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Pecpepar: ViccnegoBanu BnvsiHne ycnoBui NMMounm3aummn Ha CTpyKTYPHO-(PYHKLMOHAamNbHbIE XapaKTepPUCTUKM NENKOKOHLIeHTpaTa
KopaoBow kpoBu venoeka (JIKKY): konnyecTBo 1 XM3HECNOCOBHOCTb, LMTOMOPMONorMyeckne nokasarenu, cogepxaHme reMonoatunye-
ckux ctBonoBbIx (CD34%) n T-perynstopHbix knetok (CD4*CD25""), kpoBETBOPHBIX KONOHWeo6pasyoLwmx eamHul B kynstype (KOEK).
Onsa nuocunuzauyum knetok JIKKY mcnonb3oBanu yeTbipe pexuma, BKMAYalowue ABe NporpaMmmbl ¢ npumeHennem 3,5% OMCO wu
6e3 Hero. NporpamMmmbl OTNNYANMUChL 3HAYEHMEM TemnepaTypbl U ONIUTENbHOCTBLIO, NMPU KOTOPbIX MPOBOAUIN MEPBUYHOE BbICYLLUMBaHWUE.
[Mpn ncnonb3oBaHUM NepPBOK NPorpaMMbl KNeTKM Bbicywmnany B TedeHne 10 4 (—28°C), stopon nporpammel — 9 4 (—18°C). Paspabo-
TaHHbI MeTog nuodunusaumm JNIKKY, koTtopein npegnonaran ncnonb3oBaHne nepeor nporpammbl 6e3 AMCO, obecneumnn coxpaHHOCTb
KIETOK B reTEPOreHHON NonynaumumM KOpaoBo KPOBM MO BCEM UCCeayeMbIM XapaKTePUCTUKaM.

KntoueBble cnoBa: nvocunusauus, NerkoKoHLEeHTpaT KOPAOBOW KPOBU YernoBeka, KONoHMeobpasyoLme eanHuLbl, reMonoaTuye-
CKWe CTBOJIOBbIE KNETKMN, T-perynaTopHble KNeTKU.

Pedbepar: [ocnigpxysanm BnimB ymoB niodinisauii Ha CTPYKTYPHO-(PYHKLIIOHANbHI XapaKTEPUCTUKN NENKOKOHLEHTpaTy KOpAoBOi
kpoBi moguHn (JIKKI): KinbKiCTb i XUTTE3AaTHICTb, LMTOMOPEOIOriYHI NOKa3HWKK, BMICT remonoeTnyHux ctosbyposux (CD34*) i T-pe-
rynaTopHux knituH (CD4*CD25Me"), kpOBOTBOPHMX KOSOHIEYTBOPOHOUMX oAMHMUbL Y KynbTypi (KYOk). Ona niodinisauii knitun JIKKI
BVKOPWUCTOBYBanM YOTMPU PEXMMM, LLO BKMOYaTb ABi nporpamu i3 3actocyBaHHaM 3,5% [OMCO n 6e3 Hboro. lNporpamu Bigpi3Hs-
MCH 3HA4YEHHAM TemnepaTtypu 1 TPUBAMICTIO, MPY SKMX NPOBOAUNM NEPBUHHE BUCYLLYBaHHS. py BUKOPUCTaHHI NepLuoi nporpamu Kii-
TuHW Bucywysanu npotsarom 10 roauH (—28°C), apyroi nporpamu — 9 roauH (—18°C). Pospobneruin metog niodinisauii JIKKI, wo nepen-
6ayvae BMKOpuCTaHHs nepuoi nporpamu 6e3 IMCO, 3abe3ne4nB CXOPOHHICTb KMITUH Y reTepOoreHHi nonynsuii KOPAOBOI KPOBi 3a BCiMa
[OCTiMHKYBaHUMM XapaKTepUCTUKaMMU.

KnrouyoBi cnoBa: niodinisais, NenkokoHLEeHTpaT KOPAOBOI KPOBi MIOAMHMW, KOMOHIEYTBOPIOKOYI OAWHWLI, reMOMNOeTUYHi CTOBOYpOBI
KNiTUHW, T-perynsaTopHi KMiTUHK.

Abstract: This paper presents the investigations on the impact of lyophilisation conditions on structural and functional characteristics
of human cord blood leukoconcentrate (HCBL) such as: the number and viability, cytomorphological indices, content of hematopoietic
stem (CD34*) and T-regulatory cells (CD4*CD25Ms"), hematopoietic colony forming units in culture (CFUc). Four regimens, including
two programs with and without 3.5% DMSO were used for HCBL cell lyophilisation. The programs differed in temperature value and
duration wherein the primary drying proceeded. When using the first program, the cells were dried for 10 hrs (-28°C), and 9 hrs (-18°C)
for the second one. The designed method for HCBL lyophilisation, suggested the use of the DMSO-free first program, ensured the cell
preservation in a heterogeneous population of cord blood according to all the studied characteristics.

Key words: lyophilisation, human cord blood leukoconcentrate, colony forming units, hematopoietic stem cells, T-regulatory cells.

KopmnoBast xpoBb yenmoseka (KKY) sBisiercs mo- Human cord blood (HCB) is an available source
CTYITHBIM HCTOYHHKOM CTBOJIOBBIX KJIETOK ¢ Bbico-  of stem cells with a high regenerative potential [19].
KUM pereHepaTUBHBIM moTeHImaioM [12]. bmaro- Due to the presence of different cell types and
JIaps HAJIMYHUIO B COCTaBe pa3HBIX TUIOB KieTOK W growth factors, the cord blood has a high prolife-
POCTOBBIX (paKTOPOB KOPIOBas KpoBb MMeeT Bhico- rative and differentiating potential [11]. The HCB
kuii nponudeparuBHO-TUPPepeHupoBounblii mo-  cells are used in therapy of autoimmune [12, 24],
terrman [19]. Knerku KKY npumensitor juist ede-  oncology [15] diseases, as well as in gerontological
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HUSA ayTOUMMYHHBIX [6, 11], oHkomormueckux [22]
3a00JIeBaHMi, a TaKKe B TCPOHTOIOTUYECKON MpaK-
TUKE JIJIS YBEIMUYCHUsS MPOAOIDKUTEILHOCTH KU3HU
U KOMIIJIEKCHOTO OMOJIOKEHHS yesioBeka [15].

BocrpebdoBarnnocts KKY B xnmmHMKE 00ycCinaBiu-
BaeT HEOOXOTUMOCTE CO3MIaHus e¢ 3amacos [14, 25].
st oTOM TIenn HEOOXOMUMBI HU3KOTEMIIEPaTypPHBIC
6anku, B kotopeix KKY mmurenbHO XpaHuTCsS Tpu
yasTpanm3kux Temneparypax (—80, —196°C), uro
o0ecreunBaeT COXPaHHOCTh CTPYKTYPHO-(DYHKIINO-
HaJbHBIX XapaKTEPUCTHK KIIETOK Pa3HOTO YPOBHS
T depeHIMPOBKH M PETYISTOPHBIX MEIHAaTOPOB
[3, 18]. IIpn KpHOKOHCEPBUPOBAHNHU KJIETOK MJIEKO-
MUTAIOLIMX HCIONB3YIOT KPUOMPOTEKTOPHI, 00nana-
IOIIUE 3alUTHBIM 3()(HEKTOM OT HHU3KOTEeMIIeparyp-
HOTO BO3JIEHCTBHsI. B OOJBIIMHCTBE CllydaeB ISt
3amopakuBanuss KKY mpuMeHstoT KpHONPOTEKTOP
mumetuicynbdokenn (JIMCO) [14, 20].

Crnemyer OTMETHTH, YTO HEIAOCTAaTKaMH XpaHe-
uusg KKY B Hu3KoTeMIepaTypHOM OaHKe SBISFOTCS
CYIICCTBEHHbIC (DMHAHCOBBIC 3aTparhl Ha MpuoOpe-
TEHHUE XJIaJlareHTa (KUIKUN a30T) U 00CIIy)KHBAHHUE
CHUCTEM KOHTPOJIS 3a TEMIIEpaTypoil B XpaHWIHUINAX,
a TakKe MOTeHIMAJIbHBIN PUCK 3arpsi3HEHUs] OMoMa-
Tepuana u T. 1.

AJBTEepHATUBHBIM CIIOCOOOM JI0JITOCPOYHOTO Xpa-
HEHUs OMomarepualia MOXKET OBITh KOHCEPBHPOBA-
HUe myTeM Juodunm3anu [4, 5, 24].

[IpuHIHTTEI BaKyyMHOH CyOIMMAIIMOHHONW CYIIKH
ormmmcansl H.C. Ilymkapem u coast. [10]. B pabore
MMOKa3aHO, YTO TIEPEXOd CBSI3aHHOWM W CBOOOTHOM
BJIard M3 KPHUCTAIMYECKOTO COCTOSIHUSI B Ta3000-
pasHoe (MHHYS KHIKYIO (a3y) BO3MOKEH TOJIBKO ITPH
OTIpE/ICNICHHBIX (DU3NYECKUX YCIIOBUSX (Temrepa-
Typa ¥ BaKyyM), 00yCIIOBJICHHBIX IPUPOIOH U CBOMC-
TBaMU JKUJKOHN Cpeibl.

B nacrositiee Bpemst aroguIU3anys IpUMEHSICT-
Csl ISl JUTUTENILHOTO XPaHEHHsI TUIa3Mbl KPOBH H €€
OTAENBHBIX (PPAKINI, IMMYHHBIX CBIBOPOTOK, IMMY-
HOTIIOOYJIMHOB, BaKIWH, aHTHOMOTHKOB, TOPMOHOB,
MIPOKAPHOTHYECKUX W DYKAPUOTHYECKUX KIEeTOK [1,
2, 16, 26, 28]. JImopumusupoBanusie kiaeTkn KKY,
B OTJIMYME OT KPHOKOHCEPBHPOBAHHBIX, B MEHBIIIEH
CTETIeH! TO/IBEPTaloTCs CTPYKTYPHBIM M3MEHEHUSM,
HE YTpauMBalOT MPHUCYIIUX MM CBOMCTB NpHU IJH-
TEIbHOM XPaHEHHUH, XOPOIIO PacTBOPSIOTCS B BOJE,
yAO0OHBI Uil TpaHCHOPTHpOBKH. Kpome Toro, ymo-
($uIM3MpoOBaHHBI Marepuan He TpeOyeT crenuanb-
HBIX YCJIOBHH JJI AONTOCPOYHOTO XPAHEHUS B HU3-
KOTEMIIEpaTypHOM OaHKe, YTO IKOHOMHUYECKH Oojiee
BBITOJTHO ¥ YIOOHO TIPH MCIIOIb30BaHUH B KJIMHHYEC-
KOH MpaKTHKe.

BaxxHo OTMETHTH, YTO M3BECTHBIE CITOCOOBI JTHO-
dummszanmu KKY [21, 24, 27] HecoBepIIeHHBI, TPe-
OyIOT MHOTO BPEMEHH W HCIOJIB30BAHUS CIOKHBIX
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practice for lifespan extension and integrated re-
juvenation in humans [3].

The demand for HCB in clinic stipulates the
need for its stocking [1, 23]. For this purpose, it is
necessary to use the low-temperature banks, where
HCB is stored for a long time at ultra-low tem-
peratures (—80, —196°C), that ensures the integ-
rity of structural and functional characteristics of
cells of various differentiation levels and regula-
tory mediators [8, 10]. For the mammalian cell
cryopreservation the cryoprotectants with a pro-
tective effect against low temperature exposure
are used. In most cases, for HCB freezing one ap-
plies dimethyl sulfoxide (DMSO) as cryoprotec-
tant [9, 13].

Of note is the fact, that HCB storage in a low-
temperature bank has some disadvantages, i. e. high
costs for refrigerant (liquid nitrogen) purchasing
and maintenance of temperature control systems
in storage facilities, as well as the potential risk
for biomaterial contamination, efc.

An alternative way for biomaterial long-term
storage may be the preservation via lyophilisa-
tion [6, 7, 20].

The principles of vacuum lyophilisation are
described by N.S. Pushkar et al. [21]. They de-
monstrated the transition of a bound and free mois-
ture from a crystalline state to a gaseous one without
passing through a liquid phase as only possible
under certain physical conditions (temperature and
vacuum), stipulated by nature and properties of li-
quid medium.

Currently, the lyophilisation is applied for a
long-term storage of blood plasma and its indivi-
dual fractions, immune sera, immunoglobulins, vac-
cines, antibiotics, hormones, prokaryotic and eu-
karyotic cells [2, 4, 24, 26, 28]. The lyophilised
HCB cells unlike the cryopreserved ones, are less
exposed to structural changes, do not lose their
inherent properties during prolonged storage, being
well dissolved in water, and convenient for trans-
portation. Moreover, the lyophilised material re-
quires no special conditions for a long-term sto-
rage at the low-temperature bank, that is more
cost-efficiently and preferred for use in clinical prac-
tice.

It should be noted that the known methods
for HCB lyophilisation [20, 25, 27] are not ideal,
requiring much time and composite cryoprotec-
tants. These facts imply the improvement of the
existing lyophilisation techniques.

The research aim was to design an efficient way
for lyophilisation of human cord blood leukocon-
centrate to ensure its long-term storage with preser-
ving structural and functional characteristics of cells.
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PacTBOPOB JIMOMPOTEKTOPOB. DTHMH OOCTOSITEIIhC-
TBaMHU OOYCIIOBIIEHA HEOOXOIUMOCTh YCOBEPIICH-
CTBOBAHHS CYIICCTBYIOIIUX CHOCOOOB JHO(IIHU-
3aIuu.

enms paboTer — pa3paboTka 3PHEKTUBHOTO CITO-
coba mrmodmIM3aIy JICHKOKOHIIGHTpaTa KOPIOBOM
KPOBH UelloBeKa JUIsi 00ecIieueH s JTUTEIEHOTO €ro
XpaHEHUs] C COXpPaHEHHWEM CTPYKTYPHO-(PYHKINO-
HAJIbHBIX XapaKTCPUCTUK KIICTOK.

MarepuaJibl 1 METOABI

OObekToM uccienoBanusi ObuH 00pasmbpl KKY
(n = 15), KOTOpPBIEC MOJIyYaJIH OT 30POBBIX POXKECHHII
13 MaTEPUHCKOTO KOHIIA MyTOBUHBI OCIIE HOpMaJlb-
HbIX pomoB. 3abop KKY mpoBommmm ¢ uHpOpME-
POBAaHHOIO COINIACHSI SKEHIIMHBI HETOCPEACTBCHHO
nocne pokaeHust pedenka. KopmoByio kpoBb ueso-
BEKa OTOMpANN B CTEPUIIbHBIC (DIAKOHBI C aHTHKO-
arynsiaToM CPD (mmuTparHo-(QocdaTrHo-AeKCTPO3HBIN
pactBop). Ilepen mosydeHuem JEeMKOKOHIIEHTpaTa
KOpIoBo#i kpoBH dernoBeka ¢raxonsl ¢ KKY xpanu-
Ji1 B OBITOBOM XOJIoAMIbHUKE 11pu 4°C.

JIeKOKOHIIEHTpAT KOPJOBOM KpPOBU 4YEJIOBEKA
(JIKKY) monyyanu B ayTomia3me MyTeM MAaCCHUBHOM
CeIMMEHTAIlM JSPUTPOLUTOB B TPAAUEHTE IUIOT-
HOCTH ¢ 100aBIeHHEM NOIUDIOKUHA («Broxumuky,
Poccust). Cycniensuto kierok JIKKY pasznuBanu mo
1 M7 B cTepuiIbHBIE IEHULMIIMHOBBIE (IAaKOHBI, KO-
TOpbIE MOMEIIAJIN B CYOJMMALMIOHHYIO YCTaHOBKY
«¥Y3B-2» (CKTb ¢ OIl mpu HNuctutyTe mpobiem
kpuoOuosnorun u kpuomeanuuasl HAH VYkpannsr),
MpoBOAMWIIN JTHOGUIN3aIM0. beutn ampoOupoBaHbI
yetbipe pexuma auoduamzanuu JIKKY. Pexum 1
(P1) zakmrouancs B oxiaxaeHuu obOpasnos JIKKY
co ckopocthto 0,5 rpaj/MUH OT KOMHATHOW TeMIIe-
parypsl (18—22°C) no —28°C u panbuelimem 10-ua-
COBOM BBICYLIMBAaHMHM B YKa3aHHOH CyOIMMAaIHOH-
HOW ycTtaHoBKe. OOpaslpbl JOCYLIMBAINd B TOH JKe
ycTaHoBKe Ipu temmneparype 15°C B TeueHue 2 u.
JIUTEenbHOCTh BCEro Ipolecca CYIIKM COCTaBIsija
12 4. Pexxum 2 (P2) npemycmaTpuBall aHaIOTHIHOE
P1 BeicymmuBanme obpasma c¢ nobasmenum JMCO
(«Arteriumy», YkpawHa), pa3BeleHHOTO B ayTOIIa3-
M€ 10 KOHEYHOW KoHIeHTparuu 3,5%. Bribop xoH-
uentparuu JJMCO oCHOBBIBAJICS HA JaHHBIX O TOK-
cuuHoctd IMCO wu pesynsratax padotsl E.E. Ma-
KalllOBOM M COaBT. [7], B KOTOpOH MOKAa3aHO, YTO
9KCIo3uNMA sipocoaepxkamux kiaerok KKY ¢ IMCO
B KOHLICHTPALMH BbIIIE 5% CHUKACT UX COXPAHHOCTD
u xu3HecnocoOHocTh. [Ipu pexume 3 (P3) obpazenn
JIKKY npenBaputensHo 3aMopaxkuBainud o0 —18°C
Ha II0JKaX KaMepbl CyOIMMalMOHHOW YCTaHOBKH.
BricymuBanue JIKKY npoBoawsin B OXJIaxIAeHHON
1m0 —18°C kamepe cyONMMManMOHHON yCTaHOBKH Ha
MpOTSDKEHUW 9 4, JocymIMBaHWE — IIPH TeMIiepa-

334

Materials and methods

The research objects were the HCB specimens
(n = 15), procured from healthy women in labor
from the mother’s end of umbilical cord after nor-
mal delivery. The HCB was taken with the in-
formed consent of woman immediately after child
birth. Human cord blood was collected into sterile
vials with CPD (citrate-phosphate-dextrose solu-
tion) anticoagulant. Prior to procure the human
cord blood leukoconcentrate, the vials with HCB
were stored in a household refrigerator at 4°C.

Human cord blood leukoconcentrate (HCBL)
was procured in autoplasma by passive erythro-
cyte sedimentation in a density gradient supple-
mented with Polyglucinum (OJSC Biokhimik, Rus-
sia). The HCBL cell suspension was poured into 1 ml
sterile penicillin vials, placed in a sublimation unit
‘UZV-2’ (Special Designing and Technical Bureau
with Experimental Unit at the Institute for Problems
of Cryobiology and Cryomedicine of the NAS
of Ukraine) and lyophilised. We have tested four
regimens of HCBL lyophilisation. The regimen 1
(R1) comprised the HCBL specimen cooling with
0.5 deg/min rate from room temperature (18-22°C)
down to —28°C and further 10-hour drying in
the mentioned lyophilisation unit. The specimens
were finally dried with the same device at 15°C
for 2 hrs. The duration of the entire drying was
12 hrs. The regimen 2 (R2) foresaw the specimen
drying similar to R1, supplemented with DMSO
(Arterium, Ukraine), diluted in autoplasma up to
a final concentration of 3.5%. The choice of DMSO
concentration was based on the data about DMSO
toxicity and the ones reported by E.E. Makashova
et al. [16], where the exposure of nucleated HCB
cells with DMSO at a concentration above 5%
was shown to reduce their survival and viability. In
the regimen 3 (R3), the HCBL specimen was pre-
liminarily frozen down to —18°C on shelves of sub-
limation chamber. The HCBL was dried in a cham-
ber of lyophilisation unit, cooled down to —18°C
within 9 hrs, the final drying was done at 15°C for
2 hrs. Regimen 4 (R4) meant the HCBL lyophilisa-
tion similar to R3, supplemented with 3.5% DMSO.
The drying temperature was controlled by a copper
constant thermocouple. Under all the regimens of
HCBL lyophilisation, the residual pressure in the
chamber corresponded to 1.32 Pa. The vials with
lyophilised HCBL (IHCBL) were sealed with rub-
ber stoppers with metal caps and filled with pa-
raffin to avoid humidity. The lyophilised specimens
were stored in refrigerator at 4°C. The quality of
lyophilised material was assessed by residual mois-
ture in percentage using the commonly accepted
gravimetric analysis, and visually. The residual mois-

npo6nemu kpiobionorii i kpioMmeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 29, Ne/issue 4, 2019



type 15°C B Teuenue 2 4. Pexum 4 (P4) npexycmar-
puBan muopunuzanuio JIKKY ananorununo P3 ¢ go-
6asnenuem 3,5% JMCO. Temneparypy BbICyIINBa-
HUSI KOHTPOJIMPOBAIN ME/Ib-KOHCTAaHTAHTHOH TepMO-
napoit. Ilpn Bcex pexxmmax nmmodumuzanuu JIKKY
OCTaTOYHOE MABJICHHE B KaMepe COOTBETCTBOBAJIO
1,32 Ila. ®makonsr ¢ muodmmmsupoBanHbM JIKKY
(JIKKY) 3akpeIBaimy pe3nHOBBIMH MPOOKAMH C Me-
TAJIMYECKUMH KPBIIIKAMH W 3JIMBAIN NapaduHOM
UL TIpeynpexkIeHus monaganus eiard. Jlnodu-
JTU3UPOBaHHBIE 00pa3lbl XPaHWIU B YCIOBUSAX XO-
nmoqunbHuka mpu 4°C. KadectBo nmodmimu3upo-
BaHHOTO Marepuaja OLEHHWBAIM II0 OCTaTOYHOM
BJIQKHOCTH B MPOLIEHTaX OOLICTIPUHSATHIM BECOBBIM
METOIIOM, a TaKkkKe BHM3yalibHO. OcTaTouHas BIax-
HOCTB B JodguiansupoBaHHbix o P1 oOpasuax coc-
taBmsia (5,03 £ 0,51); P2 — (14,66 £ 1,73); P3 —
(4,95 + 0,88); P4 — (17,78 £+ 2,1)%. Hna perun-
paramun n1JIKKY Bo dmakonsr mobaBmsmm 1 i
(hM3HOTOTHYECKOTO PACTBOpa W TEPUOAMUYECKHA OC-
TOPOXKHO TIEPEMEIINBAITH.

B o6pasmax JIKKY onpexpensii  KOJIHYECTBO
SIIPOCOJIEpIKAIIMX KJIETOK Ha 1 MJI B reMaHajIu3aro-
pe («Diatrony», Benrpus). )KusnecnocoOHOCTh Kiie-
TOK OLICHUBAJIM B OOILICH MOMYJSIINHN JICHKOKOHIICH-
Tpata METOJaMU CYyNpPaBHTAIBHOTO OKpAIIMBAHHS
0,2%-M pacTBOpOM TPUIIAHOBOTO CHHEro [8] M Ha
riporouHoM 1roryopumerpe «FACS Calibury («BD
Bioscience», CIIA) ¢ HCIONB30BAaHUEM IPOITHIAH
tiomnma (PI). Conepkanne B cocraBe JIKKY ctBO-
JOBBIX KpoBeTBOpHBIX KiIeTok (CKK), T-perymsrop-
HbIX KieTok (Tper) oueHWBamM C HCIOIB30BAHU-
€M COOTBETCTBYIOIIMX MOHOKJIOHAJIBbHBIX aHTHUTEN
(MAT) x CD34-, CD4- u CD25-monekynam («BD
Pharmingen», CILA). Bo Bcex ciyuasx uccieno-
BaHUHN NPUMEHSUTN COOTBETCTBYIOLINI M30THUIINYEC-
KM KOHTpoib. Ompenensnu KOJIWYEeCTBO MEYEH-
HBIX KIETOK M CPEIHIOI MHTEHCHUBHOCTH (iyo-
pecuennmu (CU®D) uccrnemxyemMplx MapKepoB, OTpa-
KAIOLIYI0 IUIOTHOCTh AHTHICHOB, BBIPQKCHHYIO B
YCIIOBHBIXEIMHULIAX. Pe3ysprarsiuuroduyopumerpuyec-
KOTO aHaym3a o0pabaThIBAIM C IMTOMOIIBIO TIPOTPaM-
Mbl «WinMDI 2.8» («J. Trotter, Scripps Research
Institute», CIIIA). lluTtomornyeckoe HCCICIOBAHKE
JIKKY mnpoBoaunum Ha Ma3Kax-oTIeuaTKaX, OKpa-
meHHbIX asyp-II s03unoM no PomanoBckomy-I'nmse
[9] B cBetoBoM MuKpockore «Primo Star» («Carl
Zeissy, 'epmanust); x900 (MaciasiHass UMMEPCHsT ) TIOA-
cuetoM 500 knerok, Belpaxkas B nporenrax [9]. Co-
JepKaHUe KPOBETBOPHBIX IMPEAIIECTBEHUKOB OIl-
penessiii IO KOJIMYECTBY KOJIOHHEOOpas3youux
emuann B KynbType (KOEK) B momyxwumkom arape
Ha §-e CyTKH KyJIBTHBUPOBAHHUS B WHBEPTHPOBAHHOM
mukpockorie «Axiovert 40Cy, («Care Zeiss», ['epma-
uust; X70). KieTkun KyJTbTUBHPOBAIM B KOHLIEHTPAIHN
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ture in the specimens lyophilised with R1 was
(5.03 £ 0.51); for R2 it made (14.66 = 1.73); R3
revealed (4.95 = 0.88); R4 provided (17.78 + 2.1)%.
To rehydrate the IHCBL, the vials were supple-
mented with 1 ml of physiological saline and re-
peatedly carefully stirred.

The number of nucleated cells per 1 ml was
determined in HCBL specimens using blood ana-
lyzer (Diatron, Hungary). Cell viability was asses-
sed in general population of leukoconcentrate by
supravital staining with 0.2% trypan blue solution
[18] and with FACS Calibur flow cytometer (BD
Bioscience, USA) using propidium iodide (PI). The
content of hematopoietic stem cells (HCCs) and
T-regulatory cells within HCBL was evaluated using
the corresponding monoclonal antibodies (MAB)
for CD34, CD4, and CD25 molecules (BD Pharmin-
gen, USA). In all the cases, the appropriate isotypic
control was used. The number of labelled cells
and average fluorescence intensity (AFI) of the
studied markers, reflecting the density of antigens,
expressed in arbitrary units, were determined. The
results of cytofluorimetric analysis were proces-
sed with WinMDI 2.8 software (J. Trotter, Scripps
Research Institute, USA). The HCBL was cyto-
logically examined in touch smears, stained with
azure-11 eosin by Romanowsky-Giemsa [19] using
Primo Star light microscope (Carl Zeiss, Ger-
many); x900 (oil immersion) by counting 500 cells,
expressing in percentage [19]. The content of he-
matopoietic precursors was determined by the num-
ber of colony forming units in culture (CFUc) in
semi-liquid agar to day 8 of culture by means
of inverted microscope Axiovert 40C (Care Zeiss,
Germany; x70). Cells were cultured at a concentration
of 1 x 10° cells/ml at 37°C, 5% CO, and 95% air
humidity [22].

The findings were statistically processed with
parametric method (Student t-test) using the Excel
software (Microsoft, USA); at p < 0.05, the diffe-
rences were considered statistically significant.

Results and discussion

The results of staining with trypan blue (97—
98%) and PI (92-94%) testify to the fact that the
selected conditions for preparing the HCBL hand-
ling suspension provided quite a high initial cell
viability. The number of nucleated cells in IHCBL
specimens decreased in a different way, moreover
in those, lyophilised by R2 and R4 it was much
reduced (Fig. 1). The index of cell viability in [HCBL
varied between 32-60% (trypan blue) and 27—
54% (PI) depending on lyophilisation conditions.
The highest cell viability was found in the HCBL
specimens, lyophilised by R1 and R3. In the spe-
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1 x 10° x/mn npu Temneparype 37°C B armocdepe
5% CO, u 95% Bnaxknoctu Bosayxa [13].

CrarucTudeckyro oOpabOTKy MONYyYCHHBIX JaH-
HBIX MPOBOJIVIIN MAPAMETPUUCCKUM METOOM (t-KpH-
Tepuit CThIOJICHTa) C NPUMEHCHHUEM IPOTPaMMBI
«Excel» («Microsoft»y, CIIIA), ipu p < 0,05 pazmu-
YUSI CYUTAITN CTATUCTHYCCKH 3HAUUMBIMH.

Pe3yabTaThl 1 00Cy:KIeHHE

PesynbraTel TecTa OKpalIMBaHHUA TPUIIAHOBBIM
cuauM (97-98%) u PI (92-94%) cBumeTensCTBYIOT
0 TOM, YTO BBIOpAaHHBIE YCIIOBHUS NIPUTOTOBICHUS pa-
ooueli cycriensun JIKKY obGecrneunBanu mocratod-
HO BBICOKHMH HCXOIHBI YpOBEHB >KH3HECIIOCOOHO-
CTH KJIeTOK. KoNMM4ecTBO sSApocoaep Kalmx KIeTOK
B oOpasmax mJIKKY ymeHbIasoch He OJUHAKOBO,
mpudeM B OOINbINEH cTemeHn — B oOpasiax, JIMo-
(ummsnoBanubIXx o P2 m P4 (puc. 1). Ilokazarens
ku3HecnocooHocTn kietok B JJIKKY BapsupoBan
B ipenenax 32—60% (TpumanoBbli cunuit) u 27-54%
(PI) B 3aBHUCHMOCTH OT YCJIOBHH JIMO(UIH3ALINY.
HauGonee BbICOKMM TMOKa3aTenb >KU3HECTIOCOOHOCTH
KJeTok Obu1 B 06pasuax JIKKY, nmuodummsnpoBaHHbIX
mo P1 u P3. B obpa3uax, nuoduiIn3npoBaHHbIX C
npumenenueM JIMCO B xonnentparuu 3,5% (P2
u P4), manHbIi oKa3aTeNb ObLT 3HAYMMO HIDKE, YeM
B 00pasnax, TnopuIm3npoBaHHbix 1o P1 u P3.

M3BectHo, yto JIKKY siBisiercss rereporeHHoM
MOTYIIAINEH KiteTok (puc. 2), B kotopoir kpome CKK
pasHoii creneHn AUGHEPESHITUPOBKH MPUCYTCTBYIOT
U 3peJible KJIETOYHBIE 2JIEMEHThI ¢ Pa3HOM yCTOWYH-
BOCTBIO K (hakTOpaM KpHOKOHCEp-
BHpoBaHus [3].

cimens, lyophilised with 3.5% DMSO (R2 and R4),
this index was significantly lower than in those
lyophilised by R1 and R3.

It is known that the HCBL is a heterogeneous
population of cells (Fig. 2), where in addition to
HSCs of various degrees of differentiation, earlier
there are also the mature cell elements with different
cryopreservation resistance [8].

Proceeding from the mentioned above, of in-
terest was to analyze the effect of lyophilisation on
HCBL cell composition.

In the freshly isolated HCBL (fHCBL) we iden-
tified the cells with various degrees of differentiation
of erythroid, granulocytic, and lymphocytic hema-
topoietic lineages (Fig. 2A; 3A). The cell composi-
tion of IHCBL at RI and R3 was represented
by morphologically preserved erythroblasts, myelo-
and lymphocytes (Fig. 2B, D; Fig. 3B, D). The
cytological analysis of IHCBL at R2 and R4 revea-
led a decrease in the number of myeloblasts and
lymphocytes with a relative increase in the number
of undifferentiated cells and erythroblasts. The data
of cytological study testified to a high content of
destroyed and apoptotic cells as compared to the
control (Fig. 2C, E; 3C, E).

Quantitative assessment of HSCs showed that
phenotypic characteristics (CD34%) and prolifera-
tive activity (CFUc) in all the specimens of IHCBL
did not significantly differ from the control, i. e.
the cells were highly resistant to lyophilization con-
ditions (Table).

B cBeTe BBIILIEN3I0KEHHOTO TPE- 100 18 2 e
CTABIIANO MHTEPEC NPOAHANM3UPO- i 118%
BaTh BIHMSHHE Tpolecca THOPHITU- S i £ o
3awMK Ha K1eTodHbii coctas JIKKU. S e 718 E x

B cBexeBbinenennom JIKKY X 4 t14 59
(cJIKKY) ObLIM BBIBIECHBI KIETKH & 11 5 8
pasHoii creneHn auQdHEpEHIUPOB- § 2 “ 23
KM OPUTPOMIHOTO, TPAHYIOIHTAp- 5 S 11 §°§
HOTO ¥ JIMM(OIUTAPHOTO POCTKOB %“g: 1os 8 §
KpoBeTBOpeHust (puc. 2, A; 3, A). 23 ’ %"6
Knerounsiit coctaB mJIKKY mpu @ _'-E., T 06 gg
P1 u P3 Gbu1 mpeacrasien mopdo- 8= {04 g €
TOTHYECKH COXDAHHBIMH JPHTPOO- = 93] [54] 0z
JacTaMu, MUENO- M ITUMQOUUTAMH 2 T 02 g
(puc. 2, B, D; puc. 3, B, D). Lluro- 0 : : : : 0o <
sornyeckuit ananu3 1JIKKY npu P2 KoHntpons  P1 P2 P3 P4
1 P4 BBISBHMJI YMEHBIIECHHUE KOJIUYE- Control R1 R2 R3 R4

CTBa MHEI007IACTOB, JTUM(OITUTOB
IIprU OTHOCHUTCIIBHOM YBCJIMYUCHUU
koimyecTBa HeauddepeHpoBaH-
HBIX KJIETOK M 3pUTpoOIacToB. Jlan-

HbBIE UTOJOTUYECKOTO HCCIIEa0BA- p < 0.05.
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Puc. 1. Konnuectso B nJIKKY sapocopepxalumx KneTok; XXM3HecrnocobHOCTb
npuv oKpaluMBaHUM TPUNaHoBbIM cvHUM (E) 1 Pl (O); * — pazanuuus 3Ha4YvMbl
Mo CpaBHEHMIO C KOHTponewMm; p < 0,05.

Fig. 1. Number of nucleated cells in IHCBL; viability at trypan blue staining (@)
and R1 (O); * — differences are significant as compared to the control;
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HUSl CBUAETEJILCTBOBAIN O BBICOKOM COJCP)KaHUH
pa3pyLICHHBIX U aNONTOTHYECKUX KJIETOK IO CpPaB-
HEHHUIO ¢ KoHTposeM (cM. puc. 2, C, E; 3, C, E).

KonuuectBennas onenka CKK mnoxaszana, 4To
¢denorunuueckue npusHaku (CD34%) u mponude-
paruBHast aktuBHOcTh (KOEK) Bo Bcex oOpasmax
mJIKKY 3HaunMo HE OTIMYanach OT KOHTPOJ, T. €.
KJIETKH 00JIa/IaJii BHICOKOW YCTOMYMBOCTBIO K YCIIO-
BUSIM THOGMIN3aUH (Tabmuma).

Oco0eHHO BaKHBI B 00ECHEYCHUH COXPAHHOCTH
JJIKKY Tper-kneTku, KOTOpbIE UTPArOT KIIOYEBYIO
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Puc. 2. MukpodoTtorpacum knetok: A — cl/IKKY; B —
nJIKKY no P1; C — nJIKKY no P2; D — nJIKKY no P3; E —
nJIKKY no P4. Okpacka a3yp-Il n a03uHom; x900.

Fig. 2. Microphotograph of cells: A — fHCBL; B — IHCBL by
R1; C —IHCBL by R2; D — IHCBL by R3; E — IHCBL by R4.
Staining with azur-Il and eosin; x900.

®

i

The Treg cells, which play a key role in an im-
mune system functioning, are of special impor-
tance in ensuring the IHCBL integrity, since they
suppress the hyperimmune response to autoanti-
gens and inhibit immune inflammatory responses
to antigens of allogeneic grafts, fetal cells. Accor-
ding to our findings, the number of Treg cells in
fHCBL was 0.2%, after lyophilisation this index
increased 1.6 times, and AFI did 3 times as com-
pared with the control (Fig. 4-6). The number of
Treg cells, frozen-dried by different regimens was
found not to significantly differ. Therefore, the lyo-
philisation may be considered as one of the methods
for HCBL enriching with Treg cells if comparing
with native and cryopreserved material.

In the specimens, lyophilised by R2 and R4, the
index of residual moisture was higher as compared
with those, lyophilised by other regimens. A high
value of residual moisture was noted in lyophilised
samples with a low preservation of structural and
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Puc. 3. KnetouHbiin cocTtaB (B npoueHTax): A — clTIKKY; B — nJIKKY no P1; C — nJIKKY no P2; D — nJIKKY no P3; E — nlIKKY
no P4; a — HeguddepeHLMpOBaHHbIE KNETKN, b — 3puTpobnacTbl, ¢ — spuTpoHOpMobnacTel, d — MuenobnacTbl, € — M-
douunTel, f — anonToTuyeckme KneTkn, g — paspyLUeHHbIE KNETKU.

Fig. 3. Cell composition (in percentage): A — fHCBL; B — IHCBL by R1; C — IHCBL by R2; D — IHCBL by R3; E — IHCBL
by R4; a — undifferentiated cells, b — erythroblasts, ¢ — erythronormoblasts, d — myeloblasts, e — lymphocytes, f — apop-

totic cells, g — destroyed cells.

ponb B padoTe MMMYHHOH CHCTEMBI, IOCKOJBKY
OHH TIOJIaBJISIIOT TUIIEPUMMYHHBII OTBET B OTHOIIIE-
HUM ayTOaHTHICHOB, HMHTHOMPYIOT HMMYHOBOCIIA-
JIUTEIbHBIE PEAKIMU Ha AHTUIEHBl aJUIOTEHHBIX
TpaHCIIJIAHTATOB, KJIETOK Iutona. Ilo Hammm nan-
HbIM konnuecTtBO Tper-kietok B cJIKKY cocras-
asuto 0,2%, mocne nuoduiaM3anuy NoKaszareib yBe-
mrawics B 1,6 paza, a CU® — B 3 pasza mo cpaBHe-

functional characteristics, i. e. in IHCBL with DMSO
supplement. In addition, of note is the fact, that before
administration to a patient of the HCBL, lyophilised
in DMSO-based solution, this compound has to
be removed to neutralize a toxic effect on cardio-
vascular, respiratory and urinary systems [9, 17].
Currently, there are the methods for HCB lyo-
philisation, providing the satisfactory cell survival,

Konunyecteo CD34*-knetok n KOEK JIKKY fo 1 nocne nnodmnmnsaumm no pasHbiM pexxmmam
Number of CD34*-cells and CFUc of HCBL prior to and after lyophilisation by different regimens

Pexxumbl
KonuyecTBo knetok, % KoHTponb Regimens
Cell number, % Control
1 2 3 4
CD34+ 3,9 + 0,05 3,3 + 0,06* 3,0 £ 0,04* 3,2 + 0,05* 3,1 + 0,03*
KOEk
CFUc 2,11 £ 0,87 1,84 + 0,11 1,77 £ 0,09 1,92 £ 0,10 1,75 £ 0,12

MpumeyaHume: * — pasnnuyms 3Ha4MMbl NO CPABHEHUIO C KOHTponeMm, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.
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iCH n* 10?
FL2.H
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Puc. 4. Tuctorpammel xmnsHecnocobHoctu knetok: A — c/IKKY; B — nJIKKY no P1; C — nJIKKY no P2; D — nJIKKY no P3;
E — n/IKKY no P4. M1 — nHTepBan nonoxutenbHbix oueHok. OkpalumsaHue Pl.

Fig. 4. Histograms of cell viability: A — fHCBL; B — IHCBL by R1; C — IHCBL by R2; D — IHCBL by R3; E — IHCBL by R4.

M1 is positive rating range. Pl staining.

HHIO ¢ KOHTposieM (puc. 4—6). YCTaHOBJICHO, YTO KO-
TUYecTBO Tper-KieTox, JHOPMIN3UPOBAHHBIX TIO
Pa3HBIM peXHMaM, 3HAYMMO He oTinn4anock. Cueno-
BaTeJIbHO, JTHOPHUIM3ANNIO MOXKHO CYUTATh OJIHUM
n3 meronoB oboramenus JIKKY Tper-kimerkamu mo
CPaBHEHHIO C HATUBHBIM M KPHOKOHCEPBUPOBAHHBIM
MaTepHaJIOM.

B o6pasuax, nuodpunusuposanHsix no P2 u P4,
MOKa3aTeNb OCTATOYHOW BIAXKHOCTH HMMeN Ooree
BBICOKHE 3HAueHUsl 10 CPaBHEHHWIO C OOpa3Iamu,
TUO(GUITN3NPOBAHHBIMU TIO JIPYTHM peXUMaM. BbI-
COKOE 3HAYeHHE OCTAaTOYHOW BJIAKHOCTH OTMEUYCHO
B THO(DHIN3HPOBAHHBIX 00pa3Iax ¢ HU3KOW COXpaH-
HOCTBIO CTPYKTYPHO-(YHKIMOHATBHBIX —XapakTe-
puctuk, 1. ¢. B JJIKKY ¢ moGasnermem JIMCO.
Kpome TOTO BaKHO OTMETHTB, YTO TEpEer BBEIe-
wuem mnanuenty JIKKY, nuodunusupoBaHHOTO B
pactBope Ha ocHoBe JIMCO, HEOOX0MUMO yiajacHHe
JTAHHOTO COEIMHHEHHsI C IIeJIbI0 HUBEJIHPOBAHUS
TOKCHYECKOTO JEeWCTBUA Ha CepIAeUHO-COCYIUC-
Ty!0, JBIXaTeIbHYI0O W MOYEBBIICIUTENBHYIO CHC-
TeMmsl [17, 23].

B mHacrosiiee Bpemsi WM3BECTHBI CIOCOOBI JTHO-
¢ummzarmn KKY, koTopbie 00ecrednBaroT yaoB-
JIETBOPUTENHHYIO COXPAHHOCTh KJIETOK, OJIHAKO
MMEIOT Ompe/eNieHHbIe HeJoCTaTKh. V3BecTeH crio-
co6 mmodmmmsarmu  KKY, koTophIii  BKIIIOYaeT
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but having certain disadvantages. The way for
HCB lyophilisation, including 3-hour cell cooling
down to —40°C with 1-3 deg/min rate and further

10

/| CD4*CD25"dn |
CD4+CD25mew

k)

10

10

FL2.H
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T 0 0F 0¥ 1o0*
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Puc. 5. OkpawunearHne CD4*CD25* knetok JIKKY MAT: To-
YeuHbIVi rpadvK pacrnpefeneHns KneTok nccnegyemomn ob-
nactu B KoopAauHaTtax norapudma MHTEHCMBHOCTM nyo-
pecLeHLmmn: ocb X — MHTEHCMBHOCTL B kaHarne FL-1 (cBs3bl-
BaHne CD4-knetkamu); ocb Y — MHTEHCMBHOCTb B KaHane
FL-2 (cBssbiBaHne CD25-knetkamm).

Fig. 5. Staining of CD4*CD25" cells of HCBL with MAB:
a scatter plot of cell distribution in the studied area in
coordinates of fluorescence intensity logarithm: X axis is
intensity in FL-1 channel (binding to CD4 cells); Y axis —
intensity in FL-2 channel (binding to CD25 cells).

339

Ed



3-yacoBoe oxnaxkaeHue kiaetok a0 —40°C co
CKOPOCThIO 1-3 rpas/MuH U JaibHeHIee Bbl-
CyIIMBaHWE B BaKyyMe CHadalla MPH TeMIIle-
parype 30°C (37 u), a 3arem npu 10°C (12 1)
[27]. Hecmotpss Ha TO, YTO AaHHBIA CHOCOO
MpelyCMaTprUBaeT UCTIOIh30BAHNE 3aITUTHOTO
KOMOMHHpOBaHHOTO pactBopa (40% momu-
BUHWIIIHPposinaoHa, 20% caxapo3sl u 10%
MaHHHUTOJNA), OH 00eCNeYrBaeT BHICOKYIO BbI-
’)kuBaeMocTh kietok (38,9 £ 7,4%), HO
OpU O3TOM BBICYIIMBAaHHE JJIUTCS  OKOJIO
49 4. IlogoOHBIE HEAOCTATKU HUMEET W JApY-
roit cnoco6 nmuodunmzannn KKY, mpu xoto-
poM oOpa3mpl  oxnmaxnpator g0 —38°C  co
ckopocthto 1-3 rpan/mMuH B TeueHue 2,5 d,
a Janee WX BBICYIIMBAIOT B BaKyyMme: CHa-
gaga mnpu Temmeparype —30°C (31,5 wu),
a mamee — mpm 15°C (7 u) [21]. Boenkm-
BaeMOCTh KJIETOK TP JaHHOM CITOCO0e
nuodunuzanuu nox 3amutod 40% monuBu-
Hunmupponuaona, 20% caxapossl, 10% maH-
Hutoia U 10% deranbHON Tensybel Chbl-
BopoTkHu coctasmia (61,87 £ 3,5)%. B pabo-
Tax JpyTUX WCCIeoBaTeNell MpemiokeH Crocod
mrodpmmm3anuu KKY, mpu kotopoMm o0pasmbl oX-
naxmaroT g0 —10°C co ckopocthio 0,5 rpam/muH,
3aTeM TMEPEHOCAT B EMKOCTh C JKHIKAM a30TOM
(-196°C) u BeicymmBator npu —80°C B TedeHue
3,5 cytok [24]. DTOT cmocod MMEET CYIICCTBEHHBIC
HEOCTAaTKU: HU3KWK TIOKas3aresib >KU3HECHoco0-
HBIX KJ1eTOK (18%) M ero AMTEeNbHOCTD.

Ha ocHOBe JaHHBIX JIUTEPaTyphl U TOJTYYCHHBIX
PE3YJIBTaTOB HMCCIEIOBAHHUS CTPYKTYPHO-(YHKIHO-
HaJBHBIX XapaKTEPUCTUK M OCTATOYHOM BIIAXXHOCTH
MOJTy4eHHBIX 00pa3oB OBUIO IMOKA3aHO MPEUMY-
IIECTBO pPa3pabOTAaHHOTO HaMHU pPEKHMa JTHO(WIN-
armun JIKKY. Tak, kagecTBO ITHOQPMIM3HUPOBAH-
Horo ¢JIKKY no PI u JIKKY, npeaBaputenbHO 3a-
MopokeHHoro 1o —18°C mo P3, He oTimuanocs.
Omnako wHambosiee onTUMaidbHBEIM ObUT P3, moc-
KOJIbKY €r0 MO)KHO HCIIOJIb30BaTh MPU OTCYTCTBUU
BO3MOJKHOCTH mpoBeaeHust nuodunuzanun JIKKY
cpasy mocJje MoJyyeHus..

Ilokazano, uto P2 u P4 ¢ ncnons3oBanuem 3,5%
JIMCO ycrymamun Pl u P3: Bbicokas ocraTouHas
BIQXXHOCTh 0Opa3iia, 3HAaYMMO CHW)KEHBI TOKa3a-
TEJIM COXPAHHOCTH M (PYHKIINHU KIIETOK IT0 CPABHEHHUIO
¢ kxoHTponeMm. KadectBo oOpasma, auHO(GHIN3HpO-
BaHHOTO HEIMOCPEACTBEHHO TOCITE MOMYYEHHs IO
P2, mo cpaBHeHHMIO C 00pa3moMm, MpeaBapUTEIHHO
3aMOPOXKEHHBIM C AHAJIOTMYHOM KOHLEHTpalUei
kpuomnporektopa rnpu —18°C (P4), Obu10 BbIIIIE.

PaspaboranubIii pexxuM JTHOGUIU3AIMKE TIO3BO-
JSIeT COXPaHATh CTPYKTYpY H (QYHKIHOHAJIbHBIE
croiictBa JIKKY mnurensHOe Bpems (12 Mmecsies)

KonunyecTtBo kneTtok, %
Cell number, %

Puc.
(MMHMA) * — pasHMua CTaTUCTUYECKW 3Ha4YMma Mo CpaBHEHWIO
C KoHTponewm, p < 0,05.

Fig. 6. Number of CD4*CD25"s" cells in HCBL (@); AFI (line).

* — differences are statistically significant if compared with the
control p < 0.05.
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6. Konuuectso B JIKKI knetok CD4*CD25"s" (@m); CUD

drying in vacuum, first at 30°C (37 hrs), and then
at 10°C (12 hrs) is well known [27]. Although this
way foresees the use of a protective combined
solution (40% polyvinylpyrrolidone, 20% sucrose
and 10% mannitol), it provides a high cell survival
(38.9 = 7.4%), but herewith the drying takes about
49 hrs. The other way for HCB lyophilisation has
the similar disadvantages, where the samples are
cooled down to —38°C with 1-3 deg/min rate for
2.5 hrs, then dried in vacuum: first at —30°C (31.5 hrs)
and then at 15°C (7 hrs) [25]. This lyophilisation
way under protection of 40% polyvinylpyrroli-
done, 20% sucrose, 10% mannitol and 10%
fetal bovine serum provided the cell survival of
61.87 + 3.5%. Other scientists have proposed a
way for HCB lyophilization, where the specimens
are cooled down to —10°C with 0.5 deg/min rate,
then transferred into a container with liquid nit-
rogen (—196°C) and dried at —80°C for 3.5 days
[20]. This way has significant disadvantages such
as: a low index of viable cells (18%) and its dura-
tion.

Proceeding from the reported data and our fin-
dings on structural and functional characteristics
and residual moisture of the resulted specimens, we
demonstrated the advantage of lyophilisation regi-
men for HCBL we designed. So, the quality of
fHCBL lyophilised by R1 and the HCBL, preli-
minarily frozen down to —18°C by R3, did not differ.
However, the R3 seemed to be the most optimal,
since it could be used when there was no possi-
bility to lyophilise HCBL right after procurement.
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B YCJOBHUSX XOJonWIbHUKA. JlaHHBIA pexum d¢-
(eKTHBEH, SKOHOMUYEH, MPOCT B UCIIOJHEHUH U HE
TpeOyeT NPUMEHEHHsT XUMHYECKHX KOHCEPBAaHTOB,
HU3MEHSIOIMX OMOXMMHMYECKHH COCTaB M CTPYyK-
TYpY KJIETOK.

BeiBoabl

1. PaspaGoran pexnm muodmmuszammn JIKKY,
o0ecrneynaronnii BEICOKYI0 COXPaHHOCTh CTPYKTYp-
HO-(DYHKIIMOHAIILHBIX XapaKTEPUCTHK KIICTOK.

2. B pesynbrare oTpabOTKH MPOTOKOIOB MOTYYSHUSI
nJIKKY 6but pazpaboTaH ajbTepHATUBHBIN KpHO-
KOHCEPBHUPOBAHUIO CHOCOO JOITOCPOYHOrO XpaHe-
nus JIKKY s nocnenyroniero npuMeHeHUs B KIU-
HUKE [IPU Pa3JIUYHBIX NATONOTHIX.

3. IlpennokxeHHbIN PEXXUM TO3BOJISIET IPUMEHSTh
mJIKKYU 6e3 crenuanbHBIX METOIOB XpaHCHHS H
JIETKO TpPaHCHOPTUPOBaTb €ro K MECTy Ha3zHade-
HUSL.
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The R2 and R4 with 3.5% DMSO were shown
to be inferior to R1 and R3, i. e. a high residual
moisture of the specimen, significantly reduced
indices of cell integrity and function as compared
to the control, were observed. The quality of the
specimen, lyophilised immediately after procure-
ment by R2, in comparison with that, previously
frozen with the same concentration of cryoprotec-
tant at —18°C (R4), was higher.

The designed regimen of lyophilisation enab-
les preserving the structure and functional proper-
ties of HCBL for a long time (12 months) in a
refrigerator. This regimen is efficient, cost-effective,
simple to use and requires no chemical preservati-
ves that change biochemical composition and struc-
ture of cells.

Conclusions

1. The regimen for HCBL lyophilisation, ensuring
a high preservation of structural and functional
characteristics of cells, has been designed.

2. As a result of mastering the protocols for
IHCBL procurement, an alternative to cryopreser-
vation way for HCBL long-term storage has been
obtained for further use in clinic to treat various
pathologies.

3. The proposed regimen enables using the IHCBL
without any special storage techniques and easily
transporting it to a destination place.
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