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IIpoBeneHo KpioKOHCEPBYBaHHSI Me3eHXIMajIbHUX cTpoMaibHuX KiiTHH (MCK) KicTKOBOro MO3KY Ta KyJIbTypH KIITHH XOpioHa
(KKX) min 3axucrom 10% JIMCO Ta 20% emOpioHanbHOT CHPOBATKH 3 3aCTOCYBaHHIM HU3bKOT IIBUIKOCTI 0Xoso/pkeHHs (1 rpaa/xB)
10 —80°C 3 HaCTyNHUM 3aHYPEHHSM Y piakuii a30T. OTpHMaHi pe3ysIbTaTH [0Ka3aH, IO Micisi HU3bKOTEeMIIepaTypHOTo 30epiranHs
00U/IBI JOCITIPKEeHI KyJIBTYpH 30epirajin 31aTHICTh 10 npodideparii Ta cipsiMoBaHoro audepenuitoBans. Kynprypa kinitH Xopiona
XapakTepu3yBaacs OUIbII BUCOKOIO MpoiidepaTHBHOIO akTHBHICTIO opiBHAHO 13 MCK KicTKOBOro MO3Ky. 31aTHICTh 10 CIIPSIMOBAHOTO
nudepeHiloBaHHs B aJMII0- Ta XOHIPOreHHOMY HanpsiMkax Oyia Buioro y MCK kictkoBoro Mo3ky, Hix y KKX.

Kniouosi cnosa: xpiokoHcepByBaHHsI, KyJIbTYpH KIITHH, npoiideparis, 1udepeHiiroBaHHs.

[IpoBeneHO KPHOKOHCEPBUPOBAHNE ME3CHXMMAJIbHBIX CTpOMaIbHbIX Ki1eTok (MCK) KoCTHOTro M03ra U KyJabTyphl KJIETOK XOPHOHA
(KKX) oz 3auuroit 10% JMCO u 20% 3MOpHrOHaIIbHO# CBIBOPOTKH C HCHOJIB30BAaHUEM HU3KOW CKOpOCTH oxJaxkaeHus (1 rpan/mMuH)
10 —80°C ¢ nmocienyonuM MOrpyKeHueM B )XKUAKUHN a30T. [losryueHHble pe3yapTaThl OKa3ail, YTO I0CIe HU3bKOTEMIIepaTypHOTo
XpaHeHus1 00e HCcIeyeMble KyJIbTYPbI COXPaHsUIN CIOCOOHOCTS K nposudepanny u HanpaeieHHoMY quddepenunposannio. Kyiasrypa
KJIETOK XOpHOHAa XapaKTepHu3oBajach 0ojiee BBICOKOW mponudepaTuBHON aKTHBHOCTHIO oTHocuTenbHO MCK kocTHOro mosra.
CriocoOHOCTh K HampaBlIeHHOMY AU QEPSHIIMPOBAHUIO B A/IUIIO- U XOHIAPOT€HHOM HampasieHusix Obuia Beie y MCK koctHOrO
Mmo3ra, yeM y KKX.

Knrouesvle cnosa: KpruoKOHCEPBUPOBAHUE, KYJIBTYPhI KJICTOK, posindepartus, 1uddepeHIIupoBaHIe.

Mesenchymal stromal cells (MSCs) of bone marrow and chorion cell culture (CCC) were cryopreserved under protection of 10%
DMSO and 20% fetal bovine serum using low cooling rate (1 deg/min) down to —80°C with following plunging into liquid nitrogen. The
findings have shown than after low temperature storage both studied cultures kept the ability to proliferation and directed differentiation.
Chorion cell culture was characterized with higher proliferative activity if compared with bone marrow MSCs. The ability to the

directed differentiation towards adipo- and chondrogeneic lineages was higher for bone marrow MSCs versus CCC.
Key words: cryopreservation, cell culture, proliferation, differentiation.

Ha cborosiHi MMpoKo BUKOPHUCTOBYIOTH SIK MOJIEITb-
HUi 00’ €KT U1 TOTped O10METUIHUX TEXHOIOTIH KYJTh-
TUBOBaHi Me3eHXIMalbHi cTpoMaibHi Kitituad (MCK),
JDKEpEeTaMU SIKUX € KiCTKOBHI MO30K, JKHP, TUIAIICHTA,
aMHIOH, KOpAOBa KpoB Ta iH. [5, 10, 14, 15]. Lle 0by-
MOBJICHO BUCOKHM IpOTipepaTuBHUM MOTEHLIATIOM,
3IATHICTIO 0 CIPSMOBAaHOTO OU(EPEHLIIOBAHHS Ta
HasBHICTIO crienugiyHoro imyHodeHoTury. MeseHxi-
MaJbHI CTPOMaJbHI KIITHHH, SKi OTPUMaHi 3 TKAaHUH
(eTomIaeHTapHOro KOMIUIEKCY Ta TKaHUH JOPOCIIO-
ro OpraHizMy, MalOTh CX0Xi MOp(oJI0oriuHi Ta deHo-
TUMIYHI XapakrepucTukH [ 7, 8]. KynsruBoBaHi KiiTHHA
xopiona (KKX), siki BuaineHi 3 TKaHWHU PaHHBOTO
xopioHa € ¢ibpoOmacTononiOHUMH KITITHHAMH, IO
MAalOTh 3aTHICTH 10 aaresii, mpoxidepanii Ta xapax-
TepHU3yIOThCS BMiCTOM 95% KITITHH 3 IMyHO()EHOTH-
mom CD90*CD73*CD105" [10, 15]. Jnst cTBopeHHS
3anmacy MCK 3 MeTor0 iX MoJaibIIoro 3aCTOCyBaHHS
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Nowadays the cultured mesenchymal stromal cells
(MSCs), the sources of those are bone marrow, fat,
placenta, amnion, cord blood efc., have been widely
used as the model object for the demands of biomedical
technologies [5, 10, 14, 15]. This is stipulated with a
high proliferative potential, capability to the directed
differentiation and presence of specific immune
phenotype. Mesenchymal stromal cells derived from
the tissues of fetoplacental complex and adult tissues
have similar morphological and phenotypic charac-
teristics [7, 8]. Chorion cultured cells (CCCs) isolated
from a tissue of early chorion are fibroblast-like cells
with the ability to adhesion, proliferation and charac-
terized with the content of 95% of cells with immune
phenotype CD90"CD73*CD1057[10, 15]. Low tempe-
rature preservation is necessary for establishing the
stock of MSCs for their further use in regenerative
medicine. In cryopreservation protocols of bone mar-

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

* To whom correspondence should be addressed: 23,
Pereyaslavskaya str., Kharkov, Ukraine 61015; tel.:+380 57 373
3119, fax: +380 57 373 3084, e-mail: volkovanatali2006@yandex.ru

of cryori)ricé?llgg;

Vol. 22, 2012, Ne2



y pereHeparopHiii MeAUIINHI HE0OXiTHO HU3BKOTEMITC-
parypHe KOHCepBYBaHHs. B mpoTokonax KpiokoHcep-
BYBAHHS CTPOMAJIbHHX KJIITHH KiICTKOBOTO MO3KY BHUKO-
PHUCTOBYBAJIX MOBIILHE OXOJOMXKEHHS 3 HACTYITHUM
30epiranHsaM npu remmneparypi —80°C abo y pingkomy
a3ori [4, 6, 9] 3 Kpi03aXUCHUM CEPEIOBHIINEM Y BUTIISII
CYMIIIIi KPiOTIPOTEKTOPIB €HI0- 1 €K30LEIFOJIIPHOTO TH-
my. be3nocepeanpo micis 3aMOpOXKyBaHHS-BiAIPiBY
kyneTyp MCK HeoOXiTHUM €TaroM € MIPOBENCHHS iX
PETENBHOT OIIIHKK 32 MOP(OJIOTIYHIMH MapaMeTPaMH,
a caMe JKUTTE3AATHOCTI, 3aTHOCTI JI0 aAre3ii, mpoJti-
(heparii Ta cipsimoBaHor0 MUdepeHititoBanHs. Jloci-
JUKEHHS BIUIMBY 3aMOPOXKYBaHHS-BIZIrPiBy Ha pomige-
partiro Ta morextian nudepenttiroBanas MCK BaxmBo
SIK 7151 pO3YMiHHSI MEXaHi3MiB MPOLECIB peryisuii y
KIIITHH-TIONEPETHHKIB, TAK 1 I ONITUMi3allii TPOTOKO-
JIiB KpIOKOHCEPBYBaHHS, 5IKi 320€3MeUyI0Th 30epeKeH-
Hs1 cTOBOYpOBOi (hpakmii qociimkenux kiitud. Llikaso,
Y1 MO>KE IPOTOKOJ KPIOKOHCEPBYBAHHS, L0 YCITIIIHO
BukopucroByBanu 11 MCK kicTkoBoro Mo3ky [4, 6,
9, 16], 6yt 3acTOoCOBaHWH IS KJIITHH 3 1HIIIOTO
JoKepera — Xxopiona. OgHaKoBl YMOBH KPiOKOHCEPBY-
BaHHS JI03BOJIIOTH OL[IHUTHU BIUIMB HU3BKUX TEMIIE-
patyp Ha 30epeXeHHs MpoJTiepaTHBHUX XapaKTepHC-
THK 1 3IaTHICTH JI0 CIIPSIMOBAHOTO JU(EPECHITIIOBAaHHS
MCK, oTpuMaHuX 3 pi3HUX JKEPE.

Mertotro poboTu Oyiio MOpiBHSUIBHE JOCIiIKEHHS
MOp¢h O] yHKIIIOHAIEHUX BIACTUBOCTEH KpiOKOHCEp-
BOBaHUX KyJbTyp KJIiTHH XopioHa i MCK kicTkoBoro
MO3KY.

Martepiaan i metoau

Y po6OTi BUKOPHCTOBYBAIX KYJIBTYPH KIIITHH XOPi0-
Ha moanau [2, 15] ta MCK kicTKOBOTO MO3KY HIypiB
[5, 17]. Ilpu kynsTUBYBaHHI 000X KYJIBTYp ILiIBHICTH
NOCiBY KITITHH cTaHOBIIIA 10° KIITHH/CM? KYJIBTYpalib-
Horo ¢akoHa mwioiero 25 cm? («PAAy», Acrpis). Ku-
BUJILHE CEPEIOBUIIIE KYJIFTUBYBAHHS MICTHIIO: CEPEJIO-
Buiie IMDM («PAA»), 10% emOpioHanbHOI cupoBar-
ku (EC) Benukoi poraroi xynoou («HyCloney, CIIA),
rerraminmH (150 mxr/min) («@apmak», Ykpaina) ta
amdotepinua b (10 mxr/min) ("PAA"). KusuinbsHe ce-
penoBuile 3MiHIOBaJ M KOXHI 3 100u. Y poboTi Oynu
BHUKOPHCTaHi1 CTaHAAPTHI YMOBH KyJbTUBYBaHHSI IIPH
37°C B atmocdepi 5% CO,. Ilicnst yTBOPEHHS MOHO-
mapy KyJiIbTypH KIITHH macupyBaiu. KpiokoHcepBy-
BaHHsI 000X KyJIBTYp 3AiHCHIOBaNH mig 3axuctoM 10%
JIMCO («PAA») 3 nonaBanusm 20% EC Ha »)uBUIb-
HOMY cepenoBuili. OTpuMaHy CyCIIEH3110 BMIITyBaIN
mo 1 ma y kpiompoOipku («Nuncy, CIIIA). Oxomo-
JDKEHHSI 3pa3KiB MPOBOIMIIN 31 IIBUAKICTIO 1 Tpan/xs
10 —80°C y mapax 3pipKeHOro a30Ty B yMOBax Kpio-
cxoBHINa NpotAroM 30 XB 3 MOJATBIINM 3aHYPEHHIM
y piakuii a301 [9]. 3pa3ku 30epirany B yMOBaX HA3bKO-
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row stromal cells slow cooling rates with following
maintaining either at —80°C or liquid nitrogen have been
successfully used [4, 6, 9] with cryoprotective medium
as the mixture of cryoprotectants of exocellular type.
Directly after freeze-thawing of MSCs cultures the
necessary stage is a thorough assessment of morpho-
logical parameters, namely, viability, ability to adhe-
rence, proliferation and directed differentiation. Inves-
tigation of freeze-thawing effect on proliferation and
potential of MSCs differentiation is important both for
understanding the mechanisms of regulation processes
in progenitor cells and for optimization of cryopre-
servation protocols, providing the preservation of the
fraction of the studied cells. It would be of interest to
check if the cryopreservation protocol successfully
applied for bone marrow MSCs [4, 9, 16] could be
used in the case of the cells from another source, the
chorion. Similar cryopreservation conditions allow the
estimation of the effect of low temperatures on preser-
vation of proliferative characteristics and capability for
directed differentiation of MSCs, derived from different
sources.

The research aim was to comparatively study the
morphofunctional properties of cryopreserved cultures
of chorion cells and bone marrow MSCs.

Materials and methods

Investigations were performed in the cultures of
human chorion [2, 15] and bone marrow MSCs of rats
[5, 17]. When culturing both cultures the plating density
of cells was 10° cells/cm? of cultural flask with 25 cm?
area (PAA, Austria), 10% fetal bovine serum (FBS)
(HyClone, USA), gentamicin (150 pg/ml) (Farmak,
Ukraine) and amphotericin B (10 pg/ml) (PAA). Nutri-
tive medium was changed every 3 days. In the research
there were used the standard conditions of culturing
at 37°C in 5% CO, atmosphere. After monolayer for-
mation the cell cultures were passaged. Both cultures
were passaged under protection of 10% DMSO (PAA)
and 20% FBS on the base of nutritive medium. The
resulted suspension was placed by 1 ml into the cryo-
vials (Nunc, USA). The samples were cooled with
the rate of 1 deg/min down to —80°C in liquid nitrogen
vapors in cryostorage conditions for 30 min with follo-
wing plunging into liquid nitrogen [9]. The samples were
stored under conditions of low temperature bank for 4
months, thawed on water bath at 40°C up to the appea-
rance of liquid phase. Cryoprotectant was removed
with adding surplus (1:9) volume of Hank’s solution
(PAA) with following centrifugation at 1,500 rot/min
(834g) for 5 min. Cell membrane integrity was asses-
sed with the test on exclusion of supravital dye trypan
blue (Sigma, USA). The obtained suspension of cells
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TEMIEPATypPHOT0 OAHKY MPOTATOM 4 MICSAIIB, Bimirpi-
BaJIM Ha BosiHiM OaHi mpu 40°C 1o mosiBu piakoi dasu.
KpionpoTekTop BuAaisiau noAaBaHHIM HaAJWLI-
koBoro (1:9) 06’eMy pozunny XeHnkca («PAA») 3 Ha-
cTynHEM HeHTpudyryBansasM rmpu 1500 06/xB (834g)
mpotsaroM 5 xB. LlimicHiCTE MEMOpaHH KITITHH OLHIO-
BajJil 32 TECTOM Ha BUKJIIOUEHHS CYIpPaBiTaJbHOTO
OapBHUKA TPHUITAHOBOTO CHHBKOTO («Sigmay, CILA).
OTtprMaHy CyCIeH3it0 KITITHH PECYCIIEHIyBaIH B JKUBH-
JIEHOMY CEPEIOBHIIII 1 BUCIBaIM Ha KyIbTypalibHi (hia-
koHH. [Ipu KyneTUBYBaHHI 000X TOCTIHKYBaHUX KYJIb-
TYp HicJisl KPIOKOHCEPBYBaHHS 3aCTOCOBYBAJIH TaKi K
YMOBH, SIK 1 JUTS IOYATKOBUX KYJIBTYP.

Jnst BU3HAUYEHHSA MPHUPOCTY KUIBKOCTI KIIITHH Y
JOCTIKEHUX KyabTypax Ha 3, 5, 7, 10, 14-y no0y ix
¢depmentatuBHO (0,25% pO34MH TPHUIICHHY:PO3UHH
Bepceny, «PAA») 3HIMaH 3 TUTACTHKA T T IPAXOBY-
BaJM KUTbKicTh KTiTHH [ 1, 3]. It cripsimoBanoro aude-
PEHILIOBaHHS JOCTIIKYBaHUX KYIBTYyp B aiilo- Ta
XOHIPOTEHHOMY HanpsMKax 3MiHIOBaJIM )KUBUIIbHE Ce-
penoswutie (Ha 15-y o0y KyJIETUBYBaHHS ) Ha Cepero-
BuIe AudepenIiitoBaHHsa. ANIMOTeHHE CepelOBHUIIE
cknaganocsa 3 IMDM, 1% EC, 107 M xgekcameTaso-
Hy, 10°M incyniny; xouaporense — IMDM, 10 ackop-
6ar-2-dpochary, 10 ar/mia TGF-B («Sigmay). Bei ckia-
ZOBi, BUKOpPHUCTaHI s Au(EepeHIiloBaHHsA, Oynu
BupobuunTBa «PAA». [lonaneiie KylbTUBYBaHHS
MIPOBOJIMIIH ITPOTATOM 3-X THOXKHIB 31 3MIHOIO CEpe10BHU-
11a 2 pa3u Ha THXKIeHb. [J1s miaTBeppKeHHs TudepeH-
LIFOBAaHHS in Vitro B aIiNOT€HHOMY HAPAMKY KIIITHHA
¢apOysanu Sudan IV («Flukay», Himeaunna) (miapaxo-
BYBaJIM KUIBKICTb KIIITHH 3 JIMIIHUMH KPAIUISIMH, Ki
MaJli OpaH)KeBE 3a0apBIICHHSI, 71 = 5), XOHAPOTCHHO-
ro — Toludine blue (Fluka) (migpaxoByBayiv KiTbKICTh
KJIITHH 3 HasBHICTIO IPOTEONTiKaHiB B €KCTPaLIEIONSIP-
HOMY MaTpPHKCI, sIKi Malld CHHE 3a0apBIeHHs, 7 = 5).
KinpkicTs audepeHniiioBaHuX KIITHH MiAPax0oByBaIN
y CBITJIOBOMY MIKpPOCKOIII Ta BU3HA4YaIH 1X BiJICOTOK
110 3arajibHOI KibKoCTi KiTiTHH. KoHTposeM crioHTaH-
Horo andepeHIiroBanHs Oyu KIITHHH, KyJbTHUBOBaHI
y BIZICYTHOCTI CHET[IaJIbHUX 1HIYKTOPIB.

[Ipu crarucTuaniit 00poOIIi pe3ysbpTaTiB BUKOPHUCTO-
BYBaJI OAHO(AKTOPHUIA AUCHIepCiiHIN aHami3 1 t-Kpu-
tepiit CThroeHTa 32 JormoMororo nmporpamu Excel.

Pe3yAabTatn Ta 0OrosopeHHs

[Nepmmmm etariom po6oTH OYyII0 TOCTIHKEHHS LiTic-
HOCTi MeMOpaHU KJIITHH Micis KpiIOKOHCEPBYBaHHS 3
BUKOPHCTaHHIM TECTy Ha BUKIFOUCHHS TPHUITAHOBOTO
cuaboro. [licns KpioKOHCEpBYBaHHS )XKUTTE3NATHICTh
MCK kicTkoBOTO MO3KY CKnamana 78,5 + 6,2%, mo y
1,2 pa3u HIKYE BiATIOBITHOTO IOKAa3HUKA y TOYaTKOBHX
KynbTypax (95,2 £4,5%). Iloka3HUK KUTTE3NATHOCTI
kpiokoHcepBoBannx KKX Oy 3umxenwnii y 1,2 pasu
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was resuspended in nutritive medium and plated into
cultural flasks. When culturing both studied cultures
after cryopreservation there were used the same con-
ditions as for initial cultures.

To examine the increment of cell number in the
studied cultures to the 3, 5, 7, 10, 14 days they were
enzymatically (0.25% trypsin solution: Versene solution,
PAA) detached from plastic and the number of cells
was counted [1, 3]. For the directed differentiation of
the studied cultures towards adipo- and chondrogenic
lineages the nutrient medium was changed to diffe-
rentiation medium (to the 15" day of differentiation).
Adipogenic medium comprised IMDM, 1 FBS, 10’M
dexamethasone, 10~ insulin; chondrogenic one did
IMDM, 107 ascorbate-2-phosphate, 10 ng/ml TGF-f3
(Sigma). All the components used for differentiation
were of PAA production. Following culturing was per-
formed during 3 weeks with changing the medium twice
aweek. To confirm the differentiation in vitro towards
adipogenic lineage the cells were stained with Sudan
IV (Fluka, Germany) (the number of cells with lipid
drops having an orange color, n = 5, was counted),
chondrogeneic one was done with Toluidine blue
(Fluka) (there was counted the number of cells with
the presence of proteoglycans in extracellular matrix,
having blue colour, n = 5). The number of differentiated
cells was counted with light microscope and their
percentage to total number of cells was found. The
controls of spontaneous differentiation were the cells
cultured in the absence of special inducers.

Statistical processing of the results involved one-
way ANOVA test and Student’s t-criterion with the
help of Excel software.

Results and discussion

The first step of the work was the studying of cell
membrane integrity after cryopreservation using the
test for the exclusion of trypan blue. After cryopre-
servation the viability of bone marrow MSCs made
78.5+6.2% which is 1.2 times lower than corresponding
index in initial cultures (95.2 +4.5%). The viability in-
dex of cryopreserved CCC was reduced in 1.2 times
versus initial cultures (97.4 £ 5.8%) and made 80.2 +
4.4%.

The next stage of the work was the examining of
proliferative characteristics of cryopreserved cultures
of bone marrow MSCs and CCC (Fig. 1). In the
studied cultures the cells which adhered to plastic were
of fibroblast-like morphology and formed the monolayer
sites with 10—15 cells to the 5-7" observation day. To
the 14" day of culturing of bone marrow MSCs there
was observed 75% confluent, in the case of CCC the
density of monolayer reached 90% (Fig. 2). Dynamics
of the growth of the studied cultures was similar but
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BiJTHOCHO IOYATKOBHX KyIbTYp (97,4 + 5,8%) Ta ckia-
nas 80,2 + 4,4%.

Hactymaum eranom po6otu Oymno BU3HAYEHHS IPO-
JiepaTUBHUX XapaKTEPUCTHK KPIOKOHCEPBOBAHUX
kynbTyp MCK kictkoBoro mo3ky Ta KKX (puc. 1). ¥
JOCIIDKSHUX KYJIbTypax KIITHHH, SKi aare3yBajiu 10
IIacTuKa, Manu gpidpoodnacrononioHy Mophosorito Ta
YTBOPIOBAJIM AUISTHKY MoHowapy 3 10—15 kiiTuH Ha
5-7-my o0y crioctepeskerns. Ha 14-ty moOy KynbTh-
ByBanHs MCK KicTKOBOrO MO3Ky crioctepiraBcst 75%-it
koH(u0€eHT, y Bunaaky KKX miinsHicTs MOHOLIAPY 110~
csirana 90% (puc. 2). Jlnnamika 3pocTaHHs TOCIIKe-
HUX KyJIBTYp OyJia CX0XKOI0, aje KUIbKICTh KJIIITHH Ha
cm? Oyna 6imemroro y KKX mig gac BChOTO CTPOKY
criocrepesxeHss. Cnif 3a3Ha4uTH, 10 Ha 3—4-My maca-
X1 JOCHTIKyBaHI KPIOKOHCEPBOBaHI KyJIBTYPH MajlH
OLIBII BUCOKY 3IaTHICTh J10 rposidyepaltii, Hixk Ha 0-My
nacaxi. Lle siBuie, #MOBIpHO, TIOB’S3aHO, 3 OJHOIO
00Ky, 3 MPUTHIYEHHAM IpoJTiepaTUBHOT aKTUBHOCTI
TICIIsl KPIOKOHCEPBYBaHHS, a 3 IPYTOT0 — aJIaNTaIli €0
KJIITHH JI0 KYJIBTYpaibHUX YMOB [6, 9].

OTpuMaHi eKCriepUMEHTANIbHI aHi 1100 CIPSIMO-
BaHOTO MU(EPEHITIFOBaHHS A0CTIDKCHUX KYIbTYP I10-
KazaJu, o NepIlli 03HAKU aTUIOLUTapHOTO TU(epeH-
LIFOBAHHS, SIKI BUPAXKAJIUCS B 3MiHI MOP(OJIOTii KIITHH
(OKpYIIiCTh, 3ePHUCTICTH [IUTOILIA3MH ), CIIOCTEPIrain
Ha 5—7-my 100y y Bumagky MCK kicTKoBOro Mo3Ky
ta Ha 8—10-Ty 100y — y Bunanky KKX. Llutoximiune
(hapOyBaHHS TOCIIKSHUX KYIbTYp OapBHHKOM Sudan
IV na 21-my 100y miciis mo4arky aJudiolUTapHOTO
nudepeHIitoBaHHS BUSBUIIO HAsABHICTD JIiITI JHUX Kpa-
TedIb, AKi Oysr nodapOoBaHi B OpaHKeBUI KOJIIP Y LIUTO-
wra3mi Oumem Hik 54,7 + 6,2% B kynsrypax MCK
KicTkoBOro Mo3ky ta 24,6 = 7,3% — B KKX (puc. 3).

KinbkicTb KNiTUH, MIH Ha CM?2
Cell number, min per cm?

0 T T T T
0 3 5 7 10 14

Yac cnoctepexeHHsi, noba
Observation term, days

Puc. 1. lunamika pocty KKX Ta MCK KicTKOBOTO MO3KY
TTCIIsl 3aMOPOXKYBaHHA-BIITpiBY, 0-# macax (n = 5): O —
KKX; - MCK KicTKOBOTO MO3KY.

Fig. 1. Growth dynamics of CCCs and bone marrow MSCs
after freeze-thawing, 0 passage (n=15): 0 — CCCs; l—bone
marrow MSCs.

the number of cells per cm? was higher in CCC during
the whole observation term. It should be noted that at
34" passage the investigated cryopreserved cultures
had higher ability to proliferation versus passage 0.
This phenomenon is likely related from one side to the
suppression of proliferative activity after cryopreser-
vation and from another one it is associated with adap-
tation of cells to cultural conditions [6, 9].

The obtained experimental data as for the directed
differentiation of the studied cultures have shown that

Puc. 2. Kynsrypu KKX (A) i MCK kictkoBoro Mo3ky (B) micist 3aMopoxyBaHHS-BiairpiBy, 0-if macax, X250, cBiTiaoBa

MiKpockomisi, papOyBaHHs TeMaTOKCHIIIHOM 1 €O3MHOM.

Fig. 2. Microphoto of CCCs (A) and bone marrow MSCs (B) after freeze-thawing, 0 passage, X250, light microscopy,

hematoxylin and eosin staining.

= Npo6nembl
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Puc. 3. CnpsimoBane xounporenne aupepenuiroBanis KKX (A) i MCK kictkoBoro Mo3ky (B) micist 3amopoxyBaHHSI-
BiZlirpiBy, X250, cBiTiioBa Mikpockomis, hapOysanus Toluidine blue.

Fig. 3. Directed chondrogenic differentiation of CCCs (A) and bone marrow MSCs (B) after freeze-thawing, X250, light
microscopy, Toluidine blue staining.

Y Mop¢oJ10Tii KOHTPOIBHUX 3Pa3KiB 3a3HAYCHHUX 3MIH
He OyJI0 BUSBJICHO.

[Ipu nocnigkeHHi CIPSIMOBAHOTO XOHAPOTE€HHOTO
I epeHitoBaHHS NePILi 03HAKU 3MiHU MOP(OTIOTii y
Bunaaky MCK KiCTKOBOTO MO3KY CIIOCTepiraim Ha 3—
4-ty noOy KynbTHBYBaHHS Ta Ha 5—6-Ty 100y — y BH-
naaky KKX. 3 8- mobu xoHaporeHHoro audepeHiiro-
BaHHSI B KYJIBTYpax CIIOCTEpirajiv AiISTHKY 3 KOHLICHT-
pali€ro KIiTHH, OUTHITOI0 B MOPIBHSHHI 3 TUITHKAMUA
HaBkoJ10. [Tpu mogaspioMy crocTepekeHHi IiTbHICTh
KJIiTUH 3011b01yBanacs Ta Ha 21 -1ry 100y BiaMivanocs
YTBOPEHHS 0pOPMIICHHUX CTPYKTYP 13 3HAUHOIO MaCOF0
EKCTPAIEIIOISIPHOTO MaTPUKCY, MO IMiTBEPKYyBa-
nocs ¢papOyBanHaM KyiabTyp Toluidine blue Ha HasB-
HICTHb TpoTeorIikaHiB (puc. 4). 3aranbHui BiICOTOK
IudepeHITiioBaHIX y XOHAPOTEHHOMY HaPSAMKY KITi-
trH MCK KkicTkoBOTO MO3KY cTanoBuB 70,3 £5,6%, a
y Bunaaky KKX — 58,2 + 4,8%. Ilpu npomy o3HaK
CIOHTaHHOTO AudepeHuitoBaHHs Y MOP(]OIIOTii KOHT-
POTBHMX 3pa3KiB He criocTepiranocd. [lopiBHsIHHS 3a3-
HAYCHHUX KPIOKOHCEPBOBAHUX KYJIBTYp MOKA3aJI0, 110
MCK i KKX MaroTh 31aTHICTB 40 CIIPIMOBAHOTO MYJIb-
TUTIHIHHOTO ME3CHXIMaJIBHOTO MU EPEHITIFOBaHHS.

[lizcymoByt09HM OTpUMaHi AaHi, MOYKHA 3aKITIOUHUTH,
110 KpioKOHCEepBOBaHUM KyibsTypam MCK kicTkoBOTO
MO3KYy Ha MOYaTKOBHX €Tamax BJIACTHBI MOBiIbHA
npodtideparisi Ta BACOKHI NOTEHIial 10 AudepeHIito-
BaHH:. KynbTypH KIIITHH XOpioHa 32 OJTHAKOBHX YMOB
KpiOKOHCEPBYBaHHS MaJIM OUTBIITY 31aTHICTH JI0 TIPOITi-
¢epanii Ta HUXKUY — 10 AudepeHiroBanns, Hixk MCK
KicTKOBOTO MO3KY. [Topsiz i3 KiICTKOBUM MO3KOM, SIKHI
€ HalOUIBII TMOMHUPEHUM JHKEPEIOM CTOBOYPOBHUX
KJTIITHH, TKAaHWHA XOpioHa MOKe Oy TH aJIbTepHATUBHAM
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the first signs of adipocytic differentiation manifested
in the alteration of cell morphology (roundure, cyto-
plasm granulation) were found to the 5-7" day in case
of bone marrow MSCs and to the 8—10" day in the
case of CCC. Cytochemical staining of the studied
cultures with Sudan IV stain to the 21* day after the
start of adipocytic differentiation revealed the presence
of lipid drops which were colored orange in cytoplasm
more than 54.7 + 6.2% in cultures of bone marrow
MSCs and 24.6 +7.3% in CCCs (Fig. 3). In morphology
of the control samples no mentioned changes were
revealed.

When studying the directed chondrogeneic differen-
tiation the first signs of the changes in morphology in
case of bone marrow MSCs were observed to the 3—
4™ culturing day and to the 5-6™ in the case of CCC.
From the 8" day of chondrogeneic differentiation in
the cultures there were observed the sites of increased
concentration of cells if compared with the surrounding
ones. During following observation the density of cells
increased and to the 21 day there was noted the
formation of the shaped structures with a significant
mass of extracellular matrix, which was confirmed with
the staining of the cultures with Toluidine blue for the
presence of proteoglycans (Fig. 4). Total percentage
of differentiated towards chondrogeneic lineage cells
of bone marrow MSCs made 70.3 + 5.6% and in the
case of CCC it was 58.2 + 4.8%. Herewith no signs
of spontaneous differentiation in morphology of the
control samples were noted. The comparison of the
mentioned cryopreserved cultures has shown that
MSCs and CCC have the ability to the directed mul-
tilinear mesenchymal differentiation.
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Puc. 4. CipssmoBane ajunorense audepeniitoBants KKX (A) i MCK kictkoBoro Mo3ky (B) miciist 3aMopoxyBaHHS-BiirpiBY,
%250, cBiTi0Ba Mikpockotis, Gpapoysanus Sudan 1.
Fig. 4. Directed adipogenic differentiation of CCCs (A) and bone marrow MSCs (B) after freeze-thawing, X250, light
microscopy, Sudan IV staining.

JOKEPEJIOM TSl OTPUMAaHHS KYJIBTYp CTPOMAabHUX
KJTITHH.

Pesynbraty npoBeeHUX paHillie AOCTIIKEHb [2]
1o kpiokoHcepByBaHHI0 KKX mokasaiu, 1o onTumab-
HOIO € Tporpama 3 OXOJO/KeHHAM Bif 25 mo —6°C 3i
MIBUAKICTIO 1 Ipaji/XB, 3 HACTYITHUM CHIIHIOM Ta 0XO-
nomkeHHsM 10 —80°C 31 mBuakicTio 10 rpaa/xs i 3a-
HYpPEHHSIM Yy PiIKui a30T. BukopucranHs 3a3Ha4eHol
porpamu 3a0e3nedye micis BiAirpiBy Sk BUCOKY 30e-
pexenicTh monyisiii KKX B miioMy ()KUTT€31aTHICTD
82,4 £5,7% ta hopMyBaHHS MIITLHOTO MOHOIIIAPY HA
14-ty noOy KynbTHBYBaHHS), TaK 1 BIKUBaHHS (paKiii
MYJBTUIOTEHTHUX KIITHH. AHAJOTi4HI pe3yibTaTH
30epekeHHs MOPHODYHKITIOHATBHUX XapaKTEPUCTHK
KKX orpumani B 11iii poOO0Ti 3 BAKOPUCTAHHSM MPOrpa-
MU KPiOKOHCEPBYBAHHSI 3 TIOBITBHUM OXOJIOKCHHSIM.
ViMoBipHO, B mpomeci KyIbTHBYBaHHS CTPOMANIbHI
KJIITHHU HAOyBaIOTh CTIMKOCTI 10 MEPEOXOJIOKECHHS,
110 JIa€ MOXKJIMBICTh KOHCEPBYBATH 11l KJIITHHH Oe3 3a-
CTOCYBaHHS CHJIHTa 3 HU3BKOI IIBUAKICTIO OXOJIO-
JoKeHHs [4, 6, 9]. TakuM YHHOM, JUIsl CTaHAAPTH3AI
Ta CIPOIIECHHS MPOLIECY KPIOKOHCEPBYBaHHS CTOBOYPO-
BHX KJIITHH 3 PI3HUX JPKEPES MOKIHUBUM € BUKOPHC-
TaHHSI JIBOXETATHOT IPOTPaMH 3 HU3LKOFO IIBHIKICTIO
oxonomxkenns Ta cymimi 10% AMCO Ta 20% EC sk
KpIOIPOTEKTOPa, 0 J03BOJIsE 30€PErTH POCTOBI Xa-
PAKTEPUCTUKH Ta 3[aTHICTh IO CIPSIMOBAHOTO Aurde-
PpeHItifoBaHHSI. Pe3ysTari mpoBeIeHOTO A0 CITiKSHHST
Y3TO/DKYIOTHCS 3 IAHUMH POOIT 11010 BITMBY HU3LKO-
TEeMIIEPaTypHOT0 KOHCEPBY BaHHS Ha MOP(PODYHKITIO-
HajbHI BiaactuBocti MCK [4, 11-13, 18] Ta MOXYTh
BUKOPHCTOBYBATHUCS IIPU CTBOPEHHI KPioOAHKY Tiepc-
MIEKTUBHHUX JIIHIH KJIITHH CTPOMAITLHOTO TIOXO/KSHHS 3
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To summarize the data obtained one may conclude
that to cryopreserved cultures of bone marrow MSCs
at initial stages slow proliferation and high potential to
differentiation are inherent. Chorion cell cultures under
similar cryopreservation conditions has a high ability
to proliferation and lower one to differentiation if
compared with bone marrow MSCs. Along with bone
marrow which is the most wide spread source of stem
cells, chorion tissue can be an alternative source for
obtaining the cultures of stromal cells.

The results of the performed previously researches
[2] on cryopreservation of CCC have shown that opti-
mal one is the program with cooling from 25 down to
—6°C with the rate of 1 deg/min with following seeding
and cooling down to —80°C with the rate of 10 deg/min
and plunging into liquid nitrogen. Use of the mentioned
program provides after thawing both a high preserva-
tion of CCC population in a whole (viability of 82.4 +
5.7% and formation of dense monolayer to the 14®
culturing day) and survival of the fraction of multipotent
cells. The same results of preservation of CCC
morphofunctional characteristics were obtained in the
presented work using the cryopreservation program
with low cooling rate. During culturing process of stro-
mal cells are likely getting resistance to overcooling,
giving the possibility to cryopreserve these cells using
no seeding with low rate [4, 6, 9]. Thus to standardize
and simplify the cryopreservation process of stem cells
of different origins the use of two-stage program with
low cooling rate and mixture of 10% DMSO and 20%
FBS as cryoprotectants enabling to preserve the growth
characteristics and ability to directed differentiation is
possible. The results of the performed studies are in
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MO>KJIMBICTIO X HACTYITHOTO 3aCTOCYBaHHS JJIsl TIOTPeO
010TexXHOJIOT1i Ta KIITHHHOI Teparii.

BucHoBku

[IpoBeneHo moOpiBHAIBHE JAOCHTIIKCHHS BILTUBY
OJHAKOBHUX YMOB HHU3BKOTEMIIEPATYPHOTO KOHCEPBY-
BaHHS KYJBTYp KJIITHH CTPOMAJBHOTO TOXOKCHHS,
OTPHUMAaHHMX 3 Pi3HUX JHKEPE, & CaMe KiCTKOBOT'O MO3KY
Ta TKAaHWHH XOpioHA. BCTaHOBIIEHO, 1110 KPIOKOHCEPBY-
BaHHS JIOCIHKEHUX KYIIBTYP 3 3aCTOCYBAaHHIM HA3BKOT
mBUAKOCTI oxonopkeHHs (1 rpan/xB) no —80°C ta ce-
penosuia kpiokoHcepByBaHHS (10% JIMCO Ta 20%
EC) no3Bosisie 36epertu nilicHICTF MEMOPaHH KITITHH,
ix mposipepaTHBHI XapaKTEPUCTUKH Ta 3AATHICTH 10
CIPSIMOBAHOTO AU (epeHIIFOBaHHS.
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accordance with the data of the reports as for the ef-
fect of low temperature preservation on morphofunc-
tional properties of MSCs [4, 11-13, 18] and may be
used when establishing the cryobank of perspective
lines of the cells of stromal origin with their possible
following application for the demands of biotechnology
and cell therapy.

Conclusions

There was performed a comparative study of the
similar conditions of low temperature preservation of
cell cultures of stromal origin derived from different
sources namely of chorion tissues. It has been
established that cryopreservation of the studied cultures
using low cooling rate (1 deg/min) down to -80°C and
cryopreservation medium (10% DMSO and 20% FBS)
allows the keeping an integrity of cell membrane, their
proliferative characteristics and ability to the directed
differentiation.
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