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gyem 6 pazeumuy mpaHCniaHmMAayuoHHOU NOMOWU
8 cyovekmax P®. Pezynsapro ocyuecmeisiomcs
6b1€30bl 8 Pe2UOHbL 015 U3VUEHUSI COCINOSIHUS Op2a-
HU3AYUU MPAHCNIAHMAYUOHHOU NOMOWU, YHACMUSL
68 8bINONIHEHUU NEPBBIX MPAHCNIAHMAYUL OP2AHOB.

Co3z0anuio eouno2o npogheccuonaibHo20 nojs
cnocobocmeyem u HANAXCeHHAs: cucmema meneme-
OUYUHCKUX KOHCYIbMayuil, Komopwvie npo8oosimcs
€ MEOUYUHCKUMU op2anuzayuamu cyovekmos PP 6
pedicume 24/7 015 nogvluteHUuss 00CHYNHOCIU K8AIU-
PUYUPOBAHHOU MEOUYUHCKOU NOMOWU NAYUEHMAM
He3a8UCUMO OM UX MECMa HCUMENbCMEA.

Heomvemnemvim yciosuem sensemcs noo2o-
MOBKA U NogvlueHue Kearugurkayuu npogeccuo-
HanbHbIX Kaopos. Obpazosamenvhbiii yeump CI'BY
«HMUI] THO um. ax. B.U. lllymarxosa» Mun3zopa-
6a Poccuu comosum meduyunckue kaopwl 0715 6cex
cybvekmog P®; ¢ nomowvio OuCmaHyuoHHbIX Ha-

OUR 2022 PRIORITIES:
CONSOLIDATING

THE TRANSPLANT COMMUNITY.
ET MULTA ALIA...

Dear colleagues,

As we expect the release of the
first issue of the Journal for the year
2022, traditionally we would like to
set out our priorities for the nearest
future. Our current commitment is
to develop the transplantology in-
dustry across the length and breadth
of the Russian Federation and to
form a unified professional field that
unites not only large national but
also regional transplant centers in
our country.

As a national medical research
center in the area of surgery (trans-
plantation of human organs and/or
tissues), the Shumakov National
Medical Research Center of Trans-
plantology and Artificial Organs coordinates and di-
rectly participates in the development of transplant
care across the Russian Federation. The Shumakov
Center pays regular visits to regions in the country
to study the state of transplant care there and par-
ticipate in organ transplant surgeries being carried
out for the first time.

A well-oiled system for 24/7 telemedicine consul-
ting, held in conjunction with medical organizations
in the federal subjects of the Russian Federation in
order to increase access to quality healthcare for
patients, regardless of their place of residence, also
contributes to the creation of a unified professional
field.

Professional training and upskilling are an es-
sential condition. The educational training center
at Shumakov Center trains medical personnel from
all federal subjects in Russia; modern clinical pro-
tocols for prevention, diagnosis, treatment, and
rehabilitation of specialized patients are transmit-
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VUHO-NPAKMUYECKUX Meponpusamull 6 cyovekmol PO
MPAHCAUPYIOMCA COBPEMEHHbLE KIUHUYeCcKue npo-
MOKOIbI NPOPUIAKMUKU, OUASHOCMUKY, JIeYeHUs. U
peabunumayuu NPoPUILHBIX NAYUEHNOB.

Cogepuiencmeosanue cucmemvl 0OHOPCMEA Op-
2ano08 07151 MPAHCNAAHMAYUU OCNAEMCs NPUOPU-
MemHbIM Hanpaegienuem U 0OHOBPEMEHHO PeCyPcoM
0711 OanbHeuue20 pazeumus MpaHcHIaHMayuoOHHOU
HOMOWU HAWUM CO2PaXHcOanam 6 pecuonax. Onvim
U ycnexu MOCKOBCKOU CUCmeMbl KOOPOUHAYUU Op-
2aHHO20 OOHOPCMBA 0EMOHCMPUPYIOM NOMEHYUA
pazeumuis, KOMopwlil NOKA euje NPeoCmoum peanu-
308amw 6 Opyeux cyovekmax PO.

U 6e3ycnosno, nawa obwas 3adava — pazeumue
HAYYHLIX UCCTI008AHUL, KAYeCMBO U YPOBEeHb KO-
MOPLIX COOMBEMCMEYIOM COBPEMEHHOM) MUPOBO-
My ypoenio. Hawiu yumamenu, koneuno, oopamuiu
BHUMAHUe, YMO MEeMAMUKA HAYYHbIX NYOIUKayull
U3 2004 8 200 pACUPSAEMC, 8 MOM YUCTe 3 CHem
MeOUKO-OUONI02UHeCKUX UCCIe008aHUll, pabom no
pezeHepamusnou meduyuHe. Takas meHoenyus
Oyoem coxpaHamuvcs, Ompaxcas noOCMynamenbHoe
pazeumue mpancniaumono2uu KaKk UHmMezpaibHol
obnacmu MeOuyursl U OUOMEOUYUHCKOU HAYKU.

Kak cecoous, max u 6 6yoywem mol 6uoum ceoe
Ha3HayeHue 8 cO30aHuu Ycloeull u obecnedenuu
KOHCOMUOAyuUu OmeyecmeenHo20 mpanchiaHmono-
2U4eCcK020 coobuecmaa paou NO8bIUeHUsL O0CM)N-
HOCMU U YIYYUeHUs KIUHUYEeCKUX pe3yabmamos
mpancnianmayuu. Heobxooumel 6onee akmugHas
MPAHCIAYUS MEXHONI02Ul, 00)yYeHUe Cneyuanucmos
8 obaacmu cucmemvl OOHOPCMEA OJis MPAHCNIAH-
mayuu, pazeumue HAyYHuIX UCCIe008aHUL U MHO-
2oe opyeoe (et multa alia, kak cosopunu Opesrue) —
6€0b 8 Haulem Oele Hem Menoyel. IMum 60npocam
Mbl no-npexcuemy 6yoem yoensims GHUMAHUe U HA
CMPAHUYAX IHCYPHANA, U HA €XHCE200HBIX BCEPOCCULI-
CKUX MEPONPUAMUAX — Cbe30aX U KoHepeccax Poc-
CUTICKO20 MPAHCNIIAHMONIO2UYECKO20 00U ecmed.

Om nuya 6ceul KOMAHObL PeOKOLIe2UU U PeOakK-
YUOHHO20 COBema JHCYPHANA HCeNaio HAUUM No-
CMOSIHHBIM U NOMEHYUATbHBIM A8MOPAM, a MAKH#Ce
yumamensm, 6cem 4ieHam npogPeccUuoHaIbHO20 CO-
0bwecmea ycnewHol meopueckou 0esamenbHOCmu
6 nacmynusuem 2022 200y.

C ysaoicenuem,
2/1A8HbLU PeOaKmop
akademux PAH C.B. ['omve

ted to Russia’s federal subjects by means of remote
academic and research events.

Improving the system of organ donation for
transplantation remains a priority and at the same
time a resource for further development of trans-
plantation care for our fellow citizens living in the
regions of the country. The experience and successes
of the Moscow system for organ donation coordi-
nation demonstrate the potential for development,
which is yet to be realized in other federal subjects
of the country.

And of course, our common objective is to de-
velop scientific research, whose quality and level
are consistent with today’s global standards. Our
readers must have noticed that the topics in our
research publications are expanding from year to
vear, which is partly due to medical and biological
research and works on regenerative medicine. This
trend will continue, thereby reflecting the progres-
sive development of transplantology as an integral
field of medicine and biomedical science.

Both today and in the future, we see our pur-
pose as creating conditions and consolidating the
national transplant community in order to increase
accessibility to and improve clinical outcomes of
transplantation. Active technology transfer, trai-
ning of specialists in the field of donation system for
transplantation, development of scientific research
and much more (et multa alia, as the ancients said)
are all needed because there are no trifles in our
business. These issues we will continue to pay at-
tention to both on the pages of our Journal and at
annual all-Russian events like the conventions and
congresses of the Russian Transplant Society.

On behalf of the entire editorial team and edi-
torial board, I would like to thank and wish our
permanent and potential authors, as well as readers
and all members of the professional community, a

successful creative research and work in the year
2022.

Sincerely,
) S.V. Gautier (Editor-in-chief)
Academician of the Russian
Academy of Sciences
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KOMBUHUPOBAHHOE AE4EHMUE HEPE3EKTABEAbHOM 3
TMAIOCHOU XOAAHTMOKAPUUHOMbBI C NOCAEAYIOLLEN
TPAHCMAAHTALMEN NEYEHU

I A. Ipanos, U.U. Tuneybepeenos, B.H. Kyiikos, A.P. lllepanues, A.A. Ilonuxapnos,
A.B. Mouceenko

PrBY «POCCUMCKMIM HAYYHbBIM LLEHTP PAAMOAOTUM U XMPYPIMYECKMX TEXHOAOTUM MMEHM OKAAEMMKA
A.M. TpaHoBam MuH3ApaBa PP, CaHkT-MeTepbypr, Poccunckas Peaepaums

Ieb: MPOIEMOHCTPHUPOBATH OITBIT JICYCHHUS HEPE3EKTA0CIEHOM THITFOCHOH XOJIAHTMOKAPITHHOMBI ITyTEM TIPUMEHE-
HHS HEO0ATHIOBAHTHOH TEPAITHH C TIOCIICTYIOIICH TpaHCIUIaHTanyel medeHu. MaTtepuaabl 1 MeToabl. C 2017-ro
o 2021 . B ®I'bY «PHIIPXT um. akamemuka A.M. [ paHoBa» B IPOTOKOI JICUCHHS HEPE3eKTAOSTHHOM OITYXOJIH
KimamnkuHa ¢ mocienyromieit TpaHCIUIaHTanyel nedeHn ObLUTo BKITFOYEHO 6 TanreHToB. HeoaaproBaHTHOE IeueHre
BKJTFOYAJIO SHA0OMIMApHYIO (DOTOIMHAMIYECKYIO TEPAITHI0, PETHOHAPHYTO F CHCTEMHYIO XUMHUOTeparvto. Kaxprit
METOJ TPUMEHSIICSI MUHIUMYM TPIK/BI B TEUSHUE YETHIPEX-TISTH MECAIIEB C PATUOIOTHYECKOM OLIEHKON H OIIpe-
nenenueM ypoBHs Cal9-9. [lanueHTs BHOCHINCH B JIMCT OXKUJAHMSI IPH CHIDKEHUH OHKOMapKepa, OTCYTCTBUN
PaAMOIOTHYECKUX TIPU3HAKOB MPOrPECCUU 3a00IeBaHMS U 0€3 OCTPOTo XOJIAaHTHTA. PeMueHTaM BBIMOIHSIIACh
JarmapoCKONMYeCcKast PeBU3MUs OPIOIIHOM MOJIOCTH Ha ITPEMET KaHI[EpOMAaTO3a U OIICHKa THM(OY3JI0B [TEYSHOTHO-
JIBCHAJIIIATHIICPCTHOM CBSI3KU CO CPOYHBIM MOP(OIIOTHYECKUM Uccie0BaHHEeM. [Ipy OTCYTCTBUM BHETIEYEHOYHOTO
pacmnpocTpaHeHus TPOU3BOIIIIACH TPAHCIIAHTALMS IEYSHH 10 KJIacCHYeCKOM METOAMKE C IapaKkaBajibHOM, mapa-
AOPTAJILHOW M renaToAyoACHATBHOMN TMM(OIUCCEKITUEH, OMITNOTUTeCTHBHBIM aHACTOMO30M Ha OTKJIFOYCHHOMH 110
Py netne Tonko# kumku. Oneparius BEIIOTHEHA TPEM NaIMeHTaM, Bce U3 HUX — MY>XKUMHBL. Bo3pacT konedancs
ot 40 1o 55 net (cpenuuii — 48). CpenHee BpeMsi OT Hadalla JIeU€HHUs 0 TPaHCIUIaHTAIMK cocTaBuio 9,3 mecsna
(ot 6 o 14). Cpennuii ypoeHb Cal9-9 Ha MOMEHT BBINTOJHEHMSI BMemaTeascTBa coctaBui 81,3 ME/mi (ot 8
1o 212). Pe3yabTarhl. Y Tpex MalMeHTOB, HECMOTPS Ha JiedyeHHe, oTMedeH pocT ypoBHs Cal9-9 Gomee uem B
IIBa pa3a B CPEAHEM 3a YEThIpe MecsIa. Y IByX M3 HUX BBISBICHA MPOTPECcCHs 3a00JIeBaHAS COTIIACHO TaHHBIM
kommbioTepHON ToMorpaduu mo RECIST. ¥V omgHOTO ManueHTa BRISIBICH KaHIIEPOMATO3 IIPH AHUATHOCTHIECCKOU
nammapockonud. Y Tpex nanueHToB Cal9-9 cHuzmics Oornee yeM B UeThIpe pas3a. Y ABYX W3 ATHX MAIMEHTOB pa-
JUOJIOTHYECKH MOATBEPKICHA CTA0MIN3aNns 3a00I€BaHUSA, Y OJJHOTO — YaCTUYHBIN 0TBeT. OIMH MAUEeHT yMep
yepe3 TPH Trojia MoCIie TPAHCIDIAHTAIMN OT CETICHCa B UCXOJe BTOPUYHOTO OMIMAPHOTO MUPPO3a U OMITHAPHBIX
adcrieccoB 0€3 MPU3HAKOB MPOTpecCUpoBanms. [[Ba manueHTa )XHUBbI 10 HACTOSAIIECE BPEMs HA MPOTSDKEHUH 6 1
21 mecsneB 0e3 MPU3HAKOB MTPOTPECCUPOBAHUS OMYXONIH. 3aKJI0YeHre. TpaHCIIaHTaNKs TICYeHH MPU Hepe-
3ekTabenbpHol onyxonu KnankuHa 3¢ ()ekTHBHA IpU TOCTHXKEHUH KOHTPOJIS HaJl OMOJIOTUYECKON aKTHBHOCTBIO
OIIYXOJIH ITyTEM MPUMEHEHHSI HE0AbIOBAHTHOTO JICUCHHUS.

Knroueswvie cnosa: onyxoilb KJle/ﬂ(‘uH(l, CUIIOCHAA XOJlAHSUOKAPYUHOMA, MPAHCNIARMAYUA nedeHu,
(])omoduﬂamuqecmﬂ mepanus, pecuOHaApHas xumuomepanusi.

s koppecnonaenumn: XyiikoB Bragumup Huxonaesuu. Anpec: 197758, Cankr-IletepOypr, yi. Jlenunrpanckas, 70.
Ten. (965) 033-19-34. E-mail: zhuikov.v@mail.ru
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COMBINED TREATMENT OF UNRESECTABLE HILAR
CHOLANGIOCARCINOMA WITH SUBSEQUENT LIVER
TRANSPLANTATION

D.A. Granov, L1 Tileubergenov, V.N. Zhuikov, A.R. Sheraliev, A.A. Polikarpov,
A.V. Moiseenko

Granov Russian Scientific Center for Radiology and Surgical Technology, St. Petersburg,
Russian Federation

TOM XXIV N2 1-2022

Objective: to demonstrate the experience of unresectable hilar cholangiocarcinoma treatment using neoadjuvant
therapy followed by liver transplantation (LT). Materials and methods. From 2017 to 2021, six patients were
included in the treatment protocol for unresectable Klatskin tumor followed by liver transplantation at Granov
Russian Scientific Center for Radiology and Surgical Technology. The neoadjuvant therapy included endobiliary
photodynamic therapy (PDT), as well as regional and systemic chemotherapy. Each method was used at least three
times for 4 to 5 months with radiological evaluation and measurement of CA 19-9 levels. Patients were placed on
the waiting list when the tumor marker reduced, or when there were no radiological signs of disease progression
and there was no acute cholangitis. The recipients underwent laparoscopic abdominal revision for carcinomatosis
and assessment of lymph nodes in the hepatoduodenal ligament with urgent morphological examination. Where
there was no extrahepatic spread, LT was performed according to the classical technique with paracaval, para-aortic
and hepatoduodenal lymphodissection, biliodigestive anastomosis by an isolated Roux loop of small intestine. The
operation was performed in three patients, all of them were men aged 40 to 55 years (mean 48). The mean time
from the start of treatment to transplantation was 9.3 months (range 6 to 14). Mean CA 19-9 level at the time of
intervention was 81.3 IU/mL (8 to 212). Results. In three patients, CA 19-9 levels more than doubled on average
over four months despite treatment. According to data from computed tomography RECIST assessment, two of
the patients showed disease progression. In one patient, carcinomatosis was detected by diagnostic laparoscopy.
In three patients, CA 19-9 levels decreased more than fourfold. Two of these patients were radiologically confir-
med to have the disease stabilized, and one had a partial response. One patient died from sepsis three years after
transplantation as a result of secondary biliary cirrhosis and biliary abscesses without signs of progression. Two
patients are still alive after 6 and 21 months without signs of tumor progression. Conclusion. LT for unresectable
Klatskin tumor is effective in controlling the bioactivity of the tumor through the use of neoadjuvant therapy.

Keywords: Klatskin tumor, hilar cholangiocarcinoma, liver transplantation, photodynamic therapy, regional
chemotherapy.

BBEAEHME

INumtochas xonanrnokapraoma (I'XK), nimm e orry-
xonp KrnarkuHa, BOZHUKAIOMAs U3 AMHUTEIHS JKEITIHBIX
MIPOTOKOB, SIBJISIETCS PEAKUM U KpailHe arpeCcCUBHBIM
3a0oneBaHreM, MaHU(ECTUPYIOIINAM, KaK MPaBIIIO, HA
3aITyIEHHBIX CTAUAX, YTO IPUBOAMT K MO3AHEN Auar-
HOCTUKE U HU3KOW BbDKMBaeMmocTu. Hamnyumme pe-
3yJBTaThl IEMOHCTPUPYET PaIUKATbHOE XUPYPTUIECKOE
BMEIIATEIECTBO B 00bEME PE3EKINH MedeHu ¢ IuMpo-
nucceknueil. OnHako, o JaHHBIM psiia UCCIEI0BAHUH,
Pe3eKTa0eNbHOCTh IPU THIIIOCHOHN XOJIaHTHOKAPIITHOME

1ecca BBUly NPOTAKEHHOTO, IPEUMYIIIECTBEHHO MPOK-
CHUMAJIbHOTO MNEPUAYKTAIBHOTO POCTa OMYXOJU MpH
MaKpOCKOTIMYECKH HE M3MEHEHHON CTEHKE >KEITUHBIX
MIPOTOKOB.

Taxum oOpa3om, clieAyeT Mpu3HaTh, YTO B HACTOS-
LIl MOMEHT PE3€KLHUs CUYUTAETCS IPEANOUYTUTEIbHBIM
BapUAHTOM JICUCHUSI IPU TEXHUYECKON BO3MOKHOCTH €€
BBITIOJIHEHUS, OHAKO OHA OCYILECTBUMA JIMILIb JJIs Y3-
KOH I'PYIIIIbI TALIMEHTOB, @ OHKOJIOTUYECKUE PE3YJIBTaThI
XOTb U SABIIAIOTCSA JIYUIIMMH U3 UMEIOLIUXCS, 3a4acCTyIO0
HE MO3BOJISIIOT TOBOPUTH O 5-JIETHEW BBI)KUBAEMOCTH

cocrapisieT okojio 30-50%, S5-meTHsAs BEDKHMBAEMOCTh
MpU YCIOBUU BhINOJIHEHUsI RO pe3ekiuu cocraBiseT
He O6omnee 30—40% [1], mpu 3TOM YacToTa PEUUINBOB B
teueHnue 5 net pocturaet 70% [2].

Kpome Toro, B 50% ciydaeB mociue paguKaabHOTO
XUPYPrUUeCKOro BMEIIATEeIbCTBA BOSHUKAET MECTHBIN
penunus, a B 30—40% ciaydaeB oTAaIEHHOE METAaCTa3H-
poBaHue ommyxoinu [3]. Beicokas 4acToTa «I0JI0KUTEIb-
HOTO» XHPYPTUYECKOTO Kpasi 00bSICHUMA OTCYTCTBHEM
JIETaTLHOTO MMOHUMAaHUSI O PACIIPOCTPAHEHHOCTH TIPO-

6omnee 30%. OcHOBHas Macca MAIMEHTOB HA MOMEHT
oOpamieHus: yxe HUMeeT Hepe3eKTaOelbHble (HOPMEI
Bismuth-Corlett, Tun IV, Illa, I1Ib ¢ xoHTpanarepaib-
HBIM TTOPAXEHUEM COCYIUCTBIX CTPYKTYp (BETBB Tiede-
HOYHOH apTEepHH WX BOPOTHOU BEHBI) 1 COOTBETCTBYET
TNM T4NOMO HIC cragun. Takoe pacnpocTpaHeHHE
OITYXOJTM HE IO3BOJISIET BHIMIONHUATE PaJIuKaIbHOE OTle-
paTUBHOE BMEIIATEILCTBO (PE3eKLHs IEYSHHU B pa3iiny-
HBIX 00beMax). B To ke Bpems 115 MooOHbBIX Cllyyacs
BO3pacTaeT pojib MAJUIMaTUBHBIX METOAOB JICUCHUS U
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WX KOMOUHaIuii: cucreMHoi xumuorepanuu (XT), pe-
ruoHaproit XT, ¢porogunamuueckoii Tepanuu (OAT),
Opaxu/IUCTaHIIMOHHOW JTy4eBod Tepanuu. B Kyparun
TaKUX IAlMEHTOB Ha MEPBbIH IJIaH BBIXOAUT a/leKBaT-
HOE JIpCHUpPOBaHUE OMIIMAPHOTO JiepeBa U KOHTPOIb
XOJIaHTHTA C PETYISPHBIM OaKTEPUOIOTHYECKUM HC-
CJIEOBAHUEM KETTYH BBUY BBICOKOTO PUCKA Pa3BUTH
CENTHYECKUX COCTOSHUH. B OTHENbHBIX CiIydasx mpu
JOJDKHOM IIOAXOz€ Ha (JOHE MaNIMaTUBHOTO JICYEHUS
yAaeTcs JOCTUTHYTh CTA0MIM3aIliH 3a00JICBaHUS Ty TEM
CHIDKEHHUSI OMOJIOTHYECKOH aKTHBHOCTH OITyXOJIH.

B nmanno# cutyanuu tpancrutantanus nedenn (T11)
MOXET OBITh PACCMOTPEHA KaK U/I€AIbHBIN BAPUAHT JIe-
YeHWs MAIUeHTOB ¢ HeonepadenbHbiMU Gopmamu [ XK
3a cYeT MOJIHOTO Y/IaIeHHUs OITyXO0JIEeBOM TKaHU U OpraHa
LEJIUKOM C MOTEHLIUATbHBIMU MaKpOCKOIINYECKH HE BU-
3yaln3UpyeMbIMU MUKPOMETACTA3aMHU 1 CyOCTpaToM ISt
BO3HMKHOBEHU: penuansa. OJHaKO0, UCXO U3 aHAIN3a
MMEIOIIUXCS UCCIe0BaHNN, HAWTYUIINE Pe3yIbTaThl
npumenenus TII npu onyxonu Knankuaa MoryTt OBITH
JOCTUTHYTHI JIMLIb IPU AOJKHOM 0TOOpE MAaLlMeHTOB U
BKYTIE€ C IPUMEHEHUEM HEOAbIOBAHTHOIO JIeUeHUs [4].
K npumMepy, mpoTOKOJI I€UeHUs KITMHUKHA Melo 1eMOHC-
TPUPYET S-IETHIOI BELKUBaeMOCTh 82% [5].

Kpurtepun BriIoueHust IIpenonepannonHoe

B JIUCT OKHAAHUS JICUCHUE

MATEPUAABI U METOADI

C 2017-ro mo 2021 r. B ®I'BY «PHUPXT um. aka-
nemuka A.M. I'panoBa» B pa3paOOTaHHBIH MPOTOKOI
nedyenus HepesekradenpHoi [ XK ¢ mocnenyrommm BoI-
noiaenreM TIT (puc. 1) ObUTO BKITIOUEHO 6 MAIIMEHTOB.

Kputepuem Hepe3ekTaOeIbHOCTH SIBISIOCH 110pa-
JKEHHE CeTMEHTAPHBIX KEITYHBIX MPOTOKOB — Bismuth-
Corlette, Tunt IV mu6o Illa, I1Ib ¢ xoHTpanarepaibHbEIM
MOpaXEHHEM COCYTUCTBIX CTPYKTYP (BETBb IEUCHOYHOM
apTepuH WM BOPOTHOH BeHbl). CTaaus 3a0oneBaHUs
ObUIa ycTaHOBJIEHA HA OCHOBAaHHHU JAHHBIX KOMITBIOTEP-
Holi Tomorpaduu (KT), MarHuTHO-pe30HAHCHOW TOMO-
rpaduu (MPT), mpsmoit xonaaruorpaduu (puc. 2).

PaccmarprBanuchy nanueHTsl ¢ Pa3MepoOM OIyXO-
1 He Oojee 5 CM U JIOKanu3alyel BBIIIE IMy3bIPHOTO
NpoToKa. PaninonornueckuMu METOIaMH UCCIIEA0BAHUS
OBUIM MCKIIIOYECHBI OTAalieHHbIe MeTacTasbl. Bo Bcex
CIIy4asix 00s3aTeNbHBIMH SIBISUTUCH TUCTOJIOTUYECKOE
MOATBEPKCHHE yTEM BHYTPUIIPOTOKOBOW OHOTICHH,
orenka ypoBHs Cal9-9 (B meprom OTCYTCTBHS aKTHB-
HOTO XOJIaHTWTA) 10 Hadaya JEeUeHHs, PEeTYIIpHOoe OaK-
TEPHOJIOTMYECKOE HUCCIIeI0BaHUE JKETYH U MPOBEne-
HHUE COOTBETCTBYIOIICH aHTHOAKTEpHaIbHOM Teparuu.
B kauecTBe HEOaABIOBAHTHOTO JICYEHHUSI PUMEHSIIACH
xomOuHanus sunoommapuoin ®T, pernonapuoit XT
(puc. 3) u cucremuoit XT.

Hocneonepauno}moe

OneHka oTBeTa
BeJIeHHE

— Bismuth I1I-IV, TANOMO,
HIC cT.

— Pa3zmep onyxonu <5 cwm,
JIOKaJIM3aLysl BBIIIE

My3bIPHOTO MPOTOKA
— KT, MPT, IIDT-KT

— muHamuka Cal9-9 mocne

TMIPOBEACHHOTO JICYCHUSA

11a00PaTOPHBIX
MoKa3areseH,
OTPaXAIOMHX (YHKIUIO
MEYEHH, TTOYEK,
CepIeYHO-COCYAUCTON
CHCTEMBI

—ECOG

¢ 18O
— panee — Ky[IMPOBAHHE JKEJITYXH,
HE OTIEPHPOBAHHBIN XOJIaHT'uTa
HalyeHT (npernpoBanue
— BBINOJIHEHHAS OUOIICHs OuimapHoro ziepesa,
C TUCTOJIOTHYECKUM A/b Tepanus) -
nccaenosanneM + UI'X — cucremuas XT z
— orenka yposus Cal9-9 - QAT =
10 Havasa JIe4eHUs — peruoHapHas -«
— OICHKA HCXOIHBIX XT+@AT a

— KT, MPT, II9T-KT
¢ 18D/II, ouenka
no RECIST

— OlIEHKA CUCTEMHOU
BOCIIAJIUTEIIHON
PEaKLUH, KEATYyXU

— muHamuka ECOG
Ha (hoHe JTeueHUs

— MOBTOPHAst GHOTICHS,
oleHKa naromopdoza

— IMarHOCTHYECKas
JIATIapOCKOMHSI TIepe]]
OTII (uckaroueHue
KaHILIEpOMaTo3a)

— agproBaHTHAS XT?

— IMMYHOCYTIpECCHUS

— xoutposbHbie KT, MPT,
[3T-KT ¢ 18PAI" 1 pa3
B 4-6 mec.

— onenka yposHs Cal9-9
1 pa3 B 3 mec.

Puc. 1. Kparkoe onucanue paspaborannoro B PHIIPXT um. akagemuka A.M. ['paHoBa MyJabTHIUCUUILTMHAPHOTO MPOTOKOJIA

Je4eHus Hepe3ekTabeIbHOH omyxonu KialkiHa ¢ mocienyomei TpaHCIIaHTaluel TTedeHn

Fig. 1. Brief description of a multidisciplinary protocol for the treatment of unresectable Klatskin tumor with subsequent liver
transplantation, developed at Granov Russian Scientific Center for Radiology and Surgical Technology
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Kaxxaplit 3 METOIOB PUMEHSJICS KaK MUHUMYM
TPIOKIBI B TEICHHUE YETHIPEX-TISITH MECSIIEB C PATUOIIO-
TUYECKOM OLIEHKOH U ompeaeneHueM yposHs Cal9-9 c
LENBI0 KOHTPOJISI pOCTa U OMOJIOTHYECKOH aKTUBHOCTH
omyxonu. [lanneHTs! ObUTH BHECEHBI B JINCT OXKUIAHHS
Ha TTI TonpKo Npu CHUKEHUU OHKOMapKepa, OTCYyTCTBUU
PaaroNIOrHYeCKUX MPU3HAKOB IPOrPECCUH 3a00IEBaHNUS
u 0e3 octporo xonanruta. [lepen Beimonnenuem OTIT
MOTEHIIMAJIFHOMY PEIUIHEHTY BBITIONHSIACH JIalapo-
CKONMYECKasi peBU3MUs OPIOIIHON MOJIOCTH HA MPEAMET
KaHIIepOMaTo3a U OILlEHKa JMUM{QOY3JI0B MEYCHOUHO-
JIBEHA/INATUIIEPCTHON CBS3KU C MCCEUYECHUEM ITOJIO3PH-
TEJIbHON TKaHHM J1s1 MOP(OIOTHIECKOTO UCCIIEOBAHHS.
[Tpu TUCTONOTHYECKOM MOATBEPKICHUH BHETICYCHOU-
Horo pacnpoctpanenust TII He BeimonHsu1ack. B uHOM
ciaydae npoussoaunack OTII no kinaccuueckoir MeTo-
JIMKE C TIapaKaBajbHOM, TapaaopTaIbHON M TeNaToayo-
JEHATBHON JTUMQOTUCCEKIINEH, OUITNOIUTECTHBHBIM
AaHACTOMO30M Ha OTKJIIO4YEeHHOH nmo Py metrne ToHKoOM
kukd. [Tpon3BoAMIOCH yaaneHne Bcex MoA03pUTEIb-
HBIX (YBEIMUCHHBIX/TUIOTHBIX) JTUM(OY3I0B B 00JIaCTH
renaToayo[CHANbHON CBSI3KH, YPEBHOTO CTBOJIA, A0PTHI
Y HWOKHEH TI0JI0# BEHBI, 4TO, COMIACHO KIacCU(PHUKALIUU
Japanese Research Society for Gastric Cancer (JRSGC),
COOTBETCTBYET aHATOMHUYECKUM rpynnam 5, 7, 8a, 8p, 9,
12a, 12b, 12p. TII BeImoTHEHA TPEM MALTUEHTAM, BCE U3
HUX — MY»X4YHHBL. Bo3pact konebaicst ot 40 mo 55 et
(cpenumii — 48). CpenHee BpeMs OT Hadaja JEYSHHS 710
TpaHCIUIaHTaUU cocTaBmio 9,3 mecsana (ot 6 go 14).
Cpenuuit ypoBenb Cal9-9 na MomenT BoimonaeHnst OTI1

Puc. 2. Pentrenorpamma nanueHTa 55 JIeT ¢ yCTaHOBJIEHHBI-
MU OMiIaTepajbHO Hapy)KHO-BHYTPEHHHUMH XOJIAaHTHOIpEHa-
skamu. KpacHBIM Kpy)XKKOM OTMedeHa 00nacTb KoHproeHca
JIOJIEBBIX KETYHBIX MPOTOKOB C OIyXOJEBOU CTPUKTYPOH

Fig. 2. Radiograph of a 55-year-old male patient with bilate-
rally installed external-internal cholangiodrainage. The red
circle marks the area of confluence of lobar bile ducts with
tumor stricture
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cocrasui 81,3 ME/mi (ot 8 1o 212). B nocneonepanu-
OHHOM TIEPHO/IC TPUMEHSIICS CTaHIAPTHBIN TPEXKOMITO-
HEHTHBI TPOTOKOJI HIMMYHOCYIIPECCHH (TaKpoJIMMYC,
MUKO(EHOIIOBASI KHCIIOTA, TIPETHNU30IIOH).

PE3YADBTATbHI

HecMmoTpst Ha BKITFOYEHHE B IPOTOKOJ JICUSHUS H [IPO-
BE/ICHHE HEOAAbIOBAaHTHON Tepanuy y TpeX HalueHTOB
orMmedeH poct ypoBHs Cal9-9 Gonee yem B /1Ba pasa B
CpeoHeM 3a 4eThlpe Mecsua. Y AByX M3 HHUX OTMeue-
Ha mporpeccus 3a0oneBaHus coracHo AaHHBIM KT mo
RECIST. V oxnoro marueHTa BbISIBIIEH KaHIIEPOMATO3
NPU IWATHOCTUYECKOH JIATTapOCKOITUH.

Ha ¢done npumenennst komOnaanuu metoaos (DT,
PXT, CXT) B KauecTBe HE0abIOBAHTHOTO JICUCHHS Ya-
70ch o0uThes HopManm3anuu Cal9-9 y nByx narnmeH-
TOB U CHW)KEHHS YPOBHSI OHKOMapKepa B YeThIpe pasa
y OIHOTO NaunKeHTa. Y NBYX M3 3THX MAaLUEHTOB IpU
koHTpoNbHBIX KT OTBeT Ha JieueHne paciueHeH Kak cTa-
Omnm3arus 3a00JIeBaHNA, Y OJHOTO — YaCTHYHBINA OTBET.
[Ipu BBINOIHEHUH AMATHOCTUYECKOH JIAAPOCKOIINHU U
Onorncun muMQpaTHIEeCKNX y3JI0B TeNaToyOIeHATbHON
CBSI3KU y BCEX MAIEHTOB CO CHIDKEHHEM ypoBHs Cal9-9
OIlyXOJIEBBIX JIEMEHTOB B HCCIIELyEMOM MaTepuaie He
BBISIBIICHO, YTO TO3BOJIMIIO BEITOMHUTH MM OTII (Tadm.).

B onHOM U3 HccnenyeMbIx npenaparoB yaajaeHHON
NEYCHH OTCYTCTBOBAJIN MaKpPOCKONUYECKHE IPU3HAKU
omyxomnu (puc. 4).

Puc. 3. Anruorpamma nanuenta 40 net. AprepuanbHbIi UH-
Tpoabrocep (YkazaH KpacHOM CTPEINKOi) YCTaHOBICH B 00-
IIyI0 TICYCHOYHYIO apTEepHIO JUIS MPOBEICHNS PETHOHAPHON
XHMHOTEPAITH

Fig. 3. Angiogram of a 40-year-old patient. Arterial introdu-
cer (indicated by red arrow) is inserted into the common he-
patic artery for regional chemotherapy
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YI[EUIOCI) BBISIBUTH MCJIKHC €CANHUYHbIC q)OKYCI)I XO0-
JIAHTHOKAPIIMHOMBI JIUIIB TP IOTOJTHUTEIFHON Hape3Ke
Mukpornpenapara (maromopos IV ct.) (puc. 5).

Opun nauueHT ymep yepes 3 roxa nocie OTII ot
Cerncuca B UCX0Jle BTOPUYHOIO OMIMAapHOTO HUPpo3a U
OunuapHbIX abcreccoB 6e3 NPU3HAKOB IIPOrPecCHPOBa-
Hust. ClieyeT OTMETHTh HOHKOMITJIAGHTHOCTD MAIeHTa,
3MU30/ XPOHUUECKOTO OTTOPKEHHUS B MEPBBIC TOJITOAA
1ocJe ONepalyy BBUAY HApyIICHUS peXUMa Ipuema
npenapaToB. Taxke HelNb3s HCKIIOYUTH HIIEMHYECKOe

Puc. 4. ®ororpadust makponpenapara (ygajJeHHas Ne4eHb
peuunuenTta). OTCyTCTBHE MAaKpPOCKONMYECKHX HPHU3HAKOB
OITyXOJH (YKa3aHO KPacHON CTPENKOi) B IIPOCBETE JKEIIHO-
T'O POTOKA

Fig. 4. Photography of macroscopic specimen (removed
recipient’s liver). No macroscopic signs of tumor (indicated
by red arrow) in the bile duct lumen

MOBPEXKICHNE KETUHBIX IIPOTOKOB BBy apTepHAIHHOM
HEJO0CTaTOYHOCTH KPOBOCHAOKEHMS TpAHCIUIAHTATA.
JIBa manieHTa *HUBBI 110 HACTOSIILIEE BPEMS Ha MPOTSHKE-
HHe 6 1 21 MecsueB 0e3 MPU3HAKOB IPOTPECCUPOBAHUS
OHKOJIOTMYECKOT0 3a00eBaHusI.

OBCYXAEHUE

Hcnons3oBanue Takoi neuebHoM omiuu, kak TII,
s nanuenToB ¢ I'XK npenqnpunumanocs ¢ 1980 r, u
HECMOTPS Ha pa3yMHOE MOTEHLIHAIBHOE MPEUMYIIECT-
BO B BUJE IIOJIHOTO YIAJIEHUS MOPAKEHHOTO OpraHa C
JOCTIDKEHHEM «OTPULATEIbHOTO» Kpas PE3eKLUH, pe-
3yJIBTaThl OCTABILSUIN JKeJaTh Jry4diiero. Ha 3ape nonsirok
pelleHns] TaHHOH NpoOJieMbl KIIMHUKH, BBITIOJIHSBIIAE
TII mpu I'XK, coobmanu o 3-1eTHeil BEIKUBAEMOCTH
okoio 30% [6]. [TogoOHbIe pe3ynbTaThl MPUBETH MU-
POBOE MEAUIIMHCKOE COOOIIECTBO K BBIBOAY, YTO 00ec-
NEYSHNE PaMKaIbHOCTH OIEPaLH 3a CUET IeNaTIKTO-
MHH PELUINEHTA B OJHOCTOPOHHEM HOPSAIKE HE B CHIIAX

Puc. 5. ®ororpadus Mukponpenapara. Exnandnsie Gpokycs
XOJIAHTHOKAPIITHOMBI, BBISIBICHHBIE MPU JOMOJHUTEIBLHON
Hapeske. [Tatromopdos IV crenenn

Fig. 5. Photography of macroscopic specimen. Single foci of
cholangiocarcinoma detected by additional slicing. Grade IV
pathomorphosis

Tabmnma

Pe3yabTaThl NpOBeIeHHOT0 HEOAABIOBAHTHOIO JIeYeHHUsl ¢ TMHAMHUKOI OHKOMapKepa M 0TBETOM
no RECIST nis Bcex nanyeHTOB, BKJIOYEHHBIX B pa3pa0oTaHHbII MPOTOKOJI

Neoadjuvant treatment with tumor marker dynamics and RECIST response for all patients included
in the protocol. Treatment results

T 2 2 |
<| 8| B |8 |8 |LE|S3F |ex= $E | a4
gl =] 8 =l ek |8 Sl 28| ZE2LE | 5 Z | Bpewms 10 mPOrpeccHpPOBaHHs / 58O g 5 =
S| 8| 28| 28|80 |=8|23%805| 85 OTII 2g | E22
S5 57557 || 2827 | &% 25 [ 258

R | = . . RS z = Eg
1 | 49 7 11 8 986 8 CR OTII yepes3 14 mec. 36 mec. | 50 mec

40 4 4 5 754 24 SD OTII yepes3 8 mec. 21 mec. | 29 mec

Kannepomaros
3|37 4 4 4 337 754 SD MpU AUArHOCTHYECKON - 11 mec
JIarapoCKOINH
4 | 56 2 2 3 3416 7256 PD IIporpeccus gepes 4 mec. — 7 mec.
5155 4 3 5 864 212 SD OTTI yepe3 6 mec. 6 mec. | 12 mec.
6 | 46 5 6 6 789 1456 PD IIporpeccus gepes 5 mec. — 8 mec.
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3aMETHO YIYUIIUTh JOJITOCPOYHBIC pe3ynbTarel. bomee
TOT0, HEOOXOAUMOCTh UIMMYHOCYIIPECCUH, KaK U3BECT-
HO, YBEJIMUMBAET PUCK OIyXOJIEBOTO MPOTPECCUPOBAHUS
1 MOXKET IPUBOJUTH K OBICTpOi rudenn naruenrta. Of-
HAaKO TIIATETbHBIN aHAN3 HAKOIIEHHBIX MaTepHUajioB
BBISIBIII, YTO KOTOPTHI MAIIIEHTOB C «OTPHUIIATEITEHBIMID)
KpassMH PE3EKITUH U OTCYTCTBUEM METACTa30B B PETHO-
HApPHBIX TUM(ATHYSCKUX Y3IaX UMEIIU TOpa3zio JydIIue
MoKa3aTenu BeDKUBacMocTH. Kpome Toro, HeOombIast
rpymmna MaueHToB B KJIMHUKE Meilo, molyyaBIIux
TOJIPKO XMMHOJIYUYEBYIO Tepanuio 0e3 MoCienyrome-
T0 XHPYpruv4ecKoro jedeHus, nmena 22% S-IeTHIO
BBDKHBaeMoCTh [7]. HeymoBneTBopuTe pHBIE pPe3yib-
Tarbl cTaHJapTHRIX MeTonoB JieueHus [ XK u ycnexu
OTJIEJBHBIX UCCICAOBAHUN SIBUIUCH TPUTTEPOM AKTHB-
HOTO MPUMEHECHUS KOMOWHUPOBAHHBIX METONOB. MMmest
JaHHble 00 3((EeKTUBHOCTH XMMHOJIY4YEBOH Tepanun
st XK u 3HaHUS 0 TOM, 9TO pa3BUTHE 3a00IeBaHU
00BIYHO CBSI3aHO C JIOKAJHHBIM PEIHIUBOM, a HE C OT-
JTAIIEHHBIMH MeTacTa3aMu [ 8], KoMaH/1a TPaHCTUIaHTOJIO-
roB mrara HeOpacka BriepBbie pa3padoTajia CTpaTeruto
HEOaIbIOBAaHTHOW OpaxuTEeparvy B BBICOKUX J103aX B
KOMOWHAIIMU C XUMUOTepanuei S-gpropyparmiom (5-
®Y) u nocienyronieil TpaHcIIaHTaIMel medeHu [9].
besycnoBHO, Bo3HUKaNM OMIMapHbIe, HH()EKIIMOHHBIE H
COCYIUCTBIE OCIIOKHEHWS, CBSI3aHHBIE C TPUMEHEHUEM
OpaxuTeparuy B BEICOKUX J103aX U 0COOCHHOCTSIMH TeUe-
Hus 3a0oneBanust. Ho Bce jxe paHHHE pe3ysIbTaThl ObLIH
MHOTO00CIIAFOIIMMHU B OTHOIICHUH Pa3BUTHSI MECTHBIX
peunauBoB. B nocneayroneM kinHuka Melo npuHsiia
3Ty KOHIEMIUIO, pa3paboTaB aHAIOTUYHBIA TPOTOKOI
HE0aJhbIOBAHTHON Tepamuu C Mocleaylonlel TpaHc-
ma"Tanuen nedeHu B 1993 romy. [Iporokon o0bequHIIT
MpEeUMYIIECTBA JIy4Ye€BOU Tepanuu, Xxumuorepanuu, T11
MPU COOTBETCTBYIOLIEM OTOOpPE MAI[MCHTOB C JIOKAJIH-
30BaHHOM, HeonepabenpHoil [ XK. [IpeaBapurennHble
pe3ynbTarhl A 11 manueHToB, 0 KOTOPBIX COOOIIAIOCH
B 2000 roxy, ObLIM 0OHAAECKUBAIOIIIMMH, 2 OOHOBIICHHUE
B 2004 romy coo6mmino o 82% 5-neTHel BEDKUBAEMOCTH
y 28 marueHToB [5].

K coxanenunro, oreuectBeHHslid onblT TII mpu I'XK
MIPEICTABIIAETCS KPaitHEe CKYIHBIM U HECUCTEMATU3UPO-
BaHHBIM, CY/IS [10 OTCYTCTBHIO 3HAYMMOTO 00beMa myo-
mkanuii. Jleuenue rexauaecku HepesekradenpHou [ XK
OTHOCHTCS K pa3psily MaJUIMATUBHOTO, & €T0 PE3YyJBTaThI
Y IIPOTHO3 MAJIO OTIIMYAFOTCS OT TAKOBBIX P AUCCEMU-
HUPOBAaHHOM IIPOIIECCE W, KaK MPaBHIIO, O0YCIOBICHBI
OBICTPO TIpOTpeccUpyroIieii OumuapHoi 00CTpyKIIUEH
u xonaHrutoM. IlepBocrenenHon 3afadell B Kypauuu
TaKWX MAIMEHTOB SBJISICTCS OMTHapHast ISKOMIIPECCHS C
LEJBbI0 KyIUPOBAHUS SIBICHUM MEXaHUYECKOM XKEeNTyXu
1 rHOMHOTrO Xonanruta [ 10]. MeTonom BeIOOpa Onmmap-
HOM JIEKOMITPECCUHU JIJIs TaHHOW KaTerOpUH MallueHTOB
SIBTSIETCS IPECKOKHO-UPECTIEIEHOTHAS XOIaHTHOCTOMHUS
BBHJIy HEOCYIIIECTBUMOCTH PETPOTPATHOTO IPCHUPOBA-
Hus OoJiee YeM B MOJIOBUHE CIy4YaeB MPHU CTPUKTYpax
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MPOKCUMAJIPHBIX BHETICUCHOUYHBIX KEITYHBIX MPOTO-
koB [11].

CranmapToM IMPOTUBOOITYXOJIEBOTO JIEYSHHUS HEPE3EK-
tabempHOM I XK, Kak 1 my1s1 m000# (hopMBI HeoTrepadelh-
HOTO MECTHOPACIIPOCTPAHEHHOTO FJTH METACTaTHYECKO-
'O XOJIAHTMOLIEJITIONISIPHOTO PaKa, COMIACHO POCCUHCKIM
1 3apyOeKHBIM KITMHHYCCKUM PEKOMEHTAIUSIM, SIBJISCT-
csl cucTeMHas noiauxumuorepanus no cxeme GemCis
(remruradun/muctnarug) wim GemCap (remuutTaOus/
KaIeruTadnH), a TAKKe MMPOBEACHNE CTEPEOTAKCHICCKOM
MIPEIU3HOHHON KOHMOPMHONW XUMHUOIYIECBON TEpaITHH
¢ ¢roprupumuauaamu [12, 13] 1100 WHBIE BapUAHTHI
XUMHUOTEpauy U JTy4eBOil TEpanuu B 3aBUCUMOCTH OT
COMAaTHYECKOTO CTaTyca MalueHTa, UHANBUAYATbHOM
HENEPEHOCUMOCTH U Pa3BUBAIOIIMXCS OCIOKHEHUH.

IIpu sTOM, cormacHO OObEAMHEHHON CTATHCTUKE
3 PEKTUBHOCTH NTaHHBIX METOIOB JICUCHHS BCEX HE-
onepabenpHbIX 3J0KauYeCTBEHHBIX HOBOOOpa30BaHMI
OMITHAPHBIX CTPYKTYP, MEMaHa 00111eil BBDKUBAEMOCTH
coctasiseT 8—10 mecsues [14]. Ogau U3 mTydmmx pe-
3yJBTATOB, IOCTUTHYTHIX IPUMEHEHUEM XUMHUOTYYCBOI
Tepanuu, JeMOHCTPUPYIOT 4-IIETHIOI0 BEDKUBAEMOCTh
30% [15].

OTHOCHTETFHO HOBBIM MPOTPECCHBHBIM CITIOCOO0OM
nedeHus HepesekrabenpHoOM [ XK sBrsercs su100MIH-
apHas ¢poronuHamuueckas teparus (OAT). Dpdexrus-
HocTh OJIT B coueTanuu ¢ OWITHAPHON JCKOMIIPECCUEH
MOATBEPKIACTCS MHOTOYMCIICHHBIMU UCCIICIOBAHUSIMH,
B HEKOTOPBIX U3 KOTOPBIX pa3HUIIA B IPOJOIDKUTEITHHOC-
TH )KU3HH ObLIa ATHKparHoit [ 16—19].

Ha mpoTspkeHnn JUIMTENBHOTO BPEMEH! 3aHIMAsiCh
renaToOonInapHoOi, pEHTTEeHIHI0BACKYIIIPHON XUPYPIH-
el 1 OHKOJIOTHEH B IIeJIOM, a TaK)K€ HEMOCPEACTBEHHO
I'XK u TII B yacTHOCTH, MBI CTapajich UCIOJIb30BaTh
BECh apCeHaJ MMEIOIIMUXCS BO3MOXHOCTEH MPUMEHU-
TENBHO K TaHHOM HO30J10THH. Kak 1 y G0nmsImmHCTBa KO-
JIET, 1Sl OMITHAPHOW TEKOMITPECCUN HaMU BBITTOTHAETCS
YPECKOKHO-UPECIIeUeHOTHOE XOIaHTHOPEHUPOBAHHUE C
00s13aTeNbHON OIIEHKOW MUKPOOHOTO Tel3axKa jKeTIn 1
MIPOBEICHUEM aHTHOaKTepHaibHOU Tepanuu. Hanuuue
YPECKOKHO-UPECIICUEHOUHBIX APCHAXKEH B OMIIHapHOM
nepese y nauueHTos ¢ [ XK nogpazymeBaer oTHOCHTENB-
HYIO IIPOCTOTY JIOCTaBKH M3ITy4aTelis K 30HE TOPaKeHHS
¥ BO3MOXKHOCTh MHOTOKPATHOTO TTOBTOPEHHUSI ITPOIIEIY-
pet /T, uTo moATBEPIKIAET HAIl COOCTBEHHBINA OTIBIT.

Wneonornyeckum CX0ACTBOM BCEMHPHO U3BECTHOTO
npotokosia Meio u pa3paboTaHHOTO HAMH MPOTOKOJA
JICUEHUSI SIBISIETCSA OCTAHOBKA OITyXOJIEBOTO POCTa, CHH-
JKeHUE OMOJIOTHYECKOH aKTHBHOCTH OITYXOJIH JI0 MOMEH-
Ta paJUKaIBHOTO JIeueHHs1. B Hallle HeoaIbI0BaHTHOE Jie-
yeHue BKItoueHa OJIT v oTCyTCTBYET JTydeBast TEPAMHUS
(JIT). bezycnorHo, 3¢ pexTuBHOCTS JIT mpu HEpe3ekTa-
OenpHOM ormyxonu Kiarkuaa He TI0IeKUT COMHEHUIO,
OJTHAaKO, KaK MPU3HAIOT CAaMU aBTOPHI, BBITTOJIHEHHE JIHC-
TaHIIMOHHOMH JIy4eBOW U BHY TPUIIPOTOKOBOM Opaxurepa-
MUY HEPEIKO COTTPOBOXKIACTCS TSXKETIBIMH XOJIAHTUTAMHU,
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OMJIMAapHBIMHM a0CIIECCaMHM, CEIICCOM M COCYIUCTBIMHU
OCJIOKHEHUAMH [ 5, 9], 9T0, Ha HAII B3NS, OOBSICHICTCS
BBIPAKEHHBIM pa3pacTaHUeM COCIMHUTEIBLHON TKAaHU U
dhopMHupoOBaHNEM TPYOBIX PYOIIOBBIX CTPYKTYp B Tema-
TOJLyOACHAILHOMN CBSI3KE. DTO HE MOXKET HE BIUATH Ha
HMHTPAONEPALMOHHYIO IPEUU3NOHHOCTh JUCCEKIINHY aHa-
TOMUYECKUX CTPYKTYP U (DOPMHUPOBAHHS aHACTOMO30B,
YTO CYIIECTBEHHO 3aTPYAHICT BHITOJHEHNE COCYIUCTON
PEKOHCTPYKIUU BO BPEMs MPOBEACHUSI TPAHCIUIAHTAL[I
neyern. HeobxomumocTs cobumtoneHust Oananca Mexmy
MPUHOCUMOM MOJIBb30M U BO3MOKHBIMHU OCJIOXHECHHUSI-
MH 3aCTaBIseT Aepkarb Bonpoc npuMmenenus JIT or-
KpeITEIM. OmHaKo, 9TO Kacaercs X1, Ha HaII B3I,
MOMUMO IpuMeHeHUs cucteMHol XT ocyniecTBieHne
TpaHcaprepuanrsHoi xumuonHbpy3un (TAXI) mo3Boss-
€T CO3/1aTh BBHICOKYIO KOHLIEHTPALUIO XUMHUOIpenapara
B OTpPaHUYEHHOW aHATOMUYECKOH 00JIaCTH, YBETHUNBAs
TEM caMbIM IUTOCTaTu4ecKuii apdexr. [lomumo sToro
MPSIMOE aHTHOTPAPUICCKOE MCCICIOBAHNE TTO3BOJISCT
HaIIsIIHO OLUEHUTH CTEIEHb BOBJIEYEHHOCTH B OIYXO-
JIEBBIN MPOIIECC COCYIUCTHIX CTPYKTYp. UepemnoBanue
cucreMHoil XT u TAXW ¢ npoBeieHUEM CEaHCOB HH-
noounuaprort ®JIT, Ha HAII B3I, TPEACTABISICTCS
HamboIIee ONTUMAaITFHBIM BAPHAHTOM HEO0aTHIOBAHTHOM
Tepanuu.

JIOTIOTHUTETEHBIM TTPEUMYIIICCTBOM HE0aIbIOBaH-
THOTO MPOTOKOJIA SIBIISIETCS «UCIBITAHUE BPEMEHEMY,
MTOCKOJIbKY Y KOTOPTHI TAITUEHTOB C arpeCcCUBHON OMO-
JIOTHEH OIMyXOJIM BO3HUKAET IMpOTpeccHs 3a00eBaHus,
HecMOTps Ha npoBoxuMoe jedenue [20]. B rakux ciy-
yasgx TII He moka3aHa.

3AKAKOHEHUE

Taxum 00pa3oM, OCHOBBIBASICh HA COOCTBEHHOM U
3apyOe>KHOM OTIBITE, MBI TIPUIIUTH K BBIBOAY, YTO MOKa-
3anus k TI1 u ee ycniex mpu Hepe3eKTaOeTsHON OITyXOIH
Kuankuna onpenensitorcst 3 QeKTHBHOCTBIO NaJUTHATHB-
HOT'O JICYCHHUS B TEUCHHUE HE MeHEe 3—4 MecsIeB ITyTeM
CHIDKEHUsI OMOJIOTHYECKOW aKTHBHOCTH OIYXOJH (OLICH-
Ka OHKOMapKepa, pa3MepoB, METaCTaTUUECKOIO opaxe-
HUSI, BHETICUCHOUYHOTO PACPOCTPAHEHHsI) U KOHTPOJIEM
OCTPOro XOJIaHTUTA.
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TPAHCNAAHTALUA NMEYEHU NALMUEHTAM C NEPBUYHBIM
BUAUAPHbIM XOAAHTUTOM (OB3OP AUTEPATYPbI)

UM. Unvunckuii', O.M. Lupynonuxosa” *

" PrBY «HALMOHAABHBIM MEAMLIMHCKUIA MCCAEAOBATEABCKMM LIEHTP TOAHCTAQHTOAOMMM

M MCKYCCTBEHHbIX OPraHOB MMEHM akaaemmka B.A. LLiymakosay MmH3Apasa Poccum, Mockaa,
Poccuickad Peaepaums

2 PTAQY BO lMepsbit MOCKOBCKMM rOCYAQPCTBEHHBIM MEANLIMHCKUIA YHUBEPCUTET UMEHM

N.M. CeveHosa MuH3apasa Poccum (CeveHoBCKMM yHMBEPCUTET), MOCKBA, Poccumckas Peaepaums

[lepBuunstii 6mmmapusiii xomanrut (I1bX) — ayrommMyHHOE 3a001€BaHNEe TIEYEHH, TPH KOTOPOM TTPOUCXOAUT
pas3pylIeHne U BOCIaJIeHNEe BHYTPUIIEICHOYHbIX JKETUHbIX IPOTOKOB. PaHee 3To 3a00j1eBaHNe B TEPMHUHAIBHOM
cTaguu ObLIO HanOoJIee YacTOM MPUIMHON TPAaHCIUIAHTAIMK NedyeHU. Vcrionbp30BaHue IPY JIEYEHUH B KaueCTBE
Iperrapara mepBoi JINHUH yPCOAE30KCHXOJIEBOU KUCIIOTHI U IPEeNapara BTOPOi JTHHAN — 00ETHXOJI0BOMN KACIOTHI
3aMenssieT nporpeccupoBanue 3aboneBanusi. Oguaxo npuMepHo y 40% naunentos c [1bX nedenue okaspiBaeTcs
Hea(GEeKTUBHBIM, U 3a00JI€BaHIE MOXKET POrPECCUPOBATH 0 UPPO3a U TEPMUHAIBLHOM cTaAnuy 3a00I€BaHNs TIe-
YeHH. DTUM MMaLMEHTaM Il COXPaHEHUs XKU3HU IPOBOAT TpaHCIUIaHTalMIo rtedeHH. [lociie onepanuu BO3MOKHO
pasButue pekyppenTHoro [1bX, kotopoe mpoTtekaer B Oomee Jerkoil popme u peaKo BHI3BIBAET HEOOXOIUMOCTh
B PETPAHCIUIAHTAINH [IEUYEHHU.

Knrouesvie cnosa: nepsuunviii ounuapnoii xonaneum, IIbX, mpancnianmayus nevenu, ozepamuuiii 11bX,
gaxmopul pucka.

LIVER TRANSPLANTATION FOR PRIMARY BILIARY CHOLANGITIS
(REVIEW)

LM. Iljinsky', O.M. Tsirulnikova® ?

' Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation
2Sechenov University, Moscow, Russian Federation

Primary biliary cholangitis (PBC) is an autoimmune liver disease resulting from the destruction and inflammation
of intrahepatic bile ducts. This end-stage disease was once the most common cause of liver transplantation. The
use of ursodeoxycholic and obeticholic acids as a first-line and second-line treatment, respectively, slows down
the disease. However, treatment is not effective in about 40% of PBC patients, and the disease may progress to
cirrhosis and end-stage liver disease. These patients undergo liver transplantation to save their lives. After surgery,
recurrent PBC can develop in a milder form and rarely requires liver retransplantation.

Key words: primary biliary cholangitis, PBC, Liver transplantation, recurrence PBC, risk factors.

[Tocne nepBoil KIMHUYECKON NEPEeCcagKu MEeYeHU B
1963 rony nepBuuHbIii OunuapHbii xomanruT ([16X) Obut
JUTUTEIIbHOE BPEMS BEAYIIUM TOKa3aHWEM I TPaHC-
IUTAaHTAIMH TICYCHH.

TpancrnanTanus nedenu nanuentam ¢ [1BX oxsa-
ThIBaja 30—50% ot Bcex nepecaaok neuenu [1-3], Ho B
nepBoM aecatuiieTu X X1 Beka Npou301III0 UX CHUXKE-
Hue 110 10% [1]. Hecmotps Ha pacTyuryio pacnpocTpa-

Hennocts I1BX, 3To 3a001eBanue 00JbIIE HE ABISIETCS
BEJIYIIUM TOKa3aHUEM JAJIS TPAHCILUIAHTAIIMHU TEUCHHU.
B nocnennee aecaTuiieTe OTMEUYECHA TCHICHIIUS K €I11e
OoJbIIIEMy CHUKEHHUIO YUCTIa TIEPECaoK MeUeHU IpH
I1BX [4], B EBporie oHU cocTaBisiOT 0KosIo 9% OT Beex
nepecanok mneueHu [5], a B A3uu — Toaeko 3,5% [6].
CornacHo eBpOIEHCKOMY PErUCTpPY, 10 HAIlUEHTOB C
INBX, KoTOpbIM ObLiIa BBIIIOJIHEHA TPAHCILIAHTAIINS Tie-
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yeHu, cHu3unack ¢ 20% B 1986 rogy o 4% B 2015 rogy
(p <0,001) [7].

B CIIIA B nepuon ¢ 1995-ro no 2006 rox npu yBe-
JUYEHUH O0IIIETO KOJTMYeCTBa TPAHCIIAHTAIINH TTeYeHU
B cpenHeM Ha 249 omneparwmii B rox (p < 0,001) abco-
JTIOTHOE YHUCIIO Tepecanok neueHu 0ompHBEM ¢ 16X
YMEHBIIWIOCH B cpeiHeM Ha 5,4 G0ibpHOTO B Tof (p =
0,004). AHaIOTMYHYIO KapTUHY HAOJIONAIH B OTHOIIIE-
HUM a0COITIOTHOTO KOJIMYECTBA MTAIUCHTOB, BKITFOYCHHBIX
B JIKICT OXKHJIaHWS TPAHCIUIAHTAIIMY TIedeHu: 1) yBemude-
HUe 00I11eTo yrciia OOJIbHBIX, HE3aBHCUMO OT JUArH03a,
HY>KAAIOIUXCA B TpaHcianTanuu neuenu (p = 0,001);
2) cHmKeHue kKonmdecta 0ombHEIX ¢ [IBX (p < 0,001);
3) orcytcrBre 3HaUNMBIX H3MeHeHu# (p = 0,083) B ko-
JIUYECTBE OOJBHBIX C MEPBUYHBIM CKIECPO3UPYIOLITUM
XOJIaHTUTOM [8].

Pannee pacrio3naBaHue 3a001€BaHMsI C IOMOIIBIO Ce-
POJIOTHYECKHUX TECTOB U JICUEHUE YPCOAE30KCHXOIEBOM
KHCJIOTOW Ha HAaJaIbHOM CTafuu 3a00JIeBaHNS HE TOIb-
KO YBEJIMYUIIO TIPOAOKUTEIEHOCTE JKU3HHU, HO U PE3KO
CHU3MUJIO MOTPEOHOCTh B OPTOTOMUYESCKON TPAHCIIAH-
Tanuu nedenu [8, 11], o0coOCHHO y MalMeHToB ¢ O1aro-
MIPUATHBIM OMOXUMHYECKHM OTBETOM Ha JiedeHue [9, 10].
B Hunepnangax B TedeHre NOCIEIHUX TPEX JECATUIIC-
THH TaK)Ke MPOU30IILIO CHIKEHHE Kak a0COIIFOTHOTO, TaK
¥ OTHOCHUTEIHHOTO YHCIIa TPAHCIUIAHTAINNA IEYeHH MTPH
IIBX [4]. ABTOpHI CBSA3BIBAIOT 3Ty TEHACHIIMIO C 00IIIe-
MIPUHSITHIM UCIIONIE30BaHUEM YPCOIEC30KCUXOIEBOM KHC-
JIOTBI B Ka4€CTBE CTaHAApTHOrO MeToaa jJeueHus [1bX,
HO HE MCKJIOYAIOT BO3MOXXHOCTH JEUCTBUS U APYrUX
MEXaHWU3MOB, YYHTHIBas MHOXKECTBO CIIOXKHBIX (PaKTo-
POB, OTIPENENSFONINX KOHEYHOE KOIMIECTBO MAIIMEHTOB,
HaIpaBIEHHBIX Ha TPAHCIIAHTAIIMIO U B KOHEYHOM HTO-
re mepeHecmux ee [4].

Ypcone30KkcuxoieBasi KUCIIOTa OHIKAET YPOBEHB
CBIBOPOTOYHBIX NIEYCHOUHBIX (PEPMEHTOB U 3HAYUTEIIHHO
CHHUXACT BEPOATHOCTh CMEPTH Uepe3 YEThIpe roja Win
HEOOXOMMOCTH B TpaHCIUTaHTanuu revyeHu [12]. Tem
He MeHee mpuMepHo y 40% ManueHTOB OTCYTCTBYET
OMOXMMHUYECKHI OTBET Ha JIEYCHHE YPCOAE30KCHXOIe-
BOi1 kucnoroii [13—15]. HeagexBarHbIi OTBET Ha Jede-
HUE YPCOJE30KCUXOJIEBONH KUCIOTON MPSIMO CBSI3aH C
MOBBIIICHHBIM PUCKOM CMEPTU WJIM HEOOXOAMMOCTHIO
TpaHcnnaHTauuu nedenu [ 16, 17]. Ilostomy nepecaaka
MEYCHU OCTAETCS SAMHCTBEHHBIM BApUAHTOM TIPEAOT-
BpaIIeHHUs IPEXIeBPEMEHHON CMEPTH MAIUEHTOB C IPO-
rpeccupytonumM [1bX [18]. JleTanpHOCTH HAITMEHTOB C
IIbX B nucTe OXXUAaHUSI TPAHCIUIAHTALUK COCTABIISIET
12%, 9TO 3HaYUTENBHO MPEBBIIIAET CMEPTHOCTH MPHU
MEYEHOYHOM HEIOCTaTOYHOCTH APyroi aTronoruu [19].

HmeeTr MecTo yBenHUYEHHE BO3pACTa MAIUEHTOB C
[IbX na MomeHT Tpancmiantauuu [20, 21]. B onHoM u3
rcciaenoBanuii [22] Bo3pacT 4acTH MAIlMEHTOB MPEBHI-
man 60 met. Kpome Toro, Obu10 00HAPYX)EHO, ITO C Te-
YeHHEeM BPEMEHH Bce 0oJbIeMy Yuciay Myx4rH ¢ [1bX
BBITIONTHSIOT TPaHCIUIaHTaNUIO riedend [7, 22]. Ilo nan-

16

HBIM €BPOIEHCKOTO perucTpa, B nepuoj ¢ 1986-ro mo
2015 rog Bo3pact nauuentoB ¢ I1bX, Hy>knarommxcs B
TPaHCIIAHTAIINY TIeYeHH, YBEIHIWIcs ¢ 54 (quama3oH
47-59 ner) no 56 et (nuana3on 48—62), a OIS MY>KIMH
yBemmamiack ¢ 11 mo 15% [7].

Iloka3zanus K TPaHCIJAHTALMHU Ne4YeHH 00JIb-
HbIM ¢ IIBX. IIpu pa3BuTuM TepMHUHAIBHON CTaIUU
3aboneBanus nanueHTam c¢ [IBX tpeOyercs BbimosHe-
HU€ TpaHCIUIaHTauuu nedyeHu [23]. TpancmmaHTanus
[I€YCHU — €IMHCTBEHHBIH 3()(DEKTUBHBIN METOA JICUCHUS
tepmuHaibHOW ctanuu 16X ¢ BHojHe ynoBiIeTBOPH-
TeNBHBIMH pesyisraTamu [18].

[TokazaHUSMH K TPaHCIUIAHTAIUH SBJISIOTCS HU3KOE
Ka4yeCTBO KM3HU MM BO3MOKHBIM JIETaNbHBIN HCXO]
B TeueHHne MeHee opgHoro rona. Ilo maennro G.C. Mac
Quillan u J. Neuberger (2003) [24], npu HATHYUU MHO-
KECTBa POTHOCTHYECKUX MOJeNell caMbIM IPOCTHIM
PYKOBOISIIMM MPHHIIAIIOM BBEIOOpa CpPOKa I TpaHC-
TUTAaHTAIMHY TIEYeHH ABJISIETCS YPOBEHB CEPOJIOTHUECKOTO
OowupyOuHa. YXyaiieHue coctosius nauentos ¢ [16X
MOXET OBITh OBICTPBIM Ha KOHEUHBIX CTaIHsIX 3a00Ie-
BaHUs, YTO TpeOyeT CBOEBPEMEHHOI'O PacCMOTPEHUS
BOIIPOCA O TpaHCIIAaHTALUU TeueHu [17].

BuoxuMunuyeckue nokazaresii BOCCTAHOBJICHUS
(GyHKUMHM TPpaHCIVIAHTHPOBAHHOM medeHu. [locie
TPaHCIUIAHTAUN TIeYeHN PYHKIHS TIEYCHH BOCCTaHAB-
JUBAETCS K KOHITY YeTBepTOi HeAenu [ 18]. AKTUBHOCTB
alaHMHAMHUHOTpaHCcepa3bl U acapraTaMuHOTpaHcde-
pas3bl OCTHraeT CBOETO IMHMKa OAMH Ppa3 0 3TOTO BOC-
craHoBieHus [18]. B peTpocneKTHBHOM HCCIIEA0BAHUU
AKTHBHOCTH TPAaHCAMUHA3 B IIEPBbIE CYTKH IIOCJIE TPaHC-
ruranTanuu nedeny B 10-12 pa3 mpeBsimnana BepxXHUE
TPaHUIBI HOPMBI U TOCTHUTaJIa HOPMAJIbHOTO YPOBHS K
JIeBATOMY JHIO. PaHHHE NMUKK aKTUBHOCTH TpaHCaMU-
Ha3 MPEACTABIAIOT COO0H OTpa)keHHE MOBPEKICHUS
JOHOPCKOM MEUCHHU MPHU €€ YAAJICHUHU C TOCIEAYIOMNUM
HUIEMHYECKUM U pernepdy3HOHHBIM MOBPEXKICHUEM
TIpH TpaHCIUIAHTAIKH [25]. YpOoBeHh raMMa-TITy TaMHUJI-
TpPaHCHIENTHAA3bl YBEIMYMUBAJCS 10 MHKA HA CEIbMOM
JICHb, a YPOBEHb IIEIOUHOM (pocdaraspl yBeauunBali-
Csl 10 NIMKa Ha BTOPOM Henese. YPOBEHb raMma-IiyTa-
MUJITPAaHCIENTUAA3b] MOBBIIIAETCS 10 MaKCUMyMa Ha
JEBSTHIN JIeHb MOCIE ONEpalny, a 3aTeM CHUXKAETCS.
PanHee noBeIIeHNe raMMa-IIy TaMUITPaHCIIEITHAA3H
[I0CJIE TPAHCIJIAHTALUY [1€4E€HH MOXKET OBITh BBI3BAHO
UIIEMUYECKUM U perniep(y3HOHHBIM TTOBPEXKICHUEM, &
TaK)Xe XUPYPrUYeCKUM CTPECCOM Yy peuumueHTa [26].
YpoBHH 00miero OunupyOuHa 1 IpsSMOro OHIMpyOHHA
CHIDKAIOTCSI TOCIIE ONEpalii 0 HOPMAIIbHBIX 3HAYEHU I
K YEThIpeM HenensiM. BunupyOuH siBisieTcss OTIIMYHBIM
IIPOrHOCTUYECKUM OMOMapKepoM AJisi KOHTPOJIS BOC-
CTaHOBJICHUA (QYHKLMHU Ne4eHH. JJuHaMu4ecKkuii MOHU-
TOPHHT OWJIMPYOUHA MOJIE3€H JUIsl PAHHETO BBISBICHUS
OwnapHbIX ociioxHeHu [ 18].

OcioxxHeHHs Mocjae TPAHCIUIAHTAIIAM TEeYeHH.
[To mocnenHMM JaHHBIM, 4acTOTa MH()EKIHMOHHBIX U



KAMHWYECKAS TPAHCTIAAHTOAOT NG

OMNMapHBIX OCTIOKHEHUH cocTaBisieT 62% u 21% coor-
BeTcTBeHHO [ 18]. bakrepuanbHbie MHPEKINH SBISIOTCS
HanOonee pacrnpocTpaneHHbIME [27, 28]. bunnaphble
ocnoxHeHus Bcrpevarores y 10-30% nmanueHToB u Obl-
BafOT ke MPUIMHON JeTanbHoCTH [29-31]. Tpom003
TIEYeHOYHO apTepuu SBIsieTcs (DaTaabHBIM COCYAUCTHIM
OCJIOKHEHHEM C BBICOKOH cMepTHOCTBIO (20—60%), ¢
yacTtoToit 3—5% u 00BIYHO TPeOyeT MOBTOPHOM TpaHC-
riantanuu nedenu [30, 32]. B uccnenopanuu L. Chen
et al. (2020) [18] y 3 (4,3%) nanueHToB OBLT TPOMOO3
NEeYeHOYHOH aprepun, a y 2 (2,9%) — Tpom003 BOpoT-
HOW BEHBI; JIeTalIbHBIC OCIOKHEHUS — a0 OMUHAIIEHOE
KpOBOTeUeHHE, WH(PEKINA U TMeYeHOYHas Hel0CTaToy-
HOCTB. Y 00NbHBIX, cTpagaBmux [I6X — Oonbimoii puck
Pa3BUTHUS XPOHUUECKOTO OTTOpKEHUs [24].

BorxuBaemocts nauuenTos ¢ IIBX mocae tpanc-
IVIAHTAIIMH NeYeHn. B peTpocnekTuBHOM ucciienoBa-
Huu 6a3bl ganHbix United Network for Organ Sharing
BBEDKHBAaEMOCTH MAIFIEHTOB Yepe3 TOM, TPH U IIATH JIET
NP TPAHCIUTAHTAIINH TIEY€HH OT KUBOTO JOHOpPA CO-
crasmna 95,5; 93,6 u 92,5%, a npu TpaHCIIAaHTAINH
MEeYEeHH OT mocMepTHoro noHopa — 90,9; 86,5 u 84,9%
cooTBeTCTBeHHO [33]. OOmmas BELKMBAEMOCTh TAI[HCH-
toB ¢ [1bX moce TpaHcIIaHTauy IIEYSHA COCTABIISIET:
roguyHas — 93-94%, tpexnernss — 90-91% u nsaTu-
netHsist — 82—-86% [34]. B uccnenoBanmm L. Chen et al.
(2020) [18] omHO- M TpexyieTHSS BBDKUBAEMOCTD TIOC-
Jie TpaHCIUIAaHTAIlUU TieueHu cocTaBwin 98,6 u 95,1%
cootBeTcTBeHHO. bonee 70% OONBHBIX KHUBYT CBBILIC
10 ner [35, 36]. Otnanennoe HaOmoneHue (10 15 set) 3a
MaIMeHTaMH MOCIIe ITepecaiku me4eHu mo nosoxy 11X
MOKa3aJ10 MPEBOCXOMHYI0 (PYHKITUIO TpaHCIUIAHTATa |
BBDKMBAEMOCTH TTAIIEHTOB [37].

Bosparnsiii [IBX. [TepBuuHbIil OHnnrapHbIi XonaH-
THT, TaK k€ KaK U JpyrHe ayTOMMMYHHBIE 3a00J1eBaHUsI
(TIepBUYHBIH CKIEPO3UPYIOLIHI XOIaHTUT U 8y TOUMMYH-
HBIM TEMaTuT), MOXET PELMINBUPOBATH TOCIE TPAHC-
rianTauuu nedenu [ 38, 39]. TpancuiaHTaMOHHBIE LIEH-
TPBI cOOOIIaM 0 pa3BUTHH pekyppeHTHOTO 16X mocne
Tepeca ki Kak MeYeHn OT TpyITHoro goHopa [37, 40], Tak
Y JTOJTY TIEYCHM OT >KUBOTO JoHOpa [41—43]. Bo3Bpar 3a-
0o1eBaHus HE BIMSUT HA JJOITOCPOYHYIO BEDKMBAEMOCTD
nanyeHTa win Tpanciantata [44]. Bo3sparusiit [16X
HUMeeT JIeTKoe KIMHUYECKOEe TeUeHHEe, MEIJIEHHO Mpo-
TpeccupyeT U pefKo ObIBaeT MPUYMHON peTpaHCIUIaH-
Tauuu nedyeHu [45, 46]. Pe3ynpraTsl TpaHCIUIAHTALIUU
reyeHu nanuenTam, crpagasiuum [1bX, sBinsgiorcs npe-
BOCXOJTHBIMH, C IIATHJIETHEH BEDKIBAEMOCTHIO MAIIMEHTa
U TpaHCIUIaHTara, npessimatomeit 90 u 75%. Bmecte ¢
TEM B MocJieJHIe To/ibl mpobaema Bo3Bpata I16X mocne
NepecajKky MeUeHU BCE yallle NMPU3HAeTCAd B KaueCTBE
MPUYUHBI AUCQYHKIUN TPAHCIUIAHTATa, CMEPTH U He-
00XOIMMOCTH TTOBTOPHOM TpaHCIUIAaHTAIUH [47].

Yacrora u cpoku passutus Bo3BparHoro IIBX.
Bosspar IIbX nocie TpaHcHIaHTauuy IEYEHU BCTpe-
YaeTCs Y 3HAUUTEIBLHOTO Yciia penunueHToB [48]. Ero
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yacTtoTa MOXkeT gocTturarhk ot 32% [37] mo 50% [24].
R.F. Liermann Garcia et al. (2001) [49] auarHOCTHpO-
Basm Bo3BparHslii [1I6X y 67 (17%) u3 400 marnueHTos.
I'mcTonornyeckue npru3HaKkK BO3Bpara 3a00eBaHHS Ha-
Omronaiy B CpeAHEM Yepe3 TPH rofia Mociie TPaHCIUIaH-
Tanuu nedeHu. OJHOMY MalMeHTY Yepe3 BOCEMb JIET
MOCJIC TICPBUYHOM MEPECaJKU MEYCHH MOTPeOOoBaIach
peTpaHCIUIaHTAIHSL.

R. Kurdow et al. (2003) [50] nabnromanu B cpen-
HeM B TeueHne 114 mecsanes 3a 18 manmmenramu ¢ I16X,
KOTOPBIM ObIJIa BHITIOTHEHA TPAHCIIAHTAIHS TTEYCHH.
V mIecT manueHToB, 1Mo JAHHBIM UCCIICIOBAHMS OHUOTI-
TaTOB TICYCHHM, Pa3BUJICS BO3BpAT MEPBUYHOIO 3a00Jie-
BaHUS, a Y OJTHOTO U3 HUX BO3HUKIIA H HEJIOCTATOYHOCTh
TpaHCIUIaHTaTa. AHTUMHUTOXOHIPHAIbHBIC aHTUTEIA
MPUCYTCTBOBAJIM y BCEX IMAIMEHTOB B MEPBEII JKe IO
nocie TpancranTanui. CepoJorndecKue mapaMeTphl
nmoBeICHIINCE Y 16 m3 18 manmenToB. B apyrom wmccie-
nosanuu [51] BozBparuslit [IBX pas3Buiics B TpaHcIIaH-
TUpOBaHHOM nedeHu y cemu (15, 2%) u3 46 nanueHTos.
Bce aTu manueHTh! ObUTH KUBBI Y€pe3 TPH U IATH JIET
MOCJIe IMarHOCTUKY BO3BpaTa 3a00yieBaHusl.

J. Neuberger et al. (2004) [38] nmpuBen naHHBIE O
485 mamuentax ¢ [IBX. Ilocne nepecajku mevyeHu B
€XKETOHBIX MPOTOKOJbHBIX OHONTATax TpaHCIJIaHTa-
Ta TUCTOJIOTMYECKUE MPU3HAKU PEIUIMBA 3a00JICBaHUS
ObuM 0OHapyskeHbl y 114 (24,8%) OONBHBIX B CpeHEM
gyepe3 79 Mecs1eB nocie onepanum.

J.E. Guy et al. (2005) [52] nabmtonan mocie TpaHc-
mnanTauuu nedenu 48 nmanuentos ¢ I[1BX. Uepes roa
nocine oneparun y 27 (56, 3%) nanueHToB OBUIO yBe-
JUYCHHE B CHIBOPOTKE KPOBH YPOBHS IIEIOYHON (oc-
(bara3el. B Ouonrarax TpaHCIUIaHTaTa JIOCTOBEPHBIC
NpPU3HAKU BO3BPATHOTO 3a00JIeBaHUs OBUIN y YeTBIPEX
(8%) mauuenToB, nopo3peHue Ha peuuaus —y 11 (23%)
MAIEHTOB ¥ HeCeNM(NIECKOe TIOBPEKICHIE, BO3MOXK-
HO, cBsizaHHOE ¢ peruauBoM 16X, — y nByx (4%) ma-
[IUEHTOB.

ITo mauueiM D.A. Jacob et al. (2006) [37], mexmy
anpenieM 1989-ro u anpenem 2003 roga ObUIO BHIMON-
HeHo 1553 tpancrantanuii nedenu 1415 manuentam
B BupxoBckoil knunauke bepnuna. buoncun neuenu mo
MIPOTOKOITY BBITIONHSUIN Yepe3 OAWH, TPH, MATh, CEMb,
10 u 13 ner nocne oneparmu. Y 100 (7%) nanueHTOB
0BT rUCTONOTHYECKH ToKa3aH Bo3Bpar [16X. [leperuunas
MMMYHOCYTIPECCHS BKJIIOYaIa HUKIOCHOpUH (n = 54)
unu takpoaumyc (n = 46). Cpasy mociie TpaHCIUIaH-
TaIlUU TICUCHHU BCE MAIMECHTHI TOJIYYHIN YPCOAC30KCH-
XOJIEBYIO KUCIOTY. KOpTHKOCTEpOUIbI OTMEHSIIN Yepes
TPU—IIECTh MECSIEB MOCIHe nepecaaku nedeHu. Cpen-
HU Bo3pacT 85 »eHwH 1 15 My»x4auH 0611 55 et (aua-
1ma3oH — oT 25 10 66 meT). Cpeaawuii cpoK HaOIIOMEHUS 32
MareHTaMU TOoCIIe TpaHCIIaHTaIy euenn — 118 me-
csaues (auamnazoH — oT 16 1o 187 mecsues), a mocie
BO3Bpara 3aboneBanus — 30 MecsiieB (quamna3oH — ot 4
1o 79 MecsneB). AKTypUalIbHOE BEDKHBaHUE TAIIMEHTOB
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gyepe3 5, 10 u 15 net 65110 87, 84 11 82% COOTBETCTBEH-
HO. lecsats (10%) manueHToB yMEPIU B CPEIHEM Uepes
32 Mecs1a noclie TPaHCIUTAHTALIMY TIeYeHU. Y ABYX U3
HUX TUC(yHKINS TpaHCIDIAHTaTa Pa3BHIIACh BCIICACTBUE
BosBpara [1bX. ITo rucToiornueckum JJaHHbIM, BO3BpaT
IIBX npownzomren y 14 (14%) manueHToB B CpeiHEM de-
pe3 61 mecs (nuama3on — ot 36 g0 122 MecsieB) mocie
Mepecajky MeyeHu. Y MalUeHTOB, HaXOAUBLINXCS Ha
UMMYHOCYIIPECCUH TaKPOJIMMYCOM, BO3BpaT 3a00JieBa-
Hus npoucxoamun vame (p < 0,05) u B Oonee panHue
cpoxku (p <0,05). Y 57 nanneHTOB pa3BUIIOCH OCTPOE OT-
TOp>KEHHeE, a y IByX — XpoHHUeckoe orTopxkeHue. [locme
TUCTOJIOrMYECKU AMArHOCTUpoBaHHOro Bo3Bpara 16X
(YHKIMS TPAHCIUIAHTUPOBAHHOM TICUCHU HE U3MEHSLIach
B TEUEHHE MMOCIEAYIOUINX SATH JIET.

Ha ocHoBanuu meraananusza M. Gautam et al.
(2006) [53] ycranoBuinm, uto pekyppeHTHsiii [1BX pas-
Buics y 204 (16%) u3 1241 nmanueHToB B CpeHEM Ue-
pe3 46,5 Mecsma (auama3od — ot 25 10 78 MecAIeB);
CpeIHUI BO3PACT MAIIEHTOB BO BPEMS TPAHCILIAHTAIIH
neueHn O 52 roga (amama3on — ot 46,2 1o 56 jer);
OOJIBIIMHCTBO U3 HUX ObLTH skeHITHHBI (90%).

T. Kogiso et al. (2017) [54] mpoBesin peTpOCHEeKTHB-
HOE MHOTOIICHTPOBOE UCCIIEIOBAHUE PEKYyPPEHTHOTO
[IBX y 388 manueHToK mocie TPaHCIUIAHTALUK Tede-
HU OT JXHUBOTO JoHOpa. [locieoneparmonnbie (hakTophl
ObUTH OTLICHEHB Y 312 MaIMeHTOK, KOTOPHIE BBIKIIIH
0osiee OmHOTO rofia Mocje TPAHCIUIAHTAIMY TTIE€YeHH OT
J)KUBOrO oHOopa. PexyppenThsiii I1IbX nuarnocruposa-
JIY TIPYU AaHOMAJILHOM TIOBBIIICHUH YPOBHS MEUCHOYHBIX
(hepMEHTOB B COYETAHNH C TUITUIHBIMH THCTOIOTHYEC-
KAMH U3MeHeHUsIMHU B Onontarax nedenn. Y 58 (14,9%)
nanueHToB pekyppenTHsIit [IbX pa3Busics B cpenHeM ye-
pe3 4,6 (0,8—14,5) roma mociie TpaHCTUTAHTAITIH TICUSHH.

B uccnenosanme L. Chen et al. (2020) [18] Obutn
BKItoueHsl 69 manuentoB ¢ [1BX, koTopeiM ObuIa BbI-
MOJTHEHA Tepecajka nedeHu. [laTuneTHss obmas BbI-
’KMBaeMOCThb U yactoTa Bo3Bpara [IbX cocrasunu 95,1
u 21,8% coorBeTcTBeHHO. MIHAEKC OTHOLIEHH acmap-
TaraMrHOTpaHCc(epas3sl K TPOMOOIUTAM PEIHITHCHTA,
MIPEBBIMAIOINN 2, OB OTPUIIATEIIEHO CBSA3AaH C BBIKH-
BaemocThio (p = 0,0018).

B SlmoHun oTmedeHa JAOBOJBHO BBICOKAsi 4YacTOTa
paszButus pexyppentnoro 16X, [Ipu Habmonenuu B
cpenHeM B Teuenue 10 nmet (quamazon 1,4-18,7) y 29
(48%) marmenToB ¢ [IBX mocne TpaHCcTIaHTaIMH Tie-
YeHU OT XUBBIX JOHOPOB OBUI JUArHOCTHPOBAH BO3-
Bpar 3abosieBaHus B cpeiHeM depes 4,6 rona (ananazon
1,3-14,5) [55].

Bossparnsiii [1IbX pa3BuBaeTcs B CpeaHEM uyepes
3-5,5 roga mocne TpaHCIUIaHTauuu nedeHu [37, 49,
56]. Tombko B uccnenoBannu J.E. Guy et al. (2005) [52]
cpennee Bpems Bo3Bpara I[I6X cocrasusio 1,6 rona. Yac-
tora peruauBoB [1bX xomebnercs ot 1 mo 35% [14, 58].
UYepes maTh, 10 11 15 et mocine TpaHCIIIaHTAIUH TIEYeHU
Bo3Bpar [16X Obu1 BeIsiBIICH ¥ 9,6; 20,6 1 40,4% nanu-
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eHTOB cooTBeTcTBeHHO [57]. Bo3spar [16X B kparko-
CPOYHOU U CPEIHECPOTHOH ITEPCIIEKTUBE PEAKO BIUSET
Ha BBDKMBAEMOCTH MMAIMEHTA W TPAHCIUIAHTATa, HO B
JIOJITOCPOYHON TTePCIIEKTHBE MOXKET OKa3bIBaTh HETa-
THBHOE BJIUSHHE Ha 3TH Moka3arenu [ 18].

ITHoJ0oruA 1 naroredes Bo3sparnoro IIBX. O1ro-
norus Bo3BpaTHoro [16X Takas ke, kak u 3a00JieBaHUS
HAaTUBHOM neueHu. MexaHu3M MOBPEXKICHUS KEITUHBIX
MPOTOKOB aHTHMHTOXOHIPHATEHBIMHA aHTHTEIAMH CBSI-
3aH ¢ IMMYHHOMH arakoif Ha ab0epaHTHO SKCIIPECCUPO-
BaHHBIE MOJIEKYJIBI aHTUTEHOB (Harpumep, E2-komrex-
ca TMUPYBATICTUAPOTEHA3HI) SIMTUTEIHOIUTOB KEITIHBIX
MIPOTOKOB.

®axkTopskl pucka Bo3sparHoro IIBX. Puck pexyp-
pentHoro [16X yBenuuuBaercs co BpeMeHeM, MPoIe-
MM TTOCIIE TPAHCIUIAHTAINH TTIE9€HH, HO He KOPPEIHUpY-
eT ¢ yacToToi morepu ee pyHKmH [59]. B rccenoBanum
H. Chen et al. (2020) [18] gactora pernusa [1bX mocne
TpaHCIIJIAaHTALUY YBEJIHMYMBAIach IO MEPEe YBEIHUEHUS
CcpokoB mociie onepanuu: 3,5% gepe3 ogud rox, 8,1%
yepe3 Tpu roaa u 21,8% uepes msaTh JeT. Y MOJTOBUHBI
MalKEeHTOB MOSBISIOTCS TUCTOJOTHYECKUE PU3HAKU
Bo3Bpara [IbX uepe3 10 ner mocie omepauuu, HO Yy
HUX PEIKO BO3HUKAIOT KIMHUYCCKHE MPOOIEeMBI [24].
ITockonbKy MIMTENBHOCTH HAOMIONEHMS 3a MalueHTa-
mu ¢ [1bX yBenuumnack, CTaHOBUTCS OUEBUIHBIM, YTO
BO3BpAT 3TOr0 3a00JIeBaHUsl B TPAHCIJIAHTUPOBAHHOM
MIEYECHH HE SIBIISIETCS PEIKUM OcliokHeHueM [60].

NmMMyHOCYTIpecCUBHAS Tepanusi MOXET BIUATH Ha
BpeMS U CKOpOCTh pa3Butus Bo3BparHoro [16X. Onnako
0 ATOMY BOTIPOCY HET €INHOTO MHEHWSI, B JINTEPATypE
BCTPEYAIOTCS TPOTHBOPEUHUBHIC B3IJISIABI: OTHHA aBTOPHI
HaXOMST pa3iIuyMsl B YaCTOTE 3TOTO OCJIOKHEHNS B 3aBU-
CHUMOCTH OT HCIIONB3yEeMbIX UIMMYHOCYTIPECCUBHBIX TIpe-
naparoB [59], npyrue e, 1 uX OOJNBIIMHCTBO, OTPULIAIOT
TaKyo 3aBUcUMOCTH [36, 38, 51, 61]. Panee cuuranu,
YTO WHTHOUTOPHI KaJbIIMHEBPHHA CBSA3aHBI C PHCKOM
passutus Bo3BparHoro I16X [38, 62]. [To3gHee ObLI0
YCTaHOBJIEHO, YTO OHM HE OKa3bIBAIOT CYIECTBEHHOTO
BIUSHUS Ha pa3BuTue Bo3BparHoro [16X [36].

OTHOCHUTENBHO BBICOKYIO YacTOTY PEKYypPpPEHTHOIO
IIBX cBs3pIBamu ¢ paHHEN OTMEHOW CTEpOUIOB MOCIE
TpPaHCIJIAaHTAIlMW TIEYCHH, a TaK)Ke C OTMEHOW WHTH-
ouropoB kansiHeBprHa. [lo maernro T.C. Schreuder
et al. (2009) [59], dakTopom pucka BozBparHoro 16X
SBIIAETCS UCIIOIB30BAHIE TAKPOINMYCa, a HE IIHKIIO-
croprHa. MHOro(akTOpHBIH aHaIN3 MOATBEPIMII 3TO
nooxenue [37].

A.J. Montano-Loza et al. (2019) [63] monararot, 4To
JIeYeHHE IUKIOCTIOPUHOM TPEenynpexIaeT pa3BUTHE
Bo3BparHoro [1bX. Hanportus, T. Kogiso et al. (2017)
CUMTAIOT, YTO HA4YaJbHOE JIEYEHUE [TUKIIOCTIOPUHOM JI0-
croBepHO (p < 0, 05) cBsA3aHO ¢ pa3BUTHEM PEKypPPEHT-
Horo [1bX [54]. B ArmoHcKOM MHOTOIICHTPOBOM HCCIIENIO-
BaHUM TAKXKE HAIIIN, YTO IIUKJIOCIIOPUH OBLT PaKTOpOM
pucka peuuausa [IBX. Ognako nepexo ¢ Takpoaumyca
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Ha [IUKJIOCIIOPUH Yepe3 roji ociie TPaHCIIIIaHTalluH Te-
YeHH 3HaYUTENBHO CHUXaJI PUCK €T0 pa3BUTHA [57].

MHorue aBTopbl NpUAAIOT OONBILIOE 3HAYEHHE BO3-
pacty peuunuenta [49, 54]. Cuuraercs, 4TO peLUNU-
€HTHI MOJIOXKe 48 JIeT OoABEP KEHBI OONBIIEMY PUCKY
permuausa [16X [57]. B HenaBHEM ncciaenoOBaHUN MHO-
ro()aKTOPHBIN PETPECCUOHHBIN aHAN3 MMOKa3all, 4TOo
BO3PaCT PELUMTUECHTOB MOJIOXKE 48 JIEeT SIBIISIETCS He3aBU-
cUMBIM (akTtopoM pucka Bo3Bpara [1IBX (p=0,03) [18].
MHOTOLEHTPOBOE HCCIIE0BaHUE, BKIIOUaBIIee 785 na-
1eHToB ¢ [16X, nepeHecyx TpaHCIUIAaHTALMIO IEYCHH,
[10Ka3aJI0, 4TOo B O0JIee MOJIOJIOM BO3pacTe IPUMEHEHHUE
TakpoIuMyca M TUCHYHKINS TIeYeHH B PaHHUE CPOKH
Tocyie Oneparyy ObUTH CBSI3aHbI C MTOBBIIIIEHHBIM PUCKOM
Bo3Bpara [16X [63].

Puck passurus Bo3sparHoro 116X cBs3aH Takxke co
MHOTHMH JPYTUMH (akTopamu: 0ojiee KOpOTKOE BpeMsi
onepauuu [54], nepCUCTEHLUSI CBIBOPOTOYHBIX AHTH-
MHUTOXOHJIPUAJIbHBIX aHTUTE, 00JIee BHICOKUI YPOBEHb
CBIBOPOTOYHOTO MMMYyHOTIIOOYIHA M [54], HecooTBeTC-
TBHUE C MMOJOM JoHOpa [54, 57, 64], pa3nuuHbIe THUIIBI
HLA, necootBercTBue mo HLA [42, 61, 65—67] u Ha-
mrune HLA B60 [54].

Ha passutue Bo3sparHoro IIBX Biausior HE TONB-
KO (paKTOpBI peUUIIUEHTa, HO U (aKkTopsl foHOpa. On-
HaKO OHU MEHEE MHOTOUYHCIIEHHBI U MEHEEe 3HaYMMBbI.
K HEUM OTHOCST BO3pacT JOHOpPa W BpeMS TEIJIOBOM
utmemun [49].

Junarnocrnka Bo3spatHoro IIBX. OcHOBHBIM MOKa-
3aresieM MpH JuarHocTke Bo3BparHoro I1bX sBisercs
HaJIM9ME TUCTOJIOTHYECKUX IPU3HAKOB B ITYHKIIMOHHBIX
OuonTarax TPAaHCIUIAHTUPOBAHHOH MEYECHU; OMOICUH
BBIIIOJIHSIOT HE PaHEe MEPBbIX TPEX MECSLEB MOCIE
onepanuu [59]. B ommmane ot OMOTICHiA, BEITIOTHAEMBIX
TOJIBKO TOCIIE MOSIBICHUSI TUCOYHKIMU TIEICHH, PETY-
JISIpHBIE MTPOTOKOJIbHBIE OMOTICHH MOTYT OOHAPYKUTh
Bo3Bpat [1bX B O6onee pannue cpoku [40]. [Tostomy B
panneii guarnoctuke [1bX ocoGeHHO Oonbmias poib
MPUHAJICKUT UMEHHO OMOIICHSM, BBIIIOJHEHHBIM I10
poTokory [59]. Ux BBIONHEHHE TTO3BOIIIO OOHApY-
KUTh BO3Bpar 3abosieBanus y 14 (14%) naiueHTos,
TOJIBKO Y JIByX W3 HUX Pa3BHJIach TUCQYHKIHS TpaHC-
mwianTara [37]. AHTUMUTOXOHAPUATBFHBIC aHTUTENA HE
SBJISIIOTCA HaJEKHBIM MAapKEpOM PEIUANBA, TaK KAk
MoCJie OTEPALUH OHU MOTYT COXPAHATHCS B CBIBOPOTKE
KpoBH naruedToB [24]. Takum 00pa3om, MyHKIIHOHHAS
OuoIICHs IEYEHU SBIISETCA «30JI0ThIM CTaHIAPTOM» IIPU
nuarnoctuke Bozparnoro [1BX [18].

ITatomopdosorus Bossparnoro IIBX. I'panyne-
MaTO3HBIA AECTPYKTUBHBII XOJIAHTUT, WIN «LBETYIIEE
nopaxenue nporokay («florid duct lesion») — Haubonee
cnenuduuecknii rucronormdeckuii mpu3Hak [16X u ero
Bo3Bpara [68]. K coxxaneHnro, OH 9acTO OTCYTCTBYET B
OmonTarax M TONbKO y 4,8% marueHToB ObUT HAlICH B
OmonTarax TPaHCIUIAHTUPOBAHHOHN MEYEHU B CPEIHEM
yepe3 2,75 rona nmocne onepamuu [46]. Tem He MeHee
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MHOTHE aBTOPHI OTHOCAT T'PaHYJIEMaTO3HBIN XOIAHTUT
XOTS ¥ K PEIIKOMY, HO HanOoJiee XapaKTepHOMY IPH3HAKY
Bo3Bpara I1bX [45, 56, 62].

ONHTETNONIHBIE TPAHYJIEMbl B IOPTAIBHBIX TPaK-
Tax — MEHee CreU(PHICCKUN U TAKKE PEAKO BCTPEUAI0-
LIUICS THCTOJIOTMYECKUNA IIPU3HAK — IIO3BOJISIOT TOJIBKO
npeanonokuTs Bo3epat [I6X. Onu 66Ut 0OHAPYKEHBI
y 3,8% manueHToB B cpeAHeM depes 2,75 rozxa mocie
OmepaLuu.

K npyrum npusnakam Bo3BparHoro IIBX oTHOCST
MOBPEXKICHUE JKETYHBIX IIPOTOKOB U UX MOTEPIO, XPO-
HUYECKOE TOpPTajIbHOE BOCTANICHHE, PEaKTHUBHBIE H3-
MEHCHHMSI KEJIYHBIX POTOKOB U pubpo3. Heobxomnumo
YUUTBIBATh, YTO B TPAHCIIAHTUPOBAHHOM IIEYEHH YacTo
ObIBaeT OMHOBPEMEHHO HE OJJHO, & COUETaHNE JBYX HIIH
HECKOJIBKUX 3200JIeBaHUH, UTO JleJaeT TPYAHBIM WIIH
HEBO3MOXKHBIM OCTAHOBKY TOYHOI'O THCTOJIOTHYECKO-
ro nuarHosa Bo3BparHoro I1BX. [ToaTomy, BO3BMOXHO,
MMeEeTCs] TUIIOAMArHOCTHKA M3-3a CTPOTOro Moaxofa K
OIIEHKE TUCTOJIOIMYECKUX KPUTEPUEB U KOPOTKOTO Bpe-
MEHHU HaOIOACHMS 3a HallueHTaMu [46].

P.B. Sylvestre et al. (2003) [56] cpaBHWIN MOP-
(hosoruto OMONTATOB TPAHCILNIAHTUPOBAHHOW TEUYCHH
100 marmenToB, ctpagasmux [1bX, u 35 mamueHToB, y
KOTOPBIX MEPBUYHBIC 3a00JIeBaHNs HATUBHOW MEYCHH
OblTu ApyruMH. B mpoToKoNnbHBIX OmomTarax TpaHc-
rtantupoBaHHoi nedenu u3 100 manmentos ¢ [IBX y
14 6110 0OHAPYKEHO BBIPAKEHHOE TTOBPEKACHHE KEITd-
HBIX MIPOTOKOB, & y TPEX — ACCTPYKTHBHBIN TUMQOIH-
TapHBIM XOJIAHTUT B Mpeaeax MIOTHOrO MOPTajJbHOrO
nHOWIBTpaTa. Y KOHTPOJIBHOM IPyIIBI U3 35 MaMeHTOB
MOTOOHBIE TIOBPEKACHUS HEe ObUTH 0OHAPYIKEHBI.

Nuddepenuuansuas anarnocruka. [pu nudde-
PEHIHMAIBHON TUAarHOCTUKE HEOOXOIUMO HCKIIOYHTH
BUPYCHBII TeMaTHUT, OMIMApHYI0 OOCTPYKLHIO U OCTPOE
WIH XpPOHUYECKOE OTTOpKeHHe [68], O0Ne3Hb «TpaHC-
IJJAHTAT IPOTUB XO3SHMHAY, JEKapCTBEHHBIE BO3JEiC-
TBUS [69], Takke TeMaTUT WK MMOBPEKICHUE OOJTBITHX
JKETYHBIX TPoToKoB [68]. [nddepennunaiius Bo3Bpara
IIBX ot npyrux no3aHUX OCI0KHEHUH, Yallle OT OTTOP-
KeHusl, 3arpyaneHa. Boszsparnsiii [IBX ocobeHHo Tpyn-
HO T QepeHINpOBaTs OT XPOHUUECKOTO OTTOPIKEHHSI
[38]. [ToaTomy pabouast rpynma bandda mo maromoruu
aJUIOTPaHCIUIaHTAaTa IEYEHHU IpeiaraeT MPOBOAUTH JK-
CTEHCHBHBIE KIIMHUKO-TTAaTOMOP(OIOTHIECKIE KOpPEes-
[MH TIPU TUCQYHKIIMK TPAHCIIAHTATA TTIEUYSHHU, BO3HHKA-
fo1reit 6oJee yem uepes OAuH Tof mocse oneparuu [ 70].

3AKAKOYEHUE

[NepBU4HBIH OMIHAPHBIH XONAHTUT OBLT UTUTEEHOE
BpeMsI OJHUM U3 BEIYILIUX MMOKa3aHUH JUIs TpaHCIIaH-
TallMu TIeYeHU U cocTaBisl 10 50% oT Takux omepa-
nuii. B HacTosmee BpeMs MPOM30IILIO 3HAYUTEIBHOE
CHIDKEHHE yucia nepecanok nedeHu npu [IbX. Oto
CBSI3aHO C paHHEH AMArHOCTUKOM 3a00JIeBaHUS U CBOE-
BPEMEHHBIM HAdaJIOM JIEYEHUS yPCOAE30KCHUXOIEBOM
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KHCJIOTOH W APYTHMMH MpernapaTamMu, HO MIPUMEPHO y
40% manueHTOB pa3BUBAaETCA TEPMUHAJIbHAs CTalus
3a0oneBaHus, TpedyromIas Mo-npexHeMy POBEACHUS
TpaHCIIAHTALMY NIeYeHH. BDKuBaeMOCTh NALIMEHTOB U
TpaHcmianTaros npesbimaet 90 u 75%. Ilocie onepa-
LIMH BO3MOKHO Pa3BUTHE HHPEKINOHHBIX X OMIIMAapPHBIX
OCJIO)KHEHHH, 9acTOTa KOTOPhIX cocTaBisieT 62 u 21%
COOTBETCTBEHHO. B mocneqnue roms! npodiema Bo3Bpara
[1BX nociie nepecaaky Ne4eHH Bee Yale MpUu3HaeTcs B
KaueCcTBE MPUYMHBI AUCHYHKIMU TPAaHCIUIAHTATa, CMep-
TH ¥ HEOOXOIMMOCTH IIOBTOPHOM TpaHCILIaHTaMK. Pruck
pexyppenTHoro 11X yBennunBaeTcst Co BpeMEHeM, IIpo-
LIEAMUM TOCTe TPaHCIJIaHTAUK TedeHd. OCHOBHBIM
METO/I0M IMarHocTuku Bo3BparHoro [1bX saBnsiercs Ha-
JIUYHME TUCTOJIOTMUECKUX MPHU3HAKOB B MyHKIMOHHBIX
OmonTarax TpaHCIIAHTUPOBaHHOM neuern. Heobxomu-
MO YYHUTHIBaTh, YTO B TPAHCILIAHTUPOBAHHON NeYeHU
4yacTo ObIBAaET OTHOBPEMEHHO HE OIHO, & COYETAHHUE JBYX
WITA HECKOJIbKHX 3a00JICBaHUA, UYTO JIeNaeT TPYAHBIM HITH
HEBO3MO)KHBIM [IOCTAHOBKY TOYHOT'O THUCTOJIOTNYECKOTO
nuarnosa Bo3BparHoro [16X. Jiig cBoeBpeMeHHO# qua-
rHoctuky Bo3BparHoro I16X pabouas rpymma bandda
MpesIaraeT MpOBOANTE IKCTEHCUBHBIE KOPPEIISAIINH KITH-
HUYECKUX M MaToMOpQOIOrniuecKuX MoKaszaTeiaed npu
JUCOYHKIIMH TPaHCIIJIAHTAaTa NeUYeHU, BOSHUKAIOIIEH
Oosiee yeM yepes3 OAMH rofi MOocye ONepaLuH.
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UCTOPUA U ONbIT TPAHCNAAHTALIUU NOYKU B Y3BEKUCTAHE

3.T. Mamxkapumos, @.1lI. Baxpumounos, PA. Ubaoos, A.C. Cyromos, K.O. Maxmyodos,
A.P. Axmeoos, LL.U. Illepnazapos, M.O. Pycmamos, 3.V. A6oyzagypos, Y.M. Caamosa,
K.b. VYpunos

Y «Pecny®AMKAHCKMM CRELMAAMIMPOBAHHbIM HAYYHO-MPAKTUYECKMM MEAMLIMHCKMM LLEHTP XMPYPTUM
MMEHU OKAAEMMKA B. BaxmMaA0BAY, TALLKEHT, Y30EKUCTAH

B manHo# pabore mpeacTaBiIeH KpaTKUi O9epK UCTOPHUN PA3BUTHS TPAHCILIAHTAIIMOHHOH CITy>KOb!I B PY3, 3apo-
muBmerics B LleaTpe Tpancmrantanuy nouku AH PY3. OcBeniena poib BRIIAIONTUXCS YICHBIX Y30eKHCTaHa, UX
TPYAbl U YCUJIUS HAa TIyTH CO3[IaHUSI OTJIETLHOTO HAMPABJICHUS KIMHUYECKON U HaydyHOU MeauiinHbl B PY3. Tlo-
Ka3aHbl TOCTIDKEHUS HayqHOH IKoIbI akagemruka AH PecyOmiku Y30eknucran Y.A. ApumoBa, BEIIIOJHUBIIETO
B 1972 1. mepBy0 yCIENIHYIO TPAHCIDIAHTAUIO MOYKK. OTpaXXeHbI B3JETHI U MMaeHsI OTEYECTBEHHOMN CITYKOBI
TPaHCIUIAHTAIHOHHON HE(PPOIIOTHH, a TAKKE 3aPOXKICHUE OTEYECTBEHHOH IIKOJBI TPAHCILIAHTAIIMH MMOYKH B
TocynapcTBeHHOM yupexaeHnn «PeciyOnrKaHCKUH CIIeUaI3UPOBAHHBIN HAYYHO-TIPAKTUIECKUH METUIIMH-
ckuii neHTp xupypruu (PCHIIMI[X) umenn akanemrka B. BaxumoBa» Bo ritaBe ¢ akagemukoM @.1°. HazupossiM,
MIPUJIABIIEH CTUMYJI «BTOPOTO ABIXaHHSDY 0T€UECTBEHHOM TPaHCIIIaHTOJIOTHUeCKOoH mKone. OTaenpHOe BHUMaHNUE
o0pallleHO Ha aKTyaJlbHbIE MPOOIEMBI OTEYECTBEHHON TPAHCIUIAHTOJIOTHH, OTPaKEHBI MOPAIEHO-3TUYECKHE U
HOPMAaTHBHO NPaBOBBIE BOMPOCHI, HEU30ESKHO COMPOBOXKAAIONINE YKa3aHHOE HAyYHO-KIMHUYECKOE HarpasJie-
Hue. [[puBeeHbI pe3yIbTaThl TPAHCIUIAHTALIMH [TOYKH B Y30€KHUCTaHe, 0003HaYCHBI IEPCIIEKTUBEI JabHEHIIINX
HAyYHBIX U KIMHUYECKUX HAPaBICHUN.

Kniouesvie cnosa: nepecadka nouku, ucmopus mpaHcHAAHmMayuy nouKu, HCuvle poOCmeeHHvle OOHOPYL,
UMMYHOCYNPECCUBHAs Mepanusl.

HISTORY AND BACKGROUND OF KIDNEY TRANSPLANTATION
IN UZBEKISTAN

Z.T. Matkarimov, F.S. Bahritdinov, R.A. Ibadov, A.S. Suyumov, Q.0. Mahmudov,
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Kak u3BectHo, TpancrutanTanus mouku (TII) sBmus-
€TCsI eIUHCTBEHHBIM PaIMKATBHBIM CIIOCOOOM ITOMOIIN
ManUeHTaM, CTpaJaloluIiM XPOHUYECKUMH MTPOrPeCCH-
pytommmu 3a0oneBanusaMu ouku. [1o nanasiv BO3, Ha
CETOHAIIHUN JEHb KOJIHYECTBO MAalUEHTOB, CTPagaro-
IIMX TEPMHUHAIBHBIMU 3a00JI€BaHUSIMU TIOYKH, B MHPE
MpEeBbITIaeT 4 MITH YEJIOBEK, B TO K€ BpeMs HEYKIOHHO
pacTeT M KOJIWYECTBO ONEPATUBHBIX BMEIIATENbCTB,
HaNpaBJICHHBIX Ha 3aMEHY YTPaTUBIIETO CBOM (PyHK-
1y oprasa. C ynydnieHueM XUpYpPrudecKoi TEXHUKH,
a Takxe OoJyiee JeTaJbHBIM MOHUMAHUEM MEXaHH3MOB
ummyHocynpeccun TII mo3Bosisier 1oOUTBCS TATH- U
JIeCATHUIIETHEN BEDKUBAEMOCTH, paBHOM 90 1 74% coot-
BercTBeHHO (10 MarHeIM UNOS, CIIIA) [1].

B 10 3xe Bpems1 3a6011€BaeMOCTh XPOHHYECKUMH TIPO-
IPECCHPYIOIIMMH 3a00IeBAHUSMH TTOYKH, TPUBOISIIAS
Ha CBOMX IIO3[JHUX CTAIUAX K XPOHUYECKON MOYEYHOU
HenoctatouyHocTH (XIIH), He nMeeT TeHACHIIMH K CHU-
skeHHro. KpoMe Toro, B CBSA3M C TOCTOSTHHO PacIIMpsIIO-
IIMMCSI HO30JI0TMYECKHUM PsIIOM 3a0oJieBaHui, TpeOyro-
mwmx TII, mo-npeskHeMy OCTpOii aKTyaIbHOM ITPOOIEMOi
ABJISIETCA HEXBAaTKa JTOHOPCKHUX OPraHoB. B cBs3HM C
BBINIIECKAa3aHHBIM 0COOYIO aKTyaJbHOCTEH MPHOOPETO
WCIIOJIb30BAHNE MTOYEUHBIX TPAHCIJIAHTATOB OT KHUBBIX
POACTBEHHBIX TOHOPOB. HeMennenHoe BoccTaHOBIEHNE
(GYHKLINN TepecaXeHHOW MOYKU U PEIKUEe KPHU3BI OT-
TOPKEHHUS NIPU POACTBEHHON TPaHCIIIaHTALIUY IOMUMO
JYYIIMX HETIOCPEICTBEHHBIX PE3YJIbTaTOB, 0€3yCI0BHO,
MO3BOJISIIOT IPOTHO3UPOBATH U 00JIEE BEICOKYIO, YEM IIPU
nepecajke TPYIHOTO OpraHa, OTHAJICHHYIO BBDKHBAc-
MOCTb TPAHCIIJIAHTATOB 1 OOJIBHBIX. YKa3aHHOE CBA3AHO
HE TOJIBKO C OONBIIEH CTEMeHbI0 UMMYHOJIOTHYECKON
COBMECTHMOCTH JIOHOpPA M PELUIIUEHTa, HO ¥ BO MHO-
TOM OIIPENENAETC COKPALIEHUEM BPEMEHH XOJIO0A0BOM
UIIEMHH, U COOTBETCTBEHHO, CHHKEHHEM TSKECTH pe-
nepdy3nOHHBIX IOBpEXKIEHUH [2].

Hctopus TpaHCIIaHTAIMU TTOYKHA B Y30eKHUCTaHE
TECHO CBsi3aHa ¢ nMeHeM akagemuka AH PecmyOnmku
V30ekucran Ykrama Apunosuda Apurnosa. B 1964 rony
V.A. Apunos, cTaB IepBbIM 3aMECTUTENIEM MHHHUCTPA
30paBOOXpaHEHUsl Y30eKucTaHa, MPUIOKUI OOJIbIINe
YCHIIUSA JUIA pa3BUTHS CIIELIMATN3UPOBAaHHBIX MEUIIMH-
CKHUX CITy>K0, TOATOTOBKY BEICOKOKBAJIN(HUIIMPOBAHHBIX
Hay4HO-TIEAArOrM4€CKUX KaJpoB, OTBEYABUINX HYKIaM
PecrnyOnuku. SIBisisich MOMUBAICHTHBIM XUPYPIoM, BbI-
MOJTHSONINM CIIOKHEWIITNE OTepaliii, OH CO3/1aj BCe
YCJIOBHS JJIs1 BCECTOPOHHETO M3YUYEHHUS aKTyaJIbHBIX
npobieM abJOMUHAIBHONW XUPYPTUH U TPaHCIUIAHTO-
norun. C 1971-rono 1984 . Y.A. Apunos, HaxosACh Ha
nocty pekropa Taml'ocMU, opranuzoBan npoOIeMHYTO
HayYHO-HCCIIEA0BAaTENIbCKYI0 1JAOOpaTOPHIO 1O IPEOI0-
JICHUIO TKAHEBOW HECOBMECTUMOCTH TPaHCIUIAHTHPO-
BaHHBIX OPraHOB U TKaHEH, OH Takke ObUI Ha3HAUEH Ha
JIOJDKHOCTH pyKoBoauTens nepsoro B Cpexneit A3un
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Puc. 1. Akagemuk Y.A. Apuros

Fig. 1. Academician U.A. Aripov

LEHTpa Hepecaiky MOYKH ¢ Jaboparopuei reMoanaiu-
3a. Ha 6a3e ykazanHoro 1ieHTpa uM ObLT chopMUpOBaH
KOJUIEKTHB MOJIOJbIX TAJIAHTIIMBBIX YIEHBIX-CMHOMBIILI-
JIEHHUKOB, OObEIUHSABIINN Bpauel pa3HbIX CICIUATh-
Hocteil. Ha 0a3e meHtpa paspabarbiBaiich mpoOIeMbl
TPaHCIUIAHTALIMOHHOTO UMMYHHUTETA, CO3IaHUSI OTEUECT-
BEHHBIX UMMYHOJEIPECCAHTOB, OPIaHU30BBIBAJINCH
CHCTEMBI KIIMHUYECKOW TPAaHCIUIAHTOJIOTHH U JICUSHHS
oonbHbIX ¢ XITH. B pesynsrare 14 centsiops 1972t B
V36ekucTane Obliia BBIIOMHEHA ITepBast epecaKa MOUKU
OoipHOMY € TepMuHanbHOU cTanueit XIIH [3].

B 1974 1. V.A. Apuros 6511 130pan akagemukoM AH
PVY3, a B 1978-m — moueTHBIM JOKTOpOM Bynamnemrcko-
0 MEIUIIMHCKOIO YHUBEPCUTETA UM. 3eMMelbBeiica.
B 1983 r. 3a pa3paboTKy ¥ BHEApEeHUE B KIMHHYECKYIO
IPaKTHKY HOBBIX YCOBEPIIEHCTBOBAHHBIX METOIOB JIe-
yenus 6ompHBIX XI1H, co3manne oTedecTBEHHBIX Ipe-
MapaToB akaJeMuK Y.A. ApUIIOB U psiJi €70 COTPYAHHUKOB
Obutn ynoctoensl [ocynapcTBeHHOM npemun Y30ekuc-
TaHa UM. A. bepyHnii B 001acTi HayKH U TEXHUKH [3].

Takum obpaszoMm, B 1972 1. Ha 6aze [IpobmemHoit
Hay4HO-HMCCJIeIOBATENbCKOM JabopaTopuu Mo Mpeomo-
JICHUIO TKAHEBON HECOBMECTHMOCTHU INPHU Nepecaake
opraHoB u TkaHe# TamkeHTckoro opaeHa TpynoBoro
KpacnHoro 3HamMeHu rocy1apCTBEHHOTO MEAULIMHCKOTO
WHCTUTYTa ObLT Oprann3oBaH PecnyOiauKkaHCKuil IEHTp
TpaHCIUIaHTAIMU MToueK. [JaHHBIH EHTp SIBIISIICS Jieueo-
HBIM, KOHCYJIBTaTHBHBIM, HAYYHBIM H y4eOHBIM LIEHTPOM
nedenns 6ombHbIX ¢ XITH [4].

IlenTtp TpancmanTamnmy mouek Ha 40 Koek pacrosa-
rascs Ha 6a3ze Kiimaudeckoit 60bpHUIIBI MUHUCTEPCTBA
3apaBooxpanenus Y3CCP. Pabotoii Lientpa pykoBoau-
mu akagemuk AH Y3CCP Y.A. Apunos u npogeccop
H.IT. ITak. B meHTpe paboTayiv 1Ba CTapIIKX 1 JBa MITa-
X HAay4YHBIX COTpyAHHKa, 11 opamaaropoB. Kpome
TOrO, paboTa B IEHTPE MPOU3BOIIIACH B TECHOM B3au-
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Puc. 2. TIpodeccop H.IT. TTak
Fig. 2. Professor N.P. Pack

MozeicTBun ¢ PecryOnukaHCKUM HEPPOIOTHYECKUM
enTpoM [4].

CrapimuM HayYHbIM COTPYJIHUKOM U PyKOBOIUTEIEM
KIIMHAYECKOW IPYIIIBI IO MEePEeCcagKy MOYKH TalIkeHT-
CKOTO ILIEHTpa TPaHCIUIAHTAIMK ToYKu ObL1 Hukomnait
[TerpoBuu Ilak — naypear ['ocynapcTBeHHON npeMuu B
oOnacTi HayKu U TexHUKH uM. bepynuit Pecnyonmku
Y30ekncTaH, JOKTOp MEAULIMHCKUAX HayK, podeccop,
aKkaJIeMUK MeXIyHapoIHOH akaJAeMUH HayK O MpUpPO-
Je u oduiecTBe M akageMuk EBpormelickoli akageMun
ecrectBeHHbIX Hayk. H.II. [Tak Ha npoTsokenun 19 ner
OBUI ITTABHBIM CIIEIIMATMCTOM 110 TEMOANANN3Y B TPaHC-
IUTAHTAllMU oYKW MUHHMCTEPCTBA 31paBOOXPaHEHUS
PecryOnuku Y30ekucras.

Kpome Toro, MHUITMATUBHOCTD M HAYYHBIH HHTEpPEC
akameMuka Y.A. ApurioBa mo3BoawiIH chopMHpOBaTH
COOCTBEHHYIO HAay4YHYIO ILIKOJIY, B3paCTUTh TaJTaHTIIU-
BBIX YueHUKOB. Tak, mox pykoBoacTBoM Y.A. Apumnosa
paloTanu Takue yueHsle, kak akageMuk M.C. A0nynina-
xokaeBa, npodeccop P.H. AkanaeB, iMMyHOJIOT TIpO-
¢deccop @.1O. I'apub6, a. M. H. A.B. bapabam, 1. M. H.
K.I'. Ypazmeros, M. /1. Ypa3merosa, k. M. H. b.®. Hcna-
MOB U JIpyrue. B KIMHUYECKHUX U 3KCIEPUMEHTAIbHBIX
UCCIIEOBAaHUAX UMH OBLIO MOKa3aHO, YTO Mpemnapar
raMmariioOyJiH, MOJTYYeHHBIH U3 CMECH CBIBOPOTOK
rranentaproit kposu (I1I'T), B otnmmume ot ananoruy-
HBIX TpEenapaToB U3 BEHO3HOH (JOHOPCKOW) KPOBH B
koHneHTpaiun 0,5—1,0 Mr/mi obagaer ciocoOHOCTHIO
yTHeTaTh NpoiaudepaTUBHbIN OTBET TMM(OLKUTOB Yeo-
BeKa Ha TPaHCIUIAaHTA[IOHHbIE aHTUTCHBI B CMEIIAHHOM
kynsrype (CKJI).
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ITo pe3ynbraraM Hay4YHOU JEATEIIBHOCTH BBIIIEYIIO-
MSTHYTBIX YYEHBIX ObUTH C(OPMUPOBAHBI U B TIOCIEAY-
IOLIEM INPECTABICHBl MaTepHallbl KacaTeIbHO OCIIOXK-
HEHMH TPAHCIUIAHTALUY [IOYKH B KIIMHUKE, PE3YJIbTAThI
M3Yy4EHHs TOKCUYHOCTH «CpeHuX Mosexym» npu XITH,
9KCIIEpUMEHTAJIbHBIE UCCIET0BAaHU MEXaHU3MOB JIEeHiC-
TBUS psilia MpenaparoB, pacCMaTpUBaEMbIX KaK MOTEH-
LUAJIbHBIC UMMYHOMOIYJISITOPEL.

OTaenbHBIN BKIAJ B pa3BUTHE HAIpPaBlICHUS BHE-
cia Bpadu BhIcuIiel kareropuu EBrenust I'puropreBHa
Xomnonosa, 6onee 20 et mpopaboTaBIIas 3aBeayoeit
OTAEJICHUEM I'eMOAMaIN3a U peabuIuTaluy OOJIBHBIX
C TPaHCIJIAaHTUPOBaHHBIMHU OpraHaMu B PecnyOnukaH-
ckoii kmuHn4ueckoi oonpamile Ne 1 . TamkeHTa (paHee
LlenTp TpaHCIIAaHTAIMK TTOYKH). 32 OTIIMIHYIO paboTy
OHa HarpaxJeHa NpaBUTEILCTBEHHOW Harpajaoil — op-
JeHOM «MexHat UryxpaTu».

OTnenpHbIE MOCIENOBATENN U YUEHUKH aKaJeMHKa
VY.A. Apunosa B JapHEHIIIEM TPOAOIHKHIN HAYATYI0 UM
nmporpammy, Tak, npodeccop Amurpuii JIbBoBuy Apyc-
TaMOB, 3acly>KEHHBII JiesTeNb 3paBooxpaHenus Pec-
nyonuku Y30ekucTas, Jaypear npemMun uM. A0y Paiixa-
Ha bepyHuii u opaena «JlycTiuk», B roibl 3aBe10BaHUS
kadeapoit yposoruu TamlocMU sBsIICS TUPEKTOPOM
PecmyOnukaHCKoOTo crieninanau3npoBaHHOTO IEHTpPa ypo-
noruu. Ilog ero pykoBoACTBOM HalMCaHbl MHOXECTBO
Hay9HBIX paboT, MOHOTpadHii, METOANYECKHE PEKOMEH-
JIAIMH, TIOTY4eHbl aBTOPCKUE CBUICTENILCTBA HA M300-
peTeHus, MOCBSIEHHbIE BOIIpOcaM TPaHCIUIaHTAIlNI
OpPraHoOB U TKaHEH.

Puc. 3. E.I. XomomoBa — 3aBemyromas OTAeICHIEM TeMOHa-
nHM3a ¥ peabuinTainuu OOJbHBIX C TPAHCIUIAHTUPOBAHHBIMH
opraHamu

Fig. 3. E.G. Kholodova, Head of Department of Hemodialy-
sis and Rehabilitation of Transplant Recipients
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Puc. 4. IIpodeccop 1.JI. Apycramor

Fig. 4. Professor D.L. Arustamov

B ctpyktypy Hedpomnorndeckoro nenrpa B cocraBe
OoprMenoTAesa BXOAUIIN: OTACICHUE il OOJBbHBIX C 3a-
OoyieBaHUSAMU TT0YeK Oe3 TTOYeYHOH HEAO0CTAaTOYHOCTH,
oTAenaeHue 1 oonpHbIX ¢ XITH, oTaenenue ajs mamu-
€HTOB C OCTPOH IMOYEYHOH HEJOCTATOYHOCTHIO, OTee-
HUEC XPOHUYCCKOT'O Juajin3a u HCHTp TpaHCILVIaHTallun
MOYEK.

B cocraBe camoro LleHTpa TpaHCIIaHTAUK TTOYEK
paboTany KIMHWYECKHEe TPYMIBl: TPYIIa Mpenomnepa-
IIMOHHOM MOATOTOBKH OOJIBHBIX, TPYIIa FeMOAUAIN3A,
rpymmna 3a0opa ¥ KOHCEpBallH IOYEK, IPpyIIa mocie-
OTIEPaIIOHHOTO BEJICHNs OOJNBHBIX, TPYTIa TKAHEBOTO
TUTTUPOBAHUS 1 UMMYHOJIOTHYECKOTO KOHTPOJISI.

I'pynna npenonepaioHHON NOATOTOBKY TPOBOAMIIA
o0cienoBaHre MOTEHIUAIBHBIX PEIUITUEHTOB, KOHCEp-
BaTHMBHBIMHU MEPONPHUSTHUIMH TOTOBHJIA X K ONIEpaIlul
TMIePEeCaIKu MIOYKH, a TAKKE KOHCYIIFTUPOBaIa OOLHBIX B
MOApa3IeTICHNSX He(DPOIOTHIECKOTO IIEHTPA U B APYTHX
Ne4eOHBIX YUPEKICHHSX.

['pynma remoaunanu3a 3aHUMaIach BOIMPOCAMHU CO-
CTaBJICHUS MPOrPaMM U HETIOCPEICTBEHHOTO TIPOBE/Ie-
HUA remonuanusa. Jlaboparopus pacmonarana IeHT-
PpaJIbHBIM ITOCTOM JJI IIPUT'OTOBJIICHUA unanmnpyromeﬁ
KUIKOCTH U 14 MecTaMu A TeMOoAnain3a. 3a BpeMs
CYIIIECTBOBaHUS IEHTPA COTPYIHUKAMU JIA0OpaTOPUH
reMoinanu3a ObLIM BHEJIPEHBI TaKue MPOTPECCHUBHEIE
1 DKOHOMHUYeCKre (OpMBI JieueHHs OONBHBIX, KaK CO-
3JaHNE PA3NIUYHBIX MOTU(PUKAIIUN HAJIOKEHUS apTe-
PHOBEHO3HBIX (PHUCTYI, MEPEBOA YacTH OOJBHBIX Ha
aMOyJIaTOpHBIN reMOoIUaNn3, MUPOKOEe MPUMEHEHHE
CITEITHATBHBIX CIIOCOO0B reMOANATN3a; THa(HITETPAITHH
¥ TeMOCOpOIHH.

I'pynma 3a00pa 1 KoHCcepBaIMy MOYEK UMeTIa TECHYIO
CBA3b C PEAHUMALIMOHHBIMH, TPABMAaTOJIOTMUYECKUMU U

26

HEHPOXUPYPTUIECKUMH OTIENICHUSIMUA OOJIBHHUIL TOPO/Ia,
MPOBOMIIA 3200p U KOHCEPBAIIUIO TIOYEK IS TTOCIIEy-
I0IIIeH TpaHCIUIaHTAIlUH.

I'pynma mociieonepalinoHHOTO BeJIEHUsT OONBHBIX
3aHUMAJlach HEMOCPEACTBEHHO BBIXaKMBAHUEM OOIb-
HBIX IOCJIE ONEPAaTUBHBIX BMEIIATENIbCTB, BOPOCAMHU
UMMYHOCYIIPECCUBHON Tepanuu U MPOQHUIAKTUKH €¢
OCJIOKHEHUH.

CBoii nepBbIid MeCAL IOCIIE TPAHCIUIAHTALIMHU TIOYEK
00 TbHBIE TIPOBOAITH B ITajlaTaX MOBBIIIEHHON CTEPHITh-
HOCTH OOKCHPOBAHHOTO THITA C KPYIIIOCYTOYHBIM ITOC-
TOM Bpada, Me/ICECTPBI U CAHUTAPKH.

['pymnma TkaHeBOrO THIUPOBAHUS K UMMYHOJIOTHYE-
CKOT'O KOHTPOJIS TPOBO/INIIa IMMYHOJIOTHYECKOE HCCie-
JIOBaHUE TMOTEHIUATBHBIX PEIUIUEHTOB, 3aHUMAJIach
BOIIPOCAMU CEIIEKITUH Map «IOHOP—PEIUITHEHT, IPOBO-
JIJIa TTOCIICOIePAITHOHHBIN KOHTPOIh 3(()EeKTHBHOCTH
MMMYHOCYIIPECCUBHOMN TEPAITHH.

IIpu HemocpenCTBEHHOM COEHCTBUN U y4aCTUU CO-
TpyAHHUKOB LleHTpa ObUIN OTKPBITHI OTACICHUS T€MO-
nuanu3a B Camapkanne, Geprane, Aummkane, byxape,
Anma-Are, Amxabane, [ymanbe, Yumkenrte. Lentp
WMEJ TECHYIO CBS3b C IEHTPOM TPaHCIUIAHTAIMH TTOYEK
Anma-ATbl, C KOTOPBIM ITPOBOAMIICS OOMEH TOHOPCKUMHU
MMOYKaMH 1 HH()OPMAIHEH 0 pennuieHTax [4].

LlenTp oKa3pIBaJl KOHCYJIFTaTHBHYIO IOMOIIH BO BCEX
007acTsIX pecmyOInKy, a TaKKe B 0OJACTIX COCETHHUX
pecniyonuk Cpenneir A3uu. ExxeroqHo corpymHukamu
IlenTpa obecrieurBanuch 10 200 BHI30BOB [0 JIMHUH
CaHUTAPHOW aBUAITUH.

Hayunsle nccnenoBanus corpynaukamu LleHTpa Be-
JUCh TI0 KOMIUIEKCHOMY IIJIaHy K 3amanuto [ocynapce-
TBEHHOTO KOMHTETa 10 Hayke W TexHuke npu CoBere
MunuctpoB CCCP, MunuctepcTBa 3ApaBOOXpaHEHUS
VY3CCP u Bcecoroznoro Haygnoro CoBera Mo TpaHc-
TUTAHTAIIUN U CO3/IaHUIO UCKYCCTBEHHBIX OPTaHOB.

OnHO# U3 aKTyaJ bHBIX MPOOJIEM TPAHCIUIAHTOIOTHU
OBLJI TOWCK ¥ BHEIPCHHE B KITMHUYECKYIO MPAKTUKY HO-
BBIX UMMYHOCYITPECCHUBHBIX ITpernaparoB. HakomneHHbIH
OTIBIT TIO3BOJHJI OTEYECTBEHHON TPaHCIUIAHTOIOTHYE-
CKOM IIIKOJIE HE TOJIbKO M3ydJarh neicTBHe (papmaries-
TUYECKHUX MPEraparoB U UX BIHUSHHE Ha MEXaHU3MBbI
UMMYHOCYTIPECCHH, HO U CHHTE3UPOBATh COOCTBEHHBIE.
Tak, B 80-x ronax HCTUTYT OMOOPTraHUYECKOW XUMUH
AH ¥Y3CCP yxe pacnionaran 10 HauMeHOBaHUSIMH COO-
CTBEHHBIX IMMYHOCYIIpECCaHTOB. B cBOIO ouepenp, 1
KIIMHUYECKOTO M3y4YeHHs ObLTH OTOOpaHBI Mpernaparsl
OaTpu/eH ¥ METOCHH, TIEPBBIN U3 KOTOPHIX, TPO/IS KITH-
HAYECKYIO anmpoOartiio, ObUT pa3penieH T MeIUITH-
CKOTO IPUMEHEHH B Ka4eCTBE IMMYHOCYTIpeccopa mpu
nepecajke Mo4eK U A KIMHUYECKOTO M3YUYeHHS MpH
AyTOMMMYHHBIX 3a00JI€BaHHSIX.

st perienust mpoOieM npo(UIaAKTHKY U JICYCHHS
OCJIO)KHEHU UMMYHOCYITPECCHBHOHN TEpaIuy y Ialu-
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enToB nocie TII B LlenTpe TpaHcIulaHTalMK IIOYKHU COB-
MecTHO ¢ MHCTHTYTOM OMoopranmyeckod xumun AH
V3CCP u naboparopueii pr3nko-XUMHUECKUX METOIOB
uccnenoBanus [IHWJI uzydanuce mytu meTabonmu3ma
MMMYHOCYTIPECCOPOB, OPTaHbI-MHUIIICHH JJIST arPECCUB-
HBIX METa0OJIMTOB STHX MTPETIApaToOB, TOUCK BO3MOXKHBIX
MIPOTEKTOPOB OT MOOOYHBIX JIEHCTBUH MMMYHOCYIIPEC-
COpOB.

HaxkonuieHHbIH ONBIT O3BOJIUII TAKXKE BHIBECTH HAYY-
HBII IOTEHILIMAJ HAa COBEPIICHHO HOBBIN ypOBEHb, TaK,
yxke Kk 1982 rony corpynaukamu B Llentpe Obuu 3amm-
IIeHBI 2 JOKTOPCKUE U 9 KaHIUIATCKUX JUCCEPTaIUi,
M3JaHBI 2 MOHOTpaQUH U 5 METOAUYECKUX PEKOMEH/1a-
i, omyOnmmukoBaHbl Oonee 200 HayYHBIX CTaTei; COB-
MECTHO ¢ MPOOJIEMHOH J1abopaTopueit Mo MPEeoI0JICHHUIO
TKaHEBOW HECOBMECTHUMOCTH OBUTH U3/IaHBI § COOPHUKOB
Hay4YHBIX TPY/IOB.

Ha 6a3ze TamkeHTCKOro HeHTpa MepecaiKky MoYeK B
1977 romy OBLIO TIPOBEACHO COBENIAHUE YKCIIEPTOB —
qreHoB COB (CoBeT 5KOHOMHYECKOH B3aHMOITOMOIITH )
o npobiemam TII, a B 1979 romy Owuna mpoBeneHa
Bcecoto3nas koHpeperus « IMMyHOCyTIpeccHsl IpH
AJUTOTPAHCIIAHTALIAN.

OTnenpHO clieAyeT OTMETUTh U KOJIMUYECTBO BHITION-
HSIEMBIX MpoLENyp, Tak, ecnu B Llentpe B 1972 rony
osu10 ipoBeneHo 2 TI1, a ceancor remoauanuza — 300,
10 K 1981 rony konu4ecTBO nepecagky MO4YKU JOCTULTIO
227 (20-25 onepanwii B T01T), a KOJIMIECTBO CEAHCOB Te-
Momraimza — 25 500. CpemHsist BBDKHBAEMOCTD B TEUCHHE
6 Mecs1eB TIpy 3TOM cocTaBirstia 65% [4].

LlenTp wacTo moceman HHOCTPAHHBIE JEJeTaliH,
U coTpyaHuku LleHTpa umenu cBsa3u ¢ bynanemrckum
MEIUIIUHCKUM YHHBEPCUTETOM MM. 3eMMeIbBerica (ObLT
MOJMKCAH I0TOBOP O HAyYHOM COTPYAHUYECTBE), IIEHT-
pamu nepecaaku noyek I'JIP, [Tonpimm n YexocnoBakuu.

OpnHako puHATHE YTOIOBHOTO Koziekca PecryOnmmkn
V36ekucTan B HOBOU pemakiuu oT 1994 roma cymect-
BEHHO ITOBJIHAJIO HA BCIO CITY»KOy TpaHCIUIaHTAIUH MOY-
k4. Tak, HOBBIM 3aKOHOM JIOITYCKaJIOCh U3BSITHE OPTaHOB
OT Tpyma TOJIBKO C pa3pelleHHs POJCTBEHHHUKOB WU
MPWKU3HEHHOTO COMIACUSl YMEPIIIETO, YTO MOJHOCTHIO
OCTaHOBWJIO TPAHCIIAHTALIMIO IOYKH B HAIlleH CTpaHe.

3a nepuox ¢pyHkunonupoBanus LlenTpa Tpancmnan-
TaIlMH TIOYKH BCETo OBLIO BEITIONHEHO 358 TpaHCIIaH-
taruid mouku. B 311 cimydasx mpow3BeaeHBI TpPaHC-
TUTAHTAINH TPYTTHON TOYKHU, 47 OONBHBIM IpOBeIeHa
nepecajika oYK OT )KUBOTO POICTBEHHOTO IOHOPA.

JInms B 2002 rogy MUHHCTEPCTBO 31paBOOXPaHEHUS
PecnyOnuku Y306ekucTan n3ano nIpuKas o pa3pereHnn
Mepecagky MOYKH OT JKMBOTO POACTBEHHOTO JOHODA,
YTO JaJI0 CTapT HOBOW MpOTpamMme — MPUIKU3HEHHOTO
nmoHopcTBa. IlepBas momoOHas ormepariis Oblia BBITION-
HeHa B LlerTpe TpancmanTanyy nodku (HerHentHs s PKb
Ne 1). Ognaxo yxe cmycTs 4 Tofa yKa3aHHBIH MPHUKa3

OBLI OTO3BaH, U ONIEpaTUBHBIC BMEIIATENbCTBA JaHHOTO
pona cHoBa mpekpaTwinuch. CIOKUBIIAsACS CUTYaIus,
00ycJI0BI€HHAs OTCYTCTBHEM HOPMAaTHUBHO IPaBOBOI
MOAJIEPKKH IPOTPAaMMBI, BBIHYK/IAJIa TTAIIEHTOB UCKATh
MTOMOIIN 32 pyOeKOM.

TakuMm 00pa3oMm, KaK U B IPYTHX CTpaHAX MUPA, CTa-
HOBJICHHE CITY>KObI TPAHCIUIaHTALIK OPTaHOB U TKaHEH B
Y36ekucrane mpouuio Yepes Cepuio CIOKHBIX MOMEHTOB
cBoero pa3Butus. ClokHas MaTepHallbHO-TEXHUIECKas
Y TIOJIUTUYECKasi 0OCTAaHOBKA B CTPaHaX MMOCTCOBETCKOTO
npocTpaHcTBa B KoHle 80-X 1 Hadase 90-X ronos npuse-
JIM K TIOJTHOM yTepe paHee CO3JaHHOM (pyHIaMeHTaTbHON
0a3bl 1 HAKOIJICHHOTO OMBITA. [IOBITKH peaduIuTHPO-
BaTh TPAHCIIAHTOJIOTHYECKYIO CITYKOYy CTANKUBAIUCEH C
OTCYTCTBHEM YETKO C(hOpMYITMPOBAHHBIX 3aKOHOAATEIh-
HBIX aKTOB, CJIO)KHBIM MOPaJbHO-3THUYECKUM (DOHOM,
MCKJTFOYAIOINM TPaHCIUIAHTAIIIO OPTaHOB OT JOHOPOB
CO CMEPTHIO MO3Ta.

brnuskopoacTBeHHAsS TpaHCIUIAHTALKA OCTaBalach
€IMHCTBEHHBIM JIOCTYITHBIM BApUAHTOM JJIT MHOTOJIET-
HBIX cemell Y30ekuctaHa. HeomHOKpaTHBIE TIOMBITKH
akasemuka Bacura Baxunosuua BaxumoBa — nupekropa
BE/IYILIETO B CTPaHE IIEHTPa XUPYPriu — peaan30oBaTh 3TO
HaIpaBJICHNE OKa3allMCh Oe3yCIIeNTHBIMH, BCE OOIbIIe
NOTEHLIUABHBIX MAIIMEHTOB C HEOOXOAUMOCTHIO B 3TOM
THIIE OTIEPATHBHOTO JICYCHHS MPOJOKAIN ye3KaTh B
3apyOekHbIe KIMHUKHA. W MUIIb ciycTs necsaTuieTue
ero TAJTAaHTIUBOMY YYEHHKY, XHPYypPTy W OpPraHH3aTo-
Py 3apaBooxpaHeHus akageMuky ®Pepysy [apyposuuy
HasupoBy ymanoch caIBUHYTH 3Ty MpoOieMy ¢ MecTa.
LleHoto ero KojoccalbHBIX YCHJINH TPaHCILIAHTOJIO-
rus Y30ekucTana oopesa «BTopoe abixaHue». Ha Gase
I'Y «PecnybnukaHcKuil criennaln3upoOBaHHbIN HAyd-
HO-TIPAaKTUYECKUA MEAULIMHCKUN LIEHTP XUPYPTUU UM.
akagemrka B. Baxunosay mporpaMMa TpaHCIUTaHTAIH
OpraHoB OblIa HE TOJIBKO peaHUMHPOBAHA, HO TaKXKe
oOperna coBEepIICHHO UHBIE YEPTHI.

.
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Puc. 5. Akagemuk B.B. Baxunos

Fig. 5. Academician V.V. Vakhidov
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Puc. 6. Akagemux @.I". Hazeipos

Fig. 6. Academician F.G. Nazyrov

Bbuu co3nanbl cenuanu3upoBaHHbIE OTAEICHUS, B
YaCTHOCTH, OTJICJIEHHE COCYTUCTOW XUPYPTUH U TPaHC-
IUTAHTALUH TIOYKH, PyKOBOIUTEIEM KOTOPOTO 110 HACTO-
aee Bpems siBisietcs npodeccop Paznuraun Llam-
CUTAUHOBHUY BaXpI/ITI[I/IHOB, " OTACJIICHUEC IT'EMOIHNAaJIN3a,
KOTOpBIM pykoBonmmi Ymyroex Kapumosuu HOmnnarmes,
HBIHE 3aBEAYIOIIUI OTAEIeHUEM TPAHCIUIAHTOJIOTHH U
nadoparopun PCHIIMIIHTII. Takxe co3naHa y3Kompo-
¢buipHasE TPaHCIUIAHTALMOHHAsT KOMHCCHUS, yKpeIuIeHa

MaTepHalIbHO-TEXHUYECKas 0a3a, POBeIeHa NEPero-
TOTOBKA KaJIPOB B BEIYIINX 3apyOeKHBIX KIIMHUKAX, pac-
LIMPEHBI [TOKA3aHUS K IPOBEIECHUIO ONIEPATUBHOIO BME-
IIaTeNILCTBA, CO3/1aH MPOYHBIN (DYHIAMEHT JJIs HAyIHOM
paboTHI B OCTPOAKTYaJIHHOM JJISI CTPaHBI HAIPABJICHUH.
Bce BbIIECKa3aHHOE HAILIO CBOE OTPAXKEHUE HE TOJIBKO
B YBEIIMYCHUU YUCJIA BHIIOIHIEMBIX BMEIIATEIBCTB, HO
U B HETIOCPEICTBEHHOM YJIyUILIEHUH UX KayecTBa. Ctanu
BBIIOJHATHCS TPAHCIUIAHTALIMHY ALMEHTaM C CaXapHbIM
JnabeToM M APYTUMH COMYTCTBYIOIIMMHE 3a00ICBaHUS-
MU, paHee He TTO3BOJISIONIMMY PacCUNTHIBaTh Ha Oaro-
MIPUATHBIA UCXOJl BMELIATEbCTBA.

Takum oOpa3om, mHaumHas ¢ 2010 roga B I'Y
«PCHIIMIIX um. akan. B. Baxumosay» ObLIM BO300-
HOBJICHBI OIEPAINU M0 TPAHCIJIAHTAIIUU MOYEK, a B
¢esparne 2018 rozna, mocie BbIXOAA B CBET 3aKOHOIIPO-
eKTa «0 OJM3KOPOJICTBEHHOW TPAHCIUIAHTAIIUHN TTOYKH
U jonu niedeHn» akanemukoMm @.I. HasuporsiM ObLia
MIPOBEICHA MEePBasi B CTPaHe TPAHCIUIAHTALUS [IEUEHU OT
’KUBOTO POACTBEHHOI0 JOHOPa. Kpome Toro, yxe K KoH-
1ty 2021 roga KOMM4ecTBO TPaHCIUIAHTAMK MOYKy B ['Y
«PCHIIMIIX umM. akan. B. BaxugoBa» gocturio 540.

B 10 ke BpeMs co3pgaBanuch HE TOJBKO HOBBIE Ha-
MIpaBJICHUS] KIMHUYECKON TPAHCIUIAHTOIOTUH, HO ¥ MO-
TUGUITIPOBAINCH ¥ COBEPIIICHCTBOBAIINCH YXKE pa3pa-
Oorannbie TexHukh. Tak, B 2015 roqy B meHTpe ObLTa
BBITIOJTHEHA TIepBasi TPAHCIUIAHTAIUS TOYKU C HCTIOIb-
30BaHUEM JIAllapOCKOTHUYECKOTO 3a00pa JOHOPCKOTO
oprasa.

Puc. 7. CoTpynHUKH OTIETICHUS COCYMCTON XUPYPTUH U TPAHCIUIAHTAIIMK IOYKH MO/ pyKoBoacTBOM npodeccopa @.111. bax-

PUTIMHOBA

Fig. 7. Staff at the Department of Vascular Surgery and Kidney Transplantation, headed by Professor F.S. Bakhritdinov
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Hocturayteie B I'Y «PCHIIMIX um. akaza. B. Ba-
XHMJIOBa» YCIIEXHW HE TOJBKO MOKa3aiu 0e301acHOCTb,
HO ¥ HAIVIATHO MPOJEMOHCTPHUPOBATH HEOOXOAUMOCTh
JTATBHEUIIIETO Pa3BUTHS TPAHCILIATOIOTHUECKOM CITYK-
OBl B CTpaHe, SIBUBIINCH CTUMYJIOM JallbHEHIIIETO CO-
BEPIICHCTBOBAHUS 3aKOHOMATEIIFHON W HOPMATHUBHO
mpaBoBoii 6a3el. Tak, yxe B gexadpe 2019 roga 6wuH
BHECCHBI U3MEHEHUS M JOMOJHEHHS K 3aKOHOIIPOCKTY
«O mopsiake 6:IM3KOPOACTBEHHOM TPAHCIUTAHTAIIAH TT0Y-
K4 U (WK TOTIH TICYSHU», CYIIIECTBEHHO PACIIUPSIFOIINE
JIOHOPCKUM ITyII.

B nHacrosimmee Bpems B Y30eKucTaHE U3bATHE Opra-
HOB TSI TPAHCTUIAHTAIIMHA BO3MOXKHO TOJBKO Y KHUBBIX
JTOHOPOB, SIBJISIONTUXCS POJACTBEHHUKAMH PEITUITHEHTA,
1 C UX T0OPOBOJIEHOTO COTJIACHS.

Bce OosbHBIE ¢ TIEpeCaKEHHOM TIOUKOH, IPOKHBAIO-
nue B PecriyOnuke Y30ekucraH, HaXoAsTCs Ha JAUCIIAH-
CEPHOM yUeTe B OT/JICJICHUU TeMO/IUaIN3a U pea0uInTa-
MU OOJFHBIX C TPAHCIUTAHTUPOBAHHBIMU OpPTraHaMH B
Pecny6bnukanckoit kinHnYeckoit 6ompaume Ne 1 1. Tam-
KEHTA.

Kpome Toro, 1o pesynasraraM HayIHBIX HCCIIEIOBa-
Huii B 'Y «PCHIIMIIX umM. akan. B. BaxugoBay Obutx
samuieHsl e puccepranuu (PhD) u paspaboTtaHsl
MeToauYecKue pekoMeHnanuu («OnTuMu3anus TaKTH-
KO-TEXHUYECKHX aCIIEKTOB NIPU TPAHCIUIAHTAI[UY TTOYKH
OT JKUBOTO POJICTBEHHOTO JI0HOpay). [IpemnoxkeHHbIe
PEKOMEHIAITUH TTO3BOIIIIN YIIydIIHTh (P PEKTUBHOCTH
MMOATOTOBKHM OOJIBHBIX K TPaHCIUIAHTAIIUHM TOYKH H
ONTUMHU3HPOBATH TEXHHUECKUE aCIEKTHI OIepaTHBHO-
ro BMmemiarenbcTBa. bruta paspabdorana «IIporpamma
JUISL OIIEHKH OTIEPAIIMOHHOTO PUCKA PEIUIIUEHTA MpH
TpPaHCIIAaHTAIUU oYKy, [I[puMeHeHne mpeaioxKeH-
HOH mporpaMMsbl ¢ onpeneneHneM 33 OTAromarnmx
(hakTOpoB TedeHHs 3a00JeBaHUS MO3BOISAET OLICHUTH
OTIEPAaIMOHHBIA PUCK B OOMEPAlMOHHOM IIepHOJE U
ONITUMHU3UPOBATH TPOIIECC MOATOTOBKH K TpaHCIUIaH-
tanuu. [TonyueHHbIC HAyYHBIC PE3YJIBTaThl BHEAPEHBI B
MIPAKTUYIECKYIO ICATEILHOCTD 3IPAaBOOXPAHEHHUSI, B 4ACT-
HOCTHU, HA4aThl COBMECTHEIC OTEPAIINH 10 MepPecake
MOYKH B 001aCTSX (B OTJCTICHUU Xupypruu HaBouHCKOro
00JIACTHOTO MHOTOTTPO(UIIEHOTO METUITMHCKOTO IICHTPa
u apyrux). BHenpeHue pe3ynbTaTroB HayYHBIX HCCIIE-
JIOBaHUH MO3BOJIMJIO COKPATUTh YaCTOTY OCJIOKHEHHI
B OmkaiIeM IMOCIIeoNepanoHHoOM epuoae ¢ 29,5
1o 11,2%, a B organendoMm — ¢ 47,5 no 22,7% u oOuiei
neraiabHOCTH ¢ 8,2 110 4,1%.

B I'Y «PCHIIMI xupypruu nm. akaa. B. Baxuno-
Ba» B YCICIIHOM MPOBEIICHUU TEPECaOK MOYKH TaK-
JKe OOJIBIIIYIO POJIb ChITpalid OpUTaabl CIEINAINCTOB
pa3IMYHBIX HAIpaBJICHUH: OTAeNeHHe 00IIel peaHnMa-
TOJIOTUW ¥ WHTEHCUBHOW TEPAIUU MO/ PYKOBOJCTBOM
Io. M. H. PA. M0anoBa, oTJejIeHre aHeCTE3UO0I0OTHH 110
pykxoBoacTtBoM K. M. H. JI.A. Ha3wipoBoii, oTnenenue
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reMorain3a moj pykoBojacTBoM M.A. AOmysiaeBow,
OT/ACJICHUE DKCIEPUMEHTAILHOU XUPYPTUU TOH PY-
koBojcTBOM mnpodeccopa P.A. CagpikoBa, oTIencHIE
PaION30TOITHON JUATHOCTHYECKON JTa0OPaTOPUH IO
pykoBozctBoM [.I. Apudxomxaena, OTIe]T OHOXUMHUH C
TPYIIOi MUKPOOHOJIOTHH TTOA PYKOBOICTBOM JI. M. H.
3.P. XaitbynnmuHoH, otaenenue QyHKIIMOHANBHOI Auar-
HOCTHKHU o7 pykoBojacTBoM 1. M. H. H.Y. [llapanosga,
OTJIeJICHUE KOMITBIOTEPHOM U MarHUTHO-PE30HAHCHOM
ToMOTpaduu o pyKOBOACTBOM 1. M. H. H.M. [Ixxypae-
BOH, KOHCYJIBTaTUBHO-IUAarHOCTUYECKOE OT/ICICHUE T1O]T
pykoBoncTBoM K. M. H. C.C. I'anuxomxkaena.

B pasBuTuM TpaHCHJIaHTAllMU APYTUX OPraHOB,
B YaCTHOCTH TI€YCHU, B ICHTPE XUPYPTUH IO PYKO-
BOJICTBOM AUpEKTOpa HeHTpa akagemuka @.I. Hasbi-
pOBa BHECIIM CBOIO JICTITY IJIABHBIN HAay4YHBIA COTPYI-
HUK OTAENICHUS XUPYPTrUU MOPTAIbHON TUIIEPTEH3UU U
MaHKPeaToAyOeHAIbHON 30HHI . M. H. A.B. JleBdToB,
PYKOBOAMTENH OTACICHUS XUPYPTUU MIEUECHU U KEITUHBIX
myTei 1. M. H. M.M. Ak0apoB u OpyTrrue COTPYIHUKH
otnenennii. 3a 2018 u 2019 rr. ycmemHo poBeACHO
10 onepanuii 1o TpaHCIIAHTAITUH TICYCHH.

B 10 %€ Bpems mponenannas paboTa OTKphLUTA TOTIOJ-
HUTEIHHBIC BO3SMOXXHOCTH B ILIAHE PA3BUTHI YKA3aHHO-
TO HampaBIEHUs, TaK, B IEPCIIEKTUBE PACCMATPUBACTCS
BO3MOXKHOCTb IPOBEICHUS OINepaluil mo mepecaike
cepala U CepAeqHO-JIErOYHOr0 KOMILIEKCa, MOMKeNy-
JIOYHOM KeJIe3bI M JICTKUX.

Kpome Toro, TpaHcIuiaHTalMs OpraHoB U TKaHeH ce-
TOHS CTajia BBITIOMHATHCA YK€ B HECKOJBKUX JIeYeOHO-
npoQUIIAKTHYECKUX LIEHTPax CTpaHbl. Tak, Onaromapst
yeuusam A.M. Xamxubaesa, ¢ 2018 roga nporpamma
TPaHCIUIAaHTAIMU TI0YKK ObUTa Hayata u B PCHITLIOMII,
a JOCTUTHYThIE€ KOJJIEKTUBHOM LIEHTPA PE3yJIbTaThl CO-
OTBETCTBYIOT BEIYILIUM MEXIYHAPOJHBIM KIMHHUKAM.

B T0 ke BpeMsi, HECMOTpPsI Ha JOCTUTHYThIE YCIIEXU
B 00JIaCTH TPAHCIUIAHTOJIOTHH, B CTPaHEe MO-TIPEKHE-
My COXpaHSETCs PsI HEPEUIEHHBIX BompocoB. Cpenn
YKa3aHHBIX 0COOYI0 POJIb 3aHUMAIOT BOIPOCHI OCTPOH
HEXBAaTKHU Y3KOCIEIUATU3UPOBAHHBIX CIEIUAIHNCTOB,
KBATU(UITUPYIOMIUXCS B 00IaCTH TPAHCIUIAHTOJIOTHH.
U3BecTHO, 4TO Cityx)0a TpaHCIUIAaHTAI[UU HE CTPOUT-
Cs JIMILb Ha TPAHCIUVIAHTAIIMOHHBIX XUpPYyprax, s yc-
TIENITHOM peaTn3aIiiy PorpaMMBbl HEOOXOIUMEI BpadH-
MOp(hOJI0TH, UMMYHOJIOTH, CIEIUAIMCTHI B 00JIacTH
MHTEPBCHIIMOHHBIX BMEIIATEIHCTB U MHOTHE IPYyTHE.
Takum 00pa3oM, HECMOTPS Ha MPOJICIIAHHYIO padoTy,
pa3BUTHE JAHHOTO HAMPABICHUSA KIMHUYECKOU MEIu-
IUHBI HEOCIIOPUMO TpeOyeT elne OONBIITUX yCHIHH,
HaIlpaBJICHHBIX HAa CO3JAaHUE U YKPEIUIEHHE MPOYHOU
MaTepralbHO TEXHUUECKOW 0a3bl CIeIHaTN3HPOBaH-
HBIX OTJACJICHHUM, COBEPIICHCTBOBAHUE COOCTBEHHOM
Hay4YHOW U KJIMHUYECKOM 1Kkoiibl. Kpome Toro, ogHoOM
13 MPUOPUTETHHIX 3a]1a4 MOXET CUHTATHCS CO3JaHHE
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OTEYECTBEHHOI'O TPAHCIUIAHTALIMOHHOT'O LIEHTpPA, M03-
BOJISTIOITICE HE TOJIEKO OOBEAMHUTH CIICITHATHCTOB pa3-
JUYHBIX Mpoduiel, crienuann3upyoIuXcs B 00IacTH
KJIMHUYECKON TPAHCIUIAHTOJIOTHUH, HO U CYIIECTBEHHO
KOHCOJIMIMPOBATh YCUJIWS, HAIIPaBJIEHHBIE HAa pa3BUTHE
OTEUYECTBEHHOH TPAHCIIATOIOTHIECKON CITYKOBI.

Takum 00pa3oM, poACTBEHHAs IMepecaaka MOYKH,
OTKpBIBLIAS B POLLIOM BEKE 3Py KIIMHUYECKOUN TpaHC-
MJIAHTAIUK )KU3HEHHO BaXKHBIX OPTraHOB, B HACTOSIIIEE
BpeMs mproOperna BTopoe Aprxanue. [lepcrexTuBsl me-
pecanku moyku B Y30ekucrtane B X XI Beke CBs3aHBI ¢
MPEOIOJICHUEM ITHYSCKHUX MPOOIeM TpaHCILIaHTAIHK
OPraHoB, COBEPIIEHCTBOBAHUEM TAKTUKO-TEXHUYECKUX
acnekToB TII, OTKphITUEM HOBBIX TPAHCIIAHTALMOHHBIX
IEHTPOB U IIEHTPOB MO PeadMIUTAIUU OOJLHBIX MOCTC
TpaHCIUIAHTAINH OPTaHOB, 00JIa/Taf0IINX BCEMHU COBpE-
MEHHBIMU BO3MOKHOCTIMH OOCJIENOBAaHUSA U JICUEHHS
TSDKEITBIX OOJNIbHBIX.

Asmopwi 3as6n10m 06 omcymemeuu
KOH@AUKMA UHmMepecos.
The authors declare no conflict of interest.
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APPLICATION OF INDOCYANINE GREEN FLUORESCENCE
FOR URETER IMAGING: REVIEW
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Introduction. Indocyanine green has been used in medicine for more than 70 years in cardio-thoracic surgery,
hepatobiliary and colorectal surgery, urology, gynecology, transplantology, etc. This review based on literature
dates describing the use of ICG for intraoperative imaging and evaluation of the ureteral perfusion. Method. The
research searched in the electronic database PubMed, Scopus, Elsevier, Springer, and Web of Science between
January 2000 and December 2020, using the following search terms: ICG imaging, ureteral vessels. Additional
literature data identified from separately published sources. Results. There are 21 articles were obtained in the
specified database: 9 — with intravenous ICG, 12 — with intraureteral administration. The use of intravenous ICG
followed by next clinical situation: ureteral imaging is described for ureteral strictures, for isolation and preser-
vation of the ureteral branch of the uterine artery during radical hysterectomy, for robotic radical cystectomy
with ureteroenterostomy, for laparoscopic removal of ureteral endometriosis, for evaluation of ureteral perfusion
during kidney transplantation, and for identification and prevention of ureteral damage during pelvic surgery in
patients with colorectal tumors and gynecological pathologies. Conclusions. Both intravenous and intraureteral
ICG imaging are safe, easy to perform, and easily reproducible. It allows objectively identifying the degree of
perfusion of the ureteral wall, clearly determining the boundaries of the stricture. It is effectively helps in the
prevention of ureteral wall damage in extraurinal surgical interventions.

Keywords: ICG, ICG fluorescence, ureter detection.

This review focuses on the current literature that de-
scribes the use of ICG to intraoperative visualize and
evaluate the condition of the ureter.

To do this, a search was conducted for studies in the
electronic database PubMed, Scopus, Elsevier, Springer
and Web of Science in the period from January 2000
to December 2020, using the following search terms:
«ICG imaging, ureteral». Additional literature data were

INTRODUCTION

Indocyanine green (ICG) has been used in clinical
medicine for more than 70 years, when it was first used to
assess cardiac and hepatic function [1-3]. ICG is a tricar-
bocyanine molecule with a half-life of 150-180 seconds,
completely excreted into the bile by the liver [4]. The
literature also describes the metabolism of ICG in the

renal parenchyma, which occurs with the participation of
the protein bilitranslocase [5]. Intravenous administrati-
on of ICG is non-toxic and effective at low doses [6]. It
was also shown that ICG has an effective intraoperative
contrast identifier in real time with the possibility of
penetration into tissues up to 5 mm [7].

The first report on the use of ICG for perfusion eva-
luation of a kidney transplant was reported in 2004 [8].
In the future, this method was used to assess the blood
flow of the renal parenchyma during partial nephrectomy,
donor nephrectomy, and vascular anastomoses of the
renal graft [9—12]. Although there are many reports on
the use of ICG in urology, there are few studies on the
visualization and assessment of the ureteral condition.

identified from separately published sources. As a result,
21 articles were received in the specified database. Of
these, 9 articles describe the use of ICG imaging of the
ureter with intravenous administration, 12 — with intrau-
reteral administration.

VISUALIZATION OF THE URETER DURING
INTRAVENOUS ADMINISTRATION OF ICG

Sekijima M. et al. reported in 2004 on the use of in-
travenous ICG (IV-ICG) to visualize the urinary system
in a kidney transplant recipient. This method made it
possible to record and reproduce images of organ vessels
in real time during the operation [8].

IV-ICG imaging has proven to be particularly useful
in robotic surgery in cases of ureteral scar strictures. At
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the same time, it allows you to completely resect the
scar-altered ureteral tissue and perform ureteral reim-
plantation with preserved perfusion. Marc A. Bjurlin et
al. 42 robotic operations for the reconstruction of the
upper urinary tract were performed using this technique.
At the same time, perioperative complications occurred
in 14.3% of cases. The authors of this study hypothesized
that the use of NIRF imaging can prevent postoperative
ureteral stricture, especially during repeated operations,
and also helps to ensure adequate blood flow in the area
of the urinary anastomosis [13]. Although the authors
indicate a lack of clinical data for long-term follow-up.

In two cases report by Ying Long et al. successful
isolation and preservation of the ureteral branch of the
uterine artery during radical hysterectomy with IV-ICG
angiography for cervical cancer was demonstrated [14].
This procedure prevents damage to the ureteral branch
with subsequent ischemia of the distal ureter leading to
its necrosis and stricture. During 4 months of follow-up
of these patients, there were no complications associated
with the ureter.

After a robotic radical cystectomy with urinary diver-
sion (RCUD), a severe complication is the development
of ureteral anastomosis stricture. Jim K. Shen et al. con-
ducted a comparative study of patients who underwent
ureteroenterostomy in two groups of n =93 in each: with
IV-ICG imaging of the ureter, and without IV-ICG [15].
In the group of patients with IV-ICG imaging with a
median follow-up of 12.0 months, there was no compli-
cation from ureteroenterostomy. While in the group wi-
thout IV-ICG imaging (median follow-up 24.3 months),
the number of complications was 7.5% (p = 0.01). Thus,
the use of the IV-ICG method of visualization of ureteral
perfusion allowed to significantly reduce the frequency
of ureteroenterostomy strictures.

Another study analyzed 345 cases of ureteroenteros-
tomy during robot-assisted radical cystectomy, of which
89 cases used [V-ICG imaging to assess vascularization
of the distal ureter [16]. According to the results of this
study, there was a significant decrease in the frequency
of ureteral anastomosis strictures from 10.6% to 0% after
IV-ICG evaluation of vascularization of the distal ureter.
This highlights the clinical significance of this strategy
for minimizing the complications of robot-assisted ra-
dical cystectomy.

The use of IV-ICG imaging of ureteral blood flow in
open radical cystectomy with urinary diversion Chirag
P. Doshi et al. studied in a group of 31 patients with
62 ureteroenteroanastomoses [17]. In the group with I'V-
ICG, ureteroenteroanastomosis stricture was observed
in 3.2% of cases, in the group without IV-ICG — 16.7%.
This study also confirms a decrease in the frequency of
formation of ureteroenteroanastomosis structures when
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using the IV-ICG imaging technique to assess vascula-
rization of the distal ureter.

Diego Raimondo et al. in preliminary study was con-
ducted in 23 women who underwent laparoscopic remo-
val of ureteral endometriosis using ICG for intraoperati-
ve assessment of ureteral perfusion [18]. Intraoperative
assessment of the degree of ureteral blood flow made it
possible to optimally choose the tactics of further surgi-
cal approach after removal of the endometrioid noudle:
Double J ureteral stenting — 3 patients, ureteral stenting —
2 patients. In the remaining 28 cases (90.3%), the blood
flow was assessed as satisfactory (regular fluorescence)
and did not require any intervention. NIR-ICG has pro-
ven to be a safe and feasible tool for assessing residual
ureteral vascularization after conservative surgery for
ureteral endometriosis.

Currently, there are two preliminary studies on the use
of ICG to assess ureteral perfusion in kidney transplan-
tation. In the study (preliminary experience) Vignolini
G. et al. 6 recipients with robotic kidney transplantati-
on from a living donor were included [19]. The second
study, conducted by H. Boullenois et al., included 11 re-
cipients, 10 of which were conducted from a cadaveric
donor (Fig. 1) [20]. In both studies, the use of ICG vi-
sualization of ureteral perfusion did not take time, and
allowed objective and reliable visualization of ureteral
vascularization. However, the correlation between ICG
fluorescence and postoperative complications could not
be studied due to the small number of patients, which
requires further larger studies studies.

VISUALIZATION OF THE URETER DURING
INTRAURETHRAL ADMINISTRATION OF ICG

Recently, intraurethral administration of ICG (IU-
ICG) has been used for diagnostic purposes. The first
mention in the available literature of ICG imaging with
intraurethral administration describes a series of 7 pati-
ents with ureteral stricture who underwent robot-assisted
reconstructive surgery [21]. Subsequently, intraoperative
IU-ICG imaging was used to identify various ureteral pa-
thologies in a larger cohort (8 and 25) of patients (Fig. 2)
[22-25]. IU-ICG imaging made it possible to quickly and
accurately identify the ureter, localize the level of struc-
ture with less tissue damage and protect its blood supply,
and the technique itself is safe and easy to perform. This
technique has been successfully used in operations on
pathological kidneys [25, 26, 27].

The IU-ICG technique has been successfully used
to identify and prevent ureteral damage during pelvic
surgery in patients with colorectal tumors and gynecolo-
gical pathologies [28—32]. Intraureteral ICG imaging was
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effective for intraoperative identification of the ureter in
complex gynecological and colorectal operations.

CONCLUSION

Thus, based on the described literature review, it can
be concluded that ICG imaging (both intravenous and in-
traureteral) is safe, simple to perform and easily reprodu-
cible. It allows you to objectively identify both the degree

of perfusion of the ureteral wall, and clearly determine
the boundaries of the stricture. In case of extraurina-
ry surgical interventions, such visualization effectively
helps in the prevention of damage to the ureteral wall.
Based on this, the use of ICG imaging in kidney trans-
plant recipients will be the subject of our further study.

The authors declare no conflict of interest.

Fig. 1. Projection on a transplant diagram of an intraoperative image of indocyanin green fluorescence of a ureter in semi-
quantitative analysis: a — complete and intense fluorescence of the ureter except the last centimeters in favor of good vascula-
rization; b — partial and weak fluorescence of the ureter in favor of weak and partial vascularization; ¢ — zero fluorescence of
the ureterand the lower pole of the transplant in favor of no vascularization of the ureter and the lower pole of the transplant.

Illustration: H. Boullenois et al. 2020

Fig. 2. Ureteral identification (a) in the absence of near-infrared fluorescence (NIRF) and (b) under NIRF. Reproduced with
permission from Ziho Lee et al. 2015
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AYTOTPAHCNAAHTALMUA NOYKU - METOA AEYEHUA
MOPAXEHUA MOYETOYHUKA B YPOAOTUYECKOM
U OHKOAOTMYECKOM MPAKTUKE

C.B. Apzymanos, H.B. Ilonskoe, A.b. Pab6os, /[.A. [anuykas

HAY4YHO-MCCAEAOBATEABCKMIN MHCTUTYT YPOAOTUM N UHTEPBEHLMOHHOW PAAMOAOTMN
MMeHn H.A. AonatkiHa — GnAnaA PIrey «HMUL, paamnoaormmy MnHiaApasa Poccum, MOCksa,
Poccuickad Peaepaums

IlepBasi ayToTpaHCIUTAaHTAITMS TTOYKH ObUTa BBITONHEHA B 1902 T., ¢ 3TOTO BpEMEHU TEXHHUKA €€ BHITIOTHEHUS
IpeTepnelna paa n3MeHeHHH. B nmTepaTtypHOM 0030pe MpeacTaBIeHbl OKa3aHuS W XUPYPrudecKkas TEXHHUKA.
AyTOTpaHCIIIAHTANNS TIOYKH SBIISIETCS METOJOM BBIOOpA JIEUEHUS, HAIPABIEHHOTO HAa COXpPaHEHHE TOYEIHON
¢dyskmrm. Onucansl 3 KIMHAYECKUX HAOMIOMEHMS 110 TIPUMEHEHHIO ay TOTPAHCIUIAHTAIINA MTOYKH B yPOJIOTHYE-
CKOW M OHKOJIOTHYECKOW MPAKTHKE: MAIEHT MOCIe STPOTCHHOTO TOBPEXISHHSI MOYETOYHHKA U JBA TIAIIMEHTa
C HEOPTraHHOH OITyXOJIbIO 3a0PIOIMIMHHOTO MPOCTPAHCTBA. AHAIN3 TUTEPATYPHI H KIMHUYECKHE HAOMIONEHUS 13
YPOJIOTUYECKOH U OHKOJIOTUYECKOH IPAKTUKH IMOKA3bIBAIOT BO3MOXKHOCTh 0€30I1aCHOTO IPUMEHEHHSI 2y TOTPAHC-
IDTAHTAIUY TIOYKH IO CTPOTO BRIOPAHHBIM MTOKA3aHUSIM.

Knrouesvie cnosa: aymompancnianmayusi nouKu, no8pexcoeHue MOYemoyHUuKa, Heopeanuvle 3a0pIouUHHbIE
ONYXOJU.

KIDNEY AUTOTRANSPLANTATION: A METHOD FOR TREATING
URETERAL LESIONS IN UROLOGICAL AND ONCOLOGICAL
PRACTICE

S.V. Arzumanov, N.V. Polyakov, A.B. Ryabov, D.A. Galitskaya
Lopatkin Research Institute of Urology and Interventional Radiology, Moscow, Russian Federation

The first successful kidney autotransplantation was performed in 1902. The technique has undergone several
changes since then. The indications and surgical technique are presented in this literature review. Kidney auto-
transplantation is the treatment of choice for preserving renal function. Three clinical observations on the use of
kidney autotransplantation in urological and oncological practice are described: a patient after iatrogenic ureteral
injury and two patients with primary retroperitoneal tumor. Literature analysis and clinical observations from
urological and oncological practice show that kidney autotransplantation could be safely used for strictly selected
indications.

Keywords: kidney autotransplantation, ureteral injury, primary retroperitoneal tumors.

HcTopust ayToTpaHCIIaHTALMU TTOYKH OepeT cBoe
Hadayo B 1902 roxy. Ha 3acemannu Bernckoro Memuiins-
CKOTO 00IIeCTBa XUPYPT BEHI'€PCKOTO MPOUCXOXKIACHHS
Imre (Emerich) Ullmann caenain goknasn o BEIOTHEHHON
UM ayTOTPAHCIUIAHTAINH ITOYKHU cobake. B aTom ke romay
I. Ullmann BBIMOIHMI MEPBYIO aJUIOTPAHCIUIAHTALUIO
MOYKH coOaKe, UCTIONB3Ys ISl COCYAMCTON MMILIaHTa-
[INM COHHYIO apTepHIO M SIPEMHYIO BEHY PEIMITHCHTA.
TexHrKa OIlEpaluy COCTOsIAa B CIEIYIOIIEM: COHHbIC

apTepusl U BeHA JIUTUPOBAINCH KPAaHUAIBHO, B MPOK-
CHMaJIbHYI0 4acTh COCYIOB BCTaBJISUINCh MarHUEBBIE
MEIUIIMHCKUE TPYOKHU, K KOTOPBIM IPHUCOEIUHSIIACH
yaaneHHas 0€3 MPOMBIBKM COCYAHUCTOTO PycCiia MOYKa,
3aBepHYTasl B IPOIUTAHHYIO TETLTBIM (PH3HOIOTHUECKUM
pactBopom candetky. [lepecaxxeHHBII OpraH B TeUEHUE
5 nHel npou3BoaWII Mouy. Heckonbkumu Mecsinamu no3-
e [. Ullmann nmpomeMoHCTpHpOBaT KCEHOTPaHCITIaH-
TalMI0 MOYKH OT cobaku Ha 1mneto ko3el. B 1912 romy
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HobGenesckuii naypear A. Carrel, pa3paboTaBiimii TexHU-
Ky COCYIMCTOTO aHaCTOMO03a, TOBTOPHII IKCTIEPUMEHTHI
L. Ullmann. Ha TOT MOMEHT y4€HBIM ¥ KJIMHHUIIUCTAM HE
OBLIM U3BECTHBI MPOOJIEMbI UIIEMUYECKOTO U perepdy-
3HUOHHOTO noBpexaeHus. bonee 50 et Tema ayToTpaHc-
IUTAHTAIMK He Oblia BOCTPEOOBaHHOM, OIHAKO 3a 3TO
BpeMsI UCCIIEIOBATEIISIME ObLTH anipOOUPOBAHBI pa3IHy-
HBIC TEXHUKH aJUTOTPAHCIUIAHTAIMH TIOYKH C UCTIONIB30-
BaHUEM OEAPEHHBIX COCYIOB U COCY/OB MPEAIICYbs, a
TaK)Xe OPTOTOIMUYECKOH MO3UIIUHU, OTKPBITHI MEXaHU3-
MBI QJJIONMMYHHTETA U BBITIOJTHEHA IepBasi yCIenrHas
TpaHCILIAHTAIHSA TIOYKH OT XUBOTO JIOHOPA B TE€TEPOTO-
MUYecKyto (OAB3AONIHAS IMKa) mo3umuio [ 1, 2].

B 1956 rogy 6pasunern C. Freire BriepBbie BBITOTHII
ayTOTPAHCIUIAHTAIIMIO TIOYKH MYKUMHE C aHEBPU3MOM
MTOYEYHOH apTepHH, OMHAKO PAHHHUHA TPOMOO3 3aCTaBHII
ero caenarh HepIKTOMHUIO [3].

Tonbko B 1961 romy R. Schackmann u W. Dampster
OMyOJIMKOBAIM CITy4ail IepBOU yCIIEITHOM, BEITIOTHEH-

HOM MMM C LEJNbI0 COXpPaHEHHsI MOYEUHOH (YHKINH
ayTOTPAHCIUIAHTAIIUN TIOYKH MMAlUeHTY, CTPaJaBIIeMy
CTEHO30M [TOYEYHON apTEPHUU ¥ BTOPUYHON apTepHab-
Ho# runeptens3ueit [4]. [locie BEINOTHEHHON onepanuu
apTepuallbHOE JIaBJICHHE MAIeHTa HOPMaIH30BajoCh
1 He TpeOOoBaIo Ha3HAYCeHHUS THIIOTCH3UBHON TEpaIii.
JlanHOe 3a00eBaHre CUUTAIOCH paHee MHAKypaOelb-
HBIM FUIM JIEYMJIOCH BBHITTOTHEHHEM HE(OPIKTOMHUH.
B 1964 rony K. Ota BpIMONHUI ayTOTPAHCIIAHTALIUIO
MOYKH MALKEHTY 39 NeT 151 BOCCTAHOBJICHUS TOYEUHOM
apTepuu B CBA3U C BPOXKJICHHOW COCYIUCTO-TIOYEYHOM
TUTIEPTEH3UEH 1 ITOTHOH 00IUTEpaIiel IpaBoi moved-
HOM aptepuu (puc. 1, 6) [5]. AyToTpaHCIUTaHTAITHIO TIpa-
BOM MOYKH BBITIOITHUIN B JICBYIO IMOAB3AOUIHYIO IMKY C
MUKPOXUPYPTHUECKOH KOPPEKIHEH COCyAOB, MPaBYIO
MOYEYHYIO aPTEPHUIO PACIIMPHIIH C TIOMOIIIBIO0 BEHO3HOTO
rpadTa-3amiaTkH.

James Hardy (CIIIA) B 1963 romy BBITIOJHUI ayTO-
TPAaHCIUIaHTAIIUIO HpaBOﬁ IMOYKH B IpaByIO MMOAB3I0MI-

3

"
A

Puc. 1. Dransl pa3BUTHS ayTOTPAHCIUIAHTALMU TOYKU: a — CJI€BA HANpaBO: CTPUKTYypa MPaBOTO MOYETOYHUKA, JUATHOCTHU-
pOBaHHas 10 MHUEN0ypeTeporpaMMe clipasa (4epe3 He(pOCTOMHUYECKHH APEHAX) M PETPOrpagHON ypereporpamMMe, cxema
oreparyy; O — cieBa HallpaBo: CTpeIKaMy 0003Ha4YeHa MONHask oONUTepanysl MpaBol IMOYEYHOH apTepHuH, a0pTorpamMma —
CTPEJNIKM yKa3bIBAIOT HA MPABYIO ITOYEYHYIO apTEPHIO MOCIE MUKPOXHPYPIHUECKOH KOPPEKIMH, PETPOTPaIHas MUEIorpaM-
Ma; B — CJIEBa HANPaBO: MOJIOKEHHS PEMO3UIMPOBAHHOMN MOYKH M XO MOYETOYHHKA — CXEMa, [IUCTOypPETEPONNENIOrpaMMa;
I' — IBYCTOpPOHHEE OITyX0JIEBOE MOpa’keHHEe MOYEK, ClIeBa HAIpaBO: CENEKTUBHAs aHTMOTpaMMa, ITOCie JIEBOCTOPOHHEH He-
(hpIKTOMHH U CYOTOTANIBHOM KCTPAKOPIIOPATIBHON HE(PIKTOMUH U ayTOTPaHCIUIAHTALMK 1/3 MOYKK; € — MpeaonepaoHHas
peTporpagHas nueaoypereporpaMmma

Fig. 1. Stages of kidney autotransplantation: a — left to right: right ureteral stricture diagnosed by right-sided retrograde py-
eloureterogram (through nephrostomy tube) and retrograde urethrogram, operation scheme; 6 — left to right: arrows indicate
complete obliteration of the right renal artery, aortogram — arrows point to the right renal artery after microsurgical correction,
retrograde pyelogram; B — left to right: positions of the repositioned kidney and course of the ureter — diagram, cystouretero-
pyelogram; r — bilateral renal tumor lesion, left to right: selective angiogram, after left-sided nephrectomy and subtotal extra-
corporeal nephrectomy and 1/3 kidney autotransplantation; x — preoperative retrograde pyeloureterogram

37



BECTHVK TPAHCNAAHTOAOTUU N MCKYCCTBEHHbBIX OPTAHOB

TOM XXIV N2 1-2022

HYI0 00JIaCTh B CBSI3M C MPOTSIKEHHOW CTPUKTYpOH
MOYETOYHHKA, 00YCIOBIEHHON €ro TPaBMaTHYECKUM
noBpexzaeHueM (puc. 1, a). [IpumeuarensHo, 4TO
J. Hardy ucrionb30Bail yMEpPEHHYIO THITOTEPMHIO BCETO
opranmsma (32-36 °C), a He TpaHCIIIaHTaTa, AJIsl MUHH-
MHU3AIMH HIIEMIYECKOTO TTOBpexaeHus [ 1, 2].

BypHoe pa3BuTHE KITMHUYECKON TPaHCIUIAHTOIOTHH
B 70-X romax mpoInIoro CTOJETHS Aajl0 TOMYOK U K pas-
BUTHUIO TEMBI ayTOTpaHcIUIaHTauu nouku. B 1970 rogy
J. Whitsell orucan ceputo 3KCriepuMEHTOB IO TeTePOTO-
MIMYECKON ayTOTpaHCIUIAHTALMU Ha cobakax 0e3 mepece-
YEHUS MOYETOYHUKA U KIIMHUYECKUH CIly4ail yCIeHOro
JIEYCHHS TTAlIHEeHTAa C TIPOTSHKCHHBIM (2,5 CM) CTEHO30M
apTepuy eIUHCTBEHHON MpaBoi nmodku. Cocyasl moy-
K1 OBLIM PEeUMILIAHTUPOBAHBI B OOIIME MOAB3IOLIHbIE
COCy/Ibl, @ MOYETOUHHUK JTyrooOpa3HO YJIOXKeH Ha Opbl-
XKeWKy ToHkod kumku (puc. 1, B) [6]. IlepByro ayToT-
paHCIUIaHTALUIO MTOYKH MO0 MOBOIY 3J0KayeCTBEHHO-
r0 HOBOOOPA30BaHUS BBITOJHUI 3HAMEHUTHIA TTHOHED
tpanciutanronoruu R. Calne B 1971 rony. Ilanmenty
C JIByCTOPOHHHM OITYXOJIEBBIM MOPaKEHNUEM IOYEK, C
coxpaHHO# 1/3 mapeHxuMoi paBoi oYKy (110 TAaHHBIM
CEJIGKTUBHOW aHTHOTPaMMbl) ObLIa BBIIIOJHEHA JIEBO-
CTOPOHHSS HEQPIKTOMHS C CYOTOTANBHON DKCTPAKOP-
nopansHOH He(hPIKTOMHUEH crpaBa ex vivo pe3eKkuueit
oYk (pucC. 1, T) M IMIUIAHTAIIHEH €€ B TTOJB3IOITHYIO
obnacts [3, 7]. B 1972 rony C. Linke u A. May Bnepsble
OTHCaNIH MPUMEHEHHE ayTOTPAHCIUIAHTAIINH [TOYKH B
JICYCHUH YPOJIoTHYecKoil nmatonoruu (puc. 1, x), a Tod-
Hee 3a0pIOIIMHHOTO (GrOpo3a, BRI3BABIIETO aTPO(UIO
U MPOTSHKEHHBIM cTeHO03 MoueTouHuka [8]. [Ipegomne-
palMoHHas peTporpaaHas mueroypereporpaMma Jie-
MOHCTPHPOBaJa JAByCTOPOHHUH Iuapoypereponedpos
C BHEIIHEW KOMIIpeCCHeN 1 METUAIbHBIM OTKJIOHEHHEM
0001X MOYETOTHHKOB. B mampHEHIIeM ITpON3BOIMIIACH
MHOTO3TaMHast KOPPEKLUA KOMIIPECCUH MOUYETOYHHKOB,

KOTOpasi 3aBepIIAIach IPAaBOCTOPOHHEH ay TOTpaHCILIaH-
Taruyei mMoYKu.

Taxum oOpazom, chopMupoBaics KPyT MOKa3aHUN
JUTS BBITIOJTHEHUSI 2y TOTPAHCIUIAHTAIIAY TTOYKH, BKITIOYA-
0L B ce0s pa3TMIHBIE TTOPAKEHUS COCYIOB ITOUEUHOM
HOXKH, MOYETOYHHKA U TIAPEHXHUMBI ITOYKUA UHQEKIU-
OHHO-BOCTIAJINTEIFHOTO, METa0OIIMIeCcKoro, GudpoTH-
YECKOTO, JUCIIACTHYECKOTO U HEOIUIACTUYECKOTO Xa-
pakrtepa (Tabm.).

COCYAUCTLIE NOKA3AHUSA

Cocyaucrasi aToyoTys 10 HeJaBHETO BPEMEHU SB-
Jsu1ach Haubosee YacThIM IOKa3aHUEM ISl BBIIIOJHE-
HUS ayTOTPaHCIUIAHTALMH NOYKH (Tabi.). B HacTosmee
BpEMsI COBPEMEHHBIEC YHAOBACKYJSIPHBIC TEXHOJIOTHUU
MIPUIIUIA Ha CMEHY ayTOTPaHCIUIAaHTAI|H B JIEYEHUHU ap-
TEepPHATLHOHN THITEPTCH3UH, O0YCIIOBICHHOM ITaTOOTHEH
apTepuy MOYKH, 00Jaaast SIBHBIMH IIPEUMYLIECTBAMHU B
BUJI€ MAJIOH MHBA3UBHOCTH U BO3MO>XHOCTHU ITIOBTOPHO-
rO BMEIIATEeNbCTBA 0€3 3HAYUTENbHONW TpaBMaTH3aluN
MarenTa. JTH )K€ TeXHOJIOTUHU MPAKTUIECKH PyTHHHO
MPUMEHSIOTCS TIPH JICUEHUH BEHO3HOW MOYEYHOH T'H-
nepreH3nu. Ho B HEKOTOPHIX ciy4asx, HampuMep, MpH
MEIIKOOOPa3HOH aHeBpHU3ME MOYEYHOH apTepuu O0Jib-
IIMX pa3MepOB, Ay TOTPAHCIUIAHTAIUS U HBIHE SBJISETCS
MeToII0M BBIOOpa [2, 9].

OTnensHOro BHUMaHMS CTOMT CHHIIPOM CpeHEN aop-
ThI (CHHAPOM aTUIINYHON KOapKTaluy a0IoMUHAIBHON
aopThI). DTO penKas COCyAHCTasl MaTONOT S Pa3IndHOTO
STHOJIOTHYECKOTO XapaKTepa, MPUBOASIIIAS K CYKESHHIO
HUCXOASIIEN aopThl Ha ypoBHE VI rpynHoro — I nosc-
HUYHOTO MTO3BOHKOB. [[pHUMHOI 3a00JIeBaHUS SIBISIFOTCS
KOHTMHETAJIbHBIN 1Iu npuodpeTeHHslii aprepuut (bo-
ne3nb Takascy), Helipodubpomaros, GudbpomMycKysIsIp-
Has aucniasus. CHHAPOM cpenHed aopThl 3a4acTyro
MIPUBOJUT K Pa3BUTHIO PEHOBACKYISPHOMN TUIIEPTEH3UU

Tabnuna

Iloka3anus k AYyTOTPAHCIVIAHTAIUMHA MMOYKH

Indications for kidney autotransplantation

AHeBpH3Ma OYEUYHON apTepuu

ATepockiepo3 MoYeyHON apTepHH U a0pTHI (CTEHO3 WM PACCIOCHHS CTCHKH)

DubpoMycKyIsipHas JUCIUIA3US

Cocynucteie AHEBpPU3MBI TOYETHOI BEHBI

CuHIpOM IIEJIKyHUIHKa (A0pTOME3eHTepHalIbHasi KOMIPECCHS JIEBOH IMOYEYHON BEHBI)

MemikooOpa3Hasi aHEBpHU3Ma MTOYEUHON apTepru OONBITUX Pa3MEPOB

CHHJIpOM CpeJHEN aopThl

IIpoTsKeHHBIE CTPUKTYPBI MOUYETOYHHKA

Yponoruueckue
OTpBIB MOYCTOYHUKA

(OCHOBHEIC)

W aronarudeckuii peTponepuToHeaabHbIi Gropo3

CrnoxHoe BHYTPHOPIaHHOC IMOPAKCHUC

JIByCTOpOHHEE OIyX0JICBOE OPaKEHHUE

OHKOJIOTHYECKHE

Hepen PaguoTCPpaAIriCBTUICCKUM JICHCHUCM

CapkoMbl 3a0pIOITUHHOTO TIPOCTPAHCTBA
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Y CHIYKCHUIO TIoueuHOH GyHKImu. [1pn HeadhekTurHOC-
TH DHJIOBACKYJIIPHOTO BMEIIIATEIILCTBA METOJIOM BhIOOpa
SIBIIICTCS NIYHTUPOBaHUE OPIONTHOTO OTJENIa A0PTHI C
OurarepanbHOI OPTOTONMMYECKON ayTOTpaHCILIAHTAIUEH
nouek [10].

YPOAOIMYECKHUE NMOKA3AHUA

VYponoruyeckas NaTogorusi B HaCTOALIEE BPeMs AB-
JISIETCS OCHOBHBIM TTOKa3aHUEM JIJISl BBITOTHEHHSI ayTO-
TpaHCILIAaHTAMK MOYKH (Tabi.). OHa BBIOTHAETCS B
CITyJasix, Kora Heo0X0IuMO MPOTE3UPOBAHNE MOYETOY-
HUKa, a BBIMOJIHEHUE MJIACTUYECKUX OTepalIfii, TaKux
KaK ypeTepOHEOINCTOCTOMUH, YPETEPOYyPETEPOCTOMUH,
MUEJIOLICTOCTOMHH, UIICUIaTepalIbHON ypeTepoypere-
pocToMIH, HIDKHEW Hedporekcru, oneparwu boapu mimn
MaHeBpa psoas hitch, He npencTaBiseTcs BO3MOXXHBIM
B CBs13U ¢ medumuToM TKaHeH [11]. AnbTepHaTHBHBIM
pelIeHneM MOXXeT OBITh 3aMeNIeHHe MOPakKeHHOTO
MOUYETOYHHKA YJaCTKOM TOHKOW KHIIKH. OJHAaKo HC-
MOJIb30BaHHE TOHKOW KWIIKHM MPUBOAMT K OoJiee yac-
TOH BEPOSATHOCTH PA3BUTHA OCIOXKHEHUHN pa3nUUHON
TsokectH. [lepcuctupyromas nH(PEKIrs MOYEBbIX Ty TeH,
HEKOPPUTHUPYEMBI METa0OIHMYECKUH aIi103, H30bITOY-
Hasl TPOAYKITUS CITH3H, CTIaedHast 00JIe3Hb MOTYT BCTpE-
4aThCsl B KOMOWHAITUY TTOYTH Y TPETH MMalMEeHTOB, HECS
B ce0e JIOMOTHUTENbHbBIE PUCKU TOTepH (PyHKINU 110U~
KM U cencuca. [TomuMo 3T0r0, UCIONIb30BaHNE TOHKOM
KHUIIKA MOXET OBITh OTPaHUYEHO CIIaCYHBIM POLIECCOM
B OpIONTHON TMOJIOCTH W 3a0PIOMIMHHOM IPOCTPAHCTBE
BCJICAICTBHUE MPEAIIECTBYOINUX BMEIIATENLCTB [12].

[npoxoe mpuMeHEHHNE B MOCIEIHIE NECATUICTHS
9HJO0CKOTIMYECKNX METOAOB JIUTOIKCTPAKIINH U IHIIO-
YPOJOTHYECKOTO JICUCHUS YPOTEPHANIBHBIX OMyXOJei
MPUBEJIO K YBEJIMYCHHUIO YNCIIA TPOTAKEHHBIX TTOBPEXK-
JIEHUI U MPOKCUMAJIBHBIX OTPBIBOB MOYeTOUHMKA [13].
DTO IPUBOIUT K HEOOXOAMMOCTH BBITTOITHEHHS BPEMEH-
HOW iepuBarii MO4H (He(ppOCTOMIH) ISl COXpaHEHUS
(YHKIIMOHUPOBAHUS TIOYKA © MHOTOJTAITHOTO JICUESHHS.
B Takmx ciaydasix BBIONHEHHE ayTOTPAHCIIAHTAI[UU
MOYKH MOYKHO PaccMaTprBaTh Kak METOI, [TO3BOJISIOIIN I
B MaKCUMaJIbHO KOPOTKHE CPOKH PELIHUTH MPobIiieMy Boc-
CTaHOBJICHUS MOUYEBBIX MTyTeH U N30€KaTh OCIOKHEHHH,
CBSI3aHHBIX C JIONIOJHUTENBHON JepUBAIE MOYH U3
MTOBPEXICHHON MTOYKHU M MOCIEAYIOIINM OTCPOYCHHBIM
PEKOHCTPYKTHUBHBIM BMeTIaTenbcTBOM [11, 14].

Wnnonarnyeckuil peTponepuToHeanbHbii Gudpo3
(ayTOMMMYHHBIH MapaaopTHT) — peaKoe 3aboyieBaHue
¢ yactotoit Bo3uukHoseHnus 0,1-0,3 cmydas na 100 TbI-
CSY 4YEeJOBEK B ToJi, BOBJIEKarollee OPIOIIHYIO aopTy,
MOMB3/IOIIHEIE COCYIBI M IpHIIETaloIIee 3a0pIOIH-
HOE TIPOCTPAHCTBO C YaCTHIM BOBIIEUEHUEM CPEIHEH 1
HIDKHEH TpeTell 00enX MOYETOUYHUKOB, IPUBOMAAIIEE K
UX 00CTPYKIIMH U TEPMHUHAIBLHONW MOYEYHONW HEelocCTa-
TOYHOCTH. 3a0oNieBaHUE OOYCIIOBICHO XPOHUYECKUM
BOCTIAJTUTEILHO-PUOPOTHYECKUM MPOLECCOM, B KOTO-
POM y4YacTBYIOT ceKkpeTupyromue 1g4 nnazmarnyeckne
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KIIETKH, U 3a9acTyt0 TpeOyeT nuddhepeHnanrsHON quar-
HOCTHKH CO 3JI0KQUY€CTBEHHBIMH HOBOOOPA30BaHUSIMU
3a0proIKMHHOrO npoctpancTea [15, 16]. [Ipu Headdek-
TUBHOCTH KOHCEPBATUBHOTO JICUCHUSI, BKIFOYAIOIIETO
B ce0s1 IMMYHOCYTIPECCUBHYIO TEPaIuIo, MPOrpeccu-
poBaHMsI OOCTPYKIMII MOUYEBBIX IyTEH BBITIOJHEHUE
OunaTepaibHON ayTOTPAHCIUIAHTALIMY TIOYKH B TeTe-
POTOIHUYECKYIO MO3UIIUIO TIO3BOJIIET COXPAHUTh QYHK-
UOHHUPYIONIYIO MOYSUHYIO MAPEHXUMY, IPEJI0TBpaIast
MPOTPECCUPOBAHNE XPOHUIECKOW OONIE3HU MmoYeK [§].

OHKOAOTIMYECKUE MOKA3AHUSA

B nocnegnee pecsATuiIeTHHE COBEPIIEHCTBOBAHUE
XUPYPrUUECKON TEXHUKH U KOMIUIEKCHOTO, B TOM YHC-
JI€ XUMHOTEPANIEBTUYECKOT0, JIEUEHHUS] OHKOJIOTHUECKHUX
MAlMEHTOB, YBEJIMYEHUE MPOrHO3a X Oe3pelMINBHOM
BBDKHBAaEMOCTH MIPHUBEIIO K PA3BUTHIO KOHLEMIUY «Op-
TaHOCOXPAHSIOIIET0» ONEPATUBHOTO JICUYEHUS 3]I0Ka-
YECTBEHHBIX HOBOOOpa3zoBauwmii. [losiBuacs HoBas cy0-
CIENUATBHOCTD — OHKO-HepoJorus. 3ajadaMu 3TOTo
HAaIpaBJICHHS SBJIAIOTCS: pelICHUE TPOOIIEM, CBI3aHHBIX
C OCTPBIM MTOYEYHBIM MOBPEXKICHUEM U XPOHHUYECKOM
MOYEYHON HEAOCTAaTOYHOCTHIO Y OHKOJIOTMYECKHUX Ia-
LIIEHTOB, OLIEHKAa HEPPOTOKCHUECKUX PUCKOB IIPOTHBO-
OIyXOJIEBOM Teparuu, Kak TpaIMIIMOHHON XUMHO-, TaK U
HOBEHIINI MOJIEKYJIIPHO-Tapr€THOM TEpaIuH, JICUCHHUE
MOYEYHON MaHU(ECTAIINH TAPaHEOTIIACTUIECKOTO MPO-
necca, JiedeHue MalueHToB, IEPEHEeCIINX HEPPIKTOMHIO
0 TIOBOJly paKa MOYKH, C aCIIEKTaMHU 3aMECTUTENBHOMN
MOYeYHON Tepanuu Ha (OHE aKTHBHOTO JICUEHUS OH-
KOJIOTHYECKOTO NpoLecca, BOSMOXKHOCTSIMU BBIIIOJIHE-
HUS TPAHCTUIAHTAIMH MTOYKH MalleHTaM, ePEeHEeCITIM
OHKOJIOTHYECKOE JICUeHHE, JIEYCHNE OHKOJIOTUYECKOM
MATOJIOTHH Y TTAallMEHTOB MOCJe TPAHCIUIAHTALUH 10Y-
ku [17, 18]. KpaeyronbHeIM KaMHEM OHKO-HE(POIOTUH
ABJISIETCSl KOHLENIUS «HE(PPOH-COXPAHSIOIIET0» Jede-
Hus (Tabn.). BaxxHOCTh Takoro moxxoma oOyciaoBIeHa
TEM, YTO PA3BUTHE OCTPOTO MOYEYHOTO MOBPEKICHHS
WM XPOHUYECKON MOYEUYHOW HEJI0CTAaTOYHOCTH BENET
K 3HaYUTENHHOMY TOBBIIIEHUIO PUCKOB CMEPTHOCTH
Yy OHKOJIOTHYECKHUX MAIMEHTOB OT HEOHKOJOTHYECKUX
MIPUYUH, B NIEPBYIO OYEPEAb OT CEPAECUHO-COCYIUCTOMN
natoioruu [19, 20].

JIng manueHToB, y KOTOPBIX paclpoCTpaHEHHE OITy-
XOJH HE BBIXOJUT 3a NpeEAeIbl IOYKH, OPraHOCcoXpa-
HSAIOIIEE JICYCHHE YIydlIaeT 0KUIAEMYI0 TPOIOIIKH-
TeNbHOCTh KU3HU [21]. Ocolyro BaxXHOCTB 3TOT (akT
npuoOpeTaeT B JCUCHUU MALHUEHTOB C OMyXOJIEBBIM
MOPaXKEHUEM E€IMHCTBEHHOM MOYKH, I7I€ BCE YCHIIHS
JOJKHBI OBITH HAalpaBJIeHbl HA COXPaHEHHE OpraHa, BO
n30exaHne He0OXOJMMOCTH MPOBEACHHS XPOHHUUECKOI
3aMEeCTUTENIbHOM MOYeUuHOU Tepanuu. B Takux ycioBu-
SIX BBITIOIHEHUE ayTOTPAHCIUIAHTAINH TIOYKH C ex Vivo
pe3eKLUEN NIIH 3HYKIIealuel OIIyX0IU IPEACTaBISIETCS
BIIOJIHE IPUMEHUMOM METOIUKOM, OJIHAKO B IIOCIIEAHEE
JIECTHIIETHE UHTEPEC K JAHHOU ONepalliy 3HAYUTEIHHO
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cHu3miIcs [22]. D10 00yCIOBIEHO TEM, YTO MUHHUMAJIb-
HO WMHBa3WBHas «He(POH-COXpaHSIOUIas» XUPYPrus
37I0KaU€CTBEHHBIX HOBOOOPA30BaHMH MOYKH, TaKas KaKk
JIamapoCKOMMYecKasl WiIi poOoTHYECKas MapiraibHas
He(PIKTOMHUSA C CyNepCeNeKTUBHOMN HIlleMueil mapeH-
XUMBI, 8 TaK)Ke a0JlaTHBHBIE METOAUKH 00ECIIEYUBAIOT
HKBUBAJIICHTHYIO OHKOCTICIIU(PUIECCKYIO BBKHBAEMOCTb
B CPAaBHEHUU C PaJMKaIbHON HedpIkToMueii [23].

AyToTpaHCIIJIaHTallUA C ex Vivo pe3eKLueil omyxo-
T MOXKET OBITh MPUMEHEHA B CIy4asiX CO CIOXKHBIM
BHYTPUOPTaHHBIM MMOPaKEHHEM, BOBIIEKAIOIINM BOPO-
Ta TIOYKH W/WJIH YalleqHO-JIOXaHOYHYIO CHCTEMY, KOTia
BBITIOJTHEHUE PE3CKIIMA HECET PUCKHU OOJIBIION KPOBO-
MOTEepU WM MINMMU3AIUU OCTABLIEHCS, HEMOPaKEH-
HOM YacTH MouyeuyHoM mapeHXuMsl [24]. DTa onepanus
TaKXKe MOKET OBITh MPUMEHHMA MIPH MHOXKECTBEHHOM
JBYCTOPOHHEM OITYXOJIEBOM ITOPaKEHHH IOYEK, KOTHa
BBITIOJTHEHUE OPTaHOCOXPAHSIOIIETO JIeYeHUs aOCOIIOT-
HO OY€BHIHO, OJJHAKO CTAHJAPTHBIN TOAXO/ K PE3EKIHH
C IBYCTOPOHHEH JIOKAJIbHOM TEIJIOBOM UIIEMUEN HECET
BBICOKMI PUCK Pa3BUTHUS OCTPOTO MOYEYHOTO MTOBPEXK-
JISHUs B paHHEM T10CJIEO0NEePallMOHHOM MIEPHOJIE U XPO-
HUYECKOW IMOYEYHOW HEJOCTAaTOYHOCTH B OTHAJICHHOMN
nepcrnekrtuse [7, 25].

C npyroit CTOpOHBI, BEITIOTHEHNE ayTOTPaHCIUIAH-
Talli TI0 TIOBOMY OMYXOJIM TIOYKH MOXKET MPUBECTH K
JIOCTAaTOYHO OONIBIIIOMY CHEKTPY OCIIOKHEHUHU, Cpeau
KOTOpBIX KpoBoteueHue (3,3—5% ciyqaes), nnpex-
UM MOYEBBIX ImyTeH (7,4%), TpoMOO3 MOYEYHO! BEHEI
(4,1%), notepst pynkunu Tpancmianrara (12,3%). Xors
HEOOXOIMMO Y4ECTh, UTO B TPYIIITY ayTOTPAHCIUIAHTAITUH
MOTTaJal0T MAIMEeHTHI ¢ HCXOMHO 0oJiee aHATOMUYECKH
CJIOXHBIM PACIPOCTPAHEHUEM OITyXOJIEBOTO IMpOIieC-
ca[26].

T. Bolling onucan ka3yucTu4ecKuid cirydail BBITION-
HEHHsI ayTOTPaHCIUIAHTALMH TIOYKU MAEHTKE C OIYy-
xonwto FOHra, oxBaThIBaBIIel 061acTk 11-ro pedpa cre-
Ba. Bo u3bekaHue ee IydeBOro MopaxxeHus movka obiia
MepeMeIIeHa B JIEBYIO TMOAB3IOIIHYIO 001acTh mepes
HavaJioM pagroTeparieBTHIECKOTO BO3AeHCTBYS [27].

B 2010 romy V. Bonsal BriepBbie 0mmyOIMKOBaII JaH-
HBIE 110 YAAICHHIO 3a0PIOIIMHHOM JIMTIOCAPKOMBI OJIOKOM
C MOYETOYHHUKOM C TTOCIEIYIONIEH ayToTpaHCTIIaHTalU-
€ MOYKM B MOAB3AOIIHYIO 001aCTb 1715l BOCCTAHOBJICHUS
naccaxa mouu [28].

OCHOBHBIM METOJIOM JIEYEHHST MECTHO-PACIIPOCTpa-
HEHHBIX CAPKOM 3a0PIOIIMHHOTO IPOCTPAHCTBA SBIIAET-
s OTIepaTHBHOE BMEIIaTeNIbcTBO. Hu mydueBas Tepamnus,
HHM XUMHOTEPANEeBTUIECKOE KOMOMHUPOBAaHHOE JICYCHUE
3HAYUTENHFHO HE YIy4IalOT IPOTHO3 M KOHTPOJIb Oy XO0-
1. Heo0x0AnMOCTb BBIOITHEHHUS MYJIBTUBHCIIEPAIBHBIX
orepanuii Ipy ynajieHud CapkoM PeTPOTIEpUTOHEaThHO-
TO IPOCTPAHCTBA 00YCIIOBJIEHA MPUHIIUIIAMH PaIAKAIN3-
Ma TIpH yIaJIeHNH 3710Ka4eCTBEHHOTO HOBOOOpa30BaHMUs,
OJTHAKO COBpEMEHHOE M 00O0CHOBAaHHOE CTpEeMJICHHE K
BBITNOJIHEHUIO OPTaHOCOXPaHSIOIINX OIepaluii onpeie-
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JIUII0 HeOOXOIMMOCTB MOMCKa 0oJIiee panoHAIEHOTO, HO
Y TEXHUYECKH CIOKHOTO XUPYPruueckoro noaxona [29].
ITo cratuctuke, 10 40% omepaTHBHBIX BMEIIATEIHCTB,
BBITIOJTHEHHBIX 110 MTOBOJY CapKOMBI 3a0pIOMIMHHOTO
MIPOCTPAHCTBA, COUYETAIOTCS C OAHOCTOPOHHEH, a MHOT-
Ia u ¢ ounarepanpHoil Hedpakromuei. [lo maHHBEIM
C. Mussi, BOBJICUCHHE B OIMYXOJIEBBIM MPOIECC TTOUKH
Y MOUYETOYHHKA oTMedaeTcs B 78,5 u 45,8% ciyuaes
COOTBETCTBEHHO, OJHAKO MH(UIBTPATUBHOE MOpake-
HUE MPOUCXOANT C ropa3fo MeHbller yactotoi — 10,7
u 12,5%, a B OCTaJbHBIX CIy4yasxX BOBJICUCHHE HOCUT
CIABIMBAIOIIEH XapaKTep, KOTOPbIil 0COOEHHO XapakTe-
PpeH Ui TurnocapkoMbl. HenHpUIBTpaTuBHEIA XapakTep
pocTa capKoM KHPOBOW MPUPOBI IO3BOJISIET C OONBILIECH
BEPOSITHOCTHIO BBITIOIIHUTE OMEPAIUIO C COXpaHEHHUEM
Macchl PyHKIHOHUPYIOMUX HehpoHOB [30].

B cioxHBIX aHATOMO-TOMOTPaQUIECKUX YCIOBHIX
3a0pIOILIMHHOTO MPOCTPAHCTBA MPUMEHEHHE TPAHCIUIaH-
TaIOHHBIX ¥ 3KCTPAKOPIIOPAITBHBIX XUPYPTHIESCKUX Me-
TOWK PaCIIAPsIET BOZMOKHOCTH OPTaHOCOXPAHSIOMIETO
JIeUYeHUs1, HE YMEHbIIasl paguKaIbHOCTH BHIIOTHEHUS
BMearenbeTa. [IpoTskeHHOe BOBIEUEHHE B TIPOIIECC
MOYETOYHHKA [TPU THTAHTCKUX CApKOMaXx 3a0pIOIIMHHO-
TO TIPOCTPAHCTBAa MOXET MPUBECTH K HEOOXOIUMOCTH
ero ynajgeHus en bloc ¢ OKpy>KarolMMH OIyXOJIEBBIMH
TKaHsAMH. J{epUINT [UTMHBI MOYETOYHHKA B TAKUX CITyYa-
AX MPAKTUYECKH HEBO3MOKHO BOCIIOJIHUTE C IIOMOLIBIO
CTaH/IAaPTHBIX YPOIOTHYECKUX MOIXO00B. BrirmonneHmne
ayTOTPAHCIUIAHTAIIMH B TETEPOTOMUIECKYIO TTO3HITHIO
BTOPBIM 3TAIlOM IOCJe YAAIeHHUS OITYyXOJU TO3BOJISET
COXpaHUTh (PYHKIHMIO TIOYKU M LENTOCTHOCTh MOYEBBIX
myTeit [28, 31].

IIpu pacupocTpaHeHnH 3a0pIOMIMHHONW CapKOMBI B
BEpXHHE 00NacTH 3a0PIOMIMHHOTO MPOCTPAHCTBA, HA
YPOBHE KaBapEHAJIbHOTO CErMEHTA HU)KHEW MOJION BEHBI,
BOBJICUEHHE COCYANCTON HOXKKH IIOYKH U TPYJHOCTD HH-
TpaonepanuoHHo! AuddepeHIPOBKH Oy X0I€BOM TKa-
HU OT napanedpanbHOil KIeTYaTKi MOXKET IPUBECTH K
HE00XOAMMOCTH TyMOpHehpakTomuu [32, 33]. B Takux
CiIydasix Ui COXpaHeHUs! (PyHKIMH MOYKH BO3MOXKHO
BEITIOJTHEHHE eX Vivo JHCCEKINH MTOYKH U3 OKPYXKaro-
IIMX OMYXOJEBBIX TKaHEW C Mmocleayrolleil ee ayToT-
paHcianTamueit [28].

B Poccuu 1 B cTpaHax mOCTCOBETCKOTO MPOCTPaHC-
TBa M3y4YEHHUEM NPUMEHEHHUS ayTOTpPaHCIUIAHTAIMH
MOYKH TPHU OHKOJIOTHYECKUX 3a00JIeBaHUSIX aKTHBHO
s3apumaiuch A.E. 3otukos [34], U.b. Ulenotun [35] n
P.U. Pacynos [36].

TEXHUHECKME OCOBEHHOCTU BbIMOAHEHUSA
AYTOTPAHCNAAHTALUH

Texnnka BBIIOTHEHUS AYTOTPAHCIUIaHTAllUW ITOYKHU
HE MMEET MPUHIUITUATBHBIX OTIIMYHIA OT BBITOIHEHHUS
TPAHCIUTAHTAIMH AJUIOTCHHOUW MOYKHU, HO CYIIECTBYET
PSI HIOAHCOB, KOTOPBIE TPEOYIOT 0COO0TO BHUMAHHUS.
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I'maBHBIM yci0BHEM coxpaHeHHs! QyHKIMOHHPYIO-
1Iell MOYeYHON MapeHXUMBI IPH ayTOTPAHCIUIAHTALIUH
ABJSIETCS. MUHAMU3AIHSA €€ NILIEMHYECKOTO MOBPEKIe-
Hus. B KadecTBe mepBOW JIMHWMW 3aIHUTHI OT THIIOKCH-
YECKOTO TIOBPEXKSHHS MIPH TPAHCILIAHTAIIMA OPTaHOB
MpUMeEHseTCs yrpasisemas rurorepmus. Kak mpasuio,
OpTraHbl OXJAXKIAIOTCS 10 TemrepaTtypsl ot 0 go +4 °C.
OxJIaXIeHUE CHUXKAET KIETOYHBIM MeTa0OIU3M U I10-
TpeOHOCTh B Kucnopoae. OQHaKo MpH TakoW TemIepa-
TYp€ B KJIETKaX YEJIOBEYECKOr0 OpraHn3Ma COXpaHsIeTCs
OTIpe/IeICHHBI YPOBEHb MeTa00IM3Ma, YTO MPUBOIMT B
KOHEYHOM HTOTE K anonTto3y u Hekposy [37]. [Toatomy
MPUMEHEHHE JIOKATbHOM TUIIOTEPMUU TIOKA3aHO elle Ha
JTaIe SKCIUIAHTAIINH Oy XOJIEBOTO KOHITIOMEpara, Koraa
3a cYeT TPaKIMY Ha Tale ero BBICICHU 1 MOOMIN3a-
UM BO3MOXEH MEPerud MOoYeUHOH HOKKHU C MEPEKphI-
THEM OPraHHOTO KPOBOTOKA. Takke aOCOIIOTHO HEOO-
XOIMMBIM CUHTACTCS TPUMEHEHHE (PapMaKO-XOJIOJOBOI
3aITUTHI Ha 9Tale ex vivo. AyTOTpaHCIUIaHTAIHS TIOYKH
HE MMoJ[pa3yMeBaeT Mojl cO0O0H JUTUTEIHHBIX CPOKOB XO-
JoA10BOM uiieMuu. [IpoMbIBaHHME COCYIUCTOrO pycia
OXJIXKICHHBIM 110 +4 °C pu3noaorndeckuM pacTBOpoM
B 00beme 500,0 M ¢ mobasinennem B Hero 10 000 Ex
rermapuHa CYUTACTCS JTOCTATOYHBIM JIJIS KOHCEPBAIMH
MOYEYHOTO ayTOTPAHCIIAaHTaTa B TeueHne 2—4 Jacos.
C nmpyroii CTOPOHBI, IPUMEHEHHUE CIIeIHATBHBIX KOHCEp-
Bupytomux pactsopoB (HTK, UW, IGL u nip.), kKoTopbie
ceifuac MHUPOKO AOCTYITHBL, TO3BOJISIET IPOJIOHTUPOBATH
CPOKH XOJIOZIOBOM UIIEMUH O€3 3HAYMMOTO TOBPEKICHUSI
110 24 yacos [38].

Baxxnelmum ¢GakTopoM ynadHOW ayTOTpaHCIUIAH-
Taly TIOYKHU SBJSIETCS TONYYCHHUE JOCTATOYHBIX IS
BBITIOTHEHUSI COOTBETCTBYIOIINX aHACTOMO30B T10 JJTH-
HE W UaMeTpy MOYEYHOW apTepHy W BEHBI. 3a4acTyro
JUTMTENTbHOE CIaBJICHHUE OIMYXOJEBOM TKAaHBIO ITHX CO-
CYZIOB BeZIET K ICTOHYCHHUIO CTEHKU U YMEHBLICHUIO HX
JUaMeTpa, YTO MOXKET MPUBECTHU K PA3BUTHIO COCYIHC-
TBIX OCJIOXHEHUH TOCIe PEUMIUIAHTAIINN TTOYKH KaK
B PaHHEM, TaK ¥ B OT/JaJIEHHOM IOCIICOTIEPAIIOHHOM
niepuozne [39]. MapKkupoBKa IMOYeUHBIX COCYIOB Ha dTarie
yAalieHns: OJIOKa «OMYXOJb—TI0YKay» TO3BOJISET BBITION-
HUTbH OTCEUCHUE COCYIOB HAaHOOIee MPOKCHMAIBHO JIJISI
MOJTyYeHHs JOCTAaTOYHON AITMHBI M OBICTPO HAXOIUTD UX
B KOHIJIOMepate AJ1s ObICTPO KaHIONSLUY U Iepy3un
KOHCEPBUPYIOIUM PaCTBOPOM, MUHUMHU3HPYS BPEeMs
TeruioBo uiemud [39, 36].

Ha srane skctpakoprnopalibHOM AUCCEKIIUM MOYKHU
HE00X0IMMO PHUMEHEHHE TPEIU3UOHHON XUpPYypru-
YEeCKOH TEXHUKHU C MCIOJIB30BAHUEM XHUPYPTUUYECKUX
OMHOKYJSIPHBIX JIyTI (PEKOMEHyeMOe yBeJIndeHue 2,5).
3TO O3BOJISET MAKCUMaJIbHO 00€30T1aCUTh BayKHbIC aHa-
TOMAYECKHE CTPYKTYPBI BOPOT TIOYKH OT TIOBPEXKICHHS
BO BpeMs JAMCCEKINH, a TAaK)Ke OLIEHUTHh BO3MOXKHYIO
WHBA3MIO B BOPOTA M KaICYITy YIaJeHHOH mouku [36].

Br16op rereporonnieckoil MO3UIKUK MPU TPAHCTIIAH-
Talliu TOYKH He cllydyaeH. JTa MO3MUIMs HeceT B cebe
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ONpeJCIICHHbIC XUPYPrUUECKUE MTPEUMYIIECTBA, TO3BO-
JISIOIIMEe MUHUMHU3HUPOBATh OCIIOKHEHHUS B CPABHEHUH C
OpTOTONMYECKOHM ayToTpaHcIvianTanuei. Kak npasuio,
COCY/IBI TIOYEYHOTO ayTOTPAHCIIAHTaTa HECKOJIBKO KO-
poYe U TOHBIIE, YeM COCY/bI AJIOTpaHCIUTaHTaTa. s
MPOQUIAKTUKY KUHKUHTa ¥ TBUCTHHTA apTEPUAIILHOTO U
BEHO3HOTO aHACTOMO30B HEOOXOJMMO COXPaHEHHE HEKO-
TOPOH MOJBUKHOCTH B 30HE aHacTomo3a. [llupokas mo-
OwnH3anys Hapy>KHOH TOB3IOIIHON BEHBI, B HEKOTOPBIX
cydasx ¢ IEepeCeYEeHUEM BHYTPEHHEU MOAB3IOIIHON
BEHBI, MOOMITH3aIIHS HAPY>KHOH ITOIB3I0IITHON apTEepHH
Ha MPOTSHKCHUY WM UCIIOIb30BaHUE BHYTPEHHEH TOI-
B3JIOITHON apTEpHH, IPU UCKITIOUEHUH €€ aTePOCKIePO-
TUYECKOTO TIOPAXKEHUS, IIO3BOJISICT N30eraTh HapyIICHUH
KPOBOTOKA B TIOYKE U BEIOPATh ONTHUMAIBHYIO TTO3HUIIHIO
TpaHCIUIAHTaTa B MOAB3AOLIHON sMKe [40, 41].

Heo0xonnMo OTMETHTS, UTO Y MAITUEHTOB, CTPAAAI0-
TIUIX 3JI0KAa9€CTBEHHBIMU 00Pa30BaHUSIMU OOJIBITHX 00h-
€MOB, 0aJIaHC CBEPTHIBAIOIICH CHCTEMBI KPOBU CMEIIICH
B CTOpOHY runepkoaryasuuu. [I[pumMeneHne aHTukoa-
TYJASTHTHOU TEpAIUU C MEPBHIX CYTOK MOCIIE ayTOTPaHC-
TUTAHTAIUH TTO3BOJISIET CHU3UTH BEPOSTHOCTH TPOMOO03a
B 30HE COCYIUCTBIX aHACTOMO30B U B MHUKPOIHPKYJIS-
TOPHOM pycite mouku [42, 43].

BTopoe npenMyIiecTBO reTepoTOmIeCKOM ITO3UITAN
CBSI3aHO C BO3MOYKHOCTSIMH BOCCTAHOBJICHHSI ITaccaka
MOYH TiepecaxeHHoi nouku. [lonasisrorniee KOIMIECTBO
YPOJOTHYECKUX OCIOKHEHUH MOCie TPaHCIUIAHTALNH
MOYKH CBS3aHO C HApyIIEHWEM KPOBOCHAOKEHUS MO-
YETOYHHKA U JTIOXaHKH. [I0CKOIbKY MOYETOUHHK ayTo-
TpPAHCIUTAHTATa MUTAETCS TONBKO OT MOYEUHBIX COCY-
JIOB, BCETAA €CTh PUCK WUITUMU3AINHA JUCTATHHBIX €TO0
OTZENIOB. YKOPOUYCHHE MOUYETOYHHKA OOBIYHO peliaeT
3Ty mpoOieMy. biM30C¢Th K MOYEBOMY IY3BIPIO TAKKE
MO3BOJISIET BBIMIOJHATE JHOOBIC JOCTYITHBIC BAPUAHTHI
TUTACTUKH, €CJIH JTTHHA MOYETOYHHMKA OKa3bIBAETCs He-
JloctarouHou [44, 45].

KAUHUYECKOE HABAIOAEHME 1

Hayuenm 3., 29 nem, nocmynun 6 HUU yponozuu
U unmepseHyuoHHoU paouonozuu umenu H.A. Jlonam-
kuna — puauan « HMUL] paouonoeuuy ¢ scanobamu na
Heghpocmomuneckull Operadxc ciesa 6 okmsiope 2013 e.
B anammnese no mecmy srcumenvcmea 3a 12 mecayes 0o
HOCMYNIeHUs 8 HAULY KAUHUKY O0NbHOMY BbINOJIHEHd
HONBIMKA KOHMAKMHOU Ypemepoiumompuncuu cieed no
N0B00Y KAMHS 8epXHell Mpemu 1e8020 MOYENOYHUKA, 8
X00e Komopou npouszouiesl AMmpo2eHHblll OMPblE 1e6020
Mmouemoynuxa. Tlayuenmy 6vi1 yecmanosnen upeckotc-
HbLU NYHKYUOHHBLI HeBPOCTNOMUYECKULL OPEHAIC CLE6d.

Ilpu obcnedosanuu ¢ HUU yponoeuu cexpemopHas
@yHKYUA €80l NOUKU NO OAHHBIM PAOUOUZOMONHO-
20 uccnedosanus cHudxcena na 23%, cnpasa ynkyus
nouku yoosiemeopumenvuas. Ilo oannvim ynempa-
38yK06020 uccredosanus (Y3HU) u mynemucnupaioroti
komnviomeprou momoepaguu (MCKT), npasas nouka
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pasmepamu 12,5 % 6 cm, monwuna napeuxumsl 1,5 cm,
pacwupenus yauwe-roxanounou cucmem (4J1C) nem.
Tun KposocHaboicenusn — mazucmpanviuslil. Jlesas nouka
pasmepamu 11,8 % 5,8 cm, monwuna napenxumol 1,5 cm,
pacwupenus 4JIC nem, 8 npoceeme 10xaHKu 8U3yanu3u-
pyemcs neghpocmomuueckutl Openaxc. Tun kpogocnao-
ocenust — masucmpanvuviil. 1lo dannvim anmezspaonoll
nuenoepaguu crnesa (puc. 2, a), KOHmpacmuoe geujec-
M0 8bINONHAEM YAULEYHO-TOXAHOUHYIO CUCTIEM) 11601
nouku. Konmpacmmuoe sewecmeo 6 negulii MO4emouHUK
u3 noxanxu He nocmynaem. Ilpu pempozpaonotl ypeme-
pozpaghuu cnesa MoHemoyHUKO8bII Kamemep 3a6e0eH Ha
3 cm gblilie yembsi 1€8020 MOYEMOYHUKA, 20€ BCIMPEYEHO
Henpeoodonumoe npensmcemesue. Konmpacmuoe geujec-
MB0 8biule 3 CM 18020 MOUEMOYHUKA OM €20 YCMbsl He
nocmynaem (puc. 2, 6).

Hayuenmy, yuumuoléas Mon000U 803pacm, COXpam-
HYI0 (OYHKYUIO 1e601 NOYKU, d MAKIHCE MeXHUYecKue 803-
MOJICHOCIU KIUHUKU, 8bINOTHEHA ayMOmMpancnianma-
Yusl 1eBotl NoYKU OmKpulmuim cnocobom. Ilpoussedeno
usvsAMuUe 1e6ol NoUKU ¢ apmepuetl U 6eHou. Boinonnen
docmyn 6 1egyro N008300UHYI0 SIMKY. Apmepusi u 6eHa
€80 NOYKU AHACTNOMO3UPOBAHbL C NOOB300UIHOLL apme-
puetl u 8eHotl. Jlesbiti MOYEMOUHUK CMOOETUPOBAH U3 MO-
ueg020 ny3vips no Memoouxe boapu u anacmomosuposan
Ha eHympenHem cmenme Ne 6 ¢ 10xanKoti 1e6oti noYKu.
Bpems onepayuu cocmasuno 145 munym, kpogonomeps
250 ma. IocneonepayuonHulil nepuoo npomexan 2nao-
Ko. Ilayuenm evinucan na 14-e cymku nocne onepayuu.
Buympennuii cmenm u negppocmomuueckuii Operasic
yoanenvt cnycms 8 Hedenb nocie onepayuu. I1o danuvim
KOHMPOAbHOU KOMNbIOMEPHOU momospaghuus, 1e6ds noy-
Ka HAX0OUmcs 6 1e60U N00E300UHOU 0b1acmu, Naccatc
KOHMPACMHO20 8eUeCmaa U3 1e60l NOUKU He HApYuleH
(puc. 2, 8, 2).

Tayuenm Ha npomsdiceHuU 0CbMU J1em HAX0OUmMCcs
nood Hawum nabmoodenuem. Ilpu konmponvrom yrempa-
38YK080M ucciedosanuu 6 cenmsope 2020 e. u donnepo-
2paghuu nowex npagast NOYKA UHMAKMHA, J1e6dsi PACHON0-
JICeHa 8 1e6oll N00B300UIHOU obracmu, Oe3 HapyueHUs
Kkposocraboicenust. Pazmepol nesoii nouxu 11,4 < 5,8 cm,
momyuna napeuxumul 1,5 cm, pacuupenus yauieuHo-
JIOXAHOYHOT CUCTHEMbL Hem.

Hayuenm sedem axmusnwili 0bpaz scusnu. Pabo-
maem (oQucHwvlll pabOmMHUK), 3AHUMACC CROPTNOM
(6ecaem nonymapagonvt).

KAUHUYHECKOE HABAIOAEHUE 2

Hayuenmxa J[., 51 200, ¢ duacnozom «HeopeanHas
sabprowunnas onyxonws IIIB cm. cTANOMO (no oannvim
2UCMONIO2UYECKO20 UCCEe008AHUSL DUONCULIHO20 Mame-
puania — 3a0pIOWUHHASL MHO20Y3108451 TUNOCAPKOMA
(GI1-G2)» (puc. 3, a) nocmynuna 6 omoenenue.

Ipoussedeno yoanenue 3a0PIOUUHHON HEOP2AHHOU
onyxoau (puc. 3, 6) ¢ aymompancniaumayuetl 1e6otl
NOUKU, KOPROPKAYOANbHOU pe3eKyuetl NOONCELYO0UHOU
Jrcenesvl U CnieHIKmomuell, pe3eKyuell 1e6020 Kynoua
ouaghpazmoi, 1€60CMOPOHHEN 2eMUKOIIKIMOMUELL, IKC-
mupnayuy MamKuy ¢ NPUOAmMKamu, opmuposare noo-
BECHOU eIOHOCHIOMUL.

Omanvt aymompancnianmayuu nouxku: 1 — popmu-
POBaHUE COCYOUCTNO20 AHACMOMO3A MENHCOY NOUEUHOU
U 1e601l 6HympenHell no08300uHoU apmepuamu (puc. 3,
8, 2); 2 — OKOHYAmMenb bl U0 AYIMOMPAHCHIAHIMUPO-
BAHHOU NOYKU 6 2eMePOMONULECKYIO NO3UYUIO NOCTe
CHOPMUPOBAHHBIX MEHCCOCYOUCMBIX AHACMOMO308 U
MENCMOUEMOUHUKOBO20 aHAcmomo3a (puc. 3, 0).

Bpewms onepayuu cocmasuno 435 munym, unmpaone-
payuonnas kpogonomeps — 2800 ma. Ommeuanoco me-

Puc. 2. UccnenoBanue GpyHKIUH MOYEK, MaueHT 3., 29 net: a — aHTerpaaHas nuenorpadus ciesa; 0 — peTporpajHas ypere-
porpadus cnea; B, T — MCKT nouek ¢ BHyTpUBEHHBIM OOJIFOCHBIM KOHTPACTHPOBAHHEM

Fig. 2. Examination of kidney function, patient Z., 29 years old: a — antegrade pyelography (left); 6 — retrograde ureterography
(left); B, r — renal MSCT with intravenous bolus contrast enhancement
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yeHue NOCIeoNepayuoOHHO20 NEPUOOA COTACHO 00beMy
BbINONIHEHHO20 XUPYPSUHECKO20 NOCOOUSL.

Ilo dannvim mopgonocuyeckoco ucciredosanus yc-
MAHO8NeHA 3A0PIOWUHHASL MHO20Y3110845 TUNOCAPKOMA
(G1-G2), npeumywecmsenno 8vlcokoougpgpepenyupo-
sannas aunomonoodoonas (G1) c noopacmanuem k yuac-
MKy ouagppaesmol, Kancyie cene3eHku, no0NHCery0oUHOU
Jrcenesvl, HAONOYEUHUKY, 0OpACMaHUuemM SMUX opeaHos u
V310M MUKCOUOHoU nunocapxkomol (G2) ¢ spacmaruem 8
CMeHKY 00H020 U3 (hpazmeHmos moicmou KUWKU.

Mopdgonoeuueckoe uccnedosanue yoanenHoz2o npe-
napama noxazaio OHKOI0SUHECKYH) PAOUKALIbHOCb
onepayuu. Ilayuenmka svinucana Ha 18-e cymxu nocne
onepayuu. Ha npomscenuu 9 mecayes nayuenmia Ha-
X00umcs noo Hawum HabIrOeHuem ¢ pemuccueli u co-
XpauHoU hyHKYUel aymompaHCHiaHmMUupOB8ARHON NOUKU.

KAMHUYECKOE HABAIOAEHHME 3

Hayuenmxa B., 48 nem, ¢ ouazno3om «HeopeanHas
sabpiowunnas onyxonv IB cm. pTANOMO (no dannvim
2UCMONIO2UYECKO20 UCCIe008aHUSL DUONCULIHO20 Mame-
puana — Hedughghepenyuposannas runocapxoma low
grade, G1)» (puc. 4, a) nocmynuna 6 omoenenue.

Ilpoussedeno yoanenue neopeanHou 3a0PIOUUHHOT
onyxonu OOKOM € 1e80U NOUKOU AOPEHANIKIMOMUEL Clle-
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8a, ¢ nociredyowell IKCMPAKOPHROPAILHOU pe3eKyuell
6epxHe20 Nonioca 1eoll NOYKU U ee aymompaHcnian-
mayuell 8 N008300WHYI0 00IACb, MmaKdice OblLIA Bbl-
NONHEHA XONeYUCMIKIMOMUSL, NOOBECHASL eIOHOCIMOMUSL.
(puc. 4, 6—onc).

Bpems onepayuu cocmasuno 370 munym, unmpa-
onepayuonnas kposonomeps — 1200 ma. Ommeuanocs
be30cn00CHenHOe medeHUe NOCIeONepayuoHHO20 nepu-
00a co2nacHo oovemy 8bINOIHEHHO20 XUPYPSULECKO20
nocobus.

1o oannbim mopghonocuuecko2o ucciedosanus yc-
manognena Heougepenyuposannas runocaprkoma low
grade (G1) éepemenoxiemouno2o Cmpoenus, ¢ y4acm-
Kamu Mano- u yMepeHHOKIEeMOUYHbIMU, C 04a2amMU HeKpO-
3a, ¢ 4 mumosamu na 10 n. 3p. x40.

Mopdgonoeuueckoe ucciedosanue yoaneHHo2o npe-
napama noxa3ano OHKOLOSUYECKYIO PAOUKATLHOCHb
onepayuu. Ilayuenmxa svinucana na 14-e cymxu nocie
onepayuu. 1Iposooumcs nocieonepayuonnas peabunu-
mayus (1,5 mec. nocie onepayuu).

OBCYXAEHUE

AyTOTpaHCIUIaHTAIMA MOYKHU SIBIISETCS METOJOM
BbIOOpA JIEUEHMs], HAIIPABJICHHOTO HAa COXPaHEHHUE I0-
yeyHoll pyHkuuu. C MOMEHTa BHEIPCHUS B KIIMHNYE-
CKYyI0 TIIPAaKTHUKy W IO CETOAHAINHEE BpeMs IOKa3aHHs
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Puc. 3. Dransr obcnenoBanus u nedeHus, manueHTka J., 51 rox: a — MCKT opraHoB OproIHOM MONOCTH ¥ PETPOIIEPUTO-
HEaJbHOTO MPOCTPAHCTBA C BHYTPUBEHHBIM OOJIOCHBIM KOHTPACTUPOBAaHHEM; O — MHTPAOMEPALMOHHAS KAPTUHA YIAlICHUS
3a0pIOLINHHOM HEOPraHHO# OIyXO0JIH; B—]I — 3Tallbl ayTOTPAHCIUIAHTALUH IOYKH

Fig. 3. Stages of examination and treatment, patient D., 51 years old: a— MSCT of abdominal organs and retroperitoneal space
with intravenous bolus contrast enhancement; 6 — intraoperative view of primary retroperitoneal tumor resection; B—x — kid-

ney autotransplantation stages
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K €€ BBIMOJIHEHUIO BUJIOM3MEHSIUCH. Pa3BUTHE HOBBIX [IpoTsikeHHOE TOpa)keHHEe MOYETOYHHKA OCTaeT-
TEXHOJIOTUH, K IPUMEPY, 3HIAOBACKY/SIPHOW XUPYPrHM, CSI OJHUM U3 pacCMaTpUBAEMbIX IOKa3aHUI K ayTo-
YMEHBIIWIO CHEKTP COCYAMCTHIX MOKa3aHWH K ayTo-  TPAHCIUIAHTALUU TOYKH, KOTZa €CTh HEOOXOIUMOCTD
TpaHCIJIaHTAIlUK TIOYeK. B He(poH-cOeperaromeM JeUeHUN WIH COLHaIbHON

Puc. 4. Dranel o0cnenoBanus u jgeucHus, manueHTka B., 48 net: a — MCKT opranoB OproliHOW MOJIOCTH B PETPOIICPUTOHE-
aJBHOTO IMPOCTPAHCTBA C BHYTPHUBEHHBIM OOJTFOCHBIM KOHTPACTHPOBAHUEM; O — MHTPAOTICPAIIMOHHBIN BUI OITYyXOJH B IMPOIIEC-
ce ynaJeHus; B — yIaJICHHBI MaKpOIIpenaparT; T — HHTPAOIIePAIMOHHEIA B OPIOITHON MOJIOCTH IOCIE YAAJICHUS OITyXOJH;
Il — BBIJIEJICHIE TIOYKH eX Vivo; € — MOJTOTOBKA IMIOYKHU K TPAHCILIAHTAIINH; K — 3aBEPILICHIE dTaa ay TOTPAHCIUIAHTAIIUN ITOYKH

Fig. 4. Stages of examination and treatment, patient V., 48 years old: a— MSCT of abdominal organs and retroperitoneal space
with intravenous bolus contrast enhancement; 6 — intraoperative view of the tumor during resection; B — removed macro speci-
men; T — intraoperative view of the abdominal cavity after tumor resection; 1 — ex vivo kidney isolation; e — kidney preparation
for transplantation; s — completion of kidney autotransplantation stage
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KAMHWYECKAS TPAHCTIAAHTOAOT NG

ajanrtanuy (130aBJICHUE MAI[MCHTOB OT OXU3HECHHOTO
UCIIONIb30BaHUs HE(PPOCTOMUUECKOTO JpeHaka Ui MO-
YETOYHUKOBOTO CTCHTA).

B nocnennee BpeMs B JieUeHUH HEOPTaHHBIX 3a0pIo-
muHHEBIX onyxonel (H30) ormeueHa TeHmeHIHS K OT-
Ka3zy OT MOHOOJOYHOH M IUTOPEIYKTUBHON XHPYPrUH
B TOJTK3y cOaraHcupoBaHHOTO Tomxona. K coamancu-
POBaHHOMY MOAXOMY NMPH HEOPTaHHBIX 3a0PIOIIMHHBIX
OMYXOJIIX OTHOCAT: HedpocOeperaromue BMeaTeb-
CTBa; ynajieHue Beicokonuddepenipoannpix H30
OTIEIBHBIMH «KOMIApPTMEHTaMU» C LEJIbI0 MaKCH-
MaJbHOW OPraHOCOXPAaHHOCTH; ayTOTPAHCIUIAHTAIINIO
nouku. Baxxnocts HepocOeperaromnx BMEIIaTEIbLCTB
npu H30 oOycnoBnena MUHUMH3aLEld BEPOSATHOCTH
OCTPOr0 MOYEYHOTO MOBPEKICHUS U Pa3BUTUSL XPOHU-
yeckoit 6omne3nn nouek (XbII), koTopbie yBemnuuBaoT
PHCK CMEPTHOCTH Y OHKOJIOTHYECKHX NAlUeHTOB OT He-
OHKOJIOTHYECKUX IPUYINH — UHCYJIBTA, UIIEMUYECKOI
6one3nu cepana (UBC) [19, 20]. Coxpannas GyHKIHS
MOYeK aeT cBoOOAy B Ha3HaueHUH d((EKTUBHBIX pe-
KUMOB aJIbIOBaHTHOM Tepanuu. OHAKO IMOKa3aHUs CO
croponsl H30 kpaiiHe orpaHu4eHbl: BRICOKOTU(hepeH-
nupoBaHHbie (G1) TMOCapKOMBI; pacTIOIOKEHNE TOYKH
B TOJILIIE OITYXOJIEBBIX y3JIOB, BOBJICYEHHE COCYOB IOUKH
C COXpaHEHHOU QyHKIINEH TOUKH; POTSHKEHHOE BOBJIC-
YeHHUE MOYETOYHHKA; €TUHCTBEHHAS TIOYKA.

ITpu nono3pennu Ha OOIMPHOE BOBJICUCHUE TIOUKH B
OITyXOJIEBBIN MPOIIECC C COXpaHEHHEM ee (DYHKLUH He-
00X01MM MyJIBTUANCLUILIMHAPHBIN [TOJX0/ € y4aCTHEM
CIENUANMCTOB TPAHCIUIAHTOJIOTHYECKON CIyObl1. [1pn
MPaBUWIBHOM IUIAHUPOBAHUH XUPYPTrHUECKOTO BMeIla-
TEJIHCTBA BO3ZMOXKHO 00ECIIEUUTh XOPOIKEe HEemocpe -
CTBEHHBIC M OTAAJICHHBIC PE3YJIbTaThl JICUCHHS.

3AKAIOYEHUE

AHanu3 nutepaTypsl U IPUBEICHHBIE HAMU KIMHHU-
YECKHUE CIy4dad U3 YPOJIOTMYECKONH U OHKOJIOTHUYECKOU
MPAKTUKH TOKAa3bIBAIOT BO3MOXKHOCTH 0€30IacHOTO
NMPUMEHCHHA ayTOTPAaHCIUIAHTAOWUN MIOYKHU IO CTPOTO
BEIOpaHHBIM ITOKA3aHUSIM.
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PA3PABOTKA MOAXOAOB K BEC®EPMEHTHOMY NMOAYYEHUIO
OCTPOBKOBOW TKAHU U3 NOAXEAYAOYHOWN XEAE3bI

I'H. Craneykas, H.H. Cxaneyxuu, I'H. bybenyosa, B.1U. Cesacmvsinos

PIBY (HAUMOHOAbHbBIM MEANLIUHCKMM MCCAEAOBATEABCKMM LLEHTP TOAHCAAQHTOAOTMM M MCKYCCTBEHHbIX
OPraHOB MMeEHM akaaemmKa B.M. LLiymakosay MuH3Apasa Poccum, Mocksa, Poccuinckas Peaepaums

VYCnenHocTh aIoTPaHCIUIAHTAIIMA OCTPOBKOB MODKETYOYHOM KeJIe3bl TPH JICUSHUH MAIlMEHTOB C TPYIHO-
YIIPaBIIEMbIM TEYCHHEM CaxapHOTo quadeTra 1-ro TWma 3aBHCHT INIaBHBIM 00pa3oM OT KOJIMYECTBA M Ka4eCTBa
OCTPOBKOB, H30JIMPYEMBIX U3 MOJKEITYIOYHOH JKeIe3bl TOCMEPTHBIX IOHOPOB € MOMOIIBI0 (DepMEHTHBIX Iperapa-
TOB, TIPEJK/IE BCETO KOJIareHa3bl. MHOTOYHCIIEHHBIE HCCIIEJOBAHMS 110 COBEPIICHCTBOBAHUIO U CTAHAAPTH3ALUH
METOJIOB BBIICJICHUS] OCTPOBKOB JIOCTHIIIH B ITOCIIEAHEE AESCATUICTHE ITPEiesia CBOUX BOSMOKHOCTEH, UTO ClIeIIalo
HEBO3MOKHBIM JaJIbHEHIIee yBeTNUEHHE KOIUYECTBAa M KaueCTBA KIMHUYECKUX TPAHCIIAHTALMH. Y YUTHIBAS
HEraTHBHOE BIMSHHE NPUMEHEHHs KOJIareHa3HOM TEXHUKH Ha MOpGOo(yHKIHMOHAIBHBIE CBOMCTBA U30JIUpYe-
MBIX OCTPOBKOB, B HACTOSIILEH paboTe H3yueHa BO3MOXKHOCTh Oec(hepMEHTHOTO MOTYUIEHHUSI OCTPOBKOBOM TKaHH,
OYMILEHHON OT 3K30KPMHHOTO Oaytacta. DKCIIEPUMEHTHI, IPOBEICHHBIE C HCIIOIb30BAHUEM MOKEITYIOYHOM
JKeJIe3bl HOBOPOXKICHHBIX M MOJIOJBIX KPOJIHMKOB, TIOKA3aJId PEATbHOCTh pa3padOTKH METOANYECKUX MOAXO0IO0B K
MOJTYYEHHUIO OCTPOBKOBOMOAOOHBIX KYJABTYp 03 MPHUMEHEHHUs 9K30T€HHBIX (DEPMEHTOB.

Kuroueguvle cnosa: noodicenyoounas dcenesa, IK30KPUHHAS MKAHb, OCPOBKU, U30NAYUSL, KOLIA2eHA3d,
KpPOAUKU, (promupyrouyue 0Cmpo8K080N0000OHbIE KYbINYPbL.

DEVELOPMENT OF APPROACHES TO ENZYME-FREE ISOLATION
OF PANCREATIC ISLETS

G.N. Skaletskaya, N.N. Skaletskiy, G.N. Bubentsova, V.I. Sevastianov

Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

The success of pancreatic islet allotransplantation in the treatment of patients with a difficult-to-manage type
1 diabetes depends mainly on the quantity and quality of islets isolated from the pancreas of deceased donors
using enzyme preparations, primarily collagenase. Numerous studies on improvement and standardization of islet
isolation techniques have reached their limits in the last decade. This has made it impossible to further boost the
number and quality of clinical transplants. Taking into account the negative impact of collagenase technique on
the morphofunctional properties of isolated islets, this work has studied the possibility of enzyme-free isolation
of islet tissue purified of exocrine ballast. Experiments using the pancreas of newborn and young rabbits showed
that developing methodological approaches to obtaining islet-like cultures without the use of exogenous enzymes
is feasible.

Keywords: pancreas, exocrine tissue, islets, isolation, collagenase, rabbits, floating islet-like cultures.

BBEAEHUE

[IpopeiB B 3(pdexkTHBHON aIOoTpaHCIUIAaHTAIHH
OCTPOBKOB MokenynouHon xene3bl (I1K) 6ompHBIM
caxapHbIM JuabeToM l-ro Tua 03HaMEHOBAJICS B ca-
MoM Hayasie XXI Beka pa3paOboTKol DIMOHTOHCKOTO
npotokona [1]. C Tex mop npou3oIlio onpeneieHHOe
yAy4IIeHne Pe3yNbTaToB U MOBBIIICHHE 0€30IacHOCTH

TpaHCIUIAHTAIMH 0CTPOBKOB [2]. [Ipu 3TOM HEKOTOpHBIE
TPaHCIJIAHTAIIMOHHKIC IICHTPHI HEM3MEHHO ObLIH OoJee
YCHENHBIMH, 9eM JipyTHe [3], ¥ 3T pa3inuyne 00ycCIoB-
JIEHO B 3HAYUTEJILHOM, €CIIM HE B ONpeeNatonlel, cTe-
MEHU Kau€CTBOM HM30JUPOBAHHEBIX OCTPOBKOB, KOTOPOE
3aBUCHT OT METOJNYECKOTO YPOBHS U OMBITA UCCIE0-
BaTeJICH, 3aHIUMAFOIINXCS ITOM TPOOIEMOTA.
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[IpaBuUIBHOCTH MPUMEHEHHS IPETapaToB KoJulareHa-
3bl, SIBJIAIOUINXCS BXKHEHIIIMU peareHTaMH, UCTIONb3Y-
€MBIMH 151 U30JISIIUH OCTPOBKOB, CYILIIECTBEHHO BIHSACT
Ha KOJIMYECTBO M KAYECTBO OCTPOBKOB (TOYHEE, SKBU-
BaJICHTOB OCTPOBKOB) U B KOHEYHOM HTOTE ONpPEeIsieT
Pe3yJIbTaThl MX TPAHCIUIAHTALMHM OOJIBHBIM CaXapHbIM
nuabetoM [3]. B TedeHue psiga et IS BHIACICHHUS OC-
TPOBKOB U3 IMpENaparoB KOJIAreHa3HOTO psifa Hanbo-
Jiee IMUPOKO ucnoib3oBanack Jludepaza H1 (Roche),
KOTOpasi, 10 CyTH, cUuTanach epMeHToM BBIOOpa [4].
Opnako B 2007 rogy BO3HUKIM OMACEHUS IO MOBOAY
WCIOJB30BaHUs 3TOTO mpenapara. Jleso B ToM, 4TO B
IIPOLIECCE €r0 NMPOU3BOACTBA HCIIOIB30BAJIOCH CHIPBE,
MOJTy4YeHHOE M3 MO3ra KPyITHOTO pOoraroro cKorta, KOoTo-
poe TeopeTHdecKr MOTEHIIMAIbHO MOXET Nepe1aBaTh
3aboneBaHus, cBsA3aHHBIE ¢ puoHamu [5]. C Tex mop
ObUIM IPEANPHUHATHI YCHIIHUS IO 3aMEHE 3TOTO Ipernapa-
Ta IMyTeM MOAU(HUKALUN €r0 KOMIIOHEHTOB U U3YUCHUS
TepeBapUBAOIICH aKTHBHOCTH HOBBIX (PepMEHTOB [6].
B pesymnbpraTe cTanm mpuMEHIThH cMecH (PEpPMEHTOB,
Brutrouatomue Komnmarenasy NB1 (Serva), Bepcuro Jlu-
Oepasbl 0e3 HCIIOJIb30BaHUS TKAHEH MJICKOIUATAIONIUX
(Roche) u HoBy10 cMech Vitacyte [7-9]. HecMmoTps Ha TO
uro JluGepaza HI u Konnarenaza NB1 Obu1n nHanbonee
HIMPOKO UCCIIEOBAHHBIMH (DepMEHTaMH TS BBIICTICHUS
OCTPOBKOB Y€JIOBEKA, KOJIMUECTBEHHBIE U Ka9€CTBEHHBIE
PE3yNBTaThl, HOJIYYeHHBIE B psZie IICHTPOB, CYIIECTBEH-
HO pa3INyajnch W HEPEAKO OKa3bIBAJIKCh MPOTHUBOpE-
yuBbIMU. 1Ipy 3TOM KpuUTEpHEM Kau€CTBEHHON OLIEHKU
00pasoB OCTPOBKOB, BBIZICTICHHBIX B HECKOJIKMX LICHT-
pax CILIA ot AOHOpPOB € Pa3INYHBIMU XapaKTEPHUCTH-
KaMH, SIBISUIOCH OmpenesieHre (GyHKIMH OCTPOBKOBBIX
B-xmerok (6a3anmbHAs W CTUMYIHMPOBAHHAS CEKpPEIUs
nHcynuHa) [10].

OtcyTtcTBHE CTaHAAPTH3AMH (DEepMEHTHOM 00padoT-
ku Tkanu [ K genoBeka MOXeET B OIpeieNIEHHOM cTeme-
HHU OOBSICHUTB BBICOKYIO BapnabeIbHOCTh Pe3ybTaToB
M30JIUH 0CTPOBKOB. C IENBIO OIIPEeIENICHUS Pa3yMHOTO
BbIOOpa HanboJee MPUEeMIIEMOTO BapraHTa 00paboTKu
MaHKPEeaTH4eCKOW TKaHU ObLT MIPOBEAEH CPAaBHUTEIb-
HBIIl MeTaaHaJu3 Pe3yJbTaTOB NMPUMEHEHUS CMecei
pa3IMuHBIX EPMEHTHBIX MPENapaToB MPH U30JIALUN
octpoBkoB u3 IDK nmocmepTtHBIX nonOpoB [11]. Ilpu
3TOM OILICHHMBAJH BIMSHUE PA3IMYHBIX (pEepMEHTOB Ha
HKBHBAJIEHTHOE KOJINUECTBO OCTPOBKOB, TOJYUEHHBIX U3
1 rpaMMa MOJKETYAOYHOM KEJIE3bl, ONPEIEIISSl CTEIICHb
UX OYHMCTKH, )KU3HECIIOCOOHOCTh U CTUMYJIMPOBAHHYIO
[JIIOKO30M CeKpenuio uHeynrnHa. [IpoBeneHHbIi MeTa-
aHaJIN3 MoKa3aj, YyTo, M0-BUANMOMY, UCCIIEIOBAHUS 10
CTaHJAPTH3ALUHU U30JSIIHUN JOCTATOYHOTO KOJIMYeCTBa
ocTpoBKOB U3 goHopckoi IDK nocturnu npenena ceoux
BO3MOKHOCTEM, ¥ TIOCIIE BCIUIECKA JOCTHKEHHUH B Hava-
nie 2000-x T0oZI0B B 3TOM 001aCTH HACTYTIMJ CTarHAIINOH-
HBII IEPUOJ, YTO CHAEIIANIO IPAKTUIECKH HEBO3MOXKHBIM
3HaAUYMMOe yBennueHrne ) (HEeKTUBHBIX Mepecajjok OCT-
POBKOB B KJIMHUKE. MHOTOUUCIICHHBIE SKCIIEPUMEHTHI C
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ucnoip3oanrneM [1DK mabopaTopHbIX KHUBOTHBIX, Mpe-
JKJI€ BCETO TPHI3YHOB, TPOAOIKAIOIIHECS IO HACTOSIIETO
BpPEMEHH, HE MTO3BOJIMJIH CYIIECTBEHHO YIIyUIIUTh METO
H30JISIITIH OCTPOBKOB [ 12—14] 1 aKcTpamonmmpoBars 1mo-
Jy4eHHbBIE JJaHHBIC HA IPOTOKOJ BHIJIEIICHHS OCTPOBKOB
u3 IDK mocmepTHBIX 1oHOPOB. HekoTopyio Haex 1y Ha
YBEJIMYCHHUE JUTUTSIBHOCTH BBIXKUBAHUS U TIOBBIIIICHUE
(YHKLHMOHAJIBHBIX BO3MOXHOCTEH OCTPOBKOB JIAIOT OITBI-
THI TI0 COBMECTHOMY WX KYJBTHBHPOBAHHUIO C ME3EHXHU-
MaJbHBIMH CTPOMAJIGHBIMU KJleTKaMu [15, 16].

BaxHO OTMETHTH, UTO TOMHUMO IK30T€HHBIX (ep-
MEHTHBIX TPENapaToB CYIIECTBEHHOE BIHMSHUE Ha KO-
JUYECTBO M Ka4eCTBO OCTPOBKOB, M30JUPYEMBIX H3
noHopckoit [IDK, MokeT oka3bIBaTh aKTHBALHS €€ co0-
CTBEHHBIX ITPOTEOIUTHUECKUX (DEPMEHTOB, IPOAYLIUPY-
eMBIX allMHApHBIMHA KJIeTKaMu. Kak nu3BecTHO, BHEIIIHE-
cekperopHas pyrakmwst IDK 3akmrodaeTcs B BEIICTICHUN B
JIBEHAJIIIATHIICPCTHYIO KHUIIKY MAaHKPEaTHIeCKOro COKa,
CHOCOOCTBYIOIIIET0 PaCIIETIEHHUIO MTOCTYAOIIETO C M-
iei Oenka 10 aMUHOKKCIOT. [Iporeonntuaeckue dep-
MEHTBI, IPE/ICTABICHHBIC TPUIICUHOM, XHMOTPUTICHHOM
U KapOOKCHITETITUAA30M, BBIJIEISIFOTCS B MPOCBET JIBE-
HA/IATUTIEPCTHON KUIIKH B HEAKTUBHOM COCTOSIHHUU, U
AKTUBAIHS MX HACTYTAET MO/ BIUSHUEM YHTEPOKHHA3EI
KHAIIEYHOTO coka. OHAKO BHYTPUOPTAHHAS aKTHBAIIHSI
coOCcTBeHHBIX (hepMeHTOB B jgoHOopckou [DDK Bmomne
peanbHa M CBsI3aHa TIaBHBIM 00pa3oM C HapylleHHEeM
MO/Ia41 KHCJIOPOJa BO BPEMS €€ N3BJICUCHUS, XPaHEHHSI
Ha XOJIOZ€ W TPU BBIMOJIHEHUU TPOIETYPhl 30K
OCTpOBKOB [17]. YBenuueHue npoayKuuu JakTara B pe-
3yJIIBTaTe aHAIPOOHOTO pPacIaja TITFOKO3bI IPH THITOKCHH/
AHOKCHH BBI3BIBACT BHY TPHKJICTOUHBIH aIl]103, KOTOPBIH
SIBJISIETCSI OTHAM U3 OCHOBHBIX UHIYKTOPOB IPEKAEBPE-
MEHHOI BHYTPHUKJIETOYHON ayTOAKTUBALUU TPUIICUHO-
reHa U TOCIEAYIOIIEro 3amycka epMeHTHOro Kackaaa
B anMHapHbIX kietkax [18]. [lockonbky 90% Oenxos,
CHUHTE3UPOBAHHBIX AIMHAPHBIMH KJIETKAMH, SBISTFOTCS
MUIIEBAPUTENEHBIMI (hepMEHTaMH, HeH30eKHBIE TIEPHO-
JIbl MIIIEMUH 00ECTICUHUBAIOT «HICATLHBIE YCIOBHUS TS
3ammycka ayronutudeckux mporeccoB B [1K [19]. Ot-
pHULIaTeNbHOE BIMSHUE YHIOTEHHBIX MTaHKPEaTHUECKUX
npoTeas Ha GyHKIHOHATBHBIE CTIOCOOHOCTH OCTPOBKOB
OBLIIO OTMEUYEHO, B YACTHOCTH, TIPY HIIEMHUIECKOM/pe-
nepdy3nOHHOM TIaHKPEaTUTEe, Pa3BUBAIOIIEMCS B TIPO-
necce Koucepsanuu noHopckoit IDK [20]. BepkuBanuto
OCTPOBKOB BO BpeMsI UIIEMHH MOXKET MPENSITCTBOBATD
TaKXe TO, YTO OCTPOBKH HETOCPEACTBEHHO OKPY)KEHBI
AI[MHAPHBIMH KIIETKaMH, KOTOPBIE OTIAMYAIOTCS OoJee
BBICOKOM MJIOTHOCTBIO IPaHyJl 3MIMOTEHA [0 CPABHEHHIO
C TEJIEUHCYIAPHBIMU KIIETKAMH. JTa THCTOIOTHIECKAS
OCOOEHHOCTH JIeJIaeT OCTPOBKH O0COOEHHO YS3BHUMBIMH
K MPOTEOIMTHYECKOMY TTOBpEKaeHuUIo [21].

OTtcyrcTBHE TIporpecca B pa3paboTKe METOHOB H30-
JSIMUU OCTPOBKOB CJIEJIaJio BOCTPEOOBAHHBIM MOMCK
HOBBIX, 0oJiee 3(p(heKTUBHBIX TOAXOAO0B K MONTYUEHHIO
OCTPOBKOBOW TKaHH B KOJIUYECTBE, AOCTATOYHOM JUISI
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OCYIIECTBICHUS YCIEUIHOTO TPAHCIUIAHTAIIHOHHOTO
JieueHus OOJIBHBIX caXxapHbIM AuabeToM. B Hactosmeit
paboTe m3ydyeHa BO3MOXXHOCTh MOJIYYEHUS KYIbTYpP
OCTPOBKOBBIX KJIETOK, OYHMIIEHHBIX OT IK30KPHHHOTO
bamtacra, 63 UCTIOIB30BaHUS CTAHAAPTHEIX (DepMEHT-
HBIX MIPENaparoB, KOTOPbIE, KaKk ObLIO YKa3aHO BHIIIE, B
3HAYUTENHHOI Mepe CHM)KAIOT BEKUBAEMOCTh U (PyHK-
IMUOHAJIBHBIC BO3SMOXHOCTH BBIACIIACMBIX OCTPOBKOB.

MATEPUAADBI U METOADI

B xagecte gonopos DK ucmoms3oBanm rabopa-
TOPHBIX KPOJIMKOB IMOPOJBI «COBETCKAas IIWHIIUILIA»
pa3IMYHOTO BO3pacTa U Macchl Tena: 60 roioB HOBO-
poxneHHbIX (1-2-mHEBHBIX) ¢ Maccoii Tena 6070 T u
12 ronos omHOMeca4HEIX ¢ Maccou tena 600—700 r, To
€CTh Ha IMOPSA0K OOJBINEH, 4eM Y HOBOPOXKICHHBIX KPO-
TKOB. JKMBOTHBIX IOTyYaJIi M3 TUTOMHHUKA JIA00paTop-
HBIX )KUBOTHBIX OO0 «Kponludoy ¢ mpeacTaBieHneM
BETEPHUHAPHOTO CBUETEIHCTRA.

YuuThIBas ONMUCAHHOE BHIIIE NMAaryOHOE BIMSHUE HA
OCTPOBKH MPOTEOTUTHYECKUX (DEPMEHTOB, BHICBOOOXK-
JAIOIIMUXCS MPU MPOJOJIKUTEIbHBIX MAHUIYIALUSIX C
nmoropckoit DK, Hamu ObLTH HCIIONB30BaHbI IPHUEMBI,
YMEHBIIAIOINE 3TO BO3/ICUCTBHE, MUHUMH3UPYIOIINE,
B YaCTHOCTH, JUTNTEILHOCTH UIIEMUH opraHa. [Ipu aTom
HaMHU MPEIoIaraiochk, YT0 yMepeHHBIN MPOTEOIU3 SH-
JOTeHHBIMHU (hepMeHTaMH, HeM30eKHBIN ke MpHU ca-
MO KpaTKOBpEeMEHHOH 00paboTKe maHKpeaTHn4ecKon
TKaHU, IPUBEIET K THOEIN TOJIIBKO alliHAPHBIX KIIETOK,
HO HE OKa)XeT ITOBPEXK/IAOIIETO ISHCTBHSI HA OCTPOBKH.
[ToaToMy ¢ TIeNBI0 IpeAynpexAeHNsT N30BITOYHOTO ay-
TOJIH3a TAHKPEaTHIeCKON TKaHH cpa3y MOCIIe IBTaHA3HU
JKUBOTHBIX U u3BNeueHus y Hux DK nocneanioro nome-
manmu B xonoaubeii (4 °C) pactBop Xenkca (ITanDxo),
3aTeM OBICTPO C MOMOIIBIO ITIA3HBIX MTUHIICTOB YAAISIIH
KariCyIry, BUIIMMbIE KPOBEHOCHBIE COCY/IBI U BHIBOIHEIC
MIPOTOKH | pa3pe3ajii OpraH Ha PparMeHTHI BETMIHHON
OKOJIO 2 MM, KOTOPBIE TBAXKIBI TIPOMBIBATH XOJIOTHBIM
pacTBopoM XEHKca, Iocie 4ero B Teuenne 7—10 MuHyT
TIIATENHHO U3MENBYAIH OCTPBIMU ITIa3HBIMHU HOXKHHIIA-
Mu. [IpogomKUTEeTbHOCTh MUKPOJUCCEKIIUN 3aBHCEA
OT BUAMMBIX 0COOCHHOCTEH 00pabaThiBacMoOii KeJe-
3Bl M ONpEeIsiach UCCIEOBaTeNIeM B KaKIOM KOHK-
petHOM cirydae. OOpa30BaBIIYIOCS TYCTYIO TKaHEBYIO
CYCIIEH3MIO0 HE MEHEEe TPeX pa3 MPOMBIBAIH XOJIOAHBIM
pactBopoM XeHkca. B pesynprare yka3aHHBIX MaHUITY-
JsUit oOpabaTeiBaeMast IpU KOMHATHOM TeMIIeparype
(2024 °C) nankpearnveckas TKaHb MOABEPrajiach Mpe/-
MOJIOKUTEIBHO JUIIb MAIAIIEMY POTCOTUTHYECKOMY
BO3/ICHCTBUIO YHJIOTEHHBIX TTAHKPEaTHIeCKUX (hepMeH-
TOB, KOTOPBIE TIOCIIE OOMIIBHOTO TIPOMBIBAHHS ITOTYIEH-
HOW TKaHEBOH CYCIICH3UH VAL BMECTE C 0OpPBIBKAMH
ayTOJU3UPOBAHHOM SK30KpUHHON TKaHU. IlonydeHHas
nocie oopaborku 1 [IDK ogHOMecs9HOTO KpoJiuKa HiTH
5 ITDK HOBOpOXIEHHBIX KPOJIUKOB TKaHEBAsl CyCIIEH3Us
COCTOsJIa B OCHOBHOM M3 MUKPO(ParMeHTOB pa3MepoM
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MeHee | MM®, KOTOpBIE NEPEHOCUIIM B KYJIBTYPAJIbHBI
¢nakon mromaznso 25 cm® (Corning), Kyaa cpasy ke
BHOcHiM 10—12 ma cpenst RPMI-1640 HEPES 6e3 ry-
tamuHa ([Tandk0) 1 mobasisim 1 M SMOpHOHATBHOMN
tensubeil ceiBopoTkr (HyClone). dmakoHsr momema-
JU B MHKY0AaTop W KyITGTHBHPOBAHWUE MPOBOIWIH TIPH
37 °C. 3ameHy pOCTOBOI Cpelbl Ha CBEXKYIO BHITIOTHSIIH
Kbl 2—3 CyTOK. 32 U3MEHEHUSIMU, POUCXOISIIITUMHA
B Ipoliecce MHKyOaluu, HaOIonanu dyepe3 HHBEPTH-
poBannblii Mukpockon Nikon Eclipse TS 100 mytem
€XEeJTHEBHOTO MOHUTOPUHTA, U 3HAYNMBbIC N3MEHECHHUS
(UKCHPOBAIIH C MOMOIIBI0 MU(POBOH (HOTOKAMEPHI.
[TpoBoawITH THCTOIOTUYECKOE UCCIIEIOBAHNE HATUBHBIX
IIDK HOBOpPOXXIEHHBIX U OJHOMECSIYHBIX KPOJIUKOB, a
TaKXe 00pa3IoB MOIy4aeMbIX KYJIBTYp Ha pa3HbIX Cpo-
Kax MHKyOaluu NaHKpeaTu4eCKuX MUKpO(parMeHTOB.
Hccnenyemblii MaTepuan (GUKCHpPOBaIU B (OpMaJIHHE.
[ocne pyTrHHO# npotieaypbl 00€3BOKUBAHUS 00Pa3IIbl
3anuBayA B apadud. Cpeasl TOIMMHON 4 MKM OKpa-
NIMBAJIM TeMaTOKCUJIMHOM U 303HHOM, a TaKXe MOJI-
BEeprajii UMMYHOTUCTOXHMHYECKOMY OKPAaIIMBAHHIO
M0 CTAaHJAPTHON METONMKE C MEPOKCUIA30M XpeHa st
BBISIBJICHUSI OCHOBHBIX THUIIOB OCTPOBKOBBIX KJIETOK C
UCIIONIb30BAaHUEM COOTBETCTBYIOIIMX MOHOKIIOHAIBHBIX
agTUTeN: antiinsulin u antiglucagon (Sigma).

PE3YABTATbI U UX OBCYXAEHUE

I'uctonornyeckoe nccnenosanue 1K 1-2-aHeBHBIX
kposnkoB U ITXK ogHOMECAYHBIX KPOJUKOB BBISIBUIIO
CYLIECTBEHHOE Pa3JIMUUE B COOTHOLIEHUH SHJOKPUHHON
(0CTPOBKOBOM) M SK30KPUHHOH (allMHAPHON) TKaHEH y
3TUX PA3HOBO3PACTHBIX JKMBOTHBIX. J[0J1 9K30KpUHHOM
TKaHU y MOJIOJBIX )KHBOTHBIX CYIECTBEHHO IIPEBBIIIIA-
Jla TaKOBYIO y HOBOPOXJIEHHBIX. [Ipu 3TOM OCTpOBKH,
UMEIOIIIE OBaJIbHYIO (opMy, OBIITM YETKO OTTpaHuye-
HBI OT OKpYXarolel 5K30KpUHHOM TKaHU MPOCIOHKaMHU
coeqMHUTENbHON TKaHu (puc. 1, a). B To xe Bpems y
HOBOPOXICHHBIX JKUBOTHBIX M3-3a €CTECTBEHHOIO OT-
CYTCTBHSI aKTHBHOTO ITUILEBAPEHNS SK30KPHHHBIN OTAET
ITX pa3But cnabo, octpoBku B HeoHatanbHOH 11K 3a-
METHO MeJbue, HeMPaBUIbHOM, «PBaHO» (OPMBI U He
MMEIOT BBIPA)KEHHBIX COETMHUTENTbHO-TKaHHBIX ITPOCIIO-
€K Ha TpaHMLe ¢ IK30KPUHHBIMHU KieTkamu (puc. 1, 6).

Takue rucTosornueckue 0COOEHHOCTH JeNany He-
1enecooOpa3HbIM 00paboTKy MaHKpeaTH4eCKOH TKaHH
HOBOPOXKJICHHBIX KPOJIMKOB IpemapaTaMy KoJlarcHas-
HOTO psifia W3-3a MPAKTUIECKOTO OTCYTCTBUS TOYKH TPH-
JIOKEHUsI JICUCTBUS TakuX (PepMEHTOB (KOJIJIATCHOBBIE
BOJIOKHA COEAMHUTENBHO-TKaHHBIX Ipociioek). [ToaTromy
OBLIO pEeIICHO U3YYUTh U3MEHEHHS, IPOUCXOASIINE TIPU
KynbTHBHpOoBaHNH I DK HOBOpOX I€HHBIX KPOJIMKOB, O/~
BEprILeiics TOIBKO MEXaHNYECKOMY U3MEIBICHHIO, 03
dhepMeHTHOH 00paOOTKH.

Habmronenus, ocymecTBISIBIINECS C TTIOMOIIBIO WH-
BEPTHUPOBAHHOTO MUKPOCKOTIA, BHISIBIIIN CYIIIECTBEHHOE
YMEHBIIIEHHE MacChl 9K30KpUHHON TKaHU yXe Ha 2-e—
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3-1 cyTKH HHKyOanuu MUKpo(parMeHTOB HEOHATAIBHOM
ITX u ux yruioTHeHHE U «OIIapuBaHue» Ha PoHe OKOH-
YyareIbHON rMOCN M 3TUMUHALIMN alldHAPHBIX KIIETOK
K HCXOy 5—7-X CyTOK (puc. 2).

O06pazyromuiics mpy AeCTPYKINU allMHAPHBIX KIETOK
JIETPUT OJTArOMOMYYHO YAANSIICS MPU OYEPETHON 3aMEHE
KyJBTYpajbHOM cpenbl. B pesynbrare dhopmupoBaiach
KyJIBTypa, IOYTH MTOJHOCTBIO COCTOSINAs U3 (IOTUPY-
roIUX (CBOOOIHO TUTABAIOIINX ) TUIOTHBIX IIIAPOBUTHBIX
WJIM OBOUIHBIX CTPYKTYp (puc. 3).

I'ncTonoruueckuii anaus KyneTyp OKa3all, 4TO OHU
COCTOSIT U3 DIIUTEINUS U OKPY)KEHBI 110 nepud)epuu cio-
€M DIUTETHONOA00HBIX UiH PuOPOOIACTONOIOOHBIX
KIIeTOK (puc. 4).

HIMMyHOTHCTOXMMHYECKOE OKPALLIMBAHUE ITO3BOJIHIIO
UACHTU(GUIUPOBATH COAEPKAIUICA B KyIbTypax 3Iu-
TeNUH KaK MHCYJINH-TIO3UTHBHBIC KJIETKHU (B Oonbliei
CTETeHH ) U TIIFOKarOH-TIO3UTUBHBIE KIIETKH (pHC. 5).

XapaxrepHast IrapooOpa3Hasi 1/uim oBouaHas popma
IMOJIYUYCHHBIX CBO6OI[HO IJ1aBaromuXx KyJIbTyYpP U BBISABIIC-
HHUEC B HUX OCTPOBKOBBLIX [_))- " O-KJICTOK JaJIu OCHOBAHUS
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Puc. 1. IlomxkemynogHas jxene3a OXHOMECSIHOTO KPOJIHKa (a) M OTHOTHEBHOTO Kpoiuka (0). IMMyHOTHCTOXMMIYECKOE OK-
pammuBaHue B-KJIETOK OCTPOBKOB aHTUTENAMHU K UHCYIHHY. X200

Fig. 1. Pancreas of a one-month-old rabbit (a) and of a one-day-old rabbit (6). Inmunohistochemical staining of beta-cells of

islets with insulin antibodies. x200
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Puc. 2. 3aBepiienue npouecca ClIOHTaHHOW OYMCTKH OT 3K-
30KPUHHOW TKaHU MHUKPO(PArMEHTOB MOHKETYIOIHOM Ke-
JIe3bl HOBOPOX/ICHHBIX KPOJIUKOB. VIHBEPTUPOBAHHBIA MHK-
pocxkor. x100

Fig. 2. Completion of spontaneous purification of newborn
rabbit pancreatic microfragments from exocrine tissue. In-
verted microscope. x100
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Puc. 3. ®opmupoBanue (roTupyommx KyJIsTyp HOCIe
7-nHeBHOM WHKyOanuu MukpodparmentoB DK HOBOpOXK-
JIEHHBIX KponnukoB. THBepTHPOBaHHBIN MHUKpOCKOIL. X 100

Fig. 3. Formation of floating cultures after 7-day incubation
of pancreatic microfragments of newborn rabbits. Inverted
microscope. x100
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Puc. 4. Gnotupyromue KyabTyphl, HOTYYSHHBIC U3 TIOIKETY-
JTIOYHOH JKeJIe3bl HOBOPOXKICHHBIX KPOIUKOB. OKpalIiBaHue
TeMaTOKCHUIMHOM U 203uHOM. X200

Fig. 4. Floating cultures obtained from the pancreas of new-
born rabbits. H&E stain. x200

@ .4

Puc. 5. UMmyHOrHCTOXHMHYECKOE OKpallnBaHue (Grotupy-
OIUX KYJABTYp, MONMydeHHbIX u3 [1DK HOBOPOXIEHHBIX KO-
JIUKOB C MTOMOIIBIO aHTUTEJ K MHCYIUHY (a) ¥ TIIFOKaroxy (0).
%200

Fig. 5. Immunohistochemical staining of floating cultures ob-
tained from the pancreas of newborn rabbits using insulin (a)
and glucagon (6) antibodies. x200
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Ha3BaTh UX (PIOTHPYIOIIUMH OCTPOBKOBONOAOOHBIMH
kynsrypamu (POK).

B omnnume oT pe3ynbTaToB MOMyYEHHs KyJIBTYp U3
TIDK HOBOpOXAEHHBIX KPOJIHUKOB HCIOIH30BaHUE aHa-
JIOTWYHBIX YCJIOBUH IIPU HHKYOAIMu MUKpO(parMeHToB
IIX ogHOMECSYHBIX KPOJIMKOB HE IPUBEJIO K BBIPAXKEH-
HOMY YCTpaHEHUIO SK30KpHHHOU TKaHuU. [lo Bcel BU-
JUMOCTU, IPUUYUHON 3TOW HEyAayu SIBUJIOCH HaJIUYHE
CYLIECTBEHHO OONBIIEH 0N YK30KPUHHOW TaHKpea-
TUYECKON TKAHU Y MOJIOABIX KPOJIHMKOB IO CPAaBHEHUIO
¢ HeoHataibHOU IDK. Jlerpananus anuHycoB Ipoucxo-
JI1a MeIJIEHHO, M 3HAYUTENbHOE UX KOJTMYECTBO COXpa-
HSUIOCH Jaxke mocie 8—10-qHeBHOTO Cpoka WHKyOaIn
(puc. 6).

[Tpu 3TOM NIPOOIKUTETBHOE JICHCTBHE BHICBOOOXK-
JAIOIIUXCS U3 allMHAPHBIX KIIETOK MPOTEONUTHYECKHX
(epMEHTOB Ha OCTPOBKOBYIO TKaHb, IO-BUAMMOMY, OT-
pHIIATENBHO CKa3bIBAJIOCh Ha ee MOP(ODYHKIIMOHAIb-
HOM COCTOSTHMH, YTO IIPEMATCTBOBANIO (HOPMHUPOBAHHIO
®OK. B cBsi3u ¢ 3TUM OBUIO pelIeHO TTOBBICUTH TEM-
neparypy MHKyOaluy, 4To IPEeAoI0KUTEIbHO MOIIIO
YCKOPHUTDH I'0eNb SK30KPUHHON TKaHU U 00ECHEeYUTh
Oostee OnaronpuATHbIE KOHKYPEHTHBIC YCIIOBUS IS BBI-
JKUBAHUS SHAOKPUHHOMN TKaHHU.

Hecmotps Ha TO YTO KJIACCHYECKUM YCIIOBHEM HHKY-
Oanuu ABJISIETCS HOPMOTEPMHS (TeMIIepaTypa He BhIIe
37 °C), HamH, YYUTHIBas JaHHYIO TIPUPONOH yCTOWIH-
BOCTb O0cTpoBKOB [IDK K HEOIaronpusSTHBIM yCIOBHUSIM
Y OTCYTCTBHE TAKOBOH Y SK30KPUHHOM TKaHH, OBLIO pe-
IIEHO BIEPBbIE [IPOBECTH HHKYOALNIO TAHKPEATHUECKUX
MUKpodparmenTos mpu 38 °C, TeM Oosiee yTO B HOpME
TeMIepaTypa BHyTPH OpraHiu3Ma 4eJloBeKa U MIIEKOTIH-
TaIOIUX KUBOTHBIX MOXET octurars 38 °C.

k

Puc. 6. CoxpanuBIiasicst 3K30KpHHHAas TKaHb B MUKpo(par-
MeHTax DK ogHOMecsauHbIx kponukoB nocne 10-gHeBHOM
nHKyOamu. HBepTHpOBaHHBIH MUKpockot. X100

Fig. 6. Preserved exocrine tissue in the pancreatic microfrag-
ments of one-month-old rabbit after 10-day incubation. In-
verted microscope. x100
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Kak moka3zanu HaOnroneHusI, TPOBEACHHBIC C II0- HMHKYOAllMW HAOJONaaach OTYCTIMBAs ACTPAaAIHs K-

MOIIBI0 HHBEPTUPOBAHHOTO MUKPOCKOIIA, TAKOM peXXUM  30KpUHHOM TKaHU (puc. 7), u k 8—10-M cyTkam nmpoucxo-
(popmanbHO THLIEPTEPMUYECKHIA) CIIOCOOEH YCKOPUTH  IHiI0 (POpMHUPOBAHKE OUMIIEHHBIX OT OayiacTa KyIsTyp
rubernb U 3NMUMHHALUIO SK30KPHHHOM aHKpeaTudeckoil  (puc. 8).
TKaHH, 9TO 3HAYUTCIIbHO COKPAIIACT BO3MOXXHOC IIPOTCO- Kak mokasano rucToaoru4eckoe UCCiea0BaHue I10-
JINTHYECKOE BO3JICHCTBUE HA OCTPOBKH, CIIOCOOCTBYS UX  JTydeHHBIX (MIOTHPYIOMINX KYIETYp, OHU COCTOAT B OC-
OBICTPOH OYMCTKE U BBUKUBAHMIO. biarosiaps CO3NaHuI0  HOBHOM M3 YKM3HECTIOCOOHBIX SMHMTEIHAIBHBIX KIETOK
TAKUX TEMIIEPATYPHBIX YCIOBUH yxke K 3—4-M CyTKaM  (puc. 9).

C moMoup0 UMMYHOTUCTOXHUMHYECKOTO OKpaIlH-
BaHUs B IICHTPAIBHON UX YacTU OBLIU BBHISBICHKI Tpa-
HYJTBl HHCYJIMHA, CBHETEIHCTBYIOIINE O CEKPETOPHOM
AKTUBHOCTH OCTPOBKOBBIX P-kietok (puc. 10). Takum
00pa3zoM, ObLIO TOATBEPKIAEHO MOIyUYeHHE U3 MOIKe-
JYTOYHOM JKEeNe3bl OHOMECSYHBIX KPOJIMKOB OCTPOB-
KOBOTOJIOOHBIX KYJIBTYD.

3AKAIOHMEHUE

[lo Hamemy MHEHHIO, cama MPUPOIHAS 000C00-
JIEHHOCTh, 3aKPBITOCTh OCTPOBKOB OT OKPY’Karomiei
9K30KPUHHOW TKaHH, 3TOTO «KHUIAIIETO (hepMeHTaMHU
KOTJIay», TIO3BOJISIET HAJIEAThCS Ha TO, YTO COOCTBEHHAs
dbepmenTras cucrema DK Menee omacHa st OCTPOB-
KOB, U€M arpecCcuBHas (hepMEHTHAsI CMECh, KOTOpas He-
€CTECTBCHHBIM ITyTEeM BBOJUTCS B MaHKPEATHYECKYIO

N TKaHb C OJHOM JUIIL IO — «BBIOWTH)» OCTPOBKH,
Puc. 7. Hauano mpouecca CIOHTaHHOM OYHMCTKH OT 3K30- " 3 6
KPHHHOM TKaHH Ha 4-¢ CyTKH HHKYGaImn MukpodparmenTos  1oO/THPOBATH HX OT SK30KPHHHOM TKaHH. ITO COOOpa-
DK ONHOMECSHHBIX KPOJTHMKOB B TMIICPTEPMHUCCKHX yco-  KCHHE MOATBEPXKAACTCS TEM (PAKTOM, YTO IPH OCTPBIX
BUsAX. IHBepTHpOBaHHBIN MUKpOCKoT. X100 MaHKpeaTuTax KpaiHe peaKo CTpajaeT dHAOKPUHHAA
. - . . . . (ocTpOBKOBAs) TKaHb, U JIUIIIb B CIIyYasiX MHOTOKPATHO
Fig. 7. Beginning of spontaneous purification against exocri-
ne tissue at day 4 of incubation of pancreatic microfragments TIOBTOPAIOLINXCS STH30M0B PCLUHANBUAPYIOLICTO ITaH-

of one-month-old rabbits under hyperthermic conditions. In- ~ KP€aTHTa WJIH, 9alllC BCCIrO, B PC3YJIBTATE 001HpHOro
verted microscope. x100 MaHKPEOHEKPO3a HACTyHaeT rudenh 3HAYUMOTr0 KOJIH-

o

@ ‘e
LA : Te Rl :
T ORE

Puc. 8. ®opmupoanue pnotupyromux KyneTyp Ha 10-e cyr-  Puc. 9. @norupyromue KyasTypsl, TOIXy4YeHHBIE U3 MOIKe-
KU MHKyOanuu MukpodparmenToB [1XK ofHOMECSYHBIX KpO-  JIyAOYHOIl KeJNe3bl OJIHOMECSYHBIX KpOJHMKOB, 8- CYTKH
JIMKOB B TMIIEPTEPMUYECKUX YCIOBHAX. VIHBEPTUPOBaHHBIH  WHKYOalMM B TUIIEPTEPMHUYECKHUX yCIOBHAX. OKpamrBaHie
MUKpPOCKOIL. X40 TeMaTOKCUIIMHOM U 303HHOM. X400

B — A £ . A

Fig. 8. Formation of floating cultures at day 10 of incubation  Fig. 9. Floating cultures obtained from the pancreas of one-
of pancreatic microfragments of one-month-old rabbits un-  month-old rabbits, day 8 of incubation under hyperthermic
der hyperthermic conditions. Inverted microscope. x40 conditions. H&E stain. x400
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Puc. 10. ®notupyromue KynbsTypbl, IOJIy4YE€HHbIE U3 MOKe-
JYIIOYHOH KeNe3bl OJHOMECSUHBIX KPOJIUKOB, 8-€ CyTKH HH-
KyOanuy B THIEPTEPMHUUECKUX YCIOBUSIX. IMMYHOTHCTOXH-
MHUYECKOE OKpAIINBAaHHE C MTOMOIIBIO AHTUTEN K MHCYIIHHY.
%400

Fig. 10. Floating cultures obtained from the pancreas of one-
month-old rabbits, day 8 of incubation under hyperthermic
conditions. Immunohistochemical staining with insulin an-
tibodies. X400

YeCcTBa OCTPOBKOB, KOTOpas MPUBOJNT K BEIPRKEHHOMY
Je(PUINATY HHCYTHHITPOLYIMPYIOIIUX B-KIIETOK, Pa3BH-
THIO MHCYJIMHOBOW HEJOCTAaTOYHOCTH, U €CTECTBEHHO,
K KJIMHUYECKONH MaHH(eCcTaluy HHCYITHHO3aBUCUMOTIO
caxapHoro auabera. Pe3ynbrarsl, Hoimy4eHHbIE B HACTO-
SALIEM HCCIICIOBAaHUH, CBUAETELCTBYIOT O BO3MOXXHOCTH
0TKa3a OT MPUMEHEHHS SK30I'CHHBIX (PEPMEHTOB MPHU
oOpaboTke Tkanu goHopckoii IDK B mponecce nomyude-
HUSI KYJIBTYP, COCTOSIIINX B OCHOBHOM U3 9HJOKPHUHHBIX
(OCTPOBKOBBIX) KJIETOK. MHOTOUHCIICHHBIC HAOIIOICHHS
C TIOMOIIIBI0 MHBEPTUPOBAHHOTO MUKPOCKOIIA OKA3aJIH,
YTO B CTAHAAPTHBIX yCIOBUSIX MHKYOAIH MUKpodpar-
MEHTOB MexaHnuyecku uzmensieHHoi [ DK npoucxonut
CITOHTaHHAas THOEIh €€ DK30KPHHHOU TKaHU. DTOT Je-
CTPYKTHBHBIH TIPOIIECC, 110 BCEH BHIUMOCTH, 00YCITOB-
JIeH IPOUCXOASIINM IIPU HOPMOTEPMHUYECKOM KYJBTH-
BUPOBAaHHH ayTOJIHM3€ AL[MHAPHBIX KJIETOK I10]] BIUSHUEM
COAEPIKAIIMXCS B HUX MHUIIEBAPUTEIBHBIX (EPMEHTOB.
OO0pasyromuiicss B pe3yibraTe JeTPUT CBOEBPEMEHHO
yAaJsieTcs IPH OuepeTHON 3aMeHe KYJIbTypaibHOU cpe-
Ibl. B TO ke Bpemst MpUPOAHO 3alIMIICHHBIE OCTPOBKU
CYILIECTBEHHO HE TIOBPEKAAIOTCS, YUTO MOKHO OOBSICHHUTD
HAJIMYMEM OKPYIKaroIle OCTPOBOK Oa3zanbpHON MeMOpa-
HBI, COCTOSIIIEH U3 Pa3INIHBIX OEIKOB BHEKIETOUHOTO
Matpukca [22, 23]. bazanbpHas MeMOpaHa CITy>KHT CBOE-
00pa3HBIM HHTEPPEHCOM MEKITy OCTPOBKAMH, YHIOTE-
JIMAJIbHBIMH KJIETKaMH M allUHAPHBIMU KJIETKaMH depe3
WHTETPUHBI U IPYTUE KIETOUHbIE pelentopsl [24, 25],
00pasys 3aIuTHBIN 6apbep, o0ecrneunBaromnii MopQo-
JIOTHYECKYIO LIETIOCTHOCTh OCTPOBKOB NMPH HEHHTEH-
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CHBHOM CaMOII€PEBapUBAHNH HOKETYJOYHON KETIE3HI.
B pesynbrare npoucXoauT Kak Obl CIIOHTAHHOE CAMOOYH-
IIEHUE SHAOKPUHHOH (OCTPOBKOBOI1) TKaHU OT HEHYX-
HOI, 0AJUTACTHOM, HO TIPY 3TOM BBICOKOMMMYHOTCHHOM
9K30KPUHHOM TKAaHHU MPH COXPAHEHUH HEOOXOAMMOTO
JUTS BBDKUBAHUS M (PyHKIIMOHHPOBAHUS OCTPOBKOBBIX
KJICTOK BHEKJIETOUHOTO MaTpHKCa, MPeICTaBIE€HHOTIO,
B YaCTHOCTH, YIIOMSHYTOH BBILIE IIEPHUOCTPOBKOBOU
MeMOpaHoii. Hanbomnee OpICTpO mporiecc n30aBiIeHUS
OT 3K30KPUHHON TKAaHU IPOUCXOAUT IIPU CTAaHAAPTHOU
temrieparype uHKyOanuu (37 °C) MukpodparMeHTOB
ITK HOBOpOXAEHHBIX KPOIUKOB. OHAKO 3TOT PEXKUM
okazaincs He noaxoxasmumM 1t [DK mononsix (ogHoMe-
CSIYHBIX ) YKUBOTHBIX, YTO MOJKET OBITH OOBSICHEHO HAJU-
YHEeM 3HaYUTEeNbHO OOJBIIETO MPOLEHTA SK30KPUHHON
TKaHH. BBIJIO pemieHo ¢ 1enpio HHTeHcH(PUKaIUY ayTo-
JUTUYECKUX MPOLIECCOB BIIEPBbIC IPUMEHUTH HECTAH-
JnapTHyto runeprepmudeckyto (38 °C) unkyoanuto. Kak
Y [PEATNONaranoch, B HOBbIX TEMIIEPATYPHBIX yCIOBHU-
AX yXe K 5—7-M cyTkam OblIa OTMEYeHa CYIIeCTBEHHO
00nbLIas MoTeps SK30KPUHHON TKaHH, COAEPKaBIICHCS
B M3MEJIBYCHHBIX MAaHKPEaTHYeCKUX MHUKpodparMmeH-
Tax, UX [IOCTENEHHOE YIJIOTHEHHUE U OIIapUBaHKe. DTH
NPOIIECCHl TIPUBENH K (POPMUPOBAHUIO (PIOTHPYIOIIHX
OCTPOBKOBOIOOOHBIX KYJIBTYP, aHAJIOTHYHBIX TEM, KO-
TOpBIe HaMU ObLIH TIOTy4eHbl U3 [12K HOBOpOXKIEHHBIX
KPOJIMKOB.

Takum oOpazom, pa3pabaTbiBaeéMble B HACTOSAIIEM
WCCIICIOBAaHUH PALMOHAJIBHBIE METOJMYECKHUE TOAXO0-
JIbI TIO3BOJISTIOT MOJTy4aTh OUUIIIEHHBIE OT IK30KPHHHOMN
TKaHH OCTPOBKOBOIIOZOOHBIE KYJABTYPHI 0€3 HCIIOB30-
BaHUS JOPOTOCTOSAMINX U HEOTHO3HAYHO JEHCTBYIOMINX
¢depMeHTHBIX mpenaparoB. [lo HameMy MHEHUIO, MO-
CJICTyFOLIHE OIBITHI 10 MoAX(UKaUK OecPepMEHTHOTO
METO/a MOIYYCHHS KYJIbTYp OCTPOBKOBBIX KIIETOK M3
TIDK B3poCHBIX KPOTUKOB MMO3BOJISAT MOJIYYUTH TAaHHBIE,
KOTOPbIE MOT'YT OBITH 3KCTPANONMPOBAaHbI Ha pa3padoT-
Ky Ooyee pamroHaJIbHOTO W MPOAYKTHBHOTO CTI0c00a
BbLJIeNIeHUsT ocTpoBKOB U3 1K mocMepTHBIX TOHOPOB
YeJIOBEKa.
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WHAYKLLUSA OCTEOTEHE3A KOCTHOW TKAHM
HUXHEW YEAKOCTU KPOAUKA C UCNOAb3OBAHUEM
KPUOTEHHO-CTPYKTYPUPOBAHHOTO FYBHATOIO
AAbBYMUHOBOTO 3D-HOCUTEAA, HATPYXEHHOTO
BUOPETYAATOPOM

AU, Hlaiixanues', M.C. Kpacnoé’, E.B. Cuoopckuii’, B.I1. Suckosa’, B.M. Jlozunckuir’

" PrAQY BO MepBbit MOCKOBCKMM TOCYAQPCTBEHHbIN MEAULIMHCKMIA YHUBEPCUTET UMEHM

N.M. CeveHoBa MuH3ApaBa Poccum (CedeHoBCKUMIM yHMBEPCUTET), MOCKBQ, POCCHMCKad PeaepaLms
2 PIBYH WMHCTUTYT SAEMEHTOOPTAHMYECKMX COBAMHEHMIM MMEHM A.H. HecmeaHoBa

Poccumnckon akaaemmm Haykn, Mocksa, Poccumnckas Peaepaums

* IHCTUTYT npobAaem Broperyasumm, Mocksa, Poccuickas Peaepalims

Leab padoThl: U3yYUTH in Vivo Ha MOJENN SKCIIEPUMEHTATBHOTO KOCTHOTO Ae(eKTa HIKHEH YelII0CTH KPOJInKa
WHTYKITIO OCTEOTeHEe3a, BRI3IBAEMYIO BHECEHHEM B 00JIaCTh Ie(PEKTa MIPOKOIIOPUCTHIX KPUOTEHHO-CTPYKTYPH-
poBaHHBIX 3D-HOCHTENEH HAa OCHOBE CHIBOPOTOYHOTO alTbOyMUHA, HATPY>KEHHBIX OHOPETYIIATOPOM, BHIIEIIEHHBIM
13 CBIBOPOTKH KPOBH KPYITHOTO pOraroro ckora. MarepuaJjibl 1 MeToabl. B kauecTBe HocuTelst OHOpErynsTopa
HCIIOJIb30BAJIA KPHOTEHHO-CTPYKTYpHUPOBAaHHBIE TYOKH B BHJAE IHIMHIPHYECKUX 00Pa3LOB IUAMETPOM 5 MM
Y BBICOTOW TaKXKe 5 MM, IIPUTOTOBJICHHBIE U3 OBIYBEr0 CHIBOPOTOYHOTO allbOyMHUHA. DKCIIEPUMEHTHI ¢ Jlabopa-
TOPHBIMHU >KUBOTHBIMH IPOBOAMIIN Ha Kponmkax nopoxas! Llnamrmia Becom 2-2,5 kr, cammax. [log Hapko3zom
(BHyTpHMBITIEYHBIH Hapko3 Zoletil 100) pa3pe3om mo 3 cM B 001acTH yIiia HIKHEH YENFOCTH CKEIETHPOBAIN
KOCTHYIO TKaHb U (Ppe30ii AmaMeTpoM 5 MM co3/1aBaju AeeKT NyOnHOM 2—3 MM JIJIsl yCTaHOBKH abOyMUHOBON
ryOKH COOTBETCTBYIOLIETO pa3mepa. Bcero B akcnepuMeHTe NpUCYTCTBOBaNIO 24 KUBOTHBIX. [IpoBoaumy peH-
TreHOJIOTUYECKUI KOHTPOJIb 00NacTu AedekTa Ha 14-¢ CyTkH NprKU3HEHHO Ha anmnapare PanExam+ (Kavo),
20 mPenTren. ['mcronornyeckoe ucciuenoBaHrue TKaHel npoBoArian Ha 30-e CyTKH moclie HaHeceHHs Ae(eKTa ¢
HCIIOJIb30BAHAEM CBETOBOTO MUKpPOCKOIIA. Pe3ysbTarhl. Pe3ynbrarsl MpoOBEAEHHBIX KCIIEPUMEHTOB CBUAETEh-
CTBYIOT 00 aKTHUBHOM BOCCTAaHOBJIEHHH KOCTHOW TKaHU B OOJIACTH OOIIMPHOTO Ae(eKTa MPH HCIIOIb30BaHUN
ab0yMHUHOBOTO 3D-HOCHUTEIS UMEHHO C BKIIIOYEHHEM OHOPETYIISTOpA 10 CPABHEHHIO C KOHTPOJIbHBIMH OIBITAMH.
3aperucTpupOBaHbl MPOLECCHl OCTEOMHTEIPATUBHON U OCTEOMHAYKTHBHOM aKTHBHOCTH, IPAKTHYECKH TOIHOE
pasnoxenue (Ouoaerpaaiys) albOyMHUHOBOM I'yOKH ¢ pOpPMUPOBaHUEM Ha MeCTe 1e(heKTa OCTPOBKOB ILIOTHOM
KOCTHOH TKaHH C HEOOJIBIIMMHU O4araMu IpyOOBOJIOKHUCTOW TKaHHU, YTO TOBOPHT O XOPOILEH JHHAMHUKE BOCCTa-
HOBUTEIHHBIX MTPOIECCOB HA TAHHOM CPOKE 3aKHMBIEHH. 3aKaodyeHue. [lorydeHHbIe JaHHBIE YKa3bIBAIOT Ha
TO, YTO TIOJ JICWCTBHUEM CHIBOPOTOYHOTO OHOPETYIISATOPA B COCTaBE albOYMHHOBOW T'yOKH HPOIIECC perapamnnuu
MIPUBOJUT K BOCCTAHOBJICHHUIO HOPMAJILHON KOCTHOW TKaHU 0e3 hOpMHUPOBaHMSI KOCTHON MO30JIM M KI3MEHEHHOM
KOCTHOM TKaHH, OTIIMYHOW OT HATUBHOMN TKaHH.

Kniouesvie cnosa: ocmeoundykyus, 3D-mexnonozuu, Kpuozeau, buope2yisimopul.
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INDUCTION OF OSTEOGENESIS IN RABBIT MANDIBULAR
BONE TISSUE USING AN ALBUMIN-BASED CRYOGENICALLY
STRUCTURED POROUS 3D CARRIER LOADED

WITH A BIOREGULATOR

A.L Shaikhaliev', M.S. KrasnoVv’, E.V. Sidorsky’, V.P. Yamskova®, V.I. Lozinsky’

" Sechenov University, Moscow, Russian Federation
2 Nesmeyanov Institute of Organoelement Compounds, Moscow, Russian Federation
* Institute of Bioregulation Problem, Moscow, Russian Federation

Objective: to study the induction of osteogenesis caused by introducing into the defect area broadly porous cryo-
genically structured 3D carriers, based on serum albumin and loaded with a bioregulator isolated from bovine
serum on an experimental model of mandible defect in rabbits in vivo. Materials and methods. Cryogenically
structured sponges in the form of cylindrical specimens, 5 mm in diameter and 5 mm in height, prepared from
bovine serum albumin, were used as the bioregulator carrier. The experimental laboratory animals were male Chin-
chilla rabbits, weighing 2—2.5 kg. Bone tissue was skeletonized under anesthesia (intramuscular anesthetic Zoletil
100) with a 3-cm incision in the angle of the mandible and a 5-mm-diameter cutter was used to create a 2—3-mm
deep defect to install an appropriate-size albumin sponge. A total of 24 animals participated in the experiment.
X-ray control of the defect area was performed in vivo on day 14 using PanExam+ (Kavo) device (20 m X-ray).
Histological examination of tissues was carried out at day 30 after the defect using a light microscope. Results.
Experiments performed indicate an active restoration of bone tissue in the extensive defect area when using an
albumin-based 3D carrier with the inclusion of a bioregulator as compared to the control experiments. There
were osteointegrative and osteoinductive processes, almost complete decomposition (biodegradation) of albumin
sponge with formation of islands of dense bone tissue with small foci of coarse fibrous tissue in the defect. This
demonstrated good dynamics of recovery processes at this stage of healing. Conclusion. Under the action of a
serum bioregulator contained in an albumin-based sponge, the repair process leads to restoration of normal bone
tissue without formation of bone callus and altered bone tissue different from the native one.

Key words: osteoinduction, 3D technology, cryogels, bioregulators.

KOCTHOTO MPOHUCXOKJIEHUS, TIOABEPTHYThIE HEOOX0IH-
MO mpeaBapuTensHON 00paboTke [2], Tak W UMILIAH-
TaThl, CHOPMHUPOBAHHBIC HA OCHOBE MOIXOJSIINX IS
3TOM 11N OMONOIMMEPHBIX MIPEIIECTBEHHUKOB [3, 4].

Koctu, nmeronie MeMOpaHO3HOE MTPOUCXOXKIEHUE,
TaKkHe Kak KOCTH 4yeperia, 00eCeunBaloT JIydliee Ipu-

BBEAEHUE

B uenrocTHO-1HIIEBOI XUPYPIrUU aKTya bHA MPOoOIIe-
Ma BOCCTaHOBJIEHHUS e(PEeKTOB KOCTEH C HCIOIb30BaHNU-
€M CIICHUAJIbHBIX UMIUIAHTAIITMOHHBIX MaT€pruaioB U
KoMITo3uLui. [TpruueM BaykHO, KaKue UMEHHO MaTepHUalibl
Y C KAaKUM HAITOJTHEHUEM UCTIONB3YIOTCS JJIS 3aMETISHHSI

Y BOCCTAHOBJICHUSI KOCTHOM TKaHU MPU Pa3IUYHBIX Ta-
TOJIOTUYECKUX Tpolieccax. B 9acTHOCTH, IPUMEHSIOTCS
METO/IBI C 3aMeIIeHNEM KOCTHBIX AE(EKTOB C TOMOIIBIO
ayTo- M aJJIOTPAHCIUIAHTATOB, a TAKXKe UCKYCCTBEHHBIX
KOCTEHl KakK JeKaJbLIMHUPOBAHHBIX, TaK U JELEIIIO-
nspu3upoBaHHbIX. OIHAKO HE BCEraa JOCTYIEeH coOc-
TBEHHBIA KOCTHBII MaTeprai, 0COOEHHO MpH OOIBIINX
nedexrax, a Mpy UCTIOIH30BaHNH aJUTOTPAHCIUIAHTATOB
Y UCKYCCTBEHHBIX MaTepHAIIOB BO3MOYKHBI OCIIOKHEHUS,
BKJIIOUasl OTTOp>KeHUe. B HacTosiee BpeMst Moka ere
HET UMITIAaHTAIMOHHBIX MaTepHUaIOB U KOHCTPYKITUH 13
HUX, KOTOpBIC OBI B ITOJIHON MEpPE YOBICTBOPSUTA BCEM
MpeabsIBIsIEMbIM TpeOoBaHUAM. B cBs3M ¢ 3TUM pa3pa-
0OTKy HOBBIX MaT€pHAJIOB JJIS UMIUIAHTATOB, a TAKXKE
CPEJICTB ¥ METOJIOB, MMOBBIIIAOIINX UX dPPEKTUBHOCTS,
clemyeT mpu3HaTh BechMa akTyasbHOU [1]. Ilpu sTOM
WHTEpEeC MPEACTABIAIOT UMILIAHTAThl KaK COOCTBEHHO
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JKUBJICHHE B 0071aCTH 1e(EKTOB YETIOCTHO-TUIICBOM 00-
nactu [5]. [TopucTeie TkaHu, TakKue Kak ry0uaTast KOCTb,
MOXKHO UCIIONB30BaTh A1t 0osiee OBICTPOTO MpOopacTaHust
B HUX KPOBEHOCHBIX COCYJIOB M YCKOPEHHUS MPOIECCOB
occudukarmu [6]. Takke HHTEPECHBI TPAHCIIAHTATHI 13
JICKaTbIIMHUPOBAHHOTO KOCTHOT'O MaTPHUKCA, TOCKOJIbKY
MOKa3aHo, YTO UMEHHO JEMUHEPAIU3UPOBAHHAS KOCTh
crmocoOCTByeT MmporeccaM OCTCOMHIYKITHH [ 7, 8].
Panee Hamu OBLTO IPOBEACHO MCCIICAOBAHNE BIIHS-
HUS1 OUOPETYJISTOPa CBIBOPOTKH KPOBU B COCTABE KPHO-
TeHHO-CTPYKTYPUPOBAHHBIX T'yOUaThIX HOCUTENEH (Tak
Ha3BIBAEMEBIX Kpuoeenell u kpuocmpykmypamog [9]) Ha
BOCCTAHOBIICHHE JC(PEKTOB OCIPEHHON KOCTH Y KPBIC
Wistar Ha pa3ubix cpokax (7, 14, 30, 90 aueit). [Tpu 3Tom
MOKa3aHo, YTO B IIPOLIECCE PAHO3KUBIICHHS IPOUCXOANUT
3¢ GeKTHBHOE BOCCTAHOBJICHHUE IJIOTHOW KOCTHOM TKa-
HU HaYMHAas ¢ paHHUX CPOKOB, MPUBOMAS K CTUMYJISIUH



BECTHK TPAHCTIAAHTOAOTNN U MCKYCCTBEHHBIX OPTAHOB

TOM XXIV N2 1-2022

OCTeOreHe3a ¢ MOJHBIM BOCCTAHOBJICHHUEM K TO3JHUM
CpoKaM ¥ ¢ (POPMHUPOBAHHUEM TUIOTHOW KOCTHOW TKaHU
B o0nactu s3kcniepuMeHTanbpHoro aedekra [10, 11]. Haun-
JyYIIHE PE3yAbTaThl B 3TUX ONBITaX ObLIH JOCTUTHYTHI
TIPH KCTIONE30BAaHIH alIbOYMHHOBBIX KpHorenei [12] B
KaueCcTBE HOCHUTENEH CHIBOPOTOYHOIO OHOperynsiropa
[11]. Takxe coobmanoce 0 MPUMEHEHUH IS JIEIEHUS
KOCTHBIX 1e(DeKTOB KpHoresel Ha OCHOBE M JpYTHX Oel-
koB [13]. Tak, B cityuae kpuoreisi, ChOPMUPOBAHHOTO M3
KOJUIareHa, HallOJTHEHHOTO HAaHOYACTUI[AMH THJIPOKCH-
arnaruTa, ObUIa Mmoka3aHa 0e30macHOCTh, Onopasnarae-
MOCTb U BbI3bIBaeMast 3TUM MaTe€pHUaIoM OCTEOMHTErpa-
WS TP T TENTbHOM Tiepuoe (15 Hemens) in vivo [14].
Y4uThIBas MOJOKHUTETbHBIE PE3YTHTAThl YKa3aHHBIX
BBIIIIE HKCTIEPIMEHTOB O TO3UTHBHOM BIIMSIHUU CHIBOPO-
TOYHOTO OMOPETYNIATOPa, BKIIOYEHHOTO B aJIbOyMHUHO-
BBII KpHOresb, HA pEreHePaTUBHBIN MPOLIECC B CIyyae
MOZETH 3aKUBJIeHNS AedekTa OeIpeHHON KOCTH KPBIC,
MBI IUIAHUPOBAJIM M3YyYUTh BOCCTAHOBJICHHE KOCTEH
HIDKHEH 4eI0CTH KPOJIMKA, IOCKOJIbKY UMEIOTCS 3Ha-
YUMBIE OTIMYHSA TPYOUATHIX KOCTEH OT KOCTH YeIoC-
TH. KOCTh 4emocTu uMeeT MmIacTUHYaToe CTPOeHHE, B
BEpXHEH YeNOCTH MHOTO TyO4aTOl KOCTHOH TKaHU M
Oosiee TOHKas KOPTUKaJIbHAasI IJIaCTUHA TJIOTHOHM TKaHH,
HIDKHSIA YETIFOCTh UMEET OoJiee MIIOTHY0 KOPTUKAJILHYTO
mwiacTuhy [15]. IloaToMy KOCTH YENIOCTH, TaK e KaK U
KOCTH 4eperna, Xy>Ke IO aI0TCsI BOCCTAaHOBJICHHIO I10CTIE
noBpexaeHust. OKUaanock, 4TO UCIIOIL30BaHHUE azcop-
OMpoBaHHOU Ha OeIKOBOM HOcHUTeNe (POPMbI OHOPETYIIs-
TOpa B Kaue€CTBE TPAHCIIOPTHOTO KOHAYKTOpa MIPUBEIET
K YCKOPEHHIO NpolLiecca CTUMYIISIIIMKA OCTEOTeHe3a Kak
(axTopa, HaPaBIEHHOT'O Ha BOCCTaHOBJICHNUE UCKYCCT-
BEHHO CO3/1aHHOTO Je()eKTa KOCTHOH TKaHH YETIOCTH.

MATEPUAABI U METOADI

B pabote ucrnonp30Bami KprOTEHHO-CTPYKTYPHPO-
BaHHBIE TyOUaThle HOCUTENN B BUJE LIMIMHIPHYECKAX
00pa3IoB MUaMETPOM 5 MM H BBICOTOH TakXke 5 MM,
MPUTOTOBJICHHBIC U3 OBIYBETO CHIBOPOTOUHOTO AJILOY-
MHHA COTIaCHO paHee omyOIMKOBaHHOM MeToaunke [12].
[anee nony4eHHbIe ry0UaThle HOCUTEIN HHKYOHPOBAIIN
B BOAHOM PacTBOpe OMOPETyJIATOpa, 3aMOPAXKUBAIN U
BBICYIINBAIN TUOPUIHHO. KOHTpOIsHEIE 00pa3mbl —
aTbOyMHHOBBIC HOCHTEIIH, HE COAepIKamiiue Ouopery-
JIATOP, TaKXKE BBICYIICHHBIC J'II/IO(l)I/IJ'H)HO.

Buoperynsatop BbLAENHSIIN U3 CHIBOPOTKH KPOBU
KPYITHOTO POraroro cKoTa (KOMMEpUYECKHH Tpemnapar,
UCTIONB3YEMBIi B BU/IE TUTATEIHHOM 100aBKH K KyJIBTY-
panbHBIM cpenam, broJloT), mo MeToauke, BKItoYatoen
BbICAJIMBaHKE OEJIKOB CEPHOKUCIIBIM aMMOHHEM, JTHAJIH3,
KOHIIEHTPUPOBAHNUE U 1ajiee U303IIEKTPOPOKYCHPOBaHUE
B TpaJiieHTe IUIOTHOCTH caxapo3sl mpu pH 3—-10 [16].
Bricokast cTeneHb OUMCTKH Onoperynsropa Oblia moka-
3aHa anekrpodopesom B [IAAT u oOpareHHO-()a30B0i
BDXX. B nanHoii paboTe MCIONb30BajIl KOMMeEpUe-
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CKHIi TIpemnapaTr Mapku «Buopro 1», mpou3BOIUTENb
000 «UIIby.

DKCTIEPUMEHTHI C J1a00paTOPHBIMU KHBOTHBIMHU
MPOBOJMIIN Ha Kponukax nopozs! [IuHmmma Becom
2-2,5 xr, camnax. [log Hapko30M (BHYTpPUMBIIIEUHBIH
Hapko3 Zoletil 100) pa3pe3om 10 3 cM B obnacTu yria
HW)KHEH YEeNIOCTH CKEJIETHUPOBAIM KOCTHYIO TKaHb M
¢dpe3oit quaMeTpoM 5 MM co3iaBanu feeKT TTyOnHON
2-3 MM ISl yCTaHOBKH allbOYyMHHOBOW T'YOKH COOT-
BETCTBYIOIIETO pazMepa. B oOpa3oBaBiuecs neQeKToI
MOMEIIAIN HCCIIeAyeMble MaTepualsl — 3D-Hocurenwy,
coJiepXallue U He cojiepKaliue GHOperyssTop U3 Chl-
BOpOTKH KpoBu. [locie 3anmonnenus neeKToB 3ammBa-
JIM MSITKHE TKaHU U KOXKY. JKHMBOTHBIE COAEPKAINCH B
CTaHJAPTHBIX YCIOBHUAX BUBAPUS. YIITHBAHUE PaHBI ITPO-
M3BOJIMJIM TIOCTIONHHO mocie o0padoTku 3% pacTBopoM
MepeKucH BoJopoaa. PaHa mocnoitHo yniuTa y3J10BbIMU
IIBaMU C MTOJTHBIM YKphIBaHUEM MMIUTaHTara. [ emMocras
npou3BelieH Mo XoAy onepanuu. KoxkHas paHa ymuTa
Y3JI0BBIMH LIBaMU Tosuriukonu 4/0. Kaxnomy kpomnu-
Ky YCTaHaBJIMBAJIX IO OHOMY HMCIIBITyeMOMY 00pa3iy
anp0yMHUHOBOH TyOKH, THOO HE COIeprKalleil B CBOEM
COCTaBe OMOPETYISITOP U3 CBIBOPOTKH KPOBH, JTUOO CO-
JieprKaIel B CBOEM COCTaBe OMOPETYIISITOP CBIBOPOTKH
KpoBU. B oTprnaresHOM KOHTpOJIE B 001acTh AeexTa
HUYETO HE BCTABJIUTU U YIIMBAIIM pany. beuim cpopmu-
POBaHbI CIIEAYIOMIKE IPYIIBI IO 6 KPOJIUKOB B KAXKIOM:
1. HaruBHBII KOHTPOJIb — KpOJIMKHU Oe3 aedekra.

2. OTpunaTeNnbHbIA KOHTPOJIb — B 00JIaCTh AedeKTa He
BCTAaBIISTN aJIbOYMHHOBEIE TYOKH.

KonTponbHas rpymma — B 001acTh neeKTa BCTaBIs-
JU aTbOYMUHOBBIE TYOKH 0€3 ChIBOPOTOYHOTO OHO-
perymsTopa.

OnbiTHas rpynna 1 — B obnacTs Aedekra BCTaBis-
M anbOyMHHOBBIE TYOKH, COIEPXKAIUE CHIBOPO-
TOYHBIA OMOPETYISITOpP B KOHEYHOH KOHIICHTPAIIUN
107" mMr/mu.

Bcero B axcniepuMeHTe MpUCyTCTBOBANO 24 KUBOT-
HBIX.

[IpoBomuy peHTTeHONIOTHIECKII KOHTPOJIH 00Jac-
Tn nedexra Ha 14-¢ CyTKH NPKA3HEHHO Ha armapare
PanExam+ (Kavo), 20 mPentres.

MBI OLIEHMBaJIM COCTOAHUE KOCTHOW TKAaHU HA PEHT-
TeHOrpaMMax 10 TpexOaJIbHOM CHCTEME.

1 GaJu1 — MOTHOE OTCYTCTBHE JIEMEHTOB OCTEOMTHOM
TKaHU; 1e(PEeKT KOCTHOM TKaHH OTIPEENIETCs] PEHTIeHO-
JIOTHYECKH KaK TeHb U 30Ha Jie()eKTa, OOIbIIIe 3aII0THeH-
HbIe (UOPO3HOI COCTUHUTEHPHON TKAHBIO.

2 6asia — 30Ha aedexra Ha 30—40% 3amnonHeHa oc-
TPOBKAaMH OCTEOMIHOM TKaHU ¥ YACTHYHO IPyOOBOJIOK-
HUCTOW COETUHHUTENFHON TKaHbIO, KOTOpasi Mpeanoio-
JKUTEJILHO JJOJKHA PECTPYKTYPHU3HPOBATHCS B MOJIOAYIO
KOCTHYIO TKaHb C TPAOCKYIIPHBIM CTPOCHHEM.

3 Oamra — B 30He Me(deKTa INIOTHOCTh KOCTHOH TKa-
HU TIPAaKTUYECKN BBIPAaBHUBAIACH C IJIOTHOCTHIO Mare-
PUHCKOH TKaHU; Ha ()OHE aKTUBHOTO POCTa HOPMAILHO
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CTPYKTYpHPOBaHHON KOCTHON TKaHHM HAOIIONAIOTCS He-
OOJBIIIE OCTPOBKH COETMHUTENEHON TKaHH, HO B LIETIOM
CJIO’KHO OIPEAETHUTH 30HY Je(eKTa.

CoctosiHue nedeKToB KOCTH n3ydyanu Ha 14-e cyTku
C TIOMOIIBIO PEHTTEHA, TTOCKOIFKY UMEHHO Ha PaHHUX
CpOKaXxX MPOUCXOIAT OCHOBHBIE ITPOIECCHl pereHepa-
MW, KOTOPHIE B JAJbHEHIIEM OIpPENESIOT KaueCTBO
chopMupoBaHHOH B 00sacTH eekra KOCTHON TKaHH.
Ha 30-it nens nocne omnepanuu XUBOTHBIX BBIBOIWIH
13 HKCIIEPUMEHTA, KOCTHBII MaTepua U3BJeKaIn U3 00-
nacty nedexra, GUKCUpoBaIn B GopMaInHE, eKAIbLH-
HUPOBAJIH, 3aKJII0YANN B Tapa(puH U1 IPUTOTOBICHUS
TUCTOJIOTHIECKUX cpe30B TommuHoH 10 MkM. OKpacKy
TUCTOJIOTUYCCKUX CPEC30B MNPOMU3BOJNIN I'€MATOKCHU-
JMHOM-303MHOM M M3Yy4YajH WX C MOMOIIBIO CBETOBOU
MHUKPOCKOTIHH.

PE3YABTATbI U OBCYXAEHMUE

Kak yka3zaHo BO BBEJCHUM JTAHHOM CTaTbH, OCHOB-
HOM 3aJ1a4eil 3TOro McCiaeA0oBaHus SABIIsIaCh MPOBEpPKA
BO3MOXXHOCTU MHIYKIIMH OCTEOTEHEe3a, BEI3BIBAEMOTO
JIEHCTBUEM CHIBOPOTOYHOTO OMOPETYIIATOpa B 30HE HC-
KyCCTBEHHOTO Jie(eKTa KOCTHOW TKaHU HIDKHEH YeItoc-

Puc. 1. Mukpoctpykrypa anp0yMHHOBOTO KPHOTENS, KOH-
TpactupoBanHoro 0,125 mM BOAHBIM PacTBOPOM MeTHIIE-
HOBOTO cHHEro (OmTHUYeCKuil crepeomukpockon SMZ1000
(Nikon, Smonust), cHabxeHHbIH 1 poBoii cuctemoirt MMC-
50C-M (MMCSoft, P®) nns 3amuicn n300paxxeHui)

Fig. 1. Microstructure of serum-albumin-based cryogel cont-
rasted with 0.125 mM aqueous methylene blue solution (op-
tical stereomicroscope SMZ1000 (Nikon, Japan), equipped
with digital system MMC-50C-M (MMCSoft, Russia) for
image recording)
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TH KpPOJIMKa, KOTJa TaKOi OMOPErysIsITOp BBOIWIICS Ty/a
a71copOMpPOBaHHBIM Ha KPHOTEHHO-CTPYKTYPUPOBAHHOM
ry04aToM Kpuorese, IpUroToBJICHHOM U3 A€HATypHpO-
BAaHHOTO CHIBOPOTOYHOTO anbOymuHa. OOpasoBaHue
YKa3aHHOTO MaKpOTIOPUCTOTO HOCUTENs 0asupyeTcs
Ha paHee oOHapy>KeHHOM d(deKTe MmpoTeKaHUs Mpo-
OEeCCOB CHIMBKH III/ICYJ'IL(bI/I)IHBIMI/I MOCTHUKaMH ITOJIH-
NENTUIHBIX [ENeH CBIBOPOTOYHOTO aIbOyMUHA 33 CUET
peaKkuii MeXMOJIEKYIIPHOTO THOI-IUCYIbPUIHOTO
oOMeHa B pe3ynbTare BBEACHHA ACHATypaHTa (B yac-
THOCTH, MOYEBHHBI WIH TYaHUJIWH THAPOXIIOPHUIIA) U
HEeOOJBIIOTO KOTMYEeCTBAa BOCCTAHOBHUTEINS (HAIIpUMeED,
IIACTENHA) B UCXOAHBIN pacTBOpP OEIIKa C IO CIIE Ty FOIIAM
€ro 3aMOpaKUBAHUEM, BBIJICP)KUBAHHEM B 3aMOPOKEH-
HOM COCTOSIHUH W JTaJbHEHIIINM oTTauBanuem [12, 17].
DTa MoCie0BaTeIbHOCTh ONEPAlUi MPUBOAUT K dop-
MHUPOBaHHUIO TyOuaToro GeiakoBoro kpuorens (puc. 1),
B Cllydae HEOOXOAMMOCTH KOHKPETHOTO MPUMEHEHHUS,
JIETKO AeCTpyKTHpyemoro mporeazamu [18]. UMenHO
TakoW anbOYMUHOBBII HOCUTENh OBLT UCIIONB30BaH B
JlaHHOW paboTe g BBEACHHUS aICOPOMPOBAHHOTO UM
CHIBOPOTOYHOI'0 OMOPETYJATOpa B OpraHu3M jadopa-
TOPHBIX )KUBOTHBIX.

Ha pannux cpokax rocine Hanecenus aedexra (14 cy-
TOK) MCCIIEIOBAJIH {71 ViVO COCTOSIHHE KOCTHON TKaHU C
TIOMOIIIBIO PEHTICHA.

B orpunarenbHOM KOHTpOJIE Ha HUYKHEH YEIHOCTU
oTpezeIsIeTcs 30Ha gedekra 6e3 YeTKUX KOHTYPOB, €CTh
TEHJICHITUS K 3aI0JIHEHUIO C(HOPMHUPOBAHHOTO Jie)eKTa.
B nenTpe onpeaensirorcsi OCTPOBKHU IIOTHOTO BELIECT-
Ba, CKOpee BCET0, 30HbI ()OPMUPOBAHHUS KOCTHOW MacChl
(1,5-2 6amna o BeIIeONMCaHHOMW mIKaie). B 3oHe ne-
(exra o nepudepun no HarpaBICHUIO LIEHTpa AedexTa
OT Kpasi KOCTHON TKaHH CTPYKTYPHO TOSIBIISIOTCS OCT-
POBKH KOCTHOTO BEIIECTBA, UMEoIIThe Ooiree auddepeH-
UpOBaHHbBIN xapakTep. Ha penTrenorpamMmax HaoJIr0-
JaceTcsl pacroyiararoniascs HealleKo oT kKpas aedekra
pHIXJasg COCOUHHUTEIbHAS TKaHb, KOTOpasi COCTOHUT U3
CIUTETEHHBIX ITyYKOB KOJIAreHOBBIX (hUOpHILT (puc. 2).

B xoHTpone ¢ ryOkoil AedeKThl 3anoIHeHb! COeIH-
HUTEIBHOW TKAaHBIO (IPYyOOBOIOKHUCTAS KOJLIIAareHOBAs
TKaHb). B HEKOTOPHIX 30HaX ONMKe K Kparo MaTePHHCKOM
KOCTH OTIPEIEIISIFOTCS] OCTPOBKH HATIIIACTHIBAHUS HOBOTO
KOCTHOTO BenecTsa (1 6aJut 1o BHIIIEOTUCaHHOM HIKaIe)
(puc. 3).

B onbITHOI rpymiie ¢ BKIIOYEHHEM B albOyMHUHOBYIO
ryOKy CBIBOPOTOUHOTO OMOpETyisiTopa B 30HE Aedekra
ompenensieTcss 3K30UTHBIIA POCT HOBOOOPa30BaHHOM
KOCTHOHM TKaHW, IMEIOIINN TpaOeKyIIpHOE CTpOEHHE,
nepeMexarmuiics ¢ Guopo3HsIM MaTpukcoM. Odaru
ocTeoreHesa HaOIIOaloTCs B BUZIE OTIIOKEHHST OCTEOH A
B COC/IMHUTEIILHO-TKAaHHOM mpocioiike (2,5-3 0aa mo
BBIIICOMMCAHHOM 1IKaie) (puc. 4).

[Ipu rucToNOrMYecKoM OMMCAHUU COCTOSTHHSI KOCT-
HOW TKaHM B 00mactu nedekra Ha 30-e CyTKH Ioce ero
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HaHECEHUS B Pa3IMYHBIX IPYIIaxX MOJYyYWIU CIeAylo- (B OCHOBHOM YKEJThIN — )KUPOBasi TKAHb, HO TAKKE MPE/-
LIYI0 KapTHHY. CTaBJIEH KPACHBIN KOCTHBII MO3T). XOpOIIIO BEIPaKEHbI

Kontpoab HatuBHblii. [In0THAas KOCTHAs TKaHb, 3JEMEHTHI 3yOOB C ACGHTUHOM, 3MAJbI0 U HE3PEIbIMU
BHYTPH ITOJIOCTEH KOCTHBIX 0aJIOK BUACH KOCTHBIN MO3T  ME3EHXMMHBIMH KJIETKaMHU. XOPOIIO BbIpakeHa IIOTHAS

Lanin ‘NHIHM:L ﬂ ™
A gy T

= - W

| .

Puc. 2. PertreHorpaMma HIKHEH 4eTIOCTH KpOJIHKa B 00nacTu nedekra (yKa3aHO CTpenkoil) Ha 14-e CyTKH B KOHTPOJIbHOH
TpymIe: a — MaJoe yBelIndeHne; 6 — O0IbIIoe yBeInueHne

Fig. 2. X-ray of the rabbit mandible in the defect area (indicated by arrow) on day 14 in the control group: a — low magnifica-
tion; 6 — high magnification

Puc. 4. PentreHorpaMma HIKHEH YEIIOCTH KpOJMKa B 00-
nactu nedekra (yKa3aHo CTpelikoil) Ha 14-e CyTKH B rpyIie
¢ abOyMHUHOBO# T'yOKO#, cofiepskaIiell ChIBOPOTOUHBIH OHO-
perynsitop

P T T
PO e Fig. 4. X-ray of the rabbit mandible in the defect area (indi-

cated by arrow) on day 14 in the group with albumin sponge,
containing serum bioregulator

Puc. 3. PentreHorpamMma HIKHEH YEIIOCTH KPOJMKa B 00-
mactu aedexra (yKa3aHo CTpenkoil) Ha 14-e cyTku B rpymie
¢ aIbOyMHUHOBO# r'yOKO#t

Fig. 3. X-ray of the rabbit mandible in the defect area (indica-
ted by arrow) on day 14 in the albumin sponge group
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KOCTHas TKaHb, €CTh COCY/Ibl, KOTOPBIE IIPOCMATPUBAOT-
cs1. OCTEOHBI XOPOLIO BEIPAYKEHBI, MEXKy OCTCOLIUTAMU
HeOOJbIIINE TAKYHBL. SI1pa 0CTEOIMTOB KPYITHBIE, OBAJIh-
Hol ¢opmel. [IpencraBnena 3penas ocTeonIHas KOCTb,
IJIACTHHYATOTO CTPOCHHS (pHC. 5, a).

B rpynne orpumareJbHOro KOHTpoJs (0e3 3a-
NoJIHeHUs 00s1acTU AedeKTa KAKUMU-IM00 MaTepH-
aJIaMH) HE IIPOUCXOUT MTOJTHOTO 3apacTaHus JaedeKTa.
[TonocTh paHbl 3a0THEHA TKAHEBBIM IETPUTOM, MEKIY
HUM uzeT (GOpMHUPOBAHNE HOBOW KOCTH, HE BBIPAXKCH
KOCTHBIH MO3T. HaOmromaercst He3penast ocTeouaHast
TKaHb, JJAKyHbl HE BbIpakKeHbl. BoJOKHHUCTast KOCTHAs
TKaHb, COCY/IBI TUIOXO MPEICTaBICHH (puc. 5, 0).

B KOHTpPOJIBHOI Ipynne ¢ 3amoJHeHHeM Jedek-
Ta aJbOYMHHOBOM I'y0Koii, He coaep:kaieii CbIBO-
POTOYHBIN OHOPEryJsiTOp, UACT 3apacTaHuE PaHEI
0e3 (hopMupoBaHUS KOCTHOTO MO3ra. BuaHO akTHBHOE
(bopMupoBaHKEe KOCTHON TKaHH, OCTEOMHTETPAIIHS Allb-
OyMHHOBOI T'YOKH B COCTaB KOCTH, 00pa3oBaHHE B HEil
MOJIOCTEN M YaCTUYHOE 3acelIeHne KIeTKaMH. A Takxe

Ha rpaHuIle aKTHBHAS TPaHyJISIIUs KIETOK ¢ (POPMUPO-
BaHUEM HE3peJIoH OCTEOHTHOW TKaHU (pHc. 5, B).

B onbITHOIM rpyne ¢ 3anoJHeHneM 1eeKTa ajlb-
OyMHMHOBOI Try0Koii, comepxamieil CbIBOPOTOYHBIH
OHMoperyasiTop, B 00JacT! OBPEXICHNUS BUIAHBI OCTAT-
K{ pasnaratouieiicss anb0yMHMHOBON T'yOKH, BHOBb 00-
pa3oBaHHAsl KOCTh IUIOTHAS, C MAJICHBKUMH JIAKyHaMH.
BHyTpu B noiaocTtu KOCTH BUACH KOCTHBIA MO3L. Mnet
(hopMHUpOBaHHE TUIOTHOU 3pENIOi OCTEOUIHON TKaHU C
(GbopMHUpPOBaHHUEM OCTEOHOB M I'aBEPCOBBIX KAHAJIOB U
KOCTHOTO Mo3ra. et BoccraHOBIEHHE KOCTHOM ajib-
BEOJIIPHOW TKaHW U BOCCTAHOBJICHHE IIACTHMHYATOMN
IJIOTHOM KocTH (puc. 5, T).

Jlro0as coenHUTENbHAS TKAHB SBISCTCS MPEIILIECT-
BEHHUKOM KOCTHOHM TkaHu. OHa HeoOXoauma JJ1s pocTa
MHTETPALlMOHHBIX MPOLECCOB U 3aIOJHEHUs Je(EKTOB
KOCTHOM TKaHb10. B rpynne oTpuiareabHOro KOHTPOIIs
¢ abOYyMHUHOBO# T'yOKO 6€3 OHOPETryIIATOpa Mbl HA0JHO-
JaJii HauyaJ1o Ipoliecca BOCCTAHOBICHHUS KOCTHON TKaHU
¢ GOopMUpPOBaHUEM HE3PENOH KOCTH, B OTIHYHE OT IPyTI-

Puc. 5. KoctHas TkaHb HIDKHEH YEITIOCTH KPOJIHKa: a — HaTUBHas; 0 — uepes 30 cyToKk mociie HaHeceHus qedeKTa (HeraTHBHBII
KOHTPOJIb, 0e3 BHECEHHs B 001acThb AedexTa Kakux-1100o MaTepuaioB); B — uepe3 30 cyTok nociie HaHeceHus Aedexra (KoH-
TPOJIb, C BHECEHHEM B 00J1acTh e(eKTa aap0yMUHOBOW I'yOKH, HE COzlepIKalllell ChIBOPOTOYHBIH OHOpPErysIsiTop); I' — uepes
30 cyTok rmocie HaHeceHus AedeKTa (OIbITHAs TPyIIa, C BHECEHHEM B 00IacTh JiedekTa anb0yMUHOBOH I'yOKH, coziepKamiei
CBIBOPOTOYHBIH OMOPEryIsITOp). 1 — OCTEOHBI; 2 — OCTaTKU aJbOyMUHOBOU I'yOKH; 3 — He3penast OCTeOHJHas TKaHb; 4 — II0T-
Hasi KOCTHAsI TKaHb; 5 — KOCTHBIN MO3T. X200. Ctpenkoii ykazaHa o0nacTh aedekra

Fig. 5. Bone tissue of rabbit mandible: a — native; 6 — 30 days after application of defect (negative control, without introduc-
tion of any materials into the defect area; B — 30 days after application of defect (control, with introduction of albumin sponge,
containing no serum bioregulator, into the defect area); r — 30 days after application of the defect (experimental group, with
introduction of albumin sponge, containing serum bioregulator, into the defect area). 1 — osteons; 2 — remains of albumin
sponge; 3 — immature osteoid tissue; 4 — dense bone tissue; 5 — bone marrow. x200 magnification. The arrow indicates the
defect area
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IbI, B KOTOPOIi B 00J1aCTh JiehekTa ObLIa BHECEHA aJIbOY-
MHUHOBAsI I'yOKa C BKIIIOUCHHBIM B HE€ OUOPETYISITOPOM
U3 ChIBOPOTKH KpOBH. TakuM 00pa3om, aL0yMUHOBas
ryOKa SIBJIIEeTCSI HOCUTENEM, KOTOPBIH HEOOXOI|M IS 3a-
CEJICHHs B HE€ BHOBb 00OPa3yIOIINXCS KIIETOK B KAY€CTBE
OCTCOKOHJIYKTOPa, 2 OCTCOMHIYKTOPOM, YCKOPSOIITUM
MPOILIECC BOCCTAHOBIICHHS 3PENION KOCTHOM TKaHH, SBJISI-
€TCsI CBIBOPOTOYHBIN OMOPETYIISITOP, BKIFOYCHHBIH B Hee.

3AKAIOYEHUE

B orpurnarensHOM KOHTpOJIE KapTHHA BOCCTaHOBJIE-
HUSI TUIOTHOM KOCTHOM TKaHU HUKHEW YEJIIOCTH KPOJIH-
Ka HE BBIpPQ)KCHA, B OCHOBHOM BOCCTaHOBIJICHHAS TKAHb
SIBIISICTCS. TPYOOBOJIOKHHUCTOW. B KOHTpONBHOM TpyIie
¢ anp0yMHUHOBOH T'YOKOH BHHO HEMOJTHOE pa3jaraHue
JTAHHOW TYOKH M TOJIBKO HA4yallo OCTEOMHTETPATUBHBIX
npotieccoB. [lomyueHHbIe pe3ybTaTbl CBUAETETBCTBYIOT
00 aKTMBHOM BOCCTaHOBJICHHY KOCTHOM TKaHU B 00JIaCTH
obmmpHoro aedekra mpu ucnoiab3oBaHuu 3D-HOCUTES
Ha OCHOBE OBIYBETO CHIBOPOTOYHOTO anbOyMuHA (ajIh-
OyMUHOBOI T'YOKH), C BKJIIOUEHHEM OHOperyisTopa,
BBIACJICHHOT'O U3 CBIBOPOTKU KPOBH. BI/II[HI)I IMPOLECCChI
OCTCOMHTETPATUBHOW U OCTEOMHYKTUBHOM aKTUBHOC-
TH, IPAKTHYECKH MOITHOE pa3jiaraHue anbO0yMHHOBOI
ryOku B o0nactu nedekra, ¢ popMHUpPOBaHHUEM Ha MECTE
nedekra OCTPOBKOB IUIOTHOM KOCTHOM TKaHU C HEOOJIb-
IIMMH O4araMy rpyOOBOJIOKHUCTOMN TKaHH, YTO TOBOPUT
0 XOpoIIel JMHaAMHUKE BOCCTAHOBUTEIHHBIX MPOIECCOB
Ha TAaHHOM CPOKE 3a)KUBJICHHUS HedekTa. ITO MOXKET
CBHACTCIBCTBOBATHL O TOM, UTO IO I[GI\/'ICTBI/IGM CBhIBO-
POTOYHOTO OMOpEryasiTopa B COCTaBe aibOyMHHOBOMH
T'yOKH Tpoliecc perapanuyd IPUBOIUT K BOCCTAHOBIIE-
HUIO HOPMAaJIbHOM KOCTHOH TKaHU 0e3 GpopMupoBaHUS
KOCTHOM MO30JIM 1 ”3MEHEHHOW KOCTHOM TKaHH!, OTINY-
HOW OT HAaTUBHOM.

Paboma svinonnena npu noodepoicke Munucmepcmsa
Hayku u evicuieco oopazosanus Poccutickoil Dedepayuu.
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OMNMPEAEAEHUE ONTUMAABHOTO PEXXUMA
AELLEAAIOASAPU3ALMN NOAXEAYAOHYHOW XEAE3bI
C Y4YETOM MOP$POAOTUYECKUX OCOBEHHOCTEN
MAHKPEATUMECKOW TKAHU

A.C. Ilonomapesa, H.B. bapanosa, JI.A. Kupcanosa, I'H. Bybenyosa, E.A. Hemey,
U.A. Munocepoos, B.U. Cesacmuvsinog

PIBY «HAUMOHAABHBIV MEANULMHCKMIA MCCAEAOBATEABCKMM LLEHTP TPAHCIAQHTOAOTMM M MCKYCCTBEHHBIX
OPraHOB MMEHM akaaemmka B.M. LLymakosan MuH3apasa Poccum, Mocksa, Poccuinckas Peaepaums

BBenenne. Pa3zpaboTka TKaHEWH)KEHEPHON KOHCTPYKIMH Homxkenynodnoi xenessl (TUK ITTXK) Bkmouaer mo-
UCK MaTPUKCOB/CKa(@oII0B, CIIOCOOHBIX UMUTHPOBATh CTPYKTYPY M COCTaB €CTECTBEHHOIO BHEKIIETOYHOTO
marpukca (BKM), sBisromerocsi BaxHbIM KOMITOHEHTOM TKaHEBOTO MHUKPOOKpYXeHHs. TkaHecnenupuaeckuit
MaTPHUKC, CBOOOIHBIN OT KIETOK, IOTYIEHHBIN B PE3yJIbTaTe eI pA3aiH MoKeIyqoaHOH skene3sl (IDK),
npezncrasisercs Hanbonee momxomsmm i co3nanus TUK TDK. Beroop mpoTokorna AeneuTonsipu3aiy maH-
KpeaTH4ecKO TKaHU JOJKEH YUHTBHIBaTh Mopdonorndeckue xapakrepuctuku ucxognoit [DK. Coxpanenue B
JICIeIUTIONISIPU30BaHHOM TTaHKpeaTtnieckoM Marpukce (IT10K) ocobeHHOCTe apXUTEeKTOHUKH M COCTaBa HATUBHOM
TKaHH, a TaK>Ke IIPUCYTCTBHE HATUBHBIX KoMIOHEHTOB BKM mo3BosIsieT co31aTh YCIOBUS AT POJIOHTMPOBAHHON
KU3HEESTEIbHOCTH (DYHKIIMOHAIBHO aKTUBHBIX OCTPOBKOBBIX (MHCYIHHIPOLYLUPYIOIINX ) KJIETOK IIPH CO3JaHUH
THUK IDK. eab paGoThl: onpeaeauTh ONTUMANbHbIE HapaMeTpsl Aeueuntoisaprsannu [DK mocMepTHRIX JOHOPOB
¢ ubpo30M, IMIIOMATO30M M 0€3 BBIPAKCHHBIX MPU3HAKOB (prOpo3a U aumoMaro3a. Marepuajiabl 1 MeTObI.
HUcnonp3oBanu xBocToByto yacts [DDK, omy4eHHYI0 B pe3ylsraTe MyJIbTHOPIaHHOTO 3200pa OPraHOB MOCMEPTHBIX
JOHOPOB U HE PUTOJHYIO JJIsl TPAaHCIUIAaHTAWH. TKaHecnenu(pUIecKui MaTpUKC MOyYalld B pe3yJIbTaTe KOM-
OMHAIMK (PU3UKO-XUMUYECKUX METOIOB Jenerutonsipu3anui pparmenToB [DK. [IpuMeHs mpoTOKOI ¢ IHKITH-
YEeCKUM ITOBTOPEHUEM PEXKHUMa 3aMOPAKUBAHUS U OTTAUBAHMS U J1BA IIPOTOKOJIA C IPUMEHEHUEM OCMOTHYECKOTO
moka. O6pasie! nexoxHon TkaHu DK 1 nenemmonspru30BaHHbIX (parMEHTOB HOABEPraid THCTOIOTHIECKOMY
ananuzy. Pesyaprarsl. [lokazano, uto anst addexruBroi neuemtronspuzannu [DK ¢ BepakeHHBIM JTHIIOMaTo30M
MOAXOIUT (PU3UKO-XMMHUYECKUN METO]] C IUKINIECKAM MOBTOPEHUEM PEXKMUMa 3aMOPaKUBAHHSI M OTTaWBaHMUS;
st [DK ¢ muddysuasivm pudpozom u st [DK 6e3 BepakeHHBIX MPU3HAKOB (hUOpO3a U arrmoMaro3a — GU3HKo-
XUMHYECKHNA METO]] C MPUMEHEHNEM 0CMOTHYECKOTO II0Ka, HO Pa3IMYHbIe BApUAHTHI IIPOTOKOJA. 3aK/II0YeHHe.
Jns ocymiecTBIleHMsT IOMHOHN Aeneruttosipuzanuy ¢pparmenToB DK gemoBeka mpotokon crocoba o0padoTku
HEO0XOIMMO KOPPENHUPOBATh C THCTOIOTHYECKUMHU 0COOCHHOCTSIMH NCXOAHOW TKaHU.

Kniouegvle cnosa: nodceny0ounas sicenesa, aunomamos, puopos, oeyernorapusayusi,
mranecneyuhuieckull Mampuxc.
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DETERMINING THE OPTIMAL PANCREATIC DECELLULARIZATION
PROTOCOL, TAKING INTO ACCOUNT TISSUE MORPHOLOGICAL
FEATURES

A.S. Ponomareva, N.V. Baranova, L.A. Kirsanova, G.N. Bubentsova, E.A. Nemets,
LA. Miloserdov, V.I. Sevastianov

Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

Introduction. Developing a tissue-engineered pancreatic construct (TEPC) involves a search for matrices/scaf-
folds capable of mimicking the structure and composition of the natural extracellular matrix (ECM), which is an
important component of the tissue microenvironment. A cell-free, tissue-specific matrix obtained from pancreas
decellularization seems to be the most suitable for creation of a TEPC. The choice of pancreatic tissue decellula-
rization protocol should take into account the morphological characteristics of the original pancreas. Preservation
of the architectonics and composition of the native tissue in the decellularized pancreas matrix (DPM), and the
presence of native ECM components allow for creation of conditions for prolonged vital activity of functionally
active islet (insulin-producing) cells when creating TEPC. Objective: to determine the optimal parameters for
decellularization of deceased donor pancreas with fibrosis, lipomatosis, and without pronounced signs of fibrosis
and lipomatosis. Materials and methods. We used the caudal part of the pancreas obtained after multiorgan pro-
curement from deceased donors, which was unsuitable for transplantation. Tissue-specific matrix was obtained by
a combination of physical and chemical methods of pancreatic decellularization. A freeze-thaw cycle protocol and
two protocols using osmotic shock were used. Samples of initial pancreatic tissue and decellularized fragments
were subjected to histological analysis. Results. It was shown that a physico-chemical method with freeze-thaw
cycles is suitable for effective pancreatic decellularization in severe lipomatosis; a physico-chemical method using
osmotic shock, but different protocol variants, is suitable for pancreas with diffuse fibrosis and for pancreas without
pronounced signs of fibrosis and lipomatosis. Conclusion. For complete human pancreatic decellularization, the
protocol should be correlated with histological features of the original tissue.

Keywords: pancreas, lipomatosis, fibrosis, decellularization, tissue-specific scaffold.

BBEAEHUE

Pazpaborka TkanenHxeHepHBIX KOHCTpYyKIwid (TUK)
TKaHEel ¥ OPraHoB, B TOM YHCJIE MTOKETY0UHOI skelte-
361 (1K), BrimrouaeT mouck marpukcoB (ckaddomnmos,
KapKacoB), CIIOCOOHBIX HIMUTHPOBATh CTPYKTYpY H CO-

Marepuana, Bkitodas JHK, u kiieTtouHbIX mOBEpXHOCT-
HBIX aHTUTEHOB W3 HATUBHOHM TKaHM, TIPH MAKCUMaJIHLHO
BO3MOKHOM COXPaHCHUHU CTPYKTYPHBIX, OMOXHUMHUIE-
CKHX M OMOMEXaHMYECKUX CBOMCTB HaTUBHOro BKM c
MOMOIIIBIO PA3IMYHBIX METOZ0B 00paboTKu TkaHu [1].

CTaB €CTECTBEHHOTO BHEKJIETOUHOTrO MaTpukca (BKM).
BKM, cekpeTupyemblii KIIETKaMu, IPEACTABISIET COO0H
CETh MaKpPOMOJIEKYJI, BKIIOUasi [TOJTUCaXapUTHbIE TITMKO3-
amunornukanbl (IAT') u Genku (KoJiareHsl, JJAMUHU-
HbI, PUOPOHEKTHUH ), U SBJISCTCS BAXKHBIM KOMIIOHEHTOM
TKaHEBOTO MUKpookpyxeHus [1]. BKM Bremonuser B
TKaHU MHOYKECTBO (PYHKIIMI: 00eCIIeueHHe CTPYKTYPHOIM
[ETOCTHOCTH, MEXaHUYECKUX CBOMCTB M OpraHU3aIiH
TKaHU, KJIETOYHO-MATPUKCHBIX W CUTHAJLHBIX B3aUMO-
JICUCTBUM, TaKUX KaK HAJIMYKME CAaWTOB MPUKPEILICHUS
KIJIETOK, PETyIHPOBKA KIIETOYHOH ajare3nu, mponude-
paruu, Murpanui, audhepeHIMPOBKH U armonTo3a [2].
TranecnenuuIecKuii MATPUKC, B KOTOPOM COXPaHSIOT-
cs1 0COOCHHOCTH apXUTEKTOHUKU M COCTaBa HATHBHOM
TKaHU, MPEJICTABISIECTCS HanOolee MOAXOISIIIUM JIs
coznanus TUK TDXK [3-5].

OnHUM U3 IEPCHIEKTUBHBIX METOIOB MOTYUCHUS TKa-
Hecnenn(QUISCKUX MAaTPUKCOB SBIISCTCS IEICIUTFONSAPH-
3ausl TKaHeH U opraHoB. D¢ QPEeKTUBHBIN Mpolecc Je-
HEJUTIOJISIpU3alii 00eCTIeYnBaeT yaaleHHe KICTOUHOTO
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BonbImIMHCTBO IPOTOKOJIOB OMHUCHIBAIOT KOMOWHH-
pOBaHHOE M MOCIIEIOBATEIEHOE TTPUMEHEHNE pa3Iny-
HBIX (PM3UYECKUX, XUMHUYECKUX B (epMEHTATHBHBIX
METOJIOB JJISL JIOCTHIKCHUS d3PPEKTUBHON JCIICIUTIONS-
puzanuu. [enemnonspusanus 0onpmioro gpparmeHTa
TKaHHU — IOCTaTOYHO JJTUTEIHHBIN Mpoliecc 13-3a HeoO-
XOAMMOCTH TTPOHUKHOBEHHS BCEX PEareHTOB B KIETKH-
mutienn [4, 6]. Ilpu 3ToM Pusndeckoe Bo3necTBHE
MOXKET HApYLIUTh CTPYKTYpPY MaTpUKCa, B TO BpEMsI KaKk
XUMUYECKHE U (DEPMEHTATHUBHBIC METOMIBI MOTYT BBI-
3BIBaTh PEAKI[UH, KOTOPBIC IPUBEAYT K TOBPEXKICHHUIO
koMmrnoHeHTOB BKM 1 nmaske M3MEHAT ero XMMHYSCKUN
cocras [1]. IIpOTOKOIBI AEIETUTIONSIPU3AIIAN JTOJKHBI
TaKXKE y‘-II/ITI)IBaTI) XapaKTepI/ICTI/IKI/I I/ICXOI[HOI\/'I TKaHH,
TakHe Kak IUIOTHOCTH M TONINMHA, HATHYUC JIUIUIOB.
WnenTtrdHast TKAaHb MOJKET UMETh Pa3HbIe XapaKTepHcC-
THKHA CTPYKTYPHl H COCTaBa B 3aBUCHUMOCTH OT OCO-
O6ennocreil noHopa. [1o 3TiM pUYUHAM ONITUMU3AIIHS
MIPOTOKOJIA JETSIUTIONIIPU3AIIMU UMEET IEPBOCTEIIEHHOE
3HaYCHHE B KXKJIOM KOHKPETHOM CITydae.
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Cpenu (pu3HUECKUX METOMOB JACUEIUTIONSIPU3AAN
pacmpocTpaHeHNE TOTYIHIIH [HKJINIECKOE TIOBTOPEHNE
3aMOpaXWBAaHHUA U OTTaWBaHUSA, METOJ OCMOTHYECKO-
ro III0Ka, MEXaHUYeCKoe TepeMenInBanme, nepdysus,
yABTpa3ByKoBOe Bo3aeicTBue u apyrue. [Ipu 3amopa-
JKUBaHUHM TKaHU 00pa3yroTCs BHYTPUKJIETOUHBIE KPHC-
TaJIBI JbJAA, B PE3yJIbTaTe 3TOTO MPOUCXOIUT Pa3py-
IIeHNEe KJIETOYHBIX MeMOpaH U IM3nC KiIeTok. OaHaKo
P 3TOM MOTYT Pa3pymIaThcsi M OETKOBBIE CTPYKTYPHI
BKM, noatoMy HE0OXOIUMO CJIEAUTDH 32 CKOPOCTHIO U3-
MEHEHHS TEMIIEPATypbl, YTOOBI KOHTPOJIUPOBATH pa3Mep
00pasyroNIXcs KpUCTALIOB JbAa [7]. ' mmoToHnueckme
Y TUTIEPTOHMYECKUE PACTBOPBI (METOJ] OCMOTHYECKOTO
moka) [ 1] cnocoOCTBYIOT TM3HUCY KIIETOK, HO HE YAAISIOT
KJIIETOYHBIE (pparMeHTsI u3 Marpukca. bomee Toro, ynae-
Hue ocrarkoB JIHK nmeer nepBocreneHHoE 3HaYEHUE BO
BCEX MPOTOKOJIaX JAEIEeUTIONAPU3aLNHU U3-3a TEHICHIH
SIIEPHOTO MaTeprala MPUKPEIUIThCA K 6emkam BKM.
‘YnaneHuto KIIETOYHOTO JIETPUTA CIIOCOOCTBYET MPOIIecc
MEXaHUYECKOTO MEePEeMEeNTNBAHNS, OCYIIECTBISEMBIN C
MOMOIIIBI0 MATHUTHOW MEIIAJKHA, OPOUTATHHOTO IIeH-
Kepa WM POJIepHOil cuctemsl [5, 8.

Tonbpko pu3NUECKUX METOJOB HEJOCTATOYHO IS
TTOJTHOM eTIeIUTIONIIPU3AINA TKaH!, HO OHH () ()EeKTHB-
HBI B COUETAaHNH C XUMIUECKUMHA U ()epPMEHTATHBHBIMHU
nporeccamMyd. XMMHUYECKHMHU BEILECTBAMHU (ZleTepreH-
TaMM) ISl PACTBOPEHUS KJIETOYHBIX MEMOpaH U JHCCO-
LUAIMH IETPUTA B ITpoliecce IeIeUTIoNApU3aliy SBIs-
IOTCSl IOBEPXHOCTHO-aKTUBHBIC BeleCTBa. JleTepreHT
Triton X100, HalleleHHBIA HA JTUMUA-TMIAIHBIE U JTH-
MU1-OETKOBBIC B3aUMOJICHCTBHS, YACTO IPUMEHSIFOT JIST
00paboTKH TKaHel ¢ OONBIINM CoAepKaHHeM Oellka B
coctaBe BKM, nipu 3TOM €ro ¢ 0CTOpOKHOCTHIO IIpHMe-
HSIIOT JI71s1 00paOOTKK TKaHEH ¢ BRICOKHUM COJIEPIKAHUEM
I'AT [9]. Homemuncynbdar Hatpus (SDS) UConb3yoT
JUTs 3 PEKTUBHOTO YAAJICHUS SISPHBIX ¥ ITOTLIA3MAaTH-
yeckue pparmMeHToB. SDS pacTBOpseT KaK KIETOUHYIO,
TaK | sICPHYI0 MeMOpaHy, HO UMEET TeHJICHIIUIO JIeHa-
TYpUpPOBATh OEIKM M MOXET U3MCHATh €CTECTBEHHYIO
crpykrypy Mmarpukca [1]. ITo aToit mpuannae HamboIee
pacipoCTpaHeHHOH SIBIIIETCS KPaTKOBPEMEHHast 00pa-
6otka SDS 1151 MUHUMU3aIIUN BO3MOXKHBIX TIOBPEKIC-
HUM OEJIKOB M 00IICH CTPYKTYPhI MaTpHKCa.

IIpu cozpanuu TUK IDK npucyrcTBue B nenemio-
JISIPU30BAaHHOM MaTPUKCE U3 MOKETYIOYHON KeJe3bl
(IDK) matuBHBIX kKomroHeHTOB BKM mo3Bojiser co-
31aTh YCJIOBUS JUIS POJIOHTUPOBAHHOM )KU3HEIEATEIb-
HOCTH (PYHKI[MOHAJIEHO aKTHBHBIX OCTPOBKOBBIX (MHCY-
JTUHIPOAYIUPYIONTNX ) KJIeTOK [3—6, 10]. MakcumansHO
MOJIHOE yJalieHue KieTouHoro Mmarepuana u3z JIIDK
MPUBOANT K MUHUMH3AIUA UMMYHHOTO OTBETa MpPH
nanpHermend umiuiantanun TUK TDK [6]. Tlokazano,
YTO NMaHKPEAaTHYECKUE OCTPOBKU, KYJIBTUBUPOBAHHBIC
B nmpucytcreun JAIDK, yBenuuuBamm cekpenuio nHey-
JIMHA [0 CPABHEHUIO C M30JMPOBAHHBIMH OCTPOBKAMHU
B MOHOKYIBTYpe [11].

Lenpto Hamero ucciegoBaHus OBLIO ONPEACIUTH
onTUMAallbHBIE TIapaMeTphl aenemoispusanuu [DK
MOCMEPTHBIX JOHOPOB ¢ GuOPO30M, JIMIIOMATO30M U
0e3 BhIpaKEHHBIX MPU3HAKOB (prOpo3a 1 TUnomMarosa.
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MATEPUAADI U METOADI
NCXOAHBIM MATEPUAA

3HauutenbHoe konudecTBo IIDK ot mocMepTHBIX
JOHOPOB HE MOXKET OBITh MCIOJB30BAHO ISl TPaHC-
TUTAHTAllUY, TIOCKOJIBKY OpraHHas mepecajka TpedyeT
MPUMEHEHUS )KECTKUX KPUTEPUEB B 0TOOPE IOHOPCKOH
ITX [12]. B pe3ynbTrare HCTIOMTHEHHS CTPOTHX TpeboBa-
HUN K KadecTBY moHopckout I1DK [13] mHOTHE OpraHbI
OTKIIOHAIOTCS HA OCHOBaHUH UCTOPUH Oose3HH, Puodpo-
3a, JIMIIOMAr03a, aHTPOIIOMETPUYECKHUX XapaKTEPUCTHK U
JIpYTHX napameTpos, gaxe eciu [DK 3mopoBa u pyHkIm-
oHupyeT. Takue opranbl MOTYT OBITH ITepepadoTaHbI AT
co3JaHusl OMOMaTepuanoB, B TOM YUCIIE TOJBEPIHYTHI
TMIpoIIecCy AeUEIUTIONAPU3AIN, U MOTYT UCIIONb30BAThHCS
JUTSI TKAHEBOW WH)KEHEPHH, a HEe YTUIN3UPOBATHCS.

[l nccnenoBaHus HCIIOIB30BAIN XBOCTOBYIO YacTh
IDK, monyyeHHyI0 B pe3yabTaTe MyJIBTHOPTaHHOTO 3a-
0opa opraHoB NocMepTHHIX 1oHOPOB (n = 10, Bo3pacT
JIOHOPOB 34—63 TOoN1a) ¥ HE MPUTOAHYIO [Tl TPAHCIUIaH-
tauuu. [Tankpeatnueckyto TkaHb Xpanuiau npu —80 °C
JI0 TIPOBEACHHUS ACLEIUTIONAPU3ALINH.

Aeuearorspusaumns coparmenTos MXK
C NPUMEHEHUEM LUKAMHECKOro MOBTOPEHMUS
30MOPUXMBAHUS U OTTAUBAHUA

Panee Hamu ObIT MpeAsIOKEH MPOTOKOJI ACLEIITIO-
nspuzanuu ¢pparMeHToB noHopckoit [DK ¢ smnomaro-
30M, TIO3BOJISIOMIMN MONYYHUTh TKaHECTeUnPUIeCKUH
MaTpHKC/KapKac, CBOOOAHBIN OT KJIETOK M KJIETOUHBIX
(parMeHTOoB, ¢ HU3KNM coaepxxanueM JJHK u coxpane-
HueM MopdodyHKIoHATEHBIX cBOoiicTB BKM I1K [14].
ITankpeaTnuecKyro TKaHb IOABEPIaId TPEM LIUKIAM 3a-
MopaxuBaHusa 10 —80 °C u orrauBanus no +37 °C c
MOCIEAYIOIMHNM MEXaHMYECKUM H3MEJIbUCHHEM TKaHH
(2 x 1 x 1 Mmm) 1 00paboTKOI IPH KOMHATHOH TeMIlepa-
Type B YCIOBHIX MOCTOSHHOIO MEpEMEIINBaHUSA B PO-
tanmonnoit cucreme CellRoll (INTEGRA Biosciences
AG, llseiinapus) B Tpex cMeHax OydepHOro pacTeopa
(pH = 7,4), conepxarmiero pactBopsl 0,1% SDS u mo-
BhImaronTyocs konnenTpanuio Triton X100 (1,2 u 3%
cootrBeTcTBeHHO) (Sigma, CIIIA). 3arem GpparMeHTHI
neuemtonsipuzoBadHoi [DK TiarenbHO OTMBIBAIN OT
OCTaTKOB IOBEPXHOCTHO-aKTHBHBIX ar€HTOB B TCUECHHUE
72 gacoB B pocharaom OyhepHOoM pacTBope ¢ 100aB-
JIeHWEeM aHTHOMOTHKA/aHTUMUKOTHKA.

B nmpencraenenHoli paboTe MbI HCIIONB30BAIN JaH-
HBIH MPOTOKOJ MPH JIEUEIITIONAPU3AIIH TaHKpeaTHye-
CKOH TKaHU 0e3 npu3HakoB (huOpo3a U JTUIOMAaTO3a.

Aeueanonapusauma coparmentos MNXK
C npumeHeHnem oCMOTU4eCKoro LUOKdA
(ABO BApPMAHTA NPOTOKOAQ)

OpHeHTUPYSACh Ha M3BECTHBIE CIIOCOOBI ACLEIITIO-
JSIPU3alliY Pa3INIHbBIX MAPEHXUMATO3HBIX OpraHoB [1,
3-6, 15], nna IK ¢ ¢pudposom, a Taxxe ais IDK Ge3
MIPU3HAKOB (PUOPO3a 1 JIUITOMATO3a UCTIOIE30BATH (PH3H-
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KO-XUMHYECKOH METO]I C IPUMEHEHHEM OCMOTHUYECKOTO
1Ioka (Bo3JAecTBUE MOHHOW CHJIBI) B JIBYX BapHaHTax
UCTIOJTHEHHS.

MexaHUueCKH M3MENTFICHHYIO (110 pa3MepoB He Oosee
2 x 1 x 1 MM) maHKpeaTHIECKYyI0 TKaHb 00pabaTeIBaIN
JeTepreHTaMu [Py KOMHATHOM TeMIIepaType B YCIOBHUX
HETIPEPBIBHOTO MIEPEMEIINBAaHMs B POTAIIMOHHOI cuCTe-
Mme CellRoll (INTEGRA Biosciences AG, Iseiiiapust).
B nepsoM Bapuante ucnonszoanu 0,1% pactsop SDS
u (hocarHo-cosIeBO Oy(hep HU3KOM 1 BBICOKOM HOHHOM
cuisl (I BapuanT), Bo Bropom Bapuante — 0,1% pactBop
SDS u docdarno-conepoii Oydep BbICOKONW U HU3KOU
nonHo# cuiel (11 BapuanT). 3aTeM B 000MX BapuaHTax
Clle[JoBajIa TIATeIbHAS OTMBIBKA OCTATKOB IETEPIEHTOB
U3 ACLEJUTIONPU30BaHHbIX (hparMeHTOB NaHKpeaTuye-
ckoii Tkanu — Marpukca (1K) B Tpex cMenax docdar-
Horo Oydepa, coneprkarero aHTUOMOTUK ¥ aHTUMHUKOTHK.

fMcToAorM4eckoe UCCAeAOBAHUE

O06pa3ub! ucxognoit tkanu [1K u nenemmonspuszo-
BaHHBIX ()parMEHTOB TOABEPTAIN TUCTOJIOTHIECKOMY

IDX ¢ mpu3HakaMu JTUIIOMAaTO3a

OOwMii KoJu1areH
I I'eMaTOKCHIIMH ¥ 203UH

1o Mmerony Maccona

DAPI

100 Mxm

ITXK ¢ mpusnakamu pudbpo3sa

ananu3y. Marepuan ¢uxcupopanu B 10% 3a0ydepen-
HOM (hopMasIiHE, 00€3BOKHUBAIIN B CITUPTAX BOCXOAIICH
KOHIIEHTPALNH, BBIICPKHUBAIIN B CMECH XJIopodopMma
sTa”ona, xjaopodopme u 3anuBanu B napaduH. Cpesbl
TOJIIMHON 4—5 MKM IMOJTy4ajy ¢ MOMOIIBI0 MUKPOTOMA
RM2245 (Leica, ['epmanust) 1 B gajdbHEHIIEM OKpaLIH-
BaJIM TeMaTOKCHIIMHOM M 303MHOM, Ha OO KOJUIareH
(Metox Maccona), siipa KJISTOK BU3YaTHu3upOBad (DIIyo-
pecuentHbM okparmBanueM DAPI (Sigma, CILA). TTo-
JTy4eHHBIE THCTOJIOTHIECKUE IPeTapaThl aHaIN3NPOBa-
1 ¢ momonibio mukpockora Nikon Eclipse 50i (Nikon,
SlnoHus), ocHaleHHOTO UQPPOBOIA (HOTOKAMEPOiA.

PE3YAbBTATbI UCCAEAOBAHUS
fMcTOAOrM4ECKMIA AHAAU3
ncxoaHoun MX

B pesynbrate Mopdonoruueckoro UcciaeaoBaHus
MCXOHOTO MaTepualia ObUIO BBISBICHO TPU TUIA 00-
pasuoB naHkpearnueckoi Tkanu: [1K ¢ BeIpa>keHHBIMU
npu3HaKamMu junomarosa (puc. 1, a-B), IDK ¢ nuddys-

ITXK 6e3 numomarosa u ¢pudposa

A SR

b 100 MKM .

100 Mmxm 100 MM

Puc. 1. 'nctonorndeckas KapTHHA HOKEITYTOIHOH JKeNIe3bI TOCMEPTHOTO JOHOPA: a, T, K — OKPAIIMBAHNE TeMAaTOKCIIINHOM H
303UHOM; 0, I, 3 — OKpaIllMBaHKUE Ha OOLIMI KOJUIareH 1o MeTony MaccoHa; B, €, M — (IIyopecLieHTHOE OKpallMBaHUe KJIeTOY-
HbIX anep DAPI. KpacHbIMu cTpenkaMu OTMEUYEHBI JKUPOBbIE BKIIOUCHUS, KEITHIMU CTPEIIKaMH OTMe4YeHbI (QHOPO3HBIE THKU

Fig. 1. Histological picture of deceased donor pancreas: a, 1, % — H&E staining; 6, 1, 3 — Masson’s trichrome staining; B, e,
u — DAPI staining. Red arrows indicate lipomatosis features, yellow arrows indicate fibrous cords
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HbIM (pubpo3om (puc. 1, r—e) u I[1K 6e3 BeIpaskeHHBIX
MOP(}OITOTHIECKUX TIPU3HAKOB TATOJIOTHH (pHC. 1, 5K—1).
HecmoTpst Ha BBISBJICHHBIC pa3inyusi, BO BCeX 00pas-
nmax oOHapyxuBauch coxpanusiuecs OJI, KoTopsie,
KakK MPaBUJIO, UMENIN OKPYIIIYIO (peke — BBITSIHYTYIO)
(GopMy M KOMITAKTHOE, WHOTJIA JIOJILYATOE, CTPOCHHE.
KommnakTHoe cTpoeHre ObUIO XapaKTepHO AJISl OCTPOB-
KOB MEHBIIINX Pa3MEpOB, B TO BPEMs KaK B HEKOTOPBIX
0oJiee KPyIHBIX OCTPOBKAX ONPENEIIsIaCh 10JIbYaTOCTh.
Crenuduueckoe oxpamusanue DAPI noareepxaano
HaJIM4Ke KJIETOYHBIX siaep, kak B OJI, Tak u B OKpyxa-
IOIIEH allMHAPHOM TKaHHU.

McToaornyeckun aHaaums MX,
AELLeAAIOASIPM3OBAHHOU C NMPUMEHEHUEM
LLUKAUYECKOTO NOBTOPEHMUS 3AMOPAXMBAHUA
U OTTAMBAHMUSA

B o6pasuax ¢parmentos [1K ¢ munomaro3om mocie
TPEX MOCIIEI0BATENBHBIX [TUKJIOB 3aMOPAKUBAHISI—OTTa-
WBaHUA 1 00pabOTKH eTepreHTaMu HaOMFOAaIH TIOJTHOE
OTCYTCTBHE COXPAHUBIIUXCS KJIETOK, OTJACIHHBIX KJIe-
TOYHBIX SJIEP, & TAKKE METKUX (PparMeHTOB KIETOUHOTO
JICTPUTA B MOTYICHHOM COCTUHUTEIILHO-TKAHHOM KapKa-
ce (puc. 2, 6). Mopdomornyeckas KapTHHA CBUICTEIILC-
TBOBAJIA O MOTYYEHUH OYULIEHHOT'O TOHKOBOJIOKHUCTOTO
Marpukca (puc. 2, a).

ITX ¢ npu3Hakamu JUmoMaTosa

OO0 KoJutarey
o Mmerony Maccona

DAPI

100 Mmkm

ITX ¢ npusnakamu pudposa

Ilocne mpoBeneHNs MOIHOTO MPOTOKOJIA AELEIUIIO-
napu3anuu [DK ¢ quddy3asim Gudpo3om rucroo-
rUYeckas KapTUHA B IIEJIOM OTJIMYajIach OT TaKOBOW,
TTOJTYICHHOU TIPH 00pabOTKe JKeJIE3bI C JIUTOMATO30M.
Hapsny ¢ oTnensHbIME, XOPOIIO OYHIIEHHBIMU aXKyP-
HBIMH TOHKOBOJIOKHHUCTBIMHU (hparMeHTaMH B 00pasiax
00HapYKUBaJMCh TUIOTHBIC YUaCTKU (pHC. 2, B), B KOTO-
PBIX COXPAHSIOCH 3HAYUTENLHOE KOJIMYECTBO KIETOK U
S7Iep, BHISIBICHHBIX (DIyOPECHEHTHBIM OKpaIliBaHUEM
DAPI (puc. 2, ), 4T0 TO3BOJISIIO CJIENaTh BBIBOJA O He-
MOJTHOM JIETIeTUTIONSAPU3alUU TKAaHH, B TO BPeMsI KaK MPH
aHaJoruuHoi 06padoTtke ITK ¢ umoMarozoM ynaBaioch
MOJTYYUTh ITOTHOCTHIO OUUIICHHBIH MaTPUKC.

[Mocne neuesTONApU3aNNUN MAHKPEaTHIECKON TKa-
HU 0€3 BRIpaXKCHHBIX PHU3HAKOB (hHOPO3a 1 JINTTOMATO-
3a B MOJYYCHHBIX 00pa3iax HaOIIoNaI COXPaHHOCTh
TOHKHMX KOJUTAT€HOBBIX BOJIOKOH CTPOMEBI M OTCYTCTBHE
COXPaHUBIIMXCS KJIETOK U KIETOYHBIX sifiep (puc. 2, ).
Omnaxko B ToIe o0pasia 00HapyKUBAJINCh MHOTOYHC-
JICHHBIE MEJIKUE 3epHa KJIIETOYHOTO JeTpuTa (pHc. 2, €),
YTO yKa3bIBaeT Ha HeA((HEeKTUBHOCTD ITPOBEIEHHOM TPO-
HeIyphl AHEIUTIONSPU3aIHY.

Takum 00pa3oM, MPOBEACHHBIC UCCIENOBAHUS T10-
Ka3aJH, YTO MPEJIOKESHHBIA TPOTOKOIN MOIXOIUT UC-
kmouutenbHo aisa [DK ¢ mumomaro3om, 4TO, BUIH-
MO, CBSI3aHO C MOP(OIOTHIECKUMH O0COOSHHOCTIMHU
TKaHHU.

ITX 6e3 BbIpa)KeHHBIX PHU3HAKOB
JUromaro3a u gpudposa

dalEy

" 1

100 Mxm

100 MM

Puc. 2. I'mcromornueckast KapTHHA TOMKETYIOYHOH JKEeJle3bl, ACTEIUTIONSIPH30BaHHON ¢ TPUMEHEHNEM MUKINYECKOTO TTOB-
TOPEHUSI PIKUMa 3aMOPaKMBAHHUS U OTTAMBaHUSA: a, B, ]l — OKpAIlIMBaHUe Ha OOIIMIA KoJJIareH o Meroay MaccoHa; 0, T, € —
(iryopeclieHTHOE OKpalIiBaHue KIeTOUHBIX simep DAPI

Fig. 2. Histological picture of pancreas, decellularized using freeze-thaw cycles: a, B, 1 — Masson’s trichrome staining; 0, T,
e — DAPI staining

68



PEFEHEPATVIBHAST MEAVMLIMHA U1 KAETOYHBIE TEXHOAOT N

MmcTorormyecknn anaams MNX,
AELLeAAIOAIPU3OBAHHON C NPUMEHEHUEM
ocmoTuyeckoro woka (I u Il BapuaHT
NPOTOKOAQ)

st onpenenieHusi ONTUMATBHBIX yCIOBUH 3¢ dex-
TUBHOH JCLEIUTIONAPU3ALIH TAHKPEaTHUECKOM TKaHU C
TG Py3HBIM HUOPO30M 1 6€3 BBIPAKCHHBIX IPU3HAKOB
¢ubpo3a u aurmomarosa 66UT OITPOOOBAH (YU3UKO-XUMH-
yecKkuii Mmetop nenerntronsapusanun [ DK ¢ npumeHenem
OCMOTHYECKOTO II0Ka — | BapuaHT MpoTOKoIa.

Jeuenmonspuzanms GuOpo3npoBaHHON TAaHKpEaTH-
YeCKOM TKaHH METOJIOM OCMOTHYeCKOoro Mmoka (I BapuaHT
MPOTOKOJIA) IPUBOAMIIA K TTOYYEHHIO 00pa3LoB, B KOTO-
PBIX OCHOBHAA YaCThb BBIITIAACTIA HHOTHOﬁ, HeHOpHCTOfI
3a cYeT chaBIlerocs (CXJOMHyBIIerocs) kapkaca. [Ipu
3TOM B Ipemnaparax, OKpalleHHBIX 1o MeToay Macco-
Ha, OOHApYy>KMBAJIKCh IPyOble, IIIOTHO YIAKOBAHHBIE

ITX ¢ npuzHakamu pudpo3a

OO0mumii KoJuIareH 1mo Merogy MaccoHa

DAPI

100 Mxm

KOJITareHoBbIe TShkH (puc. 3, a). Hanmnume kiierogyHOTo
Jetpura (IpeuMyIIeCTBEHHO B IepU(epHUIeCKOi 30He),
BKJIIOUasl SIZIGPHBIA MaTepual, MoATBEPkKAaiochk (iyo-
pectieHTHRIM okpamuBanueM DAPI (puc. 3, 6). Ha oc-
HOBaHHUM JAaHHBIX PE3YJIbTATOB MOXHO CIENaTh BBIBOJ
0 TOM, YTO MPEJIOKEHHBIN POTOKOJ ACLEIIIIOSIpU3a-
UM HE MO3BOJISET MOJIYYUTh OYUIIEHHBIN, TOPUCTHIH
COEIMHUTENbHO-TKAHHBIM KapKac U B JalbHEHIIeM He
MOXET OBITh PEKOMEHAOBAH ISl JELeTIONAPH3aH
X ¢ auddy3abv hpudpozom.

O06pasIs IeneuToIsIpu30BaHHOr0 MaTpukca u3 IDK
0e3 BbIpakKeHHBIX MPU3HAKOB (rOpo3a W ITUImomarosa,
MOJTyYEHHBIE B Pe3yJIbTare MPUMEHEHHSI METO/Ia OCMO-
THYecKkoro moka (I BapuaHT mpoTokoia), JeMOHCTPH-
POBAIM MOJHOE OTCYTCTBUE COXPAHHUBIIUXCS KJIETOK
U KJIETOYHBIX s1ep (MOATBEPKAAIOCH OKPALIMBAHUEM
DAPI) (puc. 3, T) 11 XOpOIIIO BEIPRXKEHHYIO MEJIKOSYEH-
CTYIO TOHKOBOJIOKHUCTYIO CTPYKTYPY KapKaca TKaHH

ITX Ge3 BbIpaskeHHBIX IPU3HAKOB
Tumnomarosa u pudposa

P el
Ry B
20 & o N
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o |?' h; ¥ *  an !
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100 Mxm

Puc. 3. I'ucTomornveckas kKapTuHa MMOPKEITYIOTHON KeJe3bl, ACHEIUTIONIAPU30BaHHON ¢ IPUMEHEHHEM 0CMOTHYECKOTO IIIOKa
(I BapuaHT npOTOKOJIA): a, B — OKpAIlIMBAHUE HA OOLIMI KOJIJIareH 1o Meroxy Maccona; 0, T — duiyopeciieHTHOE OKpaliBaHue

DAPI

Fig. 3. Histological picture of the pancreas, decellularized using osmotic shock (protocol option I): a, b — Masson‘s trichrome

staining; 0, r — DAPI staining
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100 MkM

100 mxm

Puc. 4. I'ucronornyeckas KapTuHa NOKEITYIOUHOM JKEI€3bI
¢ muddy3asM GrOpo30M, ACHEILTIONIPU30BAHHON C TpH-
MeHeHueM ocMmoTudeckoro moka (II BapuaHT MpOTOKOIA):
a— OKpaIIMBaHue o MeTony Maccona; 6 — quryopeciieHTHOE
okpammBanue DAPI

Fig. 4. Histological picture of the pancreas with diffuse fibro-
sis, decellularized using osmotic shock (protocol option II):
a— Masson'‘s trichrome staining; 6 — DAPI staining

C CHHHUMH KOJIJIar€HOBBIMHU BOJOKHamu (puc. 3, B).
Takum 00pa3oM, MPEATOKESHHBIH MPOTOKOI OKa3aJcs
3 PEKTUBHBIM JJIsI TOYYCHUSI MaTPUKCa B pE3yNbTaTe
neuesmonsipuzauun [1XK 6e3 BhIpaskeHHBIX MPU3HAKOB
¢ubposa u auImoMarosa.

[posenenue neuemmomnsapusayu [DK ¢ nuddy3apim
¢ubpo30M ¢ UCIOIB30BAaHMEM METOAA OCMOTHYECKOTO
nroka o I BapuanTy mpoToKoja 0Ka3aloch YCTIEIIHBIM.
B omiinume ot 00pa3uoB, MOJyYEHHBIX C HCIIONIB30BAHHU-
eMm | BapuaHTa MpOTOKONA, ONYYEHHBIH MaTPUKC Xa-
PaKTEpPHU30BAJICS TIOPUCTON, MEIKOTYEHCTON, TOHKOBO-
JIOKHUCTOH CTPYKTYPOH ¢ COXpaHEHHEM KOJUIar€HOBBIX
BOJIOKOH (pHuc. 4, a). IIpu 3TOM coxpaHuBIIHECS KIETKH,
KJICTOYHBIE S1pa, PparMeHThl KJIETOYHOrO ACTPUTA B
obpasnax npu oxpamuBanuu DAPI He Bu3yanusupo-
Bamuch (puc. 4, 6). [IpumeHerre TaHHOTO MPOTOKOIA
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nenemmonspuarn [ DK ¢ muddy3asmv hudpozom mos-
BOJISIET MOJTYYUTh TKaHecHenn(pUIeCcKuil MaTpuKc/Kap-
Kac, CBOOOAHBIN OT KJIETOK U KJIETOUHBIX ()ParMEeHTOB.

Taxum o6pazom, ructonorudeckuii ananmus 11K mo-
CMEPTHBIX JTOHOPOB BEISIBHI MOp(]oIornieckne oco-
OeHHOCTH 00pa3IoB, CBA3aHHBIC C HATMYMEM MpPU3HA-
KOB JIUTIOMaTo3a U quddy3Horo ¢puodposa, yto TpedyeT
HEOOXOUMOCTH MPUMEHEHUS Pa3TUIHBIX PEKUMOB
00paboTKu m1st mpoBeneHus dHPEKTHBHON IEIEIITIO-
nspuzanuu. M3ydenne Gu3nko-MeXxaHnIeCKIX CBOMCTB
MaHKpeaTH4ecKoil TKaHW, TAKUX KaK IUIOTHOCTb, JKeCT-
KOCTb, JITACTUYHOCTD, TAKXKE SIBJISICTCS BAXKHBIM aCTIEK-
TOM ONTHUMU3AINH IPOTOKOJIA ACLEIUTIOIIpU3auu [5].
MOXHO TPEATONOXKUTh, 9TO (PHU3NKO-MEXaHMIECKHE
CBOICTBA B OIPEACIECHHON CTEeHH OyIyT KOPPETHPO-
BaThb ¢ rucronoruyeckumu ocodernnoctsmu [DK. ITon-
TBEPKJEHHE 3TOW TUTIOTE3bI HY)KAAETCS B TalIbHEHIIIEM
WCCIIEZIOBAaHUH.

B omy0nukoBaHHO# OTEUECTBEHHON U 3apyOeKHOM
Hay4YHOH TUTEepaType HHPOpMAIUU O BIUSHIUHA MOPJO-
noruyeckux ocobennocteit K uenoBeka Ha BEIOOD
MPOTOKOJIA ETeILTIONIAPU3AIA HaMHi He HaiiIeHo.

3AKAIOYEHUE

Ha ocHOBaHMM MOTyYEHHBIX TAHHBIX MOKHO KOHCTa-
TUPOBATh, YTO JJIsl OCYIIICCTBICHUS MTOTHOM JICTICIITEONS-
puzanuu GparmenToB DK gemoBeka mporokon ciocoda
00paboTKH HEOOXOIUMO KOPPEIHPOBATh C THCTOIOTH-
YeCKHMMHU 0COOCHHOCTAMH MCXOAHOH TkaHu. [1okazaHo,
uto 1151 [TK ¢ BeIpaskeHHBIM JInTIoMaTo30M Juist 3 dek-
TUBHOM JICTSIUTIONSIPU3AIAN TIONXOIUT (HUIUKO-XUMH-
qeCKUM METOA C HNUKIIMYCCKUM MMOBTOPCHUEM PEKHUMaA
3aMopakuBaHus U ortauBanus; s [DK ¢ nuddysupmm
¢ubpozom u mus [IDK Ge3 BrIpakeHHBIX TPHU3HAKOB
¢bubpo3a u rIomMaro3a — GU3NKO-XUMHIECKUH METO.
C IPpUMEHCHHUEM OCMOTHUYCCKOI'O 1IIOKa, HO pPa3IMYHBIC
BapHaHThI IIPOTOKOJIA.

Asmopwi 3as6n510m 06 omcymemeuu
KOH@IUKMA UHMEPECOs.
The authors declare no conflict of interest.

CMUCOK AUTEPATYPbI / REFERENCES

1. Mendibil U, Ruiz-Hernandez R, Retegi-Carrion S, Gar-
cia-Urquia N, Olalde-Graells B, Abarrategi A. Tissue-
Specific Decellularization Methods: Rationale and Stra-

tegies to Achieve Regenerative Compounds. Int J Mol
Sci. 2020; 21, 5447. doi: 10.3390/ijms21155447.

2. Stendahl JC, Kaufman DB, Stupp SI. Extracellular Ma-
trix in Pancreatic Islets: Relevance to Scaffold Design
and Transplantation. Cell Transplant. 2009; 18 (1): 1-12.
doi: 10.3727/096368909788237195.

3. Damodaran G, Vermette P. Decellularized pancreas as

a native extracellular matrix scaffold for pancreatic islet
seeding and culture. J Tissue Eng Regen Med. 2018; 12
(5): 1230-1237. doi: 10.1002/term.2655.



PEFEHEPATVIBHAST MEAVMLIMHA U1 KAETOYHBIE TEXHOAOT N

10.

11.

Goh SK, Bertera S, Olsen P, Olsen P, Candiello JE,
Halfter W et al. Perfusion-decellularized pancreas as a
natural 3D scaffold for pancreatic tissue and whole organ
engineering. Biomaterials. 2013; 34 (28): 6760—6772.
doi: 10.1016/j.biomaterials.2013.05.066.

Sackett SD, Tremmel DM, Ma F, Feeney AK, Magui-
re RM, Brown ME et al. Extracellular matrix scaffold and
hydrogel derived from decellularized and delipidized hu-
man pancreas. Scientific Reports. 2018; 8: 10452. doi:
10.1038/s41598-018-28857-1.

Crapo PM, Gilbert TW, Badylak SF. An overview of tis-
sue and whole organ decellularization processes. Bioma-
terials. 2012; 32: 3233-3243. doi: 10.1016/j.biomateri-
als.2011.01.057.

Rabbani M, Zakian N, Alimoradi N. Contribution of
Physical Methods in Decellularization of Animal Tissu-
es. Journal of Medical Signals & Sensors. 2021; 11 (1):
1. doi: 10.4103/jmss.JMSS 2 20.

Starnecker F, Konig F, Hagl C, Thierfelder N. Tissue-
engineering acellular scaffolds-The significant influence
of physical and procedural decellularization factors.
J Biomed Mater Res B Appl Biomater. 2018; 106 (1):
153-162. doi: 10.1002/jbm.b.33816.

Klak M, Lojszczyk I, Berman A, Tymicki G, Adamiok-
Ostrowska A, Sierakowski M et al. Impact of Porcine
Pancreas Decellularization Conditions on the Quality
of Obtained dECM. Int J Mol Sci. 2021; 22, 7005. doi:
10.3390/ijms22137005.

Salg GA, Giese NA, Schenk M, Hiittner FJ, Felix K,
Probst P et al. The emerging field of pancreatic tissue
engineering: A systematic review and evidence map of
scaffold materials and scaffolding techniques for insulin-
secreting cells. Journal of Tissue Engineering. 2019; 10:
1-25. doi: 10.1177/2041731419884708.

bapanosa HB, Kupcanosa JIA, Ilonomapesa AC, He-
mey EA, Bacox OB, Bybenyosa I'H u op. CpaBHHUTENb-

71

12.

13.

14.

15.

HBII aHaJTN3 CEKPETOPHOW CIIOCOOHOCTH OCTPOBKOB
Jlanrepranca, KyJIbTUBUPOBAaHHBIX C OMOIOJIMMEPHBIM
MHUKpPOTETEPOreHHBIM  KOJIJIAr€HCOJEPIKAIIUM  THIPO-
rejieM W TKaHecHnenu(pHYEeCKHUM MaTpPUKCOM. Becmuuk
MPAHCNAAHMON02UU U UCKyccmeenHblx opeanos. 2019;
4: 45-53. Baranova NV, Kirsanova LA, Ponomare-
va AS, Nemets EA, Basok YuB, Bubentsova GN i dr.
Sravnitel’nyy analiz sekretornoy sposobnosti ostrovkov
Langergansa, kul’tivirovannykh s biopolimernym mik-
rogeterogennym kollagensoderzhashchim gidrogelem
i tkanespetsificheskim matriksom. Vestnik transplan-
tologii i iskusstvennykh organov. 2019; 4: 45-53. doi:
10.15825/1995-1191-2019-4-45-53.

Venturini M, Angeli E, Maffi P, Fiorina P, Bertuzzi F,
Salvioni M et al. Technique, complications, and thera-
peutic efficacy of percutaneous transplantation of hu-
man pancreatic islet cells in type 1 diabetes: the role of
US. Radiology. 2005; 234: 617-624. doi: 10.1148/radi-
01.2342031356.

Matsumoto S, Gala-Lopez B, Pepper AR. Islet cell trans-
plantation for type 1 diabetes. J Diabetes. 2010; 2 (1):
16-22. doi: 10.2147/DMS0.S50789.

Ponomareva AS, Kirsanova LA, Baranova NV, Sur-
guchenko VA, Bubentsova GN, Basok YB et al. Decel-
lularization of donor pancreatic fragment to obtain a
tissue-specific matrix scaffold. Russian Journal of Trans-
plantology and Artificial Organs. 2020; 22 (1): 123—-133.
doi: 10.15825/1995-1191-2020-1-123-133.

Porzionato A, Stocco E, Barbon S, Grandi F, Macchi V,
De Caro R. Tissue-Engineered Grafts from Human De-
cellularized Extracellular Matrices: A Systematic Re-
view and Future Perspectives. Int J Mol Sci. 2018; 19,
4117. doi: 10.3390/ijms19124117.

Cmamusi nocmynuna 6 pedaxyuio 12.11.2021 .
The article was submitted to the journal on 12.11.2021



BECTHNK TPAHCIAAHTOAOTNN N NCKYCCTBEHHbBIX OPTAHOB TOM XXIV N2 1-2022

DOI: 10.15825/1995-1191-2022-1-72-88

NPOrPAMMUPYEMAS TUBEAb KAETOK
U 3ABOAEBAHUA NMEYEHU

H.A. Onuwenko, 3.3. ITonukosa, A.O. Huxonvckas, JI.A. Kupcanosa, B.U. Cesacmbanos

PIBY (HAUMOHOAbHbBIM MEANLIUHCKMM MCCAEAOBATEABCKMM LLEHTP TOAHCAAQHTOAOTMM M MCKYCCTBEHHbIX
OPraHOB MMeEHM akaaemmKa B.M. LLiymakosay MuH3Apasa Poccum, Mocksa, Poccuinckas Peaepaums

['ubeIts KIETOK MeUeHH SBISIETCS Han00JIee KPUTHIECKUM COCTOSTHUEM, KOTOPOE MpeonpeaeisieT GopMUPOBaHUE
B HEW TaKMX IATOJIOTMYECKHUX COCTOSHHM, KaKk BocnaneHue, puopo3 u kiuerouHas Tpanchopmanus. [Iposenen
aHaJIN3 PE3yIIFTATOB MCCIENOBAHIA 00 yYaCTHH Pa3IMYHBIX THITOB MporpaMMupyemoit ruoenu kiuetok (I1'K) B
rmaToreHese 3aboeBanuii neueHn. Paccmorpeno Tpu ocHoBHEIX Trma [1I'K (ayTodarus, anonrtos, HEKpo3) U MATH
JOIOJIHUTEIIBHBIX, II0Ka HetocTarouHo n3ydeHHbIx [1I'K — HekponTos, ¢peppornTos3, muponTo3, HapTaHaTo3 U SHTO3,
HaOJII0aeMbIX B IEYSHU [TPH PA3IUIHBIX OCTPBIX U XPOHHUUECKUX 3a00JICBaHUAX. YCTaHOBICHO OOHOBPEMEHHOE
yuactue Heckoibkux [II'K B pasBuTun kakoit-nmu6o oxHoi naronorud u oguoro tumna [1I'K B pasHbIx naronoru-
sIX. DTOT (haKT CBUIETEIHCTBYET O CYILIECTBOBAHUHU MIEPEKPECTHON PETYIISIIUU META00IM3MA B KIETKaX IMEUYEHH C
Pa3NUYHBIM YPOBHEM IOBPEXIEHHS IPH (POPMHUPOBAHUK OCHOBHOTO AoMuHUpytomero tumna [IIK. Mmeromuecs
PE3YyNBTaThl YKa3bIBalOT HA BO3MOXHOCTh OCIa0NeH!s (KOPPEeKUnH) (QyHKIHMOHAIBHBIX U MOP(OIOrHYECKUX
nposeiennii [II'K B oprane myrem koHTponupyemoro onokupoBanus 3¢dexropusix myteit [IIK, a Taxxke Ha-
NPaBICHHOW WHIYKIWH B KJIETKaX MEYeHH ayTO(haruy, aHTHAONITOTHIECKAX H aHTUHEKPOTHYECKIX MEXaHM3MOB.

Kniouesvie cnosa: npoepammupyemas eubensb Kiemok, aymogazus, anonmos, HeKpo3, 3a001e6anus neueHu.

PROGRAMMED CELL DEATH AND LIVER DISEASES

N.A. Onishchenko, Z.Z. Gonikova, A.O. Nikolskaya, L.A. Kirsanova, V.I. Sevastianov

Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

Cell death represents the most critical pathologic entity in liver disease, which dictates pathologic consequences
such as inflammation, fibrosis, and cell transformation. We analyzed the conclusions of studies on the involvement
of different types of programmed cell death (PCD) in the pathogenesis of liver diseases. Three main forms of PCD
(autophagy, apoptosis, necrosis) and five additional, still insufficiently studied PCD — necroptosis, ferroptosis,
pyroptosis, partanatosis and entosis — observed in the liver in various acute and chronic diseases are considered.
The involvement of several PCD at once in the development of any one pathology and one type of PCD in diffe-
rent pathologies was established. This indicates the existence of cross-regulation of metabolism in the liver cells
with different levels of damage in the formation of the main dominant type of PCD. Available results indicate
the possibility of attenuation (correction) of functional and morphological manifestations of PCD in the organ by
controlled blocking of effector-mediated PCD pathways, as well as targeted induction of autophagy, anti-apoptotic
and anti-necrotic mechanisms in liver cells.

Keywords: programmed cell death, autophagy, apoptosis, necrosis, liver diseases.

N3ydeHne MOJIEKyIsIpHBIX MEXaHHU3MOB Pa3BUTHUS
3a00JIEBaHMIA C [ENBI0 MOBBIIICHNS 3(PPEKTUBHOCTH UX
JIEYEHHsI CTAJIO OCHOBHBIM HAIIPaBIEHUEM COBPEMEHHOM
MEIUIMHCKON Hayku. Pa3Burue npencrasienuii oo ak-
THUBHOM y4YacTHH B IIPOLIeccax aJanTannu, MopQoresesa
Y KJIETOYHOTO TOMEO0CTa3a IBOJIIOLIMOHHO CIIOKUBILIETOCS
MEXaHn3Ma PETryIalnuU XKUSHCACATCIbHOCTU KIIETOK —

nporpammupyemoit rudemnu kietok (I11'K) cmoco6etBo-
BaJjIo pacimpennomy m3ydennto poiu [1I'K B popmmpo-
BaHUU MATOJIOTHUECKUX MIPOIIECCOB B opranmu3me [ 1—4].
HacTosiumii 0630p MOCBSIICH OLICHKE POJIU Pa3IMYHBIX
tunoB III'K B maroreneze oCTpbIX U XPOHUYECKUX 3a-
00JIEBAHMH ITEYEHH, a TAK)KE 000CHOBAHHUIO BO3MOYKHBIX
IyTeN UX KOPPEKLUU.
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1. PA3AUMHBIE TUMBI MTK,
AKTUBUPYIOLLUECA NPU 3ABOAEBAHUAX
MEYEHU

['nGenb KIeTOK ABIACTCS KPUTHICCKOU CTanueh mpu
3a00JIeBaHUSX TIEUE€HH, TPENOTIPENCIISIONIEH OSBICHNE
U IPOrPECCUPOBAHME TAKUX MATOJOTHMUYECKUX COCTO-
SHUH TEYeHHU, KaK BocmaneHue, Guopo3 u KieTouHas
Tpancdopmanys [5]. BoIbIIUHCTBO U3 OMMMCAHHBIX Me-
XaHU3MOB THOENN KJIETOK, 32 UCKIIOYEHUEM IPSIMOTO
(PM3UIECKOTO MM XUMHUYECKOTO pa3pylIeHHsI, OTIOCpe-
JIOBAHO SBOJIIOLIMOHHO BBIPAOOTAaHHBIMH MEXaHU3MAMHU U
MO3TOMY OTHOCSITCS K THITY IPOTpaMMHUpyeMOH THOeTn
KJIETOK. B 3aBUCHMMOCTH OT XapakTepa MOBpeXAarole-
rO BO3ACHCTBUSA U MEXaHU3MOB MHUIMAIMU IpoLecca
rubeny BBIACISIOT 3 OCHOBHBIX, HauOoee n3y4eHHbIX
tuna III'K (ayrodarus, anonTtos, HEKpo3) ¥ 5 TUIIOB J0-
MOJTHUTENBHBIX, [TOKa HeA0CTaTOYHO U3y4eHHbIX [TKI
(HEeKpoNTO3, MUPONTO3, HEePPONTO3, MAPTAHATO3, FHTO3)
(Tadm. 1).

Otn paznmuubbie THOBI [IT'K MOTYT posIBIATRCS U
OTHOBPEMEHHO COCYIIIECTBOBATH B FeMAaTOINTAX, XOJIaH-
THOLUTAX WM HEMapeHXUMAaTO3HBIX KJIETKaX IEeYeHHU.
CreneHb BBIpaKEHHOCTH M ydacTus kaxaoro tumna [TT'K
3aBUCST OT 3THOJIOTUH U CTAJIUU NMaTOJIOTUYECKOTO MPO-
1ecca, a TakKe OT CTEIIEHH IEPEKPECTHOrO BO3ACHCTBUS
Ha HuX apyrux Tanos I1I'K. BaykHO 0TMETUTH TaKokKe, 4To
cpenn Bcex nepeurcnennsix THIOB [II'K ayrodarus u
aronTo3 3aHUMAIOT 0CO000E MECTO, TaK KaK Ha PaHHHUX
dTamax WX Pa3BHTHS MPOIECC THOETH KIETOK MOXKET
OBITH OCTAHOBIIEH U 1a)Ke TIPEAOTBpAIleH. DTO O3HAYAET,
910 ayTo(harus 1 aronTo3 MOTYT CITYKHTh MEXaHU3MaMH
JUTSL OCYLIECTBIIEHUS T€PAIEBTUUYECKUX PETYIATOPHBIX
(pereHepanOHHbBIX) BO3ICHCTBUI.

1.1. Aytodcbarusa u aytocbarmyeckas ruéeab
KAETOK

AyTtodarus — 3To MpoIecC NPUKU3HEHHON BHYT-
PUKJIETOUHOM Aerpajaluu U yTUIW3alUd U3MEHEH-

HOTO COAEPKUMOTO IUTOIIa3Mbl ITyTeM 00Opa3oBaHUA
ayrodarocombl. AyTodarust UTpaeT KIFOUEBYIO POJIb B
Mpoleccax aJanTaluy U BbDKUBAHUS KJIETOK [7], Tak
Kak o0ecreunBaeT KpaTKOCpOYHOE MOAEpKaHue Kile-
TOYHOTO U SHEPTeTU4YeCcKoro romeocrasa [8—10] 3a cuet
BBICBOOOK/IEHUS B IMTOILIa3My IUTATENbHBIX U DHEP-
TOEMKHX CyOCTaHIUH 1 X ITOCIEAYIONIeH YTHIIN3alliH.
NmenHo nosToMy HeKOTOpBIe aBTOPHI [11] mpeanaratot
paccmarpuBaTh ayTo(aruio Kak crocod «mpeumyliec-
TBEHHO 3allpOTrPaMMHUPOBAHHOTO BEDKMBAHU» KIETOK,
B CBSI3W C TEM UTO MIPH aKTUBAIMH ayTo(arus peannsy-
€T 3allUTHBIE, a He UToTOKcHueckue dddexTst [12].
B pesynbrare Bo3aelcTBHA cTpecca U3MEHEHHbIE Oel-
K{ [UTOIJIa3Mbl, MTOBPEKACHHBIX MUTOXOHIPHIA, SHIO-
MJIa3MaTHYECKOTO PEeTUKYITyMa, MEPOKCHCOMBI TpaHC-
JOUMPYIOTCS K MeMOpaHaM OpraHesul, Tie GopMUpyoT
OeNKOBBI KOMILJIEKC, YYaCTBYIOLIUI B 00pa3oBaHUH
aytoarocoMsl ¢ ABOHHOI MeMOpaHoi. DopmupoBa-
Hue ayroparocomsl (D = 0,3—1,0 MKM) IPOUCXOIUT IPH
yuactun 6enkoB LC3I1, Vps 34, Beclin-1, Atgd — Atgl2/
Atgl6L1 u ap. Ilocnenytomiee oOpa3oBanue ayrodaro-
JIM30COMBI TIPOUCXOAUT MYTEM CIUSHHS ayTo(arocomsl
¢ nmu3ocomamu [13]. B ayrodaronauzocome ocyiect-
BIISIETCA JeTrpanaris (THIPOIN3) N3MEHEHHBIX OCITKOB
1 BEICBOOOXK/IEHHE B ITUTOILIA3MY ITUTATENLHBIX U SHEP-
TOEMKHX CyOCTaHIIWH, CTIOCOOHBIX MOAIEPKATh KHU3HE-
obecrieuenue >Tux kietok [10, 11, 13]. I1pu u30bITouHOM
JIeTpaialliii ©3BMEHEHHBIX OEJIKOB B KIIETKaX MPe0TBpa-
TUTH ayTO(harndecKyro THOes UX MOXKHO JIUIIb ITyTEM
uHruovposanus ayrodaruu [14].

AyToTOdarus urpaet BaKHYIO poJib B 3allIUTE Neye-
HU OT BO3JICHCTBUS TOKCHUECKUX (DAaKTOPOB, B YaCTHOC-
TH TIPU AJKOTOJIRHOW Oosie3nu mederu [15—17] u mpu
TOKCHUYECKOM BO3JeiicTBun (apmripernaparos [18, 19].
OyHKIMs ayTodarud Npu 3TUX BO3AEHCTBUSIX COCTOUT
B OCJTa0JICHUN OKUCIUTEIHHOTO CTpecca, B TOPMOKEHUH
M30BITOYHOTO HAKOIUICHHS B KJIETKAaX M3MEHEHHBIX Oell-
KOB U OBpexAeHHbIX opraneii [20, 21]. [Tokazano, yTo

Tabmuua 1

Xapakrepuctuka pa3iaudnbix Tunos 'K [4—6]

Characteristics of various types of PCD [4-6]

(haromm30coMbI

Tune! [IIK neuenn MexaHu3M AelcTBUSL D¢ dexrops Mopororus KIeTox 3abosieBaHus MIEYCHN
(MapkepsI)
ITocnenosarensHOE Baxkyonuzauus nu- .
Tokcnyeckue Bo3zeNC-
00pa3oBaHKE B IIUTO- LC3-II, ULKI, TOILIa3MBbI KJIETOK, TBUSL. BHDVCHELS [CATH
1. Ayrogarus mtaszme (aroopsl, Atgl2, Atgd, obpazoBaHue ayToda- » BUDY
THI, aJIKOTOJIbHAsE OOJIE3Hb
ayTo(harocomsl, ayTo- GABA-RAP TOCOMBI, ayTO(aroim-

NICYCHU
30COMBI

Kacmnaza-3aBucuMelit
(penenTOpHBIi) U MHUTO-
XOHJIpHAJIHbHO-3aBHCH-
MBI IIyTH JIeTpataIiii
JHK, obpa3oBanue
aronToCcoM

2. Anonito3 (nerpa-
Janus OTMUPAFOLINX
KIIETOK TyTeM (haro-
muTo3a 6e3 Bocmale-
HUS)

PS BHemnel MeMO-
pansl, FAS/ TNFR-
1, CASPs-3,7,8,9,10 | ssmpa, o6pazoBanue
BAX/BAK APAF-1

VYInoTHeHue KIeTKH,
KOH/IEHCAIUs XpoMa-
THHA, (pparMeHTaIus

Xonecraruueckue, ayTo-
HMMYHHBIC 3a00JICBaHMS,
BHUPYCHBIE FE€NaTUTHI,
aJIKOrojibHast 00JIE3Hb,
HEAJIKOTOJILHBIN cTeaTore-
MIaTHT, FenaToKapluuHOMa

AIllOIITOTUYCCKUX
TECJIC
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Oxonuanue taom. 1

Tune! III'K neuenn

Mexanuzm L[eflCTBI/IH

D¢ dexrops
(Mapkepsl)

Mopdonorus KIeTok

3abosieBaHus IIEYECHU

3. Hekpo3, omoc-
peNOBaHHBIM
MOBBIIICHUCM
MPOHHUIIAEMOCTH MH-
Toxouapuit — MIIII-
HEKpOo3 (pa3pylieHue
KJIETOK M BOCTIaJIe-
HUE)

T'enepanus ADK (ROS)
u RNS, nakorenue
nuTo3omeHOTO Ca B
MUTOXOHAPHUIX (MX)

CypD, BAX/BAK

CMopmuBaHue 1
JIe30praHu3alys
CTPYKTYPBI ITUTOTIIIA3-
MBI U MX, VIUIOTHCHHE
U (pparMeHTanus sapa,
Ppa3phIB [UTOILIA3MA-
THYECKOU MEMOPaHBI,
JIM3HC KIIETOK

Wemusi/penepdysu-
OHHOE MOBPEKICHHUE,
HEAaJIKOTOJIbHAS )KUPOBast
00Je3HB, AKOTOIBHASL
0oe3Hb

4. HexpomrTo3 (HEKpo-
TOKCHUYECKOE Paspy-
IIEHUE KJIETOK)

AxrtuBanns FAS/TNFR-
1, TLRs-3/4, ZBP-1;
HNurnbuposanne
CASP-8, obpazoBanue
HEKPOCOM

RIPK-1, RIPK-3
MLKL

JIn3uc KIeToK u3-3a
TIOBBIIICHUS IPOHHLIA-
€MOCTH T1a3MaTH4e-
CKUX MeMOpaH

TOKCHYHOCTH NPEMapaToB,
HEAJIKOTOILHBIN cTea-
TOT€ENATHT, aJKOTOJILHAS
00J1e3Hb, ayTOUMMYHHBIE
3a001eBaHuUs

5. ®epponto3 (pa3Bu-

Fe-karanusupyemoe
obpazosanune ADK,

Hexkpotunueckas Mmop-
(hostorust, MUTOXOHI-
pHHU IECTPYKTYPHUPO-

TOKCMYHOCTB Npenaparos,
ayTOHMMyHHLIﬁ I'CIIaTUT,

PaKOBBIX KJICTOK

BaeTcs MpPU HEJIOCTaT- GPX-4 aJIKOTOJIbHAsI OOJIC3Hb,
MEePEKUCHOE OKHUCIICHUE BaHbI, yTpaTa KPUCT, N
ke GSH B kierke) . HEaJIKOIOJIBHBII CTEaTo-
mumunos (ITOJT) Ppa3pbIBBI HAPYKHOU
TeIaTuT
MeMOpaHbI
TokcHYHOCTH Mpenaparos,
Ynanenue BHyTpHKIIe- .
6. ITuponro3 (co- NLRP-1,-3; X0JIeCTa3, ayTOMMMYHHBIH
TOYHBIX TIATOT€HOB JIusuc KIeTok 3a cyer
4eTacT PU3HAKU CASP-1, U BUPYCHBIE I'€IIaTUTHI,
(JITIC n/nmm 6axkrepun) 00pa3oBaHMs TIOp B .
aronTo3a, HEKpo3a n CASPs-4,-5.-11; . HEaJKOTOJILHBIN CcTea-
myTeM 00pa3oBaHUs Hapy>XHOU MeMOpaHe
BOCTIAJICHHSA ) GSDMD TOTETIATHT, aJTKOTOJIbHAS
HHPIAMMOCOM
6oe3Hb
Ankunupytouiee rnos-
exnenue JIHK, Bo3- ®parmenranusa JJHK, | ToxcuuHbie npenapars
7. ITapranaro3 PEAL JIHK, PARP-1 P it JIHK, periapatel,
neticteue AOK (ROS), KOHJICHCAIUS SIIpa rermaTokapuIrHOMa
RNS, runokcuun
Hcye3noBeHne UHTErpu- MNuBazus, nornore-
8 HTO3 HOBOH curHanmu3anmu ot | Myosin/ Rho A/ HHUE OJHUX KIETOK I'enarokapunnoma, mpo-
’ Marpukca; koHKypeHmus | ROCK IpyruMHu (KJIETOYHBIN | TpeccupoBaHue Gpuodpo3a

KaHHUOAJIH3M)

Ipumeuanue. APAF-1 — anonroTndeckuii mporea3a-aktuBupyromuit pakrop-1; AOK (ROS) — aktuBHBIE (HhOpMBI KECTOPOa;
A®A (RNS) — aktuBHbIe popMmbI azoTa/okcuna azora; [10J1 (LP) — nepexucHoe okucnenue aununos; BAK — romonornyssiii
aHTaroHucT KmniepHoro 6exka BCL-2; BAX — BCL-2 accoruupoBanHslii X-6emok; CASPs — kacnazer, CypD — muxiioguiine
D; Fas-TNF — nmuranassni TNF-penentop rubenn kietku, kogupyembrii reioMm FAS; TNFR-1 — TNF-nuranassiii penen-
Top rubenu kietku-1; GABA-RAP — 6enok, yuacTByronmii B o0pazoBanuu ayrodarocom; GPX-4 — ryTarnoH-nepokcuia-
3a-4; GSH — mryrarunon; GSDMD — 6enok racnepmut D; LC3 — pacTBOpUMBI MUKPOTYOYIAPHO-aCCOIMUPOBAHHEIN OSIIOK
1A/1B — nerkas 1emnp-3, KOTOPBIA B ayTodarocome KOHBIOTHpYyeTCst ¢ GpocharumidTaHoIaMiHHOM ¢ oopazosanuem LC3-11 —
Mapkepa aytoparun; MLKL — cMmemanHbIi THHEHHO-3aBUCUMBIN KUHA3HBIN TOMEH, MOM00HBIH nceBaokunase; MIIII-He-
KpO3 — HEKpO3, 00yCIOBICHHBIN MMOBBIIIIEHHEM IPOHATIaeMOCTH MeMOpaH Mutoxouapuii (Mx); NLRP-1,-3 — NOD-mogo06HbIi
penenTop, coaepsKamyii mypuHoBEId qomeH-1 u -3; PS — docdarumuncepun (mapkep anonrosa); PARP-1 — monmu(Ald-
pubo3a)-nonumepasa-1; RIPK-1,-3 — perientopsl B3aumoneiicteust mporennkuHasbl 1 u 3; Rho A/ROCK — Rho-accormmpo-
BanHas nportenHkuHaza (ROCK); TLRs 3/4 — Tomr-nono6usie penenrtopst 3/4; TNFR-1 — TNF penenrtop-1; ULK1 — 6enox
¢ MoJeKyJsIpHO# Maccoii 112-k/la, koTopslii ipu ayTodarun ydactyeT B pocdopmmpoannn mTORC1 n AMPK; ZBP-1 —
Z-JTHK cBsi3pIBaroIMii OCoK.

Note. APAF1 — apoptotic protease activating factor 1; ROS — reactive oxygen species; RNS — reactive nitrogen species; LP —
lipid peroxidation; BAK — Bcl-2 homologous antagonist killer; BAX — Bcl-2-associated X protein; CASPs — cysteine-depen-
dent aspartate-directed proteases; CypD — Cyclophilin D; Fas TNF — ligand TNF cell death receptor encoded by the FAS gene;
TNFR1 — Tumor necrosis factor receptor 1; GABA-RAP — Gamma-aminobutyric acid receptor-associated protein, encoded
by the GABARAP gene, which takes part in autophagosome formation; GPX4 — Glutathione peroxidase 4; GSH — Gluta-
thione; GSDMD — Gasdermin D; LC3 — soluble microtubular-associated protein 1A/1B — light chain-3, which is conjugated
in the autophagosome with phosphatidylethanolamine to form LC3-II, an autophagy marker; MLKL — mixed lineage kinase
domain like pseudokinase; mPT-driven necrosis — necrosis caused by increased mitochondrial (Mt) membrane permeability;
NLRP1,-3 — NOD-like receptor (NLR) family, pyrin domain-containing proteins 1 and 3; PS — phosphatidylserine (marker
of apoptosis); PARP-1 — Poly (ADP-ribose) polymerase 1; RIPK1,-3 — receptor-interacting serine/threonine-protein kinase 1
and 3; Rho A/ROCK — Rho-associated protein kinase (ROCK); TLRs 3/4 — Toll-like receptors 3/4; TNFR1 — Tumor necrosis
factor receptor 1; ULK1 — Unc-51 like autophagy activating kinase; ZBP1 — Z-DNA-binding protein.
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TOPMOXKEHHUE ayTo(aruu myTeM ynajieHus OeJIKOB, y4acT-
BYIOLIMX B ()OPMHUPOBAHUH ayTO(Harocom (HOKayT-reHa
Atg5), mpuBOIUT K THOETTH KJIETOK IIEYE€HH, BOCTIAIICHHIO
1 GpuOpO3y Npu MOAETUPOBAHIH AJIKOTOJIBHOTO CTpecca
y MbImei [22]. B To xe Bpems akTuBaIus ayrodaruu
MyTeM yAAJIEHUS MPOIYKTOB NEPEKUCHOTO OKHCIEHMS
JIMIKJOB, Kalenb JUIUAOB U arperaroB M3MEHEHHOTO
oenka — AMPK (AM® — aktuBupyemasi IpOTEHHKHA3A)
CHOCOOCTBYET 3allUTE MUTOXOHIPUH OT alonTo3a npu
MO/ICJIMPOBAHUY AJIKOTOJILHOM Oone3nu [16, 23].

YCTaHOBIIEHO, YTO ATAHON MHIYLUPYET ayTodaruio
yepe3 MeXaHU3Mbl OKHCIUTENBHOTO CTpecca, KOTOpbIe
compsikeHsl ¢ aktuBarnueir AMPK (ageHo3maMOHODOC-
¢ar aktuBupyemas mporenHkuHaza) [AMP — activated
protein-kinase] u cynpeccueit mytu mTORC-1 (muiens
JUTS paIiaMUIIMHOBOTO KOMITIeKca- 1 y MIIEKOTTUTATOIITHX )
[mammalian target of rapamycin complex — 1] [17, 21].
JleiicTBUTENBHO, aKTUBALUS ayTO(PArky IIyTeM IpUMe-
HeHus panamunuHa — uHruoutopa mTORC-1 mytu —
CHMYKaJIa aJIKOTOJIbHOE ITOBPEKACHHUE IIEUSHHU, TOTIA TaK
WHTHOWpOBaHUE ayTodaruu ¢ MOMOIIBIO XJIOPOKUHA
ycyryomnsuio noBpexaenue [17]. OmHOKpaTHBIA mpueM
AJIKOTOJISI aKTUBUPYET ayTO(aruio; mpu XpOHHYECKOM
npreMe U B BBICOKHX J03aX aJIKOrojib COCOOEeH MOo1aB-
7Tk aytodaruro [17, 21] u ycunuBaTh MOBpeXIeHUE
TIEYEHH ITyTEM TOKCHUYECKOTO BO3JIEHCTBHUSL.

['nGenp KIETOK TeUeHN MPU TOKCUIECKOM BO3IIEHC-
TBUHU aneramuHo(eHa (nmapaneramona) — (APAP) na-
CTYIIaeT HE B pe3yibTare uX ayToparndeckoi rudemu.
B omnbITax Ha MBIIIaX MMOKa3aHO, YTO aKTUBALUS ayToda-
rud PaKTUIECKH 3alIuIaeT KiaeTkn nedeHn or APAP ru-
0exu, Torna Kak HHruOMpoOBaHUe ayToariuu ycyryoiseT
TokcmaHOCTE APAP [24-27]. JucpyHKIINS MUTOXOH]I-
puii, MPOIyKTHl pachaja MUTOXOHJIPHAIBHOTO Oeika,
HakoryieHne akTuBHBIX (hopMm kucnopona ADPK (ROS)
n ucromenne AT® (ATP) — Bce 310 cmocoOCTByeT pas-
BUTHIO HEKPO3a KJIETOK, HO OTHOBPEMEHHO CITY)KHT Ka-
TaJIM3aTOPOM MHUIMALUY ayTo(aruu py BO3AECHCTBUN
APAP [18, 24]. Uaunmanus aytrodaruu orpaHUuMBacT
rerepario AOK (ROS) noBpexaeHHBIMH MUTOXOHI-
pusiMH, a 00pa3yIoNire ayToPparocoMbl CO3AaI0T Oapbep
IUIS pacIIMpeHns HeKpo3a. B pesynbrare HacTynuBIIne
M3MEHEHHs CITOCOOCTBYIOT aKTUBAIIUU OHOTreHe3a MUTO-
XOHZIpUM U pereHepanuu neuenu 18, 19].

1.2. AnonTto3

ArnonTos, Kak u ayrodarus, ABISe€TCA aKTUBHBIM
YYaCTHHKOM IpOLEccoB MOpdoreHe3a U peryasuun
KOJIMYECTBA KJIETOK B OpraHU3Me, MOIAEPKUBACT KIle-
TOYHBIM TOMEOCTa3 U CTUMYJHPYET Mpolecchl HU3N0-
JIOTUYECKON pereHepanuu Kietok [28]. Mexny Tem
3aIyCK aromnTo3a MPOUCXOAUT W IPH Pa3IUYHBIX Ma-
TOJIOTUYECKUX COCTOSIHUSAX, YTO MPHUBOAUT K rHOETH
KJICTOK, HEXKEIATeNbHBIX Mg opranusmMa [29]. ['ubens
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KJIETOK M UX yJaJICHHE MPH arolTo3€ OCYIIECTBISETCS
nocpeacTBoM Qaromnurosa 0e3 Bocnanenus. O6pasyro-
IMecs aroNTOTHYECKHUE KIETKH YTUIH3UPYIOTCS CO-
CETHUMU NApEHXNMATO3HBIMHU U HETIAPEHXUMATO3HBIMHU
KIeTkamu, pudpobiactamu, Makpodaramu v TEHAPUT-
HEIMA KieTkamu [30, 31]. Menmatopsl, BeIIETIEMbBIC
aroNTOTUYECKUMH KIIETKaMH, N30UPATENTLHO MTOJABIISIOT
Murpanuo Heiirpodunos [31, 32]. OnHOBpeMEHHO Mpo-
WCXOIUT YCUJICHHE XeMOTaKcuca Makpo(haro, KOTOpEIE
C TMIOMOILBI0 CBOMX MHOTOUYHCIIEHHBIX PELENTOPOB pac-
MO3HAIOT MOSBJIEHHE HA TOBEPXHOCTHU AlIONTOTUYECKUX
KIIeTOK dKcnpeccuu pocharuauncepuna (PS), npyrux
OKHUCIIEHHBIX JTUIHIOB, SABISIONINXCS MapKepaMH paH-
HETO arornTo3a, U OBICTPO YIAISIOT UX.

IMpouecc pa3BuTHUS anmomnTo3a BKIO4aeT 3 Qas3bl:
curHanbHas (¢aza nHAYKOUM), d¢dexropras (pasza
peanu3zanuu) U aerpaganuonHas (pasa AeCTPyKIUN).
CurHanbHas ¢asa anonTo3a MOXKET OBbITh OCYIIECTBIIE-
Ha TIOCPEJICTBOM JIBYX ITyTE€H: BHEIIHETO (C y4acTHEM
PELenTOpOB KIETOYHOUN THOEN — Kacna3a-3aBUCHUMBIH
MyTh) W BHYTPEHHETO (C y4acTHEM MHUTOXOHJPHUA)
[5, 28]. O6a myTH B UTOTE MPUBOIAT K AKTUBAIIMHA WHHU-
nuupytonmx kacmas (CASPs-8,-9,-10,-12) u mocnemyro-
ureit akruBaimu 3¢ pexropubix kacmaz (CASPs 3,6,7,14),
9TO BEJIET K MIPOTEOIIH3Y, SACPHON PparMeHTalUH 1 TH-
0eIu aroNTOTHYECKUX KIETOK ImyTeM ¢aromnurosa [28].

[Ipu BHeNIHEM KacTiaza-3aBHCUMOM ITyTH CHTHAJIOM K
aKTUBAIINY aIloIITO3a SIBIISOTCS (PaKTOPHI BHEKIETOYHO-
TO MUKPOOKPYKEHUS: THITOKCHS, HIIeMUst/perrepdy3us,
BO3JICHCTBUS PU3MUECKIMU U XUMUYECKUMHU areHTaMH,
HapYIICHUS! CUTHAJIMHTA KJIETOYHOTO IMKIIA U T. 1. DTH
(haKTOPBI CTUMYJIHPYIOT TPAHCMEMOPAHHBIC PEICTITOPHI
KJIETOK /ABYyX THUIOB: 1-i Tun — TNF-nurannnsie peren-
topel tnoenu (TNF-death receptors ninu DRs), Takue
kak FAS (CD 95, APO-1), TNFR-1 (p55, CD 120A) u
JIpyTHE; 2-1 TUI — PELENTOPHI PAcIIO3HABaHHS 00Pa30B —
PRR (pattern recognition receptors) [12], Kk KOTOPBIM
otHocsTcs Tomr-mogo6usie perentopsl (TLRs). TLRs
BXOJISIT B COCTaB MYJBTHOEIKOBOTO KOMILIEKCA, CONep-
JKAIETO PEeUEeNTOP-B3aNMOICHCTBYIONIYIO IPOTEHHKH-
Ha3y-1 (RIPK-1), kiaetounslii uHrHOUTOp anomnro3a 1
u 2 (clAP-1 u cIAP-2) u HexoTOpbIe npyrue Oenku [5],
CIOCOOHBIE YYaCTBOBAaTh B MPEJOTBPALEHUN THOEIH
KIIETOK.

IIpomecc 3amycka anmomnTo3a MPOUCXOAUT MyTEM
B3aumoercTBus cnerupuueckoro TNF-nuranagHoro
perienTopa rHOeN CO CBOUM aJanTepoM, KOTOPBIN Aa-
Jiee B3aUMOJICHCTBYET ¢ A (heKTOpaMu — IpoKacia3aMH,
HEaKTUBHBIMH NPEALIECTBEHHUKAMH, HHULUUPYIOLIMH
kacnassl [28]. B pe3ynprare B3auMoAeicTBUS JIUraH-
Jla, perenTopa, ajanrepa u npokacnas GopMUpPYIOTCS
aroNTOCOMEBI, B KOTOPBIX WHHUIIMUPYIOTCS MPOIIECCHI
KIIETOYHOM TMOETH 3a CYET ay TOJTUTUYECKON aKTHBAIIH
kacra3 [33]. CHauaja B armonTocoMax aKTUBHUPYIOTCS
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nHunuupyomue kacnassl — CASPs-2,-8,-9,-10,-12, xo-
TOpBIE Jajiee YYacTBYIOT B aKkTHBAaUUU 3(PQPEKTOPHBIX
kacna3 — CASPs-3,-7 u np. [5, 34], 4TO NPUBOAUT K
MIPOTEONH3Y, ACPHON (pparMeHTay 1 rudeny anorm-
TOTHYECKUX KIIETOK.

BHyTpeHHUM, UM MUTOXOHJIpUATLHBINA, yTh Me-
peladu amoNTOTHYECKOTO CUTHAalla WHUIUHUPYETCs
CTPECCOPHBIM HIIM IUTOTOKCHYECKUM TTOBPEKICHUEM
JHK, axTuBupyromuM siaepHbiid 6enox p53. MHayk-
sl P53 NMOBBIIAET aKTUBHOCTH PETYJISTOPHBIX OEIKOB
cemeiictBa Bcl-2: Bel-2, BID (BH3 — B3aumoneiicTBy-
IOIIUI TOMeHHBIN aroHucT cMepTH) [BH3 — interacting
domain death agonist] u tBID (BID, nogseprmmuiics
MTOCTTPAHCKPUTIIIHOHHON Moaudukaruu) [BID after the
post-transcriptional modification]. 3T akTHBUpOBaHHBIE
0eJKH, mepeMeInasich B MUTOXOHIPUH, B3aUMOJICHCTBY-
10T C MUTOXOHAPHAIBLHBIM ITYJI0OM MPOATONTOTUYECKHX
OenkoB — wieHOB ceMelicTBa Bel-2: ¢ Bel-2 acconuu-
POBaHHBIM perynsiTopoM X-anomntosa- (BAX) w/umm ¢
anrarorrcToM/kusuiepoM Bel-2 (BAK) [12]. Takoe B3an-
MOz CTBHE IPUBOAUT K KOH(OPMALIIOHHBIM U3MEHEHH -
SIM MHUTOXOHIPHATEHBIX OSJTKOB, 00pa30BaHUIO TIOP B Ha-
PYXHOH MeMOpaHe MUTOXOHJPUHN U K BBICBOOOXKIEHUIO
MUTOXOHJIPHAIBHBIX allONTOTHYECKHUX KOMIIOHEHTOB —
nutoxpoma C, mpokacnas-2, -3, -9 u ¢dakropa akTusa-
1uuu anontotuueckoit nentunassl-1 (APAF-1), kotopsie
y4acTByIOT B popmupoBaHuu anontocomsl [35]. Haee,
KaK U [IPU BHEIIHEM IIyTH MEpeiady arnonTOTHIECKOTO
CHUTHaJIa, B allONITOCOME MPOUCXOIUT MHULUALUS TIPO-
KacIassl-9, KoTopas B3auMoIIeHCTBYeT ¢ 3(PeKTopHOIMA
MpoKacmna3oi-3, akTUBUPYET € J0 Kacmas3bl-3 U 3aIryc-
KaeT Kacmas3HbIi kackaj 3dekropHoii a3kl anomnro3sa.

ATIOIITO3, SBJSISICH PETYNUPYEMBIM MPOLECCOM, MO-
JKeT ObITb OTMEHEH B MHIYKTOpHOHU daze (da3a obOpa-
THMOTO anonTo3a). Bo3sMoXXHOCTH OTMEHBI aronTo3a
perynmupyercst MEHOTOogoMeHHBIM OeinkoM RIPK-1, xo-
TOPBIN BXOIUT B COCTaB MYJIBTHOEIKOBOTO KOMILIEKCA
TpaHCMEMOpPaHHBIX PEIENITOPOB 2-TO THIIA (CM. BBIIIIE).
RIPK-1 oxa3bIBaeT npsiMoe BIMSIHHE Ha Pe3yJIbTaT aKTH-
Baiuu TNF-penientopoB cMepty 1-ro TMIIa 1 IPUBOIUT
MOPaKeHHYIO KJIETKY K BBDKMBAHHIO MM CMEPTH B 3a-
BUCHMOCTH OT €€ TIOCTTPAHCISIIMOHHBIX MOTU(PHUKALTUHA
[36, 37]. U3BectHO, uTo E3-yOukBuTHH (0€MOK, y4acTBY-
IOLIMH B perymnauun GyHKIMOHUPOBAHUSA U JeTPagalui
BHYTPUKJIETOUHBIX OEJIKOB) IIPU B3aUMOJEHCTBUU C KIIe-
TOYHBIM UHTHOUTOpPOM amonro3a (cIAP) karammsupyet
nonuyouksutuHUpoBanue RIPK-1 u cmocoberByeT ak-
tuBaiuu saeproro ¢pakropa kB (NF-kB). B pesynbsrare
TaKOTr0 B3aWMOAEUCTBHS MPOUCXOAUT TpaHchopMaLus
TreHOB, 00eCneunBapIas BbDKUBAaHUE U MPENOTBpPa-
meHne rudenn kieTku (oTMeHa (pa3bl HeoOPaTUMOTO
armonito3a) [38, 39].

B s dexTopHoii (haze armonTosza MPOUCXOANT pa3py-
HICHHE KIETOYHBIX CTPYKTYP (pa3pyllleHHe [IUTOCKEIIETa,
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pacienieHre aJre3uBHbIX OSIKOB, THAPOIIH3 SIEPHON
meMOpansl). B nerpagannonHoii gase arnonrosa HacTy-
naroT Nyookne MOp(hOJIOrHyecKrue U OHOXUMHUYECKUE
M3MEHEHUS KJIETKH, MPUBOIALINE K (POPMUPOBAHUIO
aronToTu4eckux Tener guamerpoM 0,2 MKM, KOTOphIE
BBIXOIIT U3 30HBI aIlOINITO3a, MOSABJISIIOTCS B KPOBU U B
nocnenytoiieM darorurupyrores [40]. B dase nerpana-
IIMH aTlOTTO3 MPUOOpETaeT YePThI BTOPHYHOTO HEKPO3a,
IpU KOTOPOM MTPOUCXOJUT BBICBOOOKICHHE M3 KIETOK
nponykroB pacrnaga (DAMPs — nponykTs! pacniaza, ac-
COLIMMPOBAHHbBIE ¢ MOJEKYJISPHBIMH CTPYKTYpPaMmH), B
TOM uHcie HykieocoM. HykineocoMsl copepsxar ¢par-
MenThl reHoMHoM JIHK, simeproro 6enmka HMGB-1, 6ei-
KOB TerutoBoro moka — HSP u apyrue ayroaHTHTeHBI,
KOTOPBIC BBI3BIBAIOT aHTUTCH-CIICUPUUECKUN UIMMYH-
HBIN oTBeT [32, 41].

Kak BHyTpeHHUI1, Tak U BHEIIHUI yTH aKTUBALUU
aronTo3a OObIYHO YYacTBYIOT B Pa3BUTHUHU XOJIECTaTH-
YECKOT0 ¥ ayTOMMMYHHOTO [TOPaKCHHS TIEYECHH, aJIKO-
TOJIBHOTO M HEAJIKOTOJIBHOTO CTEaTOrenaTHTa, JEerKon
rernaToTOKCU4YEeCKOH TpaBMbl IIEYEHU U BUPYCHBIX Iera-
TUTOB [42—44].

B Momensax Ha JKMBOTHBIX M B OIBITAx in Vitro Io-
Ka3aHO, YTO aJKOTOJIb BBI3BIBAET MeTabOJIUYEeCcKOe,
TOKCHYECKOE U BOCHAJIUTENILHOE TTOBPEXKICHHUE KIETOK
neyeHu. [loBpexneHne KIeTOK NPUBOANUT K TUCHYHK-
LMY MUTOXOHAPHH U IPYTHX OpraHelll, K 00pa30BaHHIO
akTUBHBIX GopMm kuciopona (ROS), tpancmokanuu
BAX (mpoamonTorudeckuii 6eok cemeiictsa Bcel-2)
B MUTOXOHJPHWH, BBICBOOOXKAeHNIO uToxpoma C, ak-
TUBAIUK Kacmas [45—47] 1 K anonToTHYeCKOU Tudeu
KieTok [42]. 3BecTHO, UTO OCTPOE U XPOHUUYECKOE
BO3/IEHCTBUE AJIKOTOJISI TOBBILIAET IPOHUIIAEMOCTD KH-
HICYHHUKA A7l OakTepuaIbHBIX NPOAyKTOB Tuna LPS
(lunononucaxapuipl), ¥ 3T0 IPUBOAUT K BOCIIAJICHUIO,
CTUMYJISILUH KI1eToK Kyndepa, K IOBBILIEHUIO IPOAYK-
nun umu TNF [48] u sxcripeccun TNF-penentopos
amoniro3a — FAS u TNFR-1 [49].

Wccenenosanus in vitro ¥ in vivo ¢ UCIIONb30BaHUEM
MHTUONUTOpa MaHKacHas3bl MOKa3aid 3HAYUTENFHOE OC-
nabJeHre HHAYIUPOBaHHOTO AIKOTOJIEM aIloNTo3a remna-
TOIUTOB 03 Mmepexoa ero K HeKponTo3y (T. €. 0e3 uH-
nykmmu MapkepoB RIPK-1, RIPK-3) [50, 51]. Hecmotpst
Ha OTCYTCTBHUE BIMSHHMS MHIMOMTOpa MAaHKAcIa3bl Ha
MapKepbl BOCTIAJICHHSI, HAOII0a)I MEHee BBIPayKeHHBIH
(hubpo3 meueHn Npyu MOICITUPOBAHUN TIOBPEKACHHS COB-
MeCTHBIM npuMeneHneM ankoroins u CCl, [52].

IIpu HeankoroNbHOM CTEaTOTenaTuTe MaToJOTHYE-
CKHi1 IpolLiece B IEYeHHU NPOTEKAaeT Ha ()OHE BBISBICHUS
Kacmas-3, -7 u Bozpocuiero konuuectsa TUNEL*-no3u-
TUBHBIX KJIETOK B OMONTAaTax MEYCHH, YTO JTOKA3bIBAET
BOCIIAJIMTENLHBIN XapakTep anonrto3a. Takue pe3yasraTbl
OBLIM TIOTyYEeHBI P UCCIIEI0OBAHNH MBIIIIEH, HOKay THBIX
o reHam CASP-3 u CASP-8, koTopsie nosyyanu Juety
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¢ Ae(UIUTOM METHOHHHA U XOJIMHA. DTH MBI ObLIH
3aIUINEHB] OT AIONTO3a, UMEIN CHUKCHHYIO aKTHB-
HOCTB IIPOBOCIIANNTENBHBIX IUTOKUHOB, 8 TAKXKE CHU-
JKCHHYO BEIPQ)KEHHOCTH MOP(OIOTUUECKUX ITPU3HAKOB
BocmajeHus 1 pudposa neuenu [53—55]. B To ke BpeMs
y MBIILIEH, HAaXOAWBIIMXCS Ha JUETE C BHICOKUM COZEp-
’KaHUEM >KMPOB, B TIEYEHU OIPENESIN MOBBIIIEHHOE
coneprkanne ADK (ROS) u mpusHaku arronto3a — OBHI-
LIEHHYIO aKTHBHOCTb Kaclasbl-3 U Kacmasbl-§, a TaKkkKe
noBeimieHHoe conepxanre TUNEL*-mo3uTuBHBIX Kite-
TOK B OMoIITaTax nedeHu [56]. BaxkHOCTH armomnTo3a mpu
HEaJIKOTOJIbHOM CTE€aTOTENaTHTE TOKAa3bIBAIOT U IPyTHUe
uccienoBanus. Tak, ObLIO TIOKa3aHo [57], 4TO Haps Ly
C Kacna3aMmu-3 U -7 IIpU HEaJIKOTOJIbHOM CTeaToremnaru-
T€ aKTHBUPYETCS Kacmasa-0, KOTopasi HaYMHAeT Urparhb
B)XKHYIO POJIb B IPOTPECCHPOBAHIH STOT0 32a00IeBaHuUs
W3-3a HapyILIEHUs PEryIATOPHOTO B3aUMOIEIICTBUS Me-
tabonmnyeckoro cencopa — AMPK (AM®-aktuBupoBaH-
HOW NMPOTEMHKNHA3bl) U YYaCTHUKOB allONTOTHYECKOTO
npouecca. M3BectHo, yTo B 370poBoi neueHn AMPK
¢bochopunupyer MpoanonToTUIECKyIo Kacnasy-6 1 uH-
THOMpYET €€ aKTUBAIIHIO.

Mexay TeM MpU MOAETUPOBAHUH HEATKOTOIHEHOTO
CTeaTorenaruTa y MbIIIeH, NOIy4aBIINX XOJIHH-Aehu-
LUTHYIO AUETY B KOMOMHAIINY C BBICOKUM COZIEp)KaHUEM
JKupa B Tuie, aktTuBHOCTE AMPK mnomasinsieTcst; B T0 xe
BpeMs1 IPY OAHOBPEMEHHOM HCII0JIb30BaHUH HHTUOUTO-
pa Kacmaspl-6 ocnadnsaarch MopQoIoruuecKue Ipu3Ha-
KM aronTo3a 1 (rubpo3a Me4eHr U CHIDKAJICS YPOBEHb
TpaHcaMuHas3 [57].

[Tokazano Takxke, 4To HaOyXaHHE TeMaTOLUTOB
TIPU HEAJIKOTOJIEHOM cTearorenaTuTe [58] BRI3BIBACT B
KJIETKaxX U UX OpraHeiulax CTpecc, KOTOPBId HHAYLHUPY-
€T aIomnTo3, BEICBOOOXACHNE MPOAYKTOB KIETOYHOTO
pacmaa u3 3a MOBPEXKICHHUS MOJIEKYISPHBIX CTPYKTYP
[DAMPs — damage, associated molecular patterns] u ak-
tuBaiuio Tomr-nogooHkIx penentopos (TLRs). B cBoro
ouepenp, aktupauus TLRs npeBpamaer curaansl BOC-
NaJIeHUsI ¥ THOENIN KJIETOK B IIOCTOSIHHO JACHCTBYIOIINI
MOBPEX AN (haKTOp. DTOMY CIIOCOOCTBYET B3aUMO-
JIEWCTBHE TeNaTOIUTOB C MaKpodaraMu neueHu (KIeTKU
Kyndepa) n nefikoruramu (HaTypatbHBIMU KAIJIEPaMH),
koTopsle, noctasisis TNF B opranusM, noaaepKuBaroT
BOCIIAJICHUE TIPH HEATKOTOJILHOM cTearorenarute [59].

CrnenoBarenbHO, allONTO3 MPH HEAIKOTOJIFHOM CTea-
TOTETIaTUTE ¥ HeaJIKOTOIBHOM KUPOBOiT O0NIE3HH ITIeYeHI
SIBIIIETCSI TIPEOOIIaIAlONIAM CTIOCOOOM THOEIH KIIETOK.
B HeM yuacTBYIOT KaK BHEIIHUE IIyTH aKTUBALMH aIloll-
TO3a (Yepe3 MOBEPXHOCTHBIC PEIETITOPHI KIIETOK), TaK M

BHYTPEHHHUE IyTH aKTHUBALMU aronTto3a (depe3 JUMo-
TOKCHUYHOCTb U CTPECC OPTaHe).

ITpu xonectarnveckux 3a00JIeBaHUSIX HEYEHH, CO-
MIPOBOXKIAIOIINXCST HAPYIICHUEM BBIBEJICHUS JKEITUU U
XOJAHTHOTATHEH, TaK)Ke OTMEUEHa aroNnTOTHYeCcKas
rubens xonanruouutoB [60]. B OuonTarax medeHn y
OOJIBHBIX C IEPBUYHON OMITHMAPHOM XOJIAHTUOTIATHEH BBI-
SIBJISIETCS ATIONTO3 XOJAHTHOIITOB, IIPH KOTOPOM B KJIET-
Kax HaOIfomaeTcs YIUIOTHEHNE IIUTOTUIA3MBI U sIIepHAsT
koHmeHcanws [61]. Canraercs, 4TO armonTo3 y 3THX Ia-
MeHToB onocpeoBad TNF-MranAHBIMU pelienTopaMu
FAS (CD?95), mockonbky skcnipeccust FAS B nuTomiazme
KJIIETOK JKETTYHBIX IIPOTOKOB COMIPOBOXK/IAETCS TTOBBIIIIE-
Ho 3Kkcnipeccuei FasL B okpyxaromux muMQonuTax u
JIpYyTUX UMMYHHBIX KieTkax [61, 62]. FAS-onmocpeno-
BaHHBIN aloNTO3 TeMaToUTOB MPH XOJIECTa3e COMpo-
BOXK/Ia€TCSl aKTHUBALlMEH 3BE3MYaTHIX KJIETOK MEYECHU
(HSCs) u pazButuem pubpo3a, 4To yKa3bIBaeT Ha CBS3b
aronTo3a ¢ ¢popMupoBanueM Qudpo3a B neueHu [63].
FAS (amonTo3HbIi anTUreH 1) HE eAMHCTBEHHBIN pe-
LENTOp KJIETOYHON CMEPTH, YUACTBYIOIIUI B allONTO3€E
xonanruonutos. Takeda et al. [64] mokazainu, 9To Takxe
MIOBBIIIICHA B IIEYCHH MAIEHTOB C TIEPBUYHOMN Oninap-
HOW XOJaHTUOTIATHEW 1 TIEPBUYHBIM CKIIEPO3UPYIOIITIM
xonmaHruToM 3kcripeccus reHa DRS (death receptor-5),
a MBIIIH, HOKAyTHHEIE TI0 TeHy DRS, Opun ycTOWYUBEL
K XOJIECTaTHYeCKOW THOETN KIETOK TOCIe TIEPEBsI3KH
JKETYHBIX TIPOTOKOB [64]. Cubero et al. [65] cooburmmm
0 TTOBBIIIEHHO SKCIIPECCUY aKTHBHUPOBAHHBIX TIPOTEO-
TUTHIECKUX (DepMEHTOB Kacmas-3 u -8, a Takke Oenka
RIPK-3 B OuornraTtax neueHd MalueHTOB ¢ MIEPBUIHOM
OMIMapHOM XOJaHTHOIIATHEN, YTO YKa3bIBaJIO HA aKTH-
BaI[UIO arloNTO3a U CBA3b aIloNTo3a C IPYTMMHU TUIIAMHU
II'K. Mcrionb3yst MOZIENb MEPEBSI3KH JKEITIHBIX IPOTOKOB
y MblIei, HokayTHbIX 1o reHy CASP-3, uccnenonare-
T cooOIMIn O cHIKeHuH TpancamuHas — AST, ALT,
CHIDKCHHU aKTMBHOCTH Kacmasbl-3 M ypOBHEH OEJIKOB
RIPK-1 u RIPK-3 [65], T. €. O COMyTCTBYIOIIEM TOPMO-
JKCHUU MEXaHU3MOB HEKponTo3a. B npyrux paborax [66,
67] moka3zaHa CBsSI3b CHIKEHHUS allONTO3a C YMEHBbIIIEe-
HHUEM Kacrasa-3 " -7-T03UTUBHBIX KJIETOK, CHUKCHUEM
BOCTIAJICHHS, aKTUBHOCTH 3BE34aThIX KJIETOK TICYSHH
(HSC), pubpo3a, mopTanbHOM THIEPTEH3NH U TIOBHIIIIE-
HUEM BEDKUBAEMOCTH TIPH HCIIOIb30BAHUN HHTHONTOPOB
MaHKacma3bl. DTH TaHHBIC TOATBEPKIAIOT 3HAUNMOCTD
aronTo3a IPH XOJIEeCTaTHIECKUX 3a00IEBaHHSX TICUSHH.

Cumnraercs, 9TO arronTo3 KJIETOK [TeYeHN UTPAET TaK-
K€ BaYKHYIO POJIb U B IATOT€HE3€ BUPYCHBIX T€IIaTHTOB
B u C (HCV u HBV) [68, 69]. Ilo rucTonorudeckum
MapkepaM (YIJIOTHEHUE ITUTOIUIa3MBbl KIIETOK, (par-
merTanus JIHK u Beisinenre TUNEL-010XKUTENBHBIX

* — TUNEL (terminal deoxyribonucleotide transferase — mediated dUTP nick and labeling) — meTox perucrpaiiy cBOOOIHBIX 3'-KOHIIOB
JIHK B sizipe ¢ KOHAEHCHPOBaHHBIM XPOMATHHOM IIPH MOMOIIN CBETOBOIA, JIa3ePHOH, KOH(POKAIBHON MIIM MPOCBEUYUBAIOLIEH HIEKTPOHHOI
mukpockomnuu. [Tpu anonrose ¢pparmentanus JHK npuBoaut k 3HaunTeasHOMy yBenudueHuto konudectsa 3'-koHuoB JJHK (TUNEL-no3u-
TUBHBIX KJIE€TOK) KaK MPH BHELIHEM, TaK U BHYTPEHHEM ITyTH aKTHBAIMHU arloNTo3a.
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KJICTOK) arloMTo3 Y>Ke JaBHO Paclio3HAeTCs B OMoNTaTax
TIEYCHH ITAIIUCHTOB C BUPYCHBIM reratutoM [70]. I1oBHI-
IIeHHas 3Kcrpeccus pernentopoB FAS B renmaronurax,
BBISABIIsIEMas 110 OBbIIEHHOH 3kctipeccuu FASL B mum-
¢domurax mpu HBV u HCV, mo3BosisieT cantarh anonro3
OCHOBHOU NMPUYHHOM THOETN KIETOK NIeYeHH B TIEPUOJ
akTuBHOTO renaruTa [70, 71].

1.3. Hekpo3, 06YCAOBAEHHbIM NOBbILLIEHUEM
NPOHULAEMOCTU MEMOBPAH MUTOXOHAPHUU
(MMN-Hekpo3)

Hekpo3 — 370 KOHEYHOE COCTOSHUE TSAKEJIOro Ia-
TOJIOTHYECKOTO TpOolecca B KJIETKaxX, KOTOPBIA COMpO-
BOXKIaeTcs HabyXaHWeM KIIETOK, pa3phIBOM MeMOpaH,
BBICBOOOK/ICHHEM KJIETOYHOTO COIAEPKUMOIO H3-3a
MOBPEXACHUS KIETOYHBIX MOJIEKYISIPHBIX CTPYKTYD
[DAMPs — damage associated moleculaqr patterns] u
MOCIICAYIOUINM Pa3BUTHEM BOCIAIUTEIHHON PEaKIUH.
MIIII — Hexpo3, ONUCAHHBIN IS IIEYEHU, XapaKTepH-
3yeTcs 00pa3oBaHMEM IOp W MOBBIIICHHEM IIPOHUIIAE-
MOCTHY BHYTPEHHEH 1 BHEIITHEW MeMOpaH MUTOXOHIPUH,
CHIDKEHHEM MEMOPaHHOT0 MOTeHINAaNa, IPEKpaIllCHUEM
cunate3a AT® (ATP), ocmoTnaecknm paspyIienremM ooe-
X MeMOpaH 1 TrOenbro Ki1eTok [ 12, 72]. Tounsle mexa-
Hu3Mbl pazButus MIIII-Hekpo3a noka He u3BeCTHHI. BbI-
CKa3aHO MPEATIOJIOKEHHE, YTO CHIDKEHHUE MEMOPaHHOTO
MOTEHI[AIa MUTOXOHPUN BEIET K PaCIIMPEHUIO TIOP
3a CUET HapyUICHUS B3auMOAeHcTBUs KomIuiekca ATO-
cunTaza (ATP-synthaze) mop ¢ MUTOXOHIPHAIBHBIM
oemkom — nukstounmaoM D (Cyp D), ygacTByromuMm B
nx obpazosanuu [73]. Jlokazano yuactue MIIII-Hekpo3a
B pa3BUTHUU psAaa 3a00IE€BaHUN MEUEHH, MPU KOTOPBIX
OKHUCIIUTEJILHBIA CTpPECC U TMeperpy3ka MUTOXOHAPUM
Ca’' urparoT BaxHy0 IaTOreHeTUECKy 0 poits [ 12]. Tak,
HampuMep, MOKa3aHo, YTO MPH TOKCUYHOCTH aleTaMu-
HoteHa (APAP) — APAP npeoOpa3zyeTcsi B TOKCHUECKHUH
metabomut NAPQI — (N-anetun-n-6eH30XHUHOHUMHUH )
MyTeM MPSIMOTO OKHCIIEHHS C y9aCTHEM LUTOXPOMOB;
3ateM NAPQI s¢dexrnBHO nerokcunupyercs riyra-
tonoM (GSH) ¢ oOpazoBanueM koHBIOTaTOB APAP-
GSH [74]. OnHako Mpyu UCTOIIEHNH 3aI1acoB TITyTaTHOHA
(GSH) n nucrenHa B KJI€TKaX TOKCUYHBIN METa0OIHT
NAPQI cea3siBaetcs ¢ TnosioBbiMu (SH) rpynmamu Oei-
KOB, a oOpasyromuecs MpoayKTel Aerpaganuu NAPQI
BEI3BIBAIOT CTPECCOPHOE MOBPEKACHUE IHOTIIIa3MAaTH-
YEeCKOro peTuKyayMa u Mmutoxonapuit [75]. Ilocneny-
folIee MOBPEKACHUE MUTOXOHIPUN MPOUCXOIUT B pe-
synsrare oOpasoBanus AOK (ROS), HakoIIeHHs B HUX
okcua azora (RNS) [76] 1 pazBuBaromieiics neperpys3Ku
Ca*. llponosmkaromasics redepanust ROS ycunusaer
MUTOXOHJPHAJIbHBIN CTPECC, YTO BEJET K aKTUBAINH
curHanbHOTO TyTH MAPK (MHUTOTEH-aKTHBHPOBaHHOM
MIPOTENHKHHA3BI), KOTOPbI npuBoAUT KieTkn Kk MITII-
Hekposy [77]. MIIII-Hekpo3 pa3BUBAETCS KaK CIECICTBHUE
pa3pbIBa MEMOpaH MUTOXOHIPHIA, TPAHCIIOKAIIAH B SIPO
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aronto3-uHIynupytomiero gpaxropa (AIF) u BHICBOOOXK-
JIeHUS SHAOHYKIIEasbl, ¢ oceaytomei ¢pparMeHTanuei
JHK [78]. Basxxnoctes MIIII-Hekpo3a B pa3BUTHH TOK-
cnuHocTd APAP, HeallkoroJIbHOTO cTearorernaTuTa U He-
AJIKOTOJILHOM KHPOBOH 0OJIC3HU ITEUCHU MOATBEPIKICHA
B psine pabot [79-81].

1.4. HekponTo3

HekponTo3 xak nekpotokcuueckuit tun I1I'K yuac-
TBYeT B OOJBIITMHCTBE XPOHUYECKHUX 3a00JIEBaHUN TIe-
YeHH, BKIIIOYasi BUPYCHBIN renaTuT, ay TOMMMYHHBIN re-
MIATUT, HEAJIKOTOJIbHBIN CTEAaTOreNaTuT U aJIKOTOJbHYIO
Oone3np medenn [82, 83]. IlokazaHo, 9TO HEKPOITO3
uannuupyercs TNF-nmuranaasmvu penentopamu (FAS u
TNFR-1), penenropamu pacniozHaBanust 00pa3oB (PRRs,
TLRs) nnu BHyTpHKIETOYHBIM ceHcopoM Z-/IHK-cBs-
3pIBarOImnM Oenkom-1 (ZBP-1). AktuBanms HeKporTo3a
MPOUCXOANUT B YCIOBUSX MHTHOMPOBAHMS Kacmasbl-§,
MPU aKTHUBAIUH PEIENTOPOB B3aMMOJECHCTBYIOIIEH
nporenakuHa3bl-1 1 -3 — (RIPK-1 1 RIPK-3), a Takxe
MIPU aKTUBALMM CMENIAHHOTO JIMHEHHO3aBUCHUMOTO KH-
HA3HOTO JIOMEHa, ImogooHoro ncepnokuHase (MLKL).
Hexporrtos nmposiBisieTcst 00pa3oBaHuEM HEKPOCOM, OBIC-
TPBIM MOBBIIIEHHEM TPOHUIIAEMOCTH KJIETOYHBIX MEM-
OpaH ¥ BBHICBOOOXKACHUEM U3 KJIETOK BO BHEKJIETOYHOE
MIPOCTPAHCTBO MPOAYKTOB paciiaja, aCCONMUUPOBAHHBIX
C MOJIEKYIApHBIME cTpykTypamu [DAMPs — damage
associated molecular patterns] [84—86]. Ponb Oenkos
RIPK-1 u -3, MLKL n npyrux y4acTHUKOB HEKPOITO-
TUYECKOTO TIOBPEXK/ICHHUS KIETOK IEYCHN B TIOCIIEIHNE
roasl akTuBHO uccneayercs [87-90]. Ilpu moxenupo-
BaHUH ayTOUMMYHHOTO Fe€laTuTa ¢ MOMOIIbIO KOHKaHa-
BajnHa-A (Con-A) OBUIO OTMEYEHO, YTO MPUMEHEHHE
NEC-1 — uaruburopa RIPK-1 3amurmnaer neueHs ot mo-
BpexaeHus [91-93]. Mprmu ¢ HokayTHEIM TeHoM MLKL
OBUTH TakKe 3aluIIeHbl oT moBpexaeHus Con-A [90].
Bmecrte ¢ TeM B AOMOTHUTENHHBIX HCCIEIOBAHMIX Ha
MbImax ¢ Con-A-TOBpeX/IeHUEM TEYEeHH U HOKayTOM
rena MLKL He ynanoch BEISIBUTE Pa3IUuUil B COCTOSIHUU
TIeYeHH B TPYIIIIaxX KOHTPOIIS U OTIBITA, & TAKXKE ITOITBEP-
IUTh ydacTue Hekporrosa [90, 94]. Ilpu uccienoBanuu
MAIMEeHTOB ¢ BUpYCHBIM renatutom HBV u nanuenTtos
C XPOHUYECKHM TeaTUTOM BUPYCHOM STHOIOTHU OBLITO
oOHapy>xeHo noBbieHue ypoBHs RIPK-3 B ceiBopoTKe
kposu 1 MLKL B neuenu mpu cpaBHEHUU C KOHTPOJIEM
(3mopoBeie) [95, 96]. OnHAKO aBTOPEI HE CMOTITH CBSI3aTh
MOJTy9YeHHBIE Pe3yBTaThI C HEKPOIITO30M, TaK KaK N3Bec-
THO, uTto RIPK-1 1 RIPK-3 npu Bocnianienuu npuodpera-
10T (QYHKLUH, HE 3aBHCALINE OT HekpornTosa [5]. Kpome
TOTO, TIOTY4€HHBIE PE3YIBTAaTHl MOTYT OBITh CIIEAICTBUEM
nepekpecTHoro Bozaeicteus Apyrux tunos 'K, aktu-
BHUPYIOLIUXCS B 3TUX YCIOBHSIX.
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1.5. NMuponTos

[IuponTo3 KJIETOK UMEET YEPTHI AITONTO3a U HEKPO3a
Y IIpeAHa3HaueH s y/laleHus] BHYTPUKIETOUHBIX 11aTO-
reHoB. [luponro3 xapakrepusyercs obpazoBaHHEM WH-
(hraMMacoMBbI, coreprKaIe KOMIUTEKC aKTHBUPOBAHHBIX
B KJIETKE Kacla3 U MPOAYLEHTOB MPOBOCIAIUTEIbHBIX
uutokuHoB — IL-1pB, IL-18. Ero oTHOCAT K BOCHanu-
TEJIHHOMY THITY KOIMPOBAaHMS HEKPO3a, KOTOPBIA TECHO
B3aUMOJICHCTBYET C BPOXKIECHHBIM HMMYHUTETOM [97].
BriensioT 1Ba myTH akTUBAIMH MAPOIITO3a — KAHOHH-
YeCKUH U HEKaHOHUYECKHUI. AKTHUBAIUS 110 KAHOHUYe-
CKOMY ITIyTH HACTYIIaeT, €CJIH CEHCOPbI HH(IAMMAaCOMBI,
oTHOCsImUeCs k cemerictBy NOD-1momo0HEBIX perenTo-
POB U cofiep KaIuX MypHHOBBIN ToMeH-1 u -3 (NLRP-1
u NLRP-3), ctumynupyroTcsi maroreHaMu, OTHOCSIIU-
mucs kK PAMPs (maroreH-accolMMpoBaHHBIM MOJIEKY-
JIIPHBIM CTpyKTypaMm) [pathogen associated molecular
patterns] u DAMPs. Yka3zaHHbIe CEHCOPBI HCIIONb3YOT
Kacmasy-1 JU1g akTHBUPOBAaHHS BHY TPHKJICTOYHOTO Oer-
ka Gasdermin-D (GSDM-D), kotopbiii hopMUpyeT HOopsbI
B IIUTOIUIa3MaTHYECKOW MeMOpaHe 1 ClIoCOOCTBYET I'u-
Oemu kinetok [12]. Ilpu akTrBanuy MUPOINTO3a IO HEeKa-
HOHHYECKOMY ITyTH IIUTO30JIbHBIE JINTIOTIOINCAXAPHIBI
(LPS) 1 PAMPs HenmocpencTBEHHO CTUMYIHPYIOTCS
Kacmazamu-4, -5 u -11. DT Kacnasbl, B CBOIO O4epe/b,
aktuBupyI0T GSDM-D, KOTOpBIiA, CBSI3bIBAs MeMOpaH-
Hble (HOChHOTUNIIBI, HHUIIMHPYET 00pa3oBaHue MOp U
MPUBOAUT KJIeTKH K rudenu [98—100].

VYdacTre nuponTo3a npu 3a00JeBaHUAX TEUEHH, Ta-
KHX KakK ajikoroyibHas 0osie3sb [101-103], Heankoroin-
HBI ctearorenatut [104—107], TokcHdyeckoe MOBPEK-
nenue nedeHu aneramuHodenom (APAP) [108-110],
ayrouMyHHBIN renatut [111-113], xonecrtatuueckue
3a0oneBanus neueHu [114—-117], BupycHble TenaTUThI
[118, 119], O6b110 mMOKa3aHO TIIABHBIM O0pa3oM IyTEM
WCCIIEZIOBaHUS aKTUBAIIUH KITFOYEBBIX MEIUATOPOB IH-
ponTo3a, aktuBHOCTH NLRP-3 nndnammacomsl u 6enka
GSDM-D.

1.6. ®epponTo3

®eppornros — tun [I'K, KoTopblit 3aBUCUT OT BHYT-
PHUKIIETOYHOTO COIePIKaHus Kele3a, KaTalTu3uPyIOIIero
oOpazoBaHue akTuBHBIX hopM kuciopona — ADK (ROS)
Y MOCJIEYIOIIee OKUCIUTEIHHOE OBPEKICHNE KIIETKH.
®DepporTo3 aKTHBUPYETCS MPH HCTOIEHUH KIIETOYHOTO
rnytarnoHa (GSH), crmocoOcTByIOmEero akTHBU3aINu
JKEJIE303aBUCUMOTO MIEPEKUCHOTO OKUCIICHUS JTUHIOB
(TTOJT) [PL] xneTounsix MemOpan [ 120, 121]. depporntos
pa3BHUBaeTCs HE3aBUCHUMO OT aronTo3a, HEKPo3a, ayTo-
(haruu, TUPOTNTO3a M UMEET CyOKIETOUHBIE XapaKTepPHC-
THUKHU HEKPO3a, KOTOPBIE 00YCIIOBIEHBI BLICBOOOXKICHUEM
MIPOAYKTOB KJIETOYHOTO pacnaga — DAMPs [12]. Mansie
pa3Mepbl MUTOXOHJPUN C KOMIIPECCUPOBAHHOM ILIOT-
HOCTBIO, OTCYTCTBHE B HUX KPUCT ¥ pa3pbIBbI HAPYKHOI
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MeMOpaHbI KJIETKH SIBISIOTCS MOPQPOIOTUIECKUMH ITPH-
3Hakamu ¢epponrosa [122, 123]. GSH-3aBucumbIii hep-
MEHT — DIyTarnoHnepokcuaaza-4 (GPX-4) sensercs oc-
HOBHBIM 9HIOTE€HHBIM HHTHOUTOpOM (epponTo3a u3-3a
ero cnocoOHoCTH orpanuarBarh npoueccsl [10J1 [124].
Nurnbuposanue aktuBHoct GPX-4 BeneT Kk HaKoIIe-
Huto ROS u I10J1, u mosTOMy CHMKEHHasl aKTUBHOCTb
GPX-4 cauraercs mapkepom deppontosza. CHIKCHHE
Hakoruierus ROS u npoaykros [1OJI [PL] MoxeT ObITH
JIOCTUTHYTO IIPUMEHEHHEM XeJIaToB Jele3a (1edeppok-
camuH) 1 uaruduropos [10OJI (beppocrarun) [125]. Ponb
¢depponTo3a B matoreHese 3a001€BaHUI TIEUCHU HCCIIe-
JTOBaJIach IMPH AJIKOTOTBHOM 60me3nu [ 126—128], Heanko-
rojapHOM cTtearorenarute [128, 129], npu TokcHIHOCTH
aneramuHO(eHa [128, 130-132], mpu ayTonMMyHHOM
rematute [ 133, 134]. bpuio BeICKa3aHO MPEAIONOKEHHE,
4TO (heppONTO3 BHOCUT CBOH BKJIa] B Pa3BUTUE Pa3IIHy-
HBIX 3a00JICBaHU TIEUEHH, M TIOATOMY (DEPPOTITO3 MOXKET
COCYIIIECTBOBATh B KJIETKaX HapsAy ¢ APYTUMH TUIIAMU
II'K (anorrro3, MIIII-Hekpo3, HekponTo3 u np.) [6].

1.7. NapTaHaTos

[Mapranato3 — tun I1I'K, oOycnoBneHHbIi upe3mep-
HOM peakiuelt kineTku Ha noppexaenue JJHK, onmocpe-
JTOBAaHHOE MPEUMYIIEeCTBEHHO Noju-(A J[D-prbo3a)-no-
mumepazoii-1 (PARP-1). [Tapranaro3 Bo3HHKaeT mocie
TSOKEIIOTO U JTUTEIFHOTO aKIIIMPYIOIIETO MOBPEXkK/Ie-
Hus JIHK, okcngatuBHOro crpecca, THONIMKEMUH UITH
Bocnaienwus [ 12]. PeaktuBnbie hopmer azota (RNS), Ta-
kue kak NO, aBnsioTcs Tpurrepom aktupaiuu PARP-1,
YTO BBI3BIBAET UCTOIICHNE B KIIETKaX HUKOTHHAMUI-aJIe-
HuH-AuHyKI1eotuna (NAD) n AT® (ATP); RNS criocobc-
TBYIOT TaKke HakoruieHuto mnonu-(AJd-pudoza)-no-
nuMepoB u TonH-( A J1P-prbo3uIrpoBaHHEIX )-0€ITKOB,
BBI3BIBAIOIINX YTPAaTy MEMOPaHHOTO OTEHIMAIa MUTO-
xoHapwuii. Kpome Toro, monu-(AJ]®-prbdo3a)-nonumepst
CBS3BIBAIOT anonTo3-uHAynupytouwmii gaxrop (AIF) u
CIOCOOCTBYIOT siiepHOM TpaHciokaiuu AlF, BeI3biBas
JHK dparmenranuro u saepHyo KoHAeHcanno. He-
JaBHO OBLIO MOKa3aHo, 4TO (haKTop, MHTHOUPYIOMNH
MUTPALHUI0 MaKpoQaroB, Ipu pa3IudHbIX 3a00JI€BaHU-
SIX TICUEHU CTI0CO0eH cBs3biBaTh AIF 1 karamu3upoBarh
pacnag JJHK [135]. OTu nanHble mO3BOJISIOT MPEIO-
JIOXKUTh, YTO MEXIY HEKOTOPBIMU HEKPOTUYECKUMHU TH-
namu [1I'K (MIIII-Hekpo3, HeKponTO3) ¥ MapTaHATO30M
CYILIECTBYET NEpEKpECTHAs B3aUMOCB:3b. [lonTBepxe-
HHEM 3TOIO SIBJISETCA CIOCOOHOCTh aKTMBUPOBAHHBIX
RIPK-1 u RIPK-3 — MmapkepoB HEKpONITO3a — CTUMYJIH-
poBath pepMeHTaTHBHYIO akTuBHOCTh PARP-1, a Takke
cnioco6ctBoBarh ucromieHnio AT® (ATP) u BeicBoOOX-
nenuto AIF [136]. Ponbs mapranarosa npu 3a0601eBaHUsIX
TIeYeHU TTOKa He M3yUeHa, OTHAKO N3BECTHO, uTo PARP-1
Y4YacTBYET B OCYIICCTBICHUU THOEITH KIIETOK TTeueHH [6].
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1.8. SHTO3

Out03 — TUM III'K, OTHOCSAIMHNACS K KICTOUHOMY
KaHHHOATN3MY, KOTOPBIA OCYIIECTBISIETCS B 3I0POBBIX
WU aHOMAJbHBIX TKAHSIX ITyTeM MOTIOIICHUS JKU3HE-
CIOCOOHBIX KIJIETOK HE(aroUTUPYIONUMHU KICTKaMHU
TOMOTHIIMYECKOTO WIIM TeTEPOTHITMIECKOTO MPOUCKOK-
nerus [12]. DHTO3 SMUTEINATBHBIX KIECTOK OOBITHO
BO3HUKAET, KOT/Ia KJIETKH YTPAYMBAIOT WHTETPHHOBYIO
CHUTHAJIM3AIUIO B PE3YNIbTATE OTACICHUS OT MaTpUKca.
IIpouiecc 3HTO3a CONMPOBOXKAAETCS KIETOYHOW MHBa-
3UeH, KOTopasl 3aBUCUT OT aKTUBHOCTU E-kanrepuna,
a-kareHrHa, RhoA- u rho-acconmmpoBaHHONW KHHA3BI
(ROCK). DHTO3 mpoTeKaeT B YCIOBHIX KOHKYPEHITUN
PAKOBBIX KJIETOK W MOHWXEHHOU PETYIISIIIUU CBOWCTB
MHO3WHA — KOMIIOHEHTA ITUTOIIa3MaTHIECKUX MeMOpaH
B MOTJIOMIAIOIINX KJIETKAX, YTO MO3BOJISIET MPOHUKATH B
3TH KIeTKku-mutienu [ 137]. Kietku, B KOTOpbIX aKTUBU-
poBana AMPK u3-3a HemocTaTka NUTaTEIbHBIX BELLIECTB,
MO-BUIUMOMY, TTOJAAIOTCSA SHTO3Y, IPEIHA3HAYEHHOMY
BoccTaHOBUTh uX nurtanue [138]. Ilpu xpoHmuecknx
3200JICBAHMSIX MEUCHU, TAKMX KaK XPOHUYECKHIA Terna-
TUT B ¥ ayTOMMMYHHBII TE€NATHT, BCTPEYACTCS 3aXBaT
aKTUBHPOBAHHBIX T-ITMM(OIUTOB TemaTONUTaMH, 9TO
YKa3bIBaeT Ha MPUYACTHOCTH YHTO3a K IMOBPEKIECHUIO
TICYCHH M Pa3BUTHIO IMMYHHOH ToJiepaHTHOCTH [139].
HenaBHo ObLIO MOKa3aHO, YTO 3BE3A4aThie KICTKH Iie-
yenu (HSCy) ydyacTByroT B 9HTO3€ aHTU(HUOPOTUIECKUX
€CTEeCTBEHHBIX KHIUIEPHBIX KiIeToKk y HBV-nmanuenTos
C IIUPPO30M TIEYCHH B Ka9E€CTBE IMOTEHIIMATHHO HOBOTO
MexaHmu3Ma ycueHus ¢pudposza [140].

2. MEPEKPECTHAS PEFYASILUSA PA3AUYHBIX
NYTEWA NrK

IIpoBeneHHBIN aHATN3 y4acTUs pa3IMYHBIX THIIOB
III'K mpu 3a00neBaHUAX TEYSHH MTOKA3bIBAET, YTO OT-
neabHble Tunbl [II'K MOryT OfHOBpEMEHHO € ApyTUMHU
Y9acTBOBAaTh B PA3BUTHH KaKOH-THOO OTHOM IaTOJIOTHH,
1 KpoMe Toro, oTaensHbIe Tumel I1T'K, mves o6rmme map-
kepsl ¢ apyrumu Tanamu 11K, yaactytor B hopmupo-
BaHUU Pa3IMYHbIX HO30JIOTHYECKUX (OopM 3a00ICBaHHH.
Tax xak pasusle Tuns! [1I'K, nMmes pazHeie MeXxaHU3MBI
peanusanuu, TeM He MEHee, IEPEKPECTHO PEryIupyoT
JIpyT JIpyra, 3TO JaeT OCHOBaHHE INpeanosararb, 4To,
1o Kpaiineit mepe, Hekotopsie Tumsl [1I'K (dhepponTos,
HEKpOINTO3, TUPONTO3, MAPTAHATO3) ABISIOTCS POMEXKY-
TOYHBIMU CTaAUAMHU (POPMHUPOBAHUSI OCHOBHBIX THIIOB
III'K, Takux kak amonTto3 U MIIII-Hekpo3. Haubonee
W3BECTHBIE MEXaHNU3MBI IEPEKPECTHOM PETYIANH B3a-
umoneiicteus pasubix TunoB [II'K mpu 3aboneBanmsx
TIeYEHH MPEICTABICHbI B Ta0M. 2.

IToxazano Taxxe, uro CypD — HenmpeMeHHBIH yyacT-
HuK pa3surtus MIIII-Hekpo3a, OTMEHSIET TOPMO3HOE BO3-
neiicteue cIAP na RIPK-1, yTto0Ob!I crtoco6cTBOBaThH 00-
Pa3oBaHUIO HEKPOCOM JJIs 00JIerYeHns] HEKPOTHYECKOTO
nyTd rudenu kietok [141]. AkruBupoBannsie RIPK-3
n MLKL axruBupytor NLRP-3 nndmammacom [142],
a 3TOT MEXaHU3M CIIOCOOCTBYET OCYIIECTBICHUIO Ipsi-
MOM CBSI3U MEXKIy HEKPO30OM KIIETOK M BOCIAJICHUEM B
JIOTIOTHEHNE K HUMEIOIIEMYCS MEXaHU3MY aKTHBAIMH
nH(pammacoMm nocpeactBom DAMP. Kacnaza-8 — ag-
(eKTOp BHEUTHETO ITyTH aKTUBAIMH aIlONTo3a MOA00HO
Kacmaze-1 Takke crocobeH aktuBupoBatb NLRP-3 —
uHpIaMMacomy ajst 3amycka pro-IL-1, uTto0s1 cTumy-
JUpOBaTh Ipolieccsl BocrnaneHus [143].

Tabmua 2
IlepexpecTHas peryJsiiius MeTadoJMuecKUuX myTeil mpu pasanynbix Tunax I[I'K [6]*
Cross-regulation of metabolic pathways in different forms of PCD [6]*
[Tyts III'K O¢ddexrop MexaHn3M JeHCTBUS Perynmupyemsriii myts [1T'K
Muaktusupyer RIPK-3 WHakTUBHpYET HEKPOIITO3
CASP-8 Wuakrusupyer CypD Wurnbupyer MIIII-mexpo3
ArnonTo3 Axrusupyetr NLRC4 unpramMmacomsl Wuayuupyer nuponTos
CASP-3 AxtuBupyer GSDM-E — perynupyemslii muponTo3 Perynmupyet nuponTos
CASP-3/ CASP-7 | Unaktusupyer GSDM-D WNHakTuBHpYeET NUPONTO3
MIIII-sexpo3 | CypD OtmenseT TopmosHoe Bo3aericTeie cIAP na RIPK-1 PerynmpyeT HekpomnTo3
Wnarnodupyer CASP-8 HHFM6pr?T CASP-8-
Hexporros RIPK-1 c 3aBHMCHMBbIN arloNTo3
TUMYJIUPYET aHTHANONTOTHYeCKyro akTuBanuio NF-kB | Perynmupyer anonTto3
RIPK-1/RIPK-3 | AktuBupyer PARP-1 Crumynupyer napTaHaros

* — Obo3Ha4ueHus B TaOI. 2 CM. B CITUCKe 0003HadeHHUH K Tabn. 1 1 B criucke HIKe: cIAP — ki1eTo9HbI HHrHOUTOp anmomnTo-
tnueckoro 6enka; GSDME — 6enok racaepmun E; NLRC-4 — NOD-mofo6HbI# perenirop cemeiictBa CARD, comepskainunit

6enxoBblii fomeH-4; NF-kB — sinepusiii gpakrop kB.

* — For Table 2 legend, see Table 1 legend and the list below: cIAP — cellular inhibitor of apoptosis proteins; GSDME — Gas-
dermin E; NLRC-4 — NOD-like receptor family CARD domain-containing protein 4; NF-kB — Nuclear factor kappa-light-

chain-enhancer of activated B cells.
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[To-Bunumomy, nepekpectHas perynauus [IT'K B
NeYeHU NpeaHa3HayeHa 3PQPEKTUBHO OCYLIECTBITD
MpoIecc THOENN KIETOK Pa3HbIX (PEHOTHIIOB C pa3HBIM
ypoBHEM noBpexaeHus. Kpome Toro, nepekpecrtHas
peryisinusi, CKopee BCero, crocodcTByeT hopMupoBa-
HUIo Toro ocHoBHoro tuna I1I'K, koTopsiii OyneT romu-
HUPOBATh B KJIETKAaX Ha UTOTOBBIX CTAAMIX MATOJIOrHU-
YeCcKOTO IpoIiecca — BocIajaeHue, Guopo3, KIeToTHas
TpaHcopManus WIH JaKe BOCCTAHOBJIEHHE KIETOK
NpHU UHIYKIUHA ayTo(parud U Perysaiud MeXaHU3MOB
panHero ooparumoro amnonto3a. O BO3MOXHOCTH Tie-
peopuenTauuu npoueccos [II'K Ha BoccTaHOBUTENB-
HBIE U PEreHepalOHHbIE NIPOLIECCHI B TOBPEXKICHHBIX
KJIETKaX CBUIETENbCTBYIOT MHOTOUHCIIEHHBIE UCCIIE10-
BaHUS MO3UTUBHOM POJIHM ONTHMAJILHO TMOZOOPAHHBIX
CXEM MOCTKOHIULMOHUPOBAHUS UIIEMUYECKHU MOBPEXK-
JIEHHBIX OPTaHOB, MTPUMEHSEMBIX C IIEIBI0 OCIA0ICHIS
HIIEMHUYECKOTO (HEKPOTHUYECKOTO) U PerepPy3nOHHOTO
(anonToTH4ecKoro) nmoBpexaeHus. [10cTKOHANIIMOHUPO-
BaHUE OTPaHUUYMBAET HEKPO3 KIIETOK, IPUYEM BbIPAKEH-
HOCTh aHTHHEKPOTHIECKOTO d(h(peKTa 3aBUCUT OT TIpO-
JIOJDKUATENFHOCTH UIIEMUH U IPUMEHSIEMOTO IPOTOKOJIa
noctkoHaunronuposanus [ 144]. IloCcTKOHIUITUOHHUPO-
BaHHE MHTMOMPYET TaKXKe Pa3BUTHE alloNTo3a KIETOK
Y YCWJIMBaeT B HUX Tporecchl aytodaruu. [lomoOHbIe
BOCCTaHOBUTEJIBHBIE ITPOLIECCH] MOKHO CTUMYJIUPOBATh
B II€YEHHU HE TOJBKO MIPH UCTIONB30BaHIH ONTHMAIBHBIX
CX€M MOCTKOHAUIIMOHUPOBAHNS UIIEMUYECKH ITOBPEXK-
JIEHHOTO OpraHa, HO U NpU MPOBEICHUM aJCKBaTHOM
MEJIMKaMEHTO3HOU U KJIETOUHOU Teparnuu HapylIeHUH,
obycioBnernasix [1TK.

3. NYTU PETYAUPOBAHUSA NMPOLLECCOB NrkK
NPU 3ABOAEBAHUAX MEYEHU

IIpoBeneHHbIN aHAIN3 MEXaHU3MOB Y4acTHs pa3iud-
HeIx TanoB [1I'K B pa3BuTun 3aboneBannii e4yeH! 1MO3-
BOJISIET HAMETHUTh HECKOJIBKO Iy TeH ATl X TOPMOKEHHSI.

CrocoOHOCTH K TIEPEKPECTHOMY PETYIUPOBAHMIO ITY-
teit [II'K, coxpansromasicst B THOHYIINX KIETKaX TIEICHH
NpU Pa3IUYHBIX 3a00JeBaHUAX, YKa3bIBAET Ha 1I€JIECO-
00pa3HOCTb OCYILECTBICHHS yNPABIsIeMO KOPPEKLUH
BO3HMKAIOLINX HApYLICHUH, IPEX/E BCETO C IOMOLIBIO
CPEICTB, IEHCTBHE KOTOPHIX HAIIPaBIEHO HAa TOPMOJKe-
Hue dpdexropHbx Mexann3MoB pazsutusa I1I'K. Cpe-
JIM TAKUX CPEACTB U3BECTHHI U MPOXOAAT KIMHUYECKHE
UCIIBITAaHUS HOBBIE MEIUKAMEHTO3HBIC NPENapaThl:
ampukazal (IDN-6556) — uHTHONTOp MaHKAcTa3bl JIs
MAIMEeHTOB HEANKOTOJIHBIM CTEaTrorenaruToM ¢ Gudpo-
30M 1-3-if cTanuu nnm nuppo3oM neyenu; CenoncepTud
(GS-4997) — uHTHOUTOP KUHA3KI, PErYIUPYIOMIeH CUT-
Haysl aonro3a (ASK-1) Ay marueHToB ¢ HeaaIKorolh-
HBIM CTEaTOTeaTUTOM U MPOTPECCUPYIOIINM IIUPPO30M
neuenn; GSK-2982772 u GSK-2983559 — unrn6uropst
RIPK-1 nns neyeHus pa3nuYHBIX XPOHUYECKHX BOC-
MMaJIUTeIBHBIX 3a00jeBanuii [6], a Takxke deppocra-
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tuH [125] u Artesunate — perynsaTop ¢eppornros3a c
antuuOporeHHbIM nieiicteueM [ 145]; Montelukast — un-
ruoutop TNF-o/JNK curnansaoro mytu [146], DAPT —
uarudutop Notch-1 curnansHoro myTu [147] u apyrue.

[Ipu BsIOM TeUEHUM BOCCTAHOBUTENBHBIX (pereHe-
PaIMOHHBIX) MPOIIECCOB, a TAKKE Ha PaHHUX 0OpaTH-
MBIX CTaIHSIX alonTo3a, KOT/a B KJIETKaX MEeUeHH ele
COXpaHeHa CIOCOOHOCTh K ayTOPETYISIIIUN U CaMOCTO-
ATEIHHOMY BBDKMBAHUIO, JUISI KOPPEKIIMH MEUEHOTHOMH
HEJI0OCTaTOYHOCTH M BOCCTAHOBJIEHUS CTPYKTYPBI KJIETOK
neyeHr 3PPEKTUBHBIMU MOTYT OKa3aTbCsl MeTUKaMEH-
TO3HBIE MIpenapaThl — aganToredsl. K HUM oTHOCSTCS
WHIYKTOPHI ayTOQaruy ¥ peryasTopbl amonTo3a KIeTok,
CITOCOOCTBYIONTNE aKTHBAITMH METAO0IMIECKIX MyTEH
AMPK u simepHoro daxropa kB (NF-kB) u Topmokennto
mTORC-1-3aBucuMbIx MeTaboaMUecKux myTeit. [eme-
CO00pa3HO MCHOJB30BaTh TAKKE HHAYKTOPBI MeTab0In3-
Ma C aHTUOKCUIAHTHOM M MPOTHBOBOCIIANIUTEILHOH aK-
TUBHOCTBIO [ 148—154], Tak Kak OKUCIUTENbHBIN CTpecc
W BOCHAJEHHUE SBISIIOTCS MOCTOSHHBIMH CITyTHUKAMH
pazButus [1I'K mpakTuuecku Bcex TUIIOB.

KpoMe mMennkaMeHTO3HON Tepaluu XpOHUYECKUX
(HEeoHKOJOTHYECKUX) 3a00JIeBaHUN TEYEHU IS TOP-
Mokenust nporeccoB III'K u akTuBanmu BocCTaHOBH-
TEJIbHBIX MPOLECCOB B MOBPEKICHHBIX KIETKaxX Ieue-
HH LIeeco00pa3Ho pa3padaThiBaTh METOIbI KJIETOYHOM
pereHepanmoHHON Tepanuu, KOTOPhie OCHOBaHBI Ha
WCIIONIb30BAaHUH AIONTOTHYECKA N3MEHEHHBIX KIIETOK
JTOHOPCKOM TIEYCHH U IOHOPCKOTO KOCTHOTO Mo3ra [155].
OTH KIETKH MPOAYLUUPYIOT B OPTaHU3M MHOTOYHCIICH-
HBIE TTapaKpUHHBIE (PaKTOPBI, BEICTYIIAIOIINE B POJIH a1~
PECHBIX EPEHOCUNKOB KOMILJIEKCA pereHepariiOHHbIX
CUTHAJIOB — PETYJIATOPOB BOCCTAHOBUTEIBHBIX MIPOIIEC-
coB. Tak, B KIIMHUKE yKe HAIIUTH IPUMEHEHUE U30ITUPO-
BaHHBIC KyJIBTHBHPYEMBIE TOHOPCKHE TeTaTonuTh. X
MPUMEHSIOT B KQYeCTBE OCHOBHOTO JJIEMEHTA B CHCTe-
Max BCTIOMOTaTeIbHOM MOAAEPKKH MTeUeHH, B iepdy3u-
OHHOM KOHTYpe€ KOTOPBIX KPOBB (MJTH T1a3Ma) MalueHTa
HETPEPBIBHO KOHTAKTUPYET C KyJABTUBUPYEMBIMH B HEH
W30JIMPOBAaHHBIMHU JOHOPCKUMH TelaToUTaMu U 000-
raiaeTcsl MmapaKpuHHBIME (DaKTOpaMH, BEIIEISEMBIMU
anonTOTUYECKUMU JOHOPCKUMH KiieTkamH [156]. U3o-
JTMPOBaHHBIE JOHOPCKHE TeTaTOINTHI Ha9aJIi HCITOIb30-
BaTh M B COCTaBE KIJIETOYHO-MHXCHEPHBIX KOHCTPYKITHH,
MMIUTaHTHPYEMBIX HEMOCPEICTBEHHO B MTOBPEKIEHHYIO
nedeHpb nanueHTa. st moBeimenust 3¢ (HEeKTUBHOCTH
MIPUMEHEHUS UMIDTAHTHPYEMBIX KIICTOYHO-HHKCHEPHBIX
KOHCTPYKIIUH B HUX OBLJIO ONTHMHU3HPOBAHO COOTHOIIIE-
HUE KJIETOYHBIX 3JIeMeHTOB (remaronutel/MCK) [157,
158]. MUaayKIuio BOCCTAaHOBHUTEIHHEIX MPOIIECCOB B
MOBPEKIECHHON MEUYEHN OCYIIECTBISIIOT TaK)Ke MyTeM
npuMeneHus obmeit PHK u3 xietok kocTHOrO Mo3ra,
KOTOpas sBIseTCS HecnenupuueckuM (HakTopoM pe-
TYJSIIMA BOCCTAHOBUTEIBHBIX MPOILIECCOB M BBICTYIIA-
€T B pOJIM NEPEHOCUYHKA KOMILIEKCAa MHOTOYMCICHHBIX
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pEreHeparMOHHBIX CUTHANIOB B KJIETKU MOBPEXKICHHOM
neuenu [159].

3AKAIOYEHUE

[Iposenennsiit anamu3 posu I1I'’K mpu 3a06oneBannsax

TIEYCHH MTO3BOJISIET CIIETIATh CICAYIONINE BHIBOIBI.
1. Cpenu u3BectHbix TunoB [II'K ocHoBHBIMU cremy-

eT cuutath ayrodaruro, anomnto3 u MIIII-Hekpo3;
ocraneHbie Tumbl [II'K (pepponTos, HekpomnTos,
MUPOITO3, APTAHATO3, YHTO3) OCTAIOTCS TIOKA HE-
JIOCTaTOYHO U3yYEHHBIMH, U TTO-BHIUMOMY, UX Clie-
JIyeT paccMaTpuBaTh Kak MPOMEXYTOUHBIE CTaIUU
¢opmupoBanust ocHoBHBIX THNOB [II'K (amonTo3 u
MIIII-Hekpo3).

. Ilepexpectnas perynsuus paznuyabix Tanos [1I'K

MTEYCHH TMPEeIHAa3HAuYCHA TTOBBICUTH 3()(DEKTUBHOCTH
(dhopMupOBaHUS TpoIlecca THOCNIN KIETOK Pa3HbIX
(DEHOTHIIOB C Pa3HBIM YPOBHEM MOBPEKICHUS, a TAK-
e 00eCTIeYNTh Pa3BUTHE OJJHOTO U3 IOMHUHHAPYIOIINX
nocneacteuii [IIK, Takux kak Bocnaienue, Gpuopos,
KIIETOYHAs TpaHC(HOPMAIIUS WK BOCCTAHOBUTEIbHAS
pereHeparusi.

CoxpaHeHue NePEKPECTHON PETYIISAIUY IIPU PA3ITUY-
Hbix Tunax [II'K B neueHu yka3blBaeT Ha BO3MOXK-
HOCTb YNPaBJIIeMO¥ KOPPEKIIMY BOSHUKAIOIINX IPU
3TOM HApYUICHUH C MOMOIILI0 MEIUKAMEHTO3HBIX
MpenaparoB U KIETOYHBIX TeXHoyorui. 13 menn-
KaMEHTO3HBIX CPEJICTB MEPCICKTUBHBI Ipeaparsl,
Topmossimue dpdexropHsle myTu passutus [1I'K u
OKa3bIBAOIINE aJITANITHBHOE BO3/ICHCTBIE HA KIETKH
MeUEHY MyTeM MHIYKIIUHU ayToaruu, paHHero oopa-
THMOTO aronTo3a W yCUJICHHUS aHTHOKCUIAHTHOU U
MPOTUBOBOCTIAJIUTEILHONU aKTUBHOCTH. [ [pMeHeHne
KJIETOYHBIX TEXHOJIOTHI OCHOBAaHO Ha MCIOJIL30Ba-
HUU allONTOTUYECKUX JOHOPCKHUX KIETOK IMEYCHU H
KOCTHOTO MO3Ta, MPOAYIUPYIONINX MapaKpuHHBIC
perynaropHslie GaKTOphl, HHTHOMPYIOLIHE pa3BUTHE
[II'K 1 agpecHO HHAYLMPYIOIIKE TPOLECCH BOCCTa-
HOBHUTEJIBHON pereHepaiuy KJIeTOK IeUSHHU.
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A.O. Hukonvckas, H.II. [IImepko, B.U. Cesacmwvsinog

PIBY «HAUMOHAABHBIM MEAMUMHCKMIM MCCAEAOBATEABCKMM LLEHTP TOAHCIAQHTOAOTMM
M MCKYCCTBEHHbIX OPraHOB MMEHM akaaemmka B.A. LLiymakosan MmH3Apasa Poccum, MocCkaa,
Poccuickad Peaepaums

BBenenune. Ha cerogHsmHuid JeHb aKTyaJlbHBI BOIPOCH PUMEHEHUS IMMYHOMOAYJISITOPOB JIJIST PETYISIHH
pETapaTuBHEIX MPOIIECCOB B MOPAXKEHHBIX OpraHax W TKaHAX. HamOombmmii MHTEpEC BBI3BIBAET MPOIIECC BOC-
CTaHOBJICHHA TIedeHH nocie oodmmpHon peseknnn (OPII) y moHOpOB Ipy poOACTBEHHOM TPaHCIUTAHTAITUH TIpa-
BOH JIONM TEYeHH. ABTOPHI MPENJIararoT MCIIOIE30BaTh TPaHCAEpMaIbHYIO TepaneBrudeckyio cucremy (TTC)
C UMMYHOMOJYJISITOPOM JJISI YCHIICHHSI €CTECTBEHHOTO MPOIIecca pereHepanuy TkaHu nedeHu. Lleabro padoTs
SIBUJIOCH M3YYEHUE BIMSHUS YPECKOKHOTO BBEACHUSI UMMYHOMOYIIITOPA aMUHOAUTHUAPO(D TATa3HHANOHA HATPUS
Ha paHHEM CPOKE BOCCTAaHOBUTEIBHBIX MpoIeccoB B redeHu mociie OPII B skcniepumenTax in vivo. Matepuaisl
1 MeToAbl. B kadecTBe akTuBHOTO BemecTsa B coctase T TC ucnonb30Bain aMUHOAUTHAPO(TANIa3UHINOH HATPHSI
B BHJIE IOPOLIKA JIJIs IPUIOTOBIIEHHS PACTBOPA /IS BHY TPUMBILIEYHOTO BBEAEHNS (TOpropoe Haszsanue [anaBut®,
000 «COJIBUM»). DxcniepuMeHTaIbHAS MOJIEh OOIIMPHON PE3EKIMH TIEYSHHU BBIOIHEHA Ha 22 KpbICaX-caMIlax
nopoxnsl Bucrap Becom 350—380 1. Bee sxuBotHBIe Iocie OPII 6butn pazaenenst Ha qBe rpymmsl. [lepByto rpymmy
(n=10) cocraBum )KUBOTHEIE O3 JieueHus. Bo Bropoii rpymie (n = 12) cpasy mociie pe3eKIny eueH! POBOIIIIN
ammrkanyio TTC. IponomkuTeTbHOCTS SKCIIEpUMeHTa cocTaBria 48 yacoB ¢ omHokparHou 3ameHor TTC uepes
24 gaca ot Havana anmuTuKaun. Pe3yabrarel. J(0cTOBEpHOTO pa3nuyms B Macce MPUPOCTa OCTaTKa MeUYeH U B
OMOXMMHUYECKUX TTOKa3aTelsIX KpoBH Ha cpoke 48 gacoB mocie OPII B o6enx rpynmax He oOHapyxkeHo. Orenka
MHTOTHYECKOTO WHIEKCa rematonuToB depes 48 wacoB mocie OPII BeIsIBIIIa JOCTOBEPHOE €T0 YBEIWYCHHE B
00eunX rpymmax mo CpaBHEHUIO C MCXOAHBIM 3HaU€HUEM (10 pe3eKIun nedenn), paBHbIM 0,14 + 0,07%o. B mepBoit
rpymie XuBoTHbIX BenmmuuHa MU coctaBmma 12,70 £ 4,9%o, Bo BTopoii rpymme — 17,43 + 4,90%o, (p < 0,05).
3akirouenue. [IpoBeneHHbIE HccnenoBaHus perenepaonHon aktuBHocTy TTC amuHoguruapodranazsuHInoHa
HaTpus Ha dKcnepuMeHTanbHOH Moxenu OPII y Kkpbic moka3any BRIPAKEHHOE CTHMYJIUPYIOIIEE BO3ICHCTBUC
JTAHHOH JIEKAPCTBEHHOU (DOPMBI Ha MUTOTHYECKYHO aKTHBHOCTh KJIETOK ITCUCHHU.

Kniouesvle crnosa: mpancoepmanvhas mepanesmuieckas CUCmemd, amMuHOOUSUOPODmManazuHOUuoOH Hampus,
UMMYHOMOOYNIAMOP, OOWUPHASL pe3eKYUsi NeYeHU, MUMOMUYecKull UHOeKc.
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EFFECT OF TRANSDERMAL IMMUNOMODULATION ON LIVER
REGENERATION

E.G. Kuznetsova, O.M. Kuryleva, L.A. Salomatina, L.A. Kirsanova, Z.Z. Gonikova,
A.O. Nikolskaya, N.P. Shmerko, V1. Sevastianov

Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

Introduction. The use of immunomodulators to regulate reparative processes in affected organs and tissues re-
mains a pressing issue. Of greatest interest is liver regeneration after extended hepatic resection (EHR) in donors
in right lobe living related donor liver transplantation. We propose a transdermal therapeutic system (TTS) with
an immunomodulator to enhance the natural process of liver tissue regeneration. Objective: to study the effect
of transdermal administration of immunomodulator sodium aminodihydrophthalazinedione on early recovery
processes in the liver after EHR in in vivo experiments. Materials and methods. Sodium aminodihydrophthala-
zinedione was used as an active substance in TTS in the form of powder for preparation of intramuscular injection
solution (Galavit®, SELVIM LLC). An experimental EHR model was performed on 22 male Wistar rats weighing
350-380 g. After HER, all animals were divided into two groups. Group 1 (n = 10) consisted of untreated animals.
In group 2 (n = 12), TTS was applied immediately after liver resection. The experiment lasted for 48 hours; the
TTS was changed once after 24 hours from the beginning of application. Results. In either group, there was no
significant difference in the weight of liver remnant gain and in biochemical blood parameters at 48 hours after
EHR. Assessment of the mitotic index (MI) of hepatocytes 48 hours after EHR revealed a significant increase
in MI in both groups in comparison with the baseline (before liver resection) equal to 0.14 + 0.07%o. The MI in
group 1 and group 2 animals was 12.70 + 4.9%o and 17.43 + 4.90%o, respectively (p < 0.05). Conclusion. Studies
on the regenerative activity of sodium aminodihydrophthalazinedione TTS on an experimental EHR model in rats
showed that this drug form had a pronounced stimulating effect on the mitotic activity of liver cells.

Keywords: transdermal therapeutic system, sodium aminodihydrophthalazinedione, immunomodulator,
extended liver resection, mitotic index.

BBEAEHUE N3BecTHO, 4YTO MUTOTUYECKAs! AaKTUBHOCTb MENaTOLU-
TOB CHM)KEHA B [I€PBbIE CYTKH I1OCJIE OTIEPALIUH, OTHAKO
y’K€ Ha BTOpbIE CyTKH OTMEYaeTcs €€ MOBBIIIEeHuE [5].
MaxkcuManbHasi MUTOTHYECKast U GyHKIHMOHATBHAS aK-
TUBHOCTH I'CIIaTOLIUTOB Ha6monaeT05{ MCKY BTOPBLI-
MU H MATBIMH CyTKaMH Mociie pe3ekiud [5, 6]. MoxHo
IPEATOJIOKUTD, YTO UCIIOJIB30BAaHUE IPOJIOHIMPOBAH-
HOM JIeKapCTBEHHON (POPMBI B BHIIE TPaHCACPMaTLHOM
TEPaneBTUUECKON CHCTEMBI ITO3BOJIUT YCHIIUTD €CTECT-
BEHHBIH MPOLECC pEreHepay TKaHU MEYEHU 3a CUET
noAaep>KaHusl MOCTOSHHON KoHIeHTpay VUM B KpoBH
B TCUCHHC HCOGXOI[I/IMOI‘O BpEMCHHU.

ABropamu ObL1a pazpaboTaHa TpaHCAepMalIbHas Te-
parneBTHYECKas CUCTEMa, COAEPIKaIlasi CHHTETHYECKOe
HHU3KOMOJIEKYIIIPHOE JIEKAPCTBEHHOE BEIIECTBO — aMU-

Baxxaast ponb B peryisiiinu pereHepaTopHBIX MPOIEC-
COB B OpraHu3Me NPUHAUIEKUT UMMYHHOI cHCTeMe, Bce
3JIEMEHTHI KOTOPOU aKTUBHO YYaCTBYIOT B BOCCTaHOBJIE-
HUM CTPYKTYPHI U (PYHKIIMH KIIETOK IOBPEXIEHHON TKa-
HU. B CBS3M ¢ 3THM BCTaeT BOMPOC O [IENeCO00Pa3HOCTH
MpUMEHEHUs] UMMYHOMOayasiTopoB (M) nist Bo3zetic-
TBHS Ha pernapaTruBHbIE IPOLIECCHI B TOPaKEHHBIX Opra-
Hax U TKaHsX [1, 2]. Haunbonpimmii nHTEpEC BBI3BIBAET
mpo6ieMa yCKOPEHHOTO BOCCTAHOBJICHHUS ITEYEHH TIOCTIe
OOIIMPHON PE3EKIUH Y OHKOJIOTHYECKUX OOJBHBIX, a
TaKXe y JOHOPOB IPH POACTBEHHOM TPaHCIUIAHTALUU
npaBoil nonu nedeHu [3]. B skcnepuMeHTaNnbHBIX UC-
CJIEOBAHUSAX OOBITHO HCITOB3YIOT MOJEITh OOITHPHON

pesekuuu nederu (OPII). 1ot Bua onepanyu OTHOCHUT- nomuruapodranasurmon Harpus (lanasut®) [7]. B pe-
Csl K KPUTHYECKOH TPAaBME, TaK KaK MPH 9TOM YAAIAOT  syjprate npoBEACHHBIX SKCIIEPUMEHTOB i1 Vivo GBLIO
60% u Gonee 00MIeH Macchl OpraHa M 4acTO BOSHUKAIOT nokasao, uro npumenenne TTC Fanasut® obecnedn-
KIIMHUYECKHE MPOSABICHHUSA OCTPOIl IEYEHOUYHOH HENO-  pger 6HOIOCTYTHOCTh HMMYHOMO/YJISITOPA, PABHYIO
CTaTOYHOCTH B [IOCTONEPALMOHHOM Meproze [3]. OMOIOCTYTHOCTH TPH BHYTPHUMBIIICYHOM BBEICHHU

B Hay4HOI1 TuTEpaType ONMCAHbI HCCIEIOBAHNUS 0~ TaHHOTO JIeKapcTBeHHoro BemecTsa (JIB) B Toif xe
JIOXKUTEIPHOTO BIUSHHUA OMHOKPATHOTO BBEICHHUA pas-  nose. [Ipu 3TOM 3HAYMTENBHO CHU)KAETCsl MAKCUMasIbHas
JINYHBIX UMMYHOMOZIYJIAITOPOB Ha IIPOLIECC BOCCTAHOB-  koHLeHTpauusa JIB B KpoBU, HO yBETMYUBAETCS BpPEMS
JIeHUs TKaHeH nedenu B skcnepumenre [1, 4]. Cnenyer  ynepkanus aMHHOAMTHAPOQDTANIA3HHANOHA HATPUS B
OTMETHUTh, YTO BOIpOC O JnuTenbHocTd dpdexkra UMM opranmsme 6osee uem B 10 pas, 4To MOKET CIIOCOOCTBO-
NIPY OHOKPATHOM BBEIIEHHU OCTACTCS OTKPBITHIM. BaTh IPOJOHIMPOBAHMUIO JIEKapCTBEHHOTO 3¢ dexra [8].
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B cBs131 ¢ BBIICU3IIOKECHHBIM Ue/1b10 HCCIICIOBAHMS
SIBUJIOCh M3y4YCHUE BIUSHUS YPECKOKHOTO BBEIACHUS
MMMYHOMOYJISITOpa aMUHOAUTHIPO(TATa3HHIMOHA Ha
pPaHHEM CPOKE BOCCTAHOBUTEIBHBIX MPOLIECCOB B ICYCHU
B AKcIiepuMeHTaIbHoi Moaenu OPIL

MATEPUAABI U METOADI

B kauecTtBe akTtuBHOro BemectBa B TTC McIoin-
30BaJI aMHUHOIUTHIPOPTATA3HHIUOH HATPHs B BHUJE
MOpOIIIKa JIJIsl MPUTOTOBJIEHUS pacTBOpa sl BHYTPH-
MBIILIEYHOTO BBEJIEHUs (TOProBoe HazBanue [amaBut®,
000 «COJIBUMp).

[Tpu u3rorosnenunn nadoparopusix odpasuos TTC
[anaBuT” GBUIM UCTIOIB30BaHbI BCIIOMOTATENBHBIE BE-
LIECTBA U Marepuaibl, Pa3pelIeHHbIE K MEIULIMHCKOMY
MIPUMEHEHHUIO.

Pabora BeITONTHEHA Ha 22 KpBICaX-CaMIIaX MOPOJIBI
Bucrap Becom 350-380 1, y KOTOpPBIX BOCIPOU3BOAWIN
MOJIeTTh OOIMPHON pe3eknuu nedeHu. [lepen Mmomenu-
posannem OPII oneprpyeMbIx KpbIC HAPKOTU3UPOBAIN
HMHTJISIUOHHO IUATHIIOBBIM 3(UpOM. 3aTeM ¢ coOJIro-
JIEHHEM IPaBHUJI aCeNITUKHU M aHTUCENTHKH BCKPBHIBAIU
OpIOLIHYIO TIOJOCTh, BEIBOAMIIN TEUCHb B paHy U IO-
CJIEI0BATENIbHO HAKJIAAbIBAJIN JINTaTyphl HA OCHOBaHMUS
CPEAMHHOH, JeBOM OOKOBOW M MpaBOW BEpXHEH moneit
MeYeHU, Tociie Yero yaamstau ~70% oO1eit macchl Te-
yeHu. Onepanuio Bceraa NpoBOIUIN B YTPEHHUE YaChl
(8 mepuon ¢ 10 mo 12 gacoB), KorJa CyTOYHBIH PHTM
MUTOTHUYECKON aKTUBHOCTH KJIETOK [IEYEHH MUHUMAJICH.

Bce sxuBOTHBIC TTOCIE OOMIUPHON PE3EKINH TIeUe-
HU OBLTH pa3zieNieHbl Ha aBe Tpymnmnsl. [lepByro rpymmy
(n = 10) coctaBmnu xxuBoTHBIE ¢ OPII 6€3 neuenus.

Bo Bropoii rpymme (n = 12) cpasy mocie pe3eKIiu Ie-
ueny npoBoawy ammrkanuio TTC Fanasut® (10 cm?) B
00JIacTH CIIHBI KPBIC HA yYaCTKU KOXKH C TIPEIBAPUTEITh-
HO yIaJICHHBIM BOJIOCSHBIM ToKpoBoM. Kaxkmast TTC co-
neprxkana 40 mr JIB. [TpomomkuTeIbHOCTh SKCIIEpUMEHTA
cocrapmia 48 gacoB ¢ omHOKpaTHO# 3ameHor TTC gepes
24 qaca oT HavaJsa anrIuKayH.

s oleHKM THHAMHUKH BOCCTAHOBIIEHHS MacChbl
MEYEHH y KaKJJ0r0 ONEPUPOBAHHOIO )KUBOTHOI'O Cpazy
nocine OPII B3BemBamy Ha AIeKTPOHHBIX Becax Ohaus
Explorer (Switzerland) ynaneHnyto yacte me4yeHu, Ko-
Topyro npuHuMainu 3a 70% oT oOmieit Macchl medeHwu.
3areM Ha OCHOBaHUU 3TUX JAHHBIX PACCUUTHIBAIH UC-
XOAHYIO MacCy OCTaTKa MEYEHU JJIs1 KaKI0T0 KUBOTHO-
ro. [Tanee uepes 48 yacoB uccekaau OCTAaBUIYIOCS YacTh
MIEYEHU, U3MEPSUIN €€ MACCy U CPABHUBAJIU [TOJTyYECHHBIE
3HAYEHUS C pacCUYMTAHHOM MCXOIHOM Maccoi ocrarka
TIEYEHH ISl TAHHOTO JKHBOTHOTO.

Kpowme Toro, onpeaensiii OHOXUMUYECKUE TIoKa3aTe-
JIM KpOBU: 001t OeNoK, anb0yMUH, MOYEeBHHA, KpeaTH-
HUH U TIeYE€HOYHBIC EPMEHTHI IUTONN3A: aTAaHUHOBYIO
amuHoTpancdepasy (AnAT), acnmaparnHoByr amu-
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HotpaHcdepasy (AcAT) u menounyro dhocdarazy (1L1D).
[ 5TOr0 Y KphIch 0/ 3(UPHBIM HAPKO30M HAJCEKaIH
KOHYMK XBOCTa, TUIIETKOW 3a0Mpaii KpoBb (28—32 MKiI)
Y HAaHOCWIIH ee Ha TecT-monocku Reflotron™, kotopeie
Cpazy ke YCTaHaBJIMBAIA B OMOXUMHUYECKUI aHATIH3aTOP
Reflotron™ (Roche, LBeiiuapus). B kauecTBe KOHTpO-
7151 ObljIa UCIOJIB30BaHA KPOBb MHTAKTHBIX KMBOTHBIX
(n=4).

O} PeKTUBHOCTH CTUMYIUPYIOLIETO BO3IACHCTBUS
YPECKOXKHOT'O BBEIEHUS] UMMYHOMOAYJSATOPA Ha MPo-
1ecchl pereneparuu neuenu nociie OPII onenuBamu mo
MUTOTHYECKOH (TIpondepaTHBHOM) aKTUBHOCTH Tema-
TOILIMTOB B OCTaTKE pe3eMpOBaHHOM nieueHu. i 3To-
ro OBLIM IPUTOTOBJIEHBI THCTOJIOTHYECKUE MPEnapaThl
MCCEUEHHOH NEYEHH C TOCIEAYIOIUM IIOICUETOM B HUX
MuTOTHYECcKoro naaekca (MW) — xonnyecTBO MUTOTH-
yecku aensmuxcsa kiaetok Ha 1000 mpoaHamu3upoBaH-
HBIX KJIEeTOK. /1151 Kaxkioro oOpasiia Ha THCTOJIOTHYECKOM
cpe3e TKaHM Me4YeHH, OKPAIIEeHHOM TeMaTOKCUIMHOM U
503MHOM, IpH yBenuueHuH Mukpockona X400 (Leica
LMLS) onpenensiiu KoIM4ecTBO (PUTYP MUTO3a U CPEI-
Hee (oOIIee) KoIMuecTBo KieTok. Mcenoip3oBanu dop-

MyIy:
MU M 1000
= — X
N b

rae M — cymma fensimuxcs Kietok, N — o0lee 9nciio
MPOAHATM3UPOBAHHBIX KIETOK. MUTOTHYECKUN MHAEKC
BBIPAKAJIU B IPOMUILIIE.

JlocToBEpHOCTh pa3nuyMsl UCCIeAyeMbIX TOKa3are-
Jiel B CPAaBHUBAEMBIX I'pyNax OLEHUBAIU C IOMOLIBIO
napaMeTrpuyeckoro t-kpurepus CThIOfEHTa.

PE3YABTATbl U OBCYXAEHMUE

H3BecTHO, 4TO MOCTe OOMIMPHON PEe3eKINHU TIEYCHN
MIPOUCXOIUT TIPOIIECC BOCCTAHOBIICHHS OpraHa JI0 CBOeH
WCXOJTHOW Macchl 3a CUET Mpoludepaluy 1 MOIUILION-
JU3aliy renatouuToB. OTMEYEHO, UYTO OTUETIIHBBIE ITPH-
3HAKH YCHJICHHS MTPONM(EPATHBHON aKTHBHOCTH KIIETOK
neuenn rocie OPII nosBrstoTest mumis yepes 48 gacos
MOCJI€ BBIMIOJIHEHUS 3TON onepanuu [9]. YuuToiBas BbI-
IIeCKa3aHHOE, OIIEHKY BIIHSTHUS YPECKOKHOTO BBEICHUS
MMMYHOMOJY/ISTOPA Ha CTUMYJIMPOBAaHUE peTreHepariu
OCTaBIIIEHCS YaCTH PE3SIIUPOBAHHON ITEUEHH ITPOBOIMIIH
Ha cpoke 48 yacoB ¢ MoMeHTa Hadaa armmtukarn TTC.

O cTeneHu BOCCTaHOBIEHUS Macchl IEYEHHU KPBIC B
rpymmax 1 u 2 gepes 48 yacoB nocie oOIIMPHOH pe3eK-
MM MOXKHO CYIOHTbH IO pe3ylbTaTaM pacdyeToB, Ipe.-
CTaBJICHHBIX B Ta0Om. 1.

Kax BugHO M3 TabIUIIBI, TPUPOCT MACCHI OCTATKa
TIEUEHH Y MTOJIOTBITHBIX KUBOTHBIX Uuepe3 48 4acoB mocie
pesekunn cocraBuia 43 + 10%; B rpymme XUBOTHBIX C
OPII u anmmkanueii TTC TanaBut® Ha TaKOM ke Cpo-
ke — 39 + 9%. JlocToBepHOro pasiauuus B Macce Mpu-
pocTa ocTaTka IedYeHH He BBISIBICHO.
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BnusiHue IMMYHOMOZYIISITOpA Ha MPOLIECCHI BOCCTA-
HOBJICHUSI [IEYEHOYHOTO TOME0CTa3a B OpraHu3Me KpbIC
Ha cpoke 48 yacos nocne OPII onenuBanu myreM cpas-
HEHHS I10 TPYTINaM Pe3yJIbTaToB ONpeIeIeH s ONOXUMU-
YECKHUX MOKazareyiei KpoBu. Pe3ynbrarsl nccineoBaHui
KpPOBH IIPEJICTaBIEHBI B TA0M. 2.

Kak BuHO 13 TabnHIIBI, B 00€UX IpyInax OMOXUMH-
YeCKHUe MOKa3aTeNnn KPOBH ObUIN TOCTOBEPHO BHILIE, YEM
B TPYIIIIe UHTAKTHBIX KHUBOTHBIX.

AHanm3 pe3yapTaToB ABYX ONBITHBIX TPYIII TTOKA3aJ,
YTO TaKue OMOXMMHUYECKHUE TTapaMeTPhl KPOBH, KaK 00-
wuil 6enox (50,5 + 2,9 v/n Bo Bropo# rpymme u 52,3 £
3,6 v/n B nepBo# rpynne) u arboymun (24,1 £ 2,8 u
24,9 +2,6 /1 COOTBETCTBEHHO ), B 00CUX TPyIIaX yepes3
48 gacoB nocne OPII nmpakTHuecky HE pa3aMyaroTCs.

YpoBeHb mouesuHwbl BO 2-i1 rpymie coctaBuia 12,1 +
14,4 mmone/m, B rpyme 1 — 8,6 + 7,4 MMomb/T, kpeamu-
Hun — 62,8 £ 54,8 u 49,1 £ 28,9 MKMOJIB/JT B HCCIIEAye-
MBIX TPYIIIaX COOTBETCTBEHHO. JJ0CTOBEPHOTO OTINYUS
HE BBISBIICHO.

VYpoBeHb (EepPMEHTOB LUTOJIM3A KIETOK MEYCHU
(AnAT, AcAT, eamma-I'T, LI]D) B cpenHeM BO 2-i1 (OTIBIT-
Hoit) rpymme (OPIT + TTC) ObuT HECKOJIBKO BBIIIE H
cocrasmin 470,3 £225,7 En/m; 830,9 +334,0 En/m; 10,8 +
7,1 En/i; 568,1 = 193,9 En/n coorBercTBeHHO. B rpym-
ne 1 sHauenust nokaszareneii AnAT, AcAT, camma-I'T,

11]{® 6butn B cpennem Hike: 407,3 £203,5 En/n; 657,5 +
225,6 En/n; 6,7 £4,9 En/m; 559,7 +£239,5 En/a coorBeTc-
TBeHHO. OJTHaKO HAOTFOIaeMble Pa3IHYHs B TTOKA3aTEIIX
(dhepMeHTOB ITUTONN3a Ha cpoke 48 gacos mocie OPII B
CpaBHUBAEMBIX TPYIIaxX ObUTH HEIOCTOBEPHBI.

Taxum oOpa3om, MpH CpaBHEHUN OHMOXMMHUYECKUX
rokaszaresneit KpoBu Ha cpoke 48 yacos nmocine OPII Hamu
He OBUTO OOHAPYKEHO MOJIOKUTEIHHOTO BIUSHHUS Ypec-
KOXKHOTO BBEIEHUS UMMyHOMoyasTtopa [anaBut® Ha
MPOIIECCHl BOCCTAHOBIICHUST NIEUEHOYHOTO TOMEOCTas3a
B OpraHH3Me KPBIC.

Brustane npumenenns TTC uMMyHOMOIYIIITOpA 1S
yCKOpeHUsl pereHepamnuu kietok nedenu mpu OPII Ha
cpoke 48 4acoB ynanoch 0OHapyKHUTh [IPU CPABHEHUH
PE3yIBTaTOB THCTONIOTHYECKOTO UCCIIEJOBAHMS TIPOIIH-
(heparuy renaToToB 110 OMPEAEICHUI0 MUTOTHYECKOTO
WHJIEKCA TermaTonuToB (Tabm. 3).

HccnenoBanue MUTOTUYECKONW aKTUBHOCTH TEIaTo-
uTOB TedeHu uepe3 48 vacos nocie OPII, onenusa-
€MOIl 0 MUTOTHYECKOMY HHJIEKCY, TIO3BOJIMIIO yCTa-
HOBHUTH JIOCTOBEPHOE €€ yBeTUUeHHE B 00EHX TPpyIImax
M0 CPaBHEHUIO C MCXOIHBIM 3HAYCHUEM (IO PE3CeKIHH
nredeHn ), paBHBIM 0,14 & 0,07%o. Kak BuIHO 13 TaOIHIIEI,
B miepBoii rpymme xuBoTHBIX (OPII 6e3 neuenns) Benu-
gyuHa MU mocne 48 gacoB OPII B cpenmneM coctaBmiia
12,70 %+ 4,9%o, TOoTIa Kak BO BTOPOIl Tpyrmie (C anmiu-

Tabmuna 1

H3meHeHne Macchl eYeHH KPBIC Yepe3 48 yacoB mocJie 00IIMPHON pe3eKIun

Changes in rat liver weight 48 hours after extended resection

I'pymma Wzwpsato | Ocrarok (pacuet, | Macca nedenu | Ocrarok (uepe3 | Ilpupoct maccer | IIpupoct k macce

JKUBOTHBIX (~70%), r ~30%), T (pacuetnas), r | 48 wacoB), T | ocTaTKa IEYeHH, T neueHu, %
(rggﬁfanl: loy [ 7770754 3332032 11,10+ 1,06 | 8,08+1,26 4,75+ 1,17 43,06 £ 10,49
I'pynma 2
I+ TTC; 7,16 £1,05 3,07 +£0,45 10,24 + 1,50 7,00 £ 0,96 3,93 +0,79 39,03 +£9,30
n=12)

Tabmuna 2
buoxumuveckue nokazaresjm KpoBu kpbic nocje OPII
Biochemical blood parameters of rats after EHR
buoxumnueckue ALT, | ACT, | Tamma-I'T, | III®, | benok obmwuii, | AnsoymuH, | MoueBuna, | Kpearunus,
[OKa3aTesId KPOBU En/n | En/n En/n En/n /1 /1 MMOJIB/JT MKMOJTB/JT
Humaxkmnasn epynna (n = 4)
Cpennee 52,6 | 108,4 184,2 60,8 30,0 7,5 24,7
CranjaptHoe oTkiIoHeHue | 6,7 | 21,0 87,0 1,5 12,0 0,4 33
Ipynna 1 (OPII; n = 10)
Cpennee 407,3 | 657,5 6,7 559,7 52,3 24,9 8,6 49,1
CranpmaptHoe otkioneHue | 203,5 | 225,6 4.9 239,5 3,6 2,6 7,4 28,9
I'pynna 2 (OPII + TTC, n = 12)

Cpennee 470,3 | 830,9 10,8 568,1 50,5 24,1 12,1 62,8
CrangaptHoe oTkiaoHenue | 225,7 | 334,0 7,1 193,9 29 2,8 14,4 54,8
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Tabmuua 3

MuTtoTHYeCcKHd HHAEKC renaroiuToB
yepe3 48 yacoB mociae OPII

Mitotic index of hepatocytes 48 hours after EHR

HaumenoBanue | Ne ruct. | MU, | MU cp., | CrannaptHoe
oOpa3ma / obpazma | %o %0 OTKJIOHEHHE
rpymmna
2536 | 0,19
2540 | 1,54
gcf’sl‘)ﬂa" TS 540 0,14 | 0,14 0,07
2559 | 0,11
2621 | 0,05
2535 110,21
2539 110,80
2541 | 5,38
2544 | 8,37
I'pymma 1 2617 | 16,4
(OPIT; n = 10) 2619 | 16,8 12,70 4.9
2620 [22,08
2622 | 1326
2623 | 8,82
2624 | 15,13
2537 19,40
2545 110,84
2548 | 7,18
2626 |25,09
Tpymma 2 2636 | 21,3
2637 12,69
gO:P{IZ;- TTC, 2638 | 17.04 17,43 4,9
2639 | 17,6
2640 | 19,2
2614 | 17,5
2616 | 24,6
2617 | 13,7

xanueir TTC Tanasut® cpasy nocne OPII) 3HaueHue
MU B cpenHem nocroBepHo Bbinie — 17,43 + 4,90%o,
(p £0,05). Takum 006pazoM, YpeCKOKHOE BBEJICHUE UM-
MyHOMOAYIATOpa ['anaBuT® OKa3bIBaIO BHIPAKEHHOE
CTUMYNHpPYIOIIee BO3IEHCTBHE HA MUTOTHYECKYIO aK-
TUBHOCTb KIIETOK ITEYCHHU.

Haiinennas 3aKkOHOMEPHOCTh MOATBEPIKAAETCS pe-
3yJbTaTaMU CPaBHUTEIHHOTO MOP(OIOrHUECKOTro aHa-
JU3a TUCTOJIOTMYECKUX MPENnapaTroB TKaHU TEUSHH, B
KOTOPBIX ompefenseTcs 0ojee BEICOKasi MUTOTHUECKas
aKTUBHOCTP TETaTOIUTOB Yepe3 2 CyTOK B rpymie 1 ¢
OPII (puc. 2) o cpaBHEHHIO C UCXOTHOH TKaHbIO (pHC. 1)
u OoJiee BBIpaKCHHBIC MPOSBICHUS MHUTOTHYECKON aK-
THBHOCTH TEMATONHUTOB B TPYyMIE 2 MPH aNIUTHKAIIH
TTC UM (puc. 3).

Ha puc. 1-3 B kauecTBe npuMepa npecTaBiieHb (o-
Torpaduu TUCTONIOTUYECKUX 00pa3loB TKaHU MEYCHU
KpBIC: UCXOAHOH, yepe3 48 wacoB nocie OPII, uepes
48 yvacos nocne OPII u anmmukaruu TTC M.

OTMeTHM, 4TO BO BCEX TPYMIIaX KUBOTHBIX JIETAIb-
HOCTb OTCYTCTBOBAJIa B TEUEHHE BCETO CPOKA IKCIIEPHU-
MEHTa.

TakuM 00pa3oM, pe3yibTaThl U3yYEHHUS MUTOTHU-
YECKOW aKTUBHOCTH T'€HaTOLHUTOB IOCJE OOIMUPHOI
PE3EKIIMH TIEYCHU B UCCIICAYEMBIX TPYIIaX KUBOTHBIX
nokaszanu, uro OPII unayupyet npoaudepaTUBHYO
aKTUBHOCTH TEIAaTOIUTOB, & YPECKOKHOE BBEICHHE
ummMyHOMoynsitopa I'anasut” mocine OPIT okasbiaeT
CTUMYIHpYIOLIEe BO3/IeiicTBIE Ha IPOJIM(EpaLHIo remna-
TOLIUTOB B OCTATKE PEe3eLIUPOBAHHON MTEUYEHHU. YCUIIEHUE
nponudepaTUBHON aKTUBHOCTH TeMaTOIHUTOB COMPO-
BOXKJIAETCS aJaNTHBHON MEPECTPOHKON MeTabonmu3ma

Puc. 1. I'mcTonornyeckass KapTHHA NCXOJHOM TKaHH IT€ICHH
KpbIChl. OnMHOYHBIE (PUTYPBI MHTO30B B NTapeHXHME (yKa3a-
HO cTpenKoit). ['emarokcmnus u 303uH. X200

Fig. 1. Histological picture of the original rat liver tissue.
Single figures of mitoses in the parenchyma (indicated by
arrow). H&E staining. x200
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Puc. 2. MwutoTHueckass aKTUBHOCTh TEMATOIIMTOB depe3
48 gacos nmocne OPII. Crpenkamu ykaszaHbl T€IaTOLMTHI B
cragnu MuTo3a. I eMarokcrine u 303uH. X200

Fig. 2. Mitotic activity of hepatocytes 48 hours after EHR.
Arrows indicate hepatocytes in the mitosis stage. H&E stai-
ning. X200
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Puc. 3. MwutoTnyeckas akTHBHOCTh TEMAaTOIHTOB dHepe3
48 gacos nocne OPII n ammumkanun TTC nmMmyHOMOIYIISI-
Topa. MHOro4YHCIeHHbIe (DUTyphl MUTO30B B TOJIE 3PEHHS
(yka3zaHo ctpenkamu). ['emarokcunus u 303uH. X200 (B BBI-
nerneHHou obmactu x400)

Fig. 3. Mitotic activity of hepatocytes 48 hours after EHR
and application of the immunomodulator TTS. Multiple mi-
toses figures in the field of view (indicated by arrows). H&E
staining. x200 (%400 in the selected area)

3TUX KJIETOK, YTO, MMO-BUAMMOMY, U TIPEIOTPEICITHIIO
OTCYTCTBHUE IOJIOKUTECJILHOT'O BIIUAHUA TTC HMMYHOMO-
AYJATOpa Ha 6I/IOXI/IMI/IHCCKI/IC IIOKa3aTejiv ICYCHOYHOI'O
roMeocTasa Ha cpoke 48 yaco nocie OPII.

3AKAKOYEHUE

[IpoBeneHHBIE UCCIIENOBAHNS PETEHEPALIMOHHOM aK-
TUBHOCTH TPAHCAEPMAJILHOU TEPANIEBTHYECKON CUCTEMBI
aMHHOAUTHAPO(DTANA3MHIMOHA HATPHUS Ha SKCTIEPUMEH-
TaJbHOW MOJENN OOIIMPHON PE3eKIUH MMEYeHU KPBIC
MOKa3aJld MEePCIEKTUBHOCTh YPECKOKHOTO crmocoda
BBEJICHUS JAHHOTO MMMYHOMOJIYJISATOPA, a TaK JKe He-
00XOIMMOCTh AaJbHEHILEr0 H3yUYeHHs €ro BIUSHUS Ha
MIPOLIECCHI BOCCTAHOBIICHHS IEYEHH IIPU Pa3HBIX CPOKAX
anmukanuun TTC.

Aemopwl evipasicaiom 61a200apHOCHb 0. M. H.
M. IO. llacudynuny 3a nomousb 8 NPOBeOeHUU XUPYpPeU-
YeCKUX MAHURYIAYULL C 1aO0PAMOPHBIMU HCUBOMHBLMU.

Asmopwi 3as6n510m 06 omcymemeuu
KOH@IUKMA UHMEPecos.
The authors declare no conflict of interest.

CMUCOK AUTEPATYPbI / REFERENCES

1. FOwxos BI, /Jlanunosa UI, Xpamyosa FOC. Bnusaue
HMMYHOMOJYIIITOPOB HA pEreHepaIiio meueHu. JKcne-
PUMEHMANbHAS U KIuHuYeckas gapmaronocus. 2006; 69
(1): 53-55. Jushkov BG, Danilova IG, Hramcova JusS.
Vlijanie immunomoduljatorov na regeneraciju peche-

94

ni. Jeksperimental'naja i klinicheskaja farmakologija.
2006; 69 (1): 53-55. [In Russ]. doi: 10.30906/0869-
2092-2006-69-1-53-55.

FOwxkoe BI'. KneTku UIMMYHHOM CHCTEMBI U PEryJsAIys
perenepanun. broiiemens cubupcko meduyunst. 2017,
16 (4): 94-105. Jushkov BG. Kletki immunnoj sistemy
i reguljacija regeneracii. Bjulleten’ sibirskoj mediciny.
2017; 16 (4): 94-105. [In Russ]. doi: 10.20538/1682-
0363-2017-4-94-105.

Tonuxosa 33, Huxonvcxkas AO, Kupcanosa JIA, Llacu-
oynun MFO, Onuwenxo HA, Cesacmosinos BU. CpaBHU-
TEeNbHBIH aHanu3 3G HEKTUBHOCTH CTUMYIISIIIUU TPOLEC-
COB pereHepainuy MeYeHru KJIeTKaMyd KOCTHOTO MO3ra U
obmert PHK stux xierok. Becmuux mpancnianmono-
euu u uckyccmeenuwix opearos. 2019; 21 (1): 113-121.
Gonikova ZZ, Nikolskaja AO, Kirsanova LA, Shagidu-
lin MJu, Onishchenko NA, Sevast janov VI. Sravnitel nyj
analiz jeffektivnosti stimuljacii processov regeneracii
pecheni kletkami kostnogo mozga i obshhej RNK jetih
kletok. Vestnik transplantologii i iskusstvennyh organov.
2019; 21 (1): 113—121. [In Russ, English abstract]. doi:
10.15825/1995-1191-2019-1-113-121.

Kpacosckuii BC, Cenmioposa JII, 3ypnaoocan CA.
OmnbiT npumenenusi «Jlaliddepona» npu TpaBmax Ie-
YEHU B DKCHIEPUMEHTE. MedcOyHapoOoubill HCypHan npu-
KIaouwix u hpynoamenmanvhulx ucciedosanuil. 2015; 10
(2): 240-243. Krasovskij VS, Sentjurova LG, Zurnad-
zhan SA. Opyt primenenija «Lajfferona» pri travmah
pecheni v jeksperimente. Mezhdunarodnyj zhurnal pri-
kladnyh i fundamental’nyh issledovanij. 2015; 10 (2):
240-243. [In Russ, English abstract].

Kpomosa OA, Ipanos [JA, Pymxun HO. Cungpom «He-
JIOCTaTOYHOTO pa3Mepa II€YEeHH» I0CIe PE3eKUUU U
TpaHCIIaHTanuu (parMeHTa Ie4eHu. Becmuux xupyp-
euu um. 1.H1. I'pexosa. 2012; 171 (3): 113-116. Kroto-
va OA, Granov DA, Rutkin 10. Sindrom «nedostatoch-
nogo razmera pecheni» posle rezekcii i transplantacii
fragmenta pecheni. Vestnik hirurgii im. LI Grekova.
2012; 171 (3): 113-116. [In Russ].

Anopeee AA, Ocmpoywrko All, Jlanmuesa AFO, Iny-
xo08 AA. PemapatuBHas pereHepamyisl TICUCHH MOCIE
CerMeHTapHOHN pe3eKuu (JInTeparypHBIi 0030p). Acnu-
panumckuti secmuuk Iogonxcea.2018; 18 (5-6): 183—-190.
Andreev AA, Ostroushko AP, Laptijeva AJu, Gluhov AA.
Reparativnaja regeneracija pecheni posle segmentar-
noj rezekcii (literaturnyj obzor). Aspirantskij vestnik
Povolzh’ja. 2018; 18 (5-6): 183—190. [In Russ, English
abstract]. doi: 10.17816/2072-2354.2018.18.3.183-190.

Kysuneyosa EI, Kypvinesa OM, Canomamuna JIA, Ce-
séacmvanod BU. DxcnieprMeHTanbHOE HCCIIEIOBAHHE
muddy3ur uMMyHOoMoaynsaTopa 'anaBut” B MOIEIb-
HOU cucteme. Paspabomka u pesucmpayus 1eKapcmi-
sennvix cpeocms. 2020; 9 (1): 92-97. Kuznecova EG,
Kuryleva OM, Salomatina LA, Sevast janov VI. Jekspe-
rimental’noe issledovanie diffuzii immunomoduljatora
Galavit® v model’noj sisteme. Razrabotka i registracija
lekarstvennyh sredstv. 2020; 9 (1): 92-97. [In Russ, Eng-



PEFEHEPATVIBHAST MEAVMLIMHA U1 KAETOYHBIE TEXHOAOT N

lish abstract]. doi: 10.33380/2305-2066-2020-9-1-92-
97.

Kysueyosa EI, Kypevinesa OM, Caromamuna JIA, Kyp-
caxos CB, I'onuxoea 33, Huxonvckas AO u op. CpaBHH-
TENIBHBIN aHamu3 (apMaKOKMHETHUECKHX I1apaMeTpOB
TPaHCACPMAJIBHOTO M BHYTPUMBILICYHOTO BBEICHUI
npenapara [anaBut®. Becmuux mpancnianmonro2uu u
uckyccmeaennwix opeanosg. 2021; 23 (2): 114-121. Kuz-
necova EG, Kuryleva OM, Salomatina LA, Kursakov SV,
Gonikova ZZ, Nikol'skaja AO et al. Sravnitel’nyj analiz
farmakokineticheskih parametrov transdermal’nogo i
vnutrimyshechnogo vvedenij preparata Galavit®. Vest-
nik transplantologii i iskusstvennyh organov. 2021;

23 (2): 114-121. [In Russ, English abstract]. doi:
10.15825/1995-1191-2021-2-114-121.

Envuanunos AB, @amxyounos TX, Maxapos AB, un-
kuna BB, Bbonvwakoea I'b. PereHepanus neyeHu Mie-
KOMUTAOINX. Knunuyeckas u 3KCnepumMeHmanbHas
mopgonoeus. 2012; 4: 57-61. El’chaninov AV, Fathu-
dinov TH, Makarov AV, Glinkina VV, Bolshakova GB.
Regeneracija pecheni mlekopitajushhih. Klinicheskaja
i jeksperimental 'naja morfologija. 2012; 4: 57-61. [In
Russ, English abstract].

Cmamus nocmynuna 6 pedaxyuio 25.01.2022 2.
The article was submitted to the journal on 25.01.2022

YBAXXAEMbBIE YUTATEAU!
MOAMMCKY HA XXYPHOA «BECTHUK TPAHCMAQHTOAOTMM M MCKYCCTBEHHBIX OPraHOB)
MOXHO OGOOPMUTL B DAMKAMLLIEM K BAM MOYTOBOM OTAEAEHWM.
MOANMCHOM MHAEKC HALLEro U3ACHMA HALLErO M3AQHMS B KOTOAOTE «faseTbl U XYPHAAbD — 80248

| ®.C- BECM#UK 80248
' TPAHCIIAAHTOAOT NN (MHAeKE nananus)
3 N MCKYCCTBEHHbIX ———
OPIAHOB KOMNNeKTos
Ha 2022 rog no mecsiuam
1/2/3|4|5|6|7 /8|9 |10(11|12
| Kyaa
3 (nouroewiil nupekc) (aapec)
Komy
3 (pamunna, MHULManbI)
o‘k ®. Cn-1 | IOCTABO4HAS KAPTQHKA
3 Ha
| | wyphan | 80248
ne Mecro Te (MHAEKC M3aaHua)
TPAHCHAAHTOAOT NN
BECMAURK v vickycCreHbi
OPFAHOB
cToM- noanmcKn pYy6. KOM.  konu4ecTeo
MOCTE nepe- KOMNNEKToB
anpecoBkn pYo. Kon.
Ha 2022 rog no mecsiuam
1 2(3|4(5|6 7|8 |9 (101112
Kyna
- (noyToBLIA MHOEKC) ) (appec)
Komy
(bamnnna, mHuumans)

95



BECTHNK TPAHCIAAHTOAOTNN N NCKYCCTBEHHbBIX OPTAHOB TOM XXIV N2 1-2022

DOI: 10.15825/1995-1191-2022-1-96-106

CTPYKTYPHASl AETEHEPALLIUA BUOAOTUYECKUX NMPOTE3OB
KAANAHOB CEPALLA: UMEIOTCH AU OBLLUE MEXAHU3MbI

C ATEPOCKAEPO3OM U KAAbUUHUPYIOLLUM AOPTAABHbIM
CTEHO30M?

A.E. Kocmionun

PIBHY «HAY4YHO-MCCAEAOBATEALCKMIN MHCTUTYT KOMMAEKCHBIX MPOBAEM CEPAEYHO-COCYAMUCTIX
3a60AeBaHMM, KemepoBso, Poccuimnckad Peaepaums

CoBpeMeHHbIE UCCIIeIOBAHMS MTOKA3BIBAIOT, YTO HEKOTOPHIE U3 MATOTEHETHIECKHIX MPOIIECCOB, CTOSIINX 33 CTPYK-
TYpPHBIM pa3pyIIeHHEM OHOMPOTE30B KIAIAHOB CEPIa, B 3HAYUTEIFHOW MEPE CXOIHBI C TAKOBBIMH, 33J€HCTBO-
BaHHBIMU TIPH PA3BUTHH aT€POCKIEPOTHIECKIX IMOPAKEHUNA COCYAO0B M KadbIIM(PUKAINA HATUBHBIX KIIATIAHOB.
K ux umcny oTHOCHTCS NMAMMAHAS U JEHKOIUTapHAs WHOWIBTPANHS, XapaKTepHas KaK JJIsl MPOTE3HbIX, TaK U
JUTSI HATUBHBIX TKaHEH. DTH MPOIIECCHI COMPOBOXKIAIOTCS (DOPMHUPOBAHHEM EHUCTHIX KIIETOK, H30BITOYHOM TIPO-
IyKIMEW MaTPUKC-pa3pyIIaroImuX (epMEHTOB U YCHUIIEHHEM OKHCIUTEIHHOTO cTpecca. JIaHHbIH (hakT O3BOISIET
BBIIBUHYTH IPEAINIOI0KEHHE, YTO HEKOTOPhIE TOAXO0Abl KOHCEPBAaTHBHOM TEpalny aTepoCKIepo3a MOTYT ObITh
MOJIE3HBI TS IPOUICHHSI CPOKOB (DYHKIIMOHUPOBAHHS OMOMIPOTE30B KIIaNaHOB.

Knrouesvie cnosa: buonpomesvi k1ananos cepoya, CmpyKmypHas Oe2eHepayusi K1anand, amepockiepos,
KATbYUHUPYIOWUL AOPMATbHBIL CIMEH03, KOHCeP8AMUGHAs Mepanis, Namo@u3uonozus, akmopsl pucka.

STRUCTURAL VALVE DEGENERATION: ARE THERE COMMON
MECHANISMS WITH ATHEROSCLEROSIS AND CALCIFIC AORTIC
STENOSIS?

A.E. Kostyunin
Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russian Federation

Current research shows that some of the pathogenetic processes behind structural destruction of bioprosthetic
valves are largely similar to those involved in the development of atherosclerotic vascular lesions and native
valve calcification. These processes include lipid and leukocyte infiltration, typical for both prosthetic and native
tissues. They are accompanied by formation of foam cells, excessive production of matrix-degrading enzymes and
increased oxidative stress. This fact suggests that some approaches to conservative treatment of atherosclerosis
may be useful for prolonging the lifespan of bioprosthetic valves.

Keywords: bioprosthetic heart valves, structural valve degeneration, atherosclerosis, calcific aortic
Stenosis, conservative therapy, pathophysiology, risk factors.

BBEAEHME

Ha cerognsmauit 1€HH OCHOBHBIM CITOCOOOM KOp-
PEKIUU TSAXKEIBIX KIAMaHHBIX MTOPOKOB Cepala sIBIIS-
eTcs MpOoTe3NupOoBaHNE MOPAXKEHHBIX KiamaHos [1-3].
[To pa3HBIM OIICHKAaM, B MUPE €KETOAHO BBIMIOIHSIOT
ot 250 no 400 trIc. Takux onepanwii [4—7], B Poccun —
nopsika 10 teic. [8]. I1pu 3ToM HabmOAaETCS O0IIEMU-
pOBasi TEHIECHUMSA K YBEIUUYECHHUIO YUCIIa BMEILIATENIbCTB

Ha KJIallaHHOM amnmapare cepilia, KoTopas CBs3aHa C
MOBBIIMIEHUEM JTOCTYITHOCTH XUPYPTUYECKOM MOMOIIIH
B Pa3BUBAIOIIUXCS CTPAHAX, a TAKXKE CTapEHHEM Hacelle-
HUS CTpaH 3amaja, COMPOBOXKIAEMBIM POCTOM Pacipo-
CTPaHEHHOCTH PUOOPETEHHBIX IIOPOKOB KJIAITAHOB [7].
CornacHo nporao3am, k 2050 rogy KoIn4gecTBo orepa-
U IPOTE3UPOBAHUS KIIAIaHOB CEP/ILIa MOXKET TOCTUYb
otMmeTkH B 850 ThIc. B rof [4]. B kauecTBe 3aMeHuTeNneH

s koppecnionaenumnn: Kocrionnn Anexcanap EsrenseBud. Anpec: 650002, KemepoBo, CocHOBEIIT OyibBap, 6.
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HAaTUBHBIX KJIAMIAHOB HCIOIB3YIOT MexaHnndeckue (MIIK)
u ouonormyeckue rmpotesbl (BI1K) [9, 10]. becurymHocTs
paboThI, ONTHMaIbHBIC TEMOAMHAMUYCCKHE MTapaMETPhI
Y HU3Kas TPOMOOTEHHOCTH BBITOAHO OTau4aroT BITK
ot MIIK [10]. Bmecte ¢ Tem BIIK umeror cymecTtBen-
HBII HEJOCTAaTOK, 3aKJII0YarOIUicS B OrpaHUYEHHOC-
TH TIeproja uX GyHKIIHMOHUPOBAHIS, YTO O0YCIOBICHO
BO3HMKHOBEHHUEM JIETCHEPATUBHBIX U3MEHEHUU B MPO-
Te3HOM Ouomarepuaie ¢ TedeHueM Bpemenu [9, 10].
B anrnos3eiuHO# nUTEpaType 3TO ABICHHUE MOIYUUIIO
Ha3BaHue structural valve degeneration — cTpykrypHas
nererepanus kianana (CIK) [11, 12]. W3-3a pa3Butust
CIK ot 20 1o 50% xmaccuueckux kapkacHbIx BIIK Tpe-
OyIOT 3aMEHBI yoKe uepe3 15 jieT mocie uMImianTanuu [6].
[Mpuuem Gonee OvicTphie TeMmbl pazButis CAK mpsmo
KOPPETUPYIOT C 00JIee MOJIONBIM BO3PACTOM IMAaIlUeHTa
[5, 6]. Jannast ocobennocts BIIK npemonpenenser no-
TpeOHOCTH B OTIEPALUSAX PEIPOTE3UPOBAHUS H SIBIISIETCS
CYIIECTBEHHBIM OTPaHUYCHHUEM JUIS ITUPOKOTO TIprUMe-
HEHUS MEIUITMHCKUX H3IACITNUI 3TOTO THIIA, 0COOCHHO Y
MOJ0AbIX Julr [ 1-3].

BaxxHo moguepKkHyTh, YTO MEXaHU3MBI, OTBETCTBEH-
Heie 3a passutue CJIK, u3yuyeHsl cnabo u moka IJioxo
nouaTHEL Ente 15-20 net Ha3ag MHOTHE UCCIIeqOBaTe-
JIU CUMTANH, YTO 32 pa3pylIeHHeM H KanbIudukaueit
omonornueckort cocraBmsromeit BIIK crosT nckmroan-
TEJIHHO MaCCUBHBIC (U3MICCKUE U XUMUIECKHUE TIPOIIEC-
chl [13-15], ogHako B HacTOSAIIEE BPEMS ATH B3IVISIBI
paccMaTpuBalOT Kak yrpolieHHbIe [16]. Pe3ynpTaTh
MHOTOUHCJICHHBIX OPUTHMHANIBHBIX UCCIEIOBAaHUHN, IPO-
BEJICHHBIX B TEUCHHE MOCIETHUX JIByX IECATUIIETHH,
MOJJPa3yMEBAIOT, YTO 3HAYNMBIN BKIIAJ] B IETCHEPAIIHIO
omonornyecknx TkaHed BIIK MoXeT BHOCHTh UMMYH-
HBIA OTBET pemunueHTa. TakuM o0pa3oMm, CeromHs
uccienoparenu Bce vamie paccmarpuBaioT C/K kak
AKTUBHBIN KJIETOYHO-pEryiIupyemMsblil npouecc [9, 17],
naTo(Gu3nOIOTH KOTOPOTO OTYACTH HAMIOMUHAET Ta-
KOBYIO aTepOCKJIepo3a M KanblUu(pUKAIUU HATHUBHBIX
aoptanbHbIX KiamaHoB (AK) [6, 18, 19].

C y4eToM CIOKHBIIEHCS B MTOCIIEAHNAE TECATUICTHS
TeHJEHIMHU K yBenuueHuto aoiau BITK, ucnonb3yeMbix
B MUPOBOW Xupyprudeckoii npaktuke [4, 20], Bo3pac-
TaeT MOTPEOHOCTh B MOMCKE METOIOB CHIDKEHUS TEM-
noB pa3Butusa CIIK, BeIcTynaroleil B kauecTBe IMIaBHOM
npuauHbl uX aucyHkimit. [Ipu stom xkornernmus CK
KaK aKTHBHOTO KJIETOYHO-PETYIHPYEMOTO Ipolecca
OTKpPBIBaE€T HOBBIC BO3MOXKHOCTH B c(pepe pa3paboTKH
C1oco00B MOMU(MUKAIIMN MPUMEHIEMOIO JIJIs KiaraH-
HOTO MPOTE3UPOBAHUS KCEHOOMOMAaTEepHasa, a TakKe
MEJIUKaMEHTO3HOT'O COMPOBOXKIACHUS POOIEPUPOBAH-
HBIX MAIMCHTOB C IEIBI0 NPOQUIAKTUKA PAaHHETO OT-
Ka3a M yBeln4eHus cpokoB (pyHkimonuposanus BITK.
Takum oOpa3oM, HACTOSAITHIT 0030p CKOHIICHTPHUPOBAH
Ha aHAJIN3e aKTyaJbHON HHGOPMAITUH O MaTO(PU3NO0II0-
run CJ/IK u cxomcTBe cTosmux 3a HEH MEXaHH3MOB C
TaKOBBIMH, OTBETCTBCHHBIMH 32 Pa3BUTHE aTePOCKIIEPO-
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3a M KaJIbIIMHUPYIOLEro aopTansHoro creHosa (KAC).
Taxke pacCMOTpPEHBI MOCIEAHUE JOCTHKEHHS B chepe
pa3pabOTKH METOIOB YMEHBIICHUSI NMMYHHOTO OTBETA
Ha TkaHu BIIK.

CAK, ATEPOCKAEPO3 U KAC: YTO OBLLEroO?

Kaxk n3BectHo, arepockinepo3 u KAC pa3nenstor MHO-
rue o0ure HaKTopbl pUCKa, TAKHE KaK BO3PACT, KypeHHe,
TUITEPTOHUSI, META0OINIECKUN CHHIPOM, CaXapHBI ra-
Oet u ruriepxosnectepuaeMus [21, 22]. Pesynbsrarsl psina
KIIMHUYECKUX MCCIIEIOBAaHMM TakXKe YKa3bIBAIOT Ha CBA3b
nocnenuux ¢ C[AK u yxyamieHueM reMoInHaMUIeCKIX
napameTtpoB BIIK, 0o0ycnoBieHHbIX lereHepanueii mpo-
Te3Horo Omomarepuana [23—27]. YuuTeiBas HaIuuue
o6mux ¢axropos prcka mexay C/K, arepockiepozom u
KAC, MOxHO NpeanoaoxKuTh, YTO JaHHBIE ATOJIOTUYe-
CKH€ COCTOSIHUSI OTYACTH PEajn3yIoTCs depe3 TOX0KHeE
MEXaHU3MBI.

Atepockiepo3 u KAC sgBistoTCS MEIJIEHHO TMPO-
TPECCUPYIOIIMMH XPOHUYECKUMH BOCTAIUTEIbHBIMU
3a00J1eBaHMSIMU, KOTOPBIE XapaKTEPU3YIOTCsl HAKOILIe-
HUEM JIMMUAO0B U aKTHBAIMEH MPOIECCOB HealalnTHB-
HOTO PEMOJISITMPOBAHUS apXUTEKTYypPhl BHEKIETOYHOTO
MaTpHUKCa B MOPAKEHHBIX yIaCTKaX COCYIUCTOMN CTEHKH
u ctBopkax AK coorBercTBenHO [28]. B kauecTBe Kitto-
YEBBIX IMCTONATOIIOTMYECKUX COOBITHH, O0BEHHSFOIIIX
naTorenes3sl arepockiieposa u KAC, BeIcTynaroT HHTEH-
CUBHAsl JIUTIUIHAS U JICHKOIUTApHAs UH(DUIBTpAIHH,
COTIPOBOXKaeMble (JOPMHPOBAHNEM TTIEHUCTHIX KJIETOK,
KOTOPBIE TPEICTABIIAIOT COOO0H Harpy>KeHHBIE JTHITHIaMHU
Makpodaru [28—33]. [locpencTBoM BIIEICHHS TIPOBOC-
MATMTENTFHBIX TUTOKWHOB MaKkpo(ary ¥ NeHNCTHIE KIIeT-
KU HHAYIHUPYIOT YpE3MEPHYIO aKTHBALIUIO PE3UICHTHBIX
miagxoMbliiedHbIx ki1etok ('MK) cocynos u BanbBymsip-
HBIX HHTEpCTUIHABHBIX KiieTok (BUK) knananos, 4to
CTaHOBHTCS TNIABHOM JIBIXKYIIIEH CHIION MATOIOTUIECKUX
M3MEHEHW, HaOIlI0aeMbIX TPH Pa3BUTHH PacCMaTpH-
BaeMbIX 3aboneBanmii [28—33].

B cBoro ouepens, C/IK npencrasisiet coboit mporiecc
MOCTENEHHOTO U HE0OPaTHUMOTO pa3pyIleHus: OUOIOTH-
yeckoii cocrapistroneit BITK, mo-suaumomy, o0ycios-
JICHHBII B OCHOBHOM ITaCCUBHBIMU KJIIETOYHO-HE3aBUCH-
MbIMU MexaHusmamu [ 14, 15]. Ha mukpoctpykTypHOM
ypoBHe C/IK nposiBiisieTcst TIiaBHBIM 00pa3oM paccioe-
HUEM, pparMeHTaInei 1 KaubIin(uKaIei KoareHo-
BBIX M 2IACTUHOBBIX (PHOPHUILT BHEKJIETOYHOTO MaTPHKCa,
Ha MaKPOCTPYKTYPHOM — IeppoparusiMu, OTPhIBAMH U/
WIM MUHEpaju3aluell CTBOPOK, YTO B KOHEUYHOM HTO-
re CTAaHOBHUTCS MPUYMHON OUC(yHKIMHU MpoTe3a u3-3a
CTEHO3WPOBAHUS H/WJIM TPAHCTIPOTE3HON PETyprUTaIiH
[11, 12]. Bnpodem, kak 1 mopaskeHHbBIE YIaCTKH COCYIOB
Y HaTUBHBIX KJIAIAHOB, TKAaHU UMILTAHTUpyeMbIXx BITK
MOABEPIKEHBI MHPUIBTPAIIMA UIMMYHHBIMH KIJIETKaMHU,
Cper KOTOPBIX MaKpodaru sSBIISIOTCS MPeo0Iia oM
tunoM [34—41]. Takxe HEKOTOPHIE aBTOPHI OTMEYAIOT
MIPUCYTCTBHE B DKCIUIAHTUPOBAHHBIX 110 IPUYNHE JTUC-
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¢yukuuit BIIK nUMuAHBIX MATEH W MEHUCTHIX KJIETOK
[34, 41, 42], 4To sSIBNSETCS KIIIOYEBLIM MIPU3HAKOM are-
poreHHbIX MporneccoB. HykHO OTMETHUTB, UTO KIETOUHBIE
n munuaable nHGWIBTpaTel B BIIK 00br4HO comoxanu-
30BaHBI C Y4aCTKaMHU MOBPEKIEHHOTO WIN KaJIbLIIUHU-
POBAHHOTO MaTpPHUKCA.

XOTs IepBOCTENEHHAs POJIb JTUIHIOB M IMMYHHBIX
KJIETOK (B YaCTHOCTH, MaKpO(]aroB 1 MEHUCTHIX KIETOK)
B IporpeccupoBanun arepockieposa 1 KAC B nenom
noHsATHa [28-33], ux Bkuajg B gerenepanuio BIIK Bo
MHOroM HesiceH. [lo-Buaumomy, Makpodaru u apyrue
UMMYHHBIE KJIETKH MOTYT CIIOCOOCTBOBATH IOIOJIHU-
TEIHHOMY Pa3pyLICHUIO U KabIU(UKAITUHN TIPOTE3HOTO
Omomarepuaina depe3 HECKOJIIbKO MeXxaHu3MoB. B gacT-
HOCTH, MaKpo(aru v eHUCThIE KIETKH CIIOCOOHBI IPO-
IyLIUpOBaTh MHOXKECTBO MaTpHUKC-IETpagupyroux
(epMEHTOB, BKIIOUAIOMIUX MPAKTUYECKH BECh CIIEKTP
MaTpuKCHBIX MeTautonporenHas (MMII) u karernicuHbI
B/K/L/S/V [43-46]. TloBeImIeHHAS dKCIIPECCHs psna
MMII 1 KaTencuHOB OTMEUYEHa B YAaJE€HHBIX aTepo-
CKJIEpOTUYeCKHUX Onsmikax [47] u CTEHO3UPOBAHHBIX
AK [29], ognaxo BIIK Ha nmpenMeTr mpuCyTCTBUS Mpo-
TEOJIUTUYECKUX (PEePMEHTOB B UX TKAHSIX MPAKTUIECKU
HE M3ydaJuch. TeM HE MEHee yCTaHOBIIECHO, YTO MH-
¢unsTpupytone BIIK makpodarn u neHucThIe KIET-
KH aKTHBHO cekpetnpyror MMII-9 [41] u mpodepmeHT
mazmuHoreH [40]. [TokazaHo, 9TO IKCTUIAHTUPOBAHHBIC
M3-32 pa3pbIBOB CTBOPOK HEKAJIBI[MTHUPOBAHHBIE TIEpH-
kapauanbable BIIK nemoncTpupylot 6osee BbICOKOE
conepxxanre MMII-9 no cpaBHEHHIO ¢ KaJIBLIMHUPO-
BaHHBIMU NPOTE3aMH U HHTAKTHBIM IIEPUKAPIOM KPyI-
Horo poraroro ckota (KPC) [48]. Takxe u3BecTHO, 4TO
AKTUBUPOBAaHHbIE MAaKpO(ark U rpaHyIOLUTHI CO3AAI0T
BBICOKHE KOHIICHTPAIH PEAKTUBHBIX (DOPM KHCIOpoaa
(PD®K) B oxpy:karomiem NpoCcTpaHCTBE, 10CTaTOYHBIE
JUtsl TOro, 4ToObl BhI3bIBaTh noBpexacHue JJHK u ru-
0eslb COBMECTHO KYJIBTUBUPYEMBIX MOHOLUTOB [49].
Kak u B cirydae ¢ aTepoCKIEpOTHYECKUMH OJISILIKAMH
U KalbIMHUpOBaHHBIMU cTBOopkaMu AK [28, 29], POK
MIPOBOLMPYIOT YCHIIEHHE OKCUAATUBHOIO CTpecca B Jie-
rerepupyomux TkaHsax bIIK u napuasTpupyommx nx
WMMYHHBIX KJIETKaX, IPEAIOI0KUTEFHO CIIOCOOCTBYSI
OKHCIIUTEIEHOMY MOBPEKICHHUIO POTE3HOTO OnoMare-
puana [50, 51] u ero muctpoduyeckord KanbLIUPHUKALHH,
YaCTHYHO 00YyCIIOBICHHOM MUHEpaIu3aunei anonTHpo-
BaBIInX Makpodaros [40]. Hakoner, Mmakpodaru MoryT
IPOLYLIMPOBATh KaJIbIIUH-CBA3BIBAIOIINE OEJIKH, B 4acT-
HOCTH OCTCOIIOHTHH M OCTCOHEKTHH [52, 53], a Takxe
MPOU3BOAUTE MY3BIPKH, HAIOMUHAIOIINE BhIAEINsIe-
MBbI€ KOCTHBIMH OCTE€00IacTaMi MaTPUIHBIC BE3UKYJIHL,
YTO OMOCPEAYIOT OMOMUHEPATU3AMI0 KOCTHON TKaHH
[54, 55]. BaxHO OTMETUTh, YTO UMMYHOTUCTOXUMHU-
YECKUM METOJIOM B TKAaHAX JKCIUIaHTUpOoBaHHBIX BIIK
OB BBISIBJICH PsIl HEKOJUIAI€HOBBIX OEJIKOB KOCTHOIO
MaTpUKCa, B TOM YHCIJIE OCTEOTNIOHTHH, OCTEOHEKTHH U
OCTEOKaJbLIMH, IPUYEM MATTEPH OKPAIIUBaHUS TAHHBIX
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MPOTEMHOB COBIAAJ C PACHIONIOKEHHEM MaKpodaraib-
HBIX CKOIUICHUH M KaJbLHEBBIX JIEIO3UTOB, @ YPOBHH
UX 3KCIPECCUH HOIOKUTEIBHO KOPPEIUPOBAIIH CO CTe-
NEHBIO KJICTOUYHON MH(MUIBTpAK U KanbLupuKanuei
CTBOPOK [56]. OnsTh ke, JaHHAs KapTHHA BO MHOTOM
HallOMUHAeT TaKOBYIO MPU MHHEpAIN3allii HaTUBHBIX
AK [57, 58].

N3zyuenue ctBopok BIIK nmocpencTBoM HMMyHOTHC-
TOXMMHYECKOTO OKpAIlIMBaHMS MOKa3aso, 4To 0OHapy-
JKUBAaEMbI€ B HUX JIMINIHbBIE OTJIOKEHUS COCTOST IVIaB-
HBIM 00pa30M U3 OKHCJICHHBIX JIUIIONPOTENHOB HU3KOM
rutotHocTH (okJITTHIT) [41, 42], uTo Takke XapaKTepHO U
JUTS TOpa’KEHHBIX aTePOCKIIEPO30M COCY/IOB, U JUIsl CTBO-
pok kanbiuHIpoBaHHBIX AK [28-33]. Bruman oxJITTHIIT
B pa3sutue CIK u dhopmupoBanue nucynkmuii BITK
JI0 CHX TIOp Heu3BecTeH. [loTeHnanbHo TUnyuaHas uH-
¢unpTpanms ctBopok BIIK MoxkeT yckopsaTs ux mere-
HEpaIuio, CTUMYJIUPYS BOCHAIUTEIbHYIO aKTHBAIIUIO
WHOWIBTPUPYIOLINX UMILIAHTATHl Makpodaros, ¢pop-
MHUpPOBaHHE MEHNUCTHIX KJIETOK U YCHJIEHUE TPOTYKIIH
MMM [IPOTEONUTHYECKUX PEPMEHTOB. DKCIIEPUMEHTAIIb-
HBI€ ITaHHBIE NTOITBEPKAAIOT 3Ty TUIIOTE3Y: PE3YIIBTATHI
MMMYHOTHCTOXMMHYECKOTO OKpAIINBaHUS TKaHEH JKC-
miaHTUpoBaHHBIX BITK moka3bIBatoT, YTO MPOHUKAOIIINE
B HUX Makpodaru B npucyrctBun okJIITHII sxcipeccu-
pyIoT BeIcOKHE ypoBHU MMII-9, uero ne Habmomaercs
B 00pa3uax 0e3 BhIpaK€HHOW JTUIUIHOW MHPUIBTpA-
1uH [41]. DTH BBIBOJBI XOPOIIO COITIACYIOTCS C pe3yib-
TaTaMH HCCIICI0BaHMM, YKa3bIBAIOIIMX HA BAYKHYIO POJIb
okJIITHII B crumynsiiuu cexkpeuun MMII uMMyHHBI-
MU Kiretkamu [59—-63]. Taroke n3BectHO, uTo OKJIITHII
YCHIIMBAIOT MPOAYKIMIO MaKpoQaraMmu pa3InyHbIX IPO-
BOCHAJINTENbHBIX IUTOKMHOB U XeMOKHWHOB, HaIIpUMED,
WHTEpIeUKHHOB- 1 B/-6/-8, hakTopa HEKpO3a OMyXOIH
anb(a, MOHOIIUTAPHOTO XeMOAaTTPaKTaHTHOTO Oenka-1,
MakpogarajabHbIX BOCHATUTEIBHBIX IPOTEHHOB U AP.
[32, 62—64]. BerOpoc IUTOKWHOB F XeMOATTPAaKTaHTHBIX
MOJIEKYJ MOXET CIIOCOOCTBOBATH MPUBJICUCHUIO HOBBIX
MMMYHHBIX KJIETOK B O4Yar BOCHAJECHHUSA, XOTS JaHHBIN
nporecc Ha mpuMepe Tkaneit BIIK He nzyuancs.

IIpuMeuaTenbHO, YTO pe3yabTaThl KIMHUYECKHUX
WCCIIEZIOBAaHUI BBIABIISAIOT CBSI3b MEXy JeTeHEpaIneil
BIIK n nHapymeHnusMu nurmmuaHoro ooMeHa. B wactHoCTH,
OBII0 0OHAPYKEHO, YTO PUCK OOJIee paHHETO Pa3BUTH
CIK Bbllle y NAaUMEHTOB C YBEIUYECHHBIMHU IOISIMHU
JIITHII u anonunonporenHa B 1o OTHOIIEHHUIO K JIU-
MOTIPOTENHAM BBICOKOM IMJIOTHOCTH U AIIOJIHUIIONPOTEHHY
A-I cootBercTBeHHO [65, 66]. KpoMe TOro, MOBBIIIICHHEIE
IUPKYIHPYIOIIKE YPOBHHU MPONPOTENHOBOM KOHBEPTA3bI
CYOTHIIM3HH-KEKCHHOBOTO THIIA 9 TaK)Ke KOPPENIUPYIOT C
6oxee OpicTpeiM pazsutueM C/IK u yxyamieHnem remo-
nuHaMIIecKuX xapakrepucTuk BIIK [66, 67]. Hakonerr,
¢ nerenepauueit BIIK, no-BuauMoMy, cBsizaH npoxay-
UpyeMbli Makpodaramu u/unm nepernocumsbiid JITTHIT
(epMeHT — TUIONPOTENH-aCCOLIMUpOoBanHas hocdonu-
naza A2 (JIm-®JIA2) [42]. Kak uzBecTHO, JIn-DJIA2
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3aJIefiCTBOBaHa B pa3BUTUHU M aTepockieposa, u KAC,
YCHIIMBAsi BOCTAJICHHE W KaIbIU(UKALUIO HATUBHBIX
TKaHel 3a cyeT reHepariy TaKuX MPOBOCHAIUTENbHBIX,
MPOATIONTOTHYECKUX M MTPOOCTEOT€HHBIX MEIUATOPOB,
Kak Jn30(p0CchHATUIUIXOIUH U OKUCICHHBIC KUPHBIC
KHUCJOTHI [29, 68].

BeposTHo, elie 0JMH MEXaHU3M MOXET 00bEIUHATh
natoreHe3bsl CIIK u KAC. YcraHoBieHO, YTO CTENEHb
U CKOPOCTh MPOTPECCHUU KaTbIU(UKAIIUU HATUBHBIX
AK koppenupyeT ¢ HaTHYUEeM B TKaHSX KJlalmaHa BHYT-
puctBopouHbIX KpoBomziuanuii (BCK) [69], npu s3Tom
yuactku ¢ BCK 00bIYHO CONOKAaNU30BaHbI ¢ KaJbIlHe-
BbIMU Aeno3utamu [70, 71]. Bzaumocss3zs Mmexay BCK
n muHepanm3anueit AK nzyuena cna6o [72]. Ipenrmona-
raercs, 4YTO YCHICHHUIO KaJIbIIU(PUKAIIMHA CTIOCOOCTBYET
HAKOIUICHHE B MaTPHUKCE JKelle3a, KOTOPOe MPOUCXOTUT
13 MTOTUOIINX SPUTPOLIUTOB U HHAYIUPYET AuddepeH-
nupoBky BUK B ocTeobnacTonoqo0HbIe KIETKH Yepes
MOBBILICHUE OKCHAATHUBHOIO cTpecca [72]. HenaBHo
rpynmnoi uccienosareneid n3 Kuras Op1m0 oT™Meue-
HO, 4TO B CTBOpPKax 3kcrianTupoBaHHbIX BIIK Takke
MPHUCYTCTBYIOT OTIIOKECHHUS SPUTPOLUTAPHOTO Keyesa,
COJIOKAJTM30BaHHBIE C YYaCTKaMU MHUHEPATN30BAHHOTO
Marpukca [73]. BepostHo, HakammmBaeMoe B BITK xere-
30 criocoOcTByeT reHeparuu POK uepes okucIuTeTbHO-
BOCCTaHOBHTEIbHBIE peakiny @enrona u I 'abepa—Beiica
Y TIOCIIEIYIONIeH OKHUCIUTEThHO-00yCIIOBIEHHON JeTe-
Hepaluu mpore3Horo 6momarepuana [50, 51]. Kpome
TOro, hparmMeHTh! AUPOYHAUPYIONIMX B pa3pbIXJICHHBIC
TKaHH ¥ 3aTEM ITOTHOAIOIINX B HUX SPUTPOITUTOB MOTYT
CIIY>KUTh SiZIpaMH HyKJieanuu GochaToB KabIHs.

Hexotopas obmuocTs Xapaktepubix 1 CIAK ma-
TO(U3NONOTHYECKUX YEPT ¢ TAKOBBIMU JPYTUX BOCIA-
JTUTETHHBIX 3a00JIeBaHUN CEePACUYHO-COCYINUCTON CHC-
TEMBI TIPOCIIEKUBACTCA U B Pe3yabTaTax, MOyuYeHHBIX
IpyInon, paboTaBIIei MoJ PyKOBOJCTBOM JOKTOpa
1. CxoBacua (Skowasch et al.) [74]. [IpoBeneHHbIC
MCCIIE0BAHMS TTOKA3aJId MOBHIIIEHHYIO IKCIPECCUIO
C-peakruBHoro 6eika (CPB) nundunsrpupyromumu BITK
KJIETKaMH, IpU4eM HaOIroanach MON0KUTEIbHAS KOp-
pensinust mexay ypoBHsimu CPb B perenepupyronmx
TkaHsAx BIIK u TakoBbIME B cbIBOpOTKE KpoBH [74]. ITo-
MHUMO BbIIIeONMcaHHbIX B pa3sutuu CIK MoryTt ObITh
3aICCTBOBAHBI U APYTUE MEXaHU3MBbI, CBONCTBEHHBIC
naroreHesam arepockieposa u KAC. Hampumep, 3a ycu-
JIEHWE OKCUAATUBHOTO CTpecca, U Kak CIEeICTBHE, BOC-
MAJIUTENBHBIX U (PUOPOTIPOIU(EPATUBHEIX MTPOIECCOB B
MOpakeHHBIX cocynax 1 AK BO MHOTOM OTBETCTBEHHBI
aKTHBAIWS PEHUH-aHTHOTSH3MH-AJIbJI0CTEPOHOBOM CHC-
TeMsbl [75—77] u HakomneHue ayrorokcuna [78]. Ilpen-
MOJIOKUTEIBHO 3TH e (PaKTOPBI MOTYT NMETh 3HAUEHHE
u npu pasButun C/IK, onHako ux BKJIaJ B MPOLIECCHI
nerenepanuu bIIK emte He ObUT M3y4eH.
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CAK, ATEPOCKAEPO3 U KAC:
NPUHLLUMUAABHDBIE PA3AUNUSA

HecMmorps Ha o4eBHIHOE CXONICTBO Psiia MPOIIECCOB,
o0benunstonumx narogpusuonoruto CIIK, arepockiepo-
3a 1 KAC, oHM IMEIOT 3aMeTHBIC paznmnuus. Hanbonee
Ba)KHBIM U3 HUX SABJISIETCS OTCYTCTBUE (hubpomponude-
PaTUBHOTO OTBETA HA BOCTIAJIUTEIbHYIO HH(MIBTPAIIIO
co croponsl Tkanel BIIK, mockonbKy B HUX OOBIYHO HET
JKUBBIX KJIETOK ME3EHXUMAJILHOTO PS/1a, KOTOPhIE MOTIIU
OBI ero omocpenoBarb. BO3AMOKHBIM HCKITIOUEHUEM SIB-
JISIFOTCSA JIUITH TOMOBUTANIBHEIC aJJTOTEHHBIE KIIalaHHbIe
KOHIYHTBHI, B TKAHAX KOTOPBIX TPUCYTCTBYIOT 3HAYUTEITh-
HbI€ oMU SHAOTeNnaIbHbIX KieTok, [ MK u BUK
JIOHOPCKOTO MPOHUCXOKIeHHS. Takke *KHUBbIE KIETKU B
aymorpadTax MOTYT COXpaHSAThCS TOcie 00padOTKH aH-
TUOMOTUKAMU U KPUOKOHCEPBAIIUH, XOTS UX KOJHMYECTBO
B OTOM Cirydae 00bpraHO HeBenuko [79, 80]. Hebombmme
CKOIUJICHHS KJIETOK C SHJOTENIHUATBHBIM U (huOpobmacT-
HBbIM ()EHOTHIIOM OBLIH BBISIBJICHBI U B KCCHOTCHHBIX
BIIK [39, 81, 82], omHAaKO B COBPEMEHHOM JIUTEpaType
HE OMKICaHO MPUMEPOB, KO UX YUCICHHOCTH ObLIa ObI
COTIOCTaBMMa C TAKOBOH B HATMBHBIX TKAHSX.

I'mnoretndeckn GuOpo3upoBaHrue U OKOCTEHEHUE
ctBopok BIIK, koHTposMpyeMble COOTBETCTBEHHO MUO-
¢ubpobacTaMu 1 0CTEOOIACTONOAOOHBIMH KIIETKAMH,
MOTYT UMeTh MecTo npu pazputuu CJK [6], mpuuem
Jst aToro B TkaHsax BITK kak MUHUMYM HMEIOTCA BCE
HeoOXoMMbIe KOMITOHEHTHI [83]. Tem He MeHee KaxkeTcs
KpaifHe MaJIOBEPOSTHBIM, YTOOBI HEOOIBIIAs TTOTTYJISIIHST
ME3eHXUMAJILHBIX KJIETOK MOTJIa BHOCHTH TAKOW BKIIA]
B (huOpO3HOE H/MIU OCTEOTEHHOE PEMOACTUPOBAHHE
MaTpHKca MPOTE3HON OMOTKAaH!, KOTOPBIA OBLT OBI 3aMe-
TEH Ha (pOHE MACCHUBHBIX JICTCHEPATUBHO-TUCTPOhUYIC-
CKHX TpolieccoB. J[aHHbIE COBPEMEHHBIX UCCIEA0BAHUMN
MOATBEPKAAIOT AT B3NIABL. Tak, Tpyrie yu4eHbIX W3
SAnoHnu He yaanoch 0OHAPYKHUTH B SKCIUIAHTHPOBAH-
HBIX BIIK kiteTok ¢ dbeHoTnmamu MuohudpooIacToB
umu 'MK, torna kak ¢uOpo3 u MuHepanu3anus ux
CTBOPOK, MO-BUANMOMY, ObUTH CBSI3aHBI C JEIIOHHUPO-
BaHUEM (PMOpUHOTEHA U3 IIA3MBI KPOBU H aIllONTO30M
Mmakpodaros [40]. pyroii Hay4HOU Tpymiioi Oblia mpe-
MIPUHATA MTOTBITKA U3YYUTh IKCIPECCUIO0 KOMITOHEHTOB
uTokuHoBOM cucteMbl OPG/RANKL/RANK B TKkaHsX
akciianTupoBaHHbIX BIIK (mocmenmss, kak U3BECTHO,
OTBETCTBEHHA 32 OCTEOTeHHYIO MU HEPEHITUPOBKY Kile-
Tok B HatuBHBIX AK), Mo pesynbratam KOTOpo# ObLIO
MOKa3aHo, YTO 3Ta CUCTeMa HEe BOBJEYEHA B Pa3BUTHE
CIK [84].

Eme onro Baskaoe ommane C/IK ot arepockiiepos3a u
KAC 3akimodaeTcst B TpUTTEPaXx, 3aIryCKarOIIuX MPoIec-
ChbI aKKyMYJISIIUH JIMIIHAJIOB U JICUKOIIUTAPHYIO HH(PHIIb-
Tpauuio. Tak, B Ka4eCTBE OCHOBHOM MPUYMHBI PA3BUTHS
MaTOJIOTUYECKUX U3MEHEHHUM B MOPAXKEHHBIX COCYAaX
n AK BrIcTymaet 3HAo0TeNHANbHAS TUCHYHKIHS, CO-
MPOBOXKIaeMasi U3MEHEHHUEM CEKPETOPHOTO MPOQUIIS
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SHJIOTEJIMAILHOTO CJIOS W/WIIK €r0 YaCTHYHOM yTpaToit
[28, 29]. 13-3a aTOTO B CY0IHAOTEINATIBHOE TIPOCTPAHC-
TBO U Oosiee TIIyOOKHE CIOM COCYAHUCTON CTEHKH WIN
cTBOpOK HaunHatoT mporukars JITTHII. Oxucnssace, onn
MPOBOLIMPYIOT Pa3BUTHE UHTEHCUBHON aCeNTHYECKOU
BOCTIAJIMTENIFHON PEAKIUY C JaTbHEHIIINM PEKPY THPOBa-
HHEM UMMYHHBIX KJIETOK. 32 HCKJIIOUEHHEM TOMOBHUTAIIb-
HBIX JUIOTCHHBIX KJIanaHHbIX KOHAYUTOB BIIK numeHs!
9H/IOTENTHUAITBHON BBICTHIIKH (XOTS HA WX TTOBEPXHOCTH
MOTYT BCTpeyaTbcs HEOONbIINE PEIHI0TETU30BAHHbIE
yuacTku [40]), Takum oOpa3oM, paccMaTpuBaeMbIi
MEXaHHU3M HE MOXKET OBbITh 3a[eICTBOBAH B UX CIy4ae.
AHanu3 COBPEMEHHBIX JINTEPATyPHbIX HCTOYHUKOB I10-
Ka3bIBAa€T, YTO ITIABHBIM TPUTTEPOM BOCHAIUTEIHHOM
nHunsTpanuu kcenoreHuoix BIIK, BepositHee Bcero,
SBJIAIOTCS OCTAaTOUHbIE KCEHOIIMKAHbI, KOHIIEBBIC 3BEHBS
MOJINCAXapUHBIX [IETOYEK KOTOPBIX NMPEACTABICHBI
TaKUMHU caxapaMH, Kak TrajakTosa-o-1,3-rajakro3a u
N-mukonuiHeRpaMuHoBas kuciora [85]. B 1o sxe Bpemst
OCHOBHBIM TPUITEPOM UMMYHHOT'O OTBETa Ha aJlJIOreH-
HbIE KJIAllaHHBIC 3aMEHUTEH, 10-BUIMMOMY, BHICTYIIAIOT
OCTaTOYHBIE MOJIEKYJIBI YEJIOBEYECKOTO JIEMKOIUTAPHOTO
anTurena [86—88]. Jlunuanast napunsTpanus JIITHII
MPY 3TOM BTOPHUYHA IO OTHOLICHHUIO K MaKpoQaraabHOi
[41, 83].

OCHOBBIBasICh Ha BBIIIECKA3aHHOM, CJIEIYET 3aKII0-
YUTh, YTO B OTIIMYHE OT aTrepockiepo3a u KAC pazsutue
CIK Bpsia 11 MOXKET OIOCPENOBATHCS PE3UICHTHBIMHU
WJIN NPUILIBIMY KJIETKaMH ME3eHXUMaJILHOTO psiaa. Ta-
KM 00pa3oM, 3a KJIETOYHO-OIIOCPEAOBaHHYIO Aerpajia-
uuto BIIK oTBETCTBEHHBI UMMYHHBIE KIETKHU, B IIEPBYIO
odyepens Makpodaru. [Ipy 3TOM OCHOBHBIM TPUTTEPOM
BOCHAJIUTENbHON MHPWIBTPALMH U KCEHOTCHHBIX, U
ajoreHHslx BIIK ciyxaT 4yskepolHble yITIEBOAHBIE
1 OEITKOBBIE MOJIEKYIBI, YTO TIO3BOJISIET pacCMaTprBaTh
crosimue 3a CIIK akTHBHEIE MPOLIECCHI HE KaK aTepOCKIIe-
PO30MO00HKIH IpoLEce, a CKOpee Kak OUH 13 BapuaH-
TOB XPOHUYECKOIO OTTOPKEHUSI UMILIaHTaroB [9, 17],
ULl KOTOPOT'O IIPUCYIIIY HEKOTOPBIE YePThI aTEPOCKIIEPO-
THYECKOTO ropakeHns. CpaBHUTENbHAS XapaKTEPUCTHKA
CJIK, arepockneposa u KAC npusenena B Tabiuue.

TEPAMWUSA ATEPOCKAEPO3A B TOPMOXEHWUH
PA3BUTUA CAK

K HacrosmeMy MOMEHTY HE CYIIECTBYET METO/IOB
KOHCEpPBAaTHBHOM Tepanuy, KOTOPHIE TO3BOIWIN ObI
samemutTh pazputue CJIK. Tem He MeHee YacTUIHOE
cxoactBo Mexy CIIK u arepockiiepo3oM nperonaraer,
YTO MPOTUBOATEPOCKIEPOTHUECKUE IPenapaThl MOT'YT
OBITH 3 (EKTUBHBIMHU IJISI TOPMOYKEHHS TIPOIIECCOB JIe-
renepanuu bIIK. Panee HekoTOpbie aBTOPHI MoOJarajiu,
YTO JYYIIINE KIMHUICCKUE PE3YJIbTaThl MOTYT OBITH JI0-
CTUTHYTBI IIPU TOMOIIIM TUIIOTUIUAEMUYECKON Tepanuu
y MaLMEHTOB C COOTBETCTBYIOLLIMMU MOKa3aHUsIMHU [89].
Pesynprars! AByX MajgoMacTabHBIX PETPOCTIEKTUBHBIX

MCCIIEZIOBaHUI TPOIEMOHCTPUPOBAIIN MEHBIIINE TEMITBI
YBEJIMYEHUS THKOBOM CKOPOCTH MOTOKA, YMEHBILIEHUS
3¢ (eKTUBHON TIOIIAIU OTKPBITHS KJIarlaHa U yCHIle-
Husl peryprutaiuu y naiueHToB ¢ bITK, npuHumaBimmx
CTaTHHBI, 10 CPABHEHUIO C MAITUEHTAMU B KOHTPOJIbHOM
rpymne [90, 91]. B npyrom uccnenoBaHuy pueM CTaTu-
HOB criocoOcTBOBaN cHIbKeHHIO ypoBHel CPb B maszme
KpoBH y nauueHToB ¢ bIIK, 4yTo yka3pIBaeT Ha UX IPOTH-
BOBOCTANHUTENbHOE fieiicTBre [74]. OmHaKO pe3ynbTaThl
MOCTIETHETO M CaMOTO KPYIHOTO Ha ceroxHs odcepsa-
LIUOHHOTO HCCIIEA0BaHUS, BKIIOUAIONIErO JaHHBIE IO
1193 manmeHTaM, He MMOKa3aJH JIIOOBIX KIMHUYECKUX
MPENMYIIECTB TUTOIUITAIEMIYECKOM Teparny B 3aMe/I-
nenuu CHK mst BIIK B aopransHO# mo3ummn uepes 1,
5 u 10 net nocne umrantanuu [92]. B cBs3u ¢ atum
K IPUMEHEHUIO CTaTHHOB LIS MTPO(UIAKTHKH PaHHETO
otka3za BIIK cTanm oTHOCHTBCS ckenTHaecku [92, 93].

Ha ceromHsmHui neHp BCE €ILIe HENb3s CAeNarTh
OKOHYATENIbHBIN BBIBOA 00 3)EKTUBHOCTH CTATHHOB B
3amennenny pazsutus C/IK BBy OrpaHHYEHHOTO YKC-
JIa ICCIEeOBAaHHA U TPOTHBOPEUYNBOCTH UX PEIYIBTATOB.
CymecTByeT BEpOSTHOCTD, UTO THIIOIHITHIEMUYECKast
Tepanusi MOXKeT ObITh dPPEKTUBHOMN JHIIB ISl YaCTH
MAIUEHTOB, HAIIPUMEP MOJIOABIX JIUI, Ybs UMMYyHHAas
cuctema 0ojiee peaKTUBHA, a MPOLIECCHI JIereHepalliu
BIIK mpeamnoaoXuTeIbHO B OOJIBIICH CTETICHH CBI3aHBI
C UX KJICTOUHOM HHUIBTpAIHEH, HEXKeIN YCTAIOCTHBIM
paspyLIeHHueM POTe3HOro Ornomarepuaia. Tak, o qan-
HbIM rpymiisl gfokTopa I. Homnepra (Nollert et al.) [27],
BBICOKHH YPOBEHB XOJIECTEPHUHA U TPUTIHUIIEPHUIIOB, &
TaKKe KypeHHE CUTapEeT KOPPEIHPYIOT ¢ YCKOPEHHOM
nerenepanueit BIIK y marnuenToB B Bo3pacte 57 JeT u
MOJIOXKE, TOTZIa KaK y MalMEHTOB cTapiie 57 JeT Takou
cBsa3u He Habmromaercsa. [Ipu 3ToM HYXKHO OTMETHTb,
91O B 00cepBanmonHoe nccienoBanue 2010 roma 6puTH
BKJIFOUEHBI MMAIIMEHTHI cTapiie 63 et [92].

APYTUE NYTU YMEHbLLEHUA
BOCNAAUTEABHOIO OTBETA HA BIK

[Mockonpky CJIK oTyacTy HaMOMHUHAET XPOHUYECKOE
MMMYHHOE OTTOP>KEHHE >KUBBIX TPAHCIUIAHTATOB Opra-
HOB M TKaHEH, JOTUYHO MPEATION0XKUTH, YTO MOJIE3HOMU
s 3ameuienus aerenepanuu bIIK MoxeT crars um-
MyHOCYIIpeCcCUBHas Tepamnus. JJanHas runoresa moj-
TBEPXKJAETCS ONMBbITAMU Ha J1a00paTOPHBIX KUBOTHBIX.
B gacTHOCTH, SKCTIEPUMEHTHI ¢ IMOPEIHBIMA KPBICAMH
MTOKa3aJId PSIMYIO 3aBUCUMOCTh MEX Ty HHTCHCHUBHOC-
THIO BOCHAJICHUS U CTCIICHBIO KAJIBIIM(PUKAIUNA UMII-
JAHTUPOBAHHBIX UM A0PTaJIbHBIX KIAMaHOB MOPCKHUX
CBHHOK, 00pa0OTaHHBIX TIYTapOBHIM aJbJETHUIIOM, a
TaKk)K€ YMEHbIIIEHUE BOCHAIUTEIHLHOIO OTBETA U CTeE-
MIEHU JCTEHEPAINH UMILIAHTATOB MIPH HCIIOIb30BAHHUH
cTepouioB [94]. Pa kIMHUYECKUX HAOMIONCHUH TaKKe
CBUJIETEIBCTBYET O TOM, YTO JUIUTEIBHOE IPUMEHEHHE
KOPTHKOCTEPOUIOB CHIDKAET TEMIIBI KaJdbITH(DUKAIIHH
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BIIK y mononsrx marmueHnToB [95, 96]. Bnpouem, num-
MYHOCYIPECCUBHYIO TEPAIUIO BPsi/ JIX MOXKHO CUUTATh
JKU3HECIIOCOOHBIM BapHaHTOM: H3-3a 3HAYUTEIbHBIX
MOOOYHBIX 3QPEKTOB ITa CTPATETUS HEMPUMEHUMA JIJIsI

oonpmHcTBa nanueHToB ¢ BIIK. Kpome toro, addex-
TUBHOCTh UMMYHOCYIIPECCUH B OTHOILLIEHUU TOPMOXKE-
Hust gerenepanuu BIIK He Obuta mpoBepeHa KIMHUYE-
CKHMH UCTIBITAaHUSIMH.

Tabnuma

CpaBHHUTeJIbHAS XaPAKTEPHCTHKA HEKOTOPBIX NATO(U3MOJOTHYECKUX YePT MeKAY CTPYKTYPHO
JereHepainueii 0MOJIOTHYECKOil COCTABJISIIONIEI MPOTE30B KJIANAHOB CEPAIA, ATEPOCKIEPO30M
U KAJILIMHUPYIOIUM A0PTAJBHBIM CTEHO30M

Comparative characteristics of some pathophysiological features between SVD,
atherosclerosis and CAS

IIpuzHak

CrpyKTypHas AeTeHepanus
KJIanaHa

ATepockiepos

Kanpuunupyrommit
A0PTAJIbHBIA CTEHO3

[pucyTcTBUE BOCHATUTENb-
HBIX KJICTOYHBIX HH(UIb-
TpaToB

[TpucyTcTBYIOT, HO 1aJIeKO HE BO
BCEX CIydasx

[MpucyrcTBytoT Bcerna

[IpucyrcTByIoT Beerna

OTJI0’)KeHNE OKHCICHHBIX
JIMTIOIIPOTEHHOB HU3KOM
IUIOTHOCTH U ()OPMHUPOBa-
HHE NICHUCTHIX KJICTOK

OTMe4YeHO HECKOJIBKMMU HCCIIe-
JTOBATEIILCKUMHU TPYTIIIaMH, HO,
MTO-BUIMMOMY, PEIKO COMTPOBOXK-
AT KIETOYHYIO0 HHPIIBTPAIIHIO
MIPOTE3HBIX OMOTKaHEH

KitroueBoit npuzHak 3a60-
JIeBaHUA

KitroueBoii mpusHak 3a00-
JIeBaHUS

VBenuueHne NpoayKIIH
MPOTEOTUTHUYECKUX (ep-
MCHTOB, aKTUBallUA IMTPOTECO-
au3a

BbIsiBII€HO 3HAYNUTENBLHOE MOBBI-
menue skcnpeccut MMII-9 B
HEKOTOpBIX oOpasnax. I1pu sTom
B3aUMOJIEHCTBHIE POTEONUTHYIC-
CKUX (PepPMEHTOB CO CTAOMIIH3H-
POBaHHBIM MaTPUKCOM H3Yy4EHO
cnabo

[MoBeImIenue sxcmpec-
cuu paznnyHsix MMIT,
KaTeNCHHOB U APYTUX
MaTpUKC-IeTPaJnpPYOLIHX
(epMeHTOB. AKTHBHOE pe-
MOJZIEIMPOBaHUE MaTpUKCa

[NoBbImenue sKcmpec-

cuu paznuyabix MMIT,
KaTeTlICHHOB U APYTUX
MaTpHKC-AETPaIUPYIOINX
(epMeHTOB. AKTHBHOE pe-
MOJICIUPOBAaHHUE MaTPUKCa

Br16poc BocrianuTeabHBIX
MEIUaTOPOB, BKITFOUAIOIINX
pa3TUYHbIE TUTOKUHBI U
XEMOKHHBI

[Ipaktudecku He n3ydeH. Kak
MUHHMYM B OJTHOM HCCIIEIOBAaHUHI
OTMEUYEHO yBEJINYEHHE IKCIIpeC-
cuu CPb B nereHepupyromumx ouo-
mpoTe3ax. FIMeloTcs KOCBCHHEIC
JTaHHBIE, yKa3bIBAIOIINE Ha BOBIIE-
YeHHE B MPOLECC pa3pyIICHHS
npoTte3Hbix onorkaneit JIn-OJIA2

YBenuueHue nposyKIuu

HIMPOKOTO CIEKTpa UTO-
KMHOB, XeMOATTPaKTaHT-
HBIX ¥ JPYTHX IIPOBOCIA-
JIUTEJIbHBIX areHTOB

‘VBenuueHue nponyKuuu

IIHPOKOTO CHEKTpa LIUTO-
KHMHOB, XeMOATTPAKTaHT-

HBIX U JIPyTHX NIPOBOCHA-
JUTENBHBIX ar€HTOB

YBenuueHue BHYTPUKIIC-
TOYHOTO OKCUAATHBHOTO
cTpecca, HHTEHCUUKAITUS
BHCKJICTOYHOI'O OKHCIICHUS

Kak MHHUMYM B JIByX HCCIIEIOBA-
HUSIX OTMEYEHO OKHCIUTEIBHO-3a-
BHCHMOE€ TIOBPEXKIEHUE IPOTE3HON
OMOTKAaHU

OnuH U3 OCHOBHBIX MeXa-
HH3MOB IIaTOreHe3a

OnuH U3 OCHOBHBIX MEXa-
HH3MOB IIaTOr€He3a

Y4acTre HeKOJTareHOBBIX
0eTKOB KOCTHOTO MaTpUKca
B OMOMUHEpaTU3aluu

BrisBiieHa OBBIIIICHHAS JKCIIpeC-
CHA OCTCOINOHTHHA, OCTCOHCKTHHA
1 OCTCOKaAJIbIINHA B KaJIbITMHHUPO-
BAaHHBIX 007aCTIX MaTpUuKCa

3anelicTBOBaHbI B TEX CIIy-
yasx, KOrja HaOIroaaeTcst
KanbIU(UKaLKS aTepo-
CKJICPOTUYCCKON OJISIIIKA

OHY W3 TIIaBHBIX YYaCT-
HHKOB B MpoIeccax Kajb-
U(pHUKALIN a0PTATBHOTO
KJ1anaHa

WHnnmmpyronme IpuanHbI
JIMIUAHOHN U JIEHKOLUTap-
HOW MH(PUIBTPALNN

OcTtaToyHble KCEHOIIMKAHBI 1
JIPyTHE 9yKEPOIHBIC MOJIEKYJIbI

JIuchyHKINS 1 IOBpEXIe-
HHE SHIOTEIHAIBHOTO CJIOS

JuchyHKIMS 1 TOBpExX-
JICHUE YHJIOTEITNAIBHOTO
cI1ost

AxTuBHBIN Ppubponponude
paTUBHBIN OTBET HA BOCIIA-
JIUTENILHYIO HHOUIBTPALUIO
CO CTOPOHBI TKaHEH

BeposiTHO, HEBO3MOXKEH B CBSI3HU C
TIOJTHBIM OTCYTCTBHEM HIIN KpaiiHe
MaJIOW MOMyJIALKEN KIETOK Me-
3eHXMMAaJIBHOTO psiaa. 3a Gudpo3
CTBOPOK OTBETCTBEHHBI ITACCHB-
HBIE MEXaHU3MBbI (PaccioeHe BO-
JIOKOH OMOTKaHH, IeTIOHNPOBaHUE
¢ubpuHOTEHA U APYTHX OCIKOB W3
TUTa3MbI KPOBH)

OnuH U3 OCHOBHBIX MeXa-
HU3MOB Pa3BUTHS 3200-
JICBAHUS, OMOCPEITYETCS
CHHTETHYECKHUMH IJIaKO-
MBIIIEYHBIMH KJIETKAMHA

OIuH U3 OCHOBHBIX
MEXaHU3MOB Pa3BUTHUS
3a00yieBaHNUs, OTIOCPENY-
CTCsA aKTI/lBI/lpOBaHHbIMl/I
BaJIBBYJISIPHBIMU HHTEP-
CTUIHAIBHEIME KJIETKAMHI

I'ereporonmueckas occudu-
Karys

[o-BuarMoMy, He MOXKET OBITh
peali30BaHa, MOCKOJIbKY B IPO-
TE3HBIX TKAHAX HE OOHAPYKEHO
0CTe001aCTONOAOOHBIX KIIETOK

YactuuHas MUHepaIu3a-
usi 00yCIIOBJICHA JICSTEIb-
HOCTBIO TJTaJKOMBITIIEYHBIX
KJIETOK C OCTEOTEHHBIM
(dheHoTHITOM

OnuH U3 OCHOBHBIX MeXa-
HU3MOB KaJbIIH(UKAITIH
AOPTANBFHOTO KIIATIaHa
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IIpremnemoi anbTepHaTUBOM HIMMYHOCYTIPECCUBHOM
TEepanuu SBJSICTCS ACHEIUTIONSIPU3AIUS WIH JTOTIOTHU-
TesnbHas pepMeHTHas 00padoTKa MPOTE3HOTO OoMaTe-
pualia, HanpaBJIeHHAs Ha YCTpaHeHNE KCEHOTTTMKAHOB —
Han0oJee WMMYHOTEHHBIX KOMIIOHEHTOB OHMOTKaHU
YKUBOTHOTO MpoucxXoxaeHusI [85]. Taxke co BpeMeHeM,
BEPOSITHO, CTAHET BO3MOXXHBIM HaJIagUTh MOJIYYCHHE
OuomaTepuasa OT TeHETHYECKH MOAU(PUIIUPOBAHHBIX
J)KUBOTHBIX, B TKAHAX KOTOPBIX HE SKCIPECCUPYIOTCS
HanOoJee UMMYHOPEaKTUBHBIC YTIIEBOIHBIC KCEHOAH-
Turensl [85]. B HacTosiee BpeMst yKe BbIBEACHbI TMHUU
curer [97] u KPC [98], nedumuTHbIe IO rajakTo3a-
o-1,3-ramakro3e u N-TIHKOMMITHEHPAMUHOBOH KHCIIO-
Te. Taxke U3rOTOBJICHBI MIEPBBIC IKCIIEPUMEHTAIHHBIC
monenu BIIK u3 Tkaneit HokayTHBIX cBuHEH [99]. Eciu
OyAylIMe KIMHUYSCKUE UCTIBITAHUS IOKAXKYT MIPEUMY-
niectBa ucnonbs3oBanud BIIK, co3gaBaembix U3 TkaHen
MOTU(PHUIIMPOBAHHBIX KUBOTHBIX, OHH, BEPOATHO, ITJIOT-
HO BOWIYT B KIIMHUYCCKYIO IpakTuky [100].

3AKAIOYEHUE

CornacHo coBpeMeHHBIM B3misinam, C/IK siBisiercs He
MPOCTO TACCUBHBIM JIETEHEPATUBHO-TUCTPODUICCKUM
MPOLIECCOM U OTYACTHU PEaTU3yeTCs Yepe3 KIETOUHO-3a-
BHCHUMbIE MEXaHU3MBI. TPUTTEPHI U XapaKTep KIETOUHOM
nHumeTparmy bIIK mo3BossIIOT OTHECTH 3TY peaKIuio,
BO3HHUKAIONIYIO KaK HA XUMUYECKU-CTa0MIN3UPOBAHHBIC
OMOJIOTMYECKUE TKAHU KCEHOT'CHHOTO TIPOUCXOKIICHHUS,
TaK 1 Ha He(PUKCUPOBAHHBIN aJUIOTCHHBIN OHOMaTepHall,
K XpOHUYECKOMY UMMYHHOMY OTTOp:kKeHuto. [Ipume-
YaTeNbHO, YTO HEKOTOPBIE U3 BBISIBICHHBIX €r0 MeXa-
HU3MOB HallOMUHAIOT TaKOBBIE, 3a/ICICTBOBAHHbBIC TIPU
pPa3BUTHUU aT€POCKIIEPO3a COCYAOB M KaJbLIMHO3a Ha-
TuBHBIX AK. OHU BKIIIOUAIOT: aKKyMYJISIIHIO JIUTTHIOB,
(hopMHUpOBaHUE TICHUCTHIX KJICTOK, YBEIUYCHHE MPO-
IYKIIUM MaTpPHUKC-pa3pylIalomux (pepMeHTOB, BHIOPOC
MEIUATOPOB BOCMANICHUS U YCUJICHUE OKUCIUTEIBLHOTO
crpecca. KnuHndeckoe 3HauY€HUE NEPEUUCICHHBIX SIB-
JICHHH TI0KA eIIIe TNIOXO ITOHSTHO.

K coxanenwnro, B HacTosIIEe BpeMs HET METUKAMEH-
TO3HOH Tepanuu, KOTopas Moriia Obl 3aMEJIUTh pa3-
pywenue BIIK. Ilpennonoxenust o ToM, 4YTO TUIIONIH-
MUACMHUYSCKAs TEPAIUsi MOXKET OBITh MOJIE3HA B 3TOM
OTHOILICHUH, IOATBEPIUTH HE YAAJIOCH, XOTS CYIIECTBYET
BEPOSATHOCTb, UTO OHA BCE €1LE MOKET UTPaTh POJIb y Ma-
UEeHTOB MoJIoke 57 netT. [IoMruMo 3TOro, BEICKa3hIBAIOT
MHEHHUS, YTO CIelHaIbHas 00paboTka Onomarepuara,
HalleJICHHAs Ha yCTpPaHCHUE €ro UMMYHOTEHHOCTH, a
taxoke uroropnenue bITK u3 TkaHel reHeTHYECKU MO-
TU(GUITIPOBAHHBIX JKUBOTHBIX, TIO3BOJIST CHU3HUTH BOC-
MAJUTENbHBIN OTBET HA UMILJIAHTATHI U YBEIUYUTH CPOKU
uX (QDYHKIIMOHUPOBAHHS y MOJIOABIX MarueHToB. C yde-
TOM OOIIEMHPOBON TEHIEHITMH K POCTY YHCIIa Ollepa-
AU TIPOTE3UPOBAHS KJIAITAHOB CEP/IIA M YBEITHICHUIO
JTOJTU MCTIONB3yeMbIX Juis 3Toro BIIK naxke HeOombIoe
yIy4IllIeHUE TOCIETHUX, COMPOBOXKIAEMOE YBETMUCHUEM

CPOKOB MX (D)YHKIIMOHHUPOBAHUS B CpETHEM Ha 3—5 JieT,
OKa)KeT 3HAYMTENHHOE KIMHIYECKOE BIHSTHHE.

Paboma evinonnena 6 pamkax KomMniekCHou npo-
epammvl YHOAMEHMATLHBIX HAYYHBIX UCCTe008aAHUL
CO PAH no gynoamenmanvroi meme HUH KIICC3
Ne 0546-2015-0011 «Ilamozenemuueckoe 0bocHosanue
Paspabomxu UMHAAHMAMOS 015 CePOeUHO-COCYOUCMOU
Xupypauu Ha 0CHO8e OUOCOBMECTNIUMBIX MAMEPUAILO8, C
peanuzayueli nAyueHm-opueHMUpO8aAHHO20 N00X00d ¢
UCTIONB308AHUEM MAMEMAMULECKO20 MOOETUPOBAHUS,
MKAHEBOU UHIHCEHEPUU U 2EHOMHBIX NPEOUKIOPO8).
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TpaHCHJIaHTaHI/ISI OpPraHoB ABJIACTCSA 3(1)(1)CKTI/IBHBIM METOAOM JICHCHUSA MAITMEHTOB C TCPMHUHAJIBHBIMHA CTaITUAMU
psina TKeNbIX 3a0omeBannil. OmHAKO Cephe3HBIM OCIOKHEHUEM ITPH TPAHCIDIAHTAINH SBIISIOTCA perep(y3nOHHBIS
TTOBPEXKACHHUS, KOTOPBIE CBA3aHBI C MUKPOIUPKYIATOPHBIMU HAPYIIEHUSIMH U arperanuei (POpMEeHHBIX dIeMeH-
TOB KPOBU. DPUTPOIHTHI HTPAOT CYIMIECTBEHHYIO POJIb B MOJIEPKAaHUU TEMOTUHAMHYECKAX M PEOIOTHIECKIX
CBOWCTB KPOBH, U U3yYE€HUE MEXAaHU3MOB U3MEHEHHSI HX (YHKIIMOHAIBHBIX MIOKA3aTeNIeH SBISIETCSA aKTyaabHON
3amadyeit. OCHOBHBIM ITOKa3aTeneM (pyHKIIMOHUPOBAHUS 3PUTPOIINTA CITy)KUT CTaOMIIEHOCT CTPYKTYPBI MEMOPaHEL.
Bormpoc o Mmopudukanuu spuTponnuTapHOil MEMOPAHBI IIPU TPAHCIIAHTAIIMK OPTaHOB Ha CETOMHSIIHUAN JIEHb HE
nccienopaH. Llesn: n3yueHrne OSIKOBOrO COCTaBa MEMOpaH 3PUTPOIIMTOB, HX arpeTallMOHHBIX U 3JICKTPOKUHE-
TUYECKHUX MMOKa3aTeliel y PeMITUCHTOB MIEUYEHU U MOYKH, a TAKXKE POJICTBEHHBIX JIOHOPOB IMOYKH M ()parMeHTa
MEYCHH J0 U B JTUHAMUKE IO CIICONEePAIMOHHOTO0 nepuoaa. Marepuannl ucciaenopanusi. Kposs 12 perunueHToB
MOYKH, 5 POACTBEHHBIX JTOHOPOB MOYKH, 8 PELUIIUEHTOB MEYeHN 1 4 POACTBEHHBIX JOHOPOB (pparMeHTa neueHu
BO BPEMEHHOM TWHAMUKE — 3a 1—2 "aca j0 onepaiuu, yepe3 1 nenenro, 1, 2, 7, 10, 12 mecsiieB mocie oneparuu.
I'pyrmiry KOHTPOJIS COCTABHIIM 8 30POBBIX T00POBOJIbIIEB. MeTOAbI HCCIeT0OBaHUsL. Pa3jieieHue OeKOB MPOBOIH-
JIM METOZIOM 3JIeKTpodopesa 1o JIsMmiTH. INEKTPoPOpeTHIECKYIO TIOABHKHOCTh SPUTPOIIUTOB, XaPAKTEPHU3YIOIIYTO
AIIEKTPOKMHETHYECKUE CBOMCTBA KIETOK, U3MEPSITH METOIOM MUKPORJIEKTpodope3a. Arperaiuio pacCuuThIBAIH
MHMKPOCKOIIMYCCKH, ITYTEM ITOJACUETA HEATrPETUPOBAHHBIX SPUTPOIIUTOB. CpaBHeHI/Ie IMOJTYYCHHBIX BEJIMYHH IIPOBO-
o 1o U-kpurepuro Manaa—Yutau. Pe3yabrarsl. VcciienoBanne MeMOpaHbl SpUTPOITUTOB KPOBH PEIUITHEHTOB
ITOYKH BBISIBAJIO 3HAYUMOE CHIDKEHHE KOJTMYeCTBa OeJka MOI0CH 3 ¥ ITMKO(OPHHA 10 U TTOCTIe TIPOBEACHHUS TPAHC-
IJIAaHTAITUH. YPOBEHb OeJKa MOJI0CH 3 OBUT CHIDKEH B TeUeHHE 1 Mecsma, mukoGopruHa — B TeUEHUE 7 MECSIIEB
IIOCJIE OTePaIlii C MAaKCHMAaJIbHBIM YMEHBIIEHHEM TaHHBIX (pakiuii OenkoB Oonee yeM Ha 50% k 7-M cyTkam
OTHOCHUTEIIFHO 3HAYCHUH KOHTPONA. Takke perucTpupoBaoOCh CHIDKEHUE CONEPIKaHUs CIIEKTPUHA B TEUCHUE
2 MecCSLEB MOCE ONEPALNH ¢ MAKCUMaIbHBIM CHIKEHUEM Ha 30% k 1 Mecsiy. Y pelunueHTOB EYeHH aHATN3
0eITKOB MeMOpaHbI 3PUTPOIIMTOR BBISBUJ CHI)KEHUE KOJIMYECTBA TNIMKO(OPHHA JI0 ONIEpallii U JabHEeHIIee ero
YMEHBIIICHUE B TEUCHUE 2 MECSIIEB MOCTTPACIUIAHTAIIMOHHOTO IIeproia. MakcuManbHOE CHIKEHUE TTOKAa3aTes —
Ha 72% — ObLJIO OTMEUEHO K 7-M CyTKaM mocie oneparmu. Kpome Toro, Ha0lronanocs CHIKSHHE KOIMYESCTBA CIICK-
TpHUHA 1 OeJIKa oJI0Ck 3 B TedueHue 1 Mecsia 6oiee ueM Ha 60% OTHOCHUTEIIBHO 3HAUCHUH KOHTPOJISL. Y JIOHOPOB
MU3MEHEHUsI B OENTKOBOW ()paKINHU SPUTPOLUTAPHBIX MEMOpPaH PETUCTPUPOBAIICH B OTAAJICHHBIA TIEPHOJ TIOCTE
OIIEpallK: y JOHOPOB MOYKH CHIDKCHHUE B 2 pa3a KOJMUYECTBA CIIEKTPHHA M OeJIKa MOJI0CHl 3 0TMEYaIoCh Ha 2-i
MecsIll, Y IOHOPOB NIEYCHU CHIDKeHNE TIMKO(opuHa B 2,3 pa3a — K 1-My Mecsiy nocie onepanuu. Takxke B 00enx
rpyMIIax JOHOPOB PETHCTPUPOBANICA POCT KOHIICHTPAINH aKTHHA K | -My MecsIly mociie onepanui. BeisBieHHbIE
M3MEHEHUs KOJTM4ecTBa OEIKOB B OEIKOBOH (pa3e SpUTPOLUTAPHBIX MEMOpaH COYETATUCH C (YHKIMOHATEHBIMU
ITOKa3aTeIsIMU SPUTPOLUTOB. Y PEIHUIIMEHTOB MOYKH cHIbkeHne DDIID n yBennueHne arperaui HaOI0aI0Ch
B T€UCHHUE 2 MECSIIEB, Y PEIUITMEHTOB ITEY€HN N3MEHEHHS TaHHBIX TI0Ka3aTelel 3anKkCHpoBaHbl B Te4eHne 1 Me-
csima. Y TOHOPOB 00EHX TPYII OBLTO BRIsIBICHO yMeHbIeHHe DDIID. 3akirouenne. COBOKYITHOCTH MOTYYEHHBIX
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PE3YIILTATOB IIOKa3aJia, YTO USMCHCHHUEC 3JICKTPOOTPHULIATCIIbLHOCTH MeM6paH SPUTPOLUTOB COIPAKCHO C USMCHC-
HUCM COACPIKaHUSA FJ'H/IKO(l)OpI/IHa 1 OeJIKa TOJIOCEI 3, TOTIa KaK B IPOLCCCE arperaliu SpUuTpOLUTOB Y MAllTUCHTOB
MOCJC TPAaHCIIJIAaHTAlluN MMEYEHU/TIOYKH 3HAYUMEIMU (baKTOpaMI/I SIBIISTFOTCS CprKTypHO—(I)YHKLII/IOHB.J'ILHLIC Hapy-
IICHUS B3aUMOCBS3€H TaKHX MeM6paHHLIX 66J'IKOB, KaK CIICKTpHH, 0EJIOK MOJOCHI 3, I‘J'II/IKO(I)OpI/IH. 3menenue
AKTHHA OMPEACTIACT CACPKUBAHUC POCTA arpe€raliiy SpUuTpOUUTOB Yy JOHOPOB.

Knrouesnvie cnosa: mpancniarmayus no4Ku, mpaHcnianmayusl nedyenu, Spumpoyumaol.

PROTEIN COMPOSITION AND FUNCTIONAL PARAMETERS
OF RBC MEMBRANES IN LIVER AND KIDNEY TRANSPLANTATION

A.V. Deryugina', O.P. Abaeva’, S.V. Romanov’, M.V. Vedunova', E.N. Ryabova'’,
S.A. Vasenin®, N.A. Titova'

' Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russian Federation
2Sechenov University, Moscow, Russian Federation
*Volga District Medical Center, Nizhny Novgorod, Russian Federation

Organ transplantation is an effective treatment for many end-stage diseases. However, reperfusion injury constitu-
tes a major complication of transplantation, which is associated with microcirculatory disorders and aggregation
of blood corpuscles. Red blood cells (RBC) play an essential role in maintaining hemodynamic and rheological
properties of the blood. Moreover, the study of mechanisms of changes in RBC functional indices is an urgent task.
The main indicator of RBC functioning is the stability of RBC membrane structure. The issue of RBC membrane
modification in organ transplantation has not been studied so far. Objective: to study the protein composition
of RBC membranes, their aggregation and electrokinetic parameters in liver and kidney recipients, as well as in
related kidney and liver fragment donors before and after operation. Research materials. Blood of 12 kidney
recipients and 5 related kidney donors, 8 liver recipients and 4 related liver fragment donors — 1-2 hours before
surgery, 1 week, 1,2, 7, 10, 12 months after surgery. The control group consisted of 8 healthy volunteers. Research
methods. Protein separation was done by Laemmli electrophoresis. RBC electrophoretic mobility, which charac-
terizes the electrokinetic properties of cells, was measured by microelectrophoresis. Aggregation was calculated
microscopically by counting unaggregated RBCs. Obtained values were compared by Mann-Whitney U test.
Results. Examination of the RBC membrane of kidney recipients revealed a significant decrease in the amount
of Band 3 protein and glycophorin before and after transplantation. Band 3 protein levels reduced at 1 month,
glycophorin reduced at 7 months after surgery, with a maximum decrease in these protein fractions by more than
50% by 7 days compared with control values. There was also a decrease in spectrin content for 2 months after
surgery with a maximum decrease of 30% by 1 month. In liver recipients, analysis of RBC membrane proteins
revealed a decrease in the amount of glycophorin before surgery and further decrease at 2 months of post-transplant
period. The maximum decrease in this index was 72% by 7 days after surgery. In addition, there was a fall in
spectrin and Band 3 protein levels at 1 month by more than 60% relative to the control values. In donors, there
were changes in the protein fraction of RBC membranes in the long-term post-operative period: spectrin and Band
3 protein levels reduced by 2 times at month 2 in kidney donors, while glycophorin levels reduced by 2.3 times
at month 1 after operation in liver donors. Similarly, both groups of donors had increased actin levels at month
1 after surgery. The revealed changes in protein levels in the protein phase of RBC membranes were combined
with functional indices of RBCs. In kidney recipients, decreased RBC electrophoretic mobility and increased
aggregation were detected at 2 months. In liver recipients, the changes in these indicators were at 1 month. A
decrease in RBC electrophoretic mobility was detected in donors of both groups. Conclusion. Changes in RBC
membrane electronegativity are associated with changes in glycophorin and Band 3 protein levels, whereas in RBC
aggregation process in liver/kidney recipients, the structural and functional disorders in the interrelationships of
such membrane proteins as spectrin, Band 3 protein, and glycophorin, are significant factors. Alteration of actin
determines inhibition of RBC aggregation growth in donors.

Keywords: kidney transplantation, liver transplantation, red blood cells.

BBEAEHUE 3aboneBanwii [1]. [Ipu 3TOM TpaHCIUIAHTALUS SBISIETCS

TpaHCIUIAHTAIMS OPraHOB 3aBOEBAJIA YBEPEHHbIE [10- ~ TEXHUYECKH CIIOKHBIM ONIEPATHBHBIM BMEIIATEIBCTBOM,
3ULIUK B MUpE KaK >((QEKTUBHBIA METON JIeUeHHUs Ta-  KOTOPOE MOKET COMPOBOKIATHCS MACCHBHON KPOBOIIO-
IMUCHTOB C TCPMUHAJIBHBIMU CTaAUAMU pAOa TAXKEIbIX Tepeﬁ, S[BJIS[IOHJCf?ICS[ HpHLIPIHOI;'I OCJIO)KHCHHH B paHHEM
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nocineonepanuoHuoM mnepuoae [2]. Kpome Toro, npu
JTAaHHOM BHUJIE XUPYPTrUYECKOr0 BMEIIATENbCTBA U3MeE-
HEHHE TOMEO0CTa3a COIMPSDKEHO C TUCcOanaHcoM B CBEp-
ThIBawoen cucreme [3, 4]. I[latorenes xoaryaonaruu
OIIOCPeNyeTCs Yepes3 SHTOAEIHAIbHbIE TIOBPEXKICHHUS 1
AKTHBALMIO KACKa/1a TMIIEPKOATyJIALIUH, YTO IIPUBOIUT K
HapyIIEHUSM MUKPOLUPKYISAIUN B PAHHEM ITOCTTPAHC-
IJIaHTAIMOHHOM Tepuone [3].

OpUTPOLUTEIL, B CBOIO OYEPEb, OKAa3bIBAIOT CYLIECT-
BEHHOE BIIMSHUE HA PEOJOTMUECKHE CBOICTBA KPOBU U
MUKpoUupKyisinuio [16]. HapyuieHue cTpyKkTypbl MeM-
OpaHbl IPUBOAUT K M3MEHEHUIO UX XKECTKOCTH, CIIO-
CcOOCTBYeT YMEHBIIICHHIO Je(POpMaIlii, MTOBIIIEHUIO
arperanyu 3puTPOIUTOB U MHULIMHPOBAHHUIO TIpoliecca
TpoMOo0Opa3zoBanus [5, 6]. YcuneHue arperain KiIeToK
W yBEJIMYEHHUE BHICBOOOKIECHHS TAKUX MPOKOATyJsH-
TOB, KaK 3pUTpoUuTHH 1 AJI®, cTuMynupyeT mpouecc
CBEpThIBaHUS KpoBU [7, 8]. Arperauust >pUTpPOLUTOB
MOXET OBbITh MPUYMHON TKaHEBOW I'MIIOKCHHM, TaK KaK
arperarsl, 3aIoIHAA IPOCBET KaMJUIIPOB, HE OCTABIIS-
IOT MecTa JUIsl IPUCTEHOYHOTO CJIOS MJIa3MBbl, SIBISISICH
npuunHOM cTa3za kpoeu [9]. Takum oOpazoM, 3puUTpo-
LUTHl UTPAIOT CYIIECTBEHHYIO POJIb B MOJJEPKaHUU
TEMOAMHAMHUYECKHIX M PEOJIOTMYECKUX CBOMCTB KPOBH, U
M3y4eHHE MEXaHN3MOB H3MEHEHHS UX (DYHKIMOHATIBHBIX
TTOKa3aTesieH ABISICTCS aKTyaIbHOH 3a1adueit. OCHOBHBIM
nmokaszaresieM (yYHKIIMOHUPOBAHUS SPUTPOIIUTA CITY>KUT
CcTaOUIBHOCTB CTPYKTYpbl MeMOpaHs! [ 10]. OmHako BoII-
poc 0 Moau(UKAIUH SPUTPOLIUTAPHON MEMOpPaHbI IPH
TPAHCIIJIaHTALlUd OPTaHOB HAa CETOJHSIIHUN JIEHb He
uccnenosad. C 3TUX MO3UIMHA HE U3y4YeH MOcCIeomepa-
LUOHHBII NEpUOA HE TONBKO PELHIHEHTOB, HO U POI-
CTBEHHBIX JOHOPOB, Y KOTOPBIX P U3bSITUH IIOYKU I
(parMeHTa MMEeYeHN PHUCK Pa3BUTHS HApPyIIEHUS T€MO-
LIUPKYISLUHA MHOTOKPAaTHO BO3pAcTaeT.

Heabio paboTHl CTAaBUIOCH U3yUYeHHE OEITKOBOTO
cocTaBa MEMOpaH SPUTPOLHUTOB, UX arperamruoHHBIX
Y DJIEKTPOKHMHETHUYECKUX TOKa3aTesied y pelunueHTOB
MIEYCHU U IIOYKH, a TAK)KE POACTBEHHBIX JIOHOPOB ITOYKH
u (pparmMeHTa rneuyeHu A0 U B JUHAMHUKE IIOCIeonepanu-
OHHOTO TTEPHO/A.

MATEPUAABI U METOADI

B paboTte npoBoauiioch ucciaeg0BaHIE KPOBH Maly-
€HTOB, KOTOPHIM ObLJIa MPOU3BEACHA TPAHCILIAHTAIIHS
MMOYKHU WJIH TIEYEHU, U POJCTBEHHBIX JJOHOPOB B TIOCIIE-
onepalnyoHHbIi niepuoa. Onepaiuu 1Mo dKCIUIaHTaluu
Y TPAHCIUIAHTAINH TOYKU W TIEUYEHHU OCYIIECTBIIINCH
Ha 6aze DeaepaabHOTO OIOMKETHOTO YIPEKICHUS 3Ipa-
BooxpaHeHus «lIpUBOIKCKUI OKPYKHON MEAULIMHCKUIA
ueHTp» dexepanbHOTO METUKO-OHOIOTMYECKOTO areHT-
ctBa (nanee — ®bY3 I[IOMI] ®MFBA Poccun), rae mo-
I0OHBIE MEAWIIMHCKIE BMEIIATEIhCTBA BEITIOTHSIIOTCS
HaumHas ¢ 2006 roxa [11]. Bece manmumeHTs naau mo0-
poBOIEHOE WHPOPMHUPOBAHHOE CoTIIacue, IO (opMme,
YTBEPKJIEHHOH IpUKa3oM MHMHHCTEPCTBA 34paBOOXpa-

Henus Poccuiickoit ®@eneparuu ot 11 aBrycra 2017 .
Ne 517n. [IpoBenenue nccnenoBanus ObLIO 0JOOPEHO JIO-
KaJIbHBIM 3THYecKUM KomuTeToM @Y 3 ITOMI] DMBA
Poccun. [Tox mHabnromeHneM HaXOAMIIOCH 12 perumnmeH-
TOB TIOYKH OT IIOCMEPTHOTO JOHOPA, 5 POICTBEHHBIX J10-
HOPOB MOYKH, 8 PELUTTUEHTOB ME€YEHN OT TIOCMEPTHOTO
JIOHOpa U 4 POJICTBEHHBIX JIOHOpPa (parMeHTa rneucHu B
Bo3pacTte oT 40 10 58 net. CpenHee BpeMs KOHCEPBALUH:
OT MOCMEPTHBIX JOHOPOB MOoYku — 510 + 219,33 mun,
OT POACTBEHHBIX TOHOPOB MOYKHU — 22 + 2,73 MUH, OT
MMOCMEPTHBIX JOHOPOB neyeHu — 330 + 32,07 muH, ot
POICTBEHHBIX TIOHOPOB TtedeHu — 26,5 & 1,73 mun. ['pyn-
Iy KOHTPOJISI COCTaBHIIM § 3710pOBBIX J0OpOBOIIbLEB. Bee
YYaCTHUKHU UCCIIeJOBaHMsI HAOIIOIaNCh B aMOyiaTop-
HOM TieHTpe TpaHcmantauun OBY3 [IOMI] ®MBA
Poccuu B cOOTBETCTBHH € YTBEP)KIACHHBIMHU CTaHAAPTa-
M [12]. KpoBb ai1st ananusa Opajiy U3 JOKTEBOH BEHBI
MalMEHTOB BO BPEMEHHOM AMHAMUKE — 3a 1-2 yaca 10
omnepaiuu, uepes 1 Henento, 1, 2, 7 Mecd1ieB mociie orne-
paruu JIs KCCIeMOBaHus OSTKOBBIX (Dpakiinii MeMOpaH
SPUTPOLIUTOB U TOMOIHUTENBHO yepe3 10 u 12 mecsnen
TIOCJIe OTIEPaIUK JUIsl CCIIEeJ0BAaHHsI CTENIEHH arperaiu
Y AJIEKTPOPOPETHUECKON MOABMKHOCTH SPUTPOLIUTOB,
XapaKTEPU3YIOIIEH UX 2IeKTPOKHMHETHYECKUE CBOCTBA.

Paznenenune OSITKOB MPOBOIMIIA METOIOM IIEKTPOQO-
pe3a B monuapunamunaoM rene (ITAAID) B mpucyTcTBUn
nonenuncynbdara Harpus (JCH) [[ACH-ITAAT -amek-
tpodope3 (SDS-PAGE)] no Jlammiu [13] ¢ ucnosb-
3oBanueM kamepsl Mini — PROTEAN Tetra Cell (Bio-
Rad, USA). Jlns npurotoBieHus reficii NCroiab30Baiu
30% pacTBOp aKpuiIaMHIa/METHICH-ONC-aKpUIaMua.
Bydep mis npuroroBieHns KOHIEHTPHUPYIOIIETO Tes
coaepxan 0,5 M Tpuc-OH, 0,4% JCH, pH 6,8. Jlnsa
MIPUTOTOBJICHUS PA3AEISIONIETO Tellsl HCIOIb30BaN OY-
tdep, coneprkamuii 1,5 M Tpuc-OH, 0,4% JICH, pH 8,8.
Kamepsr 1y1s mpoBeeHus sMekTpodopesa 3armnoiHsum 0y-
hepom, conepxarum 0,025 M Tpuc-OH, 0,192 M riu-
uuH, 0,1% JCH, pH 8,3. [Tlonumepu3zanuio npoBoIuIn
B ipucyTcTBHU TeTpaMeTiTrneHuamua (TEMED) u
10% nepcynbsdara ammonus (APS) npu koMHaTHOM TeM-
neparype. O6beM HaHOCUMBIX TIPOO cOCTaBIISLT 20 MKIT.
Ilepen HanecenneM 0OpasIbl pa3BOAWIN OyhepOM IS
po6 (0,0625 M Tpuc-HCI, 10% rmunepun, 0,001%
OpombeHoioBhIil cunuii, 5% MepkanToaranon, 2,3%
JCH, pH 6,8) u nporpesanu Ha BoasHoii 6ane (100 °C)
B TeueHue 10 muH. Bo Bpems npoxoxzaeHust npodamu
KOHIIEHTPHUPYIOUIETO Telsl AEeKTpodopes mpoBOIUIN
IIPU TIOCTOSTHHOU cmite Toka 20 MA. B pasmenstomem
rene criia Toka cocrasisuia 40 MA. 1o okoHuanny smek-
Tpodopesa renb okpammBand 30-60 MUH B pacTBope,
conepxkaniem Coomassie Blue R250, 40% wmetaHona,
10% ykcycHol kuciaoTsl. HecBsi3aHHBIN KpacuTemb yia-
JSUTA OTMBIBKOM Tenst B pactBoputene (40% metanon,
10% yxcycHas kucnora). IlomyueHHbIe Tenb-T0pOKKU
ObLTH 00paboraHbl B mporpamme Imagel. B kauectse
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METUYHKOB HUCIOJIb30BAJIM CTaHIapTHBIE 00pa3iibl OSJIKOB
(Bio-Rad, USA).

Mertonom anekTpodopesa B MeMOpaHe SpUTPOLIUTOB
00HapYKHUBAIOT OKOJIO 15 OCHOBHBIX MEMOpPaHHBIX Oell-
KOB ¢ MOJIEKyJsipHOU Maccoi oT 15 mo 250 k1. Okoso
60% Maccsl MEMOpaHHBIX OEITKOB MPUXOIUTCS HA CTIEK-
TPHH, TIMKOQOPHH U OEJI0K MOJOCHI 3. YUHUTHIBAs, YTO
TIaBHBIMU OETIKaMH IIUTOCKENETa SIBJISIFOTCS CIICKTPUH
(monoca 1 u 2), ankupuH (nonoca 2.1), 6eJIKK MOJI0CH
4.1, 4.9 u aktun (nosoca 5), a 10 PyHKUUOHATIBHOMY U
KOJMYECTBEHHOMY OTHOLICHHUIO CPEIy MHTErPaIbHBIX
OenkoB mpeoOagaroT OeOK MOJIOCH 3 WIIH aHWOHHBIH
KaHan u rukodopunsr [14, 15], B Hameit padoTe ObLT
MIPOBEICH aHAJIW3 UMEHHO NMAaHHBIX (Ppakmmii 6EeIKoB
MeMOpPaHBbI PUTPOLIUTOB.

Onpenenenre MEKTPOKUHETHUECKHX U arperalioH-
HBIX CBOIMCTB ITPOBOAMIIM 110 U3MEPEHUIO AIEKTpodope-
TUYECKOH IMOIBUKHOCTH 3pUTPonUTOB (Hanee — DDI1I)
U ONTUYECKOMY HU3MEPEHHIO arperanuy 3pUTPOLUTOB.
DODIID ompenensiii METOAOM MHUKPOAJIEKTpodopesa ¢
MCIIOJIh30BaHNEM IMTO(hepoMeTpa B Hamei Moauduka-
1uH [16]. PeructpupoBanu BpeMs MPOXOKAECHUS IPUT-
pouuramu paccrostaust 100 mxm B Tpuc-HCI 6ydepe ¢
pH 7,4 npu cune Toka 8 MA. Arperanuio 3puTpOIUTOB
M3ydYajal METOJOM ONTHYECKOW MUKPOCKOIHUH MyTeM
MOACYETa OAWHOYHBIX SPUTPOLUTOB U MX arperaroB B
pactBop romyooro gekcrtpana T-2000 (GE Healthcare
¢dbupma, 20 mr/mn) B Tpuc HCl-6ydepe [17].

Crarrctudeckas 00paboTKa MOMYYEHHBIX JaHHBIX
BhINONHEeHa B Statistica 12, R. [Tposepky pacnpezere-
HUS Ha COOTBETCTBHE HOPMalbHOMY 3aKOHY BBITIONHSI-

JU C IPUMEHEHHEeM KpuTepus cornacus Kommoropo-
Ba—CwmupHoBa. [Ipu ananmse pa3nuauii B OTAEIHHBIX
Ipynmax CTaTUCTUYCCKYIO 3BHAYMMOCTb PaCCYUThIBAJIU C
MOMOIIIbI0 MHO)KECTBEHHOTO t-KPUTEPHS C UCII0JIb30Ba-
HueMm Mmetona Cunaka—bondepponu. Paznuuus mexmy
rpyHIaMyd PeUUITUEHTOB ¥ JJOHOPOB aHATU3UPOBAIH C
MOMOIIIBI0 HEMapaMeTPUIECKOTO TecTa MaHHa— YUTHH.
Hcrnonb3yemsbie B paboTe JOBEpUTEIbHBIE HHTEPBAIBI
JUTst 0003HAUEHUS CTATUCTUYESCKON 3HAYUMOCTH CIIEIY-
romrue: p < 0,05 — nanneie pasiauyarorcs (¥); p < 0,01 —
JlaHHBIC paznuyaiorcs (#).

PE3YADBTATbHI

Pe3yneraThl HccnenoBanus OEIKOB SPUTPOLUTAPHON
MeMOpaHBI MOKa3ajIy 3HAYUMOE KOJIMIECTBEHHOE U3Me-
HEHHE OCIKOBBIX (PpakIuii B MeMOpaHe 3pUTPOITUTOB
KaK pCIUITMCHTOB HOT-IKI/I/HCT-IeHI/I, TaK U POACTBCHHBIX
JIOHOPOB.

[Ipu ananu3ze OenKoB MeMOpaHbI IPUTPOIUTOB Pe-
[UIKAEHTOB MTOYKH BBISIBICHO CHU)KEHHE OCHOBHBIX MH-
TErpaTbHBIX OEITKOB SPUTPOLIUTAPHON MEMOpaHBI: Oeka
nmoJnockl 3 u mmKopopuHa 1o onepanud Ha 24 u 25%
OTHOCHTEIBHO 3Ha4eHWH KoHTpons (puc. 1). B moct-
OTIepaIMOHHBIN EPHOJ] PETHCTPUPOBAIIOCH AabHENIIIee
CHIDKEHHE KOHIEHTpaluu Oeika mojockl 3 Ha 60% k
7-M CyTKaM IOCJIe OTepaluy OTHOCUTEIBHO 3HAYCHUI
KOHTPOJISI C MOCIEAYIONUM MTOCTETIEHHBIM BOCCTaHOB-
JICHWEM ITOKa3aTeNsi K KOHTPOJbHBIM 3HaYeHNsIM. Takoke
K 7-M CyTKaM pEerucTpUpOBaIOCh CHUKECHHUE KOHIIEHTpa-
UM CIIEKTPUHA U TiinkodoprHa Ha 34 u 58% cootBer-

2 401

&

S T % %

EX i i

8 # * *

s 201 * *

5 #oH#

S * *

2 104 #

E

% f

Q—‘ 0 L] L] L) L) L) L)

Crexkrpun AHKupUH ITonoca 3 Ilonoca 4.1 [Tonoca 4.9 AxTuH I'muxodpopun

3 Kontpoms
= Jl/o

=3 7 nHeit /o
B 1 mecsi /0
Em 2 Mecsia 11/o
HEl 7 mecsueB 1m/o

Puc. 1. /luHamMuKa 0GEIKOBOTO cocTaBa MEMOpaH SPUTPOLUTOB KPOBH IAIIMEHTOB, MEPEHECIINX TPAHCIUIAHTALNIO MOYKH.
3nech H ganee Ha pHC.: J/0 — JI0 ONepaly; II/0 — IIOCTIe ONepait; * — CTATUCTUYECKH 3HAYMMBIC PA3IUYKsl OTHOCHTEIEHO
koHTpOoIs (p < 0,05); # — cTaTUCTHYECKU 3HAYUMBIE PA3UINs OTHOCHTEIBHO KOHTpoIs (p < 0,01). [Imanku morpemrHocTeit

MPEACTABJICHBI CTAHAAPTHBIM OTKIIOHCHUEM

Fig. 1. Dynamics of protein composition of RBC membranes in kidney transplant recipients. Here and below in Fig.:
n/o — before surgery; m/o — after surgery; * — statistically significant differences versus control (p < 0.05); # — statistically
significant differences versus control (p < 0.01). The error bars represent standard deviations
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CTBEHHO OTHOCUTEIILHO 3HAYCHUI KOHTPOJIS C IOCIIEy-
IOIIUM COXPAaHCHUEM CHUIKCHHOI'O YPOBHS CIICKTPHUHA B
TEYeHHE ABYX MECSIIEB TIOCTONEPAIMOHHOTO IIeproaa U
TIHKO(QOpHHA — B TEUCHHE BCETO CPOKa HAOTIOMCHHUS.

Y pOACTBEHHBIX JOHOPOB MTOYKH PETUCTPUPOBATOCH
CHIDKeHue criekTprHa Ha 50%, Oenka mojocsr 3 Ha 65%
Ha 2-i Mecs1] MOCTONEPaUOHHOTO NEPUOAa U POCT KO-
JTu4ecTBa akTHHA K 1 mecany Ha 78% OTHOCHUTENBHO
KoHTpoOIA (puc. 2). Uepes 7 MecsIIeB MOCIe ONEpanu
OEJIKOBEIH cOCTaB MEMOpPaH BOCCTAHABIUBAJICS IO KOH-
TPOJIbHBIX 3HAYEHUH.

CpaBHeHHe 0ETKOBOTO COCTaBa 3PUTPOIIMUTOB MEXK-
Iy TPpyNIIaMH PEHUINHIEHTOB U JOHOPOB ITOYKH BBISIBUIO
pa3inyng B JMHAMUKE CIICKTPHUHA, 6CHK3 MHOJIOCHI 3 U
IMKO(OPHHA Ha BCEX TOYKAX PETHCTPALMHU JI0 2-TO Me-
csma ocite omeparuu (p < 0,05), 9T0 CBUACTENHCTBYET

o\o 40 A
mﬁ
230 F
(]
t=)
[
E 201 *
[
o
o 104 *
5)
: ity Al
~ 0
CrniekTpuH AHKUpUH ITonoca 3
3 Koutponb
3 7 aneii /o

B 1 mecsan /o
E= 2 mecsua n/o
Bl 7 mecaues /o

[Tonoca 4.1

0 OoJiee BBIPAKCHHOM M3MEHEHUHU OEIKOBOTO COCTaBa
SPUTPOLIUTOB PEIIMITUCHTOB.

HccnenoBanue MeMOpaHbl SpUTPOLIMTOB Y MAI[UECH-
TOB TTOCJIC TPAHCIUIAHTAITAH TIEYCHHU BBIIBHUIIO 3HAUUMOC
CHIDKEHHE KOJTMYECTBa INTMKO(OpHHA 10 ¥ TIOCIIE oTepa-
MU B TCUCHHE 2 MECAIIEB ¢ MAKCHMAJIbHBIM CHIKCHHEM
moKasaress K 7-M CyTKaMm IMociie oneparuu Ha 72% oT-
HOCHUTENBHO 3HaUYeHUH KoHTpostst (puc. 3). [locne onepa-
MU Ha 7-€ CYyTKH PErUCTPUPOBAIOCH CHI)KEHUE OeiKa
noniockl 3 Ha 80%, k 1 MecsITy cCOXpaHsUIOCh TOHIKEH-
HOE 3HaueHne OelIKa MoJjockl 3 Ha 66% 1 HaONoIaIoCh
CHUKEHHE KOHLIEHTPALlUU CIIEKTpUHA Ha 25% OTHOCH-
TenbHO KOHTpoua. K KoHIy ucciemoBaHus OEIKOBBIH
CIICKTP BOCCTAHABIUBAJICS J0 KOHTPOJIS.

Y POICTBEHHBIX IOHOPOB (hparMeHTa NEUYCHH U3-
MEHEHHUS OEJIKOBOTO COCTaBa OBIIN BBISABJIEHEI TOILKO

allgill £

[Tonoca 4.9

AKTHH I'muxodopun

Puc. 2. /lunamuka OEJTKOBOTO COCTaBa MEMOpaH SPUTPOLIUTOB KPOBH POJICTBEHHBIX JOHOPOB IOYKH

Fig. 2. Dynamics of protein composition of RBC membranes in related kidney donors
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ITomoca 4.1

AxTHH

Ilonoca 4.9 I'muxodopun

Puc. 3. Z[I/IHaMI/IKa OEIIKOBOrO COCTaBa MCM6paH SPUTPOUHUTOB KPOBU HNAITUCHTOB, NCPCHECHINX TPAHCIIJIAHTAIUIO TICUCHU

Fig. 3. Dynamics of protein composition of RBC membranes in liver transplant recipients
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B OTHOUICHUU colepkaHus mmkodopuHa K 1 mecsiy
HaOoIeHUsT (CHUKEHHE COCTaBMWIIO 65%) U akTHHA,
KOHIICHTPAIMsI KOTOPOTO yBelu4nBanach Ha 49%, mpu
COXpaHeHUH OCTANBHBIX (DPaKIUii Ha ypOBHE 3HAUECHUI
KOHTpOIISI (pHcC. 4).

[Tpu cpaBHEHNH KOHIIEHTpAIHid OETKOBBIX (hpaKmuit
MeMOpaH 3pUTPOIUTOB y PEIUIHCHTOB U IOHOPOB Tie-
YeHU ObLTU BBISIBIICHBI 3HAYMMBIE OTIIMYHSI TIO COJIEpIKa-
HUIO CTIEKTpHHA Yepe3 1 Mecs1] mocie oneparu, Oenka
TTOJIOCHI 3 — Ha 7-€ CYTKH U 1 MecsIII ITocIe oneparuy 1
UKo OopUHa — 7-€ CYTKH — 2 MecsIla MOCIe OIepaIiuu
(p <0,05).

Takum 00pazoM, B MOCJICONEPANMOHHBINA TTEPUOJ
HaAOJIOIATMCh U3MEHEHUS KaK nepruepruiecknx, TaK 1
MHTETPAITLHBIX OCITKOB DPUTPOITUTAPHON MEMOPAHBI, UTO
COYETAJIOCh C M3MEHEeHNeM (DYHKIIMOHAIBHBIX [TOKa3are-
neit sputporutoB (DDIID — mokaszarens, oTpaxarole-
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CrnexTpuH AHKUpUH ITonoca 3

3 Kontpons
3 7 nueii n/o

= 1 mecs /o
B3 2 mecsina 11/0
Bl 7 MmecseB 11/0

Ilomoca 4.1

T'O TIOBEPXHOCTHBIN 3apsi/ KJIETOK) U arperaliOHHBIMU
CBOICTBaMHU SpUTPOIUTOB. [lokazaHo, 4TO y NAIMEHTOB,
MepEeHECHINX TPAHCIIJIaHTAIMIO TOYKH, 3HaueHue DI
OBIIIO 3HAYMMO CHIDKEHO B TMIEPHOJ 10 BTOPOTO MecsIia
rocIie onepary (puc. 5). Y J0HOPOB OYKH MPOUCXO/TH-
10 cHmxenue OPIID B mepron ot 1 10 2 MecsLEeB mocine
onepauuu (puc. 6). [locne nByx MecsieB moka3areib
O®II3 BoccranapnuBaics. MccnenoBanue arperaiyoH-
HBIX CBOMCTB 3PUTPOIMTOB BHISIBIIIO, UTO Y MAIIMEHTOB,
MepeHeCIINX TPAHCIUIAHTALIMIO MTOYKH, HaOII0Ian0Ch
MOBBIIIIEHHE arperaliy 3pUTPOIUTOB, YTO COITIACYETCS
¢ nonmxenneM OPIID y naHHON rpynmel NalUEeHTOB
(puc. 7). Y poACTBEHHBIX JOHOPOB MOYKH HE HAOIIOA-
JIOCh 3HAYMMOTO U3MEHEHUS arperaiuu (puc. 8).

V manueHToB, MepeHecIINX TPaHCIUIAaHTAIHIO TIeve-
HU, perucTpupoBaiock cHxeHne DPIID B Teuenue nep-
BOTO MecsiIIa rnocie onepanu (puc. 9). Y poacTBEeHHBIX

AhaEl []

ITomoca 4.9

AxTHH I'muxopopun

Puc. 4. I[I/IHaMI/IKa OEJIKOBOIO COCTaBa M€M6paH SPUTPOUUTOB KPOBHU POACTBEHHBIX JOHOPOB MMEYCHU

Fig. 4. Dynamics of protein composition of RBC membranes in related liver donors
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Fig. 5. Dynamics of changes in RBC electrophoretic mobility
in kidney transplant recipients
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Fig. 6. Dynamics of change in RBC electrophoretic mobility
in related kidney donors
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JIoHOpOoB (pparmenTta neyenu cHmkenne DDIID Obuto
ormeueHo Ha 30-e cyTku mocnie orneparuu (puc. 10).
[Moka3aHo, 4TO y MAallMEHTOB, NEPEHECIINX TPAHCIIAH-
TalHWIo MEeYeHU, HAOIM0IaN0Ch JOCTOBEPHOE MOBHKIIIIES-
HUE arperanuu dPUTPOIUTOB B mepuoa 10 1 mecsma
(puc. 11). Y poacTBeHHBIX TOHOPOB (pparMeHTa IICICHH
3HAYMMBbIX U3MEHEHHH HCCIIeyeMOTro MoKa3aTelis He
oTMeueHo (puc. 12).

OBCYXAEHUE PE3YABTATOB

W3BecTHO, YTO CTPYKTYpHBIE U3MEHEHHSI MeMOpaH
SPUTPOLIUTOB MPHU PA3BUTHH MATOJIOTHUECKHUX MPOIEC-
COB MIPAIOT PEIIAIONIYIO POJIb B pean3auu pyHKIu-
OHaJIbHOM aKTHBHOCTH KJIETOK. B JaHHOM NMUIOTHOM
WCCIIEIOBAaHNN HaMHM IIOKa3aHO, YTO M3MEHEHHE Oel-
KOBOTO COCTaBa MeMOpaHbI BIMIO Ha 3JIETPOOTPHLA-
TEIBHOCTH DPUTPOIUTOB U UX arperamuio y perunreH-

YCIL. el

1 ¢yt /o

7 ¢yt /o
30 cyt /o
2 mec. /o
3 mec. /o
6 mec. /0
12 mec. /o
Kontpons

Puc. 7. JlunHamuka arperaiii 3pUTPOLUTOB Yy MAIlMEHTOB,
[EPEHECIINX TPAHCIUIAHTALUIO ITIOUYKHU

Fig. 7. Dynamics of RBC aggregation in kidney transplant
recipients
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Puc. 9. JIlunamuka m3menenus DPIID manueHToB, epeHec-
111050 TpaHCHHaHTaHI/IIO IICYCHU

3 mec. /0
6 Mec. 11/0
KonTpons

Fig. 9. Dynamics of changes in RBC electrophoretic mobility
in liver transplant recipients

TOB U Ha 3JIETPOOTPHUIATENBHOCTh Y TOHOPOB TIEYEHH U
nouku. [Ipu 3ToM HEOOXOAMMO YUHTHIBATh, YTO CEPh-
€3HBIM OCJIOKHEHHEM IIPH TPAHCIUIAHTALUH SBIISIOTCS
penepdy3uOHHbBIE TOBPEXACHUS, KOTOPHIE CBA3aHBI C
MUKPOLMPKYIATOPHBIMA HApYyIIEHUSIMH W arperauei
(OopMEHHBIX 3TIEeMEHTOB KpoBH [ 18].

AHanu3 pe3yapTaToB MOKa3al, 4TO y PEIUIHUEHTOB
MIEYEHHU U MOUYKH, a TAK)KE POJICTBEHHBIX IOHOPOB Ha-
0Jromanach OHOHAIPABIICHHAS TUHAMKKA, BBIPAKECHHAS
B CHIDKCHHMHU KOJIMYECTBA MHTErpasibHbIX OenkoB. [lpu-
4YeM y PEIHUIUEHTOB U3MEHEHHE UHTErpajJbHOro Oel-
Ka — IMKO(OpUHA PErUCTPUPOBATIOCH 10 ONEPallH 1
COXPAHUIOCH B [TOCTONEPAIMOHHBIN IEPUOA. Y YUThIBAS
BBICOKYIO compsbkeHHOCTh DDIID ¢ oTKIOHEeHHEM [Iu-
KooprHa M OeKa TMOIOCH 3, MOXKHO TIPEATIONOXKHTD,
YTO OTMEYEHHAs BBIIIE TWHAMHKA U3MEHEHUS yPOBHS
JAHHBIX MEMOpaHHBIX OENKOB SIBIISIETCSI OJHUM M3 Be-

3=

yCIL. el

1 ¢yt /o

7 cyt /o
30 cyt /o
2 Mmec. /0
3 mec. /o
6 mec. /0
12 mec. /o
Kontpons

Puc. 8. [Toka3zarens arperaliuu 3puTPOIUTOB Y POJCTBEHHBIX
JIOHOPOB TOYKU

Fig. 8. Dynamics of RBC aggregation in related kidney do-
nors
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Puc. 10. lunamuka n3menenus DDPIID poacTBEeHHBIX TOHO-
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3 mec. 11/0
6 Mec. /0
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Fig. 10. Dynamics of changes in RBC electrophoretic mobi-
lity in related liver donors
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4 -

yCIL. ell.

1 cyT /o
7 cyt /o

30 cyT /o
2 mec. /0
3 mec. /o
6 mec. /0
Kontpons

Puc. 11. TlokazaTens arperanuy SpUTPOIMTOB Y AIEHTOB,
MEPEHECIINX TPAHCIUIAHTAIMIO NICYCHU, BO BPEMEHHOH IH-
HaMHKe

Fig. 11. Dynamics of RBC aggregation in liver transplant re-
cipients

1 cyt n/o =
30 cyr /o
2 mec. /0
3 mec. m/o
6 Mmec. 11/0
KonTpons

Puc. 12. Tlokasarens arperanuy 3pUTPOLHUTOB y POACTBEH-
HBIX TOHOPOB MMOYKHU

Fig. 12. Dynamics of RBC aggregation in related kidney do-
nors

Oymuyx (pakTopoB, ONPEAesIFOIINX H3MEHEHHUE JIIEKTPO-
OTPHLIATEIBHOCTH 3PUTPOIUTAPHBIX MeMOpaH. B yacr-
HOCTH, U3BECTHO, YTO OEJIOK MOJIOCH 3 U MIUKO(OpUH
OTHOCATCS K CHAJIOTJIMKOIPOTENHAM 1 BHOCAT OCHOBHOM
BKJIaJ] B CO3JaHHUE OTPHUILATEIBHOIO IOBEPXHOCTHOIO
3apsana [19, 20]. Moandukaus moBepXHOCTHOTO 3apsiia
MOJKET BHOCHUTbH BKJIaJ B arperanuio 3pUTPOIUTOB, HO
HE SBJSIETCS OCHOBOIOJIAraOIUM (DaKTOPOM, 4TO J0-
Ka3bIBaeT BhIsIBIIEHHOE CHIKeHHe DDIID n oTcyTcTBHE
arperaiyu y JOHOPOB UCCIIEYyEMBIX TPYIIIL.
W3meHeHue arperaiuy, Mo Bce BUAUMOCTH, HOCHT
Ooree CII0KHBIN XapakTep U ONpeaessieTCss MHOKECTBEH-
HBIMHU B3aMOJICWCTBUSIMH KaK MHTETPAJIbHBIX, TaK U I1e-
pudepuueckux OenxoB. B kadecTe 3HaYMMBIX (HAaKTOPOB
B MPOLIECCE arperaluy MOTYT BBICTYIIATh OSJIKK IUTOC-
KeJleTa, KOTOPbIE ONPEAETIAIOT INTACTUYHOCTE MEMOPAHBI:

NPY YMEHBILICHUH COIEPKaHMUS CIICKTPHHA HAOIIONAeTCs
COKpAII[eHHE MECT CBA3BIBAHUS C AaHKUPHHOM U CHIDKE-
HUE ITOBEPXHOCTHOH BA3KOCTH MeMOpaHnsI [21]. BeposT-
HO, OTIPEAEIICHHBII BKIaJ B TAKHE XapPAKTEPUCTUKH, KaK
TUIACTUYHOCTD U arperanys SpUTPOLIUTOB, BHOCHT OEJIOK
nmostockl 3. Tak, muTOImIa3Marnyueckas obiacTh Oeaka
MOJIOCHI 3 UMEET CalThI CBA3BIBAHMS C PAAOM (epMeH-
TOB TJIMKOIM3a [22], CHIDKCHUE aKTHBHOCTH TJIMKOJIA3a
yMeHbLaeT koHneHTpanuo AT®, aktuBHocTh Na-K-
AT®a3b1 ¥ IIaCTHYHOCTB 3pUTPOLUTOB [23]. YrHETeHNE
akTuBHOCTH Na-K-AT®a3pl MpUBOAUT K YBETUYECHUIO
KOHIIEHTpaluu BHyTpukieTounoro Ca*" [24]. Hakon-
nenue noHOB Ca’" aKTMBHMPYET KallbMOJLYJINH, KOTOPBINA
ONpeaeNsieT POCT arperaluy SpuTpouuToB [22, 25].

Takum 00pa3oM, COBOKYIHOCTh HMOJTYYEHHBIX pe-
3yJIbTaTOB CBHUJIETEILCTBYET, YTO B IpOIECCE arpera-
[IMU 3PUTPOLIUTOB y MALMEHTOB MOCJE TPaHCIJIaHTa-
[IUY TI€YEHU/TIOYKH 3HAYUMBIME (PaKTOPAMH SBIISIFOTCS
CTPYKTYPHO-(QyHKIIMOHAJIbHbIE HAPYILICHUS, OTIpeIeLs-
€MBbIE CIIEKTPUHOM, OEJIKOM HOIOCH! 3, ITUKO(POPHHOM.
[IpuueM, aHanu3Upyss TMHAMHUKY OEJIKOBOTO COCTaBa
3PUTPOLIUTOB JOHOPOB, MOKHO TOBOPUTH, UTO POCT KOH-
HEHTPAlUK aKTHHA CIIEP’KUBAET YCHUJICHHE arperariu
3PUTPOLIUTOB.

BbIBOA

ITpu TpaHCIIaHTALMK OPTaHOB, B YACTHOCTHU IIEICHU
Y TIOYKH, IPOUCXOAUT MOBPEKICHUE OCTIKOBOH CTPYK-
TYpBl MEMOpPaH 3PUTPOLIUTOB, BEIPAKEHHOE KaK y pe-
LUIHNEHTAa, TaK U Y POACTBEHHBIX JOHOPOB, YTO MOXKET
WHUIIMUPOBATH CHIDKEHUE 3JIEKTPOOTPHUIIATEILHOCTH U
YBEJIMYEHHE arperannuy 3pUTPOIITOB.
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Q-METHODOLOGY TO IDENTIFY PERCEPTIONS OF DECEASED
ORGAN DONATION IN THE UK

RM. Muaid, T. Chesney
University of Nottingham, Nottingham, Great Britain

Background. Attitude towards organ donation is predominantly positive in the UK, however, donation rate remains
low. To develop more effective interventions, this research aims to examine the behavioural barriers in organ
donations using Q methodology to elicit patterns of overlap among different barriers and motivators. Method. A
Q methodology study was conducted with 40 participants aged 19—-64 were asked to rank 47 statements on issues
that are associated with organ donation. By-person factor analysis using Centroid method and Varimax rotation
was conducted to bring out patterns in the way statements were ranked to obtain groupings of participants who
had arranged the statements in similar fashion. Results. Four viewpoints were extracted: The Realist, the Opti-
mist Hesitant, the Pessimist Determinant and the Empathetic. Salient barriers to organ donation presented in each
viewpoint suggest that perceived lack of knowledge, anxiety, mistrust in the healthcare system and lack of cue to
action are the main barriers to organ donation. Consensus statements suggest that religion and family agreement
are inconsequential if attitude to organ donation is well formed. Conclusion. There are different attitudes around
deceased organ donation that were uncovered using Q methodology. These results suggest that people respond to
behavioural change campaigns differently depending in their own perceptions on organ donation. We argue that
a paradigm shift in behavioural interventions is underpinned by understanding the overlapping yet distinctive

nature perceived perspectives.

Keywords: Organ donation, Q methodology, behavioural interventions.

INTRODUCTION

Despite the joined effort of hundreds of researchers to
improve the rate of organ donation, there has only been
a slight increase in donation rates in the UK averaging
at 2% growth rate annually (NHS, 2019b) [1].

Organ donation decision is extremely complex. It
invokes countless beliefs, symbols, sentiments, and emo-
tions as well as numerous rituals and social practices.
A meta-analysis Feeley and Moon (2009) [2] and Li
et al. in (2015) [3] showed weak performance and low
effect size for those interventions, likely caused by the
extensive emotional reactions organ donation triggers
(Miller, Currie, & O’carroll, 2018) [4] that can influence
information processing (Handley & Lassiter, 2002) [5]
and communication (Stefanelli & Seidl, 2017) [6]. When
asked about barrier to organ donation, participants usu-
ally respond with familiar notions triggered intuitively
(Greene & Haidt, 2002) [7]. Religion, fear of death and
«I don’t know much about it» are, unsurprisingly, the
most common barriers reported in qualitative studies.
Most interventions to increase donation rate are based
on the main modifiable barrier reported in literature,
which is knowledge and information. We propose, how-
ever, that people have heterogenous views about organ
donation, an amalgam of different components jumbled
together to shape the attitude.

Subjective perception to barriers to donation have not
been fully explored in organ donation. Literature sug-
gests that what is considered as a barrier might act as a
motivator depending on individual subjective perception.
This study uses Q methodology to identify how people
in UK perceive barrier to organ donation and how such
perception creates distinctive views. Views on organ
donation further our understanding of barriers against
organ donation and inform behavioural interventions to
produce more targeted and effective approaches.

MATERIALS AND METHODS

To investigate attitudes towards deceased organ dona-
tion in people residing temporarily or permanently in UK
for six months or longer, we conducted a Q methodology
study. Q methodology combines the strengths of both
qualitative and quantitative research practises and al-
lows for a systematic investigation of human subjectivity
(McKeown & Thomas, 2013) [8]. It is neither a survey
nor an interview. The sample size for Q methodology
studies is small and «does not need large numbers of
subjects as does survey analysis» (Smith, 2001) [9]. It
is especially suitable for research with «many, potenti-
ally complex and contested answers» (Watts & Stenner,
2005) [10]. In Q methodology research, attitudes re-
present «prototypical exemplars» (Valenta & Wigger,
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1997) [11] rather than disconnected, non-overlapping
ideas with cut-off points such opposite to the attitudes
presented in the current literature.

In a Q study, participants are presented with a set
of statements around the area of study. Participants are
then asked to rank those statements according to their
agreement with each statement on a quasi-normal grid.
Q methodology is completed through several stages
(Fig. 1). The first step is to create a concourse. A con-
course refers to the collection of all discussions around
the topic (Stephenson, 1980) [12]. This includes state-
ments made around the topic of organ donation collected
from existing literature (interviews and surveys), social
media contents, essays, publications, and any other sour-
ce related to the issue.

Initially, 224 statements were collected to account for
all possible views, statements and opinions around the
topic (Stephenson, 1980) [12]. A comprehensive litera-
ture review using several databases was the major source
of these statements, complemented by Google searches
and informal conversations to enrich the collection of
concourses beyond the published. Statements from social
media, like Facebook comments, YouTube videos, blogs,
and NHS (National Health Services in the UK) websites
were collected. Concourse statements were structured
into 8 themes: religion, body, death, healthcare, know-
ledge, awareness, recipient, and others.

The statements were then reduced to a manageable-
sized list to form the Q set, 47 statements representing
barriers and motivators falling under all themes. The
participants sample in Q methodology, the P set; was
strategically selected (Brown, 1980) [13]. P set does
not represent the population, it represents the varie-
ty of views in a population, thus the sample size in Q
methodology is smaller than that of a survey, and it is
generalisable in representing the variety in population.
Data collected from 40 participants recruited through
snowball sampling strategy, aged between 19—64 years’
old (45% female and 55% male). A conscious effort was
put to ensure that participants hold different religions
and cultural origins. Data were collected online on qme-
thodsoftware.com.

Participants were provided with instructions to ar-
range the statements from +5 (similar to what I think)
to —5 (opposite to what I think) with the zero column
representing statements that (do not concern me) (Brown,
1980) [13]. The grid distributions forces participants to
rank statements from 2 statements per column on ends to
7 statements at the middle. The resulting outcome is the
Q sort, a genuine ‘operationalised’ representations of per-
sonal point of views (McKeown & Thomas, 2013) [8].

RESULTS

Q sorts resulted in 7 factors initially. We used Pearson
correlation for this study and opted for Varimax rotation
and centroid method for analysis. This is followed by
creating factors arrays, which represent a hypothetical
Q sort that loads perfectly onto a factor. Kaiser-Guttman
criteria, Humphrey’s Rule and Scree Test were used to re-
duce the number of factors into distinguishable attitudes
to facilitate interpretations. We found three factors that
satisfy all three criteria used for factor extraction, those
three factors account for 31 participants and explain 39%
of total variance (Table 1).

Factors’ Interpretation. Factor interpretation was
carried out using the «crib sheet» method (Watts &
Stenner, 2012) [14] to ensure systematic and holistic
approach in the interpretation process. The crib sheet
lists the two statements at each end (on location +5 and
—5) then lists the statements ranked the lowest and the
highest by that factor. The support factor interpretation
and comparison between factors.

Factor Interpretation

The interpretation is conducted by applying abductive
strategy in interpretation. By the end of interpretation,
we created a qualitative account each viewpoint, a story
to describe each viewpoint comprehensively.

Factor 1 — I want to know more; Factor 1 explains
11% of variance in the study. Eight people loaded sig-
nificantly on this factor (Table 2). Only participant is
registered as an organ donor (Fig. 2).

Fig. 1. Q Methodology Stages
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Table 1
Statements and Factor Arrays
Statement Factor 1 | Factor 2 | Factor 3
1 — I believe my religion does not allow it -2 -1 0
2 — 1 think rich or famous people can receive organs before the people with the most need -1 -2 2
3 — 1 do not think I have ever thought about it -2 1 1
4 —1 think the process of registration is complicated 0 -2 -1
5 — I think anyone can register and be a donor even if old or have a disease 0 1 2
6 — I think there is no special need for organs for Asian, African, and Middle Eastern groups -3 -3 -2
7 —1 think giving out organs to save someone’s life is a noble act 4 4 5
8 — I think doctors. might not do their best to save someone’s life if they know they are on the 1 3 4
Organ Donor Register
9 —1I think I am too old to donate —4 -2 -3
10 — I believe I will be haunted if I donate —4 0 -2
11 — I think it is non-religious to take organs -5 -1 0
12 — I do not know anyone who donated an organ 5 -2 4
13 — I believe there is a great need for organs especially in minority groups 2 1 3
14 — Brain death is confusing to me, but I think experts know better 1 2 2
15 — 1 feel I cannot decide to donate because I do not know all the facts 5 3 -1
16 — I believe transplantation results are successful and they are improving people’s health 3 5 5
17 — If someone religious says it is not allowed, then I will not do it -3 1 -5
18 — I feel talking about death and after life is important to appreciate our lives 0 3 3
19 —I think doctors will prematurely declare my death If I am a donor just so they can 0 4 D)
harvest my organs
20 — It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself 1 3 2
21 — I believe the human body is not a machine -1 -1 0
22 —1I think brain dead people can regain consciousness 1 0 1
23 — I thought about registering as a donor but I never did 2 5 1
24 — 1 do not want doctors or the healthcare system to be in control of my organs 3 -5 0
25 — When someone asks me to register to donate, it feels like he is waiting for my death to _2 5 1
get my organs
26 — I trust the donation system to be fair -1 4 3
27 — 1 do not mind organ donation but my family disagree 0 0 0
28 — I trust doctors and nurses to always provide the best care they can 2 4 4
29 — I think people exaggerate on the importance of the whole organ donation subject 0 -3 -1
30 — I think people who have medical conditions cannot donate 4 -1 1
31 —1I feel I have no responsibility towards anyone else -1 —4 -3
32 — I think transplant recipients do not live more than 10 years after a transplant operation 2 -1 0
33 — People on the waiting lists are ill and I believe they need my help 1 2 4
34 — 1 believe donated organs can be bought and sold -1 -3 1
35 — I might feel easy to donate because my family encourages me to donate -2 1 2
36 — I believe the present need for transplant organs is fully covered -3 -2 -3
37 — I believe people would not need transplants if they took better care of their health 4 —4 —4
38 — I do not mind donating some organs, but not my heart or eye -1 2 0
39 — I believe organs are a gift from god, we are not allowed to give them away -5 0 -5
40 — No matter how hard it is to think about organ donations, it makes me feel good about 2 5 3
myself
41 —1 do not think I have the courage to donate 0 3 -2
42 — 1 think it is just easier to say no than to think about it 3 1 —4
43 — I think my religion encourages organ donation in order save other people’s lives =3 2 -1
44 — 1 do not mind donating when I am alive, not when I am dead -2 0 -3
45 — I want to be cremated and if I donated organs, I cannot do that —4 -1 -1
46 — Talking about death is creepy 1 0 —2
47 — 1 think I am not dead if my heart is still beating 3 0 1
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Fig. 2. Factor 1 Array

People on this factor value information and hold
themselves responsible for seeking information to make
better decisions for themselves. They show a positive
view on the success of transplantation procedures. They
also have good information on the registration process,
but they show a misunderstanding on the donation cri-
teria. They tend to stay rational and in control of their
emotional attachments with their bodies keep the religion
influence on their decisions to minimum, their religion
is personal reflects a positive relationship with their re-
ligions, however, they do not tend to follow religious
leaders.

The pattern of barriers in this factor shows that both
religious and non-religious individual may share similar
views. It also shows that the mechanic view of the body

may not be related to non-religious views. Our analysis
shows that knowledge is not an abstract term, and edu-
cational campaigns targeting this view may prioritise
targeting certain themes (such as eligibility criteria and
the reasons for organ failures) over other aspect.

Factor 2: I need inspiration & I will never do it; Fac-
tor 2 explains 12% of variance in the study. Eight people
loaded significantly on this factor (Table 3). None of
them is registered as an organ donor. Three out of eight
are loaded negatively on this factor, thus; interpretation
will be divided into two halves, one for the positively loa-
ded participants and then for the negatively loaded ones.

Factor 2-A: I need inspiration, People on this factor
show a high level of trust in healthcare professionals and
they extend this trust to the harvesting and allocation
systems as well (Fig. 3).

People who loaded positively on this factor show
a high level of trust'. They trust the healthcare pro-
fessionals® and extend this trust to the harvesting and
allocation system as well’. This trust acts as the main
motivator for people loading positively on this factor.
People loading on this factor show spiritual connections
with religion* and with their body’.however, they do not
perceive religion as a barrier to donation®,

Table 2
Sorts Weights on F1
Q Sort | Weight | Gender | Age | Education Somo—CFi;;)snomlc Ethnicity Religion i:ie{}rlz Donor
16205 10 M 27 Mid Mid Asian (Nepalese) N/A 2 No
14585 5.49 M 33 Mid Mid Middle East British Atheist 3 No
14584 5.30 F 26 Mid Mid Netherlands Atheist 4 No
15931 4.10 F 19 Low Mid White American Christian 2 No
14609 4 M 25 Mid Mid White Ukrainian Atheist 16 Yes
14652 4 F 36 Mid Mid Middle East Muslim 2 No
16018 3.89 M 34 Mid Mid African Christian 3 No
14572 | —-6.89 M 22 Mid Mid Indian Sikh 2 No

! Statement 16 — I believe transplantation results are successful and they are improving people’s health is on +5 rank, 26 —I trust the donation
system to be fair and 28 — I trust doctors and nurses to always provide the best care they can on +4 highest among factors.

? Statements 24 — I don’t want doctors or the healthcare system to be in control of my organs and 25 — When someone asks me to register
to donate, it feels like he is waiting for my death to get my organs both on —5 and distinguishing statements for this factor, 19 — I think
doctors will prematurely declare my death If I am a donor just so they can harvest my organs on —4 and distinguishing factor as well and
8 — I think doctors might not do their best to save someone’s life if they know they are on the Organ Donor Register on —3 both are lowest
among factors.

3 Statement 34 — I believe donated organs can be bought and sold on -3 a distinguishing statement and 2 — I think rich or famous people can
receive organs before the people with the most need on —2 rank and lowest among factors.

* Statement 43 — I think my religion encourages organ donation in order save other people’s lives on +2 and 17 — If someone religious says
it is not allowed, then I will not do it on +1, both are distinguishing statements.

’ Statement 38 — I do not mind donating some organs, but not my heart or eye on +2 and distinguishing statement and 21 — I believe the
human body is not a machine on —2 and the highest among factors.

6 Statement 17 — If someone religious says it is not allowed, then I will not do it is on +1 and a distinguishing statement, statement 11 — I
think it is non-religious to take organs and 1 — I believe my religion does not allow it on —1, and 39 — I believe organs are a gift from God,
we are not allowed to give them away a distinguishing statement on 0.
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Fig. 3. Factor 2 Array

They exhibit a significant fear from the process of
organ donation’. Several statements show how consis-
tent this group of people in expressing their fear from
donating organs and their hesitancy to register. That fear
seems to be crippling, and it might be the main barrier
against donation®. However, positive views from their
family and friends may help alleviate such fear’.

Knowledge on brain death is not the main drive for
the attitude, for people loading on this factor (both po-
sitively and negatively), related statements lie in the
middle region of the grid, indicating these statements
are irrelevant to the decision to donate'®. Most knowledge
related statements were ranked in the middle area of the

5] 2] 3] 21 alol 1121314175 grid (-2 to +2) indicating that these statements are not
25 [ 31| 6 | 9 |11 |39 |17 |43 | 41 | 26| 23 extremely relevant to their views on organ donation'’.

24 |19 | 34 |36 | 45|10 | 3 | 38| 18 | 28 | 16 People loaded positively on this factor demonstrate a

371291 2 | 1 [ 4435|1420 ] 7 trustworthy view of the healthcare system and healthcare

8 | 4 121 127]5 33|15 providers. They show a spiritual view of the body despite

12 132146 | 13 | 40 a generally positive view on organ donation. They also

30 ii 12 show brain death knowledge is not relevant to them and

religion may or may not hold negative to organ donation
but that does not seem to be the main drive for their at-
titude. Fear and emotional distress play a major role for
people loaded positively on this factor. Despite a great
trust in the healthcare system, they appear to be hesitant
to take a positive step towards organ donation.

This pattern of barriers shows that messages on reli-
gious view on organ donation or myth busting campaigns
on brain death may not be relevant. It is the irrational fear
that plays the major role regardless of any information
they may hold on organ donation.

Factor 2-B: I will never do it, this group represents the
people who loaded negatively in Factor 2 (Table 3). Peo-
ple in this group, contrary to the group loaded positively
on this factor; show a great mistrust in the healthcare
system represented by healthcare providers and alloca-
tion system. They largely show an extreme negative view

Table 3
Sorts Weights on F2
Q Sort | Weight | Gender | Age | Education Socm—CI?acl;):omlc Ethnicity Religion ;riela}rli Donor
4567 5.18 F 46 Low Low White American Christian 12 No
4616 | 3.98 M 29 Mid Mid White European Atheist 2 No
5897 597 F 22 Low Low White European N/A 5 No
6263 5.73 F 52 Low Mid White Australian Christian 25 No
6291 7.9 F 56 Mid Mid Chinese Taoism 7 No
4586 | —8.66 F 26 Mid Mid Chinese Malaysian | Christian 7 No
6216 | —10.3 M 40 Mid Mid Latino Christian 3 No
4648 | —13.74 M 25 Mid Mid White European Christian 10 No

" Statement 23 — I thought about registering as a donor but I never did is on +5 and a distinguishing statement for this factor, 41 — I don’t
think I have the courage to donate and 20 — It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself, and
15 — I feel I cannot decide to donate because I don’t know all the facts, all on +3 and are distinguishing statements as well, and 40 — No
matter how hard it is to think about organ donations, it makes me feel good about myself on +2 as well as 42 — I think it is just easier to say
no than to think about it on +1 and a distinguishing statement.

# Statement 20 — It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself a distinguishing statement and
scored the highest among factors and Statement 41 — I do not think I have the courage to donate scored the highest among factors and both
statements are on +3.

? Statement 35 — I might feel easy to donate because my family encourages me to donate on +1.

1 Statement 44 — I do not mind donating when I am alive, not when I am dead a distinguishing statement, 47 — I think I am not dead if my
heart is still beating, the lowest among factors and 22 — I think brain dead people can regain consciousness, the lowest among factors, all
on 0.

' They ranked 13 — I believe there is a great need for organs especially in minority groups on +1, 36 — I believe the present need for trans-
plant organs is fully covered on —2 and 6 — I think there is no special need for organs for Asian, African, and Middle Eastern groups on 3.
Regarding the registration process, transplantation results and eligibility criteria, they ranked statement 4 — I think the process of registra-
tion is complicated on —2, statement 32 — I think transplant recipients do not live more than 10 years after a transplant operation on —1 and
statement 30 — I think people who have medical conditions cannot donate on —1 as a distinguishing statement and 9 — I think I am too old
to donate on —2.
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on organ donation. They may or may not have enough
knowledge about registration process, brain death or al-
location system, but they certainly have strong negative
attitude towards it.

This group of people seems to be determined in their
decision regarding organ donation. Their mind is set po-
tentially from death anxiety, poor knowledge or by organ
donation scandals in different countries. Behavioural in-
terventions on this group of people seems futile. Further

reasons for those views. Either way, behavioural changes
on this group require individualised and long-term cam-
paigns to alter the negative views which might exhaust
the limited resources for such interventions.

As a group, they correlate reasonably high with each
other. Moreover, Factor 2 is closer to Factor 3 than to
Factor 1.

Factor 3: Itis a good deed, Factor 3 explains 16% of
variance in the study. Fifteen people loaded significantly

examinations of their views might uncover individual  op this factor (Table 4). Four of them are registered as

organ donors (Fig. 4).
People on this factor view organ donation as a noble

;Z j _63 _92 Ii 309 117 423 431 246 253 act'? and they are willipg to fight their own fear to help

24119 | 34 | 36 | 45 | 10 | 3 | 38 | 18 | 28 | 16 those who are ill and in need of those organs®. Their

37120 2 [ 1 [ 4435142 7 fear does not stem from death anxiety or mistrust in

8 | 4 |21 ]27] 5 [33]15 the healthcare system. They show trust in healthcare

12 |32 | 46 | 13 | 40 providers'*, while recognising possible corruption in the

30 ] 22 | 42 allocation system'. They are motivated by their res-

4 ponsibility towards others without assigning any blame

Fig. 4. Factor 3 Array towards those who fall il1'’. Popole loaded on this factor

Table 4

Sorts Weights on F3
Q Sort | Weight | Gender | Age | Education SOCIOéFi;g:OImC Ethnicity Religion ;rielz}rlz Donor

4526 6.22 F 27 Mid Mid Middle East Muslim 3 No
4527 4.40 F 26 Mid Mid Middle East Christian 1 No
4565 5.42 F 34 Low Low African Atheist 4 No
4583 5.15 M 38 Mid Mid Indian Hindu 13 No
4606 | 3.611 M 46 low High Indian British Sikh 46 No
4607 3.76 F 56 Mid Mid White British COE 56 No
4633 4.45 M 30 Mid Low Indian Hindu 2 No
4658 5.43 F 37 Mid Mid White British Christian 37 Yes
4725 | 6.144 M 35 Mid Mid White European Agnostic 11 Yes
4726 6.56 M 25 Mid Mid White European Atheist 7 No
5839 | 4.26 M 27 Mid High Middle East British | Muslim 12 No
5850 3.91 F 53 Low Mid White British COE 53 Yes
6271 | 44.25 F 24 Mid Low White European Atheist 5 No
6277 5.04 M 47 Mid Mid Indian British Buddhist 47 Yes
4570 | —4.14 M 47 Low Mid Middle East British | Atheist 20 No

12 Statement 7 — I think giving out organs to save someone’s life is a noble act on +5.

" Statement 33 — People on the waiting lists are ill and I believe they need my help on +4 and a distinguishing statement for this factor,
40 — No matter how hard it is to think about organ donations, it makes me feel good about myself on +3 and the highest among all factors,
and 20 — It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself on +2. Statement 46 — Talking about death
is creepy on —2 a distinguishing statement and lowest among all factors and 42 — I think it is just easier to say no than to think about it on —4
as a distinguishing statement and the lowest among all factors as well.

' Statement 28 — I trust doctors and nurses to always provide the best care they can on +4, 8 —I think doctors might not do their best to save
someone’s life if they know they are on the Organ Donor Register on —4 and higher among all factors, 14 — Brain death is confusing to me,
but I think experts know better on +2 and highest among all factors.

'3 Statement 2 — I think rich or famous people can receive organs before the people with the most need on +2, 34 — I believe donated organs
can be bought and sold on +1 and 19 — I think doctors will prematurely declare my death If I am a donor just so they can harvest my organs
on -2 all are distinguishing statements for this factor.

'® Statement 31 — I feel I have no responsibility towards anyone else on -3 and the lowest among all factors and statement 37 — I believe
people would not need transplants if they took better care of their health on —4.
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shares a more mechanical view and they do not perceive
religion to be a barrier to organ donation'’.

The awareness level in this group is high'® with a con-
siderable knowledge about organ donation registration
criteria'®. This awareness is mixed with a certain level
of misinformation especially in information related to
brain death®. Although they show some comfort with
their knowledge level, and they do not perceive is as a
barrier against becoming a donor*'.

As a group, the Q sorts loading on this factor do not
correlate with each other, and they load reasonably high
on their factor. This indicates that participants loading
on Factor 3 have a homogenous view on organ donation.
Moreover, Factor 3 is closer to Factor 1 than to Factor 2.

Consensus Statements, Consensus statements are
statements with similar Z scores across factors. In this
study, there were six statements that were consensus
among all three factors (Table 5). Three out of the six
statements are related to the general and special need of
organs for minority groups. It signifies the relative awa-
reness in the need for organ donation, possibly, brought
about by the active campaigns related to the new change
in law in organ donation from opt-in to opt-out system.
These results suggest that future campaigns can afford to
shift their focus on issues other than awareness.

Another consensus statement was statement 9 — |
think I am too old to donate, it implies a that age as a
criterion for donation is not a major concern for partici-
pants, even for older participants, however, other criteria
such as medical conditions as an eligibility criterion to
donate was important to highlight especially in Factor 1.

The last statement that surprisingly, all factors agreed
upon is statement 27 — I do not mind organ donation but
my family disagree on rank 0, and it was non-significant
even at P > 0.05. This results contradicts existing lite-
rature that used the Theory of Reasoned Action where
subjective norm (a function of normative beliefs) is af-
fected by perceptions of specific salient others’ prefe-
rences about behaviour (Ryan & Carr, 2010) [15]. Many
campaigns to support organ donation focused on im-
proving family approval of their loved one’s decision to
donate, our study suggests that is not a significant barrier
against donation.

DISCUSSION

Behavioural Intervention Insights, identifying
three factors (four viewpoints), each with distinguishing
combination of barriers and motivators suggests that
campaigns with «one size fits all» strategy are ineffective
and inefficient. Building on our analysis, we uncovered

Table 5

Consensus Statements

Statement

F1 F2 F3
Rank| Z Score | Rank | Z Score | Rank | Z Score

Those That Do Not Distinguish Between ANY Pair of Factors
All Listed Statements are Non-Significant at P> 0.01, and Those Flagged with an * are also Non-Significant at P > 0.05)

6 - I think there is no si)emal need for organs for Asian, African, and 3| 20947 | 3 | 20995 | -2 | —0.746
Middle Eastern groups

9 — I think I am too old to donate -4 | -1.47 -2 —0.89 -3 —-1.02
z(1:{;’a();gsbeheve there is a great need for organs especially in minority 5 0.955 1 058 3 1.06
27 —1I do not mind organ donation but my family disagree* 0 | —0.095 0 0.087 0 -0.211
36 — I believe the present need for transplant organs is fully covered* | -3 | —-1.171 | -2 | —-0.827 | -3 | —1.022
40 — No matter how hard it is to think about organ donations, it makes 5 0911 > 0773 3 1.064
me feel good about myself*

' Statement 39 — I believe organs are a gift from god, we are not allowed to give them away and 17 — If someone religious says it is not
allowed, then I will not do it which is distinguishing statement for this factor, both on -5, 11 — I think it is non-religious to take organs, 43 — |
think my religion encourages organ donation in order save other people’s lives on —1 and a distinguishing statement and 1 — I believe my
religion does not allow it on 0.

'8 Statement 13 — 1 believe there is a great need for organs especially in minority groups on +3, 6 —I think there is no special need for organs
for Asian, African, and Middle Eastern groups on —2 and 36 — I believe the present need for transplant organs is fully covered on 3.

' Statement 5 — I think anyone can register and be a donor even if old or have a disease on +2 a distinguishing statement for this group,
9 — I think I am too old to donate on —3; registration process, 4 — I think the process of registration is complicated on —1 and transplantation
results, 16 — I believe transplantation results are successful and they are improving people’s health on +5.

* Statement 30 — I think people who have medical conditions cannot donate and 47 — I think I am not dead if my heart is still beating both
on +1 and are distinguishing statements, and 22 — I think brain dead people can regain consciousness on +1.

*! Statement 15 — I feel I cannot decide to donate because I do not know all the facts on —1 as a distinguishing statement.
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insights on potentially effective intervention design for
each factor.

Factor 1, The hallmark for this factor is a thirst for
knowledge and information with perceived lack of know-
ledge. For this factor, behavioural change campaigns
should focus on providing detailed information about or-
gan donation. However, information should not focus on
need (S15/+5), but rather on information about eligibility
criteria and brain death. Eligibility criteria might exclude
people suffering from certain diseases but not necessarily
age (S9/-4). For example, campaigns should focus on
the fact that you can still register and even donate even
if you have an illness (S30/+4). The eligibility criteria
on NHS website which enlists very few diseases that
excludes donation, they are Creutzfeldt-Jakob Disease
(CJD), Ebola virus disease, Active cancer, and HIV. One
can donate organs even if they have had cancer (but not
active) or even if they cannot donate blood.

Another important part of information is brain death.
Campaigns should focus on the fact that brain death is
irreversible, and the patient cannot regain conscious-
ness (S22/+1) (NHS, 2019a) [16] using preferably expert
opinion (S14/+1). Campaigns should also focus on the
diagnostic criteria of brain death and shows that strict
measures for brain death diagnosis eliminates the risk
of misdiagnosis.

The campaigns message for this group should stay
away from religious messages, family agreement, and
easy registration process (although this does not apply
top UK anymore with the opt-out system). One effect
about opt-out system however, that is important to this
group, it is important to highlight that despite the opt-out
system, a potential donor will not be forced to donate or-
gans. No organ will be harvested without the permission
of the family, thus, the decision to donate is still held by
the hands of the person (S24/+3) as participant 4586 ex-
plains «If I die and then doctors ask my family for my
organs, may be my mother would be so sad she will say
no, [ want to give her that chance, to say no». Messages
here should encourage to communicate decision to the
family if one wants to be a donor.

Q methodology analysis for this factor show that
knowledge is categorical, and the level of knowledge is
irrelevant to the perception of knowledge level. People
may perceive their knowledge level to be low despite
potentially scoring well in a survey for knowledge level.
It shows how perception is at the core of behavioural
barrier to organ donation. That is a similar case for re-
ligion. People may hold different religions with similar
views and vice versa. To address knowledge perception,
interventions that are founded on self-efficacy theory can
be most relevant to this group.

Factor 2, the hallmark of this factor is the hesita-
tion and anxiety. For this factor, behavioural change
campaigns should focus on real-life stories that inspire

others to become a donor. However, campaigns messa-
ges should avoid evoking images of «wasted organs»
(S38/+2) but rather visuals playing a nice emotional tune
that fills the heart with warmth. Examples of emotionally
stimulating have been implemented globally and in the
UK (NHS, 2019c; Nicholas, 2017) [17, 18].

The campaigns message for this group should focus
on emotionally attractive messages to encourage people
to overcome their fear and decide to become an organ
donor, especially promoting organ donation as a selfless
noble act that will help save or improve people’s lives.
Messages involve positive religious views and religious
leaders advocating for organ donation might be impact-
ful. Campaigns promoting sharing decision with family
might be helpful as well, especially if the family holds
positive views as that would help ease the tension when
it comes to considering donating.

This group shows anxiety as the main barrier to dona-
tion. Consistently, they show a great emotional reaction
throughout the array. For this group, Terror Management
Theory may be the most effective theory to be used in
behavioural interventions. A study used this theory to
alter organ donation behaviour showed that misconcep-
tions mediate the relationship between death thoughts
and organ donation intention, this study supports that
finding and shows people loaded on this factor perceive
their information on organ donation to be insufficient.
Interventions to address the hesitancy and death anxiety
in this groups should promote organ donation as a selfless
noble act that will help save or improve people’s lives.

Factor 3, The hallmark of this factor is the need for
a cue for action suggesting that interventions based on
Immediacy Theory may be most effective for this group.
For this factor, behavioural campaigns should focus on
providing information about allocation system and the
laws that prevents unethical management of organs, this
also includes highlighting if there are financial rewards
for the donors, the nationality and race of the donors if
possible. Complete transparency in the organ donation
data on both ends; donation and transplantation are es-
sential for this factor (S2/+2 and S34/+1). Other medical
information regarding brain death definition is important
too (S14/+2, S47/+1 and S30/+1).

The campaigns message for this group should main-
tain the organ donation is a selfless act (S7/+5) offering
the gift of life (NHS, 2020) and improving the life of
people in need, picturing donors as hero and asserting
organ donation as the ultimate charitable act especially
at certain holidays like Christmas and Eid (NHS, 2019a)
[16]. this suggests that Self-Affirmation Theory by em-
phasising their roles as givers and their values such as
selflessness to be effective for this group. Campaigns
however should avoid religiously motivated messages
and avoid awareness about the need for the organs as
well (S13/+3 and S36/-3).
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CONCLUSION

There is a chronic and severe shortage of donated
organs in UK (NHS, 2018) [19] and a valid argument
to a continuously increased demand (Cheetham et al.,
2016; Jox, Assadi, & Marckmann, 2015) [20, 21]. There
is a complex net of social, religious, and psychological
barriers against organ donation, in addition to a potential
lack of knowledge and awareness and a history of mist-
rust in the medical profession. Designing more effective
interventions is crucial to increase donated organs.

We examined viewpoints on organ donation using
Q methodology. Our results show four distinctive vie-
wpoints. We make no claim to generalise the results for
general population, instead, Q methodology examine
the variations of views in the population. Our research
suggests that people with different viewpoints are influ-
enced by different behavioural change strategies, and we
predict that interventions designed with these factors in
mind will produce better outcomes than «one-size-fits-
all» strategy.

Our data suggests that busting myths and improving
knowledge level about organ donation is more effective
for people loading on Factor 1, people loading on all
other factors may benefit from different strategies that
are seldom applied in focused and strategic ways. Mo-
reover, the consensus statement on family agreement
on rank zero implies that participants do not consider
family disagreement as a barrier which contradicts the
fundamental theoretical idea of theory of planned beha-
viour that is commonly used in the organ donation field.
Taken together, the results indicate that there are many
folds on the viewpoints about organ donation that we
need to unfold. Further research should be conducted
to assess the prevalence of each factor and experiments
to validate the conclusions on the effective behavioural
intervention designs.

The authors declare no conflict of interest.
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Objectives: despite the annual increase in living donors and the positive and negative implications following
organ donation, this issue had become a significant challenge for donors. The present study aimed to analyze
the experiences and views of living donors to organ donation implications. Material and Methods. The present
study was performed using qualitative content analysis. Twenty participants were selected using the purposi-
ve sampling method; data were collected by semi-structured interviews and analyzed based on Lundman and
Graneheim contractual content analysis method after implementing MAX 12. Results. Data analysis elicitated
721 codes, 20 subcategories, six main categories, and two themes, including positive and negative implications of
organ donation from the viewpoint of living donors. The main categories of positive effects resulting from organ
donation included the «donor’s peace of mind», «fundamental strength», and «recipient’s achievementsy». On the
other hand, the main categories of negative implications resulting from organ donation included «donor’s physical
suffering», «damaged interactions», and «abandonment». Conclusion. Increasing the number of living donors
makes us consider it essential to understand the efficiency of its two-way implications on many aspects of donor
and recipient. Thus, managing the negative impacts of living organ donation and strengthening its positive side
emphasizes the need to increase the awareness of organ donation associations, develop health policies at higher

levels, and, most importantly, improve the satisfaction of live organ donors.

Keywords: qualitative study, implications, living donors, organ donation.

INTRODUCTION

In the current century, significant advances in pro-
viding health care services have shifted the pattern of
disease to non-contagious diseases. These advances have
led to an increase in life expectancy, life span, followed
by the spread of chronic diseases and organ failure [1].
Iran is one of the 23 countries with a high burden of
these diseases and low and middle income [2]. Organ
transplantation is the best treatment for patients with
end-stage organ failure. However, the demand for trans-
planting organs does not match the supply of living and
deceased donors [3]. The lack of organs for transplan-
tation is one of the major problems worldwide [4]. This
deficiency is much more severe among Black and Asian
societies than in European ones [5]. The unavailability of
the donated organ is a global concern, as in most cases,
this donation takes place when a person is brain dead [6].
Obviously, deceased donors cannot meet the growing
demand, especially for organs such as the kidneys, and
their families may not even be consent to organ donation

[7]. For this reason, voluntary organ donation attracted
the attention of living people all over the world, including
Iran. This donation can include organ donation during the
wellbeing period and voluntary consent to donate organs
after death by receiving an organ donation card [8].

Dong et al. (2011) stated that the transplantation of
living organs has more benefits. For example, the liver
is an organ that possesses the capacity to regenerate.
In particular, after transplantation of a living organ,
the donor and recipient’s liver regrow and regenerate
to complete organs. In terms of survival and transplant
rejection, transplantation of living organs is better than
that of dead organs [9].

Regardless of the benefits of living organ donation to
the recipient, living donors may experience many positi-
ve and negative implications after donating an organ. For
example, a recent literature review about these implica-
tions on living liver and kidney donors has shown that
generally, they feel optimistic about the organ donation
experience and are not regretful. They have a high level
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of health related quality of life (HRQOL) [10, 11]. Some
other studies have suggested that a considerable number
of living donors experience psychosocial problems after
donation. For example, one study found an increase in
detectable psychiatric disorders among one in four living
donors, including cases without a history of pre-donation
disorders. In this analysis, at most one-third of donors
reported poor health conditions or significantly got wor-
se than before the donation, and persistent fatigue and
pain were relatively common complaints [10]. Others
agree on considering the potential benefits of donating
to living kidney donors. They agreed that organ donation
candidates should be aware of the risks and benefits of
donation despite the confirmation of guidelines; there is,
unfortunately, no scientific evidence on the benefits of
live donation [12, 13]. However, some studies showed
that the experience after transplantation, the same as a
new chronic condition, leads to an uncertainty about the
future and affects life accommodation [14].

Despite the growing number of living donors, few
qualitative studies measured the implications of organ
donation. The present study examined the positive and
negative implications of organ donation from partici-
pants’ perspectives in southeastern Iran’s cultural con-
text, using a qualitative approach and in-depth analysis
of the phenomenon from the standpoint of living donors
regarding the high frequency of organ donations in this
region. It directs the community’s policies toward de-
scribing potential risks and enhancing its benefits for
potential donors when making informed decisions and
informed consent.

MATERIALS AND METHODS
Study design and setting

A qualitative approach of contractual content analysis
was used to explain organ donation’s impact on living
donors, applying purposive sampling of living organ
donors in the southeastern part of Iran. In the present
study, samples were referred to the organ donation cen-
ter, Kidney and Bone Marrow Donation Commission in
Afzalipour hospital, and Kidney Donation Association.
The interview place, chosen by participants, was cozy
and comfortable so that people safe during the interview
(hospital, private home, park, nursing school, etc.).

Participants

In the present study, a total of 20 participants, inclu-
ding 16 organ donors, one member from the family of
the donor, one organ recipient, one surgeon from the
Organ Donation Commission, and one psychologist,
were studied. Nine of the donors participating in the
study included kidney donors, five were non-related (for
sale), and four were related (not for sale). Four of them
had bone marrow donations, one non-related (for sale)

and three related (not for sale), and the remaining three
donors, who were related (not for sale), donated a portion
of the liver.

Data collection

The collected data analysis determined the number of
participants; sampling continued without any restrictions
until all levels and codes were saturated and completed.
Proper communication was established between catego-
ries. The first author conducted interviews. However, all
the researchers reviewed the interviews like an outside
supervisor. After each interview, the researchers studied
the interviews, identified the interview’s strengths and
weaknesses, and reviewed the items considered in the
following interview. According to the written reminders,
the proposed questions required researchers to refer to
two participants for the interview during the analysis
of the interviews. Two interviews were conducted with
participants 2 and 1. Researchers conducted a total of
22 interviews with 20 participants. The interview ques-
tions centered on the implications of organ donation
in living donors. First, the interview started with open
questions like «Would you mind sharing your experience
of positive and negative implications of the organ dona-
tion you did?», then a follow-up question was asked to
clarify the concept. The interview took 45-90 minutes.
At the end of the interview, participants were given the
interviewer’s mobile phone number and asked to discuss
any issues with the interviewer if they remembered any
of the implications of organ donation and the possibility
of further interviews. Finally, participants were appre-
ciated with a small gift.

Analysis

Data collection and analysis were performed simulta-
neously. The MAXQDA.12 used to facilitate organizati-
on and comparison of the data. The transcription of each
interview was reviewed several times. The qualitative
data content analysis process was performed according
to the method proposed by Graneheim and Lundman,
including writing the entire interview, reading the enti-
re text of interviews several times to achieve a general
understanding of its content and immersion in the data,
determining semantic units and summarizing them, ext-
racting the primary codes, classifying the similar primary
codes under the same subcategories, classifying similar
codes under more comprehensive categories, extracting
latent and manifest concepts from the data, and formu-
lating the final themes [15]. To this end, after prepa-
ring the transcriptions, each text was reviewed several
times. Later, the semantic units were identified based
on the research questions and appropriate codes were
written for each semantic unit. As shown in Table 1, the
preliminary codes were categorized and labeled based
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on their conceptual similarity (subcategories). The sub-
categories were compared and placed under the main
categories, which were more abstract (categories). The
main categories were categorized under a more abstract
concept (theme). All extracted codes and categories were
reviewed and approved by the second and fifth authors
of this study. The initial extracted codes were reduced
by continuous data analysis and comparison; finally, the
categories and subcategories were abstracted. Lincoln
and Guba criteria (credibility, dependability, confirma-
bility, and transferability) were used to ensure The data
trustworthiness [16]. To ensure the results credibility,
participants were asked to confirm the extracted codes
from the interview and resolve the contents on demand
(member check). Data-source triangulation from inter-
views with family caregivers with variety in relationship
with patient, ethnicity and religion established credibili-
ty. Regarding confirmability of the findings, all texts of
the interviews, codes, and categories were reviewed and
confirmed by the second, third, and fifth authors of this
study (peer check) as well as a faculty member outside
the research area (faculty check). To ensure the dependa-
bility of the results, all stages of the study were recorded.
Participants were selected by maximum variation sam-
pling in terms of ethnicity, level of education, religion,
economic status, relation to the patient, and social class,
which enhanced the transferability of the study.

Ethics approval and consent
to participate

To observe ethical considerations, the researcher
asked participants to complete the informed consent
form, and before starting the interview, they were allo-
wed to record audio and take notes. They were assured
all demographic information would remain confidential.
After the final report, the audio files would be removed,
and, if desired, they could obtain the audio file of the
interview from the researcher and be informed of the
overall results. Participants were reassured that they
were free to leave the study at any stage of the study.
The Ethics Committee of Kerman University of Medical
Sciences approved this study with the code of IR. KMU.
REC.1398.222.

RESULTS

A total of 20 participants, including 16 organ donors,
one donor family member, one organ recipient, a surgeon
member of the donation commission, and a psychologist
included in the present study. Participants were in the
26-58 age range. Table 1 displays other participants’
features including gender, marital status, education le-
vel, age, etc. Based on the participants’ statements about
organ donation implications, we extracted 721 codes,
20 subcategories, six main categories, and two themes

(Table 2). Table 3 also shows the narrations of the par-
ticipants according to the subcategories.

Positive Implications of Organ Donation
The Peace of Mind

The first major category of positive implications was
living donor’s «peace of mind». Based on a thorough
analysis of interviews with living donors, this category
includes the subcategories of «Donor’s Sense of calm
and Satisfaction», «Satisfaction of donor’s Spiritual
Needs», «Improvement of donor’s Economic statusy,
and «Donor’s Adaptation and acceptance and his family
with a donation».

Donor’s Sense of Tranquilization and Satisfaction:
This subcategory was more evident in related donors.
Participants felt disburdened after donating, thus lea-
ding to peace of mind and happiness. Some participants
considered donation an honor and never regret it. They
stated that their family members pay attention to them
more than before, which leads to strengthening their
relationship and finally their satisfaction.

Satisfaction of donor’s Spiritual Needs: Donating
an organ is a humanitarian and God-pleasing act and can
save the lives of patients who need organs or transplan-
ted tissues due to having various diseases. Hence, some
participants showed great interest in filling the form of
transplant cards. Participants described it God-pleasing
act and anticipated a reward in the other world. Some
of the participants who donated the organ for charitable
purposes stated that they felt light, disburdened, and
satisfied.

Improvement of donor’s Economic Status: Due to
the economic plight governing the society, selling the or-
gans in towns has increased. We see Organ For Sale Ads
distributed in social networks beside urban graffiti. Im-
proving the donor’s economic state is what some donors
consider as a positive consequence of organ donation.

Donor’s Adaptation and acceptance with a dona-
tion: When a person steps into the process of acquiring
a new identity, he or she may anticipate and experience
many challenges and concerns along the way. What
awareness the donor face or what reaction their family
member show facilitates the acceptance. In this regard,
we have seen better acceptance and adaptation in related
donor families and non-related donor families who did
this great job to save their family’s lives.

The present study showed that most related donors
felt satisfied, peace of mind, acceptance, and adaptation,
but non-related donors did not feel them. However, im-
proving the economic state was seen more in non-related
donors in the early days due to receiving money from
the receivers; and in the long term, due to compensating
for the hard-working and suffering of patient’s family
by the receivers in related donors. Spiritual needs of
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both non-related and related donors of kidney and bone
marrow were satisfied.

Donor’s Fundamental Strength

The second major category of positive implications
of organ donation, in living donors, is the fundamental
strength of the donor. This main category includes three
subcategories of donor’s «Paying more attention to lifex,
«Taking more care of the physical condition», and «Re-
sistance against the difficulties».

Paying more attention to life: This is the first and
most leading subcategories. Evidence has shown that
those who experience life-threatening diseases appre-
ciate the renewed life.

Taking more care of physical condition: Because
these people once experienced illness and transplantati-
on, they prefer to take more care and pay more attention

to their physical condition so that they do not get sick
again. Post-donation self-control and self-care are po-
sitive aspects.

Resistance against the difficulties: A number of do-
nors believed, it is normal to have troubles, unhappiness,
and failures in our lives. Problems and inconveniences
arise in people’s lives and are not specific to one person.
When people face problems and losses, they have to
solve them to the best of their abilities. Life has its ups
and downs and is not always meant to be. Sometimes the
hardships and misfortunes grow and evolve us. This in-
creases capacity, patience, and forbearance. Both related
and non-related donors of kidney, liver, and bone marrow
experienced these subcategories. They were more intense

in related donors.

Table 1
Participants demographic characteristics
Row | Gender | Age | Education | Econo- | Marital | Donation| Period Donation state Relation
mic state | status with recipient
1 | Female | 30 Bg:;g; s average | single | kidney 1 year not for sale (related) sister
2 Male | 35 | Master’s poor single | kidney 1 year not for sale (related) brother
3 | Female | 33 | Diploma poor others | kidney 5 years for sale (non-related) non-related
4 | Female | 27 B?)C?;:é s good single | kidney | 5 months not for sale (related) sister
5 | Female | 43 | Master’s good others bone 8 months not f or.sale . non-related
marrow (humanitarian aids)
6 Male | 45 | Diploma good | married bone 4 months not for sale (related) father
marrow
7 Male | 28 | Diploma poor single bone 2 years | for sale ads (non-related) | non-related
marrow
8 Male | 36 Bachelor’s poor | married | kidney | 6 years for Sal.e by organ donation non-related
Degree association (non-related)
9 | Female | 35 | illiterate poor | married | kidney | 10 years not for sale (related) mother
10 Male | 38 B?)C:gerl:; s average | married | liver 2 years not for sale (related) father
11 Male | 32 | Diploma good others liver 1 year not for sale (related) mother
. . . for sale by organ donation
12 Male | 40 | Diploma | average | single | kidney 5 years association (non-related) non-related
13 Male | 56 Bachelor’s average | married | kidney | 15 years for Sal.e by organ donation non-related
Degree association (non-related)
14 | Female | 29 | Master’s good single liver |11 months not for sale (related) sister
15 Male | 40 | Diploma | average | others | kidney | 7 years for salg by organ donation non-related
association (non-related)
16 | Female | 46 | Diploma good | married bone 1 year not for sale (related) mother
marrow
17 | Male | 56 Super- good | married - - - Surgeon
specialized
18 | Female | 38 PhD good | married — — — psychologist
19 | Female | 34 | Diploma poor | married - - - donor’s family
member
Bachelor’s . .
20 Male | 26 Degree average | single - — - recipient
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Table 2
Theme, Categories and subcategories extracted from the data

Theme

Main category Subcategory

of organ donation

Positive consequences

Donor’s sense of tranquilization and satisfaction
Satisfaction of donor’s Spiritual Needs
Improvement of donor’s Economic status
Donor’s Adaptation and with a donation
Taking more care of the physical condition
Paying more attention to life

Strengthening the donor against the difficulties
Recipient’s Mental state Improvement
Recipient’s more attention to life

Reducing the time limits of disease
Recipient’s More Accomplishments in life

Peace of mind

Fundamental strength

Recipient’s achievements

of organ donation

Negative consequences

Change in the donor’s body image

Physical effects on the donor

The emotional gap in married life

Threats and the collapse of intimacy

Chaos and differences in relationships

Donor’s psychological disorders

Donor’s Fear of the unknown future

Regret for the decision to donate

Economic, social, educational collapse on the donor

Physical suffering

Damaged interaction

Abandonment

Table 3
Examples of quotes from study participants

Subcategories

Participant Narratives

Donor’s Sense of
Tranquilization
and Satisfaction

«We were all happy after the donation. I had a strange feeling after donating my kidney, as if [ was
feeling peace and calm. I was feeling on top of the world. I had never experienced it before. «It was a
calm after a storm.» (P1).

«l feel intimate with my partner more than before, Elahe tells me that she feels a piece of my organ in
her body, and she is into me. I am not regretful; It was the best decision I had ever made. I talk about it
with honor.» (P4).

Satisfaction of
donor’s Spiritual
Needs

«By doing so, I proved to myself and my children that this world is transient and hereafter is important,
and God gives me a hand. I felt I took one of thousand responsibilities God assigned me.» (P5).

«In our religion, just as taking the life of a human being is highly condemned, giving life to people is
also highly valued. I strongly believe in this expression. By doing so, I feel released from concerns of
daily life» (P6).

Improvement
of donor’s
Economic Status

«I could clear my debts. At least I did not feel ashamed in front of my family. I did not have any mental
concerny (P15).
«I could run a business, it was not so profitable, but I am happy with it.» (P7).

Donor’s
Adaptation and
acceptance with a
donation

«Before making this decision, I was anticipating these days, so I tried to deal with the issue of living
with one kidney, so that this issue would not be challenging for me in the future, and thank God, My
family and I accepted this issue, and I cope with it easily.» (P4).

«I sold my kidneys in a tough situation and my wife supported me greatly. Even after the donation, she
paid more attention to me physically and mentally, 1 feel better and better. As she accepted this matter,
1 could deal with it.» (P15).

Paying more
attention to life

«Sometimes I find this event a flip, believe it or not, I don't waste my times after donating, and I plan
for every moment of lifey (P14).

Taking more
care of physical

«I am careful of my about healthy nutrition and safety. For example, in the fall, I will get the influenza
vaccine. Thank God I did not face any problem.» (PS§).
«My sister and I are much more careful about our health than before. We strengthen ourselves. We try

condition to stay far away from someone who has an infectious disease because now our body system is more
vulnerable.» (P4).

Resistance «Now I do not make life hard as I did before and am not greedy for many things. I don 't get tired with

against the any difficulty. I am extremely patient nowy. (P11).

difficultics «I stand on my own feet now. I think I will be able to cope with many problems alone, either

economically or psychologically and ...». (P12).
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End of Table 3

Subcategories

Participant Narratives

Recipient’s
Mental state
Improvement

«I remember exactly a few days after the donation, that his mental state had improved. He was no
longer sad. I never imagined that he would get better quickly and get out of his loneliness.» (P2).

«I saw my patient's wellness. They were no longer as frustrated and depressed as they were during the
disease periody, said the psychologist. (P18).

Recipient’s More
Accomplishments
in life

«My sister has won a place in chess and tennis and even won a medal. She is very successful at work
as well.» (P1).

«I promised that if I returned to normal life, I would work hard and be able to compensate for my
family s attemptsy, said one of the participants, who was a recipient and related donor (P20)

Recipient’s more
attention to life

A related participant who is close to the recipient stated: « When he talks to relatives and
acquaintances, he advises them not to waste their life and appreciate it. He keeps repeating these
words at home.» (P16).

the experience of the organ recipient was as follows: «I no longer need to follow a strict diet, I am
more active, more outgoing, now I feel like I live like other people.» (P20).

Changes in the
body image

«Now, when [ see the scar on my body, I feel bad. In the early days, 1 felt malformed, and I was upset.
Or if someone saw my scars, I would tell them that I fell and wounded.» (P15).

«I think because I am different financially and physically from the others, it has caused me to lose my
self-confidence.» (P8).

«I think I am entirely different from others. This weakens my morale. I feel a change in people’s
behavior to me. Is it a true feeling, or I became crazy?» (P3).

Physical
Complications

«Although I underwent transplantation long ago, sometimes I feel pain on my scar; I went to the
doctor several times, had a general examination and sonography, and finally told me that you have no
problem, another doctor told me that it could be caused by damage and you have to put up with it.»
(P10).

«Evidence has shown that patients undergoing kidney transplantation may have long-term
complications such as high blood pressure, diabetes, etc.», the participant surgeon said. « Therefore,
they should be monitored for a long time and given the necessary training.» (P17).

«When I researched the complications of kidney donation, I got information about the risk of death,
not about the physical damage.» (P 9).

The emotional
gap in married
life

«After the operation, my wife distance herself from me. She did not express her feelings at all. She did
not say anything. Later, I found out that she was under the care of a urologist and she is physically
malformed.» I turned the blind eye. I was damaged emotionally.» (P19).

«Every time I dispute with my wife, she blames this as my weakness. It makes me even more nervous.
We were on the verge of getting divorced once.» (P13).

Chaos and «My wife did not have the slightest idea of my donation when she found out, e had conflicts and
differences in dispute. I am regretful. Although I am happy with this act, I would consult my wife if I returned.»
relationships (P15).
«I objected because I did not want my husband to be defective and a friend and acquaintance would
tease me. Although I turn a blind eye, I blame him sometimes (P19).
The threat of «I lost my favorite girl because I told a lie to her about it. At first, I thought she would get angry and
intimacy come back, but she left me forever. So sometimes I say, ‘I wish I had not done it’ Now I think I cannot

start a family.» (P12).

Fear of the future

«I’m afraid of any possible problem in the future because I am a man and I have to work. If I get
exhausted, my family do nothingy, said one participant. (P12).

«Before making a decision, I did not think about the future at all, I thought only about the present, 1
wanted to make those conditions better, but now after a few years, I am regretful. I know I was under
a lot of pressure at the time, and I really could not make the right decision, I could not collect the
correct information because I did not have much time.» (P3).

Economic, social,
and educational
collapse

«The tests and visits were costly for me because I was not insured. Unfortunately, the recovery process
took a long time because of the extreme stress I had. I am the head of my family.» (P9).

«I did not attend the classes for a while due to the situation at home, my sister’s illness, and the
decision I made for the donation. I was excluded from the class because of my frequent absence. I got
fired from a part-time job due to troubles we go into.» (P4).

Mental disorders

«After the operation, I was completely depressed. I am no longer as happy as before. I am not hopeful
for life. I just got better. The first few months after I had severe depression, I was targetless. I used to
go mountain climbing and travel, but now I don 't even like to attend family events.» (P13).

the psychologist believed: «Donors are not physically monitored, except for some alarming cases.
Psychological symptoms are like flames in the ashes, which, if not constantly monitored, can lead to
more severe mental disorders.» (P18).
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Recipient’s achievements

The last category of positive implications of organ
donation in living donors was the achievements of the
recipient. Because we used theoretical sampling, our
participants included organ recipients, psychologists, and
donor families. In the present study, most participants
were related donors, regularly interacted with the recipi-
ent, and saw the implications of organ donation clearly in
him, so this main category was elicitated from their con-
versations. It includes four subcategories of «Recipient’s
Mental state Improvement», «Recipient’s More Accom-
plishments in life», «Recipient’s more attention to life»,
and «Time constraints reduction of diseases».

Recipient’s Mental state Improvement: Recipients
experience lots of pressure and stress due to enduring
the disease’s stressful conditions and involving family
members in similar situations. Thus, it causes severe
psychological problems. Related donors, friends, rela-
tives, co-workers, psychologists, and even the recipient
believed in improving the mental state after the operation
was successful. The psychologist participating in the
study also agreed with the patient’s family members.

Recipient’s More Accomplishments in life: Most
organ recipients became successful in various life areas
after the transplantation. The reason for their belief in
working hard in life is to compensate for the wasted time.

Recipient’s more attention to life: Another subca-
tegory of recipient achievements is the recipient’s more
attention to life, which was also the case with organ
donors.

Reducing the time limits of disease: During the ill-
ness, we hear about restrictions on diet, physical, recrea-
tional, and social activity in interviews with the patient
and his relatives. These restrictions greatly affected the
patient and those around him. Organ transplants signifi-
cantly reduced the limitations of the disease.

Negative Implications
of Organ Donation

Despite the positive implications of living organ do-
nation, participants believed that the other side of the
spectrum was dark. It is clear that the expansion of li-
ving organ donation, like any other phenomenon in the
treatment system, along with undeniable achievements,
has undesirable implications. The negative implications
of organ donation include «donor’s physical sufferingy,
«damaged interactions» and «Donor abandonment.

Donor’s physical suffering: The first category of
perceived negative implications of living-organ donation
is donor’s physical suffering, which includes two subca-
tegories of «Changes in the body image» and «Physical
effects».

Changes in the body image: Many participants
believed that organ donation caused them unforeseen

physical experiences. This mental image results from
sensory perceptions over the years, social interactions
with other people, and responses. The body image chan-
ges with the gradual body change over the years. Any
change in the body image of the body seriously distur-
bs the balance of the person. These changes can result
from disease, accidents, or evolutionary changes in the
body’s structures and function. People are distressed by
the slightest change in appearance or bodily functions.
Significant changes can be devastating. Some people
express their feelings easily and freely in such cases,
but others even refuse to look or touch the area. Some
people are so preoccupied with a change in their body’s
mental image that they become depressed or resort to
self-destructive behaviors.

Physical Complications: Participants believed that
organ donation caused unpredictable physical compli-
cations for them. In this regard, doctors in this study
pointed to the unforeseen short-term and long-term com-
plications of organ donation.

Damaged interactions

The second category associated with perceived nega-
tive implications is damaged interactions, which included
three subcategories of the emotional gap in married life,
intimacy threats, conflict, and turmoil in the relationship.
This category was more common in non-related donors.

The emotional gap in married life: Participants
believed that organ donation caused an emotional gap
following marital dissatisfaction in their lives.

Chaos and differences in relationships: Some do-
nors had donated organs without consulting them due to
the possible opposition against donations by the family.
When their family learned this issue, implications such as
chaos, quarrels, and disputes would arise. Family mem-
bers of some patients saw organ donation as a defect
in organs and a factor in labeling others, which they
believed caused family members to be embarrassed by
friends and acquaintances.

The threat of intimacy: Loss of intimacy and close-
ness between family members, especially spouses, was
an important implication of organ donation.

Abandonment: The third category was related to the
negative implications of organ donation in living donors.
This category was elicited from the participants’ state-
ments. They stated that there was no monitoring after the
donation, including three subcategories of «occurrence
of psychological problems in the donor», «fear of the
futurey, «regret for donatingy», and «the economic, social
and educational collapse».

Fear of the future: Most participants with different
intensities expericed fear of the future. This fear was
more prevalent among non-related donors. It was evident
in related donors whose transplant was rejected but was
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more accepted by the related donors, arguing that the
transplant would be done to save the life of their beloved
ones and they acted resorting to God. A small number
of organ donors regretted the decision sometime after
the organ donation. They believed that the decision was
made in a critical situation and alone; perhaps a safer
decision would have been made if there was enough time.

Economic, social, and educational collapse: Ano-
ther subcategory was donor abandonment after the do-
nation that was more evident in related donors. Partici-
pants believed that no insurance covered their costs, and
they were completely ignored after the donation in many
ways, which disrupted their lives after the donation. This
was more evident in poor donors.

Mental disorders: Several participants believed that
they experienced different symptoms after donating an
organ. These symptoms were more severe in non-related
donors, while the related donors, except in cases of for-
cible donation (lack of time to find a suitable donor,
physician’s recommendation due to multiple rejections
of recipient’s transplantation) did not have symptoms.
Psychologists believe that donors get mental disorders
after organ donation due to lack of monitoring and sud-
den abandonment.

DISCUSSION

The present study aimed to investigate living do-
nors’ experiences and views about the implications of
organ donation. One of the positive implications of
organ donation from the participant’s perspective was
«donor’s peace of mind». In this regard, Rasmussen et
al. Stated that donors experienced a sense of tranquility
and reduced anxiety after donation. The donation has
strengthened their relationship, caused a positive change,
dynamism, and fortified the whole family [17]. These
donors believe that the pleasure of seeing the recipient’s
everyday life compensates for the donor’s adverse expe-
riences, besides the appreciation by the recipient’s family
and constant respect from others makes the donors feel
proud and privileged [18-20]. In contrast, some donors
express dissatisfaction that their recipient does not ap-
preciate them [21].

In the present study, many related donors described
the donation as an honor and believed that they would not
be regretful in the future. Donors consider the increased
attention and care of other family members to improve
relationships and their satisfaction. From the spiritual
perspective, recent studies consistent with the present
study have shown that this decision has philosophical
or spiritual nature and strengthens spiritual beliefs [17,
19, 22]. From an economic point of view, although some
studies report financial problems after organ donation
[23-25], others suggest the improvement of the eco-
nomic state. In this regard, a qualitative study showed

the recipient’s back to work and a decrease in donor’s
responsibility [17].

However, related donors had difficulties in making a
living. They had financial problems due to the prolonged
recovery period after donation, the cost of surgery and
tests, and even job loss. After recovery, they became
motivated to return to life; thus, their economic state
improved (with more intensity in the related liver and
kidney donors). On the other hand, the improvement of
economic state was evident in the non-related donors in
the first days of donation, after receiving financial assis-
tance from the recipient’s family. In this category, we saw
donors’ acceptance and adaptations. They accepted the
possibility of danger in the future and did so by trusting
in God. In another study, donors decided that they would
live with the implications, no matter what happens to
them, and that the donor’s risk and implications would
be acceptable to them with the prospect of improving
the recipient’s life. The donor was adapted to it mentally
and physically [18].

The second category for positive outcomes was
donor’s «fundamental strengthening» and was more ex-
perienced in related donors. Previous studies, consistent
with the present study, have shown that donation caused a
change in donor’s viewpoints to life [26], increased self-
esteem [19], personal growth [27], feelings of success
and pride [28, 29]. They felt no physical difference [26,
28, 30]. According to a qualitative study, donors believed
that donation led donors to pay greater attention to their
physical condition, independence, improved social life,
and return to normal by related donors [17]. In contrast,
in our study, most related donors noted that donation was
a turning point in their lives. Most donors returned to life
at an even higher level than the pre-donation period. The
opposite was true for some non-related donors.

The last category was the positive implications of
organ donation, the «achievements of the recipient»,
and was more intense in recipients who received organs
from a related donor than those who received it from
a non-related donor. However, some studies have ne-
gatively described the overall experience of donating.
They showed that some recipients experienced stress,
symptoms of depression, or anxiety, reported to occur
despite the desired medical outcome [21, 29]. It can re-
sult from stress, adaptation and effects of steroids, so
it affects their relationships. These recipients said that
despite the successful transplantation, they did not feel
stronger or better due to comorbidities such as diabetes
and thought that they wasted the donor’s effort and kid-
neys so that the donor and other family members blamed
him [21]. Another study reported the significant effect of
transplantation on health for both the recipient and his
family [30]. Rasmussen’s qualitative study addressed
the ending up of limitations (dialysis, diet, and reduced
impact on the family), returning recipient to full-time
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work, handling more tasks and responsibilities, and then
reducing the care and financial burden of the donor as
well as the recipient’s potential to participate in activities
such as hanging out with friends, eating out, and gaining
independence. The present study stated that the donor’s
and recipient’s lives had excelled to a higher level than
before the operation (routine) [17]. Organ recipients had
great success in various areas of life after the transplan-
tation. Most of them agreed on compensating for the
wasted time resulting from their diseases and all efforts
of their family and donor.

Negative Implications: The first category of negative
implications of organ donation is «physical suffering,
which was equally evident in all donors. Other studies
have shown that common concerns of liver donors inclu-
de bloating, shrinking of the Muscle tone [11], fatigue
[11, 20], abdominal pain, back pain, or interfering pain
[20]. In contrast, kidney donors showed an increased
risk of gestational hypertension or preeclampsia after
donation compared to non-donors [31-33]. Another stu-
dy showed that body image-related concerns were low
in kidney donors [34] but evident in liver donors [11].

The second emerging category of negative implica-
tions is «damaged interactions». The items mentioned
in the present study were primarily experienced in non-
related donors and men. This category was manifested
in sexual and emotional disorders and even chaos in
living donors’ normal relationships. However, previous
studies have shown that even some related donors ex-
perienced increased family relationships and tensions,
even years after donation [18, 29, 35]. It was not evident
in related donors due to family intimacy and informed
pre-donation decisions. Some studies suggested that the
relationship between donor and recipient has remained
constant or even sometimes improved [19, 28, 30]. Hal-
pern et al. confirmed that sexual dysfunction is common
among living kidney donors [21, 36]. Other studies have
shown that related donors who donate their organs to
spouses describe an improvement in their marital rela-
tionship resulting from the donation. Participants were
closer to their partners and reported that kidney donation
strengthened their relationships and family [17, 21]. D1
Martini et al. showed a positive change in relationships
even after donating a living liver. In this study, marital,
family, and recipient relationships were improved af-
ter donation, respectively [20]. This study’s results are
inconsistent with those of the present study due to the
kinship relationship between the donor and recipient.

The last category of the negative implications was
«Donor abandonment.» A qualitative study showed that
donors trusted physicians’ master to monitor their health
and medical risks and appreciated medical follow-up.
Donors believed that they felt safe and valued when the
hospital followed up on their condition regularly [18].
Regarding follow-up, another study reported that most

donors expressed satisfaction with the care received after
medical follow-up, but some donors expressed frustra-
tion with unfulfilled expectations from health profes-
sionals [28]. Although the present study showed that
participants trusted in physicians before donation, they
mentioned that patients were left alone after donation. It
leads to a physical defect, psychological disorders, fear
of the future, and feelings of regret for the donation that
affected other aspects of life, such as economic, social,
and educational collapse. Other studies have shown that
donors feel positive about the experience of organ dona-
tion and show little regret for donating [10, 11].

Furthermore, donors unanimously agreed on making
such a decision again [19, 30]. In the study of Meyer et
al., none of the participants regretted their decision [18].
Perhaps this difference results from non-related donors’
presence in the present study, which was mentioned as a
study limitation in Meyer’s study. Some studies showed
that many living donors experienced psychosocial prob-
lems after donation [10, 37, 38]. The present study sug-
gested that these problems were more common in women
than in men, and so did Erim et al. in their studies [39].

In general, recent studies have emphasized the im-
portance of pre-and post-donation evaluation. The trans-
plantation team should pay attention to donors’ emotional
state and quality of life, especially those with chronic
diseases or poor perception [40].

Limitations: The present study had several limita-
tions based on which the implications should be inter-
preted. First, this study was conducted in southeastern
Iran, so cultural beliefs, economic, and even educational
problems in this region may cause difficulty in gene-
ralizing the results to the other areas. However, it was
attempted to include participants with maximum diver-
sity of socio-cultural, work experience, and different
educational levels, which has made the results of the
study applicable widely in similar units. Second, the
analysis was performed during the pandemic; only tho-
se whose recovery had long been passed and reached a
stable condition were included in the study due to their
high-risk conditions. Therefore, it is recommended to
perform future studies on living donors, especially in
the early days after transplantation and due to corona’s
impact on their decision and other concerns.

CONCLUSION

Based on the present study results, understanding the
implications of organ donation is like a double-edged
sword that can be interpreted positively or negatively
from the donor’s perspective. In this study, the negati-
ve implications were primarily observed in non-related
donors and those who decided under emergency condi-
tions, while the positive implications were observed in
related donors who were close to the recipient and knew
his problems. However, there were fewer negative and
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positive implications in related and non-related donors,
respectively. Commenting on this issue requires further
studies on both groups of donors.
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Heab uccaenopanms. M3yqnTs mo3UIHI0 MOJIOABIX Tpakaad Pecmyonuiky TarapcTaH OTHOCHTEEHO OPTaHHOTO
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1 staBaps mo 1 uronst 2021 roma mpoBeeH aHOHUMHBIN conroornaeckuii onpoc 880 pecrioHAeHTOB Pecmyonukn
Tarapcran B Bo3pacte ot 18 1o 35 net. Ankera u3 11 BormpocoB pa3paboTana Mmpu NCIIOIH30BAHUN OHJIAWH-CEP-
Buca Google Forms. YuacTue B onpoce HOCHIIO JOOpOBOJIbHBIN XapakTep. Pesyabrarbl. Cpenu pecroHIeHTOB
MIPEJICTABUTENEH )KEHCKOTo Toi1a 06110 79,0%, Myxckoro — 21,0%. IMEroT Hii OIy4YaroT MEAHIIMHCKOE 00pa3o-
BaHue 34,2% ankeTnpyemsIx. Cpeay peclioHAEHTOB YETKOE IOHMMAaHNE TEPMUHA OPTraHHOE JOHOPCTBOY» UMEIOT
71,5%, He yBepeHBI B YeTKOCTH OHUMaHus 27,4%, He nMeroT yeTkoro nmonnManus 1,1%. [Ipobinemy opranaoro
JOHOPCTBA I TpaHcIanTanuy B Pecniyonuke Tarapctad cuutaroT aktyanbHol 56,8%, He CUUTAIOT aKTyalIbHOU
3,5%, 3arpyaHmwinchk oTBeTHTH 39,7%. [locne cBoelt cMepTH coriacHbl CTaTh JOHOPoM 35,9%, ckopee coriac-
HbI — 39,5%, ckopee He cormacHbl — 9,3%, KaTeropuYeCKH HE COrIacHbI — 5,6%, 3aTpyIHUIUCH OTBETUTH 9,7%.
Cample gacThIe acCOIHAIINH, CBSI3aHHEIE C JOHOPCTBOM OPTaHOB, HOCST MOJIOKHUTEIbHEIN XapakTep. Y 34,5% —
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male respondents accounted for 79.0% and 21.0%, respectively; 34.2% of the respondents have or are receiving
medical education. Among the respondents, 71.5% have a clear understanding of the term «organ donationy,
27.4% are not sure of their understanding, 1.1% do not have a clear understanding. 56.8% consider the issue of
organ donation for transplantation in the Republic of Tatarstan as a pressing matter, 3.5% do not see it so, while
39.7% found it difficult to answer. After death, 35.9% would agree to become donors, 39.5% probably would ag-
ree, 9.3% probably would disagree, 5.6% strongly disagrees, 9.7% found it difficult to answer. The most common
associations with organ donation were positive: 34.5% associate it with «life», 25.1% with «help», and 22.0%
with «lifeline». Conclusion. Young people in the Republic of Tatarstan are ready for a healthy debate of the pro-
blem of organ donation and most of them see it as a noble course. Given the interest in the problem and lack of
awareness by the target audience, it is advisable to include independent academic disciplines on transplantology
and organ donation in the curriculums of medical universities in the country. It is necessary to attract modern
interdisciplinary information and educational resources to promote organ donation among the Russian public.

Keywords: organ donation, transplantation, public opinion, sociology, public attitude.

BBEAEHWUE

Ha pybexxe XXI Beka, B ycIOBUSIX HEOBIBAJIOTO pOC-
Ta HAy4YHO-TEXHUYECKOTO MPOrpecca, TPAaHCIUIAHTAIIHS
OpraHOB, AKKyMYJIMPOBaB HOBEHIINE JOCTHKCHUS XU-
PYpTUH, peaHUMAaTOIOT K, IMMYHOJIOTHH, (hapMaKoJIo-
TUH U JPYTHX MEIUKO-OMOIOTHYECKUX HAYK, MPOYHO
BOIILJIa B apCEHAT MHOTHX JICUCOHBIX YUPEKIACHUH, OT-
KPBIB HOBYIO 3TI0XY B Pa3BUTHH COBPEMEHHOM MEIUITH-
HBI. DTO CBA3aHO C TE€M, YTO TPAHCILIAHTALIUSA, C OJHOM
CTOPOHBI, SIBJISICTCS] €IUHCTBEHHBIM PaJUKAIbHBIM Me-
TOJIOM JICUEHUS IICJIOTO psifa KOHEUHBIX 3a00JeBaHUI
JKU3HEHHO BAXKHBIX OPTaHOB (ITOYEK, MEYEHH, Cepla,
JIETKHX, TIOJKEITYI0YHOM JKeJe3bl ), TTO3BOJISIS BEPHYTh K
MTOJIHOIICHHOH JeSATEIbHOCTH OONBIINHCTBO MAIIMEHTOB.
C npyroii CTOpOHBI, TPAHCILUIAHTOJIOTHIO B MEAUIIMHE,
KaK MYJbTUAUCIUIUIMHAPHYIO HAYyKY, TOJHUMAIOIIYIO
Ha Ka4eCTBEHHO HOBBIM YPOBEHb MPAKTHUUECKOE 3]Ipa-
BOOXpaHeHHE, 0e3 MPeyBETUICHUSI MOXKHO CPABHHTH C
KOCMOHABTHKON B TEXHUKE. YPOBEHb Pa3BUTHsI TPAHC-
TUTAHTOJIOTUHU OTPAXKaeT YPOBEHb PA3BUTHS METUIIMHBI B
CTpaHE WU PETHOHE U SIBJISICTCS BAKHBIM TOCYIapCTBEH-
HBIM ITOKa3aTeNIeM X YKOHOMUYECKOTO ONaromoIydusl.
B Poccuiickoit @enepanuu, HECMOTPSI Ha €KETOAHYIO
MOJIOKUTETBbHYIO TUHAMUKY YBEJIMYEHUS YHCIIa Olepa-
UH 10 TIepecajKe OPraHoB, HOTPEOHOCTH B JOHOPCKUX
OpraHax CyIIeCTBEHHO MPEBBIIIacT 00BEeMbI OKa3bIBae-
Mol TpaHcIutanTonoruueckoit nomouru [1]. B 2019 rony
B Poccun unciio nocMepTHBIX JOHOPOB COCTaBUIIO 5,14
Ha MUWJUIMOH HacelleHus. DTo 48-e MecTo cpenu Bcex
CTpaH, OpHUIINATBHO OCYIIECTBISIONINX TEPECAAKY Op-
raHoB [2].

B PecniyGnmke TatapcraH ¢ 4uciioM HaceIeHus 3 MITH
900 ThIC. YETOBEK EXKETOMHO HYKIAIOTCS B TPAHCIIIaH-
Tauuu nouku — 206, neuenu — 76, cepaua — 40 nanu-
enToB. CerogHs B pecnyOnuke (yHKIIMOHHPYIOT JBa
[IEHTpa TPAHCIUTAHTAI[UH OPTaHOB, U3 KOTOPHIX B OTHOM
(FAY3 «PecnybnukaHckasi KIMHHYECKas OOJbHHIIA»
M3 PT) BBIOMHSIOT TPaHCIUTAHTAIIMU TTOYKH U Tiede-
HH, a B qpyroM (IAY3 «MexpernoHaabHBIH KITMHUKO-
JIUATHOCTHYECKUN IIEHTP») — TPAHCIDIAHTAINY CEePLa.
B 2018 rony B TaTapcTane ObUIH BBITIOTHEHHI 32 TpaHC-
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IJIAHTAllMd OPraHoB, uiu 8,2 Ha 1 MJIH HaceleHus.
B 2019 roxgy — 57 TpaHcIutanTamuii opraHos, uian 14,6
Ha | muiH Hacenenus. B 2020 rony — 64 TpaHCIIIaHTalMK
opraHoB, unu 16,4 na 1 miuu Hacenenus. g cpaBHe-
Hus: B Poccuiickoit @enepannul ¢ 4UCIOM HACEIEHUS
146,8 Mz uenosek B 2019 rogy Bcero ObIIO BBIIIOTIHE-
HO 2427 TpaHCIIIaHTalui opraHoB, wiu 16,5 Ha 1 MutH
HaceneHus [1]. JloHopckas akTUBHOCTh B pacuere Ha
yuciaeHHOCTh HaceneHus B 2018 rogy cocraBuna 5,7
(23), B 2019 rogy — 6,2 (24), B 2020 rony — 6,9 (27).
B Poccuiickoit ®enepanyu B 2019 rony — 7,2 Ha 1 MiH
Hacenenus (1062) [1]. B 2018 roxy 65110 BEITIOTHEHO
27 nepecanok mouek (6,9 va 1 muH), B 2019-Mm—39 (10,0
Ha 1 muin), B 2020 rogy —40 (10,3 na 1 minn). B Poccuii-
ckoit @enepanmu B 2019 rogy — 1473 (10,0 Ha 1 MuH
HacesieHus) [ 1]. Yueno TpaHCcIaHTAMF TPYITHON TOYKH
B 2018 roxy cocraBmio 8, OT JKHBOTO POACTBEHHOTO
nonopa — 19. B 2019 rogy — 30 u 9, a B 2020 rony — 34
u 6 coorBercTBeHHO. B 2018 roay ObLIO BBIMOIHEHO
4 mepecanku redenn (1,0 ma 1 mima), B 2019 roxy — 14
(3,6 Ha 1 mun), B 2020 romy — 20 (5,1 Ha 1 miH). B Poc-
cuiickoit ®eneparuu B 2019 roxy — 584 (4,0 na 1 muH
Hacenenus) [1]. B 2018 roxy Obl1a BeImonHeHa 1 nepe-
canka cepana (0,3 nva 1 mun), B 2019 rony — 4 (1,0 Ha
1 mute), B 2020 roxy — 4 (1,0 Ha 1 muta). B Poccutickoii
®enepaunu B 2019 rogy — 335 (2,3 na 1 muH Hacerne-
Hus) [1]. Takum oOpa3oM, UTOTH TTOCIEAHUX TPEX JIET
JNIEMOHCTPUPYIOT MOJIOKHUTEINHHYIO TUHAMHUKY YHCIa
TpaHcIUIaHTauui opranoB B PecnyOnuke TartapcraH,
Jlayke HecMoTpA Ha cioxkuBinyrocs B 2020 romy Tsxke-
JIYIO 3MHUJEMHOIOTMUYECKYIO CUTYAIUIO B CBA3H C HOBOM
kopoHaBupycHoi nHdexiueit (COVID-19). Ognaxo mo-
TpeOHOCTh B TPAHCIIAHTALIUN OPTaHOB IMO-TIPEKHEMY
NpeBbIIAET 00bEMBI TPAHCILUIAHTOIOTHUECKOH TOMOIIIH.
Ywcto manyueHToB B JIUCTaX OXKHUIAHHS TPAHCILUIAHTAIIIN
OPraHoB B CBSA3U C Ae(ULINUTOM JOHOPCKUX OPTaHOB IPO-
JIOTDKAET PacTH.

JedbuuT 1OHOPCKHUX OpraHOB B CTpaHE HOCHUT HC-
KyCCTBEHHBIN Xxapakrep. Huzkas nHGOpMUPOBaHHOCTD
HaCEJIeHHUs O MPUHIUTIAX (DYHKIIMOHUPOBAHHS CITYKOBI
nepecagky OpraHoB, OTCYTCTBUE OPraHU30BaHHOM MPo-
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CBETHUTEJILCKON pa0OThI U TUPAKUPOBAHUE CPEIICTBAMHU
MaccoBol mH(pOpMaIK HETaTUBHOTO 00pa3a TpaHC-
IJIAHTOJIOTa IPUBOAAT K TOMY, YTO IMTOTCHUIHUAJIBHBIC 10~
HOPCKHE PE3ePBbI UCTIONB3YIOTCS KpaitHe Hed(h(heKTHUBHO
[3, 4]. Hecmotps Ha TO 4TO B CTpaHE MPOBO3IIIANICHA
«IPE3YMIIIUS COTIacusi», 78% pOCCUSH HE TOTOBBI CTaTh
JIOHOPaMM TIOCIIe CMepTH [S]. AHamu3upys pe3yibTa-
ThI, [TOJIyYSHHBIC OT Pa3HbIX BO3PACTHBIX IPYIIIL, aBTOPHI
0TMEYa0T 0oJiee «OIaroCKIOHHYI0» TOTOBHOCTD CTaTh
JIOHOpaMH CpPeAr MOJIOJOTO MOKOJICHUSI B OTJIMYUE OT
PECTIOHJIEHTOB CTapIIero Bo3pacta. B 3Tom KoHTEKcTE
MOJI0JI0€ TIOKOJIEHHE Tpak/laH, BHIPOCIIIEE B YCIOBUSAX
MIMPOKOTO PACTIPOCTPAHEHUS WH(OOPMAIIMOHHBIX TEX-
HOJIOTHI M BOCIMTAHHOE HA MPHHLHUIAX JOOPOBOIb-
4eCKOl (BOJIOHTEPCKOW) JeATENHbHOCTH, MOXKET CTaTh
MOTEHIUAIBHON LIEJIEBOM ayUTOpUEH VISl MOIYJIspU-
3aIMy OPTaHHOTO JIOHOPCTBA KaK COIMOTYMaHUTAPHOTO
(eHoMeHa.

Ucxons u3 BHIIECKA3aHHOTO, LEIBI0 HACTOSIIETO
COOOTIIEHNS SIBUIIOCH M3YYEHHE ITO3UIINI MOJIOABIX TPaK-
naH Pecnyonuku TarapcTaH OTHOCUTEILHO OPraHHOTO
JIOHOPCTBA ¥ TPAHCIUIAHTAIIUH, aHATTN3 UX HHPOPMHPO-
BaHHOCTH U MPEJICTABICHIS O JOHOPCKUX MEpecaaKax u
MOTEHITNAIEHON TOTOBHOCTH CTaTh JOHOPAMH OPTaHOB.

MATEPUAADBI U METOADI

3anepuoz c 1 saBaps o 1 utonst 2021 roja mpoBeneH
AHOHUMHBIN coLIMONIOru4eckuit onpoc 880 pecrnoHaeH-
ToB Pecriyonuku Tarapcran B Bo3pacte ot 18 1o 35 ner.
Amnkera u3 11 Bonpocos pa3paboTaHa Ipu UCTIOIH30Ba-
HUU oHNaiH-cepBrca Google Forms. Ompoc HOcH 100-
POBOJIBHBIN XapaKTep U KacaliCs BOMPOCOB TOHUMAaHUS
TEPMUHOJIOTUH, TH(HOPMHUPOBAHHOCTH U MTPEACTABICHUS
0 JIOHOPCKUX MePecaiKax v MOTEHIIMATbHOW TOTOBHOCTH
CTaTh JOHOPAMH OPTaHOB.

PE3YADBTATHI

Cpenu pecnoHICHTOB MPEACTaBUTEIEH KEHCKOTO
nona 6110 79,0%, myxckoro — 21,0%. Kondeccuno-

HaJIbHAs IPUHAJISKHOCTh aHKETUPYEMBIX: HCIIOBEAYIOT
ucnam — 33,5%, xpuctuanctBo — 31,4%, CTOpOHHUKU
Oyanu3ma, nynansma u Ipyrux penuruii —4,8%, ateunc-
Tbl — 25,1%, arHOCTUKH, HE OTPULIAIOILIKE CYLIECTBOBA-
Hue Oora, HO ¥ He TIPUHUMAIOIIIUE CTOPOHY KaKOH-1100
penuruu — 5,2%. TeopeTnuecky HATM4re MEAUIUHCKOTO
00pa30BaHus JOJDKHO MOJOXKHUTEIBHO CKa3bIBATHCSA Ha
MO3UINH IPaXKTaHWHA B OTHOIIICHUN TPAHCIUTAHTAIIH.
B cBsI3u ¢ 3TUM MBI PEIMIIN y3HATh XapakTep o0pa3o-
BaHUS pecroHAeHTOB. OKa3aJoCh, UTO HE CBS3aHEI C
MEIUIUHOM 65,8%, UMEIOT BhICIIee MEIAUIIMHCKOE 00-
pasoBanue 8,5%, 00yyaroTcsi B MEAUIIMHCKOM By3€ WIN
komemke 25,7%.

Cpenu pecrioHIEHTOB YeTKOe TIOHUMaHHe TepPMUHA
«OpraHHoe JOHOPCTBO» uMeroT 71,5%, He yBepeHbI B
YeTKOCTU MoHUMaHus 27,4%, He ©UMEIOT YETKOTrO I10-
Humanus 1,1%. [IpoGiemMy opranHOro TOHOpPCTBA AT
TpaHcmanTanuu B Pecnyonuke Tarapctan cumraroT
akTyasnbHOU 56,8%, HE cunTaT akTyanpHou 3,5%, 3a-
TPYAHWINCH OTBETUTH 39,7%.

C Hare#t TOYKH 3peHusi, 0COOCHHO HHTEPECEH (PaKT,
YTO TTOAABIIAIONICE OOJBITHHCTBO PECIIOHIESHTORB TIOA-
JIeP>KUBAIOT TOCMEPTHOE OpraHHoe AoHOPCTBO. [locie
CBOEH CMEPTH COIIACHBI CTAaTh JOHOPOM 35,9%, ckopee
cornacHel — 39,5%, ckopee He cornacHsl — 9,3%, karero-
pHUYECKH HE COTIIACHBI — 5,6%, 3aTpyIHUIIICH OTBETUTH
9,7% (puc. 1).

[Ipu 3 TOM apryMEeHTHPYIOT CBOIO TTO3UIIHIO HEXeTa-
HUEM, «4TOOBI OpPraHbl ObLIN MIEPECAKEHBI IPYTOMY Ue-
JIOBEKY», 9,9%, penurno3HsiMu yoexxaeHusmMu — 6,9%,
3aTpyAHWINCH ¢ 0TBeTOM — 3,0%. Cpenut Ipyrux npuuuH
yKa3aJii HU3KyI0 HTHPOPMUPOBAaHHOCTH B JAHHOM BOTIPO-
ce—0,7%, onaceHre KPUMHHAILHOTO YXO0/1a U3 )KU3HU —
0,7%. He 3amyMbIBanuch 0 CMEPTH U €€ MOCIESICTBUAX
0,45%, GecriokosTCs 3a cBOUX poacTBeHHUKOB 0,34%
OTIPOIIICHHBIX MOJIOJBIX TaTapCTAHIICB.

Ha nepBsiii B311s1/1, METUKY B CHITY CTICITM(DHUKH CBOEC-
TO 00pa30BaHUs OJKHBI OPHEHTHPOBATLCS B TIPOOIEMe
Oonee yBepeHHo. OHAKO TPOBEACHHBIN aHAINU3 CBU-

B Jla, cornaceH

Cxopee cormacex

9,7% 9:3% " 5,6% 3aTpyIHSAIOCh OTBETHTh
B Ckopee He corllaceH
M Her, He comtaceH
T T T T ! ! T T T T 1
0 10 20 30 40 50 60 70 80 90 100 %

Puc. 1. Pacnpenenenue orBeToB Ha Borpoc: «CoracHsl i Bbl cTaTh MOCMEPTHBIM JIOHOPOM (TI0XKEPTBOBATh CBOU OpPraHbI
HY>KJAIONIMMCSI TallueHTaM B cirydae cMeptu)?» (B %, n = 880 uen.)

Fig. 1. Distribution of responses to the question: «Do you agree to become a posthumous organ donor (donate your organs to

patients in need when you die)?» (in %, n = 880 people)
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BECTHVK TPAHCNAAHTOAOTUU N MCKYCCTBEHHbBIX OPTAHOB

Tom XXIV  N? 1-2022

JIETEIILCTBYET 00 OTCYTCTBUM 3HAYMMOMN KauyeCTBECHHOMN
Pa3HUIIBI MEX/Ty OTBETAMH PECIIOHIEHTOB, UMEIOIINX U
HE UMECIOIIUX MEIUIIMHCKOE 00pa3oBaHue.

Tema opraHHOro JOHOPCTBA B CHUJYy TE€CHOH CBS3U
CO CMEpThIO BBI3BIBAET MPUCTAIBHBIN HHTEPEC CO CTO-
POHBI CPEICTB MAacCOBOW MH(OPMAINH, KYPHAIHCTOB,
peKuccepoB GHIBMOB U TEJICBU3UOHHBIX IIOY-TIepeay.
Hcxoms U3 3TOro 0JJMH U3 BOIIPOCOB aHKETHI OBLI Chop-
MYJIMPOBaH CJIeyIomnM 00pazoM: «[0Bops 0 JOHOPCTBE
OpraHoB, Kakoro poja MHQpoOpMaImio yamie Bcero Bam
MPUXOAMTCS MONMy4aTh?». HelTpanbHyto nHpOpMaIHIo
nonyuanu 49,7%, nonoxutensayo — 30,3%, oTpuna-
TenbHy0 — 15,5%, He mosydanu uH(OpMAIUKM Ha 3Ty
temy —4,5% pecnionaentoB. Cpenu npuMeyaHuii Hate
BHUMaHMe NpHuBIIeKk koMMeHTapuit: «Kak pa3 no Poccun
S HE TIOJTy4al0 HUKaKoW HH(OPMAaLIUH, JINIIb U3 JPYTHUX
CTpan».

IIpu cocTaBneHNM aHKETH! MBI TIPEAYCMOTPENH BO3-
MOKHOCTD JUIsl PECTIOH/IEHTOB MPEAIOKUTH HECKOJIBKO
CBOMX BapHaHTOB MOBBIIICHUSI HH)OPMUPOBAHHOCTH
HaceJIeHUs B BOIIPOCax OPraHHOTO JOHOPCTBa. B pe3ynb-
TaTe OTMETHIIM HEOOXOMUMOCTh MyOIMKAIK CIIydaeB
ycrnenssIx nepecanok B Poccun 69,5%, 3HakoMcTBa C
peabHBIMU ALIMEHTaMH, Hy>KJaOILIUMHKCA B IEpecaIke
oprana — 68,4%, npuBe4eHNs Bpadei-CleMaINCTOB
B 00JIaCTH TPAHCIUIAHTOJIOTHH K OTKPBITOMY 00CyX/ie-

HUI0 npobnemsl — 51,1%, npuBnedeHns TOMYISIPHBIX
OnorepoB u auaepoB MHeHUH — 45,1%, pa3paboTku u
nyOIMKauuu o0y4aromux BUICOPOIUKOB U MaTepua-
70B — 45,1%, yyactus B 00CyKJeHUH POOIEMBI Ipe/-
CTaBHUTENCH PEIUTHO3HBIX KOHPECCHH U PETUTHO3HBIX
o0bequuenuii — 32,0%.

B 3aknroueHre aHKeThbl MbI TIOMPOCUIIM PECIIOH/IEH-
TOB IIpUBECTH OT 1 10 3 epPBBIX NPUXOAAMMX Ha YM ac-
COITMAITNI O TOHOPCTBE OPraHOB. AHAJIN3 TOMYyUYEHHBIX
PE3YNIBTaTOB MOKAa3all, YTO Y MOJIOACKH B OOJILIIMHCTBE
CIIy4aeB accoIMallli, CBA3aHHbIE C JOHOPCTBOM Opra-
HOB, HOCSIT MOJIOKUTEIBHBINA Xapaktep. Y 34,5% — ato
CKHU3HBY, ¥ 25,1% — «mtomotniwy, y 22,0% — «craceHue»

(puc. 2).
OBCYXAEHUE

HecmoTtpst Ha TO 4TO OONBIIMHCTBO PECIIOHIECHTOB
MPUYHCIAIOT ce0sl K TOW WIM MHOM PeIMTHO3HON KOH-
(beccrun, y COBpEeMEHHOH MOJIOACKH PEJUTHsl MPAaKTH-
YeCcKH He BIUSET Ha (OPMUPOBAHUE MMO3HUINU B OTHO-
IIIEeHUH OpPTaHHOTO JOoHOpcTBa. B To xe Bpems 32,0%
OTIPAIIMBACMBIX TTOJICPKAIIH HICHO ITPUBIICUCHHUS PEIU-
TMO3HBIX 00BETUHEHHH K 00CYKICHHUIO MPOOIEMBL. DTO
CBH/JICTEIILCTBYET O LIENIECO00Pa3HOCTH MOTEHIIUATBHOTO
COTpYAHUYECTBA C KOH(PECCHOHATIBHBIMU 00beTHHCHH-
SIMH B BOTIPOCE MOMYJISIPU3AIMNA OPTAaHHOTO JIOHOPCTBA.

JKuznp

ITomonis
Cnacenue

Cepaue

Jo6po

CwMmepTh
Bnaroponctso
Onepanus/6onpHALA
ITouku

[lanc
IToxxepTBOBaHuE
Hapnexna
BnaroTBopuTensHOCTD
Ileuenn

3n0poBbe
Bone3nn

UepHblii pEIHOK
ITomp3a
BosmoxHOCTE
Bynyuiee

Puck

Crpax

JIro60BB
Mortonuki/aBapus
ITonapok
YouiicTBo

5,7%

11,3%

17,0%

22,7% 28,4% 34,0%

Puc. 2. Pactipenenenue oTBeToB Ha Bompoc: «Hamumute ot 1 10 3 mepBhIX acconualuii ¢ JOHOPCTBOM OPTaHOB, TPUXOISIINX

Ha ym» (110 3 BapuaHTOB oTBeTa, n = 880 yein.)

Fig. 2. Distribution of responses to the question: «Write 1 to 3 first associations that come to mind when you hear about organ

donation» (up to 3 answer options, n = 880 people)
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Heogno3HayHbIM, 110 HAlIEMy MHEHUIO, SIBISETCS
OTCYTCTBHE MOBBIIIICHHO!N BOBJICYCHHOCTH B MPOOIeMy
JIOHOPCTBA JIHUI] C MEIUIIMHCKUM oOpa3zoBaHuemM. He-
CMOTpSI Ha JJOMUHUPYIOIIEe TOJI0KHUTEIbHOE OTHOIIIE-
HHUE K mpolieMe, cpeid «MEIUKOBY», KaK U CPEIH «He
MEIUKOB», K COXKAJICHHIO, PACIIPOCTPaHeHBI MU(DHI O
KPUMHUHAJIBHOM XapaKTepe OPraHHOTO TOHOPCTBA. JTO,
Ha Halll B3NS, TPpeOyeT MOJCPHU3AIIMY CUCTEMBI ME]TH-
IIUHCKOTO 00pa30BaHus C 00s3aTENbHBIM BKIIOUCHUEM
B 00pa3oBareinbHbIe IPOrPaMMbl MEIUIIMHCKUX BY30B
JUCTUTUTAHBI «OCHOBBI TPAHCIUIAHTOIOTUH M OPTaHHOTO
IOHOPCTBa» [6]. DTO, C OMHON CTOPOHBI, TOBBICHT YPO-
BEHb ITPO(heCCHOHAITEHOI KOMIICTCHITMH BEITTY CKHUKOB,
a ¢ JIpyroil CTOPOHBI, JaCT TOMYOK K Pa3BUTHIO TPaHC-
TUTAHTOJIOTHH HE TOJIBKO B MEraroJiucax, HO U B pervo-
Hax Poccuiickoit @enepaunn. B cBA3U C BbllIECKa3aH-
HBIM Ha Kadeape HeOTI0KHON MEAMIIMHCKONW TTOMOIITH
U CHUMYJSITUOHHON MeaunuHbl MHCTHTYTA QyHIaMEH-
TansHON MeaunuuHbl u Ononorun ®IAOY BO «Kazan-
ckmii (IlpuBomKCcKrit) QenepabHbIl YHUBEPCUTET) B
2021 yueOHOM roay B 00pa3oBaTeiIbHYIO MPOTpaMMy
BBe/IeH (paKyabTaTUBHBIN Kypc « OCHOBBI KIIMHHYECKOM
TPAHCIUIAHTOJIOTMH U OPTaHHOTO JOHOPCTBAY, OpraHu-
30BaH CTYJECHUYECKUM HAYYHO-TIPAKTUUECKUH KPYIKOK
TPaHCILIAHTOJIOTUH, OPTAaHHOTO JIOHOPCTBA U SKCIIEPH-
MEHTaJIbHON XUPYPTHH.

[IpoBeneHHbIN aHAN3 aHKET CBUJICTEIBCTBYET 00
o01Ieit MONOKUTETHHOM TO3UIMN PECTIOHICHTOB B OT-
HOILIEHUH OpTaHHOro AoHopcTBa. C OJHOU CTOPOHBI,
3TOT (DaKT MOXKHO CBSI3aTh C MOJIOBIM BO3PACTOM, MaK-
CHUMAJIUCTCKAM U B HEKOTOPOM POJIE JIETKOMBICJICHHBIM
MOJIXOZIOM K CBOEH XKHU3HU U 370poBbio. OHAKO apry-
MEHTHPOBAHHOCTH ITO3UIINH, 3aIIPOC Ha KOHKPETHBIE WH-
(hopManOHHBIC MHUIIMATUBEI U TTIO3UTUBHEIN XapaKkTep
acCOLIMAaTUBHOTIO Psizia, C APYToil CTOPOHBI, MO3BOJISIIOT
TOBOPUTH O JIMYHOCTHBIX 0COOCHHOCTSIX COBPEMEHHOTO
MOJIOJIOTO YEJIOBEKa, YKIAIbIBAIOIINXCS B TEOPHUIO MTOKO-
nennti [ 7-9]. B cBsi3u ¢ 3THM cunTaeMm 1enecooOpa3HpIM
pa3paboTKy JOCTYIMHOTO MEXAUCIUTUTMHAPHOTO (hop-
MaTa B3aMMOJEHCTBHS C MOJIOAEKBIO ISl BOBJICUSHHS
ee B 00CyXIeHre MPOOIEMBbI U CTPATETHISCKOTO CTH-
MYJIHPOBAHHUA €€ TOHOPCKOTo MOTEHIIHAaIa 110 IIPUMEpPY
3apy0OexxHbIX cTpaH [10].

Hcxons u3 BHIIECKA3aHHOTO MPU YYACTUU COTPYI-
HUKOB Ka(eApbl HEOTIOKHONW METUITTHCKOM MTOMOIIHN U
CUMYJISIIIMOHHOW MeMIIMHBI IHCTHTYTa pyHIaMEeHTaITb-
Hoit MenuiuHbl 1 6nonornn ®I'AOY BO «Kazanckuit
(ITpuBomxkckuil) denepanbHbI YHUBEPCHTET» Ha Oase
AHO «Knunuka meguimackoro mnpasa» B 2020 roxy
opranu3oBaH L[eHTp pa3BUTHUSI OPTaHHOTO JOHOPCTBA
«Donate Life Russia». Oto nepBriii B PecnyOnuke
Tarapctad cOIMaIbHBIN MPOEKT MO MOMYJISPU3aAHH
opraHHoro noHopctsa. B 2020 rony npoekT mosrydu
TPaHTOBYIO MoAnep Ky DeaeparbHOTO areHTCTBa MO
nenam mosoaexu (Pocmomnonexs) [11]. B pamkax mpo-
€KTa 4€pe3 COBPEMEHHBIN U MOHATHBIM KOHTEHT MOBBI-

maercst UHHOPMUPOBAHHOCTH MOJIOACIKH PECITYOITHKH.
B nekropusix v IUCKYCCHSIX yIaCTBYIOT CIICITUAIACTHI B
001acT OpraHu3aIluy 37PaBOOXPaHEHUS, TPAHCIUIAH-
TOJIOTHH, OJaroTBOPUTEILHOCTH, JOOPOBOIBKUCCTBA, a
TaKKe FOPUCTHI U JIUAEPbl MHEHUI.

Wrak, B miemom momonexs Pecryonmuku Tatapctan
TOTOBA K OTKPBITOMY O0CYXIEHHUIO TPOOIEMBI OPTaHHO-
TO JOHOPCTBA. borbIas 4acTh PeCIOHACHTOB MOAIEP-
JKUBACT JOHOPCTBO, aCCOIMHUPYS €T0 C OIaropoHBIMU
KaTeropusiMu. TeM He MeHee CYIIECTBYET NOTPEOHOCTD
B pa3paboTKe MOHATHBIX M Paclojararoimx k cede pe-
CYpPCOB JI TIOBBINICHU A I/IH(i)OpMI/IpOBaHHOCTI/I MOJIOOBIX
JIONIel B BOIIPOCAxX OPraHHOTO TOHOPCTBA.

3AKAKOHEHUE

1. Mononexs Pecrrybnmkn TarapcTan rotoBa K KOHC-
TPYKTUBHOMY OOCYKICHHIO TIPOOIIEMBI OPTaHHOTO
JIOHOPCTBA ¥ B OOJBITUHCTBE CBOEM aCCOIUUPYET
€ro ¢ OJIaropoHBIMU KaTETOPUSIMHU.

2. YuuTbIBas UHTEpEC K MpobOieMe U HEAOCTaTOYHYIO
MHQOPMHUPOBAHHOCTH 1IETIEBOM ayTUTOPUH, LIENECO-
00pa3HO BKJIIOUEHHE B 00pa3oBaTeNbHbIE POTrpam-
MBI MEAUIMHCKUX BY30B CTpaHbl CaAMOCTOATCIIBHBIX
Y49€0HBIX TUCIUIUIMH 110 TPAHCIUIAHTOJIOTHH U Op-
TaHHOMY JOHOPCTBY.

3. HeoOxomumo mpuBiedeHne COBPEMEHHBIX HH(hopMa-
IMOHHO-00Pa30BaTEIbHBIX PECYPCOB MEMKIUCLIUIIIIH-
HApHOTO XapakTepa AJsl MOMyIApH3aliy OPraHHOTO
JIOHOpCTBa cpeau Hacenenust Poccuiickoit denepa-
IUH.
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MEPBbIK ONbIT MPUMEHEHUS MALULMHHOW XOAOAOBOM
OKCUIEHUPOBAHHOW MNEP$PY3UU NMOYEYHOTO
TPAHCNAAHTATA OT AOHOPOB C PACLUUPEHHbIMU
KPUTEPUSAMHU

A.B. Illabynun®?, M.I. Mununa', I1.B. [lpo3ooe', U.B. Hecmepenxo', JI.A. Maxees',
O.C. )XKypasenv’, JL.P. Kapanemsn', C.A. Acmanoeuw’

' TBY3 «fopOACKAS KAMHKMYeCKas 6OAbHMLA MMeHM C.T. BOTKMHOY AENAPTAMEHTA 3APABOOXPAHEHMS
ropoAaa Mocksbl, Mocksa, Poccumckas Peaepaums

2 PBOY AMNO «POCCUIMCKAS MEAMLMHCKASA AKOAEMMS HEMPEPLIBHOTO NPOUDECCHOHAABHOTO
00pPa30BAHMM MMH3APaBA Poccum, MockBa, Poccuinckas Peaepaumsg

* PTAQY BO Mepsbit MOCKOBCKMM TOCYAQPCTBEHHbIM MEAMLIMHCKUIM YHUBEPCUTET

nmenn U.M. CeveHosa MuH3apasa Poccum (CevyeHOBCKMIM YHMBEPCUTET), MOCKBQ,

Poccuickad Peaepaums

Leas: oneHUTH 6€30MacCHOCTD 1 3 PEKTUBHOCTH MAITMHHOM XOIOJOBOY OKCHUTEHNPOBAHHOW Mep(y3HH MOYeIHbBIX
TPAHCIUIAHTATOB OT JOHOPOB C PacCIIMPESHHBIMHU KputepusMu. Martepuajbl 1 Metoabl. C urons 2018 roma mo
ntoHb 2021 roma B Xupyprudeckoi KiInHnKe boTknHCckoi 00mpHUIB! BEIOTHEHO 200 TpaHCIUTaH T TTOYKH OT
IMOCMEPTHOTO JoHOopa. M3 Hux 123 — myxxumaam (61,5%) u 77 — xxenmmHam (38,5%). Cpeqanii BO3pacT COCTaBHII
47,62 + 11,69 (20-73) romga. B 102 cirydasx modeyHbIi TPAHCILIAHTAT OBLI U3BAT y JOHOPA C PACIIUPEHHBIMU
kputepusmu. Y 92 pernunueHToB (90,2%) moueyHOro TpaHCIIAHTaTa OT JOHOPA C PACIIMPEHHBIMUA KPUTEPUSIMU
IUISL COXpPaHEHHUs1 OpraHa UCIO0Ib30BAJIACh CTATUYECKAs XOJI0A0Basi KOHCEpBALUs 110 CTAHAAPTHON METOIMKE, 3TH
nanueHThl coctaBuiy | rpynmy Habmonenus. Y 10 peunnuenTos (9,8%) BEINOIHATACH TOCTX0JIOAO0BAS MAIINH-
Hasi OKCUT€HUpOBaHHas nepdysus, 3TH manueHTsl coctaBuiu 1l rpynmy xHabmonenus. Pesyabrarsl. B obenx
rpynmnax HaOmoaeHus He 3agukcupoBano 30-qHeBHOM JeTanbHOCTH. CpeHee BpeMsl CTaTHYECKOH XOI0A0BOM
KOHCEpBAIlMY y TallMeHTOB MEePBOM Ipymibl coctaBmiio 612,33 + 178,88 (133—1180) munyTer. O0mas yactora
OTCPOUYEHHOM (DYHKIMH MOYSHHOTO TpaHCILIaHTaTa coctaBuia 26,5% (53/200). [Ipu ucrnons30BaHUH OpTraHa OT
CTaHJAPTHOTO JOHOPA C IPUMEHEHHEM CTaTHYECKOH XOJIOJ0BOM KOHCEPBAIMH YaCTOTa PAa3BUTHS OTCPOUCHHOM
(dhyHKIMM TpaHCcIUIaHTara coctaBmia 19,3% (19/98), ot noHopa ¢ pacmupeHHbIMU KpuTepusMu — 35,8% (33/92).
[TocneonepalioHHbIC OCIOKHEHMS 3a(UKCUPOBaHbI y 25 maiueHToB (12,5%). [TocneonepaliiOHHbIE OCIOKHEHHUS
MIPH Pa3BUTHH OTCPOUCHHOH (DYHKITMH TPaHCIIAHTATA TMATrHOCTHPOBAHKI Y 12 OOIBHBIX, UTO cOCTaBMIO 22,6%
(12/53), c Hemennenno# QyHkiueit —y 13 60mbpHBIX, 9TO cocTtaBmio 8,8% (13/147). CpenHee Bpemsi XOIOIOBOK
KoHcepBarun y manuenToB I rpymmst cocraBmno 319,11 £ 110,24 (311-525) munyTter. CpenHee BpeMst MAIIMHHON
XOJIOTOBOH OKCUTEHUPOBaHHOU mepdy3nn — 202,34 + 21,48 (150-210) munyTsl. Y 1 manmenta (10%) I rpymmst
HaOoneHus 3aQUKCUPOBaHa OTCpOYeHHAs (yHKIMs TpaHcIulaHTaTa. OCI0KHEHUH, B TOM YHCIIE CBA3aHHBIX C
nep¢ysuel, B 3TOi rpyImne 00JIbHBIX HE 3a(UKCUPOBaHO. 3aK/a04eHne. OpUrnHanbHas METOANKA BOTKHHCKOM
OOJIBHUIIBI 10 MALTMHHON XOJI0Z0BOM OKCUT€HUPOBAHHOM mepdy3un MOYEYHOTo TpaHCIUIaHTaTa Oe3onacHa. Ee
NPOBEJCHUE aCCOLUUPYETCS ¢ HU3KUM PHCKOM Pa3BUTHSI OTCPOUCHHOHN (DYHKLIMH MOYEYHOTO TPAHCIUIAHTaTa OT
JOHOPOB C PaCUIMPEHHBIMU KPUTEPHUSIMH.

Kniouesvle crnosa: nepecadka nouxu, 0OHOPbL C PACUUPEHHBIMU KPUMEPUSMU, MAUWUHHAS OKCULEHUPOBAHHASL
xonooogas nepgysusi.
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EARLY EXPERIMENTS WITH HYPOTHERMIC OXYGENATED
MACHINE PERFUSION OF KIDNEY GRAFTS FROM EXTENDED
CRITERIA DONORS

A.V. Shabunin®?, M.G. Minina', PV, Drozdov', LV, Nesterenko', D.A. MakeeV',
O.S. Zhuravel’, L.R. Karapetyan', S.A. Astapovich’

' Botkin City Clinical Hospital, Moscow, Russian Federation
2 Russian Medical Academy of Postgraduate Education, Moscow, Russian Federation
¥ Sechenov University, Moscow, Russian Federation

TOM XXIV N2 1-2022

Objective: to evaluate the safety and efficacy of hypothermic oxygenated machine perfusion (HOPE) for kidney
grafts obtained from expanded criteria donors (ECD). Materials and methods. From June 2018 to June 2021,
200 surgeries involving kidney transplants from deceased donors were performed at Botkin City Clinical Hospital.
Of these, 123 were men (61.5%) and 77 were women (38.5%). The mean age was 47.62 + 11.69 (20—73) years. In
102 cases, kidney grafts were procured from ECD. In 92 recipients (90.2%) of kidney transplants from an expanded
criteria donor, static cold storage done according to the standard technique was used to preserve the organ; these
patients constituted observation group 1. In 10 recipients (9.8%), hypothermic oxygenated perfusion was used in
addition to static cold preservation; these patients formed observation group 2. Results. No 30-day mortality was
recorded in both observation groups. The mean static cold storage time in group 1 patients was 612.33 + 178.88
(133—-1180) minutes. Overall incidence of delayed graft function was 26.5% (53/200). Incidence of delayed graft
function was 19.3% (19/98) for organs from standard donors using static cold storage and 35.8% (33/92) for ECD
organs. Twenty-five patients (12.5%) had postoperative complications. Postoperative complications with delayed
graft function were diagnosed in 12 patients, which was 22.6% (12/53), with immediate function in 13 patients,
which was 8.8% (13/147). Mean cold storage time in group 2 patients was 319.11 £ 110.24 (311-525) minutes.
Mean HOPE time was 202.34 & 21.48 (150-210) minutes. Delayed graft function was recorded in 1 group 2 pa-
tient (10%). No complications, including perfusion-related one, were recorded in this group. Conclusion. The
unique technique used at Botkin City Clinical Hospital for HOPE in kidney transplant is safe. It provides a low
risk of delayed graft function for ECD kidneys.

Keywords: kidney transplant, expanded criteria donors, hypothermic oxygenated machine perfusion.

BBEAEHWUE

OTtnaneHHble pe3yiIbTaThl TPAHCIUIAHTALMH TOYKU
MTOCTOSIHHO YITyUIIal0TCsA — B HacTosiee Bpemst 10-iet-
HSISl BBDKHBAEMOCTh TPAHCIIAHTATOB [TOYKH COCTABIISIET
oonee 80% [1]. DpdekTUBHOCTL TPAHCIUIAHTAIIUU KaK
METO/a JICYCHUS TEPMUHANBHBIX (POPM XPOHUYECKOI
OpTraHHOM HeIOCTATOYHOCTH CIIOCOOCTBOBAIA ITPOTpeEC-
CHBHOMY POCTY YHCJIEHHOCTH «JIHCTOB OKUAAHUS» KaK
BO BCeM mupe, Tak u B PO [2, 3]. Hapacranue nedurura
JTOHOPCKHX OPTaHOB MOOYKIAeT K TIOUCKY HOBBIX ITyTeH
penIeHus qanHoi mpooiaemel. HanbombIiee pacmipoctpa-
HEHHE BO BCEM MHUpE MOTyYHIa MPaKTUKa PacIIMPEHHS
KpUTEpHUEB TOHOPCTBA TOTO MM MHOTO oprasHa [4].
HeobxomquMo OTMETHTH, YTO OTJAJICHHBIE PE3YJbTaThl
TPaHCIUIAHTAIIMY COJMIHBIX OPTaHOB OT CTaHIAPTHOTO
JIOHOpa W JIOHOPA C PacIIMpPEHHBIMH KPUTEPHIMU He-

B TKaHSX 3HAYUTEIIFHO CHUKAETCS MPHU TeMIIeparype
4-10 °C, omHaKO COOTBETCTBYIOIIUI METa0OIU3M BCE
erie HaOmonaeTcs. JloNoTHUTENBHBIN KHCIOPO MOKET
MOIEP>KUBATh MUTOXOHIApHaNbHbIA cuHTe3 AT® 1, B
CBOIO O4€peib, CACPKUBATH MPOIECC MOBPEXKICHUSA [6].
B MOKITMHUYECKUX UCTIBITAHUSX OBLIO YCTAHOBJICHO,
YTO MaIlIMHHAS XOJIOA0Basi OKCUTCHUPOBaHHas iepdy3us
CHUKACT YaCTOTy MOBPEXKICHUS KJICTOK U aKTUBAIUIO
Makpodaros [7, 8]. [lonydeHHbIE SKCIIEPUMEHTAIBHBIC
JTaHHBIE TIO3BOJIAIOT MPEANOIOKUTh, YTO JaHHAS TeX-
HOJIOTHSI B KIIMHUYECKHUX YCIOBHUSX MOJKHA YITYUIINTh
pe3yaBTaTh TPAHCIUIAHTAIINN ITOYKH. B HacTosmee Bpe-
MsI IIPOBONUTCST HECKOJBLKO KIIMHUYIECKUX MCCIICTOBAHINA
1o oneHke d3PPEKTUBHOCTH JAHHON TEXHOJOTHUU TIPH
TPaHCIIAHTAIIUY TICYSHH U TIOYKH B MUPE.

MATEPUAABI U METOADI

CKOJIBKO OTNINYaoTCs. Tak, 1- U 5-neTHAS BBLKUBAEMOCTh
MMOYEYHOTO TPAHCIUIAHTaTa OT CTAHJAPTHOTO JAOHOpPa
coctaBisaoT 92 u 70% COOTBETCTBEHHO, a OT TIOHOpA
¢ pacuupeHnbiMu kputepusmu — 80 u 44% cooTBeTc-
TBEHHO [5]. D10 paznuune oObsICHIETCS Xy/IIIeH nepe-
HOCHMOCTBIO XOJIOIOBO#! HIIIEMUN OPTaHOB OT JOHOPOB C
pacmmpeHHBIMU KpuTepusimu. [lorpebinenne kucmopoaa

C urons 2018 roma nmo urons 2021 roga B Xupypru-
YeCKOW KIIMHUKE BOTKMHCKOW OOJIHHUIIBI BBEITIOTHEHO
200 TpaHCIUTaHTAIMI MOYKH OT TOCMEPTHOTO JOHOPA.
N3 mux 123 — myxxuunam (61,5%) u 77 — xeHIIMHAM
(38,5%). Cpenuuii Bo3pact coctasun 47,62 = 11,69
(20-73) roma. B 102 ciy4asix mo4YeuHbI TpaHCIIAHTAT
OB U3BAT y JOHOPA C PACHIMPEHHBIMH KPUTEPHUSIMH.
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V 92 penunuentoB (90,2%) modyeyHOro TpaHCIIaHTaTa
OT JIOHOpa C PacUIMPEHHBIMU KPUTEPHIMH JUIsI COXpa-
HEHHUs OpraHa MCIIOIb30BAIACh CTATHYECKAs XOJI0A0BAasT
KOHCEPBAILHsI 110 CTAaHIAPTHOW METOJIMKE, STH MAI[HCHTHI
coctraBwiu | rpynmy Habmonenusi. Y 10 perunueHTos
(9,8%) B momonHEHHE K CTAaTUYECKON XOJOOBOM KOH-
CepBalM{ UCIOIb30BaJaCh OKCUTEHUPOBAHHAS XOJIO-
noBasi iepdysus, 5T nauueHTsl coctauiy 1l rpynmy
HaOIIOIEHUSI.

JIOHOpPOB € pacIIUpPEeHHBIMUA KPUTEPUSIMH ONpeie-
Jsau B cootBercTBUM ¢ nedunuimeit UNOS 2003 r.
[Metzger R.A., Delmonico F.L., Fenf S. et al. Expan-
ded criteria donors for kidney transplantation. Am J of
Transplantation. 2003; 3 (suppl. 4): 114—125], xoraa
y moHopa 50-59 yer oTMeuanuch BCe WM JIFOOBIC JBa
(akTopa W3 MPEACTABICHHBIX — IPUYMHA CMEPTH Lie-
pebpoBackyisipaas 6one3ns (L[BB), runepronnyeckas
6onesus (I'b), kpearnnun Oonee 133 MKMOJIB/JI, WK Y
JoHopa >60 JeT oTMevaluch Bee, JIo0bie 1Ba (hakTopa,
JIH000M OIMH (haKTOP WIIM HU OJIUH U3 MPEICTABICHHBIX
BhIIIE (DAaKTOPOB.

TIpomoxon npumeneHuss MAUUHHOU OKCULEHUPOBAH-
HOU X0000801 nep@y3uu no4eyH020 MPAHCHAAHMAMA:
nepdy3usi MOYEYHOTO TPAHCIUIAHTATa BBIOJIHSIIACH B
YCJIOBUSIX ONEPALMOHHON MPU CTPOTOM COOJIIOACHUN
npaBui acenTuku. [Ipu momomu 6eCKOHTaKTHOTO Tep-
mometpa Testo 805 urcupoBanace Temreparypa KoH-
CEPBUPYIOLIETO PacTBOPA, LIEJIEBON YPOBEHB COCTABIISET
4-8 °C. V3Bnexkanu ynakoBaHHBIM MMOYEYHBIH TpaHC-
IJIaHTaT U3 TPAHCIIOPTHOI'O KOHTEHHEpa. BeinonHsuack
MYHKIMOHHAsE OMOMCHUs TOYKHU. [IpoBoamics ocMOTp
TpaHCIIAHTaTa C OLIEHKOH BHEIIHEro BUAA, COCYAMC-

TOW aHaTOMHUH. B ycThe moueyHoW apTepuu BBOJAMIACH
MSATKasl CHITMKOHOBAS KaHIONSI, IPUKPETUICHHAS paHee K
apTepUabHON MarucTpaim, U (UKCHUpOBalach K aop-
TaJILHOW TUTOMIAAKE TIPH MOMOINU 2—3 Y3JI0BBIX IIIBOB
(puc. 1).

Ecnm noveunpIx aprepuii ABe nin 00jee — KaHIOIH-
pOBal KaXIyI0 MPU TIOMOIIU Y-00pa3HOTO Mepexo-
HHKA.

Kanroito nogxmrouami K KOHTYPY U3 POJIMKOBOTO Ha-
coca amnmapara AWK cranmonapHoro tumna, OKCUTeHa-
Topa, BcTpoenHoro B AUK natuuka naBienus (puc. 2).
HeoOxonumast 00beMHast CKOPOCTh MUPKYISIUU KOH-
CepBaHTa 3aBUCUT OT THAPOCTATUYECKOTO JABICHUS
B apTepHalibHOH Maructpain. CKOpOCTh Mogaun KOH-
CcepBaHTa MOCTEICHHO YBEININBANIACH PETYISITOPOM,
MOKa HE TOCTUTANIOCH IieJieBoe AaBiieHne — 40 MM PT. CT.
[Ipouenypa npoBoaMIACH TIOJ] TOCTOSHHBIM KOHTPOJIEM
Bpaua-xupypra. [IocTossHHO KOHTpOJIUpPOBaaCh TrepMe-
TUYHOCTh COCJMHEHUS apTepHaTbHON KaHIOIH 1 TI0YeY-
HOW apTepHw, TeMIlepaTypa MOYeqyHOro TPaHCIUTaHTaTa
onpenensuiack kaxapie 15 munyT, KILC nepdysara mist
OIICHKU HACHIIICHUS KHCJIOPOAOM — Kaxible 30 mu-
HyT. [lo Mepe HEOOXOUMOCTH TIPOU3BOJUIIHN 3aMEHY
MOJTAsABINIUX XJIanareHToB. [Ipu CHIKEHUM NaBICHUS
B CHUCTEMeE, YTO KOCBEHHO yKa3bIBaeT Ha YMEHBIICHHUE
COTIPOTHUBIICHUS B MUKPOLIUPKYIIATOPHOM pyCJle TIOUKH,
MIPOBOIMIIACH KOPPEKIIHSI CKOPOCTH TI0Ia91 KOHCEPBAHTA
TUTS TIOM/IEPKaHUS IIEIEBOTO YPOBHS naBiieHus — 40 MM
pT. cT. UHAEKC COCYAUCTOro COMPOTUBIICHUS PACCUUTHI-
BaJli KaK OTHOIICHHE JABICHUS B CUCTEME K CKOPOCTHU
00BEMHOTO KPOBOTOKA.

Puc. 1. Kantomsamus aprepun OYEYHOTO TPAHCIUIAHTATA IS TPOBEICHUS OKCUTEHUPOBAHHOH XOJIOIOBOH mepy3nu

Fig. 1. Cannulation of kidney graft artery for oxygenated cold perfusion
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[ep¢y3us 3aBepinaiach B MOMEHT HOIaYK PELATTHCH-
Ta B onepauuoHHyto. [lepen BkIroueHreM MOYKU B KPO-
BOTOK PEITUITHEHTA BEHITIOIHAIACH TIOBTOPHAS OMOTICHS
MOYKH M3 MECTa TEPBUYHON MyHKIMOHHOW OHOTICHU.
[lepen yumBaHueM onepaliOHHON paHbl BHITOTHSIOCH
MHTPAOIEPallMOHHOE YIBTPa3ByKOBOE HCCIIEAOBAHUE C
OIpeIeJICHUEM MHJIEKCAa PE3UCTEHTHOCTU. B mepByto
HEJIEN0 NOCJIEONEPALMOHHOIO Meproaa NIPOBOAUIIAC
eXeTHEeBHas OIleHKa CIEeAYIOIUX ToKa3aTreieil: 00b-
€M CyTOYHOTO JAMype3a, MOYEBUHBI, KpeaTnHuHa, K,
KOHIICHTPAIlUA WHTHOUTOPOB KaJbI[MHEBPUHA KPOBH,
OLICHUBAJICSI UHAECKC PE3UCTEHTHOCTH IpH Y 3-Uccieno-
BaHUU, HA OCHOBaHUH Y€T0 MPUHUMAJIOCh PELICHUE O He-
00XOMMOCTH MPOBEACHHUS 3aMECTUTEIILHOM IMOUCUHOM
Tepariy, OLIEHUBAJIOCh Pa3BUTHE NOCIIEONEPALMOHHBIX
OCIIOKHEHUH.

PE3YADBTATHI

B obeux rpymnmax HabmoneHus He 3a(h)UKCUPOBAHO
30-gHeBHOI1 teTanbHOCTH. CpeiHee BpeMs CTaTH4eCKOn
XOJIOZIOBOM KOHCEPBAIlMH y AIUEHTOB MEPBOH TPYIIIIBI
cocraBmio 612,33 £ 178,88 (133-1180) munyThL. O0MIIast
YacTOTa OTCPOUCHHOW (DYHKIIUH TOYEHHOTO TPaHCIIIaH-
Tata cocraBuia 26,5% (53/200). [Ipu ucnonp3oBanun
OpraHa OT CTaH/JapTHOTO JOHOpa C MPUMEHEHHEM CTa-
TUYECKOW XOJIOJIOBOM KOHCEPBAIIMH YacTOTa Pa3BHTHUS
OTCPOYEHHOM (YHKIMU TpaHCIJIAHTaTa cocTaBuja

Harunx
JTaBIICHHS

-
#" TloueuHas
¥ aprepus
i
+ Iloueunas

I
f BCHa

[Toueunslit TpaHCcIUIaHTAT

EMKOCTB ¢ XOIOAHBIM
- KOHCEpPBaHTOM

19,3% (19/98), oT noHOpa ¢ pacuIMpEeHHBIMU KPUTECPHSI-
Mmu —35,8% (33/92). [TocneonepaliioHHbBIE OCI0KHEHHS
3adukcupoBanbl y 25 manueHTtoB (12,5%). [locneomne-
paIMOHHBIC OCJIOKHEHHS TIPU PA3BUTHU OTCPOUYCHHOU
(GYHKIMY TPAHCIIAHTATA JUATHOCTUPOBAHKI Y 12 60ITh-
HBIX, 4TO cocTaBuio 22,6% (12/53), ¢ HeMenneHHOM
¢dyHKuuei y 13 60ibHBIX, uTo coctaBuiio 8,8% (13/147).

CpenHee BpeMsl XOJIOIOBOI KOHCEPBAIIUY Yy TTAITUCH-
toB II rpynms! cocrasuino 319,11 + 110,24 (311-525)
MHUHYTBI. CpeqiHee BpeMsi X0JI010BOH OKCUT€HHUPOBAHHOM
nep¢ysun — 202,34 + 21,48 (150-210) munytsl. Cpen-
Hsisl TEMIIeparypa MOYeqHOTo TPAHCIUIAHTaTa BO BPEMsI
nepdy3uu Bapsuposana ot 4,7 no 6,8 °C (puc. 3).

CpenHee napuuaibHOE JaBICHUE KUCIOPOAA B IEp-
¢y3are BappupoBayio ot 323 1o 574 MM prT. CT. (puc. 4).

B omHOM cnydyae WHIEKC COCYTUCTOTO COMPOTHBIIC-
HUA B niporiecce nepdysun Beipoc Ha 0,02 (Tadm. 1).

Y onnoro manuenTa (10%) I rpynmer HabaroneHMS
3aUKCHpOBaHa OTCpOUYCHHAs (PYHKIIUS TPAHCIUIAHTATA.
OCIOXXHEHUH, B TOM YHCJIE CBA3aHHBIX C epQy3ueii B
9TOMH rpyriie OOJIbHBIX, HE 3aUKCUPOBAHO.

[Ipu 271eKTPOHHON MHKPOCKOITHH HEPPOOHONTATOB
nanueHToB | rpynisl HabMoaNach BeIpaKeHHAS OTPH-
[arenbHas TUHAMUKA, BHIPAXKAIOMIASICS B AECTPYKIIUH
MUTOXOHIpHH (pHC. 5).

Ilogaua
KHCTIopoaa

PonukoBeIit
Hacoc

Puc. 2. Cxema IpoBCACHUA OKCHFGHHpOBaHHOﬁ XOJIOZ[OBOﬁ nep(by:;ml TOYCYHOTI'0 TpaHCIlJIaHTaTa

Fig. 2. Schematic layout of oxygenated cold perfusion of a kidney graft
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[pu snekTpoHHOI MUKpOCKoTHK HeQpoOronTaToB
nanuenToB 11 rpymnmsl 3aduKCHPOBaHO COXpPaHEHUE MU-
TOXOHJIPHH TTOCTIe poBeAeHus nepdysun (puc. 6).

OBCYXAEHUE

Jedunur 1oHOPCKUX OpraHoB — mpoOiema, orpa-
HHUYHUBAKOIiass 4YucJIO BBIITOJIHACMBIX TpaHCHHaHTaHI/Iﬁ
penunueHTaM. OIHUM U3 ITyTeH pemeHus SIBISICTCS pac-
HIMPEHUE MOKa3aHUi K JOHOPCTBY, YTO PUBOJIUT K yBe-
JUYEHUIO UCIIOB30BAHUS IMOYEYHBIX TPAHCILIAHTATOB
OT JIOHOPOB C pacIIupeHHbIMU KpuTepusMu. [1o Hamum

JTAaHHBIM, UCIIOJIb30BaHKE ITOYCYHBIX TPAHCIUIAHTATOB OT
JIOHOPOB C PACIIUPECHHBIMU KPUTEPUSAMHU JOCTOBEPHO
MOBBIIIAET BEPOSITHOCTH Pa3BUTHS OTCPOUYCHHON (DyHK-
1 (35,8 vs 19,3%, p=0,021). PazButne oTcpoueHHO
(hyHKIIMHU, B CBOIO OYepe/b, aCCOLUUPYETCS C JAOCTO-
BEpHO 00JIee BEICOKOH YacCTOTOM IOCIICONEPAIIMOHHBIX
ocnoxHeHui (22,6 vs 8,8%, p = 0,015), aTo mpuBoauT
K YBEJIMYCHUIO CPEAHEH JIMTEIbHOCTH HAXOXKICHUS
0OJILHOTO B CTAIMOHAPE U YBEIMYHMBACT PACXOJbI Ha
neuenue. [Ipu olleHKe HAIIETO OMBITa MPUMEHEHHUS Op-
TaHOB OT JJOHOPOB C PaCIIUPEHHBIMH KPUTEPHUSIMH TI0-

t, °C

105 120 135 150 165 180 195 210

MuHyTh

Puc. 3. I[I/IHaMI/IKa CpeﬂHeﬁ TEMIICPATYpPbl HOUCUYHOI'O TPAHCIIJIAHTATA B IIPOLECCE OKCI/IFCHHpOBaHHOﬁ XOJ'IO,HOBOfI r[ep(l)ysl/m

Fig. 3. Dynamics of average renal graft temperature during oxygenated cold perfusion
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Puc. 4. Jlunamuka cpeHero napuuaibHOTO JABICHHs KHCIOpoAa B nepdysare B Mpolecce OKCUTEHUPOBAHHOM XOJIO0BOM

neppy3un.

Fig. 4. Dynamics of mean partial pressure of oxygen in perfusate during oxygenated cold perfusion
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JIYUYCHBI JaHHBIC O BJIUAHUN BBICOKOI'O MHACKCA MACChl
tena (MMT) moHOpa u BpeMEHHU XOJIOAOBOW HUIIIEMHH
JIOHOPCKOM MOYKHA Ha YaCTOTY Pa3BUTHSI OTCPOUYEHHOMH
¢yskmy (Tadm. 2).

B GonpLIMHCTBE CiIy4aeB COKpalLICeHUE BPEMEHH CTa-
TUYECKOW XOJOAOBON KOHCEpPBALMU MPEICTABISACTCS
TPYAHO BBIIOIHUMOM 3anaueii. [lanuenty HeoOxXomumo
SIBUTHCSI B TPAHCIUIAHTALUMOHHBINA LUEHTP, OPOUTH TIpe-
JIOTIEpAIMOHHOE 00CIIIOBaHUE, B PsijIe CITydacB HE00X0-
JUMO IIPOBEJCHUE JUAJIN3a — BCE 3TO IPUBOIUT K TOMY,
YTO CpeAHEE BPEMsI X0JIOIOBOM KOHCepBauu B boTkuH-
ckoii 6onmpHMLIE cocTaBisieT 6osee 10 gyacoB. Opransl OT

CTaHJAPTHBIX IOHOPOB YIOBIECTBOPUTEIHLHO EPEHOCAT
JUTUTENBHBINA TIEPUO] XOJIOJOBOM UINIEMHUHU, OPTaHbl OT
JIOHOPOB C PaCIIMPEHHBIMU KPUTEPUAMHU — TOCTOBEP-
HO Xyke. PemeHnem manHOW MpoOIEMEBI, IO HAIIEMY
MHEHHUIO, SIBISIETCS 3aMELICHNE CTaTUYECKON X0I010BOU
KOHCEpPBAIlMU MAIIMHHOW XOJIOIOBOM OKCUTE€HHUPOBAaH-
Holi tepdy3ueii. TeopeTrueckuM MPEenMyIIeCTBOM JIaH-
HOM TEXHOJIOTHH SIBIISIETCS] TOCTaBKa KHUCIOPOAA, pac-
TBOPEHHOTO B KOHCEPBUPYIOIIEM PAaCcTBOPE, K KIIETKaM
MIpU COXpaHHOM HU3KOHM Temmeparype. Kucmopon moa-
JIepP’KUBAET adpOOHBIN METabO0IM3M B KIIETKAX, KOTOPBIHA
PE3KO 3aMeIIseTCs, HO TMOJTHOCTRIO He MTpeKpariaeTcs B

Tabmnna 1

IMoka3zaTenn OKCI/IFEHI/IPOBaHHOﬁ X0J10/10BOM rlepq)y:mn MOYECYHOI'0 TPaAHCIJIAaHTaTa

Indicators of oxygenated cold perfusion of the renal graft

Ne | MaBnenne | O6bemHas ckopocts | MHmexc cocynuctoro | laBnenne | O0beMHas ckopocTs | MHIEKC COCyancTOro
I/l | B HadaJle | KPOBOTOKA B Hayaje COIPOTUBIICHUS B KOHIIE | KPOBOTOKA B KOHIIE COIPOTUBIICHUS
nepdy3un nepQy3un B Havase nepdys3un | nepdys3uu nepQy3un B KoHIIe ntepdy3uun
1 41 70 0,58 42 90 0,46
2 40 120 0,33 40 150 0,26
3 42 110 0,38 40 120 0,30
4 39 90 0,43 41 90 0,45
5 42 60 0,70 40 70 0,57
6 40 120 0,33 42 140 0,3
7 41 100 0,41 41 120 0,34
8 42 90 0,46 40 90 0,44
9 40 80 0,50 39 100 0,39
10 40 90 0,44 41 100 0,41

Puc. 5. ®parmeHT noyeyHoro KiyObodka 10 Hadajia MalluH-
HOW XOJIOMOBOW OKCHUI€HHpOBaHHOU mepdy3uu. B muto-
razme nozpouunta (I1): Mesnkne MUTOXOHIPUM C YaCTHYHO
COXpPaHCHHBIMH KpHCTaMH (CTPENIKH); KOpOTKHE Hpoduim
TpaHyJsIpHOI nuTOIUIa3MaTHdeckoit cetn. C — KamuuIsphL.
%9000

Fig. 5. Renal glomerulus fragment before HOPE. The podo-
cyte (IT) cytoplasm contains: small mitochondria with par-
tially preserved cristae (arrows); short profiles of granular
endoplasmic reticulum. C — capillaries. x9000

Puc. 6. ®parmenT moyeqnoro kirybouka. B muromnazme no-
JOLIMTa HAXOIATCS: MENKHE MUTOXOHJAPHUH C YacTHYHO CO-
XpaHEHHBIMH KPUCTaMH, KOPOTKHE NMPOQMIN TpaHyIIpHOH
LIUTOIIa3MaTH4decKkor cet. x12 000

Fig. 6. Renal glomerulus fragment. The podocyte cytoplasm
contains: small mitochondria with partially preserved cristae,
short profiles of granular endoplasmic reticulum. x12 000
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Tabmwnia 2

Bausinue ¢pakTopoB pucka 10Hopa
¢ PACIIMPEHHHBLIMH KPUTEPUSIMU Ha Pa3BUTHE
OTCPOYECHHOI (PYHKIMH MOYEYHOT0 TPAHCILIAHTATA

Impact of expanded criteria donor risk factors
on delayed renal graft function

®daxTop pucka Hemennennas | OtcpoueHHas | p
byHKIHS byHKIHS
(n=159) (n=33)
Bospact nonopa:
55-65 ner 42 23 0,65
>65 ner 17 10
[Ton nonopa:
Myxckoit 27 16 0,73
Kencknit 32 17
UMT nonopa:
<25 26 12 0,04
>25 33 21
UMT peuunuenra:
<25 29 15 0,63
>25 30 18
Bpewms HaxoxeHUs
JIOHOpA B CTal[IOHApE:!
<72 wacos 44 n %%
>72 qacoB 15 11
Bpewms xononosoit
WILIEMHU:
<10 yacos 26 12 0,03
>10 gacoB 33 21

XOJIONHOM cpene. A3poOHBII METa00IN3M HCKIII0YaeT
paso0IeHne ABIXaTeIbHON eI MUTOXOHAPHHA ¢ 00-
pa3oBaHUEM aKTHUBHBIX (OPM KHCIOPOXA, IPEJOTBpa-
IIaeT pa3BUTHE BHYTPUKIIETOYHOTO alKj03a, a TaKxKe
NOJACPKUBACT HA HOPMAJIBHOM YPOBHE aKTUBHOCTH
Na/K AT®-a3b1, 94TO, B CBOIO O0Yepellb, CHIKAET PHUCK
aronTo3a KIETOK.

IIpemnaraeMelii HaMu anmnapar UCKYCCTBEHHOIO
KPOBOOOpaIeHNs U1 IPOBEACHUS] OKCUT€HUPOBAHHOM
X0JI010BO# mep¢y3un obnanaeT BCeMH KauyeCTBaMH,
HEOOXOOUMBIMH JUTs MALIMHHON nepdy3uu TpaHCILIaH-
TaTOB: BO3MOXKHOCTh KOHTPOJISI AaBJICHUS U 00bEMHON
CKOPOCTH KPOBOTOKAa U BO3MOXHOCTb OKCUI'€HAIUH
KOHCEPBHPYIOILIETO pacTBopa. BaxkHol mpoOiemoid, ¢
KOTOPOH MBI CTOJIKHYJUCH MIPH pPa3pabOTKe MPOTOKOJa
nepdy3uu, cTajo odecrieyeHre 1 nojiep>kaHue Heooxo-
JIUMOM TeMIieparypsl pacTBopa. [[eno B ToM, 4ToO B po-
necce nepdys3un UOeT HarpeBaHue pacTBOpa B KOHTYDE,
MO3TOMY, C OHOM CTOPOHBI, HEOOXOIUM TIIATESIBHBIN
KOHTPOJIb TEMIIEPATyPhl IOYEYHOT'O TPAHCILUIAHTATA, a C
Ipyroi — 3 PeKTUBHOE MOCTOSTHHOE OXJIaXKACHUE pac-
TBOpa. sl TMHAMUYECKOrO M3MEPEHUs] TeMIIepaTypbl
MOYEYHOTO TPAHCIUIAHTATa MBI HUCIIONb3yEeM AHMCTaH-
LIHUOHHBIA TepMOMETp. JlJ11 MOCTOSHHOTO OXJIAXKIESHUS
KycTonnona Mbl mpuMeHsieM clielUalIbHbIE CTEPUIIBHBIE

XJIaJJareHThl, KOTOPBIE PACIIONATraloTCs PAIOM C IoYed-
HBIM TPAHCIUIAHTATOM, HE KacasiCh €ro ¥ He CMEINBAsICh
C KOHCEPBAHTOM, 1 OOKJIaIbIBAEM JIHJIOM OKCHT€HATOD,
Kak 3JIeMEHT KOHTypa ¢ HanOOJIbIIIeH TITONAAbI0 CONPH-
KOCHOBEHHSI C paCTBOPOM. DTH MEPOIPHUSATHS TTO3BOJISIOT
Ha MPOTSHDKEHHH BCETO BpeMEHH MepQy3ur TONIepKu-
BaTh TEMIIEpATypy TpaHCIIaHTaTa B fuanasone 4-8 °C.

Jobasiienne kuciaopona B nepy3upyonmi pac-
TBOp — caMas BaJKHasl 4acTb mporokona. Kucmopon
XopoIno pactBopsercs B Kyctoamone — Ham ynaimoch
JIOOUTHCS CPEIHETO MapIHaIbHOTO TABICHHS KHCIOpoIa
B niepdysare Ha ypoBHE 500 MM PT. CT. IPH CKOPOCTH
nojayu 4 IUTpa B MUHYTY.

Jns oueHkH 3QPEeKTUBHOCTH MPOBOIUMON mepdy-
3UM B COXPAaHEHMHM MHUTOXOHJPHUI KJIETOK MBI IPOBO-
JIWTH 3JIEKTPOHHYI0 MHKPOCKOIHIO HePpoOHONTaToB
JI0 HayaJla M Mocie OKOHYaHUSA MalIMHHON XOJIOJOBOM
OKCUTEeHHpOBaHHOU niepdy3nn. Bo Bcex ciayuasx mocie
3aBepIICHUS MAIIMHHOM X0JI00BOM nepdy3un B MUTO-
XOHJPUSAX KIIETOK MOYEYHOT0 KITyO0UKa, TUCTATBHOTO U
MPOKCUMAIILHOTO (hparMeHTOB He(hpoHa ONIPEAEISIINCE
COXpaHHbIE MUTOXOHJPUH C KPUCTaMH.

Takum o0Opa3zom, pa3paboTaHHasi METOIHMKA MO3BO-
JSET TOIEPKUBATh JHEPTETHUECKUIN OaaHC KIETOK
Ha TPOTSHKEHUU JJIUTEIHHOTO BpEMEHHU M MPOQUITaK-
THPOBATh pa3pylIeHHEe MHUTOXOHAPHUI, 9TO HEMHHYEMO
MIPOUCXOJIUT B MPOIECCE CTATUUECKOMN X0JI0J0BOM KOH-
cepBaluy.

BrisiBnennsie MopQonoruueckue NpeuMyniecTBa
MAIIMHHOM XOJOJOBOM OKCHTeHWPOBaHHOU mepdy-
3UH KOPPENHUPYIOT U ¢ KIMHUYECKUMU MTPOSBICHUSMHU.
W3 10 manueHToB, KOMY BBIITOJTHEHA TIepecajKa MOYKH
OT ITOCMEPTHOTO JOHOPA C PACITUPEHHBIMH KPUTEPUSIMH
C IpUMEHEHNEM HCTIONIb3yeMoi niepdy3nu, OTCpOIeHHAS
(GyHKIMS TpaHCIDIaHTaTa HaOmomanack y 1 manueHTa
(10%), 9TO TOCTOBEPHO HIKE IO CPaBHEHUIO C TpyI-
noii I (p = 0,035). ImeHHO B 3TOM cily4ae B HpoIiec-
ce nepdy3un HaOMIOIANICS POCT UHACKCA COCYUCTOTO
conpotusienus ¢ 0,43 no 0,45, B OCTaNbHBIX CIIy4asix
uHIeKC cHIKacs B cpexneM Ha 0,07 + 0,04 (0,02-0,13).
DTO TOBOPHUT O TOM, YTO TaHHBINA TTApaMETP MOXKET pac-
[IEHUBATHCS KaK MPEIUKTOpP Pa3BUTHUS OTCPOUCHHOM
(YHKIIUH TOYEYHOTO TPaHCIIIAHTATA.

[lepBbIii ONBIT MPUMEHEHUS] COOCTBEHHOTO MTPOTOKO-
Jla MaIIMHHOH X0JIO0BOM OKCUTEeHUPOBAaHHOH Tiepdy3nuu
MOYEYHOI0 TPAHCIUIAHTATA OT JOHOPA C pacIIMPEHHBIMU
KPUTEPUSIMH TI0Ka3all ero 0e30MacHOCTh U dPPEKTHB-
HOCTb. JlampHeIITie rccae[0BaHus TTO3BOIAT YTOUHUTD
ONITUMAJTbHBIE TTapaMeTpPhl Tepy3nH, BEIIBUTH MTPEIHK-
TOPBI OTCPOYCHHON (PYHKIIMM OpTraHa W MEPBUYHO HE
(GYHKIMOHHMPYIOIIKUX TpaHCIUIaHTaToB. JlanpHelee
CHIDKCHHE YacTOThl OTCPOYEHHON (DYHKIIMH BO3MOKHO
3a CYeT BHEJPEHUS TPAHCIOPTHBIX CUCTEM JAJISl OKCUTe-
HUPOBaHHOH XOJIOIOBOM niepdy3uu.
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3AKAIOYEHUE

OpwurrHanbHas MeTonuKa BOTKHHCKOM OOJTEHUITHI ITO
OKCUTEHHPOBAHHOHN XOJOA0BOH Hep(y3nn mMOoYedHOTO
TpaHcIuanTara 6e3onacHa. Ee mpoBeneHne acconuupy-
€TCsl C HU3KUM PUCKOM Pa3BUTHUS OTCPOUCHHON (DYHKIIMU
MOYEYHOTO TPAHCILIAHTaTa OT JOHOPOB C pacIIUpeH-
HBIMU KpUTEpUsIMHU. [[anbHele ucciaeaoBaHus Mo3-
BOJIAT PACHIMPUTH MMOKA3aHUS K IPUMEHEHHUIO JTaHHOM
METOIUKHU.

Aemopuwl 3aa61510Mm 06 OMCymcemeuu
KOHGQIUKMA unmepecos.
The authors declare no conflict of interest.

CMUCOK AUTEPATYPbI / REFERENCES

1. Lee HS, Kang M, Kim B, Park Y. Outcomes of kidney
transplantation over a 16-year period in Korea: An ana-
lysis of the National Health Information Database. Plos
one. 2021; 16 (2): €0247449.

2. Tomwe CB, Xomsxoe CM. JIoHOPCTBO M TpaHCILIaHTa-
nust opranoB B Poccuiickoit ®enepanuu B 2016 romy.
IX coobmenue peructpa Poccuiickoro TpaHCIUIaHTO-
JIOTHYECKOTO 00IIeCTBa. Becmuux mpancnianmonozuu
u uckycemgenHwix opzanos. 2017; 19 (2): 6-26. Gau-
tier SV, Khomyakov SM. Donorstvo i transplantatsiya
organov v Rossiyskoy Federatsii v 2016 godu. IX soob-
shchenie registra Rossiyskogo transplantologicheskogo
obshchestva. Vestnik transplantologii i iskusstvennykh
organov. 2017; 19 (2): 6-26.

3. Tomve CB, Xomsxos CM. JIoHOPCTBO U TpaHCILIAHTA-
uusi opranoB B Poccuiickoit ®enepanuu B 2019 rony.

150

XII coobmenue peructpa Poccuiickoro TpaHCIIaHTO-
JIOTUYECKOTr0 OOIIEeCTBA. BecmHuK mpanchianmonro2uu
u uckyccmeaennvix opearos. 2020; 22 (2): 8-34. Gau-
tier SV, Khomyakov SM. Donorstvo i transplantatsiya
organov v Rossiyskoy Federatsii v 2019 godu. XII soob-
shchenie registra Rossiyskogo transplantologicheskogo
obshchestva. Vestnik transplantologii i iskusstvennykh
organov. 2020; 22 (2): 8-34.

Wang Z, Durai P, Tiong HY. Expanded criteria donors in
deceased donor kidney transplantation — An Asian per-
spective. Indian journal of urology: 1JU: journal of the
Urological Society of India. 2020; 36 (2): 89.

Gondos A, Dohler B, Brenner H, Opelz G. Kidney graft
survival in Europe and the United States: strikingly dif-
ferent long-term outcomes. Transplantation. 2013; 95
(2): 267-274.

Saat TC, van den Akker EK, IJzermans JN, Dor FJ, de
Bruin RW. Improving the outcome of kidney transplan-
tation by ameliorating renal ischemia reperfusion injury:
lost in translation? Journal of translational medicine.
2016; 14 (1): 1-9.

Kaminski J, Delpech PO, Kaaki-Hosni S, Promeyrat X,
Hauet T, Hannaert P. Oxygen consumption by warm
ischemia-injured porcine kidneys in hypothermic static
and machine preservation. Journal of Surgical Research.
2019; 242: 78-86.

Cannon RM, Franklin GA. Machine perfusion for impro-
ving outcomes following renal transplant: current per-
spectives. Transplant Research and Risk Management.
2016; 8: 1-7.

Cmamusa nocmynuna 6 pedaxyuto 15.10.2021 e.
The article was submitted to the journal on 15.10.2021



NHOOPMALINS

TPEBOBAHUSA K NMYBAUKALIUAM

CraTb¥ TOIDKHBI COIEPKATh OPUTHHANILHBIE TaHHEIE,
HUTJIE paHee He OMyOIMKOBaHHBIC U HE HAIPABJICHHEIE
Ha IMyOIuKaIuio B Apyrue penaknuu. [lnara 3a myomu-
KaIMI0 PyKOIKceld He B3UMAeTCsl.

TekcToBBIN MaTrepual JOJKEH OBbITh MPECTaBlICH
B Buje onHoro daitna Microsoft Word (mpudt Times
New Roman, 12 pt gepe3 1,5 unTepBana), KOTOpbIit
HE00X0IMMO HANpPaBUTh B JIIEKTPOHHYIO PEIAKIIHIO
B COOTBETCTBHH C YKa3aHUSMH Ha caiiTe »ypHama.
https://journal.transpl.ru.

CxemMda NoCTPOEHUs CTATbMU

1. TuryabHasi cTpaHula
JlomkHa OBITH IIpe/ICTaBIIeHa HA PYCCKOM W aHTIINH-
CKOM $I3bIKaX ¥ COOTBETCTBOBATH MIA0JIOHY:

Ha3Banme cTaTbn

AHIIOA3BIYHOE Ha3BAHKUE JOJKHO OBITH TPaMOT-
HBIM C TOYKH 3peHI/I$I aHFHHﬁCKOFO S3bIKa, HpI/I
ATOM TIOTHOCTHIO COOTBETCTBOBATH IO CMBICITY
PYCCKOSI3BITHOMY Ha3BaHHIO.

ABTOpPBI CTATHU

ITpu HaMCaHUW aBTOPOB CTAThH HHUIMATIBI UME-
HU ¥ OTYECTBA YKa3bIBAIOTCS mepena (haMuuel.
®. U. O. Ha aHIIINICKOM SA3bIKE HEOOXOIUMO IIH-
caTh TakK, Kak B 3arPaHMYHOM I1aCIIOPTE MJIU KaK
B paHee OMyOIMKOBAHHBIX CTAThSIX B 3apyOeIKHBIX
JKypHamax.

HaszBaHnue yupe:xneHust

— TlomHoe odunmansHOE HA3BAHUE YUPEIKICHUS,
ropoj, ctpaHa. HanGosee moiHpIi ClIMCOK Ha-
3BaHUI yUpEKICHUI Ha PyCCKOM U aHIVIMIIC-
KOM SI3BIKaX MOKHO HaWTh Ha caiite PYHOb
eLibrary.ru

— Ecnau B HanmucaHuM PYKOMUCHU NMPUHUMAIU
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2. Pedepar

K kaxmoii cratee HOMKEH OBITh MPUIIOKEH pede-
par Ha PyCCKOM W aHIJIMMCKOM si3bikax. O0beM Tek-
cta pedepara I OPUTHHAIBLHOW CTaTbu — He Oolee
300 cnoB, nng 0630pa IUTEPATypHl, KIMHUYECKOTO
HaOmonenns — He 6osee 200 cioB. Pedepar momken
MOJTHOCTBIO COOTBETCTBOBAThH COJNEPIKAHHUIO PabOTHI.
AHTJI053bIYHAS Bepcus pedepara cTaThbu JOJDKHA 110
CMBICITY ¥ CTPYKTYPE COOTBETCTBOBATH PYCCKOS3BIYHOI
¥ OBITh TPAMOTHOM C TOYKHU 3PSHUS aHIJIMHCKOTO S3bIKA.
s mepeBona pedepara He OMYCKAETCsl HCIIONb30Ba-
HUE IEKTPOHHBIX POrpaMM-TIEPEBOTUMKOB (HallpuMep,
Google INepeBoqunk) 0e3 mociaeaAyomed peIaKkiuH.
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B pedepare He cnenyer ynoTpedisaTh abOpeBUaTyphl
0e3 MmpenBapuTEIHHOTO PACKPBITHSI.

Pedepar opucunansnoit cmamsu nomxen conep-
JKaTh CIEeNYIOLINE Pa3aebl:

Lens (Objective),

Mamepuanovt u memoowt (Materials and methods),

Pesynvmamot (Results),

3aknrwuenue (Conclusion).

B pedepare crnenyer npeactaButh Hanboee cymiec-
TBEHHBIC PE3YJbTAThl IPOBEJICHHBIX HCCIICIOBAHNH.

Henp3s mucars: «l/lpogeden cpasrumenvHulil aHanu3
YYECMBUMENLHOCTNU U CHEYUDUUHOCTU... ».

Crnenyer nucarb: « YyscmeumenbHocms cocmaguna
wYu %, p =, cneyuguynocmo cOOmeenmcmeeHHo
You %, p=»

3. KiroueBble ci1oBa

B koHI1e petepara J0KHBI OBITH TPUBEICHBI KITIOYE-
BbI€ CII0Ba (keywords) Ha pyCCKOM M aHIJTIMHACKOM SI3bIKaX.
Jlst BBIOOpA KITIOYEBBIX CIIOB HA aHIIIMHCKOM SI3BIKE ClIe-
JyeT UCIIOIb30BaTh Te3aypyc HanmonansHoM MequIuH-
ckort oubnmuotekn CIIA — Medical Subject Headings —
MeSH. (http://www.ncbi.nlm.nih.gov/mesh).

4. YkazaHue 0 KOHQJIMKTe HHTEPECOB

ABTOp 00s13aH yBEJJOMHUTH PEIAKTOpa O pealbHOM
WiIn nMoTeHIaJIbHOM KOH(bHI/IKTe HUHTCPECOB, BKIIIOUMB
UHPOPMAIHIO 0 KOH(INKTE HHTEPECOB B COOTBETCTRY-
FOIININ pa3aen cTatbu. Ecin KoH(pIMKTa HHTEPECOB HET,
aBTOP JIOJDKEH TaKke coo0ImuTh 00 3ToM. [Ipumep dop-
MYJIUPOBKH: « ABTOD 3asIBJISIET 00 OTCYTCTBUH KOH(INK-
Ta UHTEPECOBY.

JlanHas uHpOpMANUS TPUBOTUTCS MEPe]] TEKCTOM
CTaThHU.

5. Tekcrt cTarbu

OpurunajbHas cTaTbhs JODKHA BKIIOYATH CIETy-
TOIINE Pa3/Ieybl:

BBenenue
Marepuainbl 1 METOJbI
Pe3ynpraTh
OO6cyxaeHre
3akioueHue

Crnucok IuTepaTypbl

O030pHasi cTaTbd JODKHA COIEPKATh aHAJIN3 JINTe-
paryphbl ¢ IpeACTaBIeHNEM COBPEMEHHBIX HCTOYHHKOB
(B OCHOBHOM 3a MOCJIETHHE 5 JIET).

Knununyeckoe Ha01101eHUE JOIDKHO OBITH XOPOLIO
WJUTIOCTPUPOBAHO (OTpaXKaTh CyTh POOIEMBI) U COAEp-
JKaTh 00CYX/IEHHE BOIIPOCA C HCIIONF30BaHIEM TaHHBIX
JIUTEPATYPBI.

Bubnuoepaguueckue ccviiku B TEKCTE CTaThbH
0003HAYAIOTCS MTOPSIIKOBBIM HOMEPOM B KBaJ[PaTHBIX
ckoOkax: [1], [2, 5], [14-18] u 6 cnucke numepamyput
npeocmagnaAlOmca no NOPAOKY YROMUHAHUA 8 EKCme
He3asuUCUMO Om A3bIKA CCHLIKU.

Bce BennuuHbBI, IpUBEIEHHBIE B CTAThE, JOJIKHBI
OBITH BBIpa)KEHBI WK AyOnupoBansl B equHnmax CU.
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6. Cnucok aurteparypsl / References

ABTOp HECET MOJHYIO OTBETCTBEHHOCTD 38 TOYHOCTD
JaHHBIX, IPUBEICHHBIX B MPUCTATEHHOM CIUCKE JIU-
TepaTypsl. B cliucke nuTeparypsl CCHUIKA Ha HEOIyO-
JMKOBAaHHBIC MIJIM HaXOASIIUECS B Te4aTu pabOTHl HE
JIOTTY CKAIOTCAL.

CIUCcoK TUTepaTypsl PEICTABISETCS Ha OTACTEHON
crpanute. CChUIKH Ha HICTOYHHKH PacrioiararoTcs B 1o-
pslIIKe IMTHPOBAHUSI M IPUBOJISATCS HA SI3bIKE OPUTHUHAIA.

Ha3panus XypHaJlOB Ha PyCCKOM f3BIKE B CIIMCKE
JIUTEpaTyphl HE CoKpamiatoTcs. Eciu pyccKoS3bIYHbIN
JKypHaJ UMEeT TaKkKe Ha3BaHUE Ha aHIJIMICKOM SI3BIKE,
OHO MOJKET OBITh YKa3aHO B CCBIJIKE ITOCJIE TPaHCIIHUTe-
pPHPOBaHHOTO Ha3BaHUs. Ha3BaHMs MHOCTPaHHBIX XKyp-
HaJIOB MOT'YT COKPAIIAaThCsl B COOTBETCTBUH C BAPUAHTOM
COKpAILEHHsI, IPUHATHIM KOHKPETHBIM KYPHAJIOM.

Ecnmn nmutupyemas crarbs umeet DOI (digital object
identifier, nudppoBoit uaeHTHUKATOP 0OBEKTA) W/HITH
PMID (PubMed), ero/ux HeoOX0qMMO yKa3aTh B KOHIIE
CCBUIKH.

B cchutkax Ha pycCKOSI3BIYHBIE CTAThH, HMEIOIIHE
TaKXKe Ha3BAHUE HAa aHIIMIICKOM SI3bIKE, BHayale IIpU-
BOJMTCS PyCCKOE, a 3aTeEM aHIIMICKOe Ha3BaHue. Eciu
CTaThs HE UIMEET aHIJIMICKOTO Ha3BaHUsI, CChUIKA IIPUBO-
JUTCS BHAYaJIe Ha PyCCKOM SI3BIKE, a 3aTeM B TPAHCIIUTE-
PUPOBAaHHOM BHJE, HAUMHAS HAa TOH ke CTpoke. TpaHc-
JUTEPALIMIO PEKOMEH/IyeTCsl BBIIOIHATE Ha caiTe http://
www.translit.ru B popmare BGN.

B cchiike Ha HEaHTTIOSI3BIYHBIE CTATHH MOCIIE BBIXO-
HBIX IaHHBIX HEOOXOANMO YKa3aTh SA3bIK MyOIHKAIH 1
HaJIM4YHe pe3loMe Ha aHINIMHCKOM A3bIKe, HanpuMmep: [In
Russ, English abstract].

s cocTaBieHUs OMMUCAHUN B CHUCKE JINTEPATy-
PBI HCTIOJB3YeTCS CTaHaapT Ha Oubiamorpadudeckyro
cceuiky NLM — National Library of Medicine (http://
www.nlm.nih.gov/bsd/uniform_requirements.html).
Ecny konn4ecTBo aBTOPOB HE MPeBbIILIAET 6, B OnOIHo-
rpaguuecKoM ONHCAHUHU YKa3bIBaIOTCS BCE aBTOPHI.
Ecnu xonmnuecTBo aBTOpoB Oojiee 6, cieayeT yKa3aTb
HIECTh NMEPBBIX aBTOPOB U 100aBUTH «u Ap.» (et al.).
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MJaHTanus opradoB B Poccuiickoit @enepanuu B
2015 romy. VIII coobmenne peructpa Poccuticko-
IO TPAHCILIAHTOIOTUYECKOTO 00IecTBa. BecmHux
MPAHCHIAHMONOSUY U UCKYCCTNBEHHBIX OP2AHOE.
2016; 18 (2): 6-26. Gautier SV, Khomyakov SM.
Organ donation and transplantation in Russian Fe-
deration in 2015. 8th report of National Register.
Russian Journal of Transplantology and Artificial
Organs. 2016; 18 (2): 6-26. [In Russ, English ab-
stract] DOI:10.15825/1995-1191-2016-2-6-26.
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OBIIEPOCCHUMCKAS OBILIECTBEHHASI OPTAHU3ALIUSI
‘ 3 TPAHCILJIAHTOJIOTOB
«POCCHMCKOE TPAHCINTAHTOJIOIT TYECKOE OBILIIECTBO»

5
o*

I'myGokoyBakaeMble KOJUIETH!

[Ipurnamraem Bac npunsaTs yuactue B pabote XI Bceepoccuiickozo cve3da mpancnianmosozoe, KOTOpbIi co-
croutcs 21-23 centsops 2022 rona B PI'BY «HanuoHa bHbI MeTUIUHCKUI HCCIEI0BATEIBLCKUN IEHTP
TPAHCIJIAHTOJIOTHM U UCKYCCTBEHHBIX OPpraHoB uMenu akagemuka B.U. lllymakoBa» Munsapasa Poccun
o anpecy: I. Mocksa, yi. lllykunckas, 1. 1.

B paborte che3aa mpuMyT yuacTiue pyKOBOTUTEIN OPraHOB 31paBOOXPAHECHUS, PEICTABUTEIH BBICILINX OPTaHOB
TOCYAapCTBEHHOH BIIaCTH, APTHH, OOIIECTBEHHBIX OPraHU3alMi, POCCHICKIE U 3apyOeKHBIE TUAEPHI KITMHUYECKOH
MEIHUIMHBI 1 OMOMETUITHCKON HAYKH.

IIpoBeneHue che3ma OTMEUEHO MaMsITHBIMU AaTaMi B UCTOPUM TPAHCIUIAHTOJIOTUU: S5-TIeTHEM MepBOM B MUpE
TpaHCIIAaHTALlUU CepIa, 35-IeTueM MepBoi yCIenHON TpaHCIUTaHTaluy cepana B Poccun u 25-netueM Havana
MpPOrpaMMBbl POICTBEHHON TPAaHCIUIAHTALMH IT€YEHHU JETAM.

B nporpamme cpesna lllymakoBckue urenns, Becepoccuiickast kondepennus «loHOPCTBO OPraHOB — KITFOUeBast
mpobJemMa TpaHCIIaHTONOTHIY, Beepoccuiickas koHbepenius «HaydHble IIKOIBI 1 HOBbIE IMEHAY, KOH(pepeHITHN
«BI/IOI/ICKyCCTBeHHBIe CHUCTEMEI U pEre¢HepaTuBHAasA MCIULIMHA») U «CucTeMbI BCIIOMOTaTeIbHOTO KpOBOO6paIlIeHI/I${»

U Jp.

Hay4ynas nporpamma cbe3ga

Buonornyeckue v KIMHNYECKHUE ACIIEKTHI TPAHCIUIAHTAI[N OPTaHOB.

BromMapkepsl 1 peryasTopHble MEXaHU3MbI B TPAHCIIAHTOJIOTHU.

CucTeMbl BCIOMOTaTeIbHOTO KPOBOOOPAILEHHS U UCKYyCCTBEHHOE CEp/LIE.

TpaHcmaHTanys OPraHoOB ACTSM.

AKTyaJlbHBIE BOIPOCHI OpraHn3aiyy U GyHKIHOHUPOBAHHUS CETH TPAHCILIAHTOJIOTHUECKUX MIPOTPaMM B CTPaHE.

AcTIEeKTbI OpraHHOT0 JOHOPCTBA (3P (HEKTUBHOCTD UCTIONIB30BAHUSI TOHOPCKOTO Pecypca, paciiipeHue KpUTepreB,

NPUKU3HEHHOE TOHOPCTBO OPraHoB).

7. AKTyanbpHBIE BOIPOCHI CEPACYHO-COCYAUCTON M SHIOBACKYISPHOW XUPYPTHH B aCHEKTE TPaHCIUIAHTAIUU
OpIaHOB.

8. BHOMCKYCCTBEHHBIE CUCTEMBI, KIETOYHBIE TEXHOJIOTUN U pEreHEPaTUBHAS MEIUIIMHA.

9. AKTyadbHbIE BOIIPOCH! JOHOPCTBA U TPAaHCIUIAHTALlUK TKaHe! yenoBeka B Poccuiickoil denepaumu.

S o S e

B mporpamMmMy cbhe3na BKIIIOYEHBI y4eOHbIe MepONIpUATHS HalroHamsHOW MIKOIBI TPAHCIUIAHTOJIOTHH. YYacT-
HUKH TIOJTy9aT CBUETEIHCTBO TOCYJApCTBEHHOTO 00pa3iia B paMKax HEMPEPHIBHOTO MEIUIIMHCKOTO 00pa30BaHM.

Cpok nooauu me3ucoe 00 15 maa 2022 200a.

Te3uckl OymyT OIyOIMKOBaHBI B OTICIIEHOM BBITTYCKE XKypHala « BECTHUK TPaHCILIAHTOIOTHH U HCKYCCTBEHHBIX
OpTaHoOBY.

Te3uchl JOHKHBI OBITH MPEACTABICHBI TEKCTOM B 00beMe 1 cTpaHuIbl opMaTa A4 ¢ IOIAMHA 3 €M ¢ KaKIOH
cTopoHsl, uepe3 1 uaTepsai mpudTom Times New Roman, pasmep 12. Ha3zanue Te31ucoB — 3ar1aBHBIMU OyKBaMU
JKUPHBIM Mpu(TOM; aBTOPHI (MHUIIUATIBI TIOCIE (haMIITHI) — CTPOYHBIMU OyKBaMH JKUPHBIM IIPU(TOM; Ha3BAHHUE
YUpEXKIEHHS, TOPO — CTPOYHBIMU OyKBaM¥ OOBIYHBIM MIPH(TOM; MEXKAY Ha3BAaHHUEM YUPESKIICHHUS M TEKCTOM Te-
3UCOB — 2 HHTEpBAJIA.

Te3uchbl HEOOXOAUMO BBICIIATH 110 JICKTPOHHOM mouTe Ha transplantology@mail.ru.

KoHTakThl OprkomMureTa
ITo BompOCam, CBI3aHHBIM C HAYYHOU nporpammoii: +7 (499) 193-87-62, transplantology@mail.ru.

ITo Bompocam, CBSI3aHHBIM C OOITICH KOOPIUHAITUECH MEPOTIPHATHS M OpraHu3aItiei MpeObIBaHUS PETHOHATBHBIX
yuactHuKOB: Jlapes Kobsikas, +7 (499) 196-18-03, fnctio.event@gmail.com

[Ipencenarens Poccuiickoro TpaHCIIAHTOIOTUYECKOTO OOIIECTBa, /
TJIaBHBIM CHIENUANMCT TpaHcIianTonor Munsapasa Poccun, akanemux PAH Totse C.B.

155



BECTHK TPAHCTIAAHTOAOTNN U MCKYCCTBEHHBIX OPTAHOB TOM XXIV N2 1-2022

¢rbY «HALLMUOHAAbHbIA MEAULLUHCKUN
UCCAEAOBATEAbCKWUN LLEHTP

TPAHCNAAHTOAOIUU U UCKYCCTBEHHbIX OPFTAHOB

UMEHU AKAAEMUKA B.U. LUYMAKOBAN

MWHWUCTEPCTBA 3APABOOXPAHEHUA POCCUNCKOW PEAEPALLUU

OTAEA NOATOTOBKM HAY4YHbIX U MEAULUHCKUX KAAPOB

JluneH3us Ha ocymiecTBICHHE 00pa3oBarenbHoi AesTensHocTH Ne 2643 ot 21.09.2017 1o

Poccus, 123182, . Mockea, ya. ll{ykunckas, 1. 1, Ten. 8 (499) 193-87-62

OI'BY «HMUL TUO umenu akanemuka B.U. lllymakoBa» Munznpasa Poccun siBnsiercs BeoylUM Ha-
YYHO-HCCIIEN0BATEIbCKUM MEIUIIMHCKUM YUPEXKICHUEM, YCIIEITHO Pa3BUBAOIIMM OJHO U3 MPUOPUTETHBIX
HampaBJICHUI B COBPEMEHHOM XUPYpPruueCcKoi HayKe — TPAHCIIJIAaHTOJIOTHIO.

B LlenTpe ocyIiecTBIAIOTCS BCE BUABI TPAHCIUIAHTALMM OPTraHOB MAlMEHTaM OT 3 MECSILEB JO CTapLIETO
BO3pacTa, MPOBOJSITCS BCE BUJbI KAPAUOXUPYPTrUUECKUX BMEIIATENbCTB. Y UpEKIEeHNE OCHAILIEHO HOBEHIIINM
BBICOKOTEXHOJIOTHYHBIM 000PYIOBaHUEM, Ha KOTOPOM Pa0OTaIOT BHICOKOKBATM(DHIIMPOBAHHbIEC HAyYHBIE KaPbI
Y MEIMIUHCKHE CIIELUATUCTHI — IOKTOpa HayK, OCYILECTBIISAIOLINE TOTOTOBKY Bpayeil U HayYHbIX pa0OTHUKOB
nnst pernonoB Poccuiickoit deneparuu.

Ha 6a3e kinHnyeckux otnenenuit Lienrpa oprann3oBaHo NpoOBEIEHUE LIMKIOB MOBBIIICHUS KBATU(UKALIIH
MPOAOIDKUTENLHOCTHIO 72 U 144 yaca 1o cieayromuM JOTOTHUTEIbHBIM MPO(ECCHOHATBHBIM IPOrPaMMaM:

AHECTE3HOJIOTHYCCKHIE TOCOOUS U MHTCHCUBHASI TEPATHS ITPH TPAHCTUIAHTAIIMH KHU3HEHHO BAKHBIX OPTaHOB.
BOHGSHI/I IMOYCK, MTOYCYHAasA HCAOCTATOUYHOCTh U 3aMECTUTCIIbHAs IMOYCUHAasd TCpaIus.

ﬂOHOpCTBO B KHHHHHGCKOﬁ TpaHCHJIaHTOJIOFI/II/I.

Knunanueckas TpaHcmaHTalys MEYeHH.

Knununyeckast TpaHCIUTaHTAIUs [IEYEHU Y AETEH.

KJII/IHI/ILICCKaSI TpaHCIUIaHTAaluA ITOYKH.

Kinanueckas TpancmianTanus cepua.

OCHOBBI TPAHCITJIAHTOJIOTHU U UCKYCCTBEHHBIX OPTaHOB.

[TaTtonornueckasi anaToMus y OOJMBHBIX TOCIIE AJUTOTPAHCILIAHTAIMYA OPTaHOB W MMIUIAHTAIIMKA UCKYCCT-
BCHHBIX OpIraHOB.

TpaHCHJIaHTaHI/IOHHaH I/IMMYHOJIOFI/ISI )51 I/IMMYHOCYHpeCCI/ISI.

e JledaTenbHOCTh ONEPAIMOHHON METUIIMHCKOM CECTPHI B KIIMHUYECKON TPAHCILIAHTOJIOTHH.

T'apanmuiinoe nucbmo na obyuenue cneyuarucmos om OpeaHu3ayull 8bICLLIAMYb HA INEKMPOHHYIO NOYMY.
E-mail: dim_vel@mail.ru

Koucynomayuu opeanuzosanvl 8 omoene no02omosKu HAyYHuIX U MeOuyuHckux xaopos (Il{yxunckas, 1,
HOBbLLL KOpnyc, 9-11 amasic, yueHvlll cekpemapb — K. M. H. Benuxuil /[mumpuii Anexceeuu).

MepeneyaTtka onyBAMKOBAHHbIX B XYPHOAE MATEPUTAOB MoanmcaHo k nevatn 4.04.22.

AOTMYCKAETCSH TOAbKO C PA3PELLEHUs PEAQKLIMA.
¥ pa3p P Tupaxk 1000 k3.

MPY NCNOAB3OBAHMM MATEPUAAOB CChIAKA

OO0O «M3A0TEALCTBO (TPHUAACH.
HO XXYpPHOA 0693aTEABHA.

MA Ne 06059 o1 16.10.01 .

MPHCAQHHbIE MATEPHAAbI HE BOIBPALLLAIOTCS. 170034, r. Teeps, Np. Yaitkosckoro, 9, od. 514,
PEAQKLIMA HE HECET OTBETCTBEHHOCTM TeA./cpaKkce: (4822) 42-90-22, 35-41-30
30 AOCTOBEPHOCTb PEKACMHOM MHADOPMALIMM. E-mail: triadatver@yandex.ru

M3AQHME 3aPETMCTPMPOBAHO B FOCKOMMEYaTH PP, http://www.triada.tver.ru

Ne 018616 o1 23.03.99 r. 3akas 1440
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