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Pedbepat: [poBeaeHHbIVi CpaBHUTENbHbBIA aHann3 CTPYKTYPHO-YHKLUMOHANbHOIO CTaTtyca CTBOSIOBbIX KPOBETBOPHbLIX KMETOK
(CKK) ceTtanbHoi neuexmn (®r1) 14 cyTok rectaumm n B3pocnoro koctHoro mosra (KM) meiwen nuHmn CBA/H 4-mecsyHoro BospacTa
NPOAEMOHCTPMPOBAr He TOMbKO PasfnuMyns X UCXOAHbIX KayeCTBEHHO-KONMYECTBEHHbIX XapaKTepUCTUK, HO U pa3Hbll OTBET Ha
nevictBue dakTopoB KpuokoHcepBupoBaHus. Knetkn @I nnm KM 3amopaxvBanu no pasHbiM pexumam nog 3awmton 5 n 10%
anmeTtuncynbdokcmaa. [Ana oueHkn CTPYKTYPHO-PYHKUMOHaNbHbIX Xxapaktepuctuk CKK 13 pasHbIX MCTOYHWKOB MCNOMb30Banu
MeToabl uMTohnyopumeTpumn (copepxaHme CD34*CD38--kneTok), konoHneobpasosanus in vivo (KOEc) u in vitro (KOE-I'M).
YcTaHOBMNEHO, YTO onpefeneHHble PeXxumbl KPUOKOHCEPBMPOBAHMSA CNOCOBHBLI NposABnATbL 3hMEKT cenekTuBHOro oboraiieHus
nonynsauni KneTok ¢ peHOTUNMYECKUMN NpU3HaKkaMmyn KpoBEeTBOPHbIX npefliecTBeHHnkoB (CD34*CD38--knetkn). ConocTtaBnexHve
copepxanusa KOEc, KOE-I'M, CKK n knetok ¢ dpeHoTnom CD34*CD38- nokasano, YTo pexunmM KpMOKOHCEPBMPOBaHUS Ans knetok ®rl
He gBnseTcs «onTumanbHbiM» Ana KM. MNokasaHo, 4To nNpu BapbUpOBaHWM YCIOBUIA KPMOKOHCEPBMPOBAHUS MOXHO obecneuynBatb
He TOMbKO «ONTUManbHY0» COXPAHHOCTb KPOBETBOPHbIX npeawecTtBeHHNkoB n3 ®f n KM ¢ pa3HblM UCXOAHLIM (PYHKLMOHANbHbIM
CTaTycoOM, HO WM HanpaBEHHO PerynMpoBaTb ero.

KnioyeBble cnoBa: KpMOKOHCEpPBUPOBaHWe, deTanbHas nevyeHb, KNeTKN KOCTHOro Mo3ra, CTBOSOBbIE KPOBETBOPHbLIE KMETKU.

Pecbepart: [NpoBeaeHMin NOpiBHANBHUIN aHarni3 CTPYKTYpHO-YHKLiOHaNbLHOro craTycy ctoBOypoBux KpoBOTBipHMX KiTuMH (CKK)
deTtanbHoi nediHkn () 14-i gobw recrauii Ta gopocrnoro kictkoBoro Mo3ky (KM) muwen niHii CBA/H 4-micsiyHoro Biky npogemoH-
CTpyBaB He TifMbKW BIAMIHHOCTI IXHIX BUXiOHMX SIKICHO-KINbKICHUX XapakTepuCTUK, ane W pi3Hy BiAnoBiAb Ha Ail0 YMHHWKIB KPiOKOHCEp-
ByBaHHs. KnitnHn ®M abo KM 3amopoxyBanu 3a pisHumu pexumamu nig 3axuctom 5 i 10% gumeTtuncynsdokengy. Ans ouiHkm
CTPYKTYpHO-(pyHKUiOHanbHUX xapaktepuctuk CKK i3 pisHux gxepen BMKOpUCTOBYBanu metoau uutodnyopumeTtpii (BmMicT
CD34*CD38--kniTuH), konoHieyTBoptoBaHHs in vivo (KYOc) Ta in vitro (KYO-I'M). BcTaHOBREHO, WO NEBHI PEXUMU KPIOKOHCEPBYBaHHS
3[aTHi BUABNATU edeKT cenekTMBHOro 36arayeHHs nonynsui KNiTUH i3 eHOTMNOBUMKN O3HaKamu KpPOBOTBIPHUX MOMNepeaHuKis
(CD34*CD38-knitnHun). 3ictaBneHHsa Bmicty KOEc, KYO-I'M, CKK Ta kniTuH i3 ¢peHoTunom CD34*CD38- nokasano, WO pexum
KpiokoHCepByBaHHSA Ans knituH ®I He € «onTumanbHum» Ans KM. MNMokasaHo, Lo npu BapitoBaHHi yMOB KPIOKOHCEPBYBaHHSA MOXHa
3abe3ne4vyBaTu He TiNbkK «oNTUMarnbHy» 36epexeHicTb KPOBOTBIpHUX nonepeaHuki i3 @I ta KM i pisHUM BUXigHUM pyHKUiOHaNbHUM
cTaTtycoMm, a W HanpaBfieHO perynioBaTu NOro.

Knio4yoBi cnoBa: KpiokoHcepByBaHHS, deTarnbHa MeyiHka, KMiTUHU KiCTKOBOrO MO3KY, CTOBOYPOBi KPOBOTBIpHi KMiTUHMU.

Abstract: The performed comparative analysis of structural and functional status of fetal liver (FL) hematopoietic stem cells
(HSCs) of 14 gestation days and adult bone marrow (BM) of 4-month-old CBA/H mice demonstrated not only the differences of their
initial qualitative and quantitative characteristics but also different responses to the effect of cryopreservation factors. Either FL or
BM cells were frozen according to various regimens under protection of 5 and 10% dimethyl sulfoxide. To estimate structural and
functional characteristics of HSCs derived from different sources there were used cytofluorimetry (content of CD34*CD38- cells),
methods of colony formation in vivo (CFUs) and in vitro (CFU-GM). It has been established that certain cryopreservation regimens are
able to manifest the effect of selective enrichment of cell populations with phenotype of hemopoietic progenitors (CD34*CD38- cells).
Comparing the content of CFUs, CFU-GM, HSCs and cells with CD34*CD38- phenotype has shown that cryopreservation regimen for
FL cells was not optimal for BM. It has been demonstrated that varying cryopreservation conditions allowed not only to provide optimal
preservation rate of hemopoietic progenitors derived from FL and BM with various initial functional status, but to control it purposefully.

Key words: cryopreservation, fetal liver, bone marrow cells, hemopoietic stem cells.
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JnutenbHOE BpeMs TpaHCIJIAHTALKs KOCTHOTO
mo3ra (KM) Obuta Oe3anbTepHATHUBHBIM METOJIOM
JIeYeHHs HapyIIEHU reMomo33a pa3iInyHOro reHe3a
[22, 34]. B ocHOBe TeparneBTHYeCKOro S heKTa JOHOP-
ckoro KM nexxar skcraHCUs BBEAEHHBIX CTBOJIOBBIX
kpoBeTBOpHBIX Ki1eTok (CKK) u penapanus remomnos-
THYeCcKo cuctemsl perunuerta [1, 16]. Co BpemeHnem
JUTSL JIEYEHUS MATOJIOTUH Pa3IUYHOTO T'eHe3a CTajo
Bo3MoxHBIM puMeHeHne CKK u3 npyrux ucrounu-
KOB, Harpumep, geranpHoii neuenn (PII), koproBoit
KpOBU U T. 1I. [3, 21], HEOOXOMUMOCTH CO3/IaHUS 3ara-
COB KOTOPBIX IpPENyCMaTpUBaeT KPUOKOHCEPBHUPO-
BaHUe, SBIAIOLIEECS 005S3aTeIbHBIM 3TaoM MpUMe-
HEHHsI TaKOTO PoJia TKaHEBBIX CyOCTpaToB B KIMHU-
yeckoi mpakTuke [6, 29].

MHorouncieHHble UCCIEN0BAHUS TOKAa3alIH, YTO
KPHUOKOHCEPBUPOBAHHME SIBIISIETCS HE TOJIBKO METOJIOM
JIOJITOCPOYHOTO XpaHEHUsT OM000BEKTa, HO U (haKTO-
POM yTIpaBIIeHHS €r0 BHYTPEHHUM COCTOSTHHEM (intrin-
sic state) [2, 4, 5]. [IppauHaMu CTpyKTYpPHO-(QYHKITHO-
HanbHBIX m3MeHeHnt CKK, BEI3BaHHBIX KPHOKOHCEP-
BHpPOBAaHUEM, MOTYT OBITh KPHCTAIUIO00pa30BaHUE,
HU3MEHEHHE coJIeBOro rpanuenta, pH cpezapl, o0paso-
BaHHE CyNEPOKCUIHBIX panuKanoB u 1p. [9, 18]. Otme-
YEHO, 4TO y KprokoHcepBupoBaHHbIX CKK BpeMeHHO
CHIKAeTCsl CIOCOOHOCTH paclo3HaBaTh MUKPOOKPY-
KEHHE U PacceNsITbcs B HEM BCIEACTBHE LIEINHIA
Y4aCTH MOBEPXHOCTHBIX MEMOPaHHBIX CTPYKTYD, OIpe-
JIeNSIomUX uX (GyHKIHOHAIBHBIA ctatyc [18, 20].
YcTaHoBJeHa pa3nuyHas KOJIOHHEOOpasyromas CIo-
coonocth CKK mocie kprokoHCEepBHUPOBaHHUS B 3aBH-
CHUMOCTH OT UX HAXOKJIEHHUS B pa3HBIX (a3zax KIeTod-
HOTO ITMKJIA WK cTaanu nuddepernnpoBkH [8]. Otme-
YEeHHBIE 0COOEHHOCTH CTPYKTYPHO-(PYHKIIHOHATIBHOI
oprannzanuu CKK MoryT onpenenars pa3nuyHyo Ux
KpHUOYCTOWYMBOCTh B 3aBUCUMOCTH OT TOTO, B KAKOM
reMOIO3TUYECKOM IUTalIapMe OHU (PYHKIMOHUPYIOT,
T. €. U3 KaKOTr'0 UCTOYHHUKA monydeHsl [19, 21, 24]. [1o
MHEHHUIO HeKoTophIx uccnenonareneir, CKK koctHoro
MO3ra, (hopMHPYIOIIHE KOJIOHUH B CEJIE3EHKE JIETATEHO
00JTy4eHHBIX PEIUIIEHTOB, YK€ IPOABHHYTHI B (-
(hepeHITUPOBKE 110 CPAaBHEHUIO ¢ 00JIee MOTCHTHBIMHI
CKK detanpnoit meuenn 17,23, 27]. Kpome Toro, 1o
mepe auddepennuposku CKK mensor penotu-
MIMYECKUI perepTyap 1 CTETIeHb SKCIPECCHH Pa3Iny-
HBIX MEMOpPaHHBIX MOJIEKYJ, OIPEACIIIOMHUX HX
XOYMUHT U Pl APYTUX XapaKTEPUCTHUK MPH BBEICHUHU
peuunuentam [6, 18]. Ilpu agantanuu K yciaoBUsSM
MUKpPOOKPY>KEHHS U OTBETE Ha MECTHBIE PETYIATOP-
Hele curHansl, goHopckue CKK MoryT He TOnbKO
M3MEHATH CBOW CTAaTyC MO UX BIMSIHUEM, HO U BBICTY-
[1aTh B POJIM MOAH(PHUKATOPA ITOTO MUKPOOKPYKEHHUS
1 B [IEJIOM COCTOSIHHSI TEMOTIOATHYECKOTO TuTarjapMa
pelHnrenTa, IPOLyIHPYS PETYIATOPHBIE METHATOPHI
C MMapakKpUHHOHN aKTUBHOCTHIO [15]. [lmacTuaHOCTE M
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For a long time the transplantation of bone marrow
(BM) was the only method to treat disorders in
hematopoiesis of different genesis [17, 32]. The basis
of therapeutic effect of donor BM is the expansion of
the introduced hematopoietic stem cells (HSCs) and
reparation of recipient’s hematopoietic system [2, 33].
With the course of time the treatment of pathologies
of different genesis became possible by applying the
HSCs from other sources, e. g. fetal liver (FL), cord
blood etc. [7, 15], the necessity to create their stocks
requires cryopreservation, being consequently a man-
datory stage for using such a tissue substrate in clinical
practice [12, 26].

Numerous studies showed that cryopreservation
could be not only a method for long-term storage of
biological object, but a factor controlling its intrinsic
state as well [6, 8, 11]. The causes of structural and
functional changes in HSCs provided by cryopreser-
vation can be crystal formation, change of saline gra-
dient, medium pH, formation of superoxide radicals
etc. [5, 16]. There was a notion that cryopreserved
HSCs had a decreased ability to recognize microenvi-
ronment and populate it due to shedding of some
surface membrane structures determining their func-
tional status [5, 14]. Various colony-forming activities
of HSCs were found following cryopreservation de-
pending on their being in different phases of cell cycle
or differentiation [3]. The revealed peculiarities of
HSCs structure-functional organization may determine
their different cryoresistance depending on the hemo-
poietic environment wherein they function, i. e. which
source they are obtained from [9, 15, 20]. Some scien-
tists suggest that BM HSCs forming the colonies in
lethally irradiated recipients have already been advan-
ced in differentiation as compared to the more potent
FL HSCs [4, 19, 23]. Furthermore, as far as differen-
tiation proceeds, the HSCs change their phenotype re-
pertoir and expression rate of various membrane mole-
cules determining their homing and other characteristics
following introduction to recipients [5, 12]. During
adapting to microenvironment conditions and response
to local regulatory signals, donor HSCs can change
their status under that influence as well as function as
modifier of the microenvironment and in a whole of
the state of recipient’s hematopoietic environment pro-
du-cing regulatory mediators with a paracrine activity
[1]. Flexibility and variety of structural and functional
characteristics of bone marrow and fetal liver HSCs
a priori make them an extraordinary target for physical
and chemical factors implemented during cryopreser-
vation. Thus, an initial state of HSCs can determine a
functional activity of the frozen-thawed specimens
used in clinical practice, which include these cells.

The use of HSCs of various sources to treat autoim-
mune diseases including BM and FL necessitates the
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LIMPOTa CTPYKTYPHO-(YHKLIMOHAIBHBIX XapaKTepHC-
tuk CKK xocTHOTO MO3ra u ¢eranbHOil meyeHu
a priori IenalT UX HEOPAMHAPHON MULIEHBIO IS
(U3UKO-XUMUYECKUX (PAKTOPOB, pealnu3yeMbIX B
mporiecce KpUOKOHCEepBUpoBaHMs. TakuMm oOpasom,
ucxoanoe cocrossane CKK moxer onpenensits GyHK-
LMOHAITBHYIO aKTHBHOCTH HCTIOJIB3YEMOTO B KIIMHUYEC-
KO TpaKTHKe EKOHCEPBHPOBAHHOTO Marepuasa, B
COCTaB KOTOPOTO OHH BXOJIAT.

[Ipumenenne CKK u3 pa3nnvHbIX HCTOYHUKOB IIPH
JICYCHNH ay TOMMMYHHBIX 3a00JIEBaHUAX, B TOM YHCIIE
n3 KM u ®II, obycnaBiuBaeT HEOOXOAUMOCTD
CO3/1aHMA MX 3allacOB U MOMCKA «ONTHUMAJIBHBIX)»
METOAOB KPHOKOHCEPBUPOBaHUA. B cBsA3M ¢ 3TuUM
aKTyaJIbHBIM KaK B TEOPETUYECKOM, TaK U MPHUKIA]I-
HOM acCIeKTax 0CTaeTCs H3yUCHUE KPHONaOMIbHOCTH
CKK wu3 pa3HBIX HCTOYHHKOB C IENbI0 pa3paboTKu
«OTTUMAJIBHBIX» PEXUMOB HX KPHOKOHCEPBHPOBAHHSI.

Lenp nanHO#M pabOTHI — TPOBECTH CPAaBHUTEIHHBIN
aHaJIN3 BIHMSHAS Pa3IMYHBIX YCIOBUI KPHOKOHCEPBH-
pOBaHUS Ha CTPYKTYPHO-(DYHKITMOHATILHOE COCTOSTHHE
CKK ¢deranpHOI meueHn 1 B3pOCIOro KOCTHOTO MO3Ta.

Matepuajbl 1 MEeTOAbI

OKCIEePUMEHTHI BBHITIOJNHIN Ha MBIIIAX JIMHAU
CBA/H 4-mecsanoro Bo3pacta maccoit 20-25 1, co-
JICPIKAIIUBCS B CTAHAAPTHBIX YCIOBUAX BUBapus MH-
CTUTyTa MPOOIEeM KPUOOUOJIOTUN U KPUOMETUITHBI
HAH VYkpauns! (1. XapbkoB). MccnemoBanust mpoBo-
IHJIN B COOTBETCTBUHU ¢ «OOmMMUMHU MPUHIIHIIAMHA
9KCIIEPUMEHTOB Ha JKUBOTHBIX», 0/100peHHBIMH 11
HammonansHbIM KOHTpeccoM 1o 6mnoaTuke (r. Kues,
2007) u corntacOBaHHBIMHU C TTOJIOXKeHUAMH « EBporneii-
CKOY KOHBEHITMH O 3aIUTE TO3BOHOYHBIX JKUBOTHBIX,
HCIIONIb3YEMBIX JUIS 3KCIIEPUMEHTAIBHBIX U JIPYTHX
Hay4HbIX 1esei» (T. CtpacOypr, 1986).

JKWBOTHBIX IEKaATHPOBAITH ITO]T JISTKUM 3(DUPHBIM
Hapko3oM. DeTanbHyIO IeYeHb, BEICTCHHYIO U3 HMO-
proHOB Ha 14-i1 TOCTKOUTAIBHBIN IeHb, JE3UHTETPU-
poBayii B romorerm3arope [lorrepa B cpene 199 (Muc-
TUTYT MOJINOMHUENNTA ¥ BUPYCHBIX dHIeanuToB, Poc-
cust) ¢ mobasnenreM 10%-1 >SMOpHOHATBHOM TENTIbEH
ceBopoTkH («bronoT», Poccust) m 2%-ro mutpata
HaTpus (ajmee B TEKCTe — paboyas cpema) ¢ mocie-
IyIOMIEH OYMCTKOW depe3 KalpOHOBBINH (GWHIIBTpP IS
yIaJIeHUS KOHTJIOMEPAaTOB.

Knerku KM BrIMBIBaNM U3 OeApeHHBIX KOCTEH pa-
Ooueit cpenoii. OMHOPOJHYIO CYCIEH3UIO KIETOK
MOJTyYaId MyTeM MHOTOKPATHOTO IPOIYCKaHMs Yepe3
urbl ymenpaomerocs auamerpa (0,8-0,5 MM) u
KaIlpOHOBBIH (PUIBTD.

PactBop miist kpuokoHcepBUpoBaHUs KieTok DI
u KM mpexacraBisit coboit padouyto cpemy ¢ 10 nmu
20% mumvetuncynsdorcuna (AMCO) («Aprepuymm»,
Ykpaunna). K noxydueHHbIM Ha paboueii cpee cyciieH-
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establishing of their stocks and search for ‘optimal’
cryopreservation methods. Herewith relevant in both
theoretical and practical aspects is the studying of
cryolability in HSCs from different sources in order to
develop ‘optimal’ regimens for their cryopreservation.

The objective of this research was to perform a
comparative analysis of the effect of different cryo-
preservation conditions on structure-functional state
of fetal liver and adult bone marrow HSCs.

Materials and methods

The experiments were carried out in 4-month-old
CBA/H mice of 20-25 g weight kept under standard
conditions of the vivarium at the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Kharkov). The stu-
dies were performed according to the General Prin-
ciples of the Experiments in Animals approved by the
37 National Congress on Bioethics (Kiev, 2007) and
consistent with the regulations of European Convention
for the Protection of Vertebrate Animals used for Expe-
rimental and other Scientific Purposes (Strasbourg,
1986).

The animals were decapitated under light ether
anaesthesia. Fetal liver isolated from the embryos to
the 14" post-coital day, was pounded in Potter homo-
genizer in 199 medium (Institute of Poliomyelitis and
Viral Encephalitides, Russia) supplemented with 10%
fetal bovine serum (Biolot, Russia) and 2% sodium
citrate (hereinafter handling medium) with the follow-
ing purification through a nylon filter to remove con-
glomerates.

BM cells were washed out of femur bones with
the handling medium. Homogeneous suspension was
derived by repeated passage through needles of de-
creasing diameter (0.8—0.5 mm) and nylon filter.

The solution for cryopreservation of FL and BM
cells was the handling medium with 10 or 20% dimethyl
sulfoxide (DMSO) (Arterium, Ukraine). The obtained
with handling medium suspension of FL. and BM cells
was dropwise supplemented with cryoprotective solu-
tionin 1:1 ratio at 18°C during 2 min (final concentration
of cryoprotectant made 5 and 10%). Cells were expo-
sed in solution for 10 min at the same temperature.
Cells of FL and BM with the concentration of
6.0%x10° cells/ml and volume of 1.0 ml were frozen with
programmable freezer UOP-6 produced by Special
Designing and Technical Bureau with Experimental
Unit (IPC&C of the NAS of Ukraine, Kharkov) in
plastic ampoules (Nunc, Germany) by the following
regimens:

—Regimen 1 (R1) was the cooling from room tem-
perature down to —40°C with the cooling rate of
1 deg/min with 5% DMSO (freezing program was
developed for BM cells) [26];

npo6nemMbl KpMOO6MONOrMM U KpPUOMeAULIMHbDI
problems of cryobiology and cryomedicine

Tom/volume 24, Ne/issue 2, 2014



3uaM KieTok PIT mim KM mo karuiaMm goOaBirstiiu
KPHUOKOHCEPBUPYIOMIHUNA pacTBOP B cOOTHOmIEHNH 1:1
npu temneparype 18°C B Tedenne 2 MuH (KOHEUHast
KOHLEHTpAaLKs KpronpoTekTopa coctasmia S u 10%).
OKCHO3UIMIO KJIETOK B PACTBOPE IMTPOBOIVIIM B TEUSHNE
10 mu= Tipu TOM Xe Temmepatype. Knetku ®II mnn
KM c xonnentparnuei 6,0%10° kin/mi u oobemom 1,0
MJI 3aMOpaKUBajJI¥ Ha MPOTPAMMHOM 3aMOpPa’KUBa-
tene YOII-6 (CKTb ¢ OIl UTIKuK HAH Ykpaunsi,
XapbKOB) B INIACTUKOBBIX ammynax («Nuncy, ['epma-
HUS) IO CIEIYIOLUM PEXUMaM:

—pexum 1 (P1) — 3amopakuBaHue 0T KOMHAaTHON
temmeparypsl 10 —40°C co ckopocThio | Tpaj/MuH ¢
5% JAMCO (mporpaMma 3aMOpaXuBaHus pa3pado-
taHa ais kietok KM) [29],

— pexum 2 (P2) — 3amopakxuBaHue 0T KOMHAaTHON
temnepatypsl 10 —40°C co ckopocThio 1 rpaa/MuH
¢ 10% JAMCO (mporpamma 3aMmopakuBaHus pa3zpado-
TaHa s Kietok KM) [29],

— pexum 3 (P3) — 3aMopakxuBaHue 0T KOMHAaTHON
temrreparypsl 10 —40°C co ckopocThio 1 rpas/muH, 10-
MHHYTHas BBIJEPKKA, 3aT€M OXJIaXJECHHE MPHU
10 rpan/mun no —80°C ¢ 5% JAMCO (mporpamma
3aMopakuBaHUs pa3zpadorana s kiaetok OII) [13],

— pexxum 4 (P4) — 3amopakuBaHre OT KOMHATHOM
temrepatypsl 10 —40°C co ckopoctsto 1 rpag/muH, 10-
MHHYTHasl BBIAEPKKA, 3aT€M OXJaXJACHHE NPH
10 rpag/mun 1o —80°C ¢ 10% JAMCO c mocnenyro-
IIMM TOTPY>KEHHEM aMITyJl B KaX/IOM CITydae B KHJI-
KU a30T (IIporpaMma 3aMOpaXUBaHUS pa3paboTaHa
quts kirerok OIT) [13].

OTtrauBanue 00Opa3lOB MPOBOJWIN HA BOJSHOM
Oane mipu Temmeparype 38...40°C 1o ucue3HOBEHUS
TBepAOW ¢a3pl. KneTkn oJHOKPATHO OTMBIBAINA OT
AMCO myteM mokameiabHOro 100aBICHUSI PaBHOTO
o0beMa pabodeid cpelsl, 3aTeM HEHTPU(PYTHpOBaIH
(200g, 10 mun). CycrieH3un KIIETOK, HE TIOJJBEPraB-
[IMecs Mpoleaype 3aMOpaXKNBaHUA-OTOTPEBA, aee
OyaeM Ha3bIBaTh HATUBHBIM KOHTPOJIEM.

CoxpaHHOCTB KJIETOK JI0 U TOCIIE KPHOKOHCEPBU-
pOBaHUS ONPENIEIAIN C TOMOIIBI0 TPONMUAUN oK 1A
(«Sigmay», CILIA) Ha TpOTOYHOM IUTO(ITyOPUMETPE
«FACS Calibur» («Becton Dickinson», CIIA),
KOJINYECTBO SIAPOCOJEPKAIUX KIETOK — B KaMmepe
T'opsiesa.

DEHOTUNMNYECKU aHAIIU3 KJIETOK OCYIECTBIISIIN
Ha nporoyHoM nurodayopumerpe «FACS Calibur»
(«Becton Dickinsony), ncronb3yst MOHOKJIOHAIBHBIE
AHTUMBIIIMHBIE AaHTUTETa K MEMOpPaHHBIM MapKepam
CKK: CD34 (PE, «BD Biosciencesy», CIIIA), CD38
(FITC, «BD Biosciences») corliacHO HHCTPYKIIUU
Mpou3BOANTENA. B KauecTBe KOHTPOJIS HCIIONB30BAIN
poOkI ¢ ToOaBICHIEM HEUMMYHHBIX MeueHHBIX FITC
u PE moroKOHAMRHEIX anTHTEN («BD Biosciencesy)
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— Regimen 2 (R2) comprised cooling from room
temperature down to —40°C with the rate of 1 deg/min
with 10% DMSO (freezing program was developed
for BM cells) [26],

— Regimen 3 (R3) utilized cooling from room
temperature down to —40°C with the rate of 1 deg/min,
10-min pause, then cooling with 10 deg/min rate down
to —80°C with 5% DMSO (freezing program was
developed for FL cells) [35],

— Regimen 4 (R4) was the cooling from room
temperature down to —40°C with the rate of 1 deg/min,
10-min pause, then cooling with 10 deg/min rate down
to —80°C with 10% DMSO with the following plunging
of ampoules in each case in liquid nitrogen (freezing
program was developed for FL cells) [35].

Samples were thawed in water bath at 38...40°C
until disappearance of solid phase. Cells were one-
fold washed from DMSO by dropwise addition of
handling medium of equal volume, then centrifuged
(200g, 10 min). Cell suspension not subjected to freeze-
thawing we will refer to the native control.

Cell survival prior to and after cryopreservation was
determined using propidium iodide (Sigma, USA) with
flow cytometer FACS Calibur (Becton Dickinson,
USA), number of nucleated cells was calculated in
Goryaev’s chamber.

Phenotype analysis of cells was performed with
flow cytometer FACS Calibur (Becton Dickinson,
USA) using monoclonal anti-mouse antibodies to mem-
brane markers of HSCs: CD34 (PE, BD Biosciences,
USA), CD38 (FITC, BD Biosciences, USA) according
to the manufacturer’s instructions. As the control we
used the samples with addition of non-immune FITC
and PE marked monoclonal antibodies (BD Bioscien-
ces) of the same isotype as antibodies against the
studied marker.

Mean fluorescence intensity (MFI) by CD34 mar-
ker of FL and BM cells was determined with flow
cytometer FACS Calibur (Becton Dickinson) [10].
Using logarithmic scale with a signal intensity within
the range of 64—1024 channels we measured MFI by
CD34 marker and expressed it in arbitrary units corres-
ponding to the median channel of marker’s maximum
lumines-cence. To minimize the errors in the samples
we analyzed 10,000 events. The data were statistically
processed with WinMDI 2.8 software.

The content of colony-forming units in spleen of
lethally irradiated recipients (SCFU) was assessed in
vivo by standard method [31]. Native control (nFL
and nBM) and cryopreserved (cFL and ¢cBM) cell
suspensions in the dose of 1x10° cells/mouse (0.2 ml)
were injected into tail vein of recipient mice irradiated
by RUM-17 (Mosrentgen, Russia) in 850 R dose.
Irradiation conditions: dose power was 38.6 R/min,
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TOTO € W30THIA, YTO U aHTUTENA K HCCIEAYEMOMY
MapKepy.

Cpenntoro nHTeHCUBHOCTH (rryopecueHuun (CUD)
o CD34 mapxkepy knerok ®II u KM onpenensanu Ha
npotouynoM mutopayopumerpe «FACS Calibur»
(«Becton Dickinsony») [14]. 1o norapudmmueckoit
LIKaJle ¢ MHTEHCUBHOCTBIO CUTHAJIa B IWANa30HE OT
64 no 1024 xanana usmepsuiu CUD no CD34 mapkepy
Y BBIpaXXaJld €T0 B YCJIOBHBIX €IMHHIIAX, COOTBET-
CTBYIOIIIUX CPEHEMY KaHATy MaKCHMaJIbHOTO CBEYe-
HUS Mapkepa. J[ns MEHUMH3auy OmuO0K B ipobax
ananmuzupoBanu 10000 coOprTuii. CTaTHCTHIECKHIA
YYeT JaHHBIX OCYIIECTBIISUIH C TOMOIIBIO IPOTPaMMBI
«WinMDI 2.8».

OueHKy coaepKaHHUSI KOJIOHHEOOpa3yromux
€IIMHUII B CEJIE3CHKE JIETATLHO 00Ty YEHHBIX PELIHITHEH-
toB (KOEc) in vivo ocymecTBisuin 0OMENPHUHITHIM
metogoM [33]. HatuBnabie koHTpOnbHbIe (HDII 1
HKM) u kpuoxoncepsuposanubie (KPII u kKM) kie-
TOYHBIE CycreH3uu B qo3e 1X10° xi/mbib (0,2 M)
BBOAMJIM B XBOCTOBYIO BEHY MBIIIaM-PEIIUITHEHTAM,
o0ry4eHHBIM Ha ycTaHoBKe PYM-17 («MocpeHTren»,
Poccwust) B moze 850 P. YcmoBust 00Tyde s : MOIITHOCTh
10361 — 38,6 P/Mun, Hanpspkenue — 220 kB, cuma Toka —
10 MA, punsrpsr — 1 mm Cu + Imm Al; dokycHo-
nmop3anbHOe paccTostHue — 50 cM. MbImieit o0mydanu
B KOPOOKe M3 OprcTeKiia ¢ HHANBUAYAIbHBIMU STYCH-
KaMH JU1s1 Kakaoro rpeizyHa. [locie o0mydenus sxcie-
pPUMEHTaJIbHBIE )KUBOTHBIE B TEUEHHE 2 HEJeNb OTY-
yan aHTHONOTUK « DHpoKcHD («KRKA», CioBeHus)
1 MOJIOYHY!O ChIBOPOTKY. KonnuectBo KOEc yuntsl-
BaJIM N0 YHCITY KOJIOHHI, 00pa30BaHHBIX B CEJIE3EHKAX
JIETaJbHO OOYUYEeHHBIX PELUIHUEHTOB Ha 14-e cyTKH
[IOCJIe BBEJEHUS MCCIEAYEMBIX KJIETOYHBIX CYCIEH-
3HH.

ConeprxaHue KpOBETBOPHBIX MPEAIIECTBEHHUKOB
rparynomoHonuTonod3a (KOE-I'M) in vitro onpene-
JISUTA TI0 KOJIMYECTBY KOJIOHHEOOPa3yIOIUX EAMHUI]
(KOE) n xmacrepoobpasytomux enuant (KiOE) B
MOy XHUIKOM arape. KieTku KyJasTHBHPOBaId B KOH-
nentpauun 1x10° xi/min npu temneparype 37°C B
armochepe 5% CO, u 95%-1 BIaKXHOCTH BO3TyXa
[12]. B HaTHBHOM MaTepuae ux UACHTUPUIUPOBAIN
Ha 7-€ CyTKU KyJIbTUBHUPOBaHUS, B KDHOKOHCEPBUPO-
BaHHOM — Ha 14-e CyTKH, IOCKOJBKY mpoiudepa-
tuBHasA akTuBHOCTH KOE-I'M Oblita BpeMEHHO WHTH-
OupoBaHa IoJ AeHCTBIEM KPHOKOHCEPBHPOBaHUS [8].
Komnmuecto arperaros, chopmupoBanabix KOE-I'M,
[TOJICYNTHIBAIIN TIO/T HHBEPTUPOBAHHBIM MUKPOCKOIIOM
(%40). HUnarerpansuerii mokazarens KOE-I'M mpen-
CTaBIsUT c000il CyMMy KJIacTepOB, COAEPKAIIUX 0
20 K11eToK, ¥ KooHui — 6onee 20 kireTok. s oreHKH
0COOEHHOCTEH pacpeeNieHns! KpOBETBOPHBIX KIETOK
pa3nu4YHOM cTerneHu qudepeHInpPOBKH ObLT BBEIICH
unaekc nponudpepatuBHoir aktuBHoctu (MITA) —
ornomenne KOE k KnOE.
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voltage 220 kV, current intensity 10 mA, filters 1 mm
Cu + 1 mm Al; focal dorsal length 50 cm. Mice were
irradiated in the box made of organic glass with sepa-
rate wells for each rodent. Experimental animals
received Enroxil (KRKA, Slovenia) and whey during
2 weeks after irradiation. Number of sCFUs was calcu-
lated by the number of colonies formed in spleens of
lethally irradiated recipients on the 14" day after
administration of the studied cell suspensions.

Content of hematopoietic progenitors of granulomo-
nocytopoiesis (CFU-GM) was determined in vitro by
the number of colony-forming units (CFU) and cluster-
forming units (CIFU) in semisolid agar. Cells were cul-
tured in the concentration of 1x10° cells/ml at 37°C in
the atmosphere with 5% CO, and 95% air humidity
[28]. In native material they were identified to the 7"
day of culture, and to the 14" day in cryopreserved one
since the proliferative activity of CFU-GM was tempo-
rarily inhibited under effect of cryopreservation [3].
Number of aggregates formed by CFU-GM was coun-
ted with inverted microscope (*40). Integral index of
CFU-GM was the sum of clusters containing up to 20
cells and colonies — more than 20 cells. To assess the
peculiarities of distribution of hematopoietic cells of
various differentiation degrees we used the proliferative
activity index (PAI) which is the ratio of CFU to CIFU.

The obtained data were statistically processed by
Student’s t-test using Excel (MS, USA). The data are
presented as mean + standard error. The differences
were considered significant at p < 0.05.

Results and discussion

The results of assessing survival and quantitative
content of nucleated cells in FL and adult BM after
cryopreservation under different regimens are presen-
ted in Fig. 1. Significant differences of the studied
indices were obvious when using the same cryopreser-
vation regimens for FL and BM. Maximum indices of
survival and number of nucleated cells were obtained
under R3 for FL cells and R2 for BM (Fig. 1).

Key element in formation and providing the functio-
nal status of hematopoietic system is the population of
HSCs capable to intensive proliferation and differen-
tiation. The most known phenotype marker of HSCs
is membrane structure, CD34-sialomucin, its function
consists in interaction of earlier hematopoiesis proge-
nitors with BM stroma involving L-selectin adhesion
molecule. During committing of hematopoietic proge-
nitors the level of CD34 antigen expression decreases
with the simultaneous increase of differentiation antigen
CD38 expression [21]. So, CD34'CD38" cells tend to
be highly potent HSCs while subpopulation of CD34"*
CD38 is represented by progenitors with restricted
differentiation potential.

Our results indicate a different character of change
in the content of CD34"CD38" cells in BM and FL
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[lonyuyeHHbIe JaHHBIE CTATUCTHYECKH 0OpaldaThI-
Banu 1o Metrony CTbIofieHTa C IPUMEHEHUEM KOM-
nerotepHoil mporpammel «Excel» («MSy, CIIA).
JlaHHble IpUBEACHHl B BUJIE CPEAHEr0 3HAYCHUS +
CTaHJAPTHOE OTKJIOHECHWE. Pa3zinuuus cuuTaiu cra-
THCTUYECKH 3HAYNMBIMU Tipu p < 0,05.

Pe3yabTarsl 1 00cy:KaAeHHE

PesynbraThl OlIeHKH COXPaHHOCTH M KOJHYECTBEH-
HOT0 coJiepKaHus aapocoaepxaiux kietok B OIT u
B3pocioM KM mnocne kprokoHCepBUPOBaHUS B pas3-
JUYHBIX peXUMax MpeacTaBieHsl Ha puc.l. OueBun-
HBI CYIIIECTBEHHBIE Pa3INyns UCCIEYyEMbIX MTOKa3a-
TeNel pHU UCTIOIb30BaHUM OJHUX U TEX K€ PEXKNMOB
KpuokoHcepupoBanus 1uid kiaeTok I u KM. Mak-
CHUMaJIbHBIE TT0KA3aTEIN COXPAHHOCTH M KOJIIMYECTBA
AAPOCOAEPKAMMUX KIETOK OBUIM MOJYyYEeHBI TPHU
ucrons3oBannu P3 gua xkneroxk @I u P2 — mst KM
(puc. 1).

KitroueBbIm anemeHTOM (opMHEpOBaHUA 1 0bectie-
yeHus! PyHKIMOHAIBHOTO CTAaTyCa FeMOIMO3THIECKOM
cuctemsl sBigercs nomynsanua CKK, cnoco6Has k
WHTEHCUBHOMW mpoudepanuu u nuddepeHImpoBke.
Haunbonee n3BecTHBIM (PEHOTUITHUECKUM MapKepOM
CKK sBnsiercst MemOpanHnas crpykrypa CD34-cuano-
MYIHH, GYHKIUS KOTOPOH 3aKII09aeTcsl BO B3aUMO-
JEHCTBUY paHHUX MPEAIIECTBEHHUKOB TeMOI1033a CO
ctpomoit KM nipu yyacTum MoOneKysnsl aare3uu L-ce-
nexkTuHa. [lo Mepe KOMMHUTHPOBAHUS T€MOIIOITH-
YECKUX TMPEAIIeCTBEHHUKOB YPOBEHb IKCIIPECCHHU
CD34-anTurena CHIKaeTCs ¢ OTHOBPEMEHHBIM yBe-
JIUYeHneM dKcpeccui aAudepeHITnpoBOYHOTO aHTH-
rera CD38 [25]. Takum 06pa3om, Ha pOJTb BBICOKOTIO-
teHTHBIX CKK npetennytor CD34"CD38 -kneTku, B
TO BpeMmsl Kak cyonomymauus kinetok CD34°CD38*
[IPEACTABJIEHA NMPEAIIECTBEHHUKAMU C OTpaHUYEH-
HBIM AU HepeHTUPOBOYHBIM OTECHLIUATIOM.

[TomyueHHBIE HAMH PE3YNBTaThl CBUIETEIBCTBYIOT
0 Pa3HOM XapaKTepe U3MEHEHHs COJEpKaHUs
CD34*CD38-xnerok B KM u ®II mocie KprokoHcep-
BupoBanus (puc. 2). Tak, ansa @Il cogepxanue
CD34*CD38-KkJ1eTOK 3HaYMMO yBEIMYHBAIOCH IO
CPaBHEHHIO C HATUBHBIM KOHTPOJIEM TOJBKO IIPH UC-
nosib3oBannu P3. Ilpu 3amopaxknBannn KM mo Bcem
peXuMaM YBEIWYMBAJIOCHh KOJWYECTBO KIETOK C
¢enorunom CD34°CD38", mpuyeM MaKCUMaJbHO —
pu P2. Kpome Toro, Ha npumepe ncnons3oBanus P2
BHUJHO, 4yTO cogep:kanue CD34*CD38-knetok B KM
MOBBIIIAJIOCH, B TO BpeMs Kak B PII — cHuxkanocs no
CPaBHEHHIO C COOTBETCTBYIOIIMM HAaTUBHBIM KOHTPO-
neM. Ymenbienue konndectsa CD34°CD38 -knetok
nociue KpuokoHcepsuposanus B @II npu ucnomns3o-
BaHWU P2, TO-BUAMMOMY, MOKHO OOBSICHUTH THOEITHIO
4acTH KJIETOK, dKcIpeccupytomux mapkep CD34
(rnbens obmeit momynsanuu kiaetok OII cocraBuia
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Puc. 1. CogepxaHue coxpaHHbIX U aapocodepKaLynx
kneTok B cycneHsusix ®l1 (A) n KM (B) nocne kprokoHcep-
BMPOBaHUs NO pasHbiM pexumam (R — pexum): O — konu-
4YecTBO coxpaHHbIx kneTok; [ — konuyecTtBo sapocoaep-
xawmx knetok; 3a 100% npuHAT nokasaTtenb HaTMBHOIO
Matepuana; * — pasnuyus 3HauyMMmbl MO OTHOLUEHUIO K
COOTBETCTBYIOLLEMY HAaTUBHOMY KOHTponto, p < 0,05.

Fig. 1. Content of survived and nucleated cells in suspen-
sions of FL (A) and BM (B) after cryopreservation according
different regimens (R): O — content of survived cells; O —
content of nucleated cells; the index of native material was
assumed as 100%; * — differences are significant in
relation to the respective native control, p < 0.05.

after cryopreservation (Fig. 2). In case of FL the
content of CD34*CD38" cells significantly enhanced
if compared with the native control only after using
R3. When freezing BM under all the regimens the num-
ber of cells with phenotype CD34*CD38" increased,
maximally after utilization of R2. In addition, R2 could
be example for the notion that the content of CD34"
CD38" cells in BM increased while in FL it lowered
as compared with the respective native control. Dec-
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Puc. 2. CogepxxaHme CD34*CD38-kneTok (ctonbubl) n ux CUP (no CD34-mapkepy, nuHusa) B ©I1 (A) n KM (B) nocrne
KPUOKOHCEPBUPOBaHUA MO pasHbiM pexumaMm; R — pexum; N — Hatme; 3a 100% NpUMHATO KONUYECTBO KOMOHWUMN,
dhopmmpyeMbix HAaTUBHBIMM kKneTkamu @M v KM; * #— paznuuns 3HaunMbl MO OTHOLLEHWIO K COOTBETCTBYIOLLLEMY HAaTUBHOMY
KoHTponto, p < 0,05.

Fig. 2. Content of CD34*CD38-cells (columns) and their MFI (by CD34 marker, line) in FL (A) and BM (B) after
cryopreservation under different regimens (R); N — native; number of colonies formed by native cells of FL and BM were

assumed as 100%; * *# — differences are significant in relation to the respective native control, p < 0.05.

31%). AnanoruyHble pe3ynbTaThl yMEHBIICHHS KOJIH-
yectBa CD34-kjeToK yke Ha 3Tare 3KBUIHOpanuu
¢ JIMCO u nocie KpHOKOHCEPBUPOBAHHSA IO BHIIIIEYKa-
3aHHOMY peXHMMY OBLITH Mmory4eHsl panee [28]. B pe-
3yJIbTare CPaBHUTEIHHON OIEHKH YyBCTBUTEIHHOCTH
K KpHOKOHCEepBHpOBaHuio cyonomyssinuit CD34*CD38*
u CD34*CD38" remonostndeckux kietok KM 0bu10
YCTaHOBJIEHO, YTO [TOCIIE KPHOKOHCEPBUPOBAHUS MO
zammToin 10% JAMCO konnuectBo CD34'CD38*-kie-
TOK ymeHbpmuiaoch Ha 11,8%, a CD34°CD38 —
3HAYUMO HE U3MEHUIOCH [26]. ABTOPHI caenany 3aK-
JIOUeHHUe, 4yTo 0oJee KPUOYCTOMUMBBIMU SBIISIOTCS
CD34"-xnetku, KoTophle He 3Kcmnpeccupyor CD38-
AHTHTEH, YTO CBUETEIHCTBYET O CIOCOOHOCTH MEHEe
KOMMHTHPOBAHHBIX KJIETOK-TIPEAIIECTBEHHUKOB K
BOCCTaHOBJIEHHIO BHYTPUKIIETOYHBIX MOBPEKIACHHA,
T. . CD34'CD38 -kneTkn Gojee TOJEpaHTHHI K
JeicTBri0 (PaKTOPOB KPHOKOHCEpBUpOBaHUs. DakT
MOBBIIIEHUST KOHIEHTPAIlMK AAHHBIX KJIETOK IOCIe
3amopakuBanus-ororpesa @I mo P3 u KM no P2 ve
MOXET OBITh OOBSICHEH IepepacnpeneseHueM UX
CyOIOIyISIIMOHHOTO COCTaBa 3a CUET rHOeNN KaKoii-
TO YacTH KJIETOK. IIpoueHT morudumx KIeTok mnocie
ucrnonb3oBaHus P1 (cM. puc. 1) U IpOIEHT KIETOK ¢
dhenotrmmom CD34°CD38 (cM. puc. 2) abCoIOTHO He-
conoctaBuMsl: it I u KM rubens cocrasmia 19
u 11,2% (conepxanmne CD34"CD38 -keTok yBeanau-
nock Ha 44 1 43% cooTtBeTcTBeHHO). OHO U3 TPUYNH
noBsiteHns koHueHTpanun CKK B cycnensusax @I u
KM nocne KpuOKOHCEpBUPOBAaHUS IO yKA3aHHBIM
pexxumMam MoxeT ObITh dKkcrnpeccus CD34-mapkepa
Ha KJIETKax, KOTOPbIE 10 KPpHOKOHCEPBUPOBAaHUS ObLIH

124

reased number of CD34"CD38§" cells after cryopreser-
vation of FL under R2 apparently can be explained by
death of the cells expressing CD34 marker (death of
total population of FL cells was 31%). Similar results
on decreased number of CD34" cells during equilib-
ration with DMSO and following cryopreservation
using the above mentioned regimen were described
pre-viously [25]. Comparative assessing the sensitivity
to cryopreservation of CD34*CD38" and CD34"CD38-
subpopulations of BM hematopoietic cells showed that
following cryopreservation under 10% DMSO protec-
tion the number of CD34"CD38" cells lowered by
11.8%, and that of CD34*CD38" cells did not signifi-
cantly change [22]. Authors came to the conclusion
that the most cryoresistant were the CD34" cells,
which did not express CD38 antigen, that testified the
ability of less committed progenitor cells to recover
the intracellular damages, i. e. CD34°CD38" cells were
more tolerant to the effect of cryopreservation factors.
The increased concentration of these cells after freeze-
thawing of FL under R3 and BM under R2 can not be
explained by redistribution of their subpopulation con-
tent due to the death of the part of the cells. Percentage
of dead cells after using R1 (see Fig. 1) and percentage
of cells with CD34*CD38" phenotype (see Fig. 2) are
incomparable because for FL and BM the death made
19 and 11.2% (the content of CD34*CD38" cells
increased by 44 and 43%, respectively). One of the
reasons for increase of HSC concentration in FL and
BM suspensions after cryopreservation under the
mentioned regimens may be the expression of CD34
marker in the cells which prior to cryopreservation were
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«HETAaTHBHBD) 1O HEMY, IPH 3TOM MHTEHCHBHOCTH
noJ00HBIX MOAW(UKAUNA ONMpenensyiack BHAOM
ouomatepuana. CTeneHb N3MEHEHHs yPOBHS 3KCIIpec-
cun MmeMOpanHbIX cTtpykTyp CKK B oTBeT Ha Kpuo-
BO3JIEHICTBHE MOXKET 3aBUCETH M OT BUA PEIENTOPOB.
Hanpumep, nocie kpuokonceppupoBanus KM
kommuectBo Thy-1,2%-knetox He mpessimano 15%
(ncxomHoe ux conepskanue npuHATO 32 100%), Torna
KaK B TIOITYJISIIIH CTBOJIOBBIX KJIETOK, CIOCOOHBIX (hop-
mupoBatb KOEc, — ae 6omnee 6% [33]. M3BecTHO, uTO
peuentop Thy-1,2 orBeuaer 3a xoymunr CKK, a ero
LIEJAMHT T0CJIe KPHOKOHCEPBUPOBAHUS MOXKET OBITH
npuyrHoi 6onee nozaHero paccenenns CKK B remo-
MOATUYECKOM IuTaniapme nocie Beenenus KM [18].
Ouenka coaepxanusi B KM ki1eTok, sKcrpeccupyo-
IMX penentop Mac-1, nokasana yMEHbIIEHHE UX KOJTH-
YecTBa MOCJE KPUOKOHCEPBUPOBaHUA [S]. AHamu3
9KCIPECCHUH PA3TMYHBIX MOJIeKy aare3nn Ha CD347-
KJIETKaX, BBIICTICHHBIX U3 Pa3IMYHBIX WCTOYHHUKOB,
TaKXe MPOAEMOHCTPHUPOBAJ 3HAYNMOE CHIKEHHE IKC-
npecun MoJeKyisl L-selectin xa CD34*-knerkax, mo-
JYYEHHBIX U3 TIepueprHIecKoil KpOBH, KOCTHOTO MO3Ta
1 KOpZIOBOH KpoBH B 1,6; 4,4 1 3,5 paza COOTBETCTBEHHO
[20]. Pa3Hast 4yBCTBUTENBHOCTb K KPUOKOHCEPBU-
POBaHMIO PELIENITOPOB, OTBEYAIOIINX 32 MEXKKIIETOU-
HBIE B3aUMOJICHCTBHS, SKCIIEPUMEHTAIILHO [TOKa3aHa
npu oneHke cocrosinua KOE-I'M knetok KM. Otu
KJIETKH yTPauyMBaJId UYyBCTBUTENBHOCTD K KOJIOHUECTH-
MYJIUpPYIOLIEH aKTMBHOCTH KOHJIWIIMOHHOM Cpenbl,
coxpaHss ee K ¢akTopaM (UIAEPHOTO CIOS TMOCTe
KpuoKoHcepBupoBanwus [ 10].

BaxHbIM KOMIIOHEHTOM aHaJN3a COCTOSHUS KIle-
TOK METOJIOM IIPOTOYHOH ITUTO(ITyOPUMETPUH SBIISIET-
Cs1 OLICHKA MHTEHCUBHOCTH (PITyOPECIIEHIINH TOTO UIIH
HMHOTO MapKepa ¢ ucnojib3oBanueM nokaszarens CUO,
KOTOpBI oTpakaeT (pyHKIMOHATBLHOE COCTOSHHE
HcciaeayeMbix KieTok [14]. YeranoBiaeHo, 4To mocie
kpuokoHcepupoBanust OIT u KM no BceM pexxnmam
CH® mapkepa CD34 cyniecTBEHHO NMPEBBINIANa ypo-
BEHb HATHUBHOTO KOHTpoJs. HeoOxonnMo OTMETHTS,
yto m3MmeHernst CU® n xomnuectsa CD347CD38 -
KJIETOK OBUTH CXOAHBI. MaKCHUMaJbHOE YBEITUYCHHE
CH® no cpaBHEHHIO C HATUBHBIM KOHTPOJIEM HaOIIO-
nanu Takxke mpu 3amopaxkuBanuy OI1 mo P3 u KM o
P2. Takum o6pazom, ucxoas u3 nokazarenst CUD,
KPHOKOHCEPBUPOBAHNE OKa3bIBalO CYIECTBEHHOE
BIMSHUE KaK Ha KoiauuecTBO kjeTok ®II u KM c
¢denotunom CD34"CD38", Tak 1 Ha UX QYHKIUOHAIIb-
HYI0 aKTUBHOCTb.

W3BecTHO, UTO TEpaneBTUUECKUI MOTEHIIUA TEMO-
MO3THUYECKOHM TKaHU omnpeaensieTcs (pyHKIMOHAIbHOM
aKTHBHOCTHIO conepskamuxcsi B Heit CKK, kotopyto
OTIPEAETISIOT METOAAMH KOJIOHUEO0Pa30BaHuUs in Vivo
" in vitro. OIHAM U3 METOIOB SIBIISETCS OLIEHKA CIIO-
cobnoctu CKK ¢opmupoBars kononuu in vivo B cene-
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negative according to it, moreover intensity of these
modifications was determined by the type of biological
specimen. The extent of changes in expression level
of HSC membrane structures in response to cryoexpo-
sure could also depend on the type of receptors. For
example, following cryopreservation of BM the number
of Thy-1,2" cells did not exceed 15% (their initial
content was defined as 100%) whereas in population
of stem cells able to form CFUs it was not more than
6% [31]. It is known that Thy-1,2 receptor is respon-
sible for HSCs homing, and its shedding after cryopre-
servation can be the cause for delayed population of
HSCs in hematopoietic environment after BM cells
introduction [5]. Assessing the content of cells in BM
which expressed receptor Mac-1 showed a decreased
number of these following cryopreservation [11]. Ana-
lysis of expression of different adhesion molecules in
CD34" cells isolated from various sources demons-
trated a significant lowering in L-selectin expression
in CD34" cells derived from peripheral blood, bone
marrow and cord blood: 1.6; 4.4 and 3.5 times, respec-
tively [14]. Different sensitivity to cryopreservation of
receptors responsible for cell-cell interactions was
experimentally shown when assessing the state of
CFU-GM in BM cells. These cells lost their sensitivity
to colony-stimulating activity of conditioned medium,
but preserved the response to the factors of feeder
layer after cryopreservation [18].

An essential component in flow cytometry analysis
of a cell state is the assessment of fluorescence inten-
sity of various markers using MFI value which reflects
functional state of the studied cells [10]. We have found
that after cryopreservation of FL and BM under all
the regimens MFI of CD34 marker significantly excee-
ded the level of native control. It should be noted that
changes of MFI and number of CD34*CD38" cells
were similar. Maximum increase of MFI compared
with the native control was also observed following
freezing of FL under R3 and BM under R2. Therefore,
proceeding from the data of MFI index, the cryopreser-
vation significantly influenced the number of FL and
BM cells with phenotype CD34*CD38" as well as their
functional activity.

It is known that a therapeutic potential of hemato-
poietic tissue is determined by functional activity of
HSCs contained in it, which could be determined by
colony formation in vitro and in vivo. One of the me-
thods is the assessment of HSC ability to form colonies
in vivo in spleen (CFUs) of lethally irradiated recipients
[31]. Using this method we have established that cryo-
preservation according all the regimens caused the
decrease of CFUs in fetal liver and bone marrow if
compared with the native material (Fig. 3). Maximum
survival of CFUs in FL. and BM was provided by diffe-
rent cryopreservation regimens: R3 for FL and R2 for
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Puc. 3. CogepxaHue KOEc B @I1 (A) n1 KM (B) nocne KpuoKOHCepBUPOBaHUS Mo pasHbiM pexumaMm; R — pexum; 3a
100% nNpuMHATO KONMYECTBO KONMOHWIN, hopMupyembix HaTuBHbIMKM KOEC @I n KM; * — pasnuyms 3HauMbl NO OTHOLLEHWIO

K COOTBETCTBYIOLLEMY HAaTUBHOMY KOHTpornto, p < 0,05.

Fig. 3. Content of CFUs in FL (A) and BM (B) after cryopreservation under different regimens (R); number of colonies
formed by native sCFU of FL and BM were assumed as 100%; * — differences are significant in relation to the respective

native control, p < 0.05.

3erke (KOEc) neranpHO 00Iy4eHHBIX pEIUITHEHTOB
[33]. Ucnionw3yst maHHBIH METO, OBLIO YCTAaHOBJICHO,
YTO KPHOKOHCEPBUPOBAHNE BO BCEX PEKMUMaxX BbI3bI-
Bayo carmkenne KOEc deransHoM ieueHN 1 KOCTHOTO
MO3Ta MO CPaBHEHUIO C HATUBHBIM MaTepHaIOM
(puc. 3). Makcumanbhyto coxpannocts KOEc B @I
u KM obecneunBany pa3Hble pe:KUMbI KpHOKOHCEPBU-
posanus: P3 ans OI1 u P2 s KM. Heobxoaumo or-
METHTB, YTO KoJIoHHeoOpa3ytomas aktuBHOCTE CKK
in vivo Tocyie KpUOKOHCEPBUPOBAHUS HE BCETIA COOT-
BeTcTBOBaIA coAepkannto CD34"CD38 -kireTok Kak
B @I, rak u B KM (cm. puc. 2). M3BectHo, uTo ¢ 12-x
o 16-e cytku recranuu PII sBnseTCSI OCHOBHBIM Op-
raHOM I'eéMOII033a, B KOTOPOM IIPOUCXOST SKCIIAHCHS
u nuddepeHIupoBKa reMOIO3THIECKUX KIeTOK [17].
B sToT nepuoza B neueHu cogepikuTes OOIBIIOE KOJIU-
yectBo long-term (LT-HSC) u short-term hematopoie-
tic stem cells (ST-HSC), akTHBHOCTH KOTOPBIX KOHTPO-
JAUpyeTCs KIETOUHBIM pakropoM CTHia, rpaHyIoLu-
TapHO-MaKpoQaraibHbIM KOJOHUECTHMYIUPYIOLIHIM
(aKTOpOM M MHTEPIEKHMHOM-3, NEHCTBYIOIIMMH B
cu"eprusme [32, 35]. Beicokuil permnKkaTUBHBIH T0-
TEHIIUAJ dTUX KJIETOK, CHOCOOHOCTH u( dHepeHITUPO-
BaTbCA B Pa3IMYHBIE POCTKH KPOBETBOPEHHUS, 3aIIIH-
IaTh OT TUOETH JIETAIEHO 00TyYEHHBIX PEIUITIEHTOB
MIOJITBEPKIACHBI pe3yIbTaTaMi MHOTHX paboT [23, 27,
31, 35]. Tem He MeHee, Taxe TPU OJUHAKOBOW KOH-
uerTpanuu CD34°CD38 -knetok B HaTuBHBIX DII
((0,35+0,02)%) u KM ((0,30 £ 0,04)%), xomonueoodpa-
sytommid noreHnman OI1 661 cymecTBenHo Hike KM
(4,31+0,57u 16,7+ 1,34 coorBeTcTBeHHO). CliemoBa-
TEIbHO, MUKPOOKPY>KCHHE CEJIE3CHKH HE ABISAETCA
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BM (see Fig. 2). It is known that during 12—16" days
of gestation FL is a main organ of hematopoiesis
wherein expansion and differentiation of hematopoietic
cells occur [4]. In this period liver contains a great
number of long-term (LT-HSCs) and short-term hema-
topoietic cells (ST-HSCs), the activity of which is cont-
rolled by Steel factor, granulocyte-macrophage colony-
stimulating factor and interleukin-3 functioning in syner-
gism [30, 34]. High replicative potential of these cells,
ability to differentiate into various hematopoietic linea-
ges, prevent the death of lethally irradiated recipients
are confirmed by numerous studies [19, 23, 29, 34].
Nevertheless, even with the same concentration of
CD34" CD38 cells in native FL ((0.35 £0.02)%) and
BM ((0.30 £+ 0.04)%) the colony-forming potential of
FL was significantly lower than that of BM (4.31 £ 0.57
and 16.7 = 1.34, respectively). Therefore microenviron-
ment of spleen is not an ‘optimal’ site to reveal func-
tional activity of FL HSCs. Apparently subpopulation
of BM cells forming colonies in spleen of lethally irra-
diated recipients is less potent than the one of FL cells.

In general terms, the HSCs with a potential to form
colonies in vitro are more advanced in differentiation
than CFUs [23]. The results of evaluation of their
colony-forming activity after cryopreservation are pre-
sented in Fig. 4. Firstly, like for CFUs under all the
cryopreservation regimens the CFU-GM content was
lower than in native material. Secondly, peculiarities
of changes in content of these hematopoietic functional
units in FL and BM after utilization of certain regimen
were the same as for CFUs. Maximum survival of
fetal liver CFU-GM was provided by R3 as well.
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«ONTHMAJBHBIM» CAUTOM IS TPOSIBICHUS (QYHKIINO-
HanpHOU akTuBHOCTH CKK ¢deranpnoil medyenu.
BepostHo, uto cyOnomymsiuus kierok KM, gpopmu-
PYIOIIMX KOJIOHUH B CEJIC3EHKE JIETATbHO OOITyYEeHHBIX
pELMIIUEHTOB, SIBJISIETCS MEHEE NOTEHTHOH, ueM DII.

B o6mem, CKK ¢ norenmmanom GpopMupoBaHus
KOJIOHUHW B CHCTEME in vitro SBISIOTCS OoJiee mpofl-
BUHYTHIMU B nuddepenunposke, yem KOEc [27].
PesynbraTel aTTecTanuu uX KOJOHHUEOOpasyromen
AKTUBHOCTH IOCIIE KPHOKOHCEPBUPOBAHHUS IPE/ICTAB-
neHsl Ha puc. 4. Bo-nepBrix, kak u 111 KOEc, npu
BCEX PEXMMax KPHUOKOHCEPBHUPOBAHUS COAEPIKAHHE
KOE-I'M 65110 HIKE, 4eM Y HATUBHOTO MaTepHala.
Bo-BTOpBIX, 0COOEHHOCTH H3MEHEHUS 3TUX (QYHKIIHO-
HaJIBHBIX eAUHUI reMomnoa33a B GI1 u KM npu koHkpeT-
HOM pexume Obuiu Takue ke, kak u ansa KOEc.
MaxkcumansHayto coxpanHocTb KOE-I'M ¢eransHON
neyeHn odecrieunBan Taxoke P3. UntepecHo, uro mpu
3THUX YCIOBHUAX JOCTOBEPHO yBeIMUnBaics B 1,2 pasa
HITA 1o cpaBHEHUIO C KOHTPOJIEM, UTO CBUJIETEIBCT-
ByET O IepepacupeneleHny MPeaIeCTBEHHUKOB B
cropony 6osee moteHTHRIX KOE.

XapakTep U3MEHEeHHsI CyOTOMYIISIIHOHHOTO COCTaBa
KOE-I'M B KM u cootBercTBeHHO UIIA nmen onpe-
JIEJIEHHBIE OTJIMYUSA M0 cpaBHEHUIO ¢ knetkamu PII.
Taxk, npu kpuokoHcepBupoBannu KM Gonee nmpezamnoy-
TUTEIBHBIMU JJ151 KOJIOHHEOOPa3yoIero moTeHuaia
KOE-I'M Obutu P2 u P4, xots nociienHuii He odec-
MeYnBall COUTAHCUPOBAHHOTO CYOTOIYIISIITHOHHOTO
cocraBa (KOE u KnOE). Cnexyer oTMETUTB, 9TO
KoJloHneoo6pasyromas aktuBHOCTH KOE-I'M derans-
HOH II€YEHH WY KOCTHOIO MO3I'a, KPHOKOHCEPBUPOBAH-
HBIX B OIPEICICHHOM PEXUME, TAKXKE COBIAJalIa C
xapaktepoM u3MeHeHus KOEc.

Heonnokparao ormeuanoch, uto CKK derans-
HBIX TKaHEH UMEIOT Psi/i CYIIECTBEHHBIX Pa3Inyuil o
CPaBHEHHIO C TAKUMHU K€ KJIETKaMH B3pOCJIOr0 opra-
Hu3Ma. Hanpumep, kononneoOpasyromnast akTiBHOCTb
CKK ¢eransnoro KM u kopoBOii KpOBH MPEBbIILIANA
TakoByI0 B3pocioro KM u mepudeprnyaeckoit KpoBu
[21]. B nccnenoBaamsx Y.Y. Ng U COaBT. ITOKa3aHBI
dbynkmmonanpabie oTmyus CD34"-kimetok KM u
KOPAOBOI KPOBHU B CHUCTEMaX in Vvitro u in vivo [24].
YcranosneHo, uro CD34*-xi1eTku KOpAOBOH KpOBU
o0Jamany JydIiel u JOIToCPOYHOHN MPHKUBIISIEMOC-
TBIO B OpraHu3Me penunuenta. Kpome toro, BbIAB-
JIEHBI JOCTOBEPHBIE Pa3IMUUsA YPOBHEH HKCIPECCUU
KIIIOYEBBIX TPAHCKPUIILIMOHHBIX ()aKTOPOB, TEHOB, UT-
paroIuX BayKHYIO POJIb B MPOLIECCAaX aATe3UH/MHUTIPa-
Ly, Tposrdepani, AudhepeHIPOBKH, alONTO3a Kile-
Tok KM, KOpI0BO#1 KPOBH 1 T€HOB, aCCOLIMUPOBAHHBIX
C KIICTOYHBIM IUKJIOM [24].

IIpoBeneHHBII HaMHU CPAaBHUTEJIBHBINA aHAIIU3
CTPYKTypHO-GyHKIIMOHANIbHOTO ToTeHnana CKK
(eTanbHOM TMEYEeHH W B3POCIOr0 KOCTHOTO MO3ra
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Puc. 4. Copepxanne KOE-I'M (cTon6ubl) u uHaekc nponu-
depaTtusHon aktnsHoctu (UMA, nuHus) B @I (A) u KM (B)
nocrie KPUOKOHCEPBUPOBAHUA MO pasHbiM pexumam; R —
pexuMm; N —HaTuB; 3a 100% NPUHATO KONMYECTBO KOMOHWIA,
dopmupyembix HaTuBHbIMU KOE-TM &M n KM; * # — pas-
NINYMSA 3HAYUMbI MO OTHOLLEHMIO K COOTBETCTBYHOLLEMY Ha-
TUBHOMY KOHTponto, p < 0,05.

Fig. 4. Content of CFU-GM (columns) and proliferative
activity index (PAI, line) in FL (A) and BM (B) after cryopreser-
vation under different regimens; number of colonies
formed by native CFU-GM of FL and BM were assumed as
100%; * # — differences are significant in relation to the
respective native control, p < 0.05

Interestingly, that PAl increased 1.2 times under these
conditions if compared with the control, indicating the
redistribution of progenitors in favour of more potent
CFUs.

Peculiarities of changes in CFU-GM subpopulation
content in BM and subsequently PAI had certain
differences if compared to FL cells. In particular, during
cryopreservation of BM the more preferable for
preserving the colony-forming potential of CFU-GM
were R2 and R4, although the latter did not provide
balanced subpopulation content (CFU and CIFU). It is
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[OKa3aJl He TOJBKO Pa3JIn4ys X UCXOIHBIX Ka9eCTBEH-
HO-KOJIMYECTBEHHBIX XapaKTEPUCTUK, HO M pa3HbIN
OTBET Ha AeHCTBHE (AKTOPOB KPUOKOHCEPBUPOBAHHUSL.
[IpyHIMIHATBEHO BaXHO, YTO UCIOIB30BaHUE TAKOTO
METOANYECKOTO IMOIX0/1a, KaK KPHOKOHCEPBHUPOBAHHE,
II03BOJIMJIO NMOATBEPANUTH npucyrcTBue B @I u KM
cyononymsinuit CKK pasnoii crenenn auddepen-
LMPOBKH, 00JIaJalONINX Pa3HOW KPHOYYBCTBUTENb-
HOCTBIO.

W3 nonyuennsix gannbix cineayet, ato CKK, dhop-
mupytomue kononuu in vivo (KOEc) u in vitro (KOE-
I'M), HaxoasTCsl B OJHOM 30HE KPHOJIA0MIIEHOCTH, HO
[0-Pa3HOMY «OTBEYAIOT» Ha KaXJbIH M3 YEThIpex
PEXUMOB KpHOKOHCEpBHpOBaHUs. MI3BeCTHO, UTO MOC-
Jie KPUOKOHCEPBUPOBAHHUS COCTOSTHHE KIIETOK, OIICHEH-
HOe N0 (peHOTHHNMYECKHM IpU3HAKaM HE BCeraa
COBITazaeT ¢ WX (PYHKIMOHATBLHBEIM cTaTycoM [18].
CrnemyeT OTMETUTH, YTO XapaKTep U3MEHEHHS KOJO-
HHEOo0pa3yole aKTUBHOCTH KJIETOK CTBOJIOBOTO
KOMITApTMEHTa Pa3HOTO YpOBHS nuddepeHITnpoBKku
(puc. 3, 4) B ®I1 u KM He coBnaznai ¢ conepkaHuemMm
CD34*CD38-knerok (cMm. puc. 2). Ilocne kprokoH-
cepsupoBanus B P3 xonuentpauuss CD34°CD38 -
ketok OI1 u ux CUD yBennunsammcs (cM. puc. 2, A),
a conepxkanue B Heil KOEc u KOE-I'M cHuxkanoch
10 CPAaBHEHHUIO C HATUBHBIM MaTepHaioM. Mcnomnb3o-
BaHue P2 mpuBOAMIO K CHHKEHMIO KaK KOJIMYECTBA
CD34"CD38 -KkJIeToK, TaKk U KOJIOHHEeOOPa3yoIero
norennuana OII. HecMoTps Ha MOBBIILIEHHOE COJIEp-
xanue CD34°CD38 -knetok (cm. puc. 2, B), 8 KM
[IOCJIe 3aMOPaKMBaHUS BO BCEX PEKMMaX YMEHbIIIa-
nochk cogepxanre KOEc u KOE-I'M mno cpaBHEeHHIO
C HaTHUBHBIM KOHTpojeM (cM. puc. 3, 4). Bmecte ¢
TeM Ha ()OHE HEKOTOPOTO YMEHBIICHHS KOJIMYECTBA
sIIpocoAepKauUX KieTok B cycneHzuax @Il u KM
P2 u P3 cnocoOcTBOBaNM CeleKTUBHOMY HX obora-
menuto kiaetkamu ¢ penotunom CKK (cMm. puc. 2) u
o0ecreyrBany JOCTaTOYHOE COXpaHeHHE (YHKIHO-
HannbHO akTUBHBIX KOEcC 1 KOE-I'M, 0TBETCTBEHHBIX
3a pean3aIrio TepareBTHYeCKOro MOTEHIINAa HCCile-
IyeMOro maTepuara.

[Tocne BrIXO/a U3 COCTOSTHUS TITYOOKOTO XOJIOJ0-
BOTO aHa0M03a B KPOBETBOPHBIX MPEAIIECTBEHHUKAX
Pa3BUBAIOTCS HeJleTATbHBIE TOBPEXKICHHSI, BHI3BIBAIO-
e BpeMEHHOE HHTMOMpOBaHKE MX (PYHKIIMOHATIBHOTO
noteHuana 8, 18]. IlonydeHHbIE JaHHBIE O KPUOUYB-
CTBUTEIILHOCTH COMAaTHYECKUX TKaHeCTIe(PUIecKnx
CTBOJIOBBIX KJIETOK CBUIETEIBCTBYIOT O TOM, UTO B
HX HEPAPXUUECKOM JIECTHUIIE CYIIECTBYIOT IPEILIECT-
BEHHHKH, OTJIINYAIOLIHECS YPOBHEM AU PepEeHIUPOBKH
1 (pyHKIHOHAIBHBIM CTaTYCOM, YTO MOXET OIpere-
JIATH Pa3HBIA «OTBET» CTBOJIOBBIX KJIETOK Ha (PU3HUKO-
XUMHUIecKre (pakTopbl KpHOKOHCepBrpoBanus. Hampu-
Mep, B pabore E.A. Ilopoxkan u coaBT. mpoBeaeHa
OLleHKa (PEHOTUMMYECKUX XapaKTEPUCTHK (eTaIbHBIX
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worth to note that colony-forming activity of fetal liver
or bone marrow CFU-GM cryopreserved under
certain regimen was also consistent with the peculia-
rities of CFUs content changes.

Fetal tissue HSCs were repeatedly mentioned to
have some significant changes as compared to the
same cells of adult organism. For example, colony-
forming activity of fetal BM and cord blood HSCs
exceeded the one of adult BM and peripheral blood
[15]. Studies of Ng Y.Y. et al. showed functional
differences of BM and cord blood CD34" cells in vitro
and in vivo [20]. It was established that CD34" cells
of cord blood had better and long-lasting grafting in
the recipient’s organism. In addition, a significant
differences were revealed in expression level of trans-
cription factors and genes that participate significantly
in adhesion/migration, proliferation, differentiation,
apoptosis of cells of BM, cord blood and genes asso-
ciated with a cell cycle [19].

The performed by us comparative analysis of
structural and functional potential of fetal liver and adult
bone marrow HSCs showed the differences of their
initial qualitative and quantitative characteristics as well
as various response to the effect of cryopreservation
factors. It is crucial that the use of such a methodical
approach as cryopreservation enabled confirming the
presence in FL and BM of HSC populations of various
differentiation levels and possessing different cryosen-
sitivity.

The data obtained show that HSCs forming colonies
in vivo (CFUs) and in vitro (CFU-GM) are in the
same zone of cryolability, but ‘response’ in a different
way to the each of the four cryopreservation regimens.
It is known that following cryopreservation the cell
state assessed by phenotypic characteristics is not
always consistent with their functional status [5]. It
should be noted that the way of changing of colony-
forming activity in stem cells of various differentiation
level (Fig. 3,4) in FL and BM did not coincide with the
content of CD34'CD38" cells (see Fig. 2). After
cryopreservation according R3 the concentration of
CD34'CD38 and MFI of FL cells increased (Fig. 2A),
and the content of CFUs and CFU-GM in it decreased
as compared with the native specimens. Using R2
reduced both the number of CD34"CD38" cells and
colony-forming potential of FL. Despite of an enhanced
content of CD34°CD38" cells (Fig. 2B) in BM after
freezing according all the regimens the content of CFUs
and CFU-GM decreased as compared with the native
control (Fig. 3, 4). Nevertheless, on the background of
a slight decrease of nucleated cells content in sus-
pensions of FL and BM, the utilization of R2 and R3
contributed to their selective enrichment with cells of
HSCs phenotype (Fig. 2) and provided sufficient
preservation of functionally active CFUs and CFU-GM
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HEpBHBIX KJIETOK 11 CyTOK recramuu M yCTaHOBIICH
(bakT GoJBIIIEH KPUOCTAOMIIBHOCTH KJIETOK C (heHOTH-
oM CD133" 1 nestin®, KOTOpbIE SIBASIOTCSI HAUMEHEE
muddepenurpoBanHoil nomymsnueit [11]. A. Rubin-
shtein u F. Trobaug Oonee 30 neT Ha3aa mokasain,
YTO TIOCJIE 3aMOPAXHBAHUSA-OTOTPEBA CyCIIEH3US MHUE-
nokapuonutoB «oboramaercs» CKK, uto o0ycios-
JIeHo Tu0ebIo, B IEPBYIO ouepeab, kietok KM, Haxo-
JAIIUXCS HAa TEPMHUHANBHOU cTaguu auddepeHim-
poBku [30]. Ha Mozenn ageHOKapUUHOMBI Dpiuxa
OBLTO MPOJEMOHCTPUPOBAHO, YTO CTBOJIOBBIE PAKOBBIE
KJIETKH MO3[JHUX CTAIHi pa3BUTHA 00Jiee KpUOUyBCT-
BHUTEJBHBI [0 CPAaBHEHHUIO C HATUBHBIMH 00pa3IaMu,
a TaKk)Ke KPMOKOHCEPBHPOBAHHBIMH KJIETKaMH Ooiee
paHHUX CpoKOB rectanui [7]. IlonydeHHsie HamMu pe-
3yJBTaThl CBUIETEILCTBYIOT O BO3MOXKHOCTH UCTIOJb-
30BaHUsl KPUOKOHCEPBUPOBAHMS HE TOJNBKO KaK Me-
TOJIa TOJITOCPOYHOTO XpaHEHHUT OM000BEKTA, HO U KaK
yIpaBJIeHUs ero BHYTPEHHUM cOCTOsIHHEM (intrinsic
state).

BoiBoabI

[IponemMoHncTprpoBaHa pa3Has KpHOYCTONYMBOCTh
CKK ¢eranpHOii meueHn 1 B3pociioro KOCTHOTO MO3ra
B 3aBUMOCTH OT pexnmMa 3amopakuBanus. Cormocras-
nenne pyHkumnonadpHbIX mapameTpoB (KOEc n KOE-
I'M) u penorunmueckux mapkepon (CD34 u CD38)
[OKa3aJio, 4YTO «ONTUMAIIbHBIMY PEKUMOM IS KJIETOK
®II ssnsercs P3, a nms KM — P2. YcTaHOBIIEHO, 9TO
[IpH BapbUPOBAHNHU yCIOBUH KPHOKOHCEPBUPOBAHUS
MOYKHO U3MEHATH QyHKIMOHaNbHBIN noTeHnuan CKK
13 pa3HbIX HCTOUHUKOB.

[IpoBeneHHbIE HICCIEAOBAHNS SIBISIOTCS aKTyallb-
HBIMH KaK B T€OPETHYECKOM, TaK M MPHUKIATHOM
acleKkTax ¢ TOYKH 3pEHHUs ONTHUMHU3AIUN METOJ0B
KPUOKOHCEPBUPOBAaHMS U TOBBIIICHUS TEpPaNeBTH-
yeckoro norexnuana CKK.
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responsible for implementing the therapeutic potential
of the studied material.

After leaving the deep cold hibernation the hema-
topoietic progenitors had non-lethal damages causing
temporary inhibition of their functional potential are
developed [3, 5]. The findings about cryosensitivity of
somatic tissue-specific stem cells attested that their
hierarchy system included the progenitors varying by
differentiation level and functional status that might
determine a different ‘response’ of stem cells to physi-
cal and chemical factors of cryopreservation. For
example, the study of Porozhan et al. reported the
assessment of phenotypic characteristics of fetal neural
cells of 11 gestation days and the fact of higher
cryostability of the cell with CD133" and nestin”
phenotype being the least differentiated population [24].
Rubinstein and Trobaug showed more than 30 years
ago that following freeze-thawing the suspension of
myelocariocytes was ‘enriched’ with HSCs that was
caused by death, primarily of BM cells, being at the
terminal stage of differentiation [27]. Using the model
of Ehrlich’s carcinoma it was demonstrated that
cancer stem cells of late development stages were
more cryosensitive as compared to the native samples
and cryopreserved cells of earlier gestation terms [13].
The obtained by us results testify to the possible use
of cryopreservation not only as method for long-term
storage of biological object, but also for controlling its
intrinsic state.

Conclusions

Different cryosensitivity of fetal liver and adult bone
marrow HSCs depending on the freezing regimen was
demonstrated. Comparison of functional parameters
(CFUs and CFU-GM) and phenotype markers (CD34
and CD38) showed that R3 was an ‘optimal’ regimen
for FL cells, and R2 did for BM. We have found that
varying cryopreservation conditions could change func-
tional potential of HSCs derived from different sour-
ces.

The conducted experiments are relevant both
theoretically and practically due to the need of optimi-
zation of cryopreservation methods and improvement
of HSC therapeutic potential.
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