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Gal-a-1,3-Gal Epitope: Role in Cell Biology and Transplantation

Pedepart: Onuton Gal-a-1,3-Gal (a-Gal) — aTo yrneBofaHas CTpyKTypa, KOTopas SKcnpeccupyeTcs Ha MembpaHax KneTok
MIIeKONuTaloLWMX, KPOME HEKOTOpbIX BUAOB 006€3bsH M YenoBeka, U Bbl3biBAaeT rMNepocTpbll UMMYHHbIA OTBET NPWU KCEHO-
TpaHcnnaHTauun. B npuBeaeHHoi paboTe kpaTko paccMaTpuBarOTCsl BOMPOCH! 3Bonouun anutona a-Gal, ero pacnpocTpaHeHHOCTH
B XMBOTHOM Mupe, Buonornyeckon pomnu, a Takke obcyxaatTcs npobrnembl UCNONb30BaHUA NPOTE30B CBMHOIO MPOUCXOXAEHUS
B MeAWMUMHCKOW npakTuke. Mo MHOTMM NpuyMHam AaHHbI BUA XWBOTHBIX ABMNseTcs Hawbonee MOAXOAAWMM ANA NONyvYeHUs
6uonpoTe3oB cepaeyHblX KnamnaHoB, cocyaoB M GuockaddonaoB, ogHaKo BCreAcTBME IKCMpPeccun B UX OpraHname 60nbLioro
Konu4yecTBa anuTona a-Gal TpebyeTcst cneunansHas obpaboTka Ana ero yaaneHus. B HacTosiwei 0630pHON cTaTbe npeanpuHsaTa
noneiTka 0606WMTL pe3ynsTaThl U3ydeHus akcnpeccun anutona a-Gal nocne HU3KoTemnepaTypHou 06paboTku, NOCKONbKY AaHHbIN
MeTOo/ LUMPOKO MCNonb3yeTcs ANns XpaHeHus GUonpoTes3oB nepea MMMNaHTauunen.

KnioueBble cnoBa: anuTon a-Gal, TpaHcnnaHTauus, 6uonpoTesbl, rMNOTEpPMUYECcKoe XpaHeHue, KPMOKOHCEepPBUpOBaHME.

Pecbepar: Eniton Gal-a-1,3-Gal (a-Gal) — ue ByrneBogHa CTPyKTypa, sika €KCNpecyeTbCsi Ha MembpaHax KMiTUH ccaBUiB, OKpiM
Oeskux BUAIB MaBn i NMOAUHW, Ta BUKMMKaE rineprocTpy iMyHHy BignoBigb Npu KCeHOTpaHcnnaHTauii. Y HaBefeHit poboTi KopoTko
po3rnsifarTbCst NUTaHHSA eBontoLii enitona a-Gal, Moro NowmMpeHocTi y TBapUHHOMY CBITi, 6ionoriyHoi poni, a Takox 06roBopHTHCS
npo6nemMy BUKOPUCTaHHS MPOTE3iB CBUHOMO MOXOMXEHHS Y MeAWuyHin npaktuui. 3 6aratbox NpUYuH AaHui BUA TBapWH HaWbinbLu
NPUAHATHUIA ANst OTPUMaHHA NPOTE3iB cepLeBMX knanaHis, cyauH Ta Giockadponais, ofHak BHACNigoK ekcrnpecii B ix opraHismi
BENMKOT KinbkocTi enitona a-Gal HeobxiaHoto € cneuianbHa o6pobka Ans oro enimiHauii. Y AaHii ornsgosin ctaTti 3pobneHo cnpoby
y3aranbHUTU pes3ynbsTaTv BUBYEHHsT ekcripecii enitona a-Gal nicnsi HM3bkoTemnepaTypHoi 0b6pobku, OCKiNbkM Lel MeToq LUMPOKO
BUKOPUCTOBYETbLCS Ansi 36epiraHHs GionpoTesiB nepen iMnnaHTaieto.

KniouoBi cnoBa: eniton a-Gal, TpaHcnnaHTauisi, 6ionpoTtesu, rinotepmiyHe 36epiraHHs, KPIOKOHCEPBYBaHHS.

Abstract: Gal-a-1,3-Gal (a-Gal) epitope is a carbohydrate structure, which is expressed on cell membranes of almost all the
mammals except some species of monkeys and human, as well as causes a hyperacute immune response during xenotrans-
plantation. This review briefly describes the issues of the evolution of a-Gal epitope, its distribution in the kingdom of animals,
biological role and problems of using prostheses of porcine origin in medical practice. For many reasons, this species of animals is the
most suitable to obtain the bioprostheses of cardiac valves, vessels and bioscaffolds, however, due to the high a-Gal epitope
expression in their body a special treatment to eliminate it is required. This review attempts to summarize the results on studying the
o-Gal epitope expression after low-temperature treatment, since it is widely used to store bioprostheses prior to implantation.

Key words: a-Gal epitope, transplantation, bioprosthesis, hypothermic storage, cryopreservation.

Omuron Gal-0-1,3-Gal (0-Gal) — yriieBomHast CTpyK-
Typa, KoTopast SKCIIpeccupyeTcss Ha MeMOpaHax KIETOK
B OpraHM3Me MIICKOITUTAIONINX, KPOME YelIOBEKa 1 He-
KOTOPBIX BUJIOB 00€3bsTH, OOUTAIOIINX HA TEPPUTOPHH
Craporo Cseta. Y uenoBeka B TeUCHHE KU3HHU BBIpa-
0aThIBAETCS BBICOKHI THTP aHTUTEN K 3TOMY SIHTOITY,
KOTOPBIH ITOTYyYHIT HA3BAHUE «TJIaBHBIN KCEHOAHTUTCH)
n3-3a Oe3yCIeNIHbIX MOMBITOK B 60-X rogax XX Beka
TPaHCIUIAHTHUPOBAThH YEJIOBEKY CBHHBIE OpraHbl. 13-
BECTHO, UTO CBS3bIBAHME HATYPaIbHBIX aHTHTEI, OC-
TOSIHHO MIPUCYTCTBYIOIIUX B KPOBH UesioBeka, ¢ 0-Gal
BBI3BIBAET THIIEPOCTPOE OTTOPKEHHE KCEHOTPaHC-
IUTaHTaTa, YTO JIeJIaeT HEBO3MOXKHBIM TpaHCIIJIAHTa-
U0 OPTaHOB U TKaHEH OT MIICKOITUTAIOIINX YETIOBEKY.
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Epitope Gal-a-1,3-Gal (0-Gal) is a carbohydrate
structure, which is expressed on cell membranes in
the body of mammals, excluding humans and some
species of monkeys inhabiting the Old World. A high
titer of antibody to this epitope is produced in a hu-
man over a lifetime, and it is called as ‘major xeno-
antigen’ due to numerous unsuccessful attempts
conducted in the 1960s to transplant pig organs to
a human. It is known that the binding of natural
antibodies, constantly present in human blood, with
the a-Gal causes a hyperacute xenograft rejection,
making impossible the transplantation of organs and
tissues from human to mammals. One of the ways
to solve this problem could be using the organs from
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OnHuM U3 penieHuil TaHHOM MPOOIeMbl MOXKET OBITH
UCTIONIb30BaHUE OPTaHOB 00€3bsIH, B OPraHU3Me KOTO-
pBIX oTCyTCTBYET snuTon O-Gal. OnHaKo CI0KHOCTD
pa3BENEHN U COZIEpKaHMsl B HEBOJIE, MEIJIEHHOE BOC-
MPOU3BOJICTBO MOT0JIOBbA, BEICOKHIA PUCK MEXKBUIOBOI
BHUPYCHOU TPaHCMHICCHH, IPOTHBOPEUHS, CBA3AHHBIE C
COOIIOIEHNEM STUIECKIX HOPM, SIBJISTFOTCSI OCHOBHBIMHU
MIPUYIMHAMH, OTPAaHIYHBAIONIIMH UCTIOJIb30BAHUE 1aH-
HOTO BH/IA )KUBOTHBIX B KA4€CTBE JIOHOPOB.

B cBs13u ¢ 3TUM OJTHUM U3 HAIIPaBJIEHNUN COBPEMEH-
HOM 3KCTIEPUMEHTAIILHOW OUOJIOTHUU SIBIISICTCS BhIBE-
JICHUE TOPOJI CBUHEH I MONIYYCHUs TKAaHEH U opra-
HOB, IPUTOJTHBIX JUIsl TpaHCcIutanTauu [ 1]. braromaps
CEIIEKIMY OBLTH CO3/IaHbI TPAHCTCHHBIE M «HOKAYTHBIC)
CBUHBH, KJIIETKH KOTOPBIX HE SKCIPECCUPYIOT SMUTOI
0-Gal. [IpeanonaraeTcsi, YTO B MEPCIIEKTUBE OPraHbl
CBUHEH TaKWX MOPOJ MOTYT HCIIOJIB30BATHCS MPHU
KCEHOTPaHCIUIAaHTAI[IH YEJIOBEKY.

[TomyyeHne CBUHBIX OPTaHOB IS TPAHCIUIAHTAIINH
BO3MOXHO B JIaJIEKOM OyIyIieM, OJJHAKO HCITOIb30Ba-
HUE MTPOTE30B CBUHOTO MPOUCXOXKACHHUS IITUPOKO pac-
MIPOCTPAHEHO B MEJUIIMHCKON MTPAKTHKE y)KE CETOAHA,
YTO MPUIAET BAKHOCTH HCCIISIOBAaHMSAM dnuTona o-Gal.
Hanee B 0030pe OyzaeT MpoBeeH KpaTkuii aHaiu3 pa-
00T, CBSI3aHHBIX C U3yYEHHEM 3BOJIIOIIMOHHOTO IIPOKUC-
xoxkaenus 0-Gal, ocobeHHoCTel pacrpeneneHust Ha
Pa3HBIX KJIETKaX MIJICKOTUTAIOIINX U BIUSHUIO HAa €T0
JKCHpeccuio (HaKTOPOB MOTYUYCHHUS U XpaHEeHHs OHO-
MIPOTE30B.

MpucyrcrBue 3nuTona A-Gal Ha kJaeTkax
MJIEKONMUTAIO U X

Omuron O-Gal He 3KCcIIpeccupyeTcs Ha KIeTKax
YEeJIOBEKa U HEKOTOPBIX BBICIIUX NMPUMATOB BBUIY
MOoTepH aKTHUBHOCTH (hepMeHTa O-1,3-ranakTo3ui-
tpancdepassl (1,3-GT). Y KUBOTHBIX 3TOT (EPMEHT,
KakK M Jpyrue MIMKO3WITpaHcdepassl, ydacTByeT B
npeoOpa3oBaHUM OJINTOCAXAPHUIOB ISl MTOCIENyIO-
LIEr0 CHHTE3a MEMOPAaHHBIX TITUKOPOTEHHOB.

Cunraercs, 4TO U3HAYAIBHO B OPraHU3ME BCEX
HpeCcTaBUTENeH Kilacca MIICKOITUTAIOIINX YKCIIPECCH-
poBasicst anuton O-Gal, a cynpeccuss MEXaHu3Ma ero
CHHTE3a y HEKOTOPBIX BHUIOB IIPOHU30IIA B XO/E 3BO-
JIFOLIMOHHOTO PA3BUTHS BCIEACTBUE NEHCTBHS SHICMU-
geckux daktopos [19].

Hanuuue snutona Ha ¢ubpobnactax onoccyma u
KEHTYpY JAOKa3bIBAET, YTO €r0 SKCIPECCHS B SACPHBIX
KJIETKaX MJICKOIIMTAIOLINX HAayaach emie 10 X pasze-
nenust Ha Metatheria (cymuarbix) u Eutheria (nna-
LEHTapHBIX ) 3Bepei. Dnuron a-Gal o6HapykeH y npe-
CTaBUTENEH OTpsiioB Primates (HEKOTOPBIX 00€3bsH),
Lagomorpha (xpomukoB), Rodentia (kpwic), Artiodac-
tyla (xopoB, ceunei) u Carnivora (cobax) [12].

KiteTkn npuMHTHBHBIX IPHIMATOB, HAIIPUMEP JIEMY-
poB (Lemuridae), IIAPOKO IKCIIPECCUPYIOT TAHHBIN
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monkeys, which do not express 0-Gal epitope. How-
ever, the difficulty of breeding and keeping, slow
reproduction of livestock, a high risk of cross-species
viral transmission, the controversial compliance with
ethical standards, are the main reasons, limiting the
use of this species as donors.

In this regard, one of the trends in contemporary
experimental biology is the breeding of pig species
to derive the transplantable tissues and organs [4].
Through the selection there were created the trans-
genic and knockout pigs, the cells of which did not
express the 0-Gal epitope. The organs of these pig
species are assumed to be used in human xenotrans-
plantation in the future.

Deriving of pig organs for transplantation is
possible in far future, but the use of prostheses of
a porcine origin is widespread in medical practice
today, which makes important the research of a-Gal
epitope. This review will deal with a brief analysis
of the reports related to the study of the evolutio-
nary origin of a-Gal, its specific distribution in
various mammalian cells and the effect on its ex-
pression of the factors of the bioprostheses obtaining
and storage.

Presence of a-Gal epitopes in mammalian
cells

a-Gal epitope is not expressed in the cells of
humans and some higher primates due to loss of
activity of the enzyme a-1,3-galactosyltransferase
(1,3-GT). In animals, this enzyme as well as other
glycosyltransferases are involved into the transfor-
mation of oligosaccharides for the following syn-
thesis of membrane glycoproteins.

It is believed that originally all the mammalian
organisms expressed 0-Gal epitope, and in some
species its synthesis mechanism was suppressed
during the evolution due to the action of endemic
factors [19].

The epitope presence on the possum and wallaby
fibroblasts proves that its expression in mammalian
nucleated cells existed even before their dividing into
Metatheria (marsupials) and Eutheria (placental)
animals. 0-Gal epitope was found in representatives
of the Primates (some monkeys), Lagomorpha
(rabbits), Rodentia (rats), Artiodactyla (cows, pigs),
and Carnivora (dogs) [12].

The cells of primitive primates, e.g. lemurs
(Lemuridae) widely express this epitope, as well as
the New World monkeys (Callitrichidae, Cebidae,
Aotidae, Pitheciidae, Atelidae) [6, 34]. However,
it was not found in the representatives of Cerco-
pithecidae, Hylobatidae, Hominidae families,
inhabiting the Old World territory, including apes and
humans [6].
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anuUTOMN, Kak u 00e3bstHbl HoBoro Ceera (Callitrichidae,
Cebidae, Aotidae, Pitheciidae, Atelidae) [6, 34].
Opnnako OH He OOHapy>KeH y MpeAcTaBUTEINEH ce-
meiictB Cercopithecidae, Hylobatidae, Hominidae,
oburaromux Ha Tepputropuu Craporo Ceera, B TOM
YUCIIE y YeIOBEKOOOPA3HBIX 00€3hsH 1 YeIoBeKa [6].

TecTupoBanuio Ha mpucyTcTBHE MHUTONA O-Gal
OBLIH TIOJIBEPTHYTHI TaJIEKO HE BCE BUIIBI JKUBOTHBIX,
[I03TOMY TIPEJICTOUT AaibHEiIee n3ydeHne HHaKTH-
BaIMX AKCIIPECCHH JTAHHOTO AHTUTEHA B ABOTFOIIHOHHO-
TEHETHUYECKOM aCIIEKTE.

Ha ocHOBaHHMM OTKPBITHS WHTPOH-00EITHEHHBIX
BcraBouHblX JIHK D. Joziasse u coasr. [26] npenrio-
noxwuny, uto red 1,3-GT nnaktuBuposaics mexay 40
1 25 MJTH JIET JI0 H. 3., TO €CTb YK€ MOCIJIE IBOJIIOLINOH-
HOTrO pazzesneHus Ha 00e3bsiH Craporo 1 HoBoro Cae-
Ta. JlaHHBIE, TOTyYEHHBIE MIPU U3YUEHUH SMUTOMNA
o-Gal y Mmakak-pe3yc, OpaHTyTaHTa M YeJI0BEeKa, CBHU-
JIETETBCTBYIOT 00 MHAKTUBAIIMH €T0 IKCIIPECHH Y MX
obmero mpemka [26, 28]. Ograxo U. Galili u coasr. [20]
CUUTAIOT, YTO MHAKTHBAIIUS JIUTOIA Y ITHX BHJIOB
MIPOM30IIIIAa TOPA3I0 TO3XKE, TPUIEM HE3ABHCUMO JPYyT
OT JpyTa.

KenynouHo-KUIIEYHBIA TPAKT YEIOBEKa cpasy
MocJjIe POXKACHUS 3acenseTcs OaKTeprusiMHu ceMencTBa
Enterobacteriaceae, xoTOpbIe HECYT Ha KIETOYHON
CTEHKE JIUTIOTOINCAXaPUIBI C TaJJaKTO3HBIMU OCTaTKa-
mu [17, 19]. Ha npoTsikeHUH BCel KU3HU KUILICUHAs
MHKpPO]IIOpa MOCTOSHHO CTUMYITHPYET BBIPaOOTKY
AMMYHHOU cuUCTeMOu aHTHTeN K 0-Gal, koTopyro
TPYIHO YCTPAHUTH TaXKE ITyTeM MHTCHCUBHONH MMMYHO-
cynpeccuu [10, 16]. ¥ denmoBeka anTuTena k 0-Gal
MpeJIcTaBIeHBl B OCHOBHOM IgG U B MeHbIIeH crerne-
HU —[gM n IgA.

HutepecHo, 4yTO mpH ONpPENEICHHBIX YCIOBUSAX B
OpraHU3Me YelIOBEKa BO3MOKHBI aKTHUBAILlUS I'eHa
1,3-GT u npoxaykuus snurona 0-Gal Ha MemOpaHax
Pa3NYHBIX KIETOK [9]. OTO NPUBOAMT K B3aUMOJECHCT-
BHIO LIMPKYIUPYIOIIUX B KPOBU AHTUTEI, CBSI3bIBAHUE C
KOTOPBIMH BBI3BIBAET Ay TOMMMYHHYIO peakuuio. Jlaxe
HE3HAYNTENBHOM IKCIPECCHH AIHUTONA Ha MeMOpaHe
JIOCTATOYHO, YTOOBI BHI3BATh AHTHTEII03aBUCHMBIN
LUTOJIN3 U TEM CaMbIM HHAYIIPOBATh 8y TONMMYHHBIN
poriecc.

AxtuBanusa rena 1,3-GT mMoskeT ObITH BhI3BaHa
BUPYCHOU HH(EKIHEH, 00TydeHreM Uil BO3eHCTBIEM
XUMUYECKUX BellecTB [9]. Pe3ynbraTsl skcriepuMeH-
TOB in Situ CBUJICTEIBCTBYIOT, 4yTO O-1,3-Gal-ranakro-
3mITpaHc(epa3HOi aKTUBHOCTHIO B OMPEICICHHBIX
YCIIOBUSX O0JIQAr0T KIETKU CEMEHHUKOB, TTOIKEITY-
JIOYHOM XKeJe3bl, CEJIE3EHKH, IEYEHH, CHHOBHAIBHON
MeMOpaHBI CyCTaBHOM KarCyIbl 1 KpoBH [40].

YcranoBineHo, 9To 1% HOpPMaTbHBIX YETTOBEYECKIX
SPUTPOLIUTOB MOYKET B3aUMO/IEHCTBOBATh C aHTHTEIA-
mu Kk 0-Gal [11, 13—15], mo3ToMy HEKOTOPBIE UCCITE0-
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Not all animal species were tested for the a-Gal
epitope presence, therefore the evolutionary-genetic
aspect of the inactivated antigen expression should
be studied in future.

Basing on the discovery of the intron-depleted
intercalated DNA V. Joziasse et al. [26] suggested
that 1,3-GT gene was inactivated between 40 and
25 million years BC, i. e. after the evolutionary
division of the monkeys of the Old and New Worlds.
The data obtained when studying the a-Gal epitope
in rhesus monkeys, orangutans and humans indicate
about its inactivated expression in their common
ancestor [26, 28]. However, U. Galili et al. [20]
believe that inactivation of epitope in these species
occurred much later, and independently of each
other.

Immediately after birth the human gastrointestinal
tract is populated with Enterobacteriaceae bacteria,
bearing the lipopolysaccharide with galactose
residues on the cell wall [17, 19]. Throughout the
life an intestinal microflora constantly stimulates the
production by an immune system of the antibodies
to the a-Gal, which is difficult to be eliminated even
by an intensive immune suppression [10, 16]. In
humans, the antibodies to a-Gal are mainly repre-
sented by IgG and with IgM and IgA in a lesser
extent.

It is interesting that under certain conditions the
1,3-GT gene activation and production of a-Gal
epitope in a human body are possible on the mem-
branes of various cells [9]. This leads to an inter-
action of antibodies circulating in the blood, which
binding causes an autoimmune reaction. Even slight
epitope expression on membrane is sufficient to
cause an antibody-dependent cytolysis and thereby
to induce an autoimmune process.

1,3-GT gene activation may be caused by a viral
infection, radiation or exposure to chemicals [9]. The
results of in situ experiments indicate that a-1,3-
Gal-galactosyltransferase activity under certain con-
ditions are possessed by the cells of the testes, pan-
creas, spleen, liver, synovial membrane of articular
capsule and blood [40].

It has been established that 1% of normal human
erythrocytes can interact with antibodies to a-Gal
[11, 13-15], therefore some researchers have sug-
gested that antibodies against a-Gal may play a role
in the removal of senescent and pathological eryth-
rocytes from circulatory channel [1, 15, 17, 18].

J. Etienne-De Cerf ef al. [8] have shown in the
studies in vitro that antibodies against a-Gal can
interact not only with erythrocytes but also with
trypsin-treated human thyroid cells. This effect
confirms the presence of Gal-a-1,3-Gal latent
structures and in other tissues of human body.
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BaTeJ M MPEIoaraoT, 4To aHTuTena K o-Gal Moryt
UTpaTh poJib B yAAJICHUH CTAPEIOIINX U NTaTOJIOTNYEC-
KX 3PUTPOLIMTOB U3 LUPKYISITOpHOIO pycia|2, 15,17, 18].

J. Etienne-Decerf u coasr. [8] B uccnenoBaHusX
in vitro mokazanu, 9to antutena Kk 0-Gal moryr B3an-
MOJIEHCTBOBATh HE TOJNBKO C 3PUTPOIMTAMH, HO U C
KJIETKaMU ITUTOBUIHON JKEJIe3bl YeJIOBEKa, KOTOPHIE
ObLTH 00paboTans! TpuricHHOM. JlaHHbIH 3G (HEKT CBU-
JETENBCTBYET O MPUCYTCTBHUH JATEHTHBIX CTPYKTYP
Gal-a-1,3-Gal u B 1pyrux TKaHsIX YeI0BEUECKOTO
OpraHu3Ma.

Oco0blIif HHTEpEC C TOYKH 3pEHUS] OMOTEXHOIOTHH
MpeACTaBIIsIET U3yUEeHHUE IPUCYTCTBHS dnuTomna 0-Gal
B CBHHBIX OpraHax. Pe3ynerarsl vcciae10BaHUN MHO-
I'HX aBTOPOB IOKa3ay, yTo 0-Gal BcTpeuaercs y cBu-
HEH pa3HbIX MOPOJ U UMEET BBICOKYIO YaCTOTY JKC-
TIPEeCCUH B moryisimu [37].

H3BecTHO, uTO 0-Gal B BHICOKOM IIJIOTHOCTH DKC-
MIPECCUPYETCs Ha COCYINCTOM SHIOTEIINN CBUHBH |3,
21, 39], a Taxke Ha HEKOTOPBIX APYTHX TKAHSIX, B 9aCT-
HOCTH, Ha IPOKCUMAaJTbHBIX MOYEYHBIX KaHATBIAX [24],
SMUTENNH OPOHXOB M JIETOYHBIX aJTbBEOJ, CTEHKAX
JKEITYHOT0 ¥ TAaHKPEaTHUECKOTO KaHaJbIleB [36,43,44].
I. McKenzie u coaBrt. [33] oOHapy>Kuiiu BO BCeX AOJIAX
[IEYEHH CTOMKOE TO3UTUBHOE OKpaIIMBAHUE TEMaTOIH-
TOB aHTHUTENaMH K snuTory a-Gal.

B uccnenosanuu G. Rayat u coast. [38], Obut0 ye-
TaHOBIIEHO, YTO HE3PEIbIE KIETKH OCTPOBKOB TOIXKe-
JyAOYHOM JKeJIe3bl HEOHATAIBHBIX IOPOCST HE HECYT
AHTUTEHOB JaHHOU rpynmbl. OTHAKO YK€ B TIepBbIe
CYTKH TIOCTIE TPAHCIUIAHTAIIMH OCTPOBKOBBIX KJIETOK
nox kancyny nmodku SCID mbrmeit B kceHorpadre
OBIII0 0OHAPYKEHO OOMbIIIOE KomraecTBO O-Gal-1mo3u-
THUBHBIX KJIETOK. DTO CBHJETEIBCTBYET O TOM, YTO
9KCIPECCHUs AMUTONA MOXKET 3allyCcKaTbCs Kak Mpu
CO3pPEBAaHMHM KJIETOK, TaK U MOJ IAEHCTBUEM JIPYTHUX
(akTopoB, HanpUMep TPaHCIUIAHTALUU B OTBET Ha
CTUMYJIbl UIMMYHHOM CUCTEMBI PELIUITUEHTA.

Poab 3nuTona a-Gal B 3xcnepuMeHTaIbHOI
KCEHOTPAHCIJIAHTAMM U KJIMHUYecKoil Omo-
HMILIAHTALUH

Ha nanHbiif MOMEHT KCEHOTpPAHCIUIAHTAIIUS Opra-
HOB CBUHBH Y€JIOBEKY OCTaeTCA HEBO3MOKHOU. B op-
raHU3Me YeJI0OBeKa KCEHOTPAHCIIAHTAT OT CBUHBU HE
BBIKUBACT, MOCKOJIbKY IPOUCXOIUT TUIIEPOCTPOE OTTOP-
JKEHHUE, COMTPOBOXKIAIOIIEECS MACCUBHBIM I'€MOJIU30M,
armIIOTUHAIIMEN SPUTPOLIUTOR, MHO)KECTBEHHBIM TPOM-
0030M COCYI0OB IIEPECAKEHHOTO OpraHa.

KcenopeakTuBHBIE €CTECTBEHHBIE AHTUTENA K AITHU-
torry 0-Gal, iupKyupyromue B KpOBU YEIIOBEKa, pea-
JIA3YTOT PEaKIIIO THIIEPOCTPOTO OTTOPKEHHS Yepe3 CHC-
TeMy KoMiieMeHTa [26]. Ces3siBanne antu-Gal-IgM
C BMIUTOIIAMH, SKCIIPECCHUPYEMBIMA YHIOTEIHOIUTAMHU
KPOBEHOCHBIX COCY/IOB CBHHOTO TPAHCIUIAHTATA, AaKTH-
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Of particular interest in terms of biotechnology
is the study of the a-Gal epitope presence in
porcine organs. The results reported by many
authors demonstrated that a-Gal was found in pigs
of various breeds and frequently had a high
expression in the population [37].

0-Gal is known to have high expression on
vascular endothelium of pigs [2, 21, 39] as well as
on some other tissues, especially on the proximal
renal tubules [24], on the epithelium of bronchi and
pulmonary alveoli, walls of gall and pancreatic ducts
[36, 43, 44]. 1. McKenzie et al. [33] found a stable
positive staining of hepatocytes with antibodies to
an epitope of a-Gal in all liver lobes.

In the research of G. Rayat et al. [38] the imma-
ture pancreatic islet cells of neonatal piglets were
found to carry no antigens of this group. However,
a large amount of a-Gal-positive cells were detected
in xenograft in the first days after islet cell trans-
plantation under the renal capsule of SCID mice.
This indicates that the epitope expression can be
initiated both during cell maturation and under the
influence of other factors, e. g. transplantation, in
response to the recipient’s immune system stimuli.

Role of a-Gal epitope in experimental xeno-
transplantation and clinical bioimplantation

At the moment, the xenotransplantation of pig
organs to a human is impossible. In a human body
the xenograft of a pig does not survive, as there is
a hyperacute rejection, accompanied with a massive
hemolysis, agglutination of red blood cells, multiple
thrombosis of the vessels of the grafted organ.

Xenoreactive natural antibodies to a-Gal epitope,
circulating in human blood, implement a hyperacute
rejection via the complement system [26]. Binding
of anti-Gal IgM to the epitopes expressed by endo-
thelial cells of porcine graft blood vessels activates
the complement-dependent cascade reactions and
induces platelet aggregation. This leads to rapid de-
struction of vascular system, hemorrhage, cyto-lysis
of cells and, ultimately finally to the destruction of
xenografts [26]. For example, kidneys or heart
grafted from pig to monkey are rejected within
30 min to several hours [7, 37].

It should be noted that xenotransplantation could
be accompanied by various types of immune res-
ponses to xenograft: complement-mediated rejection;
acute antibody-mediated rejection, induced either by
natural or T-lymphocyte-dependent antibodies; acute
rejection as a result of the activation of cell immu-
nity link; chronic rejection.

Participation of anti-Gal IgM antibodies in hyper-
acute rejection has been proven by A. Good et al.
[22], which showed the neutralization of cytolytic
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BHUPYET KackaJ KOMIUIEMEHT-3aBUCUMBIX PEaKIUN U
HHIYLIUPYET arperaluio TPOMOOILIUTOB. DTO IPHUBOIUT
K OBICTPOMY Pa3pyILIEHHIO COCYINCTON CHCTEMBI, KPO-
BOMBIIUSHUIO, IUTONU3Y KJIETOK U, B KOHEYHOM CYETE,
JeCTPyKIHH kceHorpadra [26]. Hanpumep, mouku uim
cepale, nepecakeHHbIE OT CBHHBY 00€3bsIHE, OTTOpTra-
foTcs B Teuenne 30 MUH WA HECKOJIBKHAX 9acoB [ 7, 37].

BaxHO OTMETHTb, YTO TIPU KCEHOTPAHCIUIAHTAIIUH
BO3MOJKHBI pa3HbIE TUIIBI UMMYHHBIX peakIuii Ha
KceHOorpadT: KOMITJIEMEHT-0TI0CPEIOBAHHOE OTTOPIKE-
HHUE; OCTPOE AHTUTEIN-OMOCPETOBAHHOE OTTOPKEHHUE,
HWHAYLHPOBAaHHOE €CTECTBEHHBIMU WK T-TuMponuT-
3aBUCHUMBIMU aHTUTEIAMHU; OCTPOE OTTOPKEHHUE B pe-
3yJbTaTe aKTUBALIMH KJIETOYHOTO 3BEHa MMMYHHTETA;
XPOHHYECKOE OTTOPKEHHUE.

VYuactue anturen antu-Gal-IgM B peakiuu rumep-
OCTPOTO OTTOPKEHHMsT ObLTO ToKazaHo A. Good 1 coaBT.
[22], koTOpBIE TOKA3aJTH, YTO MPH YAAICHIUH aHTUTEN K
snurorny 0-Gal 13 CBIBOPOTKH HUBEITUPYETCS MX IIUTO-
JUTHYECKOE JIEHCTBHE HA KIIETKA CBUHOTO IMPOUCXOXK-
TCHMSL.

Ompenenenue ponu snurona 0-Gal B MexaHu3Me
TUIIEPOCTPOTO OTTOPKEHHUS TTO3BOJIMIO BEIPa0OTATh
OCHOBHBI€E ITOJXOABI ISl TPOJIOHTMPOBAHHOTO CYLIIECT-
BOBAHUS CBUHBIX KCEHOTpa(TOB: ynanenue cneunu-
YEeCKHX aHTHUTEN U3 KPOBH PELUIHUEHTA C MIOMOIIBIO
remocop6umu wi miazmadepesa [4, 31, 45]; uarudu-
POBaHKE CHCTEMBI KOMITJIEMEHTa PELUITUEHTA ITIOCPEI-
CTBOM OMOJIOTHYECKY AKTHBHBIX BEIIECTB, HAIPHMED,
(hakropa sima kKoOpsI (cobra venom factor, CVF) [25,
32]; ucnonp30BaHue I TPAHCTUIAHTAITIH OPTAaHOB OT
TPaHCTEHHBIX U «HOKayTHHIX» cBUHEH [30, 35].

K coxanennto, npuMeHeHNE BBIIICONMCAHHBIX Me-
TOZIOB BCE K€ HE MO3BOJSIET JOOUTHCS ATUTEIBHOTO
¢byHKUMOHUpOBaHUs KceHorpadra. Hampumep, B uc-
cienoBaHusaX Ha 00e3bstHax T. Xu u coaBT. [45] moka-
3aHO, YTO yaajieHue creunguyeckux anturen k Gal-0-
1,3-Gal ¢ momompto mnazmadepesa npeoTBpamacT
THIIEPOCTPOE OTTOPKEHUE CBUHOTO KCeHorpadra, HO
TOJIBKO /IO TOBTOPHOTO TOSIBIICHUSI aHTHTEIN B IUPKYJIS-
TOPHOM pyciie. B paboTax apyrux aBTOpoB OBLIO yCTa-
HOBJICHO, YTO YPOBEHB aHTUTEIT, CTICIUPIIHBIX K 0-Gal,
BOCCTAHABIIMBAETCS B TEUEHNE HECKOIBKIX JHEH MOC-
JIe TIPOIIE Ty PHI IKCTPAKOPIIOPATBHOM 00paboTkH [4].

Cy1iecTBOBaJIM MOMBITKA MPEOI0JIETh TUIIEPOCT-
pO€ OTTOPKEHHE C TOMOIIBIO JPYTUX METO/IOB, HATIPH-
Mep, ceunpruuecKuX HHruOUTOpoB B-KieTok, koTo-
pbie nponytupytoT antu-Gal-anturena [43]. Pesynbra-
THI 9KCIIEPUMEHTOB, IPOBEACHHBIX Ha MbIIIAX, ObUTH
00HaISKUBAIOIIMU, OAHAKO UX () (HEKTUBHOCTD MPH
KCEHOTPAHCIUIAHTALUU IPYTUM XUBOTHBIM €IIe He
OIICHEeHa.

[Ipu ncnonp30BaHNK GrOMaTepuaa, HoTy4eHHOTO
OT HEOHATAJbHBIX MIJIM T'€HETUYECKH M3MEHEHHBIX
0-Gal-medurTHEIX 0c00eH, HITH ITOCITe ero 00paboTKH
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effect on the cells of porcine origin rendered by
antibodies to a-Gal epitope after their removal.

Determining the role of a-Gal epitope in the
mechanism of hyperacute rejection allowed to
develop basic approaches for the sustained existen-
ce of porcine xenografts: removal of specific
antibodies from the recipient’s blood via hemo-
sorption or plasmapheresis [3, 31, 45]; inhibition of
the recipient complement system by means of
biologically active substances, such as cobra venom
factor (CVF) [25, 32]; application of transgenic and
knockout pigs for organ transplantation [30, 35].

Unfortunately, the use of the methods described
above has not yet allowed the xenograft to function
for a long time. For example, in the researches in
monkeys T. Xu ef al. [45] has demonstrated that the
removal of specific antibodies to the Gal-a-1,3-Gal
via plasmapheresis prevented hyperacute rejection
of porcine xenografts, but only until the re-
appearance of the antibodies in the circulatory
channel. Other scholars reported that the level of
antibodies specific for a-Gal, is restored within a
few days after extracorporeal treatment procedure
[3].

There were the attempts to overcome hyper-
acute rejection by other methods, e. g. specific inhi-
bitors of B-cells which produce anti-Gal-antibodies
[43]. Results of experiments performed in mice were
encouraging, but their efficiency during xenotrans-
plantation to other animals has not been evaluated
yet.

When using a biomaterial derived either from
neonatal or genetically modified a-Gal-deficient
animals, or after its processing with the enzyme Q-
galactosidase, removing the a-Gal epitope from the
surface of cells, the lowering of immune response
to the xenograft was found [21, 23, 29].

The paper of P. Simon et al. [42] reported that
intravenous administration of purified oligosaccharide
Gal-0-1,3-Gal to baboons resulted in neutralizing the
specific antibodies and temporarily delayed a hyper-
acute rejection of pig organs.

While transplantation of organs from pigs to
humans is not yet possible, the bioprostheses made
from porcine tissues are now used quite widely.
Thus, the bioprosthetic heart valves and biomatrices
derived from the submucosa of small intestine and
skin are popular in clinical practice. In this case the
problem of hyperacute rejection using porcine
biomaterial does not exist, since all the bioimplants
are processed and loose the layer of cells carrying
the a-Gal epitope. However, long-term observations
of patients with cardiovascular prostheses of por-
cine origin showed that the bioprostheses over time
are subjected to degeneration because of tissue
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(dhepMeHTOM O-TaJlaKTO3UAAa30HM, KOTOPHIH ynanser
snurTon 0-Gal ¢ TOBEpXHOCTH KJIETOK, yCTAaHOBJIECHO
CHIKEHHE MMMYHHOT'O OTBETa Ha KCEHOTPAHCIIaHTaT
[21,23,29].

B pa6ore P. Simon u coast. [42] moka3aHo, 4TO
BHYTPUBEHHOE BBEJICHUE OUUILICHHOTO OJIUTOCaxaphia
Gal-0-1,3-Gal 6a0byrHaM MPUBOAMIIO K HERTpaTU3aIiU
crenn(UIEeCKUX aHTUTEN U BPEMEHHO 3aJIepKUBAJIO
THIIEPOCTPOE OTTOPKEHHE CBUHBIX OPTaHOB.

Ecnu TpaHcIIIaHTAaIMs OPraHOB OT CBHHBH YellOBe-
Ky ITOKa HEBO3MO>KHa, TO OMOTIPOTE3b1, U3TOTOBJICHHBIE
13 CBUHBIX TKaHEH, AaKTHBHO NPUMEHSIFOTCSI YKe CEeroi-
Hs1. Tak, B KIMHUYECKOM NPaKTHKE MOy IIPHBI OMOIpO-
Te3bI CepCYHBIX KITallaHOB U OMOMATPHKCHI, TIOJTyYEH-
HBIC U3 TOJCIU3UCTONH 00OJOYKH TOHKOW KHILIKU H
KOoku. B nanHOM ciydae mpoOiaeMbl THIIEPOCTPOTO
OTTOP>KEHHS MIPU UCTIOF30BAHUN CBUHOT'O OMOMATe-
pHalia He CYIIECTBYET, TaK KaK BCE OMOMMILIAHTATHI
MIPOXOIIAT 00PaOOTKY, B PE3yJIETaTe KOTOPOU IITMMHHU-
pyeTcs CIIoi KIIeToK, Hecymux snuton o-Gal. Oqaako
Mo pe3yJbTaTaM JIOJTOCPOYHBIX HAONIONEHUI 32 ma-
IUCHTAMH C CEPJICYHO-COCYIUCTHIMU TIPOTE3aMH CBH-
HOTO IPOUCXOKICHHUS yCTAHOBJIEHO, YTO OMOIPOTE3bI
CO BpPEMEHEM HCIBITHIBAIOT JACTCHEPAIMIO BCIE/-
CTBHE KaJbIM()UKAMHA TKaHU U CTPYKTYPHBIX Iepe-
CTpOeK KojutareHa [41].

B 2005 romy K. Konakci u coast. [29] npexmono-
WM, YTO IMMYHHBIE PEaKIIMd MOTYT UTPATh POJIb B
Jerpagaluy OHONPOTE30B CEPJICUHBIX KIIAITaHOB, TI0-
CKOJIbKY B HMX OBUTH 0OHAPYKEHBI OCTATKH AIHUTONOB
0-Gal masxe mocsie UCTONB30BAHISA Ty TAPOBO-AJTHICTH-
HOW mpemoOpaboTku. bomee Toro, yxe gepe3 10 cyTok
TMOCIIE UMITIAHTAIIMY CBHHBIX KJIATIAHOB Y PEIIUITUCHTOB
B CBHIBOPOTKE KPOBH 3HAUYUTEIBLHO YBEIHUMIICS THTP
criequ()MUECKUX aHTUTECHOB K TAHHOMY SITUTOITY.

Taxum o6paszom, nmpobinema snumunaunu Gal-O-
1,3-Gal u3 cBUHBIX OMONPOTE30B OCTACTCS AKTYaJlb-
HOM, TaKKe KaK M pa3pabOTKa YyBCTBHTEJILHBIX TEC-
TOBBIX CUCTEM JUIsl OTIpEeNICHUs] HATNYHsI JaHHBIX
AHTUTEHOB B OWoMarepuane s KINHHIECKOH
VMITTAHTAIAH.

Bausinne HU3KOTEMIEPATYPHOrO XpaHEeHUs
KJIETOK HAa MpUCYTcTBHe 3nuTona a-Gal

KpuokoHcepBUpoBaHHE SBIISIETCS OHUM U3 CIIOCO-
0O0B JIOTOCPOYHOTO XPAHEHMSI KIICTOK M TKaHEH 1mepe;t
tTpaHcmnanTanuei. C nenbio 3a0opa, MonydeHus u
XpaHEHUs] CBUHOTO OMoMaTrepuana, IPUro{HOTO JJIis
VMMIUTAHTAIMH, MOTYT UCIIOJIb30BaThCS CIICIIUAILHBIC
cpenpl. OHAKO UCCIIENOBAHUSA, B KOTOPBIX JICTAIBHO
OBLIO OBl M3yYEeHO BIHSHHE (AKTOPOB KPHOKOHCEP-
BUPOBAHUS WJTM THIIOTEPMHUYECKOTO XpaHESHUsI Ha 11U~
ton 0-Gal, mpakTHIeCKH He TPOBOIATCS.

M. Keller u coant. [27] momyquiy TaHHBIC O BIIHS-
HUH THIIOTEPMUU U KapJHOIICTHISCKUX PACTBOPOB HA
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calcification and collagen structural rearrangements
[41].

In 2005, K. Konak et al. [29] suggested that the
immune responses may play a role in degradation
of the heart valve bioprostheses, since the residues
of a-Gal epitopes were found there even after
glutaric aldehyde pre-treatment. Moreover, even 10
days later the implantation of porcine valves the titer
of specific antigens to this epitope was significantly
increased in the recipients’ blood serum.

Thus, the problem of Gal-a-1,3-Gal elimination
from porcine bioprostheses has remained important,
as well as the development of sensitive test systems
to determine the presence of these antigens in
biomaterial for clinical implantation.

Effect of low-temperature storage of cells on
a-Gal epitope presence

Cryopreservation is one of the methods of long-
term storage of cells and tissues prior to transplanta-
tion. Sampling, storage and processing of porcine
biomaterial suitable for implantation is performed in
the specialized media. However, there are almost
no detailed publications about influence of cryopre-
servation factors or hypothermic storage on a-Gal
epitope.

M. Keller et al. [27] have got the data about the
effect of hypothermia and cardioplegic solutions on
the expression of a-Gal epitope in porcine aortic
endothelial cells. The tissue storage at 4°C for 4 hrs
in HTK solution containing mannitol resulted in a
decrease in the expression of a-Gal epitopes by
32%. Storing the biomaterial in the University of
Wisconsin solution under similar conditions resulted
in 50% reduction of the antigen expression.

The authors suggested three hypotheses to
explain the described phenomenon. The first as-
sumption was that the components of cardioplegic
solutions caused the changes in the a-Gal epitope
chemical structure, preventing it from binding with
xenoreactive antibodies. The second one supposed
a decoupling between the membrane components
and a-Gal epitope, and according the third one there
was a masking of a-Gal epitope by the molecules
of the substances comprising the hypothermic
solutions.

Observations of P. Brenner et al. [5] have
indirectly confirmed the effect of hypothermic
storage on the a-Gal epitope presence. It has been
found that a 4 hr perfusion of cardioplegic solutions
prevented the development of heart hyperacute
rejection.

Unfortunately, to date there are no other reports
on the issue of changing the expression of Gal-a-
1,3-Gal during low-temperature storage. This
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JKCIpeccHo dnuTona O-Gal B 3HAOTENNOLUUTAX A0PTHI
CBUHBH. YCTAHOBIICHO, YTO XpaHeHHe TKaHu npu 4°C
Ha MPOTSHKEHUU 4 4 B MAaHHUTOJICOAEPKALLEM pacT-
Bope HTK BrI3bIBaN yMEHBIIEHUE SKCIIPECCUU TTUTO-
noB 0-Gal Ha 32%. YcTaHOBJIEHO, YUTO IPH XpaHEHUH
O6nomarepurana B pacTBope BHCKOHCHHCKOTO YHUBED-
CUTETa B AHAIOTUYHBIX YCIOBHIX DKCIIPECCHUS aHTH-
reHa cHmxanach Ha 50%.

ABTOpBI TPEII0XKIITH TPY THITOTE3HI 151 O0BSICHE-
HUS onucaHHoro (heHoMeHa. CorTacHO IIEPBOMY ITpe-
MIOJI0’KEHHIO KOMIIOHEHTBI KapAUOIIIIETMUECKUX PaCTBO-
POB BBI3BIBAIOT U3MEHEHUSI B XUMHUECKON CTPYKType
snurona 0-Gal, YTO HCKITIOYaeT CBA3BIBAHUE C HUM
KCEHOPEaKTUBHBIX aHTUTEI; BTOPOMY — IPOUCXOJUT
pas3pbIB CBsA3EH MEXIy KOMIIOHEHTaMH MeMOpPaHbI 1
snurtonomM O-Gal; TpeTbeMy — IMEeT MECTO MaCKHUpPOB-
Ka snmrora 0-Gal MoeKyIaMy BEIIeCTB, BXOAIINX B
COCTaB TUIIOTEPMHYECKUX PACTBOPOB.

Pe3ynwrarer Habmonenuit P. Brenner u coasT. [5]
OBUTH KOCBEHHBIM ITOATBEP)KIEHUEM BIUSHUS THIIO-
TEPMHUYECKOTO XpaHEeHHUS Ha MPUCYTCTBUE SIHUTOIA
a-Gal. YcranosieHo, uto 4-dacoas mepdy3us cepaa
KapJUOTIJIErMUYEeCKUMH PAcTBOpaMH MPeAOTBpaIacT
Pa3BUTHE THIIEPOCTPOTO OTTOPKEHUS.

K coxanenuto, apyrux paboT, IOCBAIIEHHBIX BO-
npocy n3MeHenus skcnpeccun Gal-0-1,3-Gal B ycio-
BHAX HU3KOTEMIIEPATYpHOTO XpaHEHUs, B TOCTYITHON
Hay4YyHOU JHUTepaType He 0OHapyeHO. DTO cBUIE-
TENBCTBYET O HEAOCTATOYHOM HM3YUEHHH ITaHHOTO
BOIPOCa ¥ HEOOXOAMMOCTH JTATbHEHUIIINX MCCIIeI0Ba-
HUH B 3TOM HaIIPaBJICHUN.

BaxxHo oTMeTHTh, 4TO HalmuKue aHTurena Gal-o-
1,3-Gal sBnsieTcss He €AMHCTBEHHBIM MPEMSTCTBUEM
JUUISI UCIIOJIL30BAHUS CBUHBIX TKaHEH B MEIUIIMHE,
MTOCKOJTBKY TOJIBKO 25% OT 00IIIEro mysia CBUHBIX aHTH-
TeJ, CTUMYJIHUPYIOMINX PEAKIIUIO OTTOPKEHUS, IPUXO-
mutces Ha sruron O-Gal. UneHTudukanms Bcex TpaHc-
IUTAHTAIIMOHHBIX aHTHUTCHOB CBUHBU, pa3paboTka
CII0c000B UX JIMMUHALIMK, B TOM YHCJIE M HA OCHOBE
HU3KOTEMITEpaTyPHBIX TEXHOJIOTHHA, TOMOXKET B CO3/1a-
HAU OUOTIPOTE30B B OMOCKA(POIIIOB TSI UCIIOIB30-
BaHUS B MTPAKTHKE BOCCTAHOBHUTEIHLHON M pereHepa-
THUBHOU MEIUIMHEI.
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indicates a lack of studies of this issue and the need
for further investigations in this direction.

It is important to note that the presence of Gal-
0-1,3-Gal antigen is not the only obstacle to use the
porcine tissues in medicine, since just 25% of the
total pool of porcine antibodies, stimulating the
rejection is accounted for the a-Gal epitope. Iden-
tification of all porcine transplantation antigens,
development of methods for their elimination, inclu-
ding those based on low-temperature technologies
will be helpful in creation of bioscaffolds and bio-
prostheses to be applied in the practical regenerative
medicine.
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