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uepBMKaﬂbelﬁ CKPUHUHI N MCKYCCTBEHHbIﬁ UHTEeJNNeKT
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AHHOTauusa

ITprMeHeHMe NCKYCCTBEHHOTO MHTeJUIEKTa B THHEKOJIOTMH HaXOIUTCS B Ha-
CTosiIIlee BpeMs Ha HadaJIbHOM aTarte. Ha 0CHOBe HCKyCCTBEHHOTO MHTEJUIEK-
Ta y>Ke CO3[aHbl IPOTPaMMBbI JUIs YTeHHsl IIUTOTIOTMYeCKUX M306pakeHuH,
uyileHTUGUKAIMY BUPyCa NAlHUIOMBL YeJIoBeKa M KOJIBIIOCKOIIHH, YTO MO-
BBIIIAET JIOCTYIHOCTh BU3YaJIbHOTO CKPMHMHTIA JUIS SKEHIIUH, B TOM YHCIIe
IIPOXXUBAIOIIUX B OT/laJIEHHbIX paiioHax. [IpuMeHeHMe CHCTeM MCKYCCTBeH-
HOTO MHTEJUIeKTa JUIs 1{ePBUKAIbBHOTO CKPHHHHTA CIIOCOOCTBYeT YTy qIleHUIO
CBOEBPeMEeHHOM JIMarHOCTHKY PaKa IIefKy MaTKH.

B 0630pe npeficTaBieHbl pe3ysIbTaThl 3apyOeXKHbIX M OTeYeCTBEeHHBIX HayYHBIX
paboT, MOCBSIIEHHBIX TEXHOIOTHSIM MCIIOJIb30BaHMUsI MCKYCCTBEHHOTO MHTEI-
JIeKTa JUIS BBITIONIHEHUS! ITUTOJIOTUYECKOTO MCCIIe/IOBAaHUS. U KOJIBIIOCKOIIUH.
ITorcK HCTOYHUKOB JIMTEPATYPHI, ONMyOIMKOBaHHBIX B riepuon ¢ 2019 mo 2024
rofi, MpoBoanIIcs Ha miarpopme PubMed. [TorckoBble 3arpocs! BKItOYau

creqylolpe KiIo4deBble cioBa: “cervical screening”, “artificial intelligence

in gynecology”, “artificial intelligence in colposcopy”, “artificial intelligence
in cervical screening”.

YcTaHOBIIEHO, YTO NPOrPaMMBl UCKYCCTBEHHOTO MHTeJUIeKTa JJIs UHTep-
npetanuy Maska no Ilananukonay (Al-Pap) Ha 5,8% Goree 4yBCTBUTENbHBI
k obHapyxenuto CIN2+, yeM py4HO# 1ozicyeT, C HeGOJIBIIUM CHUXXEHHEeM
crenupUIHOCTH.

B uccienoBaHusx Ha 0CHOBe 06pabOTKHM MCKYCCTBEHHBIM MHTEJIIEKTOM
KOJIBIIOCKOIIMYECKHUX KapTHH HPOIEHT COBIIAfIEHUs Pe3ysbTaToOB U THCTO-
JIOTMY9eCKUM 3aKJIIO4eHHeM ObLI BbIllle, 4eM IIPY MHTepIpeTalluy BpayaMHu-
crienManucTamy, Ha 16,64 %. [1pu npentudukanun HSIL+ nckyccTBeHHBIM
MHTEJUIEKTOM BbIsiBJIeHa 6oJiee BbICOKasl 4yBCTBUTEJIBHOCTD, Ha 11,5% npe-
BBIIIAOIIAs 3aKJIF04YEHHe KOJIbIIOCKOIIMCTA, B TO BpeMsl Kak CIenudpUIHOCTD
ObUIa MPAaKTHYeCKU conocraBuMa. Kpome Toro, nporpammsl Ha ocHoBe MW
OKa3aJIiCh 60JIee TOYHBIMU B IIPOTHO3UPOBAHUY MeCT IIPOBEJIeHHs GUOTICHH.
KirroueBble cI0Ba: MCKYCCTBEHHBIH UHTEIUIEKT, [lePBUKaJIbHbINA CKPHUHUHT,
111 ppoBast KOJIBIIOCKOIIUS.
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Cervical screening and artificial intelligence
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Abstract

Currently, the use of artificial intelligence (AI) in gynecology is at the initial
stage of its implementation. However, despite the relatively short period
of using the latest technologies, Al-based systems are gaining momentum,
becoming a powerful tool in analysis, diagnosis, and clinical visualization
in the practical work of obstetricians and gynecologists around the world.
Al-based programs for reading cytological images, human papilloma virus
(HPV) identification and colposcopy have been created to date, which makes
it possible to increase the availability of visual screening for women.

The review presents the main categories of Al, including machine learning
methods, and includes foreign and domestic research on Al-based technologies
for performing cytological examination and colposcopy, published between
2019 and 2024. The search for literature sources was performed on the PubMed
platform. The search queries included the following keywords: “cervical
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screening”, “artificial intelligence in gynecology”, “artificial intelligence in
colposcopy”, “artificial intelligence in cervical screening".

It was found that AI programs for the interpretation of Pap smear (Al-Pap) are
5.8% more sensitive to the detection of CIN2+ than manual counting with a
slight decrease in specificity.

In studies based on Al processing of colposcopic images, the percentage of
coincidence between the results and the histological conclusion was higher
than when interpreted by specialist doctors by 16.64%. When identifying
HSIL+ with artificial intelligence, a higher sensitivity was revealed, 11.5%
higher than the conclusion of the colposcopist, while the specificity was
practically comparable. In addition, Al-based programs have proven to be
more accurate in predicting biopsy sites.

Keywords: artificial intelligence, digital colposcopy, cervical screening.
Conlflict of Interest: nothing to disclose.
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m AKTYAJIbBHOCTbD
B TIOCJIe[THYE TOMbI KOJTMYeCTBO pa3paboToK B 0OIACTH Tex-
HoJoruii uckyccrseHHoro uHTesiekta (MW) sHaunrensHo
BbIpocJio [1]. Her Tako#t cdepsl )kU3HU desioBeKa, Kyaa Obl
OH He TpoHUK. B Memnuiuae MY nprMeHsieTCst paKTUYECKH
B KQ)XJIOW CITeI[UaJIbHOCTHU: ISl AUATHOCTUKY U JIeYeHus 3a-
GoJsieBaHMI, aHAJIM3a PUCKOB, BBITIOJIHEHHS XUPYPIUYeCKUX
oreparyii, pa3paboTKH JIeKapCTB, B CKPUHHUHIe, CTaTHCTHKe
[2, 3]. Mup cTankuBaeTcs C IIOCTOSTHHO PacTyIIMMHU TpeboBa-
HUSIMU K TIPeIOCTaB/IeHHIo O0jlee KaueCTBEHHOTO INI00aIBHOTO
37]paBOOXPaHeHHus], CUCTeMa KOTOPOro GOpeTcsi C yBeJIMIeHHEM
3a00J1eBaeMOCTH U 3aTpaT B MeauliiHe [5].

HckyccTBeHHBIN UHTEIJIEKT — 3TO 00lIee IOHSTHe, KOTO-
poe mojpa3yMeBaeT UCIOJIb30BaHUEe MAIIMHHOTO TPy/a /s
MOJIEJTMPOBAHMSI MHTEJUIEKTYaIbHOTO ITOBEJIeHUS C MUHUMAJIb-
HBIM BMeIIlIaTeIbCTBOM YeJioBeKa. BriepBble 3TOT TepMUH ObLT
odunranbHO 03BYYeH Ha JleTHeM ceMHHape B JlapTMyTckoM
kosuteke B 1956 rony, korna camele panaue mofenu MY mel-
TaJIMCh BOCIIPOMU3BECTH PaboTy ofiHOTO HeiipoHa. [IpocTeie
CHCTeMbl 00J1a/1aJIv TIPUMUTHUBHBIMU QYHKIIUSIMU BBOJIA-BBIBO-
na. AtMocdepa Bceo0bIiero HeJjoBepus K pa3paboTkaM TeXHO-
noruit UM npuBena k Tak Ha3biBaeMo# «mepBoii 3ume UN» ¢
1974 o 1980 rof, CMEHUBIIKCH TIEPHUOIOM «HOBBIX HAIEXKI,
KOTOpBI¥ Ipoytuiics 1o 1987 roma. Jlanee HacTymva «BTopas
3uma UMy, kotopast 3akoHumnack auiib B 1993 roay [5]. Bos-
HUKJIa HOBas BojiHa nHTepeca k MU, koTopas O6biia cBsi3aHa C
YBeJIM4eHHeM BBIYUCITUTEIIBHOW MOIIIHOCTH, CO3jaHIeM Gosiee
CJIOXKHBIX CUCTEM, YTO B KOHEYHOM UTOTe CTaJI0 OCHOBOM CO-
BpeMeHHBIX HeMPOHHBIX ceTel [6-8].

VYcrpoiictBa U penstcs Ha 1Be OCHOBHbBIE KaTerOpUH.
[lepBas BkitO4aeT B cebs MeTOIbI MAIIMHHOTO O0y4YeHUs
(Machine Learning, ML), koTopble aHalIU3UPYIOT CTPYKTY-
PYPOBaHHBIE JAHHBIE: TPYIIUPYIOT AaHHbIE MMAIMeHTOB WIN
JIeJIaloT BBIBOJI O BEPOSITHOCTH UCXOJ0B 3aboseBanus. K ero
MIOZIBUATY OTHOCUTCS TTyboKoe obydenue (Deep Learning, DL).
Metonst ML MOryT ObITH KOHTPOJIUPYEMBIMU U HEKOHTPO-
nupyembiMu [9]. KoHTponupyemslil alroputM UCIOIb3yeT
HabOp JTaHHBIX, KOTOPBIM COMEPXKUT BXOIHBIE PYHKIINH, MO-
MedyeHHbIe B Havyasie 00y4YeHusl, ISl CONIOCTABJIEHUs] U yCTa-
HOBJIEHUSI 3HAYMMBIX OTHOIIIEHHI MeX]Ty BXOJHBIMU JaHHBIMU
U COOTBETCTBYIOIIUMHY BBIXOIHBIMU, a TAKXKe IS CO3/IaHUsI
MOJIeJ T, KOTopasi ClIoCcobHa pa3indaTh BHIXOAHbIE METKU. 3a-
TeM o6y4eHHasi MOJIeJIb JIeJIaeT [TPOTHO3bI HA OCHOBE HOBBIX
nony4eHHbIX AaHHBIX [ 10]. HexoHTponupyemble Mofieny — 3To
CHUCTEeMBI, yIIpaBisieMble JAHHBIMH, KOTOPbIe aBTOMATHYeCKH
W3BJIEKAIOT YPOKH M3 B3aUMOOTHOIIIEHUI My 3JIeMeHTap-
HBIMM OUTaMU MHPOPMAIIUH, CBA3aHHBIX C KAXKJOU IepeMeH-
HO Habopa faHHbIX [11]. BTopas kateropus Bkitodaet B cebs
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MeTo/ibI 06paboTKH ecTecTBeHHOTO s13bIKa (Natural Language
Processing, NLP), koTopble CTPyKTypUpYIOT UMEIOITYIOCS UH-
dopmanuio, HanipuMep, JJIsl CO3MaHUSI MeTUITMHCKUX 6a3 [9].

Hecmotps Ha Heyracatolmye Criopsl II0 TIOBOAY HeOOX0aH-
MOCTH U IIOJIb3bI BHefIpeHus B IpakTuky MU, ocTaHOBUTB 3TOT
IIpoIiecc y>ke HeBO3MOXKHO. beccropHo, K MOJI0XUTeTbHBIM
acriektaM BHefipenuss MW oTHOCATCS BO3MOXKHOCTD €ro Tpy-
MeHeHUs] B MOHOTOHHOM, TSKeJIoM paboTe; HellpepbhIBHOCTD
00yueHus; CIIOCOOHOCTh aHAJIM3UPOBATh U YIIOPSI0UYUBATh
Hosnblye 6a3bl JAHHBIX 32 KOPOTKOe BpeMsl; OTCYTCTBHe 3MO-
UM ¥ CyObeKTHBHOTO OTHOIIEHUs], YTO IIOMOraeT B IIPUHS-
THU pellleHHi; COCPeloTOUeHHOCTh Ha KOHKPETHO! 3ajiaue;
BO3MOXXHOCTb KPYIJIOCYTOYHO!M paboTh! 6e3 MoTepH KauecTsa.

[TporuBHuku BHeapenus UMY ccbuiatoTcs Ha yMeHbllleHHe
KoJIM4YecTBa pabouux MecT ISt JIfofiel B ope/ielleHHbIX CeK-
Topax (3abbiBas, MpaB/a, YTO BO MHOTHX Cchepax, B YaCTHOCTU
B MeJIUITMHEe, UMeeT MeCTO KaJIpOBBIM JIepUITUT, 1 0COOEHHO
KaTacTpOPUUIECKH BBIISAUT CUTYaLlUs C MeJUIIMHCKUMU pa-
DOTHMKaMHU B OT/IAIeHHBIX MECTHOCTSX). TakKe MallMHa, [0 UX
MHEeHHUIO, He CIIOCOOHA MBIC/IUTB JIaJibIlle TIOCTaBIeHHOM 3a1auH,
a MOXXET BBITIOJTHATE TOJIBKO TO, Ha YTO 3anporpamMMupoBana. K
He[IoCTaTKaM B 3TOM 00JIaCTH OTHOCST U CyIlleCTBeHHbIe 3aTpa-
ThI Ha TIPOM3BOZICTBO COOTBETCTRYIOIIero obopynosanus [13].

m [1EJIb

0O0630p mporpamMM MCKyCCTBEHHOI'O UHTEeJUIeKTa JJisl BbI-
TIOJIHEHMS [IePBUKAIbHOTO CKPUHHHTA U KOJIBIIOCKOIIUHL.

Cmpamezuu noucka. Ilorck nutepaTypsl, MOCBSIIEHHON
TEeXHOJIOTHSIM MCKYCCTBEHHOT'O MHTeJJIeKTa JIs BbIIIOIHEeHUs]
[IUTOJIOTMYECKOT0 UCCIIeIOBAHUSI ¥ KOJIBIIOCKOIIMH, OBLI ITPO-
u3BejieH Ha tiaTdopme PubMed. Ananu3upoBainvck paboThl,
omny6irikoBaHHbIe B niepuog ¢ 2019 mo 2024 rop. KitoueBbie
cJ10Ba 3anpocoB: “cervical screening”, “artificial intelligence in
gynecology”, “artificial intelligence in colposcopy”, “artificial
intelligence in cervical screening”.

m [IPUMEHEHUWE UCKYCCTBEHHOI'O
HMHTEJUIEKTA J1JI1 HEPBUKAJIBHOI'O
CKPUHHHTIA

Ha npotsokenny mociegHux 15 jeT akTyasnabHOM pobite-
MO B TMHEKOJIOTUH OCTaeTCsl CTabUIIbHO BBICOKUN YPOBEHb
3abosieBaeMocTu pakoM ineiiku Matku (PIIIM) [14, 15]. Oc-
HOBHasl IPUYMHA — HeJI0CTAaTOYHBIN OXBaT HaceJeHUs Iep-
BUKaJIbHBIM CKPUHUHTOM M BakmuHanue. OcobeHHO 0CTpo
npo6JieMa CTOUT B CTPaHaX C HU3KUM YPOBHEM JIOXOJ1a, TTie He-
JOCTYITHA KBATUPUIIMPOBAHHAs MeAUITMHCKAs TOMOIITb BBULY
HEeXBaTKH KaJIpoB U prHAHCOBOTO fedunura. Peanmusarus mep-
BHKaJIbHOTO CKPHHUHTA TpebyeT 1abopaTOpHOro OCHAIleHM,
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TPaHCIIOPTUPOBKY 06PA3IOB, MHOT'OKPATHBIX TIOCEIeHUiH IS
BBITOJIHEHHSI CKPUHHHTA U JIeUeHHUs], a TaKXKe TIPUBJIeYeHUs]
BBICOKOKBAJIM(UITMPOBAHHBIX ITUTOIOTOB M KOJILIIOCKOIIUCTOB.
OcHaleHre MeUIIMHCKUX YUIpeXxaeHui ycrpoiictBamu N
BO MHOTOM peitiaet ripobnemy [16-18]. Ha ceropusimumii neHsb
y>Ke CO3/IaHbl IPOrPaMMBI ISl YTeHHUS! UTOJIOTMYeCKUX U30-
OpaskeHUH, UAEeHTUUKAITMN BUPYCa NAUJUIOMBI YeloBeKa
(BITY) 1 KONBIIOCKOITHH.

Ha ocruoBe 188 542 1iudpoBbIX HUTONIOTHIECKUX H306pa-
>keHMH ¢ momoribio DL 6b11a co3mana nporpamma MU st un-
TeprpeTanuy Maska 1o [lananvkonay (Al-Pap). 3a stanon 6bin
MIPUHST pe3ysIbTaT FUCTOJIOTMYEeCKOTO UCCiefioBanus. B nc-
cJiefioBaHue ObUIO BKITIOYEHO 2145 XeHIuH, y K&K 13 HUX
ObLI TpoM3BezieH 3a60p BYX 00pa3IoB C MIeMKU MaTKH, OTUH
13 KOTOPBIX MHTepnpeTrpoBaia Al-Pap, npyroit — onbITHBIN
rurosnor. Al-Pap obnapyxun 92,6% CIN 2 u 96,1% CIN 3+,
YTO COIOCTABUMO WIIY JIyYllle pe3yJIbTaTOB PyYHOro Mofcye-
Ta. AHanmu3 c nomotrsio MU umen skBUBasieHTHYO YyBCTBU-
TeJLHOCTDH (OTHOCUTEIbHASI 9yBCTBUTENBHOCTD 1,01) 1 6oee
BBICOKYIO CITeIlM$HYHOCTb (OTHOCHUTeNIbHAs CelluUIHOCTD
— 1,26) Mo cpaBHEHUIO C BBIBOJIaMH OMBITHBIX ITUTOJIOTOB. Y
BITY-m105105kUTENbHBIX XXKEHITUH YTeHre 06pa3IoB C TIOMO-
ITbI0 IPOTPaMMBI yBeJIn4uBaso creruuaHocts s CIN 1
Y MeHbllle, 6e3 CHI)KeHHs YyBCTBUTEIILHOCTH 110 CPaBHEHHIO
C py4HbIM noficueToM [19, 20].

H. Bao u coabr. (2020) ¢ nmomMoribto 3Toii mporpamMmbl MU
IIPOBeJIH IIUTOJIOTUYeckoe UccienoBaHye ¢ yyactuem 703 103
KeHIIWH, U3 KOTOpbiX 98 549 GbLIM HE3aBHCHMO MTPOBEPEHEI
nurosoramMu. CoBnasieHue 3akittodeHuii Al-Pap u pyunoro
MeToa coctaBuiio 94,7%. [1pu 3ToM IUTONIOrHYECKoe 3a-
kitouernre MUY 6wuio Ha 5,8% 6Gosee 4yBCTBUTENBHO K 00-
Hapyxeruto CIN2+, yem pydHoe, ¢ HeOOIBIIINM CHIDKEHHEM
criermubuvHOCTH [21].

HccnenoBanue, onybiukoBanHoe B 2023 rofy, BKJIOYa-
710 3514 xenrryH, 13,9% 13 KOTOPBIX OBLUTH UHPUITUPOBAHBI
BITY. OuenuBasnack 4yBCTBUTENIBHOCTE nporpammel MU mms
OIIeHKU pe3y/bTaToB XUAKocTHOH muTtonoruu (AI-LBC),
KOTOpast OblIa COMOCTABMMA C PYYHBIM MOJICYETOM ITUTOJIO-
ramu (86,49% mpotus 83,78%). IIpu aTOoM OblIa 3HAYUTEITH-
HO BbIlIe, yeM Tunuposanre HPV16/18 npu obnapyxenuu
CIN2+ (86,49% npotus 54,05%), B TO BpeMs Kak Crieriuduy-
HocTh Al-LBC 6bI1a 3HaUUTENBHO HIDKe, YeM TIPU UJIeHTUU-
karuy BITY 16/18 tunos (51,33% npotus 87,17%), Ho Bhillle,
4yeM y IUToJI0roB Iipu obHapyxeHuu CIN2+ (51,33% npotus
40,93%). AI-LBC cokparu HaripaBjieHHe Ha KOJIbIIOCKOIHIO
npuMepHo Ha 10% 1o cpaBHeHHIO C pyYHBIM MIOJICYETOM, UYTO
COKpalllaeT MaTepHajbHble 3aTpaThl. [Iogo6HbIe 3aKOHOMep-
HOCTH Takxe Haomomamuch st CIN3+ [22, 23].

Hccnenosanue, mpoBeneHHoe B KuTae, BBISIBUJIO, YTO BBI-
COKast CTOMMOCTH co3iaHus porpamm MU onpaBnbiBaeT cedsl.
[Tpumenenue AI-LBC nyis nHTepnpeTanyy pe3ysbTaToB JKujl-
KOCTHOM ITUTOJIOTHUU pa3 B 5 JieT MOXKeT ObITh OoJlee 3KOHO-
Muvecku 3¢GGeKTUBHBIM, YeM TIPUBIIeYeHHe IUTOJIOTOB [24].

m ICKYCCTBEHHBIN UHTEJIJIEKT

JJIA KOJIBIIOCKOIINU

B nocnenuue roger Texnonoruu UKW ctpemutenibHO pas-
BHBAIOTCS B TUAaTHOCTHKe 37I0KaYeCTBeHHBIX HOBOOOPAa30Ba-
HUM, TaKUX KaK paK MOJIOYHOM >KeJjle3bl, OIyXOJIX JKeJIyI04-
HO-KUIIIEYHOT0 TpakTa [25, 26]. B ruHekosiorum npuMeHeHue
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MeTOJIOB BHU3yaJM3alluy TakXKe HabupaeT 000pOTEL, U ITpex/ie
BCEro 3TO KacaeTcs Kombrockonuu [27]. Jlebunur BHICOKOKBa-
JMUPUIMPOBAHHBIX CIEIMAIMCTOB B 3TOM 00/IaCTH OTMeYaloT
BO BCeM Mupe. A OCHOBHBIM HeJIOCTaTKOM MeTOfia SIBJIsIeTCs
€ro «0IepaTopo3aBUCUMOCTDY, TaK KaK pe3yJIbTaThl YyBCTBHU-
TeNbHOCTH U ClIelliUYHOCTH BapbUPYIOT B IIMPOKUX IIpefie-
JIaX, ITO AUKTyeT HeoOXOJUMOCTh OCHAIIIeHHS KOJIbIIOCKOIIOB
TexHomnorueit UU [28-32].

Cucrema Faster R-CNN 6bu1a co3nana Ha ocHoBe DL mipu
obpabotke B iepuoz ¢ 1993 o 2000 rox n3obpaskeHuUH IIeHKu
matku 9406 sxenrua Kocra-Puku ¢ IOMOIIBIO MeTO/a IIepBH-
Korpaduu, KOTOPBIF B HAacTosIIIee BpeMsi He UCTofb3yeTcs. OH
OCHOBAH Ha MHTepIIpeTalyy AByX ¢poTorpaduii ek MaTKy,
KOTOpBIe OBIIM CHIelaHbl KaX/10M MalreHTKe Iocje HaHece-
HUS YKCYCHOM KUCJIOTBI C IIOMOILIBIO [IePBUCKOIIA — INIEHOYHOU
KaMepbl C GUKCUPOBAHHBIM (HOKYCOM U KOJIBIIEBBIM OCBellle-
HueM. B pesynbrare manHas paspaboTka criocobHa BBISIBUTH
B 55,7% ciyuaeB CIN 2+ y sxeHImH B Bo3pacTe ot 25 1o 49
net [30-31].

B Kurae pa3zpaborana cucrema Colposcopic Artificial
Intelligence Auxiliary Diagnostic System (CAIADS). dns
ee cosfanus ObUI0 0TOOpaHo 19 435 aHOHUMHBIX ITUPPOBBIX
3amuceil MalMeHToB U3 IeCcTH OOJIBHUIL. 3alyCy BKITIOYAIN
KOJIBIIOCKOIIMYeCKe N300pakeHus1, KIIMHIYeCcKye JaHHbIe U pe-
3yJIBTaThl TUCTOJIOTMYECKOT0 UCCIIeJOBAHMSL, KOTOPbIe SIBJISUTUCH
«30JI0TBIM CTaHIapToM». [IponeHT coBmazieHrs pe3ysIbTaToB
CAIADS c rucronornyeckuM 3akjifoueHreM OBl BBIIIe, YeM
TIpY UHTepIpeTayy BpadaMu-crieruanucramu (82,2% npotus
65,9%). [Tpu unentudukanuy HSIL+ CAIADS nokasai 6oiee
BBICOKYIO YYBCTBUTEJIbHOCTD, YeM 3aKJTI0ueHHe KOJIbIIOCKOITH-
cra (71,9% mpotus 60,4%), B TO BpeMst Kak CrenrndpHUIHOCTD
6buta cormocraBuma (93,9% mpotus 94%) [32-35].

Aiyuan Wu u coagr. (2023) Tectuposanu cucremy CAIADS
Y pe3yJbTaThl, I0JTy4YeHHbIe ONBITHBIM M HAUMHAIOIUM KOJIb-
nockorctoM. [Jlns obHapyxxeHus CIN2 +u CIN3 + CAIADS
IT0Ka3ajl 4YyBCTBUTENILHOCTh Ha YpoBHe 80%, koTopas Obuia
IIPAaKTUYeCKU COTIOCTaBUMA C pe3ysIbTaTaMU OIBITHOTO KOJIb-
nockonucrta (st CIN2 +: 80,6% npotus 91,3%; CIN3 +:
80,0% mpotuB 90,0%). [Ipu cpaBHenuu nokazareneit CAIADS
Y HAYMHAOIIEero KOJIbIIOCKOIMCTA [T0Ka3aTeld YyBCTBUTENIb-
Hoctu AL 6wty Boitie (s CIN2 +: 95,1% npotus 79,6%;
st CIN3 +: 97,1% npotus 85,7%). IIpu obHapyeHHU paka
meiika Matku CAIADS nocturia camoit BHICOKOM 9YBCTBH-
tenpHOCTH Ha 100% [36].

CerviCARE AI (Kopest) — cucrema U nyia aHanvsa Kojb-
ITOCKOTIMYeCKUX M300pakeHUH, peann3yeMas C [IOMOIIbIO
cucremsl TeleCervicography. [ls ee co3nanus 6611 0ToOpaH
33 531 cHUMOK U1 TTOCIeyolero aHanusa. 9639 yBenmuen-
HBIX ¢oTorpaduii OpII0 UCIOIB30BAHO It 00yYeHHs pacios-
HaBaHMIO ITefiku MaTKu. Jlasiee IpOBOMIMIIAaCh IpeiBapyUTesIbHast
obpabotka nsobpaxkenuii (peska (Images sharpening), BbipaB-
HuBaHMe rucrorpamMmel (Histogram equalization), CLAHE). Ha
22 725 cHuMKax ObII0 IPOBeieHO 00ydeHue ISt KilacCuuKa-
MU TIpeipakoBbIx opaxkeHwii u PIIIM. Orenka adpdekTrBHO-
cTv Moieny TectrpoBasiachk Ha 400 n306paskeHUsIX, KOTOPBIE He
OBUTH UCIIOIBb30BaHbI B nporiecce obydenust. [Ipy nepBuyHOi
ripoBepke 9yBcTBUTENbHOCTb CerviCARE Al k 1iepBUKabHBIM
TOpaYkeHUsIM BbICOKOH cTereHu cocrasisier 98,0%. [Ipu Bro-
PUYHOM ITpoBepKe /st 00I11el MOMYJISIMY 1yBCTBUTEIBHOCTD
nocturna 97,5%, creruduanocts 95,5% [37, 38].
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Ere onna cucrema YU Cerviray Al (Ceyr, Kopest) coznana ¢
rcronb3oBaHyeM 6osiee 10 000 KOIBIIOCKONIMYECKUX M300pake-
HHI, KOTOpbIe GbUTH BBEIEHBI B aJITOPUTM O0y4eHus1, Hapsity C
Ppe3yJIbTaTaMy TUCTOJIOTHYeCKHUX UCCIIEJOBAHUH U KITMHUYeCKH-
mu faHHbIMU. Crctema Cerviray Al BelmaeT onuH U3 BapHaH-
ToB 3aKkitouenus: HopMa, CIN 1, CIN 2-3 wnu pak. [IpoBeneno
TeCTUPOBAHKeE IAHHOM CUCTEMBI C y9acTHeM 234 xeHIuH. Bce
KOJIBITOCKOITMYeCKUe N300paykeHHsI ObITH MHTEePIPEeTUPOBAaHbI
JIByMs1 OITBITHBIMH CIEIIUaJIMCTaMH B 0BJIACTH KOJIBIIOCKOIIMU
u cucremoii Cerviray Al [39, 40]. YyscrBurensHocts MU co-
craBwia 74,14%, cienuduanocts 83,05%. YyBCTBUTEIIBHOCTD
MeTOoJIa B UCIIOJTHEHUH JIOKTOPOB cocTaBmiia 71,55% u 69,83%,
cneruduaHocThb 87,29% 1 81,36% cooTBETCTBEHHO.

Hayunsie corpynuuku @I'BY «HanvoHnanbHbIN MeTUITH-
CKUU HCCIIeloBaTelbCKUH IeHTp umMenu B.A. AnMa3zoBa»
MumnznpaBa Poccun coBMecTHO co crieranvictamu PIAOY
BO «Cankrt-IleTepbyprckuii noauTeXHU4YeCKUN YHUBEPCH-
teT [lerpa Benmkoro» ¢ 2021 roga 3aHMMaroTCst pa3paboTKOM
nporpammbl MU [is YyTeHus ¥ MHTepIpeTalivy KOJIbIIOCKOIIHU-
YeCKUX M300pakeHuH. Yke co3naHa 0a3a JaHHbIX «Peructp
KOJIBITOCKOTIMYeCKUX M300pakeHnM, MOJy4eHHBIX B XOJIe
obcreoBaHus MAlMeHTOK C 3abo/ieBaHNeM IIeHKU MaTKI»
(Ne2023620209), xoTopast mpofoiKaeT MOTMOIHATbCS ISt
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obyueHMs oTedyecTBeHHOM nporpammsl MUY nist xombriocko-
noB. JlaHHas pa3paboTka OyzeT BHesipeHa B IM$POBOH ITOpTa-
THUBHBIN KOJILIIOCKOII OTeYeCTBEHHOTO ITPOU3BOJICTBA (IIATEHT
Ha nosesHyto mozenb Ne222399), paspaboranHblii Ha 6ase
®I'BOY BO «Camapckuii rocyqapCTBeHHBIM MeIUIMHCKUN
yHUBepcuTeT» MuHnznpasa Poccuu.

m SAKJIFOYEHUE

WU B mMemuiyHe SBISIeTCS BaXXHBIM UHCTPYMEHTOM CO-
BepIIIeHCTBOBAHUS BpaueOHOM AesaTelbHOCTU CIellHaliCTOB.
Pa3paboTranHbie cucTeMbl IMarHOCTHKA, OCHOBaHHbIe Ha U,
TI03BOJISIIOT IUArHOCTHUPOBATh 3a00J1eBaHMS U IPOTHO3HUPOBAaTh
ux, a cuneprust UM u Bpada MOXXeT 3HAYUMO TOBBICUTD 3¢-
(peKTHBHOCTD JieueHHs] Pa3IUYHbIX 3a00JIeBaHUM, YIIy4IIUTh
HMMelolIHecs KIMHUYeCcKre CTaHAApThl OKa3aHUs MeJUIiH-
CKOM IIOMOIIY.

WU B rvHEKOJIOTHM — TIPOTPECCUBHO pa3BHBAloIeecs: Ha-
IIpaBJieHre, B KOTOPOM HallUTH OTpa’keHHe pa3iudHble CII0Co-
OBl KIIMHINYeCKOW BU3Yyaln3alliy, [1epBUKaIbHOTO CKPUHMHTA
1 11upOoBOI KOIBITOCKOITUK. COBpeMeHHbIe TIOCTHXKeHHs 3a-
PYOEXXHBIX U 0TeueCTBEHHBIX Pa3paboToK B 00/IacTy pUMeHe-
Hus UM 3Ha9MMO CII0COOCTBYIOT MOBBIIIEHUIO TOCTYITHOCTH
METO/IOB BU3YyaJIbHOTO CKPUHUHTA. P
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AHHOTauuA

[MopranbHas TUIIePTeH3wsl, SBISIOMIASICS OJIHUM U3 CePbe3HBIX TOCIeCTBHI
LPpO3a ITeYeHH, CIIOCOBCTBYET YCYTyOIeHHIO TaKUX OCIIOXKHEHHH, KaK aCIInT,
BapHKO3HOE paCIIMpeHre BeH MHUIIeBOMIA, JKeyaKa U HepeiHei OPIOuIHON
CTEHKH, CIUIEHOMeTaJIu{ U NTe4eHOYHOH dHIedalIoNaTHH.

B 0630pHO0#1 cTaThe olleHeHbl GUOMOJIEKYIISIPHbIE MeXaHU3MbI, 00y CIIOBIIH-
BaloII¥e POJIb KOHCTUTYIIMOHAIBLHBIX 0COOEHHOCTEH YeloBeKa B Ka4eCTBe
IIPOTHOCTHYECKOro GaKTopa MOPTaJIbHOM MMIIePTeH3UH U TeYeHHsl Uppo3a
nievenu. [IpoBe/ieH MoMCK myOIMKAIIHiA U aHATIU3 JIATePATYPHBIX HCTOYHHUKOB
€ ucnonb3oBaHueM 6a3 fJaHHBIX PubMed u eLibrary.ru npenmyiiectseHHO
3a nocyennue 10 siet. [To KIIFOYEeBBIM CII0BaM BBITIOJIHEH ITOWCK My OIuKaIuid,
B pe3ysbTare KOToporo 610 06Hapy»xeHo 6418 pa6ot (3623 13 KOTOpBIX

TIOJTHOTEKCTOBBIE), NpoBeieHOo u3yyeHre 108 my6iukanuii, U3 KOTOPhIX Ha
23 myOIMKaIMK [IPeJICTaBIeHbl CChUIKH.

AHanu3 UTepaTypbl MO3BOJIHI ONPEeeIUTh OfIMH U3 BeAYIINX GHOMOIEeKy-
JISIPHBIX MEXaHHU3MOB, 00y CITOBIMBAIOIINX KOPPEJISIHIO KOHCTUTYIIHOHATBHBIX
0COBEHHOCTe OpraHu3Ma, @ UMEeHHO YBEIHUeHHOT0 SHAOMOP(GHOIO KOMIIO-
HEHTa, U PUCKA Pa3BUTHS MIOPTAILHOM runeprensun. Haubornbiiee Biusitie
Ha 9HIOMOPQHBIHM KOMIIOHEHT COCTaBa TeJla OKa3bIBAIOT IIPOBOCIIANIUTENILHbIE
(baKTOpPBI, HHCYTMHOPE3UCTEHTHOCTh M OTCYTCTBHE CUHIPOMA CeHCHOHIIM3a-
LMY K UHCYJIUHY, BEI3BAHHOTO IPHEMOM IIHIIH.

KutioueBble c10Ba: [PPO3 [IeYeHH, IOPTAIbHAsI TUIIePTEeH3Us], COMaTHYeCKast
KOHCTHUTYIIUS], GUOMOJIEKYJISIDHBIE TTyTH, PUCKH.
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Correlation between portal hypertension and somatic
constitution: rationale behind the concept

Yurii O. Zharikov?, llya A. Voloshin!, Roman V. Maslennikov?, Aida N. Gadzhiakhmedova?,
Tatyana S. Zharikova® 2, Vladimir N. Nikolenko? 2

1l.M. Sechenov First Moscow State Medical University (Sechenov University)
(Moscow, Russian Federation)
2L omonosov Moscow State University (Moscow, Russian Federation)

Abstract

Portal hypertension, one of the serious consequences of liver cirrhosis, contributes to the
aggravation of complications such as ascites, varicose veins of the esophagus, stomach
and anterior abdominal wall, splenomegaly and hepatic encephalopathy.

This review article evaluates the biomolecular mechanisms that determine the role of
human constitutional characteristics as a prognostic factor for portal hypertension and the
course of liver cirrhosis. A search for publications and an analysis of literary sources was
conducted using the PubMed and eLibrary.ru databases, mainly for the last 10 years. A
search for publications was performed by keywords, as a result of which 6418 works were
found (3623 full-text papers), 108 publications were studied, of which 23 publications were
referenced.

www.innoscience.ru

The analysis of papers resulted in the identification of one of the leading biomolecular
mechanisms that determine the correlation between the constitutional features of the

body, namely, an increased endomorphic component, and the risk of developing portal
hypertension. The greatest influence on the endomorphic component of body composition
derives from proinflammatory factors, insulin resistance and the absence of insulin
sensitization syndrome caused by food intake.

Keywords: liver cirrhosis, portal hypertension, somatic constitution, biomolecular pathways,
risks.
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m BBEJIEHUE

HopTaanaﬂ runeprensus (I1I") npencrapisier coboit cun-
JIPOM, B OCHOBE KOTOPOTO JIEXKUT MOBHIIIIEHUe IaBIeHUs

B CHCTeMe BOPOTHOM BeHbI BhIlle 12 MM PT. CT.

[Tpuunnbl Bo3HUKHOBeHUs [1[" MOXHO Mofpas3nenuTh Ha
HaJllleYeHOYHbIe, TeYeHOYHbIe (CaMble PACIIpOCTPAHEHHBIE) U
TofinieyeHOYHbIe. B 3aBUCHMOCTH OT 3THOJIOrMY 3a00JIeBaHUS
OCHOBHBIMHM CUMITTOMAaMH MOTYT SIBJISITHCSI ACIIUT, BAPUKO3HO
pacIIMpeHHbIe BeHbI NUIIEBOIA, XKelyKa U IiepeiHeli Gpro-
HOM CTeHKH, CIUIeHOMerasius, iedeHoIHast SHIedarnonarus. B
rccnenoBanuy «KosmiyecTBeHHBIN aHAIM3 CTPOEHMsI BOPOTHOM
BEHBI [1eYeHH 1 CeJIe3eHOYHOM BeHbI Y JTIoel C pa3HbIMK COMa-
TOTHIIAMU TIPY TTOPTAJIbHOM TUIIepTeH3uKy Gblla YCTaHOBJIEHA
B3aUMOCB$I3b MeX]Ty KOHCTUTYIIMOHAJIbHBIMHU 0COOEHHOCTSIMU
OpraHu3Ma M PUCKaMH TsDKeJIOTO TedeHHsl IIMpPpo3a MedeHu
(IITT) u mopTaibHOM runepTeH3un. BuipaxkeHHbIN SHIOMOPd-
HBIN KOMIIOHEHT, TO eCTh OKHUpPEeHHe, YBeJIMIUBAeT PUCK pas-
Butus LT u I1T, moaToMy KOHCTUTYIMOHAIBHBIE 0COOEHHOCTH
YeJioBeKa Heo6XOJMMO HCIIOIb30BaTh B KAYeCTBe MPOrHOCTHU-
yeckoro ¢aktopa [1]. [IpencraBnstoT MHTepeC MeXaHU3MBI,
06y CIIOBIIMBAIOIIYE TAKYIO KOPPEJISIHIO U IO TBEPK/IAIOIIHe
KOHIIEIIIMIO, YTO MOBBIIIEHHBIN SHIOMOPGHBIA KOMIIOHEHT
Tena siBysieTcs pakTopoM pUcKa pasBUTHS U ycyrybmenus I1T.

st o6ocHOBaHMS MAaTOGU3HNOIOTHUYECKUX U OMOMOJIeKy-
JISIPHBIX MEXaHW3MOB, 3a CUYET KOTOPBIX 3HIOMOPGHBII KOMITO-
HEHT TeJla, TO eCTh OXKMPEeHHe, BIIUsIeT Ha MPOLeCC Pa3BUTHUS
I1I', mo ki1r09eBbIM CJI0BaM ObIJI BBIIOIHEH TOMCK Ty OIMKayit
B 6a3ax PubMed u eLibrary. Beuto o6HapyxeHo 6418 pa6or
(3623 u3 KOTOPBIX MOJIHOTEKCTOBBIE), IPOBE/IEHO U3yueHue
108 my6rmkanuit, U3 KOTOphIX ObIII0 0TOOPaHO 23 MyOIMKAIINML.

m [IPUYMHBI IIT

CoracHO TaHHBIM JINTEPaTyphbl, HailleYeHOYHbIE U TI0IIIe-
yeHOYHBIe IpU4uHbI [11, Takue kak TpPoMO03 BOPOTHOM BEHBI
WJIU TIeYeHOYHBIX BeH, C O)KUPeHHeM He aCcCOITMMPOBAHEI [2].
OsxupeHue acCOIMMPOBAHO C MOBBIIIEHHBIM PUCKOM Cepried-
HOM HeJJOCTaTOYHOCTH. TakK, PUCK yBeJIMUKBaeTcs Ha 5% s
MY>XUHH U Ha 7% J7151 )KeHIIIUH C KaKI0H eJUHHUIIel IToKa3are-
sis UMT [3]. OnHuM U3 TIOCTIeICTBUM CepAiedHOl HeloCTaTod-
HOCTH SIBJISIETCs] KOHTeCTHUBHAs (WM CepJiedHast) reraromnarusi,
IIpY KOTOPOI pa3BUBAIOTCS NPUBOAsIIMe K GUOPO3y UIlleMUs
Y CHHYCOU/Ia/IbHAsI TUIIePTOHUS [4].

OCHOBHYIO POJIb UrpalOT IMeyeHOYHble MPUYUHHI [IT.
Lluppo3 nevenu, pubpPO3 MeueHH, CTeaTorelaTUT, BUPYCHBIN
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TelaTuT SBJISIOTCS XPOHUYeCKUMU 3a00J1eBaHUSMHU, IPUBO-
ISIIMMU K YBeJIMIeHUIO COTIPOTUBIIEHNS] BHY TPHUIIeYeHOUHBIX
cocynoB u passutuio I1I" [5]. YBenuueHnve conpoTuBieHys Ha
IIOCTCHHYCOUJIAJIbHOM y4acTKe [TeYeHOYHOM BeHbI CBS3aHO C
cokparieHreM MuodpubpobiactoB 1 GpubpPo3oM, Cy>KaroIyuM
mmpocBeT cuHycouioB. OCHOBHYIO pojib B $pubpo3e UrpaioT
3Be3uaThle KJIeTKH, HaXO[sIecs: B IepUCUHYCOMAAIbHOM
IIPOCTPAHCTBe U B HOPMe IelTOHMPYIOLIHe >KUPOPacTBOPUMEIe
BUTaMUHBI. [Ipy OCTPBIX ¥ XPOHUYECKUX BOCIAIUTENIbHBIX
Ipolieccax 3Be3vyarble KJIeTKW aKTUBHUPYIOTCS IIPY B3aUMO-
IIeHiCTBUY C BellleCTBaMH, BBIIeJIeHHBIMU IIOBPeX/IeHHBIMU
reraTolnyTaMH, allONTOTUYeCKUMH TeJIbIIaMU U PeaKTUBHBIMU
Bunamu kuciopora (ROS), u nuddepeniupyorcs B Muopu-
6pobuacTel, ponrdepupyolye, MUTPUPYIOIIe B HallpaB-
JIEHUM XeMOaTTPaKTaHTOB U NPOAYIUPYIOIINe KOMIIOHEHTHI
BHEKJIETOYHOT0 MaTpuKca [6].

H3BecTHO, 4TO medeHb BHINIONHSAET pasHble QyHKIUU:
yd4acTve B obMeHe OesKoB, XXUPOB U YIJIeBOJOB, 00e3Bpexu-
BaHHe TOKCUYeCKUX BellleCTB, 0Opa3oBaHUe JKeTud, CUHTe3
0eJIKOB IIa3MbI KPOBU. [IJIs1 XpOHMUECKUX BOCHAIUTEIbHBIX
3abonesanuit medenu (LI1, HAKBII, creaTtorenaruT v mpod.)
XapaKTepHO HapyllleHHe U YIHeTeHHe yKa3aHHBIX QYHKIIMA
BCJIE/ICTBHE YMeHbIIIeHUsI KOJIM4ecTBa pyHKINOHUPYIOIeit
napeHXUMBlL. [Ipy 3TOM remaTonuThl HaKaIIMBAIOT KUPHL U
O6unmMpyOurH, YBeIUYMBAIOTCS B pa3Mepax. Eciu BHyTpHKite-
TOYHBIE TTOBPEXAEHUs JOCTUTAIOT He0OpaTUMOro MaciiTaba,
IIPOMCXONIUT HEKPO3 MIIM alloNTO3 TelaToluTa.

B ciydae Hekposa HapymiaroTcst GyHKITUH MeMOpaHHBIX
TPaHCIIOPTepOB, 0bpa3yeTcs AvMcbanaHC MOHOB, BOJa ITOCTYTIa-
eT B KJIeTKY, BbI3bIBas ee pasphIB. Jlaxe 110 pa3priBa MeMOpaHEbI
13-3a 1edeKTOB B Hell B MeXXKJIETOUHOe IIPOCTPAHCTBO MOXKET
MIOCTYHAaTh COflepXKUMoe ITUToIlIa3Mbl. Crieltududeckue Belile-
CTBa, BblfleJsieMble HeKpOTH3HUpYIoleit kineTkoit (ATD, moue-
Basi KUCJIOTA U p.), AeHCTBYIOT B Ka4eCTBe aCCOLIMMPOBAaHHbBIX
¢ noBpexeHusMu (damage-associated molecular patterns,
DAMPs) MonekynspHbIX GpparMeHTOB, CUTHAJIU3UPYIOMIUX
OKPY>KAIOIIUM KJIeTKaM, B TOM 4HCJIe 1 KIMMYHHBIM, O IIO-
BPeXXIIeHHUH 1 BBI3BIBAIOIINX CeKPellrio IIPOBOCHAUTEIbHBIX
IIUTOKHHOB.

B cityyae amorrtosa cMepTh KIIeTKH SIBIISIeTCSl KOHTPOJIHpye-
MO CaMO¥ KJIeTKOM, IPOMCXOMUT 3a CUeT aKTUBAllMY Kackaja
Kacla3 MUTOXOHJIPUAJIbHBIMH IPOANONTOTUYeCKUMH OesKa-
mu (nutoxpoM C U Jip.), BHIJIEJISIEMBIMHM B OTBET Ha KJIETOU-
Hble IOBpeXXIeHus, Wi Fas-penierrropamu, akTHBHPyeMbIMU

www.innoscience.ru
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Fas-nuranzioM IMMyHHBIX KIIeTOK. B pesysbTaTe He pa3BuBa-
eTCsI BOCIIa/IeHHe, a alloNTOTHYeCKYe Teflblia GarolUTHPYIOTCS
Makpodarami [7].

m MEXAHUN3MBbI PABBUTV IIT,

CBA3AHHBIE C O KUPEHUEM

HeiicmBue npoBocnanumenshbix ¢akmopoB Ha napen-
Xumy nedeHu (PUCYHKH 1, 2).

O>xupeHue XapaKTepU3yeTcsi COCTOSIHUEM CHCTeMHOI'O
XPOHUYECKOT'0 BOCIIajleH!sl HU3KOM UHTeHCUBHOCTH [8]. XKu-
POBasi TKaHb KaK 3HJIOKPUHHBIN OpPTaH BBIIENISET aJJUITOKUHBI,
noJIpasessionrecs Ha mpoocnanutenbHbie (PHO-a, MJI-6,
JIENITUH, Pe3UCTHUH) U aHTUBOCIIAJIUTENbHbIE (aIUIIOHEKTHH,
TpaHcdopmupytoimui gakrop pocra 6era, UJI-4, UJI-10, UJI-
13, WJI-1). IIpu oxxvipeHuM yBenrudeHre pa3Mepa aAuonruToB
MPOBOIIMPYET MOBBIIIEHHYO CeKPeIyiO IIPOBOCIIAIUTEIbHBIX
aJIUIIOKUHOB [9].

OcobeHHYI0 CBSI3b C TIe4eHbI0 IMeeT BUCIIepaibHask )KUPO-
Basl TKAHb 3a CYET MIOPTAIbHOM CUCTEMBI, TI03TOMY aJIUIIOKUHBI
U JKMPHbIe KUCJIOTHI, BbIZIeJIsieMble BUCI[ePaIbHOW KHUPOBOA
TKaHBIO, HATIPSIMYIO BO3/IEMCTBYIOT Ha [1eYeHb, BBI3bIBAsI AKKY-
MYJSIHIO JTUMHAOB B renartorurax [10]. IloBsinenHsIi ypo-
BeHb BBIJIEJISIeMOT0 aIuIoNUTaMu GaKTopa TPAHCKPHUIIIUH
PPARY uHOynupyer 3KCIPeCCHI0 TPaHCIO0Ka3bl XKUPHBIX KHC-
soT (FAT/CD36) B renaroiiuTax, yCKOPsisi 3aXBaT CBODOOTHBIX
>KMPHBIX KMCJIOT U3 KPOBH U TIPUBOJISL K AKKYMYJISIIIAM JIVATTHAIT-
IJIMIepPOJIOB, HEHACHIIIIEHHBIX XMUPHBIX KUCJIOT U IIepaMUJIOB
B rernaronurax. [Ipu 3ToM yBelnYMBaeTCs] OKUCITUTeTbHBIH
CTpecc, BBIIEJISIFOTCS TIPOBOCIIAJIUTE IbHBIE [TUTOKUHBI CAMU-
MM TelaToIMTaMu, ciocobCcTBys akTuBauK KyrndepoBckux
KIJIETOK, JIONOJHUTeNbHO Bhijiesstiolux PHO-au TOP-B. Tak-
’Ke OKUCJIUTEJIbHBIA CTPecC MPUBOAUT K PyHKIIMOHAIBEHBIM
HapyIIeHUsM renatonyToB [11], Ipy KOTOPBIX B MEXKIIeTO4-
HbIM MaTpukc BoifiensiioTcss ROS. CoBOKynHOCTh BIMSHUN

FAIOKO3E
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PucyHok 1. buoxumuyeckull kackad, npusooswull K ycyaybneHuro
cmeamo3sa ne4yeHu.

Figure 1. Biochemical cascade leading to worsening hepatic
steatosis.
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PucyHok 2. MonekynsipHbil nymb npozgpeccupoBaHus pubposa
neyYeHu BCeOCmMBUe akmuBayuu 38e304amabix Knemok Vimo.

Figure 2. Molecular pathway of liver fibrosis progression due to
activation of [to stellate cells.
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UTOKUHOB 1 ROS BBI3bIBaeT aKTUBALIUIO 3BE3/TYATHIX KJIETOK
1 Ux npeobpazoBaHre B MUOPUOPOOIaCThl, IPONYIHPYIOLIHe
KOMITOHEHTBI MEe)KKJIETOYHOTO MaTPUKCA B IPOCTPaHCTBO Juc-
ce [12]. Takum obpa3om pasBuBaioTcs ¢pubpos, noreps dpe-
HECTp CUHYCOHUJIAJIbHBIMU 3H/IOTeIHAJIbHBIMU KJIeTKaMH (CU-
HyCOU/IaJIbHasl KanwuIspu3anus), obpasoBanre ¢pUOPO3HBIX
[IeperopoyioK, MPUBOsIee K Pa3BUTHIO IIUppo3a reveHu [13].

Hncynunope3ucmeHmHocms (PUCYHOK 3).

YBenuueHre KOJIMYeCTBA )XMPOBOW TKaHH, B 0COGeH-
HOCTH BHCIIEPAJIbHOM, aCCOIMMPOBAHO C PUCKOM Pa3BUTHS
VHCYJIMHOPe3uCTeHTHOCTH [14]. MHCYTMHOpPe3UCTeHTHOCTh
cniocobcrByet pasButhio I1I" Ha okanbHOM (ledeHOYHOM) U
CHCTeMHOM ypoBHsIX. MHCynuH crumynupyet npomykiuyio NO
3HIOTEJIMEM COCYIOB IIeYeHU, aKTUBUPYSI CUTHAJIbHBIN MTYTh
dbocdaTHUIMHO3UTON-3-KUHA3KI Y CEPUH-TPEOHUHOBOM KU-
Hassel (PI3K/Akt). Ilocnenyioliee yMeHbIleHHe TPOAYKIUU
NO BrI3bIBaeT JUCPHYHKIMIO SHAOTENHS KanwuisipoB [15]. B
YCIIOBUSIX UHCYJIMHOPE3UCTEHTHOCTH YMEHBIIIAeTCsl aHTUIIH-
HOJIUTUYECKOe JIeHCTBHe MHCYJIMHA, YTO TIPUBOJIUT K THUIIEpIIH-
MUJIEMUY, TO €CTh K YBeJIYeHHIO KOHIIeHTPaIluK CBOOOTHBIX
»kupHbIX KUCsoT (C2KK) B kpoBH. 3a cueT NMOBBIIIIEHHOH 3KC-
MIPecCuy TpaHCIoKa3bl )KUPHLIX kKucioT (FAT/CD36) remaro-
1uThl 3axBaTthiBaloT CKK, 13 KoTophIx 00pa3yioT TPUITIHIIe-
PUIbI, HAKAIUIMBAIOIIMECs B TEMaTOIUTaX U yCyTyousiomiye
CTearo3 MapeHXUMbl opraHa. 7KupHble KUCJIOTHL, B 0COGeH-
HOCTHU HEHACHIII[eHHbIe, TIPU UX U30bITKe HAaKaIUIMBAIOTCS B
3H/IOIUIA3MaTHYeCKOM PETHKYJIyMe TellaTOlUTOB, BhI3bIBas
AKTHBAIUIO [TPOANONTOTHYECKOTO (aKTOPa TPAaHCKPUIIIIUU
CHOP u ¢pepmenTta JNK, koTOpBIe HHAYIIMPYIOT CUHTe3 IIPO-
amontotudeckux 6enkoB BIM u PUMA, criocobcTByronmx
JTUCYHKIIMM MUTOXOH/IPHIA, 06pa30BaHUIO aKTHBHBIX (popm
kuciopona. Takoe Bo3[edCTBHE He TOJILKO BBI3BIBAET T'H-
6eb KJIeTKH, HO M HEraTUBHO BIIMSIET HA MUKPOCTPOMAJIbHOe
okpy>enue [16]. MUHCyMHOpe3nCTeHTHOCTD B [TeYeHU UMeeT
CEJIeKTUBHBIM XapaKTep: JIelCTBUe UHCYJIMHA He 3aMeiisieT
IJIIOKOHeoreHe3, HO ITPYU 3TOM CTUMYJIMpYeT junorexes [17],
MPUBOJIS K TIOBBIIIIEHHOMY CHUHTe3y 3H/IOT€HHBIX )KMPHBIX KHC-
JIOT, B OCHOBHOM TaJIbMUTUHOBOW KHCJIOTHI, YTO YBEJIMYUBA-
eT KoHIeHTpanuio HeHachieHHbIX C)KK B remaronure u ux
TOKCHYeCKoe JIeHCTBUe Ha PYHKITMOHUPYIOIIYIO TTAPEHXHMY.

Cundpom omcymcmBus undyuupoBanHoii nuwieii ceHcu-
ounuzauuu uncynuna (AMISS - Absence of Meal-induced
Insulin Sensitization Syndrome) (pucyuku 4, 5).

MHCYAHH

'y

TAR
ROS, AT®,

AMNKABI, FAIOKO3E MOMERAR KT

0 =

PucyHok 3. MonekynsipHble nymu noBpexdeHusl eenamouyuma npu
UHCY/IUHOPe3uCmeHmMHocmu.

Figure 3. Molecular pathways of hepatocyte damage during insulin
resistance.
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TIOJTHOLIEHHOTO TIpreMa Uiy, B npucyrcreum
rernarajvHa yCBOEHHe [IIIOKO3bl YCHIIMBAETCs Ha
67% [19], npu 3TOM renaTanvH JeiCTByeT Ha
CKeJIeTHBIE MBIMIIIBL, TOYKH, CepAlle, HO He Ha
TIeYeHb WU )KUPOBYIO TKaHb, CTUMYJIAPYS B HUX
TIOTJIOIIIeHHe TITFOKO3bI ¥ CUHTe3 ITuKoreHa [ 20,
21]. ITapacumniaTUYeCKuii CUTHAJT BLIIEJISIETCS
B OTBET Ha MOSIBJIEHHE B JKeJTyIIKe THUIIIH, CoJiep-
Kallled OJTHOBPEMEHHO U OeNiKH, U yIIIeBOMIbI,
TIPY 3TOM OT/IEJIbHOE BBeZleHHe OeJIKoB, )KUPOB
WJIY YIJIEBOJIOB He BBI3bIBAJIO 06pPa30BaHKe CHT-
Hana [22]. YpoBeHb e4eHOYHOTO IIyTaTHOHA
noBbiraercs Ha 40—-50% mociie nmpremMa Uiy,
YTO JOCTATOYHO /ISl BbIJIeJIEHUs TeraTajnHa

PucyHok 4. [Tymb akmuBayuu BblOesieHus 2enamasuHa B nevyeHu.
Figure 4. Pathway for activating hepatalin secretion by the liver.

B IIPUCYTCTBHUHM JIByX OCTABIIUXCSI CTUMYJIOB.
IIpu aTom GrmokupoBaHue obpasoBanus NO
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NO-cuHTa3bI PUBEJIO K CHIXKEHUIO BhIJeNie-
Hus renaraiufa. [IpenonoXxuTensHo 310 CBs-
3aHo ¢ TeM, 9To NO mocpeJcTBOM aKTHBAIUU
T'YaHUJIATIUKIIA3bl CTUMYJIMPYeT BhIJleJIeHHe
rernatanyHa [23]. IloBeilieHre ypoBHS IVIIOKa-
TOHA B [IEPUOJI TOJIOTAHUS TIOHUXKAET YPOBEHb
MIeYeHOYHOTO TTyTaTUOHA, YTO TIPUBOJUT K OT-
CYTCTBHUIO BbIJIeJIeHUS TellaTajiiHa B OTBET Ha
WHCYNUH (PUCYHOK 2).

[1penronaraercsi, YTo XpOHUYECKKE HapyIIIe-
HUS BBIJIEJIEHUSI TelaTaInHaA BCJIEJICTBHE OTCYT-
CTBUSI OJTHOTO M3 CUTHAJIOB (HAallpUMep, CHCTeMa-
THUYECKOE TIPUHSTHE BBICOKOYTJIEBOJJHOW MUIIIH C
Kpa¥fHe MaJIbIM KOJIM9eCTBOM GeJika, He BbI3bIBa-

PucyHok 5. Vi3MeHeHue cuHmesa eenamasuHa Bciedcmaue
usMeHeHuUs1 duemei.

Figure 5. Changes in hepatalin synthesis due to changes in diet.

B HOpMe nocrie premMa MUIIK BMeCTe C MHCYJIMHOM Iie-
YeHbIO BBIZIEJISIeTCs TOPMOH rellaTallH, OTBeYaloyi 3a I1o-
BBIIIIeHNEe YYBCTBUTEIBHOCTH K UHCYJIMHY B OCHOBHOM MBI-
1evyHOM TKaHU. [Ipy HapyleHUAX BbliesieHus remaTajlnHa
BO3HHKAET MPOJIOHTUPOBaHHAas TOCTabCcopOTUBHAS TUTIED-
IJIMKeMUs C KOMIIeHCATOPHOM I'MITepUHCYIMHeMUel U TUIep-
nununemueit [18]. IoKOTOKCHYeCKUid U JIMIMTOTOKCHYe CKUMA
3ddeKT Ha TenaToIUThI OBbIJT pACCMOTPEH BBIIIIE.

B neyenu BeIOpOC remnarasiiviHa BbI3BIBAeTCS IIPU OIHOBpe-
MeHHOM JIeMICTBHM TpeX CTUMYJIOB: IIapacUMIIaTU4eCcKoro BO3-
NeliCTBYS Ha ledeHb Yepe3 OIIy>KAaloIINii HepB, I0CTaTOYHOTO
YPOBHSI [TeYeHOYHOT0 IITyTaTHOHA U ITy/IbCOOOPa3HOTO IOBHI-
IIIeHHs KOHI[eHTpalluy UHCYMHA (pucyHok 1). ['ematanus sB-
JIIeTCsl CHHeprUCTOM MHCYIMHA, BbIIeJIsieMbIM B HOpMe IT0CTie

I0I1Ie# [TAPACUMITaTHYeCKOTO CUTHAA) PUBOJIST
K Pa3BUTHIO ITpeIabeTHYeCKOro COCTOSIHUS U UTPAIOT BaXKHYTO
poJIb B MaToreHe3e auabera. HecMoTpst Ha KOJTM4eCTBO TIPOBe-
JIeHHBIX UCCIIeIOBAHME relaTaliHa, ero XMMU4decKast CTpyKTypa
JI0 CHIX TIOp He ObIy1a orpe[iesieHa, 4To 3HAYUTENIbHO YCIOXKHSIeT
ero u3y4eHue 1 o0yCIIOBIKBaeT HEOOXOIUMOCTD ero JajbHek-
IIIero MCCIIeIOBaHMSI.

Me! onmcany coBpeMeHHOe ITpeJicTaBieHre 0 OOMOJIeKy-
JISIPHBIX MEeXaHW3MaXx, 06y CIIOBJIMBAIOIIHUX POJIb KOHCTUTYIIHO-
HaJIbHBIX 0COGEHHOCTel YeioBeKa B KaueCTBe IIPOrHOCTHYe-
CKoro ¢akTopa IOPTaJIbHOM TMIIePTeH3UH NTPYU XPOHHUYECKUX
BOCIIA/IUTEJIbHBIX 3ab0iieBaHusIX nedeHd. OHO U3 BeIyIIUX
MeCT 3aHHUMaeT yBelldeHHe 3HA0MOPGHOTo KOMIIOHeHTa (3KH-
POBO¥ TKaHH), OIPEJIeJISIOIIEro 3TH MOJIEKYJISIPHbIE HapyIile-
Hust. [TomyueHHbIe qaHHbIe 0COOEHHO aKTyalbHBI BBUJTY TOTO,
9TO B Oy/IyIleM IIMPpO3 MeYeHH, CBS3aHHbIN C HEeaJIKOTOJIbHOM
>KMPOBOM 60JIe3HbI0 TIeYeHU, BepOsITHO, CTaHeT 6oJiee pacIpo-
CTpaHeHHBIM 3a00JIeBaHHEM K3-3a POCTa MeTabO0TMYeCKUX 3a-
GoJieBaHMIA, TAKMX KaK OKUpeHre U quabet [24]. w2
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Evaluation of biocompatibility and osteoconductivity
of a hybrid cell-tissue graft for bone regenerative medicine
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Abstract

Aim - to evaluate in vitro the biocompatibility and osteoconductivity of a
hybrid graft based on a bioorganic matrix, human bone marrow mesenchymal
stromal cells (BM-MSC) and osteogenic growth factors.

Material and methods. Bioorganic matrices were studied for biocompatibility
with human BM-MSC culture used in traumatology and orthopedics. For
promoted osteogenic differentiation of BM-MSCs, allogeneic plasma enriched
with soluble platelet factors was used. The osteogenic potential of BM-MSCs
by the synthesis of mRNAs of early (transcription factor 2 (Run X2), alkaline
phosphatase (ALP)) and late genes (osteopontin (OSP)) of osteogenesis
was analyzed. The properties of cell adhesion and proliferation of MSCs
in the conditions of a three-dimensional hybrid graft by the MTT test and
fluorescence microscopy were assessed.

Results. The biocompatibility of the studied bioorganic matrices with human
BM-MSCs was established. The collagen matrix promoted rapid cell adhesion

and proliferation between the scaffold fibrils. It has also been established that
allogeneic platelet-rich plasma affects the osteogenic differentiation of human
BM-MSCs in vitro, increasing the expression of marker genes RunX2, ALP,
OSP. When modeling a hybrid graft in vitro, the formation of a tight contact
between the alloimplant and collagen biopolymer using MSCs was shown.
Conclusion. The biological properties of the developed hybrid cell-tissue
graft characterize its biocompatibility and osteoconductivity of its constituent
components, which makes it promising for use in regenerative medicine,
especially in reconstructive surgery of bone defects.

Keywords: human bone marrow mesenchymal stromal cells, scaffolds,
biopolymers, bioorganic matrix, biocompatibility, platelet-rich plasma, hybrid
cell-tissue graft.
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AHHOTauus

Lensb — oneHUTh GUOCOBMECTUMOCTD ¥ OCTEOKOHAYKTHBHOCTS in Vitro ru-
OPUIHOTO KIIETOYHO-TKAHEBOTO TPAHCIUIAHTATA IJIs pereHepaTHBHOM Me-
JMIMHBI KOCTHOM TKaHM Ha OCHOBe OMOOPraHWYecKoro MaTPUKCa, Me3eH-
XMMaJIbHbIX CTPOMAJIbHBIX KiIeTOK KocTHOro Mo3ra (KM-MCK) uyenoBeka u
OCTEOTeHHBIX (paKTOPOB POCTa.

Marepuan u MeTopbl. MccnenoBanel Ha 6I0COBMECTHMOCTbD C KYJIBTYPOi
KM-MCK uenoBeka 6MoopraHi4decKye MaTpPUKChI, UCIIOJIb3yeMble B TpaBMa-
TOJIOTHHY Y opTonesivy. 11 HarpaBiieHHOH 0CTeoreHHOW g depeHITMPOBKI
KM-MCK ucnonb30Baiy aJuIoreHHYIo 1U1a3My, 060ralieHHy0 paCTBOPUMBI-
Mu pakropamu TpoMboruToB. Ocreorennsii norenuan KM-MCK ananmmzu-
poBai 110 cuHtesy nociaeguumu MPHK panHux (dpaxropa TpaHckpurimu 2 /
Run X2, menounas pocdaraza / ALP) 1 nosnuarx reHos (ocreoriontuH / OSP)
ocreoreHe3a. CBOMCTBA KJIeTOYHOM ajire3uu u nponudepanun KM-MCK B
YCJIOBUSIX TPEXMEPHOTO THOPH/THOTO TPAHCIUIAHTATA OLIEHHBAJIY C IIOMOIIIBIO
MTT-Tecra 1 ¢ryopecrieHTHOM MHUKPOCKOIIHH.

Pesynbrarsl. YcTaHOB/IEHa OMOCOBMECTUMOCTD UCCIIeTyeMbIX OHOOpraHruye-
ckux MatpukcoB ¢ KM-MCK uenoBeka. OTMedeHa GbICTpast aire3ust ¥ MpOJIu-
¢epans KJIETOK MeXX/y BOJIOKHAMH HCIIONIb3yeMbIX MaTPUKCOB. Takxke ycTa-

BuotexHonorus

HOBJIEHO, YTO aJUIoreHHasl Ila3Ma, oboraleHHas paCTBOPUMBIMU $aKTopaMu
TPOMOOLIUTOB, IOCTOBEPHO BIIUsIeT Ha OCTeoreHHy0 quddepeHnrposky KM-
MCK uesnoBeka in vitro, ycunmBasi 3KCIPeCCHI0 MapKepHbIX reHOB RunX2,
ALP, OSP. Ilpy umHTavu TpeXMepHOro THOPUAHOTO KJIETOYHO-TKAaHeBOIo
TPaHCIUIAHTATA in Vitro mokazaHo ¢opMHUpOBAHKe ITIOTHOIO KOHTAKTa MeXY
aJJIOTeHHOM CIIOHTMO030M (KOCTHOM TKaHbl0) U GMOOpraHMYeCKUM MaTPHKCOM
C IOMOIIBIO OCcTeoreHHO npeauddepenrposanHbx KM-MCK.

BriBogsl. Bronoruyeckue cBoiicTBa pa3paboTaHHOTO rUOPUAHOTO KIIeTod-
HO-TKaHEeBOT'O TPAHCIIJIAHTaTa XapaKTepU3YITCsl 6M0COBMEeCTUMOCTBIO U
OCTeOKOHIYKTHUBHOCTBIO, UTO JIeJIaeT ero MepCIeKTUBHBIM AT IPUMEeHeHNUs
B pereHepaTMBHOM Me[uIllMHe, 0COOEHHO B PEeKOHCTPYKTUBHOM XUPYPrUu
KOCTHBIX Jie)eKTOB.

KuoueBrle ciioBa: Me3eHXUMalbHbIe CTPOMAJIbHbIE KIIETKHU, KOCTHBIM MO3T,
6uornonuMepsl, 6OOpPraHNYeCcKUil MaTPUKC, 6BIOCOBMECTUMOCTB, oboraleH-
Hast TPOMOOIIUTAMU aJIOTeHHAs IJIa3Ma, TUOPUAHBIA KIIeTOYHO-TKAaHeBbIH
TpaHCIJIaHTar.
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m INTRODUCTION
Bone reconstruction surgery, such as auto- and
alloplasty, has become the ‘gold standard’ in the
restoration of critically sized bone defects that are not
capable of self-healing and maintain chronic inflammation.
Alloplasty is the more prevalent and acceptable choice
for patients since the use of allogenous implants does
not entail additional traumatization of the donor area
and eliminates development of potential complications
(bleeding and purulence). The evolution of the alloplasty
method to repair non-healing defects would be regenerative
medicine involving decellularized biomaterial, cell graft,
osteogenetic growth factors, implantation of devitalized
allogeneic bone equivalent and biomedical cellular
products of living cells, biomaterial and growth factors.
Several cell populations are associated with bone tissue
and its formation, but the most important are osteoblasts,
osteocytes, and osteoclasts, which are responsible for bone
formation (osteogenesis), maintenance, and resorption,
respectively. These cell populations come from the
bone marrow mesenchymal stromal cells (BM-MSC).
Compared to MSCs from the adipose tissue and the
umbilical vein, the BM-MSC manifest a credibly higher
efficiency of osteogenic differentiation, which accounts
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for their therapeutic perspective in cell transplantology and
regenerative medicine of supporting tissue [1-6].

The osteogenic differentiation of BM-MSC in vitro
is easily stimulated in the monolayer cell culture by
the addition of the B-glycerophosphate, hydrocortisone
or ascorbic acid, which is confirmed by the increased
expression of the early (Runx2 — Runt-associated
transcription factors 2; ALP — alkaline phosphatase;
BMP?2 — bone morphogenetic protein 2 and osteonectin)
and the late genes (OSP — osteopontin, osteocalcin) of the
osteogenic differentiation [7]. Other growth factors also
can perform as inductors of osteogenic differentiation
towards BM-MSC, namely, the representatives of the
TGF-B superfamily (transforming growth factor 8); IGF-
1 (insulin-like growth factor 1); FGF (fibroblast growth
factor); PDGF (platelet-derived growth factor) u VEGF
(vascular endothelial growth factors) [1, 8].

The proliferation of BM-MSC and their differentiation
to osteoblasts are also regulated with their cellular
micro-environment and signaling molecules in the
processes of the bone tissue remodeling and repair of
non-healing defects. The conjunctive use of BM-MSC
with osteoconductive carriers (matrices, scaffolds)
may be an effective alternative to replacement of bone
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defects with autologous grafts and allogenic implants
[9, 10]. Regardless of the treatment method, a necessary
condition for bone regeneration is the use of biomaterials
that have an adhesive surface for the attachment of
osteogenic cells and are capable of transmitting signals
for the differentiation of the latter into osteoblasts in
response to osteoinduction [11]. The introduction of
cells into the bone defect area by injection is ineffective
due to the impossibility of their long-term local presence
with the receipt of a stimulating effect to start the
tissue regeneration process, therefore it is advisable to
transplant them on carriers (matrices, scaffolds) made of
biopolymers [12].

Depending on their nature, the cellular carriers may
be divided into the following groups: inorganic materials
such as titanium or tricalcium phosphate ceramics [13];
synthetic biopolymers, such as polyhydroxy acids
(polyglycolic acid, polylactic acid, polydioxanone);
natural biopolymers such as collagen, gelatin, chitosan
or agarose [14]; combined (composite) materials [15].

In relation to stimulation of regeneration, such carriers
should be bioresorbable and have an osteoinductive,
osteoconductive or combined effect.

The matrices and scaffolds are to have a porous
structure to allow cell adhesion, proliferation and
differentiation and to be permeable for bioactive
substances [16—19]. The response of cells may depend on
the physical and biological properties of the biomaterial
used as a carrier. Such properties as topography,
roughness, chemical composition, surface energy and
charge, mimicking the extracellular matrix of native
tissue, regulate cell morphology and thus differentiation;
vital is the presence of bioactive ligands that can provide
anchoring sites for cell attachment [20, 21].

Composite carriers that combine porosity
(microstructure), bioactivity (osteoinductivity,
osteoconductivity), bioresorbability and properties close
to the native extracellular matrix of bone tissue can be
potentially considered as the most promising matrices or
scaffolds for stem cells in bone tissue engineering. The
stimulation of osteogenic differentiation of BM-MSC
cells with such osteoinductive and osteoconductive
carriers may be amplified by the use of osteogenic
growth factors present in the blood cells, specifically, in
the platelets [22-25].

Over 30 growth factors were identified in the platelet
granules, including bone tissue regeneration factors:
TGF-B (transforming growth factor B) and BMP (bone
morphogenetic protein) that modulate cell proliferation,
stimulate genesis of osteoblasts and extracellular
bone matrix, retard its degradation, and show an
immunosuppressive effect. In addition to platelet
factors, plasma proteins such as fibrin, fibronectin and
vitronectin are also active participants in osteogenesis
[26]. R.E. Marx et al. (1998) [27] used in their patients
the autologous grafts taken from the ilium and saturated
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with autologous plasma enriched with soluble platelet
factors (PRP, Platelet Rich Plasma) to reconstruct
the maxillofacial defects and found that this method
increases the speed of bone tissue formation and fosters
its higher density. Other researchers did not report such
prominent advantages of the PRP in its combination
with the demineralized allogenous bone matrix in
hybrid cellular tissue graft to regenerate the bone in
nude mice [28].

m AIM

To evaluate in vitro the biocompatibility and
osteoconductivity of a hybrid cellular tissue graft
based on a bioorganic matrix, human bone marrow
mesenchymal stromal cells (BM-MSC) and osteogenic
growth factors, for the regenerative medicine of bone
tissue.

m MATERIAL AND METHODS

Specimens of bioorganic matrices

The study focuses on four commercially available
bioorganic matrices:

* “Collapan”, the composition of which includes
a biopolymer serving as the basis of the organic
component of bone tissue, namely, type I collagen,
and hydroxyapatite with added antibiotic lincomycin
hydrochloride (“Intermedapatit”, Russia)';

* “Osteomatrix”, highly purified bone matrix with
natural histoarchitecture, preserved organic collagen
(25%) and mineral (75%) components, containing
not lesss than 1.5 mg/cm3 of affinity-bound bone
biopolymers sulfated glucosaminoglycans (sGAG)
(“Connectbiopharm”, Russia)?;

* “Lyostypt”, resorbable biopolymer collagen sponge
manufactured from natural bovine tendons (B. Braun,
Spain)?;

* “Lyophilized bone matrix” (LBM), immunologically
safe and sterile bone allogenous bioimplant prepared
from post-vital donor material (“Minsk Scientific and
Practical Center for Surgery, Transplantology and
Hematology”, Minsk, Belarus) [29, 30].

Production of plasma enriched with soluble platelet
factors

All clinical procedures and collection of donor blood
were carried out in accordance with the safety rules
described in the World Health Organization guidelines
[31]. For this purpose, allogeneic platelet rich plasma
(alPRP) was used. It was obtained at the Republican
Scientific and Practical Center for Transfusiology and
Medical Biotechnology of the Ministry of Health of
the Republic of Belarus. To produce the alPRP, platelet
concentrate (PC) of the blood of donors was used; the
donors were to be allowed to donate blood and not
to have markers of viral infections (hepatitis B/HBYV,
hepatitis C/HCV, human immunodeficiency virus/HIV)
after the enzyme-linked immunosorbent assay (ELISA)

! Available at: https://collapan.ru
2 Available at: https://bioimplantat.ru/

3 Available at: https://catalogs.bbraun.com/en-01/p/PRID00000356/lyostypt-local-haemostatic-agent
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and molecular genetic assay (in a polymerase chain
reaction or similar assay).

The platelet concentrate (50x10!? cells per dose)
was produced from donor blood drawn from the ulnar
vein (450 ml of blood) with the special kit YCELLBIO-
KIT (“BIONIR”, Russia). Following that, the blood
was centrifuged in two stages to remove red and white
blood cells (1550 rpm, 400 g, 20 min) with subsequent
concentration of platelets on the laboratory centrifuge
Liston C 2201 (“Liston”, Russia) at 2450 rpm, 1000 g,
20 minutes. In the resulting alPRP, the amount of platelets
was calculated using the Sysmex XN-300 hematological
analyzer (Sysmex Corporation, Germany); the amount was
to be at least 1.25 10%ml. The alPRP from 6 to 10 donors
was stored in subsamples at the temperature of -30°C for
24 months. Before using the alPRP, the platelets were
activated by a cycle of freeze-thawing with subsequent
sedimentation of the cell debris by centrifuging (2900 rpm,
1400 g, 20 minutes). After the activation, the alPRP was
used within the first hour [32].

Production of MSC culture from human bone
marrow

To produce the BM-MSC culture, 10 ml of bone
marrow (BM) was drawn from the iliac crest of healthy
donors after obtaining the informed consent according to
the resolution of the Ethics Committee of the Republican
Scientific and Practical Center of Traumatology and
Orthopedics of the Ministry of Health of the Republic
of Belarus (Protocol No.3 dated 14.04.2021). The bone
marrow punctate contained 20 U of high-molecular
heparin per 1 ml of BM to deactivate the blood
coagulation process. The BM punctate was then diluted
1:1 with Dulbecco phosphate buffer saline solution
without calcium and magnesium (PBS) (Sigma-Aldrich,
USA). Further, 20 ml of bone marrow was layered to 15
ml of medium (to separate the lymphocytes), the medium
being a mixture of Ficoll and sodium diatrizoate with
the density of 1.077 g/ml (Lonza, Switzerland) in 50 ml
spin tubes (Corning, USA). The tubes were centrifuged
at 450 g for 20 minutes. The mononuclear fractions
were gathered in spin tubes with subsequent rinsing in
a-modified Eagle’s medium with a-MEM ribonucleosides
(Gibco, USA) with 2% fetal bovine serum (FBS) (Sigma-
Aldrich, USA) by centrifuging at 450 g and exposure for
10 minutes. The extraction of human BM-MSC from
the mononuclear fraction was by the method of plastic
adhesion in the concentration of 0.3-0.6x106 cells/cm?2
in T75 culture tubes (Sarstedt, Germany).

The cells were then cultivated in the COZ2-incubator at
5% CO, concentration (ESCO Cell Culture, Singapore)
and at 37°C in the a-modified Eagle’s medium (a-MEM)
with ribonucleosides (Gibco, USA), augmented with
10% embryo bovine serum (EBS) (Sigma-Aldrich,
CIIIA), 40 mM/ml glutamine (Gibco, USA) and 100
U/ml benzylpenicillin (“Pharm-Sintez”, Russia) and
0.1 mg/ml streptomycin (Gibco, USA), i.e. in the full
growth medium (FGM) [33]. The BM-MSC were
reproduced in T75 culture tubes (Sarstedt, Germany)
with initial concentration of 300.0 x103 cells (passages
1 and 2). The culture medium was changed twice a
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week. When the cells reached 80-90% of confluence,
they were disengaged using trypsin/EDTA (Sigma-
Aldrich, USA), and plated again in the concentration
of 1500 cells/cm? (passages 2-3). The BM-MSC were
then immunophenotyped as CD90+, CD105+, CD45-,
CD34- by flow cytometry. The results were checked on
the FACS flow cytometer (Becton Dickinson, USA). The
viability was assessed by the method of exclusion of the
trypan blue (at least 90%) [34].

Assessment of biocompatibility of bioorganic
matrices with BM-MSC

The carrier matrices were used in an experiment with
10 mg samples. The matrix samples were then cured
in an the a-MEM medium with 10% FBS, glutamine
and antibiotic medium for 24 to obtain the supernatants.
The human BM-MSC was plated to the 24-well cell
plate (Sarstedt, Germany) in the initial concentration of
100.0x10%cm? and cultivated for 24 hours. After the cell
expansion, the FGM was removed from the plate cells
and the prepared specimens of the carrier matrices (native
specimens and their supernatants) were introduced
directly to the wells with the human BM-MSC. The
cultivation was at 37°C and 5% concentration of CO,
in the CO,-incubator (ESCO CelCulture, Singapore)
in 200 pl Of FGM. The biocompatibility and adhesion
capacity of CM-MSCs on the surface of matrices and
their supernatants were assessed in direct contact after
24-hour incubation after 1 and 7 days of co-cultivation
by labeling with H33342 (Sigma-Aldrich, USA) at
a concentration of 1 pg/ml. For this purpose, human
BM-MSCs populated on carriers were incubated with
a solution of H33342 of the appropriate concentration
at 37°C for 20 minutes. Following the tinting, the cells
were flushed twice with PBS, and the FGM was then
added [35]. Labeled cells were analyzed using a Leica
DM?200 fluorescence microscope (Leica Microsystems,
Germany) at x100 magnification.

The cytotoxicity of the carrier matrices and their
supernatants upon direct contact after 24-hour incubation
after 1 and 7 days of co-cultivation was assessed using
the MTT assay (Sigma-Aldrich, USA) [36]. The MTT
reagent, at 5 mg/ml was introduced to the PBS to each
well of the plate and incubated at 37°C for 4 hours. Then,
dimethylsulfoxide (Serva, Germany) was added to each
well to dissolve the formazan crystals that had formed
as the result of the activity of living cells, and the tinted
supernatant was detected at 570 um on the BioTek® ELx
800 reader (BioTek, USA).

The experiments were performed in the following
test groups where the human BM-MSC were cultivated
together with the following bioorganic matrices: (1)
“Collapan”, (2) “Osteomatrix”, (3) “Lyostypt”, (4) LBM
and (5) without a specimen in the FGM with similar
cell concentrations as control. The viability of the BM-
MSC, after joint cultivation with carrier matrices and
their supernatants was calculated using the following
equation (1):

(ODexp / ODcontrol) x 100%
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Respectively, the cytotoxicity of the carriers and
their supernatants was calculated using the following
equation (2):

100% - (OD,,, / OD,,..,) *100%

where OD - optical density of eluates from wells with
cells and carriers or supernatants; OD_ ., — optical
density of eluates from wells with cells cultivated only
with FGM.

The quantitative criteria for assessing the cytotoxicity
of the carrier matrices and their supernatants were as
follows: low toxicity — death of up to 30% of cells
(viability above 70%); medium toxicity — death of up to
30-50% of cells (viability 50-70%); high toxicity — death
of over 50% of cells (viability below 50%).

As the basis for the creation and evaluation of a
complex osteoconductive transplant at subsequent
stages of the experiment, the bioorganic carrier that
demonstrated the lowest cytotoxicity in relation to BM-
MSC was selected.

Evaluation of expansion of human BM-MSC on a
bioorganic carrier

In the wells of the 24-well cell plate, bioorganic
carrier with the lowest identified cytotoxicity was placed.
Human BM-MSC of the first passage was plated to the
carrier with concentrations of the inoculate at 50.0x103,
100.0x10% and 300.0x10% and cultivated for 7 days
in the FGM with and without added 5% alPRP. The
cells were then removed with a trypsin/EDTA solution
(Sigma-Aldrich, USA). The quantity of viable cells was
calculated by the method of exclusion of the trypan blue
in the Goryaev chamber [37].

Evaluation of the osteogenic differentiation of
human BM-MSC

After two passages, the human BM-MSC were plated
to T25 vials (Sarstedt, Germany), 8000 /cm? each, for
subsequent quantitative polymerase chain reaction (PCR
assay) in real time in 35 mm Petri dishes for visible light
microscopy after staining. The experiments studies four
variants of cell cultivation: BM-MSC cultivated in FGM
(control specimen); BM-MSC cultivated in FGM with
5% alPRP; BM-MSC cultivated in osteogenic medium
(OM); BM-MSC cultivated in osteogenic medium (OM)
with 5% alPRP.

The osteogenic medium contained the a-MEM
environment with addition of 10% FBS, 10 mM
p-glycerophosphate (Sigma Aldrich, USA), 50 mcg
of ascorbic acid (Sigma Aldrich, USA) and 0.1
uM dexamethasone (Sigma Aldrich, USA) [40].
The differentiation of BM-MSC was performed in
the OM within four and seven days, the cultural
medium being changed twice. The specimens of both
osteogenic-induced and non-differentiated BM-MSC
were cultivated in the presence of alPRP in the final
concentration of 5%.

The in vitro evaluation of the osteogenic differentiation
of the human BM-MSC was performed by real-time
PCR with reverse transcription (RT-PCR) to identify
expression of mMRNA of the RUNX2, ALP and OSP genes
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| Genes | Forward primer 5’ - 3’ Reverse primer 5’ - 3’

RUNX2 CACTGGCGGTGCAACAAGA TTTCATAACAGCGGAGGCATTTC
ALP  GGTGGAAGGAGGCAGAATTG TCAGAGTGTCTTCCGAGGAG
OSP CACAGCATCTGGGTATTTGTTG CGACCAAGGAAAACTCACTACC

GapDH CGCTCTCTGCTCCTCCTGTT CCATGGTGTCTGAGCGATGT

Table 1. Nucleotide sequences for the RT-qPCR primers

Tabnuua 1. HykneomudHble nocnedoBamenbHocmu npalimepos
ong OT-NyP

on the fourth and seventh days of cell cultivation. Intra-
vital imaging of osteogenic-induced human BM-MSC
and in vitro assessment of mineralization (formation of
calcium deposits) were also performed using von Kossa
staining on day 21 of cell induction.

The RT-PCR was performed in several stages [33,
38]. Firstly, primary extraction of the total RNA from the
human BM-MSC cultivated in the T25 vials (Sarsedt,
Germany) was performed. The extraction was done with
the TRI Reagent (Sigma Aldrich, USA) according to the
manufacturer’s manual. Then the samples of total RNA
were used to obtain complementary DNA (cDNA) by
reverse transcription. The reaction was performed in
20 pl mixture of 2 mcg of RNA, 5 uM Oligo (dT18)-
primer (Thermo Fisher Scientific, USA), 1 mM of
deoxyribonucleotide triphosphate (dANTP) (Thermo
Fisher Scientific, USA), 40 U of RNase inhibitor
Ribolok (Thermo Fisher Scientific, USA), 1 ul (200 u/
ml) of reverse transcriptase RevertAid Premium and 5X
buffer (Thermo Fisher Scientific, USA). Amplification
was carried out for 30 min at 50°C. Reverse transcriptase
was inactivated by heating at 85°C for 5 min.

The obtained cDNA was amplified as follows:
10 minutes at 95°C (polymerase activation) with
subsequent amplification of 40 cycles at 60°C for 1
minute. In order to detect the osteogenic differentiation
markers (RUNX2, ALP and OSP), the following primer
pairs were used with the following nucleotide sequences
(Table 1) [39].

Data were normalized relative to the reference gene
glyceraldehyde-3-phosphate dehydrogenase (GapDH).
The real-time RT-PCR was performed on the CFX96
Touch REAL thermocycler (Bio-Rad, USA). The results
were processed in the Bio-Rad CFX Manager software
suite.

Relative gene expression was calculated by Livak's
method using the following formula (3) [40]:

Gene expression = 2-4¢t
ACt = [Ct (marker gene) — Ct (GapDH)]

Osteoblast formation and mineralization were
assessed in Petri dishes (Sarstedt, Germany). The BM-
MSC were stained with 1-2% solution of nitrate of
silver for 45—-60 minutes under UV light, then rinsed
with distilled water and fixed with sodium thiosulfate
for 5 minutes. The stained cells were then washed
with deionized water, dried and evaluated using a light
microscope Leica DM IL LED (Leica Microsystem:s,
Germany) at x100 magnification. Morphological
transformation was characterized by a change in cell
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shape to cuboid with intracellular calcium phosphate
deposits stained black [41].

In vitro modeling of the hybrid cellular tissue graft

While developing the hybrid cellular tissue graft to
be used in regenerative medicine for the replacement of
bone defects, we identified its major components: human
BM-MSC pre-differentiated to an osteogenic phenotype;
alPRP. To simulate the environment (bone tissue), we
used the allogenetic spongiose (surgical specimen). The
macroscopic picture was described, the absolute number of
pre-differentiated BM-MSCs in the graft was determined
at the end of the 1st, 2nd and 3rd week of cultivation, and
cell adhesion and distribution in the graft were assessed.
To that end, intra-vital cell staining with fluorescent dye
Hoechst 33342 was used (Sigma Aldrich, USA).

Statistical processing of data

The data from the studies are presented as the mean
+ standard error of the mean (M+SEM) in the GraphPad
Prism 6.0 software suite (GraphPad Software, Inc.,
USA). The reliability of differences in the variation series
was assessed using the paired Student's t-test. Differences
were reliable at p < 0.05.

m RESULTS AND DISCUSSION

Phenotypical characteristics of human BM-MSC

The immunophenotype of human BM-MSC of the
second passage was characterized with expression of
specific markers CD90+ and CD105+ and absence of
markers CD34- and CD45-. The number of cells in the
culture that were expressing the marker CD90+ was
99.9+0.14%, and those expressing the marker CD105+
was 99.14+1.23%. There was a minor quantity of cells
expressing the markers CD34- (0.45+0.20%) and CD45-
(0.30+0.07%). The culture was sterile (no bacteria or
fungi), and the viability of the resulting cells was never
below 90%.

Biocompatibility of bioorganic matrices with
human BM-MSC

The main property of biopolymers and carrier matrices
based on them when creating grafts for the restoration
of large bone tissue defects should be the absence of a
toxic effect on osteoprogenitor cells, as well as assistance
in their attachment, proliferation and osteogenic
differentiation. This stimulates the cells to synthesize
new extracellular matrix on the surface of the carrier and
its integration with the native bone tissue. Therefore, the
m Supernatant (% of living Matrix carrier (% of living

cells) cells)

I EET  IET EN

Colapan 82,76 +22,35 89,03+1569 87,56+3256 93,35+1,56
Osteomatrix 84,25+10,14 91,31+13,08 8883+9,89 9232+10,58
Lyostypt 101,72+ 4,86 12452+7,30 88,63+8,47 96,55+10,91
LBM 101,44+12,14 80,74+3,35 8790+0,55 90,85+9,14

Table 2. Viability of BM-MSCs during cultivation in vitro with the
carriers and their supernatants in direct contact. Data are expressed
as M + SEM

Ta6nuua 2. XXusHecnocobHocmb KM-MCK yenoBeka npu
KyJlbmuBUPOBaHUU in Vitro ¢ HocumensiMu U Ux cynepHamaHmamu
npu npsIMOM KoHmMakme. [laHHble npedcmasneHbl kak M + SEM

www.innoscience.ru

BuotexHonorus

Figure 1. Nuclei labeling of Hoechst 33342 BM-MSCs after one
day of cultivation with different carriers: (a) CCM (control sample);
(b) Osteomatrix; (c) LBM; (d) Kollapan; (e) Lyostypt. Image taken at
100x magnification.

PucyHok 1. [pwku3HeHHoe okpawuBaHue si0ep KM-MCK vyenoseka
Hoechst 33342 nocne 24 4acoB KynibmuBUPOBaHUS C pa3/iu4yHbIMU
Hocumensamu: (a) MNrNC (koHmpons); (b) Ocmeomampukc; (c) JIKM;
(d) Konnanah; (e) Jluocmunm. WN3obpaxeHue ysenudeHo B x100.

carriers are to be compatible with BM-MSC supporting
the cellular activity and mechanical integrity to foster
a successful process of healing the defect of the bone
tissue [11].To evaluate the cytotoxicity of matrix carriers,
the MTT assay was used and intra-vital staining of cells
with the fluorescent dye Hoechst 33342 (Sigma Aldrich,
USA).

Staining with Hoechst 33342 identified nuclei of
labeled cells which confirmed the cytocompatibility and
capacity of human BM-MSCs for adhesion on carriers
and their supernatants at direct contact (Fig. 1).

Figure 1 shows the presence of flat cylindrical non-
condensed nuclei of BM-MSCs and their formation of a
homogeneous monolayer of living cells when cultured
with carriers: red arrows show the adhesive capacity of
the latter for cells.

The results of experiments on the cytotoxicity of
carrier matrices and their supernatants in direct contact
with BM-MSCs are presented in Table 2.

When assessing acute cytotoxicity after 24 hours
of cultivation, the cell viability ranged from 82.76%
to 100%. Cytotoxicity was found to be absent in the
supernatants of “Lyostypt” and “LBM?” carriers at all
times of monitoring as compared to the control specimen.
The matrix carriers demonstrated a similar effect on BM-
MSC:s. All four observed carriers had minor cytotoxicity
that brought about the death of not more than 30% cells
(low toxicity). Only the cultivation of BM-MSCs with
“Lyostypt” showed the greatest viability of cells at direct
contact after 24 hours and 7 days, and even a moderate
proliferation of cells with its supernatant.

Proliferative activity of human BM-MSC on
bioorganic carriers

BM-MSC:s are prospective candidates for regenerative
medicine in repairing bone defects. However, the
introduction of BM-MSC to the osseous lesion does not
always perform well due to cell migration with blood or
tissue fluid or due to introduction of an insufficient amount
of cells. Therefore, the use of bioorganic matrix carriers
in the composition of a hybrid cell-tissue graft, capable of
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Figure 2. Proliferative activity of different concentrations of BM-
MSCs on the “Lyostypt” bioorganic carrier over a period of 7-d
cultivation in vitro.

PucyHok 2. [ponugepamuBHasi akmuBHOCMb PasauYHbIX
KoHueHmpauyuti KM-MCK Ha 6uoopzaHu4eckoM Hocumere
«/luocmunm» B medyeHue 7 cymoK KyfbmuBUPOBaHUs in Vitro.

being populated by cells and performing the function of
a framework to facilitate the plastic closure of a defect, is
an urgent task of tissue engineering [40]. The results of
the assessment of the proliferative activity of human BM-
MSC with the selection of their optimal concentration for
populating the bioorganic matrix "Lyostypt" as the carrier
with the lowest cytotoxicity are shown in Figure 2.

Hayka n uHHosauuun B meaununHe T.9(4)/2024

During the cultivation of the human BM-MSCs
in the FGM (Fig. 2) without alPRP, by day 7, minor
proliferation of cells was observed when 50.0x103
and 100.0x103 cells were introduced (p > 0.05), and a
decrease in the initial amount of cells was seen in the
higher introductory dose of 300.0x10%cells (p < 0.05).
With 5% alPRP added to the FGM, significant increase
of proliferative activity of the cells was identified. The
number of BM-MSC increased by 3.3 times (p = 0.02), by
2.6 times (p = 0.0004) and by 1.3 times (p = 0.026) versus
initial seeding concentration of 50.0x103, 100.0x103 and
300.0x103 cells per cm2, respectively. The viability of
BM-MSC was high in all samples and amounted to 99%
in four series of the experiment. Thus, the increase in the
proliferative activity of BM-MSC on the carrier was due
to the presence of growth factors contained in alPRP.

Osteogenic differentiation of human BM-MSC

BM-MSCs have a significant potential for regenerative
medicine, e.g. for patients with post-traumatic or
post-surgery bone damage. BM-MSCs are capable of
replacing the damaged cells, differentiate and synthesize
the extracellular bone matrix in the lesion area. They
may also indirectly contribute to tissue regeneration by
secreting growth factors [40]. The studies of L. Meesuk
et al. (2022) [42] showed that osteogenic differentiated
BM-MSCs may produce more osteogenic factors than
non-differentiated cells. This approach will be more
efficient in repairing the bone defects.
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Figure 3. mRNA expression of osteogenic genes: (a, d) RunX, (b, e) ALP, (c, f) OSP after 4
(top row) and 7 (bottom row) days of cultivation BM-MSCs. Data are expressed as M + SEM.

PucyHok 3. 3kcnpeccusi MPHK ocmeozeHHbix 2eHoB: (a, 2) RunX, (6, ) ALP, (B, e) OSP nocne 4 (BepxHul psid) u 7 (HwkHul psio) cymok
KynbmuBupoBaHusi KM-MCK. [laHHbie npedcmagneHsbl kKak M + SEM.

262

www.innoscience.ru



Science & Innovations in Medicine Vol.9(4)/2024

Biotechnology BuotexHonorus

Figure 4. \Von Kossa staining of BM-MSCs: (a) cells cultivated
in CCM; (b) cells cultivated in OM; (c) cells cultivated in OM,
supplemented with 5% alPRP. Images are taken at 100x
magnification.

PucyHok 4. OkpawuBaHue ¢oH Kocca KM-MCK 4yenoseka:

(a) knemku, kynbmusupoBaHHbie B 1I1C; (b) — knemku,
KynbmuBupoBaHHble B OC; (c) — Knemku, KyflbmuBUpOBaHHbIE B
OC c dobasneHueM 5% anlTOP®T. N30bpaxeHus: coenaHbl npu
100-kpamHoM yBenu4eHuu.

In the in vitro experiments, the osteogenic potential
of the cells was evaluated by the expression of
molecular genetic markers (mRNA of osteogenic genes
RUNX2, ALP, OSP) by RT-PCR in real time and Von
Kossa staining of the cell monolayer with subsequent
identification of calcium ossificates in the latter. The
results of RT-PCR analysis of the expression of mRNA of
osteogenic genes (RunX, ALP, OSP) are shown in Fig. 3.

After 4 days of BM-MSC cultivation in the OM, an
increase in the expression of marker genes by osteogenic-
induced cells was identified. The synthesis of mRNA of
the RunX gene (Fig. 3a), ALP (Fig. 3b) and OSP (Fig.
3c) increased by 7.1 times (p = 0.001), 5.5 times (p =
0.001) and 2.1 times (p = 0.008) respectively versus
non-differentiated BM-MSC cultivated in the FGM. The
addition of 5% alPRP to the OM during the differentiation
of BM-MSC increased the expression of the OSP gene by
12.0 times (p = 0.0001) versus non-differentiated cells
cultivated in the FGM, and by 5.9 times (p < 0.0001)
versus osteogenic-induced cells cultivated in the OM
without alPRP. The presented differences are statistically
significant.

After 7 of cultivation in the OM, the cells continued
increasing the expression of the RunX (Fig. 3d), ALP
(Fig. 3e) and OSP genes (Fig. 3f). Statistically valid

Figure 5. Co-cultivation of graft components in vitro: (a) one week,
(b) three weeks. Image taken at 50x magnification.

PucyHok 5. CoBMecmHoe Ky/ibmuBUpPOBaHUE KOMNOHEHMOB
mpaHcniaHmama in vitro: (a) 1 Hedens, (b) 3 Hedens. M306paxeHus
coenaHbl npu 50-KpamHoOM yBenu4eHuU.

www.innoscience.ru

results were obtained as to the growth of expression
of the following genes: ALP — growth by 8.67 times
(p < 0.0001) and OSP — by 22.9 times (p < 0.0001),
respectively, versus non-differentiated BM-MSC
cultivated in the FGM. The differences are statistically
significant. At the same time, addition of 5% alPRP to
the OM during differentiation of BM-MSC at this time
did not result in a credible increase of gene expression
in comparison with osteogenic-induced BM-MSC
cultivated in the OM without alPRP. The synthesis of
mRNA of the genes remained on a comparable level (p
> 0.05).

Thus, cultivation in the OM credibly fosters an
increased expression of RunX genes by the cells, and,
respectively, osteogenic differentiation of BM-MSC.
The addition of alPRP to the OM credibly strengthens
expression of genes and osteogenic differentiation of
human BM-MSC in the initial stage (up to day 7 of
cultivation).

In the period from the 4t to the 7t day of cultivation
in the OM (including addition of alPRP), there occurs
re-differentiation of BM-MSC. In this period, the cells
start expressing osteogenic markers, yet no calcium
deposition starts in them. After 21 days of osteogenic
differentiation, it was shown that the morphology of
BM-MSC changed from spindle to cuboid. After Von
Kossa’s staining of the specimens of differentiated cells
with nitrate of silver, additionally, intracellular deposits
of calcium phosphate were found (stained black). The
changes were most manifested in the cells cultivated in
the OM with 5% alPRP added (Fig. 4).

In vitro modeling of the hybrid cell-tissue graft

The results of in-vitro co-cultivation of the components
of the hybrid cell-tissue graft under the conditions of the
required microenvironment (bone tissue) are shown in
Figure 5.

After the incubation of all the graft components in vitro,
at the end of the first week a close contact of the allogeneic
spongiosa and “Lyostypt” matrix carrier were seen, as well
as formation of a gel-like microenvironment (blue arrow),
represented by the alPRP elements. At the end of the third
week, all components of the graft were seen in the dense
gel-like medium and close interaction of fragments of the
allogeneic spongiosa with the matrix carrier by the formed
monolayer of cells in the form of the BM-MSC band (red
arrow).
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Figure 6. Live labeling of Hoechst 33342 of osteogenically
predifferentiated BM-MSCs in vitro graft modeling: (a) one week, (b)
two weeks, (c) tree weeks. Images are taken at 100x magnification.

PucyHok 6. [pwku3sHeHHoe okpawuBaHue kpacumeneM Hoechst
33342 ocmeozeHHo-npedupgepeHyupoBaHHbix KM-MCK npu
ModenupoBaHUU mpaHcnaaHmama in vitro. Mi3obpaxeHusi coenaHbl
npu 100-kpamHoM yBenu4eHuu: a) o0Ha Hedensi, 6) OBe Hedenu,

B) mpu Hedenu.

Week 1(x Week 2 (x Week 3 (x
thousand cells) | thousand cells) | thousand cells)

Hybrid graft 557,5 + 24,75 530,0 + 49,50 380,0 + 7,07

Table 3. Proliferative activity of osteogenically predifferentiated
BM-MSCs in graft in vitro

Tabnuua 3. [lponucepamuBHas akmuBHOCMb OCMeE02EHHO
npedugpeperHyupoBaHHbix KM-MCK B cocmase mpaHcniaHmama
in vitro

In the next stage, the absolute quantity of the
osteogenic pre-differentiated BM-MSC were identified
in the composition of the hybrid graft in the end of
the first, second and third weeks of in vitro incubation
(Table 3).

It is seen from the results presented in the table that
during the first two weeks of incubation, no significant
decrease in osteogenic pre-differentiated BM-MSC in the
graft was observed. As the cultivation period increased to
three weeks, the number of cells decreased in relation to
the initially seeded number due to the dense distribution
of the latter between the collagen fibers of the matrix
carrier. Some of the cells migrated into the allogeneic
spongiosa and formed a dense monolayer between the
bone and the carrier.

Staining with the fluorescent dye Hoechst 33342
showed a uniform population of the biopolymer collagen
sponge with osteogenic pre-differentiated BM-MSC and
high viability of the cells between the collagen fibers
of the matrix carrier in all stages of cultivation (Fig. 6).

Moving on to the discussion of the results, it is worth
noting that allogeneic bone implants are a common
and effective approach to replacing bone defects. New
methods of tissue engineering and cell technologies
can give this area a second wind and find application
in replacing long-term non-healing bone defects, when
cell-free osteoinductive implants or MSC without
matrix carriers cannot be effective [19, 43]. In such
situations, tissue engineering using bioorganic matrix
carriers, or scaffolds, osteogenic cells and factors that
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promote regeneration and vascularization of transplants
is of practical interest for the treatment of injuries or
replacement of bone defects [19, 44]. BM-MSC are used
for hybrid cell-tissue grafts more often that other cells
since they are better characterized, readily available,
and demonstrate a prolific osteogenic potential. At the
same time, the clinical efficacy of such a graft depends
significantly on the number of cells seeded onto the
carrier, or scaffold, on biocompatibility of the latter, and
other factors [43-45].

In bone tissue regenerative medicine, various bioorganic
carriers are used, therefore the viability, adhesion and
proliferation of BM-MSC on the matrix will depend on the
chemical nature and structure of the latter [11, 46]. In this
research, we studies the cytotoxicity of four commercially
available bioorganic carriers based on collagen (“Lyostypt”),
runpokcuanaruta/collagen (“Collapan”), bone matrix with
sGAGs (“Osteomatrix”), and lyophilized bone matrix
(“LBM?”), analyzing the viability of BM-MSC in their
joint cultivation. All four studied matrix carriers had low
cytotoxicity, causing the death of no more than 30% of
cells. However, the “Lyostypt” collagen sponge showed the
lowest cytotoxicity and the highest biocompatibility with
human BM-MSC, which created optimal conditions for cell
proliferation on the matrix. Therefore, we used “Lyostypt”
as the basis (matrix) to produce the hybrid cell-tissue
osteoconductive graft consisting of the carrier for the cells,
osteogenic pre-differentiated BM-MSC and alPRP factors
with subsequent evaluation of proliferative activity and
osteogenic differentiation of the cells. In their experiment,
J. Zheng et al. (2022) also demonstrated that cultivation of
human MSCc on a collagen sponge with hydrogel fostered
their proliferation and strengthened their chondrogenic
differentiation by means of formation of the alternative
extracellular microenvironment [47].

Scientific data indicate conflicting results of the influence
of soluble individual factors (lysates and relysates of platelets)
and platelet-rich plasma on human MSC differentiation.
Thus, the use of plasma enriched with platelet factors showed
a positive effect on the saturation of matrices (p-tricalcium
phosphate, calcium-deficient hydroxyapatite) of MSC and
on the proliferation of MSC in these matrices, but had little
effect on the osteogenic potential of MSC [48].

Thus, a characteristic feature of modern tissue engineering
and regenerative medicine is the combination of matrices
with various biologically active components and their

www.innoscience.ru
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saturation with cells, mainly MSC, with subsequent targeted
differentiation of the latter. Earlier research [49, 50] and this
study showed that platelet derivatives (lysates and relysates
of platelets, alPRP) are effective components for stimulating
the expansion and osteogenic differentiation of BM-MSCs in
vitro. This approach allows obtaining a sufficient number of
cells to create a hybrid cell-tissue graft with its subsequent
use to replace bone defects. Moreover, the composition of
the structure in the version of a bioorganic matrix carrier
based on collagen, osteogenic predifferentiated BM-MSC
and alPRP factors is optimal for potential clinical application.

m CONCLUSIONS

1. The bioorganic matrices studied for biocompatibility
with the human BM-MSC culture showed low in vitro
toxicity towards cells (no more than 30%). With duration
of BM-MSC cultivation with biomaterials increased to
7 days, the cells preserved high viability and increased

BuotexHonorus

their proliferative activity. The lowest cytotoxicity and
the best biocompatibility was seen in the carrier from
resorbable biopolymer collagen sponge.

2. The biological and structural characteristics of the
collagen matrix carrier reliably promoted the adhesion of
BM-MSC, their uniform distribution and proliferation.

3. The alPRP used as the source of soluble factors
made an impact on the osteogenic differentiation of the
human BM-MSC: addition of 5% alPRP to the osteogenic
medium sped up the mineralization process (deposition
of calcium salts in the cell matrix) and expression of
genes of osteogenic differentiation (RUNX2, ALP and
OSP).

4. The hybrid cell-tissue graft is characterized with
safety, efficiency and biocompatibility with bone
tissue making it suitable for clinical use in regenerative
medicine when replacing the bone defects. »=
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M3MeHeHna KayecTBa XXU3HU npu counanbHON U30NALNN
Y NOXuUnbiX nNnaulmeHToB C HapyuweHuneM 3peHus

H.M. ArapkoB! 2, H.B. NMonoBa?

1PIBOY BO «HOro-3anagHblin rocynapCcTBeHHbIR yHUBepcuTeT» MnHobpHayku Poccum
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AHHOTaumA

ILens — onpesiesieHre XapakTepa M3MeHeHUs Ka9eCTBA JKU3HU Y TIOXKHIIBIX
[IAIIEHTOB C HapyIIeHHeM 3peHHs] IIPH COIMAIIbHOM U30JLIIUHY U CBSI3aHHBIX
C Heli GpaKTOpOB pHUCKa.

Marepuan u Meronsl. beita chopMypoBaHa KIMHUYecKas rpymmna u3 115
y4acTHUKOB 60—74 JieT ¢ HapyIeHHeM 3peHus], HaXO[SIUXCS B YCIIOBHUSIX CO-
[UAJIbHOM U30JISIIMH B TeUeHHe MecsIia. B cooTBeTcTBrM ¢ X eJIbCUHKCKOH Jie-
KJIapalyen coluasbHas 30IIs1Ms Obl1a orpesiesieHa Ha OCHOBe 15-6autbHoN
IIIKAJTBI, OMIPOCHKK KauyeCTBa YKU3HU MUCIIOIb30BAJICS [UIsl K3MEepeHHs U3MeHe-
HUIi B Ka4eCTBe X13HU. PaKTOpbI pUCKa BKITIOYAJIN COUAJIbHO-IeMorpaduye-
CKHe, KIIMHIUYeCKHe KaTerOpyH U IoKa3aTei GyHKIMOHAIBHOTO COCTOSIHUSL.
PesynbraTsl. Pe3ybraThl THHEHHBIX CMENIaHHBIX MOJIeJIeH CO CITyIaiHbIMU
MepeceveHusIMU, CPABHUBAIOIIMX [TOKA3aTen Ka1ecTsa xu3uu 1o (3,30) u
oclie conyanbHoM n3ossiwu (1,78), 6pumu 3Haunmeivu (p<0,001). Bo Bpemst
COLMAJIbHOM U30IIsMK y 87% y4acTHUKOB C HapyllleHHeM 3peHust Habilro-
JlalloCh CHWXKeHUe KadecTBa ku3HH (-2,39), Torna kak y 13% y4acTHUKOB
HabJro1a10Ch MoBbieHue kadectsa xu3uu (0,58). C conuanbHOM U30IsIHei

ObLIM CBSI3aHBI CIIeyonpe GaKTOPbl PUCKA: HU3KHI YPOBeHb 10X010B (38%,
p<0,001), orcyrcrBue Boiciiero obpasosanus (29%, p=0,002), 3ab6oneBanue
nerkux (25%, p=0,04), byHKIHOHAbHBIE UK CEHCOPHBIE HAPYIIIeHHSI, BKITIO-
Yarolye TPYJHOCTU C NpUroToBienreM nun (28%, p=0,004), TpynHocTu
C IIPOXOXKJeHNeM OHOro KBapTana (26%, p=0,03), Hapymenue ciyxa (23%,
p=0,02) u HapyuieHue 3penus (24%, p=0,01). He3aHauuMbIMU OKa3aJIvcCh MOJT
(p=0,39), Texymast 60mb (p=0,75), TPyAHOCTH C TIOBCETHEBHBIMU JIEMCTBUSIMU
(p=0,09), Henep>xanue mouu (p=0,82), caxapusiit nuabet (p=0,87) u xorHu-
THBHble HapyueHus (p=0,06).

3axutrouenue. [leprios conpianbHON U30JSIIUAK IPUBEIT K BeCbMa 3HAUYUTENIb-
HOMY CHM)KEHHIO O0IIero KauecTsa XKU3HU B BHIOOPKE TOXUJIIBIX JIIOMel C
HapylleHueM 3peHus. BegynwiMu pakTopaMu prcKa COIMANbHOMN U30MISIIN
0Ka3aJIMCh HU3KUH YPOBEHb JI0OXO[0B U OTCYyTCTBHE BBLICIIEr0 06pPa3oBaHUSI.
KunroueBble ciioBa: ConvasbHast U30JSIIINS, HAPYLIEHe 3peHHsl, TI0XKUIIbIe,
KaIeCTBO JKM3HH, (PAaKTOPBI PHCKA
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Abstract

Aim - to determine the nature of changes in the quality of life in social
isolation and risk factors associated with it in elderly patients with visual
impairment.

Material and methods. A clinical group was formed of 115 participants with
visual impairment aged 6074 years who were in conditions of social isolation
for a month. In accordance with the Helsinki Declaration, social isolation was
determined on the basis of a 15-point scale, and a questionnaire on quality of
life was used to measure changes in the quality of life. Risk factors included
socio-demographic, clinical categories and indicators of functional status.
Results. The results of linear mixed models with random intersections
comparing quality of life indicators before (3.30) and after social isolation
(1.78) were significant (p<0.001). During social isolation, 87% of participants
with visual impairment experienced a decrease in quality of life (-2.39), while
13% of participants had an increase in quality of life (0.58). The following risk
factors were associated with social isolation: low income (38%, p<0.001), lack

268

of higher education (29%, p=0.002), lung disease (25%, p=0.04), functional
or sensory disorders, including difficulties with cooking (28%, p=0.004),
difficulty in walking the distance of one block (26%, p=0.03), hearing
impairment (23%, p=0.02) and visual impairment (24%, p=0.01). Gender
(p=0.39), ongoing pain (p=0.75), difficulties with daily activities (p=0.09),
urinary incontinence (p=0.82), diabetes mellitus (p=0.87) and cognitive
impairment (p=0.06) were insignificant.

Conclusion. The period of social isolation led to a very significant decrease
in the overall quality of life in the sample of elderly people with visual
impairment. The leading risk factors for social exclusion were low income
and lack of higher education.

Keywords: social isolation, visual impairment, elderly, quality of life, risk
factors.
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m BBEJIEHUE
OOJIBIIIMHCTBe UCCIIe0BAaHUM HEeTaTUBHBIX MOCTIeCTBUN
COLIMAJIbHOM U30JISIUM aHAIM3UPYIOTCS TPYIIIBI Hacesle-

HHSI, UCTIBITHIBAIOIINE XPOHUYECKYIO COIMAIBHYIO M30JISIHI0
(6onee 4 Henenb), KOTOpast YaCTO COYETAETCS C NPYTHMH CO-
OBITHUSMU, MEHSIFOIITUMH 5KH3HB. OOCTOSTENTBLCTBA, TIPH KOTOPBIX
JIFONIY BBIHY>K/IeHB! TepIieTh BpeMeHHbIe TIepHoJibl COIHaIbHOM
W30JISILIMY, MOTYT OBITh CBSI3aHBI C FOCTIUTAIM3ANNeH, CTUXUI-
HBIMH Oe[ICTBUSIMU, BCIIBIIIKAaMU WHEKI[MOHHBIX 3a0b0j1eBa-
HuM U 1.7, Takve nepuopbl, Ha3bIBaeMble CUTYaI[MOHHOM CO-
[MAJIbHOU U30JILIMeH, BKIIIOYal0T OTHOCUTEJIbHOe YMeHbIIIeH e
B3aUMOZEMCTBUS MeXly JIIObMY, pa3Mepa COLUAIILHOM CeTH,
YaCTOTBI KOHTAKTOB C IPYTYMHU JIFOIBMH, YIaCTHsI B COITUAIbHOM
JIesITeIbHOCTH W/WJIH TITyOUHBI COITUAIbHBIX OTHOIIeHMi [1].

BaxxHOCTB COIMANbHBIX CBS3el, KOJIMUeCTBa, KauecTBa U
IIPerMYyIeCTB YeJoBe4eCKHUX B3aMMOOTHOIIIeHHUH CTaja OC-
HOBHBIM HallpaB/IeHHeM HCCIIeIOBaHUM COITUAIbHBIX JeTep-
MHHAHT 3/I0POBb$, a COIUAJIbHAs U30JISIIIS, TIPeJICTaBIISIONIAs
KaK OObeKTHUBHBIM, TaK U CyObeKTUBHBIN OMBIT COMUAIBHON
Pa3o01eHHOCTH, pacCMaTpUBaeTCsl B HAYYHOM uTeparype
Kak KJII0ueBor GpaKkTop, BIUSIONINI Ha 3lI0POBhe YeJioBeka [2].
st dU3MYecKoro v ICUXUUeCKOTO 37I0POBbs M JOJTOJIeTHS
IIOXKUIIBIX JIIOLIed UCKIII0YeHre COLMAaIbHOU U30JIALUK 0CO-
6eHHO BakHO. Te JIIO/IM, KOTOPBIe XUBYT B U30JISIUH, MOTYT
WCTBITHIBATh 0OBEKTUBHBIe TPYIHOCTH C AOCTYIIOM K MCTOY-
HHKaM 3MOIIMOHAIbHON ¥ GUHAHCOBOM TIOAJIEPXKKH, a TaKXKe
K MIOMOIIIY JIUII, OCYIIeCTBISIONUX yXOJ, JJIsl 00JIerdyeHus
$U3UYeCKOT0 WK TICUX0JIOTMYeCcKoro quckomdopTa [3].

XOTS HeraTUBHBIE MTOCJIEeICTBUS COITHATbHON H30JISIINU
MIPOSIBJISIIOTCS Y JIOfIel BCeX BO3pacToOB [4], MHOTOYHUCIIEH-
Hble HCCIIeJOBaHUs IIOKA3bIBAIOT, YTO Y MOXKMIIBIX JIFO[Iel OHU
0CObOeHHO BhIpakeH®! [1, 4, 5]. HeratrsHOe BvsiHYE COITHAITH-
HOM M30JISIY Ha Ka4eCTBO XKU3HU MOXKET OBbITh OIIOCPeI0BaHO
¢dusndeckuM 3M0poBLeM [6], a Takke 3MOIMOHAIBHBIM OJ1a-
ronony4ueM [6, 7]. Kpome Toro, ecTb 10Ka3aTesbCTBa TOTO,
YTO HeraTuBHbIe NIOCTIeJICTBUSI COIMAIbHOMN U30JISAIUN MOTYT
MOZYJIUPOBATHCS COIUAIBHO-3KOHOMUYECKUM CTaTyCOM, [IpU
3TOM JIMIA C HU3KUM COITMAJIbHO-3KOHOMHYECKUM CTaTyCOM
WCIBITHIBAIOT DoJlee cepbe3Hble HebIaronpusITHbIe OCies-
ctBus [7]. HeratuBHOe BIMsSHUE CONMAIBHON U30SITUN HA
MOXXUJIBIX JTIOIel U3y4eHOo JOCTaTOYHO OCHOBATENIbHO, HO IIPU
3TOM O TIOTeHIMAJIbHBIX IOCIIe/ICTBUSIX COLMAIbHON HU30JIs-
I[UU U ee BIUSHUU Ha KaueCTBO XKMU3HU IOXHUIBIX JIIONeH C
HapyllleHHeM 3peHHs n3BecTHO Maiio [8—10], paBHO Kak U 0
MOTeHNIHAIbHBIX paKTOpaxX pHUCKa, KOTOpble MOTYIUPYIOT 3TU

3bdeKThI.
m [TEJIb

OmnpenerneHyre xapakTepa U3MeHeHUsI KadyecTBa XU3HHU IIpU
COTIMAJIEHOM 30U U PaKTOPOB PUCKA, CBA3aHHBIX C HEH,
Y HOXWIBIX IIAIIMEHTOB C HapylLlleHueM 3peHHUs.

www.innoscience.ru

m MATEPUAJI 1 METOJIbI

Jnst pocTkeHus 1efiei ucciiefioBaHus 6bia cpopMUpo-
BaHa KJIMHWYeckas rpymma u3 115 (69 xeHiuH, 46 My>X4nH)
yuacTHUKOB 60—74 jieT ¢ HapylleHreM 3peHus], B Te4eHHe Me-
CSIIIa HaXOMSIIUXCS B YCIIOBUSIX COIMAJIHOM M30JISIIIHH.

Kpumepusimu 6xkaroueHus SBISTICH MOXKWION BO3PacT, CO-
[MaJIbHasl U30JISIMS, HapyllleHWe 3peHusl, CIIoCOGHOCTh T0-
HUMATb MMCbMEHHYI0 U YCTHYIO pedb, HaJI4YKe MUCbMeHHOTO
MH(POPMHUPOBAHHOTO COIVIACHS HA YYACTHe B UCCIIeOBAHUH.

Kpumepusamu neBkaroueHus 6vutn Bo3pacT mutafiie 60 jget
WY cTaple 74 JieT, OTCyTCTBHe CUHpOMa COIUAIbHOM M30-
JISIIAY Y HApyIlIeHus! 3peHusl.

Kpumepusimu uckaroueHus Ciry’XXWu OTKa3 OT Y4acTHs Ha
r060M 3Tare UCCIIeOBAHUS, U3MEeHeHHe MeCTa XXUTEeJIbCTBA,
CMepThb MaIyeHTa.

ConuanpHas HU30JsIMs OblJIa OIpefieieHa Ha OCHOBe
15-6aUTbHOM ITKAJTBI, U3MEPSIONIE KOHTAKThI B CEMbe, B3au-
MOJIEICTBYE B COIIMAIBHBIX CETSAX W BOBJIEYEHHOCTb COODIIe-
ctBa. OnpocHuk kavecTtsa *u3Hd QOLI ucnonb3oBancs ays
Vi3MepeHusl U3MeHeHHi B 0011ieM BOCIIPHHHUMAeMOM KaueCTBe
JKM3HHU, A TaK)ke U3MeHeHUH B 4eThlpex $aKTOpax KayecTBa
JKU3HU: TOCTHDKEHUSIX, CAMOBBIPAYKeHHH, B3AUMOOTHOIIIEHUSIX U
OKPY>KeHWH, BBISIBIIEHHBIX B O0Jlee paHHMX MCCileoBaHMsIX [11].

CoruanbHo-ieMorpadudeckue GpakTopbl BKIOYAIA BO3-
pacrt, 1oj1, o6pa3oBaHMe U HU3KUM ypoBeHb foxona. Kiu-
HUYecKre GaKTOPhl BKIIIOYAIN XPOHUYECKHe 3ab0eBaHusl,
0 KOTOPBIX COOOIIAMM caMH UCTBITyeMble (Auabet, 6oe3HH
CepAua, JIETKUX, paK, TUIEePTOHUS U UHCYJIBT), CIydau 00Ju
Y HellaBHUe rocriuranu3anud. [lokazareny GyHKIMOHAIBHOTO
COCTOSIHUSI BKJTFOYAJIM HAapYIIIeHHs 3peHus, CITyxa, HeJlepsKaHue

4 —
[ 334 3,59 34

1 2 3 4 5

PucyHok 1. Benu4uHbl hakmopoB Ka4ecmBsa Xu3HuU 00
(cpuoniemoseili) u nocne (2onyboli) nepuoda coyuasnbHol usonsyuu
y NOXWibIX NayueHmoB C HapyweHueM 3peHus (6annebl). 1 —
¢pakmop docmuwxeHull, 2 — pakmop camMoBbIpaXkeHusi, 3 — pakmop
B3auMoomHoweHul, 4 — pakmop okpyxeHusl, 5 — obwud 6ann
KadyecmBa xusHu. 1o ocu abcyucc npedcmasneHbl aHanusupyembie
2pynnbl, N0 0cu opAuHam — BeslUYUHbl hakmopoB NO ONPOCHUKY
kadecmsa xu3Hu QOLI.

Figure 1. The values of quality of life factors before (purple) and
after (blue) the period of social isolation in elderly patients with visual
impairment (points). 1 — achievement factor, 2 — self-expression
factor, 3 — relationship factor, 4 — environment factor, 5 — overall
quality of life score. The analyzed groups are represented along the
abscissa axis, and the ordinate axis is the magnitude of the factors
according to the QOLI quality of life questionnaire.
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MOYH, KOTHUTHBHBIE HapyIlleH!s], TPYAHOCTH C BBIIIOIHEHUeM
IIIeCTH TIOBCeTHEBHBIX NEHCTBUM (KyTlaHUe, OfleBaHUe, Tepe-
MellleHue, TyajleT, IpreM MUY, X0Ap0a 110 KOMHaTe), TPYA-
HOCTH C BBIIIOJTHEHUEM ISITH WHCTPyMeHTalbHbIX JIeHCTBUI
IIOBCeJJHeBHOM KM3HU (HCIIO/Ib30BaHUe TellepOHA, yIpaB-
JleHre GUHAHCAMU, TIPHeM JIeKapCTB, IIOKYyTKa IPOOYKTOB U
[IPUTOTOBJIEHHUe TopsSYUX OJII0), a TaKXXe TPYIHOCTH C TIPO-
XOXKIeHHeM OJIHOTO KBapTasa.

[TonyyeHHbIE pe3ynbTaThl IPeJICTaBISUIUCE B BU/Ie Cpefi-
HeaprudMeTHUUeCKUX BeIMIUH U SKCTEHCUBHBIX TIOKa3aTesieil.
JlorrcTrdeckas perpeccus UCIOJIb30BaJIach IS OIIpeiesleHust
CKOpPPeKTHPOBaHHOM paclpoCTpaHeHHOCTH IIoKa3arerieil 1o
IIpeCTaBISIONIM UHTepec MOArpymaMm. [j1st orieHKu 10CTo-
BEpPHOCTH pa3/IM4MH UCII0JIb30BaJICsl KPUTEpUH 2, a pa3nudue
TIPUHUMAJIOCH CyITiecTBeHHBIM pu p<0,05.

HccnenoBanue IIpoBOAKIOCH B COOTBETCTBUM C X eJTbCUHK-
CKOM [leksiapanueii. Bce ncnbITyemble fany MMCbMeHHOe WH-
¢opMupOBaHHOe coTviacHe Ha yyacTre B UCCIIeJOBaHUH.

m PE3VJIBTATDBI

Pe3ymbTaThl TOrMCTUYECKUX pETPeCCUOHHBIX Mofieielt co
CITy4aiiHBIMH [lepecedyeHHsIMU, CPAaBHUBAIOIIMX IT0Ka3aTelTy Ka-
YeCTBa KU3HU TIOKWIBIX ITAI[eHTOB C HapyIlleHreM 3peHHUst 10
(3,30) u mocre cormanbHOM n3omsmu (1,78), 6bUTH 3HAYUMBIMEU
(p<0,001), ykasbIBasi Ha CHYDKeHHe BOCIIPUHIMaeMOro Ka4eCTBa
’KH3HH 110 CPAaBHEHUIO C TECTUPOBAHKEM JI0 M TIOCTIe U30JISITHH.
Cepust U3 YeThbIpex JIOTIOIHUTETLHBIX JIMHEMHbIX CMelllaHHBIX
MoJieJiel TIONITBepMIIA, YTO BhI3BaHHbIE U30JISIHEeH U3MEeHeH s
B CaMOOITeHKe KaueCTBa ’KU3HU, PACCUUTAHHbIE OTIENIbHO JIs
T0Ka3aTesied JOCTW)KeHUM, CaMOBBIPaXkKeHUsI, B3aUMOOTHOIIIe-
HUHN U OKPY)XeHHs, ObIJIM CTaTUCTUYeCKU 3HAYMMBIMU JlaXe
IIoCJIe yueTa BO3pacTa, Hojla U COIMaIbHO-3KOHOMHYeCKOTo
craryca (pucynok 1). Bo Bpems coruanbHoi nzomsunu y 87%
TIAIMeHTOB MOXUIIOT0 BO3pacTa C HapyllleHreM 3peHus HabJtio-
JIaJIoCh CHIDKeHMe KauecTBa xusHHu (-2,39), Torma xkak y 13%
TMalMeHTOB HabJTIOIAIOCh MOBRIIIeHHe KadecTra sku3Hu (0,58).

Brinm orpeniesieHbl CoMUabHO-IeMorpadruvecKkye U K-
HUYeckue GpaKTOphl PUCKa, TOCTOBEPHO CBSA3aHHBIE C COUATb-
HOW HM30JIsI1IMell y IOKWIIBIX TTAI[eHTOB C HapyIlleHreM 3peHHUs
(Tadmuna 1). C nzonsiueil ObUTH CBSI3aHBI HU3KUI YPOBEHb
noxonoB (38%, p<0,001), oTcyTcTBUe BhICIIIEr0 0Opa30BaHUs

T oaoppuea | waveweh | p |

Huakwmii fla 773 0,001
V3K1I1 YPOBEHb AOXOL0B <0,
YPOBEHS AGXOA Her 22,7
OTcyTCTBME BhICLLETO Ra 60,9 =0,002
obpazoBaHus Het 39,1 ’
TpyaHocTy Ha %68 =0,004
C NPUTOTOBMIEHWNEM MULLN Her 432 ’
TpYAHOCTM C NPOXOXAEHNEM ha 59,8 -0.03
O[IHOTO KBapTana Het 40,2 ’
n Oa 62,1 0.02
apyLueHue cnyxa =0,
= b Het 37,9
Ja 58,3
HapyLeHune 3penus =0,01
Het 41,7
JIE] 63,2
3abonesaHue nerkvx =0,04
Het 36,8

Tabnuuya 1. PacnpocmpaHeHHOCMb coyuaibHOU usonsyuu y
NOXWbIX NAUUEHMOB C HapyweHUeM 3peHust

Table 1. Prevalence of social isolation in elderly patients with visual
impairment
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(29%, p=0,002), 3aboneBanue erkux (25%, p=0,04), pyHkimo-
HaJIbHBIE WJIM CEHCOPHbIe HAapYIIeH!sl, BKITIOYAOIIHe TPYIHO-
cTH C ipurorosieHueM mun (28%, p=0,004), TpyaHocTH c
IIPOXOXK/IeH!eM OfHOro KBapTana (26%, p=0,03), HapyIeHue
ciryxa (23%, p=0,02) u napyrenue 3penust (24%, p=0,01).

Heckonbko $akTOpOB He ObUIM CBS3aHBI C U30JISIHEH,
Buttouas non (p=0,39), Texyuryto 6omnb (p=0,75), TpynHOCTU
¢ oBceiHeBHbIMHU JieficTBUsAMU (p=0,09), HefepkaHue MOUH
(p=0,82), caxapusiit nuabet (p=0,87) 1 KOTHUTHBHBIE HApY-
menwus (p=0,06).

m OBCYXKJIEHUE

B MHOTOUYHCIIeHHBIX JIOHTUTIOAHBIX UCCIIEIOBAHUSIX OBLIO
obOHapy>keHO, YTO COIMabHas U30JISIUS YBeJIMYNBaeT PHUCK
Pa3BUTHS UIlleMIYecko 00JIe3HH cep/ilia ¥ MHCYJIbTa He3aBH-
CUMO OT TPaJUIIMOHHBIX (HaKTOPOB PUCKA CEpHeIHO-COCYIU-
cThix 3aboneBanwmii [10, 12, 13]. MeTaaHamu3 rmokasaii, 9To 3TU
PUCKU yBeJIM4ueHb! T0ouTH Ha TpeTh [12]. Huzkas coruanbHas
CB$I3b TaK>Ke ObIJIa CBsI3aHa C 60siee BBICOKKM HCIIOIb30BaHHEM
MEeJUIIMHCKUX YCITyT ¥ XyALIMMHE IIPOTHO3aMU IS TTAIJeHTOB C
cepredHbIMU 3ab0meBaHusIMU. Hy3kast conpaibHas Tofiepykka
ObUTa CBsI3aHa C MOBBIIIIEHUEM YacTOThI IOBTOPHOM rOCIUTAIIM-
3aI[MK ¥ CMEPTHOCTH Iocjie uHdapkTa Muokapaa [14].

CoryiacHO MCCIIeIOBaHMUSIM, TIPOBOAUBIIMMCS Gostee 40 Jier,
colyanbHas U30JISIMs OblIa CBs3aHA CO 3HAYUTEJIbHO IIOBBI-
IIIeHHBIM PUCKOM IIpeX/ieBpeMeHHON CMepTHOCTH OT BCeX
npuyuH. M36bITOYHAs CMEepPTHOCTh, 0Oy CIIOBIeHHAs! PUCKOM
COTIMAJILHOM U30JISIIINY, COTIEPHUYAET C BO3IeMCTBrEeM U3H-
YecKUX paKTOpOB PUCKA, TAKUX KaK OXXUpeHHe U KypeHue [15].
J. Holt-Lunstad u coasrt. (2010) [16] mpoBeyii KOMITJIEKCHBIN
MeTaaHaau3 148 IMpOCIeKTUBHBIX UCCIIe0OBaHUA, B KOTOPBIX
M3MepsUIMCh KaK COIMAaJIbHAs U30JSNUs, Tak ¥ KOMOUHUPO-
BaHHBIM, MHOTOT'PAaHHBIN [10Ka3aTejlb COIUAJIbHOM CBSI3H.
KomriekcHble moka3aTesld CTPYKTYPHBIX KOMIIOHEHTOB CO-
[IUAJIbHBIX CBA3€M, KOTOpPble BKJIIOYajld CeMelHOoe I0JI0Xe-
HUe, pa3Mep CeTH U ydacTue B COIMAJIbHOM CeTH, OKa3alu
HauboJsiee CUIbHOE BIMSIHKE 10 CPaBHEHUIO C OTHOMEPHBIMU
IToKa3aressiMU. 3a CpeiHUH neprof HabmofeHus B 7,5 Tofa y
Y9aCTHUKOB 0e3 IMPOYHBIX COLIMAIbHBIX CBSI3ei BePOSITHOCTD
cMepTHOCTH 6b1Ta Ha 50% BbIIIIE [16].

JTU pe3ysbTaThl COITIACYIOTCS C bojlee paHHUMU HayIHBIMU
paboTam¥, NMOKa3bIBAIOIIMMU, YTO XPOHUYecKas COIMabHast
M30JISIMS OKa3bIBaeT HeraTWBHOe BO3[eHCTBUe Ha 3[[0POBbe
[5], a momy4eHHBIe B X0fle UCCIIeAOBaHUSI Pe3yJIbTaThl JOTIO-
HSIIOT 3TU BBIBOAIBI, IEMOHCTPHUPYSI, YTO AaXKe OTHOCUTEIIbHO
KOPOTKUe Ieprofibl COLMAIBHON U30JISI[UU MOT'YT UMeThb 3Ha-
YUTeNIbHbIe TIOCIeICTBYS IS IIOXWIBIX Jitofieit. HemasHue me-
pekpecTHbIe uccienoBanus manaemun COVID-19 no Bcemy
MUPY II0Ka3ajM, YTO 3TO HeraTUBHO IIOBJIMSJIO HA Ka4ecTBO
’KU3HU U TICUXAYeCcKoe 370poBbe [17], omHako mpoBefeHHOe
HCCIIefIOBaHNe YHUKAJIbHO TeM, YTO OJHAa U Ta e IpyIlna
Y4aCcTHUKOB OblIa IPOTeCTUPOBAHA JI0, a 3aTeM Cpasy Hocje
MecsIla COIMAIbHOM U30JIAIMU. JTO 1103B0OJIsSeT Oojiee 060-
CHOBaHHO yTBEPKIATh O B3aMOCBSI3H MeX1y 00si3aTeIbHOM
COLIMAIbHOM U30IIAIMel U U3MeHeHUsIMUA B BOCIIPUHIMaeMOM
KaueCTBe >KU3HU. B 1ieioM nosyyeHHbIe JaHHbIE YKa3bIBAIOT
Ha TO, YTO 3TOT OCTPBII IepHoJi CONUATIBHOMN U30JISIIUN ObLT
CB$13aH CO 3HAYUTEeIbHBIM CHI)KeHHeM BOCIIPUHHUMaeMOTo Ka-
YeCTBa JKU3HU Y OOJIBIITMHCTBRA MOXKWIIBIX JIIOfIeH, BKITFOYeHHBIX
B BBIOOPKY.
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mm BHIBO/IbI

[TonyyeHHbIe pe3ysbTaThl TOKA3bIBAIOT, YTO IEPUOJT COIU-
aJIbHOU M30JIAIMY [IPUBEJT K BeChMa 3HAYUTEIILHOMY CHHKe-
HHUIO 00IIero KauecTBa KU3HU B BHIOODKE MOXKWIBIX JIIOJeH
C HapyuieHHeM 3peHHUst. ITOT 3pPeKT ObLI TOBCEeMeCTHBIM
B TOM CMBICJIe, YTO Bce CyO¢daKTOphI IIKAJIbl Ka9ecTBa JKU3-
HH, TI0-BUJMMOMY, OBbIIM 3aTPOHYTHI B OJUHAKOBOM CTEIIeHH:

[epoHTONOMMSA 1 repuatpus

MAIMeHThI COOOIINITH O 3HAYUTEJIbHO D0JIee HU3KOM KauecTBe
JKU3HHU B 0071aCTAX, CBA3AHHBIX C JOCTH)KEHUSIMU, CAMOBBI-
pa’keHueM, OTHOIIEHUSIMH U MX OKpYXkeHHeM. Bemymumu
¢akTOpamMu prcKa COMAILHOM U30JISIIIUYU Y TIOKHJIBIX TTAlU-
€HTOB C HapyIIIeHHeM 3peHHsI OKa3aJIMCh HU3KUI YPOBEHb J10-
xo1oB (77,3%, p<0,001) 1 oTcyTCTBHe BHICIIETO 0Opa30BaHUs
(60,9%, p=0,002). »=
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Abstract

Aim - to study the clinical and immunological indicators of COVID-19
convalescents 1 and 3 months after the disease in dynamics with the
determination of predictors of the development of changes in the lungs.
Material and methods. The object of the study was 35 patients aged 22 to 75
years in the dynamics of COVID-19 disease, divided into two groups according
to the identified clinical and immunological disorders. Markers of cellular (CD-
3, CD-4, CD-8, CD-19) and humoral immunity, cytokines (IL-6,8, TGF-B,
TNF-a), CEC were determined in all examined patients. Statistical processing
of the obtained results was carried out using the Statistica 10.0 software suite.
Results. It was found that all the subjects retained clinical and immunological
changes during the entire follow-up period, which indicates an ongoing
disease. At the same time, significant differences in the severity of changes
in individuals were revealed, taking into account age and the presence of
chronic somatic pathology, expressed primarily in violation of the parameters
of the T-system of immunity. In patients with the development of post-Covid

changes in the lungs, characteristic immunological features were revealed,
taking into account age.

Conclusions. A violation of the identified indicators of the immune system
may indicate the persistence of the virus, which means a prolongation of a
specific inflammatory response with the risk of extensive tissue damage. The
tendency towards the formation of humoral immunity persists in both groups
within three months after recovery. Humoral immunity was formed by the
end of 1 month after the disease in both groups and continued to persist
throughout the entire follow-up period. In the risk group for the development
of pneumofibrosis in the outcome of a new coronavirus infection, the
combination of IL-8 and TGF-p is the most optimal, despite their significant
decrease in dynamics compared with the acute period.

Keywords: cellular immunity, humoral immunity, convalescents of
COVID-19, catamnesis.
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KnuHuko-nmMmyHonorunyeckana xapakrepucrtuka COVID-19
y NauMeHToOB B AMHaMUKe 3aboneBaHus

S.A. CachpoHoBa, M.A. YapkuHa, A.C. NaHbkoB
OpeHb6yprckuii rocyaapcTBeHHbIM MeanumHekuin yHusepeuteT (OpeHnbypr, Poccuiickas ®epnepaums)

AHHOTauus

Iesb — M3y4KUTh KITHHUKO-MIMMYHOJIOTHYeCKYe [T0Ka3aTeNll peKOHBaJIeCIieH-
ToB COVID-19 4epe3 ofuH U Tpu MecsiIa Mociie epeHeceHHoro 3a60J1eBaHus
C OlIpefieJIeHHeM TIPeUKTOPOB Pa3BUTHsI U3MEeHeHH B JIETKUX.

Marepuai u MeTonbl. OGbeKTOM UCCIIeJOBaHUS ObIIM 35 MAllMeHTOB B BO3-
pacre ot 22 jio 75 net B fuHamuKe 3abosesanuss COVID-19, pasnenenHsle
Ha JiBe TPYIIB B COOTBETCTBHH C BBISBIEHHBIMY KIIMHUKO-UMMYHOJIOTHYe-
CKMMH HapylLIeHUsMH. Y BCeX 00C/IeI0BaHHBIX ObIIM ONpe[iesieHbl MapKephbl
kieroudoro (CD-3, CD-4, CD-8, CD-19) u ryMopanbHOr0 UMMYHHTETOB,
mutokunsl (IL-6,8, TGF-B, TNF-a), [IMK. CraTrctuyeckas obpaboTka 1o-
JIy9eHHBIX pe3yJbTaToB OblIa IIPOBeJieHa C UCIIOIb30BaHUEM KOMITbIOTePHOM
nporpammel Statistica 10.0.

Pesynbrarsl. Bbuto ycTaHOBIIEHO, YTO y BCeX 06CIelyeMbIX COXPAHSIOTCS
KIIMHHKO-UMMYHOJIOTHYeCKUe U3MeHeHHs B TedeHHe BCero Ilepruozia Haburoze-
HMSI, 9TO CBUJIETENIbCTBYET O IPofoiDKatoieMcs 3abosnesanuu. [1py 3ToM BeI-
SIBJIEHBI CyIIIeCTBeHHBIE OTIIYHMS BHIDOKEHHOCTH U3MEHeHUH Y JIUII C yIeTOM
BO3pACTa ¥ HaJIMYMS XPOHNIECKOM COMaTUIEeCKOM ITaTOJIOTHH, BHIPAXKAIOIII-
ecst B TIePBYIO OYepe/ib B HapyILIeHHX [1apaMeTpoB T-CHCTeMbl IMMYHHTETA.
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Y marnueHToB ¢ pa3BUTHEM MOCTKOBUIHBIX U3MEHEHHUH B JIETKUX BBISBIIEHBI
XapaKTepHble IMMYHOJIOTHYeCcKre 0COOEHHOCTH C y4eToM BO3pacTa.
BriBoasl. HapyieHye BBISIBIIEHHBIX IIOKa3aTeslell IMMYHHOW CHCTEMBI MO-
5KEeT CBUZIETeJIbCTBOBATh O MePCHUCTEHIIMY BUPYCa, a 3HAYMT, O MTPOJIOHTalluK
crerdruuecKoro BOCIalIMTeIbHOIO OTBeTa C PUCKOM OBIIMPHOTO IIOBpeXK/ie-
HUS TKaHU. B TeueHMe Tpex MecsLeB IIOCIIe BBI3ZIOPOBIIEHNUS B 06EUX IPyIl-
1aX COXPaHsUIaCh TEHJEHIMs K pOPMHUPOBAHUIO I'yMOPAJIbHOIO UMMYHHUTETA.
I'ymopanbHbIi MIMMYHHUTET CHOPMUPOBAJICS K KOHILy IIepBOro Mecsiiia 1oce
repeHeceHHOro 3a001eBaHks B 00eUX TPYIIaxX U COXPaHWICS B TEYeHHe BCero
nepuofia HabironeHus. B rpymrie prcka pa3Butus mHeBMopHrOpo3a B UCXozie
HOBOW KOPOHABUPYCHOM MHeKIIMK HarboJlee ONITUMAJIbHBIM SIBIISIETCS Coue-
tanve IL-8 u TGF-f, HecMOTps Ha TOCTOBEPHOE YMeHbIIIeHHe UX B IHHAMHUKe
10 CPABHEHHUIO C OCTPBIM [1EPHOJIOM.

KiroueBble c10Ba: KJIeTOYHBIM HIMMYHHUTET, 'YMOPAIbHBINA UMMYHHUTET, pe-
kouBastecteHTsl COVID-19, karamues.

KoHQnuKT HHTepecoB: He 3asiBJIeH.

www.innoscience.ru
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m INTRODUCTION
D espite the fact that in May 2023, WHO declared the end
of the COVID-19 pandemic, data on the persistence
of symptoms in convalescents that significantly reduce the
quality of life, continue to emerge. The main complaints
are fatigue, shortness of breath, muscle weakness, impaired
concentration, impaired sense of smell, and lack of sleep [1].
The high prevalence of respiratory failure in the outcome of
the new coronavirus infection, the need for artificial ventilation
in patients with severe disease contribute to the development
of remote pulmonary complications, primarily pulmonary
fibrosis [2]. The pathogenesis of COVID-19 is based on
pathoimmunological mechanisms with a damaging effect on
organs and tissues.

The diversity of clinical manifestations of the course of
infection in the follow-up determines the interest in studying
clinical and immunological changes in dynamics in COVID-19
convalescents of different age. The pathogenesis of multiple
organ damage in COVID-19 is diverse and is associated, firstly,
with the direct cytopathic effect of the virus on tropic cells,
secondly, with the damaging effect of cytokines, and thirdly,
with a violation of the hemostasis system due to damage to the
endothelium with the development of thrombosis.

The issue of the development of remote changes in a
past infection, as well as proinflammatory mechanisms of
prolongation of changes in the lungs, has interested scientists
for quite some time. The aspects of formation of pulmonary
fibrosis as a result of viral infections have been studied most
thoroughly using MERS-CoV, SARS-CoV influenza as an
example [3, 4, 2, 5-7]. Thus, in the influenza caused by the
HINT1 virus, the development of fibrosis is of a multi-factor
nature: aggressive fibroblastic activity that occurs in response
to massive damage to lung tissue and hypoxia, high level of
TNF-a correlating with the duration of hypoxia, and the role
of TGF-p, independent from other factors, in the stimulation of
fibroblast proliferation and subsequent growth of connecting
tissue [3, 8, 9].

Based on the data from a retrospective analysis of foreign
colleagues, Russian scientists identified the pathogenetic
mechanisms of the lung fibrosis induced by SARS-CoV-2
[1-3]. Important roles were identified in the tumor necrosis
factor a, transforming factor B, interleukin-6, which is
confirmed by the increase of the said factors in the COVID-19
patients’ serum. The literature describes cases of detection of
fibrogenesis biomarkers in bronchoalveolar lavage (BAL)
24 hours after the development of ARDS [1, 2]. Data on
the assessment of biomarkers in blood serum in comparison
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with radiological data in dynamics in convalescents are not
provided.

The importance and clinical significance of immunological
aspects of development of lifelong complications of the disease
in the form of fibrosis have been studied for years [2, 3].
Understanding the mechanisms involved in the development
of long-term sequelae of SARS-CoV-2 infection necessitates
monitoring patients beyond the acute stage of SARS-CoV-2
infection.

m AIM

To study the clinical and immunological parameters
of COVID-19 convalescents one month and three months
after the disease with the identification of predictors of the
development of changes in the lungs.

m MATERIAL AND METHODS

The study was performed in the scientific research center
of the Orenburg State Medical University (OSMU). Inclusion
criteria: positive PCR result from the nasopharynx for the
presence of SARS-CoV-2, bilateral viral pneumonia according
to the results of computed tomography of the chest organs. All
patients signed informed voluntary consent for the processing
of personal data and medical intervention upon hospitalization.

Thirty-five (35) convalescents aged 22 to 75 years were
examined in the dynamics of the COVID-19 disease (one and
three months after recovery). During the examination, patients
were divided into two groups in accordance with the identified
clinical and immunological disorders. The first group included
young and adult individuals (n=20); the second, elderly and
senior individuals (n=15). As the control, the standard values
of immunological indicators developed in the OSMU problem
laboratory for studying the mechanisms of natural immunity
were used.

In all of the examined individuals, markers of cellular
immunity were identified (CD-3, CD-4, CD-8, CD-19) by
immunofluorescence using monoclonal antibodies from
“Sorbent” (Moscow); phagocytic index and phagocytic index
in relation to St. aureus, metabolic activity of segmented
neutrophils in spontaneous and induced reaction with
nitroblue tetrazolium dye (NBT test); levels of A, M, G
immunoglobulins in the immunodiffusion reaction, as well
as content of circulating immune complexes (CIC) in a
precipitation reaction with polyethyleneglycol, cytokines IL-6,
IL-8, TGF-B, TNF-a by enzyme immunoassay (EIA) using test
systems from “Vector Best”. To identify a possible relationship
between qualitative characteristics, the Pearson coefficient
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Hayka n uHHosauuun B meaununHe T.9(4)/2024

Young and q
Total Senior and old
Characteristic ad:ltzat\'ge age (n=15)
52,4+17,6 53,7+13,5 76,2+13,8
s Male 23 (65,7%) 13 (65%) 10 (66,7%)
ex
Female 12 (34,3%) 7 (35%) 5 (33%)
CcVvD 5 (14%) 4 (20%) 1(6,7%)
Respiratory system 3(8,5%) 1 (2%) 2(13,3%)
Diabetes mellitus 4 (11,4%) 2 (10%) 2 (13,3%)
Obesity 4 (11,4%) 2 (10%) 2 (13,3%)
Multiple sclerosis 2 (5,7%) 2 (10%) 0
Mixed nosology 10 (28,5%) 2 (10%) 8 (53%)
Severe degree of COVID-19 12 (34,3%) 5 (25%) 7 (46,7%)
Disease duration before
hospitalization, M+SD Ghisetl s k2 Bio=2ib
purationioiiospitalizationis W=t o7tV W oV iAo 23,71+11,2

MzSD

Table 1. General characteristics of the studied groups of patients
Tabnuya 1. O6was xapakmepucmuka uccnedyeMbix 2pynn

nayueHmos

Immune status
values in
convalescents

Leukocytes, 10%n

%

Lymphocytes
109n
%
CD-3
10%/n
%
CD-4
10%n
%
CD-8
10%n
%
CD-19
10%n
PC, %

P, conv. Units
Spontaneous NBT, %
Stimulated NBT, %
CIC,U

IgA, g/l

IgM, g/l

18G, g/l

1gM specific
to SARS-CoV-2

18G specific
to SARS-CoV-2

After one month After three months
Me [Q,5; Q;5] Me [Q,5; Q;5]

Group 1
(n=25)

4,1

25,6
[24,25; 27,25]

1,09
[1,25; 1,371}

52
[46,25; 57,25] |

0,46
[0,62;0,72] |

36
[35; 37,5]

0,37
[0,19; 0,49]

25
[18; 30]

0,297
[0,18;0,67]

14
[10; 17]

0,129
[0,13; 0,19]
49,5
[33,5; 66,75]

5,65
[4,525; 6,4]

3,62
[3; 4,35] |

27,8
[15; 46,28] |

144
[154;169,5]
2,4
[2,13; 3,125]

0,8
[0,6; 1,05] |

10,2
[6,8; 13,34]

0,95
[1;1,3]

18,9
[15,6; 20]

Group 2
(n=19)
7.9
10,4
[9,1; 14,3]
0,81
[0,61; 1,45]

44
[39; 54]

Group 1
(n=25)

7.1
35,4
[27; 41]
24
[1,96; 3,034]

56
[50; 60]
1,344

0,511
[0,166; 0,751] [0,98; 1,608]

30
[26; 41] |

48
[42; 53]

Group 2
(n=19)

5,6

24,1
[19,8; 29,7]

1,97
[1,86; 2,091]

47
[46;51] |

0,943
[0,82; 0,95]

33,6
[30;41] |

0,219

0,23 1,152
[0,16; 0,41] | [0,769; 1,305] [0,12; 0,68] |

32[25; 34]

30
[23;31]

21,6
[20,2; 26,3]
0,386

0,29 0,72
[0,19; 0,47] [0,52;0,758]1 [0,23;0,51]

15
[12; 21]

0,15
[0,11; 0,21]
33
[28,7; 42,9]
3.8
[3,5; 3,9]
1,2
[0,7; 2,3]

442
[37,8; 45,4]

178
[67; 393]

2,53
[2,15; 3,03]

1,31
[1,13; 1,31]

10,56
[8,94; 10,68]

4,71
[3,15; 10,73]

16,9
[14,92; 18,67] [11,92; 20,17]

16
[12; 23]

0,379
[0,359; 0,48]

39
[33; 50]
3,9
[3,7; 4,2]

1,0
[0,7; 1,3]

35,7
[34,7; 43,7]

113
[96; 227]

2,84
[2,23; 4,46]

1,31
[1,31; 1,76]

11,52
[6,91; 13,81]
3,86
[1,77; 4,42]
15,90

214
[20;24] 1

0,414
[0,37; 0,49]
38,2
[35; 41]
4,34
[3.9; 4,4]
2,72
[1; 4,31

35,14
[25,7; 47,3]

233,2
[175;193] 1

3,51
[2,57:4,22]

0,84
[0,6;1,2] |
10
[6,79; 13,81]

1,64
[1,2;1,97]

16,65
[15; 17]

Note: values in bold are credibly (p<0.05) different from normative values.
Table 2. Indicators of immune status in COVID-19 convalescents in

the catamnesis

Tabnuua 2. [Mokazamenu UMMyHHO20 cmamyca y

pekoHBanecuyeHmoB COVID-19 B kamamHese

274

7% CVD
15% 13% Respiratory system
(o)
31% DM
15% .
54% Obesity
8% Multiple sclerosis
gt
13% Mixed nosology
0%
Inner circle: Group 1 (n=20)
Outer circle: Group 2 (n=15

Figure 1. Characteristics of the sample, taking into account the
comorbid background.

PucyHok 1. Xapakmepucmuka BbI6OPKU C y4emoM KOMOpP6UOH020
¢oHa.

was determined; between quantitative and qualitative
characteristics, the methods of group and one-factor variance
analysis with the determination of the F-test, the Kruskal-
Wallis test was used. Methods of multivariate statistics were
used, namely descriptive statistics. Statistical processing of the
obtained results was carried out using Statistica 10.0 software
suite.

m RESULTS

The results obtained are shown in Tables 1-3. The average
age of the patients in the first group was 53.7+13.5 years;
the patients were predominantly male, 60% (15 patients). In
the second group, the average age was 76.2+13.8 years; the
patients were also predominantly male, 63.2% (12 patients).
The predominance of males in the study group is associated
with gender-specific features of the epidemiology of acute
viral infections [10-12].

The analysis of the comorbid background revealed that
young and adult patients had cardiovascular diseases (CVDs)
most frequently (Fig. 1). Senior and old individuals had
conditions of mixed nosology (diabetes mellitus, obesity,
CVDs, diseases of the respiratory system). The most
statistically significant (p<0.05) were the cardiovascular
diseases in both age groups, as well as diabetes mellitus in
senior and old age.

Among the patients with severe forms of the disease, senior
and old patients were 58% (7 patients) from the total number of
examined individuals (Fig. 2). The comorbid background, and
the duration of the disease before hospitalization had statistical
significance on the progression of the disease severity, which
conforms with the data from the literature [10, 11, 13].

" Aterimonn | Atersmonns
KN BT TN K

IL-6 53,16 iShS 33,72 He > 10 nr/mn

IL-8 7,3 8,34 13,4 11,49 He > 10 nr/mn
TNF-a 51 4,36 3,7 6,1 He > 6 nr/mn
TGF-p 6,43 18,72 22,3 11,88 He >38 Hr/mMn

Table 3. Assessment of cytokines in the blood of COVID-19
convalescents in dynamics

Tabnuuya 3. OueHka UUmMOoKUHOB B KPOBU Yy peKoHBaslecyeHmoB
COVID-19 B duHamuke

www.innoscience.ru



Science & Innovations in Medicine Vol.9(4)/2024

MHdbeKUMoHHbIe 6onesHn

120%
100%

42%

80%
58%

Group 2 (n=15)

® Moderate degree

60%

40%

20%

0%
Group 1 (n=20)

Severe degree

Figure 2. Characteristics of the sample, taking into account the
degrees of severity.

PucyHok 2. Xapakmepucmuka BbI60OpKU C y4emoM cmeneHel
msxecmu.

The values in bold have a credible difference from normative
values (p<0.05). These include values of T-cellular immunity
CD-3, CD-4, cytotoxic lymphocytes CD-8, phagocytic value,
phagocytic index, IgA, amount of CIC, nitro-blue tetrazolium
reduction test.

In both groups, absolute and relative lymphopenia was
identified (CD-3, CD-4) one month after recovery. In the
patients of the second group, the changes in CD-3 and CD-4
persisted for three subsequent months.

The evaluation of the CD-8 level revealed minor differences
in both groups one month after the recovery. Three months
after the recovery, there was a tendency towards decreasing of
the CD-8 level as compared to the control values in the older
patient group.

In patients of both groups, the IgA level had boundary
values one month after the recovery, while the distribution of
IgM and IgG was normal. In older patients, an increase of the
IgA was identified three months after the recovery with normal
values of IgM and IgG. The amount of specific IgM and IgG
against SARS-CoV-2 in both groups was sufficient throughout
the entire follow-up period.

The level of CIC was elevated in both groups one month
after the recovery and in the follow-up.

Minor differences were seen in the assessment of phagocyte
values in both groups; they were observed to decrease with
the phagocyte index remaining stable, and the results of the
spontaneous NBT test were lower one month after the discharge.
In the second group of patients, the changes persisted.

6,1
Inner circle: cytokine
3,7 3,3 W

levels in Group 1, pg/ml

Outer circle: circle:
cytokine levels in Group 2,
pg/ml

11,49

33,72
13,4

IL-6 IL-8 TNF-a

Figure 4. Cytokine changes after 3 months in convalescents.

PucyHok 4. V1ameHeHue UUumOoKUHOB Yepe3 3 Mecsiua y
peKoHBalecyeHmos.

The analysis of the cytokines revealed various changes
(Fig. 3, 4). In the first group, the changes only appeared three
months after the recovery (increase of the IL-8). In the patients
of the second group, the increase of the IL-6 was seen one
month past the infection despite the implementation of targeted
therapy. In three months, an increase of the IL-8 and TGF-p
was observed (Fig. 5).

m DISCUSSION

Our study established that clinical and immunological
changes persist throughout the entire duration of the disease
in all examined individuals; this indicates that the disease
was in progress. The revealed significant differences in the
degree of changes in clinical and immunological parameters
in individuals, taking into account age and the presence of
chronic somatic pathology, are expressed primarily in the
violation of the parameters of the T-system of immunity. These
circumstances are novel and require discussion [14, 15]. An
important problem is the assessment of risks of development of
a severe course of the disease, as well as influence of various
factors and development of adverse outcomes [16, 2, 17]. The
fact that the convalescents still demonstrated symptoms of
COVID-19 for more than 21 days confirms importance of
studying the changes in the immunity after the disease [12,
16, 18, 19].

According to literature data, the leading role in the
formation of immunity is assigned to CD4+ T-cells due
to the neutralization of antibodies and the emigration of
lymphocytes into the lung tissue [20, 4]. The functional
lowering of the level of cytotoxic CD8+ lymphocytes

4,36
8,34
5,1 Inner circle: cytokine
8,6 levels in Group 1, pg/ml
Outer circle: circle:
cytokine levels in Group 2, pg/ml
7,3

53,16

IL-6 IL-8 TNF-a

Figure 3. Cytokine changes after 1 month in convalescents.

PucyHok 3. M1ameHeHue yumoKuHoB Yepe3 1 Mecsiy y
PpeKoHBasiecyeHmoB.

www.innoscience.ru

Outer circle: circle:

1188 6,43 cytokine levels in Group 1

Inner circle: circle:
cytokine levels in Group 2

23 72

1 month 3 months

Figure 5. Change in cytokine TGF-p after 1, 3 months in
convalescents, ng/ml.

PucyHok 5. VismeHeHue yumokuHa TGF-p yepes 1, 3 Mecsiya y
peKoHBanecueHmoB, Ha/Mn.
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correlates with the progression of the disease, and vice versa
[5, 7]. Disruption in several components of the immune
system may indicate the persistent nature of the virus, and,
respectively, the persistence of the specific inflammatory
response and severe tissue injury.

Our research also correlates the abnormal quantities of
CD-3 and CD-4 cells in patients with the development of
severe forms of the disease regardless of the initial moderate
progression. The time required for the normal levels of the
immunity depends on the age. Additionally, the quantitative
change in the cytotoxic CD-8 lymphocytes in the patients of
Group 2 three months after the disease creates the conditions
for exacerbation of chronic infections, risk of development
of other acute infections, but still is not sufficient for the
development of autoimmune reactions. It is necessary to study
the immune parameters in the follow-up in order to understand
of mechanisms of deferred changes in the convalescents’
organism [12, 16, 19].

As arule, humoral and cellular immunity should be formed
in patients who have had a new coronavirus infection, but
the response of antibodies and specific CD8+ T-lymphocytes
develops independently of each other and is determined by
genetic factors [21, 19]. Within three months after the disease,
the examined groups retained the capability for a specific
humoral response with respect to the normal levels of cytotoxic
lymphocytes [14, 5].

The elevated amounts of CIC in both groups in the follow-
up may be related to exacerbation of chronic diseases and
advances a high risk of development of auto-allergic reactions
[11, 20, 4].

A relevant intra-vital outcome of COVID-19 that
affects the patient's quality of life is the development of
pneumofibrosis [13, 17, 22]. The literature describes at
least two mechanisms of development of pneumofibrosis
under the new coronavirus infection. Firstly, the capability
of SARS-CoV-2 to induce the decrease of ACE-2 clearance
in the lungs resulting in a disruption of TGF-p and CTGF
regulation [3, 5, 15]. Secondly, the direct cytopathic action
of TNF-a on the capillary endothelium of alveolar wall,
the proinflammatory action being supported by IL-6, IL-8,

Hayka n uHHosauuun B meaununHe T.9(4)/2024

IL-18 [3, 10]. The damage of the basement membranes seen
in the new coronavirus infection promotes a progressive
growth of fibroblastic tissue. The prognostic significance
of these factors remains poorly understood and relevant
for understanding the risks of developing long-term
consequences of the disease.

The identified changes of the cytokines (IL-6, IL-8, TNF-aq,
TGF-p) in convalescents of COVID-19 were analyzed with
respect to development of post-COVID changes in the lungs
using the method of CT of the lungs [10, 5]. The increase
of the IL-8 and TGF-pB, when compared to the X-ray pattern
of the pneumofibrosis in the convalescents confirms the
correlation of the indicators. The absence of pneumofibrosis
on CT may indicate an existing high predisposition to the
development of pneumofibrosis with characteristic blood
changes in the presence of any trigger (viruses of influenza,
SARS-CoV-2, and other ARDs) [3, 13, 17]. In a similar study,
the characteristics of immunity of patients with co-infection
of influenza and COVID-19 in the acute stage of the disease
when assessing the cytokines, saw normal values of IL-6, IL-
8, TGF-B, TNF-a, which indicates a low risk of development
of lung fibrosis [12].

m CONCLUSIONS

1. The persistence of clinical and immunological changes
in the body of convalescents indicates the persistence of
the SARS-CoV-2 virus, and an increase in the level of CIC
indicates the prolongation of the damaging effect of the virus
on the body of the recovered individual.

2. The pronounced disruptions caused decrease in the
levels of CD-3, CD-4. Statistically significant changes were
identified in the group of senior patients due to preservation
of absolute and relative lymphopenia throughout the period
of observation.

3. In the risk group of pneumofibrosis development, the
most optimal is the combined increase in the levels of 1L-8
and TGF-p. The absence of pneumofibrosis on CT with an
immunological pattern of the blood may indicate a high
predisposition of this group of patients towards development
of pneumofibrosis. »=
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Oco6eHHOCTU LUTOKMHOBOro npoduns
y 60N1bHbIX HOBOM KOPOHAaBUPYCHOMN UHeKunen
Ha dpoHe xpoHuyeckoro renaturta C

E.N. TemHuk, [.10. KoHcTaHTUHOB, J1.J1. MonoBa

®Irb0OY BO «Camapckuin rocyaapCTBEHHbIN MEAUUMHCKUA YHUBEPCUTETY
MuHsgpasa Poccun (Camapa, Poccuitckas ®enepaums)

AHHOTauusa

Iens — OIEHUTH OT/ieNbHbIE [IOKA3aTeNId IIMTOKMHOBOTO MPOGUIIS Y HAlleHTOB
C HOBO¥ KOPOHABUPYCHO# HH(]eKIMell 1 XxpoHHYeCKuM renaruroM C B 3aBU-
cumocTy ot creneny Tsokectd COVID-19 u BbipaxkeHHOCTH $UOpO3a ITeYeHH .
Marepnai 1 MeTopbI. BbIIo IIPOBesieHO CpaBHUTEIIbHOE UCCITeloBaHue JIabo-
PaTOPHBIX ¥ HHCTPYMeHTaJIbHBIX IaHHbIX 147 nanuentos ¢ COVID-19 u XI'C,
KOTOpBIe COCTaBHJIU IIePBYIO IPYIIITY; BTOpasi IPyIIIia COCTosia u3 81 maimeHra
¢ COVID-19, a tpetbs rpymnna — u3 94 narmentoB ¢ XI'C. ITanuenTs! nepBoit
Y BTOPOU I'PyIN ObUIM pa3fiesieHbl Ha MOATPYIIbI C Y4eTOM CTelleH! TSXKeCTH
COVID-19, a Takxe 110 BEIpaXXeHHOCTH $rOpO3a NedeHu.

Pe3ynbrarhl. YcTaHOBIEHO, YTO Y 73% narueHToB ¢ coyeraneM COVID-19
u XI'C B pasrape HOBOI KOPOHABUPYCHOW MHQEKIUKU HabII01a10Ch M10BbI-

IIeHe YPOBHs psifia [IUTOKUHOB OTHOCHUTENIbHO aHAJIOTUYHBIX IOKa3aresen
y nanuentos ¢ XI'C 6e3 COVID-19. Kpome Toro, 3HaueHUst HEKOTOPBIX
IIMTOKHMHOB 3HAYMMO OT/JIMYAJIMCh OT Iokasaresnei 6onbHeIXx COVID-19 6e3
ydeTa CTelleHH TshKecTH 3aboseBaHus. Takoke OTMeYeHO, YTO y IAllMeHTOB C
coueranueM COVID-19 u XT'C npu TsKesIoM TedeHHH HOBOW KOPOHABHUPYC-
HOM MH}EKINK 3HaYeHHs] HeKOTOPBIX IIUTOKMHOB ObIIM Ha Gojiee BEICOKOM
YPOBHe, yeM y 60ibHBIX TosIbko COVID-19. Kpome Toro, B rpyriiie 60JIbHBIX C
coueranreM COVID-19 u XT'C o mepe nporpeccupoBanus ¢pubposa nedeHu
OTMe4eHO IOBbIIIeHVe 3HaYeHNH HEeKOTOPbIX IIUTOKUHOB.

KiroueBsie ciioBa: COVID-19, xponnyeckuit renatut C, IUTOKUHEL
KoHQuMKT HHTepecoB: He 3asBIIeH.
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Characteristics of the cytokine profile in patients
with a new coronavirus infection with chronic hepatitis C

Elizaveta I. Temnik, Dmitrii Yu. Konstantinov, Larisa L. Popova
Samara State Medical University (Samara, Russian Federation)

Abstract

Aim - to assess individual cytokine profile parameters in patients with new
coronavirus infection combined with chronic hepatitis C (CHC), depending
on the severity of COVID-19 and liver fibrosis.

Material and methods. A comparative study involved 147 patients, whose
laboratory and instrumental examination data was analyzed. The first group
included patients with COVID-19 and CHC; the second group consisted of
81 patients with COVID-19, and the third group included 94 patients with
CHC. The patients in the first and second groups were divided into subgroups
based on the severity of COVID-19, as well as the degree of liver fibrosis.
Results. It was established that in 73% of patients with a concurrent COVID-19
infection and CHC, the levels of several cytokines during the height of

COVID-19 disease were higher than in CHC patients without COVID-19.
The values of certain cytokines significantly differed from those of patients
with COVID-19, regardless of the severity of the disease. It was also noted
that in CHC patients with severe COVID-19 progression, the levels of certain
cytokines were higher than in patients with COVID-19 alone. In the group
of patients with concurrent COVID-19 and CHC, an increase in the values of
certain cytokines was observed as liver fibrosis progressed.
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m BBEJIEHUE
BHHCTOHLL[ee BpeMs COXpaHseTCsl aKTyaJIbHOCThb
HOBOI KopoHaBupycHo# nHdekruyu COVID-19 B

MHdbeKUMoHHbIe 6onesHn

pynnbl cpaBHEHUA
1 rpynna (n = 147) | 2 rpynna (n = 81)
Ay | 6) | (42 | (52

rpynna
(n'=94)

. My>XUnHbI, 31 27 18 13
CBSI3U C TIOBTOPHBIMM BOJIHAMM TIOBBIIICHHOM 3a0071e- = aéc. (%) (53,45)  (46,55) (58,06) (41,94) &
o
BaemocTH (Ha Hosi0pp 2023 roga 10163,9 cimyyasi HA T Kewuhbl, 48 41 29 21 45 b
0,
100 ToIc. B Mupe)!. Kpome Toro, HeCMOTpsl Ha COBpe- atc. (%) (53,93) _(46,07) (38,00) (42.00) 0,088
57,0 61,0 56,55 Pi2

MeHHbIe CIIOCOOEI JIedeHNs, PeTUCTPUPYIOTCS TSOKeJIble  Boapacr (roasl) (45.0; 63,0) (50,0 66,0) (380°620) Pis 8 8;2
¢$bopmbI Hos1e3HU, 0COOEHHO B OIIpe/ieIeHHbIX MPYIIIax Pas

1-51. OmHoiA 6 UMT 25,97 27,06 20,54 0.029
IIaITMeHTOB [ — ] JTHOU M3 TaKMX OCOOBIX I'PYIIII SB- (24,13-28,39) (24,21-32,98) (17,87-25,37) s
JstoTCst 6onbHbIe xpoHMYeckuM rernatutoM C (XI'C). k1, % 43 (29,25%) - 32 (34,04%)
[[Tvpoxkas 1 moBcemMecTHas pacripocTpaHeHHOCTb XI'C  F2, % 58 (39,46%) - 34.(36,17%) 0,731
(71 M= B MUpe), TSKeCTb UCXOMOB (IMppo3 edeHn 1 F3, % 46 (31,29%) - 28 (29,79%)

_ NUP PHK HCV, 4530000 5100000

relaTole/UTIOJSIpHAst KapIMHOMA) U BBICOKAs JIeTallb e (38000. 6720000) = (37500; 7100000)  0:985

HoCTb (6osee 400 ThIC. B TOJT) MOATBEPXKIAIOT AKTYaIb-
HOCTb M3y4eHWs 3TOM TPYIIIbI MAl[eHTOB?,

H3BecTHO, uTO TskecTh TeueHus COVID-19
00yciioBleHa BOBHUKHOBEHUEM IUCPEryJslUKA B
CUCTeMe IIUTOKWUHOB, Pa3BUTHEM TaK Ha3bIBAeMOI'O
«IIMTOKWUHOBOTO IrTopMax®. JItonu, "HOUITMPOBAaHHbIE
BUpycoM remnarura C, — 3To ocobble TaleHTHl, UMelolre
nucbanaHC UMMYHOPEeaKTUBHOCTH, IIPH 3TOM HapyllleHue
IIUTOKMHOBOTO CIIEKTPa aCCOIIMMPOBAHO CO CTeleHbI0 BOC-
naJieHus U porpeccupoBanreM ¢ubpo3sa rnedenu [6, 7]. U3-
YUEHHIO COJIepKaHHsl IIUTOKMHOB Y TTallUeHTOB IPHU COYeTa-
Huu COVID-19 u XI'C mocBsineHbl equHUYHBIe paboThl, U
BBIBOZIBI X HEOMHO3HA4HbI [8—11].

m [1IEJIb

HzyuyeHune napaMeTpoB UTOKMHOBOTO MPOGUIIS y Halu-
eHTOB C HOBOI KOPOHABUPYCHOM MH}eK1rel B CoueTaHUH C
XpoHHUYecKkuM rernatutoM C B 3aBUCMOCTH OT CTeIIeHH TshKe-
ctu COVID-19 u cTenenu BeipaskeHHOCTH prbpo3a MmedeHu.

m MATEPHUAJI U METO/IbI

ITpoBeneHo cpaBHUTENIbHOE UCCIIeOBaHKe JTabOPaTOPHBIX
Y MHCTPYMeHTa/IbHbIX AAHHBIX MTAIMeHTOB TpeX Ipymn (mep-
Basl ¥ BTOpasi IPYIIIbl — OCHOBHBIE, TPEThsl — KOHTPOJIbHAS).
[Mepgas rpymna — naruentsl ¢ COVID-19 u XI'C (n = 147).
Bropas rpynna — nauuenTs! Tosbko ¢ COVID-19 (n = 81).
Tpetbs rpymnmna — narienTs ¢ XI'C (n = 94). IlanmenTst nep-
BOM U BTOPOM Tpymn ObUIM pasfielieHbl Ha JBe IOATPYIILI B
3aBHUCHUMOCTH 0T cTerneHu Tspkectd COVID-19: monrpymima A —
CpemHsisl CTelleHb TSDKeCTH, oArpymnna b — Tsokernoe TedeHue.
Taxoke MarueHTsl IepBOM U TpeThel TPy ObLIN pasiesieHbl
Ha TPU MOATPYTIIEI B 3aBUCUMOCTH OT CTeTleHH BBIPAXeHHOCTU
¢ubpo3sa neuenu: neppas noarpymnna (F1) — cnabeiit dpubpos,
BTopas noarpynmna (F2) — ymepenssiit $pubpos, TpeTbst noj-
rpynna (F3) — Tsoxeneiit dpubpos. Obive xapakKTepuCTUKH
MaIMeHTOB TIpeJICTaBIeHbl B Tabsuie 1.

Kpumepuu 6karoueHus B uccienoBaHue: MUHUMATbHBIN
Bo3pact 18 net, moaTBepXXAeHHBIM JUarHO3 (KauyeCcTBeHHast
ToJTMMepasHasl 1elHasl peakius ¢ 06paTHOM TpaHCKPUIIIIHeH
[OT-kIIIIP] Ha BeisiBienrie PHK SARS-CoV-2 B obpasiax,
MOJTyYeHHBIX U3 Ha3aJIbHBIX U Haz0(papHUHTealbHbIX Ma3KOB) U
obHapy>xenre PHK BI'C B kpoBu MetonioM I111P na renarur C.

MpumeyaHus: A1 — COVID-19 + XI'C cpedoHemspkenas, b1 — COVID-19 + XI'C mspkenas;
A2 — COVID-19 cpedHemsixenasi; 52 — COVID-19 mskenas; cmamucmuyeckasi
3Ha4yumocmse pasnuduil (p): p,_, — Mexdy nepsoll u BMopol apynnamu, p, ; — Mexoy
nepsoll u mpemeell 2pynnamu, p, ;— Mexdy Bmopoll u mpemeel 2pynnamu.

Tabnuya 1. Xapakmepucmuka 605bHbIX Pasnu4HbIX 2pynn

Table 1. Characteristics of patients in the study groups

CremneHb TsDKeCTH HOBOM KOPOHaBUPYCHOM MHGEKITNU oIpe-
JleTIsIach COIVIACHO JIEMCTBYIOIIMM METOIMYeCKUM peKOMeH-
JanuaM. Jluarao3 XI'C BBICTaBIISIICS COIVIACHO KIMHHUYECKUM
pexoMeHarmsM Munanapasa P®. J17s orienku prubpo3sa redeHu
ncnosb3oBau armmapar FibroScan FS 502 Touch ECHOSENS

I'pynnbl cpaBHEHUs

1rpynna 2 rpynna 3 rpynna
(n = 147) (n=281) (n=94)

i =0,016
JleikounTsl, 5,62 6,30 Py2=Y,
A b 6,5 (5,0; 8,5) A P, =0,008
10%9/n (4,26; 7,24) (5,22; 7,76) p:=0’762
30,0
ALSEaEb e ey | A0 ] Ansles) | R
MotoumTel, % 7,0(5,0;9,00  7,0(50;9,00 8,0(5,0;90) p=0,808
TpoMBoLWTEI, 255,0 3211 é?g'g_ Sl.zfg,ggg
A : : o el
10%/n (195.0;3420) (2335,3705) ooy g1
p,,=0,000
AJIT, E/n (o 35,50 503 Pspd0l
(48,00 117,65) (27,44;56,54) (308 1158) 113700
(222 il
=0,000
1406 98,6 ; P12=0,
CPE, mr/mn (97.8; 186.6) (48,9: 147.,0) 4,0 (3,6; 4,2) %»3 __[())ggg
2-37
p,,=0,994
KPK, E/n b 6105 |
(4700; 1115,0)  (4495,833.8) (409;1256) ™'
{223 Ml
=0,022
DeppuThH, 924,0 140,6 px»z_ ,
LN 1103,1(402.3) (678'9:1193,0) (68,8; 267.,0) 2”38'888
2-37
KZ%Q;S;:‘;’/" 9 (6,12%) 4 (4,94%) _
”ﬁéfi’;i?% 131(89,12%)  65(80,25%) .
KT3 (50-75% p=0,013
Oﬁ(bel\;a) ° 5(340%)  12(14,81%) )
ey 2036%)  0(0%) i

Mpumeyarus. Cmamucmuyeckas 3Ha4umocms pasnusdull (p): p,., — Mexoy
nepsoli u Bmopoli gpynnamu, p, ; — Mexdy nepeol u mpemsell 2pynnamu,
p,.s— Mexdy Bmopoll u mpemsel g2pynnamu.

Tabnuuya 2. Xapakmepucmuka pe3y/ibmamoB n1abopamopHo20 u
uHCcmMpyMeHmasnbHo2o ob6cnedoBaHuUsi NayueHMOoB PasuYHbIX epynn

Table 2. The laboratory data and lung-CT results in the study groups

1OKYH PocHUMYU «Mukpo6». 3nupemuonoruyeckas obctaHoBka u pacnpoctpaHeHne COVID-19 B Mvpe no coctosiHuio Ha 8.00 mck ot 19.11.2023 ).

URL: https://www.rospotrebnadzor.ru/region/korono_virus/epid.php

2KnuHnyeckue pekomMeHJaumnmn « XpoHU4eckuin BUpYCHbI renatut Cx». MunhncTepcTBo 3apaBooxpaHerns Pd. lMop yteepaenus: 2021]. URL: https://cr.minzdrav.gov.ru/schema/516_2
3 BpeMeHHble MeToanyeckue pekoMenauuu. Mpodunaktvka, AMarHOCTUKa 1 NeYeHne HoBOW KopoHaBupycHoi uHdekummn (COVID-19). Munsgpas Poccuu, 2023].
URL: https://static0.minzdrav.gov.ru/system/attachments/attaches/000/064/6 10/original/%D0%92%D0%9C%D0%A0_COVID-19_V18.pdf
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MokasaTtenu Mpynna 1 pynna 2 Fpynna 3
(HopmMa) (n = 147) (n=81) (n=94)

p,,=0,067
P, -=0.008
P52=0.000
un2 0,52 0,05 027 Py, 2-00 Ty
(< 5,0 nr/mn) (0,07;0,94) (0,03;0,08) (0,13;0,29) Pi5=
Ps2=0.000
115 971 p,,=0.179
©, 79) (9,00; 18,72) 31-3‘0'000

P p,,=0,000

5.5=0,
: p,.=0,000
(4.98,13.27) £Zq00

p,,=0,271

39,00

; p;2=0,000
(35,27,56,98) P00
p,,=0,353
p,.,=0.000

2370,

0,183

59 8,7
(<50 nr%Mn) (. 15 9,04) (8.30; 9 15) (4 47 6 74)

nna 11,33
(2,0-6,0 nr/mn)  (10,74; 12,09)

nne

13,93
(5,0-15,0 nr/mn) (11,84 14,98) 1597 (1,26)

Vn1o 90,12
(<31nrmn)  (87,27;94,37) B895(B.7)
VioH- 11,96 11,73 5,82
(0-9,5mimn) (10,94 12,92) (10,84 12,69) (2,05; 6,23)

®HOa 24,40
(0-16,0 nr/mn)

23,64 24,87
(22,26; 25,84) (22.13; 25,72) (22,17; 27,58)

Tabnuua 3. OmOenbHble nokasamenu YUmoKUHOBO20 cnekmpa
y 60MIbHbIX PA3UYHbIX 2pyNn

Table 3. The cytokine range in patients of the study groups

3HayeHus nokasarernei y 60NbHbIX NO CTENEeHN
TAXECTN
T 1rpynna 2 rpynna

1
Pare,=0,000
n1g, g:gg; , 8.6 (g"g%; Dar 2=0.007
a5 847:910) (826:9.15)  §5 P 70250
B1-62
Pare,=0.151
wnz, 058 0,51 0,06 004 p,;,2=0,000
nr/mn 05 (007:1,19) (0.03;0,08) (0.03;007) Ppyye,=0.078
0.88) P 2%2'6,000
A 11,32 11,42 11,47 e gAl 51-0 222
(1073 (1082 (1L.0L; : iy
nr/Ma 1, 96) 12,36) 12.21) (0.94) P sg 8 83
B1-B
Pare,=0295
we, 38 Ate B% s o f;-o 000
nr/mn jrierg oy by (1,29) p
1475  15,02) 17,26) Prasg S
B1-B
=0,224
91,01 89,12 91,59 Pavs1
iy (@83 @rss  @ran  pog0  PawcdER)
9595) 9262 95,95) : Pras=0.001
B1-62
=0,014
12,20 11,68 12,35 1072 Pas
UOHY (131, o8, (L3 (907 PuadS8
13000  12.52) 12,92) 1247)  PresZl
B1-62
S 24,70 24,25 23,16 2498 P srg 82
PHOa (5026, (2224, 2191, (2239 P Az:O
2589)  2581) 25.45) 2634)  Presa
Bl 52

MpumeyaHus: Al— COVID-19 + XI'C cpedHel cmeneHu mshxecmu; b1 —
COVID-19 + XI'C msxenol cmeneHu mspkecmu; A2 — COVID-19 cpedHel
cmeneHu msixecmu; 62 — COVID-19 msixenoll cmeneHu msixxecmu;
cmamucmuyeckas 3Ha4umMocme paznudull (p): P,;.s; — MeXdy nodzpynnamu
€0 cpedHUM u msxenbiM medeHueM COVID-19 + XI'C, p,, .~ Mexoy
nodzpynnamu COVID-19 + XI'C u COVID-19 npu cpedHemsenioM me4yeHuu,
Pazs2 — MEXAY N0O2pynnamu co cpedHuM u mshkenbiM meyeHuem COVID-19,
Pg1.52 — Mex0y nodepynnamu COVID-19 + XI'C u COVID-19 npu msixenom
meyeHuu.

Tabnuua 4. lNokazamenu YUMOKUHOBO20 NPouns y 60NbHbLIX
nepsoli u BMopol 2pynn B 3aBUCUMOCMU OM cMeneHu mshkecmu
3aboneBaHus (M+SD)

Table 4. Cytokine profile in patients with COVID-19+HCV and
COVID-19, depending on the severity of the disease (M + SD)

(Ppanmus). B obpasmax kpoBu ObUIA UCCIIEIOBAHbI TTOKa3a-
TeJI TeMOTPaMMBbl, TIPOBe/ieH OMoXUMHU4Yeckrui aHainu3. KoH-
L[eHTpaIys IIMTOKMHOB U3MepsIach METOIOM TBepJ0da3HOro
nmMMyHomoopectieHTHOro aHamza (M®PA) npu nomorny Tect-
cucrem «Bekrtop-bect». MaTematrdeckuii aHaIM3 TIPOBOAIICS

280

Hayka n uHHosauuun B meaununHe T.9(4)/2024

C TIOMOITIbIO KpuTepusi MaHHa — YUTHH, Ko3dduiieHTa Kop-
pernsiun CiMpMeHa, a Takyke ObLT ITPOBe/ieH OMHOPAKTOPHBIN
nucrepcroHHbIN aHamu3 ANOVA, mipu 3ToM JI0CTOBEPHBIMU
CUMTAaJI MeXXTPYNIIOBBIe pasnuuus npu p < 0,05. B Tabmuax
pe3yJbTaThl UCCIIe[JOBaHHUs MIPeJICTaBJIeHbl B BUJIe MeTUaHbI
(Me) u mexxkBapTriIbHOTO pa3maxa (Q25-Q75). Ilns cratu-
CTUYeCKoro aHasu3a ucnosb3oBaiy IBM.SPSS. Statistics.26.

m PE3VYJIBTATHI

Pesynbrarhl cTaTUCTUYECKOTO aHAIM3a TaHHBIX OOIIeKIIH-
HUYeCKOTO U MHCTPYMeHTaJIbHOTo 00CciejoBaHUs MTAaIllieHTOB
B IpyIax HabuoieHus IpefiCcTaBeHb! B Tadsmie 2.

[TanirieHTH! MepBO¥ TPYNIBI 10 CPaBHEHUIO CO BTOPOM
TpyMIIoi UMeny Hoiee HU3KKE TIOKa3aTesTH JIEHKOITUTOB (p =
0,008), TpombonuToB (p = 0,008) u 6onee Bricokue AJIT (p
= 0,000), CPB (p = 0,000). ITokazarenu K®K u pepputnna
CTaTUCTUYeCKH 3HAYMMO ObLIY TTOBBIITIEHE! Y [TAIIMeHTOB [1ep-
BOM U BTOPOM I'PYIII I10 CPaBHEHUIO C TpeThell Ipymmoi (p =
0,000 u p = 0,000).

J171s1 OlleHKU ITUTOKWHOBOTO ITpoduIis OB ITPOBeieH CpaB-
HUTeJIbHBIN aHAJIM3 ITOJTyYeHHBIX JAHHBIX Y OOJIBHBIX 00CIIe-
IyeMBbIX TpymIl. JlaHHbIe TpeJicTaBeHb! B Taduie 3.

Bo Bcex rpynmnax naiueHToB ObIIO BBISIBIIEHO HU3MeHeHHe
OOMBIIMHCTBA TTapaMeTPOB ITUTOKUHOBOTO criekTpa (L[C) chi-
BOPOTKH KpoBH. B nepBoii rpymnne yposens WJI14 (p = 0,000)
ObLT HIKe, a 3Havenus UJI4 (p = 0,000), UJI6 (p = 0,000),
WJI10 (p = 0,000) u UPHy (p = 0,000) BbI1Ie IO CpaBHEHUIO
C TpeTbel IpymIoil. Y 60JIbHBIX IIepBOii IPyTIIbl HAbIIONAIHUCh
6omee Bbicokue mokazatenu MJ12 (p = 0,000) u 6oree HU3KHE
3"avenus MJI6 (p = 0,000) o cpaBHEHUIO C TAllMeHTaMH BTO-
PO IPyIIILL.

AHanu3 napamMeTpoB IMTOKWHOBOT'O CIIeKTpa Y MaI[HeHTOB
13 IIepBO¥ U BTOPO IPYIIN NpeiCTaB/ieH B Ta0uLe 4.

B noxrpynmne Al yposens U114 (p = 0,000) 6e11 Huke,
yeMm B noarpymnme b1. B nmoarpynmne A2 nabmonanuck 6osee
BbIcokMe nokasarer U110 (p = 0,001), UPH-y (p = 0,000),
yeMm B nofrpynne b2. Yposau UJI2 (p = 0,000) 6bu1u BHIIIIe,
a WJI6 (p = 0,000) umxe B moarpynme Al, 4em y 60IbHBIX
noarpymnmel A2. 3nagenus UJI2 (p = 0,000), KJ110 (p = 0,001)
y 6omnpHBIX noarpymnel b1 6sutu Beimie, a MJ16 (p = 0,000)
HIDKe, YeM Y MallMeHTOoB MOoATrpynns! b2.

Jlis onpenienieHyst 0COOEHHOCTEH IUPKYISIUN U3ydaeMbIX
I[UTOKWHOB OOJIbHBIE IIePBOM IPYIIILI B IIOATPYIIIAX CO CPeHe-
TSDKEJION U TsoKestod popmort 60sie3HH ObLTM paciipeiesieHbl
B 3aBUCUMOCTH OT cTaguu ¢udbpo3a nederHn. CpaBHUTENIbHAS
XapaKTepPUCTUKA OTHeNIbHBIX IOKa3aTesel IUTOKUHOBOIO
CIleKTpa B MOATPYIIIe NAllMeHTOB CO CpefHeTsDKesIoNn GopMoit
COVID-19 + XT'C npenicraBiieHa B TabIume S.

Haumensbmme 3navenus W1 (p = 0,001), W4 (p =
0,001), WI6 (p = 0,001), PHO-a (p = 0,011) Habmoganuce y
cpenHeTspkenbix 6ombHBIX COVID-19 + XT'C ¢ MUHUMATbHBIM
¢ubpozom neuenu. Yposens UJI2 (p = 0,016) 6bl1 BeIlIe Y
6onbHBIX cpefiHel TshkecTH ¢ F1 1o cpaBHeHHIO ¢ rpymnmon
CpelHeTsDKeNTbIX MarueHToB F3.

CpaBHUTeIbHAs XapaKTepHUCTHKA OTIeNbHBIX [T0Ka3aTe-
JIel ITUTOKMHOBOT'O CIeKTpa y OONBHBIX C Tshkesol popMoit
COVID-19 + XT'C B 3aBUCUMOCTH OT CTajiuu Gbubpo3a rmeueHu
TpeficTaBjieHa B Tadsume 6.

Vpoens WJI2 6511 Beile Y 60nbHBIX ¢ F2 o cpaBHe-
Huto ¢ rpymnno# nanuenToB F1 (p = 0,002) u F3 (p = 0,000).
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MokasaTtenun Al1F2
(HopmMa) (n=31)

n1g p,., =0,000
(<5, ‘0 amn) (5, 92 2 95) (8 33 2 27 (8, 22 a2 22) S; 238 29
un2 0,35 0,04 0,07 Pi ‘8 AL
(<50n0mn)  (0,04:0,98) (0,030,07) (0,03:009) Pis
P =0,000
N4 10,74 11,56 11,73 b1, 20.000
(2,0-6,0 n/mn) (10,40'11,40) (10,84'12,38) (11,11:12,09) Pis=0:
p,5=0,732
Vne 1,03 15,98 15,58 Piz '8 o
(5,0-15,0 nr/mn) (10, it 72) (14921678) (1447:1650) Prs20.000
2-3
Un1o 90,36 87,87 93,18 0345
(<31nmn)  (83,3895,98) (82,30:91,46) (89,13:95,63) :
VidoH-y 12,07 10,72 12,37 0.880
(0-9,5ncmn)  (11,05:1392) (9,07:12.47) (11,48'13,12) :
®HO 25,68 24,98 23,27 Pi, '8 o2tk
(0-160nrmn) (23,88i26,35) (22,39:26,34) (2222:2537) PrsT0on
2-3

MNpumeyaHusi: A1IF1 — COVID-19 + XI'C cpedHell cmeneHu mshxecmu,
cnabo BbipaxeHHbIl pubpos F1; AIF2 — COVID-19 + XI'C cpedHell
cmeneHu mspxecmu, yMepeHHbIl ¢pubpos F2; AIF3 — COVID-19 + XI'C
cpedHeli cmeneHu msxecmu, BbipaxkeHHbIld ¢pubpo3 F3; cmamucmuyeckas
3Ha4yumocmsb pasnudull (p): p,_, — Mexdy nodzpynnamu co cnabo BbIPaKEHHbIM
U yMepeHHbIM hubpo3oM neveHu y nayueHmoB Co CPpeoHemsKeNbiM
meyeHuem COVID-19 + XI'C, p, ;— Mexdy nodepynnamu co cnabo
BbIPa)KEHHbIM U BblpaXXeHHbIM hubpo30M neveHu y nayueHmoB co
cpedHemskenbiM meyeHuem COVID-19 + XI'C, p, ; — Mexdy nodzpynnamu
C YyMepeHHbIM U BbipaXXeHHbIM hubpo3oM neveHu y nayueHmos co
cpedHemsikenbiM medyeHuem COVID-19 + XIC.

Tabnuya 5. CpaBHeHue nokasamersnel LUMOKUHOBOZ0 cnekmpa B
nodzpynne nayueHmoB co cpedHemshxesnbiM medeHuem COVID-19 +
XI'C ¢ pasnu4Holl BbipaxkeHHOCMb0 pubposa neveHu

Table 5. Comparison of cytokine range in mild COVID-19 + HCV
subgroup, based on the liver fibrosis

MokasaTtenu B1F2
(Hopma) (n 31)

(< 5 0, nr/MJ'I) @, 8% 03) (8, 48 s 08) (8 30 % 32) 03872
un2 1,24 0,30 0,08 P z‘g o2
(<50mrhn)  (081157) (004089 (007:008) B:Tg008
Un4 10,64 11,92 11,94 P..,=0.000
(2.0-8.0nr/un) (10,44/1090) (11,26/1251) (1L.16i12.44) PrsZ0.00
23~
5 o et 13,80 1271 15,37 P 220106
b (1L,7414,38) (1108/1347) (1488;17,03) Pis20000
Un1o 87,96 90,32 90,40 P.,=0017
(<3Lnrmn)  (86,22189,25) (87.56;93,86) (87,55:9453) Prs=0:013
P2.5=U,
VIdoH- 7,49 12,35 11,86 P...=0.000
(0-95nriwn)  (599'1049) (1L66:13,07) (11,31 12.98) Pis=0
pyo=0.274
®HO 24,25 24,40 23,61 0.585

(0-16,0 nr/mn) (22,34; 24,99) (22,85; 26,28) (21,99; 25,51) ’

lMpumeyaHus: B1F1 — COVID-19 + XI'C ms»kenoli cmeneHu mshxecmu,

cnabo BbipaxeHHbIl pubpos F1; B1F2 — COVID-19 + XI'C msxenol
cmeneHu mspxecmu, yMepeHHbIt ¢pubpos F2; B1F3 — COVID-19 + XI'C
msixenoll cmeneHu msbxecmu, BblpayeHHbIU ¢pubpo3s F3; cmamucmuyeckas
3Ha4uMocmb pasnuyull (p): p, ,— Mexdy nodzpynnamu co cnabo BblpaxKeHHbIM
U yMepeHHbIM pubpo3oM neveHu y nayueHmoB C MsHKeNbiM meyeHueM
COVID-19 + XI'C, p, ;— Mexdy nodzpynnamu co cnabo BblpaXXeHHbIM U
BbIpa)KeHHbIM (huBPO30M NeYeHU y nayueHmoB C MsXesbiM mevyeHuem
COVID-19 + XI'C, p,.; — Mexdy nodzpynnamu C yMepeHHbIM U BbIpaXXEHHbIM
¢pubpo3oM neveHU y nayueHmoB ¢ msixenbiM medyeHuem COVID-19 + XIC.

Tabnuuya 6. CpaBHeHue nokasamesnel 4UMOKUHOBO20 cCnekmpa B
nodepynne nayueHmoB ¢ mskesnbiM medeHuem COVID-19 + XI'C ¢
pasnuyHoll BbipaxkeHHOCMbo ¢pubpo3a neveHu

Table 6. Comparison of cytokine range indicators in severe
COVID-19 + HCV subgroup, based on the liver fibrosis

Haumensme snagenns W14 (p = 0,000) u UPH-y (p = 0,000)
Habmonamick y Tsokentblx 6ombHbIX COVID-19 + XT'C ¢ MusMI-
ManbHBIM Grbpo3oM niedeHu. Haubombive nokazarenu UJI6
(p = 0,000) Habmomanmuch y TsoKenbix 6ompHBIX COVID-19 +
XI'C c BoipaskeHHBIM PpUOPO30M TIEYEHH.
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MHdbeKUMoHHbIe 6onesHn

m OBCYXKJIEHUE

B npoBeneHHOM HaMU HCCIIeJOBAaHUU ITPOAHAIM3NPOBaH
XapaKkTep U3MeHeHUM IUTOKUHOBOTO CIIeKTpa Y OOJIbHBIX
COVID-19 B coyeranuu ¢ XI'C B mepriof1 pa3rapa HOBO¥M KOpo-
HaBUPYCHOM MHQEKITUU B 3aBUCUMOCTH OT CTeIIeHH TSPKeCTU
COVID-19 u BeipaxkeHHOCTH HprbOPO3a MEYEHH.

Mgzl BBISSBWIIM HECKOJIBKO KJIIOUeBBIX 0coOeHHOCTel. Y
DONBbHBIX NIepBOM U BTOPOI IPYIII II0 CPAaBHEHHUIO C Tal[HeH-
TaMHU TpeThell IPYIIIbI Mbl YCTAaHOBWIX B pasrape 3ab0JieBaHus
TIOBBIIIIEHNe U3yYaeMbIX TI0Ka3aTeseit IUTOKMHOBOTIO CIleKTpa
(WI1p, W12, W14, W16, U110, UDH-y). I1pu aTOM ypoBeHb
OT/IeIbHBIX IIMTOKKWHOB B I1ePBOI TpyIIe OOJIbHBIX ObLT 3HA-
ymumo Bolte (UJI2) wnu vxke (MJI6), veM y 60BHBIX BTOPOt
TPYIIIEL

B uccnenosanuu F.J.F. Ledn u coasr. (2022) Takke oTMe-
4aroT CHIbKeHUe cpeqHux 3HadeHnit NJI6 u ®HOa y 60mbHBIX
COVID-19 + XTI'C o cpaBHenuto ¢ 6oimpabiMu COVID-19 [8].
O BO3MOXXHOM CBSI3U MEXIy HapyllleHreM banaHca IATOKUHOB
1 iporuo3oM bostee Tspkesoro TedeHuss COVID-19 y onpene-
JIeHHBIX TPYIII MAI[eHTOB yKa3aHo B pabote J. Kim u coasr.
(2021) [1]. Omnako S. Bucurica u coabrt. (2023), HanpoTHs,
oTMeualoT noBsliiienre yposHs UJI6 u WMJI17 y marueHToB ¢
couetanHou nHbeknerr COVID-19 u XI'C no cpaBHeHHIO C
nanuenTamu COVID-19 [10]. K. Shirley u coasr. (2022) BbI-
CKa3bIBAIOT TUITOTE3Y O B3aUMOCBSI3U O0Jtee TsHKeJIoro TedeHHs
COVID-19 y 6omnbHbIX € coueTanreM XI'C npu Hanu4Iuy mo-
BBIIIIEHHOTO YPOBHSI IPOBOCIIANUTENIBHBIX ITUTOKUHOB [11]. B
psifie vccnenoBaHui Beicokue ypoBHH WUJI6 3adukcrpoBaHsl
y GOJIBHBIX C MEHBIIINM IopaxkeHreM Jerkux npu COVID-19
[12]. Bonee auzkas xonmentparus UJI6 y 6ompabx COVID-19
+ XI'C mo cpaBHenwuto ¢ 6ombHbIMU COVID-19 MoXxeT 6bITh
00BsICHeHa yCUIeHHeM JIeHCTBUS TPOTUBOBOCIAIUTEIBHBIX
nurokuHoB (14, UJI10), KoTopble MONABISIOT BEIPAGOTKY
MOHOITUTaMH / MakpodaramMu IIpOBOCHAIUTENIBHBIX ITUTOKH-
Hos (MJI6) [13, 14].

H3meHeHue coniepkaHusi OTIENIbHBIX IUTOKUHOB 3aBUCETI0
ot cremnenu Tspkectd COVID-19 u craguum ¢ubposa meveHy.
Mgl ycTaHoBMIH noBHIIIeHHe ypoBHS WJIG y Tsokemnbix 60mb-
ubix COVID-19 + XI'C o mepe nporpeccrupoBanus pubposa
nedenu. Konnentpanus UJI6 B CbIBOPOTKE KPOBU OOBHBIX
XTI'C oTpakaeT cTerieHb IOBPEXXIeHUsI TKaHU TiedeHu. Psp uc-
CllefioBaresieii 0TMedaeT COOTBETCTBYE IIOBBIIIIEHHOTO YPOBHS
NJI6 B KpoBU CO CTENeHbIO BOCHA/IeHUs B TEYeHOYHOHN TKa-
HU. [To nanueM JIJI. [TonoBo# u coast. (2012), y 60mpHBIX
XTI'C ycTaHOBJIEHO 10CTOBepHOe MOBHIIIIeHHe B CHIBOPOTKe
kpoBu ypoBHs ®PHOa, WJI-4 u UDHy, ogHako cBs3u Mexy
HCCIIeIOBAaHHBIMHY IMTOKMHAMU U UHIeKCOM Grbpo3a reveHu
BBIsIBJIeHO He 0b110 [15]. MccnenoBanme D. Baskic v coaBT.
(2019) nokasano, 4To MO Mepe MporpeccupoBaHus Gpubdposa
nedeny nipu XI'C Habm0MaI0Ch CHU)KEHHEe KOHIIeHTPaIluu
IIOYTH BCeX OCHOBHBIX IIMTOKUHOB, BKitoyad WJI1B, PHO«,
WJ12, NJ14, kpome WUJI6 [16].

B npoBesieHHOM HCClleIOBaHUM TIPU BHIPA’KeHHBIM pu-
bpo3e neyeHH y OOJIBHBIX HE3aBUCUMO OT CTeIIeHU TsKeCTH
COVID-19 nabnonanochk cHKeHWe KoHIeHTparuu UJI2
Y moBbIleHre KoHIeHTpanuu UJI4. B mureparype omnuca-
Ha cnocobHocTh M4 ycunusarb Th-2-onocpenoBanHbIi
T'YMOPaJIbHBIM UMMYHHBINM OTBeT, CUHTe3 U cekperuio 1gG
aKTUBUPOBAHHBIMU B-nuMdonutamu, mogasiasTh 0CBOOOXK-
JleHre MpoBocHaauTeNbHbIX ITUTOKUHOB (TNFa, IL-1, IL-8)
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[17]. B HekoTOpBIX UCCIIEOBAHUSIX TI0KA3aHO CTUMYJIHPY-
tomee BausHUe MJI4 Ha mponudepariydio MUTOTOKCHIeCKUX
T-muMQOIUTOB U MOBBIIIEHHe ero KOHIIeHTPaIuK Y 00JIbHBIX
COVID-19 + XT'C no mepe miporpeccrupoBanus ¢pubpo3a me-
YeHH.

Takum o6pa3oM, B TPOBeZleHHOM HaMU HCCJIeJOBaHUU Y
6ombabIX COVID-19 B couetanuu ¢ XI'C B pasrape 3aboneBa-
HUS HOBOM KOPOHaBUPYCHOM MHPeKIHel st OTIeNbHbIX 110-
Kasarejieli tutokuHosoro ciexrpa (WI13, W2, UJ16 u UJ110)
3aperucTpMpoBaHO CTAaTUCTUYECKH 3HAYMMOe U3MeHeHue UX
cofiep>KaHus B 3aBUCUMOCTH OT cTerneHu Tshkect COVID-19
Y BbIpakeHHOCTH ¢pHOpO3a TedeHH 10 CPaBHEHHUIO C UX YPOB-
HeM TIpU KXX/10i NHOEKITUY B OTAeIbHOCTH.

m BHIBO/IbI
1.V 73% mnanuenTtoB c coyeranueM COVID-19 u XI'C
B pasrape HOBO KOPOHABUPYCHOM MHQEKITMU YCTaHOBJIIEHO

Hayka n uHHosauuun B meaununHe T.9(4)/2024

nosbleHue yposus WI1p, W12, W14, W16, U110, UDH-y,
®HO« oTHOCUTEIBHO aHAJIOTMYHBIX TI0Ka3aTesell y O0IbHBIX
XI'C 6e3 COVID-19; npu atom 3nauenus UJI2 u NJI6 3Ha-
YMMO OTVIMYAJIMCH OT TOKa3atesei 6ompabIx COVID-19 BHE
3aBUCHMOCTH OT CTeIleHH TSDKeCTH 3abosieBaHusl.

2. Y 6onbHBIX € couetanueM COVID-19 u XI'C npu T4-
>KeJIOM TedyeHHMH HOBOM KOPOHABUPYCHOM MHGEKITMY 3HaUeHUs
nutokuHoB UJI2, UJI10, a mpu cpeqHeTsHKeJIOM TedeHUH —
WJI1p perucrpupoBaiuck Ha 60jiee BBICOKOM YPOBHE, YeM Y
6ompHEIX COVID-19.

3. B rpynme 6ompabIX ¢ cogeTanreM COVID-19 u XI'C o
Mepe [IPOrpeCcCHpOBaHys GrOpO3a IedeHr OTMeYEeHO ITOBIITIe-
HHe 3Ha4eHUN: IpU cpeqHeTshker1oM TedeHnd — MJI1P, PHOq,
npu TspkesioM Tedernu — W12, MJ110, UPH-y u He3aBUCHMO
OT CTerneHH TsbKecTy 3aboneBanus — 14 u UJ16. w=
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Automatic segmentation of demyelination
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Abstract

Aim - to evaluate the effectiveness of the YOLOVS8 algorithm for automatic
segmentation of demyelination lesions in various locations in patients with
multiple sclerosis.

Material and methods. The study included 120 patients with a clinically
confirmed diagnosis of multiple sclerosis who underwent contrast-enhanced
MRI. The MRI data from patients with different types of disease progression
were analyzed. T1-weighted, T2-weighted, and FLAIR sequences were used
for the analysis. The YOLOV8 algorithm was adapted for medical imaging and
trained on manually annotated MRI scans. Model performance was evaluated
using precision, recall, and F1-Score metrics.

Results. The YOLOv8 model demonstrated high segmentation performance
with a precision of 0.79, recall of 00.73, and F1-Score of 0.65. The model
effectively identified demyelination lesions in various locations typical

for multiple sclerosis. However, there remains a need to improve recall to
minimize the missed lesions. Testing on independent data confirmed the
stability of the results of the model.

Conclusion. The YOLOVS8 algorithm shows significant potential for automatic
segmentation of demyelination lesions in multiple sclerosis patients. This
method could be successfully implemented in clinical practice, enabling
faster diagnosis and improved monitoring of disease progression. Further
optimization of the model, through data augmentation techniques and hybrid
architectures, may enhance both segmentation accuracy and recall.
Keywords: magnetic resonance imaging, multiple sclerosis, segmentation,
deep learning.
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AHHOTaums

Iennb — onieHUTh 3G PEeKTUBHOCTb UCIONb30BaHus anropurma Y OLOV8 amst
aBTOMAaTH4eCKOM CerMeHTally 04aroBs JieMUeSIMHU3alluy Pa3IMYHON JI0Ka-
JIM3ALUU Y TTAIUEeHTOB C PaCCessHHbIM CKJIEPO30M.

Marepuan u Metofbl. B uccnenosanve BkitodeHsl 120 nanyeHToB ¢ K-
HUYECKHU JIOCTOBEPHBIM JIMarHO30M «paCCessHHbIM CKJIep0o3y», KOTOPbIM Oblia
npoBefieHa MPT ¢ konTpacTupoBanueM. buutn npoananusupoBansl MPT
AllMeHTOB C Pa3/IMYHbIM TUIIOM TedeHHUs 3aboseBaHus. 1151 aHaIM3a UCIOJIb-
3oBasch T1-, T2-B3Bemmennsle 1 FLAIR nocnepoBarensHOCTH. AJITOPUTM
YOLOVS8 6bl1 aantupoBaH Ajs Me[JMIIMHCKUX JIaHHbIX U 00y4yeH Ha pas-
MeyeHHbIX BpyuHyt0 MPT-cHuMkax. OneHKa IIPOM3BOUTEIEHOCTH MOZIeNN
MIPOBOAIMJIACH C UCIIOJIb30BaHUEM MeTPUK TOYHOCTH (Precision), monHOTEI
(Recall) u F1-mepa.

Pesynwrarel. Monens YOLOvS8 nokasasna BbICOKHe pe3ysbTaThl CerMeHTa-
nuu: TogHoCTh — 0,79, monHora — 0,73, F1 mepa — 0,61. Mopnenb addexrrs-

MeawnuunHckaa nHopmatuka

HO WIeHTUUIIMPOBasa O4aru JeMuesIMHU3aluy Pa3IndHON JIOKaIU3aluHy,
TUIMYHOM Il paccestHHOTo ckilepo3a. OcraeTcss HeoOXOAUMOCTb B I1OBBI-
IIeHUX MOJIHOTHI JUI MUHMMM3alMY NPoITyCcKa IopakeHuil. TecTrpoBaHue
Ha He3aBUCUMBIX IaHHBIX ITOATBEP/IIIO CTaOUIIbHOCTb Pe3y/IbTaToB MOJENH.
BeiBoabl. Anroput™ YOLOvV8 neMoHCTpUpYeT BBICOKMMA MTOTeHIMAI JUIs
aBTOMaTUYeCKOM CerMeHTallMK 04aroB JleMUeIMHU3aI|HY y TallieHToB C pac-
CesiHHBIM CKJIepo30oM. JlaHHas MeTo[MKa MOXeT OBbITh yCIIeIlIHO BHeJIpeHa B
KJIMHUYECKYIO IPAKTHKY, YTO II03BOJIUT YCKOPUTh AMArHOCTUKY U YITyUIlIUTh
KOHTPOJIb 3a IpOrpeccupoBaHueM 3abosieBaHus. [11s naymbHeNIero nosbl-
IIeHHs] TOYHOCTH Y IIOJIHOTBI CerMeHTallui BO3MOXKHA ONITUMU3aLVsl MOZIeNH
yepe3 UCIOJIb30BaHKe METO/IOB YCUJIeHUst JAHHbBIX U TUOPUIHBIX aDXUTEKTYP.
KitroueBnle c10Ba: MarHUTHO-pe30HaHCHas TOMOTrpadusl, PacCesiHHbIN CKIle-
PO3, CerMeHTanusl, Iiybokoe obydeHue.

KonduukT HHTepecoB: He 3asBIleH.
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m INTRODUCTION

ultiple Sclerosis, or MS, is a neuroinflammatory

disease of the central nervous system (CNS) causing
demyelination and neural damage. The disease brings about
frequent disability among young people (aged 18-40) [1].
The progression of disability in the MS patients significantly
affects social, economic and social well-being. The annual
economic burden of MS in the USA is 85 Billion US Dollars.
Similar data was obtained in the European Union, where
average annual expenditure varies from 22,800 Euro (mild
degree of the disease) to 57,500 Euro (severe degree of
the disease) in terms of purchasing power parity, the direct
medical expenses making up to 68% of the total expenditure
[2]. Timely diagnostics is an important factor in decreasing
the disability caused by the disease by early prescription of
disease-modifying therapy (DMT) [3].

The diagnosis of MS is based on the 2017 McDonald
diagnostic criteria [4], which provide increased diagnostic
accuracy for this disease based on clinical, imaging and
immunological indicators. The main thesis of these criteria
is the detection of dissemination of clinical or instrumental
signs in space and/or time [4].

Dissemination in space is characterized by the emergence
of foci of demyelination in the following anatomic regions
of the CNS: periventricular region of the brain, cortical or
juxtacortical region of the brain, infratentorial region of the
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brain or the spinal cord, which indicates multifocal damage.
Dissemination in space may be manifested by one or several
T2-hyperintensive foci characteristic of the MS, at least in
two of the four regions of the CNS [5]. Dissemination in
time describes the development or appearance of new foci
of demyelination in the CNS over time.

A key tool for diagnosing and monitoring patients with MS
and a major component of the continually updated diagnostic
criteria for MS is MRI [6].

The process of identification and segmentation of
lesions in MS is usually performed manually by skilled
neuroradiologists; it is a labor-intensive task prone to error
[6]. Therefore, a necessity exists to develop automated tools
to facilitate the procedure.

At present, work on automation of segmentation of
demyelination foci using machine-learning algorithms
has yielded results that are impressive enough to begin
implementing them into routine clinical practice [7, 8].

Many other automated methods have been developed
for damage detection and segmentation. Methods such as
‘k-nearest neighbor’ [9, 10], Support Vector Machines (SVMs)
[11, 13], Markov random fields [14, 15], ‘random forest’ [16,
17] or special algorithms based on intensity [18-21]. The
category of deep high-level neural networks prevailed, that
were most frequently represented by convolutional neural
networks (CNN) in the form of U-nets [22]. A modification
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of this network was proposed, the nnU-Net [23], a method
that automatically sets up pre-processing stages, architecture,
training and post-processing for improved adaptation to the
properties of the data set and available equipment.

Thus, in the majority of present studies, the automatic
segmentation of the MRI data uses deep learning algorithms
with the U-net architecture [24] in its 2D and 3D modifications
[25].

Despite the continuously accumulating MRI data, it
has not yet been possible to effectively solve the task of
obtaining quality and stable metrics of segmentation
algorithm performance for them to be used in clinical
practice. Therefore, individual groups of researchers continue
looking for the optimal architectures of neural networks,
pre-processing of MRI data, synthetic data [26], and use of
several architectures or approaches for their training [27, 28].

Identification and segmentation of the new foci of MS
remain highly challenging tasks. At present, automatic
methods may be more sensitive for the identification of
new lesions but yield more false positives when compared
to manual segmentation by radiologists experienced in
evaluating the MS patients’ MRI data [8].

m AIM

Use the new deep learning algorithm YOLOvVS to
identify demyelination foci in the subcortical, infratentorial,
periventricular and juxtacortical localizations, and to
calculate the volume of the same.

m MATERIAL AND METHODS

The study was approved by the Ethics Committee of the
Federal State Budgetary Educational Institution of Higher
Education “Samara State Medical University” of the Ministry
of Health of the Russian Federation (Protocol No. 52 dated
12.12.2023).

The study included 120 patients with active stable
progression of the MS diagnosed in compliance with 2017
McDonald diagnostic criteria [4]. The average age of patients
was 35.7+10.2 years, and the gender distribution was even.
The disease activity was established based on the availability
of one exacerbation within the past year or two exacerbations
within the past two years in patients with relapsing-remitting
MS and secondary progressive MS with exacerbations. In
patients with primary progressive course of the disease, its
activity was established by the progress of the disease within
the past year. In patients with the stable course of the disease,
there were no exacerbations or worsening of the disease
during the specified period of time [4]. In patients with the
active course of the disease, there was observed an increase
of neurological deficiency by at least 2 points in one of the
functional scales (e.g., visual, brainstem, pyramidal, sensory,
coordination) or by at least 1 point in two functional systems.
Progression of disability could also be seen on the EDSS
scale (Expanded Disability Status Scale) [29]: increase by at
least 1 point if the initial EDSS score was below 4.0 points,
or increase by at least 0.5 points if the initial EDSS score was
4.0 and above [30]. In patients with a progressive course,
an increase in neurological deficit by 1 point on the EDSS
scale was observed [4]. Neurological examination and EDSS
[31] assessment were performed by a certified neurologist
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EDSS (functional systems)

Visual
Brainstem
Pyramidal
Cerebellar

Sensory
Bowel and
bladder
Cerebral
functions
Bann EDSS

EDSS
e 0-3(1) 144(2) 0-4(2) 0-3(1) 0-3(1) 0-2(1) 1,0-7,0(30)

Note: average values (min.-max.).

Table 1. EDSS scores of patients with MS
Tabnuua 1. [Nokasamenu 6annos no wkane EDSS nayuenmos ¢ PC

with more than 10 years of experience in treating patients
with multiple sclerosis. The neurological status of patients
according to the EDSS scale is presented in Table 1.

In 18 patients, an active course of relapsing-remitting MS
was observed, in 68 patients, no activity was observed over
the past two years, 30 patients had a secondary-progressive
course with exacerbations, and the remaining 4 patients had
a primary-progressive course of the disease.

The study was conducted using a magnetic resonance
imaging (MRI) scanner with a magnetic field strength of
1.5 T. To improve visualization of active demyelination
foci, a gadolinium-based contrast agent was administered
intravenously.

The MRI protocol for the evaluation of the demyelination
foci included the following sequences: T1-weighted
images (T1WI) were taken before and after administering
of the contrast to identify the active foci and evaluate
the accumulation of the contrast; T2-weighted images
(T2WTI) were used to identify the chronic and new foci of
demyelination due to high sensitivity to changes in the tissue
structure; FLAIR (Fluid Attenuated Inversion Recovery)
was used to attenuate the signal from the fluid and better
identification of hyper-intensive foci in the white substance,
specifically in the vicinity of the cerebral ventricles; DWI
(Diffusion Weighted Imaging) was used to evaluate water
diffusion in the tissues and to differentiate the active foci
from the chronic ones; PD-weighted images (Proton Density)
were used for an additional characterization of demyelinated
zones and their differentiation from the normal tissue.

m RESULTS AND DISCUSSION

YOLOvV8 neural network was used to segment MRI
images in patients with MS. YOLOv8 (You Only Look
Once, version 8) is the latest iteration of the YOLO family
of models designed for real-time object detection and
segmentation tasks. This architecture is characterized by high
processing speed and prediction accuracy, which makes it
suitable for medical image analysis, where not only accuracy
is important, but also the efficiency of processing large
volumes of data when detecting several classes of objects
simultaneously. In our study, foci of demyelination were
subcortical, juxtacortical, periventricular and infratentorial
localizations.

This study uses the YOLOv8 architecture with
modifications intended for improvement of performance on
medical data. The model was initially trained on a large set
of images (ImageNet) with further training on a specialized
dataset consisting of MS patients’ marked-up MRI scans.
The images included several MRI sequences (T1-weighted,
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F1-Confidence Curve Precision-Confidence Curve

A B

Figure 1. A— MRI T2 mode with a focus of demyelination.
B — “mask” of demyelination foci obtained as a result of
segmentation by a radiologist.

PucyHok 1. A — MPT T2 pexuM c o4aza demMuenuHusayuu.
B — «Macka» o4azoB demuenuHU3ayuU, nofyvyeHHas B pesynbmame
ceaMeHmayuu Bpa4yoM-paduoniozomM.

T2-weighted, FLAIR), which ensured a better representation
of lesion morphology.

The architecture of the model includes the following
blocks:

1. Backbone: this block uses a modified version of CSPNet

—— Periventricular

(Cross Stage Partial Network) to extract signs from various Juxtacortical ——  Infratentorial
levels of abstraction. CSPNet divides the data flow into two Subcortical Al localizations
Figure 3. Metrics characterizing the quality of the model obtained
on the test sample. A — function of the F1 graph from the Confidence
Start argument; B — graph of the function Accuracy versus the argument
Confidence; C — graph function Confidence from the argument

Recall; D — graph function Precision by argument Recall.

PucyHok 3. Mempuku, xapakmepusyroujue kKa4ecmso Moodesu,

Input of path to DICOM files nosny4yeHHoli Ha mecmoBol Beibopke. A — zpacuk yHKkyuu F1
om apeyMmeHma Confidence; B — epacuk ¢pyHkyuu Precision om

apaymeHma Confidence; C — zpaguk ¢pyHkyuu Confidence om

l apaymeHma Recall; D — epaguk pyHkyuu om apeymenma Recall.

Creation of NIFTI files from contrast
values (create_nifti_from_contrast_volumes)

parts: one part goes through a sequence of convolutions,

i whereas the other is sent to later stages. This alleviated the
Output of path lists to NIFTI calculation burden and improve the model convergence [32].
and raw data files . . . )

(survey_list, raw_data_list) 2. Neck: this block joins the signs from various levels
I using the FPN (Feature Pyramid Network) and the PAN (Path
For each element from Aggregation Network). FPN assists joining the signs with
the lists (survey_list, low and high resolution, and PAN improves transmission of
raw_data_list) information across the network, which is critical for precise

} segmentation.
Get NIFTI metadata 3. Head: the output layer includes adaptive Anchor Boxes

(get_nifti_meta)

and convolution layers that predict classes of objects, their
location and segmentation masks. In this modification of
YOLOVS8 for the purposes of medical segmentation, the

Create markups of demyelination areas
(create_demyelination_areas_markups)

I block of deep convolution layer was also used to improve

Create YOLO data sensitivity to minor details of lesions [33].
(create_yolo_data) To train the model, images sized 512x512 pixels were
| used. The training was performed using stochastic gradient
Convert masks to polygons descent with a momentum of 0.9 and an initial learning rate
(mask_to_polygons) of 0.001. The dataset was divided into training and testing

| samples in a 90/30 ratio. Following the segmentation of

demyelination foci by the radiologist, images were obtained

! (Fig. 1) on the basis of which ‘masks’ were formed to train
End the YOLOVS algorithm.

The block diagram of the complete algorithm for creating

a training sample, including all stages of primary preparation,

Figure 2. Flowchart of the algorithm for creating a training sample. their standardization based on the features of differences in

PucyHok 2. 5nok-cxema anzopumma cosdaHus o6yyarowel the matrix of the image itself, is presented in Figure 2.
BbIBGOPKU.
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Localization of :

Periventricular (1) 0,82 0,76 0,59 0,85
Juxtacortical (2) 0,80 0,71 0,52 0,82
Subcortical (3) 0,78 0,70 0,79 0,80
Infratentorial (4) 0,76 0,68 0,58 0,78
All types of foci 0,79 0,73 0,61 0,81

Table 2. Metrics of the resulting model regarding the classification of
individual demyelination lesions

Tabnuua 2. [Tlokazamenu Mempuk nosly4eHHoll Modenu
OmHocumerbHO Knaccudukayuu omoesbHbIX 04a208
deMuenuHusayuu

To evaluate quality of segmentation, Intersection over
Union (IoU) and Dice Score metrics were used.

The model was trained using the data from 30 examinations,
each having 86 scans on average (total of 2580 scans).

The resulting model is well capable of recognizing
demyelination areas on MRI scans with high accuracy and
confidence. However, it can be improved to minimize omission
of positives. The metrics of the resulting model are shown in
Fig. 3.

The summary of metrics characterizing the quality of the
resulting model by separate types of demyelination foci is
shown in Table 2.

One of the main indicators of quality of the model’s
performance is the confusion matrix shown in Fig. 4. The
classifier works with four classes, each matching a certain
type of demyelination foci and the class uniting all types
of demyelination foci. The model’s prediction are the rows
and the truth is the columns. Using the test data, the model
predicted 258 areas of which 210 were true, the remaining 48
being false-positives.

The confusion matrix helps to visualize and understand
which classes the model identifies correctly, and which ones
cause difficulties. This is critical for further optimization of
the model and improvement of its performance.

It is safe to say, therefore, that the evaluation of ‘precision’,
‘recall’, ‘F1-Score’ and ‘confidence’ metrics allows a detailed
analysis of quality of the model’s performance and its
capability of identifying areas of interest on medical images.
Their improvement is necessary to obtain a more stable model
to allow using the results of its work in clinical or research
practice. These metrics provide a comprehensive evaluation of
the model and help in further improvement of its parameters
and algorithms, which is critical for the development of an
effective clinical decision support system for the diagnosis
and treatment of MS.

m CONCLUSION

The implementation of the YOLOv8 deep learning
algorithm for the automated segmentation of demyelination
foci in patients with multiple sclerosis demonstrated high
precision and efficiency, which confirms the potential of this
approach for clinical practice. Despite the results achieved, the
model can be improved in several areas.

Firstly, the values of segmentation completeness (Recall)
are still lower than needed, which indicates the possibility
of omission of individual foci of demyelination. To improve
segmentation completeness, it is possible to look into the
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Figure 4. Confusion Matrix (0 — all types of demyelination lesions;
1 — periventricular; 2 — juxtacortical; 3 — subcortical;
4 — infratentorial).

PucyHok 4. Mampuuya owubok modenu (0 — Bce munbi o4az2os
demMuenuHusayuu; 1 — nepuBeHmMpUKynsipHble;

2 — IoKCcmakopmukasbHble; 3 — CybKopmuKasbHble;

4 — uHgppameHmopuarnbHbie).

usage of hybrid architectures that combine YOLOv8 with
other models, e.g. U-Net or nnU-Net that have demonstrated
their efficiency in medical segmentation. A combination
of advantages of different architectures may improve the
model’s capability of identifying even the smallest and hard-
to-discern foci. Another prospective line of work could be the
implementation of model ensemble when the results provided
by several algorithms are joined to improve the overall
precision and completeness.

Secondly, one of the ways of further optimization could be
the use of data augmentation and synthetic image generation
methods. Deep learning models often depend on the volume
and diversity of data, and the increase of the data set by
generating new MRI scans, especially for complicated or hard-
to-reach cases, could improve the precision of segmentation
and lower the probability of false positive results. The use
of generative adversarial networks (GANS) to create such
synthetic data could become an effective approach.

The model can further benefit from using the domain
adaptation methods. This approach enables the algorithms
rained on one data set to perform efficiently on other sets of
data different in quality or scanning methods. In real clinical
practice, different MRI machines with different technical
parameters are used, which can affect the scan quality. The
adaptation of the model to different sets of data, possibly
by means of transfer learning, could improve the model’s
versatility and performance reliability.

Possible directions for further application of the model
include its integration into complex medical decision-making
support systems. Automatic segmentation of demyelination
foci can be used not only for diagnosis, but also for monitoring
disease progression and assessing the effectiveness of therapy.
Regular use of MRI with automatic segmentation could assist
doctors in following up on the patients’ condition, timely
identification of new lesions and evaluation of changes in the
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existing ones. This will allow for faster adjustment of therapy
and prevention of complications.

Another promising direction is the use of the model for
training specialists. Automated segmentation algorithms can
serve as the basis for educational systems allowing young
doctors and radiologists learn by using real medical data and
comparing their results with those yielded by the algorithm.

MeawnuunHckaa nHopmatuka

This may assist improvement of professional training and
lowering the human factor in diagnostics.

Thus, the implementation and further optimization of
automated segmentation models, e.g. YOLOvV8, may contribute
significantly to the quality of multiple sclerosis diagnostics,
speed up the data processing and alleviate the burden on the
medical professionals. =
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Yuacmue a6mopo6.

A.B. 3axapoB — ¢opMynupoBaHye Uieu U Iiefield UCCIIeIOBaHuS,
pa3paboTKa MeTO[IOJIOTHH; IIPOBeJieHHe SKCIIepUMEHTOB, UCCIIefio-
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YacTH paboTHI.
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Ponb OAHOHYK1IEOTUAHBbIX BapUaHTOB reHOB poslaTHOro
LUKJS1a MaTepu c anunencuen B popMUpoBaHUMU
BPOXAEHHbIX MOPOKOB pa3BUTUA nnoaa
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IPIBOY BO «Camapckuii rocyaapCTBEHHbIM MeQUUMHCKUA yHuBepcuTe™» MuHagpasa Poccuu
(Camapa, Poccuiickas depepauust)
2PI'BOY BO «KpacHosipckuii rocygapCTBeHHbI MEOULIMHCKNIA YHUBEpCUTET
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AHHOTauus

Ilens — U3y4YUTb 4aCTOTY HOCUTEJILCTBA OJHOHYKJIEOTU/IHBIX BapUAHTOB
(OHB) rs1801133 u rs1801131 rena MTHFR; rs1801394 rena MTRR,
rs1805087 rera MTR 1151051266 rena SLC19A1 y >eHIMH € 3nMIenICHel 1
OLIEHUTb X aCCOLMAIINY C BPOXKAEHHBIMU 1T0pokamu pa3sutus (BIIP) miona.
Marepuan u Meronbl. B nccienoBanue 6bu1a BimtodeHa 61 6ombHast amu-
JIelICUel, MeloIasl B aHaMHe3e OJHy U 6oJlee GepeMeHHOCTb C U3BeCTHBIM
ucxooM 1o Hanuuuto BITP y pebenka. [TanuenTku Obliy pasjesieHel Ha JiBe
rpynmsl: y 20 661K 3aperucTpupoBaHsb! pasinuuHble BIIP miona (ocHoBHas
rpynma), y 41 manueHTKH poxxaeHHsble ieth He uMeny BITP (rpynma cpaBHe-
nus). JTHK 6bia BeIziesieHa U3 KpoBH, reHotunupoBanye st OHB B yersI-
pex retHax ObIJIO IIPOBeIeHO MEeTOJI0OM I10JIMMepa3HoH IelTHOM peakiyu. bulim
olpeiejieHbl YaCTOThI TeHOTHUIIOB U ajulejiedl Y Marepei OCHOBHOM I'PYIIIIbI
U I'PYIIIBl CPDaBHEHUs], Pa3/Inuusl OblIM OlleHeHbI C IIOMOIIBIO KPUTepUs XU-
kBayipar [lupcona (X2) u Tounoro kputepus Pumepa.

Pesynbrarsl. CTaTHCTHYECKH 3HAYMMBbIE PA3/IYHst OTCYyTCTBOBAIM B 4aCTOTaxX
TEeHOTHIIOB U ajllesie [j1s Bcex MpoaHanu3upoBaHHbIx OHB Mexy ocHOBHOM

IpYIIOH U rpymmoi cpaBaenvs (p > 0,05). He 6bU10 BBISIBIIEHO CTATHCTHIECKU
3HAYMMBIX Pa3iIMYUi B 4aCTOTaX reHOTHIOB U ayuterneit OHB uccienoBaHHBIX
reHoB y Marepeii neteii ¢ BIIP (n = 14) u 6e3 BIIP (n = 22), npuHuMaromux
BaJIbIIPOeByI0 KUCIOTY (p > 0,05). BoIsiBieHa craTHCTHYeCKH 3HAYMMAs B3a-
HMMOCBSI3b MeX/ly HOCUTeJIbCTBOM OIlpeJlelIeHHOM raIlorpynibl MaTepy U
$opmuposanuem BIIP miona.

BriBonsl. MccnenoBanus HocurenscrBa oraenbHbix OHB renos ¢gonarso-
ro LMKJIa B HaCToslllee BpeMsi He MOT'YT ObITh UCIIOJIb30BaHbI B KayecTBe
JI0OCTOBEPHOTI'O NIPOrHOCTUYecKoro uHcTpymenta BIIP miopa y sxeHIuH c
snuencueid. BosnrkHoseHue BIIP y pebeHka siBisieTcst MyisTHdaKTOpHallb-
HBIM sIBJIEHHMEM, B KOTOPOM r'eHeTHYeCKHe GpakTopbl C HeOOMbIIMM pa3MepoM
addekra MOTYT UrpaTh Pojib TOJIBKO B CJIy4ae OIlpejielleHHbIX Hebaronpu-
SITHBIX KOMOWHAIH.
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The role of single nucleotide variants of folate
cycle genes of a mother with epilepsy in the occurrence
of congenital malformations of the fetus

Albina V. Yakunina?, Anna A. Usoltseva?, Vladimir A. Kalinin?, Irina E. Poverennova?, Yuliya V. Myakisheva!

1Samara State Medical University (Samara, Russian Federation)
2Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical University (Krasnoyarsk, Russian Federation)

Abstract

Aim - to study the frequency of single-nucleotide variants (SNV) rs1801133
and rs1801131 of the MTHFR gene; rs1801394 of the MTRR gene, rs1805087
of the MTR gene and rs1051266 of the SLC19A1 gene in women with epilepsy
and to evaluate their associations with major congenital malformations (MCM)
of the fetus.

www.innoscience.ru

Material and methods. The study included 61 women with epilepsy who
have children: 20 had different fetal MCM (main group), 41 patients had
children born without MCM (comparison group). DNA was extracted from
blood, and the genotyping of five SNVs into four genes was analyzed by
polymerase chain reaction. The frequencies of genotypes and alleles in

291


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.35693/SIM629862
https://doi.org/10.35693/SIM629862

HeBponorus

the mothers of the main and the comparison group were determined, the
differences were assessed using Pearson's chi-squared criterion (x?) and
Fisher's exact criterion.

Results. There were no statistically significant differences in the frequencies
of genotypes and alleles for all analyzed SNVs between the main group and
the comparison group. There were no statistically significant differences in
the frequencies of genotypes and alleles of SNV of the studied genes of the
folate cycle in mothers of children with malformations (n = 14) and without
malformations (n = 22), taking valproic acid. A statistically significant

Hayka n uHHosauuun B meaununHe T.9(4)/2024

relationship was revealed between the carrier of a certain haplogroup of the
mother and the formation of fetal MCM.

Conclusion. The MCM in a child is a multifactorial phenomenon in which
genetic factors with a small effect size can play a significant role only in the
case of certain unfavorable combinations.

Keywords: folate cycle genes, single nucleotide variant, epilepsy, pregnancy,
congenital malformation.
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m BBEJIEHUE

pobiieMa BO3HWKHOBEHHSI BPOXK/IEHHBIX IOPOKOB Pa3BU-

Tus (BIIP) y meTett eHIIUH ¢ amunerncueil u3ydaeTcs C
Hauaza 60-x romoB XX Beka [1, 2]. YcraHoBmneHo, 4To ypo-
BeHb TepaToreHe3a y JKeHIIMH C 3IWIeTICHel, He IOy YaroI#x
JiedeHre MPOTUBOAMUIeNnTHYeckuMy npenapatamu ([1311),
He TpeBbIIIaeT OOLeIONYIISIIMOHHBIX 3HaUYeHui B 3,5-5,0%
[3], B To >ke Bpems Tepanus [1O11 moBbImaeT puck MOPOKOB
pasBuTHsl y 1WIoza B 2—3 pa3a [3, 4]. Pakropamu prcka Bo3-
nukHoBeHus BIIP cuurtaercs monmuTepanus, pyueM oripejie-
nenHsbix [1311, B mepByio odepesb BalblIpOeBON KUCIOTHI U
TonMpamara, BbICoKas cyTouHas mo3za [1911 [5-7].

Mexanusmbl TepatoreHHoro BiausHus [1911 o cux mop He
u3BecTHHI. [Ipeamnonaraercss 3MOpPUOTOKCHYECKOe JeHCTBHe
anokcua-metabonuToB [1311, KoTopble omocpe0OBaHHO MO-
ryT HeratuBHO BiusTh Ha cuHTe3 PHK u JIHK. B xauectse
TEpaTOreHHOT'0 MeXaHHU3Ma PACCMAaTPUBALTCs TaKXKe deTasb-
HBIM OKCUJAaTUBHBIN cTpecc [8]. OmHuM u3 Harbosee BaXKHBIX
daxTopoB bopmuposanus BIIP B HacTosIee Bpemsi PUHSITO
CUUTaTh HapyIIeHue GoJIaTHOTO IUKJIA C epUruToM $oJIaToB
Y runepromonuctuHemuei [5, 9, 10]. onaTHBIN UK — 3TO
1enb pepMEeHTaTUBHBIX B3aUMONPEeBpaIleHu i TPOU3BOIHBIX
donmesoii kucnoThl (BUTaMuH B,), KOTOpBIH 3aTparvsaet 6a3o-
Bble IIyTU MeTabos3Ma KieTkU. [IpoyKThl ¢onaTHOro nyKia
WICIIOJIb3YOTCSI JIsl TAKUX KJIETOYHBIX ITPOLIECCOB, KaK BOCCTa-
HOBJIEHHE METHOHWHA, CUHTEe3 ITyPUHOBBIX U IIMPUMHUIMHOBBIX
HyKJ1eoTU0B, MeTmirpoBanue JJHK [9].

B ¢onataom 1muxite yuacTByet bosiee fecsTka pepMeHTOB,
OCHOBHBIe U3 KoTopbix — MTHFR (MeTunenTetrparuapodoa-
Tpenykrasa), MTR (MeTroHUH-cuHTa3a), MTRR (MeTHOHUH-
CHMHTAa3a-peflyKTa3a, a Takxke GeJI0K — mepeHOCYHK (HOJIaToB B
kietky SLC19A1. [l5ig reHOB, KOAUPYIONIUX JaHHbIe Oesky,
OTIMCaHbl 3HAYMMbIe OJHOHYyKIeoTUHble BapuaHTel (OHB),
KOTOpbIe IPUBOJIAT K U3MEHEHHIO UX akTUBHOCTH [11]. ledu-
uut MTHFR nipuBonuT kK cHYbKeHHUIo MetunupoBanus JTHK,
YTO BbI3bIBaeT aKTHUBAIIMIO 'eHOB, YYaCTBYIOIIHUX B POCTE
u nuddepeHINPOBKe KIIeTOK. B ciydae cHM)XeHUs aKTHUB-
HOCTH 3TOro ¢pepMeHTa y JXKeHIUH pepTHIBHOIO BO3pacTa
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YCUJIMBAETCS BIUSHUe TepPaTOTeHHBIX M MyTareHHBIX (ak-
TOPOB BHeIIHeH cpeflbl Ha IIOJ, BKJIFOYAsi KCeHOOHOTHKH, K
kotopbiM otHOCSTCS [1311 [12]. Onmcanst OHB rena MTHFR
c.677 C>T (rs1801133) u c.1298 A>C (rs1801133), cBs3an-
Hble ¢ GpepMeHTaTUBHBIM JIePUIIUTOM U pa3BUTHEM THUIIep-
romoructenHemuw [13]. [Iporiecc peMeTHIMPOBaHUS TOMO-
I[MCTeMHa B METHOHUH ocylecTBisieTcs: pepmenTom MTR,
BOCCTAHOBJIeHHe KOTOPOT0 U3 HeaKTUBHOI'O COCTOSHUS IIPO-
ucxoaut mof, nevictBueM MTRR. [TonmuMmopdHble BapuaHThI
¢.2756 (rs1805087) MTR u c.66 (rs1801394) MTRR nipuBozsiT
K CHIDKeHUIO aKTUBHOCTH BOCCTaHOBJ/IEHUsI METUOHMHA U3 TO-
MOIMCTeHHa, YTO yCUIIMBaeTCs IpU fAedulluTe BUTaMuHa B,
[14]. Ha BHYTPHUKJIETOUHYIO KOHIIEHTPANHUIO (OJIHeBOM KUCIIO-
Tl BiausieTr OHB ¢.80 (rs 1051266) SLC19A1, roMO3UTOTHBIN
resotunt GG KOTOporo siBJiseTcsl GaKTOPOM PHUCKa ITOPOKOB
HeBpaJIbHOM TpyOkH [15].

W3-3a pematorneit poiu B ITyTH MeTabonuama ¢oJiaToB of-
HOHYKJIeaTUIHbIM BapuanTam C677T u A1298C 8 MTHFR,
A2756G B MTR, A66G B MTRR u A80G B SLC19A1 ynenset-
cs1 HauboJIblllee BHUMaHUe B IIJIaHe U3y4YeHHs PUCKa Pa3BUTHS
IIOPOKOB HeBpanbHOM TpyOku [11]. Mexay TeM HcciieioBaHus
OHB renoB ¢onaTHOTO IUKJIA B MOMYJISIMU XKeHIIUH C 3111-
Jlericuelt, B ToM urcie Ha ¢poHe mpuema 1311, nemHorouuc-
JIeHHBI, @ pe3ynbTaThl HeONHO3HAYHBL. B cBs3u ¢ 3TUM ompe-
IlefleHWe TeHOMHOM apxutektypsl BIIP miopa y skeHIIMH C
OIUJIETICHUeH ABIIIeTCS aKTyalIbHOU 3aa4el.

m ITEJIb

H3yuuts vactotry HocuTenbcTBa OHB rs1801133 u
rs1801131 rena MTHFR; 151801394 rena MTRR, rs1805087
reHa MTR u rs1051266 rena SLC19A1 y >keHIIIUH C SOUIET-
CHell ¥ OLleHUTh UX accouuanuu ¢ BIIP mioza.

m MATEPHUAJI 1 METO/IbI

B nccrnenoBanye 6bina BkiItodeHa 61 marueHTKa ¢ anuien-
cueii, UMeloliast B aHaMHe3e OfIHy U 60j1ee bepeMeHHOCTb, He
MIPepBaBINyIOCs B IEPBOM TPUMECTPE, C U3BECTHBIM UCXOIOM
o Hanmuuuio BIIP y pebenka. [larnuenTku ObITH paseseHsl
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BMP ectb

el (ocHoBHas (rpynna

Annenu rpynna) cpaBHeHus)

rs 1801133 reHa MTHFR

leHoTun
cc 12 60 24 59
CT 8 40 17 42 089 1,1 0,32-3,7
T 0 0 0 0
Bcero 20 100 41 100
PXB, p 0,34 0,11
Annenb
? 382 28 ?3 ;? 091 10 0,38-31
Bcero 40 82 100
rs 1801131 rena MTHFR
eHotun
AA 6 30 20 49
AC 11 55 16 39 0,35 - -
cc 3 15 5 12
Bcero 20 100 41 100
PXB, p 0,84 0,34
Annenb
C 23 57 56 68
A 17 43 2% 32 071 16 0,7-37
Bcero 40 82
rs1801394 rena MTRR
leHotun
AA 3 15 6 15
AG 12 60 18 44 0,44 - -
GG 5 25 17 41
Bcero 20 100 41 100
PXB, p 0,52 0,21
Annenb
A 18 > 30 68 093 14 06-33
G 22 43 52 32
Bcero 40 100 82 100
rs1805087 rena MTR
leHotun
AA 12 60 27 66
AG 7 35 10 24 0,66 - -
GG 1 5 4 10
Bcero 20 100 41 100
PXB, p 0,76 0,78
Annenb
2‘ 391 Z Els: ;2 091 10 0,6-28
Bcero 40 100 82 100
rs1051266 reHa SLC19A1
leHotun
AA 5 60 17 66
AG 9 35 11 24 0,66 - -
GG 6 5 13 10
Bcero 20 100 41 100
PXB, p 0,52 0,002
Annenb
SoE s SR ea s e
Bcero 40 100 82 100

Tabnuya 1. Yacmoma Hocumenbcmga annenell U 2eHOMUNoOB
OHB rs1801133 urs1801131 zeHa MTHFR; rs1805087 ceHa MTR;
rs1801394 ezeHa MTRR u rs1051266 ceHa SLC19A1

Table 1. The frequency of carriage of alleles and genotypes of the
SNV rs1801133 and rs1801131 of the MTHFR gene; rs1805087 of
the MTR gene; rs1801394 of the MTRR gene and rs1051266 of the
SLC19A1 gene

www.innoscience.ru
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Ha JiBe rpymmsl: y 20 manueHTOK ObLIM 3aperuCTpUPOBaHEI
paznmuunble BITP miona (ocHoBHas rpymmna), y 41 nanueHTKH
poxneHHble fety He umenu BIIP (rpynmna cpaBuenus). I'pyn-
bl OBITM COTIOCTAaBUMBI 110 BO3PACTY MAllMeHTOK U ¢popmMaM
snuiencuu. B nepuon 6epemenHocTy He nonyyanu [1311
8/61 (13,1%) sxenmun, 37/61 (60,7%) >keHITUH TPUHUMAITH
onuH I13I1, 16/61 (26,2%) nony4anu nonuTepanuio. Jleve-
HUe BaJIbIIPOeBOM KUCIIOTOM B MOHOTepanuy nonyydamu 23/37
(62,2%) manueHTKH, B TIOJIUTEPAIHIO BaJIbIIPOEBasi KUCIOTa
6bu1a BKitodeHa y 13/16 (81,3%) nanventok. Takum obpasom,
36/61 (59,0%) marueHTOK MOIyYaad BaJbIPOEBYI0 KUCIOTY
B nepuoy; 6epemenHoctH, 25/61 (41,0%) marueHTok momy-
vyau u60o unble [1911, mubo He npunumanu I1911 B epuon
6epemennocty. BITP mnona 6putv 3aperucTpupoBaHsl y 14/36
(38,9%) marueHTOK, MOTy4YaBIINX JiedeHHe BaJIbIIPOeBOM KHC-
JIOTO# B epuoy] 6epeMeHHOCTH, U 'y 6/26 (24,0%) >xeHIruyH,
He MOJTyYaBIINX BaJILIIPOEBOM KUCIIOTHI.

3abop kpoBu B 00beMe 10 M1 U3 JIOKTEBOW BEHBI MaIy-
€HTa MPOV3BOJIWJIM B aCENTUYECKUX YCIOBUSIX B BAKYyMHbIe
npobupku. CobpaHHass KpPOBb HAHOCWJIACh HA OJIAHKU U3
$unbTpOBaNILHOTO BaTMaHa ITpou3BoACcTBa GUpMbl «I pUH-
BeH» (Poccus). Beinenenue renomuoit JIHK ocymectsisiiu
C UCIOJTh30BaHeM koMMepueckoro Habopa «JIHK — skcripecc
kpoBb» npousBocTBa HIT® «JIMTEXy. [Tocie nmpoBenenus
TEepPMUYECKOT0 JIM3UCA B TBEPIOTEJIbHOM TepMmocrare « Tep-
MUT» obpasell [eHTPUYTHUPOBAJICS Ha YIBTPACKOPOCTHOM
nerTpudyre Minispin (3nnennopd), U cynepHaTaHT bpasics
B paboty. [lyTem npoBesieHus anienb-creliupUIHON aMITIN-
dukarmm B ammudukatopax « Tepruky» (JJHK-TexHomorus)
C MOCJIeAYIOMINM 371eKTOpodope3oM C OPOMUCTHIM 3THANEM
B 3% arapo3HoM Tejie omnpeensnoch HocuTenbcTBo OHB
rs1801133 nrs1801131 rena MTHFR; rs1805087 rena MTR;
rs1801394 rena MTRR v rs1051266 rena SLC19A1.

Hnst o6o3Hauenus BapuanToB renoturna OHB rs1801133
(c.677 C>T) rena MTHFR 6buty IPUHATHI Clleytolie 0bo-
3HAYEHHSI: TOMO3UT'OTHBIN BHICOKOIIPOYITUPYOIIUI — TEHOTHIT
CC (IMTO3WH/TIMTO3WH), reTepo3uroTHbIN reHoTun — CT (1u-
TO3WH/TUMHUH), TOMO3UTOTHBIN T€HOTHUII 110 HU3KOTIPOIYIUPY-
fommemy amieno — TT (TuMuH/TUMUH). [17151 0603HaueHHs Bapy-
anTtoB redotunia OHB rs1801131 (c.1298 A>C) rena MTHFR
ObUIM TIPUHSTHI CIelyIolie 0603HaYeHHs: TOMO3UTOTHBIH
BBICOKOIIPOAYIUPYIOITNM — reHoTun AA (ageHUH/aieHUH),
reTepo3uroTHbIN reHotun — AC (aieHuH/IUTO3UH), TOMO3HU-
TOTHBIM TeHOTUII 110 HU3KOIIpoAyIUpyoleMy aieno — CC
(umrto3un/1uTo3uH). [Ijis1 0603HAYEHHsI BADUAHTOB reHOTHUIIA
OHB rs1805087 (c.2756 A>G) rera MTR GblTy TPUHSITHI
cienyronyie 0603HaUYeHNs: TOMO3UTOTHBIN BHICOKOIIPOJTYITH-
pytomuii — redotun AA (ameHUH/aleHUH), TeTepO3UTOTHBIM
reHotunl — AG (ameHUH/TyaHWH), TOMO3WUTOTHBIN FeHOTHII TI0
HU3KoIpoayuupyiommemy amwiento — GG (TyaHUH/TYaHHH).
Mg o6o3navenus BapranToB reqoruna OHB rs1801394 (c.66
A>G) rena MTRR 6bltu IPUHATHI ClleAylomie 0603HaYeHHs:
TOMO3UTOTHBIN BBICOKOITPOYyIMpPYIOMUi — reHoTun AA (ame-
HUH/aJIeHUH), reTepo3uroTHeI redotunl — AG (ameHun/rya-
HHUH), TOMO3WUTOTHBIM TeHOTHII 110 HU3KOIPOIYIUPYIOIIeMy
annento — GG (ryaHun/ryanuH). [1j1s 0603Ha4e s BApHAHTOB
renotunia OHB rs1051266 (c.80 A>G) rera SLC19A1 6butu
MPUHSTEHI CIeAyIoIye 0603HaYeH sI: TOMO3UTOTHBIM BBICOKO-
nponymupymouuit — reHotunt GG (TyaHUH/TyaHUH), TeTepo-
3UroTHBINM reHotun — GA (TyaHUH/aZileHUH), TOMO3UTOTHBIN
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Blr'lllP=e]t.:zb Bnl'zlli gg'r '“
rs 1801133 rena MTHFR

eHoTun

cc 8 11 1,2 0,5-2,7

CT 6 11 - - 0,8 0,4-1,9

T 0 0 - -

Annenu

C 22 33 1,2 0,3-6,1

T 6 11 LR 0,8 0,2-4,1
rs 1801131 reHa MTHFR

leHotun

AA 5 11 0,7 0,3-1,7

AC 7 9 0,76 068 1,3 0,6-2,8

cc 2 2 1,3 0,5-3,9

Annenu

A 17 31 0,6 0,2-2,7

0,37 0,55
C 11 13 15 0,4-6,3
rs1801394 rena MTRR

leHotun

GG 3 8 0,6 0,2-1,8

AG 9 12 164 044 1,3 0,5-3,0

AA 2 2 1,3 0,5-3,9

Annenn

G 15 28 036 055 0,7 0,2-2,6

A 13 16 15 0,4-6,0

rs1805087 rena MTR

leHotun

AA 7 13 0,8 0,4-1,8

AG 7 8 1,15 056 1,4 0,6-3,2

GG 0 1 - -

Annenn

A 21 34 0,9 0,2-4,2

G 7 10 b ] Bl 1,1 0,2-5,4
rs1051266 rena SLC19A1

leHotun

AA 2 10 0,3 0,1-1,26

AG 7 4 533 0,07 23 1,1-49

GG 5 8 0,9 0,4-2,3

Annenn

A 1 24 079 0,37 0,5 0,1-2,1

G 17 20 19 0,5-7,2

Ta6nuuya 2. Yacmoma Hocumenscmsa annenell u 2eHomunos OHB
eeHoB MTHFR, MTR; MTRR; SLC19A1 y nayueHmokK, nofy4aBuux
BasIbNPOEBYHO KUCiomy B nepuod 6epemMeHHocmu

Table 2. The frequency of carriage of alleles and genotypes of the
SNV genes MTHFR, MTR; MTRR; SLC19A1 in patients treated with
valproic acid during pregnancy

TeHOTHII 110 HU3KOTIPOAYIUpYIolieMy ajutento — AA (ameHuH/
aZieHuH).

I[To pesynbratam uccienoBaHus B mporpamme MS Excel
2013 6p1a chopMrpoBaHa 6a3a JaHHBIX, HA OCHOBE KOTOPOH
C TIOMOIIIBIO TIAKeTOB MPUKIAAHBIX Mporpamm SPSS Statistics
(Bepcust 19.0) 1 oHTaMH-KaIbKYIISTOpA U1 pacieTa paBHOBe-
cust Xapau — Baita6epra (PXB), noctymHoro no a1eKTpoHHO-
My azgpecy https://wpcalc.com/en/equilibrium-hardy-weinberg/,
OCYIIECTBIISUICS CTaTUCTUYECKUI aHau3. [[J1s onvcaHus Kade-
CTBEHHBIX JTAHHBIX UCTIOIL30BaIU MPOIIeHT ¥ 95% JoBepuTesb-
HbIii uaTepBai (95% JIW). Ilns onpenieneHus: CTaTUCTHYECKOM
3HAYUMOCTH OTIIMYMN MEX]y KaueCTBeHHbIMU IPU3HAKaMU
NPUMEHsUIM KpUTepuii XU-kBazpar IIupcona (x?) npy 3HaYeHusIx
oXUIaeMbIx 4acToT bombie 5. Eciu 6omnee 20% oxunaeMbix
YacTOT GbUTH MeHbIIIe 5, TO UCIIOIb30BAJICS TOYHBIN KPUTEPUE
®urepa. ly1s orieHkH $aKTOPOB PHCKA, ACCOITUUPYIOIIUXCS C
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oo | nerocm | o |

Bnok 1

TAAAA 3 7
TAAAG 4 5
TAGAG 1 2
CAAAG 5 4
CAAGG 1 0
CAGAA 0 14
CAGGA 2 5 0,24
CAGAG 3 7
CAGGG 3 5
CCAAG 2 10
CCAGA 3 1
CCGAA 8 5
CCGAG 4 5
Bnok 2

CCGGA 0 2
CCGGG 0 3
TAAGA 0 1
TAGAA 0 4
CAAAA 0 & 1,00
CAAGA 0 1
CAGAA 1 0
Bcero 40 82
P 0,01

Tabnuuya 3. bnoku 2annozpynn OHB rs1801133 u rs1801131 zeHa
MTHFR; rs1801394 eceHa MTRR, rs1805087 zeHa MTR u rs1051266
2eHa SLC19A1, o6beduHeHHble npoepammoii SANCT

Table 3. The blocks of the SNV haplogroups rs1801133 and
rs1801131 of the MTHFR gene; rs1801394 of the MTRR gene,
rs1805087 of the MTR gene and rs1051266 of the SLC19A1 gene
combined by the SANCT program

passuTreM BIIP, orieHrBamM mokasaTey OTHOIIEHUS 1IaHCOB
(011, 95% [OH). MexrpynnoBble pa3nuyus NpHU3HABAINCh
KaK CTaTUCTUYeCKH 3HauMMble Tipu 3HadeHuu p < 0,05. Jlna
BBISIBJIEHHSI TIATTEPHA CXOZICTBA M GOPMHUPOBAHUSI BHyTPEHHe
TOMOTeHHBIX GJIOKOB MCIIOJIb30BaHA OPUTMHAJIbHAS ABTOPCKAsI
mporpamma SANCT - structural analysis of contingency tables
(N.N. Khromov-Borisov, T.B.L. Kist, G.B. Lazzarotto).

m PE3VYJIBTATBI

PacnipenesnieHue reHOTHIIOB B OCHOBHOM T'pYTIIe U TPYIINe
CpaBHEeHHs COOTBETCTBOBAJIO 3aKOHY Xapau — Baiinbepra,
YTO CBH/IETEJILCTBYET O peripe3eHTaTUBHOCTH BBIOOPKU U
BO3MOXHOCTH 3KCTPAIOIMPOBaTh Pe3ysibTaThl UCCIIeI0Ba-
HUSI Ha BCIO TOMYJISIINIO. Pe3ybraThl 4aCcTOTHI HOCUTEBCTBA
asutesieil u reHoTunoB uccnenyembix OHB nipencraBneHs! B
Tabaune 1. YactoTa HOocUTeNbCTBA ajjieneii, a TakXxe ro-
MO3UTOTHBIX TeHOTHUIIOB 110 HU3KOIPOIYIIUPYIOIIUM, BBICO-
KOIIPOAYIIUPYIONIUM U reTepo3uroTHsIM resorunam OHB
rs1801133 urs1801131 rena MTHFR; rs1805087 rena MTR;
rs1801394 rena MTRR u rs1051266 rena SLC19A1 He or-
JUYanach y KeHIIUH, uMelomux aeteil ¢ BIIP, u xxeHmnun
6e3 BIIP y notomcTBa.

[TpuHMMas BO BHUMaHMe JIOKAa3aHHYIO TepaTOreHHOCTh
BaJIbIIPOEBOM KUCJIOTHI, HAMU ObLJIa TPeIIPUHSITA TOMBITKA
uccienoBanus acconuarnuit OHB renoB ¢onmatHoro muksia
V KEHIIVH, IPUHUMABIINX U He TIPUHUMABIINX BaJIbIIPO-
eByI0 KUCJIOTY, ¢ Bo3HUKHOBeHueM BIIP mopa. Brina ome-
HeHa yactoTa HocutenbcTBa OHB 1rs1801133 1 rs1801131

www.innoscience.ru
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Bcero

Bnok 1

TAAAA, CAGAG,

CAGGA, TAGAG,

CAGGG, CCGAG, 39 68 107
TAAAG, CAAAG, 97,5% 82,9% 87,7%
CCGAA, CCAAG,

CCAGA, CAAGG,

CAGAA

Brnok 2

TAAGA, TAGAA, 1 14 15
CAAAA, CAAGA,

CAGAA. CCGGA., 2,5% 17,1% 12,3%
CCGGG

Bcero 40 (100,0%)
P 0,022

82 (100,0%) 122 (100,0%)

Ta6nuua 4. Yacmoma scmpe4yaemocmu 2ansioepynn OHB
rs1801133 urs1801131 ezeHa MTHFR; rs1801394 zeHa MTRR,
rs1805087 zeHa MTR u rs1051266 eeHa SLC19A1 y mamepeli
demeli c BIP u 6e3 BINP

Table 4. The frequency of occurrence of SNV haplogroups
rs1801133 and rs1801131 of the MTHFR gene; rs1801394 of the
MTRR gene, rs1805087 of the MTR gene and rs1051266 of the
SLC19A1 gene in mothers of children with and without congenital
malformation

reHa MTHFR; rs1801394 rena MTRR, rs1805087 rera MTR
1 rs1051266 rena SLC19A1 y >keHIIMH, MOTy4YaBIIUX Bajlb-
MPOEeBYI0 KUCJIOTY B Iepuoji 6epeMeHHOCTH, MO Ipyliam
«BIIP mona ects» (n, = 14) u «BIIP nona wet» (n, = 22).
CrarrcTiYecKy 3HaYUMbIX Pa3iIMYHii YaCTOTHI HOCUTEIbCTBA
ajiesied BBICOKOIPOIYIUPYIONIUX, HU3KOIPOMYIIUPYIOIIHX
TOMOBUTOTHBIX Y T€TePO3UTOTHBIX TeHOTHITOB UCCIIeI0BAHHBIX
OHB reHoB ¢0o1aTHOTO IMKJIA Y )KeHIHH, UMeIoIIUX IeTel ¢
BIIP u 6e3 BIIP, BoisiBiieHo He ObUT0 (Tabsauma 2).

B pesynsrare 06paboTku 6bL10 BBIZIESIEHO 1Ba BHYTpeHHe
roMoreHHbIx 6510ka rarorpynn OHB rs1801133 nrs1801131
reHa MTHFR; rs1801394 rena MTRR, rs1805087 rera MTR
nrs1051266 rena SLC19A1, nMeromuyx cTaTUCTUYeCKUe 3Ha-
YUMbIe pa3nuuus (Tadauna 3).

BbisiBiIeHa CTaTHCTUYECKU 3HAYMMasi B3AUMOCBSI3b MEX-
Iy HOCUTEJILCTBOM OIIpeJleIeHHOM TallyIOrPyIIbl MaTepy U
¢$bopMrpoBaHKeM BPOXXIEHHBIX MOPOKOB Pa3BUTHS IIOAA
(Tabmmna 4). [TokazaHo, 4TO XKeHIIUHbI, UMEIoIHe JeTel C
BIIP, cratucTryecky 3HaYMMO Hallle SIBIISJIMCh HOCUTeISIMHU
ramtorpymnn u3 6moka 1 (TAAAA, CAGAG, CAGGA, TAGAG,
CAGGG, CCGAG, TAAAG, CAAAG, CCGAA, CCAGA,
CAAGG, CAGAA, CCAAG) - B 39/40 (97,5%) cinyuasix mipo-
TUB 68/82 (82,9%) y obcnenosannbix 6e3 BITP (O 8,029
[95% IOU 1,017-63,418], p = 0,022). HocurenbcTBO ramio-
rpynn, oobequHeHHBIX Bo BTopoil 6iiok (TAAGA, TAGAA,
CAAAA, CAAGA, CAGAA, CCGGA, CCGGG), BcTpedanoch
y Marepeii niereii ¢ BITP tonbko B 1/40 (2,5%) ciyuae, Torna
Kak y Marepeii nereii 6e3 BIIP — B 14/82 (17,1%), uto moxeT
OBbITH pacIieHeHO KaK CTaTUCTHYECKH 3HAYUMBIi POTEKTHB-
HbIi dakrop (OLI 0,026 [95% U 0,016-0.984] p = 0,022).

m OBCYXKJIEHUE

Xoporiio u3BecTHo, 4To BIIP sBnsioTcs ciencrsruemM Bo3-
HUKHOBEHVsI KOMOWHAIHI OTIpefielIeHHbIX BADMAHTOB T'eHOB U
WX B3aUMOZeNCTBUS ¢ paKTopaMH OKpy»Kaloleli cpensl [16].
[TpoBeneHHoe KcceoBaHUe He 0KA3aJI0 CTaTUCTHIeCKH 3Ha-
YUMOM pa3HUIlbl B YacToTe HocuTenbcTBa OHB 151801133 u

www.innoscience.ru
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rs1801131 rera MTHFR; rs1801394 rena MTRR, rs1805087
reda MTR n1s1051266 rena SLC19A1 mexxay MatepsiMu ieTeit
¢ BIIP u 6e3 BIIP, uTo He mo3BosisieT UCIOIb30BaTh pe3yiibTa-
ThI reHOTUIIMPOBaHMst OHB oTnenbHbIX reHoB GOIaTHOTO IHK-
Jia 715 IporHo3vupoBanus pa3sutus BIIP miona. UnenTudHbie
naHHBble ObLTH NTonydeHbl B ucciefnoBaHuu W.K. Dewelle u
coaBT. (2023), KoTopble oIleHuBaIX Takok ke komruiekc OHB
reHOB $OJIATHOTO UKJIA y Gosiee obIMpHON BEIOOPKH [17].
3HAYMMBIX acconuanuii ¢ pasnuuabiMu BITP moma Takke He
OBLIO BBISIBIIEHO U B JIPYTHUX HccilefoBanusx [18, 19].

HmeroTcs aHHBIE O COYETAHHOM BIIMSIHUH HOCUTEIbCTBA
marepbio OHB renoB dosnarHoro mukia u npuema [1311 B
nepuoj; 6epeMeHHOCTH Ha Bo3HHWkHOBeHHe BIIP mmona [8].
V4uThIBas, 9YTO BBICOKHM TepaTOreHHBIN IOTeHI[Hal OIMCaH
y BaJIbIIPOEeBOM KUCJIOTHI, MaTepH, Honydatorive 3ot [1911 B
neprofi bepeMeHHOCTH, ObLIY BBIZIeJIeHbI B OT/AEIbHYIO IPYTI-
my. He GbII0 BBISIBIIEHO CTaTUCTUYECKU 3HAYMMBIX OTIIMYHN
B YaCTOTe HOCHUTEJIbCTBA aljiefieil, TOMO3UTOTHBIX TeHOTHIIOB
10 BBICOKOITPOAYIIUPYIOIINUM aJlIesisiM, HU3KOIPOLyLIUPYIO-
ITUM aJIJIesIsiM, a Takyke TeTepo3uroTHhM HocuTensm OHB
rs1801133 urs1801131 rena MTHFR; rs1801394 rena MTRR,
rs1805087 rena MTR, rs1051266 rera SLC19A1 mexny mare-
psvu geteit ¢ BITP u 6e3 BIIP kak cpeny nomy4aBIInx Bajlb-
IIPOEBYIO KUCJIOTY B Iepuo]] bepeMeHHOCTH, TaK U Cpefu He
nedeHHbIX 3TUM [1311. Takum o6pa3om, He OBUIO BHISBIEHO
acconyanui Mexxay uccienoBanibiMu OHB renoB ¢omataoro
IIMKJIa MaTepu U Bo3HWKHOBeHueM BIIP mioma, B Tom gmcie
Ha ¢one mpuema [1911.

B Hacrosiiuii MOMeHT GOJIBIITMHCTBO aBTOPOB ITPU3HAET, YTO
HeT eTMHCTBeHHBIX TeHOB-KaHIUIaToB Ayt mporHosa BIIP mio-
Jla ¥ BefieHrs 6epeMeHHOCTH BBICOKOTO PUCKa U HeobXoauma
OlLleHKa TTOJIMT'eHHOTO PUCKA, KOITla CyMMUPYeTCsl TeHeTHIeCKU
puck Heckonbkux OHB, cBsi3aHHBIX C ornpenesieHHbIM $eHo-
turom [20-22]. Mcronb3oBaHre OpUruHAIbHON POTrpaMMbl
SANCT mo3BoiMIIO BHIIEIUTH JiBa OJI0KAa OJHOPOIHBIX Tarljio-
TPYILI, UMEIOIIUX CTAaTUCTUYeCKU 3HAUMMBbIe PAa3IUIUs MEXIY
coboii. Jlanee OBIIO ITOKA3aHO, YTO COYeTaHHOe HOCUTEJILCTBO
oTpefieJIeHHBIX BAPMAHTOB ajljlejiel II0 BCeM HCCIIeJOBAaHHBIM
reHaM (pOJIATHOTO ITMKJIA MaTepbio MOXeT PacIieHUBaThCs KakK
¢axrop pucka BITP mnopa (OIL 8,029 [95% I 1,017-63,418],
p = 0,022) wu npotektuBHbIiA dakTop (OLI 0,026 [95% AU
0,016-0,984] p = 0,022). CienyeT npu3HaTh, YTO HACTOSIIIEE
HCCIIeIoBaHKe BKIII0YaeT HeboJbIioe KOJIMYeCTBO SKeHIIHH C
SNUJIelICUel, TI03TOMY IOJTydeHHbIe pe3ysibTaThl HeobXoIuMo
TPaKTOBAaTh C OCTOPOXKHOCTHIO, 0CODEHHO TIPH UCIIOIb30BaHNUU
B KJIMHUYeCKOM IPaKTHKe.

m SAKJIFOYEHUE

Takum obpa3oM, pe3ysbTaThl UCCIeIOBaHNS HOCUTENb-
ctBa otaenbHbIX OHB rs1801133 nrs1801131 rena MTHFR;
rs1801394 rena MTRR, rs1805087 rera MTR u rs1051266
reHa SLC19A1 B HacTosiiiee BpeMsl He MOT'YT OBITh UCIIOJIb30-
BaHbI B KA4eCTBe JJOCTOBEPHOI'O IIPOrHOCTUYECKOTO UHCTPY-
menTa BIIP ntoza y skeHIMH ¢ anuiericieil. Bo3HukHOBeHHe
BIIP y pebeHka siBisieTcsi My/ibTU(PaKTOPUAIIbHBIM SIBIEHUEM,
B KOTOpPOM reHeTh4deckue GaKTOphbl C HEOONBITUM pa3MepoM
a¢dexTa MOTyT UrpaTh 3HAYMMYIO POJIb TOJIBKO B CITy4ae OIipe-
JleJIeHHbIX HeOaronpyusaTHBIX KOMOMHAIWM. P
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3HAONPOTE3MPOBaHUA OPIOWHOro otaena
aopThbl U sIeBOM o6LWwen NoaB3A0LWHON apTepum

WU.C. Ctunungun, M.T. A6rapsi, A.E. Kanuuun, J1.P. Llynym6a, O.A. EreHoB

PIrbY «HauunoHanbHbIN MeauUMHCKUIA nccnenoBaTenbCKUM LEeHTP OHKO0Mm
umMenun H.H. bnoxmnHa» Munsgpasa Poccun
(MockBa, Poccuiickaa degepauns)

AHHOTaums

CapKoMBI MATKUX TKaHeH — pefIKHe 37I0KadeCTBeHHbIe OITyXOJIH, COCTABIISIO-
mye IpuMepHO 1% Bcex 3710KauecTBeHHBIX HOBOOOPA30BaHUH y B3POCIIBIX,
IIpY 3ToM NprMepHo 15-20% Bcex capkoM MSTKUX TKaHel BO3HMKAIOT B 3a-
GpIOIIMHHOM NpOCTpaHCTBe. PykoBozcTBa 10 XMPypPrudeckoMy JiedeHHIO 3a-
OPIOIIMHHBIX CAPKOM JI0 CHX IIOp OTCYTCTBYIOT. Kputepuu HepeseKkTabesibHO-
CTH OCTAIOTCS HeoIpe/ieJIeHHbIMH, a IOKA3aHUsI ¥ COOTBETCTBHE TPeOOBaHUIM
K OIlepaTUBHOMY JIeYeHUIO Pa3HSTC.

CocyaucTbIM pe3eKIMsM IpH 3abpIOIIMHHBIX CapKoMax yressieTcs: ocoboe
BHUMaHHWe. XUpypruyeckoe BMellaTelbCTBO C Pe3eKIrel MaruCTpasbHBIX
COCYZOB B ClTy4ae UX BOBJIeYeHHUsI II03BOJISIET BBIIOIHUTD PaIUKaIbHYIO Olle-
PaIMIO U eCTeCTBEHHO YIIydIIaeT OTaleHHble pe3yabTaTel. OHAKO B JIUTe-
paType OIMCAHE! JIUIIb eJUHIIHBIe CIIy9al XUPYPrUYecKUX BMeIIaTelbCTB
C pe3eKIyel MarucTpajbHBIX COCY/IOB 110 TOBOAY 3a0PIOIIMHHBIX CAPKOM.
B crarbe omuceIBaeTCsl yHUKaJIbHBINA KIMHAYeCKUM Clly4ail BYX9TallHOTO
YCIeIIHOTO XUPYPrUiecKoro JiedeHUs MalfieHTa ¢ 3a0pIOIHHHON JIMIoCcap-
KOMOH U MHBa3Well B aOpPTy U JIeBYIO OOLIyIO MOAB3HOIIHYIO apTepuio. Ha
11epBOM 3Talle BBIIOJHeHa YCTaHOBKA BHYTPUCOCYIUCTOrO rpadT-cTeHTa.
Bropeim atanom — en bloc ynanenve onyxoiu, HeppaKTOMUS U TeMUKOII3KTO-

MU CJIeBa, pe3eKnust “HpapeHaIbHOTO CerMeHTa OPIOIIHOM a0OPTHI U JIEBOX
0611Ie#t TIOB3/IOLTHOM APTEPUH.

B o6cy)xneHny IpUBOIUTCS aHAIM3 ITyOIMKAIMH, TOCBSIIIEHHBIX POJIM CO-
CYAMCTBIX pe3eKIUii IIpy 3a0PIOIIMHHBIX CapKoMaXx.

[IprMeHeHHas B Hallled paboTe MeTOIMKA IByX3TallHOI'O XUPYPruieckoro
JledeHUs C MCIOIb30BAaHUEM SHIONPOTe3WPOBAHHS MaruCTPaIbHOTO COCyAa
Ha [IepBOM 3Talle [10 CPABHEHHUIO C OMHOMOMEHTHOH pe3eKIvel X IpOTe3upo-
BaHUeM 00JIaZiaeT psIOM [IPEUMYIIeCTB: He TPeOyeTCsl BBIIIOJIHeHHUsT HHTpa-
OllepallOHHOIO IPOTe3UPOBaHMsI COCYJIa; OTCYTCTBHeE IIepexkaTysi OpIoNHON
AO0pTHI U MOJB3/IOMIHBIX apTepHit sk GOPMHUPOBaHUS aHACTOMO30B; MUHU-
MaJIbHbIN 00beM KPOBOIIOTePH M COKPAIlleHHe BpeMeHH Ollepalliy; CHIDKeHHe
pucka TpomMbo3a 1 aMboIHu.

YuuteiBas BbllllellepeyrCileHHble IIPeUMYIIeCcTBa, JaHHas MeTOAUKa MOXeT
ObITH peKOMeH/I0BaHa IIPH 3a6PIOIIMHHBIX CapKOMax C MHBa3HWei B Maru-
CTpajibHble COCYABL

KurroueBrble cyioBa: 3a0pIOIIMHHAS JIMTIOCAPKOMA, Pe3eKIHst OPIOIIHOM a0pPThI,
pe3eKnys HOAB3IOIHEIX COCY0B, COCYIVCTas PEKOHCTPYKITHS.

Kon@nukT MHTEpecoB: He 3asBiIeH.

Ansa uMTupoBaHms:

Crunnam U.C., AbrapsH M., Kanunue A.E., LLlynymba J1.P., EreHoe O.A. Xupyprudeckoe
neyeHve 3a6PIOWMHHON TMNOCAPKOMBI C UCNOJIb30BaHUEM TEXHONOTUN
3HAONPOTE3VMpPOBaHMA GPIOWHOrO OTAENa a0PThl U N1eBOI 06wWei NoAB3A0WHO
apTepuu. Hayka u uHHoBayuu B meduuuHe. 2024;9(4):297-302.

DOI: https://doi.org/10.35693/SIM642123

CeepneHus 06 aBTopax

Ctunuam WU.C. — akapemuk PAH, npodeccop, A-p Mea. Hayk, AVPEKTop.
ORCID: https://orcid.org/0000-0002-0493-1166

E-mail: biochimia@yandex.ru

A6rapsaH M.T. — kaHA. Men. HayK, CTapLUKiA HAaYYHbIV COTPYOHWMK,
BPay-OHKONOT OTAENEHNs aBAoOMUHaNbHOM oHKonorum Nel.
ORCID: https://orcid.org/0000-0001-8893-1894

E-mail: abgaryan.mikael@gmail.com

KanuHuh A.E. — kaHA. Mea. HayK, CTapLUWid Hay4HbIA COTPYAHWUK,
Bpay-OHKOMNOT OTAeNeHNs abaoMuHanbHok oHkonorum Nel.
ORCID: https://orcid.org/0000-0001-7457-3889

E-mail: main2001@inbox.ru

Lynym6a J1.P. — opauHaTtop xupyprudeckoro otaeneHvs Nel.
ORCID: https://orcid.org/0009-0001-6360-8932

E-mail: lolashulu@yandex.ru

EreHoB O.A. — kaHA. Me[. HayK, BPa4-OHKOJIOr OTAEeNeHNs
abaoMuHanbHoi oHkonoruu Nel.

ORCID: https://orcid.org/0000-0002-8681-7905

E-mail: egenov.omar@mail.ru

Cnu1cok cokpauieHunin
CMT — capkoMa MaArkux TkaHei; OB — o6Luas BbKMBAaeMOCTb;
3C — 3abpiowmnHHas capkoma.

ABTOp ANs nepenuckn

EreHoB Omap AnueBuy

Apnpec: HaunoHanbHbI MEAULIMHCKWIA MCCNEQ0BATENLCKUIA LIEHTP OHKONOMMK
uMm. H.H. BnoxuHa, Kawwupckoe wocce, 23, . Mocksa, Poccus, 115478.
E-mail: egenov.omar@mail.ru

MonyueHo: 01.11.2024
Opo6peHo: 27.11.2024
Ony6nukoBaHo: 02.12.2024

www.innoscience.ru

297




OHkonorus, ny4dyeBaqa tepanusa

Hayka n uHHosauuun B meaununHe T.9(4)/2024

Surgical treatment of retroperitoneal liposarcoma
using the technology of endoprosthetic replacement
of the abdominal aorta and left common iliac artery
with an endoprosthesis

Ivan S. Stilidi, Mikael G. Abgaryan, Aleksei E. Kalinin, Lola R. Shulumba, Omar A. Egenov

N.N. Blokhin National Medical Research Center of Oncology
(Moscow, Russian Federation)

Abstract

Soft tissue sarcomas are rare malignancies, accounting for approximately
1% of all malignancies in adults, with approximately 15-20% of all soft
tissue sarcomas arising in the retroperitoneal space. Guidelines for the
surgical treatment of retroperitoneal sarcomas are still lacking. Criteria for
unresectability remain unclear, and indications and compliance with surgical
treatment vary.

A special focus is made on vascular resections in retroperitoneal sarcomas.
Surgical intervention with resection of the main vessels in case of their
involvement allows for a radical operation and naturally improves long-term
results. However, only isolated cases of surgical interventions with resection
of the main vessels for retroperitoneal sarcomas are described in the literature.
The article describes a unique clinical case of a two-stage successful surgical
treatment of a patient with retroperitoneal liposarcoma and invasion of the
aorta and left common iliac artery. At the first stage, an intravascular graft
stent was installed. The second stage was en bloc tumor removal, nephrectomy

and left hemicolectomy, resection of the infrarenal segment of the abdominal
aorta and left common iliac artery.

The discussion provides an analysis of publications on the role of vascular
resections in retroperitoneal sarcomas.

The technique of two-stage surgical treatment using endoprosthetics of the
main vessel at the first stage, compared to one-stage resection and prosthetics,
used in our work has a number of advantages: no need for intraoperative
prosthetics of the vessel; no clamping of the abdominal aorta and iliac arteries
to form anastomoses; minimal blood loss and reduced surgery time; reduced
risk of thrombosis and embolism.

Taking into account the above advantages, this technique can be recommended
for retroperitoneal sarcomas with invasion of the main vessels.

Keywords: retroperitoneal liposarcoma, abdominal aortic resection, iliac
vessel resection, vascular reconstruction.
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m AKTYAJIBHOCTbD
CapKOMbI msrkux Tkaned (CMT) — peakue 3mokaduecTBeH-
HbIe OITyXOJIM, COCTaBJIsiioIIMe mpuMepHo 1% Bcex 3710-
KaueCTBeHHBbIX HOBOOOpa3oBaHMi1 y B3pocibiX [1]. [IpumepHo
15-20% Bcex CMT BO3HMKAIOT B 3a0PIOIIIMHHOM IPOCTPaH-
CTBe, a MATUJIeTHsIs ob1mas BekuBaeMocTb (OB) cocrapinser
39-70% [2-4]. 3abprommunble capkombl (3C) mmuTenbHOe
BpeMsI IPOTeKaloT 6eCCUMITOMHO M 0OHApYXUBAIOTCS, KOTZA
y OOJIBHOT'O MOSIBIISIOTCS XKayIoObl Ha MajbIrpyeMoe 06paso-
BaHHe, COIIPOBOXKAAIOIIEeCs] 9yBCTBOM OBICTPOTO HACHIIIEHMS],
TSDKECTBIO, TYTIOM GOJIBIO B )KUBOTE 3a CUeT CHABJIeHHS HJTH UH-
Ba3WH COCEITHUX OPraHOB W/WJIM MAaruCTPaJIbHBIX COCYJIOB OITy-
XOJTbIO OOMBIIHX pPa3dMepoB [5]. Ux 0COGEHHOCTHIO SIBIISIEeTCS
BBICOKasl CKIIOHHOCTb K BO3HMKHOBEHHIO MECTHOTO pellu/ihBa
Y MyJBTUIEHTpHUYecKuit pocT. [Iporuos 3abosneBanus omnpe-
JeJIieTCsl paJIuKaIbHOCThIO ONepaTHBHOTO BMeEIaTesIbCTBa,
IIOCKOJIbKY 3¢ deKTUBHas TepaleBTHYecKas ajJbTepHaTHBa
JIe4eHUs! B HACTOSIIIIUI MOMEHT OTCYTCTByeT. X UMHOTeparusi
Y JTyueBasl Teparivsi MOTYT BBICTYTIATh B KaueCTBe KOMOGHHHUPO-
BaHHOT'O JIeYeHHsI JIMO0 B KaUueCTBe CaMOCTOSITEITBHOTO MeTojia
JledyeHUs y HeonepabesbHBIX O0NbHBIX [6]. Takum obpasoMm,

298

ynaseHue onyxonu en block (equHbsiM 6710k0M), 6€3 Hapy1ile-
HUSI ITeJIOCTHOCTH ee TICeB/I0KAIICYIbl OCTaeTCsl KpaeyroabHbIM
KaMHeM U eIMHCTBeHHBIM IT0TeHIHAIBHO U3JIeYUBalOIIM Me-
TomOM JiedeHust arreHToB ¢ 3C [6].

PyxoBonctBa 1o xupyprudeckomy jederuto 3C 10 CUX TIOP
OTCYTCTBYIOT U OCTAIOTCsI CIIOPHBIMH M3-3a HU3KOM 9aCTOTHI
ee BCTPeYaeMOCTH U COOTBETCTBEHHO OTCYTCTBHSI OOJIBIIIOTO
OTBbITA JIeYeHus JaHHOU KOTropThl 60bHbIX [7]. Hampumep,
KpUTEpHM Hepe3eKTabellbHOCTH OCTAIOTCS Heolpeie/leHHbIMH,
a TIOKa3aHUs U COOTBETCTBHE TPeOOBaHUSM K OIlepaTUBHOMY
JIe4eHHIO Pa3yIMYaloTCs B 3aBUCUMOCTH OT CTPYKTYpPHOT'O IO~
pasnesieHys. [1arieHTOB ¢ 0CTaTOYHOM OMYX0JIbIO IIOCTIe OIle-
panyy 4acTo HANpaBIsIoT B ClleI[HaIM3UPOBaHHbIe [[eHTPHI,
IIOCKOJIbKY 11e71eCO00pa3HOCTh Pe3eKIIU eIMHBIM GJI0KOM BO-
BJIeYeHHBIX B OIYXOJIeBBIN MIPOIIECC OPraHOB U MaruCTpajb-
HBIX COCYZIOB HeOOXOIMMO OTIpeJeNiITh UHTPaoIlepaliioHHO.

TpancatmanTryeckast pabodas Tpymma HelaBHO 0OHOBHIIA
KOHCEeHCYC 10 JiedeHHI0 nepBu4HbIX 3C y B3pocibix [8], rme
YCTaHOBJIEHBI CIIeAyIOIIe KpUTepuH TeXHUIeCcKoi Hepesek-
TabeJIbHOCTH: BOBJIeUeHHe BepXHell OpbIkeedHOl apTepuH,
A0pTHI, YPeBHOI'O CTBOJIA, BOPOTHOM BeHbl, KOCTel, UHBa3Us
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B II03BOHOYHBIM KaHaJjl; paCIpOCTPaHeHUe JIeMOMHUOCApKOMbl  PucyHok 1. CHumku KT do onepayuu.

HIDKHEIA 110710¥ BeHHI B IIpaBoe Ipecepade u uaunsrpaiusa — Figure 1. CT scans before surgery.

HECKOJIbKUX OCHOBHBIX OPTraHOB W/WJIM MaruCTPaJIbHBIX CO-

cynos [8]. [TanuenT HanpaBneH B nonukianauky HMUIL onkonorun
CnepoBarenbHO, cocynucTbiM pesekiusiM ipu 3C yaenser-  umend H.H. broxuna, rie auarsos 6su1 noareepxaeH. Uvmy-

cs1 ocoboe BHUMaHMe. OHAKO B JIUTepaType ONUCAHBI JIUIIb  HO(EHOTHUII OITyXOJIM COOTBETCTBYeT NenvddepeHIIPOBaHHOM

eIMHUYHbIe CTy4au XUPYPruuecKUx BMeIIaTeslbCTB ¢ pe3ek-  jmnocapkoMme G3 (FNCLCC). IIponmudepariBHas akTUBHOCTD

I[Meil MaruCTPaJIbHBIX COCY/IOB 10 NoBoay 3abpromuuHbix  Ki 67 — 40%.

capkom [9, 10]. KT c B/B KOHTpaCTHpPOBaHUEM: B ME30TUIIOTaCTPaIbHON
Xupypruueckoe BMeIlaTeJIbCTBO C pe3eKIyell MarucTpajib-  06JIacTH CJieBa, C pacpOCTPaHeHHEeM B IIOJIOCTh Ta3a, Ompe-

HBIX COCY/IOB B CJTy4ae UX BOBJIEYeHUs II03BOJISIET BHINOJIHUTD  JIEJISIeTCSl MACCUBHOE MHOTOY3/I0BOe 00pa30BaHKe HeoIHOPO/I-

PaIMKaJIbHYIO ONIepalltio ¥ eCTeCTBeHHO YIIy4IIaeT OTJajieH-  HOM MSTKOTKAaHHOW CTPYKTYPBI 33 CUET YYaCTKOB IOHMKEeH-

Hble pe3ysbTarsl [11]. HOU IUIOTHOCTH (HEKPO30B) U BHLICOKOIIJIOTHBIX BKITFOUEHUMN
B cratbe npesncTapieHo onucaHye YHUKAIBbHOTO KIIMHUYe-  (feMOpparuieckux), C He4eTKUMH OYTPHUCTHIMU KOHTYpaMH,

CKOTO CJTy4asi YCIIeIIHOTO XMPypPruuecKoro JiedeHus narydenTa  pa3mepamu 14x15x16 cm (pucyHok 1).

C 3a0pIOMMHHON HEeOpPTaHHOM JIUIIOCAPKOMOU C MHBa3uel B Onyxosnp Ha OONBIIOM MPOTSKEHUU TeCHO MPUIIEXUT K
aopTYy U JIeBYI0 ODIIYIO TIO/IB3[IOLIHYIO apTepuIo. JIeBOV IOSCHUYHOW U IOSICHUYHO-IIO[B3A0IIHOM MBIIIIAM,

Ha OT/eJIbHBIX Cpe3ax 0e3 4eTKOM IpaHuIlbl; BOBJIeKaeT JIeBbIi
m K/IMHNYECKOE HABJIFOIEHUE MOYETOYHHK B €r0 CpefiHel U HUKHeH TpeTr; HHOUIBTPUPYeT

[MTanment L., 62 net, obparwmics B Hostope 2020 rofa B o-  “HpapeHaIbHbIN CerMeHT OPIOIIHOM aOpTHI, JIeBYI0 00IIYI0
muknuarKy HMUALL onkonoruu nmenu H.H. broxuHa ¢ %a- ¥ HapyXHYIO [TOJB3/A0IIHYIO apTepHH; YaCTUYHO IPUIIeXUT K
nobamMuy Ha 0Opa3oBaHUe B OPIOIITHOM MOTOCTH. CUTMOBHUTHOM KMIITKe ¥ BepXyIIike MoueBoro ny3bips. [1lo nan-

[To maHHBIM KOMIUIEKCHOTO 0OCIIeIOBaHUS B TIOJIMKJIMHAKE — HBIM 3HJIOCKOIIMYEeCKUX METO/IOB (KOJIOHOCKOIIHMSI U ITUCTOCKO-
TI0 MECTY KUTeJIbCTBA BbISIBIIEHO 00pa30BaHKe 3a0pIONIMHHOM  IHS), IPOPACTaHKsI B KUILIKY U MOYEBOM ITy3bIPb HE BBISIBIIEHO.
nokanu3anuu. [Ipy Mopdomnorudeckom uccienoBaHuM OHOT- [TpoBeseH KOHCUINYM U pEKOMEH/I0BaHO XUPYpruiecKkoe
CHI{HOTO MaTepuajla yCTaHOBJIEHA JIMTIOCAPKOMa. BMeIIIaTeJIbCTBO: MIePBLIi 3Tall — BHITOJIHEHUE UMIUIAHTAI[UH

PucyHok 2. BHympucocyducmeil epacpm-cmeHm Aorfix.
Figure 2. Aorfix intravascular graft stent.
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PucyHok 3. 3D-pekoHcmpykyusi nocsie 3H0onpome3upoBaHUsi.
Figure 3. 3D reconstruction after endoprosthetics.

BHYTPHCOCYAUCTOTO ITpoTe3a B ycinoBusax HMUIL kapauo-
siorun uMenu A.JI. MsicHuKOBa, BTOpO# 3Tall — y#aneHue
OITyXOJIH.

19.12.2020 . BBITIOIHEHO 3HIOTIPOTe3MPOBaHKEe OPIONITHOTO
OT/IeJIa A0PTHI U JIeBOM OOIIe# MOIB3OIIHON apTepyUH 3H/I0-
npore3oM Aorfix (pucyHok 2).

Ha pucynxke 3 npescrasiena 3D-pekoHCTpyKIIHs 1TOCIIe
3H/IONIPOTE3UPOBAHMSI.

Ha BTopom sTane nanuenTt onepupoBad B HMUII onko-
sorun umenu H.H. bnoxuna. 02.02.2021 r. BIIIONIHEHO yfa-
JIeHHe OTyXOJTH C HeppIKTOMHUEH ¥ TeMUKOJISKTOMUEH CIIeBa,
pesexiusi MHGPapeHaIbHOrO CerMeHTa OPIOITHOM a0OpThI U
JIeBOH 0611ield Mo/IB3IOIIHON apTepuy. MHTpaonepanyoHHas
peBH3us: 3a0PIOIIMHHO CJIeBa C PACIPOCTPaHeHUeM B JIEBYIO
TIOZIB3/IONIHYI0 OOJIACTDb OTIpe[elisieTCsl MAaCCUBHAS OITyXOJIb,
TJIOTHOM KOHCUCTEHITNH, pa3amepoM Ao 20x25x19 cMm B tuame-
Tpe. OmyXosb BpacTaeT B GpbDKeiKy HUCXOSIIel 060109HOM

Oncology and radiotherapy

Hayka n uHHosauuun B meaununHe T.9(4)/2024

KHUIIIKY, JIeBBIM MOYETOYHHK Ha OOJIBIIOM MPOTSHKEHUH IIPO-
XOIIUT B TOJIIIE OITYXOJIH.

‘YcTaHOBJIEeHHBIN paHee 3HAONPOTe3 PACIONIOXKeH a/IeKBaT-
HO, 6e3 ITPU3HAKOB 3KCTpaBasavy. Onyxoib UHPUIETPUPYeT
VH}ppapeHaIbHbIM CErMeHT a0pTHI U JIEBYIO OOIITYIO ITOB3/I0I-
HYI0 apTepuio. BrlnonHeHa MOOMIN3ALIMS OIIYXOJIU OCTPhIM
myTeM. MobunusoBaHa JieBasi IOJIOBUHA TOJICTOM KHIITKU.
LlupkynspHo MOOUIM30BaHbI MH(GPapeHaIbHbIN OTAeN a0pPTH,
JieBast ¥ TipaBast 0011[e TIO/IB3[OIITHbIe apTepUU B3STHI Ha Aep-
>Kanky. BelzieneHsl, TUTMPOBaHE! U llepecedeHsbl ieBbie BeTBU
CpeIHUX 000/I0YHBIX COCYIOB, JieBble 000I0YHO-KUIIIeYHbIe
COCyIbl, HIDKHSS OpbDKeeyHast BeHa. JIMHeMHBIM CIITUBaloIIe-
PeXyIIMM allapaToM IepecedeHa IonepeyHas 060104Has
KUIIIKA B ee CpefHel TPeTH, HUCXOJAIIast 000/10uHasl KHUITKA
B ee IMCTa/IbHON TpeTH. MoOWIN30BaHa JieBasi II0YKa, Bhize-
JIeHbl, JINTUPOBAHBI U [lepecedeHbl JieBble T0YedHbIe COCY/Ib
Y JIeBBIi MO4YeTOUHHK. BhIonHeHa pe3eKIs CTeHKU aopThl
3x4 cm. Onyxonb yhasieHa eInHbIM GJI0KoM 6Ge3 HapylieHwUs
I[eJIOCTHOCTH TICEeBAOKAICYIBI B KOMIUIEKCe C JIeBOM MOYKOM,
JIeBOU TOJIOBUHOM 0OO/IOYHOM KHUIIIKK U CTEHKOUW mHpape-
HaJIbHOTO CerMeHTa OpIONIHOM aoOpThl MPOTSXKEHHOCThIO 6
CM U JIeBOM 0011Ie TOJB3I0IIHOM apTepuH (PUCYHOK 4). He-
IIPepbIBHOCTH TOJICTOM KUIIIKM BOCCTAHOBIIEHA JABYXPSIHBIM
TpaHCBep30CUrMoaHacToMo3oM. [IpogomkuTensHOCTE orepa-
1uu — 210 munyT. KpoBonorepst — 350 mit.

[I1aHoBOe THCTONIOrMYECKOe 3aKiIoueHre: nenuddepen-
nupoBaHHas unocapkoma, G3 (FNCLCC), kpasi pe3ekiiuu
yuctele — RO (pucyHok 5).

[TocneonepanyoHHBIi Tepro IpoTeKas 6e3 0CI0KHeHHUH,
MAIMeHT BBINMCAH Ha 15-e CyTKU B YIOBJIETBOPUTEILHOM CO-
CTOSTHUU.

m OBCYXKJIEHUE

B pa6ote npezncTaBieH KIMHUYECKUN CIy4ai ycCriem-
HOTO JIByX3TaITHOTO XUPYPrUYecKOTro JIeYeHusl MalueHTa C
3a0pIOIIMHHOM JIUTIOCAPKOMOWM M UCIIOIb30BAHHUEM TEXHOJIO-
T SHIOMTPOTe3UPOBAHMS OPIOIIHOTO OT/IeJIa A0PThI U JIEBOM
00111e# OAB3OIITHOM apTepyy Ha repBoM aJrtare. PereHuve
0 COCYIMCTOM PeKOHCTPYKIIMH JOJDKHO OCHOBBIBAThCS Ha

PucyHok 4. Bud nocne yoaneHusi onyxonu. CuHsisi cmpernka —
3HOonpome3s Aorfix uHgppapeHanbHo20 ceameHma 6prowHol
aopmbel, xenmasi — aHoonpome3s Aorfix nesoll obweli NnodB30oWHOU
apmepuu.

Figure 4. View after tumor removal. Blue arrow — Aorfix
endoprosthesis of the infrarenal segment of the abdominal aorta,
yellow — Aorfix endoprosthesis of the left common iliac artery.
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PucyHok 5. Makponpenapam.
Figure 5. Macropreparation.
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KOMILJIEKCHOM OIleHKe paclpoCTPaHEeHHOCTH OIyXO0JIeBOI0
IpoIiecca, CTelleH! 37I0Ka4eCTBeHHOCTH OIYXOJIH, BOBJIEYeH-
HBIX OpPraHOB U 00I11ero COCTOSIHUS MalveHTa. B equHCTBeH-
HOM MeTaaHasnuse, onyonukoBaHHoM H. Hu u coasr. [12] B
2023 rony, coob1aeTcsi, YTO arpecCUBHbBIN XUPYPrUudecKuit
IIOAXO[I C Pe3eKLel BOBJIEUeHHBIX B OIIyXO0JIeBbIN IPOLiecc
MarucTpaJIbHBIX COCYIOB MOXeT 00eCleduTh JOCTHKeHHe
RO/R1 pesexnuu u yaydIIUTh OTHajieHHbIe pe3yJbTaThl
JledeHUsl C IpUeMJIeMON 4acTOTON KIMHUYeCKH 3HAYUMBbIX
MIOCJIeolepallioOHHbBIX OCJIOKHeHUH. HemocpencTeenHsle u
OTJjaJIeHHbIe Pe3yNbTaThl JIeueHUs DOIbHBIX C COCYIUCTHIMU
pe3eKIusIMHU OBbIJIM COTIOCTABUMEBI C pe3yJbTaTaMU JIedeHUs]
MAI[MeHTOoB, I7e IPOU3BOIWIOCH TOJIBKO yAajleHHe Oy XO0JIH,
YTO CBHJIETEJILCTBYET 0 6e30IIaCHOCTH COCYAUCTBIX PeKOH-
CTPYKUHMM NIPU MPABWIBHOM MYIBTUAUCIUIITIMHAPHOM IIOI-
xofie K jedenuro [12].

B 0630pe nutepatypsl, onyonukoBaHHoM D. Tzanis u
coaBT. B 2018 ronmy, Takxke coobIiaeTcs, YTO pe3eKIys U
PEeKOHCTPYKIIMS MarucTpajibHBIX COCYIOB Ipu en bloc
yoajseHUH 3a0PIONIMHHBIX CAPKOM MOTYT OBITh BBHIMIOJIHE-
HBbI 6e3omacHo [13]. ABTOpbI coobmuIM 06 UIeHTUIHBIX
KpPaTKOCPOYHBIX U JIOJITOCPOYHBIX pe3ysbTaTaxX Kak B IpyTiIie
COCYIUCTBIX Pe3eKIIUi, TaK U B Ipyniie 6e3 Hee. AHalIOru4-
Hble JaHHble ObITM ONTyOIMKOBAHE! U B IPebINYIUX UCCIIe-
nmoBanusx [14—-16]. BaxxHocts goctmxkenus RO pesexnuu
U ero KOppeJisius C MoKa3aTesIMU BBDKUBAeMOCTH Oblia
npejcTaBieHa B paborte S. Tropea u coast. (2012): ob6rmras
BBIXKMBAEMOCTb MpH 0oCTkeHuH RO pe3ekmiu Obiia BhIIIIe,
yem 1ipu R1 pesexiuy, a npy R1 pesekuuu nydiie, 4eM pu
R2 pesekruu [16].

0.U. Karanos u coaBr. (2020) B cBoe#t paboTe cooBITIH,
YTO NpeoIepaliioHHast TpPaHCapTeprasibHas 3MOOIM3aIYS [TH-
TAIOMIMX OIYXOJIb COCYAOB, 0COOEHHO TeX, KOTOpbIe TUTAI0TCS

OHkonorus, ny4dyeBadqa Tepanua

U3 BeTBel NOSICHUYHBIX apTepUil, CpeHel KpeCTIi0BOM apTepuu
WJIM BHYTpPEeHHe! MOJB3/I0IIHOM apTeprH, MOXXEeT 3HAUHUTEJIbHO
CHU3UTb MHTPAOIIEPAL[MOHHYI0 KPOBOIIOTEPIO, BpeMsl Ollepaliii
Y 4aCTOTY IOCJIe0NepalliOHHBIX OCTIOXKHeHui [18].

m SAKJIFOYEHUE

[IpumeneHHas B Harieil paboTe METOIMKA JIBYX3TAITHOTO
XUPYPIUYecKOro JiedeHus C UCIIO0Ib30BaHHeM 3HIOIIPOTe3u-
POBaHUS MarvCTPAILHOTO COCY/la Ha IIEPBOM 3Tarle 10 CpaB-
HEHUIO C OMHOMOMEHTHOW pe3eKIied U IpOTe3NpPOBaHUeM
obazaeT CIIeyoNMMU [TPerMyIeCTBaMu.

1. He TpeOyeTcs BbINOJIHEHHE UHTPAOIIepaIllMOHHOTO MIPO-
Te3WpPOBaHUS COCYTa.

2. OtcyTcTBHe nepexkaTys OpIOIIHON a0pThI M ITOJB3/0II-
HBIX apTepuii 11 GOPMUPOBAHUS aHACTOMO30B.

3. MuHHMaIBHBIM 066eM KPOBOIIOTEPH M COKPAIIIeHHe Bpe-
MeHH OIlepalivy.

4. CHXKeHHMe prcKa TpoM603a 1 IMOOITHHL.

V4uTEIBas BHIIIENIEPEYHCIIeHHbIE TIPEUMYIIeCTBa, JaHHAS
MeTOJIMKa MOXeT ObITh peKOMEeHI0OBaHa TIPU 3a0pIOIMHHbIX
CapKoMax C WHBa3Wel B MaruCTPajIbHbIE COCYIBL.

Takum o6pa3om, en bloc pe3exnusi ¢ BOBIeYeHHBIMU
KPYIIHBIMU COCYAaMH T103BOJIseT BBHIIIOJIHUTD PaguKalIbHYIO
OTeparyio, HeOOGXOAUMYTO JIJIS aIeKBaTHOTO JIOKAJTbHOTO KOH-
TpoJist. ATpeCCUBHBIH ITOJXOJ C pe3eKIyell BOBJIEYeHHBIX Ma-
TUCTPAJIbHBIX COCYIUCTBIX CTPYKTYP SIBIIsSETCS Oe30IacHBIM,
C OKBUBAJIEHTHBIMU, KaK B TPyIIe 6e3 COCYUCTHIX Pe3eKITHiA,
TTOKA3aTeJISIMH YaCTOTHI OCJIOXKHEHHH, a TaKXKe Oe3peliuIuBHON
1 0611ielt BBDKUBAaeMOCTH.

OmnyxoneBast UHBa3us B KPYITHbIE KDOBEHOCHBIE COCYIbI
He SIBJISIeTCSI IPOTUBOIIOKA3aHeM K OTepaliiiy U He SIBIISeTCS
KpUTepreM TeXHU4YeCKoi Hepe3eKTabellbHOCTH. P
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Abstract

Aim - to study the pathomorphological features of various forms of isolated
sphenoiditis.

Material and methods. We analyzed the data of surgical biopsy material of 23
patients aged 18 to 68 years who were on inpatient treatment at the Regional
Clinical Hospital named after N.A. Semashko in the period of 2019-2022.
Results. In our study, it was found that in the structure of isolated sphenoiditis,
the most common is the polypous-cystic form of the sphenoidal sinus lesion,
which is diagnosed statistically significantly more often than the fungal
isolated sphenoiditis (p=0.001). The results of the pathomorphological
study in all our observations showed a picture of a nonspecific chronic
inflammatory process. As a rule, we observed a mucous membrane lined
with atrial respiratory epithelium with varying degrees of edema of the plate.
In our observations, as a rule, the structure of the epithelium was normal, and
the most frequent change was local desquamation in the polypous and cystic
forms and sphenochoanal polyp. In the case of mucocele, a local decrease
in epithelial height was revealed without reliable signs of squamous cell
metaplasia. In the case of the polypous-purulent form, local desquamation
occurs, but with areas of atrophy. In polypous fungal forms, only signs of local
desquamation were found. The change in the ratio of goblet, supporting and
ciliated cells concerned, as a rule, changes in the number of goblet-shaped cells
towards an increased (polypous, cystic forms), normal (sphenochoanal polyp)
or reduced (fungal, mucocele, polypous-purulent) quantity. The basement
membrane was of the usual structure (in polypous-purulent and fungal forms),
in some cases thickened. The most pronounced thickening was registered in
the case of sphenochoanal polyp, to a lesser extent, in polypous sphenoiditis
with bright eosinophilic infiltration, minimally in mucocele. We observed
the most active inflammation in the proper plate (with signs of edema) of

the mucous membrane in the polypous form, in other forms of lesion this
manifestation was moderate (fungal) or reduced (cyst). Edema of the lamina
was most pronounced in the polypous form; minimal edema was seen in the
sphenochoanal polyp, polypous-fungal form, and there was no edema in other
forms. The data obtained indicate that at the time of the interventions, the
process in the sinus was not aggravated. The range of features characteristic
exclusively of a particular morphology of the lesion identified in our studies is
minimal. The pathomorphological landscape of lesions of the sphenoid sinus,
obtained in our study, generally corresponds to the picture of lesions of other
groups of paranasal sinuses.

Conclusions. Against the background of a huge number of cases of acute
and chronic rhinosinusitis, the absolute prevalence of isolated sphenoiditis,
even with a relative magnitude of 5% of the total, is also very significant.
Determining the phenotypes of isolated sphenoiditis is very important for
building a consistent treatment strategy, especially against the background
of a large number of tactical and diagnostic errors. For more effective and
visual performance of such data analysis, we have developed a “Checklist for
pathomorphological examination in pathology of the sphenoid sinus”. The
pathomorphological landscape of lesions of the sphenoid sinus, obtained in
our study, generally corresponds to the picture of lesions of other groups of
paranasal sinuses. Examination of the autopsy material showed the presence
of polypous changes in the sphenoid sinus and obstruction of the anastomosis
in almost half of the observations.

Keywords: isolated sphenoiditis, phenotypes, endoscopic sphenotomy,
pathomorphological changes.

Conflict of interest: nothing to disclose.

Citation

Larin RA, Grishin AS, Mokeeva PP. Certain pathomorphological features of isolated
sphenoiditis. Science and Innovations in Medicine. 2024;9(4):303-310.

DOI: https://doi.org/10.35693/SIM636696

Information about authors

Roman A. Larin — Head of Otorhinolaryngology Department No. 1.
ORCID: https://orcid.org/0000-0002-3800-6710

E-mail: info.lor@mail.ru

Artem S. Grishin — doctor of the pathology department.

ORCID: https://orcid.org/0000-0001-7885-8662

E-mail: zhest8242@mail.ru

www.innoscience.ru

Polina P. Mokeeva — otorhinolaryngologist.
ORCID: https://orcid.org/0000-0001-5611-0709
E-mail: polinasuzaeva@yandex.ru

Corresponding Author

Polina P. Mokeeva

Address: Children's City Clinical Hospital No. 1, 76 Gagarin ave.,
Nizhny Novgorod, Russia, 603081.

E-mail: polinasuzaeva@yandex.ru

Received: 03.10.2024
Accepted: 12.11.2024
Published: 27.11.2024

303



OTopuHONApPUHIONorus

Hayka n uHHosauuun B meaununHe T.9(4)/2024

HekoTopble natomopdconormyeckne ocCo6eHHOCTH
n3onimpoBaHHoOro cpeHouauTa

P.A. NNapun!, A.C. N'puwwmn?, MN.I. MokeeBa®

I'BY3 HO «Hwmxeropoackas obnactHas knuHuyeckas 6onbHuua nMenn H.A. Cemaluko»
(HwkHuin Hosropog, Poccuitckas ®enepaums)
2PIbOY BO «[MpuBOMKCKNA UCCNenoBaTenbCkMin MeguuUmMHCKuin yHmepcuTteT» MuHagpasa Poccun
(HwkHuin Hoeropog, Poccwuiickas ®enepaums)
IbY3 HO «[leTckast ropoackas knuHuyeckas 6onbHuua Nel MNpuokckoro paioHa r. HuwkHero Hoeropoga»
(HwkHuin Hoeropog, Poccwuiickas ®enepaums)

AHHOTauusa

Ienp — u3y4nuTh naToMopdoIoruiecKrie 0COGEHHOCTH Pa3IuuHbIX GOpM
M30JIMPOBAHHOIO CheHOonIuUTa.

Marepnan u MeToabl. [IpoaHaI3UpPOBaHb! JaHHbIE OIIePAMOHHO-OHUOTICHIA-
HOro MaTepHasa 23 nalyeHTOB B Bo3pacTe oT 18 10 68 seT, HaxooMBIIMXCS HA
CTallMOHAPHOM JleyeHuH B Hipkeropozickoit 06/1acTHOM KITMHUYECKOH 60iTb-
nure umern H.A. Cemaniko B nepuog 2019-2022 ropgpr.

Pe3ysbraThl. YCTaHOBJIEHO, YTO B CTPYKTYpe U30JIMPOBAHHOTO CEeHOMIUTA
HanboJIee PacIPOCTPAaHEHHOH SIBJISIeTCS MOJIMIIO3HO-KUCTO3Hast PpopMa 11o-
pakeHUsl KIIMHOBUIHOM Ia3yXH, KOTopas AUarHOCTUPYeTCsl CTaTUCTUYeCKU
3HAYMMO Halile, yeM rpubkoBeie popmel (p=0,001). Pesynesrarsl matomopdo-
JIOTMYeCKOT0 UCCIIe/IOBAHMS BO BCeX HAIIMX HAOIIONEHUsX IT0Ka3alu Kap-
THUHY HecllelupUIeCcKOro XpOHMIeCKOro BOCIaluTelbHOro nponecca. Kak
[IPaBHJIO, MBI HAOMIONAH CIIM3UCTYIO 000JI0UKY, BEICTIIAHHYIO MepIaTesib-
HBIM PeCcIIMpaTOpHBIM dMUTeJIMeM C Pa3IMuHOM CTeleHbI0 BhIPaKeHHOCTH
oTeKa COOCTBEHHOH IUTACTUHKY. B Halmx HabItoneHusIX CTPyKTypa IUTENT s
06BIYHO OBUTAa HOPMAJILHOM, HauboJlee YacToe U3MeHeHNe — JIOKAJIbHAs Jie-
CKBaMalYsi IIPY MOJIUIIO3HBIX, KUCTO3HBIX PpopMax U cheHOXOaHaIbHOM I10-
smte. [1py MyKoriese BBISIBJIEHO JIOKAJIbHOE CHYDKeHHe BBICOTHI SIUTeNus 6e3
JIOCTOBEPHBIX MIPU3HAKOB IJIOCKOKIIETOYHOM MeTarasuu. [1py nosmumnosHo-
THOMHOU (popMe — JIOKaJIbHAs IeCKBaMalus, HO C y4acTkamu arpodun. [Ipu
TIOJIMIIO3HO-TPHOKOBBIX pOpPMAX Takke OBUIM yCTaHOBJIEHBI TOJILKO IIPU3HAKU
JIOKaJIbHOM JleckBaMallvy. Mi3aMeHeHUe coOTHOLIeHHs! 6OKaJIOBUIHBIX, MOJ-
JIepXKUBAIOIIYX ¥ PeCHATYATHIX KJIETOK CBS3aHO, KaK IIPABUJIO, C U3MeHeHneM
Ko/IM4ecTBa 60KalIOBUIHBIX KJIETOK, KOTOPOe MOXKeT ObITh YBeJIM4eHHbIM (IIpH
MOJIMIIO3HOM, KUCTO3HOM $OpMax), HOPMaJIbHBIM (TIpH CHeHOXOaHATbHOM
TIOJIUIIIE) WIIM YMEHBIIeHHBIM (TIPH MyKoIlese, TPHOKOBOM, MOJIMIIO3HO-THOM-
HOM M30/IMpPOBaHHOM cdeHounute). basanbHas MembpaHa 6bliia 06bIYHOTO
cTpoeHws (IIpY IOJIUIIO3HO-THOMHBIX U TPUOKOBLIX GpOPMax), B psizie CIIydaeB
ytounieHa. Haubosee BelpaskeHHOe yTomIIeHHe 3apUKCHPOBaHO ITpU ceHo-
XOQHAJIbHOM TIOJIUIIe, B MeHbIIel CTelleH! — IIPYU MOJIUIIO3HOM CPeHOUnuTe
C SIPKOH 203WHOMIBHOM HHOWIBTPANKeld, MUHUMAJIBHO — [IPU MyKolleJe.

Hawubosee akTuBHOe BoCHajieHHe B COOGCTBEHHOH IIACTHUHKeE (C MPU3HAKaMU
OTeKa) CJIM3UCTOM 060JI0YKU HAbIIIO/1aoCh IPY MOJIMITO3HOM dopMe, IpU
npyrux $opmax MopakeHUs! JaHHBIH IPU3HAK ObLT yMepeHHBIM (TPUOKOBBIH
M30JIMPOBAHHBIA CPEHOUAUT) WM CHIDKeHHBIM (KucTa). OTek coOCTBeHHOMH
IUIACTUHKY 6bUT HaUO0MIee BBIPAXKeH IIPH MOJIMIO3HOMN GpopMe, MUHUMAJILHbIN
oTeK — IIpH CHEeHOXO0AHATILHOM II0JIHIIe, MTOJIMII03HO-TPUOKOBOM (popme, ripu
npyrux ¢popmax orek orcyrcrBoBal. [lomyueHHbIe JaHHbIE CBUIETEIbCTBYIOT
0 TOM, YTO Ha MOMEHT BBIIIOJIHEHHs] BMEIIaTesIbCTB IIPOLIeCC B I1a3yxe ObLI BHE
o6ocrpenus. CriekTp 0cobeHHOCTel, XapaKTepHBIX UCKITIOUUTENILHO JUIS TOH
YT THOH MOP(OIOrYH IIOPAXKeHNs], BLISB/ICHHBIX B HAIIIMX MCCIIe0BAHMUAX,
MuHHMaJIeH. [laroMmopgonoruyeckuii ned3axx NOPaXXeHWH KIMHOBUIHOM ITa-
3yXH, [IOJTyYeHHBIH B HallleM UCCIIefIoBaHHY, B I1eJIOM COOTBETCTBYeT KapTHUHe
IIPH IIOPAXKEHUH JIPYTHX IPYIII OKOJIOHOCOBBIX Ma3yX.

BriBonsl. Ha ¢poHe orpoMHOro uucia cirydaeB 0CTPOTro ¥ XpOHHYECKOTO PHU-
HOCHHYCHUTOB abCONIOTHBIe IIUGPEL PACIPOCTPAHEHHOCTH U30JIMPOBAHHOTO
cheHoUINTa, Jlaske IIPH OTHOCUTEIIbHOW Belln4rHe B 5% OT 061I1ero Koyuye-
CTBa, Takke BeCcbMa 3HauMTeNbHbI. OlpeiesieHre peHOTUIIOB U30/IMPOBAHHOTO
cdeHonIMTa OUEHB BAXKHO ISl IOCTPOEHUS II0CIIe/IoBaTeIbHOM JIeyebHOM
CTpaTeruy, yIUThIBast GOJIBIIOE KOIMIeCTBO TaKTUKO-IUArHOCTHIECKUX OIIIH-
6ok. [l 6ostee 3¢dPpeKTUBHOTO U HAIVISAHOTO BBINOIHEHHs] TAKOTO aHAIM3a
JIAaHHBIX HaMM pa3paboraH «Hek-1MCT naToMopdoIoruyeckoro UCCie[oBa-
HMSs1 IIPY [IaTOJIOTUM KIIMHOBUIHOM Nasyxu». IlaroMopdornoriudeckuii nerzax
MIOpa’keHWH KIIMHOBU/THOM I1a3yXH, IIOTyYeHHBIH B HallleM UCCIIe[JOBaHUH, B
I1eJI0M COOTBETCTBYET KapTHHE IIPY NOPaXKeHHUH APYTUX TPYII OKOJIOHOCOBBIX
masyx. MccnemoBanue ayTOICHIHOTO MaTepuasia OKa3alo HaIM4IKe IIOJH-
MO3HBIX U3MEeHEeHUH B KIIMHOBUIHOM 1aszyxe U 06CTPYKIMU COyCTbsl OUTH
B TI0JIOBHMHE HaOJIIONIeHUH.

KirioueBble cJI0Ba: U30IMPOBAHHBIN CHEHOUAUT, HGEHOTHUIIbI, IHIOCKOIINYe-
cKast cheHOTOMMS, TAaTOMOPQOJIOTHYeCKIe N3MeHeHHU .
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m INTRODUCTION
Diagnostics and treatment of isolated sphenoiditis (IS)
remain vital, especially with the vast implementation of
radiological diagnostics in the clinical practice thus allowing
identification of latent forms of IS [1-4]. The incidence rate of
IS in the total structure of diseases of paranasal sinuses is not
more than 5%; at the same time, up to 80% of all diseases are
due to inflammatory pathology, and chronic diseases prevail
[5, 6]. Patients with chronic progression of IS do not constitute
a large group in absolute figures, but it is this group that
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requires surgical treatment most often, and the specific ratio
of tactical and diagnostic error in this patient group remains
high [7]. In the chronic forms of IS, polypous and cystic
and mycotic lesions of the sphenoidal sinus prevail. At the
same time, the literature data on nosological forms are often
contradictory, and the description of the pathomorphological
picture, important both for understanding the mechanisms of
development of the pathological process and for predicting the
course of the chronic process in IS, is found in a very limited
number of studies [8-9].
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m AIM
To study the pathomorphological features of various forms
of isolated sphenoiditis.

m MATERIAL AND METHODS

We analyzed the data of surgical biopsy material of 23
patients aged 18 to 68 years who were on inpatient treatment
at the Nizhny Novgorod Regional Clinical Hospital named
after N.A. Semashko in the period of 2019-2022.

Inclusion criteria: isolated sphenoiditis diagnosed under
the recommendations effective at the time (EPOS 2007-
2020, Russian clinical recommendations), radiological (CT,
MRI) signs of pathological process in the sphenoidal sinus,
symptomatic and latent forms of sphenoiditis.

Exclusion criteria: combined lesions of other groups of
paranasal sinuses, nosocomial sphenoiditis, malignant tumor.

All patients underwent a comprehensive clinical check-
up, examination of the ENT organs, and an endoscopic
examination. Surgeries were performed on the Karl Storz
endosurgical complex under the control of rigid endoscopes
with viewing angles of 0, 30, 45 and 70 degrees, photo and
video recording were performed.

A pathomorphological examination was performed. The
surgical material was fixed in 10% formalin. After fixation,
the samples were sent for standard histological processing on
the Excelsior ES apparatus (Thermo Scientific, USA). Filling
into paraffin blocks was carried out using the HistoStar filling
station (Thermo Scientific, USA). After filling, paraffin
blocks were made. Serial sections of 5 microns thickness
were obtained on the Microm HM 325 microtome (Thermo
Scientific, USA). Sections were stained with hematoxylin and
eosin on the Gemini AS staining station (Thermo Scientific,
USA). The staining protocol included primary removal of
paraffin and demasking for 20 minutes at 98-99°C. The
morphological examination was performed on the Nikon
Eclipse E400 microscope with x5, x10, x20, x40 and x100
lenses, x10 eyepiece, visual field diameter 22 mm. The
digital archive of the obtained material was made using the
Leica 2500 microscope (Leica Biosystems, UK) and a digital
scanning microscope.

Figure 1. Retention cyst preparation. Color: hematoxylin and eosin.
Magnification x100.

a) 13 — basement membrane; 14 — cylindrical ciliated cells of the respiratory
epithelium; 15 — goblet cells; 16 — proper plate of the mucous membrane.

b) 9 — lymphocytes; 12 — single segmented leukocytes.

PucyHok 1. [Mpenapam pemeHyuoHHol kucmbl. OKkpacka:
2emMamoKCWIUH U 303uH. YBenuydeHue x100.

a) 13 — 6asanbHas MeMbpaHa; 14 — yunuHopuyeckue pecHUm4yamsie
K/lemKu pecnupamopHo20 anumenusi; 15 — 60kanoBudHble knemku; 16 —
cobcmBeHHasi nnacmuHka causucmoul 060/104KU.

b) 9 — numcpoyumel; 12 — eduHUYHbIE cCeaMeHmosidepHble nelikoyumsi.

During the pathomorphological examination, the state
of the pseudostratified ciliated epithelium was assessed:
presence of the epithelium metaplasia/atypy, cell composition
ratio; condition of the basement membrane and proper
plate of the mucosa, composition of the inflammatory
cells (lymphocytes, leukocytes, neutrophils, eosinophils,
plasmocytes, etc.), and strength of inflammation. In fungal
processes, additional PAS-staining was performed to identify
the strands of the mycelium (hyphae). In PAS-staining, some
fungi become bright pink or purple. PAS also stains glycogen,
some mucins, basement membrane, hyalin, and some fibers.

In order to ensure unification of the pathomorphological
examination data, we designed and implemented the
“Checklist for pathomorphological examination in pathology
of the sphenoid sinus”.

m RESULTS

In the studied group of patients, there was a prevalence
of polypous-cystic forms of isolated sphenoidosis that were
diagnosed in 15/23 (65.3%) of patients. Mycotic lesion of the
sphenoid sinus was diagnosed in 7/23 (30.4%) of examined
patients, and in 1/23 (4.3%) of patients, a neoplasm was

Figure 2. Preparation of a sphenochoanal polyp.
a) sphenochoanal polyp, macro-preparation.

b) 1 — cylindrical respiratory epithelium; 2 — goblet cells; 5 — thickened basement membrane; 6 — proper plate; 8 — inflammatory infiltration; 9 — capillaries;

11 — signs of edema.

c) 1 — cylindrical respiratory epithelium; 13 — cystic structures; 14 — structureless eosinophilic contents of cysts.

PucyHok 2. [lpenapam cgeHoxoaHaibHO20 nonuna.
a) cpeHoxoaHanbHbIU nonun, Makponpenapam.

b) 1 — yunuHopuyeckud pecnupamopHbil snumenud; 2 — 60KanoBuUOHbIe Knemku; 5 — ymonujeHHas 6a3anbHas MeMbpaHa; 6 — cobcmBeHHasi N1acmuHKa;

8 — BocnanumensHasi uHpunbmpauyus; 9 — kanunnspsl; 11 — npusHaku omeka.

¢) 1 — yunuHopuyeckull pecnupamopHsit anumenudl; 13 — Kucmo3Hble cmpykmypsbl; 14 — 6eccmpykmypHoe 303UHOpUIbHOE COOepXXUMOe KUucm.

www.innoscience.ru
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Figure 3. Inverted papilloma preparation.

a) removal of papilloma (endosurgical image).

b) 7 — endophytic intrahepatic epithelial complexes. The inverted component of the papilloma.
c) 6 — goblet cells (mucocytes). Respiratory pseudomnolayer ciliated epithelium.

d) 4 — hyperplastic multilayered flat non-corneating epithelium; 4a — basal layer.

PucyHok 3. [lpenapam uHBepmupoBaHHOU NanusiioMbil.

a) ydaneHue nanunioMsl (3HOOXUPypauyeckoe usobpaxeHue).

b) 7 — 3HOOpUMHbIE BHyMpUCMeHOYHble KOMNIeKChl anumernusi. VIHBepmupoBaHHbI(

KOMNOHeHmM NanussioMsl.

c) 6 — bokanoBUOHbIE KlemKu (Mykoyumsl). PecnupamopHsbil nceBOOMH020C10{iHbI(

pecHumyamsil anumenud.

d) 4 — aunepnnasupoBaHHbIll MHo20c0UHBIU nnockul Heopozosesatowull anumenudl;
4a — 6a3anbHbll cnodl.

Figure 5. Fungal form of sphenoiditis.

a) 1 — pseudostratified epithelium; 2 — site of local desquamation; 3 — stromal part.

b) 7 — fibrin. PAS staining.

c) 4a — lymphocytes, 46 — plasmocytes, 48 — eosinophils in the proper plate.

d) hyphae are filamentous (ribbon-like) structures that are tightly intertwined with each other,
forming a single mass (red arrows, circled in red).

PucyHok 5. ['pubkoBas popma cpeHouduma.

a) 1 — nceBOOMHO20psA0HbIU 3anumenul; 2 — y4acmok nokansHol deckBamayuu; 3 —
cmpoMaribHas Yacme.

b) 7 — ¢pubpuH. PAS okpawuBaHue.

c) 4a — numcpoyumel, 46 — nnasmMoyumsl, 48 — 303UHOUsIbI B CO6CMBEHHOU NacmuHKe.
d) 2ugbl HumeBUOHbIE (MeHMOBUOHbIE) CMPYKMYpPbl, KOMOPbIe NJIOMHO CnyiemeHbl Opye C
OpyeoM, 06pa3sysi eduHyo Maccy (KpacHble cmpesiku, 06BedeHb! KpacHbIM).

found, the sphenoid sinus inverted papilloma. The median
age of patients with polypous-cystic and mycotic forms
of IS was 46.5 [35.0;59.0] years. The age of patients with

mycotic IS was statistically significantly higher than that
of patients with polypous-cystic IS (p=0.03). On the whole,
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Figure 4. Preparation of polypous sphenoiditis.
a) blue arrow — the basement membrane is thickened,
brightly eosinophilic — eosinophils.

b) illuminated eosinophils, entirely in the fields of view
under high magnification (x400).

¢) 12 — clusters of glands.

PucyHok 4. [Tpenapam nonuno3Ho2o
cgeHououma.

a) cuHsis cmperka — 6a3anbHas MeMbpaHa ymonuieHa,
SIPKO-303UHOpUIbHAS — 903UHOPUITBI.

b) nodcBedeHHHbIe 303UHOGUSIbI, CNIOWb B NOASAX
3peHusi nod bosbWuM yBenudeHueM (x400)

¢) 12 — ckonneHus xenes.

within the examined sample IS was more
often diagnosed in women. No statistically
significant gender differences were found in
patients with polypous-cystic and mycotic
forms of IS (p=0.5).

The clinical examples of examination of
pathomorphological material in different
phenotypes of IS are shown in Figures 1-5.

For each preparation, an analysis of the data
obtained using the checklist we developed was
carried out (Fig. 6).

The analysis of pathomorphological changes
in the mucous membrane depending on the
phenotype revealed the following data. In the
polypous form of the lesion, there were signs
of local desquamation of the epithelium; in
the surface epithelium, goblet-shaped cells
prevailed, the basement membrane was
thickened in the majority of specimens, proper
plate was in the state of marked edema with
highly active inflammation and prevailing
eosinophils and plasmacytes. Distinctive

features include pronounced tissue eosinophilia and villous
structures on the surface of the mucosa.

The polypous-purulent of the lesion was mainly
characterized by epithelial changes in the form of local
desquamation and/or atrophy, prevalence of goblet-shaped
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dissection of the corpses of patients (10 in
total) who did not have a lifetime diagnosis
of "chronic sphenoiditis". After opening
the cranial cavity, the structures of the sella
turcica were removed and a wide view of the
sinus was provided. An assessment was made
of the condition of the mucous membrane, the
natural anastomosis, and the possibility of its
drainage using a transnasal probe. The images
are shown in Fig. 7.

“Checklist for the study of pathomorphological material
in sphenoidal sinus pathology”

1. Lesion phenotype: polypous-mycotic
2. Epithelium: pseudo-multilayered ciliated cylindrical
2.1. Epithelium features: normal, locally desquamated
2.2. Number of cells (tentative):
Goblet-shaped cells: decreased

m DISCUSSION

According to the updated EPOS 2020
classification, isolated sphenoid sinus
lesions are defined as primary localized
sinusitis, with or without polyps, with
a predominant non-T-2 endotype of
inflammation [10]. Considering the large
number of tactical and diagnostic errors in
this group of patients, accurate differential
diagnosis of phenotypes is especially
important [11-13]. Our study found that
within the structure of isolated sphenoiditis
the most prevalent is the polypous-cystic
type of sphenoid sinus lesion, statistically
diagnosed more frequent than mycotic
isolated sphenoiditis (p=0.001).

Analyzing the pathomorphological changes
in the mucosa in the isolated sphenoiditis,

Ciliated cells: normal
Basement cells: normal
3. Basement membrane: normal
4. Proper plate:

4.1. Inflammation degree (cellular density
of inflammatory infiltration): marked

4.2. Inflammation activity (neutrophil infiltration,
necrosis, defects): moderate

4.3. Inflammation cells (approx. percentage from
total number):lymphocytes 60%, neutrophils 15%,
plasmacytes 20%, eosinophils 5%, macrophages
(histiocytes) approx. 1%.

4.4. Other morphological specifics: hyperplasia of glands.
4.5. Foreign matter: fungi (separate fragments)

5. Notes: the superficial epithelium is artificially lost over a large area.
There are zones of hemorrhage of an artificial nature. One of the
preparations is a large fungal cluster. Reliable signs of fungal spread

studied material.

into the mucous membrane and vascular invasion were not found in the

researchers note the predominance of
histiolymphocytic, eosinophilic and
plasmacytic infiltration of the proper plate
of the mucous membrane, the formation of
lymphoid follicles. Development of serous

Figure 6. Checklist for the study of pathomorphological material.
PucyHok 6. Yek-nucm uccnedoBaHusi namomMopgoozu4eckoz2o
Mamepuana.

cells, thickened basement membrane, infiltration of the proper
plate mainly by lymphocyte and plasmacyte type cells with
moderately active inflammation, minimal edema and the
specific feature of neutrophil penetration between the cells of
respiratory epithelium.

The cystic form was characterized by changes in the
integumentary epithelium in the form of local dystrophy,
prevalence of goblet cells, and a normal basement membrane.
The cellular composition of the proper plate was mainly
lymphocytes and segmental leukocytes with low inflammation
activity and no edema. In the superficial sections, isolated
small clusters of seromucous glands can be seen.

In the polypous-mycotic form, sections of local dystrophy
of the epithelium were seen with prevalence of goblet-shaped
cells, thickened basement membrane, limphoplasmacytic
infiltration of the proper plate with moderate inflammation
activity and minimal edema. Specific features include presence
of minor dense lymphoid accumulations, areas of granulation
tissue, and foci of mild edema.

As part of the pathomorphological study, an additional
study on cadaveric material was performed. The condition of
sphenoid sinus was studied during the pathological anatomical
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edema, plethora with hemorrhages, and
emergence of tissue macrophages are also observed. These
changes are seen as manifestations of stress of the immune
processes playing an important role in the sustenance of the
chronic inflammation. The inflammatory infiltration with
lymphocytes, neutrophils and plasmacytes is most expresses in
the purulent rather than catarrhal form. A detailed description
of the pathomorphological features of isolated sphenoiditis is
given in the fundamental works of S.Z. Piskunov et al. (2004)
and G.Z. Piskunov et al. (2017) [9, 14].

The results of the pathomorphological study in all our
observations showed a picture of a non-specific chronic
inflammatory process. As a rule, the mucous membrane lined
with ciliated respiratory epithelium with varying degrees
of swelling of the proper plate was observed. Chronic
inflammations of the paranasal sinuses are known to have
areas of atypy, squamous metaplasia, or mixed respiratory
epithelium [14, 15]. In our observations, as a rule, the
epithelium structure was normal, and the most frequent change
was local desquamation in polypous and cystic forms and in
the case of the sphenochoanal polyp. In the mucocele, the
local decrease of epithelium height was observed without
credible signs of squamous metaplasia. In cases of polypous-
purulent form, local desquamation was observed with areas
of atrophy. In polypous-mycotic forms, only signs of local
desquamation were identified. The change in the ratio of
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We observed infiltration of the proper
plate of the mucous membrane by the
following types of cells: macrophages,
leukocytes, lymphocytes, neutrophils,
plasma cells, eosinophils, and fibrocytes.

In the cystic process, cellular
infiltration is represented mainly
by lymphocytes, single segmented
leukocytes, and a small number of
fibrocytic and fibroplastic cells. In
mucocele, there can be seen a prevalence
of lymphocytes and plasmacytes,
single segmented leukocytes, i.e. the
picture is generally similar to that
of a retention cyst. In the polypous
process, there is observed superficial
(diffusion, in some fields of vision),
mixed-cell inflammatory infiltration
with prevalence of eosinophils and

Figure 7. Sphenoid sinus field of removal of the Turkish saddle. Cadaverous material.
a) polyp of the sphenoid sinus (blue arrow). The natural anastomosis is covered with an edematous

mucous membrane (red arrow).
b) a large polyp that encircles the natural anastomosis (blue arrow).

c) the probe is inserted through the anastomosis into the sinus, an edematous polyposally altered mucosa

(red arrow) is visible in the area of the anastomosis (blue arrow).

d) the probe is inserted through an unchanged, gaping anastomosis (blue arrow), unchanged mucous

membrane (red arrow).

PucyHok 7. KnuHoBUOHasi nasyxa nocrne yodaneHus mypeykozo cedna. KadaBepHsbiil

Mamepuarn.

a) nonun KnuHoBUOHOU nasyxu (cuHsisi cmperka). EcmecmBseHHoe coycmbe npukpbimo omeyHol

cnusucmoli o6os04Kkol (KpacHas cmpeska).

b) 6onbwoti nosun, o6mypupytowuli ecmecmaeHHOe CoyCmbe (CUHSISi Cmperika).
) 30HO BBedeH Yepe3 coycmbe B Na3yxy, BUOHA OmeYHasi NOAUNO3HO U3MeHeHHas cnuaucmast (kpacHasi

cmperka) o6os04ka B ob6nacmu coycmbsi (CUHSIS cmperika).

d) 30HO BBedeH Yepes HeusMeHeHHoe, 3usiouwiee Coycmbe (CUHSIS Cmperika), HeuaMeHHas causucmas

obosoyka (kpacHasi cmperka).

goblet-shaped, supporting and ciliated cells (one of important
criteria of morphological condition of the mucosa in a chronic
inflammation) was usually related to the increase in the
amount of goblet-shaped cells (polypous and cystic forms),
their normal amount (sphenochoanal polyp) or decrease of the
said amount (mucocele, mycotic, polypous-purulent isolated
sphenoiditis).

The basement membrane was of normal structure (in
polypous-purulent and mycotic forms), in some cases it was
thickened. The most marked thickening was observed in the
case of the sphenochoanal polyp, lesser thickening was seen in
the polypous sphenoiditis with a marked eosinophil infiltration,
and minimal thickening, in the mucocele.

The degree and nature of infiltration of the mucous
membrane by various inflammatory cells is one of the
main pathomorphological criteria of the forms of damage
(phenotypes). First of all, the activity and severity of
inflammatory infiltration were assessed. The most active
inflammation in the proper plate (with signs of edema) were
seen in the polypous form, while in other forms this sign was
moderate (mycotic form) or minor (cystic form). Edema of
the proper plate was most pronounced in the polypous form,
minimal edema was observed in the sphenochoanal polyp and
polypous-mycotic form, while it was absent in other forms.
The obtained data are indirect confirmation that at the time of
the interventions the process in the sinus was not in a phase of
exacerbation (with conservative treatment or in latent forms).
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lesser amount of plasmatic cells and
lymphocytes. In the case of the solitary
sphenochoanal polyp, the picture is
different: there is a prevalence of
lymphocytes and eosinophils with lesser
amount of plasmacytes. In the polypous-
purulent process, the lymphocyte type
cells with some neutrophils and minor
amounts of plasmacytes and histiocytes.
The situation is similar in the polypous-
mycotic process with lymphocytes
accounting for over 90% of observed
cells, the remaining amount consisting
of neutrophils, plasmacytes, eosinophils
(below 1%), and macrophages (histiocytes).

The range of features characteristic exclusively of a particular
morphology of the lesion, identified in our studies, is minimal.
Thus, in the retention cyst, a small number of small thin-wall
vessels was seen within the thickness of the proper plate, some
of them demonstrating signs of plethora. In the superficial
areas, individual minor accumulations of seromucous glands
were identified. In the case of solitary sphenochoanal polyps,
cystic structures were seen in the thickness of the proper
plate lined with ciliated cylindrical epithelium filled with
aplastic eosinophil mass. In polypous forms, there is a marked
infiltration of the proper plate with eosinophils. In polypous
forms of lesions, it is important to study the level of tissue
eosinophilia that involves studying (counting) the eosinophils
in the fields of vision under high magnification. Reliable
eosinophils were considered to be segmented cells with a round
or slightly polygonal shape, with granular brightly eosinophilic
cytoplasm, and a bipartite basophilic nucleus. Probable
eosinophils were considered to be cells with a round or slightly
polygonal shape, with granular brightly eosinophilic cytoplasm,
without obvious signs of segmentation of the nucleus. Non-
nuclear structures with granular, brightly eosinophilic contents,
as well as eosinophils in the lumen of blood vessels were not
considered. The resulting number of eosinophils was from
100 to 3803 in 10 fields of vision with 400x magnification
(40x lens and 10x eyepiece, 22 mm). In this case, fragments
of the mucous membrane in places form small villous-like

www.innoscience.ru
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structures. In inverted papilloma, endophytic nesting structures
of multilayered flat nonkeratinizing epithelium with a clear
border (inverted component) and foci of hemorrhage of an
artificial nature are visible in the thickness of the stroma. In
case of mucocele, areas of fraying are found in the thickness
of the proper plate. In the case of a polypous-purulent process,
penetration of neutrophils between the cells of the respiratory
epithelium was observed. When mycotic lesions were studied,
in all cases inflammatory changes of the mucosa without
fungal invasion were observed, and the fungi colonies were
located in the lumen of the sinus as a fungal ball. The possible
differential diagnostic series is as follows: Aspergillus, Mucor,
Pseudallescheria boydii, Fusarium, other variants are less
probable. Some researchers believe that some of the clinically
diagnosed non-invasive fungal forms of isolated sphenoiditis
occur as a chronic invasive process [16, 17]. Our study does
not prove this proposal. All fungal forms were not accompanied
by signs of mucosal invasion during pathomorphological
examination.

The pathomorphological landscape of sphenoid sinus
lesions obtained in our study generally corresponds to the
picture of lesions in other groups of paranasal sinuses.

During cadaveric examination of the state of the sphenoid
sinus, direct visualization of the anastomosis through the
open sinus was possible in 6 (60%) observations, in 4 (40%)

OTopvHonapuHronorus

observations a pathological substrate was determined in the
lumen of the sinus, of which 3 were polypous-altered mucosa
and one was a large polyp. With transnasal probing along the
Zuckerkandl line, it was possible to reach the sinus without
hindrance in four cases.

m CONCLUSIONS

Considering the overwhelming number of cases of acute and
chronic rhinosinusitis, the absolute figures for the prevalence
of isolated sphenoiditis, even with a relative value of 5% of the
total, are also quite significant. Determination of phenotypes of
isolated sphenoiditis is highly important for the development
of a coherent treatment strategy, even more so with respect to
many tactical and diagnostic errors.

When analyzing pathomorphological material, which
is important both for understanding the mechanisms of
development of the pathological process in a particular
phenotype and for predicting the course of a chronic process,
it is necessary to carefully document changes in the structure
of the respiratory epithelium, including the ratio of cellular
composition, changes in the basement membrane, inflammatory
activity in the proper plate and its relative cellular composition.

To facilitate efficiency and ensure visualization of this
analysis, we developed the “Checklist for the study of
pathomorphological material in sphenoidal sinus pathology”. #=
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Pe3ynbraTtbhl CYX0XUJIbHbIX TPaHChepoB
ANns ctabunusauum cycTaBOB 3ansiCTbsA Y NaLMEeHTOB
C peBMaToOUAHbIM apTPUTOM

A.B. PosoB!?, A.M. Iluna*2, E.U. banuk!, E.A. HapbiwkuH?!, C.B. MarnesaHbiit!, A.U. lopenoBa!

IOMBHY «Hay4yHo-nccnenoBaTenbCkMii UHCTUTYT peBmartonorum nmenn B.A. HacoHoBon»
(Mockea, Poccwiickaa Pepnepaumns)
2¢pI'bOY AINO «Poccuiickas MeanunHcKas akageMus HenpepbliBHOrO NpogeccuoHansHoro
obpa3zoBaHus» MuHagpasa Poccum (MockBa, Poccuiickas ®enepauns)

AHHOTaums

Iesb — CPaBHUTD Pe3YIIBTATOB BBIIOIHEHHs] MATKOTKAHHBIX CTabHITH3UPYIO-
IIUX OePaIyi 110 TPAHCHO3UIUK CyXOXXUJINI JUTMHHOTO JTy4eBOTO U JIOKTEBO-
o pasrubareriell 3amsCThsl ¥ apTPOfie3a JTyIe3arsiCTHOIO CyCTaBa y [aleHTOB
C PEeBMaTOMIHBIM apTPUTOM.

Marepuain u Meropbl. B nccienoBanve Borui 69 nanueHToB. 24 nanueH-
TaM (OCHOBHAsI TPYIIA) BBIIOIHSIACH TPAHCIO3UIHS JVIMHHOTO JIyIeBOI0 U
JIOKTeBOro pasrubareseit 3anscTbs (TpaHcnosunus ECU+ECRL) ¢ ux no-
CIIeNyIOIINM TeHOIe30M. 45 marpieHTaM (KOHTPOJIbHAS [PYTIIa) BBITOIHSIIICS
apTpoze3 JIy4e3aIsiCTHOTO cycrasa. [list oreHkH GyHKIOHAIBHOTO CTaTyca
JI0 ¥ [IOCJIe OIlepaliy UCIoib3oBancs onpocHuk DASH. Jlis oneHku kade-
cTBa u3HU — uHjexkc EQ-5D, ms onenku 6omu — BAIII, akTuBHOCTH 3a60-
JIeBaHUsl olleHUBasack 1o uHaekcy DAS28. Cpennuii nepuop HabironeHUst
3a MarreHTaMu Mocyle OIlepaiy COCTaBII 6 MecsIeB.

Pesynbrarsl. DYHKIHMOHAIBHBIN CTATYC HAIEHTOB IIOCJIe OIIepaliiH, OlleHH-
BaeMbli 110 1ikane DASH, 651 JOCTOBEpHO JIydllle B OCHOBHOM I'pyIlIe MHa-
nreHToB (39,41+10,17) no cpaBHEHHUIO C KOHTPOJIBHOH rpynmoi (46,4+15,8),
p<0,05. B obenx rpymnmax oTMe4asach IOJIOXKUTeIbHAs JUHAMHKA OOJIH 110

BAIII, a Takxxe yiydlleHye KayecTBa )KU3HH. B rpyIime manueHToB ¢ TpaHC-
nosuryeit ECU+ECRL, mpoBonuMo#i Ha CTafysIX TOPaKeHVIs 3aIIsICThs Larsen
[I-11I cr. dpyHKIMOHANBHBIN cTaTyc kucTh 10 DASH nociie onepanyu 61
3HAYUTEJIBHO JIyUIlle 10 CDABHEeHHIO C MalMeHTaMH, KOTODBIM TPAaHCIO3HIIHS
CYXOXKWJIMH [TPOBOJIMIIACH HA CTAMSIX IIOpakeHusI 3arsicThs [V-V cT., ux me-
IMaHa cocTaBwia 38 U 48 6ajUI0B COOTBETCTBEHHO.

BriBogsl. Cyxoxwunbable TpaHcnosuimu ECU+ECRL sBstorest addexTus-
HBIM MeTOJI0M CTabM/IM3al[1K CyCTaBOB 3aISCThsl M KOPPEKIMH JlepopMariuii
KHCTH, OIHAKO UMeIOT DSl OTPAaHIIeHUH, CAMBIM IJIABHBIM U3 KOTOPBIX SIBJIS-
€TCs1 CTelleHb TOPasKeHUs! CyCTaBOB 3aIISICThsI ¥ BEIPAXKEHHOCTS ieOpMariyii.
SPPeKkTUBHOCTh MITKOTKAHHBIX METO/IMK 3HAUYUTEJIbHO CHMXKAeTCS IIPH BbI-
MIOJTHEHWH OIIepPaTUBHBIX BMemIaTelbCTB py IV u V cTagusax mopaxeHus
kucty 1o Larsen.

KurroueBrble ci10Ba: peBMaTOUIHBIHM apTPUT, peBMaTOMHAS KUCTh, XUPYPIrHsl
KHCTH, peBMOOPTOIIeIUSL.
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CnuMcoK coKpaLieHunin

PA — peemaTougHblit apTpuT; ECU — extensor carpi ulnaris — nokreson
pasrubatens 3anscTbs; ECRL — extensor carpi radialis longus — AnnHHbI nyyeBoit
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Abstract

Aim - to compare the results of soft tissue stabilization operations for
transposition of the tendons of the long radial and ulnar extensors of the
wrist and arthrodesis of the wrist joint in patients with rheumatoid arthritis.
Material and methods. The study included 69 patients. Twenty-four patients
(the main group) underwent transposition of the long radial and ulnar extensors
of the wrist (ECU+ECRL transposition) with their subsequent tenodesis.
Forty-five patients (the control group) underwent arthrodesis of the wrist joint.
The DASH questionnaire was used to assess the functional status before and
after surgery. The EQ-5D index was used to assess the quality of life, visual
assessment scale (VAS) was used to assess pain, and disease activity was
assessed using the DAS28 index. The average follow-up period for patients
after surgery was 6 months.

Results. The functional status of patients after surgery, assessed by the DASH
scale, was significantly better in the main group of patients (39.41+10.17)
compared to the control group (46.4+15.8), p<0.05. Both groups showed

Hayka n uHHosauuun B meaununHe T.9(4)/2024

positive dynamics of pain according to the VAS, as well as an improvement
in the quality of life. In the group of patients with ECU+ECRL transposition,
carried out at stages II-III of Larsen's wrist damage, the functional status of the
hand according to DASH after surgery was significantly better compared to
patients who underwent tendon transposition at stages IV-V of wrist damage,
their median being 38 and 48 points, respectively. Conclusions. ECU+ECRL
tendon transpositions are an effective method for stabilizing the wrist joints
and correcting hand deformities, but they have a number of limitations, the
most important of which is the degree of damage to the wrist joints and the
severity of the deformities. The effectiveness of soft tissue techniques is
significantly reduced when performing surgical interventions at stages IV
and V of hand damage according to Larsen.

Keywords: rheumatoid arthritis, rheumatoid hand, hand surgery,
rheumoorthopedics.
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m BBEJIEHUE

BamHaﬂ }yHKIIMOHANIbHAS POJIb KUCTH U OOJIBIION IIpO-
I[eHT MOJIOJIBIX MAIIMeHTOB C TIOpa’kKeHneM KUCTH Ha poHe

peBmarouHoro aptputa (PA) ctasaT nepen peBMoopToIiea-

MU HeNpoCTyIO 3a7ia4y — CTabMIN3UPOBATh CYCTaBbl KUCTH

MaKCHUMaJIbHO IIA/SIIUM 06pa3oM U IPH 3TOM YaCTHYHO CO-

XPaHUTD ee PyHKIUIO.

AKTyanbHOCTb IPOOJIEMBI CIIOXKHO IepeoIeHrTh. Tak, 1o
JIAaHHBIM AMepUKaHCKON accoIaIiuu opronenos, PA u cBs-
3aHHOE C HUM TOpakeHre KUCTH — OJJHa U3 HanboJiee 4acThIX
MPUYWH WHBAIMAX3AIMK nanuenToB [1]. KucTe u 3amsactbe
SIBJISIFOTCS TEMH 0BJIACTSMH, KOTOPBIE Yallle BCero ImopakaroT-
cst mpu PA [2]. PA, kak npaBuiio, [1e610THUPYyeT C ITOpakeHus
ISICTHO-(aJIaHTOBBIX, IPOKCHMAJIbHBIX Me3K(aJIaHTOBBIX, JTy-
4Ye3arsICTHOIO CYCTaBOB U CyCTaBOB 3alIlsCTh [3].

TunuaHbIMY astobaMU AIMeHTOB SBJISIOTCS OTeK U 00Ib
B 00JIACTH MEJIKUX CyCTAaBOB KUCTH, HapylIlleHHe JIBUTaTeIbHOM
¢dyukiun [3, 4]. [TloBpexeHve 3amsICThsl U JTy4e3arsiCTHOTO
cycTaBa B GOJIBIIIMHCTBE CJTy4YaeB [POTeKaeT M0 XapaKTepHOMY
CIIeHapHuIo, XOpoIlo onucaHHoMy M. Merle u coaBT.: Ha dpoHe
CHHOBHTA JIy4e3alsiCTHOTO CyCTaBa MPOUCXOAUT PaCTsKeHHe
KarCyJIbHO-CBSI30YHOT0 allapara JJUCTaIbHOTO JTIy4elIOKTeBOro
COWIEHEHHUSI C TTOCIIeYIOIINM ITO/IBBIBUXOM I'OJIOBKU JIOKTEBOM
KOCTH. Pe3ysibraToM 3TOro sIBJIsIeTCSl BHIBUX JIOKTEBOTO pa3-
rubareJis 3a1SICThS B JIAJIOHHYIO CTOPOHY, KOTOPBIM HAYMHAeT
paboTaTh Kak crubaresnb 3arsiCThbs. JIyueBble pasrubareny 3a-
IISICTBS1, KTIOTEPSIB» AHTATOHKUCTA B BUJIe JIOKTEBOTO pa3ruba-
TeJisl, OTKJIOHSIFOT KUCTB B JIy4eBYIO CTOPOHY, BCJIEIICTBHE Yero
Pa3BUBAETCS TOIBLIBUX pasrubaresieii NajblieB KUCTH B JIOKTe-
BYIO CTOPOHY ¥ KHCTh IproOpeTaeT XapakTepHyto ¢opmy [5].

O4eBUIHO, YTO «IyCKOBBIM» MOMEHTOM B IIaTOTeHe-
3e MOBpEeXAEeHUs KUCTU SIBJISeTCS MOpakeHue 3arsiCThs
Y BBIBUX JIOKTEBOT'O pa3rubaTesis 3alsiCThbs C Pa3BUTHEM
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CYXOXXWIbHO-MBIIIeYHOro frcbasnanca [6]. Pesymerarom Takoit
nmedopManny sIBiseTCs BbIpakeHHOe HapyllleHHe QyHKITUN
KUCTH, KOTOpPOe MOXeT ObITh CKOPPeKTUPOBAHO JIUIIIb XUPYP-
TUYECKUM IIyTeM.

Hauborsee yacTo BBHIOIHSIEMOM omepaliiel Ha MpOTsKe-
HUU MOCJIeAHUX JNeCSTHIeTHUH IPU MOPaXKeHUsX 3asICThs Y
nanueHToB ¢ PA sBrnsieTcs apTpories y4e3arnsCTHOIO CyCTaBa,
KOTOPBIN UMeeT PsiJ| CyllleCTBeHHBIX HeI0CTaTKOB, HanboJee
3HAUMMBIM U3 KOTOPBIX SIBIISIETCSI OTCYTCTBHE ABWKeHHUH B ap-
Tporne3upoBaHHOM cycTase [7]. IlocienHue rofel Bce Horbiiiee
pacrpocTpaHeHUe [TOTy4aloT CTabUIM3UPYIOIIMe Ollepaluu
Ha CyCTaBax 3allsCThbs, [I03BOJIIONINE B TOM UJIK UHOU CTelle-
HU COXPaHUTh crubanue/pasrudanve 8, 9]. Ouu mMoryT npu-
MeHSThCS Ha PaHHUX CTaUsAX 3ab0eBaHUs U CIIOCOOCTBYIOT
npodpuiaKTHKe Pa3BUTHS BhIpaXkeHHbIX Aedopmarwmii [10].

B nacrosiee Bpemst Haubosee 3¢pdeKTUBHBIMUA XUPYP-
TMYeCKUMU MeToJlaMU TIpe/IoTBpallleH s Pa3BUTHS TSDKeNIbIX
nmedopmanuii SBIAIOTCS CyXOXWIbHbIe TpaHcdeps! [11]. B
TpaBMaToJioro-oproneandeckom otaenenuu I'6HY HUWP
vmenu B.A. HacoHOBo¥ HaMU BBITIOJTHSIOTCS] MATKOTKaHHBIe
CcTabuM3Upyolie cycTaBocbeperarolye onepaniu B 00b-
eMe TeHO/ie3a CYXOXXWINH JAJIMHHOIO JIy4eBOTO pa3rubareris
3aIISICThsI U JIOKTeBOTO pa3rubaress 3ansiCcTbs (TPAaHCIIO3ULIHS
ECU+ECRL - extensor carpi ulnaris u extensor carpi radialis
longus) c mesnbio CTabMIK3AIUY 3aTISICThS ¥ BHIBEJIeHUsI IIPOK-
CHMAJIbHOTO PsI/Ia 3allsSCThs U3 JIAJOHHOIO ToABbIBUXa. Ha
MIPeVIOKeHHYIO XUPYPrUdecKyio MeTOIUKY ToIy4eHa 3asB-
Ka Ha [aTeHT.

m [TEJIb

CpaBHeHUe pe3ysbTaTOB MITKOTKAHHBIX CTaOWIN3HUPYIO-
mux onepanuu o TpaHcno3uru ECU+ECRL u aptpozesa
JIy4e3arsiCTHOTO CycTaBa y nanueHToB PA.

www.innoscience.ru
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m MATEPHUAJI 1 METO/JIbI

B uccnenoBanve Bonuiy 69 maryeHToB, HAOMTIONABIIKUXCS B
SI'BHY HUUP umenu B.A. HacoHOBOI C 1OCTOBEPHBIM Ma-
rHo3oM PA c nopakeHreM KHUCTH U JIy4e3ansiCTHOTO CyCTaBa,
KOTOPBIM OBUTO pEKOMEHIOBAHO OTlepaTHBHOeE JiedeHHe KHUCTH
MIPY HAJIMYMU JIBYX WK O0Jiee KpUTepHeB:

— nedopMaIiK TUCTAJILHBIX OT/IEJIOB KUCTHU: yIbHApHas
JleBUAIMS T1aJIbIeB, pajualibHas JeBHAllMs KapIalbHO-Me-
TaKapIaJbHOTO 6JI0Ka, AedopMaIiy MaIbIeB 10 THITY «IIest
nebenis» UMK «OyTOHbEPKay;

— yHKIMOHANBHBIN cTaTyc kucTH o DASH >50 6asuios;

— BU3yaJsibHas oneHouHasl mikaia (BAIL) 6omu >4 cm.

Jlis1 cTabUIM3aIuK CyCTaBOB 3alsCThs 24 narueHTam (oc-
HOBHasl TpyIIa) OblIa BHINOJIHEeHA MIATKOTKAaHHAS OTIepaIvis B
obbeme Tpancnosunuy ECU u ECRL ¢ nocnenyomumm TeHo-
JIe30M JUTMHHOTO JTyYeBOT0 pa3rubarerist 3arsiCThs ¥ JIOKTEBOTO
pasrubarestst 3arsiCThsl.

CyTb METOIMKY 3aKJIIOYAETCS B BHIBEIEHUU CYXOXKUIIHS
JIOKTEBOTO pa3rubaresisi U3 JIaJIOHHOTO TO/IBBIBUXA C ero (pUK-
caryei K JUIMHHOMY JTy4eBOMY pa3rubaretio, 4To YBeJTMYiBa-
eT TATY CyXOXKWINH pasrubaresieil B THUIbHYIO CTOPOHY U TEM
CaMBbIM BBIBOJIUT ITPOKCUMAJIBHBIN PSijl 3aISICThsI U3 JIAZIOHHOTO
MOJIBBIBHXA, a TakXKe co3faeT 3bdeKT OpTe3rupoBaHUS 3arls-
CThsl, YBEJIMUMBAsl €ro CTabUIbHOCTL. B pe3ysnbrare BoccTa-
HABJIMBAETCSl BBICOTA 3aISICThS B CATUTTAJILHOM IJIOCKOCTH U
YCTPaHSETCS MBIIIEYHO-CyXOXKUIbHBIN AUCOaIaHC CO CTOPOHBI
pasrubaresieii, 4YTO MPepbIBAeT MATOreHeTHYeCKYI0 IerovKy
pasBuTus JedopMaliuii AUCTATIBHBIX OTHEJI0B KUCTH.

KoHTtponbHyto rpymmy cocraBuiu 45 60JIBHBIX, KOTOPBIM
BBITIOJIHSUICS APTPOJIe3 JTy4ye3arsicTHOro cycraBa. O6e rpymiib
OBbLTM CPaBHUMBI 110 UCXOTHOMY (PYHKITUOHATILHOMY CTaTyCy,
TI0JTy, BO3PACTY, JIUTEIbLHOCTH 3a60JIeBaHUS U TIOJTy4aeMOi
Tepanuu (Tadauna 1).

B nocneonepaniioHHOM Tleprojie BCeM IMalieHTaM IMpo-
BOJIUTCS] UMMOGHITM3AIIUS JTyYe3arsiCTHOTO CyCTaBa KeCTKUM
opre3oM 6e3 OrpaHUYeHHs TIOJIBM>KHOCTH B T1aJIbllaX KUCTH B
TeyeHUe 4 HeJlellb.

Bce manueHThI 6bUTH CEPONIO3UTUBHBIMU 10 PEBMATOW/ITHO-
My daKTopy, OOJIBIIYIO YaCTh COCTABUIIM JKEeHIWHBL — 94,2%
B cpexHeM Bospacte 44,9 +14,46 rofa ¢ IUIMTEIbHOCTHIO 3a-
6omneBanust ot 4 110 8 sier.

TpaBmaro A 1 opToneaws

MokasaTtenu

TpaHcno3uums
ECU+ECRL (n=24),
OCHOBHas rpynna

LN % [ N ] %]
2

ApTpopes (n=45),
rpynna KoHTpons

Ion My»CKoi 8,33 2 4,44 0,517
Mon >xeHckui 22 91,67 43 95,56

Bospact (M+SD) 47,16+6,5 - 43,62+13,18 - 0,488
OnuTtensHocTb 5,01+1,07 - 6,08+2,63 - 0,374
3aboneBaHuns

(M+SD)

AKTMBHOCTB

3a6oneBaHus

(DAS28):

pemucecusa 0 - 0 -

HU3Kasa 9 375 11 24,4 0,274
yMepeHHas 14 58,3 29 64,4 0,652
BbICOKas 1 4,2 5 , 0,513
MMKT

HopMaJsibHas 11 45,8 26 57,7 0,371
ocTeoneHus 9 37,5 12 26,6 0,503
0CcTeonopos 4 16,67 7 15,5 0,544
Rg cTagus

nopaxeHus

CyCTaBOB 3aMsiCTbsl

(no Larsen):

| 0 - [0} - -

Il 3 12,5 3 6,6 0,908
11l 9 37,5 13 28,8 0,563
IV 11 45,8 18 40,0 0,749
Vv 1 4,1 11 24,4 <0.05

Tabnuua 1. KnuHuyeckas xapakmepucmuka 60/bHbIX PA
Table 1. Clinical characteristics of patients with rheumatoid arthritis

PenTreHosorrdeckas cTafiys opaXkeH!s! 3alisCThbs OIpere-
JIsuIach 1o Kinaccudukarmu Larsen 1977 1. [12], kotopas B 3aBU-
CHMOCTH OT CTelleHHU CY)KeHHsI CyCTaBHBIX IleJjiel U BbIpaXkeH-
HOCTY KOCTHOM IeCTPYKIIMU BKJIIO4YaeT IITb CTa[lui IIOpayKeH!s
CycTaBoB 3arsicThs. CormracHo kinaccudrkanuy Larsen, mamu-
eHThI pacIpee/TWINCh CIIeyIonUM obpasoM: v 8,7% 6bina I1
CTanust TOpaXKeHHsI CyCTaBOB 3arsICThs, ¥ 31,9% — III cragus,
y 42,0% — 1V cranus, y 17,4% — V crapus (pucynku 1-3).

Taxoke niepeqt onepanyeil yYUTHIBAJIMCh UMeIOIIKeCs fe-
dopMariy KUCTU: pafivasibHasl leBUallys KapIalbHO-MeTaKap-
nasibHOTrO Gy10Ka Habmonanack y 14,3% GONbHBIX, ylbHApHAsI
neBuanys nasbles — y 10,7%, noABBIBUXH/BBIBUXY ISICTHO-
¢dananroBeix cycraBoB umenu 78,5% manyeHToB.

s omeHKU QYHKIIUU JTyde3arsiCTHOTO CyCcTaBa HaMU
ucnonb3oBaics onpocHuk DASH [13]. OmpocHUK BKJTIOYA-
eT 38 BompocoB 0 GYHKIIMOHAJILHOM CTaTyce B OBITOBOM U

PucyHok 1. PenmeaeHonozu4eckasl KapmuHa
Ha4anbHbIX cmaoull NopaXxeHusi CycmasoB
3ansicmesi u decpopmayuil kKucmu.

Figure 1. X-ray pattern of early
stages of wrist deformities.

www.innoscience.ru

PucyHok 2. PeHmzeHonozau4yeckas
KapmuHa NOPaKeHUsl CYyCMaBoB
3ansicmbs yMepeHHoU BblpaxxeHHocmu
(Larsen 3-4 cm.).

Figure 2. X-ray pattern of moderate
stages of wrist deformities
(Larsen llI-1V stages).

PucyHok 3. PeHmeeHonozu4eckas
KapmuHa mshKenozo nopaxeHust
CycmaBoB KUCMU C NOSIHbIM JTU3UCOM
kocmell 3ansicmes.

Figure 3. X-ray pattern of severe stages
of wrist deformities (Larsen V stage)
with complete carpal bones osteolysis.
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- (M£SD) Tpancnosuumsa ECU+ECRL (n=24) ocHoBHas rpynna ApTtpopes (n=45) rpynna KoHTpons
okasatenu (Mt

DASH (6annbl), (M+SD) 64,94+8,09
BALL 6onu (cM) 4,95+1,39
CrubaHnue (rpagychbl) 37,29+11,79
PasrnbaHue (rpapycbl) 22,91+9,43
O6wasa aMnauTyda potauuu (rpagycel) 164,16+26,36
EQ-5D nHaoekc 0,13+0,11

Tabnuua 2. JuHamuka 605u u pyHKYUOHaNIbHbIX Nnokaszamenel
Kucmu nocne onepayull

Table 2. Pain and functional outcomes trends

podeCcCUOHANBHON AesITeIbHOCTU. Pe3ynibTaT BEICUUTHIBA-

eTcs 1o popmyie:
cymma n omBemo6
( n .

MaxcumanbHbiit 6ami coorBeTcTByeT 100. [Tpu aTom uem
BblIIlIe 6asuI, TeM Xy»ke QYHKI[MOHAIbHOe COCTOSIHHE KUCTH.

Cpennuii mokasaresib GYHKI[MOHAIBHOTO CTaTyca JIyde3a-
IISICTHOTO CyCTaBa, OIleHMBaeMblii 110 1mikane DASH, xk MomeHn-
Ty OIlepaluK COCTABIISUI OT 56 110 74 6aJUIOB, 4TO COOTBETCTBO-
BaJIO HEYJIOBJIETBOPUTEILHOMY COCTOSIHUIO (yHKIIMOHAJIBHOTO
CTaryca NalyeHToB.

Bonb onenuBanack mo BAIII [14] u cocraBuiia B cpeHeM
5,0+0,6 cM. O6BeM ABIKeHUH B CycTaBax KUCTU OL[eHUBAJICS
C IOMOITIBIO py4HOTO yriioMepa. CpenHuil 06beM crubaHus 1o
Ollepalvy B TPYIIIe MallMeHTOB, KOTOPBIM BBITIOJHSIICS apTPO-
ne3, cocraBuit 26,25°, pasrubanus 15,45°, obiias aMIuuTyia
poraruu coctaBuia 134,2°. B rpyrie nanyueHToB C HCIOJTb30-
BaHMeM MSTKOTKaHHBIX METOIUK CTUbaHue cocTaBuio 37,36°,
pasrubanvie 22,9° u 06beM POTAITMOHHBIX ABYKeHuUH — 164,2°.
[To yka3zaHHBIM IapamMeTpaM TPyl ObIIM COIIOCTABUMBI.

AxtuBHocTh PA onenuBanace o unnekcy DAS 28 [15]:
6OJIBIIMHCTBO OGOIBHBIX UMeJId YMepeHHYI0 WJIM HU3KYIO
CTerneHb aKTUBHOCTHU 3aboseBanus (66,7% u 24,6% cooTBet-
CTBeHHO), 6 marueHToB (8,7%) ObUIM IPOOIIEPUPOBAaHbI Ha
BBICOKOW CTeNeHH aKTUBHOCTHU. [10 TaHHBIM JIEHCUTOMETPUH
y 30,4% BbIsiBiIeHa octeonierus U 'y 15,9% ocreomnopos.

x 25)-1

Median; Box: 25%-75%; Whisker: Min-Max
90

80

70
50 46

40 38
A

30

L

20

[ DASH no
[ DASH nocne

Aptpopnes ECU+ECRL

PucyHok 4. [JuHamuka pyHKUUOHa/IbHO20 cmamyca no wkarse
DASH 0o u nocne onepayull B epynnax apmpodesa u mpaHcgepa
ECU+ECRL.

Figure 4. Functional level according to DASH before and after
surgery in both groups: arthrodesis and ECU+ECRL transfer.
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39,41+10,17 65,04+9,42 46,4+15,8 <0,05
2,41+1,58 5,11+1,44 2,77+1,67 0,45
18,54+11,56 26,11+11,79 0 <0,05
9,58 7,21 15,55+8,80 0 <0,05
149,6+35,32 134,2+£32,27 131,89+38,21 <0,05
0,59+0,12 0,15+0,06 0,60+0,13 0,571

[Tepen npoBeseHreM oOreparyy BCe MAlUeHThI MOTydaid
AQHTHPeBMaTHYeCKyI0 Teparuio: HeCTepoU IHbIe IIPOTHBOBOC-
TauTeNbHbIe Tperaparhl 94,2%; 6a3uCcHbIe IPOTHBOBOCIIAIIH-
TenbHble npenaparel (BIIBII): metorpekcar — 40 marueHTOB
(57,97%); nednynomun — 15 (21,73%); cynedacanazus — 10
(14,49%); nnaxksenun — 10 manuentoB (14,49%). 39 naru-
eHTOB (59,52%) noy4asny [IIOKOKOPTUKOUABI B CPeHeH J10-
3UPOBKe D MI/CYT. B IlepecueTe Ha ITpeJHU30/I0H. B nepuomne-
partmonHoM tepuogie BIIBIT He orMensunch. 11 marmueHTOB
(15,94%) Hyxpamuch B IPpUMEHEHUU FeHHO-HUH)KeHePHbIX
610JIOrMYeCKUX IpernapaToB, OJHO BBejIeHHe KOTOPBIX Iepey
oneparyei 6bUI0 OTMEHEHO.

st orieHku kadecTBa >ku3ad (KXK) mpuMeHsics onpocHUK
EQ-5D [16]. KX narueHTOB repe/ BBIOTHEHUeM TPaHCIIO3U-
i ECU+ECRL He oTiM9aiock OT MalMeHToB C apTPojie30M
(uapexc EQ-5D 0,128 u 0,151 cooTtBeTcTBeHHO, p>0,05).

Craructryeckas 06paboTKa TaHHBIX ObLIa IPOBeJIeHa C T0-
MOIIIBIO TIpOTrpaMMbl Statistica Bepcust 12.0 ¢ ncronb3oBaHreM
OGIIEeNpPUHSTHIX METOIOB ITAPaMeTpUIecKoro U HellapaMeTpu-
YeCKOro aHasi3a. JlaHHbIe pencTaBiieHbl B BUjle CPeIHUX 3Ha-
YeHUH U CTaHAApTHOTO OTKIIoHeHus (M+ SD), menuanbt (Me) ¢
WHTEepKBAPTHJIbHBIM pa3MaxoM [25-H;75-i TieprieHTru|.

m PE3VYJIBTATBI

B mectumecsuHbIéi iepuo]; HabIoeHUs Mociie orepa-
THBHOTO BMeIIaTeIbCTBA CpejiHee 3HaueHue QyHKIUH J1y-
Ye3amsCTHOTO CycTaBa olleHHBanu 1o mkajge DASH. B oc-
HOBHOW rpymrie oHO coctaBwio 39,41+10,17 (Mmenuana 38),
IS TIAIIMeHTOB IOCJIe BBIMIOJIHeHHs apTpojae3a — 46,4+15,8
(menuaHa 46) (Tadmmna 2).

Median; Box: 25%-75%; Whisker: Min-Max
90
[& DASH no
[l DASH nocne
80
70
/'y
60
50 8
A
40 3
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. ) )
20
Rg Larsen 1-3 Rg Larsen 4-5

PucyHok 5. [JuHamMuka ¢pyHKUUOHaIbH020 cmamyca no wKase
DASH 0o u nocne onepauyul B epynnax Larsen II-lll cm. u Larsen
IV-V ecm.

Figure 5. Functional level trends according to DASH before and
after surgery in groups: Larsen II-lll and Larsen IV-V stages.
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Tpancnosuuma ECU+ECRL (n=24)
nocne onepauuu

Larsen Il-ll cT. Larsen IV-V cr. -

Mokasartenu (M+SD)

DASH (6annbtl), (Me) 38,0 [29,0; 39,0] 48,0 [35,0; 49,0] <0,05
BALL 6onm (cm) 2,15+1,14 2,75%2,0 0,451
CrvbaHve (rpapycbl) 21,80+9,80 15,76+12,56 0,373
Pasrnbanue (rpapychbl) 10,45+7,89 8,9+6,81 0,289
S et s 156,15428,7 141,0:41,9 0,207
EQ-5D nHpaekc 0,588+0,102 0,595+0,109 0,871

Tabnuua 3. [TocneonepayUuoHHble pe3yibmamsl mpaHcno3uyuu
ECU+ECRL y bonbHbix PA B 3aBUCUMOCMU OM cmaduu nopa)keHust
cycmaBoB 3ansicmbsi no Larsen

Table 3. Postoperative results of ECU+ECRL transfers depending
on the X-ray stage of the wrist lesion

B rpynmne MArkoTKaHHBIX MeTOIMK OTMedasach JIydiias
nuHaMuka 6omu o BAIIl B cpaBHeHMH C TakoBOM B I'pyIilie
apTponie30B (PHCYHOK 4).

B rpymme nmanueHTOB ¢ TPaHCHO3UIMeEH CYXOXUJIHH IO-
CJIeoTIepalluOHHbINA 00beM ABMKEHUH OKa3asiCsl 3HAUUTeNb-
HO BBIIIe 110 CPAaBHEHUIO C I'PYIION apTpo/e30B: cpefHee
3HayeHue crubanus cocraBwio 18,54+11,56° u 0°, pas-
rubanus 9,58+7,21° u 0°, 06beM pOTallMOHHBIX JBUXKEHUN
149,6+35,32° u 134,2+32,27° coorBercTBeHHO. PyHKIIMO-
HaJbHBIN craryc nanueHToB (DASH) nocie npumenenus
cycraBocbeperaolieil MIrKOTKaHHON MeTOIUKYU CTabunn3a-
I[UM CYCTaBOB 3aIlSICThsI ObIT 3HAYUTEJILHO JIyUIlle TI0 CpaBHe-
HUIO C MallMeHTaMu I0Ccjle BBIIIOIHeHHUs apTpojie3a 3arsiCThbs
39,41+10,17 u 46,4+15,8 6ama (p<0,05). KIK 60mbHBIX B 110-
CJleoTlepalliOHHOM Teprojie He pa3indaioch.

[Tpu aHanM3e MalMeHTOB C TSHKEIBIMHU HOPaXKeHUSIMU Cy-
craBoB 3amscThs (IV u V cragum o Larsen), 66110 BBISIBIIEHO,
YTO cpely OOJIbHBIX, KOTOPHIM BBIIIOHSUIACH TPAHCIO3UIIUS
ECU+ECRL, ¢pyHKITMOHAIBHBIHN pe3ynbTaT B OTAajIeHHOM I10-
CJleoIepalliOHHOM TlepHofie ObUT JOCTOBEpHO Xy)Ke, YeM Ipy
BBIITOJTHEHUH OTIepaIivy Ha 60Jiee paHHUX CTaUSX ITOPaskeHHs
cycraBoB 3arscTbs (Larsen II u III cragun), (p<0.05) (Tadan-
na 3, pUCYHOK )).

Menuana mkasnbl pyHKIMOHAJIBHOIO COCTOSIHUSI KUCTH
DASH B noarpynne naruentos c IV u V cranueii nocne one-
panuu cocraBuia 48,0 [35,0; 49,0], Torna xak B moArpyie
naruenToB co II u III cragusmu nokasatenu ObUTH JTydlle —
38,0 [29,0; 39,0]. ITpu aTOM MpH BHIOTHEHUH TPAHCIIO3UITUHA

TpaBmartonorus u oproneams

ECU+ECRL y 60mpHBIX B IIOC/IE0NepalliOHHOM Ieprojie He
OBLIO BBISBIIEHO Pa3jIMyMii 110 YPOBHIO MOCIIEOepalfiOHHON
6omu, KK, ¢ynkuusam crubanus — pasrubanus 1 ob1eit am-
IUIUTYJe POTAIlUU B 3aBUCUMOCTH OT TSDKECTH MTOPaXKeHus
CYyCTaBOB.

B 10 e BpeMms I0Cie BBINONIHEeHUs apTpozes3a B Mociie-
OTIepalliOHHOM Ilepuofie y maruenTtos c IV-V cragusamu mo-
pakeHus cycraBoB 1o Larsen cpemguuii mokasarens DASH
cocraBwi 46,0£15,91.

m SAKJIFOYEHUE

HecmoTpst Ha To uTO maTobroMexaHUYeCKUe TTPUIUHBI
pa3BUTHA fedpopMalvil KUCTU IIPY PeBMAaTOUIHOM apTpHUTe
JOCTATOYHO XOPOIIIO U3YyUeHbl U OMHCAHBI, OCTIeJHee BpeMst
orepariyei Bpibopa y MalleHTOB C IOpakeHHeM KUCTHU Ha
¢one PA ocrapancs apTpozes jyde3ansicTHOro cycrasa. Of-
HaKo CTpeMJIeHHe COBpeMeHHOM XUPYPrHUHU K [Tepexofy Ko Bce
Horee MaASIIMM, OPraHOCOXPAHSIOIIMM OIIepaIysIM IIPUBeJIo
K TTOSIBJIEHUIO TIPOTPECCHUBHBIX XUPYPIUYeCKUX MeTOIMK B TOM
yucyie ¥ B peBMoopTonenuu. OHa U3 TaKUX METOIUK — CYXO-
KUJTBHBIN TpaHcep pasrubaresieil 3amsiCThsl, HATTPABJIeHHbIMA
Ha CTaOWIM3aINIO CyCTaBOB 3allsICThSI.

[To HamMM AaHHBIM, yKa3aHHAs MeTOAMKA IOKa3bIBaeT
xopoire GyHKINOHAIbHBIe Pe3ysIbTaThl, OJHAKO UMeeT psif
OTpaHUYeHUH, IVIABHBIM U3 KOTOPBIX SIBJISIeTCs CTelleHb Iopa-
>KeHHs CyCTaBOB 3aIISICThSI U BEIPAXKeHHOCTh UX JledopMariuil.
IdPeKTUBHOCTD MIATKOTKAHHBIX METOAWK 3HAYUTEIHHO CHU-
>KaeTcst TIPH BBITIOJIHEHUU OIlepaTUBHBIX BMeIIaTeslbCTB MU
IV-V cragusx nmopakeHust CycTaBoOB KUCTH 110 Larsen.

[ToaTomy mpy Ts>KeJIOM IopaXkeHUH CyCTaBOB 3allsSCThs Ba-
PHAHTOM BBIOOpA, TI0 HallleMy MHEHHIO, 0CTaeTCs apTpofe3
JIy4e3amnsiCTHOTO CyCTaBa, KOTOPBIM /aeT jydiiue GyHKIHUO-
HaJbHbIe Pe3yJIbTaThl Ha MO3MHUX CTaUsIX 3a00IeBaHMs.

Ha ynoBneTBopeHHOCTh MalieHTOB pe3y/bTaToM Ollepa-
I[UM BIIMSIOT TaKkXKe ITpeJIIecTBYIOIINe OIlepaTUBHOMY BMe-
HIaTeSIbCTBY JedopMalliy: yibHapHast JeBUallis KapHalbHO-
MeTaKapIalbHOTr0 OJIOKa U pafualibHas JIeBUallMs MalblieB
KUCTU. B cBS3M € 3TUM peBMaTooram v opromefam-xupypram
HeoOXO0IMMO KaK MOXKHO PaHblIle BBISIBJISATH MAI[HeHTOB C Ha-
YUHAIOMUMHUCS AebopMalusiMu KUCTU Ha ¢poHe PA ¢ menbio
CBOEBPEeMEeHHOTO BHITIOJTHeHHS! OITePaTHBHOI0 BMelllaTe/IbCTBa
Y IIpefOTBpallleHus] pa3BUTHS TSHKeJIBIX TedopMallrii, I0X0
MIOJAIOIIUXCS XUPYPIAYeCKOU KOPPEKIUH B JaJIbHeIIIeM, P
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BnvsaHme npon3BoAHOro KOPUYHOWU KUCIOTbI
Ha aKTUBHOCTb MUTOXOHApPUaNbHbIX PEepMEeHTOB
B MO3roBOM TKaHU B YCNOBUSIX 3KCNEepUMEeHTaNnbHOMN
6one3Hu NapKkuHCOHa

O.U. No3gHakoB: 2

IMaTuropckmin Megmko-cbapMaueBTUYecknin MHCTUTYT — punmnan ®re0Y BO «Bonrorpafckuii rocynapcTBeHHbIN
MeauumnHCKuin yHueepeuteT» MuHagpaea Poccum (Maturopck, Poccuiickas depnepaums)
2[1ATUropCKnii rocyaapCTBEHHbIM HayYHO-UCCNeaoBaTeNnbCKUin MHCTUTYT KypopTonorun — counman ®rby
«®PenepanbHblil HAY4YHO-KIIMHUYECKUIA LEHTP MeQuUMHCKON peabunuTauum n kypoptonorum ®MBA Poccumny
(NaTuropck, Poccuiickaa Pepepauns)

AHHOTaumA

Ilennb — OLleHUTD BIMSIHHUE TIPOM3BOJJHOTO KOPUYHOW KUCJIOTHI HAa U3MEHeHHe
aKTHBHOCTU MUTOXOH/IPUAJIbHBIX pepPMEHTOB B TKaHU 'OJIOBHOI'O MO3Ta KPbIC
B YCJIOBUSIX 3KCIIePUMeHTasIbHOM 6oe3Hu [TapkuHCOHA.

Marepuai u MeToasl. bosesnb [lapkuHCOHa MozieNMpoBaiu Y KpbIC CaMIIOB
Wistar myTem npsiMoii MHBEKIIMM PacTBOpa poTeHOHa (5 MI/MJI) B II0JI0CaToe
Tesio. AHaMU3UpyeMoe COeJUHeHNe 4-THIPOKCHU-3,5-I1-TPeTOYTUI — KO-
PHUYHYO KHMCJIOTY Y Ipernapar CpaBHEeHUs — 3THIMETHITHIPOKCUITUPUINHA
CYKIIMHAT BBOJIWJIH I1€POPAJIbHO B 3KBUBAIEHTHBIX f03ax (100 Mr/kr) Ha rpo-
TspkeHUd 30 THel ¢ MOMEeHTa MOZIeJIMPOBAHUS IAaToJIorKu. Jlasee MeTonom
nmuddepeHnranbHOrO eHTpUdYrupOBaHUS MIOYYad CyllepHaTaHT ToJI0B-
HOTO M03ra, B KOTOPOM OIeHUBAJIM U3MeHeHHe aKTUBHOCTH (pepMeHTOB: 111-
TPATCUHTA3bl, CyKIMHAT/IerHPOreHasbl, IUTOXPOM-C-OKCU/Ia3bl U AKOHUTA3bI.
[TonyueHHble pe3ynbraThl 06pabaThiBaiM CTaTUCTUYeCKU. B xone aHanu3a
HCIIONB30BAJICS IPUKIIQHOM IIporpaMMHEIH naket StatPlus 7.0.
Pesynwrarhl. B Xoze ucciienoBanust 6bU10 yCTaHOBJIEHO, YTO BBeEHHE KPBI-
caM 4-THApOKCH-3,5-TU-TPeTOy THII KOPUYHOMN KUCJIOTHI CIIOCOOCTBYET IOBLI-
IIIeHHIO AKTUBHOCTH LIUTPATCUHTA3b], CYKIIMHATIeruIPOreHasbl, [IATOXPOM-C-
OKCH/Ia3bl ¥ AKOHUTA3bl B CDAaBHEHUU C HeJledeHbIMH XKUBOTHBIMU Ha 109,7%

(p<0,05); 53,6% (p<0,05); 65,0% (p<0,05) u 63,1% (p<0,05) cooTBeTCTBEHHO,
TOrJa Kak Ha $HOHEe NPUMEeHeHs [IperiapaTa CPaBHeHHsI aKTHBHOCTh YKa3aH-
HBIX $pepMEeHTOB YBeJIMYMIach COOTBETCTBEHHO Ha 56,3% (p<0,05); 57,7%
(p<0,05); 71,7% (p<0,05) u 49,1% (p<0,05). IIpu 3TOM aKTUBHOCTb IIUTPAT-
CHHTa3bl Y >KUBOTHBIX, OJTYYaBUINX 4-TUIPOKCH-3,5-1IU-TPeTOY THIT KOPUIHYIO
KHUCIIOTY, ObUIa BBIIIIe aHAJIOTMYHOM y KPBIC, KOTOPHIM BBOIMIIM pedepeHT Ha
34,2% (p<0,05).

BeiBonbl. [IpoBesieHHOe HCCIe[OBaHKe T0KA3ajI0, YTO KYPCOBOE BBeJieHHe
4-rUApOKCHU-3,5-AU-TPeTOY TUII KOPUYHOM KUCIIOTHI XXMBOTHBIM C 3KCIIEPH-
MeHTaJIbHO 601e3HbI0 [TapKUHCOHA CONIPOBOXX/IAETCS TOBBIIIEHHEM aKTHB-
HOCTH MUTOXOH/IPUAJILHBIX ()EPMEHTOB, YTO MOXET OTPaXKaThb CyIIeCTBEHHOe
BIIMSIHHE JJAHHOTO COeJIMHeHMs Ha POIeCChl MUTOXOH/PHUAIIBHOTO GHoreHesa,
MHUTOAruy ¥ TeHepalyii MUTOXOH/IPHAJILHBIX aKTUBHBIX pOPM KHCIIOpOa.
KiroueBsble cinoBa: 60se3Hb [lapkMHCOHA, MUTOXOH/IpHAJIbHAs TUCPYHK-
[¥s, HeHPOIPOTEKIHs, HEHPOIPOTEKTOPHI, STWIMETHITHAPOKCUIIMPUINHA
CYKIIVHAT.
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Abstract

Aim - to evaluate the effect of cinnamic acid derivative on changes in
mitochondrial enzymes activity in rats brain tissue under conditions of
experimental Parkinson's disease.

Material and methods. Parkinson's disease was modeled in male Wistar
rats by direct injection of rotenone solution (5 mg/ml) into the striatum. The
analyzed compound 4-hydroxy-3,5-di-tretbutyl cinnamic acid and the reference
ethylmethylhydroxypyridine succinate were administered orally in equivalent
doses (100 mg/kg) for 30 days from the moment of pathology modeling.
Next, a brain supernatant was obtained by differential centrifugation, in which
changes in the activity of enzymes: citrate synthase, succinate dehydrogenase,
cytochrome c oxidase and aconitase were evaluated. The obtained results
were processed statistically. During the analysis, the StatPlus 7.0 application
software suite was used.

Results. During the study, it was found that the administration of 4-hydroxy-
3,5-di-tretbutyl cinnamic acid to rats increased the activity of citrate synthase,
succinate dehydrogenase, cytochrome c oxidase and aconitase relative to

Hayka n uHHosauuun B meaununHe T.9(4)/2024

untreated animals by 109.7% (p<0.05); 53.6% (p<0.05); 65.0% (p<0.05) and
63.1% (p<0.05), respectively, whereas against the background of the use of
the reference, the activity of these enzymes increased by 56.3% (p<0.05);
57.7% (p<0.05); 71.7% (p<0.05) and 49.1% (p<0.05), respectively. At the
same time, the activity of citrate synthase in animals treated by 4-hydroxy-3,5-
di-tretbutyl cinnamic acid was higher than that in rats treated by the reference
by 34.2% (p<0.05).

Conclusions. The study showed that the course administration of 4-hydroxy-
3,5-di-tretbutyl cinnamic acid to animals with experimental Parkinson's disease
is accompanied by an increase in the activity of mitochondrial enzymes,
which may reflect the significant effect of this compound on the processes of
mitochondrial biogenesis, mitophagy and generation of mitochondrial reactive
oxygen species.

Keywords: Parkinson's disease, mitochondrial dysfunction, neuroprotection,
neuroprotectors, ethylmethylhydroxypyridine succinate.
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m BBEJIEHUE
BOHe3Hb [Tapkuncona (BIT) — xpoHudeckoe HelipomereHe-
patuBHOe 3abosileBaHMe, Kak ITPAaBUJI0, aCCOIMHUPOBAHHOE
¢ Bo3pactoM. 3aboseBaemocTh b1 Ha HacTOSIIMIT MOMEHT CO-
craBinseT 1-2 Ha 1000 gesioBek, HO IPOrpeccUpyeT C BO3pac-
TOM ¥ IIPU HAIMYUH 3HAYUTEJILHOTO KOIN4YeCcTBa PpakTOPOB
pHUCKa, HalpuMep, TeHeTUYeCKON IpepacIoIoXKeHHOCTH,
KypeHusl, Bo3zieiicTBUs HelpoTokcuHOB [1]. [laToreneru-
yecku BI1 xapaktepusyercs norepeii 1odaMuHeprudeckux
HeHPOHOB YepHOM cyOCTaHIIMK C pOpPMUPOBAHUEM I1aTOJIO-
rUYeCKUX BKIIIOUeHUH a-CUHYKJIerHa — Tejiell JIepu. B To e
Bpemst BI1 siBisieTcst 3a060/eBaHreM, UMEIOIINM KOMIUIeKCHBIN
raToreHe3, KOTOPBIM 00beANHSIeT HeCKOJIbKO B3aMMOCBSI3aH-
HBIX NTaTOPU3HNOJIOTUYECKUX NPOIIeCcCOoB, BKIIOYAst U MUTO-
XOH/IpHANbHYIO IUCOYHKINIO. Byny4yn r1aBHBIMU UCTOYHU-
KaM# aKTUBHBIX ¢popM kuciiopoaa (APK), MutoxoHapuu
KJIETKY UTPAIOT CYIIeCTBeHHYIO POjib B IPOTrPeCcCUpPOBAHUU
BII, npu 3TOM nIepBUYHBIM TPUITEPOM MUTOXOHPUAJIBHBIX
HapyuieHUH sABseTcs QUCPYHKIMS KoMILIekca I MUTOXOH-
JpHUAJIbHOM bIXaTeJbHOU 1ernu [2]. MuToXoHApPUATbHBINA
komIuiekc I — cambiéi 6OMIBIIION MUTOXOH IpaIbHBINA KOMITIAPT-
MEHT, COCTOsIIUMN U3 Gosiee yeM 44 6ekoB,7 U3 KOTOPBIX
komupyetcs mutoxoHapuanbHor JJHK. OcHoBHas ¢yHKINS
JAaHHOT'O KOMITJIeKCa 3aKJIF049aeTCs B [lepeMellleHUH 3J1eKTpo-
Ha or HAJ/TH x ybuxuHOHY, a Takke B TPAHCJIOKAIlUU IIPO-
TOHOB MeXly BHYyTPpeHHe! U Hapy>XHOW MUTOXOHJpUaJlb-
HBIMA MeMOpaHamu [3]. YuuTbiBas 3HAYUTEbHBIN BKIIA]
KOMITJIeKca | B TpaHCIIOPT 371eKTPOHOB, HEYIUBUTEIBHO, YTO
IIpY IUCOYHKINY TAHHOM CUCTeMbl HabIionaeTcs OBBIIIeH-
Has reHepanus ADPK, akTyuBaiys OKMCIUTELHOTO CTpecca,
HCTOIIleHHe Pe3epBOB BHYTpUKIIeTouHOro AT® 1 kak pe3ysb-
TaT — rubesp KJIeTKU cpa3y M0 HeCKOJIbKUM MeXaHU3MaM —
amoITo3a, I0CPe/ICTBOM OKUCIUTENIbHON MOIUHKAIIUN WU
¢deponrosa [4]. B pesynbrare notepsi fodaMHUHEPruueCKUX
CTPYKTYP KOMIIAKTHOM YepHOM CyOCTaHIIUK M0 ONHMCAHHBIM
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BBIIIIe PeaKIUsIM IPUBOJUT K IOSIBIIEHHUIO XapaKTepHBIX CUM-
rroMoB BII: Tpemopa, purunHocTy, 6paiuKUHe3uH, IOCTY-
paibHOM HeCcTabuabHOCTH [4]. OJHAKO CTOUT OTMETHUTD, YTO
B ycnoBusx BIl otMedaeTcs He TONIBKO TUCPYHKITUS MUTO-
XOHJIpPUAJIbHOTO KoMIuTeKca 1, Ho 1 HabioaeTcst HapyleHue
AKTUBHOCTH HEKOTOPBIX MUTOXOHAPHAIbHBIX (pepMeHTOB, B
YaCTHOCTU IIUTPATCHUHTa3bl. Ba)KHBIM MOMEHTOM SIBJISIeTCS
TO, UTO BO3HUKaloIIas pepMeHTaTHBHAs TUCPYHKIUS MTPH-
BOAUT K IIpOrpeccupyioiieMy yMeHbleHuio nyina ATD B
KJIeTKe, B pe3ysbrare yero popMHUpPyeTCs [1aToJI0THIeCKUi
MeTaboIM4eCKUil CIBUT C aKTUBAllMell BHyTpeHHero 1 BHellI-
Hero aronTOTHUYeCcKOTo My TH, ellle 6oJbllle YCyTyOsSioIero
HelipojiereHepaTUBHLIN Tporiece [5]. [TombITkY 11e1eHanpas-
JIeHHOM dapMaKoIOTHYeCKOM KOppeKIH AUCPYHKIUK MUTO-
XOHJIPUAIbHOTO KoMILiekca I ¥ 0011ieil MUTOXOHIPUAIbHON
¢yukuuu npu bIl npegnpuHUManucek NpakKTUYeCKHd Cpasy
IIOCJIe TOTO, Kak OblIa YCTaHOBIIEHA POJIb JAHHOTO NMaTOpU3H-
oJiorudeckoro nporiecca B marorenese bII. IleppoHadanbHO
Ha IpeAMeT CIIOCOOHOCTH BOCCTaHABIMBATh MUTOXOHIPU-
anpHYyI0 QYHKIHIO OBUIM IPOTeCTHPOBAaHBI KilacCHUYecKHe
IIPOTUBONAPKUHCOHUYECKHe IpenapaThl: JeBojoIa U ee
KOMOWHAIUK C KapOouaomnou u pazarwinHoM [6]. B utore
OBIJIO [TOKA3aHO, YTO JIaHHbIE JIeKapCTBeHHbIe CPe/iCTBa B
ycnoBusx BIl He okasbIBaIOT CYIeCTBEHHOTO BIMSHUS Ha
aKTUBHOCTh MUTOXOHIPHUAJIBHOTO KOMIUIeKca I 1 MUTOXOH-
IIPUAJIbHYI0 PYHKITHUIO B I1eJIoM. B CBSI3U € 3THUM aKTyalbHBIM
IIpeZicTaBsieTcs pa3paboTKa JiekapCTBeHHBIX CPeJCTB, IIPHH-
IIUIHUAJIBHO OTIIMYAIOIINXCS OT y>Ke UMeIOIIMXCS [TpelapaToB
MexaHU3MOM feicTBUs. OTHUM U3 TaKUX BO3MOXHBIX Ha-
TIpaBJIeHUH CO3[JaHKsl HOBBIX CpelCTB /iy Tepanuu BII moxer
SIBTISITHCS. U3y4eHHe CPe/ICTB HeHpOIIpOTeKTOPHOT0 JIeHCTBUS.
Kak npaBuiio, HeipompoTeKIus peJCTaBiiseT co0oi 1ene-
HanpapJieHHOe TepalleBTHYeCKoe BMeIllaTelbCTBO, COXPaHsI-
IolIee KMU3HeCIoCOOHOCTh HeMPOHOB YepHOM CyOCTaHIINHU,
a caMU HelpOIIPOTeKTOPH! ABJIAIOTCS ITeTepOreHHOMN Ipyll-
1o mpernaparoB. K ux 4ucity MOXXHO OTHEeCTH aHTarOHUCTHI
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NMDA-penenTopoB IIyTaMUHOBOM KUCIIOTHI, MeTaJlIoXe-
JIATOPBI, OJIOKATOPHI KaJIbI[UeBbIX KaHAJOB, kKo3H3uM Q10,
kpeatuH [7]. PaHee nmpoBefeHHbIe HCCIeIOBAHUS TTOKA3aJIH,
YTO TIOTEHITHAIbHO 3bGEeKTUBHBIM HEHPOITPOTEKTOPHBIM CO-
eIMHEeHUeM SIBIISIeTCs 4-THIPOKCHU-3,5-U-TpeT Oy THII KOpHY-
Has kuciora (ATACL), koTopasi oka3biBaeT MHOTOGAKTOpPHOE
JIeMCTBYE Ha KJIeTKY FOJIOBHOTO MO3Ta, BKITIOYast TIOJJaBJIeHHe
OKCHUJIaTUBHOTO CTpecca U MoBbIieHre obpa3zoBanus ATP
[8]. B cBsi3u c 3TUM mpencTaBisieTCs aKTyaJbHBIM U3ydeHHe
JAHHOTO COeJTMHeHUs Ha IIpe/IMeT BO3MOXKHOM CIOCOGHOCTH
KOPPEKTHPOBaTh MUTOXOH/[PUAIbHYIO TUCHYHKIIUIO B YCIIO-
BUSIX 3KclepuMeHTanbHOU BII.

m [TEJIb

B ycnoBusx sxkcnepumenTanbHoi BIl oneHuTs BnusHUe
coenuaenns ATACL Ha n3MeHeHre aKTUBHOCTA MUTOXOH/IPU-
aJIbHBIX (HepMEHTOB B TKAaHH T'OJIOBHOTO MO3Ta.

m MATEPUAJI 1 METO/IbI

Pabora BrinonHeHa Ha 40 OJI0BO3pEITBIX KPhICaX-CaMIlax
Wistar maccoii Tesia 210-230 1, mosTy4eHHBIX U3 TUTOMHHKA
J1abopaTOpHBIX KUBOTHBIX «PamnmonoBo» (Poccus). Ha Bpemst
UCCJIeJIOBAHMS )XKUBOTHBIE COIEPKAJIMCh B CTAHIAPTHBIX YC-
JIOBUSIX BUBApusl I ISITUrOpPCKOTO MenuKo-papMareBTHIeckoro
MHCTUTYTA B IIOJIMIIPOIMIEHOBBIX KJIeTKax 110 5 ocobeil. [TomHo-
PaIMOHHBIA SKCTPYAMPOBAHHBIN KOPM U BOIY BOIOIIPOBOTHYIO
JKUBOTHBIe nonmy4aiu ad libitum. Ilogctu (rpaHy/IMpoOBaHHYO
¢dpak1mio) MeHsUTH He pexke yeM 1 pa3 B 3 HS. YCIIOBUS cofiep-
>KaHUsI KICKJTIOYAJTM CTPeCCUPOBAHKE KUBOTHBIX: TEMITeparypa
OKpYy>KaroIero Bo3nyxa 22+2°C, OTHOCUTeNIbHas BJIaXKHOCTh
55-65% mipu 12-4yacoBom nukie neHb/HOYb. OnepaTUBHbIE
MAaHUITYJISIIIAY BHITIOTHEHBI [O]T XJIOPaJITUIPATHOM aHecTe3uei
(uHTpanepuTOHea bHas MHbeKITHs xnopanruapara (PanReac
Applichem, HMcnanust), 350 Mr/Kr). DBTaHa3HIO )KUBOTHBIX OCY-
IIeCTBIISUIM [IOCTIe aHeCTe3Ur U 3abopa broMarepuasa myTeM
IIepBUKAILHOM arciiokarn. Konrerus paboTh! 6bU1a 0oope-
Ha JIOKaJIbHBIM 3THYecKuM komuteToM [IM®U (mpotokon Ne§
ot 07.07.2023), cooTBeTcTBOBaJIa MooxkeHusm Jlupektusbl EC
2010/63 u npunmumam ARRIVE 2.0 [9].

st mogenupoBanust BI1 kpeic aHecTe3WpoBaiu, CKallb-
MTMPOBaJI TeMeHHYI0 0671acTb U 6OPOM TIpY MTePUOANYECKOM
oxnaxaenuu (0,9% pacTBop xjopujia HaTpHsl) TIPOJIeTbIBAIN
TperaHalMoOHHOe OTBEPCTHE, YA TBePIYI0 MO3rOBYIO 060-
nouky. CornacHo crepeorakcuueckum koopaunaram AP +0,4,
ML -2,0 (ot 6permer) u DV -3,3 (COOTBETCTBYIOT 11OJIOCATO-
MY TeJly) BBOAWIU 4 MKJI pacTBopa poTeHoHa (Sigma-Aldrich,
['epManus) B KOHEUHOH KOHIIEHTpAIMK 5 Mr/mMil. MHBeKITHio
OCYIIEeCTBIISUIA MOTU(UIIMPOBAHHBIM HITPUIIOM ['aMUIIBTOHA
(100 mxn) ¢ xanroneit u urno G30. [locie uHbekIUK UITIa
0CTaBa/ach B MeCTe BBeIeHUsI Ha ITPOTSDKeHUH 5 MUHY'T, TIOCIIe
Yyero ee U3BJIeKany, yimyBaiu paty. lllos obpabareiBanu 10%
pactBopom noBuoH-Mona («beraguny, 3A0 IT'UC, Poccus).
o npoObyxeHus )KUBOTHBIX OCTaBJISUTU I0J] COTpeBaloleil
namrio# [10].

B xome uccnenoBanus 6p1TH cpOpMUPOBAHBI ClleyIO-
IIMe 3KCIeprMeHTalbHble rpymnsl (n=10 xaxaas rpynmna):
JIO — noxxHOOIEepUpOBaHHbIe )KUBOTHBIE (K JJAHHOM IpyTiIe
KPBIC PUMEHSIJTUCH BCe MOCJIeJoBaTelIbHbIe MpOIleyphl,
omnMcaHHbIe TIpU MopenupoBanuu bll, 3a uckioueHnem BBe-
nenus poreHoHa); HK — HeraTUBHBIN KOHTPOJIb (KUBOTHBIE
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¢ BocripousBenienHoi BIl, HO He mosy4aBIIMe Tepanuio);
IOMITIC — xuBOTHBIE C BocnpousBefeHHo# BII, monydas-
IIMe NpernapaT CpaBHeHUS — 3TUIMETUITUIPOKCUIIMPUANHA
cykuuHat («Mekcunony, HITK ®apmacodt, PD) B noze 100
mr/kr; ATACL - rpymna xpbic ¢ BocnpousBenieHHO# BI1, ko-
TOPO¥ BBOAWIV AaHAIM3UPYEMOe COeIMHeHUe 4-THUJIPOKCHU-3,5-
IU-TPeTOyTHII KOPUUHYI0 KUCIOTY B fo3e 100 mr/kr [8]. B
KayeCTBe TperapaTa cpaBHeHus 0611 BeioOpan IMITIC, mo-
CKOJIbKY JTaHHBIM JIeKapCTBEHHBIN IIpernapaT HaXOOUT CBOe
IIpUMeHeHHe B TepaneBTHYeckux cxemax jedenus bl [11], a
TaK)Xe OKa3bIBaeT BIIMSHME Ha U3MeHeHNe MUTOXOHAPHAJIbHOM
¢dynkuuu [12].

PedepenT u ananusupyemoe coefrHeHHe BBOAWIHN Iepo-
payIbHO, HAYMHAs C 14 HS NOCie BBeleHUsl pOTeHOHA U Ha
npotsbkeHnu 30 mHed (oqHO BBefieHHe B CyTKH). Jlu3aitH uc-
CJlefloBaHUs [IPeiCTaBjleH Ha PHCYHKe 1.

ITo ucrevenuu 30 qHEH KUBOTHBIX IO XJIOPAJITHIPAaTHON
aHecTe3uel JieKalluTUPOBA/IH, U3BJIeKaIu I'0JIOBHOU MO3T U
MOMelIaJIM Ha Jie[isiHyto 6aHro (Temiieparypa He Bbiie 40C).
Harnee oTaemnsy MO3Xe4oK, IOJTyIIapysi TOMOTeHU3UPOBaIi B
bydeprom pactBope, cocrositieM u3 0,1% pactBopa Gprabero
CBIBOPOTOYHOTO anbbymuHa (Sigma-Aldrich, ['epmanus) + 215
MMoJb MaHHUTA (Sigma-Aldrich, I'epmanus) + 1 MMonb aTH-
JIeHITIMKOJIbTeTpaalieTara Harpus (Sigma-Aldrich, ['epmanus)
+ 75 mmornb caxapo3sl (Sigma-Aldrich, 'epmanus) + 20 mmons
4-(2-ruIpoKCUaTII)- | -TIMIIepa3uHATaHCYTbGOHOBOM KMCIIOTHI
(Sigma-Aldrich, I'epmanust). [omoreHaT neHTprudyrupoBamu
B TedeHue 2 MunyT npu 1100g. [Tony4yeHHBIN cyniepHaTaHT
TIOBTOPHO LIeHTPUQYTHUPOBaNY B rpafivieHTe repkoia (Sigma-
Aldrich, I'epmanus) B Teuenvie 10 munyT mipu 18000g. Bropru-
HBI CyllepHaTaHT UCIIOJIb30BaJIM ISl IPOBeJleHUs aHaJI|3a.

AxTtuBHOCTB cykiuHataeruaporesassl (CIY) omennBamu
CIeKTPOpOTOMETPHYECKU B PeaKIIMU CYKIIMHAT-3aBUCUMOI0
BOCCTaHOBJIeHUs TUXopdeHoNnHI0deHosa mpy Aobasie-
HUU B aHaJIM3MpyeMyto cpeny poTeHoHa rpu 600 M. Cpena
peakiuu cofepkaia 40 MxkM puxopbeHonuHnodeHona + 1
MM KCN + 10 mxkM porenona u 50 mxkM xodepmenTta Q2.
Peaknuio nannurpoBanu gobasnenuem 10 MM cykiuHara.
AKTUBHOCTH pepMeHTa BhIpaXKaiu B Ejn/mr 6enka. AKTHB-
HOCTB ITUTOXPOM-C-0KCH1a3bl (CoX) TakKe ONpeesisiyiv CIiek-
TpodOTOMETPHUIEeCKH B XOJle peakIMy OKUCIIeHUs IIUTOXpoMa
C (II) B mpucytcteuu KCN npu 500 um. Cpena nuHkybaruu
conepxana ruroxpoma C (II) — 15 uM u momeruncynbdar

PoTeHoH, 5 Mr/mn

armnc, ATACL
100 mr/kr 100 mr/kr

[ g2

06BEKTOR s hepmenTon
30 gHen 7

v

¥/i /i
14 puen il

MpumeyaHusi: BIM — 6one3Hb MapkuHcoHa; CAI — cykuuHamoezaudpoeeHasa;
AC — akoHumas3a; LYC — yumpamcuHmasa; CoX — yumoxpom-c-okcudasa.
ABmopckoe u3obpaxeHue BbINOHEHO C UCNOb30BaHUeM pecypca
https://www.biorender.com

Note: PD — Parkinson's disease; SDH — succinate dehydrogenase;

AC — aconitase; CS — citrate synthase; CoX — cytochrome c oxidase.

The author's image is made using the resource https://www.biorender.com
PucyHok 1. [luzalH uccnedoBaHus.

Figure 1. Design of the study.
319



tDapMaKonorvm, KnuHn4yeckaa dJapMaKOJ'IOFVIFI

Hayka n uHHosauuun B meaununHe T.9(4)/2024

6
g55 ﬁ
& s A
- *
245 H
3 _—
E 4
235 #*
Z ——
s 3 ]
=
g2s #
E 5 —
Z
<15

1

JIo HK IMITIC ATACL

= ]

1t

*

>

w

#*

Akrnmnocth pepyenta, Exir fenka
3

.

AMITIC ATACL

lMpuMeyaHusi: Ha box plot cuHss NuHUSI — MeduaHHoe 3HavyeHue, KpacHasl
JIUHUSI — cpedHee 3HaveHue; # — docmoBepHO omHocumerbHo J10 (kpumepul
[JaHHema, p<0,05); *— docmosepHo omHocumenbHo HK (kpumepul
HbtomeHa — Ketinca, p<0,05); A — docmoBepHO 0MHOCUMENbHO XUBOMHbIX,
nonyyaBwux IMITIC (kpumepull HetomeHa — Kelinca, p<0,05).

Note: on the box plot, the blue line is the median value, the red line is the
average value; # — significant to SO (Dunnet test, p<0.05); * — significant to NC
(Newman — Keulse test, p<0.05); A — significant to animals treated by EMHPS
(Newman — Keulse test, p<0.05).

PucyHok 2. BnusiHue 4-2udpokcu-3,5-0u-mpembymun kopuyHou
Kucnomsl U amuiMemui2uopoKkcunupuduHa CykyuHama Ha
usMeHeHUe akmuBHOCMU YUmpamcuHma3sbl B MKaHU 20/10BHO20
Mo32a Y KpbIC C 9KcnepuMeHmasibHol 601e3Hbto MNapKuHcoHa.

Figure 2. The effect of the 4-hydroxy-3,5-di-tretbutyl cinnamic acid
and ethylmethylhydroxypyridine succinate on the change in citrate
synthase activity in brain tissue in rats with experimental Parkinson's
disease.

ArTiusnocti pepmenta, Ex/svr Genxa

Jo HK OMITIC ATACL

MpumeyaHus: Ha box plot cuHsisi nuHUSI — MeduaHHoe 3Ha4eHue, KpacHasi
JNuHUsi — cpedHee 3HaveHue; # — docmoBepHo omHocumerbHo J10 (kpumepul
JaHHema, p<0,05); * — docmosepHo omHocumenbHo HK (kpumepud
HblomeHa — Ketinca, p<0,05).

Note: on the box plot, the blue line is the median value, the red line is the
average value; # — significant to SO (Dunnet test, p<0.05); * — significant to NC
(Newman — Keulse test, p<0.05).

PucyHok 3. BnusiHue 4-2udpokcu-3,5-0u-mpembymus kopudyHou
KUC/I0Mbl U 3muiMemui2udpokcunupuduHa cykyuHama Ha
usMeHeHUe akmuBHOCMU CyKyuHamoeaudpoaeHasbl B mKaHu
20/I0BHO20 M032a Y KPbIC C 3KchepuMeHmasbHol 601e3HbH0
lapKuHcoHa.

Figure 3. Effect of the 4-hydroxy-3,5-di-tretbutyl cinnamic acid and
ethylmethylhydroxypyridine succinate on the change in succinate
dehydrogenase activity in brain tissue in rats with experimental
Parkinson's disease.

Harpus 0,03% pactBop. AKTUBHOCThL pepMeHTa BhIpaXkalu
B En/mr 6enka. AktuBHOCTb 1uTpatcunTasbl (L[C) orenu-
BaJIi CHIeKTPOGOTOMEeTPUIECKUM METOJIOM, OCHOBAaHHBIM Ha
OlTIpe/ieIeH|Y OKPAIlleHHBIX TIPOJTYKTOB PeaKIIuH JIerpajaliuu
5,5'-u-TrobuC-(2-HUTPOOEH30MHOM KUCIIOTHI) B IPUCYTCTBUU
aretri-KoA u okcasoarierara npu 412 uM. Cpena peakiuu
cofepxana: 5,5'-TUTHo6UC-(2-HUTPOOEH30MHYI0 KUCIIOTY —
0,1 MM, anetun-KoA 50 MM u okcanoanerar50 MM. AkTuB-
HOCTh pepMeHTa BuipaXkaiiu B Eji/Mr 6eyika. AKTUBHOCTD aKo-
uutasbl (AC) orieHHBaH CrieKTpodoMeTprdecku py 340 HM,
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lNpumeyaHusi: Ha box plot cuHsis nUHUS — MeduaHHoe 3HaveHue,

KpacHasi IuHusi — cpedHee 3HadyeHue; # — docmoBepHO OMHOoCUMEbLHO

J10 (kpumepul JaHHema, p<0,05); * — docmoBepHo omHocumesnbHo HK
(kpumeputi HetomeHa — Ketinca, p<0,05).

Note: on the box plot, the blue line is the median value, the red line is the
average value; # — significant to SO (Dunnet test, p<0.05); * — significant to NC
(Newman — Keulse test, p<0.05).

PucyHok 4. BnusiHue 4-2udpokcu-3,5-0u-mpembymun kopudHou
KUcnomasl U amuiMemui2uopokcunupuduHa CykyuHama Ha
usMeHeHUe akmuBHOCMU YUMOXPOM-C-OKCUOa3sbl B MKaHU
20/10BHO20 M032a Y KpbIC C 3KchepuMeHmasbHoll 60n1e3Hbio
lNapkuHcoHa.

Figure 4. Effect of the 4-hydroxy-3,5-di-tretbuty! cinnamic acid and
ethylmethylhydroxypyridine succinate on changes in cytochrome c
oxidase activity in brain tissue in rats with experimental Parkinson's
disease.
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lNpumeyaHusi: Ha box plot cuHsIs TUHUS — MeduaHHOe 3Ha4eHue, KpacHasi
NUHUS1 — cpedHee 3Ha4eHue; # — docmosepHo omHocumernbHo J10
(kpumepul JaHHema, p<0,05); * — docmoBepHo omHocumesnbHo HK
(kpumeputl HetomeHa — Ketinca, p<0,05).

Note: on the box plot, the blue line is the median value, the red line is the
average value; # — significant to SO (Dunnet test, p<0.05); * — significant
to NC (Newman — Keulse test, p<0.05).

PucyHok 5. BnusiHue 4-2udpokcu-3,5-0u-mpembymun KopudHou
KUC/0mbl U amuiMemui2udpoKcunupuduHa cykyuHama Ha
usMeHeHue aKmuBHOCMU aKoHUMa3sbl B MKaHU 20/10BHO20 M032a
Y KpbIC C 3KcnepuMeHmasbHoU 60ne3Hbio [1apKuHCcoHa.

Figure 5. The effect of the 4-hydroxy-3,5-di-tretbutyl cinnamic
acid and ethylmethylhydroxypyridine succinate on the change
in aconitase activity in brain tissue in rats with experimental
Parkinson's disease.

B XOJie COIPSDKeHHOU aKOHUTAa3a-U30IUTPaTaeruiporeHa3Hom
peakiyu myTeM perucrpaiuu obpasosasiierocs HAJI®PH [8].

PesynpraThl 06pabaTrbiBaiv MeToJaMU BapHUallMOHHOM
CTaTUCTUKU C IIPUMeHeHHeM BO3MOXXHOCTeH NporpaMMHO-
ro kommutekca StatPlus 7.0 (AnalystSoft Inc., CIIA, nuren-
3ust 16887385). IlonydyeHHble faHHble ObUIH ITPOBepeHbI Ha
HOPMaJIbHOCTb paclpeziefieHus coriacHo Kputepuio [lamu-
po — Yusnka. /1751 cpaBHeHHs TPYIII CpeIHUX [TPUMeHSUIH Ta-
pametpudeckue Metonbl ANOVA ¢ moct-Tectrom HetoMeHa —
Keiirca 1 HemapameTpudeckyie MeTOIbl CTaTUIeCKOTro aHaIr3a
— tect Kpackena — Yomnvca ¢ mocTnapHbIM CpaBHEHHUEM B
Tecte JlanHa. CpaBHenue ¢ JIO rpymimnoi )KUBOTHBIX OCYIIIeCT-
BJISUTH C MCIIOJIb30BaHKeM kpuTepus [lanHera. Oy cuu-
TaJIMCh CTAaTUCTUYECKU 3HAaYMMbIMHU 11pH p<0,05.
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m PE3YJIBTATBI

B xone ananuza usmenenus aktuHoctu LIC (pucyHok 2)
6bU10 ycTaHOBIIeHO, 4To y HK rpymnns! KphIC 110 OTHOIIIEHUIO
K JIO XUBOTHBIM aKTUBHOCTb JAaHHOTO pepMeHTa yMeHb-
munach Ha 62,3% (p<0,05). B To e BpeMs nmpumeHeHHe
3I'MIIC u ATACL cnioco6cTBOBaIO MOBBIIIEHUIO aKTUBHO-
ctu LIC otHocutensuo HK rpymnmst kpeic Ha 56,3% (p<0,05)
u 109,7% (p<0,05) coorBeTcTBeHHO. CTOUT OTMETUTDH, ITO
y %uBOTHBIX, Hony4yaBiux ATACL, aktuBHocTh LIC Oblia
Ha 34,2% (p<0,05) BbllIe, YeM y KPbIC, KOTOPBIM BBOJIMJIH
SMITIC.

OrnenuBas u3MeHenue aktuBHocty CHI' (pucyHok 3),
OTMeTHM, YTO B IrpyIime HejleyeHbIX XXUBOTHBIX (HK) akTHB-
HOCTb pepMeHTa CHU3WIACh Ha 56,6% (p<0,05) B cpaBHEeHUH
¢ aHajoruyHbIM 1okasatesiem JIO kpeic. Ha doHe BBegeHus
»kuBoTHBIM OMITIC 1 ATACL Habmonanoch yBenddeHue ak-
tuBHOCTU CIIT" o otHomIeHuto k HK rpymnme kpoic Ha 57,7%
(p<0,05) u 53,6% (p<0,05) cooTBeTCTBEHHO.

AmnasoruyHas TeHIeHIHs K3MeHeHH sl Oblla yCTaHOBJIeHa
IIPU U3y4YeHUU U3MeHeHUs akTUBHOCTU CoX (PHCYHOK 4).
Tak, y HK rpynnet kpeic B cpaBHeHuH ¢ JIO )XMBOTHBIMU
akTuBHOCTHh CoX yMeHbIMiach Ha 53,6% (p<0,05). B To xe
Bpemst ripu ipuMeHeHnr OMI'TIC u ATACL akTuBHOCTDH dep-
MEHTa YBeJIMYWIaCh OTHOCUTENIbHO 1oka3atesss HK rpymmbr
kpbic Ha 71,7% (p<0,05) u 65,0% (p<0,05) cooTBeTCTBEHHO.

AxtuBHocTh AC (pucyHok 5) y kpbic HK rpynmns! 65i1a
HIDKe TakoBoit y J1O sxuBoTHBIX Ha 54,1% (p<0,05). Ha dpone
BBenieHus kpbicaM DMITIC aktuBHOCTH AC yBenuuusach
otHocurenbHo HK rpynmsl xuBoTHBIX Ha 49,1% (p<0,05),
Toraa kak npu npuMeHeHnu ATACL akTUBHOCTb pepMeHTa
noBbIcuIack Ha 63,1% (p<0,05). CTouT OTMETUTh, YTO CTa-
TUCTHUYECKH 3HauYMMBbIX oTinnuuii aktuBHOocTH CII, CoX u
AC Mexny rpymmnamMu XXUBOTHBIX, nony4aBimux OMITIC u
ATACL, He ycTaHOBIIEHO.

m OBCYKJIEHUE

ITpoBeneHHOe HccIeJOBaHMe [T0KA3aJI0, YTO BBEJIeHHe CO-
equHenus ATACL npakTudyecku B paBHOU CTelnieHu ¢ pede-
PEeHTOM — 3TWIMEeTWITHAPOKCUIIMPUMHA CYKIIMHATOM CII0CO0-
CTByeT BOCCTAHOBJIEHHIO aKTUBHOCTH MUTOXOHJPUAJIbHBIX
depmenTos: 1IC, AC. CoX u C/IT. IIpu 3ToM 0T™MedeHO, 9TO
y kpeic, nmony4aBuinx ATACL, aktuBHocTs LIC 6b11a H0-
croBepHo (p<0,05) BbIIIe, 4eM Y >KUBOTHBIX, [TOJTYYaBIINX
mpernapar cpaBHeHus. [lonyyeHHBIe pe3yabTaThl MOTYT CBU-
JleTeIbCTBOBaTh 0 MHOTO(aKTOPHOM BIMSIHUU aHAJIU3UpYe-
MOTO COeIMHeHHs Ha U3MeHeHle MUTOXOH/IPHAJIbHOM QYyHK-
IIMA B TKAHW TOJIOBHOTO Mo3ra Kpeic ¢ BII. M3BecTHO, 4TO
MUTOXOHJIPUU — ITIaBHbIe 3HepreTH4eckue CTaHI[UH KIIeTKY,
CTPYKTYPBbI, HaXOs1[Hecs] B IIOCTOSHHOM AMHAMHUYeCKOM
paBHOBeCHH, KOTOpoe 00beuHsIeT iBa B3aKMOCBI3aHHBIX
MpoIfecca — MUTOXOH/IPUANTbHBIN 6MoTeHe3 U MUTOdATrHuio
[13]. Onpenenenubiii puznooruueckuil 6ajaHC JaHHBIX
peakIuit obecrnedynBaeT HeEOOXOMUMBINA «KOHTPOJIb KauyeCTBa
MUTOXOHIPUI» — IIpeobafaHue GyHKIMOHATIBHO aKTUBHBIX
MUTOXOHAPUH Hajl lepeKTHBIMY / TUCOYHKIMOHATIBHBIMU. B
ycnoBusax BII noMumo kiraccruueckoro MUTOXOHIPUAIBHOTO
nedekTa, TPOSBIISIONIErocs B Bujie AedUIluTa aKTUBHOCTU
KOMIUTeKca | 371eKTpOH-TPaHCIIOPTHOM TelTd MUTOXOHJIPUH,
HabJIolaeTcs TakXKe HapyllleHHe MPollecCoB MUTOdAruu u
bvoreHesa MUTOXOHAPHI [14].
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[TockonbKy MUTOXOHIPUAIBHBIN OHOTeHe3 U MUTO(arus —
MPOLIECCHI, TEHeTHYeCKH JIeTePMUHUPOBAaHHbIe, U3yYeHHe UX
C TIO3UIIMU OYOMapKepHbIX U3MEeHEeHHUH SIBIISIeTCS TPYI0eMKOM
3amadeif. OgHUM U3 Haubosee OOIEOCTYIHBIX TOIXOIOB K
OlleHKe M3MeHEeHHs] MUTOXOH/IPUAJIbHOTO GHOreHe3a U MUTO-
daruu, B TOM UMCIe U TPy IpoBeieHuH papMaKoTeparuy, siB-
JISIETCsl U3y4eHre aKTHBHOCTH (pepMeHTaTHBHBIX GHOMapKepoB
JIAHHBIX TIPOIeCccoB. Tak, 06 MUTOXOHpUAILHOM OHOTeHe3e
MOXXHO CyIOUTh 0 u3MeHeHuto aktuBHoctu CIAI' u CoX, a
06 MHTEHCHBHOCTH IIpoIiecca MUTOGAruu CBUETeIbCTBYET
aktuBHOCTB 1IC [15].

Takum obpa3oM, HabmogaemMbie Ha GpoHe TPUMEeHeHHs COo-
enunenuss ATACL u pedepenTta nameHenus aktuBHoctu 11C,
CAT" u CoX MOTyT SIBIATHCS PaKTOM, ITIOATBEP>KAAIOIINM BIIU-
sIHUe JJAHHBIX OOBEKTOB Ha MUTOXOHJIPUAJIbHBIN OHOoreHe3 u
mutodaruto. Yuutsias, uto coenunenre ATACL saBmnsercs
MPOV3BOJIHBIM THJIPOKCHKOPUYHOM KUCIIOTHI — BEIIeCTBa, Ha-
THUBHO BCTPEYAIONIEroCcsl B HEKOTOPBIX PaCTUTEJIbHBIX 00beK-
TaX, MOXKHO TIPOBECTH OIIpe[ielieHHbIe Napajuielld MUTOXOH-
JpUaJIbHO-OPUEeHTHPOBAHHBIX CBOWCTB JAHHOTO COeIMHEeHUs!
Y IPYTUX IPUPOIHBIX coenrHeHuil. Tak, M. Ay u coasr. (2017)
MIOKA3aJiy, 4TO OJIHUM U3 MEXaHU3MOB, IOCPEICTBOM KOTO-
PBIX KBEPLETHH YJIydIlIaeT MUTOXOHAPUAIbHYIO QYHKITHUIO,
siByIsieTcs ycwileHWe Parkin-3zaBucumoit Mutodaruu, a Takxe
HOBBIIIEHHEe CKOPOCTH PECUHTe3a MUTOXOH/IPUAJILHOTO Gesika
[16]. AHanoruyHble pe3ysbTaThl ObIIN IPOEMOHCTPHUPOBAHEI
T. Luo u coasrt. (2023) niis 6epranteHa — pypaHOKyMapHHa,
IITMPOKO ITPeJICTaB/IeHHOTO B PACTUTENIbHBIX 00heKTaX. B maH-
HOM HCCJIeJIOBAHWUU OeprarTeH IoJaByIsil JIUIIONIOIMCAaXapH/I-
VHJYIIMPOBaHHbBIE POBOCIAJITEIIbHBIE PeaKIMH U CBSI3aHHBIN
C HUMHM NIMPONTO3 3a CUET BOCCTAHOBJIEHUS] MUTOXOH IPHUAITb-
HOTo roMeocTa3a [ 17]. MuToxoHipraIbHO-0pUeHTUPOBAHHbIE
CBOWCTBA JIPyroro NpHUPOIHOTo 06hekTa — OaiikanenHa ObuIH
npofieMoHCTpUpoBaHk! X. Jin u coast. (2023). beiio ycraHoB-
JIEHO, YTO KYpCOBOe BBeJieHre OalikajierHa CIIoCOOCTBOBAJIO
nioBbITIeHHI0 NIX-3aBUCHMBIX peakItiii MUTOdAaruu B KJIeTKax
TUTITIOKaMIIa MblIiei ¢ fenpeccueit [18]. CTout oTMeTHUTb,
YTO BOXKHBIM aCIIeKTOM MUTOXOH/IPUATbHO-OPHEeHTUPOBAHHOTO
nerictBus coenrHeruss ATACL MOXHO CUUTaTh TOBBIIIIEHUS
AKTHBHOCTH aKOHUTAa3bl. AKOHUTA3a — JKeJie30CepHUCTHIM Oe-
JIOK, MUTPAIOIINI 3HAYMMYIO POJIb B PA3BUTHH MUTOXOHIPHAJIb-
Hoil nuchyukruu. [Ipexxne Bcero, akoHUTa3a KaTajausupyeT
OJIHY Y3 KPUTHYECKUX PeaKIMi IMKJIa TPUKAPOOHOBBIX KUC-
JIOT: TIepeXoJl IUTpaTa B U30IMTPAT, B CBSA3U C 4eM JieUIIUT
AKTHBHOCTH JJAHHOTO (pepMEeHTa MOXKET HEraTUBHO OTPaXKaTh-
Cs1 Ha XOfle peaKIuii OKUCIUTETLHOTO GpoCchOopriTMpoBaHus U
cooTBeTCcTBeHHO cuHTe3a AT®. Takke mucpyHKIMS aKOHU-
Tasbl criocobcTByeT reHepanuu ADK, ycyrybiss mospexe-
HUe KJIeTOYHbIX KOMIIAPTMEHTOB [TOCPEJICTBOM JIUIIONIEPOK-
CUIAaTHBHBIX MpotieccoB [19]. B cBs3u ¢ 3TuM HabmomaemMoe
Ha ¢pone mpuMmeHenus coeauHenust ATACL BoccTaHoBeHMe
AKTUBHOCTH aKOHUTA3bl MOXET IOJIOXKUTEJILHO OTPaXKaThCsl
Ha Xofie peaKIlii CUHTe3a MaKpo3pruieckux ¢ocdaToB U re-
Heparu ADK.

m SAKJIFOYEHUE

[TpoBemeHHOE UCCIeIOBaHUe IOKA3aJi0, YTO KYpCOBOe
BBesienne coenuHenuss ATACL sxuBorubiM ¢ BIT cmoco6b-
CTBYeT BOCCTAHOBJIEHUIO aKTUBHOCTH MUTOXOH]IPHATIbHBIX
$epMeHTOB: IUTPAaTCUHTA3bl, CYKIIMHATAETUIPOTeHasHhl,
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IUTOXPOM-C-OKCHIa3bl U aKOHWUTA3bl. DTO OTpPaXKaeT Cylie-
CTBEHHOe BJIMSIHUE JJAHHOTO COeJIMHeHNs] HA MUTOXOH [PHAITh-
HBIN TOMEOCTa3, B YaCTHOCTH PeaKIMU MUTOXOH/IPUATILHOTO
6uorenesa, mutodarud, renepanvu APK u cunreza ATO.

Hayka n uHHosauuun B meaununHe T.9(4)/2024

[Nonmy4enHble qaHHbIE TO3BOJISIOT IIPeIIOIaraTb akTyaib-
HOCTb JasbHeliero usydenus coenuHeruss ATACL B kade-
CTBe IIOJINTapreTHOr0 HeHpONPOTEeKTOPHOIO CPefCTBa s
neyenus bII. =
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