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Cryopreservation of Cord Blood Nucleated Cells
Using Non-Penetrating Cryoprotectant PEO-1500

Pecbepat: PaspaboTka 6€30TMbIBOYHLIX METOAOB KPUOKOHCEPBUPOBAHUS (DpakUMU SAPOCOAEPKALLMX KIEeTOK KOPAOBOW KPOBMU,
B COCTaB KOTOPOW BXOAWUT MOMNyNsiLUs reMono3TUHECKUX CTBOMOBLIX KMETOK-NpeAlecTBEHHUKOB, SBNSETCS akTyanbHOW 3apaden
AN UX JONrOCPOYHOro XxpaHeHusi. B paboTe ucnonb3oBaHa TEXHONOMMS KPUOKOHCEPBUPOBAHUS AAPOCOAEPXKALLMX KNETOK KOPAOBOW
KpOBMW, BKMOYaloLWwas BblaeneHne nonynsumn KneTok opurMHanbHbIM METOAOM ABYXATanHoro LeHTpudyrnposaHus, obpaboTky
HEMPOHUKAIOLLMM KPUOMPOTEKTOPOM MOMMATUIIEHOKCMAOM ¢ M. M. 1500 (M30-1500) n 3amopaxmBaHue No AByX3TarnHON nporpamme.
YcTaHOBNEHO, YTO AaHHasi TEXHOMOrUs No3BOMsieT coxpaHuTb Gonee 72% CD45*- n 75% CD34*-kneTok c nokasaTtensimu
XnsHecnocobHocTn 6onee 83 n 91% cooTBeTCTBEHHO. [pN 3TOM NOBbILIEHHOE coAepXaHWe akTUBHbIX POPM Kucnopoaa
(B (42,7 £ 6,3)% KneTok) Ha OHe BbLICOKUX NokasaTenen KonmMyecTBa KNEeTOK M UX XU3HEeCNnoCoOHOCTM MOXeT paccMaTpuBaTbCst
KaK uU3NOMNOrnyHbIA OTBET KMNETOK Ha BO3AencTBMe (PakTopoB KPMOKOHCEPBUPOBAHUS.

KnioueBble cnoBa: reMonoaTu4yeckne CTBOMOBbLIE KINETKMU, sApocoaepx)allne KneTku, KopaoBasi KpoBb, KPUOKOHCEPBUPOBaHWE,
HenpoHukawwmin kpuonpoTtekTop, M30-1500.

Pecbepar: Po3pobka 6e3BiaMUBHMX METOAIB KPIOKOHCEPBYBaHHS (hpakLii sapOBMICHUX KMiTUH KOPAOBOI KPOBi, 4O cknagy sikoi
BXOANTb NOMNynsuis reMonoeTU4HUX CTOBOYPOBUX KNITUH-NONEPEAHUKIB, € akTyanbHUM 3aBAaHHSAM ANs X JOBroCTPOKOBOro
36epiraHHsi. ¥ poboTi BUKOPUCTOBYETLCS TEXHOIOrisi KPiOKOHCEPBYBaHHS SIAPOBMICHUX KMiTUH KOPAOBOI KPOBI, sika BKM4Yae
BUAINEHHS nonynsiuii KNiTUH OpuriHanbHUM METOA4OM ABOETarnHoro LeHTpudyryBaHHsi, 06po6Ky HemnmpoHMKa4MMm KpionpoTEKTOPOM
nonietuneHokcngom i3 m. M. 1500 (MEO-1500) i 3amopoxXyBaHHA 3a ABOETanHOIO nporpamoto. BctaHoBneHo, Wo npegcrasneHa
TexHornoris fo3sonsie 36epertn bGinbwe 72% CD45*- Ta 75% CD34*-kniTuH i3 nokasHukamu xuttesgaTtHocTi binbwe 83 i 91%
BignoBigHo. MNpy UbOMY MIABULLEHUIA BMICT akTUBHUX OpPM KUCHIO (B (42,7 + 6,3)% KNITMH) NpU BUCOKMX MOKa3HWKaX KinbKOCTi
KNITUH Ta X XUTTE3QATHOCTI MOXe po3rnsgatucs sk disionoriyHa BiANOBIAb KMITUH Ha BMMMB (DAKTOPIB KPIOKOHCEPBYBAHHS.

KntoyoBi cnoBa: reMonoeTuyHi cToBOYPOBI KNiTUHW, SAPOBMICHI KIMiTUHM, KOpAoBa KPOB, KPIOKOHCEPBYBaHHS, HEMPOHWUKAKYMIA
kpionpotekTop, MNMEO-1500.

Abstract: Development of wash-free cryopreservation methods for cord blood nucleated cell fraction, including the population
of hematopoietic stem/progenitor cells, is an actual task for their long-term storage. Present investigation involved the technique of
cord blood nucleated cells cryopreservation, comprising the isolation of cell population by the original two-step centrifugation method,
the treatment with non-penetrating cryoprotectant polyethylene oxide with molecular weight of 1500 (PEO-1500) and freezing by the
two-step program. This technique enabled to preserve more than 72% CD45* and 75% CD34* cells with the viability indices of
correspondingly 83 and 91% and higher. Herewith, an increased content of reactive oxygen species (42.7 £+ 6.3%) on the background
of high cell number and their viability may be considered as a cells’ physiological response to the effect of cryopreservation factors.

Key words: hematopoietic stem/progenitor cells, nucleated cells, cord blood, cryopreservation, non-penetrating cryoprotectant,
PEO-1500.

Pe3ynprarsl nepBoii ycrenHoi TpaHCIUIAHTaluu
TFEMOIO3TUYECKHUX CTBOJIOBBIX KIIETOK-TPEAIIECTBEH-
HukoB (I'CK) kopoBOii KpOBU 4elOBEKa, KOTOPBIC
00nafgaroT 0OJBIINM NOTEHIMATIOM NPOIuepaliy 1
9KCIIAaHCHH, a TAK)K€ MEHBIIEH WMMYHOT€HHOCTHIO,
YeM aHaJIOTH U3 B3POCIIOr0 KOCTHOTO MO3Ta MIIK MOOH-
JTU3UPOBaHHON epudepuaeckoi KposH [ 5, 16], OputH
MIPEAMOCHIIKON K MX HCMOIB30BAaHUIO KaK ICTOYHUKA
KPOBETBOPHBIX KJIIETOK BO MHOTHX cTpaHax mupa [17,
23, 24] u co3maHui0 OAaHKOB IS UITUTEIHLHOTO
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The results of the first successful transplantation
of human cord blood hematopoietic stem/progenitor
cells (HSCs), having a high proliferative and expansion
potential, as well as lower immunogenicity comparing
with the analogues from either adult bone marrow or
mobilized peripheral blood [10, 21] were the pre-
conditions for their use as the source of hematopoietic
cells in many countries [11, 19, 20] and establishing
the banks for long-term storage of preparations in a
frozen state. The functioning of these banks is based
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XpaHEeHHUs IPENapaToB B 3aMOPOKEHHOM COCTOSHUM.
PabGoTa Takux 0aHKOB OCHOBaHa Ha NMPUMEHEHHH
TEXHOJIOT'H KPHOKOHCEPBUPOBAHUS KJIETOK, P KOTO-
POl MakCHMaJbHO COXPAHSIOTCS MX KOJMYECTBO U
OMOJIOTHIEeCKHE CBOMCTBA, TI0OATOMY HEOOX0muMa pas-
paboTKa HOBBIX W YCOBEPIICHCTBOBAHUE CYIIECT-
BYIOIIMX METOJI0B KPHOKOHCEPBUPOBAHMS KJIETOK [1,
9, 14].

[Iponenypa kprokoOHCEPBUPOBAHKUS (HPAKITHH AIPO-
conepxkamux kietok (SICK), B Tom uncie u I'CK,
HMEET HECKOJBKO TEXHOIOTHYECKUX ITaloB: BbIle-
neHue, 00paboTKa KpUOMPOTEKTOPHBIMHU BEILIECTBAMH
U 3aMOPaKHBaHUE-OTOTPEB.

Opaxmuto SACK u3 nenpHOM KpoBH 4Yalle BCETO
BBIJICJIAIOT C TOMOIIBI0 XUMHYECKHX BEIIECTB (JIeKC-
TpaH, (QUKOII, KEeJIaTUH, THIPOKCUITUIIKpAXMAT,
METHIIIIEIUTION03a U 1p.) [16, 19], omHako uX mpume-
HEHWE BeJIeT K 3HAYMTENBHOW MOTEpe ITHX KIIETOK.
B kadecTBe albTepHATHBHOTO METOJa TOJTYYCHHS
Tpex (ppakuuii (3PUTPOIUTAPHON, JIEHKOIUTAPHOTO
KOJIbIla W TIJIa3MBI) ObLIa MpEJIoKeHa cemaparius
KJIETOK TTyTeM mneHtpudyruposanus [1]. B gannom
HCCIEe0BaHMH UCTIONB30BAIH JIBa CIIOCO0a Oy YESHUS]
konuentpara SCK: Bblenenne B rpagueHTe MIoTHOC-
TH QuKrosuI-BeporpaduHa (0OMENPHUHATHIN) U ABYX-
3TanHoe HEeHTpU(yrupoBanue (OpUrHHAIBHBIHN) [§].

st kprokoHcepsupoBanus SICK Ob11 ncmosb30BaH
JAMCO, xotopslii obnamaet 3¢ HeKTUBHOMN Orpaskaaro-
e crnocoOHOCTRIO. M3BeCTHO, UTO JaHHOE BEIECT-
BO B BBICOKHX KOHIICHTPAIIMSIX OKa3bIBAET TOKCHUEC-
koe neiicteue [10], mus yeTpaHeHUs KOTOPOTO BaXKHA
OTMBIBKA CYCIIEH3UH KJIIETOK MOCTIE pa3MOpakHBaHuS,
CHIDKAFOIIIAs KOJIMIECTBO U 3KU3HeCIIocoOHOCTh SICK,
B ToM uncie u 'CK. B c¢Bs3u ¢ aTM akTyansHa paspa-
00TKa 0E30TMBIBOYHBIX TEXHOJIOTHHA KPHOKOHCEPBH-
POBaHus, OCHOBBIBAIOIINXCSI MM Ha CHUYKEHUH S dek-
tuBHOU KoHUeHTpanuu IMCO B cycneH3uu, uiu
HCIIOJIb30BAaHNH HEIPOHUKAIOIINX KPHOIPOTEKTOPOB,
KOTOpBIE HE TPEOYIOT OTMBIBKH IIOCIIE Pa3MOpaKu-
BaHUA KiIeTok [20, 26]. Panee Hamu ObLT IpeTOXKEH
0€30TMBIBOYHBIN MeTOX KprokoHcepBuposanus SICK,
OCHOBAHHBI HAa MPUMEHEHHWH HEMPOHHUKAIOMIETO
KPHUOTIPOTEKTOPa MOTUITHIICHOKCHAA ¢ M. M. 1500
(IT30-1500), >dheKTHBHOCTL KOTOPOTO OBLIa JOKa-
3aHa IIPU KPUOKOHCEPBUPOBAHUH 1EILHON KOPJOBOM
KpPOBH U 3PUTPOLIUTOB JOHOPCKOH KpoBH [12]. OnHako
MEXaHHU3MBbI JEHCTBHS HEIPOHUKAIOLIUX KPUOIIPOTEK-
TOpoB Npu KpuokoHcepBupoBanuu JCK kopmoBoii
KpPOBH 0 KOHIIa HE WM3y4yeHbl. B cBs3u ¢ 3THUM mpo-
BEJICHUE KOMIUIEKCHOTO aHajii3a COCTOSHUS KIIETOK,
CTETNICHH M XapaKTepa MX MOBPEKICHHUS B 3aBUCH-
MOCTH OT METOJa BBICIICHHS M IMOCIE 3aMOPaKH-
BaHHUSA 110 3aIIUTON HETPOHHUKAIOIIETO KPHOTIPOTEK-
topa [190-1500 1103BOJIUT BBISIBUTH U IIPEIOTBPATUTH
pa3BHUTHE KPUTHYECKUX TTOBPEKACHUH.

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 1, 2016

on the cell cryopreservation technologies, allowing
maximum preservation of cell number and biological
properties, therefore the development of new and
optimization of the existing methods of cell cryopreser-
vaion are indispensable [1, 2, 26].

The cryopreservation procedure for nucleated cells
(NCs) fraction, including HSCs comprises several
technological stages such as isolation, treatment with
cryoprotective substances and freeze-thawing.

The NCs fraction from the whole blood is usually
isolated by means of certain chemicals (dextran, Ficoll,
gelatin, hydroxyethyl starch, methyl cellulose ezc.) [ 10,
14], but their use results in a significant loss of these
cells. As an alternative method for procurement of
three fractions (erythrocytes, leukocyte ring and
plasma) we proposed the cell separation by centrifu-
gation [1]. In the present investigation we used two
ways for the NCs concentrate procurement such as:
the isolation in Ficoll-Verografin density gradient (the
standard way) and two-step centrifugation (own
method) [6].

For the NCs cryopreservation we used DMSO,
having an efficient protecting capacity. This substance
in high concentrations is known to cause a toxic effect
[13], for removal of which it is important to wash cell
suspensions after freeze-thawing, thereby reducing the
number and viability of NCs, including HSCs. Therefore
of current interest is the design of wash-free
cryopreservation techniques, based either on reducing
an efficient DMSO concentration in suspension, or
using non-penetrating cryoprotectants, when no
washing required after cell freeze-thawing [20, 24].
Previously we proposed the wash-free method for NCs
cryopreservation, based on applying the non-penetra-
ting cryoprotectant polyethylene oxide with molecular
weight of 1500 (PEO-1500), the efficiency of which
was proven during cryopreservation of the whole cord
blood and donor blood erythrocyte [7]. However, the
mechanisms of action of non-penetrating cryoprotec-
tants during cord blood NCs cryopreservation have
not been entirely studied. A combined analysis of cell
state, the extent and nature of their damage depending
on isolation protocol and after freezing with non-
penetrating cryoprotectant PEO-1500 will allow
revealing and preventing the development of critical
defects.

The research aim was to assess the efficiency of
cryopreservation of nucleated cells, including hema-
topoietic stem ones, using non-penetrating cryoprotec-
tant PEO-1500, depending on the whole cord blood
separation technique.

Materials and methods
The human cord blood nucleated cells were the
research object. The cord blood (CB) was collected
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Lenb paboTsl — o1ieHKa 3 HEKTUBHOCTH KPHOKOH-
CEepPBHUPOBAHUA AIPOCOAECPNKAIIMUX KIETOK, B TOM
YHCJIe ¥ CTBOJIOBBIX FTEMOIIOATUYECKHUX, TT0]T 3aLIUTOH
HENpOHMKawIero kpuonporekropa [130-1500 B
3aBUCUMOCTH OT METOJIa Cenapaliy LeJbHON Kopo-
BOM KPOBH.

Martepuajbl 4 MeTOABI

OO6bexToM HCCITeI0BaHMS OBUTH SAPOCOepPIKAIIIE
KJIETKA KOP/IOBOH KpoBH uenoBeka. COop KopmoBon
kpoBu (KK) mpou3Bouiiy B cOOTBETCTBHH ¢ TpeOOBa-
HusiMu komuccnu 1o onostuke MIIKuK HAH VYkpan-
HBI TIOCTIE TIONYyYeHHUS HHPOPMUPOBAHHOTO COTIIACHS
OepeMeHHON M JOPOJOBOT0 CKPUHMHIA Ha HAIWYHE
MPOTHBONOKA3aHMH K JOHOPCTBY. DKC(PY3HIO KPOBH
OCYILECTBIISUTA 3aKPBITBIM CIIOCOOOM M3 IYIIOYHOM
BEHBI [TPH €CTECTBEHHBIX POJIax MOCIIE POKICHHS pe-
OEHKa 1 OTZIEJICHHS €TO OT IUTAIeHTHI. MaHUITY IS0
BBITIONTHSUTH C TIOMOIIIBIO CHCTEMBI IS 3a00pa KpOBU
¢ 25 M aHTHKOATyJIsSHTAa — TIIIOKO30-IIUTPATHOTO
pactBopa «lmorutiupy («buodapmay, YkpanHa).

Konmentparst SICK BoIaesIA IByMsI METOIAMH.
[lepBrlit — pa3pabOTaHHBI HaMH METOJ JABYXJTall-
HOTO LIGHTPU(PYTUPOBaHUS LENbHON KpoBH. 7151 3TOTO
LENbHYI0 KOPAOBYIO KPOBb LeHTpUQyrrpoBamu 10 Mun
npu 1500g (uentpudyra «OITH-3», Jacran, Kupru-
3WA), YAAJISUIM TJIa3My M OTOMpany JICHKOUTapHbIH
cioit. [Iponenypy mosropsanu ¢ gobasieHueM ¢oc-
(harHO-coneBorO Oyhepa u neHTpudyrupoBany 5—7 MAH
npu 3000 06/MHH C TOCIEIYIONIUM IMOJYYCHUEM
koureaTpara SICK B ayromrazme (ICK-1) [11]. Bto-
pO¥ — CTaHAAPTHBIN METOT IIEHTPU(YTHPOBAHHS B Ipa-
IveHTe IoTHOCTH (ukoiui-Beporpaduna (ICK-2).
Knetku nHKyOHpOBaIy B pacTBOpPE KPUOMPOTEKTOPA
[190-1500 (xoneuHas kouteHTpanus 10%) mo meroxy
«XO0JI0IOBO¥» 00paboTku [11, 12], 3aTem nmomernianu
B MIpeABapUTENBHO OXIaKAeHHbIN 10 0°C nporpamm-
HBII 3aMopaxkuBarenb «CryoSON» (I'epmanust) 1 ox-
JIAXKTAITA CO CKOPOCTHIO 5—5,5 rpaj/muH 10 —60...—65°C,
BBIJCPKUBaAIU B TeueHue 10 MHUH, 3aTe€M KIETKH
TIePEHOCHIIH B )KUIKHH a30T [ 13]. AGCOTIOTHOE KOJTH-
4eCTBO KJIETOK IIOACUUTHIBAIM B Kamepe [opsieBa 1o
cTaHnapTHOI MeToauke. COXpaHHOCTbH KJIETOK OIIpe-
JeJISUIA KaK OTHOILECHHUE KOJIMYECTBA KJIETOK B UCCIIe-
IyeMoM 00pasle II0cie BO3AEHCTBUSA K MCXOIHOMY
KOJIMYECTBY J10 BO3AEHCTBMS M BhIpaXkalu B IpPO-
LIEHTAaXx.

UmMmyHOeHOTHIIMPOBAHHE SIPOCOACPIKALINX
kietok (CD45%), B TOM YHCIIE TeMOIOITHYCCKUX
ctBONOBBIX (CD34"), a Takke OIEHKY MX KH3IHECTIO-
cobnoctu ¢ nomoursio JJHK-mapkepa 7-amuHoakTH-
HomunuHa D (7AAD) BBIIONTHSITA METOAOM IIPOTOY-
HOH IUTO(ITyOpUMETPHH Ha TPOTOYHOM ITUTOMETPE
«FACS Calibur» («Becton Dickinson», CIIIA) ¢
nomoIrsio pearentoB pupmer «Becton Dickinsony.
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in accordance with the requirements of the Commission
in Bioethics of the Institute for Problems of Cryo-
biology and Cryomedicine of NAS of Ukraine after
obtaining an informed consent of pregnant woman and
prenatal screening for contraindications to donation.
Blood exfusion was carried out by the closed method
from umbilical vein during natural delivery after child
birth and separation from the placenta. The manipu-
lation was done using the system for blood sampling
with 25 ml of anticoagulant: glucose-citrate solution
Glugicir (Biofarma, Ukraine).

The NCs concentrates were isolated by two me-
thods. The first one was the developed by us two-step
method for the whole blood centrifugation. For this
purpose the whole cord blood was centrifuged for
10 min at 1500g (centrifuge OPN-3, Dastan, Kyrgyz-
stan), the plasma was removed, and leukocyte layer
collected. The procedure was repeated with the
phosphate buffered saline supplement and 5—7 min
centrifugation at 3000 rpm; final NCs concentrate was
procured in autoplasma (NC-1) [6]. The second method
was the standard centrifugation in Ficoll-Verografin
density gradient (NC-2). The cells were treated
thereafter with cryoprotectant PEO-1500 (10% final
concentration) by the ‘cold’ treatment method [6, 7]
placed into a pre-cooled down to 0°C programmed
freezer Cryoson (Germany) and cooled with 5-
5.5 deg/min rate down to —60...—65°C and exposed
for 10 min at this temperature, then transferred into
liquid nitrogen [5]. The absolute number of cells was
calculated in Goryaev’s chamber according to the
standard technique. Cell survival was determined as
the ratio between cell number in the studied sample
after exposure and the initial amount and expressed in
percents.

The immunophenotyping of nucleated cells
(CD45%), including hematopoietic stem ones (CD34%),
as well as the assessment of their viability with DNA
marker 7-aminoactinomycin D (7AAD) were done
with FACS Calibur flow cytometer (BD, USA) using
the reagents from BD. The number of CB NCs with
an increased content of reactive oxygen species (ROS)
was measured by flow cytometry using 5 pumol
dichlorofluorescein diacetate (DCFH,DA, Sigma-
Aldrich, USA) [8]. Afterwards we determined the
number of cells with an increased DCF fluorescence
intensity, which was limited with M1 marker for each
studied population towards the total cell number in the
sample.

The flow cytometry data were processed with
CELLQuest Pro software (BD, USA) and presented
as M = SE. Differences between the samples were
assessed by Student's t-test with a significance level
of 5%, the sample size of data was at least five
experiments.
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Konnuecto ACK KK ¢ noBBILIEHHBIM COIEp)KaHIEM
akTUBHBIX (opM kucnopona (ADK) onpenensinm meto-
JIOM IPOTOYHOM HUTO(IYOPUMETPHH C UCIIONb30Ba-
HUEM 5 MKMOJIb AuxyopdiyopecienHa auanerara
(DCFH,DA, «Sigma-Aldrich», CIOA) [15]. Tanee
OTIpEeNeNsId KOJUYECTBO KIIETOK C TOBBIMICHHON
nHTEeHCUBHOCTBIO Quyopectennn DCF, xotopyro
OTpaHMYUBAIH MapkepoM M1, B Kaxxqoi uccienye-
MOU IOMYJISIIIAY, X OTHOCHIIH €70 K 00IIIeMy KOJTIYeCT-
BY KJIETOK B ITpooe.

JlaHHBIE TPOTOYHON LUTOMETPUH 00padaThIBaIN
C TIOMOIIIEI0 TporpaMMHoro obecriedenus «CellQuest
Pro» («Becton Dickinson») u npeacTaBisiiig B BUIE
M =+ SE. Paznnuusa Mexzny BBIOOpKaMH OLICHHBAJIH
o t-xpureputo CThIOAEHTA C YPOBHEM 3HAYMMOCTH
5%, 0o0beM BBIOOPKH JaHHBIX COCTaBJIsUT HE MEHeEe
ST KCIIEPUMEHTOB.

Pe3yabTarsl u o0cy:xKaAeHUE

Pesynprare! onieHkH 3¢ (HEeKTHBHOCTH BBIACIECHUS
simpocoaepxkanux (CD45") 1 reMommo3THIeCKHX CTBO-
70BbIX (CD34") KI1eTOK M3 IeTTbHON KOPJOBOH KPOBH,
B 3aBUCHMOCTH OT HMCIIOJIB3yEeMOro B Hallel padote
MeTOZa BBIACICHHUS, IPECTaBIeHbI Ha puc. 1, A.

[okazaHo, 4TO METOX ABYXATAITHOTO LIEHTPU(YTHU-
poBanust (SICK-1) mo3Bossier BeiiensTh Oosee 90%
kak SICK, Tak u I'CK, a npu nucnonszoBanuu ¢pukoia
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Results and discussion

The results of the isolation efficiency assessment
of nucleated (CD45%) and hematopoietic stem (CD34")
cells from the whole cord blood, depending on the isola-
tion method used in this research, are shown in Fig. 1A.

The two-step centrifugation (NC-1) enabled to
isolate more than 90% of both NCs and HSCs, if using
Ficoll (NC-2) a loss of CD45" cells ((45.2 + 8.2)%)
was observed (this method is used ususally to isolate
mononuclear cells), CD34" cells amount was also
decreased ((35.9 + 5.1)%) [14]. These changes may
affect the quality of the resulting preparation, since
the number of nucleated cells is the standard criterion
to evaluate a cell preparation quality [18].

The data on cell survival at the following stages of
CB NCs cryopreservation (treatment with cryoprotec-
tant and freeze-thawing) are shown in Fig. 1B.
Supplementing of cryopreservation medium with a high-
molecular PEO-1500 was established to decrease a
number of cells in the corresponding concentrates. For
example, cell incubation with 10% PEO-1500 reduced
the CD34" cell survival in the NC-1 and NC-2 concent-
rates by (12.1 +2.8)% and (8.2 +2.7)%, respectively.
When assessing the survival of the NCs total fraction
(CDA45") there was established the similar dependency:
in the NC-1 concentrate this index decreased by
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Puc. 1. KonunuecTteo knetok CD34* (d) n CD45* (O) nocne BelaeneHus (A) METOLOM ABYX3TanHOIro LeHTpUdyrnpoBaHms
(ACK-1) nnun B rpagueHTe nnotHocTn dukonna (ACK-2), a Tak e nocne obpabotkn N30 1 3amopaxmBaHus-oTorpesa
(B). KonnyectBo CD45*-knetok coctasnsmno (1,38 + 0,39)x10* kn/mkn n 6bino npuHato 3a 100%. Ctatuctudecku
3HaYMMble Pas3nNMyna MO CPaBHEHMIO C: * — nokasaTensMu LenbHOW KOpAoBOW KpoBM; # — aaHHbIMU nocne obpaboTku
Nna0-1500, p < 0,05.

Fig. 1. Content of CD34* () and CD45* (O) cells after isolation (A) by two-step centrifugation (NC-1) or in Ficoll density
gradient (NC-2), as well as after treating with PEO-1500 and freeze-thawing (B). Number of CD45" cells made (1,38
0,39)x10* cells/ul and was assumed as 100%. Statistically significant differences: * — as compared to the corresponding
concentrate; # — as compared to the data after treatment (p < 0.05).
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(ACK-2) nabmonaercs noreps CD45"-kneTox
((45,2 £ 8,2)%), MOCKOJNIBKY C TIOMOIIBI0 JAaHHOTO
METO/1a BBIEIISIOT IPEUMYILIECTBEHHO MOHOHYKJIEap-
HBIE KJIETKH, a Takxke noreps CD34*-knetok ((35,9
5,1)%) [19]. Takue u3mMeHEHUsT MOTYT MOBIHUATH Ha
Ka4eCTBO MOJyYeHHOTO Ipenapara, moCcKOJIbKY KOJIU-
YECTBO SAPOCOAEPIKANIMX KIETOK SIBISIETCS CTaH-
JApTHBIM KPUTEPUEM OIIEHKH KayecTBa KIETOYHOTO
npemapata [22].

Pe3ynbTaThl aHanu3a COXpaHHOCTU KJIETOK Ha
MOCNENYIOIUX dTanax KpuokoHcepsuposanusa SACK
KK (06paboTka KpHOonpOTEKTOPOM 1 3aMOPaKHBaHHE-
OTOTPEB) MpeACTaBIeHbBI Ha puc. 1, B. YcranosieHo,
YTO IpH J0OABJICHUH B CPEAy KPHOKOHCEPBUPOBAHUS
BbICOKOMOMEKysspHOTro I190-1500 xonmdecTBo Kite-
TOK B COOTBETCTBYIOLIMX KOHIIEHTpAaTaXx CHUKAETCS.
Tax, uaky0anus kimetok ¢ 10% I[190-1500 camxana
coxpanHocTh CD34"-knetok B koH1eHTpate SCK-1
Ha (12,1 +2,8)%, a B kounenTpare ICK-2 —Ha (8,2 £
2,7)%. Ilpu oleHKe COXpaHHOCTU 00IeH (Qpakiuu
SICK (CD45%) ycranoBieHa aHaJOTHYHAS 3aBUCH-
MocTh: B KoHIeHTpare SICK-1 mannbli moKa3aTeinh
cHrkaics Ha (13,8 £2,4)%, a B koHnenTpare ICK-2 —
Ha (10,6 £ 2,2)%. IIpu 3TOM COXpPaHHOCTH KJIETOK,
BBIJICJICHHBIX [TPH IBYX3TAITHOM [IEHTPH-
¢yruposanun (JICK-1), camxanace
MPEUMYIIECTBEHHO 3a CYET I'PaHYIIOIH-

TOB [3], a Ipu HCITONB30BaHUM (PHUKOIIIIA 100
(SICK-2) — 3a cueT MOHOHYKJIEapPHBIX

kieTok. Kpome Toro, Ha Kakaom stare
KPUOKOHCEPBUPOBAHHUA MOTYT H3ME-
HATBCS CTPYKTYPHO-(QYHKIIMOHATBHBIE U 2R
metabonuyeckue cpoiictea JACK, urto b
MOJKET MPHUBECTU HE TOJNBKO K yTpare 59:-’-
YacTH BBHIMONHAEMBIX KJIeTKaMHu (pyHK- g 8
LA, HO M K uX Tu0enu. [TosToMy, Kpome L
KOJTMUYECTBEHHOTO TIOKA3aTells, BAYKHBIM %8
KputepueM 3(p¢PeKTUBHOCTH METoaa >
KPHOKOHCEPBUPOBAHUSI SIBJISIETCS )KU3HE-
CIIOCOOHOCTH KJIETOK.

Pe3ynbTarhl OLIEHKH >KH3HECTIOCO0-
HocTH CD34*- u CD45"-knerok B mpo-
Lecce KpHOKOHCEPBUPOBAHNUS ITPEACTAB-
neHsl Ha puc. 2. Ilokazano Goiee
CYLIECTBEHHOE CHI)KEHHE JAHHOTO MTOKa-
3atens kak SCK, tak u I'CK yxe Ha
JTalne BhIAEJIEHU KiIeTOK U3 1eiabHou KK
¢ nomonipto uroa (ICK-2), B omiu-
Yhe OT METOJa JIBYXATAITHOTO LEHTPH-
¢yruposanus (SICK-1). Ilpu nocnenyro-
meit o6paborke kiaetok [130-1500
YBEJIMUUIIOCH OTHOCUTEIBHOE COJepKa-
HUE KU3HECTIOCOOHBIX KJIETOK, BBICIICH-
HBIX JIByX3TallHbIM LEHTpU(yTHpOBa-
HHUEM, YTO MOXET OBITH CIEACTBHEM

2

(13.8 +2.4)%, and in NC-2 it did by (10.6 = 2.2%). In
this case the survival of cells, isolated by two-step
centrifugation (NC-1) decreased mainly due to granu-
locytes [3], and in case of Ficoll (NC-2) it was due to
mononuclear cells. Moreover, every stage of cryo-
preservation could be accompanied with changes in
structure, functions and metabolic properties of NCs,
that may result not only in a particular loss of functions
of cells, but their death as well. Therefore, in addition
to a quantitative index, cell viability as an important
criterion of the cryopreservation method efficiency
should be assessed.

The results of the viability assessment of CD34*
and CD45" cells during cryopreservation are shown in
Fig. 2. More significant decrease in this index for both
NCs and HSCs even at the stage of cell isolation from
the whole CB using Ficoll (NC-2), in contrast to the
two-step centrifugation (NC-1) was demonstrated.
During following cell treatment with PEO-1500 a
number of viable cells, isolated by two-step centrifu-
gation increased, that might result from the destruction
of previously damaged cells during treatment with
PEO-1500 (see Fig. 1, B). Of note is the fact, that
during treatment with cryoprotectant of the NCs,
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#
“#
KK/CB | ACK-1 ACK-2 | ACK-1 ACK-2 | ACK-1 ACK-2
NC-1  NC-2 | NC-1  NC-2 | NC-1 NC-2
BbioeneHve O6paboTka 3amopaxvBaHve-
Isolation M30-1500 oTorpes
Treatment Freeze-thawing

with PEO-1500

Puc. 2. KonuyectBo *un3HecnocobHbix (7AAD-) knetok CD34* (O) n
CD45* () B npouecce KPUOKOHCEPBMPOBAHUSA B 3aBUCUMOCTU OT
MeToAa BblaeneHus (4ByxatanHbiM LueHTpudyrnposaHuem (ACK-1) unum
B rpaguveHTe nnotHoctu dmkonna (ACK-2)). Ctatuctuyeckm sHauymmele
pasnuyus No CpaBHEHWIO C: * — MokasaTensiMn LieNbHOW KOpAOBOWA
kpoBu; #* — naHHbIMK nocne obpaboTkn MA30-1500, p < 0,05.

Fig. 2. Content of viable (7AAD-) CD34* (0) and CD45* (OJ) cells during
cryopreservation according to the isolation method (two-step centrifuga-
tion (NCs 1) or Ficoll density gradient (NCs 2)). Statistically significant
differences: * — as compared to the indices in the whole cord blood;
# — as compared to the data after treatment (p <0.05).
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paspyienus mpu oopadotke [130-1500 (cm. puc. 1, B)
MOBPEXKIACHHBIX paHee kieTok. Cienyer oTme-
TUTb, YTO Tpu 00padoTke kpuomnporekTopoMm ACK,
BBIJICIICHHBIX B TPaIUCHTE TUNIOTHOCTH (PUKOILIA, TTOKa-
3aTeNIb JKU3HECTIOCOOHOCTH HE YBEIHMYHBAETCS, a
COXPaHHOCTH CHIKaeTcs (cM. puc. 1, B). 3to Mmoxer
CBHJICTEIHCTBOBATH HE TOIHKO O Pa3pyIICHUH KIETOK
TIPH BBIJICIICHUH, HO U O JOTIOJTHUTEIEHOM HX TTOBPEXK-
JICHUU B pE3yJIETaTe BBEJICHUS B CPEIY KPUOTIPOTEKTOPA.

Pe3ynbrarsl 3aMOpaKHBaHUS-OTOTPEBA KIIETOU-
HBIX CyCIEH3UM MOATBEPIUIU NPEUMYLIECTBO Mpe-
JI0’KEHHOI'0 HAMM MeTo1a: )Ku3HecrnocooHocts SICK,
BBIJICTICHHBIX JIBYX3TAITHBIM [ICHTPU(QYTUPOBAHNUEM U
3aMOpOoxKeHHBIX 1o 3ammuToi [190-1500, coctapnsier
(83,4+£1,45)%,al'CK—(91,3 £ 3,5)%. XKusnecmnocoo-
HocTh SICK, BBIIENCHHBIX B IPaJUCHTE MJIOTHOCTH
(bmKoIITa M KPUOKOHCEPBUPOBAHHBIX C I00AaBIEHIEM
I190-1500, camxkanace 1o (61,4 = 2,3)%, a I'CK,
KOTOPBIC B HOPME XapaKTEePU3yIOTCsA OOJBIIEH, TeM
SICK, xproycToiuuBOCTRIO, cocTaBisuia (54,8 £ 3,8)%.

B ¢u3nonornuecku moTHOTICHHOM KIIETKE TIPH HOP-
MaJIbHBIX YCIIOBUSAX MEXaHU3MBI aHTHOKCHIAHTHOM
3alIUTHl HAXOJATCSA B YCTOMUYHMBOM PAaBHOBECHH C
CUCTEMaMHU, MPOIYIUPYIOIUMHU aKTHBHBIC (OPMEI
kuciopona (ADK). [loaromy ADK, oOpazyrommuecs npu
HOPMAJEHOM KIJIETOYHOM METa0OoJIM3Me 3a CUET yTeu-
KH JICKTPOHOB B JBIXaTEeIILHOM IS MUTOXOHJIPHH, a
TaKXe JPYTUX OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peakIii B opraHeiuiax U IMUTOINIa3Me, HE BBI3BIBAIOT
TIOBPEXKICHIS KIIETKH. ECin KomdecTBo 00pa3yro-
muxcst ADK mpeBrIaeT 3amuTHRIE BO3MOKHOCTH
KJIETKH, TO MOTYT HaOIIONaThCS BHYTPHUKICTOUHBIC
HapymIeHUs. JTO MPOUCXOIUT BCIICICTBUE BHICOKOM
peakiuoHHo# crtocoonoctn ADK, KoTopast mo3BosIsieT
UM B3aUMOJEHCTBOBATH C JUIMHIAAMH, OCIKaAMH,
HYKJICMTHOBBIMHY KHCJIOTaMH U YTIIEBOaMU. B BEICOKIX
koHIeHTpausax ADK nnaynupyrot npoueccel nepe-
KHCHOT'O OKHCJICHUS JIUIUJIOB B OMOJIOTHYECKUX MEM-
OpaHax, OBpEXICHUE MEMOPaHO-CBSI3aHHBIX OCITKOB
n JIHK xierku, nHaktupanumo GepmeHntos [6, 7].
KprnoxoHcepBupoBaHue, mpu KOTOPOM H3MEHSIOTCS
(PM3UKO-XMMUYECKHE CBOHCTBA CPEJIBI, MOXKET ITPHBO-
IUTH K (PU3HONIOTHYECKUM HAPYIICHUSIM B OMOJIOTH-
4eCKUX 00BEKTax, 3a4acTyI0 COMPOBOXKIAIOIINXCS
nioBeIIeHHON TIpoaykitneit ADK [8]. UccnenoBanus
HEKOTOPBIX aBTOPOB MOKa3alu, 4To KoinunuectBo ADK
B Pa3lIMYHBIX OMOOOBEKTAX MOCIE 3aMOPaKUBAHUS
yBesnmuuBaetrcs [18, 27]. YuuTeiBas JaHHBIN (axT,
Ha cieayromeM 3tane oueHku coctosHug ACK mbr
[TOCYUTAJIH IIEJIECOO0OPA3HBIM OMPEACIUTh COIePIKa-
Hue AOK B 3aBUCUMOCTH OT TEXHOJIOT'MH KPUOKOHCEP-
BUpoBaHUs. J{JIs 3TOT0 OBUT IPUMEHEH TUTOMITYOPH-
METPUUYECKUI METO, OCHOBAHHBIN Ha HCIIOJb30BaHUU
nuxnopdayopecuenn nuanerara (DCFH,-DA),
KOTOPBIN MTOCJIE TIOMAIAaHUS B KJICTKY M OTIICTUICHHUS
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isolated with Ficoll density gradient, the viability did
not increase, but survival was reduced (see Fig. 1B).
This may testify not only to the cell destruction during
isolation, but their additional damage due to cryoprotec-
tant introduction into the medium as well.

The results of cell suspension freeze-thawing confir-
med the advantage of the method we proposed: the
viability of NCs, isolated by two-step centrifugation
and frozen under PEO-1500 protection made (83.4 +
1.45)%, and (91.3 £ 3.5)% for HSCs. The viability of
NCs isolated with Ficoll density gradient and
cryopreserved with PEO-1500 supplement, decreased
down to (61.4 £ 2.3)%, and that of HSCs, which
normally had higher cryoresistance than NCs, was
(54.8 + 3.8)%.

In a physiologically valuable cell normally the
antioxidant protection mechanisms are in a stationary
balance with the systems producing reactive oxygen
species (ROS). Therefore the ROS, formed under
normal cellular metabolism due to the leakage of
electrons in mitochondrial respiratory chain, as well as
the other redox reactions in organelles and cytoplasm,
cause no cell damage. If the amount of formed ROS
exceeds the protective capability of a cell, the
intracellular disorders may be observed. This occurs
due to a high reactivity of ROS, allowing them to
interact with lipids, proteins, nucleic acids and
carbohydrates. Being in high concentrations, ROS
induce the lipid peroxidation in biological membranes,
damage the membrane-bound proteins and cell DNA,
inactivate the enzymes [16, 27]. Cryopreservation
changes physical and chemical properties of medium
and thus may result in physiological disorders in
biological objects, often accompanied by an increased
ROS production [23]. It was reported, that the amount
of ROS in different biological objects after freezing
was increased [12, 25]. Taking this fact into account,
at the next stage of the NCs state evaluation we
determined the ROS content, depending on cryopreser-
vation technique. For this purpose we used the flow
cytometry, based on using dichlorofluorescein diacetate
(DCFH,-DA), which after entering a cell and diacyl
group cleavage could leave it, and in the presence of
ROS in a cell it transformed into a highly fluorescent
DCEF form. In contrast to other biochemical methods,
assessing oxidative stress by an amount of oxidized
forms of proteins and lipids, this method advantage is
the possibility to determine an intracellular ROS content
at the moment of their formation. The results of a
typical experiment are shown in Fig. 3.

It was shown that using two-step centrifugation for
cell isolation (NC-1) did not result in changes of
DCF-labeled NCs number ((3.8 £ 1.31)% DCF*
CDA45" cells) if compared to the values found in whole
cord blood ((4.73 £ 2.45)% DCF* CD45" cells), and

29



JHUALWIBHON TPYTIIBI HE MOYKET CBOOOTHO €€ MOKUHYTH,
a npu Hanuyuu B KieTke ADK nepexoauT B BEICOKO-
¢ryopecuentnyto ¢popmy DCF. B otnuuue ot npyrux
OMOXMMHUYECKUX METOAOB, IPU MCIOIB30BAHUH KO-
TOPBIX OKUCIIUTENBHBIN CTPECC OIEHUBAIOT 110 OKHC-
JICHHBIM (popMamM OeITKOB 1 JINTTHIOB, TPEUMYIIIECTBOM
JAHHOTO METO/1a SBJISETCS BO3MOXKHOCTD OIPEIENATh
BHYTpHUKIeTOUHOE conepxaHue ADK B MOMEHT ux
oOpa3oBaHus. Pe3ynpTaThl TAIIMYHOTO SKCIIEPUMEHTA
IIpeacTaBJIeHBI Ha pHC. 3.

[TokazaHo, YTO TpU IBYX3TAalTHOM LEHTpUDYTH-
poBanuu st BeiieaeHUs KieTok (ICK-1) komudectBo
DCF-meuensix SAICK ne usmensiercs ((3,8 = 1,31)%
DCF*CD45*-kneToK) M0 CpaBHEHHUIO C LEJIbHOU
KopaoBoit kpoBero ((4,73 = 2,45)% DCF*CD45*-
KJIETOK), a P BBIJEJICHUU KIETOK B T'PaJHEHTE
mwiotHocTH ¢pukosia (ICK-2) conepxa-
Hue ADK B kjeTkax yBeJIMYUBAETCA
((21,3 + 4,03)% DCF*CD45"-xneTok).
Tax, konnuectBo DCF-MeueHsix sapo-
CoJIepKalliX KIETOK YBEINYUBAETCS B
CpPEIHEM B IISTh pa3 IO CPAaBHEHUIO C
LIETIbHOU KOPJIOBOM KPOBBIO.

Heo0xonmumo 0TMETHTE, Y4TO MOTYJIs-
OHOHHBIN cocTaB koHIEeHTpaToB SICK
KK, nmosy4eHHBIX pa3HbIMU METOIAMH,
OTJINYAETCSI T10 COIEPKAHUIO TPaHYIIOH-
TapHBIX JeikonuToB [3]. JlanHbIi THO
KJIETOK B CHJIy OCOOCHHOCTEH CTPOSHUS
(OomBIIIOE KOTMYECTBO JIM30COM U TIEPOK-
CHCOM) M CIOCOOHOCTH K CIIOHTaHHO
pa3BHUBAKOLIEMYyCS allONTO3y MOXET
BJIMATB Ha ypoBeHb (piryopecueniu DCF
Bcex CD45 -knetok [25]. U3BecTHO, uTO
HanMeHee 00OoTaleH rpaHyJIOLUTaMH
KOHLIEHTPAT, NOTY4YEeHHBIN C UCTIOIB30Ba-
HHEeM (pUKOJIa, KOTOPBIH MO3BOJIAET
I0JTy4aTh MPEUMYIIECTBEHHO MOHOHYK-
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when isolation of cells in Ficoll density gradient (NC-2)
led to the increase in cell ROS content ((21.3 +4.03)%
DCF* CDA45" cells). Thus, the number of DCF-labeled
nucleated cells increased five times in average as
compared to the control values.

Of note is the fact, that the populations in CB NCs
concentrates, procured by various methods, differ by
a number of granulocytic leukocytes [3]. This type of
cells due to structural features (a large number of
lysosomes and peroxisomes) and the capability for a
spontaneously developing apoptosis may affect the
DCEF fluorescence level of the whole CD45" cells [22].
The concentrate, procured using Ficoll density gradient
contains mostly mononuclear cell fraction, i.e.has less
granulocytes [3]. We may thereby assume the fact,
that the suspension, isolated by this method should
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Puc. 3. Konunyectso DCF-me4yeHHbIX agpocogepXxalmnx KneTok
KOPAOBOW KPOBU B 3aBUCUMOCTM OT METOAA BblAeneHus (oByxatanHoe
ueHTpudyrmuposaHue (ACK-1) unu B rpagueHTe nnoTHoCcTU dukonna
(ACK-2)).
Fig. 3. Content of DCF* cord blood nucleated cells, depending on isola-
tion method (two-step centrifugation (NC-1) or Ficoll density gradient
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JIBYX3TaITHBIM [EHTPU(YTUPOBAHUEM, OJTHAKO B KIIET-
KaX, BBIJICIICHHBIX B IPaJIMEHTE IJIOTHOCTH (DUKOJLIA,
JAHHBIN MOKa3aTenb MPaKTUYECKU HE U3MEHSICS.

Haubosnee 3HaunTENNEHBIC H3MEHEHUS COIEPIKAHUS
AODK B kIIeTKax HaOIIOMATUCH ITOCIIE KPHOKOHCEPBH-
poBanus. Ha kieTku, Haxomsmuecs B CTPECCOBBIX
YCIIOBHSX, IEHCTBYIOT IOTIOIHUTEIHHBIE TIOBPEKIAI0-
e (hakTopsl 3aMOpPaKUBAHUA-OTOTPEBA, KOTOPHIE
MOTYT MPUBECTH K 3alpOTPaMMHUPOBAHHON THOENH
KJIETOK, IMEIOIINX «cOom» B paboTe aHTHOKCHIAHT-
HOU CUCTEMBI. YCTaHOBIIEHO, YTO MTOCJIE KPUOKOHCEP-
BUpoBaHus konnuectBo CD45'DCF'-kneTok n3sme-
HSIETCSL M 3aBUCHUT OT METOoJa uX BblaeneHus. [lpu
aHanuze cogepkanusa ADK B KeTkax, BHIACICHHBIX
JIBYXATAIHBIM [EHTPU(YTUPOBAHUEM H 3aMOPOKEH-
HbIX ¢ [130-1500, O6bpUTO MOKa3aHO 3HAYUMOE YBE-
nuuenne (mo (42,7 £ 6,3)%) konmdecTBa KIETOK C
MMOBBINIEHHBIM BHYTPHUKIIETOUYHBIM COJIEPKAHUEM
A®K 10 cpaBHEHUIO C JAHHBIMH JI0 3aMOPa’KUBaHHSI-
otorpeBa. Panee npoBe/IeHHbIN MOMYJIAIIMOHHBINA aHa-
JI3 ITO3BOJIII HAM YCTaHOBUTB, UTO cofepxkanue AOK
B KJIETKax IOBBIIIAETCA B OCHOBHOM 3a CYET TIOITY-
JISUY TPAHYIOIUTOB U MOHOIIMUTOB, IIPU 3TOM 0OJIb-
IIUHCTBO JTUMQOIIMTOB COXPAHSIETCS B COCTOSHHUH,
ONTU3KOM K HaTUBHOMY [25].

BrlIcokue nmokazarenu KonM4yecTBa U >KM3HECHO-
COOHOCTH KJIETOK MOTYT CBHAETEIbCTBOBATH 00
OTCYTCTBHH «COOEB» B pabOTE MX aHTHOKCHUJAHTHOHN
cucteMsl. [103TOMy MOXXHO TOBOPUTH O CTPECCOBOM
peaknuu KIETOK, KOTOpask COIPOBOXKIAETCS yBeJInde-
HueM nponykunun ADK, aro o0ycrnoBieHo peakuuen
aJanTanyy KJIETOK K IKCTPEMAalbHBIM YCJIOBHSM, B
KOTOPbIX ADK BBINONHSIOT POIb BTOPUYHBIX MECCEH-
JKEPOB, YYaCTBYsI B CUTHAJbHOU TPAaHCAYKIHUU U
SKCIIPECCUU psiia reHOB [6]. B Takux ycloBusX BaxHa
MOOWMIIM3AIMS aHTHOKCUIAHTHOW CHCTEMBI KIIETOK,
KOTOpasi MPENsITCTBYeT HAKOIJICHUIO TOKCHYECKUX
koHueHTpanuii AOK. [TonTBep:x1eHEM CBOEBpEMEH-
HOTO BKJIFOUEHUS AHTUOKCUAAHTOB B MPOIIECC 3AIUTHI
OT YPEe3MEPHOTO HAKOIIJICHHS BHICOKOPEAKIIMOHHBIX
COEJMHEHHNH B KJIETKaX, KPHOKOHCEPBUPOBAHHBIX
[IOCJIe BBIJEJICHUS JIByXATAIHBIM IeHTpupyrupona-
HHEM, MOTYT OBITh ITOJTyYeHHbIE paHee JaHHBIE O CO-
XpaHEeHUH YIIOPSI0YEHHOCTH JTUIHIHOTO Orcios [2].
Taxk, eciu koHleHTpanus B kieTkax ADK npeBbicut
3aIUTHBIC BO3MOKHOCTH aHTUOKCUAAHTHOM CUCTEMBI,
TO Pa3BUBAIOIIMNICA OKHUCIMTEIBHBINA CTPECC MOXKET
SIBUTBCS IPUUUHOM «3aITyCKay 3alpOorpaMMUPOBaHHON
rubeny KIeTok (amomnros3a) [4], HauanbHOW CTaauen
KOTOpOH OyneT BbIxox ¢ocdaruaniceprHa Bo BHEIL-
HUH MOHOCJIOH TIa3MaTHYecKoil MeMOpaHsr [21].

Hawnmensiiee xonmngectBo DCF-MedeHbIX KIETOK
HaOJI0MaI0Ch B pe3yibTaTe BBIACICHUS KIETOK B
rpaauenTe wioTHocTH (hukomia. Tak, mocie KpHoKoH-
cepBupoBanus JICK KonmmdecTBO KIETOK C BRICOKHM
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contain a lower number of cells with an increased ROS
content, than the whole cord blood. However, the
increase in the DCF-labeled cell number may testify
to the intensification of intracellular ROS production
on the background of a combined damaging effect of
chemical and physical factors on mononuclear fraction
of leukocytes during isolation.

Further introduction of cryoprotectant increased the
ROS content in the cells, isolated by the two-step
centrifugation, unlike those, isolated in Ficoll density
gradient, where this index remained almost unchanged.

The most significant changes in the ROS content
in cells were observed after cryopreservation. The cells
being under stress conditions are affected by additional
damaging factors of freeze-thawing, which may initiate
a programmed death in the cells with ‘failures’ in
antioxidant system functioning. Following cryopreser-
vation the number of CD45'DCF" cells varied and
depended on the method of their isolation. Analysis of
the ROS content in the cells isolated by the two-step
centrifugation and frozen-thawed with PEO-1500
demonstrated a significant increase (up to (42.7 +
6.3)%) of a number of cells with an increased intra-
cellular ROS content as compared to the data before
freeze-thawing. Analysis of populations performed
earlier allowed us to reveal the fact that elevated ROS
content in the cells was provided mainly due to
granulocyte and monocyte population, thereby most
lymphocytes were in the state close to initial one [22].

High indices of cell number and viability may testify
to absence of ‘failures’ in functioning of antioxidant
system. Therefore, we may suggest the existence of
cellular stress response, accompanied by an increased
ROS production, that is stipulated by the adaptation
reaction of the cells to extreme conditions, where the
ROS act as the secondary messengers participating in
signal transduction and expression of several genes
[16]. Under these conditions of importance is the
mobilization of cell antioxidant system, preventing ROS
accumulation up to toxic concentrations. The previous
findings on the lipid bilayer preservation may confirm
a timely involvement of antioxidants in the defense
against an excessive accumulation of highly reactive
substances in the cells, cryopreserved after isolation
by the two-step centrifugation [4]. In particular, if the
ROS concentration in cells exceeds the protective
capacity of antioxidant system, the developing oxidative
stress may cause the initiation of programmed cell
death (apoptosis) [9], the initial stage of which will be
the phosphatidylserine release into outer monolayer of
plasma membrane [17].

The lowest amount of DCF-labeled cells was
observed when the cells were isolated in Ficoll density
gradient. In particular, cryopreservation resulted in a
decrease of number of NCs with high ROS content
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conepxanuem ADK cHmxkanoch B cpenHem Ha 7%
[0 CPaBHEHHUIO C JAAHHBIMHU mocie o0paboTKH
[190-1500. IIpu neTanbHOM MCCIENOBAHUH COCTOSI-
HUS 3TUX KJIETOK YCTAaHOBJIEHO, YTO HU3KOE COAEpKa-
are ADK He MOXKET CBUAETEILCTBOBATE O ITIOJIHOIIEH-
HOU paboTe NX aHTHOKCHIAHTHOM CHCTEMBI, TOCKOJIBKY
JAaHHBIA MOKa3aTeNb JOJKEH PacCMaTpUBATHCA B
KOMITJIEKCE C COXPAHHOCTHIO U )KU3HECTIOCOOHOCTHIO
KJIETOK. Ba)KHO OTMETHUTB, YTO 1a’Ke 3TOT HEBBICOKUI
nporeHT DCF-MeueHbIX KIeTOK B Mpo0e TMOTHOCTHIO
NPUXOAUTCS Ha MOMYJIALMI0O MOHOHYKJIEAapOB, M3
KOTOpBIX U cocTouT KoHeHTpaT SACK-2. Takas peak-
1Sl KJIETOK MOXET pacCMaTpUBATHCA KaK UX OTBET
Ha [IPOXOKACHNUE TPATUEHTA TNIOTHOCTH CMECH TIOJIH-
caxapuza ((puKoaia) ¥ PEHTTEHOKOHTPACTHOTO Be-
miecTBa (Beporpaduna) moja JeHCTBHEM IICHTPOOESK-
HOW CHJIBI, YTO B 3HAYUTEIHHON CTETEHU HapyllaeT
CTAIlMOHAPHOE COCTOSTHUE KIIETOK.

BoiBoabI

[IpoBeneHHass KOMIJIEKCHAsI OI[EHKA COCTOSTHUS
AIPOCOEPKATUX KIETOK KOPJOBOW KPOBH, B TOM
YHCIIE CTBOJIOBBIX FEMOITO3TUYECKUX, B 3aBUCUMOCTH
OT METOZIa KPHOKOHCEPBUPOBAHM IIOKa3aia Mpenmy-
iecTBa MpeUIoKeHHoro Meroa BoiaeneHus SICK —
JBYX3TAITHOTO LIEHTPU(PYTUPOBAHUS C TTOCIIEAYIOIIUM
KPHUOKOHCEPBHPOBAHUEM KIJIETOK O] 3aIlIUTON HENPO-
HuKaromero kpuonpotekropa [130-1500. [lanubii
METO/]I TIO3BOJIIET COXPAHUTh B JKM3HECTIOCOOHOM
cocrostanu (83,4 £ 1,45)% siapoconepkantux u (91,3 +
3,5)% remMomo3THYECKUX CTBOJIOBBIX KIIETOK-TIPEI-
[IECTBeHHHUKOB. [Ipn 3TOM yBenmueHue KoinmdecTBa
KJIETOK C MOBBIIMIEHHBIM cojepxanuem ADK go
(42,7 £ 6,3)% Ha ¢doHE BBICOKMX TOKa3aTeled ux
COXPAaHHOCTH M XU3HECHOCOOHOCTH HE ABISETCSA
KPUTHYHBIM U MO>KET paccMaTpuBaThcs Kak (prznoo-
THYHBIA OTBET KJIETOK Ha BO3JeHcTBHE (AaKTOPOB
KPHOKOHCEPBUPOBAHHS.
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by 7% on average if compared to the indices after
PEO-1500 treatment. Detailed study of state of these
cells revealed that low ROS content was not proper
index to confirm normal functioning of the antioxidant
system, since this index should be considered together
with the cell survival and viability. Of importance is to
note, that even this low amount of DCF-labeled cells
in the sample is fully accumulated in the population of
mononuclear cells, forming the NC-2 concentrate. This
cellular reaction may be considered as their response
to the passage of the density gradient consisting of
polysaccharide (Ficoll) and X-ray contrast radiopaque
substance (Verografin) mixture under centrifugal force
effect, which greatly disorders the cell state.

Conclusions

The implemented combined assessment of the state
of cord blood nucleated cells, including hematopoietic
stem ones, depending on the cryopreservation method
demonstrated the advantages of the proposed way for
NCs isolation, the two-step centrifugation, followed by
cell cryopreservation under protection of non-pene-
trating cryoprotectant PEO-1500. This method
enabled preservation in a viable state of (83.4 + 1.45)%
nucleated and (91.3 + 3.5)% hematopoietic progenitor
stem cells. Herewith, an increase in the number of
cells with an increased ROS content up to (42.7 +
6.3)% together with high indices of their survival and
viability is not critical and may be considered as
physiological cell response to cryopreservation factors.
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