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Effect of Cryopreservation on Viability, Immunophenotype
and Differentiation Properties of Mesenchymal
Stromal Cells of Early Organogenetic Stage

I/ICCJ’[C}IOB&J’[I/I BJIMSTHUE KPHUOKOHCEPBUPOBAHUA ITYTEM MEIJICHHOI'O IPOrpaMMHOI0O 3aMOpaXXHMBaHUA Ha )KI/I3H€CHOCOGHOCTB,
uMMyHO(deHoTHIT U TUddepeHIPOBOYHbBIE CBOMCTBA ME3CHXUMAJIBHBIX cTpoManbHbIX KieTok (MCK) denoBeka paHHMX cTanuii
opraHoreHesa. [Toka3aHo, 4To mocje KpHOKOHCepBUpoBaHus 1oy 3aumToil 10%-ro numeruicyibdoxeuaa (AMCO), Bkitoyaromero
3aMopakuBaHue co ckopocThio 1°C/muH 10 —80°C ¢ mocneayonMM IOrpyKEeHUEM B XKUAKUI a30T, COXPAHHOCTh KJICTOK, OLICHEHHAs 10
OKpAIIMBAaHUIO TPUITAHOBBIM CHHUM, cocTaBisiia 88,4 £ 1,7%. Merabonnueckas akTHBHOCTbD KJICTOK, OLICHCHHAS 110 BOCCTAHOBJICHUIO
Alamar Blue, cHmxanace nmocie kprokoncepsupoBanus Ha 15%. UMmyHopenorunuueckuii anann3z MCK 4—12-ro naccaseii nokasai,
410 95% KJIETOK KaK J10, TaK U I10CJIe KpHOKOHCEPBUPOBAHUS IKcnIpeccupoBaiu Mapkeps CD29, CD44, CD73 u CD105. Conepxanue
KJIETOK, HeraTuBHBIX 110 Mapkepam CD34, CD38, CD45, cocrasisuio 6omnee 95%. Ilocne kpuokoncepsupoBanusi MCK coxpassiioT
CHOCOOHOCTD K MHYLIUPOBAHHOH 11 () (HepeHIUPOBKE B OCTEOTCHHOM U aIUIIOTeHHOM HANpPaBJICHHUsX. YCTaHOBJIEHO, YTO MEUICHHOE
3amopaxuBanre MCK nog 3amuToit IMCO oka3biBaeT cCTUMyIHpYIOLee AelicTBre Ha qudhepeHIUPOBKY KIETOK.

Kniouegvie cnosa: xpnoKOHCEPBUPOBAHUE, ME3EHXMMAJIbHbIE CTPOMAJbHBIC KICTKH, )KU3HECIOCOOHOCTh, UMMYHO(GEHOTHII,
I epeHIIIPOBKa.

JocmimkyBan BIUTMB KPiOKOHCEPBYBAaHHSI LIISIXOM ITOBITEHOTO IPOrPaMHOI0 3aMOPOKYBaHHS Ha KUTTE3NATHICTD, IMyHO()EHOTHIT
i nudepeHuioBaNbHI BIaCTUBOCTI Me3eHXiManbHuX cTpoManbHux Kiitud (MCK) panHix craziit opranorenesy. [TokasaHo, 1o micis
KpiokoHcepByBaHHs i 3axuctoM 10%-ro aumermicynbdoxenny (JAMCO) 3i mBuakicTio 3amopoxyBanus 1°C/xB no —80°C 3
HOJAJIBLINM 3aHyPEHHSIM Y PiKHIL a30T, 30epe)KeHiCTh KITITHH 3a 3a0apBIICHHIM TPUIIAHOBUM CUHIM ckiiafgaia 88,4 + 1,7 %. Meraboniuna
aKTHBHICTb KJIITHH 32 BigHOBIeHHsIM Alamar Blue 3HmxyBanace micist kpiokoncepByBanHs Ha 15%. ImyHodenoTuniunmii ananiz MCK
4-12-ro nmacaxiB nokasas, 1o 95% KIITHH [10 1 micis KpiOKOHCepBYBaHHs excrpecyBain mapkepu CD29, CD44, CD73, CD105.
BwicT kiiTuH, HeratuBHuX 3a Mapkepamu CD34, CD38, CD45, cknanas nonan 95%. Ilicns kpiokoncepsyBanus MCK 36epiraiorsb
3aTHICTh JI0 i1HAYKOBAaHOTO TU(EpEeHIIIOBaHHSI B OCTCOICHHOMY Ta aJMIIOTeHHOMY HampsMKax. BcTaHOBJIEHO, IIO HMOBiJbHE
3amopoxxyBanus MCK iz 3axucrom IMCO crumysiroe qudepeHuitoBaHHs KIITHH.

Knrouogi cnosa: xpiokoHCepBYBaHHS, ME3eHXIMabHI CTPOMaIbHI KIIITHHH, XXUTTE3AATHICTD, IMyHO(QEHOTHII, AU(PEPEHIIFOBAaHHSI.

The effect of cryopreservation by slow program cooling on the viability, immunophenotypic and differentiative properties of
mesenchymal stromal cells (MSCs) of early organogenesis stage was studied. It was shown that after cryopreservation under the
protection of 10% dimethyl sulfoxide (Me,SO) at the cooling rate of 1°C/min down to —~80°C with the following plunging into liquid
nitrogen the cell viability assessed by trypan blue staining was 88.4 £ 1.7%. The metabolic activity of cells assessed by Alamar Blue
reduction assay decreased after cryopreservation by 15%. Immunophenotypic analysis of MSCs after 4-12 passages showed that
95% of cells expressed the markers CD29, CD44, CD73, CD105 prior to and after cryopreservation. The number of CD34-, CD38~
and CD45 cells was more than 95%. After cryopreservation MSCs maintained their capacity for induced differentiation into
osteogenic and adipogenic directions. Slow cooling with Me,SO as cryoprotectant was observed to stimulate differentiation of MSCs.

Key words: cryopreservation, mesenchymal stromal cells, viability, immunophenotype, differentiation.
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Multipotent mesenchymal stromal cells (MSCs) are
a subject of numerous inquiries in different branches
of biology and medicine. According to the recommen-
dations of International Society for Cellular Therapy
(ISCT) fibroblast-like cells adherent to plastic and cha-
racterized by the specific immunophenotype and multili-
near differentiation potential are referred to MSCs [13].
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3UPYIOLIME K INIACTHKY U 001afaromue crneuupuaec-
KUM UIMMYHO(EHOTHIIOM U MYJABTHIMHEHHBIM qudde-
PEHUUPOBOYHBIM MoTeHIanoM [13]. OcTeoreHHsii,
aJIUTIOreHHBIN M XOHAPOTeHHBIN U PepeHIMPOBOUHBIH
MOTEHIUANIBl — 3TO HICHTH()UKAIMOHHBIN TPU3HAK
MCK [9]. U3BecTHBI coOOLIEHUST O CIIOCOOHOCTH
MCK nuddepeHupoBarbest B KapIuoMUouThI [ 10],
MBIIIeYHbIE [27] M HEpBHBIE KIETKH [26], TEMaTOUTHI
[25]. Beicokas mponuepaTHBHAS aKTUBHOCTH M MYJIh-
TUIHHEHHBIN ¢ depentppoBodnbi notenmanr MCK
[TO3BOJISIFOT UCITOJIB30BATh UX B 3KCIIEPUMEHTAIbHON
OMoNOruM 1Js1 MOJYyYEHUs! KYJBTYp OCTe00JIacToB,
XOHJIPOIIUTOB, aTUIIOIMTOB. DTO IPpHOOpeTaeT 0co0yI0
aKTyaJlbHOCTb, MTOCKOJBbKY MEPBUYHBIC KYIbTYPHI
YKa3aHHBIX TUIOB KJIETOK MPaKTUYECKH HEBO3MOXKHO
noepxkuBarb. CriocooHocth MCK K MyITbTHITOTEHT-
HOU muddhepeHITUPOBKE OTPENCISIET MEPCIIEKTUBHOCTh
WX HCIIOJB30BAaHUSA B PEreHEpPaTUBHOW MeEIUIINHE.
OddexTuBHOCTs, MpuMeHeHUsT MCK otmedena st
JICUSHHNS 0’KOTOBBIX MOPAKEHHH [ 5], HEBPOJIOTHIECKHX
3aboneBanuii [26], napapkTa Muokapma [16]. Kpome
toro, MCK mpencTaBisifoT MpakTUIECKH HHTEpEC
KaK KJIETOYHBIN MaTepua AJsl CO3JaHus TKaHEHHKe-
HepHbIX KoHCTpyKuuid. [lonyuennsie u3 MCK ocreo-
07acThl 1 XOHAPOUXTHI HCIIOB3YIOT JUIsl TKaHCHHKe-
HEPHOI PEKOHCTPYKLNH KOCTHBIX M XPSILIEBBIX AeheK-
ToB [18], a mpeaAunoOUUThI — JJIsI CO3JaHUs aHAJIOTOB
XKUPOBOU TKaHH [7].

Me3eHxuMalbHBIE CTPOMAaJIbHbBIE KIETKH IMOJY-
YaroT U3 CTPOMBI psifia TKaHEeH B3POCIBIX JOHOPOB [2,
3, 21, 23,]. Kpome TOTO, HIMEIOTCS COOOIICHUS O
BeienneHnd MCK u3 sMOproHaIhHBIX/(QeTanbHBIX
TKauei [6, 14]. Ocobernnocts MCK oHTOTEHETHYIECKI
PaHHEro NPOUCXOKICHHUS — BBICOKHUH pouQepaTuB-
HBII MOTEHIIMAI U TIACTUYHOCTH N0 cpaBHeHuto ¢ MCK
B3pocioro opranusma [11].

[Monyuenne MCK pj1st SKCrIepMMEHTANIBHBIX U KU~
HUYECKHX LIeJIel, KaK MPaBUII0, BKIIOYAET Psi STAIlOB:
HaKOIUIEHHE KJIETOYHOTO MaTrepuaa, olpeeeHre ero
0e30macHOCTH (OTCYTCTBHE MAaTOTCHHBIX BUPYCOB
OaxTepwii), TpaHCTIOPTHPOBKA U 1p. Ha kakmom sTare
HCIIONB3YIOT KPHOKOHCEPBHPOBaHKE. B cBs3M ¢ aTNM
AKTyaJbHBIMH SBISIOTCS BOIIPOCHI BIUSHUS KPHOKOH-
cepBupoBaHus Ha MOp(PoDyHKIIMOHATHHEIE CBOMCTBA
MCK. s kpuokoncepsupoBanus MCK, OITy4eHHBIX
U3 pa3iUYHBIX MCTOYHHKOB, HIMPOKO MPUMEHSIOT
3aMopaxkuBaHue co ckopocthio 1°C/mun 10 —80°C ¢
MOCIIEAYIOINM TIOTPYKEHHEM B XKHUIKUH a30T Win 0e3
MOTPY>KEHHS B a30T, B KAUECTBE KPHO3AIIUTHBIX CPeJl
UCTONB3YIOT cpeabl ¢ 5—10% mumeTuicynb(hoKcuIoM
(AMCO) u ceiBopotkoit [8, 19]. B To xe Bpems
BIMSIHUE KPHOKOHCEPBUPOBAHUS HA (DYHKIIMOHATEHBIS
cBoiictBa MCK paHHHX CPOKOB OpraHOTeHE3a, B TOM
gucie Ha tudPepeHITnPOBOIHBIN TOTESHITHAI, HE U3Y-
YaJu.
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Osteogenic, adipogenic and chonrogenic differentia-
tion potentials are an identification feature of MSCs
[9]. The ability of MSC to differentiate into cardiomyo-
cytes [10], myocytes [27], nerve cells [26] and hepa-
tocytes [25] is reported. High proliferative activity and
multilineage differentiation potential allow using MSCs
in experimental biology to obtain osteoblast, chondro-
cyte and adipocyte cultures. This is of special impor-
tance, since primary cultures of these cells are practi-
cally impossible to sustain. The multilineage differen-
tiation potential of MSCs determines prospects for their
application in regenerative medicine. Efficiency of
MSCs application was reported in treatment of burn
wounds [5], neurologic diseases [26], myocardial in-
farction [16]. Besides, MSCs are of practical interest
as cell material for creation of tissue-engineered con-
structions. Osteoblasts and chondrocytes obtained from
MSCs are used for tissue-engineered reconstruction
of bone and cartilage defects [18], and preadipocytes
for creation of adipose tissue analogues [7].

Mesenchymal stromal cells are isolated from stroma
of some adult donors' tissues [2, 3, 21, 23]. Besides,
there are reports on isolation of MSCs from embry-
onic/ fetal tissues [6, 14]. A peculiarity of MSCs of
ontogenetically early origin is a higher proliferative
potential and plasticity in comparison with an adult or-
ganism's MSCs [11].

Obtaining the MSCs for experimental and clinical
purposes, as a rule, includes several stages: accumula-
tion of cell material, estimation of its safety (absence
of pathogenic viruses and bacteria), transportation etc.
Cryopreservation is used at each stage. In this respect
issues on cryopreservation influence on morpho-func-
tional properties of MSCs are vital. Freezing at the
rate of 1°C/min down to —80°C with the following
plunging into liquid nitrogen or without it is widely ap-
plied for cryopreservation of MSCs; media containing
5-10% dimethyl sulfoxide (Me,SO) and serum are used
as cryoprotective media [8, 19]. At the same time the
effect of cryopreservation on functional properties of
MSCs of early organogenesis terms, including on dif-
ferentiation potential, remains unstudied.

The aim of this study was to investigate the effect
of cryopreservation using slow programmable freez-
ing under protection of Me,SO on viability, immunophe-
notype and differentiation properties of human MSCs
of early organogenesis stage.

Materials and methods

The subject of inquiry was human MSCs of early
organogenesis stage after 4—12 passages. To obtain
the primary cell culture we used the method of cultiva-
tion of tissue explants and applied the modified non-
enzymatic method for partial disaggregation of tissue
fragments [2]. Tissue fragments of human embryos of
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Lens paboThl — BiccenoBaTh BIUSHUE KPHOKOH-
CEepBUPOBAHUS IYyTEM MEJICHHOTO IPOTPaMMHOTO
3amopakuBanus noA 3auuroi JIMCO Ha )ku3Hecmo-
COOHOCTb, UMMYHO(EHOTHII U AU PEepeHIUPOBOYHEIE
cBoiictBa MCK 4yenoBeka paHHUX CTaguil OpraHore-
He3a.

Matepnaabl 1 meToAbI

Oo0nexToMm uccaenosanus Obutn MCK uenoBeka
paHHUX cTaaui opraHorenesa 4—12-ro maccaxeit. J{ns
MOJTy4eHUS TIEPBUYHON KYJIBTYPBI KIETOK HCIOJb-
30BaJI METOA KyJBTHBHPOBAHHS TKAHEBBIX IKCIUIAH-
TATOB, /IS YACTUYHOH Je3arperanuu GparMeHTOB
TKaHU TPUMEHSITH MO (UITMPOBAHHbII HeepMeHTa-
TUBHEIA MeTof [2]. B paboTe ObUIM HCIIONB30BAHBI
(parMeHTHI TKaHEH 3MOPHOHOB YenoBeKa 5—6 Helenb
TeCTALUH, TIOJTyYEHHBIX [TOCIIE ICKYyCCTBEHHOT'O IIPEPHI-
BaHUs OEPEMEHHOCTH C MMCbMEHHOT'O COIIACHS] IIPOHH-
(OpMHUPOBaHHBIX JOHOPOB B COOTBETCTBUH C PEKOMEH-
JanusMu XenbCUHCKOU eknapauuu BeemupHoit me-
JUIMHCKON accolMaIyy Mo MpOoBeJICHUI0 OnoMenu-
LMHCKUX MCCJIENOBAaHWNA M HOPMaMH KOMHUCCHHU TIO
6unostuke MITKuK HAH Ykpaunsl. CycneH3uto Tka-
HEBBIX ()PArMEHTOB U KJIETOK KYJIETHBUPOBAIIH B CPEJIe
o-MEM (Sigma, CIIIA), nonoxaennoit 15% cwiBo-
POTKH KPOBU SMOPUOHOB KPYITHOTO POTaToro CKoTa
(BC, OO0 “BbuonoT”, Poccus), 100 ex meHUITUIIINHA,
100 Mxr ctpenrtomunivHa, 1pu 37°C u 95%-ii Baax-
Hoctu B arMocdepe ¢ 5% CO,. I1o 1ocTHKeHUH KyIIb-
Typoit 60-70% KoH(ITyeHTa KIETKH IepeceBalil C
ko3 punuentom 1:2 B cpeny o-MEM 3 10% EC.

Jna xpuoxoncepsupoBanna MCK mytem meies-
HOTO OXJIaX/I€HUS K CYCIIEH3UH KJIETOK B CPEZIE KYJb-
TUBUPOBAHUS 10 KAIUISM J00aBIISUTH paBHBIA 00beM
cpeast 199 (ITanDxo, Poccus), comepxameit 20%
JAMCO 1 40% 3C, u mocie SKBIIIHOpAITIH B TCUCHUE
15 mun pu Temmepatype 4°C oxJtaxaany B KpUOIpo-
oupkax Corning co ckopocthio 1°C/mun 10 —80°C, a
3aTeM MEPEHOCWIIH B JKHIKHNA a30T U XPaHWIH TPU
—196°C He menee 3-x MecsueB. OTOrpeB NPOBOIUIH
Ha BojstHOH Oane mipu 37°C. Jlns ynaneHus: Kpuornpo-
TEKTOpa JEKOHCEPBUPOBAHHYIO CYCIIEH3UI0 MEJJICH-
HO pa3Boguiu cpenoit 199 ¢ 10% I3C B cooTHOLIEHUU
1:10 ¢ mocnenyronwm neHtTpudyruposanuem npu 200 g
B TeueHue 10 MuH.

CoxpaHHOCTH KJIETOK OMPEIEIISITN TI0 OKpaIInBa-
HUIO BHTAJbHBIM KpacuTeJIeM TPUIIAHOBBIM CHHHM
[22], MeTaboM4ecKyto akTHBHOCTb KJIETOK — 110 Ala-
mar Blue — tecty (AB-tecty) (Serotec Ltd, CIIIA)
[20] u BBIpaKay B yCIOBHBIX IUHUTAX (ITyOpECIICH-
uuu (YEO®). [Ipu uMMyHO(EHOTHITHIECKOM aHATN3e
MCK ucnonp30Bajli MOHOKJIOHAJIbHBIE aHTUTENA
CD29-PE, CD45-PE, CD105-FITC (Serotec Ltd,
CIIA), CD34 Class II-FITC, CD 38-RPE (DAKO,
lomnanaust), CD44-FITC, CD73-PE (BD Bioscien-
ces). Cycnen3nro KieTok 4—12-ro maccaxeit 10 wim
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5—6-week gestation obtained after artificial abortion
with the informed donors' written consent according
to the World Medical Association Declaration of Hel-
sinki on ethical principles for biomedical research and
the regulations of the Bioethics Commission of Insti-
tute for Problems of Cryobiology and Cryomedicine of
National Academy of Sciences of Ukraine were used
in the work. Tissue fragment suspensions and cells
were cultivated in 25 cm? flasks (Nunc, USA) with
0-MEM medium (Sigma, USA) enriched with 15%
fetal calf serum (FCS, BioloT, Russia), 100 units of
penicillin and 100 mg of streptomycin at 37°C and 95%
humidity in atmosphere containing 5% of CO,. After
getting 60—70% confluent culture the cells were re-
seeded in 1:2 ratio in o-MEM with 10% FCS.

For cryopreservation of MSCs by slow freezing an
equal volume of medium 199 (PanEko, Russia) con-
taining 20% Me,SO and 40% FCS was added drop by
drop to the cell suspension in the culture medium, and
after 15 min equilibration at 4°C they were cooled in
Corning cryovials at the rate of 1°C/min down to —80°C,
plunged into liquid nitrogen and stored at —196°C for
not less than 3 months. Thawing was performed in a
water bath at 37°C. To remove the cryoprotectant the
frozen-thawed suspension was diluted slowly with me-
dium 199 containing 10% FCS in the ratio 1:10 with
the following centrifugation at 200 g for 10 min.

Cell integrity was estimated by Trypan blue stain-
ing [22]; metabolic activity was assessed by Alamar
Blue test (AB-test) (Serotec Ltd, USA) [20] and the
data were presented as relative fluorescence units
(RFU). Monoclonal antibodies CD29-PE, CD45-PE,
CD105-FITC (Serotec Ltd, USA), CD34 Class II-
FITC, CD38-RPE (DAKO, Holland), CD44-FITC,
CD73-PE (BD Biosciences, USA) were used for
immunophenotypic analysis of MSCs. Cell suspension
after 4—12 passages prior to and after cryopreservation
was stained with the monoclonal antibodies according
to the manufacturer's instruction. The control test for
anomalous fluorescence of fluorescein isothiocyanate
and phycoerythrin was performed with cells subjected
to all the procedures except the monoclonal antibody
staining. The samples were analyzed on a FACS Calibur
flow cytofluorimeter (BD Biosciences, USA). The re-
sults of flow cytometry were processed with WinMDI
v. 2.8 software and presented as histograms. To de-
termine correctly the percentage of cells expressing
the investigated markers the cells with anomalous fluo-
rescence of fluorescein isothiocyanate and phyco-
erythrin (found when analyzing the non-stained con-
trol) were ignored.

Osteogenic and adipogenic potentials of cells were
studied in the process of 3 week culturing in media
inducing differentiation into the cell lineages above-
mentioned. Osteogenic medium comprised o-MEM,
10% of FCS, 100 nM of dexamethasone, 10 mM of 3-
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ocjie KpHOKOHCEPBUPOBAHUS OKPAILLIMBAINA MOHOKJIO-
HAJILHBIMH aHTUTEIaMH COTTIACHO MHCTPYKIIUH IIPOU3-
BoxuTens. [lapamienbHO MPOBOAMIN KOHTPOJIb Ha
aHoMaJTbHOE CBeueHHe (DIyopeciienH H30THOIaHATAa
U UKOIPUTPUHA, OCYIIECTBISIS C KIETKAMH BCE
OTIepaIiH, 33 UCKIIOYEHHEM OKPAIIMBaHHU MOHOKIIO-
HaJIbHBIMH aHTHTenaMu. O0pas1bl aHaIM3UPOBAIIN Ha
npotounoMm nurodayopumerpe FACS Calibur (BD
Biosciences, CIIIA). Pe3ynbraTsl mpoTOYHON IHUTO-
MeTpun 00pabaThiBaM ¢ TTOMOIIBIO NMPOTPAMMEBI
WinMDI v 2.8 u ipencTaBisiid B BUIE THCTOTPaMM.
JJ1 KOpPEKTHOTO OTpeeNIEH s MTPOLIEHTHOTO COIEP-
JKaHHS KJIETOK, 3KCIPECCUPYIONINX HCCIIeTyeMble
MapKephbl, KIIETKH ¢ aHOMaJbHBIM CBeUeHHEM (IIyo-
pecLierH M30THOIMaHaTa U PUKOAPUTPHHA (OTPEnesiI
MIPH aHAJIN3€ HEOKPAIIIEHHOTO KOHTPOJISA) HE paccMar-
pUBAJIH.

OcTeoreHHbI! U aIMIOTeHHBIA MOTEHIUAIIBI KIIETOK
HCCTIE0BAIIH B IIPOLIECCE KYIBTUBUPOBAHUS B TEUCHHUE
3-X HeZleNb B cpefax, MHIyIUpyomux auddepeHnu-
POBKY B YKa3aHHBIX HanpasieHusx. OcTeoreHHas cpe-
na Bmouana o-MEM, 10% OC, 100 1M ngexkcameTa-
30Ha, 10 MM B-rmmnepodocdara, 0,2 MM L-ackop6u-
HOBOH KHcIOThI-2-(hocdara (Bce peakTUBBI — Sigma,
CHIA). Agunorennasi cpena cocrosia u3 o-MEM,
nononHenHor 10% Adipogenic Stimulatory Supple-
ments Ne05403 (StemCell Inc, Kanana). Hannuue
0CTEOTreHHOM D PepeHITUPOBKH OLIECHUBAIIH 110 SKC-
IpeccHuH MesIouHoi (pocdaTtasbl ¢ moMoribpo Habopa
Fast Blue RR Salt, Naphtol AS-MX Phosphate Alka-
line Solution kit Ne85 (Sigma, CIIIA) u 1o HaKOIJIEHUIO
MUHEPAIU30BaHHOTO MaTPHUKCA, BBIABISIEMOTO IO
OKpAILMBAHUIO JIN3aPUHOBBIM KPACHBIM U TI0 METOLY
Ban Kocca [1]. Hannuue anunoreHHo# quddepeHtim-
POBKHM OLIEHUBAJIH IO HAKOIJICHUIO B IIUTOILIa3ME
BaKyOJIei, 3aII0THEHHBIX HEUTPATHHBIMHE JITUIAMH,
BhIsBIIsIeMbIMH 110 okparnuBanuio Oil Red O. IMpuxus-
HEHHYIO0 MUKPOCKOIIHIO, 2 TAK)KE aHAJIN3 OKPAIICHHBIX
[IpenaparoB KyJIETYP KJIETOK IPOBOAMIIH C UCTIOIH30Ba-
Huem uHBepTrupoBaHHOro Mukpockorna CETI (I'omnan-
nwst), cHaOkeHHoro I poBoii kamepoit Nikon CoolPix
4500.

J17151 OLIeHKHU 10CTOBEPHOCTH PA3IMYMIA MEKAY IKC-
MIEPUMEHTAILHBIMH TPYTIIIaMH IIPUMEHSITH t-KpUTEePUid
CrhloieHTa, cuuTas JOCTOBEPHBIMY PAa3JIMYUs C T0-
kazaresneM 3HauuMocTu p < 0,05. JlanHble npen-
cTaBisik kKak M £+ m, tne M — cpenHee 3HaueHUE,
m — CpelHssA OInOKa.,

Pe3yAbTatbl M 00Cy)xaeHue

B kynerypax MCK panHux craguii opraHorenesa
4—12-r0 maccaxel KICTOUHBIN CIIOW OBLI MpeCcTaB-
JIeH KJeTKamMu ¢ (udpobaacTonomo0Hoi Mopdoiio-
rUeil, Y4eTKO OPUEHTHPOBAHHBIMHM B HalpPaBJICHUH
pocta. OcHOBHas Macca KJIETOK XapaKTepu30Baiach
HEeOOJIBLINMH pa3MepaMu, BEpETCHOBUAHON MOpdoio-
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glycerophosphate, 0.2 mM of L-ascorbic acid 2-phos-
phate (all the reagent made by Sigma, USA). Adipo-
genic medium comprised o-MEM enriched with the
Adipogenic Stimulatory Supplements 05403 (StemCell
Inc, Canada). Osteogenic differentiation was assessed
by alkaline phosphatase expression using Fast Blue
RR Salt, Naphtol AS-MX Phosphate Alkaline Solu-
tion kit 85 (Sigma, USA) and by accumulation of min-
eralized matrix revealed by Alizarin red stain and by
Van Kossa staining [1]. Adipogenic differentiation was
assessed by accumulation of cytoplasma vacuoles filled
with neutral lipids revealed by Oil Red O stain. Vital
microscopy as well as analysis of stained preparations
of cell suspensions were carried out using a CETI in-
verted-stage microscope (Holland) equipped with
Nikon CoolPix 4500 digital camera.

Student's test was applied to assess significance of
differences between experimental groups; differences
with the significance level of p < 0.05 were considered
to be significant. The data are presented as M + m,
where M is the average value, and m is the standard
error.

Results and discussion

In MSCs cultures of early organogenesis stage from
the 412" passages the cell layers were presented
by cells with fibroblast-like morphology, clearly growth-
oriented. The bulk of cells were small, spindle-shaped,
with high nucleus/cytoplasm ratio and oval elongated
nuclei containing 2-3 nucleoli. MSCs after the 4"—12%
passages were subjected to the slow two-step cooling
under the protection of 10% Me,SO. As Fig. 1a shows
the cell integrity estimated by Trypan blue staining made
94.6 £ 1.1% and 88.4 = 1.7% prior to and after cryo-
preservation, respectively. These data agree with the
those presented in [7], where the 90% integrity in hu-
man bone marrow MSCs after cryopreservation with
cooling rate of 1°C/min was shown. Trypan blue stain-
ing only allows revealing the severe damages of plas-
matic membrane integrity, so such data do not always
correlate with cell viability. That is why cryopre-
servation effect on MSCs viability was also assessed
by their metabolic activity in AB-test. The results on
the distribution of fluorescence intensity of the reduced
form of the AB redox indicator during culturing of
MSCs prior to and after cryopreservation are presented
in Fig. 1b. It can be seen that the AB fluorescence
intensity reflecting total metabolic activity of cells was
22,500 £ 1,700 RFU prior to cryopreservation and
19,000 + 1,400 RFU after it, that attests to a reduction
in the cell metabolic activity by 15%.

MSCs after the 412" passages prior to and after
cryopreservation were immunophenotypically analy-
zed. As one can see in Fig. 2, about 95% of cells in the
cultures studied expressed the markers CD29, CD44,
CD73 and CD105. Herewith the content of cells, which
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TUel, BBICOKUM SIACPHO-IIUTO- 100
IUIA3MaTHYCCKUM OTHOIICHU-
€M, OBAJILHO-BBITSHYTHIM SII-
poMm c 2-3 aapermkamu. MCK
4—12-ro nmaccaxei ObLIM OJI-
BEPTHYTHI MEIJICHHOMY JIByX-
ATAITHOMY PEKUMY 3aMOPaKH-
Bauug non 3amuron 10%-ro
JAMCO. CoxpaHHOCTH KJIETOK,
OTICHEHHAs IO OKPAITHBAHHUIO
TPUIIAHOBBIM CUHUM, J0 KPUO-
KOHCEpBHUPOBAHUS COCTABJISIIA

CoxpaHHoCTb, %
Integrity, %

20

94,6 £ 1,1%, mocie — 88,4 +
1,7% (puc. 1, a). OTu naHHbIC
COMIACYIOTCA C Pe3yJIbTaTaMH
pabortsl [17], B KoTOpO# MOKa-
3aHo, 4T0 coxpaHHocTh MCK
KOCTHOTO MO3Ta 4YeJoBeKa
ocie KpUOKOHCEPBHUPOBAHHS C
ITOMOIIIBIO 3aMOPaKUBAHUS CO
ckopocteio 1°C/MHUH cocTaB-
nser 90%. OnpenencHue cox-
PaHHOCTHU C UCIOJB30BaHUEM
OKpAaIIMBAaHUS TPUIIAHOBBIM CHHUM TIO3BOJISIET BBIS-
BHTB JINIIH TPYOBbIe HAPYIICHHS IEJIOCTHOCTH IJIa3Ma-
TUYECKOM MEeMOPAaHbI 1 TIOTy4YEeHHBIE TaHHBIE HE BCET-
Jla KOPPEIUPYIOT C )KU3HECIOCOOHOCTBIO KIETOK.
[ToaToMy BUsIHME KPMOKOHCEPBUPOBAHUS Ha )KU3HE-
cnocooHocTs MCK oueHuBaiu Takxe 1mno ux Mmerado-
JIMYECKON akTUBHOCTU ¢ momoubio AB-tecta. Ha
puc. 1, 6 mpeacTaBieHbl Pe3yabTaThl ONpPEACICHUS
WHTCHCUBHOCTH (IIyOpecLEeHIINd BOCCTAaHOBIICHHOM
(hopmeI penokc-uHaIKaTopa AB mpu Ky/IsTHBHpOBAaHUN
MCK no u nocne KpuokoHcepBupoBaHus. Kak BuHO,
WHTEHCUBHOCTH ¢uryopectieHITnu AB, oTpakarorias
CYMMapHYI0 MeTaboIMYecKyl0 aKTHBHOCTH KIIETOK,
0 KpUOKOHCEpBHUpPOBaHHS cocTaBisua 22500 +
1700 YE®, mocie kpruokoHceppupoBanus — 19000 +
1400 YE®, 4TO CBUIETENBCTBYET O CHIYKEHUU METa-
0oNMUYecKoi aKTUBHOCTH KJIETOK Ha 15%.
[MpoBoamnu UMMYyHO(DEHOTUIIMYESCKUN aHAN3
MCK 4—-12-ro naccaxeii 10 ¥ TOCJI€ KPUOKOHCEPBH-
poBanus. Kak BugHO U3 puc. 2, okoio 95% KIeToK B
HCCIIENYEMBIX KYJIBTypax 3KCIIPECCUPOBAIIN MapKEPBI
CD29, CD44,CD73 u CD105. Ilpu aToM conep:kanne
KJIETOK, HETATHBHBIX IT0 MapKepaM IreéMOIO3THYECKIX
knerok CD34, CD38, CD45, coctaBisiio 6omnee 95%.
CrnemyeT OTMETHTb, YTO KJIETOYHBIA COCTaB KYNBTYP
MCK paHHUX CTaauii opraHoreHe3a, OIICHEHHBIN 110
9KCIIPECCHH TaHENH MOBEPXHOCTHBIX MapKepoB, HE
U3MEHAJCS B XoJe CyOKyNbTHBUpOBaHUS 10 12-T0
naccaxa. [IpuBeneHHble pe3yabTaThl COITACYIOTCS C
JAHHBIMU, TOJTyYEHHBIMU IPU ONPEICIICHUH UMMYHO-
¢enoruma MCK kocTHOTO MO3ra, >KHPOBOM TKaHH H
KOXKHU B3pOCIIOTo 4yenoBeka [4, 15, 21]. Tak, B pabote

a
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Puc. 1. CoxpanHocTb (a) u UHTeHCHBHOCTH (uryopecueHiu AB (6) MCK pannux
CTaauii opranorenesa o (1) u mocne (2) KpHOKOHCEPBUPOBAHHUS ITyTEM 3aMOPAKUBAHNS
co ckopocTsio 1°C/muH nop 3amutoit 10%-ro IMCO: * — pa3nudust CTaTHCTHYECKH 3Ha-
qumbl (p < 0,05) 110 cpaBHEHHIO CO 3HAYEHNEM MTOKA3aTeIs 10 KPHOKOHCEPBUPOBAHUS.

Fig. 1. Integrity (a) and AB fluorescence intensity (b) of MSCs of early organogetetic
stage prior to (1) and after (2) cryopreservation utilizing cooling rate of 1°C/min under
the protection of 10% DMSO: * — statistically significant differences (p < 0.05) in
comparison with the prior-to-cryopreservation value.

were negative by the hemopoietic cell markers CD34,
CD38, CD45, was more than 95%. It should be noted
that the cell composition of MSCs cultures of early
organogenesis stages assessed by the surface mark-
ers panel expression did not change in the course of
subcultivation till the 12" passage. The results presented
are in agreement with the data on MSCs phenotypes
of adult human bone marrow, adipose tissue and skin
[4, 15,21]. For example, cytofluorometry of bone mar-
row fibroblast-like cell culture after the 4™ and the 5™
passages revealed no expression of the markers CD45,
CD19, CD3, CD14, Flk-1 and a positive expression of
Sca-1, CD105 and CD29 by these cells [15]. Here
CD29° cell content was 99% during 5 passages. Pitten-
ger et al. [21] showed that as early as in the bone
marrow mononuclear primary culture an increase in
the relative content of CD73"CD105"CD34-CDA45-
cells was observed from the 5™ day of cultivation, and
this phenotype dominated during the further cultivation
till the 12" passage.

Human MSCs of early organogenesis stage were
also immunophenotypically analyzed after cryopreser-
vation. According to the cytofluorometric data no chan-
ges were registered in the frozen-thawed MSCs phe-
notypes. More than 95% of cells in the cultures analyzed
were presented by cells positive by CD29, CD44,
CD73 and CD105, and negative by CD34, CD38 and
CD45 antigenes. These results conform to the data
obtained in other types of MSCs. For example, in the
work [12] the human bone marrow MSCs had the same
immunophenotype and proliferative potential after
cryopreservation as the control cells.
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[15] mpu nuTOITyOpUMETPUIECKOM aHa-
nu3e 4 1 5-ro maccaxei KynsTypsl Gpuo-
po0IacTONOJOOHBIX KIETOK, BBIICIICH-
HBIX U3 KOCTHOTO MO3ra, OTMEYEHBI OT-
CYTCTBHE IKCIIPECCHU ITUMH KIETKaMH
mapkepoB CD45, CD19, CD3, CD14,
Flk-1 u mo3utuBHas 3kcnpeccus Sca-1,
CD105 u CD29. Ilpu aToM coaepxanue .

Events

CD29-PE

32

CD44-FITC

Events

Mo 2

CD29*-knetok coctaBisuio 99% Ha rmpo-

TsDKeHUHU 5 maccaxeil. Pittenger ¢ co- 10° 10!
aBTOpamu [21] mokazanm, 94To yxKe B ep-
BUYHOM KYJIBTyp€ MOHOHYKJIEAPOB KOCT-
HOTO MO3Ta, HAYWHAas C 5-X CyTOK KYJIBTH-
BHPOBaHHA, HAOIIONATOCH YBEIHYEHUE
OTHOCHUTEIBHOTO coaepxkanus CD73"
CD105"CD34 CD45 -Kk1eToK, 1 TaHHBIN
(eHoTHN Tpeoliagan mpu MOCIEnyIo-
IeM KyJIbTUBUPOBAaHUU 10 12-ro macca-
xa.

NMMmyHODEeHOTUIMUECKUN aHau3

32

Events

- MJ h'lknl
To2 10° To* “foo To! e 10’ To
FL2-H FL1-H
CD73-PE CD105-FITC

Events

MCK uenoBeka paHHUX CTaIUH OpTraHo-

reHe3a ObLI MPOBEJICH TAaKXKe IMocle
KpHOKOHCepBUpoBaHus. COrTacHo Moiy-
YEeHHBIM IUTO(ITYOPUMETPUICCKIM JaH-
HbIM HMMYHO()EHOTHUI JIEKOHCEPBUPO-
BaHHbIX MCK He m3mensiics. bonee 95%
KJIETOK B aHAJTU3UPYEMBIX CYCHEH3HUIX
ObUIM TpeACTaBleHbl KIETKAMH ITO3H-
tuBHEIMU 1o CD29, CD44, CD73,
CD105 n seratuBabiMu 1o CD34, CD38,
CD45. O1u pe3ynpTarhl COIIacyoTCs C
JAHHBIMU, OTy4eHHBIMU Ha pyrux Thnax MCK. Tak,
B pabore [12] MCK, uzonupoBaHHbIE U3 KOCTHOTO
MO3ra 4dejoBeKa, Mocjie KPUOKOHCEPBUPOBAHUS
o0iajany TakuM ke UMMYHO(EHOTHIIOM U TPOIIH-
(hepaTHBHBIM ITOTEHIIMATIOM, KaK ¥ KIIETKH KOHTPOJIb-
HOW I'pYIIIBL

[TockonbKy BIHSHHE KPUOKOHCEPBHUPOBAHHS Ha
maddeperpoBouHbiii motenan MCK m3ydeHo He-
JOCTaTOYHO, OCOOBIN HHTEPEC MPEACTABIISIIN UCCIIe-
JIOBaHHUS OCTEOTCHHBIX M 3AUTIOr€HHBIX A PepeHLn-
poBouHnbix noteHuuit MCK uenoBeka paHHUX cTaguit
OpraHoreHesa IMocjie MeJJIEHHOTO 3aMOpakKUBaHUS
oz 3amuToit 10%-ro IMCO.

Pesynbrarsl, momyueHHbIE TIPU OLIEHKE HAIWYHS
ocreorenHoi auddepenuporku B kynsrypax MCK
pPaHHUX CTaIUi OPraHOTeHEe3a J0 ¥ IO CIe KPHOKOHCEP-
BHUPOBaHHS, NIPeACTaBIeHbI B Ta0M. 1. [Ipn KyIbTHBH-
poBanunu B octeorenHoii cpene MCK no kprokoncep-
BHPOBAHUS HAOIIOATH DKCITPECCHUIO IMIETOTHOM (oc-
(harazpl 1 HAKOTIJICHNE MUHEPAIN30BaHHOTO MaTPHKCA.
[Ipu 3TOM B KOHTpOJIE HAa CHOHTaHHYIO AU HepeHu-
POBKY mociie 3-x Hellenb KyJIBTHBHPOBAHUS B Cpele
0e3 crienn(huIecKux J00aBOK, MHIYIUPYIOIIUX OCTE0-
reHe3, KCIpeccus mesiouHon hocdartassl u OTIOKE-
HUE MUHEPAIN30BaHHOTO MAaTPUKCA HE BBISBILSUINCE.

109 10°
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Puc. 2. Ummynodenotumuecknit anams MCK uenoBeka paHHUX cTa i
OpraHoreHesa, MpOBEJCHHBII METOI0M MPOTOYHON IUTO(IYOPHUMETPHH:
CEphIil BET — HEOKpAIICHHBIH KOHTPOJb; OeNblii — OKpalluBaHUE
COOTBETCTBYIOLIUM MapKepOM.

Fig. 2. Immunophenotypic analysis of human MSCs of early organogenetic

stages performed by flow cytofluorometry: grey area represents non-stained
control; white area shows the staining with the corresponding marker.

Since cryopreservation influence on MSC differ-
entiation potential is studied insufficiently, the insights
into osteogenic and adipogenic differentiation potentials
of human MSCs of early organogenesis stage after
slow freezing under the protection of 10% were of
great interest.

The results of the assessment of osteogenic differ-
entiation in MSCs cultures of early organogenesis stage
prior to and after cryopreservation are presented in
Table 1. Alkaline phosphatase expression and miner-
alized matrix accumulation were observed when MSCs
were cultivated in the osteogenic medium prior to
cryopreservation. Herewith when spontaneous differ-
entiation was monitored after 3 week cultivation in
medium without specific osteogenesis-inducing addi-
tives, there was neither alkaline phosphatase expres-
sion nor mineralized matrix accumulation. When MSCs
cryopreserved by slow freezing were placed into the
medium with specific inducers of osteogenic differen-
tiation, alkaline phosphatase expression was observed
as carly as 3 weeks after the beginning of cultivation.
A positive staining for this marker was also registered
in the control to spontaneous differentiation, though it
was less conspicuous than that in wells after osteo-
genic induction. Beginning with the 2™ week of culti-

problems
of cryobiology

Vol. 20, 2010, Ne2



Tabauna 1. Bnusaue kpruokorcepBupoBanus o 3amutor 10%-ro JIMCO Ha ocTeoreHHbIe CBOWCTBA
MCK paHHUX CTauil OpraHOreHesa

Table 1. Influence of cryopreservation under the protection of 10% Me,SO on osteogenic properties
of MSCs of early organogenetic stages

KoHTpOAb Ha cIOHTaHHYIO AU HEPEHIIUPOBKY OcTreorenHass UHAYKIAS
Control to spontaneous differentiation Osteogenic induction
I'pynma
. Munepanrusanus M Munepanrusanust
Group OKCIpeccHst MeAOYHON P T OKcHpeccHs: MeAOYHON P 1
3KCTPAKAETOYHOTO 3KCTPAKAETOYHOTO
hocaraspt MaTpHUKca hocaraspt MaTpHUKca
Alkaline phosphatase . o Alkaline phosphatase . o
Phosp Mineralization of Phosp Mineralization of
expression 3 expression .
extracellular matrix extracellular matrix
Ao
KPHUOKOHCEPBUPOBAHUS - + +
Prior to cryopreservation
TTocae
KPUOKOHCEPBUPOBAHUSA * + +
After cryopreservation

[Ipumeuyanue: “+” —

[Ipn nomemenun MCK, KprnoKoHCEPBHPOBAHHBIX
IIyTeM MEJJIEHHOTO 3aMOpa)XuBaHHUA, B CpPeIy CO
crierupUUecKUMH HHIYKTOpaMH OCTeoreHHo# mudde-
PEHIIMPOBKH SKCIPECCHUS IIEIOUHOM (hochaTasbl BbISB-
JISUIack uepes 3 HeZe KyIbTHBUPOBaHus. B KoHTpoIe
Ha CIIOHTaHHYI0 A1} PepeHIMPOBKY TaKKe OTMEYaIH
OKpAaIllMBaHHE Ha 3TOT MapKep, XOTs OHO OBLIO MEHee
BBIPAYKEHO [0 CPAaBHEHHIO C OKPAIIIMBAHHUEM B TyHKaxX
[ocCJe OCcTeoreHHoM nHayKuuu. Haunnas co 2-it Hene-
JI KyJbTHBHpOBaHMs AekoHcepBUpoBaHHEIX MCK B
OCTEOTeHHOH cpeze, HaOIonany HaKoIUIeHHEe SKCTpa-
KJIETOYHOIO MaTpuKca. BelsiBiIeHHE conel KanbIus
OKpaIIMBaHUEM ANU3aPUHOBBIM KPACHBIM H cepedpe-
HueMm 1o Ban Koccy nocne 3-x Henenb KyJIbTHBHPO-
BaHUSA MMOATBEPAIIIO IPEATIOI0KEHHIE O XapaKTePHON
JUTs OcTeoreHHon A HepeHIIMPOBKH MUHEpATU3aI[H
Marpukca. B koHTpone Ha crioHTaHHYI0 AuddepeHIu-
POBKY OTJIOXKEHHUS MHHEPATM30BAHHOTO
MaTpHKca He HaOnromamu.

Pe3ynbrarsl, mony4eHHbIE IpU OLIEHKE
HaJIMYXs aJUIOreHHOH T dhepeHIpoBKH
B KynsTypax MCK pannux crammii oprano-
TeHe3a JI0 ¥ 1TOCJie KPHOKOHCEPBUPOBAHNS,

IPHU3HAK OTYETIMBO BBIPAKEH; “+” — MPU3HAK CJ1a00 BBIPAXKEH;
Note: “+” — clearly manifested sign; “+” — slightly manifested sign;

[T3RL)

— IPU3HAK OTCYTCTBYET.

[T3RL)

—” — 1o sign.

vation of frozen-thawed MSCs in the osteogenic me-
dium the extracellular matrix accumulation was ob-
served. Alizarin red and Van Kossa staining after 3
week cultivation confirmed the assumption about min-
eralization of matrix typical for osteogenic differentia-
tion. No mineralized matrix deposition was observed
in the control to spontaneous differentiation.

The results of the assessment of adipogenic differ-
entiation in MSC cultures of early organogenesis stage
prior to and after cryopreservation are presented in
Table 2. Round Oil Red O positive cells with vacuoles
containing neutral lipids appeared within the 3 week
when MSCs were cultured in the osteogenic medium
prior to cryopreservation. When spontaneous differ-
entiation was monitored in medium without adipogen-
esis inducers, there were no Oil Red O positive cells.
Upon 3 week cultivation of frozen-thawed MSCs in

Ta0auna 2. BausiHue KpruokoHcepBUpOBaHUs 1oJ1 3aiuToi 10%-ro
JAMCO na agunorennsle cBoiictBa MCK paHHUX cTanuil opraHoresesa

Table 2. Influence of cryopreservation under the protection of 10% on
adipogenic properties of MSCs of early organogenetic stage

npencrasieHsl B Tabm. 2. [Ipu KyasTuBH-
posarnu MCK 110 KpHOKOHCEpBHPOBaHUS

Haanune nosutusHbIX 110 Oil Red O kAeTOK
Occurrence of Oil Red O positive cell

B aJTUTIOTEHHOM Cpefie Ha 3-1 HeJeIe MmosiB- F(g:ynna
o roup KoHTpOAb Ha CIIOHTaHHYIO
JIAJIMCH KJIIETKU OKPYITIOU (bOpMI)I C BaKyo- AU PEPEHIUPOBKY AAMTIOTEHHAA MHAYKIHA
JISIMH, COACP KaIlIMU HeﬁTpaHBHLIC JIUTIU- Control to spontaneous Adipogenic induction
. differentiation
16l 1 mo3utuBHbIE 0 Oil Red O. B xoHT-
POJi€ Ha CIOHTAHHYIO uu(b(bepeHquOBKy Ao
6 KPHUOKOHCEPBUPOBAHUST - +
MMOCJIC KYJIbTUBUPOBAHUA B CpCAC O€3 Prior to cryopreservation
HUHAYKTOPOB aUIIOICHE3a KIICTKH, TO3U-
tuBHEIEe 10 Oil Red O, He BBIABISIUCE. Tocae
KPUOKOHCEPBUPOBAHUS ES +

IIpu KyTbTUBHPOBAHUY B TEUCHHE 3-X He-
Ielb JaekoHcepBupoBaHHbEIX MCK kak
Cpele C MHIYKTOPaMU a|IIOreHHOM Tud-
(hepeHIIMPOBKH, TAK U IIPH UX OTCYTCTBHH,
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After cryopreservation

[pumeuanne: “+” — MpU3HAK OTYETIUBO BBIPAXKEH; “+” — mpu3HAK ciaabo

73R

BBIPAXKEH;

—” — IpU3HAK OTCYTCTBYET.

@

Note: “+” —clearly manifested sign; “+” — slightly manifested sign; “—’—no sign.
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HaOJIONAIH TTOSIBJICHHE KIIETOK, HAKAITMBAIOIINX Hel-
TpaJlbHBIE JIMIIMABI B COCTaBe BakyoJieil. B To xe
Bpems konruecTBO No3uTUBHBIX 1o Oil Red O knetok
B KOHTPOJIE HA CIIOHTAHHY0 AU HEPEeHINPOBKY OBLIO
MEHBIIE, YeM MOCIIe Ceun(PUIeCKOR HHAYKIHIH.

Takum oOpazoM, MpoBeNEHHBIE HCCIEIOBAHUS
cBUIeTeNbCTBYIOT, yTo MCK uenoBeka paHHHX CTa-
Jii OpraHoreHesa Mociie KpHOKOHCEPBUPOBAHUS COX-
PaHSIOT CIIOCOOHOCTH K MHAYIIUPOBAaHHOM T depeH-
IUPOBKE B OCTEOTeHHOM W aIMITOTEHHOM HarpasJie-
Husx. [lorydeHHbIe pe3ynbTaThl TAKXKE MOKa3aJIH, YTO
MeanerHoe 3amopaxnBanne MCK mon 3amutoit
JAMCO oxa3piBaeT CTUMYIHPYIOIIEE JAeHCTBHE Ha
1 hepeHIPOBKY B 8JIMTIOTeHHOM 1 OCTEOr¢HHOM Ha-
npasineHusix. Ctumynupyroumii 3gpdexT B oTHOIIEHNH
OoCTeOTeHHOU nupPEepeHIUPOBKU MOXKET OBITH
oOycnosneH aericteueM JIMCO, KOoTOpHIi SBIsSETCS
HecnenupuuecKuM HHIYKTOPOM MU HEepEeHITUPOBKH.
Tax, B pabote [24] moKa3aHo, YTO MOCIIE SKCIIO3UIIUN
MIEPBUYHOM CYCIIEH3HH KJIETOK SMOPUOHATBEHOM NIEYeHH
genoBeka ¢ 0,7 M IMCO B teuenne 30 muH mipu 4°C
MIPH TIOCTIEYIOIEM KYJIbTHBUPOBAHHN HaOIIIONaeTCsI
OoJee aKTUBHAsI OCTeOTreHHas AuddepeHInpoBKa
(pubdpo6IacTONO00HBIX KIIETOK, BHIZCICHHBIX M3 3TON
CYCIICH3HH, 110 CPABHEHUIO C HATUBHBIM KOHTPOJIEM.
[Toxazano [17], uto mexoHcepBupoBaHHBle MCK
KOCTHOTO MO3T'a COXPaHSIOT OCTEOreHHBIM MOTEeHIUAT,
a TIpH I0JITOCPOYHOM XpaHeHuH (6oiee 3-x net) MCK
MPOSIBIIAIOT O0Jiee MHTEHCUBHBIE OCTEOTEHHbIE CBOM-
CTBa.

BbiBOADI

Kpuokoncepsuposanue noxa 3amurtoi 10%-ro
JAMCO, Bxmrouaromiee MeAJIEHHOE 3aMOpaKNBaHHE
co ckopocThio 1°C/MHUH, MO3BOJISIET B 3HAYUTEITHHON
CTETIEHH COXPaHHTh KU3HECITIOCOOHOCTh, METabOIH-
YECKYyI0 aKTUBHOCTH M CHIOCOOHOCTH K MHAYIIHPOBAH-
HOHM Au(epeHIInPOBKE B OCTCOTCHHOM U 8 IUIIOT'CH-
HoM HampasiieHussx MCK uenoBeka paHHUX cTaaui
opraHoreHes3a. KpoMme toro, MeajieHHOe 3aMopa-
xkuBanue MCK nop 3amuror JIMCO oka3bIBaeT CTH-
Mynupylouiee nericrsue Ha JudPepeHInpoBKy B
aJMIIOT€HHOM M OCTEOTEHHOM HAIPABICHUSX.
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the media both with adipogenic differentiation induc-
ers and without them, cells with vacuoles containing
neutral lipids were found. At the same time the number
of Oil Red O positive cells in the control to spontane-
ous differentiation was lower than that after the spe-
cific induction.

Thus the investigation performed attests to the fact
that human MSCs of early organogenesis stages main-
tain capacity for induced differentiation into osteogenic
and adipogenic lineages after cryopreservation. The
data obtained also showed that slow freezing of MSCs
protected by Me, SO exerted a stimulating effect on
differentiation into in adipogenic and osteogenic direc-
tions. The stimulating effect towards osteogenic dif-
ferentiation can be attributed to the influence of Me SO,
which is a non-specific inducer of differentiation. For
example, it was demonstrated [24] that after 30 min
exposure of the primary suspension of human embry-
onic liver cells to 0.7 M Me,SO at 4°C more active
osteogenic differentiation of fibroblast-like cells isolated
from this suspension was observed in comparison with
the native control. It was discovered [17] that frozen-
thawed bone marrow MSCs maintained their osteo-
genic potential, and showed more intensive osteogenic
properties after long-term (more than 3 years) stor-
age.

Conclusions

Cryopreservation by slow freezing at the rate of
1°C/min under the protection of 10% Me,SO provides
considerable maintenance of viability, metabolic activ-
ity and capacity for induced differentiation in osteo-
genic and adipogenic lineages of human MSCs of early
organogenesis stages. Besides, slow freezing MSCs
protected by Me,SO exerted the stimulating effect on
differentiation in osteogenic and adipogenic directions.
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