VIIK 591.88.084:57.043
A.H. Cykau'2*, T.A. ASIWEHKO?

Poab (bOpMMpOBaHMSI arperatos B rnpouecce BblXKUBaHUS
NU30AUPOBAHHBLIX HEPBHbLIX KAETOK HOBOPOXAEHHbIX KPbIC
nocae KpPUOKOHCepBUPOBaHUS

UDC 591.88.084:57.043
A.N. SUKACH'2*, T.D. LYASHENKO?

Role of Forming Aggregates in Post-Thaw Survival
of Isolated Neural Cells from Newborn Rats

Wzyuanu poss popmupoBanus arperatos HepBHbIMH KiieTkamu (HK) HOBOpOXKIEHHBIX KPBIC B IPOLIECCE BOCCTAHOBJICHUS T1OCTIE
BBIJICJICHUS] U KPHOKOHCEPBUPOBAHUS 3TUX KJIETOK. YCTaHOBJIECHO, UTO KpaTKocpouHoe KynpTuBupoBaHue HK B coctaBe arperaros
yCTpaHsIeT MOBPEKICHUsI, 00pa30BaBIINECs B IIPOLIECCE MX BBIJCISHUS, K BO3MOYKHO, [TO3BOJISIET KJIeTKaM H30exaTth arornTo3a. [lokasaHo,
uro 3amopaxuBanre HK B cocraBe arperaros nox 3amuroii 10% JIMCO ¢ dekTHBHO COXpaHSET CTBOJIOBBIS/IPOreHUTOPHBIC U
b depenuuposannubie HK. Coxpanenue nenoctHoctu arperaroB HK mocie kxprokoHcepBUpOBaHUS SIBISIETCST HEOOXOANMBIM YCIIOBHEM
UX BBDKHMBAHUS B KyJbType.

Knioueevie cnosa: nHepBHBIC KIETKH HOBOPOXKICHHBIX KPBIC, MHOIOKJICTOUHBIE arperaTbl, BEDKUBAEMOCTb, )KU3HECIIOCOOHOCTS,
KPHOKOHCEPBHUPOBaHHE, KyIbTHBUPOBAHUE.

BuBuanu pose GopmyBanHs arperaTiB HepBoBuMH KiiThHamu (HK) HOBOHapo/pkeHHX LIypiB B MpOLECi BiAHOBICHHS Micis
BUJIVICHHS i KPIOKOHCEPBYBaHHS LIUX KIITHH. BcTaHOBIEHO, 1110 KOpOTKOCTpOKOBe KynsruByBanHs HK y ckiazi arperaTiB BiJHOBITIOE
YIIKO/DKEHHS, 1[I0 yTBOPUIIUCS B MPOLECi X BHUIUICHHS Ta, MOXKJIUBO, I03BOJISIE KIIITHHAM YHUKHYTH aromnto3sy. [lokaszaHo, 1o
3amopoxxkyBanHs HK y cxiazi arperatis min 3axuctom 10% JIMCO edektuBHO 30epirae cTBOJIOBI/MPOreHiTOPHI 1 AudepeHniioBaHi
HK. 36epesxenns ninicHocri arperariB HK micist kpiokoHcepByBaHHS € HEOOXIIHOIO YMOBOIO iX BIJKHUBAHHS B KyJIBTYPi.

Kniouosi cnosa: HepBoBi KIITHHH HOBOHAPO/DKEHHX IYpPiB, OAaraTOKIITHHHI arperary, BIDKUBAHHSI, )KUTTE3JATHICTh, KPIOKOH-
CepBYBaHHS, KYJIbTHBYBaHHS.

The role of formation of newborn rat neural cell aggregates on cell recovery after isolation and cryopreservation was studied. Short-
term cultivation of neural cells within aggregates eliminate the damages that appear during cell isolation and possibly protects from
apoptosis. It was shown that freezing of neural cells within aggregates under protection of 10% DMSO is effective for storage of stem/
progenitor and differentiated neural cells. Maintenance of integrity of neural cell aggregates after cryopreservation is a necessary

condition for survival in culture.

Key words: neural cells of newborn rats, multicellular aggregates, survival, viability, cryopreservation, cultivation.

KprokoHcepBupoBaHHEe M30IUPOBAHHBIX KJIETOK
BKJIFOYAET HECKOJIBKO ITANOB: BBIJCIECHUE KIIETOK B
MaKCHMAJIbHO )H3HECIIOCOOHOM COCTOSHUU; MHKYOU-
POBaHME B 3aILUTHBIX PaCTBOPaX; 3aMOPaKUBaHUE IO
OINpEeAENIEHHO IporpaMMe; OTTauBaHUE; yHalleHUe
KpHOTIPOTEKTOpa Mpu Heobxonumoctu. Ecin Beiiese-
HUE CONPSDKEHO ¢ JIe3arperanyei TKaHe, To y KIIETOK
MOSIBIIAIOTCA MUKPOTIOBPEXACHUSA, YTO MOXKET 3HAYH-
TEJIHHO CHU3UTH UX BBDKUBAEMOCTH MOCTIE KPHOKOH-
CepBHUPOBAHUS.

B npornecce KprOKOHCEPBUPOBAHHS, a TAKXKE OT-
MBIBKH KPHOIIPOTEKTOPA B KJIETKaX MOTYT IPOUCXO-
IUTH CTPYKTYPHO-MeTa0OInYecKne HapyLIeHUs B
IU1a3MaTHYeCcKo MeMOpaHe U MeMOpaHax BHYTpH-
KJIETOYHBIX KOMIIOHEHTOB, YTO COIIPOBOXKJIAETCS IO-
Tepell NOBEPXHOCTHBIX PELENTOPOB, a TAKKE HApYIIIe-
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Cryopreservation of isolated cells comprises several
stages: isolation of cells preserving highest viability;
equilibration in protective solutions; freezing according
to a certain program; thawing; removal of cryoprotec-
tive agent (CPA) if necessary. If the isolation is asso-
ciated with tissue disaggregating, the cells are subjected
to a microdamages, which may significantly reduce
their post-thaw survival.

Cryopreservation and CPA removal could be ac-
companied with occurence in cells of structure and
metabolism disorders in plasma membrane and
intracellular components, that may be accompanied
with the loss of surface receptors as well as impaired
homeostasis of cells. Therefore a very important stage
of cryopreservation is the creation of the conditions
activating reparation of frozen-thawed cells. More
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HUEM romeocrasa KieTok. [loaToMy odeHp Ba)KHBIM
3TanoM KPHOKOHCEPBHPOBAHUS SBIAETCS CO3/IaHUE
YCIIOBUH, aKTUBUPYIOIINX pEMapanuio JeKOHCEPBH-
pOBaHHBIX KJIETOK. Yale BCero /i 3TOro UCIOib-
3yIOT BOCCTaHOBHTEIBHBIE CPENbl, KOTOPBIE COAEP-
XKaT METa0OJIMYECKH aKTUBHBIE COCMHEHUS, CTUMY-
JTUpYIOIIUe ON03HEPreTUIECKUI UK KJIETOK U IPo-
neccsl OnocruHTe3a OETKOB M HYKJICHHOBBIX KHUCIIOT.
OTH cpeapl MOTYT COIEPKATh CTAOMIM3aTOPE MEM-
OpaH 1 cCoeTMHEHMsI, [TOIaBIISAIONIIE TPOLIECCHI Iepe-
KHCHOTO OKUCJICHUS TUnUA0B [ 1]. OgHako HCTIONB30-
BaHHWE TaKuX cpeja He Bcerna 3pdekTuBHO 1 Beex
BHJIOB KJIETOK.

CrnemyeT OTMETHTH, YTO YyBCTBUTEIHHOCTH KJle-
TOK K IECTBUIO KPHOIIPOTEKTOPOB M HU3KUX TEMIIE-
paTyp 3aBUCHT OT UX BHJA U CTENeHU JuddepeHnna-
. [ToaToMy npy KpHOKOHCEPBUPOBAHHUH PA3THYHBIX
THUIIOB KJIETOK B Ka)KOM OTIEIBHOM ciyyae Heo0Xo-
JIMM SKCTIEPUMEHTAIIBHBIN T0J00p YCIOBHUI UX TOATO-
TOBKH K 3aMOpa)XKMBAHHIO, 3aMOPaKMBaHUs U BOCCTA-
HOBIIEHUS 1Tociie otTanBaHus. [logOop Takux ycnoBuit
YCIOXKHSIETCSA, €CIU 3aMOPaXUBAaeMbIe CYCIIEH3UU
KJIETOK TeTeporeHHbI. [[oncK onTuManbHbBIX YCIOBUH
MTOATOTOBKH K 3aMOPaKUBAHUIO, 3aMOPAKUBAHUSI U
BOCCTaHOBJICHHU TIOCJI€ OTTaWBAHMS T'€TEPOTEHHBIX
CYCIIEH3HI BaXKeH JIJIsl co31anust 9 (HEeKTUBHBIX TIPO-
TOKOJIOB KPHOKOHCEPBHPOBAHMSI KJIIETOK, OTYYEHHBIX
13 PA3JINYHBIX TKaHEH.

51 3¢ heKTUBHOTO BOCCTaHOBIIEHHS KIIETOK IOCTIE
BBIZICJIEHHS] UX W3 TKaHU M KPUOKOHCEPBHPOBAHUSA
HEOOXOANMBI BOCCTaHOBJIEHHE MEKKIIETOUHBIX CBSI3EH
U KOHTAKT C BHEKJIETOYHBIM MaTPHUKCOM, KOTOpHIE
o0ecreyrBaOT CUTHAJIbl BEKUBAHHUA U NIPEOTBpa-
marot armonTo3 [8, 9]. Kak mpaBuio, KJIeTKH, HaX0-
JSIIUecs B CYCIIEH3UH, HE MOTYT JJOCTATOYHO OBICTPO
BOCCTaHOBUTH KJIETOYHOE MUKPOOKPYKEHHE, CIECT-
BHEM YETO SBISIOTCS MHUIHALIVS aIIONTO3a ¥ THOEIb.
YcioBus, B KOTOPBIX KJIETKH, KaK U B TKAHIX, KOHTaK-
TUPYIOT JPYT C JIPYTOM U B KOTOPBIX (OPMHPYETCSI
BHEKJICTOYHBII MaTpUKC, MOXXHO BOCCO3JaTh B He-
O0NBIINX MHOTOKJIETOUHBIX 3D-cTpyKTypax. B atux
CTPYKTypax AJis KJIETOK CO3JAI0TCSl ONTHMAaJbHBIC
yCIIOBHSA IJ1s1 BBDKUBaHUs, ponudepanuu u audpde-
peHuuanuy. TakuMH CTPYKTYpPaMH TaKXKe SBIISIOTCS
arperarbl, KOTOpble (POpPMHUPYIOT KJICTKH, OITyYCHHBIC
KaK U3 HOpMaJIBHBIX [6—10, 15], Tak ¥ OIMyXOJIeBBIX
TkaHel [16]. Kak mokaszanu Haliu McclieqOoBaHUS,
CBOMCTBOM (pOpPMHUPOBAThH arperatbl 00JafaOT U
KJICTKH, MOJy4YeHHbIC U3 (eTalbHbIX [3, 4] U mocT-
HaTaJgbHBIX [2] HEPBHBIX TKaHEH.

Lenp Hamero mccieaoBaHUS — MU3yYECHHE POJIHU
00pa30BaHMsI MHOTOKJIETOYHBIX arperaToB B YCIOBUAX
KYJIETUBUPOBAHHUA in Vitro B BOCCTAHOBJICHHUH IIO-
BpexeHui HepBHBIX KieTok (HK) HoBopoxkmeHHBIX
KPBIC, BOSHUKAIOIIMX IPH UX BBIACICHUHU U KPHOKOH-
CEPBUPOBAHUH.
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often for this aim there are used the recovering media
containing metabolically active compounds, stimulating
bioenergetic cycle of cells, the processes of biosyn-
thesis of proteins and nucleic acids. These media can
contain the stabilizers of membranes and compounds
suppressing the lipid peroxidation [1]. However, the
application of these media is not always effective for
all the cell types.

It should be noted that the cell sensitivity to the
effect of CPAs and low temperatures depends on their
type and differentiation rate. Therefore during cryopre-
servation of different cell types in each individual case
the experimental selection of the conditions of their
preparing to freezing, freezing itself and recovery after
thawing is necessary. The selection of these conditions
is getting complicated if the cell suspensions to be
frozen are heterogenous. The search for optimal condi-
tions of preparing to freezing, freezing and recovery
after thawing of heterogenous suspension is important
to create the effective protocols for cryopreservation
of cells, derived from different tissues.

For effective recovery of cells after their isolation
from a tissue and cryopreservation the restoration of
cell-cell relationships and contact with extracellular
matrix, providing the surviving signals and preventing
apoptosis are needed [8, 9]. As a rule the cells being
in suspension can not quite rapidly restore a cell micro-
environment, that may result in apoptosis initiation and
death. The conditions in which the cells contact each
other like in tissues and when an extracellular matrix
forms can be reproduced in small multi-cellular 3D
structures. In these structures the optimal conditions
for the cells’ survival, proliferation and differentiation
are created. These structures are the aggregates form-
ing the cells obtained both from normal [6-10, 15] and
tumor tissues [16] as well. As our studies demonstrated
the feature to form the aggregates is inherent to the
cells derived from fetal [3, 4] and post-natal [2] neural
tissues.

The research aim was to study the role of forming
the multicellular aggregates under in vitro culturing
in restoration of the damages in newborn rat neural
cells (NCs), appearing during their isolation and cryo-
preservation.

Materials and methods

The research objects were NCs isolated from brain
of newborn rats using enzyme-mechanical method. To
do this the brain tissue was incubated for 10 min in 0.25%
trypsin solution at 37°C, and then disintegrated to single
cells. The resulted suspension was filtered through
nylon filter and later was washed free of trypsin using
centrifugation at 1500 rpm. Cell viability was estimated
by staining with 0.4% Trypan blue solution (Sigma,
USA) and was expressed in percents [18]. The number
of cells was counted in Goryaev’s chamber.
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Matepnanbl 1 metoAbI

OO0BeKTOM HCcCe0BaHNs OBUTH U30JINPOBAHHBIE
HK, xotopblie BbIAENSANN U3 TKaHEH MO3ra HOBOPOXK-
JEHHBIX KpbIC PePMEHTATUBHO-MEXaHUYECKHM METO-
noM. [{nsg aToro Tkanp Mo3ra HHKyOupoBaiu 10 MuH
B 0,25%-M pactBope Tpuricuna npu 37°C, 3atem aes-
arperupoBalid Ha eJUHUYHBIE KIeTKU. [lomydeHHyto
CYCIIEH3HIO (PUIBTPOBAIIN Yepe3 HEHIOHOBBIH QUIIBTD,
3aTeM OTMBIBAJIM OT TPUIICUHA LIEHTPU(DYTUpOBaHUEM
mpu 1500 06/mMuH. JKH3HECTTOCOOHOCTD KJIETOK OLIEHH-
BaJH 10 okpammnBanuio 0,4%-M pacTBOPOM TPHUITAHO-
Boro cuHero (“Sigma”, CILIA) u BeIpaXkany B IPOIEH-
tax [18]. KomnuecTBo KJIETOK MOACUYNUTHIBATH B KaMe-
pe Topsesa.

HepsHble ki1eTKH KyIBTUBHPOBAIH B 24-TyHOYHBIX
mianmeTax (“Corning”, CIIIA) B cpene DMEM/F12
(“Sigma”), oboramennotii 0,6 % rroK0361 1 2 MM To1y-
tamMuHa, 3 MM OukapOoHaTta HaTpusi. CBeKeBbIJIe-
JICHHBIE KJIETKU BBICEBAJIM B KOHLIEHTpauusx 1,2, 4 6
u 8 mutn/mi. Kynsrusuposanu HK B npucytersun 10%
CBIBOPOTKH KpOBH KpbIc. B cpemy mobasmsm 100 en/min
nenupuimHa U 100 MKr/MiIT crpenrtomutinaa. Kynbru-
BupoBanue nposoauan B CO, nakybarope npu 37°C
B armocdepe 5 % CO, u 95% Bosayxa. Cpeny KyabTH-
BHUPOBaHUS MCHSUTH depe3 3—4 CyTOK.

NMMYHOIIUTOXMMHYECKHE UCCIICOBAHMS KIETOK
MIPOBOJIMIIN TIOCIIE UX MPEABAPUTENBHON (PUKCANY B
pactBope 4%-ro napadopmansaeruna. B HK ummy-
HOLIUTOXUMHYECKH OIPEeIIsUId IPUCYTCTBHE CIECLIU-
(rueCKIX MapKepHBIX OSITKOB: HEWPOHOB — B-tubulin
III; HepBHBIX CTBOJOBBIX KJIETOK — nestin; HEPBHBIX
MIPOTEHUTOPHBIX KJIETOK — vimentin. B kauecTse nep-
BUYHBIX aHTUTEN HCIOIB30BalIM mouse monoclonal to
[B-tubulin IIT (“Sigma’), mouse monoclonal to nestin
(“Abcam”, BenukoOpuranust) u rabbit polyclonal to vi-
mentin (“Abcam”). B kadecTBe BTOPHYHBIX aHTHTEN
ucnoiib3oBain chromeo 546 goat anti-mouse (“Ab-
cam”), chromeo 488 goat anti-rabbit (“Abcam”). Sapa
kieTok okpamuBanu hoechst 33342 (“Sigma”).

MukpodoTOCHEMKY KYJIBTYP KIETOK ITPOBOIMIN
Ha Mukpockore “Observer Z1” (“Carl Zeiss”, [ epmanust).

Pesynbrarel craructuyecku oOpabaThiBaid MO
Metony CThIONEHTa C MCIIOIb30BaHUEM MPOTPAMMBI
“MS Excel”.

OKCHepUMEHTHI ObUTY IPOBEJCHBI B COOTBETCTBUH
¢ “O0ImuIMH TPUHITUIIAME YKCIIEPUMEHTOB Ha KUBOT-
HbIX”, omoOpenHbME 11l KoHTpeccom mo OMoITHKE
(Kues, 2007) u cornmacoBaHHBIMHU C IOJOKEHHEM
“EBporneiickoil KOHBEHIIMU O 3allUTE MO3BOHOYHBIX
YKHBOTHBIX, HCIIOJB3YEMBIX JIJIsl 9KCIIEPUMEHTAIBHBIX
" npyrux HaygHbIX nenei” (Ctpacoypr, 1986).

Pe3yAbTaThl M 00CyXXAeHHe

Hcxoanyto CyCneH3HIO KIETOK, MOTYyUYECHHYIO U3
HEPBHOW TKAaHW HOBOPOKICHHBIX KPBIC, XKI3HECIIOCO0-
HOCTh KOTOPBIX cocTaBisiia 56,2 + 4,2% (puc. 1),
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Neural cells were cultured in 24-well plates (Cor-
ning, USA) in DMEM/F12 (Sigma, USA) supplemen-
ted with 0.6% glucose, 2 mM glutamine and 3 mM
sodium bicarbonate. Freshly isolated cells were seeded
under the concentrations of 1; 2; 4; 6 and 8 mln/ml.
NCs were cultured in presence of 10% rat blood serum.
The medium was supplemented with 100 units/ml
penicillin and 100 mg/ml streptomycin. Culturing was
performed in CO, incubator at 37°C in 5% CO, and
95% air atmosphere. Culturing medium was changed
each 3-4 days.

Immune cytochemical studies of cells were carried-
out after their preliminary fixation in 4% paraformal-
dehyde solution. In the NCs there was immunocytoche-
mically examined the presence of specific marker pro-
teins: beta-tubulin III for neurons; nestin for neural stem
cells; vimentin for neural progenitor cells. Mouse mono-
clonal to beta tubulin III (Sigma), mouse monoclonal
to nestin (Abcam, UK) and rabbit polyclonal to
vimentin (Abcam) primary anti-bodies were used. As
secondary antibodies there were used chromeo 546
goat anti-mouse (Abcam), chromeo 488 goat anti-rabbit
(Abcam). Cell nuclei were stained with Hoechst 33342
(Sigma).

Micro photo-imaging of cell cultures was performed
with microscope Observer Z1 (Carl Zeiss, Germany).

The results were statistically processed according
to the Student’s method using MS Excel software.

The experiments were performed in the accordance
with General Principles of the Experiments in Animals
approved by the 3™ Congress in Bioethics (Kiev, 2007)
and coordinated with the statement of European Con-
vention on the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

Results and discussion

Initial cell suspension, derived from neural tissue
of newborn rats, with viability of 56.2 + 4.2% (Fig. 1)
was cultured in the medium containing 10% rat blood
serum. In some hours of culturing the cells formed
floating multicellular aggregates (Fig. 2A). As well as
during culturing of human fetal NCs [3, 5] the number
of formed aggregates depended on the concentration,
the structure did from viability and the dimensions was
determined by concentrations and viability of the
seeded cells. Optimal concentrations of newborn rat
NCs, which provided the formation of homogenous
aggregates of 100 mm in average, were 2 and 4 mln
of cells/ml. When culturing the NCs under con-
centration of 1 mln/ml the aggregates of small diameter
and in small amount were formed. NCs’ culturing
under concentrations of 6 and 8 mln of cells/ml was
accompanied with the formation of aggregates of large
dimensions, and following fusion of the aggregates.
Herewith the suspension density of the formed aggre-

problems
of cryobiology

Vol. 21, 2011, Ne4



KYJIETHBHPOBAIH B cpenie, comeprkariei 10% cerBopot-
KH KPOBH KpBIC. Uepe3 HECKOIBKO YacOB KYJIbTHBHPO-
BaHU KJIETKH POPMUPOBAIIH [JIaBAIOLIIE MHOTOKJIE-
TOYHBIE arperarsl (puc. 2, A). Kak u npu KynsTuBHpO-
Banuu (eranpHpix HK denoseka [3, 5] komudecTBO
00pa30BaHHBIX arperaToB 3aBUCENIO OT KOHIICHTPALIUH,
CTPYKTYpa — OT KM3HECHOCOOHOCTH, a pa3Mep — OT
KOHIIEHTPAUHUH M XU3HECIOCOOHOCTH IMOCESIHHBIX
kieTok. OnrumanbHble KoHneHTpannn HK HoBopox-
JEHHBIX KPBIC, TP KOTOPBIX 00pa3yI0TCs OTHOPOIHBIE
arperatsl pazMepoM B cpemaeM 100 MM, — 2 u 4 MiTH
knetok/mi. [Tpu kynsruBupoBanun HK B koHIIEHTpa-
e 1 MITH/MIT GOPMHUPOBATHCH arperaThl HeOOIBIIOTO
pa3Mepa 1 B MeHbIIIeM KoimdecTBe. KynmpruBmpona-
uue HK B koHIIeHTpanusix 6 U 8§ MIIH/MIT COTPOBOXK-
Jlaliock 00pa30BaHUEM arperaToB OONBLIOTO pa3mepa,
KOTOpBIE CAMBAINCH APYT ¢ ApyroM. [Ipu aTom miot-
HOCTb CYCIIEH3UM OOpa30BaHHBIX arperaToB ObLia
OYEHb BBICOKOH, YTO 3aTpyAHsUIO HaONIONEHHE 3a
HUMHU. B 1anbHENIINX S9KCIIEPUMEHTaX MBI UCTIOJIb30-
BaJTH MOceBHYI0 KoHIIeHTparmio HK, paBayro 4 miH/miL.
B teuenue 1-2 cyToK KyNlbTHBHPOBAHMS B HEMTPUKPETI-
JICHHOM COCTOSTHIH YIIaKOBKa KJIETOK B arperarax cra-
HOBHJIACh O0JI€e IUIOTHOM, ¥ arperaTsl MpeBpaIainch
B cepounsl (puc. 2, B).

Uepes cyTKH KyJIBTHBHPOBAaHHS 00pa30BaBIINECS
arperarbl cooupanu. KoHueHTpaus KIeToK B 3TUX
CycneH3usx arperaro cocrasisuia 2,0 £ 0,25 ma/mi,
a ux xu3HecnocodHocth — 87 £ 5,4% (cMm. puc. 1).
Yactb coOpannbix arperatoB (200250 ThIC. KIETOK)
[IepeceBaliv, OCTaBIINECS arperarbl KPHOKOHCEPBUPO-
Basnu non 3amuTtoin 10%-ro pactBopa AMCO. Hns
3TOTO Mepes] 3aMOpaXMBaHUEM K arperaTam B cpenie
DMEM/F12 (“Sigma”) ¢ 10% CBIBOPOTKH KpBIC IO
KarusiM 100aBIsid paBHBIA 00BeM 20%-T0 pacTBopa
IMCO, 3atem nx nakyoupoBanu npu 4°C 15 MuH u
30XJIaXKAaI co cKopocThio 1 rpax/mun mo —80°C B
kpuoxonTeriHepax (“Corning”). Yepes cyTku 3aMopo-
>keHHble arperarbl HK nomMemanu B »XUAKWNA a30T.

Uepe3s HECKOIBKO 4acOoB MOCIIE NIepeceBa arperarsl
cBexxeBblaesieHHbIX HK HaunHam npukpersisiTees, ux
KJIETKA MUTPUPOBAJIN U PACILIACTHIBAIINCEH, POPMUPYS
yuacTki MoHoctos. ITpu aTom Habmonazocs 00paso-
BaHUE AJTMHHBIX OTPOCTKOB, 10 KOTOPHIM KJIETKH MU-
rpupoBaiu (puc. 3, A). Bo3M0XHO, 3TH OTPOCTKH 00-
pasyioTcst kineTkamu paguanbHoil mu [11]. Iocme
MPHUKPETUICHHS arperaToB npoucxoauia audpdepeH-
[Ualys KaK B HaIpaBJICHUH KJIETOK ¢ Mopdoorueit
iy, Tak ¥ B-1yOyaus [11 — MoJ0KUTENbHBIX KIETOK
¢ Mopdotorueit Heliponos (puc. 3, B).

Ha 4—6-e cytku xynsruBupoBanusa Ha 80% mo-
BEPXHOCTH JIyHKH (POPMHUPOBAJICSI MOHOCIIOH KIIETOK
¢ Mopdonorueit un, Ha 8—9-€ CyTKH Ha IOBEPXHOCTH
[JIMATIbHOTO MOHOCIIOS MOSABNSIUCH B-TyOynun 11 —
MOJIOKUTENIbHBIE KIETKH, MOP(OIOTUYECKH ITOXOKHUE
Ha Helpoonactsl (puc. 4). [Tpu atom B-tyoOymun 111 —
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Puc. 1. Bnusiane KpuoKOHCEPBHPOBAHUS U CLIOCOOA OTMBI-
Banus JIMCO Ha xwu3necriocooHocth HK B coctaBe arpe-
ratoB: 1 —cBexeBbigeneHnbix HK; 2 — HK arperaros uepes
1 cytku kynsTuBHpoBaHus; 3 — HK nexoncepBupoBaHHBIX
arperaroB nociie otMbiBanus JJMCO uentpudyruposa-
HueMm; 4 — HK nexoHcepBHpOBaHHBIX arperaTroB IHocie
yraneans JIMCO nyTeM pa3BeneHHs 1 IOCIEAYIOIIETo repe-
ceBa; * — OTJIMYMSI CTATUCTHYECKU JOCTOBEPHBI 110 CpaBHE-
Huto co cBexeBblieneHHbiMu HK, p <0,05; # — otnuuus cta-
THUCTUYECKH JOCTOBEpHHI o cpaBHeHMI0 ¢ HK nexoncepBu-
POBaHHBIX arperatoB, OTMbIThIMH 0T JIMCO uentpudyru-
poBanuem, p <0,05.

Fig. 1. Effect of cryopreservation and removing of DMSO
on viability of NCs as the components of aggregates: 1 —
freshly isolated NCs; 2 — NCs of aggregates in 24 hrs of
culturing; 3 — NCs of frozen-thawed aggregates after DMSO
removal with centrifugation; 4 — NCs of frozen-thawed
aggregates after DMSO removal by dilution and following
re-plating; * — differences are statistically significant if
compared with freshly isolated NCs, p <0.05; #—differences
are statistically significant if compared with NCs of frozen-
thawed aggregates, washed free of DMSO with centrifuga-
tion, p <0.05.

gates was very high, which made the observation
difficult. In further experiments we used plating con-
centration of NCs of 4 mln/ml. During 1-2 days of
culturing in a non-attached state the cell packing in
aggregates became denser and the aggregates trans-
formed into spheroids (Fig. 2B).

In 24 hrs of culturing the formed aggregates were
collected. Cell concentration in these suspensions of
aggregates made 2.0 = 0.25 mIn/ml and their viability
was 87 + 5.4% (see Fig. 1). The part of collected ag-
gregates (200-250 thousand of cells) were re-plated,
the rest was cryopreserved under 10% DMSO pro-
tection. For this aim prior to freezing the equal volume
of 20% DMSO was added dropwise to aggregates in
DMEM/F12 (Sigma) supplemented with 10% rat
serum, then they were incubated at 4°C for 15 min
and cooled with the rate of 1 grad/min down to —80°C
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Puc. 2. @opmupopanue ceexenzonupoBanHIMI HK HOBOPOXKIEHHBIX KPBIC TUIABAOIUX MHOTOKJIETOYHBIX arperaros (A),
B KOTOPBIX YITaKoBKa KJIETOK (B), B poriecce KyabTHBHPOBaHMS CTAHOBIIIACK Oo1ee II0THOH (cTpernka). MacmTad 100 M.

Fig. 2. Formation of floating multicellular aggregates (A), wherein the cell packing (B) during culturing was getting denser

(arrow). Scale 100 pm.

MOJIOKHUTEIBHBIX KIETOK ¢ MOp(hOJIOTHElH HEHPOHOB,
00pa30BaBIIMXCS TOCIIE TIPUKPETUICHUS arperaToB, Mbl
He HaOmomanu. Bo3MOXHO, 3TH KIETKH ITOTHOAIH
BCJIE/ICTBHE OTCYTCTBHS COOTBETCTBYIOIIETO MUKPO-
OKpY>KEHHS B TIporiecce KyasTuBrupoBanus. [Ipu nanb-
HEHIIeM KyJIbTUBUPOBAaHUH KOJIMYECTBO HeHpobnacTo-
nomo0HbIX B-TyOynuH 11 — MonoKUTETBHBIX KIETOK
yBenuuuBaiochk. Ha 15-e cyTku KyJIbTUBHpPOBaHUSA
00pa30BBIBATHCEH KOJOHUH HeanhepeHIUPOBaHHBIX
[B-ty6ynuH I11 — momoXKHUTENBHBIX KIETOK (CM. pHC. 3).
NMMYyHOIIUTOXMMHUYECKOE OKpAIIMBaHHUE TaKXKe ITOKa-
3aJ10, YTO OOJIBIIMHCTBO 3THX KJIETOK ObUIN HECTHH-
Y BUMEHTHH-TIOIOKUTEIBHBIMU (pHC. 5), T. €. IBIISIINCH
CTBOJIOBBIMH U ITPOT€HUTOPHBIMH KJIETKaMHU, KOTOPBIE
B TIpoliecce NATbHEHNIIero KyITHBUPOBaHKS potvde-
PHUPOBAJIH, YTO MPOSABISUIOCH B YBEIMUCHUH pa3Mepa

in the containers (Corning, USA). In 24 hrs the frozen
aggregates of NCs were plunged into liquid nitrogen.

In some hours after re-plating the aggregates of
freshly isolated NCs started to attach, their cells migra-
ted and spreaded forming the monolayer sites. Herewith
there was observed the formation of long processes
along with the cells migrated (Fig. 3 A). These
processes are likely formed by the cells of radial glia
[11]. After the aggregates attached the cells started
to differentiate both in the direction of cells with glial
morphology and B-tubulin III positive cells with neu-
ron morphology (Fig. 3B).

To the 4-6™ culturing days 80% of a well surface
were coated by the cell monolayer with glial morphology,
to the 89" days on the surface of glial monolayer
appeared b-tubulin III positive cells, morphologically

¢dyopecuenuus B-tyoyaun I11. Macirad 100 Mxm.

Fig. 3. Migration, differentiation and proliferation of cells of the attached aggregates: A — phase contrast; B— fluorescence
of B-tubulin I1I. Scale 100 pm.
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Puc. 4. O6paszoBanue Ha MOHOCIIOE TiIMH B-TyOynun I1I-moa0KUuTeNBHBIX HEHPOOIACTOMOAOOHBIX KJIETOK U UX KOJIOHUI
(ctpenkn): A — da3oBsiii KoHTpacT; B — dpayopecuenmust B-tyOymun I11. Macitad 100 M.

Fig. 4. Formation of B-tubulin III positive neuroblast cells and their colonies on glia monolayer (arrows): A —phase cont-
rast; B — fluorescence of B-tubulin III. Scale 100 pum.

KOJIOHMH ¥ KOJIMYECTBA eIMHUYHBIX HenuddepeHmpo-
BaHHBIX KJIETOK.

Yepes 5—7 cyTOK HU3KOTEMIIEPATypPHOTO XPAHEHUS
KpHOKoHcepBupoBaHHbIe arperatel HK ororpesanu Ha
BoasHou 6ane ipu 40°C. JIMCO, obnanaromuii TOK-
CHYECKHUM JeicTBrueM Ha kinetku [17, 19], ymamsmn
JBYMsI Clioco0amH: IeHTpU(yrupoBaHUEM Ha POTSI-
xennu 90 ¢ mpu 100g ¢ mocneayromuM cycrieHIupoBa-
HHUEM 0CaJIKa B CPeZie KyJbTUBUPOBAHUS, pa3BEICHUEM
ToOM ke cpenoil mo koHnentpanuu IAMCO, paBHOH
0,15%, 1 mepeceBOM arperatoB B Cpeny KyJIbTHBHU-
poBaHus c chIBOpOTKOW. Ilpu 3TOM mentpudyru-
POBaHHUE U CYyCIIEHANPOBAHUE PA3PyILLIAIHA 3HAYUTEIb-
HYIO 4aCTh JJ€KOHCEPBUPOBAHHBIX arperaTtoB 710 €1x-
HUYHBIX KJIETOK, )KU3HECTIOCOOHOCTH KOTOPBIX COCTaB-
nsina 45,8 + 7,4% (cm. puc. 1). B nponecce KynsTu-
BHUPOBAHHUSA i1 Vitro 3TH KJIETKHU arperaToB He Gopmu-
pOBaJH, XOTSI IPH TOM HEKOTOPHIE U3 HUX MIPHUKPETI-
JISUTACH K TIOAJIOKKE, OJJHAKO HE PaCIlIaCTHIBAINCH U
B TIOCJICAYIOIIEM TOTHOau.

Hns “ynanenus” IMCO nyTteM pa3BencHHUS B
TYyHKY 24-TyHOYHOTO IiaHmeTa BbiceBann 200 MK
CYCIIEH3UH JEKOHCEPBUPOBAaHHBIX arperatoB (200—
250 TBIC. KJIETOK), No0aBIsu K HUM 300 MKIT cpezpl
KyJBTUBUPOBAHUS C CHIBOPOTKOM U KYJIBTHBHPOBAIN
20 muH B mHKYyOaTope. 3a 3To Bpems arperarsl HK
KOHIIEHTPUPOBAIHCH B IEHTPE TYHKH, TIOCIIE YeTO MX
B o0beme 20 MKIJI mepeceBalii U KyJIbTUBHPOBAJIH B
500 MkJ cpensl ¢ CHIBOpOTKOH. Takoil crocob yna-
nerus IMCO npuBOIMII K TOTEPE YaCTH arperaToB
HK, onHako npy 3TOM COXpaHAJIUCh UX LETOCTHOCTh
u cTpyktypa (puc. 6, A). ) Ku3HecnmocoOHOCTh KIETOK
arperaTtoB coctaBmsia 53,5 + 2,3% (cwm. puc. 1). Ha
2-e CyTKH KyJIbTUBHPOBAHHS arperaTsl HauMHAIN

KpnoGMOnOrMM

T.21,2011, Ne4

similar to neuroblasts (Fig. 4). Herewith no B-tubulin
I positive cells with neuron morphology formed after
attaching of aggregates were observed. These cells
likely died due to the absence of corresponding micro-
environment during culturing. During following culturing
the number of neuroblast-similar 3-tubulin III positive
cells increased. To the 15" culturing day there were
formed the colonies of non-differentiated -tubulin ITI
positive cells (see Fig. 3). Immune cytochemical stain-
ing also demonstrated that the majority of these cells
was nestin- and vimentin-positive (Fig. 5.), i. e. they
were stem and progenitor ones, proliferating during
following culturing, that was manifested in the enhan-
cing of the colonies’ size and number of single non-
differentiated cells.

In 5-7 days of low temperature storage the cryo-
preserved aggregates of NCs were thawed in water
bath at 40°C. DMSO having a toxic effect on cells
[17, 19] was removed by two ways: a) centrifugation
for 90 sec at 100 g with following suspending of the
pellet in culturing medium, and b) dilution with the same
medium up to the concentration of DMSO, equal to
15% and re-plating of aggregates into culturing medium
with serum. Herewith centrifugation and suspending
destroyed a significant part of frozen-thawed aggrega-
tes into single cells, viability of those made 45.8 + 7.4%
(see Fig. 1). During culturing in vitro these cells did
not form aggregates, though some of them attached to
embedding, but did not spread and died.

To ‘remove’ DMSO by dilution into a well of 24-
well plate we placed 200 pl of the suspension of frozen-
thawed aggregates (200-250 thousands of cells),
added 300 pl of culturing medium supplemented with
serum and later cultured for 20 min in an incubator.
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Puc. 5. IMMyHOITUTOXMMHYECKOE OKpAIIUBaHUE KyJIBTYpHI cBexeBblIeneHHbIX HK HOBOpOoXkaeHHBIX KpBIC Tociie 15 cyTok
KyJIETUBHPOBaHUs (A) Ha IPUCYTCTBHUE MAPKEPHBIX OSIIKOB HEPBHBIX CTBOJIOBBIX KJIETOK — HECTHH (B) M IPOreHUTOpHBIX —
BumeHTHH (C). Snpa knerok 0butn okpamensl kpacuteneMm Hoechst (D). MacmuTad 100 M.

Fig. 5. Immune cytochemical staining of the culture of freshly isolated NCs derived from newborn rats after 15 culturing
days (A) for the presence of marker proteins of nervous stem cells, nestin (B), and progenitor ones, vimentin (C). Cell

nuclei were Hoechst-stained (D). Scale 100 pm.

MPHUKPEIIATECSA K NOuI0KKe. Uepes 4 cyToK ux MpH-
KperisTochk okosio 60%. B mporiecce KymbTHBHPOBa-
HUS KJIIETKA arperaToB aKTUBHO MHTPHPOBAIIH, pac-
IacThIBANIUCH U Auddepennmposanucs (puc. 6, B). Ha
6-€ CyTKH KyJIbTHUBHPOBAHNS MOHOCIION KIIETOK 3aHHU-
mai 40%, aa 9—10-e cyTku — 80% IMOBEPXHOCTH JIYHOK.
IIpn 3TOM nmEepBUYHBI MOHOCION KJIETOK COCTOSII
MPEeUMYIIECTBEHHO U3 KieTok ruu (puc. 6, C). Ha
15—16-€ cyTku KyJIbTUBHPOBaHMS HA MOHOCIIOE [IINU
MOSIBISUTUCH KIIETKH, MOP(HOJIOTHYECKU TIOXOXKHE Ha
HelpobmacTsl (puc. 6, D). Ha 19-21-e cyTku KynbTH-
BHpOBaHMsI, KaK U B CIIy4ac CBEKEBBIICICHHBIX Kle-
TOK, TIOSIBIISUTMCH KOJIOHHH CTBOJIOBBIX/TIPOT€HUTOPHBIX
KJIETOK, JaJIbHEHIIee KyTbTHBUPOBAHNE KOTOPHIX TaK-
K€ TIPUBOMNJIIO K UX POCTY.

Taxum 00pa3om, IpoBeACHHBIE HCCIIEOBAHUS 110~
Ka3ajlM, 4TO CBEXKEeBblAeNeHHbIe TeTeporeHHsle HK
HOBOPOXKACHHBIX KPBIC Yepe3 HECKOIBKO YacOB KYiIb-
TUBHPOBaHUA B ipucyTcTBHH 10% CBIBOPOTKH KPOBU

KpnoGMOnOrMM

T.21,2011, Ne4

During this time the NC aggregates concentrated in a
center of the well, afterwards they were re-plated in a
volume of 20 pl and cultured in 500 pl of the medium
supplemented with serum. This method of DMSO
removal resulted in the loss of the part of NCs aggre-
gates, however their integrity and structure were
preserved (Fig. 6A). Viability of cell in aggregates
made 53.5 +2.3% (see Fig.1). To the 2™ day of cultu-
ring the aggregates started to attach to the surface. In
4 days 60% of aggregates attached. During culturing
the cells of aggregates migrated, flattened and diffe-
rentiated (Fig. 6B). To the 6 day of culturing the cell
monolayer covered 40%, and to the 9—10" days it did
80% of well surface. Herewith the promary monolayer
consisted predominantly of glial cells (Fig. 6C). To the
15-16™ days of culturing the cells morphologically
similar to neuroblasts appeared on glial monolayer
(Fig. 6D). To the 19-21% culturing days we revealed
the colonies of stem/progenitor cells like in the case
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Puc. 6. [lexoncepsuposannsie arperarsl HK HoBopoxieHHBIX KpbIc rocie ynanenus JIMCO passenennem (A) B mporiecce
KyJIETUBHPOBaHHs NPUKpeIusiioTes (B), ux kieTku MUrpupytoT, nponudepupytot u popmupyot monocsoii (C), Ha KoTopoM
00pazyroTcs HelpoOacThl M KOJIOHWH CTBOJIOBBIX/TIPOreHUTOPHBIX KiteTok (D). Macmtad: A, B, C—100 MxMm, D — 50 MxMm.

Fig. 6. Frozen-thawed aggregates of newborn rats after DMSO dilution and transfer (A) adhere during culturing (B); their
cells migrate, proliferate and form the monolayer (C), on which there are formed neuroblasts and the colonies of stem/

progenitor cells (D). Scale: A, B, C— 100 pm; D — 50 pm.

KpbIC (OPMHUPYIOT MHOTOKJIETOUHBIE arperatel. B
MIPOIECCE KYIBTUBUPOBAHUS KU3HECTIOCOOHOCT KJle-
TOK B COCTaBE arperaToB MOBBIMIAETCS, YHNAKOBKa
KJIETOK B HUX CTAaHOBHTCSI O0Jiee TUIOTHOM, YacTh arpe-
raTtoB NpeBpamacTcsi B KOMIAKTHBIE C(EPOHIBI.
CnocobHocts HK, KyabTHBUPYEMBIX B COCTaBe
arperatoB, BOCCTAaHABJIMBATH BO3MOXHBIE TOBPEXK/IC-
HUsA, HOPMUPOBATh HEHPOHBI, KIETKU TJIUH, HEHPO-
0J1aCTBI ¥ KOJIOHHHU CTBOJIOBBIX/TIPOTEHUTOPHBIX KIIETOK
MO3BOJIICT MPEIIONOKUTh, YTO B arperare BOCCO3-
JaeTCs KIICTOYHOE MUKPOOKPYKEHHE, IPUOIMKEHHOE
K MHTaKTHON HepBHOU TkaHU [2]. O4eBUAHO, TaKOE
MHUKPOOKPYKEHHE CIIOCOOCTBYET perapariiy MoBpekK-
JEHHIA, TTOJTy9eHHBIX TIPY BBIICTICHUH KJIETOK, M 00ec-
MeYMBaeT CUTHAIBI BBKUBAaHUA U1 HUX. B mporecce
KyJIBTUBUPOBAHHUS arperaToB B KJIIETKaX MOXET ITPOUC-
XOJIUTh HAaKOTUIEHUE Oerka aare3nu E-kanrepuna [16],
YTO SIBJISIETCS IPHIMHON MOP(OIIOTHYECKOTO ITepexo/ia

npobnemobl
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of freshly isolated cells, and further culturing of the
aggregates led to their growth as well.

Thus the studies performed have shown that freshly
isolated heterogenous NCs of newborn rats in several
hours after culturing in the presence of 10% rat blood
serum form the multicellular aggregates. During cultu-
ring the viability of cells of aggregates increases, the
packing of cells in them becomes denser, the part of
aggregates transforms into compact spheroids.

Ability of NCs cultured as the components of aggre-
gates to recover potential damages, to form neurons,
glial cells, neuroblasts and colonies of stem/progenitor
cells allows the supposition that a cell microenvironment
similar to an intact nervous tissue one is reproduced
inside an aggregate [2]. This microenvironment likely
facilitates the reparation of injuries caused by cell
isolation and provides the survival signals for them.
Culturing of aggregates could be accompanied by ac-
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OT PBIXJIOTO arperara K KOMIaKT-
HoMy ctepouny. Cremyer oTme-
TUTb, YTO E-Kanarepun (oguH U3
CaMbIX BaKHBIX OEJIKOB aATe3UH )
MIPETIONOKUTENHLHO UTPAET OTpe-
JETSIONIYI0 POJIb B 3aIUTE Kle-
TOK OT amonTo3a [12].

3aMopaxXuBaHUE-OTOTPEB
MPHUBOJNUT K CHIDKECHUIO KHU3HE-
cnocobnoctu HK arperartos, omn-
peaenseMol MO OKPaIIMBaHUIO
TPHUIIAHOBBIM CHHHM, B CpPEIHEM
1o 49,6 + 3,9% (8 1,75 pa3za no
CPaBHEHHUIO C KJIETKaMH HCXOJ-
HBIX arperaros).

CpaBHeHue cranuii KyasTuBupoBanus arperatoB HK 1o u nocie
KPHOKOHCEPBUPOBAHHUS

Comparison of the stage for culturing NCs aggregates prior to and after

cryopreservation

CTBMH KYABTUBUPOBAHUA

Bpemsa kyasruBuposanus HK cyTkn
NC culture days

arperatoB HK
NC aggregates culture steps CBeKeBbIAGACHHBIE KpHOKOHCEpBUPOBAHHEBIE
Primaryisolated Frozen-thawed
TIpuKpeNAeHKe arperaron 05-1 1—9
Attaching of aggregates '
®Qopmuposanue 80% MOHOCAOS 4—6 9—10
80% monolayer forming
[NosiBAeHMEe HeHpOOAACTOB _ _
Appearing of neuroblasts 89 1516
®opmuposanue Koronuit HK _ _
NC colonies forming 14-16 19-21

OpnHaxo, Kak OKa3aiu MpoBe-
JIEHHBIC DKCTICPUMEHTEHI, OTIpe/Ie-
JIIOIIee 3HAYCHUE ISl KyJIbTH-
BUpoBaHui JekoHcepBupoBanHbix HK in vitro umeer
HE UX XKU3HECTIOCOOHOCTD, 2 COXpaHeHHE MOP(OJIOTH-
YECKOH IeJIOCTHOCTH arperaroB. Tak, pu KyJIETHBHPO-
BaHUM eqMHUYHBIX HK, momydeHHBIX B pe3yiabTare
pa3pylIeHUus NTEKOHCEPBUPOBAHHBIX arperaTtoB B
nporecce orMmbiBanus ot JIMCO ¢ uentpudyrupo-
BaHHEM, pearperamniy KJIETOK He IPOUCXOIUT, OHU HE
MIPUKPETUIAIOTCS K IMTOIJIOKKE U TOTHOaroT. O4eBHIHO,
Jle3arperaius arperaToB COMPOBOKIAETCS pa3pyliie-
HUEM MEXKJIETOUYHOTO0 MAaTpHKCa U HapylleHUEM
aJre3UBHBIX CBOMCTB KJIETOK, UTO MPEMATCTBYET UX
NPUKPEIUICHUIO, CTUMYIIUPYET pa3BUTHE aronTo3a [ 8§,
9, 13, 14] 1 B uTOTE MPUBOIUT K UX THOCIIH.

[Ipn KyTBTUBUPOBAHUHU JIEKOHCEPBUPOBAHHBIX
MOPGOIOTHYECKH IEIBIX arperaToB COXPaHAETCS UX
CITOCOOHOCTH K MMPUKPETUICHHUIO C TIOCIICTYIOIIEeH MHUT-
panmeit HK n dopmupoBaHneM WMH KJIETOK TJIWH,
HEHPOHOB, HEUPOOIACTOB M KOJIOHUH CTBOJIOBBIX/TIPO-
TCHUTOPHBIX KIETOK. OTIIHYNEM OT KyJIFTUBHPOBAHIIS
HCXOJHBIX MEPECESHHBIX arperaroB SIBJISETCS JUIIb
3a/1ep>KKa BO BpPEMEHU CTauil IPUKPEIIICHUS arpera-
TOB, (POPMHUPOBAHUS MOHOCIIOS KJICTKAMH TTHH, 00pa-
30BaHUs HEUPOOIACTOB U KOJIOHUH CTBOJIOBBIX/TIpOTE-
HUTOPHBIX KIIETOK (Ta0nHIIa).

[IpuunHoii TaKoi 3a7EPKKH, OUEBUIIHO, SBIISCTCS
rporuecc BoccTaHoBiaeHus noppexacHuii HK, Bo3Huk-
ITUX TP KPHOKOHCEPBUPOBAHUH, KOTOPBIA 3aHUMAET
OTIPEJICIICHHOE BPEMSI. DTOT BPEeMs, BEPOSTHO, HEOTH-
HAaKOBO JJISI CTBOJIOBBIX/TIPOTEHUTOPHBIX, KOMUTHPO-
BaHHBIX U nu(PepeHITMPOBaHHBIX KIETOK HEPBHON
TKaHH, O YeM CBUICTEIHCTBYET 3aMEIJICHHE CPOKOB
HACTYIUICHUS Pa3IMYHBIX CTAIUN KyJbTUBUPOBAHUS
arperaroB HK (taGmura).

Takum 00pa3zoM, KpaTKOCPOYHOE KYJIBTUBUPOBAHUC
HK HOBOPOXIEHHBIX KPBIC B COCTAaBE arperaToB Mo3-
BOJISIET KJIeTKaM 3(P(PEeKTHBHO BOCCTaHABIUBATHCS
1ocJie BBIICTICHUS U KPUOKOHCEPBUPOBAHMUS.

KpuoBMoROr M

T.21,2011, Ne4

cumulation of adhesion protein e-cadherinin the cells
[16], that is the cause of morphological transition of a
loosen aggregate to a compact spheroid. It should be
noted that e-cadherin (being one of the most important
adhesion proteins) plays a significant role in protecting
cells from apoptosis [12].

Freeze-thawing results in a reduced viability of NC
aggregates, assessed by trypan blue staining in average
up to 49.6 + 3.9% (in 1.75 times if compared with the
cells of initial aggregates).

However, as the carried-out experiments showed,
the crucial factor for successful in vitro culturing of
frozen-thawed NCs was not their viability, but preser-
vation of morphological integrity of aggregates. So, the
culturing of single NCs obtained as a result of destruc-
tion of frozen-thawed aggregates during the process
of DMSO removal using centrifugation resulted in no
re-aggregation of cells, they did not attach to surface
and die. Disaggregation of aggregates is probably ac-
companied with the destruction of intercellular matrix
and disorder in adhesive properties of cells, that lead
to absence of adhesion, stimulation the apoptosis
development [8, 9, 13, 14], and finally to their death.

Culturing of frozen-thawed aggregates with preser-
ved morphologically integrity showed their ability to
attach, following migration of NCs and formation of
glial cells, neurons, neuroblasts and colonies of stem/
progenitor cells. The only difference from culturing of
primary re-plated aggregates was the time delay in
attaching the aggregates, formation of glial cell
monolayer, formation of neuroblasts and colonies of
stem/progenitor cells (Table).

The cause of such a delay is likely the recovery of
injuries of NCs, appeared during cryopreservation, and
this is time-consuming. For stem/progenitor, committed
and differentiated cells of nervous tissue this time is
probably different, which is confirmed with slowing-
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BbiBOADI

Kparkocpounoe kyneruBupoBanue HK B cocrase
arperaTtoB MO3BOJSET BOCCTAHOBUTH MOBPEXKIEHUS,
00pa3oBaBIIKECs B MPOLECCE UX BBIIEICHUS U, BO3-
MOXHO, U30€3KaTh aronTo3a, KOTOPhIi MOXKET BO3HHUK-
HYTb BCIEACTBHE MOTEPU KJIETOYHOT'O MHUKPOOKpPY-
KEHUS.

3amopaxxusanue HK B coctaBe arperaros noa 3a-
mmtoi pacteopa 10% JIMCO no3Bosnsiet 3 pekTHBHO
COXPaHSTh CTBOJIOBBIC/IPOTEHUTOPHBIE U TU(PdepeH-
LMPOBAaHHBIC HEPBHBIE KIETKH.

Coxpanenne nenoctHoctu arperaroB HK mocie
KPHUOKOHCEPBUPOBAHMS — HEOOXOANMOE YCIOBHE /ISt
VX BBDKHMBAHUS B KyJIBTypE.

Hcnonp3oBate HeHTpUYrUpOBaHKE IPH OTMBIBKE
arperaros HK ot /IMCO nocne kprokoHcepBHUpOBa-
HUSI HELIEIecoo0pa3Ho, TaK Kak OHO MPUBOAUT K pa3py-
LIEHUIO arperaTos.
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down of onset time for different culturing stages of
NCs aggregates (Table).

Thus short-term culturing of newborn rat NCs as
the part of aggregates enables an effective recovery
of cells after isolation and cryopreservation.

Conclusions

Short-term culturing of NCs as the part of aggre-
gates enables the recovery of the damages, appeared
during their isolation and likely the prevention of apop-
tosis, which may appear due the loss of cell microenvi-
ronment.

Freezing of NCs as the part of aggregates under
10% DMSO protection allows the effective preserva-
tion of stem/progenitor and differentiated nervous cells.

The preservation of post-thaw integrity of NCs
aggregates is the essential condition for their survival
in culture.

The use of centrifugation for removing DMSO from
NC aggregates after cryopreservation is inexpedient,
since it leads to aggregates destroying.
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