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Cryopreservation of Whole Cord Blood

B nocnegnee Bpems kopaosyio kpoBb (KK) uc-
MOJIB3YIOT KaK UCTOYHHUK T€MOMO3TUYECKUX CTBOJIO-
BbIX KieTok (I'CK) mist nedeHust pa3udHbIX aTOJI0-
ruii [4, 5]. IlpenmymectBamu kietok KK sBnstorcs
OTHOCHTEIbHAS [IPOCTOTA TOIYYESHHS, BRICOKUH MPO-
g epaTUBHBII OTSHIIUA U “HauBHOCTH T-Ki1eToY-
HOro 3BeHa TpaHcIuianTara B ominuue ot I'CK, Brize-
JIEHHBIX U3 KOCTHOTO MO3ra.

B pabotax [5, 6] moka3aHo, 9TO MCIOJH30BAHHE
KK 6e3 ¢pakimonupoBaHusi o0ecrieunBaeT MaKCH-
MaJIbHO BBIPaKEHHBIN TepaneBTuniaeckuii 3¢ ek, noc-
KOJIBKY Ha COXPaHHOCTb KPOBETBOPHBIX IMpPENIIECT-
BEHHHKOB BIUSIOT MAaHUITYJISALINH, CBI3aHHBIE CO CIIOXK-
HBIM TEXHOJIOTHYECKHM TPOIIECCOM KPHOKOHCEPBH-
poBanusl. IIpexne Bcero, 3To cBA3aHO C cENapaluoH-
HBIMH IIPOLIEypaMHU, KOTOPBIE YMEHBIIAOT KOJTMYECT-
BO U YXYyJIIAIOT Ka9eCTBO T€MOIMOITHYECKUX TPeE-
IECTBEHHUKOB. Kpome Toro, mpu BBIIEICHUH T€MO-
MO3TUYECKUX KIIETOK B OTAENBHYIO (PPaKIHIO MOKET
CHM3UTHCS 3 (EKTHBHOCTH NPUKMBIICHHS 00pa3iia 3a
CYET YyHOAJEeHHS aKIECCOPHO-PETYAATOPHBIX KIIETOU-
HBIX MOMYISIHNA, ONPEAEIISIONUX ero (yHKIHOHATb-
HYIO MOJIHOLEHHOCTS [1].

Hins coxpaHeHus: OMOJIOTHYECKH IOJHOLICHHOTO
cocrosinust KK B meprosa Mex 1y ee 3aroToBKOM 1 BBe-
JEHHEM B OPTaHU3M PEIUIIEHTA HCIIONB3YIOT TEXHO-
JIOTUI0 KpHOKOHCepBUpoBaHUs. CoxpaHEeHUE MpHU
kpuokoHcepBupoBanuu B KK saapocogepkamux kie-
TOK M SPUTPOILMUTOB SIBISETCS JOCTATOUYHO CIIOXKHOU
3agaueil. Bo-mepBrIX, Ipu KPHOKOHCEPBUPOBAHUU
SPUTPOILIUTOB U SAPOCOACPIKAIIHNX KIETOK 3P exTuB-
HBI Pa3HbIE TUIIBI KPUOIPOTEKTOPOB U PEKUMBI 3aMO-
paXMBaHMS, BO-BTOPBIX, MCIIOJIB30BAHUE MPU KPHO-
KoHcepBHupoBaHuM 1esbHOM KK nponukaromumx Kpuo-
MIPOTEKTOPOB He 00ecIieunBaeT COXpaHeHHE B Iperna-
pare OMOJOTUYECKH aKTHBHBIX BEIIECTB IJIa3MBI,
[TOCKOJIBKY HEOOXOIMMO €€ OTMBIBaHUE OT KPUOIIPO-
TekTopa. [loaToMy 117151 KpHOKOHCEPBUPOBAHHUS LETh-
Hoit KK BaxkHa pa3paboTka 6€30TMBIBOYHBIX METOIOB
KPHOKOHCEPBUPOBAHUS C MPUMEHEHUEM HENPOHH-
KaIOIIUX B KJIETKY KPHOIPOTEKTOPOB.

Lenb paboThl — IPOBECTH HCCIIEIOBAHMSI 110 pa3pa-
00TKe 6€30TMBIBOYHOTO METO/Ia KPHOKOHCEPBUPOBa-
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Recently the cord blood (CB) has been used as a
source of hemopoietic stem cells (HSC) for the treat-
ment of different pathologies. Advantages of CB cells
are relative simplicity of deriving, high proliferative
potential and “naivete” of T-cell link of transplant in
contrary to HSC, isolated from bone marrow.

It was shown [5, 6] that the CB use without fractio-
nation provides the maximum expressed therapeutic
effect, because on integrity of hematogenic precursors
the manipulations, associated with complex cryopre-
servation technologic process affect. First of all, it has
been associated with the separating procedures which
reduce the amount and diminish the quality of hemo-
poietic precursors. In addition at isolating of hemopoi-
etic cells as a separate fraction the efficiency of sample
grafting may reduce due to removal of accessory-regu-
latory cell populations, determining its functional in-
tegrity [1].

For preserving the CB biological integrity in the
period between its preparing and injection to recipient
organism the technology of cryopreservation is used.
The preserving during cryopreservation in CB of nuc-
leated cells and erythrocytes is quite difficult problem.
Firstly, at the cryopreservation of erythrocytes and
nucleated cells different types of cryoprotectants and
frezing regimens are effective; secondly, using the pe-
netrating cryoprotectants in whole CB cryopreserva-
tion does not provide the integrity of biologically
active substances of sample plasma, because its wash-
ing-out of cryoprotectant is necessary. Therefore for
cryopreservation of whole CB the development of
cryopreservation methods without washing-out with
application of nonpenetrating in cell cryoprotectants
is important.

The research aim was to carry out the investigations
for designing of cryopreservation method without wa-
shing-out for whole cord blood to preserve integrity of
cells of different types in it (erythrocytes, nucleated
cells) as well as biologically active substances of plasma.

Materials and methods
Human CB preserved with glucose-citrate solution
was used in researches. As a cryoprotectant 30% poly-
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HUS [EIbHOU KOPIOBOM KPOBU C LIEJIBIO COXPaHEHUS
B HEH KIETOK Pa3HOro THIIA (SPUTPOILUTOB, SAAPOCO-
JepKaIrX KIETOK) U OMOJIOTUYECKH aKTUBHBIX Be-
IIECTB I1J1a3MBl.

Martepnaabl 1 meToAbl

B pa6ore ncmonp3oBanu KK uenoseka, 3arotos-
JIEHHYIO Ha TITIOKO30-IIUTPAaTHOM pacTBope. B kagecT-
B€ KpHOIpOTEKTOpa MpuMeHsH 30%-1 moau3TuiIeH-
ok M. M. 1500 (I12I'-1500), mpuroToBneHHBIH
Ha (usnonoruyeckom pactsope NaCl u 0,01 M
dhocharaom oydepe (pH 7,4). Kpuonporektop 1o0as-
JISUTA COTIACHO METOAY “‘XoNiomoBoi oOpaborku™ 1:1
o oobemy [2]. Jlnst cpaBHEHHS HCIIONB30BaIN KPOBb,
00paboTaHHYyO IPY KOMHATHOH Temiieparype. Oopas-
1kl 3aMopaxkuBaiu 10 —196°C 1o creluanbHO pa3pa-
0oTaHHOW Hamu nporpamme [3], OTTauBaHUE MPOBO-
i ipu 40—42°C B BonsHo Oane. [Tocne pazmopa-
skuBanus nenbHou KK onpenensanu ypoBeHb reMonnsa
U OCHOBHBIE CTPYKTYpHO-(OYHKIIMOHAIBHBIEC IOKA3a-
Tenu 3puTporuToB (AT, 2,3-J[DI'), a Takxke orleHH-
BaJT MOIU(PHKALIMIO OETTKOB MEMOPaHO-ITUTOCKEIIET-
Horo komruiekca (MIIK) ¢ ucnonmp3oBanmeM OemoK-
CIITMBAIOIIETO areHTa (AMamuaa) METOIOM DIIEKTPO-
¢dopesa B [IAAT. buonornueckr akTHBHbBIE BEILIECTBA
ia3mbl KK onpeaensiiu MeTonoM UMMYHO(EpPMEHT-
HOro aHanu3a. McciemoBaHHS SAPOCOAEPKALIUX
kietok (CD45%) KK, B Tom uucne u ['CK (CD34"),
MIPOBOAMIIA METOAOM ITPOTOYHON IUTO(PIYOPUMETPHH
o MexayHaponHomy ISHAGE npotoxkomny.

Pe3yAbTatbl M 00CYy)XAeHHue

B npenpiaymmx paboTax Mbl MOKa3aiu, 4To Cpeau
HENPOHUKAIOIINX KPUOMPOTEKTOPOB Hauboiee 3¢-
(heKTUBHBIM TSI KPHO3AIIUTHI SPUTPOLUTOB JOHOP-
CKoi KpoBH uenoBeka sisisiercs [131°-1500. IIpu pas-
paboTke 0€30TMBIBOYHOTO METOJa KPHOKOHCEPBH-
posanus nenbHoi KK ¢ [191-1500 myTem BappupoBa-
HHSL CKOPOCTSIMH OXJIQXICHUS M TeMIepaTypoi
SKCIO3UINH B YCIOBUSAX YMEPEHHO HU3KUX TEMITEepa-
Typ MBI HCIIOJIb30BAJIN ONTHMANIBHBIHN peXUM 3aMopa-
XKHUBaHUs, 00€CIEYNBAIOIINI BEICOKYIO COXPAaHHOCTb
3puTporuToB (10 96%) M OCHOBHBIX WX (YHKIIHO-
HaJbHBIX MoKazarenei (ATD u 2,3-/IPI") Ha ypoBHE
KOHTpOJIs. Bronornuecku akTUBHBIE BEIIECTBA T1a3-
MBI (TPUHOATUPOHNH, THPOKCHH, THPEOTPOIIHBIN TOp-
MOH, TECTOCTEPOH M O-PETONPOTEHH) MOTHOCTHIO
COXPaHSJINCH MOCJIe KPUOKOHCEPBUPOBAHMUS.

B ycToitunBOCTH 3pUTPOLIUTOB K (hakTOpam KpHo-
KOHCEPBHPOBAHUS BAXKHYIO poiib urpatoT oenxu MLIK.
Xapakrep ux MoAH(UKAIHN O] BIUSHAEM KPHUOTIPO-
TEKTOPa U 3aMOPAKMBAHUA-OTOTPEBA MOKHO a/IeKBaT-
HO OLIEHUTH MeToAoM 3nekrpodopesa B ITAAL c
MOMOIIBIO IUAMHJIA, KOTOPBIN 00JafaeT crnocoOHoC-
TBIO (POPMUPOBATH TUCYIBGHUIHBIE MOCTHKH MEXKIY
SH-rpynmaMu 6e7k0B, HaXOSIIIIUMICS Ha paccTos-
HUH, JOCTYITHOM JUIsl AEUCTBUA Iuamuza. B pesynsb-
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ethylenglycol, m.m. 1500 (PEO-1500), prepared with
NaCl physiological solution and 0.01 mM phosphate
buffer (pH 7.4), was applied. The cryoprotectant was
added according to the “cold treatment” method in
1:1 v/v ratio [2]. For comparison the blood obtained
at room temperature was used. The samples were
frozen down to —196°C for specially evolved program
[3], thawing was carried out at 40—42°C in water bath.
After freeze-thawing of whole CB the hemolysis level
and basic structure and function indices of erythrocytes
(ATP, 2,3-DPG) was determined, and modification of
proteins of membrane-cytoskeletal complex (MCC)
using protein-coupling agent (diamide) by electropho-
resis in PAAG was estimated. Biologically active
substances of CB plasma were determined by immuno-
enzyme analysis. The researches of nucleated cells
(CD45%) including CB, HSC (CD34"), were carried
out by flow cytofluorometry according to international
ISHAGE protocol.

Results and discussion

In previos researches we have shown, that among
non-penetrating cryoprotectants the most effective for
cryoprotection of human donor blood erythrocytes was
PEG-1500. When developing the washing-out cryo-
preservation method of whole CB with PEG-1500 by
varying cooling rates and exposure temperature in
conditions of moderate low temperatures we used
optimal freezing regimen, which provides high integri-
ty of erythrocytes (up to 96%) and their basic func-
tional indices (ATP and 2.3 DPG) on the control level.
Biologically active substances of plasma (triiodo-
thyronine, thyroxin, thyrotropic hormone, testoste-
rone and alpha-fetoprotein) were completely preserved
after cryopreservation.

In erythrocytes’ resistance to cryopreservation fac-
tors the MCC proteins play an important role. Their
modification under effect of cryoprotectant and freeze-
thawing may be equally estimated by electrophoresis
in PAAG with diamide, having a capacity to form di-
sulfide bridges between SH-groups of the proteins are,
being at a distance accessible for diamide. As a result
of SH-groups proteins oxygenation the aggregate
complexes appear which are manifested in electro-
phoregramms, as a high molecular fraction of proteins
on gel start. We have shown that in CB erythrocytes,
frozen by the developed by us method with “cold treat-
ment” before and after freeze-thawing the aggre-gates’
number was significantly lower (4.5+0.9 and 5.8+0.8%
correspondingly), if compared with treatment at room
temperature (6.5+£0.9 and 5.8+0.8%, correspondingly).
It should be noted that in the control erythrocytes the
number of protein aggregates made 3.3+0.4%.

When investigating the nucleated cells (CD45%) of
CB, hemopoietic (CD45" CD45"), prior to and after
freezing-thawing it has been established that deve-
loped cryopreservation method for whole CB enables
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tare okucineHus SH-rpynn OenkoB BO3HUKAIOT arpe-
raTHbIe KOMITJIEKCHI, KOTOPBIE MTPOSBIISIFOTCS HA 2JIEKT-
podoperpammax B Bujie (Hpakiui BBICOKOMOJIEKYJISIP-
HBIX OENKOB Ha crapre reis. Mbl mokas3alu, 4To y
sputpountoB KK, 3amopoxenHoit mo paspaboran-
HOMY HaMH METOAY C UCIOJB30BAaHUEM ‘‘XOJIONOBOU
00paboTKH”, 10 W TOCIIe Pa3MOPaAKUBAHUS KOJIH-
YECTBO arperaroB ObLIO T0CTOBepHO MeHbIIe (4,5+0,9
1 5,8+0,8% COOTBETCTBEHHO) 110 CpaBHEHUIO ¢ 00pa-
00TKOH mpu KOMHATHOU Temmeparype (6,6+0,4 u
13,6+1,9% coorBeTcTBeHHO). CleIyeT OTMETHTB, YTO
B KOHTPOJIBHBIX SPUTPOLUTAX KOTUIECTBO OEITKOBBIX
arperaTtoB coctasisuio 3,3+0,4%.

[Ipu uccrnenoBaHun AOPOCOAEPKAMMX KIETOK
(CD45%) KK, B TOM 4Ymcie U reMONO3THYECKUX
(CD457CD34"), no u mocie pa3MOpaXxuBaHUS yCTa-
HOBJICHO, YTO pa3pa0OTaHHBI METOJ KPHOKOHCEp-
BHUpoBaHHuA nenbHoH KK mo3Bosnser coxpaHsaTe mocie
pasmopaxuBanusi 1o 70% CD45"-knetok. AHamus
CyOmONyIAIMOHHOTO COCTaBa JICHKOIIUTOB TOCIE
pa3Mopa)XXUBaHUsS BBIABUI NepepacnperciieHue
COOTHOLICHUS MEXIY TUM(OLUTAMH, MOHOLIUTAMH U
rpa"ynonuTaMu (pucyHok). Ecin 1o kpuokoHcep-
BHPOBAHUA CO/IEP KaHNE TAaHHBIX OIS COCTaB-
o B cpeaneM 38, 11 u 51%, To mocne pa3mopa-
kuBaHusa — 63, 18 u 19% coorBeTcTBeHHO. MOXHO
3aKIIFOYUTH, YTO COXPAHHOCTB JIEHKOIIUTOB CHIKAETCS
B OCHOBHOM 32 CYET THOeIH TPaHyIOLHUTOB.

Coxpannocts I'CK cocraBnsana no 85%, 4to
MOXET CBHIETEILCTBOBATH 00 MX OOJbIICH KpHOYyC-
TOWYUBOCTH 110 cpaBHeHUIO ¢ CD45"-kneTkamu.

[=]
84
3
=8
$
3 |
U]§_
81
00 o' w02 1 10t
. CD45FITC
X Parameter: CD 45 FITC
Y Parameter: SSC-Height
Region %Gated
Lymph36.58
Mon 11.39
a Gran 47.72 a

to preserve up to 70% of CD45* cells after freezing-
thawing. Analysis of composition of leukocyte subpo-
pulation after freeze-thawing found out the redistri-
bution of ratio among lymphocytes, monocytes and
granulocytes (Figure). If content of these populations
prior to cryopreservation made in average 38, 11, 51%,
then they were 63, 18 and 19% after freeze-thawing,
correspondingly. It is possible to conclude, that leuko-
cyte survival is reduced due to granulocytes’ death.
HSC integrity made up to 85% that may indicate their
higher cryostability in comparison with CD45" cells.

Determining of cell integrity is important, but insuf-
ficient test, if the structure is kept, a cell may be not
viable. Therewith we carried out the analysis of nuclea-
ted CB cells viability with using of 7-actinomycine
D. Analysis of CD45"and CD34" cells’ viability after
cryopreservation by developed method has shown that
in viablle state are preserved up to 85.3% of CD45*
cells and up to 90% of CD34" cells. It should be noted
that CD45" cells’ viability reduces due to granu-
locytes, which population viability made 50%. The
viability of lymphocyte-monocyte population dimini-
shes by 3—7%.

It has been established, that integrity and viability
of CB cells, treated with PEG-1500 at room tempe-
rature, were significantly low in comparison with the
suggested by us method.

Conclusions
The obtained results testify to the fact, that designed
cryopreservation method without washing out for
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[TonynsmoHHBIN COCTaB JIGHKOIMTOB 70 (a) 1 mociie (6) KpUOKOHCEPBUPOBAHMSI.
Content of leukocyte population prior to (a) and after (b) cryopreservation.

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 18, 2008, Ne1

PROBLEMS
OF CRYOBIOLOGY
Vol. 18, 2008, Ne1



OmnpeneneHne COXPAHHOCTH KJIETOK SIBISETCS
BaXXHBIM, HO HEI0CTAaTOYHBIM T€CTOM, TIOCKOJIBKY TIPH
COXPaHEHUH CTPYKTYPHI KIETKA MOXKET OBITh HEXKH3-
HecnocoOHOMW. B ¢Bs3M ¢ 3TUM MBI IPOBENN aHAIH3
KHU3HECTIOCOOHOCTH siapoconepxamux kietok KK c
NpUMEHEHUEM 7-akTuHOMHUIMHA JI. AHau3 >KU3He-
cnocobHoctr CD45%- u CD34*-kneTok mocie Kpuo-
KOHCEPBHUPOBAHUSI 110 Pa3pab0TaHHOMY HAMHU METOLY
[OKa3ajl, 9To B )KHU3HECTIOCOOHOM COCTOSIHHH COXpa-
aaercs 10 85,3% CD45%-xknetok u g0 90% —
CD34"-xnerok. CrnexyeT OTMETUTH, YTO >KU3HECTIO-
cobHOCTh CD45"- KIIETOK CHIDKAETCS 3a CUET TPaHyIIo-
LIUTOB, KU3HECTIOCOOHOCTH MOITYJISIIIMHA KOTOPBIX COC-
tasisia 50%. XXuzaecrnocoOHOCTH TUMGOITUTaAPHO-
MOHOLIUTApHON MOMYISLUN YMEHbIIaeTcs Ha 3—7%.

YcTaHOBIIEHO, YTO COXPAHHOCTh U KU3HECTIOCO0-
HocTh kietok KK, obpaborannoii I13I'-1500 nmpu
KOMHATHOH TeMIiepaType, ObIIIH TOCTOBEPHO HHKE 10
CPaBHEHHIO C IPEAJIOKEHHBIM HAMU METOJOM.
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whole cord blood provides high integrity and viability
in the samples of erythrocytes, nucleated cells (HSC
included) and biological activity substances of cord
blood plasma.
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