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BnuaHMe KpMoKoHCepBMpPOBaHUSA NO ABYX3TarnHOM nporpamme
B pacTBOpe BbICOKOMONEKYINAPHOro AeKcTpaHa Ha
uutomopdonornyeckme u (hpyHKUMOHarbHble CBOMCTBA
KNeTOK KOpAOBOW KpPOBU YenoBekKa
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Effect of Cryopreservation According Two-Stage Program
in High-Molecular Dextran Solutions on Cytomorphological and
Functional Properties of Human Cord Blood Cells

Pecpepat. KoppoBas kpoBb yernoBeka (KKY) sBnsieTcss npuaHaHHbIM MCTOYHMKOM CTBOJSIOBBIX KIIETOK M BMOMOrMYeckn akTUBHbIX
BelecTB. [InutenbHoe xpaHeHue 3TOro yHukanbHoro 6vomartepuana BO3MOXHO B YCNOBUSIX HU3KOTeMnepaTypHoro 6aHka. B
naHHon paboTe mMccnegoBanu BNUSHWE KPUOKOHCEPBUPOBAHUA MO OBYX3TanHOW MporpamMe 3aMopaxuBaHUs Ha LUTOMOp-
donornyeckne n yHKUMOHamNbHblE XapakTepucTuku krneTtok nevikokoHueHTpaTa KKY (JIKKY). MokasaHo, 4To mocre KpuvoKoHcep-
BUPOBaHMA MOA 3aLUNTON BbICOKOMOSEKYNAPHOrO AeKCTpaHa NMPOUCXOAMT rnepepacnpegenieHne B knetodyHom coctaBe JIKKY 3a
CYET CHUXKEHNS CoAepXXaHUS rpaHynoLnTOB, YBENUYEHUS KonnyecTBa HeanddepeHUMPOBaHHbIX KNEeTOK U Makpodaros. [JocTaTouHO
BbICOKYI0 YCTOWYMBOCTb K BO34ENCTBUIO (DAKTOPOB KPMOKOHCEPBUPOBAHUSI UMENW CTBOMOBbIE U PaHHWE KIETKU-NPeLLIeCTBEHHUKN.
OTmevanu cHuwxeHve oblien GakTepuunaHon aktuBHocTh kreTok JIKKY u noBbilweHne darountapHon akTMBHOCTU Makpodaros.

KnroyeBble cnoBa: KOpAoBasi KpOBb YernoBeka, SAPOCOAEepKallme KMeTKn, KPMOKOHCEPBUPOBaHNE, BbICOKOMOMNEKYNAPHbIN
OeKCTpaH, AByXaTanHoe 3amopaxwuBaHue.

Pedpepat. Kopgosa kpoB noguHu (KKJ1) € BU3HaHUM mxepenoM cToBOYpPOBMX KNITUH i BIONOriYHO akTMBHMX peyvyoBMH. Tpuane
36epiraHHsa LbOro yHikanbHoro biomartepiana MOXNUBO B yMOBax Hu3bKoTemnepaTypHoro 6aHky. Y paHin poboTi gocnigxysanu
BMMVB KPiOKOHCEPBYBaHHS MO ABOXETarHi nporpami 3aMOpOXyBaHHSA Ha LMTOMOPEOMOriYHi A byHKLiOHaNbHi XapakTepucTuku
KniTuH nernkokoHueHTpaTy KKIT (JIKKJT). MokasaHo, Wo nicns KpioKOHCEpBYBaHHA Mi4 3aXMCTOM BUCOKOMOJSIEKYNSAPHOrO AEKCTpaHy
BiabyBaeTbCA nepepo3noain y knitmHHomy cknagi JIKKI1 3a paxyHOK 3HVXEHHS BMICTy rpaHynoumTiB, 36inblIEHHS KiNbKOCTi Heau-
depeHUiioBaHNX KNiTUH i MakpodariB. [JocuTb BUCOKY CTiMKiCTb 4O BMNMBY (DAKTOPiB KPiOKOHCEPBYBaHHA Manu CTOBOYpOBi i paH-
Hi KNiTUHW-NonepeaHuKkK. BiasHavyanu 3HWXKeHHS 3aranbHoi 6akTepuumaHoi akTuBHOCTI KNiTuH JIKKJT i nigBuweHHs dparouutapHoi
aKTUBHOCTI Makpodaris.

KnioyoBi cnoBa: kopgoBa KpoB NMOAWHU, SOPOBMICHI KNITUHW, KPIOKOHCEPBYBAHHSA, BUCOKOMONEKYNAPHUA OEKCTpaH, OBOX-
eTanHe 3amMOpOXyBaHHS.

Abstract. Human cord blood (HCB) is a conventional source of stem cells and biologically active substances. Long-term storage
of this unique biomaterial is possible under conditions of low temperature bank. In this research we studied the effect of cryopreservation
according to two-stage freezing program on cytomorphological and functional characteristics of cells of HCB leukoconcentrate
(HCBL). It was shown that after cryopreservation under protection of high molecular dextran, redistribution in cell composition of
HCBL occurred due to reduction of granulocytes population, increase of non-differentiated cells and macrophages number. Quite a
high resistance to effect of cryopreservation factors had stem and early progenitor cells. There was noted a reduction of total
bactericidal activity of HCBL cells and increase of phagocytic activity of macrophages.

Key words: human cord blood, nucleated cells of blood, cryopreservation, high-molecular dextran, two stage freezing.

B nHacTosmiee Bpems B MUpe BEAETCS aKTHBHas
Hay4yHO-HCCIIeoBaTeIbCKas padoTa Mo M3yUYEeHHIO
CBOMCTB M XapaKTEPUCTHK KIJIETOK KOPIOBOH KpOBHU
genoseka (KKY) [5, 6, 19, 20]. birarogapst MHOTOKOM-
IIOHEHTHOMY KJIETOYHOMY cocTaBy cycnenznn KKY,
HaJHMYHUIO B HeMl KOMIUIeKca OMOTOTHYEeCKH aKTUBHBIX
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Nowadays the scientists in the world actively study
the properties and characteristics of cells of human
cord blood (HCB) [5, 6, 19, 20]. Due to multicomponent
cell composition of HCB suspension, the presence of
the complex of biologically active compounds in it [3,
4], providing the growth and maturation of tissues and
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coemuHEHM [3, 4], oOecIeynBarOIMUX POCT U CO3pe-
BaHHME TKaHEH W OpraHoB IuioAa [4], pacmmpsercs
CIEKTpP MOKa3aHHUU I KIMHUYECKOTO TPUMEHEHUS
KKY [3, 5, 12].

Jns nmurensHoro xpanenus KKY u nocnenyrorero
HCTIOB30BAHNS B MEJULIMHCKON PAKTHKE HEOOXOIUMO
CO3[aTh HU3KOTEMIIepaTypHBIH OaHK, B KOTOPOM
Ouomatepuan OyIeT COAEpKaTbes MPH TEMIIEpaType
xuakoro azorta [13, 18]. 1o MHeHHIO pAfa YIEHBIX U
Bpaveii, Co3JaHne 3aM1acoB IyTTOBUHHOW KPOBH IOJKHO
CTaTh OJHUM U3 IPHOPUTETHBIX HAIIPABJICHUH pa3BU-
TS 3APABOOXpaHEHUs Ha Omkaime rofsl [8, 16].

B UIIKuK HAH Ykpaunsr Ob1 pa3paboTad u
3araTeHTOBaH CII0CO0 MOTYYEeHHS JIEHKOKOHIIEHTpaTa
KKY (JIKKY) B ayTONOTHYHON M1a3Me ¢ MOCIIEAY0-
LIMM €TO KPUOKOHCEPBUPOBAHUEM O€3 HCIIOIB30BaAHUS
TPaJAULIMOHHBIX KpUONPOTEKTOpoB [17]. YenoBuamu
YCIHEIIHOIO MPUMEHEHHS KPUOKOHCEPBUPOBAHHOTO
JIKKY (xJIKKY) sBASIOTCS BBICOKAst COXPAaHHOCTh U
(yHKUMOHaIbHASA MOJHOLEHHOCTh OMoMaTepuaa
IOCJIE 3aMOPAKUBAHUSI-0TOTPEBA M HU3KOTEMITEPATy -
HOT'O XpaHEHHUsI.

Hawnbonee nocTymHbIH METO ] OTICHK! KJIETOYHOTO
criektpa JIKKY ¢ momol1iibto CBETOBOI MUKPOCKOIIUU
€T TUIITH OOITYT0 MHPOPMAIIHIO O COCTABE CYCIICH3HH,
HO HE MO3BOJIAET OJHO3HAYHO CYANUTH O COAEPIKaHUU
OTIENBHBIX cyOnomymsinuii. Miconbs3oBaHue xe CoOBpe-
MEHHBIX BO3MOXXHOCTEH ITPOTOYHOHN HUTODITyOpUMET-
pum o0ecrieunBaeT TOYHOCTh U TOJTHOTY OIPEAEIeHUs
kierouHoro cocrasa JIKKY. Iloatomy nposenenue
CPaBHUTEIHHOI0 aHaJIN3a MOP(POIOTUIECKHUX, HMMY-
HO(EHOTUIIMYECKUX U (PYHKIIMOHAIBHBIX XapaKTePHC-
Tuk Kietok JIKKY 1o u mocie kppokoHCepBUPOBAHUS
[TO3BOJIUT IaTh OOJIeE MOJIHYIO OLIEHKY MOTU(PHIIUPYFO-
IEeTO BIMSHUS HU3KUX TEMIEpaTyp Ha KIETKH KOPJIO-
BOM KpOBH Y€JIOBEKA.

Lens paboTel — n3y4uenrne Mop(homorniecKux, UM-
MYHO(PEHOTHITNYCCKUX U (DYHKIIHOHAIBHBIX CBONCTB
xierok JIKKY 1o u mociie KpuOKOHCEpPBUPOBAHMS,
OLICHKa MX COXPaHHOCTH MOCJE 3aMOpa)KMBaHUS-
OTOTpEBA.

MarepuaJjsl 1 MeTOABI

ObnexroM uccnenoBanus O6si1a KKY, xoTopyto
MOTy4alld U3 MAaTEPUHCKOTO KOHIIA ITYIIOBHHBI IIOCTIE
ee OT/IeJICHNS ITPH JOHOIIIEHHOM OepeMEHHOCTH Y 3710~
POBBIX POKEHUI] ITOCIIE TTOJIITUCAHUS ¢ HUMH UH(pOpMU-
poBaHHOTO cornacusi. KpoBb 0TOMpay B CTepriIbHbIE
¢akonsl ¢ tobasieHreM antukoarysstara CPD (uuT-
par-docdar-1eKCTPO3HBIN PACTBOP) C COONIIOACHUEM
npaBw acentuku u antucentuku [ 13]. M3 KKY momy-
Yajid JEHKOKOHIIEHTPAT B ayTOIIa3Me€ METOAOM
ceAUMEHTAIH 3pUTpouuToB [13].

Jleiikokonuentpar KKY 3amopaxkuBaiu B OJHO-
Pa30BBIX IUIACTHKOBBIX Kpuompobupkax («Nuncy,
CILIA) mo AByXdTanHoOW MporpaMMme B pacTBOpPE BbI-
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organs of fetus [4], the HCB could be applied in clinic
for more broad spectrum of indications [3, 5, 12].

Long-term storage of HCB and the following appli-
cation in medical practice requires to establish low-
temperature banks, wherein the biospecimens will be
stored at liquid nitrogen temperature [13, 18]. Several
scientists and physicians believe the storage of umbilical
blood will be one of the promising trends for healthcare
development for the next few years [8, 16].

At the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine there was developed and patented the
method of HCB leukoconcentrate (HCBL) procure-
ment in autological plasma and following cryopreser-
vation without the usage of traditional cryoprotectants
[17]. A high integrity and full functional value of the
biospecimen after freeze-thawing and low-tempera-
ture storage are sine qua non conditions for successful
application of cryopreserved HCBL (cHCBL).

The most available method of assessment of HCBL
cell spectrum using light microscopy provides only
general information about suspension composition, but
does not allow to judge unequivocally about the content
of certain subpopulations. Using of contemporary
resources of flow cytofluorimetry provides an accu-
racy and completeness of determination of HCBL cell
composition. Therefore, a comparative analysis of mor-
phological, immunophenotypic and functional charac-
teristics of HCBL cells prior to and after cryopre-
servation could provide an overall estimation of modi-
fying effect of low temperatures on cells of human
cord blood.

The research aim was to study morphological, im-
munophenotypic and functional characteristics of
HCBL cells prior to and after cryopreservation, as well
as to assess their integrity after freeze-thawing.

Materials and methods

The research object was HCB, derived from upper
external extremity after its separation after a full-term
pregnancy of maternity patients after their informed
consent. Blood was collected into sterile flasks contain-
ing the anticoagulant CPD (citrate-phosphate-dextrose
solution) complying the aseptic and antiseptic regula-
rities [13]. Leukoconcentrate in autoplasm was obtai-
ned from HCB by sedimentation of erythrocytes [13].

Leukoconcentrate of HCB was frozen in disposable
plastic cryotubes (Nunc, USA) according two-stage
program in solution of a high molecular dextran
(Polyglucin, Yuriya-Farm, Ukraine) [17]. The samples
of cryopreserved HCBL (cHCBL) were stored at low-
temperature bank of the Institute for Problems of
Cryobiology and Cryomedicine. Suspension was tha-
wed in water bath at 40...41°C [4].

Quantity of nucleated cells of HCBL prior to and
after cryopreservation was calculated in Goryaev’s
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COKOMOJIEKYJIsIpHOTO AekcTpaHa («llomuraokuny,
«IOpus-Papm», Yrpauna) [17]. O0pasibsl KpHOKOH-
cepsupoBanroro JIKKY (kJIKKY) xpanuiau B HU3KO-
temneparypaom 6anke UTTKuK HAH Ykpaunnst. Cyc-
nen3uto kJIKKY otorpeBanu Ha BonsHOI OaHe mpu
temriepatype 40...41°C [4].

KomnuectBo saapoconepxamux kiaerok JIKKY no
¥ TO0CJe KPHUOKOHCEPBHUPOBAHUS MOJACUYUTHIBAIH B
kamepe ['opsieBa o oOmmenpunsToif Metonuke [9]. o
KPHOKOHCEPBHUPOBAHUS U B MEPBBIE 5 MHUH IOCIE
ororpesa kieTok JIKKY onpenensnu nx coxpaHHOCThb
3KCIIPECC-METO/I0M CYNPABUTAIBHOTO OKpAIlMBAaHUS
TPUTIAHOBBIM CHHUM [9] ¥ 10 BKIIOYSHHIO (IIyopec-
LIEHTHOTO KpacuTens nponuanyM Hoaunaa [ 1]. [Tomymns-
unoHHbIHN coctaB JIKKY uccnenoBamm MeTogoM mpo-
touHoi nutodayopumerpun («FACS Calibur», «BD
Biosciences», CIIIA) u mporpammsr Win MDI ¢ uc-
T0JIb30BaHNEM MOHOKJIOHAIBHBIX aHTUTEI K MOJIEKY-
mam CD3, CD4, CDS8, CD14, CD19, CD34, CD56
(«BD», CHIA). Knetounstit cocta JIKKY no n moc-
Jie KPUOKOHCEPBUPOBAHUS OIEHHWBAIHM Ha Ma3Kax,
OKpanieHHbIX a3yp-II-303uHoM o PomaHoBCKkoMYy 1oz
cBeToBbIM MUKpockonoM («BIOLAR», ITonpma) ox.
%10, 06. %40 n x90 (MacnsHast UMMeEPCHsL).

OYHKIHMOHANBHYIO aKTUBHOCTD KiieTok JIKKY no
1 10cJie KPUOKOHCEPBHUPOBaHUS ONPEIEIISIIN ITOCIE UX
ocaxneHus nentpudyrupoBanueM npu 200g u Tem-
nieparype 20°C B euenne 40 MuH, Ha0CAJOK YAAISIIH,
KJIETKH PECyCHEeHANPOBAINA B CTEPUILHOM PHHTEp-
dhocdaraom 6ydepe [15] 1o HEoOXOAMMOI KOHIIEHTpa-
LY.

Onenky (aronrTapHON aKTHBHOCTH MOHOIIUTOB M
makpodaros JIKKY npoBoaunu nocie nHKyOanuu ¢
yOuTOM KynbTYpOi cTadMIOKOKKA S. aureus B COOTHO-
meHuu 1:2 nox cBetoBeiM MukpockornoM JIOMO; ok.
x10, 06. x90 (macnsHas ummepcus). Onpenensin
¢aroumrapuslii naaekc (OPU), parountapHoe yuciao
(®Y) u abcomroTHBIIM MMoKa3aresnb (aroluTapHoi aK-
tuBHOCTH (AIIDA) [2].

MeTabonmmdyeckyo akTHBHOCTh kjieTok JIKKY
orneauBanu B HCT-tecte [23]. OxucnurenbHO-BOC-
CTAaHOBUTEJbHYIO PEAKLHIO, T. €. BHYTPUKICTOUHOE
nakorenue H O, (onHa u3 r1aBHbIX OaKTEPHIMIHBIX
cyOCTaHIMit), OMpeNesiiin M0 KOJIMIECTBY TEMHO-
CUHHX TPaHyll BHYTPHKJIETOYHOTO nudopMazaHa B
cBeToBoM MuKpockorne JIOMO; ok. x10, 06. x40 u
%90 (macnsiHas ummepcus) [9].

KpurepreM akTHBHOCTH IPOTEOTUTUIECKUX (ep-
menToB JIKKY, y4actByrommx B ¢arouutose, Oblia
KOHIIEHTpAIUs KJIETOK, B KOTOPBIX BBISIBIISAIN HECTIE-
uuguueckyo screpazy (HD) u xucnyto pocdarasy
(K®D) [24]. O crenenn HakoruieHus B 1u3ocoMax KO
CY/IWJIV TIO KOJIMYECTBY MEJIKMX TPaHyJI CHHETO I1BETA,
a HD — mo xonmm4ecTBy rpaHyn TeMHO-(pHOIETOBOTO
LBETA.
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chamber according to the standard method [9]. Integ-
rity of HCBL cells was determined prior to cryopre-
servation in the first 5 min after freeze-thawing by the
express-method of supravital staining with Trypan blue
[9] and inclusion of fluorescent dye Propidium iodide
[1]. Population composition of HCBL was investigated
by flow cytofluorimetry (FACS Calibur, BD Bioscien-
ces, USA) and Win MDI software using monoclonal
antibodies to molecules CD3, CD4, CDS8, CD14, CD19,
CD34, CD56 (BD, USA). Cell composition of HCBL
prior to and after cryopreservation was estimated in
the smears, stained with azur-II-eosin according to
Romanovsky, using light microscope (BIOLAR,
Poland) ocular 10 and objectives x40, x90 (oil immer-
sion).

Functional activity of HCBL cells prior to and after
cryopreservation was determined after their sedimen-
tation by centrifugation at 200g and 20°C for 40 min,
supernatant was removed, the cells were resuspended
in sterile Ringer-phosphate buffer [15] to the required
concentration.

Phagocyte activity of monocytes and macrophages
of LHCB was assessed after incubation with killed
culture of S. aureus staphylococcus, mixed with the
LHCB in 1:2 ratio. Assessment was performed with
light microscope LOMO (Russia) equipped with ocular
x10 and objective x90 (oil immersion). The following
indices were derived phagocytic index (PI), phagocytic
number (PN) and absolute index of phagocytic activity
(ATPA) [2].

Metabolic activity of HCBL cells was assessed with
NBT-test [23]. Redox reaction, i. e. intracellular
accumulation of H,O, (one of the basic bactericide
substances) was determined by a number of dark-blue
granules of intracellular diformazan using light micro-
scope LOMO; ocular x10 and objectives %40, and x90
(oil immersion) [9].

The activity of proteolytic enzymes in HCBL partici-
pating in phagocytosis was estimated by the concen-
tration of cells with presence of non-specific esterase
(NE) and acid phosphatase (AP) [24]. Rate of AP
accumulation was determined by number of fine blue
granules and for NE it was done by number of dark-
violet granules.

The obtained results were statistically processed
by Student-Fisher method. Statistical differences were
assessed with t-criterion with 5% significance value

[7].

Results and discussion

After cryopreservation the number of cells in
HCBL did not significantly differ if compared with non-
frozen samples (Fig. 1). Integrity of HCBL cells asses-
sed by express-method of supravital staining with
Trypan blue made 98 + 0.9 and 84 = 5.1% prior to and
after freeze-thawing, correspondingly. This method
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CrarucTtryeckyio 00padoTKy IMOTy4eHHBIX PE3yIlb-
TaTOB MPOBOAWIHN 1O MeTony CTBIONEHTa C y4eTOM
k03¢ punuenta dOumepa. {oCcTOBEPHOCTs OTIMYHIA
OLICHHUBAJIM C MIOMOIIBIO t-KPUTEPHS C YPOBHEM 3HA-
yumoctH 5% [7].

Pe3yabTarsl m o0cy:xaeHnne

[Tocne xprOKOHCEPBUPOBAHUS KOTMYECTBO KIETOK
B JIKKY 10CTOBEpPHO HE U3MEHUIIOCH B CPABHEHUU C
He3aMopoXeHHbIMH obOpasmnamu (puc. 1). Coxpasn-
HocTb KieTok JIKKY, onieneHHas skcnpecc-MeTo0M
CYIIPaBUTAIFHOTO OKPAIIMBAHNSA TPUTTAHOBBIM CHHHM,
coctaBisura 98 + 0,9 u 84 + 5,1% mo u mocie Kpuo-
KOHCEPBUPOBAHHUS COOTBETCTBEHHO. JIaHHBINH METOJ
MI03BOJISIET JMIIb IPUOIU3UTENBHO OLIEHUTh KHU3HECTIO-
COOHOCTH KJIETOK B CYCIEH3HHM, YKa3bIBasi Ha BhIpa-
YKEHHOCTb HapyIIEHUH IETOCTHOCTH TIa3MaTH4eCKON
MeMOpaHsbI K1eToK. Kpome Toro, TpunaHoBbIi CHHUMA
o0nagaeT BHICOKUM CPOJCTBOM K PAacTBOPEHHBIM
Oenkam (Harpumep, K 6eskam ceiBopoTkr KKY), uto
MOXKET CHM)KaThb TOYHOCTH OIEHKH [1].

Bonee Tounyio mHpOpPMAIINIO O COXPAaHHOCTH
kietok KJIKKY nmaér meron uckitoueHus Qiayopec-
LIEHTHOTO KpacuTens nponuauyMm Hoauna (PI), mporu-
KaroIIero B KJIETKY Yepe3 MOBPEXAEHHYIO IIa3Mo-
nemmy u cBsaspiBatomerocs ¢ JIHK [22]. Cootro-
menne Pl-HeraTwBHBIX (C MHTaKTHOH MeMOpaHOii,
KoTOphIe He BKIt04atoT PI) u PI-mo3uTHBHBIX KIIETOK
B o0pasuax JIKKY nocie kpuokoHcepBUpOBaHus ObLIO
npumepHo 1:1 (puc. 1). Ciexyet oTMETUTB, YTO B TO-
Kazaressax coxpanHocTH kietok kKJIKKY nabnronanu
0osb1oN pazdpoc Mexay oOpa3lamu, 9TO MOXKHO
00BSICHUTH HeogHOpoAHOCThIO cycnensuu JIKKY, a
TaKXe pa3HOW YyBCTBUTENHFHOCTHIO KJIETOYHBIX ITOITY-
s JIKKY k puzuko-xuMugecknM hakTropam KpHo-
koHcepBHUpoBanus [ 10].

[Ipu aHanm3e KJIETOYHOTO CIIEKTPa CBEKEBBIJE-
nerHoro JIKKY 1o kpnokoHCEpBUPOBaHUS OBLIO OT-
MEUEHO, YTO BO BCEX MCCIICIYyEMBIX 00pa3Iiax mpeood-
Jla/iajy rpaHynonuTel. MOHOLUTEI M Makpodaru coc-
TaBJISIIM HEOOBIION MPOLIEHT, IPUCYTCTBOBAIIN He-
muddepeHInpoOBaHHBIE KPYIHBIE KIETKH (pHC. 2).
[Nocne KpHOKOHCEPBUPOBAHUS B KIIETOYHOM CyCIICH3UH
JIKKY npeobmaganu numdonutsl. Habmomamu otHo-
CUTEJIbHOE CHIDKCHHE KOJMYECTBA I'PaHyJIOUHUTOB H
MOBBIIIICHHE Makpodaros u HequddepeHIpOBaHHBIX
KJICTOK, MOSIBJISLIMCH (PrOPO0IaCcTONON00HBIC KICTKH,
OTCYTCTBOBABIIIHE J0 3aMOPaKUBaHUA-0TOTrpeBa. Ta-
KOTO pojia TIepepacipeielieHne B KIETOYHBIX TOITy-
nsusx B KJIKKY MOXHO 00BSICHUTE UX pa3HON KPHO-
YyBCTBUTEIBHOCTHIO.

UccnenoBanue GpeHOTUINUECKUX XapaKTEPUCTHK
JIKKY nociie KpHOKOHCEPBUPOBAHUS B 00IIIEH CyCIieH-
31U BBISIBWJIO OTHOCUTEIBHOE TIOBBIILICHUE KOJTMIECTBA
kierok CD4' u cumxenne CD8*, a Takke pocT co-
nepxanus CD567-knerok Ha 24% 1o CpaBHEHUIO ¢
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Fig. 1. Number of nucleated cells and their integrity prior
to and after cryopreservation.; [0- integrity of nucleated
cells by Trypan blue staining; E - integrity by exclusion of
Pl; A — cell number; * — differences are significant if com-
pared with HCBL (p < 0.05).

enables only approximate estimation of a cell viability
in suspension pointing to manifestation of impaired
integrity of cell plasmatic membrane. Moreover, trypan
blue has a high affinity for dissolved proteins (for
example, HCB serum proteins), and this also could
reduce the accuracy of estimations [1].

The method of exclusion of fluorescent dye propi-
dium iodide (PI), penetrating in the cell through dama-
ged plasmolemma and binding with DNA [22], provi-
des more accurate information about cHCBL cell
integrity. The ratio of PI-negative (with intact memb-
rane, not including PI) and Pl-positive cells in the
samples of HCBL after cryopreservation was nearly
1:1 (Fig. 1). It should be noted that the indices of
cHCBL cell integrity had a wide scatter, stipulated by
inhomogeneity of HCBL suspension, as well as various
sensitivity of HCBL cell populations to physical and
chemical factors of frezee-thawing [10].

Analysis of the cell spectrum of fresh (non-frozen-
thawed) HCBL revealed, that all the studied samples
had the prevailed granulocyte population. Monocytes
and macrophages were in a low percentage, several
non-differentiated large cells were present (Fig. 2).
Freeze-thawing resulted in a prevailance of lympho-
cytes in the cHCBL cell suspension. A relative reduc-
tion of granulocytes number and the increasing of
macrophages and non-differentiated cells content were
observed. We revealed the fibroblastoids, which were
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HE3aMOpOKEeHHBIMU 00pa3-
LIaMH, YTO CBUJETEIHCTBYET
00 OTHOCHTEIEHOM IOBBIILIE-
HHH IIOCJIE 3aMOpaKUBaHUA- 2%
OTOTrpeBa KOJIMUECTBA KIe- 9%

TOK, 007aJai0IuX €CTECT-
BEHHOW KHJUIEPHON aKTHUB-
HocThto. Komnuectso CD34+-
kinetok B KJIKKY nocrosep-
HO HE U3MEHSIOCH (puc. 3).

[pw uccnenoBany GpyHk-
NUOHAJILHON aKTHUBHOCTH
xierok JIKKY nocne kpuo-
KOHCEPBHPOBAHUS OTMEYaIIN
cHkeHue konudectsa HCT-
1 H3-non0XKUTENbHBIX Kile-
TOK B 2,5 1 1,8 pa3za cooTBeT-
CTBEHHO IO CPaBHEHHIO C
HCXOIHBIMU 00pa3iaMi; OTHOCHUTEIIBHOE K€ KOJIH-
YEeCTBO KJETOK, B JIN30CcOMax KOTOphIXx K@ nonoxu-
TEJIBHO pearupoBajia Ha cyOcTpar, JOCTOBEPHO HE
U3MEHSIIOCH (puc. 4).

@aromnuTapHas aKTUBHOCTH MOHOIIUTOB TIOCIIE
kpuokoHcepBupoBanus JIKKY cHrxanace u coctasiis-
na: ®U — 54 u Y — 57% o cpaBHEHUIO C TOKa3aTeNs-
MU HaTUBHBIX 00pa3uoB (puc. 5). AGCOMOTHBIHN OKa-
3aTelb paroquTapHOil aKTUBHOCTH CHIOKaCs Ha 26%.
[Ipu nccnenoBanuu paronuTapHOil aAKTHBHOCTH MaK-
podaroB OBLIIO OTMEUEHO, YTO XOTS UX OTHOCHUTEIIb-
HO€ KOJIMYECTBO MOCJIEe KPUOKOHCEPBUPOBAHUA U
MOBBICHIIOCH, YTO cocTaBuiio 150,5% oT HaTMBHOTrO
KOHTPOJISI, UX aronuTapHasi akTHBHOCTh CHAXKAJACh

HeamdxpepeHLMpoBaHHbIe
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Puc. 3. MNonynauuoHHein coctas JIKKY go n nocne kpuo-
koHcepsupoBaHus: Bl - JIKKY, O- kJIKKY; * — noctoBepHo
3HauMMble pasnuuusa no cpasHeHuto ¢ JIKKY (p < 0,05).
Fig. 3. Population composition of HCBL prior to and after
cryopreservation: l- HCBL, 00— cHJTKKY; * — differences
are significant if compared with HCBL (p < 0.05).
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Puc. 2. KnetouHbii coctas JIKKY go 1 nocrne KpMoOKOHCEPBMPOBAHMS.
Fig. 2. Cell composition of HCBL prior to and after cryopreservation.

not present in the suspension prior to freeze-thawing.
Such a redistribution in cHCBL cell populations could
be stipulated by their various cryosensitivity.

Assessing the HCBL phenotypic characteristics
after freeze-thawing revealed that in total suspension
a relative increase of CD4" cell number occured as
well as decrease of CD8" cell number. An increase of
CD56" cell content by 24% was found if compared
with non-frozen-thawed samples, testifying to relative
increase of the post-thaw number of cells possessing
natural killer activity. The number of CD34" cells in
cHCBL did not significantly change (Fig. 3).

Investigation of post-thaw functional activity of
HCBL cells revealed the reduction of NBT- and NE-
positive cells in 2.5 and 1.8 times, correspondingly, if
compared with the initial samples. Herewith a relative
number of cells, where the lysosome AP positively
responded to substrate, did not significantly change
(Fig. 4).

Post-thaw activity of monocytes decreased: PI and
PN were 54 and 57%, correspondingly, if compared
with the indices of non-frozen-thawed samples (Fig. 5).
Absolute index of phagocytic activity (AIPA) was de-
creased by 26%. Analysis of macrophage phagocyte
activity revealed that although their post-thaw relative
content increased, and made 150.5% of non-frozen-
thawed control, their phagocytic activity reduced: PI
by 12.3% and PN by 12.5%. However AIPA of mac-
rophages was higher, than of monocytes and by 30%
higher relatively to non-frozen-thawed control (Fig. 5).

Assessment of populations in HCBL prior to and
after freeze-thawing revealed different level of cryo-
sensitivity of cell subpopulations in suspension. After
freeze-thawing of HCBL we observed quite a high
resistance to freeze-thawing effect possessed by stem
and early progenitor cells (CD34" cells) [14, 15]. The
obtained results have been confirmed by other authors
[11], reported an inverse relation between a level of
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Fig. 4. Histochemical indices of activity of nucleated cells
of HCBL prior to and after cryopreservation: B — HCBL;
O- cHIIKKY; * — differences are significant if compared
with HCBL (p < 0.05).

(®U na 12,3, ®Y Ha 12,5%). Ognako AIIDA makpo-
(haroB ObLT BEIIIIE, YeM MOHOLUTOB, ¥ Ha 30% BhIIIE
OTHOCHTEJIFHO HATUBHOTO KOHTPOJIS (PHC. 5).

Ouenka nomymsauronHoro coctasa JIKKY no u moc-
JIe 3aMOpakKMBaHUA-OTOTPEBA BBISBHIIA PA3IUYHYIO
CTENeHb KPUOUYYBCTBUTENLHOCTH KIETOYHBIX CyOII0-
nyJsiuui B cycnensuu. [locne KpuoKoOHCEpBUPOBaHUS
JIKKY nHabmromany JOCTaTOYHO BBICOKYIO YCTOHYH-
BOCTB K BO3JIEHCTBHIO (DaKTOPOB KPHOKOHCEPBHPOBA-
HUS CTBOJIOBBIX M PAHHHX KJIETOK-TIPEAIIECTBEHHUKOB
(CD34"-xnerok) [14, 15]. [TomyueHHBIE PE3yIBTATHI
MOATBEPKAAOT U Apyrue aBTopsl [11], moka3asmme
00paTHYI0 3aBUCUMOCTh MEXIYy CTENeHbI0 nudde-
PEHIUPOBKH KJIETOK U UX KPUOYCTOHYMBOCTBIO, UTO
MOSCHSIOT Pa3HBIM SEPHO-LIUTOINIA3MaTUUYECKUM
COOTHOILIEHHEM, CKOPOCTBIO CHHTE3a OEJIKOB TEILIOBO-
I0 II0Ka, 00paTUMOCTBIO WIIM HEOOPaTUMOCTBIO IeHA-
Typaluy BHYTPUKIETOUHBIX OEITKOB.

CpaBHUBas JaHHBIE, TIOTYYEHHBIE TIPU MOpdoIIOo-
THYECKOM M IMMYHO(QEHOTHITNIESCKOM aHAJIN3€e Kile-
TouHbIX nonyisiuil JIKKY, MoxHO cka3aTk, 4T0 MOp-
(hosoruueckr OIMHAKOBBIC KIETKH HECYT Ha ce0e pas-
Hble TIOBEPXHOCTHBIE MapKepbl, 9TO MOATBEPIKAAET
UX Pa3Hyl0 KJIacCOBYIO NMPUHAAJIEKHOCTh U 00yc-
JIOBJIMBAET PA3IMYHYIO GYHKIMOHATBEHYIO aKTUBHOCTb.

Takum 00pa3oM, MONY4YEHHBIE PE3yJbTaThl CBH-
JETEIbCTBYIOT O TOM, YTO KJIETOYHBIE MOMYISLUN
JIKKY MoHOLMTOB M Makpo(haroB B pa3HOH CTENCHH
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cpaBHeHuto ¢ JIKKY (p < 0,05).

Fig. 5. Indices of phagocyte activity of monocytes (0) and
macrophages (H) of HCBL prior to and after cryopreser-
vation; * — differences are significant if compared with
HCBL (p < 0.05).

cell differentiation and their cryoresistance, which was
explained by different nuclei-cytoplasmic ratio, thermal
shock protein synthesis rate, reversibility and irrever-
sibility of denaturation of intracellular proteins.

Comparing the data, obtained during morphological
and immunophenotypic analysis of HCBL cell popula-
tions, we may conclude that morphologically similar
cells have different surface markers, confirming they
are accessors of different cell classes and possess va-
rious functional activity.

Thus, the obtained results testify to the fact that
monocyte and macrophage populations of HCBL cells
are sensitive to freeze-thawing factors, but in different
degree. After freeze-thawing the modification of
functional activity of HCBL cells occurs. There is
observed a relatively increased content of non-differ-
entiated cells and macrophages due to a high cryosen-
sitivity of granulocytes. The obtained results support
the possibility of cryopreservation to modify structural
and functional properties of the biospecimen undergoing
freeze-thawing [21].

Conclusions

1. Cryopreservation according two-stage program
in solution of high-molecular dextran results in the
redistribution in HCBL cell composition due to reducing
of granulocytes content and increasing of non-differen-
tiated cells and the macrophage content.
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qyBCTBHUTEIHHEI K (PaKTOpaM KPUOKOHCEPBUPOBAHUS.
ITocne 3aMopakUBaHUSI-OTTANBAHUS TPOUCXOINUT MO-
mudukaius QyHKIIMOHATEHON aKTHBHOCTH KIIETOK
JIKKY. HaOmaromaeTcst OTHOCUTENLHOE MOBBIIIEHHE
conepkaHus Henu(hepeHIIMPOBAHHBIX KIIETOK H MaK-
podaros 3a c4eT BBICOKOW KPUOYYBCTBUTEIHHOCTH
rpanynouutoB. [lonyyeHHbIe pe3yabTaThl MOATBEPK-
JIAI0T BO3MOXKHOCTh KPHOKOHCEPBUPOBAHUS MOAU(H-
LUPOBaTh CTPYKTYPHO-(YHKIIMOHAIBHBIE CBOHCTBA
3aMopakuBaeMoro O0nooonexTa [21].
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2. Cryopreservation results in increasing macro-
phage phagocytic activity on the background of re-
duction of general antibacterial activity (NBT and NE)
of HCBL cells.
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