Probl Cryobiol Cryomed 2019; 29(1):073-087
https://doi.org/10.15407/cry029.01.073

YIK 57.086.13:591.413:616-089.843
K.W. Borycnaeckun', H.M. Anabeganskapum’*, A.B. [Bo3atok?,
B.W. Mapanko?, H.A. PemHeBa?, E.C. NpoueHko?, ['A. boxok'

MeTepoTonuyeckas KceHOTpaHcNNaHTauusi pparMeHTOB aopThbl
HOBOPOXAEHHbIX MOPOCAT NOCie FIMNOTePMMUYECKON MHKYBauumn
B KOHCEPBUPYHOLLUX pacTBopax

UDC 57.086.13:591.413:616-089.843
K.I. Bohuslavskyi', N.M. Alabedalkarim™*, Ya.V. Gvozdyuk?,
V.I. Padalko?, N.O. Remnyova?, O.S. Protsenko?, G.A. Bozhok'’

Heterotopic Xenotransplation of Newborn Piglet Aortic Fragments
After Hypothermal Incubation in Preservation Solutions

Pecpepar: B HacTosillee Bpems B TPAHCNMAHTONOIMM LUIMPOKO MPUMEHSAIOTCS CBUHbIE COCYAbl, CepAeyvHble KnanaHbl.
B cBsA3M c BbiCOKkMM ypoBHeM 3kcnpeccunm Gal-a-1,3-Gal (snuton a-Gal) cBuHble OvonpoTe3bl MOABeprakwT nepen
TpaHcnnaHTauven cneunanbHo obpaboTke AN ydaneHus wnu peaxkTuBaumy aToro anutona. [lonyyeHHble HamMu paHee
[aHHble CBMAETENbCTBYT O TOM, YTO HEKOTOpble cpedbl, UCMOMb3yeMble ANA runorepMmuyeckoro xpaHenus (MX), ymeHb-
watoT akcrnpeccuto anutona a-Gal B TkaHu aopTwl in vitro. B HacTosiwen pabote 6bino uccnegosaHo BnusaHue X B pacT-
Bopax «luctupamH-tpuntodaH-ketornytapat» (HTK), «EBpo-KonnuH3» n moanduumpoBaHHon cpepe [ynbbekko (DMEM)
Ha COXPaHHOCTb TPaHCNIaHTaToOB aopTbl in Vivo. AHanu3 rucTonorMyeckoro CTPOEHWS CTEHKM aopTbl U OLEeHKa YpPOBHS
9KCMPECCUM MMMYHHbIX cybbeamHuy npoteacom LMP2 u LMP7 nokasanu, 4To Ha 7-e CYTKM MOCRe KCeHOTpaHCnnaH-
Tauum dparmeHToB aopThl, nNoaBeprHyThix X B pactBope «EBpo-KonnuH3», BbI3bIBAlOT MeHee BblpaXXeHHbI UMMYHHbIV
OTBET MO CPaBHEHUIO C KceHorpadTamu, nHkyobupoBaHHbiMn B HTK 1 DMEM, 4T0 MOXeT ObiTb 4YaCTUYHO CBA3aHO C COCTaBOM
cpeabl «EBpo-KonnuH3a». MonyyeHHble faHHble NPeACTaBnalT NHTepeC AN pa3paboTky HOBbIX METOAOB MpeATpaHcnnaHTa-
LMOHHON NOATrOTOBKM JOHOPCKOro Matepuana.

KnioueBble cnoBa: anuton o-Gal, aopta HOBOPOXAEHHbIX MOPOCHAT, KCEHOTPaHCNaHTauuMs, rMnoTepMrMYeckoe XpaHeHue, UM-
MYHOMpPOTEacOMbI.

Pedbepar: Ha gaHuin yac y TpaHCMNaHTOMOrii LWMPOKO BMKOPUCTOBYIOTLCA CYAMHWU, CEpLEBi KnanaHu, JOHOPOM SKUX € CBU-
HA. Y 3B’A3Ky 3 BUCOKMM piBHem ekcnpecii Gal-a-1,3-Gal (emiton a-Gal) cBuHA4i GionpoTesn nigaalTb nepen TpaHc-
nnaHTauie cneuianbHin 0bpobui ana BuganeHHsa abo geaktmBauii yboro enitona. OTpuMaHi Hamu paHiwe faHi ceigyaTtb
npo Te, WO Aeski cepefoBulla, BMKOPUCTOBYBaHI ANs rinoTepmivyHoro 36epiranHa ([3), 3aMeHWwyloTb ekcnpeciio enitona
a-Gal y TkaHuHi aoptu in vitro. Y padin poboti 6yno pocnigxeHo BnnuB 3 y posdynHax «[licTnaAnH-TpunTodaH-keTo-
rmytapat» (HTK), «EBpo-KoniH3» i mopudikoBaHomy cepeposuwi [ynsbekko (DMEM) Ha 36epexeHHs TpaHcnnaHTaTiB
aopTu in vivo. AHani3 ricTONOriYHOI CTPYKTYpW CTiHKM aopTu i OuiHKa piBHA eKkcnpecii iMyHHuUX cyboaunHuub npoTeacom
LMP2 i LMP7 nokasanu, wo Ha 7-my poby nicna kceHoTpaHcnnaHTtauii dparmeHTn aoptu, niggaHi 3 y pos-
YMHi «EBpo-KonniH3», BMKMMKAKTb MEHLUEe BUPaKeHy iIMyHHY BiAMOBiAb y MOPIBHAHHI 3 KceHorpadTamu, sKi iHKybyBamnm
B HTK i DMEM, ue moxe 6yt 4acTKOBO MNOB’A3aHO 3i cknagom cepeposBua «E€Bpo-KoniH3d». OTpumaHi AaHi CTaHOBMSATb
iHTepec Ans po3pobkn HOBUX MeTOAIB NepeATpaHnnaHTauiHol NiAroTOBKM JOHOPCLKOro martepiany.

KniouoBi cnosa: eniton a-Gal, aopta HOBOHapoO@XeHVX MOPOCAT, KCEHOTpaHCMnaHTauid, rinotepmiyHe 36epiraHHs, iMyHO-
npoTeacomu.

Abstract: Nowadays the porcine vessels and heart valves have been widely applied in transplantology. Due to a high
level of Gal-a-1,3-Gal (a-Gal epitope) expression, the porcine bioprostheses are specially treated prior to transplantation
either to remove this epitope or to deactivate it. Our previous findings showed that certain media, used for hypothermic
storage (HS), reduced the a-Gal epitope expression in aortic tissue in vitro. Here, we studied the HS impact in the histidine-
tryptophan-ketoglutarate (HTK), Euro-Collins and Dulbecco’s Modified Eagle Medium (DMEM) solutions on aortic graft
integrity in vivo. The analysis of aortic wall histological structure and the evaluation of the immunoproteasome subunits
LMP2 and LMP7 expression level demonstrated the aortic fragments, subjected to HS in Euro-Collins solution to day 7 after
xenotransplantation to cause a less pronounced immune response as compared to the HTK- and DMEM-incubated
xenografts. This may be partially due to the Euro-Collins medium composition. Our findings may be of interest for ela-
borating the novel methods for donor material pre-transplantation preparation.

Key words: a-Gal epitope, newborn piglet aorta, xenotransplantation, hypothermic storage, immunoproteasomes.
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B TpaHCHIaHTONOTHUU IIHPOKO HCHOIB3YIOTCS
CBHHBIC OMONPOTE3bl, MpEACTaBIIOMNE CO00i 00-
paboTaHHBIE CIIEUATBHBIM CIIOCOOOM COCY/IBI, CEep-
JIEYHBbIC KIJIANaHbl, KIAaHOCOJEepKAIINe KOHYHTHI
i (parMeHThl TOACIU3UCTON TOHKOTO KHIIIeU-
Huka [2—4, 14, 34-36]. Opranbl U TKaHH CBHHBH
SBIISIIOTCSL  CIIOXKHBIM OOBEKTOM ISl TpaHCIUIaH-
TaIMH, TOCKOJIIBKY HUMCEIOT BBICOKHH YPOBEHb JKC-
IIpecCHy TaK Ha3bIBAEMOTO «IJIABHOTO KCEHOAHTH-
reHay» — yrineBopHoro ocrarka Gal-a-1,3-Gal (smm-
toma a-Gal).

B mporiecce »Bosronny y 4eaoBeka U HEKOTOPBIX
BHJIOB 00€3bsSIH TIPOM30IIUIA WHAKTUBAIUS T'eHA, OT-
BETCTBEHHOTO 3a 3Kcmpeccuto depmenra o-1,3-ra-
naxro3uitpancgepassl (1,3-GT), mosromy B cocra-
BE TIUKOMPOTEMHOB KIETOYHBIX MEMOpaH JoIei
orcytctByeT 0-Gal smuton [16]. OxnHako stot dhep-
MEHT JKCIIpeCCHpyeTcsl B KJIeTKax OakTepwid, 3ace-
JISIONINX KHUIIEYHWK YEelIOBEKa, B CIEACTBUU DTOTO
KPOBb UEJIOBEKA COJICPKUT BBICOKHH THTP AHTUTEI
k o-Gal snurony [15].

YeraHoBnieHo, 4To pacrnio3HaBanue o-Gal snmromna
MPU KCEHOTPAHCIUIAHTALUKN MPOUCXOIUT HE TOIBKO
¢ nmomotnsio antuten [20], HO U MyTeM MpelCcTaB-
JICHHUSI aHTUTEHA JICHAPUTHBIMU KJIETKAMHU WM MaK-
podaramu  (aHTUTEH-TIPEACTABISIONIMMH  KJIETKa-
mu (AIIK)) CD8" T-numdormram [11]. Cormacho
COBPEMEHHBIM IIPEJICTABICHUSIM B TIpolriecc oOpa-
OOTKM aHTHTEHA JUISl KPOCC-TIPE3CHTAI[UN BOBIIE-
YeHbl IMMYHHBIE TIpoTeacomsl [8, 19, 31, 32]. Cre-
JOBATEIIbHO, OJKCIPECCHS HMMMYHHBIX CYOBEIMHUI]
MPOTEacoM B CalTe TPAHCIUTAHTAIIMH MOXKET OBIThH
OJJHUM W3 MPU3HAKOB DPACIO3HABAHHWS M IPE3CH-
TaIMH 1y>KEPOHBIX aHTUTEHOB.

N3BecTHO, uTO BeliecTBa, BXOAAIINE B COCTaB KOH-
CEPBUPYIOIIUX WU TIep(Y3UOHHBIX CPEl, CIIOCOOHBI
BIUATh Ha MeMOpaHy KJIETKH W MOAH(DHUIIMPOBATH
ee nmoBepxHocTh [18, 26]. CoBpeMEHHbIE TEXHOIOTUN
MOJTydeHUs] OMOIPOTE30B, TPUTOMHBIX IS TpPaHC-
[UTAHTAllUU, 00s3aTeIhbHO BKIIFOYAIOT JTalbl yaale-
HUS WU TeakTuBauu snurona o-Gal [2, 14].

Psimom aBTOpOB OBLTIO OTMEYEHO YITy4IIIEHHUE BHI-
JKUBAEMOCTH TPAHCIIAHTATOB TIOCIE JUIUTENBHOM
THITOTEPMUYECKON TIepPy3uu KapAHOILIETUIECKAM
pacTBOpoM, HMHKyOamuu C KPUOMPOTEKTOPOM WIIH
KpHoKoHcepBupoBanus [5, 7, 38]. M. Keller u coasr.
[21] yka3piBaiii HA CHIKECHUE DKCIPECCUU DIUTO-
na o-Gal B PHIOTENMUOLUTAX aOPTHl CBHHBH IOCIIE
nHKyOaumu B pactBope HTK. B skcnepumenTax
in vitro OBUIO TIOKAa3aHO CHW)KEHHE YPOBHS OJKC-
npeccun 0-Gal B TKaHM aopThl HOBOPOXKIIEHHBIX
MopocsT Tocie 24-4acoBoif MHKYOAaly B PacTBOPax
HTK u «EBpo-Komnun3» npu temneparype 4°C [1].
OpHako 10 cUX 1MOp He ObUIO BRISICHEHO, KaK BIHSET
CHIDKCHHE dKcrpeccuu amuTona o-Gal ma meMOpa-
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The porcine bioprostheses, i. e. the especially pro-
cessed vessels, heart valves, valve-containing con-
duits or fragments of small intestinal submucosa
have been widely used in transplantology [1, 5, 13,
20, 33, 35, 36]. The porcine organs and tissues are
a complex object for transplantation, since they
have a high expression level of the so-called ‘main
xenoantigen’, i. e. the carbohydrate residue of Gal-a-
1,3-Gal (a-Gal epitope).

During evolution, the gene responsible for the
a-1,3-galactosyltransferase (1,3-GT) enzyme expres-
sion has been inactivated in human and some
monkey species, therefore there is no a-Gal epitope
contained in human cell membrane glycoproteins
[15]. However, this enzyme is expressed in cells
of bacteria, which colonize the human intestine.
As a result, there is a high titer of antibodies to the
a-Gal epitope in human blood [14].

The o-Gal epitope was established to be re-
cognized during xenotransplantation not only by
means of antibodies [19], but via antigen presenting
either by dendritic cells or macrophages (antigen
presenting cells (APCs)) to CD8" T-lymphocytes
as well [10]. According to current concepts, the
immunoproteasomes are involved into antigen pro-
cessing for cross-presentation [7, 18, 31, 32]. Con-
sequently, the expression of immunoproteasome
subunits in the transplantation site may be one
of the signs of recognition and presentation of fo-
reign antigens.

It is known that the substances within either
preservation or perfusion media may affect the cell
membrane and modify its surface [17, 26]. The
current technologies for processing the biopros-
theses, suitable for transplantation, include the ob-
ligatory steps of either a-Gal epitope removal or
deactivation [5, 13].

Several authors found an enhanced survival in
grafts after prolonged hypothermic perfusion with
cardioplegic solution, incubation with a cryopro-
tectant or cryopreservation [3, 6, 38]. M. Keller et
al. indicated a decrease in a-Gal epitope expression
in porcine aortic endothelial cells after incubation
in HTK solution [21]. The in vitro experiments
demonstrated a decrease in a-Gal expression level
in the newborn piglet aortic tissue after 24-hour
incubation in HTK and Euro-Collins solutions at
4°C [2]. However, the way how a decrease in a-Gal
epitope expression on aortic cell membranes affects
the survival of tissue after in vivo xenotransplan-
tation, has not yet been fully elucidated.

The research was aimed to study the effect of
hypothermic incubation of newborn piglet aorta
in preservation media of different composition on
the integrity of its histological structure and the
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HaX KJETOK aopThl Ha BBIKMBAEMOCTb TKaHU IOCIE
KCEHOTPAHCIUIAHTALUH i VIVO.

Lenp paboThl — W3y4YeHHE BIUSHUS TUIIOTEPMHU-
YeCKOW HMHKYOallMd aopThl HOBOPOXKIEHHBIX IOPO-
CAT B KOHCEPBUPYIOIIMX CpENax pa3HOro cocTasa
Ha COXPAHHOCTh €€ THCTOJIOTUYECKOTO CTPOCHUSA U
AKCIIPECCHUI0 WMMYHHBIX CYOBCIUHHI] IPOTEACOM
LMP2 u LMP7 nocne kceHOTpaHCIIAaHTAIINN KPbI-
cam.

MarepuaJibl 1 METOBI

DOKCIepUMEHTBI OBUTH MPOBEJICHBI B COOTBETCTBUH
¢ 3akoHoM YkpanHbl «O 3aIIUTE )KUBOTHBIX OT JKEC-
Tokoro obpamenus» (Ne 3447- 1V or 21.02.2006 1)
npu cobmonennn tpebosanuii Komurera mo Omos-
Tuke VHCTUTYTa, COTIIACOBAaHHBIX C TMOJOKECHUSIMHU
«EBponeickoil KOHBEHIIMU O 3allUTE MO3BOHOYHBIX
YKUBOTHBIX, UCTIOJIB3YEMBIX JIJISl SKCIIEPUMEHTAIbHBIX
1 OpyTux HaydHBIX menei (CtpacOypr, 1986).

®parMeHTH 2a0pPTHl HOBOPOXKICHHBIX MOPOCAT
mmaon 0,5-0,7 cM paspe3anu BIOJb, OTMBIBATH B
XOJIOTHOM CTEPUIIBHOM (PH3HOJIOTHIECKOM PacTBOpE
u nomemntany Ha 20 4 pu 4°C B pactBop HTK («Dr.
F. Kohler Chemie GmbH», I'epmanus) uim «Epo-
Kommuuzy («Chemech Laboratories Ltdy, Muaus).

B kauectBe oOpa3ua CpaBHEHHS MCIIOJIb30Ba-
U (parMeHTHl aopThl, HHKYOMPOBAaHHBIE B CpeJie
DMEM («PAA», ABcTpus) B Tedenue 20 4 B TeX ke
YCIIOBHSIX, @ TAK)KE TKaHb a0PTHI, 00padoTaHHyto (hep-
MEHTOM o-TayakTo3umazoi («o-Galactosidase from
green coffee beans», «Sigmay, CIIIA). M3BecTHO,
YTO JMAHHBIA (epMEeHT MMMUHHPYeT dmmTon o-Gal
C TIOBEPXHOCTH KJIETOK CBHHBH [29].

O0paboTKy (hepMEHTOM MPOBOIUIIN CIICAYIOLIIM
oOpazoMm. @parmeHT aopthl pazmepom 0,5 x 0,5 cm
WHKYOHpOBanu B (hepMEHTATHBHOM pacTBOpE O-Ta-
nakro3unassl (5 Ex/mn ¢epmenra, 100 MM HEPES,
pH 5,0) B Teuenne 20 u mpu 4°C. 3areM TPHKABI
MTPOMBIBATIN CTEPHIBHBIM (DU3HOIOTUIECKUM PaCT-
BOPOM IO 5 MUH.

DKTOMMYECKYI0O KCEHOTPAHCIJIAHTAIMI0 OCYy-
MECTBISLIN 6—8-MECAIHBIM ayTOPEIHBIM OCTBIM
KpbhICaM-caMIlaM TIOJ KallCylly TOYKH IO METOAY
N.J. Robertson u coasrt. [30]. @parMeHTHI a0pTHI OT-
MBIBaJIM OT KOHCEPBHPYIOIIUX U (DepMEeHTATHBHOI
Cpel B CTEPUJIBHOM (H3HOJIIOTHUYECKOM pPacTBOpE,
paspesaiu cKajblieleM Ha KyCOUYKH pa3MepoM MmpHo-
nusurenso 0,1 x 0,1 cM U TpaHCIUIAHTUPOBAIIU IO
Karcyay JieBoil mouku. Bo Bpemsi omepaumu KpbIC
HApKOTU3UPOBAIM BBEACHHEM KOMOWHaImu <«30Iie-
i 100» («Virbacy, @pannus) n «Cenasun» («Bio-
wet», [lonpma). B mpe- u mocTTpaHCIIaHTaMOH-
HOM TIepHoJie IMMYHOCYTIPECCAHTHI HE TTPUMEHSIIH.

J’KuBoTHBIE OBITM pa3eneHbl Ha YEThIPEe TPYIIIBI
C KCeHOTpaHCIUTaHTanuen: 1 — ¢parMeHTOB MOCIHE
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expression of immunoproteasome subunits LMP2
and LMP7 after xenotransplantation to rats.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine On the Protection of Ani-
mals Against Cruelty (Noe 3447-1V of February 21,
2006), in compliance with the requirements of the
Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine of the NAS
of Ukraine, agreed to the statements of European
Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes (Strasburg, 1986).

The newborn piglet aortic fragments of 0.5-
0.7 cm long were cut lengthwise, washed in cold
sterile physiological saline and then placed for 20 hrs
at 4°C into either HTK (Dr. F. Kohler Chemie GmbH,
Germany) or Euro-Collins (Chemech Laboratories
Ltd, India) solutions.

The aortic fragments, incubated in DMEM
(PAA, Austria) for 20 hrs under the same conditions,
as well as the aortic tissue, treated with a-galactosi-
dase enzyme (‘a-Galactosidase from green coffee
beans’, Sigma, USA) were the reference specimens.
This enzyme is known to eliminate the a-Gal epitope
from the porcine cell surface [29].

The treatment with enzyme was as follows. An
aortic fragment (0.5%0.5 cm) was incubated in a-ga-
lactosidase enzyme solution (5 U/ml of enzyme,
100 mM HEPES, pH 5.0) for 20 hrs at 4°C, then
washed three times with sterile saline for 5 min.

An ectopic xenotransplantation was carried out
to 6-8-month-old outbred white male rats under
the renal capsule according to the method of
Robertson et al. [30]. The aortic fragments were
washed of the preservation and enzymatic media
by sterile physiological saline, cut with scalpel into
pieces of approximately 0.1 x 0.1 cm and transplan-
ted under the left renal capsule. During surgery the
rats were anesthetized with Zoletil 100 (Virbac,
France) and Sedazin (Biowet, Poland) combination.
No immunosuppressive drugs were used in pre-
and post-transplantation periods.

The animals were divided into four groups: the
group 1 comprised the animals with xenotrans-
plantation of fragments after HS in HTK (n = 5);
the group 2 consisted of the animals with xenotrans-
planted fragments after HS in Euro-Collins (n = 5);
the fragments post HS in DMEM made the group 3
(n =5); those after a-galactosidase treatment (7 = 4)
represented the group 4.

To day 7 after transplantation, the rats were
sacrificed and the kidneys with grafts were remo-
ved, then fixed in 4% paraformaldehyde for 4 hrs
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I'X 8 HTK (n = 5); 2 — ¢parmenroB mocne ['X
B «EBpo-Kommunz» (n = 5); 3 — ¢pparmenToB mocie
I'X 8 DMEM (n = 5); 4 — ¢parmenToB nocne obpa-
OOTKHM Ol-TaJIAKTO3U1a30H (1 = 4).

Ha 7-e cyTku mocie TpaHCIUTaHTAIlUM KpBIC 3a-
OWBamM W W3BJIEKATN TOYKKA C TPAHCIUIAHTaTaMH,
kotopeie 4 4 (puxcupoBamn B 4%-M mapadopmaib-
nerune (pH 7,4, «Sigmay), mepeHOCHIH Ha HOYH
B pactBop 30%-#1 caxaposbl Ha ¢ochaTHO-COICBOM
oydepe (PBS), mocie yero MeIIeHHO 3aMOpaku-
BaJIM U XPaHWIU B JKUIKOM a30Te JI0 MOMEHTa IpHU-
TOTOBJIEHHS KPUOCTATHBIX Cpe3oB. JlJig NpHUroToB-
JICHHsI KPHUOCTATHBIX CPE30B 00pa3Ilbl M3BJICKAIU W3
XpaHWJIHILA, 3JIMBAJIM B MOHTHPYIOMIYIO cpeay «Tis-
sue-Tek» («Sakuray, SImoHuMs) U U3roTaBIMBAII CEPUN
MOTEPEUHBIX CPE30B TKAHU TOIILMHON 5 X 7 MKM Ha
kpromukporome «MEV» («MEV» I'epmanmust).

Jiis “MMYHO(ITyOpeCIIEHTHOTO MEYeHHsS CyOb-
enuHUI nMMyHOoTIpoTeacoM LMP2 1 LMP7 oGpa3sitet
niepmeadmmmuposaitu B 0,1M PBS (pH 7,4), conep-
xkarmem 0,25% Tputorn X-100 u 0,1% Tween 20
(oba — «Sigmay) B Teuenue 20 muH. [ OIOKHUPOB-
KM HEeCTeUU(pHUECKOr0 MEUEHHs Cpe3bl BBIICPIKHU-
Bamu 60 MUH MPU KOMHATHOW TeMIIepaTrype B pac-
TBOpe, cozaepkameM 2% OBIYBETO CHIBOPOTOYHOTO
ansOymuHa («Sigmay), 0,2% Tputon X-100 u 0,3M
rmnuHa («Reanal», Benrpus). 3arem oOpasibl MH-
KyOupoBanu B pa3BeneHuu 1:500 ¢ mepBbIMU KPOJIH-
YbUMH aHTUTENaMu kK cyOpemuaune LMP7 («Enzo
Life Science», CIIIA) i MBIITUHBIMA aHTHTEIIA-
mu k cyorenuaniie LMP2 («Enzo Life Science») B
tedenue 15 1 mpu 4°C. Ilocne TpoHHOW OTMBIBKA
OT TEPBBIX AHTHUTEN 00pa3lbl MHKYOMPOBAJIM B Te-
yexHue 30 MUH NPU KOMHATHOHM TeMIIepaTrype co BTO-
PHIMH  aHTHTENaMH: aHTHKpoiaumubuMu Alexa488-
KOHBIOTUPOBaHHBIMU («Abcamy, BenukoOputanus) B
pasBenennu 1:700 wim aHTUMBIIIMHBIMUA AlexaS46-
KOHBIOTUPOBaHHBIMH («Abcam») B paseaenuu 1:600
cooTBeTcTBeHHO. [liss MedeHus MakpodaroB ObLT
HCIIOJIB30BaH MpPsIMOM MpoTokosn MeudeHus ¢ PE-
KOHBIOTHPOBaHHBIMHU aHTUTeNaMu (Anti-Rat Macro-
phage Marker, «eBioscience», CILIA) B pa3BemeHnn
1:60.

[Tocne OTMBIBKM OT aHTHTEN CPEe3bl 3aKII0YalN
I10]T TIOKPOBHBIE CTEKJIa U MCCIEOBAIN C TIOMOIIBIO
KOH(OKaIBHOTO JIa3epHOTo MUKpockona «Axio Ob-
server Z1» («Carl Zeiss», 'epmanust). THTeHCMBHOCTD
(ryopeclieHIINN aHTHTEN, KOHbIOTHPOBAaHHBIX ¢ Ale-
xa488, peructpuposanu npu Bo3OyxaerHnn 490 Hm
U uziaydeHuu 519 HM, a aHTUTEN, KOHBIOTUPOBAH-
HeIX ¢ Alexa546, npu BO30yXIeHHH 556 HM U W3-
mydennn 573 um. g ananm3a u300paxxeHUS WC-
mons3oBas iporpammy «LSM Image Examiner»
(«Carl Zeiss»). IlogcunTeiBamm KOMHYECTBO KIIETOK,
IKCIPECCHUPYIOUINX UMMYHOIIPOTEACOMBI C CyObeIH-
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(pH 7.4, Sigma), transferred into 30% sucrose so-
lution in phosphate-buffered saline (PBS) overnight,
then slowly frozen and stored in liquid nitrogen
until cryostat section preparing. To prepare the
cryostat sections, the specimens were removed from
storage, immersed into Tissue-Tek mounting medium
(Sakura, Japan), and the series of transverse tissue
sections of 5-7 um thick were made with MEV
cryomicrotome (MEV, Germany).

For immunofluorescent labeling of the immu-
noproteasome subunits LMP2 and LMP7 the spe-
cimens were permeabilized in 0.1 M PBS (pH 7.4)
containing 0.25% Triton X-100 and 0.1% Tween
20 (both Sigma) for 20 min. To block the non-spe-
cific labeling, the sections were kept for 60 min at
room temperature in the solution, containing 2%
bovine serum albumin (Sigma), 0.2% Triton X-100,
and 0.3 M glycine (Reanal, Hungary). Then the
specimens were incubated at 1:500 dilution either
with primary rabbit antibodies to LMP7 subunit
(Enzo Life Science, USA) or mouse antibodies to
LMP2 subunit (Enzo Life Science) for 15 hrs at 4°C.
After a threefold wash-out of primary antibodies,
the specimens were incubated for 30 min at room
temperature with the secondary antibodies: anti-
rabbit Alexa 488-conjugated (Abcam, UK) at 1:700
dilution or anti-mouse Alexa 546-conjugated (Ab-
cam) at 1:600 dilution, respectively. For macro-
phage labeling, a direct labeling protocol with
PE-conjugated antibodies (Anti-Rat Macrophage
Marker, eBioscience, USA) at 1:60 dilution, was
used.

After wash-out of antibodies, the sections were
placed under coverslips and examined using the
LSM 510 Live confocal laser microscope (Carl
Zeiss, Germany). Fluorescence intensity of the anti-
bodies, conjugated to Alexa 488 and Alexa 546,
was recorded at the excitation of 490 and 556 nm,
respectively, and the emission of 519 and 573
nm, respectively. For image analysis, we used the
LSM Image Examiner software (Carl Zeiss). The
number of cells, expressing the immunoprotea-
somes with LMP2 and LMP7 subunits in foci of
lymphocyte-macrophage infiltration in aortic xeno-
graft (field 1) and kidney parenchyma at the boun-
dary with xenograft (field 2) was counted. The
number of positively labeled cells in the section
at an opposite to xenograft renal pole, was calcu-
lated as well (field 3).

Some sections were stained with hematoxylin

and eosin by the standard technique. Histological
samples were examined and photographed using the
transmitted light microscope AmScope IN300T-FL,
Model XYL-403 (AmScope, China). The hematoxylin-
and eosin-stained sections were morphometrically
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nuiamu LMP2 u LMP7, B ouarax numdouutapHo-
MakpogarajibHON MHPUIBTPALUU B KCEHOTPaHC-
IJIaHTaTe aopThl (rosie 1) W mapeHXWMe IMOYKH Ha
rpaHUIle ¢ KCeHOTpaHcIuiaHTaroM (moie 2). Taxoke
MTOJICYNTHIBAJIM KOJIMYECTBO MO3UTHBHO MEYEHHBIX
KJIIETOK B Cpe3€ Ha IMPOTHBOIIOIIOKHOM OT KCEHO-
TpaHCIUTAHTATA TTOJIFOCE MOYKH (T101¢e 3).

YacTh cpe30B OKpalIMBaId TEMATOKCHIUHOM U
903UHOM IO CTaHAApTHOW Meronuke. ['ncronoruye-
ckue o0pasnbl uccienoBain u (oTorpapupoBain
C TOMOIIBIO CBETOONTHYECKOTO MHKPOCKOMa «Am-
Scope IN300T-FL, momens XYL-403» («cAmScope»,
Kurait). ns mopdomeTpudeckoro aHaimsa Cpesos,
OKpAILEHHBIX TEMATOKCHJIMHOM U 303UHOM, HCIIOJIb-
30BaIM TPOTPaMMy Ui OOpaOOTKM H300paKeHUi
«AxioVision Rel 4.7». Ilpu yBemnuennn 400 mox-
CUMTHIBAJIM KOJWYECTBO KIETOK B OdYarax JUM{QO-
HUTapHO-MakpodaratbHOW WHOUIBTPAINA B KCe-
HOTpaHCIUIaHTaTe aopThl (mosie 1) w Ha TpaHUIE
MEXJy IapeHXHMOW TOYKH M KCEHOTpaHCIUIaH-
TatoM (rosie 2). AHamusuposanu mo 8—10 cepuitHbIX
CpE30B, TOJYYCHHBIX OT KaXXIOTO W3 IKCIIEPHMEH-
TaNbHBIX JKUBOTHBIX. Pe3ynbrar HOpMHpOBaNIM Ha
1000 mMrMm? TTOIIATH Cpesa.

Hns craructuueckoid 0O0pabOTKH NAaHHBIX HC-
MOJIB30BAIM  TpOrpaMMHbIe npuiokeHus «Excel»
(«Microsofty, CILIA) u «Statistica 7.0» («StatSoft»,
CIIIA). [daHHble TpPEACTABISUIM B BHIE CPEIHHUX
3HaYeHWH — CTaHIapTHOE OTKIIOHEeHWe. Pazmmuams
MEX/ITy BBIOOpKaMH OIICHWBAJIM C TOMOIIBIO OJIHO-
(hakTOpHOTO AMCIIEPCHOHHOTO aHANN3a, 3HAYUMBIMU
cuntany paziamaus mpu p < 0,05.

Pe3yabTarsl u 00cyxkneHue

ITepecanka TOHOPCKOW TKAHU O] KAIICYILy ITOUYKH
peUUIIMCHTAa HIMPOKO HCIIOJIB3YCTCA B 3KCICPUMCH-
TaNbHOW TPAHCIUIAHTOJOIMH, MOCKOJbKY CyOKarl-
CYJISIPHOE TPOCTPAHCTBO HE SIBISAETCS MMMYHOJO-
TMYECKH TPUBHJICTUPOBAHHBIM CAHTOM, MO3BOJISET
MOACAOUTh JOCTAaTOYHOE KOJIWYECTBO JOHOPCKOM
TKaHM M oOecHeyrBaeT XOPOLIYI0 BacKyJspu3a-
nuto Tpancrurantara [30]. B paGote MBI HCTIONB30-
BaJI CYOKaICYJIAPHYIO TPAHCIUIAHTALUIO UL OLICHKH
BBDKMBAEMOCTH TKaHU aOpThI, e¢ MOP(OIOrHIECKHUX
0COOEHHOCTEH W WHTECHCUBHOCTHU NMMYHOJIOTHYC-
CKUX pEaKIuii, pa3BUBAIOLINXCS B OTBET Ha KCEHO-
rpadT.

AHanmu3 TOYeK C KceHorpaTaMu BBISIBHI COX-
PaHMBLIYIOCS THCTOJIOTHYECKYIO CTPYKTYpPY TKaHU
AOpTHI HA 7-€ CYTKH MOCJIE TpaHCIIaHTauuu (puc. 1).
B oOpasmax Bcex 3KCHEpUMEHTANbHBIX TIPYII XO-
powro 3ameTHa tunica media aopThl, NPEACTaB-
JIEHHasl MapaJyielbHO PACHOJIOXKEHHBIMU TSXKaMHU
JIacTUYECKUX 3JeMeHToB. Kamcyna mouku Haz
TPAaHCIUIAaHTaTaMH 4acTO Pa3BOJIOKHEHA, C €IMHHUY-
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analyzed with the image processing software Axio-
Vision Rel 4.7 (Carl Zeiss). The number of cells
in the foci of lymphocyte-macrophage infiltration
in aortic xenograft (field 1) and at the boundary
between the renal parenchyma and xenograft (field 2)
were calculated at 400 magnification. 8-10 serial
sections obtained from each experimental animal
were analyzed. The result was normalized to 1,000 pm?
of the section area.

The data were statistically processed using the
Excel (Microsoft, USA) and Statistica 7.0 (StatSoft,
USA) software. The data were presented as the
mean — standard deviation. Differences between the
samples were assessed with the univariate analysis
of variance, the differences were considered sig-
nificant at p < 0.05.

Results and discussion

The donor tissue transplantation under the renal
capsule of recipient is widely used in experimental
transplantology, since the subcapsular space is not
an immunologically privileged site, and it allows
grafting a sufficient amount of donor tissue and
ensures a good vascularization of the graft [30].
Here, we used a subcapsular transplantation to as-
sess the survival of aortic tissue, its morphological
features, and the intensity of immunological reac-
tions, developed in response to xenograft.

The analysis of the kidneys with xenografts
revealed the preserved histological structure of aortic
tissue to day 7 post transplantation (Fig. 1). In the
specimens of all the experimental groups, we could
see the tunica media of the aorta, represented by
parallel strands of elastic elements. The renal capsule
fibers over the grafts were often disarranged, with
single small infiltrates. The rest of the kidney was
of normal appearance, the tubular epithelium was
preserved.

Specific structural changes were revealed in xe-
nografts depending on pre-transplant treatment of
donor tissue. In the group 1 xenografts (fragment
incubation in HTK solution), the aortic elastic fibers
were convoluted and had small gaps in-between.
Lymphohistiocytic infiltration was represented by
small single cell clusters in graft-adjacent paren-
chyma.

In the group 2 grafts (incubation of fragments
in Euro-Collins solution), the elastic fibers were
sharply crimped, somewhere disorganized, with dif-
ferent-sized gaps in-between (Fig. 1, A). In the area
of the graft adjacency to renal parenchyma, there
was a small focal lymphohistiocytic infiltration. In
the graft-adjacent renal parenchyma, the uneven
mesangial lymphohistiocytic infiltration, swelling
of tubular epithelium with desquamation and a
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HBIMH MeNKUMH HHQWIbTparamMud. Ha ocrambHOM
MPOTSHKEHUH TOYKa MMEET HOPMalbHBIA BHJ, JIIHU-
TENNH KaHAJIbLIEB COXPAHCH.

B kcenorpadrax ObUTH BBISBICHBI CIieIU(pUIec-
KHE CTPYKTYPHBIE HM3MEHEHHMS B 3aBHCUMOCTH OT
TUTIA TIPEATPAHCILIAHTAIMOHHONH 00paOdOTKH JOHOpPC-
koii TkaHW. B kcenorpadrax rpymmer 1 (umHKyOa-
uusi ¢pparmentoB B pactBope HTK) smactmueckme
BOJIOKHa 20pThl MMEIOT M3BHTOW BUJI C HEOOJBIIH-
MU ONTHYECKHMH MLICISIMH MeXAy HuMH. Jlumdo-
THCTHOLUTAPHAS WHQUIBTPALUs MpEACTaBlIcHa B
NpUIekKalled K TpaHCIUIaHTaTy MapeHXUME MEJIKUMH
CIMHUYHBIMH CKOTUICHUSIMU KJIETOK.

B tpancmanTarax rpynmsl 2 (mHKyOanus ¢par-
MeHTOB B pactBope «EBpo-Kommmus») snactuuec-
KH€ BOJIOKHA — PE3KO M3BUTHIC, MECTAMH J€30praHu-
30BaHbl, ¢ Pa3HOKAIMOCPHBIMU ONTHYECKUMH TyCTO-
TaMu Mexay HuMH (puc. 1, A). B 30He mpunexanus
TPAHCIUIAHTaTa K IOYEYHOW IIAPEHXUME HMMEETCsl Mell-
KOO4YaroBasi JIMM(OTHCTHOIMTAPHAS HHPHITETPAIIHSI.
B mpunexaieil k TpaHCIUIAHTaTy IOYEYHOW MapeH-
XUME OTMEUaloTCs HEPaBHOMEpHAs Me3aHTHajlb-
Hasg JIUM(QOTUCTHOLMTApHAs HMHQWIBTpaluys, Haly-
XaHHE AMUTENUS KaHAIbBLEB C JeCKBaMalend 1 yme-
peHHas WHQUIBTPALUs MEXKKaHaJbLEBOH CTpO-
MBI.

Kcenorpadter rpymmer 3 (uHKyOamnmst gpparmeH-
toB B DMEM) nMeroT BeIpa)keHHOE Pa3BOJIOKHEHHE
C KPYIHBIMH ONTHYECKUMH IIyCTOTaMH MEXAy BO-
nmokaamMu (puc. 1, B). B 30mHe mpmmexaHus TpamHc-
IUIAHTaTa K I0YE€YHOM IapeHXUME BBIABILIIOTCS MEJl-
KOO4YaroBble ITUM(OTUCTHONUTAPHBIE HH(UIBTPATHI
C HEKPO30M 3THX 30H. B mpuexaiell K TpaHCILIaH-
Tary TOYEYHOH MapeHXUME OTMEYaloTCsl MOIHOKPO-
BHE KIyOOUYKOB, HEpPaBHOMEpHAasi Me3aHTHalbHas
nuMQorucTHonuTapaas MHGpUIbTpanys, HabyxaHue
SMUTENMSl KaHAIBLIEB C JIECKBAMAlMel W yMepeHHas
WHOUIBTPALUS MEXKKAHAIbLIEBOH CTPOMBI.

B kcenorpadrax rpymmer 4 (oOpabotka ¢par-
MEHTOB (-T'aJIJaKTO3U/1a301) JIACTHUYECKHE BOJIOKHA
AOpThl UMEIOT U3BUTON BUJ C HE3HAYUTEIILHBIMH OII-
TUYECKUMH IIEeJIIMHU MeX Ay HUMH. Jlumpoructuonu-
TapHas ”HQUILTpaIKs cliado BBIpaXkeHa.

Pesynbrarel KONMYECTBEHHOTO aHAM3a KIIETOK
B ouarax MHQWIBTPAIMU B KCEHOTpPAHCIUIAHTATE M
Ha TPaHUIE C MAPEHXUMOH TOYKH MPEJCTaBICHBI B
Tabn. 1. 3aMeTHO, YTO KOJMYECTBO MH(QMIBTPYIOLIHX
KJIETOK 3HaYMMO MEHbBLIE B Cpe3ax KCeHOrpadros
rpynn 2 u 4, yeMm B rpynnax | u 3. B nenom kave-
CTBEHHBIH aHAJIN3 COCTOSHUSA KCEHOTpad)TOB aopThl
U KOJNMYECTBEHHAs! OICHKA KJIETOK OYaroBOM MWH-
(uBpTpan  CBHIIETENECTBYIOT 00 YMEHBIICHUN
HMMYHHOI'O OTBETa Ha TKaHb aOpPThl, IOJBEPIHYTYIO
(hepmeHTaTHBHONW 00pabOTKE C O-TaJaKTO3UIAA30H
u I'X B pactBope «EBpo-Komnnnsy.
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Puc. 1. Tuctonoruyeckue obpasubl KceHorpadToB aop-
Tbl HOBOPOX/EHHbIX MOPOCST Ha 7-e CYTKM nocrne TpaHc-
nAaHTauMm NoA Kancymny MOYKM KpbiCaM 3IKCMepUMEH-
TanbHbIX rpynn: A —rpynna 2 (FX B pactBope «EBpo-Kon-
nuH3»); B — rpynna 3 (X B pactesope DMEM). K — TkaHb
noykn, G — TkaHb TpaHcNnaHTara, ManeHbKkne CTpenku —
30HbI NMMdouunTapHo-makpodaranbHon WUHUNLTPa-
UMK, KpynHas cTpenka — coxpaHHas TKaHb aopThbl, 3BE3-
AOYKN — 30HblI Hekposa. Okpacka reMaTOKCUITMHOM W
903VHOM.

Fig. 1. Histological specimens of newborn piglet aortic
xenografts to day 7 after transplantation under renal cap-
sule to rats of experimental groups: A — group 2 (HS
in Euro-Collins solution): B — group 3 (HS in DMEM).
K — kidney tissue, G — graft tissue, small arrows — areas
of lymphocyte-macrophage infiltration, large arrow -
preserved aortic tissue, asterisks — necrotic areas. H&E
stain.
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moderate infiltration of intertubular stroma, were
observed.

The group 3 xenografts (incubation of frag-
ments in DMEM) had pronounced fiber disarran-
gements with large gaps between fibers (Fig. 1B).
In the area of graft adjacency to renal parenchyma
there were the small focal lymphohistiocytic infil-
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Ta6nuua 1. Konnyectso knetok Ha 1000 MKM? nrowaam cpesa B KCeHoTpaHcnnaHTaTe aopTbl (none 1)

N Ha rpaHnLe Mexay napeHXMMon NoYKn 1 KCeHOTPaHCMaHTaTom (none 2)

Table 1. Cell number per 1,000 um? of section area in aortic xenograft (field 1) and at the boundary between the renal
parenchyma and xenograft (field 2)

pynna YcnosuAa nHkybauum Mone 1 Mone 2
Group Incubation conditions Field 1 Field 1
1 HTK 54,55 + 11,81*# 36,67 +£ 10,41*7
«EBpo-Konnuxa»
2 Euro-Collins 21,32 + 6,92 12,84 + 2,70
3 DMEM 33,32 £ 7,74* 18,08 + 9,24
4 a-ranakTosnnasa 15,98 + 7,91 11,89 + 0,67
a-galactosidase

MpumeyaHus: * — KONMMYECTBO KIETOK 3HAYMMO OTNMYaeTCs OT rnokasarensi rpynnol 4; # — KONMYECTBO KMETOK 3Ha4YMMO

OTNIMYaETCs OT nokKasaTerns rpynnbl 2.

Notes: *— cell number significantly differs from the index of group 4; # — cell number significantly differs from that of group 2.

MeueHue aHTUTENAMU K UMMYHHOU
cyobenuHuIle mporeacom LMP7 mo-
Ka3allo, 4T0 B KCceHorpadtax aopThl,
noasepruytoit I'X B pacrBopax HTK
(rpymma 1) 1 DMEM (rpynma 3), Hao-
JIFOAeTCs 3HAYUTENFHOE KOINYECTBO TO-
3UTHBHO OKpAaIIEHHBIX KJIETOK (Tabm. 2;
puc. 2, B, D). B napenxume moyku Ha
IpaHMLe C KCeHOrpa)TOM M Ha OCTalb-
HOM MPOTSHKEHUH HE OOHApy>KUBAETCS
BBIpaKeHHOMH 3kcnpeccun LMP7.

B o0pasmax aoptsl, 00paboTaHHBIX
pactBopoM «EBpo-Kommmazy (rpymma 2),
meuenuss LMP7 B tonmie kceHorpadra
He HaOIroaaeTcs, HO OHO MIPUCYTCTBYET
B ITApEHXUME MOYKH (Tabm. 2).

MeueHue aHTUTENIaMU K UMMYHHOM
cyopenuuuiie mnporeacom LMP2 BEI-
SIBUJIO CXOJIHBIC XapaKTEPUCTUKU BO
BCEX TIpylmax: HE3HAaUYHUTENIbHYIO 3KC-
IIPECCHIO B KCEHOTpaTaxX v BHICOKYIO —
B mapenxume mnouku (puc. 3, A, B;
Tabn. 2). XapakTepHO, YTO B MapeH-
XHME TIOYKH TO3UTHBHOE MEYEeHHE Hald-
JIFOIATIOCh MTPEUMYIIIECTBEHHO B AIIHTE-
JIUU KaHaJbIEB, & HE B MaJBIUTHEBBIX
TeIbIax.

Bo Bcex wuccmemyembIx Tpymmax
KIICTKH, OKpAIllCHHBIC AaHTHTEIaMU K
Makpodaram, 0OHAPyKHUBAJIKCh Ha Tpa-
HUIIE TAapeHXUMbI TOYKH W KCEHO-
rpadra (puc. 3, C, D; tabn. 2). B 00-
pasuax rpynm 1 u 3 30HBI MO3UTHUBHO
MeEUEeHBIX KIETOK Obuln Oosiee oOImmp-
HBI, YeM B OCTAIbHBIX.
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Tabnuua 2. MNMonykonnyecTBeHHbIE NOKa3aTeny MEYEHUS KIETOK,
akcnpeccupytowmx LMP7, LMP2, Anti-Rat Macrophage Marker

Ha 1000 MKM? nrowiaam cpesa B KCeHoTpaHcnnaHTaTte aopThbl (norne 1),
napeHxmMMme MOYKM Ha rpaHuLe C KceHoTpaHcnnaHTaTtom (none 2),

a Takke B NapeHXMMe Ha OCTarbHOM MPOTSKEHUM NoYkK (none 3)
Table 2. Semi-quantitative indices of labeling of cells, expressing LMP7,
LMP2, Anti-Rat Macrophage Marker per 1,000 um? of the section area
in aortic xenograft (field 1), renal parenchyma at the boundary
with xenograft (field 2), as well as in rest kidney parenchyma (field 3)

pynna YcnosuAa nHKybauum Jkcnpeccua mapkepa | Mone 1 | Mone 2 | MNone 3

Group | Incubation conditions Marker expression Field 1 | Field 2 | Field 3
LMP7 + + + + -

1 HTK LMP2 + + + ++ +
Macrophage - + + -

LMP7 - ++ + ++ +

2 «EBpo-KonnnHa» LMP2 + + 4+ 44+ 4

Euro-Collins

Macrophage - + -
LMP7 ++ + + -

3 DMEM LMP2 + ++ + ++ +
Macrophage - ++ + =
LMP7 - - -

4 o-ranakrosuaasa LMP2 i . .

a-galactosidase

Macrophage - + -

MpumeyaHus: «—» — OTCYTCTBME OKpaLUMBaHUSA, «+» — MPUCYTCTBYET
HECKOJIbKO MO3UTUBHO OKpALLEHHbIX KIETOK, «++» — MOfIoBMHA KIEeToK
NMO3NTMBHO OKpalleHa, «+++» — Gonblle NOMOBUHbLI KIETOK MO3UTUBHO
OKpaLLeHbI.

Notes: «—» — no staining, «+» — there are several positively stained cells,
«++» — half of cells are positively stained, «+++» —more than half of cells
are positively stained.




Puc. 2. ViMMyHOrmcTtoxummyeckoe okpalumBaHne cpes3os KceHorpad-
TOB @0pPTbl HOBOPOXAEHHbIX MOPOCAT NEPBLIMWN aHTUTENaMu K Cyobeam-
Huue mmmyHonpoteacom LMP7 u BTopbimu Alexa488-koHblormpo-
BaHHbIMK aHTuTenamu. Mpynnel: 1 — A, B; 3 -C, D; 2 - E, F. K-
TKaHb NoYkn, G — TkaHb TpaHCNNaHTaTa, CTpernkamMu ykasaHbl 30HbI,
B KOTOPbIX MPUCYTCTBYIOT MO3UTUBHOOKPALLEHHble kneTku; A, C, E —
doTorpaduns B NpOXOAsLLEM CBETE.

Fig. 2. Immunohistochemical staining of newborn piglet aortic xenograft
sections with the primary antibodies immunoproteasome subunit
LMP7 and the secondary Alexa488-conjugated antibodies. Groups:
1-A,B;3-C,D;2-E, F. K-kidney tissue, G — graft tissue, arrows
indicate areas with presented positively stained cells; A, C, E —

photo in transmitted light.

W3BecTHO, YTO NMpHU CHUKEHUU TEeMIIEpaTyphl OT
HOPMOTEPMHUH 10 YpOBHs, Onuskoro k 0°C, Habmo-
JaeTcsl MPUMEPHO IMSATHKPAaTHOE YMEHBIIEHUE CKO-
POCTH KJIETOYHOTO MeTadonu3Ma, a MOTPEOHOCTb
TKaHEW B KHCJIOPOAE CHIXKACTCS MPUOIM3UTEIBHO
Ha 80% [13]. OTo npenATCTBYyeT Pa3sBUTHIO MIIEMHU-
YECKMX MOBPEXICHWH B TKaHAX, HO B TO K€
BpeMs NPHUBOIUT K HHTUOMPOBAHUIO AKTHBHOCTH
(bepMEHTAaTUBHBIX KJIETOYHBIX CHUCTEM, OTBETCTBEH-
HBIX 3a MOJAJEpXKaHWE OKHCIUTEIbHO-BOCCTAHO-
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trates with necrosis of these zones. In
the graft-adjacent renal parenchyma we
noted a plethora of glomeruli, an une-
ven mesangial lymphohistiocytic infil-
tration, swelling of tubular epithelium
with desquamation, and a moderate
infiltration of intertubular stroma.

In the group 4 xenografts (a-galac-
tosidase-processed fragments), the aortic
elastic fibers were convoluted with the
minor gaps in-between. Lymphohistio-
cytic infiltration was slightly pronoun-
ced.

The Table 1 demonstrates the results
of cell quantitative analysis in the in-
filtration foci in the xenograft and
at the boundary with the kidney pa-
renchyma. It is seen, that the number of
infiltrating cells is significantly lower
in the xenograft sections of groups 2
and 4 than in groups 1 and 3. In ge-
neral, the qualitative analysis of the
aortic xenograft state and quantitative
assessment of focal infiltration cells
testify to a decrease in immune response
to aortic tissue, subjected to enzymatic
treatment with a-galactosidase and HS
in Euro-Collins solution.

The labeling with antibodies to the
immunoproteasome subunit LMP7 sho-
wed a significant number of positively
stained cells, observed in the aortic
xenografts, subjected to HS in HTK
(group 1) and DMEM (group 3) (Fig. 2B,
D; Table 2). No pronounced expression
of LMP7 was found both at the boundary
with xenograft and at the rest kidney
parenchyma.

In the Euro-Collins-treated aortic spe-
cimens (group 2), no LMP7 labeling
in xenograft thickness was observed,
but it was present in renal parenchyma
(Table 2).

Labeling with antibodies to the im-
munoproteasome subunit LMP2 revea-
led the similar features in all the groups, i. e.
a slight expression in xenografts and a high in
renal parenchyma (Fig. 3A, B; Table 2). It is cha-
racteristic, that in renal parenchyma, a positive
labeling was observed mostly in tubular epithe-
lium, and not in Malpighian bodies.

In all the studied groups, the cells stained with
antibodies to macrophages were found at the boun-
dary of renal parenchyma and xenograft (Fig. 3C,
D; Table 2). In the specimens of groups 1 and 3, the
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Puc. 3. VimMmyHOrncTtoxmMmmnyeckoe okpaluMBaHUe Cpes3oB KCeHOorpadToB aopTbl HOBOPOXAEHHLIX MOPOCHAT NepBbl-
MU aHTUTenamu Kk cybbegmHuue ummyHonpoteacom LMP2 (A, B) n BTopbiMu Alexa546-KOHbHOMMpOBaHHBIMU aHTU-
Tenamu, a Takke npambiMm PE-koHblormpoBaHHbiMM Anti-Rat Macrophage Marker aHtutenamm (C, D). K — TkaHb
noykn, G — TkaHb TpaHcnnaHtata. A, B — no3auTnBHoe okpalmBaHue anUMTENus U3BUTbIX KaHanbLEeB MOYKM (OSWH-
Hble CTPEenkKu) N OTCYTCTBME OKpalUMBaHWS B ManbnurmeBbix Tenbuax. C, D — 30HbI, B KOTOPbIX MPUCYTCTBYIOT NO3M-
TMBHOOKpaLLeHHble kneTku; B, C — doTorpadmsa B npoxogsiiem ceeTe.

Fig. 3. Immunohistochemical staining of newborn piglet aortic xenograft sections with primary antibodies to immu-
noproteasome subunit LMP2 (A, B) and secondary Alexa546-conjugated antibodies, as well as the direct PE-con-
jugated Anti-Rat Macrophage Marker antibodies (C, D). K — kidney tissue, G — graft tissue. A, B — positive staining
of epithelium of renal convoluted tubules (long arrows) and no staining in Malpighian bodies. C, D — zones with
positively stained cells; B, C — photo in transmitted light.

BUTEJIILHOTO OajlaHca M TPaHCMEMOpPaHHBIX Tpa-
JIMEHTOB WOHOB. B CBs3M C 3TUM Il KOHCEPBH-
pOBaHUs OpraHOB ObUTM pPa3pabOTaHbl HECKOJIBKO
TUIIOB CpeJ, MPEMSITCTBYIOIIUX Iepepacipeese-
HUI0O WOHOB W JPYyTUX HHU3KOMOJEKYISIPHBIX Be-
IIECTB, a TaKXKe IMPEJOTBpAIlAIONINX HaOyXaHue u
orex [17].
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zones of positively labeled cells were more exten-
sive than in the rest ones.

It is known that when decreasing the tempera-
ture from normothermia down to the level close
to 0°C, there is an approximately five-fold decrease
in cell metabolism rate, and the tissue demand in
oxygen reduces by approximately 80% [12]. This
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B mpencrasnenHol pabore ObLTH BBIOpaHBI pac-
TBOPBI IPUHIMITHAIBHO PA3HOTO COCTaBa, & UMEHHO:

- «EBpo-KomnmuH3z», UIMATHPYIOIIWNA BHYTpPHUKIIE-
TOYHBIA SJIEKTPOJIUTHBIA COCTaB 32 CUET BBICOKOTO
COZIEp’KaHUsA MOHOB KaJIusl M BKJIIOYAIOLIMH OCMO-
THYECKHH Oapbep, 00eCIIeIMBaEMBbIN TTIOKO30i;

- HTK, coaepxaiiuii HU3KHE KOHIIEHTpalUU Ka-
JIUSL U HATpHsl, UMEIOLIUI B COCTaBE OCMOTHYECKUI
Oaprep B BHJE MAaHHHUTOJIA, @ TAKKE AMHHOKHCIIOTHI,
CTaOMIM3UpYIOIINE KJIETOYHble MeMOpaHbl M SB-
JsroIMecs cyocTparaMu Al aHadpoOHOTO MeTabo-
Ju3Ma;

- DMEM, uMHTHPYIOIIMH COCTAB BHEKIECTOYHOU
cpenbl (HU3KUI ypOBEHb Kalusl U BBICOKHUH YPOBEHb
HaTpHsl), UCTIOJIB3YETCSI B TEXHOJOTHSIX KJICTOYHOIO
KyJIBTUBHUPOBAHUSL.

[lepBoHauanbHO mpH pa3pabOTKE cOCTaBa KOH-
CEpBUPYIOIUX CpPEA HCCIENOBAaTeI HE CTAaBUIH
3aa9y MOMU(HUKAIMM aHTUTEHHOTO TPO(WIT TKa-
HEH/OpraHoB, MOUIeXKAIUX TpaHcIUIaHTauuu. Of-
HaKko B XOJIe MX HCIOJB30BaHMSA TOSBWINCH (hak-
ThI, CBU/IETEILCTBYIOIINE O BIMSHUU TaKUX CPEd Ha
HMMMYHOT€HHOCTb IIepecakuBaeMoro oprasa. P. Bren-
ner u coamT. [7] ObUIO 3aMEYEHO, YTO JUIUTENbHAs
rurnorepMuueckas nepdysus cepaua CBHHbBU KOH-
CEPBUPYIOIUM PACTBOPOM MPHUBOAUT K CHIKEHHUIO
HMMYHHOTO OTBeTa Ha KceHorpadt. bomee nerains-
Hble 3KcHepuMeHThbl, nposBeaeHuslie M. Keller u
coaBT. [21] Ha KyJabType SHIOTEIUOLIMTOB AOPThI
CBUHbBHU, IIOKA3aJM YMEHBIICHHE SKCIPECCUM 3IH-
tora 0o-Gal Ha moBepxHOCTH KIeTOK Ha 32% mocie
nHkyOarmuun B pactBope HTK. B wHamel mpe-
JOBITyIe paboTe CpaBHUTENBHOE HMMYHO(ITyO-
pecueHtHoe Medenue snurtona o-Gal mocie ['X
(parMEeHTOB aopThl HOBOPOXKACHHBIX IOPOCAT B
HTK u «EBpo-Kommunz» (24 4) mokaszaio CHMXe-
HUE JAHHOTO M0KAa3aTells 10 CPABHEHUIO C HATUBHBI-
Mu obpazmamu [1].

Ilo nmanneiM S. Park u coast. [29] depmenra-
THUBHasE 00pabOTKa O-TaJlaKTO3MIa30i CBHHBIX aop-
TaJIbHBIX KJIAIIAaHOB MO3BOJIIET HOOUTHCA CHIDKEHMS
HMMMYHOTMCTOXMMHYECKOTO MedeHus1 snurona o-Gal
BIUIOTH JI0 HeompeaenseMoro. OTCyTCTBHE aHTHUTEH-
HOTO JMHWTONA Ha TOBEPXHOCTH KIJIETOK 3aKOHOMEPHO
CHIYKaeT MMMYHOT€HHOCTh CBHUHOTO KceHorpadra.
Bcenencreue storo obpasnpl aopThl, 00paboTaHHbBIE
O-rajakTo3uaa3on (rpynmna 4), XxapakTepu30BaIMCh
MHUHHAMAJIGHBIM ~ KOTMYECTBOM  MH(UIBTPYIOLIMX ~ KIle-
ToK. IlomHOro OTCYTCTBUSI MHOHIBTPYIOLIMX KIIETOK
B caliTe TpaHCIUIaHTaUUK (parMeHTOB aOpThI, 00Opa-
OoraHHOW (pepMeHTOM, TOOWUTHCS HE YHAIOCh, YTO
MOXeET OBITh CBAI3aHO C IBYMs IIpU4YMHamMH. Bo-nep-
BbIX, IIOBPEX/IECHUE TKAaHU IPU ONEPATUBHOM BMe-
LIAaTeIbCTBE IMPUBOAUT K AaKTUBALUU KIETOK HM-
MYHHOU cUCTEMBI. BO-BTOpBIX, B CUCTEME KCEHOTEH-
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prevents the ischemic damage development in tis-
sues, but at the same time inhibits the activity of
enzymatic cell systems, responsible for maintaining
the redox balance and transmembrane ion gradients.
In this regard, organ preservation utilizes several
types of the media, preventing the redistribution
of ions and other low-molecular substances, as well
as swelling and edema [16].

Here, we selected the solutions with crucially
different composition such as:

- the Euro-Collins, which simulated intracellular
electrolyte composition due to a high content of
potassium ions and contained the glucose, providing
an osmotic barrier;

- HTK, containing low concentrated potassium
and sodium, which comprised mannitol, acting as
an osmotic barrier, as well as the amino acids, sta-
bilizing cell membranes and being the substrates for
anaerobic metabolism;

- DMEM, simulating the composition of extra-
cellular medium (low potassium and high sodium
levels), used in cell culture technologies.

Initially, when developing the composition of
preservation media, the researchers did not set
the task to modify the antigenic profile of tissues/
organs to be transplanted. Nevertheless, during their
use the facts appeared, which testified to the
impact of these media on immunogenicity of the
transplanted organs. P. Brenner et al. [6] noted
that prolonged hypothermic perfusion of porcine
heart with a preservation solution entailed a de-
crease in the immune response to xenograft. More
detailed experiments performed by M. Keller et al.
[21] in porcine aortic endothelial cell culture sho-
wed a decrease in a-Gal epitope expression on cell
surface by 32% after incubation in HTK. In our
previous work, a comparative immunofluorescent
labeling of the a-Gal epitope after HS of newborn
piglet aortic fragments in HTK and Euro-Collins
(24 hrs) showed a decrease in this index as compared
to the fresh specimens [2].

As reported by S. Park et al. [29], an enzymatic
treatment with o-galactosidase of porcine aortic
valves allowed achieving the reduction of immuno-
histochemical labeling of a-Gal epitope down to
undetectable level. The absence of antigenic epi-
tope on a cell surface expectably reduces the im-
munogenicity of porcine xenograft. As a conse-
quence, the a-galactosidase-treated aortic samples
(group 4) were characterized by the minimum
number of infiltrating cells. We could not achieve
a complete absence of infiltrating cells in the
transplantation site of the enzyme-treated aortic
fragments, that might be due to two reasons. First,
the tissue damage during surgery results in acti-
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HOM mapbl «JI0HOP-peruueHT», kpome Gal-o-1,3-Gal,
CYHICCTBYET psii aHTHTCHOB, CIIOCOOHBIX BBI3BATh
peakuuto orropxkenus [9]. Iloatomy Becbma Bepo-
SITHO, YTO Ha OTHAJICHHBIX MOCTTPAHCILIAHTAIINOH-
HBIX CpOKaxX KCEHOTpa(Thl aopThl 3TOW TPYIIIBI
OyIyT OTTOPTHYTHI.

HHTEepecHo, uTo B 00pasmax Tpynmbl 2 HaMH
OBUTH TIOJTYYEHBI CXOJHBIE C TPYMION 4 pe3yabTaThl,
YTO CBHJICTEIHCTBYET O CHIDKCHHH HMMYHOTCHHO-
¢ty TKaHu aopTsl nocie ['X B pactBope «EBpo-Koi-
nuH3». Hanbonee BbIpakeHHbBIE MTPU3HAKU OTTOpIKE-
HUS, TIPOSIBJISIIONIUECS B YACTUIHON AECTPYKIINU KCe-
HOrpaTa U yBEIIMYCHUU KOJIMUYECTBA MH(IIBTPYFO-
IIUX KJIETOK, OBLITH YCTAHOBJICHBI B 00pa3Iiax 0CTaib-
HBIX TPYIIIL.

M. Keller u coasr. [21] onucany ciemyromme Bo3-
MOYKHBIE MOJIEKYJISIPHbIE MEXaHW3Mbl CHIDKEHUS TIPH-
cyTcTBHs rmTona o-Gal Ha MeMOpaHaxX KIeTOK:

- M3MEHEHHE XHMHYECKOW CTPYKTYpHI SIUTONA
WIN CBSI3aHHOTO C HUM OeJika, KOTOphIE JIeNaloT He-
BO3MOXKHBIM MX PAcIiO3HaBaHUE C TIOMOIIBIO CIEIH-
(uuecKux aHTUTEI;

- SJMMUHALUS AIUTOMNA C KJIETOYHOW MeMOpaHBbI
BCIICZICTBUE Pa3pbIBa MEXKMOJICKYISIPHBIX CBSI3CH;

- MAacCKHpPOBKa SIUTOINA BBICOKOMOJCKYISPHBIMU
BEILECTBAMHU, BXOISLIUMHU B COCTaB KOHCEPBUPYIO-
IIUX Cpef.

[lo wnHaOmomeHUsSM OHTHX aBTOPOB 3HAYUTEIb-
Hoe Moamunmpyromiee BiusHUE Ha srmTon o-Gal
UMEET KOHCEPBUPYIOIIUN pacTBOp «YHUBEPCUTET
Buckoncuna» (UW). Coneprkantuecs B HEM BBICOKO-
MOJICKYJISIPHBIE COSIMHEHUs, Kpaxmal, paddunosa
U JAKTOOMOHAT MaCKHpOBaIH dnutor [21].

B Hammx »sKkcmepuMeHTax MOIUPHUINPYIOIIUt
¢ dexT HabIoAaNCs MPH MCIOIb30BAaHHU PAaCcTBOPA
«EBpo-KommmH3», B cocTtaBe KOTOPOrO OTCYTCTBY-
10T mofo0HbIe BemecTBa. OxHako pactBopsl «EBpo-
Kommunz u UW copepxar BHICOKYIO KOHLIEHTPALUIO
MOHOB Kanus. Bo3MoxHO, MaHHBIN (aKTOp BHOCHUT
BKJIaJ] B Momudukaruio snutona o-Gal, omHako ams
BBISICHEHHS JTOTO MEXaHW3Ma HEOOXOAWMBI JIOTION-
HUTEIbHBIE NCCIIEOBAHUSI.

K nHacrosmemy BpeMeHH I0Ka3zaHa pOJib TPOTe-
acoM Kak CIICIUATU3UPOBAHHBIX MYIBTUCYOBE -
HUYHBIX OEJKOBBIX KOMILIEKCOB, OCYIIECTBISIOIINX
BHYTPHUKJICTOYHBIA MPOTEOIN3, B PA3BUTHH UMMYH-
HOTO OTBeTa. | eHbl, KOAUPYIOUIHEe UMMYHHBIE CyOb-
enuHunel LMP2 u LMP7, HaxonsaTcs B JIOKyce TJ1aB-
Horo komruiekca coBmectumoctu (I'KI') kmacca II
[27]. [Ipu BcTpanBaHUU AaHHBIX CyObEAMHUIL B IIPO-
TEacoOMy HM3MEHSIETCS €€ MPOTEONIUTHYECKasl aKTHB-
HOCTh M YBEJIMYWBACTCS MPOMYKIHS AHTUTEHHBIX
anuTonoB. 3axBadeHHBIM AIIK anTHTeH TmMOIBEp-
raeTrcs MpoTEeoNIN3y UMMYHOIIPOTEAaCOMaMH B IIHTO-
I1a3Me, MEePeHOCUTCS B OHAOIUIA3MaTHYECKHN pe-
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vating the immune system cells. Secondly, the
system of ‘donor-recipient’ xenogenic pair, has some
antigens capable to cause the rejection reaction
in addition to Gal-a-1,3-Gal [8]. Therefore, in the
remote post-transplant periods, the aortic xenografts
of this group will be likely rejected.

It is of interest that in the group 2 specimens,
we obtained the results similar to group 4, that testified
to a decrease in the aortic tissue immunogenicity
after HS in Euro-Collins solution. Much more
pronounced signs of rejection, manifested in a partial
destruction of xenograft and an increased number
of infiltrating cells, were observed in specimens of
the remaining groups.

M. Keller et al. [21] suggested the following
possible molecular mechanisms for reducing the
presence of a-Gal epitope on cell membranes:

- changes in chemical structure of the epitope
or associated protein, which made it impossible to
recognize them with specific antibodies;

- the epitope elimination from cell membrane due
to the breaking of intermolecular bonds;

- the epitope masking with high-molecular subs-
tances, being the part of preservation media.

Moreover, Keller M. observed a significant mo-
difying effect of the University of Wisconsin (UW)
solution on the a-Gal epitope, due to the masking
of the epitope by the high-molecular compounds,
i. e. starch, raffinose and lactobionate [21]. In our
study, a modifying effect was observed when using
the Euro-Collins solution, which did not contain
such substances. Nevertheless, both solutions, Euro-
Collins and UW, contain a high concentration of
potassium ions. Possibly, this factor contributes to
the a-Gal epitope modification. Thus, the additional
experiments are needed to clarify this mechanism.

To date, the role of proteasomes has been proven
in the immune response development as the specia-
lized multisubunit protein complexes, performing
an intracellular proteolysis. The genes, encoding
the immune subunits LMP2 and LMP7 are located
in the locus of the major histocompatibility comp-
lex (MHC) class II [27]. When these subunits are built
into a proteasome, its proteolytic activity changes
and the production of antigenic epitopes increases.
The captured by APCs antigen undergoes the pro-
teolysis by immunoproteasomes in the cytoplasm,
then transferred into endoplasmic reticulum by
means of TAP complex (Transporter associated with
Antigen Processing), loaded into the MHC class
I and transferred onto the membrane surface for
presentation. The immunoproteasomes are involved
in antigen cross-presentation through MHC class I,
resulting in immune response activation by cyto-
toxic CD8* T-lymphocytes [22, 32].
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TUKYIyM ¢ noMoiubto TAP-xommiekca (Transporter
associated with Antigen Processing), 3arpyxaercs
B kommiekc I'KI' kmacca I u mepeHocurces Ha mo-
BEPXHOCTh MeMOpaHbl Ui Ipe3eHTauuu. Mmmy-
HOIIPOTEACOMBI YYacTBYIOT B KPOCC-TIPE3CHTALH
antureHoB nocpeactBom 'K kiacca I, npuBons k
aKTHBALlM MMMYHHOI'O OTBETa LIUTOTOKCHUYECKUMHU
CD8* T-numbounrtamu [22, 32].

B xpocc-mpe3eHTaniiu MOTYT Yy4acTBOBaTh Kak
npodeccuonanbubie AITK (Makpodaru, neHapuTHbIe
KJIETKH), TaK M KJIETKU COCYAUCTOro HmoTenus [33].
[Ipu >TOM moOCHEeAHME MMEIOT B CBOEM apceHale
BCE CPEACTBA Ul NpE3EHTAllMM AHTUIECHA, BKIIOYas
HMMMYHOIPOTEACOMBI, TPAHCTIOPTHBIC OSTIKOBBIE KOMII-
JICKCBI, aCCOLIMMPOBAHHBIE C MPOLECCUHIOM aHTHUTIe-
HOB (TAP1), m xomrmexcel I'KI™ kimaccos 1 u 11 [6].
[lockonbKy moOKa3zaHO, 4TO pacno3HaBanue o-Gal
SMUTONIA IPU KCEHOTPAHCIUIAHTALMU IPOUCXOIUT B
TOM HYHCJIE W IyTeM Kpocc-Tipe3eHTarun [11], To co-
CYAMCTBIN 3HJOTEINH, SIKCIPECCUPYIOLIUI €r0 B BbI-
COKOM IUIOTHOCTH, MOXET HIpaTh BAXKHYIO POJIb B
aKTUBAIMM TIpollecca OTTOp)KeHus. B ciyuae smu-
MUHAIMK 3MUTONA C MOBEPXHOCTU JHJOTEIMS OT-
TOp>KEHUE JTOJIKHO 3aMEIISATHCS.

Panee ycraHOBIEHO, UTO TPAHCIUIAHTATHI, MOJ-
BEpPrHYThIE IJIUTENbHON XojomoBoi wumemuu [10]
iy uneMuu-pernepdysuu [24], yxe B NIepBbIe MATh
CYTOK IOCJ€ Hepecaiku MHQUIBTPYIOTCS HEUTpO-
¢bumamu m Makpodaramu. IlepBUYHBIME TpuUTTEpa-
MU ISl TAKOH aKTHBALMM SIBJISIOTCS MOJICKYJISIPHbIE
CUTHAJIBI ToBpexacHus B Buge DAMPs (damage-
associated molecular patterns) [23], koTopble Heu3-
0€KHO TIOSBISIIOTCS B TpAHCIUIAHTAaTax MpH THOenu
KJIETOK B xofie 3a0opa u xpanenus. Ilomumo s3to-
ro, IpU ONEpPaTMBHOM BMEIATEILCTBE MPOUCXOIAT
aKTHBalMsl Makpo(aroB M mpuBieUeHHE (recruiting)
WX B CalT TpaHCIUIAHTALMU 3a CYET JIOKAJIBHOIO
MOBBIILICHUS XeMoTakcuyeckux ¢axropos MIP-1,
MCP-1 u RANTES, BBICBOOOXKIAIOIIUXCS U3 IOB-
PEXACHHBIX KJIETOK COCYIOB M NapeHXuMbl [37].
JlokanpHO moBbIIaromascs kouueHTpamus [FN-y u
JOPYTUX MPOBOCHAINTENbHBIX LIUTOKUHOB, BbIEIIsIE-
MBIX MakpodaramMu B caiiTe TpaHCIUIaHTAIUH, IIPH-
BOJIUT K aKTHBALUU SKCIPECCHH WMMYHHBIX CyObe-
nquHAL poteacoM [25]. IIpu aToM Moz Bo3neHCTBHEM
LIUTOKUHOBOW CTUMYJIAILMA WMMYHHBIE CyObEINHHUIIBI
MOTYT HOSBISATHCS. HE TOJIBKO B UMMYHOKOMITIETEHT-
HBIX, HO U B TAapEHXUMATO3HBIX KieTKax [12].

H. Ostrowska u coabr. [28] moka3aiu WHIYKIIHIO
CHUHTE32 UMMYHOIIPOTEacoM B KJIETKaX IOYKH IOC-
Jie JAJNUTENbHOW HWIIEeMHUM M IIpU BOCHajeHuu. B
HAIIMX HKCIIEPUMEHTAX HAOII0IaJ0Ch IOBBILICHHUE
DKCTIPECCUU UMMYHHOU cyOoseauanmsl LMP7 B ma-
peuxume nouku nocie I'X B pactBope «EBpo-Kou-
JIUH3», HO HE B JIPYTHX cpenax. Bo3aMoXkHO, 3TO CBsI-
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Both professional APCs (macrophages, dendritic
cells) and vascular endothelial cells may be involved
into cross-presentation [33]. At the same time, the
latter have in their arsenal all the means for antigen
presentation, including immunoproteasomes, trans-
port protein complexes, associated with antigen
processing (TAP1), and MHC class I and II [4].
Since the recognition of a-Gal epitope during
xenotransplantation was shown to occur through
the cross-presentation as well [10], the vascular
endothelium, expressing it in a high density could
play an important role in the rejection process
activation. In case of epitope elimination from the
endothelial surface, the rejection should slow down.

It was previously established the fact, that the
grafts, subjected to either prolonged cold ischemia
[9] or ischemia-reperfusion [24], even in the first
five days after transplantation were infiltrated by
neutrophils and macrophages. The primary triggers
for such an activation are the molecular signals of
damage, the DAMPs (damage-associated molecular
patterns) [23], which inevitably appear in grafts due
to cell death during their isolation and storage. In
addition, the surgery is associated with activation
of the macrophages and their recruitment into
the transplantation site due to a local increase in
chemotactic factors MIP-1, MCP-1 and RANTES,
released from damaged vascular cells and paren-
chyma [37]. A locally increasing concentration of
IFN-y and other pro-inflammatory cytokines, secre-
ted by macrophages at the transplantation site entails
the expression activation of the immunoproteasome
subunits [25]. Herewith, under the impact of cytokine
stimulation, the immune subunits may appear not
only in immunocompetent cells, but in parenchymal
ones as well [11].

For example, H. Ostrowska et al. [28] proved
the induction of immunoproteasome synthesis in
renal cells after prolonged ischemia and under
inflammation. In our investigations, we observed an
increased expression of immune subunit LMP7 in
renal parenchyma after HS in Euro-Collins solution,
but not in other media. This fact may result from
a specific impact of certain components of Euro-
Collins solution, that requires an additional study.

Obviously, during xenotransplantation of aorta,
subjected to HS, a complex of activation signals
is initiated, including the response to surgery, the
release of DAMPs from the own tissues and from
the transplanted aorta, the secretion of pro-inflam-
matory cytokines, recognition of APCs xenoantigens,
a-Gal epitope cross-presentation in the context of
MHC class I, the stimulation of T-cell subpopulations.
The total manifestation of these processes is ob-
served in the aortic xenografts, incubated in HTK
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3aHO CO CIEeUU(PUUECKUM BIHSIHUEM HEKOTOPBIX KOM-
MIOHEHTOB, BXOAAIMX B cocTas «EBpo-Kommunszy, n
TpeOyeT OTAEIbHBIX UCCIICIOBAHUI.

OueBHIHO, YTO NpPH KCEHOTPAHCILUIAHTALUU
aopTel, noasepruytTo ['X, co3maercsi KOMILIEKC
CUTHAJIOB AaKTHBALWM, BKJIIOUAIONIMHA PEaKIHUIO Ha
OTICpaTUBHOE BMEMIATEIHCTBO, BBEIOpoc DAMPs
U3 COOCTBEHHBIX TKaHEH W TpPaHCIUIAHTHPYEMON
A0PTHI, CEKPEIUIO TPOBOCTIATIUTEIbHBIX INTOKHHOB,
pacnio3HaBanue kceHoanturenoB AIIK, kpocc-mpe-
sedranuio >nurona o-Gal B xonrekcre I'KIT kmac-
ca I, crumymsauuio cyonomymsuuii  T-kiaeTodHoro
3BeHa. CyMMapHOE MpOSIBIEHHE 3TUX IPOIECCOB
HaOmonaeTcst B KceHorpadtax aopThl, MHKYOHpO-
BaHHBIX B pactBopax HTK m DMEM, B Buzme obpa-
30BaHMsl O4aroB JIMM(OTHCTHOLUTAPHON HHPUIBT-
pauuy ¥ TIOBBIIEHHOW OKCIPECCHH HWMMYHHBIX
CyOBEIUHHUI] IIPOTEACOM B CaliTe TPaHCIUIAHTALUU.
B TO Xe BpeMms yMEHbLICHHE KOJIMYECTBA MH(PUIBT-
PYIOIIUX KIETOK W OTCYTCTBHE JKCIPECCUH CyObh-
equauy LMP2 u LMP7 B kceHorpadrax mocie
I'X B pactBope «EBpo-KomnmH3)» KOCBEHHO yKa-
3bIBAIOT HE TOJIBKO Ha JIOCTaTOYHO XOPOIIYIO CO-
XpaHHOCTh TKaHU, HO M Ha CHMKEHHE SKCIPECCUU
KCEHOAHTUT€HOB B HEH.

Takum oOpa3om, MpeAcTaBIeHHOE i1 VIVo HCCIie-
JIOBaHME MOATBEPKAACT MOJYUYECHHbIE HAMH paHee
in Vitro JaHHBIE, YTO CHIXEHHE YPOBHS JKCIpec-
cun o-Gal smurtona B pesymbrare ['X ¢parmen-
TOB a0OpThl OpocAT B pacTtBope «EBpo-Kosutmu3»
NPUBOAUT K MEHEE BBIPAKEHHOMY HMMYHHOMY
OTBETY PEUMIIMEHTa IOCJIe KCEHOTPAHCIIAHTALNH.
OnHako MOJEKYISpHBIE MEXaHU3MBl YMEHBIIECHUS
9KCIIPECCHN KCEHOAHTHIeHa HEJ0CTAaTO4YHO Hcce-
JIOBaHbBI M TPEOYIOT AajbHEHILIEr0 N3yYeHNsI.

BriBOABI

1. Ha 7-e cyTkn mocie reTepoTOnMYecKol Kce-
HOTpaHCIUIAaHTALUH MO/ KarCyy OYKH TKaHb aOpPThI
HOBOPOXJICHHBIX MOPOCAT COXPAHSAET TUCTOJIOTHYE-
CKyI0 CTpyKTypy. OIHaKo B KCEHOTpaHCIUIaHTaTax
HaOJFOMAIOTCSA O4Yaru JTUM(OTHCTHOIIUTAPHOW WH-
(mpTpanny, WHTEHCHBHOCTH KOTOPOH 3aBHCHT OT
BHJIa MHKYOAIIMOHHOM CpPEIbI.

2. Ilpu kceHoTpaHCIUTAHTAMK (PArMEHTOB aop-
Thl HOBOPOXKJEHHBIX MOPOCST MO KAaICYyly IOYKU
KpbICaM HaOJIoJaeTCsl TIOBBILICHNUE IKCIIPECCUH HM-
MyHHBIX cyObeaunun, LMP2 u LMP7 mporeacom
B KceHorpadTe, CBA3aHHOE C 00pa30BaHUEM OYaroB
MH(UIBTPAIIHH.

3. TkaHb aOpTHI HOBOPOXKJIEHHBIX MOPOCAT, MOJ-
BepruyTas umHKyOauuu B pactBope «EBpo-Koi-
nuH3» pu 4°C, BEI3BIBACT MCHEE BEIPAKCHHBIA UM-
MYHHBIH OTBET II0 CPAaBHEHHUIO C KCeHorpadrami,
nHKyOnpoBaHHbIMU B pactBopax HTK u DMEM.
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and DMEM solutions, as the formation of foci of
lymphohistiocytic infiltration and an increased ex-
pression of immunoproteasome subunits at the
transplantation site. At the same time, a decrease
in the number of infiltrating cells and the lack of ex-
pression of subunits LMP2 and LMP7 in xenografts
after HS in Euro-Collins solution indirectly indicates
not only quite a good preservation of the tissue,
but a decreased expression of xenoantigens in it as
well.

Thus, the presented in vivo study confirms our
previous in vitro findings, showing that a decrease
in the a-Gal epitope expression level as a result of
HS of piglet aortic fragments in Euro-Collins so-
lution leads to a less pronounced immune response
of recipient during xenotransplantation. Neverthe-
less, the molecular mechanisms for reducing the
xenoantigen expression have not been fully studied
yet and further research is needed.

Conclusions

1. To day 7 after heterotopic xenotransplan-
tation under the renal capsule, the newborn piglet
aortic tissue preserved its histological structure.
However, in xenografts we observed the foci of
lymphobhistiocytic infiltration, the intensity of which
depended on incubation medium.

2. Xenotransplantation of the newborn piglet
aortic fragments under renal capsule to rats results
in an increase in the expression of the immuno-
proteasome subunits LMP2 and LMP7 in the xe-
nograft, associated with the infiltration foci for-
mation.

3. The newborn piglet aortic tissue, subjected to
incubation in Euro-Collins solution at 4°C causes
a less pronounced immune response as compared
to the xenografts, incubated in HTC and DMEM.
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