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Pecpepar: B HacTosillee Bpems B TPAHCNMAHTONOIMW LUMPOKO MPUMEHSAIOTCS CBUHbIE COCYAbl, CepAeyvHble KrnanaHbl.
B cBsAsn c BbicOkMM ypoBHeM 3kcnpeccunm Gal-a-1,3-Gal (snuton a-Gal) cBuHble ©OuonpoTe3bl MOABeprawT nepen
TpaHcnnaHTauuMen cneunansHo obpaboTke AN ydaneHus wnu peaxkTuBaumy aToro anutona. llonyyeHHble HamMu paHee
[aHHble CBMAETENbCTBYOT O TOM, YTO HEKOTOpble cpefdbl, UCMOMb3yeMble ANA runoTrepMmuyeckoro xpaHenus (MX), ymeHb-
watoT akcrnpeccuto anutona a-Gal B TkaHu aopThl in vitro. B HacToswen pabote 6bino uccnegosaHo BnusaHue X B pacT-
Bopax «luctupamH-TpuntodaH-ketornytapat» (HTK), «EBpo-KonnuH3» n moaudumumpoBaHHon cpepne [ynbbekko (DMEM)
Ha COXPaHHOCTb TPaHCNIaHTaToB aopTbl in Vivo. AHanu3 rmcTonorMyeckoro CTPOEHUS CTEHKM aopTbl U OLEeHKa YpPOBHS
9KCMPECCUM MMMYHHbIX cybbeamHuy npoteacom LMP2 u LMP7 nokasanu, 4To Ha 7-e CYyTKM MoOCne KCeHOTpaHCnnaH-
Tauum dparmeHToB aopThbl, nNoABeprHyThix X B pactBope «EBpo-KonnuH3», BbI3bIBAlOT MeHee BblpaXXeHHbI UMMYHHbIV
OTBET MO CPaBHEHUIO C KceHorpadTamu, nHkyobupoaHHbiMn B HTK 1 DMEM, 4TOo MOXeT ObiTb 4aCTUYHO CBA3aHO C COCTaBOM
cpeabl «EBpo-KonnuHay. MonyyeHHble faHHble NPeACTaBnalT NHTepecC AN pa3paboTky HOBbIX METOAOB MpeATpaHcnnaHTa-
LMOHHOWN MOAroTOBKM AOHOPCKOro matepuana.

KnioueBble cnoBa: anuton o-Gal, aopta HOBOPOXAEHHbIX MOPOCHAT, KCEHOTPaHCNaHTauuMs, rMrnoTepMrMyeckoe XpaHeHve, UM-
MYHOMpOTEacoMbl.

Pedepar: Ha gaHuim yac y TpaHCMNaHTOMOrii LWMPOKO BMKOPUCTOBYIOTLCA CYAMHWU, CEpLEBi KnanaHu, AOHOPOM SKUX € CBU-
HA. Y 3B’A3Ky 3 BUCOKMM piBHem ekcnpecii Gal-a-1,3-Gal (emiton a-Gal) cBuHA4i GionpoTesn nigpalTb nepen TpaHc-
nnaHTauiew cneuianbHin obpobui ana BuganeHHsa abo geaktmBauii yboro enitona. OTpuMaHi Hamu paHiwe faHi cBigvyaTtb
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 posynHax «[licTnanH-TpunTodaH-keTo-
rmytapat» (HTK), «Espo-KoniH3» i mopgumdikoBaHomy cepeposuwi Jynbbekko (DMEM) Ha 36epexeHHs TpaHcnnaHTaTiB
aopTu in vivo. AHanmi3 riCTONOrYHOI CTPYKTYpPW CTiHKM aOpPTW i OUiHKa PpiBHA eKcrpecii iMyHHUX Ccyb6oAMHULbL npoTeacom
LMP2 i LMP7 nokasanu, wo Ha 7-my poby mnicna KceHoTpaHcnnaHTtauii dparmeHTn aoptu, niggaHi '3 y pos-
YMHi «EBpo-KonniH3», BMKMMKAKTb MEHLUE BUPaKeHy iIMYHHY BiAMOBiAb y MOPIBHAHHI 3 KceHorpadTamu, ski iHKybyBamu
B HTK i DMEM, ue moxe 6yTn 4acTKOBO NOB’A3aHO 3i cknagom cepeposBua «EBpo-KoniH3dy. OTpumaHi AaHi CTaHOBMSATb
iHTepec Ans po3pobkn HOBUX METOAIB NepeATpaHnaHTauiHol NiAroTOBKM JOHOPCLKOro martepiany.

KniouoBi cnosa: eniton a-Gal, aopta HOBOHapo@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 TpaHCHIaHTOIOTMU HIMPOKO HCIONB3YIOTCS
CBUHBIC OMONPOTE3bl, MpPEACTaBISAIOMINE CO00i 00-
paboTaHHbIe CIIENHMATBHBIM CIIOCOOOM COCYIBI, CEp-
JICYHBIC KIJIANaHbl, KIATaHOCOEpIKAIINe KOHIyHTHI
i (QparMeHThl TOACIU3UCTON TOHKOTO KHIIIEeU-
Huka [2—4, 14, 34-36]. Opransl U TKaHU CBUHBU
SIBIISIIOTCSL.  CIIOKHBIM OOBEKTOM JUIS TPaHCIUIaH-
TaIliH, MOCKOJBKY HMEIOT BBICOKHHA ypPOBEHb JKC-
MPECCHH TaK Ha3bIBAEMOTO «TJIABHOTO KCEHOAHTH-
reHa» — yraeBogHoro ocrarka Gal-o-1,3-Gal (smm-
tora a-Gal).

B mporiecce 3BoONUM Y YellOBEKa U HEKOTOPBIX
BUJIOB 00€3bsiH MPOM30IIa UHAKTUBAIIHMS I'eHA, OT-
BETCTBCHHOT'O 3a JKCHpeccuio ¢epmeHTa o-1,3-ra-
nakrosunrpancgepassl (1,3-GT), mostomy B cocra-
BE IIUKOMPOTCHHOB KIETOYHBIX MEMOpaH OIS
orcyrctByeT a-Gal smuton [16]. Opnako stot dep-
MEHT 3KCIIPECCUPYETCsl B KIETKax OakTepwii, 3ace-
JSIONIMX KHUIIEYHUK YEJIOBEKAa, B CJCICTBUH ITOTO
KpPOBb YEJIOBEKA COJCPIKUT BBICOKUI TUTP aAHTHTEN
k o-Gal smmuromy [15].

YcranosneHo, 4To pacrnio3HaBanue o-Gal smmTomna
IIPH KCEHOTPAHCIUIAHTAIINN TPOUCXOIUT HE TOJIBKO
¢ momorisio antuten [20], HO W IMyTeM MpencTaB-
JICHWS] aHTUTEHA JICHAPUTHBIMU KJIETKAMH WJIH MakK-
podaramu  (aHTHUTEH-TIPEICTABISIONIAMA  KJICTKA-
mu (AIIK)) CD8" T-numdouuram [11]. Cormacuo
COBPEMEHHBIM IIPEJICTABICHUSIM B Tpolriecc oOpa-
OOTKM aHTHTEHA ]ISl KPOCC-TIPE3CHTAI[UN BOBIIE-
YeHbl UIMMYHHBIE npoTeacoMsl [8, 19, 31, 32]. Cre-
JOBATEIIbHO, OJKCIIPECCHS HMMMYHHBIX CYOBEIMHUI]
[POTeacoM B caiiTe TPAHCIIAHTAIUH MOXKET OBIThH
OTHIM W3 MPHU3HAKOB pPACIO3HABAHUS W TPE3CH-
TaI[UU YY)KEPOHBIX AHTUTCHOB.

W3BecTHO, 4TO BEeCcTBA, BXOSIIINE B COCTAB KOH-
CEPBUPYIOIINX WIH NepPy3MOHHBIX CPE, CTIOCOOHBI
BIMSTh HA MEMOpaHy KIIETKH M MOIU(UIUPOBATH
ee moBepxHOCTh [ 18, 26]. CoBpeMEeHHbBIE TEXHOIOTUU
[OJIyYeHHUsS] OMOIPOTE30B, MPUTOIHBIX JUIS TPaHC-
[UTAaHTAlUU, 00sI3aTeIbHO BKIIFOYAKOT JTalbl yjalie-
HUS WK JeakTuBaiuu snurona o-Gal [2, 14].

Psimom aBTOpOB OBLTIO OTMEUYEHO YITyYIIICHHUE BBI-
JKUBAEMOCTH TPAHCIIAHTATOB TIOCIE JUINTEIBHOM
TUIIOTEPMUYECKON TIep(y3uH KapIUOTUIETHIeCKIM
pacTBOpPOM, HMHKYOAallMd C KPHOMPOTEKTOPOM MU
KpuokoHcepBupoBanus [5, 7, 38]. M. Keller u coasr.
[21] yka3pIBaii Ha CHHUKEHHE JKCIPECCHU OSITUTO-
na o-Gal B »HmOTENMONIMTAX AOpPTHl CBMHBH TOCHE
nHKyOarmuu B pactBope HTK. B skcmepmmentax
in Vvitro OBIIO TIOKA3aHO CHIDKEHHE YPOBHS DKC-
npeccunt 0-Gal B TKaHW aopThl HOBOPOXKIIEHHBIX
MopocsT mociie 24-4acoBod MHKYOalld B PacTBOpax
HTK u «EBpo-Komnuuz» npu temneparype 4°C [1].
OnHako 10 cuX Mop He ObLIO BBISICHEHO, KaK BIHSET
CHIDKCHHUE dKcmpeccun snurona o-Gal Ha mMemOpa-
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The porcine bioprostheses, i. €. 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 a-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 KJIETOK aOpPThl Ha BBIKMBAEMOCTh TKAHU MOCIE
KCEHOTpaHCIIIAHTAIMH IN VIVO.

I{enb paboOThl — U3yUYCHHE BIMSHUS THIIOTEPMH-
YeCKON HHKyOaluu aopThl HOBOPOXKIACHHBIX IOPO-
CSAT B KOHCEPBHUPYIOIIMX Cpelax pasHOTro COCTaBa
Ha COXPAHHOCTb €€ TUCTOJOTHYECKOTO CTPOCHHUS U
9KCIIPECCHI0 HMMYHHBIX CYOBEIMHUIl ITPOTEACOM
LMP2 u LMP7 nocne KCEHOTpaHCIJIaHTAIMU KPbI-
cam.

MarepuaJibl 1 METOBI

DKCIepUMEHTBI OBUTH MPOBENICHBl B COOTBETCTBUH
¢ 3akoHoM YkpanHbl «O 3aIIUTE )KUBOTHBIX OT JKEC-
Tokoro obpamenus» (Ne 3447- 1V or 21.02.2006 1)
npu cobmonennn Tpebosanuii Komurera mo Omoos-
Tuke MHCTUTYTa, COTIACOBAHHBIX C MOJOXKCHUSIMU
«EBpomneiickoii KOHBEHIIMM O 3aIIUTE TO3BOHOYHBIX
YKUBOTHBIX, UCTIOJIB3YEMBIX JIJISl SKCIICPUMEHTAIBHBIX
U Ipyrux HayuHbIX nenei» (CtpacOypr, 1986).

®parMeHTHl a0pPTHl HOBOPOXJCHHBIX MTOPOCIT
quHor 0,5-0,7 cm paspes3anu BIOJIb, OTMBIBAJIU B
XOJIOMHOM CTEPHIIBHOM (DPU3HOJIOTHIECKOM PacTBOpe
n nomeranu Ha 20 9 mpu 4°C B pactBop HTK («Dr.
F. Kohler Chemie GmbH», I'epmanus) nmu «EBpo-
Kommums» («Chemech Laboratories Ltdy, Mammst).

B kagectBe oOpasna CpaBHEHHS WCIOIH30BaA-
au ($parMeHThl aopThl, MHKYOHPOBAaHHBIE B Cpejie
DMEM («PAA», ABctpus) B Teuenue 20 4 B Tex ke
YCIIOBUSIX, & TAKXKE TKaHb a0PThI, 00paboTaHHyIo (ep-
MEHTOM o-Trajiakto3unazoit («o-Galactosidase from
green coffee beans», «Sigmay, CIIIA). U3BecTHO,
YTO JIaHHBIA (DepPMEHT MUMHHUPYET dnuTon o-Gal
C IOBEPXHOCTH KJIETOK CBUHBH [29].

O0paboTKy (hepMEHTOM MPOBOIWIN CICAYIOIUM
obpazoMm. @parmeHT aopTsl pazmepoMm 0,5 x 0,5 cm
WHKYyOupoBaiu B ()epPMEHTATHBHOM pacTBOpE O-Ta-
naktozugassl (5 En/mn depmenra, 100 MM HEPES,
pH 5.0) B tedenue 20 4 mpu 4°C. 3aTeM TPHKIBI
[IPOMBIBATIN CTEPHIBHBIM (DU3HOIOTHIECKUM PpacT-
BOPOM TI0 5 MHUH.

OKTOMUYECKYI0 KCEHOTPAHCIJIAHTAINIO OCy-
IECTBIISIN 6—8-MECAYHBIM ayTOpeaHBIM OebIiM
KpbICaM-caMIlaM TIOJI KarlcCyday MOYKH IO METOIY
N.J. Robertson u coasrt. [30]. @parMeHTHI a0pTHI OT-
MBIBAIA OT KOHCEPBUPYIOIIUX M (EepPMEHTATHBHOM
Cpel B CTEpUIIBHOM (PH3HOJIIOTHYECKOM pPacTBOpE,
paspesaiu cKajblieleM Ha KyCOUYKH pa3MepoM MmpHo-
musutensHo 0,1 X 0,1 cM U TpaHCIUIAHTUPOBAIIU IO
Karcyay JieBod mouku. Bo BpeMsi omepauuu KpbIC
HApKOTH3UPOBAJIM BBEACHHEM KOMOMHAImM «3071e-
i 100» («Virbacy, @pannus) u «Cenazun» («Bio-
wet», [lonpma). B mpe- u mocTTpaHCIIaHTanOH-
HOM TIepHOJIe IMMYHOCYTIPECCAHTHI HE TTPUMEHSIIIH.

JKuBoTHBIE OBITM paszenieHbl Ha YEThIPEe TPYIIIBI
C KCCHOTpaHCIUTaHTamuel: 1 — ¢dparMeHTOB IOCIHEe
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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 (No 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 (‘o-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 (0.5x0.5 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 (n = 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 nmocne ['X
B «EBpo-Kommunuz» (n = 5); 3 — ¢parmentoB nociue
I'X 8 DMEM (n = 5); 4 — ¢parmeHToB nociue odpa-
0OTKH o-ranakTo3unaszoit (N = 4).

Ha 7-e cyTku mocie TpaHCIJIaHTAlMK KpbIC 3a-
OMBaiM M M3BJCKAJM MOYKH C TPAHCIUIAHTATaAMH,
kotopble 4 4 ¢ukcupoBanu B 4%-M mnapadopmais-
nerune (pH 7.4, «Sigmay), mepeHOCHSIM Ha HOYb
B pactBop 30%-ii caxapo3sl Ha (ocdaTHO-COTEBOM
oydpepe (PBS), mocie dWero MemiIeHHO 3aMOpa)u-
BaJI M XPAaHWIN B )KHMJKOM a30Te€ JI0 MOMEHTa IpH-
TOTOBJIEHHSA KPUOCTATHBIX Cpe30B. Jlyis MmpHUroros-
JICHUSI KPUOCTATHBIX CPe30B 00pasIlbl U3BJIEKAIN U3
XpaHHUJIHIIA, 3JIMBAIA B MOHTHPYIOIIYIO cpeny «Tis-
sue-Tek» («Sakuray, SImOHWS) ¥ M3rOTaBIMBAIN CEPUH
IIONEPEYHBIX CPE30B TKaHU TOJIIIMHON 5 X 7 MKM Ha
kpromukporome «MEV» («MEV» I'epmanus).

Jnst uMMYyHO]IYOpECLEHTHOTO ME4eHUsl CyOb-
enuHUI tMMyHoripoteacom LMP2 u LMP7 oGpa3siist
nepmeabmimzuposanu B 0,1M PBS (pH 7,4), conep-
xkameMm 0,25% Tputon X-100 u 0,1% Tween 20
(oba — «Sigmay) B Tedenue 20 muH. [y OIOKHPOB-
KM HecHeuu(pHUUECKOro MEUEHHs Cpe3bl BBIICPIKHU-
Basin 60 MUH NP KOMHATHOW TeMIieparype B pac-
TBOpe, coxaepkaieM 2% OBIYbEeTO CHIBOPOTOUHOTO
anpOymuHa («Sigmay), 0,2% Tputon X-100 u 0,3M
mmmrHa («Reanal», Benrpus). 3arem oOpasiubl MH-
KybupoBanu B pa3Benenuu 1:500 ¢ mepBsIMU KPOJH-
YbUMH aHTUTENaMU K cyObemunuiie LMP7 («Enzo
Life Science», CIIIA) uiau MBIIIMHBIMA aHTHTEJA-
Mu Kk cyosenunnne LMP2 («Enzo Life Science») B
teuenue 15 4 npu 4°C. Ilocne TpoiHONH OTMBIBKH
OT TEPBBIX AHTHUTEN 00pa3lbl MHKYOMpOBald B Te-
yenue 30 MUH NPU KOMHATHOM TeMIeparype co BTO-
PBIMH aHTHTEJNAaMH: aHTHKpoiaumubuMu Alexa488-
KOHBIOTUPOBaHHBIMU («Abcamy», BenukoOputanus) B
pasBenennu 1:700 wim aHTUMBIIIMHBIMEA AlexaS46-
KOHBIOTHPOBaHHBIME («Abcamy») B paszsenennu 1:600
COOTBETCTBEHHO. J[1s1 MeueHuss Makpodaros ObLI
HUCMOJB30BaH NPsIMOM mpoTokosl MeudeHust ¢ PE-
KOHBIOTHPOBAaHHBIME aHTHTeTaMHu (Anti-Rat Macro-
phage Marker, «eBioscience», CIIIA) B pa3BeneHnun
1:60.

[Tocne OTMBIBKM OT aHTHTEN CpPEe3bl 3aKII0YalN
TOJ] TIOKPOBHBIE CTEKJIa M UCCIIEOBAJIH C TIOMOIIBIO
KOH(OKaJBHOTO JIa3epHOr0 MHUKpockomna «Axio Ob-
server Z1» («Carl Zeiss», 'epmanust). UTHTeHCHBHOCTD
(iryopeclieHIIUN aHTHTEIN, KOHBIOTHPOBaHHBIX ¢ Ale-
xa488, peructpuposanu npu Bo3OyxaeHnn 490 HM
W u3aydeHun 519 HM, a aHTHTEN, KOHBIOTUPOBAH-
HBeIX ¢ Alexa546, mpu Bo30OyxaeHun 556 HM U U3-
aydenur 573 HM. s aHanm3a M300pakeHUsl HC-
nonb3oBanu nporpammy «LSM Image Examiner»
(«Carl Zeiss»). IlogcunThiBaiM KOJIHYECTBO KIIETOK,
IKCIPECCUPYIOIINX UMMYHOIIPOTEACOMBI ¢ CyObean-
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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 num¢ouutapHo-
MakpoQarajibHOH WHPHIBTPAIIMU B KCEHOTPAHC-
IJIaHTaTe aopThl (rosie 1) W mapeHXWMe IMMOYKH Ha
rpaHUIle ¢ KCeHOTpaHcIuaHTaroM (moie 2). Taxoke
MTOJICYUTHIBAJIM KOJIMYECTBO MO3UTHBHO MEYEHHBIX
KIIETOK B Cpe3e Ha IMPOTHBOIIOIIOKHOM OT KCEHO-
TpaHCIUTAHTAaTa IOJII0CE MOYKH (T1oe 3).

YacTp Ccpe30B OKpamvBald TeMaTOKCHIMHOM H
303MHOM IO CTaHJAAPTHOM Meronauke. I'mcronoruue-
cKkre 00pasmpl mccienoBanu U (oTorpagupoBan
C TIOMOIIBI0 CBETOONTHYECKOTO MHUKPOCKOMa «Am-
Scope IN300T-FL, momens XYL-403» («cAmScope»,
Kurait). JIns MopdomeTpudeckoro aHaimsa Cpe3os,
OKpAaIllEHHBIX TeMATOKCHIIMHOM W 303UHOM, HCIIOJIb-
30BaJIM TPOTpaMMy Ui O0pabOTKM H300paKeHUi
«AxioVision Rel 4.7». Ilpu yBennuenun 400 mon-
CUUTHIBAJIM KOJMYECTBO KJIETOK B ouarax Jumdo-
LUTapHO-MaKpo(araibHOH HH(UIBTPAIIMH B KCeE-
HOTpaHCIUIaHTare aopThl (mosie 1) W Ha TpaHHIE
MEXIy TIapeHXUMOW TIOYKH H KCEHOTPaHCILIaH-
tatoM (rone 2). AHanmusuposaiu mo 8—10 cepuitHbIX
Cpe30B, TOIYYEHHBIX OT KaXKJIOTO W3 DKCIIEPHMEH-
TaJbHBIX JKUBOTHBIX. Pe3ymprar HOpMHpOBajIM Ha
1000 MrM? TUTOIIATH Cpe3a.

Hns craructuueckoid 0O0pabOTKH NaHHBIX HC-
MOJIb30BAIM  IIpOrpaMMHbIe  npuiokeHus «Excel»
(«Microsoft», CIIIA) u «Statistica 7.0» («StatSoft»,
CIIA). HdanHble TpPEACTABISUIM B BHIE CPEIHHUX
3HAYCHWH — CTaHIapTHOE OTKIIOHEHWe. Pazmmums
MEX/Ty BHIOOpPKaMHU OIICHHBAJIH C TIOMOIIBIO OJIHO-
(hakTOpHOTO AMCIIEPCHOHHOTO aHaN3a, 3HAYUMBIMU
cuuTanu paznuyus rnpu p < 0,05.

Pe3ysnbTarsl u 00cy:KaeHne

Ilepecanka TOHOPCKOW TKAaHHU I1OJI KAIICYI1y ITOYKH
PELMITUEHTA ITHUPOKO UCIIONB3YETCS B SKCIEPHUMEH-
TaNbHOW TPAHCIUIAHTOJOIMH, MOCKOJBbKY CyOKarl-
CYJISIPHOE TIPOCTPAHCTBO HE SIBISCTCS MMMYHOJIO-
THYECKH TIPUBHIJICTUPOBAHHBIM CAHTOM, IO3BOJISET
MOACAaTUTh JOCTATOYHOE KOJIMYECTBO JOHOPCKOM
TKaHU W o0OecrneyrBaeT XOpOILIYI0 BacKyJspu3a-
uuto TpaHcrmantarta [30]. B paGore Mbl Mcnonb3o0-
BaJIM CYOKaICY/IAPHYIO TPAHCIUIAHTALUIO VIS OLICHKH
BBDKHMBAEMOCTH TKAaHU AOpPTHI, €€ MOP(OIOrHIECKUX
0COOEHHOCTE M HMHTEHCUBHOCTH HMMMYHOJIOTHYE-
CKUX pEaKIHi, pa3BUBAIOLINXCA B OTBET Ha KCEHO-
rpadT.

AHanu3 TO4YeK C KceHorpa(TaMu BBISIBHII COX-
PaHMBLIYIOCSI T'MCTOJIOTHYECKYIO CTPYKTYPY TKaHHU
AOpTHI Ha 7-€ CyTKH MoCIe TpaHcIanTanuu (puc. 1).
B oOpasmax Bcex 3KCHEpUMEHTANBHBIX TPYII XO-
pomio 3amerTHa tunica media aopthl, mpeaCTaB-
JIEeHHAsl MapaJlJielbHO PACHOJ0KEHHBIMU TSKAMH
JNMacTUYECKUX dSJeMeHTOB. Kamcyma mouyku Haj
TpaHCIUIAaHTaTaMH YacTO Pa3BOJIOKHEHA, C eIWHHY-

npo6nemu Kpiobionorii i kpiomeauUMHN
problems of cryobiology and cryomedicine

Tom/volume 29, Ne/issue 1, 2019

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. 810 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 HOPMaJbHBIA BHJ, JIIHU-
TN KaHAJIBLEB COXPAHEH.

B kcenorpadrax ObLTH BBISBICHBI CIEIU(pUISC-
KHE CTPYKTYPHBIE HM3MEHEHHMS B 3aBHCUMOCTH OT
THIIA TPEATPAHCIUIAHTALIMOHHOW 00padOTKU JOHOpC-
koii TkaHW. B kceHorpadrax rpynmer 1 (MHKYyOa-
mus (parmerToB B pactBope HTK) smactmdueckue
BOJIOKHA a0PThl MMEIOT M3BUTON BHUJ C HEOOJbIIU-
MH ONTHYECCKHMH MICISIMA MeXay HuMH. Jlumdo-
THECTHOIUTAPHAS WHQUIBTPAIUS TpE/ICTaBlIeHa B
MPUIIeKAIIEH K TPAHCIUIAHTATy MApeHXUME MEIKHMH
eIMHIUYHBIME CKOTUICHUSIMU KJIETOK.

B tpancmantarax rpynmsl 2 (mHKyOanus ¢par-
MeHTOB B pactBope «EBpo-Kommmu3y) snactuuec-
KHE BOJIOKHA — PE3KO M3BUTHIC, MECTAMH JI€30praHu-
30BaHbl, ¢ Pa3HOKATHNOSPHBIMU ONTHYECKUMHU Ty CTO-
TamMu Mexay HuMu (puc. 1, A). B 30He npunexanus
TpaHCIUIaHTaTa K TMOYEYHOW MapeHXUME HMMEETCsl Mell-
Koo4aroBasi JMM(OrHCTHOLUTAPHAS HMH(PUIBTPALHSL.
B mpunexaieil Kk TpaHCIUIAHTaTy MOYEUYHOW MapeH-
XUME OTMEUAIOTCS HEPAaBHOMEPHAs ME3aHTHajlb-
Has JMM(OTHCTHOUMTApHAS WHWIBTpanys, Haly-
XaHME MUTEINNS] KAHAJIBLEB C JeCKBaMaleld 1 yMe-
peHHas MHOQUIbTPALUs MEXKaHaJIbLEBOH CTpO-
MBI.

Kcenorpadter rpynmer 3 (uHKyOanms (parmeH-
toB B DMEM) nMeroT BeIpa)keHHOE Pa3BOJIOKHEHHE
C KPYIHBIMH ONTHYCCKHUMH IyCTOTaMH MEXIy BO-
nokHamu (puc. 1, B). B 30He mpunexanust TpaHc-
[UIAHTaTa K TOYEYHOM MapeHXHME BBISBISIIOTCS M-
KOOYaroBble JTUM(OTUCTHOIMTAPHBIC WH()UIBTPATHI
C HEKpO30M JTHUX 30H. B mpumexaineil Kk TpaHCIUIaH-
Tary MOYEYHOM MapeHXMME OTMEYAIOTCSl MOJHOKPO-
BHE KJIyOOUYKOB, HEpPAaBHOMEpHAs Me3aHrHalbHas
nuMpOoTUCTHOIUTapHAs WHWIBTpanus, HabyxaHue
SMUTENMSl KaHAIBLEB C JIECKBaMalMell M yMepeHHas
HHGUIBTPALNS MEKKaHAIbLIEBOH CTPOMBI.

B xcenorpadrax rpymmer 4 (oOpabotka ¢par-
MEHTOB (-T'aJJAKTO3U/1a301) JIaCTHYECKHE BOJIOKHA
A0pThl UMEIOT U3BUTON BUJ C HE3HAYUTEIBHBIMH OII-
TUYECKUMH IIEISIMU MeX Ty HUMH. JImMboructronu-
TapHas HHQUIbTpaIus cliado BhIpakeHa.

Pesynbrarel KONMYECTBEHHOTO aHaM3a KIIETOK
B o4arax WHQHIBTPALUN B KCEHOTPAHCIUIAHTATE H
Ha TPaHUIE C MAPECHXUMOH TOYKH MPEJCTaBICHBI B
Tabn. 1. 3aMeTHO, YTO KONNYECTBO HHPUIBTPYIOIINX
KJIETOK 3HaYMMO MEHBIIE B Cpe3ax KCeHOrpadrToB
rpynn 2 u 4, yem B rpynnax 1 u 3. B nesnom kave-
CTBEHHBIH aHAJIN3 COCTOSHHUSA KCEHOTpadTOB aopThl
U KOJNMYECTBEHHAs OICHKA KJIETOK OYaroBOM MWH-
¢wIpTpaMu  CBUAETENBCTBYIOT 00 YMEHBIICHHH
HMMYHHOT'O OTBETa Ha TKaHb aOpPThl, IOJBEPIHYTYIO
(hepMeHTaTHBHON O00pabOTKE C O-TaNaKTO3UIA30H
u I'X B pactBope «EBpo-KomiuH3zy.
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Puc. 1. Tuctonoruyeckue obpasubl KceHorpadpToB aop-
Tbl HOBOPOX/EHHbIX MOPOCSHT Ha 7-e CYTKM nocrne TpaHc-
nnaHTauMm NoA Kancymny MOYKM KpbiCaMm IKCMEepUMEH-
TanbHbIX rpynn: A —rpynna 2 (FX B pactBope «EBpo-Kon-
nuH3»); B — rpynna 3 (M'X B pactesope DMEM). K — TkaHb
noykn, G — TKaHb TpaHcNnaHTaTa, ManeHbKkne CTpenku —
30HbI nMMdounTapHo-makpodaranbHon uHUNLTPa-
LuKn, KpynHas cTpenka — coxpaHHas TKaHb aopThbl, 3BE3-
AOYKM — 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.

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-ranakTosnaasa 15,98 + 7,91 11,89 + 0,67
a-galactosidase

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

OTNIMYaETCs OT nokKasaTterns 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-
Kazajgo, 4To B KCeHorpadrax aopThl,
nonsepruytoii I'X B pactBopax HTK
(rpymmma 1) 1 DMEM (rpynma 3), Hao-
JIFOAAETCSI 3HAUMTEIbHOE KOJIMYECTBO O-
3UTHBHO OKpAIIEHHBIX KJIETOK (Tabm. 2;
puc. 2, B, D). B mapeaxume mouku Ha
rpaHMIle ¢ KCeHOrpad)TOM M Ha OCTalb-
HOM TIPOTSIKEHUH HE OOHapYKHBaeTCs
BBIPAKEHHOM 3kcnpeccun LMP7.

B o0pa3iax aopthl, 00pabOTaHHBIX
pactBopoM «EBpo-Kommnszy (rpymnma 2),
meuenus LMP7 B Tonme kcenorpadra
He HaOII0AaeTcs, HO OHO MPUCYTCTBYET
B apeHXUMe MOYKH (Tad. 2).

Meuenue aHTUTENAMU K UMMYHHOM
cyobenuHuile mporeacom LMP2 BEI-
SIBUJIO CXOJIHBIC XapaKTEPUCTUKU BO
BCEX TIpyINax: HE3HAYUTEIbHYIO 3KC-
IIPECCHUIO0 B KCeHOrpadTax U BEICOKYIO —
B mapenxmme moukum (puc. 3, A, B;
Tabm. 2). XapakrepHo, YTO B TIapCH-
XMME TIOYKH TIO3UTUBHOE MEYeHHe Hao-
JIIOAJIOCh MTPEUMYIIECTBEHHO B JIHTE-
JIUU KaHaJbLEB, a HE B MaJbIUTHEBBIX
TeIblax.

Bo Bcex wuccienyeMmbix TIpymmnax
KJIETKH, OKpAIlleHHblE AaHTUTENaMHU K
Makpodaram, 0OHapyKUBAIUCH Ha Tpa-
HULIE TapEeHXUMbl MOYKH M KCEHO-
rpadta (puc. 3, C, D; tabn. 2). B 06-
pasuax rpynm 1 U 3 30HBI TO3UTUBHO
MEYEHBIX KIIETOK ObLTH Oojee o0mmp-
HBI, YE€M B OCTAJIbHBIX.
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Tabnuua 2. MNonykonnyecTBeHHbIE NOKa3aTeny MEYEHUS KIeTOoK,
akcnpeccupytowmnx LMP7, LMP2, Anti-Rat Macrophage Marker

Ha 1000 MKM? nrowiaam cpesa B KCeHoTpaHcnaHTaTte aopThbl (none 1),
napeHxmMMe MOYKM Ha rpaHuLe C KceHoTpaHcnnaHTaTtom (none 2),

a Takke B NApeHXMMe Ha OCTarbHOM MPOTSXKEHUM 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+ 4+ 4

Euro-Collins

Macrophage - + -
LMP7 ++ + + -

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

4 o-ranakrosuaasa LMP2 i . -

a-galactosidase

Macrophage - + -

anIMe‘-IaHVIﬂ: «—» — OTCYTCTBME OKpalUMBaHUSA, «+» — MPUCYTCTBYET
HECKOSIbKO MO3UTUBHO OKpALUEHHbIX KMETOK, «++» — MOroBMHA KNETOK
MO3NTUBHO OKpalleHa, «+++y» — ©onblUue MOMOBUHbI KNETOK MO3UTUBHO
OKpalleHbl.

Notes: «—» — no staining, «+» — there are several positively stained cells,
«++» — half of cells are positively stained, «+++» —more than half of cells
are positively stained.
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Puc. 2. ViMMyHOrmcTtoxummyeckoe okpalumBaHne cpes3oB KceHorpag-
TOB @0pPTbl HOBOPOXAEHHbLIX MOPOCAT NEPBLIMWN aHTUTENaMM K Cyobeam-
Huue mmmyHonpoteacom LMP7 u BTopbimu Alexad488-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 —

doTorpadusa 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 0 YpoBHs, Onuskoro k 0°C, Habmo-
JlaeTcsl MPUMEPHO MATHKPAaTHOE YMEHBIIEHUE CKO-
POCTH KJIETOYHOTO MeTadonuM3Ma, a MOTPEOHOCTb
TKaHEW B KHCJIOPOJE CHWXKACTCA MPUOIU3UTEIBHO
Ha 80% [13]. OTo npenATCTBYyeT Pa3sBUTHIO MIIEMH-
YECKMX MOBPEXICHWH B TKaHAX, HO B TO JKe
BpeMs TNPHUBOIUT K HHTHOMPOBAHUIO AKTHBHOCTH
(bepMEHTAaTUBHBIX KJIETOYHBIX CHCTEM, OTBETCTBEH-
HBIX 3a IOAJEP)KaHWE OKHUCINUTEIbHO-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 (o-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. ViMmyHOrMcTtoxmMmmnyeckoe okpaluMBaHMe Cpes3oB KCeHOorpadToB aopTbl HOBOPOXAEHHLIX MOPOCAT NepBbl-
MU aHTUTenamm Kk cybbegmHuue ummyHonpoteacom LMP2 (A, B) n BTopbiMu Alexa546-KOHbHOrMpOBaHHbBIMU aHTU-
Tenamu, a Takke npambiMu PE-koHblormpoBaHHbiMM Anti-Rat Macrophage Marker aHtutenamm (C, D). K — TkaHb
noykn, G — TkaHb TpaHcnnaHtaTta. A, B — no3anTnBHoe okpallnmBaHue anuTenus U3BUTbIX KaHanbLeB MOYKK (OTWH-
Hble CTPEenku) N OTCyTCTBME OKpalUMBaHWS B ManbnurmeBbix Tenbuax. C, D — 30HbI, B KOTOPbIX MPUCYTCTBYIOT NO3M-
TMBHOOKpaLLeHHble kneTku; B, C — doTtorpadmsa 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 JIJIsi KOHCEPBH-
pOBaHUs OpraHOB ObLTH pPa3pabOTaHbl HECKOJIBKO
TUIIOB CpeJ, MPEMSTCTBYIOINUX Iepepacipeese-
HUI0O WOHOB W JPYyTUX HHU3KOMOJCKYISPHBIX Be-
IIECTB, a TaKXKe MPEJOTBPAIIAIONINX Ha0yXaHUEe 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 MPUHLIMIIHAILHO Pa3HOTO COCTaBa, 8 MMEHHO:

- «EBpo-KomnuH3z», UMUTHpPYIOIINNA BHYTpPUKIIE-
TOYHBIN AJIEKTPOJUTHBIA COCTaB 3a CYET BBICOKOTO
COZIepKaHUSA WOHOB KalHi W BKJIIOUYAIOIIMA OCMO-
TUYECKHUI Oapbep, 00ecreunBaeMbIi TITFOKO301;

- HTK, conepxaiuii HU3KHME KOHIIEHTpaIUU Ka-
JIMSL U HATpHsl, UMEIOIIUI B COCTaBE OCMOTHYECKUHI
Oaprep B BHIE MAaHHHUTOJIA, @ TAK)KE aMHHOKHCIIOTHI,
CTaOMIM3UpYIOMIKE KJIETOYHbIe MeMOpaHbl W SB-
JISTOIMECs cyOcTparaMu Ui aHadpOOHOTO MeTado-
JU3Ma;

- DMEM, UMHUTHPYIOIIMI COCTaB BHEKJIETOYHON
cpenpl (HU3KUHM ypoBeHb Kajusl U BBICOKUH YpPOBEHb
HaTpusl), UCHOJIB3YETCS B TEXHOJOTHUSX KJIETOUHOTO
KyJIBTUBHPOBaHUSL.

[lepBonauanbHO TpH pa3pabOTKE cOCTaBa KOH-
CEPBUPYIOIUX CpEJI HCCIENOBaTeId HE CTaBWIN
3aJaqy MOOU(HKALMK AHTUTEHHOTO MpOoQuIs TKa-
HEH/OpraHoB, MOUIeKAIIUX TpaHcIDIaHTanuu. Of-
Hako B XOJI€ MX HCIOJBh30BaHUS IOSBWINCH (hak-
ThI, CBUIETEIBCTBYIOIINE O BIUSHUU TaKUX Cpel Ha
MMMYHOT€HHOCTb IepecaxuBaeMoro oprasa. P. Bren-
ner U coamT. [7] OBUTO 3aMEUEHO, YTO JJIUTEIHHAS
rumnoTepMudeckass nepdysus cepiana CBUHBU KOH-
CEPBUPYIONIUM PACTBOPOM TPHUBOIAUT K CHIDKEHHUIO
HMMYHHOTO OTBeTa Ha KceHorpadt. Bomee nmerains-
HbIE JKCIIEpUMEHTHI, npoBeneHHbie M. Keller u
coaBT. [21] HaA KyabType SHIOTEITUOIMTOB AOPTHI
CBUHBH, TIOKa3aJll YMEHBIIEHHE 3KCIIPECCHM OIIH-
tona o-Gal Ha moBepxHOCTH KJIeTOK Ha 32% mocne
nHKyOanmu B pactBope HTK. B mnameidr mpe-
IObplayiiei pabore cpaBHHUTENbHOE HMMMYHO(IyO-
pecueHTHoe Medenue smurtona o-Gal mocie ['X
(parMEeHTOB aoOpThl HOBOPOXKACHHBIX IOPOCAT B
HTK u «EBpo-Kommuaz» (24 4) mokaszano CHHkKe-
HUE JaHHOTO IOKAa3aTells [0 CPABHEHHUIO C HATUBHBI-
Mu obpasmamu [1].

ITo pmammeim S. Park w coaBr. [29] depmenTa-
THBHAsI 00paboTKa O-TajakTO3WAa30¥ CBHUHBIX aop-
TaJBHBIX KJIAITaHOB TIO3BOJSIET TOOWUTHCS CHUKEHUS
AMMYHOTHCTOXUMHIECKOTO MeueHust smurona o-Gal
BIUIOTH JI0 HeompexaensseMoro. OTCyTCTBHE aHTHUTEH-
HOTO 3MHUTONA Ha TOBEPXHOCTH KIJIETOK 3aKOHOMEPHO
CHMIKaeT MMMYHOT€HHOCTh CBHHOTO KceHorpadra.
Bcenencreue storo obpasupl aopThl, 00paboTaHHbBIE
o-TajakTo3uaa3oi (rpymma 4), XapakTephu30BaIHCh
MHHHAMAJIGHBIM ~ KOTMYECTBOM  MH(UIIBTPYIOLIMX  KIle-
ToK. IlomHOro OTCYTCTBUSI MHOHIBTPYIOLIMX KIIETOK
B caliTe TpaHCIUIaHTaUUH (parMeHTOB aopThl, 00Opa-
OotaHHOW (pepMeHTOM, ITOOWUTHCS HE YHAIOCh, YTO
MOKET OBITh CBSI3aHO C JIByMs NpuduHamu. Bo-rep-
BBIX, MOBPEXICHWE TKAHW IPH OIEPATHUBHOM BMe-
[IaTe’lbCTBE TMPUBOAWT K AaKTHBAIMHA KIIETOK WM-
MYHHOU cucTeMbl. BO-BTOpBIX, B CUCTEME KCEHOTE€H-
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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 a-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 maphl «JI0HOp-perunueHT», kpome Gal-o-1,3-Gal,
CYIIECTBYET psii aHTHTCHOB, CIIOCOOHBIX BBI3BATh
peaknuto ortopkeHus [9]. Ilostomy Becbma Bepo-
SITHO, YTO Ha OTHAJICHHBIX MOCTTPaHCILIAaHTAIINOH-
HBIX CpOKaxX KCEHOTpa(Thl aoOpThl 3TOW TPYIIIBI
OyIyT OTTOPTHYTHI.

WnTepecHo, 4to B oOpasmax Tpymmbl 2 HaMu
OBUTH TIOJTYYEHBI CXOIHBIE C TPYMION 4 pe3yabTaThl,
YTO CBHJIETENBCTBYET O CHIDKEHHH HWMMYHOTE€HHO-
cTu TKaHu aoptel nociie I'’X B pactBope «EBpo-Koi-
nuH3». Hambonee BhIpakeHHBIE MMPU3HAKU OTTOPIKE-
HUSL, TIPOSIBJISIIONITUECS B YACTUIHON AECTPYKIINH KCe-
Horpa)Ta U yBEJIMYCHUU KOJIUYECTBA WHPHIBTPYIO-
IIUX KJIETOK, OB YCTAHOBJICHBI B 00pa3Iiax 0CTalb-
HBIX TPYIIIL.

M. Keller u coasr. [21] onucany cieayromue Bo3-
MOKHBIE MOJICKYJISIPHBIC MEXAHU3Mbl CHUKECHUS IMPU-
cyTcrBust arurona o-Gal Ha MeMOpaHax KIIETOK:

- U3MEHEHHE XUMUYECKOM CTPYKTYpbl AIUTOMA
WM CBS3aHHOTO C HUM OeJKa, KOTOphIE JENIal0T He-
BO3MOYKHBIM MX Paclo3HaBaHUE C MTOMOIIBIO CIEIH-
(hnyecKux aHTHUTET;

- DIUMUHALMS SMUTOMNA C KIETOYHOW MEeMOpaHbI
BCJIEJICTBUE pa3pbIBa MEKMOJIEKYIISIPHBIX CBSI3EH;

- MAacKHpPOBKa JIIUTOINA BBICOKOMOJEKYISPHBIMHU
BEIIECTBAMH, BXOSIIUMHU B COCTaB KOHCEPBHUPYIO-
IIUX CPEl.

ITo wabmiomeHWSIM OTHUX AaBTOPOB 3HAUYUTEIh-
Hoe Moauduuupyroliee BiusHue Ha 3nuron o-Gal
HMEET KOHCEPBUPYIOIUN PACTBOpP «YHUBEPCUTET
Buckoncuna» (UW). Conepskaiuecs B HeM BBICOKO-
MOJICKYJISIPHBIC COCIUHCHHS, KpaxMmani, padduHo3a
Y JIAKTOOMOHAT MacKUpOBau 3rutort [21].

B mHammx »skcnepuMeHTax MOTUGUIMPYIOIINH
a¢dexT HabIIoAaNCs NPH MCIOIb30BAaHUK PACTBOPA
«EBpo-KommH3», B cocTaBe KOTOPOTO OTCYTCTBY-
10T TIoA00HbBIe BemecTBa. OqHako pacTBOpsl «EBpo-
Kommunz u UW copepxar BBICOKYI0 KOHLUEHTPALMIO
HWOHOB Kajus. Bo3MO)kKHO, JaHHBIA (PakTOp BHOCHUT
BKJIaa B Momudukaruio snutomna a-Gal, omHako mis
BBISICHEHHS 3TOTO MEXaHW3Ma HEOOXOAWMBI JIOTION-
HUTEIHHBIC UCCIICIOBAHUS.

K mactosmmemy BpeMeHM JgoKa3aHa POJb IPOTe-
acoM KakK CICIHATU3UPOBAHHBIX MYJIBTUCYOBEIN-
HUYHBIX OCJIKOBBIX KOMIUIEKCOB, OCYIIECTBIISIOIINX
BHYTPHUKJICTOUHBIN MPOTEOIN3, B PA3BUTUH UMMYH-
HOTO OTBeTa. [ €HbI, KOMUPYIOIINEe UMMYHHBIE CyObh-
equauibl LMP2 u LMP7, HaxonsTcs B IOKyce IJaB-
Horo komruiekca coBMectumoctu (I'KI') wmacca II
[27]. [Ipu BcTpanBaHUU AaHHBIX CyObEAMHUIL B TIPO-
TEacOMy M3MEHSETCS €€ MPOTECONUTUYECKAs] aKTUB-
HOCTh M YBEJIMYWBACTCS MPOMYKIHS aHTUTEHHBIX
snuTonoB. 3axBadeHHbId AIIK anTuren mnonsep-
raercs MpoTEONIN3y UMMYHOIIPOTEaCOMaMH B IIHTO-
I1a3Me, MEePeHOCUTCS B OHAOIUIA3MATHUECKHN 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-TIPE3CHTALIH
antureHoB nocpeactsom ['KI' kmacca I, npuBoast k
aKTMBALlMM MMMYHHOI'O OTBETa LIUTOTOKCHYECKUMHM
CDS8* T-numbounrtamu [22, 32].

B xpocc-mpe3eHTaniiu MOTYT Yy4acTBOBaTh Kak
npodeccuonanbubie AIIK (Makpodaru, 1eHApUTHEIE
KJIETKH), TaK M KJIETKU COCYIUCTOTO dHIoTenus [33].
[Ipun 3TOM moOCHIEAHME UMEIOT B CBOEM apceHae
BCE CpPE/ACTBA Ul NpE3eHTAllMM aHTUIeHA, BKJIIOYas
HMMYHOIIPOTEACOMBI, TPAHCTIOPTHBIC OEITKOBBIE KOMII-
JIEKCHI, aCCOILIMMPOBAHHBIE C MPOLECCUHIOM aHTHUIe-
HOB (TAP1), u xomrnexcsl ['KI™ kmacco 1 u 11 [6].
[lockonbKy mokazaHo, 4To pacnoszHaBanue o-Gal
SMUTONA HPH KCEHOTPAHCIUIAHTALMM MPOUCXOIUT B
TOM YHCJE U IMyTeM Kpocc-npe3eHtauuu [11], To co-
CYAMCTBIN SHIOTEINH, SIKCIPECCUPYIOUIUI €r0 B BbI-
COKOH IUIOTHOCTH, MOXET UIpaTh BaXKHYIO POJb B
aKTHBALMM IIpolecca OTTOpXeHus. B ciydae »mu-
MUHALUU 3IUTONA C IIOBEPXHOCTH SHAOTEIMSA OT-
TOp KEHHUE JTOJIKHO 3aMEIISTHCS.

Panee ycTaHOBIEHO, YTO TPAaHCIUIAHTATHI, MOJ-
BEprHyThIe IUTENbHON XoJomoBoi wumemuu [10]
Wi uieMun-penepdysun [24], yxe B nepBble ITh
CYTOK TOCJe Tepecajku WH(QUIBTPYIOTCS HEUTpO-
¢unamu 1 makpodaramu. IlepBUUHBIME TpUTTEpa-
MU JUI TaKOW aKTHUBAIUH SIBIISIOTCS MOJIEKYJISIPHBIE
curHajibl noBpexaeHus B Buge DAMPs (damage-
associated molecular patterns) [23], kOoTOpbIe HEU3-
0€XHO MOSBISAIOTCS B TPaHCIUIAHTAaTaxX NMpH THOeIH
KJIETOK B xofe 3abopa u xpanenus. [lomumo 3to-
ro, MPH ONEPaTUBHOM BMELIATEILCTBE MPOUCXOIST
aKTUBAIMs MakpoQaroB W MpHUBIIeUYeHUE (recruiting)
UX B CalT TPAHCIUIAHTALMU 3a CUET JIOKAJIbHOIO
TIOBBLINICHAST XEMOTaKCHIecknx (akropoB MIP-1,
MCP-1 u RANTES, BbICBOOOXKIAIOIIMXCS U3 I10B-
PeXICHHBIX KJICTOK COCYIOB W TapeHXUMEI [37].
JlokanpHO moBbIIatomascs koHnueHtpamus [FN-y u
JIPYTUX TPOBOCTIAIUTENBHBIX IUTOKUHOB, BbIEse-
MBIX MakpodaramMu B caiiTe TpaHCIUIAHTAILWH, TPH-
BOJMT K aKTHUBAIIMU JKCIPECCHH UMMYHHBIX CyOBe-
JquHuL npoteacoM [25]. Ilpu aTtom mon BozzaeiicTBrEM
LUUTOKUHOBOW CTUMYJIALMM UMMYHHBIE CYObEIUHHUIIBI
MOTYT HOSBIATHCS HE TOJIBKO B UMMYHOKOMITETEHT-
HBIX, HO U B MapEHXUMATO3HBIX KieTKax [12].

H. Ostrowska u coabr. [28] moka3aiu WHIYKIIHIO
CHUHTE32 UMMYHOIPOTEacoM B KJIETKaX IOYKH IOC-
Je JUIMTeJIbHOW HIIEMMM W Ipu BocnajeHuu. B
HAIlUX HKCIIEPUMEHTAX HAOII0NaJ0Ch HOBBILICHHUE
JKCIIpecCcUr UMMYHHOU cyOobeauanibl LMP7 B na-
peuxume nouku nocie ['X B pactBope «EBpo-Koi-
JMH3», HO HE B APYI'UX cpenax. Bo3amoxHO, 31O CBs-
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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 1 and II [4].
Since the recognition of o-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-
MMOHEHTOB, BXOAAIMMX B cocTaB «EBpo-Kommunsy, n
TpeOyeT OTHENbHBIX UCCIIEIOBAHUM.

OueBuAHO, 4YTO MpPHU KCEHOTPAHCIJIAHTALUH
aopThl, moaBepruytol I['X, co3maercsi KOMILIEKC
CUTHAJIOB aKTHMBALMM, BKJIIOYAIOIIMH PEAKLHIO0 Ha
OTICpaTUBHOE BMEMIATEIBCTBO, BBEIOpoc DAMPs
U3 COOCTBCHHBIX TKaHEH M TPaHCIUTAHTHPYEMOH
A0PThI, CEKPELMIO MPOBOCHAIUTEIbHBIX [INTOKUHOB,
pacnio3naBanue kceHoantureHoB AIIK, kpocc-mpe-
sedranuio smurTona o-Gal B xonrexkcre I'KIT kmac-
ca [, crumynsmuio cyOnomysiiuii  T-KI€TOYHOTro
3BeHa. CyMMapHOe TMpOSIBI€HHE 3TUX IPOIECCOB
HaOonaeTcss B KceHorpadTax aopThl, UHKYOHPO-
BaHHBIX B pactBopax HTK u DMEM, B Buze obpa-
30BaHMsl OYaroB JMMQPOTHCTHOLUUTAPHON WHHUIIBT-
panuy ¥ TIOBBIIIEHHOW OKCIPECCHMH HMMYHHBIX
CyOBEIMHHMI MPOTEACOM B CalTe TpaHCIUIAHTALIUU.
B TO e BpeMsi yMEHbLICHHUE KOJIMYECTBA MH(HUIIBT-
PYIOLIMX KIETOK M OTCYTCTBHE JKCIPECCHH CyOb-
emuan; LMP2 u LMP7 B kceHorpadrax mocie
I'X B pactBope «EBpo-KoyuiMH3» KOCBEHHO YyKa-
3bIBAlOT HE TOJBKO Ha JOCTAaTOYHO XOPOLIYIO CO-
XPaHHOCTh TKaHW, HO M HA CHIJKCHHE 3KCIIPECCHH
KCEHOAHTUTECHOB B HEW.

Takum oOpasom, mpeacTaBieHHOE iN VIVO uccre-
JIOBAaHWE TOATBEPKIAET MOJyUYEHHbIE HAMH paHee
in Vvitro maHHBIE, YTO CHIDKEHHE YPOBHS DKCITPEC-
cun o-Gal smmroma B pesynbrare ['X ¢parmen-
TOB aOpTHI MopocAT B pacTBope «EBpo-Kommuus»
MPUBOAUT K MEHee BBIPAKEHHOMY HMMYHHOMY
OTBETY pELHMIIMEHTa IO0CJe KCEHOTpaHCIIJIaHTALNH.
OnHako MOJEKYJIspHbIE MEXaHU3Mbl YMEHBIIEHUS
9KCIPECCUN KCEHOAHTHIEHa HEJO0CTAaTOYHO HCCe-
JIOBaHbI U TPEOYIOT AajbHEHILETr0 N3yYeHuUsI.

BpiBOABI

1. Ha 7-e cyTku mociie reTepoTONUYEeCKOr Kce-
HOTPaHCILIAHTALAH 1101 KaICyIy IIOYKH TKaHb a0PTHI
HOBOPOXJIEHHBIX MOPOCAT COXPAHSAET TUCTOJIOTHYE-
CKYI0 CTPYKTypy. OnHaKo B KCEHOTpaHCIUIaHTaTax
HaOMIONAIOTCS OYard JTUMQPOTUCTHOIMTAPHON WH-
(upTpanny, WHTEHCHUBHOCTH KOTOPOH 3aBHCHT OT
BHJIa MHKYOAIIMOHHOM CPEJIBI.

2. [lpu kceHoTpaHCIUTAHTAMU (PAarMEHTOB aop-
Thl HOBOPOXKJEHHBIX MOPOCSIT TOA Karcylly MOYKH
KpbICaM HaOIIOJaeTCsl TIOBBILICHUE IKCIIPECCUH HM-
MyHHBIX cyObeaunun, LMP2 u LMP7 mporeacom
B KceHorpadTe, CBA3aHHOE C 00pa30BaHUEM OYaroB
HHQUIBTPALIUY.

3. TkaHb aOpTHl HOBOPOXKJEHHBIX MOPOCAT, MOJ-
BepruyTas umHKyOauumu B pactBope «EBpo-Kon-
nuH3» 0pu 4°C, BbI3bIBAET MEHEE BBIPAXKEHHbBIA M-
MYHHBIH OTBET IO CPAaBHEHHIO C KCeHorpadramu,
HHKyOUpoBaHHBIMHU 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
lymphohistiocytic 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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