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AHHOTAIINA

BBenenwue. TpaHCIUIaHTAI[Us CEP/Ila HA CETOMHSAIIHUH I€HD ABJISAETCS OCHOBHBIM METOZIOM JIEUE€HHUsI TTAI[HEHTOB,
HaXOJIAIIMXCS B KOHEYHOH CTa/IUM XPOHUUECKOU CEP/IEYHON HeZocTaTOYHOCTH. Ha TeKyIIuii MOMEHT OTMEUAaeTCsI OTCYT-
CTBUE eIMHOM TOUKU 3PeHUsI Ha BpeMeHHbIe KPUTEPUU XOJIOZI0OBOM UIIIEMHH IOHOPCKOTO cep/ria. HecmoTpst Ha 6oJibiiioe
KOJIMYECTBO HCCIIEIOBAHUI, 10 CUX IIOP OCTAETCs Hepa3pelleHHBIM BOIIPOC 00 YPOBHE MOBPEK/IEHHUsI OETTKOB ITUTOCKETIETa
Kap/IHOMHOITUTOB MPU PA3TUYHBIX CPOKAX XOJIOMOBOM UIIEMHUHU, HET YETKON TPAHUIIBI IOTyCTUMOTO BpeMEeHH KOHCEpBa-
IIUY ¥ COOTBETCTBYIOIIUX TATOMOP(OTOTHUECKHX JAHHBIX O COCTOSTHUY UX CTPYKTYPHI IIPYU UIIIEMHUYIECKOM U perepdysu-
OHHOM TIOBPEK/IEHUH.

IT e 1 b . AHanu3 ocobeHHOCTEH TaTOMOPGOJIOTHH KAPAUOMHUOIIATOB U SKCIIPECCHH GesIKa CeMENHCTBA MOJIEKYJT KJIETOU-
HOM ajire3un E-kajrepuHa B MUOKap/ie JOHOPCKOTO CEP/IIa IPY Pa3IMUHbBIX CPOKAX XOJIOMOBOM UITIEMUH.
MaTepuwaabl W METO bl . [l KCCaeA0BaHNS UCIIOIH30BAIA HHTPAOIIEPAIIIOHHBIE GUOTITATHI MHOKAp/a
VIIIKA JIEBOTO MPeICep/IUs JOHOPOB BO3PACTOM /10 60 JIeT I0CJIe X0JI0I0BOM UllleMuu pactBopoMm «Kycrommos» miu-
TEJIBHOCTBIO /10 240 MUH (1-s1 rpyIna, n = 10) u 6ojiee 240 MuH (2-s rpyiia, n = 7). [ucTosioruueckre cpes3bl MUOKapza
OKpAIIUBAJIUCh TIO CTAHJAPTHON METOAMKE TeMaTOKCHIMHOM M 303UHOM. JlaspbHellee UX H3yUYeHHe MPOBOUIN
ITOCPEZICTBOM CBETOBOI MHUKDPOCKOIINH, /IJIsI aHAIN3a SKCIpeccuu E-ka/ireprHa IPpUMEHIIN KMMYHOTHCTOXUMHUYECKUH
METO/I.

PesyasbTarTsl . IIpu oneHke maToMOP(OSIOTUH KAPAUOMUOIIUTOB B YCJIOBUSX PA3JTUUHOMN POOJIKATETBHOCTH
XO0JIOZIOBOH MINTEMUY MUOKAp/a BbIsABIEHA OTHOPOTHOCTb U 06PATUMOCTh N3MEHEHUH KJIETOUHBIX CTPYKTYP, CTabMIbHAS
SKcIpeccus 6eTka KJIeTOUHOU aare3nn E-kafireprHa B MecTaX BCTABOYHBIX JIUCKOB Y MAIIMEHTOB 00€UX TPYIIIL.
3aka104eHue. [losyueHHBIE B X0/l UCCIEIOBAHUS PE3YJIBTATHI IOKA3AJIH, YTO aKTUBHOCTD E-Ka/irepuHa B ycjIo-
BHIX XOJIOJTOBOH HIIIEMUM MHOKapza pacTBopoM «KycTroauosi» B TedeHHe 240 MUH U 60Jiee 240 MUH OCTAeTCst CTaOUIb-
HOM, YTO CBU/IETEIHCTBYET O COXPAHHOCTH €r0 MaKPOMOJIEKYJISIPHOH CTPYKTYPHI ¥ GYHKITHOHATHHOHN TOJIPHOCTH MBIIITEY-
HBIX KJIETOK MHOKap/ia.

Kmuouesnble caoea: TpaHCIUIAHTAIUs CEPAlla, KOHCEPBAIUSA JOHOPCKOTO CEP/AIla, BPEeMsl XOJIOZIOBOH HIIEMUH,
E-kajrepus, mopdosioruueckasi AHarHOCTHKA.
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Morphological evaluation of the E-cadherin expression
in cardiomyocytes of the donor heart at different terms
of cold myocardial ischemia
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ABSTRACT

Introduction. Hearttransplantation is currently the mainstay of treatment for the end-stage chronic heart
failure patients. To date, there is no consensus on the time criteria for cold ischemia of the donor heart. Despite a large
number of studies, the question about the level of damage of cardiomyocyte cytoskeleton proteins at different terms of cold
ischemia remains unresolved; there is no clear time limit of acceptable preservation time and corresponding pathomor-
phological data on the state of their structure at ischemic and reperfusion damage.

A im . An analysis of pathomorphological characteristics of cardiomyocytes and the expression of E-cadherin, protein
from the family of cell adhesion molecules in the myocardium of the donor heart at different terms of cold ischemia.
Materials and methods. Intraoperative biopsies of the myocardium of the left atrial appendage of
donors aged up to 60 years after cold ischemia with Custodiol solution duration up to 240 min (group 1, n = 10) and over
240 min (group 2, n = 7) were used. Histological sections of the myocardium were stained according to the standard pro-
cedure with hematoxylin and eosin. Their further study was carried out by light microscopy, and to assess the E-cadherin
expression immunohistochemistry was used.

Results. Theassessment of cardiomyocyte pathomorphology under conditions of different duration of myocardial
cold ischemia revealed homogeneity and reversibility of changes in cellular structures, steady-state expression of the cell
adhesion protein, E-cadherin at the sites of intercalated discs in patients of both groups.

Conclusion. Theresults showed that the activity of E-cadherin under cold myocardial ischemia with Custodiol
solution for 240 min and over 240 min remains in steady-state, indicating the preservation its macromolecular structure
and functional polarity of myocardial muscle cells.

Keywords: heart transplantation, donor heart preservation, cold ischemia time, E-cadherin, morphological diagnosis.
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BBE/JIEHUE

B crpykType 3a607€BaeMOCTH W CMEPTHOCTH
HaceJieHUsI OOJIBIIIMHCTBA CTpaH MHpa Beayllee
MECTO 3aHMMAIOT 3a00JIEBAHUSA OPTaHOB CHUCTEMBI
KPOBOOOPAIIEHHNS, YaCTh U3 KOTOPBIX B UCXO/IE€ CBO-
€ro TeYeHUs MPUBOJAT K BOBHUKHOBEHUIO TEPMU-
HaJIbHOU CepIeYHON HEIOCTaTOUYHOCTH [1, 2]. TpaHc-
IUTAHTALMA CEPAIA ABJAETCS KIIOUEBBIM METOZ0M
JIeYeHus JAaHHOTO OCJIOKHEHMs, HO TOJIBKO OKOJIO
50 % ManWeHTOB U3 JIKNCTA OKUJAHUS IOJIY4aioT
XUPYPrUUYECKOe JIeUeHne, YTO MIPUBOIUT K BBHICOKOM
JIETAIbHOCTU CPEIM KaHJAUJATOB Ha TpaHCIJIAHTa-
nuio cepama. IIpobseMa KpUTudeckoro aeduiura
JIOHOPCKUX OPTraHOB M pacTyiias ITOTpeOHOCTbh B
TpaHCIUIAHTAIIUM Ccepjilla TPeOyIT paciiupeHust
KPHUTepHEB 0TOOPa JJOHOPOB, BKJIIOYAsI OLIEHKY IIPEe/I-

INTRODUCTION

The leading place in the structure of morbidity
and mortality of the population of most countries of
the world is occupied by cardiovascular diseases,
some of which, on the advanced stages, lead to the
end-stage heart failure [1, 2]. Heart transplantation
is the key treatment for this complication, but only
approximately 50% of patients from the waiting list
receive this treatment, which results in a high mor-
tality rate among heart transplant candidates. The
problem of critical shortage of donor organs and the
growing need for heart transplantation require
expansion of donor selection criteria, including an
assessment of ischemia time of the donor heart.
Despite many studies to date, the safe duration of
cold ischemia remains an open question. No clear
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[10JIara€MOr0  BpPEMEHH UIIEMHU JJOHOPCKOTO
cepana. HecmoTpss Ha TMpoOBeleHHE MHOKECTBA
HCCJIEOBAHUM, Ha CErOAHAINHHUA JeHb OCTaeTcsa
OTKPBITHIM BOIIPOC O O€30ITACHOU ITPO/IOJI?KUTETHHO-
CTH XOJIOZOBOM uIileMuu. He yCcTaHOBJIEHBI YETKHE
TPaHUIBI JIOMyCTUMOTO BPEMEHH KOHCEpPBAIlWH, a
TaK}Ke COOTBETCTBYIOIIHUX IATOMOP(OJIOTrHIECKUX
JTAHHBIX O COCTOSIHMHU MHOKap/1a JOHOPCKOTO CEPATIA
IIPU PA3JIMIHBIX BpEMEHHBIX ITapaMeTpax [2].

[Ipy MHUKPOCKONMMYECKOM H3YyYEHHUU IaTOMOP-
dosornueckux M3MEHEHUH, BO3ZHUKAIOIIUX B CEP-
JIEUHOU MBIIIIIE, MOTYT BO3HHKATh OIIpPeJieJICHHbIE
TPY/THOCTH B CJIyJasixX ONEHKU CTENEHH TSKECTH TPHU
UIIEMUYECKOM U penepdy3uOHHOM MMOBPEXKIEHUHN
KapAuoMHuonuToB [3—5]. B marosoroanaromuye-
CKOU TIPAKTHKE I OOHAPYKEHUS HIIEMHYECKHUX
MOBPEXK/IEHUNH MHUOKap/Aa MPUMEHSIIOT THCTOXHMMU-
YecKHe MEeTO/[bl OKPACKH WJTH MUKPOCKOITHIO B TIOJISI-
pusoBaHHOM cBeTe [6, 7]. B mocyieHME TOIBI, B
JTOTIOJTHEHUE K UCCIEOBAHUAM, TOCBSIIIEHHBIM 0CO-
OEHHOCTSIM pPeaKIMU MOJIEKYJISIPHBIX CTPYKTYD
KJIETKH Ha TOBPEXK/AIOIIee BO3/IEUCTBUE, KOTOPBIE
0becIieurBaT CBSI3h KJIETOYHONH MeMOpaHbI C BHY-
TpeHHel CTPYKTYPOH KJIeTKH U BXOJAT B COCTaB
nuTOCKeseTa [8, 9], MoABMIINCH MyOJTUKAIINH, TP/ -
Jlaraiolye OIpeeJIeHNe BKCIIPECCUH HEKOTOPHIX
0esIKOB, OTPaKAMIIUX COCTOSTHHE KapAHOMUOIIH-
ToB. HamboJiee mepcrieKTUBHBIM B 3TOM HaIlpaBJie-
HUU SIBJIAETCS M3YUYEHUe ceMeHCTBa MOJIEKYJ Kie-
TOYHOH ajre3uu. ViMemolnuecs Ha CETrOAHSIITHUKN
JIeHb JJAHHBIE 0 OeJIKaxX IIUTOCKeJIETa KapHOMHOIII-
TOB OTKPBIBAIOT HOBbIE€ BO3MOKHOCTH I TIOHUMA-
HUS MEXaHU3MOB IMOBPEKAEHUS UX CTPYKTYPBI IIPHU
UIIIEMAYECKOM U pernepd@y3nOHHOM IOBPEKIEHHH.
Tak, HEKOTOpPbIE MCCIAEAOBATENN TIPE/IaraloT OIfe-
HUBATh YPOBEHDb HKCIIPECCUU KAJTEPUHOB — OCOOBIX
0eJIKOB, 00eCIIeurMBaIOIINX MEKKJIETOUHbIE KOH-
TaKThl, B YACTHOCTU, MEXKAY KapAUOMHOIIUTAMH H
SHOTEJIUAIbHBIMHY KJIeTKamMu [8—10].

Cpenu TipejicTaBUTENEN CyllepceMeNCcTBa Kajre-
PUHOB, KOTOPBIE UTPAOT BA3KHYIO POJIb B MOZAEPIKa-
HUU IUTOCKeJIeTa, CJIeJlyeT OTMETUTh E-kaarepuH,
KOTOPBI OTHOCHTCS K TpyIle KaarepuHo I Tuma,
aKTUBHO YYacCTBYeT B IOAJEP:KAaHUU CTAOHMIBHOM
KJIETOUHOH aJIT€3WH B SIIUTEIUATbHBIX TKAHAX H
OOHApY?KUBAeTCsA B MECTE IIPOMEKYTOYHOTO KOH-
TakTa. dKcnpeccus: E-kafireprHa CTpOro peryaupy-
eTcs KaK B (QUBHUOJIOTUUECKHUX, TaK U B ITATOJIOTHYe-
CKHX TIPOIleccax, TAKUX KaK OHKOTeHe3 U 3MOpPHO-
HaIbHBIM ~ Mopdorenes. I'naBHaga  GyHKIUA
E-xaarepuna 3axirodaercs B GOPMUPOBAHUM aJire-
3UBHOTO COEJUHEHUS KJIETOK, KOTOPOe HEOOXOTIMO
JUIST CO3/AHUSI BBICOKOOPTAHWU30BAHHBIX TKAaHEH.
AJNlre3VBHBIE KOHTAKThI MEKAY KJIETKAMU CII0CO0-

time limits of acceptable preservation time have been
established, and no corresponding pathomorpholog-
ical data on the state of the donor heart myocardium
at different time intervals have been established [2].

Microscopic examination of the pathomorpho-
logical changes occurring in the myocardium may
present some difficulties in the assessment of sever-
ity of ischemic and reperfusion injury of cardiomyo-
cytes [3—5]. In pathoanatomical practice, methods
of histochemical staining or polarised light micros-
copy are used to detect myocardial ischemic lesions
[6, 7]. In recent years, besides the studies focused
on the peculiarities of the response of molecular cell
structures to injury, which provide the link of the
cell membrane with the internal structure of the cell
and are part of the cytoskeleton [8, 9], the publica-
tions proposing determination of the expression of
some proteins reflecting the state of cardiomyocytes
have appeared. The most promising in this direc-
tion is the study of the family of cell adhesion mol-
ecules. Available current data on proteins of the
cardiomyocyte cytoskeleton open up new opportu-
nities for understanding the mechanisms of damage
to their structure during ischemic and reperfusion
injury. Thus, some researchers propose to assess
the expression level of cadherins — special proteins
providing intercellular contacts, in particular,
between cardiomyocytes and endothelial cells
[8-10].

Among the members of the cadherin superfamily
that play an important role in the maintenance of the
cytoskeleton, E-cadherin, which belongs to the group
of type I cadherins, is actively involved in maintain-
ing steady-state cell adhesion in epithelial tissues
and is found at the site of zonulae adherentes, should
be mentioned. The E-cadherin expression is highly
regulated in both physiological and pathological pro-
cesses, such as oncogenesis and embryonic morpho-
genesis. The main function of E-cadherin is to form
cell-cell adhesive junctions, which are essential for
complex tissue formation. Adhesive junctions
between cells promote efficient intracellular commu-
nication, which greatly facilitates the interaction of
cell membrane molecules with intracellular path-
ways. Also, E-cadherin plays an important role in
maintaining tissue compaction throughout their
development by regulating the epithelial-mesenchy-
mal transition [11], supports homeostasis and integ-
rity of mature epithelial tissue. There is some evi-
dence that cadherins are not only targets for signa-
ling pathways controlling adhesion, but may
themselves act as a signaling center, regulating cel-
lular processes such as proliferation, apoptosis and
differentiation [12].
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CTBYIOT 3 dEeKTUBHON BHYTPUKJIETOYHON KOMMYHH-
KaIli{, 4YTO 3HAYUTEJIbHO YIIPOINAET B3aUMOJEeH-
CTBUE MOJIEKYJI KJIETOUHOH MeMOPaHbI C BHYTPUKJIIE-
TOUHBIMHU IyTAMU. Takxke E-kaarepuH urpaer Bax-
HYI0 POJIb B MOJ/EP>KAaHUN KOMITAKTHOCTU TKaHEH
Ha TMPOTSKEHUM WX PA3BUTHSA, PETYJIUPYS SIIUTE-
JIMAJIPHO-ME3eHXUMAaJIbHBIN TIepexos, [11], ocyrect-
BJISIET IOZ/IEPKKY TOMEOCTa3a U IIeJIOCTHOCTH B3POC-
JIOH SIUTETNATbHON TKaHU. ECTh HECKOIBKO CBH/IE-
TEJIbCTB TOTO, YTO Ka/JITePUHBI HE TOJIBKO ABJIAIOTCH
LIeJIBIO JUJISl CUTHAIBHBIX ITyTeH, KOHTPOJIUPYIOIINX
aJiIre3vio, HO M CaMU MOTYT JIECTBOBATh KaK CHUT-
HJIBHBIA IIEHTP, PETYJIUPYIOIIUY KJIEeTOUYHBIE IIPO-
1lecchl, Takue Kak mposaudepanus, alonTo3 u Jud-
depenIupoBKa KIeTOK [12].

Takum o6pazom, E-kagreprs akTUBHO YIaCTBYET
BO MHOKECTBE IIPOLIECCOB, CBA3aHHBIX ¢ MOpQoreHe-
30M cepZieyHO TKaH!. OH UTpaeT KJII0UYEBYIO POJIb B
MEXKKJIETOYHOH aJire3uu, 00eCcIeunBaeT MoAepKa-
HHE CTPYKTYPHOU U (HYHKIIMOHAJIBHOU MOJIIPHOCTH
KJIETOK Y TKAHEH, a TaK:Ke BayKEH JUUIS MOJJIEPKAHUSA
IUIACTUYHOCTU U YIIPYTOCTH MUOKap/a.

ITEJIb UCCJIEJIOBAHUSA

Ananmus ocobeHHOCTeH MaToMOpGOJIOTHU Kap-
JIMOMHOITUTOB M BKCIpeccHu Oejka ceMeicTBa
MOJIEKYJI KJIETOYHOU aare3uu E-KajarepwHa B MHO-
Kapjie JOHOPCKOTO Cep/lla MPU Pa3JIMYHBIX CPOKAX
XOJIOJIOBOU HIIIEMUH.

MATEPUAJIbI 1 METO/IbI

Bo BpeMms mpoBeieHHsA OCHOBHOTO 3Tala orepa-
nuu 3abupanuch 06pasIbl MHOKapZa YIIKA JIEBOTO
npegcepaus (YJIIT) nOHOPCKOTO cep/iiia mocIe X0JI0-
JT0BOI uiliemun pactBopom «Kycroguos» (Dr. Franz
Kohler Chemie GmbH, 'epmanus): mepBas Tpymima —
10 CJIyYaeB C XOJOZOBOU HIIEMFEH TPAaHCILIAHTATA
JI0 240 MUH — 140 [140; 150] MUH, 1 BTOpAas rpymma —
7 CJIydaeB C XOJIOJJOBOM HIIIeMHEH TpaHCIIaHTaTa
bosiee 240 MuH — 375 [245; 375] MuH, p < 0.05.
[TareHTHI, BKJIIOYEHHBIE B IIEPBYI0 W BTOPYIO
TPYyIIbL, OBLTH COIIOCTAaBUMBI IO CPETHEMY BO3PACTY
U aHTPOIIOMETPUYECKHM IIOKazaTeasaM. Bospact
1-# TPYIIIIBI COCTABIIAN 50 [44; 59] j1eT, 2-1 TpyIIIBI —
Takke 50 [49; 50] yner, p = 0.193. MHaeKc Macchl
tesia (MUMT) B 1-# rpynme — 25 [22; 27], BO 2-U
rpymne — 25 [21; 31], p = 0.288. B o6eux rpymmax
OTMeuYeHO IpeobsaZlaHye MAIluEeHTOB MYKCKOTO
mosia: 1-a rpynma — 8 (80 %) u 2-a rpymnma — 6
(85.7 %) uen., p = 0.256.

B3aTeiii M3 omepanuoHHOrO 0JIOKa MaTepuas
O0pUT TIOMereH B 3a0ydepeHHBIH 10% opmanmH
(«buoButpym», Poccust) Ha 24 4. 3aTeM MPOU3BO-
JIUIach CTaHAAPTHAs 00paboTKa MaTeprasia B THCTO-

Thus, E-cadherin is actively involved in a variety
of processes related to cardiac tissue morphogenesis.
It plays a key role in intercellular adhesion, ensures
maintenance of structural and functional polarity of
cells and tissues, and is important for maintenance
of myocardial plasticity and elasticity.

AIM OF THE RESEARCH

An analysis of pathomorphological features of
cardiomyocytes and the expression of E-cadherin,
protein from the family of cell adhesion molecules in
the myocardium of the donor heart at different terms
of cold ischemia.

MATERIALS AND METHODS

During the main stage of surgery, samples of the
myocardium of the left atrial appendage (LAA) of the
donor heart were collected after cold ischemia with
Custodiol solution (Dr. Franz Kohler Chemie GmbH,
Germany): the first group — 10 cases with cold isch-
emia of the donor heart up to 240 min — 140 [140;
150] min, and the second group — 7 cases with cold
ischemia of the donor heart more than 240 min —
375 [245; 375] min, p < 0.05. Patients included in
groups 1 and 2 were comparable regarding mean age
and anthropometric parameters. The age of group 1
was 50 [44; 59] years, while group 2 was also 50 [49;
50] years, p = 0.193. Body mass index (BMI) in
group 1 was 25 [22; 27] and in group 2 was 25 [21;
31], p = 0.288. Both groups showed predominance of
male patients: group 1 — 8 (80%) and group 2 — 6
(85.7%) patients, p = 0.256.

The biopsy samples taken from the operating
room was placed in 10% buffered formalin (BioVit-
rum, Russia) for 24 hours. Then standard process-
ing of the samples was performed on a Leica TP
1020 tissue processor (Germany). Using a rotary
microtome, approximately 5 um thick sections were
made from paraffin specimens, which were further
stained with hematoxylin and eosin. For light
microscopy of the myocardium, a Zeiss Axio Scope.
A1 microscope with an analyzer, an AxioCam MRCs
camera with Zen Blue software (Zeiss) was used.
Immunohistochemical staining of myocardial sec-
tions of LAA was used to assess the expression of
E-cadherin, cell adhesion protein. Immunohisto-
chemical staining was performed under the recom-
mendations of the antibody manufacturer and the
guidelines [13].

Before immunohistochemical study, the deparaf-
finized sections were subjected to demasking of tis-
sue antigens in a PT module (Thermo Scientific,
USA) using citrate buffer pH 6.0 at 95°C for 60 min.
3% H,0, solution was used to block endogenous per-
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npoiteccope Leica TP 1020 (I'epmanus). C mOMOIIbIO
POTAallHOHHOTO MUKPOTOMA U3 mapa(gpuHOBBIX 00pas-
[I0B U3TOTABJIMBAJIM CPEe3bl TOJIIMHON IPHUMEPHO
5 MKM, KOTOPBbIE /iajiee OKPAITUBAIN T€MaTOKCUTH-
HOM U 303UHOM. /[JIs1 TPOBEJIEHUS CBETOBON MUKPO-
CKOIIMU MHUOKap/ia UCIO0JIb30BaJICSA YHUBEPCATbHBIN
MHKPOCKOII Zeiss AXio Scope.A1, OCHAIIleHHBIH aHa-
smszaropoM u ¢porokamepoit AxioCam MRC5 ¢ mpo-
rpaMMHbIM o6ectieuenreM Zen Blue (Zeiss). IIpume-
HSJIOCh HMMMYHOTHUCTOXHUMHUYECKOE OKpaIllMBAHUE
cpe3oB Muokappaa YJIII jid OneHKU SKCIIpeccuu
Oesika KJIeTOYHOHU anresun — E-kaarepuna. IIpo-
neaypa UMMYHOTHCTOXUMHUYECKOTO OKpAITUBaHUS
BBINOJIHSJIACH B COOTBETCTBUH C PEKOMEHJIAITASIMHE
MIPOU3BOJIUTEIISI AHTUTEJ W MPEACTABIEHHBIMU B
[13] ykazaHusMH.

[Tepes mpoBe/IeHNEM HMMYHOTHCTOXHMUYECKOTO
uccaefoBaHuA  JiennapadUHU3UPOBAHHBIE  CPE3BI
OBLTH TIOJIBEPTHYTHI J€EMAaCKUPOBKE aHTUTEHOB TKa-
ueit B PT mopmyne (Thermo Scientific, CIITA) ¢
HCIOJIb30BaHNEM IUTpaTHOro Oydepa pH 6.0 mpu
95 °C B TeueHue 60 MuH. /{151 6JIOKUPOBKH SHJTOTE€H-
HOU IepoKcHAa3bl mpuMeHsiicsa 3% pactsop H,0,, ¢
MIOCJIEZYIOIIUM IIPOBEIEHUEM IIPOTEUHOBOTO OJIOKA
CBIBOPOTKOM. /lasiee mosyueHHbIe Cpe3bl HHKYOHUPO-
Basuch ¢ anTurenamu k E-cadherin (clone EP700Y)
(Dako, Janust). UMMyHHO€E OKpaITUBaHUE OCYIIECT-
BJISLZIOCH C WCIIOJIb30BAHUEM ITOJIMMEPHOMN CHCTEMBI
JIETEKIINH C TTepoKcuasHoi MeTkol (Envision Flex,
Dako, Janus).

CraTtucTUYecKUi aHAINU3 TTOJTyYeHHBIX PE3YJIbTa-
TOB IIPOBEJIEH C UCIIOJIL30BAHUEM ITAaKETa CTATUCTHU-
yeckux mporpamm Statistica 10.0 (StatSoft, Inc.,
CIIA). KosnuecTBeHHbIE II€pEMEHHBIE IIPe/ICTaB-
JIEHBI B BUJIe M€JUAaHbl U HHTEPKBAPTUJIHHOTO pas-
maxa Me [Q1 — Q3], kauecTBeHHbIE ITEpEMEHHbBIE — B
BHJIE YACTOThI BCTPEUAEMOCTH H/WJIU MPOIEHTHOTO
OTHOIIIeHUsI. MeXTpyNIIIoBOe CpaBHEHUE ITOKa3aTe-
Jlell IpOM3BOAWIN 1O KpUTepuio MaHHA — YUTHU
WU C TIOMOIIBI0 TOYHOTO KpuTtepusa ®@uinepa. 3Ha-
YeHue p < 0.05 CYUTAIN CTATHCTHIECKH 3HAUNMBIM
JUISI BCeX BUJIOB aHA/IN3a.

PE3YJ/IBTATDI

B pesysprare ananmsa oOpasnoB TKAHU, B3ATHIX
OT TAIMeHTOB IIePBON TIPYNIBI, B HCCIEAYEMBIX
yJacTtkax Muokapga YJIII, okpalmeHHBIX TeMaro-
KCIJIMHOM-303WHOM, OBLIN BBIABJIEHBI XapaKTep-
Hble IPU3HAKU (pparMeHTalluy OTJeJIbHBIX MbIIIeyd-
HBIX BOJIOKOH M HEPAaBHOMEDHOTO IIOJTHOKPOBUSA
COCYZIOB, COIIPOBOKIAIOIIMecs yMepeHHbIM MeKMbI-
IIEYHBIM OTEKOM MU HaIMYUEeM 3PUTPOIUTAPHBIX
capKedl B MUKPOIIMPKYJIATOPHBIX cocynax. Kpome
TOTO, OTMEYAJICS CIIa3M MEeJIKIX apTEPHI, B TO BpeMsI

oxidase, followed by protein block with serum. Then,
sections obtained were incubated with antibodies to
E-cadherin (clone EP700Y) (Dako, Denmark).
Immune staining was performed using a peroxidase-
labeled polymer detection system (Envision Flex,
Dako, Denmark).

A statistical analysis of the results was performed
using Statistica 10.0 software (StatSoft, Inc., USA).
Quantitative variables are presented as median and
interquartile range Me [Q1—-Q3], qualitative vari-
ables — as frequency of occurrence and/or percent-
age. Intergroup comparison was performed using
the Mann-Whitney test or Fisher’s exact test. A value
of p < 0.05 was considered statistically significant for
all types of analyses.

RESULTS

As aresult of the analysis of tissue samples taken
from patients of the first group, in the studied sites
of the LAA myocardium stained with hematoxylin-
eosin, characteristic signs of fragmentation of indi-
vidual muscle fibers and venous congestion were
revealed, accompanied by moderate intermuscular
edema and erythrocyte aggregation (sludge) in
microcirculatory vessels. In addition, there was a
spasm of small arteries, while the venous lumens
were dilated and congested. Elongation of rod-
shaped endothelial cells was observed in the wall of
several vessels. In general, the vast majority of car-
diomyocytes kept their normal structure, having
weak signs of heterogeneous oxyphilic staining,
which are characteristic of cells with myofibril con-
taction (Fig. 1).

During the immunohistochemical study, it was
found that most of the muscle cells are separated by
intercalated discs with clear boundaries. The strong
activity of E-cadherin around discs was revealed in
the form of a dark brown color during an immuno-
histochemical reaction. There is a homogeneous
intensity of the E-cadherin expression both at the
level of intercalated discs characterizing the sarco-
meric cytoskeleton and outside the sarcomeric cyto-
skeleton linked with the sarcolemma (Fig. 2). This
shows that the myocardium was protected suffi-
ciently during cold ischemia. In the absence of such
protection, long-term ischemia leads to dissocia-
tion of the actin cytoskeleton from the cardiomyo-
cyte membrane, which causes cell degeneration and
apoptosis. However, such processes were not
detected in our study.

When analyzing the samples from patients of the
2nd group with long-term cold myocardial ischemia
(over 240 min), a certain expansion of the perivascu-
lar spaces was observed, accompanied by edema of
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Puc. 1. HepaBHOMEPHOCTH OKCH(DUIBHOM OKPACKK MUOKAP/[a JIEBOTO IIPEJICEP/USA Y TAIIUEHTOB 1-i TPYIIIIBL.
Okpacka reMaTOKCHJIMHOM U 503UHOM. YBEJIHUEHHE X200
Fig. 1. Heterogeneous oxyphilic staining of the left atrial myocardium in patients of group 1.
Stained with hematoxylin and eosin. Magnification x200

KaK TPOCBET BeH ObLI PaCIIUpEH U IMTOJHOKPOBEH.
B creHke psza cocymoB HaOJI0AAIOCh YIJIUHEHHE
SH/IOTEJIUOIIUTOB MAJIOUYKOBU/IHOU (popMBI. B mesiom
MOZIaBJISIONIee  OOJIBIITMHCTBO — KapAUOMHUOIIUTOB
COXPAHSJI0 HOPMAJIBHYIO CTPYKTYPY, UMesi ciabbie
MPU3HAKA HEPABHOMEPHOTO OKCHU(UIHHOTO OKpa-
IIUBaHUs, KOTOPhIE XapaKTEPHBI JIJIST KJIETOK C KOH-
TpakTypoi Muobubpusi (puc. 1).

B xozie mpoBefieHNsI UMMYHOTHCTOXUMUYECKOTO
HCCIeZIOBaHUsA OOHAPYKEHO, YTO OOJIbIIas YacTh
MBIIIIEYHBIX KJIETOK pasjiejieHa BCTABOUHBIMU JIHC-
KaMH C YeTKHUMU TpaHuIamMu. MIHTeHCUBHAS OKOJIO-
JILCKOBasi aKTUBHOCTH E-Ka/ireprHa ObLyia BIsIBJIEHA
B BUJIE TEMHO-KOPUYHEBOI OKPACKH B X0/Ie KMMYHO-
THCTOXUMHYECKOH peakiuu. OTMeuyaeTrcss paBHO-
MepHasi MHTEHCHUBHOCTh 3Kcrpeccuu E-kajrepruHa
KakK B 00JIaCTU BCTABOYHBIX JVICKOB, XapaKTEPU3YIO-
[UX I[ATOCKEJIET CapKOMepa, TaK U BHE CapKOMEP-
HOTO IIMTOCKEJIETa, CBS3aHHOTO C CApPKOJEMMOU
(puc. 2). 9TO CBUETETHCTBYET O TOM, YTO MHOKAP/I
OBLI ZI0OCTATOYHO BAIUINEH MPU XOJIOJI0OBOH HIIe-
MuU. B cirydae OTCyTCTBUS TAKOU 3aIUTHI JIJTUTETh-
Hasi UIIIeMUS IPUBOIUT K TUCCOIUAIIAN AKTUHOBOTO
MHUTOCKEJeTa OT MeMOpaHbl KapAUOMHUOIIUTA, UTO
BBI3BIBAET JIET€HEPAITNIO U allONTO3 KJIeTOK. OIHAKO
B HAllleM HMCCJIEIOBAHUU TaKKe MPOIeCChl He OBLIH
0oOHApY’KeHBI.

[Ipu aHaTM3€e MaTepuasia, IOJydeHHOTO OT IaIu-
€HTOB 2-U TPYIIHI ¢ JUIUTETBHOU XOJIOAOBOU HIIIEe-
Muelr muokapzia (0ojsiee 240 MHH), OTMEYAIOCh
OIpezieJIEHHOE PACIIUPEHHNE OKOJIOCOCYTUCTBIX ITPO-
CTPAHCTB, COIIPOBOKAEMOE OTEKOM CTEHOK HMHTpa-

the walls of the intramural arteries, with the preser-
vation of paretic changes in some of them with con-
gestion and dilation of the venous lumen. Spastic
changes were noted in part of the arteries, accompa-
nied by narrowing of the lumen with preserved endo-
thelial lining.

In microcirculatory vessels, we have observed
erythrocyte aggregation in individual fields of
vision. Most of the muscle fibers had a uniform
diameter and slight heterogeneous oxyphilic stain-
ing of cardiomyocytes; in certain places, single
thinned and wavy myocardial fibers were found.
Edema of the cytoplasm was also observed in car-
diomyocytes, manifested by color heterogeneity
(Fig. 3).

The immunohistochemical study revealed a
decrease in the expression of E-cadherin in some
fields of vision because of a decrease in the number
of intercalated discs. Deformities resembling a bro-
ken line were found in some of them. In addition,
some blurriness of cross striation and moderate
changes in the cytoplasm structure of cardiomyo-
cytes were observed (Fig. 4).

DISCUSSION

The histological analysis showed that in both
groups, LAA cardiomyocytes, in sections stained
immunohistochemically to detect the expression of
E-cadherin, have a homogeneous light brown stain-
ing with contrasting dark brown sites in the areas of
intercalated discs of cardiomyocytes and in the
Z-lines throughout the entire muscle fiber.
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Puc. 2. ITosuTHBHAA paBHOMepHas SKcenpeccus E-kafreprHa B JOHOPCKOM Cep/ilie Y HAIlMeHTOB 1-H IPYIIIIbL.
VIMMyHOTHUCTOXUMUYECKOE UcciIefioBaHue. JJoOKpacka reMaTOKCIUIMHOM. YBeJIndeHue X630
Fig. 2. Positive homogeneous expression of E-cadherin in the donor heart in group 1 patients.
Immunohistochemical study. Additional hematoxylin staining. Magnification x630

MypaJIbHBIX apTEPHUH, C COXpAHEHHEM B YacTH W3
HUX MMapeTUYeCKUX U3MEHEHUH C TMOJTHOKPOBUEM H
paciipeHreM TIpocBeTa BeH. B wactu aprepuit
OTMEYEHBI CIIACTUYECKHE U3MEHEHUs, COITPOBOK/IA-
IOIUEeCcsT CyKEHWeM IIPOCBeTa IPU COXPAHEHHOH
SHIOTEINAILHON BBICTUIIKE.

B MUKDPOIUPKYJIATOPHBIX COCYZaX MbI HaOJIIO-
JIaJIH CJIAJI?KU SPUTPOIUTOB B OTAETHHBIX IOJISX 3pe-
HUSA. BOJIBIIMHCTBO MBIIMIEYHBIX BOJIOKOH HMEJIN
OTHOPO/IHBIN IUaMETP U c1a00 BhIPAsKEHHOE HEPaB-

The supporting apparatus of cardiomyocytes
comprises cytoskeletal elements that provide an
ordered arrangement of myofilaments and myofi-
brils inside the fiber, as well as the basement mem-
brane and sarcolemma. The structural and bio-
chemical organization of the supporting apparatus
is like that of skeletal muscle tissue fibers. However,
a distinctive characteristic of cardiomyocytes is that
the cytoskeletal elements are associated with inter-
calated discs, which are special intercellular junc-

Puc. 3. HepaBHOMEPHOCTH OKCH(MUIBHON OKPACKH, IIUTOIIA3MATHYECKUN OTEK MHOKAP/[a JIEBOTO IIPE/ICEP/IUs
y MANHEHTOB 2-ii rpymmbl. OKpacka reMaTOKCIJIMHOM U 303UHOM. YBeJIHUEHHE X200
Fig. 3. Heterogeneous oxyphilic staining, edema of the cytoplasm of the left atrial myocardium
in group 2 patients. Stained with hematoxylin and eosin. Magnification x200
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Puc. 4. Ilo3utuBHas HepaBHOMepHAas dKcnpeccus E-karepiuHa, pa3MbITOCTh ITOTIEPEYHON NCUEPIEHHOCTH
KapAIOMHOIINTOB y TIAIIUEHTOB 2-1 rPymIbl. IMMyHOTHCTOXMMHUYECKOE HccIefoBaHue. Jl00KpacKa reMaTOKCHIIHOM.
YBenuuenue x630
Fig. 4. Positive heterogeneous expression of E-cadherin, blurriness of cross striation of cardiomyocytes in group 2
patients. Immunohistochemical study. Additional hematoxylin staining. Magnification x630

HOMEPHOE OKCU(UIBbHOE OKpAIINBaHUE KapUOMHU-
OIIUTOB, MECTAMU, B €IMHUYHBIX BOJIOKHAX OTMeYa-
JIOCh KCTOHYEHUE U BOJIHUCTOCTH TPaHUIl. B kapano-
MHOITUTAX TakKe HaOJIOZascAd IUTOIIa3MaTHde-
CKUH OTeK, MPOSBIIAIONINNACA HEOJHOPOAHOCTHIO
okpacku (puc. 3).

B pesysibTaTe UMMYHOTHCTOXUMHYECKOTO HCCITe-
JIOBaHUS OBUIO OOHAPYKEHO CHIIKEHUE DKCIIPECCUU
E-kaarepuHa B HEKOTOPBIX MOJISX 3PEHUA, 00y CI0B-
JIEHHOEe yMEHBIIEHHEeM KOJIMYECTBA BCTABOYHBIX
JICKOB. B HEKOTOPBIX M3 HUX OOHAPYKEHBI Aedop-
Marnu¥, HaIIOMUHAIHE JIOMaHyo0 mosocy. Kpome
TOrO, HabJIIOAIaCh HEKOTOPAsA Pa3MBITOCTh IIOIIE-
PEYHOU MCYEPUEHHOCTH U YMEPEHHbBIE N3MEHEHUS B
CTPYKTYp€ IUTOILIA3MbI KapJIHOMUOLIUTOB (PHC. 4).

OBCYKJIAEHUE

[IpoBeeHHBIN TUCTOJIOTUYECKUH AHAIN3 IOKA-
3aJ1, UYTO B 00EUX UCCIIeAYEMBIX TPYIIIAX KApAUOMU-
ouuTtsl YJIII, B cpe3ax, oKpalleHHbIX UMMYHOTHCTO-
XUMHUYECKH C TIIeJIbI0 BBISABJIEHUS DKCIPECCUU
E-xagrepuna, WMeIOT paBHOMEDHOE  CBETJIO-
KOpUYHEBOe OKpalllMBaHHE ¢ KOHTPACTUPYIOUINMH
TeMHO-KOPUYHEBBIMH YIACTKAMH B MECTAX BCTABOY-
HBIX JJUCKOB KapJMOMHUOIIUTOB U B 00J1aCTH Z 10JI0C
HA [MPOTSKEHUU BCETO MBIIIIEYHOTO BOJIOKHA.

OnopHBIT anmapaTt KapAHOMHOIITOB COCTOUT U3
2JIEMEHTOB ITUTOCKEJIETa, KOTOPhIe 00EeCIevYnBaoT
VIIOPAI0UeHHOE PACIIOJIOKeHHe MUODUIaMeHTOB U
MuO(PUOPUIT BHYTPU BOJIOKHA, a Tak:Ke 6a3aIbHOMN

tions. The sarcolemma contains integrins — trans-
membrane glycoproteins that connect cytoskeleton
elements of cardiomyocytes with components of
extracellular matrix, such as collagen, laminin and
fibronectin. Externally, the cardiomyocyte sarco-
lemma is surrounded by a basement membrane,
into which reticular and thin collagen fibers are
intertwined [14].

Intercalated discs play an important role in the
cell-to-cell junction of cardiomyocytes. When stud-
ied with a light microscope, they appear as trans-
verse straight or zigzag stripes crossing the func-
tional fibers of the myocardium. In the area of the
transverse sites of the intercalated disc, which are
perpendicular to myofibrils, surrounding cardiomyo-
cytes form many interdigitations. These interdigita-
tions are connected by junctions such as desmo-
somes and adhesive stripes. Actin filaments are
attached to the transverse sites of the sarcolemma of
the intercalated disc at the level of the Z-line. In the
area of the intercalated disc, such glycoproteins as
cadherin are also found, which provide calcium-
dependent adhesion between cardiomyocytes. There
are many gap junctions on the sarcolemma of the
longitudinal sites of the intercalated disc, which pro-
vide ionic bond continuity between adjacent cardio-
myocytes and transmit of impulses that drive con-
tractions [15].

It should be noted that a decrease in the expres-
sion of cadherin may indicate a disconnection of car-
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MeMOpaHbI U capkojgeMMbl. CTPYKTypHAas U OHMOXU-
MHUYecKas OpraHW3amus OIOPHOTO  ammapara
moso6Ha OTIOPHOMY amIapaTy BOJIOKOH CKeJIETHOM
MBIIIIeYHON TKaHu. OJIHAKO OTJIHYHMTEJIBHOH 0CO-
0EHHOCTBIO KapJMOMUOIITOB SBJIAETCSA TO, UTO BJIe-
MEHTHI ITUTOCKeJIETA CBSA3AaHBI C BCTABOUHBIMHU JIUC-
KaMU, KOTOpbIE SIBJIAIOTCA OCOOBIMU MEKKJIETOU-
HBIMH coefuHeHusAMH. CapkojieMMa COZEPIKUT
WHTETrPUHBI — TPaHCMeMOpaHHbIE TJIMKOTIPOTENHBI,
KOTOpbIe 00eCIIeUnBAIOT CBS3b 3JIEMEHTOB IUTOCKE-
JieTa KapJUOMUOIIUTOB ¢ KOMIIOHEHTAMU MeKKJIe-
TOYHOTO BEIeCTBa, TAKUMHU KaK KOJIJIareH, JIaMU-
HUH U puOpoHeKTHH. BHelIHe capkoieMMa Kap/iuo-
MHOITUTOB OKpy)KeHa Oas3aJlbHOH MeMOpaHOH, B
KOTOPYIO BILIETAIOTCS PETUKYJISIPHbIE U TOHKHE KOJI-
JIar€HOBBIE BOJIOKHA [14].

BcraBouHble AMCKHM HTPAOT BAXKHYIO pOJIb B
CBA3M MeXKIy Kapauomuoruramu. [Ipu ucciiemosa-
HUH C IIOMOIIIBIO CBETOBOTO MUKPOCKOIIA OHH BBITJISA-
IAT KaK IIOIepevHble IpsMble WM 3UI3aroobpas-
HbIE TIOJIOCKU, IepeceKane (PpyHKIMOHATbHbIE
BOJIOKHA CepJIeYHON MBIIIbL. B ob6sacTu momnepey-
HBIX yYaCTKOB BCTABOYHOIO JIUCKA, KOTOPBIE PACIIO-
JIOKEHBI ~ MEPHEHAUKYISIPHO  MuobUOpUILIaM,
coceHME KapIMOMUOILIUTHI (POPMUPYIOT MHOKECTBO
UHTEPAUTUTAIUNA. IDTHU UHTEPIUTUTAIUY CBA3AHBI
KOHTAKTaMHU THUIIA JIECMOCOM U TIOJIOCOK CJIHIIAHWUS.
AKTHUHOBBIE (PUIIAMEHTHI IPHUCOENUHSIIOTCS K IIOTIe-
PEeYHBIM yJacTKaM CapKOJIEMMBI BCTABOYHOTO /IFICKA
Ha YpOBHe Z-TOJIOCKA. B 06JsiacTi BCTaBOYHOTO
IUCKA TakKe OOHAPYKUBAIOTCS TJIMKOIPOTEUHBI
Ka/ITeEPUHBI, KOTOpble O0ECIeunBaIOT aJIFe3UI0
MEXy KapANOMHOIHMTAMU, 3aBUCUMYIO OT KaJlb-
nus. Ha capkoseMMe MpomOJIbHBIX YYACTKOB BCTa-
BOYHOTO JVICKA MMEIOTCS MHOTOUHNCJIEHHBIE IIesie-
BbI€ COeIMHEHUsI, KOTOPbIe 00ECIIeUnBAIOT HOHHYIO
CBA3b MEXAY KAapAUOMUOIUTAMH U Iepefavy
HUMITYJIbCOB COKpaIleHus [15].

Heo6x0a1MO OTMETHUTH, UTO CHUKEHHE DKCIIPec-
CUU Ka/ITeEPUHA MOKET CBH/IETEJILCTBOBATH O Pa30o0-
IIEHNUH MBIIIEYHBIX KJIETOK Cep/Ia, UYTO, B CBOIO OUe-
penb, MOXKeT NPUBECTH K HapYIIeHUsAM pPHUTMa
cepana. Tak:ke COKpallleHHWe JKCIPECCUH Ka/repH-
HOB B DHJIOTEJTUAJIBHBIX KJIETKAX MOXKET CIIY:KUTh
KOCBEHHBIM IIPU3HAKOM SH/IOTEJIMATLHOM TUCHYHK-
oy [16].

[TosTOoMy U3yUeHre IPOMEKYTOUHBIX KOHTAKTOB,
TaKUX KaK BCTABOYHBIE JIUCKU B MUOKAp/ie, UTPAET
0coby10 poJib B 3TOH cBsA3u. POpMUPOBaHUE ITPOMe-
JKyTOYHOTO KOHTAKTa BKJIIOUAET TPaHCMeMOpaHHbIe
OeJIKM afre3uy U3 CeMeNCcTBA KaJirepruHAa, KOTOPhIE
COEZUHSIOT He TOJIbKO MEMOPAHBI COCETHUX KIIETOK,
HO W CTAaOWJIUBUPYIOT UX IUTOCKEJIET, OOBETUHSIS
KJIETKU C UX COIEPKUMBIM B OJTHY IIPOYHYIO CHCTEMY.

diac muscle cells, which, in turn, can lead to cardiac
arrhythmias. Also, a decrease in the cadherin expres-
sion in endothelial cells can serve as an indirect sign
of endothelial dysfunction [16].

Therefore, the study of zonulae adherentes, such
as intercalated discs in the myocardium, plays a spe-
cial role in this junction. The formation of an zonula
adherens includes transmembrane adhesive proteins
from the cadherin family, which bind not only the
membranes of surrounding cells, but also stabilize
their cytoskeleton, uniting cells with their contents
into one solid system.

The results of our study aimed at evaluating the
expression of E-cadherin at different durations of
cold myocardial ischemia showed its steady presence
in the places of intercalated discs in patients of both
groups.

CONCLUSION

The study showed that the activity of E-cadherin
under cold myocardial ischemia using Custodiol
solution remained steady-state for 240 min and over
240 min. Lytic lesions of individual cardiomyocytes
were detected only in patients of the second group,
while immunohistochemical reactions of cardiomyo-
cytes to E-cadherin were in both groups at almost the
same level, which shows the preservation of this pro-
tein macromolecular structure, the structural and
functional polarity of cardiac muscle cells and,
accordingly, its physical properties — plasticity and
compaction.
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PesynpTaTh! HallIETO HCC/IEIOBAHMUS, HATTPABJIEH-
HOTO Ha OIIEHKY dKcIpeccuu E-kaJireprHa mpu pas-
JIMYHOM TIPOJIOJIKUTEIHHOCTH XOJIOZOBOU HIIEMUU
MHOKap/a, NOKa3aIu ero cTabnuabHOe IIPUCYTCTBHE
B MeCTaX BCTABOUHBIX JIUCKOB y MAITUEHTOB 00enx

Ipyml.

3AK/IIOYEHUE

[IpoBe/leHHOE WCC/IEIOBAHUE II0KA3asI0, YTO
aKTUBHOCTHh E-KajirepuHa B YCIOBUSAX XOJIOJOBOU
UIIIEMUH MHOKap/la C HCIOJIb30BaHWEM pacTBOpa
«Kycrosinos» B TeueHne 240 MUH U OoJiee 240 MUH
ocraercsd CTaOWJIbHOH. JIM3MCHBIE K3MEHEHUA
OT/IEJIbHBIX KapIUOMHUOIIUTOB OBbLIN OOHAPY:KEHBI
TOJIBKO y TIAIUEHTOB BTOPOH TPYIIbI, B TO BpeMs
KaK IMMYHOTHCTOXUMUYECKHE PEAKITUH KApIUOMHU-
orutoB Ha E-kaarepuH ObLIM COXpaHEHBI B 00eHX
rpyIIIax MPaKTUYECKH Ha OJHOM YPOBHE, UYTO CBU7IE-
TEJIbCTBYET O COXPAHHOCTH MAaKpPOMOJIEKYJISIPHON
CTPYKTYPBI IAHHOTO 6eJIKa, CTPYKTYPHOU U (PYHKITU-
OHAJIPHOU TMOJIIPHOCTH MBIIIEYHBIX KJIETOK MHO-
Kap7la ¥ COOTBETCTBEHHO ero GU3NIECKUX CBOUCTB —
IUIACTUYHOCTH U KOMITAKTHOCTH.
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