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Effect of Cryopreservation Factors on Cytomorphologic
and Structural Characteristics of Fetal Nerve Cells

[pencraBneHbl SKCIIEpUMEHTAIbHBIE JAHHbIE, TOJyYeHHbIC IPH CPABHUTEILHON OLICHKE BIUSIHUS (PaKTOPOB KPHOKOHCEPBUPOBAHHS
Ha COXPAaHHOCTh M (PEHOTUIHYECKUE XapakTepucTHku deranbHbIXx HepBHBIX KieTok (PHK) 11 cyrok recraumu. Ilokaszano, uro
kpuoxoncepsuposanne ®HK no paspaboranHoii mporpamMme 00ecrednBao BEICOKYIO COXPAaHHOCTb CTPYKTYPHO-(DEHOTUITMIECKUX
xapakrepuctuk OHK. Bojee kpuoycToW4uBBIMM OKa3aliuch HEHpO- U MIMOOIACTHI ¢ OONBLUIMM MPOLEHTOM COXPAaHHOCTH INPH
3amopaxxuBanuu ¢ 10% IMCO. Dtu faHHBIE KOPPEIHPOBAIIH C MOKA3aTENIIMH SKCIIPECCUH B KJIETKaX Helpocnenuduieckux OeIKoB:
HECTHHA U HaibHOro GubpusLIsipHOro kucioro 6enka (GFAP), a takke oHOTO0 H3 6enKkoB HelpoduiameHToB — B-yOynuHa. Tak kak
HECTHH IPEUMYIECTBEHHO SIBJISIETCS MMMYHOMOP(]OJIOrnuecKuM MapKepoM HelipaibHBIX CTBOJIOBBIX/IIPOr€HUTOPHBIX KIIeTOK, a GFAP
“MapKepHbIM” OEJIKOM KJIETOK INIMH, MOXXHO CYMTATh, YTO BHIOPAHHBIE PEKUMbI KPHOKOHCEPBUPOBAHUSA MOTYT OBITh HCIIOJIb30BaHbI
KaK “‘©CTeCTBEHHBIII” cOpTep, ClIOCOOCTBYIOIIUI CEJISKIIMU HeHpPaIbHBIX CTBOJIOBBIX/IIPOT€HHUTOPHBIX MIIN TIINAJIBHBIX KIIETOK.

Knroueswie cnosa: xprokoncepsupoanue, kpuornporekrop IMCO, ¢eranbHbie HepBHBIC KileTKH, HecTuH, GFAP, B-TyOynuH,
nporuauii Hogua, MAT, npotounslii urodyopumerp.

[pencraBieHo ekcliepuMeHTaIbHI AaHi, OfepIKaHi ITPH MOPiBHSUIBHIN OLHI BIUIUBY (aKTOpiB KPIOKOHCEPBYBaHHS HA CXOPOHHICTh
i penoTunosi xapakrepuctuku ¢deranbuux HepoBux KimitHH (PHK) 11 ni6 recrauii. [Tokasano, mo kpiokoncepByBanus OHK 3a
po3pobiieHOI0 MporpaMoro 3abe3neyyBano BUCOKY CXOPOHHICTh CTPYKTYypHHUX i ¢eHoTHnoBux xapakrepuctuk OHK. Bingbin
KPIOCTIHKUMH BHUSIBHJIMCS HEHWpPO- i I1i00JIaCTH 3 BEMKHM BiZICOTKOM CXOPOHHOCTI mpu 3amopoxyBanHi 3 10% AMCO. Li nani
KOPEJNIOBAJIN 3 TIOKa3HUKAaMHM eKCIIpecii B KIIITHHAX HelpocnenudiyHux OLIKiB: HECTHHY Ta IMTiajbHO QiOPHISIPHOrO KHCIOro Oika
(GFAP), a Takox ogHoro 3 OinkiB HeiipodisamenTiB — -TyOyminy. BpaxoByrouu, 1110 HECTHH € iIMyHOMOP(HOIOTIYHEM MapKepoM
HelpaJbHUX CTOBOYPOBUX/TIPOTeHITOPHUX KIiTHH, @ GFAP “mapkepHuM” OiJIKOM KIITHH TJIii, MOXHA BBaXKaTH, 1[0 00paHi PeXKUMH
KPIOKOHCEpPBYBAaHHSI MOXXYTb OyTH BHKOPHUCTaHI K “IIPUPOIHUIA" copTep, SKUH Crpusie cenekuil HelpanbHUX CTOBOYpOBUX/
MPOTCHITOPHUX 200 TTiaNbHUX KIITHH.

Knrouosi cnosa: xpiokoHncepByBanhsi, kpionporekrop JIMCO, deranbhi HepBoBi KiiTuHH, HecTuH, GFAP, B-TyOyniH, npormiii
fionua, MAT, npoTtounuii uroduyopumerp.

The experimental data, obtained under comparative evaluation of the effect of cryopreservation factors on integrity and phenotypic
characteristics of fetal nerve cells (FNCs) of 11 gestation days have been presented. It has been shown that FNC cryopreservation
according to developed program provided the high integrity of structural-phenotypic characteristics of FNCs. Neuro- and glioblasts
with higher percentage of integrity were more cryoresistant under freezing with 10% DMSO. These data correlated with the expression
indices in cells of neurospecific proteins such as: nestin and glial fibrillar acid protein (GFAP) and also one of proteins of neurofilaments,
B-tubulin. Whereas nestin is mainly immuno-morphological marker of neural stem/progenitor cells and GFAP is the “marker” protein
of glial cells it is supposed that selected cryopreservation protocols may be used as a “natural” sorter, enabling the selection of
neuronal stem/progenitor or glial cells.

Key words: cryopreservation, DMSO cryoprotectant, fetal nerve cells, nestin, GFAP, B-tubulin, propidium iodide, MAB, flow
cytofluorimeter.

B Hacrosimee BpeMs npoayKThl (eroraneHTap-
HOTO KOMILIEKCA PUMEHSIOTCS 1151 ICYEHHST MHOTUX
3a00JIeBaHMI ¥ OTKPBUIM HOBOE HAPaBJICHNE B MEIH-
[UHE, TOJIyYHBIIee HA3BaHUE KIIETOYHAS M TKaHEeBas
Tepamnusi [2, 6, 8, 10, 20].

[MpumMeHnenne TpaHcIUIaHTaMK (ETATHHBIX HEPB-
ueIx K1etok (PHK) npexycmarpuBaeT HU3KOTEMITE-
paTypHOE MX KOHCEpBHPOBAaHHE U JJTUTEIHHOE Xpa-
HeHue, 00ecTeynBarolee COXpaHHOCTh MOphodyHK-
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Nowadays the products of fetoplacental complex
have been used for the treatment of many diseases
and proposed a new medical area called as cell and
tissue therapy [2, 6, 8, 10, 20].

The application of transplantation of fetal nerve cells
(FNCs) foresees their low temperature preservation
and a long-term storage, providing the integrity of
morpho-functional characteristics [3, 4, 17, 20]. The
most important stage of preparing and successful FNC
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LIMOHAJIBHBIX XapaKTepUCTHK [3, 4, 17,20]. Haubonee
BaYKHBIH ATAIl TOATOTOBKH U yCIIEITHOTO KPHOKOHCEP-
BupoBanus O@HK, kak u mo60oro OMOIOrHYECKOTO
00BEKTa — BEIOOP KPHOIIPOTEKTOPA, €r0 KOHLIEHTPALIMH
U peXrMa 3aMopakKuBaHus-oTTauBanus [18, 19, 21].
VYcnemHoe KpUOKOHCEPBUPOBAaHUE U OOecreueHune
COXPAaHHOCTH MOP(POPYHKIIMOHATILHBIX XaPaKTEPHUCTHK
®HK 00ycn0oBIUBalOT MEPCHEKTHBY U 3()(HEKTUBHOCTH
HX WCIOJb30BAHUSA B KIMHHUYECKOU MPAaKTHUKE M
AKCTIEPUMEHTAILHBIX UCCIIeNOBaHusX [2, 7, 8, 10, 14,
20, 24].

Lenb paboThl — HccaeoBaTh BIUSHUE YCIOBUIA
KPUOKOHCEPBHUPOBAHUSI HA IUTOMOP(OIIOTHIECKHE 1
CTpyKTypHbIe XapakTtepuctuku OHK.

Martepnaabl 1 meToAbI

Pabota BeimonHeHa Ha 6-MeCSIYHBIX KpbIcaxX JIMHUU
Bucrap maccoii 160—180 r (n = 12) B cooTBeTCTBHA
¢ npaBunamu «EBpomneiickoit KonBenuuu o 3amure
[T03BOHOYHBIX JKUBOTHBIX, HCIIOJIB3YEMBIX [l IKCIIE-
PUMEHTAIBHBIX U JIPYTHX HaydHBIX menei» (Crpac-
oypr, 19851.).

@DeTapHbIE HEPBHBIE KJIETKH IMOTYYaId U3 MITKAX
TKaHE# TOJIOBHOTO MO3Ta IUIOAOB Kpwic 11 cyTok
TeCTaIliy TOMOTEeHM3AInel B cpene X HKca ¢ 100aB-
JIEHWEM MUTpaTa HaTpus mo metoxy [2]. ITocie romo-
reausanun cycnensuto ®HK paznusanu mo 2 mia B
poOUpPKH, J00ABIISIIN KPHOIIPOTEKTOP AUMETHIICYIIb-
toxcun (JIMCO) B 7 mim 10%-i1 KOHEUHO! KOHIIEHTpa-
1y, skcrnoHuposanu 10 muH. 3amopaxuBanue PHK
¢ 7 (Kpuo-1) mmu 10% (Kpuo-2) IMCO ocymiect-
BIISIIM IO MIPOTpaMMe: OXJIaXAEHHE CO CKOPOCTBIO
1°C/mun no Temnepatypbl —5°C, crabunuzanus 5 MuH,
oxynaxjeHue co ckopoctbio 2°C/mun o —60°C ¢
MOCJIEAYIOUIUM OTPYKEHUEM B KUIKUM a30T. s
peanr3anyy JaHHON MPOrpaMMBbI HCITOJIb30BAJIH IIPO-
rpaMMHBIH 3amopakusarens YOOII-6 mpousBoacTea
CKTb ¢ OI1 UTIKuK HAH Yxpaunsi [3]. Cycniensuto
KIIETOK Pa3MOpaXHBaju Ha BOjsHOU Oane (41°C) B
teuerne 50—60 ¢ 10 ncye3HOBEeHHs TBEpIOH (Pa3bl.
s ynaneHusi KpuorpoTeKTOpa KJIETOUHYIO CyCIICH-
3MI0 Pa3BOJIMIN paBHEIM 00beMOM cpebl 199 ¢ mocie-
aytouM nertpudyruposanueM npu 1500 06/MuH B
TEYCHUE 5 MUH.

Jo 1 mocne KpMOKOHCEPBUPOBAHUS OLICHHUBAIIN
cnenyromue mokazarenu @HK-11: coxpanHocTs ompe-
JISJISITA € TIOMOTITBIO 2%-T0 pacTBOPa BUTATHHOTO Kpa-
CHUTEJIS TPUIIAHOBOTO CHHETO B CBETOBOM MHUKPOCKOIIE
JIOMO u oxpamyBaHus IPOTHINH HOIUIOM METOIOM
nutodyopumerpun (FACS Calibur, BD, CIIA) c
ucnonb3oBanueM nporpammsl CellQuest 3.1; mopdo-
JIOTHYECKUI COCTaB MCCIeNI0Bald Ha Ma3Kax, OKpa-
meHHbIX a3yp-1l s03unoM no PomanoBckomy-I'um3a
[15] B cBeTOBOM MHKpPOCKOIIE. [IJIsl BBISIBICHUS BHY-
TPUKJIETOYHBIX OCJIKOB (crienu(pUUIECKHUX MapKepOB
MIPOMEXYTOUHBIX (hunamMeHTOB IuTOcKenera OHK)
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cryopreservation like any other biological object is the
selection of cryoprotective agent, its concentration and
freeze-thawing regimen [18, 19, 21]. Successful cryo-
preservation and providing the integrity of morpho-
functional characteristics of FNCs provide perspective
and efficiency of their using in clinical practice and
experimental researches [2, 7, 8, 10, 14, 20, 24].

The research aim was to study the effect of cryo-
preservation conditions on cytomorphological and
structural characteristics of FNCs.

Materials and methods

The research was carried out in 160-180 g Wistar
rats (n = 12) aged 6 months according to the rules of
“European convention about protection of vertebral
animals used for experimental and other scientific
purposes” (Strasbourg, 1985).

Fetal nerve cells were derived from brain soft
tissues of rat fetuses of 11 gestation days by homo-
genization in the Hanks’ medium with adding sodium
citrate according to the method [2]. After homogeni-
zation the FNC suspension was transfered into 2 ml
tubes, DMSO cryoprotectant of 7 and 10% final
concentration was added and exposed for 10 min. FNC
freezing with 7 (Cryo-1) and 10% (Cryo-2) DMSO
was carried out according to the following program:
cooling with 1°C/min rate down to —5°C, 5 min
stabilization, cooling with 2°C/min rate down to —60°C
with further plunging into liquid nitrogen. For performing
this program the UOP-6 programmed freezer (Special
Designing and Technical Bureau with Experimental
Unit at the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine) was used [3]. Cell suspension was thawed
on water bath (41°C) for 50-60 sec to dissolve the
solid mass. For removal of cryoprotectant the cell
suspension was diluted with equal volume of medium
199 with further centrifugation at 1500 rpm for 5 min.

Prior to and after cryopreservation the FNC-11
integrity was assessed with 2% Trypan blue vital dye
using LOMO light microscope and with propidium
iodide staining by means of cytofluorimetry (FACS
Calibur, BD, USA) using the CellQuest 3.1 software;
morphological composition of FNC-11 was studied in
smears, stained with Azur-II — eosin by Romanovsky-
Giemsa [15] using light microscope. To reveal intracel-
lular proteins (specific markers of intermediate fila-
ments of FNC cytoskeleton) there was performed a
preliminary permeabilization of cells using the reagents
Cytofix/Cytoperm and Perm/Wash Duffer (BD Phar-
mingen). To reveal the expressed antigens the cells
were incubated with FITC-labeled monoclonal antibo-
dies (MAB) (BD, USA) for 30 min at 37°C according
to the method [9]. The amount of nestin®, GFAP* and
B-tubulin® cells was assessed by the method of flow
cytometry. Microphotos were obtained using digital
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MPOBOJIMIIH TIPEIBAPUTEIHHYIO MepMeadriin3a-11io
KIIETOK ¢ moMoIibio peaktuBoB Cytofix/Cytoperm u
Perm/Wash Duffer ¢upmer BD Pharmingen. s
OIIPEAEIIEHHS SKCIIPECC-aHTUTEHOB KJIETKH HHKYOHUPO-
Banu ¢ FITC-MeueHHbIMU MOHOKJIOHAJIbHBIMU aHTHU-
tenamu (MAT) (BD, CILIA) B Teuenue 30 MuH npu
37°C no merony [9]. KomnuectBo Hectun'-, GFAP*-
U B-TyOy/uH" — KJIETOK OILIEHHBAJIX METOIOM IPOTOY-
Hol nurodryopumerpun. Mukpodororpadun noryde-
HBI UpoBoit poTokamepoii Canon Power Shot A640
B CBeTOBOM MUKpockone Primo Star (Carl Zeiss, I'ep-
MaHHS).

[TomyuenHbIe pe3ynbTaTbl CTAaTUCTHYECKH 00pabda-
ThIBaJIK 110 MeToy CThiofieHTa-Puiepa ¢ UCIOIb30-
BaHHEM Tporpammsbl Statistika 7.0.

Pe3yAbTathl M 00CyXXAeHHe

Ucxonnoe cocrosinne 6M000BEKTa BO MHOTOM
OTIPENIEIIIET €0 YCTOHUYNBOCTD K JCHCTBUIO (PH3HKO-
XMMHYECKUX (PaKTOPOB KPHOKOHCEpBUpOBaHUs [12], B
YaCTHOCTH THINEPKOHIEHTPUPOBAHHBIX PAaCTBOPOB
COJIEH ¥ BHYTPHUKJIETOYHON KpUCTaIUTH3anuu [22].

KittoueBpIM (hakTOpOM, OTIpENENSIONUM COXPaH-
HOCTh HEPBHOW TKaHU NMPU KPHOKOHCEPBHUPOBAHUH,
ABJISETCS M3MEeHEeHHe (POPMBI KJIETOYHON COMBI B
MIPOIIECCE TUCTOTEHE3A, a CTIE0BATENHHO U UCXOIHOTO
ypoBHs PHK.

Amnamms cocrosiHus HaruBHBIX DHK-11 (HOHK-11)
IoKa3all, 9TO Y>K€ Ha JTare BbIJCICHUS HEPBHbBIC
KJIETKH OYE€Hb UYBCTBUTENIBHBI K auccoruanuu. Mx
COXPaHHOCTh COCTABJIsIA TPH OKPAIIMBAHUU TPHIIA-
HOBBIM cuHUM 75,7 + 8,0% 1 71,0 £ 6,8% nipu ucmnosns-
30BaHuU Nponuauil Hoguna. [locne kpruokoHCepBUPO-
Bauus ¢ 10% JAMCO moka3arenu COXpaHHOCTH U
KOJTMYECTBA SIPOCOAEPIKALINX KIETOK ObUIM BHIIIE,
geMm ¢ 7% (puc. 1).

ITpu muronorugeckom uccnenoannu ®HK-11 mo
Y TIOCJTe KPUOKOHCEPBUPOBAHMS ONPEIENISITH MOP(OII0-
THYECKHUI COCTaB KIETOK MCXOAS M3 0COOEHHOCTEN
WX CTPYKTYPBI: BEJIMYNHBI KJICTOYHOTO TeJla, HATMIUs
SIIPBITIKA B Spe, KOJMYECTBA U CTETICHH PA3BETBIICH-
HOCTHU OTPOCTKOB [2].

YcTaHOBNIEHO, YTO MOCIE AUCCOLUALIUU TOJIOBHOTO
MO3Ta IJIOJIOB KPBIC HEHPOATUTEIHATBHBIE KISTKH
coctaBwid 13,0 = 1,0% oT Bcex KJIETOK B CYCIIEH3UU
OHK (puc. 2).

OTU KJIEeTKU ObLIM OO0JBIIUX pa3MepoB (22—
24 MKM) C KPYITHBIM OKPYTJIBIM SPOM, COEPKAIIUM
TeTEPOXPOMATHH, ¢ 1—3 KOMITAKTHBIMH SIIPBIIIKAMHU
1 Y3KAM 000IKOM IIUTOTUIAa3MEI (puc. 3, oM. 1). Oxo-
710 50% cocrapisuin HeauddepeHIupoBaHHbIC HEHPO-
OnacThl, KIIETKA OKPYTIIOH (hOPMBI HECKOJIIBKO MEHbB-
mux pazmepos (18—20 MkM), 4eM HeHpOoITUTENnATb-
HbIE KJIETKH C Y3KUM 000IKOM 0a30(HILHOM IHUTO-
[JIa3MBbl, THIIEPXPOMHBIM SIJIPOM M CBETJIOW TEpH-
HyKJIeapHOii 30H0i (puc. 3, ot™. 2). Hemuddepenumpo-
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Puc. 1. Coxpannocts @PHK-11 nocrne kproKOHCEpBUPOBAHUS:
COXPaHHOCTB | —COXPaHHOCTH 0 HCKIIIOUYCHHUIO TPUITAHOBO-
T'0 CHHET0; COXPaHHOCTb 2 — COXPaHHOCTh [0 UCKITIOUEHHIO
nponuaui woauna; 00 — koncepBuposanue ¢ 7% JIMCO;
W - c 10% AMCO. 3a 100% ObL1H TPUHATHI TOKa3aTeNN
HOHK-11.

Fig. 1. Integrity of FNC-11 after cryopreservation: 00— 7%
DMSO; B - 10% DMSO; Integrity 1 —integrity by excluding
trypane blue; Integrity 2 — integrity by excluding propidium
iodide. nFNCs indices were assumed as 100%

camera Canon Power Shot A 640 and light microscope
Primo Star (Carl Zeiss).

The results were statistically processed with Stu-
dent-Fisher’s test using the Statistika 7.0 software.

Results and discussion

Initial state of bioobject in many ways determines
its resistance to the effect of cryopreservation physical
and chemical factors [12] particularly of hypercon-
centrated salines and intracellular crystallization [22].

The key factor, determining integrity of nerve tissue
during cryopreservation is the change of cell soma sha-
pe during histogenesis and consequently initial level of
FNC.

The analysis of the state of native FNCs of 11 gesta-
tion day (nFNC-11) has shown that even at the isolation
stage nerve cells are very sensitive to dissociation.
Their preservation rate made 75.7 £ 8.0% according
to Trypan blue staining and 71.0 + 6.8% when propi-
dium iodide was used. After cryopreservation with 10%
DMSO the integrity indices and those of nucleated cells
were higher versus the ones with 7% DMSO (Fig. 1).

During cytological study of FNC-11 prior to and
after cryopreservation the morphological composition
of cells as for their structure: value of cell body, pre-
sence of nucleolus in nucleus, amount and degree of
banishing rate of out-growings [2].

It has been established that after dissociation of
rat’s fetuses brain the neuroepithelial cells made
13.0 £ 1.0% of all the cells in FNC suspension (Fig. 2).
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BaHHbBIE IIMOOTACTHI — MEITKUE KIIETKU C THIIEPXPOM-
HBIM sIIpoM Oe3 sIAPBINIKA ¥ ¢ TeMHOH 0a3aduibHOi
muToria3Moi (puc. 3, otM. 3) cocramsum 36,2 +2,0%
(puc. 2). Heitpons! cocrasnsum 0,87 + 0,02%. 3to
KJIETKH C OKPYIJIBIM HJTH OBaJIbHBIM TEJIOM, OKPY KEH-
HBIM IUTOTHBIM HeWpornwieM. B meHTpe KiIeToYHOro
TeJa pacnonaraioch SApo OKPYIIIOH (POPMBI C TEMHBIM
SIAPBIIKOM 1 OZHUM KOPOTKHAM OTPOCTKOM (YHUIIOJSIP-
HBII HelipoH) [16] (puc. 3, oT™. 4) .

ITpu ananmuze cocraa @HK-11 mocrne kxprokoncep-
BUPOBaHUS OBLIO YCTAHOBJIEHO, YTO HanboJee JaduIib-
HBIMH OKa3aJIMCh HEHPOIUTEIHATIbHBIC KIETKH, KO-
JIUYECTBO KOTOPBIX IpH 3amopakuBanuu ¢ 7% JIMCO
cau3mIock ¢ 13,0+ 1,0 mo 2,0 + 0,02% (Kpuo-1) u mo
4,4+£1,0-c 10% AMCO (Kpuo-2) (cm. puc. 2). He-
MHOTOYHCIIEHHOE JUISl 3TOTO CPOKa T'eCTAlH KOJIU-
YEeCTBO CO3PEBAIOIINX HEMPOHOB COKPATHIIOCH B/IBOE
(0,87+0,02 10,42+ 0,01% COOTBETCTBEHHO) IPH 3a-
MopaxkuBanuu ¢ 10% u He oOHapyKuBajoCch IpH
3amopaxuBanuu ¢ 7% JIMCO. Haubonee kproycToii-
YUBBIMH OKa3aJIuCh Hennu(pdepeHIpOoBaHHbIE TIIHO-
0JacThl, OTHOCUTEIBHOE KOJIMYECTBO KOTOPBIX C 7%
JAMCO ysemumuunock 1o 70,4 £5,8% u c 10% IMCO
1o 57,8 £ 2,0%. Takoe nepepacupeerneHne KIeTod-
HBIX OIS B CTOPOHY 3HAYUTENIHHOTO YBEITUUCHHS
[JIMAJIbHBIX KJIETOK CBUJIETENBCTBYET O BBICOKOW MX
YCTOWYMBOCTH K (haKTOpaM KPHOKOHCEPBUPOBAHUSI 110
CPaBHEHHIO C HEHPOHANBHBIMU (PHC. 2), YTO COOTBET-
CTBYET JaHHBIM [24].

[IpoBeneHHBIE UMMYHOJIOTHUECKHE UCCIIEIOBAHUS
MO3BOJIMJIM OTYYUTh Ka4€CTBEHHbIE XapaKTEPUCTHKH,
CBHUJICTENILCTBYIOIINE O COXPAHHOCTH (DEHOTHITHYEC-
KHX NpPHU3HAKOB KpuoKoHcepBHupoBaHHBIX OHK-11.
VYcraHoBIIeHA TIpsSIMasi CBSI3b MEXKIY COXPAaHHOCTBIO
kieTok (HeauddepeHupoBaHHbIe HEUPOOJIACThI U He-
3peIIble ITHO0JIACThI) U KOJTMYSCTBOM CIEHU(DUICCKIX
OCIIKOB TPOMEXYTOYHBIX (DHIAMEHTOB (HECTHUH H
GFAP) B Hux.
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Puc. 2. KJICTOYHBIH COCTaB WHK-1 | JI0 M TIOCJIC KPHOKOHCEP-
BupoBanus: O] — HeliposnurenuansHeie kireTkw; Ml — Henud-
dhepeHipoBannbie HewpooaacTer; O — HegudhepeHm-
POBaHHBIE TITHOONIACTHI; A — HEHpPOHEI.

Fig. 2. Cell composition of FNC-11 prior to and after cryopre-
servation: 0 — Neuroepithelial cells; Bl — Non-differentiated
neuroblasts; 00— Non-differentiated glioblasts; 22— Neurons.

These cells were of large sizes (22—-24 um) with
big rounded nucleus, containing heterochromatin with
1-3 compact nucleoli and narrow cytoplasm limbus
(Fig. 3, label 1). Close to 50% made non-differentiated
neuroblasts being the rounded cells of sizes (18-20 um)
smaller than neuroepithelial cells with narrow limbus
of basophilic cytoplasm, hyperchromic nucleus and light
perinuclear zone (Fig. 3, label 2). Non-differentiated
glioblasts (small cells with hyperchromic nucleus
without nucleolus and with dark basophilic cytoplasm)
made 36.2 £ 2.0% (Fig. 2). Neurons made 0.87
0.02%. These was cells with rounded and oval body,
surrounded by solid neuropil, (Fig. 3, label 3). There
was rounded nucleus with dark nucleolus and one short
out-growing (unipolar neuron) in the center of cell body
[16] (Fig. 3, label 4).

Cc

Puc. 3. Mopdonoruueckuii coctaB PHK (okpacka a3yp-II s03uH0M, X900): a— HaTHBHEIE;0 — KPHOKOHCEPBUPOBAHHEIE C
7% JAMCO; B — xpuokoncepsupoBantsie ¢ 10% JIMCO; 1 -HeliposnuTenuaibHas KieTka; 2 — HenuppepeHIUpOBaHHbII
HelpobacT; 3 — He3pebli IIH00acT; 4 — CO3PEBAIOIIHI HEUPOH.

Fig. 3. Morphological composition of FNCs ( azur-II eosin dye, x900): a —native; b — cryopreserved with 7% DMSO; ¢ —
cryopreserved with 10% DMSO; 1 — neuroepithelial cell; 2 — non-differentiated neuroblast; 3 — immature glioblast; 4 —
maturing neuron.
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UzBectHO [1, 11], 9TO HECTHH SABISIETCI UMMYHO-
MOP(OJIOTHUECKUM MapKepoM HeHpabHBIX CTBOJIO-
BBIX/TIPOTEHUTOPHBIX KJIETOK, KOTOPBIH aKTHBHO
9KCIPECCUPYETCS B KJIETKaX FOJIOBHOTO MO3Ta MIIEKO-
MUTAIOMIMX B SMOPHOHATEHOM OHTOT€HE3E U [TOYTH HE
JKcIpeccupyeTres y B3pocisix ocobeit. [lo mepe
nuddepeHInpPOBKY HEPBHOM TKaHW CUHTE3 HECTUHA
noJasisiercs, a B U GepeHIUPYIOMUXCcs KIeTKaxX
(acTponmTax W HEeWpOHAaX) HaUMHAET IKCIPECCH-
poBarbcst GFAP. [lanubrit 6emnok crieruduaeH TOIbKO
JUTSL KJIETOK LIEHTPajlbHONW HEPBHOM CHUCTEMBI, a B
nepudepruecKoil HepBHOM crcTeMe B (pu3nonoruyec-
KHUX YCIIOBUSAX OH He oOHapyxuBaercs [16]. Cunres
GFAP coBmagaeT ¢ mepmogoM MHEIUHU3AIUHN U
mudepennupoBkoil actpouutos [11]. [uanbnas
nokanu3zanus GFAP no3BonseT ncnonb30BaTh €ro Kak
“MapKepHbINA” OEJIOK AJIsI KIIETOK IITHH, XOTS ero PyHK-
L1s1 OKOHYATENBHO HE UCCIIEIOBaHA.

[Tony4eHHble faHHBIE TOKA3aJIH, YTO MOCIE KPHO-
koHcepBuposanust PHK ¢ 7% JIMCO (Kpuo-1) B cyc-
MEH3UU JIeWCTBUTEIBHO MOBHIMIANIACH B 2 pa3a 1o
CPaBHEHHUIO C KOHTPOJEM KOHIIEHTPAIUs KIETOK,
akcripeccupyromux GFAP, 6emok, XxapakTepHBINA 15
mmobmnactoB [11]. B cycnensun ®HK, kxprokoHcepBu-
poBauHBIX ox 3amuTon 10% JAMCO, KoHIIeHTpaIus
GFAP*-xneToK CymecTBEHHO HE M3MEHSIAcCh IO
CPAaBHEHHIO C HATUBHBIM KOHTPOJIEM, OIHAKO OTMEYa-
JIOCh MOBBIIIEHUE TMOYTH B 2 pa3a KOHLEHTpaluu
HecTHH -KIeToK (puc. 4). beuto mpoBeneHo uccieno-
BaHHUE BIMAHUS (PaKTOPOB KPHOKOHCEPBUPOBAHMS Ha
Oenok B-TyOynuHa, SBISIOMIMNACSA TaKKe KHCIBIM
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Puc. 4. Coneprxanne Helipo- 1 HecienUpHUIECKUX OSIIKOB
®HK-11 no u nocie kprokoHcepBUpoBaHus: (1 — HeCcTHHA;
B - GFAP; O - B-ry6ynuna.

Fig. 4. Content of neuro- and nonspiscific proteins FNCs-
11 prior to and after cryopreservation: [0 — Nestin; ll — GFAP;
O - B-tubulin
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During analysis of FNC-11 composition after cryo-
preservation it was established that the most labile
were the neuroepithelial cells, number of which during
freezing with 7% DMSO reduced from 13.0 £ 1.0 down
to 2.0 £ 0.02% (Cryo-1) and down to 4.4 = 1.0 with
10% DMSO (Cryo-2) (see Fig. 2). The number of
maturing neurons not numerous for this gestation period
was reduced twice (0.87 + 0.02 and 0.42 £ 0.01%
accordingly) during freezing with 10% and was not
revealed with 7% DMSO. The most cryoresistant were
the non-differentiated glioblasts, which relative number
with 7% DMSO increased up to 70.4 £ 5.8% and with
10% DMSO up to 57.8 £ 2.0%. This distribution of
cell populations to significant increase of glial cells testi-
fies to their high resistance to cryopreservation factors
if compared with neuronal ones (Fig. 2) that corres-
ponds to the published data [24].

The carried out immunological researches enabled
to obtain the qualitative characteristics testifying to the
integrity of phenotypic characters of cryopreserved
FNC-11. It has been established the direct relationship
between cell integrity (non-differentiated neuroblasts
and immature glioblasts) and the number of specific
proteins of intermediate filaments (nestin and GFAP)
in them.

Nestin is known as a immunological marker of neu-
ronal stem/progenitor cells, actively expressed in mam-
malian brain cells during embryonic ontogenesis and
negligibly expressed in adults. While differentiation of
nerve tissue the nestin synthesis is suppressed, but in
non-differentiated cells (astrocytes and neurons) GFAP
starts to be expressed. This protein is specific only for
central nervous system cells, but in peripheral nervous
system under physiological conditions is not found [16].
GFAP synthesis coincides with period of myelinization
and differentiation of astrocytes [11].

Glial localization of GFAP enables the use it as
“marker” protein for glia cells, though its function has
not been completely studied.

Our findings have shown that after cryopreservation
of FNCs with 7% DMSO (Cryo-1) there was actually
twice (versus the control) increased the concentration
of the cells expressing GFAP, protein characteristic
for glioblasts in the suspension [11]. In the suspension
of FNCs cryopreserved under protection of 10%
DMSO the concentration of GFAP* cells significantly
did not change if compared with the native control,
however there was found a duplication of the concen-
tration of nestin® cells (Fig. 4). There was studied the
effect of the cryopreservation factors on B-tubulin
protein, being also acid protein, comprising about 20%
glutamine and asparagine acids. Neurotubilin has
phosphokinase and protein kinase activity and along
with 7-protein participates in the assembling of micro-
tubules of neuron cytoskeleton, forming cross-linking
[11]. Microtubules, built from o- and B-tubulins imple-
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0EIJIKOM, B COCTaBE KOTOPOTO COMEpKUTCs 0Koio 20%
[Ty TAMHHOBOM U acTiaparnHOBOH KUCIIoT. HefipoTyOy-
JuH obnanaet GpocPokrHazHON U MPOTEHHKUHA3HOM
AKTUBHOCTBIO M BMECTE C r-0CJIKOM y4acTBYET B
“cOOpKe” MHKPOTPYOOUYEK IIUTOCKENeTa HEHPOHOB,
o0pa3ys nonepeunsle cimBkH [ 11]. [loctpoeHHbie u3
0~ U B-TyOyaMHOB MHKPOTPYOOUKH OCYIIECTBIISIOT
BHYTPHKJIETOYHBIN aKCOHHBIN TpaHcnopT. [TokazaHo,
9TO TyOYJIMHBI HE 00JIafaloT CTICU(PUIHOCTHIO U B
9BOJIONIMOHHOM IIJIaHE OHU OTHOCHTEIBHO CTA0MIIbHBIE
6enku [11]. Tem He MeHee mociie KPHOKOHCEPBUPO-
Baamst ®HK-11 ¢ 10% JIMCO konmuaecTBO KIETOK, B
koTopbiXx MAT ObIIM CIIOCOOHBEI €ro UASHTU(UITH-
pOBaTh C PelenTopoM, MOBHIIIANOCH B 1,5 pasza mo
CPaBHEHHIO C MHTAKTHBIM KOHTpoJeM (puc. 4).

BbiBOADI

YcTaHOBIEHO, YTO KPHOKOHCEPBUPOBAHHEIE 110 BBI-
OpannbiM nporpammam ®HK coxpansior cTpykTyp-
HbIe U (EHOTUIMYECKHE XapaKTEpUCTHKH. BmecTe ¢
TeM OYEeBHIHO, YTO pexxuMbl Kpro-1 u Kpmo-2 ob:na-
JAIOT PA3IMIHON “TPOITHOCTHIO” B OTHOIIIEHUH CYOTIO-
myssiinorHoro cocrapa @HK-11. Pesynsrarsr Mopdo-
JIOTUYECKOTO aHanmm3a mokaszanu, aro Kpuo-1 (7%
JAMCO) B Oonpiieii creneHn 00ecreunBaeT COXpaH-
HOCTH HE3peJbIX IMH00IacToB, TorAa Kak mpu Kpmo-2
(10% JAMCO) 6osiee KprOYCTOMYNBEIMHU OKa3aJIUCh
HenuddepeHmpoBaHHbIE HEHPOOIACTEL. DTH JaHHBIC
KOpPPEINPOBaIN € MOKa3aTeIsIMU SKCIIPECCUN HEUPO-
cneruduueckux OenkoB HecTuHa U GFAP, a Takke
Hecnenuduueckoro Oenka HeiipodunameHToB — 3-
TyOynuHa. Ilockonbky HECTUH — UMMYHOMOP(OIOTH-
YeCKHU MapKep HeWPaJbHBIX CTBOJIOBBIX/TIPOTEHUTOP-
HBIX KJIETOK, a jokaim3arust GFAP B kieTkax MUKpPO-
[JIMH TaKXKe SBISIETCSI MapKEPHBIM OEJIKOM acTPOIIH-
TOB, MO>KHO CUMTATh BHIOPAaHHBIE PEKUMBI KPHOKOH-
CEPBHUPOBAHMS ‘‘€CTECTBEHHBIM COPTEPOM”~ — MOJHU-
(hukaTopoM, CeTEeKTHBHO 00ECTIeUNBAIOLITIM IIPEUMY-
IIECTBO HEHPAITbHBIX CTBOJIOBBIX/IPOT€HUTOPHBIX HITH
[JIMAJIBHBIX KIIETOK.
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ment intracellular axon transport. It has been shown
that tubilins have no specificity and evolutionally they
are quite stable proteins [11]. Nevertheless after
cryopreservation of FNCs-11 with 10% DMSO the
number of cells, wherein AMT were able to identify it
with the receptor, increased in 1.5 times if compared
with intact control (Fig. 4).

Conclusions

FNCs cryopreserved according to the selected
protocols have been established to preserve structural
and phenotypic characteristics. Along with this it is
evident that regimens Cryo-1 and Cryo-2 have diffe-
rent “tropicity” in respect of sub-populational compo-
sition of FNCs-11. The results of morphological analysis
have shown that Cryo-1 (7% DMSO) in a greater
extent provides the preservation of immature glioblasts,
meanwhile at Cryo-2 (10% DMSO) non-differentiated
neurobalsts occurred to be more cryoresistant. These
data correlated with the expression indices of neurospe-
cific proteins of nestin and GFAP, as well as nonspeci-
fic protein of neurofilaments, B-tubulin. Since nestin is
an immune morphological marker of neural/progenitor
cells, and GFAP localization in microglia cells is a mar-
ker protein of astrocytes, one may consider the chosen
cryopreservation protocols as “natural sorter”, i. e.
modifier, selectively providing the advantage of neural
stem/ progenitor or glial cells.
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