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Cord Blood Cryopreservation with PEO-1500

Pa3paboran 6e30TMBIBOYHBIN METOI KPHOKOHCEPBHPOBAHKSI IIEIBHON KOPIIOBOM KPOBH € UCIIONB30BaHHEM Kpuonpotekropa [190-1500,
KOTOPBIH MO3BOJISICT COXPAHHUTH MOCHIE PAa3MOPaKUBAaHUS 10 99% SPUTPOIUTOB, a 1O JAHHBIM TPAHC(Y3HOHHOH MPOOHI - 10 93%.
VYcraHOBIIEHa COXPAaHHOCTh OMOJIOTMYECKH aKTHBHBIX BEHIECTB IUIA3MBI HAa ypoBHE KOHTpouns. Ilocie KpHOKOHCEPBUPOBAHUS IO
BEIIIEYKa3aHHOMY METOAY C IOMOIIBI0 MMMYHO(]IIyOPECIIEHTHOTO TeCTa II0Ka3aHa COXPaHHOCTh 10 70% muMdonnToB KpoBH, B TOM
4HcIie H CTBOJOBEIX KieTok (CD34") kopmoBoit KpoBu.

Kniouegvie cnoea: KpruoKOHCEPBUPOBAHUE, KOPJOBast KPOBb, SPUTPOLUTEHI, IIA3Ma.

Po3pobneno Ge3BiAMUBHUIT METON KPIOKOHCEPBYBaHHS LiJTbHOI KOPIOBOT KPOBi 3 BUKOPHCTaHHAM Kpionporekropa [TIEO-1500,
SIKUH 03BOJIsIE 30€perTH Iicisi PO3MOPOXKYBaHHs 10 99% epuUTPOLUTIB, a 3a TaHUMH TpaHcdy3ilHOT mpobu — 10 93%. Beranosnena
30epeKeHiCTh 610JIOTIUHO aKTUBHHUX PEUOBHH IIJIa3MH Ha PiBHI KOHTpouisi. [1iciist KpiOKOHCEpBYBaHHS 3a BUILE3raaHUM METOIOM 32
JIONIOMOT 010 iIMyHO(IIYOPECIICHTHOTO TeCTy MoKa3aHo 30epexeHHs 10 70% 1iM(OLUTIB KPOBI, y TOMY YHCII i CTOBOYPOBHX KIIITHH
(CD34") xopaoBoi KpoBi.

Knrouosi cnosa: xpiokoHCepBYBaHHs, KOPJAOBa KPOB, CPUTPOLIMTH, IIa3Ma.

The method without washing-out for the whole cord blood cryopreservation with PEO-1500, enabling to preserve up to 99 and
93% erythrocytes after freeze-thawing and by the transfusion test data, correspondingly, has been designed. The integrity of biologi-
cally active substances in plasm at the control level has been established. After cryopreservation with the mentioned above method the
immunofluorescent test has demonstrated the integrity of up to 70% blood lymphocytes, including cord blood stem cells (CD34").

Key-words: cryopreservation, cord blood, erythrocytes, plasma.

B mocnennee Bpems kopupoas kpoBb (KK) u
[TOJTyYeHHBIE M3 Hee Mperaparhbl Haxo/sT Bce OobIiee
MIPUMEHCHUE B KIMHUYECKOH MpakTuKe 3], mpudeM B
JIedeOHBIX TeNIIX UCTIONB3YeTCs KaK HeTbHast KOp.Io-
Bas KPOBb, TaK U OTAEIbHBIE €€ KOMITOHEHTHI. Oco00
IICHHBIM SIBIISICTCSI IPUMEHEHUE TICIIBHONW KOPIOBOM
KPOBH B HEOHATAJIOTHH TIPH TIEPEITUBAHUH OOJIBIITOTO
00beMa KPOBU HOBOPOXK/ICHHBIM, B CIIOPTHBHOM MEIH-
LHUHE C LENbI0 YCUJICHUS alalTallHOHHBIX CBOMCTB
opraHusma.

B xnuHMYecKoi pakTUKE AJIs I€YCHUS HEKOTOPBIX
3a00JIeBaHUN HCIOJB3VIOT BhiaeneHHbIe U3 KK
SPUTPOLHUTHI U KIETKH JTUM(POUIHOTO PsJa, B TOM
YHUCJIE CTBOJIOBBIE T€MOMO3THYECKHE, TUIa3My HITH
CBIBOPOTKY.

B cBs13u ¢ 3THM BO3HHKIIA HEOOXOAMMOCTD CO3/1a-
Hus 3anacoB KK 1 pa3paboTku METO0B KpHOKOHCEP-
BUPOBAHUA SPUTPOLIUTOB, IJ1a3Mbl U IIEJIbHON KOPJIOBOI
kposu [1].

B Hacrosimiee BpeMs OCHOBHBIM ITPU KPUOKOHCEP-
BUPOBAHUU SPUTPOIUTOB SIBISETCA TITULEPUHOBBIN
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Recently the cord blood (CB) and its derived pre-
parations have become widely spread in clinical prac-
tice [3], moreover both whole cord blood and its sepa-
rate components have been used in therapeutic pur-
poses. Applying the whole cord blood in neonatology
when transfusing large blood volume to newborn child-
ren, in sports medicine with the aim to strengthen the
adaptation properties of organism, is of the most value.

Either isolated from CB erythrocytes or lymphoid
cells, including stem hemopoietic ones, plasm or serum,
are used in clinical practice for treating some diseases.

Due to this fact the necessity of establishing the
CB stocks and designing the methods for erythrocytes,
plasm and the whole cord blood cryopreservation has
arisen [1].

Nowadays the principle method for erythrocyte
cryopreservation is the glycerol one [1], enabling to
obtain quite a high percentage of viable cells after
cryopreservation, in spite of a significant disadvantage
consisting in a long-term and complicated procedure
of cryoprotectant removal after cell freeze-thawing.
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meton [1], KOTOpBI MO3BOJISIET MOIYYUTH TOBOJIBHO
BBICOKHI TPOIICHT JKU3HECITOCOOHBIX KJIETOK IMOCIe
KPUOKOHCEPBUPOBAHUS, XOTS U UMEET CYILIECTBEHHBIN
HEJOCTATOK, 3aKIIOYAIOLIUNCS B JTUTEIHHON U CIIOXK-
HOU TpoIeaype yAaJeHUs KPHOMPOTEKTOpa MOCe
pa3MOpaXuBaHUS KIIETOK.

Jnst KpHOKOHCEPBUPOBAHUS SPUTPOIHUTOB H,
0co0eHHO, TIeTEHOM KOPA0BOH KpOBH HanboJIee rmepc-
MeKTHUBHA pa3paboTKa GE30TMBIBOYHBIX METOJIOB C
HCIIOJIH30BaHHUEM HETTPOHUKAIOIIUX KPUOTIPOTEKTOPOB.
B namux npeasiaynmx padotax ObUIO TOKa3aHO, YTO
CpeU pa3IMYHbIX HENPOHUKAIOLINX KPHOIPOTEKTOPOB
(IT20 400, 1500, 2000, THAPOKCHITHIIKPAXMAIIHI,
MOJTMBUHUIITUPPOIUAOHB) Hanbosee 3¢ eKTHBHBIM
JJIs KPUO3AIIUTEl 3PUTPOLUTOB JOHOPCKOM KPOBU
yenoBeka sBiasercs [120-1500. MakcumanpHas
COXPAHHOCTb KJIETOK JJOCTUTAETCS TIPH TIO3UPOBAHHOM
J00ABJICHUH TAHHOTO KPHOMPOTEKTOPA K SPUTPOIUTAM
MIPU HU3KOU MONOKHUTEIBHON TeMiiepaType [2].

Hens mamHO# paboThl — pa3paboTka OE30TMBI-
BOYHOTO METO/Ia KPHOKOHCEPBUPOBAHUS DPUTPOITUTOB,
1IeJIbBHOW KOPAOBOM KPOBH, TIa3Mbl U KJIETOK KPOBHU
YeIOBEKa; MCCIICIOBAaHHUE UX CTPYKTYPHOH U (PYHKITHO-
HaJbHOU MOJHOLECHHOCTH MOCIIE Pa3MOPaKUBAHUSL.

Martepnaabl 1 meToAbI

B pabote ncnonbp3oBagy KOPAOBYIO KPOBb YEJO-
Beka. KpoBs 00beMoM He meHee 50 mi 3aroras-
JIUBAJIN Ha KOHCepBaHTe ‘T Iorummp” U3 BEHBI MyIIbCH-
pYIOLIEH MyTTOBHHBI TOCIIE HOPMAITBHBIX POJIOB.

J1st SKCTIepuMEHTOB 110 pa3paboTke 6€30TMBIBOY-
HOro Metoaa kpuokoHcepsuposanus KK npumensinu
30%-#1 I120-1500, mpuroTOBICHHEIH Ha (U3HOIIO-
ruueckoM pactBope NaCl u 0,01MM docdaTrHom
Oydepe. KprorporekTop k cycreH3un KIeTOK HEeTLHON
KK noGaemnsim mo3upoBaHo 1:1 mo o0beMy npu HU3KOH
MOJIOKHUTEIBHOM TeMIepaType. 3aTeM B3BeCh KIIETOK
MEPEHOCUIN B CTaHAAPTHBIM aTIOMUHUEBBIH KOH-
TelHep u 3aMopaxuBaiu 10 —196°C norpykeHueM B
KUAKUE a30T. OTTrauBaHue npoBoauan mnpu 42-44°C
Ha BOJSHOW TepMOCTaTHpyeMoOW OaHe IpHU IOoC-
TOSITHHOM nokauuBaHuu. Ilocie pasmopaxuBaHus
IPUTPOLUTOB CHEKTPOPOTOMETPHUUECKH HU3MEPSIH
IeMOJIN3 U OCMOTHUYECKYIO XPYIIKOCTh 3PUTPOLUTOB,
UCIOJB3YsI MOJEIb TPaHC(Y3UH: IEPEHOC JEKOHCEP-
BUPOBAHHBIX 3PUTPOLUTOB B (PU3HOJIOTHUECKHI
pactBop NaCl (1:10 mo o0beMy) 1 UHKyOUpOBaHUE
npu 37° C B TeueHue vaca.

Conepxanue OMONOTMYECKH AKTUBHBIX BEIECTB
wra3mel KK ompenensny ¢ mOMOMIBIO TECT-CUCTEM
“Anpkop-6mo” (C.-IletepOypr) MeTonqoM UMMYHO-
dhepmenTroro ananmmsa (MDA) [6].

deHOTUITHPOBAaHUE SIIPOCOJIEPKAIINX KIETOK H
JTUM(OIIUTOB MTPOBOIVITH ITO METOJIKE OKPAIITHBAHUSI
KJIETOK TI0 UMMYHO(]IyopecieHTHOMY TecTy. MoHo-
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The designing of methods without washing-out using
non-penetrative cryoprotectants is the most perspective
way for erythrocyte and, especially, the whole cord
blood cryopreservation. As shown in our previous
papers, among the different non-penetrative cryopro-
tectants (PEO 400, 1500, 2000, hydroxyethylstarches,
polyvinyl pyrrolidones) the PEO-1500 is the most
efficient one for human donor blood erythrocyte
cryoprotection. The maximum cell integrity is achieved
under this cryoprotectant dosed addition into eryth-
rocytes at low positive temperature [2].

This research was aimed to design a cryopreser-
vation method without washing for the whole human
cord blood, plasm and blood cells and to investigate
their structural and functional integrity after freeze-
thawing.

Materials and methods

Human cord blood was used in the research. Blood
of higher than 50 ml volume was procured with “Gly-
gicir” preservative from pulsating umbilical cord vein
after easy delivery.

When designing the method without washing-out
for CB cryopreservation a 30% PEO-1500, prepared
with NaCl physiological solution and 0.01 mM
phosphate buffer, was applied. Cryoprotectant was
added into the whole CB cell suspension in 1:1 v/v
dose at low positive temperature. Afterwards the cell
suspension was transferred into the standard aluminium
container and frozen down to —196°C by immersing
into liquid nitrogen. Thawing was done at 42-44°C on
water thermostated bath at a constant shaking. After
erythrocyte freeze-thawing the hemolysis and eryth-
rocyte osmotic fragility were spectrophotometrically
measured using transfusion model: transferring frozen-
thawed erythrocytes into NaCl physiological solution
(1:10 by volume) and 1 hr’s incubation at 37°C.

The content of CB plasm biologically active
substances was determined with “Alkor-bio” test-
systems (St. Petersburg) by the immune enzyme
analysis method (IEA) [6].

Nucleated cell and lymphocyte phenotyping was
performed using the method of cell staining by immune
fluorescent test. Mononuclears were isolated from the
whole blood by centrifugation with ficoll-verografin
gradient (1.077 g/ml density). We added 5 ml of tested
monoclonal antibody into isolated cellsand incubated
for 30-45 min at 4°C. The surplus of primary antibodies
was washed-out with Hank’s solution by centrifugation
for 5 min at 200 g. To the sediment of washed-out
cells we added 50 wml of F(ab)-fragments of sheep
antibodies against murine Ig, FITC labelled and diluted
in 1:100. Physiological solution, prepared with
phosphate buffer (PBS) and containing 0.5% gelatins
and 0.1% sodium aside (PBS may be replaced by
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HYKJICapbl BBIJICISUIH U3 LEJIbHOW KPOBH IEHTPH-
¢$yrupoBaHueM Ha rpagueHTte (GUKoII-BeporpaduHa
(otHocTh 1,077 1/Mit). K BBIZICIICHHBIM KIIETKAM
N00aBISUIM 5 MKJI TECTHPYEMOTO MOHOKJIOHAJIBHOTO
aHTuTeda ¥ uHKyOoupoBanu 30-45 mun npu 4°C.
Wznumiex nepBUYHBIX aHTUTEN OTMBIBAIA PACTBOPOM
XeHkca neHTpuGpyrupoBaHeM B TCUCHUE 5 MUH TIPH
200 g. K ocanKy OTMBITHIX KIETOK J00aBIsTH 50 MKIT
F(ab)-dbparMenToB 0BeUbMX aHTHUTEN K [g MBIIIH,
medeHHbIX FITC u pa3Bemennsix 1:100. [{ns pa3se-
JIEHUS UCIOJIB30BAIN (U3NOJIOTHUYECKHH PacTBOD,
MPUTOTOBIICHHBIH Ha dochaTtHoM Oydepe (PB) u
conepxarmmii 0,5% xenarunsl u 0,1% a3zuga HaTpUS
(@b MoxHO 3aMeHHUTH pacTBOpoM XeHkca). Kinetku
CyCHeHIUpoBalu 1 nHKyOupoBanu 30 MuH npu 4°C,
3aTeM WX OTMBIBAIIY 2 pa3a IeHTPUPYTUPOBAHUEM TIO
BBINIEYKa3aHHOMY cItoco0y. OKpalmieHHbIe KIESTKH
AHAJTW3UPOBAIU C MOMOMIBIO (IIYOPECIEHTHOTO
MEKpockona mox uMmMmepcueit ¢ X90. KommaectBo
AHTUTEH-TIO3UTUBHBIX KJIETOK OTpeIeNsiIn MpHu
npocmatpuBaaui 200 TUMGPOIUTOB KaK MPOIEHT
(hmyopecIupyomux KIESTOK 32 BEIYETOM (DITyopecIT-
pPYIOIIUX KJIETOK, HaOMIOJAaeMbIX B mpemnapare
OTPHUATENHHOTO KOHTPOJS, NOATOTOBIEHHOTO
aHaJOTMYHBIM oOpa3oM. IIpu 3ToM KieTku oOpa-
OarbIBaNM pacTBOPOM XEHKCA WM HOPMAIbHBIM Ig
MbIy. CTaTucTUYecKyo o0paboTKy pe3ynbTaToB
HCCIIeI0OBaHUM MPOBOJMIIH C HCTIOIb30BAHUEM MTaKeTa
MIPUKIATHBIX mporpamM ““Statistika 6.0” meTomom
CreroneHnTa-Ouiiepa mo t-KpuTepusIM.

Pe3yAbTatbl M MX 00CYyxAeHue

Ha sputponmrax moOHOPCKO# KpOBH OBLIO ITOKA3aHO,
YTO “X0N010BasA” JO3UPOBaHHAsA 00pabOTKa SPUTPO-
uutoB [120-1500 mo3BoisieT 3HAYUTENHHO TOBLICUTH
UX YCTOHYHMBOCTH K KPHOKOHCEPBHUPOBAHHIO IO
CPaBHEHHUIO ¢ 00pabOTKOW MPU KOMHATHON TeMIle-
paType, IO3TOMY MBI COYJIM LEIecO00pa3HBIM
MPUMEHUTH 7151 KPUOKOHCEPBUPOBAHUS 3PUTPOLIUTOB
KK meton [2] 1 CpaBHUTE yCTOMYHUBOCTH SPUTPOITUTOB
JIOHOPCKOM W KOPJAOBOW KPOBH K KPHOKOHCEpPBHU-
POBaHHIO.

[IpoBeneHHbIE SKCIIEPUMEHTHI TTOKa3aidd, YTO
obpabotka spurporuToB KK 1 moHOpCKO# KpOoBH He-
nponukamuM 1190-1500 He BBI3BIBACT TeMOJIN3
knetok. Kpnokoncepsuposanue spurponuroB KK ¢
I[190-1500 mo MeTomy “x000BOI” 00pPabOTKH TT0-
3BOJTUIIO OOHAPYKHUTH, YTO Y SPUTPOLIUTOB TOHOPCKOH
1 KOPZIOBOH KpOBHM HaOmoAaeTcsl HU3KUH ypOBEHb Te-
MOJTH3a IIOCJIEe OTOTPEBa CYCIIEH3UH KIIETOK (Tadut. 1).
[Ipu MmonenupoBannu TpaHcy3UH TEMONN3 SPUTPO-
uutoB KK nocroBepHO He oTiamyancs OT remoinsa
SPUTPOIUTOB TOHOPCKOH KPOBHU U coCcTaBiswI 1742,1%,
YTO SBJSIETCS JOIMMyCTHMBIM ITOKa3aTeleM ISl mepe-
JIWBaHUSI KPOBU. DTH NAHHBIE CBHUETEIHCTBYIOT O
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Hank’s solution) were used for dilution. Cells were
suspended and incubated for 30 min at 4°C, then twice
washed-out with centrifugation by the mentioned above
method. The stained cells were analysed using
fluorescent microscope with immersion, xX90. The
number of antigen-positive cells was determined when
observing 200 lymphocytes as the percentage of
fluorescenting cells minus those, observed in the
preparation of negative control, prepared in a similar
way. Cells were thereby treated with Hank’s solution
or normal murine Ig. Results were statistically
processed using the “Statistika 6.0” softwere by the
Student-Fisher method on t-criteria.

Results and discussion

The “cold” dosed erythrocyte treatment with PEO-
1500 was demonstrated in donor blood erythro-cytes
as enabled to significantly increase their resistance to
cryopreservation compared to the treatment at room
temperature, therefore we considered as expedient the
applying of the method [2] for CB erythrocyte
cryopreservation and comparing erythrocyte resistance
of the donor and cord blood to cryopreservation.

As demonstrated in the experiments performed, no
cell hemolysis was evoked while treating CB and donor
blood erythrocyte with non-penetrative PEO-1500. CB
erythrocyte cryopreservation with PEO-1500 by the
“cold” treatment method enabled to reveal a low
hemolysis level after cell suspension thawing in donor
and cord blood erythrocytes (Table 1). When modelling
transfusion CB erythrocyte hemolysis did not
statistically and significantly differ from donor blood
erythrocyte hemolysis and was 1742.1%, that was an
acceptable index for blood transfusion. These data
testify to quite a high erythrocyte survival after
cryopreservation with PEO-1500.

As a result of the experiments on the whole CB
freezing, performed under similar conditions, a higher
integrity of erythrocytes, frozen in the whole blood
preparation has been established (Table 1). This is tes-
tified by a decrease in hemolysis level right after freeze-
thawing and that is especially important after cell
transfer into isotonic medium (transfusion test). As
summarised in Table 1, these indices are almost twice
reduced for cryopreserved whole blood. Due to this
we may conclude about a possible application of the
whole cryopreserved CB for strengthening the
hemotransfusion effect by an immune stimulating ef-
fect with CB plasm components under certain clinical
indices.

Thus, the obtained results testify to the efficiency
of PEO-1500 non-penetrative cryoprotectant for
cryopreservation of erythrocytes isolated from CB and
especially for erythrocytes, being a part of the whole
human CB. Therefore for further designing of the
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JIOCTAaTOYHO BBICOKON BBIKUBAEMOCTH
SPUTPOLUTOB MOCIE KPUOKOHCEPBH-
posanus ¢ [190-1500.

B pesynbrare skciepuMEHTOB IO

Taomuna 1. Coneprxanue cBoO6ogHOT0 reMorioonHa (%) mocie 0opadboTku
U KpHOKOHCEpBHpOBaHUs KieTok ¢ [I90-1500

Table 1. Free hemoglobin (%) content after cell treatment and

cryopreservation with PEO-1500

3amopaxuBanuto nenbHoi KK, npose-
ACHHBIX B aHAJIOTUYHBIX YCJIOBHAX,
yCTaHOBJICHA 00Jiee BHICOKAsl COXPaH-

YcAoBHS dKCIIEpUMEHTA
Experimental conditions

Tl'emoaus nocae
Pa3MOPa’KUBAHUSA
Hemolysis after
freeze — thawing

Tpancdysnonnas npoba
Transfusion test

HOCTB OPUTPOLIUTOB, 3aMOPOKEHHEBIX B
npemnapare neiabHoi KpoBH (Tadu. 1).
OO0 3TOM CBHJIETENIbCTBYET CHHKEHHE

OpUTPOLUTE AOHOPCKOU

YPOBH: reMoJIn3a Cpasy Mmociie pa3Mo-
paxXuBaHud ", 4TO 0CO0EHHO Ba)XHO,
MocCJIC ICPCHOCAa KIJICTOK B U30TOHU-

YecKylo cpeay (Tpancy3uoHHas po-

KPOBH 1,32+0,19 16=1,8

Donor blood erythrocytes

OpPUTPOIUTE KOPAOBON
KPOBU 1,16=%0,11 1721

Cord blood erythrocytes
LleabHast KOpAOBasi KPOBb 0,59:£0,06 7.4£0,4

0a). Kak BuaHO M3 maHHBIX Ta0i. 1,

‘Whole cord blood

STU MOKAa3aTeiau HJIsi KPUOKOHCEp-
BUpoBaHHOU nenbHoU KK cHmKkaroTCs
NpaKTUYECKU B JBa pas3a. B cBs3u ¢
3THUM MOXKHO C/IE€NaTh 3aKII0UEHHE, YTO IIPH ONpee-
JICHHBIX KJIMHUYECKUX MTOKA3aHUAX BO3MOKHO IIpUMe-
HEHUE LEeNbHOW KpuokoHcepBupoBaHHoU KK amns
ycuneHus 3¢ddexra reMmorpaHchHy3un UMMYHOCTH-
MYJIUPYIOIIUM JeHCTBHEM KOMIOHEHTOB m1a3mbl KK.

[TomydenHbie pe3ynbTaThl CBUAETENBCTBYIOT, YTO
[120-1500 sBsieTcs 3 PeKTHBHBIM HETTPOHUKAOIIM
KPHOTIPOTEKTOPOM T KPUOKOHCEPBUPOBAHUS BBIZIC-
nennbix u3 KK apurponuTtos 1, 0cOOEHHO, 3pUTPOITH-
TOB B coctaBe uenbHoit KK uenoseka. [lorTomy mmst
JanpHemei pa3paboTku 0€30TMBIBOYHOTO METOa
KPHOKOHCEPBUPOBaHUS LIEJIECO00Pa3HO UCIIOIb30BATh
JAHHBIA KPUOTIPOTEKTOP.

Bricokunii ypoBeHb OHMOJIOTHYECKH aKTHBHBIX
BEIIECTB (TOPMOHOB, HEHPONENTHIOB, INTOKWHOB,
AMUHOKHCIIOT | T.1I.) 00ycloBua ucnoib3oanre KK
B MemuIuHe [3, 5,9, 11].

KopnoBas ma3ma, momydeHHas U3 IMyHOBHHHON
KPOBH ITOCJI€ HOPMAIEHBIX POJIOB, TTI0 OMOJIOTUIECKUM
CBOMCTBaM M CHEKTPY COAEPKAIMXCA BEIIECTB
MOJKET OBITh OTHECEHA K IperiaparaM KpOBU C BbIpa-
’KEHHBIMU UMMYHOCTUMYIUPYIOIIUM U aAanTOTeH-
HbIM JeiicTBueM. COXpaHEHUEe B TCUCHHUE AJIUTEIb-
HOT'0 BPEMEHH MOJIe3HBIX CBOMCTB Imia3Mbl KK Bo3-
MO>KHO IPY UCIIOJIB30BAHUU TEXHOJIOTMH HU3KOTEMITE-
paTypHOro XpaHeHHS B KHIKOM a30Te pu —196°C wim
npu —20°C [4]. [IpeacTaBisiio HHTEPEC UCCICIO-
BaHHE CTETICHA COXPAHHOCTH OMOJIOTHUECKH aKTHBHBIX
BEIECTB TOCIEe MPOUEAYPHl HU3KOTEMIIEpaTypPHOTO
xparenus. C 3Toi nensto MmetogoM MDA Obut n3me-
PEHBI KOHIIEHTPAIMH B INIa3Me KOPJOBOW KPOBH
tpuiionruponuna (T,), Tupokcuna (T,), TupeoTporn-
Horo ropmona (TTT'), TecrocTepona u anbda-hero-
npotenna (ADII).

Anbda-peTonpoTerH — TIIUKONPOTEHH C MOJICKY -
nspHON Maccoi okono 70 x/la. B xpoBu 370pOBBIX
nmoaeit HopManbeHas koHueHTpanus ADII coctaBnser
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cryopreservation method without washing-out this
cryoprotectant usage is expedient.

High level of biological by active substances (hor-
mones, neuropeptides, cytokines and aminoacids efc.)
has stipulated the CB usage in medicine [3, 5, 9, 11].
Cord plasm derived from umbilical blood after easy
delivery may be referred to blood preparations with
manifested immune stimulating and adaptogenic effects
according to biological properties and a range of
contained in it substances. A long-term preservation
ofuseful properties of CB plasm is possible when using
technologies of low temperature storage (in liquid
nitrogen either at —196 or —20°C) [4]. Of interest was
to investigate the integrity extent of biologically active
substances after low temperature storage procedure.
With this aim using the IEA method we measured
triiodothyronine (T,), thyroxin (T,), thyrotropic hor-
mone (TTH), testosterone and alpha-fetoprotein (AFP)
concentrations in cord blood plasm.

Alpha-fetoprotein is glycoprotein with molecular
mass of about 70 kDa. Normal AFP concentration is
up to 10 IU/ml in blood of healthy people. In women
its concentration increases during pregnancy, while
intrauterine growth the AFP is mostly formed in a yolk
sac, fetal liver and in a small amount in gastrointestinal
tract. Then it comes into the blood of fetus, amniotic
fluid and from them partially into mother’s blood.
During pregnancy the AFP concentration in these fluids
changes, for example a medial value of AFP level is
nearly 35 ng/ml in blood and 23,300 ng/ml in amniotic
coat to the 15" week end [15]. According to the data
obtained, the AFP concentration is initially high in CB
with no significant changes occurred after cord blood
plasm freezing and storage (Table 2).

The similar data were obtained in respect to the
one of the sexual hormones: testosterone, which high
concentration in CB is also preserved after freeze-
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no 10 ME/miun. V
SKEHILIVH €70 KOHIIEHT-
pamus MOBBIMIACTCS

Taéauna 2. Coneprxanue OMOIOTHUECKH aKTHBHBIX BEIIECTB MOCJIE KPHOKOHCEPBUPOBAHUSI

IJIa3MBbI KOpZ[OBOP'I KpOBHU

Table 2. Content of biologically active substances after cord blood plasm cryopreservation

pu OepeMeHHOCTH, B
Mepuoa BHYTPHYT-
poOHOTrO pa3zBHTHUS

A®II o6pasyercs
IIPEUMYILIECTBEHHO B
KCITOYHOM MCIIKE,

INCYCHHU IIJI0Ja U B
HC3HAUYUTCIIBHOM KO-

JINYCCTBC — B XKCIIYy-
JOYHO-KHIICYHOM

YcAOBUST HKCIIEpUMEHTa TectocTepoH, T, amoab/A | T, umoaw/A | TTL, ME/A ADIT, mr/A
Experimental conditions HMOAB/A T, nmol/1 T, nmol/1 TTH, 1U/1 AFP,mg/1
Testosterone,
nmol/1
KonTpoas (AOHOpPCKas IAa3Ma) 05—22 1,2—28 60— 160 0,5—4,0 20
Control (donor blood)
KopaoBast HaTUBHas IAa3Ma 5,0 1,1 65 4,7 3300
Cord native plasm
KopaoBag mnaa3zma nocae 4,8 1,1 61 4,6 2950
KPUOKOHCEPBUPOBAHUS TIPU
—196°C Cord plasm after
cryopreservation
at —196°C

TpakTe. 3aTeM OH IOo-

CTYMAaEeT B KPOBB ILJIO-
J1a, aMHUOTUYECKYIO
JKHUJIKOCTb, @ U3 HUX —
YaCTHYHO B KPOBb MaTepu. B TeueHrne OepeMeHHOCTH
koH-nieHTpanusa ADII B 3TUX )KUIKOCTSIX H3MEHIETCS,
HanmpuMep MeauaibHoe 3HaueHue ypoBHs ADII k
KOHITYy 15-i Hemenu cocTaBiseT OKOJO 35 HI/MI B
kpoBu 1 23300 HI/MJT B AMHHOTHYECKOM KUAKOCTH [5].
ComnracHo MMoTy9eHHBIM JaHHBIM, KoHTIeHTparwst ADIT
u3HayansHO Bhicokas B KK, mocne 3amopaxuBanus u
XpaHEHUS IJI1a3Mbl KOPJOBOM KPOBHU OHA CYIIECTBEHHO
He u3MeHseTcs (Talir.2).

CxopHbIC TaHHBIC OBLIH MOYYCHBI B OTHOIICHUH
OJJHOTO U3 IOJOBBIX TOPMOHOB — TECTOCTEPOHA,
BBICOKas KOHLIeHTpauus kotoporo B KK coxpansercs
U Toclie pa3MopaxxuBanud. Mzmepenue cojiepanus
TupoKcuHOBBIX TopMOHOB (T,, T, u TTT") mokasao,
YTO KOHIEHTPAIUS T3, T, mznavanero B KK HeBbICOKA.
Omnako xonnenrtpanus TTI, KoTopelii oTBEe4aeT 3a

thawing. The measurement of thyroxin hormones (T,
T, and TTH) content has demonstrated that T, T,
concentration in CB is not initially high. However the
concentration of TTH, responsible for stimulation of
thyroid hormone production is higher than the control
and is kept after cryopreservation.

Thus, a cord plasm was established as enriched
with biologically active substances of different genesis,
which content is kept after cryopreservation.

In further research we have studied the phenotype
of CB mononuclears prior to and after cryopre-
servation with PEO-1500 (Table 3). CB is known to
be a source of stem cells, which main advantage is
less manifested immunological reactivity compared to
another stem cell sources, that stipulates a decrease
in “graft-versus-host disease” (GVHD) risk.

Taommna 3. denorunuposanue sapoconepxamnux kierok KK mocie kpuokoncepsuposanus ¢ [190-1500 mpu—196°C
Table 3. Phenotyping of CB nucleated cells after cryopreservation with PEO-1500 at-196°C

HearHas KK mocae pobaBaenis K HOKOII{_ICZAL:;HOIS;;IEE];QL‘S" —M AoHOpCKas
Mapkep Lleabnast KK (KOHTPOAD), % 15% —ro TI90 — 1500, % b H%ij 1500, % o " Ogb %
Marker Whole CB (control), % Whole CB after adding 15% Whole CB aft ' 0 " D P bl ‘210
PEO— 1500, % ole after cryopreservation onor blood,%
' in 15% PEO— 1500, %
CA 3 46 44 42 65—79
CA 4 36 36 35 34—44
CA 8 17 15 13 19—27
CA 20 12 12 11 3—15
CA 45RA 40 41 37 54—74
CA 56 3 3 1 9-19
CA 16 10 12 8 6—18
CA 34 2 2 1 0
HLA—DR 14 14 13 7—21
MPOBMIEMbI 260 PROBLEMS
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CTUMYJSILMIO BBIPaOOTKH TOPMOHOB LIMTOBUIHON
JKEJIe30H, BBIIIE KOHTPOJIBHOW M COXpPAHAETCs MOCIe
KPHOKOHCEPBHUPOBAHHS.

Takum o0Gpa3zoMm, yCTAaHOBJIEHO YTO KOPAOBas
asmMa oborameHa OMOJIOTUYECKH aKTUBHBIMHU Be-
LIECTBAMHM Pa3IMYHOr0 reHe3a, COAEep KaHne KOTOPBIX
COXpaHseTcs mociie KpHOKOHCEPBUPOBaHus. B ganb-
HelIeM MbI UcclieIoBalid (PeHOTHT MOHOHYKJIIEApOB
KK 1o 1 mocrne kpnokoHCepBHPOBaHHUS C IPUMEHEHHEM
I[190-1500 (Tabn.3). U3BectHo, uto KK — nctoununk
CTBOJIOBBIX KJIETOK, INTABHBIM €€ IPEUMYIIECTBOM, 110
CPaBHEHUIO C JPYTMMH HUCTOYHHUKAMH CTBOJIOBBIX
KIIETOK, SIBJIIETCS MEHEE BBIpA)KEHHAsI UMMYHOJIOTH-
YyecKas peaKTHUBHOCTH, 4TO 00YyCIIaBIMBaET CHIKEHHUE
pHCKa peakluuH “TpaHCIUIAaHTAT MPOTUB X035 MHA™
(PTIIX).

JeranpHblii aHaIM3 PEHOTUIMYECKUX U (PYHKIHO-
HaJbHBIX Xapakrepuctuk T-mumdonutoB KK nokazain,
YTO OOJIBITUHCTBO X MMeeT (PEHOTHIT paHHUX T-1HM-
tdhormuroB CD45RA [10]. 3Ta ocobeHHOCTH MeMOpaH-
HBIX CTPYKTYp YKa3aHHBIX KJIETOK MOXET CBHJE-
TEJIbCTBOBATH O CHIDKEHHOM criocoOHocTH T-mumdo-
uutoB KK kK IMMyHHOMY OTBETY 10 KJIACCUYECKOMY
myTd. CiemnoBaTenbHO, III MMMYHOKOMITETEHTHBIX
kierok KK xapakrepna 6osbiuasi BEposSTHOCTh HHAYK-
LMY IMMYHOJIOTHYECKOH TONIEpaHTHOCTH. CHIKEHHAs
aHTHUTeH-TIpe3eHTrpyromas cnocobnocts KK 06bsc-
HSIETCS HEOOJBIINM COJICPKAHNUEM KIIETOK, DKCIpec-
cupyrounx anturensl HLA II xnacca [7], moatomy
ucnonb3oBanue KK npu tpancdysnn uckirodaer HeoO-
XOJIMOCTB SJTMMHHAITIH 3PEJIbIX aHTUT €H-PEAKTUBHBIX
T-mamdonmToB ¢ nenpio MmuanMu3anuu PTIIX. Kpome
TOTO, COXPAaHEHHUE 3THUX KJIETOK B KPHOKOHCEPBHPO-
BanHoi KK o0ecnieunBaer peanusanuio ee mpoTHBO-
OITYXOJIEBOI aKTUBHOCTH, TO €CTh Pa3BUTHE PEaKIINU
“TpaHcdy3us mpoTuB neiko3a” [8]. JlaHHbIe 0 cocTaBe
NOMYJSIIMK U PYHKIMOHAIBHOM aKTUBHOCTH €CTECT-
BEHHBIX KUJUIEPOB H [TOJOOHBIX €CTECTBEHHBIM KHUJLIE-
pam KK Takxe CBUAETEIBCTBYIOT O BO3MOXHOCTHU
UX y4acTusl B peaim3aiin dpQekra “Tpancdysus mpo-
TUB Jeiko3a”. B monp3y 3Toro dakra CBUAETEIHCT-
ByeT Hannuue xapakrepHoi st KK nomymsimnu CD16*
TCRa/b*, xoTOpast, IpeAnoIoKUTEILHO, KOTa KIIETKH
AKTUBHPOBAHBI, OTBEYACT 33 PEAKIUI0 “TpaHCy3Hs
MIPOTHUB JIeliko3a”. BMecTe ¢ yka3aHHBIMU KJIETKaMHU
MPOTHUBOOITYX0JIEBHIN 3¢ ekt obecneunBator CD167,
CD567, kxoTOpBI€ B 3HAYUTEITHHOM KOJTHIECTBE COEP-
xkarcs B KK.

BbiBOADI

Pa3paboranHsiii 6e30TMBIBOYHBINA METO KPHOKOH-
CEpBHUPOBAHUS LETHHON KOPAOBOH KPOBHU YEJIOBEKA C
ucnonp3oBanueM [190-1500 no3BonseT cCOXpaHHUTh
OJTHOBPEMEHHO KJIETKH pa3HOro BHUAA: OOJIbIIOE
KOJITYECTBO APUTPOLIUTOB U SAAPOCOEPIKAIIUX KIETOK
B JKH3HECITIOCOOHOM COCTOSIHHH, a B IJIa3Me KOPIOBOH
KpPOBH — OMOJIOTHYECKU aKTHUBHBIE BEILECTBA.

NMPOBJIEMbI
KPMOBMOJIOIrUM
T. 17, 2007, N23

Detailed analysis of phenotypic and functional
characteristics of CB T-lymphocytes has demonstrated
that the majority of them has the early T-lymphocytes
CD45RA phenotype [10]. This peculiarity of mem-
brane structures of the mentioned cells may testify to
a decreased functioning of CB T-lymphocytes to an
immune response by the standard way. Consequently,
for CB immune competent cells a high probability of
immunologic tolerance induction is characteristic. A
decreased antigen-presenting CB capability is explai-
ned by a low cell content, expressing HLA antigens of
II class [7], therefore the CB use in transfusion exclu-
des the necessity of elimination of mature antigen-
reactive T-lymphocytes aiming to GVHD minimisation.
In addition, these cells preser-vation in cryopreserved
CB provides realisation of its anti-tumoral activity, i.e.
development of “transfusion-versus-leukemia” respon-
se [8]. Data about the population composition and func-
tional activity of natural killers and similar to them CB
cells testify to their possible participation in realising
the “transfusion-versus-leukemia” effect. Together
with the mentioned cells an anti-tumoral effect is provi-
ded by CD16", CD56, being in great number in CB.

Conclusions

The designed method without washing-out for the
whole human cord blood cryopreservation with PEO-
1500 enables to preserve simultaneously different cells:
a great number of erythrocytes and nucleated cells in
a viable state and biologically active substances in cord
blood plasm.
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