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

Pecpepar: CnuHanbHble raHrmum (CI) s1BRAOTCA NOTEHUManbHbIM MCTOYHWKOM HeMpanbHbIX CTBOSIOBbIX KIETOK, MOCKOMbKY
codepXaTt KNeTKU-Npon3BOAHbIE HEpPBHOro rpebHs, cnocobHble AnddepeHunpoBaTbCA B HEMPOHbI M pasnunyHble cybnonynsumm
rmyanbHbIX KNeToK. 3BecTHO, YTo mpu onpedeneHHbIX YCroBUSiX KynbTuBMpoBaHus kreTkun CI, monyyeHHble OT HeoHaTalbHbIX Mo-
pocaT, opMupytoT drioTupylolne MynsTukneTodHele cpeponabl (MC), cnocobHble k BbiceneHuto dunbpobnactonogobHbix (PO6K),
rmuaneHbIx (MMK) n HepoHonopo6Hbix (HNK) knetok. B HacTosLwen paboTte npoBeAeHO KprokoHcepBupoBaHne MC, koTopble Obinu nomny-
YeHbl B YCrOBMAX 6ECChIBOTOPOYHOTO KyNIETUBUMPOBAHUS, C UCMONb3oBaHMeM anmeTuncynbdokemnaa (AMCO) B koHueHTpauusix 5; 7,5; 10%
M [BYX3TarnHOro 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, npeobnapamowmii B KynbType, MONyYyeHHON u3
pasamopoxeHHbix MC. lMocne kpuokoHcepBupoBaHus B npucytctBun 10% OMCO MoHOCnow npeumyLlecTBeHHO cocTtouT u3d DOK,
B TO BPEMSI Kak NpU KOHUeHTpaunsx 5 n 7,5% — us kK.

KnioyeBble crnoBa: KpYOKOHCEPBUPOBAHWE, CNMHANbHbIE FaHMMW, MYIBTUKIIETOYHbIE cdeponabl, MaHTUINHbIE MUOLUMUTLI, hrbpob-
nacTtonodob6Hble KNeTKW, HepOHONOAOOHbIE KNETKN, HEOHaTanbHbIe MOPOCHTa.

Pedbepar: CninanbHi ranmii (C) € NoTeHUinHUM mKepenom HempanbHUX CTOBOYPOBUX KIiTWUH, OCKINbKA MICTATb KMITUHW — MO-
XigHi HepBOBOro rpebeHs, ki 34aTHi AMdepeHLloBaTUCS B HEMPOHM i Pi3Hi cybnonynsauii rmianbHMX KMiTWH. Bigomo, wo npu neBHMx
ymMoBax KynbTuByBaHHS KniTvHM CI, oTpuMaHi BiA HeoHaTanbHWX MOPOCHAT, YTBOPKOWTL PNoTytoudi MyNbTUKNITMHHI cdepoign (MC),
30aTHi o BuceneHHs dibpobnactonogibHux (®6K), rmianbHux (IMK) i HenpoHonopibHmx (HNK) knituH. Y garin poboti nposeaeHo
KpiokoHcepByBaHHss MC, ski 6ynu oTpumaHi B ymoBax 6e3cMpOBaTKOBOrO KynbTMBYBaHHSA, 3 BMKOPUCTaHHAM AMMETUNCYNbgoKcHay
(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 KMiTWH i3
MC nicnsa kpiokoHCepBYBaHHSA CMOBINbHIOETLCHA. KOHUEHTpaLis KpiompoTeKTopy BMAVMBAE Ha TWUM KIiTWH, LLO CMOCTepiraeTbCs nepe-
Ba)KHO B KynbTypi, oTpumaHin 3 pos3mopoxeHux 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, MynsTUKIITUHHI cepoian, MaHTinHi rmioumTn, dibpobnactonogibHi KNiTnHK,
HenpOoHONOAIOHI 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 SBISETCS COBPEMEHHOW W
aKTyaJbHOM MPOOIEMOli B CBSI3U C Pa3BUTHEM METO-
JIOB JICUCHHS HEHPOJETeHEpaTHUBHBIX 3a00JEeBaHUM
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
MIO3BOJISICT HE TOJILKO COXPAHUTh €r0 OCHOBHBIE MOP-
(odyHKINOHATBHBIE XaPAKTEPUCTUKH, HO U CO3JaTh
JIOCTATOYHEIH 3armac B KprpoOanke [2].

B mnacrosimee BpeMs BHHMMaHME CIIELMAIMCTOB
[IPUBJIEKAIOT IVIMAJbHBIE KIETKU Iepudepudeckon
HEpPBHON CHCTEMBI, 00Iagaronye BBICOKUM MOTEH-
[IMAJIOM B BOCCTAaHOBJICHUN HAPYIICHUI HHHEPBAIIH
opranos [8, 15, 16, 18].

B cocraBe cnnnanbubix ranrues (CI) B3pocioro
opraHu3Ma oOHapyKEHbI MYJIbTUIIOTEHTHBIE CTBOJIO-
BbIC KJICTKH-TIPOU3BOJIHBIE HEPBHOTO TPEOHS, CIIOCO0-
Hble TU(PEepeHINPOBATECSI B HEHPOHDI, TIIHAIBHBIC
kiaetkn u Muopuopodnactel [14]. Ilpu stom B CI'
TaKuX KJIETOK npubnusurensHo B 10 pa3 Oosnblie,
YeM B KOCTHOM MO3Te U BOJIOCSHOM (hOJUIHKYIIE.

YCTaHOBJIEHO, YTO IIBAaHHOBCKHE KJIETKU Y4acT-
BYIOT B PEMHHEPBALUU HEPBHO-MBILIEYHBIX COEIU-
HEHUI W SIBISIOTCS «HAIMPABISAIOUINMY» CyOCTpaTom
JUTSL TIpOopacTaHusl HepBHOTO BostokHa [10]. ManTuii-
Hble TMouuThl (MI') cHMHAJIBHBIX TAHIIUEB CIO-
COOCTBYIOT BBDKMBAHUIO UYyBCTBUTEIBHBIX HEHpO-
HOB IIOCIIE TPaBMAaTUYECKOTO TOBPEXACHHs HEpBa
[7, 18]. TpaBmaTHyecKoe MOBPEKACHUE HepUPepH-
YEeCKOro HepBa MPUBOAUT K U3MEHEHHUIO KOJIMYECTBA
u Mop(hopyHKIMOHATBHBIX XapakTtepuctuk MI™ [7,
13]. bonee Toro, MI, nosy4yeHHbIE B 3KCHEPUMEH-
TaJbHBIX YCIOBHAX OT HOBOPOXIIEHHBIX >KUBOTHBIX,
0051a1al0T HEKOTOPHIMU  XapaKTePUCTUKAMM HeM-
paTbHBIX CTBOJIOBBIX KJIIETOK [17].

B mnacrosimiee Bpemsl CYIIECTBYIOT pa3iHYHbIC
CIOCOOBI TMOMY4YEeHUsI MEPBUYHON KYJIBTYPHI KIETOK
n3 CI' [11, 17]. Beuto ycraHoBieHO (hopMuUpOBa-
HUE QIOTUPYIOIMX MYJIBTHKIECTOUHBIX CHEPOUI0B
(MC) B kynbType KIeTok, BbiaeneHHod u3 CI' Heo-
HaTaJlbHBIX mopocat [1]. KynsTuBupoBaHue KIIETOK
B cocraBe MC — onuH M3 NEPCHEKTUBHBIX IOIXO-
JIOB, ITOCKOJIbKY B JaHHBIX YCJIOBHUSX KJIETKH HPOSB-
JSIIOT CBOMcTBa Oojiee paHHMX NPENIICCTBCHHUKOB
[I0 CPaBHEHMIO C KIJIETKAMH, KYJIBTHBHPOBAHHBIMHU
B BHme MoHOcHos [12]. OmHako HeCMOTps Ha Tep-
CHEKTUBHOCTh TPUMEHEHUS KYIBTYphl KIETOK W3
CI, 1o cux mop mpakTU4YEeCKH HE pa3paboTaHbl CIIO-
COOBI €€ KPUOKOHCEPBUPOBAHNS.

Lenb paboThl — M3y4eHHUE BIUSHHUS COCTaBa KPHO-
[IPOTEKTOPHOM CPEJIbI U JIBYX3TAITHOTO PEXKHUMA 3aMO-
paxuBanus Ha MOpP(OQYHKINOHATBHBIE XapaKTepuc-
TUKH MYJBTUKJIETOYHBIX C(EpOUIOB, MOITYyUYEHHBIX
B IEPBUYHOM KyJBTYpPE KIETOK CIMHAJIBHBIX TaH-
[JIMEB HOBOPOXKICHHBIX ITOPOCHT.

MarepuaJjibl 1 METOIbI
OKCTIepUMEHThl OBUTM TIPOBENEHBI B COOTBET-
CTBHUH ¢ 3aKOHOM YKpauHbI «O 3aINTE 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 TpeboBanuit Komurera mo Omo-
atuke MHCTHTYTa, COTTAaCOBAaHHBIX C TMOJOXKECHUSIMHU
«EBporielickoli KOHBEHIIMH O 3aIlATE MO3BOHOYHBIX
YKUBOTHBIX, UCTIOJIB3YEMBIX JIJISI SKCIIEPUMEHTAITBHBIX
1 Apyrux Hay4dHbIX 1enei» (CtpacOypr, 1986).

J1g momy4eHns CyCTeH31H KIETOK HCIIOTh30BaN
CT" cyrounsix mopocsrt. Ilocie uzsneuenus CI' mo-
MEIIATN B OXJTKICHHYIO cpeny a-MEM («buomoty,
Poccust), comepxkainyro 100 MKr/MiI TeHTaMHIIMHA
(«[TanDkoy», Poccus), 2,5 Mkr/mn amdorepuruna B
(«Biowest», ®pannust). CiiHAIBHBIC TaHIJIHNH TTOJI-
Beprasim (epMEHTaTUBHOM Jie3arperaiyuu B cpefe
o-MEM, copepxkamer 1,25 Mr/mi KoimareHasbl
tuna [A («ITarDxo») ¢ mocnenyromield 00padOTKOH
0,25%-m pactBopom TpuricuHa-O/ITA ¢ comssmu XeHk-
ca («ITarDxo») mo metonmy A. C. de Luca u coaBt.
[9]. [onydueHHyIO CyCTICH3UIO KJICTOK (DMUIBTPOBAH
gepe3 HeHIIOHOBOE CUTO ¢ nuaMmeTpom mop 100 MM
JUTSL yOAJIeHUs KIeTouHoro nebpuca. CoXpaHHOCTH
MOJYYEHHBIX KJIETOK, KOTOPYIO KOHTPOJHPOBAIH C
noMoInpio okpammuBanus 0,4%-m pacTBOpoM TpH-
MaHOBOTO CUHETO, cocTanisiia B cpenueM (70 = 10)%.

Krerku BoiceBamu B koHIeHTparun 0,5 X 10* xir/min
U KyJAbTUBUPOBAJIM B IIACTHKOBBIX yarikax llerpu
C TIOBEPXHOCTHIO, 00paboTaHHOH monu-D-1r3uHOM
(«Orange Scientific», benbrust), mpu 37°C B armoc-
depe ¢ 5% CO,. [lng KyAbTUBMPOBaHHSA MCIIOIb30-
BaJi 0ECCHIBOPOTOUHYIO Cpey, PUTOTOBICHHYIO Ha
ocHoBe a-MEM c nobGasnenunem 2% «Hefipomaxca»
(«ITarDxo»), rerramunmaa (100 MKr/™M1) 1 ampoTe-
punmaa B (2,5 Mxr/mi). 3ameHy TOJTOBHHBI 00beMa
Cpembl OCYIIECTBISLIN Kaxkable 3—4 CyTOK, IPOBO-
qw 10 OmBITOB MO TMOMYYEHHIO KYJIBTYPBI KIETOK
u3 CI.

Ha 8-e cyTku B JaHHBIX YCIOBHAX KYJIBTHBHPO-
BaHust popmupoBanuck ¢norupyromme MC. Ux ne-
JUIIM HA JIBE YaCTH, OJHY U3 KOTOPBIX MOJBEpraiin
KPHOKOHCEPBUPOBAHUIO, a JIPYTyIO (KOHTPOJb) Tie-
peceBasid Ha 24-IIyHOUHBIN IUIAHILET C HOPMAJIbHON
aare3nBHOM moBepxHOCTHIO («SPL Life Sciencesy,
Kopes) B cpene a-MEM, comeprxamieit 10% derans-
HoO# Temstubelt ceiBopoTkH (DTC; «BioSeray, ®pan-
uus), 100 MKr/mM rTeHTaMUIMHE, 2,5 MKT/MIT amdoTe-
punmaa B. KonmnvectBo nmocestHabix MC KOHTpOJIH-
POBaJIH C IOMOIIBIO HHBEPTUPOBAHHOTO MUKPOCKOIIA
C TaKkuM YCIIOBHEM, 4TOOBI B JyHKax HaxOJHJIOCH
o 8—12 MC.

B pabote ObuTH MCHONIB30BaHBI KPHOMPOTEKTOP-
HBIE PAacTBOPHl HAa OCHOBE IHTATEIbHON Cpenbl
a-MEM wu 25% ®TC, conepxamme AMCO («App-
liChem», ['epmanns) B KOHEUHO! KOHIIGHTpAIUU 5,
7,5 u 10%. Konuentpuposanue MC ocyuiecTnis-
JIU TyTeM ITacCUBHOW CEIMMEHTAIlNH, CyNepHATaHT
nexkantupoann. K 0,5 mi cpenst ¢ MC mob6asisimu
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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 a-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 8-12 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 II 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 KOHIIEHTpa-
nuet JIMCO. Hacelienne KpuonpoTekTopoM Mpo-
BOIWIH B TeueHue 10 MuH.

O0pasibpl 3aMopakuBaid B Kpronpooupkax («SPL
Life Sciences», Kopest) mo cienyromieii mporpamme:
I stam — co ckopocteio 0,5 rpag/mun mo —20°C;
II atan — co ckopocteio 1 rpag/mun 10 —80°C ¢ moc-
JIEAYIOIIMM TOTPYKEHUEM B KUAKUM a30T. beuio
[IPOBEZICHO 5 OMBITOB MO KPHUOKOHCEPBUPOBAHUIO
KyJbpTypbl ki1eTok u3 CI.

OtorpeB 00pa3loB OCYLIECTBISIM Ha BOASHOM
Oane mpu Temmneparype 37°C. s ynaneHus Kpuo-
MPOTEKTOPAa K MOJIYYEHHOH CYCNEH3MH TO KarisaM
noOasisuu 10-KpaTHBIA 00beM MUTATEIBHON CPEIIbI,
CeIMMEHTUPOBaIIM B TeueHue 10 MUH, cymepHaTaHT
yaans. JlaHHYI0 TpOTeypy TOBTOPSUTH JIBAYKIIBI.
[Ton BU3ya bHBIM KOHTPOJEM C TIOMOIIBI0 MHBEPTH-
POBaHHOTO MHKpOCKOTA AeKoHcepBHpoBaHHBIE MC
BhICEBaNIN 110 8—12 MTyK Ha JyHKY B 24-TyHOUHBIN
IJIAHILIET C HOPMAJIbHOUW aJire3uBHOM MOBEPXHOCTHIO
(«SPL Life Sciences») W KyJIbTHBHPOBAJIN B Cpe-
ne a-MEM, conepxareit 10% OTC («BioSera») u
AHTUOMOTHUKH.

AnresuBHylo criocobnocts MC onpenensiu ue-
pe3 CyTKH IOClie pa3MOpakKUBaHUS U HAXOKICHHSA
B YCJIOBHUSAX KYJIBTHBHPOBaHUS. OTHOCHTEIHHOE KO-
JINYECTBO MpUKperuieHHbIXx MOC BBIYUCISIN 110

thopmye:
A= (1-®dMC/OMC) x 100%,

rine ®MC — konndectBo ¢uorupytorux MC; OMC —
obmiee koiauuectso MC.

Bricenenue xieroxk m3 MC usydanu mociue Je-
KoHCcepBUpoBaHus u HaxoxaeHus MC B TeueHue 2-x
CYTOK B YCIIOBHUSIX KYIbTUBUpPOBaHUS. OTHOCUTEIb-
HY0 crIocoOHOCTH KJIeTOK MC K BBICEIICHUIO BBIYHUC-
nse 1o popmyie:

B = (BMC/IIMC) x 100%,

rme BMC — xommuectB0 MC ¢ BBICEITHBIINUMUCS
kietkamu; [IMC — KoIM4ecTBO MPUKPETTMBIINXCS
MC.

[IpoBoanim Mopdonornueckuii 1 MophHoMeTpu-
YEeCKH aHaln3 KJIETOYHOTO MOHOCHIOS, C(HOpPMHPO-
BaHHOTO B TeueHue 10 cyTok kynsTuBupoBanus MC
B npucyrctBuu 10% OTC B KynIbTypaslbHBIX NJaH-
hieTax ¢ HOPMaJIbHOW aAre3MBHON MOBEPXHOCTHIO.
Hnst aToro MoHocnoi ¢ukcuposanu B 4%-M mapa-
(dhopmanbaernne («Sigmay, CIIIA) B Teuenne 15 muH,
3areM OTMBIBaIH (hochaTHO-CONEBBIM OyPEepHBIM
pactBopoM (pH 7,4, «Biowest») 1 OKpanruBaIf remMa-
TOKCHIIMTHOM M S03MHOM T10 CTaHJApPTHONH METO/IMKE.
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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 a-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 / AMSSs) 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, Kurait). MopdomMerpruueckuii aHamms3
MIPOBOAMIM IO MHUKpodoTorpagusM ¢ HCHOIb30-
BaHueM mporpamm « Toup-View 3.7» (Toup Tek, Pho-
tonics Co) n «Axio Vision Rel. 4.8» («Carl Zeissy,
I'epmanms).

OTHOCHTENBHYIO TUIONIA b KJIETOYHOTO MOHOC-
JIOsI OIICHUBAJIA TI0 METOIY, OMMCAHHOMY paHee [6].
OTHOCHTENBHOE KOJMYECTBO KJIETOK ONpPEeICHHOTO
MOP(OITOTUIECKOTO THIIA B MOHOCIIOE BEIYUCIISUIN 110

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

rae KK — konmmdecTBo Ki1eToK orpeneneHHOro Mopdo-
noruueckoro tumna; OK — o011iee KoMuecTBO KIETOK.

KonmdecTBeHHbIE JaHHBIE DKCIIEPUMEHTOB TPEJ-
CTaBJICHBI B BUJIC CPEIHETO 3HAYCHUS + CTaHAAPTHOE
OTKJIOHEHWE. Buj pacmpenencHus aHaTIU3HPOBAIH
¢ nomouipto W-kpurepusa Ilanupo-VYunka, 3Ha4u-
MOCTb pPa3iM4YMi MEXJy IpylIaMu AaHHBIX pac-
CUMUTHIBATM C HCIOJNB30BAHUEM MapaMeTPUUYECKOTO
t-kputepusi CTbrofieHTa (VI TPYII ¢ HOPMaJbHBIM
pacrnpeneneHreM JaHHBIX) W HelapaMeTpHUIeCcKOro
kputepusi Kpackena-Yommmca (o Tpymm ¢ HEHOP-
MaJbHBIM pacupezesieHueM JaHHbIX). Paszmmuus cuu-
TaJIl CTATUCTUYECKU 3HaYUMBbIMU TIpH p < 0,05.

Pe3yabTarnl 1 00Cyx1eHTE

[Ipu KynbTUBUPOBAHWU KIIETOK, MOJYYEHHBIX M3
CI" HeoHaTaTBHBIX ITOPOCAT, B 6€CCHIBOPOTOTHBIX yC-
noBUsIX B mpucytcTBuM 2%-ro «Helipomakca», Ha
8-e cytku popmupoBanuce MC nuameTrpom B cpea-
HeM (115 = 59) mxm (puc. 1), 3atem MC kpuokoHncep-
BUPOBAJIH.

[Ipu nepecese B cpeny, cogepxainyto 10% OTC,
HatuBHBlE MC (KOHTPOJb) MPUKPEIUISUICH K T10-
BEPXHOCTH KyJIbTypaJTbHOTO IUIAHINETa B TEUCHHE
MIEPBBIX HECKOJIBKUX YacoB. Yepe3 CyTKm CrocoO-
HOCTh HaTUBHBIX MC Kk aare3mu coctaBisiia (88,5 +
+ 8)% (puc. 2). Ilocme KpHOKOHCEPBHPOBAHWUS
MC coxpansin crnocoOHOCTh K anre3uu. Crartuc-
TUYECKH 3HAYUMOW PAa3HHUIBI MEXIY KOHTPOIb-
HBIMH W ONBITHBIMH OOpasliaMu He HaOJonanoch,
OJTHAKO CYILECTBOBaJa TEHJCHIMS K CHIKEHUIO
aare3uBHO# cnocodHoctn MC, KOTOpbIE TOABEpra-
JUCh KPUOKOHCEPBUPOBAaHUIO B npucyTcTBUM 10%
JAMCO.

Ha 2-e cytkm HaOmomanoch BBICEJICHHE Kile-
tok u3 MC. OTHOcHTeNnbHas CIOCOOHOCTh KJIETOK
HatuBHBIX MC Kk BeIcenenuro coctapisiia (90 + 9)%
(puc. 3). B pasmopokeHHBIX oOpasmax HaOIrona-
JIOCh CHWKCHHE TOKa3aTessi, KOTOPBIA Ui TpeX HC-

358

s
g,

"Isnpm

Puc. 1. MynetuknetoyHble ccpepounapl, nonyyeHHsle n3 CI
HeoHaTarnbHbIX MOPOCAT Ha 8- CYTKWM KyNnbTUBUPOBAHMUS
B 6eCcCbiBOPOTOYHbIX 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. OTHoCcKTENbHOE KONMMYECTBO MpPUKPenneHHbix 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 npezenax ot 65 10 68%.

M3BectHO, uTo B coctaBe CI' MPUCYTCTBYIOT Tena
YyBCTBUTENBHBIX HEHMPOHOB, OKpyxarowmue ux MI';
LIBAHHOBCKUE KIJIETKH, CO3MAIOIINE MHEIMHU3ALHIO
AKCOHOB; COEAMHUTEIbHOTKAHHBIC KJIETKU 3HIOHEB-
pust [4]. Takum 00pa3om, CyCleH3HsS KIIETOK, IIO-
nmyudenHast u3 CI, sBiseTcs reTeporeHHoi, a BKIIO-
YeHHE Pa3IUYHbIX KJIETOYHBIX THMOB B coctaB MC
U UX POCT 3aBUCUT OT CTPYKTYPHO-(YHKIHOHAIIb-
HBIX OCOOCHHOCTEH caMuX KIIETOK (3KH3HECIOCO00-
HOCTb, CIOCOOHOCTh K aJre3nu W Mpoiudeparun)
U yCJIOBUH KyJIBTHBUPOBAHUS (COCTaB MHUTATEIBHOM
cpenbl, Hamuuue pocToBhIX (hakrtopoB). Ilepenoc MC
B cpeny, comepxamyto 10% DTC, crnocoberByer
npukpemiennio MC U BBICEJICHHIO U3 HHUX KIJIETOK
[6]. Anamm3 chopMupOBaBIIETOCS MOHOCIOS IT03-
BOJISICT BBIACHUTH, Kakue THIBI KieTok MC o0ma-
JIAF0T CIIOCOOHOCTHIO K MUTPAIIMU M PO Qepaliu.

[Ipu xynasTuBMpoBaHMHM HaTuBHBIX MC B cpene
¢ 10% DTC B teuenue 10 cyrok HabIHOMAIOCH (HOP-
MHpPOBaHUE Pa3pPEKEHHOTO MOHOCIOS, COCTOSIIETO
U3 OTPOCTYATHIX KJIETOK C BKIIOUCHHEM OoJiee TIoT-
HBIX Yy4acTKOB M3 (HUOpoOIacTOonomoOHBIX KIETOK
(puc. 4, A). Ilo mopdonoruueckum xapakTepHCTH-
KaM B MOHOCJIO€ BBLACIISUIM TPH THIIA KieTok. Kpym-
HBIC PACIUIACTAHHBIC MYJIBTHUIIONSPHBIC KIETKH CO
CBETIO OKpALICHHBIM SIPOM OBaJIBHOH (OpMBI M
PaBHOMEPHO paclpelesICHHBIM XPOMAaTHHOM U Ofi-
HUM—/IByMsI XOPOIIIO 3aMETHBIMH SIPBIIIKAMHU OBLITH
OTHECEHbl HaMH K (GHuOpPOOIACTOMONOOHBIM 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. OTHOocuTenbHas cnocoBHOCTb KNETOK K BbICENEHUI0
nocrne kpuokoHcepBupoBaHuss MC B KpMO3aLUUTHLIX Cpe-
Aax, cogepXawmx pasHble KoHueHTpauun OMCO. 2-e cyT-
Ku nocre pasMopaxuBaHusi u nomelueHuss MC B ycnoswus
KyNsTUBUPOBaHWS; * — OTNINYUS 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 KJ‘IeTOLIHbIVI MOHOCITON, MOMNyYeHHbIV U3 HATUBHBIX (A) 1 KpVIOKOHCGpBVIpOBaHHbIX (B D) MC Ha 10 -e CyTKu KyJ'Ib-
TMBMpoBaHusa. MynbTmkneTodHble cdepounabl, kprokoHcepsupoBaHble ¢ IMCO B koHueHTpauusax: B — 5%, C — 7,5%, D
— 10%. Okpacka remaToKCUIIMHOM 1 303MHOM. 1 — HRK; 2 — nK; 3 — ®6K.

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

1—-NLCs; 2 -GCs; 3—-FLCs.

kam (DOK). B MmoHOCIOE TaKke Onpeaensuiuch KIeT-
KM ITUpaMHUIAIbHON (pexke oBajbHOI) (opmbl ¢ Oa-
30MIBHO OKPALICHHBIMHU IMBIOKAMH B LIUTOIUIA3ME
W OKPYIJIBIMH SApaMU C BBIpXEHHOH 0a3oduimei.
Krnerku naHHoro tuma nmenu 1o 2—3 JUIMHHBIX BET-
BAIIUXCSL OTPOCTKA M OBLIM OTHECEHBbI HAMU K HEH-
ponomnonooubM kietTkam (HnK). Menkue Bepere-
HOBH/IHBIE KIIETKH CO CKYIHOW IMTOILIa3MOM, TUIOT-
HBIM HMHTEHCUBHO 0a30(MIBHBIM SIIPOM U JBYMS
KOPOTKUMH OTPOCTKaMH OBUIM WACHTH(QHULIUPOBAHBI
Kak manbhele kinetku (ImK).

[Ipn xyneruBupoBanuun MC, KpHOKOHCEPBHPO-
BAaHHBIX B NMPHUCYTCTBUM PA3IMYHBIX KOHIICHTPALM
AMCO, Taxoke HaOIIONANNCH BBICEICHUE TPEX YKa-
3aHHBIX BBIIIE TUIOB KJIETOK M (OPMUPOBAHUE MO-
Hocnos (puc. 4, B-D). Ograxo ncnons3oBaHue pas-
HBIX KoHIIeHTparuit JIMCO BIusIIO Ha COOTHOIIICHUE
KJIETOK B MOHOCJO€. B KynbType, MoJydyeHHOU U3

360

- 5%, C —7,5%, D — 10%. Hematoxylin and eosin stain.

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)% HuK (puc. 5). [logo6Hoe co- E * 80 -
OTHOLICHHE KIETOYHBIX THIIOB €O- =>4  7( .
XPaHsIIOCh B KYJNBType, MOTYYCHHOU E§ 60 A
n3 MC, KpHOKOHCEpPBHPOBaHHBIX B 2 2
npucyrcteun 10% JIMCO. Tpu stom % é 50 1
konuuecTBo DOK cocrapuno (56 + 3 40 +
+ 8)%, I'mK — (35 + 6)%, a HuK — (9 + % o 30 1
+ 3)%. B kympTypax, MomyuyeHHBIX $& 20 A
n3 MC, KpHOKOHCEPBHPOBAHHBIX B g&’ 10 -
npucyrctud 5 u 7,5% JIMCO, na- ,% 0 A
OIOIANIOCh 3HAYMMOE yMEHbIeHHe O

koaumuectBa ®OK mo 3-5%, a Taxxke
yBennuenue konunyectsa [mK no 80—
85% n HoK no 12—-15%.

K 10-M cyTkam B KyabType, NOJy-
yeHHOH u3 HatuBHBIX MC, HaOIIO-
nanock  (OPMHPOBAHHWE MOHOCIOS,
OTHOCHUTEJIbHAS TUIOIIAb KOTOPOTO
nocturana (88,0 = 7,1)% (puc. 6).
C yBenmmueHHEeM CpoKa KyJIbTHBHPO-
BaHUA (J10 25-X CyTOK) OHa HEe3Ha4yu-
TEJIBHO U3MEHSIACh. B KynbTypax, no-
JTYYEHHBIX U3 KPUOKOHCEPBUPBAHHBIX
MC, ckopocTh (OPMHPOBAHHS MOHOCIOS CHHXKa-
nack. Ha 10-e cyTku ero miomaas coctapmia (26,3 £
+6,1)% nnsa MC, 3amopoxenssix ¢ 5% JIIMCO, (10,7 +
+ 3,5)% st MC, 3amopoxennbix ¢ 7,5% JAMCO,
u (17,8 £ 4,9)% nna MC, 3amopoxeHHbIX ¢ 10%
JAMCO. JlaHHBIN TIOKa3aTeNb YBEIUUNBAJICS A0 TEp-
MUHAJIBHOTO CpoKa HaOmroneHus u cocraBui (51,7 +
+7,8)%, (20,1 £ 6,9)% u (38,5 £ 9,5)% ans KyneTyp,
nonmydeHHbIX 13 MC, KOHCEpBHPOBAHHBIX MO 3a-
mutoit 5, 7,5 u 10% JAIMCO coOoTBETCTBEHHO.

Panee HamMu OBUIO YCTaHOBJICHO (OPMHUPOBAHHUE
¢notupyronux MC B mepBUYHON KyJIbType Kile-
TOK, moiy4deHHON n3 CI' HeoHaTalbHBIX MOPOCAT
[1]. ITokazano, uto npu nepecese MC, dopmupyto-
IIUXCS TPU KYJIBTUBUPOBAHHU B OECCHIBOPOTOYHOM
cpene ¢ 2%-i1 nodaBkoii «Helipomakca», B KyJbTy-
pajbHBIM MIAHIIET C HOPMAJbHOU aare3uBHOM IO-
BepxHOCThIO Ha cpeny ¢ 10% DPTC wnabmomaercs
npukperienne MC ko any mnanwera. Ilocne 3to-
ro u3 MC BBICENSAIOTCS KJIETKH HECKOJbKHX THUIIOB
(®6K, I'mK, HnK), xoropreie (opmMupyoT MOHO-
cioi k 10-M cyTkam.

M3BecTHO, UTO B MpoIecce KPUOKOHCEPBHPOBA-
HUS TIPOUCXONUT TIOBPEKICHHUE KIIETOYHBIX CTPYK-
Typ 0€3 HapylIeHHUs LETOCTHOCTH IIa3MaTHUeCKON
MeMOpaHbl. B CBS3M ¢ 3THUM ONHHMM U3 METOJOB
olleHKH jkmu3HecnocoOHocT MC mocie 1ukia 3a-
MOPaXHMBAHUS-OTOTPEBA SIBJISIETCS MX CIIOCOOHOCTH
K npukpemieHuto. OHa peaausyercsl uepes CIOXK-
HBI KOMIUIEKC MEMOpPAaHHBIX PEIEenTOPOB, KOTOPHIC
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* *
* *
HRK mK OOoK
NLs GCs FLCs
Twun kneTok
Cell type

Puc. 5. OTHoCcUTENbHOE KONMMYECTBO KMETOK pa3HbiX TUMOB B MOHOCHOE,
NOry4YeHHOM M3 HaTMBHbIX U KPMOKOHCepBMpoBaHHbIXx MC Ha 10-e cyTku
KyNbTUBUPOBaHUS. 00— KOHTporb; A— 5% OMCO; m— 7,5% OMCO; m— 10%
OMCO; *— oTnmMumsa 3Ha4MMbl MO CPaBHEHMWIO C KONMYECTBOM KIETOK COOT-
BETCTBYHOLLEro 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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X
OTOCPEAYIOT B3aUMOJCHCTBUS KIIETOK % 120
C BHCKJIETOYHBIM MaTpukcoM [3]. B 5=
HaCTOsIIed paboTe MBI YCTaHOBHIIH, % 5 100
YTO TMOCJIe KpuOoKoHCcepBHupoBaHusi MC § _f 80
COXPAHSIOTCSI OCHOBHBIE JTaIlbl Pa3BH- E S
THS KYJIBTYypHI TIPH TIEpeceBe B Cpemy e E
¢ 10%-it ®TC, KkoTOphIe BKIIOYAOT & o 60
npukperieane MC, BbicereHHE Kie- ° % 40
TOK TPEX THIIOB, (POPMHUPOBAHHUE MOHO- % 2
CITOS. 5% 20
Opnako xouuentparus JMCO, s
WCIIOJb30BAHHOTO B JIAHHOW pabore B g 0
Ka4eCTBE KPUOMPOTEKTOPa, MOXKET OKa- O

3bIBaTh BJIMSIHME Ha HEKOTOPBIC JTaIlbI
pasButus KynbTypbl. [lociie kprokoH-
CEepPBHUPOBAaHUS 3aMEIsICS TPOIeCce
BEICeNCHHS KieTok m3 MC, uTto cor-
JacyeTcsl ¢ JaHHBIMH, MONYyYEeHHBIMHU
mist MC, dopmupyrommuxes W3 Kie-
TOK HaAmodeyHuKoB [5]. Kpmokoncep-
BupoBanne MC ¢ HCHOIB30BaHUEM
10% AMCO mpuBOIMIO K CHIYKCHHIO
cnocobHoctu kietok MC k azare3uu
B YCIOBHSX KyJIbTHBHpOBaHUs. Kpuo-
koHcepBupoBanne MC B KpHO3alIMTHON cpene ¢
10 u 7,5% AMCO, BeposiTHO, MPUBOAWUIO K dYac-
TUYHOMY TIOBPEKICHHUIO KIETOK B coctaBe MC u
YMEHBIICHUIO WX MPOJU(PEPaTUBHON AKTUBHOCTH,
YTO 3aMEIISUI0 (POPMHUPOBAHUE MOHOCIIOSL.

[IpenMyIIeCTBEHHBII POCT B KYJIBTYPE Pa3HBIX
MopdotumoB kinetok (POK, I'nmK, HnK) 3aBucen or
rcnosb3oBaHHOM KoHueHTpauuu JMCO. Cuuxe-
Hue kKoHueHTpauuu IMCO B Kpuo3almMTHOH cpe-
ne no 5-7,5% TpUBOAMIO K YMEHBIICHHIO KO-
mrgectBa ®OK OGomprie wem B 10 pa3 m yBenw-
yeanio koimudectBa [nK mpubnusurensHo B 1Ba
paza MO CpaBHEHHIO C KOHTpojeM (CM. puc. 5).
OTu pe3ynbTaThl CBHICTEIHCTBYIOT O TOM, YTO Ba-
puanust koHueHtrpauun JIMCO B kpuo3amuTHON
cpelne mpuU MOCTOSHHOM PEXKHUME OXJIAKICHUS MO-
KET SIBISATHCS CIOCOOOM CEIIEKTUBHOTO JICHCTBUS
JUIS TIOJIYYEHHUsl KyIbTypbl TpeOyeMoro Tuma Kie-
TOK.

BriBoABI

1. KpuokoHCEpBUpPOBAHHE C HCIOJIb30BAHUEM
JAMCO B konnenTpanusax 5, 7,5 u 10% u aByxosrar-
HOTO pekuma oxiaxaeHus (I atam co CKOpOCThIO
0,5 rpag/mun 10 —20°C, I 3Tan co ckopocthio 1 rpaj/
MuH 10 —80°C) TO3BOJNSIOT COXPAHUTH OCHOBHBIE
cpoiictBa MC, mNOMy4yeHHBIX M3 MEPBHUYHOW KYyIb-
Typsl kietok CI' HoOBopoxaAeHHBIX mopocsT. [locne
KpuokoHcepBrpoBaHuss MC COXpaHSIOTCSI OCHOBHBIE
9Talbl pa3BUTHS KyJBTYPHl IPH IIEpEceBe B Cpery
¢ 10%-it ®TC, koTOpbIE BKJIIOYAIOT MPUKPEIUICHNE
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Puc. 6. OTHOCUTENbHasA nnowanbe MOHOCHOS, NMOYYEHHOTO U3 HaTUBHbIX
N KpMOKOHCcepBMpoBaHHbIX MC Ha pasHbIX CpoKax KyrnbTUBUPOBAHUS.
O - KoHTponb; O - 5% AMCO; m— 7,5% AMCO; m— 10% OMCO; *- otnu-
4YMS 3HaAYMMbI 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), hopmupoBaHHE MOHOCTIOS.

2. KpuokoncepsupoBanue MC npHBOIUT K 4a-
CTUYHOMY IOBPEKICHUIO KIETOK MX COCTaBe, 4TO
BBIP@)XACTCS B CHIXEHUM criocoOHocTH KileTok MC
K aAre3uyl, yMEHbIICHUN CKOPOCTH BBICEIECHUS Kile-
ToK 13 MC u popMupOBaHUST MOHOCIIOS.

3. Konnentpamus JIMCO Brnuser Ha THI KIe-
tok (ImK, HoK un ®6K), xotopsiii mpeBammpyer
B KyJabType mocie pasMopaxuBanud MC u mepe-
HOCa WUX B YCJOBMs KyJabTHBHpOBaHUS. Vcmomb3o-
Banne 10%-it xonunentpammu JIMCO coxpansier
COOTHOIIIEHNE KJIETOYHBIX THUIIOB, XapaKTepHOE IS
HaTUBHOM KyJIbTypbl. B KynbTypax, NOITy4eHHBIX
n3 MC, KpHOKOHCEpBHUPOBAHHBIX B KpPHO3ALIMT-
HBIX cpefax ¢ 5 u 7,5% JAMCO, HaOnronaroTcst yMeHb-
LIEHHEe OTHOCUTeNbHOro konuuectBa POK u yse-
mnyenue [nK n 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 11 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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