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PoAb nepeoxAakaeHUss B COXPaHEHUMU KAOHOTEHHbIX CBOWCTB
¢hp1OPOOAACTONOAODOHDBIX KAETOK-NPEAIIECTBEHHUKOB 3MOPUOHAABHOW TMevyeHu
yeAaoBeka NMOCA€ KPUOKOHCEPBUPOBAHUS
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Role of Overcooling in Preserving Clonogenic Properties
of Fibroblast-Like Progenitor Cells of Human Fetal Liver
After Cryopreservation

HccnenoBano BIMSHUE PAa3IHIHBIX YCIOBUH 3aMOPaKUBAHUS HA KH3HECIIOCOOHOCTH KIETOK IMOPHOHATBHON ITeYeHN YeI0BeKa
(OITY) 1 KoMOHNEOOPa3yIOIIYI0 aKTHBHOCTH PrOpobIacTononoOHbIX KieTok-peamectseHHnkoB (PKIT) OITY. YcranoBneHo, 94TO
JAHHBIH THII IPEANICCTBEHHUKOB BEICOKOTYBCTBUTEINEH K ITOBPEXKJAIOIIEMY ACHCTBHIO epeoxnaxaeHus. CHIDKCHUE TePeOXIIaK ICHUS
IIPY MEJICHHOM TPEX3TaITHOM 3aMOPaKMBAHUH MTO3BOJISIET ycIemHo kpuokoHcepsuposats OKII B cocTaBe nepBUIHOM CyCHIEH3NT
kietok OITY ¢ coxpaHeHHEeM KIOHOTEHHBIX CBOMCTB.

Kniouessle cnoga: KpnoKoHCEpBUpOBaHKE, HHOPOOIACTONOROOHEIE KIETKH-TIPEAIICCTBEHHUKH, SMOPHOHAIbHAS IIEICHB YeI0BEKa.

JociimkeHo BIUIMB Pi3HUX YMOB 3aMOPOKYBAaHHsI Ha JXUTTE3JATHICTh KIITHH eMOpioHanbHol neuinku monuuu (EIT) i
KOJIOHIEYTBOPIOIOUY aKTHUBHICTH (ibpobiacrononionux kiaitun-nonepennukis (OKIT) EIIJI. BeranosieHo, mo gaHuil THUII
HOIEPEAHNUKIB BUCOKOYYTJIMBUN 10 il MEPEeOXONIOKEHHsI, 10 1X YIIKOMKY€E. 3HHIKECHHS MEPEOX0JIO[)KEHHS IPU MOBUILHOMY
TPHOXETAITHOMY 3aMOPOXXYBaHHI J03Bouisge ycmimHo kpiokoHcepByBatu OKII y ckmani nepBunHoi cycnensii xmitun EITT 3i

30€peKCHHAM KIIOHOTCHHHX BIACTUBOCTEH.

Kniouosi cnosa: xpiokoncepByBanHs, GpiOpoOIacTononiOHi KIIiTHHU-TIONEPEAHUKH, eMOpiOHANIbHA TIEYiHKA JIFOIMHHU.

Effect of different freezing conditions on human fetal liver (HFL) cell viability and colony-forming activity of HFL fibroblast-like
progenitor cells (FPCs) was investigated. This progenitor type was established to be a high sensitive to a damaging effect of
overcooling. Overcooling reduction at a slow three-step freezing enables a successful cryopreservation of FPCs in primary suspension

of HFL cells with preservation of their clonogenic properties.

Key-words: cryopreservation, fibroblast-like progenitor cells, human fetal liver.

B Hacrtosimee BpeMs onTUMHU3ALHUSI MPOTOKOJIOB
KPUOKOHCEPBUPOBAHHUSI KIIETOK-TIPEIIIECTBEHHUKOB
(KIT) HammpaBieHa Ha oOeclieueHHE COXPAHHOCTHU
MYJIBTHIIOTEHTHBIX CTBOJIOBBIX KieTok (CK). M3-3a
Hu3koro coxepxkanns CK B mepBuyHON cycneH3uu
MIPEATPUHUMAIOTCS TIOBITKA TOTYYEeHUS OTAETHHBIX
(hpakmuii KIETOK WIIM HapalTuBaHUS ONPEIEICHHOTO
THIA KJIETOK B KynbTrype. OIHAKO M3BECTHO, YTO
MIpeIBAPUTEIIHLHBIC MAHUITYJIAINU IO 000TaIEeHUIO
CYCIEH3UI KJIEeTKaMU C 3aJaHHBIMH XapaKTepHuc-
TUKaAMU CONPOBOXAAIOTCA AONOJHUTEIbHBIMU
(hMBUKO-XMMHUYECKUMHU BO3JIEHCTBHUSIMH, HETATUBHO
OTPaXXKAIIIMUMUCS Ha pe3yibTaTax MOCIEAYIOLIETo
KpPUOKOHCEPBUPOBaHUs KIeToK. Kpome Toro, Bbiae-
nennble u3 TkaHu CK u KII o6nagaroT cBolWCTBaMu,
KOTOPBIE MOTYT U3MEHSTHCS B XO/I€ KYJIFTUBHPOBAHUS
in vitro. B CBsI31 ¢ 3TUM MOMCK ONTHMATBHBIX yCIOBUN
3aMOpPaXKUBAHUS PA3IMIHBIX THUIIOB CTBOJOBBIX U
koMmMuTupoBaHHbIX KII B cocTaBe mepBUUHBIX
CYCIIEH3HH MPENCTABISAET O0COOBIH HMHTEPEC IS
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Nowadays optimising the protocols for progenitor
cells (PCs) cryopreservation is oriented to provide the
multipotent stem cells (SCs) integrity. Due to a low
content of SCs in primary suspension the attempts to
procure separate cell fractions or growing certain cell
type in a culture are made. However the preliminary
manipulations on enriching suspension with cells, having
predetermined characteristics are known to be
accompanied with additional physical and chemical
effect, which can negatively affect further cell
cryopreservation outcomes. In addition, isolated SCs
and PCs from tissue have the properties, which may
change during in vitro cultivation. In this connection
the search for optimal freezing conditions for various
PCs as a part of primary cell suspension is of interest
both for studying initial level of stem and committed
cells cryosensitivity and establishing low temperature
bank as well.

Our work was targeted to investigate the effect of
different cryopreservation conditions on fibroblast-like
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W3yYEeHHsI KPUOYYBCTBUTEIHHOCTH PA3IMYHBIX THITOB
KIIETOK, a TaKKe pa3padoTKH 3Q(HEeKTHBHBIX CIIOCOOO0B
UX KPHOKOHCEPBUPOBAHHUSL.

Lenb paboTsl — HccneqOBaHUE BIMSHUS Pa3iny-
HBIX YCJIOBHI KPHOKOHCEPBHPOBAHUS HA COXPAHHOCTb
U KJIIOHOT€HHbIE CBOWCTBa PuOpoOIacTONMOgO0HBIX
KJIETOK MPEIIeCTBEHHUKOB AIMOPUOHATILHON NEUeHH
yenoBeka (OKIT OITY).

Matepmnanbl 1 meToAbl

B skcniepumenTe ncnionp3oBanu pparmentsr J1TYH
8-11 Hemenb recTauy, MOTydYeHHBIC ITOCIIE ITIAHOBOTO
MpephIBaHUA OEPEMEHHOCTH IO COITHATBHBIM TT0Ka3a-
HUSM ¥ HTHQOPMHUPOBAHHOTO MUCHMEHHOTO COTIIACHs
JOHOpa Ha NMpUMEHeHHe OmomMaTepuala B HCCIIEHO-
BaTENbCKUX LENsIX. OparMeHThl MEUEHU TPaHCIOP-
THUPOBAJIU Ha JbAYy B CTEPHUIBHBIX (DIaKoOHaX C
€axapo30-COJIEBBIM PacTBOPOM, COAEPKaBIIUM
100 en/mn kanamunuHa [8]. [lepBuuHble cycnieH3un
kietok DIIY Obun mostydeHsl (epMEHTaTUBHBIM
croco0oM [2] B cTepuIIbHBIX ycaoBusiX. Jist mpenBa-
PHUTENBHOM OLIEHKH KM3HECTTOCOOHOCTH KiteTok D114
JI0 ¥ TOCJie KPUOKOHCEPBUPOBAHUS HMCIOIB30BAIN
MIPKU3HEHHOE OKPAIIMBaHNE TPUITAHOBBIM CHHUM [9].

AnresuBHas criocobHocts kinertok DI1Y u pyHk-
HOHAIbHAS aKTHBHOCTH cTpoManbHbIX DKII Obin
HCCJICIOBAHbI B YCIOBHAX MOHOCIIOHHOTO KyJIbTHBU-
poBaHus B cpeae OMEM, conepxaBmeir 20%
sMOpuroHanbHO cbiBopoTKHU (DC) KpYHMHOTO pOraToro
CKOTa M aHTUOMOTUKY (TIEHULMJUTUH U CTPENTOMULIH
no 50 en/mn). KoinoHneoOpasyronyro akTHBHOCTb
OKII onieHnBanyu npu KyJIbTUBHPOBAaHUM 110 METOAY,
pa3paboTaHHOMY [UISI CTPOMAJIBHBIX KJIETOK ITOCT-
HaTaJIbHOTO KocTHOTO Mo3ra (KM) [6] u momudu-
nupoBanaoMy Hamu s OIIY [1]. [pmwxusaennoe
HaOnmiogeHne 3a KyJIbTHBUPYEMBIMHU KJIETKaAMHU
OCYIIECTBISAIOCH C MOMOMBI0 OHHOKYJISIPHOTO
nHaBeptupoBanHoro mukpockomna (CETI, benbrus).
3¢ dpeKkTHBHOCTH KOJOHNEO0pa30BaHuS ONPEIEISIIN Ha
14-e cyTKu KyJIbTUBHPOBAHUS [10 OTHOLICHHIO YHCIIa
KoJIoHHe0Opasyromux exquHun pubpodnactos (KOE,)
K KOJIMYECTBY SKCITAHTUPOBAHHBIX )KU3HECTIOCOOHBIX
KJIETOK U BbIpax<anu B npoueHrax [5]. [laccupoBanue
MIEPBUYHOM KYJIBTYPbI IPOBOAMIIN ITPH JOCTHREHUHN 50-
70% wonduyeHTHOTO MOHOCHO4. [locne ynaneHus
Cpenbl KyJIbTHUBHPOBAHHS K KJIETKaMm J00aBIISIITH
0,25%-11 pacTBOp TPUIICHHA U MHKYOHUPOBAIH 5 MUH
npu 37°C, 3ateM nelicTBue (epMeHTa WHAKTHBU-
pOBaJIH Cpeoi KyIbTUBHPOBaHUs, coneprkaniien IC.
[lepeceB KJIETOK IPOBOAVIIN B aHAJIOTHYHBIX YCIOBHUIX
KynsTHBHpOBaHus B cpexy OMEM c 10%-Mm conepxa-
HueM OC.

Jis1 oueHKM BIMsHUS KoHTaKkTa Kietok DI 1Y ¢ kpro-
npotekropoM IMCO Ha kH3HECIOCOOHOCTH KIIETOK
4acTh IEPBUYHOM CyCIIeH3UH HHKYOupoBanu npu 4°C
B TeueHue 30 muH ¢ pactBopom IMCO (5 u 10%).
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progenitor cells from human embryonic liver (HEL
FPCs) integrity and clonogenic properties.

Materials and methods

HEL fragments of 8-11 gestation weeks, obtained
after planned abortion by social indications and donor ‘s
informed consent for the biological material application
in research purposes were used in the experiment.
Liver fragments were transported on ice in sterile
flasks with sucrose-saline solution, containing
100 units/ml of kanamycin [8]. Primary HEL cells
suspensions were procured using enzymatic method
[2] under sterile conditions. For preliminary evaluation
of HEL cell viability prior to and following cryo-
preservation we used supravital staining with trypane
blue [9].

Adhesive capability of HEL cells and functional
activity of stromal FPCs were investigated under
monolayer culturing conditions in o MEM medium,
containing 20% cattle embryonic serum (ES) and
antibiotics (penicillin and streptomycin by 50 units/ml).
FPCs colony-forming activity was estimated during
cultivation according to the method, developed for
postnatal bone marrow (BM) stromal cells [6] and
modified by us for HEL [1]. Supravital observation
for cultured cells was carried-out using binocular
inverted microscope (CETI, Belgium). Colony-
formation efficiency was determined to the 14™ day
of culturing by the ratio of colony forming units of
fibroblasts (CFU)) to the amount of explanted viable
cells and expressed in percentage [5]. Passaging of
primary culture was performed when achieving 50-
70% confluent monolayer. After removing cultivation
medium we added 0.25% trypsin solution into cells and
incubated for 5 min at 37°C, then the enzyme action
was inactivated with ES-contained cultivation medium.
Cell reinoculation was done under similar cultivation
conditions into the dMEM medium with 10% ES
content.

To estimate the influence of HEL cells contact with
DMSO cryoprotectant on cell viability a part of
primary suspension was incubated within 30 min with
DMSO solutions (5 and 10%) at 4°C.

Cryopreservation of HEL cell primary suspensions
was performed in “Corning” cryovials in cultivation
medium with 20% ES and final 5 and 10% DMSO
concentrations. Five variants of two- and three-step
freezing were used in the work.

15t-2" variants are those of two-step freezing:

1% variant: at the first stage cryovials with frozen
cell suspension were immersed into alcohol bath, cooled
down to —28°C and exposed for 20 min. Then vials
were rapidly transferred into liquid nitrogen [8];

2 variant: cryovials were placed into Cryo 1°C
Freezing Container (Nalgene) with isopropyl alcohol
and left at —80°C for 4 hrs [5]. At the same time at
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KpuokxoncepupoBaHre NMEPBUYHBIX CYCIEH3UM
kierok OIIY ocymecTBasian B KpuonmpoOMpKax
“Corning” B cpene KynbruBupoBanus ¢ 20%-i 9C n
koHeuHo# koHueHTpauuei JIMCO 5 u 10 %. B pabote
HCCJIE0BAIIN MISTh BAPUAHTOB JIBYX- U TPEXITAITHOTO
3aMOpaKMBaHUs.

I—II — BapuaHTHI ABYXATAIHOTO 3aMOPAYKUBAHUS:

I BapuaHT — Ha mepBOM 3Tane KPUOMPOOUPKH C
3aMOPAKMBAEMOM KIIETOUYHOU CyCIIEH3UEHN NOrpy Kaiu
B CIUMPTOBYIO0 0OaHIO, oxJaxaeHHYO g0 —28°C u
BbIJIep)KUBalii B TedeHne 20 MHH. 3aTeM MpPOOLI
OBICTPO MEPEHOCHIIN B XKUAKHH a30T [8];

II BapmaHT — KpHONIPOOUPKH MOMEIIAIN B KPHO-
koHreiHep Cryo 1°C Freezing Container (Nalgene) ¢
H30TPONUIOBEIM CHUPTOM U OcTaBistu pu —80°C
Ha 4 4 [5]. IIpu 3TOoM Ha mepBoM 3Tare odecneyu-
BaJIOCh OXJIAXKIEHHE CO CKOPOCThIo okoio 1°C/mMun
10 —80°C; Ha BropoM 3Tare npoObl OBICTPO TEPEHO-
CWJIH B XKHUAKHUH a30T.

BapuanTs! (11 V) TpexsTanHoro 3aMopaxuBaHHs
npoBogmiu Ha 3amopaxusarene 311 10 ( CKTh
UIIKuK HAH YkpauHsl) Mo HECKOIBKHUM IIPOTpaM-
Mam:

III BapuaHT — mepBBIM 3TAall NPOBOAUIU CO
ckopocthio 1°C/mMun 10 —40°C, BTOpoi — €O CKO-
poctbio 10°C/mun 1o —80°C, TpeTHii — OCyIIECTBISUTH
OBICTpOE NOTPY’KEHUE B )KUAKHUH a30T.

IV BapuaHT — mepBBIil 3Talm NPOBOJMIU CO
ckopocthio 1°C/mMunr 10 —20°C, BTOpOH — CO CKO-
poctrio 5°C/MuH 10 —60°C, TpeTHii — OCYIIECTBISIHN
OBICTpOE NOTPY’KEHUE B )KUAKHUH a30T.

V BapuaHT — mepBBId 3Tan (C MHUIMALUEH
KpHUCTaJUI000pa30BaHUs — CUAMHIOM) IPOBOAMIH CO
ckopocthio 1°C/mMun 10 —20°C, BTOpoOH — €O CKO-
poctbio 5°C/mun 10 —60°C, TpeTHii — OCYIIECTBIISIIN
OBICTpOE TIOTPY)KEHUE B )KUIKAN a30T.

KpuoxoncepBupoBaHHbIE 00pa3nbl XpaHUIN B
KHIKOM a30Te B TeueHue 2-4 Hemenb. OTorpen
OCYyIECTBISIN Ha BojsiHoW Oane mpu 37°C [10]. U3
Pa3sMOPOKEHHBIX CYCIIEH3UH KPUOIIPOTEKTOP YAASIIH
yTeM MeuIeHHOTo fobasnenus 10-kparHoro oobema
KyJIbTypanbHOU cpeasl, copepxkaBmeid 10% OC.
[Tocne uenrpudyruposanus B reuenue 10 MuH npu
200 g ocanok pecyCneHAUPOBAIU B HOBOW MOPLUU
Cpeabl U NPOBOAMIM AajbHEHIINE HCCICIOBAHUS B
YCIIOBUSX KYJbTHBUPOBAHMS.

Jns craructudeckoil 00pabOTKU pe3ynbpTaToB
HCIO0Jb30BalM HENapaMETPUUECKUN KpUTepui
YunkokcoHa. Pe3ynbrarsl npeacrasiaeHsl kak M+m.

Pe3yAbTatel M 00CYyXAeHue

KuzHnecnocoOHOCTh CBEKEU3OIUPOBAHHBIX KIle-
tok OIIY (n=7) cocraBnsuia B cpenaeM 94,6+0,9%.
ITpu KpaTKOBPEMEHHOM KOHTAKTE C KPHOPOTEKTOPOM
IAMCO (5 u 10%) He HaONIOAANOCH CHUXEHUE
xu3HeciocoOHocTH KieTok DY (tadu. 1). Panee Mol
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first stage cooling with approximately 1°C/min down
to —80°C was provided; at the second one the samples
were fast transferred into liquid nitrogen.

37-5% variants of three-step freezing were realised
with ZP 10 freezer (Special Design & Construction
Bureau with Experimental Unit of Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine) by several
programs:

3" variant: the first stage was realised with 1°C/min
rate down to —40°C, the second one was done with
10°C/min down to —80°C and rapid immersion into
liquid nitrogen made the third one.

4t yariant: the first stage was realised with 1°C/min
rate down to —20°C, the second one was done with
5°C/min down to —60°C and the third one comprised
rapid immersion into liquid nitrogen.

5™ variant: the first stage (with initiation of crystal
formation-seeding) was realised with 1°C/min rate
down to —20°C, the second one was done with 5°C/min
down to —60°C and fast immersion into liquid nitrogen
make the third one.

Cryopreserved samples were stored in liquid
nitrogen within 2-4 weeks. Thawing was done on water
bath at 37°C [10]. Cryoprotectant from frozen-thawed
suspensions was removed by slow adding a 10-fold
volume of 10%-ES-contained cultural medium. After
centrifuging within 10 min at 200 g the sediment was
resuspended in new portion of medium and further
research under cultivation conditions was carried-out.

Results were statistically processed with Wilkin-
son’s non-parametric criterion. Results are presented
as M=£m.

Results and discussion

Viability of freshly isolated HEL cells (n=7) made
94.6+£0.9%. At a short-term contact with DMSO (5
or 10%) no decrease in HEL cell viability was
observed (Table 1). Previously we have established
that after cryopreserving primary suspension of studied
cells by the protocol, providing the integrity for
hemopoietic granulocyte-macrophage HEL PCs, the
stromal precursors are damaged [3]. In spite of the
fact, that the attachment efficiency of HEL cryo-
preserved cells did not reduce, there were noted
morphological changes in cells after explantation under
monolayer culturing conditions, which were manifested
in disorder of flattening process on a substrate. After
cell suspension freeze-thawing no formation of HEL
FPCs colonies in vitro was established, that testified
to a damaging of colony-forming units of fibroblasts
(CFUy) after cryopreservation. Basing on the facts
outlined, our further research was oriented to search
of damaging cryopreservation factors for early stromal
progenitor HEL, CFU,. Data on successful freezing
of mesenchymal SCs, procured from BM of adult
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YCTAHOBHJIM, YTO MOCJIE KPHOKOHCEPBUPOBAHUS
MEPBUYHON CYCIIEH3UU HCCIEAYEMBIX KJIETOK II0
MIPOTOKOITY, 00ECIICYMBAIOIIEMY COXPaHEHNE TEMOIIOd-
TUYECKHUX TpaHylonuTapHo-mMakpodaranbabix KII
OIIY, crpomainbHble IPEAIIECTBEHHUKH TOBPEXKIA0T-
ca [3]. HecmoTrps Ha TO, 4TO 3P HEeKTUBHOCTD
MIPUKPEIUIEHUS KPHOKOHCEPBUPOBAHHBIX Ki1eTok DITH
HE CHWXaJlach, ObLIM OTMEYEHBl MOP(OIOrHYECKUEe
M3MEHEHHUS KJIETOK IOCJe SKCIUTAHTAIlMU B YCIIOBUS
MOHOCJIOHHOTO KyJIbTHBUPOBAHMS, KOTOPBIE TPOSBIIS-
JIUCh B HApyIIEHHH Mpoliecca pacIulacThIBaHUS HA
cybcTpare. YCTaHOBIEHO, YTO MOCJE 3aMOPaXKH-
BaHUS-0TOTPEBA KJIETOYHON CyCHEH3UH OTCYTCTBO-
Bajyio oopazosanue konoHut OKII OITY B ycnoBmsix
in vitro, 94TO CBHUJETEIbCTBOBAIO O MOBPEKACHUU
KoJloHHeoOpa3yomux eauHun ¢GubpobiacTos
(KOE®) mocne xpuokoHcepBupoBanus. Ha ocHoBa-
HUM U3JI0KECHHBIX (DAKTOB Hallle AalibHeliee nccie-
JoBaHue OBbIJIO HANPABJICHO HA IOMCK MOBPEKAAIOIINX
($hakTOpOB KPHUOKOHCEPBUPOBAHUA ISl PAHHHUX
cTpoManbHbIX npenmectTBeHHUKOB DITY — KOEd.
Cenerns 00 yCIEITHOM 3aMOPaKHBAHUN ME3EHXH-
mansHBIX CK, monydennsix u3 KM B3pocabpix
MaIMEHTOB UM KOPIOBOW KPOBH YeTIOBEKa, IPUBEIe-
HBI B padorax [4, 7]. [Ipu 3TOM B cocTaBe KpUO3aIIHT-
HOH cpenbl ucnoib3oBaim kKpuonpotektop JJMCO (5
i 10%) B KOMOMHAIIMY C ayTOJIOTHYHOM CHIBOPOT-
koil mnu OC. B cBsI3u ¢ 3TUM MBI IPOBENU CEPHUIO
9KCHEPUMEHTOB 110 KpPUOKOHCEPBUPOBAHUIO NTEPBUY-
HBIX cycneH3uil kinerok OIIY B cpene KynbTHBHPO-
Banus, coaepkasieit 20% OC u IMCO (5 u 10%),
10 BBIIIEyKa3aHHBIM IIPOTOKOJIaM KPHOKOHCEPBHPO-
BaHUSL.

Bo Bcex BBIOpaHHBIX BapHaHTaX 3aMOPAKUBAHUS
KN3HECMOCOOHOCTh MCCIIENYEMBIX KIIETOK IOCIe
oTorpeBa OblUIa JOCTOBEPHO HUXKE IO CPABHEHUIO CO
CBEKEBBIIEIEHHBIMH KJIETKAMU M KJIETKaMHU IOCTe
koHTakta ¢ JAMCO (tabn. 1). B Bapmantax I-IV
OTMEYEHBI MOP(OTOTHIECKUE U3MEHEHHS aATe3upO-
BaBLIMX KJIETOK: HEKOTOpbIE NpHOOpeTasy MOIUro-
HanbHYyI0 (opMy 0e3 BHUAMMBIX MIPU3HAKOB PacIUIa-
CTBIBaHMA HA IUIACTHKE, CAMHUYHBIC KICTKH HUMEJIH
OJIH WJIM JBa JTy4eTOA00HBIX [IUTOIIa3MaTHYECKUX
orpocTka. Ilpu manpHelmeM KyJIbTHUBUPOBAHUHU
JEeKOHCepBUPOBaHHBIX KineTok OIIY B ycmoBusax
MOHOCIIOS OBIITH BBISIBIIEHBI TOCTEIIEHHOE OTKpEIlie-
HUe 0OJIBIIOTO KOMMYECTBA aATe3NPOBABIINX KIETOK,
a Takxe M3MeHeHHass MOPQOJOTUS C MPU3HAKAMH
JEeTpalalliy y TePeXUBaBIINX KIETOK B KyJIbType B
Teuenue 7-10 cyrok. OTME4EHO OTCYTCTBUE KOJIOHHE-
obpazoBanuss OKII D14 nocne kKpnoKOHCEPBUPO-
BaHM 110 YKa3aHHBIM BapraHTaM. MI3MeHeHHne yCcnoBuii
KyJIBTUBUPOBAHUSI 715l KPpHOKOHCEPBUPOBAHHBIX KIIETOK
OIIY (yBenu4eHHe MOCEBHBIX 103, A00aBieHUE B
COCTaB OCHOBHOM cpelibl KOHAWITMOHUPOBAHHBIX CPE/l
OT COOTBETCTBYIOIMX HATUBHBIX KOHTPOJIEH) HE TPH-
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patients or human cord blood are presented in the
papers [4, 7]. At the same time as a part of
cryoprotective medium we used DMSO cryoprotectant
(5 and 10%), combined with autologous serum or ES.
In this connection we carried-out some experiments
on cryopreserving primary suspensions of HEL cells
in cultivation medium, containing 20% ES and DMSO
(5 and 10%), according to the mentioned above
cryopreservation protocols.

In all selected freezing variants the viability of
studied cells after thawing was statistically and
significantly lower in comparison with freshly isolated
cells and those after contact with DMSO (Table 1). In
[#-IV* variants morphological changes in adhered cells
were noted as follows: some of them gained a
polygonal shape without visible signs of flattening on
plastic, single cells had one or two ray-like cytoplasmic
outgrowths. During following cultivation of frozen-
thawed HEL cells under monolayer conditions a
gradual detachment of great number of adhered cells,
as well as a changed morphology with degradation

Ta6auna 1. XKusuecrocoonocts kinetok IITY 1o u
MOCJIe KpUOKOHCEPBUPOBaHUs (n=7)
Table 1. HEL cell viability prior to and following
cryopreservation (n=7)

. JKusnecnoco6HOCTH
BosaericTBue Ha kaeTku OITYH KACTOK %
Effect on HEL cells Cell viabilvitoy o
%0
Be3 Bo3AeHCTBUSA — CBEKEU30AUPOBAHHLIE

(KOHTPOAB) 94,6+0,9

No effect — freshlyisolated (control)

CO 59
KoHTakT ¢ ?‘i,:/[DMSOé 93,9+0,8

KPHUOIPOTEKTOPOM
Contact with
cryoprotectant %%C];)Mlgg 92,2+1,2
1 (AMCO 5%) .
1st (5% DMSO) 48,029
1 (AMCO 10%) .
st (10% DMSO) 63,0=4,7
II (AMCO 5%) .
2nd (5% DMSO) 54,0%3,3
11 (AMCO 10%) .
2nd (10% DMSO) 618=22
I (AMCO 5%) .
BapuasT 3rd (5% DMSO) 64,3+3,1
KPUOKOHCEPBUPOBAHUS
Cryopreservation
s I (AMCO 10%) .
t ES

varian 3rd (10% DMSO ) 98,351
IV (AMCO 5%) R
4th (5% DMSO) 48,2=3,0
IV (AMCO 10%) .
4th (10% DMSO) 57228
V (AMCO 5%) .
5th (5% DMSO) 69.3=50
V (AMCO 10%) .
5th (10% DMSO) 730236

Ipumeyanue: ¥ — pasau4us CTAaTHCTHYECKH JOCTOBEPHBI
(p<0,05) 110 OTHOIICHHUIO K KOHTPOJIIO.

Note: * - differences are statistically significant (p<0.05) in com-
parison with the control
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BOJIMJIO K YITYYILIEHHUIO PE3yAbTAaTOB KyJITHUBUPOBAHHUS
nccaenyemsix OKII.

UcknrouenneM ObIIM KIETKH, KPUOKOHCED-
BHpOBaHHbIE N0 BapuaHTy V nox 3amuToit IMCO (5
n 10%). B atom cimydae nocturanach COXpaHHOCTb
CTPOMAaJbHBIX MPENIIECTBEHHUKOB, KOTOPBIE MOCIE
JEKOHCEPBUPOBAHUS aAT€3UPOBAIM K IMIACTUKY U
MPOSIBIISLIA MOpQOIOrniYecKue cBoiicTBa pudpodnac-
TOB. B yCIIOBHSIX MOHOCIOHWHOTO KYJIBTHBHUPOBAHUS
kpuokoHcepsupoBanusie OKII OITY o6pa3zoBbiBan
XapakTepHbIe KOJOHWUH (PUCYHOK a, 0). XoTs u
HaOII0aI0Ch OTCTaBaHUE MMOSBICHUS NMPU3HAKOB
KoJIoHHeoOpazoBaHus (Ha 3-4 CyTOK) IO CPaBHEHUIO
¢ HatuBHBIM KoHTposieM, KOE¢ mociie kxpnokoH-
CEpBUPOBAHMS AKTUBHO NPOIU(EPUPOBAIIH B TECUCHHE
uccienyeMoro cpoka HaOmopenus. Heobxogumo
OTMETUTb, YTO 3)(HEKTUBHOCTH KOJIOHNEOOPa30BaHHs
OKII, xprpoKoHCEPBUPOBAaHHBIX MO 3aUTOH 10%-r0
JAMCO, Oblna ZOCTOBEPHO BHIIIE MO CPABHEHHIO C
AQHAJIOTMYHBIM IOKa3aTeleM y Mpod, KPHOKOHCEP-
BupoBaHHHIX ¢ 5%-m JIMCO (Ttab6mn. 2). [locne
[MaCCUPOBAaHMUS NMEPBUYHOIN KynbTypsl (maccax 1)
JIEKOHCEePBUPOBAHHBIX KJeTOK JIIY KommgecTBO
KOE®d B obeux rpymnmax MHOTOKPaTHO YBEIWYH-
BaJIOCh.

B nuteparype cBeneHus 0 KpHOKOHCEPBUPOBAHUHU
kostonneoOpaszytomux OKII, B urciao KOTOpBIX BXOIAT
u mezeaxumanshble CK, manouncnensr. Colter D. S.
1 COABTOPSI [4] NpUMEHMIN MEATICHHOE 3aMOpaK1Ba-
HUE KyJbTHUBHPOBaHHBIX Me3eHXxUManbHbIXx CK KM
B3POCIBIX JIOEH, KOTOPOE OCYLIECTBIIANIHN B KYJIbTY-
panbHOM cpene, cogepxaniuei 30% 9C u 5% AMCO,
C MOCJENYIOIHUM XpaHEHUEM B >KUAKOM azore [4].
OpHako aBTOPHI HE OMHMCHIBAIOT MPOTOKOJI 3aMOpa-

a a

signs were revealed in survived cells in culture within
7-10 days. No HEL FPCs colony-formation after
cryopreservation by the mentioned variants was noted.
Change in culturing conditions for cryopreserved HEL
cells (increase in inoculating doses, adding of
conditioned media from corresponding native controls
into the main medium composition) did not lead to
culturing result improvement for studied FPCs.

Cells, cryopreserved according to the 5% variant
under DMSO protection (5 and 10%) were excepted.
In this case there was achieved the integrity of stromal
progenitors, which adhered to plastic and manifested
morphological properties of fibroblasts after freeze-
thawing. Under monolayer cultivation conditions the
cryopreserved HEL FPCs formed typical colonies
(Fig. a, b). Although a delaying with colony-formation
sign appearance (to the 3-4 days) in comparison with
the native control was noted, CFU; actively proliferated
after cryopreservation within studied observation term.
Of note is that colony-formation efficiency of FPCs,
cryopreserved under 10% DMSO protection, was
significantly higher in comparison with the similar index
in samples, cryopreserved with 5% DMSO (Table 2).
After passaging of frozen-thawed HEL cells primary
culture (1% passage) the amount of CFUf in both groups
was manifold increased.

Data about cryopreservation of colony-forming
FPCs, comprising mesenchymal SCs as well, are not
numerous in the literature. Colter D.C. with co-authors
applied a slow freezing of cultured mesenchymal SCs
of human adult BM, which was realised in culture
medium, containing 30% ES and 5% DMSO with
following storage in liquid nitrogen [4]. However the
authors do not describe any freezing protocol, that

X

6 b

®parmenTs! komorui OKIT ITY nocne kprokoHcepBupoBanus (Bapuant V) ¢ JIMCO: a—5 % , 6 — 10 %. Kynsrusuposanne
B MOHOCIOE, 14-¢ cyTku. [Iprmku3HeHHas cheMka: 00. X10, ok. X10.

Fragments of HEL FPCs colonies after cryopreservation (5" variant) with DMSO: a — 5%, b — 10%. Culturing in monolayer,

14" day. Vital microscopy: objective X10, ocular X10.
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JKUBaHMS, YTO 3aTPYNHSET aHAJIU3 Pe3yabTaToB. B
pabote [7] oOCykmaeTcss BO3MOXHOCTh YCIIEIITHOTO
KpUOKOHCEpBHpOBaHUs Me3eHXxuManbHbIX CK kopro-
BOW KpOBM YE€JIOBEKA M CO3JaHUSA HU3KOTEMIIEpa-
TYpHOTO 0aHKa TaKHUX KJIETOK JAJISl SKCIIEPUMEHTAaIb-
HBIX M KJIMHUYECKHX IIeJIed, HO HE aHaJIU3UpyeTrcs
3¢ PEeKTUBHOCTh MPUMEHEHHOM TEXHUKH 3aMOPaKH-
BaHusA. CyllecTByeT KpailHe HEAOCTAaTOUHO JINTEPA-
TYPHBIX JIAHHBIX N0 M3YYCHHUIO BIUSHUS (HAKTOPOB
KPHUOKOHCEPBUPOBAHHS HAa COXPAHHOCTh M (DyHKITHO-
HanbHY10 akTUBHOCTH DKII, B TOM yncie u Me3eHXU-
ManbHbIX CK, BBIIENTEHHBIX M3 3MOPHOHAIBHBIX U
(etanpHBIX TKaHEH, yTO 00yCIOBIHUBAET aKTyallb-
HOCTb TaKMX HUCCIIEJOBAaHUI.

B paGote MbI cpaBHUBaJIN 5 BapHaHTOB 3aMOPAXKU-
BaHMsS NEpPBUUYHON cycneH3uu kietok OIIY: I —
YCHEUIHO NPUMEHSIBIIUICS ISl KPHOKOHCEPBUPO-
BaHMUsI renaTtouuToB Kpeic [8]; Il — ucnons3zyemsbiii nis
KPUOKOHCEPBUPOBAHMS Pa3IUYHBIX TUIIOB KYJIbTH-
BHpOBaHHBIX KieTok [5]; III-V — BapuaHThl MenieH-
HOI'0 IPOTPaMMHOIO 3aMOpakuBaHus. Bapuant V
MPUHIMITAAIBHO OTIMYAETCS OT OCTAIBHBIX MPHMeE-
HEHHBIX HAMH CIIOCOOOB 3aMOpPaXMBaHUS MCIIOIb30-
BaHHWEM CHMHTA.

[Ipu xynsruBHpoBannu knetok DI1Y B yciaoBmsx
MOHOCJIOSI BBISIBHJIH HeOOpaTHMble U3MEHEHHS B
(YHKLIMOHAJIBHOM CTaTyCe aAre3upOBaBILMX KJIETOK
[oCJIe KPHOKOHCEPBUPOBaHUs 110 BapraHTam [-1V. [lns
JAHHBIX CIIOCOOOB 3aMOpaXMBaHUS XapaKTepeH
00N HEOCTATOK — IEPEOXITAKACHUE B 3aMOPAKH-
BaeMOH cycleH3uH KieTok. Heo0Xonumo OTMETUTh,
YTO Y KJIETOK afAre3uBHoro myna 9114, kppokoHcepBH-
POBaHHBIX B yKa3aHHBIX YCIOBHUSX, HAOIIOOAIHCh
cxoaHble MOPGOGYHKIIMOHAIbHBIC U3MEHEHHUS,
KOTOpPBIE, TTO-BHAUMOMY, ABJISIOTCS PE3yIbTaTOM
MOBPEXIAIOMIETO AECHCTBHUS MEPEoXIaxIeHU Ha
HUTOCKEJeT U IJIa3MaTHYecKylo MeMOpany. B
BapuaHTax [-IV Oputo 0O0HapyX)eHO HapyIIeHHE
aJre3UBHOTO MTOBEIEHUS HCCIETyEMBIX KIETOK YXKe B
MepBbIe Yachl MOCJE SKCIUIAHTALUU B KYJIbTYpY.
Herenepauus e KJIETOK, U3HAYAIBHO MPOSBUBILNX
CIOCOOHOCTD K aJI'€31HU U IIEPEKUBABILIMX B KyJIBTYPE
B T€YEHHE 7-MH CYTOK, — IOKa3aTelb CKPBITBIX
HEoOpaTUMBIX (PYHKIIHOHAIBHBIX HAPYILLIEHUH COCTOS-
Hus kietok 1Y nocie KpruoKOHCEPBUPOBAHMSL.

B ycnoBusix 3amopakxuBaHHs HEPBUYHBIX CYCIICH-
3uit D114 mo Bapuanty V mox 3amutoit JIMCO (5 u
10%) B komOuHarmu ¢ 20%-it OC B cpene KyIbTUBH-
pOBaHHUSA HaMU OBUIA MOJYYEHBI MOJIOKHUTEIbHBIE
pe3ynbpTarel KpuokoHcepBupoBanus OKII OITY.
Hccnenyemple KIETKH TOCTE OTOTPEBa U yHAJIEHUS
KPHOIIPOTEKTOpa COXPaHsUIN CIIOCOOHOCTH K 00pa3o-
BaHUIO KOJIOHUW B NMepBUYHOU KyabType. [lpu
HCIOJb30BaHUHN JTaHHOW MPOTPaMMBbl MEpPEOXJIaxK-
JeHue cucteMbl He mpesbimano 3°C B oTau4ne OT
aHaJIOTMYHOM mporpamMmel 0e3 cunuHra (Bapuat V),
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Taomuua 2. DpdekTuBHOCTE KotoHneoopasosanust PKIT
OIMY (n = 5) nocie KPHOKOHCEPBUPOBAHHS IO
nporpamme V
Table 2. Efficiency of HEL FPCs colony-formation

(n=5) prior to and following cryopreservation

by the 5" program
O deKTUBHOCTb KOAOHHEOOPa30BaHUsI
KPHUOKOHCEPBUPOBAHHBIX KAeTOK OITY x1073,
%
Colony forming activity of HEL frozen-thawed
Kyabrypa cells x107%%
Culture
AMCO 5% AMCO 10%
5% DMSO 10% DMSO
Tiepairinas 0,4=0,1 1,620,7%
rimary
[accar 1 118+17,0 239,146,0%
st passage

Mpumeuanue: * — pa3iauyusi MEXIy TPyNIaMH KIETOK
cTaTUCTHYECKHU ocToBepHBI (p<0,05).

Notes: * — differences between groups are statistically significant
(p<0.05).

complicates the results analysis. In the paper [7] the
possibility of successful cryopreservation of mesen-
chymal SCs of human cord blood and establishing low
temperature bank of these cells for experimental and
clinical purposes is discussed, but one does not analyse
any application efficiency for freezing technique. The
literature data on studying the influence of cryo-
preservation factors on the integrity and functional
activity of FPCs, including mesenchymal SCs, isolated
from embryonic and fetal tissues, are highly insufficient,
that stipulates such research actuality.

In this work we compared 5 variants of freezing
for HEL cells primary suspension: I1* — successfully
applied for rat hepatocyte cryopreservation [8]; 2™ —
used for cryopreserving cultured cells of different types
[5]; 31-5" — variants of slow programmable freezing.
Application of seeding is the fundamental difference
of 5" variant from other freezing ways applied by us.

When culturing HEL cells under monolayer
conditions we revealed irreversible changes in
functional status of adhered cells after cryo-
preservation according to the 1%-4" variants. For these
freezing ways such a common disadvantage as
overcooling in frozen cell suspension is typical. Of note
is that in cells of HEL adhesive pool, cryopreserved
under mentioned conditions, the similar morpho-
functional changes, being apparently the result of
damaging effect of overcooling on cytoskeleton and
plasmatic membrane, were observed. In the 15t-4t
variants a disorder in adhesive behavior of studied cells
even in first hours after explantation in culture was
revealed. But the degeneration of cells, initially
manifested the capability to adhesion and survived in
a culture within 7 days, is the sign of hidden irreversible
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a Taoke BapuaHtoB [ u III, B KOTOpBIX mEpeoxiIax-
nenue gocturano 7+1°C. [lpu maccupoBaHuu
MIEPBUYHOM KyJIBTYpPBI U IOCIEAYIOIEM KyJIBTUBHPO-
BaHuu konndectso KOEQ MHOroKpaTHO BO3pacTano,
YTO CBHIETEIHCTBOBAIO O COXPaHEHHH HMX CIIOCO0-
HOCTH K CaMOMNOJAEP>KaHMIO TI0CIE KPUOKOHCEPBHU-
poBanus. CriocoOHOCTh K CaMOIOJACPIKAHUIO, KaK
W3BECTHO, SIBIIETCS BaKHBIM CBOWCTBOM MYJIBTHUIIO-
teHTHBIX CK 1 X paHHUX HenupdepeHTMPOBaHHBIX
ITOTOMKOB.

BbiBOAbI

ComracHo TMONTYYEeHHBIM pe3yJbTaTaM KPHOKOH-
cepsupoBanys OKII B cocTaBe NEpBUYHBIX CYCIIEH3UIM
kietok OIIY MOXKHO clenarhb BBIBOJ, UTO UCCIEAye-
MbIM TUN cTpoMalibHbIX KII BEICOKOUYBCTBUTENEH K
TaKOMY TIOBPEXIA0IIEMY (aKTOPY, KaK Mepeoxax-
JeHue. B cnyyae 0TCyTCTBUS CIELIMANbHBIX IPUEMOB,
CHUKAIOLUX CTEMEHb MEPEOXJIAKICHUS KIETOYHOU
CyCIIeH3MH B mpolecce 3amopaxusanus, OKII O1TH
MpeTepIIeBaIk HEOOPaTUMBbIE CTPYKTYPHO-(DYHKITHO-
HaJIbHbIC U3MEHEHHUS U, KaK CJEACTBHUE, ObLIM HE
CITIOCOOHBI PEIIapupoOBaTHCS B aACKBATHBIX YCIOBHUSIX
KYJIBTUBUPOBAHUSA in vitro. l[puMeHeHHE CUIUHTA U
yYMEHBIIICHUE JTnara3oHa nepeoxiaxaeHus jo 3°C u
MEHEe IPU UCTIOIF30BAHUH TPEXITAITHOM ITPOTPaMMEBI
MenieHHoro 3amopaxuBanusa ¢ JIMCO no3Boiiser B
3HAYHTEIbHOU cTeneHH 3amutuTth OKII D114,
COXPaHUTh HX MPONU(EPATUBHYIO aKTUBHOCTh U
KJIOHOTEHHbIE CBOIcTBA. [lonmyueHHbIe pe3ynbTaThl
uccrnepoBanus kpuouyscreurensHocty KOEg OIT4
MOTYT OBITh OCHOBOH JJIsi pa3paboTKH MPOTOKOJIA
KpUOKOHCEepBHUpOBaHUs Me3eHxuManbHbIx CK pazmuu-
HOTO TIPOUCXOXKICHUSI.

Asmopwl cmamvu 8vipadicaiom 61a200apHOCHb KaHO.
xum. nHayk Hoeukogy A. H. 3a KOHCYIbmMaAMUBHy0 u
MeXHUYEeCKy nomMowb 8 pabome no NPOSPAMMHOMY
3AMOPAACUBAHUIO KIIEMOK.
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functional disorders in HEL cell state after cryo-
preservation.

Positive results of HEL FPCs cryopreservation
were obtained under freezing conditions of HEL
primary suspensions by the 5" variant with DMSO
protection (5 and 10%) combined with 20% ES in
culturing medium. Studied cells preserved the capability
for colony formation in primary culture after thawing
and cryoprotectant removal. When using this program
the system overcooling did not exceed 3°C in contrast
to the same program without seeding (4" variant), as
well as 1*tand 3" ones, where overcooling approached
7+1°C. During primary culture passaging and further
cultivation the CFU, number increased manifold, that
testified to preservation of their capability to self-
maintaining after cryopreservation. The capability for
self-keeping is known to be an important property of
multipotent SCs and their early non-differentiated
posterity.

Conclusions

According to the data of FPCs cryopreservation
as a part of HEL cell primary suspensions we can
conclude that the studied type of stromal PCs is highly
sensitive to such damaging factor as overcooling. In
those cases where a special way for decreasing a
degree of cell suspension overcooling is absent, HEL
FPCs undergo irreversible structural and functional
changes during freezing and, as a result, they are not
capable of being repaired under adequate conditions
of monolayer culturing. Application of seeding and
reducing overcooling range down to 3°C and lower
when using the three-step slow freezing program under
DMSO protection enable a considerable protection of
HEL FPCs, preservation of their proliferative activity
and clonogenic properties. The obtained investigation
results of HEL CFU;, cryosensitivity can be the base
for developing cryopreservation protocol for mesen-
chymal SCs of different origin.

Authors of the paper are thankful to candidate of
chemical sciences Novikov A.N. for advise and technical
assistance.
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