KINMHNYECKASA nu3KCIIEPMMEHTAJIDHAS

MOPD®O/IOI'NA

HAYYHO-NIPAKTUYECKUW PEUEH3UPYEMBIU XYPHAI

IIpu moaaepxke Poccuiickoro o6mecTBa mMaToJOTroaHaTOMOB

ISSN 2226-5988 (print)
ISSN 2686-6749 (online)

«Kimmangeckas

H SKCIIepUMEHTAJIbLHAasI
MOp(oI0rus»
HAYYHO-IIPAKTUYECKHUI
PEU,E[-B]/IPYEMblﬂ JKYPHAJL

[lepuonnunocts 4 pasa B rox

Ocnosan B 2011 rony

Kypnan nnnexcupyercs B:
Scopus;

RSCI;

PUHII;

HpeICTaBIICH B HH(POPMAIIMOHHOM
0aze nanHbIx eLIBRARY.ru

Bxirouen B nepeuens BAK

Yupenureab

OI'bHY «HayuHno-
HCCIIEI0BATEILCKUI HHCTUTYT
MOpP(}OJIOTHH YeoBeKa
uMeHH akagemuka A.Il. ABrpiHay
117418, Mockaa,

ya. Lropymer, 1. 3

Anpec pexakuuu

117418, Mockaa,

yi. ropymsl, 1. 3
3aBeqyromas pefaKuuei
Kymukosa K.A.

Hayunslii penaxrop
BacrokoBa O.A.

Tesnepount  +7 (499) 120-13-34
+7 (499) 128-87-01

e-mail: cem.journal@mail.ru

www.cem-journal.ru

Tupax 500 sx3eMmIIpoB

W3narenscTBo
«I'pynna MZIB»
www.mdv-group.ru

IToqnmucHbIE HHAEKCHI:

70045 1o xaranory
«Ypan-Ilpecce»

70045 1o xaranory AP3U

CBUIETENBCTBO O PErUCTPALIN
CpE/CTBa MAacCOBOW HH(pOPMALINH
I Ne ©C77-47183

ot 2 Host6ps 2011 ropa.

© OT'BHY «HayuHo-
HCCIIC0BATEIbCKUIM HHCTUTYT
Mopdonoruu yenoneka
nMeHu akagemuka A.Il. ABibIHa»

Tom 10 | Ne 4| 2021

I'maBHbIT pegakTop
Muxanesa JI.M., BOKTOp Mef. HayK, mpodeccop

IToyeTHbIiT pefakTOp
Kaxmypckuii J1.B., unen-xoppectionfienT PAH, noxTop Men. Hayk, mpogeccop

3aMecTHTeIN ITABHOTO pefaKTopa
3aiipamvany, O.B., oKTOp MeX. HayK, mpodeccop, Mocksa, Poccnsa
Maxaposa O.B., fokTop Mefi. HayK, mpodeccop, Mocksa, Poccus

OTBeTCTBEeHHBII CeKpeTaphb
Bonmosckas M.H., gokrop 6moi. Hayk, mpocgeccop, Mocksa, Poccust

PeI[aK].H/IOHHaH KOomnernsa

Anexcanoposa M.A., fOKTOp OMOJL. HayK,
Mocksa, Poccusa

Anexceesa H.T., JOKTOp Mefi. HayK,
npodeccop, Boponex, Poccus

Anopeesa E.P, noxtop 6mor. HayK, JOLEHT,
Mocksa, Poccusa

banun B.B., uneH-kopp. PAH, noktop men.
HaykK, npodeccop, Mocksa, Poccus
Bonvwaxosa I'B., LOKTOp 61OJL. HayK,
Mocksa, Poccna

Bypaskos C.B., [OKTOp Mefi. HayK,
Mocksa, Poccus

Iapnosckas M.H., Kauaupar 6101 Hayk,
moueHt, Yapnbcron, CITA

Kospueuna A.M., noxrop 6101. HayK,
npodeccop, Mocksa, Poccust

Kopuiynos A.I., BOKTOp Mef. HayK,
npodeccop, leitpennbepr, [epmanus
Kouyxos M.IO., kaugupaT Mefl. HayK,
XprocToH, CIIIA

Kywnuncxuii H.E., akagemuxk PAH, noxtop
Mef. HayK, mpogeccop, MockBa, Poccus

Mapxos V.V, foKTOp Mef. HayK,
npodeccop, Camapa, Poccust
Huxumiox [I.b., anen-xopp. PAH,
HOKTOp Mefi. HayK, mpocgeccop,
Mocksa, Poccns

Huxkonenxo B.H., foKTOp Me[. HayK,
npodeccop, Mocksa, Poccus

ITayxoe B.C., BOKTOp Mefl. HayK,
npodeccop, Mocksa, Poccust
ITocmnos A.IO., JOKTOp Mef. HayK,
MockBa, Poccus

Pozos I0.J1., KangupaT Mef,. Hayk,
moueHT, MuHck, Pecrrybnmka Benapych
Puicosa M.B., BoKTOp Mef. HayK,
MockBa, Poccus

Casenves C.B., fokrop 6uor. Hayk,
npodeccop, Mocksa, Poccns
Yepnses A.JI., TOKTOp Mefl. HayK,
npogeccop, Mocksa, Poccust
Henosa H.B., JOKTOp MefI. HayK,
MockBa, Poccus

PemaxiimoHHbI COBET

Bonouwyyx V.H., moKTOp Mef,. HayK,
npodeccop, Mocksa, Poccust

Boponun K.D., fOKTOp Mefl. HayK, TOLIEHT,
Yapnbcron, CITA

Hopocesuu A.E., BOKTOp Mef. HayK,
npodeccop, CmoneHck, Poccus
Epmonaesa C.A., HOKTOp Mef. HayK,
MockBa, Poccus

Epogpeesa JI.M., fokTop 610I. HayK,
npodeccop, Mocksa, Poccust

3noiixo J.IO., KaHAMAAT OMOJI. HayK,
Yapnocton, CITA

Kondawesckas M.B., foKTOp 61OI. HayK,
moleHT, MockBa, Poccus

Kononos A.B., DOKTOp Mefl. HayK,
npodeccop, Omck, Poccus

Kpasuyos B.I', kangupar Mefi. Hayk,
Temb-Asus, spanmb

Munosanos A.Il., BOKTOD Mef. HayK,
npodeccop, Mocksa, Poccns

Muwnes O./]., TOKTOp Mefl. HayK,
npodeccop, Mocksa, Poccns
Mxumapos B.A., KaHgupaT 61071, HayK,
MockBa, Poccus

Hosouados B.B., BoKTOp Mef. Hayk,
npodeccop, Bonrorpan, Poccus
Ilapxomenxo 0., TOKTOP Mefl. HayK,
npogeccop, Mocksa, Poccust
Poibaxosa M.I., fOKTOp Mef. HayK,
npogeccop, Caukr-Iletepbypr, Poccus
Damxyouros T.X., FOKTOp Mef. HayK,
moueHT, MockBa, Poccus

Yeprukos B.I1., kKaHgMOAT Mef,. HayK,
MockBa, Poccus

Henos B.B., [oKTOp Mel. Hayk, mpodeccop,
Mocksa, Poccus

K Hy6m/ucaum/1 TIPUHUMAIOTCS TOJBKO CTaTbU, IIOATOTOBJIIEHHBIC B COOTBETCTBUM C IIPABUIIAMU PEIAKIIAU.
Touxa 3pEHUA aBTOPOB MOXKET HE COBIAaTh C MHCHUEM PEIaKIIUH.

IMepeneuarka 1 11060€ BOCIIPOU3BEICHUE MATEPHAJIOB H WIITIOCTPALMI B II€4aTHOM HJIM 5I€KTPOHHOM BHJIE U3 XKypHaIa
«KnnHuYeckast 1 HKCIIEPUMEHTANIbHAsE MOP(OIOTHS» JOIYCKAIOTCS TOJIBKO C MTUCBMEHHOTO Pa3pellIeH s M3/aTellsl.



CLININICAL AND EXPERIMENTAL

MORPHOLOGY

SCIENTIFIC AND PRACTICAL PEER-REVIEWED JOURNAL

With the support of the Russian Society of Pathology

ISSN 2226-5988 (print)
ISSN 2686-6749 (online)

“Clinical

and Experimental
Morphology”
SCIENTIFIC AND PRACTICAL
PEER-REVIEWED JOURNAL

Frequency: 4 issues per year
Founded in 2011

The journal is indexed in:
Scopus;

Russian Science Citation Index
(RSCI);

online platform of the Russian
Science Citation Index database
eLIBRARY.ru

The Journal is included

in the current List of Scientific
Journals of the Higher Attestation
Commission of Russia

(Vysshaya Attestacionnaya
Komissiya, VAK)

Journal founder

FSBSI “A.P. Avtsyn Research
Institute of Human Morphology”
Tsyurupy st., 3,

Moscow, 117418, Russia

Editorial office address
Tsyurupy st., 3,

Moscow, 117418, Russia
Managing editor Kulikova K.A.
Science editor Vasyukova O.A.

Tel. +7 (499) 120-13-34
+7 (499) 128-87-01
e-mail: cem.journal@mail.ru

www.cem-journal.ru

Edition of 500 copies

Publisher
“Gruppa MDV”
www.mdv-group.ru

Subscription index:
70045 according
to the “Ural-Press” catalog

70045 according
to the ARZI catalog

The mass media registration

certificate [T Ne ®C77-47183

dated November 2, 2011

© FSBSI “A.P. Avtsyn Research
Institute of Human Morphology”

Volume 10 | No 4 | 2021

Editor-in-chief
Mikhaleva, Lyudmila M., Dr. Sci. Med., Professor
Honorary editor-in-chief
Kakturskiy, Lev V., Corresponding Member of the Russian Academy of Sciences,
Dr. Sci. Med., Professor
Deputy editors-in-chief
Zairatyants, Oleg V., Dr. Sci. Med., Professor, Moscow, Russia
Makarova, Olga V., Dr. Sci. Med., Professor, Moscow, Russia

Executive secretary
Boltovskaya, Marina N., Dr. Sci. Biol., Professor, Moscow, Russia

Editorial board

Aleksandrova, Maria A., Dr. Sci. Biol.,
Moscow, Russia

Alekseeva, Natalia T., Dr. Sci. Med., Professor,
Voronezh, Russia

Andreeva, Elena R., Dr. Sci. Biol., Associate
Professor, Moscow, Russia

Banin, Victor V., Corresponding Member of the
Russian Academy of Sciences, Dr. Sci. Med.,
Professor, Moscow, Russia

Bolshakova, Galina B., Dr. Sci. Biol.,
Moscow, Russia

Buravkov, Sergey V., Dr. Sci. Med.,
Moscow, Russia

Chernyaev, Andrey L., Dr. Sci. Med.,
Professor, Moscow, Russia

Garnovskaya, Maria N., Cand. Sci. Biol,,
Associate Professor, Charleston, USA
Kochukov, Mikhail Yu., Dr. Sci. Med.,
Houston, USA

Korshunov, Andrey G., Cand. Sci. Med,
Professor, Heidelberg, Germany

Kovrigina, Alla M., Dr. Sci. Biol., Professor,
Moscow, Russia

Kushlinsky, Nikolai E., Academician

of the Russian Academy of Sciences,

Dr. Sci. Med., Professor, Moscow, Russia
Markov, Igor I, Dr. Sci. Med., Professor,
Samara, Russia

Nikityuk, Dmitriy B., Corresponding
Member of the Russian Academy of Sciences,
Dr. Sci. Med., Professor,

Moscow, Russia

Nikolenko, Vladimir N., Dr. Sci. Med.,
Professor, Moscow, Russia

Paukov, Vyacheslav S., Dr. Sci. Med.,
Professor, Moscow, Russia

Postnov, Anton Yu., Dr. Sci. Med.,
Moscow, Russia

Rogov, Yuri I, Cand. Sci. Med., Associate
Professor, Minsk, Republic of Belarus
Ryzhova, Marina V., Dr. Sci. Med.,
Moscow, Russia

Savelyev, Sergey V., Dr. Sci. Biol., Professor,
Moscow, Russia

Yaglova, Natalia V., Dr. Sci. Med.,
Moscow, Russia

Editorial review board

Chernikov, Valeriy P, Cand. Sci. Med.,
Moscow, Russia

Dorosevich, Alexandr E., Dr. Sci. Med.,
Professor, Smolensk, Russia

Ermolaeva, Svetlana A., Dr. Sci. Med.,
Moscow, Russia

Erofeeva, Lyudmila M., Dr. Sci. Biol.,
Professor, Moscow, Russia

Fatkhudinov, Timur Kh., Dr. Sci. Med.,
Associate Professor, Moscow, Russia
Kondashevskaya, Marina V., Dr. Sci. Biol,,
Associate Professor, Moscow, Russia
Kononov, Alexey V., Dr. Sci. Med., Professor,
Omsk, Russia

Kravtsov, Vladimir G., Cand. Sci. Med.,

Tel Aviv, Israel

Milovanov, Andrey P, Dr. Sci. Med., Professor,
Moscow, Russia

Mishnev, Oleko D., Dr. Sci. Med., Professor,
Moscow, Russia

Mkhitarov, Vladimir A., Cand. Sci. Biol.,
Moscow, Russia

Novochadov, Valeriy V., Dr. Sci. Med.,
Professor, Volgograd, Russia

Parkhomenko, Yuri G., Dr. Sci. Med.,
Professor, Moscow, Russia

Rybakova, Margarita G., Dr. Sci. Med.,
Professor, Saint Petersburg, Russia
Voloshchuk, Irina N., Dr. Sci. Med., Professor,
Moscow, Russia

Voronin, Konstantin E., Dr. Sci. Med.,
Associate Professor, Charleston, USA
Yaglov, Valentin V., Dr. Sci. Med., Professor,
Moscow, Russia

Znoyko, Iya Yu., Cand. Sci. Biol,,
Charleston, USA

Only articles prepared in accordance with the requirements of the editorial board are accepted for publication.
The authors' point of view may not coincide with that of the editorial board.

Reprinting and any reproduction of materials and illustrations in print or electronic form from the journal “Clinical and
experimental morphology” are allowed only with the written permission of the publisher.



COAEPKAHHNE

Tow 10| % 412021

OB30OPbI JIMTEPATYPDI

A.II Cuicoesa, H.II. Maxaposa, E.E. Kpaesas
Pornb BHEK/IETOYHBIX BE3UKYII CEMEHHOI
IUIa3MBI B M3MeHeHUM MOP(OYHKIVOHATbHBIX
XapaKTepUCTUK CIIepMAaTO30MI0B YeTIoBeKa

REVIEWS

A.P. Sysoeva, N.P. Makarova, E.E. Kraevaya

The role of seminal plasma extracellular vesicles

in changes in the morphofunctional characteristics
of human spermatozoa

OPUTMHA/TBbHBIE MCCJIEJOBAHIA
ORIGINAL RESEARCH

B.B. Jlumesunos, /1. M. JlemkuHa,

LI’ ®peiino, B.II. Kopobos

Mopdoonornyeckas XxapaKTepuCTUKa
9KCIIEPUMEHTABHOI KaTeTeP-aCCOLMMPOBAHHOI
uHpeK1uy Ha poHe MMMYHOCYIIpeccun

¥ IIPUMEHEHN A HU3KOMOTIEKY/IAPHOTO KaTMOHHOTO
MENnTHia CeMeliCTBa TaHTUOMOTUKOB — BapHEpUHA

C.B. Yenyp, M.A. Tionun, B.A. Msacnuxos,

M. Anexceesa, O.0. Bnaoumuposa, H.C. Unvunckudi,
A.C. Hukuwun, B.A. Illesuenxo, A.B. Cmuprosa
ITopaxxenne opranos u Tkaneit SARS-CoV-2:
Ouonorynyeckas MOJE/Ib Ha CUPUIICKMX XOMKax
Mesocricetus auratus Is 3KCIIepUMeHTaIbHbIX
(mOKIMHMYECKUX) MCCTIETOBAHMIT

A.C. Koncmanmunos, K.B. Illenexosa
B3auMOoCBA3b CTPYKTYPBl MUKPOLMPKY/IATOPHOTO
PYyciIa ¥ MeTacTaT4ecKoro IMOoTeHIuana
JIOKa/II30BaHHBIX (OPM KOTOPEKTATBHOTO PaKa

I1.A. Enacun, C.B. 3anasuna, A.H. Mawax,

E.B. Oscsinko, C.B. Atidazynosa
VIMMyHOrMcTOXMMIYeCKOe MccaefoBanye 3¢ deKToB
TSDKEJIBIX METAJ/UIOB Ha CIMBVUCTYIO 060/I0UKy
TOHKOJT KMIIKM KPBIC IpenybepTaTHoro Bo3pacTa

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

14

25

35

45

V.V. Litvinov, L.M. Lemkina,

G.G. Freynd, V.P. Korobov

Morphological characteristics of an experimental
catheter-associated infection following
immunosuppression and the use of a low-molecular
cationic peptide of the lantibiotic family — warnerin

S.V. Chepur, M.A. Tyunin, V.A. Myasnikov,

LI Alekseeva, O.V. Viadimirova, N.S. Ilinskiy,

A.S. Nikishin, V.A. Shevchenko, A.V. Smirnova
Organ and tissue damage related to SARS-CoV-2:
the biological model for experimental (preclinical)
trials on golden hamsters Mesocricetus auratus

A.S. Konstantinov, K. V. Shelekhova

Correlation of microvasculature structure with
metastatic potential of localized forms

of colorectal cancer

PA. Elyasin, S.V. Zalavina, A.N. Mashak,

E.V. Ovsyanko, S.V. Aidagulova
Immunohistochemical study of the effects of heavy
metals on the intestinal mucosa in prepubertal rats

Tom 10 Ne4 2021



H.V. Gasparyan, S.A. Buloyan, A.E. Pogosyan, 53
L.M. Arshakyan, L.S. Harutyunyan, R.G. Paronikyan,

IM. Nazaryan, Sh.Sh. Dashyan, E.G. Paronikyan

Pathological investigation of neuroprotective activity

of new derivatives of fused pyrazolyl-thienopyridines

in Corazol-induced seizures

C.O. Ienune, M.J. Anmoneesa, T.B. Abaxymosa, 63
T.I1. Ienune, E.B. Cnecapesa

Ikcnpeccusa MapKkepoB CTBOJIOBBIX OITyXOJIeBBIX

knetok CD44, CD133 u ALDH B nepBUYHO OITyX0/IN

Ha QOHe ITaTMHOCOfeprKallell XMMIOTePaIy

IIpU paKe AMYHNUKOB

H.b. Tuxonosa, A.Il. Munosaros, B.B Anexcanxuna, 72
T.B. Qoxuna, M.H. bonmoscxas, A.Il. Anexcankun

Y4acTue >KMpOBOI TKAaHY B 3QKVBIEHUU CKBO3HOI
OTIepal[MOHHON paHbl CTEHKV MaTK/ KPbICHI

I'B. Iacnapan, C.A. Bynosan, A.E. Ilozocsn,

JLM. Apwaxsan, J1.C. Apymronsan, PI. Ilaponukan,
V.M. Hasapsn, IILII. [Jawan, E.I. Ilaponuxan
[TaTomopdornorndeckoe uccienoBaHme
HEeJIpOIIPOTEKTOPHO aKTUBHOCTU

HOBBIX ITPOM3BOJHBIX KOH/IEHCHPOBaHHbIX

MM PA30MNI-TUEHOIMPUAVHOB IIPU CYLOPOrax,
MH/IYLVPOBAHHBIX KOPa30/IoM

S.0. Gening, I.I. Antoneeva, T.V. Abakumova,

T.P. Gening, E.V. Slesareva

Expression of cancer stem cell markers CD44, CD133,
and ALDH in a primary tumor before and after
platinum-containing chemotherapy in ovarian cancer

N.B. Tikhonova, A.P. Milovanov, V.V. Aleksankina,
T.V. Fokina, M.N. Boltovskaya, A.P. Aleksankin

The role of adipose tissue in the healing of rat uterine
wall after a full-thickness surgical incision

ITAMATHBIE [JATbI
SPECIAL DAYS AND TRIBUTES

K 100-netuio co gHs poXKEeHNs 81
Bennsr Conomonosnsl I'ycman
(1921-1983)

KIMHUYECKAA V1 SKCITEPMMEHTAJTIbHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

To the 100th anniversary
of Bella S. Gusman
(1921-1983)

Tom 10 Ne4 2021



OB30PbI JINTEPATYPbI

© KosiexTus aBTopos, 2021

DOI: 10.31088/CEM2021.10.4.5-13 YJK: 576.3

Ponpb BHEKI€TOYHBIX BE€3VIKYIL CEMEHHOI II/Ia3Mbl B I3BME€HEHUU
MOP(I)O(l)YHKI_U/IOHaJIbHI)IX XapaKTEPUCTUK CIIEPMATO30MT0B
JECI10BECKaA

AL Cuvicoesa, H.II1. Makapoea, E.E. Kpaesas

OI'bY HaunoHnansHbI MEIUIUHCKUI HCCIIEI0BATENILCKUN LIEHTP aKyIIepCTBa, THHEKOJIOTHH U TIEpUHATOIOT UK
nmenu akagemuka B.M. KynakoBa Munsapasa Poccun, Mocksa, Poccust

Jlonroe BpeMst poJib CEMEHHOM IL1a3Mbl B IPOLIECCE OMIOAOTBOPEHUS y YETIOBEKa OCTaBajlach HEJOOIICHEH-
HOW. MHOTOYMCIICHHBIE UCCIIEIOBAHMS, CBSI3aHHBIE C pa3pabOTKON METOJIOB KYJILTUBHPOBAHUS SMOPHOHOB
4eNI0BeKa in Vitro, Kacaauch TOJIbKO KaueCTBa MY KCKHX U XKEHCKUX rameT. TeM He MeHee B OCJIEAHNE TO/Ibl
C pa3BUTHEM OMUKCHBIX TEXHOJIOTUH CTaJO0 MOHITHO, YTO CEMEHHAs MJIa3Ma CyIIeCTBEHHO BIUSET Ha MOp-
(bodyHKIIMOHATIBHBIE XapaKTEPUCTUKHU CIIEPMATO30MI0B. B nepByto ouepep 3T0 KacaeTcst peryupyromei
(YHKIIMM BHEKJICTOYHBIX BE3HMKYJI, BBIIEISIEMbIX KIETKAMU PENPOAYKTHBHOTO TPaKTa My4HH. B cBsi3u ¢
9THUM IIeJIBI0 pabOTHI CTaNa MOMBITKA IPOAHAIN3UPOBATh COBPEMEHHBIC JaHHbIE O BIUSHUHN BHEKJIETOUHBIX
BE3MKYJ CEMEHHOM I1a3Mbl Ha MOP(GO(DYHKIIMOHAIBHBIE XapaKTEPUCTHKH CIIEPMATO30UI0B B PELICHUH
npo0OiieM OecIiIoNusl, CBS3aHHBIX C MY>KCKHUM (DaKTOPOM B PEIPOAYKTHBHON MeuLUHE. B 0030p BKIIIOUEHBI
HCCJIE0BaHMS U PE3YJIBTaThl, ONMCAHHBIC B HAYYHBIX CTAaThsX, HallIeHHbIX B 6a3ax Pubmed, Google Scholar,
Cochrane Library mo nanHoO# Teme, orryOIMKOBaHHEIE 3a TIOcieHuEe 5 JeT. HeMHOorounciieHHbIe Uccieno-
BaHMS, OCBSIICHHBIC BIUSIHNIO BHEKJIETOUHBIX BE3UKYJ CEMEHHOI M1a3mMbl Ha MOp(hodyHKIIMOHATBHEIE
XapaKTepUCTUKH MY>KCKHX IOJOBBIX KJIETOK, OKAa3bIBAIOT, YTO BHEKJIETOYHbIE BE3UKYHI JEHCTBYIOT KaK
(YHKIMOHAIBHBIE PETYJSITOPBI MYXKCKOM (DepPTUIIBHOCTH, a UX TUCOYHKLIUS MOXET OBITh IPUUUHOM Oec-
mwioaus. VIMEHHO HCTIONIb30BaHUE BHEKJIETOUHBIX BE3UKYJI CEMEHHOM MIa3Mbl B KIMHUYECKUX YCIOBUSIX
MOXET 3HaUYUTEIHHO MOBBICHTH YCIIEX MPOrpaMM JIedeHHs OECIUIONHsI METOJaMU BCIIOMOTATENIbHBIX pe-
MIPOAYKTHBHBIX TEXHOJOTHI, 1 0COOEHHO ATO KaCaeTcsl CIIydaes, I7ie IPUYMHON OTCYTCTBHUSI OEPEMEHHOCTH
SIBIIICTCSI HApyILLICHUE CIIepMaTOreHesa.

KiroueBble ¢j10Ba: BHEKICTOUHEIC BE3UKYJIbI, 5K30COMBI, 6I/IOMapK€pI)I, CEMCHHa“ 1j1a3Ma, CIepMaTro301abl,
BCIIOMOT'aTCJIbHBIC PETIPOAYKTUBHBIC TCXHOJIOTHUH, KICTOYHAA 6I/IOJ'IOFI/IH, MOp(l)OJ'IOI‘I/IH
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IUTa3MBl B HI3MEHEHUH MOP(PO(YHKIMOHATBHBIX XapaKTEPUCTHK CIIEpMaTO30MI0B YenoBeka. KinH. sKkc.
Mmopdomnorus. 2021;10(4):5-13. DOI: 10.31088/CEM2021.10.4.5-13.
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The role of seminal plasma extracellular vesicles in changes in the morphofunctional characteristics
of human spermatozoa

A.P. Sysoeva, N.P. Makarova, E.E. Kraevaya

V.I. Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology of Ministry of Health of Russia,
Moscow, Russia

For a long time, the role of seminal plasma during human fertilization remained underestimated. Numerous
studies related to the development of different methods for human embryo in vitro cultivation were gener-
ally concerned with the quality of male and female gametes. However, in recent years, the development of
Omix technologies provided a new insight into great seminal plasma influence on the morphofunctional
characteristics of spermatozoa. This is especially true for the regulatory function of extracellular vesicles
secreted by male reproductive tract cells. In this work, we attempted to analyze current data on the influence
of extracellular seminal plasma vesicles on the morphofunctional characteristics of spermatozoa to solve
male infertility topical issues. The review includes studies by foreign and Russian research groups that were
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conducted within the past 5 years and found in PubMed, Google Scholar, and Cochrane Library databases.
Very few studies demonstrate that seminal plasma vesicles act as functional regulators of male fertility and
their dysfunction may lead to infertility. The use of seminal plasma extracellular vesicles in clinical practice
may significantly increase the success of IVF programs, especially in impaired spermatogenesis.

Keywords: extracellular vesicles, exosomes, biomarkers, seminal plasma, spermatozoa, assisted reproduc-
tive technology, cell biology, morphology
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BBenenue

Hcnons3oBaHue pa3iIMYHBIX METONOB BCIIOMOTa-
TEJbHBIX PENPOAYKTUBHBIX TexHosoruit (BPT) pemmino
4yacTh MpoOJieM, CBI3aHHBIX C MY>KCKUM U KEHCKUM Oec-
wionueM. Hanpumep, meton MKCU (unTpauuromniazma-
TUYecKass HHbEKIUs criepMaro3onsa, Intra Cytoplasmic
Sperm Injection, ICSI) obecnieunn npsmyto epegady ot-
IIOBCKOI'0 TEHETUYECKOTO MaTepHralia B SULEKIETKY U IOy-
YeHre YMOPHOHOB y Tap, OECIUIONIE KOTOPBIX 00YCIOB-
JICHO MYCKUM (pakTopom. B cBsizu ¢ 3TUM fonroe Bpemst
poJbto cemenHo minasmel (CII) B peryssiuun npoueccos
OIIONOTBOPEHHUSI M PAa3BUTHUS SMOPHOHOB B 3HAYUTEIEHON
CTerneHu npenedperanu. TeM He MeHee HeJaBHO OOHapy-
JKeHbI (PaKTOPBI, KOTOPbIE OAHO3HAYHO YOEXKIAIOT YUEHBIX
B POJIM CEMEHHOM MJ1a3Mbl B Pa3BUTUHN SMOPHOHA YeJIOBeKa.
B nepayto ouepeib 3T0 KacaeTcs peryaupyrouieit GyHKIuu
BHEKJIETOUHBIX BE3UKYJI, BBIJENIAEMBIX KIETKAMHU PErpo-
JOYKTUBHOTO TPAKTa MY>KUHHBI.

Brekierounsie Be3ukyinsl (BB) npencrapnsror coboi
YaCTHULbI, OTpaHUYEHHbIE KIETOYHOI MeMOpaHOi ¢ IUTO-
IJIa3MaTHIECKUM COAEPKUMBIM, KOTOPBIE CEKPETHPYIOTCA
MOYTH BCEMHU TUIIAMHU KJIETOK, OT IPOKApUOT O SyKapHOT.
BHekseTouHBIC BE3UKYIIBI OBLTH 00HAPYKEHBI BO MHOTHX
OHMOJIOTUYECKUX KUAKOCTIX OpraHu3Ma ueioBeka (KpoBb,
MOYa, CIIFOHA, TPYIHOE MOJIOKO, (POJUTHKYIISpHAs )KUAKOCTh
u criepMa). BbIETSI0T Tpy THIIA BHEKJIETOYHBIX BE3UKYII:
1) MUKpPOBE3HKYJIBI, HJIU SKTOCOMBI, 00pa3yroluecs: BO
BHEKJIETOYHOM ITPOCTPAHCTBE 3a CUET PACIIETIIICHUS T1a3-
MaTU4YeCKOW MEeMOpPaHbl, 2) 3K30COMbI LIUTOILIa3MaTHy4e-
CKOT'0 IIPOUCXOXKJIeHHS, cofeprkatue 6enku, PHK u nunm-
Ibl; X MeMOpaHa oOpa3yeTcs B pe3yJibTare BIITYMBAHUSA
BHYTPb 3HIO0COMAaJIbHONH MeMOpaHsbl, 3) alonTOTHYECKHUe
tenbua [1].

CemeHHas IU1a3Ma 4ejioBeKa COCTOUT U3 CMECH BHe-
KJIETOUHBIX BE3UKYJI, KOTOPbIE IPOUCXOAAT U3 PA3IMYHBIX
JOTIOJTHUTENBHBIX MYKCKHX PENpPOAYKTHUBHBIX OpraHoB,
TaKuX Kak MpocTara, IpUIaTOK SUYKa U CEMEHHbIE ITy-
3BIpbKU. BHEKIIETOUHbIE BE3UKYJIBI HE TOJIBKO HMMYHO-
MOJIYJIUPYIOT )KEHCKHE MTOJIOBBIE ITyTH NPU IPOXOXKACHUH
CIIEPMATO30MI0B 110 PENPOAYKTHUBHBIM IIYTSIM B IpOILIEC-
C€ OITOJIOTBOPEHMSI, HO TAKXKE MOBBIIIAIOT OABUKHOCTb
CIIEpMaTO30UI0B [2], pa3KuKaloT CIepMy, 3allUIIAI0T
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ot uapekmwii [3]. [okazano, uto BB perynupyror QyHk-
LIUH CIIEPMATO30U/I0B MTyTEM CBSI3bIBAHUS U CIUSHUS C UX
MeMOpaHOH, MO3BOJISIE UM MHTETPUPOBATh IIUTO30JIbHbIE
1 MeMOpaHHbIE COCTABIISIONINE B KJIETKY. BexgyTcs criopsbl
0 HEOOXOMMBIX YCIIOBUSAX JIJIS CBSI3bIBAHUS U CIIUSHUS Be-
3HKYJ, TaKuX Kak pH, npucyrcTBre (HakToOpoB KamamnuTa-
1MW WU OTBET Ha niporectepoH [4]. Kpome Toro, mepeHoc
Oenka OT BE3UKYJN K CIIEpMaTo30UaM BO3MOXKEH TOJIBKO
NIPY HAJIMYMU OTIpeIeNIeHHOro 3HaueHust pH, Temneparypbl
Y HaJIM4us UHKa [5-8].

B 0030pe coBpeMeHHbBIX TaHHBIX JIMTEPATypbl OCHOB-
HOE BHUMAaHHE yAEJSEeTCs y4aCTUI0 MMEHHO BHEKJIETOY-
HbIX Be3uKyl CII B perymsinuu GpyHKIUH CriepMaTo30UI0B,
BJIMSIOIIMX HA UX CIIOCOOHOCTH K OIJIOAOTBOPEHHUIO.

ITporeoMHBIi1 M 9K30COMHBII NPOGUIU
CeMEHHOII II/Ia3Mbl YeToBeKa

CeMeHHas 11a3ma JIoroe BpeMsi CYMTanach NacCUBHOM
cpenoi, He0OXOAUMOH TOIBKO AJISt JOCTABKU CIIEPMAaTO30-
UJOB B )KEHCKUN PENpOAYKTUBHBIN TPAKT, OJJHAKO IOCIE-
HUE JTOCTHUKEHHS MPOTEOMHBIX TEXHOJIOTHH MO3BOJIUIN
UACHTU(PULIUPOBATH ThICAYH OEJIKOB, U B HACTOSAIIIEE BpeMs
HE ocTaeTcsi COMHeHul B ToM, uTo CII 3HaunTEeNbHO BIIH-
seT Ha (PYHKIUU CIIEPMATO30HIOB H MYKCKYIO (hepTHIIb-
HOCTh [9]. benku CII y4acTBYIOT B (JOPMHUPOBAHUY CEMEH-
HOTO CTYCTKa MPH AKYISLHUHA U MPOLECCE Pa3KIKEHUs
CHepMBI Oraromapsi Coaep KaHuio OEITKOB CEMEHOTEIHHA
(SEMG), pudponexruna (FN1) u KLK3. Cemenorenus- 1
(SEMGT1) u cemenorenun-2 (SEMG2) sBnstorcst Haubosee
pacnpoctpaneHHbIMU Oesikamu CIT 1 ciy’at 0OCHOBHBIMU
KOMITOHEHTaMH JSIKYJIILIMOHHOIO CTyCTKa, KOTOPBIN Tpe-
MATCTBYET MPEKAEBPEMEHHOM KanauTaluy U aKTUBALIUN
CIepMaro30uI0B, U Onaronapst CBOUM Oy(epHBIM CBOHCT-
BaM (pH 7,35-7,50) obecrneunBaroT 3alIUTHYIO Cpeay OT
KHCJI0H cpenpl Bnaraiuma [10-13].

Benku CII Takxe y4acTBYIOT B PEryJIsALMH TOJBUXK-
HOCTH CIIEPMAaTO30U 0B, THIIEPAKTUBALIUN U aKPOCOMHON
peaKkuuu; OHM 00eCNeYnBalOT 3aIUTy OT OKUCIUTENb-
HBIX MPOLIECCOB U 0071aAal0T UMMYHOJIEIPECCUBHBIMU
CBOMCTBaMH, BBI3bIBas d()(PEeKTUBHOE UHTHOMpPOBAHUE
TUMQOIUTOB, MaKPO(ParoB M CHCTEMBI KOMILICMEH-
Ta [9, 14-16].
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CeMeHHas 1j1a3Ma perMyLIeCTBEHHO COCTOUT U3 Gel-
KOB C IMAIIa30HOM KOHIeHTpanuii ot 35 1o 55 mr/min [1, 7].
Bonpmas yacte OenkoB, 0OHAapyKEHHBIX B CEMEHHOMN
JKUIKOCTH, IPOUCXOIUT U3 CEMEHHBIX MY3bIPHKOB, MPH-
geM SEMG1, SEMG2, FN1 u nakrorpancdeppun (LTF)
SIBJISIIOTCSL TPE00IalaloMMU OeJIKaMH, CEKPETHPYEMbIMU
3TUMH kene3amu [17].

Cunra3za okcuja a3ota (NOS1), ”HruOUTOpHI IpoTEa3s,
Takue Kak ceprnuH, naruourop nporeuna C (PCI), u pas-
JIMYHbIE UTOKHUHBI, BKJIIOUas TpaHchopMupyromuii pax-
top pocta (TGFB), Takxke cCeKpeTUPYIOTCS] CEMEHHBIMH
my3blpbkamu. [Ipu 3ToM oauH U3 Hauboee pacnpocTpa-
HeHHbIX 0enkoB B CI1, anb0ymun (ALB), koTopblii cocTas-
JISIeT OKOJIO OIHOM TPETH colep kaHus Oeska B criepMme, yac-
THYHO UMEET MPOCTaTHUYECKoe mpoucxoxkaenue [17, 18].
[Ipocrara Taxxe ABISAETCA OCHOBHBIM UCTOUHUKOM TJTy-
TamarkapOokcunentuaasel-2 (pomarruaponaza, FOLH1
WIM MPOCTATOCHEHU(PUICCKHIA MEMOPaHHBI aHTUTCH,
PSMA), apaxunonar-15-nunokcurenassl B (ALOX15B),
ryTaMuH-rIyTamuinrpascgepassl 4 (TGM4), npocrar-
cnenugpuueckoro o6enka 94 (PSP-94, nuHruOUH-MHUKPO-
cemunonpoteut), ACPP u kamnmukpenna hK3e (KLK3),
CEpUHOBOM MpoTeasbl, u3BecTHOM kak PSA. [Ipyrue 6en-
ku, oOHapy>xeHHbIe B CII, uMeloT anuauiuMaibHoe mpo-
UCXOXIeHUE, BKIItoYast mpocTtarmanaui-H2 D-u3zomepasy
(mpocrtarnmanaun-D2-cuHTa3a Wiau npocrarmaHauH-D-
CHHTa3a JunokanuHoBoro tumna; PTGDS), knactepun
(CLU), snuaunuManbHblii cexpeTopHblil 6emok El
(NPC2), MIF, uenoBeueckuii TeHKOLUTAPHBIN aHTUTE€H
G (HLA-G), 6enok cnepmbl P34H u psn 6enkoB aHTH-
OKCHJIAaHTHOW CUCTEMBbI, TAaKUX KaK SMUAUAUMAIIbHAS
cekpeTopHas rmyraruoHnepokcuaasa 5 (GPXS) u ry-
tamunrtpancnentuaasza (GGT1) [7, 17, 19]. Tpanckerona-
3enono0Hei 6enok 1 (TKTL1), pocdormuneparkunasza 2
(PGK2), C-uens L-nakrataeruaporenassl (LDHC), skc-
npeccupyemsblit B suukax 6emok 101 (TEX101) u akpo-
comublit 6enok SP1 (ACRV1) mpoucxonsrt u3 cexpeuuu
suuek [ 14, 20], B To Bpems kak myuus (MUC), koToporo
O4YeHb MHOTO B CEMEHHOM KHUAKOCTH, ABJISETCS OEIKOM,
XapaKTepHBIM AJI KyIepoBOil xene3sl. MHOTHE OeNKH,
npucytcTBytomue B CII, mpoucxoaar u3 pasiuvyHbIX
noyoBeIX xene3. Hanpumep, ALB, koTopblii MOMUMO
MpoCTaThl OOHAPY)KUBAETCA B IMYKAX U MPUAATKE SIMUKA,
LTF, raxxe oOpasyrouiuiics B SIUIUAUMUICE, UIH MIPO-
TeuH, uHruOupytouuii npojaktu (PIP), ucrounukom
KOTOPOTO SIBJISIETCS HE TOJBKO CEMEHHOMN MY3bIpeK, HO
TaKke CEeMEHHUKHU Un npuaatok suuka [17, 21]. KLK3,
B OCHOBHOM BBIJI€JISIEMbII MTPOCTATOM, TaKkke MPOU3BO-
nutes kene3oi Jluttpe, a axcnpeccus 6enka SPAMI
(PH-20) 6bu1a oOHapyxeHa B MpUAATKe SSUYKa U CaMOM
suuke [17].

Takum obpaszom, uaeHTHGUIEpOoBaHHbIe Oenku CIT
MIPOUCXOAAT U3 Pa3HBIX OPraHOB MY>KCKOH penporLyKTHB-
Hoii cucteMbl. Tem He MeHee nipu uccnenoBanuu CII cre-
JIyeT y4uThIBaTh, uTo 10 Oonee pacrnpocTpaHeHHBIX Oe-
KOB B CEMEHHOM XHJIKOCTH, BKIodass SEMG1, SEMG2
u ALB, cocraBistor npumepHo 80% Bcel Macchl Oernka,
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YTO 3aTpyaHSAET OOHApy)KEHUE APYrux OEJIKOB ¢ HU3KUM
conepxanuem [11, 14].

Kax yxe ObUTO CKa3aHO, TOMHMO PACTBOPUMBIX MOJIE-
KyJ ¥ BHEKJIETOUHBIX KOMIIOHEHTOB 3HAYUTEIbHOE KOJIH-
gecTBO OenKoB, 00HapyxeHHbIX B CI1, siBisiercs uToras-
MaTHYECKUMHM, YTO CBSA3aHO C MPUCYTCTBUEM CEMEHHBIX
9K30COM B 3TOH kKHIKOCTU. CeMEHHBIE 3K30COMBI COCTAB-
ns110T 3% Ot o011ero Gesika CeMEHHOM MJIa3Mbl M B OCHOB-
HOM BKJIFOUAIOT SMUTUANMOCOMBI ¥ POCTacOMEI [1]. DT
BE3UKYJIBI MOTYT OBITH BBIICTICHBI U3 DAKYJISATA C IOMOIIIBIO
LHeHTpU(YTUPOBaHUS IOCIIE YIAJICHUS CIIEPMaTO30MI0B C
MOCIEYIOIUMH Pa3IMYHBIMU 3TallaMu yIbTpaueHTpUPy-
TUPOBAHUS HAJAO0CAJAOYHON KUAKOCTH [22—24]. JlaHHBIHA
METO[] I03BOJISIET aHaIM3upoBaTh poreoM Cl1, cBA3aHHBIIH
UCKJIIOYUTENBHO C ATUMHU BHEKJIETOUHBIMH ITYy3bIPbKaMHU.
Eme B 2008 romy A.G. Utleg et al. [25] npoananu3upoBaim
9K30COMBI OT IATH 370POBBIX MYXUYHH U COOOILIMIIN O HAJTU-
yuu 139 6enkoB. CaMbIMU MHOTOUMCIIEHHBIMU TPyIIIIAMH
0enKoB ObUIH CIIEAYIOLIHE.

1. ®epMeHTHI (C 0COOBIM OOMIIHEM MPOTEa3, TAKUX
kak ACPP, GGT1), a Taxxe pepMeHTH aMUHOIIENTHIA3a
N (APN), amunonentunasa P (APP), nenpunuzun (MME),
munentuawinentuaasa [V (DPP4), FOLH1 u KLK3. Bei-
cKa3zaHo npenmnonoxenue, uto APN 1 MME perynupyrot
MOJBHYKHOCTh CIIEPMATO30UI0B YEIOBEKa MOCPEICTBOM
MOAYJISILYN YPOBHEH dHKe(aliHa 1 TaXuKuHuHa [17].

2. TpaHCcTIOpTHBIE/CTPYKTYPHBIE OeNKH ¢ Tpeodnana-
HUEM TISITH WICHOB ceMelcTBa anHeKcHOB (ANXAL, 3,
5,6 u 11), yuactByronux B perymsinuu Ca*’, MeMOpaHHOM
NepeHoce, peopraHu3alni JMMUA0B B MEMOpaHe U IH]I0-
uuto3e, Takue kak aktTuH A (ACTA), aktun B (ACTB),
npodunud [ (PRO1) u npodumun 11 (PRO2), LTF, FN1
u tyoynunsl (TBA1) u (TBB2).

3. benku GTP, Britouas 6enku cemeiictBa RAS (RAB
u RAP), ydacTBytomue B peryisiiuu TpaHCIOpTa Be3H-
KYIL

4. Benku 1manepoHoB, BKJItoYas OeJIKH, CBI3aHHBIE C
teroBbiM mokom, HSP27 (HS27), HSP70 (HS71, HS72
u HS76) u HSP90 (HS9A u d HS9B).

5. benku curHanbHOM TPAHCIYKIMH, BKIFOUas KaJIbMO-
nymut (CALM), CLU, UBQ, nuHk-anb¢a-2-IiIMKoIpoTeHH
(AZGP1, Takxe uzBectHolil kak ZA2G) u MIF.

Bornee nmo3nxue u 6onee macitabHbie pabOTh KOMaHIbI
C. Yang et al. B 2017 rony [11] moka3anu Hanuuue B 00-
pasuax Be3ukyn CIT 1474 pa3audHbIX OSJIKOB, aCCOILUH-
POBaHHBIX C OCHOBHBIMU OMOJIOTHYECKUMH MPOLIECCAMHU,
TaKMMHU Kak MeTaboJIu3M, pOCT U TPAHCTIOPT KIIETOK, MO/~
Jiep)KaHHe SHEPreTHUeCKoro MeTaboir3ma, 4To coryacy-
eTcsl ¢ MPebIIyIIMMU ucclieqoBanusmu [8, 11, 24, 26].
Kpowme Toro, 6pu1r 00HApYKEHBI OSTKU-MapKephbl IK30COM:
HSP70, CD81, cBI3aHHBIH C alTONITO30M I'eH 2-B3aUMOJCH-
crByrommii 6enok X (ALIX), ACTB, mmnepanbaerua-3-
docharnerunporenaza (GAPDH), pochommneparmerna-
porenasa (PHGDH) u ranektus-3-cBs3bIBaOMINN OEI0K
(LGALS3BP) [11, 27]. UccnenoBanue, NpoBeAeHHOE
L. Vojtech et al., mokazano, 4To CeMEHHBIE IK30COMBI 4e-
JIOBEKa coAepKaT 0COOBI HaOOp MAaJIbIX HEKOJUPYIOINX

Tom 10 Ne 4 2021 7



OB3OPLI IMTEPATYPHI

PHK, xoTopble MOIYIHPYIOT pEPOAYKTHBHBINA TPAKT Ca-
MOK, MOJAEP>KKUBask pa3BUTHE 3MOpHoHa [5].

BHekieTOYHbIE Be3MKY/bI CEMEHHOI ITa3Mbl
KakK 6y1oMapKepbI MY>KCKOTo Oecriopms

BuyTtpeHHee conepaHue BHEKJIETOUHBIX 3K30COM T10-
TCHIHAITEHO MOXKET CIIY>KUTh OHOMapKEpOM MYXKCKOTO Oec-
oy [9, 11]. Iocneanue pa3pabOTKH NPOTEOMHBIX UH-
CTPYMEHTOB U yCOBEPILIEHCTBOBAHUE MPOLIECCA BBIJIEIICHUS
9K30COM CJIENajId BO3MOXHBIM UAEHTU(UIIMPOBATH 3HAYH-
TEJIbHOE KOJIMYECTBO 3K30COMAJIbHBIX OekoB. MHorHe n3
(haKTUYECKH PEUIOKESHHBIX CEMEHHBIX OOMapKEePOB OKa-
3aJIMCh OCOOEHHO MOJIE3HBIMHU, HAIIPUMED, 1S ONpeieIeH S
NpUYMH Bapukolese [28] unu azoocnepMuu (OTCYTCTBHE
CTepMaTo30uI0B B 3sKyisATe). [Ipu mocneqnem nuarnose ot-
CYTCTBUE CIIEPMATO30UI0B B CIIEPME MOXKET BO3HUKATD MPU
aHOMAaJIUSIX CIIepMaTOreHe3a 1 Mpyu rOpMOHANIBHBIX HapyILie-
HUSIX OPraHu3Ma, B YaCTHOCTH ITPU HEOOCTPYKTHUBHON a300-
cnepmun (HOA) nnu o6ctpyktuBHOM azoocnepmunt (OA),
aCCOLMUPOBAHHOU ¢ OOCTPYKLIMEH ceMeHHbIX myTei [14].
Oo6napy-xenue 6rnomapkepoB K HOA 1 OA oueHb BayKHO JU1s
YTOYHEHUS MOKa3aHUM K AKCTPAKIUU CHEPMaTO30UIOB U3
suuek (TESE) u npenorBpaliieHust moOBTOPHBIX MHOMKECTBEH-
HBIX OHOTICHH, TOCKONBKY >50% uctunHOi HOA no3Bossier
BOCCTaHOBUTH criepMarorenes [14].

K. Yamakawa et al. [29] npoaHaiu3upoBaIu mpoTeoM
CII 10 deprunpnbix 1 10 OSCITOOHBIX MY>KYHH C a300-
cnepmueii (cemepo ¢ HOA u poe ¢ OA) ¥ MACHTU(DHUIIUPO-
BaJIM YeThIpe BOZMOXKHBIX Onomapkepa HOA: crabminH-2
(STAB2), ryaHuH-HYKJI€OTUABBICBOOOXKJAIOLINI OesloK
(GNRP) u PIP, xoTopble OTCYTCTBOBaJIM B 00pa3Lax mnaru-
enroB ¢ HOA, 1 oquH Mapkep 0OCTPYKTHBHOM a300cmep-
Muu, ruauAuManbHbii 0enok NPC2 (6emox C2 Gone3nu
Humanna—Iluka), orcyTerBytouuii y nauueHToB ¢ OA.
Ilocnennuii Mmapkep ObUT MPEAIOKEH B KaueCTBE KIMHU-
yeckoro i nuddepennmanuu HOA ot OA.

B 2013 roxgy A.D. Rolland et al. [20] npoBenu uHTE-
pecHoe ucclieoBanue u ooHapyxuiu, uro oenku TKTLI1,
PGK2 u LDHC crenugu4eckd SKCIPECCUPYOTCS B MMO-
JIOBBIX KJIETKax SMYEeK Ha pasHbIX CTalUIX Pa3BUTHUA
CIEpPMAaTO30MI0B. DTU OENKH OBLIH TOCTOBEPHO OOHApY-
skeHbl B CI1 OT pepTHIIBHBIX TOHOPOB, HO IPAKTUYECKH HE
uaenTuduuuposanck B CI1 y My>KuuH nocie Ba3oKTOMHUN
U y MAIUEHTOB ¢ a300CIepPMHUEH, YTO MMO3BOJIUIIO UCCIe-
JIOBATEISIM MPEATONOKUTh UX MOTEHIHAIBHYIO POJb KaK
O1OMapKepOB COCTOSIHUA CEMEHHOTO SIUTENHS M KaK CUT-
HAJIbHBIX MOJIEKYII 3aJIEP>KKH CO3PEBAHUS MIOJIOBBIX KJIETOK
y MalUEHTOB C OECIIOAUEM.

OO0u1re xapakTepHUCTUKU HOPMAaTBHOH B CyO(hepTHITb-
HOH CIIEpMBI YCTAaHOBJIEHBI BceMHpHON opraHusanuen
3apasooxpanenusa (BO3, 2010) nis cucremaruiecko-
ro anaiuza kadecta cnepmsel [30]. [IpubnusurensHo
y 40-60% MyX4UH UMEIOTCA HapyLIeHUs MOoKa3aTenei
criepmorpammel. [Iporeomusiii ananu3 CII mamueHTOB
C aCTEHO0300CIepMUEH MpeCTaBIseT cO00M OOraThIi UC-
TOYHHUK OMOMapKepOB MY>KCKOTO O€CIIOAHNS, YTO JAaeT BO3-
MOYKHOCTB MIPEATIOIOKUT, YTO (PYHKIIMOHATBHBIC aHOMA-
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JIUM TIpUJIATKA SAMYKa U POCTAThl MOTYT CIIOCOOCTBOBATh
actenozoocnepmun. CII 310pOBBIX JOHOPOB U MALIUEHTOB
C aCTEHO300CIEepMUE MPOaHaTU3UPOBAIH U UAECHTH(U-
nuposBanu 741 6enox [7, 17]. VI3 Hux 45 GenkoB ObLI0
aKTUBUPOBAHO, a 56 OEJKOB MOJABJIEHO y MALUEHTOB C
aCTeHO0300CIEePMHE, IO CPABHEHUIO C TPYIIIION MY>KUHH
C HOpPMO30OCIEepMHUEH, Tae Takoro 3¢ eKTa 3aMeueHo
He ObuT0. [IpoTeOMHBIE M3MEHEHUSI B CEMEHHOMN JKH]I-
KOCTH y MAllMEHTOB C aCTEHO300CIepMHUEN B OCHOBHOM
ObLIH CBSI3aHBI C META0OIN3MOM, TTPOU3BOJACTBOM ATD
Y HapyLIEHUSIMU FeHepalui MeTaO0INTOB-IPEAILECTBEH-
HuKoB AT®, nockonbky nuki Kpedca oka3zancs Haubonee
MOCTPaAABIIUM MeTa00OIUUYeCKUM ImyTeM. Cpeau UIeHTH-
(uupoBaHHBIX OeNKkoB ObLT Aermukasa DJ-1, 6enok, cHu-
JKAIOLIMI OKUCIIUTENBHBIN CTPECC, KOTOPBIi ObLT CHIIBHO
MOJIaBJIeH y MAallMeHTOB C aCTE€HO300CIepMUeil U Mpe-
JIO’)KEH B KauecTBe OMOMapKepa JUIsl 3TOTO COCTOSHHUS.
CHmxenue 3xcnpeccuu DJ-1 conpoBoxaanoch yBennde-
HueM ypoBHel ADK, daxTopa, CBA3aHHOTO ¢ MYXKCKUM
Oecrutonuem [7, 22].

B pa6ore Y. Wu et al. 2019 rona [12] Taxke ObUT IpO-
aHanu3upoBaH npoteoM CII My>X4MH ¢ HOPMO- U aCTEHO-
3oo0cnepMmueii (524 Genka). ABTOPHI MOKa3al, YTO y Malu-
EHTOB C acTeHO300cIepMuel 22 Oenka ObIIO MOJABIICHO,
Brirouast LDCH, SORD, ANXA?2 u kanukpeus-2 (KLK?2),
a ceMb O€JIKOB aKTMBHPOBAHO, BKJIIOUas CBSI3aHHBIH C Te-
I0BBIM moKoM Oenok HSP72. M3menennas axcnpeccus
0€eJKOB, YYacTBYIOLIUX B MPOLIECCaX CBOPAYMBAHUS U Jie-
rpajgaiuu, Habmonasach ¥ B MPEAbIIYIIUX TPOTEOMHBIX
aHalM3ax y My>K4MH ¢ acTeHo300cnepMueil. bonbmmHcTBO
3THX MOJIEKYI sIBIIsieTCs OenkaMu TerutoBoro moka (HSP),
MOJIEKYJISIPHBIMH IIallepOHAMH, KOTOPbIE OMOCPENYIOT
VKIIAJIKy JPYTHX OEJIKOB U IPEIOTBPALIAIOT HX arpeTaluio.
JocToBepHas cBA3b My U3MEHEHHOH akcnpeccueit HSP
Y HapyUICHUEM MOJBUKHOCTH CIIEPMATO30MI0B 10 KOHIIA
HE U3y4€Ha, OJJHAKO HEKOTOPbIE UCCIIEAOBAaHHS CBA3BIBAIOT
HSP ¢ myxckum Oecrutonuem [31]. Baxkno takxe otme-
THTb, YTO B HccenoBanuu Y. Wu et al. HanGonee nudde-
PEHILMATIBHO SKCIIPEeCcCHpyeMble OEKH MPU aCTEHO300CTIep-
MUH OBLIM JIOKAJIN30BaHbl BO BHEKJIETOYHOM IIPOCTPAHCTBE
Y 3aKJIIOYEHBI BO BHEKJIETOUHbIE BE3UKYJIbI [ 12].

Cy1ecTByeT JOCTaTOYHO MHOTO padoT, ONMCHIBAIOIINX
HAPYIICHHYIO PETyJISIIUI0 OSIIKOB y MAIIMEHTOB C TEPaTo-
300CTIEpMHEH, OJIMTO300CTIEPMHEH U OJIMTOTEPATO300CIIep-
MUEH 10 CPABHEHUIO ¢ MYKUMHAMH C HOPMO300CTIepMHEH
[8, 32]. Cpenu Hux myuun-6 (MUC6), npeamecTBEHHUK
opozomykouga 1 (ORM1), npenimecTBEHHUK TTHIHIH-
MaJbHOTO IIHKOIpOoTernHa u30¢popMel 1 1 romonor CRISP1
y nauueHToB ¢ Teparo3oocnepmueii, CLU u LGALS3BP —
y HalMEHTOB C OJIUT0300CIEePMHUEH, OHAKO TKaHEBBIH
uHruoutop metamnonporenHassl (TIMP) u AZGP1 (6e-
JIOK, YYacTBYIOIIUI B pETyJsUU MOABHKHOCTH CIiepMa-
TO30UJ0B) ObUIM 3HAYUTENHbHO aKTUBUPOBAHBI Y TaHHOM
rpymnmnsl nanuenTos. MHTepecHo Takke, uro 6enku KLK3
1 SEMG1 ObUIH aKTUBHPOBAHBI y MAIIMEHTOB C OJIUTOTEPa-
To300crepmueii, a 6enok LTF — y marueHToB ¢ Teparo300-
criepMHeil, BHE 3aBUCMOCTH OT [TOKa3areseil KOHIIEHTpa-
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MM CTIEPMaTO30M10B B 2sKynATe. benok DJ-1 orcyrerByer
y HMAaIMEeHTOB C OJIMTOTEepPaTo300cIepMuei u quddepeH-
LUAIbHO SKCIPECCUPYETCA Y APYTUX IPYII MallUueHTOB.
OTH pe3yabTaThl NOKa3bIBAIOT, YTO IKCIPECCUs OEIKOB
CEMEHHOH IJIa3Mbl HAIIPSIMYIO 3aBUCUT OT KOHLIEHTPAIH
¥ MOP(OJIOTHHU CIIEPMATO30HUIOB, UTO Ja€T BOZMOXKHOCTh
UCIIONB30BaTh HEKOTOPHIE M3 OEIIKOB B Ka4eCTBE OHMoMap-
kepoB Oecruioaus [17, 24].

B cnyuae onuroacrenozoocnepmuu E. Giacomini
et al. [33] B cBOeM HCCIIeIOBAaHUH COOOIIMIM O HETOCTa-
TouHoU dKcnpeccuu 6enxoB NPC2 u LGALS3BP u cBepx-
skcnpeccun unokanuHa-1 (LCN-1) u ¢popmer PIP B CIT
y TaKUX NAlMEeHTOB [0 CPABHEHHUIO C MAllMEHTaMH C HOp-
MO0300CTIEpMHUEN.

Hapymenue sxcnpeccun O0€IKOB MPU OJUTOACTEHO-
300CTIIEpMHUHM B OCHOBHOM OTpPaXkaeT MpoOIeMbl ¢ pa3BH-
THEM M MeTabOJIM3MOM CIIEPMAaTO30M10B, TPAHCIIOPTOM
BEIIECTB, AHTUOKCUJAHTHBIMU 1 UMMYHOMOYTUPYIOLIH-
MU CBOICTBaMU CEMEHHOM M1a3Mbl. Pe3ynbTarsl pa3HbIX
UCCJIeI0BaHUN YKa3bIBalOT Ha BO3MOXHOCTH HCIIOJIB30-
Bath Oenku, Hanpumep NPC2, PIP, PTGDS, LTF, AZGP1,
ECM1 u KL3, B kauecTBe OOMapKEPOB CTATyCa MY CKOM
¢deprunbroct [11, 24, 32, 33].

HNHTtepecHyo paboTy, OCBETHBIIYIO TEMY BHEKJe-
TOYHBIX BE3UKYJ B ISKYJSATE U MX BIUSHUE HA XapakTe-
PUCTUKH CliepMaTo30ua0B, npoBenu V. Murdica et al.
B 2019 roxy [24]. s ux uccrnenoBaHust ObLTH 0TOOpaHbI
42 narenTa B Bo3pacte ot 18 10 50 et — UM BBITTOTHUIN
paclIupeHHbIH aHaIU3 CIIEPMBI, IO PE3YyNbTaTaM KOTOPOro
BBIJICJIWINA TPU IPYMIIBL: 33 My>KYHUHBI C HOPMaJIbHBIMH T10-
kazarensamu crepmbl (HC), 10 MyxuuH ¢ TsDKenoit acte-
Ho3oocnepmueii (AC) 1 yeTBEepo ¢ MOCTBA3IKTOMHUYECKOM
azoocnepmuceii (BA3). [TanueHTs ¢ Bapukoliese, Bocmare-
HUEM MOYETIONIOBOM CUCTEMbI, THPEKLNSIMHU CEMEHHBIX ITy-
Tel U Kypsllue He ObUTH BKIIIOUEHBI B UcclieioBaHue [24].
V rpynm nanuentoB ¢ HC u AC Obia oroOpaHa ceMeHHast
nja3Ma JJid BBIJEJNECHHs U aHajiu3a SK30COM, COJepKa-
LIMXCS B ASIKYNATE. [ pynmsl ObUTN CXOXKHU MO CIEAYIOLINM
napaMeTpaM: nepuos Bo3aepkanus, pH, o0beM criepMmsl,
KOHIIEHTPALUA U KU3HECTIOCOOHOCTh CIIepMaTO30MA0B.
Kpurepun sskynara ouenuBanu no gasasiMm BO3 [30].
['pynrel pa3znuyanich TOIBKO MO KOJTUYECTBY IPOTPECCHUB-
HO TOJBM)KHBIX CIIEPMAaTO30MJI0B, KOTOPOE ObLIO 3HAYH-
TebHO HIKe y Myx4uH ¢ AC 1o onpeaenenuro. s Toro
YTOOBI UCKITIOUYUTH BKIJIAJ MOMYJISLUU SK30COM U3 SIMUYEK
WJIM TIPUAATKOB SMYKa B OKCIIEPUMEHT, ObljIa BKJIIOUEHA
cnepMma oT nanueHToB ¢ BA3 [23].

TpancMuccuoHHas 3neKkTpoHHas Mukpockomnus (TOM)
BBISIBIJIA HE TOJILKO HAJIMYUE BE3UKYI OKPYIIIOH (OPMBI,
HO TaKXe KaHaJIbLIEB U APYTrUX MeMOpaHHBIX yacTull. Be-
3UKYJIbL, TIOJY4YE€HHbIE U3 CEMEHHOM IUIa3Mbl MAIIUEHTOB C
HC u AC, nmenu cxoxyto GopMy, pa3Mep U JIICKTPOHHYIO
IUIOTHOCTh. B 4acTHOCTH, pa3Mep Be3UKYNl 00eUxX Ipym
BapbupoBai oT 50 1o 150 HM, GONBUIMHCTBO U3 KOTOPBIX
6b110 MeHbuie 100 HM. Be3ukynsl U3 ceMEHHOU Miia3Mbl
MAIMEeHTOB C a300CIepPMHUEN TaKkKe UMENIN CXOXKHE Mmapa-
METpBI pa3MepoB U HOpMBI ¢ BE3UKYyJIaMH MalUEHTOB ¢
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HOPMO- M aCT€HO300CTIepMHEN. AHAIOTUYHO MapaMeTPhl
Be3uky narpenToB ¢ HC 1 BA3 okazanuch Onmm3kn. Takum
o0pasom, V. Murdica et al. npeanonoxunu, 4ro cekpenus
9K30COM HE 3aBUCUT OT HAJIMYMS UJIM CTaTyca CIepMaro-
30M/I0B B CEMEHHOM KUIKOCTH [24].

MeTopp! BIJie/IeHN YMCTON PpaKmu
BHEK/IETOYHBIX Be3MKYI 113 CeMeHHOI I/Ta3Mbl

B xiaccuueckom Metozie Beiaenenus BB ucnons3yercs
paszerneHue YacTul B COOTBETCTBUH € UX IUIaBy4el IIoT-
HOCTBIO IIyTeM HeHTpudyrupoanus. Ha nmepsom stare
OCaXIAI0TCS YAaCTULIBI C BHICOKOH IJIaByueil IIIOTHOCTHIO,
TaKue Kak KpyIHbIE KJIETKH, KIIETOYHbIN Ae0pHcC, anonToTH-
YeCKHe Telblia U arperarbl 0MonoauMepoB. st Toro ytoObl
HE JIOMYCTUTh MOTEPIO BE3UKYII, BBI3BAHHYIO COBMECTHBIM
ocellaHeM KOMITOHEHTOB IUIa3Mbl, U YMEHBLIUTD 3arps3-
HEHHE MpernaparoB NPOAYKTaAMHU JIU3UCa KIETOK, 3TOT JTarl
TaK)Ke BKJIIOYAeT B ce0sl HECKOJIBKO MOJITANOB, @ UMEHHO
ueHtpudyruposanue npu 300400 g B reuenue 10 MunyT
JUTSL OCXKACHUS OCHOBHOM 4acTu Kietok, mpu 2000 g st
yaaneHus KJIeTOUHOoro mycopa, a mpu 10 000-14 000 g nns
yaaneHus arperatoB OMONOJIMMEPOB, alONTOTHYECKUX Te-
Jel] ¥ APYTUX CTPYKTYP C MJIaBy4el IMJIOTHOCTHIO BBILIE,
yem y BB. Pa3nas cxopocts Bpawenus (ot 100 000 no
200 000 g) Takxe UCTIONb3YETCs AT OKOHYATENbHOIO OCaX-
nenus BB [34]. benku, He oTHOcsmmecs k BB, B ocanxke
YAANSIOTCA MyTeM CYCHeHIUPOBAHUS C MOCIIEAYIOIIUM IO~
BTOPHBIM yIsTparieHTpudyruposanuem [35]. [TomydeHHbii
npenapatr BB 10omonHNUTENbHO OYHMILAETCS, BbIIEICHHbIE
MHUKPOUYACTULIBI OTOMPAIOTCS B COOTBETCTBUH C UX pa3Me-
POM ITyTEeM MUKPOQHIBTPALINU CYCIICH3HHU C UCTIONB30Ba-
HueM GuIbTpoB ¢ auamerpom nop 0,1 MxM, 0,22 MKM nin
0,45 mxm [34, 35]. BaskHO OTMETHTB, YTO JOITOTHUTEIHHBIE
sTanbl o4yucTky BB (mpombiBaHue U MUKpOQUIBTpALIHS)
HE TOJIBKO MOBBIIIAIOT YUCTOTY, HO M CHIDKAIOT MX LIEJIEBOE
KonuiecTBo. B wactHocty, J. Webber et al. [36] mokazanu,
YTO MPOMBIBaHUE CHIKaeT BbIxo BB (morepu, BoI3BaHHBIE
HEMOJIHBIM OCAKICHHUEM U arperauueil B 0cajke); Bblle-
JICHHAst TAKKUM 00pa3oM (ppaKiysl HE3HAYUTEIHHO OTIINYA-
ercst o yucToTe (cooTHomeHne BB k obmemy 6emky) mo
CPaBHEHUIO C TOM, UTO HE MOJIBEPraeTcs JONOIHUTEIbHOMY
poMbIBaHUIO. TeM He MeHee OTMbIBAHHE BE3UKYJT MOXKET
OBITH HEOOXOIMMBIM /17151 BbIACIEHUS YuCTOM ppakimu BB,
KOTOpBbIE MpeHa3HaueHbl JJ151 ONPEETICHHOTO THIIA UCCIe-
noBaHuii [36, 37].

IIpuMeHeHMe BHEKTETOYHBIX Be3UKYII CEMEHHOM
IUIa3MBI 1 U3MeHeHNsI MOP(POPYHKIMOHATbHBIX
XapaKTepUCTUK CIIepMATO30U/[0B

V. Murdica et al. B 2019 rony uccnenoBaiu BIusSHHE
BHEKJIETOUHbIX Be3UKyn CII Ha MOABMAKHOCTD U IpoLECC
KanaiuTaluuy crepMaTo3onaoB [24]. beutu nzyuensl BB
ISKYIATA ABYX TPYII MYXXYMH: HOPMAalIbHAs MOJBHK-
HOCTb U CHWXXEHHasl MOJABIKHOCTh. Brinenennsie us CII
BB nHkyOupoBanu co cnepMaro3ouaMu U OTOUpaIy npo-
OBl B pa3Hble MOMEHTHI BpeMeHH (depe3 15 munyT, 1 yac
u 4 ygaca). Oka3anoch, 4YTO BHEKJIETOUHbIC BE3UKYIIbI,
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BbIJICJICHHBIE U3 CEMEHHOM IJIa3Mbl MAIIUEHTOB C HOPMO-
300CHEPMHUEN U a300CTIEPMHUEH, BEI3BAHHOM Ba33KTOMHUEH,
3HAYUTEIbHO YBEJIMYHMBAIHU KOJIUYECTBO MPOrPECCUBHO
MOABIKHBIX CIIEPMAaTO30HM/I0B, a BOT 3K30COMBI NAI[IEHTOB
C aCTEHO300CIepMHEN HE TOJIBKO HE OKa3aJy KaKoro-1nbo
MOJIOKUTEIBHOTO A deKTa, HO U BHI3BAIH elle OoJbliiee
CHIDKEHHE MOJBIKHOCTH CIIepMaTo30u10B. [lanee apTopbl
nobaswiu BB, nonyuennsie u3 CII Mmyx4uH ¢ HOpMO300-
criepMueil, K COOCTBEHHBIM CIIEpMaTo30M1aM U BEPHYIIH
UM OBLTYIO TIOIBH)KHOCTB. AHAJIIOTHYHBIM 00pa3oM ObLIO
MOKa3aHO yBEJIMYEHUE KOJIMYECTBA CIIEpMaTO30UI0B, KOTO-
pbIe MOBEPIIIUCH AKPOCOMHOM peakiiu, ocie godase-
Hus BB. Otot addext Obu1 Hanbosee oueBUAEH y 3K30COM
OT MAaIKEeHTOB C HOPMO300CIIEPMHEH, B TO BpeMs Kak J10-
OaBreHNE 3K30COM OT MYXUYHUH C aCTEHO300CIepMHel He
MIPUBEJIO K YIIYULISHHUIO NTOKa3arenell. YBenuueHnue Gppak-
LIUH NOJBMXKHBIX CIIEPMATO30M10B, aKTHBALIMS KaraluTa-
LYY U CTUMYJISLUS aKPOCOMAaJIbHON peakiu, BEPOSATHO,
MPOHMCXOAT 32 CUET MEPEHOCa Pa3IHYHBIX (PaKTOPOB U3
BB B cniepmaro3ouss [17, 38, 39].

B cBoeii pabote V. Murdica et al. nokazanu runoresy,
KOTOpasi 3aKIII0YaeTCsl B TOM, YTO CIIEPMaTO30UIbl, OTIe-
nennble oT CII yenoBeka, MOTYT CBS3bIBAThH U MOIJIOILATD
9k30cOMBI. C TTOMOIIBIO (TyOPECIIEHTHON MUKPOCKOIIHH
Y MEUCHHBIX JTUITO(UITEHBIM KPACUTEIEM IK30COM aBTOPHI
0OHapyXUJIH, 4TO y>Ke depe3 15 MUHYT criepMaTo30U.bl
cBs3biBatoT BB, a uepes 1 yac 1 4 yaca 3TOT poLIECC AKTUB-
HO BbIpa)keH. DKCIIEPUMEHT TaKOKe OKa3all, YTO 3K30COMBI
13 00pa3LoB MSKYNIATA MAUEHTOB C HOPMO300CTIepMHUEH
oOJazany Jryulie CBA3bIBatoLIel CIOCOOHOCTbIO, YEM JK-
30COMBI OT MAIIMEHTOB ¢ acTeHo30ocnepmueii [24, 40, 41].

Eme onna uHTepecHas paboTa, ONUCHIBarOIIas BIU-
SHHE BHEKJIETOYHBIX BE3UKYI ISKYJIATa Ha XapaKTepH-
CTHKH CIIEpMaTo30HI0B, omybnukoBana X. Zhang et al.
B 2020 roxy [42]. ABTOops! moka3zanu, yto BB cemeHnHOH
IUIa3MBbl M UX COAEPKUMOE 00J1a/1at0T aHTHOAKTepHalb-
HBIMH, aHTUOKCUAAHTHBIMU 1 UMMYHOCYNPECCUBHBIMU
CBOWCTBAMHU M MOTYT Y4acTBOBaTh B OMOJIOTHYECKUX IPO-
1eccax, KOCBEHHO BJIMsS HAa (PyHKIUHU CIIEPMAaTO30UI0B.
BB cHmxarot n30sITounyro nponyknuio ADOK, ocnabnsior
OKHUCIIUTEIbHBIA CTpEcC B CEMEHHOM )KUIKOCTH U Tepe-
HOocAT voHbl Ca’" sl peryupoBaHus WHIYIUPOBAHHON
MOABIXKHOCTH CIIEPMaTO30uI0B [2, 43]. B3aumoneiicTBys
HaIpsMyIo co criepMaro3onaMu, BB MoryT urpars pemia-
IOLIYIO POJIb B UX CO3PEBAaHUU B IPUAATKE SUYKA, a TAKXKe
OKa3bIBaTh BIMSHHE HA ()YHKIIMOHHUPOBAHUE M OILTIOAOTBO-
PAIOLILYIO CTIOCOOHOCTh MYXCKHX IOJIOBBIX KJIETOK [9, 44].
Hutepecno, uto BB, BbieneHHble U3 SIKYJSATA IALUEHTOB
C OJIUTOACTEHO300CIIEPMUEH, AEMOHCTPUPYIOT JPyTHE Mpo-
¢um MukpoPHK 1 6ekoB 1o CpaBHEHUIO € ASIKYISATOM Ma-
LIUEHTOB C HOpMOo3oocnepmueii [45, 46]. DTu rccrenoBaHus
MOKa3bIBaIOT, UT0 BB nelcTBYIOT KaK (yHKIMOHAIbHBIE
PETYISATOPBI MY>KCKOH (PepTUIIBHOCTH, & UX AUCHYHKIHS
MOXeET ObITh IPUYUHON MY>KCKOTO O€CIIIOANSI.

Hapsiny ¢ stum X. Zhang et al. moka3ainu, 4To BHYyTpH-
KJIETOYHBIH TOMEO0CTa3 KaJIbLHS SBIISETCS KITIOYEBBIM KOM-
MOHEHTOM B KOHTPOJIE MOJBM)KHOCTH CIIEPMAaTO30HJI0B, a

10 KIMHUYECKAA V1 SKCITEPMMEHTAJTIbHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

MIPUTOK KaJIbLUsl BaXKEH I MOAJEP>KaHUS IPOrPECCHB-
HOI MOABMYKHOCTU U (PYHKLIMOHUPOBAHUS CIIEPMATO30H-
J0B [42], 0co0eHHO [1s1 aKpOCOMaJIbHOM peakiuy U Tumnep-
aktuBauuu [47-49]. Bce 3Tu npoueccsl KpaitHe BaHbI
JJ1. HOPMaJIbHOTO OTUIOAOTBOPEHUS OOLUTA. ABTOPHI
TaK)Ke MPOBOIMIIN N3yUeHHE KATHOHHOTO KaHaJla criepMa-
to3ouoB — CatSper, cocrosiiero u3 6eJIKOB KAaTHOHHBIX
KaHaJIOB, SKCIIPECCUPYEMBIX HCKIIOUUTENBHO B 3pEJIbIX
MYXCKHX TOJIOBBIX KJIeTKax. B akcriepruMenTax ¢ caMmuamu
MBIIIeH ObLIO MOKa3aHo, uTo kaHan CatSper BakeH 1ist
MY’KCKOH (DepTHIBHOCTH: )KUBOTHBIE ¢ Aedurrom CatSper
Y MY>KYMHBI C MyTalUusIMU B reHe CatSper OecIiionHbl U3-3a
OTCYTCTBHSI T'MIIEpaKTUBALIMU criepMaTo3onaoB [50, S17.
ABTOpBI U3YYMIIM MEXaHHU3M, C MOMOIBI0 KoToporo BB
PEryJaupyloT Iepeiadyy CUTHAJIOB KaJbIHs B ISKYIISATE ye-
JIOBEKa C aKIIEHTOM Ha yyactue kaHana CatSper. /{ns ouen-
KU BJIMSHUSA 9K30COM Ha MOJBMYKHOCTH CIIEPMATO30MI0B
BBIJIEJISUTM CEMEHHYI0 Ta3my ¢ BB u ceMeHHyto mna3my
0e3 sk30coM. [1aTTepHbl ABMXKEHHS CIIEPMATO30MI0B Ol1e-
HUBAJH C MOMOUIbIO CUCTEMbI KOMITBIOTEPHOTO aHaJu3a
CASA (WLJY-9000, WeiLi. Co., Ltd., Kurait). Peructpu-
pOBaJIK OOLIYIO MOJBIKHOCTD, IPOTPECCUBHYIO MOABHK-
HocTb (PR), kpuBonuueitnyto ckopocts (VCL), npsimonu-
HelHyo ckopocTh (VSL), CpeqHiol CKOpOCTh ABUKCHUS
(VAP), muneiinocts (LIN) u qpyrue napamerpsl criepma-
to3ounoB [42]. Anamuzarop Flow NanoAnalyzer u Be-
CTepH-OJIOTTHHT MOKa3aJId NIPUCYTCTBUE YHUBEPCATIbHBIX
MapkepoB sk30coM CD9 n CD63 Bo B3BeCH BBIACIECHHBIX
BB u3 CI1. TpancMuccHOHHAS 2JIEKTPOHHAS MUKPOCKOIHSA
TaKXe MOATBEPAMIA, YTO SK30COMBI COZIEPKAIIH JIUMHUIHBIHA
OUCIIOH M BBIIVISAEIM KaK KPYTJIble YACTULBI B OXKUAAEMOM
JyarnasoHe pa3mMepoB 3k30coM. B cBoeit pabore X. Zhang
et al. mokasanu, 4To 10OABICHUE YK30COM B KYJIBTYpPab-
HYIO CpeJly CO CIIEpMaTo30MAaMH1 3HaUNTENbHO YCUITUBAET
UX TUIEPAKTUBALIMIO TIOCPEICTBOM KalbLIMEBOTO KaHasa
CatSper. Kpome Toro, ClocOOHOCTB CIIEPMaTO30H 0B IIPO-
HUKaTh B UCKYCCTBEHHYIO BSI3KYIO cpeny (MoAenb Cpebl
JKEHCKOT'0 pENPOAYKTUBHOTO TpakTa — 1% MeTUIILEITI0N0-
3a) — elle OJMH MapaMeTp, CBI3aHHbIN ¢ rUNepaKTUBalueH
CIepMaTo30U0B, — yCUJIMBajach nocje nobasienus BB
U cHXasack uHruobutopom CatSper Mi [42].

C yuerom Toro, yto BB ynyd4iaroT moaBHXKHOCTD
CIepMaTo30u 0B 1 UX (PYHKIIMOHAIbHYIO aKTUBHOCTB I10-
CPEICTBOM Iepeiaun CUTHAIOB HOHOB KaJblys, X. Zhang
et al. TOMOJTHUTENHHO UCCIIENOBATH TIOTCHIIHAIBHOE KITH-
Huueckoe npumenenue BB u3 CII. ABTopsl oOHapy)H-
JIH, YTO TOBbIIIEHHE KOHLEHTpanuu noHos (Ca*"). 6b110
3HAYHUTENBHO HIDKE B IIP00aX 3K30COM, TONYYCHHBIX U3
CEMEHHOMW >XUJKOCTU MALUEHTOB C aCTEHO300CIEePMHU-
eit, uem B CII manueHToB ¢ HOpMoO3oocmnepmuen. OO6Ias
MOABUKHOCTb CIEPMAaTO30MI0B, IPOrpEeCcCUBHAS MOJ-
BHXKHOCTB, TapameTpsl VCL, VSL u VAP 6buin 3amMeTHO
BbIIlIE B MHTAKTHONH CEMEHHOH Ijla3Me C HOpMaJbHBIMU
MOKa3aTeNsIMU AKYJIsTa, YeM B CEeMEHHOM m1a3me 6e3 K-
30COM, BBIJCJIEHHBIX U yAAJEHHBIX IPU MOATOTOBKE JKC-
nepuMeHTa. B coorBeTcTBUM € 3TUMU pe3ynbTaramu BBy
MYYHMH ¢ HOPMO300CIIEpMHUEH! YTy dIIaay IPOrpeCcCUBHYIO
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MOABMYKHOCTB ¥ CIIOCOOCTBOBAJIH MPOHUKHOBEHHIO U JIBH-
JKEHUIO B BSI3KOM cpezie CiepMaTro30MI0B OT MAMEHTOB C
acTeHosoocnepmueil. ABTopsl nokaszanu, yto BB u3 CII
YaCTUYHO BOCCTAHABIHMBAIOT MOIBIXHOCTh M (QYHKIIHU
CIIEPMATO30M/I0B Y MALIMEHTOB C HAPYIIEHUSIMH CEKPELTUH
U cnenu@uyeckoro (yHKIHOHUPOBAHUS BE3UKYJ CEMEH-
HoIi Tta3msl [33, 52].

3akmoueHnne

DU3NOIOTHUECKOE 3HAUCHUE BHEKJICTOYHBIX BE3UKYI,
BBIJICIICHHBIX M3 CEMEHHOM T1a3MBbl, JJ151 pEryJsaiun QyHK-
MU CIIEPMATO30MI0B OCTACTCSA MHTEPECHON U CIIOKHOM
TeMO. DK30COMBI BMECTE C APYTMMH KOMIIOHECHTAMH
CEMEHHOM IIJIa3MBbl U KHIKOCTSIMH KEHCKHUX IOJOBBIX
MyTed MOTYT U3MEHSTh MIOKa3aTeNId CIIePMAaTO30HI0B, He-
00X0UMBIe JIJIs1 OTUIOOTBOPEHUS. Pa3BUTHE OMUKCHBIX
TEXHOJIOTHH B MEIUIIMHE MO3BOJIUT HACHTH(PHUIIUPOBATh
OrOMapKepbl, CBA3aHHbIC ¢ TUCHYHKIMEH BHEKIETOYHBIX
BE3UKYJI 3AKYISITA, BIMSIIONIUX HA MYXCKYIO (hepTHIIb-
HOCTb.

HeMHorouncineHHbie MPOTEOMHBIC UCCICTOBAHUS MO~
Ka3aJId M3MEHEHHS dKCIIPECCHUU 3K30COMANTbHBIX OEIKOB
y MalKMeHTOB C MaTo300CcnepMueii. ITH paboThl CIyXar
OCHOBOM JJIsl U3YUYEHHUS POJIM 3K30COMAIIbHBIX OEJIKOB
Y BHEKJICTOUHBIX BE3HMKYJ B OMPEICIICHHBIX COCTOSHHUAX,
CBA3aHHBIX C MY>KCKUM OecrutoaueM. JIoCTymHbIe B HACTO-
siee BpeMst MOJIEKYJIIPHbIC MapKephl CIOCOOHBI HACHTH-
(GUIPOBATH MPHUUKNHY MYMKCKOTO O€CIIIONNS, HO HCHTH-
(buKanys 3K30COMAITbHBIX MAPKEPOB €I1ie OONBIIIE TOBBICHT
MOHUMaHHUe Me(PEKTOB CIEPMATO30UI0B B Pe3ysibTare
JUCOYHKIHUN JOTIOJHUTEIbHBIX MOJIOBBIX OPraHOB M JKe-
ne3. Mcnonb3oBaHrne BHEKIETOUHBIX BE3UKYJ CEMEHHOM
Ma3Mbl B KIIMHHYECKHUX YCIOBHIX MOXKET 3HAUYUTEIBHO
MOBBICUTh YCIIEX MPOrPaMM JICUSHHUs OECIUTONMS METOAMU
BCIIOMOTATEIbHBIX PENPOAYKTUBHBIX TEXHOJOTHH, U 0CO-
OCHHO 3TO KacaeTcs ClydaeB, IJie IPUUYUHON OTCYTCTBHS
OEepEMEHHOCTH SIBJISICTCS HApyIIEHUE CIIepMaToreHe3a.
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Mopdonornueckass xapaKTepucTuKa

3KCIepMMEHTATBHOM KaTeTep-acCOMMPOBAaHHON NMHGeKumn

Ha (pOHe MMMYHOCYIIPeCCUU ¥ MIPUMEeHEeH S HU3KOMONIEKYIAPHOTO
KaTMOHHOTO MEeNTHUA CeMeliCTBAa TAaHTUOMOTUKOB — BapHEpUHA

B.B. JTumeunoé’, JI.M. Jlemxuna?, I.I. ®@peiino’, B.II. Kopoooe*’

! ®I'BOY BO IlepmMckuii rocyaapcTBeHHbIH MEANIIMHCKAI yHUBEPCUTET UMeHH akaaemuka E.A. Baraepa Munsapasa Poccun, ITepms,
Poccus

2 ®I'BYH Ilepmckuit henepaibHblii neenenoBarensekuii ueHTp YpO PAH, MHCTUTYT 3KOJIOTMH M TEHETHKH MHUKPOOPTaHU3MOB, I1epMb,
Poccus

3 ®I'AOY BO IlepMckuii HAIIMOHAIBHBINA HCCIIEN0BATENLCKHUI TOJIUTEXHUYECKHUI yHUBEPCUTET, [lepMb, Poccust

Beeoenue. PazBuTie kareTep-acCOMUPOBaHHON HH(EKITNH CBA3aHO C KOJOHU3AINEeH MUKPOOPTraHU3MaMu
MOBEPXHOCTH UMIUTAHTHPOBAHHOTO KaTeTepa IyTeM (JOpMHUPOBAHMS OMOTIIIEHKH, YTO 3HAYUTETHHO TTOBBIIIACT
UX YCTOWYNBOCTh K aHTHCENTUKAM M aHTHOMOTHKAM, 0COOEHHO B yCIOBHAX UMMyHOCynpeccun. OMHUM 13
KJIaCCOB COCIMHEHHH, CIIOCOOHBIX CIIPABISITHECS ¢ OMOTUICHKOOOPa30BAHUEM, ABIISIOTCS HU3KOMOJIEKYISIPHBIE
aHTHOaKTepuanbHble nentusl. Lens nccnenoBanus — MopQonorunyeckast XapakTepHCTHKA MOJIETTH KaTeTep-
ACCOIMMPOBAHHON HH(EKITUH Y TaOOPaTOPHBIX MBIIIEH Ha (poHE MIMMYHOCYTIPECCHH C OIICHKOH 3(h(heKTHB-
HOCTH HCTIONIb30BaHUS aHTHOAKTEPUAILHOTO HI3KOMOJIEKYIIPHOTO KaTHOHHOTO TIENTHA BApHEPHHA.
Mamepuanvt u memoowl. ViccienoBanue MpoBeIeHO Ha OeNbIX O0eCITOPOAHBIX MBITIaX BecoM 25—30 rpaMMoB,
KOTOPBIM TIOJ KOXKY CIMHBI OBIITM MMIUTAHTHPOBAHBI ()ParMEHTHl BHYTPUCOCYAUCTBIX KAaTETEPOB IIIMHOM
1,0 cm. [IpenBapuTeTbHO >KHBOTHBIM ITPOBOIMIIA IMMYHOCYTIPECCHIO UKo ochamuaom. B skciepumenTax
HCTIONB30BaH OakTepun Staphylococcus epidermidis 33 B Buze nx B3Beceil wiv OHOIIICHOK, TTPEIBAPUTEIEHO
BBIPAIICHHBIX HA OTPE3KaX KaTeTepOB, U NpenapaT HU3KOMOJIEKYISIPHOTO KaTHOHHOTO MENTH/Ia BapHEPHHA.
JKMBOTHBIX BCeX IpyII BEIBOIMIIN U3 SKCIIEPHIMEHTOB Iy TEM IIePEN03UPOBKH ddrpa Ha 1-e, 2-e 1 3-u CyTKH,
MIOCJIE YETO MPOBOIIIHN 3200p MATKUX TKaHEH BOKPYT KaTeTEPOB ISl THCTOIOTHYECKUX U UMMYHOTHUCTOXH-
MHYECKHX MCCIIEIOBAaHHH ¢ Hconap3oBanueM antuten k CD34, sumentury, CD68, CD3 u CD20.
Peszynbmamei. BBenenune BapHeprHa B 001aCTh IMIUIAHTAIINN KaTETEPOB MPUBOIMIIO K NCUC3HOBEHHUIO HITH
3HAYUTEITPHOMY YMEHBIICHHIO CKOIUICHUH OaKTepuil B 3THX 30HaX, TaKKe B MH(MIBTPATaX OTMEYaIOCh CTa-
TUCTHYECKH 3HAYNMOE YBEITMUCHNE KOJTHYECTBa HEHTPO(HUIOB 1 yMEHBIIIEHUE coepkanns (pruopo0IacTos.
OCOOGEHHOCTH KJIETOYHBIX PEaKIiii BOKPYT KaTeTePOB ¢ OaKTepHaIbHON 00CEMEHEHHOCTRIO TP BBEICHUH
BapHEPHHA MOATBEPKAECHB UMMYHOTHCTOXHUMHUECKH.

3axnouenue. Ilpu hopMUpOBaHUN MOJIEIH KaTeTEP-aCCOLMMPOBAHHON MH(MEKIIUH B yCIOBUSIX HUMMYHO-
Cympeccus aHTHOaKTepHanbHas 3Qp(PEeKTHBHOCTh HU3KOMOJIEKYISIPHOTO KaTHOHHOTO MENTHIA BapHEPHHA
MPOSIBIIIETCS B XapaKTEPHBIX MOP(HOIOTHUECKUX U3MEHEHHAX COCTaBa BOCIAIMTEIBHOTO HHMUIBTpaTa
BOKPYT MH(UIIMPOBAHHBIX OTPE3KOB KaTETEPOB.

KaoueBble ciioBa: MOJEIMPOBaHNE KaTeTEP-aCCOUMPOBAHHON MHPEKIMH, MOP(OIOTrHs BOCIIAICHUS,
aHTHOAKTepHAIBHBIN HU3KOMOJICKYJISIPHBIN KAaTHOHHBIN TETITH BapHEPUH

Jns koppecnonaenun: Banepuii Bukroposuu JlutBunos. E-mail: drlitvinov@mail.ru

Joas nutupoanus: Jluteunos B.B., Jlemkuna JI.M., ®peiing I'T"., Kopo6os B.I1. Mopdonoruueckas
XapaKTepHCTHKA IKCIIEPUMEHTAJILHON KaTeTep-acCOLMMPOBAaHHON MH(BEKIMN Ha ()OHE UMMYHOCYTIPECCUH

Y IPUMCHEHUS HU3KOMOJICKYJIIPHOTO KATHOHHOTO TISTITH/Ia CEMEHCTRA IAHTUOHOTHKOB — BapHepuHa. KituH.
skcr. Mopdoorus. 2021;10(4):14-24. DOI: 10.31088/CEM2021.10.4.14-24.

dunancupoBanue. MccienoBanue BHIOIHEHO B paMKaX roCyAapCTBEHHOTO 3aJaHus 110 TeMe « MOJIeKyISIpHbIE MEXaHH3MbI
ajlanTalid MUKPOOPTraHM3MOB K (aktopam cpeab» (Ne AAAA-A19-119112290009-1) ¢ ucnonbp3oBaHHEM 000pYIOBaHUS
LleHTpa KOJUIEKTUBHOTO 0JIb30BaHus «lIccneoBaHus MaTeprasoB U BelecTsa» IlepMckoro denepaibsHOro Hecie0Bareb-
ckoro nentpa YpO PAH.

KoH(paukT uHTEpecoB. ABTOPHI 3asBISIIOT 00 OTCYTCTBUM KOH()IUKTAa HHTEPECOB.

Crarbs nocrynuia 20.05.2021. [Moxy4yena nocie penenzuposanusi 03.06.2021. IIpunsita B nmeuars 15.06.2021.
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Morphological characteristics of an experimental catheter-associated infection following
immunosuppression and the use of a low-molecular cationic peptide of the lantibiotic family -

warnerin

V.V, Litvinov', L.M. Lemkina’, G.G. Freynd', V.P. Korobov*’?

! Academician Ye.A. Vagner Perm State Medical University of Ministry of Health of Russia, Perm, Russia
2 Institute of Ecology and Genetic of Microorganisms, Ural Branch of Russian Academy of Sciences, Perm, Russia
3 Perm National Research Polytechnic University, Perm, Russia

BBenenue

Introduction. Catheter-associated infection is caused by microorganism colonization of the surface of the
implanted catheter with a biofilm formation that significantly increases their resistance to antiseptics and
antibiotics, especially in immunosuppression. Low-molecular antibacterial peptides are compounds capable
of combating biofilm formation. The aim of the study was to describe morphological characteristics of a
catheter-associated infection model on laboratory mice secondary to immunosuppression and to assess the
efficacy of the low-molecular cationic antibacterial peptide (warnerin).

Materials and methods. An experiment included white outbred mice (25-30 g body weight) under ether
anesthesia that received 1.0-cm fragments of intravascular catheters under the skin of the backs. The animals
underwent preliminary immunosuppression with cyclophosphamide. We used Staphylococcus epidermidis 33
(in the form of suspensions or biofilms previously grown on catheter segments) and low-molecular cationic
peptide warnerin. All animals were sacrificed by ether overdose on days 1, 2, and 3 after the manipulation.
We took the tissues surrounding the catheter for histological and immunohistochemical studies with antibod-
ies to CD34, vimentin, CD68, CD3, and CD20.

Results. The warnerin administration at the site of the catheter implantation led to disappearance of or a
significant decrease in the number of bacterial. In the infiltrate, the number of neutrophils significantly in-
creased, whereas that of fibroblasts decreased. Immunohistochemistry confirmed the features of the cellular
reactions around the catheters with bacterial contamination with warnerin administration.

Conclusion. In a model of catheter-associated infection in immunosuppressed mice, the warnerin antibacterial
manifests in characteristic histological alterations in the inflammatory infiltrate composition.

Keywords: catheter-associated infection model, morphology of inflammation, warnerin antibacterial cat-
ionic peptide
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tensimu KAW sBnstrtorest 6akrepun Buna Staphylococcus

HeyknoHHBIH pocT KaTeTepu3ally LEHTPaJbHBIX BEH
XapaKTepu3yeTcs yBEIIMYSHUEM YK cila OCIIOKHEHHUH, cpe-
JI1 KOTOPBIX HauOoJIee YacThl KaTeTepP-aCCOLMUPOBAHHbIE
undexuuu (KAN) [1, 2]. D11 ocnoxkHEHUs ONPEaEIIAIOT
HE00XOIMMOCTh MPOBEIEHUS JOPOrOCTOSILErO JeUeHUs
B OTAEJICHUSAX PEaHHMAallMd U MHTEHCUBHOW Tepariuu,
yCTyIas 1o 4acToTe 00pa3oBaHUs TOIbKO MTHEBMOHUAM
1 nHQeKkIusIM OproiHoi nonoctH [3].

OcnoBHas npuunHa KAU (1o 90% cnydaes) — pac-
MPOCTPaHEHUE MUKPOOPTaHU3MOB KOXKHBIX ITOKPOBOB IO
Hapy’KHbIM [TOBEPXHOCTSAM B/IOJIb KAHAJIOB YCTaHOBJIEHHBIX
karetepoB. [IpeoOnanaroT B cocTaBe MUKPODIOPHI KOXKU
KOaryJia3oHeraTuBHbIEe CTa()UIOKOKKH, CPEAH KOTOPBIX
Ha NPOTSHKEHUH MHOTHUX JIET JOMUHHUPYIOIIUMH BO30YIH-
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epidermidis [4—6]. HenmocpencrBeHHasi KOJIOHU3ALUS T10-
BEPXHOCTU UMIUIAHTUPOBAHHBIX KaT€TEPOB OCYILIECTBISAET-
cs myTeM (hopMHUPOBaHKS MUKPOOPTaHU3MaMHy OUOTIIIEHOK,
B COCTaB€ KOTOPBIX YCTOMYUBOCTb OAKTEPHid K JeHCTBUIO
(aKkTOpOoB BHEIIHEW Cpeibl 3HAUUTENbHO MMOBBILIAETCS,
B TOM YHCJIE K aHTUCEeNTUKaM 1 anTuOnoTukam. [Tokaszano,
yro ciyctst 10—14 nqHel nocie ycTaHOBKU KaTeTepOB OKOJIO
15% ux NoBEpPXHOCTH MOKPHIBAECTCS OUOIIIEHKaMH, a uepe3
30 gHeili 3TOT Mmokasarenb Aocturaet yxe 40% u 6akrepu-
aJNbHBIC TUICHKH HAYUHAIOT (DOPMHPOBATHCS B TOM YHCIIE
UHTPAJIOMHUHAJIBHO [7].

CdopmupoBanHas OMOIUIEHKA XapaKTepU3yeTcs Hallu-
yueM JIBYX (a3 — MaJONOABMXKHOM, COCTOSIIEH U3 ens-
MXcs OaKTEepUaAIbHBIX KIIETOK U MEXKIIETOYHOTO MaTPHK-
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ca, U MJAHKTOHHOM, KOTOpas OTBETCTBEHHA 3a pa3BUTHE
KIMHUYECKUX MposBiaeHui nHdekunn [8, 9]. [lo3nunee
KJIacTepbl OaKTepHUl MOTYT OTAENATHCS OT OUOIICHKU
U CII0COOCTBOBATh PA3BUTHUIO CEIICHUCA, YACTOTa KOTOPOTO
y narenToB ¢ KAUW nocturaer ot 15 m0 55% [3, 10]. Hau-
0oJee 4acTo Cerncuc pa3BUBAETCS Y UMMYHOKOMIIPOMETH-
POBAHHBIX MALUEHTOB, KOTOPHIX MOCTOSSHHO CTAHOBHUTCS
OonplIe B CBA3M C PA3BUTHEM MEAMIIMHCKHUX TEXHOJO-
TUH (Iuann3, XUMHOTepanus, TPAaHCIIaHTAllUsl OPraHOB)
U POCTOM YHCJIa COLMAJIbHO 3HAYMMBIX 3a00JeBaHUI
(BUY-unpexuus, HapkoMmaHus, ankoronusm) [1-3, 5, 10].
Oco6eHHo BbIcOK puck pa3Butust KAW y HOBOPOXKIEHHBIX
C HE3pesIol HIMMYHHOM CHCTEMON — OH 3HAYUTENBHO BBILIE,
4eM y B3pocibix (9,6 u 4,6 cnydas Ha 1000 kareTep/nHei,
cooTBeTcTBeHHO) [11, 12].

Mognenupoanne KAW yaiie Bcero npoBoAsT Ha ja-
OOpaToOpHBIX MBIIIAX, PEXKE Ha KpbICaxX U Kpojiukax. Paz-
paboTaHbl paznuuHble coco0bl MoaeanpoBanua KAU.
Haubonee yacto oTpe30k kaTeTepa MoMemaroT HOAKOKHO
B 0011aCTh CIIMHBL, OOKOBOH MOBEPXHOCTH OPIOILIKA KUBOT-
HBIX WIK BHYTpuOpromuHHo [13, 14]. B psane padot uc-
MOJIb30BaHO paciuupeHHoe moaenuposanne KAU nyrem
YCTaHOBKH KaTeTepa B MPOCBET COCYyAa JIAOOPaTOPHOTO
»)kuBOoTHOrO [15, 16]. McciaenoBaHus ¢ xapakTepUCTH-
KOU JIOKAJIBHBIX MOP(OIOTHYSCKUX H3MEHEHUH MSTKHX
TKaHe#l BOKpYT KaTeTepOB HEMHOTouUUCIeHHH [13, 14],
YTO OmpeneseT He0OOX0AUMOCTh U3YUEeHHUs peaKUuid
MaKpoOpraHusma Ha ux BHeapeHue. [Ipu sTom cienyer
OTMETHUTH, YTO UMEIOIIHECs JaHHbIE 00 0COOEHHOCTSIX
Pa3BHUTHS KaTeTep-aCCONUUPOBAHHBIX MH(DEKIUHA Y UMMY-
HOKOMIIPOMETHPOBAHHBIX MMALIUEHTOB, a TAK)KE BBICOKUN
pereHepaToOpHBIN MOTEHIIUAN TAKHX Ja00PaTOPHBIX KH-
BOTHBIX KaK MBIIIM CBUJETENBbCTBYIOT O HEOOXOAUMOCTH
1 [IeJIeco00pa3HOCTH NMpoBeaeHUs MoaenupoBanus KAU
C UCIOJIb30BaHUEM UMMYyHOCynpeccuu. IIpoBeneHHble
HaMHU paHee 3KCHEPUMEHTHI 1o MoaenupoBanuio KAU
y MBIIIEH MPU UMMYyHOCYIpeccHH uKIodochamMugom
BBISIBWIN 00Jiee BBIPAKEHHBIN POCT CKOIJICHUH MUKPOOP-
TaHU3MOB C MEHbILIEH BBIPaXXEHHOCTHIO U 00JIee YETKUM
paszeneHueM CyTOUHbIX (pa3 BocmajeHus, 4TO B UTOTe
MO3BOJIMIJIO 00Jiee MOJHO OLEHUTHh MOP(OIOTHUECKUE
MPOSBIIEHUS BOCMAJIEHUSI B 30HAX UMIUIAHTALIMM OTPE3-
KOB Karerepa. DTO cTajio 000CHOBAaHHEM MPOBEACHUS
nanbHeitero moaenupoanus KAW Ha gone ummyHo-
cynpeccuu [17].

HccnenoBanusaMy NOCIEIHUX JIET TOKA3aHO, YTO Of-
HUM U3 KJIACCOB COEAMHEHUHN, CITIOCOOHBIX CIIPABIISATHCS C
OMOIIEHKOOOpa30BaHUEM Ha IOBEPXHOCTAX KATETEPOB,
SBJISIFOTCSA HU3KOMOJIEKYJISIpHBIE aHTHOAKTepHaJIbHbIE MeTl-
bl (ABII), koTopble IpoaAyLHUPYIOTCS MUKPOOPTraHU3Ma-
MU JIJIs IOIABJICHHSI ONMKAUIIEero 0aKTepHaIbHOTO OKPY-
xerust [ 18, 19]. OcoOeHHOCTH MOJIEKYIISIPHOH CTPYKTYPBI
no3BoJisitoT ABI B3auMoneiicTBoBaTh ¢ OMOIOTHYECKUMHU
MeMOpaHaMHu, COIEePIKAIIMMU MOJICKYJIbI ¢ ampumarnie-
CKMMHU CBOWMCTBaMH, a TAKXKE C OTPULATEIIBHO 3apsKEeH-
HBIMHU [TOBEPXHOCTHBIMHU CTPYKTypaMu Oakrepuii [20, 21].
Knerku >xMBOTHBIX UMEIOT MeMOpaHbl co cabo BbIpa-
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JKEHHBIM MOBEPXHOCTHBIM 3apAJIOM, U, CIIE€IO0BaTEILHO,
¢ HuMu ABII nmpakTuyecku He B3aUMOJEHCTBYIOT [22].
ITokazano, uro ABII He TONBKO MPOSABISAIOT CBOE JUTH-
YyecKoe JeMCTBHE B OTHOLIEHUH TUIAHKTOHHBIX KYJBTYD,
HO U CIIOCOOHBI pa3pymiath yxe chOpMUpPOBAaBIIAECS OaK-
TepHaJIbHbIE MJIEHKU, B YACTHOCTU CTa(PHIOKOKKOB [20,
23]. Kpome Toro, BeIsIBIIEHO, 4TO HeKoTOphie ABIT oka3bi-
BalOTCsA 0COOEHHO A(P(PEKTUBHBIMU Ha HAYaJIbHOM JTare
oOpasoBanus 6uoruieHok [19, 21, 24]. YuutsiBas ecte-
CTBEHHOE€ MPOMCXOXKACHUE I3TUX COCIMHEHMH, a TaKkKe
MEXaHHM3M UX aHTHOAKTepUaJbHOrO AEHCTBUS, ClleqyeT
OTMETUTh HU3KYIO YacTOTy (POPMHUPOBAHUS K HUM PE3H-
creHtHoctH [19, 21, 25].

Henasuo corpyanukamu MHCTUTYTa 3KOJNOTHH U Te-
HETUKH MUKPOOPraHU3MOB Ypajbckoro otnenenus PAH
BbIJIEJIEH HOBBII aHTUOAKTepUaIbHBIA MENTU CeMei-
CTBa JIAHTUOMOTHUKOB — BapHepuH (mateHt Ne 2200195,
2003 rox). [lentun cHHTE3UPYETCS U BBLAETSETCS B CPELY
KYJIETUBHPOBAHHS KOAryJa30HEraTHBHBIME CTa(hHIIOKOKKa-
mu Buna Staphylococcus warneri IEGMKL-1. U3yueHsbl
O0MOXMMHYECKUE CBOICTBA MENTUA U €ro aHTHOaKTepH-
aJbHOE JIEHCTBHE Ha YYBCTBUTENIbHBIE M aHTUOMOTUKOPE-
3UCTEHTHbIE IUTaMMBbI S. epidermidis [26].

IIpu mogenupoBanuu KAU ¢ npensaputensHoi 0Opa-
0OTKOM OTPE3KOB CTEPUIILHBIX KaTETEPOB BAPHEPUHOM U UX
JanbHEenIIel MOAKOXKHOW UMIUTaHTalel 1abopaTopHbIM
JKUBOTHBIM OBLJIO YCTAHOBIIEHO, YTO BAPHEPUH CYILIECTBEH-
HO BJIMSIET Ha MPOLECCH] pereHepalny, BEpOsSTHO, 3a CUET
CBOMX XEMOATTPAKTaHTHBIX CBOWCTB, ONMMCAHHBIX paHee
y apyrux ABII [17]. B cBs3u ¢ 3TuM cBeneHus 00 aHTH-
OaxkTepualbHOM JISHCTBUH BapHEPHHA B YCIOBUSX in ViVo
MPEICTABISIOT 0COOBIA HHTEPEC.

Lenp uccnenoBanus — npeAacTaBuTh Mopdoioruye-
CKYIO XapaKTEePUCTUKY MOJIENIN KaTeTep-acCOLMUPOBAHHON
UHQPEKIUH y JTab0OpaTOPHBIX MBIIICH Ha (POHE UIMMYHO-
CYIIPECCHH C OLIEHKOW 3(p(EKTUBHOCTH UCIIONB30BaAHUS
HU3KOMOJIEKYJISIPHOTO KaTHOHHOTO aHTHOAKTEepUaIbHOIO
MENTHIA BAPHEPHHA JJIS MOAABICHIS WHOUIIUPOBAHUS
MMIUIaHTUPOBAHHOTO Marepuara.

Marepuanbl 1 METOABI

OKcIepUMEHTHI BBINOIHEHBI Ha 24 camiiax 6embix Oec-
MOPOAHBIX Mbliel Maccoit 25-30 rpamMmoB. JKuBOTHBIX
coJiepKay B BUBapUM MHCTUTYTa SKOJIOTHH U T€HETUKU
MUKPOOPTraHu3MoB Ypainbckoro otaenenus PAH o onHoii
0co0u B KJIeTKe pu Temneparype +18-25°C, ectecTBeH-
HOM OCBEILEHUH, CBOOOHOM JIOCTYIIE K Boze U nuiie. Bee
MaHUMIYJSALUU C 1a0OPAaTOPHBIMU KUBOTHBIMH MPOBOIM-
JI1 B COOTBETCTBUU C MpaBUIaMHU, NIpUHATHIMUA EBponeii-
CKOW KOHBEHIMEH MO 3alIUTe MO3BOHOUHBIX KUBOTHBIX,
UCIIOJIb3YEMBbIX JJISl SKCIIEPUMEHTANIbHBIX U MHBIX Hay4-
HeIx weneit (CrpacOypr, 1986). MccnenoBanue onodpeHo
JIOKaJIbHBIM 3THYECKUM KoMuTeToM [lepmckoro rocynap-
CTBEHHOTO MEIMIIMHCKOTO YHUBEPCUTETAa UMEHH aKaIeMH-
ka E.A. Barnepa (mpotokon Ne 3 ot 25 mapra 2015 roza).
IIpoueccol hopmupoBanusa d6axkrepusmu Staphylococcus
epidermidis 33 OUOIJIEHOK MyTeM HMHKyOalMu OTpe3-
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Kontpoas | Control group
n=12

\

VIMIUTaHTAIMS KaTeTePOB C ABYXCYTOYHBIMU
ouormeHkamu S. epidermidis 33 |
Implantation of catheters segment with two-day
biofilms S. epidermidis 33
n=6

\

Esxecyrounoe BBenenue 0,5 Mi B3BecH
S. epidermidis 33 (10° KOE/mui) B 001aCTh HMILIAHTAIIUH
CTEPUIILHOTO KaTeTepa |
Daily injection of 0.5 mL of S. epidermidis 33 (10°CFU/mL)
into the implantation zone of the sterile catheters segment
n=6

OmnbIT ¢ npuMeHeHneM BapHepuHa | Experimental group with warnerin
n=12

v

E>xecyTouHOe BBeAEHHE | Ml BApHEPHHA B 30HY HMILIaHTAIlHN
KaTeTepoB C JABYXCYTOYHBIMU OMOIICHKAMHU
S. epidermidis 33 |
Daily injection of 1 mL warnerin into the zone of the catheters
segment with two-day biofilms S. epidermidis 33
n=6

Puc. 1. Cxema MOIeIMpoOBaHUs KaTeTep-aCCOLMUPOBAHHON HH(EKINH

Fig. 1. Scheme for modeling a catheter-associated infection

kOB KareTepoB B ux cycnensusx (10° KOE/mn) B Teue-
Hue 48 yacos npu Temneparype 37°C npenBapuTenbHO
OBLTH M3y4YCHBI Ha BEHO3HBIX KaTeTepax pasHbIX (QUpPM.
Pe3ynprarel 3TUX HCCIENOBaHUNA MOKa3alid, YTo GopMHu-
poBaHHe OaKTepUAIbHBIX IIIEHOK Hanbojiee HHTEHCUBHO
TPOSIBIISUIOCH Ha TE(PIIOHOBBIX KareTepax (pupMbl Apexmed
International (Hunepnanabr). 3T0 MOCITYyXKHIO OCHOBOM
BbIOOPA KaTeTepoB JaHHOTO MPOU3BOJUTENS ISl UCTIONb-
30BaHUS B KCIIEPUMEHTAX Ha KUBOTHBIX.

g uMMyHOCYIIpeccHt 10 MPOBEACHUS UMILIAaHTALIUH
KaTeTepOB )KMBOTHBIM BHYTPUMBILIEYHO BBOJMIIN LIUKIIO-
dochamun («KBEPODAPM», Poccust) B moze 200 mr/xr
€XKEJHEBHO B TeueHHe 5 CyToK. BbiOop naHHON 10361 ObLI
00yCJI0BJIEH HauOONbIIUM U3MEHEHUEM MacChl BUJIOYKO-
BOI1 JkeJe3bl y MbIIIeH TOro e Beca U BO3pacTa, BhISBIICH-
HBIM HaMH B [IPEIBAPUTENIbHBIX SKCIIEPUMEHTAaX.

B skcniepumeHTax UCmob30BalIv IpenapaTr HU3KoMoJIe-
KyJISIpHOTO KaTHOHHOTO NENTHAa BapHepHUHa cepur 54 (ia-
6oparopust OMOXUMHHU Pa3BUTHA MUKpOOpranuzmMoB UOI'M
YpoPAH, narent Ne 2200195 ot 2003 roza) ¢ akTHBHOCTbBIO
512 000 ycnoBubIx eaunul] (128 mr/min).

JKuBOTHBIX pa3zzaenwiv Ha J1Be rpynnsl mo 12 ocoleit
Ka)x/1asi: KOHTPOJIbHAs TPYIINa — MBI 0€3 IpUMEHEeHUs
MENTHU/A U OIBITHAS TPYIIIa — MBIIIH, KOTOPBIM BBOJIUJICA
BapHepuH (puc. 1). [ng uMmiaHTalu OTpe3KoB KaTeTepoB
Y HapKOTHU3UPOBAHHBIX KUBOTHBIX (BHYTPUOPIOLIMHHOE
BBegeHue 20% pactBopa kcuiazuHa — Interchemie, Hu-
nepnanasl, 0,15 ma Ha 1 kr Beca) cOpuBajiIM MIEPCTh HA
Y4acTKe CIMHBI U IIa3HBIM CKaJbIleJeM Jeiald UM Mpo-
KOJI KOokH. B 00pa3oBaBIIMiics paHEBOI KaHAI MO KOXKY
UMIUJIAaHTUPOBAJIU (PparMeHThl IIACTUKOBBIX KaTETEPOB
JuHOM 1,0 M, koxkHbBIE 1e(PeKThI 3aKIenBaid MEAULIMH-
ckuM kieeMm bD-6 («Bepreke», Poccus).
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v

Esxecyrounoe BBenenue 0,5 Mi1 B3BecH
S. epidermidis 33 (10° KOE/mu) u 1 mu BapHepuHa B 0071aCTh
HMMIUTaHTAIMU CTEPHIILHOTO KaTeTepa |
Daily injection of 0.5 mL of S. epidermidis 33 (10°CFU/ml)
and 1 mL warnerin into the implantation zone of the sterile
catheters segment
n=6

B KOHTpONBHOM rpyIre 4acTH KUBOTHBIX (n=6) moa-
KO>KHO BBOJIWJTH OTPE3KHU KaTeTepoB O CHOPMUPOBAHHBIMU
Ha HUX in vitro buomneHkamu S. epidermidis 33, a npyroii
YacTH KHUBOTHBIX (N=0) — OTPE3KH CTEPUIIbHBIX KATETEPOB
C MOCJIEAYIOLIUM €XKECYTOUHBIM HHbELIUPOBAHUEM B OIle-
palMoHHbIE paHbl cycrieH3uil Oakrepuit S. epidermidis 33
B o0weme 0,5 mur, conepakarieii 10° KOE/mr.

B onbITHOI rpy1ine )UBOTHBIX Pa3aeuiIi Ha OArPyII-
IbI aHAJIOTHYHO KOHTPOJIBHOM, HO JOMIOIHUTEIBHO B MECTO
HUMIUIaHTAIMA OTPE3KOB KaTETEPOB MOJKOKHO €KECYTOU-
HO B OJJHO U TO € BpeMs TPO€ CYTOK MOAPS] BBOJWIH
CTEpUIIbHBIM BOJHBIN pacTBOp BapHEpHUHA B 00beme 1 MiL.

JKHMBOTHBIX BCEX TPYII BHIBOAUIM U3 dKCIIEPUMEHTA
MyTeM Nepeao3upOBKH F3(PUPHOrO HapKo3a B KOHLE 1-X,
2-X 1 3-X CyTOK (110 IB€ 0COOM B KOHIIE KaX/IbIX CYTOK U3
Kax10i1 rpymnisl). Bo BpeMms mpoBefieHHs SKCIIEPUMEHTOB
YHCJI0 )KUBOTHBIX OCTaBaJIOCh MOCTOSAHHBIM. [ mpoBee-
HUS THCTOJIOTHYECKUX MCCIIeIOBaHUN 3a0UpaIl y4acTKU
TKaHel BOKPYT OTPE3KOB KaTeTePOB, KOTOPBIC (PUKCHPOBa-
1 B 10% pacTBOpe HEUTpalbHOTO PopMaIrHa B TEUEHUE
24 yacoB. O6paboOTKy HpenapaToB MPOBOIMIH 1O 001IIe-
MPUHATON METOAMKE, OKpaIlIMBasi UX reMaTOKCUIMHOM
Y 303UHOM, TUKpOoyKcHHOM 110 BaH [ M30Hy 1 o bpoyn—
Xomnmcy Ajs BBISBICHUS CKOIUIEHUH MUKPOOPTraHU3MOB.

Ha roToBbIX rICTOOrMUECKUX cpe3ax (6—8 cpe3oB OT
Ka)/10T0 >KUBOTHOTO U3 pa3HbIX 30H OTpe3Ka KaTeTepa) Ha
CBETOBOM ypPOBHE NpH yBeIHMUEeHUH MUKpockona X400 niu
%1000 oneHuBanu o611yI0 MOPHOIOTHYECKYI0 KApTUHY
OKpy’KaroUux karetep Tkanei. [Ipu npoBenenun Mmopgo-
METPHUYECKOTO aHaJIU3a, BBIIOJIHEHHOTO C UCIIOIb30BaHUEM
nporpammsl ImagelJ 1.42, B oOpa3uax npocMaTpuBaiu Mo
10 mone#t 3peHus], OLIEHUBAasE COOTHOLIEHUS Pa3IMYHbIX
THUIOB KJIETOK C MCIOJb30BAHHEM 3aKPBITOH TECTOBOM
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cucteMbl U3 25 Touek. KoauuecTBo U BUAOBON COCTaB
KJICTOYHBIX DJIEMEHTOB aHAJIM3HPOBAIU C ONPEICICHHEM
MakpodaraibHO-rPpaHyIONUTAPHOrO K03 dULmeHTa, ore-
HUBAsI COOTHOLIICHUE YUCIIa MAKPO(DATOB K YHCITY HEHTPO-
(UIBHBIX TPAHYJIOIMTOB B HHMUIIBTPATE.

[pu npoBeeHNH UMMYHOTHCTOXUMHYECKOTO UCCIIEI0-
BaHMS UCIIOJB30BANU CTPENITABUINH-OMOTHHOBBIN IEPOK-
CHUJIa3HBI METOA ¥ COOTBETCTBYIOIIUI HAOOP METEKIIHU
(Diagnostic BioSystems, CIIIA). Cpe3sl HHKyOupoBaIU
BO BIIQXKHOU Kamepe B TedeHne 60 MUHYT IIPH TeMIIepary-
pe +37°C ¢ MOHOKJIOHAJIbHBIMU aHTUTENIAMU K MapKepy
nporeHnTopHBIX KiIeToK (CD34 — Diagnostic BioSystems,
CILIA), Bumentuny (Vimentin — Spring Bioscience, CI1IA),
peuenTopam Makpodaros (CD68 — Diagnostic BioSystems,
CIIA), penentopam T-mumponutos (CD3 — Diagnostic
BioSystems, CIIIA) u peuentopam B-mumdoiuros
(CD20 — Diagnostic BioSystems, CIIIA).

B cBsi3u ¢ 0COOCHHOCTSIMH HCCIIEIyEeMOr0 MaTepuaia
(BoCaMTENbHBIA HH(PUIBTPAT B TKAHU BOKPYT ILIACTHKO-
BOT'0 KareTepa) pe3yJIbTaThl IMMYHOTUCTOXHMHYECKOTO HUC-
CIICIOBAHUSI OLICHUBAITICH TTOYKOIIMYESCTBEHHBIM METOIOM
Ha OCHOBaHWH HAHYHS HJIH OTCYTCTBUS HOJIOKHUTEIEHON
OKPAaCKH COOTBETCTBYIOIIUX KICTOYHBIX 3JIEMEHTOB HH-
¢ubTpara U TKaHEeH BOKPYT KaTeTepa: IMOJOKHUTEIbHBIN
pe3yapTaT OLEHUBATIH 3HAKOM +, OTpULATEIBHBIN 3HA-
KOM —, a IPOMEKYTOUHBIN, COOTBETCTBEHHO, 3HAKOM =.

CraTuCcTHYeCcKyI0 00paboOTKy pe3ybTaToB MPOBOAMIIH C
MOMOIIBIO ITporpaMMbl Statistica 6.0 (StatSoft, Inc., CILIA).
Br100opKH OnHCHIBAIN Yepe3 MEINAHy H MEKKBaPTIIIHHEIC
pa3maxu. CpaBHEHHE 3HAUCHHU HUCCIEIYyEMbIX ITOKa3are-

N B Ee3 napuepna
* Witk warnatis

Bapepis
Wanarin

B Median
T Min-Max

l [l 25-75%

Tiyrem | 1y Tiyres f 3ty Weyrem | 0y

Pavs T fepolant tion B it i
Thi irvatanrd of roblait in the Tald of viem

Puc. 2. VI3menenune konudectsa puOpoOIacTOB B KIETOUHOM
UHGUIBTpaTe NPH UMIUIAHTALMH OTPE3KOB KaTeTEePOB
co c(hOPMUPOBAHHBIMH Ha HUX OUOTIIICHKAMH
Oaxrepuii S. epidermidis 33 v e)KeCyTOYHOM BBEJICHUU
HHM3KOMOJIEKYJISIPHOTO KaTHOHHOTO HENTH/a BapHEPUHA
* Pasniuuns JOCTOBEPHBI MEXK/y IPYIIIIaMU KUBOTHBIX
C IPHMEHEHHEM BapHEpUHa U 0e3 ero HCIOIb30BaHuUs
(p<0,05)

Fig. 2. Changes in the number of fibroblasts in the cell infiltrate
during implantation of catheter segments with S.
epidermidis 33 bacterial biofilms formed on them and
daily administration of a low-molecular cationic peptide
warnerin
* The differences are significant between the groups
of animals with and without warnerin administration
(p<0.05)
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JIel MeXAy rpynnamMu KUBOTHBIX MPOBOAMIIN MPH MTOMO-
M HENMapaMeTPUIECKOTO PAHTOBOTO OJHO(AKTOPHOTO
kputepust Kpackena—Yomnca, monapHbele CpaBHEHMSI — C
ucnosnbp3oBanneM U-kputepust ManHa—YutHH. Paznuuns
MEXKIy TpyIIIaMH CYUTAIN CTaTUCTUYECKH 3HAYUMBIMH
npu p<0,05.

Pesynbrathl 1 006CyXaeHMe

IIpu uMmiIaHTaUUU KaTETEPOB C MPEABAPUTENbHO
BBIPAIICHHBIMM Ha HUX OaKTePHAIbHBIMH ILICHKAMU
€XEeCyTOYHOE BBEJIEHHE KUBOTHBIM BapHEpHHa CO 2-X
CYTOK MPUBOAMIIO K UCUE3HOBEHUIO CKOIUIEHHH MHUKPO-
OpPraHMU3MOB, BO3PACTaHUIO OTHOCUTENBHOTO COAePKaHUS
HEHUTPODIIOB B HHPUIETPATE ¢ YMEHBIIEHHEM MaKpO-
(aranpHO-rpaHyIOIUTAPHOTO Kod(hdunmeHTa, a Takxe
JOCTOBEPHOMY YMEHBIICHUIO Kon4yecTBa (udpodIacTon
(p=0,00776), uero He HaONIIOAATOCH B AaHATIOTMYHON TOA-
rpymre 6e3 UCIoIb30BaHuA BapHepuHa (Tabm. 1, puc. 2, 3).
MMMyHOTMCTOXMMHUYECKH Ha 3-U CYyTKH B IPUJIETAIOLIUX
K OTpe3KaM KaTeTepoB 30HAaX TKaHEH He BBIABISIUCH
T- u B-mumdonutel, oTcyTcTBOBaNa peakuus Ha CD34, a
peakius Ha BAMEHTHH ObLIa c1a00MOI0KUTEIEHON, YTO
TaKXe He HaOI0AaJI0Ch U B rpyIie 6e3 IPUMEHEHHS Bap-
HepuHa (tabin. 2).

YBenuueHue KONMYEeCTBA HEUTPODUIBHBIX TPaHy-
JOUUTOB B HHPUIBTPATAaX CBA3aHO C XEMOTAKCHYCCKIM
3¢ ($eKTOM 0CTaTKOB KIETOYHBIX CTCHOK OakTepuil, Ju-
3UPOBAaHHBIX O] BIUAHUEM BapHepuHa. V3BecTHO, 4TO
aHTHOAKTepUalibHbIE MENTHUIbl MOTYT CIIOCOOCTBOBATH
CEKBECTpalNU JTUIIONoIHcaxapuaoB dakrepuit [20, 21],

0s
a7 » Be3 papHepuHa |
] Without warnerin
$-L0 - " BapuepuH |
" Warnerin
1 Eqﬁ
1 iu“
22
tho
: g.u
o1
o —
1 1 3
CyTen
Durys

Puc. 3. VIamenenne MakpogaraibHO-TPpaHyI0IUTapHOTO
K03 GUIMEHTa TPU UMILIAHTAIIMH OTPE3KOB KaTeTEPOB
¢ OuoruIeHKaMH CTa(hMIIOKOKKOB H €KECYTOUHOM
BBEICHUH HU3KOMOJIEKYJIIPHOTO KATHOHHOTO TIENTHA
BapHEpHHA

Fig. 3. Change in macrophage-granulocyte coefficient upon
implantation of catheter segments with staphylococcal
biofilms and daily administration of a low-molecular
cationic peptide warnerin
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Tabnuya 1 | Table 1

HN3meHeHust a0COJI0THOTO ¥ MPOLEHTHOI0 COOTHOIIEHUS KJIETOYHOI'0 COCTaBa HHPUIbTPaTa

OKPY:KAIOLIUX 0TPe3KH KAaTeTEPOB TKaHEH B IKCIEPUMEHTATbHBIX rpynmnax ;kuBoTHbIx, Me (0,25; 0,75) |

Changes in the absolute and relative numbers of the composition of cellular infiltrate in the tissues surrounding

I'pynnsi | Groups

Karerepsr

¢ OMOIUIEHKaMH |
Catheters segment
with biofilms

E>xecytounoe
BBEJICHHE
cTaUIOKOKKA

B 00JIacTh Karerepa |
Daily staphylococci
injection into the
catheter zone

EsxecyTouHoe
BBE/ICHHE BapHEPHHA
B 00J1aCTh KareTepa

¢ OMOIUIEHKaMH |
Daily warnerin
injection into the
catheter segment zone
with biofilm

E>xecyrounoe
BBEJICHHE
cTaUIIOKOKKa

U BapHEpHHA

B 0o0JIacTh Karerepa |
Daily staphylococci
and warnerin injection
into the catheter zone

* p<0,05 1o cpaBHEHHIO C AHAJIOTHYHBIMU CyTKaMH aHAJOTUYHOM HOATrpyNIbI 63 NPHMEHEHHsT BApHEpHHA

the catheter in experimental groups, Me (0.25; 0.75)

CyTkH |

Kiaerounsie 21ementsl Me (0,25; 0,75) |

Cells Me (0.25; 0.75)
HeHTpPOUIIBI | ¢pubpodiaacts! |
neutrophils fibroblasts

KonTpoas | Control group

A/R
Day
Makpodaru |
macrophages
. , A 3 (2,25-3,75)
R 26 (16-27,75)
A 222
5 5 (2-2)
R 20 (10-22)
A 1,5 (1-3,75)
3 2
R 16 (7-30,5)
: 5 A 2,5 (1,25-3,75)
R 35,5 (33-41,75)
A 2(1-3)
2 2
R 40 (33-50)
A 2 (0,75-3,75)
3 2

R 32(18,75-42,5)

4,5 (2,25-10,5)
45 (30,25-59)
3(2-3)

30 (18-33)
2,5 (1,75-3,75)

23,5 (18,25—
26,75)

1(1-2,5)

23,5 (12,5-35,25)

0(0-2)
0 (0-40)
1 (0-1,25)
11 (4,5-35.,5)

0,5 (0-1,75)
2,5 (0-15,5)

3(3-4)
30 (18-45)

3 (1,75-4,75)

30 (11,75-47)

1(0,25-1)

9,5 (1,75-13,5)

1(1-1)
20 (11-50)
2(0-3)

16,5 (0-32,75)

OnbIT ¢ npuMeHenneM BapHepuHa | Experimental group with warnerin

A 1(1-1)
1 2
R 18,5 (8-30)
A 1(0,5-1,5
. " ( )
R 25 (3,5-29)
A 0(0-1,75
. 5 ( )
R 0 (0-28,25)
1 , A 1 (0,25-1,75)
R 10,5 (2-20)
A 1,5 (0,75-2)
2 2
R 13,5(8,25-16,25)
A 1(0,25-1,75)
3 2
R 15 (2,75-20)

N — YUCIIO HCCIIETYEMBIX )KUBOTHBIX
A — abCOIOTHOE KOJIMYECTBO KJICTOYHBIX IIEMEHTOB

R — OTHOCHTENBHOE KOTMYECTBO KJIETOYHBIX JJIEMEHTOB
M/I" — makpoarainbHO-TPaHyIOIHUTAPHBIN KO3()UIHEHT

2 (1-4,25)
33 (25-57,75)
3(1,5-4)

50 (41,5-68,5)
2,5 (1-3)

50 (21,25-71,25)
4(1,5-6,75)
66,5 (30-77,25)
4,5 (3,5-6,25)
61,5 (50-72)
2,5 (1,25-5)*
42 (22,75-59,25)

1(0-2)
10,5 (0-30)
0 (0-0)*
0 (0-0)

0 (0-1)*
0(0-22)
0(0-1)
0(0-17)
0(0-1,5)
0 (0-15,25)
0(0-1)

0 (0-13,75)

* p<0.05 compared to the similar subgroup without warnerin administration on the same day
n — the number of laboratory animals

A — absolute number of cellular elements

R — relative number of cellular elements
M/G — macrophage-granulocytic coefficient
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JUMQOLUTHI |
lymphocytes

1,5 (1-2,75)
22,5 (8,25-42)
2(2-2)

17 (17-18)
4,5 (2,25-6.,5)

28 (12-44,25)

2,5(1,25-3)
36 (19-38)
0(1-1)
0 (0-11)
0,5 (0-4)
6 (0-28,75)

1 (0-2,25)
23,5 (0-35)
1(0,5-1,5)
20 (6-25)

1(0-1)

17 (0-25)
0(1,5-2,75)
15,5 (0-23,75)
1,5 (0-2,5)
18,5 (0-29,25)
2(2-3)

34 (25-42,25)
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M/T |
M/G

0.57

0.66

0.68

1.51

2.9

0.56

0.5

0.16

0.22

0.35
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Tabnuya 2 | Table 2

HMMMyHOrnCTOXHMHYeCKHE PeaKIMH OKPYKAIOIINX 0TPe30K KaTreTepa TKaHell B 9KCNePHMEHTAJIbHBIX IPYNINAX KHBOTHBIX |

Immunohistochemical reactions in tissues surrounding the catheter segment in experimental groups

CyTkH | HUI'X mapkeps! | IHC markers
I'pynnsi | Groups
Day CD68 CD34 CD3 CD20 Vimentin
I'pynna 6e3 npumenenusi BapHepuHna | Control group without warnerin

Karerepsr ¢ 6uorurenkamu | Catheters with biofilms 1 4 i - i i

2 < < 3 <

3 3 3 3 3
ExecyTouHoe BBeeHHE CTa)MIIOKOKKA B 00JIACTh 1 4 4 = + +
karetepa | Daily staphylococci injection into 2 + + + + +
the catheter zone

3 + + + + +

I'pynna ¢ npumeHenuem BapHepuHa | Experimental group with warnerin
EsxecyrouHoe BBeieHHE BapHEpHHA B 00J1aCTh 1 3 3 - e +
KaTeTepa ¢ OMOIICHKaMH | 2 + + _ _
Daily warnerin injection into the catheter zone
with biofilms : + - - -
EsxecyrouHoe BBeieHne CTa(MIOKOKKA U BapHEpHHA 1 4
B 001acTh Karerepa | _
Daily staphylococci and warnerin injection into the
+

catheter zone

+ HaJIMYMe OKPAIIMBAHUS COOTBETCTBYIOIUX KJICTOUHBIX HJIM TKAHEBBIX 3JIEMEHTOB HH(MIBTpaTa BOKPYT Karerepa
— OTCYTCTBHE OKPAIIMBaHHsI COOTBETCTBYIOLIMX KICTOYHBIX MM TKAHEBBIX JIEMEHTOB HH(UIBTPaTa BOKPYT KareTepa

+ NPOMEKYTOUHBIN pe3yJbTaT

+ the presence of staining of the corresponding cellular or tissue elements of the infiltrate around the catheter
— lack of staining of the corresponding cellular or tissue elements of the infiltrate around the catheter

+ intermediate result

a caMM MOJIEKYJbI 3TUX MENTUIO0B SABJISIOTCS CUIbHBIMU
XEeMOaTTpaKTaHTaMH JUIsl FpaHynouuToB [19, 25].
HccnenoBanusimMu paja aBTopos [8, 27] moka3aHo, 4To
B COCTaBe OMOIUIEHOK MUKPOOPTaHU3MOB MPUCYTCTBYIOT
BEIIECTBa, OMIOKUPYIOIIUE TaKCHC U AuddepeHIHPOBKY
T- u B- tumdonnToB. Bo3MoXXHO, 4TO aKTUBHOE pa3pyliie-
HUe OMOIIJICHOK MO AeiicTBUEeM BapHEpHUHA Ha 3-U CYyTKU
NPUBOIUT K BHICBOOOXKIICHUIO MOAOOHBIX COEUHEHUH,
CHOCOOCTBYIOIIMX YAAJICHUIO U3 OKPYKAIOIIUX OTPE30K Ka-
TeTepa TKaHeH Tu(PepeHINPOBAHHBIX (OPM THM(POIUTOB,
YTO ¥ HAOII0JANI0Ch Ha 3-U CYTKHM B JaHHOM MOATPYTIIIE.
W3BecTHO, YTO CHHTE3 U MOAU(UKALNS BUMEHTHHA —
Ba)KHEHIIIEero Oelrka MpoMeKyTOYHBIX (PIIIAMEHTOB COCIIH-
HUTEJIBbHON TKaH! — BO MHOT'OM OCYILECTBIISIOTCS C y4acTH-
€M IPOBOCHAJIUTEIbHBIX LIUTOKUHOB. [Ipu 3TOM BhICOKas
SKCIpeccHs BAMEHTHHA CBUJETEILCTBYET 00 aKTUBALUH
MIPOILIECCOB penapaly U yBeITUYEHUH ITyJIa ME3eHXUMaJlb-
HBIX KJIETOYHBIX 3JIEMEHTOB B ouare BocraineHus [28].
ITokazaHo, 4TO pa3BUTHE BOCHAJIUTEIbHBIX MPOLECCOB
COIPOBOXKIAETCS MOBBIIIEHUEM IKCIIPECCHH aAr€3UBHbIX
Monekya sHaotenuonuramu (CD34), uro obecneunBaer
AKKyMYJIALUIO JIEHKOLIUTOB B MUKPOLIUPKYJISITOPHOM pycCIie
30HBI BOCMAJIGHUA U MX IKCTPaBa3aluio B TKaHb, a BbI-
cokuil ypoBeHb 3kcnpeccun CD34 cBunerenscTByeT 00
AKTUBALIMU BOCMAJIUTENbHBIX U PENapaTUBHBIX IPOLIECCOB
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B TKaHAX [29]. Ba)XHO OTMETUTH CIOCOOHOCTH aHTHOAK-
TepUaJIbHBIX MENTHI0OB MHIMOUPOBATh CHHTE3 MPOBOCIIA-
nuTenbHbIX UUTOKUMHOB [18, 30]. [To-BuaumMomy, HU3Kas
akcrpeccus BuMmeHTuHa, CD34 1, COOTBeTCTBEHHO, Citabast
BBIP2)KEHHOCTH (PHOPOILIACTUICCKOM PEAKIMY B HH(IITBT-
parax MOryT ObITh 00YCIIOBJIEHBI HENIOCPEACTBEHHBIM JeH-
CTBHEM BapHEPHHA.

C y4eToM criocOOHOCTH pa3pyLIEHHBIX MUKPOOPIaHU3-
MOB CTUMYJIUPOBATh BHIPAOOTKY LIUTOKUHOB U MENTHIHYIO
NPUPOAY BBOAMMOTO BapHEpPHHA MOXHO IMpEAnoiarath
HEIOCTaTOYHOCTh MHIMOUPYIOIIEro IeHCTBHS BapHEPHHA
pU U30BITKE TPOBOCMAIUTEIbHBIX IIATOKUHOB, YTO U Ha-
OmronaeTcsl B JaHHOM Cily4ae B BUZE CJIa00NOI0KUTENb-
HOH peakuuu Ha BUMEHTHUH. [Ipu 3TOM B LIeJIOM B JaH-
HOW MOATPYTIIE IKCIIEPUMEHTOB OTMEUYaIUCh JOCTATOYHO
BEIpKEHHBIE Y(PPEKTH aHTHOAKTEPHATHHOTO AEHCTBUS
BapHepuHa (puc. 4).

IIpu exxecyTOYHOM BBEIEHUH B3Becel CTa(hMUIOKOKKOB
Y BapHEpHHA B 00JIaCTh UMIUIAHTALIMU OTPE3KOB CTEPUITb-
HBIX KaTeTepoB (BTOpas MOATPYIIa) POCT YUCIIA MUKPO-
OpraHU3MOB Ha 3-M CYTKHM 3KCIIEPUMEHTOB CTaHOBMJICS
MHHUMAJBHBIM (pHUC. 3), B BOCTIAIUTEIBHOM HH(IIBTpaTe
HaOJII01a10Ch 3HAYUTENTBHOE KOJIMYECTBO HEUTPO(DHITBHBIX
rpanyaouutos (p=0,0472) u oTHOCUTENBEHO HEOOIBLIOE KO-
I4ecTBO (UOPOOIACTOB, YTO OTIMYANIO XaPAKTEPUCTHKH
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Puc. 4. Biusinue BapHEpUHA HA MSTKUE TKAHK BOKPYT OTPE3Ka KaTeTepa P MOJCIHPOBAHUN KaT€TeP-aCCOLUUPOBAHHON HH(EKIHH.
A — CKOIICHUs] MUKPOOPT'aHH3MOB, BOCTIAUTENIbHbIN HHPHUIBTPAT BHYTPH U BOKPYT OTpe3Ka Ha 2-€ CYTKHU MPU UMILTAHTAL[HN
KareTepa ¢ OMOIUICHKaMH 1 €XeCYTOYHOM BBEICHHH BapHeprHa. OKpacka reMaTOKCHIMHOM U 903UHOM, X 10,
okpamuBanue 1o bpoyn—Xomnrcey, x100. B — oTcyTCTBHE CKOIJICHUH MUKPOOPraHU3MOB BHYTPH U BOKPYT OTpe3Ka
Ha 3-¥ CyTKH IIpH UMIUIAHTAINH KaTeTepa ¢ OMOIUIEHKaMH U €KeCyTOYHOM BBEJICHUH BapHEPHHA.

Oxpacka reMaTOKCHIMHOM H 303HHOM, X 10, okpammBanune o bpoyn—Xomrcy, x100. C — BocrialuTeIbHBIH HHPHIETPAT

Ha 2-¢ CYTKH IPU €KECyTOYHOM BBEICHHHU B3BECEH CTa(PMUIIOKOKKOB B 30HY HMIUIAHTALIMH OTPE3Ka KaTeTepa U MOCIEeAYIOImEM
€KeCYTOYHOM BBEJCHUH B 3Ty 30HY BapHepHHa. OKpacka reMaTOKCHJIMHOM U 303UHOM, X100, x400.

D — orcyTcTBHE BOCTIAIUTENFHOTO MHUIBTPATa Ha 3-M CYTKHU IPU €KECYTOYHOM BBEICHHH B3BeCel CTaMIOKOKKOB

B 30HY MMIUIAHTAL[MH OTPE3Ka KaTeTepa U MOCIIeNYIOIEeM eKeCyTOUHOM BBEJICHHH B TY XK€ 30HY BapHEpHHA.

Oxkpacka reMaTOKCHIMHOM H 303uHOM, x40, X100

Fig. 4. Warnerin effect on soft tissues around a catheter segment in a catheter-associated infection model.
A — accumulation of microorganisms, inflammatory infiltrate inside and around the segment on day 2 in animals with catheter
implantation with biofilms and daily warnerin injection. H&E stain, x10, Brown-Hopps stain, x100. B — no accumulations
of microorganisms inside and around the segment on day 3 after the catheter implantation with biofilms and daily warnerin
injection. H&E stain, x10, Brown-Hopps stain, x100. C — inflammatory infiltrate on day 2 with the daily staphylococci
suspension administration into the implantation zone of the catheter segment and the subsequent daily warnerin injection.
H&E stain, x100, x400. D — no inflammatory infiltrate on day 3 with the staphylococci suspension administration into
the implantation zone of the catheter segment and subsequent daily warnerin injection. H&E stain, x40, X100

YKa3aHHOM MOATPYIIBI OT XapaKTePUCTHK aHAJOTHYHOM
0e3 mpuMmeHeHus BapHepuHa (Tabn. 1). UMmyHOrHCTO-
XUMHUYECKU B TEUEHHE BCEX DKCIIEPUMEHTOB BBISBIISIINCD
IpeuMyIIecTBeHHO T-TMMQOIMTEL M OTMEYaNach MoJo-
JKUTenbHas peakius Ha BUMeHTHH u CD34 (puc. 5). an-
HBIC H3MCHCHUS B BHJIC YMEHBIICHHS 00beMa CKOIUICHHI
MUKPOOPTaHU3MOB, pPEaKIUH HEUTPO(DUIOB, TCHICHIINA
K YMEHBIICHHIO KoJInuecTBa (puOpoOIacToB H CTUMYIIS-
uuu T-KJIETOYHOTO OTBETa, BO3MOXKHO, TOXKE 00yCiI0BIIe-

KIIMHWYECKAS M SKCITEPYIMEHTAJIBHASI MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

HBI JICHICTBHEM BapHEPHHA, JaXXe C YUYETOM JA0CTATOYHO
WHTEHCUBHOTO O0akTepuaibHOTro obceMeHenus. Crnemyer
OTMETHTD, YTO AaHAJIOTHYHBIE PE3YJIBTATHI B BU/C YBETHYC-
HUSI KOJTHYECTBA HEHTPO(DHIIOB ¥ YMEHBIIICHHSI KOJTHUESCTBA
(hubpobracToB, a Takke MosBIeHUS AudPepeHIIIPOBaH-
HBIX (hOPM JIMMGOLIUTOB B BOCTIATHUTEIbHOM HH(UIIBTpATe
BOKPYT OTPE3KOB KaTeTepOB ObLIH MOJyUYEHBI U OMHUCAHBI
HaMH paHee NPU UCCIIe0BAHUM ISHCTBUS BApHEPHHA MTPH
VMMITIaHTAIMK CTEPUIIBHBIX KareTepos [17].
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Puc. 5. BocnannTensHbIH HHOUIBTPAT IIPH €XEeCYTOYHOM BBEACHHH B3BeCeH CTA(HIOKOKKOB B 30Hy MMILUIAHTAIIMHU OTpe3ka KareTepa
1 TIOCTIEYIOIIEM €XKeCYTOYHOM BBEICHUH B 3Ty 30Hy BapHEpUHA.
A — TonoXXUTeNIbHAs IMMYHOTHCTOXHMIYecKas peakiys Ha CD34 B TKaHAX, OKpYyXaIOIINX OTPE30K KaTreTepa.
CD34 + (x1000), 2-e cyTku. B — nonoxxutenbHass MIMMYHOTHCTOXMMHUYECKas PEaKIisl Ha BAMEHTHH B TKAaHS;X, OKPYKafOLINX
oTpe3ok Karerepa. Vimentin + (x400), 2-e cytku. C — NOJIOKUTENbHAs IMMYHOTHCTOXHMHUUecKas peakius Ha CD3
Ha MeMOpaHe TMM(OIUTOB B TKAHIX, OKPYXAIOIIUX oTpe3ok karerepa. CD3 + (x1000), 2-e cytku. D — BocnanuTenbHbIN

MHQUIBTPAT B MATKHUX TKAHSIX BOKPYT KaTeTepa, PEACTABICHHBIHN IPENMYIIeCTBEHHO HEUTPODHIIaMIL.

Oxpacka reMaTOKCHINHOM | 303uHOM (X 1000), 3-u cyTkH

Fig. 5. Inflammatory infiltrate with daily staphylococci suspension administration into the implantation zone
of the catheter segment and subsequent daily warnerin injection.
A — positive immunohistochemical reaction for CD34 in the tissues surrounding the catheter segment. CD34 + (x1000), day 2.
B — positive immunohistochemical reaction for Vimentin in the tissues surrounding the catheter segment.
Vimentin + (x400), day 2. C — positive immunohistochemical reaction for CD3 on the lymphocyte membranes
in the tissues surrounding the catheter segment. CD3 + (x1000), 2 days.
D — inflammatory infiltrate in the soft tissues surrounding the catheter, represented mainly by neutrophils.

H&E stain (x1000), day 3

Hcxonsd u3 NOaydYeHHBIX JaHHBIX, MOXKHO KOHCTaTH-
poBaTh, YTO HU3KOMOJEKYIAPHBIA KaTUOHHBIA MENTHU
BapHEPHH IPH MECTHOM IIPHMEHEHNHU 00JajaeT BhIpa-
KEHHOW aHTHOAKTepUaNbHOW aKTHMBHOCTHIO B OTHOIIE-
HUM OMOIUICHOK KOaryJla30HeTaTUBHBIX CTa()MIOKOKKOB.
BBenenue BapHeprHa BEJET K YMEHBIICHUIO CKOIUIEHUHI
MUKPOOPraHU3MOB Kak Ipu Mofenuposanuu KAU mytem
MMIUTQHTALUH OTPE3KOB KaTeTePOB CO C(HOPMHUPOBAHHBIMHU
OMOTIIeHKaMH, TaK U TIPH €KECyTOYHOM BBEICHNUH B3BeCer
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CTa(pHIIOKOKKOB B 00JIaCTh UMILIAHTAIIMN OTPE3KOB KaTe-
TEPOB, XOTS U B MEHBIIICH CTEIIECHH.

3aknoueHue

IIpu MonenupoBaHUM KaTeTeP-acCOLUUPOBAaHHbBIX UH-
(exuuit Mopdosiorniyeckast KAPTUHA B MATKUX TKaHAX Jia-
60paTopH1>1x JKUBOTHBIX HpOTCKaCT KaK BOCITAJIUTCIIbHAA
peakiusi Ha HHOPOAHOE TEJIO, MPHU STOM OTMEYACTCS Pl
0COOEHHOCTEH B 3aBUCHMOCTH OT XapakTepa HHOUIIUPO-
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BaHHS OTPE3KOB KareTepoB. bakrepuansHas oOceMeHeH-
HOCTh UMIDTAHTHPYEMBIX OTPE3KOB KaTeTEPOB, 0COOCHHO
MPU HETIOCPEICTBEHHOM BBEICHUH B3BECEH CTa(PIIOKOK-
KOB, TIPUBOJNT K 3HAYUTEIHHON BBIPAKCHHOCTH BOCIIA-
JUTENBHON PEaKIMY 3a CYET Pa3BUTHS THOMHOTO BOCHA-
nenust. [logoOHBIE SBICHUS HAOMIONAIOTCS Y MAIIEHTOB C
YCTaHOBJICHHBIMH KaTeTepaMH P HMMYHOAC(HUIIUTHBIX
COCTOSIHUSIX. MOzIeTMpOBaHKe KaTeTep-acCOMAPOBAHHBIX
UH(EKIHA ¢ IPIMEHEHHEM BapHEPHHA — HOBOTO HU3KOMO-
JEKYJSIPHOTO MENTHAA CEMEHCTBA JTIAHTHOMOTHKOB BEJCT
K MCYE3HOBEHHIO MJIA PE3KOMY YMEHBIICHHIO CKOTUICHHUI
MUKpPOOPTaHu3MOB. [Ipu 3TOM mox JeiCTBHEM camoro
BapHEepHHA Kak d()(EeKTUBHOTO KATHOHHOTO aHTUOAKTe-
PHATIBHOTO COCIMHEHHS B BOCIATUTEIBHOM HH(PHIBTPATEe
YBEIUYNBACTCS KOJIHMUECTBO HEHTPODUIOB U CHIDKACTCS
KOIMM4IecTBO (UOPOOIACTOB.

Takum 00pa3oM, MOJIENb KaTeTeP-aCCOLUUPOBAHHOM
UH(EKIUY Y MBIIIEH MOXET OBITh UCIIOJIb30BaHA JJIS IKC-
MEPUMEHTAIBHOTO U3YYCHUS aHTUOAKTEPUATTBHOM aKTHB-
HOCTH HOBBIX JICKAPCTBEHHBIX MPEIapaToB, CIIOCOOHBIX
MOJABILITH 00pa30BaHue U (PYHKIUOHUPOBaHHE OUOIIICHOK
KOAryJa30HeTaTHBHBIX CTA(QHIOKOKKOB Ha HMILUIAHTHPYE-
MBIX U3ICIHSAX U3 TIONIMMEPHBIX MaTePHAaJIOB.
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ITopaxenue opraHoB u TkaHeil SARS-CoV-2: 6uonmornmyeckas
MOJeNb HAa CUPUMIICKUX XOMAKax Mesocricetus auratus
/151 9KCHEPUMEHTAIbHBIX (HOKIMHIMYECKNX) CCIeTOBaHMII

C.B. Yenyp, M. A. Tionun, B.A. Macnuxoe, H.H. Anexceesa, 0.0. Braoumupoaa,
H.C. Hnvunckuit, A.C. Hukuwiun, B.A. Illeeuenxo, A.B. Cmupnosa

OT'BY lNocynapcTBeHHBIN HayYHO-MCCIISIOBATEIbCKUI UCIIBITATEbHBIA HHCTUTYT BOGHHON MEHIMHBI MUHHCTEPCTBA 000POHBI
Poccuiickoit ®enepanun, Canxr-IlerepOypr; Poccust

Bsedenue. B ycnoBmsix nangemMun HOBOH KopoHaBupycHoi uHpekmnn COVID-19 Bbicoko BocTpeOOBaHEI
9KCIIEPUMEHTAIbHBIE MOJEIH JJII CKPHHUHTA KaK BHOBb pa3pabaThIBaeMbBIX BAaKIHH U JEKapCTBEHHBIX
CPEJ/ICTB, TaK U YK€ 3apEerHCTPUPOBAHHBIX (hapMaKOJIOTHYECKUX CYOCTaHIMI AJIsl IPUMEHEHUSI 10 HOBBIM
oKa3aHusAM. D¢ (GEKTHUBHBIN CKPUHHUHT BaKIIH U IPOTHBOBUPYCHBIX JIEKAPCTBEHHBIX CPEICTB JUIS JICUCHHS
HOBO# KopoHaBupycHO# nH(eknnu (COVID-19) BO3MOXEH IIPH OIEHKE MaTOreHETHICCKH 3HAYNMBIX IS
HCCIIEeTyeMOH MaTOIOT K U3MEHEHU OMOMETpHUIECKUX B MOP(HOIOTHIECKUX MToKa3aTenei. B cBsa3u ¢ aTum
LIEJTbI0 HACTOSIIIIETO MCCIICIOBAHMS CTAJI0 OMMMCAaHNE TUHAMUKY UX U3MEHEHUH Ha OMOIOTHYECKONH MOAEIH
SARS-CoV-2-acconnupoBaHHOTO HH(PEKIIMOHHOTO MPoLiecca y CHPUHCKUX XOMSIKOB Mesocricetus auratus.
Mamepuanvt u memoowi. ViccienoBanue BBITOJTHEHO HA CUPUHCKUX XOMsIKaxX Mesocricetus auratus Maccou
80—-100 rpammoB. MHTpaHa3ampHOE 3apakeHe 0codelt mpoBonmn KynsTypoid Bupyca SARS-CoV-2, conep-
xameit 4 x 10* TLI, /M, B 06beme 26 MKII. PerucTpupoBaiu Maccy KMBOTHBIX Tepel HHMUIMPOBAHHEM
1 B TEYCHHUE MOCIEAYIOMHNX 14 CyTOK, yIeNbHYIO MacCy BHYTPEHHHX OPTaHOB U CTETICHb WX BIATOHACHIIICHHS
Ha 3-u, 7-¢ u 14-¢ cyTKH mociae nHPUIUpoBaHus. JIONOIHUTEIBHO 00Pa3iibl TKAaHEH OpraHoB (PUKCHPOBAIIH
10% HeiiTpanbHbIM (POPMATHHOM, MOATOTOBKY TMCTOJIOTHYECKHUX MPENapaToB BHIIOJIHSUIN IO CTaHJaPTHOM
Meroauke. CTaTHCTHYIECKy 0 00pabOTKy JaHHBIX OCYIIECTRIIIIN C TIOMOIIBIO HETTapaMeTPUIECKIX KPUTEPUEB.
Pesynemamur. Tlocne 3apakeHus1 CHPHICKUX XOMSKOB Mesocricetus auratus supycom SARS-CoV-2 Ha-
YaskHBIE MPOSABICHUS HH(EKIIMOHHOTO 3a00MeBanus HaOIonamy 4epes3 3 CyToK, a Hanboee BIpayKeHHBIE
[IaTOJIOTHYECKHE N3MEHEHUS B 00IIIEM COCTOSHHUM YKUBOTHBIX H THCTOMOP(OIOTHYECKON KapTHHE BHYTPEHHUX
OpraHoB — 4yepe3 7 CYyTOK mocie nHpuupoBanus. B kauecTBe mokasareineil, XapakTepu3yoImuX JHHAMUKY
HWH(QEKIIMOHHOTO 3a00J1eBaHus, OBUIH ONPEAEIICHBI CHIDKCHHE MAaCChI Tela 1 3HAUNMBbIE OTKIIOHEHUS IPaBU-
METPUIECKHIX K03(h(HUITEHTOB JIETKHUX, CEP/ILIA, CENIE3eHKH U MoYeK. [Ipi THCTONOTnYeCKOM HCCIIEeIOBAaHIH
B KaueCTBE XapaKTepHbIX N3MEHEHHH OpakeHHs BHyTpeHHUX opranoB SARS-CoV-2 uneHTugpuuupoBaHbl
(bopmupoBaHue NOIUMOPHHOSIEPHBIX KJIETOYHBIX HHPHUIBTPATOB B MEXKaIbBEOISPHBIX IIEPErOPOIKAX JIeT-
KHX U 04aroBbIe TUCTPOPHUECKUE N3MEHEHNS HEHPOIIUTOB SKPAHHBIX IIEHTPOB TOJIOBHOTO MO3Ta C JeMue-
JTUHA3ANKEH KOMUCCYpPaNbHBIX HEPBHBIX MIPOBOAHUKOB. BEISBIEHHBIE THCTONIATONIOTHYECKAE MTPOSBICHHUS
IO CPOKaM COOTBETCTBOBAJIM HAPACTAHHIO PEIUIMKATUBHON aKTHBHOCTH BUPYCa B JIETKHUX.

3axnouenue. Dxcniepumentanbaas Moaesib SARS-CoV-2-acconuupoBaHHOTO HHPEKIIHOHHOTO MpoIecca
Yy CHpHUHCKUX XOMSKOB Mesocricetus auratus, XxapakTepusyeMasi BRIOpaHHBIMU PETUCTPUPYEMBIMH U pac-
YETHBIMHU MOKAa3aTeISIMH, UCCIIEOBAHHBIM MPOQIIEM TaTOMOP(OIOTHUECKUX U3MEHEHHUH, MOXKET ObITh
PEKOMEHI0BaHa IS IPOBEACHHUS CKPUHUHTOBBIX 3KCIIEPHUMEHTAIBHBIX (JOKIMHUYESCKUX) UCCIICTOBAHIH
3¢ GEKTHBHOCTH MEPCIEKTHBHBIX JIEKAPCTBEHHBIX MIPETIapaToB IS aTOTCHETHYECKON M STHOTPOITHOH Te-
parmuu COVID-19.

Koarouesnbie ciioBa: SARS-CoV-2, cupuiickue XoMsIKH, MOPGHOMETPHS, TOBPEKACHHS CTPYKTYPbI OPTaHOB
1 TKaHeH

s koppecnongenuun: Cepreii Bukroposuu Yenyp. E-mail: gniiivm_2@mil.ru

Hdasi umtupoBanus: Yenyp C.B., Tionun M.A., MscuaukoB B.A., Anekceesa U.U., Bnagumuposa O.0.,
Uneunckuit H.C., Hukumun A.C., IlleBuenko B.A., CmupHoBa A.B. IlopaxeHune opraHoB U TKaHeH
SARS-CoV-2: buonorudeckas MOJelTb Ha CHPUHCKUX XOMSKax Mesocricetus auratus s SKCIIEPUMEH-

TaJbHBIX (MOKIMHNYECKUX) nccnenoBannuii. Kiun. sken. mopgonorus. 2021;10(4):25-34. DOI: 10.31088/
CEM2021.10.4.25-34.

®uHancupoBaHue. VcciaenoBaHne BBIMOIHEHO B PAMKaxX TOCYAapCTBEHHOTO OIOKETHOTO (DHMHAHCHPOBAHUS.
KonduuKT HHTEpecoB. ABTOPBI 3asBIISIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.
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Organ and tissue damage related to SARS-CoV-2: the biological model for experimental
(preclinical) trials on golden hamsters Mesocricetus auratus

S.V. Chepur, M.A. Tyunin, V.A. Myasnikov, I.1. Alekseeva, O.V. Vladimirova,

N.S. llinskiy, A.S. Nikishin, V.A. Shevchenko, A.V. Smirnova

State Research Test Institute of Military Medicine of Defense Ministry of the Russian Federation, Saint Petersburg, Russia

BBenenue

Introduction. Amid the pandemic of the new coronavirus infection COVID-19, experimental models for
screening both newly developed vaccines and drugs, and the already registered active pharmaceutical in-
gredients tested for new indications are in high demand. The registration of changes in biometric and mor-
phological parameters that are significant for the investigative pathology can be an optimal screening tool
for antiviral drugs and vaccines to treat COVID-19. In this regard, the purpose of this study was to describe
the changes over time of organ and tissue changes using a biological model of a SARS-CoV-2-associated
infection in the golden hamsters Mesocricetus auratus.

Materials and methods. We performed the study in golden hamsters Mesocricetus auratus weighing 80—100 g.
The animals were infected through intranasal administration of a culture of SARS-CoV-2 virus containing
4 x 10* TCID, /mL. We recorded the animals’ weight before the infection and during the next 14 days and
measured the specific gravity of the internal organs and the degree of their moisture saturation on days 3, 7,
and 14 after the infection. Additionally, tissue samples were fixed in 10% neutral formalin; the preparation
of histological specimens was performed according to the standard procedure. Statistical data processing
was carried out using non-parametric tests.

Results. In the model of SARS-CoV-2 infection in Mesocricetus auratus, we observed the manifestation of
the infectious disease after 3 days. The most pronounced pathological changes in the overall health status of
the animals and in the histology of internal organs were seen 7 days after the infection. We determined the
weight loss and significant deviations in gravimetric coefficients of lungs, heart, spleen, and kidneys to be the
indicators revealing the infectious disease course changes over time. Histologic evaluation showed typical
changes in the SARS-CoV-2-associated visceral damage: the formation of polymorphonuclear cell infiltrates
in the lung interalveolar septa and patchy dystrophic changes in the neurocytes of the brain screen-type
centers with the demyelination of the commissural nerve guides. The detected pathological manifestations
corresponded in time to an increase in the virus replicative activity in the lungs.

Conclusion. The experimental model of the SARS-CoV-2-associated infection in golden hamsters Mesocricetus
auratus can be recommended for screening experimental (preclinical) studies of the promising drugs’ efficacy
for pathogenetic and etiotropic therapy of COVID-19.
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(COVID-19) [2]. HekoTopble aBTOPBI CUUTAIOT, YTO KH-

AKTYyallbHOCTb M3y4Y€HUs] OMOJIOTHYECKUX MOZeNeH
SARS-CoV-2-acconuupoBaHHOTO HHPEKIIMOHHOTO MPO-
1[ecca COIpsbKeHa C BRICOKOH COLMANbHON 3HAYMMOCTBIO
NaHAEeMUYEeCcKOl cuTyaluu, 0oprda ¢ KOTOPOH OCHOBaHA
Ha pa3paboTKe HOBBIX BAaKLMH U JIEKAPCTBEHHBIX IMperna-
paToB, OLlEHKE BO3MOXHOCTH MPHUMEHEHUs 3aperucTpu-
POBaHHBIX (HPapMAKOJIOTHIECKIX CyOCTaHIUHN MO HOBBIM
nokazanusaM [ 1]. MonexynapHoe CX0ACTBO aHTMOTEH3UH-
npeBpainatoero pepmenra 2 (ACE2) cupuiickoro xomsika
Mesocricetus auratus 1 pelIeNTOPCBI3bIBAIOLIETO JOMEHA
MOBEPXHOCTHOro munoBoro 0enka SARS-CoV-2 crano
KJIFOYEBBIM (PaKTOPOM JIJIsl HCTIONb30BAHMUS YKUBOTHBIX JIaH-
HOTO BUJIA B KAYECTBE OMOIOTUIECKON MOIEN HH(PEKIINU
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TalCKHUI XOMSIK UMEET MPEUMYILECTBa 10 CPABHEHUIO C
CUPHUIICKUM XOMSKOM [3], OZHAKO BECOMBIE apTyMEHTHI
B MI0JIb3Y ATOTO 3aKIJIIOUEHUS HE TPUBEICHBI.
[IpruMeHUTENPHO K CHPUICKUM XOMSKAM HHQEKIHS,
Bb3BaHHasi SARS-CoV-2, 6e3 MofenupoBaHus JIOMOJI-
HUTENIbHBIX MMaTOJIOTMYECKUX COCTOSHUI HecMepTeibHa,
a JIaHHbIE€ aMEPUKAHCKUX YUEHBIX O T'MOeNH KUBOTHBIX
B pesynbrare 3apakeHuss SARS-CoV-2 ocHOBaHEI Ha BbI-
BOJIE U3 dKCIIEpUMEHTa ocoleil, morepsBiuux 6onee 20%
Macchl TeJla ¥ yYTeHHbIX B MyONuKalusax kak noruomme [4].
Crenmyet npu3HATh, YTO HOIOOHBIC OTKIIOHEHHUS MACCHI TENa
Y CUPUHCKUX XOMSKOB 0OPaTHMBI, a THOEIb )KUBOTHBIX OT
MH(EKINH 3aperucTpupoBaHa JUIIb B EIUHUYHBIX CITy4asX,
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cocrasysas, cormacHo Oonee yeM 1000 HaOmroneHNH, TOIH
npouenTta. OcHalleHle NpeIHa3HauYeHHbIX IS PaboThI ¢
OuomnaroreHaMu 1ab0paTopuil COBpPEMEHHBIM 000PYyI0-
BaHHMEM (PH3MOIOTUYECKOTO MOHHUTOPHHTA HE BCEINa BO3-
MOXHO, TIOATOMY AJISl IPOBEACHHUS CKPUHUHTOBBIX JKCIIe-
PUMEHTANBHBIX (IOKJIMHUYECKHX ) CCIEIOBaHUM Hanbosiee
JIOCTYITHBIM BapUaHTOM OCTAeTCs UCIIOIb30BAHUE MPOCTHIX
B U3MEPEHUH KPUTEPUEB, KOTOPBIE BMECTE C TEM MOTYT CO-
CTaBUTh JIOKa3aTeIbHYI0 0a3y NpH oLeHKe d(PPEeKTUBHOC-
TH NEPCIIEKTUBHBIX JIEKAPCTBEHHBIX IpenapaToB. FiIMeHHO
peructpanus rpaBUMETPUUECKUX U THCTOIOTMYECKUX U3~
MEHEHUH BHYTPEHHHUX OPraHoB IO cell IeHb OCTaeTCs J10-
MyCTUMBIM MOAXOOM ITPH MPOBEACHUH Pa3HBIX 110 3a/1a4aM
9KCIIEPUMEHTANBHBIX (JOKITMHUYECKUX ) UCCIIEOBAaHHI Ha
OHONOrMYeCKUX MOJEISIX HHPEKIIMOHHBIX 3200IeBaHHH.

C y4eToM yKa3aHHBIX BbIlIe OOCTOSATENBCTB LIEbIO
HACTOSILIEr0 UCCIEOBAaHUA CTAlO0 ONMHUCAHUE TUHAMHU-
KM TPaBUMETPUYECKHX M THCTOJIOTMYECKUX M3MEHEHU
BHYTPEHHHUX OpPraHoB Ha Ouosorndeckoil monenu SARS-
CoV-2-acconuupoBaHHOTO WH(EKIIMOHHOTO Tpolecca y
CHUPHIICKUX XOMSKOB Mesocricetus auratus.

Marepuanbl 1 METOTBI

HccnenoBanust Ha )KUBOTHBIX BBIIIOIHEHBI IO IPOrpaM-
Me, 07I00pEeHHON KOMUCCHEN 110 3ThKe 1 onosTrke [ HUMI
BOEGHHOH MeauLKHbI MuHHCTEepcTBa 060poHsl Poccuiickoit
Oenepanyu. JKUBOTHBIX coepkKali B HAAJIEKAIIUX YCIIO-
BUSX BUBapHs (pa3pelleHne MaBHOTO roCyAapCTBEHHOTO
BeTepuHapHoro uHcnekropa Cankr-IletepOypra Ne 78-
1102/19, ceprudurar ISO 9001:2015 Ne ST.RU.0001.
MO0017187, ceprudurar coorBercTBust ctannapry GLP
Ne GLP-0727-1020).

DKCcIIepUMEHTHI BIIMOIHEHBI HA CaMIlax U caMKaX CH-
PHIACKUX XOMSIKOB Mesocricetus auratus B Bo3pacte 4—6 He-
nenb (Macca Tena 80—100 rpaMMOB), MOJTy4YEHHBIX U3 M-
tomauka HITO «/lom dapmanun» (Cankr-ITetepOypr).
JKuBOTHBIX cofiepkaji B CTaHAAPTHBIX YCIIOBHUAX BUBAPHS
npu 12-4acoBOM peXUMe CBETOBOTO JHS C MOCTOSHHBIM
JIOCTYIIOM K Bozie U kopMy. LlITamM Bupyca ObLi1 BbLAETIEH
u3 [ILP-no3utuBHOrO Marepuasa OoT OOJbHBIX HOBOH KO-
ponasupycHoii ndekiper (COVID-19) B maboparopusix
I'HUUNU BoenHoii Meaquuuabl MUHUCTEPCTBA 0OOPOHBI
Poccuiickoit denepanny 1 HaAKOIUIEH HA KyJIBTYpeE KIIETOK
Vero (B) («buonor», Poccust), cornmacHo paHee ONMCaHHBIM
B JIUTEpaType MeToaukaM [5, 6]. CpenHIo TKaHEBYIO 11~
Tonaruueckyo no3y supyca (TLUL ) onpenensim Ha Kyiib-
Type kietok Vero (B) u paccuutsiBanu no merony Puna
1 Menua [7]. MexaHH4eCKUM J03aTOPOM MPOBOIMIN UH-
TpaHa3aJbHOE 3apaKeHHUEe CUPUHCKIX XOMSKOB KYJIBTYpOi
BUpyca, conepxanieit 4 x 10* TLUI, /M1 BUPYCHBIX HacTHl,
B 00beme 26 MkJ1 [8]. Maccy Tena )HBOTHBIX PETUCTPUPO-
BaJIM Mepe]] 3apaKEHUEM U €XEJIHEBHO B TEUEHHUE IOoCIe-
nyromux 14 cytok. Kaxxagas rpynna Bxirouana 10 ocodeit.
[Tocne BbIBOJA M3 IKCIIEPUMEHTA MyTEM MEPe03UPOBKU
ob1ero anecreTuka (pactop kcra 20,0 MI/MII U pacTBop
soneruaa 100 50,0 mr/mi B cootHommenuu 1:1, 1,0 Mt Ha
1,0 K1, BHyTPUMBILIEYHO) U MEPECEUCHHUS HIKHEH MO0

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

OPUTMHAJIDHBIE UICCITEJOBAHNMA

BEHBI OTIPE/ICIISUTH YIENbHYIO0 (OTHOCUTEIHLHO MacChl TeJla)
Maccy ToJI0BHOTO MO3ra, IPaBoro JIErKOro, NeYeHu, ovek,
cepaua u cenesenku [9]. [locne B3BenIMBaHUA BHYTPEH-
HUE OpraHbl BEICYIIMBAJIA B TEPMOCTATE PU TEMIIEpaType
+60°C B Teuenue 3 cyTok. CTeneHb BIaroHachILIEHUs Op-
raHOB KOCBEHHO XapaKTepH30Basia BHIPAKEHHOCTh OTEKa
U CTETEHb UX NoBpexaeHus. OO0pa3nbl TKaHEH OpraHoB
nocJie B3BemwuBanus ¢pukcuposanu 10% HeHTpaabHBIM
tdhopmanuuaom no JIlumnm u xxunkocteio Kapaya. Jlomosn-
HUTEJIbHO THCTOJIOTHYECKOMY HCCIIEOBAHUIO TOABEpra-
JIY Pa3IM4HbIE OTHAENbI TOJIOBHOTO MO3ra, 0OOHATENbHbIE
JYKOBHUILIBI, TUMYC, CEepAlle, KHILIEYHHK, Tpaxero. [Tocie
CTaHIApPTHOW MPOBOAKHU MaTepuall MOMEIIail B mapaguH
Y TOTOBWJIM CPe3bl TONIUHON 3—5 MKM, KOTOpbIE OKpa-
LIMBaJIM TEMAaTOKCUJIIMHOM M 303MHOM. Peructpanuto uz-
MEHEHUH CTPYKTYpPbI TKAHEH OCYILECTBIISUIN Ha IIU(PPOBOM
¢doromukpockorne Leica DM2500 (LEICA Microsystems,
I'epmanus) npu yBenuueHusx oobekrusa X20—-100. Pe3ynb-
TaThl ONUCATENILHOM CTaTUCTUKU NPUBEAEHBI B BUJIE MEIHa-
HBI U MEXXKBapPTUIBHOTO pa3Maxa. J{js mapHbIX CpaBHEHUN
MoKazareneil HeCBA3aHHbBIX TPy npuMeHsun U-KpuTepuii
ManHa—YuTHH, 1U11 MHOXeCTBEeHHBIX — H-kpurtepuii Kpa-
cKena—Yoliuca Npu HOMUHAJIBHOM YPOBHE 3HAYUMOCTHU
pazmunii p<0,05. CpaBHEeHHE IPOBOAMIIM C XapaKTepuC-
TUKaMH KUBOTHBIX IPYTIbI BUBAPHOTO KOHTPOJIA.

Pesynbrarsl

WHpekunoHHBIA TPOIEece BRI3BIBAN OTEPI MACCHI
Tella CUPUICKUX XOMSIKOB Mesocricetus auratus y caM-
noB (puc. 1 A) u camoxk (puc. 1 B). Vke uepe3 1 cyTku
MOCJIe 3apakKeHUs U 10 OKOHYAHHs HaOMIOACHUS 3HAYe-
HUS TIOKA3aTelis y 3apayKeHHbIX AKUBOTHBIX ObLTH 3HAYUMO
HUKE, YEM y )KMBOTHBIX B IPYIIIE BUBAPHOTO KOHTPOJIA.
[Tpu 3TOM OBLIM POCIEKEHBI TOJIOBBIE PA3IUYUS B IH-
HaMHKe ToKa3aTelisd: Haubosee BbIpaKeHHbIE U3MEHEHHUS
B JMHAMHKE Macchl Tena (cHmxkeHue Ha 6,4% (4,0; 7,4)
OTHOCHUTEJBHO UCXOTHBIX 3HAYCHUI ) OTIPEAesUTH Y CaMIIOB
B IepUOI 5—7 CYTOK IMOCJe 3apa)KeHHs, B TO BpeMs Kak
y CaMOK MOTepsl Macchl Tejla Obljla MEHEE BBIPaKEHHOM
(3,2% (1,8; 4,5) OT UCXOIHBIX 3HAYEHHIT) C MAKCUMYMOM
OTKJIOHEeHUH Ha 3—4-e cyTku nocie 3apaxenus. K ucxony
14-x cyTok Macca Teja CaMIOB OCTaBajlach CHHIKEHHON
Ha 2,3% (0,6; 4,6), macca caMOK TpeBbilaiga OHOBBIC
snadenus Ha 1,8% (1,0; 3,4). B cBsi3u ¢ aTiM nanbHel1ve
UCCIeJOBaHUA IPaBUMETPUIECKUX U TUCTOJIOTMYECKUX U3~
MEHEHUH BHYTPEHHUX OPraHOB IPOBOAMIM Ha CaMIlaxX Kak
0oJiee moKa3aTebHOM OMONIOrHYECKOH TeCcT-CUCTEME.

BoccTanoBieHue Macchl Tejga CUPUHCKUX XOMSKOB
B niepuoj ¢ 7-x mo 14-e cyTku nociie 3apaxeHusi BUPYCOM
SARS-CoV-2, a Takxe sIMMUHALIUS BUPYCa U3 BEIOpaHHBIX
TeCT-TKaHel K 14-M cyTKaMm CBUIETENbCTBOBAIN O HACTYII-
JICHUU Y KUBOTHBIX (pa3bl pEKOHBAJIECCIECHIINH, YTO OBLIO
MOATBEPIKJIEHO ITOJIOKUTENBHON TMHAMHUKOMN pe3yJabTaToB
IPaBUMETPUUYECKUX UCCIIEIOBAHUM.

KocBeHHO OLIeHUTDH CTENeHb BBHIPAXKEHHOCTH OTEYHO-
nponuQepaTuBHBIX U3MEHEHUH B OpraHax 1 TKaHsX M03BO-
JIUJIO TPaBUMETPUUYECKOE UCCIEOBAaHUE C ONpeeIeHUEM
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OTHOCHUTEIHHOW MacChl OPraHoB. | paBuMeTpuieckue uH-
JIEKChI TICYEHU ¥ TOJIOBHOTO MO3Ta HE U3MEHSIITUCH, TOTAa
KaK MPUMEHUTEIHHO K JPYyTUM OpTraHaM B IKCCYJaTHBHYIO
(hazy mpociexxeHbl JOCTOBEPHBIC OTIIMYUS OT KHUBOTHBIX
rpyIIbl BUBAPHOTO KOHTPOJIs (Tabm. 1).

VYTouHeHNE BEepOATHOCTH (GOPMUPOBAHUS OTECUHBIX
Y TUCIIUPKYISTOPHBIX H3MEHEHUH OBLJIO MPOBE/IEHO MOCIIE
BBICYIIIMBAHUS TKaHEH 10 KOHEYHON MacChl U ompeere-
HUsI CTETICHH UX BiaroHacheiiieHusi. CTaTUCTUYECKH 3Ha-
YUMBbIE OTKJIOHEHHUS KO3(PPHUIIMESHTOB MPOCIEIKEHBI IS
JIETKOTO, BIIATOHACKHIIIIEHHE KOTOPOT0 Ha TTHKE 3a00JeBa-
Hus (4epe3 7 CYyTOK MOCe 3apaXkeHUs ) YBEITUYUBAIOCH JI0
80,63 (80,25+80,69). HanpoTus, cTeneHb BlIaroHachIIie-
HUSI TOJIOBHOTO MO3Ta Y 3apa)KCHHBIX )KUBOTHBIX B JIAHHBIH
cpok cHmxanack Ao 76,08 (75,74+76,99) (tabn. 2). B cepa-
11e, IeYCHH, TTOYKaX, CeJIe3eHKE MPU3HAKN 3HAYMMBIX JKC-
CYJIAaTUBHBIX U3MEHEHUN HE 3apETUCTPUPOBAHBI.

AHanu3 COBOKYITHOCTH IOJYYCHHBIX PE3yJIbTAaTOB
MTO3BOJIMJ 3aKIIFOUUTh, YTO OLIEHKY d(PPEKTUBHOCTH Jie-
KapCTBEHHBIX MPENapaToB HA UCCIIEIOBAHHON OMOIJIOTH-
gyeckod Mozenu SARS-CoV-2-acconumupoBanHOTo HH(pEK-
IIMOHHOTO TIPOIIecca y CUPHICKUX XOMSIKOB Mesocricetus
auratus 1eaecoo0pa3Ho MPOBOAMTD Ha 7-€ CyTKU HH(DEK-
IIMOHHOTO Tpolecca, Koraa pedepeHTHbIe 3HAUCHUS Xa-
PaKTEPUCTHK T'PYIITBI HETaTUBHOTO KOHTPOJISI CTAaTUCTHU-
YECKH 3HAYMMO OTIUYAIHNCH OT XapaKTePUCTUK T'PYIIIIBI
’KUBOTHBIX BUBAPHOTO KOHTPOJIS: CHUKEHUE MACChI Tea
Ha 6,4% (4,0;7,4); yBenuueHre MaccoBBIX KO3 uuu-
eHnroB yerkux B 1,7 pasza (1,5;1,8), cepaua B 1,3 paza
(1,2;1,4) u cenesenku B 1,4 pasza (1,3;1,5) noBsimeHnue
BJIATrOHACKIIICHHS JIETKUX U CHIDKCHHE BIarOHaCKIICHUS
TOJIOBHOTO MO3ra.

IIpu rucTONOrMuEecKOM UCCIEJOBAHUM TKaHEei BHYT-
PEHHUX OPTaHOB Y )KUBOTHBIX OBLIO BBIBJIEHO HApacTato-
1iee K 7-M cyTKaM HH(EKIIMOHHOT0 Ipoliecca MyKOUIHOE
HaOyxaHHe COeAMHUTENILHOW TKaHU CIIM3UCTON 000I0UKH
HOCOBOM MEPETOPOIKH U TPaxeu C JIeCKBaMalel KIeTOK
SMUTEIUSL.

K 7-M cyTkam npocnesxuBaiu GopMUpOBaHHE HEPABHO-
MEPHOT'0 MMOJIHOKPOBHSI JIETKHX CO CTa30M 3PUTPOLMTOB
B KalIMJUIIPax MEXallbBEOJIIPHBIX IEPETOPOIOK (puc. 2 A),
TpoMO00Opa30BaHMEM U IPOIIOTEBAHUEM KUAKOCTH B Ma-
paBa3ajbHYI0 COEIMHUTENbHYIO TKaHb. 3HAYMMOI'O ajib-
BEOJISIPHOTO BBINIOTA HE OOHAPY)KUBAJIH, BMECTE C TEM
MEKaJIbBEOJISIPHBIE MEPErOPOAKH ObLIN CYILIECTBEHHO pac-
mMpeHs! 3a cuet uHpmipTpara (puc. 2 B). B ero cocrase
BBISBIISUIM KPYITHOSIIEPHbIE TPU3MATUUECKHE KIETKU JIIH-
TEIHs ¢ PUTYpaMu MUTO30B, TIO-BUIIMOMY, MUTPUPYIOILIHE
U3 aJbBEOIIPHBIX XOJOB, U MaKpo(ark pa3HOW CTEIICHU
3pPEOCTH, YAaCTO C BKJIIOYEHUSIMU JETPUTA U KEJIe301103H-
THBHOTO MaTepHaia 3pUTPOLUTOB. Makpogar pa3TiaHbIX
(hopM 1 pa3mMepoB BBISBIISUIN U B IIPOCBETE aJIbBEOJI CO CITy-
IIEHHBIMU aJIbBEOJIOLIMTAMH U CKYIHBIM IJIa3MaTHUYECKUM
BBIIIOTOM. B cepaiie K 7-M cyTkaM npociieXuBaji BbIpa-
JKCHHOE ITOTHOKPOBHUE CO CTa30M (POPMEHHBIX IEMEHTOB
U HaOyXaHHEeM JHAOTENHaNbHON BBICTHIKK. Ha done
YMEPEHHOT0 HHTEPCTUIIMATILHOTO OTEKa U apaBa3aibHOM
TUM(pOIUTAPHON HHPIIBTPALUH CTPYKTYpa OONBIINHCTBA
COKpAaTHUTEJBbHBIX 2JIEMEHTOB MHOKap/a Oblia cCOXpaHeHa
(puc. 2 C). 1o KoHIIa S3KCIIEpUMEHTA HAOII0aNIN OITyCTO-
HICHUE TIepUapTEPUATBHBIX My(T cene3eHkH (puc. 2 D)
1 (OJUIMKYJIOB TUMYCA, YTO CBUIETENILCTBOBAJIO O MOOH-
JIU3aIMU CUCTEMBI KJIETOYHOTO UMMYHHTETA. B cene3eHke
TaKoke 00HApYKUBaIU AUBPY3HYIO THIIEPILIA3UI0 KPACHOU

Tabnuya 1 | Table 1

MaccoBble k03¢ GUIHEHTH BHYTPEHHHX OPTraHOB y CAMIIOB CHPUICKHX XOMSIKOB Mesocricetus auratus,
3apasenHbix SARS-CoV-2 (4 x 10* TH/L, /ma1) B 103€ 26 MKJI/XOMSIK, MHTPaHa3aibHo, Me (Q,+Q,), n=10 |
Mass factors of internal organs of male golden hamsters Mesocricetus auratus infected with SARS-CoV-2 (4 x 10* TCID_/mL)
at a dose of 26 pl/hamster, intranasal, Me (Q,+Q,), n=10

ITocae 3apaxkenuss SARS-CoV-2 |

Grmnr| L4 T T | After SARS-CoV-2 infection
Organ Intact
3 cyrok | 3 days 7 cytok | 7 days 14 cytoxk | 14 days
TomoBHo# Mo3T | Brain 10,54 9,01 9,95 10,12
(9,85; 10,690 (8,82;9,99) (8,77, 11,59) (9,63+10,51)
IIpaBoe nerxoe | Right lung 2,33 2,51 3,92% 3,44%*
(2,20+2,84) (2,412,510 (3,88+4,19) (3,32+3,62)
Cepnue | Heart 3,05 4,01* 4,07* 3,89%
(2,94+3,38) (3,61+4,28) (3,87+4,25) (3,65+4,08)
Ieuens | Liver 36,51 37,32 36,77 36,35
(34,72;3 7,80) (35,27; 38,54) (36,01; 38,93) (34,91+38,62)
CeneseHka | Spleen 0,75 1,44* 1,23* 0,91
(0,64+0,81) (1,28+1,57) (0,94+1,53) (0,73+1,08)
IIpaBas mouxa | Right kidney 3,53 3,70 4,39* 3,96
(3,45+3,65) (3,51+3,95) (4,07+4,67) (3,51+4,33)

* — pa3nMyKs ¢ TPYNIION HHTAKTHBIX KUBOTHBIX 3Ha4nMBI (p<0,05, kputepuii Kpackena—Yomnuca)
* — the differences with the intact group are significant (p<0.05, Kruskal-Wallis test)
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Tabnuya 2 | Table 2
Buiiaronacplimenne TKaHeil BHyTPEHHHX OPTaHOB CaMIOB CHPUICKUX XOMAKOB Mesocricetus auratus,
3apasennbix SARS-CoV-2 (4 x 10* TH/L, /m1) B 103€ 26 MKJI/XOMSIK, MHHTPaHa3aibHo, Me (Q,+Q,) (n=10) |
Moisture saturation of internal organ tissues of male golden hamsters Mesocricetus auratus infected
with SARS-CoV-2 (4 x 10* TCID, /mL) at a dose of 26 pl/hamster, intranasal, Me (Q,+Q,), n=10

ITocae 3apaxenust SARS-CoV-2 |

(72,92+74,95)

(72,59+75,78)

(74,78+76,97)

L] Ll e | After SARS-CoV-2 infection
Organ Intact
3 cyTok | 3 days 7 cytok | 7 days 14 cytok | 14 days
TomoBHoi#t Mo3T | Brain 77,90 77,10 76,08* 77,32
(77,53+78,07) (76,52+77,40) (75,74+76,99) (77,04=77,78)
IIpaBoe nerkoe | Right lung 76,06 73,57 80,63* 78,54
(75,32+76,44) (72,03+73,93) (80,25+80,69) (77,34+79.,43)
Cepnue | Heart 75,88 73,73 75,78 76,21
(75,56+76,36) (72,92;74,75) (73,81+77,50) (75,82+76,75)
Tleuens | Liver 65,41 65,37 65,77 64,84
(64,19; 66,05) (63,15+66,19) (64,42+67,00) (64,01+65,76)
Cenesenka | Spleen 66,92 64,72 68,93 65,43
(64,82+69,55) (61,14+67,02) (66,20+73,08) (64,53+66,32)
IIpaBas mouxa | Right kidney 74,28 73,26 75,70 75,25

(74,72+75,73)

* — pa3nIMYMs CTATUCTHYECKU 3HAYMMbl OTHOCHTEIIBHO IPYIIITBI HHTAKTHBIX KUBOTHBIX (p<0,05, kpurepuii Kpackena—Yomnuca)

* — the differences with the intact group are significant (p<0.05, Kruskal-Wallis test)
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Puc. 1. lunamuka Macchl Tena y camioB (A) u camok (B) cupuiickux xoMsikoB Mesocricetus auratus TIOCIe 3apaXeHHsT KOPOHABUPYCOM
SARS-CoV-2 (4 x 10* TL/,/mn) B 03e 26 MKJI/XOMsK, MHTpaHasaibHo, Me (Q1; Q3). Pasnuuus nokasaresnei 3apameHHbIX
JKMBOTHBIX C TPYIIION HHTAKTHOTO KOHTPOJISI CTaTHCTHYECKH 3Ha4uMbl ripu p<0,05 (kpurepuii ManHa—YUTHH) C IEPBBIX CyTOK

HaOIoaeHUS

* — pasNMYKs CTATUCTHYCCKH 3HAYMMBI OTHOCHTENBHO (POHOBBIX 3HAYCHHUH (KpuTepuii @puamana)
Fig 1. Body weight of male (A) and female (B) golden hamsters Mesocricetus auratus after SARS-CoV-2 intranasal infection
(4 x 10* TCID, /mL) at a dose of 26 pl/hamster, Me (Q1; Q3). The differences between characteristics of infected and intact

control groups were significant at p<0.05 (Mann—Whitney U test ) from the first days of observation

* — differences are significant relative to the first days of observation (Friedman test)
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Puc. 2. T'ncronaronorndeckie M3MEHEHHsI BO BHYTPEHHUX OpTaHaxX M TOJTOBHOM MO3Te CAMIIOB CHPHHUCKHX XOMSIKOB Mesocricetus

auratus gepe3 7 cyTok mocie 3apaxenns SARS-CoV-2 (4 x 10* T/, /M) B 103 26 MKJI/XOMSK, HHTpaHa3aTbHO. OKkpacka
TEMaTOKCUIMHOM M 303HHOM.

A —3acToii KpOBH M TPOMOO3 MUKPOCOCY/IOB IAPEHXHMBI JIETKHX, X40. B — nosiBIIeHHE SIUTETMONIHBIX KIETOK U (paronuToB
C IUTOINIA3MaTHYECKUMH BKITIOUCHHSIMU B MEXKaJIbBEOJSIPHBIX Ieperopoaxax jerkux, X100. C — monumopdHosiaepHas
rapaBa3aibHast HHQHUIBTPAIHS MHOKapAa IPH COXPAHHOCTU COKPAaTHTENBHBIX 3JIeMeHTOB, X 100. D — cCHImkeHNe TUIOTHOCTH
KJIETOK IepuapTepuaIbHoi My(hThI cene3eHkH, X40. E — MMKHO3 MHpaMUHBIX HEHPOLMTOB CEHCOMOTOPHOI KOPbI HOyLIapHii
ronoBHOro mo3ra, x100. F — Turponus Heilipona B amuriale ¢ npu3Hakamu HeiipoHogaruu, x 100

Fig. 2. Pathological changes in the internal organs and brain of male golden hamsters 7 days after SARS-CoV-2 intranasal administration

30

(4 x 10* TCID, /mL) at a dose 26ul/hamster. H&E stain.

A — congestion and thrombosis of microvessels in the lung parenchyma, x100. B — epithelioid cells and phagocytes with cytoplasmic
inclusion bodies in the interalveolar septa, x100. C — polymorphonuclear perivascular infiltration in the myocardium, with the
contractile elements being intact, X100. D — decreased cell density of the periarteriolar lymphocyte sheath, x40. E — pyknosis of
pyramidal neurons of the sensorimotor cortex, x100. F — neuron tigrolysis in the amygdala cerebelli with neuronophagy signs, x100
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MYJBIBI, HHOUIBTPAIIMIO HEUTPODUIAMH, TIOTHOKPOBHE
COCYZIOB M OYaru KpOBOM3IUSHUIN. B TOHKOHN KHIIKE BbI-
SIBIISTM MUHMMAJIbHbIE U3MEHEHUS B BUJE TOJIHOKPOBUSA
COCYIOB IOJICIU3UCTON OCHOBBI, YMEPEHHOH UMb OIIH-
TapHOW HHPUIBTPALIUH, COKPALLEHUS KOJIMYE€CTBA MUTO30B
SHTEPOLIUTOB B KPUNTAX U YBEJIUYEHHUS OTHOCHUTEIBHOTO
MpeCTaBUTENbCTBAa OOKAJOBHIHBIX KJIeTOK. Ilaronoru-
YECKUX M3MEHEHHH B MOYEYHBIX KJIyOOUYKax, U3BUTHIX
KaHaJblax, newiax [enne u cobuparenbHbIX TpyOoUKax
HE BBISBIISLIIN, COCY/Ibl TeMOMUKPOLIUPKYJIATOPHOTO pyciia
KITyOOUYKOB M COEIMHUTENbHON TKAaHW MO3TOBOTO BEILIECTBA
MoYeK ObUIH MOTHOKPOBHBIMH, HO 0€3 BUAMMBIX MATOJIO-
TUYECKUX U3MEHEHUH. B mopTanbHBIX TpakTax MeueHu
3apakeHHBIX KUBOTHBIX MPOCIIEKUBAIIH JOKYCHI IPOIH-
(bepaluu XONaHTHOLUTOB.

BripaskeHHbIE H3MEHEHUsI OTMEYaIIH IPU UCCIEA0BAHUM
TOJIOBHOTO MO3ra. B Hanbonpmie# cTeneHn B SKpaHHBIX
LEHTPax KOpHI (OOJIbIINE U MaJbIe MUPAMHTHBIC KICTKH)
Mmo3ra (puc. 2 E), nonsx runmnokamna (HO He 3y0uaToi uz-
BUJIMHBI) ¥ B MO3XKeUKe (TpyLIeBUAHbIE KieTKH [lypkuHbe)
BBISIBIISUIN JIOKYCBl TUKHOTHYHBIX HEHPOHOB, paclIMpeHHe
WX MHULHUAJIBHBIX JeHIpuTOB. [IpocnexxrnBany akTHBALIUIO
OJIUTONICHIPOTIHOINTOB U HaOyXaHUe ITapaBa3aibHBIX OT-
POCTKOB aCTPOLIMTOB B Ouarax MmarojIoTM4eCcKUX H3MEeHe-
Hui. KanuisipHoe 3B€HO TeMOMUKPOLUPKYIATOPHOTO
pycia COXpaHsIo CBOIO CTPYKTYpY, TOrIa KaK B MATKOM
MO3TOBO# 000JI0YKE U IO XOAY BETBEH MHANBHBIX COCY-
JIOB IIPOCIICKUBATH THM(OLIUTAPHYFO HHPIITBTPAIHIO CO-
€AMHUTENIbHOW TKaHU, CBUAETEIbCTBYIOLIYIO O Pa3BUTHH
BOCHAJIMTENIBHOTO npouecca. O4aroBblii MMKHO3 HEHPO-
LUTOB U TUTPOJIK3 BellecTBa Huccns BRIABISAIN B YEpHOM
CcyOCTaHIUY ¥ siipax MUHIaIHHE (puc. 2 F). B cyokopTh-
KaJIbHBIX MIPOBOSAIINX MYTAX PETUCTPUPOBAIN IPU3HAKU
04YaroBOM JeMHETNHU3ALNN KOMUCCYPAJIbHBIX HEPBHBIX
poBOoIHUKOB. HeoOpaTuMble U3BMEHEHHUS! ¢ TUTPOIH30M
U HelpoHodarueil HeHpoUUTOB OOOHATENBHBIX JTYKOBHII
3aTparuBajii MEHee YeTBEPTH KIIETOK.

O6c¢cyxaeHne

K HacTosimemMy BpeMeHU HaKOIJIEHO IOCTaTOYHO J1aH-
HBIX, CBUJETEIBCTBYIOLINX O BBICOKOM BaJHIHOCTH JKC-
MEPUMEHTAIFHON MOJIEI HOBOM KOPOHABUPYCHOM HH(EK-
uuu (COVID-19) Ha cupuiickux xomskax Mesocricetus
auratus. IHTpaHa3ainbHOE, B OTJIMYKE OT BHYTPUOPIOILINH-
HOTO, 3apakeHue XoMsIKoB SARS-CoV-2 cooTBeTcTBYyET
€CTEeCTBEHHOMY IIYTH IepeJladyd BUpyca U o0ecreyrBaeT
€ro peIUIMKalUIO B JIETKUX, BBI3bIBas TSXKENbIE MMaTOJIO-
rudyeckue udmenenus [10]. MuHuManbHasi u3BecTHas
uHpunupyromas n1o3a SARS-CoV-2 nis cupuiickux xo-
MSKOB Mesocricetus auratus cocTaBuia ot S HHPEKIIUOH-
HBIX YaCTHUII, YTO NO3BOJIMJIIO CYUTATh dKUBOTHBIX JAHHOTO
BHJa OYCHb BOCIPUUMYHMBON K HH(EKINH OUOIOTHYIe-
ckoit Mmozienbio [11]. Yyamenue nprxanusi, moTEPrO MacChl
TeJa ¥ FUCTONAaTOJOTHYECKUE U3MEHEHUS JbIXaTeIbHbIX
MyTeH, TETKUX U TOHKOW KUIIKU C SKCIPECCUEH BUPYC-
HOTO HYKJICOKAIICHIHOTO Oenka, TuM(OnIHON arpodueit
CeJIe3CHKH HaOIlIoaIu B TSUCHHE IIePBOU HEAETH 3apa-
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JKEHHsI CUPUKUCKUX XOMSKOB BupycoM SARS-CoV-2. Ilpu
KOMITBIOTEPHON TOMOTpauu y XOMKOB ObUIM OMUCAHBI
o0I1111€e C YeI0OBEeKOM U3MEHEHH S, BKIIFOYAOIIIIe MACCHBHOE
JIBYCTOpPOHHEE Mepu(peprIecKoe MyIBTHCETMEHTapHOE 3a-
TEMHEHHE 0 TUIYy «MAaTOBOTO CTEKJa» U KOHCOIHUIAIHIO
TKaHU Jierkux [ 12]. IIpu rucTonornueckoM UccieaoBaHUH
Y XOMSIKOB TaK e, KaKk ¥ Y 4eJoBeKa, ObLTH MPOCIEKEHBI
BO3PACTHBIE Pa3Nuuus. B 4acTHOCTH, y MOJIOJBIX XOMSIKOB
BOCCTAHOBJICHHUE JIETKUX PETUCTPUPOBAJIH K 14-M cyTKam
MocJIe 3apa)KeHus, TOra KaK y B3pociblX 0cobeil mpu Ta-
KOM e CpOKe HaOJIOICHH B JIETKUX BBISBIISIIN BBIPayKEH-
HBIN aNbBEOJIIPHBIN U IepUBACKYIApHBIN oTek [13].

OpHuM U3 HauboJee pacIpOCTPaHEHHBIX CUMIITOMOB
undpexuun SARS-CoV-2 Bo Bpems nannemun COVID-19
cTaja aHOCMUs. Yike yepes 2 CyTOK Iocje Ha3anbHOM UH-
ctrusanuu SARS-CoV-2 y cupUiCKIX XOMSKOB BBISBIEHO
MacCCHBHOE NOBPEXIEHHE 0OOHATEIHHOTO AMUTENHUS C M10-
Tepell peCHUYEK U JIOKAIBHOU JieCKBaMaInuen. DMUTETHI
U COOCTBEHHAS TUTACTUHKA CIM3UCTOHN OBLIM MH(UIBT-
pUPOBaHBl HMMYHHBIMU KJI€TKaAMH. DTH MOBPEXKICHUS
ObLIM CBA3aHbI ¢ MHPULIHMPOBaHUEM OOJIBLION YacCTH Cy-
CTEHTaKYJIAPHBIX KIETOK, HO He OOOHSTEIbHBIX HEHPOHOB.
B 000HATENBHBIX JIYKOBUIIAX XOMSKOB BUPYC HE BBISIBJICH.
Boccranopnenue anuTenus NpociaexxuBaii kK 14-mM cyTkam
nocrne 3apaxenus [14].

Cpenu (hakTopOB, ONPEIEISIONINX TIOBPEKACHHIE CePI-
ua npu COVID-19, BeiaensoT npsimoe NopakeHUe Kap-
nuomuoruToB BUpycoM SARS-CoV-2, akruBarnuio TGF-
(pa3Butue Gpubpo3a B cepACYHON MBILIIE), CUCTEMHYIO
BOCIIAJIUTEIBHYIO PEaKIHI0, HHTeP(EPOHHHIYIUPOBAH-
HBI UMMYHHBIH OTBET ¥ runokcuio [ 15]. Onucansl ciyyan
BUpycHOro Muokapauta npu COVID-19 y monei, onHa-
KO aBTOPbI HE UCKJIIOYAIM HILIEMUYECKUI reHe3 n3MeHe-
Hu#i [16]. B onblTax Ha CUPUIICKUX XOMSAKAX BBISBICHBI
CXOHBIE C TAKOBBIMU Y JIOACH MOp(]OoIOrniecKue mpo-
SIBJICHUS KapJMOMHOIIATHH: YTOJIIEHNE CTEHOK MUOKap/a,
pasButHe GUOPO3a M SIUHUYHBIC HEKPO3BI KAPAHOMHUO-
uuToB [17].

MertonoM ruOpuau3aluy in Situ TOKa3aHo, YTO BUPYC
SARS-CoV-2 HenocpeACTBEHHO NOpaxaeT KIETKH UM-
MYHHOH cuctembl B cene3eHke [18]. Tem He MeHee KieT-
K1 UIMMYHHOH cUCTeMbI He uMeroT perentopos k ACE2,
Y MEXaHH3M UX MOpaKeHUs He BbISICHEH. B kauecTBe BO3-
MOYKHOTO MEXaHHU3Ma pacCMaTpPHUBAIOT BUPYCACCOLIMUPO-
BaHHOE HapylieHue quddepeHIHPOBKU QOIUTHKYISIPHBIX
T-xennepos nox BozaeiicrBueM TNF-a [19]. Hanuuue Bu-
pycHbIx 6enkoB U PHK B cene3eHke CUPHICKHX XOMSKOB
BBISIBJISUTM HauuHas ¢ 3-Xx cyTok 3aboneBanus [16]. Kop-
penupyllie rpaBUMETPUUYECKIe U THCTOJOTHYECKHE
M3MEHEHMS CeJIE3€HKHU MPOCIIeKUBAIN YK€ Ha 3-U CYTKH
MocJie 3apaxKeHusl.

[MpumenumocTs 6uonoruueckoi moaean SARS-CoV-2-
ACCOLIMUPOBAHHOTO HH(EKIIMOHHOTO MPOLIecCca Ha CUPHUIi-
CKHX XOMsIKax Mesocricetus auratus 15l CKpUHUHTa JeKap-
CTBEHHBIX IIPETIApaToB MOKa3aHa Ha Pa3IMuHbIX IPUMeEpax.
B yactHOCTH, BBEIeHHE HEUTPATHU3YIOLIMX aHTUTEN (NAbS)
K JIBYM 3IIMTOIaM peLenTopcBa3biBaoiiero fomeHa (RBD)
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U K OTAEIBHBIM 3MUTONAaM, He oTHOocsmmuMmcs kK RBD, Ha
Oenke mwuna (S) mpeaynpexkaano moTepr Macchl U odec-
MIEYUBAJIO HU3KHE TUTPbI BUPYCa B JIETKUX [IPU 3apaskeHUN
xoMs1koB SARS-CoV-2 B Beicokux no3ax [20]. Kombuna-
e anTuTel hu-mAb 6putH 3 PeKTUBHBI A1 TpodrITaK-
tuku ¥ Tepanuu COVID-19 y cupuiickux XOMSKOB IpH
panHeM BBeleHMH. OJHAKO CTENEeHb HEUTpaIu3ally BU-
pyca in vitro He BCEra KOppeIupoBaia ¢ 3aluTou in vivo,
KOTJ]a HEKOTOpbIe aHTuTeNa Ol Oosee 3(pPeKTUBHBIMU.
Amnanu3 Fc-obnactell aHTUTeN Mmokaszal, YTO CBA3bIBAHHE
¢ appunabiMU Fe-penentopaMu XOMSIKOB CIIOCOOCTBYET
ontuManbHou 3amure oT SARS-CoV-2 [21]. XomskoB,
MMMYHU3UPOBAHHBIX BaKIIMHOM, KOIKCIpECCUpYyIoLen
Oenku MeMOpaHBl U HYKJICOKAICHIIA, 3apa)kalld 4epe3
5 Henenb BeIcOKO# 103011 SARS-CoV-2. BakiaupoBanue
MPEaYIPEKAATIO TAKETYIO OTEPIO MACChl TeJla U MaToJIo-
TUYECKUE U3MEHEHUS B JIETKHX, CYyIIECTBEHHO CHIKAJIO
SKCIPECCHUIO BUPYyCa B POTOIVIOTKE U JieTKuX [22]. BmecTe
C TeM IpH UCIBITAHUH HAa XOMSAKaX THIPOKCUXJIOPOXHHA
st npodunakTuky wim stederuss COVID-19 npenapar Hu
B CTAHIAPTHOI (6,5 MI/KT), HU B BRICOKO# (50 MI/KT) m03¢e
HE OKa3bIBaJl OJIOXKUTEILHOTO BIUAHUS Ha KIMHHUYECKOE
TeueHue 3a0oneBanus WM kuHeTuKy SARS-CoV-2 (peruu-
KaIust/BeineneHne) [23], 4To COMPsKEHO ¢ MEXaHU3MaMu
JeCTBUS MPOU3BOJHBIX XJIOPOXHUHA U BOBMOXXHOCTBIO €r0
MIPUMEHEHUS C yYETOM TOKCHYHOCTH TOJIBKO B IIEPBBIE JHU
nocne 3apaxxkeHust SARS-CoV-2 nns usmenenus appus-
HOCTH BUPYyCa K INIMKOIIPOTEMHAM OBEPXHOCTH KJIETOK [1].
Amnanor nykiieo3u10B MK-4482 npu nepopanbHOM BBeie-
HuM 160 3a 12 yacoB 10 3apakeHus, 1100 yepes 12 yacos
nocye Hero nHruOuposan peruukanuio SARS-CoV-2 y
cupHiickux XoMsakoB [24]. [IpodrnakTuueckoe BBeICHIE
YCTOWYHBOTO K OKHCIICHUIO JIEKTHHA TpU(UTCHHA TaKKe
00ecIeurBao 3aIIUTy CHPHACKIX XOMSIKOB OT JICTAJILHOTO
3apaxkeHus Bupycom Hunax NiV [25].

3akimoueHnne

OxcnepumenrtaibHas moaenb SARS-CoV-2-acco-
UUPOBAHHOTO HH(PEKIIMOHHOTO MPOIecca Ha CUPUHACKIX
xoMskax Mesocricetus auratus, XapakTepusyemasi ITMHaMu-
KO BBIOpaHHBIX PETUCTPUPYEMBIX U PACUETHBIX ITOKa3aTe-
JIeH, KCCIIEAOBaHHBIM MPOQUIIEM MATOMOP(POIOTUIECKUX
M3MEHEHUI, MOXeT ObITh UCIOIb30BaHA AJISI CKPUHUHTA
JIEKapCTBEHHBIX CPEICTB, MPeJHA3HAYEHHBIX [JIsl 3THO-
TponHOHW u narorenerudeckor repanuun COVID-19. [{ns
yKa3aHHOM SKCIIEPUMEHTAJIbHON MOAENN CBOMCTBEHHBI
MIOJIOBBIE pa3ianyus B (pOPMUPOBAHUU MATOIOTHYECKHUX
WU3MEHEHUI ¢ 0COOCHHO BRIpAXKCHHON MaHU(pecTanuei
MPOSIBJICHUH HH(EKIMOHHOTO MPOIlecca Y CaMIIOB.

K HaubGonee nHpopMaTHBHBIM IpU3HAKAM, 007a1a-
IOLIUM JJOCTaTOYHBIM YPOBHEM OTIIMYUI OT MHTAKTHOTO
KOHTPOJIA, CJIeyeT OTHECTH XapaKTepHOe CHUYKEHUE Mac-
ChI TeJla CUPUICKUX XOMSAKOB B TEUEHHUE MEPBBIX 7 CYTOK,
YBEJIIMYEHHE MACCOBBIX KOA((UIIMEHTOB JIETKUX, CepALa
U CEJIE3EHKH, a TAKKe MOBBILLICHUE BIarOHACHIILICHHS JIeT-
KHX uepe3 7 cyTok nocie 3apaxxeHus. [Ipu ouenke a¢pdek-
TUBHOCTH JIEKAPCTBEHHBIX CPEACTB HEOOXOAUMO YUHUTHI-
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BaTh CTENEHb KOHCOIMIAIMM TKAHU JETKUX, MPOSBICHUS
KapIuTa U OpeaynpexaeHne U3MeHEeHU HeHPOHOB KOPBI
Y TIOAKOPKOBBIX LIEHTPOB I'OJIOBHOTO MO3Ta.

Bkuaajx aBTopoB

Konuenmus u au3aiin uccnenosanust — C.B. Uenyp, M. A. TronuH,
B.A. MsCHUKOB.

C6op u obpabotka Marepuana — M.A. Tronun, H.C. UnpunCKHiA,
N.N. Anexceesa, O.0. Bnagumuposa, A.C. Hukumms, C.B. Yenyp,
B.A. llleBuenko, A.B. CmupHoOBa.

Hammcanne texcra — C.B. Uenmyp, M. A. Tionnn, H.C. Unsuackui,
A.C. Huxnmus, A.B. CmupHOBa.

Penakruposanue — C.B. Uenyp, M.A. Tronun, H.C. WnbuHckui,
B.A. llleryenko, O.0. Bragumuposa, 11.1. Anekceesa.

Author contributions

Conceived the study and designed the experiment — S.V. Chepur,
M.A. Tyunin, V.A. Myasnikov.

Collected the data and performed the analysis — M.A. Tyunin,
N.S. llinskiy, LI. Alekseeva, O.0. Vladimirova, A.S. Nikishin,
S.V. Chepur, V.A. Shevchenko, A.V. Smirnova.

Wrote the paper — S.V. Chepur, M.A. Tyunin, N.S. Ilinskiy,

A.S. Nikishin, A.V. Smirnova.

Edited the manuscript — S.V. Chepur, M.A. Tyunin, N.S. Ilinskiy,
V.A. Shevchenko, O.0. Vladimirova, I.I. Alekseeva.

BuaaronapHocTh

ABTOpBI BBIpaXKAIOT UCKPEHHIO npu3HarenabHocTh T.H. JlaBpu-
KOBOI1 3a OATOTOBKY YHHKAJIBHBIX TUCTOJIOTHYECKUX IIPEIaparos,
A.A. Vcauepoii u A.C. McaeBoli, NpUHIMABIIUM HEIIOCPEICTBEHHOE
y4acTue MPU CO31aHUH GHOJIOTHYECKHX MOJCIICH.
Acknowledgments

The authors would like to thank T.N. Lavrikova for preparing unique
histological specimens, and A.A. Usacheva and A.S. Isaeva for taking
part in the creation of the biological models.

JInuteparypa/References

1. Yenyp C.B., Ilnyxcnuxos H.H., Yybaps, O.B. baxynuna JI.C.,
Jlumeunenxo U.B., Maxapos B.A. u op. PecniupatopHsie
PHK-BupycCHI: Kak MOATOTOBUTHCS K BCTPEUe C HOBBHIMHU IaH-
JEeMUYIECKHMH MTaMMaMH. YCIIEXH COBPEMEHHON OMOJIOTHH.
2020;140(4):359-377. DOI: 10.31857/S0042132420040043.
Chepur SV, Pluzhnikov NN, Chubar OV, Bakulina LS, Lit-
vinenko 1V, Makarov VA et al. Respiratory RNA viruses: How
to prepare for meeting with new pandemic strains. Biology Bul-
letin Reviews. 2020;140(4):359-377 (In Russ.). DOI: 10.31857/
S0042132420040043.

2. Chan JF, Zhang AJ, Yuan S, Poon VK, Chan CC, Lee AC et al.
Simulation of the clinical and pathological manifestations of
coronavirus disease 2019 (COVID-19) in a golden Syrian hamster
model: Implications for disease pathogenesis and transmissibility.
Clin Infect Dis. 2020;71(9):2428-46. DOI:10.1093/
cid/ciaa325.

3. Bertzbach LD, Viadimirova D, Dietert K, Abdelgawad A,
Gruber AD, Osterrieder N et al. SARS-CoV-2 infection of
Chinese hamsters (Cricetulus griseus) reproduces COVID-19
pneumonia in a well-established small animal model. Transbound
Emerg Dis. 2021;68(3):1075-9. DOI: 10.1111/tbed.13837.

4. Tostanoski LH, Wegmann F, Martinot AJ, Loos C, McMahan K,
Mercado NB et al. Ad26 vaccine protects against SARS-CoV-2
severe clinical disease in hamsters. Nat Med. 2020;26(11):1694—
700. DOI: 10.1038/541591-020-1070-6.

Tom 10 Ne4 2021



et al. Massive transient damage of the olfactory epithelium as-
sociated with infection of sustentacular cells by SARS-CoV-2 in

OPUTMHAJIDHBIE UICCITEJOBAHNMA

5. Tastan C, Yurtsever B, Sir Karakus G, Dilek Kangagi D, Demir S, golden Syrian hamsters. Brain Behav Immun. 2020;89:579-86.
Abanuz S et al. SARS-CoV-2 isolation and propagation from DOI: 10.1016/j.bbi.2020.06.032.

Turkish COVID-19 patients. Turk J Biol. 2020;44(3):192-202. 15. Babapoor-Farrokhran S, Gill D, Walker J, Rasekhi RT, Bozor-
DOI: 10.3906/biy-2004-113. gnia B, Amanullah A. Myocardial injury and COVID-19: Pos-

6. Yao P, Zhang Y, Sun Y, Gu Y, Xu F, Su B et al. Isolation and sible mechanisms. Life Sci. 2020;253:117723. DOI: 10.1016/j.
growth characteristics of SARS-CoV-2 in Vero Cell. Virol Sin. 1fs.2020.117723.
2020;35(3):348-50. DOI: 10.1007/s12250-020-00241-2. 16. Gavriatopoulou M, Korompoki E, Fotiou D, Ntanasis-Stathopou-

7. Reed LJ, Muench H. A simple method of estimating fifty percent los I, Psaltopoulou T, Kastritis E et al. Organspecific manifesta-
endpoints. Am J Epidemiol. 1938;27(3):493—7. DOI: 10.1093/ tions of COVID19 infection. Clin Exp Med. 2020;20(4):493—
oxfordjournals.aje.al18408. 506. DOI: 10.1007/s10238-020-00648-x.

8. Puibakosa A.B., Makaposa M.H., Kyxapenxo A.E., Buuape A.C., 17. Song Z, Bao L, Yu P, Qi F, Gong S, Wang J et al. SARS-CoV-2

Piogpep ®@. CymectByromue TpeOOBaHHS U TOAXOBI K T03H- causes a systemically multiple organs damages and dissemination
POBaHHIO JIEKAPCTBEHHBIX CPEACTB JIA0OPaTOPHBIM )KHBOTHBIM. in hamsters. Front Microbiol. 2021;11:618891. DOI: 10.3389/
BenoMocTi Hay4HOTO LIEHTpa SKCHEPTU3bI CPEACTB MEAUIIUH- fmicb.2020.618891.
ckoro npumMenenns. 2018;8(4):207-217. DOI: 10.30895/1991-  18. Zhan J, Deng R, Tang J, Zhang B, Tang Y, Wang JK et al. The
2919-2018-8-4-207-217. spleen as a target in severe acute respiratory syndrome. FASEB J.
Rybakova AV, Makarova MN, Kukharenko AE, Vichare AS, 2006;20(13):2321-8. DOI: 10.1096/1j.06-6324com.
Rueffer FR. Current requirements for and approaches to dosing 19. Kaneko N, Kuo HH, Boucau J, Farmer JR, Allard-Chamard H,
in animal studies. The Bulletin of the Scientific Centre for Expert Mahajan VS et al. Loss of Bcl-6-expressing T follicular helper
Evaluation of Medicinal Products. 2018;8(4):207-217 (In Russ.). cells and germinal centers in COVID-19. Cell. 2020;183(1):143—
DOI: 10.30895/1991-2919-2018-8-4-207-217. 157.e13. DOI: 10.1016/j.cell.2020.08.025.

9. Jlyeoeux U.A., Makapoea M.H. TOKCHKOJIOTHUECKHUE HCCIE0- 20. Rogers TF, Zhao F, Huang D, Beutler N, Burns A, He WT
BaHMs. PedpepeHTHBIE HHTEPBAIEI MACCOBBIX KO(DOHUIINEHTOB et al. Isolation of potent SARS-CoV-2 neutralizing antibodies
BHYTPEHHHX OPTaHOB Ha BBIOOpKe, cocTosimieit u3 1000 aytopen- and protection from disease in a small animal model. Science.
HBIX KpbIC. JIabopaTopHbIe )KUBOTHBIE UTS HAYYHBIX HCCIISIOBA- 2020;369(6506):956-63. DOI: 10.1126/science.abc7520.
umit. 2021;1:3—-11. DOI: 10.29296/2618723X-2021-01-01. 21. Schdfer A, Muecksch F, Lorenzi JCC, Leist SR, Cipolla M, Bour-
Lugovic IA, Makarova MN. Toxicological studies. Reference in- nazos S et al. Antibody potency, effector function, and com-
tervals of mass coefficients of internal organs in a sample of 1000 binations in protection and therapy for SARS-CoV-2 infection
rats. Laboratory Animals for Science. 2021;1:3—11 (In Russ.). in vivo. J Exp Med. 2021;218(3):¢20201993. DOI: 10.1084/
DOI: 10.29296/2618723X-2021-01-01. jem.20201993.

10. Sia SE, Yan LM, Chin AWH, Fung K, Choy KT, Wong AYL et al. 22. Jia Q, Bielefeldt-Ohmann H, Maison RM, Maslesa-Gali¢ S,
Pathogenesis and transmission of SARS-CoV-2 in golden ham- Cooper SK, Bowen RA et al. Replicating bacterium-vectored
sters. Nature. 2020;583(7818):834-8. DOI: 10.1038/s41586- vaccine expressing SARS-CoV-2 Membrane and Nucleocap-
020-2342-5. sid proteins protects against severe COVID-19 disease in ham-

11. Rosenke K, Meade-White K, Letko M, Clancy C, Hansen F, Liu 'Y sters. NPJ Vaccines. 2021;6(1):47. DOI: 10.1038/s41541-021-
et al. Defining the Syrian hamster as a highly susceptible preclini- 00321-8.
cal model for SARS-CoV-2 infection. Emerg Microbes Infect. 23. Rosenke K, Jarvis MA, Feldmann F, Schwarz B, Okumura A,
2020;9(1):2673—-84. DOI: 10.1080/22221751.2020.1858177. Lovaglio J et al. Hydroxychloroquine prophylaxis and treat-

12. Imai M, Iwatsuki-Horimoto K, Hatta M, Loeber S, Halfimann PJ, ment is ineffective in macaque and hamster SARS-CoV-2
Nakajima N et al. Syrian hamsters as a small animal model for disease models. JCI Insight. 2020;5(23):143174. DOI: 10.1172/
SARS-CoV-2 infection and countermeasure development. Proc jei.insight.143174.

Natl Acad Sci USA. 2020;117(28):16587-95. DOI1:10.1073/ 24. Rosenke K, Hansen F, Schwarz B, Feldmann F, Haddock E,
pnas.2009799117. Rosenke R et al. Orally delivered MK-4482 inhibits SARSCoV-2

13. Osterrieder N, Bertzbach LD, Dietert K, Abdelgawad A, Viadi- replication in the Syrian hamster model. Nat Commun.
mirova D, Kunec D et al. Age-dependent progression of SARS- 2021;12(1):2295. DOI: 10.1038/s41467-021-22580-8.

CoV-2 infection in Syrian hamsters. Viruses. 2020;12(7):779.  25. Lo MK, Spengler JR, Krumpe LRH, Welch SR, Chattopadhyay A,
DOI: 10.3390/v12070779. Harmon JR et al. Griffithsin inhibits Nipah virus entry and fusion
14. Bryche B, St Albin A, Murri S, Lacéte S, Pulido C, Ar Gouilh M and can protect Syrian golden hamsters from lethal Nipah virus

challenge. J Infect Dis. 2020;221(Supplement_4):S480-S492.
DOI: 10.1093/infdis/jiz630.

Mudopmanus 06 aBTopax
Cepreii Bukroposuu Yernyp — JOKTOp MEAMIIMHCKUX HAyK, Tpodeccop, HayalbHUK [ 0Cy1apCTBEHHOTO Hay4YHO-HCCIIEI0BATEIbCKOTO
HCTIBITATEIHOTO HHCTUTYTA BOCHHOW MeAMIIMHEI MuHICcTepcTBa 000poHB! Poccuiickoii denepannu.

Muxawi AnekcanapoBud TIOHUH — KaHAWIAT MEIUIIMHCKUX HayK, HaYaJbHUK HAay4HO-HCCIIeA0BaTeIbCckoro otaeia [ocynapcTBeHHOrO
Hay4YHO-HCCJIEJOBATEIILCKOTO HCIBITATEIbHOTO HHCTUTYTa BOCHHOH MequumHbl MuHNCTEpCTBa 000poHk! Poccuiickoit dexeparyy.
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Banum AnexcannpoBrnd MSCHUKOB — KaHANWAAT MEJUIMHCKAX HAyK, 3aMECTHTEIb HadJaIbHUKA IeHTpa [0cyaapcTBEHHOTO HayYHO-
HCCIIEIOBATEIECKOTO MCIIBITATEIbHOTO HHCTHTYTa BOGHHOI MeunuHbI MuHNCTEpCcTBa 000poHbI Poccuiickoit @enepanum.

Hpuna ViBaHoBHa AJiekceeBa — Hay4HBIH COTPYAHUK [0Cy1apCTBEHHOTO Hay4YHO-HCCIIEI0BATEIBCKOTO UCTIBITATEIFHOIO HHCTUTYTA BOCHHON
MeruuuHbel MuHnCTEpeTBa 000poHk! Poccuiickoit @enepanun.

Oubra OneroBHa BnagumupoBa — kanauaT OMOJIOTMYECKUX HayK, HAy4YHBII COTPYAHHK [0Cy1apcTBEHHOrO HaYyYHO-HCCIIEI0BATEIbCKOTO
UCIIBITATEIEHOTO HHCTUTYTA BOCHHOW MeANIMHEI MuHHCcTepcTBa 000poHBI Poccuiickoii denepannu.

Hukura CepreeBuny UnbMHCKHIA — cTapIINi HAyYHBIA COTPYAHUK [0CynapcTBEHHOTO HayYHO-HCCIIE0BAaTEIbCKOTO UCTIBITATEIEHOTO HHCTUTYTA
BOCHHOI MeuurHbl MuHKCTEpCTBa 000poHbI Poccuiickoit @eneparun.

Anexcanap CepreeBud HUKUIINH — HAYIHBIH COTPYIHUK [0CY1apCTBEHHOTO HAyYHO-UCCIIEI0BATEIHCKOTO HCITBITATEIbHOTO HHCTUTYTA BOCHHOM
MenuuuHbel MuHncTepcTBa 000ponsl Poccuiickoit @enepanu.

Banentun Anexceesud LlleBueHKO — MiTa NI HayYHBIH COTPYIHUK [ OCynapCTBEHHOTO HayYHO-MCCIIEN0BATEIBCKOTO HCIIBITATEIBHOTO
WHCTUTYTa BOCHHOW MeAUIMHBI MuHuCcTepcTBa 000poHbI Poccuiickoit denepannu.

Anna BragumupoHa CMUpHOBa — Hay4YHBIH COTPYIHHUK [ 0OCyIapCTBEHHOTO HayYHO-NCCIIEJOBATEILCKOTO HCIIBITATEIbHOTO HHCTUTYTA BOCHHON
MemunuHel MunuctepctBa 060ponst Poccuiickoit @eneparum.
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B3anMocBA3b CTPYKTYPbI MUKPOIMPKYIATOPHOTO PyciIa
¥ METAaCTATUIeCKOTO MOTEHIMAJIa TOKAIN30BaHHBIX opM
KO/IOPEKTAaIbHOIO paKa

A.C. Koncmanmunoe'’, K.B. Illenexoea’*?

' TBY3 Cankr-ITerepOyprekuii KITMHUYECKUH HAayYHO-IIPAKTHYCCKHI HEHTP ClIeHHaTn3uPOBAaHHbBIX BHOB MEAULIMHCKON OMOIIH
(onkonormueckwuii), Cankt-IlerepOypr, Poccus

2 ®I'bBOY BO Boenno-menununckas akagemus umenn C.M. Kuposa MO P®, Cankr-IlerepOypr, Poccust

3 YOV BO Caukr-IlerepOyprekuii MeuKo-connanbHblii nHCTUTYT, Cankr-IletepOypr, Poccust

Bseoenue. HemeracTaTnueckuii KOJOPEKTAIBHBIN paKk MOXKET PELUANBAPOBATH B TEUCHHUE IISITH JIET B BUIE
OTJaJIEHHBIX METACTa30B MPUMEPHO y 25% manueHToB co I cranueit n 'y 50-60% naunenTos c 11 ctaaneit.
Od4eHb Ba)KHO ONPEICTUTH HOATPYIITY MAIlMEHTOB C CAaMBIM BEICOKAM PHCKOM peruanBa. Llens uccnenona-
HUS — OTIPEIECINTh BIUSHUE INIOTHOCTH MUKpococynoB (MVD) i MUKpPOCOCYIOB ¢ HapyIIEeHHEM TIEPHIIU-
TapHoro okpyxenus (PIM) Ha pruck MeTacTa3upoBaHHS KOJOPEKTATBHBIX aJICHOKAPIIMHOM.

Mamepuanst u memoosi. IIpoBenieH aHaIM3 ONMEPATMOHHOIO MaTepraia JOKaIH30BaHHBIX (HOpM KOIOpeK-
TaJBHOTO paka. KoropTel BKIIOUA M Cilydad ¢ CHHXPOHHBIMU OTJAJIEHHBIMH MeTacTa3amu (n=53), MeTa-
XPOHHBIMH MeTacTazamu (n=45) u 6e3 oTmaneHHbIX MeTacTa3oB (n=53). B mocienneit rpynmne karamues
coctaBui oT 64 mo 92 mecsues. Ha cpesax omyxonu ObUIO MPOBENEHO TPOMHOE MMMYHOTHCTOXMMHYECKOE
okpammBanue: ERG, a-SMA, Podoplanin. B uaBasuBHOM (ppoHTE Onpenesuincs 00JacTu ¢ HanOObIIeH
IUIOTHOCTBE) MHKPOCOCYJIOB, IJI€ MOACYMTHIBAIOCHh X KOAMYECTBO Ha muromanu 1,0 mm? npu x400. IToxa-
CYHTHIBAJIOCH KOJIMYECTBO KPOBEHOCHBIX MUKPOCOCYIOB 0e3 sKcTpeccuu o-SMA 1 pacCUUTHIBAICS HHICKC
He3pesnocTu MUKpococynoB Index-V = PIM / MVD.

Pesynomamur. HopmanbHbie KPOBEHOCHBIE COCYABI XapakTepu3oBanuch skcnpeccuerd ERG snmorennonu-
TaMu U 0-SMA nepuITaMu, TOraa Kak B COCTaBe HE3PEIBIX MUKPOCOCYIOB ITOCIECAHNE OTCYTCTBOBAIH.
Pasnuiia no MVD B rpynnax Geiia craTucTUuecky HesHauumon (p=0,414), B cpeanem 10/Mm? 1is He-
METACTa3UPYIOIHX U 11/MM? sl METACTa3HUPYIOIINX OMyXojei. MeTacTa3upyIoIHe OMyXOJH MOKa3aIH
3HAYMTENLHO Gotee Boicokuii PIM (cpeanee 3nauenue 8/mm? nmporus 2/mMm?) u Index-V (cpennee 3HadeHue
0,69 potuB 0,21). O6a moka3anu MOJOKUTEIBHYIO KOPPEISIHIO ¢ OTAaIeHHBIMHA MeTacTazamu (p<0,001).
3axnoyenue. IlomydeHHbIE JaHHBIE JEMOHCTPHUPYIOT, UYTO HECOBEPIIICHHAS HEOBACKYIISIPH3ALII B OITyXOJIH KOp-
pemupyeT ¢ MeTacTa3upOBaHUEM, UTO IPUBOAMT K XyAILIIEMY POrHO3Y. He TONBKO IIIOTHOCTh MHUKPOCOCYOB,
HO ¥ OCOOSHHOCTH MX CTPYKTYPBI SIBIISIFOTCS] BAYKHBIMU HE3aBUCHMBIMH IIPOTHOCTUYECKUMHU (haKTOpaMu AJist
MAIIMEHTOB C KOJOPEKTANbHBIM pakoM. OIleHKa aHTHOTeHe3a B OIYXOJIH ¢ TOYKH 3PEHUS KOJIMYECTBa U 3pe-
JIOCTH HOBOOOPA30BaHHBIX COCY/IOB CITIOCOOCTBYET BBISBICHHIO ITOTEHIINANA 3TTOKAYECTBEHHOCTH OITyXOJTH.

KaioueBble ciioBa: aHTHOTeHE3, IEPUIUTHI, ITIOTHOCTH MUKPOCOCY/IOB, KOJIOPEKTANIBHBIH Pak, MPOTHO3
s koppecnongenuun: Anekceii Cepreesnu Koncrantunos. E-mail: konstantinov2007@gmail.com

Jas nutupoBanus: Koncrantunos A.C., Illenexosa K.B. B3auMocBs3b CTpyKTypbl MUKPOLUPKYISTOP-
HOTO pycia ¥ METacTaTH4eCKOTo IIOTEHIINAIIA JJOKATN30BaHHBIX ()OPM KOJIOPEKTaIIbHOTO paka. KimH. sker.
Mopdomorus. 2021;10(4):35-44. DOI: 10.31088/CEM2021.10.4.35-44.

®duHancupoBaHue. Vccaen0BaHne BBINOIHEHO B PAMKaX TOCYAapCTBEHHOTO OIOKETHOro (PMHAHCHPOBAHUS.
KonduukT HHTepecoB. ABTODBI 3asBIISIOT 00 OTCYTCTBUU KOH(INKTA HHTEPECOB.

Crarbs noctynuia 01.07.2021. Iony4yena nocjie penensuposanus 20.07.2021. IIpunsita B neyats 22.09.2021.

Correlation of microvasculature structure with metastatic potential of localized forms
of colorectal cancer

A.S. Konstantinov'’, K.V. Shelekhova’*}

! Saint-Petersburg Clinical Scientific and Practical Center for Specialized Types of Medical Care (Oncological), Saint-Petersburg, Russia
2 S.M. Kirov Military Medical Academy, Saint-Petersburg, Russia
3 Saint-Petersburg Medico-Social Institute, Saint-Petersburg, Russia

Introduction. Non-metastatic colorectal cancer can recur within five years as distant metastases in about 25%
of stage II patients and 50-60% of stage III patients. It is crucial to identify the subgroup of patients with
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the highest risk of recurrence. Our study aimed to determine the effect of microvascular density (MVD) and
pericyte impaired microvessels (PIM) on the risk of metastasis of colorectal adenocarcinomas.

Materials and methods. We carried out a retrospective study of the surgical material for colorectal cancer
without metastases in regional lymph nodes. The cohorts included cases with synchronous distant metasta-
ses (n=53), metachronous metastases (n=45), and without distant metastases (n=53). In the last group, the
follow-up period was from 64 up to 92 months. We performed triple immunohistochemical staining: ERG,
a-SMA, and Podoplanin. At low magnification, we determined the areas of highest microvessel density,
calculated them on an area of 1.0 mm? with a magnification of x400. The number of microvessels without
a-SMA expression was counted, and eventually the microvessel immaturity index Index-V = PIM / MVD
was calculated.

Results. Normal blood vessels were characterized by the expression of ERG in endothelial cells and o-SMA
in pericytes, while at immature tumor microvessels, the latter were absent. The difference in MVD in
the groups was statistically insignificant (p=0.414), on average 10/mm? for non-metastatic tumors and
11/mm? for metastatic ones. Metastatic tumors showed significantly higher PIM (mean 8/mm? vs. 2/mm?)
and Index-V (mean 0.69 vs. 0.21). Both showed a significant correlation with distant metastases (p <0.001).
Conclusion. The data obtained demonstrate that imperfect tumor neovascularization correlates with metasta-
sis, which leads to a worse prognosis. The density of microvessels and their structural features are important
independent prognostic factors for patients with colorectal cancer. Evaluation of angiogenesis in a tumor in
terms of the number and maturity of newly formed vessels enable to elucidate malignant potential of the tumor.

Keywords: angiogenesis, pericytes, microvessel density, colorectal cancer, prognosis
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BBenenue

CortacHo o6o6matomieit padbore D. Hanahan et al.,
POCT 3JI0Ka4€CTBEHHOH OITYXOJIM 3aBUCUT OT BOCbMH BHY-
TPEHHUX XapaKTEPUCTHK OIyXOJIeBbIX KJIETOK: 1) He3a-
BHCUMOCTh OT BHEIIHUX HPOJU()EPATUBHBIX CHTHAJIOB;
2) HEYYBCTBUTEIBHOCTD K CUTHAJIaM, OAABJISIFOLUM POCT;
3) ykJIOHEeHHE OT amnonTo3a; 4) 6e3rpaHuYHbIA peIuIuKa-
TUBHBIM MOTEHLMA; 5) yCTOMUMBBIN aHTHOTeHe3, 6) TKa-
HeBas MHBa3Us U METAacTa3UpPOBaHHE; 7) U3MEHEHHBIN
KJICTOYHBIH MeTaboIm3M; 8) YCKONIb3aHHEe OT HMMYHHOTO
Haza3opa [1]. MHorue uccienoBaHus MOKa3aiH, YTO KOM-
MOHEHTHI CTPOMBI OITYXOJIM UTPAIOT BaXKHYIO POJIb HA BCEX
CTaJusX OMyxo0JyieBoro pocra [2]. KoMmoHeHTh CTpOMBI
BKJTIOYAIOT BHEKJIETOYHBII MaTPUKC U KJIETOUHBIE AJIEMEH-
THI (pubpobmacTer, Makpodaru, TUMQPOUUTEL U JPYTHE
BOCHAJIUTENbHbBIE KIETKH), a TAKXKe KIETKH, POpMHUPYIO-
1I1e KPOBEHOCHBIE U TUM(aTHUECKHUe COCY/IbI (IHIOTEH-
aJIbHBIE KJIETKH, NEPULIUTHI U IJIaJIKOMBIIICYHbIE KJIETKH).
3J10KaYeCTBEHHOCTD SIBJISETCS Pe3yIbTaTOM CIIOXKHOIO
B3aMMOJICHUCTBUS MEXIY CTPOMOM U OIyXOJIEBBIMU KJIET-
KaMH, IPH 3TOM KaK OITyXOJIeBble KJIETKH, TaK U KOMIIO-
HEHTBI CTPOMBI UTPAIOT aKTUBHYIO POJIb B POCTE, HHBA3UU
u MeTacTazupoBaHuu. Cocyaucras ceTb, OKpykKarouas
OIIyXOJIb M PAcTyllasi BHYTPH Hee, He TOJbKO JTOCTaBIIs-
€T MUTaTeNIbHbIE BEIIEeCTBA U KUCIOPO, HEOOXOAUMbIE
JUTsL yCTOMYMBOTO POCTa, HO Tak)Ke 00ecreunBaeT JOCTYI
KJICTOK MHKPOOKPY)KEHHI, HAIpUMEpP MakpoQaros, CIo-
coOcTBys ee nanbHeleil nporpeccuu [3]. AHTHMOreHe3
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B OITyXOJISIX PUBOIUT K (POPMHUPOBAHUIO XAOTHIHOM, TIITO-
X0 OPTaHU30BAHHON COCYIUCTON CETH C U3BUIJIMCTBHIMH,
HENPaBHIBHOW (POPMBI COCYyAaMH C MOBBIIICHHOHN MPO-
HUIIAEMOCTBIO, KOTOPbIE YaCTO HE MOTYT MOJJAEPKHUBATh
3¢ pexTuBHBIA KpOBOTOK. M3-3a HecOanaHCUPOBAHHOM
SKCIIPECCUU aHTHMOTeHHBIX (PAKTOPOB COCY/BI OITYXOJIH,
MO-BUIUMOMY, HAXOIATCA B IOCTOSTHHOM COCTOSTHUH PEMO-
JIENUPOBaHUsA, KOTOPOE BKJIIOUAET OTHOBPEMEHHOE 00pa-
30BaHUE U PETPECC COCYIUCTHIX KaHaNoB [4]. Tak e, kak
SHIOTENHUANIBHBIE KIETKH OIYXOJIM OTJIMYAroTCs OT HOP-
MaJIbHOT'0, TIOKOALIETOCs YHI0TEIHS, IEPULIUTHI OITYXO0JIN
OTIIMYAIOTCS OT HOPMAJIbHBIX TEPUIMTOB. CUUTAETCS, YTO
MICPUIIMTHL B OITyXOJISIX XYK€ (PUKCUPOBAHBI K YHIOTEIIUIO
HOBOOOPA30BaHHBIX COCYIOB U UX MUTOILIA3MAaTHICCKUE
OTPOCTKH MOTYT PacIpOCTPaHAThCA B IEPUBACKYIISPHYIO
ctpomy (puc. 1). B psine paboT mokazaHa ux MeHbIIAs
pacupoCTpaHEHHOCTh B HEKOTOPBIX OMYXOJSAX MO CPaB-
HEHHIO C COOTBETCTBYIOIIEH HOPMAJIBHON TKaHbIO. Tak,
B KapLMHOMAaX MOKENYI0UHOM JKene3bl 0TMeYaeTcs J10-
CTaTOYHO TUIOTHOE MOKPBITHE NepUuLUTaMu, a Iuodiac-
TOMBI U KapLIMHOMBI MOJIOYHOM KeJe3bl JEMOHCTPHUPYIOT
pe3Koe CHUKEHHE TUIOTHOCTHU MEPULIUTOB 10 CPABHEHUIO
C COOTBETCTBYIOIIMMHU HOPMaJIbHBIMU TKaHsAMU [4].
Takum 00pa3oM, MPEANONAraeTcsi, YT0 OIyXOJIEBhIC
KJIETKM MOTYT JIerue IPOHUKATh B He3peJible Oecrepuliy-
TapHble MUKPOCOCY/Bl U CO3PEBAaHUE COCYIOB, a TaKXKe
UX TUIOTHOCTb MOTYT OBIThH MOJIE3HBIMU MapKepamu Jis
OLIEHKH TOTEeHIIMaJIa 37I0KaY€CTBEHHOCTH OITyXOiH. B nu-
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Puc. 1. Cxema cTpoeHus 3pesoro kanuuisipa (A)
U HOBOOOPAa30BaHHOI'O COCY/a, B IIPOLIECCE AHTHOTEHE3a
B omyxoinu (B)

Fig. 1. Schematic structure of a mature capillary (A) and a newly
formed vessel during angiogenesis in a tumor (B)

Teparype BCTpeUyaeTcsi MaJio KIMHUYECKUX UCCIIeIOBAaHUI
B3aUMOCBSI3H MEXIY 3PEIOCTHI0 MUKPOCOCYIOB OITyXO-
JIM ¥ KJIMHUKO-TIATOJIOTUYECKUMH TTepeMEeHHBIMHE [5—7].
Kpome Toro, cnabo ocBerieHa B3aMOCBSI3b MEXKy OT-
JTaJICHHBIMH METacTa3aMu U 3PEJIOCThI0 MUKPOCOCYIOB
OMyXOJIH, OLIEHUBAEMOU MyTeM UIACHTU(PUKAIIUU YH]O-
TEINAIbHBIX KJIETOK U NEPUIUTOB. B cBOell pabore MbI
HCCIIeIOBAIM CTENEeHb CTPYKTYPHOM 3peIoCTH HOBOOO-
Pa30BaHHBIX COCY/IOB U UX CBSI3b C KOJIMYECTBOM MHUKPO-
COCY/IOB, KIIMHUKO-TIATOJIOTMYECKUMU MTapaMeTpaMu U OT-
JTaJICHHBIM METACTa3UPOBAHUEM NPH JIOKATU30BaHHBIX
(hopMax KOJIOPEKTAIBHOTO pakKa.

Marepuanbl 1 METONBI
Kozopmur nayuenmos

Ha apxuBnom marepuane Cankr-IlerepOyprckoro Kiu-
HUUYECKOTO HAyYHO-TPAKTUUECKOTO LIEHTPa CIIELUATN3UPO-
BaHHBIX BUJI0OB MEULIMHCKOM ITOMOILH (OHKOJIOTHYECKHI) €
2012 o 2015 ron mpoBenen ananu3 1350 orneparnBHO yna-
JICHHBIX OITYXOJIEH TOJICTOH KUIIKHU. 113 HUX OBLIO BRIOPaHO
98 ciryyaeB JOKaJIN30BaHHBIX ()OPM KOJIOPEKTALHOTO paKa
B COOTBETCTBUH CO CIIEIYIOIIMMHU KPUTEPUSAMHU: 1) OITyX0Ib
0001 r1yOMHBI MHBa3uM, KpoMe Tis — HHTpa3NUTEIu-
aJbHas MHBA3Us MJIM MHBAa3Usl COOCTBEHHOW IIACTUHKU
CIIM3UCTOM 000JI0UKH, 2) OTCYTCTBUE MOPAKEHUSI PETUO-
HAPHBIX JTUM(PATUICCKUX Y3JI0B U KIMHIHYECKH BBLIBICH-
HBIX CUHXPOHHBIX OTJaJ€HHBIX METaCTa30B Ha MOMEHT
onepanuy, 3) He0aJbIOBAHTHOE XUMHOTEPANIEBTUYECKOE
W/WITY JTyYeBOE JICUCHUE HE TIPOBOIMIOCH, 4) HeCTIeu(u-
YEeCKHUI TUCTOJIOTNYECKHM MOITHUI aJIeHOKapIIMHOM, B TOM
YHCIIe OIYXO0JIH, UMEIOIINE 0YaroByI0 MyLIMHO3HYIO I (-
(bepeHupoBKy (TUI0IIAAb BHEKJIETOYHOIO MyIIMHA Ooee
10%, Ho menee 50%), HE OTHOCAIIUECS K MYITHHO3HBIM
KapLMHOMaM 1o kpurepusim BO3, 5) orcyTcTBUE EepBUY-
HBIX OMYXOJIEH IPYTUX JIOKaTU3aluil.

[To naHHBIM KaTaMHe3a, OCHOBAaHHOI'O Ha MaTepHasax
MEAULMHCKON JOKYMEHTAaUWU U WH(POpMALIUH, MTOTyYeH-
HOU y MTAlUECHTA W/WIIN €TO MPEICTaBUTENs, UCCIeayeMas
BbIOOpKa ObLIa pasziesieHa Ha JIB€ TPYIIbl B 3aBUCHMOCTH
0T OTCyTCTBUA (N=53) WM HAJTUYUS OTJAJIEHHBIX METaX-
POHHBIX MeTacTa3oB (n=45), OCHOBBIBASICh Ha pE3YINIbTATAaX,
KaK MUHUMYM, MSTHJIETHETO KIMHUYECKOrO HaOIoneHus
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(ot 64 0 92 MecaueB). B KOHTPONbHYIO TPYIITY BOLLIN
WHBa3UBHbIE OIYyXOJIH 0€3 MOpakeHHsI perHOHAPHBIX JTUM-
(oy3110B, HO C OTIaIEHHBIMU CHHXPOHHBIMU METacTa3aMu
(n=53), nony4uBLIIMMHU MOP(OJIOrHIECKYIO BEpH(PUKALIHIO.

Hccnedyemvle xapakmepucmuku u UCnoIb3yemble
MemoouKu

B 3aBucMMOCTH OT JIOKaJIM3aLUHU OMYXOJU CIydau
ObUIM TIOZIpa3/ieIeHbl Ha TPY KaTeropyUu: PaBoii MOJIOBUHBI
TOJICTOM KULIKH (BKJIFOUAET CJICMYIO KUIIKY, BOCXOASIIYIO
000J0YHYIO KHILIKY, [IEYCHOYHBIN YTOJI U IPOKCUMAJIbHBIE
JIB€ TPETU NONepeyHoi 000J0YHON KUIIKH), JIEBOH I0-
JIOBUHBI TOJICTOW KUIIKHU (BKJIIOYAET AUCTAIBHYIO TPETh
MOTIePEYHON 000JOYHON KHUIIIKH, CEIe3EHOUHBIN yTo, HUC-
XOALIYI0 000JJOYHYIO KHIIKY U CUTMOBHJIHYIO KUIIIKY)
Y TIPSIMON KMILIKH.

Onpenensiiy cTeneHb TUPPEPeHINPOBKU B COOTBET-
CTBUM C YTBEP)KICHHBIMU PEKOMEHIALMAMHU 5-T0 U3JaHUS
KJ1acCU(UKALMK Oy XOJIeH KeTyJOUHO-KUILIEUHOTO TPaKTa
BO3 [8]. B kareropuro low-grade BKIIIOUEHBI OITyXOJIH,
paHee OTHOCHBIIHUECS K BBICOKO- M yMepeHHoau(hepeH-
UPOBaHHBIM, B Kateroputo high-grade — Huskomuddepen-
UUPOBaHHbIE OMyX0Ju. OLEHKY IPOBOAMIIM 10 HAUMEHEE
muddepeHIPOBAHHBIM yIaCTKaM.

Craauio oImyXxoJeBoro mpouecca ycTaHaBIMBaJH B CO-
OTBETCTBUU C KPUTEPHUAMH 8- penakiuu kiaccuduka-
ur TNM AJCC/UICC [9]. OnenuBanu iiyOHHY WHBa3HU
ONYXOJIbIO KUIIEYHOW CTEHKH M YUCIIO MCCIEIOBaHHbIX
PETHOHAPHBIX JIMM(PATHIECKUX Y3IIO0B.

[Tocne u3yueHus npenapaToB, OKpaIIeHHbIX reMaro-
KCHJIMHOM ¥ 303WHOM, U3 KXKI0T0 cllyyast BBIOMpau 010K
OIIYXOJIM ¢ HauOoblel ITyOMHON MHBA3UH, C KOTOPOTO
W3TOTABIMBAJIH CPE3bl TOJIIIUHON 4 MKM AJ1s1 JanbHen1Ie-
ro0 MMMYHOTUCTOXUMHUYECKOT0 uccnenosanud. Ilposoau-
JIY TPOHHOE OKpalIMBaHHE B aBTOMAaTHUYECKOM CTelHepe
Ventana BanchMark XT (Roche, IlIsefinapus) mo coot-
BETCTBYIOLUM IIPOTOKOJIAM, C UCIIOJIb30BAaHUEM CIIEIYI0-
mux antuten: ERG (EP111, 1:150, Epitomics, CILIA) —
HYKJIEONPOTEHUH SHOTENHAIbHBIX KJIETOK KPOBEHOCHBIX
n muMparnyeckux cocynon; a-SMA (1A4, 1:200, Dako,
JaHus) — o-raaJKoMbIIIEUHBIA aKTHH, OEJIOK MHKpPO-
(¢uIaMeHTOB IIUTOCKENEeTa, BBISBIsAEMbIi, B YaCTHOCTH,
B LIUTOIUIa3Me MEPULUTOB U IJ1aJAKOMBIIIEYHBIX KIIETOK;
Podoplanin (D2-40, 1:50, CellMarque, CIIIA) — Tpanc-
MeMOpaHHBIN [TTMKONPOTEHH, BBISBISIOIINNACS B SHAOTE-
TuH TUM(paTHIeCKuX, HO He KPOBEHOCHBIX cocynoB. Ha
MOCTAHAIUTHYECKOM HTAle OICHUBAIU CIEIU(PHIHOCTH
MIPOBEJCHHOT0 OKpAIIWBaHuUs, AJIS 4ero BRIOUPAU ydac-
TOK HOPMaJIbHOH TKaHU Ha yAaJIeHWW OT omyxoiu. [lpu
yBeJIM4eHUU 00beKkTHBa X40 OLIeHHBaIM OKPAcKy COCYOB
KalMUIPHOTO TUITA U TUM(ATHIECKUX cocynoB. Kpoe-
HOCHBIE COCY/BI ONPENEISUIMCh 110 HAIMYUIO B UX MPO-
CBETE IPUTPOLIUTOB, IPOCBETHI JINM(PATHUECKUX COCYI0B
conepxanu TuMQPoIUThl Wi Obutn myctel. Juddepen-
MUPOBAHHYIO OKPACKY TUM(ATHUECKUX KAIMHIIIPOB, MO-
cpeactsoM Podoplanin, mpoBoAMIH U X UCKIFOYCHUS
u3 nozcyera. [Ipn ycremHom okpaiBaHul KPOBEHOCHBIE

Tom 10 Ne 4 2021 37



OPUTMHAIBHBIE MICCITEJOBAHNMA

KalWJUISpbl OTIIMYAIUCh KPACHBIM KOHTYPOM I10 CpaBHe-
HUIO C KOPHYHEBBIM KOHTYPOM JTHM(aTHIECKUX COCYIOB.
[Hanee, mepemMeniasce BIOJIb HHBA3UBHOTO (PPOHTA OITYX0-
T, HAXOAMJIH YYACTKH C HanOoJee pa3BUTHIM MUKPOIIHP-
KYJIATOPHBIM pyciioM. [IpoBoamiy moacdeT o0mero yncia
MHUKPOCOCYAOB, UCKITIOUas TuMpaTuiecKue, Ha MIouaam
B 1 MM? — ttotHOCTH MEKpOcocyaoB (MVD). Hosoo6pa-
30BaHHbIE COCY/IbI, JIUILIEHHbIE KOHTYpa U3 KIETOK, JKC-
npeccupyoomux a-SMA, oTMedann Kak MUKPOCOCYIbI €
HapylIeHWEeM IepuIuTapHoro okpyxenus (PIM).

Craructuyeckyto 00paboTKy JaHHBIX POBOAMIIHU C UC-
MOJIb30BAHUEM ITAKeTa MporpamMMel Statistica st Windows
(Bepcust 9).

KonuuecTBeHHbIE MMOKa3aTeNn OLIEHUBAIU Ha Mpea-
MET COOTBETCTBHUS HOPMaJIbHOMY PacIpeleIeHHIO C T0-
Motbko kpurepus Llanupo—Yunka (pu 4ucie ucciaery-
embIx MeHee 50) unu kputepus Koamoroposa—CMupHOBa
(mpu uucne ucciaenyemoix 6omnee 50). B ciydae oTcyT-
CTBHSI HOPMAJIbHOTO pacipenesieHus] KOJTU4eCTBeHHbIE
JaHHBIE OTMHCHIBAIM C TIOMOLIBI0 Meauanbl (Me) 1 HH1X-
Hero u BepxHero kBaptuieil (Q1-Q3). KareropuansHeie
JAHHBIC OTIMCHIBAJIH C YKa3aHHEM a0CONIOTHBIX 3HAYCHHIA
Y MIPOLIEHTHBIX Josel. CpaBHEHHE TpeX U 0oJiee rpyI 1o
KOJIMYECTBEHHOMY I1OKa3aTeJto, pacipeielieHue KOTOporo
OTIMYAJIOCH OT HOPMAJIBHOTO, BBIIOJHSAIN C IOMOLIBIO

kputepust Kpackena—Yonnuca, anocrepuopHble CpaBHe-
HUS — C TIOMOILBIO KpuTepus JlaHHa ¢ monpaBkoi Xonma.

PesynbraThl

CpenHuii Bo3pacT NalueHTOB BO BCEX IpyIIax cocra-
BHJI OKOJIO 65,9410 neT, cOOTHONIEHUE MYKYUH U KEH-
muH — 1:1,5. B rpymnme 6e3 MeTacTa3oB yallle BCTPEYaInch
OTIYXOJIH JICBOW IMOJIOBUHBI TOJICTOW KUIIKU — 32 (6,4%).
IIpu 3TOM cpeau Bcex OmyxoJieil mpaBOCTOPOHHEH JioKa-
mu3anuu 47,2% ciydaeB ObUTO U3 TPYIIEI C CHHXPOHHEI-
MU OTHAJICHHBIMH METaCTa3aMH, YTO MOXKHO OOBSICHHTH
ux Oosee NO3THUM KIMHHUYECKHUM MposBiIeHreM. Bo Bcex
rpymnmnax npeo0iaaany OMyXoJaH, UHBa3UPYIOLIHE B CTEHKY
Ha YPOBHE OKOJI0000I0YHOM/CyOCepOo3HOM/ mapapeKTaib-
HoU kieTdaTku, — pT3. MHBa3us B cepo3Hyto 000JI0UKY
(pT4a) wim B cocenuue opransl (pT4b) nocroBepHO yaie
BCTpeuanach B rpynmax ¢ meracrazamu (p<0,001). Bo Bcex
rpynmnax adCconoTHOe OONBIIMHCTBO OMyXOJIel Xapakre-
PHU30BAJIOCH HU3KOH CTENEHbIO TMCTOJIOTHYECKOH 3JI0Ka-
yectBeHHOCTH (low-grade).

Pe3sysbrar TpOoiiHOr0 UMMYHOTUCTOXMMUYECKOTO OKpa-
IIMBaHMA B HOPME U B OITyXOJIM NIPEJICTaBJIEH Ha PUCYHKe 2.

IIpu oLieHKe MUKPOLUPKYIIATOPHOTO PYCJIa BBISIBIECHbI
cienyromue ocodeHnoctu. CpeqHsis INIOTHOCTh MUKPO-
COCYIIOB MEXAY IrpylIaMH 3HaYUTEIbHO HE OTJINYanach

Puc. 2. TpoliHOe IMMYHOTHCTOXUMHYECKOE OKPAIIUBAHUE MUKPOCOCYIOB.
A — s71pa SHIOTETHANBHBIX KJIETOK KPOBEHOCHBIX (8epxyuika cmpenxu) 1 muMpaTuaeckux (veprvle cmpenki) KamuUIIPOB
OKpaIleHs! B KopuuHeBbIi 11BeT (Mapkep ERG). KpacHsIii KOHTYp KpOBEHOCHBIX COCY/IOB CBS3aH C HATMYNEM IIEPHLIUTOB,
(mapkep 0-SMA). KopudHeBblit KOHTYp JTUM(ATHUSCKUX COCYOB ONPEACNISETCS IUTOIUIA3MATHUSCKUM OKpaIlIMBaHUEM
SHIOTEMANBHBIX KJIeTOK (Mapkep Podoplanin). B — HOBo0Opa3oBaHHBIN KPOBEHOCHBIN coCya (benas cmpenka) UMeeT
HETIPaBIIbHYIO (GOpPMY, JINIIECH NIEPUIUTOB U COXPAHSET TOJIBKO KOHTYP U3 SHJIOTEIHAIBHBIX KIETOK, ONIPEAeIIIeMBIH SapaMH,
OKpalIeHHEIMHI KopuaHeBEIM (Mapkep ERG). Ob6pammaer BHUMaHKE BEIpaXX€HHAs JieCMOILTacTHIecKast CTpoMa, Gorarast
aKTHBHPOBaHHBIMHU MUO(uOpodIactamu (Mapkep a-SMA). Macmrabnas mkana = 200 MkM

Fig. 2. Triple immunohistochemical staining of microvessels.

A — the nuclei of the endothelial cells (arrowheads) and lymphatic (black arrows) capillaries are colored brown (ERG marker).
A contour of the blood vessels appears red due to presence of pericytes (a-SMA marker). The brown-colored cytoplasm of the
endothelial cells of the lymphatic vessels is defined by the brown Podoplanin outline. B — newly formed misshapen blood vessels
(white arrow) in the tumor stroma are devoid of pericyte and retain only the contour of their endothelial cells, detected by nuclei
stained in brown (ERG marker). Noteworthy is the pronounced desmoplastic stroma rich with activated myofibroblasts (a-SMA

marker). Scale bar =200um

38 KIMHUYECKAA V1 SKCITEPMMEHTAJTIbHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

Tom 10 Ne4 2021



u cocraBmia 10/mMm? uist Tpyrmbl 6e3 MeTacTtasos U 11/mMm?
JUTsl METacTa3upyloLux onyxojeil. B onyxomnsax ¢ meta-
XPOHHBIMH U CHHXPOHHBIMH METaCTa3aMH CpeIr HOBOOO-
Pa30BaHHBIX COCYJOB Yallle BCTPEYATUCh KallWUIAphL 03
MEPUIIUTAPHOTO OKPYKEHHUS, B cpeHeM 8/mMm* u 9/Mm?,
COOTBETCTBEHHO, [10 CPABHEHHUIO C HEMETACTa3UPYIOLIUMHU
omyxossimu — 2/mm? (p<0,001). O6G001IeHHBIE TaHHBIE IO
pesyibTaTaM aHaju3a Bcex MoKa3aTelieil B HccielyeMbIX
rpyMninax MaludeHTOB MpeJCTaBlIeHbl B Tadnuie 1.
Pacuernsiii Index-V oTHOCHTCS K KOJTIYECTBEHHBIM IO~
KaszarelsiM, paclpeneneHue KOTOPhIX He COOTBETCTBYET
HOPMaJIbHOMY, Pa3lInuus MEXIY IpyIIaMy ¢ METacTa3aMu

OPUTMHAJIDHBIE UICCITEJOBAHNMA

1 0e3 MeTacTa3oB peACTaBIeHbI Ha pUCYyHKe 3. MeTonoM
MOCTPOCHHUS KJIACCH()UKAIIMOHHBIX AEPEBbEB OBLIO IMOITY-
YeHo noporosoe 3HayeHue Index-V = 0,5, npuHIMNHATb-
HO 3HAUYMMOE JJIS OLICHKH pHcKa MeTacTtaszupoBanus. [Ipu
Index-V menbme nm pasaoM 0,5 orHomenue puckos (OR)
OBLTO MUHUMANBHBIM, a 1IpH Index-V Gomnbie 0,5 cocra-
B0 138,4. DTO OTHOIIEHHE TTOKA3BIBAET, BO CKOJIBKO pa3
MOBBILIAETCS PUCK METACTa3UPOBAHUS MO CPABHEHHIO C
MUHHUMAaJIbHBIM YPOBHEM TOKa3aTels.

Kak BugHO M3 TabnuLb! 2, MpeBbILIEHHE TOPOrOBOTO
3HaueHus Index-V ormeuaercs B 38 ciywasx (42,69%)
B IpyIIe C METaXpOHHBIMU MeTacTa3ami, B 49 (55,05%)

Tabnuya 1 | Table 1

IToka3are/ii OeHUBAEMbIX XaPAKTEPUCTHK B HCCJIeyeMbIX FPyINIax |
Values of the factors in groups

be3 meTacTazoB

. (n=53) |
IMoka3ares | Variable Without metastases
(n=53)

Bospact | Age
Menunana | Median 67
QQ, 60-75
IToa | Sex
Myskckoit | Male 21 (40)
XKenckwuii | Female 32 (60)
Jloxamm3anus | Localization
IMpaBas cropona | Right-sided 11 (21)
JleBas cropona | Left-sided 32 (60)
INpsimas kumika | Rectum 10 (19)
Kareropus T | T category
1 0
2 0
3 49 (92)
4a 1(2)
4b 3 (6)
CreneHb rHCTOJIOTHYECKOM
3/10KayecTBeHHOCTH | Grade
Low-grade 47 (89)
High-grade 6 (11)
MVD
Menunana | Median 9
QQ, 7-11
PIM
Menunana | Median 2
QQ, 1-3
Index-V
Menwnana | Median 0,18
QQ, 0,09-0,33

* TUHEHHBIH TeCT Xz ISl OLICHKU CTaTHCTUYECKOM 3HAYNMMOCTH.

C MeTaxXpOHHBIMH
MeTacTa3amMu
(n=45) |
With metachronous
metastases (n=45)

C CHHXPOHHBIMH
MeTacTa3aMu
(n=53) | p*
With synchronous
metastases (n=53)

65 65 0,898
58-72 59-74
23 (51) 23 (43) 0,391
22 (49) 30 (57)
8 (18) 17 (32) 0,493
21 (47) 21 (40)
16 (35) 15 (28)
0 0 <0,001
2(4) 509
38 (85) 29 (55)
1(2) 9(17)
4(9) 10 (19)
42 (93) 44 (83) 0,872
3(7) 9(17)
11 10 0,414
8-13 8—12
7 8 <0,001
5-10 6-10
0,72 0,8 <0,001
0,6-0,86 0,68-0,91

MVD — nnotHOCTH MUKpOcocynoB, PIM — muxpococyznst 6e3 nepururos, Index-V — cooTHomeHne 6ecepuIUTapHEIX COCYI0B

K 00IIIeMy 9HCITy MHKPOCOCYIOB
* 4? linear test for trend.

MVD — microvascular density, PIM — pericyte impaired microvessels, Index-V — the ratio of pericyte impaired vessels to the total

number of microvessels
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Fig. 3. Value of Index-V in groups without metastases and with distant synchronous and metachronous metastases

Tabnuya 2 | Table 2

Pacnpenenenne ciiyuaeB B rpynnax 6e3 MeTacTa3oB H ¢ MeTACTA3aMH NPH Pa3JIHYHBIX 3HaYeHUAX Index-V |
Distribution of cases in groups without metastases and with metastases at different values of Index-V

Be3 meracrasos |

C MeTaxpOHHBIMH MeTACTA3aMH |

C CHHXPOHHBIMHM METACTA3aMH |

TokasaTes | Suavenus Without metastases  With metachronous metastases With synchronous metastases Bcero |
Variable noxasaress | o o o Total
Value aoc. | % aoc. | % aoc. | %
abs. abs. abs.
Index-V Index-V<0,5 51 82,25 7 11,29 4 6,45 62
(P<0.001)  Index-v>0,5 2 2,24 38 42,69 49 55,05 89
Bcero | Total 53 35,1 45 29,8 53 35,1 151

CJy4asx ¢ CHHXpPOHHBIMH METacTa3aMU [0 CPaBHEHUIO
JMILB ¢ ABYMs ciydasmu (2,24%) 6e3 meTacTas3os.

C ucnonp3oBanueM ko3 dunpenta koppessunu Crnup-
MeHa (p) ObuIa ycTaHOBJIEHA TOJIOKHUTEIbHAS B3aUMOCBS3b
Mexy MVD u PIM (puc. 4). B rpynne 6e3 metacta3os
p=0,294 (p=0,033), B rpymnmne ¢ METaXpOHHbIMH OTJa-
nenHbiMu Metactazamu p=0,701 (p<0,05) u B rpynme
C CMHXPOHHBIMHU OTHaJleHHbIMU MeTactazamu p=0,901
(p<0,001). Cnenyetr OTMETHTh yCHUJIIEHUE B3aHMMOCBSI3H
MEX]ly 3TUMH MOKa3aTesIMUA B TPYIIax ¢ OTIaJIeHHbIMU
METacTa3aMu, YTO OTPaKaeTCs MPUOIKEHUEM MTOKa3aTes
kos(pdunuenra k 1,0.

JocroBepHas KOppesiLys MEXKAY CTENEHbIO THCTONO-
TUYECKOH 37I0Ka4Y€CTBEHHOCTH U IUNIOTHOCTHIO MUKPOCOCY-
JIOB WJIM YHCIIOM COCYIOB 0€3 MIEPUIIUTAPHOTO OKPY KECHHS
He Obli1a yCTaHOBJIEHA HU B OTHOM U3 UCCIIELyEeMBbIX IPYIIL.
Takum 00pazoM, ypOBEHb HE3PEIOCTH MUKPOCOCYIOB OITy-
XOITH HE KOPPEIUPOBAN CO CTEIEHBIO TU((EepeHIPOBKH
OITYXOJIH.

O6c¢cyxnmeHne

Bormpoc nuMdoreHHo#i U reMaToreHHOW TUCCEMUHA-
LIHU ABJISIETCS MPEIMETOM JAaBHUX MCCIEAOBAHUN U, Be-
POSITHO, CUJIBHO 3aBUCHUT OT MPOUCXOXKICHUS U JIOKAIU3a-
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UK nepBuyHoi onmyxoiu [10]. IToTok nHTepCTULIMANTBHOM
KUAKOCTU K TUM(PATHIESCKUM COCYIaM M MPOMEKYTKH
B OHJIOTEJIUATbHON BBICTUIIKE TUM(PATUYECKUX KaITUILIS-
POB 00JIETHAIOT IOCTYI U MPOHUKHOBEHHE OIMYXOJIEBBIM
kietkaM. Kpome Toro, aumdarnyeckue coCcyasl JINLIIEHBI
[IaAKOMBILIEYHBIX KJIETOK U MEPULIUTOB, KOTOPbIE B IIPO-
THBHOM CJly4ae MOIJIM Obl MPENsATCTBOBATh MPOHUKHOBE-
HUo B cocyanl [11, 12]. B otnuuune ot aumdaTruuecKux
KPOBEHOCHBIE COCY/BI JI000r0 pazMepa 00bIYHO COCTOAT
U3 HECKOJIBKUX CIIOEB KIIETOK. B cocynax kanuOpa BeHyn,
BEH, apTePUOJI U apTepUi OHU HA3bIBAIOTCS [V1aIKOMBILIEY-
HBIMHU KJIETKaMH, MOCKOJIBbKY XapaKTepU3YIOTCS BBICOKUM
ypOBHEM 3Kcrpeccun 0-SMA 1 MOTYT 00pa30BBIBaThH J10
HECKOJIBKHX CJI0€B COKPATUTENBHBIX KJIETOK, BCTPOSHHBIX
BO BHEKJICTOYHBIN MaTPUKC, OOTaThIi 377aCTUHOM H (UO-
PULIAPHBIM KOJJIareHOM. B KanuyuisipHOM 3BeHE KJIETKH
a0JIOMUHAJILHOTO CIIOSI HAa3bIBAIOTCS MEPULUTAMH U Xa-
PaKTEepPU3YIOTCSA HU3KUM ypOBHEM 0-SMA, HO CUIIbHOM
JKCIpecCcHell XOHAPOUTHHCYIB()ATHOTO MPOTEOITHKAHA
NG2 [13]. Bo Bpems naTopu3u0I0rHYECKUX MPOLIECCOB
(Bocmanenue, puOpo3, OMyX0JIEBHII POCT) MIEPULIUTHI aK-
TUBHUPYIOTCA KoMOuHanuei ¢akropos pocta (PDGF-f,
VEGFo u TGF-1) u 1eMOHCTpHUPYIOT U3MEHEHHBIE IIPO-
(¢uH MapkepoB, B YaCTHOCTH MOBBIIICHUE YKCIPECCUU
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Puc. 4. Koppensuus mexxay MVD u PIM.
A —rpynmna 6e3 MeTacTa3oB. B — rpymnmna ¢ MeTaxpoOHHBIMU
OTAAaJICHHBIMHU ME€TacTasaMu

Fig. 4. Correlation between MVD and PIM.
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Lt
aw e eel EXEEES

OTAaJICHHBIMHA MCTAacTa3aMu. C- rpynna ¢ CHHXpOHHBIMU

A — group without metastases. B — group with metachronous distant metastases. C — group with synchronous distant metastases

a-SMA, uto XxapakTepusyeT ux TpancauddepeHInpos-
Ky B Muopubpobnactsl. Takxke oTAelIeHHE TEPULIUTOB
OT BHEKJIETOYHOI'O MaTpUKca MPUBOIUT K YBEJIUUEHUIO
MPOHULIAEMOCTH COCYZIOB, YTO CIIOCOOCTBYET MUTPALIUH
BOCMAJIUTEIBHBIX KJIETOK, POCTY U METaCTa3UupPOBAHUIO
onyxoinu [14]. Tem He MeHee CYLIECTBYIOT U Apyrue
TUIOTE3bl O KJIETOYHOM MPOHUCXOXKAEHHUU
MUO(pUOPOOIACTOB, BKIIOYAsT PE3HICHTHEIS
¢bubpobnacTel, GUOPOIUTEI, STTUTETNAIIEHBIS
KJIETKH (BCJIEICTBUE SIIUTENUATbHO-ME3EHXU-
MaJIbHOrO Mepexoja), KJIETKH KOCTHOTO MO3-
ra, SHIOTeIHalbHbIe KIeTkH. CTeneHp BKiIaaa
MEPULIUTOB B MOAYJISILIUIO BOCHAIUTENbHBIX
KIJIETOK mpHu Guodpo3e u TpancauddepeHmn-
POBKY B puOpoOIacTsl itk MEOPHOPOOITACTHI
IIpHU KaHLEpOreHe3e BCe elle OCTaeTcs B 3Ha-
YUTENbHOI CTEeNeHH HesSCHOM.
[TepuBackymnsipHble CTPOMaNbHbIE KIETKH,
UJIW TIEPULIUTHI, U3BECTHBI 1aBHO (BIIEpBbIE
ommcanbl Kapiaom D6eprom B 1871 roxy), onu
00HapyKUBAIOTCSl B HOPME Ha HapY>KHOMH CTO-
pOHE KPOBEHOCHBIX (He MUM(aTHUecKux) Ka-
MUISIPOB, I 00eCIeYNBaIOT MEXaHUUECKYIO
1 (PU3HOIOTUYECKYIO TAPAKPUHHYIO TOJAEPK-
KY TTOKOSIIIIMXCS DHA0TENNATbHBIX KIeTOK [ 14].
[lepuuuThl NpeACTaBISIOT COOOW BUA CHielHa-
JIM3UPOBaHHBIX ME3EHXUMAJIbHBIX KJIETOK (B Ha-
CTOSILLIIA MOMEHT CYMTAIOTCS OHTOT€HETUYECKU
CBA3aHHBIMU C COCYAMCTBIMH IJIaAKOMBILIEY-
HBIMU KJIETKaMH ), IOTPY>KEHHBIX B 0a3aIbHYIO
MeMOpaHy KPOBEHOCHBIX COCYIOB, C OOJIBIINM
YHCIJIOM NEPBUYHBIX U BTOPUUHBIX OTPOCTKOB,
My(QTOOOpa3HO OXBATHIBAIOIINAX COCYIUCTYIO

TpyOKy (puc. 5).

A ¢

f

-
Puc. 5.

Fig. 5.
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IToka He cylIecTByeT yHUBEPCAIBHOIO MapKepa, KOTO-
PBIii ObI MOT UIICHTU(DHUIMPOBATH BCE MIEPHUIUTEL, U HX 00BIY-
HO BBIABIISAIOT C IOMOIIIBIO MOJIEKYJIIPHBIX MapKePOB, TAKUX
Kak 0-SMA, IeCMHH W1 BBICOKOMOJIEKYIIIPHBIN MEJIaHOMa-
accounnposanHblii antured (HMW-MAA) [15, 16]. H. Kurz
et al. COOOIIAOT, YTO MEPULIUTHI IKCIIPECCUPYIOT IECMHH, HO
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S A
Cxema CTpOeHHs COCYAUCTON CTEHKH.

A — KOHTHHYYM [IUTOAPXUTEKTYPbI IEPHIIUTOB OT apTEPHOI

K BeHyJIe. B — ynbTpacTpyKTypHBIC XapaKTepPUCTHKU MEPULIUTOB

Y NEPULUTIHIOTENNATIBHBIX B3auMoaencTBuil. [lepuuut

3pesoro kanwuisipa (P) nmeer oburyro 6a3anpHy0 MeMOpaHy

¢ sHnoTennanbHoi Kietkoi (E), M oM 00pa3yroT MHOTOUHCIICHHBIE
HpSIMbIE KOHTAKTBI Pa3HOTO THUIA: CXeMaTHYECKH H300paKeHBI
IUTOTHBIE KOHTAKTHI M COSMHEHUS THIIA «3aMOK» (110 A. Armulik,
G. Genove’ u C. Betsholtz, 2011)

Schematic structure of the vascular wall.

A — a continuum of mural cell cyto-architecture from arterioles

to the venule. B — ultrastructural characteristics of pericytes and
pericyte-endothelial interactions. The mature capillary pericyte (P)
share basal membrane with endothelial cell (E) and make numerous
direct contacts of different types: schematically depicted are peg-
socket contacts and adhesion plaques (adopted from A. Armulik,

G. Genové, C. Betsholtz, 2011)
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OPUTMHAIBHBIE MICCITEJOBAHNMA

He 0-SMA, Ha paHHUX CTaJUIX MPOPACTAHUS KATUILUIAPOB
IIPY aHAJIM3€ aHTHOTeHe3a OIMYXOJIH XOPHOAIJIAHTOUCHOU
MeMOpans! y ntuil [17]. 3aBucHMOCTh SKCnpeccu a-SMA
OT CTENeHU 3PEeJIOCTH HOBOOOPA30BaHHBIX COCYNIOB ObLIa
TaKKe MOATBEP)KIeHAa HaMU Ha MPUMEpe OKpaIlIUBAHUS
rpaHyISIUUMOHHON TKaHu. Tak, MpoaeMOHCTPUPOBAHO, YTO
MIOYTH BCE HOBOOOPA30BaHHBIE KAMJUISPHL, IPEACTaBICH-
HBIC IPOCTHIMH TPYOKamu, chopMUpOBaHHBIME 1—2 3HITO0-
TeJIMAJIbHBIMU KJIETKaMH Ha TIONIEPEYHOM Cpe3e, He UMEIH
OKpY>KEHHs, dKCIpeccupoBaBLIero o-SMA, Ttorna kak K
nepudepun pa3pacTaHuii, o Mepe UX yCIOKHEHHS U BETB-
JICHUS, IOYTH BCE COCYUCTBIE CTPYKTYPhI JaBajIH MOJI0KH-
TEJIHYIO AKCIIPEeCcCHIo 0-SMA. DTH BBIBOJIbI COITIACYIOTCS
¢ mpeapaymuMu padoramu. TpeOyroTcs JONONIHUTENbHbIE
UCCIIeJOBAaHUSA JJ1S BBISIBIICHUA CIIELU(PUUECKIX MAPKEPOB
MIEPUIIMTOB B OIyXOJIEBOM aHI'MOIeHE3€ YeIOBEKa.

CooTHoLIeHHE SHAOTETHABHBIX KJIETOK K IEpULIUTaM
BapbUpPyeT B pa3HbIX opranax ot 1:1 B roJioBHOM Mo3re
10 10:1 B cKeneTHBIX MBIIIIAX, B CPEIHEM NEPULIUTHI 110~
kpbiBatoT ot 70 1o 10% aOnoMHHAIBEHON MOBEPXHOCTH
supotenus [14]. YcraHoBieHa ceKkpeuus NepuuTaMu
aHTunpoudepaTHBHBIX (HaKTOPOB, K MPUMEPY aHTHOIIO-
atuH-1 (Ang-1) uepes peuenrtop Tie2 Ha FSHAOTETUATBHBIX
KJIeTKax oOecrieunBaeT ux crabuinmnsauuio. Hexkoropsie ne-
PHULUTHI MOTYT MPOAYLUPOBATh HEOOJIBLIOE KOIHYECTBO
COCYIMCTOTO SHAOTENHaIbHOTO (pakropa pocra (VEGF)
TS obecrieueHus TPOPUIeCcKOi (PyHKIIMKA B TOMEOCTa3e
sugorenus [1]. IlepuuuTsl HapsAAy ¢ SHAOTEIHATBHBIMU
KJIETKaMH Y4acTBYIOT B CHHTE3€ Oa3abHON MeMOpaHBbI Co-
CyZIOB, 00€CIeYMBAIOILEH COMPOTUBIEHUE THIPOCTaTHYE-
CKOMY JaBJICHHIO KPOBOTOKA.

B onyxoneBoM MUKPOOKPYKEHUH IPUCYTCTBYET MHOT'O
pPacTBOPUMBIX (PaKTOPOB POCTAa U XEMOKHUHOB, CTUMYJIH-
PYIOLIMX SHAOTENNAIbHbIE KIETKH U aCCOLMUPOBAHHBIE C
HIMU IEPULUTHI K pordepaliy 1 HeOBaCKYIPH3aLUH,
YTO SIBJIAETCA HEOOXOAUMBIM yCIIOBUEM POCTA OITYyXOJIH.
bes Backynspu3auuu ONyXojb HE MOXKET YBEIHYUTHCA
6onee 100200 MxM B [uaMeTpe, HECMOTpPS Ha BCe Te-
HETUYECKHE aHOMAaJHH, 3TO 30Ha MAaKCUMAaJIbHOTO pac-
cTosHUs 1uddy3un KUCI0Poaa, HEOOXOIUMOTO IS KU3-
HEJICSITENBHOCTH JIFO00H KUBOTHOW KIETKH. AHTHOTEHE3
o0ecrneyuBaeT He TOJNBKO MOCTOSHHBINA POCT OMYXOJIH, HO
TaK)Ke BO3MOKHOCTb IIPOHUKATh B COCYINUCTOE PYCIIO, YTO
ABJISIETCSI OCHOBOM MeTacTa3upOBaHus, OMHOIO U3 OHOJIO-
TUYECKUX MPOSABJICHUH 31I0Ka4€CTBEHHOCTH U HAUBBICIIIETO
BbIpa)keHHsI ee aBTOHOMHOCTH [ 18]. Omyxonu otnuyarorcs
MPaKTUYECKH NMePMAaHEHTHOH aKTUBallMel aHTHOTeHe3a,
MOJICKYJLIPHBIN Oa3UC IS €T0 3aITyCcKa 3aKIF04aeTCs B TIpe-
o0JIaTaHuy BO3JCHCTBUSI aHTHOTCHHBIX (DaKTOPOB W/UIIN
norepe MHrMOUTOPOB aHruorenesa. K Takum u3BecTHBIM
CTUMYJISTOPaM 3HIOTEINAIbHOIO POCTA OTHOCITCS Me-
Tabonuueckuil crpecc (Hampumep, HU3Kui pO2, HU3KUIA
pH mnu runornukemMus), MEXaHHYECKUN cTpecc (Hampu-
Mep, AaBJICHHE OT NPONMU(PEPUPYIONINX KIETOK), IMMYH-
HBIH BOCIIAJIUTEJIbHBIM OTBET WJIM TeHETUUECKUE MYTaLIH,
AKTHBUPYIOIIUE MPOIYKIUIO TPOAHTHOTEHHBIX (PaKTOPOB
(narmpumep, VEGF), anruonoatunsl (Ang) [18].
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HoBooGpazoBaHHBIE COCYABI OMTYXOIHU XapaKTepU3YIOT-
CSl CTPYKTYPHBIMH U (PyHKIIMOHANBHBIMU abeppanusiMu:
OTJINYAIOTCSI HEPABHOMEPHBIM pacipesieieHueM, U30bIToY-
HBIM BETBJICHHEM U U3BUTOCTHIO, UMEIOT HEPABHOMEPHBIE
MIPOCBETHI, YTO COMPOBOXKAAETCS HAPYLIEHUEM JIaMHHAP-
HOT'O TOKa KPOBH, MOT'YT YyTpaulBaTh NEepUBACKYJIIPHbIE
KJIETKM U UMETh HEPAaBHOMEPHYIO 3HJOTENHAIbHYIO BbI-
CTUJIKY, IPEPBIBAIOLIYIOCS 0a3aibHyl0 MeMOpaHy, 4TO
COTIPOBOXKJAETCS MOBBILIEHHONW MpoHULaeMocTho. I1o-
cjellHee MPUBOJIUT K MOBBIILIEHNUI0 HHTEPCTULUATIBLHOTO
JIaBJICHUS, CIABICHUIO CAMUX COCYIOB M, KaK CIIE/ICTBHE,
CHUKEHHIO OKCUTEHALIMHU TKaHU. B OTBET Ha TUIIOKCHUIO
KJIETKH MUKPOOKPYKEHHSI, B YACTHOCTH KJIETKH BOCTIAJIH-
TeJIbHOr0 HHPUIBTpaTa (HanpuMep, Makpodaru M2-tumna)
U KJIETKU OMYXOJIH, IPOLYyLHPYIOT MHOXKECTBO MPOAHTH-
oreHHbIX TUTOKUHOB (VEGF u FGF-2) uepe3 aktuBanuio
HIF-10, akTopa TpaHCKPUIILIUH, 1yBCTBHTEILHOTO K KHC-
nopoxay. Ot GaKTOpbl CO3AAI0T TaK Ha3bIBaEMBbI aHTHO-
TeHHBIU IPaZeHT, CTUMYIIUPYS TponudepaIfio SHI0TET s
Y HampaBJsist pOCT HOBBIX cOCyOB K onyxonu [19]. B To
xe BpeMsi VEGF HeratuBHO Bo3neiicTByeT Ha (DYHKIIMOHH-
pOBaHUE NEPULIMTOB U co3peBaHue cocynoB [14]. B psne
UCCJIeIOBaHUI KapLUHOM MOYEBOTO Iy3bIps, MOIKETY-
JIOYHOM JKeJe3bl ¥ TOJCTOM KHUIIKU ObUIO MOKa3aHO, YTO
HETOJIHOE Pa3BUTHE NEPULIUTAPHOTO CJIOS B OITYyXOJIEBbIX
cocyJax KOppelUupyeT ¢ MIIOXUM IIPOrHO30M U MOBBILIAET
yactoty MeractasupoBanus [20, 21]. HenaBHee uccneno-
Banue V.G. Cooke et al. vacTHIHO MOMOTaeT B HOHUMAaHHUU
3TOM 3aKOHOMEpHOCTH. Ha Monensix omyxosned MbIIIen ¢
TeHEeTUYECKUM U (hapMaKOJIOTHYECKH HHIYLHPOBAHHBIM
JIePUIUTOM MEPUTUTOB aBTOPHI YCTAHOBUIIM YTHETCHHE
pocTa MEepBUYHBIX OIYXOJIEH, HO MOCIeHee aCCOLUUPO-
BaJIOCh C TMIIOKCHEH, YTO MPUBOIMIO K aKTUBALIUH AIIH-
TeJINAJIbHO-ME3EHXMMAJIbHOTO IIepeXo/ia OMyXOJIeBbIX Kile-
TOK 3a CUEeT aKTUBalMU c-Met peLenTopoB (PelenTopoB K
remnarorurapaomy dakropy pocra HGF) nHa membpanax
SMUTENNANIbHBIX KIETOK [22]. Pe3ynbraTsl KIMHUYECKUX
HaAOIIOIeHUH MAalMEHTOK ¢ KapLUHOMAaMU MOJIOYHOH Ke-
JIe3bl, B KOTOPBIX OTMeUajcsi HU3KUH MPOLEHT COCY/IOB,
MOKPBITHIX NEPULIUTAMHU, TAKXKE MMOKA3aIU MPSIMYIO CBSI3b
C pa3BUTHEM METACTa30B U 0osiee HU3KYIO OOIIYIO BBIXKH-
BaeMocThb [22].

B cBoeM uccienoBaHUU Mbl OLIEGHUBAJIM B3aUMOCBS3b
CTETIEHHU 3PEJIOCTH MUKPOCOCYIOB, a TAKXKE BHIPAXKEHHOCTH
AQHTHUOreHe3a B KOJIOPEKTaIbHbIX aJJeHOKapLIUHOMAaX C UX
OuosiornueckuM noseneHueM. Hespeible cocyisl onpeze-
JISUTUCH KaK MUKPOCOCY/IbI C HapyIIEHUEM MEePULIUTAPHO-
TO OKPY>KEHUS, JINIIIEHHBIE dKcpeccun o-SMA. He Obta
YCTaHOBJIEHA B3aUMOCBSI3b MEX/Y CTENEHbIO TUCTOJIOTHU-
YECKOU 3JI0Kaue€CTBEHHOCTH M METACTaTUYE€CKUM MOTEH-
L[MAJIOM OMYXOJH, INIOTHOCTbIO MUKPOCOCYIOB U J0JIeH
OecrnepuLUTapHBIX COCYIOB B COCYAUCTOM JioXke. Takum
00pa3oM, «TUCTONIOTHYECKAs 3JI0Ka4eCTBEHHOCTHY KOJIO-
PEKTaNbHBIX aJJICHOKapILIMHOM HE CBSi3aHa C MPU3HAKOM
3JI0Ka4€CTBEHHOCTH ONYyXOJiel — MeTacTa3upoBaHUEM
Y HE MOXKET CYMTATHCSl HE3aBUCHMBIM (haKTOPOM MIPOTHO-
3a JUIsl JaHHOTO THMa omyxojei. [Ipu paBHOH TIIOTHOCTH
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MHUKPOCOCYZIOB B HEMETACTa3UPYIOLIUX U METacTa3upy-
forux omyxousix (cpexssis MVD 10/mm? u 11/Mm?%, cooT-
BETCTBEHHO) B MOCJIEIHUX Yallle BCTPEUaIUCh HE3pelible
cocyabl (p<0,001), yTo MO3BOJAET MPEANOIOKUTE IPAMYIO
B3aUMOCBS3b IEPUIIUTAPHOTO OKPY>KEHHSA C TPOHULIAEMOC-
TBIO COCYIUCTOM CTEHKH ISl OIYXOJIEBBIX KieToK. [Ipu
oteHke B3auMocs3u MVD u PIM o6HapykeHo ycuieHue
KOppeJsiLiMK B MeTacTazupyroumux onyxoisax (p<0,001).
Oto HaOMIOIEHNE YKa3blBaeT Ha (akT, 4To MpU OoIbIIei
AKTUBHOCTH aHTMOreHe3a Halloaaaoch Oobliee YHCIIo
COCY/IOB C HapyllIEHHEM NEePULIUTAPHOTO OKPY)KEHHS, U 3Ta
B3aMMOCBS3b OblIa CHJIbHEE BbIpakeHa MPU BHICOKOM Me-
TacTaTU4eCKOM MOTEHILIMANE Oy X0JH. BeposiTHO, ycuieH-
Hasi CTUMYJIALUS Tpoiudepanny 3HI0TENTHAIBHBIX KIETOK
B OITyXOJIEBOM MUKPOOKPYKEHUH IPUBOIUT K 3aMEIJICHUIO
UX CO3PEBAHUS U, KaK CJIEICTBUE, HEOCTATOYHOM SKCIIpeC-
CUM LIUTOKMHOB, HEOOXOIMMBIX JUIS IPUBJICYEHHUS [IEPUIH-
JIOTEJIMANBHBIX KJIETOK, 00€CIeUnBaIOIMX CTA0UIN3AIIHIO
HOBOOOpa30BaHHBIX cOCYIOB. /laHHOE HAOMIONCHHE pac-
XOIUTCs ¢ BbIBoAaMHU Y. Yonenaga et al., ycTaHOBHBILIUX
MPSIMO MPONOPLMOHANBHYIO CBSI3b IMOBBIILIEHHUS MJIOTHO-
CTH MHUKPOCOCYZIOB C YBEIMYEHUEM IPOLEHTA 3PebIX
MHUKPOCOCYIOB B onyxouiu [21]. DTo, BO3MOXKHO, CBSI3aHO
C OLIGHKOHM COCYAMCTOIO pycJa 1o Bcemy 00beMy OITyXOJIH,
B LIEHTPAJIbHBIX U NepU(epriecKrx OTaesax, TOraa Kak Mbl
MPOBOIMIIN MOACYETHI TONBEKO B HHBA3UBHOM (DPOHTE, T/E,
KaK U3BECTHO, IPOTEKAOT Haubojee akTUBHOE B3aUMO-
JIeficTBHE OITyXOJIM U OPraHu3Ma «X03I1Ha», B TOM YHCIIe
UAYT NPOLECChl HEOBACKYIIIpU3aluy. B To e Bpems Halu
pe3ysbTaThl COMIACYIOTCS C AAHHBIMH, MOJTYYEHHBIMH
P. Vermeulen et al., ycCTAaHOBHBIINX MPSIMYIO KOPPEISLIUIO
MEX/1y KOJIMYECTBOM HE3PEJIBbIX COCYIOB U IIIOTHOCTHIO
MHUKPOCOCYZIOB B METacTa3ax KOJOPEKTAJIbHBIX aJleHOKap-
LIMHOM B riedeHu [23].

3akmoueHue

Pe3ynbTarsl NPOBEAEHHOTO UCCIISIOBAHHS IEMOHCTPH-
PYIOT, UTO HECOBEPIIEHHBIH aHMOTeHE3 KOPPEIUPYET C
MOSIBJICHHEM OTAAJICHHBIX METACTa30B Y MAIIMEHTOB C JIO-
KaJM30BaHHBIM KOJIOPEKTATbHBIM pakoM. OlleHKa MHKPO-
COCYIHCTOrO PyCiia OIyXO0JIH Ha MPEAMET €ro CO3PEBaHMS,
a TaKXke KOJMUECTBAa HOBOOOPA30BAHHBIX COCYIOB MOYKET
OBITh KCITOIb30BaHA IS MPOTHO3UPOBAHUS 3]I0KAYECTBEH-
HOTO MOTEHIIMAA OMyXOJIel TaHHO! JIOKATU3alluH 1 IJja-
HUPOBAHHMS BEACHHUS MAICHTOB.
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VIMMmyHOTUCTOXMMUYECKOe uccinemoBanue 3¢ ¢ exTon

TSKENIBIX META/UIOB Ha CIN3UCTYI0O 000/I0YKY TOHKOV KUIIKU KPbBIC
npeny6epTarHoro Bo3pacra

IL.A. Enacun, C.B. 3anasuna, A.H. Mawak, E.B. O¢canko, C.B. Aitdazynosa

OI'BOY BO HoBocubupckuii rocyjapcTBeHHbIH MEIUIMHCKUI yHUBepcuTeT Munsapasa Poccun, HoBocnbupcek, Pocenst

Bsedenue. MHOTOUNCIEHHBIE HCCIIEOBAHUS MTATOJIOTHUECKHIX () (EKTOB TSHKEIBIX METAIIIOB IPOBE/ICHBI HA
TIOJIOBO3PEIBIX 3KCIIEPUMEHTANIBHBIX )KUBOTHBIX. L{enTb paboTh! — M3yUnTh MapKephl POMUQEpaIiy 1 aror-
TO32a B CIIM3HUCTOI 000JIOUKE TOHKOH KUIIKHU KpbIc BrucTtap npemydepTaTHOTo BO3pacTa npy H30JHPOBAaHHOM
u couetaHHoM Bo3zaericTein kaamus (Cd) u cBuama (Pb) B cyOTOKCHYHBIX M03aX.

Mamepuansl u memoosi. [IpoBeneno nmmynorncroxumuaeckoe (Ki67 u p53) uccnemopanie 00pa3oB TOHKOH
kumku 40 camIi0B Kpbic Buctap B Bo3pacte 4 HeZlens pH H30JIMPOBAHHOM JINOO COYETaHHOM BO3/ICHCTBHH
per os CyOTOKCHYHBIX 703 KaIMHUS W/MITH CBUHITA B TeueHue 21 cyTok.

Peszynomamer. Ha napamHOBBIX cpe3ax B SITUTEIINH TOHKOH KHIIKH BBIIBICHO CTATHCTUYECKH 3HATNMOE BO3-
pacranme skcrpeccnu Ki67 npu coueTaHHOM BO3AECHCTBHH TSDKEIBIX METAIIOB OTHOCHUTEIIFHO KOHTPOIBHOM
TPYIIIBI M TPYIIIT C N30IMPOBAHHBIM BO3/ICHCTBIEM KaIMHS 1 CBHHIIA. DKCIIPECCHSI MapKepa pS3 B 3MTUTENNHT
KPHIT ¥ BOPCUHOK TOHKOW KHIIIKM BO3PAcTaja B OMBITHBIX IPYIIIAxX 110 CPABHEHUIO C KOHTPOJILHOH ¢ Hau-
OOJNIBIIMMH TOKA3aTENSIMH TIPH COYETAaHHOM BO3ICHCTBUM KaJMUs U CBHHIA. BBIABICHO CTaTHCTUYECKH
3HAYNMOE YMEHBIIIEHIE KOJIUYIECTBAa OOKATOBUAHBIX KIETOK B ONBITHBIX TPYMIaX 110 CPAaBHEHHUIO C KOHT-
POJIBHOM, HAUMEHBIIIEE — IPU MOHOBO3/1€UCTBUY CBUHIIA.

3axnrouenue. TOKCUYHBIE METAIITBI KaIMHUH M CBUHEL] HHTyIUPOBAIIN MPOIH(EPaTUBHYIO aKTHBHOCTD 3IIH-
TEJINOLUTOB CIM3UCTON 000JI0YKN TOHKOW KHIIKH, YBEINYEHHE SKCIIPECCHUH Mapkepa pS53 M yMEHbIICHHE
KOJIMYIeCTBa OOKATOBUAHBIX KIIETOK.

KutioueBble cj10Ba: CIM3UCTast 000JI09Ka TOHKOW KUIIIKH, MPEMyOepTaTHbIE )KUBOTHBIE, KaJMHil, CBUHEI],
npoaudepanys, arnonTo3, IMMYHOTUCTOXUMHUS
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dunancupoBanue. VccnenoBanue BBIOIHEHO B paMKaxX roOCyAapCTBEHHOTO 3a1anus HoBocHOMpCKoro rocy1apcTBEHHOTO
menuimHekoro yHusepcurera (HUP Ne 121061500014-3).

KondguukTt HHTepecoB. ABTODBI 3asBIISAIOT 00 OTCYTCTBUU KOH(INKTA HHTEPECOB.

Crarbs noctynuia 12.07.2021. Iony4yena nocje penensuposanus 30.07.2021. IIpunsita B neyars 22.09.2021.

Immunohistochemical study of the effects of heavy metals on the intestinal mucosa
in prepubertal rats

PA. Elyasin, S.V. Zalavina, A.N. Mashak, E.V. Ovsyanko, S.V. Aidagulova

Novosibirsk State Medical University, Novosibirsk, Russia

Introduction. Numerous studies of pathological effects of heavy metals were mostly carried out on adult
experimental animals. The aim of this work was to evaluate the markers of proliferation and apoptosis in the
mucosa of the small intestine in Wistar prepubertal rats under isolated and combined exposure to cadmium
and lead at subtoxic doses.

Materials and methods. We used immunohistochemistry to study Ki67 and p53 expression in the mucosa
of the small intestine in 40 male Wistar prepubertal rats aged 4 weeks, the animals having been exposed to
isolated or combined per os subtoxic cadmium and/or lead doses for 21 days.

Results. In paraffin sections, we observed a significant increase in Ki67 expression in the epithelium of the
small intestine in the group of combined exposure to heavy metals compared to Ki67 expression in the control
group and other groups with isolated exposure to cadmium or lead. p53 expression in the epithelium of the
small intestinal crypts and villi grew in the experimental groups compared to that in the control group, the
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highest indices being in the combined exposure group. The number of epithelial goblet cells significantly
decreased in all experimental groups compared to that in the control group, the smallest number of goblet
cells being observed in isolated exposure to lead compared to that in all other groups.

Conclusion. Heavy toxic metals cadmium and lead induced the proliferative activity of epithelial cells in the
small intestinal mucosa combined with an increased p53 expression and reduced number of epithelial goblet cells.

Keywords: small intestinal mucosa, prepubertal rats, cadmium, lead, proliferation, apoptosis, immunohis-
tochemistry
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BBenenue

CoueTaHHOE BO3JEHCTBHE TOKCUYHBIX METAJIOB —
kagmus (Cd) u ceunna (Pb), HakarMBarOIUXCS B PO-
MBIIIJIEHHBIX 30HAaX U KPYIHBIX ropojaax, NPUBOAUT K
YXYAUIEHUIO 310POBBS B3POCIIOrO U JIETCKOr0 HaceNeHHs
C Opa)keHUEeM BHYTPEHHUX OPraHoOB, B MIEPBYIO O4Yepelb
MEYEHH 1 TI0YEeK, a TaKXKe APYTUX OpraHoB U cucteM [1].
Tax, y nerel MOBBILLIEH PUCK Pa3BUTHUS aJbOyMUHYpUU
U HapyLIEHUs] CKOPOCTH KJIyOOUKOBOM (uibTpanuu [2].
B skcnepuMeHTe M30IMPOBAaHHOE BO3AEUCTBUE TSKENBIX
METaJIJIOB B CYOTOKCHYHBIX J103aX BJIeYeT 3a coO0i Heba-
TONPUATHBIE TIOCTEICTBUS I BCEr0 OpraHrn3Ma BHE 3a-
BHUCUMOCTH OT ITyTel HHKOPIOPALIMHU MOJUIIOTAHTOB [ 3, 4].

Cnusucrasi 0607104Ka KUIIEUHUKA SBIISETCS BXOTHBIMU
BOPOTaMH JJI1 MHOTUX KCEHOOMOTHKOB, OKa3bIBAIOLINX
pSAMOE U ONOCPEIOBAHHOE Yepe3 KUILEYHYI0 MUKPOOHO-
Ty BO3JEHCTBHE Ha 3MUTENNHN, ClIEUATM3UPOBaHHBINA Ha
MUILLEBapEHUH U BcackiBaHuH [5, 6]. Kaamuii nmpu BBeneHnn
per oS BbI3BIBAET MOBPEKICHUE CIM3UCTON 000JIOUKH KH-
LIEYHHKA U3-32 BOCTIAIMTENILHOIO OTBETA U JE3UHTETPaLlU
TUIOTHBIX KOHTAKTOB AUTEINOLMTOB, BEAYLIUX K YCUIECHUIO
MPOHULAEMOCTH SMUTEIHAIBHOTO Oaphepa Al MaKpOMO-
JIEKyJ1 1 MUKpOOpranu3MoB [7]. CBHUHEl TaKkke MOXKET Ha-
PYyLIaTh SMUTENHUANBHBINA Oapbep KUILKU U CLIOCOOCTBOBATD
anpTepaLuy CIM3UCTON 000I0UKH, Oflarofaps yemy B SHTe-
POINEYEHOUYHYIO LIUPKYJISLHMIO JIETKO TONaatoT pa3inyHble
JIMTaH/Ibl, BOCTIANUTENbHbBIE IMTOKUHBIL, a TAKKe MUKPOOHbIE
METa0OJHUThI, TAKUE KaK KETYHbIE KUCIIOThI U KOPOTKOLIETIO-
YEeYHBIE XKUPHBIE KUCIIOTHI, BEI3BIBAIOLLIE, B CBOIO OUepE/b,
CHCTEMHOE MopakeHue opranusma [8, 9]. B coBpemenHon
SKOJIOTHUECKOH CUTyaluy n30exarh BpeIHBIX BEIOPOCOB C
TSOKEJIBIMU MeTaJlllaMd HEBO3MOXKHO, IOITOMY aKTyaJIbHBI
BOITPOCHI CHIYKEHUSI I030BO HAarpy3KH U 03710pOBJIEHHS Ha-
celieHus (HarpuMmep, UCTIONIB30BaHUE KUILIEYHBIX COPOSHTOB,
npoOuoTukoB U T.11.) [ 7, 10], uto TpebyeT Gonee r1ydoKoro
UCCIICIOBAHUS HETaTUBHBIX 3(P(EKTOB TaK HA3BIBACMBIX
CYOTOKCHUYHBIX KOJIMYECTB MOJUIFOTAHTOB.

[o maHHBIM HCCTIEIOBAaHUS BIUSHUA CyTb(hara KaaMus
Ha yTJIEBOMHBIN 00MeH 3-, 6- u 18-MecIIHBIX KpbIC OBLIO
YCTaHOBJICHO MOBBILLIEHUE KOHLEHTPALUH [IIFOKO3bI U Map-
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KEpOB ITIMKOJIM3a B KPOBHU JKUBOTHBIX BCEX BO3PACTHBIX
rpym, HO HauboJiee BHICOKUE Y 3-MECAYHBIX KUBOTHBIX.
CrenaH BBIBOJ, UTO OPTaHU3M 3-MECAYHBIX KpbIC Oosee
YYBCTBHUTEJIEH K TOKCHYECKOMY BO3ZeHCTBHIO Kaamus [11].
HccnenoBanue ¢ NOMOLIbIO 3IEKTPOHHON MUKPOCKOIIHH
NIEYEeHH NperyOepTaHTHBIX KPbIC B YCIOBUSX 3-HEEIBHOTO
BO3/IEUCTBUS CyOTOKCUYHBIX 7103 KaJMHUsI TO3BOJIUIIO HaM
BBISIBUTH Y )KMBOTHBIX OIBITHOM TPYIIIBI ONpeNeTeHHbIH
OaslaHC MEXy aJbTePaTUBHBIMU U3MEHEHUSIMH T'eraro-
LUTOB TOKCHUYECKOTO reHe3a U CTEPEOTHITHBIMH KOMIICH-
caTopHbBIMHU Iporieccamu [12].

MHOro4YucsIeHHble UCCIEAOBaHUS MAaTONOTHYECKUX
3(PeKxToB THKENBIX METaJIOB MPOBEIAEHBI Ha MOJIOBO-
3pebIX 3KCIIEPUMEHTAIbHBIX KUBOTHBIX. Hanbonee yHu-
BEpCaJbHBIMU U IIUPOKO MPUMEHAEMBIMU Ha Pa3JIMYHbBIX
MOJIENSAX ¥ B KIIMHHUKE SIBISTIOTCSI MAPKEPhI PO epanuu
(Ki67) u anonrro3a/mospexaenus JJHK (p53). U3menenue
KOJIMYECTBA CIIM3ETIPOAYLUPYIOIIUX KIETOK MOXKET OBITh
KOCBEHHBIM MapKepoM HapymeHui auddepeHInpoBKu
Ku1eyHoro snutenus. Llenpio Hameill paboTsl ObLIO HC-
cienoBath uMMyHorucroxumuueckue (MI'X) mapkeps
nponudepaluy 1 aronTo3a B CIIM3UCTON 000JI0YKe TOHKOH
KHLIKU KpbIc-cam1IoB Buctap npenybepTarHoro Bo3pacrta
IIPU U30JIMPOBAHHOM U COUETAHHOM BO3IECHCTBUH KaJAMUs
Y CBHHILIA B CYOTOKCHYHBIX JI03aX.

Marepuanbl 1 METOABI

Kpeicei-camupl Bucrap npemybepratHoro Bo3pacta
(mo 10 ocobeii B rpymiie) B Bo3pacte 4 Helelb B CTaH-
JApTHBIX YCIIOBHSX BUBApUs per os B TedeHue 21 cyTok
nomy4amu pactsop 3CdSO,-8H,0 — 0,5 mr/kr (2-1 rpynna),
Pb(CH,COO0),-3H,0 — 10 mr/kr maccwl Tena (3-1 rpyn-
na) 1100 coYeTaHue yKa3aHHBIX PaCTBOPOB (4-5 rpymnma).
Kontponbhnas (1-s) rpynmna (10 xpbic) moayyana aHayio-
TUYHBIA KOpM U Bony ad libitum 0e3 TSKeJbIX METaJlIoB.
Paborty ¢ >KHBOTHBIMH BBITIOJHSUTY B COOTBETCTBHU ¢ EBpO-
MEHCKON KOHBEHIIUEH O 3alIUTE MO3BOHOYHBIX )KUBOTHBIX
(CrpacOypr, 1986); u3 skcriepuMeHTa UX BBIBOAMIIN ITyTEM
JNEeKamuTaluy Mo d3QUpHEIM Hapko3oM. MccnenoBanue
on00peHo KoMuTeToM 1o 3Tuke HoBocubupckoro rocy-
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Tabnuya | Table

JIMHAMHKA U3MeHEeHHs] MaCChl IKCIEPHMEHTATbHBIX *KHBOTHBIX |
Weight changes over time in experimental animals

Macca Tes1a ;KMBOTHOIO, I' | Animal body mass, g

BospacT :KMBOTHBIX |

The age of animals
Kontpous | Control

B Hauane skciepuMenTa 81,31+3,92
(4 megenn) | In the beginning of the

experiment (4 weeks)

B xonne skcriepumenta (7 Hezens) | 152,61£5,06
In the end of the experiment (7 weeks)

IIpupoct maccsl Tena, % | 187,70

Increase in body mass, %

JIAPCTBEHHOT'O MEJUIIMHCKOTO YHUBEPCHUTETA (IPOTOKOI
Ne 135 01 20.05.2021).

OO0pa31bl CTEHKH TOHKOM KUIIKH, UCCEYEHHBIE Ha pac-
CTOSIHUM | CM OT JBEHAAIATHUIICPCTHOM KUIIIKH, (PUKCHUPO-
BajM B 3a0ydepeHHOM QopmanuHe, ocie CTaHJapTHON
THCTOJIOTHYECKOM MPOBOAKHM 3aJIBajM B ructoMukc. [lapa-
(bMHOBBIE CPEe3bl TONIMHON 5 MKM OKpaIlIiBajli FeMaTOKCH-
JIMHOM U 303UHOM. J{J1s1 IMMYHOTHCTOXHMHYECKOTO UCCIIe-
JIOBaHUs MPUMEHSUIM NepBUYHbIe aHTHTeNa K Ki67 u p53,
rotoBeie K ucnonb3oBanuio (ThermoScientific, CIIIA) o
WHCTpYKUMU npousBoautens. DAB-no3utuBHbIE sapa
KJIETOK DIUTENNS U CTPOMBI CIIM3UCTON 00OJI0UKH MOJCYH-
ThIBasK pu X630 (110 50-60 n300pakeHuit Ha TPYIILY) C
noMouIbio Mukpockona Axio Scope.Al (Zeiss, [epmanus).

CraTucTUUEeCKHii aHAJIU3 BBIMOIHSIIH [TPY TTOMOILH IPO-
rpamMHBIX makeToB Excel MS Office-2016 u SPSS 22.0.
[TonmyyeHnHble BHIOOPKH MPOBEPSITA HA HOPMAIbHOCTb pac-
npeAesieHus 1o pe3yabraraM NpuMeHeHus kpurepues Lla-
nupo—Yuika 1 KoinmoropoBa—Cmupnosa [13]. B ciyuae
HOPMaJIbHOTO pacupeeseHus Npu3HaKa JaHHbIe Mpej-
CTaBJIeHBI Kak cpeanee (M) 1 cpeTHeKBaApaTHYeCcKOe OT-
kJoHeHue (SD); cpaBHEHUs MPOBOMIIH C UCIIOJIB30BAHUEM
t-kpurepus CThrOZIeHTAa AJIsl HEMIApHBIX BBIOOPOK. B ciiyyae
HErayccoBOI0 paclpe/esieHus TapaMeTPOB UCIOIb30BaIH
U-kpurepuii ManHa—YuTHH ¢ TionpaBkoid bonpepponu.
OnucarenbHble JaHHBIE 17151 KOJMYECTBEHHBIX IPU3HAKOB
MpeCTaBIIeHbl B BUJe MeAuaHbl (Me), MeXXKBapTHIbHO-
ro unrepsana (Q1, Q3 — 25-i, 75-i nepueHTHIN), MU-
HuManbHbIH (Min) u MmakcumanbHble (Max) nokasarenu
B BbIOOpKe. KpuTHdeckuii ypoBeHb 3HaYMMOCTH COCTaBHII
0,05 [14, 15].

PesynbraThl U 06CyXIeHMe

B xoge skcrepuMeHTa >KUBOTHbIE HE Oru0any 1 npu
BU3YaJIbHOM OCMOTpPE HE MMEJIU IIPU3HAKOB [aTOIOTHU-
4eCKUX U3MEHEHUH, 32 UCKII0UeHHEM HEe3HAUUTeNIbHOM
BJI2)KHOCTU M KOMKOBAaTOCTHU IIEPCTHOTO HoKposa. [To
OKOHYAaHHH KCIICPHMEHTA BCE KPBICATA ONBITHBIX IPYIII
0 Macce Tejla He OTIMYaIUCh OT CBEPCTHUKOB KOHTPOIIb-
HOI rpynisl (Tadm.).

IIpy rucTONOrHYECKOM HCCIeI0BaHUY NapaduHOBBIX
CPE30B TOHKOH KHUIIKH BBIP)KCHHbIE IATOIOTHYECKHUE U3~

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

M (SD)

Cd Pb Cd +Pb
84,90+4,33 79,21£6,27 82,12+5,04
p=0,052 p=0,573 p=0,571
147,80+5,22 149,10+3,21 150,51+5,28
p=0,054 p=0,151 p=0,241
174,09 188,26 169,10

MEHEHHs HE OTMEUEHbI, OJHAKO oOpaiana Ha cebs BHU-
MaHHE THIIePIUTa3Hs TUM(POUTHBIX KIETOK B 3-H u 4-i
IpyIIax: MHOTOYMCIEHHbIE MOHOHYKIJIEApHbIE KIETKU
UHQUIBTPUPOBAIIN COOCTBEHHYIO IUIACTUHKY CIM3HCTOM
0007104KH U (HOPMHUPOBAIH KPYITHBIE JIMM(POUIHBIE Y3EIKU
0e3 repMUHATUBHBIX LIEHTPOB.

Ki67 — saepHblii MapKep, XOPOIIO SKCIPECCUPYEMBIi
B MPONH(EPUPYIOMHUX OMYXOJIEBBIX M HEOITYXOJIEBBIX
KJIETKaX, YUCIEHHAs OLleHKa KOTOPOTO 3aMEeHMJIa OACYET
MHUTO30B Y AMArHOCTHKE MaTOJIOTHYECKUX IPOLIECCOB, a
TaKXKe MPU CTaHIAPTH3ALUU TUCTOJIOTMYECKUX UCCIIeI0Ba-
Huii [16]. Bo Bpems muto3a Ki67 nHeobxoaum s1st popMu-
POBaHUS IEPUXPOMOCOMHOTO CJI0S HA KOHAEHCHUPOBaHHbBIX
XpoMOcOMax JJisl MPEeJOTBPALLEHHs UX arperaluu; B UH-
tepdasze Ki67 TpaHcnonupyercs B MapruHajibHbIN rere-
POXpOMAaTHH — Ha Iepr(EpHrIo sapa, a TAKKE ONPENeIIeTCS
B CTPYKType siapsiuek [17].

B KOHTpOJIBHON M OMBITHBIX I'PYIIAax KPbIC Mpemny-
OepTaTHOrO BO3pacTa SMUTEIHOLUUTHI ¢ MeueHHbIMU Ki67
SIpaMH JIOKaJTM30BAIUCh TPEUMYIIIECTBEHHO Ha OOKOBBIX
MOBEPXHOCTSIX M OTYACTH Ha JIHEe KpunT (puc. 1).

B snutenuu KpUNT Kak U30JMPOBaHHOE, TaK U coye-
TaHHOE BO3/ICHCTBUE KaIMUs U CBUHIIA IPUBEJIO K CTaTH-
CTHUYECKH 3HAYMMOMY BO3paCTaHUIO IKCIIPECCUH MapKepa
nposuQepalyy Mo CpaBHEHUIO ¢ KOHTPOJIBHON IPYIION
U IpU CpaBHEHUM BCeX Ipynn Mexay codoil. Tak, uc-
cJelOBaHUEe CTPYKTYPHBIX U3MEHEHUH 000I04YHOM KHIII-
KM Y MBILIEH-CaMILIOB MPH XOJIOJOBOM CTPECCE BBISBUIIO
yBEeJIWYEHHE ATUHBI KpunT [ 18], 4TO CBUAETENbCTBYET 00
yCHJICHUH NponuepaTuBHON aKTHBHOCTH. B Hamem uc-
CJIeZIOBAaHWH TIOKa3arTenb 3-i rpyIIbl C MOHOBO3JIEHCTBUEM
CBUHIIA OBbLJI CTATUCTUYECKU 3HAYMMO MEHBIIIE [TOKa3aTelis
2-i TpyIIBI C MOHOBO3AEUCTBUEM KaaMus (pHc. 2).

s KIeToK CTpOMBI KPUIIT CTATUCTUYECKU 3HAYHMBbIE
OTJIMYMS BBISBICHBI JIULIb JUIA 4-i TPYIIIbI, TO €CTh COYe-
TaHHOE BO3JEHCTBHE KaAMUA M CBUHIIA CIIOCOOCTBOBAJIO
npoauepaTUBHON aKTUBHOCTH KJIETOUHBIX SJIEMEHTOB
PBIXJION cOeTMHUTENBHOM TKaHu (puc. 3).

B snurennu BOpCHHOK TOHKOM KHMIIKH 3KCIPECccHs Map-
kepa Ki67 Obia moutu B 10 pa3 MeHblie, YeM B KPUIITaX.
[Tokazarens DAB-mo3UTHBHBIX siaep KoseOacs OKOIo
HYJISI B KOHTPOJIBHOH IPYIITE, CTATHCTUYECKH 3HAYMMO OBLT

Tom 10 Ne 4 2021 47



OPUTMHAIBHBIE MICCITEJOBAHNMA

Contr Cd

Kpuntet

| Crypts

Ki67
p53 !
a3
Bopcuusr | Villi
Ki67
P53 AP
= r;._-'._ Mg |2 :
L y B L =1y A
- i i N :"' e e R
4 ¥ i, Tat N amvt My e B L e TN

Puc. 1. CpaBHUTEIFHOE IMMYHOTUCTOXUMHYECKOE HCCIIEIOBaHNE KcIpeccun MapkepoB Ki67 u p53 B cnm3ucToil 0005109Ke TOHKOH
KHIIIKK NTPemy0epTaTHBIX KPBIC B YCIOBUSX H30IMPOBAHHOTO U COYETAHHOTO CyOTOKCHYIHOTO Bo3aecTBus kagmus (Cd) n cBuHIA

(Pb). doxkpacka sinep rematokcuininaoM Maiiepa, X630

Fig. 1. Comparative immunohistochemical study of Ki67 and p53 expression in the small intestinal mucosa in prepubertal rats exposed
to the isolated and combined subtoxic doses of cadmium (Cd) and lead (Pb). Additional staining of the nuclei with Mayer’s

hematoxylin, X630
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Puc. 2. Dxcnpeccust mapkepa Ki67 B SnHUTEIMN KPHUIIT TOHKON
KHUILIKH TIPYU W30JIMPOBAHHOM M COYETAHHOM BO3JICHCTBHU
KaJIMHS U CBHHLIA

Fig. 2. Ki67 expression in the crypt epithelium in the small
intestine in animals under isolated and combined exposure
to cadmium and lead

MIOBBIIICH BO 2-if 1 3-1 rpynnax, 1 HANOOJbIINE 3HAUYCHHS
XapakTepu30Basiv 4-10 IPYIIy ¢ COYETaHHBIM BO3AEHCTBU-
€M TSDKEJTbIX METAJIOB, C MAKCHMAJIBHBIM KOJTHYECTBOM
MeueHbIX syep (puc. 4). AHAIOrUYHBIC U3MEHEHUS BbI-
SIBJICHBI B TIOKA3aTeNIsIX MEUCHHS! CTPOMAIBHBIX KJIETOK
BOPCHHOK (pHC. 5).
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Puc. 3. Dxcnpeccust mapkepa Ki67 B cTpoMe KpHIT TOHKOI
KHIIKA TIPY H30JUPOBAHHOM M COUETAHHOM BO3ACHCTBHH
KaJMHs U CBHHIIA

Fig. 3. Ki67 expression in the crypt stroma in the small intestine
under isolated and combined exposure to cadmium and
lead

Takum 00pa3oM, B YCIOBHUIX CYOTOKCHYHOTO BO3ZIEH-
CTBUS TSDKEIBIX METaIIOB Kaamus u ceuHIa MI'X nccneno-
BaHuMe dKcnpeccud Ki67 B aMUTeIMH U CTPOME TOHKOM KHIII-
KU )KUBOTHBIX B BO3pacTe 7 HEJIENb BBISIBUIIO CTATUCTUYECKU
3HAYMMOE BO3pacTaHue Mpoar)epaTHBHON aKTHBHOCTH KJTe-
TOYHBIX AJIEMEHTOB CIIU3UCTON OOOJIOYKH MPH COYETAHHOM
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Puc. 4. Dxcripeccust Mmapkepa Ki67 B snurennu BOpCHHOK TOHKOH
KHUIIKH [IPU W30IMPOBAHHOM U COYETAHHOM BO3/AEHCTBUU
KaJIMHs ¥ CBHHIIA.

P — OTIMYHE OT IPYMIbI KOHTPOJIS; P, — OTIMYHE
OT 2-ii TPYMIIbL; P, — OTIWYME OT 3-i IPYIIIbL

Fig. 4. Ki67 expression in the villus epithelium in the small
intestine under isolated and combined exposure
to cadmium and lead.

p — difference from the control group; p, —
group 2; p, — difference from group 3

difference from

BO3JIEHCTBUN OTHOCUTEILHO KOHTPOJIBHOM I'PYMIIBI K TPYIIIL
C U30JIMPOBAaHHBIM BO3/IEHCTBHEM U KaaMHUsl, U cBUHLA. [Ipu
H30JIMPOBAaHHOM BO3JEHCTBUU KaXKJ0TO U3 TOKCUHOB JKC-
npeccus Mapkepa Ki67 B SIUTENH U CTPOME TaKXKe BO3-
pacrasia OTHOCUTEIbHO KOHTPOJIbHOMN IPYMIIB (32 UCKITIOUe-
HHUEM T0Ka3aTelis CTPOMAJIbHBIX KJIETOK KPUIIT).

bernok p53 GpyHKIHOHHPYET KaK TPAaHCKPUITIUOHHBIN
(axTOp, BOBJICYEHHBIN B YIIPaBIEHUE KJICTOUHBIM LIUKIIOM,
penapanuto JIHK, anonrto3 u kierounsiit crpecc. OnHa-
KO IIOMHUMO y4YacTHsl B OJJOKMPOBAHUHU KIJIETOYHOIO POCTa
U B MEXaHU3Me KJIETOYHOU rubesy MyTeM aronTo3a akTH-
Baius pS3 3ajeiicTBOBaHa B MO IMPOBAHUH KIIETOUHOTO
CTapeHHUs U CTapeHus OpraHu3Ma Kak uesnoro. ['ed pS3 cro-
co0CTBYyeT MOAABIECHUIO POCTa OMYyXOJiel Yepe3 peryiu-
pOBaHUE POCTa U CTAPEHUS KJIETOK, UTO ONpeeNsIeTcs He
TOJIEKO €T0 AKCIPECCUEH, HO ¥ KIIETOYHOU Orosorueii [19].
I'en 6enka p53, u3BecTHBIN yike Oonee 40 net, — Hanboee
4acTo MYTUPYIOIIMN FeH BO BCEX TUIAX OMyXOoJieH, uMme-
IOLIUH U IPOOHKOT€HHYIO, U CYNIPECCOPHYIO aKTUBHOCTb,
YTO YCTaHOBJIEHO C MOMOILBIO AHTUTEN K €r0 Pa3IuuHbIM
nzodopmam [20].

B HaieM skcriepyuMeHTe MpH UCCIIEI0BAaHUH IKCTIPEC-
cuu OenKa pS3 BBLIBICHBI OMHOHAIPABICHHBIC U3MEHCHUS
JIUILB JUI STTUTETNaTbHBIX KIETOK KPHUIIT U BOPCHHOK: KO-
JUYECTBO MEUEHBIX SiZIep Bo3pacTajo oT 1-i k 4-i rpymme
C pa3HbIMU MMOKa3aTeJsIMH CTATUCTHYECKON 3HAYMMOCTH,
Ipu 3TOM B 4-ii rpyIIie U B KPUITAxX, U B BOPCUHKaX abco-
JIOTHOE KOMm4ecTBO DAB-NIO3UTHBHEIX siep ObLIO HaW-
6onbuMm (puc. 6 u 7).

DKcIpeccupyoiye Mapkep pS3 KIeTKH CTPOMBI ObLITH
HEMHOTOYHMCIIEHHBI BO BCEX IpyIIax, Ipy 3TOM oOpaiaer
Ha ce0s BHUMaHUE YMEHbILIEHNE KOTMUECTBAa MEYEHBIX Kile-
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Puc. 5. Dxcnpeccust mapkepa Ki67 B crpomMe BOPCHHOK TOHKOM
KHUILIKY [IPU W30IMPOBAHHOM U COYECTAHHOM BO3/ICHCTBHU
KaJIMHsI ¥ CBHHIIA

Fig. 5. Ki67 expression in the villus stroma in the small intestine
under isolated and combined exposure to cadmium and

lead
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Puc. 6. Dxcripeccust Mapkepa pS3 B SIUTETUH KPHUIIT TOHKOK

KHIIKH TPU U30JIMPOBAHHOM M COYETAaHHOM BO3JCHCTBUHI
KaJIMHUsI ¥ CBUHIIA.
P — OTIMYHE OT IPYIIbI KOHTPOJIS; P, — OTIMYHE
OT 2-# IpyMIIbL; P, — OTIWYKE OT 3-A TPyMIIbI

Fig. 6. p5S3 expression in the crypt epithelium in the small intestine
under isolated and combined exposure to cadmium
and lead.
p — difference from the control group; p,
group 2; p, — difference from group 3

— difference from

TOK B KpUINTax MpyU MOHOBO3JIEMCTBUU KaaMus (puc. 8), a
TaKXKe CTaTUCTUYECKH 3HAYMMOE BO3PACTAHUE IKCIIPECCHH
B BOPCUHKAX IIPU MOHOBO3/IelicTBUH CBUHIIA (puc. 9). Tem
HEe MeHee, N0 JaHHbIM [21], nuTpar cBUHLA HE OKa3bIBaJ
npoarnonToTHdeckoro 3ddekra Ha KynpTypy Pudpodiac-
TOB JIETKHX YE€JIOBEKa.

Taxum 00pazoM, skcrpeccus Mapkepa pS3 B SMUTETHH
KPHUIIT U BOPCUHOK TOHKOHM KHIIKH BO3pacTaja B OIBITHBIX
TpyIIIaX OTHOCHTEIBHO KOHTPOIBEHOM ¢ HAHOOIBIIIMHU T10-
Ka3aTeJs MU [IPU COYETaHHOM BO3JEHCTBUU KaJIMUS U CBUH-
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Puc. 7. Dxcnpeccust Mapkepa pS3 B SIIUTEIUH BOPCUHOK TOHKOM
KUIIKY IPU N30IMPOBAHHOM U COYETAHHOM BO3ICHCTBUU
KaJIMHS ¥ CBHHIIA.

P — OTIIMYME OT IPYIILI KOHTPOJIS; P, — OTIIMYHE
OT 2-# IpyNIbL; p, — OTIXYHE OT 3-i TPYMIIBI

Fig. 7. p53 expression in the villus epithelium in the small
intestine under isolated and combined exposure
to cadmium and lead.

p — difference from the control group; p, — difference from

group 2; p, — difference from group 3
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Puc. 9. Dxcnpeccust Mapkepa pS3 B CTpoMe BOPCHHOK TOHKOM
KHUILIKY PU H30JTMPOBAHHOM U COUYETAHHOM BO3/ICHCTBUI
KaaMusd U CBUHLA

Fig. 9. p53 expression in the villus stroma in the small intestine
under isolated and combined exposure to cadmium and
lead

11a; IpU 3TOM aOCONIIOTHBIE 3HAUEHUsI OKA3aJUCh MOYTH
B 2 pa3za 00apmMMu B Kpunrtax. KileTku cTpoMbl KpUIIT
Y BOPCUHOK 10 3KCIPECCUH pS3 HE MPEBbIILIANIHN MTOKa3aTeIn
KOHTPOJILHOM TPYTIIbI, 32 UCKITIOYEHUEM CTPOMAJIbHBIX KJle-
TOK BOPCHHOK B 3-H rpyTiIie ¢ MOHOBO3JICWCTBUEM CBHUHIIA.

HccnenoBanue 3alIMTHON PEaKIMU CIM3UCTOH 000109~
K{ TOHKOW KHUILIKHA Ha BO3AEUCTBUE TOKCHHOB OLIEHWBAIIN
0 MOKa3aTessiM abCOIOTHOM YHUCIEHHOCTH CIIU3ECoIep-
JKalx OOKaJIOBUIHBIX KIETOK, XOPOILIO BU3yaIH3UPyEeMbIX
Ha napauHOBEIX cpe3ax (puc. 1). U B kxpunrax, u B BOp-
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Puc. 8. Dxenpeccus mapkepa pS3 B cTpoMe KPHUIIT TOHKOW KUIIKH
HPH U30JIMPOBAHHOM U COYETaHHOM BO3/ICHCTBHYU KaJAMUS
U CBUHIIA

Fig. 8. p53 expression in the crypt stroma in the small intestine
under isolated and combined exposure to cadmium and

lead
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Puc. 10. KonndyecTBo G0KaIOBUIHBIX KJICTOK B KPUITAaX TOHKOI
KHUIIKHA IIPHU U30JJUMPOBAHHOM U COUYCTAaHHOM BO3ﬂeﬁCTBHH
KaJIMHs ¥ CBHHIIA

Fig. 10. The number of goblet cells in the crypts of the small
intestine under isolated and combined exposure
to cadmium and lead

CHHKaX BBISIBIIEHO YMEHbLIEHHE KOJIMYeCTBA OOKaIOBUIHBIX
KJIETOK 10 CPAaBHEHMIO C KOHTPOJBHOM IPYIION, IpuYeM
W3MEHCHUsI ObUTY CTAaTUCTHYCCKH 3HAYUMBIMHA U aHAJIOT Y-
HBIMU B 00OMX KOMITAPTMEHTAX, 1 HAUMEHBIIIEE KOUYECTBO
OOKaJOBUAHBIX KJIETOK OTMEUEHO NMPH MOHOBO3ACHCTBUU
CBUHIIa OTHOCUTENBHO OCTalbHbIX rpymi (puc. 10 u 11).
B nenowm, ucciaenopanubie Hamu MI'X Mapkepsl mpo-
nudepaly U anonTo3a B CIM3UCTOW 000JI0YKE TOHKOM
KHLIKU KpbIc-caMiIoB Buctap npenybeprarHoro Bo3pacrta
IIPU U30JIMPOBAHHOM U COUETAHHOM BO3ICHCTBUH KaJAMUs
Y CBUHIIA B CYOTOKCHYHBIX JI03aX OTPAXKAIOT HHAYKIUIO
IpoTU(epaTHBHON aKTUBHOCTH JIUTEIUOLUTOB, YBEIH-
YeHHUE JKCIPECCUH MapKepa aronTo3a/mopexaerus JJTHK
Y yMEHbLICHUE KOTMUECTBAa OOKAIIOBUIHBIX KJIETOK, pacLie-
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Puc. 11. KomnaecTBO OOKATOBUIHBIX KIIETOK B BOPCHHKAX TOHKOH
KHUIIKH ITPU U30JIMPOBAHHOM M COYCTAHHOM BO3JCHCTBUU
KaJIMUsI ¥ CBUHLA

Fig. 11. The number of goblet cells in the villi of the small
intestine under isolated and combined exposure to
cadmium and lead

HUBAaEMOE KaK HEKOTOPOE HapyIICHHE KIETOYHOH Tudde-
peHUUPOBKU. TeM He MeHee 3TO He MOBJIHIIO Ha pa3BUTHE
U POCT IKCTIEPUMEHTANIBHBIX dKHUBOTHBIX (Ta0J1.), 4YTO MOJKET
CBUJIETENILCTBOBATH O I0CTATOUYHO BHICOKHUX KOMIIEHCATOP-
HBIX BO3MOXKHOCTSIX KPBIC ITPpeIy0epTaTHOro Bo3pacTta, He-
CMOTpsI Ha BO3IEHCTBUE TOKCUUHBIX METAJIOB C XOPOLIO
M3yYEeHHBIMU MeXaHu3MaMHU anbTepanun [22—24]. BaxHo
OTMETHUTb, YTO TOHKAas KHIIKAa — OPraH ¢ HHTEHCHUBHBIM
MeTa0O0JIU3MOM U3-3a IOCTOSSHHOTO OOHOBJIEHUS SIUTE-
JUSl, HAaPUMeEp y KBaYHBIX )KUBOTHBIX, NOTPEOISIOMIHIA
ot 17 no 25% kucnopona [25].

3aknoueHnne

Y kpoic Bucrap npenybeprarHoro Bo3pacra cyOTOK-
CUYHOE per 0s BO3IECUCTBHE CBUHIIA U KaMUS B TEUCHHE
21 cyTOoK MHAYIUPOBAIO MPOTH(EPATHBHYIO aKTHBHOCTh
KIICTOK DMUTEIUs CIIM3UCTON 00O0JIOUYKU TOHKOW KUIIKH,
OILICHUBAEMYIO 10 SKCIIPECCUU MapKepa mponudepannu
Ki67. B snutenuu u cCTpoMe BBISIBICHO CTaTUCTUYECKH
3HaYMMOE Bo3pacTaHue skcnpeccun Ki67 mpu coderan-
HOM BO3/IEVICTBUU OTHOCHUTEIBHO KOHTPOJIBHOW I'PYIIIBI
Y TPy C U30JIMPOBAHHBIM BO3/I€HCTBUEM KaMUsI U CBUH-
ua. [Ipu u3onupoBaHHOM BO3JAEHCTBIUH 00OMX TOKCHHOB
skcnpeccus Ki67 B auTenuu 1 CTpOME Takke Bo3pacTaiia
OTHOCHUTENBHO KOHTPOJIBHON IPyMIBI (32 UCKIIOYEHHEM
MoKa3aresi CTPOMaJIbHBIX KJIETOK KPUIIT).

Dkcnpeccus Mapkepa p53 B 3MUTEIUH KPUNT U BOP-
CHHOK TOHKOM KMIIKH BO3pacTajia B ONBITHBIX TpymHmax
OTHOCHUTENLHO KOHTPOJIBHOM ¢ HAaHOOJIBIIMMH MTOKa3aTeIsl-
MU IIPH COYETAHHOM BO3/AEHCTBUM KaJMUs U CBHHIIA; TPH
3TOM a0COJIOTHBIE 3HAUEHUS OKa3aJIMCh TIOYTH B 2 pas3a
06nbp1inMuU B KpunTax. CTpoMasbHbIE KJIETKA BOPCHHOK
B 3-i1 rpymnie ¢ MOHOBO3JEHCTBHEM CBHHIIA MPEBbIIAIN
MTOKAa3aTeNN KOHTPOJIBHOM TPYTIIHIL.

BBIsSBIEHO CTaTHCTUYECKH 3HAYNMOE YMEHBIICHUE
KOJIMYeCTBa OOKATOBUAHBIX KJIETOK B OIBITHBIX TPYIIax
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10 CPaBHEHUIO C KOHTPOJIbHON, HAUMEHbIIEEe KOJTMYECTBO
JAHHBIX CIHM3ENPOAYLHUPYIOIINX KIETOK OTMEUEHO IpH
MOHOBO3JIECTBUN CBUHIIA OTHOCHUTEIHHO BCEX OCTalb-
HBIX TPYIII.
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Pathological investigation of neuroprotective activity
of new derivatives of fused pyrazolyl-thienopyridines
in Corazol-induced seizures
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Introduction. Seizures provoke several morphological alterations in the brain structures. These alterations are
primarily located in the hippocampal CA1 region and the entorhinal cortex. Recurrent seizures are common
in patients with epilepsy. Therapeutic options for this disease are very limited and most of them are aimed
at relieving symptoms. In most cases, to treat epilepsy, anti-seizure drugs are used. Nevertheless, one-third
of affected individuals have resistance to them. Thus, the study of new effective agents that can prevent
epileptogenesis is still an ongoing challenge. In this work, we aimed to study the neuroprotective activity of
several new derivatives of tricyclic pyrazolyl substituted thieno[2,3-c]isoquinolins (SHD-89 and SHD-91)
and pyrano[4,3-d]thieno[2,3-b]pyridines (SHD-78 and SHD-85) as potential anti-seizure drugs.

Materials and methods. The study was performed on mice (n=60). The action of compounds SHD-78, SHD-85,
SHD-89, and SHD-91 was tested in seizures with and without Corazol administration. Histopathological
examinations were performed in the hippocampus and the entorhinal cortex in different experimental groups.
Results. The study showed that under the action of SHD-89 and SHD-78, there was a reduction in the number
of neurons and activation of glial cells in examined regions of the brain. SHD-91 caused severe neurode-
generative effects with changes in the brain structure. In contrast, under the action of SHD-85, the number
of neurons was higher and with lower activation of glial cells.

Conclusion. Studies showed that among the tested compounds SHD-85 possessed moderate neuroprotective
activity and reduced gliosis and neuronal loss induced by Corazol.
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ITatromopdonormieckoe nccrefoBaHe HEIPONPOTEKTOPHOI AKTUBHOCTY HOBBIX PON3BOXHBIX
KOH/IEHCHPOBaHHBIX NNPa30/MI-TUEHONMPIANHOB PU CY0POrax, MHAYIMPOBAHHbBIX KOPa30/IOM

I'B. I'acnapsn, C.A. Bynoan, A.E. Ilozocan, JI.M. Apwmaxkan, JI.C. Apymionsn,
PI. HHaponukan, U.M. Hazapan, ILLIII. /lawan, E.I' Ilaponukan

Hay4Ho-TeXHOIOTH4IeCKHH IIEHTP OpraHndecKol U (apManeBTHIeckoi xumun HannonansHol akagemuu Hayk PecryOmmku ApMenns,
EpeBan, Apmenust

Bsedenue. Cynoporu BEI3BIBaIOT HECKOIBKO MOP()OIOrHUECKHX N3MEHEHHUH B CTPYKTYpE MO3Ta. DTH H3MEHe-
HUSI B OCHOBHOM JIOKaJIU3yIoTcs B o0iacT CA1 runmnokamMiia ¥ B SHTOPHHAILHOH Kope. PenmauBupytommne
CYAOpPOTHY 4aCTO BCTPEYAOTCS Y MAIMEHTOB ¢ dMuiencueil. BapuanTtel neuenus storo 3aboneBaHus OUYCHb
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OTPaHUYCHBI, U OOJIBIIMHCTBO U3 HUX HAIIEIEHO Ha OOJIETYeHUE ero CHMITOMOB. Bo MHOTHX citydasx A
TEpaNuy SIUICTICHH HCIONB3YIOT IPOTUBOCYIOPOXKHBIE ITpenaparsl. TeM He MeHee O/{Ha TPETh MAIlEHTOB
C 9THM COCTOSIHUEM PE3UCTEHTHA K ITPOTUBOCYIOPOXKHBIM ITpenaparam. Takum 00pa3om, H3ydeHHE HOBBIX
3¢ PEeKTHBHBIX areHTOB, KOTOPBIE MOTYT MIPEJOTBPATUTD SMHUIICTITOICHE3 HIIH IIPEJOTBPATUTh CYIOPOTH, TIO-
MIPEeXKHEMY OCTaeTCs CIOKHOW 3afadell B MenuIiHe. B manHON paboTe MBI H3yYHIIA HEHPOIIPOTEKTOPHYIO
U IIPOTUBOCYIOPOJKHYIO aKTHBHOCTH HECKOJIBKUX HOBBIX ITPOM3BOIHBIX TPHILIUKINIECKUX MUPA30IHI3aMe-
IeHHBIX THeHO| 2,3-cJuzoxuHomuHoB (SHD-89 u SHD-91) n mupano[4,3-d]treno[2,3-bnupuauros (SHD-78
u SHD-85) B kauecTBe MOTEHIIMAIBHBIX TPOTHBOCYIOPOKHBIX TIPENapaToB.

Mamepuaner u memoowi. ViccnenoBanus MPOBOAMINCE Ha OeNbIX O€CIOPOAHBIX MBIIaX. JeficTBre 3THX
coequaennit (SHD-89, SHD-91, SHD-78, SHD-85) 6110 MPOTECTHPOBAHO MIPH CYAOPOTax, BEI3BAHHBIX
KOPa30JI0M, a TaKke 0e3 IeHCTBHS XeMOKOHBY/IbCAHTA. | NICTOMATONOTHYIECKHE UCCIEAOBAHUS TIPOBEICHEI
B TUNIIOKAMIIE ¥ SHTOPHHAIBHON KOPE FOJIOBHOTO MO3Ta, B Pa3HbIX 3KCIIEPUMEHTANIBHBIX TPyTINax.
Pesynemamer. iccnenosanmst nokasain, uto nox aeiicrsueM SHD-89 u SHD-78 nponcxoasat yMeHbIIeHNE
KOJINYECTBA HEHPOHOB M aKTHBAINS INIMAIBHBIX KJIETOK B HCCIIEAYEMBIX 00IaCTSIX MO3Ta, TOTJa KaK COe/In-
neane SHD-91 oxa3sIBaeT Tskenble HelipoaereHepaTuBHEIE 2P (EKThI Ha MO3TOBYIO TKaHb, C H3MEHEHHEM
CTpYKTypbI Mo3ra. Hampotus, nox aevicteuem SHD-85 kommuecTBO HEHPOHOB OBLIO BHIMIE IO CPABHEHHIO
C 9THM II0Ka3aTEJIEM B IPYTUX SKCIIEPUMEHTAIBHBIX TPYTIIaxX, C MCHbIIEH aKTHBAINEH NNAIBHBIX KIETOK.
3akarouenue. ViccienoBanus MoKa3ay, YTO CPEIN BCex M3ydeHHBIX coequaennii (SHD-89, SHD-91, SHD-78,
SHD-85) SHD-85 obnamaeT ymepeHHOH HEHpOPOTEKTOPHOW aKTHBHOCTHIO M IPEAOTBPAIIaeT IIN03 U M0-
TEpI0 HEHPOHOB, BBI3BAHHYIO KOPA30JIOM.

KiiroueBble cj10Ba: IpOTHBOCYOPOKHBIC TIPEHaparhl, MUPa30IUITHEHONUPUIUHBI, THIITIOKAMII, YHTOPH-
HaJlbHAasl KOpa, THCTOMATOJIOTMYECKOE HCCIIEI0OBaHHE

Jns koppecnonaenuun: ['paunk Barpamosud 'acniapsin. E-mail: hrachikgasparyan@mail.ru
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dunaHcupoBaHue. VccienoBanue BHIMOIHEHO npu hHUHAHCOBOI moaaepkke [ocynapcrBeHnoro komutera Hayku MOH PA

B paMKax ucciieoBaresbekoro npoekra Ne 18T-1D066.

KonduukTt nHTepecoB. ABTOpBI 3asBIISAIOT 00 OTCYTCTBUU KOH(INKTA HHTEPECOB.

Crarbs noctynuia 30.08.2021. Ioxy4yena nociie peuensupoBanus 15.09.2021. lIpunsra B neuars 22.09.2021.

Introduction

Seizure is a paroxysmal alteration of brain function
caused by hypersynchronous discharges of CNS neurons.
Seizures are divided into three categories: generalized, fo-
cal, and status epilepticus (SE) [1]. Epilepsy is one of the
most common neurological disorders that includes a num-
ber of different syndromes and is characterized by recurrent
unprovoked seizures [2].

Studies on different animal models of epilepsy and the
human brain with temporal lobe epilepsy (TLE) showed
that epileptic seizures induced neuronal loss of pyramidal
cells of the hippocampal CA1 region and reorganization
of the granular cells of the dentate gyrus that was accom-
panied by astrocytic hypertrophy and proliferation [3, 4].
Moreover, patients with mesial TLE show histopathologi-
cal alterations in the entorhinal cortex and amygdala, which
accompany extensive gliosis [5, 6].

Therapeutic options for seizure syndrome are very
limited and most of them are aimed at relieving its symp-
toms rather than preventing epileptogenesis [7]. The main
treatment for epilepsy is still considered to be anti-seizure
drugs (ASDs), yet at least one-third of affected individu-
als continue to experience spontaneous recurrent seizures.
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These patients not only have continuous seizure activity
but are also at risk of developing cognitive impairment and
comorbid mental health problems [8]. Thus, a new effective
agent that can prevent epileptogenesis or cure convulsions
during any type of seizures with mild side effects is still an
ongoing challenge. For the same reason, it is very impor-
tant to search for original drugs in new series of chemical
compounds, in particular, among the derivatives of new
heterocyclic systems.

A number of heterocyclic derivatives containing nitro-
gen atoms serve as universal structural units for the syn-
thesis of complex heterocyclic systems. Pyridine is the par-
ent ring system of a large number of naturally occurring
products and important pharmaceuticals. The derivatives
of condensed pyridines are of interest as biologically active
substances. Thus, alkaloids of the pyrano[3,4-c]pyridine
series extracted from plants exert various effects: hypo-
tensive, anticonvulsant, antipsychotic, anti-inflammatory,
and hypothermic [9]. Furthermore, pyrano[3,4-c]pyridine
derivatives are the starting compounds for the synthesis
of indole alkaloids, in particular, camptothecin exhibiting
antitumor activity [ 10, 11]. The pyrazole nucleus attracted
great attention due to the use of this ring system as an
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important core structure in many drug substances. A large
number of substituted pyrazolopyridine derivatives were
found to possess diverse biological properties, such as anti-
microbial [12, 13], antiviral [14], antileishmanial [15], and
anti-inflammatory [16] non-anionic antiplatelet agents [17],
as well as psychotropic effects [18].

This study continues our research on the synthesis and
evaluation of the neurotropic activity of fused heterocy-
clic systems containing nitrogen atoms [19, 20]. New de-
rivatives of tricyclic pyrazolyl substituted thieno[2,3-c]
isoquinolins (SHD-89 and SHD-91) and pyrano[4,3-d]
thieno[2,3-b]pyridines (SHD-78 and SHD-85) were syn-
thesized in the Laboratory of the synthesis of psychotropic
compounds. In this work, we aimed to study their neuro-
protective activity in Corazol-induced seizure models as
potential ASDs.

Materials and methods

Chemical compounds. We studied anticonvulsant and
neuroprotective properties of the following compounds:

* SHD-89: thieno[2,3-c]isoquinolin-1-amine-N-phenyl

* SHD-78: pyrano[4,3-d]thieno[2,3-b]pyridin-1-amine-

N-phenethyl

* SHD-91: thieno[2,3-c]isoquinolin-1-amine- N-(2,4-

dimethoxyphenyl)

* SHD-85: pyrano[4,3-d]thieno[2,3-b]pyridin-1-amine-

N-(3,4-dichlorophenyl)

Design of a Corazol-induced animal model. For histo-
pathological evaluation of the brain tissue, we conducted
experiments on 60 male and female mice weighing 1824 g.
All novel compounds were administered via intraperitoneal
injection at a 50-mg/kg dose for 3 successive days. To model
the seizures, 1 hour after the injections, all animals from the
control group and experimental groups 1, 3, 5, and 7 received
the same dose of Corazol via subcutaneous injection.

The animals were divided into 10 groups (n=6 in each
group):

A. Intact group: normal animals

B. Control group: Corazol-treated group

C. Experimental group 1: treated with Corazol and

compound SHD-89

D. Experimental group 2: treated with compound SHD-89

E. Experimental group 3: treated with Corazol and
compound SHD-78
Experimental group 4: treated with compound SHD-78

. Experimental group 5: treated with Corazol and
compound SHD-91

. Experimental group 6: treated with compound SHD-91
Experimental group 7: treated with Corazol and
compound SHD-85

J. Experimental group 8: treated with compound SHD-85

All experiments were performed according to the Direc-
tive 2010/63/EU of the European Parliament. The animals
were kept in a room at 21£2°C and a 12-hour light/dark
cycle and given ad libitum access to food and water.

Histopathological examination. After day 3 of the
experiment, the mice were sacrificed under anesthesia
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(40 mg/kg Nembutal Sodium via intraperitoneal injection).
Brain tissue was collected and stored in a 10% neutral buft-
ered formalin. The samples were dehydrated and embedded
in paraffin; 3—5-um microtome sections were prepared.
Brain tissues were cut in coronal sections and stained with
Nissl stain.

For morphometric analysis, ten samples of the hip-
pocampal CA1 region and entorhinal cortex were photo-
graphed at 400x magnification using AmScope MU500
SMP USB2.0 Microscope Digital Camera & Software
(USA). In the CA1 region, we counted normal neurons
with a light nucleus. In the entorhinal cortex, we counted
neurons of layers II and III, microglial cells, and astrocytes.
All cells were counted with ImagelJ 1.x software using Cell
Counter Plugin. All data were expressed as means + SD.
Statistical data analysis was performed using IBM SPSS
Statistics 22.0.0 software with one-way ANOVA, followed
by Bonferroni post hoc test.

Results and discussion

Although the source of convulsions is located in other
brain areas, the literature review showed that in various
animal models of epilepsy, such as TLE and Pilocarpine
and Kainate treated models, the main pathological changes
(e.g., neurolysis and gliosis) were observed in the hippo-
campus, entorhinal cortex, amygdala, and thalamus [5, 7,
21-24]. Our observations showed that the main regions
which had undergone pathological alterations after Corazol
treatment were the hippocampus and entorhinal cortex.
Consequently, we made a pathological evaluation of these
regions after Corazol-induced seizures and treated them
with different newly synthesized compounds to investi-
gate their neuroprotective effects. Corazol had convulsant
effects in animal models due to the inhibition of chlorine
channels in the GABAA-receptor complex and the impair-
ment of the GABAergic inhibitory mechanisms [25].

Histological and pathological observations showed that
the hippocampi of the intact animals had a normal morpho-
logical appearance, i.e., they showed no signs of sclerosis,
chromatolysis, or shrinkage of neurons. Pyramidal cells in
the CA1 region were neatly arranged with clear nuclei and
visible nucleoli, and the cytoplasm had a normal distribu-
tion of Nissl bodies (Fig. 1A). The average neuron count
in the CA1 region was 101.3+8.96 cells in the microscopic
field (Fig. 2).

Patients with TLE are known to have cornu ammonis
(CA) sclerosis as the most common pathological lesion.
The lesion is characterized by severe loss of pyramidal
neurons and gliosis in the CA1 region, prosubiculum, and
CA3 region [26], with both being less severe in the CA3
region. Compared to the hippocampi of the animals in the
intact group, the hippocampi of the animals treated with
Corazol had prominent chromatolysis of neurons. Neurons
were absent in all regions of the hippocampi, and the CA1
region showed sclerosis (Fig. 1B). The count of pyramidal
cells drastically decreased compared to that in the intact
animals and was 44.7+2.87 cells in the microscopic field
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. Photomicrographs of the hippocampus with Nissl stain x400.

A — intact; B — control animals treated with Corazol; C — animals treated with Corazol and SHD-89; D — animals treated with
SHD-89; E — animals treated with Corazol and SHD-78; F — animals treated with SHD-78; G — animals treated with Corazol and
SHD-91; H — animals treated with SHD-91; I — animals treated with Corazol and SHD-85; J — animals treated with SHD-85

Puc. 1. MuxpodoTtorpadun runnokammna, okpammsanue o Huccmio x 400.
A — yHTaKTHas rpynna, B — KOHTpoJIbHbIE )KUBOTHBIE, OMy4YaBIue kopa3oi, C — )KUBOTHBIE, OTy4aBLIne Kopazon u SHD-89,
D — sxuBotHsle, nonyyasmue SHD-89, E — xuBoTHbIe, nonydasye kopason u SHD-78, F — xuBotHsle, nony4asmue SHD-78,
G — »xuBOTHBIE, NoNyyasue kopazon u SHD-91, H — xuBotasle, nonydasmue SHD-91, I — xuBoTHBIE, OTy4aBIINE KOPa30Il

u SHD-85, J — xuBoTHBIE, nomydaBmue SHD-85

(Fig. 2). There was also a prominent activation of astrocytes
and microglial cells. In the CA3 region, there was gliosis
along with many dark neurons with indistinct nuclei. The
vessels near the CA3 region and in the dorsal part of the
third ventricle were congested, and the ventricles were col-
lapsed.

In comparison with the hippocampi of the animals in
the intact group, those in experimental group 1 showed
increased neurodegenerative signs. The number of neu-
rons decreased significantly, especially in the CA1 region
(Fig. 1C). Neuron count was 46.6+4.81 cells in the micro-
scopic field, which was not statistically different from that
of the control group (Fig. 2).

In the hippocampus, there was noticeable activation
of microglia. Due to hemodynamic disbalance, delicate
vessels of the choroid plexus were disrupted, resulting in
the formation of hematoma in the dorsal part of the third
ventricle. In addition, there was congestion of the vessels
near the CA3 region. High doses of antiepileptic drugs were
shown to cause a high risk of stroke [27]. In experimental
models of epilepsy, there were various lesions and changes
in the permeability of the blood-brain barrier that is charac-
terized by the leakage of various blood components into the
brain [28]. Consequently, in our experiments, intracranial
hemorrhages can be due to the high dosage of SHD-89 in
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a combination with Corazol that leads to changes in the
permeability of blood vessels.

In experimental group 2, no noticeable morphological
alterations in the hippocampal region were detected. There
was a slight activation of astrocytes and hyperchromasia
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Fig. 2. The count of neuronal cells in the CA1 region. Data

are expressed as Mean + SD; * p<0.05 compared to the

control group; + p<0.05 compared to the intact group
Puc. 2. Tloncyer HelipoHaNbHEIX KIeTOK B oOnactu CAl. [laHHBIE

BBIP@XKEHBI KaK Cpe/iHee + CTaHAapTHOE OTKIOHEHHE;

* p<0,05 1o cpaBHEHHIO ¢ KOHTPOJIEHOH TPYTIION;

+ p<0,05 mo cpaBHEHUIO ¢ UHTAKTHOM I'PYyIIION
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of the neurons of the CA3 and CA1 regions. In a higher
magnification, the neurons showed darker staining com-
pared to those of the intact animals, but their nuclei were
clear with visible nucleoli (Fig. 1D). The pyramidal cell
count was 73.9+5.55, which is statistically higher compared
to that in the control animals [p<0.05] (Fig. 2). These data
indicate that compound SHD-89 has a synergic effect on
the chemoculvunsant agent.

We observed very similar changes in the hippocampi of
animals from experimental group 3. There were hyperchro-
matic dark neurons and activation of astrocytes. In the CA1
region, the neurons were hyperchromatic and there was
chromatolysis of Nissl bodies and microgliosis (Fig. 1E).
The neuronal cell count also decreased (48.8+5.63) and was
not statistically different from that in the control animals
(Fig. 2).

The blood vessels close to the dentate gyrus were con-
gested. There was noticeable congestion of vessels in the
choroid plexus and hemorrhage to the dorsal part of the
third ventricle. Along with the above-mentioned morpho-
logical changes, there was also atrophy of the medial ha-
benula. Multiple studies have shown that chronic stress
induces bilateral atrophy of the medial habenula and the
lateral habenula [29]. Thus, the combination of the chemo-
convulsant agent and compound SHD-78 result in severe
stress response in mice, which leads to the atrophy of this
region.

Experimental group 4 showed similar morphologi-
cal changes: astrogliosis, microgliosis, hyperchromasia
of the neurons, and congested blood vessels. In the CA1
region, the number of neurons was reduced and the pre-
served neurons were mostly chromatolytic. Besides, we
observed there few dark pyknotic neurons (Fig. 1F). The
neuron count was 50.1£3.35 cells in the microscopic field,
which was not statistically different from that in the control
group (Fig. 2). The congestions in different regions of the
brain indicate that compound SHD-78 results in a change
in permeability of the blood-brain barrier.

In the brain tissue of animals from experimental
group 5, there was a prominent activation and prolifera-
tion of astroglia, which resulted in the structural change
of the hippocampus, especially in the CA3 region. The
number of pyramidal cells of the CA1 region significantly
reduced (Fig. 1G). The neuron count was 23+3.06 cells,
which was statistically lower compared to that in the con-
trol animals (Fig. 2). As a result of structural changes in
the hippocampus, the dorsal part of the third ventricle
had shrinkage, and delicate vessels of the choroid plexus
were disrupted.

Morphological changes in experimental group 6 were
almost the same as those in experimental group 5. There
was prominent astrogliosis and hyperchromatic dark neu-
rons in the dentate gyrus and CA3 regions. In the CA1
region, there was a reduction in the number of cells and
pyknosis (Fig. 1H). The count of pyramidal cells was
30.2+3.68, which was also significantly lower compared
to that in the control animals (Fig. 2).
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The hippocampi of animals from experimental group 6
resembled those of the intact animals. There was mild glio-
sis, and only a few cells underwent pyknosis and chroma-
tolysis. The number of pyramidal cells of the CA1 region
was not visibly reduced, although there was evidence of
chromatolysis of Nissl bodies in some nerve cells (Fig. 11).
The count of neurons was 72.3+3.89 cells, which was sta-
tistically higher compared to that in the control animals but
lower than that in the intact animals (Fig. 2).

The animals from experimental group 8 had minor
changes in the hippocampal region of the brain as well.
The neurons of the CA1 region were mostly neatly ar-
ranged with clear nuclei and visible nucleoli, and only few
of them had chromatolysis of Nissl bodies (Fig. 1J). There
was mild gliosis and a slight reduction in the number of
neurons (86.7+4.74) that was significantly higher than that
in the control group but slightly lower than that in the intact
group (Fig. 2).

Overall, the animals from experimental group 8 did not
show significant pathological changes in the hippocampal
region with and without the chemoconvulsant agent.

Another brain region of particular interest involved in
epileptic seizures is the entorhinal cortex because it is a
part of the hippocampal memory system and constitutes
the major gateway between hippocampal formation and the
neocortex [30, 31]. Numerous studies have demonstrated
that in patients with TLE, there is atrophy not only of the
hippocampus but also of the entorhinal cortex. Addition-
ally, in these patients, quantified significant interactions be-
tween the hippocampus and entorhinal cortex were proven
to prevent seizure onset [32].

The entorhinal cortex of the normal brain consists of six
layers with different types of neurons. Histological obser-
vation of the intact brain showed that in layer I of the ento-
rhinal cortex there were few cells, while layer II consisted
of islets of round neurons, which were hyperchromatic
and had prominent nucleoli (Fig. 3A). The morphometric
analysis showed the number of neurons in this layer to be
72.5+6.22 cells in the microscopic field (Fig. 4). The cells
of this layer project primarily to the dentate gyrus [33].

In layer III, there were medium size pyramidal cells
with clear oval nuclei (Fig. 3A). The cells of this layer
project predominantly to CA1 and CA3 regions [34]. The
number of these cells was 32.6+£4.03 (Fig. 4). Other three
layers consist of large pyramidal cells and neurons of dif-
ferent sizes and shapes. In all layers, there was a normal
number of glial cells. The morphometric analysis showed
the number of microglial cells of the entorhinal cortex to
be 9.6+1.58 in the microscopic field and that of astrocytes
to be 9.6+1.27 (Fig. 5).

Astrocytes regulate brain function and are character-
ized by tight interaction with neurons. In physiological
conditions, they play an important role in neuronal me-
tabolism and the synthesis of neurotransmitters. On the
other hand, activated reactive astrocytes are characteristic
of neurodegenerative diseases. In pathological conditions,
astrocytes release several pro-inflammatory mediators,
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Fig. 3. Photomicrographs of the entorhinal cortex with Nissl stain x400.
A — intact; B — control animals treated with Corazol; C — animals treated with Corazol and SHD-89; D — animals treated with
SHD-89; E — animals treated with Corazol and SHD-78; F — animals treated with SHD-78; G — animals treated with Corazol and
SHD-91; H — animals treated with SHD-91; I — animals treated with Corazol and SHD-85; J — animals treated with SHD-85
Puc. 3. MuxpogoTorpadun SHTOpHHATIBHOH KOPHI, okpammuBanue 1mo Huccmro x 400.
A — vHTaKTHAs TpyIa, B — KOHTPOIBHbIE )KUBOTHBIE, MOTy4aBire kopa3oi, C — )KUBOTHBIE, MOMy4aBiine kopason u SHD-89,
D — xxuBotHsle, nomyuasmue SHD-89, E — sxuBoTtHbIe, momyyasmme kopazon u SHD-78, F — sxuBotHble, nomyyasmue SHD-78,
G — >xuBOTHbIE, onyyasure kopazon u SHD-91, H — xxuBotHsle, nonydasumme SHD-91, I — xuBOTHBIE, OTy4aBIINe KOPa3ol

u SHD-85, J — xuBoTHbIe, nonyuaBuire SHD-85
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Fig. 4. The count of neuronal cells in the entorhinal cortex. Data
are expressed as Mean = SD; * p<0.05 compared to the
control group; + p<0.05 compared to the intact group
Puc. 4. Tloncuer HeWpOHANIBHBIX KJIETOK B JHTOPUHAIILHOM
Kope. JlaHHBIE BEIpaXKEHBI KaK CpefHee + CTaHapTHOE

ortknoHerue; * p<0,05 o cpaBHEHHIO ¢ KOHTPOIBHOM
rpymnmoit; + p<0,05 mo cpaBHEHHIO ¢ UHTAKTHOM IPyIIION
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reactive oxygen species, and neurotrophic factors that
subsequently lead to neuronal damage and death [35, 36].
Microglial cells, as well as astrocyte activation, are known
to play an important role in epileptogenesis: experimen-
tal studies showed that after acute seizures or SE induced
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Fig. 5. The count of glial cells in the entorhinal cortex. Data
are expressed as Mean = SD; * p<0.05 compared to the
control group; + p<0.05 compared to the intact group
Puc. 5. Tloncuer muanbHbIX KIETOK SHTOPUHAIBHON KOPBI.
JlaHHbBIC BBIPaXXCHBI KaK CpeHEe + CTaHAapTHOE

otknoHenue; * p<0,05 Mo cpaBHEHHIO ¢ KOHTPOIBHOM
rpymmoit; + p<0,05 mo cpaBHEHHUIO ¢ UHTAKTHOM IPyIIION
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by convulsive drugs or electrostimulation, microglia were
rapidly activated in various brain regions [37]. Activated
microglia and astrocytes in seizures cause inflammation in
brain tissue by releasing a number of proinflammatory me-
diators. Proinflammatory molecules can change neuronal
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excitability and affect the physiological functions of glia
by paracrine or autocrine actions, thus perturbing the com-
munication between glial cells and neurons [22, 38].

In the entorhinal cortex of control animals, there were
prominent gliosis and neurolysis. In all layers, there were
dark pyknotic neurons, as well as vacuolation and chroma-
tolysis (Fig. 3B). In layer III, the number of pyramidal neu-
rons drastically decreased and reached 942.36 cells in the
microscopic field. In layer I, the reduction was more promi-
nent and the neuron count was 12.4+3.978 cells (Fig. 4).
Experimental studies on epilepsy, as well as those of the
patients with TLE, demonstrated that there was a selective
loss of neurons within layer I1I of the entorhinal cortex [39,
40], and this correlates with our findings. There was also hy-
perplasia of both microglial cells and astrocytes, the number
of which was 33.7£3.23 and 40.7+4, respectively (Fig. 5).

In experimental group 1, there were prominent neurode-
generative processes in the entorhinal cortex. The number
of neurons in layers II and III reduced and the count of
neurons was 22.7+3.4 and 1543.09, respectively. Although
this number was significantly higher compared to that in
the control animals (p<0.05), it was significantly lower
compared to that in the intact animals (Fig. 4). There were
many dark pyknotic neurons along with chromatolytic neu-
rons and active gliosis (Fig. 3C). The number of microglial
cells was not significantly different from that of the control
group (30.8+2.15 cells), while the number of astrocytes was
significantly lower compared to that of the control group
[24.2+£1.398] (Fig. 5).

In experimental group 2, the results were similar. The
number of neurons declined particularly in layer II. In lay-
ers Il and I1I, the neurons were dark pyknotic (Fig. 3D), and
their count was 20.9+3.24 and 15.3+3.3 cells, respectively
(Fig. 4). In this group, there was also prominent microglio-
sis: the number of microglial cells was significantly higher
compared to that of the control group (41.7+£2.71 cells
in the microscopic field). On the other hand, there were
significantly fewer astrocytes than in the control animals
[24+4.06 cells in the microscopic field] (Fig. 5).

Interestingly, under the effect of SHD-89 layer II of
the cortex was more affected and showed pronounced mi-
crogliosis. We observed prominent epidural hematomas
in the brains of animals treated with SHD-89 and Cora-
zol. Simultaneously, in the brains of animals treated only
with SHD-89, there was congestion of the vessels near
the amygdala and pronounced gliosis of amygdala. This
suggests that due to hemodynamic disbalance, neurons of
layer IT undergo hypoxic stress and ischemic necrosis as the
dark cells; in this case, there was a pathological feature in
these groups (Fig. 3C, D). Various experimental studies on
traumatic brain injury demonstrated vascular disruption in
acute stages of trauma to lead to the exhibition of abnormal
dark neurons in the cortex and hippocampus [41].

In experimental group 3, layer Il was characterized by a
substantial decrease in the number of neurons that reached
18.543.47 cells; the neurons were dark pyknotic (Fig. 3E).
In layer III, the reduction in the number of neurons was
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substantial as well [10£2.36 cells] (Fig. 4). Moreover, there
was a prominent activation of the microglia. Compared to
the number of microglial cells and astrocytes in the control
group, here, that of the former was significantly higher
(44.3+3.06 cells) and that of the latter was significantly
lower [23.7+1.95 cells] (Fig. 5).

In the cortexes of animals from experimental group 4,
we observed very similar morphological changes. There
was a reduction in the number of neurons in layer I1I;
layer II seemed to have pyknosis and pronounced gliosis
(Fig. 3F). The number of neurons in layers II and III was
19.4£1.51 and 10.8+1.93, respectively (Fig. 4). Gliosis
was also pronounced: the number of microglial cells was
36.4+3.44 and that of astrocytes (3542 cells) was higher
in this group compared to experimental groups 1, 2, and 3
(Fig. 5). The presence of dark pyknotic neurons in experi-
mental groups 3 and 4 treated with compound SHD-78 can
also be a result of hemodynamic changes and congestion.

In experimental group 5, there were severe pathological
changes in the entorhinal cortex: pronounced chromatolysis
and pyknosis of neurons, as well as multiple foci of micro-
gliosis (Fig. 3G). In layer 11, the reduction in the number of
neurons was significant and amounted to 13.34+4.47 cells
in the microscopic field, whereas in layer 111, the number
of pyramidal cells was 10.5+2.593 (Fig. 4). Because of
gliosis and brain swelling the neurons of layer II traveled
to layer I. The numbers of microglial cells and astrocytes
were elevated compared to that in other groups [40+£2.83
and 41+2.26, respectively] (Fig. 5).

Without Corazol, SHD-91 produces mild pathologi-
cal changes in the entorhinal cortex of mice. There was
a reduction in the number of neurons in layers II and III
[18.2+3.99 and 10.6£1.713 cells, respectively] (Fig. 4).
We observed substantial neuronal necrosis and pyknosis,
as well as microgliosis in all layers (Fig. 3H). Glial cell
count showed that in this group, the numbers of microglial
cells and astrocytes increased to 36.14+2.38 and 40.2+2.86,
respectively. The number of glial cells was not significantly
different from that in the control group (Fig. 5).

In experimental groups 5 and 6, the neurodegenerative
processes in the brain tissue were more pronounced than in
other groups. Pathological changes of the brain tissue were
particularly noticeable in group 5: there were structural
changes in the hippocampus and entorhinal cortex. This
suggests that SHD-91 has a synergic effect on Corazol that,
in turn, leads to the activation of astrocytes and changes
the structure of the brain in mice. Numerous experimental
studies on epilepsy demonstrate that prior to seizures there
are morphological changes in both astrocytes and neurons
in the brain. Palisading astrocytes immediately surround the
injury site, and their processes form a halo around the le-
sion with striking radial orientation [42]. This phenomenon
was observed in experimental groups 5 and 6 where there
was pronounced astrogliosis in the hippocampal region
and entorhinal cortex.

In experimental group 7, the morphological picture of
the cortex was almost the same as in the intact animals
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(Fig. 31). Although in layer I, the number of neuronal cells
reduced (29.6+4.65 cells), it was significantly higher com-
pared to that in the control and experimental groups 1-6. In
layer 11, the number of pyramidal cells was the highest of
all experimental groups [17.943.381 cells in the microscop-
ic field] (Fig. 4). There was a lower activation of microglia
than in other groups. The count of microglial cells was
19.8+£2.94, which is significantly lower compared to that
in the control animals. Although the number of astrocytes
was slightly higher (32.8£2.78 cells), it was significantly
lower than in the control group (Fig. 5). Overall, patho-
logical processes were moderate in comparison with other
experimental groups.

In experimental group 8, however, we observed a
reduction in the number of nerve cells in the entorhinal
cortex to be more considerable, especially in layer 111
(10.3£2.06 cells). In layer 11, on the other hand, the neurons
were more preserved (Fig. 3]), and their number was the
highest in this group compared to that in other experimental
groups [37+5.099 cells] (Fig. 4). Gliosis was moderate as
well: the number of microglial cells was much lower com-
pared to that in the control and other experimental groups
(19.1£2.51 cells). Astrocytes count was significantly lower
compared to that in the control animals [26.7+3.56 cells]
(Fig. 5).

The reduction in the number of neurons in layer 111
suggests that although SHD-85 has almost no pathological
effect on the hippocampus, it affects the entorhinal cortex
leading to neuronal loss in this region. This phenomenon
should be studied further with different doses of SHD-85.

Conclusion

Histological and pathological studies of brain tissue
under the effects of new derivatives of pyrazolyl-thieno-
pyridines with and without chemoconvulsant agent Cora-
zol show that among all the studied compounds SHD-78
and SHD-89 cause moderate morphological changes to the
hippocampus and entorhinal cortex, whereas compound
SHD-91 produces severe neurodegenerative effects on
brain tissue. Moreover, SHD-85 shows neuroprotective
activity with reducing gliosis and neuronal loss induced
by Corazol.
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MNudopmanus o6 aBTopax

Tpa!mk Bal"paMOBH‘I Facnap;lH — KaHauaat OHOJIOTMYECKHUX Hayk, 3aBe)1y}0Lum71 na6opaTopI/Ieﬁ (bapmaKonorm/I 1 T'UCTOIIATOJIOTUHU HaquO-
TEXHOJIOTHYCCKOT'O LICHTpa OpI‘aHPI'-IeCKOﬁ u q)apMaI_ICBTI/I‘ICCKOI‘/‘I XuMuH HallmoHaIbHOM akageMun Hayk PeCHy6HI/IKI/I ApMeHI/ISI,

Cona A3aroBHa bynostH — kaHIuIaT OMOJIOTHYECKHUX HAYK, HAYUHBIH COTPYIHHUK, JabopaTopus (papMakoIOru ¥ T’HCTONATOIOTHH, IPyIIa
rucronaronorn Hayuno-Texnonornueckoro LleHTpa oprannueckoii u papmanesrnueckoii xumun HanmonansHoit akanemun Hayk PecryOnukn
ApmeHus.

Amnaut EpBannoBHa [lorocsiH — Hay4HBIN COTPYIHUK, JabopaTopus (hapMaKoJIOTUH U THCTONATONIOTHH, IPyIina rucTonaronorun HayuHo-
TexHojorm4yeckoro L{entpa opranudeckoii u papmaneBriHyeckoit xumun HarmoHnanbsHO#M akagemun Hayk PecryOnukn ApMmeHus.

Jlunut MapTrHOBHA ApLIaKsiH — MJIa/IINI HAYYHBIH COTPYIHUK, 1abopaTopusi (papMaKoIOruy U TUCTOIATOIOTHH, TPYIINa HUTOJIOTHYEeCKUX
¥ OnoxuMHuYecKux nccienoBannii Hayuno-rexHonormyeckoro LleHntpa opranndeckoit n papmarieBrndeckoi XumMun HarmoHansHOH akageMun
Hayk PecnyOmuku ApmeHusi.

Jlycune CaprucoBHa ApyTIOHSH — J1ab0opaHT adopaTopuu GapMaKkoIoruy ¥ TUCTONATONOTHH, TPYIIA LIUTOJIOTHYECKUX U OMOXMMHYECKUX
uccienosanuit Hayuno-texnonorunueckoro Llentpa opranndeckoil u gpapmaneBruueckoil xumun HanmonanpHoi akagemuu Hayk PecryOnnku
ApmeHus.

Py3anna l'apHukoBHa [TapoHUKSH — KaHIUAAT OHOJIIOTHYECKHUX HAyK, CTApIINil HAyYHBIH COTPYNHHUK, IJabopaTopus (apMaKoIOruH
Y TMCTOIATOJIOT UM, TPYIIIA UCCIIEI0BAHUIA IPOTHBOCYIOPOXKHBIX M IICUXOTPOMNHBIX BeniecTB HayuHo-TexHonorndeckoro LienTpa opranudeckoi
1 papmaneBTHyeckoil xumuu HarnnonanbHol akagemun Hayk PecryOnukn ApmeHust.

VBerra Maparosna HazapsiH — Hay4HBIH COTPYIHUK, TaGOPAaTOpUst (hapMaKOIOTUH M THCTOIATONIOTHH, TPYIIIIA HCCIeIOBAHUH
HPOTHBOCYAOPOXKHBIX U IICHXOTPONHBIX BemecTs HayuHo-Texnonornueckoro Llentpa oprannyeckoil u hapMaleBTHIECKOH XUMHU
HanuonanbHolt akajieMun Hayk PecriyOnuku Apmenus.

ymran [lamupoBHa JlamisH — KaHAWAAT XUMHUYECKUX HAyK, HAYYHBIA COTPYAHUK, Ta00paTOPHs CHHTE3a ICUXOTPOITHBIX COCMHEHUI
HayuHno-texHonoruueckoro LleHTpa opranndeckoit u papmareBriyeckoi xumun HaronanpHol akagemun Hayk PecriyOnuku ApMeHwUst.

Epsana ["apuukoBuy [TapoHUKSIH — TOKTOp XUMHYECKHX HAyK, 3aBeAYyIOIINIT 1abopaTopuei CHHTe3a IICUXOTPOIHBIX COSTUHEHUH
HayuHno-texHonoruueckoro LlenTpa opranudeckoit u papmarepriuueckoir xumun HaronanpHol akagemun Hayk PecriyOnuku ApMeHwust.
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IJKcIpeccnss MapKepoB CTBOIOBBIX OIIYXOJ/I€BbIX K/IETOK
CD44, CD133 u ALDH B nepBuuHOIj onyxonu Ha ¢poHe
I/IATMHOCOAEep Kallell XMMNOTEePANINN IIPU PaKe AMYHUKOB
C.0. I'enunl', H.H. Aumoneeea’?, T.B. Abaxymosa’, T.II. I'enun’', E.B. Cnecapesa’

! ®I'BOY BO VibsHOBCKHI rOCYIapCTBCHHBIN YHUBEPCUTET, THCTUTYT MEUIMHBL, SKOJIOTHH U (HH3UYCCKOM KYJIBTYpPbI, YIIbSHOBCK,
Poccus
2 T'Y3 O6nacTHO# KIMHHYECKHH OHKOJIOTHYECKHH UCTIaHcep, YIbSHOBCK, Poccust

Bseoenue. Pak SMUHUKOB XapaKkTepu3yeTcs HeONaronpHusaTHBIM KIMHHYECKUM TedeHneM. CII0)KHOCTH B €To
JICUEHUH MOTYT OBITH O0YCIIOBJICHBI BHYTPHOIYX0JIEBOM I€TEpOreHHOCTHIO, BKIIIOYAOIEH Halu4ue myna
CTBOJIOBBIX KJIETOK. L{enbio qaHHOTO0 MccienoBanus Obla OleHKa SKCIIPECCHH MapKepOB CTBOJIOBBIX OITy-
XOJICBBIX KJIETOK B TKAaHH IEPBHUYHOTO paKa sSIMYHUKOB J0 U B mpouecce xumuorepanuu (XT) B cBs3H C
KIIMHUYECKUMH XapaKTePUCTHKaMH 3a00JICBaHUsL.

Mamepuanst u Mmemodsi. B peTpoCTIEKTHBHOM HCCIIEJOBAaHUH OLIEHUBAIN 00pa3iibl TKAHU MIEPBUYHOH OITy-
XOJIU MAaIUEeHTOK (n=28) ¢ NepBUYHBIM YIUTEIHAIBHBIM pakoM SUYHUKOB [-IV cTaauu, momyueHHbIE 10
Tpex kypcoB XT nub6o mocne Hux. Onenky sxcnpeccun ALDH, CD44, CD133 npoBoAWINn METOIOM M-
MYHOTHUCTOXHUMHUHU.

Pezynvmamei. B 06pa3siiax Hu3koanpGepeHMpoBaHHON CEPO3HOHN aIEHOKapIIMHOMBI IIPOLIEHT KIIETOK, IKC-
npeccupyromux ALDH (p=0,008), CD44 (p=0,026), CD133 (p=0,059), Ob11 HIKE, 4eM B OIYXOJISAX IPYTUX
noATUIIOB. B 00pa3nax TkaHH, MOJy4YEeHHBIX JI0 JICYSHUS, IPOLICHT KIIETOK, aKkcnpeccupyromux CD44, Obin
6omsiire (p=0,053), uem B 00pasiiax, Moy4IeHHbIX mocie HeoaaboBanTHON X T. [IpociexuBanach TCHACHIHS
K Oosee BbIcOKOIT akcnipeccnu CD44 (p=0,056) u ALDH (p=0,074) B omyxossix I-1I cramuu B cpaBHeHNN
¢ III-IV craguei. Y nanueHToK ¢ KIIMHUYECKU IUIaTHHOYYBCTBUTEIIBHBIMU OITyXOJIIMU B rpymre nocie XT, Ho
He 10 X T, nporiert CD44" kj1eTOK B OIyX0:u ObLT OOJTBINE, YeM Y HeUYBCTBUTEIBHBIX K miatuHe (p=0,038).
KonnuecTBo omyxoneBbIX KIETOK, 3xcnpeccupyromux ALDH, Bo3pacTano mpsiMo IponopIiioHalIbHO KO-
YECTBY OIMYXOJICBBIX KIIETOK, 3kcipeccupytomux CD44 (R2=0,280, p=0,005). Mexay kommuectBom CD44*
u CD133" kyieTok B apeHXUMe OITyXOJIM MPUCYTCTBOBANA MONIoKUTeNbHas koppersuus (1=0,408, p=0,031).
3axniouenue. Mapkepbl CTBOJIOBBIX OIIyXOJIEBBIX KJIETOK KOAKCIIPECCUPYIOTCS B TKAHSIX IEPBUYHOIO o4ara
paka sSIMYHUKOB. DKCIIpeccusi MapKepoB pa3IuyaeTcss B 3aBUCMOCTH OT TMCTOJIOIMYECKOTO MOATHIIA U Ha-
JINYUS IPeAIeCTBYIONET0 XMMUOTEPAEBTUIECKOTO BO3IEHCTBHS.

KutioueBble ¢j10Ba: CTBOJIOBBIE OITyXOJIE€BbIE KIIETKHU, PaK SIMUHUKOB, Xumuorepamnusi, CD44, CD133, ALDH,
UMMYHOTUCTOXUMHUS
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Expression of cancer stem cell markers CD44, CD133, and ALDH in a primary tumor before and
after platinum-containing chemotherapy in ovarian cancer

S.0. Gening', LI Antoneeva?, T.V. Abakumova', T.P. Gening', E.V. Slesareva’

''Ulyanovsk State University, Institution of Medicine, Ecology and Physical Culture, Ulyanovsk, Russia
2 Regional Clinical Oncological Dispensary, Ulyanovsk, Russia

Introduction. Ovarian cancer (OC) is characterized by an unfavorable clinical course. Difficulties in the
treatment of OC can be due to intratumoral heterogeneity, which includes the presence of stem cells. The
aim of this study was to assess the expression of stem markers in the tissue of primary OC before and during
chemotherapy of OC in association with the clinical features of the disease.
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Materials and methods. A retrospective study evaluated tissue samples of the primary tumors of patients
(n=28) with stages [-1V epithelial OC obtained before or after 3 courses of chemotherapy. The expression
of ALDH, CD44, and CD133 was assessed by immunohistochemistry.

Results. In samples of high-grade serous adenocarcinoma, the percentages of cells expressing ALDH
(p=0.008), CD44 (p=0.026), and CD133 (p=0.059) were lower than in other subtypes. Tissue samples obtained
before treatment showed a higher percentage of cells expressing CD44 (p=0.053) than the ones obtained after
neoadjuvant chemotherapy. There was a tendency towards higher expression of CD44 (p=0.056) and ALDH
(p=0.074) in stages I-II tumors when compared to that in stages III-IV. In the neoadjuvant chemotherapy
group, patients with clinically platinum-sensitive tumors had a higher percentage of CD44" cells than those
with non-platinum-sensitive ones (p=0.038). The number of tumor cells expressing ALDH rose with the
increase in CD44" cells number (R2=0.280, p=0.005). We found a positive correlation between the numbers
of CD44* and CD133" cells in the tumor parenchyma (r=0.408, p=0.031).

Conclusion. Cancer stem cell markers are co-expressed in primary tumor tissue in OC. The expression of stem
markers differs depending on the histological subtype and the presence of prior exposure to chemotherapy.
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BBenenue

Pak suunukos (PS) xapakrepusyercs psiioMm HeOnaro-
MPUATHBIX 0COOCHHOCTEH KIMHUYECKOro TeueHus. K Hum
OTHOCSITCSI OTCYTCTBHE CUMIITOMOB JI0 MOMEHTA Pa3BUTHSA
MHTpanepuTOHEANbHON AUCCEMUHALINN, HU3Kasl S-JeTHSAS
oOm1asi BBDKMBa€MOCTh, HECMOTPS Ha BBICOKYIO YaCTOTY
OTBETa Ha XMMHOTEPANHIO NEPBOI JIMHUHU, YKOPOUEHHE
MHTepBasa 6e3 NpOrpecCUpOBaHus ¢ KaXKIbIM MOCIEAYI0-
IIMM PEeUUINBOM, KPUTHUECKOE 3HAUEHUE HAIUYUS dyB-
CTBUTENBHOCTH K IUIATUHOBBIM IIperaparam AJisi IpOrHo-
3a 6oses3nu [1, 2]. MceneaoBanus HOBBIX JICKApCTBEHHBIX
cpeacTB Juig Tepanuu PS B mocnenHue rogpl 1eMOHCTPH-
PYIOT MHOTOOOEIIAIoIe pe3yabTaThl, OAHAKO MaTOreHe3
JaHHOTO 3a00JI€BaHMA 0 CUX IIOP BO MHOTOM HESICEH.

Bce Gonbliie aBTOpOB CBA3BIBAIOT CIOKHOCTH B Jieue-
Huu P ¢ BEICOKMM yYpOBHEM BHYTPHOITYXOJIEBOM reTepo-
regHocty [3]. OOuenpuHsATas B HacTOsIIEE BpeMsl KOH-
uenuus cTBosoBbIX KieToK (CK) omyxoneit kak HCTOYHMKa
rereporeHHoctH [4] akryansHa u i PA. /IBa oCHOBHBIX
CBOMCTBa CTBOJIOBBIX KJIETOK — CAMOOOHOBIICHHUE ITyIa
U MyIbTWIMHEHHAS Tu((dEepEeHIHPOBKA — MTO3BOJISIIOT UM
BOCIIPOU3BOJUTH IMUPOKHHA CHEKTP (DEHOTHIIOB KJIETOK
OTYXOJIEBOM MapeHXUMbl U Aaxe cTpomsl [3]. Crocoob-
HocTh CK K hopmupoBanuio chepouaHbIX KOJOHUH, pa-
CTYLIMX B )KUJKOH cperie 0e3 MOIT0KKH, MOXKET YCIIEIIHO
peasin30BaThCsl BHYTPU acLUTa, MOSBICHHE KOTOPOro ya-
CTO CTAHOBUTCS MEPBBIM CUMIITOMOM IPOrpeccUpyoLie-
ro P [4].

B 2010 rony L. Hu et al. onucanu nanuuue B PA kne-
TOK «CcTOpOoHHEW momynsauuu» (side population). [Tocie
BBE/ICHUS KPACHTEJNS 3TH KIETKH Topa3no d3PPeKTHBHEE
OCYIIECTBIISUTH eT0 yaaneHue (3¢ ¢uitokc) u3 LUTOILIa3MBl,
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YyeM Jpyrue KIeTKH napeHxumsl [5]. JlaHHoe siBneHue Ha-
OmroaeTcst B CTBOJIOBBIX OIYXOJIEBBIX KJIETKAaX M BBI3BAHO
BBICOKO# YKCIPECCHEH B COCTaBE MX MEMOpaHbI OSIIKOB-
TPaHCIOPTEPOB, KOTOPBIE TAK)Xe MOMOTAIOT BBHIBEACHUIO
MOJICKYJI IIATOCTATUKOB, MMOTCHIINAIEHO HUBEIUPYS (-
¢exr neyenus [6]. B mocnenyromux uecneqoBaHusax ObUTH
onucanbl Mapkepsl nerexkuuu CK PS, xotopeie moryt
UCIIOJIb30BAaThCA B MMMYHOTHCTOXUMHUYECKUX HCCIIEN0-
BaHmsX, B ToM unciie CD44, CD133 anpnerugaerunpo-
renasa (Aldehyde dehydrogenase, ALDH) [7]. Onucana
ponb rukonpoTrenHa CD44 B omyxoieBoi Iporpeccuu
Y MOAYJISALIMH OITyXOJI€BOTO MUKPOOKPYKEHUS, SKCIIPECCHS
CD133 o6napyxena Ha CK pa3nIn4HbIX OIMyXoJei, oaHa-
KO (pyHKIMS M KIMHUYECKOE 3HAYeHHUE ITOr0 Mapkepa 10
cux nop HesAcHbI [8]. Takke 10 HACTOSIIEr0O MOMEHTA HE
orpejieNieHa ONTUMallbHast KOMOHHAIMSI MapKEPOB J1JIs BbI-
seienust CK PSI; kpome Toro, BEICOKas IIIaCTHYHOCTS (e-
HOTHIIA CTBOJIOBBIX OITyXOJIEBBIX KJIETOK MOXKET IPUBOJUTH
K Pa3IM4MAM B MaTTEpHAX IKCIIPECCUU B 3aBUCUMOCTH OT
KJIIMHUYEeCKOU cutyanuu [9].

Lenpto naHHOTO MCCeI0BaHus ObUIa OlIEHKa SKCIpec-
CUU MapKepOB CTBOJIOBBIX KiieTok onyxomu CD44, CD133
n ALDH B Tkanu nepsuuHoro P 1o 1 B mpouecce XuMuo-
TEpaIuy B CBA3H C KIIMHUYECKUMH XapaKTepUCTUKAMHU 3a-
OoneBaHusl.

Marepuanbl 1 METOABI

B perpocnexkTuBHOE Hcciie0BaHNE ObLIIN BKIIIOYEHbI
HanUeHTKU (n=28) ¢ IepBUYHBIM THCTOIOTHYECKU BEpUPH-
UPOBaHHBIM dnuTenuanbHbM P -1V craguu o FIGO,
MPOXOAMBIIHE JIEUEHNUE B THHEKOJIOTHYECKOM OTAEICHUN
VIBSIHOBCKOTO 00TACTHOTO KIIMHIYECKOTO OHKOJIOTHYIECKO-
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ro aucnancepa B 2016—2019 ronax. Kpurepuu BkitoueHus
B HCCJIEZIOBAaHME: IJIAHOBO BBIIIOJIHEHHAS! XUPYyprudeckas
orepauys, HaI4ue Ouomarepuania J0CTaTOYHOro oobema
Y KauecTBa A1l uMMyHorucroxumuueckoro (MI'X) uccie-
JIOBaHUS, OTCYTCTBUE MHBIX 3JI0KAYECTBEHHBIX OIyXOJel
(B aHaMHe3€e ¥ CHHXPOHHO Pa3BUBAIOIINXCA).

Jo6poBonbHOE HHHOPMUPOBAHHOE COIVIACHE B COOTBET-
CTBHUH C MPUHIUIAMHU XeTbCUHKCKON Aeknapanuu (2013)
MOANKCAHO BCEMU YYacTHULIaMU uccienoBanus. Mccneno-
BaHUeE 0100peHo dTHUeckrM koMmuteToM MMOudK Vibs-
HOBCKOT'O FOCYapCTBEHHOIO YHUBEpcuTeTa (poTokoin Ne 3
ot 15.03.2017). O6pasLibl TKaHU Oy XOJIH MOTy4eHbl HHTpa-
OIEPALIMOHHO: Y MAIMEHTOK, MOTYy4aBUIMX aIbIOBAHTHYIO
xumuorepanuio (AXT), — 1o Hayama XMMHOTEpaInuu, a y na-
LUEHTOK, MTOJyYaBIINX HE0AAbIOBAHTHYIO XUMHUOTEPAIIHIO
(HAXT), —nocne Tpex KypcoB XUMHOTEpanuu 1o cxeme TP
(kap6ormutariun AUC6 + nakiurakcen 175 mr/m® BHyTpuBeH-
HO KaneqpHO | pa3 B 3 HeesnM) CormacHO MEKIyHapOAHBIM
Y HalMOHAJIbHBIM pexoMmeHgauusaM [ 10]. Xupypruueckoe
JIeYeHHUE BBIMOJIHAJIOCH B 00bEME THCTEPIKTOMHH C JBY-
CTOPOHHEW CaJbIIMHIO0()OPIKTOMUEH U OMEHTIKTOMHUEH.
CornachHo pexomenaaiusam GCIG4th, marreHToK cuuTamu
KJIMHUYECKU TUIaTHHOYYBCTBUTEIBHBIMUY, €CIIU PELUIUB/
MPOTPECCHPOBaHKE BOSHUKAIN depe3 Oonee yeM 6 Mecs-
LIEB OT IOCJIEIHEro BBEACHHU XUMHUOIIPENapaToB MepBOn
JIUHUU; HEYyBCTBUTEIBbHBIMH — €CJIM MIHTEPBaJ OT MOCTe -
HETO BBEIICHUSI IO PELIUINBA/TIPOTPECCUPOBAHIS COCTABIISIT
MeHee 6 mecses [11].

Mopdodonoruyeckoe UccieOBaHUE BKIOYAIO THCTO-
JIOTUYECKUI U UMMYHOTUCTOXUMUYECKUH MeTobl. TKa-
HU uxcupoBanu B 10% pactBope ¢popmanuHa, 3a1uBa-
nu B mapaduH 1o oOpraHOM MeTonuke. CepuiiHbIe CPEe3bl
TOJIMHOM 3—5 MKM Jlerapa)uHIPOBAIIH MO CTAaHIAPTHOM
CXeMe U OKpallluBaJd TeéMaTOKCHJIMHOM U 303uHOM. [is
NI'X uccrnenoBanus cepuitHbIE CPe3bl TONIUHON 3—5 MKM
HAHOCWJIM Ha TpeIMETHBIE CTEKJIA C aAr€3UBHBIM MOKPHI-
teMm. UI'X peakuuro mpoBOAWIA py4HBIM MeTOoAOM. Ha
OJTHO CTEKJIO aHTUTEJIO pa3BoAwIv B cooTHowmeHuu 1:100.
[MpenBaputenpHas 06pabOTKa CTEKIIA MPOBOAMIACEH B Oy-
(epe 14 BEICOKOTEMITEPATyPHOM IEeMAaCKUPOBKHU SMUTOIIOB
anTureHoB B Teuenue 30 munyT. [locne 3Toro crekia mo-
MeIIaJi B aBTOCTEHHED, [/l OKpaIlMBaJIl COIJIACHO CTaH-
JapTHOMY IPOTOKOJIY € MOMOIIBIO CHUCTEMBbI AETEKLIHH
UltraVision (Thermo Scientific, CLLIA).

Hnsa onpenenenuss CK B omyxoneBoil momyisiuuu
U B cTpoMe npumeHsnu anturena k CD44 (Anti-CD44
antibody (EPR1013Y) ab 51037 Abcam, BenukoOpura-
Hus), ALDH (BD Transduction Laboratories, Purified
Mouse Anti-ALDH 611195 Clone: 44/ALDH aa 7-128
Becton Dickinston, CIIIA), CD133/1 (AC133) antibodies,
human, Clone: AC133, Miltenyi Biotec, CIIIA). Dxcrpec-
CHIO KaXKIOro MokKaszareis KJIeTKaMy MapeHXUMbl OITyXO-
nu onpenersuy o cucreMme Klein et al [12]. ®uHanbHbIH
6ai sxcnpeccuu (ot 0 10 9) onpenensuiv Kak MpoOU3Be-
JIeHHE KOJIMUeCTBAa OKpalleHHbIX Ki1eTok (0 0annoB — HeT
OKpAILICHHBIX KIIETOK, 1 6ast — okpammBaercs meHee 30%
KJIETOK, 2 0amia — 30-60% kierok, 3 6amia — 6oiee 60%
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KJIETOK) Ha UHTEHCUBHOCTh OkpatunBanus (0 0anioB — HeT
peakuuy, 1 6amt — cnaboe okpamnBanue, 2 6amia — yme-
PEHHOE OKpallluBaHue, 3 Oajia — CUIbHOE OKpaIllUBaHKE).
DKcIpeccHio MapKkepoB B CTPOME OIYXOJIN OLIEHUBAJIH 10
mikase ot 0 10 3 6asioB. OOpa3ibl HE3aBUCUMO OLIEHUBAIH
JIBa CHENUAINCTa-TIaTOMOpdoora.

Craructudeckast 00paboTKa MoTy4eHHbIX JaHHBIX MPO-
BOJMJIACH C IOMOLIBIO MPOrPaMMHOT0 obectieyeHus Jamovi
2.0.0 for MacOS. [TockonbKy pacrnpeeseHie KoIMuecTBeH-
HBIX IJaHHBIX OTJINYAJIOCh OT HOPMAJIBHOTO, [ CPaBHEHUS
HE3aBHCUMBIX OATPYII UCIIOIb30BaN KpuTepuid ManHa—
Yutau. C yyetoM yncia 06pa3loB KOppesaLud OLeH1Ba-
TH ¢ noMorbio kodddunuenra Crmpmena. [Ipu onenke
JIByXJIETHEH BBIKMBAEMOCTH PACCUUTHIBAJIA OTHOLICHHE
LIaHCOB; JJIS1 OLIEHKH MPOTHOCTUYECKOM 3HAYMMOCTH UC-
TM0JIb30BAIM 000OLICHHY0 JIMHEIHYI0 MOzieNb. Pe3ynasTarsl
pacLeHUBAIUCH KaK CTaTUCTUYECKU 3HauuMble ripu p<0,05.

Pesynbrarsl

Knunuueckue xapakTepUCTUKU Y4aCTHUII HCCIIEA0Ba-
HUS NpeacTaBieHbl B Tabnuue 1.

[Tpu aHanmu3e JaHHBIX, HOTYYEHHBIX B pe3y/bTaTe u3y-
yeHus sxcrpeccut ALDH B onyxoneBbIX KJIeTKax nepBU-
HOI orryxon, 1o 14,3% ciyuaeB kak qo XT, Tak u rocie
Hee HE UMEJIO B CBOEM ITyJle KJIETOK, IKCIIPECCUPYIOIUX
ALDH. Bricokas (9 6amnoB) sxcripeccus ALDH nabmto-
Jlanack JUILIb B 0HOM citydae nocie XT. UHTeHCHBHOCTD
skcripeccud ALDH B kieTkax cTpOMBbl BapbHpoOBaia OT
ci1aboif 04aroBol 10 04aroBoid yMepeHHO CHIIBHOH Kak
o XT, rak u nocie Hee. Bo Bcex u3yueHHbIX 00pa3nax
TKaHU JI0 Hayaja JeueHus HaOmroaanachk sxcpeccus CD44
knetkamu napeHxuMsl. [Tocae XT B aByx ciyuasx (14,3%)
HEe UMEJIOCh KIIETOK, aKcnpeccupyoomux CD44. NuTen-
cuBHOCTH dKcnipeccun CD44" B kneTkax crpomsl 10 XT
BapbHUPOBAIA OT SIPKO 04aroBoii 10 mudy3HO pKoid. DKCI-
peccust B 9 0aIDIOB TakKe MPUCYTCTBOBAIA TOIBKO B OTHOM
obpasue nociie XT. B napeHxume nepBUYHON OIMyXonu
PA B 50% ciyuaeB 1o Hadaza jieueHus u B 64,3% ciydaes
nocie XT He BeisABieHa 3kcnpeccust CD133. Boiciumii 6ast
HKCIIPECCHH IMPUCYTCTBOBAJ B OAHOM 00pa3Ie 10 ICUCHUS
(Tabn. 2). B cTpome Bcex M3y4EeHHBIX 00pa3loB HE JKC-
npeccuposaics Mapkep CD133.

B o6pa3nax HuskoauddepeHIHPOBaHHON CEPO3HOI
aJIeHOKapLUHOMBI MIPOLIEHT KJIETOK, SKCIIPECCUPYIOLIUX
ALDH (p=0,008), CD44 (p=0,026), CD133 (p=0,059), 6511
HUKE, UEM B ONYXOJIAX IPYTUX MOITHIIOB.

B o6pa3uax TkaHH, MOJIYYEHHBIX 10 Je4eHHUs, ObLI
HECKOJIbKO BbIIlI€ MPOLIEHT KJIETOK, KCIPECCUPYIOLINX
ALDH (p=0,063) u CD44 (p=0,053), Ho ne CD133, uem
B 00pa3iax, MoJIy4eHHbIX [0CIIe He0aJbIOBaHTHOM XMUMHO-
tepanuu (puc. 1, 2). B o0pa3uax no nedeHus vaie Ha-
omronanack skcnpeccust ALDH 6onee yem B 1% kineTok
MapeHXUMbl, a B 00pasiax Mmocie Je4eHus dKCIpeccus
yaiie oTCyTcTBOBaia (Xxu-kBajapar 5,04, p=0,025).

Coneprxanue kiaerok CD133" B ommyxonu y nauueHToK
C acIUTOM OBLIO HECKOJBKO HIXKE, YeM Y TalUeHTOK 0e3
Hero (p=0,050), Torga kak mokazarenu CD44" u ALDH"
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He oTanyaiIuch. Ilpu 3ToM B Hallel KOropre naueHTOK
aCIIMT Yallle MPUCYTCTBOBAJ y HEIUIATHHOYYBCTBUTEIIBHBIX
nanueHTok (xu-keaapat 8,13, p=0,004).

Okcnpeccus U3yYeHHBIX MapKepOB HE 3aBUCEJA OT
cTaguu 3a0osieBaHUsA. DTO HAONIONEHHUE COIacyeTcs ¢
nanabiMu GEPIA — 6as3sbl, BKIrouaromnieid HHGOPMaIIHIO
CEKBEHUPOBaHMsI TeHOMa 00pa310B OITyX0JIE€BOM TKaHH U3
npoekTa The Cancer Genome Atlas [13]. Tem He MeHee
NpOCIeKUBaIach TEHACHIMA K 00j1ee BBICOKOH IKCIPECCHU
CD44 (p=0,056) u ALDH (p=0,074) B onyxossix I-1II cra-
nuu B cpaBHeHuu ¢ [II-1V cragueid.

YV nanueHToK ¢ KITMHUYECKH [IJIaTHHOYYBCTBUTEIbHbI-
MHU OITyXOJIIMHU B KOropTe B 11e1oM npoueHT CD44* kietok

B OIYXOJIK OBLJI BBIIIE, YEM Y HEUYBCTBUTEIbHBIX K IJIa-
tuHe (p=0,038). [Ipu noArpynmnoBoM aHaJln3e 0Ka3aiocCh,
4YTO JaHHOE HaOtoeHre 00yCIIOBICHO MOATPYNIION 00-
pasLoB, MOJy4YeHHBIX ocie xumuorepanuu (p=0,011), Ho
He 110 jedenus (p=0,814). OnHako B ypaBHEHUH OMHOMHU-
aJbHOW perpeccuy U3yueHHbIe MOKa3aTeNId dKCIPECCUU
CTBOJIOBBIX MapKepoB He MPOJEMOHCTPUPOBAIN MPEIUK-
TUBHOW 3HAYUMOCTU B OTHOLIEHUH YYyBCTBUTEJIBHOCTH
100 HEUYBCTBUTEIHHOCTH PELIMINBA K IJIaTHHE.

KomunuecTBo OIyX0neBbIX KIETOK, IKCIPECCUPYIOLIUX
ALDH, Bo3pacraiio npsiMo MpONOPIHOHAIBHO KOJINYe-
CTBY OIIYXOJIEBBIX KJIETOK, 3Kkcupeccupyomux CD44
(R2=0,280, p=0,005).

Tabnuya 1 | Table 1

KiuHnYecKne XapaKTepUCTHKHU MAIHEHTOK, BKJIIOYEHHBIX B HCCJIe0BaHueE |
Clinical characteristics of patients included in the study

Kiannuuyeckasi XapakTepuCTHKA |
Clinical characteristics

Yuc/10 NanMeHToK |
Number of patients (%)

1. Bospact — meguana (IQR Q1-Q3), net — 61,5 (55,5-67) | Age — median (IQR Q1-Q3), years — 61.5 (55.5-67)

2. Yposenb CA-125 no neuenus — meauana (IQR), Exn/mn — 341 (133-478) |
CA-125 level before treatment — median (IQR), U/mL — 341 (133-478)

3. Craagus FIGO | FIGO stage

I 3 (11%)
I 1 (4%)
I 18 (64%)
v 6 (21%)
4. Hanmuue acuuTa Ha MOMEHT NIEpBUYHON InarHOCTHKH | Presence of ascites at the time of initial diagnosis
Ha| Yes 11 (39%)
Her | No 17 (61%)
5. Tucromormueckuii noarun | Histological subtype
* cepo3Has high-grade agenoxapuunoma | serous high-grade adenocarcinoma 19 (68%)
* cepo3Has low-grade axeHokapuuHOMa | serous low-grade adenocarcinoma 1 (4%)
* CBETJIOKJIETOUHAsl KapuuHoMa | clear cell carcinoma 3 (11%)
* MyIIMHO3HAsI KapIIMHOMa | mucinous carcinoma 1 (4%)
* HemuddepeHIIPOBAHHbIN SMTHUTEITHATIBHBIN PaK SIMIHUKOB 4 (14%)
undifferentiated epithelial OC
6. Pexxum xumuorepanun | Chemotherapy regimen
« HeoaxpioBanTHas (HAXT) | neoadjuvant chemotherapy 14 (50%)
* agproBanTHas (AXT) | adjuvant chemotherapy 14 (50%)

7. Iaromopdonornueckuii orBeT CRS (B moarpymnme HAXT) | Pathological response CRS (in the neoadjuvant chemotherapy

subgroup)
* CRS 0-1
* CRS 2
*CRS 3

7 (50%)
6 (43%)
1 (7%)

8. KnmHndeckas IIaTHHOYYBCTBUTEIBHOCTD IIEPBOTO PEIUANBA/IIPOTPECCHPOBAHMS

Clinical platinum sensitivity at first relapse/progression
* IUTATHHOYYBCTBUTEINBHEIH | platinum sensitive

* HEIUIATMHOYYBCTBUTEIIbHBII | non-platinum-sensitive

IQR — unTepkBapTHIEHEIA pa3max | IQR — Interquartile Range
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15 (54%)
13 (46%)
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Puc. 1. Dxcnpeccust CTBOJIOBBIX MapKepoB B 00pa3iax TKaHH PS manueHTok 10 JIedeHus.
A, B — maruentka 66 ner, Il cragus, T2ZNOMO. B napenxnume 00i1bI110€ KOIMYESCTBO aTUIIMYHBIX TUTAHTCKMX MUTO30B.
A —skcnpeccust CD44 onpenernsiercs B CTPOMAIBHBIX IEMEHTaX OIyXOJH, IPEUMYLICCTBCHHO Ha IPaHULE C TAPSHXUMOH,
YaCTHYHO B BHAE MU (HY3HOTO OKpAMIMBAHKS, YACTHIHO B BH/IE OYaroBOTO OKpAIIMBaHMs (OKpacka aHTHTenaMu k CD44, x400).
B —skenpeccust ALDH B kiieTkax cTpoMBl BEIpaXeHHas!, okpammuBanue 1uddyszHoe. ALDH B kiieTkax mapeHXUMBI
He omnpeneinsiercs (okpamuBanue antutenamu Kk ALDH, x400), npu okpamiBarnu Ha CD133 Gosblrast 4acTh HapeHXUMBI
OITyX0JI OOHAPY)KUBAET HETATUBHYIO PEAKIIUIO, BBISBICH OAMH YYacTOK C HO3UTHBHBIMU KileTKamu (10 10), paccesHHBIMU
mudysHo. B omyxonu ormedanack ouaroBas skcripeccust CytokeratinPan (AE1/AE3), WT1, orcyTtcrBoBana skcnpeccust ER,
Synaptophysin, Chromogranin, Inhibin, Calretinin. HenuddepenunpoBanHas kaprpHOMa SIMYHHUKA.
C, D — manmentka 65 nert, I1I cragus, T3ANOMO. Ormyxoib TpenMyIeCTBEHHO MMAPEHXUMATO3HOTO TUITA C Y3KUMH IIPOCIOHKaMHU
ctpomsbl. C — cTpoma akTuBHO 3kcnpeccupyeT CD44. duxcanums Mapkepa OTMeJaeTCs Ha TPAaHHUIE CTPOMBI M AIIUTENNATBHOTO
mwiacta. Dkcnpeccuss CD44 B mapeHXUMATO3HBIX HIEMEHTaX He3HAUYUTENNbHAs, O3UTHBHBI €ANHIUYHbIE KJIETKU (OKpaIliBaHKe
antutenamu k CD44, x200). D — skcnpeccuss ALDH B ctpome MeHee BoipakeHa, ALDH B mapeHxrMe He BBIBISIETCS
(oxpammuBanue antutenamu kK ALDH, x200). Onyxons CD133-neraruBna. Huskonuddepennuposannas (high-grade) ceposnas
KaplLUHOMa SHYHUKA

Fig. 1. Expression of stem markers in OC tissue samples before treatment.
A, B —patient 66 years old, stage IT, T2NOMO. The parenchyma contains a large number of atypical giant mitoses.
A — CD44 expression is determined in the stromal elements of the tumor, mainly at the border with the parenchyma, partly in the
form of diffuse staining and partly in the form of focal staining (staining with antibodies to CD44, x400). B — ALDH expression
in stromal cells is pronounced; staining is diffuse. ALDH staining is negative in parenchyma cells (staining with antibodies
to ALDH, x400). When staining for CD133, most of the tumor parenchyma had a negative reaction, 1 area with diffusely positive
cells (up to 10 cells) being detected. The tumor showed focal expression of Cytokeratin Pan (AE1/AE3), WT1. There was no
expression of ER, Synaptophysin, Chromogranin, Inhibin, or Calretinin. Undifferentiated ovarian carcinoma.
C, D — patient 65 years old, stage III, T3NOMO. The tumor is predominantly of parenchymal type with narrow stromal layers.
C — the stroma actively expresses CD44. The fixation of the marker is noted at the border of the stroma and the epithelial layer.
The expression of CD44 in the parenchymal elements is insignificant, single cells are positive (staining with antibodies to CD44,
x200). D — the expression of ALDH in the stroma is less pronounced, ALDH is not detected in the parenchyma (staining with
antibodies to ALDH, %200). The tumor is CD133 negative. High-grade serous ovarian carcinoma
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Puc. 2. Dxcnpeccust CTBOJIOBBIX MapKepoB B 00pa3uax TkaHu P marueHTok nocie HeoabloBaHTHOW XMMUOTEPAITIH.
A, B — naniuenTtka 60 nert, IV crapgus, T3AN1IMI1, acuut. OnuTenuanbHas OMyXoib COIUIHO-NANMIUIIPHOIO CTPOCHHUS,
MOCTPOCHHASI U3 KJIETOK C MOJIUMOP(HBIMHI aTHIMYHBIMH SIPAMH, CPEIH KOTOPBIX MPE0bIIaJatoT KPYIHbIC CBETIIbIC
My3BIPKOBU/HBIC S/IPA C OTYCTIIMBBIMH SIPBIIIKAMHU, BCTPEYAIOTCS TAKKe THFAHTCKHE ypOIUTHBBIe sitpa. B 1 MM? ormyxonu
meHee 1 muto3a. Huskonuddepenimpoannas (high-grade) ceposnas kaprrHoMa siv9HUKA. A — OKpAIIMBaHUE aHTUTEIAMH
k CD133, x400, B — oxpammBanue antutenamu k CD44, x400.
C, D — nanuentka 69 ner, I1I cragua, T3N1MO. Omyxons npeacraBieHa COIMIHBIMU pa3pacTaHUAMH CBETIIBIX KIETOK
OKPYIJION U BBITSIHYTOH (pOPMBL. SIipa X KPYyIHBIE, CBETIIbIE, y3bIPbKOBUAHbIC, C OTYCTINBBIMU SAPBIIIKAMU. B 1 MM? omyxoiu
1o 5 MuTo30B. B omyxonm otMmeuanach nquddysnas sxcnpeccus CytokeratinPan (AE1/AE3), sxcnipeccust WT'1 emuHUIHBIMU
KJIeTKaMu, oTcyTcTBOBana skcripeccust ER, Synaptophysin, Chromogranin, Inhibin, Calretinin. Henmuddepenmmposannas
kapruHoMa simaauKa. C — okpammBanue antutenamu k CD133, X400, D — oxkpamuBanue anturenamu kK ALDH, x400

Fig. 2. Expression of stem markers in OC tissue samples after neoadjuvant chemotherapy.
A, B — patient 60 years old, stage IV, T3N1M1, ascites. An epithelial tumor of a solid-papillary structure, built from cells with
polymorphic atypical nuclei, among which there are giant ugly nuclei and prevalence of large light vesicular nuclei with distinct
nucleoli. There is less than 1 mitosis in 1 mm? of the tumor. High-grade serous ovarian carcinoma. A — staining with antibodies
to CD133, x400, B — staining with antibodies to CD44, x400.
C, D — patient 69 years old, stage IIT, T3AN1MO. The tumor is represented by solid areas of round and elongated light cells.
Their nuclei are large, light, vesicular, and with distinct nucleoli. There are up to 5 mitoses in 1 mm? of a tumor. The tumor
showed diffuse expression of Cytokeratin Pan (AE1/AE3) and WT1 by single cells. There was no expression of ER,
Synaptophysin, Chromogranin, Inhibin, or Calretinin. Undifferentiated ovarian carcinoma. C — staining with antibodies
to CD133, x400, D — staining with antibodies to ALDH, %400
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Tabnuya 2 | Table 2

Pacnpenenenue cayyaeB PS mo ypoBHIO 3KCIIpecCHH CTBOJIOBBIX MapKepPOB

B MapeHXHMe MEePBUYHOI OMyX0JIH 10 U mocje miatunocoaep:kameii XT |
Distribution of OC cases by the level of expression of stem markers in the parenchyma
of the primary tumor before and after platinum-containing chemotherapy

Pacnpenenenne ciyqyaeB no yposHio skcnpeccun ALDH (¢punansnblii 6a) | Distribution of

Ymuciao cay4aes |

Number of cases 0 Gasi10B |

0 points
Jo XT | Before chemotherapy 2 (14,3%)
TTocne XT | After chemotherapy 2 (14,3%)

cases by level of ALDH expression (final score)

Pacnipenenenue ciydaeB no yposHio skcnpeccun CD44 | Distribution of cases by level of CD44 expression

Jo XT | Before chemotherapy 0 (0%)

IMocne XT | After chemotherapy 2 (14,3%)

Pacnipenenenne cirygaes mo ypossio skcrpeccuu CD133 | Distribution of cases by the level of CD133 expression

Jo XT | Before chemotherapy 7 (50%)

TTocne XT | After chemotherapy 9 (64,3%)

Mexny xomuyectBoM CD44" u CD 133" kneTok B mapeH-
XHMME OITyXOJIM ITPUCYTCTBOBAJA MOJIOKUTENbHASI KOPPeJIs-
uus (r=0,408, p=0,031). ITokazarenu sxcnpeccun ALDH
u CD133 B mapeHxuMe He ObUIH MOJIOKUTEIBHO CBA3aHBI
Mexay co0oil. Yposens skcnipeccud ALDH B ctpome omy-
XOJTY OTPULIATETILHO KOPPEIUPOBAII C YUCIIOM KIIETOK, IKC-
npeccupytomux ALDH B napenxume (=-0,413, p=0,032).

JByxneTHss 0011as BBKUBAEMOCTH Oblila HUXKE B MO~
rpynne HAXT (otHowenue mwancos (OL) 11,90, 95%
noBeputenbHblid nHTepBan (W) 1,87-128,28, p=0,017)
Y CpEe/IM MAIUeHTOK C BBICOKOM dkcnpeccuei ALDH B cTpo-
Mme omyxonu (OI1I 2,58, 95% 1AW 1,07-7,92, p=0,055). [Tpu
MOCTPOCHUU MPETUKTUBHON MOJEIH [T BBKHUBAEMOCTH,
OJHaKo, noka3areinb 3kcrpeccun ALDH B cTpome, a Tak-
Ke IpYTHe N3y4eHHbIe MapKephl He IPOJeMOHCTPHPOBAIIH
MIPOrHOCTHYECKONW 3HAUUMOCTH.

O6c¢cyxaeHne

BoapmMHCTBO HCClEeIOBaHHBIX 00pa3L0B OMyXoJe-
BOil TkaHU sKcnpeccupoBaiio CD44 u ALDH, Toraa kak
skcripeccuss CD133 B napenxume HaOnoganach TOIbKO
y 12 manuenrok (42,8%), a akcnpeccuss CD133 B ctpome
OTCYTCTBOBaJa y BceX. B TkaHM HU3KOAU(DPepeHIHPOBaH-
HOH cepo3HON a/IeHOKapILMHOMBI TPOLIEHT KJIETOK, KC-
npeccupyrommx ALDH, CD44, CD133, Obut HIXE, YeM
B OITyXOJISIX APYTUX MOATUIIOB. DTO MOXKET OBITH CBSI3aHO
C T€M, YTO CPeIu OCTAJIbHBIX MOATHIIOB B KOrOpTe OBLIO
HECKOJIbKO 00pa31oB Helu(hepeHTUPOBAHHON KapLIMHO-
melL [To manuemv K. Kar et al. [14], B MmeHee muddepen-
LUPOBAHHBIX OMYXOJSAX SUYHUKOB YPOBEHb IKCIPECCHU
CD44 Brimie, yeM B omyxoiisix low-grade. OmHako aBTOpBI
He Habmoganu sxcnpeccun CD44 cBeTIOKIETOUHBIMU
onyxoisMH (n=3), Toraa Kak B Hallel KOropTe Bce TpH
oOpa3ia CBETIIOKJIETOUHON KapLIMHOMBI 3KCIIPECCUPOBa-
JIY TaHHBIH Mapkep. Y MalueHTOK peuuanB 3a00aeBaHus
pa3BUJICS B TEYEHHE MEPBOTO rojia, YTO XapaKTEepPHO IS
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1-3 6anaa | 4—6 6aJ1710B | 7-9 6an10B |
1-3 points 4-6 points 7-9 points
6 (42,8%) 6 (42,8%) 0 (0%)
10 (71,4%) 1(7,1%) 1(7,1%)
10 (71,4%) 4 (28,6%) 0 (0%)

8 (57,1%) 3 (21,4%) 1(7,1%)
6 (42,8%) 0 (0%) 1 (7,2%)

5 (35,7%) 0 (0%) 0 (0%)

MaJO4yBCTBUTEIHHOIO K XMMHOTEPAIIUN CBETIOKIIETOY-
Horo PA [11].

Mp! He HabIIOANIM 3HAYMMOM CBA3H MEXAY dKCIpec-
cueil U3y4eHHBIX MapKepoB U cTaauel 3a00neBaHus, 4To
cornacyercs ¢ naHabiMu The Cancer Genome Atlas; B To
K€ BpeMs IPUCYTCTBOBaIA TEHACHLUS K O0Jiee BBICOKOMY
conepxkannio CD44" u ALDH" knerok npu -1 cragum,
yeMm nipu [1I-IV. Tlono6HOE HabIIOAEHUE OMUCAHO JJISI
CD133 B mertaananuze [15]. ABTopbl MeTaaHanM3a Tak-
K€ TIPOJIEMOHCTPUPOBAIM HETATUBHOE MPOTHOCTUYECKOE
3HadeHue 3xcnpeccun CD133 B oTHOIIEHUH IBYyXJIETHEH
BBDKMBAE€MOCTH, NOJYEPKUBas, OHAKO, CYLIECTBOBAHHE
MPOTUBOPEUYHUBBIX PE3YNIBTATOB U MPEANOUYTHTEIbHYIO
oneHKy koakcupeccuu CD133 ¢ npyrumu CTBOJIOBBIMU
MapKepaMH.

B uzyuennbix Hamu o6pasuax konudectBo CD133" kie-
TOK MOJIOKUTEIBHO KOPPENUPOBAIO ¢ kKoiudecTBoM CD44".
[Mpouent ALDH" knetok Takke ObLT TOJIOXKUTEIBHO CBSI-
3aH ¢ nporienToM CD44*. Koppemsiuus Mex 1y SKCrpeccuen
ALDHI u CD44 B 310Ka4eCTBEHHBIX OMYXOJAX SMYHU-
koB (r=0,16, p=0,0012) Tak:xe HaONIOMAETCS 1O NAHHBIM
GEPIA [13]; npu 3Tom skcnpeccust CD133 u ALDH B Ha-
mux o0pasuax He Oblia cBA3aHa MeXx Iy co0oii. U3BecTHO,
yro CD133*ALDH" xnerku P ouenp arpeccuBHsl [16];
BO3MOXHO, CD133-1103UTHBHBIE KIETKH MPEICTABIISIOT CO-
00 TUILIb MaJIOYUCIICHHYIO BBICOKOTYMOPOTEHHYO YacThb
myina ALDH*. Okcnpeccust ALDH1 >50% B komMOuHatmu ¢
CD44 acconuupoBaHa ¢ SpKo BbIpaKeHHBIMH CTBOJIOBBIMU
cBoiictBamu kiietok P [17].

B obpa3uax TkaHH, NOTYYEHHBIX O JEeYeHHs, OO0b-
me kjaetok skcnpeccupoBaio ALDH u CD44, yem
B 00pasuax, NOJy4YeHHBIX MOCJIEe HE0aAbIOBAaHTHON XH-
MUOTepanuu; kpome toro, B noarpynne HAXT Goub-
mee yucno CD44" mapamokcanbHO acCOLMMPOBAIOCH
C IUIATHHOYYBCTBUTEIBHOCTBIO, B OTIIMYUE OT OIMYXOJIeH 10
neyeHus. Mbl He HaOMIONAIM TPEAUKTUBHON 3HAYMMOCTH
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nokazareneii axcripeccur CD44, HO, BO3MOXKHO, CTaTHCTH-
YECKHUE Pa3IHyusl OTPAXKAIOT PA3HUILy B OHOIOTHYECKON
ponu onyxoneBbix CK 10 neyeHus u B npouecce JeUeHus..
Panee B perpocniekTiBHOM HccienoBannu [ 18] Obu1o mpo-
JEMOHCTPUPOBAHO OTPHULIATEIBHOE MPOTHOCTHYECKOE 3HA-
yenue sxcnpeccun CD44 B Tkansx P nocne xumuoreparin
B OTHOILIEHUHU OOLLIEH, HO He Oe3peUINBHON BEDKUBAEMO-
CTH, YTO MOXET OOBACHITHCA CIIOCOOHOCTBIO CTBOJIOBBIX
KJIETOK OCTaHABIIMBATh KJIETOYHBIN LMK U HHULUUPOBATh
OT/aJICHHbIE PELUANBBIL.

B Hame#i koropre nNpoLeHTHOE coiep)KaHue KIETOK
CD133" B o1yxom# y HallMeHTOK € aCLIUTOM OBLJIO HECKOJIb-
KO HIDKE, YEM Y MMaLMEHTOK Oe3 Hero, 4To He corviacyercs
¢ manubive N. Li et al. [19], mo xotopsim uucio CD133-
MO3UTUBHBIX OIYXOJIEH cpey MalMeHTOK C aCLIMTOM ObLIIO
BbIILIE, yeM 0e3 Hero. Bo3aMokHas MprUYMHa PacXOXKICHUs
3aKJIF0YAETCsl B OLIEHUBAEMbBIX THCTOJIOTMYECKUX MOATUIIAX,
TakK Kak B Haie koropte k CD133-103UTHBHBIM OITyXOJISIM
0e3 acIuTa OTHOCWIHCH CBETIOKICTOYHbIe U Heaudde-
PEHIIMPOBaHHbIE KAPLIUHOMBI, HE BKJIIOUEHHbIE B HCCIIE-
nosanue N. Li et at.

JByxieTHsist 00I1as BEBDKHBAEMOCTh ObLIa HUXKE Cpe-
JI1 TTAlIMEHTOK C BBICOKO skcnpeccueit ALDH B ctpome
OITyXOJIA. DTO MOXET OBITh BBI3BAHO MPOIIECCAMH BACKY-
JIOTEHHOH MUMHKPHUH, B KOTOPBIX aKTUBHO y4acCTBYIOT
ALDH-no3utuBHble knetku P [20]; B naHHOM uccie-
JIOBaHUM MBI HE OLIEHWBAJIHM HAJIU4YUE IIPU3HAKOB BaCKYy-
JIOTEeHHOW MUMUKpPHUHU B 00pa3iax. YpPOBEHb IKCIPECCHU
ALDH B cTpoMe He UMeJl IPOTHOCTHYECKOTO 3HAYECHUS
B MYJIFTUBAPHUAHTHOM aHaJIM3€. ITO MOXKET ObITh CBSI3aHO
C HCOTHOPOJIHOCTHIO BEIOOPKH, KOTOpasi BKJIIOYaja IO/~
rpynnsl AXT u HAXT, nockonbKy Mbl HabIonamu pas-
JIMYUS B SKCIPECCUHU CTBOJIOBBIX MAPKEPOB MEXAY STUMHU
NOATPYNIaMHU, a TAKXKe CYLIECTBEHHbIE pa3iIHyus B JIJIH-
TEJIbHOCTHU OECIJIaTUHOBOTO MHTEPBAJIa U AByXJI€THEH BbI-
xuBaemMoctH. 1. Ruscito et al. [21] mpogeMoHCcTprpoOBaH
OTpHULIATENIEHOE IPOrHOCTUYECKOE 3HAYEHHE KOIKCIIPECCHH
CD133 u ALDH nns 6e3penuinBHOM 1 0011eil BBKUBA-
€MOCTH TIPH ePBHYHOI HI3KOIU(depeHIIMpOBaHHOM ce-
PO3HOH KapLUMHOME AUYHHKA, TIPU 3TOM IKCIIPECCHS KaXkK-
JIOTO MapKepa B OTJeIbHOCTH He UMeJIa MPOrHOCTUYECKOTO
3HA4YEHHUs1 B MYJIBTUBapUaHTHOM aHanu3e. Koskcnpeccus
B JJAaHHOM HCCIIEIOBaHUU BcTpeyanachk B 23,2% citydaes;
B Hamel koropre koskcnpeccuss CD133 u ALDH no tem
e kputepusaMm (6amn skcnpeccun ALDH 2-9, CD133
>10%) nabmonanach Juib y Tpex nauuentox (10,7%),
JIB€ U3 KOTOpBIX UMenH I craguro 3a6oneBanus. Takum 00-
pa3om, oieHKa 3kcrpeccun MapkepoB CK B Tkanu P tpe-
OyeT KOMITJIEKCHOTO ITOIX01a C y4ETOM THCTONIOIHYECKHUX,
a TaKKe KIMHUYECKUX XapaKTePUCTHUK.

3akmroueHne

Mapkepsl CTBOJIOBBIX OIMYXOJEBBIX KIETOK KOIKCIIPEC-
CHUPYIOTCS B TKaHSIX MEPBUYHOrO Oo4ara paka SHYHHKOB.
DKcnpeccHsi MapKepoB Pas3inyaeTcs B 3aBUCHMOCTH OT
TUCTOJIOTHYECKOTO MOJATHUIIA ONYXOJIH U HAJTHYHUS TPe-
IIECTBYOIET0 XUMHOTEPAIEBTHIESCKOTO BO3ICHCTBHS.
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Mudopmanus 06 aBTopax

Cuexanna OjerosHa I'eHuHT — BpavY-OHKOJIOI, aCCUCTEHT Ka@oenpm (1)I/ISI/IOJ'IOFI/II/I n l'IaTO(I)I/ISI/IOJ'IOFI/II/I VAbSHOBCKOTO TOCyH1apCTBEHHOI'O
YHUBEPCUTETA, I/IHCTI/ITyT MCIUIUHBI, SKOJIOTHHU U (I)I/ISI/I‘-ICCKOI:I KYJIbTYpBbI.

Wuna IBaHOBHAa AHTOHEEBa — TOKTOP MEJUIMHCKUX HAyK, IOLEHT, Mpodeccop Kadeapbl OHKOJIOTHH U JTy4eBOW TUATHOCTUKU YIIbSTHOBCKOTO
TOCYJapCTBEHHOTO YHUBEPCHTETA, 3aBEAYIOIIAsi THHEKOJIOIMYECKUM OTAEIEHHEM YIIbSHOBCKOTO 00IaCTHOTO KIIMHUYECKOTO OHKOJIOTHYECKOTO
nucnaHcepa, MHCTUTYT MEUIIMHBI, SKOJIOTHU U (PU3HYECKOH KyIbTypHI.

TarpsiHa BJ'[aI[I/IMI/IpoBHa AGaKyMOBa — KaHaugar OHOJIOTUYECKHX HayK, JOLEHT Kaq)e;[pm (1)I/I3I/IOJ'[01"I/II/I n l'IaTO(bI/BI/IOJ'[Ol"l/II/I VIbSIHOBCKOTO
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Yuactue )KI/IPOBOI?I TKaHU B 3a>KMBJIECHUI CKBO3HOMN
onepaunormoﬁ PaHbI CTEHKM MAaTKU KPbICbI

H.b. Tuxonosa, A.Il. Munosanos, B.B Anexcankuna, T.B. @okuna, M.H. bonmoeckasn, A.Il. Anexcankun

OI'BHY Hayuno-uccnenoBaTenbcKHii HHCTUTYT MOP(OJIOruH YenoBeka nMeHn akagemuka A.I1. Asrpiaa, Mocksa, Pocenst

Beeoenue. B HacTos1IIee BpeMst HEU3BECTHA POJIb KOMIIOHEHTOB KUPOBOM TKaHU B BOCCTAHOBJICHHIH ITOBPEX-
JICHHOI MaTOYHOW CTEHKH, XOTS HEKOTOPbIE aBTOPHI 3asBIISIOT O TOIOKUTEIHHOM BIUSHUN KJICTOYHBIX IIpe-
MapaToB M3 )KUPOBOH TKAHU Ha pPEMapaniio MOBPEKACHHON CTEHKH MaTKH JIAO0OPaTOPHBIX TPEI3YHOB. MexX Iy
TEM CTBOJIOBBIE KJICTKH, TOTYYECHHBIE U3 )KUPOBOH TKaHH, PACCMATPHUBAIOTCS KaK HanOoJee MepCreKTHBHEIE
JUTS ICTIONB30BaHMS B peTeHepaTUBHON MeaunuHe. Llens ncciegoBanus — MpOBECTH OIICHKY aIUuIOIUTap-
HBIX KOMIIOHEHTOB B MAaTOYHOH CTEHKE KPBIC MPH 32)KUBJICHUH TI0CJIE CKBO3HOTO XHPYPTUYECKOTO pa3pesa.
Mamepuanwvr u memoowl. ViccnenoBanue BoimoHeHO Ha 40 camkax kpbic Crpeir-Jloynu. JKUBOTHBIM Ha-
HOCHJIM CKBO3HOH IPOIOJIBHBIN pa3pe3 Ha CTEHKY MPaBOTO pora MaTKH, JIEBBIH POT CITY>KHJI HHTAKTHBIM
KoHTpoJsieM. Mopdostorugeckoe uccie1oBaHiue MaTOYHON CTEHKH ITPOBOAMIH €KETHEBHO Y IISATH )KUBOTHBIX
¢ 1-x o 7-¢ u Ha 15-¢ cytku. Cpessl ¢ mapad)iHOBBIX OJIOKOB OKpAIIHBAId TEeMATOKCHIMHOM M D03WHOM, a
TaK)Ke TPUXPOMHBIM KpacuteiieM 1o ITukpo Mamnopu. Aaunoiurel FABP4" u makpodarn CD68" BeIBISIIH
METOJaMH UMMYHOTUCTOXHMHIYECKOTO aHaIn3a. MophoMeTprIecKkoe NCCIeOBAaHNE IIPOBOMIIH C TOMOIIIBIO
cuctemsl Leica (Leica, ['epmannst). O6paboTKy pe3ynbTaToB BHITOIHSITN B iporpamme Statistica 12 (StatSoft).
Peszynemameui. Tlepron Hanbojee aKTUBHOTO B3aMMOACHCTBHUS JKUPOBOW TKAaHU C TIOBPEKICHHBIM POTOM
JUTHIICS € 3-X 10 15-€ CYTKH M COBIagai ¢ akTHBH3AIMEH Makpo(aroB B 30HE 3a)KUBJICHUS. MIHTaKTHBIH
JIEBBIM POT MaTKH B MPOIleccax B3aUMOIEHCTBUS C )KUPOBOH TKaHBIO OpbDKEHWKH He ydacTBOBaI. HauwmHas ¢
3-x cyrok FABP4" kiieTku pacrosarajinuch B MAaTOYHON CTEHKE OTIEpHPOBAHHOTO pOTa rpynnamMu, GopMHUpYs
OKpYIJIbIe THE31000pa3HbIe CTPYKTYphl. CroreHus: FABP4* kiieTok oKann30Baiich B 30HE 3aKUBIICHUS,
OKOJIO IIIOBHOTO MaTepuiia U B IIEPUMETPHH BOIHM3HM yJaCTKOB IPUKpEIUIeHUsT Oppikerkn. /nHaMuka mo-
Ka3zareneH IUTOIAIN THE3 Pa3IN9HOH JTOKaIN3aIlii 3aBUCEa OT JIOKATH3AINH M MPOAOIDKUTEIEHOCTH
3axuBIeHMs. B neBoM HemoBpexaeHHOM pore FABP4" kieTku oTCyTCTBOBAH.

3axnouenue. OxapakTepu30BaHbl MOP(OIOTHUECKUE ACTIEKThI B3aUMOICHCTBHSI KOMIIOHEHTOB JKUPOBO
TKaHU C TOBPEXICHHOW MAaTOYHOW CTEHKOW B TEUCHHE IEPBBIX ABYX HEIEINb IOCIE CKBO3SHOTO XUPYPTH-
YECKOTO pa3pe3a pora MaTku KPBICHL. Pe3ylbTaTsl HCCIENOBAHNS CBUAETENBCTBYIOT 00 aKTHUBHOM YYaCTHH
KJIETOK aJIUIIONUTAPHOTO MPOUCXOXKICHHUS B TPOIECCE 3aKUBIICHUS CKBO3HOTO MOBPEXKICHUS MAaTOUYHOM
CTEHKH KPBIC Ha CAMBIX PAHHUX CPOKAaXx.

KaroueBble ciioBa: MaTKa KPbIChI, THCTEPOTOMHUS, 3KHBIICHUE, aIUIIOIUTHI, Makpodaru
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The role of adipose tissue in the healing of rat uterine wall after a full-thickness surgical incision
N.B. Tikhonova, A.P. Milovanov, V.V. Aleksankina, T.V. Fokina, M.N. Boltovskaya, A.P. Aleksankin

A.P. Avtsyn Research Institute of Human Morphology, Moscow, Russia
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Introduction. Data about the role of components of adipose tissue in the repair of damaged uterine walls are
limited, although a number of authors claim that cell-based drugs from adipose tissue have a positive effect
on the repair of damaged uterine walls in laboratory rodents. Meanwhile, stem cells derived from adipose
tissue are considered to be the most promising type of cells in regenerative medicine. The aim of the study
was to evaluate the adipocyte components in the uterine wall of rats in healing after a full-thickness surgi-
cal incision.
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Materials and methods. We conducted the study on 40 female Sprague Dawley rats. The animals were sub-
jected to a full-thickness longitudinal incision in the wall of the right uterine horn, with the left one serving
as an intact control. We carried out morphological examinations of the uterine walls daily in 5 animals from
day 1 to 7 and on day 15. The sections from paraffin blocks were stained with hematoxylin and eosin and
Mallory’s trichrome staining. Immunohistochemistry detected FABP4* adipocytes and CD68" macrophages.
The morphometric study was carried out using the Leica system (Leica, Germany). The results underwent
processing in the Statistica 12 software (StatSoft).

Results. We noticed the period of the most active interaction of adipose tissue with the damaged horn to last
from day 3 to 15 and coincide with the macrophage activation in the healing zone. The intact left uterine
horn was not involved in the interaction processes with the mesenteric adipose tissue. Starting from day 3
FABP4" cells in the uterine wall of the operated horn formed groups, creating rounded nest-like structures.
Clusters of FABP4" cells were localized in the healing zone, near the suture material, and in the perime-
trium near the mesentery attachment sites. The changes over time of the indicators of the area of cell nests
depended on the localization and duration of healing. There were no FABP4" cells in the left intact horn.
Conclusion. We characterized the morphological interaction of adipose tissue with the damaged uterine wall
during the first two weeks after a full-thickness surgical incision of the rat uterine horn. The results of the
study indicate that adipocytes take an active part in the healing after a surgical incision of the rat uterine

wall at the earliest stages.

Keywords: rat uterus, hysterotomy, healing, adipocytes, macrophages

Corresponding author: Natalia B. Tikhonova. E-mail: nb-ti@hotmail.com

For citation: Tikhonova N.B., Milovanov A.P., Aleksankina V.V., Fokina T.V., Boltovskaya M.N.,
Aleksankin A.P. The role of adipose tissue in the healing of rat uterine wall after a full-thickness surgical
incision. Clin. exp. morphology. 2021;10(4):72-80. DOI: 10.31088/CEM2021.10.4.72-80. (In Russ.).

Funding. The study was carried out within the framework of state assignment to A.P. Avtsyn Research Institute of Human

Morphology (No. AAAA-A17-117013050049-3).

Conflict of interest. The authors declare no conflict of interest.
Received 20.08.2021. Received in revised from 15.09.2021. Accepted 22.09.2021.

BBenenue

BoccranoBneHnue noBpexieHHON TKaHU TpeOyeT B3a-
UMOJICHCTBUS MHOXKECTBA TUIOB KJIETOK. TKaHM MHOTHX
OpraHoB, TaKMX Kak koxa [1], kocTHBINA MO3T [2] U MoO-
JIOYHBIE Xene3bl [3], coaepKar JOKaJbHbIe aJlUMOLMTHI.
JKupoBbie KIETKH CEKPETHPYIOT LUMTOKUHBI, PEryIHpy-
IOLM€ BOCCTAHOBJICHHE T'€MOIIOITUYECKUX CTBOJIOBBIX
KIICTOYHBIX 3JIEMEHTOB [1] mocie moBpexaeHus, u Oak-
TePUIMAHBIN enTua — Karenuiuand [4]. HauGonee uzy-
YeHHbIMH (DYHKIMAMHU KIJIETOK YKMUPOBOM TKaHU SBISIOTCA
XpaHeHHE U paclleIieHue TPUIIHLEPUIOB sl ObICTPOi
MPOAYKIMH KUPHBIX KUCIIOT B LIENAX 0OecreueHus: Me-
TaboNM3Ma OKPYKAIOMUX KIETOK W TKaHer. Jlumonus
B aJUNOUUTax (TMAPOIU3 TPUIIMLIEPHIOB) HAUNHAETCA C
AKTUBAIMH OTPAaHUYEHHON IO CKOPOCTH JIMMA3bl )KUPHBIX
TPHUIIHLEPUIOB U BEICBOOOXKICHHS HEICTEPUPHUITUPOBAH-
HBIX JKUPHBIX KHCIIOT, a TAaK)Ke JUALWINIULEPUHOB [5].
B nocneaytoiiem numna3pl KaTaIM3upyOT THAPOIIN3 OCTaB-
LIMXCA )KUPHBIX KUCIOT. BBeIeHNEe TUMHUI0B aJUIOLUTAP-
HOTO POUCXOXKJCHUS CTUMYIUPYET UMMYHHBIE TIPOLIECCHI
B caJlbHUKE [6], a MPOM3BOIHBIC JIUIIUI0B SHKO3aHOMIBI,
TaKHe KakK MPOCTarIaHAWHbI, Y4acTBYIOT B BOCCTaHOBJIE-
HUU MOBPEXIEHHBIX TKaHei [7]. JIunmonus agunouuTos,
ux nenuddepeHpoBKa U MUTPALKS B 30HY KOXHOTO
MOBPEXKACHUS PETYIHUPYIOT MPOLECC 3aXUBJICHUS PaHBI,
WHULUUPYIOT BOCHAIUTENbHYIO PEAKIUIO, AKTUBUPYIOT
U MPUBJIEKAIOT Makpodaru u 00eCIeYnBaOT MOCICIYI0-
11ee BOCCTaHOBIIEHHE MOBPEeXkIeHHOH 30HbI [§]. CBenenus
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0 POJIM KOMIIOHEHTOB HPOBOH TKAaHU B BOCCTAHOBJICHUH
MOBPEXICHHON MaTOYHOM CTEHKH B HACTOSIILIEE BPeMs OT-
CYTCTBYIOT, XOTsl HEKOTOPBIE aBTOPBI 3asBJISIOT O IMOJIOKH-
TEJILHOM BIIMSAHUU KJIETOUHBIX MPENapaTroB U3 KUPOBOM
TKaHU Ha perapaluio NOBPEKIASHHOM MaTOYHONU CTEHKH
nabopaTopHBIX TPEI3YHOB [9, 10]. Mexay TeM CTBOJIOBEIE
KIIETKH, IOTy4eHHbIe 13 xupoBoii Tkanu (ADSC), cuuta-
I0TCSl HanboJiee MepCreKTUBHBIM TUIIOM KJIETOK B pereHe-
paruBHOM MemuiuHe [11].

Lenb uccnenoBaHus — OLIEHKA aIUMIOLUTAPHBIX KOM-
MTOHEHTOB B MOBPEXKACHHOW MaTOYHOM CTEHKE KPBIC B JH-
HaMUKe 3a)KHUBJIEHUS MOCJIe CKBO3HOTO XUPYPTUYECKOTO
paspesa.

Marepuanbl 1 METONBI

JKusomnule. B uccnenoBanuu ucnoiszoBansl 40 ca-
MoK Kkpbic Crpeiir-Hoynu (Bo3pact 14—16 Henens, Macca
220-280 rpammos). IIpu pabore ¢ )XKMBOTHBIMH COOIIIO-
JIAJTY TIPUHIUITE TYMAHHOTO OOPAICHUs B COOTBETCTBHH
¢ mupekruBoit 2010/63/EU Eppomneiickoro mapiamMeHTa
u coBeTta EBpomeiickoro coro3a no oxpaHe >KHUBOTHBIX,
UCIOJIb3YEMBIX B HAyUHBIX LIENSIX, U PYKOBOJACTBOBAIHUCH
I'OCT 33216-2014 «IIpaBuna paboThI C TPBI3yHAMH H KPO-
JUKaMU», Ha MIPOBEIEHUE HCCIEOBaHUs MOIY4YEeHO pa3-
pemenne 6uostnyeckorr komuccuun HUU mopdonoruu
yenoBeka (rporokon Ne 19 ot 03.10.2017). s TouHOM
uAeHTH(HUKAIUH (a3 dcTpanbHoro nukia [12] uccaeno-
BaJld BarnHaJbHbIE Ma3KH, OKpallleHHblE KOMIIOHEHTa-
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mu Habopa «Juaxum-Aud-Keuk» («Adpuc+», Poccus).
‘YpoBeHb 3cTpainoia U MporecTepoHa B CBIBOPOTKE KPOBH
onpeAesnsuii UMMYHO(pEpMEHTHBIM aHanu3oM [13] ¢ mo-
MOILBIO HabopoB peareHToB «UMMyHODA-DcTpaguon
u «mmyno®@A-ITI» («HBO UmmyHoTex», Poccus).

IIposedenue onepayuu. BINOTHATN CKBO3HOU pa3-
pe3 CTeHKH MpaBOro pora Matku B (ase scrpyca. JleBbrii
pPOTr MaTKH OCTAaBJISUIM MHTAKTHBIM ISl CPABHUTEIBbHOTO
KoHTpoJA. OnepupoBajy HojA 00IUM HapKO30M, BBOIWIN
anecretuk 3oneti (Vibrac, ®panmust) — 10 Mr/kr u cena-
TUBHBII npenapar kcunanut («Hura-®apm», Poccust) —
0,1 Mr/kr. Paccekanu KOy M CIIOM TIepeaHel OpromHon
cTeHKH nnuHoN 20 MM 1o Oeloil JTMHWY, BBIBOAMIIN TIpa-
BBII POT MaTKH, HAHOCHJIM IIPOJOJILHBIN CKBO3HOM pa3pes
JnrHOM 10 MM Ha aHTUME30MEeTPHAIILHON CTOPOHE, MAaTKY
Y OPIOLIHYIO CTEHKY YIIUBAJIH HEPEPHIBHBIM OOBUBHBIM
IBOM HUTBIO «YisTpacopd USP 6/0», koxy — [1-06pa3HeiM
Y3JIOBBIM IIBOM HUTHIO «MoHocop6 USP 4/0». I11oB o6pa-
6arsiBanu 0,05% pacTBOPOM XJIOpreKCHIHA OUIITIOKOHATA
(«HOxPapm», Poccus) u cripeeM TeppaMHULIMH a3p0O30Jib
(IGS Aerosol GmbH, I'epmanws).

Mopgonoeuueckoe uccnedosarue. JKUBOTHBIX BBIBOJIH-
JIM U3 DKCTIEPUMEHTA MePe03UPOBKO 3(MPHOTO HApKO3a.
Maxkpockonuyeckoe u3yueHue u 3a00p o0pa3loB TKaHEeH
MIPOBOIMIIN €KEAHEBHO Yy MSATH XKUBOTHBIX € 1-X o 7-€
u Ha 15-e cyTku. BusyanbHO OlleHHBaIM MOBPEXKACHHBINA
U MIpUJIETAIOUIe YYaCTKH ONEPUPOBAHHOIO POra M COCTO-
sIHUE HeollepupoBaHHOT0. Bripesanu copeprkaiinii paspes
MaTOYHBI CEIMEHT U C MOMOUIbIO JTMHEHKH ONpeAessin
JIOJII0 ITTMHBI pa3pesa co CTOPOHBI CEPO3HOI 000JI0UKH,
CPOCIIYIOCS C )KUPOBOM TKaHbI0. CTeNeHb CpalleHus Ma-
TOYHOW CTCHKH U )KUPOBOH TKAHU OPBIKEHKH 0003HAYHITH
TEPMHUHOM «IIPUKPEIUICHUE)» U BBIPAXKAIH B MPOLIEHTAX.
TepMUHOM «OKYThIBaHHE» 0003HAYMIIH CTENEHb ITOKPHITHS
JKUPOBOH TKaHBIO yH4acTKa IIOBPEXKIEHHOT0 pora o BCceMy
nepumerpy. Jono cepo3HOi MOBEPXHOCTH MOBPEKICH-
HOT'O CErMEHTa MaTOYHOU TPyOKH, HOKPBITYIO )KUPOBOU
TKaHBIO, BEIYMCIISIIN TIOCTIE IMHEHHBIX U3MEPEHUIN JUIHHBI
U IMaMEeTpa MOKPBITON U HEMOKPHITON AKHUPOM YacTeil U BbI-
paxkalu Takke B MpoueHTax. [Ipu MmonHoOM OKyThIBAaHHH
JKUPOBOHM TKaHbIO OPbDKEUKH ONEPUPOBAHHOTO yyacTKa
pora cTeneHb CpallleHHus] U CTeNeHb OKYTBhIBaHUS IpPH-
Humanu 3a 100%. J{71s1 THCTONOrHYECKOTo CcCel0BaHUs
o6pasus! Tkanu ¢pukcuposanu 10% 3adydepeHusM Gop-
manuHoM («buoButpym», Poccus). Ilocne 48-yacoBoii
(uKcauu MaTepra MPOMBIBAJIH, ACTHIPATUPOBAJIH U 3a-
nuBay B napapun «'ucromukce sxerpay («buoButpym»,
Poccus). Cpesbl ¢ napadHOBBIX OJIOKOB TOIILUHOM 4 MKM
MOJyYalld Ha pOTallMOHHOM MHUKpoToMme Sacura Accu-Cut
SRM200 (Sakura, SInoHus1), okpalirMBaild reMaTOKCHIIN-
HOM M 303uHOM («buoButpym», Poccus), TpuxpoMHbIM
kpacutesneM 1o [Tukpo Mamnopu («buoButpym», Poccus).

Hmmynozucmoxumuieckoe ucciedoganue. Anumno-
uuthl (FABP4") BBISBIsUIIM KPOTUYBUMH MOHOKJIOHAIIb-
HbIMH aHTUTeNnaMu (MKAT) kK FABP4 — TpancnoptHomy
Oenky JMIUIOB B agunoiuTax (#ab219595, Abcam, Be-
nukoOpuTanus, pabodee passenenue 1:100), makpodaru
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(CD68") — mprumabiME MKAT k CD68 (#ab31630, Abcam,
Benukobpuranus, padouee passenenue 1:100). [1nsa npo-
SIBJICHUS CBSI3aBILUXCS IEPBUYHBIX aHTUTEI UCTIONIb30BAIIH
Habop pearentoB Novolink™ Polymer Detection System
(#RE7150, Leica, Benukooputanust). Cpesbl JOKpalUBaIn
reMaTokcunnHoM Maiiepa.

MUKpOCKOIHIO MpenapaTtoB NPOBOIMIH C TOMOLIBIO CH-
ctembl Leica, coctoseit u3 mukpockona Leica DM2500,
Bugeokamepsl Leica DFC290 u nporpamMmmHoro odecrede-
Hus 17151 MuKkpockonuu Image Scope M (Leica, ['epmanus).
Hckimroyany TaHTeHIMANbHBIE cpe3bl. MopoMeTprdecKuii
aHaJM3 BBIMOJHAJIM Ha MSATH MOTIEPEYHBIX CPE3aX MaTOYHO-
TO CerMEHTA, B3SATOr0 OT Ka)KJI0ro KUBOTHOTO B OOJIACTH
MOBPEXKIEHUs, U B UHTAaKTHOM pore. Ob1iee KOIMYecTBO
cxorutieHut FABP' ki1eToK 1o/ICUnMTHIBAIIN 110 BCEMY CPE3y
rpu x100. Tlnomaas Kax0T0 CKOTICHUS OTIPEACIISIIN,
BbIZIENIsIs 00JIacTh MHTEpeca B porpamme Image Scope M
npu %200. KonnyecTBo KJIETOK B CKOTUIEHUH CYUTAU IPU
%400 Bo Bcex nomsax 3peHus. Komnuecrso CD68* kiteTok
nojcuuThiBaiu npu 400 B Tpex MOJAX 3pEeHUsl B 30HaX
MHTEpeca ¥ BeIpakasid B enHunax Ha 1000 Mxm2.

Cmamucmuyueckutl ananu3z. O6pabOTKy pe3yabTaToB
BBINOJIHSIM B ITporpamme Statistica 12 (StatSoft). Pesynb-
TaThl IPEICTABISIN B BUJE MEIUAHBI C MPOLEHTHIAMHU
25% u 75% —Me (Q1; Q3). CpaBHeHue Tpynn NPOBOAUIN
¢ nomouero U-kputepuss MaHHa—YUTHH, pa3inyus CUu-
TaJM CTaTUCTUYECKH 3HaUMMBIMU Tipu p<0,05.

PesynbraThl

Ha 1-e cyTku nocie Xupypruaueckoi ornepanuy Hado-
JlaJy sIBHBIN CKBO3HOM edekT creHkn MaTku (puc. 1 A3),
MECTO YIIMBAHHUS, IPUIICTAIOIINE U OTAaJIEHHbIE Y4aCTKU
CO CTOPOHBI OPIOIIHOW MOJOCTH HE COACPIKATH HUKAKUX
JIOTIONTHUTENBHBIX CTPYKTYP WJIH CPALLEHUH ¢ APYTHMH TKa-
HsAMH (puc. 1 A1-2). Ha 2-e cyTKu B OTZIENbHBIX y4acTKax
paHeBOro KaHajia MPOSBISUIMCH IPU3HAKH CTATMBAaHUS Kpa-
€B paHbl M YaCTHYHOE 3aKPBITHE Ne(eKTa, a Takxke ppar-
MEHTApHOE MPHUKPEILICHHE KUPOBOU TKAHH OpPBDKEHKU
K paHeBoil moBepxHoctu (puc. 1 B1-3). Tem He menee
IUIOTHOCTDH CpalleHHs TKaHeH OpbDKEHKH C MOBPEkKIACH-
HOW CTEHKOI MaTKH ObLIa He3HAYUTEILHON, H OHH JIETKO
OTJEJSUIMCh U HaTskeHuU. Ha 3-u cyTKu y Bcex K-
BOTHBIX Ha BHEILIHEH MOBEPXHOCTH pazpe3a 00HapyKUIH
(UKCcaIHIO XKUPOBOH TKaHH, MECTAMHU MPUKPHIBAIOILCH Je-
¢exr (puc. 1 C1-2). Kpast paHbI ObLTH IPEHMYIIECTBEHHO
coMkHyTHI (puc. 1 C3). Ha 4-e cyTku HaOmonaIu mojHoe
MCUE3HOBEHHE paHeBoro kaHaja. Co CTOPOHBI MAaTOUYHOU
MOJIOCTH 30HA MOBPEXJIEHUA Obljia 3aloIHeHa dHI0Me-
TPUEM C HE3HAYUTEJbHBIM KOJIMYECTBOM MPOPACTAIOLIUX
MaTouHbIX xene3 (puc. 1 C3, D3), a co ctopons! Oprori-
HO MOJIOCTH BBIABUIIM MPHUKPEINIEHHE )KUPOBOM TKaHU
OpbDKEKM K MECTy OBIBLLIETO pa3pesa U ee pa3pacTaHue
BOKpYT BHEIIHEH moBepxHocTH pora (puc. 1 D1-2). Ha 5-¢
CYTKH SHIOMETPHUH C pacTyIIMMU MaTOYHBIMH KeJIe3aMU
3aI0JIHUII BCIO MOBPEXKACHHYIO 30HY, HE3HAYUTEIbHO BbI-
CTYIIUB 32 NpeAeIbl NEPUMETPHs, BIUIOTh O CPALLECHUS C
JKUPOBOU TKaHBIO OPBDKEHWKH, MOKPHIBAIOIIEH paHEeBYIO
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Puc. 1. Matka KpbIChI ITOCJIE CKBO3HOTO pa3pes3a CTEHKH.
A — 1-e cytku nocie onepauuy, B — 2-e cyrku, C — 3-u cytku, D — 4-e cytku, E — 5-e cytku, F — 6-e cytku, G — 7-e cyTky,
H - 15-e cytkn. A1-H1 — onepupoBanHbIi (TIpaBblil) 1 HEONIEPHPOBAHHEIH (JI€BBIiT) pora ¢ Me3oMmeTpreM, A2—H2 — ygacTok
pa3pesa cTeHKH pora (mpasblif), A3—H3 — 30na 3axusnenns, x50, H3 — Bcraska x100; A3, B3, D3, H3 — okpacka [Tukpo
Mamnopu; C3, E3, F3, G3 — okpacka reMaTOKCHIIMHOM U 303HHOM

Fig. 1. The rat uterus after a full-thickness surgical incision of the uterine wall.
A —day 1 after the incision, B — day 2, C —day 3, D — day 4, E — day 5, F — day 6, G —day 7, H — day 15.
A1-H1 — damaged horn (right) and intact horn (left), A2-H2 — wounded uterine horn (right),
A3-H3 — sections of the healing zone, x50, H3 — insert X100; A3, B3, D3, H3 — stained by Picro Mallory;
C3, E3, F3, G3 — H&E stain
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0061acTh co cTOpoHbI OpromHoi nosoctu (puc. 1 E3).
Ha 6—7-e cyTku OKyThIBaHUE KUPOBOH TKaHbIO OIIEPUPO-
BAaHHOI'O Y4acTKa MaTKU IOCTUIJIO B cpenHeM 80% BHelI-
Heil nosepxHoctH (puc. 1 F-G). K 15-m cytkam mydTa u3
JKUPOBOI TKaHU TOJIHOCTBIO MJIM YaCTUYHO OKYThIBaJIa POT
C onepupoBaHHbIM yuacTkoM (puc. 1 H1-2), snnomerpuii
3aroHUII 00J1aCTh 32KUBJICHHS IO CPACTAHUS C )KUPOBOM
TKaHbIO, IPUYEM YHACTKU KUPOBON TKAHU MPOHUKAIH
MEX]y CI0sIMU MaTouHou cTenku (puc. 1 H3).

B tabnune 1 npencraBneHbl pe3yabTaThl OLEHKU IpU-
KpETUIeHUs! )KUPOBOU TKaHM K JIMHUU pa3pe3a U OKyThIBa-
HUs OpbDKEeKON ydacTka, CoJeprKallero NoBpexACHHE.
YcTaHOBIIEHO, YTO MEPBbIE MPU3HAKHU NPUKPETIIICHUS 110-
SBJISUIMCH HA 2-€ CYTKH [OCJIE ONEepalii, a HEMOJIHOE OKY-
ThIBaHHE POra ToJbKo Ha 3-u. K 4-M cyTkaM TKaHb OpbIKei-
KU TIOKpBIBajia pa3pe3 Ha MPOTSHKEHUH BCEH ero AJIMHbL, a
paszpacraroniascs ¢ Me30MeTPHaIbHOW CTOPOHBI KUPOBast
TKaHb OKYTbIBaJa J0 IMOJIOBUHBI BHELIHEH CTEHKH OTepH-
poBanHoro cermenta (puc. 1 D1-3). IlonHoe cpamienue
JUHUU pa3pesa ¢ )KUPOBOH TKaHbIO COXPAHSIIOCH BILUIOTh
[0 mocneanero nHsa HaOmonenuii (15 cyrox). OkyTbiBa-
HUE ONEPUPOBAHHOIO CETMEHTA €KETHEBHO YCHUIINBAIOCh
u k 15-m cytkam nocturano 100%. Ha npotspkenun Bee-
ro nepuoja HaOIOIeHU WHTAKTHBIA JIEBBIH POT MaTKH
B Ipolieccax B3aUMOICHCTBUA C KUPOBOU TKaHbIO OpBI-
JKeWKH HE y4acTBOBAJI, €r0 MaTOYHasl CTEHKA MO/IBEprajiach
TOJIBKO (PU3NOJIOTHYECKUM U3MEHEHUSIM B COOTBETCTBHUH C
3CTPajbHBIM LHUKIOM (puc. 1).

NMMyHOTHUCTOXMMUYECKUI aHaNnu3 pacupeneieHus
KJIETOYHBIX 3JIEMEHTOB KUPOBOM TKaHH B MAaTOYHOM CTEHKE
BBISIBUJI OTCYTCTBHE aIUTIOLIUTOB B MHTAKTHOM POTE U U3-
MeHeHue coaepkanusi FABP4" kiieTok B mpoiiecce 3auB-
JeHus onepupoBaHHoro pora (tabia. 2). FABP4" knetku
pacrosiarajuch B MOBPEKACHHOM MaTOYHOM CTEHKE TpyI-

Tabauya 1 | Table 1
Joas paspe3a ¢ npupocuieii AKUpPOBOi TKAHbIO
(NpHKpenJeHne) U CerMeHTa ONePUPOBAHHOIO POra,
OKYTAHHOI'0 ’KHPOBOIi TKAHBIO (OKYThIBaHMeE) |
The percentage of the incision with the attached adipose tissue
(attachment) and the operated horn segment,
which was surrounded by adipose tissue (envelopment)

CyTtkH | IIpuxpenienne | OkyThIBaHuE |
Day Attachment (%), Envelopment
Me (Q1; Q3) (%), Me (Q1; Q3)
1 _ _
2 40 (30; 50) HesnauurenbHo /
insignificantly
3 100 (80; 100) 30 (20; 30)
4 100 (100; 100) 50 (50; 60)
5 100 (100; 100) 70 (70; 80)
6 100 (100; 100) 90 (80; 100)
7 100 (100;100) 90 (80; 100)
15 100 (100; 100) 100 (100; 100)

namu, GOpMUPYS OKpPYTJIble THE30000pa3Hble CKOIUICHUS
(puc. 2 Al, BI1, C1, DI). BnepBble ckomieHus KJIETOK
JAHHOTO (PCHOTUIIA OOHAPYKHIIM HA 3-U CYTKH 3a)KHBIIC-
HUS ¥ TOJIBKO B 30He noBpexaenus. Ha 4-e cyrku FABP4*
KJIETKH MOSIBUJIMCH B OTJAJIEHHBIX OT MOBPEXICHHUS Y4acT-
Kax MepUMeTpus, a Ha 5-€ — TaKoke B 30He, Ipujleraromen
K [IOBHOMY MaTepuaity (Tadi. 2). JluHaMuka rnoxasarenen
TUIOIIAN THE3]] 3aBUCENa OT JIOKAIHU3ALKU U MIPOIOIIKH-
TEJIbHOCTHU 3aKUBJIEHUS. VI3MeHeHHe MITOTHOCTH KJIETOK
B CKOIUIEHUSAX OBbLJIO HE3HAUMTEBHBIM U CJ1a00 OTIANYaI0Ch
B pa3HbIX 30Hax (Tadi. 2). [To3nnee Bcero FABP4" knetku

Tabnuya 2 | Table 2

Pacnpenenenue kierok FABP4* B maTounoii ctenke onepupoBanHoro pora | FABP4* cells in the operated uterine wall

CyTkH | Oomee ILnomans ckonnenniit FABP4* KommuectBo FABP4" ki1eToK B CKOIUIEHHSIX
Day  koamyecTBO Pa3HOii JOKATNU3ANHH, MKM? | pasuoii Jokaausamuu B 1000 mxm? | The number
CKOIJICHHH] | Total area of FABP4" clusters, pm? of FAB4" cells in the clusters per 1000 pm?,
Total Me (Q1; Q3) Me (Q1;Q3)
number of 30Ha 30HA IIOBHOTO OT/aJIeHHBIi 30Ha 30HA HIOBHOTO  OTAAJIEHHbIN
FABP4+ NOBPeXKICHHUS] | MaTepHaa | nepuMeTpUii | NOBpexkIeHHsi | MaTepuana|  IepUMeTpHI |
clusters, the injury zone  the zone near the the distant the injury zone the zone near the distant
Me suture fiber uterine the suture uterine
(Q1;Q3) perimetrium fiber perimetrium
1 _ _ _ _ _ _ _
2 _ _ _ _ _ _ _
3 0(0; 1) 0 (0; 450) — — 0 (0; 8,3) — —
4 2(2;3) 4650 (3740; 5890) = 3480 (3120; 4840) 6,1 (5,4; 6,4) = 7,0 (6,7 ;8,0)
5 2(2;3)  2250(1800;3170) 1760 (0; 2200) 2870 (1460; 3420) 5,4 (4,4; 6,9) 4,5 (0; 6,8) 5,2 (4,4;5,3)
6 5(4;5) 4270 (3870; 4510) 1280 (0; 1920) 1740 (1200; 2700) 7,1 (6.,9; 7,2) 5,2 (0; 5,8) 6,7 (6,3 ;7,6)
7 5(5;6) 3930 (3150; 4090) 2860 (1980; 4340) 3820 (3640; 4220) 6,4 (6,1;7,9)  7,0(6,7;7,8) 6,0 (6,0 ;6,6)
15 3(1;4) 320 (0; 980) - 1120 (720; 1370) 9,4 (0; 10,2) - 7,3 (6,8 ;8,3)
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Puc. 2. IMMyHOTHCTOXMMHYECKOE UCCIICIOBAaHUE OIIEPUPOBAHHOTO POra MATKU KPBICHI.
A-B — 5-e cyrku nocne onepauuu, C-D — 15-e cytku. A1-D1 — FABP4*, A2-D2 — CD68", x50, BcraBku x200

Fig. 2. Immunohistochemical assay of the damaged uterine horn.

A-B — day 5 after the incision, C-D — day 15. A1-D1 — FABP4*, A2-D2 — CD68", x50, inserts x200

MOSBJISJIMCH B 30HE, IPWJIETalolIel K LIOBHOMY MaTrepuaity,
JIOCTUrasi MAKCUMyMa K 7-M CyTKaMm, a Ha 15-e OHU TaM yxe
He 00HapYyXKHBAIKCH. B 30HEe MOBPEXICHHUS U B OTJAJICH-
HOM IEPUMETPUH 3TH KIETKH BBISBIBUINCH B HAHOOIBIIEM
KOJIMUECTBE Ha 4-€ CYTKH, K 15-M UX YNCIIEHHOCTb 3HAYH-
TEJIbHO COKpAIaNIach, IPUYEM B MECTE 3aXKHUBJICHHS B OT-
JenbHbIX cinydasx FABP4" kietku He oOHapyKUBaJIHUCh.
B nepumeTpun rae3na npucyTCTBOBAIM BO BCeX HAOMIO-
JIEHUsIX, HO UX 00Ilas miomanb cokparmiach B 3—5 pas.
B pa3Hbix 30Hax 3a BeCh Meproj HaOMIOACHNS IUIOTHOCTD
KJIETOK B CKOIUIEHUSX OTIMYANIach HE3HAYUTEIBHO.
Otmeueno, uto tokanu3anus FABP4* kineTok Bceraa co-
BIajiajia ¢ YaCTHYHOM JloKamu3aruen Makpodaros CD68*,
HO He Hao00opoT. KpoMe Toro, BBISBICH MPUTOK KIETOK
¢denoruna CD68* B 001acTh, MPUIICTAIONIYIO K IIOBHOMY
Marepuaiy (puc. 2 A2, B2, C2). Ilpu atom UT'X uccneno-
BaHUeE MOKa3ajo, 4yTo koauuectBo CD68" ki1eTok B 30HAX

KIIMHWYECKAS M SKCITEPYIMEHTAJIBHASI MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

WHTEpeca 3HaYUTeIHHO MEHbIIIe, YeM KieTok FABP4*, uc-
KIJIFOYEHHE COCTABHJIA JIMIIb 30HA BOJIIM3H IIOBHOTO MaTe-
puana (tabi. 3). Ha 5-e cyTku BOU3H IIIOBHOTO MaTepHajia
CD68" k1eToK ObLIO 3HAYUTENBHO 00JbIe, ueM FABP4*
(p<0,05), a ¢ 6-x 110 7-€ CyTKH OTJIMYHSI ObLITH HE3HAYUTEITh-
Hele. Ha 15-e cytku mnotHocth CD68" KIeTOK B TaHHOM
JIOKQJIM3aIUU HE OTIMYajIach OT MOKasarens 6-X CYTOK, a
FABP4" knetku oTcyTcTBOBaM. B 30HE 3a)KMBIIEHUS, KaK
¥ BOJIM3M IOBHOTO Marepraa, Makpodaru mosiBsuTuCh Ha
3-1 CyTKH, Y4TO COBIA/IAJIO C HAYAJIOM 3aKPBITHSI PAHEBOTO
kanana. Kommuecrso CD68" ki1eTOK B MeCTe 3a)KUBIICHHS
3HAYUMO OTJINYAJIOCh OT UX COJECPIKAHUS B IHJIOMETPUH
BHE 30HBI noBpexaenus (p<0,05) B nepuox ¢ 3-x mo 7-e
cytku. Ha 15-e cyTku omnuuwmsi ObUTH HE3HAYUTEIbHBIE.
JocroBepHbIx oTiumnii B konmdectBe CD68 B 30HaX CKoTI-
nenust FABP' 1 B oTanneHHOM SHAOMETPHUH Ha MIPOTSIKe-
HUU BCETO Nepuoia HaOoneHnid He orMeueHo (p>0,05).
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Tabnuya 3 | Table 3

Pacnpenenenne CD68" kiieTok B MATOYHOMH CTEHKe IOCJIe TIOBPEKACHHUS] |
CD68* cells in the uterine wall after injury

Koanuecrso CD68" kierox B 1000 mxm? | CD68* cells per 1000 pm?, Me (Q1; Q3)

CyTkH |
Day  30Ha MOBpEkIEHHs | 30HA HIOBHOIO MaTepHaJa |
the injury zone the zone near the suture fiber
3 0,9 (0,9; 1,0) 0,2 (0,0; 0,2)
4 3,2(3,1;3.3) 2,2(2,2;2,3)
5 2,9 (2,6; 3;1) 8,2 (6,8; 8,3)
6 2,3(2,3;2,4) 4,7 (4,6; 4,8)
7 2,9 (2,4;2,9) 4,9 (4.8;5,0)
15 1,2 (1,1; 1,3) 4,6 (3,8; 4,9)
O6c¢cyxneHne

B npouecce 3aKuBIeHUS XUPYPTUUECKOTO CKBO3HOTO
pa3pe3a MaTOYHON CTEHKH KPBIC OOHApPY>KEHO MPUKpen-
JIeHWEe ME30METPHs K paHEeBOW MOBEPXHOCTH, KOTOPOE
BIIEPBbIE OTMEUEHO Ha 2-€ CyTKH B OTIENbHBIX CIyyasX,
B MECTax YaCTMYHOI'O CTATUBaHuUs paHbl. Ha 4-e cyTku Bo
BCEX HaOJIOEHUAX MECTO pa3pesa 10 Beell JUIHe cpacTa-
JIOCh C )KUPOBOI TKaHbIO OpPbLKEHKH. 3aTeM )KUPOBas TKaHb
MPOI0JKAJIA PACIPOCTPAHATLCS MO CEPO3HOI 000sI0UKe
BOKpYT pora Matku. K 15-m cyTkam cermeHT pora c mo-
BPEXKJEHHBIM y4aCTKOM ObLT OKyTaH KUPOBOM TKaHbIO CO
BCEX CTOPOH, Kak My(pTOH, C IPOHUKHOBEHHEM Y4aCTKOB
JKUPa MEXLY CIOSIMU MaTo4HOM cTeHKH. OOBbeM KHPOBOi
My(QTBI OTIMYAINICS OT CIydasl K cIydaro, 4To ObLIO 00y-
CJIOBJIEHO, BUAMMO, UHIUBUIYaTbHBIMH OCOOCHHOCTIMHU
JKUBOTHBIX. CBeJIEHUS O POJIM )KUPOBOM TKAaHU B 3aXKHB-
JIEHUY MATOYHOM CTEHKU B HAyYHOH JUTEpaType OTCyT-
CTBYIOT, IIPH 3TOM B €IMHUYHBIX paboTax Ha IpbI3yHaXx
aBTOPbI YKa3bIBAIOT Ha CpallleHHe TKaHel OpbDKEHKH ¢ o-
BPEXXJEHHBIM Y4aCTKOM MaTOYHON CTEHKH B MEPBbIE JHU
MocJie ornepaluy, Ho He Jal0T HUKaKUX KOMMEHTapHeB IO
nmanHoMy nioBoay [ 14, 15]. B uccnenosanuu K. Schlenger
et al. moka3ayu, 4YTO MPUKPEILICHHE ME30METPUAITEHOTO
JKUpa K paHe HauWHaJIOCh Yepe3 CYTKH MOCIe THCTepo-
TOMUH, a ykKe K 14-My JHIO )KUPOBOI CIIOH OTCYTCTBOBAI
HaJl MOBPEXIEHHOH 30H0i B 60NbIIMHCTBE 00pa31oB [15].
TeM He MeHee B HallleM HCCIIEIOBaHUM Yepe3 CyTKH IO-
BPEXICHHBIN y4acTOK ObLIT COBEPILIEHHO CBOOOIHBIM OT Ka-
KUX-T100 criaek. [lepBblie pU3HAKH MPUKPEIICHUS TKAaHU
OpbDKEIKH Mbl OOHAPYKUJIU JIUILb Ha 2-€ CYTKH, U Jlajee
JKUPOBasi Macca BOKPYT pora TOJIbKO HapacTaja BIUIOTb J10
OKOHYaHMs nepuoaa Habmoaenuit (puc. 1). BosmoxHo,
pasnuyuus B MPOBEIEHUH ONEpalud U MHANBHyaJIbHbIE
0COOEHHOCTH )KMBOTHBIX OKa3aJi BIMSHIE Ha BDEMEHHbBIE
MoKa3areiy MPUKPEIUICHUs KUPOBOM TKaHH K pane. Tak,
C.S. Buhimschi et al. oTMe4ani MeKITMHEHHBIE Pa3InIUs
B pereHepaTUBHOM ClIOCOOHOCTH MaTOYHOM CTEHKH MOCIIe
rucreporoMun y Meleii [ 14]. Hamu nabmronesus corna-
CYIOTCS C JaHHBIMHU Jpyrux uccienoBarenei [15] B Tom,
YTO B IIEpBbIE JHU >KUPOBasi TKaHb OPBIKEHKH MpPUKpen-
JSETCS K CEPO3HOM 000JI0YKe MOBPEXKACHHON MaTOUHOM
CTEHKH M paclpOCTpaHsIeTCs Jlajiee M0 HeMOBPEXKASHHON
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30Ha ckonieHust FABP' |

JH/IOMeTPHii BHE 30HbI MOBPEKICHN |

the FABP" cluster endometrium outside the zone of damage
= 1,4 (1,4; 1,8)
2,6 (2,5;2,7) 1,5 (1,5; 1,5)
1,2 (1,25 1,7) 1,2 (1,2; 1,2)
1,1 (0,6; 1,1) 2,0 (1,9; 2,0)
1,4 (0,8; 1,5) 1,7 (1,3; 1,7)
0,9 (0,8; 1,2) 1,0 (1,0; 1,1)

MOBEPXHOCTH, OKYTbIBasi, B OOJIbIIEH WM MEHbIIEH cTe-
MIEHU, CerMEHT pora ¢ MOBPEXJIEHHUEM CO BCEX CTOPOH
B Buze My(dTel. Takum 00pa3oM, Ha cCaMOM paHHEM dTare
3a)KUBJICHUS PAaHEBOE MPOCTPAHCTBO OTAEISAETCS OT OproL-
HOM MOJIOCTH TKaHEBBIMHU 3JIEMEHTAaMU €LIe JO MOJIHOr0
cpacTaHUs Kpaes.

OCHOBHBIM OOBEKTOM HCCIIEJOBaHUS B JaHHOU pabo-
T€ CIYKMJIM KJIETKH aJUIIOLUTAPHOIO MPOUCXOKICHUS C
¢enoruniom FABP* (cunonumsr: ALBP, aP2) — Genkom,
CBS3BIBAIOLIMM >KUPHBIE KMCIOTHI U Y4aCTBYIOIUM B UX
BHYTPHUKJIETOUHOU TpaHcnopTupoBke [16]. JanHbIi1 6enok
00OHapy>KeH Tarke B Makpodarax/meHUCThIX KieTkax [17],
MO3TOMY Tepell HaMH CTOsIa 3ajia4a BbISICHUTh, MOTYT JIU
BhIsIBIIsIeMble HaMu FABP4" xiteTku sSBIsiThCS Makpodara-
Mu. B pesynbrare cpaBHEHHsI HA CEpUITHBIX Cpe3ax IIOT-
HoctH KiteTok FABP4* u CD68" B MecTax CKOIJICHUS! HAMU
MOKa3aHO 3HAUUTENbHOE MPEBBILICHHE TTOKa3aTeei as
FABP4, yTo yka3pIBaeT Ha MPUCYTCTBUE UMEHHO aIHUIIO-
LUTAPHBIX KJIETOYHBIX AIEMEHTOB B HCCIIEIOBAHHBIX JIOKa-
mu3anusx. MHTepecHo, YTo mocie 3aloIHEeHUs] PAaHEBOTO
npocTtpaHncTBa K 15-m cytkam FABP4" knetku ncuesanu
B OKOJIOIIOBHOM IPOCTPAHCTBE BO BCEX HAOIIONEHHIX
U B 30HE 32)KUBJIEHUS B 4acTH HAOIIONEHUH, OMHAKO MX
CKOIUICHHUS POJOJIKAIN OOHAPYKUBAThCA B OTAAJICHHBIX
y4acTKaX MepUMeTpHs B MeCTax MPUKPEIICHHS )KUPOBO
TKaHU K OPIOIIHOM MOBEPXHOCTH pora.

B nacrosuieii pabote Mbl He aKLIEHTUPYEM BHUMaHHE
Ha HEUTpOQHIaX — OCHOBHBIX KOMIIOHEHTAX BOCIIAATEb-
HOH (ha3bl 32KUBIICHHS, HO CIIEIYET OTMETUTh, YTO B 30HE
BOJIM3M LIOBHOTO MaTepHasa uxX MpUCyTCTBUE 3HAYUTENEHO
CHIDKAJIOCh Ha 3-U CYTKH, KOTJla TaM HAYMHAJIH BBISBISATHCS
makpodaru. [1o JaHHBIM THTEpaTypHI, MUKOBOE 3HAYCHUE
cofiep>KaHusl HEUTPO(UIIOB B KOXKHOM paHe TakKe OTMeda-
etcs Ha 2-e cyTkH [18]. KonndyectBo MakpodaroB, MUTpH-
POBABIIKX B PAHEBYIO 30HY KOXH, TOXKE YBEJIMUMBACTCS HA
2-e CyTKHM M OCTaeTcsl CTaOMIIBHBIM JI0 5-X CYTOK, a 3aTeM
HAYMHAET IMOCTENICHHO CHIKATHCS 110 POHOBOTO YPOBHS K
14-m cytkam [19]. Hamu ycTaHOBJI€HO, YTO K 5-M CyTKaM
B 30HE 3a)XKMBJIeHUs MaTouHOl crenku FABP4" kinetku mo-
SBJISIFOTCS TOJIBKO MPH OTCYTCTBUU MHPUIBTPALIMHA HEUTPO-
¢unamu. B ygacTkax 0KoJI0 IIOBHOTO MaTepHJIa ¢ MPOIOI-
JKaromencst HHPIIBTpaueii HeRTpo(hUIaMy B OTAETBEHBIX
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ciayyasx FABP4" kinetku He oOHapyxuBanuch. B neBom
HenoBpexaeHHOM pore FABP4" kiieTku oTCyTCTBOBAJIM.

MarouHas CTeHKa — JOCTAaTOYHO JIAOMIbHASI CTPYKTYPa,
OTBEYaIolIas Ha JeCTBUE MOJIOBBIX TOPMOHOB B 3CTPajib-
HOM LIMKJIE U3MEHEHHUEM CBOUX MOP(OMETPUUECKHX ITOKa3a-
teneit [20—22]. B 3aBucuMOCTH 0T (pa3bl 3¢TpaibHOTO HUK-
JIa M3MEHSETCs paclpenesieHHe Makpo(paroB B MaTOYHOM
ctenke [23, 24]. IIpogomKUTeNnbHOCTb SCTPAIBHOTO [IUKIIA
KpBbIC — Bcero 4—5 cyTok [ 13], mo3atomy npu uccieqoBaHUU
poiu Makpo(aroB B 3aKUBIEHUH MaTOYHON CTEHKU BaXKHO
YUYUTHIBATh BIUSHHE TOPMOHAIBHOTO ()OHA HA H3MCHEHHE
UX Moka3zareneil. B kauecTBe mokasaresns, OTHOCAIIErocs K
(U3MOIOTUYECKUM U3MEHEHHSM B 3CTPAJILHOM LIUKJIE, MBI
OIpeeNsIv CoiepKaHne Makpo(aroB B y4acTKe SHAOMET-
pusl, OTJAIEHHOM OT 30HBI noBpexaeHusa. K 15-m cytkam
JIOCTOBEPHBIX paznuuuil B cogepkanun CD68* kietok
B y4acTKe 3aKUBJICHHUS U B OTAAJIEHHBIX yYacTKax SHAOMET-
pust He OOHAPYKEHO, YTO CBHICTEIBCTBYET O 3aBEPIICHUH
AKTUBHOM POJI MaKpO(aroB B MpoLecce pereHepaiy Tou
30HBI ¥ IPUONMYKEHUHN €€ K BOCCTAHOBJICHUIO (DU3UOIIOTH-
geckux (QyHkiwil. [lomoOHbIe pe3ybTaThl HOMYYCHBI IPU
UCCIIEJOBAaHUU 3aXUBIICHUA paH Koxu [19]. U3menenus
B KOJIMYECTBE U (PEHOTUIIEC MAaKPO(HaroB MOTYT ONPEICISITh
COCTOsIHUE PYOLIOBOM TKaHU [25].

3akmoueHne

B npeacraBienHo# paboTe oxapakTepU30BaHbI MOP-
(hosoruveckre acreKThl B3aMMOJIEHCTBHSI KOMIIOHEHTOB
JKAPOBOU TKAHU C MOBPEXACHHOM MaTOUHOM CTEHKOM B Te-
YEHUE MEePBBIX IBYX HEAENb MOCJIE CKBO3HOIO XUPYpruye-
CKOT'O pa3pe3a pora MaTku KpbICchl. [Toka3aHo, 4TO KJIETKU
aJIUTIOUUTAPHOTO IPOUCXOKACHUS TPUHUMAIOT aKTUBHOE
y4acTue B IPOLIECCe 3aKUBIEHUS CKBO3HOTO MOBPEKIEC-
HHSI MATOYHOM CTEHKHU KPBIC HA CaMbIX PaHHUX CPOKaXx.
JKupoBasi TkKaHb OPBIKEHKH, MPUKPETUISISICH K PAHEBOMY
e eKTy, CO3/1aeT U30IUPYIOUIYIO MPOCIONUKY, OTACHS-
IOIYI0 MOBPEKICHHYIO 30HY OT OPIOIIHOM MOJIOCTH, H,
BO3MOKHO, SIBJISICTCS OCHOBHBIM HJIM JOIIOJHUTCIBHBIM
VMCTOYHHMKOM JIJIS TIOCTYTUICHHS B 00JIACTh PEreHepaIfu
ME3EeHXHMAaJIbHBIX CTPOMAIIbHBIX CTBOJIOBBIX KJIETOK, 00¢e-
CMEeYUBasl YCHEIIHOE BOCCTAHOBJIECHHUE MOBPEKICHHBIX
TkaHel. [lepuoa Hanbonee aKTUBHOTO B3aMMOJICHCTBHS
JKUPOBOU TKaHU C MOBPEXKICHHBIM POTOM JUTUTCS C 3-X
1o 15-e cyTKM M COBMAJaeT C aKTUBU3aLKeH Makpodaros
B 30HE 3aKUBJICHHS. TeM He MEHee B 30HaX aKTUBHOM BOC-
MaJUTEebHON peakiuu, HHOHUIBTPOBAHHBIX MOJIUMOP)-
HOSJIEPHBIMU KJIETKAMU, aAUIIOLUUTBl OTCYTCTBYIOT. [
Ooree IETANLHON XapaKTEPUCTUKH POJIU KUPOBOUM TKaHU
KaK BO3MOXKHOTO UCTOYHHKA (DAKTOPOB, CTUMYJIUPYIOIIUX
pereHepaTuBHBIE MPOLIECCHl MOBPEXKACHHON MAaTOYHOU
CTEHKH, HEOOXOIUMBI TabHEHIINE UCCIIEIOBAHM.

Bkaag aBTopoB

Konuenmuus u nu3aiin uccnenosanus — H.b. Tuxonosa, A.IT. MuioBaHoB.
C6op 1 oOpaborka marepuana — B.B. Anekcankuna, H.b. Tuxonosa,
T.B. ®okuna, A.Il. AnekcaHKHH.

Hamnucanue texcra — H.b. TuxoHoBa.

PenaxtupoBanue — A.I1. Munosanos, M.H. bonarosckas.

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

OPUTMHAJIDHBIE UICCITEJOBAHNMA

Author contributions

Conceived the study and designed the experiment — N.B. Tikhonova,
A.P. Milovanov.

Collected the data and performed the analysis — V.V. Aleksankina,
N.B. Tikhonova, T.V. Fokina, A.P. Alexankin.

Wrote the paper — N.B. Tikhonova.

Edited the manuscript — A.P. Milovanov, M.N. Boltovskaya.

JInteparypa/References

1. Zhang Z, Shao M, Hepler C, Zi Z, Zhao S, An YA et al. Dermal
adipose tissue has high plasticity and undergoes reversible de-
differentiation in mice. J Clin Invest. 2019;129(12):5327-42.
DOI: 10.1172/JCI130239.

2. Zhou BO, Yu H, Yue R, Zhao Z, Rios JJ, Naveiras O et al. Bone
marrow adipocytes promote the regeneration of stem cells and
hematopoiesis by secreting SCF. Nat Cell Biol. 2017;19(8):891—
903. DOI: 10.1038/ncb3570.

3. Wang QA, Song A, Chen W, Schwalie PC, Zhang F, Vishvanath L
et al. Reversible de-differentiation of mature white adipocytes
into preadipocyte-like precursors during lactation. Cell Metab.
2018;28(2):282-288.e3. DOI: 10.1016/j.cmet.2018.05.022.

4. Zhang LJ, Guerrero-Juarez CF, Hata T, Bapat SP, Ramos R,
Plikus MV et al. Innate immunity. Dermal adipocytes protect
against invasive Staphylococcus aureus skin infection. Science.
2015;347(6217):67-71. DOI: 10.1126/science.1260972.

5. Friihbeck G, Méndez-Giménez L, Fernandez-Formoso JA,
Fernandez S, Rodriguez A. Regulation of adipocyte lipolysis. Nutr
Res Rev. 2014;27(1):63-93. DOI: 10.1017/S095442241400002X.

6. Tynan GA, Hearnden CH, Oleszycka E, Lyons CL, Coutts G,
O’Connell J et al. Endogenous oils derived from human adi-
pocytes are potent adjuvants that promote IL-1a-dependent
inflammation. Diabetes. 2014;63(6):2037-50. DOI: 10.2337/
db13-1476.

7. Nelson AM, Loy DE, Lawson JA, Katseff AS, Fitzgerald GA,
Garza LA. Prostaglandin D2 inhibits wound-induced hair fol-
licle neogenesis through the receptor, Gpr44. J Invest Dermatol.
2013;133(4):881-9. DOI: 10.1038/jid.2012.398.

8. Shook BA, Wasko RR, Mano O, Rutenberg-Schoenberg M,
Rudolph MC, Zirak B et al. Dermal adipocyte lipolysis and
myofibroblast conversion are required for efficient skin re-
pair. Cell Stem Cell. 2020;26(6):880—-895.e6. DOI: 10.1016/;.
stem.2020.03.013.

9. Shao X, Ai G, Wang L, Qin J, Li Y, Jiang H et al. Adipose-derived
stem cells transplantation improves endometrial injury repair. Zy-
gote. 2019;27(6):367-74. DOI: 10.1017/S096719941900042X.

10. Yotsumoto F, Iwaguro H, Harada Y, Sobajima S, Suwabe T, Mi-
yamoto S. Adipose tissue-derived regenerative cells improve im-
plantation of fertilized eggs in thin endometrium. Regen Med.
2020;15(7):1891-904. DOI: 10.2217/rme-2020-0037.

11. Sun H, Lu J, Li B, Chen S, Xiao X, Wang J et al. Partial regenera-
tion of uterine horns in rats through adipose-derived stem cell
sheets. Biol Reprod. 2018;99(5):1057-69. DOI: 10.1093/biolre/
ioyl21.

12. Paccola CC, Resende CG, Stumpp T, Miraglia SM, Cipriano 1.
The rat estrous cycle revisited: A quantitative and qualitative
analysis. Anim Reprod. 2013; 10(4):677-83.

13. Andersson H, Rehm S, Stanislaus D, Wood CE. Scientific and
regulatory policy committee (SRPC) paper: Assessment of cir-

Tom 10 Ne 4 2021 79



OPUTMHAIBHBIE MICCITEJOBAHNMA

culating hormones in nonclinical toxicity studies III. female pair. Immunobiology. 2011;216(7):753—62. DOI: 10.1016/j.

reproductive hormones. Toxicol Pathol. 2013;41(6):921-34. imbio.2011.01.001.

DOI: 10.1177/0192623312466959. 20. Westwood FR. The female rat reproductive cycle: A practical
14. Buhimschi CS, Zhao G, Sora N, Madri JA, Buhimschi IA. Myo- histological guide to staging. Toxicol Pathol. 2008;36(3):375-84.

metrial wound healing post-Cesarean delivery in the MRL/MpJ DOI: 10.1177/0192623308315665.

mouse model of uterine scarring. Am J Pathol. 2010;177(1):197—  21. Williams T, Rogers AW. Morphometric studies of the response of

207. DOI: 10.2353/ajpath.2010.091209. the luminal epithelium in the rat uterus to exogenous hormones.
15. Schlenger K, Hockel M, Schwab R, Frischmann-Berger R, Vau- J Anat. 1980;130(Pt 4):867—81. PMID: 7429973.

pel P. How to improve the uterotomy healing. I. Effects of fib-  22. Grunert G, Neumann G, Porcia M, Tchernitchin AN. The es-

rin and tumor necrosis factor-alpha in the rat uterotomy model. trogenic responses to clomiphene in the different cell types

J Surg Res. 1994;56(3):235—41. DOI: 10.1006/jsre.1994.1037. of the rat uterus: Morphometrical evaluation. Biol Reprod.
16. Matarese V, Bernlohr DA. Purification of murine adipocyte lipid- 1987;37(3):527-38. DOI: 10.1095/biolreprod37.3.527.

binding protein. Characterization as a fatty acid- and retinoic ~ 23. Wood GA, Fata JE, Watson KL, Khokha R. Circulating hormones

acid-binding protein. J Biol Chem. 1988;263(28):14544-51. and estrous stage predict cellular and stromal remodeling in mu-

PMID: 2844775. rine uterus. Reproduction. 2007;133(5):1035-44. DOI:10.1530/
17. Fu Y, Luo N, Lopes-Virella MF, Garvey WT. The adipocyte REP-06-030.

lipid binding protein (ALBP/aP2) gene facilitates foam cell ~ 24. Kaushic C, FrauendorfE, Rossoll RM, Richardson JM, Wira CR.

formation in human THP-1 macrophages. Atherosclerosis. Influence of the estrous cycle on the presence and distribution

2002;165(2):259-69. DOI: 10.1016/s0021-9150(02)00305-2. of immune cells in the rat reproductive tract. Am J Reprod Im-
18. Kim MH, Liu W, Borjesson DL, Curry FR, Miller LS, Cheung AL munol. 1998;39(3):209—-16. DOI: 10.1111/j.1600-0897.1998.

et al. Dynamics of neutrophil infiltration during cutaneous wound tb00355.x.

healing and infection using fluorescence imaging. J Invest Der-  25. Hesketh M, Sahin KB, West ZE, Murray RZ. Macrophage pheno-

matol. 2008;128(7):1812-20. DOI: 10.1038/sj.jid.5701223. types regulate scar formation and chronic wound healing. Int J
19. Mahdavian Delavary B, van der Veer WM, van Egmond M, Mol Sci. 2017;18(7):1545. PMID: 28714933.

Niessen FB, Beelen RH. Macrophages in skin injury and re-

MNudopmanus o6 aBTopax

Haranus Boprcosna TuxonoBa — kaHaAnAAT OHOJIOTMUECKUX HAyK, CTApPIIMN Hay4YHBIH COTPYAHHK JIAOOPATOPUH MATOIOTUH PENPOLYKLIIUH
HUM mopdonorun yenoseka umenn akagemuxa A.Il. ABupiHa.

Amnppeii [TerpoBrnd MuI0BaHOB — JOKTOP MEAMIIMHCKUX HayK, podeccop, INIaBHbIH HAYYHBINA COTPYAHHUK J1a0OPaTOPUH MATOIOTHH PENPOLYKIHN
HUMU mopdonorun yenoseka uMeHu akagemuka A.I1. ABubiHa.

Banentuna BuktopoBHa AneKcaHKHHA — KaHAUIAT OMONOrMYECKUX HayK, MIAIINHA HaydHBIH COTPYIHUK 1a00paToOpyUu MAaTONIOTHH PEIPOTYKIIHU
HUMU mopdonoruu yenosexa uMeHu akajgemuka A.I1. ABubiHa.

Tarpsina BacunbeBHa DOKnMHA — KaHIUIAT MEAUIMHCKUX HAYK, CTAPIIUI HAYIHBIA COTPYIHUK JJADOPATOPUH MATOJIOTHH PEIPOLYKI[HH
HUWU mopdonorun yenoseka nmenu akaaemuka A.I1. ABipiHa.

Mapuna HukonaeBna BoatoBckast — JOKTOp OMOJIOTHYECKHX HAyK, 3aBeayoiuas tadoparopueii naronoruu pernponykuun HUU mopdonorun
yenoBeka nMeHH akageMuka A.Il. ABIpina.

Amnppeii [TaBnoBud AeKCaHKUH — KaHIUIAT OMOJIOTHYECKUX HAyK, HayYHbIH COTPYIHHK J1aO0OPAaTOPHH ITaTOJIOTHU PETIPOYKIIUHI
HUWU mopdonorun yenoseka numenu akaaemuka A.I1. ABipina.

Author information

Natalya B. Tikhonova — Cand. Sci. (Biol.), Senior Researcher, Laboratory of Pathology of Reproduction, A.P. Avtsyn Research Institute
of Human Morphology.
https://orcid.org/0000-0001-5437-6933

Andrey P. Milovanov — Dr. Sci. (Med.), Professor, Chief Researcher, Laboratory of Pathology of Reproduction, A.P. Avtsyn Research Institute
of Human Morphology.
https://orcid.org/0000-0001-8804-0258

Valentina V. Aleksankina — Cand. Sci. (Biol.), Junior Researcher, Laboratory of Pathology of Reproduction, A.P. Avtsyn Research Institute
of Human Morphology.
https://orcid.org/0000-0001-9944-0230

Tatyana V. Fokina — Cand. Sci. (Med.), Senior Researcher, Laboratory of Pathology of Reproduction, A.P. Avtsyn Research Institute of Human
Morphology.
https://orcid.org/0000-0002-2467-7660

Marina N. Boltovskaya — Dr. Sci. (Biol.), Head of the Laboratory of Pathology of Reproduction, A.P. Avtsyn Research Institute of Human
Morphology.
https://orcid.org/0000-0002-9751-2066

Andrey P. Aleksankin — Cand. Sci. (Biol.), Researcher, Laboratory of Pathology of Reproduction, A.P. Avtsyn Research Institute of Human
Morphology.
https://orcid.org/0000-0001-6686-0896

8o KIMHUYECKAS V1 OKCITEPUMEHTAIBHAS MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 10 Ne 4 2021



IHAMATHBIE JATbI

K 100-71eTnio co gHA pOKAEeHNA
bennbr ConomonosHbI I'ycman
(1921-1983)

To the 100th anniversary of Bella S. Gusman
(1921-1983)

Bcero u Hazo, 4To BIIsAETHCS, — O0XKE MOH,
Bcero u nena, 4To BHUMATENbHO BIVISAETHCS, —
U He yiinewp, 1 HUKyZa YK€ HE I€ThCA
OT 3THX I1a3, OT UX BHE3AITHOM ITyOUHBI.
<..>
Ho BOT rm1a3a — oHU yXOzAT HaBCer/a,
Kaxk Hekuii Mup, KOTOpBIi Tak U HE OTKPBUIH,
Kaxk neknii Pum, KoTOpBIil Tak U HE OTPBUIH,
W He oTpBITH yKe, U B 3TOM BCsI IIeYallb.

FOpuii Jlesumanckuii

11 nexabps 2021 rona ucnonHmwiock 100 et co nHA
poxaenus bemisl ConomonoBHsl ['yeman, npodeccopa,
JIOKTOpa MEIMIIMHCKUX HayK, 3aBe1yIollel Jadoparopueii
MAaTOJIOTMYECKOil aHaTOMUM 00JIe3HEel 1eTCKOro Bo3pac-
ta MHcTutyTa Mopdoinoruu yenoBeka AMH CCCP. Yem
Oosblie BpeMeHH oT/ienseT Hac oT yxona bemisr Comomo-
HOBHBI, TEM CHJIbHEE 3BydaT B JYIIE BOCIIOMHHAHHS 00
3TOM CBETJIOM YEJIOBEKE.

B.C. I'ycman poaunacs B baky. B 1939 rony ona nocrty-
MUJIa Ha CAHUTAPHO-TUTUEHNYECKUH (aKyasTeT AzepOaii-
’KaHCKOTO MEMIIMHCKOTO HHCTUTYTA. B 1944-M 1o okoH4a-
HUY MHCTUTYTa Oblja HampasieHa Ha paboty B UHCTUTYT
MHUKPOOHOJIOTHH U 3MTUIEMUOTIOIMY MuH31paBa AzepOaii-
skaHckoil CCP, rae paborana 1o 1947 rona B 1OKHOCTH
Bpaya naromopgonoruueckoii 1aboparopuu. B 1947 rony
B.C. I'ycman noctynuiia B acClIUPaHTypy IpH JadopaTtopun
o01ui1eii maroJoruueckoi aHaTOMUH (PyKOBOIUTEINb — aKa-
nemuk AMH CCCP A.U. AGpukocoB) MHcTUTyTa HOP-
MaJIbHOW u maronorumdeckoit Mopdonoruu AMH CCCP,
KOTOPYIO 3aKOHYMJIA o] pykoBoacTBoM A.M. CtpykoBa
B 1950-M, 3a1MTHB KaHIUAATCKYIO IMCCEPTALIUIO HA TEMY
«KnamanHblii annapar cepaua npu HEKOTOPBIX OCTPBIX UH-
¢dexuusax». C 1951 no 1957 rox padorana B baky, 3aBenys
MaTOJIOr0aHATOMUYECKUMHU OTAeIeHUusIMU B HCTUTYTE
odranemonorun u 6onpHUIE Ne 47. B 1957 rony b.C.
I'ycman nepeexana B MockBy U crania paborars B 1a00-
paTropuu MaToJIOTMYECKON aHaTOMUU OOJIE3HEH IEeTCKOro
Bo3pacta AMH, Bo3riaBnsemoii akanemuxoM AMH CCCP
M.A. CKBOPLIOBBIM.

C 1961 rona u no nocnenuux nued xu3nu b.C. I'ycman
pabotana Bo BHOBb opranu3oBaHHOM MHcTUTYyTE MOpPdO-
noruu uenoBeka AMH CCCP (qupexrop — akanemuk AMH
CCCP A.Il. ABupin). Haunnas ¢ 1976 roga benna Co-
JIOMOHOBHA BO3IVIaBJIsjIa J1a00OpaTOPHIO MaTOIOTHUECKOM
aHatoMuu OoJe3Hel neTckoro Bo3pacta. Ee uccnenoBanus
OBLIIM MOCBSAIIEHBI TPOOJIeMe UMMYHOMOP(OIOTHH AET-
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CKUX MH(EKIIMOHHBIX 3a00JIeBaHMii, OHA 3aHUMAaJach U3-
YYCHHEM BOIMPOCOB IKCIICPUMEHTAIbHOH maToMopdo-
JIOTHH MH(EKIMOHHBIX 00JNe3HeH (OPHUTO3, 3apaKCHHE
L-dpopmamu 6akrepuii, Mukomiazmos). Ocoboe BHUMaHNE
oHa oOpallajga Ha CTPYKTypHble U3MEHEHUs, Pa3BUBAIO-
uuecs B opranax ummyHoredesa. B 1970 rongy benna Co-
noMoHOBHA ['ycMaH 3auTiiia JOKTOPCKYIO JUCCEPTaLHIO
Ha TeMy «IMMyHOMOP(}OTOrUs HEKOTOPBIX IETCKUX MH-
(beK1mii, Mo TaHHBIM KCIIEPUMEHTAIIBHOMN 1 KITMHUYECKON
MAaTOJIOTUM» U OIyOJMKOBaa 3Ty paboTy B BUJE MOHO-
rpadumn.

MHuoronetHue ucciaenoanus bemnsl CoToOMOHOBHBI
I'ycmaH 1 ee y4eHHUKOB OBLITU MOCBALIEHBI TaTOJIOTHH Pe-
CIIUPATOPHOTO MUKOIUIa3MO3a U CMEIIaHHBIX MUKOILIA3-
Ma-BUPYCHBIX MH(PEKUUN. DKCIIEepUMEHTaJIbHbIE PaOOTHI
MIPOBOAMIIUCH COBMECTHO ¢ corpynHukamu HUU snuze-
MHUOJIOTHUHM U MUKPOOHOJIOTMH UMEHH MOYETHOTO aKaje-
muka H.®. ['amaneu (B HacTosiee Bpemst HarmoHansHbIi
UCCNe0BATENbCKUI LEHTP SNMUAEMHOIOTMH U MUKPO-
Ouosioruu UMeHu nouetTHoro akagemuka H.®@. I'amanen)
u MHCTUTYTa MUKPOOHOJIOTUM YHUBEPCHUTETA UMEHHU
I'ymbonbara (bepnun). B paborax b.C. I'ycman u coas-
TOPOB OBLIO MOKA3aHO, YTO IKCIIEPUMEHTAIBHOE UH(H-
LUPOBAaHUE CUPUIICKUX XOMSIKOB MUKOIIJIa3MOM BBI3bIBAET
ob1iee TsKeN0e 3a00sIeBaHUE C MPEUMYLLECTBEHHBIM I10-
paxeHHeM PECIUPATOPHOrO TPaKTa C OJHOBPEMEHHBIM
BOBJICYEHHEM B MaTOJIOTMUECKHUI IPOLECC MOYEK U LIEHT-
panbHOK HepBHOU cucteMsbl. b.C. 'ycMaH B coaBTOpCTBE
CO CBOMMM yU€HUKaMU BIIEpBbIe 0OHAPYKUIIA, UTO OTBET
OpraHoB UMMYHOI'€He3a Ha Pa3BUTUE SKCIIEPUMEHTAIIb-
HOH OMyXOJIM B LIEHTPAJIbHOW HEPBHON cHCTEMe MpOTe-
KaeT nByX(}a3HO: B IepBOil (ha3e MPOUCXOIUT AaKTHBALIUS
TUMYyca, TUM(PaTUYECKUX Y3JI0B U CelIe3eHKHU; Ha Oonee
MO3AHUX CTAaIUAX HACTYIAeT YTHETeHHUE peaKlHH opra-
HOB UMMYHOTreHe3a. OHa aKTHUBHO y4acTBOBaJa B pellle-
HUU MHOTHX NPAKTUYECKUX MPOOIIEeM 31paBOOXPAHEHHUS,
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B YaCTHOCTH BBIeKaJla B IKCIEAUIMN B MaraJaHcKyo
00NacTh 15 U3y9IEeHUs TeorpauIecKOi MaTOIOTHU U M-
MYHOMOP(}OJIOTHHN pacnpoOCTPaHEHHBIX TaM JIETOYHBIX
3a00sieBaHUd, a TakKe B Xa0apOBCK C LEIbI0 YTOUHEHHS
MPUYKH JETCKON 3a00J1€Ba€MOCTH U CMEPTHOCTH B 30HE
crpoutenscTBa BAMa.

B.C. I'ycman — aBrop 120 paboT, B TOM YHCIIE ABYX MO-
Horpaduii, METOAUYECKUX PEKOMEHAALIA 110 TUarHOCTHKE
OCTPBIX pecnupaTopHbIX 3a0oseBaHuil y neteit. Mitorom
ee MHOroJieTHel paboThl cTajo pykoBoacTBo «llaromoru-
YyecKasi aHaTOMUs OOJIe3HeH ioga U pedeHkKay (COaBTop
npodeccop T.E. MBanosckas, 1981), koTopoe ynocToeHO
npemun umenn A.U. AbpuxocoBa. I HaBepHOE, CUMBOIHY-
HO, 4TO yueHulle Asekces ViBaHoBu4ya AOpHKOCOBa ObLIa
MPUCYXKACHA TIPEMUS €T0 UMEHU.

ITon pyxoBoactBom b.C. I'ycman 3aniuiieHsl YeThipe
JoKTopckue U 15 kanaunarckux auccepraunid. bemna Co-
noMoHOBHa ['ycMaH HarpaxeHa noyeTHbIM 3HakoM «OT-
JUYHUKY 31paBOOXPAHEHUSY.

B >k13HU yenoBeka eCTb COOBITHS, ONPEACISAIOIINE €0
cynb0y. Berpeua ¢ bennoit ConoMoHOBHO# onpeaenuia
Hau myTh. CyIliecTByeT BbICKa3bIBaHUE MHcaTesd AHApes
ApbeBa «...JItonaM CBOWCTBEHHO YBJIEKAThCS U TOCKOBATh
JIUILB 110 TOMY, YTO MX IOPa3HUJI0 B FOHOCTH, U HECXBau€H-
HO€, HEMIO3HAHHOE B MOJIOZOCTH MO-HACTOAIIEMY YXKe He
MOHUMAETCS HUKOT1ay. BepoaTHO, 3TO MOI0KEHNE MOXKET
OBITh OTHECCHO K TOW MO3UIMH, KOTOpas OblIa Iepeaana
Bbennoit ConoMoHOBHOH cBOMM yueHUKaM. B Hamux Boc-
MOMUHAHMSX OHA 0CTAIaCh CBETIIBIM, TyIIEBHBIM YeJIOBE-
KOM, y Hee ObLIH BBICOKHE MPO(ECCHOHATBHBIC KaYeCTRa.
O6wenue ¢ bemnoit ConoMOHOBHOMN 3aCTaBIIANIO JyMaTh,
He ObLIO JOKyYarollel ONeKH, YeTKHe yKa3aHus HYKHO
OBLIO BHITNIONHATH B IOCTABJICHHBIE CPOKH, PA3BUTHUE U Pe-
LIEHHUE 3a/1a4, TIOCTaBIEHHBIX Nepe]] yUeHUKOM, 3aBUCENIN
OT UCTIOJHUTEIS.

OHa OKOHYMIIa MY3BIKaJIbHOE yUWIIHILE, coOupanach
MOCTYyNaTh B KOHCepBaToputo. [1o HacTOsIHUIO OTLA — Bpa-
ya-pentrenosnora besna ConoMoHOBHA MOCTYTWIIA B ME/IU-
LIUHCKUN UHCTUTYT, HO JIIOOOBB K MY3bIKE OCTaJIaCh Ha BCIO
KU3Hb. B 1oMe ObL10 popTenuano, mo3ToMy 4acTo 3Bydaa
Mmy3bika. A emie benna ConoMoOHOBHA Tena B Kpyry Apy-
3eil. b.C. 'ycMaH 3Hana u jqrobuia Iureparypy, My3bIKY,
JKUBoOIMUCh. OHA TOBOPUIIA O HOBBIX KHHUIaX, CIIEKTAKIIAX,
KUHO(WIEMAX, KOTOPBIE HYXKHO YUTaTh U cMOTpeTh. OHa
y4ujia He TOJbKO Hallleil MHOTOTPYIHOHN CIelHaIbHOCTH,
HO U MYIPOCTH >KU3HH, OTHOILEHUIO K JIFOMISAM.

Ham noBe3no, 4To Mbl BCTPETUIIM BAYMYUBOTO UCCIIE-
JOBAaTEIIsA, TOOPOXKETATEITBHOTO YUUTEISA, 00aITEIbHYIO
JKEHILUHY.

benna ComoMoHOBHa nM00MIIa CBOIO CEMBIO U Tpe-
METHO OTHOCHUJIACh K POAUTENSM, MYXY, I€TsIM, BHYUKe.
Ha Bcex xBarano terua ee cepaua. M3 MHOrOYMCIEHHBIX
KOMaHAMPOBOK BCEM MPHUBO3MJIA NoAapku. JJonrue roas
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IpyxObl cBa3biBasid bemny ColOMOHOBHY € BEAYILIMMHU
mopdoaoramu — T.E. MBanoBckoit, B.A. OquHOKOBOH,
Bb.I. TonpaunOM.

IIpu 3TOM Ha mepBoM MecTe Bceraa Oblia pabora.
o nocnennux aHel xu3HU Bee nombicibl bemsr Comno-
MOHOBHBI OBUTH C COTPYTHHKAMU JIFOOMMOU JTa00paTOPUH.

7Kanp, 4TO ee He cTano Tak paHo... JKU3HEHHBIN 1 TBOP-
yeckuii myTh bemisl CoaoMOHOBHBI — 00paser 6e33aBeTHO-
ro cyxeHus cBoeMy OTedecTBy U M30paHHOM podecchu.
Heouenum Bxian b.C. 'ycman B uzyuenue mopgonoruye-
CKHUX aCIEKTOB WH(PEKIIMOHHOU ITaTOJIOTHH JAETCKOTO BO3-
pacra. DTo HalnpaBlIeHUe MOTYYHUIIO JajibHEeIIee pa3BUTHE
B paboTax MaToior0aHaTOMOB CTPaHbI.

C nry0oko# 61aromapHOCTBIO U IPU3HATEIEHOCTHIO
BcnomuHatoT 0 b.C. I'ycman ee yuenuku, ormedas 100-me-
THE CO JTHS €€ POKICHUS.

E.M. Henomnswas,

00KMOP MEOUYUHCKUX HAYK,

npogpeccop HMHUI] onxonoeuu Munzopaea Poccuu,
Pocmos-na-/lony,

T'B. Besyanosa,

KaHouoam Ouono2udecKux Haykx,

CMapuiuii HayuHbll COMPYOHUK
Hayuno-uccredosamenvcrko2o uncmumyma mopghonocuu
yenosexa umenu akademuxa A.I1. Asyvina, Mockea
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