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Pecpepar: ViccnegoBanu BnvsiHue ycrnoBuiA NMMOUnM3aummn Ha CTPyKTYPHO-(PYHKLMOHAmNbHbIE XapaKTepUCTUKM NENKOKOHLIEHTpaTa
KopaoBow kpoBu venoBeka (JIKKY): konnyecTBo 1 XM3HECNOCOOHOCTb, LMTOMOPONOrMyeckne nokasartenum, cogepxaHme reMonoatunye-
ckmx ctBonoBbix (CD34%) n T-perynstopHbix knetok (CD4*CD25""), kpoBETBOPHBIX KONOHWeo6pasyoLwmx eamHul B Kynstype (KOEK).
Onsa nuocunuzauum knetok JIKKY mcnonb3oBanu yeTbipe pexuma, BKMAYalowmne ABe nporpaMmmbl ¢ npumeHeHnem 3,5% OMCO wu
6e3 Hero. MNporpamMmmMbl OTNINYANMUChL 3HAYEHMEM TeMnepaTypbl U ONUTENbHOCTBLIO, NMPU KOTOPbIX MPOBOAUIN MEPBUYHOE BbICYLLUMBAHWUE.
[Mpu ncnonb3oBaHUM NepPBOK NpPoOrpaMMbl KNeTKM Bbicywmany B TedeHne 10 4 (—28°C), sTtopon nporpammbl — 9 4 (—18°C). Paspabo-
TaHHbI MeTog nuodunusaumm JNIKKY, koTopein npegnonaran ncnonb3oBaHne nepeor nporpammbl 6e3 MCO, obecneunn coxpaHHOCTb
KIETOK B reTEPOreHHON NonynauumM KOpaoBoy KpOBM MO BCEM MUCCeAyeMbIM XapaKTepUCTUKaM.

KntoueBble cnoBa: nuocunusaums, NerkoKoHLEHTpaT KOPAOBON KPOBU YernoBeka, KoNoHMeobpasyoLme eanHuLbl, reMonoaTuye-
CKUWe CTBOJIOBbIE KINETKMN, T-perynaTopHble KNeTKU.

Pedbepar: [ocnigpxysanm BnimB ymoB niodinisauii Ha CTPYKTYPHO-(PYHKLIOHANbHI XapaKTEPUCTUKN NENKOKOHLEHTpaTy KOopAoBOi
kpoBi mognHn (JIKKI): KinbKiCTb i XUTTE3AATHICTb, LMTOMOPEOIOriYHI NOKa3HWKW, BMICT remonoeTnyHux ctosbyposux (CD34*) i T-pe-
rynaTopHUx KnitnH (CD4*CD25Me"), kpOBOTBOPHMX KOSOHIEYTBOPOHOUMX oAnHMUbL Y KynbTypi (KYOk). Ona niodinisauii knitun JIKKI
BMKOPWUCTOBYBAnM YOTMPU PEXMMM, LLO BKMOYaTb ABi nporpamu i3 3actocyBaHHaM 3,5% [MCO n 6e3 Hboro. lNporpamu Bigpi3Hs-
MCH 3HAa4YEHHAM TemnepaTtypu 1 TPUBAMICTIO, MPY SKMX NPOBOAUIM NEPBUHHE BUCYLLYBaHHS. py BUKOPUCTaHHI NepLuoi nporpamu Kii-
TuHW Bucywysanu npotsarom 10 roguH (—28°C), apyroi nporpamu — 9 roauH (—18°C). Pospobnenuin metog niodinisauii JIKKI, wo nepen-
6avae BMKOpMCTaHHSA nepuioi nporpamu 6e3 [IMCO, 3abe3ne4mB CXOPOHHICTb KMITUH Y reTepOoreHHi nonynsuii KOPAOBOI KPOBi 3a BCiMa
[OCMiMKYBaHUMW XapaKTepUCTUKaMMU.

KnrouyoBi cnoBa: niodinisauis, NenkokoHLEeHTpaT KOpPAOBOI KPOBi MIOAMHW, KOMOHIEYTBOPIOKOYI OAWHWLI, reMOMNOeTUYHi CTOBOYpOBI
KNiTUHW, T-perynsaTopHi KNiTUHK.

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 ¢ BbicOo-  of stem cells with a high regenerative potential [19].
KHM pereHepaTuBHBIM moTeHnuanoMm [12]. bmaro- Due to the presence of different cell types and
JIaps HAJIAYHIO B COCTaBe pa3HBIX THUMOB KIETOK W growth factors, the cord blood has a high prolife-
POCTOBBIX (pakTOpPOB KOpIOBas KpoBb MMeeT Bhico- rative and differentiating potential [11]. The HCB
kuii niponudeparuBHO-TUPPepeHupoBounbiii o-  cells are used in therapy of autoimmune [12, 24],
ternnman [19]. Knerku KKY npumensitor mis mede-  oncology [15] diseases, as well as in gerontological
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HUSA ayTOUMMYHHBIX [6, 11], oHkomormueckux [22]
3a00JIeBaHMi, a TaKKe B TEPOHTOIOTUIECKON MpPaK-
TUKE NIl YBEIHUYEHHs MPOAOIKUTENBHOCTH KHU3HU
U KOMIIJIEKCHOTO OMOJIOKEHHS desioBeka [15].

BocrpebdoBannocts KKY B knmHMKE 00ycinaBiu-
BaeT HEOOXOIUMOCTE CO3MIaHus e¢ 3amacos [14, 25].
Juis 910l e HeoOXOAMMBI HU3KOTEMIIepaTypHbIE
O6anku, B koTopblx KKU mmuTenpHO XpaHHWTCS TpH
yIbTpaHm3kux Temmeparypax (—80, —196°C), dro
00eCreunBaeT COXPaHHOCTh CTPYKTYPHO-(PYHKINO-
HaJbHBIX XapaKTEPUCTHK KIIETOK PAa3HOTO YPOBHS
T epeHIMPOBKH M PETYISTOPHBIX MEIHAaTOPOB
[3, 18]. IIpn KpHOKOHCEPBUPOBAHNHU KJIETOK MJIEKO-
MUTAIONINX KCIONB3YIOT KPUOMPOTEKTOPHI, 00naa-
folIKe 3alUTHEIM 3()(EKTOM OT HU3KOTEMIIepaTyp-
HOTO BO3JICHCTBUsI. B OOJBIIMHCTBE CllydaeB Jyisl
3amopaxuBanusi KKY npuMeHstoT KpHOMPOTEKTOP
mumetuncynbhoreun (JJMCO) [14, 20].

Crnenyer OTMETHTH, YTO HEAOCTAaTKaMM XpaHe-
Hus KKY B Hu3KOTEMIIEpaTypHOM OaHKE SIBIISIOTCS
CylIeCTBeHHbIe (DMHAHCOBBIE 3aTparbl Ha TpuoOpe-
TEHHWE XJaJareHTa (KUIKUH a30T) U 00CITy>)KHBaHHUE
CUCTEM KOHTPOJIS 32 TeMIIEpaTypol B XpaHIIIUIIAX,
a TaKkke MOTEHIMAIBHBIN PUCK 3arpsi3HEHHs] OrnoMa-
Tepuaa u T. [I.

AJBTEpHATUBHBIM CITOCOOOM JJOIATOCPOYHOTO Xpa-
HEeHHs OmoMarepuaiia MOXET OBITh KOHCEPBHPOBa-
HUe myTeM nuodwimsanuu [4, 5, 24].

[TpuHIMITEI BAKYYMHOW CYONMMAIIOHHON CYIIKH
ormucansl H.C. Ilymkapem u coast. [10]. B pabote
[OKa3aHO, YTO MEPEeXOJ]l CBSI3aHHOW M CBOOOHOM
BJIard M3 KPHUCTAIJIMYECKOTO COCTOSIHUSI B Ta3000-
pasHoe (MHHYS KHUIKYIO (a3y) BO3MOXKEH TOJIBKO MIPH
OTIpPEIENCHHBIX (DU3NYECKUX YCIOBUSX (Temrepa-
Typa ¥ BaKyyM), 0OyCIIOBJICHHBIX IPUPOJIOH U CBO¥C-
TBaMHU JKUIKOH CPEJIbI.

B HacTosimiee BpeMs iuoduian3anys mpuMeHseT-
Csl ISl JUTUTENIFHOTO XpaHEeHHsl TIa3Mbl KPOBH H €€
OTAENBHBIX (PPAKINI, IMMYHHBIX CBIBOPOTOK, IMMY-
HOTJIOOYJTMHOB, BAKIIWH, aHTHOWOTHKOB, TOPMOHOB,
MIPOKAPHOTHYECKUX W IYKAPUOTHYECKUX KIEeTOK [1,
2, 16, 26, 28]. JInopumusupoBanusie kiaeTkn KKY,
B OTJIMYME OT KPHOKOHCEPBHPOBAHHBIX, B MEHBIIEH
CTETIeH! TO/IBEPTaloTCs CTPYKTYPHBIM M3MEHEHUSM,
HE YTpauMBalOT MPUCYIIUX MM CBOMCTB NpH IJHU-
TEbHOM XPaHEHHUH, XOPOIIO PacTBOPSIOTCS B BOJE,
yAOOHBI Ui TPaHCIOPTHPOBKH. Kpome Toro, ymo-
(UIM3NPOBaHHBI Marepuan He TpeOyeT crenuanb-
HBIX YCJIOBHH JJI AONTOCPOYHOIO XPAHEHUS B HU3-
KOTEMIIepaTypHOM OaHKe, 4TO HKOHOMHYECKH Oonee
BBITO/IHO M YAOOHO NP MCIOIBb30BaHUU B KIIMHUYEC-
KOH mpaKTHKe.

BaxxHO OTMETUTH, YTO M3BECTHBIE CIIOCOOBI JIHO-
¢mmmzarmu KKY [21, 24, 27] HecoBepIleHHBI, Tpe-
OyIOT MHOTO BPEMEHH W HWCIOJIB30BAHUS 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. €. 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, etc.

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 JTMOMPOTEKTOPOB. DTHMHU OOCTOSITENbC-
TBaMHU OOYCIIOBJICHA HEOOXOIUMOCTh YCOBEPIICH-
CTBOBaHMSI CYIIECTBYIOIIMX CHOCOOOB JTHOQHIH-
3aLuH.

Lenp paboTsl — pa3paboTka 3HEKTUBHOTO CHO-
coba nHoGHIM3AMK JISHKOKOHIIEHTpaTa KOPIOBOI
KPOBH YeJIOBEKA JUIsl 00€CIeUeH s [UIMTEIBHOTO ero
XpaHEHHSI C COXPAaHEHHEM CTPYKTYpPHO-(YHKIIHO-
HaJIbHBIX XapaKTEPUCTHUK KIIETOK.

MarepuaJibl 1 METOIbI

O6wexToM uccnenoBanus ObutH 00pasmbpr KKY
(n = 15), xoTOpHBIE MONTyYaJH OT 30POBBIX POKEHHUIT
U3 MaTEpUHCKOTO KOHIIA IMyTOBHHBI IOCIE HOpMaJlb-
HBIX pomoB. 3abop KKY mpoBogunu ¢ uHpOpMU-
POBAHHOTO COIVIaCHUs >KEHIIMHBI HENOCPEICTBEHHO
nocne poxacHusi pedbenka. KopmoByio KpoBb ueso-
BeKa OTOMpaIM B CTEPUIIbHBIE (PIAKOHBI C aHTHUKO-
aryiastatoM CPD (umTparno-¢ocdarHo-1eKCTpO3HbIH
pactBop). Ilepen mosmyueHweM JEWKOKOHLEHTpaTa
KOpAOBO# KpoBU uernoBeka (makonsl ¢ KKY xpanu-
71 B OBITOBOM XOJOAMIBHUKE 11pH 4°C.

JIeAKOKOHIIEHTpAaT KOPJIOBOM KpPOBU YEJIOBEKA
(JIKKY) momyyanu B ayToIuIa3Me IyTeM MacCHBHON
CeIMMEHTAllM! 3PUTPOLUTOB B TIpajueHTE IIJIOT-
HOCTHU ¢ 100aBIeHHEM NOINDIIOKUHA («Bruoxumuky,
Poccust). Cycnensuto kimetok JIKKY paznauBanmm 1mo
1 M3 B cTepuiIbHBIE IEHUIIWIUIMHOBBIE (DITaKOHBI, KO-
TOpBIC TOMEMIATH B CYONMMAIMOHHYIO YCTaHOBKY
«¥Y3B-2» (CKTbB ¢ OIl npu HMuctuTyTe mnpobiem
Kpuobuonornu U kpuomenuimasl HAH VYkpannsr),
npoBoIvIH Juouau3anuio. beutn anpoOUpoBaHbI
yereipe pexuma nuodummsanun JIKKY. Pexum 1
(P1) zakmrouancs B oxiaxaeHuu obOpasuos JIKKY
co ckopocthto 0,5 Tpaj/MUH OT KOMHATHOW TeMIIe-
parypsl (18—22°C) no —28°C u manbHelimem 10-ya-
COBOM BBICYIIMBAaHMHM B YKa3aHHOH CyOIMMAaIMOH-
HOW ycraHoBke. OOpa3ipl JAOCYNIMBAIH B TOW Ke
ycTaHoBKe Ipu Temneparype 15°C B TeueHue 2 u.
JIUTEenbHOCT BCEro Ipolecca CyIIKM COCTaBIsija
12 4. Pexum 2 (P2) mpemycmaTpuBall aHaIOTHIHOE
P1 BeicymmuBanme oOpasma ¢ gobasiernum JIMCO
(«Arteriumy», YkpawHa), pa3BeleHHOTO B ayTOIIa3-
M€ 10 KOHEYHOW KOoHIeHTparuu 3,5%. Bribop xoH-
nentparuu JJMCO oCHOBBIBAJICS HA JTaHHBIX O TOK-
cuuHoctd JIMCO wu pesynsrarax padotsl E.E. Ma-
KalloBOM M COaBT. [7], B KOTOPOH MOKAa3aHO, YTO
aKCHo3uNHMA sipocoepxkamux kierok KKY ¢ IMCO
B KOHIIEHTpAIMH BhIlIE 5% CHIKAET X COXPAHHOCTh
u xxu3HecnocoOHocTh. [Ipu pexume 3 (P3) oOpaserr
JIKKY mnpenBapurensHo 3amopaxkuBaiu g0 —18°C
Ha MOJKaxX KaMepbl CyONMMalMOHHOW YCTaHOBKH.
BricymmBanue JIKKY mpoBoauin B 0OXJaXIEHHOH
mo —18°C kamepe cyOIMMaIMOHHOW YCTaHOBKH Ha
MPOTSHKEHUM 9 4, JOCyLIMBaHHE — IPU TeMIlepa-
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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 Ileukoconcentrate (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-
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type 15°C B Teuenue 2 4. Pexum 4 (P4) npexycmar-
puBan muopunmzanuio JIKKY ananorununo P3 ¢ go-
6asnenuem 3,5% JIMCO. Temneparypy BbICyIINBa-
HUSI KOHTPOJIMPOBAIN ME/Ib-KOHCTaHTAHTHOH TepMO-
napoit. Ilpu Bcex pexxmmax nmmodumuzanuu JIKKY
OCTaTOYHOE IaBJICHHE B KaMepe COOTBETCTBOBAJIO
1,32 Ila. ®makonsr ¢ muodummsupoBanHbM JIKKY
(mJIKKY) 3akpbIBaimy pe3nHOBBIMH MPOOKAMH C Me-
TAJJIMYECKUMU KPBIIIKAMUA M 3aJIUBaJIM NapaduHOM
IUTS TIPeAyNpeXACHUs Tomnaganus Biard. Jlnodu-
JU3MPOBAaHHBIE 00pa3lbl XPaHWIU B YCIOBUSAX XO-
nomuneHuka npu 4°C. KadectBo nmodmimsupo-
BAaHHOTO Marepuaja OILEHHBAJIM IO OCTaTOYHOMN
BJIQKHOCTH B IMPOLEHTaX OOIIENPUHSATHIM BECOBBIM
METOZIOM, a TakXe BHM3yasbHO. OcTaroyHas BlaX-
HOCTh B JIMOQuIM3HpoBaHHbIX 0 P1 oOpasuax coc-
taBmsuia (5,03 £ 0,51); P2 — (14,66 = 1,73); P3 —
(495 + 0,88); P4 — (17,78 £ 2,1)%. Hdusa perun-
paranuu n1JIKKY Bo dmaxonsr moGapmisnu 1 mi
(PU3UOIOTHYECKOTO PACTBOPAa M MEPHOIUYECKU OC-
TOPOXKHO MEPEMELINBAIIH.

B obpasmax JIKKY ompenensii  KOITU4ECTBO
SIIPOCOAEPKAIMX KJIETOK Ha | MJI B reMaHajIu3aro-
pe («Diatron», Benrpus). )Knu3aecrocoOHOCTE Kite-
TOK OIICHUBAIM B OOIIEH MOMYIISINH JIEHKOKOHIICH-
Tpara METOJaMH CYIPaBUTAIBHOTO OKpAIIMBAHUS
0,2%-M pacTBOpOM TPHUIIAHOBOTO cUHero [8] u Ha
niporoynoM uToduryopumerpe «FACS Calibury («BD
Bioscience», CIIIA) ¢ ucmons30BaHUEM MPOMHUIUI
vionuna (PI). Conepxxanne B cocraBe JIKKY ctBO-
noBbIX KpoBeTBOpHBIX KieTok (CKK), T-perymstop-
HbIX KieTok (Tper) olieHuMBanmM C HCIOJIB30BaHU-
€M COOTBETCTBYIOIIMX MOHOKJIOHAJIBHBIX aHTUTEN
(MAT) k CD34-, CD4- u CD25-monexynam («BD
Pharmingen», CIIA). Bo Bcex ciydasx wuccieno-
BaHUI NPUMEHSUIM COOTBETCTBYIOIIMN HM30THUIIHYEC-
KUl KOHTponb. Ompenensuin KOJUYECTBO MEYEH-
HBIX KJETOK M CPEIHIOI MHTEHCHUBHOCTH (iryo-
pecuenmmu (CU®D) uccrnemxyemMplx MapKepoB, OTpa-
KAIOLIYI0 IUIOTHOCTh AHTUICHOB, BBIPRKECHHYIO B
yCIOBHbIXeAMHULAX. Pesynbrarsintodimyoprumerpuyec-
KOTO aHaym3a o0pabaThIBAIM C IMTOMOIIBIO TIPOTPaM-
Mbl «WinMDI 2.8» («J. Trotter, Scripps Research
Institute», CIIIA). llutomorndyeckoe HCCICIOBAHKE
JIKKY mnpoBoaunu Ha Ma3Kax-oTIeuaTKaX, OKpa-
meHHbIX asyp-1I so3unoM no PomanoBckomy-I'nmse
[9] B cBetoBOM MuKpockore «Primo Star» («Carl
Zeissy, I'epmanus); x900 (macnsiHas IMMEpPCHSI) TTOJI-
cuetom 500 xieTok, Beipaxkas B mpouentax [9]. Co-
Jiep’KaHie KPOBETBOPHBIX MPENIIECTBEHUKOB OIl-
penensiii Mo KOJIMYECTBY KOJIOHHEOOpa3ylouux
enuann B Kynsrype (KOEK) B momykuakom arape
Ha 8-¢ CyTKM KyJIBTHBUPOBaHHUsSI B MHBEPTHPOBAHHOM
mukpockorie «Axiovert 40C», («Care Zeiss», ['epma-
Hust; X70). KieTkn KyJBTHBHPOBaIM B KOHIIEHTPAIN
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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-1I 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].

CrarucTHyeckyro 00paOOTKy IMOJTYyYEHHBIX JaH-
HBIX TPOBOIMIIN TTAPAMETPHIESCKUM METOJIOM (t-KpH-
tepuid  CTBIOZICHTa) C NPUMEHEHHEM IPOTPaMMBbI
«Excel» («Microsoft», CIIA), ipu p < 0,05 paznu-
YHS CYUTAIIN CTATHCTHYECKH 3HAYNMBIMH.

Pesyabrarsl M 00cyxaeHHue

Pesynbrarel Tecta OKpalIMBaHHWS TPUIIAHOBBIM
cuauM (97-98%) u PI (92-94%) cBUmeTEenbCTBYIOT
0 TOM, YTO BHIOpaHHBIC YCIIOBHSI IPUTOTOBIICHHS pa-
ooueli cycrnensun JIKKY obGecrneunBanu mocraTod-
HO BBICOKHMM HCXOJHBIH YPOBEHBb >KH3HECIIOCOOHO-
cTH KieTok. KommuecTBo simpocoaepkalmx KIeToK
B oOpasuax nJIKKY ymeHblIanock He OIUHAKOBO,
npudeM B OoJbIICH cTemeHH — B oOpasuax, JHo-
¢wmznoBanubix o P2 u P4 (puc. 1). Iloka3zarens
xu3HecrocooHoctu kietok B JTJIKKY Bapsuposan
B npenenax 32—60% (TpunanoBbli cunuil) u 27-54%
(PI) B 3aBHCHMOCTH OT YCIOBWIA JHO(DUIN3AINH.
Hawnbonee BBICOKMM MOKa3aresb >KU3HECIIOCOOHOCTH
KJIeTOK ObUT B 0Opasmax JIKKY, muodmmmsnpoBaHHBIX
mo P1 m P3. B obOpa3mnax, mnoduiIn3npOBaHHBIX C
npumenenuem JIMCO B xonnentparmmu 3,5% (P2
u P4), nanubiii moka3aTtenb ObLT 3HAUUMO HIKE, YEM
B 00Opasmax, mmodunuznpoBadHHbix o P1 u P3.

UzBectHo, uro JIKKY sBnsercs reteporeHHOM
nomnyJsiuen kietok (puc. 2), B kotopoir kpome CKK
pasHo#t creneHn AU(HEPEHIMPOBKH MPHCYTCTBYIOT
U 3pesible KJICTOYHbIE SIEMEHTHI ¢ pa3HOW yCTOHYH-
BOCTBIO K (hakTOpaM KpHOKOHCEp-
BHUpoBaHus [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 BBIIEH3I0KEHHOTO TIPEI- 100 18 2 e
CTAaBIATIO MHTEPEC MPOAHANM3UPO- 3% i 118%
BaTh BIHMSHHE Tpolecca THOPHITU- § i <o
3amuy Ha KieToyHbli cocras JIKKY. :5’ ° 116 E by

B cBexeBbigenennom JIKKY ) t14 59
(cJIKKY) ObLaM BBIBIEHBI KIETKH & 11 5 8
pasHoii cTeneHn au(QHEPEHIUPOB- §§ ’ %%
KH 3PHUTPOUJHOTO, TPaHyJIOIUTap- § g T1 © o
HOTO M JUM(OILHMTAPHOTO POCTKOB £ 1los § 3
KpoBeTBOpeHus (puc. 2, A; 3, A). 23 8%
Knerounsnii cocrap JIKKY mpu @ € T 06 gg
P1 u P3 Gbun npencrapnen Mmopdo- 3 = n n 1oat5
JIOTHYECKH COXPaHHBIMH 3PHUTPOO- = 93] [54] 2=
JAacTaMu, MUeENO- M IMMQOLUTAMH 2 T 02 %
(puc. 2, B, D; puc. 3, B, D). lluro- 0 } } ' ' 0o <
norndecknii anamm3 JJIKKY npu P2 KoHtpone  P1 P2 P3 P4
U P4 BBISBHJI YMEHBIIICHUE KOJIHYE- Control R1 R2 R3 R4

CTBa MHENO0IAcTOB, JTUM(OIHUTOB
NP OTHOCUTEIBHOM YBEIHYCHUH
KonmudecTBa HenubhepeHInpoBaH-
HBIX KJIETOK M 3puTpoOIacToB. [an-

HBIE IUTOJOTHYECKOTO HCCIIEI0BA- p <0.05.
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Puc. 1. Konnuectso B nJIKKY sigpocopepxalumx KneTok; XM3HecrnocobHOCTb
npuv oKpalunBaHUM TPUNaHoBbIM cvHUM (A1) 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 CBUJIETENBCTBOBAIN O BBICOKOM COZAEpIKaHUU
pa3pyIICHHBIX U amONTOTUYECKUX KJIIETOK IO CpaB-
HEeHU1o ¢ koHTpoieM (cM. puc. 2, C, E; 3, C, E).

KomnuectBennas omnenka CKK moxazana, 4rto
(enorunmueckue npusHaku (CD34%) m mpomude-
paruBHas aktuBHOCTH (KOEK) Bo Bcex oOpasmax
mJIKKY 3HaunMo HE OTIHMYanach OT KOHTPOJ, T. €.
KJICTKH 00JIa/Iajii BBICOKOW YCTOMYUBOCTBIO K YCIIO-
BUsIM Jropun3anuu (Tadnuna).

Oco0eHHO BaKHBI B 00ECTICYCHUH COXPAHHOCTH
TJIKKY Tper-kneTku, KOTOpble UTParOT KIIOYEBYIO
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Puc. 2. Mukpodotorpacum knetok: A — cl/IKKY; B —
nJIKKY no P1; C — nJIKKY no P2; D — nJIKKY no P3; E —
nJTIKKY no P4. Okpacka asyp-Il n ao3mHom; 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.

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 — n/IKKY no P1; C — n/IKKY no P2; D — nJIKKY no P3; E — n/IKKY
no P4; a — HeguddpepeHLMpOBaHHbIE KNETKN, b — 3puTpobnacTbl, ¢ — spuTpoHOpMobnacTel, d — MuenobnacTbl, € — NMM-
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
OHHU TIOJIABJISIIOT TUIIEPUMMYHHBIN OTBET B OTHOIIIE-
HUM ayTOAaHTHICHOB, HMHTHOMPYIOT HMMYHOBOCIIA-
JIUTEIbHBIE PEaKIMU Ha AHTUIEHBbl aJUIOTEHHBIX
TpaHCIUIAaHTATOB, KiIeTOK Iuiona. [lo Hammm nan-
HbIM KonuuecTBO Tper-knerok B cJIKKY cocras-
nsuto 0,2%, mocne nuoduiaM3anuy NoKaszaTeilb yBe-
nuumics B 1,6 paza, a CUD — B 3 pasza no cpaBHe-

functional characteristics, i. €. 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 pexxumam
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 + 0,06* 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 3Ha4Mbl NO CPABHEHUIO C KOHTponeMm, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.
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Puc. 4. Tuctorpammebl xmnsHecnocobHoctn 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-
TUYeCcTBO Tper-KieTox, JHOQUIN3UPOBAHHBIX TIO
Pa3HBIM peXHMaM, 3HAYUMO He oTin4anock. Cueno-
BaTeJIbHO, JTHOPHIM3ANNI0 MOXKHO CYHUTATh OJIHUM
n3 meronoB oboramenust JIKKY Tper-kimerkamu 1o
CPaBHEHHIO C HATMBHBIM M KPUOKOHCEPBUPOBAHHBIM
MaTEepHAJIOM.

B oOpasnax, nmuodunusupoBansbix mo P2 u P4,
MoKa3aTesb OCTaTOYHOW BIAKHOCTH HMeN Oolee
BBICOKME 3HAYCHMs 1O CpaBHEHHIO ¢ oOpas3umamu,
TMO(GUIM3UPOBAHHBIMU TI0 JIPYTHM peXuMaM. Bbi-
COKO€ 3HAYEHHE OCTAaTOYHOH BIAKHOCTH OTMEUYEHO
B JINO(PUIN3UPOBAHHBIX 00pa3lax ¢ HU3KOW COXpaH-
HOCTBIO CTPYKTYPHO-(QYHKIIMOHAIBHBIX XapakTe-
puctuk, T. €. B 1JIKKY ¢ nobaBmenmem JIMCO.
Kpome TOTO Ba)KHO OTMETHTH, YTO Tiepel] BBeIe-
aueMm marnuenty JIKKY, muodwmnmm3upoBaHHOTO B
pactBope Ha ocHoBe JIMCO, HE0OX0UMO yHaJIeHHue
MAHHOTO COEIWHHEHHWS C MENbI0 HUBEIMPOBAHUS
TOKCUYECKOTO JICHCTBUSI HA CEepACYHO-COCYIHC-
TYI0, JIBIXaTeJIbHYI0 W MOYEBBIJICIUTEIbHYIO CHC-
TeMmsl [17, 23].

B wnacrosiiee BpeMsi M3BECTHBI CHOCOOBI JIHO-
¢wmmzanmun  KKY, xotopele obecriedwBaioT ymoB-
JICTBOPUTEIBHYIO COXPaHHOCTh KIETOK, OJHAKO
HUMEIOT OlpeAeieHHbIe HeaocTaTku. M3BecTeH cro-
co6 mmodunmzaunn KKY, xotopelii BKiOuaer
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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

CD4*CD25hish
CD4+CD25imjlow

Puc. 5. Okpawuearnne CD4*CD25* knetok JIKKY MAT: To-
YeyHbll rpadunK pacnpegeneHns KneTok nccnegyemon oo-
nactTu B KoopAavHaTax norapuma MHTEHCMBHOCTM nyo-
pecLeHLmmn: ocb X — UHTEHCMBHOCTb B kaHarne FL-1 (cBsi3bl-
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).
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3-gacoBoe oxnaxkaeHue kiaetok a0 —40°C co
CKOpOCTBIO 1-3 rpaa/MuH M JambHEHIee BhI-
CyIIMBaHHE B BaKyyMe CHaJajla MPH TeMIIe-
patype 30°C (37 1), a 3arem mipu 10°C (12 1)
[27]. HecmoTpst HA TO, YTO JAaHHBIK CIIOCOO
MpeAyCMaTpUBaeT HUCIIONB30BAHNE 3alIUTHOTO
KOMOUHHpOBaHHOTO pacTBopa (40% mosu-
BuHHITIMpponuaona, 20% caxapossl u 10%
MaHHHUTONA), OH 00eCreYnBaeT BHICOKYIO BbI-
xuBaemocTh Kietok (38,9 £ 7,4%), HO
OpU 3TOM BBICYIIMBAaHHE JJIUTCS  OKOJIO
49 4. IlomoOHBIE HEAOCTATKU HUMEET W JAPY-
roit cnoco6 nmuodunmzaunn KKY, mpu xoto-
poM oOpa3ipbl  oxnaxnpaor g0 —38°C  co
ckopocThto 1-3 rpan/mMuH B TeueHue 2,5 d,
a Janee WX BBICYIIMBAIOT B BaKyyMme: CHa-
gaiia npu Ttemmeparype —30°C (31,5 1),
a mamee — npm 15°C (7 u) [21]. Benkm-
Ba€MOCTh KIJIETOK TIpH JaHHOM CITOCO0e
muodunmuzaruu nox 3amutod 40% monuBH-
Hunmupponuaona, 20% caxapossl, 10% MaH-
nutouia U 10% deranbHON TensYbel Chl-

BOpoTkH cocraBuia (61,87 + 3,5)%. B pabo-
Tax JPYrUX HCCIeIOBaTeNie TMPeIIOKeH Crocod

mrodpmmm3anma KKY, mpu kotopoMm o0pasmbl 0OX-
naxmaroT g0 —10°C co ckopocteio 0,5 rpam/muH,
3aTeM TMEePEHOCAT B EMKOCTh C JKHJIKAM a30TOM
(-196°C) u BeicymmBator npu —80°C B TedeHue
3,5 cytok [24]. DTOT cmocod MMEeT CYIIeCTBEHHBIC
HEJOCTAaTKU: HHM3KWUH TI0Ka3arellb IKHU3HECI0CO0-
HBIX KJ1eTOK (18%) U ero AUTeNnbHOCTb.

Ha ocHOBe JaHHBIX JIMTEPaTypbl U TOJTYYCHHBIX
PE3yJIbTaTOB HCCIE0BAaHUSI CTPYKTYPHO-(PYHKIINO-
HaJbHBIX XapaKTEPUCTUK M OCTATOYHOM BIIAXKHOCTH
[OJIyYEHHBIX 00pa3oB OBUIO IOKA3aHO IIPEUMY-
IIECTBO Pa3pa0OTaHHOTO HAMH DPEKUMa JTHO(UITH-
ammn JIKKY. Tak, kayectBOo IHO(GMUIM3UPOBAH-
Horo cJIKKY mno PI u JIKKY, npensaputenbHo 3a-
mopoxkeHHoro g0 —18°C mo P3, He oTmuanoce.
Opnnako HauOojiee onTUManbHBIM Obu1 P3, moc-
KOJIbKY €r0 MO)KHO HCIIOJIb30BaTh MPU OTCYTCTBHU
BO3MOXXHOCTH TpoBeacHus Jmodpumusannn JIKKY
Cpazy mocJje MoIydeHHs..

ITokazano, uto P2 u P4 ¢ ucnons3oBanuem 3,5%
IAMCO ycrynmamu P1 m P3: BpIcokass ocrarodHas
BJIQKHOCTh 00pa3iia, 3HAYUMO CHIDKEHBI I10Ka3a-
TEJIM COXPAHHOCTH M (PYHKIIUHU KJICTOK I10 CPABHEHHUIO
¢ koHTposieM. KadectBo oOpasia, JIMOPHIN3UPO-
BAHHOTO HEMOCPEACTBCHHO TMOCIE TMOJIYYCHHUS 10
P2, nmo cpaBHeHHIO C 00pa3loM, MPEABAPUTEIHLHO
3aMOPOXKEHHBIM C aHAJIOTMYHOW KOHIICHTpaluen
kpuornpotekropa rnpu —18°C (P4), 6bu10 BbIIIIE.

Pa3zpaborannpiii pexxuM JTHO(GHUIM3AIMKE TIO3BO-
JIIET COXPAaHATh CTPYKTYpPY H (YHKIHOHAIBHBIC
coiictBa JIKKY mnurensHOe Bpems (12 mecsies)

KonunyecTtBo kneTtok, %
Cell number, %

Puc.
(NMMHKS) * — pasHuMua CTaTUCTUYECKM 3Ha4YuMa Mo CPaBHEHUIO
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 YCJOBHSX XOJOMMJIbHWKA. JIaHHBIM pexuM 3¢-
(hexTHBEH, DKOHOMHUYEH, IPOCT B UCTIOJTHEHUU U HE
TpeOyeT MPUMEHEHUS XUMHUYECKUX KOHCEPBAHTOB,
M3MCHSIONUX OMOXUMHYECKUH COCTaB U CTPYK-
Typy KJIETOK.

BriBoABI

1. Pazpaboran pexum muopmmmzanuu JIKKY,
o0ecreunaronuii BRICOKYI0 COXPaHHOCTh CTPYKTYp-
HO-(PYHKIIMOHATBHBIX XapaKTEPUCTHK KICTOK.

2. B pesynbrare oTpaboTKH MPOTOKOJIOB MOTYyYSHHUS
nJIKKY Obut pa3paboTaH allbTepHATUBHBIN KpHO-
KOHCEPBUPOBAHUIO CIOCOO JOJITOCPOYHOTO XpaHe-
nus JIKKY st nocnenyroniero npuMeHEHHUs B KIU-
HUKE [IPU Pa3JIUYHBIX NATONOTHSX.

3. IIpeayioKeHHBIN PEXUM MO3BOJISIET IPUMEHSITh
nJIKKY 6e3 crenuambHBIX METOIOB XpaHCHHS |
JIErKO TPAaHCIIOPTUPOBAaTh €ro0 K MECTy Ha3Haue-
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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