIMSTHUS THUIIO-
TEPMUYECKOTO XpaHEHHS B Pa3IMYHBIX Cpelax Ha
KU3HECTIOCOOHOCTH, METa0OJTNIECKYIO AKTHBHOCTD U
muddepennupoBounsii moreruan MCK, Haxoms-
IIUXCS B BUJIE CYCIICH3UH WM UHKAIICYJIMPOBAHHBIX B
AIBTUHATHBIE MUKPOCQEPHI.

B pabote ncmonp30Bany 1Ba KOHCEPBUPYIOMINX
pacTBoOpa, KOTOpbIe MPUBEICHBI B TaOuuIe. DTH
PacTBOPHI MOJIOKUTEIHHO 3aPEKOMEHI0BAIH ce0s IPU
TUIIOTEPMHUYECKOM XPAHCHUH Pa3HBIX THIIOB KJICTOK U
oprasos [6, 13, 14]:

1. PacTBOp, OCHOBHBIMU KOMIIOHEHTAMH KOTOPOTO
SBJIIIOTCA JTakToOMoHaT M padduHo3a, paspadboTan
HCCIEN0BATEISIMA U3 YHHUBepcuTeTa BrckoHcHHa
(UW). [larHbIi pacTBOpP HAIIIENT ITUPOKOES TPUMEHEHHE
JUTS THTIOTEPMHUYECKOTO XPaHEHHS Pa3HBIX OPTaHOB U
THUIIOB KJIeTOK [15, 16].

2. Pa3zpaboTaHHblil B OTAeHe KPUOOHMOXUMUU
NIIKuK HAH VYkpauHbl OpUrMHaIBHBIN caxapo30-
conepxanuii pactsop (CCP), npurotroBieHHbIH Ha
ocHOBe (ocdarroro Oydepa u conepKaiuii HoIuITU-
nenrkonb-8000 (I1T3I-8000), mo3BomseT mpenoT-
BpamaTh OCMOTHYECKUE MOBPEKACHUS, HHIYIIHPO-
BaHHBIC XOJIOJ0BON HINIEMUEH, U COXPaHATh MeTabo0-
JTIECKUE XapaKTEPUCTHKH OMOIOTHIECKIX 0OBEKTOB

[8].

330

The interest of scholars for the application of human
mesenchymal stromal cells (MSCs) in regenerative
medicine and tissue engineering may be explained by
their unique differentiation and therapeutic properties
[4, 5,13, 17]. The encapsulation of MSCs into alginate
microspheres (AMSs) enables to balance undesirable
immune response occuring post transplantation,
to control cell-based product delivery, and obtain a
prolonged therapeutic effect [9]. There is no dearrange-
ment observed in entering of essential nutrients and
oxygen into cells. Investigation of the properties and
practical application of MSCs encapsulated within the
AMSs requires a sufficient stock of them. For the
purpose of long-term storage of biological material, one
usually applies the expensive and time consuming
cryopreservation methods, suggesting low temperature
banking of the samples [7, 10]. The used protocols
should ensure the preservation of morphofunctional
properties of cells and structural integrity of carrier.
Hypothermic storage (HS) at low positive temperatures
(0...4°C) may be an alternative to the storing in a frozen
state. However, to date there are only few publications
on studying the efficiency of MSCs hypothermic
storage within the AMSs.

This research was aimed to study the effect of
hypothermic storage in different media on the viability,
metabolic activity and differentiation potential of MSCs
in suspension or encapsulated into alginate micro-
spheres.

We used two preservation solutions shown in
Table. These solutions demostrated good result during
hypothermic storage of different cells and organs [11,
12, 14]:

1. The solution, whose main components were
lactobionate and raffinose, was designed by scientists
from the University of Wisconsin (UW). This solution
has been widely used for hypothermic storage of
different organs and cell types [15, 16].

2. The original sucrose-based solution (SBS),
designed at the Cryobiochemistry Department of the
Institute for Problems of Cryobiology and Cryome-
dicine of NAS of Ukraine, based on phosphate buffer
and polyethylene glycol-8000 (PEG-8000), it enables
preventing cold ischemia-induced osmotic damages,
and preserving metabolic characteristics of biological
objects [6].

Materials and methods

Experiments were performed in human adult dermal
MSC:s, procured in accordance with the recommenda-
tions of the WMA Association of Helsinki, and the
requirements of Bioethics Committee of the Institute
for Problems of Cryobiology and Cryomedicine of
NAS of Ukraine. The cells were isolated by explan-
tation of skin pieces [2]. The monolayer was cultured
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MarepuaJjbl 1 MeTOABI

OxcnepuMeHTsl npoBoauian Ha MCK nepmel
B3POCIIOTO YeJIOBEKA, KOTOPhIE OBLIN MOJIYYCHBI B
COOTBETCTBHU C PEKOMEHJAIMSIMU X ETbCUHCKON JIEK-
Japanuu BecemupHoO# accolnuanuu 1no mpoBEIESHUIO
OMOMEMIIMHCKIX HCCIIEOBAaHUN U TpeOOBaHUSIMU
6unostuueckoro komurteta UINIKuK HAH VYkpausst.
KreTku BbAETSAIN METOIOM SKCIUTAHTALINN KyCOYKOB
koxH [ 10]. MoHOCTIOHHOE KyTETHBHPOBAHKE TIPOBO/TH-
nu B KyneTypanbsHoi cpene (KC) a-MEM («PAA»y,
ABcTpus), nomnonaerHoit 10%-1 aMOpuoHaTBHON
ceiBopotkoii (3C) KpyImHOTo poraroro ckota, 50 ex/min
NeHUIWUTHHA ¥ 50 MKI/MJI CTpenITOMHULIMHA, BO ia-
KoHax miomansko 75 em® mpu 37°C, 5% CO, u 95%
BiaxxHocTH. Cpeny MeHsun Kaxasie 3—4 cytok. [Ipn
JOCTHKEeHNU KieTkaMu 70%-ro MOHOCTIOS €ro MaccH-
POBAJIH 110 CTAaHAAPTHOW METOAMKE C MCTIOIb30BaHIEM
CMECH TPUIICHH/BEPCEH B COOTHOIIICHUH 1:4 1 BhICEBa-
i ¢ ko3 dunmentom nepecesa 1:3 [11]. Jlns uccie-
IOBaHWH wcmonb3oBaidn KyabTypsl MCK 4-8-ro
naccaxked. KineTku cHMManu, Kak ONMHCAHO BBIIIE,
ocaxaanu myTeMm IeHTpudyrupoBanus npu 150g B
Te4eHue 7 MUH (BO BCEX MOCIEIYIOMNX NPOLEaypax
napaMeTpbl HeHTPUPYTHPOBaHUs OBLIIM TakKHe Ke),
poMBIBaU pactBopoM, conepxamum 0,15 M NaCl
u 25 vmM HEPES npu pH 7,4 (nanee B TekcTe — mpo-
MBIBOYHBIH PACTBOpP), M 3aT€EM CYCHEHIUPOBAIH B
KYJIBTYpaJIbHOM cperie.

Cycnien3us Obl1a pa3JielicHa Ha JIBE paBHBIC YaCTH:
onHy — mHKarncyiupoBamu B AMC, npyras ocrasa-
JIach B BUJIE€ CyCTICH3MH. {151 MHKATICYIANN KIIETKH
CyCIICHANPOBaAIHM B ouuIneHHOM 1,2%-M pacTtBOpe
anpruHara Hatpus («Sigma-Aldrich», CILIA), npuro-
TOBJICHHOM Ha pacTtBope XeHkca (pH 7,4). Cycnensuro
KJIETOK MOMEIIANH B CTEPUIIBHBIN IIMPUL 00HEMOM
1 M1 ¢ anameTpom urisl 0,33 MM U 11O Karjie BHOCHIN
B pactBop 2%-ro CaCl,, B KOTOPOM OCTaBJIsINM Ha
10 mun 115 nonumepuzanuu. [locne 3Toro mpoBoaAnIN
CTYNEHYATYIO0 OTMBIBKY OT W30BITKAa HOHOB KaJIbIIH
MIPOMBIBOYHBIM pacTBOpoM. [lomydeHHble TaKuM 00-
pazom AMC, coneprxarmme MCK, Ha CyTKH TOMeTIaIn
B OMHCAHHBIE BHIIIE YCIOBHUSA KYyIbTUBHUPOBAHMUS.
Huamerp AMC cocrapisin (2 £ 0,1) mM.

Me3zeHxuManbHbIe CTPOMATEHBIE KIIETKH B CYCIIeH-
3un u AMC BHOCuUIH B Kpuompobupku («Nuncy,
CIOA), conepxamue no 1 mn CCP, UW unu KC.
I'epMeTn4HO 3aKpBITBIE KPHONPOOUPKH C HCCIEye-
MBIMH 00pa3aMy MOMeNIaIn B ObITOBON XONOAWIEHHK
(4°C) ans rUNOTEPMHUYECKOTO XPAHEHUS B TEUCHUE
7 CYTOK.

Ha 3- u 7-e cyTku rUnoTepMUYECKOro XpaHEHHs
AMC pactBopsiu mytem gobasierust 1 mi 50 MM
uutpara Hatpus. [lomyuennyro cycniensutro MCK ot-
MBIBAJIA TTPOMBIBOYHBIM PAaCTBOPOM H CYCIEHAHPO-
Banu B | Mi1 KynbTypasibHO# cpeapbl. Kinetku, xpans-
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CocTtaB KOHCEPBUPYOLWMUX PacTBOPOB, UCTOMNb3yEMbIX
ans rmnotepmudeckoro xpaHeHnsa MCK
B cycneHsun u AMC

Composition of preservation solutions used for hypo-
thermic storage of MSCs in suspension and AMSs

KoHUeHTpaumA KOMMOHEHTOB B KOHCEPBUPYHOLLNX
pacTBopax, MMosb/n
Concentration of components in preservation
medium, mmol/I
KomnoHeHTbl
Components oa-MEM
(oCHOBHbIE
CCP
KOMI‘IOH.eHTbI/ uw SBS
main
components)
NaCl 116,3 - -
KOH - 105 -
NaOH - 4 -
KH,PO, - 2,6 30
MgSO, 0,8 10 1
Na,HPO, 1 - 15
CaCl, 1,8 - 0,5
JlakTo6noHoBanA
Kucnora
Lactobionic - 108 -
acid
L-Fnytamun 2 B _
L-Glutamine
D-Inoko3sa
D-Glucose 55 B B
PacuHosa _ 31 _
Raffinose
Csaxaposa B B 250
ucrose
nar-s8o000
PEG-8000 - - 1%
pH 7.4 7.4 7.4

in the culture medium (CM) of a-MEM (PAA,
Austria) supplemented with 10% fetal bovine serum
(FBS), 50 IU/ml of penicillin and 50 pg/ml streptomycin,
in 75 cm? vials at 37°C, 5% CO, and 95% humidity.
The medium was changed every 3—4 days. When the
cells reached a 70% monolayer, they were then
passaged by the standard technique using Trypsin/
Versene mixture at 1:4 ratio and plated with 1:3 re-
seeding coefficient [3]. The MSCs cultures which
underwent 4-8 passages were used for study. Cells
were detached as described above, precipitated by
centrifugation at 150g for 7 min (in all further pro-
cedures the centrifugation parameters were the same),
washed with the solution containing 0.15 M NaCl and
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myecs B BUAE CYCIIEH3MH, TAaK)KE OTMBIBAJId OT
KOHCEPBHPYIOILUX PACTBOPOB aHAIIOTHYHBIM 00pa3oM.
B kauecTBe KOHTpOJS (HyJeBas TOUKA XPaHEHHS)
obutn ucnonszoBanbl MCK, Haxozpsmuecs B BUAE
CYCIICH3MH WU WHKarncymupoBaHHble B AMC, 10
THUIIOTEPMUYECKOTO XPAHEHUSI.

Kuznecmoco6rocTs MCK OLIeHMBaH C TOMOIIHIO
MTT-tecta. K 0,5 M1 cycrieH3uu KIETOK A00aBIISITN
50 Mk pemokc-unaukaropa MTT (3-(4,5-mumeTni-
2-trazonun)-2,5-mudenmi-2 H-rerpasonms ) Opomua
(«Sigma-Aldrich») B konnentpauuu 5 mr/mi. I[Tocie
2 4 yHKyOanuu npu temneparype 37°C obpasisl
LEeHTpU(YTUPOBAIIH, 0CaI0K CYCTICHANPOBAIH B (PH3HO-
JIOTHYECKOM PacTBOPE U MOJACYUTHIBAIN KOJINYECTBO
KJIIETOK B Kamepe [opsieBa coracHo cTaHAapTHOW Me-
toauke [9]. XKu3HecnocoOHOCTh Ompenensyii Kak
otHomeHue konmaecTBa MCK, HakonuBmmux ¢opma-
3aH, K 00IIIeMy KOJMYECTBY KJIETOK 1 BBIPAYKAIIU B TIPO-
LIEHTaXx.

KieTounyto aare3uto oneHUBaIN MO CITOCOOHOCTH
MCK npuKperusThes Ha ITTACTHK ITOCIIE CyTOK KYJIBTH-
BHUpoBaHus. [yt 3TOT0 OTOMpaNH BeCh 00bEM KYJIBTY-
panbHoii cpensl (0,5 MI) W MOACUMTHIBAIU B HEl
KOJIMYECTBO HE aJre3upoBaBLIMX KiIeTOK. Kosdpdu-
LUEHT KIETOYHO! a[ire311 PaCCUUTHIBAIIH IO GopMyIIe:
E=(4—-B/A)*100 %, Tne A — KOTMYECTBO KIETOK A0
nocesa (mo MTT-recty), B — KOJIMYECTBO HEMTPUKPE-
MUBLIAXCS KIETOK.

Mertabommueckyro aktTuBHOCTE MCK oneruBamm
10 MHTEHCUBHOCTH (DITyOPECIICHITIH BOCCTAHOBIICHHON
(hopmel penokc-uHaKaTopa Alamar Blue (AB, «Sero-
tecy, CIIA). 1151 3TOTO CyCIIEH3HIO KJIETOK TTOMETTTaTH
B JIYHKH KyJBTYPaJTbHOTO IDIaHIIETa U KYJIETHBHPOBAIN
B TeueHue cyTok. [locie yero nobasmsu no 0,5 mn
cBexel cpenpl, conepkamei 10% AB. @nyopecuen-
LIUIO BOCCTaHOBJIEHHOM hopmbl AB omnpeaensiim nocine
2 vy unky6anuu mpu 37°C (5% CO,) na cnekrpodiryo-
pumerpe («Tecan GENios», ABcTpanusi) npu JUInHE
BOJIHBI BO30yxxaeHust 550 M, smMuccuu — 590 HM.
[TosrydenHbie TakuM 00pa3oM JaHHBIE 00padaThIBAIN
¢ nomoripio nporpammel «XFLUOR4 v/4/50» («Tecan
GENiosy). Pe3ynbTarsl IpencTaBIsiIiyn Kak pa3inaus
MEXJy 3HaueHHueM (QIIyOpecIeHIINU ONMBITHON H
xonoctoit po6 (10%-ii pactBop AB) u BeIpakanu B
OTHOCHUTENBHBIX enuHuIax quryopectieHuu (OED).

Apunorennyo muddepenuuposky MCK nanynu-
pOBaK Ha IPOTSDKEHNH 21 CyTOK KyJIbTUBUPOBAHUS B
cpene a-MEM, conepxareit 10% 9C; 0,5 MM 3-u3o-
Oytui-1-metunkcantuna («Sigma-Aldrichy); 1 MkM
nexcamerasoHna («Sigma-Aldrich»); 10 Mkr/mn
uHcynuHa («Sigma-Aldrichy); 100 MkM nagoMeraryHa
(«Sigma-Aldrich»). 3ameny cpen mpoBOAMIIH Ba pa3a
B Hejenw. [lociae 3TOro KJIETOYHBIE KYJIbTYPHI
¢uxcupoBamm 10%-M hopmManrHOM, IPATOTOBIEHHBIM
Ha pacTBope XeHkca, B rederue 30 mus npu 4°C. Jlns
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25 mM HEPES at pH 7.4 (hereinafter washing
solution), and then suspended in culture medium.

We divided the suspension into two equal portions:
one was encapsulated into AMSs, another remained
as a suspension. For encapsulation the cells were sus-
pended in purified 1.2% sodium alginate solution
(Sigma-Aldrich, USA), prepared with Hanks' solution
(pH 7.4). Cell suspension was then placed into a sterile
1 ml syringe with 0.33 mm needle diameter and added
dropwise into 2% CaCl, solution, where it was left for
10 min to polymerize. Afterwards a stepwise washing
out of surplus calcium ions by means of washing
solution was done. The obtained AMSs, containing
MSCs were placed for 24 hrs under described above
culture conditions. The AMSs diameter made (2 +
0.1) mm.

Mesenchymal stromal cells in suspension and within
AMSs were placed into cryovials (Nunc, USA), filled
with 1 ml of SBS, UW or CM. The sealed cryovials with
the studied specimens were placed into domestic refti-
gerator (4°C) for hypothermic storage within 7 days.

To days 3 and 7 of hypothermic storage the AMSs
were dissolved by adding 1 ml of 50 mM sodium citrate.
The obtained suspension of MSCs was washed with
washing solution and suspended in 1 ml of culture
medium. Cells stored as a suspension were also
similarly washed of preservation solutions. As the
control (zero time point of storage) we used the data
from MSCs in suspension or encapsulated in AMSs
assessed prior to hypothermic storage.

The MSCs viability was assessed by MTT test.
The 0.5 ml cell suspension was supplemented with 50 p
of redox indicator MTT (3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium) bromide (Sigma-Aldrich)
in 5 mg/ml concentration. After 2 hrs' incubation at
37°C the samples were centrifuged, the sediment was
suspended in saline and a number of cells was calcu-
lated in Goryaev's chamber according to the standard
technique [1]. The viability was determined as the ratio
of MSCs accumulated formazan to the total number
of cells and expressed as a percentage.

Cell adhesion was assessed by the ability of MSCs
to adhere to plastic after 24 hrs of culture. For this
purpose we collected the whole volume of culture
medium (0.5 ml) and counted a number of not adhered
cells. The coefficient of cell adhesion was calculated
by the following formula: £ = (4 — B/4)*100 %, where
A was a number of cells before plating (by MTT
assay); B was a number of not adhered cells.

Metabolic activity of MSCs was evaluated by fluo-
rescence intensity of reduced form of redox indicator
Alamar Blue (AB, Serotec, USA). For this purpose
we placed a cell suspension into wells of culture plate
and cultured for 24 hrs. Then 0.5 ml of fresh medium
containing 10% AB was added. The fluorescence of
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yueTa CIOHTaHHOW An(PepeHIMPOBKY KIIETKU KYABTH-
BupoBanu B cpeae 0-MEM c 10% 3C 6e3 unmykToO-
poB. [ln1s1 moaTBep K IeHUS aAUNoreHHO! auddepeHuy-
poBku MCK BBEIABIAIN HEWTpanbHBIE JUMUABI
meTozaoM okpamuBanus Oil Red O («Sigma-Aldrichy).
@DuUKCHPOBAaHHBIE MTPETIAPATHI KYJIBTYP KIETOK IPOMBI-
Bayw 60%-M U30IIPOITIIIOBBHIM CIIUPTOM («MaKpOXuMY,
Poccust) m BeIIEpKHMBaU B CBEKEMPUTOTOBIEHHOM
pactBope Oil Red O (30 mr/mn B 60%-M u3omporra-
HOJIC) B TeUeHUE | 4 IIpW KOMHATHOU TeMIIepaType,
[IOCJIE YETO MPOMBIBAIN JUCTHJUIMPOBAHHOM BOAOMN
[15].

Octeorennyto nuddepenuuposky MCK unnay-
LMPOBal MpU KyJbTHUBHPOBaHUM B cpeae O-MEM,
conepxameit 10% OC, 100 HM pexcamerazoHa
(«Sigma-Aldrich»), 10 MM a-muuepodocdara («Sig-
ma-Aldrichy), 0,2 MM L-ackopOuHOBOM KHUCIOTHI-2-
tdbochara («Sigma-Aldrich») B Teuenne 21 cyTOK.
[HonrBepxaennem nupGepeHInPOBKHA KIETOK B
JAHHOM HANpaBJICHUH CUYNTAJIN HAKOIIEHHUE BHEKJIe-
TOYHOTO KaJIbIINS, KOTOPOE OIIEHUBAIIN MOP(OIOTHYEC-
KH TI0 OKparuBaHuto mpob o meroxy Jamns [12]. s
3TOr0 (UKCHUpOBaHHBIE MpemapaTsl KyiasTyp MCK
WHKyOupoBanu B TeueHue 2 MHUH B 1%-M pacTBOpe
kpacutenst Alizarin Red S («Sigma-Aldrich») npu
KOMHATHOH TeMIEpaType, 3aTeM TLIATEIbHO TPOMBI-
BaJIM TUCTHITUPOBAHHOM BOJOM.

Jist MOpdoIornaecknx uCciea0BaHUN NCIOIb30-
BaJIM CBETOBOM MHBepTHpOoBaHHBIN MuUKpockor «CETI
Inverso» («CETI», benbrus).

[Tomyuennbie pe3yabTaThl 00padaThIBaIN CTATHUC-
THYECKH ¢ ToMoIIeio mporpamm «Excel» («Micro-
softy, CIIIA) u «Past Statistic v/3/01» (IlIBemus).
B 3aBucumocTn oT XapakTepa paclpenencHus JaH-
HBIX 3HAaYUMOCTBH Pa3INUYUi MEeXAY MOKa3aTeIsiMU
OLIEHUBAJIN, UCTIOJIb3Ys TapaMeTPHUUECKUN t-KpUTEpUi
CrplOo/IeHTa UJIM HEMapaMeTPUUECKUN KpUTEepHUil
Mansna-YutHu. Pasnuuus mexay BeIOOpKamMH CUH-
TaJIu 3HaYMMbIMU 11pH p < 0,05.

Pe3yabTarhl U 00cy:KAeHHE

Hcxonnas xxu3Hecnocodbnocts MCK nepmel gerno-
Beka cocrapisuia (96 + 3)%. Makancynsamus MCK B
AMC He npuBOAMIA K 3HAYUMOMY U3MEHEHHUIO 3TOTO
IoKa3arTeds.

S dexruHocts UW n CCP npu runotepmuyec-
koM xpaneHun MCK B Buje cycrneH3uu u mocle
3akioueHuss B AMC OI[eHMBAITH 110 WX )KU3HECIIOCO0-
HOCTH, onpenaensiemort ¢ momorsio MTT-tecta. Kak
MMOKa3allh pe3yJIbTaThl MCCIENOBaHUI, XpaHEHUE
cycrnen3uu kietok B KC mpuBoamiio K CHUKCHUIO
xu3HecriocobrocTH A0 (33 + 10)% yxe Ha 3-u cyTKH
(puc.1). MHEKaNICYIISIHS B aTbITHATHBIE MUKPOC(EpHI
YaCTUYHO MPEIOTBpaIaia rudenb KIETOK: KUIHECIIO-
cobrocTh cocrasmsuia (51 = 9)%. Mcnonb3oBanue

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 4, 2015

reduced form of AB was determined after 2 hrs
incubation at 37°C (5% CO,) with spectrofluorimeter
(Tecan GENios, Australia) at 550 nm excitation and
590 nm emission wavelengths.

The data were processed using XFLUOR4 v/4/50
software (Tecan GENios). Results were presented as
differences between fluorescence value of experi-
mental and blank samples (10% solution AB) and
expressed in relative fluorescence units (RFU).

Adipogenic differentiation of MSCs was induced
within 21 days of culture in a-MEM medium, contai-
ning 10% FBS; 0.5 mM 3-isobutyl-1-methylxanthine
(Sigma-Aldrich); 1 UM dexamethasone (Sigma-Ald-
rich); 10 pg/ml insulin (Sigma-Aldrich); 100 uM indo-
methacin (Sigma-Aldrich). Media were changed twice
a week. Afterwards the cell cultures were fixed by
10% formalin in Hanks solution, for 30 min at 4°C. To
consider a spontaneous differentiation the cells were
cultured in a-MEM with 10% FBS without inducers.
To confirm adipogenic differentiation of MSCs the
neutral lipids were stained by Oil Red O (Sigma-
Aldrich). Fixed preparations of cell cultures were
washed with 60% isopropyl alcohol (Macrochem,
Russia) and kept in a freshly prepared solution of Oil
Red O (30 mg/ml in 60% isopropanol) for 1 h at room
temperature, then washed with distilled water [15].

Osteogenic differentiation of MSCs was induced
following culture in a-MEM medium, containing 10%
FBS, 100 nM dexamethasone (Sigma-Aldrich), 10 mM
a-glycerophosphate (Sigma-Aldrich), 0.2 mM L-ascor-
bic acid-2-phosphate (Sigma-Aldrich) for 21 days.
Accumulation of extracellular calcium, assessed mor-
phologically by sample staining using Dahl method, was
considered as the confirmation of cell differentiation
in this direction [8]. For this aim the fixed preparations
of MSC cultures were incubated for 2 min in 1% Ali-
zarin Red S dye (Sigma-Aldrich) at room temperature,
then thoroughly washed with distilled water.

For morphological studies we used CETI Inverso
light inverted microscope (CETI, Belgium).

Our findings were statistically processed using
Excel (Microsoft, USA) and Past Statistic v/3/01
software (Sweden). Depending on the pattern of data
distribution the significance of differences between
indices was evaluated using either a parametric
Student’s t-test or nonparametric Mann-Whitney test.
Differences between samples were considered as
significant at p < 0.05.

Results and discussion

Initial viability of human dermal MSCs made (96 +
3)%. The encapsulation of MSCs into AMSs did not
significant change this index.

The efficiency of UW and SBS during MSCs
hypothermic storage in suspension and after encapsu-
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no MTT-TecTy; * — pasnuMuunsa 3Ha4YMMbl NO CPaBHEHWMIO C KOHTponem, p < 0,05.

Fig. 1. Viability of MSCs, stored as suspension (A) or within AMSs (B) in SBS (0), UW (O) or CM (A); MTT assay; * —
differences are statistically significant as compared to the control, p < 0.05.

B KauecTBe cpen xpanenus pactsopoB UW u CCP
MO3BOJISIIO COXPAHUTDH JKU3HECTIOCOOHOCTh MPAKTH-
YECKH Ha KOHTPOJIBHOM YPOBHE.

I'unorepmuueckoe xpanenue B KC B TeueHue
7 cyTOK BbI3BIBaJIO rubdens npaktudecku Bcex MCK
Kak B cycneHsun, Tak 1 B AMC. B 1o xe Bpems nocie
storo cpoka xpaneHust B CCP unu UW xu3Hecnoco0-
Hocth MCK Kkak B cycnensuu, Tak u B coctaBe AMC,
XOTh 1 3HAYUMO CHI)KaJIaCh, HO OCTaBajIach B Ipee-
nax ot (56 £ 9) mo (76 £ 6)%.

AHaNOTU4HbIE TaHHBIE OBLIH MOTYyYeHBI P OLICHKE
anaresuBHON cniocoOHocTn MCK, XpaHuBIIUXCS B
cycnensun u AMC (puc. 2). Ilocne 3-x cyTok
runorepmudeckoro xpaneHus B KC toneko (27 £ 10)%
KJIETOK aJAre3vpoBall Ha MOBEPXHOCTU KYJIBTY-
pasibHOTO IU1acThKa. B 00pasuax ¢ KOHCEpBUPYIOLIUMH
pacTBopamMH HaOIOAaNach TEHACHIHS K CHIKEHHIO
M3y4aeMoro MoKa3aTesns, OAHAKO 3HAYUMBIX Pa3Iudnil
10 CPaBHEHUIO C KOHTPOJIBHBIM YPOBHEM OOHAPY>KEHO
He Obwto. Ilocne 7-mu cytok ['X kneTku coxpaHsum
BBICOKYIO CIIOCOOHOCTH aATre3upoBaTh Ha KYJIBTY-
PAJIBHBIN IJIACTUK HE3aBUCUMO OT MPUMEHSIEMOU
KOHCepBHpYIomIeH cpenbl U GopMbl Xxpanenus. [Ipo-
LIEHT KJIETOK, CIOCOOHBIX K a/iIr€31H, TIOCIIE XPAaHEHHUS
B CCP mmn UW cocrasmsut ot (53 + 10) mo (73 £ 11)%
KJIETOK. B To *e BpeMsi XxpaHEeHHE B KYIbTypalbHON
cpejie B TeUeHHE 7 CyTOK MPUBOIUIO K MPAKTUYECKH
MIOJIHOMY OTCYTCTBHIO aiIl€3UPOBABIINX KIIETOK.

[IpoBenenHble MOPHOIOTHIECKUE UCCIICAOBAHMS
M03BOJIMAN ycTaHOBUTH, 4To MCK, xpanusmmuecs
B CCP nmn UW B TeueHue 3-X WM 7-MHU CyTOK, Kak
B BH/JIE CYCIIEH3UH, TaK U B cocTaBe AMC, B ycIoOBHsIX
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lation into AMSs was assessed by their viability, deter-
mined with MTT assay. As could be seen, the storage
of cell suspension in CM reduced the viability down to
(33 £ 10)% even to day 3 (Fig. 1). The encapsulation
into alginate microspheres partially prevented cell death:
viability made (51 £ 9)%. The use of UW and SBS
solutions as storage media enabled preserving the
viability almost at the control level.

Hypothermic storage in CM for 7 days caused a
death of almost all MSCs both in suspension and within
AMS:s. Storage in SBS and UW till this time point re-
sulted in a significant decrease of MSCs viability both
in suspension and within AMSs, however remained
within the admissible limits from (56 + 9) to (76 + 6)%.

Similar data were obtained when assessing an
adhesive ability of MSCs, stored in suspension and
within AMSs (Fig. 2). After 3 days of hypothermic
storage in CM only (27 = 10)% of cells adhered to
culture plastic surface. In the samples with preserva-
tion solutions we observed the tendency to a decrease
in the studied index, but no significant differences as
compared to the control levels were revealed. After
7 days of hypothermic storage cells kept a high ability
to adhere to culture plastic independently on the applied
preservation medium and storage form. The percen-
tage of cells capable of adhesion after storage in UW
and SBS made from (53 £ 10) to (73 £ 11)% of cells.
At the same time the storage in culture medium for
7 days resulted in quite complete absence of adhered
cells.

Implemented morphological studies enabled reveal-
ing the fact that MSCs, stored in SBS and UW for 3
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Puc. 2. YpoBeHb afireann cycneHsuu (A) v 3akmiodeHHbIx B8 AMC (B) MCK, xpaHusiunxcs B CCP (@), UW () n KC (A);
* — pasnuuns 3Ha4yMMbl NO CPaBHEHMIO C KOHTporem, p < 0,05.

Fig. 2. Adhesion level of MSCs, stored as suspension (A) or within AMSs (B) in SBS (@), UW () or CM (A); * —
differences are statistically significant as compared to the control, p < 0.05.

MOHOCIIOWHOTO KYJIFTUBHPOBAHHS aKTUBHO ITPOHEpH-
POBaJIH, 4TO CBUAETEIHCTBYET O COXPaHEHHUH MX (PyHK-
[IMOHAJILHOU MTOJTHOIIEHHOCTH (pHC. 3).

OOBEKTHBHBIM TIOKa3aTelleM MeTaboIuIeckord U
nponrdepaTUBHONH aKTMBHOCTU KJIETOK MOXET CIy-
#*uTh AB-Tect. Ha puc. 4 npeacraBineHsl JaHHBIE O
CHOCOOHOCTH KJIETOK, XPaHUBILIMXCS B CYCICH3HU H
AMC, BoccranaBnuBate AB uepes 1 1 7 cyTok MOHO-
CIOMHOTO KyJIbTHUBHpPOBaHMSA. BuaHo, 4To depes
1 cyTKU KyJBTHBHPOBAHUS KJIETOK, PEABAPUTEIHHO
noaBeprayTeix ['X B pactBopax UW u CCP B Te-
yeHne 3 CcyTok, mokazarenu OE® He3HauuTeNbHO
OTIIMYAIHCh OT KOHTpoIs, a pu ['X B KC 6putn 3Ha-
yuMO HUXke. Uepes 7 cyTOK KyJIbTUBUPOBAHUS TEX KeE
KJIETOK YPOBEHb (DITyOpECIeHIINN BO BCeX o0Opasmax
BO3pacTai Oosee 4eM B 2 pa3a, UYTO CBUACTEILCTBYET
0 TponuQepany KIETOK B IPoLecce KyIbTUBUPOBa-
Hus. CnexyeT OTMETUTh, UTO CYIIECTBEHHBIX pa3iy-
Y B BOCCTaHOBJIEHNH A B KieTkaMu, XpaHUBIIUMHCS
B cycnen3uu 1 AMC, ycTaHOBJIEHO HE OBLIO.

Yepes 7 cytok I'X B pactBopax CCP nu UW cno-
coonoctp MCK BoccranaBnmuBate AB Oblia 3HaUn-
TEJBHO HIKE KOHTPOJIS Kak Ha 1-e, Tak M Ha 7-€ CyTKH
KynbTUBUpOBaHHUsA. [Ipn 3TOM pazanuuil Mexnay
(hopmamu xpaHeHUs (B BUIIE CYCIICH3HUH WITH B COCTaBE
AMC), a Taxoxke CCP u UW ycTaHOBIE€HO HE OBIIO.
[Ipu 7-cyrounom xpanenunu kietok B KC 3HaueHnue
OE® 0bu10 0YeHb HU3KHM KakK 4epe3 CYTKH, TaK H
yepe3 7 CyTOK KyIbTUBHUPOBaHUA. OTHAKO HHTEPECHO,
YTO Jaxke B 3ToM cirydae 3HaueHue OED uepes 7 cyTok
KyJIbTUBHPOBAaHUSA OBUIM BBHIIIE, YEM Yepe3 CYTKH
KyJBTUBHPOBAHUSL. DTOT (haKT SABISETCS OATBEPXKIE-
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or 7 days both in suspension and within AMSs under
monolayer culture conditions actively proliferated, that
testified to the preservation of their functional features
(Fig. 3).

The AB assay may be an objective index of meta-
bolic and proliferative activity of cells. The Fig. 4 shows
the data on AB reducing ability of cells, stored in
suspensions and within AMSs after 1 and 7 days of
monolayer culture. It is seen that after 24 hrs' culturing
of cells, previously subjected to HS in SBS and UW
solutions for 3 days, the RFU value differed in-
significantly from the control, while after HS in CM it
was significantly lower. In 7 days of culture of the
same cells the level of fluorescence in the all the
samples increased more than twice, that testified to a
cell proliferation during culture. It should be noted that
no significant differences in AB reduction by the cells
stored in suspension and within AMSs were revealed.

After 7 days of HS in SBS and UW solutions the
ability of MSCs to reduce AB was significantly lower
than the control both to day 1 and 7 of culture. In this
case no differences between the storage variants (in
suspension or within AMSs) and between SBS and
UW were established. Following 7-day-long cell
storage in CM the RFU value was very low, both after
24 hrs and 7 days of culture. However, of interest was
the fact that even in this case the RFU value after
7 days of culture was higher than in 24 hrs of that.
This fact confirmed that the cells, survived HS (inde-
pendently on conditions and medium composition), were
capable of proliferating following transferring to a cul-
ture environment.
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Puc. 3. TunnyHeln B MoHocnos KyneTypbl agresvposaswux MCK go (A) u nocne 3-x (B) n 7-mmn (C) cyTok
rmnotepmuyveckoro xpaHerusi B cpege UW n CCP. OkpawmBaHue criyopecuerH guauetaTom.

Fig. 3. Typical adherent monolayer culture of the MSCs before (A) and after 3 (B) and 7 days (C) of hypothermic storage
in UW and SBS. Fluorescein diacetate staining.
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Puc. 4. Metabonunyeckas aktusHoctb MCK B Buae cycneHnsum (A, C) n B coctae AMC (B, D) nocne 3-x (A, B)n 7-x (C, D)
cyTok X no AB-Tecty: 1-e () n 7-e (H) cyTku KynsTUBMPOBaHUSA; KOH. — KOHTPOIb; * — pa3anuums 3Ha4uMbl MO CPABHEHUIO
C KOHTponewm, p < 0,05.

Fig. 4. Metabolic activity of the MSCs stored in suspension (A, C) and within AMSs (B, E) after 3 (A, B) and 7 days (C, E)
of HS, as determined by AB-test: culture day 1 (O) and 7 (H); Con. — control; * — statistically significant differences
compared to the control, p < 0.05.

HHUEM TOT'0, YTO KJIeTKH, epeskusiime I'X (He3aBHCUMO The main property of MSCs is known to be their
OT YCJIOBHIA M COCTaBa CpeJibl), pH IepeBo/ie B ycio-  ability of an induced multilineage differentiation. In our
BUS1 KyJIBTYPbI CIIOCOOHBI K TPOTH(EpaLiiy. experiments the appropriate inducing factors were

U3BecTHO, uTO OocHOBHBIM cBolicTBOM MCK sB-  added into the media with MSCs, stored hypothermi-
JsieTcsa UX CocoOHOCTh K MHAYLUMpPOBaHHOM MynbTH-  cally and transferred to monolayer culture environment.
nuHeitHol quddepenuuposke. B Hammx skcniepumen-  Fig. 5 shows a typical outcome of directed adipogenic
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Puc. 5. TunnyHbin pesynerat agunoreHHon auddepeHumposkn MCK go (A) n nocne 3-x (B) n 7-mu (C) cyTok

rmnotepmumyeckoro xpaHeHusi. OkpawwmBaHue Oil Red O.
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Fig. 5. Typical result of adipogenic differentiation of the MSCs before (A) and after 3 (B) and 7 days (C) of hypothermic

storage. Oil Red O staining.

o

Puc. 6.

—— e |
50 pm - il

TunuyHbIn pedynbTat octeoreHHon guddepeHumposkn MCK go (A) u nocne 3-x (B) n 7-mm (C) cyTok

rmnotepmMmmyeckoro xpaHeHus. OkpawmBaHue Alizarin Red S.
Fig. 6. A typical result of osteogenic differentiation of the MSCs before (A) and after 3 (B) and 7 days (C) of hypothermic

storage. Alizarin Red S staining.

Tax COOTBETCTBYIOIIHE WHAYLHUPYIOIIHE (aKTOPHI
nobasisuin B cpensl ¢ MCK, nmpenBapuTenbHo mo-
BepruyThIMHU ['X ¥ IepeHECEHHBIMH B YCJIOBHSI MOHO-
CIIOMHOTO KynbTUBHUpOBaHus. Ha puc. 5 npeacrasnen
TUIWYHBIA pe3yJbTaT HAIPaBIECHHOW aJIUMOTEHHOMN
muddepeniposkrn MCK. Bunno, uto MCK nocne I'X
B TeueHue 3-x u 7-mu cyTok B pactBope UW u CCP
B XOZ€ KyJIBTUBUPOBAHUSA NMPUOOPETAIN OKPYIIYIO
(hopMy H HaKarIMBaJIU BHYTPHUKICTOYHBIE JTHITUIBI B
(hopmMe XapaKTEepHBIX BaKyoJIei, KOTOpbIe TO3UTUBHO
okpammBanuck Oil Red O B po30Bo-KpacHBIN IIBET.
[To mopdonornn 1 UHTEHCUBHOCTH OKpallWBaHUS
KJIETKU, HOABEPTHYThIE I X, MpakTUYECKHU HE OTINYa-
JIUCH OT KOHTPOJIbHBIX.

[Mocne rumoTepMHUECKOro XpaHEHUS B cpelnax
CCP u UW B teuenue 3-x u 7-mu cytok MCK Takxke
COXpaHsUIM CIOCOOHOCTh K nuddepeHIUpPOBKE B
0CTEOTeHHOM HanpasjeHud (puc. 6). [locne KynsTuBH-
pPOBaHUS KJIETOK B MPUCYTCTBHH COOTBETCTBYIOIIMX
WHAYKTOPOB B HUX HAaKAIUTMBAJICS KaJIbIHH, 4TO
MIPUBOMJIO K OKpaIuBaHuio 00pa3noB Alizarin Red S
B KPACHBIH 1IBET.

B kneTkax, KOTOpbIE KyJIBTHBUPOBAINCEH B CpPEIe
0e3 100aBIeHUsI HHAYKTOPOB, HAKOIUIEHHS TPOTYKTOB
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differentiation of MSCs. It is seen that MSCs following
for 3 and 7 day long HS in SBS and UW gained
a rounded shape during culture and accumulated
intracellular lipids in specific vacuoles, which were
positively stained with Oil Red O in pink-red colour.
The cells exposed to HS virtually did not differ from
the control ones by morphology and staining intensity.

Following hypothermic storage in SBS and UW
media for 3 and 7 days the MSCs also preserved the
ability to differentiate into osteogenic direction (Fig. 6).
After culturing of cells in the presence of corresponding
inducers they accumulated calcium, that resulted in
red colour after with specimens staining with Alizarin
Red S.

In those cells, cultured in inducer-free medium no
accumulation of differentiation products was observed.
The ability of cells to directed differentiation under
monolayer culture conditions may testify to their
functional activity.

The cause of cell death in CM under HS could be,
apparently, resulted from ion disbalance due to a de-
creased activity of Na*-K'-pump. A flux of extra-
cellular substances (Na*" and CI) into a cell breaks an
osmotic equilibrium between cell and environment,
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muddepeHnnpoBky He Habmonanock. CriocoOHOCTb
KIIETOK K HamnpasieHHol auddepeHunposke B ycio-
BHSAX MOHOCJIOWHOTO KyJIbTUBUPOBAHUS MOXKET CBUJIC-
TEJILCTBOBATH 00 NX PYHKIMOHAIBHOW aKTUBHOCTH.

[puunnoit rudenu knetok B KC npu I'X crenyer,
M0-BUAUMOMY, CYMTATh HAapyIlIeHne HOHHOTO OanaHca
B pe3yJbrare CHIKeHHOM akTiuBHOCTH Na'-K'-Hacoca.
[Torox BHexneTounbix BemmecTB (Na® u Cl7) BHYTpB
KJIETKH HapyIIaeT OCMOTHYECKOE paBHOBECHE B CHC-
TE€Me KJIETKa-OKpy»Xaromlas cpeaa, MPUBOIUT K Ha-
OyXaHHIO KJIETOK H, CJIEIOBaTeNbHO, X rubdenu. Hc-
noyib3oBaHue KoHcepsupytomei cpenst UW u CCP,
COJIeprKalINX BMECTO XJIOPUCTOTO HATPHUs HETPOHHU-
KaIoITHe B KIETKY coenrHeHns (caxaposa u [191-8000 —
B CCP; nakrobuonar u papdunosa — B UW), no3so-
JSET NOJAEPKATh OCMOTUYECKOE PABHOBECUE MEXKAY
KJIETKOH M OKpY’Kaloliel cpenoi, 4To crocoOCTByeT
COXpaHEHUIO BBICOKOH m3HecnocooHoctn MCK Ha
npoTshkeHuH 7 cyTok I'X. Ba)kHO OTMETHTB, UTO KIIET-
KM Kak B CYCIIEH3MH, Tak U B coctaBe AMC, nocine
I'X B cpene UW u CCP ocrarorcst MOpGhOJIOTHIECKH,
MeTaboInYecKH 1 (PyHKITMOHATHHO OJTHOIIEHHBIMH —
[IpH BO3BpAIICHUH B ONM3KHE K (PU3NOIOTHUECKUM
YCIIOBUSI MOHOCJIOWHOTO KYJIETUBUPOBAHUS OHH pac-
IJIACTHIBAIOTCS, MPOTUGEPUPYIOT U IEMOHCTPUPYIOT
CHOoCOOHOCTD K MHAYIIMPOBaHHOM auddepeHnmpoBke
B OCTEOTEHHOM M aJUIIOTEHHOM HaIIpaBJICHUSAX.

BriBoabI

Koncepsupytomue cpena UW u CCP (npu mm-
TEIIBHOM THIIOTEPMUYECKOM XPAHCHHH) SIBISIOTCS
3(h(heKTUBHBIMU JJIS1 COXPAHEHUS KU3HECTIOCOOHOCTH,
MeTabonuueckord U (HyHKIMOHAIBHONH aKTUBHOCTHU
MCK kak B BUJI€ CyCIICH3HH, TaK U MIPH 3aKITIOUCHUN
B AMC. Jlng TUTIOTEPMUYECKOTO XpaHEHHs Ooyee
niepcnektuBeH CCP, MOCKOIBKY OH JIETIEBIE U MPOIIE
B IPUTOTOBJICHUH.

Nuxancynsiiys B AMC yacTHYHO penoTBpaIiaeTt
rudesb KISTOK MPU THIIOTEPMUYSCKOM XPaHEHUU B
KyJIbTypalIbHON Cpejie, HO HE OKa3bIBACT 3HAYUMOTO
BIIMSHUS HA COXPAHHOCTh KJIETOK ITPU UX XPaHEHUHU B
KOHCEPBHUPYIOLIUX PACTBOPAX.
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resulting in cell swelling and, consequently, death. The
use of UW and SBS preservation media, where sodium
chloride is substituted by non-penetrating into the cell
compounds (sucrose and PEG-8000 in SBS; lactobio-
nate and raffinose in UW), allows the maintaining of
osmotic equilibrium between cell and environment, that
contributes to a high viability of MSCs preserved during
7 days of HS. Of note is the fact, that the cells both in
suspension and within AMSs after HS in UW and SBS
remain morphologically, metabolically and functionally
adequate: when returning to monolayer culture condi-
tions, being close to physiological ones, they are flatte-
ned, proliferate and demonstrate the ability for induced
differentiation in osteogenic and adipogenic directions.

Conclusions

The SBS and UW preservation solutions during a
prolonged hypothermic storage are efficient for preser-
vation of viability, metabolic and functional activity of
MSCs both in suspension and within AMSs. For
hypothermic storage the SBS is more promising, being
cheaper and easier to prepare.

The encapsulation into AMSs partially prevents cell
death under hypothermic storage in culture medium,
but causes no significant effect on cell integrity during
their storage in preservation solutions.
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