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PedepaT: NccnenoBaHua nsMeHeHUI MOBEPXHOCTHBIX XapaKTepuUCcTUK MeMbpaH apuUTpOLMTOB, BbI3BaAHHbBIX Npoueccamu
3aMOpax1BaHUSA-0TOrpeBa, MOryT 6biTb BaXHbl ANS OLEHKU CTPYKTYPHO-(YHKUMOHANbHOW MONHOLIEHHOCTM KNETOK U MOHMMaHuUs
MeXaHW3MOB, OTBETCTBEHHbIX 3a UX MOBPEeXAeHWs B 3KCTpeMalnbHbIX ycnoBusx. B paboTe uccnepoBanu BnusHue Kpuo-
KOHCEPBUPOBAHMA B NMPUCYTCTBUM IK3oLENNONspHoro kpuonpotektopa M3Mr-1500 Ha acummMeTpuyHoe pacnpegenexHue
docdatmauncepuHa B membpaHe n XxapakTepucTUKM MOBEPXHOCTHOro mapkepa CD44 B cycneH3umn apuTpouuToB (KONMMYecTBO
CD44-no3nTuBHBbIX KNETOK M ypoBEHb aKcnpeccuun). bbino yctaHOBMeHO, 4YTO Nocre HenpoAOIKUTENbHOIO 3KCMOHMPOBaHMUSA
pPa3MOPOXEHHbIX 3pUTPOLUTOB Npu TemnepaTtype 37°C KONUYECTBO KMETOK C HapyLleHUsMU TpaHCMeMOpaHHOW acumMMeTpun
docdatmanncepuHa ysenmumsanocb A0 30%. Takke B CyCNneH3Un KPMOKOHCEPBMPOBAHHbBIX 3PMTPOLMTOB OTMEYanuCb YMeEHbLUEHNE
konnyectBa CD44-no3nTUBHBIX KNETOK U CHUXEHUE YPOBHS akcripeccun mapkepa. OTMbIBKa 3pUTPOLMTOB OT KPUOMpOTeKTopa U
remonu3, ConpoBOXAaloLWMA AaHHbIA NpoLecc, NPUBOAUMM K BOCCTaHOBNEeHUo napameTpoB CD44 B cycneH3uun 3puTpoUUTOB,
COXpaHMBLUMNX LienocTHOCTb. OBHapyXeHHble HapylweHNs NOBEPXHOCTHbIX XapaKTepUCTUK IPUTPOLUTOB yKa3biBaT Ha
cybneTtanbHble NOBPEXAeHUs MemMbpaH 4acTu KNeToK, KPMOKOHCEPBUPOBaHHbLIX nog 3awwuTon M3M-1500. 310 cnpaBeanueo, no
KpalHen mMepe, B OTHOLUEHUN U3MEHEHWI NoBepXHOCTHOro mapkepa CD44, nockonbKy nocrne nusuca knetok ¢ cybnetanbHbIMU
NoBpPEeXAEeHNAMU B NpoLecce OTMbIBKM OT KPUMOMPOTEKTOpa XapakTepUCTUKU Mapkepa B CYCMeH3WV 3pUTPOLMTOB He OTNMnYyanvcb
OT KOHTPOIbHbIX 3HAYEHWMN.

KnrouyeBble cnoBa: aputpounTtbl, MembpaHa, dochaTnanncepunH, NOBEPXHOCTHbIN MemMbpaHHbI Mapkep CD44, kpuoKoH-
cepBMpOBaHue.

Pedpepar: [JocnigXeHHs 3MiH NOBEPXHEBUX XapaKTEPUCTUK MeMOpaH epuTpounTiB, 0GYMOBIEHMX NMpoLecaMn 3aMOPOXyBaHHS-
BiAirpiBy, MOXyTb OyTU Baxnuei ANS OUIHKM CTPYKTYPHO-(YHKLiOHaNbHOi NOBHOLHHOCTI KMNiTUH i pO3yMiHHA MexaHi3miB, Bigno-
BiflanbHUX 3a iX MOLUKOMAXEHHSA B eKcTpeMarnbHWX ymoBax. ¥ poboTi AocnigxyBanu BNIMB KPiOKOHCEPBYBaHHA B MPUCYTHOCTI
ek3ouentonsapHoro kpionpotektopa MNEM-1500 Ha acumeTpuyHMin posnogin gochaTnanncepuHy B MemOpaHi Ta xapakTepucTuku
nosepxHeBoro mapkepa CD44 y cycneHsii eputpouutiB (kinbkicTe CD44-no3nTuBHMX KNiTUH i piBeHb ekcripecii). byno BcTtaHoBneHo,
Lo Micns HeTPMBanNoro eKCMoHyBaHHS PO3MOPOXEHUX epuTpoumTiB 3a TemnepaTtypu 37°C KinbKiCTb KNITUH i3 NOPYLUEHHSMU TpaHC-
MembpaHHOi acumeTpii pocdaTtnamncepuHy 3binblysanaca Ao 30%. Takox y cycneHsii KpiokoHCepBOBaHUX €pUTPOLMTIB BiA3Ha-
Yanucs 3MeHLUEeHHS KinbkocTi CD44-no3nTUBHMX KNITUH i 3HWKEHHS PiBHS ekcripecii mapkepa. BigmMnBaHHS eputpoumTiB Big Kpionpo-
TeKTopa i reMoni3, kUi CynpoBOAXyBaB AaHWI npouec, NpuBoAWnM A0 BiAHOBMeHHA napameTpiB CD44 y cycneHsii eputpouuTis,
wo 36epernu uinicHicTb. BuaBneHi nopyLleHHs NOBEPXHEBUX XapaKTepUCTUK epUTPOLIMTIB BKa3yloTb Ha CybneTarnbHi NOLKOAXEHHS
MeMbpaH YacTUHW KNiTUH, KpioKoHCcepBoBaHux nig 3axuctoMm MEM-1500. Lle cnpaBeanuBo, NpuHanMHi, Wo[o 3MiH NOBEPXHEBOrO
Mapkepa CD44, ockinbku nicng ni3ancy KniTuH i3 cybnetanbHUMU YLIKOOKEHHSIMU Y NpOLEeCi BiAMUBAHHS Bif KpionpoTekTopy
XapakTePUCTUKM Mapkepa B CyCneH3ii epuTpounTiB He Bigpi3HANUCS BiA KOHTPOSNbHMX 3HAYEHb.

KniovoBi cnoBa: eputpounTn, membpaHa, docdaTmauncepuH, noBepxHeBuii memopaHHuii mapkep CD44, kpiokoHCepBYyBaHHS.

Abstract: The studies of changes in surface characteristics of erythrocyte membranes caused by freeze-thawing can be
important for assessment of structural and functional integrity of cells and understanding the mechanisms responsible for their
damage under extreme conditions. In the research we studied the effect of cryopreservation in presence of exocellular cryoprotectant
PEG-1500 on asymmetric distribution of phosphatidylserine in membrane and characteristics of the surface marker CD44 in erythrocyte
suspension (the amount of CD44-positive cells and the expression level). It was found that cell amount with the impairments of
transmembrane asymmetry of phosphatidylserine increased up to 30% after a short-term exposure of frozen-thawed erythrocytes
at 37°C. The decrease in CD44-positive cell amount and lowering of the marker expression were also observed in cryopreserved
erythrocyte suspension. Washing of erythrocytes from the cryoprotectant and hemolysis accompanying this process led to restoration
of CD44 parameters in suspension of erythrocytes which preserved their integrity. The revealed impairments of surface characteristics
of erythrocytes indicate a presence of sublethal membrane injuries in the cells cryopreserved under the protection of PEG-1500. This
was true, at least in terms of the changes in the surface marker CD44 indices, since after lysis of cells compromised with sublethal
injuries occured during removal of cryoprotectant, the marker indices in erythrocyte suspension did not differ from the control values.

Key words: erythrocytes, membrane, phosphatidylserine, CD44, cryopreservation.
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KpuokoncepBupoBanue >pUTPOIMTOB YeIOBEKa
npeJcTaBiseTcss BecbMa 3(PPEKTUBHBIM CIIOCOOOM
peleHus psaa mpodieM B MPaKTHKE TeMaTONOTUH U
Tpancy3nonoruu. B yacTHocTH, KPHOKOHCEPBUPOBaH-
Hasl KPOBb MOXKET OBITh BOCTpPEOOBaHA B KPU3UCHBIX
YCIOBHAX TPH MAacCCOBBIX MOPAKCHHUSIX HACETEHUS.
XpaHEeHUE KPOBH ITPU HU3KHUX TEMIIEPATYPAX B TEUECHNE
JUTMTENTLHOTO BpeMeHH 0e3 noTepu (yHKINOHATBHOM
MTOJTHOIIEHHOCTH KJIETOK MTO3BOJIAET TAK)KE CO3/1aBaTh
3amachl GEHOTUIUYECKH PEAKUX SPUTPOIHUTOB. ITO
0c00EHHO aKTyaJbHO AJIS HAMEHTOB C HACIEACTBEH-
HBIMM aHEMUSIMHU, KOTOPBIM PETYJISIPHO MPOBOAST Ie-
MOTpaHC(y3UH, B pPE3yJIbTaTe Yer0 BO3SHHUKAET PUCK
Pa3BUTHS UMMYHOCEHCHOMITN3AINH K aHTUT €HaM TPYTIIT
KpOBH, IJ151 KOTOPBIX TECTUPOBAaHUE B OOBIYHOM Mpak-
THKE He npoBoautcsa. Kpome toro, ayrorpancdysus
KPHUOKOHCEPBUPOBAHHON KPOBU IIPH XUPYPTHUECKHUX
BMEIIATENbCTBAX MOXKET oOecrednTs Oonee Omaro-
MIPUSTHOE MIPOTEKaHHUE MOCIE0NEPALIMOHHOTO BOCCTAHO-
BHUTEJIBHOTO IEPHOAA.

B Hacrosiiee Bpems pazpaboTaHbl pa3inudHbIE CIIO-
COOBI KPHOKOHCEPBHUPOBAHHS SPUTPOIIUTOB, OTIHYAL0-
LIMECs KOHEYHOH TEMITEpaTypOi XpaHEHHs, CKOPOCTSIMU
3aMOPAKUBaHMSI M1 KOMIIOHEHTaMH KOHCEPBHPYIOLIIX
pactBopoB. IIpakTudeckn Bce OHM 0a3WpyIOTCA HA
MIPUMEHEHUH YHAONEIUTIONIPHOTO KPHUOIIPOTEKTOpa
runeposia. OH rapaHTUPYET BBICOKYIO COXPaHHOCTD
KJIETOK B IpOLEcce KPHOKOHCEPBUPOBAHUS KaK MpU
—80°C [14, 16], Tak u mpu Ooyiee HU3KUX TEeMIIEepa-
typax (mo —196°C) [16]. OgHako WcIOIB30BaHUE
SHAOLEIUTIONSPHOTO KPUOMPOTEKTOPA MPEANoaaraet
yIaJIeHUE JaHHOTO XUMHUYECKOTO COETMHEHMS U3 KJle-
TOK TIOCJIE Pa3MOPaKMBaHUs, YTO TPEOYET TOTIOITHH-
TeNBbHBIX 3arpar. [lepcreKTHBHBIM HaIlpaBlIEHHEM B
PELIeHNH TaHHOH TPOoOIeMBI MOXKET OBITH UCCIIEI0BA-
HHUE Pa3IMYHBIX 3K30LEUTIOIAPHBIX COCIUHEHUH,
KOTOPBIE TIO3BOJIFITH OBl HCTIOB30BaTh KPHOKOHCEPBH-
POBaHHBIE KJIETKH 0€3 OTMBIBAaHHS KPUOTIPOTEKTOPOB.
B03MOXHOCTE NPUMEHEHMSI TAKUX 3PUTPOLIUTOB A
reMoTpaHc(y3uH cpazy Mocie pa3MOpaKUBaHH OTIpe-
JeTISIeT BAYKHYIO POJIb TOBEPXHOCTHBIX XaPaKTEPHCTHK
KJIETOK JIJIsI HOPMAJIbHOTO (DYHKIIMOHUPOBAHUS B PyCIIe
KpOBH. B cBA3M ¢ 3TUM Hccie1oBaHMs BIUSIHHUE KPUO-
KOHCEPBHPOBAHUS B IPHCYTCTBUH IK30LEIUTIONSIPHBIX
KPHOTIPOTEKTOPOB Ha MOBEPXHOCTHBIE XapaKTEpHC-
THUKHA 3PUTPOIUTOB MOTYT OBITh BaXKHBI JJISI OIEHKH
CTPYKTYpHO-(pyHKIIMOHATBHOH MOTHOLEHHOCTHU KJIETOK
U MOHMMAaHHS MEXaHU3MOB, OTBETCTBEHHBIX 3a UX
MOBPEXIEHHUS B IKCTPEMANbHBIX ycloBuax. s
SPUTPOLIMTOB YEIOBEKa MEPCHEKTHBHBIM JK30IIEI-
JIFOJIAPHBIM KPHOIPOTEKTOPOM SIBJISIETCS TIOJIUITHIICH-
rkoits ¢ M. M. 1500 (IT3IM-1500). Panee Obiio mokasa-
HO, YTO CHIDKEHHE TEMIIepaTypbl 00pabOTKH SPUTPOILIH-
TOB JAaHHBIM KPHOMPOTEKTOPOM COTPOBOXKAAECTCS
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Cryopreservation of human erythrocytes is highly
effective way to solve several challenges in hematology
and blood transfusion practice. In particular, cryo-
preserved blood can be required in emergency situa-
tions related to the mass injury of the population. Blood
storage at low temperatures for a long time without
loss of functional value allows to create stocks of rare
erythrocyte phenotypes. This is especially important
for patients with hereditary anemia for whom regularly
performed haemotransfusions result in an advancing
risk of immune sensibilization to antigens, which are
not tested in standard practice. Moreover, cryopreser-
ved blood autotransfusion during surgical interventions
may provide a more favorable course of post-surgery
recovery period.

To the date there are various methods of erythro-
cytes cryopreservation, which differ on final storage
temperature, freezing rates and components of
preservative solutions. Almost all of them are based
on the application of endocellular cryoprotectant
glycerol. It ensures a high integrity of cells during
cryopreservation both at —80°C [12, 14] and at lower
temperatures (down to —196°C) [14]. However, the
application of endocellular cryoprotectant involves the
removal of the chemical compound from the cells after
freeze-thawing that requires extra expenditures.
Investigation of different exocellular compounds that
would permit applying of cryopreserved cells without
removing cryoprotectants may answer this challenge.
The possibility of using these erythrocytes for
transfusion immediately after freeze-thawing deter-
mines the important role of surface characteristics of
cells for their normal functioning in blood stream. Here-
with, the studies of cryopreservation effect in the
presence of exocellular cryoprotectants on the surface
characteristics of erythrocytes can be important for
assessment of the structural and functional integrity
of cells and the understanding of mechanisms respon-
sible for their damage under extreme conditions.
Polyethylene glycol with m. m. 1500 (PEG-1500) is
perspective exocellular cryoprotectant for human eryth-
rocytes. Previously it has been shown that decrease
in temperature of erythrocyte treatment by this cryo-
protectant is accompanied by a low haemolysis level
after freeze-thawing [1]. However, transfer of cells
to physiological conditions revealed their instability
characterized by increased hemolysis in thawed
suspension over time [19], that can be stipulated by
lesions of structural and functional properties of mem-
branes, including the alterations in their surface
characteristics.

The research aim was to study the effect of
cryopreservation using exocellular cryoprotectant
polyethylene glycol with m. m.1500 on the surface
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OUYECHb HU3KUM YPOBHEM I'€MOJIN3a Ha 3Talle pa3Mopa-
xwuBanus [ 1]. OnHako nmepeHoc KIeToK B PU3HOIOTH-
YeCKHEe YCJIOBHUS BBIABISAET UX HECTaOMIBHOCTD,
XapaKkTepu3yeMyIo HapacTaHHEM I'eMOJIN3a B CYCIIEH-
3WH C TEYCHHEM BPEMEHH [2], 9TO MOXKeT ObITH 00yc-
JIOBJIEHO HApPYIIEHUSIMH CTPYKTYPHO-(QYHKIIMOHATBHBIX
CBOWCTB MEMOpPAaHbI, B TOM YHCIIE, H3MEHEHUAMHU UX
[TOBEPXHOCTHBIX XapPAKTEPUCTHK.

Lenb paboThl — M3ydeHnE BIAMSHNSA KPHOKOHCEPBU-
POBaHUS C UCMOJIb30BAHUEM 3K30LEJIIOISIPHOIO
KpUONPOTEKTOPA MOMUATUIEHINIHKOIA ¢ M.M. 1500 Ha
MOBEPXHOCTHBIE CBOWCTBA MEMOpPaHBI SPUTPOLIUTOB,
B YaCTHOCTH, Ha HapyIIEHNE aCHMMETPUYHOTO pac-
npeneneHus pochaTuaniIcepruHa B MEMOpaHe 1 H3Me-
HEHHUE XapaKTEPHUCTUK MOBEPXHOCTHOTO MapkKepa
CD44.

Martepuajbl 4 MeTOABI

B paboTe ObIM MCHONB30BaHBI CIEAYIONIHE
peaktuBbl: CD44-FITC («BD Biosciences», CILIA),
Tris, HEPES («Sigmay», CIIIA), 6p14mii CBIBOPOTOU-
uerii aneoymuH (BCA; «PAA Laboratories GmbH»,
ABCTpHS), TNIOKO3a ¥ OTM3TUICHIIIMKOIL M.M. 1500
(IBI'-1500; «Flukay, CIIA), a Takxke apyrue
peakTuBbI mpon3BoAcTBa Poccun u Ykpaussl («X.49.»
WA «Y.J1.2.»).

OOBEKTOM HCCIEOBAHUS CIYKHIN SPUTPOLHUTHI
KpOBH JTOHOPOB, 3aTOTOBJIEHHON C MCIIOJIb30BAHUEM
TJIIOKO30LUTPaTHOTO pacTBopa B LleHTpe KpoBu
T. XapbKoBa. DPUTPOITUTHI OCAKIAIN IIEHTPUDYTHUPO-
BanueM (uentpugyra «OITH-3») npu 3000 06/mMuH B
teyeHue 10 MHUH mpu KOMHAaTHOW TeMmIeparype,
YOAISUTH T1a3My W JIEHKOIUTapHBIE KOMITOHEHTHI
KpOBH. 3aTeM K OCaXICHHBIM SPUTPOITUTAM J00aBIIs-
mu pactBop 150 MM NaCl, 10 MM Tpuc-HCI, pH 7,4
B 00Bpeme, B 7—10 pa3 npeBpimaroneM 00beM KIeTou-
HOM Macchl, U OTMBIBAJIM OT OCTaTKOB IIa3MbI U Oe-
JBIX KJIETOK TPEXKPaTHBIM HEHTPU(YTHPOBAHUEM B
AQHAJIOTUYHOM PEKUME.

K spurponutram nobapasnu pactBop 30%
[121°-1500, 150 MM NaCl, 10 MM Tpuc-HCI, pH 7,4
B paBHOM o0OBeme Tipu Temiieparype 5...7°C. Koneu-
Has koHIeHTpanus [191-1500 B cycnens3un cocras-
nsa okoso 20%. 3ateM 3puTpOLUTAPHBIE CYCIIEH3UU
MEPEeHOCHIIN B KOHTEHHEPHI AT 3aMOpaXKUBaHUSI U
rorpyxay B )ugakuii a30T (—196°C). Otorpes 3aMo-
POXEHHBIX 00pa31I0B MPOBOIMIIHN B BOASHOW OaHe Ipu
42°C 10 OJIHOTO Pa3MOpa)KUBAHUS.

OxcnonupoBanue hochaTHIUICEPUHA HA TIOBEPX-
HOCTH 3PUTPOIMTOB OIEHUBAIIH O CBA3BIBAHMIO aHEK-
cua V — FITC ¢ kieTkaMu METOJAOM MPOTOYHOM
uutoMerpun Ha npubdope FACS Calibur («Becton
Dickinsony, CIIA). Jlns aToro 200 MK KpHOKOHCEP-
BHPOBAaHHBIX 3PUTPOIMTOB PA3BOAMIH /IO KOHIIEHTpa-
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properties of membrane of erythrocytes, in particular,
an impairment of asymmetric distribution of phosphati-
dylserine in membrane and changes in surface marker
CD44 indices.

Materials and methods

In this research there were used the following
reagents: CD44-FITC (BD Biosciences, USA), Tris,
HEPES (Sigma, USA), bovine serum albumin (BSA;
PAA Laboratories GmbH, Austria), glucose and
polyethylene glycol m. m.1500 (PEG-1500; Fluka,
USA), as well as other reagents of Russian and
Ukrainian production (chemically pure or pure for
analysis).

Donor blood erythrocytes collected with glucose-
citrate solution at Kharkiv Blood Center were the
research object. Erythrocytes were pelleted (OPN-3
centrifuge) at 3000 rpm for 10 min at room tempe-
rature, plasma and leukocyte blood components were
removed. Then sedimented erythrocytes were
supplemented with a solution of 150 mM NaCl, 10 mM
Tris-HCI, pH 7.4 in a volume in 7-10 times higher than
the one of cell mass and were washed from the
residues of plasma and white blood cells by 3-fold
centrifugation in a similar regimen.

Solution 0f 30% PEG-1500, 150 mM NacCl, 10 mM
Tris-HCI, pH 7,4 of equal volume was added to
erythrocytes at 5...7°C. The final PEG-1500
concentration in suspension was about 20%. Then the
erythrocyte suspensions were transferred into
containers for freezing and immersed into liquid
nitrogen (—196°C). Frozen samples were being thawed
in a water bath at 42°C until the full thawing of cell
suspension.

Phosphatidylserine appearance on erythrocyte
surface was assessed on the base of annexin V — FITC
binding with cells by the instrumentality of flow
cytometry (FACS Calibur, Becton Dickinson, USA).
To do this 200 ul of cryopreserved erythrocytes were
diluted to the concentration of 107 cells/ml in 20%
solution of PEG-1500 prepared with annexin-binding
buffer with the following incubating for an hour at 37°C.
Annexin V — FITC binding reaction with the cells was
later fixed.

To determine CD44 characteristics in cryopreser-
ved erythrocytes the cell suspensions were diluted in
corresponding solutions (20% solution of PEG-1500
or Ringer’s solution) to concentration of 107 cells/ml,
and CD44-FITC was added with the following incuba-
tion at room temperature for 30 min in the dark. Then
cell suspensions were diluted, reducing erythrocyte
concentration to about 10° cells/ml and the CD44-FITC
binding with erythrocytes was assessed by flow cyto-
metry. In each measurement of phosphatidylserine
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nun 107 xn/ma B 20%-m pactBope I13T-1500,
MIPUTOTOBJICHHOM Ha OCHOBE aHEKCHH-CBSI3BIBAIOIIETO
Oydepa, n uaKyOHpoBanu B TeueHue yaca npu 37°C.
Janee npoBOAMIN PEAKLHUIO MO CBA3BIBAHHUIO aHHEK-
cua V — FITC ¢ xnerkamu.

Jnsa onpenenenus xapakrepuctuk CD44 B xpuo-
KOHCEPBHPOBAHHBIX SPUTPOLMTAX KIETOUHBIE CYCIIECH-
3UU Pa3BOJAMIM B COOTBETCTBYIOIIMX PacTBOpPax
(20%-Mm pactBope I131'-1500 unu cpene Punrepa) mo
KOHIIeHTparwmu ropsiaka 107 kir/mir u qobasimstmn CD44-
FITC c nocnenyromeli nakyOanuen mpu KOMHATHOM
temneparype B Tedenue 30 muH B TeMHoTe. [locne
Yero KJIETOUHbIE CyCIIeH3UU Pa30aBIIsuTH, CHIXKAast KOH-
MEHTPAIINIO DPUTPOLUTOB 0 mopsaka 106 kiu/mi, u
OLIEHMBAH CBsA3bIBaHUE sputpouutamu CD44-FITC
METOZOM NPOTOYHON HUTOMETPHHU. B Kaxom nzme-
PEHHH acUMMETPUYHOTO pacrpenenenus hocdaru-
nuicepuHa U xapaktepuctuk CD44 mpocuuTeIBaIn
30 000 coOBITHIA.

KoHTponem Bo Bcex 3KcIIepUMEHTax CITY>KUIJIN Ha-
THUBHBIE DPUTPOIUTHI, HHKYOHPOBaHHbIC B MOANDUIIN-
poBanHo# cpene Punrepa: 125 MM NaCl, 5 MM KCl,
1 MM MgCl,, 1 MM CaCl,, 32 MM HEPES (pH 7.4),
5 MM rmoko3sr, 0,5% BCA.

JlaHHBIE aHATM3UPOBAIIN C TOMOIILIO TPOTPAMMBEI
«WinMDI 2.8» (Scripps Research Institute). Pe3yib-
TaThl 00padaTHIBAIN C HCIOIb30BaHUEM PO PAMMBI
«Statgraphics plus 2.1 for Windows» («Statistical
Graphics Corp.», CIIIA). CTaTucTHYECKYIO 3HAYH-
MOCTb Pa3IM4YHi OIEHUBAIIH C TOMOIIBIO t-KpUTEPHSI
CreroneHTa. B kaxnoil cepun NpoBEAEHO HE MEHEe
MSITH 3KCIIEPUMEHTOB.

Pe3yabTarnl M 00Ccy:KAeHHE

UzBecTHO, uTO pochonmunuasl miazmMaTuuecKoi
MeMOpaHBI 3PUTPOLIUTOB HEPABHOMEPHO paclpeerne-
HBbI MEXAY HapyXHBIM ¥ BHYTPEHHHM MOHOCIOSMHU
sunuHOoTo Oucnos [6]. bonpmas gacTs pochaTuani-
XONMHA U C()MHTOMHUENIMHA HAXOOUTCS BO BHEIIHEM
MOHOCIIOE, a (hocdaTuauneTaHoIaMuH 1 pochaTuaui-
CEpHH MPAKTUIECKH MTOTHOCTHIO CKOHIIEHTPUPOBAHBI
Ha IUTOIIa3MaTHYECKON CTOpOHEe MeMOpaHbl. ACHM-
METpHs JTUNUAO0B KOHTPOJIUPYETCS ByMs THIaMU
(epMeHTOB: QuunasaMu (HarpaBIeHbl HA BOCCTAHOB-
JIeHNE aCHMMETPHH U CBSI3aHBI C IIEPEHOCOM MOJIEKYIT
dhocharunuicepruHa BO BHYTPCHHHNA MOHOCTION MEMO-
pasbl) 1 ckpemMOI1a3aMu (HanpaBJieHbI Ha pa3pyLICHUE
ACHMMETPUYHOTO Mopsiika munuaoB) [7]. [loBeimenne
ypOBHsI BHYTpHKJIeTouHOro Ca** MOXeT CTUMYIH-
poBath akTuBHOCTh ATP-He3aBucumMoro Qepmenra
CKpeMOJ1a3bl M 3alycKarh Mpolecc cKpeMOnIuHra, B
pesyasrate KoToporo GochaTuanICepuH YKCIOHU-
pyeTcs Ha moBepxHoCTH KiIeToK [ 13]. [lutomerpudec-
KU aHaJIN3 HAPYLIEHUH aCHMMETPUH paclipeieeHUs
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asymmetric distribution and CD44 characteristics
30,000 events were calculated.

Native erythrocytes incubated in Ringer’s modified
solution as: 125 mM NaCl, 5 mM KCl, 1 mM MgCl,,
1 mM CaCl,, 32 mM HEPES (pH 7.4), 5 mM glucose,
0.5% BSA were the control in all the experiments.

The data were analyzed using WinMDI 2.8 software
(Scripps Research Institute). The results were
processed with Statgraphics plus 2.1 for Windows
software (Statistical Graphics Corp.). A statistical
significance of differences was assessed by Student's
t-test. In each series at least five experiments were
performed.

Results and discussion

It is known that erythrocyte plasma membrane
phospholipids are unevenly distributed between the
inner and outer monolayers of lipid bilayer [4]. Most
of phosphatidylcholine and sphingomyelin are in outer
monolayer while phosphatidylethanolamine and phos-
phatidylserine are almost completely localized on
cytoplasmic surface of membrane. Lipid asymmetry
is controlled by two types of enzymes: flippases
(targeted to restore asymmetry and associated with
transfer of phosphatidylserine molecules to the inner
monolayer of membrane) and scramblases (targeted
to destroy asymmetric order of lipids) [5]. Increased
level of intracellular Ca?* can stimulate the activity of
ATP-independent enzyme scramblase and initiate
scrambling, that results in phosphatidylserine exposure
on cell surface [11]. Cytometric analysis of impaired
phosphatidylserine distribution asymmetry is based on
ahigh affinity binding of externalized phosphatidylserine
and annexin V, non-penetrating in cell protein, labeled
with a fluorophore FITC. It was found that in
erythrocyte membrane, cryopreserved under PEG-
1500 protection, the amount of cells binding annexin
V — FITC, could rise up to 30% (23.5 + 5.4)% after
an hour of frozen-thawed cells incubation at 37°C in
the presence of cryoprotectant (Fig.1). Effect of
cryoprotectant PEG-1500 on structure of lipid bilayer
and changes in the behaviour of membrane transport
systems caused by stress cryopreservation factors are
probably the causes of transmembrane redistribution
of phosphatidylserine. Particularly, development of
these processes may be associated with increased level
of cytosolic Ca** due to osmotic compression of the
cells in the hypertonic cryoprotectant medium and
inhibiting Ca?*-ATPase activity [20, 21]. Phosphatidyl-
serine redistribution leading to impairment of membrane
lipid asymmetry in part of cryopreserved erythrocytes
points to the possibility of forming the defects in plasma
membrane. This is evidenced by a short period of time
(1 h) after which the phosphatidylserine externali-
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dhocharnaunceprHa 0CHOBaH Ha BBICOKO-
a(pMHHOM CBSI3IBAHUH HEMIPOHUKAIOIIIETO
B KJIETKY OeJIka aHHEKCHH V, MEYEHHOTO
¢yopodopom FITC, ¢ axcTepHaNn3oBan-
HbIM (ochatunmincepunom. beuto ycra-
HOBJIEHO, YTO B MEMOpaHe SPUTPOLIUTOB,
KPHOKOHCEPBHPOBAHHBIX MOJ 3aLIUTON
IID5I-1500, KOoIMYECTBO KJIETOK, CBS3EI-
Baronux anuekcud V — FITC, MoxeT 110-
cturats 30% ((23,5 £+ 5,4)%) nocne gaca
HWHKYOUpOBaHUS Pa3MOPOKEHHBIX KIETOK
npu Temnepatype 37°C B IpUCYTCTBUH
kpuomnporektopa (puc. 1). llpuuannamu
TpaHCMEMOPaHHOTO TIepepacIpeieICHNS
¢docarnaunceprta, BO3MOXKHO, SBISIOT-
cs BIusAHUE Kpuomnporekropa [13I-1500
Ha CTPYKTYPY JUITUAHOTO OHCIION U N3Me-
HEHHE COCTOSHHUA MEMOpPaHHBIX TPaHC-
MIOPTHBIX CHCTEM, BBI3BAHHBIX CTPECCOP-
HBIMH (DaKTOPaMH KPHOKOHCEPBUPOBAHHS.
B gactHOCTH, pa3BUTHE JAHHBIX IPOIIEC-
COB MOXeT OBITh CBSI3aHO C MOBBIIIICHUEM
ypoBHs 1uTo3ossHOro Ca?' BeiencTeue
OCMOTHYECKOTO CKaTHs KJIETOK B TUIIEP-
TOHUYECKOW KPUOIIPOTEKTOPHOM Cpene U
uHrnoupoBanusi akTuBHOCTH Ca?'-ATPa3br

10°
10°

102
FL-2
102

10!

102 ] 109 10! 102 103 108
FL-1 FL-1

Puc. 1. CeasbiBaHne aHHekcnHa V-FITC apuTpouuTamm, KpMokoHcep-
BMpOBaHHbIMKU B npucytcteumn MN3M-1500: A — cpepa PuHrepa
(koHTponb); B — kpuokoHcepBupoBaHue nof 3awmuton MN3M-1500.
MpepncTaBneHbl ToYeYHble rpadukm (dot-plots) TUMMYHOIO 3KCNEpPUMEH-
Ta: ocb X — 3HAYEHUSI UHTEHCUBHOCTM hIlyOopeCLEHLUN KIETOK B KaHane
FL-1 (ycn. eqd.), oTpaxatowme CBA3blBaHNE KNeTkaMu aHHeKcuHa V —
FITC; ocb Y — MHTEHCMBHOCTb (hriyopecLeHUmMmn KNeTok B kaHane FL-2
(He copepxuT oueHuBaemMbix NapameTpoB). Llkana npencraBneHa
norapuMmnYeckumMmn 3HavyeHussIMn. VIHTEHCMBHOCTL dhnyopecLeHuun
oueHuBanu nocrie uHKybmposaHusa npu Temnepatype 37°C B TeveHne
yaca.

Fig. 1. Binding of annexin V — FITC with erythrocytes cryopreserved in
the presence of PEG-1500: A — Ringer's medium (control); B —
cryopreservation under protection of PEG-1500. Dot-plots of a typical
experiment are presented: X axis — the values of fluorescence intensity
of cells in FL-1 channel (arb. units), reflecting cell binding of annexin V —
FITC; Y axis — intensity of cell fluorescence in FL-2 channel (does not
contain estimated parameters). The scale is presented by logarithmic
values. Fluorescence intensity was assessed after incubation at 37°C
for an hour.

[3, 21]. [lepepacnpenenenue docdaru-
JIUJICepUHa, IPUBOJSIIEE K HAPYIICHUIO
ACUMMETPUU MeMOpaHHBIX JUMUIOB Y
OTIpe/IeIEHHON YacTU KPUOKOHCEPBUPO-
BaHHBIX DPUTPOIIUTOB, OTPAKAET BOZMOKHOCTH (hop-
MHPOBaHUs 1ePEKTOB B IUTa3MaTHIECKOil MeMOpaHe.
OO0 3TOM CBHIETENBCTBYET KOPOTKUH MPOMEKYTOK
BpemeHH (1 1), B TeueHHE KOTOPOTO MPOUCXOANT IKC-
TepHanu3aius pochaTuauiceprtHa B KPHOKOHCEPBH-
POBaHHBIX YPUTPOLHTAX, TTOCKOIbKY aKTHBAIUS
CKpeMOJ1a3bl B 3pUTPOLIUTAX, HArpykeHHbIX Ca’’, mpu
COXPaHEHUHU LEJIOCTHOCTH MEeMOpaHbl MPUBOIUT K
MOJOOHBIM M3MEHEHUSM 4epe3 OoJiee UIHTENbHBIH
nHTepBan Bpemenu (3 4) [4]. [Ipeamomaraercs, 4To
ne(eKThl yIakoBKM MEMOpPaHHBIX JUMUAOB MOTYT
o0seryarb paboTy ckpeMOIassl [6, 7], 4TO OOBIACHSET
YCKOpEHHOE NPOsIBIICHHE HApyIIEHUH acUMMETpHY-
HOTO pacnpeneneHus GocharuamicepuHa B KpHOKOH-
CEpBHUPOBAaHHBIX dpuTpouuTax. Heobxoogumo Takxe
OTMETHUTb, YTO dKCcTepHaNM3ausa pocharunmicepuna
BO BHELITHEM MOHOCJIOE MEMOPaHBI CITY)KHT CUTHAJIOM
JUTSL aKTUBAIIMY MaKpo(aroB ¢ MOCIEAYIONINM y/ale-
HUEM TaKHUX KJIETOK M3 opraHuma. O4eBHIHO, 4TO
oJ00HBIE HAPYIICHHUS MOTYT HETaTUBHO MOBIHUATH Ha
KPHOKOHCEPBUPOBAHHBIC SPUTPOIIMTHI B PyClie KPOBH
rocie Tpancy3um.

[Iponecch 3aMopakuBaHUSI-OTOTPEBA MOTYT OKa-
3aTh BIMAHUE Ha IPE3CHTALMIO IIOBEPXHOCTHBIX Map-
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zation was observed in cryopreserved erythrocytes
whereas the scramblase activation in Ca?" loaded
erythrocytes with preserved membrane integrity led
to similar changes in a much longer period of time (3 h)
[3]. It was assumed that disturbed packing of mem-
brane lipids can enable the scramblase function [4, 5]
that explained the rapid manifestation of impaired
phosphatidylserine distribution asymmetry in cryopre-
served erythrocytes. It is worth to mention that exter-
nalization of phosphatidylserine on the outer membrane
monolayer serves as a signal for macrophage activation
with the following removal of injured cells from an
organism. It is obvious that such disorders may ne-
gatively affect cryopreserved erythrocytes in blood
stream after transfusion.

Freezing and thawing can affect the presentation
of erythrocyte surface markers. Surface marker CD44
is a transmembrane adhesion molecule mediating the
binding of cells with extracellular matrix components
[2, 15]. Several blood group antigens, belonging to two
different systems such as In a/b (Lu) and AnWj were
identified in erythrocyte CD44 structure [16, 20]. The
CD44 marker may participate in cell-cell signaling and
promote the activation of lymphocytes and monocytes
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KepoB sputpouuToB. IloBepxHOCTHBIN Mapkep CD44
MpeAcTaBisieT coO00H TpaHCMEMOpPaHHYIO MOJEKYIY
aAre3uu, ooCPENYIONLYIO CBA3b KJIETOK C KOMIIOHEH-
TaMU BHEKJIETOUHOT0 MaTpukca [5, 17]. B ctpykrype
CD44 B sputporurax UIeHTH(QUIMPOBAHBI HECKOIBKO
AHTUTEHOB T'PYTIIT KPOBH, TPUHAUIEKAIINX K IBYM pa3-
nugHeiM cuctemam: In a/b (Lu) u AnWj [18, 20].
Mapxkep CD44 MOKeT y4aCTBOBAThH B MEKKIIETOUHOM
CUTHAJTU3AINH, CTIOCOOCTBYS aKTHBAIH JTUM(OIUTOB
1 MOHOIHTOB [8, 9], ¥ BHIMOJIHATH OMpE/EICHHBIE
BCIIOMOTaTeNbHbIe (PYHKIMH B UMMYHHOM OTBETE H
BOCHAJIUTENBHBIX PEAKIUAX. AATe3UBHBIE CBONCTBA
3PUTPOLIUTOB, OIIOCPENOBaHHbIE MoeKynamMu CD44,
3aJeiCTBOBAHbI B TaTO(QU3NOJIOTMIECKUX MIPOIIECCax,
CBSI3aHHBIX C BA30OKKJIFO3UBHBIMH COCTOSHUSAMU ITPH
CEepIIOBHIHO-KIETOYHONH aHEMHUHU W APYTUX 3aboJe-
BaHuAX [19]. YuuteiBasg pazHooOpasue GyHKIUH
CD44 B sputpornurax, U3MEHEHHS, 3aTParuBaroIIue
JTAHHBIN MapKep B Ipolecce KPHOKOHCEPBUPOBAHUS,
MOTYT OBITh CyIIECTBEHHBI 1T HOPMaJIbHOTO (PyHK-
LIMOHUPOBAHUS KJIETOK B PyCJIe KPOBH.

Omnpenenenue mapameTpoB mapkepa CD44 B
SPUTPOLUTAX OCHOBAHO HA [INTOMETPUIECKOM aHAIIN3E
TUCTOTPaMM paclpeaeaeHHs KJIETOK, MEYEHHBIX
OJJHOMMEHHBIM MOHOKJIOHAJIEHBIM aHTUTEIIOM, KOHBIO-
rupoBanHbIM ¢ FITC (CD44-FITC). [Iporounas
LIUTOMETPHS MTO3BOJISIET OXapaKTepU30BaTh U3MEHE-
HUSI CyOTIONYNSIIOHHOTO COCTaBa KJIICTOYHON CyCIIeH-
3WH, TPECTABICHHOTO B JAHHOM CITy4ae COOTHOIIIE-
areM CD44-1mo3uTnBHEIX K1eTOK U CD44-HeraTuBHBIX
kieTok. Baxxnoi xapaxrepuctukoit CD44-mo3ntus-
HBIX KJIETOK SIBJIIETCSI YPOBEHB 3KCIIPECCHH TTOBEPX-
HOCTHOTO MapKepa, T. €. KOJHYECTBO N TNIOTHOCTh
moisiekyn CD44 B mem6panax CD44-mo3uTHBHBIX
kietok. M3menenue konmuectBa Mosekyn CD44 B
MeMOpaHax KJIETOK (3KCIIPEecCHr MapKepa) O BIUs-
HHUEM BO3/IeHICTBUI TPUBOANT K N3MEHEHUIO IMAa30-
HA UHTEHCUBHOCTH (JTyOpECLCHLIUHU, COOTBETCTBYIO-
mero 30He CD44-nmo3uTHBHBIX KJIETOK. AJeKBaTHOM
XapaKTePUCTUKOM, OTpakarollel n3MeHEeHHE IKCITpec-
cun Mapkepa CD44 B kieTkax, sABIIECTCS MeIuaHa
TUCTOTPaMMBI PacTIpeieNICHHs KJIETOK, TOKa3hIBAIO-
1ast BEIMYMHY, OTHOCUTEIHFHO KOTOPOU KIIETKH B CyC-
[IEH3WH pa3/eNIeHbl Ha IB€ PABHBIC 110 YHCIEHHOCTH
YaCTH.

Pesynsrarel onienku cocrosinus CD44 B pasmopo-
YKEHHBIX SPUTPOLUTAX, KOTOPbIE COXPAHUIIN LIEJI0CT-
HOCTb U TIOCTYIHBI JJIs aHAJIU3a METOA0M IIPOTOYHON
LUTOMETPHUH, IOKa3aJI1 3aMETHOE CHU)KEHUE YPOBHS
JKCIPECCUH AAaHHOTO MOBEPXHOCTHOI'O Mapkepa u
konnuectBa CD44-mo3uTHBHBIX KIETOK (puc. 2,
tabmmra). [ lockombky mpu Tparcy3un KpHOKOHCEPBH-
POBAaHHBIX YPUTPOLUTOB MPOUCXOAAT pa3BeACHNUE U
yIaJeHne KpUOMpOTEKTOpa U3 pyciia KPOBH, TO IIeIe-
c000pa3HO OBUIO TaKXKe OLEHUTh XapaKTEPUCTUKH
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[6, 7] and perform certain secondary functions in
immune response and inflammatory reactions. The
adhesive properties of erythrocytes mediated by CD44
molecules are involved in pathophysiological processes
associated with vasoocclusive states at sickle cell
anemia and other diseases [17]. Taking into account
the variety of CD44 functions in erythrocytes the
changes affecting this marker during cryopreservation
may be important for normal functioning of cells in
blood stream.

Determination of CD44 marker indices in eryth-
rocytes is based on cytometric assay of histograms of
cell distribution, marked by the corresponding mono-
clonal antibody conjugated with FITC (CD44-FITC).
Flow cytometry allows describing the changes in cell
subpopulation composition of the suspension, repre-
sented in this case by the ratio of CD44-positive cells
and CD44-negative cells. Surface marker expression
level, i. e. the amount or density of CD44 molecules in
membranes of CD44-positive cells is their important
feature. Changing the amount of CD44 molecules in
cell membranes (the marker’s expression) caused by
different impacts results in a changed fluorescence
intensity range corresponding to the region of CD44-
positive cells. Median of distribution histogram of cells
demonstrating the value against which the cells in
suspension are divided into two quantitatively equal
parts, is an adequate characteristic, reflecting the
change in expression of CD44 marker in cells.

Assessment of CD44 indices in frozen-thawed
erythrocytes, which preserved the integrity and were
available for flow cytometry analysis, showed an
essential decrease in expression level of this surface
marker and the amount of CD44-positive cells (Fig. 2,
Table). Whereas the transfusion of cryopreserved
erythrocytes results in dilution and removal of cryopro-
tectant from blood stream, it was reasonable to assess
the characteristics of CD44 in suspension of cryopre-
served erythrocytes after cryoprotectant washing.
Removal of PEG-1500 cryoprotectant, accompanied
by hemolysis (Table), and the following incubation of
washed erythrocytes for an hour at 37°C in Ringer
glucose medium resulted in recovery of the CD44
marker characteristics in the suspension of survived
erythrocytes. The expression level of CD44 and the
amount of CD44-positive erythrocytes in such cell
suspensions (Fig. 2, Table) did not differ from the
control values. The results obtained testify that de-
crease in the CD44 expression and the amount of
CD44-positive erythrocytes in cryopreserved suspen-
sions are referred to a cell population with injured
membrane structure that lyse due to changing tonicity
of medium during washing.

The mechanisms underlying the changes in ex-
pression of CD44 of cryopreserved erythrocytes could
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Puc. 2. lnctorpammel pacnpegenerHns CD44-no3nTuBHbIX 3puTpoumToB: A — KneTku B cpege PuHrepa (KOHTpOnb), KOH-
TypOM MnokasaHa ructorpamma apuTpoumnToB, He MeyeHHbix CD44-FITC (HeraTuBHbIA kOHTpOnb); B — nocne
KpMoKOoHcepBupoBaHusa nog 3awmton MN3r-1500; C — nocne kpnokoHcepBrpoBaHus nog sawmTon MN3M-1500 n oTMbIBKK
OT KpuonpoTtekTopa. [NapameTpbol CD44 oueHuBanu nocrie 3KCNOHWPOBaHUSA 3puUTpouUTOB Npu Temnepatype 37°C B
TeyeHne yaca B cpefe ¢ kpuonpotektopoM (B) unu cpepe PuHrepa (A, C). Ocb X — 3HaY€HUsI MHTEHCUMBHOCTHU
dnyopecueHumm kneTok B FL-1 kaHane (ycn. ed.), Wwkana npeacraBneHa norapummyecknmmn aHaveHnsamm. Ocb Y —
KONMYeCTBO MPOCYUTbLIBAEMbIX COObITUIA. [laHHble NpeacTaBneHbl pesynsrtataMmy TUMMYHOIO 3KCNEepUMEHTA.

Fig. 2. Histograms of distribution of CD44-positive erythrocytes: A — Ringer’s medium (control), histogram of erythrocytes
non-labeled with CD44-FITC (negative control) is outlined; B — following cryopreservation under protection of PEG-1500;
C — following cryopreservation under protection of PEG-150 and washing from cryoprotectant. CD44 parameters were
evaluated after exposure of erythrocytes at 37°C for an hour with cryoprotectant (B) or Ringer's medium (A, C). X axis
represents the values of fluorescence intensity of cells in FL-1 channel (arb. units), the scale is presented by logarithmic

values. Y axis reflects the number of calculated events. The data are the results of a typical experiment.

CD44 B cycrieH3u1 KpHOKOHCEPBHUPOBAHHBIX IPUTPO-
LIUTOB TOCJTE OTMBIBKM KPHUOMPOTEKTOpa. YIaleHHe
kpuomnporektopa I[13I'-1500, compoBoxaaemoe remo-
nu30M (Tabiuia), ¥ Mocienyollee HHKyOUupoBaHue
OTMBITBIX IPUTPOLUTOB B TeueHHe yaca npu 37°C B
PuHrep-mioko3Hol cpene NpuBOIMIM K BOCCTAHOB-
JIEHUIO XapakTepucTuk Mapkepa CD44 B cycnieHznn
BBDKMBIINX SPUTPOIMTOB. YpoBeHb skcnpeccun CD44
1 konu4ecTBo CD44-mo3uTHUBHBIX SpUTPOLIUTOB B Ta-
KUX KJICTOYHBIX CYCIICH3USIX (pHC. 2, TabIMIIA), HE OTIH-
YaJUCh OT KOHTPOJIbHBIX 3HAaYeHU. [[aHHbIE pe3ybTa-
Thl yKa3bIBAIOT HAa TO, YTO CHMIKEHUE DKCIIPECCUU
CD44 n xonmnuectBa CD44-1103UTHBHBIX 3pPUTPOLIUTOB
B KPHOKOHCEPBHPOBAHHBIX CYCIIEH3USIX 00YCIIOBIICHEI
MOMYJISIUEN KJIETOK C HAPYILIEHHOUN CTPYKTYpOil, KOTO-
pBI€ TU3UPYIOT IPU N3MEHEHNH TOHHYHOCTH CPEIBI B
MIPOLIECCE OTMBIBKH.

MexaHn3MBl, JIeKalie B OCHOBE U3MEHEHUH JKC-
npeccun CD44 B KprOKOHCEPBUPOBAHHBIX SPUTPOIIH-
TaX, MOTYT OBITh CBSI3aHBI C MOAM(UKALIEH CTPYKTYP-
HOTO TIOPSIKA JTUMHUI0B MEMOPaHbl U U3MEHEHUSIMH
0enoK-0eTKOBEIX B3aUMOJACHCTBUI B MeMOpaHO-
LMTOCKEIeTHOM KomIutekce. [lon Bmusanem Kpromnpo-
TeKTopa U APYTrux (akTOpOB KPHOKOHCEPBHUPOBAHUS
Ha OTIENBHBIX y4acTKax MeMOpaHbl MOTYT BO3HH-
KaTb CTPYKTypHbIE U3MEHEHHS, CIIOCOOCTBYIOLINE
(parmenTann MeMOpaHbl MyTeM (POPMHUPOBAHUS
Be3ukyn [10, 15], B cocTaB KOTOPBIX MOTYT BKITO-
4aTbCsl MHTErPalbHbIE OCJIKH, B TOM YHUCIE MapKep
CD44. CtumynupoBaTh TaKue MPOLECCH MOXKET
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be associated with a modification of the structure of
membrane lipids and changes in protein-protein
interactions in the membrane-cytoskeleton complex.
Under the exposure of cryoprotectant and other cryo-
preservation factors, several areas of membrane could
undergo the structural changes which in turn could
promote membrane fragmentation by formation of
vesicles [8, 13] including integral proteins, particularly,
the CD44 molecule. Such processes could be stimulated
by erythrocyte shape transformation related to emer-
gence of areas with changed membrane curvature [9].
In addition, changes in links between membrane and
cytoskeleton components also may contribute the
vesicles formation. It has been known that CD44
molecules are bound to cytoskeleton protein network
and the links vary in different regions of membrane. If
an amount of CD44 molecules not linked to cytoske-
leton increases, the possibility of their introduction into
vesicles also rises. Protein 4.1 is the one of the possible
region of rearrangements of protein-protein interactions
in the membrane-cytoskeleton complex [10]. It is
known that CD44 together with the other surface
marker CD47 are involved in formation of macrocomp-
lexes with the protein 4.1 mediating membrane-
cytoskeleton interactions. Previously, it has been shown
that erythrocytes of the patients with genetically
determined absence of protein 4.1 also have the reduced
amount of CD47 and CD44 [10]. Interestingly, these
erythrocytes feature membrane structure regulation
associated with the phosphatidylserine exposure on cell
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TpanchopmMaryst GOpMbI SPUTPOIIUTOB,
XapaKTepU3yNascs MOsSBICHUEM
Y4acTKOB C U3MEHEHHOH KPHUBU3HOU
MeMmOpansl [11]. Kpome Toro, npuuu-

lemonuTyeckne NOBPEXOAEHNS U XapaKTEPUCTUKN MOBEPXHOCTHOIO
Memb6paHHoro Mapkepa CD44 3puTpouMTOB Mocrne pasMopaxvBaHus n

OTMbIBKM OT KpUOMpOTEeKTopa

Hemolytic injuries and characteristics of the surface membrane marker
CD44 of erythrocytes after freeze-thawing and washing from cryoprotectant

HOH, CITIOCOOCTBYIOIIEH 00pa30BaHUIO Memana
BE3UKYJI, MOXKET OBITH U3MCHCHUE Femonus KonnuecTso rucTorpamm,
o o D44-no3nTuBHbIX cn. en. o
BospeiicTeue aputpounToB, % c i
CBsI3el MKy MEMOPaHHBIMHU KOMITO- pener e roote KneToK, % kanana FL-1
. CD44~ cell Hystogramm
HEHTaMH ¥ IIUTOCKeJIeTOM. M3BecTHO, hemolysis, % content, % median, arb. units
gTo MoJiekysel CD44 cBsizanbl ¢ Oen- of FL-1 channel IF
KaMH IIUTOCKEJIETHOM CETH W JaHHBIE
i a Kg””m“l" 79,3 + 5,0 13,3 + 1,3
CBSI3U MOTYT Pas3iauyaTbCs B Pa3HbIX ontro
yacTKax MeMOpaHbl. B ycioBusx
y4yac (S 6p ycio , P'?smopa);:VIBB_HVIe 25+ 1.6 60,9 + 3,3* 83+ 1,2
KOIJ1a J0JIS HE CBSI3AHHBIX C IIUTOCKE- reeze-thawing
neroM MoJiekynn CD44 yBenmanBaercs, 3amoparuBaHme-
BO3pacTaeT U BEPOSITHOCTh MX BKIIIO- OTOrpes 1 OTMbIBKE OT
P P KpnonporekTopa 25,7 + 3,7 81,9 + 6,1 12,8 + 2,6
YCHHUSA B COCTAB BE3UKYI. OmgHuM U3 Freeze-thawlmg and
removal o
BO3MOXHBIX YYaCTKOB IEPECTPOCK cryoprotectant

0€JIOK-OEIKOBBIX B3aMMOACHCTBUI B
cucTeMe MeMOpaHO-IIUTOCKEIETHOTO
KOMILIEKCA MOXET OBITh OEJIOK TOJIO0-
cel 4.1 [12]. Ycranosneno, uro CD44
BMECTE C JIPYTUM MOBEPXHOCTHBIM
Mapkepom CD47 Bxitouaercs B dop-
MHPOBaHHE MaKPOKOMILIEKCOB C y4acTHEM Oelka
noJockl 4.1, KOTOpEIH onocpenyeT MeMOpaHo-LUTO-
CKeJIeTHBIE B3anMOieicTBHA. Panee ObII0 OKa3aHo,
YTO B OPUTPOIUTAX MAIIUEHTOB C TeHETHYECKH 00ycC-
JIOBJICHHBIM OTCYTCTBHEM Oelika moJock 4. 1 mpoucxo-
IUT cHUXeHue conepxkanus CD47 u CD44 [12].
Kpome Toro, B Takux 3pUTpOLMTaX BEIABICHA HHTEPEC-
Hasi 0COOEHHOCTH PETYIISINH CTPYKTYpPbl MEMOPAHBI,
CBSI3aHHAs C IKCITOHUpOBaHUeM (hochaTumuiacepuHa
Ha [MOBEPXHOCTH KIeTKH. [Ipeanonaraercs, 4To cBsI3b
CD44 ¢ 6enxoM monocsl 4.1 MOXeT UrpaTh onpese-
JIEHHYIO POJb B PETYISATOPHBIX CHUTHAIBHBIX MYTSIX
SKCTIOHUpOoBaHus (hochaTuauicepuna B MeMOpaHe
sputpouutoB [12]. [IpoBeas aHaIOrHI0 MEXAY OIMU-
CaHHOM MaTOJIOTHEH U IPOLIECCaMHU, TPOUCXOSAIINMHU
B 9PUTPOLNTAX B MPUCYTCTBUH KPHOMIPOTEKTOPA, MOXK-
HO JIOITyCTHUTD, 94TO MO BIMSIHAEM KPHOKOHCEPBHUPOBA-
HUSI IPOUCXOUT OCIabJIeHne B3aUMOICHCTBUI B cHc-
TeMe AaHHOTO MAaKpPOKOMIUIEKCa C y4acTueM Oejka
mosiocsl 4.1, 94TO crocoOCTBYeT MoTepe Mapkepa H,
BO3MOXKHO, CTUMYJIMPYET CUTHAJIbHBIE MEXaHU3MBI,
OTBETCTBEHHBIE 32 SKCIIOHUpOBaHKE Qocdaruauice-
pUHA Ha BHEUIHEW cTopoHe MeMOpaHbl. Bo3moixkHO,
W3MEHEHHsI, COMPOBOXKIaeMble IKCTepHAIN3AUeN
dbocharmaminceprna, cmocoOOCTBYIOT pa3pyIICHUIO
YacTH KJIETOK CO CHWKEHHBIM ypoBHeM CD44 mpu
CTPECCOBBIX BO3JIEHCTBUAX, CBSI3aHHBIX C KPUOKOH-
CEPBHUPOBAHHUEM.

[TomydenHsIie pe3ypTaThl YKa3bIBAIOT HA TO, YTO
OOHapy>KeHHBIE HAPYyLIEHHS TOBEPXHOCTHBIX XapaKTe-
PHUCTHK 3pUTPOLUTOB, KPHOKOHCEPBUPOBAHHBIX O]
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MpumMeyaHue: * — OTAMYUMSA CTATUCTUYECKN 3HAYMMbI MO CPABHEHUIO C KOHTPOSEM,
p < 0,05; paHHble npeacTasneHsl B Buae M + SD.

Note: * — the differences are statistically significant if compared with the control,
p < 0.05; the data are presented as M + SD.

surface. It was assumed that link of CD44 with protein
4.1 can play a certain role in regulatory signaling
pathways of phosphatidylserine exposure in erythro-
cyte membrane [10]. Comparing the described patholo-
gy and the processes occurring in cryopreserved eryth-
rocytes in the cryoprotectant presence one can assume
that cryopreservation may cause weakening of inter-
actions in this macrocomplex with protein 4.1 and con-
tribute to the loss of the marker as well as stimulate
the signaling mechanisms responsible for phosphatidyl-
serine exposure on outer surface of membrane. The
changes accompanied by phosphatidylserine externali-
zation possibly promote the destruction of the cells with
reduced level of CD44 under stress associated with
cryopreservation.

The results obtained indicate that revealed impair-
ments of surface characteristics of erythrocytes cryo-
preserved under the PEG-1500 protection are asso-
ciated with sublethal injuries of membranes. The
estimation of hemolysis in erythrocyte suspensions
cryopreserved in the presence of exocellular cryopro-
tectants used as the main test to assess effectiveness
of the developed cryopreservation methods, could lead
to the overestimation of the expected viability indices
of erythrocytes in blood stream, if the tests would not
be supplemented by the assessment of changes in
surface cell characteristics. Assessment of the pos-
sible survival of erythrocyte cryopreserved under the
PEG-1500 protection in blood stream should be
primarily targeted to impairment of transmembrane
phosphatidylserine asymmetry, which is a signal for
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zamuroit [191'-1500, cBsi3aHBI ¢ CyOIeTaTLHBIMU
MOBpeXAeHUAMU MeMOpaH. O1ieHKa TeMoJn3a B Cyc-
MIEH3UAX IPUTPOIIUTOB, KPHOKOHCEPBUPOBAHHBIX IO
3aIIUTON 3K30LEIUTIOJIIPHOTO KPHOIIPOTEKTOPA, B Ka-
YecTBE OCHOBHOI'O TecTa 3 ekTuBHOCTH pa3padaThl-
BaeMbIX CIIOCOOOB KPMOKOHCEPBUPOBAHUs Oe3 yuera
W3MEHEHUH MMOBEPXHOCTHBIX XapaKTEPUCTUK KIETOK,
MOJKET IMPUBECTH K 3aBBIIICHUIO 0’KUAAEMBIX ITOKa3a-
TeJel JKU3HECIMOCOOHOCTH YPUTPOLUTOB B pycie
KJ1eToK. O1ieHnBasi BO3MOXKHOCTB BEDKUBAHUS IPUTPO-
LUTOB, KPUOKOHCEPBUPOBAHHBIX MOJ 3aUIUTOU
I19I-1500, B pycne KpoBH, CIEAYET, IPEKIE BCETO,
o0paTuTh BHIMaHNE Ha HapyIIeHWE TpaHCMEeMOpaH-
HOH acuMMeTpuu ¢ocdaTuauiICceprHa, KOTOPHIH
SIBJISIETCS CATHAJIOM aKTHUBAIIMK MaKpo(aros U dITUMU-
Halluu KJIETOK U3 pycna KpoBH. Kpome Toro, nsme-
HEHHUS XapaKTePHCTUK MOBEPXHOCTHOTO MapkKepa
CD44 B cycnieH3uH KpHOKOHCEPBUPOBAaHHBIX KIETOK
KaK OTpakKeHHE HapyILLIEHUH OeJI0K-0eTIKOBBIX U OETI0K-
JATTAIHBIX B3aUMOJICHCTBHI B MEMOpaHax dPUTPOIIH-
TOB B IIpOLIECCe KPHOKOHCEPBUPOBAHUS, MOTYT CBH/IE-
TEIHCTBOBATh W O HAPYIIEHUSX MEXaHO-3J1acTHYeC-
KHX CBOWCTB MeMOpaHbl, KOTOPbIe OTBETCTBEHHBI 3a
MIPOXOXKICHHE IPUTPOLIUTOB Yepe3 KaTHIUIIPHYIO CHC-
TEMY, YTO MOYKET CHIKaTh HX BBKHBAEMOCTD B pycClie
KpoBH. B nepcrniekTuBe n3y4eHue are3uBHbIX CBOICTB
KPHUOKOHCEPBUPOBAHHBIX TIOA 3AIIUTON 3K30IIEILTIO-
JISIPHBIX KPHOTIPOTEKTOPOB 3PUTPOLIUTOB, 00y CIIOBIIECH-
HBIX TPUCYTCTBHEM B MeMOpaHax MOJEKYN aAre3uu
CD44, no3BoiUT 0XapakTepu30BaTh 0€30MacHOCTD
TaKUX KJIETOK JJIs MAallMeHTOB NpHU TpaHCy3HH C
LETBI0 MPEeIOTBPALIEHUS PUCKA PA3BUTHS Ba300K-
KJIFO3UBHBIX ITPOLIECCOB.

BriBoabI

B sputpomnurax, KpHOKOHCEPBUPOBAHHBIX TOJ
3aIMUTON 3K30LEJIIOJISIPHOT0 KPUONPOTEKTOpa
[19I'-1500, oTMewaeTcss HapyLIEHUE aCUMMETPHY-
HOTO pacnpeaenenus Gocharumuiceprna. 3MeHeHus
OXBaTHIBAIOT MpUMEPHO 30% KIETOK pa3MOpPOKEHHBIX
KJIETOYHBIX CYCIIEH3UH TOCTIe Yaca 3KCTIOHUPOBAHHUS
pu U3HOTIOTHYECKOM TeMmeparype.

KonmuuectBo CD44-103UTUBHBIX SPUTPOIUTOB U
YPOBEHB SKCIIPECCHH MapKepa CHUKAIOTCS B SPUTPO-
LUTaX, KPUOKOHCEPBUPOBAHHBIX MOJ 3aUIUTOU
[121"-1500. OTMBIBKA 3pUTPOIUTOB OT KPHOTIPOTEK-
TOpa ¥ FeMOJN3, COITYy TCTBYIOLINH JaHHOMY IpoLieccy,
BOccTaHaBIMBaIOT mapamerpel CD44 B cycneH3un
3PUTPOLUTOB, COXPAHUBILUX IETOCTHOCTb.

OOHapyXeHHbIE HapyLIEHUs MOBEPXHOCTHBIX
XapaKTEePUCTHK 3PUTPOIUTOB YKa3bIBAIOT Ha CyO-
JeTanbHbIe TMOBPEKICHUS MeMOpaH 4acTH KIETOK,
KpHOKOHCEepBHUPOBaHHBIX oA 3amuToi [191'-1500.
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macrophage activation and following cell elimination.
The changes in characteristics of the surface marker
CD44 in suspension of cryopreserved cells as a re-
flection of disturbed protein-protein and protein-lipid
interactions in erythrocyte membranes during cryo-
preservation also may testify to the alterations of
mechanical and elastic properties of membrane, which
are responsible for the passage of erythrocytes through
a capillary system that may reduce their survival in
blood stream. The further studies of adhesive properties
of erythrocytes cryopreserved in the presence of
exocellular cryoprotectants related to the membrane
adhesion molecule CD44 would enable the characte-
rizing of the safety of cryopreserved cells for the
patients during transfusion to avoid the risk of vaso-
occlusive processes.

Conclusions

Erythrocytes cryopreserved with the exocellular
cryoprotectant PEG-1500 had impaired asymmetry
of phosphatidylserine distribution . The changes were
observed in approx. 30% cells in frozen-thawed suspen-
sions after an hour of their exposure at physiological
temperature.

The amount of CD44-positive erythrocytes and
expression level of the CD44 marker decreased in
erythrocytes, cryopreserved under PEG-1500 pro-
tection. Washing of erythrocytes from cryoprotectant
and hemolysis accompanying this process resulted in
restoration of CD44 indices in suspension of eryth-
rocytes preserved the integrity.

The observed disorders of erythrocyte surface
characteristics indicate sublethal injuries of membranes
of a part of cells cryopreserved under the PEG-1500
protection.
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