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Cryopreservation of Multicellular Spheroids Derived from Primary
Culture of Newborn Piglet Spinal Ganglion Cells

Pecpepar: CnuvHanbHble raHrmum (CI) s1BRAOTCA NOTEHUManbHbIM WMCTOYHWKOM HeMpanbHbIX CTBOSIOBbIX KIETOK, MOCKOMbKY
codepXaTt KNeTKU-Npon3BOAHblE HEpPBHOro rpebHs, cnocobHble AuddepeHunpoBaTbCA B HEMPOHbI M pasnuyHbie cybnonynsumm
rmyanbHbIX KNeToK. 3BecTHO, YTo mpu onpedeneHHbIX YCroBUsiX KynbTuBMpoBaHWUs kreTkun CI, monyyeHHble OT HeoHaTalbHbIX Mo-
pocaT, dopMupytoT drioTupylolne MynsTukneTodHele cpeponabl (MC), cnocobHble k BbiceneHuto cdunbpobnactonogobHbix (PO6K),
rmmaneHbIx (MMK) n HepoHonopo6Hbix (HNK) knetok. B HacTosLwen paboTe npoBeaeHO KprokoHcepBupoBaHne MC, koTopble Obinu nomny-
YeHbl B YCrOBMAX 6ECChIBOTOPOYHOTO KyNIETUBUMPOBAHUS, C UCMONb3oBaHMeM anmeTuncynbdokeraa (AMCO) B koHueHTpauusix 5; 7,5; 10%
M OBYX3TarHOro pexvuma 3amMOopaxuBaHWs. YCTAHOBIIEHO, YTO Mocne KpuokoHcepBupoBaHus MC coxpaHsioT cnocobHOCTb K aaresuu,
a TaKke BbICENeHno 13 Hux Tpex Tunos knetok — MK, HnK n ®6K. OpgHako npouecc BbiceneHnus knetok n3 MC nocne KpnokoHcep-
BMpOBaHusA 3ameanseTcs. KoHUeHTpauus KpuompoTeKkTopa BMAMSAET Ha TWn KNeTok, npeobnagamowmii B KynbType, MONyYyeHHON u3
pa3mopoxeHHbix MC. lMocne kpuokoHcepBupoBaHus B npucytctBun 10% OMCO MoHOCnow npeumyLlecTBeHHO cocTouT u3d DOK,
B TO BPEMSI Kak NpU KOHUeHTpaunsx 5 n 7,5% — us kK.

KnioyeBble crnoBa: KpYOKOHCEPBUPOBAHME, CNIMHANbHbIE FaHMMW, MYNBTUKIIETOYHbIe cdeponabl, MaHTUINHbIE MUOLUMUTBI, prbpob-
nacTtonofobHble KNeTKW, HepOHONOAOOHbIE KINETKN, HEOHaTanbHbIe MOPOCHTa.

Pedrepar: CninanbHi ranmii (C) € noTeHUinHUM mKepenom HempanbHUX CTOBOYPOBUX KIiTWUH, OCKIMbKA MICTATb KMITUHW — MO-
XigHi HepBOBOro rpebeHs, ki 3gaTHi AMdepeHLiloBaTUCS B HEMPOHM i Pi3Hi cybnonynsauii rmianbHMX KMiTuH. Bigomo, wo npu neBHMx
ymMoBax KynbTuByBaHHS KniTvHM CI, oTpvMaHi BiA HeoHaTanbHWX MOPOCHAT, YTBOPIOWTL (PnoTytoudi MyNbTUKNITMHHI cdepoign (MC),
30aTHi o BuceneHHs dibpobnactonogibHux (®6K), rmianbHux (MMK) i HenpoHonopibHux (HnK) knituH. Y garin poboti nposeaeHo
KpiokoHcepByBaHHss MC, ski 6ynu oTpumaHi B ymoBax 6e3cMpOBaTKOBOrO KynbTMBYBaHHSA, 3 BMKOPUCTaHHAM AMMETUNCYNbgoKCcHMay
(AMCO) B koHueHTpauisix 5; 7,5; 10% i ABOETanHOro pexumy 3amopoxyBaHHS. BcTaHoBneHo, Wwo nicns kpiokoHcepByBaHHA MC 36e-
piraloTb 34aTHICTb 40 afresii, a TakoX BUCEMNEHHS i3 HUX Tpbox TuniB knituH — MK, HAK i ®6K. OgHak npouec BUCENeHHs KNiTWH i3
MC nicnsa kpiokoHCepBYBaHHSA CMOBINbHIOETLCA. KOHUEHTpaLis KpionmpoTeKTopy BMAVMBAE Ha TWM KIiTUH, LO CMOCTepiraeTbCs nepe-
Ba)KHO B KynbTypi, oTpumaHin 3 posmopoxeHux MC. [licna kpiokoHcepByBaHHSA y npucyTHocTi 10% OMCO moHowap 3ae6inbLuoro
cknapaetbesa 3 ®OK, y Tor vac sk npu KoHueHTpauisax 5i 7,5% — i3 K.

KntouoBi cnoBa: KpiokOHCEPBYBaHHS, CriHaMNbHi raHrmii, MynsTUKITITUHHI cepoiamn, MaHTinHI rmiounTn, ibpobnactonogibHi KNiTnHK,
HenpoHONOAIOHI KNiITUHW, HEOHaTarnbHi MopocsTa.

Abstract: Dorsal root ganglia (DRG) are a potential source of neural stem cells, since they contain the neural crest-derived
cells capable to differentiate into neurons and different subpopulations of glial cells. It is known that under certain culture conditions,
the DRG cells, derived from neonatal piglets form the floating multicellular spheroids (MSs), capable to produce the fibroblast-like
cells (FLCs), glial cells (GCs) and neuron-like cells (NLCs). Here, we have cryopreserved the MSc, derived under serum-free culture
conditions using 5, 7.5, 10% dimethyl sulfoxide (DMSO) and two-stage regimen of freezing. After cryopreservation, the MSs were
established to preserve the capability to adhere as well as to produce three cell types: FLCs, GCs and NLCs. However, the capability
of frozen-thawed MSs to produce different cell types was reduced. The cryoprotectant concentration affected the cell type, prevailing
in the culture, derived from the frozen-thawed MSs. After cryopresevation with 10% DMSO, the monolayer consisted mainly of FLCs,
while with 5 and 7.5% DMSO it mostly comprised GLCs.

Key words: cryopreservation, dorsal root ganglia, multicellular spheroids, satellite glial cells, fibroblast-like cells, neuron-like cells,
neonatal piglets.

JnutenpHoe coxpaHeHHe >KU3HECTIOCOOHOW HepB-
HOM TKaHU WM KIJIETOK SIBISETCS COBPEMEHHOM W
aKTyaJbHOH MPoOIeMOli B CBSI3U C Pa3BUTHEM METO-
JIOB JICUCHHS HEHPOJETreHEpPaTHUBHBIX 3a00JeBaHUM
U TpaBM MO3BOHOYHHKA. KpHOKOHCEpBHpOBaHHE —
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A prolonged preservation of viable nerve tissue or
cells is a modern and topical task due to developing
methods for therapy of neurodegenerative diseases
and spinal injuries. Cryopreservation is the only

reliable way for a long-term storage of biological
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€IMHCTBEHHBIN HAJISKHBIM CIIOCOO JIOJITOCPOYHOTO
XpaHeHus OHOJIOTMYECKOro MarepHaia, KOTOPBIH
[T03BOJISIET HE TOJIBKO COXPAHUTh €T0 OCHOBHBIE MOp-
¢dodyHKINOHATBHBIE XaPAKTEPUCTHKH, HO U CO3JaTh
JIOCTATOYHEBIH 3armac B KprpoOaHke [2].

B mnacrosmee BpeMs BHHMMaHME CIICIMAIMCTOB
[IPUBJIEKAIOT IVIMAJbHBIE KIETKH Mepudepudeckon
HEPBHOW CHUCTEMBI, 00JIafaolIe BBICOKUM IOTEH-
L[MaJIOM B BOCCTAHOBJICHUH HapyILleHNH HHHEPBaLlUU
opranos [8, 15, 16, 18].

B cocrase cimranbubix ranrues (CI) B3pocioro
oprann3ma oOHapyKEHbI MYJBTUIIOTCHTHBIE CTBOJIO-
BbI€ KJICTKH-TIPOU3BOIHBIE HEPBHOTO TpeOHs, crioco0-
HbIe TUPPEPEHIINPOBATECSI B HEHPOHBI, TIIHAIbLHBIC
kieTkn U muopuopodnacter [14]. IIpu stom B CI'
TaKuX KIETOK npubnusurensHo B 10 pa3 Oomnblie,
YeM B KOCTHOM MO3Te U BOJIOCSHOM (DOJUTHKYIIE.

YcTaHOBIIEHO, YTO IIBAHHOBCKHME KJIETKH y4acT-
BYIOT B PEMHHEPBALMU HEPBHO-MBIIIEUYHBIX COEIU-
HEHMH U SIBISIIOTCS «HAIPABISIOUIMM» CyOCTparoM
JUTsl TpopacTaHusl HepBHOro BosiokHa [10]. ManTuii-
Hele mmouuTbl (MI') CHMHAJIBHBIX TAHIJIUEB CIO-
COOCTBYIOT BBDKHMBAHHIO UYyBCTBUTEJbHBIX HEHpO-
HOB IIOCJIE TPaBMAaTHYECKOIO IOBPEXKIEHHUsS HepBa
[7, 18]. TpaBmMaTHUecKoe TOBpEXKACHHUE Mepudepu-
YECKOTO HepBa MPHUBOANT K M3MEHEHUIO KOIMYECTBA
u MOpPODYHKIIMOHAIBHBIX XapakTepucTuk MIT [7,
13]. bonee Toro, MI, moxy4ennble B SKCHEpUMeEH-
TaJbHBIX YCIOBHUSIX OT HOBOPOXKJICHHBIX KUBOTHBIX,
0051aIal0T HEKOTOPHIMU XapaKTePUCTUKAMH HeW-
paTIbHBIX CTBOJIOBBIX KJIETOK [17].

B mnacrosiiee Bpemsi CyIIECTBYIOT pa3H4HbIE
CIOCOOBI TIOJyYeHHS NMEPBUYHON KYJIBTYpPhI KIETOK
n3 CI' [11, 17]. Beuto ycranoBineHo ¢opMupoBa-
HUE (QIOTUPYIOIIMX MYIBTHKIECTOUHBIX CEPOUI0B
(MC) B kynbType KIeToK, BbaenenHod u3 CI' Heo-
HatajdbHbIX nopocaT [1]. KynsTuBupoBaHue KIeTOK
B coctaBe MC — onuH M3 NEPCHEKTUBHBIX IMOIXO-
JIOB, ITIOCKOJIbKY B JAHHBIX YCJIOBUSX KJIETKH IPOSB-
JISIIOT CBOMcTBA Oojiee paHHMX NPENIIECTBEHHUKOB
[I0 CPAaBHEHMIO C KIJIETKAMH, KYJIBTHBHPOBAHHBIMU
B Buze MoHocios [12]. OxgHako HEeCMOTps Ha Tep-
CHEKTHBHOCTh TPHUMEHEHUS KYyJIbTyphl KIETOK U3
CI, 1o cux mop MpakTU4YEeCKH HE pa3paboTaHbl CIIO-
COOBI €€ KPUOKOHCEPBUPOBAHUS.

Lenb paboThl — H3y4eHHUE BIUSHHUS COCTaBa KPHO-
IIPOTEKTOPHOM CPEJIbI U JIBYX3TAITHOTO PEXKHUMA 3aMO-
paxuBanus Ha MOp(O]YHKIMOHATIBHBIE XapaKTepuc-
TUKH MYJIBTUKIETOYHBIX C(EpOUIOB, MOIYyUYEHHBIX
B TEPBUYHOM KyJBTYpE KIETOK CIHMHAJIBHBIX TaH-
[JIMEB HOBOPOXIEHHBIX MOPOCAT.

MarepuaJjibl 1 METOIbI
OKCHEepUMEHTbl OBIIM HPOBEIACHBI B COOTBET-
CTBHH ¢ 3aKOHOM YKpauHbl «O 3aIIUTe )KUBOTHBIX OT
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material, which enables not only to preserve its
major morphofunctional characteristics, but ensures
its sufficient supply in cryobank as well [4].

Nowadays, the attention of specialists is focused
on glial cells of peripheral nervous system due to
their high potential in restoring disorders of organ
innervation [13, 15, 16, 18].

Within the dorsal root ganglia (DRG) of adult
organism there were revealed the neural crest-deri-
ved multipotent stem cells, capable to differentiate
into neurons, glial cells and myofibroblasts [12].
Moreover, the number of these cells is approxima-
tely 10 times higher in DRG, than in bone marrow
and hair follicle.

Schwann cells were established to participate
in reinnervating the neuromuscular connections,
being a 'directing' substrate for nerve fiber growth
[7]. Satellite glial cells (SGCs) of spinal ganglia
promote the survival for sensitive neurons after
traumatic nerve injury [2, 18]. A traumatic injury
to peripheral nerve changes the number and mor-
phofunctional characteristics of SGCs [2, 11]. Mo-
reover, the SGCs, derived under experimental
conditions from the newborn animals have some
features of neural stem cells [17].

Currently, there are different ways to derive the
primary cell culture from DRG [8, 17]. There was
established the formation of floating multicellular
spheroids (MSs) in the cell culture, isolated from
neonatal piglet DRG [1]. The cell culture within
the MSs is one of the promising approaches, since
under these conditions the cells manifest properties
of earlier precursors as compared with those, cultured
as a monolayer [10]. However, despite the prospects
of using the cell culture from DRG, the methods for
its cryopreservation have not been virtually develo-
ped yet.

The research aim was to study the impact of
cryoprotective medium composition and the two-
stage freezing regimen on morphofunctional charac-
teristics of multicellular spheroids, derived from
the primary cell culture of newborn piglet dorsal
root ganglia.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine 'On the Protection of
Animals Against Cruelty' (N 3447-1V of February
21, 2006), in compliance with the requirements of
the Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine of the NAS
of Ukraine, agreed to the statements of European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasburg, 1986).
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xecTokoro oopamieHus» (Ne 3447-1V ot 21.02.2006 r)
npu cobmrogennu TpeboBanuii Komurera mo Omo-
9THKe MHCTHUTYTA, COIMACOBAHHBIX C MOJIOKECHUSIMH
«EBpomneiickoii KOHBEHIIMM O 3aIIUTE TO3BOHOYHBIX
KUBOTHBIX, UCIIOJb3YEMBIX [UIsl SKCIIEPUMEHTAIBHBIX
W ApyTUX Hay4dHBIX 1enei» (CtpacOypr, 1986).

J1st oy 4eHusi CyCIeH3UU KJIETOK HCTI0JIb30BaIN
CT" cyrounsix mopocsrt. Ilocie uzsnedenus CI' mo-
MeIIaIN B OXJTKICHHYIO cpeny a-MEM («buomoty,
Poccust), comepkamryro 100 MKr/mMia reHTaMHITTHA
(«ITanBkoy», Poccus), 2,5 mxr/mn amdorepuiuta B
(«Biowest», @pannust). CiiHaJIbHBIC TAHIIIMH IO
Bepranu (hepMeHTAaTHBHOM Je3arperadd B Cpeie
o-MEM, coxpepxkamieii 1,25 Mr/mii koJiareHasbl
tuna A («IlanDko») ¢ mocneayromeii 06padoTKOM
0,25%-m pactBopom Tpuricuaa-I[TA ¢ comsimu XeHk-
ca («ITanDxo») mo metony A. C. de Luca u coast.
[9]. [Tomy4yeHHYIO CYCIIEH3HIO KJIETOK (DHIIBTPOBAIH
yepe3 HeillIoHoBoe cuTo ¢ AuaMerpoM nop 100 Mxm
Uil yaaneHus kierodHoro aeOpuca. CoxpaHHOCTb
MOJYYEHHBIX KJIETOK, KOTOPYIO KOHTPOJHPOBAIH C
noMo1bio okpammusanusa 0,4%-M pacTBOpOM TpH-
ITAHOBOTO CHHETO, cocTaBisuia B cpemueM (70 + 10)%.

Kierkn BeiceBamm B KoHneHTpamun 0,5 x 10* xir/min
U KyJIbTHBUPOBAIU B IJIACTHKOBBIX 4amkax [lerpu
C TMOBEPXHOCTHIO, 00pabOTaHHOHN MONIU-D-Tr3uHOM
(«Orange Scientific», benbrust), mpu 37°C B armoc-
depe ¢ 5% CO,. [lng KyAbTUBUPOBaHHS MCIIOIb30-
BaJIM OECCHIBOPOTOUHYIO CpPEy, IPUTOTOBJICHHYIO Ha
ocHoBe a-MEM c noGasnenuem 2% «Hefipomaxca»
(«ITarDxo»), rearamunraa (100 MKr/™M1) 1 amdoTe-
putinHaa B (2,5 Mxr/miT). 3aMeHy TIOJIOBHHBI 00BeMa
Cpembl OCYMICCTBIILIN Kaxaple 3—4 CyTOK, IPOBO-
ni 10 OTBITOB MO TIONYYEHHIO KYJIBTYPhI KJIETOK
u3 CI.

Ha 8-e cyTku B JaHHBIX YCIOBHAX KYJIBTHBHPO-
BaHus (hopmupoBanuck uotupytomme MC. Ux ne-
JUIIM Ha JIBE YaCTH, OHY M3 KOTOPBIX IOJBEprain
KPHUOKOHCEPBUPOBAHUIO, a APYrYyI0 (KOHTPOJb) Iie-
peceBany Ha 24-TyHOYHBIH TUIAHIIET ¢ HOPMaJIbHOMN
aare3uBHOi moBepxHocThlo («SPL Life Sciences»,
Kopes) B cpene a-MEM, conepxameid 10% derains-
Holi Terstubeit ceiBopoTku (PTC; «BioSeray, dpan-
uust), 100 MKr/mut TeHTaMuImHA, 2,5 MKT/MIT amdoTe-
puunHa B. KonuuectBo nocesuubix MC KOHTponu-
POBaJIM C HOMOLIBIO HHBEPTUPOBAHHOTO MUKPOCKOIIA
C TAaKkuM YCIOBHEM, 4TOOBbl B JyHKaxX HaxOJHJIOCH
o §—12 MC.

B pabore ObLIM HCIIONB30BAHBI KPHUOIIPOTEKTOP-
HbIE pAcTBOPHl HA OCHOBE NHTATEIbHON Cpebl
a-MEM u 25% OTC, conepxamme JIMCO («App-
liChemy, ['epmanusi) B KOHEUHON KOHIIGHTpAIUU 5,
7,5 u 10%. Konnentrpupoanune MC ocyIecTBis-
JM MyTeM MACCHBHOW CEITUMEHTAIMU, CyNEpHATaHT
nexantuposaimu. K 0,5 mi cpeast ¢ MC nobasiisuin
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The DRG derived from daily piglets were used
to procure the cell suspension. After extraction, the
DRG were placed in a cooled a-MEM medium (Bio-
lot, Russia), containing 100 pg/ml gentamicin (Pan-
Eco, Russia) and 2.5 pg/ml amphotericin B (Biowest,
France). The dorsal root ganglia were enzymati-
cally disaggregated in o-MEM medium, containing
1.25 mg/ml collagenase type IA (PanEco), followed
by treatment with 0.25% trypsin-EDTA solution
with Hanks salts (PanEco) according to the method
of A.C. de Luca et al. [6]. The resulting cell suspen-
sion was filtered through a nylon sieve with 100 pm
pore diameter for cell debris removal. The derived
cell survival, controlled by staining with 0.4% trypan
blue solution, was (70 + 10)% in average.

The cells were plated at 0.5 x 10* cells/ml con-
centration and cultured in plastic Petri dishes coated
with poly-D-lysine (Orange Scientific, Belgium)
at 37°C and 5% CO,. For cultivation, we used the
a-MEM-based serum-free medium, supplemented
with 2% NeuroMax (PanEco), gentamicin (100 ug/
ml) and amphotericin B (2.5 pg/ml). A half of the
medium volume was replaced every 3—4 days;
10 experiments were carried out to procure the cell
culture from DRG.

To day 8 under these culture conditions, the
floating MSs were formed. They were divided into
two parts, one of which was cryopreserved, and
the other (control) was replated on a 24-well plate
with normal adhesive surface (SPL Life Sciences,
Korea) in a-MEM medium, containing 10% fetal
bovine serum (FBS; BioSera, France), 100 pg/ml
gentamicin, 2.5 pg/ml amphotericin B. The number
of plated MSs was monitored using an inver-
ted microscope in such a way that 812 MSs were
in the wells.

Here, we used the cryoprotective solutions ba-
sed on a-MEM nutrient medium and 25% FBS,
containing DMSO (AppliChem, Germany) at a
final concentration of 5, 7.5 and 10%. The MSs
were concentrated by passive sedimentation, the
supernatant was decanted. The 0.5 ml medium with
MSc was supplemented with an equal volume of
the medium, preliminarily exposed at 10°C with a
double concentrated DMSO. The saturation with
cryoprotectant was done within 10 min.

The samples were frozen in cryovials (SPL Life
Sciences, Korea) by the following program: the
stage I comprised the 0.5 deg/min rate down to
—20°C; the stage Il was 1 deg/min rate down to
—80°C, followed by immersion into liquid nitro-
gen. We carried out 5 experiments on the DRG-
derived cell culture cryopreservation.

The samples were thawed in a water bath at 37°C.
To remove the cryoprotectant, a resulted suspension
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paBHBI 00beM MpeaBAPUTEIBHO BBIIEPKAHHOW TPU
temreparype 10°C cpeasl ¢ ABOMHON KOHIIGHTpa-
uuerr IMCO. HacpllieHue KpHOmpOTEeKTOPOM IIPo-
BOIWJIH B TeueHue 10 MuH.

O0pasibl 3aMopakuBaiy B Kpronpooupkax («SPL
Life Sciences», Kopest) mo cienyromieii mporpamme:
I stam — co ckopocteio 0,5 rpag/mun mo —20°C;
II atam — co ckopocthio 1 rpax/mun 10 —80°C ¢ moc-
JIEAYIOIIMM TOTPYKEHHEM B KUIAKUM a30T. bbuio
MIPOBEZICHO S5 OTMBITOB MO KPHUOKOHCEPBUPOBAHHUIO
KynsTyphbI ki1eTok u3 CI.

OtorpeB 00pa3loB OCYIIECTBISLIM HA BOJASHOM
Oane npu Temneparype 37°C. Jlns yaaneHus Kpuo-
MIPOTEKTOpa K MOJYYEHHOH CYCNEeH3MM MO KaruliM
noGasysuy 10-KpaTHbI 00bEM MUTATESIBHON CPEIIbI,
CeIMMEHTHpOBaJIM B TeueHue 10 MUH, cynepHaTaHT
yaansimy. JlaHHyto mpoueaypy MOBTOPSUTH JBasKAbI.
[lox BU3yanbHBIM KOHTPOJIEM C OMOIIBbIO MHBEPTHU-
POBAaHHOIO MMKpOCKOIa AeKoHcepBHpoBaHHbIe MC
BbICEBANHU MO 8—12 MTYyK Ha JIYHKY B 24-TyHOYHBIN
IDTAHIIET C HOPMAJILHOW aJIre3MBHON MMOBEPXHOCTHIO
(«SPL Life Sciences») u KyJIbTHBHpPOBAlld B Cpe-
ne a-MEM, conepxamerr 10% DTC («BioSera») u
AHTHOMOTHKH.

Anre3uBHyto criocodbHocTts MC ompenemnsim de-
pe3 CyTKH ToClie pa3MOpakWBaHUS W HAXOKICHUS
B YCJOBHAX KyJAbTHBHPOBaHUSA. OTHOCHUTEIHHOE KO-
JUYECTBO MpUKpeIuieHHbIX MC BBIUHCISUTH 1O

dhopmyre:
A=(1-®dMC/OMC) x 100%,

rae ®MC — konmuectBo (uotupytomux MC; OMC —
obmee koauyectso MC.

Bricenenue kinerok uz MC usyuanu mociue Je-
KOHCepBUpoBaHus U HaxoxaeHuss MC B TeueHue 2-x
CYTOK B YCIIOBHSIX KYTBTHBHpOBaHHS. OTHOCHUTEIb-
HYIO c1TOCOOHOCTH KJIeTOK MC K BBICETICHHIO BBIUHC-
JISITH 110 (hopMmyIre:

B = (BMC/TIMC) x 100%,

rme BMC — xommuectBo MC ¢ BBICEIUBIIMMUCS
kinetkamu; [IMC — konM4yecTBO NMPUKPENMBIIUXCS
MC.

[IpoBoannu Mopdonornueckuii 1 MophoMeTpu-
YEeCKHH aHaln3 KJIETOYHOTO MOHOCIOS, C(HOPMHUPO-
BaHHOTO B TeueHue 10 cyrok kynsTuBupoBanus MC
B npucyrctBuu 10% OTC B KynbTypaslbHBIX INJIaH-
mieTax ¢ HOPMaJbHOW aAre3MBHON MOBEPXHOCTBIO.
Hust aToro MoHocnoit ¢ukcuposanu B 4%-M mnapa-
(hopmanbaernne («Sigmay, CIIIA) B Teuenne 15 muH,
3areM OTMBIBaIH (hochaTHO-CONEBBIM OyPEepHBIM
pactBopoM (pH 7,4, «Biowest») 1 OKkpanruBaIf remMa-
TOKCHJIMHOM U 303MHOM I10 CTaHJIapTHON METO/UKE.
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was dropwise supplemented with a 10-fold volu-
me of nutrient growth medium, sedimented within
10 min, and the supernatant was removed. This
procedure was repeated twice. Under visual control,
using an inverted microscope the frozen-thawed
MSs were seeded by 8—12 pieces per well in a 24-
well plate with a normal adhesive surface (SPL Life
Sciences) and cultured in o-MEM medium, contai-
ning 10% FBS (BioSera) and antibiotics.

The adhesive capacity of MSs was determined
in one day after thawing and staying under culture
conditions. The relative number of attached MSs
was calculated by the formula:

A= (1- FMSs / TMSs) x 100%,

where FMS is the number of floating MSs; TMSs
is the total number of MSs.

The cell production from MSs was studied after
freeze-thawing and MSs staying for 2 days under
culture conditions. The relative capacity of MSs
cells to produce was calculated by the formula:

B = (PMSs / AMSs) x 100%,

where PMSs is the number of MSs with pro-
duced cells; AMSs is the number of attached MSs.

The cell monolayer, formed during 10 days of
MSs culturing in the presence of 10% FBS in the
culture plates with a normal adhesive surface, was
morphologically and morphometrically analyzed.
For this purpose, the monolayer was fixed in 4%
paraformaldehyde (Sigma, USA) for 15 min, then
washed with phosphate-buffered saline (pH 7.4,
Biowest) and stained with hematoxylin and eosin
by the standard technique.

Microphotography was carried out using an in-
verted microscope Biomed-41 (Biomed, Russia)
with a Toup-Cam video eyepiece (Toup Tek, Photonics
Co, China). The microphotographs were morphomet-
rically analyzed using the Toup-View 3.7 software
(Toup Tek, Photonics Co) and Axio Vision Rel. 4.8
(Carl Zeiss, Germany).

The relative area of cell monolayer was assessed
by the method described previously [15]. The rela-
tive number of cells with the certain morphologi-
cal type in monolayer was calculated by the formula:

K = (NCs / TCs) x 100%,

where NCs is the number of cells with the certain
morphological type; TCs is the total number of cells.

Quantitative data of the experiments are presented
as the mean values + standard deviation. The type
of distribution was analyzed using the Shapiro-Wilk
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MUKpPOQOTOCHEMKY OCYHIECTBISIIM C MOMOLIBIO
WHBEPTHPOBAHHOTO  MHKpockorna  «buomen-41»
(Poccus) ¢ Buneookymsapom «ToupCam» (Toup Tek,
Photonics Co, Kuraif). Mopdomerprudeckuii anamms
NPOBOJMIM IO MHUKpodoTorpadusM ¢ HCHONIB30-
BaHueM rporpamm «Toup-View 3.7» (Toup Tek, Pho-
tonics Co) n «Axio Vision Rel. 4.8» («Carl Zeissy,
I'epmanns).

OTHOCHTENBHYIO TUIOHIAZh KJIETOYHOTO MOHOC-
JIOsI OIICHUBAJIA TI0 METOIY, ONMMCAHHOMY paHee [6].
OTHOCHTENBHOE KOJTMUYECTBO KJIETOK ONPEIEICHHOTO
MOP(OITOTUIECKOTO THIIA B MOHOCIIOE BEIYUCIISUIN 110

dhopmye:
K = (KK/OK) x 100%,

rae KK — konuuecTBo KIIETOK OmnpeeieHHOro Mopgo-
aoruyeckoro tumna; OK — o01ee KonmuecTBO KIETOK.

KonudecTBeHHBIE JaHHBIE DKCIIEPHUMEHTOB TPEJI-
CTaBJICHBI B BHJIE CPETHETO 3HAYESHHUS + CTAaHAAPTHOE
OTKIIOHEHWE. Bw pacmpeneneHus aHAIH3UPOBAIN
¢ nomoupto W-kpurtepus Ilanupo-VYumika, 3Ha4u-
MOCTh pa3iHuuil MEXAy TPYIaMH aHHBIX pac-
CUMTBHIBAJIM C WCIOIB30BAaHUEM MapaMeTPUIECKOrO
t-kputepusi CTbrofieHTa (U TPYII ¢ HOPMaJbHBIM
pacmpeneneHreM JaHHBIX) W HelmapaMeTpHIecKoro
kputepusi Kpackena-Yosmnuca (uig Tpymm ¢ HEHOP-
MaJbHBIM pacupesiesieHueM JaHHbIX). Paznuuus cun-
Talli CTAaTUCTUYCCKH 3HAUUMbIMU Tipu P < 0,05.

PesyabTathl H 00cyKaeHHE

[Ipu KynbTUBHUPOBAHWU KIIETOK, MONYyYEHHBIX W3
CI' HeonarabHBIX IOPOCST, B OECCHIBOPOTOUYHBIX YC-
JIoBHUAX B npucyTcTBHHM 2%-ro «Helipomakca», Ha
8-e cytku popmupoBanuce MC nmuameTpoMm B cpef-
HeM (115 + 59) mxMm (puc. 1), 3arem MC kprokoHcep-
BHPOBAITH.

[Ipu mepecese B cpexy, conepxaryio 10% OTC,
HatuBHble MC (KOHTPOJB) MPHUKPEIUBUIACH K TI0-
BEPXHOCTH KyJBTypaJIbHOTO IUIAHIIETa B TEUCHHE
MEPBBIX HECKOJIBKHX YacoB. Yepe3 CyTkm crocoO-
HOCTh HaTuBHBIX MC Kk aare3mu coctasisuia (88,5 £
+ 8)% (puc. 2). Ilocme KpHOKOHCEPBUPOBAHUS
MC coxpansuin ciocoOHOCTh K aaresuu. Crarwmc-
TUYECKH 3HAYMMOW Pa3HUIBl MEXKAY KOHTPOIIb-
HBIMH W ONBITHBIMH 0OpaslamMu He HaOJonanocs,
OZIHAKO CYIIECTBOBAJIA TEHIEHIMS K CHIDKCHHIO
aare3uBHOi crocodHoctH MC, KOTOpBIE TOABEpra-
JUCh KPUOKOHCEPBUPOBaHUIO B npucyTcTBUM 10%
JIMCO.

Ha 2-e cytkm HaOmomanoch BBICEJICHHE Kile-
tok u3 MC. OTHOcHTeNbHAsE CIIOCOOHOCTh KIIETOK
HatuBHBEIX MC K BeIceneHuto cocrarisuia (90 £ 9)%
(puc. 3). B pasmopokeHHBIX oOpasmax HaOIroIa-
JIOCh CHIIKCHHE TOKa3aTessl, KOTOPBIA Ui TPeX HC-
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Puc. 1. MynbtuknetoyHble cpepounapl, nonyyeHHsle n3 CI
HeoHaTarnbHbIX MOPOCAT Ha 8-e CyTKWM KynbTUBMPOBAaHWS
B 6eCcCblBOPOTOYHbIX YCroBusAx ¢ 2%-m «Henpomakcomy.
Mpwxn3HeHHas GOTOCbEMKA, MUKPOCKONWS B MNPOXOAsi-
Lem cBeTe.

Fig. 1. Multicellular spheroids, derived from neonatal
piglet DRG to day 8 of culture under serum-free conditions
supplemented with 2% Neuromax. Vital imaging, transmitted
light microscopy.

W-test, the significance of differences between the
data groups was calculated using a parametric Stu-
dent t-test (for groups with normal data distribu-
tion) and a non-parametric Kruskal-Wallis test (for
groups with non-normal data distribution). Dif-
ferences were considered statistically significant at
p <0.05.

Results and discussion

When culturing the cells, derived from the
neonatal piglet DRG under serum-free conditions
in the presence of 2% Neuromax, to day 8 the MSs
with an average diameter of (115 + 59) um were
formed (Fig. 1), then MSs were cryopreserved.

When replated in the medium, containing 10%
FBS, the native MSs (control) were attached to the
surface of culture plate within first few hours. A
day later, the capacity of native MSs to adhesion
was (88.5 + 8)% (Fig. 2). After cryopreservation, the
MSs preserved their capacity to adhere. Although
there was no statistically significant difference bet-
ween the control and experimental samples, a ten-
dency to a decrease in adhesive ability of MSs,
cryopreserved in 10% DMSO presence, was obser-
ved.

To day 2, the MSs produced the cells. The rela-
tive capacity of native MSs cells to produce was
(90 + 9)% (Fig. 3). In the frozen-thawed samples,
this index decreased, being within the range from
65 to 68% for three DMSO concentrations we used.

It is known that DRG comprises the bodies
of sensitive neurons surrounding their SGCs;
Schwann cells, producing an axonal myelination;
connective tissue cells of endoneuria [9]. Thus,
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Puc. 2. OTHocKTENbHOE KONMMYECTBO NpUKPenneHHbix MC
nocrie KPUOKOHCEPBMPOBAHUS B KPUO3ALUUTHbLIX Cpeaax,
cogepxawmx pasHble koHueHTpauun OMCO. lMepsbie
CYTKM Mnocrne pasMopaxuBaHus u nomelleHmus MC B ycno-
BUS KyNIbTUBUPOBAHUS.

Fig. 2. Relative number of attached MSs after cryopre-
servation in cryoprotective media, containing different
concentrations of DMSO. Day 1 after thawing and MSs
placing under culture conditions.

MoJIb30BaHHbIX KOoHUIEeHTpauuid JIMCO naxomuics
B mpezenax ot 65 1o 68%.

N3BectHO, uTo B coctaBe CI' MPUCYTCTBYIOT Tena
YyBCTBUTENBHBIX HEUPOHOB, OKpyxaroumue ux MI';
LIBAHHOBCKUE KIJIETKH, CO3MAIOIINE MHEIMHU3ALHIO
AKCOHOB; COCAMHUTEIbHOTKAHHBIC KJIETKU 3HIOHEB-
pus [4]. Takum 0o0pa3oM, CyCHEeH3Us KIIETOK, II0-
mydenHast u3 CI, sBiseTcs reTeporeHHoi, a BKIIO-
YeHHE Pa3IUYHbIX KJIETOYHBIX THIOB B coctaB MC
U WX POCT 3aBUCHUT OT CTPYKTYpHO-(YHKIIHOHAIIb-
HBbIX OCOOCHHOCTEW CaMHX KJIETOK (KH3HECI0CO0-
HOCTb, CIIOCOOHOCTh K aJre3ud W Mpoiudepann)
1 yCIIOBUI KyJIbTUBHUPOBaHUS (COCTaB MUTATEIbHON
cpebl, Hamnuue pocToBhIX haktopoB). [leperoc MC
B cpexny, comepxkamryro 10% DTC, cnocoberByer
npukperieHnio MC U BBICENEHUIO U3 HHUX KIETOK
[6]. AHanu3 cdopMHUPOBABLIETOCS MOHOCIOS T03-
BOJISIET BBISICHUTBH, Kakue THNbl kjaetok MC oOna-
JIal0T CIIOCOOHOCTBIO K MUTPALMU U Ipoiudepanny.

IIpn xynsTuBHpoBaHuu HatuBHbIX MC B cpexe
¢ 10% OTC B teuenue 10 cyrox HabmrOMaI0CH hOp-
MHUPOBAHUE Pa3PEKEHHOIO MOHOCIOSI, COCTOSILIEIo
13 OTPOCTYATHIX KJIETOK C BKIIIOUCHHEM OoJiee IUIoT-
HBIX YYacTKOB W3 (PuOpOOIacTONOAOOHBIX KIETOK
(puc. 4, A). Ilo Mopdosoruueckum xapakTepHCTH-
KaM B MOHOCJIO€ BBIJIJISUTM TPH THIA KileTok. Kpyt-
HbI€ pacIUIaCTaHHbIE MYJIBTUIONSAPHBIE KJIETKH CO
CBETJIO OKpAalICHHBIM SIIPOM OBAJILHOH (opMBl H
PaBHOMEPHO pacHpesieleHHbIM XPOMaTHHOM U Of-
HUM—ABYMSI XOPOIIO 3aMETHBIMH SAPBIIIKAMHU OBLIH
OTHECEHbl HaMH K (uOpoOIacTONMONOOHBIM KIIET-
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the DRG-derived cell suspension is heterogeneous,
but the inclusion of various cell types within the
MSs composition and their growth depend on struc-
tural and functional characteristics of the cells
themselves (viability, capacity to adhere and pro-
liferate) and culture conditions (nutrient medium
composition, presence of growth factors). The MSs
transfer into the medium, containing 10% FBS
promotes the MSs attachment and cell production
from them [13]. The formed monolayer analysis
enables elucidating the types of MSs cells with
the capacity to migrate and proliferate.

The formation of a rarefied monolayer, consis-
ting of dendritic cells with inclusion of denser sites
from fibroblast-like cells, was observed when cul-
turing the native MSs in the medium with 10%
FBS for 10 days (Fig. 4A). In a monolayer three
types of cells were distinguished by morphological
characteristics. To fibroblast-like cells (FLCs) we
referred the large flattened multipolar cells with a
light-colored oval-shaped nucleus with evenly dis-
tributed chromatin and 1-2 clearly visible nuc-
leoli. In a monolayer, the cells of a pyramidal (less
often oval) shape with basophilic stained granules
in cytoplasm and rounded nuclei with pronoun-
ced basophilia were also determined. This type cells
had 2-3 long branching processes and we referred
them to neuron-like cells (NLs). Small fusiform
cells with a scanty cytoplasm, a dense, intensely

100
90

80 -
70 +
60 A
50 +
40
30
20 A
10
0 -

KOHTpOJ‘Ib
Control

KoHueHTpauns OMCO, %

DMSO concentration, %
Puc. 3. OTHocuTenbHas cnocoBHOCTb KNETOK K BbICENEHUI0
nocrne KpuokoHcepBupoBaHuss MC B KpMO3aLUUTHLIX cpe-
aax, cogepXawux pasHble koHueHTpauun OMCO. 2-e cyT-
KM nocrne pasMmopaxuBaHusi u nomelueHnss MC B ycnoswus
KyN5TUBUPOBAHWS; * — OTNINYNUS 3HAYMMbI MO CPABHEHUIO C
KoHTponewm, p < 0,05.

Fig. 3. Relative capacity of cells to produce after MSs
cryopreservation in cryoprotective media, containing
different concentrations of DMSO. Day 2 after thawing and
MSs placing under culture conditions; * — differences are
significant as compared with the control, p < 0.05.

1

1

1

OTHocuTenbHasa crnocobHOCTb
knetok MC k BbiceneHuo, %

Relative capacity of MSs to produce, %
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Puc. 4. KneToyHbIn MOHOCION, NOMyYeHHbIN M3 HaTUMBHBLIX (A) U KpUOKOHCepBMpPOoBaHHbIX (B—D) MC Ha 10-e cyTkM Kyrb-
TMBMpoBaHusa. MynbTmkneTodHble cdepounabl, kprokoHcepsuposaHble ¢ IMCO B koHueHTpauusax: B — 5%, C — 7,5%, D
— 10%. Okpacka remaToKCUIIMHOM 1 903MHOM. 1 — HRK; 2 — nK; 3 — ®d6K.

Fig. 4. Cell monolayer, derived from native (A) and cryopreserved (B—D) MSs to day 10 of culture. Multicellular spheroids
were cryopreserved with DMSO in following concentrations: B — 5%, C — 7,5%, D — 10%. Hematoxylin and eosin stain.

1—-NLCs; 2 -GCs; 3—-FLCs.

kam (DOK). B MmoHOCIOE TaKke Onpeaensuiuch KIeT-
KM MHpaMHUIaIbHON (pexe OBaJbHON) GopMbI ¢ Oa-
30()MIBHO OKpAIlEHHBIMU TIBIOKAMHU B ITUTOILIA3ME
1 OKPYIVIBIMH SIAPAaMU C BBIPXEHHOHN 0a30(uiuei.
Kietkn nanHoro tumna umenu no 2—3 JUIMHHBIX BET-
BAIIUXCS OTPOCTKA W OBLTH OTHECEHBI HAMH K HEW-
poHomono6HeIM KieTKaM (HmK). Menkue Beperte-
HOBUJHBIC KJIIETKH CO CKYIHOU IMHUTOILUTa3MOM, TIJIOT-
HbIM HHTCHCHUBHO 0a30(HJIbHBIM SIJAPOM U JIByMs
KOPOTKMMH OTPOCTKaMHU ObLTH HUIACHTU(DUIIMPOBAHBI
kak mmanbueie kietku (171K).

[Ipu xyneruBupoBannu MC, KpHOKOHCEPBHPO-
BaHHBIX B MPUCYTCTBUH Pa3IMYHBIX KOHIICHTPAIIU
JAMCO, Taxxe HaOIIONAINCh BBICEICHUE TPEX yKa-
3aHHBIX BBIIIC TUIIOB KJIETOK M (POPMHUPOBAHUE MO-
Hocuos (puc. 4, B-D). Ognako ucnonb3oBaHHe pas-
HbIX KoHUeHTpanuit JIMCO Baus10 Ha COOTHOLIEHUE
KIIETOK B MOHOCIIOe. B KymbType, MOIXy4YeHHOH W3
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basophilic nucleus and two short processes were
identified as glial cells (GICs).

When culturing the MSs, cryopreserved with
differently concentrated DMSO, we also observed
the production of three mentioned above cell types
and the monolayer formation (Fig. 4B—D). However,
the use of different concentrations of DMSO affec-
ted the cell ratio in monolayer. In the culture, deri-
ved from the native MSs we observed (61 + 11)%
of FLCs, (31 = 7)% of GCs and (8 = 3)% of NLCs
(Fig. 5). A similar ratio of cell types was kept in
the culture, derived from the MSs, cryopreserved
with 10% DMSO. Herewith the number of FLCs
and GCs was (56 + 8)% and (35 + 6)%, respectively,
but (9 £+ 3)% for NLCs. In the cultures derived from
MSs, cryopreserved with 5 and 7.5% DMSO, a sig-
nificant decrease in FLCs number down to 3-5%,
as well as an increase in GCs and NLCs numbers
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100

HatuBHbIX MC, HaOmonmamucs (61 £

+ 11)% ®OK, 31 £ )% ImKn 8 + ¥ 90 -
+ 3)% HnK (puc. 5). ITogobHoe co- E X 80 -
OTHOLICHHE KIETOYHBIX THIIOB €O- =>4  7( .
XpaHsIOCh B KYJIBTYpPE, MOJTYYCHHOU Ef)_’ 60 -
n3 MC, KpHOKOHCEPBHPOBaHHBIX B 2 2
npucyrcreun 10% JIMCO. Ipu 3toM % é 50 -
konuuecTBo DOK cocraBuno (56 + 5 3 40 -
+ 8)%, I'mK — (35 + 6)%, a HuK — (9 + % o 30 A
+ 3)%. B KympTypax, MOmydeHHBIX $& 20 A
n3 MC, KpHOKOHCEPBHPOBAHHBIX B g&’ 10 -
npucyteteun 5 u 7,5% JIMCO, na- 2 0 .
Onrofanoch 3HaYMMOE yMeHblleHne O

xonmuectBa POK 10 3-5%, a Takxke
yBenuuenue konuyectsa [mK mo 80—
85% u HoK no 12—-15%.

K 10-m cyTkaMm B KynbeType, MoJTy-
yeHHOUW u3 HatuBHBIX MC, HaOIIO-
JAIoCh  (OPMHUPOBAHUE MOHOCIIOS,
OTHOCHTEJbHASl TUIOIIAh KOTOPOTO
nocrurana (88,0 = 7,1)% (puc. 6).
C yBenm4eHHEM CpOKa KYJIETHBHPO-
BaHUS (10 25-X CyTOK) OHa HE3HA4YH-
TEJNBHO U3MEHsIAch. B KynmbTypax, mo-
Jy4eHHBIX U3 KPHOKOHCEPBUPBAHHBIX
MC, ckopocTh (OPMHPOBAHHS MOHOCIOS CHHXKa-
nack. Ha 10-e cyTku ero miomaas coctapmia (26,3 £
+6,1)% nna MC, 3amopoxennsix ¢ 5% JIIMCO, (10,7 +
+ 3,5)% st MC, 3amopoxennbsix ¢ 7,5% JAMCO,
u (17,8 + 4,9)% nna MC, 3amopoxeHHbIx ¢ 10%
JAMCO. JlaHHbIi MOKa3aTenah YBEIUUUBAICS A0 TEp-
MUHAJIBHOTO CpoKa HaOmronenus u cocrasui (51,7 £
+7,8)%, (20,1 £6,9)% u (38,5 £ 9,5)% ans KyneTyp,
nonydeHHbIX 13 MC, KOHCEpBHPOBAHHBIX MO 3a-
muton 5, 7,5 u 10% JAMCO cooTBETCTBEHHO.

Panee HamMm OBITO yCTaHOBIIEHO (OPMHUPOBAHHE
dnotupyromux MC B TepBUYHOHW KYJIBEType Kile-
TOK, monydeHHOoW n3 CI' HEOHAaTaTbHBIX MOPOCST
[1]. TToka3ano, uto npu nepecese MC, dopmupytro-
LIUXCSl TIPU KYJIGTUBUPOBAHUH B O€CCHIBOPOTOYHOU
cpene ¢ 2%-i1 nobaBkoii «Helipomakca», B KylbTy-
pPajbHBIM [UIAHLIET C HOPMAJIbHOW aAre€3UBHOM IIO-
BepxHOCThIO Ha cpeny ¢ 10% DTC wnabmromaercs
npukpersienne MC ko nny mianmerta. Ilocne 3to-
ro u3 MC BBICEISIFOTCSI KJIIETKA HECKOJBKUX THIIOB
(®OK, ImK, HnK), xoropsie (GopMHPYOT MOHO-
cioil k 10-M cyTkam.

W3BecTHO, 4TO B TpoIecce KPUOKOHCEPBHUPOBa-
HUSl TPOUCXOTUT TMOBPEXKICHUE KIETOYHBIX CTPYK-
Typ 0e3 HapymeHHs HEIOCTHOCTH TIa3MaTHYeCKON
MeMOpaHbBl. B CBS3M ¢ 3TUM ONHWM W3 METOIOB
oreHKH skm3HecnocodoHoctn MC mocie 1mukia 3a-
MOPaXHBAHHUA-OTOTPEBA SIBISIETCA WX CIIOCOOHOCTH
K mpukperieHnio. OHa peanu3yercs depe3 CIO0XK-
HbIH KOMIUIEKC MEMOpPaHHBIX PEIENTOPOB, KOTOPHIC
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* *
* *
HRK mK 0]5])4
NLs GCs FLCs
Twun kneTok
Cell type

Puc. 5. OTHoCcUTENbHOE KONMMYECTBO KIETOK pas3HbiX TUMOB B MOHOCHOE,
NONy4EHHOM M3 HaTMBHbIX U KPMOKOHCepBMpoBaHHbIX MC Ha 10-e cyTku
KyNbTUBUPOBaHUS. 00— KOHTporb; A— 5% OMCO; m— 7,5% OMCO; m— 10%
OMCO; *— oTnmumsa 3Ha4MMbl MO CPaBHEHMWIO C KONMYECTBOM KIETOK COOT-
BETCTBYHLLEro Tuna B KOHTpone, p < 0,05.

Fig. 5. Relative number of cells of different types in monolayer, derived
from native and cryopreserved MSs to day 10 of culture. O — control; @O —
5% DMSO; @ — 7.5% DMSO; m — 10% DMSO; * — differences are signi-
ficant as compared with the cell number of corresponding type in the
control, p < 0.05.

up to 80—85% and 12—-15%, respectively, were obser-
ved.

To day 10 in the culture, derived from native
MSs, we noted the monolayer formation, the rela-
tive area of which reached (88.0 + 7.1)% (Fig. 6).
When increasing the culture period (up to 25 days),
it slightly changed. In those cultures, derived from
cryopreserved MSs, the rate of monolayer forma-
tion decreased. To day 10, its area made (26.3 =+
+ 6.1)%, (10.7 £ 3.5)% and (17.8 + 4.9)% for the
MSs, frozen with 5, 7.5 and 10% DMSO, respecti-
vely. This index augmented up to the final obser-
vation period and made (51.7 + 7.8)%, (20.1 £ 6.9)%
and (38.5 £ 9.5)% for the cultures, derived from
the MSs, preserved with 5, 7.5 and 10% DMSO,
respectively.

Previously, we have established the formation
of floating MSs in primary cell culture, procured
from neonatal piglet DRG [1]. When replating
the MSs, formed during culture in serum-free me-
dium, supplemented with 2% Neuromax, into the
culture plate with a normal adhesive surface on
the medium with 10% FBS, the MSs attachment
to the plate bottom was observed. After this, the cells
of several types (FLCs, GCs, NLCs), which formed
the monolayer to day 10, were produced from the
MSs.

It is known that during cryopreservation, the
cell structures are damaged without any disorder
in plasma membrane integrity. Due to this fact, the
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OMOCPEIYIOT B3aUMOJICHCTBHS KIIETOK % 120
C BHEKIETOYHBIM MaTpukcoM [3]. B 5=
HACTOsIIed pabdoTe MBI YCTaHOBHIIH, % 5 100
YTO TMOCJIe KpuOoKoHcepBupoBanusi MC § _f 80
COXPAHSIOTCSI OCHOBHBIE 3TaIlbl Pa3BH- E S
THSL KyJBTYpHI TIPU TIEPECeBE B Cpery 0 E
¢ 10%-it ®TC, KkoTOphIE BKMIOYAOT & o 60
npukpemerne MC, Bbicenenne kie- - s 40
TOK TpeX THUMOB, (POPMHUPOBAHKIE MOHO- % 2
CJIOSI. 5% 20
Opnako xoumentparus  JMCO, gm
WCIIONIb30BAHHOTO B JaHHOW paboTe B g 0
o

Ka4yecTBe KpPHUOMPOTEKTOpa, MOXKET OKa-
3bIBaTh BJIMSIHME Ha HEKOTOPBIE 3TaIlbl
pa3Butus KyneTypbl. [locie kpHoKoH-
CEpBHUPOBAHUS 3aMeIIsICS Tpolece
BbICeNIeHUsl KieTok u3 MC, 4to cor-
Jacyercs ¢ JaHHBIMH, MOJYYCHHBIMU
s MC, dopmupyrommxess U3 Kie-
TOK HaamnoueyHukoB [5]. Kpuokoncep-
BupoBanue MC c HCHOIB30BaHUEM
10% AMCO npuBOauIO K CHUXKEHUIO
cnocobHocTy kietok MC K aaresun
B YCIOBHSAX KyIbTHBHpOBaHHWA. Kpno-
koHcepBupoBanne MC B KpHO3alIMTHON cpene ¢
10 u 7,5% AMCO, BeposiTHO, MPUBOIWUIO K dYac-
TUYHOMY TOBPEXJEHUIO KJIeToK B coctaBe MC u
YMEHBIIEHHIO WX TpoiudepaTHBHON aKTUBHOCTH,
YTO 3aMeAIIsI0 HOPMHUPOBAHKE MOHOCIIOS.

[IpeumyiiecTBeHHBIA POCT B KYJIBTYpE pPa3HbIX
MopdorunoB kiertok (POK, I'mK, HuK) 3aBucen or
ncnonb3oBaHHOM koHueHTpauuun JIMCO. Cauxe-
Hue koHueHtpauuu JMCO B kpuo3amuTHON cpe-
ne 1o 5-7,5% npuBOOMIO K YMEHBIIECHUIO KO-
nmuaectBa DOK Oompmie wem B 10 pa3 um yBemnu-
geHnio kKoimdectBa I[nK mpubmusurensHO B ABa
paza 1O CpaBHEHHIO C KOHTpojJeM (CM. puc. ).
OTH pe3ynbTaThl CBUIETENHCTBYIOT O TOM, YTO Ba-
puarnusa KoHneHtparuu JMCO B KpHO3anIUTHOU
cpele MpH TMOCTOSSHHOM DPEXHUME OXJIKIACHUS MO-
JKET SIBISATHCS CIIOCOOOM CEJIEKTMBHOTO JeHCTBUSA
JUIsL TIOJYYEHUS] KYJIbTyphl TpeOyeMoro Tuma Kie-
TOK.

BriBOABI

1. KpuokoHCepBUpOBaHUE C UCIOIb30BAHUEM
AMCO B xonuentpanusx 5, 7,5 u 10% u apyxorarn-
HOro pexxuma oxiaxkaeHus (I atam co CKOpPOCThIO
0,5 rpag/mun m0 —20°C, 11 aTan co ckopocthto 1 rpan/
MuH 10 —80°C) TO3BOJSIFOT COXPAaHUTh OCHOBHBIC
cBoiictBa MC, NHOJIy4YEHHBIX M3 MEPBUYHOU Kyib-
Typsl KieTok CI' HOBOpOXkAeHHBIX mopocsT. [Tocie
KpruokoHcepBHpoBaHUS MC COXpaHSIOTCS OCHOBHBIE
dTambl Pa3BUTHSA KYIBTYpHI TIPH TIEPEceBe B CpEemy
¢ 10%-it ®TC, KoTOpBIE BKIIOYAIOT MPUKPEIUICHNE
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Puc. 6. OTHOCUTENbHasa nnowanbe MOHOCHOS, NOYYEHHOTO U3 HaTUBHbIX
N KpUOKOHCEpBMpPOBaHHbIX MC Ha pasHbIX CpoKax KyrnbTUBUPOBaHUS.
O - KoHTponb; O - 5% AMCO; m— 7,5% AMCO; m— 10% OMCO; *- otnu-
4YMS 3HAYMMbI MO CPABHEHWIO C KOHTponeM, p < 0,05.

Fig. 6. Relative area of the monolayer, derived from native and cryopre-
served MSs at different stages of culture. O — control; @ — 5% DMSO;
E-7.5% DMSO; m— 10% DMSO; * — differences are significant as com-
pared with the control, p < 0.05.

MSs viability after freeze-thawing cycle can be
assessed by their capacity to attach. It is imple-
mented through a cascade of membrane receptors,
which mediate the cell interactions with extracel-
lular matrix [5]. Here, we have established the fact,
that after MSs cryopreservation, when replating
into the medium with 10% FBS, the main stages of
culture development, including the MSs attachment,
production of cells of 3 types, and the monolayer
formation, are preserved.

However, the concentration of DMSO, used
here as a cryoprotectant, can affect some stages of
culture development. After cryopreservation, the
cell production from MSs was slowed down,
which was consistent with the data obtained for
MSs, formed from adrenal cells [14]. The MSs cryo-
preservation using 10% DMSO resulted in a
decrease in MSs cell capacity to adhere under
culture conditions. The MSs cryopreservation in
cryoprotective medium with 10 and 7.5% DMSO
most likely entailed a partial cell damage within
MSs and a decrease in their proliferative activity,
resulted in monolayer formation slowdown.

A predominant growth in the culture of different
cell morphotypes (FLCs, GCs, NLCs) depended
on the DMSO concentration we used. A decrease
in DMSO concentration in cryoprotective medium
down to 5-7.5% resulted in more than tenfold
decrease in FLCs number and approximately twice
increase in GCs as compared to the control (See
Fig. 5). These findings testified to the fact, that
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MC, Beicenenue kietok Tpex Tumos (InK, HoK u
®0K), hopmupoBaHHEe MOHOCTIOS.

2. KpuokoncepsupoBanne MC mpHBOIUT K 4a-
CTUYHOMY IOBPEKICHUIO KIIETOK HMX COCTaBe, 4TO
BBIP@)KAETCS B CHIKEHUM crocoOHocTH KieTok MC
K aJre3uy, yMEHbIICHUN CKOPOCTH BBICEICHUS Kile-
ToK 13 MC 1 (popMUpOBaHUS MOHOCIIOS.

3. Konmentpamms JMCO Brnuser Ha THI KIie-
tok (ImK, HnK u ®6K), xoTopslii mpeBamupyer
B KynbType mociie pasmopaxuBanus MC u mepe-
HOCa WX B YCIOBHS KyJIbTHBHpOBaHUS. Vcmomb3o-
Banue 10%-#1 xoumnenrtpammu JMCO coxpanser
COOTHOIIIEHNE KJIETOYHBIX THIIOB, XapaKTepHOE IS
HaTUBHOW KyNbTYpbl. B KymbTypax, MOJTy4eHHBIX
n3 MC, KpHOKOHCEpBHPOBAaHHBIX B KPHO3ALIUT-
HbIX cpeax ¢ 5 u 7,5% JAMCO, HaOnroaar0TCst yMEHb-
LIEHWEe OTHOCUTeNbHOTo kKonmmuectBa DOK um yBe-
muuenue [K u HoK.
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the variation of DMSO concentration in cryopro-
tective medium under a constant cooling regimen,
could be a way for a selective action to procure
the culture of the required cell type.

Conclusions

1. Cryopreservation with 5, 7.5 and 10% DMSO
and a two-stage cooling regimen (stage I with 0.5
deg/min rate down to —20°C, stage Il with 1 deg/min
rate down to —80°C) enables to preserve the main
properties of the MSs, derived from the primary
culture of newborn piglet DRG cells. After MSs
cryopreservation, when replating into the media
with 10% FBS, the main stages of culture develop-
ment, included the MSs attachment, production of
cells of 3 types (GCs, NLCs, and FLCs), and the
monolayer formation, are preserved.

2. The MSs cryopreservation entails a partial cell
damage within their composition, manifested in a
decrease in MSs cell capacity to adhere, a decrease
in cell production rate from MSs and the mono-
layer formation.

3. The DMSO concentration affects the cell
type (GCs, NLCs and FLCs), which prevails in the
culture after MSs thawing and transferring them
under culture conditions. The use of 10% DMSO
preserves the ratio of cell types inherent in native
culture. In the cultures, derived from MSs, cryo-
preserved in cryoprotective media with 5 and 7.5%
DMSO, a decrease in the relative number of FLCs
and an increase in GCs and NLCs are observed.
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