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Pedrepat: CneuvanbHble TeXHNYECKME MPUEMbl KyNbTUBUPOBAHWUS KIETOK pa3HbIX OpPraHOB XMBOTHbIX M YerioBeka Mo3BOMsOT
nony4atb MynbTuKneTouYHble cdepouabl (MC), obecneudnBatoLme NPOCTPAHCTBEHHOE MUKPOOKPYXEHUE KMNEeTOK, B OTNn4YMe oT
CTaHAapTHOWM KynbTypbl, B KOTOPOW KIeTkn npebbiBaoT B MoHocnoe. PaHee nokasaHo, 4to u3 MC, dopmupyoimecs B Kynstype
KINeToK HaAno4Ye4YHVKOB HOBOPOXAEHHBIX MOPOCHT, BbICENSATCS HerpobnacTonogobHble KNeTKU, aKCnpeccupytole Mapkep HepoHoB
B-1ll-Ty6ynuH. B pnaHHow paboTte Bbinu anpobupoBaHbl pexuMbl kpnokoHcepsupoBaHust MC ¢ ncnons3oBaHuem 5, 7 n 10% pactesopos
anmetuncynegokenga (AMCO) n 25% detanbHon Tenavben cobiBopoTkn (FBS). Ha ocHoBe pesynbratoB aHanusa HeKOTOpbIX
XapaKkTepucTUK KpMokoHcepBupoBaHHbix MC (agresun k noBepxHOCTW, CMOCOBHOCTM K NpOAyLMpOBaHMo HepobnacTonoaobHbIx
KINEeTOK U (hOpMUPOBaHMIO MOHOCIOs hubpobnacTonofo6HbBIMU KneTkaMu) YyCTaHOBMEHO, YTO Hanbonee onTUMarnbHbIM Obin Pexum
KPUOKOHCEPBUPOBaHUSI CO CKOPOCTbIO oxnaxaeHuus 1 rpag/muH B npucytcteum 10% OMCO. [JobasneHve B cpeay FBS 3Haunmo He
BMWANO Ha pe3ynbTaT KPMOKOHCEPBUPOBAHWUS, HO MPU 3TOM OTMEYEHO YBenuyeHue BEepOSiTHOCTUBbICENeHUs HenpobnacTo- u
PunbpobnacTbnogobHbIX KNETOK U3 KPUOKOHCEepBUPOBaHHbIX MC.

KnioueBble crnoBa: MynbTUKIETOYHblE ceponbl, HaAMoOYeYHUKM, aumeTuncynsdgokena, B-11I-TybynuH, HelipobnacTononobHble
kneTkn, pmbpobnactononobHble KMNeTkM, HOBOPOXAEHHbIE MopocsiTa.

PedhepaT: CneuianbHi TexHiYHI NPUAOMU KYNbTUBYBAHHSA KNITUH Pi3HUX OpPraHiB TBapwWH i MOAWHWM 0O3BOMSOTbL OTPUMYBaTU
MynbTUKRITUHHI cdpepoign (MC), siki 3a6e3neyyroTb NPOCTOPOBE MIKPOOTOUEHHS KMiTWMH, Ha BigMiHY Bif CTaHAapTHOI KynbTypu, B
SIKi KNiITUHW NepebyBatoTb Y MoHoLwapi. PaHilwe nokasaHo, Lwo 3 MC, siki popMytoTbCs B KynbTypi KNiITUH HAAHUPHWKIB HOBOHAPOKEHNX
nopocsT, BUCENSATbLCA HelpobnacTonodibHi KniTUHK, Lo ekcnpecyTb Mapkep HelpoHiB B-llI-TybyniH. Y gaHin po6oti Gynu
npoTecTtoBaHi pexummn kpiokoHcepsyBaHHa MC i3 BukopuctaHHam 5, 7 n 10% posuunHis aumetuncynsdokengy (AMCO) i 25%
deTanbHOi Tenyoi cuposatkn (FBS). Ha ocHoBi pesynbraTiB aHanidy Aesakmx xapakTepucTuk kpiokoHcepBoBaHux MC (agresii go
NoBepXHi, 34aTHOCTI 10 NPOAYKYBaHHA HepobrnacTonodibHux KniTuH i hopmyBaHHs MoHoLuapy dibpobnactonofibHMMM KniTMHamm)
BCTAHOBIEHO, WO HanbinbLw onTumaneH1M 6yB pexuM 3i LBWAKICTIO oxonomxeHHs 1 rpaa/xe y npucytHocTi 10% AMCO. JonaBaHHs
FBS 3Hauylle He BNnuBano Ha pes3ynbTaT KPiOKOHCEPBYBaHHS, Xo4ya crnocTepiranacs TeHAeHUis Ao 36inbleHHst MMOBIpHOCTI
BUCENEHHS Helpobnacto- Ta ¢ibpobnacTonofibHmx KkniTuH i3 kpiokoHcepBoBaHux MC.

KniouoBi cnoBa: MynbTUKNITUHHI cdpepoinn, HagHUpHUKK, anmetuncynbdokena, B-111-tybyniH, HelipobnactonofibHi KNiTuHK,
pibpobracTonoAibHi KniTuHM.

Abstract: Application of special in vitro culture techniques for the cells, derived from different animal and human organs, makes
possible the obtaining of multicellular spheroids (MSs), being the natural 3-D environment for cells unlike the standard culture with the
cells in monolayer. Previously we have shown that MSs formed in the newborn piglet adrenal cell culture are capable to produce the
neuroblast-like cells, expressing the neuronal marker B-llI-tubulin. In the present work we have assessed the regimens for MSs
cryopreservation using 5, 7 and 10% dimethyl sulfoxide (DMSO) and 25% fetal bovine serum (FBS). Analysis of some characteristics
of cryopreserved MSs (surface adhesion, capability to produce the neuroblast-like cells and monolayer formation by fibroblast-like
cells) allowed to choose the cryopreservation regimen with 1 deg/min cooling rate in the presence of 10% DMSO as the most optimal
one. The FBS supplement to the medium did not significantly affect the cryopreservation outcome, although there was found a
tendency to increase the capability of cryopreserved MSs to produce the neuroblast- and fibroblast-like cells.

Key words: multicellular spheroids, adrenal glands, dimethyl sulfoxide, B-lll-tubulin, neuroblast-like cells, fibroblast-like cells, rats.

[Hony4yenne mynpTakiIeTOUHBIX cheponnos (MC)
SIBIISIETCS OAHUM M3 NEPCHEKTUBHBIX MTOJXOA0B KYJIb-
TUBUPOBAHUS KJIETOK pa3lIMYHbIX TKaHeH. [laHHbIN
[IOJIXOJl OCHOBAH Ha MPUPOAHON CKJIOHHOCTH KJIETOK
npeObIBaTh B OKPYKEHHU ceOe TIOI00HBIX B OTIIMYUE OT
KJIACCUYECKOW MOHOCJIOMHOM KYyJIBTYpbl, B KOTOPOH
KJIETKA KOHTAKTHPYIOT TOJBKO B OJHOM IUIOCKOCTH.
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The derivation of multicellular spheroids (MSs) is
one of the promising approaches in culturing the cells
of different tissues. This approach is based on a natu-
ral property of cells to function among similar ones, in
contrast to the classical monolayer culture, where the
cells contact in one plane only. Using the nutrient media
enriched with growth factors allowed to derive spheroid
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[Ipu ncnonp30BaHNM MUTATENBHBIX Cpe], 000TaIeH-
HBIX POCTOBBIMH (akTopamu, GpopmupoBanue che-
POMIHBIX CTPYKTYP OBLIO OTMEUEHO B KYJIBTypax, HOIy-
YEHHBIX U3 POTOBHUIIBI U CETYATKH IV1a3a, KOXKH, CEpLa,
rurnoduza, HaAMOYeUHHKOB [ 6, 8, 25,27, 30, 31], kieTok
onyxoneit [14, 17, 28]. B nacrosiee BpemMsi XOpoLIO
nzydensl MC, Gopmupyromumecs: U3 ornpeaeeHHbIX
o0Oxacreli Mo3ra (Hetipocdepsl) [15]. B crienmanbHbix
YCIOBUAX KYIBTUBHPOBAaHUS (KyJIbTHBHPOBAHUE Ha
HU3KO0QIT€3MBHON MOBEPXHOCTH, MOUIOKKE C TPEX-
MEpPHOI MUKPOCTPYKTYpPOH, B BUCAUEH KaIule, pOTa-
[IHOHHOE KYJIBTUBUpPOBaHHE) PopMupyrorcs MC u3
renaToIUTOB, KJIETOK MOJIOYHOM KeJe3bl, SIUTENNS
IpIXaTeabHBIX myTeit [11, 23-25].

MynBTHKIIETOUHBIE 00pa30BaHUs «XPOMOCHEPBD)
OBbLTH BBIZETICHBI M3 HAIIOYEYHUKOB YeJIOBEKa 1 ObIKa
[10, 26]. ITockonbKy KJIETKH B UX COCTaBe 00Jaanu
CIIOCOOHOCTBIO (P PEPEHIMPOBATHCS B HEHPOHATEHOM
HanpasJIeHUH, ObUla OTMEUYEHa MEePCHEeKTUBHOCTD UX
WCIOJIb30BaHUS ISl JISUEHHsI HEMpOoJereHepaTUBHBIX
3abosieBaHuii, B yactTHocTH Oose3nu [lapkuHcoHa.

B Hammix npeapitynmx paboTax u3 HaAMOYeIHUKOB
HOBOPOXKICHHBIX MOPOCST ObLTH moydeHsl MC [3],
13 KOTOPBIX BBICEISUTUCH HEHPOOIacTONom00HbIe KITeT-
ku (HBK), sxcnipeccupyroniie HelpoHaIbHBII MapKep
B-II1-TyGyses [ 7]. B cBsA3H € STUM IIEPCHIEKTUBHO J1ajTh-
Helmee nzydenrne MC 13 HaAMOYEYHUKOB KaK IIOTEH-
LUAJILHOTO UICTOYHUKA HEHPOHAJIBHBIX KIIETOK.

KpuokoHcepBupoBanue — 00enpruHATHII Cr1oco0
JIOJTOCPOYHOTO XpPaHEHUS KJIETOUHBIX KYJIbTYp U CyC-
neH3ui. OJTHAKO PEeXUMBI UX KPHOKOHCEPBUPOBAHUS
He Bcerna onTuManbHbl i MC, 4To cBA3aHO Kak ¢
Pa3HBIMH pa3MepaMK 3aMOPaKUBAEMOT0 00BEKTa, TaK
1 C ero Ka4yeCTBEHHBIMHU XapaKTepucTuKamu. B gact-
HOCTH, B cocTaBe MC KJIETKH HaXOZSATCS B TECHOM
KOHTaKTe JAPYT C JAPYTOM B OTIMYHE OT CyCHEH3UU
JUCCOLMUPOBAHHBIX KJIETOK. Kpome Toro, aneMeHTs
BHEKJICTOYHOT'O MaTPHUKCA BIHUSIOT HA TUHAMUKY (Hu-
3MKO-XHUMHYECKHX MPOIECCOB, IPOUCXOISIINX IPH 3a-
MOpaKUBaHNH.

F. Ehrhart u coast. [12] Ha npumepe KJI€TOYHOI
nuHun L1929 noxkazanu, 4to 11 KOHCEPBUPOBAHUS
OJIMHOYHBIX KJIETOK HauboJiee MOIXOAUT IPOHUKALO-
i kpuonpotektop AMCO, a st ceponoB 3T0M
YK€ JIMHUU — KPUO3aIlUTHAs cpejia Ha OCHOBE HEIpo-
HUKAIOMIEr0 KPUOMPOTEKTOPA TPETAI03bl. Y YUTHI-
Bas Mporpecc B 00JIaCTH TKAHEBOW MH)KEHEPHUH TPU
CO3JIaHUHU TPEXMEPHBIX OMOJIOTHYECKHX KOHCTPYK-
LIUH, SBJISICTCS aKTyallbHOW pa3paboTka PeKUMOB
KPHUOKOHCEPBUPOBAHHSI MHOTOKJIETOYHBIX OOBEKTOB.
MynbTUKIIETOUHBIE C(PEepOH I, TOTyUYEeHHBIEC U3 HA-
[TOYEYHUKOB CBUHEU, MOTYT CIYXUTh MOJEIBIO JJIs
pa3paboTKu PEKUMOB KPUOKOHCEPBUPOBAHUS, TIOC-
KOJIbKY IO HEKOTOPHIM (PU3HOJIOTHUYECKUM 1 OMOXUMHU-
YECKHUM TapaMeTpaM OpraHu3M CBUHBHU CXOJICH C Ye-
noBedeckuMm [19].
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structures in culture cells from eye cornea and retina,
skin, heart, pituitary, adrenal glands [1, 4, 22 , 24, 30,
31], tumor cells [10, 13, 26]. The MSs, formed from
the certain brain areas (neurospheres) are to date well
studied [11]. Under special culture conditions (cultiva-
tion on a low-adhesive surface, a substrate with 3D
microstructure, in hanging drop, rotational cultivation),
the MSs were formed from hepatocytes, mammary
cells, respiratory tract epithelium [7, 19, 21, 22].

Multicellular formations, called as ‘chromospheres’,
were isolated from human and bovine adrenal glands
[6, 23]. Since the cells being the part of these spheres
were capable to differentiate in neuronal direction, their
use was considered to be promising for using in therapy
of neurodegenerative diseases, in particular Parkinson's
disease.

Previously, we derived the MSs from the newborn
piglet adrenal glands [25], and observed the migration
of neuroblast-like cells (NBCs) out of the MSs, which
expressed the neuronal marker B-I1I-tubulin [3]. In this
context the further study of MSs from adrenal glands
as a potential source of neuronal cells is optimistic.

Cryopreservation is now a standard way for long-
term storage of cell cultures and suspensions. Never-
theless, the regimens of cryopreservation being optimal
for a single cell are not always good for MSs due to
both different sizes of treated object and its qualita-
tive characteristics as well. In particular, the cells
within MSs are in a close contact with each other, in
contrast to the suspension of dissociated cells, and, in
addition, the elements of extracellular matrix affect
the dynamics of physicochemical processes occurring
during freezing.

For example, F. Ehrhart et al. [8] used L929 cell
line and showed the penetrating cryoprotectant DMSO
to be the most suitable for a single cell preservation,
and the cryoprotective medium, based on non-penet-
rating cryoprotectant trehalose was the most approp-
riate for the spheroids constituted from cells of the
same line. Taking into account the progress in tissue
engineering and ongoing progress in producing 3D
biological matrices, the development of cryopreser-
vation regimens for multicellular objects is now a to-
pical task. Multicellular spheroids, derived from pig
adrenal glands may be the model to design the cryo-
preservation regimens, since the pig organism is similar
to human one by some physiological and biochemical
parameters [15].

This research was aimed to design the cryopreser-
vation regimen for multicellular spheroids from neonatal
pig adrenal glands.

Materials and methods

The cell suspension was derived from the adrenal
glands of 1-2-day-old piglets of Large White and Ukrai-
nian Meat breeds. After extraction the organs were
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Iens paboThI — pa3paboTka pexxuMa KPHOKOHCEP-
BUPOBaHUA MYJIBTUKJICTOYHBIX C(bepOI/I,ZIOB U3 HEOHA-
TaJbHBIX CBUHBIX HA/IMTOYEYHUKOB.

MartepuaJjbsl 1 MeTOABI

CycrneH3Ho KJIETOK MOJydalu U3 HaJAIO4YeyHH-
KOB 1—2-CYyTOYHBIX HOPOCAT MOPOJ KpyIHas Oernasi u
yKpauHckas MsicHas. [locne u3BneueHus oprassl mo-
Melanu B oxyaxaeHnyto cpeny DMEM/F12 («Bio-
westy, @panius) ¢ pactBopeHHbIME B Helt 200 Ex/min
OensuneHumuIMHa, 200 MKI/MI1 cTpenToMuiiiHa (oda
MIPOU3BOJICTBA «ApTEepryM», YKpanHa), S MKI/MII aM-
(horepurtnaa B («Biowest») 1 m3Menpuam Ha (parMeH-
ThI pazmepoMm 10 1 mm®. dparMeHTsl TKaHU MOBEP-
raiu 2—3-KpaTHOH OTMBIBKE CPeIoi C aHTHOMOTHKAMH
1 hepMeHTaTUBHOIN 00paboTKe B pacTBOpE, COAEpIKa-
mem 1 mr/mi koyutarenassl Tuna [A («Sigmay, CILIA)
u 0,1 mr/mn JIHKa3s1 («Sigmay) mo metoxy O.C. Cu-
JIOPEHKO U CcOaBT. [3].

KomnmuecTBo 1 COXpaHHOCTB KIIETOK B ITOJTyYEHHON
CYCIICH3MH OLIEHUBAJIH 110 CTaHAAPTHOW METOAMKE C
nomorpio okpamuBanus 0,4%-M pacTBOpoM TpHuma-
HOBOTO CHHETO, KOTOPBIM AO0ABISIN K CYCIIE€H3UU
KJIETOK B cooTHomeHu# 1:1. B cpeqnem coxpanHOCTh
MTOJTy9E€HHBIX KJIETOK cocTaBisiia 85-90%.

Knerku kynsruBupoBain Ha cpene DMEM/F12 ¢
nobasinenneM aHTHOMOTHKOB (200 Exn/mit Oenzumime-
HuwunHA U 200 MKT/MIT CTpenTOMUIMHA), aM(boTe-
putuHa B (5 mxr/mi), 10% FBS npu 37°C u conep-
anuu B atmochepe 5% CO,. Jlns KynbTHBHPOBaHUS
HCTIOJIb30BAJIM IJIACTUKOBBIE yallky [ leTpu miomaasto
8,8 ecm? (HIJI «I'panym», YkpanHa) v ¢ HU3KOAre31B-
HOH MOBEPXHOCTHIO. JIJIs OTy4EHNsT HU3KOaATe3HB-
HOH moBepxHOCTH yamku [lerpu oOpadaTsiBamu 1O
meroxy J.A. Hammarback u coasr. [16]. [ToceBHast koH-
HeHTpanus cocrapisiia 2,5-5 X 10° ki/mi (Bcero 2 mi
Ha yamky [letpu). 3aMeHy MOJI0BUHBEI 00bEMa CPEIIbI
OCYIIECTBIISTN KaKple 3—4 mHsI.

Ha 10-e cyTku KyJIbTHBHPOBAHUS (PIIOTUPYIOIIUE
MC nepenocunu u3 vamek llerpu B 24-nmyHouHBIE
mnanmeTsl (« TPPy, 1IBelimapus) u ocTaBisuIn Ha
20 muH. Ilpn stom MC, CKOHUEHTPUPOBaHHEIE B
LEHTPaJbHON YacTH JIYHOK IJIaHIIETa, aKKypaTHO
0TOHMpaJIK € MOMOILBI0 MUKPO03aTOpa U COONpau B
onny npooupky. [lonosuny MC nepeHocunu B Kpuo-
npobupku («Thermo Fisher Scientificy, CILIA) mis
JATTbHEHIIIEr0 KPHOKOHCEPBUPOBAHMS, a IPYTYIO (KOHT-
pOJIb) — TIOMEIIANN B CTAHAAPTHBIE YCIOBUS KYJIbTH-
BUPOBaHUS (aAre3MBHAS TTOBEPXHOCTh, cpea DMEM/
F12 ¢ no6asnenuem antudbnoruxoB n 10% FBS npu
37°C un conepxanuu B armochepe 5% CO,).

st kpruokoHcepBUpoBaHus K oopasuam MC npu
KOMHAaTHOW Temreparype 100aBisuTd PaBHBIA 00beM
COOTBETCTBYIOIICH KPHUO3AIIUTHOU Cpellbl JBOMHOM
koHUeHTpauuu. [locne 10-MuHYTHOH MHKyOanuu B
KPHO3AILUTHOMN cpezie 00pa3ibl KpHOKOHCEPBUPOBAIIH
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placed into a cooled medium DMEM/F12 (Biowest,
France) supplemented with 200 U/ml Benzylpeni-
cillin, 200 pg/ml Streptomycin (both produced by
Arterium Corporation, Ukraine), 5 ug/ml Amphoteri-
cin B (Biowest), then disintegrated into the frag-
ments up to 1 mm? in size. The tissue fragments were
washed 2-3-times with antibiotic media and enzy-
matically treated in the solution containing 1 mg/ml
of collagenase type IA (Sigma, USA) and 0.1 mg/ml
DNase (Sigma) according to the method of O.S. Si-
dorenko et al. [25].

The cell amount and survival in the resulting suspen-
sion was assessed according to the standard tech-
nique with 0.4% trypan blue, added in 1:1 ratio to cell
suspension. Survival of the resulting cells was 85-90%
in average.

Cells were cultured with DMEM/F12 medium, sup-
plemented with antibiotics (200 U/ml Benzylpeni-
cillin and 200 pg/ml Streptomycin), Amphotericin B
(5 pg/ml), 10% FBS at 37°C and 5% CO,. Plastic
Petri dishes of 8.8 cm? culture area (Granum, Ukraine)
and low-adhesive surface were used for cultivation.
In order to obtain a low-adhesive surface, the Petri
dishes were treated according to J.A. Hammarback
etal. [12]. The cell inoculating concentration was 2.5—
5 x 10° cells/ml (totally 2 ml per Petri dish). Half of
the medium was replaced every 3—4 days.

To day 10 of culture, the floating MSs were trans-
ferred from Petri dishes to 24-well plates (TPP, Swit-
zerland) and left for 20 min. During this period the
MSs concentrated in the central part of the plate wells
and thereafter were carefully taken with a micropipette
and collected into one vial. Half of the MSs was trans-
ferred into the cryovials (Thermo Fisher Scientific,
USA) for further cryopreservation, and the other
half (control) was placed under the standard culture
conditions (adhesive surface, DMEM/F12 medium
supplemented with antibiotics and 10% FBS, 37°C
and 5% CO,).

To perform cryopreservation the MSs specimens
were supplemented with an equal volume of the corres-
ponding double concentrated cryoprotective medium
at room temperature. After a 10-minute incubation in
a cryoprotective medium, the specimens were cooled
with 0.5 and 1 deg/min rates down to —40°C with prog-
rammed freezer ZP10 (Special Designing and Tech-
nical Bureau with Experimental Unit, Institute for
Problems of Cryobiology and Cryomedicine of the NAS
of Ukraine) and then immersed into liquid nitrogen.

The cryoprotective media containing DMSO and
FBS are usually applied for neurosphere cryopreser-
vation [5]. We applied the cryoprotective media of
following composition: DMEM/F12 with 5; 7 and 10%
DMSO (final concentration), as well as DMEM/F12
with 5; 7; 10% DMSO together with 25% FBS (final
concentration).
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co ckopoctsaMu oxyaxzaeHus 0,5 u 1 rpag/MuH 10
—40°C na mporpamMmmHOM 3amopaxuartene «3[110»
(CKTE ¢ OI1, UTIKuK HAH Ykpaunsr) npu nocnemyto-
LIEM MOTPYKEHUH B KHUIKUH a30T.

Jist KpHOKOHCEPBUPOBAaHUS HEHpochep UCTIOIb-
30BaJIM KPHO3AILUTHBIE CPE/Ibl HA OCHOBE KPUOIIPOTEK-
topa JIMCO u FBS [9]. B nannoii pabore npumeHsim
crenyromue kpuo3amurtHeie cpeas: DMEM/F12 ¢ 5;
71 10% JAMCO (xoHedHas KOHLIEHTPAIHs), a TAKKe
DMEM/F12 ¢ 5; 7; 10% JIMCO B couerannu ¢ 25%
FBS (koHeuHast KOHIICHTPAIIHS).

OO0pa3Iiel OTOTPEBANN HA BOISIHONW OaHe TIPH TeM-
nieparype 37°C, IepeHOCHIIN U3 KPHOTIPOOUPOK B TYH-
KU TUTAHIIETa, J00aBISIIM JBOWHON O00BEM Cpelbl
DMEM/F12 1 KOHIEHTPUPOBAJIH KaK OMHCAHO PaHee.
[Ipu mocnenyromem no3TamHoM 100aBIEHUH KYJIBTY-
pansHo# cpeast DMEM/F12 ¢ 10% FBS nocrenenno
cHikanu koHneHTpauuo JJMCO 1o 0,4 %. Cornacao
paHee MOJyYeHHBIM JaHHBIM MPUCYTCTBUE B Cpele
KpuoImpoTekropa B koHueHtpanuu 0,1-0,5% neznaun-
TETHHO BIUSET Ha MOKa3aTenn (yHKIIMH KIETOK [4].
Ha cnemyromue cyTku cpety OJHOCTBIO MEHSITH U TTPO-
JOJDKaU KyasTuBHpoBanre MC B cTaHIapTHBIX YCIIO-
BUsIX (aJre3wBHAs TIOBEPXHOCTH, cpera DMEM/F12
¢ no6asnerremM anTuONOTHKOB U 10% FBS mpu 37°C
u conepxkanuu B armocdepe 5% CO,). Cpeny KyinbTH-
BHUPOBAHMS B KOHTPOJIbHBIX (HEKPHOKOHCEPBUPOBAH-
HBIX) M OTIBITHBIX (KPHOKOHCEPBUPOBAHHBIX ) 00pa3iax
MEHSIJIM Yepe3 YETBEPO CYTOK.

AnresuBHyto criocooHocTh MC omnpenernsiiu uepe3
CYTKH MOCIE pa3MOpaXMBaHMS U HAXOXKICHUS B
YCIOBHAX KyJIbTUBHUPOBaHUS. OTHOCHTEIBHOE KOJIU-
4yecTBO NpuKperieHHbIX MC BBIYMCIISIN 110 hopMyIie:

4= (1-DdMC/OMC) x 100%,

rne @MC — konudectBo Quotupyrouux MC; OMC —
obmiee kommaectso MC.

Bricenenne HBK u3yuanu mocie pazmopaxku-
BaHuss MC ¥ HaXOXJeHUs MX B yCJIOBHS KYyJIbTH-
BHpOBaHHus B TeueHue 1, 4 u 9 cyrok. OTHOCUTENBHAS
cnocooHocTh MC K BBICENIEHHUIO HelpoOaacTonomo00-
HBIX KJIETOK BBIYHMCIISUTN 1O (hopmysie:

B = (BMC/IIMC) x 100%,

rne BMC —xonnuectBo MC ¢ BBICETMBIINMHUCS KIIET-
kamu; [IMC — xonnuectBo npukpenusmuxcs MC.
Jlnst onpenenenust sxkcrpeccuu PB-11I-tyOynuna
HCITOJIb30BAJIN TIEPBUYHbIE MBIIIHHbBIE aHTHTENA K [3-
[I-Ty0ynuny («Abcamy, BexukoOpuranus) B pa3se-
nennd 1:200 u BropryHbIe K03b1 anTUMBITIMHBIE Hilyte
Fluor 488-konbrorupoBanubie antuTena («Abcamy) B
pasBenenuu 1:400. OOpasipl GUKCHUPOBAIN B TEUCHHUE
15 mun B pactBope 4%-ro nmapadopmanbaeruia
(«Sigmay) na PBS. Ilepmeabunu3annto npoBOIMIN B
pactBope 0,3%-ro Triton X-100 («Sigma») na PBS B
teuenne 10 muH. Hecneunduueckoe cBs3bpiBaHHE
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The specimens were thawed in a water bath
at 37°C, then transferred from cryovials into plate
wells, filled with a double volume of DMEM/F12
and concentrated as described previously. During fur-
ther stepwise supplement of DMEM/F12 with 10%
FBS, the DMSO concentration was gradually decrea-
sed down to 0.4%. According to the previous findings,
the cryoprotectant presence in the medium in 0.1-0.5%
concentration insignificantly affected the indices of
cell function [27]. Next day the medium was comp-
letely changed and MSs were cultured then under
the standard conditions (adhesive surface, DMEM/F12,
supplemented with antibiotics and 10% FBS, 37°C and
5% CO,). The culture medium in the control (non-
cryopreserved) and experimental (cryopreserved) spe-
cimens was changed after 4 days.

Adhesive capability of MSs was determined one
day after freeze-thawing and being under culture
conditions. A number of attached MSs was calculated
by the following formula:

A = (1 — FMSs/TMSs) x 100%,

where FMSs is a number of floating MSs; TMS is the
total amount of MSs.

The migration of NBCs cells out of spheres was
studied after MSs freeze-thawing and culture during
1,4 and 9 days. The capability of MSs to 'produce' the
neuroblast-like cells was calculated by the following
formula:

B = (PMSs/AMSs) x 100%,

where PMSs is a number of MSs with observed
migration of cells, AMSs is a number of attached MSs.

The anti-beta I1I-tubulin primary antibodies (Abcam,
UK) in 1:200 dilution and the HiLyte Fluor 488-
conjugated secondary goat anti-mouse antibodies
(Abcam) in 1:400 dilution were used to determine the
B-IIT tubulin expression. The specimens were fixed
for 15 min in 4% paraformaldehyde solution (Sigma)
in PBS. Then they were permeabilized in 0.3% Triton
X-100 solution (Sigma) in PBS for 10 min. Non-spe-
cific antibody binding was blocked with PBS contai-
ning 0.1% Triton X-100, 1% bovine serum albumin
(Sigma), 0.3 M glycine (Reanal, Hungary) for an hour
at room temperature. The specimens with primary
antibodies were incubated at 4°C overnight and after-
wards three times washed with PBS. The incubation
with secondary antibodies was done at room tempe-
rature for 30 min in the dark, and then PBS was remo-
ved thrice.

Microphotography was performed with the AmScope
IN300T-FL light-optical microscope (AmScope, USA)
and the Axio Observer Z1 fluorescent microscope
(Carl Zeiss, Germany).

The monolayer formation rate was assessed visually
using inverted microscope, to do this 10—-15 MSs were
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aHTuTen OyokupoBanu pactBopoMm PBS, comepixka-
miem 0,1% Triton X-100, 1% Oprabero CEIBOPOTOTHOTO
anpOymuHa («Sigmay), 0,3 M munuaa («Reanaly,
Benrpusi) Ha npoTsHKEHUH Yaca IPU KOMHATHON TeM-
niepatype. THKyOarwo 00pa3iioB ¢ IepBUYHBIME aHTUTE-
JaMu IpoBo AU 1pH 4°C Ha MPOTSKEHNUH HOUM, 3aTEM
Tprx bl otMbeiBai PBS. MukyOamuo co BTOpUYHbI-
MU aHTHTEJIaMH MIPOBOJMIN MIPU KOMHATHOM TeMIie-
patype B TeueHue 30 MUH B TEMHOTE, 3aTEM TPIIKIBI
ormeiBas PBS.

Mukpo(pOTOCHEMKY OCYIIECTBIISUTH C TTOMOIIBIO
CBETOONTHYECKOTO MUKpockomna «AmScope IN300T-
FL» («AmScope», CILIA) 1 (iryopeciieHTHOr0 MUKPOC-
roma «Axio Observer Z1» («Carl Zeiss», 'epmanns).

Jiist u3yueHus CKOpocTu 00pa3oBaHMs MOHOCIIOS
0J] BU3yaJIbHBIM KOHTPOJIEM C ITOMOIbBIO0 HHBEPTHU-
poBanHOro Mukpockona 10—-15 MC pacnpenensnu B
KaK/1yI0 JIYHKY [UIAHILIETa C aAr€3MBHON IIOBEPXHOCTHIO.
Ha pasnbie cyTkn ¢ukcupoBanu oOpa30oBaBLIMICS
MOHOCJION KIIETOK B pacTBope 4%-ro napapopmaib-
JeTUa ¥ OKPAIINBAIH FeMAaTOKCUIIMHOM U 03WHOM.
KoH(IF09HTHOCTE MOHOCIIOS OLICHUBAJIH B TIPOICHTAX.
J1s 3TOrO CKaHMPOBANIM AHO TJIAHINIETA HAa CKaHEpe
«Epson Rerfection V10» («Epson», Smorwns). [Inomas
MOHOCJIOS OTpPEAeNsain C MOMOIIBI0 MPOTPAMMBI
«AxioVision Rel. 4.8 («Carl Zeiss»). OTHOCHUTEIBHYO
IUIOLIAIb MOHOCJIOS BBIYUCIISUIN IO hopMyIIe:

S=S /S x 100%,

rae S — IJIoMaab y4acTka ¢ OKPALIEHHBIMH KJIET-
Kamu, S — IUIONIa/b JIyHKH.

KonuuectBenHbie JaHHBIE SKCIIEPUMEHTOB MPE-
CTAaBJISLUIM B BUJIE CPEIHETO 3HAYCHUS + CTAHIaPTHOE
oTkioHeHne. CTaTUCTUIECKYIO 3HAYMMOCTh OIICHH-
BaJIM C IOMOIIBIO OAHO(AKTOPHOTO AUCTIEPCHOHHOTO
aHaM3a, 3HAYMMBIMU CUATAIH paznuawst ipu p < 0,05.

Pe3yabTarsl U 00cy:xKaeHHE

B nareii npeapiayiieii padore [2] ObL10 MoKa3aHo,
YTO B YCJIOBUSAX, PEMATCTBYIOIIMX aATE3UH, KIETKN
¢dbopmupyroT HeOonbIINE (DIOTUPYIOIINE arperatsl,
KOTOpPBIE HA 5—6-€ CYyTKU MPHOOPETAIOT NPABUIIbHYIO
chepuueckyio Gopmy. [lannbie oOpa3zoBaHus Mpea-
craBisiioT coboit MC, Bkmrouaroniue 30—40 KIETOK.
[Ipu pganpHeiimem kynsruBupoBanus MC npuoOpe-
TaIOT BHUJ] YE€TKO OUEPUYEHHBIX IUIOTHBIX KOHITIOMEPATOB
13 MOPQOJIOTHUECKH OJTHOPOIHBIX KIIeTOK. braromapst
nposnepanum KIETOK B TEUCHUE KYJILTUBUPOBAHHUS
yBenuauBaeTcs pasmep MC, mpu 3TOM UX CpeaHUi
nmuametp Ha 10—11-e cytku cocrasmster 100—120 Mxwm;
26-28-e cytku — 160—180 mxm. KonmraectBo hopmupye-
MbIx MC npubnusurensHo cocraisier 1,5 Ha 1 MiH
KJIETOK, U3HAYaJIbHO IOMEIEHHBIX B KyJIbTYpy [2].

MynpTHKIeTOUHBIE chepousl, cHopMUpOBaB-
mvecs Ha 10-e CyTKH U3 KJIETOK HaJIIOY€YHUKOB HOBO-
POXAEHHBIX OPOCST MPH KyJIbTUBUPOBAHUU B yCIIO-

326

put into each plate well with an adhesive surface. The
formed cell monolayer was fixed in 4% paraformal-
dehyde solution on different days and stained with
hematoxylin and eosin. The monolayer confluence was
estimated as a percentage. For this purpose the plate
bottom was scanned with Epson Rerfection V10 scan-
ner (Epson, Japan). The area of monolayer was deter-
mined using the AxioVision Rel. 4.8 software (Carl
Zeiss). The relative monolayer area was calculated
by the following formula:

S=S /5 x100%,

where S is the site area with stained cells, and S is
the well area.

The quantitative experimental data were presented
as the mean value standard deviation. Statistical signi-
ficance was assessed using a one-way ANOVA, the
differences at p < 0.05 were considered as significant.

Results and discussion

Our previous findings [20] demonstrated that the
cells under adhesion-preventing conditions formed the
small floating aggregates, acquired a regular spherical
shape to days 5—6. These formations represented the
MSs consisting of 3040 cells. With further culture,
the MSs acquired the shape of dense conglomerates
with sharp contours consisting of morphologically
homogeneous cells. Due to the cell proliferation du-
ring culture the size of MSs increased, herewith their
average diameter to days 10—11 and 26-28 was 100—
120 pm and 160—-180 pum, respectively. The number of
formed MSs was approximately 1.5 per 1 million cells
initially placed into the culture [20].

The multicellular spheroids, formed to day 10 from
the newborn piglet adrenal cells cultured under low
adhesion to the substrate, were cryopreserved (Fig. 1).
For cryopreservation of the adrenal gland-derived MSs,
we tested the cooling rates of 0.5 and 1 deg/min, re-
ported for neurosphere cryopreservation [5, 33]. Se-
ries of cryoprotective media with 5-10% DMSO, as
well as 25% FBS as a supplement to cryoprotective
medium, were also tested.

It is known that molecular structures of cells, res-
ponsible for their attachment to the substrate, may be
damaged during cryopreservation [14]. Supported with
this fact, the assessment of an adhesive capability
of frozen-thawed cells is one of the most common me-
thods for testing their state. After cryopreservation in
the media of different composition with two selected
cooling rates (0.5 and 1 deg/min), the specimens were
thawed and placed under the standard culture condi-
tions (adhesive surface, DMEM/F12 medium sup-
plemented with antibiotics and 10% FBS, 37°C and
5% CO,).

The intact (control) MSs, transferred from the low-
adhesive conditions onto the adhesive surface, atta-
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BHSAX HU3KOH air€3uH K MOIIOKKE, TOJIBEPTalid KPHO-
KoHcepBupoBaHuio (puc. 1). Jlng KpruokoHCcepBHU-
poanust MC, osy4eHHbIX U3 Ha{IOYEUHHUKOB, ObLTH
anpoOupoBaHbl ckopocTH oxiaxaenus 0,5 u 1 rpan/
MHH, KOTOpPBIE UCIOJIB3YIOTCS NIl KPHOKOHCEPBU-
poBanust Helipocdep [9, 33]. Takxke ObLT MPOTECTH-
poBaH psia kpuo3amuTHbIX cpen ¢ JMCO B KOHLIEHT-
paun 5-10%, a Taxxe FBS B konuenTpanuu 25% B
Ka4ecTBe J00aBOYHOTO KOMIIOHEHTa K KPHO3AIINT-
HOU cpee.

N3BecTHO, 4TO B TIpo1iecce KpUOKOHCEPBUPOBAHUS
MOTYT TOBPEXAATHCA MOJEKYISIPHBIE CTPYKTYPHI
KIIETKH, OTBETCTBEHHBIC 32 HX MPHUKPEILICHHE K CY0-
crpary [18]. YuuTsiBas naHHbli Gakt, OAHUM U3 00-
LIETPUHSATHIX METOAOB TECTUPOBAHUS COCTOSHUS pa3-
MOPOKEHHBIX KJIETOK SIBJISIETCS OLIEHKA MX aJIr€3UBHON
criocoOHoCTH. [Toce KproKOHCEepBUPOBAHUS B Cpeax
Pa3IUYHOIO COCTaBa MPH ABYX BEIOPAHHBIX CKOPOCTAX
oxnaxaenus (0,5 u 1 rpag/mMuH) oOpasisl pazmopa-
YKUBAJIM M TOMEILAJIN B CTAHJAPTHBIE YCIOBUS KYJIBTH-
BUpPOBaHUsI (a/Ire3UBHAst IOBEPXHOCTH, cperia DMEM/
F12 ¢ no6asnennem antnbmorukos u 10% FBS npu
37°C u conepxanun B armochepe 5% CO,).

WnTaktHeie (koHTpOdbHBIE) MC, mTepeHeceHHbIe
13 HU3KOA/INe3MBHBIX YCIIOBUH Ha a/Ir'€3WBHYIO TIOBEPX-
HOCTb, MPUKPEIUIIINCH B TEYSHNE HECKOIBKUX YacOB.
[Tocne nepBbIX CYyTOK aAre3uBHAs CIIOCOOHOCTDH KOHT-
poabHbIX 00pa3noB MC cocrasisiina (85,1 £ 17,0)%
(puc. 2).

[Tocne xpuokoncepsupoBanus MC coxpassiin
CHOCOOHOCTh K MPHUKPEIUICHUIO, OHAKO 3TOT MOKa-
3aTelb U3MEHSIICSA B 3aBUCUMOCTH OT COCTaBa Cpebl
1 CKOpOCTH oxJylaxaeHNd. CTaTUCTUYECKH 3HAaYNMOE
YMEHBILICHNE aJIT€3UBHOM CIOCOOHOCTH 110 CPAaBHEHHUIO
C KOHTpOJIEM HaOIIO/IAIOCh IPH HUCIIOIBE30BAHUH CPE
¢ 5u 7% AMCO nipu 00eHX CKOPOCTIX OXJIAXKICHHS.
Hawnyumine mokaszarenu aJire3uBHON CIIOCOOHOCTH
MC OpuH TOTyYeHBI TPU KOHCEPBUPOBAHUH B KPHO-
sammtHOH cpere ¢ 10% JAMCO u 25% FBS mpu cko-
poctu oxnaxknenust 0,5 rpag/muH (73,3 + 14,6)%. Kpome
TOTO HE HAOIIOAANIOCH CTATUCTHYECKH 3HAYUMOM pa3-
HULBI MEXly HHTAaKTHBIM KOHTpPOJIEM U 00pa3lamu,
KPHOKOHCEPBUPOBaHHBIMU B ripucyTctBrn 10% IMCO
npu 1 rpag/mMuH.

Panee nokazano [7], uro uz MC, nosiy4eHHbIX U3
HAJII0Y€YHIKOB HOBOPOXKACHHBIX ITOPOCST, BBICEIIS-
torest HBK, sxcnipeccupyromiue cienuduyeckuit Mmap-
kep Heitpobnactos B-III-ry6Oyaun. Ha manrom srare
HCCIIeIOBaHUS HEOOXOAMMO OBIIIO TPOBEPUTH, COXpa-
HSETCs JIn To00Hoe cBoiicTBO MC 1mociie KpHOKOH-
CepBHUPOBAHUS.

YcTaHOBIEHO, YTO KPHOKOHCEPBUPOBAHUE BIUSET
Ha criocoOHOCTh KieTok MC K IpoaynpoBaHuIO HEll-
po01acTOnoJ00HBIX KIIETOK. B HHTaKTHBIX 00pa3max
MC Beicenenne HBK HaunmHanoce Ha IpOTSHKEHUH
24 4 mocne NOMEeUIeHHs UX Ha aJre3uBHYIO MOBEPX-
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Puc. 1. MynbTukneTtodHole cdepounabl, copmMmnpoBaB-
wmneca Ha 10-e CyTKM U3 KINEeTOK HafNnoYe4YHNKOB HOBOPOXK-
[OEHHbIX MOPOCAT NP KYNbTUBMPOBAHUM B YCIIOBUSIX HU3KOWA
afre3nn K noarnoxke.

Fig. 1. Multicellular spheroids, formed to day 10 from the
newborn piglet adrenal cells in culturing under low adhe-
sion to the substrate.

ched within several hours. After the first day, an
adhesive capacity of the MSs control specimens was
(85.1 £17.0)% (Fig. 2).

After cryopreservation, MSs were able to attach,
but the estimated index of adhesion varied depending
on the medium composition and cooling rate.A sta-

100
90 -
80 -
04— — —
60 -
50 - . .
40 - «

KoHTponb
Control T

20 A
10
0_ T T T T T 1

5% 5%+FBS 7% 7%+FBS 10% 10%+FBS
KoHueHTpaumsa OMCO
DMSO concentration
Puc. 2. AgresmsHas cnocobHocTe MC, kprnokoHcepBUpo-
BaHHbIX B cpeaax ¢ pasHbiM coctasom. Il — 0,5 rpag/muH;
O — 1 rpag/mMuH; cnnowHas NUHUA — CpefHue 3HadyeHus
agresvn B KOHTPOMeE; MYHKTUPHAs NUHWUS — CTaHOapTHoe
OTKIMOHEHWE CPEeAHEro 3HayeHusi aare3un B KOHTpone; * —
OTMNMYUS 3HAYNMbI MO CPaBHEHMUIO C KOHTponem, p < 0,05.

Fig. 1. Adhesive ability of MSs, cryopreserved in media of
various composition. l — 0.5 deg/min; O0— 1 deg/min; solid
line — average values of adhesion in the control; dotted
line — standard deviation of the average adhesion value
in the control; * — differences are significant in comparison
with the control, p < 0.05.

ApresusBHas cnocobHoctb MC, %
Adhesive ability of MS, %

327




Puc. 3. BbiceneHve HenpobnactonogobHbix knetok na MC, nonyyeHHbix U3 Ha4NnoO4Ye4YHUKOB HOBOPOXAEHHBIX MOPOCAT
B TeyeHne 10 CyTOK KynbTMBMPOBAHUSI HA HU3KOAATe3NBHOWM NOBEPXHOCTY M MOCHEeAyoLIero nepeHoca Ha aare3anBHyIo
noBepxHocTb: A — nHTakTHble MC, B — kprnokoHcepBrpoBaHHbie MC.

Fig. 3. Migration of NBCs out of MSs, obtained from adrenal glands of newborn piglets during 10 days of culturing
on a low-adhesive and subsequent transfer to adhesive surface: A — intact MSs, B — cryopreserved MSs.

HOCTh (puc. 3, A). B Teuenne 9 cyTok KOIM4ecTBO
MC c¢ Bricenenuem HBK Bo3zpactano ¢ 39 mo 58%
(puc. 4). B xpuokoHcepBUpOBaHHBIX 0Opasnax MC
TaKke HaOII0MAIOCh BRICEIICHHE KIETOK (puc. 3, B).
Bo Bcex o0pasiax, KpHOKOHCEPBUPOBAHHBIX CO CKO-
poctbio oxnaxaeHus 0,5 rpan/muH, konnuectBo MC
¢ BeicenenneM HBK Bo Bce nccienoBanHble BpeMeH-
Hble nHTepBatbl (1,4 19 cyToK) ObUIO 3HAYMMO MEHBILIE
10 CpaBHEHHMIO ¢ KOHTpoJieM (puc. 4, A). I1pu kpruokos-
CEpPBUPOBAHUH CO CKOPOCTBIO OXJIaXKAeHUsI | rpas/MuH
B pacTBopax ¢ koHueHtpauuei JIMCO 5 u 7 % taxxe
Habronanock 3HaunMoe ymennienue MC c Beicene-
aueMm HBK 1o cpaBrenuto ¢ koaTponem (puc. 4, B).

Haubosbmiast coxpanaocts MC ¢ Boicenenrem HBK
ObLIa OTMEYeHa B CiIy4ae KPUOKOHCEPBHPOBAHUS CO
CKOPOCTBIO OXJIaXIeHUs | Tpaji/MUH B IPUCYTCTBUH
10% JAMCO c 25% FBS. IIpu aTom Ha 4- u 9-e cyTkn
nx KonndecTBoO coctaBisio (40,5 £ 14,3) u (41,4 +
10,0)% (B xoutpose (40,4 = 12,2) u (58,1 + 8,4)%
COOTBETCTBEHHO).

UToObl yCTaHOBHUTD, COXPAHSIETCS JIN IKCIIPECCHUS
B-III-TyOynuHa B HEHpoOIACTOMOJOOHBIX KIETKaX
ocjie KPMOKOHCEPBUPOBAHUS, HAMH OBUIH MpOBE-
JIeHbl IMMYHOLIUTOXUMHUYECKUE HcciaeqoBanus. s
aHanm3a ucrosb3oBan MC ¢ Hanbosiee BHICOKUMH
MOKa3aTesIMH BhICENICHHSI HEHPOOIacTONO 00HBIX
kieTok. [locne KprokoHCepBUPOBaHHUS CrieIU(pIUec-
koe MeueHue anturenamu K B-1I1-tyGynuny Habmr0-
nanock B MC u Beicensromuxcs n3 aux HBK (puc. 5),
XapakTep ¥ MHTEHCUBHOCTH OKPAIIIMBAHHS KOTOPHIX HE
OTJIMYAJIMCH OT HE3aMOPOKEHHBIX 00pa3LOB.

Kak Obuto moxazano panee [3], B MC npucyter-
BYIOT prOpo01acTOII0A00HbIE KIETKH, KOTOPBIE BBICE-
JIAIOTCS TP NIEPEHECEHNH B aATr€3UBHBIE YCIOBUS H
(hopMHPYIOT MOHOCIION NPHU MOCIEIYIOMEM KYJIbTH-
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tistically significant decrease in adhesive capacity if
compared to the control was observed when using the
media with 5 and 7% DMSO and both cooling rates.
The biggest index of MSs adhesive ability was obtai-
ned after freeze-thawing in a cryoprotective medium
with 10% DMSO and 25% FBS at a cooling rate of
0.5 deg/min (73.3 £14.6). In addition, there was no
statistically significant difference between the intact
control and the samples cryopreserved in the presence
of 10% DMSO at 1 deg/min.

It has been previously shown [3] that the NBCs,
expressing a specific marker of neuroblasts B-II1-
tubulin, migrate out of the MSs, obtained from the
adrenal glands of newborn piglets. In this research it
was necessary to check whether such a property of
MSs was kept after cryopreservation.

It has been established that cryopreservation
affected the ability of MS to ‘produce’ NBCs. In
non-frozen-thawed samples the migration of NBCs
started within 24 hours after placing the MSs on
adhesive surface (Fig. 3A). Within 9 days the amo-
unt of MSs with the migrating NBCs increased from
39 to 58% (Fig. 4). In cryopreserved MSs, the cell
migration was also observed (Fig. 3B). In all the samles
cryopreserved at a cooling rate of 0.5 deg/min, the
number of MSs with the migrating NBCs was sig-
nificantly lower than in the control within all the in-
vestigated time intervals (1, 4 and 9 days) (Fig. 4A).
Following cryopreservation with a cooling rate of
1 deg/min in the solutions of 5 and 7% DMSO, we also
have found a significant decrease in MSs with migra-
ting NBCs if compared to the control (Fig. 4B).

The highest preservation rate of the MSs with the
migrating NBCs cells was noted in the case of cryopre-
servation with a cooling rate of 1 deg/min in the presence
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0f 10% DMSO and 25% FBS. Herewith
< 60 - A I to day 4 and 9 their number made
= (40.5+14.3) and (41.4+ 10.0)% (in the
%é 50 - control these were (40.4 + 12.2) and

323 z (58.1 £ 8.4)%, respectively).
2 240 A To determine whether -III-tubulin
& e expression is preserved in NBSs after
é I= 30 1 s cryopreservation, we performed immu-
35 20 - , * ne cytochemical staining. For the ana-
S i % , ? lysis we have selected the MSs with
=2 10 - Lso * *s s the highest migration of NBSs. Specific
Wt s i illi labeling with antibodies to 3-III-tubulin
0 - . . . . . was observed in the post-thaw MSs
5% 7% 10% KOHTpOrb and r.nigrat.ing NBC.S (Fig. 5), the nqture
Control and intensity of staining did not differ

KomuerTpatus IMCO from the un-frozen samples.
DMSO concentration As it was shown earlier [25] the
70 fibroblast-like cells were present in
the MSs, which were migrating follo-
60 1 B wing the transfer to the adhesive condi-
S tions and forming a monolayer during
:‘, g 50 A subsequent culturing. Such a monolayer
L @ 40 4 serves as a ‘feeder’ providing the proli-
s5 feration of neuroblasts and formation
% = 30 - s of networks made of the cell processes.
@5 # HE In this regard, the preservation of a sub-
%E 20 4 .« ‘s ¥ population of fibroblast-like cells is
g . important when choosing the cryopre-

g 10 A * * . servation regimen.

== ii‘ ‘r*-ix‘ When the thawed MSs were trans-
0 - ' ' ' ' ' - ferred to culture plates with adhesive
5% 7% 10% KoHTponb  surface, monolayer formation was slo-
Control wed down if compared to the control

KoHueHnTtpauus OMCO
DMSO concentration

Puc. 4. KonuyectBo MC c BbiceneHnem HBK B TedeHne 9 cyTok KynbTu-
BupoBaHua: MC, kpuokoHcepBupoBaHHble npu 0,5 (A) u 1 rpag/muH (B).
M - 1 cyTku; O—4 cytku; O- 9 cyTky; *# ¥ — 3HAaUMMBIE OTNNYUS MOKa3aTens
BbICENEHNs1 B COOTBETCTBYIOLLME CYTKN KYNbTUBMPOBAHWUSI MO CPaBHEHMIO

C KOHTpornem, p < 0,05.

Fig. 4. Number of MSs with migrating NBCs within 9 days of culturing:
MSs, cryopreserved at 0.5°C/min (A) and at 1°C/min (B). - 1 day;
O- 4 days; O - 9 days; *#* ® — significant differences in migration index
for corresponding day of culturing as compared to the control, p < 0.05.

BHPOBaHUH. Takol MOHOCIION CITYKHUT «(HUICPOM» IS
paspacTtanus HeHpoOIacTOB ¥ POPMHUPOBAHUS CeTEH
U3 X OTPOCTKOB. B CBSI3U € 3TUM coxpaHeHue cyono-
nysinud puopo61acTonon00HBIX KIETOK SIBISETCS
Ba)XHOH 3a7jauell mpu BbIOOpE peKUMa KPUOKOHCEP-
BUPOBAHUSI.

[Ipu nepenecennu pasmopoxeHHbx MC B KyJbTy-
paJIbHBIE IUIAHILIETHI C aAre3UBHOM MOBEPXHOCTHIO (hOp-
MHUPOBaHUE MOHOCJOSI 3aMEISUIOCHh 110 CPaBHEHHIO
C KOHTPOIBHBIMU (HE3aMOPOKEHHBIMH) 00pa3namMu
(puc. 6). B xouTpone 90%-i MmoHOCTOI PprbpodnacTto-

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 4, 2017

(non-frozen-thawed) samples (Fig. 6).
In the control, a 90% monolayer of fib-
roblast-like cells was formed to day 7
after MSs transfer. In the wells with
cryopreserved MSs only 3—6% mono-
layer was formed at this time of culti-
vation. The highest potential for mono-
layer formation was retained by MSs
samples, frozen-thawed with cooling
rate of 1 deg/min in cryoprotective me-
dia containing 10% DMSO (Fig. 6A).
The monolayer was not formed in the
samples frozen-thawed with a cooling rate of 0.5 deg/
min in cryoprotective media, containing 5 or 10%
DMSO (Fig. 6B).

Cryopreservation of cell suspensions is widely used
in biology and medicine for a long-term storage of cell
lines, reproductive and somatic cells [2]. For this pur-
pose, various cooling regimens have been developed
and the compositions of cryoprotective media optimal
for each cell type have been selected. Nevertheless,
cryopreservation of multi-cell systems, including the
MSs, is more complicated, since during freezing their
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Puc. 5. TunuyHble n3obpaxeHus KOHTponbHbIX (A, B) n kpnokoHcepBupoBaHHbIx (C, D) MC, okpalleHHbIX aHTUuTenamm
Kk B-11l-Ty6ynuHy (3eneHas cnyopecueHums). N3o6paxeHuna npeacrtaBneHbl B pexume dnyopecueHumm (A, C) n
npoxopsiem ceete (B, D).

Fig. 5. Typical images of control (A, B) and cryopreserved (C, D) MSs, stained with antibodies to B-llI-tubulin (green

fluorescence). Images were made with fluorescencent (A, C) and transmitted light microscopy (B, D).

OJTOOHBIX KJIETOK 00pa30BbIBAJICS HA 7-€ CYTKH IOCIIe
nocesa MC. B kpuoxoncepsupoBanabix MC Ha nan-
HOM CPOKE KYJIbTUBUPOBaHUS GopMHpOBaIOch 3—6%
MoHocos. [Ipr 3ToM HanGOIBIINIT TOTEHIHAT COXpa-
Hsuti 00pa3ubl MC, KOHCEpPBUPOBaHHBIE CO CKOPOCTHIO
oXJIaXJeHHus | rpaJ/MUH B KPHO3ALIUTHBIX Cpenax,
conepxkammx 10% JAMCO (puc. 6, A). MoHocI0#1 He
(dopmupoBaics B o0Opa3nax, KOHCEPBUPOBAHHBIX CO
CKOPOCTBIO oxnaxxkaenus 0,5 rpag/MuH B KpUO3aILUT-
HBIX cpenax, copepxanmx 5 u 10% JIMCO (puc. 6, B).

KpuokoHcepBUpoOBaHUE KIETOYHBIX CYCIEH3UM
LIMPOKO MPUMEHSIETCSI B OMOJIOTUU U METUIIHE /IS
JOJITOCPOYHOTO XPAHEHHUS KJIETOYHBIX JIMHUH, peTpo-
TyKTUBHBIX U COMaTHYeCcKuX kietok [1]. msa aroit
ey pa3paboTaHbl pa3TUYHbIE PEKUMBI OXJTAKACHUS
Y I0A00paHbI ONTUMAJIBHBIE [T KAYK0T0 THTIA KIIETOK
COCTaBBl KPHO3ALIUTHBIX cpefl. OHaKo KpHOKOHCEp-
BHPOBaHHE MHOTOKJIETOYHBIX CHUCTEM, B TOM UHCIIE
MC, siBisiercst Gosee CI0KHOM 3a1auei, OCKOJIbKY B
Ipoliecce 3aMOPaKUBAHUSI MOYKET OBITh HAPYILICHA UX
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structure may be damaged. Therefore, the development
of cryopreservation protocols, aimed at preserving the in-
tegrity of the three-dimensional cell aggregates, viability
and functional properties of their cells, is essential.

For each type of bioobject during cryopreservation,
the optimal cooling rate, type and concentration of the
cryoprotectant should be selected. Many methods of
cryopreservation have been tested in the colonies of
neural stem cells, i. e. the neurospheres. In the report
of F.C. Tan et al. [29] it was emphasized that cryopreser-
vation with a low cooling rate (1 deg/min) reduced the
viability of cells in the neurosphere by 30% if compared
to the cells subjected to the vitrification of the sample.
Despite the fact, most contemporary cryopreservation
protocols are based exactly on the method used for
neurospheres, and include cooling rate of 1 deg/min and
cryoprotective medium with 10% DMSO [5, 17, 33].

Using the MSs obtained from adrenal glands of new-
born piglets we have evaluated the efficiency of free-
zing at two low cooling rates (0.5 and 1 deg/min) and
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CTPYKTypa. B CBSA3M C 3THUM aKTyallbHBIM SIBIISIETCS
pa3paboTka MPOTOKOJIOB KPHOKOHCEPBHUPOBAHMS, HaTl-
paBiiCHHAs HA COXPAHEHHUE LIETOCTHOCTH TPEXMEPHBIX
KJIETOYHBIX arperaToB, KU3HECTIOCOOHOCTU U (PyHK-
LMOHAIBHBIX CBOUCTB MX KJIETOK.

Jist KpHOKOHCEPBUPOBAHUS KaXKJOro THIA OHO-
00beKkTa He0OX0ANMO NMOA0OPATh ONTUMANIBHYIO CKO-
POCTh OXJIAXKJCHHUS, BUJ U KOHLIEHTPALIHIO KPUOIIPO-
TekTopa. MHOTHe CriocoObI KPHOKOHCEPBUPOBAHMS OBLITH
anmpoOMpPOBaHBI HA KOJIOHUSIX HEHPAIbHBIX CTBOJIOBBIX
KJIETOK — Helipocdepax. B padore F.C. Tan u coast. [29]
YCTaHOBHMIIN, YTO KPUOKOHCEPBUPOBAHHE C HU3KON CKO-
pocthio oxnaxaeHus (1 rpag/mun) Ha 30% cHUXKaeT
YKU3HECTIOCOOHOCTH KJIETOK B COCTaBe Helpocdep 1mo
CPaBHEHUIO C BUTPU(UIMPOBAHHBIMHU KleTKaMu. [Ipu
9TOM B HACTOSIILIEE BPEMSI UCIIOJIb3YETCsl CTaHAAPTHBIH
IIPOTOKOJI KPHOKOHCEPBUPOBaHUS HEHpocep, BKITIO-
YalOLIMH CKOPOCTh OXJIXKACHUS | Tpaji/MHUH U Kpro3a-
LIUTHYIO cpexy Ha ocHoBe 10% JIMCO [9, 21, 33].

B pabore na MC, noiy4eHHbIX U3 HAAOYEYHHKOB
HOBOPOXJAECHHBIX TIOPOCAT, HAMH Obla OIleHeHa d(-
(EeKTUBHOCTH 3aMOPaKUBAHUS MPU JIBYX HHU3KHUX
ckopoctsx oxyaxaenus (0,5 u 1 rpaj/MuH) ¥ Kpro3a-
IIUTHBIX CpeJ Ha OCHOBe KpuorpoTektopa JMCO
B KoHIIeHTparuu ot 5 10 10%. Kpome toro, 6611 1mM0-
Jy4eH 3HAYUTENbHBIN CTA0MIN3UpYIOMHid dpdeKT
[5, 13, 22], a Tak)ke MPOTECTUPOBAHBI CPEBI C MPH-
cyrctBueM FBS. Ha ocHOBe ananmn3a pe3yiasTartoB H3y-
YEHHs XapaKTEePUCTUK KPHOKOHCEPBUPOBaHHBIX MC
(crocoOHOCTB K aare3uu, BbiceaeHnto HBK kietok u
(hopMupoBaHHIO MOHOCIIOS HPUOPOOIIACTONIOIOOHBIMU
KJICTKaMH1 ) MOKHO 3aKJIIOYUTh, YTO HanOoIiee mpueM-
JIEMBIM SIBIIIETCSI PEKHUM C HCIIOJIB30BAHHEM CKO-
POCTH OXJIaXACHUSI | TpaJi/MUH 1 KpUO3AIIUTHOM CPE/IB,
coaepxamenr 10% AMCO. Hobasnenue 25% FBS
3HAYMMO HE BIIUSJIO HA PE3yJbTaT KPHOKOHCEPBHPO-
BaHU, HO TIPY ATOM HAOJTIO/1aIach TeHICHITHS K TIOBBI-
meHuto crocooHocT MC, 3aMOPOKEHHBIX B CPEJIE C
CBIBOPOTKOH, K BBICEJICHHIO HelpobiacTo- u Gpudpo-
0JIaCTOMOO0OHBIX KIIETOK.

W3BecTHO, 4TO KPHOKOHCEPBUPOBAHUE BIHSET HE
TOJILKO Ha COXPAHHOCTh CTBOJIOBBIX/IIPOTEHUTOPHBIX
KJICTOK pa3HbIX TKaHEH, HO ¥ Ha KX CTIOCOOHOCTH K TU(-
(hepentposke [20, 32]. B Hammx SKcriepuMeHTax ycra-
HOBJICHO, YTO TOCJIe KOHCEPBUPOBAHHS CO CKOPOCTHIO
oXJIaKaeHMsI 1 rpaji/MUH B KPUO3AIMTHOH Cpe/ie, CO-
nepkameir 10% JIAMCO, coxpansuiach ClioCOOHOCTh
MC x Bricenennto HBK kieTok. Dkcnpeccus mapkepa
Heiipo6actos B-111-tyOynuna B kyasTrype MC, kpro-
KOHCEpBHPOBAHHBIX B JAHHOM DPEKHUME, COOTBETCT-
BOBaJia TAKOBOW B MHTAKTHOU KynbType MC.

BriBoaBI

Kpuoxoncepsuposanre MC, nosryueHHbIX U3 Hajl-
[IOYEYHUKOB HOBOPOXKICHHBIX IIOPOCST, CO CKOPOCTBIO
oxJaxknenus |1 rpaj/muH B cpesie Ha ocHoBe 10% JIMCO

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 4, 2017

cryoprotective media based on DMSO at concentra-
tions ranging from 5 to 10%. Considering the significant
stabilizing effect of FBS [9, 18, 28], some media con-
tained this substance . The analysis of characteristics
of cryopreserved MSs (ability to adhere, migration of
NBCs and forming a monolayer with fibroblast-like
cells) allow us to conclude that the most acceptable
mode is the application of a cooling rate of 1 deg/min
and a cryoprotective medium containing 10% DMSO.
The supplementing of the media with 25% FBS did
not significantly affect the outcome of cryopreservation,
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Puc. 6. OTHocuTEeNbHasA nnowanb MOHOCIOS, hopMupye-
Moro cpubpobnactonogobHeIMK KneTkamu B TedeHne 15 cy-
TOK KyNbTMBUPOBaHUSA, Nocrne KpuokoHcepsuposaHus MC
co ckopocTbto oxnaxaenus 0,5 rpag/muH (A) n 1 rpag/muH
(B) n nx nepeHoca B KynbTyparnbHble MMaHWeThbl C agre-
3MBHOW NMoBepxHOCTbIo. KoHueHTpauumn AMCO n FBS: € —
5%; A —7%;0-10%; & 5% + FBS; M-7% + FBS; A —
10% + FBS.

Fig. 6. Relative area of monolayer formed by fibroblast-
like cells during 15 days of culturing after cryopreservation
of MSs at cooling rate of 0.5 deg/min (A) and 1 deg/min (B)
and transferring them to culture plates with adhesive
surface. Concentrations of DMSO and FBS: € — 5%; A —
7%;0—-10%; & —5% + FBS; M—7% + FBS; A —10% + FBS.
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MO3BOJISIET COXPAHUTh HX CIIOCOOHOCTH K MPHUKpEILIe-
HUIO, & TAKKe, KAK MUHUMYM, JIBYX CYOIOTYJISIIUHA Kie-
TOK: (POPMHPYIOLIUX MOHOCTIOH (hUOpoOIacTOB 1 BBICE-
JSIFOIMXCSl HEHPOOIacTONO00HBIX KIETOK.
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albeit there was a tendency to an increased migration
of neuroblast- and fibroblast-like cells out of the MSs,
frozen-thawed in medium with the serum.

It is known that cryopreservation affects not only
the survival of stem/ progenitor cells of different tissues,
but also their ability to differentiate [ 16, 32]. Our experi-
ments demonstrated that after cryopreservation with
a cooling rate of 1 deg/min in a cryoprotective medium
containing 10% DMSO, the ability of the NBCs cells
migration out of MSs was kept. The expression of neuro-
blast B-1I1-tubulin marker in MSs culture, cryopreser-
ved according to this combination, corresponded to that
in MSs intact culture.

Conclusions

Cryopreservation of the MSs, derived from the ad-
renal glands of newborn piglets at a cooling rate of
1 deg/min in a 10% DMSO medium enabled the retaining
of spheres’ adhesive ability, as well as the survival of
at least two subpopulations of cells: monolayer-forming
fibroblast-like and migrating neuroblast-like cells.
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