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Effect of Incubation of PK-15 Line Cells with Cryoprotectants
on Amount of Gal-alpha-1,3-Gal Epitopes

Pedepat: TpaHcnnaHTaums 6MonpoTe3oB, NOMyYeHHbIX M3 TKaHel Oblka U CBUHbW, SBMNSETCS MEepPCneKkTUBHLIM Cnocobom
Koppekuun AedekToB COCyA0oB W KiamnaHoB, OAHAKO MPW ero MUCMoMb30BaHWN MOXET pa3BMBaTbCS MMNEPOCTPbI UMMYHHBIA OTBET,
ob6ycrnoBrneHHbIn npucyTcTBueM Gal-a-1,3-Gal (snutona a-Gal) Ha noBepxHocTM MeMbpaH knetok. B paboTe nccnegoBaHo BnusiHne
NPOHMKALWMX U HEMNPOHUKAIOLWMX KPMOMPOTEKTOPOB Ha KONMM4YecTBO anutonoB a-Gal Ha membpaHax KneTok NMHWUM CBUHOTO
npovicxoxaenuns PK-15. C nomoubio meveHus knetok FITC-koHblormpoBaHHbIM nektuHom BSI-B4 n npotoyHon umtodnyopumeTpum
6bINO YCTAHOBMEHO 3HAYMMOe yBeNnyeHue KonuyecTBa OKpalLeHHbIX KNeToK nocrne MHKybauunm ¢ pasHbIMU KOHLEHTpauusMu
auMeTuncynbgokcuaa u  nonuatuneHrnukons ¢ m. M. 1500 (M3M-1500). BuisBneHHbIN 3 dekT MoxeT OblTb CBS3aH C
[OMNONHUTENbHBLIM 3KCMOHMPOBaHUEM anMTonoB a-Gal Ha kneTovHol MeMbpaHe, NoABeprileics nokansHon AedopmaLum BcrneacTeme
0enCcTBUA KpMonpoTEeKTOPOB.

KnroueBble cnoBa: anuton Gal-a-1,3-Gal, kpnonpoTekTopbl, AUMETUNCYNbAOKCHA, NOMNITUNEHTTINKOb.

Pedbepat: TpaHcnnaHTauist 6ionpoTtesiB, OTpUMaHux i3 TkaHWH Guka i CBUHI, € NEepcneKkTUBHUM CrocoboM Kopekuii AedekTiB
CyavH i knanariB. OfHak nNpu MOro BUKOPUCTAHHI MOXe pO3BMBATUCS FinepocTpa iMyHHa BiAMOBiAb, WO 0ByMOBMEeHa NPUCYTHICTIO
Gal-a-1,3-Gal (enitonu a-Gal) Ha noBepxHi membpaH kniTuH. ¥ poboTi [OCNiAXEHO BNMMB NPOHUKAKOYMX | HEMPOHMKAKYUX
KpiONpOTEKTOPIB Ha KinbkicTb eniTonis a-Gal Ha membpaHax KniTWH MiHii cBUHSAYOro noxomxeHHs PK-15. 3a gonoMoro MiveHHs
kniTuH FITC-koH'toroBaHnM nektuHom BSI-B4 Ta npoToyHoi umMTodnyopmumMeTpii 6yno BCTaHOBNEHO 3HA4YHE 36iNblUEHHS KiNbKOCTI
3abapBneHux KNiTUH nicns iHkybaLii 3 pisHMMK KOHLEHTpaLiaMy AuMeTuncynbdokeuay Ta nonietuneHrnikons 3 M. M. 1500. BusisneHui
edekT Moxe ByTu noB'si3aHuii 3 4OOATKOBUM €KCMOHYBaHHsIM enitoniB a-Gal Ha kniTWHHIN MemGpaHi, sika 3a3Hana rokanbHol
nedbopmadii BHacnigok Aii kpionpoTeKTopiB.

KnrouoBi cnoBa: eniton Gal-a-1,3-Gal, kpionpoTektopu, gumeTuncynbgokcus, nonieTuneHrnikonsb.

Abstract: Transplantation of bioprostheses derived from bovine and porcine tissues is a promising method of correcting defects
in blood vessels and valves, however when using it a hyperacute immune response associated with the presence of Gal-alpha-1,3-
Gal (a-Gal epitope) on the surface of cell membranes can develop. We have studied the effect of penetrating and non-penetrating
cryoprotectants on the amount of a-Gal epitopes on membranes of PK-15 cell line of porcine origin. Cell labeling with BSI-B4 lectin
conjugated with FITC and flow cytometry revealed a significant increase in the number of fluorescent cells after incubation with
various concentrations of dimethyl sulfoxide and polyethylene glycol with MW of 1500 (PEG-1500). The revealed effect may be
associated with an additional exposure of a-Gal epitopes on cell membrane, locally deformed due to the action of cryoprotectants.

Key words: Gal-a-1,3-Gal epitope, cryoprotectants, dimethyl sulfoxide, polyethylene glycol.

VYreBopnsrit ocrarok Gal-0-1,3-Gal (3uTomn a-
Gal) BXoAWT B cocTaB MEMOPaHHBIX TIIMKONPOTEHHOB
Y TJIMKOJTUIIH/IOB MHOTHX KJIETOK MyIeKoruTaronux [ 10,
12], a Tak>ke 2IeMEHTOB TIIMKOKaNUKca. B opranuzme
MJIEKOMUTAIOIMKX 3nuTon o-Gal skcnpeccupyercs B
BBICOKOH TUTOTHOCTH [ 12, 14]. B X0/1€ 3BOIOIIMOHHOTO
Pa3BUTHsI €ro SKCIIPECCHUs Y YeloBeKa Oblia MmoJiaB-
neHa [15], mpu 3TOM B KPOBH COIEPIKUTCS BHICOKUN
THUTP HaTypaJbHBIX aHTU-O-Gal anturen [13], KoTopble
IpH Tepecagke OuoMarepuana XUBOTHOTO MPOUC-
XOXKACHUSI POBOLHUPYIOT THIIEPOCTPHIH MMMYHHBIH
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Carbohydrate residue Gal-alpha-1,3-Gal (0-Gal epi-
tope) is a part of membrane glycoproteins and glycoli-
pids of many mammalian cells [7, 9] and glycocalyx
components as well. In mammals 0-Gal epitope is
highly expressed [9, 11]. During evolutionary develop-
ment, its expression was suppressed in humans [12],
nevertheless their blood contains a high titer of natural
anti-0-Gal antibodies [10], which trigger a hyperacute
immune response when transplanting animal bioma-
terial. Herewith the investigation of a-Gal epitope is
valuable for transplantation.
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oTBeT. B cBs3u ¢ 3TUM uccnenoBanue smurona 0-Gal
SIBIISIETCSI YPE3BBIUAHHO BAKHBIM JUIS TPAHCIUIAHTO-
JIOTUHL.

B coBpemenHo MUPOBOIl KITMHUYECKOM U IKCIIE-
PUMEHTAJIBHON METUITMHE ITUPOKO NCTIONB3YIOTCS Kila-
MaHBI CeP/Ia, KOXKHBIE JIOCKYTHI, COCY/IbI, POTOBHIIA,
TIepUKap/I U MOACIN3HUCTast 000I09Ka TOHKOTO KHTIIEY-
HUKa, TTOJTy9€HHBIE OT CBUHEH M KPYITHOTO POraToro
ckora [18, 25, 28, 32, 34].

Ji mosmy9enunst MpUroAHBIX U1 TPAHCIIIIAHTALlNH
OMONpOoTE30B HEOOX0MMA SITUMHHALIUS SIUTONA O -
Gal, moCKONbKY MOXKET pa3BUTHCS TUIIEPOCTPast M-
MyHHas peakuus u Ouornpotes OyzneT oTTopruyr [ 10,
11]. OcHOBHBIM CITOCOOOM MOJTOTOBKH KCEHOTEHHBIX
OMONPOTE30B ABISIETCS 00pabOTKA IEPBUYHOTO MaTe-
pHraa XUMHYECKUMHU CHIMBAIOIINMHU areHTaMu, Harl-
puMep, TIIYyTapoOBBIM ajbAeTHAOM [6]. JlomonHnTe H-
HO MCHOJIB3YIOTCS XMMHYECKast WIM MeXaHn4decKas
JETEIUTIONISIpU3aITus, a TaKkke o0paboTka CIiernaib-
HBIMH ar€HTaMH, KOTOPbIe CHIKAIOT KaJIbITU(DUKAIIHIO
7 YBEIUIUBAIOT OMOCOBMECTUMOCTH TpoTesa [31].
B Hacrosee BpeMs B Ka4eCTBE TAKUX areHTOB TPH-
MeHsroTcst nonudTiieHrrkon (I1900) ¢ m. m. > 1000
[5,31].

[Ipn ucnons3oBanuu 191" s xoHCcepBUpOBa-
HUSl OPTaHOB U TKaHEH OBbLT MOJIyYeH IOJIOKUTEIb-
HBI 3¢ dexT: crabminzanust OEITKOB U UX 3alIUTa
0T IpoTeonuTHyeckor aerpananuu [20]. 91o mo3so-
JIUIIO pa3paboTaTh Ha WX OCHOBE KOHCEPBHUPYIOIINE
pacTBOpHI-HAMIOTHUTENH (space fillers) m BBICOKO-
COBMECTHUMBIE OMOIIPOTE3hI HOBOTO TTOKOJICHUS [27].

Eite ogHUM U3 3TanoB npeabIMIIaHTAIIMOHHON
MOJITOTOBKH TKAaHEWHI)KEHEPHBIX KOHCTPYKIIUH Ha
OCHOBE MaTepHaja >KUBOTHOTO MTPOUCXOKACHUS (Kiia-
MaHOB Cep/lla, COCYI0B U T. [I.) ABISAETCS KPUOKOH-
CEpPBUPOBAHUE C MPUMEHEHHEM JMMETUIICYIb(OK-
cuna (AMCO) wnum ruuepuna [17, 33, 35, 37]. llpu
9TOM CJIEIyeT YUYUTBIBATh, YTO BCE KPUONPOTEKTOP-
HBIC BeIeCTBA (MPOHUKAIOMINE U HENPOHUKAIOIINE)
BJIIMSAIOT Ha MEMOpaHy KJICTKH M MOJTUDHUIIUPYIOT
ee MOBEPXHOCTH [7, 19, 29], B TOM UHnCIIe M aHTUT CHHBIC
aruToNE [2, 36]. OgHAKO OCTaeTCS HESICHBIM, I10-
TajaeT JIu 1101 MeMOpaHHO-MOTU(UITUPYIOIIEE EHCT-
BHI€ KPHOIIPOTEKTOPOB mmTotn A-Gal.

J1st u3ydeHust 3TOTO SIBJICHUS MOXKHO HCIIOJb-
30BaTh MOJIEJIbHYIO CUCTEMY, B KOTOPOH KJIETKH IO-
TEHIMAJIbHBIX JOHOPOB, HAIIPUMEP CBUHBH, I10/IBEP-
raroTcs BO3JCHCTBUIO KPUOMIPOTEKTOpoB. Hamu Obla
BbIOpaHa JIMHUS KJIETOK NMOYKH cBUHBM PK-15, skc-
npeccupylomas >nurtorn o -Gal B BBICOKOH MIIOTHOCTH
[9].

Ilens pencTaBIeHHON paOOTHI — U3YUCHUE BITHS-
HUS UTHKYOAIny ¢ AMMETHIICYITb()OKCH/IOM U TTOJIHITH-
JIEHTITKOJIEM ¢ M. M. 1500 Ha mpucyTCTBHE SITUTONA O-
Gal B nuann xnetox PK-15.
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Nowadays clinical and experimental medicine
widely untilizes heart valves, dermal grafts, blood
vessels, cornea, pericardium and submucosa of small
intestine derived from pigs and cattle [15, 22,26, 31, 33].

To obtain bioprosthesis suitable for transplanta-
tion the elimination of a-Gal epitope is required, since
a hyperacute immune response may develop and bio-
prosthesis will be rejected [7, 8]. Treatment of primary
material with chemical crosslinking agents, such as
glutaric aldehyde is the main method of preparing
xenogeneic bioprostheses [2]. Additionally, there are
used chemical or mechanical decellularization, treatment
with the special agents as well reducing calcification
and increasing biocompatibility of prosthesis [30].
Nowadays there have been used the agents such as
polyethylene glycols (PEG) with MW > 1000 [1, 30].

When using PEG to preserve organs and tissues a
positive effect was observed in terms of stabilization
of proteins and their protection from proteolytic degra-
dation [17]. This allowed to develop on their basis
preservative filler solution (space fillers) and a high
compatible bioprostheses of new generation [25].

Cryopreservation with dimethyl sulfoxide (DMSO)
or glycerol is another preimplantation stage for pre-
paration of tissue-engineered constructs based on
animal-derived material (cardiac valves, blood vessels
etc.)[14,32, 34, 36]. It should be noted that all cryo-
protective agents (penetrating and non-penetrating)
affect the cell membrane and modify its surface [4,
16, 27], inter alia antigenic epitopes [35, 37]. Howe-
ver, it remains unclear whether a-Gal epitope is a sub-
ject of membrane-modifying effect of cryoprotectants.

This phenomenon could be studied in a model
system wherein the cells of potential donors, such as
pigs are exposed to cryoprotectants. We chose the pig
kidney of PK-15 cell line highly expressing a-Gal
epitope [6].

The research aim was to study the incubation effect
with dimethyl sulfoxide and polyethylene glycol with
MW of 1500 on a-Gal epitope presence in PK-15 cell
line.

Materials and methods

The experiments were performed in PK-15 porcine
kidney cell line. The epitope was labelled by lectin of
Bandeiraea simplicifolia plant, which is capable of
specifical binding [13, 21]. Changes in fluorescence
nature and intensity of the cells, labelled with fluoro-
chrome-conjugated isolectin can serve as indirect evi-
dence of modification of a-Gal epitope on membrane
surface.

The PK-15 cell line was maintained under the stan-
dard conditions using DMEM/F12 (PAA, Austria), con-
taining 100 U/ml of Penicillin (Arterium, Ukraine),
100 mg/ml of Streptomycin (Arterium) and 10% of
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OKCHEpUMEHTHI BBHIMOIHSAIN HA JTHHUH KIETOK
nouku cBuHbU PK-15. Dnuron uaeHTHQUITIPOBAIH
MIPUMEHSIOT JIKTHHOM M3 pacTeHus Bandeiraea simp-
licifolia, koTOpBIA cTOCOOCH CIEU(PUIESCKU CBS-
3bpIBaThCs ¢ HUM [16, 24]. MI3meHeHne xapakTtepa u
WHTEHCHUBHOCTH (DIIyOpECIeHIINHN KIIETOK, MEUYeH-
HBIX (IIYyOPOXPOM-KOHBIOTUPOBAHHBIM H30JIEKTH-
HOM, MOKET CIIY)KUTh KOCBEHHBIM JI0KAa3aTEIHCTBOM
Moaudukarym sruTorna O-Gal Ha TOBEpXHOCTH MEMO-
paHBbI.

Jlunuto knetok PK-15 nonnepsxuBanu B ctaHAapT-
HBIX YCJIOBUSIX C HCIIOIb30BaHHeM cpeasl DMEM/F12
(«PAA», ABctpus), cogepxkameid 100 EJl/mMn nenu-
mwnHa («Arteriumy, Ykpauna), 100 Mr/min ctpen-
TomuiHa («Arteriumy») u 10% QeranpHON TensIbeH
ceiBopoTKH (D TC; «Biowest», @pannms). s sxcre-
PpYMEHTA KJIETOYHBIN MOHOCJION CHUMAJIH C TIOJIOKKH,
HCTIONB3Ys cMech TpuncuHa 0,5% («Sigmay, CIIA)
u pactBopa Bepcena (1:1) («ITanDxoy», Poccus). [Tocme
OTMBIBaHUS OT (pepMEHTA KIETKH PECYCIIeHINPOBATIN
B cpeie, 3aTeM WHKYyOHpOBaIU C KPHOTPOTEKTOPAMH.
Ku3HecnocoGHOCTh KIIETOK B MCXOJHOHM CyCHEH3UH,
KOTOPYIO ONPEIEIISIIN 10 METOY OKpPAIIMBAaHUS C TPH-
ITAaHOBBIM CHHHM, cocTaBiisuia 97-98%.

B onbitax ucnonszosanu JJMCO B KOHIIGHTpAIUSIX
5;7,5u10% uI13I'-1500 B koHueHTpanusix 5, 10 u 15%.
Kpuomnporekropsl roroBuin Ha cpere DMEM/F12
(«Sigmay) B TBOWHOUN KOHIICHTPAIIUU U 1O KaIUISIM
T00aBIISIINA K paBHOMY 00BEMY KIJIETOUHON CYCIIEH3HH.
Kretkn nakyOupoBay mpy KOMHATHOH TeMIIeparype
¢ AIMCO B Teuenue 20 muH, ¢ [12I'-1500 B TeueHne
60 MuH (¢ yaeToM KarenbHoro gooasnenus 20 MuH).
B kadecTBe KOHTPOJBHBIX 00pa3OB HMCIOIb30BAIH
poOBI, B KOTOPBIX KJIETKH HAXOAMIIHCh B IUTATEILHOM
cpene 6e3 kpuorporekTopoB. [locne nHKyOarmm KieTku
OTMBIBAJIM OT KPHONIPOTEKTOPOB B POCPATHO-COTEBOM
oydepe (PBS) nyrem nenrpudyruposanus (3 MuH,
1500 06/MuH).

Knerku oxpammBamu ¢ momornisio FITC-konbIO-
rupoBarHoro m3onekTuHa BSI-B4 («Sigmay) mo me-
toay N. Deglon u coasrt. [8]. Jlis atoro 1X10° xi
nomertamm B 0,25 mur PBS (pH 7,4). Medensrii nzo-
JIeKTUH M00aBisuiM K mpobam B paseaenun 1:150,
WHKyOMpoBanu B TeueHue 30 MUH NpH KOMHATHOU
TeMIIEpaType, OTMBIBAIIM Iy TEM LEHTPU(YTHPOBAHUS
u pecycnenauposaiu B 0,5 ma PBS.

Krnerkn ananuznpoBanu ¢ NOMOIIbIO MPOTOYHOTO
uutodmyopumerpa «BD FACS Calibur» («BD Bio-
sciencey, CIIIA) ¢ ucnonab30BaHUEM MPOTPAMMHOTO
obecneuenus «CellQuest Pro» («BD Bioscience,
CIIA) n «WinMDI 2.8» («Scripps Research Institute»,
CIIIA).

Jnst hayopecieHTHON MUKPOCKOIIUY MCTIOIB30-
BaJId KyJBTYpPy MPUKPETUICHHBIX KIETOK. Sapa Kie-
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fetal calf serum (FCS; Biowest, France). For the
experimental applications the cell monolayer was
detached from the substrate using a mixture of 0.5%
Trypsin (Sigma, USA) and Versene solution (1:1)
(PanEco, Russia). After enzyme washing-out the cells
were resuspended in medium, and then incubated with
cryoprotectants. The cell viability in initial suspension,
determined by staining with trypan blue, was 97-98%.

In the experiments, we used 5; 7.5 and 10% DMSO
and 5, 10 and 15% PEG-1500. Cryoprotectants were
prepared with DMEM/F12 (Sigma, USA) in a double
concentration and added dropwise to an equal volume
of cell suspension. Cells were incubated at room
temperature with DMSO for 20 min, with PEG-1500
for 60 min (considering the dropwise addition, 20 min).
The cells in medium without cryoprotectants were the
control samples. After incubation, the cells were wa-
shed free of cryoprotectants with phosphate-buffered
saline (PBS) by centrifugation (3 min, 1,500 rot/min).

The cells were stained with FITC-conjugated iso-
lectin BSI-B4 (Sigma) by the method of N. Deglon
et al. [5]. To do this 1x10° cells were placed into 0.25 ml
of PBS (pH 7.4). Labelled isolectin was added to the
samples in the 1:150 ratio, incubated for 30 min at room
temperature, washed by centrifugation and resuspen-
ded in 0.5 ml PBS.

The cells were analyzed with flow cytometer BD
FACS Calibur (BD Bioscience, USA) using CellQuest
Pro (BD Bioscience, USA) and WinMDI 2.8 (Scripps
Research Institute, USA) softwares.

The culture of adhered cells was used for fluores-
cence microscopy. The cell nuclei were stained with
propidium iodide (Sigma). Fluorescence of labelled
isolectin was observed using fluorescent inverted mic-
roscope Olympus IX-71 (Japan) at 488 nm excitation
and 525 nm emission.

Each set comprised nine experiments in duplicate
samples. For statistical processing we used Excel (Mic-
rosoft, USA) and Statistica 7.0 softwares (StatSoft,
USA). Data were presented as the mean = SD. Dif-
ferences between the samples were evaluated using
ANOVA and considered as significant at p < 0.05.

Results and discussion

The results of the staining of PK-15 cell culture
with fluorochrome-conjugated lectin BSI-B4 confirmed
the presence of a-Gal epitope (Fig. 1). Culture of cells
in the presence of marker kept the main morphological
features: a round shape of cells and nuclei, membrane
integrity, monolayer confluency, adhesion to substrate.
Most of cells were were specifically labelled, testifying
to lectin binding on cell surface, whereby the cell mem-
brane was stained in green.

Fig. 2 shows dot plots of a typical distribution of
cell culture in coordinates of direct (FSC) and side
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TOK OKpAaIlMBalHu MPONUINNA HomumoMm («Sigmay).
C moMomibio IIyOpecIeHTHOT0 MHBEPTUPOBAHHOTO
mukpockona «Olympus IX-71» (Snonus) nabironanu
(yopecLeHIII0 MEYEHHOTO N30JIEKTHHA ITPU BO30Y K-
JneHuu 488 HM U UCITyCKaHUH 525 HM.

B kaxnoii cepuu ObLII0 MPOBEICHO 10 9 IKCIIEPH-
MEHTOB B IByX NapaJulelbHbIX pobax. st craructu-
4eCcKoi 00padOTKU TaHHBIX UCTIONB30BAIN IPOTPaM-
MHBIe punoxenus: «Excel» («Microsoft», CILIA) u
«Statistica 7.0» («StatSofty, CIIIA). [lanasie mpen-
CTaBIISUIA B BUJIE CPEIHUX 3HAYCHHUN + CTAHIAPTHOE
OTKJIOHEHHe. Paznnums Mexay BHIOOpKAMH OILEHU-
BaJIH C TOMOIIBI0 0JTHO(AKTOPHOTO AUCIIEPCHOHHOTO
aHaIM3a, 3HAYMMBIMU CUUTAH paznuaws mpu p < 0,05.

Pe3yabTarsl m o0cyxaeHune

Pe3ynbrarsl okpammBaHus KIeTOK KynbTypsl PK-
15 payopoxpoM-KOHBIOTHPOBaHHBIM JIeKTHHOM BSI-
B4 noareepnunu Hanuuue snuronos o-Gal (puc. 1).
B mpucyTcTBUM METKH KIETKH KyJIBTYPBI COXPaHSIH
OCHOBHBIE MOP(OJIOTHYECKIE OCOOCHHOCTHU: OKPYTITYIO
(hopMy KIIETOK U A/1ep, IeTOCTHOCTh MeMOpaHbI, KOH-
(bFOEHTHOCTH MOHOCTIOA, aATe3HUI0 K MO IIoKKe. J{ist
OOJIBIIMHCTBA KJIETOK OBLIO XapaKTepHO cIeUu(U-
YeCKO€ MEUeHHE, CBUIETEIHCTBYIONIEE O CBSI3bIBAHNE
JIEKTUHA Ha TIOBEPXHOCTH KJIETKH, 38 CUET 4ero MeMO-
paHa KJIETKH OKpalliBajiach B 3€JICHBIH 1IBET.

Ha puc. 2 nanel Toueunsie rpaduxu (dot plots)
TUIIMYHOTO PACHIPEAEITICHNUS KIETOK KYJIbTYPbI B KOOP-
muHatax npsmoro (FSC) n 6oxoBoro (SSC) cBero-
paccestHUS, PEACTaBICHbl HeoKpameHHble (B) u
okparieHHbIe (C) KJIETKU BBIACICHHON 00IaCTH.

YeTaHOBIIEHO, YTO TTOCTIE MHKYOAIMH B IPUCY TCTBUI
passbix koHnenTpanui IMCO u I[191-1500 3ra9mMO0
yBeauunBaeTcss komudectBo BSI-B4-mo3utuBHBIX
KJIETOK T10 CPABHEHHIO C KJIETKaMH, He0OpaOOTaHHBIMU
kpuorporekropamu (puc. 3). Ilpy moBwIIIeHNH KOH-
nenaTpamu JIMCO Komr4ecTBO MEYCHHBIX KIIETOK HE
yBenmuuBaiock (puc. 3, A). B cirydae o6pabotku [151'-
1500 ycraHoBI€Ha KOHUEHTPALMOHHAS 3aBUCUMOCTD,
KOTOpast BEIpaXkajaach B YBEIMYCHUU KOJMYECTBA Me-
YEHHBIX KJICTOK IIPH MOBBIILICHUH KOHLIEHT AN KPUO-
nporekropa (puc. 3, B).

[IposiBnsist cBO# Kpro3amuTHBIN AP HEKT, SHI0- U
9K30LEIUTIOJISIPHBIE KPHOMPOTEKTOPbI HEH30EKHO
BIUAIOT Ha pa3iIN4YHbIe CTPYKTYpPHI KieTku. Ha muraz-
MaTHYeCKyI0 MeMOpaHy KJIETKH, KOTOpas SBJISET
€000 CITOKHEHIITNI MaKPOMOJIEKYIISPHBIA KOMILIIEKC
KJIETOYHOW peleNniuy, aAre3uu U TPAaHCTIOPTHPOBKU
BEII[ECTB, HAIPABIEHO OCHOBHOE JIEHCTBUE KPHUOTIPO-
TEKTOPHBIX BEIIECTB.

W3BecTHO, 4TO XapakTep BIUSHHUS KPUOIIPOTEKTO-
pa Ha MeMOpaHy KJIETKH ONPEACISITCS] €ro MOJIEKY-
JISPHOW Macco¥ U MPOHUKAOIIEH crtocoOHOCTRIO [1].
Tak, AMCO 5erko mpoHUKAeT MEXIY HOJISIPHBIMU
roJioBKamu (hochoNHuImII0B MEMOPAHBI, BCIIEICTBUC
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Puc. 1. dnyopecueHTHasd MUKPOCKOMNUSA KNETOK MUHUK
PK-15, okpalleHHbix udonektnHom BSI-B4 B passegeHun

1:150. X900. 1 — membpaHa KNeTok co cneumdunyeckum

MeyeHneM nsonektnHom BSI-B4; 2 — aapa, okpalleHHble
nponvani noangom. MacwrabHas nuHerka 20 MKMm.

Fig. 1. Fluorescent microscopy of PK-15 cell line stained
with BSI-B4 isolectin in 1:150 ratio. X900. 1 — cell memb-

rane with a specific labeling of BSI-B4 isolectin, 2 —
propidium iodide stained nuclei. Bar 20 pum.

(SSC) light scattering, there are represented unstained
(B) and stained (C) cells of marked region.

It has been found that after incubation in the
presence of different concentrations of DMSO and
PEG-1500 the number of BSI-B4-positive cells was
significantly increased if compared with the cells
untreated with cryoprotectants (Fig. 3). When rising
DMSO concentration a number of labelled cells was
not increased (Fig. 3A). Treatment with PEG-1500
was characterized with a concentration dependence,
i. e. the number of labelled cells was increased together
with concentration of cryoprotectant (Fig. 3B).

Cryoprotective effect is accompanied with an
unevitable action of either endo- or exocellular cryo-
protectants on various cell structures. Mainly cryopro-
tective substances affect cell membrane, which is a
macromolecular complex performing cellular reception,
adhesion and transport of substances.

It has been known that the nature of cryoprotectant
effect on the cell membrane is determined by its
molecular weight and permeability [3]. For example,
DMSO can easily penetrate between polar heads of
membrane phospholipids, thereby lipid bilayer is
expanded and getting thiner and its fluidity is increased
[16]. High molecular weight polymers based on ethy-
lene glycol, including PEG-1500, do not penetrate,
however, being surface-active substances, they affect
the structural and functional characteristics of cell
membranes [3], packing of lipid bilayer and structure
of membrane proteins [18, 24].
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Yero pacHIMpsIeTCs] © HICTOHYAETCS
JIMIUIHBIA OMCITON, TTOBBIIIACTCS
ero Tekyuects [ 19]. Beicokomorne-
KyJIIpHBIE MTOJUMEPBI, MOTYy4YEH-
Hble Ha OCHOBE 3THJICHIVIMKOJIA,
B ToM ymcie u [I123I'-1500, He
00J1aaI0T MPOHUKAIOIIEH CIO-
COOHOCTBIO, OJHAKO, Oyaydu
MMOBEPXHOCTHO-aKTHBHBIMH Be-
LIECTBAMH, OHH BIIMSIIOT HA CTPYK-
TYpHO-QYHKIIMOHAILHBIE XapaK-
TEPUCTUKH KIETOUHBIX MeMOpaH
[1], ymakoBKy JIATTUIHOTO OUCITOS
U CTPYKTYpY MEMOpaHHBIX Oei-
KoB [21, 26].

HewmanoBaxHo, yTo 4acTHUHOE
00€3BOKMBAHUE KIIETOK, HaXOMIs-
muxed B pactBopax [I3I-1500,
MIPUBOIMT K Ae(OpPMAIIH KIIETOY-
HBIX MeMOpaH [3, 4]. IIpu stom
BO3MOYKHO HE TOJIHKO KCTIOHUPO-
BaHWE paHee 3aKPBIThIX OT BHEIII-
HEW cpesbl y4acTKOB, HO U IEpe-
pacmpeaeneHne KOMIIOHEHTOB
KJIeTOYHOW MeMOpansbl. Tak, Ha-
pyIIeHHEe aCHMMETPHYHOTO pac-
npeneneHus GpocaruauiacepuHa
B 3PUTPOLIUTAX, KPHOKOHCEPBH-
poBaHHBIX B ipucyTcTBUM 20%-10
pactBopa I13I-1500, 6b110 omu-
cano B pabdore H.I". 3emnsHCcKHMX
U CoasT. [2].
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Puc. 2. OkpawwuBaHue kneTok nuHum PK-15 nsonektnHom BSI-B4: ToueyHbIn
rpacvk pacnpegenexus knetok (A) B koopauHaTtax npsimoro (FSC) n 6okoBoro
(SSC) cBeTtopaccesHua (aHanu3upyemas obrnacTb BblaeneHa oBanom);
TOYeYHble rpadukn HeokpalweHHbiX (B) n okpaweHHbIX ndonektmHom (C)
KNeTok mccriegyemoit obnactu B koopguHaTax norapudma MHTEHCUBHOCTU
dnyopec-ueHumnm: ocb X — MHTEHCUBHOCTb B kaHane FL-1( cBsa3biBaHue
N30reKTHa Knetkamu); ocb Y — MHTEHCMBHOCTb B kaHane FL-2 (He cogepxuT
uccriefyemblx napameTpoB).

Fig. 2. Staining of PK-15 cell line with BSI-B4 isolectin: dot plots of cell
distribution (A) in coordinates of direct (FSC) and side (SSC) light scattering
(studied area is oval marked); dot plots of unstained (B) and stained with
isolectin (C) cells of studied area in coordinates of fluorescence intensity
logarithm: X axis — the intensity in FL-1 channel (isolectin binding with cells), Y
axis — the intensity in FL-2 channel (does not comprise the studied parameters).

BrnsiHue KpHonpoTeKTopoB Ha
IKCIPECCHIO PA3IUYHBIX MEMO-
PaHHBIX SITUTOIIOB U PELENTOPOB
KJICTKH U3YYE€HO MHOTHMH HCClIeoBaTesamMu [2, 30,
38]. Hampumep, moka3zaHo M3MEHEHUE DKCIIPECCHH
penenropa aaresun CD44 B >puTponmuTax mocie
nHKyOarmn B 20%-m pactBope 11911500 u kprnokoH-
cepBupoBanus 2, 38]. KoHmeHTparimoHHO 3aBUCUMOE
yBEJIMYEHHUE KCIIPECCUU PAHHET0 MapKepa aronTosa
Ha MmemOpanax kietok Juaud HT-29 npu nnkyOanuu
¢ [I3I'-800 ycranosneno H.K. Roy u coast. [30].

D. Jarocha u coaBr. [22] ycTaHOBHIIH, YTO B PE3YJib-
Tare 00pabOTKH AIPOCOAEPIKAIINX KIETOK KOPAOBOM
KpoBH B Teuenue yaca 10%-m pacrsopom JJMCO konu-
Y9EeCTBO KIIETOK, dKcmpeccupyronmx Mapkep CXCR4,
yBenuunBaioch Ha 30%. Bmecte ¢ Tem mouTu BaBoe
YBEJIMUNBAJIOCh KOJIMYECTBO KIETOK, KCIIPECCHUPYIO-
mmx Mapkepsl CD34 u CD38. ABTOpBI 00BACHWIN
JAHHBIN Y QEKT HApYILICHHEM MEXaHU3MOB 3KCITOHH-
POBaHMS M MHTEPHAIHU3AINH PELENTOPOB IPU YBEIH-
4YeHHH TeKydecTn MemOpaH noj aeiicreuem JIMCO.

[MocTTpancnsiunonHble MOTU(PHUKALUK OSITKOB, KaK
MIPaBUJIO, BKIIIOYAIOT INIMKO3WINPOBAHKE, ITPU KOTOPOM
K MOJIEKYJIe Oeika KOBAJIEHTHO MPUCOCIMHSETCS TO-
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It is worth to mention, that the partial dehydration
of cells in PEG-1500 solutions leads to a deformation
of cell membrane [23, 28]. It is possible not only to ex-
hibit the previously unexposed regions, but also to
redistribute the components of cell membrane. For
example, impairments of asymmetric distribution of
phosphatidylserine in erythrocytes, cryopreserved in
the presence of 20% PEG-1500, was described by
N.G. Zemlianskykh et al. [37].

Influence of cryoprotectants on expression of
various membrane epitopes and cell receptors has been
studied by many researchers [29, 37, 38]. For example,
there was shown the change in expression of CD44
adhesion receptor of erythrocytes after incubation
with 20% PEG-1500 and cryopreservation [37, 38].
Concentration-dependent increase in expression of
early marker of apoptosis on cell membranes of HT-
29 cell line during incubation with PEG-800 was
revealed by H.K. Roy et al. [29].

D. Jarocha et al. [19] found treatment of cord blood
nucleated cells for an hour with 10% DMSO results in
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Puc. 3. CeasbiBaHve knetkamu nuHum PK-15 nsonektnHa BSI-B4 nocne mHKyGauum ¢ KpMONpoTEKTOpaMu B pPas3Hom
KoHueHTpauun: A — IMCO; B — INM3rr-1500; * — pas3nuumsa 3Ha4MMbl MO OTHOLLUEHUIO K KOHTposnto, p < 0,05; # — pasnuuuns
3HaYMMbI K MoOKa3aTensiM, NoMyyYeHHbIM nocne MHKybaummn B 5%-m pacTBOpe Kp1onpoTekTopa COOTBETCTBEHHO, p < 0,05.

Fig. 3. Binding BSI-B4 isolectin with PK-15 cell line after incubation with cryoprotectants of various concentrations: A —

DMSO; B — PEG-1500; * — differences are significant versus the control, p < 0.05; # — differences are significant versus
the indices obtained after incubation in 5% cryoprotectant solution, respectively, p < 0.05.

nucaxapuaHas nenodka N- win O-riukaHoB. J{muHa
1 pa3BETBICHHOCTh TAKUX IEMOYEK, KaKk U HabOp
caxapoB, BXOASIINX B X COCTaB, N3MEHSIOTCS B 3aBU-
CHMOCTH OT THIa KJIETOK U BBIMOJHIEMBIX (YHKIHMN
(amresms, MUTpaLusi, pacrno3HaBaHus U T. 11.).

lamakrosnsiii ocrarok Gal-0-1,3-Gal mmpoko
MPEJCTABICH Ha TMIUKOJIWIUAAX M TITUKOMPOTEHHAX
MeMOpaH MHOTHX JKMBOTHBIX KJIETOK, OZHAKO €ro
(yHKIMS 10 KOHIIA HE OTpesesieHa. Y YnThIBast, 4TO
yaanenne snurona O-Gal BaxHO U1 HOPMAJIHHOTO
(DYyHKITMOHUPOBAHUS TIPOTE30B JKUBOTHOTO MTPOUCXOK-
JIeHUs1, HEOOXOAMMO ONPEACTHUTH yCIOBHS, BIUSIOIINE
Ha €ro JKCIPECCHI0 M AIUMHUHAINI0. BO3MOXKHBIM
(haxTopoMm, MOIUPUIIUPYIONIUM PKCTIOHUPOBAHHE
SMHUTOINA Ha KIJIETOUYHOW MeMOpaHe, sBJIsSIeTCS ACUCT-
BHE€ MEMOpPAaHOTPOIHBIX BEIIECTB, B TOM YHCIE H
KpUONpPOTEKTOPOB. OHAKO NCCIIEJOBAHUN B JaHHOM
HaIpaBJIEHUH HA CETOAHSAIIHUN IEHb IPOBE/ICHO OYEHb
Maro.

B nannoii pabote BriepBbIe YCTaHOBIICHO, YTO KOJIH-
YECTBO KIIETOK, PEarnpyromux ¢ u3ojekTnHoM BSI-
B4, yBenmuumBaetcs rociie HHKYOaIwH C MPOHUKAIOIIM
JAMCO wu nenponukatormmm 1131-1500 kprorpoTek-
topamu. [locne nHkyGamuu B pactBopax JIMCO komu-
YeCTBO KJIETOK 3HAYMMO YBEITMUMBAIIOCH Ha 5% (MHKY-
Oarst B 5%-m JIMCO), 5,8% (uaky6arws B 7,5%-m
JIMCO) u 3% (unkyOamust B 10%-m JIMCO).

[Ipu ncrionezoBanuu [191'-1500 B koHUIEHTparn 5%
KOJIMYECTBO MEUEHHBIX M30JIEKTHHOM KJIETOK YBEIIMUM-
7ock Ha 6%, a B koHIeHTpamsx 10 u 15% —na 7 u 10%.

VYBenn4eHne KoJIMYecTBa MEYEHHBIX H30JIEKTHHOM
KJIICTOK TOCTIE MHKYOAIIuH MOKET OBITh CBSI3aHO C J10-
MTOJTHUTETIHHBIM SKCTIOHNPOBAHUEM AMIUTOMOB 0-Gal Ha
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an increase in number of cells expressing CXCR4
marker, by 30%. Moreover a number of cells expres-
sing CD34 and CD38 markers increased nearly twice.
The authors explained this effect by impairments of
exposure mechanisms and receptor internalization when
increasing fluidity of membranes under the effect of
DMSO.

Posttranslational modifications of proteins typi-
cally include glycosylation, wherein polysaccharide
chain of N- or O-glycans covalently binds to protein
molecule. The length and branching of these chains as
well as the diversity of sucroses being their compo-
nents, vary depending on a cell type and functions
(adhe-sion, migration, recognition etc.).

Galactose residue Gal-alpha-1,3-Gal is widely pre-
sented in glycolipids and glycoproteins membranes
of many animal cells, but its function is not comple-
tely defined. Considering that the removal of a-Gal
epitope is important for the normal functioning of
prostheses of animal origin, it is necessary to iden-
tify the conditions affecting its expression and eli-
mination. Action of membranotropic substances, inclu-
ding cryoprotectants is a possible factor modifying an
epitope exposure on cell membrane. However, nowa-
days there are only few researches in this area.

In our study, it has been firstly established that the
number of cells reacting with BSI-B4 isolectin, was
increased after incubation with penetrating DMSO and
non- penetrating PEG-1500 cryoprotectants. After
incubation in DMSO solutions the number of the cells
was significantly increased by 5% (incubation in 5%
DMSO), 5.8% (incubation in 7.5% DMSO) and 3%
(incubation in 10% DMSO).
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X MeMOpaHax, MOJBEPIIINXCS JOKAIbHON nedop-
MalliH BCIIEJICTBUE JICUCTBUSI KPUOIIPOTEKTOPOB.
HW3BecTHO, YTO aHTHTENA IMEIOT HEBBICOKOE CPOIICTBO
K OMHOYHBIM 3muTonaM O-Gal [23]. Ecnu konnyect-
BO aHTUTECHOB HA MEMOpaHe KIIETOK YBEIUYHBACTCS,
TO CTaOMIBHOCTh KOMILJICKCA aHTUT€H-aHTHUTEIIO MTOBbI-
[1aeTcst, CIeIOBATEIbHO, YBEIIMIUBACTCS KOJIMYECTBO
MEYEHHBIX U30JIEKTUHOM KJIETOK. Pe3yIbThI nccieno-
BaHWS ITOKA3aJIH, UYTO ITOCKOJIBKY BiustHue [191-1500
u JIMCO Ha konmaecTBO 3uTOnoB O-Gal, mpeacras-
JICHHBIX Ha MeMOpaHax KJIETOK, TOXOXH, TO JTaHHBIN
3 dexT B OOIBITIEH CTETIEHN 3aBUCUT OT MEMOpaHHOM
neGopMaIim, 4eM oT crierinGuIecKoro JIeHcTBUS uc-
I10JIb30BaHHBIX KPHUO3ALUTHBIX BEILICCTR.

BriBoabI

Takum 06pazom, 0OpadoTka nmponukarorM (JIMCO)
n "Henponukaromum (I120-1500) kpuonporexkTpamu
knetok iuHuK PK-15 mpuBoanT K yBENNYEHUIO CIIELH-
¢uueckoro MeueHus snutornos O-Gal.

[IpencraBnennsie B paboTe JaHHBIE MOTYT OBITh
MIPUMEHEHBI JIUTsl pa3pabOTKK CTPATETUH TOTy4CHUS,
00pabOTKH 1 XpaHEHHs MPOTE30B )KUBOTHOT'O IPOUC-
xoxaeHus. TectupoBanne O6momarepuaia Ha MPH-
cyTcTBHe 3nuTonoB O-Gal HEOOX0IUMO IPOBOIUTH
[OCJIe KOHCEPBUPOBAHMS B KPHO3AIIUTHBIX Cpeaax,
conepxkaux JIMCO unu [191-1500, a Taxke nocie
xpanenus B [I9I'-comeprkamux pacTBOpax-HaIoI-
HUTEISIX.
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When using 5% PEG-1500 the number of isolectin
labelled cells increased by 6%, for 10 and 15% PEG-
1500 the number was by 7 and 10%, respectively.

Increasing the number of labelled cells after incu-
bation may be associated with additional exposure of
o-Gal epitopes on their membranes, subjected to local
deformation due to the action of cryoprotectants.

It has been known that antibodies have a low affinity
for a-Gal single epitopes [20]. If the number of antigens
on the cell membrane grows, the stability of antibody-
antigen complex increases, thus the number of labelled
cells rises. The results of studies have shown that since
the effects of PEG-1500 and DMSO on the number
of a-Gal epitopes, presented on cell membranes, were
similar, this effect largely depended on membrane
deformation than on specific action of the used cryo-
protective substances.

Conclusions

Thus, treatment with penetrating (DMSO) and non-
penetrating (PEG-1500) cryoprotectants performed in
PK-15 cell line results in increasing the specific labelling
of a-Gal epitopes.

Presented data can be used to develop a strategy
for derivation, treatment and storage of prostheses
of animal origin. Biomaterial should be tested for the
presence of 0-Gal epitopes after preservation in cryo-
protective media containing either DMSO or PEG-
1500, and following storage in PEG-containing filler
solutions.
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