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After Cryopreservation Using Different Freezing Regimens

B pabote mpoaHanM3upOBAHO BIUSHHE TPEX PA3JIUYHBIX PEKUMOB KPHOKOHCEPBHPOBAHMS Ha CyONOMYISIHOHHBIA COCTaB
¢deranpubix HepBHBIX KieTok (PHK) 11 cyrok recramuu. K nelictBuio ¢pu3mko-xMMHU4ecKuX (HaKTOPOB KPHOKOHCEPBUPOBAHMUS,
peanu3yeMblX IpH HCIOJIb30BAaHUHU JaHHBIX PEKUMOB 3aMOPaXMBaHMs, pasnuuHble cyononynsiuuun ®HK npossnsuin pasnyro
4yBCTBUTEIBHOCTh. YCTAHOBJIEH (akT OonblIel KPHOCTAOMIBHOCTH IVIMAJBbHBIX M CTBOJOBBIX KIIETOK B T'€TEPOTCHHOM COCTaBe
Ouomarepuasa He3aBUCHMO OT pexKuMa 3aMopaxkuBanus. [lokazaHo, 4TO NPH UCIIOIB30BAHUH OJJHOTO U3 peXKMMOB B 061eM myne PHK
YBEJIMYMBACTCS KOJIMYECTBO MYJIBTUIOTEHTHBIX IPOICHUTOPHBIX KJIeTok ¢ ¢erHoTunoM CDI133 wunestin 3a cuer rubenu Gonee
nudhepeHIPOBaHHBIX MTPEAIIECTBEHHUKOB HEHPOHOB. J0Ka3aHO CEIEKTUBHOE BIHMSHHUE OIIPEICICHHBIX PEKUMOB KPHOKOHCEPBUPO-
BaHUs Ha rereporeHHslii cocraB @HK.

Knioueswie cnosa: heranpubie HEpBHbBIE KIETKH, KPHOKOHCEPBUPOBAHHE, CTBOJIOBBIE KIETKH.

B po6oTi mpoaHaizoBaHO BILIMB TPHOX PI3HUX PEKHMMIB KPIOKOHCEPBYBaHH Ha CyONOMyIIALiitHUI CKiax eTanbHIX HEPBOBUX
kiritud (PHK) 11 xi6 recrauii. o aii ¢pizuko-ximMiyHHuX (akTOpiB KPIOKOHCEPBYBAaHHS, 1110 PEai3yOThCs IPU BUKOPHCTAHHI TaHUX
PeXUMIB 3aMOpOXXyBaHHs, pi3Hi cyononymsiuii ®HK nposeisium pisHy 4yytiauBicTs. BeraHoBineHo ¢akt 6ibinoi kpiocTabinbHOCTI
IITiaNbHUX 1 CTOBOYPOBHX KIIITHH B TE€TEPOreHHOMY CKJIaJli OioMaTepiaily He3alnexHo Bi pexumy 3amopoxyBanHsi. [TokazaHo, 1o npu
BUKOPHUCTaHHI OJHOTrO 3 pexuMiB B 3araigbHomy myni @HK 30inblryeTses KibKicTh MyJIbTHIOTEHTHUX IPOTCHITOPHUX KIITHH 3
¢denorunom CD133 i nestin3a paxyHok 3aru6eni 611b11 1udepeHIiiioBaHNX NONepeIHHUKIB HEHPOHIB. JIoBeICHO CeJICeKTUBHUII BIIMB
HEBHUX PSXKUMIB KpiOKOHCEpBYBaHHsI Ha reteporenHuil ckiag GHK.

Kniouosi cnosa: GperanpHi HEpPBOBI KIITUHH, KPIOKOHCEPBYBaHHS, CTOBOYPOBI KIITHHH.

In the paper the effect of three different cryopreservation regimens on subpopulation composition of fetal neural cells (FNCs) of
11 gestation days was analyzed. FNC subpopulations revealed different sensitivity to the effect of physical and chemical factors of
cryopreservation, implemented when using these freezing regimens. The fact of higher cryostability of glial and stem cells in biomaterial
of heterogenous composition independently on freezing regimen was found. It has been shown that using one of the regimens in general
pool of FNCs the number of multipotent progenitor cells with CD133 and nestin phenotype increases due to the death of more
differentiated neuron precursors. Selective effect of certain cryopreservation regimens on heterogenous content of FNCs was proved.

Key words: fetal neural cells, cryopreservation, stem cells.

O60CHOBaHHOCTh IPUMEHEHHUS METO1a TKAaHEBOM
1 KJIETOYHOI Teparnuu B COBpeMeHHON MeaunuHe [ 18]
00BSICHSETCS MPUCYTCTBUEM BO BBOJUMOM MaTepHa-
JIe KJIETOK CTBOJIOBOTO KOMIIAPTMEHTA Pa3iIuYHOIO
ypOBHS U PEePEHINPOBKH, a TAKXKE IIIUPOKOTO CIIEKT-
pa IpoLyIHPYEMBIX UMH OMOJIOTHYECKH AKTUBHBIX
BELIECTB, KOTOPbIe 00JagaroT BBHICOKOM TepareBTH-
4yeckoil agpexTuBHOCTHIO [15].

MexaHu3M AEHCTBHSA MPUMEHSIEMBIX (peTalbHBIX
HepBHBIX KiIeTok (DHK) onpenensiercst ux cTpykryp-
HBIMH U (YyHKIIMOHAIBHBIME 0cOOeHHOCTSIMU. Kpno-
KOHCEPBHPOBAaHNE — OJTUH U3 3TANlOB TEXHOJIOTHYEC-
koro mpouecca npuMmeHenuss ®HK B knnHuueckoit
MIPAaKTHKE — II03BOJISIET XPAHUTH CEPTUDUITMPOBAHHBIN
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Expediency of applying the tissue and cell therapy
in contemporary medicine [18] is explained by the pre-
sence in the administered material of the stem compart-
ment cells of different differentiation rate, as well as a
wide spectrum of the produced by them biologically
active substances, possessing a high therapeutic effi-
ciency [15].

The action mechanism of applied fetal neural cells
(FNCs) is determined by their structural and functional
peculiarities. Cryopreservation is one of the stages of
technological process of applying the FNC in clinic, it
allows the storage of certified biomaterial during dif-
ferent time at low temperature banks and its application
when the need arise [13].
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O6romMaTepurai Ha MPOTSHKEHUH Pa3InYHOTO BPEMEHHU
B YCIIOBUSIX HU3KOTEMIIEPATYPHBIX OAHKOB M HCIIONIB30-
BaTh €ro no mMepe BocrpeboBanHoCTH [13].

YCcTaHOBIEHO, YTO KPUOKOHCEPBUPOBAHHE OKA3BI-
BaeT MHOTOBEKTOPHOE BIMSHHUE HA CTPYKTYPY U QYyHK-
o 6nooowekra [ 14]. Ipu 3amMopaxuBaHUU-OTTaNBa-
HHUM MPOUCXOAUT YTHETEHHUE JKU3HEAEATEIbHOCTH
TKaHEH U KJIETOK, U3MEHSIOTCS UX QyHKINOHAJIbHbIE
CBOMCTBA, TaK KaK IPH 3TOM 3aMEUIAIOTCS TIPOIIECCHI
BOCCTAHOBJICHUS] U YIJIHHSIETCS pepaKkTepHBIN Iie-
puon [6]. B HacTosmiee BpeMst HHTEHCUBHO ITPOBOISIT-
CA DKCIEPHUMEHTAIbHBIE HCCIEAOBAHUS TPUPOIBI
KPHOJIa0MIIFHOCTH U KPHOPE3UCTEHTHOCTH KIIETOYHBIX
cycniensuii [5]. CBenenust o Mopdororinueckoii u hyHK-
LMOHAJIBHOM COXPaHHOCTH KPMOKOHCEPBUPOBAaHHBIX
OHK (k®HK), Bxitodast U 3€MEHTBl CTBOJIOBOTO
KOMITApTMEHTA, BECbMa MPOTUBOPEUHBBI, YUTO MOXKHO
OOBSICHUTH LIMPOKUM CIIEKTPOM METOIUYECKUX MO~
XOJI0OB K pealn3alMy NMpoLecca 3aMOpaXXUBaHUs-
otTauBanus |3, 24, 25]. Kpome Toro, cTeneHs ero Bius-
HUS ONIPEJIEIISICTCS HE TOIBKO BO3JeHCTBHEM (DHU3UKO-
XUMHYECKIX (PaKTOPOB, HO U HCXOHBIM COCTOSHUEM
omooOnekTa [4].

YuuThIBas reTEpOreHHbIN KIETOYHBIN COCTAB TKa-
HU (eTaTbHOr0 MO3Ta C ONpeIeNICHHON (QYHKITHOHAb-
HOM aKTUBHOCTBHIO JIJISl KaX/I0TO THUIIA KIETOK, 0c000e
3HAYECHHUE IPUOOPETACT COXPaHEHHE P 3aMOPAXKHBA-
HUHU-OTTaUBAHUU KJIETOYHBIX MOITYIISIINH.

Henr nanHol pabOTH — HCCIEAOBATh BIMSHHUE
Pa3NUYHBIX PEKUMOB KPHOKOHCEPBUPOBaHUS Ha CyO-
nonynsauuoHHbIN coctaB GHK.

Matepnaabl 1 meToAbI

OO0BEKTOM HCCIeTOBaHMS OBLIN KIETKH (PeTab-
HOTO MO3Ta KphIC 11 CyTOK recTaruu. IKCTIepUMEHTHI
TIPOBOIFUTH B COOTBETCTBHH ¢ « OOIIUMU IPUHIIATIAMHI
9KCIIEPUMEHTOB Ha >KUBOTHBIX», 0100peHHBIMH 11
HanmonaneasiM KoHTpeccoM 1o 6mostuke (Kues,
2007 1.) ¥ corTacoBaHHBIMU C TIOJIOKEeHUsIMHU «EBpo-
MEeHCKOW KOHBEHIUH O 3aI[UTe MO3BOHOYHBIX KUBOT-
HBIX, HCTIOJIb3YEMBIX JIJIS OKCTIEPUMEHTAIBHEIX U JpY-
rux Hay4HbIX Henei» (CtpacOypr, 1986 r).

N3Bneuennble mioasl Kpeic 11 cyTok recranuu [2]
TPYOKABI IPOMBIBAJIH B CTEPIIILHOM pacTBOpe XeHKca
(ITan3xko, Poccus) u nepenocunu B yamky Ilerpu mis
npenapupoBanusi. C TOMOIIBIO MMUHIIETA W TIIa3HBIX
HOKHUII H3BJIEKAJIM TOJIOBHOU MO3T, 0CBOOOXK/IAIIH €0
OT ME3CHXMMHOMN 000JI0YKH U pa3pe3alin Ha (parMeH-
o1 [1]. s momygenus cycnensuun @HK Tkans Mmosra
TOMOTEHH3UPOBAIIN B 3 MJT pacTBOpa XeHKca, CoJlep-
xkarero 10% >MOpHOHATBHON TEISTYbEeH CHIBOPOTKHU
(OTC) («buoJlex», Poccus). Bece manumymnsiiuu mpo-
Bojuiu npu 4°C.

Ucnonbzyemsbie pexumsl (P) 3amopakuBaHus:

P1: oxnaxknenue co ckopoctbro 1 rpag/mun g0 —5°C
C TTOCTIeTYIOIIeH HHUIHAIEH KPUCTAIIO00pa30BaHHs,
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Cryopreservation has been found to render a multi-
vector effect on bioobject structure and function [14].
During freeze-thawing the suppression of vital activity
of tissues and cells takes place, their functional proper-
ties change since herewith the recovery processes
slow-down and refractory period extends [6]. Now-
adays, experimental studies of the origin of cryolability
and cryoresistance of cell suspensions have been inten-
sively carried-out [5]. Data on morphological and
functional integrity of cryopreserved FNCs (cFNCs)
including also the elements of stem compartment are
very contradictory, which can be explained by a wide
range of methods to perform freeze-thawing [3, 24,
25]. In addition, the extent of its effect is determined
not only by physical and chemical factors, but also with
initial state of bioobject [4].

Taking into account heterogenous cell composition
of fetal brain tissue with certain functional activity for
each cell type, of special value is the preserving of
cell populations during freeze-thawing.

The research aim was to study the effect of different
cryopreservation regimens on subpopulation compo-
sition of FNCs.

Materials and methods

Research objects were the cells of rat fetal brain
of 11 gestation days. The experiments were performed
in accordance with the General principles of expe-
riments in animals approved by the 3™ National
Congress on Bioethics (Kiev, 2007) and coordinated
with the statements of European Convention on the
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes (Strasbourg, 1986).

The derived fetuses of rats of 11 gestation days [2]
were thrice washed in sterile Hanks’ solution (PanEco,
Russia) and transferred to Petri dish for dissection.
By means of forceps and ophthalmic scissors the brain
was excised, the mesenchyme membrane was remo-
ved and tissue was cut into fragments [1]. To obtain
the suspension of FNC the brain tissue was homo-
genized in 3 ml of Hanks’ solution, containing 10%
fetal bovine serum (FBS) (BioLek, Russia). All the
manipulations were performed at 4°C.

The used regimens (R) of freezing were as follows:

R1: cooling with the rate of 1 deg/min down to
—5°C with following initiation of crystal formation, then
cooling with the rate of 2 deg/min down to —60°C and
plunging into liquid nitrogen [8];

R2: cooling with the rate of 1 deg/min down to
—80°C and plunging into liquid nitrogen [24];

R3: cooling with the rate of 1 deg/min down to
—9°C, stop for 10 min, then cooling with the rate of
1 deg/min down to —25°C, 10 deg/min down to —60°C
and plunging into liquid nitrogen [9];

Fetal neural cells were frozen in the presence of
dimethyl sulfoxide (DMSO) (Galichfarm, Ukraine) in
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3aTeM OXJIAKJEHUE CO CKOPOCTBIO 2 Tpaj/MUH IO
—60°C u morpy>xeHne B XUAKUH a3oT [8];

P2: oxmaxaeHue co ckopocteio 1 rpag/mMuH 10
—80°C u norpy>keHue B KUAKUH a30T [24];

P3: oxmaxaeHue co ckopocTeio 1 rpag/MuH 10O
—9°C, ocranoBka B TeueHue 10 MUH, 3aTeM OXJIaXe-
HUE co cKopocThio 1 rpag/mun 1o —25°C, 10 rpag/mMun
10 —60°C u morpy>keHue B KUAKUH a3oT [9].

@DeTanpHBIE HEPBHBIE KJIETKH 3aMOPaKUBAJIH C JTH-
MetumicynbhorcuaoM (JJMCO) (AO «amuadapmy,
YkpanHa) B KoHeUHOU KoHIeHTpauu# 7% (s P1 u P2)
u 10% (ans P3). B xagecTBe cpebl KpHOKOHCEPBUPO-
BaHU MCTIOIB30BAITM PACTBOP XEHKCA C JOOaBIEHHEM
0,6% rimoko3bl, 10% OTC, 0,2 Ex/mn uncynuna. Pact-
Bop AMCO noGansnu k cycnensun ®HK uwepes
MHBEKLINOHHYIO UIITy MO KaIUISIM B cOOTHOIEHU! 1:1
(1o 06BeMy) PH MOCTOSTHHOM JIETKOM NepeMeInBa-
HUH CyCIIEH3UN. DKCIO3ULINSA C KPUOIIPOTEKTOPOM COC-
taBisuia 10 mus mpu 4°C.

Cycnensuto ®HK ¢ xoHuenTpauumeit 5x10%km/min
3aMOpaXMBaJIM Ha TPOTPaMMHOM 3aMOpakuBaTele
YOII-6 (CKTb ¢ OIl UTTKuK HAH VYkpaunnsl) B miac-
TUKOBBIX ammynax («Nunc», 'epmanus) o6bemMoM
1,8 M. 3amopoxennsie @HK xpanwnu npu Temnepa-
Type —196°C B ycnoBHsIX HU3KOTEMITEPaTypHOTO OaH-
ka UITKuK HAH VYkpanss! 2 mecsa. O0pasis! oTo-
rpeBalid Ha BOJsIHOM Oane mpu temmepatype 37°C
B TeueHue 50 ¢ IpH MOCTOSTHHOM BCTPSIXUBAHUH AMITYJT
[2] (mo ucue3HoBeHuUs TBepmOi da3wr). s oTMbIBa-
Hus kieTok oT JIMCO oHOKpaTHO MEJIEHHO 100aB-
JISUTH paBHBIM 00beM pacTBOpa XEHKCa, COAEPIKAILETO
20% OTC, 3atem nentpudyruposanu (1000 06/muH,
10 mun). CoxpanHocts @HK 1o u mocite kprokoHcep-
BHPOBAHMS OTIPEAETISUIA METOAOM CYIPaBUTAIBHOTO
okpammBanus TpunanoBeiM ciHUM (TC) 1 pacTBOpOM
nponuaus woauaa (PI) (5 Mxr/mi B dpocaTHO-cote-
BoM Oydepe) («Sigmay, CIIIA).

Jis1 oleHKH SKcIpeccuy PeHOTHITNIECKUX MapKe-
poB ®HK npumMeHsiin MeTo ] MPOTOYHON ITUTO(ITYyOpH-
METPHH C UCTIOIH30BAHUEM IIEPBUYHBIX MOHOKJIOHAb-
HbIX anTUTeN (MAT) K BHYTPUKIIETOUHBIM aHTUT€HAM
nestin (kiaoH RAT401, kar. Ne556309), GFAP (xion
2E1, katr. Ne556329), B-tubulin III (xmon 5H1, kat.
Ne556321) n Bropuunsix MAT, meuennsix Fluorescein
isothiocyanate (FITC): nns nestin — IgG, |, (k10on R3-
34, xar. Ne553924), nis GFAP - IgG, (KJIOH A95-1,
Kat. Ne553988), st 3-tubulin ITT - Ig Spec1ﬁc Polyclo-
nal Antibody (Multiple Adsorption) (kat. Ne554001).
B kagectBe nzotumnos ucnonb3oBany FITC-meuennsie
IgG, , (xmon MOPC-31, kar. Ne550616), IgG,, (k100
MPC 11, xat. Ne 559532) IgM, (knon G155- 228 Kar.
N0551448) COOTBETCTBEHHO (Bce «BD Pharmingeny,
CILIA). Ilepen unky6auueit c MAT st BHyTpUKIIe-
TOYHBIX aHTHUTCHOB, KaK OIMCAHO B IPOTOKOJIE PUPMBI-
MIPOU3BOIUTEIS, KIIETKH MPEIBAPUTENLHO ITepMeadu-
JU3UPOBAIIM C UCTIONb30BaHUEM peakTHBoB Cytofix/
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final concentration of 7% (for R1 and R2) and 10%
(for R3). Hanks’ solution supplemented with 0.6% glu-
cose, 10% FBS and 0.2 units/ml insulin was used as
medium. DMSO solution was added to the suspen-
sion of FNCs via injection needle dropwise in 1:1 (v/v)
ratio at constant slight shaking of the suspension. Ex-
posure with cryoprotectants lasted 10 min at 4°C.
FNCs suspension with concentration of 5x10°cells
per ml was frozen with programmable freezer UOP-6
(Special Design and Technical Bureau with Experi-
mental Unit of the IPC&C of the National Academy of
Sciences of Ukraine) in 1.8 ml plastic ampoules (Nunc,
Germany). Frozen FNCs were stored at —196°C at
low temperature bank of the [IPC&C of the National
Academy of Sciences of Ukraine for 2 months. The
samples were thawed in water bath at 37°C for 50 s
at constant shaking [2] (up to disappearance of solid
phase). To remove DMSO from cell suspension an
equal volume of Hanks’ solution containing 20% FBS
was added slowly once, thereafter it was centrifuged
(1,000 rpm, 10 min). Integrity of FNCs prior to and
after cryopreservation was found by supravital staining
with trypan blue (TB) and solution of propidium iodide
(PI) (5 pg/ml in phosphate saline buffer) (Sigma, USA).
To estimate the expression of phenotype markers
of FNCs the flow cytometry was applied using primary
monoclonal antibodies (MABs) to intracellular antigens
nestin (clone RAT401, cat. Nr. 556309), GFAP (clone
2E1, cat. Nr. 556329), B-tubulin III (clone 5H1, cat.
Nr. 556321) and secondary MABs, labeled with Fluo-
rescein isothiocyanate (FITC): for nestin — IgG,
(clone R3-34, cat. Nr. 553924) for GFAP — IgG
(clone A95-1, cat. Nr. 553988), for B-tubulin IIT — Ig
Specific Polyclonal Antibody (Multiple Adsorption) (cat.
Nr. 554001). As isotypes there were used FITC-label-
led IgG, , (clone MOPC-31, cat. Nr. 550616), IgG,,
(clone MPC 11, cat. Nr. 559532) IgM, (clone G155-
228, cat. Nr. 551448) correspondingly (all reagents from
BD Pharmingen, USA). Prior to incubation with MABs
for intracellular antigens as described in the protocol
of manufacturer, the cells were preliminarily permeabi-
lized using the reagents Cytofix/Cytoperm (Fixation/
Permeabilization Solution) (cat. Nr. 554722) and Perm/
Wash Buffer (cat. Nr. 554723) (BD Pharmingen).
To reveal surface antigen CD133 there were used
primary MAB (clone 133A2, cat. Nr. ab8980) and se-
condary Goat Polyclonal Secondary Antibodies to
Mouse IgG (cat. Nr. ab96879), isotype 1gG, (clone
ICIGG3, cat. Nr. ab91541) labelled with phycoerythrm
(PE) (Abcam USA). For investigation of the expres-
sion of antigens the cells were incubated with MAB
for 30 min at 25°C in darkness; MABs were washed
outin 100 ul of colourless Hanks’ solution, centrifuged,
afterwards the sediment was diluted by 500 pl of
Hanks’ solution. The cells were analyzed (10,000 cells
per sample) with flow cytometer (FACS Calibur, BD,
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Cytoperm (Fixation/Permeabili-zation Solution) (kat.
Ne 554722) u Perm/Wash Buffer (kar. Ne554723) («<BD
Pharmingen»).

Hnst onpeneneHuss NOBEPXHOCTHOTO aHTUI€HA
CD133 ucnons3oanu nepsuansie MAT (ko 133A2,
kat. Neab8980) u Bropuunsie — Goat Polyclonal Secon-
dary Antibody to Mouse IgG (kat. Neab96879),
usorun — IgG,  (kimon ICIGG3, kar. Neab91541), me-
yeHHbIX phycoerythrin (PE; «Abcamy», CIIIA). [Ins
OIIpeIeIeHUsI SKCIPECCUH aHTUTEHOB KJIETKU HHKYOU-
poamu ¢ MAT B teuerne 30 muH ripu 25°C B TEMHOTE;
MAT ormeBanu B 100 MK GecriBETHOTO pacTBOpa
XeHkca, IeHTpUPYTHPOBAIIH, TIOCIIE YETO K 0CAJIKY JI0-
6asysuta 500 MK1 pacTBopa Xenkca. Kiretku ananmsu-
posaiu (o 10000 kieTox Ha 0Opaselr) Ha MPOTOYHOM
uutodayopumerpe («<FACS Calibury, «BD», CILIA).
Boutn mpoaHaan3upoBaHbl KOMTUYECTBO MEUEHHBIX
KJIETOK M CPEIHSS MHTEHCHUBHOCTH (DIyOpeCeHIUH
(CU®D) nccnenyeMbIx MapKepOB, OTpaKaroIas mioT-
HOCTb IIPUCYTCTBUS aHTUTEHOB, BHIPAYKEHHAS B YCIIOB-
HBIX equHUIAX (y. €.).

O0paboTKy pe3ynbTaToB HUTOGIIYyOPHMETpUIEC-
KOTO aHaJIHu3a MPOBOAMIHN C TOMOUIBIO TPOTPAMMEI
«WinMDI 2.9», a mpu craructuueckoil o0paboTke
MOJTyYEHHBIX B paboTe pe3ylabTaToB MCIIOJIB30BaJH
mporpaMmy «Stat 6».

Pe3yAbTaThl M 00CyXXAeHHe

[IpoBenennsle uccnenoBanus nmoxkasanu, uro GHK
YyBCTBUTEIBHBI K MIPOLIEAYPE BBIACICHUS U MOTyYe-
HUA KJIETOYHOM cycrnieH3uu. Tak, COXpaHHOCTh HATUB-
He1x ODHK (#H®HK), onlenennas o okparmmsanuio TC
u PI cocraBmna 59,7 £ 5,1 u 63,0 = 5,8% cooTBeTcT-
BeHHO. [Tocie skcnoznunn @HK ¢ kpuonporexkropom
r3ydaeMble TIOKa3aTelld JOCTOBEPHO He M3MEHSUINChH
u 66111 IpUHATHI 32 100% (KOHTPOIB).

3aMopakuBaHuE ¢ McToNb30oBanueM P1 mpuseno
K ymenbieHuio konnyectsa KOHK (Tabmuma). [lpu
aToM coxpaHHOCTh o0 TC cocraBmiia ot 72,8 £6,1,a
o PI—78,8 £4,9% 0T KOHTPOJIBbHBIX 3HAYCHUN. 3aMO-
pakuBaHHE cOIIaCHO P2 HOCTOBEpHO CHIDKANIO KaK
KOJINYECTBO KIJIETOK, TaK M UX coxpaHHOCTb. [locne
ncnonbs3oBanus P3 xonnuectso u coxpanHocTh PHK
OBLIM CaMBIMHU BBEICOKHMH (Ta0IIUIA).

MoHO IIPEAnonaoKUTh, YTO HU3KHUE MOKa3aTeNln
COXPAaHHOCTH M KOJMYECTBA KJIETOK IMOCIIE HCIIONb-
30BaHUs P2 cBS3aHBI C MOBPEXAAONINM JICHCTBHEM
Ha KJIETKH (PU3NKO-XUMHYECKHX (PaKTOPOB, 3aBUCH-
MBIX KaK OT CKOPOCTH 3aMOPaKHBAHMSI, TAK U OT BEITHU-
YHHBI IepeoXIaKACHNS 00pa3oB, NOCKoIbKy P1 1 P3
MIpeyCcMaTPUBAIIN CHATHE TIEPEOXITAKACHNS B 00pa3-
[ax nepes Ha4yaioM KPUCTaIUTH3aI|H.

Oco0eHHOCTSAMU CTPYKTYPHOU OpraHHU3aINH pPa3-
JUYHBIX TUTIOB KIETOK OOBSICHSAETCS BBIOOP MTPOTOKO-
JIa KPHOKOHCEPBHUPOBAHUSI C HCIIOIB30BAHUEM OTIPe/Ie-
JICHHOH CKOPOCTH 3aMOPaKHBaHUSI.
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USA). The number of labelled cells and mean fluores-
cence intensity (MFI) of the studied markers reflecting
the density of present antigens, expressed in arbitrary
units (arb. units) were analyzed.

The results of cytofluorimetric analysis were pro-
cessed using WinMDI 2.9 and statistical processing
was performed with Stat 6 software.

Results and discussion

The performed studies have shown that FNCs were
sensitive to procedures of isolation and procurement
of cell suspension. The integrity of native (fresh/intact)
FNCs (nFNCs) assessed by TB and PI staining made
59.7 £ 5.1 and 63.0 + 5.8%, correspondingly. After
exposure of FNCs with cryoprotectant the studied indi-
ces did not statistically and significantly change and
were assumed as 100% (the control).

Freezing using the R1 led to the lessening of the
post thaw number of cFNCs (Table). Herewith the
post thaw integrity by TB made 72.8 = 6.1 and by Pl it
was 78.8 £ 4.9% from the control values. Freezing
according to R2 statistically and significantly decreased
both the post thaw number of cells and their integrity.
After application of R3 the number of FNCs and
integrity were the highest (Table).

One can suppose that low indices of preservation
rate and number of cells after using R2 are related to
damaging effect on cells of physical and chemical fac-
tors depending both on cooling rate and on the level of
overcooling of the samples, because R1 and R3

BimsiHuEe KPHOKOHCEPBUPOBAHUS C PA3THIHBIMU
pexXuMaMu 3aMOpaKMBaHUS Ha MMOKa3aTeu KOJTUIeCTBa
n coxpannoctd ®HK

Effect of cryopreservation with different regimens
of freezing on indices of number and preservation

rate of FNCs
CoOXpaHHOCTH,% OT KOHTPOAS
KoamuecTBO Integrity,% from the control
KAETOK,% OT
Pesxxum KOHTPOAS Ok
; packa Oxkpacka
Regimen Nuomber of cells, TPUTAHOBBIM IpoTHAmit
% from tlhe CUHUM HOAMAOM
contro Trypan blue Propidium
staining iodide staining
Hatusuble ®HK
Native FNCs 100 100 100
P1 . . N
Ri 84,4 =69 72,8 = 6,1 78,8 = 4,9
P2 Lo e 4+ 9 4o
R2 48,2 = 3,1 282 =29 322 =31
P3 . 10 49
R3 89,1 =73 78,7 = 1,9 82,3 = 3,7

IIpumeyanue: *— paznuyus nokasaTesnei JOCTOBEPHBI IO CpaBHE-
nuto ¢ HOHK nocne sxeno3unuu ¢ kpuonporekropom, p < 0,05

Notes: * — differences of indices are statistically significant if com-
pared with nFNCs after exposure with cryoprotectant, p < 0.05.
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Pexxum P1 mpexycMmarpuBaeT mpemoTBpalieHue
nepeoxyaxIeHus: oopasia mnepe HauajaoM KpUCTal-
nm3armd [3]. lasHbn hakT 0cOOEHHO BaKEH C y4eTOM
TOTO, YTO KPUTHUYECKHUM 3TAlOM IPU KPUOKOHCEPBH-
poBaHuM OMoMaTepuana sBIgeTcs 001acTb Pa3oBBIX
MEPEXO0B, KOIZIa BEPOSITHOCTh BOSHUKHOBEHHS [Ty 00-
KHX KpPUOIIOBPEXKIECHUI KOHCEPBUPOBAaHHOIO Marepua-
na Hanbounbmas [6]. [Ipeanonaraercs, 9To npu Mea-
JIEHHOM OXJIQKICHHUH, UCTIONB3yeMOM B P2, cBoOo1HAS
BOJIa YCTIEBAET BBINTH M3 KIETKU U MOBPEKIArOIIEe
NeHCTBHE BHYTPUKIETOYHBIX KPHUCTAIIIOB JOJHKHO
ObLITO OBITh MUHUMU3UPOBaHO [11]. OgHaKo moce ue-
MTOJIB30BaHUS ATOTO PeXUMa HAONIOIAI MUHUMATb-
HYI0 110 cpaBHeHuto ¢ P1 u P3 xxu3HecnocobHOCTS Jie-
koHcepBupoBaHHEIX ®HK, 4uT0 MOXET OBITH 00BsIC-
HEHO TMOBPEXIECHUEM MEMOpaH KJIETOK BCIIEICTBHUE
MEXaHHYECKOTO HANPSKEHUs, BEI3BAHHOTO U30BITOU-
HOM feruaparanyei u MocaeayoUMM YMEHbIIEHHEM
o0beMa KJIETKH A0 KPUTHYECKOro ypoBHs [6]. Pexum
P3 mpenycmaTpuBaeT 0CTaHOBKY OXJIaXA€HUS MIPU
—9°C nmns TeMIiepaTypHOH aganTarii KJIETOK, MeJI-
JIeHHOE oxJaxaeHue 10 —25°C ¢ mocaeay oM yBe-
JIUYEHNEM CKOPOCTH OXJIXKACHUS ISl TPEHMYIIEeCT-
BEHHOH COXPaHHOCTH (YyHKIIMOHATHHO aKTHBHBIX
HearpepeHIIMPOBAHHBIX Mpe/ecTBEHHUKOB [20, 21].

KprnoxoHcepBupoBaHrE MOXKET BIHATH HA KIETOU-
HBIA MeTabonu3M paznuyHbix cyononymsanuii ®HK,
BBI3bIBasi U3MEHEHUSI UX MHTETPAIBbHOTO (yHKIIHO-
HanpHOTO cTatyca [4]. [IoaToMy OT UCIONB3yEeMOro
pEeKUMa 3aMOPayKUBAHUS MOXKET 3aBUCETh APPEKTUB-
HOCTb TEPaNeBTUYECKOTO MPUMEHEHHs Ouomarepua-
na, B yactHoctd OHK. Panee Obutn mosy4eHsl qaH-
HbI€, KacalolI1ecs CEIEKTUBHOTO BIUSHUS ONPEICICH-
HBIX PEXXFMOB 3aMOPKUBAHMS Ha CYOITOITYIISIIOHHBIN
coctaB ®HK [2, 3, 7].

Kasxapiii THIT KJISTOK KIMEET OCOOBIH CIIEKTP IUTO-
CKEJIETHBIX OEJTKOB, MPUCYTCTBYIOIIUX B OMPEICICH-
HOM COOTHOIIIECHUH Ha Pa3IMYHBIX CTAAUSIX PA3BUTHS
U PacloJIOKCHHBIX crienududecku [22]. smenenue
CTPYKTYPBI 3JIEMEHTOB IUTOCKEJIETA MPUBOIUT K 3HA-
YUTENbHBIM ()YHKITUOHATIHHBIM HAPYIICHUSM B KJIET-
Kax [23]. [Ipeanonararot, 4To MoCyIe KPHOKOHCEPBUPO-
BaHUS MOTYT MEHATHCS 0COOCHHOCTH IIUTOCKEIIETHON
opranuszanuu kietok [ 17]. [lostomy nzyuenue geno-
tunnyeckux xapakrepuctuk ®HK npencrasiser oco-
OBIit MHTEpeC AJIl TOHUMaHUs MEXaHN3MOB BIUSHUS
3aMOpPaXUBAHUA-OTTAUBAHMS HA Cy OOy IIHNOHHBIN
coctaB (peTajsbHOro Mo3ra.

Cyomnomymsimonnslii cocraB @HK nanboree momHo
MOYHO OIIEHHUTH IUTO(ITYOPUMETPUYUECKHU C HCIIOITB30-
BaHneM nanenn MAT, cienmupuIHbBIX K CTPYyKTypaM
MIPOTEHUTOPHBIX HEHPOKIIETOK, TIIHAIBHBIX U HEHPO-
HAJBHBIX TIpeIeCTBEHHUKOB. Hanbonee panHue Heil-
panbuble crBojoBble kieTku (HCK), kotopsie sB-
JISTFOTCS SHIOTENUAEHBIME IPOT€HUTOPAMH H CIIOCO0-
HBI B JanbpHeimeM nuddepeHnnpoBaTbcs B HEHpo-
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involved the avoidance of overcooling in the samples
prior to crystallization onset.

The features of structural organization of different
cell types underlie the choice of the cryopreservation
protocol using certain freezing rate.

Regimen R1 involves the preventing of sample
overcooling prior to crystallization onset [3]. This fact
is especially important taking into account that the cri-
tical stage during biomaterial cryopreservation is the
zone of phase transitions, when the probability of ap-
pearance of severe cryoinjuries of preserved material
is the highest [6]. It is supposed that slow cooling used
in R2 allows free water to be released from a cell and
damaging effect of intracellular crystals should be mini-
mized [11]. However, after application of this regimen
the minimum viability of frozen-thawed FNCs was ob-
served if compared with R1 and R3, which may be
explained by the damage of cell membranes due to
mechanical tension, caused by surplus dehydration and
following reduction of cell volume down to critical level
[6]. R3 provides a pause in cooling at —9°C for tempe-
rature adaptation of cells, slow cooling down to —25°C
with following rise of cooling rate for predominant pre-
servation of functionally active non-differentiated pre-
cursors [20, 21].

Cryopreservation may affect cell metabolism of
different FNCs subpopulations, causing the changes
in their integral functional status [4]. Therefore, the
efficiency of therapeutic application of biomaterial, in
particular FNCs, may depend on the used freezing
regimen. Previously there have been obtained the data
concerning selective effect of certain freezing regimens
on subpopulation composition of FNCs [2, 3, 7].

Each type of cells has a special spectrum of cyto-
skeletal proteins of certain proportion , at various deve-
lopmental stages, and located specifically [22]. Change
in structure of cytoskeletal elements results in signi-
ficant functional impairments of cells [23]. It is suppo-
sed that after cryopreservation the peculiarities of cell
cytoskeletal organization may alter [17]. Therefore the
study of phenotype characteristics is of special interest
to understand the mechanisms of freeze-thawing effect
on subpopulation composition of fetal brain.

Subpopulation composition of FNCs can be more
adequately estimated by cytofluorimetry using MABs,
specific to the structures of progenitor neurocells, glial
and neuronal precursors. The earliest neural stem cells
(NSCs) being endothelial progenitors and capable of
further differentiation into neuronal cells, astrocytes
and oligodendrocytes, are identified by the presence
on their membrane of CD 133 marker (prominin) [12].

Neural differentiation is accompanied with the rise
in expression of specific genes and correspondingly ap-
pearance in cells of such cytoskeletal proteins as nestin,
B-tubulin ITT, GFAP (glial fibrillary acidic protein), the
protein interacting with MAP2 microtubules (microtu-
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HaJbHBIE KJIETKH, aCTPOLMTHI U OJUTOAEHIPOLUTHI,
UACHTUGHUIMPYIOTCS MO HAJUYUIO HAa UX MeMOpaHe
mapkepa CD133 (mpomunuHa) [12].

HetipansHas nudhepeHInpoBKa COMPOBOKAACTCS
MOBBILICHUEM 3KCIPECCHU CIeUU()UYHBIX TE€HOB H
COOTBETCTBEHHO IOSIBIICHUEM B KJIETKE TAKUX OCITKOB
IIUTOCKeNeTa, Kak nestin, [3-tubulin ITI, GFAP (rnuais-
HBIH KUCIBINA (pUOpUILTAPHBII 60K ), OeJI0K, B3aUMO-
NEeUCTBYIOMHNHI ¢ MUKpOTpyOoukamu MAP2 (microtu-
bule-associated protein 2), 1 HEKOTOPBIX APYTHX Map-
KepoB [22]. OnHUMHU U3 BaKHEUIIUX KOMITOHEHTOB
LIUTOCKEJIETA SIBISTFOTCS TPOMEXYTOUHbIE (hHUIaMeH-
Tel. OHU CO34aI0T BHYTPUKJIETOUHBINA Kapkac, obec-
[I€YHUBAIOT YIPYTOCTh KIETKH, TOAEPKUBAIOT YIOPSI-
JOYEHHOCTH PACTIOIOKEHHS KOMITOHEHTOB ITUTOILIA3-
MBI, KOOPAWHUPYIOT CBSA3H MEXKJY BHEKJIETOUYHBIM
MaTpUKCOM, IUTOIIa3Mou U ssapom. [IpomexxyTrounsie
(uIaMeHThl LUTOCKENEeTa SIBISIIOTCS crenuduiec-
KHMH MapKepaM# YPOBHsI TKAHEBOM M KIIETOYHOM -
(depentuporku [10]. Onun U3 craguocnennGuIecKux
0EJIKOB LIUTOCKENETa HEHPOAMUTEINANBHBIX CTBOJIO-
BBIX KJIETOK nestin paccMaTpHUBAaeTCsl KaK MapKep
MYJIBTHIIOTEHTHBIX IPOT€HUTOPOB, TOCTMUTOTHYECKIX
HEHpOHOB, paHHUX HelpoOacToB [7]. IlokazaHo, uTo 1Mo
Mepe qudhepeHIMPOBKHY HEPBHOW TKAHU CUHTE3 nNestin
nogasisercs [ 19], B nuddepeHuupyomumxcst acTpony-
Tax ¥ HeHpOHaX HAYMHAIOT SKcpeccupoBarbesi GFAP
u [B-tubulin IIT coorBetcTBenHO [22]. GFAP — crieru-
(uueckuii MapKep acTpPOLMTOB, y4acTBYeT B (hopMu-
POBaHHMH DNIMAIBHBIX (PUIAMEHTOB U B MOJICKYJISIPHBIX
MEXaHNU3MaX HEUPOH-ACTPOLUTAPHBIX B3AMMOIEHCT-
Buii [7]. B-tubulin III siBisieTCS caMbIM paHHUM K3 U3-
BECTHBIX MapKepOB HEHpOHaNbHOH 1udhepeHIPOBKH
[12].

Baxnbiii koMnoHeHT aHanu3a cocrosHus OHK
METOJIOM MPOTOYHOW MUTO(MIYOPUMETPUH — OLIEHKA
HWHTEHCUBHOCTH (PIIyOpECIEHIIMH TOTO MIIK HHOT'O Map-
Kepa ¢ ucnosnb3oBaHueM nokaszarens CU®, kotopslit
OTpakaeT KOJIMYECTBO IKCIPECCHUPYEMBIX aHTUTEH-
HBIX MOJIEKYIT U SIBJIIETCS] 0OBEKTHBHBIM IIOKa3aTeIeM
CTPYKTYPHO-(DyHKIIMOHAIILHOTO COCTOSIHUSI KIIETOK [5].
VYunreiBas GyHKIMOHAIBHYIO POJIb KAKIOT0 OLICHUBae-
MOTO MapKepa, I3MEHEHHE TUIOTHOCTH PELEeTITOPHBIX
CTPYKTYp Ha KIIETKE [IEPEBOJIUT €€ B MHOE (DYyHKIIHO-
HaJIbHOE COCTOsIHUE. M cronb30BaHre TaHHOTO METO-
JMYECKOTO ITOIX0/1a II0KA3aJ10, YTO KPHOKOHCEPBUPO-
BaHME OKa3bIBAJIO CYUIECTBEHHOE BIMSIHHE Kak Ha
cyonomymsmuonHbi cocraB @PHK, tak u GpyHKIMOHAE-
HYIO aKTUBHOCTBH KJIeTOK (cyast mo CUD) B cybmomy-
JSIIUSX C OTPEICIEHHBIMHI ()EHOTHUTIAMH.

KpuoxoHcepBrupoBanue ¢ ucrnonb3oBanueMm Pl
(prCyHOK) MO3BOJIMIIO COXPAHUTh MPAKTUYECKU BCE
KJICTOYHBIE TIOMYJIALIH (EeTanbHOro MO3Ta Ha YPOBHE
HaTUBHOT'O KOHTPOJISI C HEKOTOPOi TeHaAeHnuei Kk 000-
ramenuo CD133"- u nestin*-KaeTKaMH, OTHOCSIIH-
MHCS K CTBOJIOBBIM, YTO COOTBETCTBYET JaHHBIM, T10-
mydeHHBIM panee [13].
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bule-associated protein 2) and some other markers [22].
One of the most important cytoskeletal components
are intermediate filaments. They form intracellular ske-
leton, provide cell elasticity, maintain the ordered dispo-
sition of cytoplasm components, coordinate the rela-
tions between extracellular matrix, cytoplasm and nuc-
leus. Intermediate filaments of cytoskeleton are specific
markers of tissue and cell differentiation level [10].
One of stage-specific cytoskeletal proteins of neuroepi-
thelial stem cells, nestin, is considered as the marker
of multipotent progenitors, post-mitotic neurons, early
neuroblasts [7]. It has been shown that along with the
differentiation of nerve tissue the nestin synthesis is
suppressed [19], in differentiating astrocytes and neu-
rons correspondingly GFAP and B-tubulin IIT are ex-
pressed, [22]. GFAP is a specific marker of astrocytes,
participates in the formation of glial filaments and in
molecular mechanisms of neuron-astrocyte interactions
[7]. Beta-tubulin III is the earliest among the known
markers of neuronal differentiation [12].

An important component of analysis of FNC state
by means of flow cytometry is the estimation of fluo-
rescence intensity of any given marker using MFI,
reflecting the amount of expressed antigen molecules
and is an intrinsic index of structural and functional
state of cells [5]. Taking into account a functional role
of each marker to be studied, the change in density of
receptor structures on a cell transfers it into other func-
tional state. The use of this methodical approach has
shown that cryopreservation affected strongly both the
subpopulation composition of FNCs and functional
activity of cells (judging on MFI) in the subpopulations
with certain phenotypes.

Cryopreservation using R1 (Figure) enabled to pre-
serve virtually all cell populations of fetal brain at the
level of native control with a tendency to enrichment
by CD133" and nestin* cells, referred to stem cells,
that corresponded to the data obtained previously [13].

Regimen R2 manifested a certain ‘aggression’ in
respect of neuroblasts and neuron precursors judging
on a significant reduction of the number of B-tubulin
1" cells (Figure). However the relative amount of
glial elements considering GFAP" cells vice versa
increased significantly. In this case we likely observed
the redistribution of FNC populations due to higher
cryoresistance of glial elements.

Regimen 3 resulted in predominant preservation of
subpopulations referred to the elements with multi-
potent differentiation potential. The number of CD133*
cells increased thrice with simultaneous rise in
2.4 times of the content of nestin® cells if compared
with nFNCs. The cells of stem compartment had higher
expression rate of CD133 and nestin markers (rise in
MFIin 2.5 and 1.4 times, correspondingly if compared
with nFNCs).

These changes were stipulated with the peculiarities
of membrane lipid composition of progenitor cells, ma-
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NMMyHO(]EHOTHIT HATUBHBIX U KPHOKOH-
CEpPBHUPOBAHHBIX C HCIIOJIb30BAHUEM Pa3HBIX
pexxrMoB 3amopaknsanus @HK 11 cyrox
rectauuu. Ha rucrorpammax ykaszaHo co-
Jiep)KaHue KIETOK B OOIIeH MOMyJsHuU B
MPOLEHTaX (KUPHBIM MPH(TOM) M COOTBET-
crBytomass CU® B ycIOBHBIX e€IUHHUIIAX
(xypcuBoMm).

Immune phenotype of native and cryopre-
served according to different regimens
FNCs of 11 gestation days. Histograms show
content of cell population in total sus-
pension, percents, (bold) and MFI in
arbitrary units (italic).
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Pexxum P2 mposiBisis onpeneseHHyIo «arpeccuB-
HOCTB» T10 OTHOIIIEHHIO K HefipoOaacTaM 1 peecT-
BEHHUKaM HEHpPOHOB, CyAs 10 3HAYUTEIBHOMY CHH-
xeHuro konruectsa [3-tubulin III' — kneTok (pUCYHOK).
[Ipu 3TOM OTHOCUTENBHOE KONMWYECTBO NINAJIBHBIX HJIe-
MEHTOB, ¢ yueToM konuuectBa GFAP*-kinerok, Ha-
MIPOTHB, CYIECTBEHHBIM 00pa3oM Bo3pacTtano. Oue-
BHJIHO, B JAaHHOM CITy4ae Mbl UMEEM JIENI0 C Iiepepac-
npeneneHueM knerounsix nonyasinnid @HK 3a cuer
OobIIeil KPHOYCTOWYMBOCTH ITHATBHBIX DJIEMEHTOB.

Pexxum P3 obecnieunBa mpenMyIecCTBEHHYIO CO-
XPaHHOCTH CYOTOITYJISINI, OTHOCSIIUXCS K DJIEMEH-
TaM C MYJIBTHIIOTEHTHBIM U EepeHIIPOBOYHBIM IO~
teHnuanoM. Tak, komraectBo CD 133 -kneTok yBenu-
YUBAJIOCh B 3 pa3a ¢ OAHOBPEMEHHBIM TOBBIIIEHUEM
B 2,4 paza coaepkaHus nestin-KJIETOK [0 CPaBHEHHIO
¢ HOHK. KieTku cTBOJIOBOrO KOMIApTMEHTa UMETH
0oJiee BBICOKYIO CTENEHb JKCIPECCHH MapKepoB
CD133 u nestin (yBenuuenue CU®D B 2,5 u 1,4 paza
COOTBETCTBEHHO 1o cpaBHeHuIo ¢ HOHK).

Takoro pona n3MeHeHust 00yCIIOBIEHBI 0COOCHHOC-
TSAMH KOMIIOHEHTHOTO COCTaBa JUIUIOB MeMOpaH
MIPOT€HUTOPHBIX KIETOK, KOTOPBIE MPOSBIIIOT IPH UC-
I0JTb30BAHUH OTIPEAETIEHHBIX PEKUMOB KPHOKOHCEPBH-
PpOBaHUs OOJBIITYIO KPHOYCTOWYHBOCTD 110 CPABHEHHUIO
¢ npyrumu Kietkamu. Mcrons3oBanue P3 nmpuBoamiio
K ru0eNy 3HAYUTEIHHOTO YKcia KIETOK, fuddepeHIu-
POBaHHBIX B HEHPOHAJIBHOM HANpPaBICHUH, CYAs IO
CHIDKEHHUIO COJIEPIKaHUS KIETOK, SKCIIPECCUPYIOIINX
Mmapkep [-tubulin III.

Cy1LecTBEHHO, YTO IOCJIE UCTIONIB30BaHMsI BCEX pe-
*uMoB kprokoHcepBupoBanusi OHK, CU® nmpaxTu-
YECKH BCEX HCCIeAyeMBbIX MapKepoB Oblia Oolee
HU3Kas, 4eM B HaTuBe (3a uckimodernnem CD133 u
nestin pu P3).

Janubid (BakT, 10-BUIUMOMY, MOXKHO OOBSICHUTH
Moau(UKanueld MUTOCKENeTa, a TAKKE Pa3IMIHBIX
0EeJIKOB M JINITUIHOTO MaTpHKCa KIIETOYHOW MEMOpaHbI
noJ| neficTBreM (aKTOPOB KPUOKOHCEPBUPOBAHUS,
a MIMEHHO, U3MEHEHHEM COCTOsIHUS OenoK-pocou-
NUIHOTO MaTpukca. OCHOBOM TaKUX U3MEHEHHM MO-
KET OBITh, HAPUMEP, OCMOTHYECKUH U TepMaIbHBIN
LIOK, KOTOPBIM TOJBEPraroTcs KIETKH B NpoIEcce
KPUOKOHCEPBHUPOBAHUS U KOTOPHIE COMPOBOXKAAIOTCS
LIS IIMHTOM, arperamyeil WM UHTepHAI3ae MeM-
OpaHHBIX CTPYKTYp KIIeTOK [16]. B urore sTo mpuso-
JUT K HAPYIICHUIO HHTErPaTbHON (QYyHKIIMOHATIHLHOU
aktusHocTn OHK [2, 3].

Benercs naTeHCHMBHAs paboTa 110 COBEPIICHCTBO-
BaHUIO METO/IOJIOTUYECKUX U METOINYIECKUX MOIXO-
JIOB K Tepanuu HeHpoaereHepaTuBHBIX 3200 IeBaHII
Ay TOUMMYHHOTO T€HE3a, B TOM YHCJIE C IPUMEHEHUEM
k®HK. B cBA31 ¢ 3TUM NosIy4eHHbIE TaHHBIE MOTYT
OBITh YYTEHBI P OIITUMH3ALIMHU TAKOTO POJia TEPAITHU.
Oco0y10 3HaYMMOCTbh UMEET YCTAaHOBJICHHBIN 3P PEKT
BO3MOYXHOCTH MCTIOIb30BaHSI ONIPEICTICHHBIX PEXKH-
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nifesting higher cryoresistance if compared with other
cells in certain cryopreservation regimens. Use of regi-
men R3 led to the death of a large amount of cells
differentiated into neuronal lineage judging on the
reduced content of cells, expressing -tubulin II1.

It is important that after use of all the regimens for
FNCs cryopreservation the MFI of virtually all the
studied markers was lower than in native cells (exclu-
ding CD133 an nestin at R3).

This fact can be apparently explained by modifica-
tion of cytoskeleton, as well as of various proteins and
lipid matrix of cell membrane under the effect of
cryopreservation factors, namely the protein-phospho-
lipid matrix modification. The basis of these changes
can be for example osmotic and thermal shocks, to
those the cells are subjected during freeze-thawing and
which are accompanied with shedding, aggregation or
internalization of cell membrane structures [16]. Finally
this leads to the impairment of integral functional
activity of FNCs [2, 3].

Intensive investigations on improving the methods
and approaches to therapy of neurodegenerative disea-
ses of autoimmune nature including those with applica-
tion of cFNCs are in progress. In this connection the
findings may be taken into account when optimizing
this type of therapy. Of value is the established effect
about possible use of certain cryopreservation regimens
as the way to enrich FNCs pool with stem cells.

The data obtained as a result of this research
corroborate the hypotheses about the mechanisms of
action of freeze-thawing on FNCs.

Conclusions

1. There was revealed different sensitivity of fetal
brain subpopulations to the effect of physical and
chemical factors of cryopreservation, implemented
when using the freeze-thawing regimens with different
parameters.

2. Independently on cryopreservation regimen the
most resistant are glial and multipotent stem precursors,
that is explained by composition of their membranes.

3. When using R3 there has been established the
fact of the highest enrichment of FNC population with
stem cells due to the death of more differentiated neu-
ron precursors. This confirms the selective effect of
cryopreservation on heterogenous composition of cell
suspensions.
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MOB KPHOKOHCEPBHPOBAHUS KaK CII0c00a 00oTameHus
nyna @HK cTBonOBBIMU KIE€TKaMHU.

JanHble, noxydeHHbIe B paboTe, TOMOIHAIOT Ipe-
CTaBJICHUS O MEXaHU3Max JIEHCTBUSA IpoOIECCa 3aMO-
paxuBanus-orTanBanus Ha PHK.
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