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VccnenoBanu BiIMsSHHE CTAaHAAPTHOM MPOLEAYPHl KPHOKOHCEPBHPOBAHUS HA JKH3HECIIOCOOHOCTh PA3IMYHBIX CyOMOIYIISIHH
KPOBETBOPHBIX KJIETOK 3MOpHOHaJIbHOW meueHu. Onpenessiin KU3HEeCoCOOHOCTh KIETOK crneurduueckoro GpeHoTuna o
okpamuBaHuo nponuauyM uoxuaoMm (PI) m medenuro MoHokioHanbHeIMH aHTHTenamMu CD34, CD45, AC133 u Gly-A.
KononneoOpa3syroiyo aKTUBHOCTh CYCIICH3UU SMOpHOHaIbHOW medeHH 4enoBeka (DIIY) — meTonoM KyJIbTHBHUPOBAaHUS B
METWILEIUTION03HOH cpene. KpuokoHcepBUpOBaHUE CHIKAET )KU3HECTIOCOOHOCTH CTBOJIOBBIX KpoBeTBOPHBIX KieToK (CKK) Ha 20-30%,
SPUTPOHIHO KOMMHTHPOBAHHBIX PE/IIECTBCHHUKOB MeHee yeM Ha 10%. KononneoOpasytomias akTHBHOCTb KPHOKOHCEPBUPOBAHHBIX
CTBOJIOBBIX KJIETOK HNOATBEPKAACT aJ€CKBATHOCTb U3MEPCHHBIX 3HAYEHUH HMX >KU3HECITOCOOHOCTH. l'[onyquHbIe pE3YIbTaThI
cBueTeNbeTBYIOT 0 abuibHOCTH CKK K IefiCTBHIO HU3KUX TeMIIepaTyp ¥ HE0OX0JUMOCTH ONTUMHU3AIMH HCIIOJIb3YEMBIX ITapaMeTPOB
UX KPUOKOHCEPBUPOBAHHUS.

BuBYaiM BIUIMB CTAHIAPTHOI MPOLELYPH KPIOKOHCEPBYBaHHS Ha )KUTTE3NATHICTh PI3HUX CYOIOIMYIALii KPOBOTBOPHHUX KIIITHH
eMOpioHaNbHOT MeuiHKh. JKUTTE3MaTHICTh KIIITHH crienupigHOTo (PEHOTUITY BH3HAYAIH 110 (hapOyBaHHIO MPOITiiyM i0I1I0M Ta MiYCHHIO
MoHoKIoHaEHUMHE aHTUTIIaMu CD34, CD45, AC133 ta Gly-A. KonoHieyTBOpIOIOUY aKTHBHICTB CYCIICH311 eMOpiOHAIBHOT ITEUiHKU
JIIOZIMHM BU3HAYaJIM METOIOM KYJBTHBYBaHHS B METHIILIEIIONO3HOMY cepenoBuili. KpiokoHCepByBaHHS 3HHKYE KHUTTE3NATHICTD
cToBOYpOBHX KpOBOTBOPHHUX KIIiTnH Ha 20-30%, KOMITOBaHHX €pUTPOITHHX MMONEPEAHIKIB MeHIIe, Hixk Ha 10%. KononieyTBopiotoua
AKTHBHICTH KPiIOKOHCEPBOBAHUX CTOBOYPOBHX KIIITHH ITIATBEPIKYE aJICKBaTHICTh BUMIPSHUX 3HAYCHB KHUTTE3AaTHOCTI. OTpUMaHi
Pe3yJIbTaTh CBiAYaTh MPO JAOUTBHICTh CTOBOYPOBUX KPOBOTBOPHHUX KIIITHH JI0 Ail HU3bKHUX TEMIEparyp i HEOOXiTHICTh ONTHMi3amii
rapameTpiB iX KpiOKOHCEpBYBaHHSI.

The influence of standard cryopreservation procedure on the viability of different subpopulations of embryonic liver hemopoietic
cells was investigated. The viability of cells of the specific phenotype was determined by propidium iodide (PI) staining and labelling
with monoclonal antibodies: CD34, CD45, AC133, and Gly-A. The colony-forming activity of human embryonic liver (HEL)
suspension was determined by culturing in semisolid medium. The cryopreservation decreases the viability of hemopoietic stem cells
(HSC) by 20-30% while the viability of committed erythroid progenitors is decreased by less than 10%. The colony-forming activity
of the cryopreserved stem cells demonstrates the validity of the viability values measured. The results obtained testify to the lability
of HSC to the effect of low temperatures and appeal for the necessity of an optimisation for their cryopreservation technique.

KpuokoHcepBupoBaHre SMOPHOHATBHBIX CTBOJIO-
BBIX KJIETOK SBJISIETCSI OTHUM W3 HanOoJiee MmepCerek-
TUBHBIX HallpaBJICHUI pa3BUTHUSA COBPEMEHHOM KpHO-
Ouonorui [2]. DT0 CBA3aHO C IUPOKUM NPUMEHEHUEM
SMOPHOHATBHBIX CTBOJIOBBIX KJIETOK B MEAMLIMHCKOM
npaktuke. CKK 3ITY ucnone3yrores kak A Je4eHUs
BPOXAEHHBIX U MPHOOPETEHHBIX 3a00JeBaHMN pa3-
JUYHOU 3THONOTUM [12], Tak U AN 3KCIAHCHUU
TEMOTIOTUYECKOM TKaHU B YCIIOBUSIX ex vivo [9].

Kpunoxoncepsuposanue CKK OITH mpousBoautcs
[0 CTaHJAPTHBIM MPOTOKOJIAM 3aMOPaKUBAaHUS O
zamuroit IMCO. HUcnmone3yeTcs mubo MemIeHHOe
(1°C/mun) oxnaxaenune 10 -80°C ¢ mocnemyonmm
MIOTPYKEHHUEM B )KUIKHUN a30T [6], Wi ABYX3TaITHBINA
pexuM [4], BKIIOUAIOUII MEATICHHOE OXJIAXKICHUE 10
-40°C (c nannmanmeit pu -3°C v SKBUIHOpaIei npu
-25°C) u 6picTpoe oxnaxaeHue ot -40 no -80°C ¢
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Cryopreservation of embryonic stem cells is one
of the most perspective directions in development of
modern cryobiology [2]. This is due to a wide number
of applications of embryonic stem cells in clinical
practice. HSC from HEL are used both for the
treatment of congenital and acquired diseases of
various etiology [12] and for ex vivo expansion of
hematopoietic tissue [9].

Cryopreservation of HSC from HEL is performed
using the standard protocols under Me,SO protection.
The following techniques are used: slow cooling (1°C/
min) down to -80°C with subsequent plunging into liquid
nitrogen [6], and two-stage regimen [4], including slow
cooling down to -40°C (with initiation at -3°C and
equilibration at -25°C) and rapid cooling from -40°C
down to -80°C with following plunging into liquid
nitrogen. These methods are considered to be the
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MOCNEeAYIOMUM TMOTPYyKEHUEM B XHAKHUH a3oT.
Cumnraercs, 9To TaHHBIE IPOTOKOJIBI ONTHMAIBHBI JJIS
KOHCEPBHUPOBAHHS TeMOTIOATHYECKIX MOHOHYKJIEapOB
KaK C TOYKH 3pEHUS] COXPAHHOCTH KJIETOK, TaK U MX
MIPOCTOTHI.

CoxpaHHOCTP KJIETKH IPU KPHOKOHCEPBUPOBAHUH
3aBHCHUT OT €€ CIIOCOOHOCTH M30eXaTh BO3ACHCTBUSA
IBYX OCHOBHBIX (PaKTOPOB HU3KOTEMIIEPATYPHOTO
MOBPEXAECHUS — SKCIO3UIUN B TUIEPKOHIIEHTPHU-
POBaHHBIX pacTBOpax cojiei (Tak Ha3bIBAEMOTO
“3¢pdekra pacTBOpa”) U BHYTPUKIECTOUHON KPHCTAI-
JIU3alliy ¥ pOCTa KPUCTAJIIOB Jibaa [8]. DTa crocob-
HOCTH 00yCJIOBJIEHA KaK YCTOMYMBOCTHIO K “3pdexty
pacTBOpa”, Tak W BBHICOKUM 3HAUYECHUEM IMPOHU-
[Ia€MOCTH IIJIa3MaTHYECKON MeMOpaHbI I BOABI, 4TO
MO3BOJISET KIETKE OBICTPO NETHUApPaTUPOBATHCH,
MPEeNATCTBYSI BHYTPUKIETOYHOMY KPHUCTAJI000-
pasoBanuio. Llexs nanHO# paboOTHl — OMpEAETUTH
YCTOWYMBOCTH FeMON0o3THYeCcKHX KineTok DI1Y pazHoit
CTENEHN KOMMHUTHPOBAHHOCTH K CTaHAAPTHOU Mpo-
LeAype KpHOKOHCEPBUPOBAHUS.

CycCneH3uIo KIETOK MOJTydaal U3 IEYEHH III0J0B
yesjoBeka 6 — 12 Henenb recTaluuy, 3aMOPaKUBaIU
nox 3amuToi 5%-ro IMCO no aByX3TamHOMY
pexxumy [4], oTrorpeBanu Ha BosiHOM O6ane mpu 37°C,
[IOCJIE YEeTO KJIETKH OTMBIBAJIN OT KPHUOMPOTEKTOPA.
Kn3zuecnocoOHOCTh 0 M MOCTe KPUOKOHCEPBU-
POBAHUS OMpPENENAIN MO OKPAIIMBAHHUIO TPHUIIA-
HOBBIM CHHUM. [IoJcU€T KJIE€TOK NPOU3BOJUIMN B
kamepe [opsieBa Moz ONTHIECKUM MUKPOCKOIIOM.

Knerku D114 manoi motHOCTH BhIAesi Ha 1,071
rpaauente Percoll (Pharmacia). Beinenenusie kietkw,
TaK e Kak U MEePBUYHYIO (TOTAIBHYIO) CYCHECH3HIO
knetok JI1Y, okpanirBain MOHOKIOHAIBHBIMU aHTHU-
TelaMH, MEUYCHBIMU (DITyOPECLEHTHBIMU KpacHuTe-
namu: CD34-PE/FITC, CD45-FITC, AC133-PE u
Glycophorin-A-FITC. Coxaepxanne KIETOK CIICIIH-
(prgeckoro ”UMMYHO(EHOTHTIA OTIPENEISUTA METOAOM
MPOTOYHON MUTOMETPHH Ha KJIETOYHOM COpTEepe
EPICS Altra (Beckman Coulter). X)KuznecnnocobHoctb
KJIETOK CTIeITA(pIIeCcKoro MMMYyHO(EHOTHITA OTIpEIe-
JISTH OJTHOBPEMEHHO C UX COJIEPIKAHUEM C IIOMOIIBIO
JOTIOJTHUTENBHOT 0 OKpammnBanus Pl.

KynbrrBHpOBaHME KIETOK BBIONHSIIM B YaIIKax
[lerpu nuamerpom 35 MM B mosyTBEpPAON cpene B
armoctepe ¢ 5% CO, B Bozayxe u 100%-i Brax-
HocThlo pu 37°C. B cocras cpensl Bxonmiu: 1.3%
METHIIETI003b1, 4.0 MM riyramuna, 10 ea/mn
NeHUIIIMH-cTpenTomuiiuaa, 100 en/mn GM-CSF, 100
en/mi IL-3, 50 ar/ma SCF u 10 en/mi spuTpomiosTHHA.
T'oToByto cpeny mpomyckanu depes 0.22 MKM QUIBTp
u k 770 MK cpesl qobaBismn 103 KieTok (ToTanbHast
cycnensus) B 230mkir RPMI-1640. [Toacuér xomu-
yectBa u Tuna konouuii (bOE-D, KOE-I'M u KOE-
I'SMM) npoBoauiu Ha 14-e CyTKH KyJIETUBHPOBAHUSL.

CrartucTudeckuil aHaJIi3 JaHHBIX BHITIONHSIIN IPH
nmomoiu nakera SPSS-9.0. Jlna oneHku aocTo-
BEPHOCTHU PE3YIbTATOB HUCIOJB30BAIN KPUTEPHUN
Bunkokcona, napasie K03(p(OUIUEHTH KOPPEISILIHH
orpezensm 1o P - merony CrimpmeHa. JloctoBepHBIMU
CUMTAITNCH Pa3Indus ¢ ypoBHeM 3HaunMocTH p<0,05.
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optimal ones for the hematopoietic mononuclear cell
preservation both from the aspect of cells integrity and
the simplicity of the procedure.

Cell integrity during cryopreservation depends on
its ability to avoid the influence of two major low
temperature damage factors which are the exposure
to highly concentrated solutes (so-called “solution
effect”) and intracellular crystallisation with growth
ofice crystals [8]. This capability is stipulated both by
resistance to “solution effect” and high value of
plasmatic membrane permeability for water, that allows
the rapid cell dehydration, avoiding the intracellular
crystal formation. The aim of this work is to determine
the resistance of differently committed HEL
hematopoietic cells to a standard cryopreservation
procedure.

Cell suspension was obtained from liver of human
embryos of 6-12 gestation” weeks frozen under 5%
Me,SO protection according to two-stage regimen [4],
thawed on water bath at 37°C and then washed-out
of cryoprotectant. The viability before and after
cryopreservation was assessed by trypan blue staining.
Cell counting was performed in laboratory
hemocytometer using optical microscope.

Low density HEL cells were separated using 1.071
Percoll gradient (Pharmacia). Separated cells, as the
total HEL cell suspension, were stained with
monoclonal antibodies, labelled with fluorescent dyes:
CD34-PE-FITC, CD45-FITC, AC133-PE and
Glycophorin-A-FITC. The content of cells of specific
immunophenotype was determined using flow
cytometry on EPICS Altra cell sorter (Beckman
Coulter). Viability of cells of specific immunophenotype
was determined simultaneously using propidium iodide
staining.

Cell culturing was performed in 35 mm Petri dishes
in semisolid medium in atmosphere with 5% CO, and
100% humidity at 37°C. The medium comprised of
1.3% methylcellulose, 4.0 mM glutamine, 10 U/ml of
penicillin-streptomycin, 100 U/ml of GM-CSF, 100 U/ml
of IL-3, 50 ng/ml of SCF and 10 U/ml of erythropoietin
in IMDM. Final medium was filtered through 0.22 mem
filter and then 10° cells (total suspension) in 230 mcm
of RPMI-1640 were added to 770 mcl of medium.
Colony count (BFU-E, CFU-GM and CFU-GEMM)
was performed on 14" day of culturing.

Statistical analysis of data was performed using
SPSS-9.0 software package. Statistical significance
was estimated by Wilcoxon criterion, coupled
coefficients of correlation were determined by
Spearmen p-method. The differences were considered
as statistically significant if significance value p was
less than 0.05. Data are presented as “mean + standard
error of mean”.

Total viability according to Trypan blue staining after
cryopreservation and washing-out was determined as
71£4%.

Content of cells of specific immunophenotype was
determined by method of HEL cells flow cytometry.
The results are shown in Fig.1 as dot plots. Each dot
in the plot corresponds to a cell, dot’s coordinates
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JanHble npecTaBieHbl B BUE “‘cpeHeetcTanaapTHas
ommoKa CpeTHero”.

[Toce KPUOKOHCEPBUPOBAHUS ¥ OTMBIBKA KPHO-
MIpOTEKTOpa 00mIast )KM3HECTTIOCOOHOCTh IO OKpa-
[TUBAHUIO TPUTIAHOBBIM CHHUM COCTaBJIsUIa 110 71+4%.

ConeprxaHue KIETOK Crienu(puIeckoro HMMYHO-
(heHOTHTIA OBLIO OMpPEEICHO METOAOM MPOTOYHON
uutomeTpuu kinetok DIIY. Ee pesynbrarsl npen-
CTaBJEHBI Ha pUc.l B BUJE TOYEUYHBIX T'PAPUKOB.
Kaxxnast Touka Ha rpa)uke COOTBETCTBYET KIETKE,
KOOPJAWHATHI TOYKH - Pa3INYHBIM HapaMeTpaM 3TOU
KIIeTKH. B maHHOM ciydae mapameTrpaMu SBISIOTCS
WHTEHCHUBHOCTH CBEUCHHS KJICTOK, MEUCHBIX (IIyO-
PECLEHTHBIMH MOHOKJIOHABHBIMU AHTUTEJIAMH, Y4TO
COOTBETCTBYET CTEIEHH JKCIIPECCHU Ha MeMOpaHe
TOTO WJIM WHOTO aHTUTEHA. DKCIPECCUPYIOITUMHU
AHTHTCH CUUTANIM KJIETKU, HHTEHCUBHOCTh (IyO-
PECIICHIINHI KOTOPBIX IMPEBOCXOAMIIA HHTCHCUBHOCTh
(bnyopecueHIIUE Heceu(PUIeCKOT0 KOHTPOIS.
O6o3nauenust PE u FITC (puc. 1) cooTBEeTCTBYIOT
(bukodpUTpUHY U (PIyopecrenH-u30THOI[NAHATY,
(hryopecuieHTHBIM MapKepaM, KOHBIOTHPOBAHHBIM C
MOHOKJIOHAJTLHBIMU aHTUTeNnaMu. Hamu ompene-
JISIOCH COJIepKaHNE KIIETOK, IKCIPECCUPYIOIMHX
CD34 (ucnonp3yercs Kak 0OmKN MapKep IPOTeHU-
TOPHBIX TeMOIO3THYSCKIX KiIeToK), AC133 (Mapkep
FeMOIIO3THYECKUX KJIETOK-TIPEAIISCTBEHHUKOB),
CD45 (akcripeccupyeTcs Ha BCEX 3peITbIX JISHKOITUTaxX
1 TUM(OUTHO KOMMHTHPOBAHHBIX KJIETKAX, TaK ke
KaK ¥ Ha TeMOIIO3TUYECCKIX KIIETKAX-TIPEIIICCTBCHHUKAX )
U ruKopopuH A (IKCIPECCUpPyeTCs] KOMMUTHPO-
BaHHBIMH JPUTPOUJHBIMU MPEAIIECTBEHHUKAMU
Pa3HO# CTENeH! 3PENIOCTH, a TAKKE DPUTPOLIUTAMHU).

Kax BumnHo, conepsxkanme CD34" KJIeTOK B TOTab-
Ho#l cycnen3uu DIIY cocraBmsino 0,89+0,09%, a
CD45" xnetok - 2,3340,25%. Coneprkarrie CD34°CD45*
kietok coctapisuio 0,82+0,09%, a conepkanmne GlyA*
Kierok — 90,00+2,54%, AC133* kierok — 0,39+0,07%,
pu 3ToM nogasssromniee 6oapmuHCTBO (0,28+0,07%)
AC133" xknetok skcnpeccupoBano emé u CD34
AHTUTCH.

LenTpudyrupoBanue B rpaueHTe TIOTHOCTH
M03BOJIATIO MOBBICUTH copepxkanne CD34", CD45" n
AC133" xneTok B HeCKoabKo pa3. Kak BUIHO U3
TaOJUIbI, JOCTATOYHO MPOCTOE OJHOCTYIIEHYATOC
pas3zieneHue KJIETOK B TPaAHeHTe IIOTHOCTH 000-
ramaeTr coaep>XKaHWe MPOTECHUTOPHBIX KIJIECTOK B
cycnensuu OIIY B 2,5 — 4,25 paza. XKXuznecno-
COOHOCTH KJIETOK CHEeU(PHIECKOro IMMYHO(EHOTHTIA
TaK)Ke ONpeNesiach METOJAOM IPOTOYHON LUTO-
METPHH C TIOMOIIIBIO TOTIOJIHATEIEHOTO OKPAITUBAHUS
PI. OGmias *%u3HECIOCOOHOCTD CYCIIEH3UN KPUOKOH-
CEpPBUPOBAHHBIX SAPOCOJEPKAUIUX KIETOK COC-
taBisiia 93,91+0,82%. [Tony4yennsie nannele (puc.2)
CBUJIETEIHCTBYIOT 0 MaKCHUMaJIbHOU KU3HECTO-
cooHoctn Ppakunu GlyA* xietok (3ku3HECIOCO0-
HOoCcTh 93,75+£1,60%). bonee pamnme CD34*
(xuszHecmocobHOCTE 79,57£4,13%), AC133*
(>xm3recniocobHoCTh 77,16+4,81%), a Takxke CD45*
(xuszHecmocobHOCT, 84,93+4,93%) KIeTKH
0Ka3aJUCh MEHEE KMU3HECIOCOOHBIMHU H, CIEI0-
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Fig. 1. Phenotypic analysis of HEL cells.

correspond to various parameters of this cell. In this
case, the parameters are the fluorescence intensity of
cells, labelled with monoclonal antibodies, that
corresponds to the expression rate of one or another
antigen on the membrane. The cells were considered
as antigen expressing if their fluorescence intensity
was higher than that of the nonspecific control. PE
and FITC designations (Fig. 1) correspond to
phycoerythrin and fluorescein-isothyocyanate,
fluorescent markers, conjugated with monoclonal
antibodies. We have determined the content of cells,
expressing CD34 (used as a general marker of
progenitor hematopoietic cells), AC133(marker of
hematopoietic progenitor cells), CD45 (is expressed
on all mature leucocytes and lymphoid committed cells,
as well as on hemopoietic progenitor cells) and
glycophorine A (is expressed by committed erythroid
progenitors of various maturation stage and by
erythrocytes). As it is seen the CD34" cell content in
total HEL suspension made 0.89%0.09%, CD45" cell
content made 2.33%0.25%. CD34"CD45cell content
made 0.82+0.09%. Content of Gly-A* cells was
90.00£2.54%, CD133" made 0.39£0.07%, the majority
of CD133* cells (0.28+0.07%) also expressing CD34
antigen.

Centrifugation in density gradient allowed to
increase the content of CD34", CD45" and AC133*
cells in several times. As it is seen from Table 1 a
simple cell separation in density gradient enriches the
content of progenitor cells in HEL suspension in 2.5-
4.25 times.

The viability of cells of specific immunophenotype
was also determined by flow cytometry using an
additional PI staining. The total viability of the
cryopreserved nucleated cell suspension made
93.9110.82%. The obtained data testify to the maximal
viability of GlyA+ cells (the viability of 93.754+1.60%).
The earliest CD34" (viability of 77.16+4.81%), and
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Oo6oramenne cycneH3uu kietok 1Y B rpaguieHTe MIOTHOCTH.
Enrichment of HEL suspension cells in density gradient

CD45" cells (viability of 84.93+4.93%)
occurred to be less viable, and

therefore more sensible to cryopreser-

}9?12:1;8% . cpaa ACI133" | CD34"AC133" | CD45* GlyA* vation.

Colony forming ability of HEL cells
QeTf O?eagé‘;f‘;fgﬁ % | 089£000 | 030007 | 028:007 | 233:025 | 9000:254 WaS determined by culturing in
‘ semisolid medium. To the 14th day of

T oA ~uQ A 2291207 N v 3 +
e gj‘?gfaet?ér?yg/% 3,78+ 048 | 1,09+ 0,07 0,7+ 0,10 899+ 042 | gosar074 Culturing there was 187.75£21.21 of
P ' BFU-E, 172.43+£31.91 of CFU-GM,

S LA AN 87 29 + -

'Ea' et XNN 4,25+ 0,97 | 2,79+ 0,68 2,50+ 0,98 3,86+ 0,59 | 0,89+ 0,03 153 '.64_33 58 of CFU GEMM’ that
nrichment, X testifies to the preserving of the

BaTeJIbHO, O0Jiee YyBCTBUTEIbHBIMU K KOHCEP-
BHPOBAHHUIO.

KonmonneoOpasytorniyto akTHBHOCTh KiieTok DITY
OIpeAeasiad METOAOM KyJIbTUBHPOBAHUS B MOJY-
TBEpAoH cpene. Ha 14-e cyTku KynbTUBHpOBaHUSA
oOpaszosbiBaiock 187,75+21,21 BOE-D, 172,43+£31,91
KOE-I'M, 153,64+33,58 KOE-I'OMM, uTto0 cBHIE-
TENBCTBYET O COXpaHEHUH (YHKIMOHAIBHON aKTHB-
HOCTH KOJIOHHEOOpa3yromux KieTok. IIpoBenéHHbII
KOPPENALNOHHBIN aHaJIN3 TIO3BOJIIII BBIABUTH JOCTO-
BEpHBIE KOPPETSLUHA MEXIY KU3HECITOCOOHOCTHIO
CD34" knerok u unciom KOE-I'ODMM u BOE-D, a
TaKKe JKU3HECTIOCOOHOCTHRIO U coaepxkanmnem AC133*
kietok 1 yuciom KOE-I'M u BOE-D.

OcHoBHas 3aj1aya JaHHOM paboOTHl cocTosa B
OIIpEeNeJICHUN YCTOMYMBOCTH KIETOK CHEU(PUIECKOro
UMMYyHO(]eHOTHIA K TPOLIeAype KPHOKOHCEPBUPOBA-
HUS, CIIE0BATENbHO, HAC MHTEPECOBAJIA COXPAHHOCTD
KJIETOK mocie ororpesa. IIpu 3ToM coxpaHHOCTH
KJIETKH OTOXAECTBIISLIACH € €€ KU3HECTIOCOOHOCTBIO.
OxpamvBanue TpUNaHOBBIM cUHUM U Pl mo3Bomser,
Kak n3BecTHO [11], oTMeuarp AU IETOCTHOCTD
I1a3MaTHYeCKOW MeMOpaHbl, a HE COXPAaHHOCTH
(hyHKIIMOHAJIBHOW aKTUBHOCTH KJIeTKH. Kpome Toro,
pu oxHoBpeMeHHOM okpammuBanuu Pl, FITC u PE
MOTYT BO3HUKHYTH apredakrtsl: PI" kiieTke Moxer
ob1Th ormmbouno npunucano FITC niu PE cBeuenue.

KoppekTHOCTE METOAA ONpeAeneH s COXPaHHOCTH
Obula IpOBEpPEHa NPHU OLEHKE KOJIOHHEeOoOpa3yrouien
aktuBHOcTH Kinetok OIIY. ITonoxkurensHas Kopein-
JISIHSE MEXKTY KH3HECITocoOHOCThI0 CD34" KiteTok o
okpamuBanuio Pl u dnciom o0pa3yeMbIX KOJIOHHMA
MMO3BOJIMJIa paccMaTpuBaTh okpamuBaHue Pl kak
KOPPEKTHBIH B paMKax JaHHOUW pabOThI METO] OTIpe/ie-
JIEHUS] COXPAaHHOCTHU KJIETKH.

[Ipu ananm3ze pe3yabTaToB IPOTOYHON IUTOMETPUH
(puc.1), MBI HE paccMaTPUBAIH KJIETKH C aHOMAJIBHO
BeicokuM FITC u PE cBeueHmem, mosToMy MOITYIs-
UM pacIojlaraluch Ha TOYEYHBIX TpaduKax IocTa-
TOYHO JIOKaIbHO. KpoMe TOro, HeXxXH3HEeCTIOCOOHbIE
KJIETKH paclojlarajiuch TakKe B JOCTATOYHO JIOKANIb-
HOM peruoHe ToueuHoro rpapuka SSC/FSC. Takoe
OrpaHUYEHNE MOITIO IPUBECTU K HEKOTOPOMY 3aBBIIIIE-
HUIO 3HaYCHUH JKU3HECNOCOOHOCTH M 3aHUKEHUIO
Yuciia KJIeTok crnennpuaeckoro Gernoruna. OgHako
OHO TIO3BOJIMJIO CYUTATh HCIOJIB30BAHHBIN METOJ
OTIpeZieNIeHus]  JKU3HECIMOCOOHOCTH  KJIETOK
KOPPEKTHBIM.

Pazmiaus B KU3HECTIOCOOHOCTH TOTATBHOM CYCIICH-
3un OIIY 1o okpammBaHUIO TPUMAHOBBIM CHHUM
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functional activity of colony forming
cells. The correlation analysis allowed to reveal a
statistically significant correlation between CD34" cells
viability and CFU-GEMM and BFU-E number, and
the viability and content of CD133" cells and the number
of CFU-GM and BFU-E. The main aim of this work
was to determine the resistance of cells of specific
immunophenotype to the cryopreservation procedure,
therefore, we were interested in cell integrity after
thawing. Here, we have equalized the cell integrity as
its viability. Trypan blue and PI staining allows, as it is
known [11], only to detect if the plasmatic membrane
is intact but not the functional activity. Furthermore,
due to simultaneous staining with PI, FITC and PE
there could arise the artifacts, when the PI* cell could
be misconsidered as the one with FITC or PE
fluorescence.

The validity of the determination of the integrity
was confirmed by estimating the colony forming activity
of HEL cells. Positive correlation between CD34" cells
viability by PI staining and the number of the formed
colonies allowed the consideration of PI staining as
the proper method for cell integrity determination within
the frames of this work.

When analysing the results of flow cytometry we
did not take into account the cells with abnormally high
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Fig. 2. Viability of HEL cells of specific
immunophenotype.
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(71+4%) u PI (93,91+0,82%), c Hate# TOUKH 3peHus,
00yCIIOBIIEHBI KaK YK€ YIOMSHYTBIM HEKOTOPHIM
3aBBIIICHUEM )KU3HECTIOCOOHOCTH IPH OIIEHKE PE3yJIb-
TaTOB NMPOTOYHON LIUTOMETPHUH, TAK U PAZIHUYHOUN
MIPOHHUIIAEMOCTHIO TJIA3MaTHYECKONH MeMOpaHbI st
JBYX HCIIOJIb30BaHHBIX KPacHTEIEH.

CymiectByeT MHEHHE [1] O MOBBIIIEHHONW YCTOM-
YUBOCTH CTBOJOBBIX T€MOMO3THUYECKUX KIETOK K
BHEIIHUM Bo3AercTBUsIM. OHO OCHOBAaHO Ha 0COOEH-
HOCTAX uX KieroyHoro nukia. B nukne CKK npucyt-
ctByeT (asza nokos (G,-pasza), B Te4eHHE KOTOPOH
KJIETKH TIOABEPTalOTCs ‘€CTECTBEHHOMY KOHCEpBH-
POBaHUIO”’: META0ONMN3M 3aMEIIISIETCS, HE IPOUCXOIHUT
cunte3a JJHK u T.i.[10]. Mopdonorudeckue Had0-
JIEHUS TOATBEPKIAIOT YBEIHMYECHNE MTOBEPXHOCTHO-
00BEMHOTO OTHOIIEHUSA KJIETOK M YMEHBIICHHE
OCMOTHYECKH aKTUBHOTO 00bEMA, YTO CHUIKAET BpEMSI
JIETHIpaTalfy MPU 3aMOPaKUBAHUH. DKCIIEPUMEH-
TaJbHO JOKa3aHHas paguo- U XEMHUPE3UCTEHTHOCTh
[5,7] CKK oObsicHsIeTCS U3MEHEHHUSAMH, XapaKTep-
upiMu 171 G -¢asel. Cr1e10Bao 0XKuIaTh, 4TO CPEan
knetok cycneHsun IIIY nmmenno CKK okaxyTtcs
Ooee KU3HECTIOCOOHBIMU U MEHEE IPUXOTIMBBIMU B
OTHOILIEHUH PEKUMOB 3aMOPAKHBAHMS.

CornacHo moy4eHHbIM pesynbTaraM, B JI1Y kak
B OCHOBHOM OpraHe KpoBeTBopeHUs [3] mpeobiamaror
reMOTO3THYECKHEe KIeTKH, cpeau kotopbix CKK
COCTABJISIOT JIUIITH MaTyIo noito. bomee 90% xietok
cycnenzun D114 sxcnpeccupyer GlyA, uro cBuneTemns-
CTBYeT 00 DPUTPOUAHONH KOMMHUTAIHU. TaKuM
00pazom, o01mas xu3HecrnocoOHoCTh cycrieH3un JITY
MIOATBEPKIAET COXPAHHOCTh SPUTPOUIHBIX MPE-
LIECTBEHHUKOB PAa3JIMYHON CTENEHHU 3PEJIOCTH U
MOXKET He oTpaxkaTh coxpaHHocTh CKK.

Mo>xHO nonararh, 4To ¥ Cpeiy SpUTPOUIHBIX KIETOK
JOMHUHHUPYET KaKasi-TO O[HA CYOITOITYIISIHS C XapaKTep-
HBIMH KPHOOHMOJIOTHYECKUMH TIapaMeTpaMu, PUIEM
OHH TIO3BOJISIIOT KJIETKAM M30eXaTh JeHCTBUS TIOBPEX-
Jarommx (akTopoB HU3KOTEMITEPAaTypHOTO KOHCEPBH-
pOBaHUS TPH HUCIOJIB30BAaHUHM IAHHOTO pPEXUMa
3amMopaxuBaHus. Ilo cpaBHEHHIO ¢ SPUTPOUTHBIMU
kiterkamu CKK moBpexaarorcs 6omnble, Clea0BaTeNbHO,
kpuobuosorunyeckue napamerpsl CKK ommmgarorces ot
apaMeTPOB IPUTPOUIHBIX KIETOK. OYEBHIHO ONTH-
ManbHbIe ckopocTH 3aMopakuBaHusi CKK u sput-
POMIHBIX MPEIIECTBEHHUKOB OyAyT pa3IHYHBIMU.
Bo3MoxHO, ITpH UCIIONIB3yEMOM MPOTOKOJIE 3aMOpPa-
xwuBanng CKK He ycmeBaioT MOJHOCTBIO JeTHApa-
THPOBATHCS A0 AOCTHKEHHS TeMIIepaTypsl BHYTPH-
KJIETOYHON KPUCTAIM3ANNH, U 00pa3yrominecs B
pe3yJIBTaTe BHYTPHKIIETOYHBIE KPUCTAILIHI JIba iepdo-
pupytot mwasMaradeckyio MmemOpany CKK. Ho CKK
MOET 00€3B0KHUBATHCS JOCTATOYHO OBICTPO (9Ta TOUKA
3PEHUSI COITIACYETCsI C Y)Ke ONMMCAaHHBIMK HAOMIOICHUSIMH
ocobenHoctel knerodnoro ukia CKK) n noaseprarscs
Oonee IIUTENHHOM 3KCHO3WLIMH B THIEPKOH-
LEHTPUPOBAHHOM PACTBOPE, YTO M OOYCIOBIMBACT
MEHBIIYIO JKU3HECITIOCOOHOCTD. Pasniuns B KUHETHKeE
tparcnopra JJMCO uepes maa3MaTnuecKyto MeMOpany
MOTYT OBITh PACCMOTPEHBI KaK eII€ OJHa BO3MOXKHAS
MIpUYXHA Pa3HON ycToitumBocTy Kietok JITY k neiict-
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FITC and PE fluorescence, that is why the considered
populations had quite narrow localisation on the dot
plots. Furthermore, non-viable cells were localised also
in quite a narrow region of SSC/FSC dot plot. This
limitation could lead to some overestimating of the
viability values and decreasing of the number of cells
of specific phenotype. However it allowed to consider
the utilized method of cell viability determination as a
proper one.

Differences in the viability of total HEL suspension
estimated by staining with Trypan blue (71+4%) and
PI (93.91%0,82%) are preconditioned, from our point
of view, by both already mentioned overestimation of
viability during evaluation of flow cytometry results,
and different plasmatic membrane permeability for each
of two dyes used.

There exists an opinion [1] about an increased
resistance of hematopoietic stem cells to the external
stresses emanating from the pecularities of their cell
cycle. In HSC cycle there is a quiescence phase (G-
stage), during which the cells become “naturally
preserved”: the metabolism is slowing down, no DNA
synthesis occurs, etc [ 10]. Morphological observations
confirm the increasing of the surface-volume ratio of
cells and decreasing of osmotically active volume, that
reduces the dehydration time during freezing.
Experimentally proved radio- and chemoresistance of
HSC [5, 7] is explained by the changes, being
characteristic to G, stage. It should be expected, that
among the HEL cell suspension the HSC will appear
to be more viable and less sensible to freezing stages.

According to the obtained results, HEL, as a major
blood forming organ [3], contains mainly hemopoietic
cells, among which the HSC make only small part.
More than 90% of HEL suspension cells express GlyA,
that testifies to the erythroid commitment. Thus, total
viability of HEL suspension confirms the integrity of
erythroid progenitors of various maturation stage and
may not show the HSC integrity.

It could be supposed that among the erythroid cells
dominates a distinct subpopulation with characteristic
cryobiological paramethers, and they allow the cells to
avoid the action of low temperature preservation
damage factors when using this freezing regimen.
Compared to erythroid cells, the HSC become damaged
in greater extent, thus, cryobiological parameters of
HSC differ from those of erythroid cells. It is evident
that optimal freezing rates of HSC and erythroid
progenitors will be different. It is possible, that by the
freezing protocol utilized, the HSC have not fully
dehydrated to the moment of intracellular
crystallisation, and intracellular ice crystals perforate
the HSC plasmatic membrane. However, HSC can
dehydrate quite rapidly (this opinion agrees with
described observation of HSC cell cycle features) and
undergo longer exposure in hyperconcentated solution,
that leads to the decreased viability. Differences in
Me, SO transport via plasmatic membrane could be
considered as another reason of various resistance of
HEL cells to the effect of low temperature preservation
damaging factors. However, our investigation does not
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BHIO OBPEXIAIONINX (PAKTOPOB HU3KOTEMIIEPATyPHOTO
KoHcepBUpoBaHus. OJHAKO Hallle UCCIIEIOBAaHUE HE
I03BOJISIET OJJHO3HAYHO YKa3aTh, KAK KOHKPETHO JOJDKEH
OBITh ONITHIMHU3UPOBAH HUCIIOIB3YEMBIH ITPOTOKOI 3aMOpa-
JKUBaHMSL. J{J1s1 ONTHMU3AIME HEOOXOIUMO HCCIIEI0BATh
KHHETHKy TpaHcropra Bomasl 1 JIMCO uepe3 mia3ma-
tryeckyto MemOpany CKK.

Pa6ora Bemommena npu noazaepykke INTAS (Tapacos AL,
YSF00-188) n Wellcome Trust (Ilerperro A 1O.).
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allow to answer, how the freezing protocol utilized could
be optimized in fact. For this reason it is necessary to
investigate the kinetics of water and Me SO transport
via HSC plasmatic membrane.
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