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Hypothermic Storage and Cryopreservation in Technology of

Amnorerssle GpuOpoOIaCTHl YCIEIHO NPUMEHSIOT-
Csl B pa3IMIHBIX 00macTsx menunussl [1-3]. Mcrou-
HUKaMHU WX TOJYYCHHUs SBISIOTCS SMOPUOHAIBHEIE
TKaHH U KoXa 4eoBeka. OIHako MPUMEHEHHE B Kile-
TOYHOH Tepanuu GuopodIacTOB U3 YMOPHOHATIBHBIX
TKaHed 3aTpyJHEHO HPABCTBCHHO-ITHYCCKUMHU H
paBoBbIMU TipoOiieMamu. [Ipu ucnonabp3oBanuu Guod-
poOnacToB U3 OMONTATOB KOKU JOHOPOB BEPOSITHO
BO3HMKHOBEHHE IMMYHHBIX pEaKLUii peLUIKeHTa. JTO
00yCIIOBHITIO pa3pabOTKy TEXHOJIOTHH C UCITOJIh30Ba-
HUEeM ayTopuOpo0IacTOB.

B mpouecce nonyyeHus U UCHONB30BaHUS ayTO-
¢$ubpob1acTOB B KIIMHUYECKOH IPAKTHKE CYIIECTBYET
HEOOXOIUMOCTh TUTIOTEPMHYECKOTO XPAHEHHS U KPHO-
KOHCEPBUPOBAHISI KOKHBIX OMONITATOB M KYJIETYP (ri0-
pobnacToB.

Lenb paboThl — H3y4eHUE BO3ZMOKHOCTH IOJTyYe-
HUS GrOPOOIACTOB U3 KOXKHU YeJIOBEKa TIOCIIE €€ TUTIO-
TEPMHYECKOTO XPaHEHHS WJIK KPHOKOHCEPBUPOBAHUS,
a TaKXe HCCIIEOBAaHKUE BIMSHUS YCIOBHM TMIIOTED-
MHYECKOT0 XpaHEHHUS U KPUOKOHCEPBUPOBAHUS Ha (pud-
po0acTsI.

Matepnaabl 1 meToAbI

OObexTaMu HccneaoBaHMsI ObUIM OMONITAThI KOXKH
JIOHOPOB-JI00POBOIIBIIEB WIIN XUPYPrUIECKUE OCTATKH
KOYKH ITOCJIE TIPOBECHIS TUTAHOBEIX oTeparwii. 3adop
OMONTaTOB POBOIMIIN C COOIOACHNEM IPABHUII ACETI-
TUKU. B CTepMIIBHBIX YCIOBUSX OHONTATHI U3MEIb-
yany Ha Kycouku pazmepom 0,1%0,1 cm n momemmanu
B COOTBETCTBYIOIIIME CPEBl: pacTBOP XEHKCa; cperia
199 ¢ 10% cBIBOPOTKH KPOBHU JOHOPA; CBIBOPOTKA KPO-
BHU JI0HOpa. bronTaTel B yKa3zaHHBIX cpelax XpaHWiI
pu Temmnepatype 4°C.

buonraTel Kaxaple 7 CyTOK H3BJIEKAIM U3 CPEJ
XpaHeHus, HeOonbIIMe QparMeHTH MOMENald B
yamky Iletpu, nobdasmsu cpeny 199 ¢ 10% smbpuo-
HaJbHOU CHIBOPOTKH ((upma “buonor”, Poccus) u
unkyouposanu B CO, -unkybarope.

MHCTUTYT npoBAem KpMOBUOAOTMM U KPUOMEANLIMHBI
HAH YkpauHbl, r. Xapbkos
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Obtaining Human Skin Fibroblasts

Allogenic fibroblasts have been successfully applied
in different fields of medicine [1-3]. The sources of
their deriving are human embryonic tissues and skin.
However during application of fibroblasts in cell
therapy moral and ethical, as well as legislative
problems appear. When using fibroblast from donor’s
skin bioptates the appearance of immune reactions of
arecipient is probable. This stipulated the development
of protocols with application of autologous fibroblasts.

For the technique of obtaining the autologous
fibroblasts and their use in clinical practice there is the
necessity of hypothermic storage and cryopreservation
of skin bioptates and fibroblast cultures.

The research aim was to study the possibility of
obtaining the fibroblasts from human skin either after
its hypothermic storage or cryopreservation as well as
investigation of the effect of hypothermic storage and
cryopreservation on fibroblasts.

Materials and methods

The research object were either skin bioptates of
volunteer donors, or surgical rests of skin after elective
surgeries. The bioptates were procured meeting all
aseptic rules. Under sterile conditions the bioptates
were finely grained with the sizes of the pieces of 0.1x
0.1 cm and placed into corresponding media: Hanks
solution; medium 199 with 10% donor’s blood serum,;
donor’s blood serum. Bioptates in the mentioned media
were stored at 4°C.

The bioptates were removed out of the storage
media every 7 days, small fragments were placed into
Petri dish, added with medium 199 with 10% fetal
serum (“Biolot”, Russia) and incubated in CO, incu-
bator.

Disintegrated skin bioptates were placed into
cryovials (Nunc). For cryopreservation the following
media were used: fetal serum, the one with 10%
DMSO and medium 199. During freezing with 10%
DMSO the bioptate was slowly placed into the serum
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W3menbueHHbIE KOKHBIE OMONTATHI MOMEIIATIH B
Kpuotpooupku ¢upmsl “Nunc”. J{j1s1 KoHCEpBUpOBaHUS
MIPUMEHSUTH CJIeTyIOIINE CPeAbl: SMOPHOHAIBLHYIO ChI-
BOPOTKY, IMOPHOHAIIBHYO CBIBOPOTKY ¢ 10% JIMCO,
cpeny 199. Ilpu 3amopaxusanuu ¢ 10% JMCO
OuomnTaT MOMeIIaan B CBIBOPOTKY M MEJICHHO (B
teyeHne 7—10 MUH) MO KarusiM T00aBISUIH PaBHBINA
00nem 20% JIMCO, npuroToBIEHHOTO Ha CHIBOPOTKE.
[locne 15-munyTHOH 3KBUIMOpanu 00pa3Lbl 3aMO-
paXuBadd Ha MPOrPaMMHOM 3aMOpakKMBaTeJe CO
ckopocTbio oxnaxaenus 1°C/mun 10 —70°C ¢ moce-
IYIOIIMM TIOTPY>KEHUEM B KHUIKHH a30T.

Kynberypsr pubpobnacToB momyyain U3 HATUBHBIX
00pa31oB OMONTATOB MO CTAHIAPTHBIM MPOTOKOJIAM.
Kiretku kynsTuBHpoBamy Ha cpene 199 ¢ nobarnennem
5% 3MOpHOHAIBHOM CHIBOPOTKH KPYITHOTO POraToro
cKoTa. [ KproKoOHCepBUPOBAHUS U THIIOTEPMHUYEC-
KOro XpaHeHus1 pruOpoOIacTs! epeBOJUIN B CyCIICH-
3uoHHOE cocTosiHue. CyCIIeH3HIO KIIETOK B pacTBOpe
Xenkca ¢ KoHIeHTpare 1% 108 ki1/Mi1 XpaHuId mpu
4°C nnm 3aMOpaXUBaJil B CBIBOPOTKE 0€3 KpUOIIpo-
TekTopa u B cbiBopoTke ¢ 10% AMCO. O0pa3isl
oXJaxaiu co ckopocthio 1°C/muH 10 —70°C 1 norpy-
JKaJIM B SKUIKHH a30T.

[Tocne runorepMuyuecKoro XxpaHeHNs Kakable 24 1
MOJICYUTHIBAIH KieTKH. [locne uero cycnensuro nepe-
HOCHWJIM B POCTOBYIO Cpely ¥ BHICEBAIH B KOHIIEHTPA-
i 20000 ki/cM? B KyITBTYpasibHbIe MaTpachl. [Iposu-
(epaTUBHYIO aAKTUBHOCTbH KJIETOK OLICHUBAIN BU3YaJlb-
HO B MHBEPTUPOBAaHHOM MHKPOCKOIE, QUKCUPYS
MOMEHT (OPMHUPOBAHUST MOHOCIIOS.

Pe3yAbTaThl M 00CyXXAe€HHe

YcTaHOBIIEHO, YTO B KOHTpOJE BbIceneHue (puo-
po0acToB 1o nepudeprur HATUBHBIX IKCILIAHTATOB
HaYMHAIOCh Ha 7—11 cyTKH ¢ hopMUpOBaHHEM HEOOIb-
LIMX YYaCTKOB MOHOCJIOS B IOCHeayomue 4—5 cyTKu
(pUCYHOK).

YCTaHOBIEHO, YTO TUMOTEPMHUUECKOE XpaHEHUE
obecrieunBaIo COXpaHHOCTL OMONTATOB B TeueHue 14
CYTOK (CpOK HaOIIFOICHNUs ), IPU TOM CIIOCOOHOCTH K
00pa3oBaHuIO GUOPOOIACTOB 3aBHCEIIA OT CPEIBI Xpa-
HeHusl. [locie xpaHeHus B TeueHHEe 7 CYyTOK B ChIBO-
poTKe BhIceieHne (GudpoOIacToOB HAYMHAIOCH HA 7—
11 cyTku, a B pactBope XeHkca — Ha 9—12 cyTku.
[Tocne 14 cyTok XxpaHeHuss OMONTATOB B PacTBOpE
XeHkca nepBbie puOpoOmacTs mosBISIHCH HA 14—15
CyTKH, OTHAKO OHH OOyiamanu ciaboi anare3wedt u
pacmacteiBanueM. M3 OMONTATOB, XpaHUBIIHUXCS B
CBIBOPOTKE, puOpobdsacTsl mosBiasauch Ha 16—18
CYTKH, & Y4aCTKA MOHOCJIOS (hOPMHUPOBAIUCH Ha 23—
25 cytku. Ilpu xpanennu B Teuenne 7—-14 cyTok B
cpexne 199 ¢ 10% ceiBopoTKH BEIXOX (GuOpoOIacTOB
He HaOIIonaNu.

[pu KynETHBUPOBAHWH OHONTATOB, 3aMOPOXKEHHBIX
B CBIBOPOTKE, (hOP00IaCThI HE BBICEIISIIUCH, YTO CBH-
JETEIbCTBYET O TMOENH KIIETOUHBIX 3JIEMEHTOB OHO-
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(for 7-10 min) and an equal volume of 20% DMSO
prepared with serum was dropwise added. After
15 mins’ equilibration the samples were frozen by
means of programmable freezer with cooling rate of
1°C/min down to —70°C with following plunging into
liquid nitrogen.

The fibroblast cultures were obtained from native
samples of bioptates according to the standard proto-
cols. The cells were cultured with the medium 199
and 5% fetal bovine serum. For cryopreservation and
hypothermic storage the fibroblasts were transferred
into suspensions. Cell suspension in Hanks solution with
the concentration of 1x10° cells/ml was stored at 4°C
or frozen in serum with no cryoprotectant as well as in
serum with 10% DMSO. The samples were cooled
with the rate of 1°C/min down to —70°C and plunged
into liquid nitrogen.

After hypothermic storage every 24 hrs the cells
were counted. Afterwards the suspension was trans-
ferred into growth culture and inoculated in the
concentration of 20,000 cells/cm? into cultural matras-
ses. Proliferative activity of cells was evaluated visually
with inverted microscope by means of fixing the
moment of monolayer formation.

Results and discussion

It has been established that in the control the settling
of fibroblasts on periphery of native explants started
to the 7—11 days with the formation of small sites of
monolayer during the following 4-5 days (figure).

It has been established that hypothermic storage
provides the survival of bioptates for 14 days (obser-
vation term), herewith the ability to form fibroblasts
depended on storage medium. After storage for 7 days
in serum the settling of fibroblasts started at 7—11 days
and in Hanks solution to the 9—-12% days. After storage
of bioptates in Hanks solution for 14 days the first
fibroblasts appeared to the 14—15 days, however they
had a weak adhesion and flattening. From bioptates
stored in serum the fibroblasts appeared to the 16—
18™ days and the sites of monolayer were formed to
the 23-25" days. During storage for 7-14 days in
medium 199 with 10% serum the yield of fibroblasts
was not observed.

When culturing the bioptates frozen in serum the
fibroblasts were not settled, that testified to the death
of cell elements of bioptates. During freezing in serum
with 10% DMSO there were observed the settling of
fibroblasts to the 9—13 days. The change in the
character of fibroblast settling-out from cryopreserved
explants if compared to native samples was noted. To
the 9-13™ days around the explant multiple roundish
cells, weakly adhered to substrate, appear. Only in a
small part of cells (about 20—30%) the tendency to
flattening was found. The cells had spindle-like shape,
their size was less than native fibroblasts had and they
had no elongated lamellopodias. During observation
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nrara. [Ipu 3amopaxuBanuu B ceIBOpoTke ¢ 10%
JAMCO nabmronanu BeiceneHue GuopodiaacToB Ha 9—
13 cytku. OTMedeHO W3MEHEHHE XapaKTepa BBICE-
neHus GuOpoOIacTOB U3 KPHOKOHCEPBHPOBAHHBIX
9KCIUIAHTATOB IO CPAaBHEHHIO C HATUBHBIMH 00pa3-
namu. Ha 9—13 cyTku BOKpYT 3KCIUTaHTAaTa MOSIBIISIIOCH
MHOKECTBO OKPYTIIBIX KJIETOK, c1ab0 aare3upoBaH-
HBIX K cyOcTparty. JInms y HeOOMbIION 9acTH KIETOK
(oxomo 20—30%) oTMe4eHa TEHISHITUS K PaCILIACThI-
BaHM10. KiteTku nMenu BepeTeHoo0pa3Hyto Gopmy, ux
pasmep ObLI MEHBIIIE, YeM HATUBHBIX (UOPOOIIACTOB,
W OHM HE MMENH BBITSHYTHIX Jameronoanid. [Ipu
HaOMIOICHNH B TEYSHUE OCTIEAYIONINX 7 CyTOK ycTa-
HOBJICHO, YTO KOJIMYECTBO MPUKPEIMBIINXCS U pac-
IJJACTAHHBIX KJIETOK HE YBEITUYHBAIOCH. TeHACHIINS
K POCTY IPUKPENUBIIUXCSA KIETOK HE OTMCEUYECHa,
BCJIECTBHE YETO HENPUKPETIUBIINECS KIETKU NOrH0-
.

Jiis akTuBu3anuu nponudepanuu pudpodIacTos,
[IOJIy9€HHBIX M3 KPUOKOHCEPBUPOBAHHBIX JKCIUIAH-
TaTOB, JO0ABISUIM POCTOBBIE (HAKTOPHI.

YcTaHOBIIEHO, YTO MIPHU THIIOTEPMUIECKOM XpaHe-
HUH cycrieH31n GpruOpoOIIacToB B riepBble 24 4 ToruoIio
12,6% xieTok, gepe3 48 4 mX COXpaHHOCTh CHIDKAIACh
10 73,4%. Knetku nocie THIIOTEPMHUYECKOTO Xpa-
HEHHS B YKa3aHHBbIE CPOKH COXPaHSJIM mpoiude-
PaTUBHYI0 aKTHBHOCTH, HO NIPHU MOCIEAYIOIIEM
KyJIbTUBUPOBAHUH MOHOCION (hopMHUpOBaIcCs B Oosee
MO3/IHUE CPOKH, YEM Yy HATUBHBIX KJIETOK. B pe3yib-
TaTe TUIOTEPMHUYECKOIO XpaHEHUsS B T€UCHUE 72 U
KOJTMYECTBO COXPAaHHBIX KJIETOK cocTasisuio 30,1%.
[Ipu mocnemyromnieM KyIbTHBUPOBAHNH KIETKU TIPOJTH-
(epupoBanu, HO MOHOCIION He (OPMUPOBAJICS.

BbiBOADI

[Mocne kxproOKOHCEPBUPOBAHMSI CyCIIEH3UHU HUOPO-
051aCTOB B SMOPUOHAIILHOW CBHIBOPOTKE U 3MOpHUO-
HanpHOU ceiBopoTke ¢ 10% AMCO konmyecTBO
JKM3HECIIOCOOHBIX KJIETOK cocTaBiisuio 66,4 u 84,7%
COOTBETCTBEHHO, uTo Ha 31,4 u 13,1% MmeHbIIe, yem
B CyCIIEH3UHU HE3aMOPOXKEHHBIX KiIeToK. [Tpu kynbTu-
BUPOBAHUM KJICTKH COXPAaHSIIN MPOJu(epaTuBHbIE
CBOWCTBA, HECKOJILKO OTJIUYHBIC OT HATUBHBIX, YTO
BBIPAXKaJOCh B 3aI1a3/IbIBAHUU (HOPMHUPOBAHUST MOHO-
cios Ha 2—-3 CyTOK.

Asmopul gbipasicaiom 61a200apHOCHb CM. H. C. 0moena
KCP UITKuK HAH Ykpaunwt I'onuapyx E.H. 3a okazaumnyio
NOMOWb NPU 8bINOIHEHUU OAHHOU PAOOMbL.
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Y9acTku MOHOCIIOSI HATHBHBIX AKCIUIAHTATOB Ha 15 cyTKu
KyJIbTUBUPOBAHUS.

Monolayer sites of native explants to the 15" day of culturing.

within the following 7 days it has been shown that the
number of adhered and flattened cells did not increase.
The tendency to the growth of adhered cells was not
observed, due to at the non-adhered cells died.

For activation of proliferation of fibroblasts derived
from cryopreserved explants the growth factors were
added.

It has been established that during hypothermic
storage of fibroblast suspension during the first 24 hrs
12.6% of cells dies, in 48 hrs their survival reduced to
73.4%. The cells after hypothermic storage within the
mentioned terms kept proliferative activity, but during
following culturing but the monolayer was formed in
later terms than in native cells. In the result of hypo-
thermic storage for 72 hrs the number of survived cells
made 30.1%. During following culturing the cells
proliferated but no monolayer was formed.

Conclusions

After cryopreservation of the suspension of fibro-
blasts in fetal serum and in that with 10% DMSO the
number of viable cells made 66.4 and 84.7%,
correspondingly, that is by 31.4 and 13.1% less than in
the suspension of non-frozen cells. During culturing
the cells preserved proliferative properties, slightly
different from native ones, that was manifested in
delaying of the formation of monolayer by 2—-3 days.

The authors acknowledge Dr. E. I. Goncharuk, senior
scientist of the Department of Cryobiology of Reproductive
Systems at IPC&C, for the assistance rendered.
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