Probl Cryobiol Cryomed 2017; 27(4): 322-333
https://doi.org/10.15407/cry027.04.322

lopurMHanbHoe uccnegoBaHue research articlel

YOK 57.043:576.3:611.451:591.147
E.M. lNMnakcuHa, O.C. CngopeHko, I'A. Boxxok*

KpuokoHcepBupoBaHue MynbLTUKNETOUYHbIX cheponaos,
NONyYeHHbIX U3 HaAMNOYe4YHUKOB HOBOPOXOEHHbLIX MOPOCAT

UDC 57.043:576.3:611.451:591.147
E.M. Plaksina, O.S. Sidorenko, G.A. Bozhok*

Cryopreservation of Multicellular Spheroids Derived
From Newborn Piglet Adrenal Glands

Pedrepat: CneunanbHble TeXHUYECKME MPUEMbl KyNbTUBUPOBAHWUS KIETOK pa3HbIX OpPraHOB XMBOTHbIX M YerioBeka Mo3BOMsoT
nony4atb MynbTuKneTouHble cdepouabl (MC), obecnednBatoLime NPOCTPAHCTBEHHOE MUKPOOKPYXEHUE KMNEeTOK, B OTNn4YMe oT
CTaHAapTHOWM KyrnbTypbl, B KOTOPOW KIeTkn npebbiBaloT B MoHocnoe. PaHee nokasaHo, 4to u3 MC, dopmupyroimecs B Kynstype
KINeTOK Haano4Ye4YHVKOB HOBOPOXAEHHBIX MOPOCAT, BbICENSATCS HerpobnactonogobHble KNeTkn, aKCnpeccupytolne Mapkep HepoHoB
B-1lI-Ty6ynuH. B pnaHHol paboTte 6binu anpobupoBaHbl pexuMbl kprokoHcepBrpoBaHus MC ¢ ncnonb3oBaHuem 5, 7 n 10% pacTtBopoB
anmetuncynbgokcnga (OAMCO) n 25% deTtanbHon Tensvben cbiBopoTkn (FBS). Ha ocHoBe pesynbraTtoB aHanm3a HEKOTOPbIX
XapaKTepucTuK KpuokoHcepBupoBaHHbix MC (agresun k noBepxHOCTW, CMOCOBHOCTM K NPOAyLMpOBaHUO HerpobnacTonoaobHbIx
KINEeTOK U (hopMUPOBaHMIO MOHOCIos hubpobnactonodo6HbBIMU KneTkaMu) YyCTaHOBMEHO, YTO Hanbonee onTUMarnbHbIM Obin Pexum
KPVOKOHCEPBMPOBAHUS CO CKOPOCTbIO oxnaxaeHust 1 rpag/muH B npucytcteun 10% OMCO. Oob6asneHve B cpeay FBS 3Haunmo He
BMWANO Ha pe3ynbrTaT KPMOKOHCEPBMPOBAHWUS, HO MPU 3TOM OTMEYEHO YBEenuyeHue BEepOSiTHOCTUBbICENeHUst HenpobnacTo- u
PunbpobnacTbnogobHbIX KNETOK U3 KPUOKOHCepBUpPOBaHHbIX MC.

KnioueBble crnoBa: MynbTUKNETOuHble cdheponapl, HagnoveyHukn, anmeTtuncynodokeng, B-11-TydbynuH, HeripobnacTonofobHble
kneTkn, pmbpobnactonogobHble KNeTkM, HOBOPOXAEHHbIE MopocsiTa.

PedbepaT: CneuianbHi TeXHIYHI NPUAOMU KYNbTUBYBAHHS KNITUH Pi3HWMX OpPraHiB TBapwWH i MOAWHWM 0O3BOMASTbL OTPUMYBATU
MynbTUKRITUHHI cdepoinn (MC), siki 3a6e3neyytoTb NPOCTOPOBE MIKPOOTOUEHHS KMiTWMH, Ha BigMiHYy Bif CTaHAapTHOI KynbTypu, B
SIKi KNiTUHW NepebyBatoTb Y MoHoLwapi. PaHilwe nokasaHo, Lwo 3 MC, siki popmytoTbCs B KynbTypi KNiITUH HAAHUPHWKIB HOBOHAPOXKEHNX
nopocsT, BUCENSATLCS HelpobnacTtonodibHi KniTUHK, Lo ekcnpecyTb Mapkep HelpoHiB B-IlI-TybyniH. Y gaHin po6oTi Gynu
npoTecToBaHi pexumn KpiokoHcepByBaHHA MC i3 BukopuctaHHsam 5, 7 n 10% posumHie gumetuncynsdokengy (AMCO) i 25%
deTanbHOi Tenyoi cupoBatku (FBS). Ha ocHOBi pesynbTaTiB aHanisy AesikMx xapakTepucTuk kpiokoHcepsoBaHux MC (agresii go
NoBepXHi, 34aTHOCTI 0 NPOAYKYBaHHA HepobnacTonofibHux KniTuH i popmyBaHHs MoHoLuapy gibpobnactonofibHMMKU kniTMHaMw)
BCTaAHOBMEHO, L0 HaNbinbLL oNTUManbHUM ByB pexum 3i LIBMAKICTIO oxonodx)eHHs 1 rpaa/xe y npucyTHocTi 10% AMCO. JoaaBaHHs
FBS 3Hauylle He BNNMBano Ha pesynbTaT KPiOKOHCEPBYBaHHS, Xo4ya crnocTepiranacs TeHAeHuis Ao 36inbleHHst MMOBIpHOCTI
BUCENEHHSI HelpobnacTto- Ta ibpobnacTtononibHMx KniTuH i3 kpiokoHcepBoBaHuUx MC.

KnrouoBi cnoBa: MynbTUKNITUHHI cdpepoian, HagHUPHUKK, aumMetuncynbdokeng, B-111-tybyniH, HelipobnactonofibHi KNiTUHK,
hibpobnacTtonoaibHi KNiTUHN.

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-Ill-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-Ill-tubulin, neuroblast-like cells, fibroblast-like cells, rats.

[Monyuenne mynsrukineTounsx cheponnon (MC)
SIBIIIETCSL OAHUM U3 TIEPCIEKTUBHBIX IMOIX0/I0B KYJIb-
TUBMPOBAHUS KJIETOK Pa3INYHBIX TKaHeW. [laHHBIN
MOJIX0Jl OCHOBAH Ha MPUPOAHON CKIOHHOCTH KJIETOK
MpeObIBaTh B OKPY>KEHHUHN ceOe MOI00HBIX B OTIIMYHE OT
KJIACCUYECKOM MOHOCJIOMHOM KyJIBTYpbI, B KOTOPOI
KJIETKM KOHTAKTUPYIOT TOJIBKO B OIHOW IUIOCKOCTH.
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The derivation of multicellular spheroids (MSs) is
one of the promising approachesin culturing the cells
of different tissues. This approach is based on a natu-
ral property of cellsto function among similar ones, in
contrast to the classical monolayer culture, wherethe
cellscontact in one plane only. Using the nutrient media
enriched with growth factorsallowed to derive spheroid
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[Ipu rcronp30BaHUM MUTATETBHBIX CpeJl, 00oTalIeH-
HBIX POCTOBBIMH (hakTOopamu, hopmupoBanue cde-
POMIHBIX CTPYKTYp OBLIO OTMEUEHO B KYJBTypax, HOy-
YEeHHBIX U3 POTOBHILIBI M CETYATKH 1232, KOXKHU, CEPALa,
runodusa, HaanoueuHuKoB [ 6, 8, 25, 27, 30, 31], kietok
omyxouneii [14, 17, 28]. B HacTosiiee BpeMsi XOpOIIO
nzydensl MC, Gopmupyromumecs: U3 ornpeeeHHbIX
obnacreii Mmo3ra (Heiipocdepsr) [15]. B cnenmnanbHbIx
YCIOBHUSAX KyJIbTUBUPOBaHUS (KYJbTHBHPOBAHUE HA
HU3KOAJITe3UBHOW MMOBEPXHOCTH, MOJJIOKKE C TPeX-
MEpPHOM MUKPOCTPYKTYpPOM, B BUCSUEH Karje, poTa-
IIHOHHOE KyIbTHBHpOBaHue) popmupyrorcs MC u3
rernaToluTOB, KICTOK MOJOYHOM Kele3bl, SIMUTEIHSI
IBIXaTenbHBIX myTeit [11, 23-25].

MynBTHKIIETOUHBIE 00pa30BaHUsI «XPOMOC(HEpPBI»
OBbLTH BBIZICTICHBI M3 HAJMOYEYHUKOB YeJIOBEKa 1 ObIKa
[10, 26]. [TockonbKy KJIETKH B UX COCTaBe 0OJaaliu
CIOCOOHOCTBIO TP PEPEHIIMPOBATHCS B HEHPOHATIBHOM
HarnpaBJeHUH, ObUla OTMEYEHa MEePCHEeKTUBHOCTD HX
WCTIONIB30BaHUS IS JICUCHHsI HeHpoJereHepaTHBHBIX
3a0oJIeBaHuii, B YacTHOCTH OoJie3Hu [lapkuHcoHa.

B Hammx mpeabiaymux padoTax u3 Ha[IOYeUHHUKOB
HOBOPOX/ICHHBIX TOPOCAT ObLTH mosydensl MC [3],
13 KOTOPBIX BBICEISUIUCH HEHPOOIacTOMmoA00HbIe KITeT-
ku (HBK), skcripeccupyroniie HelpOHaIbHBIN MapKep
B-111-TyOysmus [ 7]. B cBsI31 ¢ STUM NEPCIIEKTUBHO JaTh-
Heimee nzydenne MC 13 HaAMMOYEIHUKOB KaK IOTCH-
IUaJIbHOTO HCTOYHHUKA HEHPOHAIBLHBIX KIIETOK.

KpuokoHcepBupoBaHue —00MIEPUHSATEIHN C110CO0
JIOJITOCPOYHOTO XPAHEHUSI KIIETOUHBIX KYJIBTYP U CyC-
nen3uit. OJTHAKO PEKUMBI UX KPHOKOHCEPBUPOBAHHUS
He Bcerna onTuMaibHbl st MC, 4To CBsI3aHO Kak C
Pa3HBIMU pa3MepaMu 3aMOPAKHUBAEMOT0 00BEKTa, TaK
M C €r0 Ka4eCTBEHHBIMHU XapaKTepUCTUKaMu. B vact-
HOCTH, B coctaBe MC KJIETKH HAXOMAATCS B TECHOM
KOHTaKTe APYr C APYTrOM B OTJIWYHE OT CYCIICH3UH
JUCCOIMUPOBAaHHBIX KJIEeTOK. Kpome Toro, 31eMeHThI
BHEKJIETOUYHOI'O MAaTPHUKCa BIUSIOT HA TUHAMUKY (H-
3UKO-XMMHYECKHX MPOLECCOB, MPOUCXOISIINX ITPH 3a-
MOpPaKUBaHUH.

F. Ehrhart u coasrt. [12] Ha npumepe KI€TOUHOMH
muann L929 mokasanu, 4To JUIsT KOHCEPBUPOBAHHUS
OJIMHOYHBIX KJIETOK HauOoJiee MOAXOIUT MPOHUKATO-
it kpuornpotekTop JAMCO, a st cheponoB 3Toi
e JIMHUU — KPUO3aIUTHAS Cpejia Ha OCHOBE HEIpO-
HUKAIOIIEr0 KPUOMPOTEKTOPa TPErano3bl. Y UHTHI-
Basi MPOrpecc B O0JIACTH TKAHEBOH WH)KEHEPUH TMPH
CO3/1aHUU TPEXMEPHBIX OMOJOTHYECKHX KOHCTPYK-
UH, SBISIETCS aKTyalbHOH pa3pabdoTKa peKMMOB
KPHOKOHCEPBHUPOBAHHUS MHOTOKJIETOUYHBIX OOBEKTOB.
MynbsrukieTouHbsle cepouabl, MoTyUeHHbIC U3 HAI-
MOYCYHUKOB CBUHEH, MOTYT CITY)KHUTh MOJICIBIO JUISI
pa3paboTKH PEKUMOB KPUOKOHCEPBUPOBAHUS, TTOC-
KOJIbKY IO HEKOTOPBIM (PU3UOIOTHYESCKUM F OHOX MU -
YECKUM MapaMeTpaM OpPraHu3M CBUHBH CXOJICH C Ye-
noBegeckuM [19].
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structuresin culture cellsfrom eye corneaand retina,
skin, heart, pituitary, adrenal glands[1, 4, 22, 24, 30,
31], tumor cells [10, 13, 26]. The M Ss, formed from
the certain brain areas (neurospheres) are to date well
studied [11]. Under special culture conditions (cultivar
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 capableto differentiatein neuronal direction, their
usewas considered to be promising for using in therapy
of neurodegenerative diseases, in particular Parkinson's
disease.

Previously, we derived the M Ss from the newborn
piglet adrenal glands[25], and observed the migration
of neuroblast-like cells (NBCs) out of the M Ss, which
expressed the neuronal marker B-111-tubulin[3]. Inthis
context the further study of M Ssfrom adrenal glands
asapotential source of neuronal cellsisoptimistic.

Cryopreservation is now a standard way for long-
term storage of cell cultures and suspensions. Never-
theless, the regimens of cryopreservation being optimal
for asingle cell are not always good for M Ss 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 processesoccurring
during freezing.

For example, F. Ehrhart et al. [8] used L929 cell
line and showed the penetrating cryoprotectant DM SO
to be the most suitable for asingle cell preservation,
and the cryoprotective medium, based on non-penet-
rating cryoprotectant trehal ose 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 objectsis now ato-
pical task. Multicellular spheroids, derived from pig
adrena glands may be the model to design the cryo-
preservation regimens, sincethepig organismissimilar
to human one by some physiological and biochemical
parameters [15].

Thisresearch was aimed to design the cryopreser-
vation regimenfor multicellular spheroidsfrom neonatal
pig adrenal glands.

Materials and methods

The cell suspension was derived from the adrenal
glandsof 1-2-day-old pigletsof Large Whiteand Ukrai-
nian Meat breeds. After extraction the organs were

33



Iens paboThl — pa3paboTka pexxumMa KpHOKOHCEP-
BUPOBaHUA MYJIBTUKJICTOYHBIX C(bepOI/I,ZIOB U3 HECOHAa-
TaJbHBIX CBUHBIX HA/ITOYEYHUKOB.

MartepuaJjbsl 1 MeTOABI

CyCneH3uIo KIETOK MOJy4yald U3 HaAlOYeYHH-
KOB 1—2-CyTOYHBIX OPOCAT MOPOJ KpyIHas Oernasi u
yKpanHcKas MscHasl. [lociie u3BieueHus oprassl mo-
Memani B oxiaxaeHuyro cpenry DMEM/F12 («Bio-
west», @panis) ¢ pactBopeHHbIMHU B Helt 200 Ex/mi
6emsnmenvipraa, 200 MKr/MIT cTpenrToMuiiHa (00a
MIPOM3BOICTBA «ApTepryM», YKpanHa), 5 MKr/mit am-
(orepurmna B («Biowest») u n3amensaani Ha pparMeH-
ThI pazmepoM 10 1 mm3. dparMeHThl TKaHH TTOIBEP-
raju 2—3-KpaTHOH OTMBIBKE CPeIoi C aHTHOMOTHKAMH
1 hepMeHTaTUBHON 00paboTKe B pacTBOpE, COAEpIKa-
mieM 1 mr/mi komnarenassl Tmna lA («Sigmay, CIHA)
u 0,1 mr/mn JTHKa3e1 («Sigma») mo merony O.C. Cu-
JOPEHKO  cOaBT. [3].

KonnvecTBO 1 COXpaHHOCTH KJIETOK B MOITYy4EHHOM
CYCIICH3UH OI[CHUBAJIH 110 CTAHJAPTHON METOJHKE C
nomolipio okpamuBanus 0,4%-m pacTBOpoM TpuIia-
HOBOT'O CHHETO, KOTOPBIA TOOABISUIA K CYCIICH3HH
KiIeToK B cootHommennn 1:1. B cpemaeM coxpaHHOCTh
MOJIy4E€HHBIX KJIETOK cocTtasisuia 85-90%.

Kretku kymsruBupoBanu Ha cpene DMEM/F12 ¢
nobasnerreM anTrOuotTHkKoB (200 Ex/mia OGenzunre-
aunuinHa 1 200 MKT/MJT CTpEnTOMUITNHA), aM(OTe-
punmna B (5 mxr/mi), 10% FBS npu 37°C u conep-
xanuu B armochepe 5% CO.,,. Jlnst KynbTHBHPOBaHUS
HCTIOJIb30BAJIM TUIACTUKOBBIC Yaliky [leTpu miomabo
8,8 cM? (HITJT «I'panym>», YKparHa) ¥ ¢ HU3KOa[re3HB-
HOMW MOBEPXHOCTHIO. J1J1sl MOTy4YeHUs] HU3KOAATC3UB-
HOH moBepxHOCTH 4amku [lerpu oGpadaTsiBamy MO
merory JA. Hammarback u coasr. [16]. [ToceBHas koH-
nenTparnus cocrabisiia 2,5-5 x 10° ki/mi (Bcero 2 mit
Ha garky Iletpu). 3aMeHy TOJIOBHHBI 00BEMa CPEJIbI
OCYIIECTBIISUTH Kaxabie 3—4 fHsl.

Ha 10-e cyTku KyJbTHBHPOBAHUS (BIOTHUPYIOIIUE
MC nepenocunu u3 vamek Iletpu B 24-nyHo4HbIe
mianmeTsl («TPP», HIBeiiniapus) u ocTaBiasiu Ha
20 muH. Ilpu stoMm MC, CKOHUEHTPUPOBAHHBIC B
LEHTPAIBHON YacTH JIYHOK IUIAHIIETa, aKKypaTHO
0TOHMpaJIK ¢ MOMOILBI0 MUKPOI03aTOpa U COOMpau B
onny mpooupky. [lonosuny MC nepeHoCHIN B KpHO-
mpobupku («Thermo Fisher Scientific», CIITA) mis
JATBHEHIIIEr0 KPHOKOHCEPBUPOBAHMS, @ IPYTYIO (KOHT-
pOJIb) — MOMEIIAN B CTAHIAPTHBIC YCIOBHUS KYJIBTH-
BUPOBaHU (aAre3MBHAs IIOBEPXHOCTH, cpena DMEM/
F12 ¢ no6asinennem antuOnoTukoB U 10% FBS npu
37°C u conepxanuu B armochepe 5% CO,).

st KpuokoHcepBUpoBaHus K oOpasuam MC npu
KOMHAaTHOW Temreparype 100aBysid PaBHBIA 00beM
COOTBETCTBYIOIICH KPHUO3AIIUTHOU Cpellbl JBOMHOM
koHueHTpanuu. [locne 10-MuHYyTHOH MHKyOanuu B
KPHO3AILUTHOMN cpezie 00pa3ibl KpHOKOHCEPBUPOBAIIH

4

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-
mentsup to 1 mm?in size. Thetissue 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 intheresulting 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 theresulting cellswas 85-90%
in average.

Cellswere cultured with DMEM/F12 medium, sup-
plemented with antibiotics (200 U/ml Benzylpeni-
cillin and 200 pg/ml Streptomycin), Amphotericin B
(5 ug/mil), 10% FBS at 37°C and 5% CO,. Plastic
Petri dishesof 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 JA. Hammarback
et al.[12]. Thecell inoculating concentration was 2.5~
5 x 10° cells/ml (totally 2 ml per Petri dish). Half of
the medium was replaced every 34 days.

To day 10 of culture, the floating M Ss were trans-
ferred from Petri dishes to 24-well plates (TPP, Swit-
zerland) and left for 20 min. During this period the
M Ss concentrated in the central part of the platewells
and thereafter were carefully taken with amicropipette
and collected into onevial. Half of the M Sswastrans-
ferred into the cryovias (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 M Ss specimens
were supplemented with an equal volume of the corres-
ponding double concentrated cryoprotective medium
at room temperature. After a10-minute incubationin
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
Problemsof Cryabiology and Cryomedicineof theNAS
of Ukraine) and thenimmersed into liquid nitrogen.

The cryoprotective media containing DM SO 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 (fina concentration), as well as DMEM/F12
with 5; 7; 10% DM SO together with 25% FBS (final
concentration).
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co cropoctsamu oxnaxaenus 0,5 u 1 rpag/mun 1o
—40°C nHa nporpaMMHOM 3amopaxwubareine «3[110»
(CKTB ¢ OI1, UTTKuK HAH Ykpaussl) npu ociemyo-
[IEM MOTPYKCHUH B KHUJIKUN a30T.

Jn1si KpHOKOHCEPBUPOBAHUS HEHpOCchep UCTOIb-
30BaJIM KPHO3AIUTHBIC CPE/Ibl HA OCHOBE KPUOTIPOTEK-
topa IMCO u FBS[9]. B nannoii pabote npuMeHsIIH
cleyIoIue Kpuosanurheie cpeasi: DMEM/F12 ¢ 5;
7 1 10% JIMCO (xoHeuHast KOHI[EHTPAIIHS), 8 TAKKe
DMEM/F12 ¢ 5; 7; 10% JIMCO B coueranuu ¢ 25%
FBS (xoHeuHas KOHIIEHTPAITHS).

OO0pa3Irel OTOTPEBANN HA BOISIHONW OaHe TIPH TeM-
nepatype 37°C, IepeHOCHIN 13 KPUOTIPOOUPOK B JTyH-
KU TUTaHIIETa, J0OaBISIN JBOWHON 00BEM Cpelbl
DMEM/F12 1 koHLIEHTpHPOBAJIM KaK OMKCAHO paHee.
[Tpu moce Iy OIIEM MTOATATHOM JT00ABICHUH KYJIBTY-
panbHoii cpeast DMEM/F12 ¢ 10% FBSnocrenenHo
camxani konueHTpanuto IMCO no 0,4 %. CortacHo
paHee MOJyYeHHBIM JaHHBIM MPHCYTCTBHE B CPeie
Kpuonpotekropa B konnentpamuu 0,1-0,5% He3nauu-
TENILHO BJIMSICT HA MOKa3aTelu GyHKIIMU KIETOK [4].
Ha crienyrompe cyTku cpety MOJHOCTHEO MEHSITH | TIPO-
Jornkany KyapTuBrpoBanie MC B cTaHIapTHBIX YCIIO-
BUSX (aare3uWBHAsi MOBEPXHOCTH, cpea DMEM/F12
¢ nobasnenneM antuOnotTnkoB n 10% FBS mpu 37°C
u cozepskanuu B armocdepe 5% CO,). Cpeny KynbTH-
BUPOBAHUSI B KOHTPOJIbHBIX (HEKPHOKOHCEPBUPOBAH-
HBIX) ¥ OTIBITHBIX (KPHOKOHCEPBUPOBAHHBIX) 00pa3iiax
MEHSJIH Yepe3 YeTBEPO CYTOK.

AnresuBHyto criocooHoCcT MC ompenersiiy uepe3
CYTKH TMOCJIe Pa3MOpaXUBaHUS M HAXOXKJCHUS B
YCIOBHSAX KyJIbTUBHPOBaHUSA. OTHOCHTEIBHOE KOJIHU-
4eCTBO MpHKperieHHbIX MC BBIUHCISUTH 11O hopmyIie:

A= (1 - @MCIOMC) x 100%,

rne @MC —xomuuectBo Gotupyromux MC; OMC —
obmee komuaecto MC.

Bricenenne HBK usywanu mocine pazmopaxku-
BaHus MC u HaxXOXJCHUS WX B YCIOBUS KyIbTH-
BupoBaHus B TeueHue 1, 4 u 9 cyrok. OTHOCUTENbHAS
criocooHOoCcTh MC K BBICENICHUIO HEHpoOIacTono100-
HBIX KJIETOK BBIYHCIISLTH 110 (hopMyIie:

B = (BMCIIIMC) x 100%,

rne BMC —xonnyectBo MC C BBICETUBIIMMUCS KIIET-
kamu; [IMC —xonudecTBo npukpenuBmxcs MC.
Hus onpenenenust skcnpeccun B-111-tyOynuna
HCIIOJIb30BAJIN TIEPBUYHBIC MBINITHHBIC aHTHTENA K [3-
[11-Ty6ynmuny («Abcamy», BeankoOpuranus) B pasBe-
nennu 1:200 v BroprudHbIe KO3bH aHTUMBIIIHHEIE HiLyte
Fluor 488-konsroruposannsie anturena («Abcamy») B
passenenun 1:400. OOpasibl GUKCHPOBAIN B TEUCHUE
15 muH B pactBope 4%-ro mapadopmanbaeruia
(«Sigma») na PBS. TTepMeabuin3anuio mpoBOIUIN B
pactBope 0,3%-ro Triton X-100 («Sigma») na PBS &
teuenre 10 mun. Hecneunduueckoe cBs3bIBaHHE
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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 DM SO concentration was gradually decrea-
sed down to 0.4%. According to the previousfindings,
the cryoprotectant presencein themediumin 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 antibioticsand 10% FBS, 37°C and
5% CQ,). 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 M Sswas cal culated
by thefollowing formula:

A=(1-FMSTMSs) x 100%,

where FMSsis anumber of floating MSs; TMSisthe
total amount of M Ss.

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

B = (PMSYAMSS) x 100%,

where PMSs is a number of MSs with observed
migration of cells, AMSsisanumber of attached M Ss.

Theanti-betalll-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-111 tubulin expression. The specimens were fixed
for 15 min in 4% paraf ormal dehyde 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 abumin
(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 withthe AmScope
IN300T-FL light-optical microscope (AmScope, USA)
and the Axio Observer Z1 fluorescent microscope
(Carl Zeiss, Germany).

Themonolayer formation rate was assessed visua ly
using inverted microscope, to do this 10-15 M Sswere
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aHTUTEe] OJNIoKMpoBanu pactBopoMm PBS, coxepika-
mem 0,1% Triton X-100, 1% GBI4bero CHIBOPOTOUHOTO
anpOymuHa («Sigma»), 0,3 M mununa («Reanal»,
Benrpusi) Ha NpOTSHKEHUH Yaca MPH KOMHATHOU TeM-
niepatype. THKyOarwto 00pasiioB ¢ IepBUYHBIME aHTUTE-
Jamut ripoBo K ipH 4°C Ha IPOTSHKEHUH HOYH, 3aTEM
Tprx bl otMbiBai PBS. MHkyOanuio co BTOpUYHbI-
MU aHTHTEIAMHU MPOBOJVIIN MTPU KOMHATHOM TeMIie-
patype B TeucHue 30 MUH B TEMHOTE, 3aTE€M TPHIK/IbI
orMbiBan PBS.

MukpohoTOChEeMKY OCYIIECTBISIH C MTOMOIIBEO
CBETOOINTHYECKOr0 MUKpockomna «AmScope IN300T-
FL» («AmScope», CIITA) u (IyopeceHTHOT0 MUKPOC-
kora «AXio Observer Z1» («Carl Zeiss», I'epmanus).

Jlyis u3ydeHust CKOpOCTH 00pa30BaHUS MOHOCIIOS
O] BU3yaJIbHBIM KOHTPOJIEM C IMOMOIIBI0 HHBEPTHU-
poBanHoro mukpockona 10-15 MC pacnpenesnsiiu B
KaK/1yI0 JIYHKY [UIaHILIETa C aAr€3MBHON IIOBEPXHOCTHIO.
Ha pa3nbie cyTku QukcupoBaiu 00pa30oBaBIIUICS
MOHOCJION KJIETOK B pacTBope 4%-ro mapadopmab-
JIeTU/1a ¥ OKPAIIMBATIM FeMATOKCHIMHOM U 303WHOM.
KoH(IF09HTHOCTh MOHOCIIOS OLICHUBAJIH B TIPOICHTAX.
J11st 5TOr0 CKAHUPOBAIU JTHO TUIAHIIETAa HA CKaHepe
«Epson Rerfection V 10» («Epson», Snonus). ITnomans
MOHOCJIOSI ONPENEIsIA C MOMOIBID MPOrPAMMEI
«AxioVison Rel. 4.8» («Carl Zeiss»). OTHOCHTETBHYO
TUTOIA/Thb MOHOCIIOS BBIYHCIISUIN IO hOpMYyIIe:

S=S/S, x 100%,

rae S — MIomaab y4acTKa ¢ OKPAIlEHHBIMHU KJIET-
KaMH, S — IJIOMIA/b JTIYHKH.

KonnuecTBeHHBIE TaHHBIE SKCIIEPUMEHTOB IPE/I-
CTaBJISUTU B BUJIC CPEIHETO 3HAUCHUS + CTaHIapTHOE
oTkiioHeHHEe. CTaTUCTUYECKYI0 3HAYUMOCTh OILICHHU-
BaJIH C TOMOIIBI0 0JTHO(AKTOPHOTO JIUCTIEPCHOHHOTO
aHaJin3a, 3HAYMMBIMHU CunTan paziuaus upu p < 0,05.

PesyabTarbl U 00cy:KIeHHe

B Hameit npensimymieii paborte [2] 66110 OKa3aHo,
YTO B YCJIOBUSX, NPEISTCTBYIONINX aAre3UH, KICTKH
¢dopmupytoT HeOombIIME (DIOTUPYIOMINE arperarsl,
KOTOpBIe Ha 5—6-¢ CyTKH MpHoOpeTaroT NpaBUIbHYIO
chepuueckyto Gopmy. Jlanable oOpazoBaHus Mpen-
craBigror cobon MC, Bxirouaromue 30—40 KieTox.
[Ipu naneHeiimem kynsruBupoBanus MC npuoOpe-
TArOT BUJ{ YE€TKO OYEPUEHHBIX IJIOTHBIX KOHIJIOMEPATOB
u3 Mopdosornyeckr 0THOPOIHBIX KJIeToK. braarogaps
nposngepanuy KJISeTOK B TEUEHUE KyJIbTHBUPOBAHMUS
yBenuauBaeTcs pasmep MC, mpu 3TOM UX CpeaHUi
muametp Ha 10-11-e cytku cocrapnser 100—120 mxwm;
26-28-e cytku —160-180 mxm. Kommmaectso hopmupye-
MbIX MC npubnusutensHo cocraisier 1,5 va 1 MiH
KJIETOK, N3HAYaJIbHO TIOMEIICHHBIX B KYJIbTYpY [2].

MynbTuKIeTOYHBIE CHepouasl, cHOPMHUPOBAB-
umecst Ha 10-e cyTKY U3 KIIETOK HaIIOYEYHUKOB HOBO-
POXKJICHHBIX TIOPOCST MPU KYIGTHBUPOBAHUH B YCIIO-
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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. Themonolayer confluencewas
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 thefollowing formula

S=S/§, x 100%,
where S isthe site area with stained cells, and S is
the well area.

The quantitative experimental datawere presented
asthemean value standard deviation. Statistical signi-
ficance was assessed using a one-way ANOVA, the
differencesat p < 0.05 were considered assignificant.

Results and discussion

Our previous findings [20] demonstrated that the
cellsunder adhesion-preventing conditionsformed the
small floating aggregates, acquired aregular spherical
shape to days 5-6. These formations represented the
MSs consisting of 3040 cells. With further culture,
the M Ss 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 M Ssincreased, herewith their
average diameter to days 10-11 and 26—28 was 100—
120 wm and 160-180 um, respectively. The number of
formed M Sswas approximately 1.5 per 1 million cells
initially placed into the culture [20].

Themulticellular 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 adrena gland-derived M Ss,
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% DM SO, 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 cellsisone of the most common me-
thods for testing their state. After cryopreservationin
the media of different composition with two selected
cooling rates (0.5 and 1 deg/min), the specimenswere
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,).

Theintact (control) M Ss, transferred from the low-
adhesive conditions onto the adhesive surface, atta-
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BUSIX HU3KOU aJIre31H K TOJIJIOKKE, TOJIBEPTaid KPHO-
KoHcepBupoBanuio (puc. 1). [y KpHOKOHCEPBH-
poBanus MC, osry4eHHbIX U3 HaAIOYEUHUKOB, ObLTH
arnpoOupoBaHbl ckopoctH oxnaxaenus 0,5 u 1 rpan/
MUH, KOTOpPBIE HCIIOJNB3YIOTCS ISl KPUOKOHCEPBH-
poBanus Heipochep [9, 33]. Takxke ObLT POTECTH-
poBaH psg KpuozamuTHeIX cpel ¢ JJMCO B KOHIIEHT-
parun 5-10%, a Taxxe FBS B koHnenTpanuu 25% B
KadecTBe J100aBOYHOTO KOMITOHEHTA K KPHO3aIUT-
HOH cpejie.

W3BecTHO, 4TO B IpoIiecce KPHOKOHCEPBUPOBAHHUSI
MOTYT TOBPEKIATHCS MOJCKYJSIPHBIE CTPYKTYPBI
KIICTKH, OTBETCTBEHHBIC 3 UX MPHUKPEIICHHE K CY0-
crpary [18]. YunTsiBas maHHBIN (BaKT, OMHUM U3 00-
LICTIPUHSTHIX METO/IOB TECTUPOBAHHS COCTOSHUS pa3-
MOPOKEHHBIX KJIETOK SIBIISIETCSI OLICHKA UX a/Ir€3UBHOM
criocobHOCTH. [TocTe KprHOKOHCEPBUPOBAHUS B Cpeiax
Pa3IMYHOIO COCTaBa MpH ABYX BEIOPaHHBIX CKOPOCTAX
oxnaxaenust (0,5 u 1 rpaa/mun) 06pasisl pazmopa-
YKMBAJIU M TIOMEIIAJIH B CTaH/IAPTHBIC yYCIOBHS KyJIbTH-
BHpOBaHUA (aAre3nBHast MIOBEPXHOCTE, cpera DMEM/
F12 ¢ no6anenuem antuOnornkoB u 10% FBS mpu
37°C n conmepxanuu B armochepe 5% CO,).

Wurakraeie (koHTpOabHBIE) MC, nepeHeceHHbIe
W3 HA3KOA/INe3UBHBIX YCIIOBHIA Ha aJIT€3UBHYO TIOBEPX-
HOCTB, IPUKPETUISUIUCH B TEUEHUE HECKOJIbKUX YacOB.
[Tocne nepBbIX CyTOK aAre3uBHAS CIIOCOOHOCTD KOHT-
poabHbIX 00pa3iioB MC cocrasisiia (85,1 + 17,0)%
(puc. 2).

[Tocne kpuokoncepBupoBanusi MC coxpansiiu
CHOCOOHOCTh K MPHUKPEIUICHUIO, OHAKO 3TOT MOKa-
3aTeNb U3MEHSJICS B 3aBUCHMOCTH OT COCTaBa CPeJIbl
U CKOPOCTH oXJakJeHus1. CTaTUCTUYECKH 3HAUNMOE
YMEHBIIICHHE are3UBHOM CIIOCOOHOCTH TI0 CPABHEHHIO
C KOHTpOJIEM HaOIFONIAIOCh MPH UCIIOTB30BAHUH CPENl
¢ 5u 7% AMCO npu 06enx CKOPOCTIX OXJIaKICHHS.
Hawmydme moka3atenn aare3uBHOW CIIOCOOHOCTH
MC OpuTH TOTYYeHBI TPU KOHCEPBUPOBAHUH B KPHO-
sammtHOH cpene ¢ 10% JIMCO u 25% FBS ipu cko-
poctu oxnaxkaenust 0,5 rpan/mun (73,3 + 14,6)%. Kpome
TOTO HE HAOIIOAANIOCh CTATUCTHYECKH 3HAYUMOM pas3-
HUIIBI MEXKYy HMHTaKTHBIM KOHTPOJIEM M 00pa3lamH,
KPUOKOHCEPBUPOBaHHBIMH B TipucyTcTBrr 10% IMCO
npu 1 rpajg/MuH.

Panee mokaszano [7], uto u3 MC, MOJy4YeHHBIX W3
Ha/IMOYCYHUKOB HOBOPOXKICHHBIX MOPOCST, BBICEIIS-
torcst HBK, sxcnipeccupytomue crieruduaeckuii Mmap-
kep Heiipoonacto B-111-TyOynun. Ha nanHom srarme
HCCIIEIOBAHUS HEOOXOMMO OBLIIO TPOBEPUTH, COXpa-
HsIETCs JIH 1o100H0e cBoKcTBO MC mocie KprHoKOH-
CCPBUPOBAHMUSI.

YcTaHOBIIEHO, YTO KPHOKOHCEPBUPOBAHUE BIIUSICT
Ha crtocobHoCTh K1eTok MC K poiylIipOBaHHIO HEl-
pobacTono100HBIX KIIETOK. B MHTAaKTHBIX 0Opa3max
MC Bricenenne HBK HaunmHanoche Ha TpOTSHKEHUH
24 4 niocye MOMENICHUs UX Ha aJIFe3UBHYIO ITOBEPX-
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Puc. 1. MynbTukneTtodHole cdepounabl, chopMmnpoBaB-
wmecs Ha 10-e CyTKM U3 KIETOK HagNno4Ye4YHNKOB HOBOPOXK-
[AEHHbIX MOPOCAT NP KYNbTUBMPOBAHUM B YCINOBUSX HU3KOW
agresnn 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-
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Puc. 2. AgresmBHas cnocobHocTe MC, KprMoKOHCEPBUPO-
BaHHbIX B cpeaax ¢ pasHbiM coctasom. Il — 0,5 rpag/muH;
O — 1 rpag/mMuH; cnnowHas NUHUA — CpefHue 3HadeHus
agresvn B KOHTPOMeE; MyHKTUPHAs NUHWUS — CTaHOapTHoe
OTKIMOHEHWE CPEeAHEro 3HayeHus1 aare3un B KOHTpone; * —
OTNNYNS 3HAYMMbI MO CPaBHEHUIO C KOHTporem, p < 0,05.

Fig. 1. Adhesive ability of MSs, cryopreserved in media of
various composition. Il — 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.
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Puc. 3. BbiceneHve HenpobnactonogobHbix knetok na MC, nonyyeHHbIx U3 Ha4NO4Ye€4HUKOB HOBOPOXAEHHBIX MOPOCAT
B TeyeHne 10 CyTOK KynbTMBMPOBAHWUSI HA HU3KOAATe3VBHON NOBEPXHOCTY M MOCHeAyoLero nepeHoca Ha aare3nBHyio
NnoBepxHOCTb: A — nHTakTHblie 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.

HOocTh (puc. 3, A). B Teuenne 9 cyTOK KOJIHYECTBO
MC c¢ Beiceneanem HBK Bospactano ¢ 39 mo 58%
(puc. 4). B kprokoHcepBHpOBaHHBIX 00pasiax MC
TaKXke HabIoIanoCch BeicesieHne Kietok (puc. 3, B).
Bo Bcex o0pasiax, KpHOKOHCEPBUPOBAHHBIX CO CKO-
poctbio oxnaxaenus 0,5 rpan/muH, konmmuectBo MC
c BeicesienneM HBK Bo Bce nccnenoBaHHbIe BpeMEH-
Hble nHTepBabl (1, 4 1 9 cyToK) OBLIO 3HAYUMO MEHBIIIE
TI0 CPaBHEHHIO ¢ KOHTpoJieM (puc. 4, A). ITpu kprokoH-
CEPBUPOBAHHH CO CKOPOCTBIO OXJIaxaeHus 1 rpan/MuH
B pacTBopax ¢ konuentpamueidt IMCO 5u 7 % takxe
Habronanock 3HaunMoe ymennienne MC c Beicene-
unem HBK 1o cpaBrenwmio ¢ kouTpoinem (puc. 4, B).

Hawn6omnpmas coxpannocts MC ¢ BeicenenreM HBK
OblIa OTMEYEHA B CIIy4ae KPHOKOHCEPBHUPOBAHUS CO
CKOPOCTBIO OXJIaskieHus 1 rpaji/MUH B IPUCYTCTBUU
10% AMCO c 25% FBS. IIpu sTom Ha 4- 1 9-e CyTKH
uX KoamuecTBO cocranisio (40,5 + 14,3) u (41,4 +
10,0)% (B xoutpone (40,4 + 12,2) u (58,1 £ 8,4)%
COOTBETCTBEHHO).

UToObI YCTaHOBHUTD, COXPAHSIETCS JIH DKCIIPECCHUS
B-111-Ty6ynura B HelpoOIaCTOMOMOOHBIX KIETKAX
nocljie KpUOKOHCEPBUPOBAaHMsI, HAMH OBUIM MPOBE-
JICHbl IMMYHOIIUTOXUMHUECKUE HcciaeqoBanus. Jls
a”anm3a ucnoib3oBam MC ¢ Hanboiee BEICOKHMHU
II0Ka3aTeJIsIMUA BBICEJICHHS HEHpoO0IacTOmo 00HBIX
kietok. [Tocie kpuokoHCcepBHpOBaHUS crienuduyec-
Koe MeueHue aHtuteaamu K PB-111-tyOynuny Habdiro-
nanock B MC u Beicenstonuxcs u3 aux HBK (puc. 5),
XapakTep ¥ HHTEHCHBHOCTh OKPAIIMBAHHS KOTOPHIX HE
OTJIMYAIIHCH OT HE3aMOPOKEHHBIX 00Pa3IIOB.

Kak 65110 mokaszano panee [3], B MC mpucyTtcr-
BYIOT (hrOp0o0I1acTONO00HBIE KIIETKH, KOTOPHIE BBICE-
JSIFOTCS TIPU TIEPEHECEHUH B aJre3UBHBIC YCIIOBHS U
(hOpMHPYIOT MOHOCIION TPU TOCTEIYIONEM 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% DM SO and both cooling rates.
The biggest index of M Ss adhesive ability was obtai-
ned after freeze-thawing in a cryoprotective medium
with 10% DM SO 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% DM SO at 1 deg/min.

It has been previously shown [3] that the NBCs,
expressing a specific marker of neuroblasts 3-111-
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 MSto ‘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 M Ss with the migrating NBCs increased from
39 to 58% (Fig. 4). In cryopreserved MSs, the cell
migration was also observed (Fig. 3B). Inal thesamles
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/mininthesolutionsof 5and 7% DM SO, we aso
have found a significant decrease in MSswith migra-
ting NBCsif compared to the control (Fig. 4B).

The highest preservation rate of the MSs with the
migrating NBCs cellswas noted in the case of cryopre-
servationwith acooling rate of 1 deg/mininthe presence
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MC c Bbicenennem HBK, %
MSs with migraling NBCs, %

of 10% DM SO and 25% FBS. Herewith
I to day 4 and 9 their number made

(40.5+14.3)and (41.4+ 10.0)% (inthe
control these were (40.4 = 12.2) and
(58.1 + 8.4)%, respectively).

To determine whether B-111-tubulin
expression is preserved in NBSs after
cryopreservation, we performed immu-
ne cytochemical staining. For the ana-
lysis we have selected the M Ss with
the highest migration of NBSs. Specific
labeling with antibodiesto 3-111-tubulin

0 - i#II$ i[‘l‘ *’I‘ *i:[’;‘ iﬂs
0‘* T T T T T

was observed in the post-thaw MSs
and migrating NBCs (Fig. 5), thenature

5% % 109% KoHTpornb
° ° ° oo andintensity of staining cid not differ
K IMCO from the un-frozen samples.
DS G o i _ As it was shown earlier [25] the
70 fibroblast-like cells were present in
the M Ss, which were migrating follo-
60 1 B wing thetransfer to the adhesive condi-
oS tions and forming amonolayer during
°. » 50 A subsequent culturing. Such amonolayer
X0 ‘ : - :
ey servesasa'‘feeder’ providing theproli-
zZ 40 . f . .
S5 eration of neuroblasts and formation
%(_% 30 - s of networks made of the cell processes.
25 # BIE Inthisregard, the preservation of asub-
SE 204, . s x population of fibroblast-like cells is
0 C . .
0% , important when choosing the cryopre-
03 10 A * * - servation regimen.
= i; j_*_i,‘ When the thawed M Ss were trans-
0 - ' ' ' ' ' - ferred to culture plates with adhesive
5% 7% 10% KoHTporb  surface, monolayer formation wasslo-
Control wed down if compared to the control

KoHueHnTpauusa OMCO
DMSO concentration

(non-frozen-thawed) samples (Fig. 6).
Inthe control, a90% monolayer of fib-

Puc. 4. KonnyectBo MC c Bbicenennem HBK B TedeHne 9 cyTok KynbTu-
BupoBaHua: MC, kpuokoHcepBupoBaHHble npu 0,5 (A) u 1 rpag/muH (B).
M - 1 cytkm; O—4 cytkm; 00— 9 cyTkn; *# ¥ — 3HAUMMBbIE OTNNYUS NoKasaTens
BbICEMNEHUS B COOTBETCTBYHOLLNE CYTKU KYNETUBMPOBAHWS MO CPaBHEHUIO
C KOHTpornewm, 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.

roblast-like cells was formed to day 7
after MSs transfer. In the wells with
cryopreserved M Ss only 3—-6% mono-
layer was formed at this time of culti-
vation. Thehighest potential for mono-
layer formation was retained by M Ss
samples, frozen-thawed with cooling
rate of 1 deg/min in cryoprotective me-

BHPOBaHMU. Takoil MOHOCIIOH CITyKHT «prmepom» st
paspacTtanus HeHpoOIacTOB 1 POPMHUPOBAHUS CeTeH
U3 UX OTPOCTKOB. B CBsI3U ¢ 9THM cOoXpaHeHHe CyOIo-
nyasinud puopo61acTono0OHBIX KIETOK SIBISETCS
Ba)XHOH 3aja4eil mpu BHIOOpE peKUMa KPHOKOHCEP-
BUPOBAHMSI.

[Tpu nepenecennn pazmopoxxeHHbIX MC B KyIIbTy-
paJIbHbIE IUIAHIIIETHI C [IT€3UBHOM OBEPXHOCTHIO (hop-
MHPOBaHNE MOHOCIOS 3aMEUISIIOCH 10 CPABHEHUIO
C KOHTPOIBHBIMY (HE3aMOPOKEHHBIMHU) 0Opa3iaMu
(puc. 6). B xoutpoe 90%-it moHOC10# hHOpobdIacTO-
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dia containing 10% DM SO (Fig. 6A).

The monolayer was not formed in the
samplesfrozen-thawed with acooling rate of 0.5 deg/
min in cryoprotective media, containing 5 or 10%
DMSO (Fig. 6B).

Cryopreservation of cell suspensionsiswidely used
in biology and medicinefor along-term storage of cell
lines, reproductive and somatic cells[2]. For this pur-
pose, various cooling regimens have been devel oped
and the compositions of cryoprotective mediaoptimal
for each cell type have been selected. Nevertheless,
cryopreservation of multi-cell systems, including the
M Ss, ismore complicated, since during freezing their
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Puc. 5. TunuyHble n3obpaxeHns KOHTPOnbHbIX (A, B) 1 kpnokoHcepBupoBaHHbIX (C, D) MC, okpalleHHbIX aHTUuTenamm
K B-11l-Ty6ynuHy (3eneHas cdnyopecueHums). N3o6paxeHunsa npeacrtaBneHbl B pexume dnyopecueHumm (A, C) n

npoxogsem 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).

TO0JTOOHBIX KJIETOK 00pa30BbIBAJICS HA /-€ CYTKH IOCIIe
nocesa MC. B kpuoxoncepsupoBanubix MC Ha nan-
HOM CpOKE KyJIbTUBHPOBaHUs (opMHUpOBaiIocs 3—6%
MoHOCJT0s1. [Ipy 3TOM HAaMOOITBITIHIA ITOTEHITHAT COXpa-
Hsuti 00pa3ubl MC, KOHCEpBUPOBaHHBIE CO CKOPOCTHIO
oxnaxaeHus 1 rpaji/MUH B KPHO3aLIMTHBIX Cpenax,
coxepxkanx 10% JIMCO (puc. 6, A). MoHocI10ii He
(dopmupoBaics B o0pa3nax, KOHCEPBUPOBAHHBIX CO
ckopocThio oxiaxaeHus 0,5 rpaa/MuH B KpHO3aIuT-
HBIX cpefiax, coaepskanmx 5u 10% JIMCO (puc. 6, B).

KpuokoHcepBuUpoBaHUE KJIETOUYHBIX CYCHEH3UMN
ITUPOKO TMPUMEHSIETCS] B OMOIOTHU U METUITIHE JIIS
JOTITOCPOYHOTO XPAHEHHUS KIETOYHBIX IMHUH, pETpo-
OYKTHBHBIX M COMAaTHYeCKuX Kietok [1]. Jlms aroii
1eu pa3paboTaHbl pa3TUYHbIE PEKIMBI OXJTXKICHUS
Y TI0A00paHbI ONITUMAJIBHBIE JUTS KAYKI0TO THTIA KIIETOK
COCTaBBI KPHO3ALTUTHBIX cpefl. OHaKo KpHOKOHCEp-
BHpOBaHHE MHOTOKJIETOYHBIX CHUCTEM, B TOM YHCIIE
MC, siBisiercst Gosee CI0KHOM 3a1auei, TOCKOJIBbKY B
IpoIiecce 3aMOPaKUBAHUSI MOYKET OBITh HAPYILICHA UX
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structure may be damaged. Therefore, the devel opment
of cryopreservation protocols, amed at preserving thein-
tegrity of thethree-dimensional cell aggregates, viability
and functional propertiesof their cdls, isessential.

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 FC. Tanet al. [29] it wasemphasi zed that cryopreser-
vation with alow cooling rate (1 deg/min) reduced the
viahility of cellsin the neurosphere by 30% if compared
to the cells subjected to the vitrification of the sample.
Despite thefact, most contemporary cryopreservation
protocols are based exactly on the method used for
neurospheres, and include cooling rate of 1 deg/minand
cryoprotective medium with 109 DM SO [5, 17, 33].

Using the M Ssobtained from adrenal glands of new-
born piglets we have evaluated the efficiency of free-
zZing a two low coaling rates (0.5 and 1 deg/min) and
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CTPYKTypa. B CBsI3U ¢ 3THM akTyallbHBIM SIBIISICTCS
pa3paboTka MPOTOKOJIOB KPHOKOHCEPBUPOBAHHS, HATI-
paBiieHHAs Ha COXPAHEHHUE LIETIOCTHOCTH TPEXMEPHBIX
KJICTOYHBIX arperaTos, XKU3HECIIOCOOHOCTH U (PyHK-
LIUOHAIBHBIX CBOMCTB MX KJIETOK.

Jiisi KpHOKOHCEPBUPOBAHMSI KaKIOTro THIA OHO-
00beKTa HeoOX0ANMO MOAO0PaTh ONTUMAIBLHYIO CKO-
POCTh OXJIAKJCHHUS, BUJI M KOHLIEHTPALHIO KPUOIIPO-
TeKTopa. MHOTHE CIIOCOOBI KPHOKOHCEPBUPOBAHNS OBITH
armpoOMpPOBaHBI HA KOJIOHUIX HEHPaJIHHBIX CTBOJIOBBIX
KJIeTOK — Hetipochepax. B padore F.C. Tan u coasr. [29)]
YCTaHOBMIIH, YTO KPHOKOHCEPBUPOBAHHE C HU3KON CKO-
pocteio oxnmaxkaenns (1 rpag/mun) na 30% cHmkaeT
YKU3HECTIOCOOHOCTH KJIETOK B COCTaBe Helpocdep 1Mo
CPaBHEHUIO C BUTPU(DUIIMPOBAHHBIMHU KJieTKaMu. [1pu
9TOM B HACTOSIIIIEE BPEMSI UCIIOIb3YETCsl CTaHAaPTHBIH
IIPOTOKOJI KPHOKOHCEPBUPOBaHHS HeHpocdep, BKITIO-
YKL CKOPOCTh OXJIasKIeHus 1 rpa)/MUH 1 Kpro3a-
HIMTHYIO cpeay Ha ocHoBe 10% JIMCO [9, 21, 33].

B pabote Ha MC, nosy4eHHBIX U3 HAATIOUCYHIKOB
HOBOPOXKJICHHBIX ITOPOCST, HAMH ObIJIa OIIEHEeHA d(-
(heXTHBHOCTH 3aMOpaXUBAaHUS MPHU JABYX HHU3KHX
ckopoctsix oxiaxaerus (0,5 u 1 rpan/mun) u kprosa-
LIUTHBIX CpeJ Ha OCHOBE KpuorpoTekropa IMCO
B KoHIIeHTparuu oT 5 10 10%. Kpome Toro, Obu1 110-
Jy4eH 3HAYUTEIbHBIN cTaOumu3upyomui 3Qpext
[5, 13, 22], a Taxke NpOTECTUPOBAHBI CPEbI C MPHU-
cyrcrBueM FBS. Ha ocHOBe aHasu3a pe3yJ/ibTaroB u3y-
YEeHHUs1 XapaKTePUCTUK KPUOKOHCEePBUPOBaHHBIX MC
(crrocobrOCTh K aaresmnw, Bhicenennio HBK kimetok u
(hopMUpPOBaHHIO MOHOCITOS (HPUOPOOIIACTONIOIOOHBIMU
KJIETKAMM) MOJKHO 3aKJIFOUUTh, YTO HAUOO0JIee MPUEeM-
JIEMBIM SIBIISIETCS PEKUM C HCIOJIb30BAaHUEM CKO-
pocTH oXJakaeHUsT 1 rpai/MUH 1 KpHO3AIIUTHOM CPE/Ib,
conepxkameir 10% JAMCO. [oGaBnenue 25% FBS
3HAYMMO HE BJIMSJIO Ha PE3yJIbTaT KPHOKOHCEPBUPO-
BaHMS, HO TIPH 3TOM HaOJI0AaIach TEHACHIMS K TIOBBI-
meHuto crocodnoctu MC, 3aMOpPOKEHHBIX B CPEAE C
CBIBOPOTKOH, K BBICEJICHUIO HelpoOiacTo- u ¢pudpo-
651aCTOMOTO0HBIX KIETOK.

W3BecTHO, 4TO KPUOKOHCEPBUPOBAHKE BIIHSIECT HE
TOJIBKO Ha COXPAHHOCTh CTBOJIOBBIX/ITPOTCHUTOPHBIX
KJICTOK pa3HbIX TKAaHEH, HO M Ha UX CITIOCOOHOCTH K (-
(epennmposke [20, 32]. B Hammx sKkcriepuMeHTax ycTa-
HOBJIEHO, YTO TIOCJIe KOHCEPBUPOBAHHS CO CKOPOCTHIO
oxyaxaeHus 1 rpaa/MuH B KpHO3aLIUTHOM cpelie, Co-
nepxameit 10% JIMCO, coxpaHsiiach CHOCOOHOCTb
MC k Beicenenuto HBK knerok. Dkcnpeccus Mmapkepa
Heiipo6actos B-111-tybynuna B kyasType MC, kpuo-
KOHCEPBHPOBAaHHBIX B JaHHOM PEXHME, COOTBETCT-
BOBaJia TAKOBOW B MHTAKTHOM KynbType MC.

BriBoabI

Kpuoxoncepsupoanure MC, nosy4eHHBIX U3 HaJ-
ITOYEYHUKOB HOBOPOXKIEHHBIX TIOPOCST, CO CKOPOCTHIO
oxnaknenns 1 rpas/mud B cpene Ha ocHose 10% IMCO
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cryoprotective media based on DM SO at concentra-
tionsranging from 5to 10%. Considering the significant
stabilizing effect of FBS[9, 18, 28], some media con-
tained this substance . The analysis of characteristics
of cryopreserved M Ss (ability to adhere, migration of
NBCs and forming a monolayer with fibroblast-like
cells) allow us to conclude that the most acceptable
mode isthe application of acooling rate of 1 deg/min
and acryoprotective medium containing 10% DM SO.
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 ¢pubpobnactonogobHeIMK KneTkamu B TedeHne 15 cy-
TOK KyNbTMBUPOBaHUSA, NOCne KpuokoHcepBuposaHus MC
€O ckopocTbio oxnaxaerus 0,5 rpag/muH (A) n 1 rpag/muH
(B) n nx nepeHoca B KymnbTypanbHble MMaHLeTbl C agre-
3MBHOW NoBepxHocTblo. KoHueHTpaummn AMCO n FBS: € —
5%; A —7%; 0-10%; & —5% + FBS; lM—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 MPHUKpeEILIe-
HUIO, & TAKKe, KAK MUHUMYM, JIBYX CYOIOTYJISIIIUH KiTe-
TOK: (POPMHPYIOLIMX MOHOCIIOH (huOpoOIacToB 1 Bhice-
JSIOIINXCSL HeHPOOIacTOMOA00HBIX KIIETOK.
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albeit there was a tendency to an increased migration
of neuroblast- and fibroblast-like cells out of the M Ss,
frozen-thawed in medium with the serum.

It is known that cryopreservation affects not only
thesurvival of stem/ progenitor cellsof different tissues,
but alsotheir ability to differentiate[16, 32]. Our experi-
ments demonstrated that after cryopreservation with
acooling rate of 1 deg/mininacryoprotective medium
containing 10% DM SO, the ability of the NBCscells
migration out of M Sswaskept. The expression of neuro-
blast 3-111-tubulin marker in M Ss culture, cryopreser-
ved according to thiscombination, corresponded to that
in MSsintact culture.

Conclusions

Cryopreservation of the M Ss, derived from the ad-
renal glands of newborn piglets at a cooling rate of
1 deg/mininal0% DM SO medium enabled theretaining
of spheres’ adhesive ahility, as well as the survival of
at least two subpopul ations of cells: monolayer-forming
fibroblast-like and migrating neuroblast-like cells.
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