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xupypruu umenu akagemuka b.B. IlerpoBckoro», Mocksa, Poccus

Pesiome. O[[HI/IM M3 BAXXHBIX KaHIIEPOTCHHBIX (baKTOpOB, U IIpUu 5TOM ‘IpeBBLI‘{aI;'IHO CJIO’)KHBIM B IIJIaHC
H3Yy4YCHUA, ABJIAIOTCA OHKOTCHHBIC BUPYCHI. B JaHHOM 063ope pacCMOTPECHBI OCHOBHBIC HCTOPUICCKHUEC ITa-
TIbI U3YYCHUSL BprCHOﬁ OHKOIIATOJIOTUHN B KIIMHUKC U SKCIICPUMECHTE, IPHUBECACHA KpaTKas maccmbnxaunﬂ
OHKOI'CHHBIX BUPYCHBIX I/IH(l)eKTOB, JaHa XapaKTCPUCTUKA UX YyUAaCTH B KaHLCPOICHE3C. Onucana PpOJIb
MCTOJ0B 3J'IeKTp0HHOﬁ MHUKPOCKONIHMU B JUAT'HOCTHUKE OHKOJIOTMYCCKUX 3a00J1€BaHNI KaK B MMPpaKTHU4IC€CKOM
3ApaBOOXpPAaHCHUHU, TaK U B HAYUYHO-HUCCJICOBATCILCKOM aClICKTE, a TAKIKC OXapaKTCPHU30BaHbI IICPCIIEKTUBBI
Ppa3BUTUA IPUMCHCHHNS JaHHOTO METOAA B U3YUCHUU YIBTPACTPYKTYPHBIX MOp(l)OJ'IOFI/I‘IeCKI/IX ocobeHHocrei
BUPYC-UHAYHUPOBAHHBIX onyxoneﬁ B HACTOALICC BPEMSI. MOp(l)OJ'IOF NYCCKOC UCCIICIOBAHUC KJIICTKU MCTOAaMH
BHGKTpOHHOﬁ MUKPOCKOITNHU MO3BOJIAICT YCTAHOBUTD XapPaKTCPHBIC YIIBTPACTPYKTYPHBIC ITATTCPHBI JJI1 Ka)K,Z[Oﬁ
NaToJIOTUHU U UX BapUallui BHYTPpU HO30JIOTHYECKOM CAWHUIIbI. HpI/IMeHeHI/Ie BO3MOXKHOCTEM 3HeKTpOHHOﬁ
MHUKPOCKOIIUH B KOMIUICKCC C APYTUMHU COBPEMCHHBIMU METOJAAMU PA3HOCTOPOHHETO MYJIBTUAUCIUIIIIN-
HapHOI'0 UCCIICAOBAHUA XapAKTCPUCTUK OpraHru3Ma rnainucHTOB C Bprc-HHHyHHpOBaHHOﬁ OHKOITATOJIOTHEH
OTKPBIBACT TOPU3OHTHI IJId MTOHUMAHUA KOPPCIALUOHHBIX CBA3EH TOMCOCTAaTUYCCKHUX, adaliTallMOHHBIX,
MAaTOJOTrMICCKUX MPOLCCCOB, TCHCTUICCKUX, CPCAOBBIX U, KaK CJICACTBUC, MOp(l)OJ'IOFI/I'-IeCKI/IX IPEaANOChIIIOK
pa3BUTHA U 0COOEHHOCTEN TEUEHHUS TE€X MM MHBIX 3a00JIEBAHMIA.
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Virus-induced human cancers and the role of transmission electron
microscopy in their diagnosis

M.A. Kozlova, D.A. Areshidze, L.M. Mikhaleva
Avtsyn Research Institute of Human Morphology of FSBSI “Petrovsky National Research Centre of Surgery”, Moscow, Russia

Abstract. Oncogenic viruses are one of the important carcinogenic factors being extremely complicated to
study. This review gives the main historical stages of clinical and experimental study of viral oncopathology,
provides basic classification of oncogenic viral infections, and characterizes their role in carcinogenesis.
We describe the role of electron microscopy methods in diagnosing oncological diseases in both practical
healthcare and research. The article also discusses future possible uses of electron microscopy in studying
ultrastructural morphological features of virus-induced tumors. Morphological examination of cells using
electron microscopy methods allows to establish characteristic ultrastructural patterns for each pathology
and their variations within the nosological form. The use of electron microscopy in combination with other
modern methods for a comprehensive multidisciplinary study of patients with virus-induced oncopatholo-
gies opens up new horizons for understanding the correlations of homeostatic, adaptive, and pathological
processes as well as genetic, environmental, and, thus, morphological prerequisites for the development and
course of various diseases.

Keywords: electron microscopy, viral oncopathology, carcinogenesis, social pathology
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BBenenue

[pobnema 3THOIOT Y OITyXOJIEBBIX MPOIIECCOB BOJTHOBA-
Ja Bpadei v yUeHBIX BO Bce BpeMeHa. OCHOBOIOIAT IO
JUIsl COBPEMEHHBIX ITPE/ICTaBIIeHHI 00 3TOM IpoIIecce MOX-
HO CYHTATh TEOPHIO Pas3apa)keHusi, CHOPMYIUPOBAHHYIO
B 1853 rony Pynonedom BupxoBom, cormacHo KOTOpoit
OITyXOJIEBBIE KJISTKH 00Pa3yroTCs M3 3J0POBBIX KJIETOK Op-
TaHU3Ma BCIECTBUE BO3ICHCTBHS MOBPEKIAONINX (pa3-
Ipaxarolux ) BHemHUX (Gaxropos [1]. [ocneayromue te-
OpHH KaHIIEPOTreHe3a Pa3BUBAIIH Ty UJICI0, OCHOBBIBAsIChH
Ha OTKPBITHU TOTO WM WHOTO KaHIIEPOTEHHOTO (haKTopa.

K HacrosmeMy BpeMeHH pa3HOOOpa3Hast U MHOTO(aK-
TOpPHAsI STHOJIOT U OITYXOJIEBBIX 3a00JICBaHHI HE BBI3BIBACT
comHeHuH. [l KaHIeporeHesa TpebyeTcst codeTaHie MHO-
xecTBa pakTopoB. Mi3MeHeHNe KIIETOYHOT0 TeHOMa MOCIIe
BO3JICHCTBHS KaHIIEPOT€HOB MOXKET BBI3BATh 3I0KAYCCTBEH-
HYIO TpaHC(HOPMAIHUIO, €CJIM OHOBPEMEHHO IPOUCXOANUT
MO/IaBJICHHE aroNTo3a U HapyIICHHEe UMMYHHOTO OTBETA,
NPHBOAAIIIEE K HECIIOCOOHOCTH Pacio3HaTh M YHUUTOXKHTh
3JI0Ka4€CTBCHHYIO KIeTKy. OTHUM U3 BaXKHBIX KaHLEPO-
TCHHBIX (PAKTOPOB M MPH ITOM YPE3BHIYANHO CIO0KHBIM
B IUIaHE U3y4YeHHs SBIsieTCs MHGEKIMOHHbIH. U ecnu
OakTepHabHbIC U MTapa3uTapHbIe MHOEKIUU OKAa3hIBAIOT
KOCBEHHOE JISHCTBHE Ha YaCTOTY BOSHUKHOBEHHS OIyXOJei
B OCHOBHOM 32 CUET Pa3BUTHS XPOHUUCCKUX BOCHIATUTEIb-
HBIX MPOIECCOB WK XKE MOBTOPSIONICIHCS HHTOKCHKAITUH
U TpaBMaTU3alWU TKaHeH [2], TO OHKOTEHHBIC BUPYCHI
0071a1a10T CIIOCOOHOCTHIO K HETOCPEACTBEHHOUM TpaHC-
(hopmariu KJIeToK. BOIBITMHCTBO U3 HUX HHTETPUPYETCSI
B T€HOM KJIETKH-X035MHA U CIIOCOOHO HMMOPTaJIM3UPOBATh
ee B IIeJIsIX 00ecreyeHus: COOCTBEHHOM OeCpenaTCTBEeHHOM
perukanuu [3].

Lenpro nanHOTO 0030pa SBISAIOTCS MpPEJCTaBICHUE
HCTOPUYECKOTO aCIIeKTa N3y4eHHUs BUPYCHOM OHKOIIATOJIO-
THH B KJIMHUKE ¥ SKCIICPUMEHTE, KpaTKasi KJIacCUPHUKAIIHSI
OHKOT€HHBIX BUPYCOB, XapaKTEPUCTUKA UX POJIH B KaHIIE-
poreHese, 0000I1IeHHOE OITUCAHUE POJIH NEKTPOHHOM MU-
KPOCKOITHH B IMaTHOCTHKE OHKOJIOTHYECKUX 3a00JIeBaHNit
(KaK B MPaKTHYECKOM 3/IpaBOOXPAHEHNH, TaK U B HAY4YHO-
HCCIIE/IOBATENILCKOM aCIIeKTe), 8 TAKXKE MEePCIIEKTUBBI ITPH-
MEHEHUS JAHHOT'O0 METO/IA B U3y4YE€HUH YILTPACTPYKTYPHBIX
Mopdonornyeckux 0coOeHHOCTeH BUPYC-MHAYIIHPOBAH-
HBIX OIlyXOJIEH.

VcTopus nsydeHns 3TMOIOrNYECKO pOIU BUPYCOB
B KaHI[eporeHese

[IepBoe moATBepKIEHUE BUPYCHOM 3THONIOTUU OITy-
xoJsielt Obw10 MoyyeHo B 1907 roxy, korna UTaabsHCKUN
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Bpad [Ixysenne Unydho u coaBTOpbl OOHAPYKHIIH, YTO
60posaBKU YeI0BEKa MOTYT MEPeaaBaThCs OCPEICTBOM
HAaHECEHHUs Ha 3/I0POBYIO KOXXY OECKJIETOYHBIX (HIBTpa-
TOB M3 KJIETOK JJAHHOTO HOBOOOpa3oBaHus. Yepes 70 net
ObLTa MOATBEPKAEHA POJIb MAMUIOMAaBUPYCa B Pa3BUTHH
paka y yenoseka. B 1908 roqy o BO3MOXXHOCTH aHAJIOTHY-
HOM Tepefadn JIeHkeMun y Kyp Jojaoxuinu B. Dinepman
u O. banr, a B 1911 roxy II. Payc nmokazan BO3MOXXHOCTb
0€CKIIETOYHOIO 3apa’keHHUs 30POBBIX IITUI] BEPETCHOKIIE-
TOYHOH CapKOMOM Tak»e MpU MOMOIIH OECKIIETOYHBIX 3KC-
TPaKTOB OIyXonu [4]. DTU uccae0BaHus JIEIIH B OCHOBY
BUPYCHOH Teopuu kaHueporenesa. B 1966 rony Ilelitony
Paycy 0Ob1na npucyxaena Hobenesckast mpemus o ¢pusuo-
noruu U MenuiuHe [5]. B nanpHeiiem ObUn IpOBEIEHbBI
UCCIEA0BaHNA Ha ITUPOKOM CHEKTPE PA3IMUIHBIX OITyX0JeH
JKMBOTHBIX, TOATBEPAUBILUE HATMUHME HEOITYXONEBbIX arcH-
TOB, MMPOBOLIUPYIOLINX pa3BUTHE onyxoisei [6—13].

IToucky OHKOTEHHBIX BUPYCOB Y€JIOBEKA JIONTO HE 1aBa-
JI1 OTYETIIUBBIX BOCIPOU3BOIUMBIX PE3YNBTATOB, HECMOTPSI
Ha TO, YTO B UX Ipolecce ObLI0 IOKa3aHo, YTO a/ICHOBUPY-
CBI YEJIOBEKA MOTYT IIPOBOLUPOBATH PA3BUTHE OMYyXOJCi
Y )KUBOTHBIX [14].

HaxormnneHue 3HaHMIT 00 OHKOTEHHBIX BUPYyCaX, U B 0CO-
6eHHOCTU 0 MOP(OIOrHUECKUX MPOSBICHUSX UX AKTUB-
HOCTH B CUCTEME BUPYC—KJIETKA, ABNSAETCS B 3HAUUTEIILHOU
Mepe HeTpUBHANBHOM 3a1auel. OHKOT€HHbIE BUPYChI MOTYT
OCYILECTBIIATH CBOI BKJIaJ Ha Pa3HBIX 3Talax OHKOI'CHe-
3a, CTENEHb UX BKJIaJa B pa3sBUTHE UTOTOBOTO 3a0oJeBa-
HUsI BapbHUpPYET, IO pa3sHbIM JaHHBIM, OoT 15 1o 100% [15].
Heo6xoauMo 3aMeTUTh, YTO HU ISl OAHOTO U3 OHKOTEH-
HBIX BUPYCOB 3aIlyCK OIyXOJI€BOH TpaHC(hopManuu He
SIBJISIETCS. HEOThEMJIEMON YaCThIO €ro *KU3HEHHOTO LIUKIIA.
Bce u3BecTHBIE OHKOTCHHBIE BUPYCHI MOTYT IIEPEAAaBaThCs
U BBI3bIBATh HH(EKIIMOHHBIE 3a00JIeBaHIs 0€3 NHUIUALUH
Pa3BUTHsI HEOIUTa3ui. B HOpMaIbHBIX yCIOBUSIX MHULIU-
pOBaHHasl KJIETKa pearupyer Ha MH(EKIUI0, HHUIUUPYS
OCTaHOBKY KJIETOYHOTO IUKJIA U 3aITyCKasi MPOLIECC 3ampo-
IrpaMMHUPOBAHHOI rudenu; mpu 3ToM ¢ 00mbIIoil Jomei
BEPOSTHOCTHU MUMHHUPYETCS U 3JI0KAYECTBCHHAS! KJIETKA.
Takum 00pa3oM, BIIOJIHE BEPOSITHO, YTO BUPYCHBIC OHKO-
TeHBI TAKXE CJIy>KaT TeHaMH yKJIOHEHHUS OT UMMYHHOTO
OTBETA, KOTOPHIC HE MO3BOJISIOT KIIETKE-XO3SIMHY HHUIUU-
POBaTh 3TH CTEPEOTUITHBIE OTBETHI HAa HH(peknuio [16, 17].
BeposTHOCTB pa3BUTHS HEOIUTA3UH NPpU UHGUIUPOBAHUY
B 3HAYUTENBHOM Mepe CBsI3aHa KaK ¢ HACJIeJCTBEHHOM Ipe-
PacHONOXKEHHOCTHIO K TEM MJIM HHBIM BHIAM paka, Tak U C
COYETaHHBIM JEHCTBHEM PA3IUUHBIX (PAKTOPOB BHYTPEH-
Hell U BHEUIHEH cpefbl, yCyTryOrsronux 3¢ eKTsl BUpyca
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(XpoHHYECKOE BOCIalIeHHE, TOPMOHANbHbIE BO3IEHCTBHUS,
Jy4yHCTasi 3HEPTHUsl CONHIIA, BO3ACHCTBUE XUMHUUYECKUX Be-
LIECTB, PEHTTEHOBCKOE U3Ty4YeHHE, UeTa C HU3KUM COZep-
>KaHUeM KJIETUaTKH, KypeHue, ankoroib u ap.) [ 18-20]. IIpu
9TOM BIIMSIHHUE HECKOJIBKUX (PAKTOPOB Ha PHCK MOXKET UMETh
XapakTep Kak aJiTUTUBHBIN, TaK ¥ MYJIbTUILTUKATUBHBIH,
TO €CTh MOXET COOTBETCTBOBATb CyMME PHCKOB JaHHbIX
(haKTOpPOB WITH K€ IPOU3BENECHUIO X PUCKOB [21] (puc. 1).
BupycHslii kKaHIleporeHe3 BO MHOTHX ClIydasx acco-
LIUUPOBAH C HENMPOAYKTUBHOU HH(EKIUeH, Haxoaseics
JUIUTENIHOE BpeMs B JIATEHTHOU (hopme, Ipu KOTOPOH 3a-
4acTyl0 He YAeTCs BBLACIUTH U3 OIyXOJH BO30YIUTEND
3a00JeBaHMs WIM OOHAPYKUThH €ro MOP(OIOrHYeCKUMU
MeTonamu [22-25]. B Takux ciiyyasix moaTBepKIeHHE BH-
PYCHOI PUPO/IBI 3a00JIeBaHKA SBISETCS HENErKoH 3a/1a4eid.
s perieHus JaHHON POOIEMBI CIIEIMATUCTAMH B pPa3HOe
BpeMsI TIPEJIOKEHBI CIICAYIONIUE KPUTEPUH OIICHKH [26].

Dnuodemuonocuueckue

* Teorpaduueckas pacupoCTpaHEHHOCTh pacCMaTpHBa-
€MOi1 BUPYCHOI HH(EKIIUH TOTKHA COOTBETCTBOBATh
TAKOBOM JIJIS IIPEITIONIOKHUTEIILHO ACCOIIMUPOBAHHOTO
THIIa paKa, C MOMPAaBKOi Ha HATHYKE U3BECTHBIX CO-
MYTCTBYIONIUX (PAKTOPOB.

* YpOBEHb OIPEACIIAEMBIX BUPYCHBIX MAPKEPOB BBIIIIE
y HOCHUTeNel 3a00JeBaHus, YeM y TPEICTaBUTEICH
METOAMYECKH BEPHO MOAOOPaHHON KOHTPOIBHOM

TPYIIIBL.

Jiin
-

HepecTpoiika
MeTal0IHIECKHY
nyrei KaeTkn |
Restructuring cell

metahalic pathways Oncogenic viral infection

Oukorennas Bupycuas undexuns |

OB3OPLBI IMTEPATYPHI

¢ Hanuuue BUpYCHBIX MapKepOB IPEAIIECTBYET pa3-
BUTHIO OILyXOJIM; Pa3BUTUE OILyXOJIEH IIPOUCXOIUT
yalle y NalueHTOB C BUPYCHBIMU MapKepaMu, YeM
B UX OTCYTCTBHE.

* YacToTa BO3HUKHOBEHHUS OILyXOJIEBOTO 3a00JIEBaHUS
CHIDKAETCS 33 cYeT NPO(IIAKTHKH aCCOLIMUPOBaH-
HOU BHPYCHOI HH(pEKIHN.

Bupyconozuueckue
* Bupyc crnocobeH x omyxoJiieBoil TpaHChopMauu
TAapreTHBIX KIETOK in Vitro.
* BupycHblif reHOM HAEHTU(HLIUPYETCS B OIyXOJIEBBIX
KJIETKax, OTCYTCTBY: IIPHU 3TOM B HOPMAJIbHBIX.
* Vn¢unupoBaHue BUPYCOM HHIYLHUPYET pa3BUTHE
OHyXOHCﬁ Y JKUBOTHBIX B OIBITEC.

Cmamucmuueckue

* Cuia cBsi3H (KaK 9acTO BUPYC aCCOLIMUPOBAH C OITy-
XOJIBIO).

¢ TlocnenoBaTenbHOCTh (HAOIIOMANIACH JIU B3aUMOCBSI3b
HEOJHOKPATHO).

¢ Cnen(pUIHOCTh acCOIMAINH (SIBISIETCS JIM BUPYC
OJTHO3HAYHO aCCOLIMUPOBAHHBIM C OITYXOJIbIO).

* BpeMeHHEBIE B3aMOOTHOIIEHHs (MPEALIECTBYET JIN
BUpPYCHas! HUH(EKIMS KaHLIEPOTCHE3Y ).

* Bbuonoruyeckuii rpaiueHT (CyIIeCTBYET JIM 3aBUCH-
MOCTb BEPOSITHOCTH Pa3BUTHSI OITYXOJIH OT BEJTMYHHBI
BUPYCHOW Harpys3KH).

TpasckpHNIHORAOE
HJTH INHCCHCTHYCCROT
penporpaMMapoBanne |
Transcriptional or
cpigenctic
reprogramming

Hivenenne
KACTOUHOTO
MHKPOOKpPYHREnns |
Changes in the cellular

microenvironment

Hurnupopanne
anonrosa |
Apoptosis inhibition

Hapymenne
HMMYHHOTO 0TRETA |
Impaired immune
response

Hapymenne
MEXANHIMOB
KOHTPOIS

HopmaneHas KaeTka |
Daxroput cpean | Normal cell

Environmental factors

yiesas Tpancopmaums |

Malignant transformation
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npoaudepannn
u ndwpepernmpoBKn |
Disrupted mechanisms
of control over
proliferation and
differentiation

Tenernueckue
darTopsi |
Genetic factors

Puc. 1. Ponb BUPYCHBIX OHKOT€HOB B COYETaHUU

C COIYTCTBYIOIMMH (HaKTOPaMH

B MHHUIIAALINH OITYyXOJIEBOH TpaHchopManum
KIICTKH

The role of viral oncogenes in combination

with accompanying factors in the initiation

of malignant transformation

Fig. 1.
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* Buonorudeckas 10CTOBEPHOCTb (IIPaBIONOA00HA I
¢ 6UONOrnuecKot TOUKH 3pEHUS BEPOSITHOCTb UHIYK-
L[UH OITyXOJIEBOTO POCTA JAHHBIM BUPYCOM).

* ComacoBaHHOCTb (MMEET JIU IpeAronaraeMas CBs3b
CMBICJI C TOUKU 3PEHUS U3BECTHBIX XapaKTEPUCTUK
OITYXOJIH).

* DKCIIEpUMEHTANIbHBIE JAHHbIE (€CTh X 1a00paTOpHbIe
JTaHHbBIE, TIOITBEPIK/IAIONIHE B3aMOCBsI3h) [27, 28].

K HacrosimeMy BpeMEHHM OHKOT€HHOE JeHCTBUE MOX-
TBEPIKAEHO AJIsl CEMU BUPYCOB Y€JIOBEKA, MPUHAATIEKAIINX
K pa3HbIM ceMeilicTBaM. Cpeau 3TOro umciaa NPUCYTCTBY-
10T 1Ba cemerictBa PHK-BupycoB, Kk KOTOPBIM OTHOCSTCS
Bupyc renatura C u T-nmum¢poTponHslil BUpyc yenoBeka
nepBoro tuna (cemeiictsa Flaviviridae u Retroviridae, co-
OTBETCTBEHHO), U ATk pazHoBuaHocTeil JJHK-Bupycos:
BUpyc DnureiiHa—bapp u repnec-supyc capkomsl Kanomu
(Herpesviridae), Bupyc renaruta B (Hepadnaviridae), Bu-
pyc nanuuioMsl uenoBeka (Papillomaviridae) n monnoma-
BUpYC K11eTok Mepkerst (Polyomaviridae). ITrnonoruueckas
CBSI3b JAHHBIX MH(EKTOB C KAHIIEPOI€HE30M Y YEJIOBEKa
HOATBEPKACHA KIMHUYECKU U 3KCIEPUMEHTAIBHO, OHU
KJTaCCU(DUIMPOBAHbI SKCIIEpTaMU MeXTyHapOIHOIO areHT-
CTBa I10 U3YUECHHUIO PaKa KaK KaHIIEPOTCHHBIE JUIs 4EI0BEKa
(rpymnma 1). I[lToMiMO JOCTOBEPHO MOATBEP>KACHHBIX B KITH-
HUKE U OIIbITE STUOTOTUUECKUX CBSI3eH TaHHBIX BUPYCOB C
olpeeIeHHBIMY TUIIAMH PaKa CYIIECTBYIOT OCHOBAHUSI IS
BHECCHUSI PsiJJa OHKOJIOTHUECKUX [IAaTONOTUi B CIIUCOK Be-
POSITHO aCCOLMMPOBAHHBIX C TEMHU XK€ BO3OYAUTEIIMH U UX
JabHEHIIero BceCTOPOHHET0 U3yUueHusl. BaxkHO OTMETUTH
3HAUUTENBHYIO PACIPOCTPAHEHHOCTh U BBICOKYIO COILIM-
QJIBHYIO 3HAYMMOCTh JJAaHHBIX MATOJIOTUil, B 0COOEHHOCTH
3aTparuBaroIluX PENPOLyKTUBHYIO (DYHKIMIO U IIepeato-
IIMXCS B poJiax oT Marepu pedeHky [29-34] (tadm. 1).

Josns omyxosneil uenoBexa BUPYCHOTO IPOUCXOXKICHUS
BapbUpYeT B JOCTAaTOYHO LIMPOKOM AMANA30HE, IEMOH-
cTpupys Bbicokue 3HaueHus (20-25%) B pa3BUBAIOIINXCS
ctpanax lOro-Bocrounoii A3uu u AQpUKH U OTHOCUTENb-
HO Hu3kue (5%) B pa3BUTHIX cTpaHax [35, 36].

Kak yxe ObLIO yIOMSHYTO, BUPYCHI C IOATBEPKICH-
HBIM OHKOT'€HHBIM JEHCTBHEM OTHOCSATCS K pa3HbIM CeMei-
CTBaM, OJHAKO B OOJIBITMHCTBE CBOEM 00J1aal0T OTHOCH-
TEJIBHO CXOXKUM MOP(OIOTHUECKUM CTPOCHUEM.

Bupyc Omnmreitna—bapp (EBV) no cBoeMy cTpoenuto
ABJISIETCS] TUIIMYHBIM reprecBupycoM. Hespenas uactuma
(mykneoxaricun) Bupyca Ommreitna—bapp npencrasnser
c000# UKOCaP € MIECTUYTOIBHBIM POpUIIeM, IMEET Ana-
MeTp okos10 80 HM H JINOO MmycTa, TMO0 COAEPKUT B CBOEM
IIEHTPE 3ICKTPOHHOIUIOTHBIH KOJIbLICOOPa3HbINH HYKICOU .
3penblil BUPUOH JaHHOIO BUpYCa B pa3pe3e IEMOHCTPU-
PYeT AONMOIHUTENbHYIO BHEIIHIOI 000JI0UYKY pa3MepoM
okoisio 120 HM U BCErna COAEP KUT IEKTPOHHOIIJIOTHBIN
HEHTPAJILHO PACTIONIOKEHHBIN HYKJICOU T IMaMETPOM OKOJIO
45 uMm [37, 38] (puc. 2 A).

Bupyc renatura B (HBV) — oquH 13 caMbIX MaJIeHBKHX
000JI04eUHBIX BUPYCOB KMBOTHBIX. BUpHOHEI pazmepom
30—42 uM, criocoOHbIe HH(MUITUPOBATH I'eNATOIUTHI, HA-
3bIBatOT YacTuLaMH JleliHa. Takoli BUPUOH COCTOUT U3 UKO-
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Ca3IpUUIEeCKOro OCITKOBOTO HYKJICOKATICH A, BHEIIHEH JT1-
MUAHON 000J04KHM U sapa (Hykieouaa). Hykieokancua
conepxut BupycHyto JJHK u IHK-nonumepasy, obnama-
IOIIIYI0 AKTUBHOCTBIO OOpaTHON TpaHCKpHUNTa3bl. BHenHssA
o0osiouka 00JagaeT BCTPOCHHBIMU O€JIKaMH, KOTOPBIE
Y4aCTBYIOT B CBA3bIBAHUU BUPYCOB U NMPOHHUKHOBCHUU
B UyBCTBUTEJbHBIE KJIeTKHU. [Tomumo vactun Jleina B cbI-
BOPOTKEC KpPOBHU I/IH(I)I/IHI/IpOBaHHLIX IMaIMMEHTOB METOJaMU
3NEKTPOHHON MUKPOCKOIIMN OOHAPYKUBAIOTCS B OOJIBIIIOM
KOJINYECTBC HUTCBHUIHBIC, c@epnqecxne U 3MCCBHIHBIC
(cobra-shaped) Tena 6e3 sapa. DTH YaCTHIIBI HE SBISIOTCS
UH()EKINOHHBIMHA B COCTOAT U3 OCJIKOB IOBEPXHOCTHOTO
aHTUreHa pupyca renarutra B (HBsAg), oOunbpHO BBIpa-
0aTpIBacMOTO B TEUCHHE KU3HCHHOTO IHKIAa BUpyca [39,
40] (puc. 2 B).

[uamerp cepudecknx BUpHOHOB BHpyca renaruta C
(HCV) cocrapmset ot 50 10 80 HM, OHH COCTOSIT U3 JIUITO-
IPOTEHHOBOI 000IOYKH M HYKJICOKATICHAA, COEPKAIIECTO
onHouenodeunsiii PHK-renom, snpo, mukonporenss! E1
u E2 u tpancmemOpannsie Oenku I Tumna, kotopsie obpa-
3YIOT KOBAJICHTHBIC CBA3HU C I/IH(i)I/IIlI/IpOBaHHBIMI/I remnaro-
mutamu [41, 42] (puc. 2 C).

BupnoHs! Bupyca reprieca uesioBexa §-ro Tua (reprec-
BUpYyca capkoMbl Kanomm) cocToaT u3 reKcaroHaIbHBIX
o (opMe HYKJICOKAICHUIOB TUaMeTpoM okosio 110 HM,
OKPY’>KCHHBIX OCTIKOBBIM TETYMEHTOM H JINIIOIPOTEHHOBOMH
000JI0YKOH U COAEePIKALTNX HYKJICOUIbI KPYIIIOH, MHOTO-
YTONMBHOHN MK cTonovaror ¢opmsl [43, 44] (puc. 2 D).

Bupuons! T-mumdoTponHOTO BHpyca deloBeKa mep-
Boro Tuna (HTLV-1) npenmymmecTBenHo chepuueckue,
HEOTHOPOAHEI IO pa3Mepy M UMEIOT CPEeIHUI JruameTp
1134£23 M. Bupronsl 061a1at0T HEYIOPSI0YCHHOH T10-
JTUIPUYECKON CTPYKTYpPOI KallCUHOTO SI/Ipa, Pa3IndHON
B K)K/I01 BUPYCHO YaCTHUIIE HE3aBUCHUMO OT €€ BETTNIHHEL.
Pa3sMepsl HyKJI€ONIOB TaK)Ke BapbUPYIOT, IIPH 3TOM HE-
KOTOpBIE Y4acTKU OSITKOBOTO HYKJIEOKAIICH/IA TOBTOPSIOT
U3rH0 BHYTPEHHETO JIMCTKA INIHIHOH 000JI0UKH BHpYCa,
B TO BpeMs KaK JIPyTHE €TO YaCTH ITOTHOCTHIO OTIEIICHBI
OT BUPYCHOI MeMOpansI [45, 46] (puc. 2 E).

[Tox obumM Ha3BaHMEM «BHPYC MAIMILIOMBI YeJIOBe-
ka» (HPV) o0benuHeHo, 0 pa3HBIM KiIacCU(pUKAIIUM,
nopsnaka 30 BUpycoB, OTHOCSAIIMXCS K TsiTH pogam. BITY
OTHOCATCS K 0€3000JI09eYHBIM BUPYCaM, TO €CTh o0Ja-
JAf0T TPOCTHIM MKOCAIPUIESCKAM KaIllCHIOM THAMETPOM
40-55 um, conepxkamuMm asyxuenodeunyro JJHK B Buge
3aMKHYTOTO KOJIBIIA, BKJTFOYAroNIero B ceds okoio 8000 Hy-
KJICOTUAHBIX Tap [47—49] (puc. 2 F).

Bupuon nmomuomasupyca kietok Mepkens (MCPyV)
MpeacTaBiIsieT co0ol HeOONbIYI0 HEO(hOPMICHHYIO
0e3000m0ueunyto aBynenodeunyro JIHK-conepxkanryro
(dsDNA) BUpYCHYIO YaCTHILy HKOCAdIPHIECKOH (POPMBI
nuameTtpom 45-50 am. Ctpykrypa MCPyV BO MHOTOM
CX0Xa C TaKOBOM y Apyrux mommomaBupycoB [50, 51]
(puc. 2 G).

[MoMrMO YITOMSIHYTBIX BHPYCOB C MOATBEPIKICHHBIM
OHKOTEHHBIM JICHCTBHEM NPUCTAILHOS BHUMAaHUE KIIH-
HUIMCTOB U MCCIIENOBATENECH ITUTEIRHOE BPEMsI HaIIpaB-
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neHo Ha pan JJHK- u PHK-BupycoB, cBoicTBa KOTOPBIX
MO3BOJISIIOT TAKXKE MPEANONIIOKUTD Y HUX MOTEHIHAIBHOE
KaHIIEpOTeHHOE NecTBre [52—55] (Tadm. 2).

OCOOHSIKOM B CIIFICKE BHPYCOB, OTHOCSIIIIXCS K OHKO-
TeHHBIM, CTOUT BUPYC UMMyHoAedunuTa yenoreka (BIY).
310 00yCIOBICHO TEM, YTO caM Mo ceOe JaHHBIA BHPYC

OB3OPLBI IMTEPATYPHI

He BBI3BIBAET OITyXO0JIeBOH TpaHchopManuu KieTok. Tem
He MeHee BBI3bIBAEMbIH UM KPUTHYECKUI IMMyHOIe(H-
LUT 3HAYUTEIBHO TOBBIIAET YaCTOTY UH(UIUPOBAHUS
OHKOT€HHBIMU BUPYCAMH; IIPU TOM TEUEHHE JAHHBIX 3a-
Oonesanuii Ha poHe BIY-undexunu oranyaercs BbICO-
KOM arpecCUBHOCTBIO, TEHIEHINEN K yCKOPEHHOMY POCTY

Puc. 2. V1300pakeHns1 OHKOTEHHBIX BUPYCOB, MOJIY4YE€HHbIE METOJJOM TPAHCMHUCCHOHHOM MIEKTPOHHON MUKPOCKOIIHH.
A — Bupyc DOnmreitHa—bapp, B — Bupyc renarura B, C — Bupyc renarura C (cmpenka ykas3biBaeT Ha HyKJI€OU]] BUPYCHOU
yactuisl), D — Bupyc reprneca yenoseka §8-ro Tumna (reprec-supyc capkomsl Kanomm), E — T-mumdorponHslii BUpyC yenoBeka
MIEPBOTO TUTA (Oenvle cmpenky YKa3bIBalOT Ha BUPHOHEI C PABHOMEPHO pacIpe/ielIeHHON 3IeKTPOHHON IIIOTHOCTHIO, HE
HMeEIOIIE BBIPAKCHHBIX CEPALICBHH; YepHble CrpeKy YKa3bIBAlOT Ha BHPHOHBI CO 3PEJIBIM HYKICOHOM; Oeble 20106KU CIpenoK
YKa3bIBAIOT HA YaCTHIIBI C HEJOCTATOYHO 3PEJIbIM HYKJICOMIOM; YacTHIa 3 uMmeet chepruueckoe KarcuaHoe sapo), F — Bupyc

MaNWIIOMBI YesloBeka, G — MOJIMOMaBHUPYC KIeTOK Mepkens

Fig. 2. Images of oncogenic viruses obtained with transmission electron microscopy.
A — Epstein—Barr virus, B — hepatitis B virus, C — hepatitis C virus (the arrow indicates the nucleoid of the viral particle),
D — human herpesvirus-8 (Kaposi sarcoma herpesvirus), E — human T-lymphotropic virus type 1 (white arrows indicate virions
with uniformly distributed electron density and no pronounced core; black arrows indicate virions with a mature nucleoid;
white arrowheads indicate particles with a partially mature nucleoid; particle 3 has a spherical capsid core), F — human

papillomavirus, G — Merkel cell polyomavirus

KIIMHWYECKAS M SKCITEPYIMEHTAJIBHASI MOP®OJIOT VIS / CLINICAL AND EXPERIMENTAL MORPHOLOGY
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Tabnuya 2 | Table 2

Bupycsl yesioBeKka ¢ mpeanosjaaraeMbIM OHKOTeHHBIM JeiicTBueM | Human viruses with putative oncogenic effects

HanmenoBanue | Name
Classification

OO0e3psHUI Bakyonusupyoomuii sBupyc SV40 |
Macaca mulatta polyomavirus 1

Polyomaviridae

[TonmomaBupyc uenoseka 1 |
Human polyomavirus 1 (BK virus)

Polyomaviridae

Bupyc [Ixona Kanuuarema |
John Cunningham virus (JC virus)

Polyomaviridae

OHIOTeHHBIE PETPOBUPYCHI YEIOBEKA | Retroviridae

Human endogenous retroviruses (HERV)

Bupyc omyxonu Moo4HOi kene3bl yenoseka | Retroviridae

Human mammary tumor virus (HMTV)

T'emarur TTV | Torque teno virus (TTV) Circoviridae

U METacTa3upOBaHUIO, 3HAYUTEIHHO XyXe MMOJAaBasCh
MIPOTUBOOITYXO0JIEBOM TEPAIUH, YEM Y JIUL], HE HHPULIPO-
BaHHBIX BIY [56-59].

Ponb 31meKTpOHHOIT MIKPOCKONINHY B M3yYeHUN
M AVIATHOCTUKE BUPYC-UHAYIIMPOBAHHBIX
OIIYXO/IeBbIX MPOIEeCCOB

KitroueByro posib B 3ap0o’KI€HUN COBPEMEHHOU BUpYC-
HOM LIMTOMNATOJIOTHH B LIEJIOM M BUPYCHON OHKOIIATOJIO-
TUH KaK €€ MoApa3[esa ChIrpajy CO3JaHuE U pPa3BUTHE
B XX BEKe METO0/la 3JIEKTPOHHON MHUKPOCKOIINH, ITO3BO-
JIUBILETO 3HAYUTENFHO PaCIIMPUTh MO3HAHUA 00 yIbTpa-
CTPYKTYypE€ OIyX0JIeH, OHKOT€HHBIX BUPYCaxX U UX MOBEE-
HUM B KIIETKE.

IIpu u3yyeHUn BUpPYC-UHAYLUHPOBAHHBIX OIMyXOyeil
Ha CBETOONTHYECKOM YPOBHE, OTPAaHUYEHHOM pa3periaro-
el cnocoOHOCTHIO CBETOBOTO MUKPOCKOIIA, HEBO3MOXKHO
OBLIO COCTaBUTH OTUETIUBOE MPEICTABICHUE 00 yabTpa-
CTPYKTYPHBIX ITPe0Opa30BaHUAX OPTraHOUIOB OITYXOJIEBbIX
KJIETOK, B TOM YHCJIE ITOJ] ACHCTBUEM BUPYCHBIX MH(DEKIIHIA,
O CTPYKType OHKOT€HHBIX BUPYCOB YEJIOBEKa, UX IOBE-
JIEHUH B KJIETKE U APYTUX MOP(HOIOTHUYECKHUX acTeKTax
JAHHBIX ATOJIOTHH.

IIepenoMHBIM MOMEHTOM B Pa3BUTHUU OHKONATOJIOTHH
ctaso oTkpeiTue Maiikiom Snureitnom u UBonnoit bapp
BHUPYCHBIX YaCTHUILl BUpYycCa repreca 4eioBeka 4-ro Tuma
B KJeTKax JuM¢poMbl bepkuTTa ¢ MOMOIIBIO MPOCBEYH-
Balollel 3JeKTPOHHON MHUKpockonuu [60—62]. 3a aTum
OTKPBITHUEM IOCIIEAOBANIO IIUPOKOMACIITA0HOE U3yUCHHE
TOHKOM CTPYKTYPBI Pa3IUYHbBIX OITyXOJIeH YeJIOBeKa U JKH-
BOTHBIX, co3/1aBliee GyHIaMeHT /1715 OOJbIIMHCTBA HAILIUX
COBPEMEHHBIX MpEACTaBIEHUI 00 OMyX0JeBOM pOCTe, a
TaKkKe METa0OJIMUECKUX U CTPYKTYPHBIX IPE0Opa30BaHUsIX
B KJIETKE U TKaHU, XapaKTepe OIMyXOJEBOI0 HEOAHTHOIe-
HE3a, YTO, HECOMHEHHO, CTAJI0 YPE3BbIYaiHO 3HAYMMOU

12 KIMHUYECKAA V1 SKCITEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

Knaccupuxanus|

IIpeanonaraeMo accouuupoBaHHbIe omyxouu | Suspected
associated tumors

3110Ka4eCcTBEHHBIE HOBOOOPa30BaHHs TOJIOBHOTO MO3ra, paK KOCTH,
Me3otenmoma | Brain cancer, bone cancer, mesothelioma

Pak mpocrarst | Prostate cancer

310KaueCTBEHHBIE HOBOOOPA30BaHHs TOJIOBHOTO MO3Ta |
Brain cancer

T'epMHHOTEHHBIE OITyXOJIH, PaK MOJIOYHOM JKEJIe3bl, paK SHYHUKOB
u menanoMa | Germ cell tumors, breast cancer, ovarian cancer and
melanoma

Pak monounoii xeness! | Breast cancer

OmyXoJH XKeTyI09HO-KHIIEYHOTO TPAKTA, JISTKUX, MOJIOYHOH
xkenessl, Muenoma | Tumors of the gastrointestinal tract, lungs, and
breast, myeloma

CTYIICHBIO 11 IOHWMaHUs 3THOJIOTHH U MAaTOTeHe3a He
TOJIBKO BUPYC-UHAYIIMPOBAHHOTO, HO M HEMH()EKITHOHHOTO
KaHIeporeHesa [63, 64].

Bupyc npu BHyTpUKIETOUHOM apa3uTHPOBAHUH BbIpa-
JKEHHO HapyIlIaeT, U3BpaliaeT MeTaboInIeCKUe POLIEeCChI
B KJIETKE, UTO MPOSIBIISETCA B M3MEHEHHUSX €€ YABTPAaCTPYyK-
TYPHOH OpraHu3anuy. ITH U3MEHEHHUS PacIpOCTPaHSIIOTCA
KakK Ha OTJIeJIbHbIE OPraHOU bl KIIETKH, TaK U Ha CHCTEMBI
TOMOJIOTMYHBIX OPTaHOMIOB HJIH )K€ Ha BCIO KJIETKY B Ie-
oM. XapakTep ¥ MOCJIe0BaTENbHOCTh IECTPYKTUBHBIX
M3MEHEHUH 3aBUCAT OT 0COOEHHOCTEH OHTOTreHe3a KOH-
KPETHOTO BUPYCa, UyBCTBUTEIBHOCTHU KJIETKHU K HH(EKTY,
BBIPQXKEHHOCTU BUPYCHOM HArpy3KU U psa MIpOYUX MpH-
yrH. TakuM 006pa3oM, METOJJaMH IEKTPOHHOH MUKPOCKO-
[IMHA MOYKHO YCTaHOBUTB XapaKTEPHBIE YIBTPACTPYKTYPHBIE
MaTTCPHLbI JJI1 Ka)KIlOﬁ MaToJIOTMU U UX Bapualilui BHYTpHU
HO30JIOTUYECKOM SAUHUIIBI [65].

,Z[J'II/ITCHI)HOC BpPEMs DJICKTPOHHASA MUKPOCKOIIUA CIIYy-
Krja OOJHUM M3 OCHOBHBIX MHCTPYMCEHTOB AWMArHOCTUKU
OITyXOJIEBBIX MPOLIECcCOB. Jl0 pa3BUTHS U MOBCEMECTHOTO
BHEJIPEHUS] METOI0B MOJIEKYJISIPHO-TEHETUIECKOM TarHOC-
THUKHU B KIIMHUYECKOW M SKCIIEPUMEHTAIBbHON OHKOJIOTHHU
UMEHHO YIBTPACTPYKTYPHOE HCCIIEIOBAHUE C TIOMOIIBIO
MPOCBEYMBAIOIINX YIEKTPOHHBIX MUKPOCKOIIOB ITO3BOJISLIIO
Hanbosee TOYHO BepUPUIIUPOBATH JUATHO3 M 00CCIIEYHTh
COOTBETCTBYIOIIYIO eMy Tepanuio [66, 67].

Pazymeercs, y TaHHOTO MeTOZla UMEIOTCSI CBOM OTpa-
HUYCHHUA, Han6onee 3HaYUMBbIM U3 KOTOPBIX SABJIACTCA,
KOHEYHO, €0 JJINTCIBbHOCTbD. B otinnuue ot rucTonoru-
YECKHUX METOAOB, NOIMYCKAOMIUX CPOYHYIO JUATHOCTUKY
Ha 3aMOPOXCHHBIX U 3aKJIIOYCHHBIX B TapaduH o0pasnax,
KJIaccH4ecKasi IpOOOIOArOTOBKa Marepuaia Jiis POCBEYH-
BaIOIIEN ANIEKTPOHHOW MUKPOCKOITUH 3aHUMAET JI0 IBYX He-
J€JIb, KOTOPBIC JJId MAllUCHTA B TAXKEIIOM COCTOIHUU MOTYT
OKa3arbcsl KpuTrdeckuMu. C y4eToM TOTO B HACTOSIIEE
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BpeMs JIEKTPOHHAS! MUKPOCKOIHS OTYACTH YCTYIAeT CBOU
JUAarHOCTUYECKHE MO3ULUU OoJiee ObICTPBIM U YIOOHBIM
B ucnonb3oBanuu meronukaMm (IILP, rucronornyeckum,
B TOM YHUCJI€ IMMYHOTUCTOXUMHYECKUM METOAAM, H T.1.),
OJIHAKO MPUOOpETAET AONOMHUTENLHOE 3HAYCHUE B Kade-
CTBE Ba)KHOTO MHCTpyMeHTa uccieqoBanuii [68—73]. Tem He
MEHe€, CYILECTBYIOT JOCTYIHBIE AJIs OIBITHOTO CHELUAIIH-
CTa METOJIbl YCKOPEHHOM MPOBOKY OUOJIIOTHYECKUX 00pa3-
LIOB, IIPU KOTOPBIX CPE3BI MOTYT OBITh TOTOBBI K ITIPOCMOTPY
B TeueHue 2,53 yacoB. g mogo6Ho# mpoBoaKH 00pa3ibl
TKaHU Hape3ar0TCs 04eHb TOHKO (mopsiaka 0,5 MM), Ipogom-
JKUTENBbHOCTh IPeObIBaHKS B 00€3BOKHBAIOIIUX PACTBOPAX
YMEHBIIAETCs, a oNUMepU3alus 0J0Ka MPOBOAUTCS MPU
Goree BBICOKO TeMIIepaType B TeueHue 0oee KOpOoTKOro
BpeMeHH (Harnpumep, 25 MunyT npu +95°C). Kpome Toro,
HOSIBIICHE MUKPOBOIHOBOM 00pab0TKM TaKke MO3BOIUIIO
COKPATHUTh BpeMsl, HEOOXOAUMOE I OKpAIIUBaHuUs, 00€3-
BOXKMBaHUS U 3aJIUBKU 00pa3ioB [74—76].

Jnsa yckopeHHoi uaeHTu(UKaui NaToreHoB B Juar-
HOCTHUECKOI! 3IEKTPOHHOMHUKPOCKOIINUECKOI BUPYCOIO-
UM HIMPOKO MPUMEHSIETCS METOJ, HETaTUBHOTO KOHTpa-
ctupoBanHus. JlaHHas TexHuka, BHeApeHHas B 1959 rony
P. Xopunom u C. bpeHHepoM, HCTIONB3YET CIIOCOOHOCTD
coJIeH TSKETIBIX METAJIOB PAacCerBaTh AJIEKTPOHBI J1sl KOH-
TPacTUPOBAHKS BUPYCOB WIIM OAKTEPHii, YTO MO3BOJISET JIe-
TaJbHO U3YUIUTh IOBEPXHOCTh 00bEKTA. Y0OCTBO U MpPO-
CTOTa MeToia 00ECHEeUunBAIOT BO3MOXHOCTh IIPOBOAUTH
PYTHHHOE HCCIIEA0BaHNE OOIBIIOTO KOIMYECTBA 00Pa3IIOB.
OpHuM u3 Haubonee 4acTo UCIONb3yEMbIX HETaTUBHBIX
KOHTPAacTOB B IUAarHOCTHYECKOM 3JIEKTPOHHON MUKPOCKO-
i siBsieTcst ochopHO-BONb(hpaMOBast KUCIOTA, HO €CTh
U IpyTue, KOTOpbIE IPUMEHSIOTCS PETrYIspHO (Harpumep,
MOJUOIAT aMMOHHUS, YpaHUTIALETaT, COIH KPEMHEBOJb-
¢pamoBoii kucnoTsl). OUUIIECHHYIO CYyCIIEH3HI0 BUpYyca
B Oy(hepHOM pacTBOpE NHAKTUBUPYIOT, IEHTPUPYTUPYIOT
U MPOIIYCKAIOT Yepe3 (PUIBTPhI 10 AOCTHXKEHUS HEOOXO-
MO KOHLIEHTpaIu. PacTBOp KOHTPACTUPYIOIIETO Be-
mecTBa JINOO CMENINBAIOT C CyCHEH3uell BUpyca nepex
HAHECCHUEM Ha CETKY, JINOO HAHOCST Ha CETKY MOCTIE TOro,
Kak oOpaszel] ajcopOupoBacs Ha ONOPHOH mieHKe [77].

MuHyCc METOAMKH HETaTHBHOTO KOHTPACTUPOBAHUS —
BO3MOXHOE HUCKaXKeHUE (POPMBI BUPHOHOB BCIIEJCTBHUE 110-
BEPXHOCTHOTO HATSDKEHUS IIPHU BRICYIIMBAaHUH 00pasIia Ha
ceTke. COBpEMEHHBIM METOJIOM, ITO3BOJISIOIIUM H30€KaTh
MOJJOOHBIX TTOBPEXKIACHUN U TIOOUTHCS TIOTYYESHHUS TOYHBIX
n300paXeHU TOHKOH CTPYKTYphl Pa3IMIHBIX 0OBEKTOB,
SIBTISIETCS] KPUOANEKTPOHHASI MUKPOCKOTHSL. OrpaHn4eHHs
JTAHHOTO METO/Ia BKITFOYAI0T HEOOXOAUMOCTH B BRICOKOCTIC-
[HATU3UPOBAHHOM IOPOTOCTOSIIIEM 000PYJOBAHUH U TIIa-
TEIBHYIO MPOOOIOATroTOBKY. OOpasIbl ITPH HCIOIB30BAHIN
JTAaHHOW METOMKH 3aMOPAKUBAIOT B KUJIKOM a30Te, Iepe-
HOCST B MHKPOCKOII B CIIEIIMAJIEHOM XONOAMIBHOM KaMepe
U PacCMaTPUBAIOT B 3aMOPOXXEHHOM BHU/IE B CIICIIUATBHOM
TPAHCMHUCCHOHHOM IEKTPOHHOM MUKPOCKOIIE, OCHAIIICH-
HOM KpHOIITaTHBOM. MHoOTHUe UG POBEIE H300paKEHUS
JIEJIAIOTCS IO Pa3HBIMU YIJIaMU HaKJIOHA M PEKOHCTPY-
UPYIOTCS KOMIIBIOTEPOM B TpeXMepHOe H300pa)keHHe.
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ITudposas Buzyanuzaius TakKe MO3BOJSIET OKPAIINBATh
pa3IMyHBIC KOMIIOHCHTHI H300PaXKeHUS TS MOIYYCHUS
HaIISIIHBIX WJUTIOCTPAIMN CTPOCHUS T€X WJIM MHBIX Ono-
Joruyeckux oobekToB [78, 79]. CoyeraHre BO3MOXKHOCTEH
3NEKTPOHHON MUKPOCKOIIHH C APYTHMMH COBPEMEHHBIMU
METOJaMHU KOMILJIEKCHOI'O Pa3HOCTOPOHHETO UCCIIEI0BAHMS
XapaKTEpUCTUK OpraHu3Ma IallueHTa C BUPYC-UHAYLUPO-
BaHHOU OHKOIIAaTOJIOTUEHN OTKPBIBAET TOPU30OHTHI AJIS I10-
HUMAaHHS KOPPEJISALNOHHBIX CBA3€H TOMEOCTAaTHIECKUX,
aJanTalMOHHBIX, IATOJIOIMYECKUX NIPOLIECCOB, FEHETH-
YECKHX, CPEIOBBIX U, KaK CIEACTBHE, MOP(OIOTHICCKUX
MPENNOCHUIOK PAa3BUTHUS 1 0COOCHHOCTEH TEUSHUS TeX WIN
MHBIX 3200JICBaHUI.

MemoOul 91eKmpoHHOU MUKPOCKONUY NO3BOTIAIOM

* BusyanusnpoBaTh HaIH4NE/OTCYTCTBUE aKTUBHBIX

(hopM BUPYCOB B KJICTKAX OITyXOJICH W/WITH TIPH IIPEA-
OITyXOJIEBOM COCTOSIHUM TKaHEH, a TAKKe B KYJABTypax
KJIETOK B KIIMHUKE U OKCIICPUMCEHTE.

* [Ipu BU3yanu3aiiy aKTUBHBIX HH(EKINOHHBIX arcH-
TOB OTIPEICIISTH OOACTH MX JIOKATHM3ALUH B KIICTKE
1 BHCKJICTOYHOM MATpPHUKCE, YCTAHABJINBATDH XapaKTEP
B3aHMOI[eI710TBPIH BHUPYCOB C OpraHonaaMu KJICTKHU
1 3JIEMCHTAaMM TKaHEBOTI'O MUKPOOKPYKCHUA.
VYcranaBauBaTh KaU4eCTBEHHBIC U KOJIMYECTBEHHEIC
YIABTPACTPYKTYPHBIE 0COOEHHOCTH KJIETOK, UX Opra-
HOMJIOB (omucareibHast u/uim MophoMeTpruIecKas
XapaKTEePUCTHKA OPTaHOUIOB — (hOpMa, KOIUIECTBO,
JIOKaJIn3amusi, Mpu3HaKu MOBBIIIEHHOM UJIA CHUKEH-
HOH (P)YHKIMOHAIFHOM aKTHBHOCTH KJICTKH, HAJTHINE
WJIM OTCYTCTBHE IIPU3HAKOB BHYTPUKIIETOUHOM pere-
HEpaIun).

* OnpenensiTs TUCTPOPUUECKHE U IeTCHEPATHBHEIC
HN3MECHEHUS B KIIETKE.

* O1eHUBATH XapaKTep BaCKYJIPU3AINN Oy XOJH.

* COCTaBIATh XapaKTEPUCTUKY MOp(oIoTHIEeCKOI
KapTUHBI IMMYHHOTO OTBETA.

* OnpenensaTs THITHI KIICTOYHOH U0 (HEKPOo3, arloll-

TO3, MUPONTO3, PEPPOITO3).

OmnpenensaTs Yuciao GU3MIECKUX SIUHUI] BUpyca Ha

OIHY KJIETKY.

* OCyIIEeCTBIISTh YCTAHOBKY CBS3CH MEXIy (PEHOTH-

IOM OITYXOJIE€BOM KJIETKH W TEHOTHUIIOM ITaTOJIOTHIe-

CKOTO areHra.

BEIIBIATE pa3nuyus B yABTPacTPyKType KIETOK OITy-

XOJIEH TIPY HAJIMYUH B OTCYTCTBHH BUPYCHOM 3THO-

JIOTUH ¥ PA3JINYHOM HACIIECICTBEHHOM MY TAI[FIOHHOM

craryce reHoB pemaparuu JJHK.

IIpu Tepanuu ormyxosel ¢ IPUMEHEHUEM MTPOTYKIIMHA

HaHOTEXHOJIOTHI OCYIIECTRIIATh OIICHKY 3((HEeKTHB-

HOCTH JICUCHHS, JIOKATH3AI[MA HAHOUACTHI] B KIIETKE,

XapakTepa M yCIEeITHOCTH UX ACHCTBUS.

* OpnHa U3 IPUYHH KaHIIEpOTreHe3a — HapyIIeHHne (pyHK-
OUOHUPOBAHUS MUTOXOHIPHUI; COOTBETCTBEHHO, 3TU
OpPTaHOUAHI SBISIOTCS M OOBEKTOM TEpalud, a UX
n3ydeHrne 0e3 MPUMEHEHHsS IEKTPOHHONH MHKpPO-
CKOITMH HEeBO3MOXKHO [80-91].
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3akmroueHne

TakuM 0Opa3oM, HECMOTpPSI Ha Pa3BUTHE COBPEMEH-
HBIX METOJIOB UCCIICIOBAHMIMA, SIIEKTPOHHAS MUKPOCKOTIHS
OCTAaEeTCsA HEOOXOAMMBIM, a B PsAJIC CIyYaeB U BEIyIIUM
METOJIOM B MPAKTHKE KaK JJis OHKOJOTra-KIMHHIIUCTA,
TaK M JJIs OHKOJIOra-ucciiefioBarens, naromora. Ciaenyer
MOJYEPKHYTh, YTO B HACTOSIIEE BPEeMsI OCOOCHHO BaXKEH
MEKTUCIMITTTMHAPHBIN TOAXO0A K JUATHOCTUKE, JICYCHHUIO
¥ IPO(HIAKTHKE OHKOJIOTHYECKHX 3a00JIeBAHUI OPraHOB
¥ TKaHeH, rjie 0Co0YI0 IIEHHOCTh MPHOOPETAIOT PE3Y/ILTaThI
KOMITJIEKCA PA3IMIHBIX METOIOB, IPUMEHSIEMBIX B UCCIIC-
JIOBaHWH, BKITFOUAs DIICKTPOHHYIO MHKPOCKOITHIO.

KoHpaukT HHTEpecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHM KOH(IHKTA
UHTEPECOB.
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Pe3tome. Beeoernue. AHEBpr3Ma a0PTHI XapaKTEPHU3yeTCs PaCIIMPEHUEM TUaMeTpa aopThl B 1,5 pa3a u Oomnee
U MOXKET MPUBOAMTH K PACCIOCHHIO M Pa3pbIBy CTEHKH aOPTHI C (paTaibHBIMHU MOCieAcTBUAMU. Llens uc-
CJIEZIOBAHUSI — CPAaBHUTEIBHBIA aHAIN3 U3MECHEHUH MOP(OIIOTHU CTEHKU BOCXOSIICH a0pThI y MAI[UCHTOB
C ABYCTBOPYATBHIM U TPEXCTBOPYATHIM a0PTAJIbHBIM KJIAIIAHOM IIPU €€ aHEBPU3ME.

Mamepuanvt u memoosi. B paboTe MpoBeieHO UCCIeIOBAHNE OUONITATOB BOCXO/IAIIETO OT/IENIa A0PTHI C aHEB-
pusMoil y 49 naneHToB ¢ IByCTBOPYATHIM U 99 MallMeHTOB € TPEXCTBOPYATHIM a0PTAJIbHBIM KJIAIIAHOM.
Pezynemamei. Y naliueHTOB C ABYCTBOPYATBHIM M TPEXCTBOPYATHIM AOPTAJbHBIM KJIAllaHOM JTUAMETP
BOCXOJSMICH a0pTHI COCTABIII, COOTBETCTBEHHO, 51,0+9,1 MM u 54,6+11,5 mm. MopdomeTprudeckoe
HcCIIeJOBaHUE TOJIIIMHBI CIIO€B CTEHKU aOpPThI MPOJEMOHCTPUPOBAJIO Y MALIMEHTOB C TPEXCTBOPUATHIM
A0pTaJbHBIM KJIAMIAHOM I10 CPAaBHEHUIO C MALlMEHTaMM C JBYCTBOPYATHIM aOPTaJbHBIM KJIAIAaHOM J10-
CcTOBepHOE yTonieHne UHTUMEI (71,7£52,3 u 143,5+148,1 MxkM) U anBeHTHIINH aopTH (595,9+£253,9
u 801,3+388,6 mkm) (p<0,05), B To BpeMms kak tonmuHa Meanu (1127,0£246,9 u 1177,9+268,32 Mkm)
Y 3THX MAIIHCHTOB MPAKTUYCCKU HE OTIUYANACh. I3MCHEHHS B MeIMH a0pTHI ((hparMeHTAIHs dIacTHYe-
CKHX MeMOpaH, HapylIeHUE NapajuIeIbHOTO PACIION0KEHUS [IaIKOMBIIICYHBIX KIETOK, IUIOTHOCTD pac-
MPEJICIICHUS vasa vasorum) HaONIIaluch JOCTOBEPHO PEXkKE y MAIMEHTOB C ABYCTBOPYATHIM A0PTAIEHBIM
KJIA[IAHOM I10 CPaBHEHUIO C MALIMEHTaMU, UMEIOLIMMU TPEXCTBOPUATHIA A0pPTANbHBIN KianaH. Y MmalueHToB
C IByCTBOPYATHIM a0PTAIBHBIM KJIAIIAHOM HEOOXOIUMOCTH B ONEPATHBHOM BMEIIATEIHCTBE BO3HHUKAIIA
B 0oJiee MOJIOZOM BO3pacTe, YeM y MAIUEHTOB C TPEXCTBOPYATHIM a0PTAIBHEIM KIIAaHOM, B TO BpeMs
KaK MPHU3HAKK PEMOJICIIUPOBAHNS MHTHMBI U MEIUHU A0PTHI OBUIH BBIPAKECHBI B MCHBIICH CTEIICHH, YeM
Yy HALUEHTOB C TPEXCTBOPUYATHIM a0PTAIbHBIM KIIAIIAHOM.

3axnoyenue. Y NalMEHTOB C JBYCTBOPUYAThIM aOPTAIbHBIM KJIallaHOM MOKa3aHUs K ONEpaTUBHOMY BMe-
IIATENILCTBY BO3HHUKAIOT MIPH MEHEE BHIPAKCHHBIX M3MECHCHHUAX MOP(OIOTUU CTCHKH BOCXOJISINCH aOPTHI.
ITocTpoenue crepeoMeTprUieCcKOi MOAETN TUCTOIOIMYECKUX U3MEHEHU CTEHKU aOpThI IPU €€ aHEBPU3ME
MO3BOJIUT KOJIMYECTBCHHO MPEICTABUTH POJb KIFOUYEBBIX MOP(OIOTHICCKUX XapaKTEPUCTUK, YIPOCTHTH
MaTOJIOr0aHATOMUYECKYIO JUATHOCTUKY U ONTUMU3UPOBATH XUPYPTUYECKYIO TAKTUKY JI€UYEHUS MallUeHTOB
C ATOM MaTOJIOTUEH.

KiioueBsble c10Ba: IByCTBOpUATHINA aOPTANIBHBIN KIlallaH, TPEXCTBOPYATHIN a0pTaNIbHBII KilallaH, aHeBpH3Ma
AO0PTHI, HHTHMa a0PThI, MEIUsI A0OPTHI
s koppecnonaennuu: Tarbsaaa Bragmvmuposra Cyxauesa. E-mail: sukhachevat@gmail.com
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HeHko B.A., CepoB P.A. CpaBHUTENIbHBIN aHAJIN3 U3MEHEHUH MOP(OJIOTHH CTEHKH BOCXOJSIEH aOpThI
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Comparative analysis of morphological changes in the wall
of the ascending aorta in patients with bicuspid and tricuspid aortic valves

in aortic aneurysm

T.V. Sukhacheva'?, E.V. Penyaeva', M.A. Soborov'?, S.V. Garmanov',

M.B. Kokoev', V.A. Mironenko', R.A. Serov’

! AN. Bakulev National Medical Research Center of Cardiovascular Surgery, Moscow, Russia
2 Avtsyn Research Institute of Human Morphology of FSBSI “Petrovsky National Research Centre of Surgery”, Moscow, Russia
3 .M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

Abstract. Introduction. Aortic aneurysm is characterized by aortic diameter expansion by 1.5 or more times
and can lead to dissection and rupture of the aortic wall with fatal consequences. The aim of the study was
to compare changes in the morphology of the ascending aorta wall in patients with bicuspid and tricuspid
aortic valves (BAV and TAV, respectively) having an aortic aneurysm.

Materials and methods. We examined biopsies of the ascending aorta with an aneurysm in 49 patients with
BAV and 99 patients with TAV.

Results. The diameter of the ascending aorta was 51.0+9.1 mm in patients with BAV and that in individuals
with TAV was 54.6+11.5 mm. Morphometric study of aortic wall layers demonstrated a significant thickening
of the intima (71.7+52.3 and 143.5+£148.1 pum, respectively) and adventitia of the aorta (595.9+253.9 and
801.3+£388.6 um, respectively) [p<0.05], while the thickness of the media was almost the same (1127.0+246.9
and 1177.9+£268.32 um, respectively). Changes in the aortic media (fragmentation of elastic membranes,
disruption of the parallel arrangement of smooth muscle cells, and density of vasa vasorum) were signifi-
cantly less frequent in patients with BAV. Patients with BAV required surgery at a younger age than those
with TAV, although they showed less pronounced signs of remodeling of aortic intima and media.
Conclusion. Patients with BAV necessitate surgery when having less pronounced changes in the morphology
of the ascending aortic wall. Construction of a stereometric model of histological changes in the aortic wall
in an aortic aneurysm will allow us to quantitatively represent the role of key morphological characteristics,
simplify pathological diagnosis, and optimize surgical management for patients with BAV.

Keywords: bicuspid aortic valve, tricuspid aortic valve, aortic aneurysm, aortic intima, aortic media
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BBenenue

JBycTBOpuarslii aopranbHblii kianal (JAAK) sensercs
HanboJee YacThIM BPOXKICHHBIM TOPOKOM CEepJIia, BCTPE-
yarormmmcs y 1-2% nacenenus. JIronu ¢ JIAK nogsepxeHbt
3HAYUTENBHO 00JIee BEICOKOMY PUCKY Pa3BUTHUS CEPhE3HBIX
A0pTaJIbHBIX OCJIOKHEHUH, YeM UMEIOIINE TPEXCTBOPYATHIN
aopranbhblil knanal (TAK), B CBsSI3 ¢ TOBBILIEHHON FeéMO-
JIMHAMUYECKOW Harpy3Koii, BRI3BAHHOH camoit Mopdomoru-
eit IAK. [Tanuentam ¢ JJAK npu BBIOTHEHUH ONepaliiu
MpOTEe3UpOBaHuA aoprajbHoro kiamnana (AK) mo mosony
€ro OpOKa PEKOMEHIYETCs IPOTE3UPOBAHNE BOCXOIAIIEH
AOPTBHI, €CIIH ee AujlaTanus npesbimaeT 50 MM 1 UMEIoTCA
(axTopbl puckKa, B TO BpeMs kak nanuentam ¢ TAK momo6-
HOE XUPYpPru4eCcKoe BMEMIATEIBCTBO PEKOMEH0BAHO MTPH
Juataiuy aopthl cBbiiie 55 mum [1]. Tennennus k Oonee
arpecCUBHOMY XMPYPTrHUE€CKOMY MOJAXOAY Y MAallMEHTOB
¢ pacmupennoi aoptoit mpu JIAK o0ycroBnena tem, 4To

KIIMHUYECKAA 1 SKCITEPMMEHTAJTIbHASA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

JAK sBasiercs pakTopoM prcka BOZHUKHOBEHUS JMJIA-
Talluu, aHEBPU3MBI M PACCIOEHUS KOPHS aOPThI, IpUYEM
Jlake B TeX CIydasx, KOrja reMoiMHaMHYeCKUe HapyIie-
HUS QYHKIUHM CaMOTro KJlallaHa MUHUMAJbHBI [2].

Ha dbopmupoBanue nunaranuu aopThl CyIIECTBEHHOE
BIIMSIHUE OKA3bIBAIOT CBOIMCTBA COCYAUCTOI CTEHKH, Te0-
METPHS a0PTaJIBHOIO PyClia U KOMIIO3ULUS TTOTOKOB KPOBU
BHYTpH aopThl. B HopMme nipu TAK motok kpoBu B aopte
3aKpy4YeH C MaKCUMAaJbHOW CKOPOCTHIO B IIEHTPE U 3a-
MEJJIEHUEM B 00JaCTU KOHTAKTa C COCYJUCTOM CTEHKOMH
Ha nepudepun [3]. JAK dopmupyercs BHyTpuyTpoOHO,
MIPU CpallleHUH CTBOPOK IIEHTP MOTOKA CMEIIaeTcs B 3a-
BUCHMOCTHU OT TOTO, KaKh€ CTBOPKU COCIUHEHBI MEXKIY
coboif. CmemeHnne IeHTpa MOTOKAa HapyllaeT paboTy
MexaHu3Ma BuHzakeccesst ¥ onpeenseT NOBhIIeHUE Ha-
TPy3KH Ha CTEHKY aopThl. B 3THX ycnoBusx gpopmupyercs
¢ubpo3 crBopok AK, KOTOpBIIl NPUBOAUT B IIOCIETYIOIIEM
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K a0pTaJbHOMY ITOPOKY, Yallle K MSITOU AeKae Ku3HU [4].
[Mo-BuanMoMmy, OMH U3 TIABHEIX ()aKTOPOB B MpoOIlecce
hopmupoBanus nunaranuu aoptel npu JJAK — nossire-
HUE MEXaHUYECKOIO BO3/IEHCTBUS Ha A0PTAJIbHYIO CTEHKY.
B cnywae aunartanuu aoptsl npu TAK Benymum sBnser-
¢ (pakTOp HAPYIICHHS CTPYKTYPhI AOPTATbHON CTEHKH.
B cBs3u ¢ 3TUM BHavajie U3-3a U3MEHEHHUH COCYIUCTOMN
CTEHKHU MPOUCXOAUT PACIIMPEHNE BOCXOASAIIETO OTAENA
aopTBHI, a 3aTeM yxke popMupyeTcs aopTalbHBIA OPOK.
Kpome Toro, n3BecTHO, 4YTO aHEBPU3MA BOCXOJSIIETO
otjena aopthl y nanuentoB ¢ JJAK knuanueckn u mopgo-
JIOTUYECKH OTIMYAETCs OT TakoBO# y manueHToB ¢ TAK.
BaxxHbl1ii pakTop, MPOBOIUPYOIINN PA3BUTHE A0PTOTIATHI
y marueHToB ¢ JJAK, moMuMo HalIuuus aCHMMETPUYHON
reMOIMHAMUYECKOI Harpy3Kku — 0coObIi SMOpHOHATBHBIH
(benorun mmaakompieynbix Kinetok (I'MK), kotopsie o6ma-
JIaroT cBoiicTBamMu, oTiudaronuMucs ot ' MK nanuenToB
¢ TAK [5-10]. bonee Toro, MexaHU4YECKHUE CBONCTBA CTEH-
KM BOCXOAsAMICH aopThl y nanuenToB ¢ JJAK ortnnuaroTcs
OT TaKoBBIX y mauueHToB ¢ TAK, Hanpumep, OMomexaHu-
YEeCKHUil TeCT BBISBUI 00JIee BBICOKHE 3HAYSHHUS TUKOBOTO
HaMpsKEHUs IEPE]] Pa3pbIBOM CTEHKH A0PThI Y MALIUEHTOB
¢ JJAK, uem y nanuentoB ¢ TAK. ¥V nanuenrtos ¢ JJAK
pa3phIB CTEHKH a0pThl PABHOMEPHO OXBAaThIBAET BCE CIIOU
CTEeHKH, Tor/Ja Kak y mauueHToB ¢ TAK pa3pbIB CTeHKH 110-

CTeNeHHbIN U nporpeccupytomui [11]. [Ipeanonaraercs,
4TO UCCIEA0BAaHKE TONOrpad iy HapyIIECHUI THCTONOTHYE-
CKOT'0 CTPOEHHsI CTeHKH aopThl y mauneHToB ¢ JJAK u TAK
U aHEBPU3MOM a0PThI OyJieT UMETh MPOTHOCTHUECKOE 3HA-
YEHUE, IO3BOJIUT BBIIEIUTD NALIUEHTOB, IPEAPACIION0KEH-
HBIX K a0pPTOINATHH, U ONTUMU3UPOBATh XUPYPTUUYECKYIO
TaKTHKY.

Ienu uccnenoBanus — NPOBEAECHUE CPABHUTEIBHOTO
aHaJIM3a U3MEHEHUH MOP(OIOTUH CTEHKH BOCXOASIIEH
aoptsl y nanuentos ¢ JAK u TAK npu ee aHeBpusme
U pa3pabOTKa MOAXO/0B K CO3[JAHUI0 CTEPEOMETPUIECKOI
MOJIENY TUCTOJIOTMYECKUX U3MEHEHUH a0PThI P 3TOM Ia-
TOJIOTHH, KOTOpas TO3BOJIUT YHU(HUIIUPOBATh U YIIPOCTUTh
MOP(OIOTHUECKYIO IUATHOCTUKY U ONITUMU3UPOBATH XU-
PYPTrU4ECKyIO TaKTHKY JIEUECHUSI.

Marepuanbl 1 METOABI

HccnenoBanue mpoBeaeHO Ha MaTepuasie UHTpaole-
PaLMOHHBIX OMONCHNA BocxXoasel aopTel y 49 nanueH-
toB ¢ JIAK B Bo3pacre 18-74 net (73% myxuun / 27%
keHIUH) 1 99 nanuentos ¢ TAK B Bozpacte 22—-84 et
(64% my>xumH / 36% xenmumn) (tabdm. 1). [To moBomy pac-
IIMPEHUS BOCXOASIIETO OT/IeNIa A0PTHI AllUEHTaM BBITIO-
HEHBI CJIelyIOLIe BUJIbl BMEIIATENbCTB: MIACTHUYECKOe
BMEILIATEIHCTBO Ha BOCXOALIEH aopTe, cCynpakopoHapHOe

Tabnuya 1 | Table 1

Kaunndeckas xapaktepucruka nanuentoB (M+m (min-max)) | Clinical characteristics of patients [M+m (min-max)]

Kananueckne nmapametpsi | Clinical parameters

Bospacr, net| Age, years

ITon | Gender:
MyX4uHEI, % | male, %
JKeHImHBL, % | female, %

Juamerp Bocxonsuieit aoptel, MM | Diameter of the ascending
aorta, mm

JuameTp KOpHs a0pThl, MM | Aortic root diameter, mm

VnapHsIii 00beM JIeBoro sxenygouka, Mi | Stroke volume of the left
ventricle, ml

®pakuus BeIOpOCa JIeBOTO XKenmyno4ka, % | Left ventricle ejection
fraction, %

Dubpo3HOE KOIBLIO A0PTAIBHOTO KilanaHa, MM | Fibrous ring
of the aortic valve, mm

CreHo3 aopTanpHOTO Kiamana, % | Aortic valve stenosis, %

Henocrarounocts aopranpHoro kianana [I-1V crenenn, % |
Aortic valve insufficiency, grades II-1V, %

AprepransHas runepreHsus, % | Arterial hypertension, %

Hiemuueckast 6ose3ns cepaa, % | Coronary artery disease, %

* p<0,05 (xpurepuit Manna—Yutan) | *p<0.05 (Mann—Whitney test)
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JTAK (n=49) | BAV (n=49) TAK (n=99) | TAV (n=99)

49,7+13,9 58,7+10,7
(18-74) (22-84)*
73 64
27 36
49,3499 53,3+11,6
(34-74) (30-100)
41,949,0 46,5+12,4
(28-85) (27-96)*
98,1440,6 108,5+34,4
(37,0-174,8) (36,4-206,4)
71,9+14,9 71,7+21,1
(56-115) (36,5-114)
25,8+4,1 25,1433
(18-38) (20-36)
42,4 19,1
51,5 71,4
63,6 90,4*
14.3 17,5
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Puc. 1. MCKT c KOHTpacTHBIM ycuIIeHHeM. TpexmepHas
pexoHcTpyKuus. Bocxonsmuii oTaen aopThl paciiupex
y marenToB ¢ IAK (A) u TAK (B).
A — naruenT 43 net ¢ JIAK. B — manuentka 74 ner ¢ TAK
Fig. 1. Contrast-enhanced MSCT. 3D reconstruction.
The ascending aorta is dilated in patients with BAV (A)
and TAV (B).
A —a43-year-old patient with BAV. B — a 74-year-old
patient with TAV

MIPOTE3UPOBaHUE BOCXOIALICH aOpThl WIIM paJuKaIbHOE
BMeELIaTeIbCTBO HA KOPHE aopThl, onepauus benramia—
Jle boHo.

[lepen omepauueld manueHTaM MPOBOIMUIIM CTaH-
JnapTHoe oOclieqoBaHUe, BKIIIOYas TPAHCTOPaKaJlbHYIO
Ox0KI' 1 MynbTHCTIUPaAJbHYI0O KOMIBIOTEPHYIO TOMO-
rpaputo (MCKT) (puc. 1), st onpeneneHus: quaMeTpa
BOCXOZSIIECH aopThl U BOCIPOU3BEAEHUS MOCPEACTBOM
3D-monenupoBanus ¢popMbl cocyna. B momasmsioniem
OONBIIMHCTBE cly4aeB UMeENIU MecTo auddys3Hoe pac-
LIMPEHUE BOCXOJSIIETO OTAeIa a0OPTHl U UICTOHUEHUE ee
CTEHKH.

UccnenoBanue BHIIIOJHEHO B COOTBETCTBHH C Xe€Jb-
CHHKCKOM Jeknapanueil BceMupHOM METUIIMHCKON acco-
Manuu u ogo0peHo stndeckuM komuteTom HMUIL] CCX
uM. A.H. bakyneBa (mporokon Ne 2 ot 07.10.2021). Bee
MAIMEeHTHI MOAMUCAIIN JOOPOBOIbHOE HHPOPMUPOBAHHOE
coryiace Ha MCCieJOBaHHe OMOJIOrMYECKOr0 MaTepuaia.

3abop Ouonrtara MPOBOAUIN MHTPAOTIEPALIMOHHO U3
MepeIHEN YacTu CTEHKU Bocxosiei aoptel Ha 0,5—1,0 cm
BBIIIIE YPOBHSI CUHOTYOYJIAPHOTO COUJICHEHUSI.

V nanuentos ¢ JIAK quamerp BoCXoasiei aopThl co-
craBui 49,3+£9,9 mm, ppaxius Beiopoca (PB) neBoro xe-
nynouka (JIK) — 71,9+£14,9%, ynapusiit 00bem (YO) JODK —
98,1+40,6 mu1. Y nmanmentoB ¢ TAK nquameTp Bocxozsiien
aoptsl coctaBui 53,3+11,6 mm, @B JIK - 71,7+21,1%, YO
JIK — 108,5+34,4 mn (Tabn. 1). BHemHue npu3Haku co-
€IMHUTEIbHOTKaHHOM AUCIUIA3UU TeHETUIECKON MTPUPOIIBI
y MalUeHTOB 00EUX TPYIII HE BBISBICHBI.

Ha rucronornyeckux npenaparax, OKpameHHbIX reMa-
TOKCHJIUHOM U 303uHOM (% 100), BBIIOTHEHO MOphOMeT-
pHUYECKOE HCCIIEIOBAaHUE TOJIIIMHBI CIOEB CTEHKU aOPTHI.

KIIMHUYECKAA 1 SKCITEPMMEHTAJTIbHASA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

OPUTMHAJIDHBIE UICCITEJOBAHNMA

ITpoBeneHa momykonudecTBeHHas (4-06aybHas) OLICHKA
U3MEHEHHH MOp(ONOrul HHTUMBI (MUKCOHMTHBIC U aTepo-
ckieporuueckue u3meneHus ) (x100): 0 — HeT u3MEeHeHUI;
1 — odaroBble U3MEHECHHUS B €AMHUYHBIX IOJISX 3PEHUS;
2 — U3MEHEHHUs B MEHEee 4eM MOJOBUHE IUIOLIAU Honeit
3peHusi; 3 — U3MEHEHHUs B OoJiee 4eM MOJIOBUHE IIIOMAAN
ToJieH 3peHwusl.

Ha sTux e npenaparax orieHuBanu coaepsxxanue ' MK
B MEJIMH a0PTHI B HECKOJIbKHX NoJsixX 3peHust (x100): 0 —
HeT u3MeHeHuit; 1 — orcyrcrue I'MK Ha nmnomanu me-
HEe OJIHOW TPEeTH TONIUHBI Meauu; 2 — Hanuuue ' MK
Ha [JIOLAJX OT OJHOM TPETH A0 IBYX TPETEH TONIIUHBI
meanu; 3 — Hannuue ' MK Ha mmomaau 6onee AByX Tpe-
Teit TommuuHe! Megun. Kpome Toro, o 4-6aymisHoit mkane
OTIpEJIeNIAIH BBIPAKEHHOCTh KUCTOBUAHOM JieTeHepaluu
Menuu aoptsl u AU dy3Hoit 6azodumun (x100): 0 — Her
U3MEHEHUH; 1 — 6azodunus B MEIUU aOPTHI WU €IU-
HUYHBIE KUCTOBUAHBIC U3MEHEHNUS; 2 — MHOKECTBEHHBIE
oyaru 6a30(hUINN WM HECKOJIBKO KMCTOBUIHBIX 00pa30-
BaHUH; 3 — MHOXKECTBEHHbBIE KUCTOBUIHbIE 00Pa30BaHHUS.
Jlnis1 onpesienieHys IMIOKO3aMHHOTTIMKAHOB B CTEHKE A0PTHI
THCTOJIOTMYECKHE IIPETapaThl OKPAIINBAIIN aJIbIIMAHOBBIM
cuauM (pH 2,5). [lanee Ha 3THX *ke IpenapaTax OLleHUBaA-
JIY BBIPaXKEHHOCTh XaoTU4Horo pacnonoxernus I'MK mno
4-6ampHol mkane (X100): 0 — HeT u3MeHeHuit; 1 — Ha-
JIMYME 04aroB XaoTU4YHO pacnoyioxeHHbIX MK B enqu-
HUYHBIX TOJISIX 3pEHUs; 2 — pacpoCTpaHEHUE 04aroB
xaoTuyHo pacnonoxkeHHbIx MK B MeHee uem nonoBuHe
IJIOUIaU NOJIeH 3peHUs]; 3 — XAaOTUYHO PACIIOIOKEHHBIE
I'MK npucyTcTBYIOT B 60jee 4eM MOJOBHHE ILIOIMIAIN
roJsiel 3peHus. B npenaparax Taxk)ke onpenensuiv Hajau-
qKe vasa vasorum BO BHYTPEHHHUX 2/3 MeIuu aopThl 1O
4-6annpHoH mikane (X100): 0 —Het cocynos; 1 — HeMHOTO-
YHUCIICHHBIE COCYIBI IPUCYTCTBYIOT B CAMHUIHBIX MOJISIX
3pEeHHUS; 2 — HAJIMYHUE COCYI0B MCHEE YeM B ITOJIOBHHE I10-
nel 3peHust; 3 — Hamn4re cocynoB 0oJiee YeM B ITOJIOBUHE
TI0JIEH 3pEHHUSI.

Kpome Toro, 11 BBIIBICHHS 3JIACTHKH IpEHNapaThl
oKparuBany 1o Beiirepty u mo 4-0aniapHOM mIkae onpe-
JIETBUIA XapaKTep PacIIONoKeHHs U CTEICHb (pparMeHTaUH
aracTUIecKuX MeMOpaH B Meun aopthl (X 100): 0 — HeT u3-
MEHEHH; | — 09aroBbIC MI3MEHEHHUS B €IUHUIHBIX 3IaCTH-
YeCKHUX MeMOpaHax B II0JIE 3pEHHST; 2 — U3MEHEHUS U (hpar-
MEHTAIMs AIIACTHYECKUX MEMOpaH B MEHEe YeM MOJIOBUHE
MJIOMIAIM TIOJIeH 3peHust; 3 — U3MEHEHHUs HaONMIoMalTCs
B Ooree 4eM MOJIOBUHE IUIOIIAAN noteit 3penust. Ha nmpena-
parax, OKpalIeHHbIX TPHXPOMOM 0 MaccoHy, onpeaessum
cTerneHb (pubpo3a CTEHKH a0pTHI MOIYKOJIMYCCTBEHHO TI0
4-6aipHoi mkae (x100): 0 — HeT u3MeHeHwit; 1 — yBenu-
YeHHE COIepKaHNs KOJUIareHa Ha IUTOIIa i MEeHee OHON
TPETH TOMIMHBI MeauH; 2 — GuOpo3 3aHUMAET OT OTHOU
TPETH A0 ABYX TPeTeH TONMIMHBI Meanu; 3 — ¢ubpos 3a-
HUMaeT OoJiee IBYX TpeTel TOIIMHBI MEIUH.

[ToyueHHble pe3ynabTaThl ObLIH 00pabOTaHBI C HC-
MOJIH30BaHMEM METOAOB HENapaMeTPHUECKON CTaTHCTH-
K1 (kputepnit ManHa—YUTHH, K03 GHUINEHT KOPPEAIAN
CrmpmeHa) rpu ypoBHe 3HauuMocTH p<0,05.

Tom 13 Ne 4 2024 21



OPUTMHAIBHBIE MICCITEJOBAHNA

PesynbraThl

CpaBHUTEIbHBINA aHAIN3 JAHHBIX KIMHUYECKOTO 00-
cnenoBanus BeisiBu y nanueHToB ¢ JJIAK u TAK no-
CTOBEpHBIE OTJIIMYUS IO BO3pacTy (cpelHee 3HaYeHUe
49,7+13,9 rona npotus 58,7+10,7 rona), auameTpy Kop-
HA aopThl (41,949,0 MM nipoTuB 46,5+12,4 MM) U HaNIH-
YHUI0 apTepualibHOM runeprensuu (63,6% npotus 90,4%)
(p<0,05) (Tabn. 1). IToka3zarenu, XxapakTepuUs3yIoLIle COo-
KpaTUTeNIbHYI0 akTUBHOCTH Muokapaa JOK (PB JIK, YO
JIK) u BBIpask€HHOCTh CTEHO3a U HegocTtaTtouHocTu AK,
HE Pa3INYaIUCh Y MAalMEHTOB ATUX TPYII. Y MalUeHTOB
¢ HAK Heo0X0aMMOCTb B XUPypPrUYECKOM BMEIIATEILCTBE
BO3HHUKAaJIa paHbllle U IPU MEHBLINX [TOKAa3aTeN X JuiaTa-
LU KOpHS aopThl, 4eM y namuentos ¢ TAK (puc. 2).

MopdomeTpuueckoe ucciieloBaHUE THCTOIOTHYE-
CKHX TpPENapaToB CTEHKH aopThl mamueHToB ¢ JAK
n TAK BBIIBHIO AOCTOBEPHBIEC PA3IUYUS TOILIHHBI
uatuUME (71,7+£52,3 (16,0-240,8) Mmxm u 143,5+148,1
(14,0-848,0) mxm) u agBerTunmu (595,9£253,9 (197,1-
1272,7) mxm u 801,3+388,6 (185,7-2156,9) mxm), cooT-
BeTcTBeHHO (p<0,05), B TO BpeMs Kak TONIIWHA MEIAUU
y TMALKUEHTOB JIBYX TPy AOCTOBEPHO HE OTJIMYaach
(1127,0+246,9 (503,3-1693,2) mxm u 1177,94268,32
(255,6-1798,4) mxm) (puc. 2 A—C).

¥V nauuentoB ¢ JIAK yTosienne HHTUMBI, Kak PaBHJIO,
OBLIO CBSI3aHO C MUKCOMTHBIMHU H3MEHEHHSAMU B 5TOM CJI0€
C HAKOIUIEHHWEM KHUCIIBIX MITIOKO3aMUHOTITUKaHOB (1=0,43;
p=0,003) 1 He KOppeNMpoBaJIO C AUIaTAIIMEN BOCXOAALICH

aoptel. Y 22,9% nanuentos ¢ JIAK B nuHTHME 3aperucTpu-
POBaHBI aTePOCKIEPOTHYECKIE U3MEHEHN. YBEIHMUCHHUE
TOJIIMHBI HHTUMBI COYETAIOCH C YBETMUYEHHEM TOJIIIMHBI
meauu (r=0,43; p=0,003) u usmenenuem ee mopdoio-
ruu — pparMeHTanuent anactuueckux Memopan (r=0,46;
p=0,002), xaotuunsiM pacmnonoxenuem MK (r=0,46;
p=0,007), yBenuuenuem uucia vasa vasorum (r=0,39;
p=0,008). B Mmeauu mauuentoB ¢ JJAK pexe, uem namu-
enToB ¢ TAK, BcTpedanuch ouaru HapyueHus CTPYKTYpBI
CTEHKH aOpTHl U YNOPSAOUYEHHOTO pacmonokenus I MK
((pparmeHTaIMs 31aCTUYECKUX BOJIOKOH, XaOTUYHOE pac-
nonoxenue ' MK), a Taxoke vasa vasorum Bo BHyTPEHHUX
oTAenax Menuu U ydacTku, muiienHsle MK (kpurepuit
Manna—YutHu, p<0,05) (Tabmn. 2).

V nanuentoB ¢ TAK yTosmeHne HHTUMBI KOPPEIUpo-
BaJIo ¢ Auiaranueil Bocxozsmeit aoptsl (1=0,26; p=0,01),
HenoctarouHocTeio AK (1=0,45; p=0,0006) B oTinume ot
JIpYTUX CIOEB CTCHKH aopThl (puc. 3). YBenuueHue Toi-
ITUHBI MHTUMBI OBLJIO CBSI3aHO ¢ ee MUKkcouaHbIME (1=0,31;
p=0,002) n3mMeHeHUAMH, HHOT/Ia COMPOBOXKAATIOCH ee (hHo-
PO3HPOBAHUEM U aTE€POCKICPOTHYECKUMHU N3MEHEHHUSIMHU
(r=0,39; p=0,008) (puc. 4 A—C), nocieaHue ObLTH 3apeTH-
ctpupoBanbl y 40,7% manuentos ¢ TAK. [TomoGHO ToMy,
Kak 9To HaOmomanock y manueHToB ¢ JJAK, y nanueHToB
¢ TAK yToneHnue HHTUMBI OBLIO CBS3aHO C PEMOAEIH-
poBaHHEM MeanH — (hparMeHTalnei AMacTHIeCKUX BOJIO-
koH (1=0,32; p=0,002), xaoTn4unabIM pacnonoxkeranem [ MK
(r=0,26; p=0,001) u ouaroBeiM pudpo3om meauu (r=0,35;

Tabnuya 2 | Table 2

Pe3yabTaThl OlleHKH MOP(0JI0rH4ecKUX U3MeHeH! B HHTUMe M MeauH aopThl nauueHToB ¢ JJAK u TAK u aneBpu3moii aoptsl
(menuana) | Results of the assessment of morphological changes in aortic intima and media of patients with BAV and TAV
and an aortic aneurysm (median)

Mopdoaornyeckue Nnpu3HaAKH | JAK | BAV TAK | TAV
Morphological features

Wutuma aoptsl | Aortic intima  Mukconansle n3meHenus | Myxoid changes ++ ++
Arepockieporndyeckne n3ameHenus | Atherosclerotic + +
changes

Menus aoptsl | Aortic media Husxkoe conepkanne 'MK* | Low count of smooth AHE A
muscle cells*
Kucrtosunnas nerenepaiust | Cystic degeneration A=F A+
XaoruuHoe pacmonoxernne [ MK* | Chaotic 4 ++
arrangement of smooth muscle cells*
Hanuuue vasa vasorum Bo BHyTpEHHUX OTIeNaX ++ +++
menuu™ | Vasa vasorum in the internal parts of the
media*
@OparMeHTaIus 3IaCTHYECKUX BOJIOKOH™ | ++ ++++
Fragmentation of elastic fibers*
®u6bpo3 | Fibrosis ++ ++

* p<0,05 (xkputepuit Manna—YutHn). +, ++, +++, ++++ — BEIpaKeHHOCTh H3MEHEHUI B COOTBETCTBUH ¢ 4-0aJTHHOM MIKATIOH OIEHKH |
* p<0.05 (Mann—Whitney test). +, ++, +++, ++++ — severity of changes according to a 4-point assessment scale
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Puc. 2. Tuamerp xopHs aopTsl y nanuentos ¢ JJAK n TAK (A, p<0,05) u ero n3mMeHeHHe ¢ BO3pacToM nanueHTos (B)
Fig. 2. Aortic root diameter in patients with BAV and TAV (A, p<0.05) and its change with patients’ age (B)
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MopdomeTrpruecknii aHaIN3 TOMIKUHBI CJIOEB CTEHKH
aopthl y manueHToB ¢ JJAK u TAK.
Mopdomerpudeckre TaHHbIE H3MEPEHUS TOJLINHEI
uHTUMEI (A), Menuu (B) u angsenTuin (C) Bocxopsme
aoptsl y nanueHToB ¢ JAK u TAK u ux usmeHenue

o Mepe punaranun aoptel (D-F)

* — kpurepuit Manna—Yutau (p<0,05)

#— koo puument xkoppensuu Crupmena (p<0,05)
Morphometric analysis of the thickness of aortic wall
layers in patients with BAV and TAV.

Morphometric data on the thickness of the intima (A),
media (B), and adventitia (C) of the ascending aorta in
patients with BAV and TAV and their change as the aorta
dilates (D-F)

* — Mann—Whitney test (p<0.05)

#— Spearman correlation coefficient (p<0.05)
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Puc. 4. Mopdonoruyeckue nzmenenus uHTUMbI (A—C) 1 meauu (D—-G) aoptsl mauuentoB ¢ TAK.
A — MHKCOU/IHbIE U3MEHEHNUSI MHTUMBI C HAKOIUICHUEM KHCIIBIX TIFOKO3aMHHOIIHKaHOB. OKpacKa alblIMaHOBBIM CHHUM
(pH 2,5), x100. ITarwment 84 net ¢ TAK. B — ¢pubpo3npoBanre HHTUMBI U Meguu aopThl. OKpacka TPUXPOMOM 110 Maccony,
x100. Mamument 50 ner ¢ TAK. C — aTepockiepoTHIecKre H3MEHEHUSI HHTHMBI a0PTHI ¢ eTpuduKanuei. Okpacka
reMaToKcInHOM u 303uHOM, % 100. [Tamment 52 ner ¢ TAK. D — kuctoBuaHas aereHepanus Meaun. 30HbL, He conepxanme [ MK
(cmpenku). Oxpacka reMaTOKCHIHHOM 1 303uHOM, X100. [TanuenT 64 xet ¢ TAK

Fig. 4. Morphological changes in aortic intima (A—C) and media (D—G) in patients with TAV.
A — myxoid changes in the aortic intima with accumulated acidic glycosaminoglycans. Alcian blue staining (pH 2.5), x100.
A 84-year-old patient with TAV. B — fibrosis of aortic intima and media. Masson’s trichrome staining, x100. A 50-year-old patient
with TAV. C — atherosclerotic changes in the aortic intima with petrification. H&E, x100. A 52-year-old patient with TAV.
D — cystic degeneration of the media. Zones without SMCs (arrows). H&E, x100. A 64-year-old patient with TAV

p=0,0007) (puc. 4 D—F). Y HEKOTOpBIX MALIUEHTOB BO BHYT-
peHHUX 2/3 TONIIUHBI MEIUU A0PTHI BCTPEUAIUCH VASA
vasorum (puc. 4 G).

O6c¢cyxneHne

B pabGote npoBeneHo uccienoBanne Mopgoaoruye-
CKHMX U3MEHEHUHU CTEHKM aopThl y manueHtoB ¢ JJAK
u TAK u qunaranueil aoptsl. ConocTapiaeHue KIMHUYE-
ckux manHHbIX manueHToB ¢ JJAK u TAK moxkasaio, 4ro
HeoOxonuMocCTh Koppekunn AK 1 aHeBpU3MBI a0pPTHI
y nanuentoB ¢ JJIAK Bo3HukaeT B cpennem Ha 10 ner
panblire, yeM y nauneHTos ¢ TAK, mono6Ho onmrcaHHOMY
Ipyrumu aBropamu [11, 12]. Kpome Toro, u3BecTHO, 4TO
y nanueHToB ¢ JJAK pemonenupoBaHue MeIUH aopTHI,
B ToM uucie anonto3 'MK, oOGHapyxuBaercs paHblie,
yeM y manuenToB ¢ TAK, u HacTymaeT 10 BBIpaXEHHOM
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JIMIIATAaIY a0PThI, B OCHOBHOM B 00J1aCTH MOBBIIICHHOM
Harpy3ku [13].

MopdomeTpudeckoe UCCIeTOBAHIE CTCHKH BOCXO/SI-
el aopThl MOKa3ano, YTO OJHUM U3 XapaKTEepPHbIX MPH-
3HAKOB PEMOJIEIMPOBAHUS UHTUMBI aOPThI IPH €€ Aujia-
TaIWH SBJSIETCS YBETHICHUE TONIINHBI HHTUMBI, KOTOPOE
B OoJblIeli cTeneHn xapakTepHo 1t namnueHToB ¢ TAK
u pexe Habmonaercs y manueHtoB ¢ JJAK. CormacHo
JAHHBIM JIUTEPATYPHI, YTOJIIIEHUE UHTUMBI IPOUCXOIUT
3a cyer Murpanuu peHorunmuecku nameneHnsx ' MK u3
ee cpenHelt 00omouku. Kpome Toro, B yTONIIIEHHOW HHTHME
HaAOIIOMACTCs 3HAYUTENBHOE YBEITUYCHUE KOMIIOHEHTOB
BHEKJIETOYHOTO MaTPHUKCa, IPEUMYILIECTBEHHO KHCIbIX
DII0KO3aMUHOTIIHKaHOB [8, 14, 15]. HeobxonuMo oTMme-
TUTh, YTO B HalleM UCCJIeJJOBaHUU Yy mauueHTos ¢ JAK
a0COJIOTHASI TOJIIUHA HHTHMBI 20PTHI ObLIIa 3HAYUTEIEHO
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MEHbILIE U €€ aTePOCKIIEPOTHYECKHUE U3MEHEHUS BCTpeya-
JHCH pexe, ueM y nauuenToB ¢ TAK, kak u B paboTax apy-
rux aBTopoB [9, 16]. OnHUM U3 BO3MOXKHBIX O0BSICHEHUIA
TaKoH c1ab0 BEIPAKCHHOW aJalITHBHOM PEaKIIMA HHTHMBI
Ha JAMJIaTaluio aopThl y mamuentoB ¢ JJAK MoxHO cum-
TaTh CHIXKEHHYIO criocobHocts MK k Murparmu u mpo-
nmudepanun (B yCIOBUAX in vitro) mo cpaBHeHuto ¢ [MK
nanuentos ¢ TAK [5, 10].

B macTosmeii padote uccienoBanue Mopgoaoruie-
CKUX U3MCHEHHI MEIUH ITPH aHEBPH3ME A0PTHI BBISIBHIIO
y nauueHToB ¢ JJAK xopo1o opraHu30BaHHYO JIaMeIuIsp-
HYIO CTPYKTYPY CpeIHel 000JI0UKH A0PTHI 110 CPABHEHUIO
c Ootee XaOTHYHOM MX opranu3anyei y naruenTtos ¢ TAK.
AHasoruuHast 3aKOHOMEPHOCTb, HE CBI3aHHAs C AnjaTallu-
eit aopThl, oncana panee [6, 9, 10]. Kpowme Toro, y naru-
entoB ¢ JIAK pexxe HaONMIOMAIOTCS JIAMUHAPHBIA HEKPO3,
(hubpo3, KUCTOBUAHAS JIETeHEPAIUs METUU aoPThI [7-9].
OnvrcaHHBIC I3MEHEHHS METUH Yallie BCTPEYaIuch U ObUIH
BBIPaKCHEI B OONbIIe cTeneny y nanueHtoB ¢ TAK, yem
y umerormx JJAK, momo6Has mepecTpoiika MOpQooriu
CPEIHETO CJIOS A0PThI OTHMCaHa y MallUeHTOB C CHHAPOMOM
Mapdoana [17]. Bonee Toro, ¢ Bo3pacToM Takxe yBelH-
YHBAETCS YaCTOTA TAKUX HECHENU(PUICSCKUX U3MECHEHHI
cpenHero ciost aopThl [18].

OueBuaHo, uto y nanueHToB ¢ JJAK 1 TAK mexanusmel
peMoeIpOBaHUS BHEKIIETOYHOTO MaTpUKCa CTEHKH aop-
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Puc. 4. Oxonuanue. E — pparMeHTanus s1acTHISCKUX BOJIOKOH
Menuu aoptel. Oxpacka no Beifreprty, x100. [1aruent
84 ner ¢ TAK. F — ¢pubpo3 Menuu aoptsl (cmpenku).
Oxpacka reMaTOKCHINHOM H 303HHOM, X 100.
[Tarent 40 neT ¢ ocTpeiM paccnoeHneM aoptsl 1 TAK.
G — MHOXKECTBO Vasa vasorum BO BHyTPEHHHX
2/3 meauu aopthl (cmpenku). OKpacka reMaTOKCHITHHOM
u 203uHOM, x100. I[Tamuent 61 roma ¢ TAK

Fig. 4. End. E — fragmentation of elastic fibers of the aortic
media. Weigert’s stain, X100. An 84-year-old patient with
TAV. F — fibrosis of aortic media (arrows). H&E stain,
x100. A 40-year-old patient with acute aortic dissection
and TAV. G — numerous vasa vasorum in the inner two-
thirds of aortic media (arrows). H&E, x100. A 61-year-old
patient with TAV

ThI pa3InyaroTCs: B aopte nanuenToB ¢ JJAK conepxanue
HE3PEJIOro KOJUIareHa CHIKEHO [6], a 9KCIpeccust MaTpuKc-
HBIX MeTamnonporenHa3 MMP2 u MMP9 ygennuena no
cpaBHenuto ¢ nanuentamu ¢ TAK [19, 20], B To Bpems kak
3KCIpeccust TKAaHEBOTO0 MHIHOUTOpa METAJUIONPOTEUHA-
3bI-1 (TIMP1), o pa3HbiM 1aHHBIM, CHIDKeHa [20] nnu He
pasiuuaercd [19]. U3MeHeHNs] BHEKJIETOYHOTO BELIECTBA
cpenHell 000I0YKH a0pTHI NIPH €€ aHEBPU3MAaX Pa3HOTO
MPOUCXOXKICHUS B HACTOSIIEE BPEMS aKTUBHO U3YJaOTCA.
IToka3aHo, 4TO B MOP()O(DYHKINOHATBHBIX U3MEHEHUAX
MEJIUH A0PThI 3HAYUTEIBHYIO POJIb UTPAET MATOJIOTHS U e¢
MBIIIEYHO-AIACTHUECKUX €AUHHUI], B YACTHOCTHU 3a CUET
CBOEOOPA3HOTO aMUJION 1032 CTEHKH KPYIHBIX apTepHid,
B 9TOM IIpoliecce IPUHUMAET yJacTHE He TOJIBKO aMUIIOU -
oera (AP), Ho u MFG-ES8 (nmakragrepun — Milk Fat Globule
Epidermal Growth FactorVIII) u ero ¢pparment Medin,
cekperupyembie MK cocynos [21, 22].
IIpennonaraercs, uro y nammentos ¢ JJAK I'MK Haxo-
JUITCSI B COCTOSTHUU TaK Ha3bIBAEMOTO SH0TENHATBHO-3ITH-
tenuanbHo-Me3eHxumansHoro (EndMT/EMT) nepexona,
CBSI3aHHOTO C HECTAOUIBHOCTBIO KJIETOUHBIX KOHTAKTOB,
M3MEHEHHEM IOJISIPHOCTH U HMOABUKHOCTHU KJIETOK ITyTEM
peopranuzanuu nutockenera [23]. Hapymenue perymsmum
EndMT/EMT c aktuBanueii curHansHoro mytu NOTCH
BO BpeMs 3MOpHOreHe3a MOTYJIyHHBIX KJIAIIAHOB U BOC-
xonsuiei aopThl y manneHToB ¢ JJAK npuBoaut k He3pe-
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JOCTH ¥ HECTAOMIBHOCTH a0PTHI, KOTOpasi B NANbHEHIIEM
noJ] Bo3JeiicTBreM He(U3NOIOTHUECKONH aCUMMETPHYHON
reMOIMHAMHYECKOW Harpy3KH MOXKET BbI3bIBATh €€ JHia-
tanmio [10, 23]. Kpome toro, y naruenToB ¢ JIAK renst
EndMT/EMT perymupyrorcst ocoobiM HabopoM miRNA,
OTIIMYAIOIIMMCS OT TakoBoro y nauuenToB ¢ TAK, B yacT-
Hoctd MiR-200 perynupyet reasl EndMT/EMT, cneru-
¢uunwie st JIAK, Ho He cBszannsie ¢ TAK [10].

Cumnraercs, yro ais [ MK naunentos ¢ JJAK xapakre-
peH (peHoTun He3aBepLIeHHOH T PepeHINPOBKU CO CHU-
JKEHHEM SKCIPECCUU COKPATUTENbHBIX OEJIKOB, HAITPUMED
aSMA u cMmyTenrHa, o cpaBHeHHIO ¢ narnreHTamu ¢ TAK,
HE3aBUCUMO OT JWJIaTaluu aopTsl [8, 9, 16]. Ananus ce-
kperoma 'MK mMennu aopTsl MALIUEHTOB € €€ AaHEBPU3MOM
C MOMOIIBI0 MacC-CIEKTPOMETPHUHU BBISBUI Pa3auyus
Mexay nmanuentamu ¢ JIAK u TAK no 38 Genkam: B yacT-
HoCTH, y mauneHToB ¢ JJAK monaBieHa skcnpeccusi ceMu
OenkoB, a 30 OeNKOB aKTHBUPOBAHA, B TOM YHUCJE acCo-
LUUUPOBAHHBIX C TPAHCPOPMHUPYIOIIUM (PaKTOPOM pocTa
(TGF)-P [24]. Bonee Toro, uccienoBanue nporeoMa 00-
Pas310B MHTUMBI U MEIUU BOCXO/IAILEH a0PThl y ALIMEHTOB
¢ JAK u TAK o0OHapyXuJI0 U KOJTHYECTBEHHO OTpee-
uIIo 3Kcnpeccuro 2894 GenkoB, KOTOpbIe TPYNIHUPOBA-
JIUCh B JIBa Pa3HBIX KJacTepa, YTO MOATBEPKAAET HATuIle
pasHbIX NpoduiIei IKCIpeccH OEITKOB B CTEHKE aOpPThI
y 3THX mauueHToB [23]. B yacTHOCTH, aOpTa NAllMeHTOB
¢ JJAK xapakTepu3yeTcsi HeCTaOMIBHOCTBIO U MOBBIIIEH-
HOI IPOHULIAEMOCTHIO SHI0TENINATBHOM 0a3aIbHOM MeM-
OpaHbl elle 10 pacUIMpeHHs a0PThl: HU3KOE COMAEpKAHHE
JmaMuHUHA Y1 1 IoIaBIIeHHE SKCTIPECCUH SHI0TENHAIEHOTO
coeaunutensHoro 6enka CD31 (PECAMI), BeposTHo, oc-
nabnsget GYHKINIO SHAOTEIHAIBLHOTO 6apbhepa, B TO BpeMs
Kak y nmanueHToB ¢ TAK sHpoTennii TepsieT HeaoCTHOCTh
o Mepe pacmupeHust aoptel [10].

CHUXEHHUe TIOTHOCTH paciipeleNieH sl vasa vasorum,
3aperucTpUpOBaHHOE B Halledl paboTe y MalMeHTOB
¢ JAK, coBmafaet ¢ JaHHBIMHU PsiZia aBTOPOB, OTMUCHIBAIO-
IIMX 3HAYUTENbHOE TIOJABIICHNE SKCIIPECCHH KITFOUEBbIX
anruoreHssix Qakropos (VEGFA, VEGFC, VEGFRI1,
NRP1, NRP2) y nanuentos ¢ JJAK u nunatupoBaHHOM
aopToii [23], uTo mpeanoiIaraeT NoAaBIeHUE aHTHOTeHe3a
Y 9TUX MAIEeHTOB.

3akmroueHne

V nmanueHToB ¢ ByCTBOPYATHIM aOpTaIbHBIM Kilama-
HOM TOKa3aHMsI K ONIEPaTHBHOMY BMEIIATEILCTBY BO3HH-
KaroT B 00Jiee MOJIOZIOM BO3pacTe MO CPABHEHHIO C MallM-
E€HTaMHU C TPEXCTBOPYATHIM a0PTaTbHBIM KJIAIIAHOM U IIPH
MEHEe BBIPAXKCHHBIX U3MEHEHHUAX MOP(OJOTUH CTCHKU
BOCXOJISIIEH a0PTHI U XapaKTEPHU3YIOTCS XaOTHYHBIM pac-
MOJIOKEHUEM TIIaIKOMBIIICYHBIX KJICTOK, (parMeHTaIIM-
el DIIaCTUYECKUX BOJIOKOH, HAJIMYMEM VasSd VASOrum BO
BHYTPEHHHX OT/ENIaX MEIUU. ITO MOKET CBHUIETEIbCTBO-
BaTh 0 OoJiee BRIPAKEHHON HECOCTOATEILHOCTH CTCHKH
AOPTHI Y TAIIMEHTOB C ABYCTBOPYATHIM A0PTaTbHBIM Kila-
MAaHOM IO CPABHEHHIO C MAIMEHTAMHU ¢ TPEXCTBOPUATHIM
aopTaJbHBIM KJIAMIaHOM U €€ HEeJA0CTaTOYHON afanTaiuu
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K FeMOJIMHAMHYECKOH Meperpys3ke IpH JujiaTaluu co-
cyna. OLeHka U3MEHEHUH HHTUMBI a0PThI, a TAK)KE 0CO-
OeHHOCTe PacroNoKeHUs TIaJKOMBIIIEYHBIX KIIETOK,
(hparMeHTaIUU AIIACTUYECKUX BOJIOKOH, ONpeaeTeHre
WX KOJIMYECTBa, U3ydeHue ¢udpo3a u maTojoruu vasa
vasorum B cpegHeill 000JI0uKe aopThl IPU €€ aHEBpU3ME
MOTYT SIBUTHCS BAXKHBIM I11aTOM K pa3padoTke 00bEeMHOM,
CTEpEOMETPUUYECKOW MOJCIIH CTPOCHHS CTEHKH aOPTHI
B HOpPME U NaTOJIOTUH.
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Abstract. Introduction. Colorectal cancer (CRC) is one of the most common oncological diseases, the patho-
genesis of which is closely associated with the development of inflammation. The study of inflammation
regulation, including the balance of pro- and antiinflammatory cytokines, is a promising topic for research,
allowing for a deeper understanding of the pathogenesis of CRC and improving clinical approaches to the
treatment for and diagnosis of this disease. This study investigates the altered secretion of proinflammatory
cytokines, i.e., TNF-a and IL-1p, in CRC patients, aiming to elucidate immune dysregulation mechanisms.
We sought to investigate the secretion characteristics of pro-inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a) and interleukin-1 beta (IL-1p), in patients with CRC.

Materials and methods. We enrolled 25 newly diagnosed CRC patients and 20 age- and sex-matched cont-
rols. Monocytes were isolated from the peripheral blood of participants using magnetic separation based on
the CD14 marker. The isolated monocytes were cultured and subjected to dual stimulation with bacterial
lipopolysaccharide at 24 hours and 7 days, followed by quantitative measurement of basal and stimulated
cytokine levels using an enzyme-linked immunosorbent assay (ELISA).

Results. We revealed a significant reduction in TNF-a secretion in CRC monocytes after initial LPS stimu-
lation, with no subsequent recovery upon restimulation. In contrast, IL-1f secretion elevated markedly in
CRC patients, particularly after restimulation. These results suggest an impaired TNF-a response and an
exacerbated IL-1f response in CRC, indicating a potential immune tolerance mechanism that may contri-
bute to tumor progression. The distinct cytokine dynamics observed point at complex immune dysregulation
within the CRC microenvironment.

Conclusion. The observed cytokine secretion patterns may indicate immune dysregulation in the microen-
vironment of CRC. Our study underscores the importance of understanding the specific roles of cytokines
in CRC pathogenesis and highlights the potential for targeted therapeutic interventions to modulate these
immune responses. Further research is necessary to explore the underlying signaling pathways and the
broader implications of these findings for CRC treatment strategies. This work provides critical insights into
the pro-inflammatory cytokine profiles in CRC, advancing our understanding of the immune landscape in
cancer and opening new avenues for therapeutic exploration.
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Introduction

Pe3tome. Bseoenue. KonopekranbHbIi pak sSBISETCS OXHUM U3 CaMbIX PacIIpOCTPAHEHHBIX OHKOJIOTHYECKHUX
3a00JIeBaHUM, YeH IMaToreHe3 TECHO CBSA3aH C Pa3BUTHEM BOCHaJeHUs. V3ydeHue peryasnnu BocHajleHus,
B TOM 4Hcie OajlaHca IPOBOCHATUTENBHBIX U IPOTHBOBOCTIAINTEIBHBIX INTOKHHOB, — IIEPCIIEKTUBHAS TEMA
JUISL MICCIIE0BAaHMsI, IO3BOJISIONIAst ITyO)Ke MOHATH NMAaTOTeHE3 KOJIOPEKTAIBHOTO paKka M YIyUIIUTh KINHH-
YECKHE MMOAXOMBI B ICICHUHU U IMATHOCTHKE TOTO 3a00neBaHus. B naHHOl paboTe n3ydeHa ceKpenus npo-
BOCTIAJINTEIBHBIX INTOKUHOB, TAKUX Kak (hakTop Hekposa omyxoneii anbda (TNF-o) n unrepneiikun-1 6era
(IL-1B), y nameHToB ¢ KOJIOPEKTAIBEHBIM PAKOM C LIENBI0 BBISICHEHHSI MEXaHH3Ma MIMMYHHOW JIMCPETYIISIAN.
Mamepuanst u memooul. IIpoBejeHO HccleI0BaHUE 0COOCHHOCTEN CEeKPely NPOBOCHIANUTEIbHBIX U~
TokMHOB — TNF-a 1 IL-1p y manueHToB ¢ KOJIOpEKTaIBHBIM pakoM. B ncciienoBanue ObIIIM BKIIOUESHBI
25 ManueHToB ¢ KOJIOPEKTAIBHBIM pakoM U 20 COMOCTaBUMBIX 110 BO3pAcTy U MOy YYAaCTHUKOB U3 FPYTIIIE
cpaBHeHus. M3 nepudeprueckoil KpoBH y4acTHHKOB METOJIOM MAarHWTHOM cenapanuu 1o mMapkepy CD14
ObUTH BBIJIETICHBI MOHOIIUTHI. MOHOIMTHI KyJIBTHBUPOBAJIH M TIOBEPIIIN JBOHHOMY CTUMYJIHUPOBAHHIO OaK-
TepHaJBbHBIM JHUIONOINCAXapUaoM uepe3 24 yaca U uepe3 7 CyTOK C KOJIMYECTBEHHBIM OINpeeIeHUEM
0a3a’bHBIX U CTUMYJIMPOBAHHBIX YPOBHEW IIMTOKMHOB HMMYHO(EPMEHTHBIM METO/IOM.

Pesynemamei. Pe3ynbsraTsl uccienoBaHus oka3auin 3HAYUTENbHOE CHIkeHue cekpenuu TNF-a B kynsType
MOHOIIMTOB ITOCJIE NIEPBOHAYAILHOTO CTUMYJIMPOBAHHUS JINTIONOJINCAXapHIOM Oe3 ITOCIeyIONIero BoccTa-
HOBJICHHS YPOBHS CEKPELIUH NPH MOBTOpHOU cTiuMyisiiin. Cekpenust IL-1, HarpoTus, Obliia 3HAYNTETHHO
TIOBBIIIEHA Y MAIMEHTOB C KOJIOPEKTAIBEHBIM PAaKOM, 0COOEHHO I0CIE TOBTOPHON CTUMYIISIIAN. DTH PE3yIb-
TaTbl CBUAETENBCTBYIOT 00 M3MEHEHHOM IIMTOKHHOBOM OTBETE, BHIPKAIOIIEMCS] B HCTOILCHUN CEKPEINU
TNF-a u ycunenno# cexperyu [L-1 y manmeHTOB ¢ KOJOPEKTAIBHBIM PAKOM, YTO MOJKET CITIOCOOCTBOBATH
Pa3BUTHIO UIMMYHHOH TOJIEPAHTHOCTHU OMYXOJIH.

3axnouenue. Habnromaemast 0COOCHHOCTD CEKPEIMH IIUTOKMHOB MOXKET YKa3bIBaTh HA UMMYHHYIO JHC-
PETYISILNI0 B MUKPOOKPYXEHUU KOJIOPEKTAIBHOTO paka. Haie nccnenoBanue noguepkuBaeT 3HAYMMOCTb
M3Y4YEHUS POJIM [IUTOKMHOB B MATOT€HEe3¢ KOJOPEKTAIBbHOTO paKa M MOXKET OBITh OCHOBOM JJIsl M3Y4EHUS
TEpaneBTUYECKON KOPPEKIINU U3MEHEHHH UTOKUHOBOIO OTBETA y MAIUEHTOB C KOJIOPEKTAIbHBIM PAKOM.

KnioueBble cj10Ba: KOIOPEKTAIBHBIA pak, IUTOKUHBI, (PAKTOP HEKPO3a OIyXOJIn-aib(a, HHTepIeHKuH- |
Oera, UMMyHHasl TOJIEPAHTHOCTh

s koppecnonaenuuu: Huxonait KorcrantnaoBny Ilaxmassa. E-mail: shakhpazyan@gmail.com

Juas muruposanus: [Mlaxnazsa H.K., Muxanesa JI.M., CagsixoB H.K., bemxansu A.JI., ['moesa 3.B.,
Muxanes A.U., Ileaauxora B.B., Muaubep K.1O., OpexoB A.H. MI3MeHeHHBII TPOBOCTIATUTEIBHBIH ITH-
TOKMHOBBIW OTBET Y MAI[MEHTOB C KOJIOPEKTAJIbHBIM PaKOM Kak MPH3HAK KIMMYHHO# nucperyisinud. Kiun.

sken. Mopdomnorus. 2024;13(4):29-35 (aurt.). DOIL: 10.31088/CEM2024.13.4.29-35.

®unaHcupoBaHue. MccnenoBanye BBIIOIHEHO B paMKaX rOCylapCTBEHHOIO 3aganus Pocculickoil akagemun Hayk Poccuii-
CKOTO Hay4HOI'O IIEHTpa XUpypruu umenu akagemuka b.B. ITerposckoro (Ne FURG-2023-0104, 224013000855-2, FURG-
2024-0027, 124021600057-0).

Crarps mocrymuia 10.06.2024. IToxydena nocie penensupoBanus 19.06.2024. Ilpunsra B neyats 24.06.2024.

volves a multifaceted interplay between genetic, environ-

Colorectal cancer (CRC) represents a significant global — mental, and immunological factors. Central to this process
health burden ranking as the third most common cancer is the tumor microenvironment (TME) which includes vari-
worldwide. The pathogenesis of CRC is complex and in-  ous cellular and molecular components that collectively
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influence cancer progression. Among these components,
inflammation plays a crucial role in both the initiation and
progression of CRC.

Inflammation is increasingly recognized as a key fac-
tor in the development of many cancers, including CRC.
Chronic inflammation in the colon, as seen in conditions
such as inflammatory bowel disease, significantly elevates
the risk of developing CRC [1]. This is largely due to the
persistent presence of pro-inflammatory cytokines, reac-
tive oxygen species, and other mediators that can induce
genetic mutations and promote a favorable environment
for tumorigenesis.

Macrophages, a critical component of the immune sys-
tem, are highly plastic cells capable of adopting various
functional phenotypes in response to environmental sig-
nals. In the context of CRC, macrophages can exhibit either
a pro-inflammatory (M1) or anti-inflammatory (M2) pheno-
type. M1 macrophages are characterized by their ability to
produce high levels of pro-inflammatory cytokines, such as
TNF-a and IL-18, which can promote anti-tumor immunity.
Conversely, M2 macrophages are associated with tissue
repair and immunosuppression, often contributing to tu-
mor growth and metastasis by secreting anti-inflammatory
cytokines and growth factors [2, 3].

The role of macrophage reactivity and cytokine secre-
tion in CRC is of particular interest. Pro-inflammatory
cytokines, including TNF-a and IL-1p, play pivotal roles
in modulating the immune response and influencing the
behavior of other cells within the TME. TNF-a is involved
in promoting inflammation and apoptosis, while IL-1f is
known to enhance the inflammatory response and has been
implicated in contributing to angiogenesis and tumor in-
vasiveness [4, 5].

In CRC, the balance between these cytokines can signi-
ficantly impact disease progression. Dysregulated cytokine
production can lead to chronic inflammation that supports
tumor growth and immune evasion. For instance, elevated
levels of IL-1p have been associated with increased tumor
aggressiveness and poorer prognosis in CRC patients [6].
Similarly, aberrant TNF-a signaling has been linked to both
tumor-promoting and tumor-suppressing effects, depending
on the context and timing of its expression [7, 8].

Understanding the dynamics of cytokine secretion and
macrophage reactivity in CRC is crucial for developing tar-
geted therapies aimed at modulating the immune response.
By elucidating the mechanisms underlying the altered cy-
tokine profiles in CRC patients, we can identify potential
biomarkers for disease progression and therapeutic targets
to improve patient outcomes. This study aimed to provide
insights into specific alterations in TNF-a and IL-1 secre-
tion by monocytes in CRC patients, shedding light on the
complex interplay between inflammation and cancer.

Materials and methods
Study participants

The study encompassed 45 participants: 25 newly di-
agnosed colorectal adenocarcinoma patients and 20 age-
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and sex-matched controls. We excluded subjects with
specific acute and chronic diseases. Only individuals who
had not yet undergone any therapeutic interventions, such
as chemotherapy, or radiation therapy, were included.
All procedures, including comprehensive post-operative
pathomorphological analysis, adhered to the 1975 Helsinki
Declaration and its 2013 update. All stages of the study
comply with the legislation of the Russian Federation and
regulatory documents of the research organization. Written
informed consents were obtained from all participants. The
research protocol No. 8 was approved by the local ethical
committee of the Petrovsky National Research Center of
Surgery on October 20, 2022.

Monocyte culture isolation and double
lipopolysaccharide stimulation assay

Mononuclear cells were isolated from 30-ml blood
samples via Ficoll density gradient centrifugation, fol-
lowed by CD14+ cell immunomagnetic separation using
LS Columns and CD14+ MicroBeads (Miltenyi Biotec
Inc., USA). Isolated CD14+ monocytes were cultured at
1,000,000 cells/ml in X-VIVO serum-free medium (Lonza,
Switzerland) with L-glutamine, gentamicin, and phenol red,
at 37°C and 5% CO:.. Triplicate cultures were established
per patient. Lipopolysaccharides (LPSs) from Escherichia
coli 0111:B4 (Sigma-Aldrich, USA) were used for stimu-
lation at a concentration of 1 pg/ml. Two healthy patients
received LPS on day 1, with the third serving as a control.
Cytokine levels were assessed at 24-hour intervals and after
a medium refresh. Restimulation with LPS occurred in one
healthy individual on day 6. The medium was collected on
day 7 for final cytokine analysis and stored at —70°C until
assayed for TNF-a and IL-1f concentrations.

Measurement of TNF-o. and IL- 1§ concentrations

TNF-a and IL-1B concentrations in the culture medium
were quantified using ELISA kits (Human TNF-alpha/
TNFSF1A DuoSet ELISA and Human IL-1beta/IL-1F2
DuoSet ELISA; R&D Systems Inc., USA). Assessments
included the following figures: 1) basal cytokine levels after
24 hours without LPS (nonstimulated), 2) cytokine levels
after 24 hours of LPS stimulation (first stimulation), 3) ba-
sal cytokine levels on day 7 in cultures not restimulated
with LPS (non-restimulated), and 4) cytokine levels on day
7 following a 24-hour LPS restimulation (restimulation).

Statistical analysis

We performed statistical analysis using SPSS Statistics
v. 26.0. Data distribution and differences between the CRC
and control groups were assessed with the Shapiro-Wilk
test and Mann-Whitney U-test, respectively. Quantitative
results are presented as median and interquartile range.

Results
Table 1 provides characteristics of study participants.
In our study, we aimed to investigate the differential
cytokine responses of blood monocytes in CRC patients
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Table 1| Tabruya 1
Characteristics of study participants | Xapakrepucruka
Y4aCTHHKOB HCCJIeI0BAHUS

Characteristics | Control Group CRC Patients
XapakTepucTHKa (n=20) | 'pynna (n=25) |
CpaBHeHUS MMamuents! ¢ KPP
Age (years) | 58 (56-63) 61 (59-65)
Bospacr (i1et)
Sex, M/F | ITox, M/ 13/7 14/11
CRC Stage: | Cragus KPP

T3NOMO - 12
T3N1aMO - 6
TINOMO - 2
T3N2bMla - 1
T3N1cMO — 1
T4bN2aMO0 - 1
T4bN2bMlc - 1
T4bN2bMO - 1

CRC - colorectal cancer | KPP — konopekTaibHbIil pak

and healthy controls to LPS stimulation. We focused on
TNF-o and IL-1B, given their pivotal roles in modulating
tumor inflammation and their distinct cellular mecha-
nisms [9, 10].

Upon LPS stimulation, we found that monocytes from
CRC patients exhibited an initial secretion of TNF-a, fol-
lowed by an exhaustion in its secretion. Specifically, a lower
basal level was observed after a 7-day culture and minimal
increase upon LPS restimulation (Table 2). Conversely,
IL-1pB secretion showed elevated baseline levels and in-
creased responsiveness to restimulation in CRC patients
(Table 2).

Discussion

Our study elucidates differential cytokine secretion pat-
terns in blood monocytes from CRC patients as compared
to that in healthy controls. Specifically, monocytes in CRC
show an exhaustion in TNF-a secretion and an elevated
IL-1p secretion following LPS stimulation. These cytokines
serve distinct roles in inflammatory processes, regulated via
unique pathways and kinetic profiles [11-13]. We revealed
a marked reduction in TNF-a secretion by monocytes in
CRC patients after initial LPS stimulation, with no signifi-
cant recovery upon restimulation. This suggests a potential
exhaustion or dysfunction of monocytes, which could im-
pair the body’s ability to mount an effective inflammatory

Table 2 | Tabnuya 2

Levels of TNF-a and IL-1p Secretion | YpoBens cexpeuuu TNF-a u IL-1p

Control Group | CRC patients | p (U-test) |
I'pynna cpaBHeHust IMauuents! ¢ KPP p (U-tecT)
TNF-a concentration (pg/ml) | Koruentparms TNF-o (mir/mor)
Level at 24 hours | Nonstimulated | HectumynupoBaHHbIH 135 (89-199) 97 (79-134) 1.0
YpoBeHb uepe3
24 4aca First LPS stimulation | [Tepsast crumymsimms JITIC 3,356 (2,740-5,030) 4,503 (2,532 7,148) 0.222
Level at 7 days | Non-restimulated | HepectumymmipoBaHHBIH 148 (99-169) 4 (2-5) 0.001*
VpoBeHb uepe3
7 nuei Restimulation with LPS | Pectumymsiius JITIC 141 (92-185) 7 (4-9) 0.001*
IL-1P concentration (pg/ml) | KoruenTpamms [L-10 (r/mot)

Level at 24 hours | Nonstimulated | HectumynupoBaHHbIH 114 (66-208) 274 (264-328) 0.001*
VYpoBeHs uepe3
24 aca First LPS stimulation | ITepas ctumyssims JIIIC 984 (856-1,101) 1,258 (1,198-1,581) 0.008*
Level at 7 days | Non-restimulated | HepectumyimipoBaHHBIH 120 (106-147) 187 (175-203) 0.001*
YpoBeHs uepe3
7 nueit Restimulation with LPS | Pectumysstus JITIC 123 (82-148) 248 (215-288) 0.001*

LPS — lipopolysaccharide; CRC — colorectal cancer | JITIC — nmunononucaxapun; KPP — konopexranbHbIH pak.
* Statistically significant difference between the control group and CRC patients | * CTtarucTudecku 3Ha9YUMBIE Pa3IAIAS MEKITY

rpynmnoi cpaBHeHus U nanuenTamu ¢ KPP
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response against tumor cells. The inability to sustain TNF-a
production could facilitate immune evasion by the tumor,
contributing to its progression and metastasis. Conversely,
IL-1p secretion was significantly elevated in colorectal can-
cer patients, especially following restimulation. IL-1 is
known to enhance inflammatory responses and has been im-
plicated in promoting tumor invasiveness and angiogenesis.
The heightened IL-1p levels may reflect a state of chronic
inflammation within the colorectal cancer microenviron-
ment, which could support tumor growth and spread.

The exhaustion of TNF-a secretion could indicate an
impaired proinflammatory response, facilitating immune
evasion by tumor cells. TNF-a plays a dual role in cancer,
potentially promoting antitumor immunity through its in-
flammatory effects, while also being capable of promoting
tumor growth under certain conditions [7, 8]. The inability
of monocytes to sustain TNF-a production in CRC patients
may impair effective immune surveillance and response,
contributing to tumor progression.

The TNF-a pathway, primarily modulated through
NF-«B signaling, is involved in acute inflammation and
cellular survival mechanisms, including apoptosis via Fas
receptors [11].

IL-1PB is a potent proinflammatory cytokine that acti-
vates immune cells and is regulated through the NLRP3 in-
flammasome pathway [10]. In our findings, IL-1p secretion
was significantly elevated in CRC patients, particularly
after restimulation with LPS. This heightened IL-1f level
suggests a state of chronic inflammation within the CRC
microenvironment, which is conducive to tumor growth
and metastasis. IL-1f has been implicated in promoting
angiogenesis, tumor invasiveness, and creating a protu-
morigenic inflammatory milieu [14]. The elevated IL-1§
in CRC patients could thus reflect an environment that
supports cancer cell survival and dissemination.

IL-1B, conversely, activates immune cells and is regu-
lated through the NLRP3 inflammasome pathway [12, 13].
The secretion kinetics of these cytokines are divergent as
well, with TNF-a peaking within 1-2 hours after LPS ex-
posure and IL-1p reaching a peak at 4-6 hours [11-13].

These findings raise questions about altered immune re-
sponses in CRC. Monocytes in CRC patients may undergo
a form of “tolerization,” reducing their efficacy against
tumors and potentially fueling the tumor microenviron-
ment. The abnormal cytokine secretion patterns observed
underscore the complexity of CRC pathogenesis and the
role of chronic inflammation therein.

The altered secretion profiles in CRC potentially align
with the theory that CRC is an inflammation-associated
malignancy. This leads us to several hypotheses that war-
rant further investigation:

1. Acquired immune tolerance in monocytes could serve
as a protective mechanism for tumor cells against
immune attack [15, 16]. This could particularly be
relevant given that IL-1p secretion is elevated in
CRC patients, necessitating a broader cytokine panel
for a complete understanding.
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2. Abnormalities in key signaling pathways such as
NF-xB and MAPK in monocytes could be pivotal
in understanding the observed phenotypes [17].

3. The tumor microenvironment, a dynamic entity
involving various soluble factors and exosomes,
could influence the reduced TNF-a resecretion [18].

4. A depletion in monocyte count in CRC patients could
also contribute to the observed exhaustion of TNF-a
secretion [19].

5. CRC-associated alterations in gut microbiota
and intestinal permeability could be influencing
monocyte interactions and subsequent cytokine
secretion [20].

Collectively, these results and hypotheses open up new
avenues for future research aimed at elucidating the com-
plex interplay between inflammation, immune responses,
and CRC pathogenesis. To fully understand the altered
cytokine dynamics, further research should explore the
signaling pathways involved in TNF-a and IL-1f regula-
tion. Investigating the roles of NF-kB, MAPK, and NLRP3
inflammasome pathways could provide deeper insights
into the molecular mechanisms driving these changes.
Expanding the cytokine panel to include other pro- and
antiinflammatory mediators will help delineate the com-
plex network of immune interactions in CRC. This could
identify additional biomarkers for disease progression and
potential therapeutic targets.

Longitudinal studies assessing cytokine levels through-
out the course of CRC treatment could elucidate their prog-
nostic value and guide the development of personalized
immunotherapy strategies. Monitoring cytokine profiles
may also help predict patient responses to existing therapies
and improve treatment outcomes.

Understanding how the tumor microenvironment influ-
ences monocyte function and cytokine secretion will be
crucial. Factors such as hypoxia, tumor-derived exosomes,
and stromal cell interactions likely play significant roles in
shaping the immune response in CRC.

Conclusion

The altered cytokine response observed in colorec-
tal cancer patients highlights a significant dysregula-
tion in immune function that may contribute to tumor
progression. Our findings underscore the importance of
cytokines, particularly TNF-o and IL-1f, in modulat-
ing the immune landscape within the colorectal cancer
microenvironment.

The observed cytokine profile suggests that monocytes
in colorectal cancer patients may undergo a form of “to-
lerization,” reducing their efficacy in attacking tumor cells
and potentially fostering a more permissive environment
for tumor development. This immune tolerance could be
a strategic adaptation by the tumor to evade immune sur-
veillance.

These results indicate that targeting cytokine respon-
ses could be a viable strategy for colorectal cancer treat-
ment. Modulating the immune response to restore effec-
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tive TNF-a production while controlling excessive IL-13
secretion might improve antitumor immunity and inhibit
tumor progression. Future therapies could focus on rever-
sing monocyte exhaustion and reactivating their proinflam-
matory functions.

In conclusion, this study provides critical insights into
the proinflammatory cytokine profiles in colorectal cancer,
advancing our understanding of the immune dysregulation
associated with cancer progression. These findings expand
possibilities for therapeutic exploration aimed at modu-
lating immune responses to improve patient outcomes in
colorectal cancer.
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Mudopmanus 06 aBTopax

Huxonaii Koncrantunosny 1llaxnassiH — kKaHIMIAaT MEIUIIMHCKUX HAayK, 3aBEIYIOIINI IPYIIIOI MOJIEKYISIPHOW OUOJIOTUH U TCHETUKU
¢ QyHKUMSIMU OMOMETPUH, OMOMEINIIMHEI U OMOMEINIIMHCKOM CTaTUCTHKU pedepeHc-IIeHTpa HHPEKIIHOHHOM U BUPYCHON OHKOIIATOJIOTHU
HUU mopdonoruu yenoseka um. akaa. A.Il. Asupiaa PHIIX um. akan. b.B. Iletposckoro.

JIronmuita MuxaitnoBra Muxaiesa — JOKTOp MEJMIMHCKUX HayK, Ipodeccop, wieH-koppecnonaeHT PAH, aupekrop, 3aBeyromias
naboparopueii knuanueckoir Mmopgonorun HUN mopdonoruu yenoseka um. akan. A.Il. Asusina PHIX um. akan. b.B. [Terposckoro.

Huxonaii KsizumoBuy CapIXxoB — cTapIinii Hay4YHbIH COTPYIHHUK IPYIITEI MOJIEKYJISIPHOW OMOJIIOTHUH Y TEHETUKH C QYHKLIHSMH ONOMETPHH,
OMOMENIIMHBI U OMOMEIMIIMHCKOM CTaTUCTHKU pedpepeHc-LeHTpa HHPEKIMOHHOI U BUpycHO# onkonaronorun HUW mopdomnorun yenoeka
uM. akan. A.IL. ABusina PHIIX um. akan. b.B. IlerpoBckoro.

Apxanuii JlaBperTseBud bemxaHsH — TOKTOp MEAMIIMHCKUX HAYK, 3aBEAYIOIINN OT/eICHNEeM ablOMUHAIBHON XUPYPruy U OHKoIoru 11
(romompokrosoruu u yporunekonorun) PHIX um. akan. B.B. ITerposckoro.

3apuna BnagucnaBoBHa ['MoeBa — KaHAMIAT MEUIIMHCKUX HAyK, 3aBeyIOIIast IEHTPAIbHO aToI0roaHaTOMU4eCckoi aboparopueit

HUWU mopdonoruu yenoseka um. akan. A.Il. Asupiaa PHIIX um. akan. b.B. Iletposckoro.

Anexcanzp MBanoBud Muxases — JOKTOp MEMIMHCKUX HayK, podeccop kadenps! rocnuranbHoi xupypruu Ne 2 PHUMY um. H.U. Tluporosa.
Banentuna BuktopoBna [leuHrKoBa — KaHAWAAT MEIUIIMHCKUX HAYK, CTAPIIMI HAYYHBIH COTPYAHHUK Ja00paToOpun KIMHHYECKOH MOP(OIOrHi
HUWU mopdonoruu yenoseka um. akaa. A.Il. Asipiaa PHIX um. akan. b.B. Iletposckoro.

KoncranTus IOpseBry Munubep — kaHIuAaT MEAUIMHCKUX HAyK, 3aBEIYyIOIIHI Ipymmoil maroMopdonoruu pedepeHc-leHTpa HHPEKIHOHHO
u BupycHoii onkonaronorud HUU mopdonorun uenoseka um. akan. A.Il. Apusina PHIX uM. akaa. B.B. IlerpoBckoro, accucteHT kadeapbl
[IaTOJIOTUYECKOM aHaToMuu MenunuHckoro nHetutyta PYJIH nwm. [Marpuca JlymyMmOBL.

Anexcanap Hukonaesuy OpexoB — JOKTOp OHOIOrMYECKHUX HayK, TPodeccop, ITaBHBIN HAayYHbIH COTPYIHHUK Ta00paTOPHH KICTOUHOI
Y MOJIEKYJISIPHOI ITaToIoruu cepyieuHo-cocyauctoii cucrembl HUW mopgonorun yenoseka M. akaa. A.I1. Apusia PHIIX
nm. akaj. b.B. Ilerposckoro.
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Bnustnne néynpodeHa Ha OCTeOreHHbIe CBOIICTBAa MATPUKCOB,
HeCYLIMX aiecHOBMPYCHbIE€ KOHCTPYKIIMU C rTeHOM BMP2
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Pe3tome. Bgeoenue. PazpaboTka reH-aKTHBHPOBAHHBIX OCTEOIIACTUYECKIX MaTePHUajIoB OTKPHIBAET HOBBIC
BO3MOXHOCTH JUIs 3(pHEKTHBHOTO JICUSHUsI MALUEHTOB ¢ Je(PUIITOM KOCTHON TKaHH.

Mamepuansl u memoosi. ViccnemoBanue MpOBOIMIIH C CTIONB30BAHNEM MYJIBTHIIOTEHTHBIX ME3EHXUMAaIIb-
HBIX CTPOMAJIBHBIX KJIETOK, BBIICTICHHBIX U3 KHUPOBOM TKaHU KPbIC. BRI MOTyYEeHBI MATPUKCH HA OCHOBE
norIakTHAHBIX Tpanya (PLA-rpanyi), kojutareHa I tuna u puOpuHa, IMIIPErHUPOBAHHBIC aJICHOBHPYC-
HBIMH KOHCTPYKITUsIMU ¢ TeHOM BMP2 (Ad-BMP2) u ubynpodenoM. AAre3nto KJIETOK Ha MaTPUKCAX Olle-
HUBAJIA METOIOM CKaHUPYIOIIEH 3JeKTPOHHOW MUKpOCKOHU. KnHETHKyY BBICBOOOXKIECHUS aIeHOBHPYCOB
HCCIICAOBAIA METOIOM CIIeKTpodoTOMEeTpHrH, a HOynpodena — YD-crnexkrpodoromepun. IHGEKTHBHOCT
ocreoreHHON qu(depeHIPOBKH KIIETOK OLIEHUBAJIH 110 IKCIIPECCUH T€HOB OCTEOTEHHBIX MapKepoB Me-
togom [I1[P B pexxume peassHOTO BpeMEeHH, TPOAYKINHU OEIKOB OCTCOMHIyKTOPOB METOAOM UMMYHO]Ep-
MEHTHOTO aHaJIH3a, [0 aKTUBHOCTH ILEIOYHOH (ocdarasbl 1 MUHEpAIN3aI[MK BHEKIETOYHOIO MaTpUKCa
MYJIBTHIIOTEHTHBIX ME3€HXUMAIIBHBIX CTPOMAJIBHBIX KJIETOK, TOJYYSHHBIX U3 )KHPOBOHW TKAHU KPBIC, IIPH
OKpAIIMBAaHUH aJTHM3apPHHOBBIM KPaCHBIM.

Pesynomamur. JlobaBnenne ubymnpodeHa Bo BpeMs TPAHCIYKIIUH MYJIBTUIIOTEHTHBIX ME3CHXUMaJIbHBIX
CTPOMAJIBHBIX KJIETOK, IMOJYYCHHBIX U3 )KHPOBOW TKaHM KPBIC, aJICHOBUpYyCaMu ¢ TeHOM BMP2 He TOJNBKO
croco0cTBOBaIO 3P PEeKTUBHOM JOCTABKE IEEBOTO I'eHa U mpoaykiuuu 6enka BMP-2, Ho u obecnieunBaio
OoJiee BhIpOKEHHYO OCTEOreHHY0 quepeHIMPOBKY KieToK. BrutoueHue nbynpodeHa B cocTaB MaTpUKCOB
Ha ocHoBe PLA-rpanyit, kosutaresa I tuma u pubOprHa MO3BOIHIO0 JOOUTHCS IIUTEIBHOTO BHICBOOOK ICHHSI
mpemnapara u3 Marepuana. Pa3paboranHbie MaTPUKCHI, MIperaupoBadubie Ad-BMP2 u ubynpodenom,
XapaKTEePU3YIOTCs] BRICOKIMH aJr€3MOHHBIMU CBOMCTBaMH. BHPYCHI, BRICBOOOKAAIONINECS 3 MaTPHUKCOB,
3¢ peKTHBHO TPaHCYLIMPOBAIH KIETKH M MHIYLIUPOBAJIN OCTEOreHHYIO (D (HEepeHIIIPOBKY MYJIBTUIIOTEHT-
HBIX ME3CHXHMAJIbHBIX CTPOMABHBIX KJIETOK, IOTYYEHHBIX U3 KUPOBOHM TKAHH KPBHIC.

3axnouenue. T1oy4eHHbIE MATPHUKCHI, COIEPIKAIIINE aICHOBUPYCHBIC KOHCTPYKIIMH ¢ TeHOM BMP2 u uly-
npodeHoM, 00Taar0T OCTEOTeHHBIMI CBOMCTBAMH i/ Vitro ¥ IMEIOT BHICOKHN MOTEHIINAN HCTIONb30BaAHMS
JUTS JIEICHUS KOCTHBIX A€(PEKTOB.

KoaioueBble ciioBa: aJieHOBUPYCHBIE BEKTOPBI, HOynpodeH, KOCTHBII MOpdoreHeTHYeCcKuii OeI0K, MoJIu-
JIaKTU/, KojulareH, puOpuH, octeoreHHas quddepeHunpoBka

s xoppecnonaenuu: Mpuna AnekceesHa Henopy6osa. E-mail: nedorubova.ia@gmail.com

Jist nuropoBanusi: Henopy6osa M.A., UepHomeipuaa B.O., Merneii A.1O., bacuna B.I1., Ky3nenosa B.C.,
Bacunees A.B., I'puropses T.E., 3arockun 0. /1., UYsanyn C.H., Tonpamreiin [[.B., bByxaposa T.b. Biusinue
nbynpogeHa Ha OCTEOTeHHbIE CBOMCTBA MaTPUKCOB, HECYIINX a/ICHOBUPYCHBIE KOHCTPYKIIUH ¢ TeHOM BMP2.
Knmn. sxern. mopdonorust. 2024;13(4):36—46. DOI: 10.31088/CEM2024.13.4.36-46.

®unaHcupoBaHue. MccienoBanue BHINOIHEHO TpH (GUHAHCOBOI noaaepxkke Poccuiickoro HayyHoro ¢onzaa, rpant Ne 21-
75-10147 (B obnacTu UcciIeN0BaHUS CBOMCTB MaTPUKCOB), B paMKax roCyAapCTBEHHOro 3a/ianust MunoopHayku Poccun juist
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Crarbs noctynuia 03.05.2024. Iony4yena nocJie peuensupoBanus 16.05.2024. llpunsta B nevarsb 24.06.2024.

KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 13 Ne 4 2024



OPUTMHAJIDHBIE UICCITEJOBAHNMA

Effect of ibuprofen on osteogenic properties of matrices carrying

adenovirus with the BMP2 gene

ILA. Nedorubova', V.0. Chernomyrdina’?, A.Yu. Meglei'?, V.P. Basina',
V.S. Kuznetsova'?, A.V. Vasilyev'?, T.E. Grigoriev**, Yu.D. Zagoskin®,

S.N. Chvalun’, D.V. Goldshtein', T.B. Bukharova'

I Research Centre for Medical Genetics, Moscow, Russia

2Central Research Institute of Dentistry and Maxillofacial Surgery, Moscow, Russia

3National Research Centre “Kurchatov Institute”, Moscow, Russia
“Moscow Institute of Physics and Technology, Moscow, Russia

Abstract. Introduction. The development of gene-activated osteoplastic materials opens up new opportuni-
ties for effective treatment of patients with bone deficiency.

Materials and methods. The study was carried out using multipotent mesenchymal stromal cells (MSCs)
isolated from adipose tissue of rats. We obtained matrices based on polylactide acid granules (PLA gra-
nules), type I collagen, and fibrin that were impregnated with adenovirus with the BMP2 gene (Ad-BMP2)
and ibuprofen. Cell adhesion on the matrices was assessed with scanning electron microscopy. The release
kinetics of adenoviruses and ibuprofen was studied with spectrophotometry and UV spectrophotometry,
respectively. We used real-time PCR to evaluate the efficiency of osteogenic differentiation of cells with the
expression of genes of osteogenic markers; enzyme-linked immunosorbent assay to assess the production
of proteins; and alizarin red staining to analyze the activity of alkaline phosphatase and the mineralization
of the MSCs extracellular matrix.

Results. The addition of ibuprofen during transduction of MSCs with adenoviruses with the BMP2 gene not
only contributed to the effective delivery of the target gene and production of the BMP-2 protein, but also
ensured more pronounced osteogenic differentiation of cells. The inclusion of ibuprofen in matrices based
on PLA granules, type I collagen, and fibrin made it possible to achieve long-term release of the drug from
the material. The developed matrices impregnated with Ad-BMP2 and ibuprofen are characterized by high
adhesive properties. Viruses released from the matrices effectively transduced cells and induced osteogenic
differentiation of MSCs.

Conclusion. The developed matrices containing adenovirus with the BMP2 gene and ibuprofen have osteo-
genic properties in vitro and a high potential use in the treatment of bone defects.

Keywords: adenoviral vectors, ibuprofen, bone morphogenetic protein, polylactide, collagen, fibrin, osteo-
genic differentiation
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BBenenue

B nacrosiee Bpems pa3paboTka HOBBIX OCTEOIIACTH-
YEeCKMX MaTepHaliOB CTajla OJHUM M3 KIFOYEBBIX HaIlpaB-
JeHu# B 00JaCTH pereHepaTuBHOW MeIULHUHbBI KOCTHOM
TKaHU. MHOrooGeaoM MoAX00M SIBIISETCS UCTIONb30-
BaHME OHOPE30POUPYEMBIX 1 OMOCOBMECTUMBIX MAaTPUKCOB
C BKJIIOYEHHBIMH B HUX T€HETUYECKUMHU KOHCTPYKIMSAMH,
coJepKallMMH TeHbl OeTKOB OCTEOMHIYKTOPOB, B YacT-
HOCTH KOCTHOTO Mop(oreHeTuyeckoro oenka 2 (BMP2).
BMP-2 npexacrapisier co0oif 0CHOBHOHM 0€oK, y4acTBy-
IOLIUI B MpoLecce 0CTeorenesa MyTeM peKpyTHPOBAaHUS
U CTUMYIALUU UG HEPEHITUPOBKU KIETOK KOCTHOM TKa-
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HH [1]. Takue ren-akTuBupoBaHHbIe MaTpukcel (IAM) crio-
COOHBI CTUMYJIUPOBATh PEr€HEPALNIO KOCTH, aKTHBUPYS
€CTEeCTBEHHbIE MEXaHU3MbI OCTEOTEHHOU Au(PepeHIIn-
POBKH KIIETOK.

Hnsa nocraBku rena BMP2 B KJIeTKU MOTYT OBITh UC-
MOJIb30BAHBI PAa3JINYHbIE BUPYCHBIE U HEBUPYCHBIE BEKTO-
PBL, Cpeay KOTOPBIX aJIeHOBUPYCHI UMEIOT HauOOBbIIHHA
MOTEHIM Al KIMHUYECKOTO MPUMEHEHUS MPH JICYSHUH 3a-
OoneBanuii kocTHOH TkaHU. K mpenmyiecTBaM BEKTOPOB
Ha OCHOBE aJIECHOBUPYCOB OTHOCSTCS BBICOKAs d(PPEKTHB-
HOCTb JIOCTaBKU TPAHCTEHA, BOBMOXXHOCTh TPAHCIYKIHH
JNeNAIIUXCS U HeAeNAIUXCA KISTOYHBIX MOMYISLUH,
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OosblIas nakyrouast eMKocTb. [IpoHuKas B KJIETKH, OHU
HAXOJATCS B siApE B BUJIE MIHMCOMBI, CBOIS K MUHHUMYMY
PHUCK BOZHUKHOBEHHUSI HHCEPLIMOHHOI'O MyTarenesa u o0e-
CIieuMBasi BpEMEHHYIO 3KCIPECCHUIO TeHa, YTO SBISAETCA
MPEANOYTUTENBHBIM IPH pa3paboTke METOAOB JICUEHHS JIe-
(unura kocTHOH TKauu [2]. OcHOBHAs MpobieMa UCTIONb-
30BaHMs aIEHOBUPYCHBIX KOHCTPYKIMKA — BOSHUKHOBEHHE
MMMYHHOU peaKkIy Ha BEKTOP U, CIIe0BaTEIbHO, CHIKE-
Hue 3((EKTUBHOCTHU TEPANUU U BOSHUKHOBEHHUE HEXea-
TeNbHBIX MOO0UHBIX 3 dexToB [3]. JoOUThCA CHUXKEHUSA
MMMYHOTE€HHOCTH a/ICHOBUPYCOB MOXKHO 32 CUET PUMEHe-
HUsI HECTEPOUIHBIX IPOTUBOBOCTIANUTEIBHBIX MPENapaToB
(HIIBII). Kpome Toro, ecTh JaHHBIE, CBHETEIbCTBYIOIINE
o ToM, uto HIIBII HE3HAUNTENBHO TOBHIIIAIOT AaKTUBHOCTh
menouHoi pocdarassl u 0Opa3oBanue Kowiarena | Tumna
Ha paHHe# cTaaun TUQPEepeHIUPOBKU KyIbTUBUPYEMbIX
0CTE001aCTOB, YTO MOKET MOBJIHATH HA MUHEPAIN3ALIUI0
KOCTH BO BpeMsl pereHepainuu [4]. B HacTosiee Bpems
HauOonee nepcrnekTuBHbIM HIIBIT siBnsieTcs nubynpoden
(Ibu), neiicTBre KOTOPOrO OCHOBAHO HA HECEJIEKTHBHOM
uHrHOupoBanuu 1ukinookcurenas (LIOI), yto npuBogut
K CHM)KEHHUIO CUHTE3a MPOCTAIIaHJUHOB U MPENSTCTBYET
Pa3BUTHIO BOCTIAJIUTEIHLHOTO TIporiecca [S].

E1te oqHUM MOAX0I0M K CHUKEHUIO PEaKIIUU OPTaHu3-
Ma Ha BUPYCBI MOXKET OBITh BKIIIOUEHHE aJCHOBUPYCHBIX
BEKTOPOB BHYTPb MaTPUI-HOCUTENEH, TPYAHOIOCTYITHBIX
JUISI IMMYHHBIX KJIETOK [6], MM JocTaBKa TpaHCIyLUPO-
BaHHBIX KJIETOK B COCTaBE TKAHEHMH)KEHEPHBIX KOHCTPYK-
uuit [7]. Hapsimy ¢ 9TUM HCMONIB30BaHHE MAaTPUKCOB Oy-
JeT 00ecreynBaTh JOKaJIbHYIO IOCTABKY T€HETHUYECKUX
BEKTOPOB B 001acTh KOCTHOTO Aedekrta. s momydeHus
MaTPHUKCOB MOT'YT OBITh HCIIOJIB30BaHbI TPUPOAHBIC U CUH-
TeTh4YecKue nonumepsl. [Ipu pazpaboTke METOA0B JIeUeHHs
3a00JIeBaHMid, CBSI3aHHBIX C AC(PHUIIMTOM KOCTHOW TKaHH,
BaXXHO, YTOOBI Marepuaibl 00JIafalu ONTUMAJIbHBIMU
MEXaHUYECKHMHU CBONCTBaMHU, ObLIH OMOCOBMECTUMBIMU
u 6uozerpaaupyemMsimMi [8, 9]. HeobxoanmsIMu kauecTBa-
MU 00J1a/1al0T MaTPHUKCHl Ha ocHOBe monmiaktuaa (PLA),
CKOPOCTh OMoJIerpaalui KOTOPbIX COOTBETCTBYET BpeMe-
HU BOCCTAHOBJICHHUS KOCTHOM TKaHH, & MPOYKThI THPOJIH-
33 €CTECTBEHHBIM 00pa30M BBIBOASTCSA U3 opranusma [10].
OCHOBHOI HEZOCTAaTOK MaTPUKCOB Ha OCHOBE TpaHyl
PLA — HecnocoOHOCTh MaTepuana CoXpaHsaTh Gopmy, mo-
3TOMY J0OABIEHUE B KaUeCTBE CBA3YIOIIEr0 KOMIIOHEHTa
Pa3IUYHBIX TUAPOTENEH MO3BOJIUT 3aMETHO yBEIHYUTH
KaK MEXaHU4eCKHe CBOWCTBA MaTEPUANIOB, TAK U CIIOCO0-
HOCTh K MOJEIUPOBAHUIO IPU MUMILIaHTAaMKU. B TO ke
BpeMsI HEHAIOJIHEHHbBIE TPaHyIaMU THAPOTENH 00JIagaroT
HEBBICOKUMH MOJIYJISIMH YIIPYTOCTH U HE 00€CTIeYHBAIOT
HeoOxonumyro octeokoHaykiuio. Kommaren I tuna (Col)
IpeJcTaBIseT HauOONIBIINHI HHTEpEC IS pa3paboTKu
OCTEOIIACTUYECKIX MaTepUajoB, MOCKOIbKY SBISETCS
OJTHUM M3 OCHOBHBIX KOMIIOHEHTOB KOCTH, & MPOJIYKTHI
€ro pasJIoKEeHUsS MOTYT Y4acTBOBATH B CHHTE3€ HOBOTO
KocTHOTo Marpukca [11]. Hapany ¢ 3TUM IepcreKTUBHO
UCTIONb30BaTh (PMOPHUHOBBIN THAPOTENb HA OCHOBE IJIa3MBl,
oborameHHo# TpomborTamu (platelet-rich plasma, PRP),
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KOTOpast MOXKET OBITh HONTy4eHa y MalMeHTa U XapakTe-
pHu3yeTcsl BBICOKOH OmocoBMecTUMOCThI0. Kpome Toro,
PRP ciykuT MCTOUHUKOM HEOOXOAMMBIX JIJIsi pereHepa-
IIM KOMIIOHEHTOB, TAKUX KaK IATOKUHBI, (PaKTOPHI pOCTa
¥ aHTHoTreHHbIe (akTopsl [ 12]. Marpukcs Ha ocHoBe PLA-
rpaHya 1 GHOPUHOBOTO T'HAPOTENs, HIMIPETHUPOBAHHBIC
aJICHOBUPYCHBIMU KOHCTPYKLUAMU ¢ reHoM BMP2 [13],
MIOKA3aJIi BBICOKYIO 3((EKTUBHOCTE in Vivo Ha MOJEIHN
KPUTHIECKOTO Jie(heKTa TeMEHHBIX KocTel Kpbic. Kommaren
B COCTaBE MATPUKCOB MOXET CIIOCOOCTBOBATH Oojiee BHI-
PaKEHHOMY pelapaTUBHOMY OCTCOTCHE3Y.

Lenb HacTOsIIIIEH pabOTHI — MCCIIEIOBATH BIUSHUE HOY-
npodena Ha cBoiictBa [AM Ha ocHOBe kosuTareH-pudpu-
HoBoro ruzaporens u PLA-rpanymn, conepxanux aieHOBH-
pYCHBIE KOHCTPYKLUM ¢ TeHOM BMP2, in vitro.

Marepuanbl 1 METOABI

HccnenoBanue npoBOAWIN C UCTIONB30BAHUEM MYJIb-
TUIIOTEHTHBIX ME3EHXUMAaJbHBIX CTPOMAJIbHBIX KJIETOK,
MOJIy4YEHHBIX U3 )XupoBoi Tkanu kpeic (MMCK XT).
MaHuyasIuH ¢ )KUBOTHBIME OBLTH OOOPEHBI JIOKATb-
HBIM 3THYECKUM KOMHUTETOM CeueHOBCKOIO YHUBEPCUTETA
(PRC-079 o1 06.04.2021). )KupoByto TKaHb HOCIIE BbIE-
neHus nomeianu B cpeny JMEM («ITanDxo», Poccus),
cogepxamyto 1 mr/ma uedazonuna («buocunresy,
Poccus), nepenocunu B vamku llerpu, usmenbya-
nu u pobasnsanu 0,1% pactBopa kosnarenassl | Tuma
(«ITanBko», Poccus) B cpene AMEM c nedazonuHoOM.
M3menbueHHy0 TKaHb HHKYyOUpoBanu 1,5 yaca npu Tem-
neparype +37°C, BcrpsaxuBas kaxabie 15 munyT. Kitetku
ocaxaanu ueHTpudyrupoBanueM B teuyeHue 10 MUHYT
(1100 06./Mun) npu 15°C, BriceBanu B yamku [letpu
u KynbTHBHpOBanu npu 37°C B armocdepe 5% CO,
B pocrtoBoii cpene JIMEM/F12 («IlauDxo», Poccus),
cogepxkamiei 10% 3MOpHOHATBEHOU TENSYbEi CHIBOPOT-
ku (OTC, Biosera, ®pannus), 0,584 mr/mi L-rmyramuna
(«TauDko», Poccus), 5000 en./myn meHUIUIIHHA
(«ITaudko», Poccus) u 5000 MKT/MI CTpenTOMUIIMHA
(«ITan3Dko», Poccus). TpaHCAYKIMIO KJIETOK MPOBOAU-
mu B cpene IMEM/F12 ¢ antubuorukamu u 2% 3TC
B TeueHue 24 yacoB. Jlajee KIETKH KyJIbTHUBUPOBAIU
B cpene, conepxarnieit JIMEM, 10% OTC, 0,584 mr/mn
L-rnyramuna, 0,05 mr/mn L-ackopOMHOBON KHUCIOTHI
(Sigma, CIIIA), 2,16 mr/mn B-riuuepodocdara (Sigma,
CIIIA), 5000 en./mn nenurmuaa 1 5000 MKr/mMiI cTpern-
tomunuHa, pu 37°C u 5% CO.,.

B kauecTBe MaTpHul-HOCUTENEH ISl aI€HOBUPYCHBIX
KOHCTPYKIIHMI ¢ reHoM BMP2 denoBeka u uoynpodena
(Ibu) ucnonb30BaaM MaTPUKCHI HA OCHOBE MOJIMJIAKTHIHBIX
rpanyn (PLA-rpanyn), komtarena I tuna (Col, < UMTEK»,
Poccus) n pubdpuna, nomydennoro u3 PRP kpeic. PLA-
rpaHyibl ObLIM U3TOTOBJIEHBI U3 MOJHU-L-akTHaa ¢ Mose-
KyssipHoii Maccoit 200 x/la (4032D, NatureWorks, CILIA)
METOZIOM PaclbUICHUs paCTBOPA B KPUOBAHHY U HOCTIETY-
o1eit muoduIsHOH cykoi. s popmupoBaHus MI0THO-
ro (UOPUHOBOTO CTYCTKA K TIOJIy4Y€HHOM 110 paHee OMHUCaH-
Hoii metoauke PRP [13] no6apnsun Tpom6un (100 NIH,
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PZ Cormay, ITonpma) B 10% pacTBope XJiopuaa KaiabLus
(«Muxporen», Poccus).

AJIEeHOBUPYCHBIE KOHCTPYKLHMHU B KOHLIEHTPaLHUHU
1280 TCID50/min u Ibu B koHIeHTpanuu 1,25 Mr/mi 1o
OTAEIbHOCTU UMIIPETHUPOBAIIM B HOpUCThIe PLA-rpanyIisl
B TeueHue | yaca, oclie 4ero CMEeInBalIi C KOJUIareéHOBBIM
rugporesnem, nodasisi PRP u i nonuMepusannu pact-
BOp TPOMOHMHA B XJIOPUAE KaJIbIIHA.

[ olleHKN aATe3uOHHBIX CBOICTB MAaTPUKCOB IO
oxoH4uaHuu KynbruBUpoBanus MMCK KT Ha ux mo-
BEPXHOCTH KJIETKH (PUKCHpOBaNu B 2,5% pacTBope riy-
tapoBoro ansaeruja (Panreac, CLLIA) B Teuenue 12 yacos
npu Temreparype +4°C, 3atem npombiBanu B PBS u ne-
rugparupoBanu npu 4°C B 6aTapee BOIHBIX pacTBOPOB
sranona: 50%, 75%, 80%, 90% u B aOCONIOTHOM 3TaHOJIE.
[Tocune 3Toro 06pa3ibl BEICYLIHBAIN HAa BO3LYyXE U HUCCIIe-
JIOBaJIi METOJOM CKaHHUPYIOLIEH 3JIEeKTPOHHONH MHUKPO-
ckoruu (COM) ¢ yckopstomuM HamnpsibkeHueM 15 kB
¢ ucnonp3oBanueM Mukpockona Phenom ProX (Phenom,
Hunepnannesrn).

Jn OLleHKH KMHETHKHU BHICBOOOXKIEHUS aJleHOBUPYC-
HBIX KOHCTPYKIHUI U3 MaTPUKCOB UX MOMEINAJIU B MPO-
Ooupku ¢ 2 ma pusnonoruyeckoro pactsopa («ITanDxo»,
Poccust) u maKyOMpoBaiu B Te4eHue 28 CyToK, 0TOUpas
o 100 MkJ1 pacTBOpa Kaxable 3 CyTOK. AJIMKBOTBI XpaHH-
1 ipu Temiepatype —80°C. 3areM BBIAENISAIN BUPYCHYIO
JHK ¢ nomomipto Habopa QIAamp MinElute Virus Spin
Kit (Qiagen, ['epMaHus) corlacHO HUHCTPYKLUHU TPOU3-
BOJAMTEI U OLUEHUBAJIN KOHLIEHTpauuto BupycHoil JJTHK
Ha cnekrpodoromerpe Nano Drop OneC (Thermo Fisher
Scientific, CIIIA) npu 260 HM.

Kunetuky BoicBOOOXKAeHUS Ibu n3 MaTpukcos B ¢u-
3MOJIOTUYECKUN PACTBOP OMPEAEIISUIH 0 OLEHKE MOTIIO-
meHust pactBopa ubynpogena mpu 264 um YD-crekTpo-
(hoTOMETpUH C HCIOJB30BAHUEM CHEKTPOPOTOMETpa
Cary 50 (Varian, CIIIA).

OPUTMHAJIDHBIE UICCITEJOBAHNMA

OTHOCUTENBHYIO AKCIIpEeCcCHI0 TeHa BMP2 uenoBeka
HocIe TPAHCAYKIUY KIETOK aIeHOBUPYCHBIMU BEKTOPaMU
U T€HOB OCTCOT'CHHBIX MapKEPOB, SKCIPECCUPYIOIUXCS
B MMCK XT xpsic (RunX2, Sppl n Alpl), onenusanu
metozom I1LIP B pexxume peansrHoro Bpemenu (ITL[P-PB).
s atoro u3 ki1eTok Beiaessin ooy PHK ¢ momomibto
Habopa RNeasy Plus Mini kit (Qiagen, I'epmanust), mpoBo-
numu cunrtes kJIHK na marpune PHK ¢ ucnonb3oBanuem
RevertAid (Thermo Scientific, 'epmanust) cornacHo mpo-
Tokonam npousBonutens. [TI[P-PB mpoBogunu B Tepmo-
muknepe Bio-Rad iQ Cycler (Bio-Rad, CIIIA) ¢ ucnons-
30BaHMEM MHTepKanupytomero kpacutenst SYBR Green
I («EBporen», Poccust). YpoBuu skxcnipeccun MPHK ana-
JU3UPYEMBIX T€HOB OB HOPMHPOBAHBI HA CPEIHUE 3HA-
YeHUs dKcIpeccuu pedepeHcHbIx reHoB Glyceraldehyde
3-phosphate dehydrogenase (Gapdh) n Actin-p (Actp).
HyxneoTunHble MOCIEAOBATEIBHOCTH HCIOIB3YEMBIX
IpaitMepoB MPHUBEACHEI B Ta0IHUIIE.

OneHKy MPOIyKIMK OeJTKOB OCTeMHAYKTOpOoB (BMP-2,
Alpl) B cynepHaTanTe MpOBOIMWIN METOIOM HUMMYyHO]Ep-
MenTHoro aHanuza (MDA). Cpeny cobupanu Ha NpoOTs-
>KEHUU BCETO CPOKa M XpaHuiau mpu Temneparype —80°C.
3areM pacTBOp Oeiaka KOHILEHTPUPOBANIH Ha LEHTPHU-
¢yxHubBIX duneTpax Amicon (Merck Millipore, CIIIA)
W HCCTIeIOBAIM C UCTIONb30BaHMEM HaOopoB Quantikine
Elisa kit (R&D Systems, CIIIA) u Elisa kit (Cloud-Clone
Corp., KHP) cornacHo MHCTpYKIHSIM MPOU3BOJUTENCH.
M3mepeHust MpOBOIMWIN HA IJIAHIIETHOM CIEKTPOQOTO-
metpe xMark (Bio-Rad, CIIIA).

AKTUBHOCTB IIeTIOYHOH (hocdaTasbl OMpeAeIsiIN B KIle-
TOYHBIX JIU3aTax C IOMOIII0 Habopa Quantitative Alkaline
Phosphatase ES Characterization Kit (Merck Millipore,
CIA) cornmacHO HHCTPYKIUH ITPOM3BOANUTEIIS.

s o6Hapyxenus murepanuzaiun BKM MMCK XXT
KJIETKH, (PUKCUPOBAHHBIC OXJIaXIeHHBIM 70% 3TaHOIOM,
ObUTH OKpaIeHB! 2% BOAHBIM PACTBOPOM JIN3aPHHOBOTO

Tabnuya | Table

IocnenoBarensHOCTH MpaiiMepoB | Primer sequences

I'en | Gene

IMocnenoBareabHOCTh HYK1€0THI0B | Nucleotide sequence

for GAGATTACTGCCCTGGCTCC

Actf

rev GCTCAGTAACAGTCCGCCTA

for TGCCTACTTGTGTGGCGTGA

Alpl

rev CGTGACCTCGTTCCCCTGAG

for ACTACCAGAAACGAGTGGGAA
rev GCATCTGTTCTCGGAAAACCT

BMP2

for GACGATGACGACGGAGACC

Sppl

rev TGGCAGTGAAGGACTCATCA

for ACAACAGAGGGCACAAGTTCTAT
rev CTGCACTGAAGAGGCTGTTTG

RunX2

for GCGAGATCCCGCTAACATCA

Gapdh

KIIMHUYECKAA 1 SKCITEPMMEHTAJTIbHASA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

rev CCCTTCCACGATGCCAAAGT
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kpacHoro (Sigma-Aldrich, CILIA) pH=4,1 B Teuenue 5 mu-
HyT. Janee MMCK XT npomsbiBaiu IUCTHIUIMPOBAHHON
BOJIOI OT HECBA3ABILErOCs KPAaCUTENs U MOIydalld HU30-
OpakeHus C MOMOIIBIO CBETOBOM MUKPOCKOIHH.

Cratuctuueckyro o0pabOTKy NaHHBIX MPOBOIH-
mu B mporpamme SigmaPlot 12.0 (SYSTAT Software,
CIIIA). B xaxpaoii rpymnme OblJI0 HE MEHee IIeCTH Ouo-
JOTUYECKHUX MOBTOPOB, PE3yIbTaThl MPEICTaBICHBI
B BUJIE CpeJHeet+CcTaHIapTHOe OTKIoHeHue. i ompe-
JeNIeHHs] BUJa paclpelelieHus] UCI0JIb30BaIN KpUTe-
puit Kommoroposa—CmupHoBa. {5 monapHoro cpaBHe-
HUS TPYII UCHOJB30BaNU t-KpuTepuil CThIOAeHTa WK
U-kputepuit ManHa—YutHu. J{J11 MHOKECTBEHHOTO CPaB-
HEHUs TPYII IPUMEHAIN TUCTIEPCUOHHBIN aHanu3 One
Way ANOVA Holm-Sidak Tect. Paznuuus mexnay rpyn-
MaM# CYUTAIIUCH CTATUCTHYECKU 3HAYUMBIMHU NIPH YPOBHE
Hmxe 5% (p<0,05).

PesynbraThl

Ioxkazano, uro Tpancaykiust MMCK KT Ad-BMP2
NPUBOJMIIA K YBEJIMUYEHHUIO SKCIIPECCHH LI€JIEBOTO T'eHa
B 1042453 pa3a no cpaBHEHHIO C KOHTPOJIbHBIMH, HE-
TPaHCOYIUPOBAHHBIMU KieTKamu. [Ipogyknus Oenka
BMP-2 kjeTkaMu Takxe CyIeCTBEHHO YBEIUYHBAIACh
u yepes 14 cytok cocrapisuta 210,6+3,0 nr/mi. [Tpu atom
nobapienue K kietkam Ibu B konnentpanuu 0,125 mr/mi
MIPUBOIUIIO K MOBBIICHUIO 3 (PEKTUBHOCTH TPAHCIYKIIUN
MMCK XT: otHOCuTeNnbHas Kkcnpeccus BMP2 B kiert-
Kax B 3TOM ciydae yBeauuuBajack B 1158+23 pasa mo
CPaBHEHUIO C KOHTPOJIEM, a IPOAYKIMA OeJIKa COCTaBIIsIIA
26143 nr/mn (puc. 1).

UYepes 14 cytok nocne tpancaykiun MMCK XT Ad-
BMP2 6e3 no6asnenus Ibu u ¢ nob6asnenuem Ibu nabiro-
nanack 3¢ dekTuBHas octeoreHHas nuddepeHunpoBka
KJ1eToK (puc. 2). [TokazaHo yBeln4eHHE SKCIPECCUH TEHOB
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Puc. 1. Bnusuue Ibu Ha ageHoBupycHyto Tpancaykiuo MMCK XKT.

RunX2wu Sppl 8 5,2+1,1 u 3,4+0,1 pa3za, COOTBETCTBEHHO,
st Ad-BMP2 u B 7,6+0,6 u 9,140,3 paza, COOTBETCTBEH-
Ho, 1t Ad-BMP2 + Tbu. Kpowme toro, B Tpancayuupo-
BaHHBIX KJIETKaX OOHapy>KEHO yBEIMYEHUE aKTUBHOCTHU
Alpl B 2,3+0,1 paza qyis AABMP2 u B 2,940,1 pa3za mocine
nobasnenust Ad-BMP2 + Ibu o cpaBHEHHIO ¢ KOHTPOJIEM.

3areMm Obumu nmomyudeHsl AM, cocrosimue u3z PLA-
rpaHyi, kojuiareHa | tuna u ¢udpruHOBOTO THUApPOTENS
Ha ocHoBe PRP (Mat). B xauectBe neno Ibu u anenosu-
PYCHBIX KOHCTPYKUUI OBbUIH BBIOPAaHBI BBICOKOTIOPHCTHIE
PLA-rpanynsl. Bxitouenue Ibu B PLA-rpanyinsl npuBonu-
JI0 K ero ObICTPOMY BBICBOOOXKICHHIO: yKe uepe3 1 cyTku
B pacTBope Habmoaanock okono 40% Ibu, a k 7-M cyT-
kaM 90%. [Ipu 3TOoM cMelrBaHUe TpaHyll ¢ TUAPOTeIeM
croco0cTBOBaAJIO Oonee MeyIeHHOMY BhIxoy Ibu. 13 Mat
gyepe3 1 cyTku BBICBOOOXKIANIOCH 0Koslo 15% Ibu, a mon-
HOE BBICBOOOXKIICHHE NMPOUCXOIIIO TONBKO depes 4 He-
nenu (puc. 3 A). Taxxe onenunu BiusiHue [bu B coctase
MaTpHUKCOB Ha KWHETUKY BHICBOOOKIEHHS aJICHOBUPYCHBIX
KOHCTpYyKIMii u3 Mat. B TeueHue nepBeIx 7 CyTOK He ObLIO
BBISIBJICHO 3HAYMMBIX Pa3IHunuii B KHHETUKE BBICBOOOXK-
nenust AABMP2 u3 marpukcoB ¢ BkiItoueHHeM Ibu u 6e3
Hero. OxHako yepe3 10 cyTok HaOmMOAaN0Ch yBEeNIUYCHHE
CKOPOCTH BBICBOOOXKICHHSI aJICHOBUPYCHBIX YACTHUIl U3
Mat-Ad-BMP2 + Ibu (puc. 3 B).

C nomotpo COM oLeHWIN aare3uOHHbIE CBOMCTBA
MAaTpPUKCOB, UMITperHupoBaHHbx Ad-BMP2 ¢ nobasnenu-
em Ibu u 6e3 mo6asnenus Ibu (puc. 4). [Tokazana BbIco-
Kasi MUITOCOBMECTUMOCTD BCEX MUCCIIEAYEMBbIX MAaTPHUKCOB.
HMnpernamnus aJeHOBUPYCHBIX KOHCTpyKuuit u Ibu He
BIIMSIIA HA aTC3UI0 KJIETOK K MIOBEPXHOCTU MaTepUajIoB
u ux Mopdosnoruro. Yacte MMCK KT pacnnacteiBanacs
Ha nioBepxHocTH PLA-rpanyi, a 4acTb KJIETOK HaXOAMUIACh
B TOJIILE THPOTEJISL, IPU 3TOM KIIETKH UMETIH XapaKTePHYIO
it MMCK nonuroHanbHY0 Gopmy.
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Fig. 1. Ibu effect on adenoviral transduction of MSCs.

A —relative expression of the BMP2 gene. Real-time PCR. B —

BMP-2 protein production. ELISA

* p<0.05 (compared to the control), # p<0.05 (compared to transduced cells without Ibu)
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Cnexrpodoromerpust. D — munepanuzanms BKM MMCK XXT. OkpaiuBaHue aan3apuHOBBIM KpacHbM, X 10
* p<0,05 (1o cpaBHEeHUIO ¢ KOHTpONIeM), # p<0,05 (110 cpaBHEHUIO ¢ TPaHCAYLUPOBAaHHBIMU KieTkamu 0e3 [bu)

Fig. 2.

Ibu effect on osteogenic differentiation of MSCs transduced with Ad-BMP2.

A, B —relative expression of genes of osteogenic markers. Real-time PCR. C — alkaline phosphatase activity. Spectrophotometry.
D — ECM mineralization of MSCs. Alizarin red staining, light microscopy, x10
* p<0.05 (compared to the control), # p<0.05 (compared to transduced cells without Ibu)
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Fig. 3. Release kinetics of Ibu (A) and adenovirus (B) from Mat

TpaHCayIUPYONIYI0 CIIOCOOHOCTh aJeHOBUPYCHBIX
KOHCTPYKIIHI B COCTaBE MaTPUKCOB OLIEHUBAIIH IT0 IKCIIPEC-
CHH 1IeJIeBOTO IeHa M npoaykuuu 6enka BMP-2 (puc. 5).
[Toxazano, uro Ad-BMP2, umnpernuposannsie B Mat,
BBICBOOOXKIAJIMCH U3 MaTPUKCOB U 3 (eKTUBHO TpaHC-
nymmposan MMCK XKT. Yepes 14 cyTtok mocie nHKy0a-
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nuy Kietok ¢ [AM HaOnroaanoce yBeInueHHE SKCIIPEC-
cuu reHa BMP2, npudeM B KJIETKaX, KyIbTUBUPYEMbIX
¢ Mat-Ad-BMP2 + Ibu, 3TOT 1moKa3areib ObLI BEIIIE, YEM
it MMCK KT B npucyrcteun Mat-Ad-BMP2 6e3 Ibu:
B 13,14£0,4 u 14,4+0,3 pa3a, cooTBETCTBEHHO (pHC. 5 A).
Kpowme Toro, Habronanock yBemmdeHre IpoIyKIiy Oelrka
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Fig. 4. Adhesion of MSCs on matrices after 7 days. SEM, x1000, scale bar 80 um
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Fig. 5. Transducing ability of Ad-BMP2 impregnated in Mat.

A — relative expression of the BMP2 gene. Real-time PCR. B — BMP-2 protein production, ELISA
* p<0.05 (compared to Mat), # p<0.05 (compared to Mat-Ad-BMP2 without Ibu)

BMP-2 B kynbrypax MMCK XT npu nnkyOamuu ¢ Mat-
Ad-BMP2 B npucyrcteun Ibu u 6e3 Hero (puc. 5 B). [Ipu
3TOM TaKKe OBLTO OOHAPYKEHO CTATHCTHYCCKH 3HATUMOE
yBesnndeHue npoaykuuu BMP-2, nponyunpyemoro kiert-
KaMH, KOTOphIe KynpTuBUpoBain ¢ Mat-AdBMP2 ¢ Ibu
(387,7£31,5 nr/mi), mo cpaBHenuto ¢ Mat-Ad-BMP2 6e3
Ibu (487,7£1,9 nr/mm).

O} PexTUBHOCTh OCTEOTeHHON AU PEPEHIUPOBKU
MMCK KT nocne unky6anuu ¢ Mat-Ad-BMP2 ¢ Ibu
¥ 0e3 Hero OIEHUBANIU IO AKCIPECCUu reHa Alpl, mpo-
IOYKIIMU U aKTUBHOCTH COOTBETCTBYIOIIETO OENKa M MH-
Hepanu3auuy BHeKkiIeTouHnoro marpukca (BKM) (puc. 6).
[oka3aHo CylIeCTBEHHOE yBEIHUCHHUE SKCIPECCUH TeHa
Alpl B 5,6+0,8 u 10,9£1,0 paza, COOTBETCTBEHHO, IJIs
KJIETOK B IpucyTcTBun Mat-Ad-BMP2 n Mat-Ad-BMP2
+ Ibu (puc. 6 A). Ilpn uaky6anmun MMCK XT c uc-
cinenyeMbiMu 'AM HaOMIOAan0Ch YBETUUCHUE MTPOAYK-
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uuu naHHoro 6enka B 4,6+0,6 pasa mns Mat-Ad-BMP2
u B 5,3+0,5 pasa i Mat-Ad-BMP2 + Ibu o cpaBHeHHIO
C HeakTHBHpOBaHHBIMU Mat (puc. 6 B). Hapsny ¢ stum
oOHapy»keHo yBeianueHne aktuBHocTH Alpl B 3,2+0,1 paza
B KJIETKaX, KOTOpble HHKyOupoBanu ¢ Mat-Ad-BMP2,
u B 3,5+0,2 pa3a ¢ Mat-Ad-BMP2 + Ibu no cpaBHeHHIO
¢ Mat (puc. 6 C). Kpome Toro, Habmoganacr MUHEpa-
mu3arust BKM MMCK KT nocne uHKyOanuu KJeTok
¢ 'AM (puc. 6 D).

O6c¢cyxneHne

AJIIEHOBHPYCHI XOpOIIO ce0sl 3apeKOMEH0BAIN B
TCHHOW Tepamuu, 00JalaloT BEICOKOH 2P PEeKTUBHOCTEIO
TPAHCIYKIUH PA3INIHBIX KIICTOK H ONOOPEHBI IS KJIHHU-
YECKOTo NpUMEHEHus B KauecTBe BakiuH [14]. C yuetom
9TOTO aJICHOBUPYCHBIE BEKTOPHI IPEICTABILIIOT OOJBIION
HHTEpeC MpH pa3paboTke HOBBIX [AM s pereneparyu
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Puc. 6. Octeorennas qudepenimporka MMCK XKT uepes 14 cyrok nocie nukybauuu ¢ Mat-Ad-BMP2 ¢ Ibu u 6e3 Ibu.
A — otHOcuTenbHas skcnpeccus Alpl. TILP-PB. B — npoxykuus Alpl. U®A. C — aktuBHocTs Alpl. CiekrpodoTomeTpusi.
D — munepanuzanus BKM MMCK XT. OkpamrBanue aau3apuHOBBIM KpPaCHBIM, CBETOBasi MUKpOCKomus, X10
* p<0,05 (mo cpaBHeHuto ¢ Mat), # p<0,05 (o cpaBHeHHO ¢ Mat-Ad-BMP2 6e3 Ibu)
Fig. 6. Osteogenic differentiation of MSCs 14 days after incubation with Mat-Ad-BMP2 with and without Ibu.
A — relative expression of A/p/ gene. Real-time PCR. B — Alpl protein production, ELISA. C — Alpl activity. Spectrophotometry.
D — ECM mineralization of MSCs. Alizarin red staining, light microscopy, x10
* p<0.05 (compared to Mat), # p<0.05 (compared to Mat-Ad-BMP2 without Ibu)

KOCTHOH TKaHU. OCHOBHBIM OTrpaHUYEHUEM HCIOJIb30-
BaHUS aJ[CHOBUPYCHBIX KOHCTPYKIIUH MOXKET OBITH HM-
MYHHBIH OTBET OpraHH3Ma, 0COOEHHO MPH MOBTOPHOM
BBe/IcHNH BHpyca. s perieHus 3Toi mpoOIeMbl BEKTO-
PBI HIMITPETHUPOBATH B OMOCOBMECTHMBIC MATPHUKCHI Ha
ocHoBe PLA-rpanyn, xomnarena | tuna u ¢pubpuHOoBOrO
rUIporens u 1o0aBuiu B cocTaB [AM MIMPOKO HCIIONb-
3yemsiid HIIBII — ubynpogen. Panee Ob110 OKa3aHO, 4TO
naky6anus MMCK XKT c¢ Ibu npuBoIuT K MOBBIIICHUIO
JIOJIM KJIETOK, TPaHCAYLHPOBAHHBIX aJ€HOBUPYCHBIMU
KOHCTPYKIUsIMHU ¢ TeHOM GFP [15]. B namteit pabote mo-
6anenne Ibu Bo Bpems Tpancaykunu xietok Ad-BMP2
CII0COOCTBOBAJIO YBEINUSHHUIO SKCIIPECCHH 1IEIEBOTO I'eHa
Y TIPOIYKIHMN OerKa.

Bmusnue HIIBII Ha ocTeoreHHble CBOMCTBA KIETOK
3aBUCHUT OT MEXaHHU3Ma AeUCTBUsS Ipenapara U MOXET
KaK CHIDKATh, TAaK M YCHJIMBAaTh OCTEOTeHHYIO tuddepen-
LUPOBKY KieTok [16, 17]. OgHako B auTeparype HET UH-
bopmarmu o aevicteuu [bu Ha U HEPEHIUPOBKY KIECTOK
IIpU aJICHOBUPYCHOM TpaHcAyKIuU. B Hammem uccnenosa-
HUM OOHapy»XeHo, uTo nobasienue [bu Bo Bpems TpaHc-
nykuuu MMCK XKT cnocoG¢cTByeT Gomnee BhIpaKeHHON
ocTeoreHHou nuddepeHupoBKke kieTok. HecMmotps Ha
TO, 4TO €CTh cooOenus, yro camu HIIBII ¢ HecenekTus-
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HbIM HHrHOMpoBanueM LIOI' cHmkaroT akTBHOCTH Alpl
npeocreobnactoB [18], B maHHON paboTe MOKa3aHO, YTO
npu Tparcaykunn MMCK KT Ad-BMP2 B npucyTcrBin
Ibu aktuBHOCTB Alpl Bo3pacTana 1o cpaBHEHHUIO C TPAHC-
IyLMPOBaHHBIMU KileTkamu Ge3 [bu.

Bricokne 1036l Ibu 0Ka3bIBAIOT IIUTOTOKCUYECKOE
neiicteue Ha MMCK KT [15]. B cBsi3u ¢ aTuMm paszpada-
THIBAIOTCS Pa3IMUHbIE MATPUKCHI JJIsI IPOJIOHTUPOBAH-
Hoit noctaBku Ibu [19, 20], 4TOOBI HCKIIOYUTH PUCK BO3-
HUKHOBEHUS HEXEJIATEIbHBIX MOCIEACTBUI, CBI3aHHBIX
C BBICOKOH J103upoBKo# Ipenapara. Bkimrouenue Ibu B ma-
TPUKCHI Ha ocHOBe PLA-rpanysn, xomnaresa I Tuna u ¢u-
OpHHOBOrO TUAPOreNs MO3BOIUIIO HaM 00eceunTh Oonee
JUIUTENBHOE U IocTeneHHoe BeIcBOOOK nenne HIIBII mo
CPaBHEHMIO C MAaTpPUKCAMM HA OCHOBE XUTO3aHa U HAHO-
YaCTUI] THAPOKCUANATUTA UIH XUTO3aHA U OMOAKTUBHOTO
crekia [19].

AICHOBUPYCHBIE KOHCTPYKILIMHU, BEICBOOOXKIAIOIIHE-
cs u3 'AM, s¢pdexrusno tpancayuupyror MMCK XKT.
In vitro uccienoBaHue OCTEOTCHHBIX CBOMCTB pa3padoTaH-
HbIX '”AM noka3zano, 4To BKIIOYEHUE B COCTaB MaTPUKCOB
Ibu mpUBOIUT K 3HAYMMOMY YBEITHUECHHUIO SKCIIPECCHU T'eHA
Alpl 8 MMCK KT 1o cpaBHEHHIO ¢ KJIETKaMH, KOTOPBIE
uHKyouposamu ¢ Mat-Ad-BMP2 6e3 Ibu, uto MmoxeT ObITh
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CBSI3aHO C TOJIOKHUTENBHBIM BIUsiHHEM Ibu Ha 3 peKTHB-
HOCTb TPAaHCAYKIIMH KJIETOK. MOXHO MTPEIIOJIOKHUTh, YTO
B in VivVo UCCIENIOBaHUSX MaTPUKCHI OYIIyT CIIOCOOCTBOBATH
BBIP2YKEHHOW pereHepaliiy KOCTHOM TKaHH, a BKIFOUSHHBIN
B cocrtaB Ibu OymeT cHHXaTh HMYHHBIH OTBET HAa BUPYC-
HbIE BEKTOPHI ¥ TIOJIOKHUTEIIHHO BIUATH HA TPAHCIYKIIUIO
Ad-BMP2 kneTok-mpeAnecTBEHHUKOB U uX auddepen-
IIUPOBKY B OCTEOOIACTHI.

3akmoueHnne

Taxum 00pa3omM, pa3paboTaHHbIE TeH-aKTUBHPOBAHHEIC
MaTpUKChl, uMnperaupoBannsie Ad-BMP2 1 Ibu, mokazanu
BBICOKYIO ((EKTUBHOCTH B SKCIIEPUMEHTAX N Vitro: OHU
HE OKa3bIBAIOT TOKCHYECKOTO NEHCTBHUS, MOANCPIKHUBAIOT
KJIETOUHYIO a/IF€3UI0 U CIIOCOOCTBYIOT OCTEOTEHHOM Au -
(hepeHIMPOBKE ME3EHXUMAIBHBIX CTPOMAIBHBIX KIETOK,
MOJYYCHHBIX U3 )KUPOBOU TKaHU KphIC. PazpaboranHble
MaTPHUKCHI 00J1aJaf0T BEICOKUM TTIOTCHIHATIOM JIJIs KITHHU-
YEeCKOr0 MPUMCHEHHUS MPH JICYCHUU TAlUEHTOB C Ie(eK-
TaM# KOCTHOH TKaHH.
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Mudopmanus 06 aBTopax

Upuna AnexceeBHa HenopyOoBa — Hay4YHBIH COTPYJHHK J1aOOpaTOPUU FeHETHKH CTBOJIOBBIX KJIETOK MeEINKO-T€HETHYECKOT0 HAyYHOTO LIEHTPa
nmenn akagemuka H.IT. boukosa.

Buxropus OnerosHa YepHOMBbIpANHA — MIIAJIIMHA HAyYHBIH COTPYAHUK 1a00PATOPUU FEHETHKU CTBOJIOBBIX KJIETOK MeANKO-TeHeTH4eCKOro
Hay4HOT0 IIeHTpa nMeHH akagemuka H.IT. Boukosa, Miaammii Hay4HsIi COTpYIHHK OTAena obmieil maronoruu LleHTpanbHOrO HayqHO-
HCCIIEI0BATENBCKOTO HHCTUTYTA CTOMAaTOJIOTUH U YEIIOCTHO-TIMIIEBON XMPYPTHH.

Amnacracus IOpreBHa Memneii — Miammii HayqHbBIH COTPYIHHK JTa00paTOPHX IUTOTCHETHKH MeINKO-TeHeTHIEeCKOr0 HayYHOTO IIEHTpa HMEHU
akazemuka H.I1. boukoBa, Miaaminii HaydHbIH COTPYAHHUK OTAEa 001e maTonoruu L{eHTpanbHOTro Hay4HO-MCCIIeI0BATEIbCKOIO HHCTHTYTA
CTOMATOJIOTMH U YEIIFOCTHO-JIUIIEBOW XUPYPTUH.

Bukropus [1aBnoBHa bacuna — mabopaHT-uccieoBarels 1ab0paTopui TeHETHKU CTBOJIOBBIX KIETOK MeqHKO-TeHETHYECKOTO HayYHOTO [IEHTPa
uMmenu akagemuka H.I1. boukosa.

Banepus Cepreera Kysnenosa — kaHIuIaT MeIUIIMHCKUX HAyK, HAYYHBIH COTPYIHHUK JIAOOPATOPUH TE€HETHKH CTBOJIOBBIX KIETOK
MeMKO-TeHeTHUECKOTr0 HayuyHOro LieHTpa uMeHHn akanemuka H.I1. BoukoBa, crapiuii Hay4HbIit COTPYAHHK OT/iea 001Iei naTonorum
IleHTpanbHOro Hay4YHO-HCCIIE0BATENBECKOTO HHCTUTYTa CTOMATOJIOTUH M YEITIOCTHO-JIUIIEBOW XUPYPIUH.

Amnppeii BsiuecnaBoBuu BacuiibeB — JOKTOp MEIMIIMHCKUX HAYK, TOLCHT, CTAPIINil HAy4YHBIH COTPYJHUK JJaOOPaTOPUU TEHETHKN CTBOJIOBBIX
KJIETOK MeNKO-TeHeTHIeCKOr0 HayyHOTo IIeHTpa nMeHn akaaemuka H.I1. boukoBa, HauaJlbHUK yIIpaBIeHHs HAYYHBIX U 1aOOPaTOPHBIX
uccneoBanuii L{eHTpanbHOro HayYHO-HUCCIe0BaTENbCKOTO HHCTHTYTAa CTOMATOIOTHH U YETIOCTHO-TIMIEBOH XUPYPTHH.

Tumodeit Eprensesuy ['puropbeB — kaHAUAAT (PU3NKO-MAaTEMAaTHUECKUX HAyK, 3aMECTHTEIb PyKOBOAUTES O Hay4yHOl pabore KypuaToBckoro
KOMIUIEKCa HaHO-, OM0-, UH(]O-, KOTHUTHBHBIX U COLIMOTYMAaHUTAPHBIX HAYK U MPUPOAONIONOOHBIX TeXHONOorui HarmonansHoro
HCCIIeI0BATENbCKOrO LeHTpa «KypuaToBCKUi HHCTUTYT», AUPEKTOp PU3TEX-1IKONIBI IPUPOAONIOAOOHBIX, IA3MEHHBIX U SIEPHBIX TEXHOJIOT Ui
umenu 1.B. KypuaroBa MoCKOBCKOTO (pU3HKO-TEXHHYECKOTO HHCTUTYTA.

IOpuii /IMutpreBry 3arocKUH — KaHIUIAaT XUMUYECKUX HAyK, CTApIINi Hay4uHbIH cOTpyIHUK KypuaToBCcKoro komriekca HaHo-, OHO-,
MH(O-, KOTHUTUBHBIX M COLMOTYMAaHNUTAPHBIX HAyK M IIPHPOIONIONOOHBIX TEXHOIOTHI HalmoHanpHOTO HCCIe[0BaTeIbCKOTO IEHTpa
«Kyp4aToBCKUit HHCTUTYT».

Cepreii Hukonaesuu UBanyH — JOKTOp XMMHYECKHX HaykK, npodeccop, wieH-koppecrioneHT PAH, rnaBHbli Hay4YHBII COTPYIHUK
Kypu4aToBcKoro Komiiexkca HaHO-, 610-, HH(}O-, KOTHUTUBHBIX U COIIMOTYMaHUTapHBIX HAYK U IPHPOAONON00HBIX TexHOMOorHi HarnonansHOrO
HCCIIE0BATENbCKOTO IIeHTpa «KypuaToBCKUM HHCTUTYTY.

Jmutpuit Bagumosuy [onbaimTeits — TOKTOp OMONIOrHYecKUX HayK, npodeccop, 3aBeayIoNuil J1abopaTtopreii FeHETHKU CTBOJIOBBIX KIETOK
Menuko-reHeTH4eCKOro Hay4yHoro IeHTpa nMeHu akagemuka H.I1. boukoBa.

Tarbsina boprcoBHa ByxapoBa — kaHqUIAT OMONIOTMYECKUX HAYK, BEAYILHH HAyYHBIH COTPYAHHK JTa0OPATOPHU FEHETHKHU CTBOJIOBBIX KIJIETOK
Menuko-reHeTU4eCKOro Hay4yHoro eHTpa umenu akagemuka H.I1. boukoBa.
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ITatTomopdonornyeckme n3sMeHEeHU s B IETKNX MOPCKOV CBUHKU
NMPpU MOAETUPOBAHUY MHPEKIINY, BBI3BAHHON Pa3INIHbIMU
reHeTn4ecKumMu sapuantamu supyca SARS-CoV-2

A.B. Ilunoeanos, I.A. Kyopos, E.K. Heneea, E.B. Cnupuoonoaa,
B.B. Omuzos, O.B. Ilvanxkos, O.C. Tapanos

OBVYH T'ocynapcTBeHHbIH HayqHBIH LIEHTP BUPYCOJIOruy U GrotexHonornu «Bektop» Pocriorpednanzopa, KonsrioBo HoBocubupcekoit

obnactu, Poccust

Pe3rome. Bgedenue. OCHOBHOM XapaKTEpUCTUKON MATOTEHHOCTH N3y4aeMOTO BUPYyCa SIBISIETCS €ro Croco0-
HOCTB BBI3BIBATh THOENb UYBCTBUTEIBHBIX JTA00PATOPHBIX )KUBOTHBIX. OTCYTCTBHUE JIETABHBIX JabopaTop-
HBIX Moznener nis Bupyca SARS-CoV-2 TpebyeT noucka Ipyrux Moaxoa0B JJIs OLEHKH MaTOr€HHOCTH.
W3y4enue nHPEKIMOHHOTO MpoIiecca B TKaHSX JIETKUX MOPCKHX CBUHOK ITO3BOJISIET BBISIBUTH OCOOCHHOCTH
Y 3aKOHOMEPHOCTH TEUESHHsI 3a00JIeBaHMs, OITPEICINTh 3HAYMMBbIE THCTOJIOTMYECKUE TIPH3HAKU U OCHOBHBIC
KpHUTEpHH NaTOreHHOCTH. Llenblo uccenoBanms ObUIO MPOBEICHNE CPABHUTEILHOTO TATOMOP(OJIOrHYeCKO-
IO UCCIIEIOBAHMS JIETKUX MOPCKUX CBMHOK, MH(DUIIMPOBAHHBIX PA3IMYHBIMUA T€HETHUECKMMHU BapHaHTaMH
SARS-CoV-2, ¢ ucnonb3oBaHreM MeTo1a MOPPOMETPUUECKUX CTaHAAPTH3UPOBAHHBIX KPUTEPHEB.
Mamepuanst u memooul. B skcriepuMeHTe Ha ayTOpETHBIX MOPCKHMX CBHHKaX (1=96) M3y4eHO CTPYKTYPHOE
COCTOSIHUE JIETKUX B 3aBUCHMMOCTH OT narorene3a COVID-19. )KuBoTHble B ciiy4aiiHOM MopsiaKe ObLIH
pa3zesnieHbl Ha CeMb ONBITHBIX TPYII M OAHY KOHTPOJBHYIO IO IIECTh CaMIIOB U IIECTh CAMOK B KaXKJOH.
OnBITHBIE TPYTIIBI OBUIM MHTPaHA3aIbHO HH(UIIMPOBAHBI IITAMMaMHU F€HOBApPUAHTOB YXaHb, alib(a, Oera,
raMma, JeJIbTa U OMUKPOH (ITOCJIEIHUI IpeACTaBleH IBYMs reHeTHuecKuMu JuHusMu — BA.5.2 u EG.5)
Bupyca SARS-CoV-2, )xuBoTHBIM KOHTponbHOU rpymnmbsl BBoauan 0,9% NaCl. JlunaMuky BUpYCHO# Ha-
IPY3KH ONPEessUTH B Ha3aJ bHBIX CMBIBAX I10 MOJIMMEPA3HOH 1IEMTHOM peakiuu ¢ 00paTHOM TPaHCKPHITIHEH
(OT-IIIIP) u undeximonHOMY TUTPY (Ha KyasType KieTok Vero E6). Ha 15-¢ cyTku BBIKMBIITUX KHBOTHBIX
BBIBOJIMJIM M3 DKcriepuMeHTa. [latomopdonornyeckoe uccieqoBaHie POBOIUIN METOJOM ONTHYECKON
MHUKPOCKOIIUH TUCTOJIOTHUECKUX MTPENapaToB JIETKHX.

Pezynomamer. [Ipu rucToOrIueckoM HCCIIETOBAHUN TKAaHEH JIETKOTO MOPCKOM CBUHKH OTMEUYEHO CXOACTBO
MATOJIOTHYECKOT0 MPOoIecca y MOPCKUX CBHHOK U manueHToB ¢ COVID-19, nposieisitomierocs B Buae aud-
(y3HOTO aJTLBEOJISIPHOTO MOBPEXKICHNS. BBISBICHBI JOCTOBEPHBIE PA3IN4MSI 1O Psi Ty HaTOMOP(OIOrHUeCKHUX
MIPU3HAKOB, BEI3BAHHBIX KOPOHABHUPYCOM Pa3HBIX TEHETHUECKHX BapHaHTOB. OIpeieneHHbIi MoppoMeTpu-
YECKUM METOJIOM MaKCHUMYM MaTonorudeckoro neicTBust SARS-CoV-2 Ha TkaHu JieTKUX ObLIT BEI3BaH FeHO-
BapHaHTOM ramma. J{uctenexrassl B JIETKMX MOPCKUX CBUHOK, KaK JOCTOBEPHO Pa3IHYAIOIIUICS [T BCeX
reHoBapuanToB SARS-CoV-2 npu3sHak, CBS3aHHBIN ¢ U30BITOUHOM IMTOKMHOBON aKTHBHOCTBIO, SBIISETCS,
I10 HaIlleMy MHEHHIO, OCHOBHBIM MapKepoM MaToreHHocTH mraMmMoB SARS-CoV-2. AnsBeonspHo-reMoppa-
THYECKUI CHHAPOM XapaKTepeH I BCeX N3yUCHHBIX BApHaHTOB KOPOHABUPYCA, 32 HCKIIOYCHUEM OMHUKPOH
EG.5. I'eneTnueckue IMHUY BaprHaHTa OMUKPOH OKa3bIBalOT MUHUMAJILHOE MAaTOJIOTHYECKOE JEHCTBIE Ha
TKaHHM JIETKHX U HE BBI3BIBAIOT THOEIN MOPCKUX CBUHOK.

3axnouenue. Mopckasi CBUHKa MOXKET IPUMEHSTHCS B KQ4ECTBE pesieBaHTHOM sknBoTHOM Monienin COVID-19.
XapakTep matoMopOJOTHICCKUX U3MCHEHHN JISTKUX 3aBUCUT OT TeHoBapuaHTa Bupyca SARS-CoV-2,
BBI3BIBAIOIINX 3TH U3MEHEHHS.

Kuarouesbie cioBa: SARS-CoV-2, COVID-19, Mmopckasi CBUHKA, JIETKUE, TATOMOP(GOJIOTHSI, TeHETUICCKHE
BapuaHThl SARS-CoV-2
s koppecnonaenuun: Aunpeit Bnagumuposuu [lnnosanos. E-mail: shipovalov_av@vector.nsc.ru

Jas uutupoBanus: [unosamoB A.B., Kynpos I'A., Usnesa E.K., Cnupunonosa E.B., Omuros B.B.,
[esaKOB O.B., Taparos O.C. [Tatomopdomorndeckne n3MeHEHHUS B IETKUX MOPCKOW CBMHKH TIPH MOJIEITH-
poBaHUM MH(EKINHN, BRI3BAHHOW Pa3IMYHBIMH TeHeTHYeCKUMH BapruaHTamu Bupyca SARS-CoV-2. Kimn.
skcrt. mopdosorust. 2024;13(4):47-57. DOI: 10.31088/CEM2024.13.4.47-57.

(Ilmla}lcnposa}me. Pabota BbINOJIHEHA B paMKax rocyaapCTBEHHOTO 6}0}1)KCTH01"0 Q)HHaHCI/IpOBaHI/IS{.
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Pathomorphological changes in lung tissue of guinea pigs in SARS-CoV-2

infection model

A.V. Shipovalov, G.A. Kudrov, E.K. Ivleva, E.V. Spiridonova, V.V. Omigov, O.V. Pyankov, O.S. Taranov

State Research Center of Virology and Biotechnology “Vector”, Koltsovo, Novosibirsk oblast, Russia

Abstract. Introduction. The main characteristic of pathogenicity of SARS-CoV-2 virus is its ability to cause
death in sensitive laboratory animals. The absence of lethal animal infection models requires the search
for other approaches to assess pathogenicity. Studying infectious processes in guinea pig lungs allows us
to identify the features and patterns of the disease, determine significant histological characteristics, and
identify the main pathogenic criteria. We aimed to conduct a comparative pathomorphological study of lung
tissue in guinea pigs infected with various SARS-CoV-2 variants using morphometric standardized criteria.
Materials and methods. We looked at structural changes in the lungs of 96 outbred guinea pigs depending
on COVID-19 pathogenesis. The animals were randomly divided into seven experimental and one control
groups of 6 males and 6 females each. The experimental groups were intranasally infected with the following
SARS-CoV-2 strains: Wuhan, Alpha, Beta, Gamma, Delta, and Omicron (the last one represented by two
genetic lineages BA.5.2 and EG.5). The control group was intranasally injected with 0.9% NaCl. The viral
load over time was determined with RT-PCR on nasal flushes and infection titer (on Vero E6 cell culture).
The animals that survived were removed from the experiment on day 15. Pathomorphological examination
was performed with optical microscopy of histological lung specimens.

Results. We detected diffuse alveolar damage as a similar pathological feature in the lungs of both patients
with COVID-19 and guinea pigs. Significant differences were revealed in the number of pathomorphological
signs caused by various genetic variants of COVID-19. The most considerable pathological effect of SARS-
CoV-2 on lung tissue was caused by the Gamma variant. We suppose guinea pig lung dystelectasis to be the
main marker of pathogenicity of SARS-CoV-2 strains, since this sign differs significantly in SARS-CoV-2
variants and is associated with excessive cytokine activity. Alveolar hemorrhagic syndrome is characteristic
of all the studied coronavirus variants except for Omicron EG.5. The genetic lineages of the omicron variant
have a minimal pathological effect on lung tissue and do not cause death in guinea pigs.

Conclusion. Guinea pig is an appropriate animal for a SARS-CoV-2 model. Pathomorphological changes

in the lungs depend on the SARS-CoV-2 variant causing them.
Keywords: SARS-CoV-2, COVID-19, guinea pig, lungs, pathomorphology, SARS-CoV-2 variants
Corresponding author: Andrey V. Shipovalov. E-mail: shipovalov_av@mail.ru
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BBenenue

3a Bpemsa nannemun COVID-19 3apeructpupoBaHo He-
CKOJIbKO FeHeTH4YeCcKuX BapuanToB Bupyca SARS-CoV-2,
CO3/aI0IINX TOBBIIIEHHBIH PUCK 30POBbIO HACENEHUSI.
MonekynapHO-reHeTHYeCKIE U BUPYCOJIOrH4eCcKre Uc-
CJIeIOBaHUS YKa3bIBaIOT Ha TO, YTO BHOBb BBISBISIEMBIE
TreHeTUYeCKHe TMHUU XapaKTepu3yroTcs Kak OoJiee TpaHc-
MUCCHBHBIE U OJJHOBPEMEHHO MeHee maroreHHsie [1].
B cBa3u ¢ atum 5 masg 2023 rona BecemupHas opraHusa-
1S 3IpaBOOXPAHEHUS] OTMEHMJIA CTAaTyC MaHAEMHUH I
COVID-19 [2]. [Ipu 3ToM 3a00sieBaHUE, BRI3BAHHOE KO-
ponaBupycom SARS-CoV-2, nponoimkaer npeacTaBisITh
Cepbe3HOe UCHBITaHUE AJI1 MUPOBOTO 3/IPaBOOXPAHEHUS
Y Hay4HOTO coobmecTBa. MccnenoBanus OHOIOTHYeCKUX
XapaKTepUCTUK HOBBIX mTaMMOB SARS-CoV-2, Hampas-
JeHHBIe Ha Oojee IIyO0oKoe MOHMMaHUE NaToreHe3a
MH(EKUUH sl OLIEHKU BO3MOXKHBIX PUCKOB YCUJICHUS
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MAaTOT€HHOCTH, OCTAIOTCS aKTyaJbHBIMH U KPUTHYECKU
BaXXHBIMHU [3].

Heo0xonumoe ycioBue moisy4yeHus JOCTOBEPHBIX MIPO-
THOCTUYECKHUX PE3yJIbTaTOB — HCIIOIb30BAHUE KUBOTHBIX
Mozeneld. Ha cerogusiauii eHs pa3paboTaHbl U YCIEITHO
MPUMEHEHBI B JOKIMHUYECKUX UCTBITAHUAX CIIECAYIOIINE
MOJZIEJIH: CUpUICKIE XOMSUKH [4], mpuUMaThl [5], XOpbkH [6]
Y TPaHCT€HHbIE TYMaHU3UPOBAHHBIE MBIIIIH, SKCIIPECCUPY-
IOLI1E YeJIOBEUECKUI aHTMOTEH3UHITpeBpallatouuii dhep-
MeHT 2 [7], 0oJHaKO JIETAJIbHOCTh U Pa3BUTHE TAKEIOr0
3a005IeBaHUs C TOBPEKICHUEM JIETKHX ObUIN MOKa3aHbI
TOJIBKO IS TPAHCTeHHBIX MbIiei [8]. Tem He MeHee BbICO-
Kasi CTOUMOCTb U CJIOKHOCTD MX MOJTyYEeHHUs OTPAaHUYMBAIOT
IIMPOKOE UCIIOIH30BAHUE TAHHON MOJCIH.

Cupuiickue XOMAYKH MPOSBHIH BBICOKYIO BOCIPH-
UMUYUBOCTh K MHpuuuposanuo SARS-CoV-2 u npo-
JeMOHCTPUPOBATU Pa3HOOOPAa3HBIA CIEKTP TAKECTH
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3aboneBanus [4, 9]. Ilpu 3TOM JaHHas MoJelb UMEET
cBOM orpaHnueHus, Takue kak 100% BBI3NOpOBICHHE K
14-m cyTtkam nocie uHbummposanus [10] u cneunpud-
HBI UIMMYHHBIH OTBET Ha S-0€lIOK, HECXOKUI € YesloBe-
yeckuM [11].

NH(exkunoHHy0 MaToIOTUIO IPH OTCYTCTBUU JIETalb-
HOCTH Y U3y4YaeMbIX KUBOTHBIX BO3MOXKHO ONPEIEIHUTD
THCTOJIOTMYECKUMHU METOJJaMH, aHAIU3UPYSI MUKpOIIperna-
partsl TKaHeil terkux. [Ipu 3ToM KapTuHa TaToMopQoIoru-
YEeCKUX U3MEHEHUH UMEET 3HaYUMbIe Pa3Inyusl B 3aBUCH-
MOCTH OT BH/JIa JIAOOPATOPHOTO )KUBOTHOTO, TEHOBapUaHTa
Bupyca SARS-CoV-2, Bri3bIBaroNero nHGEKIIMOHHBIN
npouecc, ¥ uHpuuupyoouei 1o3sl. Hanpumep, npu 3apa-
>keHuu Mblied BALB/c u cupuiickux XOMSUKOB BBICOKH-
MU JI03aMHU KOPOHABUPYCa B TKAHAX JIETKUX HAOII0Ia0TCA
MIPOSIBIICHUS alIbBEOJISIPHO-TEMOPPArnieckoro CHHIpoMa,
BBI3BaHHBIE MIPSIMBIM [IUTONIATUYECKUM JICHICTBUEM BUpYcCa
Ha aJbBEOJIOLUTHI U SHAOTENNH Kanuwuiapos [ 12—13], uto
orMeueHo y nauueHToB ¢ COVID-19 [14] u xapakTepHO
JIJISl MHOTHUX PECIIUPATOPHBIX WH(DEKIMOHHBIX areHTOB.
[TogoOHbIe mopaXkeHHs TIETOYHOM TKAHU I'PBI3YHOB SIBIISIOT-
€51 OCHOBHBIMH IPY UCCIIEIOBAHUM i1 ViVO BUPYJIEHTHOCTH
BBICOKOIIATOT€HHOT0 BUpyca rpunmna ntui [15].

C y4eToM cKa3aHHOTO BbIIIE 000CHOBAaHHBIM CTAHOBHT-
51 MOMCK HOBOM >KUBOTHOW MoJiend. MOPCKHX CBUHOK J10-
BOJILHO 4acCTO MCIIOJIB3YIOT B 9KCIIEPUMEHTAX, CBA3aHHBIX C
HCclieJOBaHEM HMMYHHOTO OTBETa Ha pa3InuHbIe HH(EK-
uuu. K HacTosilieMy BpeMeHH myOnuKaiuii, MoaTBepKIa-
IOIIUX BOCTIPUMMYHUBOCTH TaHHOTO Buaa kK SARS-CoV-2,
HET, KaK U ITyOTMKaIKi, TOCTOBEPHO OMTPOBEPTaIOIINX 3TO.

Lenp uccnenoBaHus — MPOBEAECHUE CPABHUTEIBHOTO
MaToOMOP(OJIOTUYECKOTO UCCIETOBaHUS TKAHEH JeTKUX
MOPCKHUX CBMHOK, HH(ULIUPOBAHHBIX PA3JIMYHBIMU Te-
HoBapuantamu Bupyca SARS-CoV-2, ¢ ucnonb3oBaHu-
eM MeTo/la MOPPOMETPUIECKUX CTAHAAPTU3UPOBAHHBIX
KpUTEPUEB.

Marepuanbl 1 METONBI

B skcnepumeHTe MCONb30BaId CaMIIOB U CAMOK ayT-
OpenHBIX MOPCKUX CBUHOK Maccoi 200—-250 rpaMmoB, 1o-
JYYEHHBIX U3 MUTOMHHKA 1JA00PaTOpHBIX KUBOTHBIX [ HL]
BB «Bexkrop» Pocniorpebnanzopa. MopckuM CBUHKaM MO~
KOKHO MMIUTaHTUPOBAIIU TpaHcnoHaepsl (uunsl) IPTT-300
(BMDS, CIIA) a1t 66CKOHTaKTHOTO M3MEPEHHS TeMITepa-
TypHI 1 uaeHTUuKaun [D 1 momeniany ux mo ABe B WH-
JTUBUIYaJIbHO BEHTUIIHpYEMble KIeTKU. JKUBOTHbBIE UMEH
CBOOOHBIN AOCTYII K MUIIE U BOAE. AKKIMMATU3AIMA K yC-
JIOBUSIM DKCIIEPUMEHTa Obl1a MpOBeIeHa B TeUeHUE 7 THEH
JI0 3apakeHusa. Bo Bpems SKCIEepUMEHTOB TeMIleparypa
B KJIETKaX MOJIep)KHUBaiach Ha ypoBHe +22-24°C, oTHO-
cutenbHas BaxxHOCTh 40—55%. MOpCKUX CBUHOK B3BEILIU-
BaJIM, U3MEPAIN TEMIIEPATypy U OLICHUBAIH Ha KJIMHUYE-
CKHe TIpU3HAKU O0JIe3HU eXeAHEBHO. Bee aKcTiepuMeHTHI
Ha )KUBOTHBIX 0100peHbI bno3THYecKuM Komuterom ['HIT
Bb «Bektop» Pocnorpebuanzopa (mporokon bBOK Ne 3
ot 15.06.2021) u mpoBOAMIINCH B COOTBETCTBUH C COOT-
BeTcTBytomMMU HanuoHanbHeiMu (TOCT 33215-2014.
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MesxrocyaapcTBeHHBIN cTaHaapT. PykoBoACTBO 1o co-
JIepKAHUIO U yXOIy 3a Ja0OpaTOPHBIMHU >KMBOTHBIMH.
[IpaBuna o6opyaoBaHHs MOMELIEHUH W OpraHU3alUH
npouenyp, [OCT 33216-2014. MexrocyaapcTBeHHBIH
cTaHAapT. PyKOBOJCTBO MO COAEpXKAHHUIO U YXOIy 3a Ja-
OopaTopHBIMH )KUBOTHBIMU. [IpaBuiia copepxanus U yxoaa
3a 1a00PaTOPHBIMU I'PHI3YHAMH M KPOJIMKaMH ) U MEXKTyHa-
poanbiMu [ 16—19] pyKoBOASIIMMH IPHUHLIUIIAMU 10 YXOIY
Y TYMaHHOMY HCIIOJIb30BaHMIO )XKUBOTHBIX. [lj11 Mopenu-
poBaHUs HH(PEKLINOHHOTO MPOLIECCa UCIIONB30BAIH CEMb
ITaMMOB, OTHOCSIIHUXCS K OCHOBHBIM T'€HOBapHaHTaM
Bupyca SARS-CoV-2: nunus Yxaus (EPI ISL 406844),
aneda (EPI _ISL 6565012), 6eta (EPI_ISL 6492245),
ramma (EPI_ISL 6565014), nensra (EPI_ISL 7338789),
omukpon BA.5.2 (EPI ISL 16613436) u omukpon EG.5
(EPI ISL 18520144). Mopckue CBUHKHY ObUTH pa3ieneHbl
Ha BOCEMb IpyI 110 12 >KUBOTHBIX (IIIECTh CAMIIOB U ILIECTh
camok). [lepen 3apaxeHneM HX aHECTE3UPOBAIH — BHY-
TpuMbiieyHo BBoawH 3oneTun 100 (Virbac, @panius)
B 03¢ 20 MI/KI. 3apakeHHE >KUBOTHBIX MPOBOAUIH HH-
TpaHa3aJbHO MHOKYyJIALUEH Bupyca B o0beme 100 Mk,
B j103€ 4 1g TLIL, . )KuBOTHBIM KOHTPOJILHOM TPYIIIIbI BBO-
i 100 mxot 0,9% pactBopa NaCl. HaunHast co BTopbIx
CYTOK IIOCJIE€ 3apa)XKeHHsI MOJIy4ald CMBIBBI U3 MOJIOCTH
Hoca. HpEeKIIMOHHBIN TUTP BUpyca onpenesuu mo 50%
TKaHEeBOW IUTONATHYECKON J03€e BUpyca ISl KyJIbTYpPHI
KJIETOK IMOYKH 3esIeHoi MapThiku Vero E6. Ilapamerpom
KOHTPOJISl BUPYCHOM Harpy3ku B Mpo0ax cUUTaId MOpo-
ropoe 3HaueHue Ct B moJMMepa3HON LENHON peakuuu
¢ obparnoit Tpanckpunuuen (OT-IILP). CymmapHbie
antutena K SARS-CoV-2 B chIBOPOTKE KPOBU MOPCKHUX
CBHUHOK OIpeJeNslId METOJIOM TBEpA0(a3HOr0 HMMYHO-
¢dbepmenTHOTO ananu3a. Yepes 15 cyTok moce 3apaxeHus
Y BBDKHMBILIUX )KMBOTHBIX Opany KpOBb U BHIBOIMIIU UX U3
9KCIIEPUMEHTA, BBOIS cBepx 03y (200 mr/kr) 3ometnna 100
C MOCJIeAYIOUINM 00ecKpoBIHBaHueM. Jlerkue puKcupo-
Baiu B 10% pacTtBope 3a0ydepeHHoro ¢popmainHa Jis ri-
cronorndeckux uccnenoBanuii («buoBurpym», Poccus).
[Mocne ¢ukcanuu 10IM KaXkKI0To JIETKOTo (BepXyLIeyHas,
cepaeuHas, anadparmanbHas 1 106aBoUHas — 1A IPaBo-
rO U BepXylledHas, cepledHas, auadparmanbHas — s
JIEBOT0) OBLIM W30JIMPOBAHBI M MPOBEIEHBI Yepe3 TUCTO-
JIOTMYECKUI BaKyyMHBII HH(PUIBTPALIMOHHBINA IPOLECCOP
3amknyToro tuna Tissue-Tek VIP 6 (Sacura, SIlnonus).
Cpes3bl, NoJyuyeHHbIE Ha aBTOMATHYE€CKOM POTAI[MOHHOM
mukpotome Accu-Cut SRM 200 (Sakura, Snonus), okpa-
LIMBAJIM TEMAaTOKCHIIMHOM U S03MHOM, 3aT€M MOKPBIBAIN
MMOKPOBHOM TUIGHKOW B aBTOMaTHYeCKoM cTeiiHepe Tissue
Tek Film (Sakura, SImonus). CBeToonTHYeCcKOe UCCIENO-
BaHUE U MUKPO(POTOCHEMKY MPOBOIMIA HA MHUKPOCKOIIE
Axiolmager Z1 (Zeiss, [epmanusi) ¢ NCIOIB30BaHUEM IIPO-
rpaMmMHoro nakera AxioVision 4.8.2 (Zeiss, ['epmanus).
OLeHKy pacpoCTPaHEHHOCTH U CTETIEHU BBIPAKEHHOC-
TH MATOJIOTHUYECKUX MPOSBIECHUN MH(EKIUU MTPOBOIU-
JY TIpU aHAJN3€ CKaHOB CPE30B, MOJYUYEHHBIX Ha IHU}-
poBoM ckaHepe MukpornpenapatoB Olympus SlideView
VS200 (Olympus, I'epmanus; nporpaMMHBIH makeT
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VS200ASW 3.2) ¢ yBenuuenuem oonvextuba %20. [Ipu ru-
CTOJIOTUYECKOM UCCIIeJOBAHIH TKaHEH JIErKUX )KUBOTHBIX,
uHpuuupoBaHHsix Bupycom SARS-CoV-2, npumensnn
METOJI CTaHJAPTU3UPOBAHHBIX KPUTEPUEB, YUUTHIBAIOLINN
CJICTYIOIIHE TATOMOP(OIOTUIECKUE TIPUIHAKH: BOCITAJIH-
TesbHas MHPUIIBTPALUs MeKaIbBEOJSIPHBIX IEPETOPOJIOK,
nepuOpOHXHUANIbHAS U IEPUBACKYIIAPHAst BOCTIAIUTEIbHAS
UHGUIBTpanus, KPOBOUBIUAHHUS B IPOCBET albBEON U
OpoHxoB, HannuKe (HUOpUHA B AJIbBEOJIIPHOM MPOCTPaH-
CTBE, BEIPQYKEHHOCTh OTEKA, B TOM YHUCIIE MEXKaJIbBEOJIsIp-
HBIX IIEPErOPOJIOK, pacIIUpEeHUe U TIOJTHOKPOBUE COCYHOB.
CreneHp pacnpoCTPaHEHHOCTH OCHOBHBIX MaTOMOP(hoJ1o-
THYECKUX MPOSBICHUH — BOCIIAIUTENbHON HH(UIBTPALIIN
U allbBEOJISIPHO-TEMOPPAruyeckoro CHHAPOMa — OLICHH-
BaJIM 10 5-0aiibHOM miKane: 1 6amn — miomaas naroio-
THYECKHUX U3MEHEHUH Ha cpese 3aHnumMaeT 10 10% obuieit
momaau cpesa; 2 6amia — ot 10 go 25% mmomau cpesa;
3 6ama — ot 25 no 50% mmomaau cpesa; 4 6amra — ot 50
10 75% tutoranu cpesa; 5 0amioB — IJIOMAb MaTOIOTH-
YeCKUX U3MEHEeHUH Oosee 75% oOmielt miomaau cpesa.
OcranbHble NpU3HAKU UHGEKINH (IepUBaCKyIsIpHas U
nepudpoHXUaIbHas HOUIBTPALUs, aIbBEOJISIPHBIH U TIe-
PHUBACKYJSPHBINA OTEK, MOJTHOKPOBHE COCY/IOB) OLICHUBAIH
o 3-0aJTbHOM miKaie, rae 1 Oamr — cimabas, 2 Oamra —
yMepeHHas, 3 Oanna — BblpaxkeHHas. J{s Konmn4ecTBeH-
HBIX TIEPEMEHHBIX (TUIOIIA M MaTOJIOTHIECKUX N3MEHEHHIH
TKaHU JIETKOTO) ObLTH paccuuTaHbl 0a30BbIE CTATUCTHYE-
cKkue rnokaszarenu. CTaTUCTHYECKY 0 00paboTKy pe3ynbTa-
TOB MIPOBOJMIIM C IIOMOLIBIO MporpaMMebl Statistica 13.0.
[TapHOe cpaBHEHHE HE3aBUCUMBIX BBIOOPOK MPOBEACHO C
npuMeHenueM U-kpurepus MaHHa—YUTHY, 17151 B3aUMOC-
BSI3aHHBIX BHIOOPOK UCIONIB30BaH TecT Bunkokcona. [Tpu
CpaBHEHUH IOKa3arese B 0oJiee YeM AByX HE3aBUCHMBIX
rpyminax HCIoiab30BaH TecT Kpackena—Yoieca ¢ TecTom
MHOXECTBEHHBIX cpaBHeHUU [laHHa. Paznuuusa cuurtanu
CTaTUCTUYECKU 3HaYUMbIMHU 11pu p<0,05. B kauecTBe KOH-
TPOJIsI CpaBHEHUSI UCTIONIb30BANIH JIETKHE HHTAKTHBIX MOP-
CKUX CBHUHOK, COJIEPKABIINUXCS B TEX )K€ YCIOBUSX, UTO U
JKUBOTHBIE OIBITHBIX TPYIIII.

PesynbraThl

He3saBucumMo oT reHOBapHaHTa BUpyca Y BCeX KUBOT-
HBIX CO BTOPOIl HEAEeNU OTMEYANIUCh KIMHUYECKUE MPH-
3HaKM 3a00JIeBaHUs B BUJIE OTKa3a OT €llbl U BOABI, CTpe-
MUTENBFHOTO CHIDKEHUS Beca. Hayano rubenu sKMBOTHBIX
OBLIO 3apErUCTPUPOBAHO C AECATHIX CYTOK MOCie UHPU-
nupoBanua. CMEpPTHOCTb B Ipylnax YxaHb, ajbda, Oera,
ramma u JieJibTa BapbrupoBaia ot 25 110 75% 06e3 3HaYrMbIX
MEXTPYIIOBBIX pa3Inunii.

B TkaHAX opraHoB-MuUIlIeHEH He ObUIa MOATBEPKIEHA
peruMKanus HHPEKIUOHHO aKTUBHOTO BHUPYCa, OJHAKO
PHK Bupyca SARS-CoV-2 o6Hapyx)uBajach 10 MATHIX
CYTOK Iocje HHPUIUPOBAHUS B CMBIBaX MOJOCTU HOCA.
YV Bcex BBDKUBIIUX MOCIHE 3apaKEHUs KUBOTHBIX ObLIH
BbisiBIIeHBI [gG Kk anTtureny SARS-CoV-2.

Ha aytoricun y Bcex ®HBOTHBIX OTMEUYEHA XapaKTepHast
KapTHHA JJIs1 OCTPOTo MOBPEKACHUS JIETKUX: PE3KOe yBe-
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auyeHue o0beMa, MIOTHAS, KPE3UHOBAST», KOHCUCTEHIIHS,
BUCIIEpaJIbHAS [IEBPA JIAKOBasi, TEMHO-KPAaCHOTO I[BETA.
BbIsiBEeHO 00MBIIOE KOJIMUECTBO OOTYPUPYIOIINX TPOMOOB
B OCHOBHOM CTBOJIE, JIETOYHBIX APTEPUAX U UX BETBSIX, UTO
yka3bIBaeT Ha pazButue J|BC-cunapoma.

IIpu rucTonorn4eckoM UCClIeJOBaHUU JIETKUX OOHa-
PY>KEHBI aTOJOTMUYECKUE U3MEHEHUS, XapaKTEePHbIE IS
Judy3HOTO ambBEOSIPHOTO OBPEK ICHHUS, — BHYTPUAITb-
BeOJSIpHBIN oTek. Habmtonanu nHGUIBTpanuo Mexanb-
BEOJISIPHBIX MEPETOPOAOK JTUM(POLUTAMU U HEUTpOohHIaMu
(puc. 1 A). Berpeuanucb (hoKychl runiepriia3ui OpoHXH-
abHOTO U aJdbBEOJIIPHOTO SMUTENHS, YTO TPAKTOBAIOChH
HaMH KaK MapKep pemnapaTuBHOro mporecca. Hapsny c
TUIepIUIa3uell anbBEONIIPHOTO 3MUTENUs HabIoaanu
ero neckBamanuio (puc. 1 B). B nerkux Mmopckux cBu-
HOK, MH()UIIUPOBAHHBIX T€HOBAPUAHTAMH YXaHb, FaMMa
U JIETIbTA, 10 XOY KPYITHBIX M MEJIKHUX OPOHXOB, BKJIIOYAs
TEepMHUHAJIbHbIE PECIUPATOPHBIE OPOHXMOIBI, HAOIIOAN
OOMIIBHYIO BOCTIAIUTENBbHYIO HHPUIBTpaLuto. B oTnens-
HBIX OpOHXax BBIIBUIIU JECTPYKIUIO cTeHKU. Ha cpese
OpoHX1O01 HAOIIOAAIach BOCTIATIUTENbHAS HH(WIBTpalus
(puc. 1 C). B otnensHBIX cocyaax, MPeUMYLIECTBEHHO
BEHO3HOTO OTAeNa, OOHapyKeHa NepUBACKYIsIpHas UH-
¢unpTpanus, Ho 6€3 BUAUMOTO MOBPEKACHUS CTCHKU
(puc. 1 D).

IosiBneHrEe MHOTOSZIEPHBIX KIETOK B 04arax HH(UIBT-
panuy pecnupaTopHOTo OT/eNa IETKHUX, KaK U H3MEHEHHE
(hOpMBI 1 pa3MEPOB aNbBEOISIPHOTO SIMHUTENHUS CBUIETEb-
CTBYIOT O IIUTONATUYECKOM BO3aeHCTBUM Bupyca SARS-
CoV-2 (puc. 1 E). IIpocBeTsI anbBeo ObLTH 3aM0THEHBI
OTEUHOI KUIKOCTHIO, B KOTOPOI BEISIBISUTUCH Makpogaru
U HEHTPO(UIBI B KaueCTBE MaPKEPOB BOCHATUTEIHHOMN
peakuuu (puc. 1 F). KpoBousnusuus ¢ mpakTudecku
HIOJTHBIM 3alOJIHEHHUEM IIPOCBETA ANbBEOJ SPUTPOLIUTAMU
BCTPEUYAIIUCH JOBOJIBHO YacTo. PerucTprpoBainch Macchl
SPUTPOLUTOB B IPOCBETE KPOBEHOCHBIX COCYIOB, TAKXKe
OTMEYCHBI OTHOKPOBHE U TPOMOO3 METIKUX COCY/IOB.

[IItamm reHoBapuanTa anbda (puc. 2 A) u pedepeHc-
IMTaMM YXaHb (He MPHUBEICH HA PUCYHKE) BBI3BIBAIN Y
JKUBOTHBIX CXOJHBIC MOBPEKICHUS JIETKUX, IPOSIBIISIO-
IIMeCs] B OCHOBHOM B BUJIE TUCTENEKTa30B U HHMIBTPA-
MM MEXaJIbBEOJISIPHBIX IIEperopoiok. I eHoBapuaHT Gera
(puc. 2 B) no cpaBaenuto ¢ apyrumu VOC BapuaHtamy,
HCKJIIOYasi OMUKPOH, BBI3BIBAJI MEHEE BBIPAXKEHHBIC MATO-
JIOTHYECKHE TTOBPEXKICHHUS JICTKUX, TUCTEIEKTa3bl IMEIH
OYaroBBIN XapakTep M 3HAYNTEIHPHO MEHBIIYIO MJIOMIAMIb.
B nerkux >xHBOTHBIX, HHOUIIMPOBAHHBIX TCHOBAPHAHTOM
raMmMa, IUIONaab MOPaKeHUs M KOJHMYECTBO OIICHUBAE-
MBIX HaTOJOTMYECKUX MU3MEHEHHH OBIITH MaKCHMAaJIbHBI-
M (puc. 2 C). Cpenur 0CHOBHBIX MAaTOMOP(OIOTHYECKIX
MPU3HAKOB BBIJCISUINCH JUCTEICKTA3bl U MOIUMOpdHas
BOCHIAJINTENBHAS HHMIIBTPAINS MEXKaIbBEOJISIPHBIX IIepe-
TOPOJOK M CTEHOK COCYZIOB. | €HOBapHaHT J1e/IbTa BBI3BI-
BaJI CXOXYI0 IaTOJIOTHYECKYI0 KapTuHY (puc. 2 D), npu
9TOM NPOSIBIICHHE ITPU3HAKOB OBUIO MEHEE HHTCHCHUBHBIM.
[TaTomMopdoornueckue MpU3HAKU, PETUCTPUPYEMBIE
B JIETKUX JJAOOPAaTOPHBIX KUBOTHBIX, HHOKYITHPOBAHHBIX
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Puc. 1. Tucronoruyeckuii cpe3 JIETKOro MOPCKUX CBUHOK, HHULIHPOBaHHBIX BHpycoM SARS-CoV-2.
A — numdorTapHas HHGUIBTPALU MEXKaIbBEOISIPHBIX MEPErOPOAOK. B — cilyIieHHbIE SIUTENIHOLUTHI B TIPOCBETE AJILBEOII.
C — nepubponxuansHas HHGUIbTpauus. D — nepuackyisipHas HHGHIbTpanus. E — n3MeHeHHe MHEBMOLMTOB (yBEIHUYCHHE
pa3MepoB, yBEITMYCHUE SIEPHO-LUTOIIA3MaTHYECKOTO OTHOIICHHU, 00pa30BaHHe CHHIIMTHEB) KaK MPOSIBICHUE [IUTONATHIECKOTO
sddexra. F — oTeunas >kuakocTs B IpocBeTe anbBeol. OKkpacka reMaTOKCHIMHOM M 303MHOM. MacmTaOHBIH OTpe30K yKa3aH
Ha MEKpodoTorpadusix

Fig. 1. Histological section of a guinea pig lung infected with SARS-CoV-2.
A — lymphocytic infiltration of interalveolar septa. B — exfoliated epithelial cells in the alveolar lumen. C — peribronchial
infiltration. D — perivascular infiltration. E — changes of alveolar cells (increased size and nuclear-cytoplasmic ratio; syncytia
formation) as manifestation of the cytopathic effect. F — edematous fluid in the alveolar lumen. H&E stain. Scale bar is displayed
on the micrographs
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Puc. 2. Tucronormyecknii cpe3 JIETKOro MOPCKUX CBUHOK, HHOUIMPOBAaHHBIX BUPYcoM SARS-CoV-2 pa3HBIX TeHETHYECKUX BapHAHTOB
B no3e 30 ID50.
A — anbda. BeipaxkeHHas! BocranuTenbHas HeTpoduibHO-muMponuTapHas HHOUIBTPAIXSI MEKATbBEOISIPHBIX IEPETOPOIOK
CO CHW)KEHHEM BO3JYIIHOCTH NapEHXHMBbI, IEPHBACKYIISIPHAs JIMM(pOLUTApHAS HHOHIBTPALUS IPEUMYIICCTBEHHO MEJIKHX
cocynoB. B — 6era. Cnabast BocrianuTensHast TuMponnTapHas HHOUIBTPALNSI MEXKaIbBEOISPHBIX IIEPETOPOJIOK C COXPAaHEHHEM
BO3IYIIHOCTH MapeHxuMsbl. C — ramma. O6mMpHOe KpoBou3usiHUE ¢ PoKycaMu HeKpo3a jierkoro. D — nensra. OOmmpHbIE 30HEI
HEeKpo3a Ha (oHe anpBeosipHOi remopparun. E — omuxpon BA.5.2. Tuddysusie menxue remopparuu. F — omuxpon EG.5.
Kpymsslit hoxyc HHOUIBTpAUK MEKaIbBEOISIPHBIX IEPErOPOIOK C MOTHOI OoTepeil BO3AYIIHOCTH B JaHHO# 30He. OKkpacka
TeMaTOKCHJIMHOM M 03MHOM. MacuTaOHbIil OTpe30K yka3aH Ha MUKpOdoTorpadusx

Fig. 2. Histological section of a guinea pig lung infected with various genetic variants of SARS-CoV-2 at a dose of 30 ID50.
A — Alpha. Pronounced inflammatory infiltration of interalveolar septa with decreased airiness of the parenchyma,
perivascular lymphocytic infiltration of mainly small vessels. B — Beta. Weak inflammatory infiltration of interalveolar septa
and maintenance of the airiness of the parenchyma. C — Gamma. Extensive hemorrhage with foci of lung necrosis.
D — Delta. Extensive necrotic zones on the background of alveolar hemorrhage. E — Omicron BA.5.2. Diffuse small hemorrhages.
F — Omicron EG.5. A major focus of infiltration of the interalveolar septa with a complete loss of airiness in this area. H&E stain.
Scale bar is displayed on the micrographs
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MITAMMaMU TCeHETHYCCKUX JIMHUI BapHaHTa OMHKPOH
(puc. 2 E, F), obnaganu MeHblIel CTENEHbIO BBIPAXKEHHOC-
TH TIO0 CPABHEHHIO C TAKOBBIMU IPU OCTATBHBIX TEHOBAPH-
anTtax. [Ipu ruCTONOrHYECKOM UCCIEIOBAHNY BBISBILSIICS
HEOOMBIION BHYTPHAIBBEOISIPHBIA OTEK, HHMUIBTPAIIHS
CTEHOK aJIbBEOJI, OTMEUEHBI SBJICHUS IJIa3MO- ¥ TeMOp-
paruu, BBIpaXCHHBIC MPU3HAKHU YIIOTHEHUS JETKUX OT-
cytcrBoBanu. Onnako Bupyc SARS-CoV-2 reneruueckoii
nuHun oMukpoH EG.5 (puc. 2 F) He BbI3bIBaj reMopparu-
YEeCKHX MPOSBICHUH, BRIBIIEMBIX IPH HHOUIIMPOBAHUU
MOPCKHUX CBUHOK IITAMMOM JIPYTOY TeHETHIECKOM JTHHUHU —
OMHKpPOH BA.5.2, 4T0 MOXET CBUIETEIILCTBOBATH O IIOCTE-
TICHHOW aTTEeHyalluy KOPOHABUPYCa B CBA3M C aJIallTalien
K YeJIOBEYECKOH MOITYIISAIINH.

J1J1s1 BBISIBJICHUS IOCTOBEPHBIX Pa3IHYMi MEKTY MaTo-
MOP(OTOTHUECKUMI H3MEHEHUSIMU TKAHEH JIETKUX B TPYII-
Max MOPCKHUX CBUHOK, HH(UIIPOBAHHBIX KOPOHABUPYCOM
SARS-CoV-2 pa3nuHbIX reHeTUUECKUX JTUHUMA, ObLI ITPO-
BEJICH CTATUCTHYCCKHUI aHAJIH3 C Y4eTOM OaJlia BEIPaXKeH-
HocTH narosioruu (puc. 3).

BrIpaskeHHOCTh reMOpparn4eckoro CHHIpOMa 3HaYHMO
HE pa3nyanach MEK/Iy rPyIaMu, BO BCEX IPYIIAaX ME/IH-
aHa He nmpeBbicuiia 1 6aint. VckimroueHreM siBIseTcsl TpyI-
na omukpoH EG.5, mocToBepHO OTIHYaromasics oT Py
Vxanb (p=0,0075), 6era (p=0,0013), ramma (p<0,0001),
nensra (p<0,0001), omukpon BA.5.2 (p=0,0274).

CrerneHp BBIPQXXEHHOCTH JHCTENEeKTa3a Obula 3HAYH-
MO BBIIIE Y )KUBOTHBIX, HHQHUIMPOBAHHBIX BapUAHTAMU
VxaHb, anbga 1 raMMa, Co 3HaYeHHeM MeJIHaHbl B 3 Gasuia.
MeHbIas cTeneHb BEIPaXEHHOCTH MATOJOTHH MTOKa3aHa
B IpyImIax 6era ¥ eNbTa, MUHAMAaJIbHAS — Y TCHETUIECKUX
JIMHUH BapuaHTa OMUKpOH. [Ipu3HaK B rpymme YxaHb 10-
CTOBEPHO OTIMYEH OT TAKOBOTIO B rpymmax oera (p=0,0002),
nenbta (p<0,0001), omukpon EG.5 (p<0,0001) 1 omuxpon
BA.5.2 (p<0,0001). B rpynme anb(a naHHas MaTONOTUS
Ooiee BeIpaxxeHa, yueM B rpynmnax oera (p=0,0008), nensra
(p=0,0002), omukpon EG.5 (p<0,0001) u omukpon BA.5.2
(p<0,0001). I'pynma raMMa uMeeT JOCTOBEPHBIE pa3IHIUs
¢ rpyrmmamu oMukpoH EG.5 (p=0,0250) u omuxpon BA.5.2
(p=0,0036).

BocnanurenbHas HHQUIBTpaLUs MeXalbBEOIIPHBIX
MEePETOPOAOK MPOSIBISUIACE JOCTOBEPHO O0JIEE BEIPAXKEHHO
y SKUBOTHBIX TPYIIBI YXaHb, ajb(a U raMma (Me1uana —
3 Gayta), MeHee BBIPAXKEHHO — B TpymIax OeTa U AeibTa
(2 6ama). 3HaueHUS JAHHOTO IPH3HAKA JOCTOBEPHO OTIIH-
YaJIMCh MEX/1y TPYNIIaMH BapHaHTa OMUKPOH M IPyIIIaMu
Vxanb (p<0,0001), ansda (p<0,0001), ramma (p=0,0002
it BA.5.210,0013 s EG.S). B rpynnax Yxans u anbda
3TOT HOKA3aTeIb 3HAYMMO OTIIMYAJICS OT TAKOBBIX B IPyIIIE
oera (p=0,0025 u 0,0363, cOOTBETCTBEHHO), a 3HAYCHUS
B I'pyIHIe YxaHs OT Ipymninsl gensra (p=0,0049).

JlocToBepHOE pazauyre MEXIy 3HaYCHUSIMH BOCTIAIH-
TeNBbHOI HHOUIBTPAIIMN CTEHKH OPOHXOB PErHCTPHPOBAITH
B penaparax rpymni Yxasb (p<0,0001), ramma (p=0,0056
s BA.5.2 u p=0,0068 mysa EG.5) u nenbra (p=0,0022 nyis
BA.5.2 u p=0,0029 nnst EG.5) o cpaBHeHuIo ¢ rpynnaMu
BapUaHTa OMHUKPOH.
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BocnanurenbHas MHQUIBTPALUS CTEHOK COCYAOB
B rpynnax Yxasp (p<0,0001) u ramma (p=0,0103 nus
BA.5.2 u p=0,0002 mns EG.5) noctoBepHO OTiIMYanach
OT TaKOBOM B TPYyTIax BapHaHTa OMUKPOH.

Takoli maToIOrM4YecKuil NpuU3HaK Kak IOJTHOKPOBHE
ANBBEOJIIPHBIX KAIIMIIISIPOB JOCTOBEPHO YaIlle BCTPEYacs
B IIpemaparax Ipymnbl YXaHb [0 CPAaBHEHUIO C IPYIIIaMU
ramma (p=0,0169) n omukpon (p<0,0001 mnst BA.5.2 u
p=0,0020 mst EG.5). B rpymnme GeTa 3TOT mpu3HaK BCTpe-
qajics Jale, 4eM B Tpyrmne oMukpoH BA.5.2 (p=0,0165).

O6c¢cyxaeHne

B nannoii pabote ObLTO MOKa3aHO, YTO MHTPaHAa3alb-
HOE MHPHUIUPOBaHNE MOPCKUX CBHHOK (Cavia porcellus)
reHeThYeckuMu Bapuantamu Bupyca SARS-CoV-2 Vxaus,
anb(da, 6era, ramma, eNbTa 1 OMUKPOH (TIOCIeIHUN NTpe-
CTaBJIEH ABYyMS reHeTHYecKuMu JTuHuAMHE — BA.5.2 u EG.5)
MPUBOIUT K KIIMHUYECKOMY 3a00JI€BaHUIO, IPOSIBIISAIOLIE-
MycCsl CO BTOPOIl Heslennu nocie 3apaxeHus.

Y uH(UIUPOBAHHBIX )KUBOTHBIX BBISBICHBI 1aTOJIOTU-
YEeCKUE M3MEHEHHsI B TKaHAX JIETKUX, COOTBETCTBYIOLIHE
BUpPYCHON MHEBMOHUU. CTENEHb TAXKECTU BBISBICHHBIX
naToMop(OIIOTUYECKUX U3MEHEHHUN T0CTOBEPHO Pa3iu-
qaJilach MEeXJy HeKOoTopbiMU BapuaHTamu SARS-CoV-2.
B GonpmHCTBE cllyyaeB HOBPEXKICHUE JIETKUX MOCITYKH-
JI0 IPUYMHOMN TUOEIH KUBOTHBIX.

[TokazaHo, YTO OCHOBHBIM MaTOMOP(}OIOTHUYECKUM
MPOSIBJICHUEM B JIETKMX MOPCKUX CBHHOK ABJISI€TCS AU(]-
(dy3HOE anbBEOIIPHOE MOBPEXKIEHIE B COUETAHUH C allb-
BEOJISIPHO-TEMOPPAarnueCcKUM CHHAPOMOM, YTO MOJTHOCTBIO
COOTBETCTBYET FMCTOJIOTMYECKUM M3MEHEHUsIM, Halllto-
JlaeMbIM Yy MalueHToB, ymepmux or COVID-19 [20].
B pesynbrare Haiero ucciegoBaHus Takxke ObLUTH BbISB-
JIEHBI XapaKTepHBbIE 151 KOPOHABUPYCHOM nHeKuH [14]
JUCIUPKYISATOPHBIE paccTpoiicTBa KpoBOOOpalleHU
B BHUJ€ BEHO3HOTO MOJHOKPOBHS B MEIKHX COCyIax
JIETKHX.

U3BecTHO, 4TO OBEpXHOCTHBIE Oenku Bupyca SARS-
CoV-2 MoryT Bo3zaeiicTBoBaTh Ha T-mMM(OLIUTHI, BBI3bI-
BaTh LIUTOKMHOBBII IITOPM U CEPUI0 UMMYHHBIX OTBETOB
B opranusme [21]. Pa3Butre HHTEPCTUIMATBLHOTO BOC-
MAJICHU 32 CUET aKTUBAIIUHN IUTOKUHOBON CUCTEMBI MTPH-
BOJIUT K YTOJIIEHUIO U OTEKY MEKaJbBEOJSIPHBIX Mepe-
TOPOJIOK, CHUXKasl BO3AYIIHOCTD JeTkux [22]. Caenyer
OTMETHUTH, YTO MOAOOHOE BIUSHNE BUPYCHHIYIIHPOBAH-
HOTO BOCHAJICHUS HA TSXKECTh MH(PEKIMOHHOTO MpoIlec-
ca XapakTepHO U Ul BUpyca IpUIINa, XOTs U B MEHBIIIEH
crenienu [23-24].

Ha rucronornyeckux mpemnaparax JETKMX MOPCKHX
CBUHOK HaOJIIOfAH SIPKO BBIPAXKCHHOE YIJIOTHEHME Ta-
PEHXUMBI JIETKOTO (qucTenekras). JJaHHblii maromopdoo-
TMYECKH IPU3HAK, JOCTOBEPHO PA3NUYAIOLIUIACS ISl BCEX
reHoBapuanToB SARS-CoV-2, cBsizaH co coCOOHOCTBIO
Pa3HBbIX T€HETHYECKUX BAPUAHTOB KOPOHABUPYCA BBI3HI-
BaTh TUIIEPUMMYHHBIE BOCTIAJIUTENbHbBIE PEAKIIUU H, TI0
HalleMy MHEHHUIO, MOXKET CIYKUTb KPUTEPHEM OIEHKH
TSDKECTH 3a00JIeBaHuUSI.
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Puc. 3. HactoTa pa3BUTHs TIOCTHH()EKIIMOHHOH JIETOYHOI ATONIOIMH IIPH SKCIEPUMEHTAIbHOM MH(PUIMPOBAHUU MOPCKOI CBUHKI
renoBapuanTamMu SARS-CoV-2 B no3e 30 ID50.
A — nucrenexra3. B — remopparun. C — BocnianutensHas HHQHIBTPALUs MeXaIbBEOJSIPHBIX IIeperopofok. D — BocnanuTensHast
HHOUIBTPAIMs CTEHOK OpoHXoB. E — BocnanutenpHas HHQUIBTpAIs CTEHOK COCy0B. F — OIHOKPOBHUE abBEOIISIPHBIX

KaruusipoB. Ha guarpamme: TOYKH — MHAMBU/LyalIbHbIC 3HAYECHHS, BEPLIMHBI THCTOIPAMM — MEANHAHBI, TOPU30HTAJIBHbIC JIMHUU —
95% noBepuTeNIbHBIE HHTEPBATIBI.

* p<0,05; ** p<0,01; *** p<0,001; **** p<0,0001
Fig. 3. Frequency of post-infection pulmonary pathology in experimental inoculation of guinea pigs with SARS-CoV-2 variants at
a dose of 30 ID50.
A — dystelectasis. B — hemorrhages. C — inflammatory infiltration of interalveolar septa. D — inflammatory infiltration of bronchial
walls. E — inflammatory infiltration of blood vessel walls. F — dilation and congestion of capillaries in alveolar walls. Legend:
individual values (points); medians (tops); 95% confidence intervals (horizontal lines).
* p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001
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OnucanHble TATOMOP(OIOTUISCKHE H3MECHEHNUS JICT-
KHX MOPCKHUX CBHHOK, BbI3BaHHbIE BUpycoM SARS-CoV-2,
XapaKTepHbl U JJIA APYTUX KUBOTHBIX MOAEJNEH, nccie-
JIOBaHHBIX HaMU paHee, — Mblmiei uauu BALB/c [12]
U CHPHICKHX XOMSYKOB [13] mpu HU3KHX no3ax wHDH-
LUPOBAHHMA.

MOoXHO KOHCTaTUPOBaTh, UTO MPUMEHsEMBIH B Ha-
1IeM UCCIIEAOBAaHUU Ul CPAaBHUTENIBHOM OLIEHKH CTere-
HU TOBPEXJIEHHS JIETKOTO0 KaK OCHOBHOTO OpraHa-MHUIIIe-
HU MeTOJ MOp(OMETpUYECKUX CTaHIapTU3UPOBAHHBIX
KPUTEPUEB MOXKET OBITh HCIIONB30BaH KaK MPU U3yUEHUH
OHMOJIOTHYECKUX CBOICTB HOBBIX TeHETHUECKUX BAPHAHTOB
u nuHuit Bupyca SARS-CoV-2 Ha pa3HbIX Buaax J1abo-
PaTOPHBIX KUBOTHBIX, TaK U AJI UCCIEIOBAHUMN in Vivo
MEPCIEKTUBHBIX TEPANCBTUUCCKUX MPEMAPATOB U BAKIIMH
npotus COVID-19.

3akmoueHne

B pabore npencraBieHbl pe3yabTaThl UCCIEAOBAHMS,
ITOKa3bIBAIOIINE CXOACTBO T'MCTOJIOTMYCCKH BBISABISIEMBIX
M3MEHEHUH TKaHeH JIeTKOTO, TOBPEXACHHOTO HH(EKITNEH,
BbI3BaHHOU BUpycoM SARS-CoV-2, y uenoBeka 1 MOpCKon
CBHHKH, YTO TIO3BOJISIET HCIIOIH30BaTh BEHIOPAHHOE HAMH
MoJielbHOE )uBOTHOE Auist n3ydenus COVID-19.
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Mudopmanus 06 aBTopax

Annpeit Bnagumuposuy 1lInnosanos — crapmmii HayuHbIi coTpyHuK otaena «Komnekius mukpoopranusmos» ['HI] Bb «Bexrop»
Pocnorpebnansopa.

T'ned Anexcanaposuu Kynpos — muaammii HayuHblit cotpynHuk otaena «Komtekuus mukpoopranusmon» ['HI] Bb «Bekrop»
PocnorpebHaznsopa.

Enena KoncrantuHoBHa VBneBa — MiaaAniuii HayqyHbId COTPYAHUK OTAeNa MUKpockonnueckux uccinenoBanuii 'HL Bb «Bexrop»
PocnorpedHaznsopa.

Exarepuna Bukropoaa CriupuoHOBa — CTa)Kep-UCCIIEI0BATENb OTAeTa MUKpockonuiyecknx uccienosanuii [ HI Bb «Bekrop»
Pocniorpebnanzopa.

Bnagumup BunopseBny OMHIOB — KaHIUIAT MEAUIMHCKUX HayK, 3aBeIYIONHH Jaboparopueil matToMopdoIoruu oTesia MUKPOCKOMYECKUX
uccnenosanuit ['HL BB «Bektop» Pocrnorpebnanzopa.

Oner Bukroposuu I1bSHKOB — KaHAMIAT OMOJIOTHYECKUX HayK, 3aBeayromuit oraenom «Komnekius mukpoopranusmosy I'HL Bb «Bexrop»
Pocnorpebnanzopa.

Oner CastocnaBoBuy TapaHoB — 3aBeyIOIIHi OTAEIOM MUKpockonyeckux uccnenosanuii 'HL| Bb «Bexrop» Pocniorpebnansopa.
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CkaHupyomast 3MTeKTPOHHAsA MUKPOCKOINSA JIETKNX KPBIC
npu 6meoMumHOBOM pubpo3e

C.B. Bypasxos'’, C.A. I'aspunosa’, E.B. Heanos'

! ®I'BOY BO MockoBckHii rocyaapcTBeHHbIH yHUBepeuTeT uMenn M.B. JlomonocoBa, Mocksa, Poccust
2 ®I'BYH locynapcrBeHHblii Hay4HbIH eHTp Poccuiickoit @enepanin — MHCTHTYT MeauKo-Oronornueckux npodiem PAH,

MockBa, Poccus

Pe3tome. Bseoenue. Jlerounslit (pubpPoO3 — OTHO U3 TSHKEIBIX 3a00JICBAaHUI JICTKUX, HIMEIOIIECE BEICOKUHN PHCK
CMEPTHOCTH U (YHKIHNOHAIBHBIX HAPYIICHUH. BIeOMUIITHOBAs MOAEIH JIETOYHOTO (UOPO3a TPHIZYHOB
SIBIISIETCA OMHOMN M3 HauboJiee pacIpoCTPaHEHHBIX U YaCcTO HCIOIb3yeMbIX. KOMITIeKCHbIE METOANKH HCCITe-
JIOBaHus ienapa) IHUPOBAaHHBIX TKAHEH M03BOJISIOT MTOTYYUTh EHHYI0 HH(OPMaIKIO 0 MOP(OJIOrHIecKuX,
MHUKPOCTPYKTYPHBIX 1 XUMHUYECKHX U3MEHEHHSX B TKaHSIX 0€3 IPOBE/ICHNS OTJEIBHBIX HCCIEIOBAaHNUH, Ha
yrKe CyIIeCTBYIOIIeM Marepuaie. Llenbio JaHHOTO MccIeoBaHus ObLIO BRIABICHHAE METOJOM CKaHUPYIOIIEH
ANIEKTPOHHOW MUKPOCKOIIMHU XapaKTePHbIX MOP(OIOrHUeCKUX M3MEHEHHH B Jienapa(uHNpOBaHHBIX 00pa3iax
JIETKUX Ha MOJIEJIH JIETOYHOTO (huOpo3a, BEI3BAHHOTO HHTpATpaxealbHbIM BBEICHHEM OJICOMHUIIMHA KPBICAM.
Mamepuanvr u memodsi. B pabore MonenupoBany pa3BuTre (GuOpo3a JIeTKNX Ha Kpblcax-caMmiax Bucrap
Maccoit 200-250 rpaMMOB ITyTeM HHTpaTpaxeanbHOTo BBeAeHHs OneomunuHa. CrycTs 28 mHel jerkue
nep¢ysupoBanu 4% pacTBOpoM HeHTpasbHOro 3a0ydepeHHoro hopmairHa yepes Moyl BeHy JI0 OCTa-
HOBKH cepjna, oopasisl nodukcupoaiu 10% 3adbydepeHHbM popManinHOM B TeueHHE 36 4acoB, IMPOBO-
JIAITH Yepe3 CIUPTHI U 3aJIMBaIM B apaduH. (i1 mpoBeaeHHs CKaHNPYOLIel 31eKTPOHHONH MUKPOCKOIIHU
ToJCTHIe, 250 MKM, cpe3sl AenapauHUPOBAIN B KCIIIOJE U CITUPTE, HACBHIIIAIN TeKCAMETHIIINCHIA3aHOM
1 BBICYIIMBAJIH Ha Bo3ayxe. [locie HampuIeHUs 30;10TOM 00pasIisl MpocMaTpuBaii U (potorpadupoBany Ha
HACTOJIFHOM 3JIEKTpOHHOM MuKpockone JCM-7000.

Pezynbmamei. I1pn oMoy cBeTOBOH MUKPOCKONMHM MpU3HaKK (Gprdpo3a ObUTH 0OHApYX EHBI BO BCEX UC-
CJIeZIOBAaHHBIX Ipernaparax JeTKUX KPbIC U3 SKCIEPUMEHTAIBHOM Tpymbl. [Ipr 3TOM BBISBIIEHA 04aroBOCTh
pa3BuTHs GpuOpPO3a M BBLACTICHBI TPH THIIA CTPYKTYPHBIX M3MEHEHHH: |) He3HAYNTEIbHbBIC OTINYHS OT I10-
Kasareyiell B KOHTPOJBHOMU rpye, 2) NIPU3HAKK BOCHAICHUS C Ha4YaJbHBIMH SIBICHUSIMH 00pa30BaHUs
KoJIareHa, 3) o0acTy C MOJHOCTHIO 3aBEPIICHHBIM (PHOpO30M.

3axnouenue. IlpuMeHeHNE CKaHUPYIOUICH SJICKTPOHHOW MUKPOCKOIIMH TOJICTBIX CPE30B 3HAYUTEIHEHO pac-
LIMPSIET BO3BMOXKHOCTH UCCIICOBAHMS JIETKUX HPU TAKUX MATOJIOTHSIX Kak (puOpO3, MO3BOIISS UCCIIEI0BAT
YJIBTPAcTPYKTYpY ITOBEPXHOCTH C BEICOKHM pa3pelleHneM, a TaKkKe HIACHTH(OUIIMPOBATh Pa3IMYHbIE BKITO-
YEHUsI, BBI3BIBAIOIINE [TATOJIOTHUECKUE U3MEHEHNUS, 00HAPYKUBAEMBIE C TIOMOIIBIO METO/Ia PEHTTEHOBCKO-
ro MHKpOaHaIn3a. Takoil mOAXO MO3BOJSET IPOCTO, OBICTPO M HEMOPOTO MOATOTABIMBATE 00PAa3IIbl I
CKaHUPYIOLIEH EKTPOHHON MUKPOCKOIINY U3 apXUBHBIX Mapa(UHOBHIX OJIOKOB M JaeT Ooliee IeTaIbHYIO
CTPYKTYPHYIO HH(OpMAIHIO 0 Pa3BUTHH (HHOPO3a JIETKHX.

KunroueBble cJI0Ba: CKAHUPYIOMIAs SIICKTPOHHAS MUKPOCKOIIHS, OJIEOMHUITMHOBEIN (HHUOPO3, JIETKHE KPBIC
s xoppecnonaenuu: Cepreit Banentunosud Bypaskos. E-mail: buravkov@fbm.msu.ru

Jas nurupoBanus: bypaskos C.B., I'aBpuiiosa C.A., Banos E.B. Ckanupyromas 3JI€KTpOHHAsT MHK-
POCKOIIHA JIETKUX KPBIC TIpH OneomMurimHoBoM pubdpose. Kiun. sxen. mopdomorus. 2024;13(4):58—66.
DOI: 10.31088/CEM2024.13.4.58-66.

®unaHcupoBanue. VccienoBaHne BHITOIHEHO B PAMKaX rOCYAapCTBEHHOTO 3afaHusi MOCKOBCKOTO TOCYapCTBEHHOTO
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Scanning electron microscopy of rat lungs with bleomycin-induced
pulmonary fibrosis
S.V. Buravkov'?, S.A. Gavrilova', E.V. Ivanov’

"Lomonosov Moscow State University, Moscow, Russia
2 Institute of Biomedical Problems, Moscow, Russia
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Abstract. Introduction. Pulmonary fibrosis is a serious lung disease with high risks of mortality and functional
impairments. The model of bleomycin-induced pulmonary fibrosis in rodents is one of the most common
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and frequently used models. Complex methods for analyzing dewaxed tissues enable us to obtain valuable
information about morphological, microstructural, and chemical changes in tissues using the existing mate-
rial, i.e., without conducting separate studies. The purpose of this paper was to identify characteristic mor-
phological changes in a model of bleomycin-induced pulmonary fibrosis, the medication being administered
intratracheally, using scanning electron microscopy (SEM) in deparaffinized lung samples.

Materials and methods. The experiment included male Wistar rats weighing 200-250 g, in which pulmo-
nary fibrosis was modeled by intratracheal administration of bleomycin. After 28 days, the lungs were fixed
with perfusion of a 4% solution of neutral buffered formalin through the vena cava until cardiac arrest. The
samples were further fixed with 10% buffered formalin for 36 hours, plunged into alcohols, and embedded
in paraffin. For SEM, thick 250-pm sections were deparaffinized in xylene and alcohol, saturated with hexa-
methyldisilazane, and air-dried. After gold sputtering, the samples were viewed and photographed under a
JCM-7000 benchtop electron microscope.

Results. Light microscopy revealed signs of fibrosis in the lungs of all experimental rats. The fibrosis was
local. We distinguished three types of structural changes: 1) slight structural differences from the control
animals, 2) inflammation with initial signs of collagen formation, and 3) areas with complete fibrosis.
Conclusion. The use of SEM in analyzing thick sections significantly expands the possibilities of studying
the lungs in such pathologies as fibrosis and allows one to examine high-resolution surface ultrastructures
and identify various inclusions that cause pathological changes seen with X-ray microanalysis. This approach
is simple, fast, and low-cost to prepare samples for SEM using existing paraffin blocks and provides more

detailed structural information about the development of pulmonary fibrosis.

Keywords: scanning electron microscopy, bleomycin fibrosis, rat lungs
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BBenenue

®ubpo3upoBaHUE ABIAETCA OCHOBHBIM MEXaHU3MOM
Pa3BUTHS MHTEPCTHIUATIBHBIX 3a00JEBaHUI JIETKUX,
MPEICTABISIONNX COO0H BHICOKHE PUCKH CMEPTHOCTHU
1 (pyHKIMOHATBHBIX HapymeHui. [lepBuynblil (uanona-
TUYECKUI) JIETOUHBIH (PUOPO3 — OTHOCHTEIBHO PEIKOE,
HO KpaiiHe TsoKenoe 3a0oyeBaHue, TPYAHO MoAfatoIeecs
neyenuto [1, 2]. B mocnegHue ropl CyIecTBEHHO BBIPOCa
BCTpPEYaeMOCTh BTOPUYHOTO JIErouHOro (hubdposa, KOTo-
PBI MOXET Pa3BUThCA B UCXOJ€ THEBMOHUH, BBI3BAHHOM
SARS-CoV2, u conpoBoxaaeTcsl 3HAYUTEIHHBIM CHHU-
JKEHHeM pecnupaTopHbix GyHkuui [3]. CymecTByrolue
aHTU(UOPOTHUECKHUE MTpenapaThl OrpaHUYEHBI B CBOUX BO3-
MOXKHOCTSIX, a 7151 pa3paboTKu HOBBIX Tpebyercs Oonee
ry0oKoe MOHMMAaHWE MEXaHU3MOB MOBpeXIeHUs U Hu-
Opo3upoBaHUA JIETKUX. 3a MOCIETHHE JECATHIECTH MHO-
TUMH HCCIIE0BATEIbCKUMHU YUPEKICHUIMHU MPOBEIECHBI
COTHU Hay4YHBIX paloT, MOCBSIIEHHBIX JIETOYHOMY (PHUO-
PO3Y, B KOTOPBIX HAKOTIJICHBI apXUBHBIE TUCTOJIOTUYECKHUE
Marepuaiibl. KoMIiekcHble METOAMKY UCCIIE0BaHuUS AeTia-
padUHUPOBAHHBIX TKaHEH MO3BOJISIOT MOJIYYUTh LIEHHYIO
uHpOopMaLIKIO 0 MOP(POTOTUIECKUX, MUKPOCTPYKTYPHBIX
U XMMHYECKUX M3MEHEHHUAX B TKaHAX 0e3 MpOoBeIeHUs
OTJIEJIbHBIX MCCIIeIOBaHMIA, Ha YK€ CYLIECTBYIOIIEM Ma-
Tepuare.

BbneomunimHoBas mozpens geroyHoro Gpudposa rpeizy-
HOB SIBJISIETCSI OJHOW M3 HAuOOJIee YacTO UCIOIb3yEeMbIX

KIIMHUYECKAA 1 SKCITEPMMEHTAJTIbHASA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

U ONMCAHHBIX B JuTeparype. OHa XapakTepusyeTcs oT-
HOCHTEJIBHO OBICTPBIM 00pa3zoBaHueM GPUOPO3HOM TKaHH,
COXpaHSIOIIEHcs B TeUEHUE HECKOJIBKUX MecCsLeB Ha (hoHe
OTHOCUTEIIBHO HU3KOM JIETaTbHOCTHU U 3HAYMMOTO CHIXKE-
Hus QyHKIMHK Jerkux [4—6]. baeomunnHoBast MOAETb BbI-
MOJTHSIETCA B Pa3HBIX MOTU(PHUKAIMIX, C PA3HBIMU Iy TSIMH
BBEJICHUS U 03aMHU OieoMuIiHa. [TockonbKy mMyTh BBEE-
HUS B 3HAYUTEIFHON CTENICHH BIIMSET Ha MOBPEXKIAIOIIHIA
MEXaHU3M U 001acTb BO3/AEHCTBUS, BaXKHO UMETh YETKHE
MpPEICTABICHUS O MEXaHH3MaX MOBPEXKACHUS U peraparyu
JUISL KaXKA0T0 U3 BapuaHToB. CKaHUPYIOLIast AICKTPOHHAsS
mukpockonus (COM) nenapauHHPOBAHHBIX TKaHEH —
yaoOHBIN 1 MHPOPMATUBHBIN METOJ UCCIEAOBaHUS, KO-
TOPBIM [TOKA HE B JOJDKHOM CTEIIEHU OCBEILEH B HAyUYHOH
auTeparype. Jng nmocnenyomnero npuMeHeH!s MEeTo1a K
apXUBHBIM MaTepHayiaM TPeOyIOTCSI UCCIEI0BAHUS, BbI-
MIOJTHEHHBIE Ha KOHTPOJIMPYEMBIX CEPHIX 3KCIECPUMEHTOB.

Ilens uccnenoBaHust — BBIIBUTH XapaKTepHbIE MOPQO-
JIOTUYECKHE U3MEHEHHUs B MOJIeNu JierouHoro ¢gpubpo3a,
BBI3BAHHOTO HHTPATPaXealbHBIM BBEICHUEM OJICOMUIIHA
KpbicaM, meTojjoM COM B nenapadHUPOBAHHBIX 00pa3-
IaxX JIETKUX.

Marepuanbl 1 METONBI

Ilpu npoBeeHNH HUCCIEN0BAHUNA MBI PyKOBOJCTBOBA-
JIMCh ONOKEHNSIMU EBponelicKol KOHBEHIMH 10 3alIUTe
MO3BOHOYHBIX )KMBOTHBIX, UCIIOJb3YEMBIX AT DKCIEPH-
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MEHTOB WJIM B UHBIX HAYYHBIX LIEJIbIX, a TAK)KE IPaBUIaMU
MpoBeAeHUs padoT ¢ UCIOIB30BAHUEM IKCIIEPUMEHTANb-
HBIX )KUBOTHBIX (CTpacOypr, 1986). NccnenoBanue ogo6-
PEHO Ha 3acelaHui OMOATUYECKOTO KOMHUTETA (haKyIbTeTa
(ynnamenrtanbHol Menuuuasl MI'Y umenn M.B. Jlomo-
HocoBa (rpotokoit Ne 2 ot 09.02.2023).

Camusl kpbic Buctap maccoit 200-250 rpaMMoB ObLIH
MOJIy4eHBl U3 TUTOMHHUKA KOHBEHIIMOHAILHOTO COZIEP-
)KaHus B HCTUTYTEe MeAUKO-OMOIOTHYECKUX MpodiieM
PAH. Bcero B uccienoBanue mnocjie nepuoja akkimma-
TU3aluy 2 Heneau BBeu 30 )KUBOTHBIX (IeCATh — rpyIa
KOHTpOJIs, 20 — 3KCIIepUMEHTaJIbHas IPyMIa, B KOTOPOi
MOJIETMPOBAIIU JIEro4YHbIH (pudpo3). B Teuenue Becero Bpe-
MEHHU KpPBIC COAEpKall B KOHBEHIIMOHAILHOM BUBApUU
(hakynsrera pynnamenTanpHoi MenuuuHsl MI'Y nMeHn
M.B. JlomoHOCOBa pu 12-4acOBOM LIMKJIE OCBEIIEHUS CO
CBOOOHBIM IOCTYIIOM K BOJIE 1 CTAHAAPTHOMY KOMOUKOP-
My IO TPH OCOOH B KIIETKE.

IIpu monenupoBanuu ¢ubpo3za Oineomunus (Nippon
Kayaku, SInonus), pa3BeqeHHbI B CTEPUILHOM (HU3HO-
JIOTUYECKOM PacTBOpE, BBOAMIM UHTPATPaxeabHO KPbI-
caM, aHeCTe3UPOBAHHBIM U30(UIypaHOM B 103€ 7,5 MI/KL.
Metoauky monenupoBanus (pudpo3a u qo3y mpemnapara
BBIOMpAJIN COMMIACHO JaHHBIM JIUTEPaTypHl [6, 7]. 3a KpbI-
caMu HaONoadu B TeueHUe 28 JHel, mocie 4yero npu
TyOOKOH aHECTE3MH BCKPBIBAIIM TPYIHYIO KIIETKY, CEpLe
u jerkue nepdysuposaiu 4% pacTBOPOM HEHTPAIBLHOTO
3a0ydepeHHoro ¢popManrHa uepes HOIyI0 BEHYy JI0 OCTa-
HOBKH cepjua. Jlerkue u3BieKaiu U3 IPyIHON KIETKH
Y 3aIIOJTHSUIA TaKUM e pacTBOpoM (opMainHa i pac-
npaBieHus anbpeod. uadparmManbHylo JOJI0 MPaBoOro
JIETKOTO UCCEKaJId B 00JIACTH BUJIMMOM MAaTOJIOTUH, BbI-
TSNS cpe3 TONIIMHON He Oonee 4 MM, KOTOPBIN 3aTeM
(ukcuposanu B 10% HeliTpanbHOM 3a0ydepenHomM dop-
MaJInHe B TeueHue 36 uacoB. Jlanee 00pasIibl IETKOTO OT-
MBIBaJIM POTOYHOHN BOJIOHM, 00€3BOKHUBAIIN B U30MPOITUIIO-
BBIX CIIUPTax BOCXOAAIIEH KOHIIEHTPAI[MH, MUHEPAJIEHOM
MacJie U napaguHe, ociIe 4ero 3aJUBaIl B Napa(uHOBbIC
610KH.

B uccnenoBanny npuMeHsIIM METOABI KOPPEJALIUOHHON
MUKPOCKOIHU JJIsl CPAaBHEHHSI PE3YNBTaTOB, TOTYyYEHHBIX
IpU TIOMOIIM CBETOBOII MUKPOCKOMHNH, ¢ JaHHBIMU COM.
Jns mpoenenust COM ucnonb3oBaiu OJIOKU, 3aJTUTHIC
B nMapaduH, C KOTOPBIX MOCTE MOTYUYCHUS CPE30B IS CBeE-
TOBOI MUKPOCKOIIUY U UX OKPAIIMBaHHSI T€MaTOKCHITMHOM
¥ 503MHOM U 110 METOTy MaccoHa MoTy4yasii TOJICTHIE CPE3bl,
250 mukpon. [Tocne sToro ux nemapaduHUPOBAIIN B KCHIIO-
Jie B TeYEHHUE CYTOK MPH MOCTOSHHOM LIAISAIIEM TTOMEIIHU-
BaHUM Ha 1elikepe (Shaker S-3, Jlarsus) npu 50 00./mMuH,
nposoauu gepe3 100° cupt (30 MUHYT) U reKCaMeTHII-
nucunazal (30 MunyT). ['ekcameTnnincuiazad gaet Bo3-
MOYKHOCTh O0OHTHCH O€3 CYIIKH MPHU KPUTHYCCKOH TOUKE
Y BBICYIIIMBATh 00pa3Ibl Ha BO3MyXe 0e3 HapyIICHHS TOH-
KHUX CTPYKTYp MOBEpXHOCTH [8]. BricylieHHbIE HA BO3.LY-
xe 00pa31bl MOHTUPOBAJIM Ha CTOJMKAX Ul MUKPOCKOIIA
C HCIIONIb30BaHUEM YTJIEPOIHOTO JABYCTOPOHHETO CKOTYA
Y HaMbULSIH 30JI0TOM.
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Amnanus u pororpadupoBanue MpoBOAUIN Ha HACTOJb-
HOM CKaHHPYIOIIEM 3IeKTPOHHOM MUKPOCKOIIE, OCHAIIICH-
HOM PEHTT€HOBCKUM MUKpoaHanu3zaropoM JCM-7000
(JEOL, Snonus). Hudpossie potorpadun coxpansiu
B (hopmare TIFF c paspemenuem 1.3 MIL.

PesynbraThl

ITo pe3ynbraTam CBETOBOIl MUKPOCKOIUM MPU3HAKU
¢ubpoza 6suTH 06HaApY)keHBl B 100% HccaemoBaHHBIX
IpenaparoB JETKUX KPBIC U3 SKCIICPUMEHTAIbHOM TPyIIIbL.

KoppenauroHHas MUKPOCKOMHS O4€Hb yaoOHa I
CPaBHEHUS! PE3YyNbTATOB CBETOBOM U 3IEKTPOHHON MUKPO-
ckoruu. Ha pucyHnke 1 A npencraBieH cpes3, OKpalleHHbII
FeMaTOKCUJIMHOM U 303MHOM, a Ha pucyHke 1 B — ynbrpa-
CTPYKTYpa IOBEPXHOCTU MOCIEAYIOIIEr0 TOJICTOIO Cpe3a,
HOATOTOBJIEHHOTO ATl IPOBEJECHUS CKAHUPYIOLEH MUKPO-
ckonuu. CrenyeT OTMETHUTh, YTO IpU JenapadruHUpoBa-
HHUM U MOHTaKe CPE30B Ha CTOIMKE AT TpoBeneHus COM
CTOUT OoOpalaTh BHUMAaHUE HA CTOPOHY, KOTOpas Oyaer
oOpallieHa HapyXKy, HHaue HapyLIUTCs COOTBETCTBUE CBE-
TOBOW U 3JIEKTPOHHON KapTHUHBI.

Bonee peranbHble N300pakeHUs] Pa3IUUHBIX ydacT-
KOB JIETKHX, MOJTy4eHHbIE ¢ MOMOIbI0 COM y XKUBOT-
HBIX KOHTPOJIbHOW TPyNIBI, TPUBEACHBI HA PUCYHKE 2.
IToBepxHOCTB CEpO3HOI 000JI0UKH BUCLIEPATBHOM IIIEBPHI
IpPEACTaBIEHA IUIOCKUM OJHOKIECTOYHBIM 3MUTEIUEM U3
ME30TEIHANbHBIX KJICTOK IOJUTOHATBHON (POPMBI CO MHO-
KECTBOM MHKPOBOPCHHOK, 00pa3yIOIUX MEXKIETOUHbIE
coenuHenus (puc. 2 A, B).

Ha pucynkax 2 C u D nokazaHa yneTpacTpyKTypa 1o-
BEPXHOCTH OpOHXa y *KMBOTHBIX KOHTPOJIBHOMN IPYIIbI
IpU pa3HOM yBenudeHuH. OTUETIUBO BUIHBI CKIIA4a-
TOCTb U KJIETOUHAs CTPYKTYpa IOBEPXHOCTH, KIIETKHU KO-
TOPOI MOKPBITEl MHOTOUHCIIEHHBIMU MUKPOBOPCUHKAMH.
Hanuuue spuTpoIUTOB Ha HOBEPXHOCTH CBUIETEILCTBY-
eT 00 ornepanroHHOM 3a00pe Marepualna v He SBISETCS
apTeaxToM.

YnbTpacTpyKTypa aabBEOSIPHOI MOBEPXHOCTH JIET-
KHX KPBIC KOHTPOJILHOM TpyIIEl IPEeCTaBIECHA HA PUCYH-
kax 2 E u F. IIpu manom yBenuuenuu (puc. 1 B) anseonsip-
Hasl 4acTb JITKUX HAIIOMHMHAET MMYEITHHbIE COTHI, KaX/Jast
aJIbBEOJIA BBICTIIAHA YIUIOUIEHHBIMHU KJIETKAMHU AJIbBEOJISIP-
HOT'0 SIUTEJUS], OCHOBHYIO YaCTh KOTOPBIX 3aHHUMAIOT ajlb-
BEOJIOLUTHI 1-r0 TUMa, HA UX Joito mpuxoautcs 90-95%
BCEH MOBEPXHOCTH AJIbBEOJBI. DTH KJICTKH aKTHBHO yda-
CTBYIOT B Ta3000MEHE U TECHO KOHTAKTUPYIOT C JICTOYHBI-
MU KPOBEHOCHBIMHU KaWIISIPaMU. AJbBEOJIIOIUTHI 2-TO
tuna (puc. 2 F) uMeroT okpynIyro UM OBaJIbHYIO (GOpPMY
U 00J1aat0T MHOTOYHCIEHHBIMH KOPOTKUMH MHKPOBOP-
CHHKaMH Ha alHKaJIbHOM MOBEPXHOCTH.

HccnenoBanue CTPYKTYphl HOBEPXHOCTH C MOMO-
b0 COM Jerkux KpbIC ¢ OJI€OMUIIMHUH Y IIUPOBaHHBIM
(hubpo30M MpHU MaANOM YBETUYECHUH OTUYETIHBO BBISBUIIO
MecTa HopaxeHHbIX obnacteil. Cieayer ckas3arh, 4To MO-
pakeHue JIETKUX HOCUIJIO THE3HBbIN Xapakrep. B mecrax,
rae ¢puOpo3HBIA Ipouece He Havaucs, yabTpacTpyKTypa
anbBeol (puc. 3 A, B), a Takxke SNTUTENUi BUCHIEpaTbHON
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Puc. 1. Manoe yBeian4eHHe Cpe30B JIETKUX KPBIC B KOHTPOJIBHOM I'PYIIIE )KMBOTHBIX.
A — 5 MKM cpe3, OKpalIeHHbII FeMaTOKCUIIMHOM U 203UHOM. B — 250 MKM cpe3, oAroToBIeHHbIH A1 npoBeneHust COM.
MacmtaGHbIH 0Tpe3ok cooTBeTCTBYeT 500 MKM
Fig. 1. Low magnifications of lung sections of rats in the control group of animals.
A — 5-um section stained with H&E. B — 250-pum section prepared for SEM. The scale bar is 500 pm

mieBpsl (puc. 3 C, D) He oTIIMYanuch OT TAKOBBIX Y KOHT-
POJIBHBIX XKUBOTHBIX. BMecTe ¢ TeM BCTpeyanuch MecTa
C PE3KO BBIPAXKEHHON BOCHAJIUTEIBLHON peakuuen ¢ Jen-
KOLUTApHO! nHUIBTpanuei (puc. 4 A, B) ¢ nmosineHneM
TOHKHUX OTAEILHBIX BOJIOKOH KoiareHa (10 0,1 Mxwm), eme
HE CIUICTAIOIINXCS B IyYKU. B 001acTaX ¢ MONMHOCTHIO 3a-
BEPIIUBIIAMCS (HUOPO30M MPAKTHYECKU OTCYTCTBOBAIA
KJIETOUHAs CTPYKTYpa, a BCE MPOCTPAHCTBO OBLIO 3aHATO
BOJIOKHAMU KoJutarena. Pa3smep BOJIOKOH, PacIiOIOKEHHBIX
OTHeNnBHO, cocTaisut mopsaka 0,1 MM, OHM YacTo pac-
MOJIarajIuCh XaOTHYHO, OTHAKO, CIIUBASICh B KTy ThI, MOIJIA
JIOCTUTaTh 5 MKM, 3aIlOJIHAA BCE MPOCTPAHCTBO B TKAHHU.
B 3HaunTensHO CTENeH! MONCK JIOKAIM3AIUN MECT UCCIIe-
JIOBaHUs TIOJ1 AJIEKTPOHHBIM CKaHUPYIOLTUM MUKPOCKOIIOM
oOnerdascs HAIMYUEM MapauIeIbHBIX THCTONIOTUYECKUX
CpEe30B, OKPAILLIEHHBIX TeMAaTOKCUIIMHOM M 203UHOM U TPH-
XpOMOM 110 Maccony.

O6cyxaeHue

B nccenoBaHny HCIIOIB30BANICS METO/] KOPPEISLIMOH-
HOM MHKPOCKOITHH, KOT/a MapaljIeIbHO aHAIN3UPOBAIH
Cpe3bl 5 MKM B CBETOBOM MHUKPOCKOIIE, OKpAILICHHbIE Ie-
MAaTOKCHJIMHOM M 303MHOM HIIM 110 MaccoHy, a B CKaHH-
PYIOILEM 3IEKTPOHHOM MUKPOCKOIE — TONCThIE, 250 MKM,
cpe3sl Iociie ux JenapaguHupoBaHus. JTO 1aeT BO3MOXK-
HOCTb JIETKO HAECHTU(HIIMPOBATH KaK MECTO, TaK U COOT-
BETCTBYIOIIHE CTPYKTYpbl. OueHb yacTo B paboTax MOXXHO
BCTPETHTH KOPPEIALHOHHBIE HCCIIEN0BAHNS B KOH(POKAIIb-
HOM WJIH (ITyOPECIIEHTHOM MHKPOCKOIIE C TTOCIeAyIomen
CKaHUPYIOILEeH HIEKTPOHHON MUKPOCKOITHEH /I IToTyde-
HUs 6olnee AeTanbHON Mop¢oaorudeckoit HH(popMaIuu o
cTpyktype [9]. B ciiyuae Hannuus Kakux-u00 BKIIFOUSHUH,
MMEIOLINX MECTO TPH PAa3IUYHBIX MPOQeCCHOHATBHBIX
3a00/1eBaHUSIX JETKUX, TAKUX KaK CHUIIMKO3bI, aCOECTO3bI
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U T.]I., OHHU JIETKO MOTYT OBITh UACHTU(GUIIMPOBAHEI, U UX
XMMHYECKHI COCTaB OMpeJieieH C IIOMOIIBI0 PEHTIeHOB-
ckoro Mukpoananusa [10, 11].

HcenenoBanus JISTKUX METOJIOM CKaHUPYIOIIESH dJIeK-
TPOHHON MHUKPOCKOIIHY MPOBOTUIUCH B THCTUTYTE MOp-
¢ororum uenoseka euie B 1987 rony JI.K. Pomanosoti [12].
OnHako Torna He OCYIIECTBISIIOCh KOPPETSIIUOHHOE UC-
ClIeZIOBaHHE CO CBETOBOW MHMKPOCKOIIHEH, a 3ydaIuCh
o0BbeMHbIe 00pas3Ibl JIErOYHOI TKaHMU, OATOTOBJICHHBIE
cneruanpHo 11t COM.

B cBoeit paboTe MBI OKa3aliy, 4YTO apXUBHBIH MaTepH-
aJ1, 3aJIUTHIH B MapadyH, BO3SMOXKHO MCIIONB30BaTh IS UC-
CJIe/IOBaHUI HE TOJILKO B CBETOBOM, HO U B CKAHHPYIOIIIEM
9NEKTPOHHOM MHKPOCKOIIE, YTO JIaeT BO3MOXKHOCTB OoJiee
JIETAIBHO YBHJETh YIBTPACTPYKTYPY KIETOYHOW TOBEPX-
HOCTH 0€3 KaKHX-JINOO 3HAYMTENBHBIX JIOMOJIHUTEIBHBIX
3arpar.

B Hammx ncciieoBaHUsAX HE OTMEUSHBI H3MEHEHHUS
Me30TeJIMATIBHBIX KJIETOK BHCLEPaIbHOM IIEBPHI IPH pa3-
BUTHH (pUOPO3HOTO Npoliecca IPH UCTIOIb30BaHHOM HAaMU
MoJieNnHu JierouHoro ¢puodposza. Cunraercs, 4TO OCHOBHOM
(GyHKIMeH Me30TeNHaIbHBIX KJIETOK SBISIETCS CEKpenus
CEpO3HOM KHUJKOCTH, a TAaK)KE€ CHHTE3 U TPAHCIOPT Be-
IIECTB U3 CEPO3HON KUAKOCTH B TUM(paTHIECKOE PyCIIO.
Me3sotenuanbHble KIETKH BUCIepanbHOii mieBpsl (MKBIT)
MeTabOoNMNYeCKH aKTUBHBL, OJIEP)KUBAIOT JMHAMHYECKOE
COCTOSIHME IOMEOCTa3a B IUIEBPAJIBLHOM IIPOCTPAHCTBE.
B oTBeT Ha MoBpeXJeHNHE OHU pearupyroT mpoaudepa-
[Mel U XeMOTaKCHCOM, IIOKPhIBAsk Y4aCTKH OTOJICHHOTO
BHEKJIETOYHOTO MaTpHKca. DTOT OTBET ONOCPEnyeTcs
AayTOKPUHHOM CUTHaIM3anuel, 00yClnoBICHHON BRIPAOOT-
KO XeMOKHHOB. FOKCTaKpUHHBIE U IApaKPHHHBIE CBS3U
MEXy KIETKaMH 00eCleYHBaIOT OBICTPYIO PEAKILHI0 BO
Bpems Bocmanenus [13]. MKBII sBnsrorcs darouurap-
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Puc. 2. Cxanupyromias 3JIeKTPOHHAs MUKPOCKOIIHS YJIBTPACTPYKTYPbI IIOBEPXHOCTH JIETKUX KPBIC KOHTPOJIBHOM TPYIIITBI.
A — 5reTkoe B 0011aCTH BHCHIEpANIBHOM TIeBphI. MacmTabHbIH oTpe3ok 20 MKM. B — TOT ke y9acTok npu 60IIbIeM yBeTHIeHHN.
ButHbI MHOTOYHCIICHHBIE MUKPOBOPCHHKH I MHO)KECTBEHHBIE MEKKJICTOUHBIE KOHTAKThI. MacITaOHbIH OTPE30K 5 MKM.
C — TKaHb Jierkoro B obnactu OponxoB. Maciitabusiii orpe3ok 20 MkM. D — TOT ke y4acToK Ipu OOJIbIIEM YBETHYCHHUH.
MactaGHblii 0Tpe3ok 5 MkM. E — ynbsTpacTpykTypa MoBepXHOCTH anbBeosbl. MactaOHbIi oTpe3ok 20 MkM. F — ot xe
Y4acTOK NP OOJIBIIEM YBEIHYCHHHU. B LIEHTPE OTUYETIMBO BH/ICH aJIbBEOJIOLUT 2-r0 THIIa. MaciuTaOHbIi 0TPE30K 2 MKM

Fig. 2. SEM of the ultrastructure of the lung surface in the control group of animals.
A — lung in the area of visceral pleura. The scale bar is 20 um. B — an enlarged view of the area marked with a square in A.
Numerous microvilli and multiple intercellular contacts are visible. The scale bar is 5 pm. C — lung tissue in the area of bronchi.
The scale bar is 20 pm. D — an enlarged section of bronchi, marked with a square in C. The scale bar is 5 um. E — ultrastructure
of the alveolar surface. The scale bar is 20 um. F — enlarged area marked with a square in E. Type 2 alveolar cells are clearly
visible in the center. The scale bar is 2 pm

62 KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 13 Ne 4 2024
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Puc. 3. Cxanupyromias 3J1eKTPOHHAS! MUKPOCKOIINS YIBTPACTPYKTYPBI TOBEPXHOCTH JIETKUX KPBIC ¢ OJIEOMUIIMHOBEIM (hHOPO30M.
A — TKaHb JIerkoro B 061acTy anbBeol. MaciutaGHbli 0Tpe3ok 50 MKM. B — TOT jke y4acToK Ipy OOJIbIIEM yBEITHICHUH.
MacmTabHslit 0Tpe3ok 5 MkM. C — j1erkoe B 001aCTH BHCIIEpATbHOM MIeBpsl. MacmtabubIi oTpe3ok 20 MkM. D — ToT xe
YYacTOK MpH OOJIbIIEM yBeTnUeHHU. MacTaOHbIH OTPE30K 5 MKM

Fig. 3. SEM of the ultrastructure of the lung surface with bleomycin-induced fibrosis.
A — lung tissue in the area of alveoli. The scale bar is 50 pm. B — enlarged section of alveoli marked with a square in A. The scale
bar is 5 um. C — lung in the area of the visceral pleura. The scale bar is 20 pm. D — enlarged section of the ultrastructure of the
pleural surface marked with a square in C. The scale bar is 5 um

HBIMHU ¥ IPOAYLHUPYIOT HECKOIBKO LINTOKMHOB M MOJIEKYJI
aares3ud [ 14]. MezorenuanbHble KIETKH UIMEIOT MUKPOBOD-
CHMHKHM U MHOXECTBO MEXKJIETOYHBIX KOHTAKTOB. Pazmep
u (hopMa, a TaKKe KOIHMISCTBO MUKPOBOPCHHOK U Opra-
Hesut B MKBII mMoryT orpaxarh ee (QyHKIMOHAIEHOCTb.
B MKBII skcnpeccupyroTcest OeNKy IIOTHBIX COSTMHEHNH,
KOTOpBIE, KAK U3BECTHO, OIPEAEIIAIOT apaLeILIIOIIPHYIO
MpOHUIIaeMOCTh [15].

PasBuTHe prOp03a HOCHIIO THE3HEIN XapaKTep, BCiel-
CTBHUE YEro U3MEHEHUS albBEON TPYAHO OBLIO OLIEHUTH.
B tex Mecrtax, rae mpouecc He Haydajucs, yJIbTpacTpyK-
Typa IOBEPXHOCTH aJIbBEOJOLUTOB KaK 1-ro, Tak U 2-Tr0
HOpsIKA BBIMISAAEIa HEU3MEHEHHON U HE OTIMYANach OT
KOHTPOJIEHBIX 00pa3noB. AJBBEOJIOLHTHI 2-T0 OPS/IKA —
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9TO aKTHBHO CEKPETUPYIOLINE KICTKH, HOpMHUpYIOLIHE
JerouHslit cypdakrant. OueHp 4acTo MOBEPXHOCTD allb-
BEOJIOLIMTOB TIOKPBITA CYypHAKTaHTOM, IPEICTABISIOLINM
€000#1 MOBEPXHOCTHO aKTHBHYIO KHIKYIO cpeny. OyHKIHs
cyphakraHTa — CHIJKCHHE MOBEPXHOCTHOTO HATSKCHUS
IUICHKH TKaHEBOW JKUAKOCTH, MOKPHIBAIOLICH anbBeo-
JISIPHBI DMUTEIHI, YTO MPEMATCTBYET CIUITAHUIO CTEHKH
npH Jgpixanud. Kpome Toro, jero4Hblii cyphaktant ocy-
[IECTBIISET OAKTEPULIMAHYIO U HMMYHOMOIYIHPYIOLIYIO
(bYHKLHH, CTHMYITUPYET aKTHBHOCTD aJbBEOJISIPHBIX Ma-
Kpogaros.

ITpennoxeHHbI HAMH METOJ KOPPEISILIHOHHOTO aHa-
JM3a MOXHO HCIIONB30BATh MPH HCCIEAOBAHNH IPYTHX
JICTOYHBIX MTATONOTHH. B mocieHee BpeMs 3HaIUTENbHBII
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Puc. 4. Ogar BocnaauTeIbHON PEAKINH B JIETKHUX KPBIC ¢ OJICOMUIIMHOBBIM (PHOPO30M H 3aBepIIHBIIUMCS GUOpo30M.
A — MHOXECTBEHHBIE TUM(OIUTHI M KOJIATeHOBBIE MTy4YKd. MacmrabHeiii oTpe3ok 10 MkM. B — TOT ske y4acTok mpu GosbiieMm
yBesn4yeHud. MaciraOHbli otpe3ok 5 MkM. C — yqacTok 3aBepumBLierocst hpubposa, 0TMEHaroTCsi MHOKECTBEHHBIE ITy4YKH
KOJITareHOBBIX BOJIOKOH. Maciitabublii oTpe3ok 20 MkM. D — TOT jxe y4acTok mpu GoJiblieM yBeaundeHHd. MaciuTaOHbIi

OTpe30K 2 MKM

Fig. 4. The focus of the inflammatory reaction in the lungs of rats with bleomycin-induced fibrosis and complete fibrosis.
A — multiple lymphocytes and collagen bundles. The scale bar is 10 um. B — enlarged area of inflammation marked with a square
in A. The scale bar is 5 um. C — area of complete fibrosis, multiple bundles of collagen fibers. The scale bar is 20 pm.
D — enlarged area marked with a square in C. The scale bar is 2 um

HWHTEpPEeC BO3HUK NPH HcclieqoBaHuu metogom COM rer-
KHX TaIueHToB, HHGUIMpoBaHHBIX SARS-CoV-2. Tak,
B pabote T. Congiu et al. [16] ObutH 0OHApYKECHBI 3HA-
YUTEIbHBIC U3MEHEHUS B YABTPACTPYKTYPE JIETKUX, BbI-
3BaHHBIC CY’)KCHUEM JIBIXaTCIbHBIX My TeH. AIIbBEOJISIPHBIC
MIOJIOCTH OBLTH 3aMOTHEHBI (GPUOPHILIAPHBIME CTPYKTYpa-
MU, TOXOKUMH Ha (HuOpuH. BHYTpH anbpBeoI 4acTo MpH-
CYTCTBOBAIIM 3PUTPOLHTHI, OKPYKEHHBIC PETUKYISIPHON
(uOPHUHOBO CETHIO, UTO YKA3BIBACT HA TEMOPPArHICCKHUI
aJIbBCOJIUT. AJILBEONIAPHBIC U3MEHEHHUS TECHO KOPPEIH-
POBAJIU C U3MEHEHUSMU COCYNIOB, B KOTOPBIX OTMEUYAIHCh
MOBpEXKIACHUE dHAOTENH U TpomO03. OuOpUHO3HBIE
MHKPOTPOMOBI MHOTOKPATHO OOHapyKMBAJIUCh B Ka-
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MHJLIIpax MeXalbBeoJspHON meperoponku. Kpome
TOTO, HEPEAKO BBIIBISUIACH MPOIH(epalns KanuuisipoB
B aJIbBEOJSIPHBIX MEPETOPOIKAX, YKa3hIBAIOIIAs Ha HEO-
anruorenes [17].

3axnoueHne

IIpuMeHeHre CKaHUPYIOLEH 3JIEKTPOHHOW MHUKPO-
CKOIIMU CYIIECTBEHHO PacIINpsieT BO3MOKHOCTH HCCIIe-
JIOBaHMS JIETKUX MPH PAa3IMYHBIX MATOJIOTUAX, BKIOUas
¢ubpo3. [ig ananmusa MOTYT HCIIONB30BaThCs mapadu-
HOBBIE OJIOKH, B TOM YHCJIE apXUBHbBIE, C KOTOPBIX PEXKYT
TOJNCTHIC, 250-MUKPOHHEIE, CPE3bl U IenapagpUHUPYIOT
nx. [TapannenapHble Cpe3bl, MOIydaeMble IJIs1 CBETOBOM
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MHUKPOCKOITUH, 3HAYUTEIFHO 00JIETIAI0T HACHTH()UKAIIAIO
VABTPACTPYKTYP Ha CKAHUPYIOIIEH AIIEKTPOHHON MHKPO-
ckonuu. [ToMUMO TONMy4YEeHUsT BHICOKOTO pa3pelIeHus
VIABTPACTPYKTYP HOBEPXHOCTH CTAHOBHUTCS BO3MOXKHOM
XUMHYECKas UICHTH(GUKAIMS Pa3IUYHbIX BKIIOUYCHUN,
BBI3BIBAIOIINX MTATOJIOTUIECKIE H3MEHEHUS, C TOMOIIBIO
METO/Ia PEHTI€HOBCKOTO MUKPOAHAIIN3A.

Takoli TOAXO[ SABIAETCS MPOCTHIM, OBICTPBIM U HEJO-
POTHM CIIOCOOOM MOITOTOBKH 00OPA3IOB [T CKAHUPYFOIIEH
ANEKTPOHHON MUKPOCKOIIMH U3 apXUBHBIX apaMHOBBIX
6nokoB. OH faet 6olee NETaIbHYIO CTPYKTYPHYIO HHPOP-
MaIHIo O pa3BUTUHU PUOPO3a JIETKUX.
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Mopdonorust CKeIeTHbIX MBI IIPU TUHAMMYECKOI
dusnueckoit HarpysKe u Koppekuuu L-KapHUTHHOM

H.A. Xymopckan'?, I ®. Hlaiimapoanosa’, B.Il1. banawos', B.H. Aopamoé’,
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Pe3tome. Bseoenue. PaboThI, TOCBAIIEHHBIE HCCICIOBAHIIO MOP(OIOTHISCKUX H3MECHEHUI B CKEIETHOM
MBIIIIEYHOH TKAaHH IIPH AUHAMIYECKON (PU3NIECKOM Harpy3Ke, OCTAIOTCA CAMHUIHBIME. J[aHHBIE 0 MHOTIPO-
TEKTOPHBIX CBOWCTBAaX L-KapHUTHHA BO MHOTOM IPOTHBOPEUYMBHI. Llenb nccnenoBanus — aHaIU3 yIbTpa-
CTPYKTYPHBIX U3MEHEHHH MHOCHUMILIACTOB KaMOAJIOBUIHOW M MOAOIIBEHHON MBIIII] KPBIC B YCIOBHUAX
WHTCHCUBHOW (PM3NUECKON HArpy3KH U NeiicTBus L-kapHUTHHA.

Mamepuanvt u memoosi. JKuBoTHBIE (KpBICHI) OBUIH pa3zelieHbl Ha TPU TPYHNbBL: 1) KOHTPONBHYIO — 0e3
Harpy3Kd; 2) TPyIIy CpaBHEHUS — ¢ PU3NIECKON HArpy3Kol; 3) SKCIIEPUMEHTAIbHYIO — C (PU3UUECKOM
Harpy3Kkoi u nmonydenrneMm L-kapautrHa (100 mr/kr). Ou3ndeckyro Harpy3Ky MOACTHPOBAIIH €KESAHEBHBIM
(21 cyTkm) NIpUHYIUTENBHBIM IIABAHUEM KHBOTHBIX «JI0 TIPEEa» ¢ Tpy30M, paBHbIM 10% oT Macchl Terna.
Pezynomamul. InTencuBHas (pU3NUECcKast Harpy3Ka MPUBOAMT K MOSIBICHUIO PAa IECTPYKTUBHBIX H3Me-
HEHWH B CKEJICTHOM MBIIICYHON TKAHW OOOMX THUIOB MBIIII: BHYTPUKICTOYHOTO U WHTEPCTUIIHAIHLHOTO
oTeka, 00pa30BaHNIO MHBAarnHAINK W IOBPESKICHUH KapHoIeMMBbl, MUOGHOpHILT 1 MuTOXOHIpHi. [Ipodu-
JIAKTUYECKOe BBeIeHNE L-KapHUTHHA CHI)KAET CTETIEHb BRIPAXEHHOCTH M YaCTOTY MOSBICHUS JECTPYKIMN
MHOCHMILTACTOB.

3akniouenue. Pe3ynbraTsl HCCIEIOBAHNS MOATBEPKIAIOT HAJTUIHNE TPOTEKTOPHBIX CBOIMCTB y L-KapHnTHHA
B OTHOIICHHH CKEJICTHBIX MBIIICYHBIX BOJOKOH IPH HHTEHCUBHON (PM3WIECKON Harpy3Ke.

KoueBble cjioBa: MUOCHMILIACT, MOIOIIBEHHAS MBIIIIIA, KAMOAJIOBUIHAS MBIIIIA, THHAMUYECKas Gpu3n-
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Morphology of skeletal muscles under dynamic exercise and correction
with L-carnitine

LA. Khutorskaya'?, G.F. Shaymardanova®, V.P. Balashov', V.N. Abramov’,
A.V. Balashov', E.V. Bystrova', I.A. Evstifeeva’

'National Research Mordovia State University, Saransk, Russia
2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
3Kazan Institute of Biochemistry and Biophysics of the Federal Research Center “Kazan Scientific Center”, Kazan, Russia

Abstract. Introduction. There is paucity of information on morphological changes in skeletal muscle tis-
sue under dynamic exercise. Data on myoprotective properties of L-carnitine are contradictory. The paper
aimed to analyze ultrastructural changes in characteristic multinucleated structures of the soleus and plantaris
muscles of rats under intense physical activity and the action of L-carnitine.

Materials and methods. The animals were divided into three groups: 1) the control group, in which the rats
that did not have physical activity; 2) the comparison group, where the rats had intense physical activity;

KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 13 Ne 4 2024 67



OPUTMHAIBHBIE MICCITEJOBAHNA

and 3) the experimental group, where the rats received L-carnitine at a dose of 100 mg/kg and had intense
physical activity. Dynamic exercise was for 21 days running and implied forced swimming “to the limit”
with a load equal to 10% of body weight.

Results. An electron microscopic study showed intense dynamic physical activity to lead to a number of
destructive changes in the skeletal muscle tissue of both types of muscles: the appearance of intracellular
and interstitial edema, the formation of invaginations, and damage to the nuclear membrane, myofibrils,
and mitochondria. Preventional injection of L-carnitine reduces the severity and frequency of damage to
characteristic multinucleated structures.

Conclusion. The research results indicate that L-carnitine protects skeletal muscle fibers during intense
physical activity.

Keywords: characteristic multinucleated structures, plantaris muscle, soleus muscle, dynamic physical
activity, L-carnitine
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BBenenue

TpeHUPOBOUHBII U COPEBHOBATENBHBIN PEXKUM aKTHB-
HOCTHU MpPO(eCCHOHAIBHBIX CIOPTCMEHOB UMEIOT TEH-
JEHLHUIO K YBEJIUYSHUIO0 X UHTEHCUBHOCTH U HEPEIKO
OCYIIECTBIISIIOTCS Ha YPOBHE MPEeSIbHBIX BOSMOXKHOCTEH
oprau3ma. 9T0 MOXKET IPUBOIUTH K 3HAYUTEIbHBIM He-
FaTUBHBIM M3MEHEHHUSM B pPasHbIX (YHKIHOHAJIbHBIX
cucteMax u TpaBMatusanuu [1-5]. Jnsa ¢puszuueckoro
NepeHanpsHKeHus TUIIMYHBI U3MEHEHUs1 MeTabonu3ma,
OTpakarolllie poCT CHEU(PUIESCKUX MaPKEPOB MOBPEXK-
JIEHUS] MBIILIEYHBIX BOJIOKOH, HHTEHCU(UKALIUIO CBOOO-
HOpaJUKaJIbHBIX MPOLECCOB C OJHOBPEMEHHBIM CHUXKE-
HUEM aKTUBHOCTU aHTHOKCHJIAHTHBIX CUCTeM. [laHHBII
KOMIUIEKC HapyLIIEHUH He TONBKO SBJISETCS MapKepoM
TpaBMaTU3alluu, HO U OKa3bIBaeT HEraTUBHBIN 3deKT
Ha KJIETOYHOM, TKAHEBOM M OPTaHHOM YypoBHsiX [6—10].
IIpenaparbl METabOIUUECKOTO THIIA ACHCTBUSI — CTPYK-
TypHbIE aHAJIOTH MPUPOAHBIX OMOJOTHYECKU aKTUBHBIX
BewlecTB. /11 HUX XapaKTepHbI HU3KUE MMOKA3aTEeNN TOK-
CUYHOCTH U BbICOKas 3()(PEeKTUBHOCTH B MpOdUIIAKTUKE
MOBPEXICHUN OPraHOB M TKaHEH B YCIOBHUAX CTPECCOp-
HOTO U UIIEMUYECKOro Bo3aencTBuil. OqHuM u3 Haubosee
MEPCIEeKTUBHBIX MpenapaToB JaHHON TPYIIIbI SBIsSETCA
L-xapauTtud. OH NpUMEHIETCS B KaueCTBE KOPPEKTOpa
MBIIIEYHBIX HAPYIICHUH, OKa3bIBaeT aHTUOKCUAAHTHOE
U aHTUTUIIOKCUYECKoe JeicTBUE U 007a1aeT MHUPOKUM
cnexTpom Ouosoruueckux 3¢dexros [11]. [Ipu 3Tom nan-
HBIE 0 MUOMIPOTEKTOPHBIX CBOMCTBax L-KapHUTHHA MPO-
TUBOPEUMBBI, & MEXaHU3M €TI0 JEHCTBHS MO YIyUIICHUIO
pe3yIbTaToOB (PU3MUECKUX HArPy30K He BIONHE siceH [12].
HecMoTps Ha akTyaIbHOCTB IPEACTABICHHON TPOOIEMBI,
paboTHhl, IOCBSILEHHbIE U3YYEHUIO YIBTPACTPYKTYPHBIX
U3MEHEHUU B MHOCHUMILIACTE MPU AMHAMUYECKON (hu-
3MYECKOM Harpyske U NpopUIaKTHUYECKOM MPUMEHEHUN
MpernaparoB METa0OIUYECKOTO TUIA JAEHCTBH, OCTAIOT-
csl eIMHUYHBIMU. B oTHOIIeHNN L-KapHUTHHA METOIaMU
TUCTOXUMHUYECKOTO OKpAIIWBAaHMs OBLIO MOKA3aHO, YTO
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npernapar yMEHbIIAeT BBIPAXEHHOCTh THIEPTPO(UN MBI-
IIEYHBIX BOJIOKOH KaK MEAJIEHHOT'0, TaK ¥ OBICTPOTo (heHO-
THUIA IPU AUHAMUUECKON (PU3HUECKON Harpy3Ke B TEUEHHE
20 cytok [13]. 3yueHue yasTpacTpyKTypHBIX H3MCHEHUN
MO0 OBl AaTh OOnble HHPOPMAIIMK O MEXAHU3ME MUO-
IIPOTEKTOPHOrO AeicTBUs L-KapHUTHHA.

Ienb uccnenoBanys — aHaIU3 yAbTPACTPYKTYPHBIX U3-
MEHEHUI MUOCHUMILIACTOB KaMOAJIOBUIHON U IOAOIIBEH-
HOM MBIIIII KPBIC IIPU MOJICIUPOBAHUY UHTEHCUBHON (u-
3U4YECKOM HArpy3KU U IPUMEHEHUU L-kapHUTHHA.

Marepuanbl 1 METOABI

OO0beKTaMH UCCIEN0BAHUS ABJSIUCH [IOJIOBO3pEIIbIE
KpbICBl 000ero mona ¢ Maccoil Texa 250-300 rpaMMoB.
HccnenoBanue npoBOIMIOCH Ha MBIIIIAX ABYX IPOTHBO-
MOJIOKHBIX (peHOTHITOB. KaM0OanoBuIHAST MBIIIIIA MJIEKO-
MUTAIOIIUX 00pa30BaHa MPEUMYILECTBEHHO MEIJICHHBIMU
MBIIIEYHBIMU BOJIOKHaMU [ 14—16]. [TonomiBeHHast MbITIIa
COZICPKUT INIaBHBIM 00pa30M MBILLIEYHbIE BOJIOKHA OBICTPO-
ro tumna [17, 18].

KuBoTHbI€ citydaliHBIM 00pa3oM ObLTH pazzesieHbl Ha
TpH Ipynisl (IO WeCTh KpbIC): 1) KOHTPOJIbHAS — KPBICHI
CO CTAaHJApPTHOW JBHUIaTeIbHON aKTUBHOCTBIO IJISl TH-
MUYHBIX YCJIOBUN BUBApHU; 2) TpyIIa CPaBHEHUS — KPbI-
CBl, TOJIBEPTLINECS NHTEHCUBHON (DU3HUECKON HAarpy3Ke
U MOJy4YuBIINE (PU3UOIOTHYECKUN pacTBOP B Ka4eCTBE
nianebo; 3) sKcnepuMeHTalbHas — KPBICHI, TOJBEPT-
IIMeCs] MHTEHCUBHON (pU3MUecKoil HAarpy3Ke U MoJrydaB-
mre (papMakoJIOTHYECKYI0 KOPPEKLIHIO L-KapHUTHHOM.
BryTpuOprominHHbsie HHBEKIUU L-KapHUTHHA (d7bKap —
pacTBop IJs mapeHTepanbHoro Beenenus 100,0 mr/mn
B amnynax 1o 5,0 mi; «[TMK-@APMA», Poccust) mpoBo-
JWINA CTEPUIIbHBIMU LIMPHUIIAMH €KEIHEBHO OAHOKPATHO
3a 15-20 muHyT 10 Havana ’kcnepuMeHTa B goze 100,0
MI/KT, B 00beMe, He npesbiimaromeM 1,0 .

Junamudeckyro GpU3nyecKyro Harpy3Ky MOJEINpOBa-
1 o monuduuupoBanHoit Mmetoauke B.X. Bacunenko,
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C.b. ®enpamana (1989) B Buae exenHEBHOTO MPHUHY-
JIUTENBHOTO IJIABaHUA )KMBOTHBIX «JI0 Ipenena» B 6ac-
celiHe ¢ rpy3oM, paBHbIM 10% oT maccel Tena [19, 20].
I'py3 nmpuKpeniIsim K OCHOBaHHIO XBOCTa JKUBOTHOTO.
[TponomxuUTeIbHOCTh IKCIIEPUMEHTA cocTaBisa 21 cyT-
ku. Temneparypa Bozbl B 0acceiiHe noaaepKuBaiach Ha
ypoBHe 30+£2°C [1]. IIpu3HakoM HEBO3MOXKHOCTH MTPOIOJI-
JKeHUS IJIaBaHUs ABJISUIOCH OTCYTCTBUE aKTHBHBIX JIBHKE-
HUH y )KUBOTHBIX C MOCIIEAYIOIINM YTOIUICHUEM HE MEHEe
10 cexynn [21].

[To okOHUaHUH PKCTIEPHUMEHTA Y KUBOTHBIX MO Hap-
K030M (THoneHTtan Hatpus, 40,0 MI/Kr) U3BJIEKaIU KaM-
OanoBugHYO (M. soleus) n momomBeHHYO (M. plantaris)
MBIIIIBL. YYaCTKU MBIIIILL 7151 SJIEKTPOHHOMHUKPOCKOIIH-
YEeCKOTro uccienoBanus GukcupoBaiu B 4% HeHTpaibHOM
3a0ydepennom napadopmanpaeruae, 3aremM 10(GUKCHPO-
Banu B 2,5% pacTBOpe MIyTapoBOro ajpaerujaa u B 1%
pactBope OsO, Ha pocharnom Oydepe ¢ 100apaeHHEM
caxapo3sl u 3anuBanu B Epon 812 (Fluka, ['epmanwst).
VYABTpaTOHKHE Cpe3bl U3rOTABIMBAIIN Ha YABTPAMUKPO-
tome LKB-III (LKB, IlIBeunsi) 1 KOHTpacTUpOBAJIM ypa-
HUJI-alleTaToOM M LUTpaToM cBUHLA. OOpa3ipl u3ydanu
C MOMOILBIO TpaHCMUCCHOHHOTO MUKpockona HT 7700
Exalens (Hitachi, Snonus).

JKUBOTHBIX colepkajii B COOTBETCTBUU C TpebOoBa-
Husamu ['OCT 33216-2014 «PykoBoacTBo 1o couepxa-
HUIO U YXOAYy 3a JIaDOpaTOpHBIMU KUBOTHBIMHU. [IpaBuiia
co/lep)KaHMs U yXoAa 3a JabopaTOPHBIMU TPhI3yHAMH
U KpoJiuKaMu» B BuBapuu. PabGoTa BbImoiHeHa ¢ co0mro-
JIEHUEeM BCeX HEOOXOIUMBIX TPeOOBaHUN 110 T'YMaHHOMY
00OpalleHHIo C )KUBOTHBIMU B COOTBETCTBHHU C PELLICHHUEM
JIOKaJBHOTO 3TUYECKOTO KoMUTeTa MeIUIIMHCKOTO UH-
CcTUTyTa MOPIOBCKOTO FOCYIapCTBEHHOTO YHUBEPCUTETA
uM. H.II. Orapesa (mpotokon Ne 44 ot 18.11.2016).

Pesynbrarsl

Y ’KMBOTHBIX KOHTPOJIBHOM I'PYMIIbI YABTPACTPYKTYpa
MHUOCHUMIUIACTOB UCCIIEAYEMbIX MBILII SBJISETCS TUITNY-
Hoii. [Ipu uccnenosanuu m. soleus v m. plantaris nabmnro-
JIaJId TUIIMYHOE CTPOEHHE KOMIIOHEHTOB MBIILIEYHBIX BO-
JIOKOH C HE3HAUNTEIbHBIMU 30HaMH IIUTOILIa3MaTH4ECKOTO
Y MHTEPCTULIHAIBHOTO OTEKa.

JAunamuueckas ¢puznueckas Harpy3ka y >KMBOTHBIX
TPYIINBl CpaBHEHUs NMPUBOJAMIIA K MOSBICHUIO pAaa
MOP(}OIOrHUEeCKUX U3MEHEHHUH B CKEJIETHON MBIIIey-
HOU TKaHU. XapaKTep BBIABICHHBIX M3MEHEHHH ObLI
OIHOTHUIIEH AJISI MUOCHUMILIACTOB OBICTPONH U MEHJICH-
HOM MbImL. M3MeHeHus ObUIM MO3au4HbI, TO €CTh Ha-
PAdY ¢ yd4acTKaMH MBILIIEYHBIX BOJIOKOH, KOTOPHIE HMEIOT
HOpMaJIbHOE CTPOEHUE, HaONIOJATICh 30HbBI ¢ Hapylle-
HUSIMU YIBTPACTPYKTYpbl. B 3THX 30Hax KapuojieMMma
4acTH sep o0pa3oBbIBaja MHOTOUYHCIEHHbBIE WHBAarHA-
uuu pasHoi rmyounsl (puc. 1 A). Unorma BcTpedanuch
y4acTKU MOBPEXACHUS AnepHoil obomouku (puc. 1 A).
[Ipu cpaBHEHUH ¢ SAPaMU MUOCHMILIACTOB Y dKUBOTHBIX
KOHTPOJIbHOM IPYIIIbl OTMEYaId MEHBIIYIO SIEKTPOHHYIO
MJIOTHOCTh M MHOTZAa YMEHbIIEHUE OJIU MPUCTEHOYHO-
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rO reTepOXpPOMaTHHA, YTO MOXKET CBUJETEILCTBOBATH 00
YCUJIEHUH TPAHCKPUMIIUOHHOM akTHUBHOCTU. OTMEUEHHbIE
U3MEHEHHS MOT'YT ObITh TaKXKe 00yCIIOBICHBI PA3BUTHEM
BHYTPUSAEPHOTO OTEKA.

Y 4acTu MBIIIEYHBIX BOJIOKOH KPBIC IPYIIIbI CPABHEHUS
CHCTEeMaTUUEeCKH HAaOIIOaN JIOKAJIbHBIE 30HbI OT€Ka MUO-
CUMIIJIACTa, KOTOPbIE BApbUPOBAIH 1O pa3Mepam. Takue
30HBI OTE€Ka OOBIYHO pacloyiarajuch NEPUHYKIEAPHO, a
TaKXe CPEeAU CKOIUICHUI MUTOXOHAPHH MEXIY COCEIHU-
Mu Muopubpuiiamu (puc. 1 A). Camu MuopuOpUIIBI
COXpPaHsJIM TUIIHYHOE cTpoeHue. OHAKO B psJie MBIIIEU-
HBIX BOJIOKOH OTMEUAINCh Pa3pbIBbl U Pa3BOJIOKHEHUE
MHOGHUOPUILI, BOKPYT KOTOPBIX, KaK NMPaBUII0, GOPMHUPO-
BaJIMCh 30HBI oTeka (puc. 1 B). [lpaBuibHOE YepenoBanme
U30TPOIHBIX U aHU30TPOIHBIX AUCKOB TAK)KE YACTUIHO
YTpauuBanoCh, YTO POSBIIIOCH HAPYLLICHUEM I1apaJLIeIIb-
HocTH cocennux Muohuopui (puc. 1 C). bpun THIHYHBI-
MU MUO(UOPHUIUIBI B COCTOSIHUU KOHTPAKTYPBI.

DHepreTHUECKUil anmapar MbIIIEYHBIX BOJIOKOH TOXE
MOoABEpraicsl U3MEeHEHUsAM. Hapsiny ¢ THIMYHBIMU MHTO-
XOHJIPUSIMHA WHOT/Ia HAOJIOIATUCh OPTaHeNyIbl U30THYTOM
WU HEMPaBUIIEHOM (OPMBL, a Takke HaOyXIITHe MUTOXOH/I-
puu (puc. 1 B). B ydacTkax oTeka oHM 1100 OBUIH 3JIEK-
TPOHHOIIOTHBIMHU, THOO0 UMEINU 3JIEKTPOHHOCBETIIBII Ma-
TPUKC. MUTOXOHPUU C IEKTPOHHOIIOTHBIM MAaTPHKCOM
XapaKTEePU30BAINCH MJIOTHOYNIAKOBAaHHBIMU U PABIIIBHO
OpPHEHTHPOBAaHHBIMHU KprcTamu. Habmonanu u HaOyx1me
MUTOXOHJPUHU C 3JIEMEHTAMHU HapyIIEHUS L[EI0CTHOCTU
MeMOpaH, AJisl KOTOPBIX OBUT XapakTepeH 3JIEeKTPOHHO-
CBETIIBIM MaTpPHUKC, YTO MOXKET CBUIETEILCTBOBATH 00 MX
MOBBIIIEHHON (DYHKIIMOHATIBHOM Harpyske [22]. CreneHb
MOBPEXKJICHHUS IIPU 3TOM M3MEHSIACh OT MOSBICHUS HE-
OOJIBIINX YYaCTKOB IPOCBETIICHUS MAaTPUKCa JI0 €ro MoJ-
HOU FOMOT€HU3allMY BCIIEICTBUE IECTPYKIUU KpHCT. Takue
OpraHesUIbl UMENU BUJI BaKyoJIed, OrpaHUYEHHBIX JIBOMHON
MeMOpaHoii ¢ 0CTaTKaMH KPHCT.

Hapsiny ¢ onucaHHBIMH H3MEHEHHUSIMU YIIBTPACTPYKTY-
PBI KOMIIOHCHTOB ITUTOIIIA3Mbl MO)KHO OTMETHUTD TOSIBIIC-
HHUE TpHaJ C BapbUpPYyIOIUM pazmepoM T- u L-Tpybouek
(puc. 1 D). UnTeHcuBHAA Pu3nvecKasi Harpy3ka He OKa-
3bIBAJIa CYIIECTBCHHOTO BIMSHUS HA CKOIUICHUS MEXIY
MHOGHOPUILITAMHY FPaHyJI IFTUKOTeHa, PHOOCOM U ITOJIHCOM.

Y ’KMBOTHBIX SKCIIEPUMEHTAIILHOM I'PYIIIBI, TIOTy4aB-
mux L-xapautuH B mo3ze 100,0 Mr/kr mepes ceaHcaMu
MPUHYIUTEIBHOTO TIaBaHUS, MOP(OIOTHS MBIIICYHBIX
BOJIOKOH IIPEUMYIIIECTBEHHO COOTBETCTBOBAJIA UX CTPO-
€HHIO, OMCAHHOMY JJIsl )KUBOTHBIX KOHTPOJIBHOHN I'pyTI-
1el. MOXKHO OTMETHUTBH, YTO, KaK M Y )KUBOTHBIX TPYIIIBI
CpaBHEHUS, HAaOJIIOANCs MO3aUYHBIN XapaKkTep U3Me-
HEHUH YJIBTPaCTPYKTYpPbl CKEJIETHON MBIIIEUYHOH TKaHU
B 06oux THmax Meimn. Cieayer OTMETHTh, YTO 30HBI
MHOCHMILIACTA C MOJOOHBIMHI U3MEHEHUSIMH OBUIH 3HA-
YUTENHHO MEHBIINMU U CTEIICHb TAKUX W3MEHECHU ObLa
HIDKE.

CrpoeHne OONBIINHCTBA SAECP MHOCHUMILIACTOB COOT-
BETCTBOBAJIO THIIHYHOMY, HO BCTPEUAIHCHh CAMHUYHBIC
spa C U3MEHEHHOM CTPYKTYpOH — HaTMIMEM MHBaruHALUMI
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Puc. 1. Ynerpactpykrypa kam6anoBuaHoii (A, C) u nogomseHHoi (B, D) Mbimy )kuBOTHBIX rpynisl cpaBHeHus. Cmpenxu (C) — yuacTku
C HapyIllICHUEM Yepe/I0BaHMs U30TPONHBIX U aHU30TPOIHBIX JUCKOB. D — yuacTok ¢ pa3pylleHHeM KapHOIeMMbl
CM — naGyxmme MutoxoHIpuH, E — otek, I — nuBarunanum kaproneMmsl, M — mutoxonapu, N — siapo, Nc — sapsimiko, T — Tpuaga

Fig. 1. Ultrastructure of the soleus (A, C) and plantaris (B, D) muscles of the animals from the comparison group: areas with disrupted
alternation of isotropic and anisotropic discs (arrows on C). D — area with destructed nuclear membrane
CM - collapsed mitochondria, E — edema, I — invaginations of the nuclear membrane, M — mitochondria, N — nucleus, Nc — nucleolus, T — triad

Y MEHbILEH 3MeKTPOHHON MIOTHOCTHI0. OJHAKO 10 CpaB-
HEHUIO C )KUBOTHBIMU I'PYTIIBI CPABHEHUS BHIPAXKEHHOCTD
MHBaruHalui MEeHbILE. YYacTKU NOBPEXKACHHS KapHOJIeM-
MBI OTCYTCTBOBaJIH (pHC. 2 A).

Hectpykiuro muodudpuut Habmronanu peaxo. B atom
citydae ObUIHM BUIHBI YYACTKH CMEILCHUS CAPKOMEPOB WU
oBpexaeHHe MuodmIaMeHToB (puc. 2 B). B comocrasne-
HUH C TPYIIION CPaBHEHHS 30HBI MEXKMHUO(PHOPUILIIPHOTO,
OKOJIOAIEPHOTO U MHTEPCTULHAIBLHOTO OTEKa BCTpeda-
JIUCH Pexe U ObLIIN 3HAUUTENIbHO MEHBIITUMHU O TUIOIAAN
(puc. 2 A-D). I3MeHeHHUs CTPYKTYpBI TPUAJ U KaHAIbLIEB
CapKOIUIa3MaTHYECKOI CeTH OTMEUalld Pexe, YeM y KH-
BOTHBIX I'PYIIIbI CPaBHEHHS. BONBITMHCTBO MUTOXOHIPHIA
HUMeJIO 3JIEKTPOHHOIUIOTHBI MaTPUKC C TUIIUYHOW OpH-
enTanueit kpuct (puc. 2 A, B). Tobko eqUHUYHBIE Op-
TaHEeJUIBI 00J1aJaTi HUTCBUIHBIMHA KPUCTAMU ¥ MEHBIIICH
3JIEKTPOHHOU TUIOTHOCTBIO (puc. 2 D).
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Pe3ynprarhl KOJIMYECTBEHHOTO aHAIN3a IMMOBPEKICH-
HBIX MUTOXOHAPHUH MpEACTaBICHBI Ha pucyHnke 3. Kak
O0TMEYAaNIOCh paHee, MO MHUTOXOHJPUN C IEMEHTaMU
JNECTPYKIIUH B TPYIIIIC KOHTPOJISI ObLIa HEBEIHMKA U HE 3a-
BHCeNa OT (PEHOTHIIA MBINICYHBIX BOJMIOKOH. OHa cocTa-
Buna 2,3+0,55% B xam0OanoBuaHOM MBbIIIe U 2,1+1,22%
B MMOJOLIBCHHOW MBINIIE. Y KHUBOTHBIX TPYIIIBI CPABHE-
HUSl MHTCHCUBHAs (U3MYECKas Harpy3Kka COIpPOBOXK/a-
Jach CTATUCTHYECKH JOCTOBEPHBIM YBEIUYCHUEM JOTH
MOBPEXIEHHBIX MUTOXOHIpUH 110 6,9+3,00% (p=0,0016)
u 21,5+£6,93% (p=0,0001) B coctaBe kamOamOBUIHON
MBIIIIIBI M IOJOIIBEHHON MbIIIIEI. CaeI0BaTeNbHO, MO
BIUsHHEM L-KapHUTHHA MPOSIBISICTCS 3aMETHASI TCHIICH-
U K CHIDKCHHUIO JOJH MOBPEKICHHBIX MUTOXOHAPHUI
B COCTaB€E MBIIIECYHEIX BOJOKOH KAMOAIOBHMIHOMN MBIIIIIEL.
JI1st MOOMIBEHHOM MBI JaHHBIN IT0KA3aTeb CTATUCTH-
YECKHU JIOCTOBEPHO CHIDKaeTcs a0 5,8+1,59% (p=0,0001).
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Puc. 2. Ynerpactpykrypa kam6anoBuanol (A, C) u noxomserHoH (B, D) MBI )KUBOTHBIX SKCIIEPUMEHTAIBHOM IPYTIIBL.
Cmpenxa (C) — 30Ha ¢ HapyIICHAEM YepeIOBaHHS U30TPOITHBIX U aHU30TPOIHBIX TUCKOB
CM - nabyxmme mutoxoHapuy, E — otek, IE — uaTepcTHIMANBHEI 0TeK, M — MuTtoXoHApHH, N — 41p0
Fig. 2. Ultrastructure of the soleus (A, C) and plantaris (B, D) muscles of the animals from the experimental group: zone with disrupted
alternation of isotropic and anisotropic discs (arrow on C)
CM - collapsed mitochondria, E — edema, IE — interstitial edema, M — mitochondria, N — nucleus

” . Puc. 3. Jlons (B %) MOBpeXIEHHBIX MUTOXOH/IPUIT B pa3HBIX
i rpymmnax: 1 — KOHTPOJIBHAsS; 2 — CPAaBHEHHS;
1500 3 — skcnepuMeHTanbHas. [IpencTaBineHs! cpeane
3HadeHus (M) u cpeqHeKBagpaTHIHOE OTKIOHEeHHE (SD)

oo * pasinyug CTaTUCTUYCCKU 3HAYUMBI 10 OTHOLLICHUIO

=0 K IOKa3aTeJIto IPyIIbl KOHTpois, pu p<0,01667; # — paznuuus
- '] CTaTUCTUYCCKH 3HAYHUMBI 110 OTHOIIEHUIO K ITOKA3aTCJII0 TPYIIIIbI

10,00 cpasHeHws, npu p<0,01667

P Fig. 3. The percentage of damaged mitochondria in all groups:

- 1 — the control group, 2 — the comparison group, 3 — the
.00 (=1} ﬁ experimental group. Mean values (M) and standard
1 2 3

deviations (SD) are presented

* — differences are statistically significant in relation to the control
group, p<0.01667; # — differences are statistically significant

in relation to the comparison group, p<0.01667

W Muscubus sofeus W Musoulus plantans
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O6c¢cyxneHne

Pe3sysbrarel Hatiell pabOThI OKa3aIl HEraTUBHOE BIIU-
SIHUE JAJTUTEIbHON UHTEHCUBHOW AMHAMUYeCKOi (usuue-
CKOH Harpy3KH Ha YJIbTPacTPYKTYpPy CKEJIETHBIX MBIIIEU-
HBIX BOJIOKOH. CIielyeT OTMETHUTb, YTO €€ MOBpeXIatoliee
BO3/ICHCTBUE HAOMIONANIOCh KaK B OBICTPBIX, TaK U B M-
JICHHBIX MBIIIIAX U UMEJIO CXOJHBIN XapaKTep U CTENeHb
BBIPOXKEHHOCTH. B TO e Bpems 3HaYnuTeNIbHas YacTh OTMe-
YaeMbIX HAMH U3MEHEHUH YIIBTPacTPyKTypbl MHOCUMILIAC-
TOB MO3au4Ha, 00paTuma 1, COOTBETCTBEHHO, HEKPUTHYHA
JUIA JanbHeimero pyHKIMOHUPOBAHKS MBILIIL.

MOoXHO TpeanoI0KUTh, YTO ONUCAaHHbIE U3MEHEHUS
VABTPACTPYKTYPbI MBIIIEYHBIX BOJIOKOH BO MHOTOM O0Y-
CJIOBIICHBI 3HAYUTEJIbHBIM YBEJIIMUEHUEM COJIEPKAHUS JTaK-
TaTa B capKoIula3Me Ha (poHe MHTEHCUBHOW (PU3UUECKOM
Harpysku. Haubosee 3HaUMMBIM CJIECTBHEM JIaKTallee-
MU SIBIIIETCS pa3BUTHE MHTPACUMILIIACTUYECKOTO OTEKA.
Kpome Toro, nmakrar BbI3bIBAa€T allu03, KOTOPHIH, B CBOIO
odepe/ib, THTeHCU(HULHUPYET CBOOOAHOPAIUKAIEHOE OKHUC-
neHue TunuaoB [23, 24]. V3BecTHO, 4TO CBOOOJHOPAIU-
KaJIbHO€ OKUCIJICHUE JIMMUJIOB MOBPEXIaeT MEMOpaHHbIC
CTPYKTYpBbI. DTOT KacKaJl BHyTPUKIETOUHBIX MTPOLECCOB,
MO-BUIMMOMY, BbI3bIBAET HAOIIOAABIINECS B Halel paboTe
U3MEHEHUS YIBTPACTPYKTYPhI MBIIIEYHBIX BOJIOKOH.

CnocoOHoCTh L-KapHUTHHA YMEHbBIIATh CTENIEHb I10-
BPEXJCHUSI MHUOCHUMILIACTOB OBICTPBIX U MEIJIEHHBIX
MBI TTO3BOJIIET MPEANONOKUTh €r0 KOMIIEHCATOPHOE
BIIUSIHUE Ha OIMHKCaHHBIE BBINIE Mpouecchl. [lo JaHHBIM
IuTepaTyphl, L-KapHUTHH IpUHUMAET y4yacTue B ode-
CTIEUYCHUHU TPAHCIIOPTA KUPHBIX KUCIOT B MUTOXOHIPH-
aJbHBII MaTPUKC, TJie peanusyercs ux B-okucneHue [25].
OH TaKke OKa3blBaeT aHTHOKCHJIAHTHOE M aHTUTHIIOKCH-
Yyeckoe JieiicTBHe. L-KapHUTHH OTpaHUYMBAET HAKOILIE-
Hue anetwi-KoA u 1aktata B KpOBU U MBIIIEYHON TKaHU
U CIIOCOOCTBYET COXPaHEHHUIO LIEJI0CTHOCTH MeMOpaH [12,
25-27]. Ilpenapar yMeHbIIaeT OKUCIUTEIBHBIN CTpece,
YBEJNIUYMBAsE aKTUBHOCTh aHTUOKCHUJAHTHBIX (PEPMEHTOB,
a TaKke MOXKET MPeOTBPATUTh UHAYKIIHUIO aronTo3a [28,
29]. OcHOBBIBasICh Ha IAHHBIX JIUTEPATYPHI U MOTYUYCH-
HBIX HAaMU Pe3yNbTaTax, MOXKHO MPEANOI0KUTh, YTO Of-
HUM U3 3BE€HbEB, 00ECIICUMBAIOIINX MHOMPOTEKIHIO TIPU
WHTEHCHUBHBIX THHAMHYECKUX (PU3NYECKUX HArpy3Kax,
SBJISICTCSI IPOTEKTOPHBIN 3¢ ekt L-kapHUTHHA B OTHO-
IMICHUU CTPYKTYpPHI U (PyHKIUU MUTOXOHApHIl [25, 26,
30]. IlpoBeneHHBII HAMH KOJIMYECTBEHHBIA aHAIH3 AOJIN
MOBPEXKIEHHBIX MUTOXOH/JPUIN B COCTABE MBIIICYHBIX BO-
JIOKOH KaK OBICTPOH, TaK M MEAJIEHHOMN MBIIII B IIEIOM
MOATBEPKIAET MPEATIONOKEHUS O MEXaHU3ME MMPOTEKTOP-
HOTO JieiicTBUS L-KapHUTHHA, XOTS CIeyeT NOAYEPKHYTh,
YTO MIPU KOJTMYECTBEHHOM aHAJIN3€ CTATUCTUYECKHU 3HAUH-
MBI 3 dekT ObUT HaMU JOKa3aH TOIBKO IS TOIOIIBEHHOM
MBIIIIIBL.

3akmroueHne

HHTeHCcHBHAS TUHAMUYecKas (u3ndeckas Harpyska
BBI3BIBACT PSIJl HEraTUBHBIX H3MEHEHHH YIBTPACTPYKTYPhI
MHOCHMITIACTOB KakK B OBICTPBIX, TAK U B MEJICHHBIX CKe-
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JeTHbIX Mblax. Ilpodunakrnyeckoe BHYyTpUOPIOILIMH-
HOe BBeJcHUe L-kapHuTHHA KphicaMm B 1o3e 100,0 mr/kr
CYLIECTBEHHO YMEHBIIIAET YaCTOTY BCTPEUAEMOCTH U CTe-
TMIEHb BBIPAKEHHOCTH U3MEHEHHH B M3y4YEHHBIX CKEJIETHBIX
MBILIIAX.
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Placenta percreta: placental villous invasion or a form of adhesive disease?
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Abstract. Introduction. According to the International Federation of Gynecology and Obstetrics (FIGO)
classification placenta percreta is the most severe form of placenta accreta spectrum (PAS) which is character-
ized by placental invasion through the entire myometrium and possible involvement of extrauterine tissues.
The disease is associated with prior cesarean sections and placenta previa. This paper presents a clinical
case of placenta percreta. The diagnosis was made based on ultrasound and MRI and confirmed intraopera-
tively. Histological examination revealed thinning of the uterine segment, fibrosis of the posterior wall of
the bladder, and adhesions between the uterus and the bladder. We aimed to compare clinical, instrumental,
and histological data and intraoperative imaging.

Materials and methods. Histological study was performed on paraffin sections (H&E and Mallory stain-
ing). We studied immunohistochemistry of cytotrophoblasts and syncytiotrophoblasts with antibodies to
cytokeratin-8.

Results. MRI and ultrasound examination showed placental invasion extending beyond the serous lining
of the uterus and involving the posterior wall of the bladder. At 37 weeks, elective cesarean section and
surgical excision of the uterine wall with invaded villi were performed. Histological study revealed invasive
cytotrophoblasts in the uterine wall and fibrous bladder wall. Involvement of the bladder wall was due to
adhesions and the development of fibrosis.

Conclusion. Trophoblast and villous invasion did not extend beyond the uterus. Placenta percreta can be
supposed to be one of the forms of pelvic adhesive diseases.

Keywords: cesarean section, uterine scar, healing of the uterine wall, placenta accreta spectrum, placenta
percreta, invasion
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Placenta percreta: yranieHTapHasEt BOPCMHYATAsA MHBA3US
VIV BAPUAHT CIIaeYHOM 60me3Hn?

H.B. Husaeea', H.A. Kynuxoé?, T.H. Benoycoea?, K.A. Apmemvesa’, A.Il. Munosanosé', H.b. Tuxonosa’,
T.B. ®oxuna’, E.P. Muniomuna’, E.H. Bopoexoed’, H.A. I'eiinuc’, I0.E. [Joopoxomosa’, .M. Muxaneea’

! Hay4Ho-mccneoBaTeIbCKuil HHCTUTYT MOpQomornu YenoBeka nmenn akagemuka A.IT. Asipina ®TBHY «Poccuiickuii HayqHbIH
LIEHTp XUpypruu umenu akagemuka b.B. IlerpoBckoro», Mocksa, Poccust

2 TBY3 MO BuiHOBCKHI IepUHATANIBHBIIN 11IeHTp, Buanoe, Poccust

3 ®T'AOY BO Poccuiickuii HAlIMOHATBHBIN UCCIIEN0BATENBCKUI MeMUIUHCKHUI yHUBepcuTeT umenn H.M. ITuporosa Mun3snpasa Poccun,
MockBa, Poccust

Pe3tome. Bsedenue. B coorBeTcTBUU C Kiaccudukanuein MexxayHapoaHoi genepanun akymepoB U TU-
nekosoros (FIGO) placenta percreta siBnsercs HanOosee TsKenol GOpMON MpHpaIIeHUs TUIaleHTH
U XapaKTepU3yeTcsl ee MHBa3KUel uepe3 BCI0 CTEHKY MAaTKH ¢ BO3MOXKHBIM BOBJICUEHUEM OKPY>KAIOLIUX
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TKaHel. J[aHHOe COCTOSHIE aCCOIMUPOBAHO C MPEAIIECTBYIOUINM KECapeBbIM CEUCHHEM H MPEIe)KaHuEM
TaneHTH!. [IpencTapneH KMMHUYECKUI CiTydail mpopacTaHus IUTaneHThl. [{narHo3 OblI MocTaBiieH Ha Oc-
HoBaHUU AaHHBIX Y3U 1 MPT u noaTBep XIeH HHTpaonepanoHHO. IIpu rucTOI0rnYecKoM HCCIeJOBaHUH
BBISIBJICHBI HICTOHYEHHE CETMEHTa MaTKu, GUOPO3 M HAIMYUE CIIACK MEX/Y MAaTKOH U MOYEBBIM ITy3bIPEM.
Ienp nccnenoBaHus — COMOCTABICHNE KIMHUYECKUX, HHCTPYMEHTAIBHBIX JAHHBIX, HHTPAOIIEPAlNOHHOM
KapTUHBI ¥ JAaHHBIX THCTOJIOTHYECKOTO UCCIIeIOBAHUS.

Mamepuanvt u memoowt. ['ucTonorndeckoe UCcCieI0BaHKue POBEICHO Ha Napa(uHOBBIX cpe3ax (reMaToKCH-
JIMH ¥ D031H, OKpacka 1o Maiopu). IMMYHOTHCTOXMMHUYECKOE HCCIIEIOBaHHUE IIUTO- U CUHIIUTHOTPO(O-
0r1acTa OCYIIECTBISUIN C IPUMEHEHHEM aHTHUTEN K IUTOKepaTHHY-8.

Pesynomamur. Jlanasie MPT n Y3U noka3any MHBa3WI0 BOPCUH TUIAIICHTHI, BRIXOISILYIO 32 IPEIENbI ce-
PO3HOI 000JIOYKM MaTKK W 3aTParkBarollyo 3aJHIOI0 CTEHKY MOYeBOro my3bips. [lnaHoBoe oneparnBHOe
ponopaspelieHe ObUIO BBIOIHEHO Ha cpoke 37 Heaenb. [IpoBeneHo Xupypruieckoe uCceueHHe CTeHKU
MAaTK{ ¢ MHBa3UPOBAHHBIMHU BOPCUHAMH IIJIALIEHTHI. | ICTONOrn4ecKkoe HCClleIOBaHNE BRISIBUIIO MHBA3HBHBIC
KJIETKH IIUTOTPO(OOIACTA B CTEHKE MAaTKU ¥ UOPO3 CTEHKU MOYEBOTO My3bIps. [IpopacTaHiie u BOBIeueHHE
CTEHKH MOYEBOTO ITy3bIpsi IPOU3OIILIN 33 CYET CIaeK U pa3BUTHs puOpo3a.

3axnmiouenue. Tpodobnact 1 MHBa3UsI BOPCUH HE PaCIpOCTPAHSIINCh 3a npe/iesbl Marku. [1o HaleMy MHEHH!O,
placenta percreta MoxeT OBbITh OJJHUM U3 BAPHAHTOB CIIACYHOW OOJIE3HH OPTraHOB MAJIOTO Ta3a.
KoaioueBble ciioBa: KecapeBo ceueHue, pyoell Ha MaTKe, 3a)KUBJICHHE CTEHKH MaTKH, CIIEKTP IPHPOCIIeit
TUTAIeHTHI, placenta percreta, MHBa3Us
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neBa J.M. Placenta percreta: maneHTapHast BOpCHHYATasi MHBA3Hs WM BAPHAHT criacqHoi 6oneznn? KumH.
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Introduction

The term “placenta accreta” was coined in the 20th
century, when scientists F.C. Irving and A F. Hertig defined
it as “abnormal partial or complete attachment of the pla-
centa to the wall of the uterus” [1]. Abnormal attachment
and invasion of placenta villi manifest in their inability to
separate from the wall of the uterus.

According to the FIGO (The International Federation
of Gynecology and Obstetrics) classification, there are
3 major categories of placenta accreta spectrum (PAS)
disorders according to the degree of invasiveness and
local tissue destruction. Grade 1 is abnormally adher-
ent placenta (pl. accreta) when villi adhere directly to
the myometrium without the decidual interface. Grade
2 implies abnormally invasive placentation (pl. increta)
when villi invade the myometrium. Grade 3 is abnormally
invasive placentation (pl. percreta) when villi invade the
full thickness of the uterine wall either to the serosa or
beyond it. Grade 3 is subcategorized into grade 3a, where
trophoblasts and placental villi are limited to and include
the uterine serosa; grade 3b with placental invasion into
the urinary bladder; and grade 3¢, when placental villi
invade other pelvic tissues [2]. PAS is a dangerous com-
plication of pregnancy that is associated with a high risk
of massive blood loss and increases maternal morbidity
and mortality.

KIIMHUYECKAA 1 SKCITEPMMEHTAJTIbHASA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

In recent years, the rate of PAS has grown significantly
from 1 in 1,200 [3] through 1 in 250 to 1 in 500 world-
wide [4—6]. Observational studies in the United States
reported the rate of 1 to 272 in 2016 [7]. The most thor-
oughly studied and proven factor leading to an increased
PAS incidence is the number of previous cesarean sections
(CSs) [2]. “Risk factors for PAS were 3%, 11%, 40%, 61%,
and 67% for the first, second, third, fourth, and fifth CSs,
respectively” [5]. Uterine scar dehiscence represents an
incomplete disruption of the uterine wall at the site of previ-
ous cesarean delivery and typically occurs within the an-
terior lower uterine segment overlying the bladder [8—12].

Risk factors for PAS include a patient’s history of
multiple uterine surgeries (myomectomy, hysteroscopy,
curettage), uterine artery embolization, placenta previa,
PAS [10], and metabolic disorders [11-12]. These risk
factors can initiate inflammation and lead to incomplete
regeneration of damaged tissues in the future [4].

Case report
Patient O., 37 years old, was admitted to the Department
of Perinatal Pregnancy at Vidnovsky Perinatal Center in
2022 to receive therapy for prolonging pregnancy. On ad-
mission, she was at 33 weeks and 2 days of gestation.
The pregnant woman gave her consent to participate in
a biomedical study (in compliance with the Declaration of
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Helsinki) and publish pictures and personal information in
this case report. The research was approved by the Local
Bioethics Committee (protocol No. 231 dated 28.08.2023).

Parity and history of present illness

The patient had 5 pregnancies in total. In 2007, the
first healthy baby (a girl, 2,900 grams) was delivered af-
ter spontaneous labor at 38 weeks. In 2012, the second
healthy baby (a boy, 2,690 grams) was born after urgent
spontaneous delivery. In 2013, the patient delivered the
third healthy baby (a boy, 4,200 grams) at 38 weeks. The
patient underwent an emergency CS due to a narrow pelvis.
In 2020, the woman had the fourth pregnancy complicated
by severe preeclampsia. The patient underwent operative
vaginal delivery at 35 weeks and gave birth to a healthy
girl (2,600 grams).

The last pregnancy was natural. The woman had a sin-
gleton pregnancy complicated by. placenta previa. The fe-
tus was in the cephalic position. Ultrasound examination
showed the patient to have placenta villi invaded the uterine
scar and the bladder wall after previous CSs. The uterine
scar was unstable and accompanied by the formation of a
uterine hernia-like prolapse.

The first trimester was uncomplicated. Ultrasound exa-
mination at 13 weeks and 6 days visualized chorionic villi
position on the uterine scar niche. No markers of preec-
lampsia were identified. Ultrasound examination at 19
weeks and 6 days showed a 1.6-mm myometrium in the
area of the uterine scar dehiscence and revealed placenta
previa.

At 33 weeks, the patient was admitted to hospital be-
cause of elevated risk of premature labor. Having been hos-
pitalized, the patient had an ultrasound examination and

A

Fig. 1. Ultrasound signs of placenta percreta.

MRI done. Ultrasound examination was performed using
a transabdominal and transvaginal device (MEDISON
ACCUVIX A30-RUS 2014, Korea) and an ultrasound di-
agnostic device (Samsung-Medison WS80A-RUS 2019,
Korea). The retroplacental myometrium was 158x133 mm
large. Aberrant vessels penetrated the serosa of the blad-
der (Fig. 1). The placenta had diffuse thickening of up to
46 mm and was located along the anterior wall, its lower
edge overlapping the area of the internal os. High risk of
placental invasion into the bladder was detected.

MRI was performed with MAGNETOM Verio (Siemens
AG, Erlangen, Germany) with the power of 3T clinical im-
aging and standard surface coils. Scanning was performed
according to the routine protocol [13—14]. We received T2-
weighted images obtained in three mutually perpendicular
planes, a slice thickness being 3—4 mm and the field of view
being 32-42 cm; T2-weighted images with signal suppres-
sion from adipose tissue in the axial plane; T1-weighted im-
ages in sagittal and axial planes; T1-weighted images with
suppression of MR signal intensity from adipose tissue in
any plane; and diffusion-weighted images. The results were
interpreted with a unified scoring system MAPI-RADS
(Morbidly Adherent Placenta Imaging Reporting and Data
System) [15] (Fig. 2A-C).

Ultrasound examination and MRI detected changes
associated with neoangio- and vasculogenesis including
large retroplacental blood vessels in combination with local
thinning of the uterine wall in its anterior area adjacent to
the bladder and hernia-like protrusion of the uterine wall,
or “uterine window” (Fig. 2A—C).

MRI revealed placenta percreta of class 5 (according to
MAPI-RADS). Considering the depth of the placental inva-
sion and the high risk of intraoperative massive blood loss,

A — protrusion of the placenta beyond the uterine wall, absence of retroplacental myometrium, B — aberrant vessels located

perpendicular to the wall of the bladder
Puc. 1. Ynerpa3ByKoBbIe IpH3HAKHU placenta percreta.

A — pacripocTpaHeHHe IDIANeHTHI 32 CTeHKY MaTKH, OTCYTCTBHE PETPOINIAI[EHTAPHOTO MHOMETpHsI, B — abeppaHTHBIE coCy/IbI
PacIONIOKEHBI EPICHANKYIISIPHO CTEHKE MOYCBOTO ITy3bIPs
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a planned abdominal delivery was performed at 37 weeks
of pregnancy using proprietary technique, which involves
combining homeostatic tourniquets and a Zhukovsky dou-
ble-balloon obstetric catheter (Fig. 3A-D) [16]. (Further
description of the improved methodology of organ pre-
serving operations was given in the article “A method of
surgical delivery of patients with placenta ingrowth in the
uterine scar” [16].)

A midline laparotomy and CS in the area of the uterine
fundus were performed. A healthy full-term baby with the
Apgar score of 7-8 points was removed from the uterine
cavity (a boy; 3,890 g; 51 cm). There was no separation
of the placenta. Both the uterus and the bladder were
sewed up in two rows each with separate vicryl sutures.
Intraoperative blood loss was 1,547 ml. The patient had two
1,000-ml doses of autoplasma transfused. Intraoperatively,
1,281 ml of blood were collected and 336 ml of autologous
red blood cells were reinfused.

We did CS under epidural anesthesia with subsequent
transition to endotracheal anesthesia at the stage of metro-
plasty. Midline laparotomy having been performed, a seg-
ment of the thinned myometrium was sent to the laboratory
for further examination. Local prolapse of the uterine wall
(200x200 mm) with a pronounced vascular network was
visualized (Fig. 3 A, B). The first tourniquet was applied
above the uterine hernia-like prolapse in the area of the
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Fig. 2. MRI T2WI in the Cor, Sag, and Ax planes.
A—C — the zone of deep placenta increta. Placenta
percreta spreads beyond the serous membrane of the
uterus involving the posterior wall of the bladder
(arrows)

Puc. 2. MPT T2VI B mockoctu Cor, Sag, AX.
A—C — 30Ha riry0okoro BpactaHus mianenTsl. Ha MPT
N300paKeHUH OIIPEIENACTCS PAaCIPOCTPAHEHUE
IUTALCHTHI 32 TIPE/IeIIbl CEPO3HON 000IOYKH MATKH
C BOBJICUCHUEM 3a/IHEH CTEHKH MOUYEBOTO ITy3bIPs
(cmpenxu)

trigone. The mobilization of the bladder was difficult due
to placental invasion and severe tissue fibrosis. Below the
uterine prolapse, the second uterine tourniquet was placed
to grasp the bladder in the area of the trigone. The uterine
hernia-like prolapse with an area of placental invasion was
excised. Sixty millimeters of the posterior wall of the blad-
der were resected (Fig. 3 C). The postoperative period was
uncomplicated and lasted 7 days.

The extracted placenta with myometrium fragments
attached to it were sent for further examination (Fig. 3 D).

Gross examination

Without membranes and the umbilical cord, the pla-
centa weighed 420 g and was 18x14x2.5 cm large. At the
edge, where the myometrium was attached to the maternal
surface of the placenta, it was 6040 mm and its thick-
ness varied from 15 mm to less than 1 mm at the serous
uterine layer. Adjacent to the removed uterine wall, there
was a grayish area similar to the mucous membrane of the
bladder.

Histological examination

For histological examination, the samples of myomet-
rium and placenta were fixed in 10% buffered formalin
(#60-001/S, BioVitrum LLC, Russia). The samples were
washed, dehydrated, and embedded in Histomix Extra
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Fig. 3. Proprietary surgical technique for PAS. Intraoperative view.
A — intraoperative view of a hernia-like prolapse of the uterine wall. B — The first tourniquet was placed over the area of
invaded placental villi into the uterine scar in the fundus area. C — the bladder was mobilized up to the border of the healthy
tissue. The site of placental villi invaded into the myometrium was excised between two tourniquets, then bladder resection was
performed. Note that there was no bleeding between tourniquets. D — maternal surface of the placenta with attached myometrium
zone (placental villi invaded into the myometrium), as well as a resected area of the bladder (yellow arrow shows the posterior
wall of the bladder; black arrow shows the mucous layer of the bladder)

Puc. 3. ABTopckas MeToIuKa XUpyprideckoro JieueHus PAS. MHTpaonepaunoHHbII BUA.
A — MUHTPAOIIEPALIMOHHBII BUJ I'PbDKENIOA0OHOTO BHIIITYMBAHHS CTEHKM MaTKH. B — IepBbIil TYpHUKET HAIOXKEH Ha 00/1acTh
WHBAa3UH BOPCHH IUIALEHTHI B pyOell B oOnactu tHa MaTku. C — MOYEBOIl My3bIpb MOOMIIN30BAH 0 I'PAHMUIIBI 30POBBIX TKAHEH.
YuacTok BHEIPECHHS BOPCHH IUIAIICHTH B MHOMETPHI HCCEUSH MEXY JBYMS HAJIOKCHHBIMU TYPHHUKETAMH; BBIIIOJHEHA
pe3eKuust MO4eBoro my3sipsi. O6paraer Ha ceOs BHUMaHHE OTCYTCTBUE MEXKAY TYPHHKETaMH KPOBOTCUCHHS.
D — MaTepHHCKast IOBEPXHOCTh IUIALICHTHI C IIPUKPETUICHHON 30HONH MHOMETPHs (BOPCHHBI IIJTALICHTHI BHEAPSIOTCS
B MHOMETpHI), pe3eLIMPOBaHHBIN y4aCTOK MOYEBOTO Iy3bIPs (drcenmas cmpenka yKa3blBaeT Ha 3a/IHIOK0 CTEHKY MOYEBOIO
My3BIPS; YepHas CMpeiKa YKa3blBaeT Ha CIU3UCTYI0 000JI0UKY MOYEBOTO ITy3bIPs)
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paraffin (#10342, BioVitrum LLC, Russia) after 24 hours
of fixation. The 4-pm thick paraffin slides were prepared
with a rotary microtome (Sakura, Japan), deparaffinized
and rehydrated in a graded ethanol series, washed in wa-
ter, and stained with hematoxylin and eosin (#07-006,
BioVitrum LLC, Russia) and Mallory trichrome kit (#21-
036, BioVitrum LLC, Russia). Then they were dehydrated
and placed in Vitrogel (#12-005, BioVitrum LLC, Russia)
for further microscopic examination.

Immunohistochemical study

The sections from the paraffin blocks were mounted
on lysine-coated glass slides (Menzel-Gléser Polysine®,
Thermo Scientific, USA) and rehydrated. Then they un-
derwent heat-induced antigen retrieval in citrate solution
(pH 6.0) and were blocked (1h at RT in 10% goat serum
+ 0.1% Tween-20 in Tris-buffered saline) and incubated
overnight at 4°C with primary antibodies specifically in-
teracting with the antigen on the section. Finally, they
were washed with a phosphate buffer. We found the pro-
ducts of interaction of primary antibodies with the antigen
using the horseradish peroxidase conjugate specifically
bound to secondary anti-species antibodies. We used
Novolink™ Polymer Reagent Kit (Leica Biosystems,
Germany) to detect bound primary antibodies (#RE7150,
Leica, UK), counter-staining with Mayer’s hematoxylin
solution (BioVitrum LLC, Russia, article No. 05-002/S),
dehydration in a graded ethanol series, and mounting with
Vitrogel (BioVitrum LLC, Russia, article No. 05-002/S).
An aqueous solution of 3.3-diaminobenzidine tetrahydro-
chloride was used to stain the product of immunohisto-
chemical reactions.

To detect epithelial cells, we carried out an immuno-
histochemical study with primary mouse monoclonal an-
tibody to cytokeratin 8 (cat# DB098-RTU, DB Biotech,
Kosice, Slovakia). The presence of brown staining cells
indicated positive immunohistochemical reaction. To check
for negative immunohistochemical reaction, the sections
were subjected to standard immunohistochemical proce-
dure without being incubated with primary antibodies. We
performed microscopic examination using the Leica micro-
scope system which consists of Leica DM2500 microscope,
Leica DFC290 video camera image microscopy, analysis
software, and Image Scope M (Leica, Germany).

On histological examination, we determined that the
lower uterine segment was thinned to the serous coat of
the uterus and had invaded villi and an uneven layer of
borderline fibrinoid. In the decidual lamina, there were vast
deposits of fibrinoid and few decidual cells (Fig. 4). In the
myometrium of uteroplacental area, we found multiple villi
with dystrophic changes, including the loss of basophilia
of nuclei coated in fibrinoid (“villi — shadows”), with cy-
totrophoblast remnants (Fig. 4-5). Mature intermediate
villi dominated in the villous tree and corresponded to the
gestational age.

We revealed a moderate local lymphoid infiltration and
vasculitis (signs of chronic cystitis) in the bladder wall
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and observed small foci of squamous metaplasia in the
transitional epithelium. We also detected separate muscle
bundles, edematous serous membrane with local microvas-
cular thrombosis and/or adjacent retroplacental hematoma
zone, and a large retrochorial hematoma reaching the serous
uterine membrane (Fig. 4-5).

On immunohistochemical examination with primary
antibody to cytokeratin-8, we detected invasive cyto-
tropoblast cells in the uterine wall located up to the sub-
serosal layer, including those reaching the adventitia of
the walls of subserosal vessels (Fig. 5 A, B), as well as
multinucleated giant cells (Fig. 5 C). Multinucleated giant
cells are known to be associated with invasion cessation
because in normal pregnancy, they are located at the bor-
der of invasion [17].

We also found large deposits of fibrinoid in the utero-
placental region. The fibrinoid is known to be a combined
product of coagulation of plasma proteins and tropho-
blastic secretion [18]. We detected an increased amount
of fibrinoid, multiple hemorrhages, and damaged areas in
the uteroplacental region, which significantly damaged
the normal structure of the myometrium [19]. In addition,
multiple placental villi were found to be covered with fetal
fibrinoid, and trophoblast cells were CK+. Trophoblast cells
were the only ones to survive in the uterine wall.

Discussion

The obtained results question how invasive placenta-
tion should be interpreted according to the latest FIGO
classification. Ultrasound and intraoperative data have
shown close interactions between the wall of the uterus
and the bladder. Histological examination did not confirm
the presence of trophoblast cells and placental villi in the
bladder wall or the parametrium, but showed fibrosis of
the wall. We assume that it is not placenta percreta but
it is the formation of adhesions between the uterine wall
and the bladder. The wall of the bladder was attached
to the wall of the uterus with connective tissue that has
proliferated, which may be considered a form of pelvic
adhesive disease. The structures smaller than 1 mm are
thought to be visualized on weekly ultrasound examina-
tion and MRI. Visual examination methods are not likely
to determine the thinned layer of the myometrium, and
a false impression is created that the placental villi ex-
tend beyond the uterine wall. Should these lesions be
classified as a controversial form of placenta percreta?
Or should this form be left as a clinical one for diag-
nosis using instrumental methods (ultrasound and MRI)
in order to assess surgical complexity and the risks of
bleeding? Ultrasound and MRI data allow one to evaluate
not only the depth of placental invasion into the myo-
metrium, but also how much blood vessels of the utero-
placental area and the pelvis are involved and adhesions
and collaterals between organs form. The operation with
two tourniquets and Zhukovsky double-balloon obstet-
ric catheter may be used at different depths of placental
invasion.

Tom 13 Ned 2024 81



KIMHWYECKME HABTIOJEHA

Fig. 4.

Puc. 4.

82

Histological examination of the uteroplacental region.

A —uteroplacental region with the attached bladder wall, B — The mucous membrane of the bladder is lined with transitional
epithelium, C — the lumen of the vessel (arrows). D, E — the area where the bladder wall attaches to the thinned uteroplacental
segment; the area of fibrosis is visible. A-C — H&E stain, xX50. D, E — Mallory staining: smooth muscle cells (purple), connective
tissue (blue), x50

I'ucronornyeckoe UCCleI0BaHNE MaTOYHO-IIIAllEHTapHON 00IacTH.

A — MaToYHO-IUIAlIEHTapHast 00J1aCTh C IPUKPETUICHHON CTEHKOH MOYEBOTO Iy3bIps, B — ciusucTas 060104Ka MOYEBOTO
y3bIpsI BEICTIIAHA JIUTENINEM NepexoqHoro tuma, C — mpocBeT cocyaa otMedeH cmpenkamu. D, E — 06nacTs npukperieHust
CTEHKH MOUYEBOTO ITy3bIPsI K HCTOHYEHHOMY MaTOYHO-TUIALCHTAPHOMY CETMEHTY, BUJICH y9acTok (¢pudpo3a. A—C — okpacka
TeMaTOKCHIMHOM 1 303uHOM, X50. D, E — okpacka mo Masiopu: riaKOMBIIIEYHbIe KIETKH ObUTH (PHOIECTOBBIMH,
COeMHUTENIbHAS TKaHb — cuHel, x50
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Fig. 5. Immunohistochemical staining with primary antibodies to cytokeratin-8 (CKS).
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ok}
S

D

A — uteroplacental region with the attached bladder wall. Invasive trophoblast at the border between the uterus and the bladder
(arrow, brown), x50. B — preserved placental villi and trophoblast cells in a fibrinoid in the uterine wall (brown staining), (the
area in the square in Fig. A), x200. C — CK8+ trophoblast cells and multinucleated cells in the vascular wall of the myometrium,

(the area in the circle in Fig. A), x400

Puc. 5. IMMyHOTMCTOXMMHUYECKOE OKPAIIMBAaHKE C HCIIOIb30BAHUEM NIEPBHYHBIX aHTUTEI K IuToKepartiHy-8 (CK8)

A — MaTo4HO-IIAIICHTapHAast 00JIACTh C BOBJICYCHHOM 3a/THEH CTEHKOI MOYeBOro Mmy3bipsi. THBa3uBHBIN TpodobiacT Ha TpaHuIe
MAaTKH ¥ MOYEBOTO ITy3bIps (OTMEUEH crmpenkoll; OKpallleH B KOPUIHEBEIH 1BeT), X50. B — coxpaHuBIIHECs BOPCHHBI IITAIIEHTEI
U KJIeTku Tpoobnacta, 3aMypoBaHHbIe B GHOPHHOM, B CTCHKE MaTKH (KOPHYHEBOE OKpalInBaHKe) (OTMEUYCHO KBAAPAaTOM Ha
puc. A), x200; C — kietku Tpododiacra CK8+ 1 MHOTOsIIepHBIE KIIETKH B CTEHKE cocyna (OTMEYeHO KpyroM Ha puc. A), X400

Conclusion

Pathologists should use an integrated approach taking
into account the findings of visual diagnostic methods (ul-
trasound and MRI), intraoperative view, and histological
data. This case report showed a new comprehensive ap-
proach to morphological verification of PAS. Such clinical
cases should be thoroughly analyzed to be considered in the
future when making amendments to the FIGO classification.
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Oubépos3nuUTEeNTNANBHBIN CTPOMATBHBIN IIOTUII BY/IbBBI
C aTUNMNYHBIMY KJIETKAMU, aCCOIMMPOBAHHBIN C 6€epeMEHHOCTHIO

E.JI Kazauxoe"?, M.K. Jlebeoesa’, /I.B. I'nzonesa™?, I B. Cotuy206'?,
9.A. Kazauxosa', I0.A. Meoseoesa’, A.A. /Ty6’

'®T'BOY BO I0xH0-Ypanbckuii rocynapcTBeHHbIH MEAUIMHCKHI yHuBepcuTeT Mun3snpasa Pocenn, Uensounck, Poccust
2T'BY3 YensOuHCKOE 00IaCTHOE MATOIOr0aHATOMUYeCKoe 0t0po, Yenstouuck, Poccust

Pe3rome. [IpuBenieno penkoe HabmoneHne GUOPOIUTENHAIFHOTO CTPOMAIBHOTO ITOJIHIIA BYJIBBBI C aTHITHY-
HBIMH KJIETKaMH, Pa3BUBLIETOCs y 43-JIeTHEH JKeHIIMHBI BO BPEMs BTOPOH ITOJIOBUHBI OEPEMEHHOCTH U CHMY-
JIMPOBABILIETO 3JI0KAYECTBEHHOE HOBOOOpazoBaHue. [ToruepKrBaeTcst OacHOCTh OMIMOOYHOI HHTEpIpETalin
(GrOPOIMHUTEINATIBHOTO CTPOMAJIBHOTO TIOJIUITA BYJIbBBI KaK 37I0Ka4€CTBEHHOH omyXosn. OnmicaHbl HOIXO/bI
K MIMMYHOTUCTOXUMHYECKON AUArHOCTHKE (PHOPOIMUTENNATLHOTO CTPOMAJIBHOTO TIOJIUIIA BYJbBbI. [Tokasa-
HO, YTO JUI BepU(HUKAIIUK 3TOT0 HOBOOOPa30BaHUS HEOOXOANMO HIMMYHOTHCTOXHUMHYECKOE HCCIEJOBaHNIE
¢ mapkepamu Ki67, Vimentin, panCytokeratin, S-100, CD34, Estrogen Receptor, Progesterone Receptor,
SMA, Desmin, CD10. Ha mobpokadecTBEHHBIN XapaKTep MOPAKESHHUS YKA3bIBAIOT aHAMHECTHUYECKIE TaHHBIC
0 TTOSIBJICHHUH ¥ Pa3BUTHH (PHOPOIMHUTENNATBHOTO CTPOMAIIFHOTO MOJIMTIA BYJIBBHI B IIEPHOA OEPEMEHHOCTH, a
TaKOKE PE3yIbTaThl IMMYHOTHCTOXUMHUYECKOTO HCCIEOBAHISA, IEMOHCTPHUPYIOIINE SKCIIPECCHIO PEIIEITOPOB
K YKEHCKHM IT0JIOBBIM TOPMOHAM B CTPOMAaJIbHBIX KJleTKax. [TomuepkuBaeTcs HE0OXOAMMOCTh JMHAMHUYECKOTO
HaOJIOIeHNS 32 TALMEHTKOM JUISl UCKITIOUESHHUS] MECTHBIX PU3HAKOB MAJIMTHU3ALIUH B 30HE XHPYPIHIECKOTO
BMeIIaTeIbCTBA U CBOCBPEMEHHOM AMArHOCTHKH PEL/IHBA.

KaioueBble ciioBa: puOposnHUTEINATBHBIA CTPOMAIIBHBIH ITOJIHIT BYJIEBBI, 0EPEMEHHOCTb, TATOJIOTNYECKast
aHaTOMUs
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Benena I0.A., JIyo A.A. ®ubposnuTeananbHbI CTPOMATHHBIN ITONHIT BYJIBBH C aTHITMYHBIMA KJICTKA-
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Fibroepithelial stromal polyp of the vulva with atypical cells associated
with pregnancy

E.L. Kazachkov'?’, M.K. Lebedeva'’, D.V. Gogoleva'?, G.V. Sychugov'?,
E.A. Kazachkova', U.A. Medvedeva', A.A. Dub’

!'South Ural State Medical University, Chelyabinsk, Russia
2 Chelyabinsk Regional Department of Pathology, Chelyabinsk, Russia
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Abstract. We present a rare observation of a fibroepithelial stromal polyp of the vulva with atypical cells
which developed in a 43-year-old woman during the second half of pregnancy and simulated malignancy.
The risk of misinterpreting a fibroepithelial stromal polyp of the vulva as a malignant tumor is emphasized.
The article describes approaches to differential immunohistochemical diagnosis of a fibroepithelial stromal
polyp of the vulva. It is shown that immunohistochemical study with markers Ki67, Vimentin, panCytokeratin,
S-100, CD34, Estrogen Receptor, Progesterone Receptor, SMA, Desmin, and CD10 is necessary to verify
this neoplasm. The benign nature of the lesion is indicated by data from a medical history on the appearance
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and development of a fibroepithelial stromal polyp of the vulva during pregnancy, as well as the results
of immunohistochemical study demonstrating the expression of receptors to female sex hormones in
stromal cells. We underscore the necessity of a follow-up of the patient over time to exclude local signs of
malignization in the area of surgical intervention and timely diagnosis of recurrence.

Keywords: fibroepithelial stromal polyp of the vulva, pregnancy, anatomic pathology
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BBenenue

®ubposnurenuanbHeii crpomainbblii monun (PCIT) —
J0OpOKaYeCTBEHHOE TOJUNIOBUIHOE HOBOOOpa30BaHHE
ME3eHXHMaIbHOTO MpoucxoxaeHus [1], cocrosimiee u3
TpeX KOMIIOHEHTOB: CTPOMBI, (POPMHUPYIOLIEH HOXKKY IO~
nuna, GubpoBacKyIIpHO OCHOBBI U TOKPOBHOTO IIHTE-
musi. @CII BcTpedaeTcs B KeNyIOYHO-KHILIEYHOM TPaKTe,
Ha KOXe, B MUHAAJNUHax [2], a Takke B OpraHax HIKHUX
OTJIEJIOB MOYEBOI cUCTEMBI (MOYEBOU My3bIPb, YPETPa)
1 JKEHCKOH TI0JIOBOM CHUCTEMBI (BJIarajuiie, ByJibBa, pexe
meiika matku) [1, 3—5]. 3adactyto 310 conuTapHoe 00-
pa3oBaHue, MHOTIAa Ha HOXKKE, IIOTHOAIACTHYECKON KOH-
CUCTeHIHMH. MUKPOCKOIIUYECKH AJI HETO XapaKTepHBI
3Be314aThble U MHOTOSJIEPHbIE CTPOMAaJIbHBIE KIIETKH, KO-
TOpbIe UMEIOT TEHACHUUIO K CKOIUIEHUIO BIOJb SMUAEP-
MaJbHO-CTPOMAJILHOM TPaHMLIBI U BOKPYT KPOBEHOCHBIX
cocynoB (hHOPOBACKYIISIPHOM OCHOBHI [6]. Beiensitor aBa
ructonornyeckux Bapuanta OCII: THMOKIETOUHBIH, CO-
CTOSILLIMIA U3 BEPETCHOBUIHBIX YHU- U OUIOJISIPHBIX KIIETOK,
Y THINEPKJICTOUHBIH — C BBIPAYKEHHBIM SJI€PHBIM ITOJTUMOP-
¢bu3zMoM U yacTeIMU MUTO3aMu [7]. OfHOH U3 xapakrep-
HBIX U TPU3HAHHBIX OCOOEHHOCTEH TaKuX 00pa3oBaHMIA
SIBJISIETCA MOSIBJICHHUE B YACTH U3 HUX BBIPAKEHHOH aTUIINH
CTPOMAJIBHBIX KIIETOK, M XOTS IaHHOE OOCTOSTENILCTBO HE
JIOJDKHO PACLIEHUBATHCS KaK MPU3HAK MaJTUTHU3ALUH, 3TO
3a4acTyI0 MPUBOAUT K TUNIEPAHMATHOCTUKE 3TI0KAUYECTBEH-
Hoii onyxounu [ 1, 8]. Coueranue B @CII runepkieTouHoc-
TH, OOJBIIOTO KOJUYECTBA MPUUYUIMBBIX MHOTOSIEPHBIX
CTPOMAJTBHBIX KJIETOK U ITaTOIOTMYECKUX MUTO30B, 4CCOLH-
HUPOBaHHBIX ¢ 0EPEeMEHHOCTHIO, OMUCHIBAIOT B JINTEPAType
Kpaiine peaxo [5, 9, 10], B cBsA3U C YeM MBI IPEACTABISIEM
cobctBeHHoe HaOmoneHre OCII ByIbBEI ¢ AaTUNUYHBIMU
KJIETKaMH y OepeMEeHHOH MalueHTKH, CUMYIHPYIOIIETO
3JI0Ka4e€CTBEHHOE HOBOOOpPa30BaHHE ME3EHXUMAJIbHOTO
npoucxoxaenus. [lanmenTtka gana ”HPOPMUPOBAHHOE CO-
racue Ha MyOIMKalUIo 3TOr0 HAOMIONEHHS B OTKPBITOM
MeYaTH.

Knuamnyeckoe HaOnogenne
[ManmenTxka P., 43 roga. CoMaTrueckuii cratyc: oxxXupe-
nue Il crenenu, nudy3Hblil HeTokcuueckuid 300 1-i cte-
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MIEHH, DyTHPeo3. AKYLIEpCKUN aHaMHE3: IeCTh OepeMeH-
HOCTEH, TPH CAaMONIPOU3BOJIBHBIX BBIKUBIIIA, TPOE POJOB.
I'ecraunonHas aprepuanbHas THIIEPTEH3Us U TeCTallMOH-
HBI caxapHbIi 1UabeT BO BpeMs MmocieaHei oepeMeH-
HOCTH, 3aKOHYMBIIEICS CBOEBPEMEHHBIMH poJlaMu 0e3
ocnoxxHeHul. [1pu aHanu3e MeAULIMHCKON JOKyMEHTAaIUN
YCTAHOBJIEHO, YTO B XO/I€ THHEKOJIOTMYECKOTO 0CMOTpa
Ha 22-i Heziene mocieaHel OepeMEHHOCTH KaKue-Inoo
HOBOOOPAa30BaHUSA BYJIbBBI HE 00HapyxeHbl. O0ciieoBaHa
Ha WH(EKIUH, TepeaaroInecs MOJOBbIM ITyTeM, — [aTo-
JIOTHS HE BbIsABIIEHA. 3a JIBE HEAEH J0 POAOB B 00JIacTH
3a/lHel crallkyi Ha KOXe MPOMEKHOCTH OBLIO BBIABIECHO
00pa3oBaHUE IIOTHOAIACTUYECKONH KOHCHUCTECHIIUU Ha
LIIMPOKOM OCHOBAaHMHU, TpHUOOBUAHON hopmbl, OenecoBa-
Toe, 6e300ne3neHHoe, 10 2,5 cM B aunamerpe. Ha tpeTuit
JIEHb MOCIEPOAOBOIO NMEPUOAA NOJ MECTHON aHEeCTE3UEHN
MIPOBE/ICHO UCCEUEHHE JAaHHOTO 00pa30BaHus B Ipeeax
3I0POBBIX TKAHEH.

B natosnoroanaroMuyeckyro 1abopaTopuo MpUcian
(parMeHT KOXH € Y3JIOM cepo-0esoro 1sera, Ha IUpo-
KOM KOPOTKOW HOXKKE, MIIOTHORIACTHYECKOW KOHCUCTEH-
uuu, rpuboBUgHON HopMbl, pazMepamu 10 2,5%2,0 cM.
[Ipu rucTomOrnyecKoM Hcciae0BaHUHM 00pa3oBaHue 0e3
YETKUX TPaHUI], TOKPHITO MHOTOCIOWHBIM TUIOCKUM He-
OpPOTOBEBAIOILIUM SIUTEINEM C COXPAHEHHOU CTpaTH(H-
Kaluel U SBJICHUSAMH JIETKOTO akaHTo3a. CTpoMalbHBIH
KOMIIOHEHT HEpaBHOMEPHOW KJIETOYHOH MIOTHOCTH
(puc. 1 A). Knetku B IeHTpanbHOH 30HE IeOoMOp(HBIE,
HEPEJKO MHOTOSJIEPHBIE, C SIBJICHUSMHU BBIPAKEHHOH aTH-
MUK, MHOT/IA C KApTUHAMHU MUTO30B [IaTOJIOTMYECKOTO TUIIA
(puc. 1 B). B moBepXHOCTHBIX OTAEIaX ASPMbI MOJOOHBIE
KIIETKH C aTUIIMYHBIMU XapaKTEPUCTHKAMU He OOHapyKe-
HBL. BosiokHa cTpoMBbl POPMUPYIOT KOPOTKHUE MEPECEKaro-
Mecs U BUXPeoOpa3HO PacToOKEHHBIE MyYKH.

[IpoBeneno nmMmmynoructoxumuueckoe (MI'X) wuc-
cnegoBaHue marepuana ¢ anturenamu k Ki67 (Clone
MIB-1; Dako, Janus; 1:100), Bumentuny (Clone V9; Cell
Marque, CILIA; 1:200), nanurokeparunam (Clone AE1/
AE3; Cell Marque, CILIA; 1:150), S-100 (Clone 4C4.9;
Dako, [lanus; ready-to-use), CD34 (Clone QBEnd10;
Dako, Janus; 1:200), peuentopam k sctporeny (Clone

Tom 13 Ne 4 2024 87



KIMHWYECKME HABTIOJEHA

Puc. 1. Mopdonoruyeckas kapTuHa GuOPOSITUTEINATBHOTO CTPOMAIBHOTO TTOJIUIIA BYJIbBBI.
A- 06pa3OBaHI/Ie IIOKPBITO MHOTOCJIOMHBIM IIIOCKHM HEOPOI'OBEBAIOUINUM JIIUTECIIUEM. B CTpOMaJIbHOM KOMIIOHECHTE
HepaBHOMEpHasl KJIETOYHAs! INTOTHOCTH: Ha Neprdeprn — yMEepeHHBIH 0TeK, HEeMHOTOUHCIeHHbIe prOpo0IacTono00HbIe KIETKH,
B IIEHTPAJBHOH (TIIyOOKOI) 30HE — BBICOKAS KIIETOYHOCTD C SBICHUSIMH SIIEPHOTO MOIUMopu3Ma. B — cTpoManbHble KIeTKH
OpHYyTUBON HOpMBI ¢ 0OMITBHON OJ1e1HO-0a30(pUITBHON LIUTOIIA3MON U SKCLIEHTPUYHO PACTIONOKEHHBIMU MTOIUMOPGHBIMU
SAPaMHU € TPYOBIM KOMKOBAaThIM XPOMaTHHOM M KAPTHHAMH NATOJOTHYECKHX MHUTO30B (JI0 YETBIPEX B MPEieIaX OJHOTO OIS
3penus npu x400) (cmpenku). Okpacka reMaTOKCUIMHOM M 303uHOM, A — X100, B — %400

Fig. 1. Morphologic picture view of a fibroepithelial stromal polyp of the vulva.
A — the mass is covered with multilayer squamous non-keratinizing epithelium. The stromal component has uneven cell density:
edematous (on the periphery, with few fibroblast-like cells), high cellularity with signs of nuclear polymorphism (in the central
(deep) zone). B — stromal cells of bizarre shape with abundant pale-basophilic cytoplasm and eccentrically located polymorphic
nuclei with rough lumpy chromatin and patterns of pathological mitoses (up to 4/1 HPF) (arrows). H&E stain, A — x100,

B — %400

SP1 Spring Bioscience Corp., CIIIA; 1:100), penentopam
k nporectepony (Clone 1E2; Cell Marque, CILIA; 1:100),
SMA (Clone 1A4; Spring Bioscience Corp., CLLIA; ready-
to-use), necmuny (Clone D3; Cell Marque, CIIIA; 1:200),
CD10 (Clone SP67; Dako, danus; 1:50).

B sapax aTUNUYHBIX KPYIHBIX KJIETOK HEHTPAIbHOM
30HBI 00pa30BaHUs ONpEACIISUINCH cilabasi reTeporeHHas
peakius Ha peLentopsl scTporeHa (puc. 2 A) u spkas
BBIPXKEHHOCTh PEAKIIMHU Ha PELENTOPbl MporecTepoHa
(puc. 2 B). B kneTkax CTpOMBbI BbISIBJI€HA WHTEHCUBHAS
mupdysnas UI'X peakus K BAMEHTHHY B LIUTOILIa3Me
u CD10 (puc. 2 C) na mem6panax. CD34 nemoHcTpHupOBal
Hecneun(pUYeCcKyIo peakiiio B 0e3bs1epHBIX BOJIOKHH-
CTBIX CTPYKTYpax MEX/y aTUIIMYHBIMU KJIETKaMU. YPOBEHb
BBIPAKEHHOCTH PEaKLuu K Mapkepy npoiudepaTruBHON
aktuBHocTH Ki-67 (puc. 2 D) Obu1 3HAYUTENBHO BBIILIE
B IICHTPAJbHON THIEPKIETOUYHOM o0nacTu 0Opa3oBaHus
(45-50%), uem Ha nepudepun CTPOMAIBLHBIX KIETOYHBIX
ckoruieHui (okomno 10%). UI'X peakius Ha HaHIUTOKEpa-
tunbl (AE1/AE3), SMA, necmun u S-100 B aTUMTUYHBIX
KJIETKax Oblia OTpULIaTeIbHOM.

C yuyeToM JaHHBIX aHaAMHE3a U KIMHUYECKUX MPOsIB-
JeHuii 00pa3oBaHUs BYJIbBbI (BOSHUKHOBEHHUE U Pa3BUTHE
MOpa’KeHHS BO BTOPOI MOJIOBHHE OEPEMEHHOCTH ), 8 TAKKE
MPEJCTABUTENbCTBA B ATUITMYHBIX CTPOMAJIBHBIX KJIETKaX
PELenTOpOB K )KEHCKUM MOJIOBBIM TOPMOHAM (SCTPOTEeHaM,
MPOrecTepoHy) B MPOTOKOJIE MPUKUIHEHHOTO MAaTOJIOro-
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AHATOMHYECKOTO HCCIICIOBAHUS ONIEPAI[MOHHOTO MaTePH-
ana Mbl CQOPMYITHPOBAIH CISTYIOICE 3aKITIOUCHHE.

099.8 (MKB-10): ¢pubposnurtenuanbHelil CTpOMab-
HBIH THIICPKIICTOYHBIN ITOUI BYJIbBBI B IIPOCKIIUH KOXHU
3aJHel craiiku Ha HOxKe 2,5%2,0 cM, acCOIMMPOBaHHBIN
¢ OepemeHHOCTRIO 40 Helenb: HANMYUE MPUIYIITHBBIX
MHOTOSIIEPHBIX CTPOMAJIbHBIX KJIETOK U KapTHH MaTo-
JOTHYECKUX MHUTO30B, BHICOKHI ypoBeHb Mapkepa Ki67
(axcmpeccust B siapax 45—-50% KIETOK C IIUTOIOTHIECKIUMU
YepTaMHU aTUIIHH ), BBIPAKEHHOCTD PEaKIMU HA PEIICITOPHI
IIPOreCTEPOHA U 3CTPOTEHA B SAPAX KPYIIHBIX aTUITUYHBIX
KJICTOK CTPOMBL.

O6c¢cyxneHne

IIpupona @CII BynbBbI H 0COOEHHOCTH €r0 CTPYKTYPbI
BBI3BIBAIOT UHTEPEC MaTOJI0roaHaToMoB ¢ 1960-x romos
B CBSI3H CO CXOZICTBOM 3TOT0 HOBOOOPA30BaHUS CO 3JI0Ka-
YECTBEHHBIMH OITYXOJISIMH ME3EHXMMAaJIbHOTO IPOUCXOXK-
nenust. Dtuonorus OCII cerogHsa ocraeTcst HE A0 KOHLIA
sacHoil. OqHu uccnenosarenu [9, 11] npeanonaratot, 4To
TaKue MOJIUIBI IPOUCXOAAT U3 FPAHYNIALMOHHON TKaHU
nocJie JIOKaJbHOM ajbTepaluy (MexaHuuecKkas TpaBma, JIy-
yeBas Teparus, CaxapHblil TuadeT 2-ro TUIa, TeHUTaIbHbIHA
ricopuas, BpoxxaeHHas mumpenema). Ipyrue [6, 7] BaxxHbIM
MPUYUHHBIM (AKTOPOM U MOIYJIATOPOM POCTa BYJIbBOBA-
TUHAJIBHBIX TOJIUIIOB CYUTAIOT TOPMOHAJIbHBIE BIMSHHUS.
Hexotopsie aBropsl [1, 4] monaraiot, YTO CTpOMaJibHbIE
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o BT

Puc. 2. mmyHoMopdonoruyeckast KapTrHa GHOPOIMUTETHATBHOTO CTPOMAIBHOTO HOJIUIA BYJIBBBI.
Beipaxennast UI'X peakuusi B aTHIUYHBIX CTPOMAJIBHBIX KJIETKaX Ha PELENTOPHI K dcTporeHam (A) u nporecrepony (B);
C — cTpoMaibHBIE KJIeTKH HMMYyHONIo3UTHBHEI K CD10; D — BeIcokas mponngepaTtiBHast akTHBHOCTh CTPOMAJIBHBIX KIIETOK,
Mmapkep Ki67 sxcripeccupyetcs B ssapax 45-50% aTHIHIHBIX KIETOK CTPOMBIL. IMMYyHOTHCTOXMMIYECKHI METO, TTOJIMMEpa3Hast

TecT-cuctema, X100

Fig. 2. Immunomorphologic picture of a fibroepithelial stromal polyp of the vulva.
Atypical stromal cells express receptors for estrogen (A) and progesterone (B); C — stromal cells are immunopositive for CD10;
D — high proliferative activity of stromal cells, Ki67 marker is expressed in the nuclei of 45-50% of atypical stromal cells.

[HC assay, polymerase test system, X100

knetounble 37eMeHTsl OCII npoucxoaar u3 ropMOHYYB-
CTBUTENBHBIX ME3€HXHUMAJbHBIX KJIETOK MU, BO3MOXKHO,
U3 MOMYJISILIMY IPUMHUTHUBHBIX CTBOJIOBBIX KIIETOK, JIOKAJIHU-
30BaHHBIX y KEHIIUH B MUKCOHIHOM CYO3MUTENHAIbHOM
CJI0€ HWKHUX OTJEIIOB MoJIoBoro Tpakra [8]. Kpome Toro,
OCII BynbBBI HanboJIEEe YaCTO BOSHUKAET Y MAalMEHTOK
penponyKTHBHOTO Bo3pacta (B cpenHem 35 ner) [1], xa-
pakTepusyeTrcsi OBICTPBIM POCTOM, KaK U B IPUBEACHHOM
HaMH HaOmoneHnH (10 2,5 cM B MONEPEYHUKE MEHEE YeM
3a 18 Hepens recrauun). 3adactyto OCII BynbBbI TECHO
KOppENUpYyeT ¢ TOPMOHATIBHBIMU CIBUTAMH B KEHCKOM Op-
raHusMe (myoepTaTHblil epuoa, 6epeMeHHOCTh, TPUEM
TaMOKCH(]EHa, SK30TeHHBIX IPOr€CTUHOB, 3aMECTUTENIbHAS
TOPMOHaJIbHAS Tepanusl B HOCTMEHONAy3aIbHOM MEPHO-
Jie), a TAaK)KEe MOXKET CIIOHTaHHO PerpeccUpoBaTh MOCIe
pomos [5, 11].
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3akmoueHne

B nuteparype moauepKuBaeTCs OMacHOCTh OIMMO0Y-
HOW MHTEPIpETAIMU MCEBI0CAPKOMATOUIHBIX BYJIbBOBA-
THHAITBHBIX (PUOPOIMHUTETHATBHBIX CTPOMATBHBIX ITOJUITOB
KaK 3JI0KaueCTBEHHBIX HOBOOOpa3oanuil. [Tpu dpopmyiu-
POBaHUH 3aKJIFOUEHHS B MPOTOKOJIE MPHKMU3HEHHOTO Ta-
TOJIOT0aHATOMHUYECKOTO MCCIICIOBAHUS ONEPAIIMOHHOTO
Marepuasa B MPeICTaBICHHOM HAOIFOICHUHA MbI OCTaHO-
BHJIUCh Ha TOOPOKAYECTBEHHOM XapakTepe MOpakeHHs,
MOCKOJIbKY OCHOBBIBAIMCH Ha (DAKTE MOSBJICHUS U PA3BH-
THS PUOPOIMTUTETUATBEHOTO CTPOMATIBHOTO TIOJTUTIA BYJIbBBI
B MEpHOJ OEPEMEHHOCTH, Pe3yIbTaTaX HMMYHOTHCTOXH-
MHYECKOTO UCCIIEIOBAHUS, IEMOHCTPHPYIONIUX PEAKIIUIO
K MapKepaM pelenTopoB K )KEHCKHUM MOJIOBBIM TOPMOHAM
B CTPOMAJIbHBIX KJIETKAX, & TAK)KE Ha COBPEMEHHBIX JIaH-
HBIX JTUTEpaTyphl. TeM He MeHee MBI ojlaraeM, 4To He-
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00X0IMMO AMHAMHYECKOe HaOIoeHUE 3a MallueHTKON
C LENbI0 O0OBEKTUBHON OICHKH XapaKTepa 3a)KUBJIICHHUS,
UCKJIFOYEHHSI MECTHBIX MPU3HAKOB MaJIMTHU3ALMH B 30HE
XUPYPrUYECKOro BMEIIATENbCTBA U CBOEBPEMEHHOM na-
THOCTHUKH PELUINBA, KOTOPBIH U3pENKa PeruCTpUpPyeTCs
IPY HEMOJHOM yAajJeHHU (PUOpPOIMUTENNANTBHOTO CTPO-
MaJIbHOTO TOJIMIIA BYJIbBHI.
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Egrennii Jleonnnosuu KazaukoB — TOKTOp MEIUIMHCKHUX HayK, podeccop, 3aBeayronuii kadeapoil marooruiueckoi aHaTOMUH U CyIeOHON
MequIIHBl nMeHH podeccopa B.JI. Koanenko FOYI'MY, Bpau-naronoroanaroM narojoroanaromuaeckoro ornenenus Ne 2 'BY3 UOIIAB.

Mapuna KoncrantiunoBHa JlebeeBa — acnupaHnTKa Kadepbl TaTOJIOTMYECKONH aHAaTOMHHU M CYJeOHOI MeTUIINHBI
numenu npodeccopa B.JI. Kosanenko FOYI'MY, Bpau-naronoroanarom naronoroanaromuueckoro ornenenns Ne 5 'BY3 UOITAB.

Japsbst ButanbeBna [orosieBa — actipanTka Kadeapsl MaToIOrMIeCKOi aHaTOMHHU  CyeOHO# MequunHbl nMeHu npodeccopa B.JI. KoBanenko
IOYT'MY, 3aBenyromias naronoroanaromuyeckuM otaenenuem Ne 5 'BY3 HOITAB.

I'ne6 BsraecnaBoBrd ChIayroB — KaHAMIAT MEOUIMHCKHUX HAYK, JOLUCHT Ka(eApsl MaTOIOTHICCKOM aHATOMUH 1 CYIeOHOM MEIUIINHBI
umeHn npodeccopa B.JI. Kopanenko FOYI'MY, 3amecturens maBHoro Bpada no MmeauiuHckoit yactu I'6Y3 HOIIAB.

Onna AnexceeBHa Ka3aukoBa — JOKTOp MEAMIIMHCKUX HayK, mpodeccop, mpodeccop kadeaps! akymiepcTsa u runekonoruu OYIMY.

HOnust AnekceeBHa MenBez[eBa — KapauaaT MEAUIMHCKUX HAyK, JOLECHT, JOLUCHT Ka(benpm MaToJIOrHYECKOW aHATOMUHU U Cy)leGHOi’I MCIULIUHBI

nMeru npodeccopa B.J1. Kopanernko IOYI'MY.

Amnxena AnekceeBHa JIy0 — JOKTOp MEIMIIMHCKHX HayK, AOIEHT, mpodeccop Kadeapsl MaToJ0rn4eckoil aHaTOMHUHU U CyJeOHOM MeTHIINHBI

umenu npodeccopa B.JI. Koanenko IOYI'MY.
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XPOHUKA

XIV nnenym Poccuiickoro o6mecTsa naTon1oroaHaToMoOB

XIV Plenum of the Russian Society of Pathologists

24-25 mas 2024 rona B Yde npoxoaun XIV mienym
Poccuiickoro o01ecTBa MaroJoroaHaTOMOB, B OpraHU3a-
WU ¥ TPOBEAECHUU KOTOPOTO aKTHUBHO Y4acCTBOBAJIH CO-
tpynaukn HUU Mopdonornu yenoBeka IMEHU aKaJeMUKa
A.I1. ABupina Poccuiickoro Hay4yHOTro LEHTpa XUPYpPruu
nMmenu akanemuka b.B. Ilerposckoro. B pamkax niuenyma
OBbUTH PacCMOTPEHBI BOIIPOCHI Y4aCTHsI [IaTOJIOT0aHATOMUYE-
CKOH1 CiTy>kObI B peaju3aluy IPUOPUTETHBIX HAIPaBICHUN
pa3BUTHS 31paBoOXpaHeHHs Poccnn, akTyanbHbIE BOIIPO-
CBI MATOJIOTOAHATOMUYECKON MPaKTHKHU, IPOOIEMBI Opra-
HU3AL1H [1aTOJIOT0aHATOMUYECKOH City:KObI. OOCYyXKAEeHBI
pe3yabTarhl AesaTeNbHOCTH pabouel rpynnsl Komurera
10 OXpaHe 37J0pOBbs TpakJaH [ocynapCcTBEHHOM TyMBI
Poccwuiickoit @enepanum, Kacaroyecs: 3aKOHOIATEIbHBIX
OCHOB OPraHU3aLUH IATOJIOT0aHATOMUYECKOM CITykKObI, 3a-

Jla4 KaJijpOBOU MOJIMTHUKHU OTPACIIH, BOIPOCH aKTyaJIU3aLlUH
npuka3zoB Mun3npasa Poccun 0 maroaoroaHaToMUUECKUX
ucciengoBaHusax. C J0KIaA0M, TOCBSILEHHBIM CO3AaHUI0
MEepPBOro B HalIeH cTpaHe pedepeHc-IeHTpa HHOEKIHOH-
HOU M BUPYCHON OHKOIIATOJIOTUH B cucTeMe MUHOOpHayKu
Poccumn, BeicTymmna mupexrop HU mopdonoruu genoseka
uMeHH akasiemuka A.I1. ABupiHa uneH-koppecnonneHT PAH
JL.M. Muxanesa. Hayunsriii pykooaurens HUU mopdo-
JIOTUM YesloBeka UMeHH akageMuka A.Il. ABubIHA 4iieH-
koppecnonaent PAH JI.B. Kakrypckuii ocBeTui coBpe-
MEHHBIEC TPEHIBI MOP(OIOTHIESCKOTO N3YUCHHS ATOIIOTHI
cepaua. C 10K/Ia1aMU 110 aKTyaJIbHBIM BOIIPOCaM IaToJIo-
TUYECKOM aHATOMHUU BBICTYNMIIN COTPYIHUKH UHCTUTYTA
A.E. buproxos, K.}O. Mumu6ep, M.B. MHIxoBHY, actiipaH-
Thl mHCTUTYTA A.A. TeOGenpkoBa, H.A. I'yThIpUmK.

- M W WS AT E

OB ECTEA,

HayuyHno-nosnaBartenbHblii pectuBanb «MEIJNKDPECT»

Scientific and educational festival “MEDIKFEST”

15 utons 2024 rona B MOCKBe B KYJIBTYPHO-IIPOCBETUTENBCKOM LIEHTPE «3apsaabe» MpOIleN HayYHO-I03HABATENb-

ueii pectuBans «MEJJUKDOECT, oprann3oBanHblii PoccuiickuM HaydHBIM [EHTPOM XHPYPTHH HMEHU aKaJIeMHKa
B.B. IlerpoBckoro. B MmeponpusitTun aktiBHOE yyacTtre npussiin cotpynauku HUM mopdonoruu uenoseka Poccuiickoro
HAy4HOTO IIeHTpa XUpypruu uMmenu akajgemuka b.B. Ilerposckoro A.I1. ABibina. @ecTuBaib ObLI NPUYypoOUeH Ko [IHr0
MenuuHckoro pabotHuka. B pamkax « MEJAMK®ECTay yueHble U Bpauu IPOBOAMIN IPOCBETUTENCKUE MEPOIIPUATHUS
10 MpoeccroHaNTbHON OPUEHTAIIMHU IIKOIBHUKOB 1 aOUTYPHEHTOB, IPOSBUBLINX HHTEpEC K MeaulinHe. Benymiue cre-
LUAJIMCTBI IEHTPA M MHCTUTYTA PaccKa3alii O HOBEHIINX TEXHOJIIOTUAX B 00JIACTH MEULIMHBL, TOCTUKEHUSAX COBPEMEH-
HOM XHPYPI'HH, IEPCIEKTUBHBIX HAIPABICHUAX B HOPMAJILHON M MAaTOJIOTNYECKOM aHaTOMUU U THCTOJIOTUN YEJIOBEKA.
VYyamuecs npociayaiy JeKIUU KPYIHBIX YYEHBIX O Pa3HbIX 00JIaCTSIX METUIMHBI, a C MOMOIIBIO MPEACTaBIeHHbBIX
CTEHJIOB, TPEHAKEPOB, MY3€HHBIX IIPENapaToB U MUKPOCKOIIOB OJIMKe TO3HAKOMIIIUCH C pabOTON Bpadel.
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