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Pe3rome

AKTYaJIbHOCTb: Ba)XHy10 pOJIb B IPOTPECCUU paKa SMYHUKOB UTPACT DIIUTCHETUICCKAS PETYIISIIHS
paboTel reHoB. OOHUM U3 MOAOOHBIX MEXaHU3MOB siBIsieTcs MmetrwnupoBanue JJHK renos cympecco-
pPOB oImyxoJjieo0pa3oBaHusl U OHKOTEeHOB. [lopoOHOE M3yueHHE METHUIMPOBAHMS MOXKET CIIYKHUTh
BA)KHOM CTYIIEHbIO Ha IyTH YCOBEPILIEHCTBOBAHMS METOJ0OB paHHEero ckpuHuura PS5, a Takxke oTKpbI-
BaeT HOBBIC TeparneBTuueckue MumieHd. Lleanb uccaenoBanus: Ha ocHOBaHWYM M3y4YeHHUs JTaHHBIX
COBPEMEHHOU TUTEpaTyphl pacCMOTPETh poJib MeTuinupoBanus JJHK B maTorenese paka sM4HUKOB U
OIICHUTH €T0 BKJIQ/l B pa3BUTHE JAaHHOTO 3a00eBanus. MaTepuajibl 1 MeTOAbI: AHAIIU3 TUTEPATYP-
HBIX JAHHBIX ITPOBOJIMJICS MO KIIIOUEBBIM cioBaM: MeTuinupoBanue [JHK, pak suuHuKOB, SnIUreHETH-
YecKasl peryJisiius, SITUIEMUOJIOTHS paka SSMIHUKOB. Pe3yabTaThl: CorjiacHO JaHHBIM JIMTEPATYPHI,
MIPY OHKOJIOTUYECKUX 3a00JIEBAHUSAX OTMEUAETCS TUIIEPMETHIIHPOBAHIE TPOMOTOPOB T€HOB-CYIIPEC-
COPOB WJIH, HAIIPOTHUB, TUTIOMETHIMPOBAHNE OHKOTECHOB. TaK, yCTAHOBJICHO, YTO IIPH PaKe SMUYHUKOB
9acTo HAOMI0ZAeTCsl TUIEPMETHIMpOBaHue poMoTopoB reHoB OPCML, PAXI1, CDHI, HOXA9,
HICI, MLH]I. BaxxHo€ TUarHOCTHYECKOE W/ WA TPOTHOCTHYECKOE 3HAYCHUE HMEET METHIINPOBAHNE
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renoB HIST1H2BB, MAGI2, HOXA10 u HOXA11, LAMA3, ESR1, TNF, MUC1 u FOXOL1. Ocoby:o
pOJIb B IPOTPECCUM paka SMYHUKOB UrpaeT MeTuinpoBanue reHoB MUKpoPHK. 3akinouenue: B oT-
JUYUM OT TeHETUYECKUX M3MeHeHuH, metunuposanue JJHK — obpartumelii mporecc, 4To sBIsETCS
BECbMa NEPCHEKTHBHBIM IIPHU pa3pabOTKE HOBBIX TEPANEBTUYECKHX IOAXOJOB M PaHHEH JUarHo-
CTHKH 3200JI€BaHH, T/I€ TUIIEPMETHIIMPOBAHHE ITPOMOTOPOB I'€HOB MOXKET CIIY>KUTh IMOTCHIIUAIb-
HbIM OnMOMapkepoM. Pe3ynbTaTbl MHOIOYHMCICHHBIX MCCIEJOBAHUHN MOJITBEPHKAAIOT BAXKHYIO POJIb
METHJIMPOBAHUS I'€HOB CYIIPECCOPOB OITyXOJIEBOT0 pocTa U paznuyHelx MUKpOPHK B oHkOrenese u
CBUJIETEJIBCTBYIOT O HEOOXOMMOCTH JaIbHENIIIEr0 aHaIM3a, HAIIPABJIEHHOI'O Ha pacIIu(ppPOBKY AH-
reHoma yenoseka. [IoHnMaHne MEXaHU3MOB SIUI€HETUYECKON PEryJIALUY Pa3BUTHA U TEUCHUS paKa
OyayT ciocoOCTBOBaTh Pa3pabOTKU HOBBIX JUATHOCTUYECKUX M MPOTHOCTUYECKUX METOIUK U MOJ-
XOZIOB JJIS1 JICUCHUS 37I0Ka4€CTBEHHBIX HOBOOOPA30BaHUIA.

KiroueBblie ¢J10Ba: HACIEACTBEHHBIN PaK IMYHUKOB; SIIMT€HETUYECKas PETyJIALNS; METHIHNPOBAHHE
JIHK reHoB-oHKOCYIIpeccoOpOB; METHIMPOBaHUE reHOB MUKpo-PHK
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Abstract

Background: Epigenetic regulation of genes plays an important role in the development of ovarian
cancer. One of these mechanisms is DNA methylation of tumor suppressor genes and oncogenes. A
detailed study of methylation can serve as an important step towards improving the methods of early
screening for OC. The aim of the study: Based on the study of modern literature data, to consider
the role of DNA methylation in the pathogenesis of ovarian cancer and evaluate its contribution to
the development of this disease. Materials and methods: Literature data were analyzed using the
following keywords: DNA methylation, ovarian cancer, epigenetic regulation, epidemiology of ovar-
ian cancer. Results: According to the literature data, hypermethylation of promoters of suppressor
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genes or, conversely, hypomethylation of oncogenes is noted in oncological diseases. Thus, it has
been established that hypermethylation of the promoters of the OPCML, PAX1, CDH1, HOXA9,
HIC1, MLH1 genes is often observed in ovarian cancer. Methylation of the HIST1H2BB, MAGIZ2,
HOXA10 and HOXA11, LAMAS, ESR1, TNF, MUC1 and FOXO1 genes has an important diagnostic
and/or prognostic value. The methylation of miRNA genes plays a special role in the progression of
ovarian cancer. Conclusion: In contrast to genetic changes, DNA methylation is a reversible process,
which is very promising for the development of new therapeutic approaches and for early diagnosis
of the disease, where hypermethylation of gene promoters can serve as biomarkers. Numerous studies
support the important role of methylation tumor suppressor genes and various microRNASs in onco-
genesis, and predisposes to the development of a field of research aimed at deciphering the human
epigenome. Understanding the mechanisms of epigenetic regulation of the development and course
of cancer will contribute to the development of new diagnostic and prognostic methods and ap-
proaches for cancer treatment.

Keywords: hereditary ovarian cancer; epigenetic regulation; DNA methylation of tumor suppressor
genes; methylation of microRNA genes
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BBenenne. Pax suunukoB (PS) — omHo
13 Haubosiee 4acTo AMArHOCTUPYEMBIX T'MHe-
KOJIOTUYECKHMX 3JI0KQaUeCTBEHHBIX 3a00jeBa-
HUW. B MUpOBOM CTaTUCTHKE NaHHAs NATOJIO-
I'¥sl 3aHUMAET TPETHE MECTO TOCIIE PaKa Tena u
menkn MaTkd. bostee uem y 313 000 xeHmmH
BO BCEM MHpE JUArHOCTUPYETCS JaHHas
dbopma paka [1]. BoNBIIMHCTBO TAIMEHTOK
yMHUpaeT B TEYEHHUM JIBYX JIET IOCJIE IOCTa-
HOBKH JTMarH03a, IPH 3TOM MATUIIETHSSI BBIKHU-
BaeMOCTh coctaBisieT He 6oiee 30% [2]. Bol-
COKHI YpOBEHb CMEpPTHOCTH OT PSI B mepByto
ouepeb 00bSICHAETCSI OECCUMITOMHBIM Tede-
HUEM 3a00JieBaHUs, CIIOXKHOCTBIO JIMArHo-
CTHMKH, BBIOOpA TAKTHKH JI€YEOHBIX MEPOIPUSI-
THH, BBICOKOU AoJiel penunuBoB [3]. B cBszu
C 9THM, OOJIBIIMHCTBO CIIydaeB 3a00JIeBaHUS
nuarsoctupyercs Ha -1V cragum, xorma
pa3BUBaeTCd AKTUBHBIM  METACTaTHUYECKHIl
nporecc [4]. [IpomeHT 3a007€eBIUX TaHHOMN
(opmoii paka HaXOAUTCS B IPSIMOM 3aBUCUMO-
CTH OT reorpauyeckoro paiioHa, oH OyJeT
BBIIIE B IMPOMBIIUIEHHO PAa3BUTHIX CTpPaHAX,
ocobenHo B ctpanax Espomnsl u CIIA. 3noxka-
YECTBEHHBIE OITyXOJIM SUYHUKOB BCTPEYAOTCS
y JKEHILMH BCEX BO3PACTHBIX I'PYII, HAUMHAS
¢ mutazienyectna. [1uk 3a6oneBaeMocTu mpuxo-
autcs Ha 55-59 qer [5].

Heapr mccaenoBanusi. Ha ocHoBanum
W3Y4YEHUs JAHHBIX COBPEMEHHOM JINTEpaTyphl

paccMoTpeTh poib MeTrinpoBanusa JJHK B na-
TOT€HE3€ paKa SMYHUKOB U OLICHUTD €0 BKJIA]l
B Pa3BUTHUE JAHHOTO 3a00JICBaHUS.

Marepunanbl U MeTOAbl HCCJIEI0BA-
HMSl. AHalNU3 JIUTEPATypPHBIX AAHHBIX MPOBO-
JWJICA TI0 KJIFOYEBBIM CIIOBaM: METUIIMPOBAHUE
JIHK, pak SiMYHUKOB, SNIUT€HETHYECKasl Pery-
JSALUS, STUIEMHUOJIOTUS paKa SSIMYHUKOB.

DaKTOpHbl, BJAUAKOIINE HA MaTOreHe3
paka AMYHUKOB. B ocHOBe marorenesa naH-
HOM HO30J0THYecKOr (OpMBI paka JexkaT
HapyuieHus: paboThl T€HETUYECKOro anmnapara
KJIETOK, KOTOpPbIE, B CBOIO O4Yepelb, (POPMH-
PYIOT MX TOBBIMICHHYIO YyBCTBUTEIBHOCTH K
BO3JEHCTBUIO DHJOTEHHBIX M OJK30TNE€HHBIX
¢akropoB. K ykazanHbIM (akTopam OTHO-
CATCS BO3PACT, OOJBIIOE KOJIMYECTBO OBYJIS-
TOPHBIX LIMKJIOB, B TOM YHUCIJI€ B pe3yJbTare
MIPUMEHEHUS TOPMOHAJIBHBIX MIpenapaToB, He-
MPaBUIILHOE THTAHUE, BPEIHBIC MPUBBIYKU U
npyrue [6].

Ponb reHernyeckoro KOMIIOHEHTa B
(hopMUPOBaHUU TIPEIPACTIONOKEHHOCTH K P51
HENb3sl npeyMeHblnatb. Emé B 1866 romy
¢paniy3ckuii Bpau I1sep [Tons Bpoka npoana-
JIU3UPOBAJI CEMEMHBIN aHaMHE3 CBOEH KEHBI U
Cenan BBIBOJ O pOJIM HACIEACTBEHHOCTH B
(hopMUPOBaHHMH 3JI0KAYE€CTBEHHBIX HOBOOOpa-
30BaHUM SMYHUKOB M MOJIOYHBIX kené3 [7]. TTo
JaHHBIM KOTOPTHOT'O HCCIEAOBaHUSA, OKOJIO
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3% ciydaeB paka SIMUHUKOB IPUXOJIUTCS Ha
JKEHIIIMH ¢ ceMelHbIM anaMHue30M. Puck P51 B
2,7-3,5 pa3a BBIIIE Y KEHIIWH, YbsSI MAaTh WJIH
cecTpa OoJIeTM pPaKkoM SIUYHHUKOB; MPHU STOM
PHUCK MOXKET MOBBILIATHCS, €CITH 3a00JIeBILIEMY
POJICTBEHHUKY JUAarHo3 ObLT yCTaHOBJIEH B 00-
Jee MOJOoJ0M Bo3pacte. Takke M3BecTHO 00
accollMalliy paka SUYHUKOB C MyTalUsIMH B
rerax BRCA1 u BRCAZ2. I'en BRCAL pacmnona-
raeTcs Ha JJIMHHOM Iu1e4e 17-i XxpoMOCOMBL, a
red BRCA2 — na myimanaOM mutede 13-it xpomo-
coMmbl. MyTanuu B JaHHBIX T'€HaX YBEIHYH-
BAIOT BEPOSTHOCTh BO3HUKHOBEHHS paKa siuy-
HUKOB U MOJIOYHOM KeJie3bl B TEUCHUU KU3HU
10 72% n 1o 80%, cooTBeTcTBEHHO. PHick paka
SIMYHUKOB Ha 65% BBIILIE Y )KEHILHUH C HApyIle-
nusmu reHa BRCAL u nHa 35% — rena BRCA2
10 CPAaBHEHHIO C JKEHIMHAMU 0€3 MyTaIuii B
9TUX reHax. HacneacrBennsie popmel 3a00i1e-
BaHUA COCTaBIAIOT 5-15% ciyuaeB paka sinu-
HUKOB; OOJIBIIIMHCTBO U3 HUX CBSI3aHBI C MyTa-
usimu B renax BRCAL/2 [4].

[Tocne BRCA-acconmupoBaHHOro paka
SIMYHUKOB BTOpOW HauboJiee 4acTOW NpUYU-
HOU HacliencTBeHHoro PS aBnsercst cunapom
Jlunua. HacnenoBanue nmpoucxoauT Mo ayTo-
COMHO-IoMUHaHTHOMY THuny [8]. CoryacHo
MeTa-aHaJu3y, OKoJo 7% >KSHIIMH C CUHAPO-
MoM JInHYa 3a00/1€BatOT pakoM SUYHHKOB K
70 romam.

Cunnpowm Ileiitua-Erepca siBnsiercs pen-
KUM ayTOCOMHO-JAOMUHAHTHBIM 3a0oJieBa-
HUEM, BbI3BaHHBIM MyTaiueil B rene STK11
(cepun/tpeonunkunasa 11)/LKB1 [9]. Oxomno
21% xenmuH ¢ cu"apomoM lleittua-Erepca
3a00JIeBaIOT PaKkoOM SUYHUKOB B BO3pacTe OT
15 no 64 net [10].

I'mcronnoruyeckue THUNBI OMyXoJiei
SIMYHUKOB. ONyXO0JIM TMYHUKOB XapaKTepU3y-
IOTCSI  MHOTOOOpasMeM  THCTOJIOTHYECKUX
¢dopm [6]. MIX MOXHO pa3fenuTh Ha JBE
TPYIIIBL: JMHUTEIUAIBHBIE W HEJUTEIHATh-
HblE. DNUTEINAIbHbIE OMYXOJH COCTaBISIOT
80-90% 3moxavyecTBEHHBIX HOBOOOPa30BaHUI
SIMYHUKOB [4]. DNUTEeNNaNbHbIN pak SHUHUKOB
BKJIIOUAET MSATh OCHOBHBIX T'MCTOJIOIMYECKUX
MOATHUIIOB, BKIJIIOYAs CEPO3HYIO0 KapIUHOMY

BBICOKOUM M HU3KOM CTENEHU 3JI0KaYECTBEHHO-
CTH, SHIAOMETPUOUIHBIC, CBETIIOKICTOUHbIE U
MYIIMHO3HBIE KapIUHOMEI. Y OOJBIINHCTBA
nanueHToB (okoso 70%) nuarHoctTupyercs ce-
pO3Hasi KapLUMHOMAa BBICOKOM CTENEHU 3J10Ka-
yecTBeHHOCTU [6]. HesnurenuanbHbie oOIy-
XOJIM BKIIOYAIOT B €€0S CTPOMAJIbHOKIIETOU-
HbIC, JIMIUIHOKJIETOYHbIE, TI€PMHUHOTECHHBIE
ormyxoiu u roHagoomacromsl [11]. Kak moxka-
3aHO Ha PUCYHKE 1, OTIenbHbIE TUCTOJIOrnYe-
ckue hopmbl PS xapakTepusyroTcst ©3MEHEHHU-
SIMHM B TIpEJIeIax ONpPECICHHBIX T€HOB.
JnureHeruyeckass peryjasinusa. B
(hOopMUPOBaHUU 3JI0KAYECTBEHHBIX OITyXOJei
(B TOM umCIe, paka SUMYHAUKOB) OOJIBIIIYIO POJIb
WTPAOT SMUTCHETUYECKUE MEXAHU3MBbI Pery-
JISILAU SKCIIpeccuu reHoB [14]. Dnureneruue-
CKH€ M3MEHEHUs BKIIIOYAIOT B3aUMOJECTBHE
Mexay metunupoBanuem JIHK, momuduka-
LMEd TUCTOHOB M 3kcnpeccuern MukpoPHK
JUISL MOAYJISIHUU SKCIPECCUU T'€HOB BO BPEMsI
pa3BUTHSA U TIporpeccupoBaHus paka [15].
Hapyienue npoiieccoB METUIIMPOBAHUS
JHK sBnsiercst oqauM u3 HamOoJiee pacmpo-
CTPaHEHHBIX MOJIEKYJISIPHBIX U3MEHEHUH, MTPO-
HCXONSAIMIUX B 3JIOKAYECTBEHHBIX OITYXOJAX
pa3IMYHOM JOKaJM3aluMu, W, Kak MpPaBUIIO,
CBSI3aHO C YCTOMYUBOCTHIO K JIEKAPCTBEHHBIM
npenapatam. MertunupoBanue JHK nmeer
KOppEJSIHIO ¢ pernpeccueii reHoB. JlanHas Mo-
TudUKalns 3aKII0YaeTcs B J00aBICHUU Me-
TAJIBHBIX TPYII K IUTO3WHOBBIM OCTaTKaM
Matpuusl JIHK. B kietkax miexkonuTarommx
METWJIMPOBAHHE LIMTO3WHA MPOUCXOIUT Ipe-
UMYIIECTBeHHO B muHykieotuaax CpG [16].
OnocpenoBannoe JIHK-metuntpancepasoit
(DNMT) wmeTtwnupoBaHue IE30KCHUIIUTO3HMHA
(Puc. 2), pacnionoxeHHOT0 BHYTPH TUHYKIIEO-
tuaoB CpG, sBnsieTcss Hanboiee U3BECTHBIM U
IIUPOKO U3YYCHHBIM DITUTCHETUYECKIM MeXa-
HU3MOM, NPHUBOJSAIIMM K PEINPECCUU TpaH-
ckpunuuu npu paxe [15]. MerunupoBanue
JIHK BbIcTymaeT oAHUM U3 paHHUX COOBITHI B
OHKOT€HE3€ U MOXET ObITh HCIIOIb30BAaHO B
KayecTBe OMOMapkepa sl paHHEro TUarHo-
CTUPOBAHMS U TapreTHoi Tepanuu [17].
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Chysoermrn KRAS, BRAF (50-60%),
BRCA1 (20-65%), BRCA2

AKTD1A (30%) PTEN

(20%), PTK3CA (20%),

hMLH1 u hMLH2 (20%) [4]

3
(66:7126) (11-37%) [4]
OHJIOMETPUOUTHBII
(9-11%)
OnurennanbHbI P51
(80-90%)
CBeTJIOKIETOYHBIN
(12-13%)
MyuunHO3HbBIN
(3%)
y

AKTD1A (45-57%) PTEN
HesnurennanbHbIN
P4
y

(5%0), PTK3CA (40%) [4]
Puc. 1. Knaccudukamus rucroiaorndeckux TUnoB PS u HekoTOphIe 3aTparuBacMbie T€HbI
Fig. 1. Classification of histological types of OC some affected genes

KRAS (20%), BRAF

Pak smu- (4096) [12]

HHUKOB

Onyxons bpennepa
(1%)

FGFR1/3 (55%) [13]

CTtpoManbHOKIETOYHBIE
JIunuaHOKIETOYHBIE
I'epmuHOTreHHBIE

T'oHago0IacTOMBI

Puc. 2. MetunupoBanue UTO3WHOBBIX ocTaTkOB Matpuiibl JJHK
Fig. 2. Methylation of DNA template cytosines

MeTuaupoBaHue CTPYKTYPHBIX TeHOB
npu pake simuHukoB. ['ensr HISTIH2BB u
MAGI2 sBnsitoTcs  reHaMHU-CYyIIPeccoOpaMu
ormyxoinieo0pazoBanusi. COrslacHO JHTEpaTyp-
HBIM  JaHHbIM, MeTwiupoBanue CpG-

JTMHYKJICOTHIIOB MTPOMOTOPHBIX PETHOHOB Te-
HoB HIST1H2BB 1 MAGI2 acconmnpoBano co
CHIDKEHHEM HX SKCIPECCHU B OITyXOJEBBIX
KJIETKAaX SUYHHUKOB. Tak, B HCCICIOBAaHUU
Blanca L. Valle c coast. (2020) 6511 mpoBeieH
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CpaBHUTENBHBIN aHANIN3 PO UIIeH METUIHPO-
BaHMS B 12 oOpasliax TKaHU CEPO3HOTO paka
SIMYHUKOB BBICOKOM CTETIEHHU 3710KaUECTBEHHO-
cti u 30 obOpasuax snurenus (hasIonueBbIX
Tpy®0 ¢ wucnons3oBanueM Infinium Human
Methylation 450K Array, a Takke oOIleHKa
Qg QepeHIaIbHOT0 METHIMPOBAHUS Yy Ta-
IIUCHTOK C JTUTEIBHOM (> 5 JIeT) U KOPOTKOM
(< 3 neT) BBDKMBAEMOCTBIO € MOCIEIYIOIINM
peIIMKaTUBHBIM HccienoBanueM (n=35). C
IIOMOLIbI0 MMMYHOOJOTHHIA C HCIOJIb30Ba-
HUEM CIeIU(PUUECKUX aHTUTEN U HCCIIeI0Ba-
HUM Ha KJIETOYHBIX JHMHMSIX paKka SUYHUKOB
ObUIO YCTAHOBJIEHO, YTO METWJIMPOBAHHE I1PO-
motopoB renoB HISTIH2BB u MAGI2 cuu-
’)KaeT ypoBeHb 3kcrnpeccun MPHK B kierou-
HBIX JIMHUSAX paka sM4HUKOB. [lomyuenHsle pe-
3yJbTAaThl CBUIETEIBCTBYIOT O TOM, YTO T'€HbI
HIST1H2BB u MAGI2 urpatot posib B ojas-
JICHUH OITYXOJIEBOTO POCTa U MOTYT OBITH HC-
MIOJIb30BaHbl B KayecTBE OMOMAapKepoB paka
SIMIHUKOB [17].

Joka3zano, uto B 5-15% ciyuaeB PS u
PMIK BO3HMKAIOT B pe3yibTaTe MyTaluud re-
HoB BRCAL/2. Ho Takxe yCTaHOBJEHO, 4TO
npu cropaguueckux popmax PMXK u P4 ya-
CTO OTCYTCTBYIOT MYTAallUH YKa3aHHBIX I€HOB,
YTO 3aCTaBJISIET MPEANONIOKUT SIUTEHETHYE-
CKYIO IPUpOly UX MHAKTUBAUU. OCHOBHBIMU
¢yskmmsmu reHa BRCAL sisrotest penapa-
uusa JAHK, perynsums TpaHcKpunuuu v Kie-
TOYHOTO IUKJIA, @ TaKKe YOMKBUHTHUPOBAHUE
6enxoB. MetunupoBanue JIHK ykazannoro
reHa IPUBOAUT K HapylIeHHIo ero pyHkuuii. B
knuaukax OI'bY «HMMUIL onkonoruu wum.
H.H. bnoxuna» MunzapaBa Poccum Ob110
IIPOBEJIEHO MOJIEKYJIIPHO-TEHETUYECKOE Te-
ctupoBanue OonbHBIX PS. PesynpraTtsl man-
HOTO HCCIEN0BaHUS IPOAEMOHCTPHUPOBAIIH,
YTO YaCTOTa BCTPEYAEMOCTH METHUIMPOBAHUS
npomotopa rena BRCAL y 6osibHBIX conuTap-
HbIM PSl (enuHWYHAs OMyXO0Jib) COCTAaBWIJIA
12,2% (18/148), a B rpynie 60nbHbIX PS npu
MEPBUYHO-MHOKECTBEHHOM  3JI0KaueCTBEH-
HOM HoBooOpaszoBanuu ([IM3H) — 3,1% (1
HaOmofeHue). MeTUIupoBaHHEe MPOMOTOpPA
HCCIIEyEMOr0 TeHa HE BBISIBISIIOCH Y OOJb-
HBIX Hecepo3HbIM PSl, a Takxke y 6ombHBIX PS
— HocutenpHul] mytaiuu rena BRCAL (kak
npu conutapHoMm, Tak u npu [IM3H). Ilpu

9TOM HCCJIEIOBAaHUE I10KA3aJI0, YTO YacToTa
BcTpeyaeMmocT MmyTanuu reHa BRCAL y 6011b-
HBIX COJTUTAPHBIM PAKOM SIMYHUKOB COCTaBHUIIA
21,1% (38/148), a y 60OIBHBIX PaKOM SIMUHU-
koB ripu [IM3H 40,6% (13/32). MoxxHO yTBep-
xnath, 4T0 BRCAl-acconuupoBaHHble OHKO-
JIOTUYECKUe 3a00JIeBaHUSI KaK MPaBHIO 00Y-
CJIOBJICHBI MYTallMsIMU, & METUJIMPOBAHUE WT-
paceT BTOPUYHYIO POJIb, U €70 aHAJIN3 HE MOKET
CITIY>KHUTb JIJIs1 BLICOKOTOYHOTO CKpUHUHTra [ 18].
Opnako, otMedaeTcs, uTo i P51, cBsi3anHoro
¢ metunupoBannem rena BRCAL, xapakrepHsl
Oornee panHss MaHudecranus 3a00JIeBaHUS
(p<0,05) u 6onee Tsmxenoe Teuenue (p<0,05).
Jpyrux KIMHUYECKH 3HAYUMBIX KOPPEISALIMI
He HaOmoanock [19].

W3ydenue narTepHOB METHIMPOBAHHUS
BRCA1 moxeT MMeTh Ba)XHOE TepareBTHYC-
ckoe 3HadeHue. MerunupoBanue rena BRCAL
aCCOLIMMPOBAHO C HapyLIEHUEM penapaiuu
JIHK myTteM roMojorM4HONW peKOMOWHAIMU.
[TosTomMy Juisi JaHHBIX MalKUEHTOB 3ddex-
THUBHO JICYEHUE C HCIOJIb30BAHUEM HHTUOU-
topa nonu(Ald-pudo3a)-nonumepassr  [20].
Metunuposanue BRCAL B 3HauuTeNbHOI CTE-
IIEHH CBS3aHO C JIEKAPCTBEHHOM YCTOWYMBO-
CThIO paka SIMYHUKOB. B yka3aHHOM cityuae
IUTSL JICYSHHUST MOTYT OBITh MCITOJIb30BAHBI HH-
rHOUTOPBI MeTUIMpoBaHus. Ho B HEKOTOpPBIX
OITyXOJIEBBIX TKAHSAX SHYHUKOB JIEMOHCTPUPY-
eTcs TUIIOMETHWIINPOBAaHUE U MTO3TOMY B Tepa-
MUY YKa3aHHOTO 3a00JIeBaHUs HE MOTYT OBIThH
UCTOJIb30BaHbl HHTUOUTOPHI METHIIMPOBAHMUS.
Onu MoryT cHukaTh 3(()EKTUBHOCTh K XH-
MHOTEPANEeBTUUECKUM MpenapaTtaM M IOBBI-
1aTh PE3UCTEHTHOCTH K HUM [21].

I'er MGMT siBrisieTcst KIIFOU€BBIM T€HOM-
cynpeccopoM omyxosd. Ero GenkoBblil mpo-
IYKT SIBJSIETCS BQKHBIM 3JIEMEHTOM CHCTEMBI
npsimoii penapauuu JIHK B knerke [22]. Oc-
HOBHOI MEXaHM3M €ro MHAKTUBAIIUU CBSA3aH C
METHJIMPOBAaHUEM NPOMOTOPHBIX palloHOB. B
UCCIIEZIOBAaHUAX JIEMOHCTPUPYETCS BbICOKas
4acToTa METUIMPOBAHUS MPOMOTOPHOTO paii-
ona rena MGMT mipu PMXK (21%, 12/58) u PS
(18%, 11/62). Bricokast yacToTa TaKxxe Koppe-
JupyeTr ¢ mporpeccueit 3aboneBanuid. Ilpu
3TOM OBLJIO OTMEUYEHO 3HAYUTENIbHOE MOBBIIIIE-
HUE 4YacTOThl MeTwiaupoBaHus reHa MGMT
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npu TpoiiHoM HeratuBHoM PMOK u Hecepos-
Hom PSI [23].

l'unepmermupoBanne OPCML koppe-
aupyeT ¢ Oosiee arpeccUBHBIM TeuenueM PS u
PMX. IIpoaykt gaHHOrO reHa cnocoOCTBYeT
cynpeccun reHa AXL, KOTOpbIH, B CBOIO O4e-
penb, o0namaeT METacTaTHYECKOW AaKTHBHO-
ctrto. Tak, B uccnegoBanuu Antony J. ¢ coarr.
Obula BBISIBIIEHA KOPPEISIMSA HU3KOH 00Imei
BBDKMBA€MOCTH U TIOBBIIIEHHON SKCIIPECCHU
reHa. [Ipu 3Tom, ykazanHoe siBiieHue ObLI10 00-
jee BBIPAXEHO Y MalMeHTOK C HU3KOM 3KC-
npeccueit rera OPCML, a y >keHIIuH ¢ BBICO-
kuMm ypoHeM OPCML He ObUIO CylIecTBEH-
HOM pa3HULbl MEXy 0011el BBIKHBAEMOCTbIO
U ypoBHeM 3kcrpeccuu rena AXL [24].

B pab6ote Dvorska D ¢ coaBt. 6b110 TIpO-
BEJICHO M3y4YeHHE YPOBHS METHJIMPOBAHUS B
rerax RASSF1A, PAX1 u CDH1 ¢ nomormibio
MTUPOCEKBEHUPOBAHUS B 370POBBIX, JOOpPOKa-
YECTBEHHBIX M 3JI0KQYEeCTBEHHBIX 00pasiax
TKaHEH SMIHUKOB U COOTBETCTBYIOIINX 00pa3-
1ax miaa3mMel. beuto 3auKcUpOBaHO CTATUCTH-
YECKH 3HAYMMOE ITOBBIIICHUE YPOBHS METHIIN-
poBanus (p<0,05) reroB CDH1 u PAX1 B 3710-
Ka4eCTBEHHBIX TKaHSX, 110 CPABHEHUIO C KOH-
TponbHbIMU. [ reHa RASSF1 He Gbu1o 0OHa-
PYXKEHO CTAaTUCTHYECKH 3HAYMMBIX Pa3IAIHN
B YPOBHE METHIIMPOBAHUS MEXIY AUArHOCTH-
YECKUMH T'pyIIaMu HU B oOpa3iiax TKaHW, HU
B 0Opasmuax mia3mel [25].

I'earsr HOXA10 u HOXAL1 otBeuator 3a
KOHTPOJIb SKCIIPECCUU PELENITOPOB MPOrecTe-
POHA B HJIOMETPUU U o0ecrieyeHne ero PyHk-
1uH. BBIKITIOYeHNnEe TeHOB MPOrecTepoHa, CBS-
3aHHOE C THUIIEPMETHIMPOBAHUEM DPETYIISTOP-
HOM 00JIacCTH TEHOB, SBISETCS DMUTECHETHYe-
CKUM MEXaHHU3MOM, KOTOPBI OIOCpPEenyeT pe-
3UCTEHTHOCTh MporecTepoHa. MeTuianpoa-
Hue npomoropoB reHoB HOXAL0 m HOXA11
UTpaeT pojb B paHHEW MHHUIMAIUU OIMyXoJle-
oOpa3oBaHUs B sSMYHUKaX. [laTTepH mMeTwim-
POBaHMsI YKa3aHHBIX TEHOB B 3/I0POBBIX U OMY-
XOJIEBBIX TKaHSAX OyJIeT OTINYaThCs. bBhiio
MIPOBEICHO MCCJIEI0BAHUE, B XO/€ KOTOPOTO
YCTaHOBJIEHO, YTO METWJIMPOBAHHE TI'E€HOB
HOXA10 u HOXA11 sBnseTcst JIydqIIuM JHcC-
KPUMHUHATOPOM MEX]y OITyXOJIEeBOW M HEOIly-
XOJIEBOM TKaHbIO. J[aJIbHENIINI aHAIU3 He3a-

BUCUMOH BBIOOpKH, cocTosme u3 92 obpasz-
LIOB OIYXOJIEBBIX TKaHEW SUYHHUKOB IOKa3all,
gyt0o metunupoBanue rena HOXAL1 tecHo cBsi-
3aHO C OCTATOYHOH OIyXOJIBIO MOCIIE UTOPE-
ITYKTUBHOW XUPYPIHU U SIBISETCS MapKepOM,
YKa3bIBAIOIIMM Ha TJIOXOH MPOTrHO3 [26].

B uccrnenosannu Alka Singh c coasr.
ObUIO MOKA3aHO, YTO B IPOMOTOPHOMN 001acTH
renoB HOXA9 u HIC1 Gonee Bbicokas moT-
HocTh MetuinupoBanuss CpG-map Habmona-
J1ach B OIyXOJIEBOM TKaHHW IO CPaBHEHUIO C
HOpMaJIbHBIMHU 00pa3LamMHu, 4To O3BOJISIET HC-
I10JIb30BATh JIaHHBIE T'€HbI B KauecTBE Onomap-
KepoB [27].

I'ensr MSH2, MSH6, MLH1, PMS2 ort-
HOCATCS K I'pYIIe TeHOB CUCTEMbl BOCCTAaHOB-
JICHUS HECOOTBETCTBHUS (MHCC-MaT4 pernapa-
ust, mismatch repair uiu MMR). T'east MMR
OTBEYAIOT 3a YCTpaHEHHE OIIMOOK peruiuKa-
nnu [JHK, koTopsle MOI'yT BO3HUKATH IIpU Je-
JIEHUM KJIETKU. Bo BpeMs moctpoeHus HOBOM
HUTU BO3MOXKHA BCTaBKa HEKOMILJIEMEHTap-
Horo Hykieotuna. Cucrema MMR Brirouaer
B cebs 6enrkn MSH2 u MSH6, kotopsie dop-
MHUPYIOT NIEPBBIM reTepOAUMED, OTBEUAIOLIUI
3a mouck ommoOok B HUTH JTHK. benku MLH1
u PMS2 o6pa3zytor BTOpOIi rerepoaumep, Ko-
TOPBI B MeCTe 0OHApYKEHHOW OIIMOKH KOM-
wiekcoM MSH2/MSH6 mnpucoenunsercs K
HeMy. B pe3ynbraTe ykazaHHBIX COOBITHI TPO-
UCXOJIUT aKTUBAIMsI 3K30HYKJ€a3bl, KOTOpas
BBIPE3aeT OMMOOYHO MOCTPOEHHBIN y4acTOK.
Hanee [IHK-nonumepasa npaBUIBHO 10CTpan-
Baetr 3ty HuTh JIHK. Iloteps pynkumuu xots
ObI OJTHOTO M3 YKa3aHHBIX T€HOB aCCOLMUPO-
BaHa C MHUKPOCATEJNTIUTHON HECTaOMIIbHOCTHIO
U, KaK CIEACTBHE, C PUCKOM BO3HUKHOBEHHS
3JI0KAYE€CTBEHHBIX HOBOOOpa3zoBanmii [28].
Tak, B pabote Shilpa V. ¢ coaBT. Obu1a 06Ha-
py’Xke€Ha 3HAuMTEJIbHAs B3aUMOCBS3b MEXIY
TMIIEPMETWIIMPOBAaHUEM  TPOMOTOpa  TeHa
MLH1 1 BbICOKOI MHKpOCATEIIIUTHON HecTa-
ounsHOCTH (P=0,027) [29].

I'en LAMAS3 xomupyet 0enok, MpHHAI-
JIeXKAIUM CEMEUCTBY JIAMUHUHOB. JlaMUHBI
IPEJCTABISAIOT CO00M reTepoTpUMEpHBIE MO-
JIEKYJIbl, COCTOSIIIINE U3 O, - ¥ Y-CyObeIUHUIL.
JlamMmuHBI HEOOXOAUMBI J1s1 GOPMHUPOBAHUS U
(byHKIMOHMpOBaHUS Oa3anbHOW MeMOpaHbl U
OCYILECTBIIAIOT JONOJHUTENbHbIE (PYHKIUU B
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PETYIHPOBAHUH MUTPAIIUU KJIETOK  MEXaHH-
4yecKor TpaHcAykiuu curHaioB. 'en LAMAS3
KOIUpPYeT anb(a-cyObeqUHUILy M BIUSET Ha
HECKOJIbKO  JIUTEINATBHO-ME3EHXUMATBHBIX
PerysTOpoB, BKIIOYask (PaKTOp pocTa KepaTH-
HOIIUTOB, SMUACPMATBHBIN (akTop pocra u
MHCYJIMHONOAO00HKIH ¢akTop pocta [30]. T'u-
nepmeruaupoBanre reHa LAMAS acconumpo-
BaHO C PE3MCTEHTHOCTHIO K XUMHOTEPANIUH U
TUIOXUM TIPOTHO30M IIPH paKe SUYHUKOB. Pe-
3ynbTaThl UccaenoBanus Li-yuan Feng et. al.
MOKa3aJid, YTO YPOBEHb METHJIMPOBAHUS Caii-
ToB 220937934 1 cg13270625 rena LAMA3 y
MAIMEHTOK C XEMOPE3UCTEHTHBIM PaKOM Y-
HUKOB OBLJI 3HAUUTENILHO BHIIIE, YeM Yy OO0JIb-
HBIX C XEMOUYYBCTBUTEIIbHBIM PAKOM SIMYHH-
KoB [31].

I'en ESR1 komupyeT perentop 3CTpo-
reHa. Mccnenoanue L. Giannopoulou ¢ coas-
TOpaMH JIEMOHCTPUPYET CTATHCTUYECKH [0-
CTOBEPHYIO IOJIOKUTENIBHYIO KOPPEISLUI0
MeturpoBanus reHa ESR1 B oOpasiax mep-
BUYHOH omyxounu ¢ ayudmeit oomeit (P=0,027)
u 0e3peruInBHOM BBDKHBAEMOCTBIO,
(P=0,041) [32]. B pabore Guanghui Gong c
COAaBT. ObIJIa OOHApYKEHA OTPUIIATEIIbHAS KOP-
peNsiius MEeXKIAY YpPOBHEM METHIMPOBAHUS U
skcripeccueir MPHK mns renoB TNF, ESR1,
MUC1 u FOXOL1. Pe3ynbTaThl aHanu3a Mnoka-
3au, 4To OO0Jiee BBHICOKMIH ypOBEHB JKCIIpPeC-
cum rera TNF cBs3aH ¢ 6omee ATUTENbHBIM Te-
yeHnuem PSl. Bonee BBICOKHMIT ypOBEHb 3KC-
npeccun ESR1 u OGonee Huskuii ypoBeHb

FOXO1 saBnsarorcst MOTEHIIUAIBLHBIMA 3aIUAT-
HBIMU (pakTOpaMu, KOTOPBIE ACCOLIUUPOBAHBI C
JYYIIMMHM  TIOKA3aTeNIIMU  BBDKMBAEMOCTHU
6onbHbIX PS1. CormacHo auTepaTypHBIM JTaH-
HbiM, TeH TNF sBisiercst meauaTopom Bocna-
JICHUS U IIAPOKO M3Y4YaeTCs NPHU Pa3IM4YHBIX
BUJIaX paKa, HO IaHHBIX O POJIM €r0 METHIINPO-
BaHUs B KaHLIEpOreHe3e 00HapyXeHO He ObLIIO.
MeTtmupoBanue rena ESR1 oOHapyxuBaeTcs
KaK B KJIE€TOYHbIX JuHUAX P, Tak u B cBo-
6oaHo-1upKynupytomeit JIHK mamueHTok c
cepo3HbiM P BbICOKOW cTeneHu 310Kayve-
cTBeHHOCTH. IIpu pake SIMYHUKOB C BBICOKOU
CTCIICHBIO 3JI0KAYECTBEHHOCTU OTMEYacTCs
runometwnpoBanne rena MUCL, compoBox-
Jarolieecs MeTacTasupoOBaHUEM, MHBA3UBHBIM
poctoM u Murpanueit kierok. ['en FOXOL1 ac-
COLIMMPOBAaH CO MHOTMMHU KaplLMHOMaMmy,
Biiroyas PSI. Takoke yka3aHHBIN I'eH CBSI3aH C
JIEKApCTBEHHOU ycTOMUMBOCTHIO ipu PSI. I1pu
9TOM JIaHHBIE OTHOCHUTEIBHO METUIMPOBAHUS
rena FOXOl npu pake SMYHUKOB OTCYT-
cTByIOT [33].

MetuinpoBanue reHoB MuUKpoPHK
npu pake smaaukoB. MukpoPHK npencras-
JS10T co60it HeGompire Hekoaupyromue PHK
nHOu 15-25 nykneotunos [34]. lanHbIe MO-
JIEKYJIbl OCYILECTBJISIET MPOLECC PEryJslun
HKCHPECCHUH TE€HOB IyTeM WHTHOMPOBAHUS
tpancaauuu Matpuunoit PHK (MPHK) wnn 3a
cueT cTuMyiaupoBaHus Jerpagauuun MPHK
[35]. Perymsmust SKCrIpeccHd TEHOB MHMK-
poPHK noka3zana Ha pucyHke 3.

/
OHK \

MUKpOPHK

MPHK \ n——

benok He
CUHTE3npyeTcA

—-—

PHK-
nHTepdepeHuma

Puc. 3. Perymsiuus sxcnpeccnn MmukpoPHK
Fig. 3. Regulation of miRNA expression
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AbeppanTtHast skcnpeccust MukpoPHK
3a/IeiCTBOBaHa B MMaTOTe€HE3e Pa3IMYHBIX 3a-
0osieBaHUI, B TOM YHCJIE M OHKOJOTHYECKHX
[36]. Yka3zaHHbIii MeXaHH3M HIPACT OCOOYIO
pOJIb B MPOrpeccuu paka siIMuHUKOB. IIpenmno-
naraetrcs, 4to noJsisi renoB MUKpoPHK, pery-
JUPYEMBIX IIOCPEACTBOM  METHUIMPOBAHUS
CpG-octpoBkoB, B 5-10 pa3 BbIlIe, 4eM CTPYK-
TYPHBIX T€HOB. JTa OCOOCHHOCTh T€HOB MHUK-
poPHK mnoBbilIaeT ux mpuBIEKaTEIbHOCTh B
KauecTBE JAMAarHOCTUYECKUX MapKEpOB 3JI0Ka-
YECTBEHHBIX HOBOOOpa3oBaHui [37]. O6Hapy-
KHUTh aOeppaHTHO METWJIMPOBAHHBIC TEHBI
MUKpOPHK M03XHO He TOJIBKO B marojoruye-
CKHM U3MEHEHHBIX OIMTyXOJEBbIX TKAHIX SIMYHU-
KOB, HO U B KUJKOCTSIX OpPraHu3Ma, TaKHX KaK
KpOBb, MOYa, acuurt [38].

Tak, B ucciegoBanun bpara ¢ coaBrT.
Obuta onpenenena rpynna Mukpo-PHK (MIR-
124-1, MIR-124-2, MIR-124-3, MIR-125B-1,
MIR-127, MIR-129-2) meTunupoBaHue T€HOB
KOTOpBIX BOBJIEUEHO B pa3BUTHE U Iporpec-
CHUIO paka SIMYHUKOB. Pe3ynbpTaThl UcciaeaoBa-
HUM MOKa3aJId CTaTUCTUYECKU 3HAUUMOE I10-
BBIIIIEHUE YaCTOThl METHJIMPOBAHUS BCEX LIe-
CTH HCCJIEIOBaHHBIX F€HOB B 00pa3iiax omyxo-
JIe¥ TI0 CpaBHEHHIO C TAPHBIMH 00pa3liaMu TH-
CTOJIOTUYECKH HEN3MEHHBIX TKaHEH TUYHUKOB
(p<10%).Kpome Toro, GblIa MoKa3aHa CBA3b
runepMeTwnpoBanns 5 reHoB  MuUKpoPHK
(MIR-124-2, MIR-124-3, MIR-125B-1, MIR-
127, MIR-129-2) ¢ mporpeccueii paka SSU4HU-
KOB: c Oosee mo3aHed craauel, C yBelnde-
HUEM pa3Mepa OIyXOJIM U MHBA3HH, a TaKkKe
C METacTa3MpOBaHUEM B OPIOIIMHY, pPETHO-
HaJbHbIE JTUMQOY3JIbl U OTJAJCHHbIE TKAaHU
[39].

Kpome Toro, ycTaHoBi€Ha CBSI3b MEXKILY
METUJIMPOBAHUEM PpA3JIMYHBIX TE€HOB MHUK-
poPHK n rucronornyeckum THUIIOM OITyXOJIH
SIMYHUKOB. B nuTepaType OmMCHIBAJIOCH HC-
CJIEIOBaHUE C MCIIOJIb30BAaHUEM BBIOOPKU W3
99 mapsbIX (Omyxoiib/HOpMa) 00pa3IOB TKa-
Hel SIMYHUKOB. AHAU3 METHJIMPOBAHUS TIPO-
BOAWICSA C IPUMEHEHHEM METOoAa KOoJHuue-
CTBEHHOW MeTUJICTICIU(DUIHON TOJIMMEpa3-
HOMW 1enHoi peakuuu. CKpUHUHT OHMOMapKe-
poB norparnaHoit omyxoau (I10S) suaaukoB
BbInoaHEH cpeau 21 rena muPHK. B pesyb-
TaTe OBIJI0O 0OHAPYIKEHO, YTO HEKOTOPHIC TeHbI

muPHK (MIR124-1, MIR125B-1, MIR129-2,
MIR132, MIR148A, MIR193A, MIR203A,
MIR107, MIR1258, MIR339) xapakrepusona-
JIUCh BBICOKUM YPOBHEM METHIIMPOBAHUS B
rpynne OonbHbIX ITOS no cpaBHEHUIO ¢ TKa-
HSIMU 3[I0pOBBIX >keHIIUH. [Ipu aTOM B rpymnmne
OOJBHBIX  3JIOKAYECTBECHHBIMU  OITYyXOJISIMH
suaHUKOB (305]) ypoBeHb X METHUIMPOBAHMS
100 OTIMYAIICS HE3HAYUTEILHO, JIH00 mae
camwxkaics. Jms remop MIR129-2, MIR132,
MIR148A, MIR203, MIR107 u MIR1258 BrisiB-
nieH 0oJiee BBICOKUN YPOBEHb METUIIMPOBAHUS
B oOpasuax 6onpHbIX [1OS mo cpaBHEeHHIO C
obpasmamu 60sbHBIX 305. YpoBeHb METHIIH-
poBanus rena MIR148A B 1104 6511 B 4 paza
Boime, yeM B 304 (31,3% npotus 7,9%).
YpoBuu wmetunupoBaHus reHos MuPHK
MIR148A n MIR191 craTtucTruecku 3HAYMMO
CHIDKEHBI B CEPO3HOM IMCTaICHOKAPIITHOME H
MOBBILIECHBI B CEPO3HON U 3HAOMETPUOUIHOMN
ageHokapuuHomax [40].

Muxkpo-PHK MIR-193a-3p wemocpen-
CTBEHHO pEryJupyeT OJKCIIpeccHio Oelka
GRB7. Knnauko-naToaoruyeckuii anaaus mo-
Kazaj, 4To cBepxakcmpeccus Oenka GRB7
KOppEIUpPYyeT ¢ MeTacTaTUYeCKUM (DEHOTHUTIOM
3a CuéT yCUJIEHUS] MUTPAIMOHHON CIOCOOHO-
CTH pakoBBIX KieTok. Kangmei Chen ¢ coasr.
Obly1a IpOBeJIeHa OIIEHKA YPOBHEH SKCIIPECCHH
MIR-193a-3p B kiauMHHYECKHX 00pa3lax paka
anyHUKOB (N=27). bbuio oOHapyXeHO CTy-
MEHYAaTOE CHW)KEHHE TMATTePHA OJKCIPECCHU
miR-193a-3p ot paHHEl 10 MO3AHEH CTaTHH
omyxoyi (0T 1 10 4) U OT HU3KOM 710 BBICOKOU
cTerneHu 3j0kavdecTBeHHOCTH (0T 1 1m0 3). Jla-
Jee ObUIO POBEIEHO CPaBHEHHE YPOBHEH dKC-
npeccun 6eka GRB7 n miR-193a-3p.Pe3yins-
TaTHI OKA3aJIM, YTO HU3KAs dKcIpeccust miR-
193a-3p ToCTOBEpPHO KOpPEIHPOBalia C BBICO-
Ko skcrpeccueit 6enka GRB7 [41].

[Ipn pake SUYHMKOB MOXKET MPOUCXO-
TUTH MoaBlIeHne Kiactepa miR-424/503. Uc-
cienoBanus Tong Li ¢ coaBT. mokasanu, 4To
TUINEPMETHIINPOBAHUE COOTBETCTBYIOIIUX Ie-
HOB MOJIaBJISJIO 3KCHpPECCUIo kiacrtepa miR-
424/503 1 npuBONIIO K BBICOKOM IKCIIPECCUU
rera KIF23. KIF23 — ren-konmeHnTparop, ero
9KCHPECCHs] UMEET B3aWMOCBSI3b C HeOiaro-
HNPUATHBIM IporHo3oMm npu P [42].



O630p HayuHvle pe3yabmamut 6uomeduyuHckux uccaedosanutl. 2024;10(4):494-509
Research Results in Biomedicine. 2024:10(4):494-509

Review

503

Jna nexotopsix MUKpoPHK oTmeuaercst
HEOJIHO3HAYHBIN XapaKTep SKCIPECCUH TpHU
pake smaHuKOB. JlanHbIe 10 Biusaui0 MIR-25
(xmactep MIR-106b-25, cemeiicteo MIR-923a)
Ha pa3Hble BHUJbI paka U KOHKPETHO Ha pak
SIMYHUKOB SBJISIIOTCSI NPOTUBOpPEYMBHIMU. B
HCCIIEI0OBAaHUAX MPEACTABIEHBI PE3YJIBTAThI O
MOBBILIECHUH U CHUKEHUM €€ CUHTE3a [IPU PaKe
SIMYHUKOB, O TIPO- ¥ aHTUOHKOI'€HHOM, IIPO- U
aHTMMETACTaTUYECKOM BO3JeicTBUU. Eciu Ha
paHHUX CTaAMUAX KaHLEPOreHe3a BIIUSHUE
sroi MuUKpoPHK sBisiercs ckopee mpoOHKO-
T€HHBIM, TO Ha MO3JHUX OHAa MOXKET OKa3bIBATh
aHTHUMETAacTU4YeCcKoe Bo3aciicTBUe. DyHKIMS
MIR-203 nBoiicTBEeHHa B pPa3IMYHBIX BUIAX
paka, B TOM YHCJI€ U B OIIyXOJISIX AMYHUKOB. 1o
JaHHBIM OJIHUX aBTOpPOB, YKa3aHHas MUK-
poPHK mnposiBisieT CBOWCTBO cynpeccopa U
MOJIaBJISIET AIUTEIHATILHO-ME3EHXUMAIbHbBIN
nepexoi, KOTOpPbI B CBOIO OYepenb HIpaeT
LIEHTPAJIBHYIO POJIb B Me€TacTazupoBanuu [37].
[To manubpM apyrux aBTopoB — MIR-203 nipo-
SBJIIET CBOICTBAa OHKOI'€HA, U HAIPOTHUB CTH-
MYJIAPYET POCT U MUTPALIMIO KJIETOK [4].

3akiroyenue. 370KaueCTBEHHbIE HOBO-
00pa30BaHMs IMYHUKOB SIBJIAIOTCS OJHUMH U3
HaunboJiee pacpOCTPaHEHHBIX CPe/ld BCEX OH-
KOIMHEKOJIOTUYECKUX MAaTOJIOTUH (yCTynaroT
110 pacHpOCTPaHEHHOCTH JIMIIb PAKy Tela U
nieku Matku). bonemias pons B popmupoBa-
HUU JAHHOW MaTOJIOTMH MPUHAJIEKUT dIUre-
HETHYECKUM MeXaHHu3MaM (B 4aCTHOCTH, Me-
tunupoBanuto JJHK cTpykTypHBIX T€HOB U Te-
HOoB Mukpo-PHK). CtpykTypHble rensl, nar-
TEPH METWJINPOBAHUSA KOTOPBIX OKa3bIBAET
BIMSHUE Ha T[IaTOTeHe3 paka SUYHUKOB:
OPCML, PAX1, CDH1l, HOXA9, HIC],
MLH1, HIST1H2BB, MAGI2, HOXA10,
HOXA1l, LAMA3, ESR1, MUCl wu
FOXO1.Takxe Kk HaCTOAIIEMY BPEMEHH ITOTY-
YyeHa o01upHas nHpopManus O BIUSTHUA MUK-
poPHK Ha kaHueporenes B egom u nporpec-
CHIO paka sMYHUKOB. OTMedaeTcsl BIHSHUE
snureHerndeckon peryssnun MUKpoPHK Ha
KJIMHUYECKUE pa3Iuyuus T'MCTOJIOTMYECKHUX
dbopm omyxoselr sSMYHMKOB. OrnpeaeneHa
rpynna resoB Mukpo-PHK, uccinenosanue ko-
TOPOM TMOKa3al0 CTaTUCTUYECKU 3HAYUMYIO
3aBHCUMOCTh METHJIMPOBAHUSA U IPOrPECCHU
OIyXOJI SMYHUKOB. OJHAKO CYyIIECTBYIOT U
IIPOTUBOPEYMS, CBSI3aHHBIE C MOJIEKYJaMU

MukpoPHK, posb KOTOpBIX B OHKOI€HE3e
Heo/HO3HayHA. [loka He BBISICHEHO, 3a CUET
KaKMX MEXaHW3MOB M Ha KakOW CTaauu Mpo-
rpeccupoBaHus 3a00J€BaHUS POUCXOAUT U3-
MEHEHHUE HKCIpecCUd U (PYHKIHMOHAIBHOMN
ponu ykazaHHbix MUKpoPHK.

Takum 006pa3oM, pe3ybTaThl MHOTOYHUC-
JIEHHBIX HMCCIICJOBAHUN IOATBEPXKIAIOT BaXK-
HYI0 POJb METHJIMPOBAHUSA T€HOB CYIIPECCO-
POB OITyXOJEBOTO pOCTa U PA3IUYHBIX MHK-
poPHK B oHKOreHe3e M CBHIETEIBCTBYIOT O
HEOOXOIMMOCTH  JajibHEHIIEero  aHaau3a,
HAIpPAaBJIEHHOT0 HA paclu(pPOBKY SMUTEHOMA
yenoBeka. [[oHnManre MexaHu3MOB SIUTEHE-
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Abstract

Background: Genetic and chromosomal causes in particular are responsible for a large percentage
of pregnancy losses during the first trimester of pregnancy. Among chromosomal abnormalities, bal-
anced or unbalanced, structural aberrations are the least common in reproductive disorders. The aim
of the study: To describe several types of unusual structural chromosomal aberrations diagnosed by
FISH in patients at high genetic risk. Materials and methods: Two patients were referred to the
cytogenetics laboratory of the National Center of Medical Genetics from infertility clinic in the prov-
ince of Pinar del Rio. Two patients, from Sancti Spiritus and Isla de la Juventud, with high genetic
risk due to repeated miscarriages and advanced maternal age were referred to the laboratory for pre-
natal diagnosis. In the cytogenetic laboratory, conventional cytogenetic and FISH analyses were car-
ried out. Conventional cytogenetic methods are used as the first tool in the diagnosis of chromosomal
abnormalities. The FISH technique is used with VYSY'S probes for specific labelling (LSI probes and
CEP probes) of regions of chromosomes 5, 15, 13, 18, 21 and X, which completes the diagnosis.
Results: In four women carrying structural rearrangements, the following chromosomal aberrations
were detected: 47, XX,+ idic(15)(pter—qll.l::qll.1— pter) .ish idic (15)(D15Z1++),
46,XX,t(13;21)(q22;q11.2), 46,XX tas(18;21)(p11.3;922.3) and 46,XY,inv(5)(p12g31.1). Conclu-
sion: The present study is a demonstration of the importance of the FISH technology for the charac-
terisation of subtle genomic aberrations causing reproductive disorders in female carriers. The effect
of chromosomal aberrations, whether balanced or not, on the formation of altered germ cells that
cause reproductive disorders has been discussed.

Keywords: reproductive disorders; FISH; translocations; inversions; carrier parents
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Introduction. During gestation, several
genetic factors may predispose to early preg-
nancy loss and 3-5% of couples are known to
experience recurrent pregnancy loss (RPL).
The identification of causative genetic aberra-
tions associated with RPL is a very broad field
of research within medical genetics. [1]

Foetal chromosome abnormality is a sig-
nificant cause of RPL, with aneuploidy (tri-
somy) being the main cause (45.0%) of miscar-
riages and fetal deaths, followed by monosomy
X (9.6%) and triploidy (8.6%) [2, 3]. Structural
abnormality (3.4%) are found in lower propor-
tion within fetal anomalies [4]. In contrast, in
prenatal diagnosis by amniocentesis (16-20
weeks of gestation), Mendez et al. found that
up to 22% of structural chromosomal abnor-
malities (balanced or unbalanced) had made it
to this stage of gestation, probably because the
potential genomic imbalances they caused
were relatively well tolerated [5, 6].

Individuals who carry a balanced chro-
mosomal rearrangement may be at risk of hav-
ing a child with intellectual and physical ab-
normalities due to unfavorable chromosome
segregation during gamete formation. The im-
balance is typically caused by trisomies or par-
tial monosomies of the chromosomes involved
in the structural aberration [7]. Sometimes
these balanced rearrangements can be easily
diagnosed under routine microscopy. In some
cases, molecular methods such as FISH or mi-
croarrays may be necessary to accurately de-
termine the type of rearrangement, break-
points, duplicated or deleted segments, and po-
tentially involved chromosomes due to the size
or complexity of the aberration [8, 9].

The FISH technique, or fluorescence in
situ hybridization, has been utilized in the field
of science since the 1980s. It has many appli-
cations in the field of genetics, allowing the di-
agnosis of both congenital and acquired dis-
eases. As aresult, it is considered an invaluable
diagnostic tool. [10, 11]

Material and methods. The cytogenet-
ics laboratory of the National Center of Medi-
cal Genetics in Havana is a national reference
laboratory for cytogenetic studies of patients at
high genetic risk. Two patients were referred to
the cytogenetics laboratory from infertility

clinic in the province of Pinar del Rio. Two pa-
tients, from Sancti Spiritus and Isla de la Ju-
ventud, with high genetic risk due to repeated
miscarriages and advanced maternal age were
referred to the laboratory for prenatal diagno-
sis.

First, patients were studied by conven-
tional cytogenetics using GTG banding. If a
conclusive diagnosis could not be reached then
the FISH technology was applied.

Conventional cytogenetic analysis

1. Postnatal. Routine chromosome prep-
arations were obtained by peripheral blood cul-
ture using standard protocols described in the
AGT Cytogenetics Laboratory Manual [12]. It
allowed chromosomal analysis and also FISH
analysis on chromosomes.

2. Prenatal. Prenatal studies were per-
formed by amniocyte culture at 16-20 weeks of
gestation according to the protocols described
in the TGA Cytogenetics Laboratory Manual
[12] and adapted to the conditions of our labor-
atory.

FISH

VYSIS probes, specifically from AB-
BOT, were used to identify the rearrange-
ments:

Supernumerary Marker Chromosome
(SMC): LSI SRNPN spectrum green/CEP
15(D15Z71) spectrum red/ LSI PML spectrum
orange probes or another variant of this probe
with LSI SRNPN spectrum orange/CEP
15(D15Z1) spectrum green/ LSI PML spec-
trum orange for the detection of the critical re-
gion of PW/AS syndromes (Prader Willi-An-
gelman).

Aneuvision probe kits for a-satellite
probes CEP 18 (pll.1-ql11.1) labeled with
SpectrumAqua fluorochrome, X (p11.1-q11.1)
labeled with SpectrumGreen fluorochrome and
Y (pll.1-q11.1) labeled with SpectrumOrange
fluorochrome were used to identify chromo-
somes 18, X and Y.

Aneuvision probe kits for LSI probes 13
(13q14) labeled with SpectrumGreen fluoro-
chrome and 21 (q22.13-q22.2) labeled with
Spectrum Orange fluorochrome were used for
the identification of chromosomes 13 and 21.

LSID5S23, D5S71 Spectrum Green/LSI
EGR1 Spectrum Orange probes were used to
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identify the regions of interest on chromosome
5.

For diagnosis, we relied on the computer
program Cytovision version 3.9, Genus section
(Applied Imaging, USA), which was used to
capture and process images taken with Olym-
pus microscopes (BX-51, Japan).

FISH molecular tests were performed ac-
cording to the modifications applied in the la-
boratory based on the Aneuvision manufactur-
er's protocols.

Ethical aspects: In all cases, genetic
counseling was provided to patients and in-
formed consent was requested for the invasive
sample collection procedure. Once the diagno-
sis was obtained, all unused samples were dis-
carded. In the laboratory databases, each pa-
tient is assigned a code with which this work
was performed, maintaining anonymity during

the processing of the information. The Ethical
Committee for Scientific Research of the Na-
tional Center of Medical Genetics approved
the execution of this study.

Results

Case |

25-year-old woman, normal intellect,
with fertility disorders due to multiple sponta-
neous abortions in the first trimester. Chromo-
somal study in peripheral blood detects a SMC.
FISH study using the chromosome 15 probe to
detect the PW/AS critical region showed that
the SMC originated from chromosome 15 but
did not comprise the PW/AS critical region
(Fig. 1).

The FISH result was: 47, XX,+
idic(15)(pter—ql1.1::q11.1— pter) .ish idic
(15)(D15Z1++).

Fig.1. SMC marked with an arrow. It has two centromeres towards its ends, it is a pseudo-isodicen-
tric 15. Five centromeres (green), two q11-q13 regions and two q25 regions (yellow) are present in
metaphase.

Case II

38-year-old woman with two previous
pregnancies, the first a normal girl and the sec-
ond a boy with Down syndrome. In the third
pregnancy, prenatal diagnosis was performed
and 47 chromosomes were detected in the fetal

karyotype, the origin of one of them could not
be identified by conventional methods
(Fig. 2).

Chromosomal study of the mother
showed an unusual, apparently balanced 13;21
translocation (Fig. 3).
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Fig. 2. A — Metaphase obtained from amniocytes during prenatal diagnosis, unidentified chromo-
some is indicated by the arrow. B — Fetal metaphase analyzed with FISH, using probes for the
13q14 region (green) and 21q22.13-q22.2 (yellow). Three signals were observed for the critical re-
gion of chromosome 21, one of them translocated to chromosome 13.

Fig. 3. The critical region of chromosome 21 (21922.13-q22.2) is observed to be translocated to the
13q end of the maternal chromosome.

Once the FISH results (mother and fetus)
were analyzed, conventional chromosome rea-
nalysis led to the conclusion that the maternal
karyotype was: 46,XX,t(13;21)(q22;q11.2).
The fetal karyotype is due to a 3:1 segregation
of maternal gametes:
47,XY,t(13;21)(q22;q11.2)mat+21. The couple
decided to continue the pregnancy. The child
was born but died at 11 months old. A subse-
quent study of the healthy girl showed that she
carried the same rearrangement as the mother.

Case III

A 32-year-old woman with recurrent
pregnancy losses. In conventional chromo-
some analysis, a rare chromosomal structure is
detected, which is assumed to be a possible
translocation of a chromosome 18 and a chro-
mosome 21, since those two chromosomes are
missing in the analyzed metaphases. FISH was
performed with probes of chromosomes 21,
13, 18 and X to confirm this hypothesis (Fig.
4).
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Fig. 4. A — Metaphase with labeling of chromosomes 21 (red),13(green),18 (aqua) and X (light
green). The 18;21 translocation is observed. The 21qter region binds to the 18pter forming an appar-

ent dicentric structure. B — Translocation ideogram 18;21. Karyotype:
46,XX,tas(18;21)(p11.3;q22.3)

Case IV.

40-year-old woman with history of infer-
tility. A prenatal diagnosis is carried out due to
the advanced age of the mother. Prenatal ultra-
sound at 22 weeks' gestation revealed an in-
creased nuchal fold (7.1 mm) and intrauterine
growth retarsdation in the fetus, and later a
heart defect (ventricular septal defect). In the
fetal karyotype, a chromosome 5 with an al-
tered GTG banding pattern was observed,
though it was not possible to determine the na-
ture of this rearrangement. The FISH test is

performed with chromosomal probe 5 used for
the detection of Cri-du-Chat syndrome (Fig.
5). After analyzing the FISH results and in light
of the altered GTG banding pattern observed,
it was concluded that the fetal karyotype was
46,XY,inv(5)(p12g31.1). The couple decides
to terminate the pregnancy. Chromosomal
analysis of both parents reveals a pericentric
inversion of chromosome 5 in the mother, sim-
ilar to that in the fetus.

Fig. 5. A— Chromosome 5, GTG banding. B — Chromosome 5 labeling on the short arm (5p12.1) is
green and on the long arm (5q31.1) is yellow. The inferior chromosome 5 shows normal labeling
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with correct centromere localization. Chromosome 5 above shows a pericentric inversion. Note the
change in centromere position (arrow), now closer to 5q31.

Discussion. The FISH technology has
been used internationally to discover the ge-
netic causes of neurodevelopmental disorders
[13, 14], aberrations involved in cancer devel-
opment [15, 16], and many other applications.
In the present study we demonstrate the appli-
cation of this technique for studies of reproduc-
tive disorders.

Although structural chromosomal aber-
rations are among the least common, they are
widely implicated in reproductive disorders
and are high risk factors for recurrent miscar-
riage, birth of affected children with malfor-
mations and/or dysmorphic features, and intel-
lectual disability [7]. This study describes four
cases with these types of aberrations, each of
which will be discussed.

SMC from chromosome 15

A study by Liehr and Weise reported 41
marker chromosomes in 30,510 infertility pa-
tients and detected an overall rate of 0.125% of
sSMC carriers. They found 36/21,841
(0.165%) male and 2/9,165 (0.022%) woman
sSMC carriers. [17]

Between 25-50% of all SMC originate
from chromosome 15. Most of them result
from inversion duplication of 15 (inv dup (15))
or also called pseudo isochromosome 15 (psu
dic(15;15) with an incidence of 1 in 30,000
cases. [18, 19]

When SMC involves only the inversion
and duplication of 15 from the centromere to
the q11.1 band, neurodevelopmental disorders
are generally not present, this is explained be-
cause in this region there are no genes in-
volved, that is, it is composed of the centro-
meric and pericentromeric heterochromatin of
chromosome 15, which is a highly repetitive
DNA. [20, 21, 22]

In this case, the carrier is not intellectu-
ally disabled, but has fertility problems. Ac-
cording to several literature reports, the pres-
ence of inv dup (15) can interfere with the pro-
cess of meiosis during gametogenesis. SMC
can lead to disruption of the correct pairing of
homologous chromosomes causing aneu-
ploidy, which is known as the interchromoso-
mal effect. [23, 24, 25]

In this case a centromeric region of a
chromosome other than 15 appears marked in
green, this is due to some kind of polymor-
phism of the repetitive DNA region of the cen-
tromere of this acrocentric chromosome that
causes it to be marked with the D15Z1 probe.
This event has also been reported by other au-
thors. [26]

Reciprocal Translocations

Reciprocal chromosomal translocations
(RCTs) are the most frequent structural rear-
rangements in humans. The incidence of these
translocations is estimated at 1 in 712 live
births, and the frequency at the time of prenatal
diagnosis is even higher, approximately 1 in
250 pregnancies. [27]

Two wunusual translocations are de-
scribed, the first 46,XX,t(13;21)(q22;q11.2) in
a pregnant woman who already had a normal
girl and a boy with Down syndrome. The fetus
had a 3:1 segregation of the exchange trisomy
type, in which the two derived chromosomes,
der(21) and der(13) plus the maternal chromo-
some 21 segregate into one of the oocytes,
forming a fetus with trisomy 21 during fertili-
zation. It is likely that in this woman there were
silent recurrent miscarriages due to adjacent
type 1 or 2 segregations where there will be
partial monosomies of chromosomes 13 and 21
[28]. Cohen et al. in a review of 1159 families
carrying translocations found that the propor-
tion of chromosomally unbalanced offspring
was 71% with adjacent segregation type 1, 4%
with adjacent segregation 2, 22% with tertiary
trisomy/monosomy and 2.5% with trisomy Ex-
change [29].

Each couple and rearrangement involved
must be analyzed on a case-by-case basis.
Thus, taking into account the chromosomes
and chromosomal segments involved in this
case, it is possible to explain the conception of
the child with trisomy 21. The 3:1 segregation
in any of its variants will make the birth of the
baby more feasible. Partial or total trisomies,
21 or 13, that form after fertilization are com-
patible with subsequent life and development.
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The other translocation to be analyzed
46,XX,tas(18;21)(p11.3;922.3) is more unu-
sual. This rare translocation, in which the two
complete chromosomes and their two centro-
meres are involved, represents one of the ex-
ceptional events of formation of a constitu-
tional dicentric, which does not involve acro-
centric chromosomes, and which is stable in
the different cell divisions. Few such cases
have been reported in the literature [30, 31].

Presumably, this stability is achieved by
inactivation of one of the two centromeres, but
this is only a hypothesis that the authors have
not been able to corroborate. In this case, both
adjacent segregations will give disomic gam-
etes that may produce trisomy 21 or 18. In 3:1
segregation, double trisomies 13 and 18 would
occur. In these cases, the percentage of repro-
ductive disorders is high (miscarriages, chil-
dren with malformations, neonatal deaths,
etc.).

Dicentric chromosomes are rarely re-
ported as constitutional events and usually
cause severe phenotypic disorders in carriers
[30, 32]. On the other hand, in the case that we
have reported, the patient only had disturb-
ances in the reproductive sphere.

Chromosome 5 pericentric inversion

Chromosomal inversions are usually bal-
anced events and have been shown to be inher-
ited in 85-90% of cases [33, 34]. The study of
inversions is clinically relevant in part because
they can lead to recombinant chromosomes in
gametes, which could cause serious problems
in offspring [34].

In the present case, it appears that the fe-
tus inherited the same translocation as the
mother. In theory, he should have been pheno-
typically normal. At the microscopic level, it is
impossible to detect subtle deletions or dupli-
cations that may occur at breakpoints when an
inversion is transmitted from a parent to its off-
spring, and this risk increases when the inver-
sion occurs de novo [35].

Webb et al. report the case of a family
carrying an inv(15)(p11q13) for three genera-
tions; when the inversion was passed from
mother to child, a deletion in the critical region
for Angelman syndrome occurred and the child
developed this condition. This small deletion

could only be diagnosed by molecular methods
[36]. On the other hand, a boy with Prader-
Willi syndrome, whose grandmother and father
were carriers of inv(15)(p11q12), had a dele-
tion in 15q12, as reported by Kéhkonen et al.
[37]

In the case reported in this paper, one of
the sites involved is the 5q31 locus. Literature
reports show that de novo deletions in this re-
gion can cause the so-called PURA-Related
Developmental and Epileptic Encephalopathy
syndrome [38]. Cardiac anomalies may be pre-
sent in 11.2% of these patients, as was detected
prenatally in our case [38].

Unfortunately, in our case, molecular
methods could not be used to detect a possible
deletion at the breakpoints of chromosome 5.
Another possibility could be that the inversion
of this family is actually balanced and that the
child's phenotypic conditions are due to a mu-
tation elsewhere in his genome or to some epi-
genetic phenomenon not elucidated in our
study.

Limitations: The lack of diagnostic
methods such as SNP microarrays has made it
impossible to detect possible microdeletion-
duplications which in some cases would have
complemented the results obtained by the
FISH method.

Conclusion. The present study is a
demonstration of the importance of the FISH
technology for the characterisation of subtle
genomic aberrations causing reproductive dis-
orders in female carriers. The effect of chromo-
somal aberrations, whether balanced or not, on
the formation of altered germ cells that cause
reproductive disorders has been discussed.
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Abstract

Background: Diabetes is a major global disease with a high mortality rate. The impact of exercise
on bone tissue protection in diabetic rats during circadian cycle phases is unknown. This study exam-
ined the effects of endurance training on genes in diabetic rats during light and dark circadian rhythm
phases. The aim of the study: The present study investigated the impact of endurance training on
insulin resistance and gene expression in diabetic rats during circadian rhythm phases. Materials and
methods: In this study, 18 NMRI mice were randomly assigned to 6 groups: healthy control in the
dark, healthy control in the light, diabetic control in the dark, diabetic control in the light, and diabetic
exercise in the dark. Then, they developed diabetes after being being fed a high-fat diet and receiving
a single injection of streptozotocin. The 8-week endurance training program consisted of 5 days per
week of Vmax 50-60%. Blood and bone tissue were removed following anesthesia. Bone tissue was
examined for the expression of OPN and OPG genes, Bmall protein expression, and insulin re-
sistance index. Results: In diabetic rats, eight weeks of endurance training significantly reduced in-
sulin resistance (P=0.005) and significantly increased the expression of the Bmall protein (P=0.009).
OPG and OPN variables did not significantly differ between the diabetic and control exercise groups
during the changes in the two phases of darkness and light (P>0.05). Conclusion: Endurance training
may improve insulin sensitivity in diabetics by enhancing antioxidant system performance and con-
trolling circadian activity. Further research is needed to determine the effects on genes in bone.
Keywords: diabetes; bone tissue; endurance exercise; Bmall; OPN; OPG
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Introduction. Diabetes is a global
chronic disease causing significant negative
impacts on lives, families, and communities. It
is one of the top ten causes of death for adults
and is expected to affect 700 million people
globally by 2045 [1-5]. Diabetes can develop a
number of complex systemic complications
due to improper management and care, includ-
ing diabetic retinopathy, diabetic nephropathy,
and diabetic neuropathy [6, 7, 8]. Osteoporosis
is also brought on by diabetes [9], which is a
condition that results in a decline in bone den-
sity and the breakdown of the structure of skel-
etal tissue, both of which increase the risk of
fracture [10]. Bone formation and resorption
are essential for maintaining active metabolic
tissue. When imbalanced, bone density de-
creases, leading to more bone loss through re-
absorption than creation. Type 2 diabetes af-
fects skeletal tissue and bone metabolism, with
poor blood sugar control impacting both for-
mation and resorption. Important bone for-
mation indicators include osteopontin (OPN)

and osteoprotegerin (OPG) [11]. OPN is a pro-
tein that is expressed in a variety of cells, in-
cluding lymphocytes, smooth muscle cells, en-
dothelial cells, macrophages, and osteoblasts.
As a result, it contributes to the pathology of
several inflammatory diseases, including car-
diovascular condition and allergic disease [12].
Additionally, obese individuals have higher
plasma levels of OPN or fat tissue OPN gene
expression [13]. The main risk factors for the
emergence of insulin resistance, type 2 diabe-
tes, and diabetes-related complications like
small vessels and liver diseases are the same
elevated OPN levels in obesity [14]. OPG, a
secreted glycoprotein from osteoblast genera-
tion cells, binds to the nuclear factor kappa-B
receptor activator, neutralizing its effect and
preventing bone resorption. It inhibits osteo-
clast precursor differentiation into mature oste-
oclasts [15].

the circadian clock system in mammals
is crucial for maintaining homeostasis [16]. In-
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vestigations have shown that circadian disrup-
tion is associated with metabolic disorders and
type 2 diabetes [17], Exercise can help with
metabolic issues linked to circadian rhythm
[17]. The body's physiological and biochemi-
cal processes must be regulated by circadian
rhythm. Animals' circadian rhythms are tightly
regulated by the suprachiasmatic nucleus of
the brain's hypothalamus [18]. The optical sig-
nals that pass through the optic nerves set the
clock and different behaviors. Alternately, the
circadian oscillator transcription factors Bmall
(brain-muscle Arnt-like 1) and CLOCK (circa-
dian locomotor output control kaput), which
control cellular functions, are expressed by the
central nervous system as well as nearly all pe-
ripheral tissues and cells. They modify [18].
Cell-autonomous circadian rhythms are con-
trolled at the molecular level by coupled tran-
scriptional and translational feedback loops.
Bmall and CLOCK proteins make up this
feedback's favorable arm. The processes re-
quired to preserve glucose homeostasis are
regulated by this internal clock system [17].
Bmall, one of the key clock genes, is ex-
pressed under the control of messenger, meta-
bolic, and epigenetic regulators [19]. There is
evidence that T2DM can be improved by
changing eating or exercise schedules [20]. Ta-
hara et al. reported that the right time is effec-
tive in preventing obesity, diabetes, and cardi-
ovascular diseases and that the physiological
reactions to stress and sports activity are de-
pendent on the time of physical exercise [21].
Dalbram et al. have demonstrated that physical
activity increases the amount of Bmall protein
in muscle tissue and that activity during the
dark phase reduces obesity without altering in-
sulin sensitivity or glucose homeostasis [17].
The expression of OPN and OPG genes
increases in obesity [13]. These elevated levels
in obesity are risk factors for the development
of insulin resistance and type 2 diabetes [14],
so we will be looking at them in this study.
Due to the lack of research on the effect
of endurance exercise on bone indices as a me-
diator of the effect of diabetes on osteoporosis
and also the highest level of expression of the
OPN and OPG genes in bone tissue compared

to other tissues [12, 22], the bone tissue of dia-
betic rats was selected as the target tissue in
this research.

The aim of the study. To compare the
effects of an endurance training program dur-
ing light and dark phases on bone indices in di-
abetic rats, considering the significant impact
of mechanical pressures on bone regeneration
and the influence of circadian rhythm on bone
health.

Materials and Methods. This experi-
mental study utilized simple random sampling
and laboratory procedures. Eighteen adult
male NMRI rats were induced with diabetes
using a high-fat diet and low-dose Streptozoto-
cin (STZ) injection [23]. The study aimed to
investigate the effects of diabetes on bone in-
dices. STZ was made in a citrate buffer with a
pH of 5 every day, then injected within 30
minutes. Rats were randomly divided into four
diabetic groups based on weight homogeniza-
tion [24] and healthy control groups at the
same time five days after STZ injection if their
fasting glucose level was greater than 126
mg/dl. They received a regular diet and STZ
solution and were purchased along with the di-
abetic group. The Razi Rad Company pro-
duced transparent polycarbonate cages that
were 30 cm long, 30 cm wide, and 30 cm high
and were used to house mice in three sets. The
environment had a temperature of 22+2°C, a
humidity level between 45% and 55%, and a
light-to-dark cycle of 12:12 hours. Standard
pellet food and water were freely available to
the samples throughout the research.

At the end of the adaptation week, the
fourth and eighth weeks of the main training,
the maximum speed test was taken from all
groups. Using Vmax measurements taken at
the start and fourth weeks of training, training
intensity in the groups was adjusted by training
within the desired range. Rats from various
groups were positioned on a treadmill and
trained for 5 minutes at a speed of 6 m/min.
The speed increased to 2 meters per minute
every two minutes when the mice were unable
or unwilling to work any longer. The rats' max-
imum speed was recorded as their final running
speed, and to avoid any disruptions and their
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impact on the rats' performance and the re-
search's findings, the maximum speed was
measured for each group once every hour that
corresponded to that group [25, 26].

The training times were three hours after
the onset of light at 9 am (ZT3) and three hours
after the onset of darkness at 6 pm (ZT12) to
determine the training time of the day.he exer-
cise groups worked out at two different times
during the day one week after ensuring the in-
duction of diabetes [11]. The rats were gradu-
ally introduced to the treadmill for a week be-
fore the primary training program to help them
get used to it after the onset of darkness or at 9
PM (ZT15) [11]. The development and imple-
mentation of the training program took place in
training groups, with each session lasting 80
minutes and being conducted at a moderate in-
tensity (Vmax 50-60%). Weekly assessments
of weight and blood sugar levels were made
throughout the 8-week exercise program,
which included five sessions per week [25].

uU

Fasting Insulin (W) * Fasting Glucose ( I

The rats were moved to the sampling room
48 hours after the eight-week training period
ended, and ketamine (75 mg/kg of body weight)
and xylazine (10 mg/kg of body weight) were in-
traperitoneally administered. Their serum sam-
ples were separated after blood samples were
drawn directly from the heart and centrifuged for
five minutes at a speed of 5000 rpm. At the same
time, pancreatic tissue was taken and stored in a
-70 freezer for further analysis. Each group was
examined during its specific training hour be-
cause multiple time points are required to detect
changes in the phase or amplitude of the molec-
ular clock [16].

In order to determine the insulin re-
sistance index (HOMA-IR) of blood glucose
using the glucose oxidase and spectrophotom-
etry method (Pars Azmoun, Iran) and insulin
using the species-specific ELISA method (Bi-
oassay Technology, China) with extra-test ac-
curacy of 3.4% and intra-test accuracy of
4.3%, insulin resistance was calculated using
Equation 1:
mmol)

Homa — IR =
oma 225

When comparing diabetic subjects to
healthy rats, the HOMA-IR value either in-
creased or decreased, indicating an increase or
decrease in insulin resistance, respectively.

In order to evaluate changes in the ex-
pression level of OPG and OPN genes, real-
time PCR was performed using the gPCRTM
Green Master Kit for SYBR Green | (Jena Bi-
oscience, Germany) on a Lightcycler Detec-
tion System (Roche, USA). Relative expres-
sion levels of the OPG and OPN transcripts
were compared to those of rat GAPDH as a
housekeeping gene. Specific sets of primers
(Bioneer, South Korea) designed for this study
were: OPG (GenBank: NM_008764): 5'-
CGGAAACAGAGAAGCCACGCAA -3"and
5'- CTGTCCACCAAAACACTCAGCC -3’
and OPN (GenBank: NM_009263): 5'- GCTT-
GGCTTATGGACTGAGGTC -3’ and 5'-
CCTTAGACTCACCGCTCTTCATG -3’ and
GAPDH (GenBank: NM 008084): 5'-
CATCACTGCCACCCAGAAGACTG -3
and 5'- Reactions were performed in a 12.5 Il
mixture containing 6.25 Il qPCRTM Green

Equation 1

Master Kit for SYBR Green | (Jena Biosci-
ence, Germany), 0.25 Il of each primer (200
nm.), three Il cDNA (100 ng), and 2.25 Il nu-
clease-free water. The PCR protocol used con-
sisted of a 5-minute denaturation at 94 °C fol-
lowed by 45 cycles of 94::°C for 15 s and 60
°C for 30 s. Reactions were performed in trip-
licate. Two separate reactions without cDNA
or with RNA were performed in parallel as
controls. Relative quantification was per-
formed according to the comparative method
and using Lightcycler 96 software. All gPCR
analysis was performed according to the mini-
mum information for publication of quantita-
tive real-time PCR experiments (MIQE) guide-
lines [27].

Following RNA and DNA isolation from
isolated tissues using the TriPure total RNA
isolation kit per the manufacturer's instructions
(Roche Molecular System, USA), total protein
was precipitated, and its concentration was de-
termined using the Bradford method. 25 Il of
the Laemmli sample buffer supplemented with
2-mercaptoethanol at a final concentration of
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7.5% (vol/vol) were combined with 25 Il of
each protein sample (1 Ig/ll). The samples were
heated for 15 minutes at 65 degrees Celsius,
separated using 10% SDS-PAGE, and then
electrophoretically transferred to a nitrocellu-
lose membrane (Schleicher & Schuell, Inc.,
Keene, NH). After being incubated for 1 hour
in PBS containing 5% nonfat milk, the filters
were blocked. Following a PBS-Tween wash,
the blots were immunoblotted at a 1:500 ratio
using a primary antibody against rat Bmall
(Sanra Cruz Biotechnology Inc. sc-373955).
Goat anti-rabbit HRP-conjugated antibody
(Sanra Cruz Biotechnology Inc. sc-376938)
and DAB reagent (Sigma Aldrich, Germany)
were used to detect the primary antibody. Den-
sitometric quantification of Bmall proteins in
relation to GAPDH as a calibrator was per-
formed using Image J software (National Insti-
tutes of Health). Western blot was done in
three independent experiments for each
sample.

Data analyses were done using the SPSS
26 software package (SPSS Inc., Chicago, IL,

USA). One-way ANOVA was used to test dif-
ferences between various means (post hoc
analysis LSD test). All experimental data were
presented as the mean = SEM. The level of sig-
nificance for all tests was set at P<0.05.
Results. The variance analysis of the
study's findings is shown in Table 1. The results
show that aerobic exercise affects the target pa-
rameters in diabetic mice at a 1% significance
level. Following the intervention, Table 2 shows
the average comparison of the assessed variables
across all research groups. The differences be-
tween the columns in the LSD post hoc test are
denoted by unequal Latin letters above them.
The abbreviations CD-ZT3 stand for "light phase
diabetic control group,” CD-ZT15 for "dark
phase diabetic control group,” and TD-ZT3 for
"light phase diabetic exercise group,” respec-
tively. CH-ZT3 stands for "light phase healthy
control group,” CH-ZT15 for "dark phase
healthy control group,” and CD-ZT3 for "light
phase diabetic control group.” The acronyms for
HOMA-IR are insulin resistance index, oxidant
to total antioxidant ratio, and Bmall.
Table 1

Variance analysis of evaluated parameters

Weight Bmall Homa-IR Insulin Glucose OPN OPG Vmax
gr ng/pl pU/ml*mmol/l muU/L Mg/dl pm/1 pm/1 m/min
F 5.455** 129.8** 66.823** 51.422** | 22.217** | 39.88** | 30.38** | 40.946**
p-value 0.008 0.0001 0.000 0.000 | 0.000 0.0001 0.0001 0.000
Table 2
Mean and standard deviation of the studied variables after the intervention
Weight Homa-IR Insulin Glucose Vmax
gr pU/ml*mmol/l mU/L Mg/dl m/min
CH-ZT3 33.00+3.60° 9.99+0.85f 40.08+£3.61°¢ 101.18+4.10°® 15.16+1.04°
CH-ZT15 34.00+2.64° 11.83£1.74¢ 41.10+£5.25¢ 116.40+4.22¢ 15.50+1.32°
CD-ZT3 41.33+1.524 31.1740.79° 88.04+5.36° 143.58+5.09° 14.83+1.60°
CD-ZT15 40.66+3.052 37.80+3.04¢ 97.53+6.432 157.33+£5.45¢% 15.60+0.91°
TD-ZT3 34.33+1.52°b 25.27+3.38°¢ 71.32+7.12°¢ 143.20+5.63° 24.66+1.15°
TD-ZT15 36.33+1.55P 20.10+2.604 63.80+5.874¢ 127.40+3.36°¢ 24.80+1.70°

The post hoc test between research
groups revealed that diabetic rats had signifi-
cantly higher levels of glucose, insulin,
HOMA-IR, and weight variables than healthy
control rats (Table 2). Aerobic exercise had a
significant impact on the training groups'

changes in these variables' levels in compari-
son to the diabetic groups, as well as the trained
rats' decreasing trend in these variables' levels.
Changes in the levels of glucose, insulin, and
HOMA-IR variables in all the study groups
showed a significant difference in response to
the two phases of darkness and light. Of
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course, there was no appreciable difference in
weight changes between the two phases of
darkness and light (P>0.05).

A comparison of the OPN variable's
mean results (Fig. 1) revealed that rats with di-
abetes had significantly higher levels of this
variable than rats in the healthy control group
(P<0.05). The evaluation of the impact of aer

obic exercise in the training groups compared
to the diabetic groups without exercise re-
vealed a trend of decreasing and significant
OPN changes in trained rats at the 5% level
(P<0.05). The OPN variable did not signifi-
cantly differ between the diabetic and control
training groups, as it changed during the two
phases of darkness and light (P>0.05).
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Fig. 1. OPN gene level expressed in different groups. Data are mean + SD. Pairwise comparisons
between bars indicate the rate of significant difference at P<0.05.

According to a comparison of the OPG
variable's average results (Fig. 2), rats with di-
abetes had significantly higher levels of this
variable in the light phase (P<0.05) than rats in
the healthy control group, but these changes
were not significant in the dark phase (P>0.05).
The trend of OPG changes in the trained rats

was decreasing and significant only in the light
phase (P<0.05) when comparing the training
groups' effects on diabetes groups without
training to the diabetic groups. In the diabetic
and control exercise groups, there were no ap-
preciable differences in the changes in the two
phases of darkness and light (P>0.05).
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Fig. 2. OPG gene level expressed in different groups. Data are mean + SD. Pairwise comparisons
between bars indicate the rate of significant difference.



Opueuuaﬂbna}l cmamaous
Original article

Janbozorgi M, et al. Impact of Aerobic Exercise on Expression ...

526

When the average results of the Bmall
variable were compared (Fig. 3), it was evident
that diabetic rats had significantly lower levels
of this variable than healthy control rats
(P<0.05). The comparison of the training
groups' responses to aerobic exercise with the

*

kkk

diabetic groups' responses revealed that the
trained rats' response to this variable is increas-
ing and that this trend is significant at the 5%
level (P<0.05). Significant Bmall changes
were observed in both the diabetic and control
training groups (P<0.05).
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When comparing the maximum speeds
of the various study groups, it was found that
aerobic training significantly increased the
maximum speed in the trained mice when com-
pared to the untrained mice (P<0.05). Maxi-
mum speed variations during the two phases of
darkness and light were not statistically signif-
icant (P>0.05).

Discussion. The results of this study
showed that diabetes increased insulin re-
sistance in diabetic rats and that eight weeks
of endurance exercise significantly reduced
this resistance in these subjects.Both glucose
uptake and the activity of proteins involved in
insulin signaling are enhanced by exercise
[12]. In many studies [28, 29], improving insu-
lin resistance and raising the insulin sensitivity
of glucose-consuming cells. It has been veri-
fied that the findings largely agree with those
of the current study. The present study's find-
ings that endurance training reduced insulin re-
sistance are consistent with those of Dela et al.
[30], Park et al. [31], and other studies. This
improvement in the circumstances results from
increased insulin secretion and glucose uptake
by consuming cells, according to Slentz et al.

Groups

Fig. 3. Bmall protein expression level in Bone tissue in different groups, Data are mean+SD. Pair-
wise comparisons between bars indicate the rate of significant difference.

[29] and Malin et al. [32]. It should be noted
that exercise improves beta cells' capacity to
process signals and secrete insulin since dis-
turbances in the behavior of lipids and intracel-
lular pathways, including cellular stress re-
sponses like oxidative stress, endoplasmic re-
ticulum stress, autophagy, and ceramide/LD
formation, are involved in the death of beta
cells caused by cytotoxicity [33].

The results of this study's analysis of
changes in the OPN and OPG genes revealed
that while endurance training causes a decrease
in these genes in bone tissue, consumption of
high-fat food causes an increase in these genes.
However, there were no appreciable differ-
ences between the diabetic and control exer-
cise groups in the changes in the two phases of
darkness and light for the OPG and OPN vari-
ablesAccording to researchers, the type of ex-
ercise, its intensity and duration, and the recov-
ery period between efforts all influence the
OPG response [34]. In another study, in line
with our findings, Humphries et al. (2009) in-
vestigated the effects of whole-body vibration
with and without resistance training on bones
for 16 weeks and concluded that bone vibration
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training and vibration with resistance training
respectively led to a reduction of 50% and 36%
in the amount of OPN [35].

According to Yu et al (2013), eight
weeks of aerobic exercise running on a tread-
mill resulted in a reduction in serum OPN lev-
els and fat percentage in young obese women,
leading to the conclusion that changes in body
composition are likely one of the factors that
lowered OPN in the exercise group [12]. While
having no impact on the phosphorylation path-
way of protein kinase B (PKB) and mitogen-
activated protein kinase (MAPK), OPN and
OPG cause the proliferation of JNK and Ki-
nases regulated by extracellular messages
(ERK) and impair insulin sensitivity by im-
pairing PPAR-gamma and adiponectin gene
expression. Therefore, it appears that by in-
creasing insulin sensitivity and lowering in-
flammatory and pro-inflammatory factors, aer-
obic exercise can lower the expression of OPN
and OPG levels [36].

According to the findings of the current
study, eating foods high in fat causes the
Bmall gene in bone tissue to decrease, which
is consistent with the assertions made by Lee
et al. [19] and Petrenko et al. [37]. In addition,
the circadian clock is hampered in humans and
cells in T2D, as evidenced by the reduction of
Bmall. A circadian rhythm may contribute to
metabolic diseases, such as obesity and type 2
diabetes (T2D), reducing the exocytosis of in-
sulin [38]. The present study shows that endur-
ance exercise enhances Bmall status and in-
creases Bmall levels in diabetic rats' bone tis-
sue. Su and endurance exercise, regardless of
the time, boost the amount of Bmall, the pri-
mary protein that makes up the clock, even
though HFD consumption, a factor that inter-
feres with the circadian rhythm, decreases in-
sulin-stimulated glucose uptake, while endur-
ance exercise counteracts this effect [17].

Our study's findings show that there is a
significant difference between the increase of
the molecular clock gene Bmall during the
dark phase and the light phase. Our results are
in agreement with those of Savikj et al. [39],
Dalbram et al. [17], Heden and Kanaley [40],
and Mancilla et al. [41] among the studies con-
ducted. Regarding the time of exercise in the

present study, a significant difference was ob-
served between the activity in the light phase
and the dark phase of diabetic rats. Studies
have found that participating in sports helps
with circadian disorders because it can reset or
change the phase of the body's internal clock.
In fact, exercising at a specific time of day can
correct circadian clock irregularities and im-
prove energy metabolism [17]. Contrary to
healthy individuals, those with T2DM have
better circadian rhythms, insulin sensitivity,
and glycemia at night. However, the conditions
for activity are less favorable at night and in the
early morning, which causes blood sugar and
fat levels to rise in the morning. Found that
melatonin reduces reactive oxygen species
(ROS) and reactive nitrogen species (RNS)
and acts as an antioxidant cascade [39]. Mela-
tonin secretion in the dark phase increases with
the reduction of light. This not only lessens the
oxidative stress brought on by exercise but it
also boosts the activity of antioxidant enzymes
like superoxide dismutase. Melatonin secre-
tion is influenced by physical activity, duration
of activity, and time of day, either immediately
or later. Melatonin and aerobic exercise both
reduce the number of free radicals produced
during exercise. Melatonin can lessen
malondialdehyde and lipid peroxidation, par-
ticularly when combined with aerobic exer-
cise. Additionally, it can improve the body's
health and adaptation to physical activity by re-
ducing ROS caused by that activity [42]. Ad-
ditionally, diabetes results in a decrease in
Bmall, which affects both the body's ability to
tolerate glucose and the ability of skeletal mus-
cles to absorb glucose when stimulated by in-
sulin. Contrarily, in mice with type 2 diabetes,
upregulating Bmall expression enhances insu-
lin sensitivity and enhances insulin tolerance
[17]. Sympathetic activation and glucocorti-
coid release are likely to be the common sig-
nalling pathways by which physical activity al-
ters the body's internal clock [25]. The oxida-
tion of the NADPH cofactor and the displace-
ment of the -subunit of the K+ channel, which
ultimately results in the induction of sleep, are
probably caused by the buildup of ROS. Ac-
cording to recent research, clock genes have
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redox characteristics and may be directly im-
pacted by the molecular mechanism of adeno-
sine accumulation. It works for intracellular in-
teractions [24]. In this way, the prevention and
management of type 2 diabetes may benefit
from therapeutic approaches intended to im-
prove circadian clock function. However, these
findings did not agree with those of Steidle-
Kloc et al. [43], Toghi-Eshghi and Yardley
[44], or Chiang et al. [45]. In the study con-
ducted by Kloc et al., the subjects were
CAD/T2DM patients who voluntarily under-
went a number of exercise sessions at home,
reducing the amount of control over the proper
execution of the exercise protocol. Acute re-
sistance training that took place at 7 AM and 5
PM was the activity that Toghi-Eshghi and
Yardley studied. The 12-week study by Chiang
et al. included diabetics as well. The type and
intensity of the activity, as well as the time
spent engaging in the activity, can generally be
mentioned as contributing factors to the stud-
ies' inconsistent findings. According to some
research, Bmall is phosphorylated by insulin-
activated PISBKAKT signaling, which lowers
its transcriptional activity. In addition, because
prolonged starvation can increase insulin sig-
nalling, refeeding after a prolonged fast has a
stronger effect on the clock genes [16]. Be-
cause some strains of mice have higher levels
of insulin resistance brought on by HFD, the
type of subjects and mice used in the study can
also affect the outcome [17].

Endurance exercise at the start of the
dark phase increases the main clock protein,
improves insulin resistance and bone index
genes in type 2 diabetic rats. Limitations in-
clude uncontrolled food consumption, limited
time measurements, and lack of evaluation of
other circadian rhythm genes. Consideration of
impacts on liver and muscle is important. Ad-
ditionally, HIIT has been found in some stud-
ies to be more effective on cell metabolism
than endurance exercises [17], and there was
no room to compare them in the current study,
so further research is necessary.

Conclusion. The study reveals that dia-
betes increases insulin resistance, OPN, OPG,
and Bmall protein levels in bone tissue. Per-
forming eight weeks of endurance exercise at

the beginning of the dark phase yields greater
improvements in insulin resistance and Bmall
protein concentration compared to the light
phase. These findings can guide the develop-
ment of exercise protocols aligned with the cir-
cadian rhythm to mitigate bone tissue damage
in diabetic individuals. Regardless of the tim-
ing, endurance training for eight weeks reduces
the expression of OPN and OPG genes in bone
tissue. Daily use of such exercise can modify
OPN and OPG levels, potentially reducing the
risk of bone tissue damage in diabetic patients.
Limitations include uncontrolled food con-
sumption, limited time measurements, and the
need to consider the impact on other tissues
like the liver and muscle.
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OCO00eHHOCTH MEKJIOKYCHbIX
B3aMMOACUCTBUI IPU (GOPMUPOBAHUM
U30JIMPOBAHHBIX U COUCTAHHBIX OCJI0KHECHUM
0epeMEeHHOCTH

O.B. I'oJioBUeHKO

denepalibHOE TOCYAapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE yUpEKICHHE BHICIIET0 00pa3oBa-
Hus «benropoackuil rocyjapCTBEHHBIM HALIMOHAIIBHBIN UCCIIEI0BATEIbCKUI YHUBEPCUTETY,
yn. [To6ensl, a. 85, r. benropox, 308015, Poccuiickas Deaepanmst
Aemop ons nepenucku. O.B. I'onosuenko (gol.doc@mail.ru)

Pesrome

AKTyanbHOCTB: OCI0KHEHUS OEPEMEHHOCTH UMEIOT BBICOKYIO PACIPOCTPAHEHHOCTh U BaXKHOE Me-
JIMKO-CoLMalIbHOE 3HaueHue. B ux ¢opmupoBanue BoBieueHbl renetudeckue paxtopsl. Lleab uc-
ciaenoBaHus: M3yunts 0COOEHHOCTH MEXKIIOKYCHBIX B3aMMOEHCTBHM pu (OPMUPOBAHUN H30JIU-
POBaHHBIX M COYETAHHBIX OCIIOKHEHHH OepeMeHHOCTH. MaTepuaJjibl 1 MeToAbI: BeiOopka /s uc-
ClIeIoOBaHMs cocTaBuiia 786 GEpeMEHHBIX U3 KOTOPBIX 462 >KEHIIMHBI ObLTU C PAa3TUYHBIMU OCIIOXK-
HeHusiMU 6epemeHHocTH (M3omupoBanHas [13 (n=190); 2) uzonuposannas 3PII (n=196); 3) couera-
Hue [10 u 3PII (n=76)) u 324 xeHIuHbI ¢ PU3NOJIOTUYECKUM TeueHueM OepeMeHHocTH. [IpoBeneHo
TeHOTUIIHUpOBaHKUE 13 MOTUMOPQHBIX JOKYCOB F€HOB (aKTOPOB pocTa U ux perentopos (rs4444903
EGF, rs833061 VEGFA, rs2981582 FGFR2, rs6214 IGF1, rs1800469 TGFf1), TeHOB penienTopoB
ACTPOTeHOB U mporectepoHa (rs2234693 ESR1, rs9340799 ESR1, rs3798577 ESR1, rs484389 PGR,
rs1042838 PGR), reHoB HacencTBeHHBIX TpoMOopmmmii (151126643 ITGAZ2, rs5918 ITGB3 u rs5985
F13Al). BzaumogeiicTBue moiuMop@HBIX JJOKYCOB, aCCOLMMPOBAHHBIX C U3Y4aeMbIMU OCIOXKHEHU-
MU OEpPEeMEHHOCTH, BU3YaJIN3alMIO U ONpe/IelIeHne XapakTepa (CUHEPTU3M, He3aBUCUMBIN 3P (DeKT,
aQHTAaroHU3M) M CHUJIBI (J10JIs1 BKJIQJa B SHTPOINMIO MPU3HAKA) TAHHBIX B3aMMOACUCTBUH, U3ydaal Me-
tonamu MB-MDR u MDR. Pe3yabTatsbl: Puck pa3zsutus uzonupoBanHoii 3PII onpenensercs Tpems
MOJIETISIMU MEKJIOKYCHBIX B3auMojeicTBui 5 mommmopdusmos: rs4444903 EGF, rs6214 IGF1,
rs2234693 ESR1, rs484389 PGR u rs5985 F13A1 ¢ naunbomnee BhIpa)keHHBIMHU dPPEKTaMH IO~
Mop¢Horo sokyca s6214 IGF1. ITonsep:keHHOCTH K n30aMpoBaHHOH [1D onpenensercs MexIOKycC-
HBIMH B3aUMOJICHCTBUAMU TATH JIOKYCOB: 154444903 EGF, rs833061 VEGFA, rs2981582 FGFR2,
rs2234693 ESR1, rs9340799 ESR1 kmoueByio posib B KOTOPBIX UTPAET JBYXJIOKYCHOE B3aHMMOEH-
ctBue $9340799 ESR1xrs2234693 ESR1 (BxomuT B cocTaB Beex 3-x mMojenei). @opMupoBaHue Co-
yetanus 3PII u I1ID acconmupoBano ¢ 1ByMsl MOJENISIMU MEXT'€HHBIX B3aUMOJACHCTBHMA 4 MOIUMOp-
¢dusmoB: rs2234693 ESR1, rs9340799 ESR1, rs484389 PGR, rs5918 ITGB3. Tpu puckoBbie KOMOH-
HaIlMM TEHOTHIIOB, TOKa3ajl HauOOJbIIUN YPOBEHb CTAaTUCTHYECKONW 3HAUMMOCTU ACCOLMAIMN
(p<0,005) ¢ ocnoxxuenusimu 6epemeHHOCTH: TT-152234693 ESRIXxGA-1s6214 IGF1 — n3onupoBaH-
nas 3PIT (B = 1,86, p=0,003); AA-rs9340799 ESRIxTT-rs2234693 ESRI — uzonupoBannas [12 (B =
2,45, p=0,0009) u coueranue 12 u 3PII (B = 2,38, p=0,002). 3akawovyenune: Puck pa3BUTHS OCIOXK-
HEHMI OepeMEHHOCTH B 3HAYUTEIBHON CTENICHN ONPEAEIACTCS TeHETUYeCKOH KOMOMHATOPUKOM Tpex
nosiMMopHBIX JTOKYcoB 1s2234693 ESR1, 19340799 ESRI, rs6214 IGF1.


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8473-2601

Opuzunansnas cmamos HayuHble pe3yabmamul 6uomeduyuHckux uccaedosanutl. 2024;10(4):532-552

Original article Research Results in Biomedicine. 2024:10(4):532-552 533

KiroueBsle cioBa: nonmumopousm; accormanuu; SNPXSNP B3anMoaelcTBys; MpesKIamIicus, 3a-
JIeprKKa pocTa Iosia

Just umTupoBanus: ['onoBuenko OB. Oco0eHHOCTH MEXKIOKYCHBIX B3aUMOJICHCTBUH TTpU (HopMu-
POBaHHUH W30JIMPOBAHHBIX U COYCTAHHBIX OCIIOKHEHUH OepeMeHHOCTH. HayuHbie pe3ynbTaThl OHO-
MeauuuHCKuX ucciaenoBanmii. 2024;10(4):532-552. DOI: 10.18413/2658-6533-2024-10-4-0-4

Characteristics of inter-locus interactions
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Abstract

Background: Pregnancy complications have a high prevalence and important medical and social
implications. Genetic factors are involved in their development. The aim of the study: To study the
characteristics of interlocus interactions in the formation of isolated and combined pregnancy com-
plications. Materials and methods: The sample for the study consisted of 786 pregnant women,
including 462 women were with various pregnancy complications (isolated preeclampsia (PE)
(n=190); 2) isolated fetal growth retardation (FGR) (n=196); 3) a combination of PE and FGR (n=76))
and 324 women with a physiological course of pregnancy. Genotyping was performed for 13 poly-
morphic loci of growth factor genes and their receptors (rs4444903 EGF, rs833061 VEGFA,
rs2981582 FGFR2, rs6214 IGF1, rs1800469 TGFJf31), estrogen and progesterone receptor genes
(rs2234693 ESR1, rs9340799 ESR1, rs3798577 ESR1, rs484389 PGR, rs1042838 PGR) and heredi-
tary thrombophilia genes (rs1126643 ITGA2, rs5918 ITGB3 and rs5985 F13A1). The interaction of
polymorphic loci associated with the studied pregnancy complications, visualization and determina-
tion of the nature (synergism, independent effect, antagonism) and strength (proportion of contribu-
tion to the entropy of the trait) of these interactions were studied using MB-MDR and MDR methods.
Results: The risk of developing isolated FGR is determined by three models of interlocus interactions
of 5 polymorphisms: rs4444903 EGF, rs6214 IGF1, rs2234693 ESR1, rs484389 PGR and rs5985
F13A1 with the most pronounced effects of the polymorphic locus rs6214 IGF1. Susceptibility to
isolated PE is determined by the interlocus interactions of five loci: rs4444903 EGF, rs833061
VEGFA, rs2981582 FGFR2, rs2234693 ESR1, rs9340799 ESR1, in which the two-locus interaction
rs9340799 ESR1xrs2234693 ESR1 plays a key role (it is part of all 3 models). The formation of a
combination of FGR and PE is associated with two models of intergenic interactions of 4 polymor-
phisms: rs2234693 ESR1, rs9340799 ESR1, rs484389 PGR, rs5918 ITGB3. Three high-risk genotype
combinations of genotypes showed the highest level of statistical significance of associations
(p<0.005) with pregnancy complications: TT-rs2234693 ESR1IXGA-rs6214 IGF1 — isolated FGR (
=1.86, p=0.003); AA-rs9340799 ESR1XTT-rs2234693 ESR1 — isolated PE (3 = 2.45, p=0.0009) and
the combination of PE and FGR (B = 2.38, p=0.002). Conclusion: The risk of pregnancy complica-
tions is largely determined by the genetic combinatorics of the three polymorphic loci rs2234693
ESR1, rs9340799 ESR1, rs6214 IGF1.
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BBenenue. OcnoxxHeHHs] 0epEMEHHOCTH
(mpeaknamnicust (I19), mmaneHTapHas HeTOCTa-
tounocts ([1H), 3aaepxka pocta miona (3PII))
IIPOJIOJKAIOT OCTABATHCSI OJIHOW U3 HEpEelleH-
HBIX HAayYHO-TIPAKTUYECKUX MPOOJIEM B MHUPO-
BoM akymepcte [1-8]. TID ocnoxuser 2-8%
O6epemenHocTer Bo BceM mupe [3, 4]. [lo nan-
HbIM OQUIMANBHONW CTAaTUCTUKU B HACTOsAIIEe
Bpems (2020-2022 rr) B P I13 peructpupyercs
y 7,6-7,9% OepeMeHHBIX | 3a MOCIICTHUE TOJIbI
BcTpeyaeMocTh [1D cpenu 6epemennbix PO He-
CKOJIbKO Bo3pocina ¢ 84,2 va 1000 ponos B 2020
r 10 85,2 Ha 1000 pomos B 2022 r [9]. B cTpyk-
TYype OCJIO’KHEHUI OEPEMEHHOCTH 3HAUUMOE Me-
CTO 3aHMMaET 3aziepkka pocta mioaa (3PI) [7,
8]. Cpenu Bcex OepeMEHHOCTEH BCTPEYaeMOCTh
3PIT moxet mocturats 8-10% [7, 10].

AHanmu3 COBPEMEHHOM JHMTepaTyphbl CBU-
nerenbcTByeT o ToM, uto 110 u 3PII sBnstoTcst
MyJIbTH(AKTOpHEIME 3a007eBaHusAME. Porb Te-
HETUYEeCKUX (DaKTOPOB B (POPMHUPOBAHUHU KaK
19 [11-16] Tak u 3PI1 [10, 17-20] He BbI3bIBAIOT
COMHEHHS U SBIIIETCS JOKa3aHHOW. Bmecre ¢
9TUM, pe3yJbTaThl MCCIIEIOBAHUM, HalpaBJieH-
HBIX Ha MOKMCK T€HETUYECKUX AeTepMUHaHT (19,
3PIT yacTo He coracyroTcsi MEXay co0oil U He-
PEKO MPOTUBOPEUUBBL. DTO ONpPENENAT HEoO-
XOAUMOCTh «JIOTIOJIHUTEIBHBIX)» HCCIEA0BAHUN
o 9TOM TeMe (MOUCK TeHETUYeCKuX (HaKTOpOB
pucka BozHukHoBeHus [13, 3PII), ocobenno ¢
Y4ETOM OLEHKH CJIOKHBIX MPOLIECCOB MEKI€H-
HBIX B3aMMOJICUCTBUM, BIMSIOLIUX HA Mpeipac-
niosioskeHHocTh K [19 u 3PIL. YTouHenue rene-
TUUYECKUX MeXaHu3MOB ¢opmupoBanus 1190 u
3PII cozmact HEOOXOUMBIE TIPETOCHITKN «Te-
HETUYECKOT0 000CHOBaHUS» TpodumakTuku [13
u 3PII eme Ha sTane mperpaBUAAPHON MOITO-
TOBKH. Yucno QpyHIaMeHTaTbHBIX HAyYHBIX pa-
60T B 00J1aCTH MOJIEKYJISIPHO-TE€HETUUECKUX HC-
CJIeZIOBaHMH OCII0KHEHHH O€peMEHHOCTH, KOTO-
pble Hanu Obl MPAKTUYECKOE NMPUMEHEHHE B
COBPEMEHHOM 3/IpaBOOXPAHEHUU HEBEIMKO M
HEOOXOIUMBI JAJIbHEWIINE MCCIENOBaHNs B
3TOi 001aCTH.

Hean HCCJIeIOBAHUSA. N3yuuth
0COOEHHOCTH MEKJIOKYCHBIX B3aUMOJICHCTBHIA
npu  (GOPMHPOBAHWHM  W3OJUPOBAHHBIX U
COYETAHHBIX OCJIO)KHEHUH OEpPEeMEHHOCTH.

MartepuaJibl 1 MeTOIbI HCCJIEI0BAHUS.
Bri6opka, Ha KOTOpPO# BBIIOJIHEHO HACTOSIIEE
WCCIIeZIOBaHUE, cocTaBWiIa 786 OEpEMEHHBIX: Y
462 eHIUH ObUTH TUArHOCIIMPOBAHBI Pa3JIuy-
Hple  ocioxkHeHuss  Oepemennoctu (11D,
3PI1);324 xeHIMHBI UMeNU (HU3HUOTIOTUIECKOES
TeueHne OepemeHHocTH. KputepueM Biitode-
HUS B TPYIITY C OCIOKHEHUSIMU OEPEMEHHOCTH
SBUJIOCh HAJIMYHE Y KCHIIWHBI KIMHUICCKU
noareepkAaeHHbIX 19 [16] w/wmu 3PIT [10]. Uc-
CIIEZIOBAaHUE TMPOXOJMIO TOJ 00s3aTeNbHBIM
KOHTPOJIEM CO CTOPOHBI STUYECKOT0 KOMHTETA
HNY benl'V.

N3 obmiero yucna obciaemoBaHHbIX (786
OepeMeHHbIX) ObUIH CHOPMUPOBAHBI 4 TPYMITHI
Uil uccnenoBaHus: 1) wmzomuposanHas 110
(n=190); 2) m3omuporannas 3PIT (n=196); 3) co-
yeranue [ID u 3PII (n=76); 4) xoHTpoIbHAS
rpymna (n=324).

OOBEKTOM TEHETHUYECKOTO HMCCIICIOBAHMS
obuta JIHK, BeImeneHHas u3 mepudepudeckoit
BEHO3HOU KpoBH. OllEHKa KauecTBa MOIy4eH-
Hoit JIHK wu ompeneneHue ee KOHIEHTpalUu
OCYIIECTBISITNCH Ha criekTpodoTomerpe Termo
Scientific «NanoDrop 2000c».

B MOJIEKYJIIPHO-TEHETUYECKOE
WCCIIEIOBAaHNE  HAaMH  OBUIM  BKJIFOYEHBI
OTOOpaHHBIE C  y4Y4eTOM  OIpPEIENCHHBIX
KpUTEPUEB TIOJIMMOPQHBIE JTOKYCHI TPEX TPYIIIT
TCHOB-KaHIUAATOB — (aKTOPOB pOCTa U HUX
pELenTOpOB,  PELENTOPOB  3CTPOTEHOB U
MporecTepoHa, (aKTOpoB, YYACTBYIOIIMX B
mporeccax —Koaryjasiud — KpoBH  ((hakTopbl
HaCJIeZICTBEHHBIX TpoMOodunwmii). [Ipu oTGope
MOMMMOP(GHBIX  JIOKYCOB  T'€HOB-KaHIUIATOB
YUUTHIBAJIUCh ~ CICAYIONIME  KPUTCPUH: )
accollMalid C OCJIOKHEHUSIMU OepeMEeHHOCTH
(I3, 3PII wu gp.) 0O JaHHBIM — paHee
MIPOBEIICHHBIX TCHETHYCCKUX aCCOIMATHBHBIX
WCCIIeZIOBaHUM; 0) 3HAYMMBIA PETYIATOPHBIN
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(3AMUreHeTHYeCKHii) MMOTEHITNAIT; B) aCCOITUAIIIH
C  DJKCOpeccHMe  TeHOB; T)  4acToTa
noauMop(HOro BapraHTa He MeHee 5%.

JUI OLIEHKH perynsaTopHOro MoTeHIuaa
paccMarpuBaeMbIX B pabOTe MOIUMOPQHBIX
JIOKYCOB, UX CBSI3M C TPAHCKPHUIIIMEH T'€HOB, a
TaKkKe PacIpOCTPAHEHHOCTH TMOIUMOP(HBIX
BapUaHTOB B Pa3IMYHBIX MOIMYJISIHUSIX U B TOM
YUCJIE €BPOIEHCKHX, HUCIIOIb30Bajlach OH-JIAWH
0aza pmannbix HaploReg (mara mocryna:
15.01.2023 -
http://archive.broadinstitute.org/mammals/haplo
reg/).

Jns  Hacrosiiero wuccienoBaHus (co-
IJIACHO BBIIIE 0003HAYCHHBIX KPUTEPHEB) ObLIN
otoOpanb! 13 monmuMopdHBIX JOKYCOB psia re-
HOB, B TOM YHCJI€ T€HOB (PAaKTOPOB pocTa U pe-
nenropoB  ¢akropoB  pocra  (rs833061
VEGFA,rs6214 IGF1,rs4444903
EGF,rs2981582 FGFR2,rs1800469 TGFf1), re-
HOB PELENITOPOB 3CTPOI€HOB M IMPOreCTEpOHa
(rs2234693 ESR1, rs9340799 ESR1, rs3798577
ESR1, rs484389 PGR, rs1042838 PGR), renos
HacJEACTBEHHbIX TpoMOopuiuit  (rs1126643
ITGA2, rs5918 ITGB3 u rs5985 F13A1). Cre-
JyeT OTMETHUTb, YTO Bce 13 BKIIFOYEHHBIX B UC-
CIIEIOBAaHUE TOMUMOP(HBIX JIOKYCOB, HMEIOT
3HAYUMBIM PETYJSITOPHBIA IOTEHUMAN, B TOM
yrcie Tpu u3 Hux (rs1042838, 1s5918 u rs5985)
MPUBOIAT K HECUHOHUMHYHBIM 3aMEHAM aMH-
HOKHUCIIOT B  KOAMPYEMBIX  TOJHUIETITHAAX
(F13A1,PGR,ITGB3), 8 510KycOB UMEIOT CBSI3U
C TeHHOM  »HKchpeccwe, 3 JoKyca
(rs2981582,rs5985,rs1800469) 1o JaHHBIM I10JI-
HOTreHOMHBIX uccnenoBannii (GWAS) cBsi3aHbl ¢
TaKuMH 3a00JIeBaHUSIMU U TIPU3HAKAMH KaK KO-
HEeYHas CTaus TeMOKOATYIISINH, PaK MOJIOUHON
JKEJIe3bl U JIp.) U MUHOPHBIE aJlJIeNId BCEX pac-
CMAaTpUBAEMbIX MOJIUMOP(PHU3MOB BCTPEUAIOTCS
¢ yacroroit Oomee 10% cpenu eBporeiickoro
HaCEJICHHUSI.

B pabote ucnomnb3oBaiicss aMIuMpuKaTop
CFX-96-Real-Time  System, TecT  cu-
cTeMbl/HabO0pBI A reHoTunrpoBanus SNP, n3-
rotosiieHHbIe Ha 6a3e Cunron (Mocksa) u Tect-
I'en (YnpsiHOBCK). MccnenoBanre mpoBeieHo Ha
Kadenpe MeIUKO-OMOJIOTMYeCKUX JIUCIUILIHH
HMNY benl'Y MeronoM AUCKpUMHUHALIMK ajUie-
JIel 10 MTPOTOKOJIaM MPOU3BOAUTEINEH C KOHTPO-

JIeM Ka4yecTBa TeHOTHITMPOBAHUS (HCIOIB30Ba-
JIUCh TOJIOKUTEIbHBIE U OTPULIATENIbHBIE KOH-
TpOJbHBIE 00pa3ipl) [21].

Bce skcnepumeHTanbHble JaHHBIE (pac-
IIpeieJIeHe FeHOTUIIOB) OLICHUBAJIUCH HA NPe/-
MET UX COOTBETCTBUS 3aKOHY Xapau-Baiinbepra
(HWE) [22]. TIpu mpoBeneHHH 3TOTO aHaIM3a
BBOJIIIM TOTIpaBKy bondepponu, rae yduTsl-
BaJIM YKCJIO0 aHATTU3UPYEMbIX TOTUMOP(HBIX JIO-
kycoB (N=13, pbont=0,05/13=0,0038). Takum 00-
pa3oM, CTaTUCTUYECKH 3HAYMMBIM CUUTAIH OT-
KJIOHEHHE HaOJII0/ITaeMOTr0 pacrpeIesieHUs [EHO-
TUIOB OT TEOPETUYECKU OXKHMJIAEMOTO TPHU PaB-
HoBecun HWE mipu p<0,0038. Taxk >xe ripu mnpo-
BEJICHUM IOIYJISILIMOHHO-TEHETUYECKOTO0 aHa-
JI3a HAMU BBIMOJIHEH pacyeT YaCTOT MUHOPHBIX
ajuleNiell o paccMaTpUBAaEMbIM TOJUMOPHU3-
Mam.

BsaumoneiictBue noaMMOpPQHBIX JIOKY-
COB, aCCOIMHMPOBAHHBIX C U3yYaeMbIMH OCJIOXK-
HEHUSIMA OEpEeMEHHOCTH, BU3YAJIU3ALHUIO U
oIpe/ieNieHre XapakTepa (CHHEepriu3M/He3aBUCH-
MBI 3 exT/anTaroHn3M) U cuIIbl (BKJIaJ B dH-
TPOITUIO TIPU3HAKa/3a00JIeBaHus) JaHHBIX B3au-
MojeicTBuil, n3ydanu merogamu MB-MDR un
MDR [23]. ITo pe3ynbTaTaM MpoBEICHHOTO aHa-
JIM3a MEXJIOKYCHBIX B3aUMOJEHCTBHI (HaHHOE
HCCIIEZIOBAHUE BBITIOIHIIOCH B IIporpamme MB-
MDR cpenpl R) otOupanucs Haubonee 3Ha4YH-
MbI€ MOJIETH (XapaKTepU3yOTCs HAauOOIbIIHNMU
3HAUCHUSIMH CTaTUCTUK Bamnbaa) Tpex paszHbIX
YPOBHEM - 2, 3 1 4 JIOKyCHbIE B3aUMOJICUCTBHS.
B kauecTBe KOBapHaT paccMaTpUBAIUCH KOJIH-
YeCTBEHHbIEC NEepEeMEHHbIE — BO3pacT OepemMeH-
HOW M MHJEKC Macchl Teja )KEHIIMHBI 10 Oepe-
MeHHOCTH. [Ipu 3TOM MpoBoAMIACE KOPPEKIIUS
Ha MHOKECTBEHHbIE CpPaBHEHMSI — ObUTH BBIIOJI-
HEHbl MEPMYTALMOHHBIE TIEPECTAHOBKHU (OCY-
mectBisiioch 1000 nepmyTanmii). Cratuctude-
CKM 3HAYUMBIMH CYHTAIWCh pa3Iu4yus Ha
ypoBHE Pperm<0,05. [lepMyTalinoHHOE TECTUPO-
BaHHe NpoBoawiIoch B porpamme MB-MDR B
cperne R.

Jst nonmumopdHbIX T0KycoB 159340799 u
1s2234693, mokazaBIIMX HauOoJiee BbIPAKEH-
HBIE acCOLMAIMU MPU MEKIOKYCHBIX B3aUMO-
JEUCTBUSIX C OCIIOKHEHHAMH OEpEeMEHHOCTH
(m3omupoBanHnas 119, coueranue [19 u 3PII) u
SNPs, cunbHO cremieHHbBIX (12>0,6) ¢ HUMH
MIPOBEJICH aHaN3 (PYHKIIMOHATIBHOTO 3HAUCHHS.
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I[J'DI 9TOr0 GBUII/I HCIIOJIb30BAHbI MHUPOBBIC OH- MOJICKYJIAPHO-TCHCTUYCCKOI'O HCCJIC0OBaHUA

JTaiiH pecypchl (0as3pl aHHBIX) MO (DYHKIHO-
HaJIbHOM reHomuKe Takue kak HaploReg, GTEX-
portal. Onpenenenue cuibHO crerieHHbIX SNPS
C W3y4aeMbIMH HAMHU MOJMMOP(GHBIMHU JIOKY-
caMd TMpoBOAWIOCH B mporpamme HaploReg
(v4.1). Mcnonb30Baiuch OIICHKH HEPABHOBECHUS
no cuerteHnto Mexay SNPS mo eBpormeiickoii
nomyssiuu 13 npoekra 1000 I'enomos nipu 3a-
JTAHHOM I[TIOPOrOBOM 3HAYEHUU 2>0,6.

PesynbTatel M ux ob0cyxaenue. B
HayaJle IaHHOT'O UCCIIEA0BaHNs HAMU IIPOBEEH
MOMYJISIIIMOHHO-TEHETUIECKUI aHaJIM3 PacIpe-
JIeTICHUs. pacCMaTpUBAEMBIX MOJIEKYJISIPHO-Te-
HETUYECKHUX MapKEPOB U UX COOTBETCTBHE OXKH-
JaeMbIM TapaMeTpaM MPH BIMOTHEHUU PABHO-
Becusi Xapau-Baitn6epra (HWE) Bo Bcex m3y-
yaeMbIx 4 rpynmax OepeMEHHbIX C LEJbI0
OIICHKH Ka4eCTBa TeHETHUECKUX JAaHHBIX, TIOTY-
YEHHBIX JKCHepUMeHTaIbHO. (COOTBETCTBHE
MEXTy HaOJIF0JaeMbIM U 03KUAaEMbIM COTJIACHO
HWE pacnpenenennemM reHOTUIIOB CBUICTEINb-
CTBYET O «KOPPEKTHOCTH» IPOBEICHHOTO IKC-
MEPUMEHTAILHOTO TEHETUYECKOTO HCCIIEI0BA-
HUS  (TONyYCHHBIE TCHETHYCCKHE JaHHBIC
MO>KHO HCIIONIb30BaTh MPH aHAIU3E accolua-
1Uii), TOrJa Kak BBISIBICHHBIE HECOOTBETCTBUS
MeXy HaOJIF0JaeMbIM U 03KUAaEMBIM COTJIACHO
HWE pacnpenenenneM reHOTUNOB YKa3bIBalOT
Ha HEOOXOAMMOCTBH <«(IOTIOTHUTENILHBIX» UCCIIe-
JIOBaHMIA, KOTOPBIE ObI MOTBEPANIN «KOPPEKT-
HOCTB» MPOBEJICHHOTO SKCIIEPUMEHTAIBHOTO I'e-
HETUYECKOT0 HCCIeoBaHus (TPOBEICHUE II0-
BTOPHOTO TEHOTHUIHUPOBAaHUS W Jp.). JlaHHBII
«TIOJITOTOBUTENBHBIA JTAal» aHaIM3a TepPBUY-
HBIX TEHCTUYECKUX JIAHHBIX SIBISICTCS 00s3a-
TENFHBIM U TIO3BOJISIET U30EeKaTh MOMyYeHUE B
pe3ysbTaTe aCCOIMATUBHOTO aHAIN3a JIOKHOTIO-
JIOKUTENBHBIX/JI0KHOOTPHUIIATENILHBIX ~ PE3YIIh-
TaTOB, YTO OE3yCJIOBHO TMOBBIIIAET KaueCcTBO
MPOBOIUMOTO0 HAMH TE€HETHKO-3MHIEMHOIOTH-
YECKOro UCCIIEJOBAHMSI.

Pe3ynbpraThl TMpPOBEIEHHOTO MOMYJISIIU-
OHHO-TEHETUYECKOI0 aHajin3a IMOKa3aJid, 4TO
MIPAKTUYECKH U BCEX PACCMOTPEHHBIX HAMU
SNPS Bo Bcex n3y4aeMpIX Tpymax 6epeMeHHbBIX
(m3omupoBanHnas 119, nzomuposannas 3PI1, co-
yeranue [19 u 3PII, koHTpONBHAS TpyIITa) TO-
Jy4eHHOE HaMU B pPe3yJibTaTe MPOBEIECHHOTO

SHMITMPUYECKOE PACTIPECTICHHE TEHOTHIIOB CO-
OTBETCTBYET TEOPETUYECKH OXHIAEMOMY IIpH
paBHoBecun HWE. s nByx momumMopdHBIX
JIOKYCOB B JIBYX I'pymmax OepeMeHHbIX HaOo-
J1a7I0Ch HEKOTOPOE OTKJIOHEHHE B HAOJIF01aeMOM
pacnpeniesieHuy TeHOTHUIIOB B CPABHEHUH C OXKHU-
naeMbIM coritacHo paBHoBecuss HWE: cpenu Ge-
pPEMEHHBIX ¢ u30aupoBaHHOM 10 no nonumop-
¢dbusmy rs5985 rena F13Al 3apeructpupoBaHo
YBEJIWYEHHE JIOJIM TOMO3UIOT U CHU)KEHHE COOT-
BETCTBEHHO JI0JIM '€TePO3UTOTHBIX UHUBUIYY-
MoB (Ho0=0,332, He=0,408 p=0,008), a B rpymre
O6epeMeHHbIX ¢ u3oiaupoBaHHoi 3PII nmo monu-
MoppHOMY JIOKycy 154444903 rena EGF,
HA00OPOT, BBISIBJICHO MOBBIIICHUE YIEIBHOIO
BeCa IeTePO3UTOTHBIX UHANBUYYMOB U YMEHb-
menue gomu romo3urot (Ho=0,577, He=0,500
p=0,044) B cpaBHEHNH C 0KUTAEMBIM pacrpese-
JICHUEM TEHOTHIIOB COIJIACHO PaBHOBECHS
HWE. Cnenyer OTMETHTH, YTO BKJIIOUCHHE B
aHanu3 nonpaBku boHdepponu (BBemeHa A
KOpPPEKIMU Ha MHO>KECTBEHHBIE CPaBHEHUSI CO-
TJIACHO KOJMYECTBY PacCMaTPUBAEMBIX IOJIH-
MOP(HBIX JIOKYCOB (n=13,
pooni=0,05/13=0,0038)) oTKIIOHEHHsT B pacrpe-
JIeTICHUU TEHOTUIIOB IO JIByM BbIIIEyKa3aHHBIM
nomumopduzMam  (rs5985 rena F13A1 wu
154444903 rena EGF) cpeau 6epemennsix ¢ [19
u 6epemenHbIX ¢ 3PI1 oka3ainch CTaTUCTUYECKU
He 3HauuMbiM (P>0,0038) u crenoBarenbHoO,
MOXHO 3aKJIIOYHTh, YTO BCE PacCMaTpHBacMbIe
HaMH TOJNMMOpP(]HBIE JIOKYCHI BO BCEX H3yyae-
MBbIX 4 rpymnmax GepeMeHHBIX MPOILUTH TECT Ha
cootBerctBue HWE 1 MoryT ObITh HCHONB30-
BaHbl Ha JAIBHEHINNX JTarmax Hamed paboTsl
IIPU N3YYEHUH ACCOLAAIUI.

Ha cnenyrommem stame paGoThl MBI TIPO-
BEJIM aHAJIM3 B3aUMOJCHCTBUI MOIMMOPQHBIX
JIOKYCOB, C II€JIbI0 YCTAHOBJIEHHS MEXTCHHBIX
B3aUMOJICHCTBUH, OIPEENISIOMINX O/IBEPIKEH-
HOCTh K OCJIO)KHEHHSIM OepEeMEHHOCTH (U30J1H-
posanHoe 3PI1, n3onmuposannas 13, couetanne
13 u 3PII), a Takxe onpeneneHnss KOHKPETHBIX
KOMOWHAIIMI TeHOTUIIOB, CBSI3aHHBIX C PUCKOM
Pa3BUTHSA PA3IUYHBIX OCIOKHEHHI OepeMeHHO-
ctu. [{ist 3Toro Mel Hcmonbp30Bam MeTo 16l MB-
MDR u MDR. Ilony4eHHble pe3yabTaThl NpU-
BeJICHBI B TaOnmIax 1 u 2 u pucyHkax 1-3.
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Tabnuya 1
Me:KTreHHbIEe B3aHMOHeﬁCTBHH, ACCONMUPOBAHHBIC C PAa3BUTUEM OCJIOKHEHU ﬁepeMeHHOCTI/I !
Table 1
Intergenic interactions associated with the development of pregnancy complications
PuckoBbie IIporekTHBHBIEC MOAEIH P Pperm
Moae/In
Hepeqeﬂb l'lOJ'lI/lMO[)(iWISMOB, BKJIKYCHHBIX B MOJ1€/IN
n B W n B W
W3onuposannas 3PII
2 nokyca:rs2234693 ESR1xrs6214 IGF1 1 1,85 8,63 1 -1,03 3,17 0,003 0,018
3 noxyca:rs484389 PGRxrs6214 IGF1xrs4444903 EGF - - - 3 -2,23 11,89 0,0006 0,012
4 noxyca:rs5985 F13A1xrs2234693 ESR1xrs484389 PGRxrs6214 IGF1 2 1,98 6,76 4 -1,89 19,02 0,00001 0,001
Nzonuposannas 110
2 nokyca:rs9340799 ESR1xrs2234693 ESR1 3 2,10 2482 | 3 -1,27 21,57 0,0000006  |<0,001
3 nokyca:rs9340799 ESR1xrs2234693 ESR1xrs4444903 EGF 1 2,10 4,09 5 -1,26 19,66 0,000009 <0,001
4 nokyca:rs9340799 ESR1xrs2234693 ESR1xrs2981582 FGFR2x rs833061 VEGFA 1 1,94 3,46 4 -1,85 25,03 0,0000006 <0,001
Coueranue [19 u 3PI1
2 nokyca:rs9340799 ESR1xrs2234693 ESR1 1 2,38 9,27 2 -1,11 7,24 0,002 0,033
3 noxyca:rs5918 ITGB3xrs2234693 ESR1xrs484389 PGR 2 1,50 9,59 - - - 0,002 0,042

[Ipumeganne: pe3ynbTaThl HOXy4eHB MeTogoM MB-MDR (mpoBoamiack KoppeKnus Ha KOBapHatThl);  — kodddummenT moructuieckoit perpeccun; W — cratuctuku Bampma; P —
YPOBEHb CTaTUCTUUECKON 3HAUNMOCTH; Pperm — YPOBEHB CTAaTUCTHYECKON 3HAYMMOCTH TOCJIE TPOBEIEHHOTO TIEPMYTAIL[MOHHOTO TECTHPOBAHUSI.
Note: results obtained by MB-MDR method (correction for covariates was performed); B — logistic regression coefficient; W — Wald statistics; P — statistical significance level; Pperm —

statistical significance level after permutation testing performed.
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CornacHo NOJIY4YEHHBIX HaMHM JIaHHBIX,
puck pa3Butus uzonupoBanHoi 3PII onpenens-
eTcs TpeMsl MOJEISIMA MEXIIOKYCHBIX B3aUMO-
nevictuit (0,001<pperm>0,018) 5 mommopus-
MoB: 54444903 EGF, rs6214 IGF1, rs2234693
ESR1, rs484389 PGR 1 rs5985 F13A1 (Tabm. 1).
[Ipu sToM mommmopdHsIA okyc 1$6214 IGF1
UTPAET KIFOUYEBYIO POJIb B OTUX MOJEISIX — OH
BXOJUT B COCTaB BCEX 3-X MOJEIEH, ONIpeaes-
IOLLUX PUCK Pa3BUTHUS U30aupoBaHHoil 3PIL.

Tak e, mapHOe MEXJIOKYCHOE B3aMMOJICii-
ctBue 52234693 ESR1xrs6214 IGF1 sBusietcs
OCHOBOH 2-X M3 3-X MOJeIeH, BOBJICUCHHBIX B
¢dopmupoBanue uzonmpoanHoit 3PI1. Hamm
YCTaHOBJICHBI (B paMKax BbIIIEYKa3aHHBIX MO-
nerneit) 3 «IpOTEeKTUBHBIC» KOMOWHAITH T'eHO-
tunoB (mokazarenu =-1,22 - -2,39) u oxna
«PUCKOBas» IBYXJOKYCHAas KOMOWHAIUSAX —
TT-rs2234693  ESR1xGA-rs6214  IGF1
(B=1,86), Bnustomux Ha GOPMHUPOBAHUE HU30-
nupoBanHou 3PII (Taom. 2).

Tabauya 2

JlanHble 0 pacnpeneseHU KOMOMHAIUI T€eHOTHIIOB, ACCOIUMPOBAHHBIX
¢ pa3BUTHEM OCJIO:KHEHNH OepeMeHHOCTH

Table 2

Data on the distribution of genotype combinations associated with the development
of pregnancy complications

Yacrora koméuHanuu, % (n) B P Addexr
TI'enoTunuyeckass KOMOMHAIIMS
0CJI0KH. OepeMeH. | KOHTPOJIb
W3onuposannas 3PI1
TT-rs2234693 ESR1xGA-rs6214 IGF1 16,33 (32) 11,42 (37) | 1,86 0,003 PHCKOBBDIi
TC-rs484389 PGRxGG-rs6214 1,53 (3) 3,39 (11) | -2,32 0,031 MIPOTEKTUBHBIN
IGF1xAG- rs4444903 EGF
GG-rs5985 F13A1xCT-rs2234693 ESR1x 2,55 (5) 3,39 (11) | -2,39 0,027 MIPOTEKTUBHBIN
TC-rs484389 PGRxGG-rs6214 IGF1
GG-rs5985 F13A1xCT-rs2234693 ESR1x 3,06 (6) 7,41 (24) | -1,22 0,048 MIPOTEKTUBHBIN
TC-rs484389 PGRxGA-rs6214 IGF1
M3onuposannas [19
AA-rs9340799 ESR1xCC-rs2234693 2,63 (5) 5,86 (19) | -1,89 | 0,0005 | mpoTEKTHBHEII
ESR1
AA-rs9340799 ESR1xTT-rs2234693 21,05 (40) 14,81 (48) | 2,45 | 0,0009 PHCKOBBI
ESR1
GG-rs9340799 ESR1xTT-rs2234693 0,52 (1) 1,85 (6) -2,66 0,014 MIPOTEKTUBHBIN
ESR1
AA-rs9340799 ESR1xCC-rs2234693 1,05 (2) 1,85 (6) -1,83 0,031 MIPOTEKTHBHBIN
ESR1xAG-rs4444903 EGF
AA-rs9340799 ESR1xTT-rs2234693 8,95 (17) 8,33 (27) 2,10 0,043 PHUCKOBBI#
ESR1xAG-rs4444903 EGF
AG-rs9340799 ESR1xCT-rs2234693 1,05 (2) 5,56 (18) | -1,97 | 0,017 NPOTEKTHBHBIN
ESR1xCC-rs2981582 FGFR2xCC-
rs833061 VEGFA
AA-rs9340799 ESR1xCC-rs2234693 0,52 (1) 2,78 (9) -2,92 | 0,006 MPOTCKTHBHBIH
ESR1xCT-rs2981582 FGFR2xCT-
rs833061 VEGFA
Couetanue 1D u 3PII
AA-rs9340799 ESR1xTT-rs2234693 19,74 (15) 14,81 (48) | 2,38 0,002 PHUCKOBBI#
ESR1
TT-rs5918 ITGB3xTT-rs2234693 13,16 (10) 4,01 (13) 1,93 0,016 PHUCKOBBI
ESR1xTC-rs484389 PGR

[Tpumeuanue: pe3ynbTarhl nonyueHsl MerogoM MB-MDR (npoBoauiack koppekius Ha KoBapuarsl);  — ko3 dHUunueHT
JIOTHCTHYECKOH perpeccuu; P — ypoBeHb 3HAUMMOCTH; KOMOWHAIIMK T€HOTHIIOB PHUCKOBOI HAIIPABIEHHOCTH BBIZCIICHBI

JKUPHBIM.

Note: results obtained by MB-MDR method (correction for covariates was performed); p — logistic regression coefficient;
P — significance level; combinations of risky genotypes are highlighted in bold.
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PazButne wm3onupoBanHoil 19 Tak xe
CBSI3aHO C TpeMs HanboJiee 3HAYNMBIMU MO/Ie-
JSIMHA MEKT€HHBIX B3aUMOJCHCTBUI
(Pperm<0,001), mepBOCTENEHHOE 3HAYCHHE B
KOTOPBIX (BXOJUT B COCTaB BCeX 3-X Mojelieit)
HMEET  JBYXJOKYCHOE€  B3aUMOJICUCTBHUE
rs9340799 ESR1xrs2234693 ESR1 (Ta6mx. 1).
B 1esioM nmoaBep:k€HHOCTh K M30JIUPOBAHHOM
[1D ompenensieTcss MEXIOKYCHBIMU B3aMMO-
JNEHCTBUSAMH TISATH JOKYCOB: 154444903 EGF,
rs833061 VEGFA, rs2981582 FGFR2,
rs2234693 ESR1, rs9340799 ESR1. C pa3Bu-
THeM u3oiupoBaHHou [1D accomuupoBansl 5
KOMOMHAIM{ ~ TCHOTHIIOB  NPOTEKTUBHOU
HarnpasiieHHocTH (= -1,83 - 2,92) u nBe KoM-
OWMHAIIMM PUCKOBOW  HAMpPABICHHOCTH —
AA-rs9340799 ESR1xTT-rs2234693 ESR1 (B
= 2,45) u AA-rs9340799 ESR1xTT-rs2234693
ESR1xAG-rs4444903 EGF (B = 2,10)
(Tabmn. 2).

®opmupoBanue coyeranus 3PII u 11D
ACCOIIMUPOBAHO C JBYMSI MOJCIISIMH MEXI'CH-
HbIX B3aumonencTBuil (0,033<pperm>0,042) B
KOTOPBIX «3a/IeCTBOBaHOY 4 moymMopdu3ma:
rs2234693 ESR1, rs9340799 ESR1, rs484389
PGR, rs5918 ITGB3 (Taou. 1). /Ise komOuHa-
LMY TE€HOTHUIIOB, MOKA3aBIIUX CTATUCTUYECKU
3HAQUYMMBbIE€ aCCOLMAIIMK C PAa3BUTHUEM COYETa-
nus 3PIT u I19 - AA-rs9340799 ESR1xTT-
rs2234693 ESR1 u TT-rs5918 ITGB3xTT-
rs2234693 ESR1xTC-rs484389 PGR, oka3bi-
BaIOT PUCKOBOE BJIMSHUE HA BO3SHUKHOBEHHE
JTAHHOTO OCJIO)KHEHHS OepemeHHOCTH (f =
2,38 u f = 1,93 coorBercTBeHHO) (Taodm. 2).

BaxHO TOTYEepKHYTH, YTO KOMOMHAIIHS
TE€HOTHIIOB AA-rs9340799 ESR1xTT-
rs2234693 ESR1 B pamMkax HIBYXJIOKYCHOTO
B3aumoeicteus rs9340799 ESR1xrs2234693
ESR1 sBnsieTcst puckoBoit kak s hopMHPO-
BaHus u3onupoBanHoil 11D (B = 2,45), tak u
1t pa3Buths couetanus [19 u 3PII (B = 2,38),
YTO MOXKET YKa3bIBaTh Ha YHUBEpPCAIbHOE 3HA-
YeHHE 3TOH KOMOWHAIIMHA T€HOTHIIOB B Pa3BU-
tuu [19 B nenom. Okomno 20-21% KeHIIMH C
JTaHHBIMU ~ OCJIOKHEHUSIMU  OepeMEeHHOCTH
UMEIOT 3Ty TEHOTHITMYECKYI0 KOMOWHAIIHIO,

TOrJ]a KaK B KOHTPOJIbHOM IpyIIe MPOLEHT Ta-
KHUX KEHIIUH He AocTuraeT ypoBHs 15%.

Jlis u3yyeHus CUIIbl U HaIllPaBJIEHHOCTH
MEKJIOKYCHBIX B3aUMOJICHCTBUM, ONpeAeIisio-
X TOJBEPKEHHOCTh K M30JIMPOBAHHBIM U
COYCTAHHBIM OCJIOXKHCHHSIM OCpEeMEHHOCTH
MbI TIOCTPOUIIU ACHIPOTPaMMBbI U Tpadbl s
COOTBETCTBYIOIIUX JIOKYCOB. MTak, B ¢opmu-
poBanue wu3onaupoBanHou 3PII (camocTosi-
TEJNbHO, B COCTaBE ralIOTUIIOB (paHee IOoJy-
YEHHbIE JaHHbIE [24, 25] 1 MEXJIOKYCHBIX B3a-
UMOJICHCTBUH (JaHHBIE HACTOSILIErO UCCIIEA0-
BaHUs1)) COMIACHO MOJTYYEHHBIX HAMU JaHHBIX
BoBJeueHbl 6 JOKycoB — 154444903 EGF,
1s6214 IGF1, 152234693 ESRI, 1s9340799
ESRI, 15484389 PGR wu 155985 F13A41 (nenn-
porpamma u rpad B3auMoJCHCTBHS ITHX JIOKY-
COB TpencTaBieHbl Ha puc. 1). Hamu oOHapy-
YKEHBI BBIPAKEHHBIE MHUCTATHUYECKUE B3aUMO-
JICUCTBUSI CUHEPrETUYECKOW HANPaBJICHHOCTH
(Ha nenaporpamme u rpade JMHUU, UX COETU-
HAIOIINE OKPAIIEHbI B KPAaCHBIM LIBET) MEXKIY
1s2234693 ESRI wn rs9340799 ESRI (Bxnan B
sHTponuio mnpusHaka — 0,71%), rs2234693
ESRI n 155985 FI13A1 (Bkinag B SHTPOIHIO
npusHaka — 0,45%).

B pa3Butue uzonuponannoi [19, kak mo-
Ka3aJld pe3yJbTaTbl Hameil paboThl, BOBIIE-
YEHbl TakK ke 6 JokycoB - rs4444903 EGE
1s833061 VEGFA, 12981582 FGFR2,
1s2234693 ESR1, 1s9340799 ESR1, rs1042838
PGR (mamHBIE HACTOSIIETO HCCICIOBAHUS U
paHee TOJyYeHHBIC Pe3yJbTaThl [26]) (meHm-
porpamma u rpad B3auMOJEHCTBUS ITHX JIOKY-
COB TIpeNICTaBlIeHbI Ha pucyHke 2). Haubonee
3HAYMMBbIe (MMEIOT HauOONbIINE 3HAYEHUS TI0-
Kazaresei SHTPONNN) CHHEPTreTUYeCKHe B3au-
MoJIeHCTBUS (HA JeHAporpamme U rpade Iu-
HUU, UX COCTMHSIIONINE OKPAIICHBI B KPACHBII
1BeT) Mmpu (GOPMHUPOBAHUH H30JIUPOBAHHOMN
[I9 Hamm 3aperucTpupoBaHbl JUIS JIBYX Iap
JIOKYCOB - 152234693 ESRI u 19340799 ESRI
(Bxmag B oHTponuio mpusHaka — 0,97%),
rs1042838 PGR w 154444903 EGF (Bkian B
sHTponuio npuzHaka — 0,90%).
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Puc. 1. leanporpamma (A) u rpad (b) B3aumoaeicTBrii MoIuMOPQHBIX JOKYCOB, MOKAa3aBIINX 3HA-

YrMbIe acconuanuu ¢ uoauposannoi 3PII (momydensr merogom MDR)
[Mpumedanue: rpad) XxapakTepu3yeT CHILy M HaNPaBICHHOCTh BIUSHUS MOTUMOP(HBIX JOKYCOB M UX COYSTAHMI Ha pa3-
Butue n3onuposaHuoit 3PII (% sutponmu). [Ipu odo3nauenun nomumopdusma ykazan rs SNP. KpacHblil 1 opaHxKeBbIi
LIBET JINHUU YKa3bIBAIOT Ha BBIPAKEHHBIA U YMEPEHHBIH CHHEPIH3M, KOPHYHEBbI — HE3aBUCHMBIN Y deKT, 3eNeHbIi 1
CHHUI — YMEPEHHBIN U BBIPaKEHHBIN aHTATOHU3M COOTBETCTBEHHO.

Fig. 1. Dendrogram (A) and graph (B) of interactions of polymorphic loci showing significant asso-
ciations with isolated PD (obtained by MDR method)

Note: the graph characterises the strength and directionality of the influence of polymorphic loci and their combinations

on the development of isolated PRA (% entropy). When denoting polymorphism, rs SNP is indicated. Red and orange

line colour indicate pronounced and moderate synergism, brown - independent effect, green and blue — moderate and

pronounced antagonism, respectively.
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Puc. 2. leanporpamma (A) u rpad (b) B3aumoaeicTBrii MoIuMOpPQHBIX JOKYCOB, MOKAa3aBIINX 3HA-

YHMbIE aCCOLHMAIINH ¢ W30 MpoBaHHOM [19 (moyuensr metogom MDR)
[Mpumeuanue: rpad xapakTepu3yeT CHIIy M HAIPaBICHHOCTh BIUSHUS MOJIUMOPQHBIX JJOKYCOB M UX COYSTaHHH Ha pas-
Butue n3onuposannoit 3PII (% sutponun). [Ipu obo3nauenun nonumopdusma ykasas rs SNP. KpacHblii 1 oparxeBbIi
LBET JINHUYU YKa3bIBAIOT Ha BBIPAKEHHBIA U YMEPEHHBIH CHHEPIH3M, KOPHYHEBbI — HE3aBUCHMBIN YQdeKT, 3eNeHbIi 1
CHHUI — YMEPEHHBIN U BbIPaKEHHBIN aHTATOHU3M COOTBETCTBEHHO.

Fig. 2. Dendrogram (A) and graph (B) of interactions of polymorphic loci showing significant asso-
ciations with isolated PE (obtained by MDR method)

Note: the graph characterises the strength and directionality of the influence of polymorphic loci and their combinations

on the development of isolated PRA (% entropy). When denoting polymorphism, rs SNP is indicated. Red and orange

line colour indicate pronounced and moderate synergism, brown — independent effect, green and blue — moderate and

pronounced antagonism, respectively.



Opueunanshas cmamos T'os08ueHko OB. OcobeHHOCMU MEHCAOKYCHBIX ...

Original article Golovchenko OV. Features of interlocus interactions ... 542

rs5918

L rs9340799

rs484389

rs2234693

b

Puc. 3. leanporpamma (A) u rpad (b) B3aumoaeicTBrii MoauMOpPQHBIX JOKYCOB, MMOKAa3aBIINX 3HA-

yrMbIe acconranuu ¢ couetanuem 3PIT u 13 (momyyensr merogom MDR)
[Mpumeuanue: rpad xapakTepu3yeT CHILy M HAIPaBICHHOCTh BIUSHUS MOTUMOP(HBIX JOKYCOB M UX COYSTAHMI Ha pa3-
Butue n3onuposaHuoit 3PII (% sutponmu). [Ipu obo3nauenun nomumopdusma ykazan s SNP. KpacHblil 1 opaHxeBblit
LBET JINHUYU YKa3bIBAIOT Ha BBIPAKEHHBIA U YMEPEHHBIH CHHEPIH3M, KOPHYHEBbI — HE3aBUCUMBIN Y deKT, 3eNeHbli 1
CUHUI — yMEPEHHBIN U BBIPAXKCHHBII AaHTarOHU3M COOTBETCTBEHHO.

Fig. 3. Dendrogram (A) and graph (B) of interactions of polymorphic loci showing significant asso-
ciations with the combination of PD and PE (obtained by MDR method)

Note: the graph characterises the strength and directionality of the influence of polymorphic loci and their combinations

on the development of isolated PRA (% entropy). When denoting polymorphism, rs SNP is indicated. Red and orange

line colour indicate pronounced and moderate synergism, brown — independent effect, green and blue — moderate and

pronounced antagonism, respectively.
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Bozunknosenne coueranus 3PII u 119,
COTJIaCHO MaTepHaliaM JaHHOU paloThl, ompe-
nensiercss 5 jokycamu — 152234693 ESRI,
r$9340799 ESRI, rs3798577 ESR1, rs484389
PGR, 135918 ITGB3 (marepualibl HaCTOSIIETO
HCCIIEIOBAHMS U pAHEE IOJyYECHHbIE JaHHbIE
[27]) (nenporpamMma u rpad B3auMonenCTBUS
ATUX JIOKYCOB TPEJCTABIECHbI HA PUCYHKE 3).
HHTepecHO, 4TO B3aMMONEUCTBUS MEXKIY JIO-
kycamu 159340799 ESRI w rs3798577 ESRI
UMEIOT BBIPAKEHHYIO aHTarOHUCTUYECKYIO
HamnpaBlIEHHOCTh (Ha JEHApOrpaMMme u rpade
JIMHUU, UX COCJIMHAIONINE OKPAIIEHbl B CHHUI
I[BET) U OTIAUYAIOTCS HAHOONBIINM BKJIAJIOM B
SHTPONUIO NpHU3HAKa (pa3BUTHE COYETAHUS
3PII u [13), kotopsrit cocraBnseT -0,73%. Tpu
nonumopdusma - 1s2234693 ESR1, rs3798577
ESRI, rs484389 PGR, naubosnee 3Ha4UMO B3a-
UMOJICHCTBYIOT MEXAY COOOM B paMKax Tpex
MAapHBIX B3aUMOJCHUCTBUN CHHEPreTHYECKOM
HanpaBleHHOCTHU (Ha rpade JIMHUHU, UX COeH-
HSIOIIME OKpAlIeHbl B KpPacHBIM I1BET):
1$2234693 ESR1 urs484389 PGR (noka3zarenb
sutponuu  0,57%), 152234693 ESRI wu
rs3798577 ESRI (mokazaresib SHTPONUU
0,56%), rs3798577 ESRI wn rs484389 PGR
(mokazarens suTpormu 0,53%).

Utak, pestoMupys pe3yiabTaThl, MOIY-
YeHHbIE B JAHHOM pasjiesie padoTbl, MOKHO OT-
METUTh, YTO B (OpPMHUPOBAHUE H3OIUPOBAH-
HBIX M COYETaHHBIX OCJIOKHEHUN OepeMeHHO-
CTH BOBJICUEHBI MEXJIOKYCHbIE B3aUMOJICH-
CTBUA psifla pacCMaTPUBAEMbIX T'€HOB KaHIM-
naroB. Cpeau u3y4eHHbIX 13 momuMoppu3MoB
5 JOKycOB B COCTaBe MOJEJIEH MEKICHHBIX
B3aUMOJICHCTBUM  OINPEACISAIOT IOJBEPKEH-
HOoCcTh K wm3omupoBanHou 3PIT (rs4444903
EGF, 1rs6214 IGF1, rs2234693 ESR1,
rs484389 PGR u rs5985 F13Al), Heckoiabko
WHBIE 5 JIOKYCOB B paMKaX MEXIE€HHBIX B3au-
MOJICHCTBUI BOBIICUEHBI B (HOPMUPOBAHUE
m3onupoBanHon  [ID  (rs4444903 EGF,
rs833061 VEGFA, rs2981582 FGFR2,
rs2234693 ESR1, rs9340799 ESR1) u mexio-
KyCHbIE B3aUMOJACUCTBUS 4 MOTUMOP(PH3MOB
aCCOLIMMPOBAHbI C PUCKOM Pa3BUTHSI COUYETa-
Hus 3PIT u 11D (rs2234693 ESR1, rs9340799
ESR1, rs484389 PGR, rs5918 ITGB3).

Hcxons u3 BbILIENPUBEICHHBIX TaHHBIX
MO>KHO CJIeNIaTh BBIBO/I, YTO, BO-TIEPBBIX, OOIIIEH
TeHEeTHYECKON JETePMUHAHTON Pa3BUTHUS H30-

nmupoBaHHbIX Gopm 3PIT u [1D (B pamkax mex-
TeHHBIX B3aMMOJICHCTBUII) SBISIETCS JIOKYC
rs4444903 EGF, obmieit reneTnyeckoil gerep-
MUHAHTOH JUIs pa3BUTUs n30auposaHHoil 3PI1 n
coueranust 3PIT u 1D sBnsiercst nokyc rs484389
PGR, oOmeil reHeTH4eckoil IeTepMHHAHTOM
JUTST BOBHUKHOBEHUST M30aupoBaHHOM [1D u co-
yeranusi 3PII u IID coyxur nomumopduzm
rs9340799 ESR1. BecbMa BaKHBIM SIBIISICTCS TOT
(dakt, yto mosmModHBIN BapuaHT S2234693
ESR1 B pamMkax MeXreHHBIX B3aUMOJICHCTBUI
SIBIISIETCS] OOILIMM T€HETUYECKUM (PAKTOPOM JUIst
BO3HHKHOBEHHUSI BCEX TpPEX pPaccCMaTpUBAEMBIX
(bopM oCIOKHEHHI OEPEMEHHOCTH — U30JIUPO-
BanHoi 3PII, m3onupoBannoii 13, coueranus
3PIT u I1D.

Bo-BTOphIX, MTAapHOE MEKIIOKYCHOE B3aHU-
moneiictBue  1s9340799  ESRIxrs2234693
ESRI sBnsiercs o0mIMM TeHeTUYeCKUM (pakTo-
POM pHUCKa pa3BUTHs Kak u3oiupoBaHHo# 113,
Tak u couetanus 3PII u 110.

B-TpeTpux, mNATH YCTAHOBICHHBIX B
HaIiei paboTe pa3NnuYHbBIX KOMOMHALIUN T€HO-
TUTIOB, MMEIOIIMX PHUCKOBOE 3HAYCHUE IS
BO3HUKHOBEHHUS  pacCMaTpuBaeMbIX  (GopMm
OCJIOKHEHUN OEpEeMEHHOCTH, MOTYT HUMETh
Ba)KHOE MPAKTUYECKOE 3HAUCHUE JIJIsl BBIJIETIE-
HUS CpeAM >KCHIIWH TPH TperpaBUIapHON
MOITOTOBKE M HAa PAaHHUX CPOKax OepeMeHHO-
CTH TPYIIIBI PUCKA IO BOSHUKHOBEHUIO OCIIOXK-
HeHull OepeMEeHHOCTH, CpeId KOTOPhIX Hanbo-
Jiee MePCIEKTUBHBIMU MOTYT OBITh TPU PUCKO-
Bble KOMOWHAIIMU TEHOTUIIOB, HWMEIOIIUE
HauOONBIINN YPOBEHb CTATUCTUUYECKOM 3HAUH-
Moctu accormaiuit (p<0,005) ¢ ocnoxHEeHU-
SIMH OepeMEHHOCTH: TT-rs2234693
ESRIxGA-rs6214 IGFI — wu3onupoBaHHas
3PIT (B = 1,86, p=0,003); AA-rs9340799
ESRIxTT-rs2234693 ESRI — n3onupoBaHHAs
I (B = 2,45, p=0,0009) u coueranue 1D u
3PIT (B = 2,38, p=0,002).

CornacHo MOJMYyYEHHBIX HAMU JIAHHBIX,
BXHYIO POJb B pa3BuTuu 1D nMeroT nomnu-
Mop¢ubie n0kychl 1$9340799 u 152234693
rera ESR1: xomOuHarusi reHoTHUrOB AA-
1s9340799 ESRIxTT-rs2234693 ESRI sBns-
€TCs 3HAYMMBbIM (PAKTOPOM pHCKa BOZHUKHOBE-
HUS KakK u3oaupoBaHHoi [19, Tak u couetanus
I19 u 3PII. Ananu3 peryasaTopHOro NOTEHLU-
ama 26 SNPS, CHIBLHO CLEIIEHHBIX C ITOIH-
Mop¢HBIMU JTOKycamu 152234693 u 1s9340799
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rena ESR1 (Tabu. 4 u 5), mokasai, 4ro 00Jb-
IIMHCTBO W3 HUX MPOSBISIOT 3HAYUMBIE SITHU-
renetnaeckue  d¢pdexter.  [Tomumoppusm
rs2077647 pacmnonoxeH B 9k30He TeHa ESR1 u
MPUBOJUT K CHHOHUMUYHOMN 3aMeHE B KOJUPY-
emoM Oenke. [TomumopdusIii okyc rs2077647
JIOKAIIM3yeTCsl B HBOJIIOIIMOHHO KOHCEPBATHUB-
HOM peruone. Haubomnee BbIpaKeHHBIH pery-
JSTOPHBINA MOTSHIIMAT JEMOHCTPUPYIOT MOJH-
MopdHbie JIoKychl 52077647, rs62442056,
rs9479130 (Tab6u. 3 u 4). Tak, noaumMopdHbIit
aokyc s9479130, cuernnennsiii ¢ rs2234693
and rs9340799 rena ESR1 (r?=1,00 and r?=0,61
COOTBETCTBEHHO) PACIIOJIOkKEH B 00JacCTH TH-
nepuysctBuTenbHocTH K JIHKaze 1 B 24 Tka-
HSX, PETHOHE JBYX PETYISTOPHBIX MOTHBOB

JTHK (ZBTB33, AP-1) u perrioHe cBsi3bIBaHUS
c Tpemsi perynstopHbimMu Oenkamu (TCF12,
NRSF, SIN3AK20). Taxxe nokyc rs2077647
(cueruien ¢ 1s2234693) HaxoaUTCst B pErMOHE
MPOMOTOPOB B 24 pa3iMYHBIX TKAHAX, calTax
runepuyBcTBuTenbHOCTH K JIHKa3ze 1 B 7 Tka-
HsX, 00nactu 4 perynaropHsix MoTHBOB JIHK
(Znf143, RP58, LUN-1, Zfp410),peruone cBs-
3bIBaHMA C peryiasTopHbiM Oenkom HAE2FL.
SNP rs62442056 (cueruten c rs9340799) noka-
JM3YeTCs] B PETHOHE THIIEPYyBCTBUTEIBHOCTH
k JIHKa3e 1 B 29 TkaHsX, peTHOHE MTH pery-
naropasix MoTuBoB JIHK (CEBPB, Foxa,
Foxil, TCF12, HDAC2) u peruoHe cBsi3biBa-
HUS C TpeMs peryisTOpHbBIMH OelIKaMu
(NRSF, TCF12, SIN3AK20).

Tabnuya 3

PerysTopHblii OTEHIHA NOJIMMOP(HBIX JIOKYCOB, CHJILHO ClemIeHHbIX (r>0,6)
¢ rs2234693 rena ESR1

Table 3

Regulatory potential of polymorphic loci strongly linked (2>0.6) to rs2234693
of the ESR1 gene

LA d = =9 & b é-§ -
TMo3uumst , E% :E E § ?5§§ Eﬁ EM
cuemien SNP r’ D g = SE z S =3 é z'e =
= 2 = = 2 = Em S P e o=
o = = = o) = = = o =2 E
= ~ [
151807942 0,76 0,91 rs2077647 - 7 TkaHel HAE2F1 4 MoTHBa
151834828 0,77 -0,99 rs3003926 6 MOTHUBOB
151834829 0,76 -0,99 rs3020312 BDP1,Maf
151835062 0,85 -0,98 rs827423 6 MOTHUBOB
151835593 085 | -098 | rs827422 Half;:;:“' 8 MOTHBOB
151835987 0,84 -0,98 1s827421
151836746 0,96 0,99 rs6902771 Gl:lnk3X927,
151838491 0,98 0,99 rs9383593 Sin3Ak-20
151838765 0,98 0,99 r$3853250
151839931 1 1 19397448 4 MoTHBa
151841092 0,99 1 rs4870056 AFP1, ZEB1
151842200 1 1 rs2234693 6 MOTHUBOB
151842246 0,61 1 rs9340799 Ets,Hand1
151843104 1 1 1s7774230 JKuposast Tk. M}‘fo‘f;;“’ ?E#&
151843413 1 1 rs7739085 JKupoBast TK. 6 MOTHBOB
151845666 0,99 1 159322332 6 MOTHUBOB
NRSF,
151847321 1 1 159479130 24 txamn | TCFI2, z§$§é3
SIN3,AK?20
Pou2f2,
151847839 0,68 0,97 11968025 Pou3fl,
STAT
151849112 0,99 0,99 3853252



https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs2077647
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https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs3020312
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs827423
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https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs827421
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs6902771
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs9383593
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs3853250
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs9397448
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https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs2234693
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs9340799
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs7774230
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs7739085
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs9322332
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs9479130
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.1.php?query=&id=rs11968025
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OpMZMH(lﬂbH(lH cmamaus

Original article

HayuHble pezysbmamubl 6uomeduyuHckux uccaedosarutl. 2024;10(4):532-552
Research Results in Biomedicine. 2024:10(4):532-552

545

Tabnuya 4

PeryasTOpHbIii OTEHIHA NOJIMMOP(HBIX JIOKYCOB, CHJILHO ClemIeHHbIX (r>0,6)
¢ rs9340799 rena ESR1

Table 4

Regulatory potential of polymorphic loci strongly linked (r>0.6) to rs9340799

of the ESR1 gene

= Q é’_ s 5y i 2 u o é‘ g 2
Mo3unus 2 D' E & % z § E 4 E 2 § = é 2 é
cuemied SNP 3 B S E s 3 2=8T S e =t
=3 £ 2, = S EEH 5 3 =
O = Z = ™ = © A& =
151787904 0,72 | 0,89 rs1285058 KAP1, Pax-4
151788487 0,81 ] 0,91 rs145387702 4 MmoTHBa
151809783 | 0,77 [ 0,97 |  rs532010 - Koxa, Sox
ANYHUKHU
151818833 0,69 | 0,85 rs3853249 4 MmoTHBa
151834592 0,7 |-0,86 1s827424
151839621 0,94 1 rs3853251 10 MoTHBOB
151839931 0,61 1 rs9397448 4 moTHBa
151841092 0,61 1 rs4870056 AFP1, ZEB1
151841182 0,94 1 rs9322331
151842200 0,61 1 rs2234693 6 MOTHBOB
151842246 1 1 rs9340799 Ets, Hand1
XKuposast | Mpiuiipl, Gfilb,
151843104 0,61 1 rs7774230 K. Ko TATA
151843413 | 061 | 1 | rs7739085 )K“flf‘aa" & v
151845666 0,6 | 0,99 rs9322332 6 MOTHBOB
151846176 0,94 1 rs3936674 4 MoTuBa
NRSF,
151847311 0,94 1 rs62442056 29 tkaneit | SINSAK?20, | 5 moTuBOB
TCF12
NRSF, TCF1 AP-1
151847321 0,61 1 rs9479130 24 TKkaHu 2, ZBTBéS
SIN3AK20
151849112 0,6 | 0,99 rs3853252
151850763 0,8 | 092 | rs4870057 szgpign., AP-4, Rad21

16 SNPS, cunbHO CHEIUIEHHBIX C ¢ TOIUMOP(h-
HbIMU JIOKycamHu 1s2234693 u rs9340799 rena
ESR1 ¢ ypoBHem skcnpeccun rena ESR1 B mu-
ToBHIHOM xene3e (Tabm. 5).

C ucnosp30BaHMEM JAHHBIX IIPOEKTA
Genotype-Tissue Expression (GTEX) ycra-
HOBJICHA CBsI3b monuMopduzma 152234693 u
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Tabnuya 5

CBsi3b € IKCIpeccHeil FeHOB MOJIMMOP(HBIX JOKYCOB, CHILHO CHEILIEHHbIX (2>0,6)
€ rs2234693 u rs9340799 ESR1

Table 5

Correlation with gene expression of polymorphic loci strongly linked (r>0.6) to rs2234693

and rs9340799 of ESR1

I/Isytsl;e;amii Cuelg;\iegnmﬁ 2 D Fen D B Opran
rs2234693 rs3003926 0,77 -0,99 | ESR1 0,000056 -0,13 Thyroid
rs2234693 rs3020312 0,76 -0,99 | ESR1 0,000056 -0,13 Thyroid
rs2234693 rs827423 0,85 -0,98 | ESR1 0,000056 -0,13 Thyroid
rs2234693 rs827422 0,85 -0,98 | ESR1 0,000056 -0,13 Thyroid
rs2234693 rs827421 0,84 -0,98 | ESR1 0,000053 -0,13 Thyroid
rs2234693 rs6902771 0,96 0,99 ESR1 0,000015 0,14 Thyroid
rs2234693 rs9383593 0,98 0,99 ESR1 0,000027 0,13 Thyroid
rs2234693 rs3853250 0,98 0,99 ESR1 0,000027 0,13 Thyroid
rs2234693 rs9397448 1 1 ESR1 0,00003 0,13 Thyroid
rs2234693 rs4870056 0,99 1 ESR1 0,000055 0,13 Thyroid
rs2234693 rs2234693 1 1 ESR1 0,000035 0,13 Thyroid
rs2234693 rs7774230 1 1 ESR1 0,000035 0,13 Thyroid
rs2234693 rs7739085 1 1 ESR1 0,000049 0,13 Thyroid
rs2234693 rs9322332 0,99 1 ESR1 0,000045 0,13 Thyroid
rs2234693 rs9479130 1 1 ESR1 0,000051 0,13 Thyroid
rs2234693 rs11968025 0,68 0,97 ESR1 0,000054 0,13 Thyroid
rs2234693 rs3853252 0,99 0,99 ESR1 0,000073 0,13 Thyroid
rs9340799 rs9397448 0,61 1 ESR1 0,000051 0,23 Thyroid
rs9340799 rs4870056 0,61 1 ESR1 0,000055 0,13 Thyroid
rs9340799 rs2234693 0,61 1 ESR1 0,000035 0,13 Thyroid
rs9340799 rs7774230 0,61 1 ESR1 0,000035 0,13 Thyroid
rs9340799 rs7739085 0,61 1 ESR1 0,000049 0,13 Thyroid
rs9340799 rs9322332 0,6 0,99 ESR1 0,000045 0,13 Thyroid
rs9340799 rs9479130 0,61 1 ESR1 0,000051 0,13 Thyroid
rs9340799 rs3853252 0,6 0,99 ESR1 0,000073 0,13 Thyroid

OomrensBectHo, uTo TeH ESR1 kommpyer
pelenTopsl MEpBOrO TUMA K 3CTPOreHam,
KOTOPBIE, C OJTHOH CTOPOHBI, HTPAIOT BAXKHYIO

poiab B TOTEHUMUPOBAHHUH  3PQEeKTOB
3CTPOTEHOB B OpraHU3Me, C APYroil CTOPOHHI,
CITy’KaT BaXHEUIINM pEryIsITOpOM

3Kcnpecc1/m MHO>XKCCTBaA paSJ'II/I‘IHI)IX TCHOB
(http://www.genecards.orqg/).

Cnenyer

OTMETUTh, YTO 3CTPOTEHbI WIPAIOT BAXHYIO

PETYIATOPHYIO

(YHKITMOHUPOBAHHUH

poib B

pa3BuTUH
PENpPOIYKTUBHOM

n

cuctemsl [28]. Y Mbleil 1 KpbIC HapyILIEHUE B
(YHKITMOHUPOBAHHUH ESR1

BBI3BIBACT

Oecriofre Kak y caMoK, TaK M 'y caMIioB [29].
ESR1 npenmyIecTBeHHO SKCHpECCUPYETCs B
MOJIOYHBIX JKeJle3axX, TUIoTallaMyce, THITO(H3e,
MaTKe U KJIeTKaxX TeKu smuHUKOB [30]. DcTporen

SABJIACTCA

TJIaBHBIM

PETYISTOPOM

TOHAZOTPONHOro puaM3uHr ropmona (I'HPID).
I'HPI” cunTE3MpyeTCS B THUIIOTAIAMYCE U BITUSIET

Ha

CHUHTEC3

(b OJTHKYJIOCTUMYIHPYIOIIETO
runodusze, KOTOpPBIC SIBISIFOTCS KITFOYEBBIMU

peryisTopamMmu

JIFOTEUHU3UPYIOIIETO u
TOPMOHOB B

TOPMOHAJTBHBIX
COOBITHI, HEOOXOOUMBIX Ui HOPMAaJIbHOTO
MIOJIOBOTO  CO3PEBAHUS M PENPOLYKTHBHOM
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¢byukmu (http://www.genecards.org/).

Hapsny c 3TUM 3CTPOTCHBI
CTUMYJTUPYIOT aKTHBAIIUIO peuienTopa
uHCYIMHOTO00H0TO (hakTopa pocta 1 (IGF1R)
[30]. IGFIR OIocpeyeT 3¢ deKThI
MHCYIHHONOA00HBIX (akTopoB pocta IGF-1 n
IGF-2, Tem campIM CIOCOOCTBYS POCTY TUTO/IA U
HOBOPOXKJICHHOT'O, pearupysi Ha MaTepUHCKUE,
(eTanbHbIe U IJIALIGHTAPHBIE CUTHANBI, TAKUE
KaK KHCIIOPO/, TOPMOHBI M TIHTATEIbHbIC
BemiectBa [31]. IGF-1 koHTpomupyer pocT
IUI0Ja B OTBET HA JIOCTYMHOCTh MHUTATEIbHBIX
BelIEeCTB, B TO Bpems kak IGF-2 ctumynupyer
i epeHIpoBKY W POCT IUianeHTsl [32].
Kpome toro, IGF-1 u IGF-2 xonTpomupyror
CEKPELIMI0 TOPMOHOB, TPAHCIIOPT CyOCTPaTOB U
BJIMSIOT HA POCT IU10/1a TMOO HEeTIOCPEICTBEHHO,
BIMSST HA  TOMJIOLIGHHE M TPaHCIOPT
MUTATENIBHBIX ~ BEIIECTB  IUIAIIGHTOM, JHMOO
KOCBEHHO, BJIHSIS HA JOCTYITHOCTh MAaTEPUHCKUX
cyoctpatoB [32]. IlormomeHue TJIFOKO3bI M
amuHOKUCHOT ctumynupyercs IGF-1, IGF-2 u
tpoobmacramu [33]. Kak mokasano B psue
uccienoanuii 3PI1 y yenoBeka MOXKET OBITh
CBSI3aHO C XPOHUYECKOM MITOTIIMKEMHUEN T10/1a
[34].

PenienTopsl 3CTpPOreHOB HAXOIATCSA U B
raneHTe. ESR1 urpaer BakHyro posb Kak B
CTUMYJISIIIUN TePMHUHAIIbHOMI
(g epeHIIMPOBKE MOHOHYKJIEAPHBIX KIETOK
Tpodobaacta B CHHITMTHOTPOGOOIIACT, TaK U B
CTUMYJIUpOBaHUU (DyHKIMU TIaneHTsl [35].
UccnenoBanusi, mOpoBeJeHHBIE In  VivO,
MOKAa3bIBAIOT, YTO ILUIALICHTapHBIE CTEPOMIIHbIC
TOPMOHBI MOTYT HWIpaTh BaXHYIO pOJb B
YIOpaBICHUA  WM3MEHEHUSMH  MeTadonmM3Ma
TJIFOKO3BI M YYBCTBUTEIBHOCTH Marepu K
MHCYJIMHY BO BpeMs OEpeMEHHOCTH (MIparoT
pOJNb B PpETyJSIIUM TOMEOCTa3a TJIFOKO3BI H
WHCYJIMHA, PETYJSIUH anmeTuTa U perymsiun
TunuoB) [36].

B paborte Molvarec et al. coobmaercs o
TOM, YTO TOMO3UTOTHBIE HOCUTEIH TaIluIOTHIIA
TA mnomumop¢pHBIX J0KycoB 152234693 u
1s9340799 rena ESR1 umenu mnoBbIIIEHHBIN
PHUCK Pa3BUTHUS TsDKEIOW mpesksiamiicuu [37].
OTU JaHHbIE TOJHOCTBIO COOTBETCTBYIOT
MOJyYEHHBIM HaMHU pe3yJibTaTaM, COIJIACHO

KOTOPHIM  KOMOWHAIMs TEHOTUIOB  AA-
rs9340799 ESR1xTT-rs2234693 ESR1

OKa3bIBalOT PUCKOBOE BIIMSHHUE Ha Pa3BUTUA
I19 kak m3onupoBanHou (B = 2,45), Tak u B
couetannu ¢ 3PII (B = 2,38). B To xe Bpems
UMEIOTCS JINTEpaTypHBIE JaHHbBIE, KOTOpHIE
OTJIMYAIOTCS  OT  TMOJYYEHHBIX  HAMH
pesynpTatoB.  Tak, B  MeTa-aHaju3e,
npoBeaeHHoM Zhao et al.,, mokasaHo, 49TO
redotunt GG momumopdusma rs9340799 rena
ESR1 MoxeT ObITh reHEeTHYECKUM (DaKTOpOM
pHUCKa pa3BUTHSI TSKENION npesknamiicun [38].
Hanuuue »THX mpoTuBOpeuHii ykas3blBaeT Ha
HE00X0AUMOCTh TPOIOJIKEHHUS UCCIIEIOBAaHUN
B 00JacTH HW3Yy4YEHHUS POJU TMOIUMOPPHBIX
nokycoB reHa ESR1 B pa3BuTuM OCIOKHEHHN
OEpeMEHHOCTH C Y4YE€TOM MEXITHHUUECKUX H
MEXTOIMYJISSIIUOHHBIX ~ Pa3iNuuid, KOTOPHIC
MOTYT OBITH OJIHOI u3 MIPUYKH
HEOTHO3HAYHOCTH B XapaxkTepe u
HAIPaBJIEHHOCTHU BBISBIISIEMBIX aCCOIHAIIHIA.

3akimoueHnue. PUCK pa3BUTHS OCIIOXKHE-
HUN OEpEeMEHHOCTH B 3HAYUTEIHLHOU CTENEeHU
OTIPEIeINIICTCS] TEeHETUYECKOM KOMOMHATOpPU-
KON Tpex MOoJMMOP(HBIX JOKYCcOB 152234693
ESRI, rs9340799 ESRI, rs6214 IGF 1. Kom6u-
gara regotunoB TT-rs2234693 ESRIxGA-
156214 IGF'] onpenensieT NOABEPKEHHOCTh K
dhopmupoBanuto u3onupoBanHoit 3PIT (B =
1,86), a komOuHamus reHOTUIIOB AA-
1$9340799 ESRIxTT-rs2234693 ESRI acco-
[IUMPOBaHA C BO3HUKHOBEHHUEM H30JUPOBAH-
Hoi [13 (B =2,45) u coueranuem 15 u 3PII (B
=2,38).
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Abstract

Background: Cancer is a leading cause of death worldwide. Nowadays, cancer is often treated with
different methods, such as surgery, radiation therapy, and chemotherapy. However, these methods
have lots of side effects for patients, so natural products are often combined with them to diminish
those side effects. According to oriental medicine, there are many folk remedies to support cancer
treatment. Each different type of cancer has corresponding remedies. In particular, to support the liver
cancer treatment, some medicinal herbs were used, such as Scutellaria barbata, Hedyotis diffusa,
Ehretia asperula. The aim of the study: Determining the biological activities of herbal decoctions
combining Scutellaria barbata, Hedyotis diffusa, and Ehretia asperula, which were tested on two
different weight ratio recipes (denoted R1 and R2). Materials and methods: Mixing Scutellaria
barbata, Hedyotis diffusa, and Ehretia asperula into dry mixtures and then collecting the decoction.
Testing antioxidant activity by the reducing power assay and the DPPH free radical scavenging assay.
Evaluating antibacterial activity by the agar well diffusion assay and cytotoxic ability by the
sulforhodamine B assay. Results: R1 decoction, which had a higher ratio of E. asperula, showed
greater antioxidant, antibacterial, and cytotoxic capacity than R2 decoction. In the reducing power
assay, R1 decoction's optical density value was 2.80, while the other was 2.23 at 0.7% concentration.
In the DPPH free radical scavenging assay, the ECso values of R1 and R2 decoctions were 0.022%
and 0.035%, respectively. Both R1 and R2 decoctions had antimicrobial activities against Bacillus
subtilis at 100% concentration, as shown by the diameters of inhibition growth zones of 11.33 mm
and 7.40 mm, respectively. In the Sulforhodamine B assay, R1 decoction's ICso was 0.47%, and R2
decoction's I1Cso was 0.66%. Conclusion: In the same condition, R1 decoction had better tested
biological activities than R2 decoction.

Keywords: DPPH free radical scavenging; reducing power; cytotoxicity
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Introduction. Nowadays, natural prod-
ucts are widely used in disease treatments all
over the world for various reasons, such as
solving side effects in chemotherapy, lowering
medical service fees, and so on. Vietnam has
had extremely rich sources of medicinal herbs
for a long time. These herbs have been mixed
into various remedies to cure diseases such as
diabetes, diarrhea, and so on, especially can-
cer. This shows the potential of herbs in the
pharmaceutical industry. S. barbata has been
proven to have antioxidant capacity [1], anti-
inflammatory activity [2], and cytotoxicity in
four different cell lines [3]. Similarity, H. dif-
fusa has also been shown to have antioxidant
and hepatoprotective capacity against H202
toxicity [4], cytotoxicity on six different cell
lines [5], and its ability to enhance the activity
of CIK cells — natural anti-cancer cells [6]. In
2020, Chinese scientists demonstrated the abil-
ity of the combination of S. barbata and H. dif-
fusa to inhibit the proliferation and migration
of tumor cells [7]. E. asperula has received
much attention from domestic researchers.
Rosmarinic acid, an acid with antimicrobial,
anti-inflammatory, antioxidant, and anti-tumor
capacities, has been extracted from this herb
[8]. In addition, its stems also showed cytotox-
icity on three test cell lines [9], and its leaves
demonstrated cytotoxicity on three cell lines
and antioxidant capacity [10]. The potency of
oriental remedies comes not only from the ac-
tive ingredients of each herb but also from their
effects when combined with other herbs. For
example, to treat cancer, a remedy combines a
host herb that has cancer cytotoxic ability with
an increasing immunity or antioxidant herb. In
this study, S. barbata, H. diffusa, and E. asper-
ula were mixed into remedies, and then their
biological activities were determined. The re-
sults provide the basic data for later clinical tri-
als.

Materials and methods

Decoction preparation.

Herbs were purchased at the Research
Center for planting and processing medicinal
plants, Saigon Medicinal Plants, 35/21B5 Tran
Dinh Xu, District 1, Ho Chi Minh City. The
decoctions were mixed based on two recipes
with different weight ratios. The ratios of S.

barbata : H. diffusa : E. asperulawere2:2:5
(R1)and 2:3:4(R2), respectively. 9 g of each
recipe was cut into small pieces, then added to
500 mL of distilled water and boiled for 3
hours at 70-80 °C. This primary decoction was
centrifuged at 3000 rpm for 10 minutes, after
which sediment was removed. Then, the de-
coction was boiled down at 50-60 °C until its
volume reached 9 mL. The final concentration
was 100%. It was diluted to various concentra-
tions to conduct the biological activity assays.

Reducing power assay.

The principle of this assay is based on the
antioxidants’ capacity for reducing potassium
hexacyanoferrate (I1l) to potassium hexacy-
anoferrate (I1). The reaction of ferric chloride
and potassium hexacyanoferrate (I1I) forms a
colored complex. It was measured at 700 nm.
The higher measured optical density value
shows better antioxidant activity. The proce-
dure was carried out according to the report by
Oyaizu [11] and modified [12].

2.5 mL of phosphate buffer and 2.5 mL
of potassium ferricyanide (1% w/v) were
added to 1 mL of various concentrations of the
decoction. This mixture was kept at 50 °C in a
water bath for 20 minutes. Then, 2.5 mL of tri-
chloroacetic acid (TCA) (10% w/v) was added
and centrifuged at 3000 rpm for 10 minutes if
necessary. 2.5 mL of the upper layer of solu-
tion was mixed with 2.5 mL of distilled water
and 0.5 mL of ferric chloride solution (0.1%
w/v). The optical density value was measured
at 700 nm. The higher the optical density (OD)
value of the mixture, the higher the decoction’s
reducing power.

DPPH free radical scavenging assay.

2,2-diphenyl-1-picrylhydrazyl (DPPH)
is a stable free radical that shows maximum ab-
sorbance at 517 nm. The antioxidant activity of
the decoction was determined by free radical
scavenging capacity following the standard
protocol of Brand-Williams [13] with some
modifications [14].

5 mL of DPPH methanol solution (0.08
mM) was added to 1 mL of various concentra-
tions of the decoction and kept in the dark for
30 minutes. Then, the absorbance was meas-
ured at 517 nm. The free radical scavenging ca-
pacity (EC%) was calculated by the following
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equation: EC% = (Acontrol - Asample)/AcontroI X
100%. Acontroi: absorbance value of DPPH so-
lution with distilled water; Asample: absorbance
value of DPPH solution with decoction. Fi-
nally, the linear correlation equation was built,
and the ECso value was determined. The lower
the ECso value, the higher the scavenging ca-
pacity.

Agar well diffusion assay.

Escherichia coli and Bacillus subtilis
were supplied by the Microbiology and Bio-
chemistry Laboratory, Biology Department,
Ho Chi Minh City University of Education.

The antimicrobial activity of the decoc-
tion was determined following the standard
protocol of Hadacek [15] with modifications
[16]. The agar plate surface was inoculated by
spreading 100 puL of microbial inoculum (4-5
x 108 CFU/mL) over the entire agar surface. A
6 mm diameter hole was aseptically punched
with a sterile cork borer and filled with 100 uL.
of various concentrations of the decoction. Af-
ter 4 hours of keeping in a cool refrigerator
compartment, the plates were incubated at 37
°C for 24 hours. Finally, the diameters of the
growth inhibition zones were measured.

Sulforhodamine B (SRB) assay.

The principle of this method is based on
the property of Sulforhodamine B (SRB) to
bind cellular proteins under mild acidic condi-
tions. Thus, colorimetric evaluation provides
an estimate of total protein mass, which is re-
lated to the number of survival cells. The pro-
cedure was carried out according to the report
of Monks [17] with some modifications [18].

190 pL of cell cultures were incubated
with 10 pL of various concentrations of the de-
coction in 10% dimethylsulfoxide (DMSO) for
3 days on 96-well plates. In contrast, 190 puL of
cell cultures were incubated with 10 pL of
H20, DMSO, or medium as a negative control.
Cells were fixed in 10% TCA for 30 minutes,
then stained for 1 hour with SRB at 37 °C.
Then, the plates were washed three times with
5% acetic acid and dried at room temperature.
Finally, the pellets were solubilized with 10
mM Tris base and shaken for 10 minutes. The

absorbance was measured at 490 nm. The cy-
totoxic capacity (IC%) was calculated by the
following equation: 1C% = 100% — (Asample —
Ablank)/(AcontroI - Ablank) X 100%. Acontrol: ab-
sorbance value of solution containing cells and
medium. Asample: absorbance value of solution
containing cells and sample. Anlank: absorbance
value of the solution containing only culture
medium. Then, the correlation equation was
built, and the 1Cso was determined. The lower
the 1Cso, the higher the cytotoxic capacity.

Statical analysis. The data of the study
were analyzed in the GraphPad Prism 9
statistical program. The values were presented
as means + SD. The correlation equation was
determined by the equation with a p-value <
0.05.

Results

Result of antioxidant activity.

In this study, the antioxidant abilities of
both R1 and R2 decoctions were determined
through reducing power and DPPH free radical
scavenging assays. Based on the measured op-
tical density value of the samples, the ferrous
ion reducing capacity of herbal decoction at
0.1% concentration was compared in Fig. 1.
The absorbance of EA decoction at 700 nm
(0.581 = 0.039) was 3.2 times that of SB de-
coction (0.180 £ 0.009) as well as the positive
control (0.180 £+ 0.003), and 6 times that of HD
decoction (0.096 + 0.004). The ferrous ion re-
ducing capacity of R1 and R2 decoctions in-
creases with increasing concentration (p <
0.04) (Fig. 2). The optical density value of R1
decoction is always higher than that of R2 de-
coction, about 2 times higher, from 0.01% to
0.1% concentration. When the concentrations
of R1 and R2 range from 0.5% to 0.7%, the OD
value of R1 is 20% higher than that of R2. The
positive control (ascorbic acid) regression
equation is: y = 0.0123x — 0.0001 (R? = 0.998).
At 0.7% concentration, the capacities of R1
and R2 decoctions are equivalent to 226.024
pg/mL and 182.772 pg/mL ascorbic acid, re-
spectively. So R1 had a higher capacity in re-
ducing power assay.
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Fig. 1. Ferrous ion reducing power of herbal decoctions at 0.1% concentration
Note: Ehretia asperula decoction (EA); Scutellaria barbata decoction (SB); Hedyotis diffusa decoction (HD); positive

control (PC) — 16 ug/mL ascorbic acid
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Fig. 2. Ferrous ion reducing power of R1 and R2 decoctions
Note: R1: recipe 1 decoction; R2: recipe 2 decoction

At 0.1% concentration, the DPPH free From the correlation equations (p < 0.0001), the
radical scavenging capacity of EA, SB, HD de- ECso values of EA, SB, HD, R1, and R2 decoc-
coctions, and positive control was 88.02 =+ tions were calculated (Table 1). The correla-
1.366%, 49.52 + 1.049%, 11.27 + 0.368%, and tion equation and ECso value of the positive
48.22 +0.303%, respectively (Fig. 3). The cor- control (ascorbic acid) were estimated as
relation equations’ graphs of herbal decoctions y = 3.1147x + 0.1909 (R? = 0.998) and 16
were described in Fig. 4. The slope of R1 decoc- ug/mL, respectively.
tion’s graph is higher than that of R2 decoction.
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Fig. 3. Percentage of DPPH free radical scavenging of herbal decoctions at 0.1% concentration
Note: Ehretia asperula decoction (EA); Scutellaria barbata decoction (SB); Hedyotis diffusa decoction (HD); positive
control (PC) — 16 ug/mL ascorbic acid
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Fig. 4. Percentage of DPPH free radical scavenging of R1 and R2 decoctions
Note: recipe 1 decoction (R1); recipe 2 decoction (R2)

Table 1
Regression equations, R-squared, and ECs of decoctions in DPPH assay
Decoction Regression equations R-squared ECso
EA Y = 3210*X + 9.823 0.923 0,013%
SB Y =460.1*X +2.931 0.984 0.102%
HD Y=53.78*X + 25.38 0.984 0.458%
R1 Y =2280*X — 1.270 0.985 0.022%
R2 Y = 1365*X + 2.775 0.991 0.035%

Note: Ehretia asperula decoction (EA); Scutellaria barbata decoction (SB); Hedyotis diffusa decoction (HD); recipe 1
decoction (R1); recipe 2 decoction (R2)

Result of antibacterial activity.
Both recipes showed antibacterial capac-
ity against B. subtilis at 100% concentration,

but incapacity against E. coli (Table 2). R1 de-
coction has a larger inhibition zone when com-
pared to R2 decoction.
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Table 2
Inhibition growth zones (mm) of R1 and R2 decoctions
Bacteria Recipe 1 Recipe 2
1% 10% 100% 1% 10% 100%

Eschirichia coli - — - - — —

Bacillus subtilis - — 11.33£1.76 - — 7.40 £0.92

Result of cytotoxic activity.

The cytotoxic activity of both recipes de-
coctions at various concentrations was demon-
strated through an SRB assay on a Hep-G2 cell
line (Fig. 5). The correlation equation was

100
80
60
40

20

Cell growth inhibition (%)

built, and the ICso values of R1 and R2 decoc-
tions were calculated. The results were 0.47%
and 0.66%, respectively (Table 3). The pre-
sented data show that the cytotoxic capacity of
the R1 decoction was stronger than the other.

- R1
- R2

Concentration (%)

Fig. 5. Percentage of cell growth inhibition of R1 and R2 decoctions

Note: R1: recipe 1 decoction; R2: recipe 2 decoction

Table 3
Regression equations, R-squared, and 1Cso of decoctions in SRB assay
Decoction Regression equations R-squared 1Cs0
R1 Y =18.89 + 76.25*X — 20.96*X"2 0.973 0.470%
R2 Y =15.02 + 65.44*X — 16.40*X"2 0.958 0.661%

Note: R1: recipe 1 decoction; R2: recipe 2 decoction

Moreover, the morphological changes of
HepG2 cells were illustrated in Fig. 7. HepG2
cells have an epithelial-like morphology. In
negative controls, the cells that were treated
with medium or H20 (Fig. 6a and b), after 3
days, the growth extended outward from the
adherent cell colonies. While in Fig. 6¢ and d,
cells attached in small patches of cells or single
cells, there were many round cells floating. In
Fig. 7e, the cell colonies were smaller than in
Fig. 7a and b, which meant the density of cells
decreased.

Based on the morphology, the density of
cells in R1 and R2 was lower than the positive
control because in R1 and R2 there were many
round cells floating in the medium, they were
dead cells, and the colonies attached to the well
surface were smaller than the positive control.
While in positive control (0.07 pg/mL camp-
tothecin), the cells growth extended wider than
R1 and R2, which were alive cells. In suspen-
sion in the medium, there were little round
cells floating. In conclusion, at 1% concentra-
tion, R1 and R2 had better inhibition capacities
than the positive control.
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Fig. 6. HepG2 cells incubated with samples
Note: (a) no samples; (b) H20 5%; (c) 1% R1 decoction; (d) 1% R2 decoction; () 0.07 pg/mL camptothecin

Discussion. The antioxidant capacity of
R1 and R2 decoctions was proven through fer-
rous ion reducing power and DPPH free radical
scavenging capacity due to the antioxidant ac-
tivity of each herb. In fact, S. barbata has been
proven to contain polysaccharides, and these
components have antioxidant capacity through
the total antioxidant activity test and the 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS) free radical scavenging assay.
From the concentrations of 0.24 to 0.48
mg/mL, it had similar effects as the positive
control in the total antioxidant activity test. In
the ABTS assay, its effects increased and
reached the positive control’s value at a con-
centration of 1.2 mg/mL [1]. In 2015, Xin Gao
et al. demonstrated H. diffusa water extract’s
antioxidant capacity by DPPH assay with a cal-
culated ECso value of 0.15 mg/mL [4]. E. as-

perula total extract (ethanol 90%) and ethyl ac-
etate extract’s antioxidant activity was deter-
mined through the DPPH free radical scaveng-
ing assay with ECso values of 48.5 pg/mL and
46.9 pg/mL respectively [9]. The R1 and R2
decoction’s ECso values in the DPPH assay and
OD values at 0.1% concentration in the reduc-
ing power assay were compared to the deter-
mined component herbs’ values in the same as-
say and condition (Fig. 1 and Table 1). From
these data, it could be concluded that the anti-
oxidant capacity was ranked in ascending or-
der: H. diffusa, S. barbata, R2, R1, and E. as-
perula. This could be due to the ratio of EA in
these decoctions: R1 decoction (the ratio of
SA:HD:EA was 2:2:5, w/w/w) and R2 decoc-
tion (the ratio of SA:HD:EA was 2:3:4,
w/w/w). According to the oriental medicine
formulation, E. asperula can be considered the
main herb in this remedy, while H. diffusa and
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S. barbata can be considered adjuvant herbs
with side functions.

In the antibacterial activity test, in the
same condition, R1 decoction showed better
antibacterial capacity than R2 decoction
against B. subtilis (11.33 mm and 7.40 mm, re-
spectively). B. subtilis grows in the digestive
tract of humans and many animals, especially
ruminants. It’s beneficial to humans, so they
are also called probiotic bacteria [19]. Which
means this decoction is safe for users’ diges-
tive tracts if they use it in moderation; if not,
some unexpected digestive problems may ap-
pear. According to the formulation of oriental
medicine, the remedy needs one or more addi-
tional herbs in the recipe to support the diges-
tive tract.

In comparison between R1 and R2 de-
coction’s HepG2 cytotoxicity activity, R1 de-
coction has an ICso value lower than R2 decoc-
tion (0.47% < 0.66%). This means that the cy-
totoxic capacity of R1 decoction on HepG2
cells was better than that of R2. This can be
explained by the higher ratio of E. asperula in
recipe 1. E. asperula was demonstrated to have
strong cytotoxicity capacity on HepG2 cells,
with an ICso value of n-hexane extract of 28.30
pg/mL through the SRB assay [9]. The concen-
tration of H. diffusa inhibiting 50% cell growth
(1Cs0) was estimated to be 4.62 mg/mL. This
led to the R2 decoction (which has a higher rate
of HD in the recipe) not being as effective as
R1. However, the water extract of this herb
was proven to have the capacity to enhance the
antitumor activities of cytokine-induced killer
cells (natural anti-cancer cells) [6] as well as
normal liver cells protection ability [4]. These
are reasons to consider H. diffusa as an adju-
vant herb.

There is a close relationship between ox-
idative stress and liver cancer. When free radi-
cal content increases, cancer can form [20].
This remedy has strong free radical scavenging
activity, so it can be used as a cancer preven-
tion remedy. In addition, the ability to cause
cytotoxicity in liver cancer cells was also
strong. Thus, the remedy in this study can be
used as a preventive, curable liver cancer treat-
ment. Moreover, further studies need to be car-

ried out to demonstrate the molecular mecha-
nism of hepatocellular cytotoxicity as well as
its non-toxicity on normal cells to be able to
apply it in medicine.

Conclusion. Based on the data and re-
sults obtained above, the remedy decoction
combining Scutellaria barbata, Hedyotis dif-
fusa, and Ehretia asperula (two different reci-
pes in weight ratio), in which E. asperula ac-
counts for the most proportion, showed out-
standing biological activities such as antioxi-
dant activity, cytotoxicity activity against Hep-
G2, and antibacterial activity against B. sub-
tilis. The R1 decoction (the ratio of SA:HD:EA
was 2:2:5, w/w/w) has better biological activi-
ties than the R2 decoction (the ratio of
SA:HD:EA was 2:3:4, w/w/w).
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BiusiHuMe 1ajlapruHa Ha CoJepKaHue
MATPUKCHBIX METAJIONPOTEUHA3 U TKAHEBOI'0
HHIrMOMTOPA METAJJIONPOTEMHA3 B TOJICTOM
KHIIEYHUKE MbIIIEH ¢ IKCIIEPUMEHTAIbHbBIM
SI3BEHHBbIM KOJUTOM

A1O. JIssmieB 0, I'.C. Maas ©©, E.b. Apriomkosa 2, M.A. baianuna

denepanbHOE rOCyIapCTBEHHOE OI0HKETHOE 00pa30BaTEeIbHOE YUPEKICHUE BBICIIETO
obpazoBanus «Kypckuit rocy1apcTBeHHBIA METUITMHCKHI YHUBEPCUTETY,
yi. Kapna Mapkca, 1. 3, r. Kypck, 305041, Poccuiickas ®enepanus
Asmop ons nepenucku: A.1O. Jlawes (andr.liashev@yandex.ru)

Pe3rome

AKTYyaJIbHOCTB: SI3BEHHBIN KOJIUT — XPOHUUECKOE, MYJIbTH(PaKTOpHaAIbHOE 3a00JI€BaHIE, pa3BUTHE
KOTOpOTO OMpeeNsIeTcs HapyIIeHUIMA MUKPOOHOTHI TOJICTOTO KUIIEYHHUKA, HEMPABUIBLHBIM MTUTA-
HUEM, HEaJIeKBaTHBIM MMMYHHBIM OTBETOM Ha IAaTOI€HHYIO U KOMMEHCAJIbHYI MHUKpO(]Iopy Ha
(hoHe reHeTHUeCKON MpeapacloNoKeHHOCTH, UMelolee BaKHOE collnaibHoe 3HaueHue. [lokazano
MOBBIIIEHUE COJEPIKAHUS MATPUKCHBIX METAJUIONPOTEHHA3 B IUIa3M€ M TKaHW O00J0YHOM KHUILIKH
MIpH SI3BEHHOM KOJHTe. BakHoe 3HaueHue B pa3BUTUU BOCHAJIEHUS B TOJCTOM KUIIEYHHUKE HMEIOT
MAaTPUKCHBIE METAJIONPOTEUHA3BI-2, 9 U TKAaHEBOM MHTHOUTOP MeTauionpoTenHas-2. CymiecTByo-
[1e METOJIbI JICYEHHS SA3BEHHOr0 KOJIUTa HeaocTtaTouHo 3¢ dekTuBHbl. lanaprun obnagaeT yHU-
KaJIbHOM COBOKYITHOCTBIO CBOMCTB, UTO JENAeT NEPCIEKTUBHBIM €T0 MPUMEHEHHUE MPU JICUEHUH 513-
BeHHOro konuta. Leab ucciaenopanus: Vzydenue BIUsHUS JajapruHa Ha KOHIIEHTPALIUIO MaTPUKC-
HOM MEeTaJJIONpPOTENHA3bl-2, MAaTPUKCHON METaNIONPOTENHA3bI-9 U TKaHEBOIO MHIMOUTOpa MeTall-
JIOTIPOTENHA3-2 B METUAIBHOM OT/ieJie 00010YHOM KHUIIIKH MBIIIEH C SKCIIEPUMEHTaIbHBIM SI3BEHHBIM
konuToM. MaTepuasabl u MeTobl: SI3BeHHbII KomuT y Mbleit Balb/C moaenupoanu 3ameHoi nu-
ThEBOI BOJIBI 5% pacTBOPOM JAEKCTpaHa cylb(dara HATpUs B KUTITYeHON Boje Ha 5 cyTok. Ha 5, 7 u
28 CyTKH AKCIIEpUMEHTA B TOMOr€HaTe MEAUAILHOTO OT/Ie]a 000J0YHONM KHUIIKU OIIPENETSIN COJIep-
YKaHHe MaTPUKCHBIX METAJUIONPOTEnHA3-2 U 9, TkKaHeBOro MHTHOUTOpa MeTauionpoTenHas-2. Jlana-
PTHH BBOJIWIIH TTOJIKOXKHO B 03¢ 100 MKI/KT B TedeHue 7 cyTok. Pe3yabTaThl: Y CTaHOBICHO MOBHI-
LIEHHE COJIeP KaHNs MAaTPUKCHBIX METAJIONPOTENHA3-2 1 9, a TakKe TKaHEBOr0 MHTHOUTOpa MeTal-
JIOTIPOTENHA3-2 B CTEHKE TOJICTOI'O KUIIIEUYHHKA MBIILIEH C I3BEHHBIM KOJIUTOM Ha 5 U 7 CYTKH dKCIe-
pumenTa. [lpyu XpoHHYECKOM S3BEHHOM KOJIUTE TOJIbKO KOHIIEHTpAIHsl TKaHEBOI'O0 MHIMOUTOpa Me-
TaJUTOMPOTENHA3-2 OblJIa JOCTOBEPHO BHINIE, YEM y MHTAKTHBIX MbImiei. [IpuMeHenne namapruna
MIPUBOJMIIO K CHMKEHUIO KOHIICHTPAIMU MATPUKCHBIX METAJUIONPOTEnHa3-2 U 9, TKaHEeBOro0 WHIH-
O6uTopa METAIIONPOTENHA3-2 B OCTPBIi nepuo 6ose3Hu. [Ipu XpOHHYECKOM S3BEHHOM KOJIUTE BBE-
JIeHUE JallaprTiHa YMEHBIIAJT0 KOHILEHTPALHMI0 TKaHEBOTO HMHTHOMTOpAa METAJIONPOTEHHA3-2 B
CTEHKE MEIUAIIbHOr0 OTJeNla 000A04YHOM KHUIIKU. 3akiaouyeHHe: JamapruH CHUKaJ colep)KaHHe
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MaTPUKCHBIX METAIJIONPOTENHA3-2 U 9, TKAHEBOTO MHIMOUTOPa METAJUIONPOTENHA3-2 B CTEHKE TOJI-
CTOTO KHMILICYHUKA MBIIIEH C I3BEHHBIM KOJIMTOM Ha 5 M 7 CyTKHU SKCIIEpUMEHTA. YKa3aHHbIH 3P ekt
ObUI BBIIIE, YEM Yy CyJib(acaa3uHa, IIUPOKO MPUMEHSIEMOT0 MIPH JIEUCHUH S3BEHHOTO KOJINTA.
KuroueBble ci1oBa: 3BEHHBIN KOJINT; JaJlapTiH; MAaTPUKCHAsE METAJIONPOTENHA3a-2; MaTPUKCHAs
MeTaJUIONPOTEenHa3a-9; TKaHEBOH MHIMOUTOP METAJUIONPOTENHA3-2

s murupoBanus: Jlismes AIO, Mane I'C, AptiomikoBa Eb, u ap. Bnuganue nanapruna Ha coaep-
YKaHME MaTPUKCHBIX METAJUIONPOTENHA3 U TKAHEBOI'O HHTUOUTOPA METAJUIONPOTENHA3 B TOJICTOM KH-
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Abstract

Background: Ulcerative colitis is a chronic, multifactorial disease, the development of which is stim-
ulated by disturbances in the microbiota of the colon, poor nutrition, an inadequate immune response
to pathogenic and commensal microflora, against a background of genetic predisposition, and has
important social implications. Increased levels of matrix metalloproteinases in plasma and colon tis-
sue has been shown in ulcerative colitis. Matrix metalloproteinases-2, 9 and tissue inhibitor of met-
alloproteinases-2 are important in the development of inflammation in the colon. Existing methods
of treating ulcerative colitis are not effective enough. Dalargin has a unique combination of effects,
that’s why its administration is promising in the treatment of ulcerative colitis. The aim of the study:
To investigate dalargin effect on the concentrations of matrix metalloproteinase-2, matrix metallo-
proteinase-9 and tissue inhibitor of metalloproteinases-2 in the medial colon of mice with experi-
mental ulcerative colitis. Materials and methods: Ulcerative colitis in Balb/C mice was simulated
by replacing drinking water with a 5% solution of dextran sodium sulfate in boiled water for 5 days.
On the 5™, 7" and 28™ days of the experiment, the content of matrix metalloproteinases-2 and 9, tissue
inhibitor of metalloproteinases-2, was measured in the homogenate of the medial section of the colon.
Dalargin was administered subcutaneously at a dose of 100 mcg/kg for 7 days. Results: An increase
in the content of matrix metalloproteinases-2 and 9, as well as tissue inhibitor of metalloproteinases-
2, was established in the colon wall of mice with ulcerative colitis on the 5™ and 7" days of the
experiment. In chronic ulcerative colitis, only tissue inhibitor of metalloproteinases-2 levels were
significantly higher than in naive mice. The administration of dalargin caused a decrease in the con-
centration of matrix metalloproteinases-2 and 9, a tissue inhibitor of metalloproteinases-2, during the
acute period of the disease. In chronic ulcerative colitis, administration of dalargin decreased the
concentration of tissue inhibitor of metalloproteinases-2 in the wall of the medial section of the colon.
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Conclusion: Dalargin reduced the content of matrix metalloproteinase-2 and 9 and tissue inhibitor of
metalloproteinases-2 in the colon wall of mice with ulcerative colitis on the 5" and 7" days of the
experiment. This effect was higher than sulfasalazine one, which is widely used in the ulcerative

colitis treatment.

Keywords: ulcerative colitis; dalargin; matrix metalloproteinase-2; matrix metalloproteinase-9; tis-

sue inhibitor of matrix metalloproteinases-2
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BBenenue. S3Bennniii komut (IK) —
XpOHUYECKOE, PEUMIUBUPYIOLIEE, MYJIbTHU-
(akropuanbHOEe 3a00JeBaHUE, BO3HUKHOBE-
HUE U pa3BUTHE KOTOPOIO OIPEIEISIFOTCS
HapyUICHUSIMH MUKPOOUOTHI TOJICTOTO KUIIIeU-
HUKa, HENPaBUIbHBIM IHUTAHUEM, HEAJCKBaT-
HBIM MMMYHHBIM OTBETOM Ha MATOIE€HHYI U
KOMMEHCaJIbHYI0 MUKpO(hIopy Ha (OHE TeHe-
TUYECKOHN IpeapacnoyioxkeHHoctu [1, 2, 3]. B
2023 rony B Mupe ObUIO YCTAHOBJIEHO 5 MUJI-
JMOHOB ciy4daeB pa3Butus K, u ormeuaercs
CTOMKasi TEH/ICHIIUS YBEIMUEHUS pacipocTpa-
HEHHOCTH JTOro 3a00JieBaHUs, OCOOCHHO B
crpanax Bocrounoit EBponsl, Bkmrodas Poc-
cuto, u FOro-Boctounoii A3um [4]. Bricokas
conuanbHas 3HauuMocTh K onpenensercs
CIEIYIOIMIMMHA OCOOCHHOCTSIMU DPa3BUTHS 3a-
OosneBaHus: 1) mepBbIid MUK 3a00JIEBAEMOCTH
HaOJI0/IaeTCs Y MOJIOABIX JIIOJIEH B BO3pacTe
20-40 net; 2) nporpeccupoBanue K compo-
BOX/IA€TCSI BBICOKON BEPOSTHOCTBIO PA3BUTHSA
TSDKEJIBIX OCJIOKHEHUH M MHBAIMIM3ALUU Ta-
LMEHTOB; 3) 10 HACTOSIIEr0 BPEMEHU OTCYT-
CTBYIOT 3¢ dekTuBHbIe MeTOAbl Tepanuu K,
TTO3BOJISIIOIINE JOOUTHCA CTOWKOM PEMHCCHHU
3aboneBanus [3]. HecMoTps Ha 3HaUUTENBHOE
KOJMYECTBO MCCIEAOBAHUMN, TOCBAIIEHHBIX
W3YYEHHUIO Pa3IMYHBIX aCIEKTOB ATOT0 3a00-
JIeBaHUs, STUOJIOTHSI M TAaTOT€HETUYECKUE Me-
xaHu3Mbl SK, ocrarorcs HETOCTaTOUHO BbISC-
HEHHBIMHU.

B nocnenHue roasl pacimpuiInch npes-
CTaBJICHUS O POJIU MUKPOOUOTHI KUIIIEYHHKA B
Pa3BUTUN BOCHAIMTEIHHBIX 3a00JICBAHUN KH-
meyHuka. [loka3aHo, 4yTo nepcucTupyronme
BO3OYIUTENM TIPH HAPYUICHUH 3allUTHBIX
CBOMCTB CIIM3UCTON KHUIIEYHHKA W IOBBIIIE-
HUH €€ MPOHUIIAeMOCTH CIIOCOOHBI IPOHUKATh

U3 MPOCBETa KUIIEYHHKA B KPOBEHOCHBIE U
TuM(paTUIECKUE COCY/IbI, BBI3bIBAs Hapyllle-
HUE HMMMYHHOIO OTBeTa ¢ (POpMHpPOBAHUEM
XPOHUYECKOTO BOCHAIUTENIBHOIO IIpoliecca
[5]. HeoOxo0auMo moa4epKHYTh, 4TO B HACTOS-
ee BpeMsi HU OJIMH U3 MUKPOOPTaHU3MOB HE
nneHTuunrpoBan kak Bo3Oyaurens SAK [3].
PazButue AK 00BsCHAIOT BO3EHCTBUEM KOM-
IJIEKCa CPEIOBBIX U T€HETUYECKUX (aKTOpOB,
BBI3BIBAIOLINX HapylIeHHe OapbepHOU (YyHK-
MU CIU3UCTONH OOOJIOYKU TOJICTOTO KHUIIIEY-
HUKA, 9YTO MPHUBOJUT K MEHETPAIMU MMaTOTEH-
HOM M KOMMEHCaJIbHOW MUKPO(]IOpHI U3 Tpo-
CBETa KUIIIEUYHUKA B €r0 CIU3ZUCTYIO 000JIOUKY
Y NoACIU3UCTHIN ciiol [1, 2]. bakrepuanbHbie
AQHTUTEHBI BBI3BIBAIOT aKTUBAIUIO HEHUTPOQU-
JI0B, MakpodaroB, NEHIAPUTHBIX KJIETOK, JIUM-
¢dommroB, mnpexae Bcero, CD8+IL-17+-
KJIETOK, YTO TPUBOJUT K Pa3BUTHIO XPOHHYE-
CKOTO  BOCIMAJICHUS, COMPOBOXKIAIOLIETOCS
(dbopMUpOBaHUEM $3B U Pa3pyILICHUEM KPUIT
CIIM3UCTON OOOJOYKH TOJCTOTO KHIIIEYHHUKA
[1, 2].

B Hacrosimee Bpemsi oOIIeNpU3HAHO,
YTO OTCYTCTBYIOT HAJCKHBIC KPUTCPUH, I03-
BOJISIFOIIHME TUATHOCTUPOBATH 3a00JIeBaHKE Ha
paHHUX CTaJHSIX, & CYIIECTBYIOIINE METOIBI
neuenus K negocraTouno ¢ dexruBnbl. Kak
MOKa3bIBAIOT MHOTOYHCIICHHBIE HCCIIeIOBA-
HUS, OJJHUM M3 BO3MOXKHBIX HH(POPMATHBHBIX
MapKepOB Pa3BUTHS BOCIIAJICHHUS B CTEHKE TOJI-
CTOTO KHIIIEYHHKA SBIISIOTCS MATPUKCHBIC Me-
tayutoniporenHasbl (MMII) [6].

MMII npencrapisioT coboit cemeicTso,
BKiIrOUaroee oosee 20 IMHK-3aBUCUMBIX DH-
JIOTIPOTEa3, OCHOBHBIMU (YHKITUSIMU KOTOPBIX
SIBJISTFOTCS Y9acTHE B peryJisinun tuddepeHIu-
POBKH, Tpoiudepanuyd KIETOK, aronTo3e U
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anruoreneze [7]. MMII BelcTynamT Kak
BHYTpPU- U BHEKJIETOUHBIC OMOJOTHYECKH aK-
TUBHBIE MOJIEKYJIbI, KOHTPOJIUPYIOLIUE PEMO-
JEJIMPOBAHKE SKCTPALIEIUIIOISIPHOIO MaTpUKCa
MyTeM pa3pyLIeHHs €r0 OCHOBHBIX KOMIIOHEH-
TOB: KOJUIareHa, 3JIaCTUHA, (UOPOHEKTHHA, a
TaK)Ke peryjirpoBaHHe aKTUBHOCTH pemapa-
TUBHBIX TIpoueccoB [7]. AxrtuBHocts MMII
KOHTPOJIMPYETCS CIelUaIbHbIMU OelKamMu -
TKaHEBBIMU WHTHOUTOpPAMU METAIIONPOTEH-
Ha3 (TUMII). B nacrositiee BpeMsi yCTaHOB-
neno 4 TUMIL: 1, 2, 3, 4, npu 3TOM JielicTBUE
UX B OTHOHIeHUH pa3nuuHbix MMII Hecnenu-
¢uuno [6, 7]. U3BectHO, uTo MMII urparot
BaXXHYIO POJIb B Pa3BUTHH CEPACUHO-COCY/IH-
CTOM M aKyWIEpPCKOW NAaTOJIOTHUH, OITyXOJIEH,
BOCHIAJIMTENIBHBIX 3a00yeBanuii [6, 8, 9]. Ycu-
nenue >kcnpeccun MMIT u TUMII nabmrona-
€TCsl MPU Pa3BUTUU TAKUX BOCHAIUTEIbHBIX
3a00JIeBaHUl, KaK pPEBMATOWIHBIN apTpuT,
OCTE0apTPHUT, ICOpHa3 U XpOHHYEcKas 00-
CTpyKTUBHasi 00Jie3Hb JIeTKUX. Ha KieTouHoM
ypoBHe TpaHckpuniusa MMII u TUMII pery-
aupyeTcst GakTopaMu POCTa, IUTOKWHAMH,
B3aMMOJICHCTBHEM KIJIETOK M BHEKIJIETOYHOTO
matpukca [10]. IloBblmieHne coaep:kaHus
MMIT u TUMII unayiupyeT akTUBAIIUIO CHUT-
HaJIBHBIX ITyTeH, BKIIFOUast HOCHOMHOZUTHI-3-
KHHA3y/IPOTEUHKHHA3y B, MUTOreH-aKTUBHU-
pyemast nporenHknHaza (MAPK), snepnslit
daxtop KB, ycumutenp Jerkod Karma-menu
akTuBHpoBaHHBIX B-kneTok (NF-B), npoToon-
KOT€H jun — IpoTOOHKOTeH/fos Genok-akTuBa-
top 1 (Jun-Fos/AP-1) [10].

B Toncrom kumiedyHuKe B yCIOBUSX (U-
3MOJIOTHYECKOr0 MOKOs KOHLeHTpauus MMII
HU3Kas, HO MPU PA3BUTHUH OCTPOTO BOCIIaje-
HUS OHA 3HAYMTENIbHO MOBBIIIAETCS, YTO MPH-
BOAWT K HapylIeHUI0 OapbepHON (YHKIUU
CJIIM3UCTOM TOJICTOrO KUIIEYHHKA BCIIEJICTBHE
paspyIieHus:  MEXKJIETOYHOTO  BEIIECTBa,
BKJIFOYAsi MYLIMHBI M KJIAyJIuHBbI [7]. YcTaHOB-
JICHO YBEJIMYCHHUE KOHIEHTPAIMH Pa3TUIHBIX
MMII B cTeHKE TOJCTOro KHIIEUHHKA, KaK B
SKCIIEPUMEHTAIBHBIX MCCIEN0BaHUAX [7], Tak
n y nanueHToB ¢ JK [10]. OcoOsiii nHTEpEC
uccienosarenaeil BeI3piBaroT MMII-2 1 MMII-
9 [11, 12]. MMII-2 u MIIII-9 — xenatunassl,
peryiupyomme pa3inyHble 3BEHbSI MaTore-

Heza AK [6]. [Tokazano, yuto MMII-2 yyact-
BYeT B PEMOJECIUPOBAHUM KOJIIAT€HOBBIX
CTPYKTYp, HpeayNpexIaeT pa3BUTHE HEUTPO-
¢bunpHON MHGMIBTPaKu 1 Gudpo3a B TKaHU
toicToro kumeyHuka [7]. MMII-9 nmomumo
ydacTusi B PEMOJEIMPOBAHUU SKCTPALEIIOI-
JSIPHOTO MAaTpUKCa, CTUMYJIUPYET pa3BUTHE
HeHTpopUIbHON MHOPUIBTPAIMK TPU BOCHA-
JICHUH, HapyIIaeT pernapaTuBHbBIE MPOLIECCH B
SIUTENINHU, YBEJIUYUBAET IPOHUIIAEMOCTb CO-
CYJIUCTOW CTEHKH, BBI3bIBAET aKTHBAILIMIO ITU-
tokunoB (MJI-1B, WJI-8, Tpancdopmupyro-
mero (akropa pocra-f) [7]. Hexotopeie aB-
TOPBI MOJYEPKUBAIOT KIIIOYEBYIO posib MMII-
9 B nporpeccupoBanun AK [12]. Takxke noka-
3aHO, 4TO yBEJIMYEHUE KOHUeHTpauuu MMII-
9 B mazMe KpOBU KOPPEIHPYET C TIKECTHIO
AK [11, 12]. TUMII-2 oka3bIBaeT UHTHOUPY-
omee nelictBue Ha akTuBHOCTE MMII-2,
MMII-9 u MMII-14 [10].

YuursiBas BaxHyto posib MMII B pa3Bu-
tin SK, n3ydenue BnusHUS (hapMaKkoIorunie-
CKHUX IIPErapaToB, IPUMEHSIEMBIX IS JICUCHUSI
K, Ha axktuBHOCcTE MMII 1pu BoCcnaneHuun
TOJICTOTO KHWIIIEYHHKA, TMPEJCTaBIIET HECOo-
MHEHHBIN UHTEpEC.

Janaprun ObUT MpeUIoKeH Kak MpOTH-
BOSI3BEHHBIH ITpenapaT, HO B HACTOALIEE BPEMS
HCTIOJIb3yEeTCA B JICUCHMM TaHkpeatuta [13].
Panee nokasaHo, yTo OH 00Ja/zaeT aHTUOKCH-
JAHTHBIM, HUMMYHOMOJYJHUPYIOIIUM  JIeH-
CTBUEM, OKa3bIBAET CTUMYJIUPYIOLIEE BIUSHHUE
Ha penapaTUBHbIE MPOIECCHl MPU TMOBPEX/Ie-
Huu. [IpoTnBOBOCTIANUTENBHOE NIEHCTBUE Ja-
JIapTUHa CBSA3BIBAIOT C €ro 3(ppexToMm Ha Mak-
podaru, ¢puOpobIacTbl, YTO MPUBOAUT K YCH-
Jennto cuHTtesa koutarena u JJHK B anutenun
[13]. Panee HamMu moka3aH KOPpUTHPYIOIIUI
a¢ddexT mamapruHa Ha TEYEHUE IKCIIEPUMEH-
tanpHOro SK y Mbled, 4Tto mnposBIsAIOCH
CHIDKEHHEM HHJEKCa aKTUBHOCTH OO0Je3HH,
YMEHBILIEHUEM PACIpPOCTPAHEHHOCTH 3B U
BOCHAJIUTENbHBIX HMH(QUIBTPATOB B JUCTAIb-
HOM oTJiene o0omouHol kumku [14]. B cBs3u
C ATUM TPEJCTaBISIET UHTEPEC U3yUYEHUE BIIU-
sSHUS Janapruia Ha cogepxkanune MMII B
CTEHKE TOJCTOrO KHIIEYHHKA IMPHU 3KCIEepH-
MeHTtanbsHOM SK.

Heab ucciaenoBanus. Mzyuenue Bius-
HUS JajapruHa Ha KoHueHTpamuio MMII-2,
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MMII-9 u TUMII-2 B MeaualLHOM OTIEIIE
000/TOYHON KHILIKHA MBIIIEH C 3KCIEPUMEH-
TanbHbIM SK.

Martepuanbl M MeTOAbI HCCJIEI0BA-
HUSl. DKCIIEPUMEHTHI BBINIOJHEHBI HA 67 MBbI-
mrax-camitax auaun Balb/C Becom 20-23 1. u3
¢unmuana "Cronbdosas" deaepalbHOTO TOCY-
JApPCTBEHHOTO  OIOJDKETHOTO  YUPEIKICHUS
Hayku "Hay4uHblli LEHTp OMOMEIUIIMHCKUX
TexHoJoruit PeepanbHOro MEANKO-O0MOI0TH-
YECKOTo areHTcTna'.

JKMBOTHBIX pa3lenuin Ha CleayIolIue
rpynisbl: 1) uHTaKTHBIE (N=4); 2) KOHTPOJIbHAS
(n=21) - SK+dwuspactBop; 3) omnbITHAs
Nel(n=21) — SIK+pmanaprun; 4) ombiTHass Ne2
(n=21) — SAK+cynndacana3uH.

JKWBOTHBIM KOHTPOJBHOW M OIBITHBIX
rpymnn K moznenupoBaiy 3aMEHOM NMUTHEBOM
BOoAbl 5% pacTBOpPOM JeKCTpaHa cyibdaTa
natpus (JACH) (Mr=40000, PanReac-Ap-
pliChem, ®PT") B kumstueHOM BOJE HAa 5 CyTOK
[15]. PaszBute SIK y »HMBOTHBIX TOCIE MO-
tpebaenus 5% pacrsopa JJCH noareepxaeHo
MOP(}OTOTHYECKIUMH HUCCIICIOBAaHUSIMH. MBI-
el BBIBOAWIM M3 SKCIIEpUMEHTa Ha S, 7
CYTKH (OCTpBIi KOJIUT) U HA 28 CYTKH (XPOHH-
YECKHH KOJUT) HEPBUKAIBHOM IUCIIOKAIHEH
MO/, XJIOpaJITHIPATHBIM HAPKO30M.

Hanaprun  (Tup-D-Ana-I'mu-®en-Jlei-
Apr) (HITO «Muxkporen», Poccust) pacrso-
psanu B 0,9% pacTtBOpe Xjopuaa HaTpus, MpHU-
MEHSIJIA MOAKOKHO B 00Beme 0,1 M exe-
nHeBHO B 03¢ 100 MKr/Kr Maccel Tena 1 pa3 B
CYTKHM B T€U€HHUE 7 JIHEeW C Hayana MOJAEIUpPO-
Banus SK. [1o naHHBIM JIUTEPATYPHI UCCIIENO-
BaHHBIN MENTH MPOSBISET BHICOKYIO (papma-
KOJIOTUYECKYI0 aKTHBHOCTH MPHU €T0 HUCIOJb-
30BaHUM B yKa3aHHOMU J03e [16].

Cynbdacanazun (kommnanus «KPKA»,
CnoBeHus) MPUMEHSIIA B KQYECTBE Mpenapara
CpaBHEHHUS W BBOJWIN MBIIIAM BHYTPIKEITY-
JIOYHO B BHJIE CYCIIEH3UU B (PU3HOIOTHUECKOM
pactBope B g03¢ 200 MI/Kr Macchl Teja B 00b-
eme 0,3 M B TeueHHe 7 CyTOK C Hadajia MoJe-
mupoBanus K [16]. Panee mokazaHo, 4TO
npuMeHeHue cynbgacanazuHa B 1po3e 200
MI/KI BHYTPUKEIYJAOYHO BBI3BIBAJIO YMEHbB-
IICHHUE TUIOMAAN SI3BEHHBIX AE(PEKTOB M KpPO-
BOW3JIMSIHUM B IPSMON KHIIKE, CHYYKEHHE KOH-
neHtpanun uHAynupoBanHoit NO-cuHTa3HI,

WJI-1B, 1UJI-6, ®HO« B romorenare mpsmMoit
KHIIKA Yy KPbIC C JKCHepuMeHTanbHbIM K
[17].

Kontposbnas rpynna xkuBotHbeIX ¢ K
coctosuia u3 21 ocobwu, 12 u3 koTopsIx puspac-
TBOP BBOJWJIH IOJAKOXKHO, 9 — BHYTpHIKEIy-
nouHo. Ha 5, 7 u 28 cyTku 3KCIiepuMeHTa U3
OMbITa BBIBOJAWIMA O 7 MblleH: 4 moiydanu
(bu3pacTBOp MOAKOKHO U 3 BHYTPUXKEIY-
N04YHO. PaHee ycTaHOBIIEHO OTCYTCTBHE KJIHU-
HUYECKUX M MOP(OJIOTHYECKUX DPAIUYUI
mexay mbimamu Balb/C ¢ skcniepumenrans-
HeiM SK, momyuyaBmmx ¢uspacTBop ykazaH-
HBIMHU CIIOCOOaMH, Ha BCEX CPOKaX 3KCIIEpH-
MeHTa [14]. ®@uspactBop BBOAWIM | pa3 B
CYTKH B T€U€HHE 7 AHEW C Havaja MOJAEIUpO-
Banus SIK B 00beme 0,1 M noakosxHo v 0,3
MJI BHYTPHKETYJOUHO.

VY KUBOTHBIX, BBIBEJICHHBIX U3 3KCIEpPU-
MEHTa, U3BJIEKAJIH 000I0YHYIO0 KUIIKY, BBIIC-
JISUTH MeTUaIbHBINA OT/IE]1, BCKPBIBAJIU €0 MPOo-
JOJIBHBIM Pa3pe30oM M0 Kparo IPUKPENICHUS
OpbDKeiikH, TpoMbIBaNId (pochaTHO-COIEBBIM
oydepom (pH=7,4, 0,01M) u Tkans (70 Mr) TO-
MoOTreHu3upoBaiiu B romorenusatope [lotrepa-
OnbBereiima B Teuenue 10 muHyT. 'oMmoreHar
neHTpudyruposanu Ha neHtpudpyre SL-16R
(«Thermo Fisher Scientific», ['epmanmust) B Te-
yenue 10 munyTt npu 3000 06/muH. [Tomyden-
HBIH CynepHaTaHT 3aMopaxkuBanu npu t=-40°C
U XpaHuiu He 6onee 2 mecsues. ConepxaHue
MMII-2, MMII-9 u TUMII-2 onpenensnu B
rOMOT€HaTe MEIUaIbHOTO OT/eNa 000 I09HOI
KHUIIKA METOJOM MUMMYHO(GEPMEHTHOTO aHa-
mu3a (UDA) c momouipio craHAapTHRIX HA0o-
poB ¢upmsr Cloud-Clone Corp. (CILIA) Ha aB-
TOMaTHYE€CKOM HMMMYHO(QEPMEHTHOM aHaJIU-
3atope «Jlazypur» (Dynex Technologies,
CIIIA) cornacHo cTaHIApPTHON UHCTPYKIIUH.

PaGora BrITIONHEHA B TabOpaToOpHUH J10-
KIIMHUYECKUX HMCCIEAOBAHUN JIEKAPCTBEHHBIX
cpeacts HHUUM skcniepuMeHTanbHOW MeOu-
uuHbl Kypckoro rocy1apcTBEHHOr0 MeIULIMH-
CKOT'0 YHHUBEPCHUTETA C COOIIOIEHUEM MTPHHIIU-
OB TYMAaHHOT'O OTHOIIEHUS K JaOOpaTOpHBIM
*uBOTHBIM [18, 19], monoxxenuit XenbcuH-
CKOM neknapaiuu BceMupHON MeTUIIMHCKOU
acCOIMalliy O TYMaHHOM OTHOIIEHHH K JIabo-
paTtopHbIM KUBOTHBIM (2000 T.), AMPEKTUBHI
EBporeiickoro coobmecta (86/609EC) u
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[IpaBun Hamexaimiei J1aboOpaToOpHOM TpaK-
tuku B Poccuiickoit denepanuu (mpukasz M3
P® Nel99n ot 01.04.2016 r.). IIpoBeneHue
HKCHEPUMEHTOB IO TEME MCCIIEI0BAHUS OBLIO
0/100peHo PernoHanbHbIM 3THYECKUM KOMUTE-
toM (POK) (mpoTtokon 3acepanus cexuuu ao-
kimanyeckux wucciaegosanni POK Nel or
03.04.2023).

[Ipu cratuctuyeckord oOpaboTKe MOITy-
YEHHBIX PE3YJIbTATOB HOPMAJIbHOCThH paclpe-
JICJICHUs] OLEHHUBAIU C TOMOIIBI0 KPUTEPHS
[Manmupo-Ywika, a TOMOIr€HHOCTh JAUCIEPCHI
o kpureputo JleBena. [IpoBepky craTuctuue-
CKHX T'MIIOTE3 IPOBOJWIIN C IOMOILBIO Heapa-
Merpuueckoro U-kputepuss MaHHa-YUTHU.
IIpuMeHeHHEe HemapaMeTpU4YeCKOM  CTaTu-
CTHKH OBLIO CBSI3aHO ¢ HEOOJBIINM Pa3MepOM
BBIOOPOK, pasHBIM XapaKTEepoOM pacrpeese-
HUS B BapUAIMOHHBIX PsJIaX U HEPABEHCTBOM
JUCIIEPCUH IIpU CpaBHEHMM Ipynil. Marepuan
npeacrasicH Kak Meauana (Me) nmwkauii (QI)
u Bepxuuii (Q3) kBapTmwiu. B xone mposene-
HUS CTATUCTMYECKOTO aHAIN3a HyJieBasi THIIO-
Te3a orBepranack npu p<0,05. Cratuctuue-
CKYI0 00pabOoTKy MPOBOIMIN C TOMOIIIBIO TIPO-
rpaMMHOro obecrieuenus Statistica Bepcust 10.

PesyabTaTrsl n ux oocy:xaenue. Moje-
nmupoBanue K y mprmeit muaun Balb/C npu-
BOJIMJIO K TOBBIIIEHUIO coaepkanus MMII-2,
MMII-9 u TUMII-2 B romoreHaTe Meauab-
HOTO OTJAeNia 00O0JIOYHOM KHUIIKH Ha 5 CyTKHU
skcniepumenTa B 16,1, 21,8 u 20,7 pa3 cooTBeT-
ctBeHHo (P=0,0107) mo cpaBHEHHIO C HHTAKT-
HbIMU kUBOTHBIMU (Puc. 1, 2, 3). Ha 7 cyTtku
OTMEYEHO CHWXEHHE KOHIeHTparuii MMII-2
u THUMII-2 nwa 37,9% u 20,0% coorBeT-
CTBEHHO IO CPAaBHEHUIO C MPEIBIIYIIUM CPO-
KoM HabOmonenusa. HampoTtus, conepxaHue
MMII-9 yBenuumnocs Ha 11,5%. Ha 28 cyTtku
pu xpoHuudeckoM K konnenrpanun MMII-

2, MMII-9, TUMII-2 3HaYNTEIHHO CHIKA-
JUCh, Npu 3ToM coaepxkanue MMII-2 u
MMII-9 He oTiiMYanoCh 3HAYUMO OT AHAJIO-
TUYHBIX 3HAYEHUW Yy MKUBOTHBIX HHTAKTHOU
rpynnsl, a koHueHtpauuun THUMII-2 ocraBa-
Jachk JocTtoBepHo Bbime (B 7,9 pa3sa,
P=0,0107).

[IpuMeHenne pamapruHa y MblIed
Balb/C ¢ SIK BbI3bIBaIO 3HAYUMOE CHIDKCHUE
conepxkanuss MMII-2, MMII-9 u TUMII-2 Ha
5 u 7 cyTku 3KcniepumenTa. Tak, npu BBele-
HUW JajapruHa  KoHieHTpauus MMII-2
yMeHbIuack B 6,3 u 3,9 paza, MMII-9 —B 4,1
u 5,6 paza, TUMII-2 — na 46,7% u 35,4% co-
OTBETCTBEHHO Ha 5 M 7 CYTKM IIOCJI€ Hayaia
MozenupoBanua SIK 1o cpaBHEHUIO C KOH-
tposbHOU rpymmoi (P=0,0022). He yctaHoB-
JICHO 3HAYUMBIX OTJIMYMM KOHLIEHTpAIUH
MMII-2 u MMII-9 na 28 cyTku (XpOHHYECKHUI
koiuT) y Melmed ¢ K, nomyuyaBmmx ganap-
TUH, 110 CPAaBHEHHUIO C KOHTPOJIbHOM TI'PyIIIOi
(P>0,05). Conepxanne TUMII-2 6buto B 3,7
pasa HMIXKE IpU NPUMEHEHUU JajapruHa
(P=0,0022).

[Tpumenenue cynbdacaia3uHa y MbIIIei
¢ K nmpuBoAWIO K CHWXKEHUIO COACPIKAHUS
MMII-2 u TUMII-2 B roMoreHare MeIuaib-
HOTO OTaena 000104HOM Kuiiku B 3,1 paza
(P=0,0022) u Ha 28,3% (P=0,0022) cooTBeT-
CTBEHHO Ha 5 CyTKHU SKCIIEPUMEHTA 110 CpaBHe-
HUIO C )KUBOTHBIMU KOHTPOJIbHOM Ipyniibl. He
YCTAaHOBJICHO  M3MEHEHHUU  KOHIEHTpAIMU
MMII-9 B sToT nepuoa. Ha 7 cyTtku coaepixa-
nue MMII-2 6buto B 2,1 pasa (P=0,0049),
MMII-9 B 3,0 paza (P=0,0022), TUMII-2 Ha
41,7% (P=0,0022) Huxe, yeM B KOHTPOJIbHOU
rpynne. Ha 28 cyTku (XpOHUYECKHUIl KOJIUT)
TonbKo KoHueHTpauuss TUMII-2 Obina Huke
Ha 39,1% (P=0,0409), yem y MbIIIei KOH-
TPOJILHOM TPYIIIBI.
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Puc. 1. BausHue nanapruHa Ha coAepKaHUE MAaTPUKCHOM METaIONPOTENHA3bI-2 B TOMOI'€HATE Me-
JIUAJTBLHOTO OT/Ie7Ia 000J0YHOM KUIITKHA MBITIEH C sI3BEHHBIM KOJUTOM.

[Ipumeuanue: * — p<0,05 1o cpaBHEHHIO C MHTAKTHOI rpymmoit, * — p<0,05 no cpaBHEHUIO C KOHTPOJIBHOW TPYIIION.
Fig. 2. Effect of dalargin on the content of matrix metalloproteinase-2 in the homogenate of the me-
dial colon of mice with ulcerative colitis.

Note: * — p<0.05 compared to naive group, * — p<0.05 compared to control group.

[Ipu cpaBHEHMM BIUSHUS AajlapruHa U
cyne(acanazuHa Ha KoHueHTpanuio MMII u
TUMII y mbrueii ¢ SIK ycranoBsieHo, 4to 3¢-
(eKThI TanapruHa 3Ha4uMo BBILIE 110 CPaBHE-
HUIO C JIEWCTBHEM CyJibdacanazuHa Ha 5 u 7
CYTKH pa3BUTHs 3a001eBanus. Tak, Ha 5 CyTKU
coJiep’KaHHEe B TOMOT€HaTe MEIUAIbHOIO OT-
nena obomounoi kumku MMII-2 B 2,0 pa3za
HUKE Yy MBIIIEH, MONy4YaBIIUX JajaprH, IO
cpaBHeHHio ¢ rpymnnoit SIK+cynwsdacanazun
(P=0,0022). Ha 7 cyTku Tak»e yCTaHOBJIEHO
CHIDKEeHHE KoHLeHTpauuu MMII-2 B rpynmax
AK+nanaprus Ha 45,2% 10 CpaBHEHHIO C JKU-
BOTHBIMM, TOJYYaBIIUMH  cyibdacana3ux
(P=0,0022). Conepxanrie MMII-9 na 5 u 7
CYTKH y MBIIIEH, KOTOPbIM PUMEHSIIN Janap-
I'MH, ObUIO 3HAYMMO HMXKE, YeM B TIpyMIe
SK+cynbdacanazun: Ha 5 cytku B 3,8 paza
(P=0,0022), Ha 7 cytku Ha 46,9% (P=0,0033).

bonee Hu3kMe 3HaUYeHMs] KOHIEHTpPALUU
TUMII-2 y kpbIc, NONTy4aBIINUX AaJapruH, OT-
MEYaJluCh TOJBKO HA 5 CYTKH DKCIEpHUMEHTa
(na 25,6% (P=0,0022)).

VY mpieit ¢ xpoandeckum K, koTopsim
NPUMEHSUIN J1ajlapTuH, MOKa3aHO CHHYKEHUE
conepxanus TUMII-2 Ha 28 cyTku B 2,2 paza
(P=0,0181) mo cpaBHEHUIO C YKUBOTHBIMH, KO-
TOPBIM BBOJUJIH CyJb(acalia3uH.

Taxum 006pa3om, B HAIIUX HKCIEPUMEH-
Tax YCTaHOBJIEHO KOPPUTHPYIOLIEe BIIMSHUE
JanapruHa U cyibgacaiazuHa Ha KOHIIEHTpa-
muu MMII-2, MMII-9 u TUMII-2 B romore-
HaTe MEIUAILHOTO OT/1e1a 000 0YHOM KUIIIKH,
YTO MOATBEPXKAAET UX IMPOTUBOBOCHAIUTENb-
Hoe neiictBue y Mblei ¢ JK. IIpu atom max-
cUMaJbHBIN 3G (dEKT HAOIIoAANICS TIPH TIPUME-
HEHUU JlajapruHa.
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Puc. 2. Bnusnue nanaprusa Ha coAep KaHNe MAaTPUKCHOM METAJIONPOTENHA3BI-9 B TOMOT€HATE Me-
JINAJIBLHOTO OTJIeja 000J0YHOM KUIITKH MBIIICH C I3BEHHBIM KOJUTOM.
[pmmeganne: * — p<0,05 mo cpaBHEHUIO C MHTAKTHOH rpymmoi, * — P<0,05 mo cpaBHEHUIO C KOHTPOIBHOH TPYIIION.
Fig. 2. Effect of dalargin on the content of matrix metalloproteinases-9 in the homogenate
of medial section of the colon in mice with ulcerative colitis.
Note: * — p<0.05 compared to naive group, * — p<0.05 compared to control group.

[TomrydenHble B paboTe pe3yabTaThl MO-
TBEPXJAIOT JaHHBIC JINTEPATYPhI O MOBBIIIE-
HuM conepxanust MMII-2, MMII-9 u TUMII-
2 nipu pazsutuu K, kak y 1a60paTOpHBIX KH-
BOTHBIX, TaK W y namueHToB [6, 20]. Ognako
JMHAMUKA KOHIIEHTPAIIMU U3MEPsieMbIX Tapa-
METPOB OblJIa PA3IUYHON: €CIH COJEepKaHUE
MMII-2 u TUMII-2 oka3anoch MakCUMalb-
HBIM Ha 5 CYTKHM 3KCHEPHUMEHTa, TO KOHIIEH-
tparust MMII-9 na 7. Panee noka3aHo, 4To Ts-
XKecTb IKcnepuMenTaibHoro K y mabopatop-
HBIX MBIIIIEH HapacTaeT oT S cyTok k 7 [14, 20].
[TonydyenHble B paboTe MJaHHBIE MOATBEP-
XKIAI0T paHee MOTYyYEHHBIE PE3yIbTaThl O TOM,
yto nuHamuka MMII-9 npu AK npsimo mpo-
MOPIIMOHANIbHA TSKECTH 3a00JI€BaHUs, a U3Me-
HeHus koHueHTpauuu MMII-2 u TUMII-2 o6-
paTHO mnponopunoHanbHbl [20]. YV Mblmei c
xponnueckuMm SK conepkanue Bcex uccieno-
BAaHHBIX TOKa3aTelel CYIIECTBEHHO CHHUXa-
ercs, a KoHueHrpauuss MMII He ortnmyaercs

JIOCTOBEPHO OT aHAJIOTUYHBIX 3HAUEHUN y WH-
TaKTHBIX MBIIICH. YKa3aHHbIE H3MEHEHUSI 00b-
SICHAIOTCSI, TIO-BUJUMOMY, U3MEHEHHEM IOy~
JSALUAA JICMKOIMTOB B OdYare BOCIHAJCHUS U
npeobnaganueM B-mumdorutor [21]. Panee
MO0Ka3aHo, 4To KoHueHTpauuss MMII-9 B cbI-
BOPOTKE KpOBU MaIeHToB ¢ ocTpbiM K 3Ha-
9UMO BBINIE, YeM Yy OOJBHBIX C HEAKTUBHOM
(dhopmoii 3a001eBaHUS HITH Y 3T0POBBIX 00pO-
BOJIBIIEB, YTO YKa3bIBAET HA BO3ZMOXHOCTH UC-
MOJb30BaHusl KoHUEHTpanuun MMII-9 kak
MapKepa aKTUBHOCTH BOCIHAIUTEIBHOTO MPO-
1[ecca B TOJICTOM KHIIIEYHHUKE U 3P (EeKTUBHO-
CTH NPOBOJUMOM Tepanuu [22].

[Tpu BocmaneHun OTMedYaeTcsl MOBBIIIe-
Hue KoHueHTpauuu THMII, uto sBisiercs 3a-
IIUTHBIM MEXaHU3MOM TMPH 3HAYUTEIBHOM
yBenuueHuu aktuBHoctd MMII [23]. Oxgnako,
KaK MOKa3aHO B OOJNBIIIMHCTBE HCCIEAOBAHUH,
nosbimieHue ypoBHs TUMII oObr4HO HE crio-
coOHo mpeaymnpenuts aktuBanuio MMII [23].
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Puc. 3. BnusHue nanapruHa Ha coJiep>KaHuEe TKAHEBOTO MHTUOUTOpPa MATPUKCHBIX METaJIONPOTEH-
Ha3-2 B TOMOT€HATe MEIUATBHOTO OT/eIa 000 I0YHON KHUIIIKU MBIIICH C S3BEHHBIM KOJTHTOM.
[Ipumeuanne: * — p<0,05 1o cpaBHEHMIO C HHTAKTHOI rpymnmoii, * — p<0,05 no cpaBHEHUIO ¢ KOHTPOIBHOW TPYIIION.
Fig. 3. Effect of dalargin on the content of tissue inhibitor of matrix metalloproteinases-2 in the ho-
mogenate of medial section of the colon in mice with ulcerative colitis.
Note: * — p<0.05 compared to naive group, * — p<0.05 compared to control group.

N3BecTHO, YTO OCHOBHBIMHM NPOAYLEH-
taMu MMII nipu BocnasieHUH SIBISIIOTCA MaK-
podaru u

HerTpodmibl [7]. OOmenpru3HaHO, YTO
ONMOUJHBIE PELENTOPbI, NPEUMYIIECTBEHHO
L-THIIa IPUCYTCTBYIOT Ha HEUTpoduiIax, Mak-
podarax, NeHIPUTHBIX KieTKaX, T- u B-mum-
(doruTax B CTEHKE TOJICTOTO KHIIIEUHUKA [24].
VYcranoBneHo ycuienue skcnpeccun MPHK
OMMOUJHBIX W-PEIENITOPOB B OCTPHIN MEPUOJ
pa3zButus 6osne3Hu. [Ipu XxpoHuueckoMm Teue-
nuu SIK Habmronanach HOpMallbHas 3KCHpec-
cuss MPHK omumouansix p-perentopoB [25].
OTU NaHHBIE YKa3bIBAIOT HAa BOBJIEUYEHHOCTH
ONMHOUJHBIX |-pPELENTOPOB B PETYIISILIMIO BOC-
MaJeHUs B TOJICTOM KHUIIIEYHHKE.

OnuousHele d-peLenTopbl TaKkKe IMpH-
CYTCTBYIOT B TOJICTOM KHIIEYHHUKE, TJIaBHBIM
o0pa3oM Ha HellpoHaX HEPBHOIO CIUIETEHUS,

PErYIUPYIOMINX MEPUCTAIBTUKY [26]. YV MbI-
men ¢ skcnepuMeHTanbHbIM AK oTMeuaercs
YBEJIIMYEHUE KOJIMYECTBA OIMUOMIHBIX O-pe-
LENTOPOB, CTUMYJISIUS KOTOPBIX YTHETAET CO-
KPaTUTETbHYI0 aKTUBHOCTH MBIIII] TOJCTOTO
KHUIIeYHUKa [26].

Jamaprun — aHanor nei-sHKedainHa,
WMEIOIIUM BBICOKYIO YCTOMYMBOCTH K JICii-
CTBHUIO PHJIOMENTHIA3, YTO CBS3aHO C 3aMellle-
HUEM aMHUHOKHCIIOTHI TJIUIMHA Ha D-amanuH
BO BTOPOM TIOJIOKEHUU U TPUCOCAUHEHUEM
octaTka apruHuHa K C-KOHITYy MOJIEKYJIbI, TPO-
SIBJISIFOLIIUN BBICOKYIO CEJIEKTUBHOCTh B OTHO-
IIEHUW ONMUOUIHBIX O- U W-penenitopoB [13].
YCTaHOBNEHHBIA B HallleM UCCIECIOBaHUU
bapmakonornyeckuit ekt namapruHa Ha
conepxanue MMII-2, MMII-9 u TUMII-2 y
Mmbiieit ¢ K cBs3aH, Mo-BUINMOMY C aKTHUBa-
[MeW OMHOUHBIX U-PEIENTOPOB HA MOHO- U
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MOJIMHYKJIeapaX B CTEHKE TOJICTOTO KHIIEY-
HUKa, YTO MIPUBOTUT K CHIKCHUIO UX (DYHKITH-
OHAJILHOM aKTUBHOCTH, YMEHBILIEHHUIO TPOTyK-
mun MMII makpodaramu, numpouutamu u
HedTpodunamu. CBsA3bIBaHHE JajapruHa C
ONMMHMOUJHBIMU O-pelienTopaMu Ha KIETKax
HEPBHOT'O CIUIETEHUS, KOJIMYECTBO KOTOPBIX
yBenuuuBaercss npu JICH-unayuupoBanHom
SK, BbI3bIBAET CHIKEHHUE MEPUCTATIBTHKH, YTO
MOXET OIMOCPEIOBAHHO MPUBOJUTH K yMEHbB-
UICHUI0 MHTEHCUBHOCTH BOCHAJICHUS B TOJ-
CTOM KUIICYHUKE.

Panee nokaszaHo, 4To NpUMEHEHUE MpH-
POJHOTO MHTHOMTOpA PHKEe(aTuHa3bl OMUOP-
(dbuna pu sKcrepuMenTanbHoM K y mbliei
BBI3bIBACT I1a/ICHNE KOHLEHTPALUU IIPOBOCIIa-
muTenbHBIX  1uTokuHoB  (MJI-1B, HWIJI-6,
®HOq) u yBenuyeHue coaepKaHusi poTUBO-
BocranurensHoro MJI-10, xak B cTeHKE TOJI-
CTOT0 KUIICYHHKA, TaK U B IJI1a3Me KpoBu [21].
VYka3aHHble OMOXMMUYECKHE H3MEHEHHS CO-
MPOBOXK/JIATUCh YMEHBIICHUEM KIMHHUYECKUX
nposiBiaeHui K, Takux Kak MHAEKC aKTUBHO-
cTH 0OJIE3HH U JJTUHA TOJICTOTO KUIIEYHHKA, a
TaKk)K€ BBIPAKEHHOCTU THUCTOJNOTUYECKUX H3-
MEHEHH B TOJICTOM KHIIIEYHUKE MTPHU BOCIIaJe-
HuM [21]. ABTOpBI CBS3BIBAIOT MMPOTUBOBOCTA-
JHUTENBbHOE JIEHCTBHE OMHOP(HHA C MOJaBIe-
HHEM aKTMBHOCTH siepHoro (akropa KB p65,
TOJUI-1I0100HOTO perentopa-4 (TLR-4), unmy-
uupoBanHOil NO-CHHTAa3bI, IUKIOOKCUTE€HA3HI
2 tuna. Kpome Toro, npumenenue onuopdana
NPUBOJIMIO K  yTHETEHUIO  aKTHUBHOCTH
HEUTpPaTbHOU YHAONENTH/Ia3bl 1 AMUHOTICTITH-
nasel N — pepMeHTOB, y4acTBYIOIINX B pa3py-
IIEHUH YH/IOT€HHBIX HKehannHoB. Takum 00-
pa3zoMm, IpUMEHeHuEe onuopduHa MPHUBOIUIO
HE TOJIBKO K MOBBIIIEHUIO COACPXKAHUS Je-1
MeT-9HKEe(ATMHOB B CBIBOPOTKE KPOBH, HO U K
YBEJIIMUYEHUIO SKCIIPECCUU OMHOUTHBIX |- U O-
peuenitopoB [21]. Takoe nmeiicTBue ucciaeno-
BaHHOTO HHTUOUTOpPA SHKE(DaTUHA3KI, IO MHE-
HUIO aBTOPOB, CBSI3aHO C aKTUBaluel nepude-
PUYECKUX W-PELENTOPOB, MOCKOIbKY MpUME-
HEHHUE HaJOKCOHA TUAPOXJIOpHUAA, OJIOKUPYIO-
IIETO MPEUMYIIECTBEHHO NepuepuyecKue |-
PEeLEenTOPhl U UMEIOIIIET0 MEHbIIIEE CPOJCTBO K
OMMHMOUIHBIM O-perenTopaM, yCTPaHSIIO KOp-
purupytomuii 3¢ exT onnoppuHa Ha TESUCHUE
AK [21]. Panee moka3zaHo, 4YTO MPUMEHEHHUE

CEJICKTUBHBIX AHTAarOHHUCTOB OMUOUJIHBIX O-
pELenTOpPOB HANTPUHIONA U 7-OCH3WIHICH-
HaJITPEKCOHA HE OKAa3bIBaJI0 CYIIECTBEHHOTO
BJIMAHMUS HAa TEYEHUE DSKCIEPUMEHTAIBHOTO
SK y MbIei, 4To Mo3BOJIMIIO aBTOpaM CJie-
JIaTh BBIBOJ O TOM, YTO OMHUOHJIHBIC O-perer-
TOPBI HE BOBJIEKAIOTCSI B KOPPUTHPYIOIIHIA -
¢ext onmounnos npu AK [27].

YcTaHoBIIEHO MHTHOUpYIOLIee BIUSHUE
arOHHUCTOB ONMOUJHBIX penentopoB Ha MMII-
9 [28]. TlokazaHo, 4TO PHAOTCHHBIN ArOHUCT
OMUOUIHBIX W-PELENTOPOB 3HIOMOP(HUH-2
OKa3bIBaeT UWHrubupyomee JAeicTBre Ha
MMII-9, a  CHHTETHYCCKHEC OIHOUbI
MML617, MML717 u» MML1017 yruaeranu
akTuBHOCTh MMII-2 1 MMII-9 [28]. V Gounb-
HBIX PaKOM TMHILEBOAA YCTAHOBIIEHO CHIKE-
HUE AaKTUBHOCTH ONMHUOMJHBIX K-PELEHTOPOB,
YTO HPUBOJWIO K TOBBIIIEHHUIO AKTHUBHOCTH
MMII-2 u nporpeccupoBaHUIO 3710KaueCTBEH-
HOM omyxodu [29].

3akiaouenue. B pabore ycTaHOBIIEHO,
YTO pa3BUTHE KcriepuMenTaibHoro AK y mMbl-
et Balb/C compoBoskaaercsi MOBBIICHHEM
koHneHtpanuu MMII-2, MMII-9 u TUMII-2
B rOMOT€HaTe MEIUaIbHOTO OTHeja 000104-
HOW KHUIIKA Ha 5 WU 7 CyTKH SKCIEPUMEHTa
(octpeiit AK), 4uTo yka3plBaeT Ha pa3BUTHE
OCTPOTO BOCTIAJICHUS B TOJICTOM KHILIEYHHKE.
[Ipu XxpoHMYECKOM SI3BEHHOM KOJIUTE COJIEp-
»aHue uccinenoBanubix MMII He oTnuuaercs
3HAQYMMO OT AHAJOTUYHBIX 3HAYCHUH y WH-
TaKTHBIX )KUBOTHBIX, a KOHIIeHTpaus TUMII-
2 ocraercs MOBBIIIEHHOM, YTO MOATBEPKAAET
paHee TIONyYeHHbBIE JIUTEepaTypHbIE JTaHHBIC
[23]. YBenmuuenune konmeHTpaiuun MMII u
TUMII cBsizaHO ¢ akTUBalUe Makpodaros,
HEUTPO(DUIOB 1 TUM(DOITUTOB, KOTUIECTBO KO-
TOPBIX 3HAYUTEIIPHO YBEIIMUYUBACTCS B CTCHKE
TOJICTOTO KUIICYHUKA MPU BOCTAJICHUH, SIBIIS-
FOIIUXCSI OCHOBHBIMM NpoayneHramMu MMIL.

[Ipumenenne namapruHa y  MbILIEH
Balb/C ¢ sxcniepumenTansabiM K BhI3bIBaET
cHMmxeHue KoHueHntpauu MMII-2, MMII-9 u
TUMII-2 Ha 5, 7 1 28 CyTKM 3KCIIEpUMEHTA 1O
cpaBHeHuto ¢ rpymmoi SAK+duspactBop, 4To
yYKa3blBa€T HAa CHIDKEHHE TSDKECTH BOCHANH-
TEJIBHOTO Tpoliecca y >kMBOTHBIX. Dapmaxoiio-
rudeckuii dddext namapruHa 0OBIACHsETCH,



Opué‘MH(lﬂbH(lﬂ cmamaos
Original article

HayuHble pezysbmamul 6uomeduyuHckux uccaedosaruti. 2024;10(4):563-577
Research Results in Biomedicine. 2024:10(4):563-577

573

MO-BUJIMMOMY, aKTUBAllUE€l OMUOUTHBIX LL-pe-
LIETITOPOB, KOJIMYECTBO KOTOPHIX 3HAUUTETHLHO
yBEIUYHMBAETCS Ha Makpodarax, HEUTpodu-
nax, T- u B-nmum¢ponurax npu octpom K.
Ctumynanus aroHUCTaMH OINUOMIHBIX -pe-
LIETITOPOB MPUBOJIUT K YTHETCHUIO SIIEPHOTO
¢daktopa kB p65, TLR-4, wHaynupoBaHHOK
NO-cunTa3bl, 1UKI0OKCcUreHasbl 2 tuma [20].
[Ipu cpaBHEHHH KOPPUTHPYIOLIETO NEHCTBUS
JanapriuHa u cynb(dacana3uHa Ha coJlepKaHue
MMII-2, MMII-9 u TUMII-2 B romoreHare
MEMAJIbHOTO OT/eNa 000J0YHONW KUIIKU MBbI-
el ¢ axcrepuMenTaibubM AK ycTanoBieHo,
9T0 (papMakoJorudeckuii dGheKT mpamapruHa
3HaunMo BhIme (P<0,05), 94TO MPOSBISAIOCH
CHIKeHHeM KoHueHTpauuu MMII-2 1 MMII-
9 Ha 5 u 7 cytku skcniepuMmenta, a TUMII-2 na
5 u 28 cyTKH.

VYuuteiBas BaxHyo poib MMII u
THMII B pa3BUTHUN BOCHIAIUTENBHBIX MIPOLIEC-
COB B Pa3JINYHBIX TKAHSIX, UCIOJIb30BAHUE WH-
ruburopoB MMII npexncrasisercs nepcnek-
TUBHBIM HaIpaBJICHUEM Tepamuu Takux 3abo-
JICBaHUH.

Takum oOpa3oM, MOTy4YEHHBIE PE3Yiib-
TaThl OTKPBIBAIOT MEPCIEKTUBBI UCIOJIb30Ba-
HUS JaNapruHa Kak cpeicTBa papMakoioruye-
ckoit koppeknuu SK, ocobeHHO TIpH ero uc-
MOJIb30BAHUM B KOMOWMHAILIUU C JIPYTUMU Jie-
KapCTBEHHBIMHU TperapaTaMu.
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Abstract

Background: Eating disorders (EDs) are a group of conditions with an unknown etiology, which is
why a comprehensive therapy program is not yet available. The high prevalence and mortality rates
underline the interest and necessity of studying this disorder. Recently, accumulating data suggests
potential options for hormonal therapy, both conducted on animals and humans. The aim of the
study: The exploration of potential hormonal therapy for the treatment of EDs, analysis and synthesis
of current approaches to treating hormonal and psychophysiological disturbances in EDs, as well as
a review of research conducted on model objects. Materials and methods: In this study a compre-
hensive literature review to gather relevant articles and research papers was conducted. Various bib-
liographic databases, including Google Scholar, Web of Science, Scopus and etc. were utilized. The
search was performed using a combination of key words related to the topic of EDs: eating disorders,
hormonal disturbances in EDs, model organisms for studying EDs, and specific queries related to
hormones, receptors, and animal models. Results: Current study presents the main hormonal disturb-
ances involved in the development and maintenance of EDs. Various animal models of EDs are pre-
sented, along with the use of agonists of key hormones in animal subjects. Additionally, investiga-
tions of the medications relamorelin and metreleptin in humans were also included. Conclusion: The
effectiveness of hormonal therapy in humans indicates significant improvement in overall condition
within relatively short periods. However, such studies are conducted on insufficient sample sizes for
representativeness and require comprehensive double-blind placebo-controlled trials to confirm the
efficacy and safety of this therapy.
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Introduction. The problem of nervous
anorexia has become increasingly relevant in
recent years due to the rise in the number of
cases among children and adolescents, as well
as the insufficient effectiveness of treatment
measures. Eating disorders (EDs) are spread-
ing due to the higher socioeconomic status
across all layers of the population in developed
and developing countries. Available epidemio-
logical data indicate a low likelihood of full re-
covery in EDs, as individuals with this disorder
continue to hold distorted perceptions of their
own body, experience disordered eating pat-
terns, and exhibit associated psychological and
psychiatric problems. For example, body dys-
morphic disorder, dysthymia, dependence on
drugs used in psychopharmacotherapy such as
neuroleptics, tranquilizers, and antidepres-
sants. It is also worth considering that EDs can
be components of other mental disorders. In
the EU countries, approximately 1 trillion eu-
ros are spent annually on the treatment of EDs
[1]. The estimated prevalence of EDs among
school children is 13%, with girls being 10
times more likely to be affected than boys. The
average age of onset for these disorders is 12.5
years [2] In conjunction with the high percent-
age of fatalities, this trend underscores the
need to establish the pathogenesis and nosol-
ogy of this disorder. Interest among research-
ers from various fields in EDs is increasing
each year. However, specific biological and
psychological causes for the onset and devel-
opment of this disorder have not yet been es-
tablished, and as a result, comprehensive reha-
bilitation programs are lacking. Approxi-
mately 46% of patients with anorexia nervosa
are capable of achieving full recovery, around
one-third experience partial recovery, and ap-
proximately 20% progress to a chronic form
with persistent cycles of remission and relapse
[3]. The outlook for treating anorexia nervosa
relies on the timely identification of the disor-
der and its related complications, the appropri-
ate decisions made by healthcare profession-
als, and the patient's willingness to engage in
therapy and actively pursue recovery. Moreo-
ver, data suggests that the duration of anorexia
nervosa directly correlates with an increased
risk of patient mortality [4]. Generally, death

occurs as a result of comorbidities or suicide.
It is also important to understand that EDs are
not isolated conditions; for certain diseases, the
likelihood of developing an ED increases, such
as in type 1 diabetes where EDs are more prev-
alent [5].

The aim of the study. The exploration
of potential hormonal therapy for the treatment
of EDs, analysis and synthesis of current ap-
proaches to treating hormonal and psycho-
physiological disturbances in EDs, as well as a
review of research conducted on model ob-
jects.

Materials and methods. The study used
and analyzed a total of 54 articles, including
3 Russian-language and 51 English-language
publications. The selection of literature
sources was conducted using the bibliographic
databases, such as Google Scholar, Web of
Science, Scopus, DBLP, Medline, PubMed,
Elibrary, ResearchGate and etc. by combina-
tion of key words. The keywords included: eat-
ing disorders, hormonal disturbances in EDs,
model organisms for studying EDs, and spe-
cific queries related to hormones, receptors,
and animal models. The study considered
works conducted solely in the fields of physi-
ology or psychiatry, as well as those carried out
with an interdisciplinary approach, which held
the greatest interest. This review encompasses
physiological, biochemical, psychiatric, and
psychological indicators of the effectiveness of
ED therapy methods. It also includes a synthe-
sis of anorexia nervosa models in experimental
subjects and provides a brief characterization
of their advantages and limitations.

Regulatory peptides in the pathogene-
sis of anorexia nervosa. While investigating
the secretion patterns of ghrelin, leptin, and
neuropeptide Y, substantial evidence was dis-
covered, supporting the existence of feedback
mechanisms that play a crucial role in regulat-
ing eating behavior. There is a hypothesis sug-
gesting that the concentration of leptin in the
bloodstream is not only responsible for regu-
lating daily energy intake but also plays a role
in the circadian rhythms of ghrelin and neuro-
peptide Y secretion [6]. Other hormones, such
as amylin, brain-derived neurotrophic factor,
and others, are also involved in the regulation



O630p
Review

Letyagin PI, et al. Eating disorders: neuroendocrine changes and ... 580

of eating behavior. These hormones have an
impact on maintaining EDs and contribute to
the development of various psychological dis-
turbances, which will be discussed further.
Ghrelin. Ghrelin, a 28-amino acid pep-
tide, functions as the natural ligand for the
growth hormone secretagogue receptor-1a,
which, in turn, stimulates the secretion of
growth hormone [7]. Ghrelin plays an im-
portant role in several physiological processes,
including increasing appetite by stimulating
the production of orexigenic neurons such as
neuropeptide Y and agouti-related protein
(AgRP). Furthermore, studies have revealed
that individuals suffering from anorexia ner-
vosa exhibit notably elevated levels of ghrelin
in their plasma compared to those without the
disorder [8, 9]. However, the effects of ghrelin
go beyond appetite control and food intake;
they also include modulation of reward-related
behavior through the mesocorticolimbic dopa-
minergic system [10]. Patients with anorexia
nervosa exhibit altered reward processing, in-
cluding abnormal brain responses to food.
Moreover, it has been shown that changes in
leptin and ghrelin occurring during the acute
phase of anorexia nervosa may sustain aberrant
behavior [11]. Additionally, it has been found
that patients with anorexia have significantly
higher levels of ghrelin in their plasma com-
pared to patients without anorexia. However,
despite the elevated ghrelin levels, patients are
unable to increase their food intake. Clinical
trials involving ghrelin and ghrelin agonists
have demonstrated encouraging outcomes in
enhancing appetite, increasing food intake,
promoting lean body mass, and improving the
overall quality of life in patients affected by
cancer cachexia [12]. However, in two recent
substantial randomized double-blind phase 111
trials, significant effects on physical function-
ing and survival were not demonstrated [13].
The impact of ghrelin on appetite regulation
has been associated with active ghrelin, alt-
hough the primary form of ghrelin found in the
bloodstream is des-acyl ghrelin. In a study con-
ducted by Garcia et al. [14], it was observed
that subjects experiencing cancer-induced ca-
chexia displayed notably higher levels of ac-
tive ghrelin and a higher ratio of active ghrelin

to total ghrelin compared to both cancer pa-
tients without cachexia and a control group un-
related to cancer. However, there is increasing
evidence that des-acyl ghrelin (DAG) in is also
closely associated with food intake and gastro-
intestinal motility. Specifically, patients with
anorexia nervosa have higher levels of ghrelin
in their plasma [15]. It is essential to
acknowledge that the absolute concentrations
of ghrelin detected in plasma can vary depend-
ing on the analytical method employed. There-
fore, caution must be exercised when compar-
ing absolute values obtained in a study with
previously reported literature data on ghrelin
levels, using different methods. In the case of
anorexia nervosa, data may vary due to small
sample sizes. In an analytical review, it was
shown that exogenous ghrelin or ghrelin recep-
tor agonists may improve the course of ano-
rexia nervosa by stimulating appetite and re-
ducing gastric discomfort, leading to increased
energy intake and body weight. However,
since these findings were obtained from small
pilot studies, these effects need to be con-
firmed or refuted in larger clinical studies [16].
The inability of anorexia nervosa patients to re-
spond to increased ghrelin levels may be re-
lated to decreased expression, sensitivity, or
function of the ghrelin receptor GHS-RL.
However, the exact cause of disrupted ghrelin
signaling in anorexia nervosa has not been elu-
cidated to date. Thus, several studies have pro-
vided data suggesting that elevated ghrelin lev-
els in the acute phase of anorexia nervosa may
be an ineffective compensatory mechanism
during chronic starvation. However, recent re-
search on underweight anorexia nervosa pa-
tients has shown that certain ghrelin agonists
(e.g., relamorelin) can help restore ghrelin sen-
sitivity, increase hunger sensation, and lead to
weight gain after a short treatment period [17].
Currently, relamorelin is actively being devel-
oped in phase I and Il clinical trials for the
treatment of diabetic gastroparesis [18]. Over
the past years, accumulating data indicating the
development of gastroparesis in patients who
have been taking opioid medications for an ex-
tended period [19]. Therefore, research on rel-
amorelin as a potential therapy for anorexia
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nervosa not only contributes to the develop-
ment of new treatment methods for anorexia
nervosa but also opens up possibilities for po-
tential combination therapy in opioid therapy
programs for agitation.

Leptin. Leptin is a peptide hormone pri-
marily synthesized by white and brown adi-
pose tissue cells. It is important to note that lep-
tin concentration positively correlates with the
amount of adipose tissue, thereby transmitting
information to the brain about the level of fat
stores in the body [20]. Leptin acts as an affer-
ent signal in a negative feedback loop that
maintains homeostatic control of adipose tis-
sue mass and links changes in energy stores to
a set of adaptive physiological responses. Lep-
tin receptors (LepR) have several isoforms in
humans, but it is through the LepRb isoform
that intracellular signaling occurs. Leptin reg-
ulates the activity of key neural populations in
the arcuate nucleus of the hypothalamus,
where it inhibits orexigenic neuropeptide Y
(NPY)/agouti-related peptide (AGRP) neurons
while simultaneously stimulating anorexigenic
pro-opiomelanocortin (POMC) neurons [21].
The loss of adipose tissue in individuals with
anorexia nervosa leads to a decrease in circu-
lating leptin levels derived from adipocytes.
Subsequent hypoleptinemia represents a key
endocrine feature of this ED and serves as a
major signal for adaptation to starvation [22].
Amenorrhea, hematological changes, de-
pressed mood, cognitive rigidity, and repetitive
thoughts about food are clinically significant
examples of starvation-related symptoms that
may be caused or exacerbated by hypolepti-
nemia [23]. There is evidence linking weight
loss in individuals with EDs, including ano-
rexia nervosa, to the duration of the illness me-
diated by decreased leptin levels [24]. For ex-
ample, in a study by Keel [25], significant as-
sociations were found between more pro-
nounced weight suppression and lower leptin
concentrations in a sample of 53 women with
bulimia nervosa and purging disorder, indicat-
ing that leptin mediated the relationship be-
tween weight suppression and illness duration.
Leptin tends to decrease the motivation for
food seeking by modulating the activity of the
mesolimbic dopamine system in response to

food cues or odors. A large population of do-
paminergic neurons in the nucleus accumbens
(NAC) is innervated by GABAergic neurons in
the adjacent nucleus, which express LepRb re-
ceptors in the ventral tegmental area. Leptin
enhances the activity of these GABAergic neu-
rons, thereby inhibiting dopaminergic neurons
in the adjacent nucleus. Additionally, in a
study on transgenic mice [26], it was found that
leptin inhibits neurons in the hypothalamus
that express LepR and project to the ventral
tegmental area (VTA). However, activation of
LepR-expressing neurons in the lateral hypo-
thalamus increases motivation for food reward
only when mice are in a positive energy bal-
ance state. In anorexia nervosa, hyperactivity
is observed, which is also evident in animal
models [27]. In relation to this, research studies
are emerging with the aim of potential treat-
ment for EDs using metreleptin. Metreleptin is
a recombinant analog of human leptin that is
used for the treatment of metabolic disorders in
congenital or acquired generalized lipodystro-
phy, as well as in patients with congenital lep-
tin deficiency. It has been shown to rapidly re-
duce hunger and induce significant weight loss
over time, as well as normalize metabolic and
hormonal functions. In a study by Milos et al.
[28], involving three individuals with anorexia
nervosa, the authors reported results indicating
a decrease in repetitive thoughts about food,
internal restlessness, and fear of weight in two
patients. The manifestation of depression de-
creased in all patients, and no serious adverse
events occurred. Furthermore, there is infor-
mation about a clinical case of a male adoles-
cent treated with metreleptin [29]. The authors
noted that during the observation period, the
target weight was achieved, mood did not
worsen, and hyperactivity ceased. The findings
of these studies are of interest for further re-
search on larger sample sizes. Hebebrand's
work [23] provides a list of the most common
side effects during treatment with metreleptin:
development of antibodies to metreleptin,
headache, nausea, hypoglycemia, weight loss
and increased risk of infections. At the same
time, attention is paid to the fact that the initi-
ation of treatment with metreleptin will be ac-
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companied by an increase in food consump-
tion, which complicates therapy in individuals
with EDs.

Amylin. Amylin is synthesized in the
beta cells of the pancreas and in the lateral part
of the hypothalamus, which is involved in met-
abolic control. The function of amylin is to
serve as a satiety signal — chronic administra-
tion of amylin has been shown to reduce food
intake and consequently decrease body weight
[30]. The following brain structures are in-
volved in the effect of amylin on food intake:
the area postrema and the nucleus of the soli-
tary tract [31]. Control of food intake is regu-
lated by two pathways — the hedonic pathway,
which acts through the reward system, and the
homeostatic pathway, which involves the hy-
pothalamus. Reward in the control of food be-
havior can be interpreted as the "desire” for
specific foods, and this behavioral response is
mediated by the modulation of the mesolimbic
dopamine system — by altering dopamine syn-
thesis levels in the ventral tegmental area,
whose neurons project to the nucleus accum-
bens. The study on a sample of women with
bulimia nervosa and women with purging dis-
order, which involves behaviors such as self-
induced vomiting, suggests that individuals
with bulimia nervosa experience reduced sa-
tiety after eating, potentially contributing to a
propensity for consuming large amounts of
food during binge eating episodes [32]. In con-
trast, purging disorder is characterized by ex-
cessive fullness and urges to vomit after con-
suming a normal amount of food [33]. Amanda
et al.'s study [34] aimed to investigate the rela-
tionship between food intake and the release of
insulin or amylin with changes in eating behav-
ior in individuals with bulimia nervosa or purg-
ing disorder. Participants were offered a meal
(900 kcal), after which they completed ques-
tionnaires to provide subjective reports of hun-
ger, satiety, nausea, stomach pain, binge urges,
and vomiting urges. Blood samples were also
collected twice: before the meal and after it, for
further analysis. After the test breakfast, vom-
iting urges increased and then gradually de-
creased. Insulin was significantly and posi-
tively associated with vomiting urges. How-
ever, no significant statistical differences were

found between the group of 19 women with
bulimia nervosa and the control group of 14
women without EDs regarding the role of am-
ylin in the manifestation of purging behaviors.
The authors of this study suggest that increased
sensitivity to the effects of insulin on subjec-
tive experiences may be associated with de-
structive behaviors, while differences in the re-
lease of insulin and amylin may contribute to
differences in the amount of food preceding
purging in purging disorder compared to bu-
limia nervosa. Recently, abnormalities in cen-
tral and peripheral regulatory peptides have
been a topic of discussion regarding the devel-
opment of anorexia nervosa [35]. These regu-
latory proteins play a vital role in monitoring
food intake, primarily in the hypothalamus,
where they influence the homeostatic control
of feeding. Additionally, their receptors in the
cortico-limbic system can also impact the con-
sumption of non-homeostatic food. Higher-or-
der brain structures associated with emotions,
motivation, physical activity, and reward eval-
uation are also essential in regulating food in-
take and contribute to the etiology of anorexia
nervosa.

Brain-Derived Neurotrophic Factor
(BDNF) and oxytocin. BDNF and oxytocin
are neuropeptides with important roles in reg-
ulating various physiological processes, in-
cluding food intake and metabolism. These
neuropeptides have also been linked to affec-
tive and cognitive symptoms in different psy-
chiatric disorders. In a study [36], researchers
aimed to measure the serum levels of BDNF,
its receptor (TrkB), and oxytocin in under-
weight patients with anorexia nervosa (AN)
and after partial weight restoration. The find-
ings showed significant negative correlations
between BDNF levels and the severity of EDs
symptoms. However, there were no significant
correlations observed between the levels of
these neuropeptides and depressive or obses-
sive-compulsive symptoms in either under-
weight or partially weight-restored patients
with anorexia nervosa. It was found that OXY
levels in the serum of underweight anorexia
nervosa patients increased the levels of BDNF
did not return to normal even after partial
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weight restoration, supporting previous hy-
potheses regarding its involvement in the de-
velopment of anorexia nervosa. This suggests
that BDNF might be linked to abnormal eating
behavior in individuals with anorexia nervosa.
It is worth noting that the study in question in-
vestigated the roles of OXY, BDNF, and TrkB
in adult patients with anorexia nervosa. How-
ever, it remains uncertain whether the mecha-
nisms involved in the regulation of food intake
in developing adolescents are the same as those
observed in adults. Nevertheless, studying
groups of adolescents may provide insights
into different regulatory mechanisms, includ-
ing neuroplastic changes resulting from pro-
longed illness duration.

Animal models mimicking anorexia
nervosa. The main mechanism and pathogen-
esis of anorexia nervosa are still not fully un-
derstood. Treatment options remain limited,
primarily consisting of nutritional support,
psychotherapy, and pharmacotherapy, with a
high frequency of relapse. To better understand
the underlying pathophysiology of anorexia
nervosa and investigate potential treatment ap-
proaches, various animal models resembling
the characteristics of anorexia nervosa have
been created. These models offer valuable in-
sights into the condition and serve as valuable
tools for further research. Researchers fre-
quently endeavor to create animal models of
diseases as a means to comprehend the funda-
mental neurobiological mechanisms that un-
derlie these conditions, providing a conceptual
understanding of the subject under investiga-
tion. Various animal models resembling ano-
rexia nervosa have been employed to better un-
derstand the underlying pathophysiology of
EDs and to investigate potential treatment ap-
proaches [37]. The activity-based anorexia
model is the most widely utilized animal
model, with 75 studies employing it. In this
model, young rodents are typically exposed to
time-restricted access to food (limited hours
per day) while having unrestricted access to a
running wheel. Additionally, the "anxious"
mouse model, among the genetically modified
animal models, holds particular significance
and is a subject of special interest in research

[38]. Study using animal models has contrib-
uted significantly to understanding hunger and
satiety mechanisms, physical activity and cog-
nition in a state of reduced body weight, and
other mechanisms related to anorexia nervosa
in humans. A systematic review of animal
models for anorexia nervosa [38] examined
various animal species. In these studies, eight-
een different animal models of anorexia ner-
vosa were utilized. For example, in the calorie
restriction model, calorie restriction was used
as a means to investigate the cognitive and be-
havioral effects of body weight loss in animals.
In one study [39], caloric intake in mice was
reduced to 60% and 40% of their original cal-
orie consumption. In another study, the mice's
caloric intake was reduced to 40% of the food
intake of control animals [40]. In other studies,
a time-restricted access to food model was em-
ployed. Weight loss in mice was achieved by
reducing the time of access to food to 2.5 hours
per day [41] or gradually reducing it to 2 hours
per day [42]. Many studies evaluating animal
models of anorexia nervosa have assessed var-
ious parameters, including changes in body
weight, food intake, physical activity, cessa-
tion of estrous cycle in female animals, behav-
ioral alterations, and metabolic and hormonal
changes.

Multiple animal models of anorexia ner-
vosa have been developed, representing differ-
ent approaches to defining the nosology of
EDs. In the mentioned review, 18 different an-
imal models were identified and described.
Among genetic animal models, the anxi-
ety/distress model is particularly intriguing. In
this model, researchers have made fascinating
discoveries regarding the impact of hunger/sa-
tiety regulatory peptides like neuropeptide Y
and agouti-related peptide. One advantage of
this model is that the animals have unrestricted
access to food but still experience weight loss,
effectively mimicking one of the symptoms of
anorexia nervosa. However, a limitation of the
model is that the animals display numerous
other neurological changes along with reduced
food intake, and they generally have a short
survival time [38]. Consequently, numerous
researchers have reached the conclusion that
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the genetic expression profile and phenotype
exhibited in these animal models bear a closer
resemblance to cachexia syndromes observed
in conditions like cancer or chronic diseases ra-
ther than anorexia nervosa [43]. The activity-
based anorexia (ABA) model is the most fre-
quently employed animal model for investigat-
ing anorexia nervosa. This model replicates
several aspects of the disorder, such as body
weight loss, heightened physical activity, ces-
sation of the estrous cycle in females, and
changes in the hypothalamic-pituitary-adrenal
axis [38]. However, two factors that have not
been adequately represented in this model are
genetic predisposition, which increases the risk
of developing anorexia nervosa, and the psy-
chosocial factor, which plays a crucial role in
patients with the disorder both at onset and
throughout its development. In the ABA
model, specific neurocognitive and behavioral
changes have been observed, including anxi-
ety-like behavior, where estrogen reduction
can further exacerbate anxiety [44]. Addition-
ally, individual rats' level of anxiety-like be-
havior can correlate with their physical activity
during running. Neuroendocrine alterations
observed in the ABA model encompass an up-
regulation of a4 GABA receptors in the hippo-
campus and amygdala [45, 46], as well as mod-
ifications leading to reduced cell proliferation
in the hippocampus, as well as decreased astro-
cyte density and reduced volume of the cere-
bral cortex and amygdala [47]; all of which can
be fully reversible upon refeeding [48]. Several
studies have investigated the effects of various
compounds on ABA, including chlorproma-
zine [49], fluoxetine [50], olanzapine [51],
amisulpride, and cis-flupenthixol [52], which
have been shown to reduce ABA symptoms,
suggesting potential directions for future re-
search on pharmacological interventions in the
treatment of anorexia nervosa.

Results. The medication relamorelin has
shown promise in restoring sensitivity to
ghrelin and enhancing feelings of hunger, re-
sulting in weight gain after a short period of
treatment. Metreleptin has also shown im-
provements in the somatic and psychological
state of patients. The effects observed with

these therapeutic approaches indicate signifi-
cant improvement in patients' condition within
a short timeframe.

Discussion. Patients with anorexia ner-
vosa experience a multitude of hormonal dis-
turbances that contribute to the maintenance of
the disorder and future relapses. These hormo-
nal imbalances need to be considered when se-
lecting treatment approaches. Several studies
have already explored the use of different med-
ications in animal models, most of which are
neuroleptics such as fluoxetine, olanzapine,
amisulpride, and cis-flupenthixol. These drugs
have shown efficacy in treating and alleviating
symptoms in animal models of EDs. However,
it should be noted that findings from animal
models may not directly translate to humans,
as these models have certain assumptions and
limitations that only approximate the sympto-
matology of anorexia nervosa. Nonetheless,
this field holds great potential for development
as the demand for anorexia nervosa therapy
continues to rise each year and is expected to
increase further. Currently, it is impossible to
fully meet this demand due to the lack of a
comprehensive therapeutic approach that in-
cludes both psychopharmacotherapy and psy-
chotherapy in sufficient quantity and quality.
Additionally, there are studies investigating
the use of hormone agonists in the treatment of
anorexia nervosa. These studies have been
conducted on a limited sample size, ranging
from 1 to 3 individuals, and represent an explo-
ration of potential treatment methods. Poten-
tially, fundamentally new opportunities for the
treatment of EDs can be achieved through the
development of ghrelin antagonists. It is possi-
ble that the hopes placed on these antagonists
will be justified. The existing knowledge about
the effects of ghrelin provides insights into var-
ious aspects of metabolic and appetite regula-
tion. Considering the orexigenic effect of
ghrelin, appetite agonists or antagonists could
be utilized as novel therapeutic agents for EDs.
As stated earlier, AN is characterized by vari-
ous hormonal imbalances, however, this aspect
is well researched in women, but virtually un-
reported among men and other gender minori-
ties [53], since these groups are the least repre-
sented in the clinical picture of EDs.
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Resolving the complex genesis of EDs
requires the collaboration of medicine and
other specialists, particularly psychologists
and psychotherapists, who work on addressing
the causes that initiate and sustain disordered
eating behaviors.

Conclusion. In conclusion, this study
aimed to investigate the potential of hormonal
therapy in the treatment of EDs. The current
strategies for managing hormonal and psycho-
physiological disruptions in EDs, as well as a
review of research involving model organisms
were combined and analyzed. The positive out-
comes of hormonal therapy in humans suggest
substantial enhancements in overall well-being
over a relatively short timeframe.
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B03MO0KHOCTH paHHEH TMATHOCTHUKH
nopaxkenu I{HC miioaa B aHTEeHATAJIBLHOM
nepuoae (0030p)

T.E. besokpunuukas 2, A.I'. Cunopkuna o, B.A. Myapos

denepaibHOE TOCYAAPCTBEHHOE OF0IKETHOE 00pa30BaTEIbHOE YUPEIKICHUE
BBICIIETO 00pa3oBanust «UNTHHCKAs TOCYAapCTBEHHAS MEAUIIMHCKAS aKaeMUsD»,
yi. 'opekoro, 1. 39a, . Yura, 672000, Poccuiickas denepanus
Aemop ons nepenucku: B.A. Myopos (mudrov_viktor@mail.ru)

Pe3rome

AKTyanbHoOCcTh: [lopaxkeHne roroBHOTO MO3Tra IJI0JIa BO BpeMsi OEpeMEHHOCTH — 3TO OJHA U3 OC-
HOBHBIX PUYHMH CMEPTU U UHBAJIMIHOCTH Y JIeTEl paHHEro BO3pacTa, a TakkKe JIETCKOTOo Lepedpaib-
HOTO mapanuya. Y JeTeil ¢ AeTCKUM 1epeOpaabHbIM MapaaniyoM HaOII0Aat0TCs IBUTaTeIbHbIE HApY-
LICHUS Pa3JIUYHON CTETIEHH BBIPAKEHHOCTH, KOTOPBIE OKa3bIBAIOTCS BTOPUYHBIMU 110 OTHOLIEHUIO K
MOPAKEHUSIM WM aHOMAJIUSM TOJIOBHOTO MO3Ta, BOZHUKAIOIIMM B aHTeHaTaibHOM Tiepuojie. Leab
HCCJIeI0BAHUsA: AHAIU3 COBPEMEHHBIX METOJIOB paHHEeN nuarHoctuku nopaxenuit [[HC nmoxa B
aHTCHATaJILHOM Tieproie. MaTepuaJibl M MeTOAbI: [Tonck B MHMOPMAIIMOHHBIX 0a3aX MO 3aJaHHBIM
KIIFOUEBBIM CJIOBaM: «IUIallEHTapHas HEIOCTaTOYHOCTH», «MArHUTHO-PE30HAHCHAST TOMOTpadus»,
«HeWpocoHOTpadus TUIOAA», «YIBTPa3BYKOBas JOMILICPOrpadusy, «IOpaKeHUs TOJIOBHOTO MO3Tra
10/1a» BhIIBUI 1473 cTaThu, NMOCBAIICHHBIE TIpoOiemMam auarHoctuku nopaxkenuit [IHC mmoxa B
aHTeHaTabHOM Tepuoze. Ilocie uckmodeHus nyOaupyromux myonukanuii (852) u myOaukamui
JAaBHOCTBIO BbIxoja Oosee 10 net (574) ananmsy noaiexanu 47 JIUTepaTypHBIX UCTOYHUKOB. B uc-
CJIETOBAaHUM HWCIOJIb30BaHbl HH(popMmamuoHHble 0a3pl: PubMed, PubMed Central, Scopus,
MEDLINE, ScienceDirect, Cochrane Library, eLibrary 3a nepuon ¢ 2014 r. mo HOos6pst 2023 T.
PesyabTaThl: MarautHo-pe3onancHast Tomorpadus (MPT) no3BossieT onpeaenuTs y mioja Halau-
yre BpoxAeHHbIX anoManuit pa3sutus [{THC, anomanuii 6emoro BemiecTBa, KOIUYECTBO I€30KCUTE-
MOTJIO0OMHA B HEPBHOM TKaHM; a TAaK)Ke BRISIBUTH IUIAIICHTapHBIC HapyIneHus. Helipoconorpadus siB-
JSI€TCS METOAOM MPEHATAIbHOM TMarHOCTUKHU, KOTOPBIN BU3YaJIU3UPYET BHYTPUMO3TOBbIE KPOBOU3-
JHSIHUS, CTPYKTYPY KOPBI TOJIOBHOTO MO3Ta, CHIIBBUEBOM 00p03a6I U Mo3onuctoro tena. [locnemno-
BaTEJIbHOE MPUMEHEHHE JAHHBIX METOJIOB AUATHOCTUKH Yy MallMEHTOK TPYMIIBI PHUCKA CIOCOOCTBYET
MepCOHU(UKAINN TAKTUKH BEJICHUS U POJIOPA3PEIICHHUS, YTO B MEPCTICKTUBE TTO3BOJIUT CHU3UTH Ya-
CTOTY HEOJaroNmpHUsITHBIX NEPUHATAIBHBIX MUCXOA0B M NOTeph. 3akiaw4denue: [Ipu nomomu MPT
BO3MO’KHO MPOBECTU HE TOJBKO OleHKy cocTostHus LIHC miona, HO ¥ MOMy4YuTh Mpe/iCTaBlICHUE O
COCTOSIHHH TIIAIeHTHI. JIaHHBIM METO NCCIe0BaHUS TIO3BOJIMT MTO-HOBOMY B3TJISTHYTh Ha TPOOIEMy
XPOHUYECKOH IJIAIICHTAPHOW HEIOCTATOYHOCTH M 0oJiee KaueCTBEHHO OILICHUTH CTENEHb BIUSHUS
MJIAIeHTAPHBIX HAPYIICHUH Ha cocTosiHUE uoAa. Helipoconorpadusi, B CBOIO odepe b, sBisieTcs 00-
Jiee JOCTYIHBIM METOAOM JIMAarHOCTHKHU naronormdeckux coctossHuil [IHC mnona, koTopbiit Toxe
HMMEET BBICOKYIO YyBCTBUTEIBHOCTh B PAMKAX BBISBICHHS HIIEMUYECKU-TUIOKCUYECKOT O IIOBPEKIE-
HUS FOJIOBHOT'O MO3Ta B @HTEHATAJIBLHOM IIEPHO/IE.
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Abstract

Background: Fetal brain damage during pregnancy is a major cause of neonatal death and disability,
as well as infantile cerebral palsy. Infants with cerebral palsy experience motor impairments of
varying severity that appear to be secondary to brain lesions or abnormalities that occur during the
perinatal period. The aim of the study: To analyse modern methods for early diagnosis of fetal
central nervous system lesions in the antenatal period. Materials and methods: A search in

2 (13

information databases using the given keywords: “placental insufficiency”, “magnetic resonance
imaging”, “fetal neurosonography”, “ultrasound Dopplerography”, “fetal brain lesions” has revealed
1473 articles devoted to the problems of diagnosing fetal central nervous system lesions in the
antenatal period period. After excluding duplicate publications (852) and publications more than 10
years old (574), 47 literature sources were analysed. The study used the following data bases:
PubMed, PubMed Central, Scopus, MEDLINE, ScienceDirect, Cochrane Library, eLibrary for the
period from 2014 to November 2023. Results: Magnetic resonance imaging (MRI) can determine the
presence of congenital abnormalities of CNS, white matter abnormalities, and the amount of
deoxyhemoglobin in the nervous tissue in the fetus; and also identify placental disorders.
Neurosonography is a prenatal diagnostic method that visualizes intracerebral hemorrhages, the
structure of the cerebral cortex, Sylvian fissure and corpus callosum. The consistent use of these
diagnostic methods in patients at risk contributes to the personalization of management and delivery
tactics, which in the future will reduce the incidence of adverse perinatal outcomes and losses.
Conclusion: MRI not only makes it possible to assess the fetal central nervous system, but also allows
the placenta to be assessed. This method will allow us to take a fresh look at the problem of chronic
placental insufficiency and more qualitatively assess the degree of influence of placental disorders on
the fetus. Neurosonography, in turn, is a more accessible method for diagnosing the pathological state
of the fetal central nervous system, which also has high sensitivity in the prenatal detection of
ischemic-hypoxic brain damage.

Keywords: placental insufficiency; hypoxic-ischemic brain damage; magnetic resonance imaging;
neurosonography; ultrasound Dopplerography
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BBenenne. B Hactosimiee — Bpems
IUIalleHTapHasi ~ HEIOCTaTOYHOCTh  —  3TO
pacrpocTpanéHHOE OCJIO)KHEHHE
OEpEeMEHHOCTH, KOTOPOE SIBISIETCS OCHOBHOMN
npuuuHON 3anepkku pocra mioga (3PIN). B
pe3ysibTarte  XpOHMYECKOW  IUIalEHTapHOU
Hepoctarounoctd (XITH) mmox wucnbIThIBaeT
THITOKCHIO Y IE(PUITUT MUTATETIHHBIX BEICCTB.

Heonaranbhas 3a00JIeBaEMOCTb,
obycnosinenHass XIIH, 3aBucur 0T CpoKoB
pa3BUTHUS IUIALIEHTAPHON TUCYHKIMH, a TAKKe
oT CBOEBPEMEHHOCTH  POJIOpA3PEILICHHUS.
CocrosiHue CepAeYHO-COCYTUCTON CHUCTEMbI U
HEJOCTATOUYHOE PA3BUTHUE JIPYTHMX OPraHOB M
cucteM T1uioga mnpu 3PII Ha  MoMeHT
poIopa3penieHnss — 3TO OCHOBHOW (hakTop,
CHOCOOCTBYOIINI HeOJIaronpusSTHBIM
MMOCTHATAJILHBIM TTOCencTBUsM [1, 2, 3].

[lepunaranbHoe MOBPEKACHUE
TOJIOBHOTO MO3Ta CYMTAETCS OJHOM U3
OCHOBHBIX NPUYMH CMEPTU W UHBAJIHUIHOCTH Y
nered  panHero  Bo3pacta.  OrcyTcTBHE
JOCTaTOYHOTO  KOJWYECTBA  KUCIOpoJa U
MUTATEIbHBIX BEIIECTB TMPH IUIAICHTAPHOMN
HEIOCTAaTOYHOCTH MOKET ITPUBECTH HE TOIBKO K
3aJIepKKEe pPOCTa, HO M THUIOKCUU IUIOJA.
l'umokcust xKe, B CBOIO ouepe/ip,
COIIPOBOXKIAETCS TIOBPEKIACHUEM KIIETOK MO3Tra
U HapylieHueMm ero paszButus. CrenctBreM
3TOr0 MOTYT CTaTh TaKUE OCJIOKHEHUS, Kak
nepuHatanbHas — acukcus, 1epeOpanbHbIN
napanuy u T.1. KpoMe Toro, cpeay BbDKUBIIMX
HOBOPOX/ICHHBIX ~ OTMEUAECTCS  yBEIUYCHUE
pacrpoCcTpaHEHHOCTH HEBPOJIOTMYECKHX,
MOBEICHYCCKUX U IICUXUATPUUIECKUX IMPOOIIEM B
Oomee  mo3gHeM  Bo3pacte.  HemaBHue
JNOCTIKEHHWST B O0JacTH  aKylIlepcTBa,
PETIPOAYKTHBHOM METUIIMHBI M WHTEHCUBHOU
TEpaliid  HOBOPOXKICHHBIX  TMPHUBEIH K
3HAYUTEILHOMY  TIOBBIILICHUIO  TIOKa3aTesei
BbDKMBAEMOCTH HE/IOHOIIEHHBIX JIETEH, a TaKkKe
HOBOPOKACHHBIX, TIEPEHECIINX  ACHUKCHUIO.
AKIEHT HWCCJIEeIOBaHUN B HACTOSIIEE BpeEMS
CMECTUJICS c U3yYCHUS (haxTopoB,
BBI3BIBAIOIINX MOCJIEACTBUS TUIst
(YHKIIMOHUPOBAHUST MO3ra B TOCTHATAILHOM

nepuojie, Ha  M3y4YeHHE  BO3MOXKHOCTEH
JMAarHOCTUKA W TPOPWIAKTHKA  JTAaHHBIX
OCJIOKHEHHH. Otronorus MOBPEXICHUS
T'OJIOBHOTO Mo3ra ioza SIBIISIETCS
MHorodakTopaoii, nopakenue I[HHC wmoxer
pa3BUBATHCS HE TOJILKO BCJICZICTBUE
[UTAlIEHTapHOW ~ HEJAOCTaTOYHOCTH, HO U
BHYTpUYTpoOHOU uH(peKmu. OnpeneneHHyo
pOJb WIrpalOT U TeHeTuyeckue (HaKTopsl,
SIBJISTFOLLIECS BaXHBIMU MpeIMKTOpaMHu
HEeOIaronpUsSTHOTO HEBPOJOTMYECKOTO0 HCXO0Ja
[4, 5].

Hetckuit nepeOpaIbHbII napajauy
(AUID) — TepmuH, OOBEIMHAIOMIMI TPYIITY
XPOHUYECKUX HETPOrPECCUPYIOIINX
CUMITOMOKOMILIEKCOB JIBUTATEIIbHBIX
HapyILICHUH, BTOPUYHBIX 110 OTHOILECHHIO K
MOPAKCHUSIM WJIH AHOMAJTUSIM TOJIOBHOTO MO3Ta,
BO3HHMKAIOIIMM B [EPUHATAILHOM HEpPHOJE.
CormnacHO €BpONEHCKUM JaHHBIM, CpEIHSSA
gactota JUII cocraBaser 2,08 ma 1000
KUBOPOXKICHHBIX, TIOKa3aTeldb KOTOpOM B
rpynme JeTei, poJUBIINXCS ¢ HU3KOH Maccou
Tena, B 70 pa3 BblllIe, 4eM Yy JIETeN C HOPMAJIbHON
Maccoil Tenma mpu poxaeHuH. CuuTaercs, 4To
3HauuTenbHass 4vactb  JILII  cBsizana ¢
OCJIO)KHEHHSIMH ~ aQHTEHATAIbHOTO  TEepHOJA.

Anomanmn IMTYTTOBHUHBI n IJIalCHTHI
COITPOBOXKIAIOTCA YBCIIMYCHHUEM PpUCKa
HeOJar OIIPUATHBIX ncxoaoB JJIA

HOBOPOKAECHHBIX. O/IHAKO B HACTOSIIEE BpeMs
OCTaeTCsl HEBBIICHEHHBIM, HECYT JHM 3TH
COCTOSIHHSI TIOBBIIIEHHBIA prUcK pasButus LT
[6, 7]. TloBpexxaeHHE pPa3BUBAIOIIETOCS MO3Tra
710, BO BpEMs1 WJIM Cpa3y MOCIe POJOB BIMSET KaK
Ha HEBPOJOTMYECKYI0, TaK M Ha OIOPHO-
JIBUTaTEIbHYIO CHCTEMbI OpraHnW3Ma, BbI3bIBas

AaHOMAJIbHOC COKpalICHUEC MBIIIIT,
IMOCTYpPAJIbHEBIC HU3MCHCHUA, OrpaHUYCHUC
l[BI/I)KeHI/Iﬁ n AKTHUBHOCTH, KOTOPBIC

COIPOBOXK/IAIOTCA CEHCOPHBIMU HapyLICHUSIMU
HapsAy C  pacCTpOMCTBaMU  BOCHPUATHSA,
KOTHUTHUBHBIMU ITPOOIeMaMH, HECTIOCOOHOCTHIO
o0IIaThcsl, TOBEACHYCCKUMH  TPOOJIEMaMH,
SNWIETICHE ¥ BTOPUYHBIMH  MpoOiieMaMu
OIIOPHO-/IBUTATEIBHOTO anmnapara [8, 9].
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Ha nanHoMm oTame He CyIIecTByeT
meronoB Jeuenus XIIH, koropeie wumMmeroT
nokazarenpHylo 0azy. B cBs3u ¢ stum 3PII
CONpPSDKEHa C PHUCKOM  IPEKIEBPEMEHHBIX
pOIOB, 4YTO, B CBOIO O4Yepeldb, YXYILIAeT
NepUHATATLHBIE UCXOJPI, HOCKOJIBKY
HE/IOHOIIIEHHOCTh COIPOBOXAAETCs (DYHKIIHO-
HaJIbHOM HE3PENIOCTHIO BCEX OPraHOB M CHUCTEM.
Yactota HEONArompusTHBIX HCXOJOB, B TOM
Yyuciie W TMATOJIOTMH  Pa3BUTHS  HEPBHOU
CHCTEMBbI, 00paTHO MPONOPLIMOHANIEHA CPOKY, HA
KOTOPOM  MOTPeOOBAJIOCh  PONIOpa3peLICHIe
[10, 11].

Mean HCCJIeOBAHUS. Ananu3
COBPEMEHHBIX METO/IOB paHHEW IMAarHOCTUKU
nopaxkenut I[HC moga B aHTeHaTanbHOM
TIepuo/Ie.

Marepuajibl U MeTOAbI HCCIIEI0BAHUS.
B UCCIIeIOBaHUH UCTIOJIb30BAHBI
uHdopmanmonnsie 6a3pl: PubMed, PubMed
Central, Scopus, MEDLINE, ScienceDirect,
Cochrane Library, eLibrary 3a nepuon ¢ 2014 .
10 Hos1Opst 2023 T. MO yKa3aHHBIM KJIFOYEBBIM
CIIOBAM: «TUTATleHTapHas HEJI0CTaTou-
Hocte»/«placental insufficiency», «mMarautHO-
pe30HaHCHas Tomorpadus»/«magnetic
resonance  imaging»,  «HeipocoHOrpadus
TI0/Ia»/«neurosonography», «yJbTpa3ByKoBast
nonrieporpadus»/«ultrasound
dopplerometryy, «mopaskeHus TOJIOBHOTO MO3Ta
mioaa»/«brain damage» B MOMCKOBBIX CHCTEMaX
oOHapyxeHo 1473 craTbu, TOCBAIICHHBIE
npoOsieMamM  uarHocTuku  mopaxennii [THC
ioga B aHTeHaTaqbHOM mnepuone. Ilocie
UCKIIOYeHUs1  AyOnupyromied  uHpopMarmu
(852) um  nWTEpaTYpHBIX  HCTOYHHKOB,
natupoBaHHbIX paHee 2014 roma (574),
3asBJICHHOW TMpo0iemMe COOTBETCTBOBAIO 47
Iy OJTHKAITHAHA.

B03M0:KHOCTH MATHUTHO-PE30HAHCHOM
TOMOrpa(uy B paHHEH JUArHOCTHKeE
nopaxxenuii HHC nuiona B aHTeHaTaIbHOM
nepuozje

MarHuTHO-pe30HaHCHas ToMorpadus
(MPT), kotopast BrepBble mnpoBefeHa B 1983
rofy, BCE dHalle HCIONB3YEeTCS B MHpPE IS
JIMarHOCTUKU BPOKIEHHBIX aHOMAJIUI Pa3BUTHS
y mwiona u ocobenno ITHC. JlanHbIit cioco6
WCCIIEZIOBAaHUSI ~ OCHOBAaH Ha  U3MEPEHUU

AJIEKTPOMArHUTHOTO OTKJIMKA aTOMHBIX  SIIED,
HaxoJSIUXCI B CHWJIBHOM  ITOCTOSHHOM
MarHuTHOM TIOJI€, B OTBET HA BO30YKICHUE UX
orpeIeEHHBIM COoYeTaHUEM AJIEKTPO-
MarHuTHBIX BOJH. B MPT Ttakumu simpamu
SIBIISIFOTCS Si7[pa aTOMOB BOAOPO/IA, IPUCYTCTBY-
FOIIME B OTPOMHOM KOJIMYECTBE B UETIOBEUECKOM
TeJe B COCTaBe BOJBI U JIpyrux BemecTs [12].
HocrounctBamu MPT cuntaercs 6e301acHOCTb,
B TOM 4YHCIC W JUIS IUIOJA, BO3MOXKHOCTh
MHOT'OIUIOCKOCTHOTO CKaHUPOBAHUS, BBICOKOE
KaueCcTBO  M300paKEHHUs]  MSTKUX  TKAaHEH.
OrpumnarensHass  cropona MPT - arto
HEBO3MOXKHOCTh  TPOBEJCHHUS HUCCIICAOBAHUS
Npyd HAIMYUU METAUIMYECKUX MArHUTHBIX
HMMILIAHTOB B Teje nanyenTa [13, 14].

B nacrosee Bpems nenb MPT Bo Bpemst
OEpeMEHHOCTH — YTOYHEHUE PE3YJIbTAaTOB
SKCIIEPTHOTO YJIbTPA3BYKOBOI'O HCCIIEIOBAHUA,
a TaKkKe TOIyYeHHe HEKOTOporo oobeMa
noroHuTebHOM — mH(popMmammu.  Crexyer
orMetuth, 4ro MPT He wucnons3yercs B
KaueCTBE MHCTPYMEHTA MEPBUYHOTO CKPUHHUHTA
B aHTCHATAJILHOM nepuo/ie, XOTS
CTaH/IApTU3MPOBAHHAS OIIEHKA aHATOMHH TUI0/a
BO3MOXKHA. TeM He MeHee, B OTJEIbHBIX
ciydasx (HarmpuMep, NMpH HATMYHA aHOMAJTUI
TOJIOBHOTO MO3ra y POACTBEHHUKOB TMEPBOI
creienn  poactBa) MPT  1wuioma  moxer
paccMaTpuBaThCs B KaueCTBE OCHOBHOTO
METOoj1a, TO3BOJISIFOIIETO CBOEBPEMEHHO
BBISIBUTD MaTOJIOTHIO, HECMOTpS Ha
HOPMAJIbHYI0  YJIBTPa3BYKOBYIO  KapTHHY,
MPEIIECTBOBABIIYIO MIPOBEICHUIO MPT
[15, 16].

MPT mmosia MOXeT OBITh BBITIOJTHEHA TIPU
HanpsbkeHHocT nodst 1,5 T u 3,0 Ti, kotopsie
OTpaXkaroT MOIITHOCTh ToMorpada.
Mouocts MPT  Tomorpaga — BenuumHa
MOCTOSIHHOTO MarHWTHOTO TIOJIsI, U3MepsieMasi B
Tecnax (Tn) cormacHo MexayHapogHON
cucteme. YeM  BbIIIE  HANpPSHKEHHOCTh
MarHuTHOTO  TIOJIS, TeM  Oojiee  YeTKoe
M300pakeHUE TIOyYaeTCsl Ha BbIXoje. Takum
o0pa3oM, BuU3yaTu3alsl TOJOBHOTO MO3Ta
wiona npu 3,0 Tn moxer obecneunts Oosee
BBICOKOE pa3pelieHHe | JIydlllee KadyeCTBO
BU3YyaJIU3alliy MPU OJTHOBPEMEHHOM CHIDKEHUH
MOTJIOIIEHNSI ~ DJICKTPOMAarHUTHOM  SHEPruu
YEJIOBEUECKUM TEJIOM U MOXKET CIY>KUTh
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https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://gorclinic.ru/oborudovanie.php

O630p HayuHble pezysbmamul 6uomeduyuHckux uccaedosaruti. 2024;10(4):589-605
Research Results in Biomedicine. 2024:10(4):589-605

Review

593

3(G(}EeKTUBHBIM  CPEICTBOM  BHU3yaJIM3alluU
Mo3ra, Tea U cocyaoB 1ioaa [17].

W3BecTHO, YTO XpOHUYECKAs] TUMOKCHS
MOXET OBITh  CJIEACTBUEM  aHOMAIBHOIO
pa3BUTHSL HEPBHOW  CHUCTEMBbl IUIOA U
MPEAUKTOPOM  KOTHUTHUBHBIX  HAPYIICHUA,
Pa3BUBAIOLIUXCS  BIOCICACTBUH.  YPOBEHb
OKCUI'€HAIlUM KPOBU TOJOBHOTO MO3ra IUIOJa
MpeACTaBiIseT COOOM BaKHBIA  (PU3HONIOTH-
YECKUI TMapaMeTp, TMO3BOJIAIOIINN BBISIBUTh
TpYIIY pUCKa MOBPEXIECHHS TOJIOBHOTO MO3ra.
B HepaBHux paboTax, NOCBAIICHHBIX U3yYEHHUIO
BO3MOXKHOCTEH  KonuuyectBeHHOM MPT B
W3MEPEHUH YPOBHS OKCHUI'€HALIMU KPOBU Y
IUI0/1a, WCHOJNB30BAIM  OLEHKY CKOPOCTU
nonepeyHoil  penakcauu  (T2), a  Take
WCCIIeIOBAHUE  MapaMarHuTHOM  MPHUPOJIBI
ne3okcuremornoonna (dHb) ¢ momomkio
MarHuTHO-pe3oHaHcHO (MP) cniekTpomerpun.
Cxopoctb TorepeyHoii penakcamuu (T2) — 3To
BpeMsl penakcaiuu rnociie 90° paauoyacToTHOro
uMmiynsca.  C MOMOIIBIO  CHIEHUAIBHBIX
PUOOPOB MOXKHO 3apETHUCTPUPOBATH CUTHAJIBI
(pe30HaHCHOE M3IIyYeHHE) OT PENaKCUPYIOLINX
MPOTOHOB, M HAa UX aHaIW3e IMOCTPOUTH
MpeIcTaBIIeHHEe 00 McCIeayeMoM o0bekTe. MP-
CHEKTPOMETPHS — ATO METOAMKA MPOBEICHUS
WCCIIEJIOBAaHUS HA  MAarHUTHO-PE30HAHCHOM
ToMorpade, KoTopas JaeT BO3MOXHOCTb
ONPENENATh  OMOXMMHYECKHE  W3MCHEHUS
TKaHe! MU Pa3BUTUH PA3TMYHBIX 3200I€BaHHIA.
[epBbIit MeTOn OBUT YCHENIHO TMPUMEHEH B
MarucTpajibHBIX cocynax cepaua rionos B 111
TPUMECTpPE OepeMeHHOCTH. On ObLI
BOCIIPUUMYNB K HEOJHOPOIHOCTSM PaJIHO-
Y4aCTOTHOTO ToJIs, 0COOEHHO npu
HanpspKeHHOCTH nonst paBHod 3,0 Tin. MP-
CHEKTPOMETPHS u3MepsIeT MarHUTHYO
BOCIIPMUMYHBOCTh KPOBH, KOTOpas CBS3aHA C
KOJIMYECTBOM  MPUCYTCTBYIOUIETO  JI€30KCHU-
remornobuna [18, 19]. CnemoBartenpHO, Ha
ocHoBaHuMM MP-criekTpomeTpun, MO3BOJIS-
IOIIEH OLIEHUTh YPOBEHb OKCUTCHAIIMH KPOBH,
MOHO CIIPOTHO3UPOBATH pa3BUTHE
TUIOKCHYECKU-UIIEMUYECKOM sHIIedao-
nmaTud y IUiofa. B ycrnoBUsIX JIUTENIBHOMU
TUIMOKCUM TPOUCXOIUT TepepacnpesiesieHue
KpOBOTOKa B IlepeOpaidbHBIX apTepusx B
CTOPOHY €ro YMEHBUIEHHS B KOPKOBBIX
obnacTsx TonoBHOTO Mo3ra. dopmwupyercs

TaK Ha3bIBA€MbIH «TMIIOKCUYECKUN CTPECCH C
BEIOPOCOM aJpeHanuHa ¥ HOpaJpeHaINHA, a
TaK)Ke IPYTUX COOTBETCTBYIOIIUX TOPMOHOB U
HEUpPOMEANATOPOB, YTO TPUBOIUT K Oojee
BBIPKEHHOMY nepepacnpeeIeHUI0
KPOBOTOKa B CTOPOHY J>KM3HEHHO Ba)KHBIX
OpraHOB CO 3HAYUTEIbHBIM MOBBIIICHHEM
COTPOTHUBIICHUS B IepU(EPUICCKHUX OpraHaxX v
cucremax [20].

UccnenoBanust Westby A. u Miller L.
(2021) mpoaEeMOHCTPUPOBAIH YMEHBIIICHHE
oKpy>kHOCTH rosioBsl (OI') mioaa B coueranuu
CO CHHXXEHHEM 00beMa Ceporo BEIIECTBa €ro
TOJIOBHOTO MO3ra, KOTOpPO€ B JajlbHEHIIEM
MPUBOJUT K CHIKEHHUIO MPOLIECCOB BOCIIPUSI-
THS1, TO3HAHUS, CIOCOOHOCTH K KOHIICHTPAIIUU
BHUMAaHUS U YXYAIIECHUIO MaMATU y JAETeH.
NmeroTcst nanHble U O TOM, YTO Y HOBOPOXK-
nensbIx ¢ 3PI1 HaOmrogarTCs CHUKEHNUE MUE-
JMHU3ALIMY U YMEHbIICHHE 00beMa Oenoro Be-
iecTBa 3aJHUX OTJIEJOB TOJOBHOTO MO3ra,
MOJATBEPKIEHHOE MPT-uccnenoBaHnusMu.
[IpumeuaTenpHO, Kak aAeGUIUT 0OIIEero o0b-
€Ma MOo3ra U, B YaCTHOCTH, O€JIOTO BEeIeCcTBa
JEXUT B OCHOBe CHWXeHUs intelligence
quotient (IQ) M KOTHUTUBHBIX HapyLICHUH y
JeTen ¢ 3anepkkon passutus [21, 22].

B cBoto ouepenp, Neumane S. et al.
(2022) yTBEpKIarOT, 9YTO BO3MOKHO IITUPOKOE
npuMmeHeHne MPT i OLEHKH BIUSHUS
MPEeKIEBPEMEHHBIX ~ POJIOB HA  Pa3BUTHE
rogmopuoro Mo3ra. Kak wu3BectHo, XIIH
COMpSKEHa C PHCKOM IMPEXKIEBPEMEHHBIX
POJIOB, B TOM YHUCJI€ U CIIOHTaHHBIX. J[axke mpu
OTCYTCTBHH OYaroBBIX MOPA)KEHUN TOJIOBHOTO
MO3ra HEJOHOIIEHHOCTh COMPOBOXKAACTCS
HapyIIeHUsIMH pocTa Mo3ra. B uacTHOCTH,
6emnoe BEILIECTBO TOJIOBHOTO Mo3ra
HEJIOHOIIIEHHBIX HOBOPOXICHHBIX B
SKBUBAJIEHTHOM JIOHOLIEHHOMY CPOKY
Bo3pacTe  uUMeeT  Oosiee  «HE3pEJBIN»
MUKPOCTPYKTYPHBIA IPODUIH IO CPABHEHUIO
C JIOHOIICHHBIMH HOBOPOXXJEHHBIMHU, YTO
COTJIacyeTcsl C 3aJEP>KKOM WM HapylIeHUEeM
pa3BUTHSA U CO3peBaHHs OEIoro BeIlecTBa.
Crenenb BBIPAXXEHHOCTH PAHHUX aHOMAJIUM
Oemoro BemecTBa (Jake MPH OTCYTCTBUH
SIBHOTO  TOPAXXEHHsI  TOJIOBHOTO  MO3ra)
HampsIMyl0 CBsi3aHAa C XYJAUIUM HCXOJIOM
pPa3BUTHUS HEPBHOM cHUCTeMbl. HeloHOIIEHHBIE
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JACTH TaKXKC IIOJABCPIKCHBI Ooiee BBICOKOMY MCKIY pa3siInYHbIMHU THITaMU TKaHEH.
PHUCKY HapyIIeHHs] HEUPOMOTOPHOM (DYHKIIUH, [Ipenpiaymme  paboTBl  3TUX  aBTOPOB

YTO MOXET MPOSBIATHECA B HEJOCTATOYHOM
Pa3BUTUM HABBIKOB MEJIKOM U KpPYIIHOHN
MOTOPUKM [0 CpPaBHEHHIO C  JI€TbMH,
POKIEHHBIMU B CPOK [23].

Hecmotps Ha T1O, yTo MPT BO Bpems
OEepEeMEHHOCTH JIOIT0€ BPEMs HCIIOJIb30BaNIaCh
JUIsL JAUArHOCTUKH MaTOJOTHMH CO CTOPOHBI
1013, B TIOCIIETHUE TObI €€ MPUMEHEHHE IS
BU3yaJIM3allUd  IUTAUEHThl  3HAYUTEIBHO
BO3pocio. B nonosHeHHE K BO3MOXKHOCTSIM
onenku ¢yukuuu, MPT ¢ mumpoxum mosem
3peHust u BBICOKUM KOHTPACTHBIM
pa3pelieHueM IMO3BOJISIET 0XapaKTepU30BaTh
aHaToMuio  rnaneHtel  [24].  Pa3Burue
IJJAUEHThl W TOJIOBHOTO MO3ra IUIOAA TECHO
CBA3aHbl Mexny coOoil. Ilmaunenrtaphas
HEJ0CTaTOYHOCTh COMNpsDKeHa ¢  Hebnaro-
MPUSATHBIMU HEOHATAJIbHBIMU HCXOJIaMH U
BJIUSIET HA Pa3BUTHE HEPBHOW CUCTEMBI. T2-
B3BEIICHHAsA MPT XapaKTEepU3yeT
HaMarHu41uBaHue TKaHel Monepex
CTATUYECKOTO MAarHUTHOTO TIOJISL M SIBJISIETCA
MPOCTBIM, HO IOJIE3HBIM METOJOM OLEHKH
¢bynkiuu  mianedtel  [25]. HccrnenoBanus
Hutter J. et al. (2023) moka3zau, 4TO CHHKEHHE
mianeHtapHoro T2 (Bpems  penakcaluu
miamneHTel  mocie 90°  paarmodacTOTHOrO
UMIYJIbCA.) XapaKTEpHO sl OCpEeMEHHOCTH,
OCJIO)KHEHHOM npeskaamiicueit u panneit 3PI1.
[TonyueHnHble pe3yabTaThl YYEHBIX JlaJd
OCHOBAaHMUS MPEANOJIOKUTh, YTO 3HAYEHUS
mIaneHTapHoro T2 uMerT NpOrHOCTUYECKYIO
IIEHHOCTh B paMKaX OIIGHKH BEpPOSTHOCTH
HU3KOM Macchl Tela IIoJa MpU POXKICHUU B
CpaBHEHHHU C OIICHKOM MyJIbCAIITHOHHOTO
WHJIEKCa MaTOYHBIX apTepuii [26].

ABTOpBI JIPYyroro COBPEMEHHOTO
uccnenosanusi, Hansen D.N. et al. (2022),
TaK)Ke JOKa3alld YyBCTBHUTEIHHOCTH METOMA
T2-B3Bemennon MPT B amarHoctuke
M3MEHEHUH MOP(OIOTHY TIIAIEHTHI U YPOBHS
OKCUTE€HAIUH, CBU/JIETEIBCTBYIOILIETO 0
pazutuu XIIH. T2-B3Bemennas MPT — 3to
METOJl  O0pa3oBaHHUS  U300paXKCHHH  C
ucnosibzoBanreM MPT, npu KOTOpoM curHan
OT TKaHEW C¢  pa3guyHOM  CKOPOCTBIO
penakcanmu 1o T2 B3BemMBaAETCS, YTOOBI
CO3/1aTh U300paKEHUE C JIyYITUM KOHTPACTOM

MPOJIEMOHCTPUPOBAJIA, YTO IUIALIEHTa IpH
3PII u mpeskiaMIiCUM  XapaKTepU3yeTCs
HU3KMMH 3HAYEHUSIMHM IUIalleHTapHoro T2-
3BeHA (BpEMEHU peJlaKcalluy TUIalleHThI [1OCIe
90° paaMoOYacCTOTHOIO HMMITyJbCa.), YTO
CBUJICTEJILCTBYET O HHU3KOW  IUIOTHOCTH
MIPOTOHOB, KaK MpU KaJbIIMHO3E UIU GUOpo3e
TJIaeHTsl [27].

Takum oOpa3om, pe3ylbTaThl HUCCIIENO-
BaHUI 3HAYMTEJILHOIO YHUCJIA YYEHBIX JOKa-
3aJI1 NEPCIEKTUBHOCTh MCHOJb30BaHuss MPT
B KIIMHUYECKOW MPAKTHUKE M HEOOXOJAMMOCTh
YCOBEPILIEHCTBOBAHUS CYLIECTBYIOIUX METO-
noB u3Mepenus [28]. benoe BemecTBo u npo-
BOJISILIIME ITYTH FOJIOBHOI'O MO3TI'a IJI0J1a pa3BU-
BalOTCS BO BTOPOM-TPEThEM TpUMECTpe Oepe-
MEHHOCTHU B OBICTPOM, HO OTUYETJINBOM Hepap-
xudyeckoM mnopsiake. CTpykTypa W IEJIOCT-
HOCTb 3THUX CBsI3€il 0€J0ro BelecTBa UTrParoT
HEOTHEMJIEMYIO POJIb B TOiepkanuu dhdex-
TUBHOCTH M KOOpJAUHAIMH (YHKIIMOHATIBHBIX
cereil. CoBpeMEHHOE NMOHMMAHUE 3TUX IPO-
LIECCOB B 3HAYUTEIBHON CTENEHU OMUPAECTCS
Ha MOCMEpTHBIE JaHHbIe. B HacTosIee BpeMs
MPT mona Moxet 3aUKCHpPOBATh Pa3BUTHE
BCETO0 MO3Ta B €ro XUBOM (DYHKIMOHHPYIO-
LIEM COCTOSIHMM, TEM CaMbIM MPEAOCTABIISSA
BXHYIO JIOMOJHUTEIIbHYI0 WH(OpMAILUIO 00
MHTEHCUBHOCTH ero pocta [29]. HecmoTps Ha
BBICOKYIO CTOMMOCTh JTAaHHOTO METOJ1a UCCIe-
JIOBaHMS, CYIIECTBYeT HEOOXOAUMOCTH €ro
BHEJIPEHUs C LEJIbIO BBIBICHUS MATOJOTHYe-
ckux cocrosgHui rnaneHtsl 1 [HTHC mmona y
MalUEeHTOK TPYNIbl PUCKA C LENbIO Yyyulle-
HUS TIEPUHATAIBHBIX UCX0/I0B. CBOEBpEMEH-
HOE BbIsBIIeHHE TIpU oMo MPT aHomanmit
IUTAIEHTHI ¥ TOJIOBHOI'O MO3Ta IUIOAA CIIOCO0-
CTBYIOT MPaBWIBHOW MapuipyTusanuu Oepe-
MEHHOU ¥ MPUBJICYCHUIO0 HEOOXOIUMBIX Y3KUX
CHEIMAMCTOB U OKa3aHWs KBaTU(pHUIUPO-
BaHHOM MeIUITMHCKOM TOMOIITH.

Bo3moxkHocTH HelipocoHOorpaduu B
paHHell quarHocTuke nopaxkenuii HHC
IUI02 B AHTEHATAJIbHOM IlepHo/e

Heiipoconorpadpus (HCI') cuuraercs
MEPCIEKTUBHBIM ~ METOJOM  IPEHATaJbHOMI
JTMArHOCTHUKH, MO3BOJISFOIIUM myTeM


https://www.sciencedirect.com/topics/medicine-and-dentistry/uterine-artery
https://translated.turbopages.org/proxy_u/en-ru.ru.0b10a7cd-65c8cae5-00662025-74722d776562/https/en.wikipedia.org/wiki/Calcification
https://translated.turbopages.org/proxy_u/en-ru.ru.0b10a7cd-65c8cae5-00662025-74722d776562/https/en.wikipedia.org/wiki/Fibrosis
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yJIbTPa3ByKOBOM  BH3yaJW3allMd  OLEHUTh
COCTOSIHUE€  HEPBHOW  CHUCTEMBI  IIJIOAA.
l'osioBHOW  MO3r  SBIAETCS  TPEXMEPHOM
CTPYKTYpO#, TOITOMY HAOIOJIEHUE 3a €ro
Mop(osorueit B TpeX OCHOBHBIX IJIOCKOCTSAX
(caruTTaNbHOM, (QPOHTAIBHONH ¥  OCEBOK)
obOs3atenpHO.  Ilepennuwii  pOOHUYOK |
CaTUTTANBHBIA  IIOB ~ MOTYT  CIIYXXHTh
aKyCTHUECKUMHU YIbTPAa3BYKOBBIMU OKHAMH
Mpd  TPAHCBATMHAJIBLHOM  CKAaHUPOBAHUU
FOJIOBHOTO  MO3Ta, TO3BOJSIE  MOJy4yaTh
M300paXeHUsI BHYTPUYCPEITHBIX CTPYKTYpP C
BBICOKHM paspemienueM. B CBOIO
ouepenb, 3D-gonmaeporpadust MTO3BOJISICT
BU3YaJIH3UPOBAThH BHYTPUMO3TOBYIO
BACKYJISIpU3AIMIO, YTO JIa€T BO3MOXHOCTh
MOJIy4UTh OoJiee TOYHYIO HHGPOPMALUIO O
nepeOpaibHOil Tepdy3un TOJOBHOTO MO3Ta
mioxa [30, 31].

HCT noBslilaeT TOYHOCTh TUATHOCTUKHU
BPOKJACHHBIX aHOMAJIUN Pa3BUTHS TOJIOBHOTO
MO3Ta, OIICHUBAET TUHAMUKY UIIIEMHUYECKUX U
TpaBMaTHYECKUX BHYTpUYEPEITHBIX
MOBPEXKACHUMN Yy TUJIOJIOB U HOBOPOKICHHBIX.
Kpome Ttoro, B coBpemennoir HCI
IIPUMEHSETCS 22-MHOTOIIOCKOCTHAS
METOJIMKa OCMOTpa TOJOBHOro Mo3ra. Jlus
CKAaHMPOBAHUS MCTIONIB3YETCS P PA3THUHBIX
TJIOCKOCTEH, MPUMEHEHUE KOTOPBIX
BapbUPYyET B 3aBHUCHUMOCTH OT OCOOCHHOCTEW
pacnoyioxkenus mwiona [32].

JnutenbHoe TEUEHUE TUTIOKCHH
BBI3BIBAET KHUCJIOPOJHOE TOJIOAAHHE, UTO
CBSI3aHO C HapylleHHeM (YHKIUU HEHpOHOB
roJloBHOTO Mo3ra. Wmemus — oOmee wimn
OYaroBO€ OTpaHHYEHHE KPOBOCHAOKECHUS
TKaHEe#, KOTOpPO€ BBI3BIBACT HEKPO3, U
3HAYUTCS TOpas3zo 0oJiee CI0KHBIM COOBITHEM,
geM TUTIOKCHS, MTOCKOJIBKY OHa
COMPOBOXKAACTCS CHUKEHUEM 00BEMa
IUPKYJIUPYIOIMIEH KPOBH U OTPaHUYCHHEM
WHTEHCUBHOCTH  BBIBEACHHS  TMPOJIYKTOB
MeTabommn3Ma ToOJOBHOro Mo3ra [33, 34].
Mopdonornueckne U3MEHEHHSI, CBSI3aHHBIC C
TUIOKCUYECKU-UIIEMUYECKUM  TOPAKEHUEM
MoO3ra mo/a, MOTYT MIPOSIBIISATHCS:
MHO)KECTBEHHBIMH  KPOBOMBZJIUSHHUSIMH B
pa3nuYHbIC OTJEIbI TOJIOBHOTO MO3Ta, OTEKOM,
MOBPEXKICHUEM  JHJIOTENUs,  HEKpo3aMu
ceporo u Oenoro BemiecTBa, WH(pApPKTaMH,

IMO30M  Oeroro  BemiecTBa,  aTrpoduei,
KHCTaMu pazIuyHOM JIOKaJIU3alNH,
3a7€PKKOU MUCIIMHHU3AIINH,
BEHTpUKYyJIOMeTalineil, ruapouedanueini u
BPOXXJEHHBIMU MOPOKaMU pa3BuTus [35].
UccnenoBanust Abdelkader M.A. et al.
(2017) HarmsIAHO MPOAEMOHCTPUPOBAIIU, UTO,
Onaronaps npeHaTaabHOMY nipoBenenuto HCT'

B rpyImrme pHUCcKa o Pa3BUTHIO
BHYTPUMO3IOBOTO KPOBOM3IUSHUA Y TUIOJA, Y
21 mwiona OBLIO JIMarHOCTUPOBAHO

BHYTPUMO3IOBO€ KpPOBOMBIIUSHUE, y 2 —
JKCTpanepeopaIbHOe (cyOmypanbHOE)
KpOBOM3JIUAHKE, Y 16 — BHYTPUMO3roBOE
(BHYTPIDKETYIOUKOBOE) KPOBOUBIUSHUE, Y 3 —
KOMOMHHpPOBaHHOE KpoBou3iusiHue. CpeqHuit
recTallMOHHBIA BO3pacT, B KOTOPOM UM OBbLI
MOCTaBJIEH JHMarHo3, cocTaBasul 29,8 £+ 5,2
Henenu. OOpamaeT BHUMaHue, 410 B 76%
CIy4aeB HE WMEJOCh HWIACHTH(DHUIIMPYEMBIX
(dakTopoB pucka. 3PII npm »sTOM ObLTA
accouuupoBaHa ¢ 57,9% BHYTpUMO3IOBBIX
KPOBOM3JIUSHUN, UYTO COCTAaBUJIO OOJIblIe
TIOJIOBUHBI OT BCeX cirydaes [35, 36].

Ha nanHOM »5Tame mnepuHaTanbHbBIE H
paHHUE MOCTHATATHHBIE UCXOJIBI
BHYTPUYEPEITHOTO KPOBOUBIIUSHUSA,
JTUATHOCTHPOBAHHOTO Yy IJIOJA, HW3YYCHBI
HemocrarouHo. ABropsl Gupta V. et al. (2023)
IIPOBENIU HCCIIEI0BAaHUE, COTJIACHO KOTOPOMY
KUBOPOKJIECHUEM 3aKOHUMIUCH 75% ciydaeB
BHYTPHUMO3TOBOTO KPOBOMBIIUSHUSA,
BBISIBJICHHOT'O BHYTPUYTPOOHO, MPEphIBAHUEM
OepeMEeHHOCTH M0 MEIUIIMHCKUM MOKa3aHUSIM

14%, aHTeHaTaJIbHOW THOENIBIO IIIOAA —
11%. OO6pamaer Ha ce0si BHHMaHUE, YTO
HaJI4Ine OOIITHPHBIX KPOBOM3JIASTHAN
COMPOBOXAAETCS  CHIDKEHHEM  YacCTOTHI
xuBopoxkaeHuii 10 33%. IIpocnextuBHOE
KIIMHUYEeCKoe HaOI0JeHHe A0 JBYXJIETHETO
Bo3pacta 37 MIIAJEHLEB, Yy  KOTOPBIX
BHYTPpUYTPOOHO  OBUIO  JIHAarHOCTUPOBAHO
BHYTPHUMO3TOBOTO KPOBOHM3JIHSIHHSI, TIOKA3aJI0,
g0 'y 57% Habmoganock HOpPMaIbHOE
pa3BUTHE HEPBHOU CUCTEMBL, Y 24% — nerkue
OTKJIOHEHUsI OT HOpMBL, ¥ 14% — ymepeHHbIe
OTKJIOHEHHS, Y 5% — BbIpaKE€HHBIE HAPYILICHUS
pa3BUTHs HEPBHOU cuctemsl [37].

B Hacrosimee Bpemsi mosiBisieTcs BcE
0oJIbIIIE JI0KA3aTelIbCTB TOrO, 4TO
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MPE3KIIAMIICUsl TPUBOAUT K HapYLICHUSIM
pa3BUTUSL HEPBHOW CHUCTEeMBl Yy IIJIOJA,
KOTOpBIE BITOCJICZICTBUU MPOSIBIISIOTCS
YMCTBEHHOH  OTCTaJOCTBIO,  CHHIPOMOM
nedunuTa BHUMaHUS UM TUIEPAKTHUBHOCTH,
ayTU3MOM,  DJOWICNICHEH W JPYTHMH
KOTHUTUBHBIMU HApyHIEHUSIMU. Y IUIOAOB C
3PI1 Takke HAONIOMAOTCS W3MCHCHHS B
pa3BUTUHU KOPBI TOJIOBHOTO MO3ra,
MO3OJIUCTOTO TeJa, pa3Mepa CTBOJIa MO3ra U
MO3Xeuka, a Takxke MeTadoiM3mMa MOo3ra,
KOTOpbIE B  JallbHEHIIEM  CBSI3aHBI  C
AQHOMAJIbHBIM DPAa3BUTHEM HEPBHOW CHCTEMBI.
Uccnenosanust Basso A. et al. (2022)
npoAaeMoHcTpupoBainu, uro npu  3PII
HAOJIIO/IAIOTCS  3HAYUTENBHBIC DPA3IM4Yusl B
Pa3BUTUU KOPBI TOJIOBHOT'O MO3Ta B CPAaBHEHUU
¢ Hopmoi mo pesynbraraMm HCI' y mnona,
npoBenéHHOM Ha cpoke 31-35 Hepenb

recTaiuu, KOTOpbIE MPOSIBIISIOTCSA
YMEHBILIEHUEM rITyOUHBI CUJIbBUEBOU
60po3156I U yBEIMYECHHEM  TIyOUHBI

OCTPOBKOBOM  jgosd.  MHTepecHo,  4TO
aHAJOTUYHAsT KAapTUHAa  Pa3BUTUS  KOPBI
TOJIOBHOTO  MoO3ra  HaOmojaizach  MpHU
OepeMeHHOCTH, OCIIO)KHEHHOM
MPEIKIAMIICUENH: OTMEYaeTCs] yMEHBIIECHUE
TIIyOWHBI CHJIbBUEBON OOPO3/IbI M yBETHUCHUE
TIIyOMHBI OCTPOBKOBOM 10H. CyIeCTBEHHBIX
paznuuuil B TIyOMHE TEMEHHO-3aThIJIOYHOMN
00pO03/1bl, MOACHON M3BUIUHBI WU MSATOYHOM
00pO3/IbI B yKa3aHHBIX TPYIIAX BEISIBICHO HE
onL10 [38, 39].

[Ipu omeHke OCOOEHHOCTEH pa3BUTHS
[HHC y wmanoBecHbIX IUIOAOB [JIsi CpOKa
rectauu U 1wiogoB ¢ 3PII B cpaBHeHHMH C
TPYIION KOHTPOJISI (C y4eTOM TOMPaBKH Ha

OunmapweTalbHBIH  pa3Mep)  OTMEYarOTCS:
yBEJIIMYEHUE TIIYOMHBI OCTPOBKOB, JMHEHHAs
TEHJCHIMS K  YMEHBIIECHUIO  TIyOMHBI
CUIIbBUEBON Oopo3abl. OOpamaer Ha ce0s
BHHUMaHHUE TOT (DaKT, UTO JaHHbBIE [TOKA3aTeIN
HE OTJIMYAJIUCh CTAaTUCTHYECKH 3HAYUMO
MEXIy MAaJOBECHBIMU IUIOAAMHU IS CPOKa
rectaiuu U mwionamu ¢ 3PII. EnuncrBeHHBIM
rapaMeTpoM, IIO3BOJIAIOIIMM C  BBICOKOM
JOJIEH  JIOCTOBEPHOCTU UJCHTH(PHUIIPOBATH
MaJIOBECHBII IUIOA OT IUIOJA C 3aJeprKKOMN
pocTa, OKazajach JUIMHA MO30JUCTOrO Tea,
KoTopas Obu1a 3HaunTeNbHO HUXeE rpu 3PII B
CpPaBHEHHUH KaK C TPYIION KOHTPOJISI, TaK U CO
ClIy4yasMH MaJOBECHOCTH Iuioja. JliunHa
MO3OJMCTOTO Tejla y MAaJIOBECHBIX IUIOAOB
OblIa COIMOCTaBMMa C TPYNIONH KOHTPOJIS.
Pasnuumii B riryOWHE TEMEHHO-3aTHUIOYHOMN
00po3Ibl  MEXIy Tpems HCCIeAyeMbIMU
rpynnamMu BbIsiBIeHO He Obuio [40, 41, 42].
[IpuBenenubIe CBEJICHUS MTO3BOJISIIOT
3aKJIIOYUTh, YTO YKa3aHHBIC TapaMeTPbl MOTYT
OBbITh HCIIO0JIb30BaHbI B KauecTBe
JOTIOJTHUTEIBHBIX KPUTEPUEB TUATHOCTUKHU HE
TOJIBKO 3PII, HO W  IUIAlEHTapHOU
HenocTaToyHoCcTH. Kpome Toro, cremyer
paccMOTpeTb  BO3MOXXHOCTb  IPUMEHEHMS
KOMIUIEKCHOTO ~ aHaJIu3a  BBIIICHA3BAHHBIX
XapaKTEPUCTUK JUTSt MIPOTHO3UPOBAHUS
HEOJIarONPUATHBIX aHTEHATATBHBIX UCXOIOB.

Takum 006pazoM, MOXKHO CJIeNIaTh BBIBOJ,
yto MPT 1 HCI" — 3T0 B3aumoionoHsonme
MeToAbl AuarHocTuku. Kak moka3zaHo Ha
pucyske 1, coBmectHoe npumenenne HCI' u
MPT TIOMOXET ONTUMHU3HAPOBATH
JUArHOCTUKY AHTEHATAJIbHBIX IOBPEXKIACHUIN
[MHC u TakTUKy BEICHHUSIX TAKUX MAIIUEHTOK.
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IIJI0/1a B AaHTEHATAIIbHOM IIEPUOJIE

Fig. 1. Algorithm for the management of pati
nervous system lesi

Bo3MoxkHOCTH yIBTPa3ByKOBOM
aoniuieporpa)uu B paHHel THATHOCTUKE
nopaxenuiit HHC niiona B
AHTEHATAJBHOM Nepuoae

VYapTpa3BykoBas nomnrmieporpadus
(V3/I') utupoko MpUMEHSETCS B aKyIIEpCTBE
C LENbI0 OLIEHKH MAaTOYHO-IIALEHTapHOTO U

ents at high risk for the development of fetal central
ons in the antenatal period

IO A0OBO-TINIAICHTAPHOI'O KpOBOTOKa.
Uccnenosanust  Sirico A. et al. (2018)
NPOAEMOHCTPUPOBAIA,  4YTO  IIOKAa3areiu

nepedpo-tnaneHTapaoro otHomrenus (LI10),
T.€. OTHOIICHHS HHIEKCA PE3UCTCHTHOCTH B
CpeIHEH MO3rOBOM apTepuud K HHACKCY
PE3UCTEHTHOCTH B apTepUH IYITOBHHBI, B


https://pubmed.ncbi.nlm.nih.gov/?term=Sirico+A&cauthor_id=28294442
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3HAYUTENIBHON CTENEeHH KOPPEIUPYIOT C
MATOJIOTUYECKUM THUIIOM KapIUOTOKOTpaduu
(KTTI) u OIICHKOM COCTOSTHHSI
HOBOPOXIEHHOTO M0 IuKajie Anrap Ha 5
MHUHYTE >KM3HU MeHee 7 OamoB. Taxxke B
JAHHOM HCCJICIOBAaHUU OBUIO IMOKa3aHO, YTO
Oomnee Hu3kue 3HadeHus {110 nabmromanuce y
mwnon0B ¢ 3PII B cpaBHeHHH C MaJOBECHBIMHU
WI0JaMu W IUIOJaMH, pa3Mepbl KOTOPBIX
COOTBETCTBYIOT TECTAllMOHHOMY  BO3pacTy
[43]. B cBoro ouepens Ismail A. et al. (2022)
ONPEACIIUIIH, YTO 3HAYEHUS HI1O0
OTHOCUTENILHO  TOCTOSIHHBI B TEYCHHE
nocineqHux 10 Henenp TeueHUs HOPMaJIbHOMN
OepemeHHocTH. B gaHHOM wuccieqoBaHUM
OBLIO ycTaHOBIICHO, uTo 3HaueHue [{I1O Huxe
1,08 cunraercs aHOMAJIBHBIM U CONPSKEHO C
HEOJIarONPUATHBIMU TIEPUHATATHHBIMU HCXO-
namMu  (9KCTpEHHOE  KecapeBO  CeueHue,
TrOCTIHUTANIA3AIUS HOBOPOXKJIEHHOTO B OTJIETIe-
HUE peaHHMallMd U WHTCHCUBHOW TeparuH).
[lepBocTenenHoe 3HaueHUE UMEET MpPaBUIIb-
HOE OIpe/ieNieHue 3HaYEHUH MyJIbCAI[HOHHOTO
unnekca (Pl) cpenneit mosroBoi aprepuu
(CMA) u Pl wmaTouHBIX apTepuil Kak
HOPMAJIbHBIX, TaK W TATOJIOTMYECKHUX, II0-
CKOJIbKY 3TH MapaMeTphbl OTPaKalOT HAUYHe
MJIAIEHTAPHOU HEIOCTATOUYHOCTH [44].
bepemenHocTs, mporekaromas Ha GoHe
3PII, compsikeHa C BBICOKUM pPHUCKOM
KpPaTKOCPOYHBIX U JOJTOCPOYHBIX OCIIOKHE-
HUW [ HOBOpOXAeHHoro. MccnemoBanus
psia aBTOPOB MpoJeMOHCTpupoBaiu, yto PI
MaTOYHBIX apTepuil ObUI BEHINIE B TpPYyIIE
6epemennsbix ¢ 3PII, B To Bpems kak Pl CMA
u HIIO Obumm HWKE, YTO  SBISICTCS
CTATUCTUYECKHA 3HAYUMBIM pe3yibTaToM. B
CBOIO ouepenb, Hu3khe mnokazatenu [[I10
(menee 10-To MPOLIEHTHIISI) ACCOLUUPOBAIHCH
C TOBBIIIEHHBIM PUCKOM HEOIArOMpUsSTHOTO
TepUHATATIHLHOTO ucxona, HaJTUIHEM
MapKepoB TIepuHaTanbHOW runokcuu (pH
IyIIOBUHHON apTEepUaJbHON WIM BEHO3HOMN
IIYIIOBUHHOM KPOBH <7 u <7,1
COOTBETCTBEHHO, OIIEHKa MO MIKajie Amrap
MeHee 7 0aroB Ha MATOW MUHYTE KU3HU WU
rOCMUTANMU3alMs B OTACIEHUE HHTEHCHBHOMN
TEpanuud  HOBOPOXIEHHBIX Ha  MEPUOL
BpeMeHH Oosiee 24 4YacoB), KecCapeBbIM
CEYCHHUEM MpHU IPEANoiaraéMoM yXyAlIeHUH

COCTOSIHMS mo1a u POXKJIEHHEM
HOBOPOXIEHHBIX C Maccod Tela MeEHee
TPETHETO MPOIEHTWIS. MHOTO(haKTOPHBII
perpecCHOHHbIN aHanu3 TMokaszaia, 4rto Pl
MaTOYHBIX apTepuii (P 0,04) u LIIO
(p = 0,002) KOppenupyOT ¢ BEPOSTHOCTHIO
pa3BUTHs HEOJArONMPHUITHOIO TEepUHATAIIb-
Horo wucxoma. OpHako ciegyer  0co0o
OTMETUTH HU3KYIO JIMAarHOCTUYECKYIO
3HAYUMOCTh YKa3aHHBIX [apaMEeTPOB, YTO
HampsIMyl0 YKa3blBaeT Ha HEOOXOAUMOCTh
KOMIUIEKCHOW OLIEHKM COCTOSIHUSI IIIoJa y
MaTeperl ¢ XPOHUYECKOW IJIalleHTapHOU
HeJoCcTaToOuHOCThIO [45, 46]. Mexnay Tewm,
[IOKa3aTeJIM KPOBOTOKA B MATOUHBIX apTEPUIX
COOTHOCSATCS C IUIAIICHTApHOH (yHKIMEH,
[IO3TOMY IUIALICHTapHAasi HEIOCTaTOYHOCT,
nake  CyOKIMHHYECKas, MOXeT  OBITh
3amoJI03peHa J0cTaTtoyHo paHo. llaTosmorus
pa3BUTHs  IUIALEHTHI, XapakTepHas  AJs
npesxnamicun U 3PII, onpenenser Hanuuune
HEJ0CTaTOYHOCTH  MAaTOYHO-IUIALEHTaApPHOTO
KpOBOTOKa BCJIEJICTBUE OTCYTCTBHS
TpaHchOpMallMd  CHOUPATBHBIX  apTEpHd.
UccnenoBanusi, mpoBelEHHBIE B IMOCIEAHUE
NECSATUIETUS, IOATBEPAMIN  IOBBILLIEHUE
CONPOTUBIIEHUS KPOBOTOKA B MaTOYHBIX
apTepusix y TalUEHTOK, Yy  KOTOPBIX
BIOCJIEACTBUU Pa3BWIACh MPEIKIAMIICUS WU
3PII. Pl wmarounsix aprtepuit Oonee 95
MPOLIEHTWISI KOPPETUPYET C BEPOSTHOCTHIO
pazButusi npeskiamncuu U 3PII kak Bo
BTOpPOM, TaK U B TpeTheM TpumecTpe [47]. Kak
U3BECTHO, MPEIKIAMIICHS  MOXET  CTaTb
MIPUYMHON TSKENBIX OCJIOKHEHHUM HE TOJIBKO Y
mwioga, Ho W y wmarepu. CBOEBPEMEHHOE
BbIsIBIICHHE Tpesknamicun u 3PII momoxer
BIIOCJICJICTBUU M30€kKaTh HEOIaronpusTHBIX
UCXOJ0OB Kak Juis MaTepu, Tak U JUIs
10/a.

3akmouenue. C Mo3umuii peanusaun
noTpeOHOCTEH COBpEMEHHOI MepuHaTaTbHON
MEIUIMHBl MarHUTHO-PE30HAHCHAs TOMOIpa-
¢bus uMeeT MEepPCHEKTUBHI [JISI AKTUBHOTO
BHEJIPEHUsI B KIMHUYECKYIO MPAKTUKY, He-
CMOTpSI Ha SKOHOMUYECKYIO 3aTPaTHOCTh Me-
tona. [Ipu nmomoum MPT Bo3M0OkHO poBEeCTH
He ToJbKO oueHKy cocrosHus LIHC mnona, Ho
Y TIOJIyYMTh NPEJCTABICHUS O COCTOSIHUM I1J1a-
LIEHTBHI.
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JlaHHBIN METOI MCCIIEJOBAHMS TTO3BOIUT
MM0-HOBOMY B3TJISIHYTh Ha MPoOIeMy XpOHHYe-
CKOM TUTAIICHTapHON HEJIOCTATOYHOCTH M 00-
Jiee KauyeCTBEHHO OIICHUTH CTENEHb BIIUSHUS
IJIalleHTapHBIX HapylleHui Ha miof. Heiipo-
coHorpadusi, B CBOIO 04epe/ib, ABseTcs Oonee
JOCTYIIHBIM METOJOM JHMAarHOCTHKH MaTOJIO-
run [IHC 1moga, KOTOpbIN TOXKE UMEET BBICO-
KYI0 4YYyBCTBUTEJIBHOCTb B pPaMKax BHYTpH-
YTPOOHO! NUAarHOCTUKH HWIIEMHUYECKH-THIIO-
KCHUYECKOTO TOBPEXKJIEHUS T'OJOBHOTO MO3ra.
CanenoBarensHo, HCI' B nepcniekTuBe MOXKET
CTaTh CKPUHHMHIOBBIM MeTOAOM. BHeapeHue
coBmectHoro npumenenuss MPT u HCI', na
Hall B3IJISJ, MO3BOJIUT HE TOJBKO CBOEBpE-
MEHHO JMarHOCTHUPOBaTh XPOHUYECKYIO ILIa-
LIEHTApHYI0 HEAOCTAaTOYHOCTh, HO U TIOBBICUTh
TOYHOCTb MPOTHO3a MEPUHATAIBHBIX MOpaXKe-
Huii [THC y nereit ot maTtepelt ¢ mianeHTap-
HbIMM HapyumeHusaMHu [48]. OueHka nokasare-
nert Y3/II', B cBOIO ouepelib, OTINYACTCS HU3-
KO JMarHOCTUYECKOW LIEHHOCTHIO B MPOTHO-
3UpOBaHUM HEOJArONpPUATHBIX IEepUHATAIb-
HBIX Ucxo/0B. Cle10BaTeNnbHO, TONIIEpOrpa-
(bus 3a4acTyro UCHOJB3YETCs] B KauecTBE Me-
TO/1a, TO3BOJISIFOIIETO BBIJIEUTD TPYIIIY PUCKA
YIPOKaeMBbIX MO PAa3BUTHIO MEPUHATATBHOTO
nopaxenust LTHC.
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Pesrome

AKTyaJbHOCTB: Pak MOJIOYHOM kene3bl ABIseTcss HauboJsee YacThIM 3JI0KaueCTBEHHBIM HOBOOOpa-
30BaHHEM cpeniu KeHITMH. OJJHUM U3 OCHOBHBIX METOJIOB JICUEHUS PaKa MOJIOYHOM jKeJe3bl SABISeTCs
XHPYPTUYECKHIA METO/, B T.4. paliKaIbHAas MACTIKTOMHS, YTO HAPSTY C MOBBIIICHUEM BBIKHBAEMO-
CTH MOXXET IPUBOJIUTH K 3HAUMMOMY CHM)KEHUIO KauecTBa *u3HU. Lleab nccaenopanus: OLeHUTH
Ka4yecTBO XU3HHU M (PaKTOPHI, HA HETO BIUSIONINE, Y TTAIIMEHTOK Pa3IMYHOrO BO3pacTa Mocje pau-
KaJIbHOM MacT3KTOMUU B OTJAJIEHHOM IEPUO/IE C UCIOIb30BaHUEM PYCCKOS3BIYHON BEPCHH OINPOC-
Huka BREAST-Q. Martepunansl u Metoabl: [IpoBefeHO monepeyHoe HCCIE0BaHUE C yYacTHEM
150 manueHToB pa3Iu4HOIO BO3pacTa, NEPEHECHINX PaJuKaIbHYI0 MAaCTIKTOMMIO 10 MOBOJY paka
MOJIOYHOH KeJe3bl U HaXOASIIUXCS Ha IMCIaHCEPHOM HaOIroieHuH y oHKojora. OleHka KauecTBa
KHU3HH MPOBEJICHA C HCIoNb30BaHueM onpocHuka BREAST-Q. [Ins oneHkH BIMSHHUSA COLUAIBHO-
nemorpaguueckux pakTOpoB B aHKETY ObUIN BKJIFOUEHBI BOIIPOCHI O BO3pacTe, COLIMAIbHOM CTaTycCe,
CEeMEWHOM I0JIO’KEHUH, 00pa30BaHUM, HAJIMYUE MHBAJIMIHOCTH, CAMOOLICHKE COCTOSHUS 370POBbS
IO IIKaJIe OT OYEHb IJIOXOTO J0 OTIWYHOTO U CaMOOIeHKe (u3ndeckoit 6oy mo mkane ot 0 1o 5
6amtoB. Pesyabrarel: 1o pe3ynbraTaM OLEHKH OTAENbHBIX JOMEHOB KadecTBa >KM3HU IO OMPOC-
HuKky BREAST-Q 6bu11 moTy4eHsl cieIyromue pe3yabTaThl: MeAMaHa YAO0BIETBOPEHHOCTH COCTOSI-
HUEM Ipyau cocTaBuia 44 6aia, yA0BIETBOPEHHOCTDh ICUXOCOLMAIBHBIM COCTOSTHUEM - 52 Oallia,
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yIOBJIETBOPEHHOCTh CEKCYaJIbHBIM COCTOSIHHEM - 24 0ajuia, yIOBIETBOPEHHOCTh (PU3UUYECKUM CO-
cTosiHueM - 40 6ayIoB, yIOBICTBOPEHHOCTh XUPYPIroM - 78 OAIIOB, yIOBICTBOPECHHOCTh MEIHUIIMH-
CKUM nepcoHasioM - 80 0amioB, y/I0BIETBOPEHHOCTh HEMEIUIIMHCKUM NepcoHanoM - 73 6amna. Ilo
pe3ynbTataM MHOTO(aKTOPHOTO aHaTu3a 3HAYMMBIMU MPEIUKTOPAMH YAOBIETBOPEHHOCTH COCTOS-
HUEM TPYJIU SBISUIACH CAMOOIIEHKA COCTOSHUS (PU3HUECKOTO 310POBBS (PBropp=-13,83 (95%A1:-11,27;
-0,39); yIOBIETBOPEHHOCTH TICUXOCOIUATBLHBIM COCTOSHHEM — BO3PACT (Pxopp=0,54 (95%/11:0,12;
0,95)), camootieHka GU3NIECKOTO 3M0POBbI  Propp=-8,28 (95%A1:-14,71; -1,84) u 6oneBOro cuH-
npoma Propp=-3,29 (95%111:-6,42; -0,16), yTOBICTBOPSHHOCTH CEKCYaTbHBIM COCTOSTHHEM - BO3PACT
(Bxopp=-0,57 (95%1:-0,99; -0,15)), oOpazoBanue Propp=-8,88 (95%1:-18,41; -0,64) mis cpeanero
CHEHAIBHOTO U Propp=-14,33 (95%/11:-26,65; -1,99) nns cpeanero) u ceMelHOE MOJOXKEHUE
Bropp=-10,26 (95%J11:-17,90; -2,62), a y10BJIETBOPEHHOCTH (PU3HIECKUM COCTOSTHHEM — CAaMOOIICHKA
60seBoro cuHapoma PBropp=3,83 (95%/I1:3,57; 8,11). 3akatouenne: BrisiBieHa HU3Kas CaMOOLIEHKA
KauecTBa KM3HU JKCHIINH PAa3IUYHOTO BO3pacTa C JOCTATOYHON BBICOKOHW BapHaOEIIbHOCTHIO YII0-
BJICTBOPEHHOCTH T10 JIOMEHAM: CAMOOIIEHKA 37I0POBbsI, 00JICBOT0 CHHIPOMA M BO3PACT, KOTOPHIC SIBH-
JUCh 3HAYUMBIMH JIETEPMUHAHTAMU Ka4eCTBA KU3HU MO0 HAUOOJbIIEMY YHUCTY JOMEHOB.
KutroueBble ci1oBa: pak MOJIOYHOM >Ke€JI€3bl; Ka4eCTBO *u3HH; MacTakromusi; BREAST-Q; Bo3pacT-
HbIE TPYTIIIBI

s nurupoBanus: 3umun [JA, TlocroeB BA, MenbsmukoBa JIW, u ap. KauecTBo kxM3HU >KEHITUH
Pa3IMYHOTO BO3pacTa ¢ PaKOM MOJIOYHOH JKeJIe3bl MOCie PaAUKaJIbHOM MAaCTIKTOMHHU U €r0 COLM-
anbHO-AeMorpadudeckue JeTepMUHAHTEI. HaydHbie pe3yabTaThl OMOMEIUIIMHCKUX HUCCIICIOBAHUM.
2024;10(4):606-620. DOI: 10.18413/2658-6533-2024-10-4-0-9
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Abstract

Background: Breast cancer is the most common malignant neoplasm among women. One of the
main methods of treating breast cancer is surgery, including radical mastectomy, which, along with
increased survival, can lead to a significant decrease in the quality of life. The aim of the study: To
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assess long-term quality of life and factors influencing it in patients of different ages after radical
mastectomy using the Russian version of the BREAST-Q questionnaire. Materials and methods: A
cross-sectional study was conducted with the participation of 150 patients of different ages who un-
derwent radical mastectomy for breast cancer and are under dispensary supervision by an oncologist.
Quality of life was assessed using the BREAST-Q questionnaire. To assess the impact of socio-de-
mographic factors, the questionnaire included questions on age, social status, marital status, educa-
tion, disability, self-rated health status on a scale from very poor to excellent, and self-rated physical
pain on a scale from 0 to 5 points. Results: According to the results of the assessment of individual
domains of quality of life using the BREAST-Q questionnaire, the following results were obtained:
median breast satisfaction was 44 points, satisfaction with the psychosocial state was 52 points, sat-
isfaction with the sexual state was 24 points, satisfaction with the physical condition was 40 points,
satisfaction with the surgeon was 78 points, satisfaction with the medical staff was 80 points satisfac-
tion with non-medical staff - 73 points. According to the results of multivariate analysis, significant
predictors of breast satisfaction were self-assessment of physical health (Beorr=-5.83 (95%CI:-11.27;
-0.39); satisfaction with psychosocial condition — age (Beorr=0.54 (95%CI:0.12; 0.95)), self-assess-
ment of physical health Becon=-8.28 (95%CI:-14.71; -1.84) and pain syndrome Beor= -3.29 (95%CI:-
6.42; -0.16), satisfaction with sexual state — age (Bcor=-0.57 (95% CI:-0.99; -0.15)), education
Beorr=-8.88 (95%CI:-18.41; -0.64) for the average special and Beor=-14.33 (95%CI:-26.65; -1.99) for
the average) and marital status Beor=-10.26 (95%CI:-17.90; -2.62), and satisfaction with physical
condition — self-assessment of pain syndrome Beorr=5.83 (95%CI:3.57; 8.11). Conclusion: A low self-
assessment of the quality of life of women of different ages was revealed with a sufficiently high
variability of satisfaction by domains: self-assessment of health, pain syndrome and age, which were
significant determinants of quality of life for the largest number of domains.

Keywords: breast cancer; quality of life; mastectomy; BREAST-Q; age groups
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BBenenue. Pak MOJIOYHOM  KeJe3bl ®denepannu oHa cocTaBiseT 8-9 ser; nATHIeT-

(PMX) 3aHMMaeT mepBoe MECTO B CTPYKTYpE
NEePBUYHON 3a00JIEBaEMOCTH 3JI0KAYECTBEH-
HbIMU HOBOOOpazoBanusimu (3HO) cpenu xeH-
CKOTO HacelleHusi OOJNBIIUHCTBA CTPaH MHUpa.
Tak, B Poccutickon denepanuu OH COCTABIISIET
21,2% B cTpykType 3aboneBaemocTr U 15,9%
B CTPYKType mnpuuuH cMmepTtHocTu oT 3HO.
IIpn sTOoM, 3a mMOCHIEAHHE TOIbl OTMEYAECTCS
TEHJCHLIUA K pocTy 3aboneBaemoctu. Hampu-
Mep, B ApxaHrenbckoi obmactu 3a 2000-2019
IT. CTaHJapTU30BaHHas [0 BO3pacTy 3a0o0ieBa-
emoctbh PMIK BeIpociia Ha 58,7% u cocraBuna
51,3 na 10000 nacenenus [1]. B To ke Bpems,
Onaronapsi BHEAPEHUIO B KIIMHUYECKYIO MpaK-
TUKY HOBBIX METOJIOB JICYCHHUS B IMOCIECTHUE
ro/ibl YBEJIMYMBAETCSI BBDKMBAEMOCTbh B 3TOM
TpYIINE MalMEeHTOB: B cpeaHeM no Poccuiickoit

HsIsl BBbKMBaeMocTh 3a nepuof ¢ 2000 mo 2015
IT. Bo3pocia Ha ¢ 60,3% no 64,5% [2].
OnHUM U3 OCHOBHBIX METO/IOB JICUCHHUS
PMX siBnseTcss Xupypru4eckuii MeTos, B T.4.
paauKaibHas MaCTIKTOMUS, KOTOPAst ABIISETCS
MeTozioM Beioopa B 20-30% cimydaes PMIK [3],
IIPU ’TOM UMEHHO 3TOT METO/I ABJIIETCSI OCHOB-
HBIM B JICYEHUH MOJIOJIBIX JKEHILUH, ISl KOTO-
PBIX yZaJeHHe MOJIOYHOM >Kese3bl SBIsSeTCS
CEpPbE3HOU IICUXO3MOLMOHAIBHOM TPaBMOM.
OTtedecTBEHHBIE U 3apyOeKHBIE UCCIIEIOBAHUS
MOKA3bIBAIOT, UYTO MONO0OHBIE Ne(EeKTH, Aaxe
pu OIAarONpPUATHOM KIMHUYECKOM MPOTHO3E,
3HAUUTEJIBHO YXYIILIAIOT KaueCTBO >KU3HH [4,
5, 6]. Ilox xauectBOM *u3HU BcemupHas op-
raHU3alMsl 3PaBOOXPAHCHUS] TOHUMAET «UH-
JUBUIyaIbHOE€ BOCHPUIATHE HWHAWUBUIYYMOM
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CBOETO MOJ0KEHUS B )KU3HU B KOHTEKCTE KYJIb-
TYypbl U CHUCTEMBI LIEHHOCTEH, B KOTOPBIX OH
JKUBET, B CBSI3U C IEJISIMU, OXKUJTAHUSIMU, CTaH-
JapTaMu U UHTEpECaMH 3TOT0 UHAUBUIYYMa
[7]. [Ipu 5TOM BAMSIHUE HA KAYECTBO XKU3HH 3a-
OosneBaHus, TpaBMbI, (QU3MUECKOro AcdeKTa
WA OOOYHBIX YPPEKTOB JICUCHHUS MOXKET 3a-
BHCETh HE TOJIBKO OT MEIUITMHCKHX XapakTe-
PUCTHK COCTOSIHHS (TSKECTh, OONEBOM CHH-
JIPOM, OFPAHUYEHUE KUZHEEATEIbHOCTH), HO
U OT psfa COIMAJIbHBIX (CEMEWHOE TMOJIOoXKe-
HHUe, 00pa3oBaHue) U AeMorpaduueckux (Bo3-
pacTt) haktopoB. B cBs3H ¢ yBEIMUYECHUEM BBI-
JkuBaeMocTH namueHToB ¢ PMJK mMenHo mo-
HATHE "KAaueCTBO U3HU" B HACTOSLIEE BPEMsI
MPUHUMAET BCe OoJblliee 3HAYCHHE, B TOM
YHClie U KaK M3MEepseMblii MoKa3areib dPQek-
TUBHOCTH peabunurauuu [6]. [Ipu sTom, B OH-
KOJIOTHH TTOHSATHE Ka4€CTBA )KU3HU UMEET 0CO-
00e 3HaueHUE B CBS3H C OCOOEHHOCTSIMH Ca-
MOM MaTOJIOTUH U PAAUKAIBHOCTHIO METOIOB
JedeHust (XUpyprudecKoro, 1y4eBOd U XUMHO-
Tepanuu). M3BeCTHO, YTO pas3HbIE BapHAHTHI
XUPYPTUUECKOTO JICUECHUs paka MOJIOYHOU kKe-
Je3bl CIIOCOOHBI OKa3bIBaTh Pa3IMYHOE BIIUS-
HUE€ Ha Ka4eCTBO YKU3HHU MPOONEPUPOBAHHBIX
xxeHmuH [8, 9]. Pazpaboranusiii B 2009 roxy
OTPOCHHK JJIsi OIICHKH KauyecTBa >KM3HH >KEH-
IMH Toche Xupyprudeckoro jedeHus PMOK
BREAST-Q sBisieTcs MOIIHBIM HHCTPYMEH-
TOM, KOTOPBII MO3BOJISIET HApsIAy C TPaaUIU-
OHHBIMM TIOJXOJIaMH K OIIEHKE KauyecTBa
KU3HH (HarpuMep, MpU MOMOIIM OMPOCHUKA
SF-36) olieHUTh acleKkThl, CBA3aHHBIE C BOC-
MPUSATAEM JKEHIMHON ONepaluu, CBOETO
BHEIIHETO BUJA, MICUXOAMOIIMOHAIBHOIO CTa-
Tyca [10].

ean uccaenopanus. OeHKa Ka4eCcTBa
YKU3HU MAIlMeHTOK Pa3IMYyHOro BO3pacTa B OT-
JTAJICHHOM TIEPHO/IE TI0CIIe PaIUKAIIBHONU MaCT-
SOKTOMHUHU C HCIIOIH30BAHUEM PYyCCKOS3BIYHOM
Bepcuu omnpocHuka BREAST-Q u uzydenue
(hakTOpOB, ACCOIMUPOBAHHBIX C YPOBHEM YJIO-
BJIETBOPEHHOCTH Pa3IMYHBIMH JOMEHAMH Ka-
YEeCTBA KU3HH.

Marepuajabl M MeTOAbI HCCJIEN0BA-
HusA. Hamu npoBeieHo monepevyHoe COMoo-

TUYECKOE UCCIIECIOBAHUE C YYACTHEM Mal[UeH-
TOB, MEPEHECIINX PATUKAIBHYIO MaCTIKTO-
MHI0 1o moBoay PMIK u Haxomsimmxcst Ha uc-
MaHCEPHOM HaOMroaeHnu y oHkonora. Mccre-
JIOBaHUE MPOBOAMUIOCH METOJOM CIUIOLIHOTO
or0opa ManueHTOB, OOPAaTUBILKUXCS B pamMKax
JUCTIAHCEPHOTO HAOMIOCHHs] TAIMeHTOB B
I'bY3 AO «ApxaHTenbCKUI KIMHUYCCKUI OH-
KOJIOTMYECKUN JucraHcep». Bce KeHIMHBI
MPOXOIWIN KOMOMHHPOBAHHOE IJIMOO KOM-
MJIEKCHOE JICUEHHUE T10 TTOBOJY paKa MOJIOYHOM
»enesbl B mepuof ¢ 2021 o 2023 roasl. B uc-
CJIeIOBaHUU TIpeoOnaaany nanueHTku co 11 u
III cranuamu 3a6oneBanus. Cpok qucnaHcep-
HOTO HAOIIONEHHUS COCTABIISI OT 6 MECSIIEB 10
2 netT. Yucnao y4acTHUKOB MCCIEIOBAaHUS CO-
craBmiio 150 yesoBeEK, YTO MO3BOJIMIIO O0ECIIE-
YUTh MPUEMJIEMYIO0 MOILIHOCTh HUCCIEAOBAHUS
(>80%).

[IpenmeToM u3ydeHHs SBUIOCH Kaye-
CTBO XM3HHM TAIMEHTOB U COLIMAIBHO-IEMO-
rpaduyeckue (akTopbl, CBA3aHHbBIE C MOKa3a-
TEISIMUA KayecTBa KU3HM. [[7s olleHKH Kaue-
CTBa U3HM MAIIUEHTOK, MEPEHECIINX XUPYP-
TUYECKOE JICYEHHUE T10 NTOBO/lY paKka MOJOYHOMN
JKeJe3bl, Mbl HCIOJIb30BaJIU CIELHUATUZHPO-
BaHHbBIN onpocHUK BREAST-Q Moayns «Ma-
cTakToMusi» Bepeus 2.0 [11], pycckosizbraHas
BEpCHUS KOTOPOTO MpoIuIa HE0OXOIUMYIO MPO-
BepKy HaJieo)kHOCTH [12]. OnpOCHUK BKITIOYAET
BOIIPOCHI WM YTBEPKJICHUS, Pa3/ieICHHbIE HA
HECKOJIBKO MOJYJEH: yIOBI€TBOPEHHOCTH CO-
CTOSIHHEM TPY/IH, YIOBIECTBOPEHHOCTh TCHXO-
COLIMAIbHBIM ~ COCTOSTHUEM,  YIOBIETBOPEH-
HOCTh (PH3UYECKUM COCTOSIHHEM, YIIOBJIETBO-
PEHHOCTbH CEKCYaJIbHbIM COCTOSIHUEM, YAOBJIIE-
TBOPEHHOCTh XUPYPIOM, MEIUIMHCKUM Iep-
COHAJIOM M HEMEAUITMHCKUM TIepcoHaioM. J1jis
KEHIIUH, MOJIyYUMBUIMX JYy4Y€BOE JICUEHHUE,
npesiarajics Takke OJIOK BOIPOCOB, MO3BOJIS-
IO OLIEHUTH BHIPAKEHHOCTh TOOOUHBIX d(-
¢dekroB my4yeBoil Tepanuu. llarnmeHTKam
HYXHO OBLITO BEIOPATh CaMblil TOAXOISIIHIA OT-
BET MO MOBOAY KaKOW-THOO CHUTyaluu, KOTO-
pBIl OTpa)kaeT CTENEHb COIIacus M YHOBIIE-
TBOPEHHOCTH WJIM XapaKTepU3yeT 4YacTOTy
BCTPEUAEMOCTH Kakoro-nmbo mnpusHaka. Pe-
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3yAbTaT ONpoca, MOJIy4eHHbIM B Oajuiax aH-
KeThl, nepeBoawn B mkany ot 0 qo 100 Gan-
J0B, Tipu 3TOM () — COBCEM HET yJOBJIETBOPEH-
HocTtd, 100 — nmosiHasg ya0BIE€TBOPEHHOCTH pe-
3yJIbTaTOM. B COOTBETCTBHM € PEKOMEHAIU-
SMH BCE JIOMEHBI OIICHKM KauecTBa >KU3HU,
olLleHHMBaeMble Ipu nomouy anketsl BREAST-
Q, MOTyT WCIOJNB30BATHCA W HHTEPIPETUPO-
BaThCsl HE3aBUCUMO JPYT OT JpyTa.

JI7ist OLleHKH BIMSIHUS PA3TUYHBIX COIH-
albHO-AeMorpaduyeckux (pakTopoB B aHKETY
OBUIM BKJIFOYEHBI BOIPOCHI O BO3pacTe, COLU-
anbHOM cTaryce (paboraromuii, HepaboTaro-
uil), CEMEHHOM TMOJIOKCHHUH (3aMyXKeM, He
3aMmyxem/ B pa3Boje/ BIOBa), 0Opa3oOBaHUU
(cpennee/ cpemHee crienuanbHOE/ BHICIIEE),
HaJIMYMe WHBAJIMTHOCTH (7a/HET), CAMOOIICHKE
COCTOSIHUS 37I0POBbS 11O IIIKajie OT OYEHb IUIO-
XOTr0 JI0O OTJIMYHOTO M CaMOOILICHKe (u3nye-
cKol 0oy o mkase ot 0 1o 5 6auioB.

KonudecTBeHHBIE JaHHBIE B CBSI3H C UX
CKOIIICHHBIM DPACTIPEJICIICHUEM TMPECTABICHBI
B BUJIE MEIMAHBl U MEXKBAPTUIHLHOTO UHTEP-
Bana (Q3-Q1). Pesynbrarsl OIIEHKH YIOBIIE-
TBOPEHHOCTH TO KaXIOMYy M3 JOMEHOB
BREAST-Q mpexacraBiensl B BUAE MEIUAHbI
(Me) u  MeXKBapTWIBHOTO  HMHTEpBajia
(Q3-Q1). C nomomipto TectoB ManHa YUTHH
(B cimydae IByX HE3aBUCHUMBIX BBIOOPOK) U Te-
cta Kpackena-Yomeca (B cirydae Tpex u 6osee
HE3aBHCHMBIX BBIOOPOK) MPOBEIEHO CTaTH-
CTUYECKOE CPAaBHEHHE KOJIMYECTBEHHBIX OIIe-
HOK Ka4eCTBa JKU3HH 10 KaTerOPUsIM yKa3aH-
HBIX BBIIIE COLMATBHO-AeMOTrpaduuecKux
¢dakropoB. [locie mpoBepkd HOPMAITBLHOCTH
pacmpesieNieHnsi OCTaTKOB M TOMOCKEIACTHY-
HOCTH B OTHOIIICHUHU KOJIMYECTBEHHBIX OIEHOK
Ka4eCcTBa KH3HU, BBITIOJHEH aHAJIHM3 MPH I0-
MOIIA METOJIa MHOXKECTBEHHOM JIMHEMHOM pe-
TPECCUU JUIsSl OTNPEACIICHUS] W30JIMPOBAHHOTO
BIIMSIHUSI KOKJIOTO U3 COLMANIbHO-AeMorpadu-
4ecKUxX (PaKTOPOB Ha TOKA3aTeNu KayecTBa

KW3HU. B kauecTBe 3aBUCHMOI NEPEMEHHOMN
WCIIOJIB30BAINCh 3HAUYEHUS YOBJIETBOPEHHO-
ctu o nomeHaM ankeTel BREAST-Q, B xade-
CTBE HE3aBUCHUMBIX MEPEMEHHBIX — BO3PACT,
ypOBEHBb 00pa30BaHUS, CEMEHHOE MOJIOKEHUE,
COLIMAJILHBIN CTaTyC, HATMYKME WHBAJIUIHOCTH,
CaMOOIIEHKa 370POBbsl U (hU3HUEcKoil 0o,
VIOBIIETBOPEHHOCTH XHPYPIOM, METUITUHCKAM
Y HEMEAMIMHCKUM TEepCOHANIOM, NPOBEICHUE
paauoTepanuu. Pe3ynbTaThl TaHHOTO aHATH3a
MPEACTaBICHBl B BUAE KOA(DHUIIMEHTOB pe-
rpeccuu ¢ 95% poBepUTENBHBIMU HHTEpBa-
namu (95% JIW1). OrieHeHbl 3HAYUMOCTh MO-
nenu v KodhOUIMEHT 1eTepMUHAIIUH.

UccnenoBanue npoBeaeHO B COOTBET-
CTBUU C JITHYECKHM MPHUHIUNAMU OHUOMEH-
LMHCKUX HCCIIEJOBaHNHU, BCE yYAaCTHUKHU HC-
CJIeIOBaHUS JaBajiu 10OpOBOIbHOE HHPOPMU-
pPOBaHHOE COIIacCHMe Ha Yy4acTHE B UCCIIEIOBa-
HUU, aHKeTa ObLIa aHOHUMHOM U HE cofieprkalia
MEePCOHATBHON HMH(POPMAIINH, TO3BOJSIONIEH
UICHTH(UIIMPOBATH JTHYHOCTH PECIIOHJICHTA.
[IpoTtokon uccnenoBanus ObIT 0M0OPEH KOMU-
TETOM 110 3ThKe CEeBEPHOTO rOCYIapCTBEHHOTO
MEAHUIIMHCKOTO YHUBEPCUTETA.

Pe3yabTarbl. Mennana Bo3pacta yuacT-
HUKOB HCCIEIOBaHMs cocTaBuiaa 63 roja
(Q3-Q1: 55-68). B BeIOOpKE TIpeobiagamu mo-
xwble (57,3%) nepabdoraromue (75,3%) xeH-
IIUHBI CO CPEIHHMM CHEIHaTbHBIM 00pa3oBa-
HueM (59,3%), mnpu3HAHHBIE WHBAIUIAMU
(52,0%). BONBIIMHCTBO M3 HUX OLIEHUBAIH
CBO€ 3/I0pOBbe Kak nocpezacTserHHoe (61,3%),
MpU 3TOM OTMEYadl YMEPEHHYIO BBIpasKEH-
HOCTh O0seBoro cunapoma (40,7%). Pacmpe-
JIeJICHHe  COLMaJbHO-IeMorpauueckux u
psga MEIMIMHCKHX XapaKTePUCTHK B BBIOO-
pOUYHOMI COBOKYITHOCTH MIPEACTABICHO
B Ta0mune 1.

[Ipu onenke kayecTBa >KU3HU MO JOME-
HaM aHKeThl Breast-(QQ ObLIM TOTyYeHBI Clley-
rouue pesyasrarsl (Puc. 1).
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Tabnuya 1
Counanbno-neMorpaqmqecxne XapaKTePUCTUKH BLIﬁOpO‘IHOﬁ COBOKYITHOCTH
Table 1

Socio-demographic characteristics of study sample, absolute numbers, %

XapakTepucTHKA KosnunuectBo, n YacroTHOe pacnipenesienne, %o

Bo3pacr (71eT)
-25-44 18 12,0%
-45-59 40 26,7%
- 60-74 86 57,3%
- 75-89 6 4,0%
O06pa3oBanue
- Cpennee 27 18,0%
- CpenHee ciennagbHOE 89 59,3%
- Briciiee 34 33,7%
CouunanbHbIi cTaTyC
- PaGoraromuii 37 24,7%
- HepaGotarommmii 113 75,3%
CemeifHOE TIOJIOKEHNE
- 3amyxeM 75 50,0%
- He 3amy»xem/B pa3Bone/Bosa 75 50,0%
Hannune naBamuaIHoOCTH
- Her 72 48,0%
- Ectb 78 52,0%
CamoolieHKa CoCTOSIHUSI (hu3nUe-
CKOTO 3JIOPOBBSL:
- OtuyHoe 2 1,3%
- Ouenb xopolee 1 0,7%
- Xopomee 43 28,7%
- ITocpencteenHoe 92 61,3%
- [Timoxoe 12 8,0%
Camoorierka 60JIEBOTO CHHIPOMA
- Her 30 20,0%
- OueHnn cnabas 24 16,0%
- Cnabas 25 16,7%
- YMepeHHast 61 40,7%
-CunpHast 10 6,7%
- OyeHsb cubHas 0 0%

ITo pe3yibTaTaM OI[HO(baKTOpHOFO aHa- oTJIInyajiaCb 10 YPOBHIAM O6pa3OBaHI/IH

JIU3a YCTAHOBJICHO, YTO M3 BCEX H3yYaeMBbIX
(hakTOpOB, CAMOOIIEHKA COCTOSHUS 3[I0POBbS U
caMOOIleHKa 0O0JIEBOTO CHHJApPOMAa OBLIM 3Ha-
YUMO AaCCOIMUPOBAHBI CO BCEMHU YETHIPHMS
I/I3y‘-IaeMBIMI/I JOME€HAMHU Kadue€CTBa JXHU3HU
(Tabm. 2). B To e BpeMs yIOBIETBOPEHHOCTh
CEKCYaJTbHBIM COCTOSIHAEM 3HAYHNMO

(p=0,002) 1 B 3aBUCIMOCTH OT CEMEWHOTO TIO-
noxenust (p=0,0001), a ymoBIETBOPEHHOCTH
(¢u3MYECKUM COCTOSHUEM 3HAYUMO OTJIMYa-
Jach MexJay paloTalomMH U HepaboTaro-
M (p=0,0008), a Takxke y JIUL ¢ HATUYUEM
CTOWKOM yTpaThl TPYIOCIOCOOHOCTH U Oe3 Ta-
koBo# (p=0,0009).




OthZMHaﬂbHaﬂ cmamaos
Original article

3umuH [JA, u dp. Kauecmeo Hcu3HU HeHuUuH pa3AuvHozo ...
Zimin DA, et al. Quality of life of women with breast cancer ...

612

120
100
80
60

o

20

N N & &
< QQQ o <8 o <8
& gS N
+ S S
“ Q?J Q?J
&
S N S
& & &
9 & &
& S S
N & &
<« e ¥
B3 > &
4% < &
& &
& &
K &
& oS
éé\ &
9
4 4

Puc. 1. Onenka kayecTBa )KU3HU KEHIUH MOCIIE PaANKATFHON MACTIKTOMUH T10 JOMEHAM
BREAST-Q (mMeaunana, Q3-Q1, MakcuMaabHOE U MUHHUMAJILHOE 3HAYCHUE)
Fig. 1. Quality of life estimation across BREAST-Q domains (medians, interquartile ranges,
maximum and minimum values)

1o pe3ynpraram aHann3a METOOM MHO-
JKECTBEHHOW JIMHEHHOW PErpeccuu ¢ KOPpeK-
LMeN Ha B3aMMHOE BIIMSHUE YKa3aHHBIX COLU-
anbHO-AeMorpaduyeckux (akTopoB, IpoBe-
JIEHHOE JICUEHUE U YNOBJIETBOPEHHOCTH Bpa-
YOM U TEPCOHAJIOM, 3HAYMMOE BIUSHUE Ha
YAOBJIETBOPEHHOCTh COCTOSIHUEM TIPYIU OKa-
3bIBajla CaMOOIIEHKAa COCTOSIHUS (PU3MUECKOTO
3/I0pOBBS; HA YOBJIETBOPEHHOCTH IICUXOCOLHU-
aJbHBIM COCTOSIHHEM — BO3PACT, CAMOOIICHKA
(U3M4ECKOro 310pOBHsI U OOJIEBOTO CUHAPOMA,
Ha YJOBJIETBOPEHHOCTh CEKCYyalbHBIM COCTOS-
HHUEM — BO3pacT, 00pa30BaHuE U CEMEWHOE I0-

JIOKEHHWE, Ha YIOBJIETBOPEHHOCTh (pu3mue-
CKHM COCTOSSHHEM — CaMOOIIEHKa OOJIEBOTrO
cuaapoma (Tabm. 3). Koapduuuent nerepmu-
HAITUH JUTSI MOJISITH, MOJICITUPYIOIICH YPOBEHB
YIAOBIETBOPEHHOCTH COCTOSHUEM TPYIH, CO-
craBui 0,15 (p ms monmenu = 0,034), nis yo-
BJIETBOPEHHOCTU TICUXOCOIUAIBHBIM COCTOSI-
nueMm — 0,24 (p mst momenu = 0,00004), mist
YIAOBIETBOPEHHOCTH CEKCYalbHBIM COCTOS-
Huem — 0,22 (p mns momenu <0,00001), a mst
YIAOBIETBOPEHHOCTH  (DU3MUYECKHM  COCTOS-
nueMm — 0,33 (p nns monmenu <0,00001).
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Tabnuya 2
Pa3zanuus B camooneHke kayecTBa :ku3Hu no gomeHam BREAST-Q
B 3aBHCHMMOCTH OT COLMAJIBLHO-I1eMOrpauyecKuX XapaKTePUCTUK KeHIIIUH
(MenuaHa, Me:KKBaApTWIbHBIN pa3max (Q3-Q1))
Table 2
Differences in self-assessed quality of life across BREAST-Q domains according
to socio-demographic factors (medians, interquartile ranges)
YnoBJierBopeH- Y10BJ/IeTBOPEHHOCT | YIOBJIETBOPEHHOCTh | YIOBJIE€TBOPEHHOCTh
XapakTepucTUKa | HOCTH COCTOSIHHEM | MCHXOCOIMAJIbHBIM CeKCYaJIbHBIM CO- (uU3HIECKHM COCTO-
rpyau COCTOSTHHEM CTOSIHHEM sTHHEM
O6pa3zoBanue
- CpenHee 44(24) 46 (12) 0(39) 45 (24)
- Cpennee criennans- | 44 (14) 50 (27) 24 (41) 40 (32)
HOE 48 (9) 58 (18) 39 (24) 40 (31)
- Briciee
p'=0,35 p'=0,13 p'=0,002 p'=0,29
ConmanbHbIHN cTaTyc
- PaGorarommii 39 (24) 52 (23) 59 (33) 32 (16)
- Hepaboraromumit 44 (14) 51 (26) 60,5 (31) 45 (28)
p*=0,20 p*=0,87 p*=0,20 p*=0,0008
MNuBamugHocTs
- Ectp 44 (16) 50 (27) 31 (43) 36 (19)
- Her 48 (14) 52 (21) 20 (39) 45 (24)
p*=0,61 p*=0,52 p*=0,06 p*=0,0009
CeMeltHOE NONOXKEHHE
- Bamyxxem 48 (19) 53 (32) 34 (23) 32 (26)
- He 3amyxem/B paz- | 44 (14) 49 (20) 14 (31) 28 (20)
Bozae/Broosa
p*=0,08 p*=0,46 p*=0,0001 p*=0,34
CaMOOIIeHKa COCTOSIHUS 37I0POBBS
- OmnuHoe - 32 (0) - 24 (28)
- Ouensb xopomiee 64 (0) 8(0) 59 (0) 8 (20)
- Xopotee 53(9) 32 (21) 41 (3D 24 (28)
- ITocpencrBennoe 44 (14) 40 (32) 14 (34) 40 (27)
- ITnoxoe 28,5 (39) 55(10) 31 (27) 28 (48)
p'=0,0001 p'=0,0001 p'=0,0001 p'=0,0003
CamoorieHka 60J1eBOTO CHHIPOMA
Her 48 (19) 66 (35) 68 (34,5) 24 (24)
Ouensb crnabas 44 (14) 49,5 (21,5) 74 (28) 40 (30)
Crnabast 48 (19) 52 (18) 59 (24) 40 (17)
VYmepeHHast 48 (14) 52 (20) 46 (20) 50 (24)
CuipHas 28,5 (39) 34 (9) 34 (0) 50 (10)
OdeHb crTbHAS - - - -
p'=0,008 p'=0,0002 p'=0,046 p'=0,0001

Ipumeuanue: p' — ns tecra Kpackena-Yomneca; p? — aius Tecta MaHHa YUTHH.
Note: p! — for the Kraskell-Wallace test; p*> — for the Mann-Whitney test.
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Tabnuya 3
COIII/IaJILHO-):[eMOFpa(l)I/I‘leCRI/Ie ACTEPMHUHAHTDBI Ka4€CTBA ’KU3HHU *KCHINUH
mocJjie paIll/lKaJIbHOﬁ MaAaCTIKTOMHUMU
(pe3y.]'II>TaTLI MHO:KE€CTBEHHOI'0 JIMHEHHOI0 PErpeCcCuHOHHOIO aHaJm3a)
Table 3

Socio-demographic determinants of quality of life in women after radical mastectomy
(results of multiple regression analysis)

Y0B1eTBOPEHHOCTH | YI0OBJIETBOPEHHOCTh | YIOBJIETBOPEHHOCTh | YIOBJIETBOPEHHOCTH

XapaKTepuCTHEA COCTOSIHMEM I'PYIH, | MCHXOCOUMAIBLHBIM CEKCYaJbHBIM CO- (uznueckum cocro-
Bropp. (95%IN)! COCTOSIHAEM, CTOSIHHEM AnneM,
Bropp. (95%AN) Bropp. (95%AN) Bropp.(95%AN)

Bo3spact 0,23 0,54 -0,57 -0,021

(-0,12; 0,58) (0,12; 0,95) * (-0,99; -0,15) * (-0,32; 0,28)
Camoonenka ¢usu- | -5,83 -8,28 -4,43 4,07
YECKOTO 3J0POBbSA (-11,27;-0,39) * (-14,71; -1,84) * (-11,02; 2,14) (-0,58; 8,72)

CamooreHka 6oe-
BOTO CHHIPOMA

0,56 (-2,09; 3,20)

23,29 (-6,42; -0,16) *

0,08 (-3,29;3,13)

5,83(3,57; 8,11) *

O6pazoBanue:
- Bricmee Ped. Ped. Ped. Ped.
- Cpennee creuu- 4,21 -5,44 -8,88 0,44
alpHOE (-12,04; 3,62) (-14,71; 3,82) (-18,41; -0,64) * (-6,26; 7,15)
- Cpennee -6,80 11,89 -14,33 1,22
(-17,01; 3,41) (-23,98; 0,18) (-26,65; -1,99) * (-7,52;9,96)
CornuanbHbIH cTa-
Tyc:
- Paboraromuii Ped. Ped. Peg. Ped.
- Hepaboraroruii 3,50 (-5,29; 12,29) | 4,57 (-5,82; 14,96) 5,64 (-5,16; 16,44) 7,42 (-0,11; 14,94)
WNuBamuaHocTs
- Her Ped. Ped. Ped. Ped.
- Ectp 0,40 (-6,49; 7,29) 3,42 (-4,72; 11,57) -3,16 (-11,52; 5,21) 3,81 (-2,09; 9,71)

CewmeiiHoe TOJIOXKeE-
HUE

- 3amyxeM

- He 3amyxem/B
pasBone/Brosa

Ped.
-3,20 (-10,20; 2,36)

Ped.
-5,97 (-13,39; 1,45)

Peg.
-10,26 (-17,90; -2,62)*

Ped.
2,19 (-3,18; 7,56)

JlydeBas Tepanus
Her

Ha

Ped.
-6,23 (-12,83; 0,36)

Ped.
-3,17 (-10,96; 4,64)

Peg.
-6,82 (-14,83; 1,20)

Ped.
0,09 (-5,63; 5,65)

Ipumeuanue: | — CKOPPEKTUPOBAHHBIN Ha MPEJICTABIEHHBIE B TAOMUIIE PAKTOPHI KOIPPUIMEHT PETPECCHH; ~ — 3HAUEHHE
perpeccronHoro K03 dunnenta sHaaumo (p<0,05).
Note: ! — regression coefficient adjusted for the factors presented in the table; *— regression coefficient value is significant

(p<0.05).

Oo0cy:xknenmne. KayecTBo >KHU3HU, SIBIIS-
SICh OJHUM U3 HWHTETPANBHBIX IOKA3aTeNeH,
MO3BOJISIET OIEHWBATh d(PPEKTUBHOCTH Jieue-
HUS. MacToKTOMHsI TOTEHLUATBHO SIBISETCS
O4YEeHb TPAaBMUPYIOUIUM coObITHEM. [lomMumoO
HETIOCPEACTBEHHBIX OMACEHUI 3a CBOE 3710pPO-
Bb€ U MMPOJOKUTEIBHOCTD )KU3HU, CBI3aHHbBIE

¢ PMJK, maneHThl UCIIBITHIBAIOT CTPax U He-
YBEPEHHOCTh MO TOBOJY CBOEH BHEUIHOCTH,
COIMAJIbHOM aJanTallud MW  CEKCyaJlbHOU
xu3HU. OnpocHuk BREAST-Q siBnsercs Bax-
HBIM UHCTPYMEHTOM, T.K. IIO3BOJIIET U3MEPSTh
cnenuduaeckue s manuentos ¢ PMX xa-
PaKTEpUCTUKHU KadecTBa >KU3HU. Ero Hamex-
HOCTb B OTHOILIEHUH HTOU TPYMIIbl MAI[UEHTOB
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Obl1a MOATBEPK/ICHA KaK B OTJEIbHBIX HCCIIe-
noBanusx [12, 13], Tak U cUCTEeMaTHYECKUX
o030pax [14]. [TonmyyeHHble HAMU PE3YAbTATHI
MOATBEPKAAIOT paHee NPOAEMOHCTPUPOBAH-
HOE€ JIpyTMMHU aBTOpaMU C HMCIOJb30BAHHEM
BREAST-Q [8, 15, 16] u npu nomouwm apyrux
onpocHUKOB [17, 18] 3HaunMoe CHIKEHUE Ka-
YEeCTBA )KM3HU MMALIMEHTOK M0CJIE€ IPOBEAECHHOMN
paauKalbHON MACTIKTOMHM, TIPU STOM HAIIU
pe3yabTaThl KOJIMYECTBEHHO OBLIM HUXKE pe-
3yJITATOB, MOJYYEHHBIX B AHAJIOTMYHBIX HC-
cienoBaHusAX. Tak, B CpaBHEHUU C OLIEHKOM Ka-
YEeCTBa >KU3HM JKEHIIMH I10CJIE paAuKalIbHON
MacT3kTOoMuu, nonydeHHsiMH Eltahir Y. u co-
aBT. ¢ yyacTHeM BbIOOpKH sxkeHIH ¢ PMX B
Ownrapuo (Kanana) [15], mamm pesynbraTsl
ObUIM OKa3aJIMCh 3HAUUTENIBHO HIXKE IO BCEM
OLICHUBAEMBIM JIOMEHaM, BKJIt0UYasl y10BJIETBO-
PEHHOCTh XHPYpProM, MEIUIIMHCKUM U HEMe-
JTUIIMHCKUM NepcoHanoM. B To ke Bpemsi Me-
JMAHHBIE OLICHKH IO JIOMEHaM «YJOBJIETBO-
PEHHOCTb COCTOSIHUEM TPYIN» U «yIHOBIIETBO-
PEHHOCTb CEKCyaJbHBIM COCTOSHHEM» C yde-
TOM MEKKBapTWJIBHOIO MHTEPBAJIAa B HAIleM
WCCIIEIOBAaHUH OBLIM COMOCTABUMBI C PE3yib-
TaraMHy, MoiaydyeHHbIMM ManrtypoBorr H.E. u
COAaBT. JJIs IPYyMIbl KEHIIUH Oe3 IMocienyto-
IMX PEKOHCTPYKTHUBHBIX onepanuii [8]. B
CPaBHEHMH C yKa3aHHBIM BBIIIE MCCIIEI0Ba-
HUEM, TIOJyYCeHHbIE HaMH OIICHKH KauyecTBa
JKU3HU T1I0 JOMEHaM «YJOBIE€TBOPEHHOCTh
MICUXOCOLUAIBHBIM COCTOSSHUEM» U «Y/IOBJIE-
TBOPEHHOCTh  (DUBHYECKHM  COCTOSTHAEM)
Obuti Huke. OJHOM M3 MPUYUH ATOrO MoIvia
CTaTh 3HAUMMasl pa3HUIlAa B BO3pacTe MAalMEH-
TOB MEXIY STUMHU HCCIEIOBAHUSIMU, TPYIIIa
MAaIlMEHTOB B HCCIENOBAHUU MaHTypoBOil
H.E. u coaBr 6bu1a Monoxe. [Ipu 3TOM BO3-
pact, Kak oAHa W3 JETePMHUHAHT KadyecTBa
YKU3HU, B HAIlIEM MCCJIEJOBAHUU OB 3HAUNMO
acCOIlMMPOBaH C JBYMs JIOMEHaMu IO
BREAT-Q: «y10oB1eTBOPEHHOCTh IICUXOCOIH-
aJbHBIM OJIaromnoNy4remM» U «yIOBIETBOPEH-
HOCTb CEKCyalIbHbIM Onaromnoiyuuem». Bious-
HUE BO3pacTa Kak 3HAYMMOro (akropa, CBS-
3aHHOTO C Kaue€CTBOM JKM3HU NAI[MEHTOB C
PMXK, 6110 yCTAHOBJICHO U B IPYTUX HCCIIE-
noBanusx [18, 19], HO ucnonb30BaHHBIE aBTO-
paMu aHKEThI (Hampumep, OMPOCHUK Ka4eCTBa
KU3HU, CBA3aHHOTO CO 370POBbEM) SIBIISIIUCH
HecrenupuyHsM 11 PMOK u npoBeaenHoro

JICYEHMS], YTO HE MO3BOJIUIO OLEHUTH YIOBIIE-
TBOPEHHOCTh OTAEJIbHBIMU JOMEHAMH Kaye-
CTBa )KM3HU, XapaKTEPHBIMHU JIJIs1 TaHHOMW KaTe-
ropuu narueHToB [18]. HMHTepecHbIM mpen-
CTaBJISIETCA TO, UTO €CJIU JJIs JOMEHA «yJOBJIE-
TBOPEHHOCTh CEKCYaJIbHBIM OJIArONOIydHUEM)
B HaIlleM HCCJEIOBAHMHM ObLIa YyCTAaHOBJICHA
HEraTUBHAas B3aUMOCBS3b C BO3PACTOM, TO JUIs
TICUXOCOIMAIILHOTO OJIArOOoydus CBSI3b ObLia
MOJIOKUTENIbHAS, T.€. MO MEpEe YBEIUYCHHS
BO3pacTa yAOBJIETBOPEHHOCTh CBOUM IICHXO-
COLIMANBHBIM  OJaromonyyueM Yy JIaHHOU
IpyNIbl MAUEHTOB Bo3pacTaia. JTO MOXKET
ObITh OOBSICHEHO TEM, YTO MAIlMEHTKH CTap-
IUX BO3PACTHBIX TPYII I[CUXOJIOTUYECKHU
MpoIlle BOCIPUHUMAJIA MEPEHECEHHOE ollepa-
TUBHOE JICYCHHE W OBUIM JIydIlle aJanTHpPO-
BaHbl B 00OLIECTBE. DTO COOTHOCUTCS C MHe-
HHUEM psifia aBTOPOB O TOM, 4TO 0O0JIee MOJIOIbIE
YKEHIIIMHBI MOTYT UCTIBITHIBATH OOJIBIIIE SMOITH-
OHAJILHBIX MPOOJIEM, UTO, B CBOIO OU€peib, MO-
KET OKa3blBaTh BJIMSHUE HA YIOBIIETBOPEH-
HOCTh TICMXOCOIIMATBHBIM  OJIarOnoaydyuemM
[20]. JauHbIi ¢aKT MOATBEPKIAETCS H pe-
3ynapTaTaMu, MoNydeHHbIMH Musarezaie A u
COABT., YCTAHOBUBILIMMHU CBSI3b MEK/Ty BO3pac-
TOM M MEHTAJIbHBIM JJOMEHOM KaueCcTBa KU3HU
[19].

Cpenu 1pyrux u3y4eHHBIX JIETEPMUHAHT
3HaYMMBIE CBA3U C YPOBHEM Ka4e€CTBa JKU3HU
o gjomeHaMm BREAST-Q B MoHOBapruaHTHOM
aHaJu3€e ObUIM YCTAHOBJICHBI JIJIsi CAMOOIICHKU
COCTOSTHUSI 37I0OPOBBSI U CAMOOLIEHKH 00JIEBOTO
CHUHJPOMA, YTO, C OTHOW CTOPOHBI, MOXKET SIB-
JIATHCSI OTPAKEHUEM KJIMHUYECKOM CUTYyalluu,
T.€. AMAarHo3a, CTaJuu, ctaxa 3abonesanus. C
JPYroi CTOPOHBI, CAMOOLIEHKA COCTOSHHS 3]10-
POBBS, KaK MHTETPAJIbHBIN MTOKa3aTelb, BKIIO-
4aeT B ceOs OIEHKY HE TOJBKO HATHYUS WU
OTCYTCTBHSI CUMIITOMOB 3a00JIeBaHUS, HO OT-
paxkaeT TICUXOJIOTHYeCcKoe Onaromonyuue, T.e.
CaMOOIICHKY CBOMX BO3MOXKHOCTEH U KayecCTB,
OCO3HAHUs )KU3HEHHOM NEePCIIEKTUBBI, afanTa-
miu B oOimectse. IlomoOHBIE B3aMMOCBSI3H
MEXIy Ka4eCTBOM KU3HH U CAMOOIIEHKOH CO-
CTOSTHUS 37I0OPOBBSI paHee ObLIM YCTAaHOBIICHBI
U JIJI MAIMEeHTOB C ApPYrou marosnorueut [21].
[Tpu mpoBeeHn MHOTO(AKTOPHOTO aHATH3a
COXpaHsIach 3HaYMMasi MOJIOKUTEIbHAS CBSI3b
MEXKIy CAMOOLIEHKON COCTOSIHUS 310pPOBbSI U
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JBYMsI W3 YETBIPEX JOMEHOB OIPOCHUKA
BREAST-Q: «ymoBIeTBOPEHHOCTh 00JIaCThIO
Tpyau» U «yIOBIETBOPEHHOCTb ICUXOCOIH-
aJIbHBIM COCTOsIHUEM». VIHTEpEeCcHO, YTO BEJIH-
YHHA PErpecCUOHHBIX K03 (PULIMEHTOB A ca-
MOOIICHKHA COCTOSIHMSI 3/I0POBbSI KaK IMPEIUK-
TOpa BTOPOTO M3 yKa3aHHBIX TOMEHOB Oblla B
JIBa pasa BbILIE, YTO, HA HAII B3I, TOBOPUT
O 3HAUUTEJILHOM BKJIaJie UIMEHHO IICUXOJIOTH-
YecKUX (paKTOPOB U Ka4eCTBa COIMAIILHOM pe-
adUIUTAMU B YKCJIOBYIO OLIEHKY Kak caMo-
OIICHKU COCTOSIHHS 37J0POBBS, TaK M KauyecTBa
YKU3HU KEHUIUH MOCJIe paJuKaibHOM MacT3K-
TOMHH. B 11e710M, MHOTHE aBTOPBI CXOAATCS BO
MHEHHH, YTO TICUXOJIOTHUECKUN HACTPOU Ta-
LIUEHTA SIBJISIETCS. OJTHUM M3 BEAYIIUX MPEIUK-
TOPOB KauecTBa JKU3HH [22], 4TO HEOOXOIUMO
YUYHUTHIBaTh TMPU (POPMUPOBAHUHM TIPOTPAMM
TICUXOJIOTUYECKON M COIMANILHOUN peadminTa-
LMY JUIS TaHHBIX MAIlUEHTOB.

VYpoBeHb 00pa3oBaHUs U CEMEHHOE IIO0-
J0KEeHHE ObUIN 3HAYUMO aCCOLIMMPOBAHBI C Ca-
MOOILICHKOM MalMeHTKaMU CEKCyaJabHOro Ona-
ronosyuusi. [Ipu 3Tom, CBSI3U, yCTaHOBIIEHHBIE
[0 pe3ylbTaTaM MOHOBAapHMAHTHOIO aHaJM3a,
COXpaHsUINCh U B MHOXECTBEHHOM perpeccu-
OHHOW MOjieNI. 3HAYEHUSI PETPECCUOHHBIX KO-
3¢ dunmeHToB OB OTPULIATENLHBIMHU /17151 00-
Jiee HU3KHUX, [0 CPABHEHUIO C BBICILIUM, YPOB-
Hel 00pa3oBaHUs U IS JKEHIIHUH, HE COCTOS-
X B Opaxe. Panee npoBeneHHbIE HCCIe10Ba-
HUSl TaK)Xe JIEMOHCTPUPOBAJIU POJIb CeMEH-
HOTO TIOJIOKEeHUs U oOpazoBanus [19, 23, 24],
KaK JETEPMUHAHT Ka4€CTBA KU3HU 110 OTJIEIb-
HBIM JIOMEHaM, HO C OILIEHKOH MO JPyruMm me-
togukamu (SF-36, ocHoBHas ankera EBponeii-
CKOM OpraHu3alMK MO UCCJIEI0BAHUIO U JIeUe-
HUIO paka + MOAYIb JJI1 MOJIOYHOM KeJle3bl).

[IpoBenenHoe HCCIJIEJOBAHUE, 1o
HaleMy MHEHHIO, sIBJIAeTCs nepBbM B Poc-
CUM, B XOJIe¢ KOTOPOrO HE MPOCTO IMpPOBEJCHA
OILIEHKA KaueCTBa KM3HU JKEHIIUH I0CIIe Ole-
patuBHOTO JieueHus no nosoay PMXK npu mno-
Mo metonuku BREAST-Q, HO U u3ydeHbl
coLlMaJIbHO-JIeMorpaduueckue JETEPMH-
HaHTBL. B TO ke BpeMs, Kak 1 1000e BEIOOpOU-
HOE UCCIIE0BAHNE, OHO UMEET psiJl OTpaHuye-
HUM, B MIEPBYIO OYEPENb CBA3AHHBIX C BEPOST-
HBIMH OIMOKaMu oTOOpa. B wuccnenoBanuu

MIPUHUMAJIM Y4acTHUE >KEHILMHBI, MOJJIeKaIIe
JIMCTIAHCEPHOMY HaOJIONCHHUIO W JIABIIHUE J100-
POBOJIbHOE HMH(OPMHUPOBAHHOE COIVIACHE, TPH
9TOM, BEPOSATHO, YTO CPEAU OTKA3aBIIMUXCS OT
y4JacTusi TAIMEHTOB OIS JKEHIINH ¢ 00JIee Hu3-
KAM YPOBHEM YIIOBJIETBOPEHHOCTH Ka4e€CTBOM
’KM3HU MorJ1a ObITh BbILLE. B nccnenoBanum Bo3-
MOYKHBI MH(OpPMAIIMOHHBIE OIIMOKH, 00YyCIOB-
JICHHBIE HEJIOCTATOYHON OTKPOBEHHOCTHIO KEH-
IIMH TIPH OTBETE Ha BOMPOCHI, COJEPIKaILIE TyB-
CTBUTEJIFHYIO Ul HUX HH(OpMaLuio. Yka3aH-
HBbIE CMEILEHHs, MOIVIH TipuBecTH K Heaudde-
PEHIMATBHON MUCKJIACCU(HKAIIUN YYaCTHUKOB
T10 UCXO/TY, Pe3yJIBTaTOM KOTOPOil MOIJIa SIBUTHCS
HEJOOLEHKA U3yYaEMbIX CBSI3EH.

3akiouenne. [IpoBenenHoe wuccrieno-
BaHUE MPOAEMOHCTPUPOBAIIO HHU3KYIO CaMoO-
OLIEHKY Ka4eCTBa XU3HH JKEHIINH, OLICHCHHYFO
nipu nomo1uu ornpocHuka BREAST-Q ¢ nocra-
TOYHOM BBICOKOI BapHabeIbHOCTBIO YIOBJIE-
TBOPEHHOCTH 110 JoMeHaM. Cpenu coruanbHO-
neMorpapuuecKux 1 METUIIMHCKUX (PaKTOPOB
CaMOOILIEHKa 3/I0pOBbs, 00JIEBOr0 CHHAPOMA U
BO3pacT OBbUTM 3HAUMMBIMH JIE€TEPMUHAHTAMU
KauecTBa KU3HU M0 HAHOOJBIIEMY YHCITY JI0-
MeHOB. B To e Bpems oOpazoBaHMe U ceMeii-
HOE TOJIOKEHHE OKa3bIBAJIM 3HAYMMOE BIIUS-
HUE TOJIKO Ha YIOBJIETBOPEHHOCTh CEKCYallb-
HbIM OsiarononyuyueM. Pesynbrarsl uccnenoBa-
HUS JIEMOHCTPUPYIOT HEOOXOAMMOCTH ydeTa
HE TOJIBKO MEIUIIMHCKUX (aKTOPOB, HO U CO-
[IUATBHBIX XapaKTEPUCTUK >KEHIIUHBI, €€ BO3-
pacta a5 noBbieHus 3G HekTuBHOCTH MeTu-
IIMHCKOW M COLIMAJIbHOW peaduiInTaluy namu-
entoB ¢ PMX.
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Pe3rome

AKTyajabHOCcTh: [IproputeTHOi npoOiaeMoli COBPEMEHHOM MepOHTOJIOTUU U FE€pUaTPUM B HACTOSI-
iee BpeMsl Ha3bIBaeTCsl COLMAbHAs M3OJISIINS, MPEACTABIAIONIAs 00bEKTUBHOE WHIUBUIYAJIbHOE
COCTOSIHUE, ¥ OTpa)karollasi OTCYTCTBUE COLMAIBHBIX OTHOLIEHUH MM PEIKOCTh COLIMAIBHBIX KOH-
TakToB. Hapsy ¢ mocneanum B GOpMUPOBAHUU COIHAILHOMN M30JIAIIMU YYacTBYET aKTUBHO BOCTA-
JHUTENbHAS PEaKIUsl, HO OHA U3Yy4eHA MPH COIMATBHON M30JISIIUHY JINIIb B €IMHUYHBIX TyOIUKAIHSIX
M0 U3MEHEHHUIO B CHUCTEMHOM KPOBOTOKE KJIACCHYECKHX MapKepoB BocnaneHus — C-peakTHBHOTO
6enka u IL-6, a cpeyn maliieHTOB ¢ BO3PAaCTHOM MaKyJISIpHOM JlereHepalreii BoooIe He paccMaTpu-
Basiach. Llesan ucciaenoBanus: V3ydenne ocoOeHHOCTEH BOCMATUTEIHLHOTO MpoIecca y MallMeHTOB
C COIMAIbHOW M30JIAIIMEH U BO3paCTHOM MaKyJIsIpHOU JereHepanueit. Matepuasnsl u metoabl: O0-
cienoBaHo 92 nanuenta 60-74 et ¢ conuaabHON U30JISIMEN U BO3PACTHON MaKyJISIpHOU JiereHepa-
1ueH, a Takke 88 MalMeHToB TOro K€ BO3pacTa ¢ COLUANIbHOM H30Js1uel 0e3 BO3pacTHON MaKyJIsip-
HOM aereHepanuu. BeisBleHHE CONMATBLHON U30JAIMU BBIIOJIHEHO MO MOJIU(DUIMPOBAHHOMY HMH-
JIEKCY COLMaIbHON N30Js1MH. Bo3pacTHas MakyssipHas IereHepanus JuarHocTUpoBallach Ha OCHOBE
kpurepues kinaccudukaru Age-Related Eye Disease Study u o pe3yibTaraMm MHOTOILTAHOBOTO OG-
TAJILMOJIOTHYECKOT0 00cie[oBaHus. BocmanaeHne oreHnBaIoch 1Mo COAepKaHuo B epudepruaeckon
KpoBU C-peakTUBHOTO OelKa, MHTEPIACHKUHOB U XeMOKHUHOB. Pe3yibTaThl: Cpeau manueHToB Mo-
JKAJIOTO BO3pAcTa C COLUMAIBHON M30JSUHUEN U BO3PACTHOM MaKyJISIPHOW JE€reHepanueil no cpaBHe-
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HUIO C MPEICTaBUTEISIMH, UMEIOIIMMH TOJBKO COILMAIbHYIO M30JISIUIO, YCTAHOBJIEHBI CTATUCTUYE-
CKH 3HaYUMO 00Jiee BHICOKHE YPOBHHU BCEX M3YUYEHHBIX OMOMapkepoB BocnajeHus. OcoObeHHO cyIie-
CTBEHHO Yy MAallMEHTOB C COIMAJIbHOW M30JISIMEN M BO3PACTHON MaKyJISIPHOW JEeTreHepaluell BBIIIE
obut0 conepkanue B kpoBu xeMoknHOB GRO(a)/CXCL1 u MIP-1(a)/CCL3, skcnpeccust KOTOPhIX
coctaBmia 18,3+1,4 nr/mn u 3,8+0,7 nir/min cooTrBeTcTBeHHO MPOTHB 6,4+0,9 nir/mut u 1,7+0,3 nir/mn
B IPYIIIE JIUL ¢ COUAIBHON M30JALMEN. Y IMALMEHTOB C COLMAIIBHON U30Js1UeN U BO3PACTHON Ma-
KYJISIpHOH JereHepanyei CTaTUCTUYECKU 3HAUMMO BBIIIE 0Ka3aloch cojiepxaHue B kposu |L-6, mo-
cruriee 50,2+2,2 nr/mit npotus 24,9+1,4 ir/mi B rpyIine Juil ¢ colranbHoi nzonsnuei (P<0,001).
Crnenyet Takke OTMETHTh MOBBIIIEHHBIN ypoBeHb |L-7, moBeicuBIIerocs po 24,5+1,7 nr/mia npoTus
14,3£0,9 nr/mut cootBerctBeHHO (P<0,01). 3akmouenue: CoueTanue COIMATBLHON H30JSIMHA U BO3-
pacTHON MaKyJIsIpHOH JiereHepaluy B MOKUIOM BO3pPACTe CONMPOBOXKAAETCA Oojiee BHICOKUM COJIEp-
KQaHHEM BCEX MapKepoB BocmajicHus u, mpexzae Bcero, nutokuHoB GRO(a)/CXCL1,
MIP-1(a)/CCL3 u IL-6, xoTOpBIE CiIeayeT NPUMEHITH B KAYECTBE MAPKEPOB COLMAIBHON M30ISIMN
IIPY BO3PACTHOM MaKyJISIPHOM JETEHEpaLUU.

KuroueBble cjioBa: colraabHas U30JSIHS; BO3pACTHAS MaKyJIsIpHasl IereHepalus; BOCIaJeHHE; Xe-
MOKHHBI; HHTEPJICHKHHBI; C-peakTHUBHBIN O€II0K
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Abstract

Background: The priority problem of modern gerontology and geriatrics is currently social isolation,
which represents an objective individual condition and reflects the absence of social relationships or
the rarity of social contacts. Together with the latter, an inflammatory response is actively involved
in the formation of social isolation, but it has only been studied in social isolation in isolated publi-
cations on changes in the systemic blood flow of classic markers of inflammation — C-reactive protein
and IL-6 — and has not been considered at all in patients with age-related macular degeneration. The
aim of the study: To study the features of the inflammatory process in patients with social isolation
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and age-related macular degeneration. Materials and methods: 92 60-74 year-old patients with so-
cial isolation and age-related macular degeneration, as well as 88 patients of the same age with social
isolation without age-related macular degeneration were examined. The identification of social iso-
lation was performed using a modified index of social isolation. Age-related macular degeneration
was diagnosed based on the classification criteria of the Age-Related Eye Disease Study and based
on the results of a multidisciplinary ophthalmological examination. Inflammation was assessed by
the content of C-reactive protein, interleukins and chemokines in peripheral blood. Results: Statisti-
cally significantly higher levels of all studied biomarkers of inflammation were found in elderly pa-
tients with social isolation and age-related macular degeneration compared with representatives with
only social isolation. Especially significantly in patients with social isolation and age-related macular
degeneration, the blood content of the chemokines GRO(a))/CXCL1 and MIP-1(a)/CCL3 was higher,
the expression of which was 18.3+£1.4 pg/ml and 3.8+0.7 pg/ml, respectively, versus 6.4+0.9 pg/ml
and 1.7+0.3 pg/ml in the group of people with social isolation. In patients with social isolation and
age-related macular degeneration, the blood content of IL-6 was significantly higher, reaching
50.2+2.2 pg/ml versus 24.9+1.4 pg/ml in the group of people with social isolation (P<0.001). It should
also be noted that the increased level of IL-7 increased to 24.5+1.7 pg/ml versus 14.3+0.9 pg/ml,
respectively (P<0.01). Conclusion: The combination of social isolation and age-related macular de-
generation in old age is accompanied by a higher content of all markers of inflammation and, above
all, cytokines GRO(a))/CXCL1, MIP-1(a)/CCL3 and IL-6, which should be used as markers of social
isolation in age-related macular degeneration.

Keywords: social isolation; age-related macular degeneration; inflammation; chemokines; interleu-
kins; C-reactive protein
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Beenenne. CtapeHue Win CTapocTh Ya-
CTO COMIPOBOXK/IAIOTCS LIETBIM PSIOM MPOOIIEM,
TAKUX KaK YXYIIICHUE 37J0POBBsS, KOTHUTHUB-
HBIX CHOCOOHOCTEM W COLMaJIbHBIX CBSI3EH,
CHIDKEHHE MOOMILHOCTH, OJMHOYECTBO U T10-
BBIILIEHHAs! COLMAlbHAs HW3OJAMMs, Opocaro-
M€ BBI30B UX OOIIEMY 3/I0POBBIO U OJ1aromo-
nyunto [1-4]. BcemupHasi opranuzamus 3apa-
BOOXPAaHEHHUS MOMIYEPKHYJIA BaXKHOCTH 3/10pO-
BOTO CTapeHHsI C KOMITICKCHBIM TIOJXOJ0M K
OIIaromnoyy4no, BKIIOYAIOMINM (U3NYECKUE,
TICUXOJIOTHYECKHE W COIMAILHBIC ACIICKTHI.
ConmanbHas n30Is1Ms Oblia onpenereHa Kak
BaKHAS JICTCPMUHAHTA OJIArOIOIyYHst U 00-
mero (yHKIMOHUPOBAHUS TOXKWIBIX IO
[5]. C yBenuueHneM repuaTpuyecKoro Hace-
JICHHS 1 U3MEHEHUEM COIIMOKYJIBTYPHOTO KOH-
TeKCTa HaOJII01aeTCsl pOCT COLUAIbHON U30JIs-
MU Ccpeny MOXWIbIX mroaei. CoumanbHas
M30JISIIUS — 3TO OOBEKTUBHOE SIBJICHHE, KOTO-
pO€ YacTo OINpPEAeTsIoT, KaKk COCTOSHUE, B KO-
TOPOM JIFOJTU UMEIOT MUHUMAaJIbHbIE KOHTAKThI

Y CKYJTHOCTb COLIMATIbHBIX OTHOIIIEHUH U COIU-
aJbHOTO B3aumMoJieicTBus. boiee Toro, comm-
ATBHYI0 HW3OJSIUI0 YacTO OMPENENSIOT, Kak
HECOOTBETCTBHUE MEXK/Y KETAEMbIM U JJOCTHUT -
HYTBIM Y€JIOBEKOM YPOBHEM COLIUAIBHBIX OT-
HomeHui. Ilog HUIM 4acTO MOHUMAIOT HECOOT-
BETCTBUE (PAKTUYECKOTO H KEIAeMOTO COCTOSI-
HHS COIMATBHBIX OTHOIICHUN YEIOBEKa M Ka-
YyecTBa OTHOIIECHUH [6, 7, 8].

Pemenne mpoOiemMbl comuanbHOM H30-
JISIAKA TIOKHIIBIX JIFOJCH CTaHOBHUTCS Bce 00-
Jiee TPUOPUTETHBIM B PA3IUYHBIX CTpPaHaX.
Tak, B Kanage cBoime 30% OOXKUIBIX JTHOIEH
MOABEPIKEHBI PHUCKY COIUATHHOW H3OJISIIIIN
[9]. CornacHo HalMOHAJIBLHOMY UCCIEI0BA-
HHUIO 3JI0pOBbA U TeHAeHM ctapenus B CLITA
npuMepHO 24% NpOXKHUBAIOUIMX B JTOMAIIHUX
YCIOBUSIX TTOKHUJIBIX JIFOJIEH cTapuie 65 JeT co-
uuanbHo m3onupoBansl [10, 11]. Mccnenosa-
HHe, mpoBeaeHHoe B Kutae mokaszano, 4To pac-
MIPOCTPAHEHHOCTh COIMAIBHOW M30JISLUU T10-
JKHIIBIX JIFOJIeH B oOmecTBe gocturaet 29,7%
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[12]. PactipocTpaHEHHOCTh COLIMAIBHON H30-
JSILMM CPEU NOKWIBIX Jroaer Muauu cocras-
nsieT mouTth 34% M maHHbIe MHOTHX HCCIIEIO0-
BaHMI YKa3bpIBaIOT HA TEHJCHIHMIO K POCTY
3TOrO sIBJIeHuUs [8].

MHorue 3KkcnepTsl B 00JacTH 3ApaBo-
OXpaHEHUsl MPU3HAIOT, YTO MOXKUJIbIE JIIOIU
COCTABJISIIOT CETMEHT HACEJICHUS, KOTOPBIH
0COOCHHO YA3BUM K COLUATBHON H30JIALUU BO
Bpems nanaemun COVID-19, Bo3MoxHO, U3-
3a paHee CyIIECTBOBABIIMX 3a00J€BaHU, KO-
TOPBIE MOTYT YCYT'YOUTBCS B pe3yJIbTaTE Orpa-
HUYEHUS COIMAIIbHOM aKTUBHOCTH [13].

JlokazaTenbCcTBa BIWSIHUSI COIMAJIBHOMN
M30JSIIMM U JPYTUX AacCHEeKTOB COLIMAJIBHBIX
CBsI3€ Ha COCTOSTHUE 3/I0POBbSI XOPOIIO JOKY-
MEHTHUPOBAHbI B JINTEPAType Ha MPOTSHKECHUU
MHOTHX JeT. Hanpumep, oHa HE3aBUCUMO CBSI-
3aHa ¢ HETaTUBHBIMHU MOCJIEICTBUSAMU A5 (u-
3MYECKOTO U TICUXUYECKOTO 37I0POBBS B OoJiee
MO37HEM BO3pacTe, BKItouUas 0oiiee BHICOKHUI
YPOBEHb ACHPECCHUH U CHUKEHUS KOTHUTHB-
HbIX ¢yuknuii [14]. Kpome Toro, comuanbpHas
M30JSIUS  TIPOJEMOHCTPpUpPOBAIa HE3aBUCH-
MYIO CBSI3b C JIEIPECCHUEH, MJIOXUM CHOM, I'H-
MEePTOHUE W MHOTUMHU JIPYTUMH HETraTHB-
HBIMU MOCTEACTBUSAMHU I 310pOBbsi. Mexay
TEM, COTJIACHO HE3aBUCUMBIM aHAJIN3aM, COIU-
ajbHasl M30JSALUS CBSI3aHA C IOBBIIIEHHBIM
PUCKOM CEpJIEYHO-COCYAUCTHIX 3a00JICBaHMUIA,
BOCHAJIMTENIBHBIX IPOLIECCOB, IMOBBIIIEHHBIM
PUCKOM JIEMEHIINU, HHBATUJIHOCTH, CHIDKCHHS
KOTHUTHUBHBIX (DYHKIUI U CHHKEHHS KauecTBa
*u3HM [15, 16].

OmHaKko 0COOEHHOCTH BOCTIATUTEIHLHOTO
rpoiiecca y NalueHTOB C COLMATIbHON U30JIs-
M€l W BO3PACTHOM MAaKYJISIPHOW AereHepa-
LMEeW MPAKTUYECKU HE U3YUYEHBI, HECMOTpPS HA
TO, YTO BO3pACTHAsI MaKyJIsIpHAS JIeTeHEepaIus,
Kak M JIpyrue BO3pacT3aBUCUMbIE HAPYIICHUS
3peHus, Bcrpevarorcsa B 60-74 et u 75 net u
cTapllie IOCTaTOYHO YacTO U BBICTYIIAIOT BELY-
IUMHA TIPUYMHAMH 3PUTENBHOTO Jedumura
[17, 18, 19]. Bo3pactHas makyisipHasi iereHe-
pauus 3aHUMAET TPETbE PAHTOBOE MECTO IO-
cjle TJayKOMbl M CTapyecKoOW KaTapakThl B
CTPYKTYyp€E MPUYMH NATOJIOTMH OpraHa 3peHus
U CJENOTHl B MHIYCTPUATBHBIX FOCYJapCTBAX
[20]. BospacTHas MakyJssipHasi JIer€Heparus

MPEACTABISET OJHO M3 OCHOBHBIX JIeT€Hepa-
TUBHBIX 3a00JIeBaHUM, BIUSIONIMX Ha Kade-
CTBO HU3HH, OT KOTOPOU cTpajarot 8,7% Hace-
nenus wianeTsl [19]. [lokazano, 4To XxpoHuue-
CKO€ BOCIAJICHUE, OKUCIUTENbHBIN CTpecc U
OTJIOKEHUE JIUTUIOB MOTYT OBITh CBSI3aHBI C
pPa3BUTUEM BO3PACTHON MAKYJISIPHOM JI€reHe-
pauuu. BmecTe ¢ TeM 3HaU€HHE BOCHAIUTEIb-
HOT'O IpoLecca KaK B IMATOI€HE3€ BO3PACTHOMN
MaKyJIIpHOM JeTeHepaluu, TaK U COLMAIbHON
M30JISILUU OCTAETCsl HeonpeieJeHHbIM. B enu-
HUYHBIX IMyOJIMKauUsaX cooOmaeTcs 06 u3me-
HeHuu C-peakTUBHOro Oesika cpelu MalueH-
TOB C COLMAJIbHOW u3oiisanueit [21], Ho mpu
3TOM BO3pPACTHAsI MaKyJIIpHas JAereHepauus y
MOKWJIBIX MAIIMEHTOB HE PACCMaTPUBAJIACh.
Hear ucciaenoBanusi. Vzyuenue oco-
OeHHOCTEH BOCHIATUTEIHHOIO Mpoliecca y mna-
LIUEHTOB C COLIMAJIBHOW M30JsILUEN U BO3paCT-
HOM MaKyJIsIPHOU J€reHEepaLueH.
Martepuajbl M MeTOAbI HCCJIEI0BA-
HuMA. B uccnenoBanuy npuHsuin yyactue 92
MalKUEHTa MOXKUJIOTO BO3pacTa ¢ COLUAIbHOMN
W30JSIMMEN U BO3PACTHOM MaKyJIApHOW Jere-
Hepanuel, 88 malueHToB TaKoro K€ Bo3pacTa
C COIMAaJIbHOM M30IIsIIKeit 0e3 BO3pacTHOM Ma-
KyJISIpHOU AereHepanuu u 84 maruenta 60-74
net 0e3 couumanbHOM m3osAuuu. O6cnenosa-
HUE MAlMEHTOB YKa3aHHBIX TPy BBIIIOJHEHO
B IIEPHO/T MPOXOKEHUS CTAI[MOHAPHOTO Jieue-
HU 110 TOBOJ1y BO3PACTHOM MaKyJISIPHOM Jiere-
Hepammu B 2022-2023 romax B TamOoBCKOM
dumnane «MHTK «Mukpoxupyprust riaza»
nmenu akagemuka C.H. denopoay.
BrisiBieHHe BO3pacTHOM MaKyJISIpHOU
JIET€HEePALMK BBIMOJIHAJIOCH C YUYETOM KpHUTe-
pueB Haubojiee pachpOCTpPAaHEHHOW KiaccH-
¢uKanuy, MPUHSATOM BO MHOTHUX CTpaHax, B
ToM uncie u B Poccuiickoit deneparnum — Age-
Related Eye Disease Study (AREDS) [22] o
pe3ysbTaTaM MHOTOIUIAHOBOTO O(TalIbMOJIO-
THYECKOTO OCMOTPA, BKIIOUYABIIETO UCIIOIb30-
BaHUE OINTHYECKOW KOTEPEHTHOM TOMOrpa-
¢un, oQTaTHLMOCKONHUHU, ONTHYECKOW KOTe-
peHTHO# Tomorpadun ¢ QpyHKIMEH aHTHOTpa-
¢un, ¢iyopecueHTHON aHrHOTpaduu, TOHO-
MeTpuH, pedhpakTOMETPUH, OMOMHKPOCKOTTHH
NepeaHero M 3aJHero OTAeNnoB raza [17,

18, 19].
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ConmanbHas M30JALMA yCTaHABJIMBA-
Jach B COOTBETCTBHU C MOIU(DUIIMPOBAHHOMN
BEepCUEH MHJEKCA COIMATbHON M30JIAIHNH, CO-
CTOAILErO W3 MSITH IYHKTOB: COCTOSHHUE B
Opake WM MPOKUBAET OJMH, B3aUMOJICHCTBHE
CO CBOMMHU JICTbMH, B3aHUMOJIEUCTBHE C POJ-
CTBEHHHKAMH, B3aUMOJICHCTBHE C JPY3bSIMH H
ydactue B conuyme [23]. O6mas cymma Oai-
JIOB JIOCTUTAeT MAKCUMAIIBHO 5 0allJIOB U MPHU
BeIMYMHE >3 0ayuioB 00cCje10BaHHBIE Mallu-
€HTBHl C BO3PACTHOM MaKyJISIpHOW JiereHepa-
[MeH OTHOCHJIUCh K KaTEerophH COIHAIbHO
M30JIMPOBaHHBIX.

B wuccrnenoBanue BKIIOYANIHCH MAaly-
eHThl B Bo3pacte 60-74 ner, ¢ couuanbHOU
H30JSIMEN, BO3PACTHON MaKyJSIPHOM JeTeHe-
panueil skccyqaTuBHOW (pOpMbI, BHYTpUITIA3-
HBIM JJaBJICHHEM Ha MOPa>KEHHOM TIJ1a3y B Jlna-
nazone 14-21 mm prt. cT. B ucciaenosanue He
BKJTFOYAJIMCH MTAUEHTHI 110 60 5ieT u cTapiie 74
JeT, ¢ OTCYTCTBHEM BO3PACTHOM MaKyJSIpHOI
JiereHepanum, cyxou ¢popmMoi BO3pacTHON Ma-
KYJISIpDHOW JereHepaluu; C HaJudyheM IJiay-
KOMBI, KaTapakThl, TPaBMbl TIJla3a, BOCHAJU-
TENBbHBIX 3a00Je€BaHUI Tla3a, COMATHYECKOMN
MATOJIOTUN BOCHAIUTENIBHOTO T€HE3a; C MCEB-
J02KC(HOTMATUBHBIM CHHIPOMOM TIpH Thade-
TUYECKOW PEeTUHOIATUH, CHHAPOMOM cCTapue-
CKOM aCTEeHMH; NMPOBEICHHOMN Ja3epHOU Tepa-
MHEH 3a TIOCTIEIHUE TI0JIT0/1a; BHY TPUTIIA3HBIM
JIaBJIEHUEM CBbIIIE 21 MM PT. CT.

N3yuyenne mokazaTteneil BocHalleHUS —
UTOKUHOB U C-peakTuBHOTO O€iKa — B CH-
CTEMHOM KPOBOTOKE BBITIOJTHEHO B yTPECHHEE
Bpems cyTok ¢ 07.30 gacoB no 9.00 ugacos.
Cpenu nmapamMeTpoB CHUCTEMHOT'O BOCHAJICHUS
aHaM3upoBauch — C-peakTHBHBIN Oenok, I1-
3,5, 6, 17, xemokuusl GRO(a)/CXCL1, MIP-
1(a)/CCL3 u RANTES/CCLS. YpoBeHnb uH-
TEPJICUKUHOB OTMPEACIISIICS METOJIOM UMMYHO-
(epMEeHTHOTO aHalu3a C KCIOIb30BAHHEM
Habopa «IIporeunossrit kKoHTYp» [18]. Comep-
KaHNE XeMOKHHOB B KPOBH aHATM3UPOBAIH Ha
mwiarpopme XMAP nocpenctBom MAGRIX
(USA) c npumeHeHreM HHCTPYKIIHH IIPOU3BO-
mutenss.  YpoBeHb C-peakTuBHOro  Oenka
(CPB) ompenensiin Ha SKCIIPECC aHATU3ATOPE
«Huxamen-punep».

[IpoBeneHHOE HccIE10BaHUE OCYILIECTB-
JISITI0CH ¢ COOJTI0ICHUEM OOIIETIPUHATHIX HOPM

1 TpeOOBaHUM U IMOCIE MOJyYeHUs MTUChMEH-
HOTO COTJIacusl BCEX YYaCTHHUKOB Ha BKIIOYe-
HUE B HETO M MCIOJIb30BaHUE C HAYYHOU ILie-
JIBIO TIOJTyYEHHBIX JaHHBIX.

PesynbraTsl HccnenoBanus 00paboTaHbl
Ha MepPCOHAIBHOM KOMITbIOTepe Trma Pentium
u nporpammoii «Statistica 10.0» u cootBer-
CTBYIOIIUX MOJYJIEH, MOCPEICTBOM KOTOPBIX
PacCYUTHIBAIUCH CpeTHEAPUPMETUIECKHE BeE-
JUYMHBI U OLIMOKHU cpenHeapu(PpMETHUECKUX
BenuuruH. CpaBHEHHE CTaTUCTHUECKON 3HAYU-
MOCTH IOJIyYEHHBIX M1apaMEeTPOB BBIIIOJIHEHO
110 kpureputro T-Yaiita ¢ MUHUMaJIbHBIM YPOB-
HeM paznuuuid P<0,05.

Pe3yabTatel U ux o0cy:xaeHne. AHaIu3
KJIMHUKO-aHAMHECTHYECKUX JaHHBIX, 00Cie0-
BaHHbBIX TPEX IPYII MAIMEHTOB MOXKUIOI0 BO3-
pacta, He BbISIBUJ CTATHCTUUECKH 3HAYMMBIX
pasIMuuil 10 paccMaTpUBAaEMbIM II0Ka3aTeNsiM
(Tabn. 1). [MammenTsr 60-74 ner ¢ conuamTbHON
M30JISIUEN U BO3PACTHOM MaKyJISIpPHOW JiereHe-
pauueii ObIM  HE3HAYUTEIBHO CTapIlle, HO pas-
JIMYUE HE UMEJIO CTaTUCTUYECKON 3HAUMMOCTH.
Cpeny manueHToB C COIMAIbHOM H30JISIUei
OKa3aJics HECYILECTBEHHO BBIILIE YIEIIbHBIN BEC,
CTpaJlalolliiX apTepHaIbHOM rUnepTeH3ueil 6e3
JIOCTOBEPHBIX paznuuuid. [1o konuuecTBy auil ¢
HAJIMYMEM caxapHoro auadera 2-ro TUIIA, HIIe-
MHUUYECKOH OoJie3HH cepala CpaBHHBacMbIe
IpYIIbl CTATUCTUYECKU 3HAYMMO HE pazinya-
muck. KonmdecTBo OIMHOKONPOXKUBAIOIIMX B
IpyIIE MALUEHTOB C COLMAIBHON M30JIUEN 1
BO3PACTHOM MaKyJIIPHOM JereHepanyeil okasa-
JI0Ch HauOOJIBIINM.

OuenuBas copepkKaHUEe B CHCTEMHOM
KpOBOTOKE MapKepOB BOCHAJIECHUS Cpeau Ma-
LIMEHTOB TOXKWJIOIO BO3pacTa C COLUAIBbHOMN
M30JISIIIMENd W BO3PACTHOM MaKyJApHOW Jere-
Hepanueil oOpaiaer BHUMaHHUe, YTO YPOBHHU
BCEX aHAIM3MPOBAHHBIX MOKa3aTelel cTaTu-
CTHYECKH 3HAYUMO MPEBBIIIAIOT TaKOBBIE Ma-
LIMEHTOB TOXKWJIOIO BO3pacTa € COLUAJIbHOMN
u3ossinueit 1 nanuenToB 60-74 net 6e3 comu-
anbHOM m3ossiuu (Ta6m. 2). Ipu sTom nmanu-
€HTBI C COLMAIIBHON U30JIALUEN U BO3PACTHOU
MaKyJISIpHOH nereHepanueil HanOoiee cyiie-
CTBEHHO OTJMYAIOTCSI OT IMpeAcTaBUTENeH
TpYNIbI MAlMEHTOB MOKUIIOTO BO3pacTa ¢ Co-
LUAIBHOM M30JLMEN [0 YPOBHIO XEMOKHHA
GRO(a)/CXCL1 - B 2,9 pa3a, xemokuna MIP-
1o/CCL3 —B 2,2 paza u IL-6 — B 2,0 pa3za.
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Tabnuya 1

KianHuko-aHaMHecTHYECKHE TaHHbIE 0 MAIHMEHTAX ¢ CONUATbHON U30JISIHeN,
¥ BO3PACTHOM MaKYJIsSIPHOii JereHepanueii u 6e3 conuanbHoii m3ouasimuu (P+SD)

Table 1

Clinical and anamnestic data on patients with social isolation and age-related macular degen-

eration and without social isolation (P£SD)

ITanueHTnI

IMaumenTsl IManuenTnl 60-74 aer

XapakTepucTHKHU 00C/Ie10BaH- 60-74 ner 60-74 net ¢ CONMAIbHOM U30-
HBIX MAIHEHTOB 6e3 couuaIbLHOM C COLMANILHOI U30- | JIsiMeil 1 BO3pacT- P
HM30JIS MU JsAnUe HO# MaKyJISIPHO#
JereHepanueit
CpenHuii Bo3pacr, JIeT 69,25+2,32 70,34+2,18 71,19+2.45 >0,05
Mys>k4uuHBI, a0c.4. (IPOIICHT) 35 (41,66+2,15) 42 (47,72+1,97) 57 (61,95+2,89) >0,05
Kennmnsl, a6¢.4. (IPOLIEHT) 49 (58,34+2,88) 46 (52,28+3,09) 35 (38,05+2,46) >0,05
Craryc 3aHATOCTH: PaGOTAIONME, | 35 (93 541 ] g6 28 (22,44+1,78) 34 (24,64+2,18) >0,05
abc.4. (mpoleHT)
E;‘}’I‘f)m“’m amaget, abes. (po- | a5 (57 8949 56 36 (28,84+3,12) 37 (26,81£2,05) | >0,05
APTCpHATBHAA — THNICPTEH3NA, | g4 (45 16,3 (1) 69 (55,21+2,87) 65 (47,10+3,12) >0,05
abc¢.4. (IpoleHT)
Mmemucciasn_Gonesus cepaud, | g4 (353019 51 49 (32,2042,64) 53 (38,41+2,37) >0,05
abc.4. (poleHT)
Opmanoxoe  npoxuBanue, - age.d, 10 (4,41£1,05) 21 (8,80+1,14) 35 (16,872,1) >0,05
(IpotieHT)
Tabauya 2

CoaepixaHue MapKepoB BOCHIAJIEHUS B CHCTEMHOM KPOBOTOKe MOKUJIBIX NAllHEHTOB
€ CONMAJIbHOI M30JI1[Mel M BO3PACTHON MaKyJIspHO# nereHepanuei (M+m)

Table 2

The content of inflammatory markers in the systemic bloodstream of elderly patients with
social isolation and age-related macular degeneration (M+m)

ITanueHTBI
ITanueHTHBI IManueHTHI 60-74 ner
60-74 et 60-74 aer ¢ COMAIbHOW N30J151-
Mapkep BocnaneHust . N . . P
0e3 conmaabHOI ¢ conuaabHOI H30- nmeii 1 BO3pacTHOI
M30JISI MU Jsuue MAaKYyJISIPHO#i iereHe-
pauueii
C-peakTuBHBIN OEIOK, MI/JI 7,34+0,7 12,5+0,8 18,4+1,3 <0,05
IL-3, nr/min 3,1+£0,5 5,2+0,6 8,7+1,1 <0,01
IL-5, nr/mn 3,7+0,4 4,7+0.5 6,1+0,8 <0,05
IL-6, rr/mi 12,6+1,0 24.9+1.4 50,2422 <0,001
IL-7, nr/mn 7,4+0,8 14,3+0.9 24.5+1,7 <0,01
GRO(a)/CXCL1, r/mn 3,2+0,7 6,4+0,9 18,3+1,4 <0,001
MIP-10/CCL3, nir/mn 1,240,3 1,7+0,3 3,8+0,7 <0,001
RANTES/CCL 5, nr/mn 0,9+0,2 1,3£0,2 1,9+0,2 <0,05

Cpenu npyrux U3y4EHHBIX CHCTEMHBIX
LIUTOKWHOB y NaniieHToB 60-74 JeT ¢ coruaib-
HOM H30JILIUEH M BO3PACTHOM MAaKyJIIpHOMN
JereHepalyel  CTaTUCTUYECKH  3HAYUMO
BBIIIIE, HO B MEHBIIEH CTENEeHH, YeM Ha3BaH-
HBIX paHee Mmokaszarenei, skcnpeccus IL-7, IL-

3 u IL-5 co cratucTUYECKN 3HAYUMBIM pa3iiu-
YHeM K aHaJOTHYHBIM MapaMeTpaM MOKUIIbIX
MPEACTABUTENEH C COUMUAIBHOW M30JIALUEN U
0€e3 COLIMAIILHON U30IAIINN.

Conepxxanne C-peakTHBHOro Oelika B
CHCTEMHOM KPOBOTOKE maueHToB 60-74 et ¢
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COIMAJIbHOM M3OJIALMEN U BO3PACTHOM MaKy-
JSIPHOM JIeTeHepanuedl BbIIIE aHAJIOTUYHOIO
rapamMeTpa JIHI] ¢ COIMaIbHON n3omsuen 6e3
BO3PACTHOW MaKyJIApHOHN AereHepanuu u 0e3
COLIMAJIbHOW M30JISLIHH.

B meHblIel creneHu cpeau npoaHalu-
3UPOBAHHBIX MapKEpOB BOCIAJIEHUS IOBbI-
LIEHO COJIep)KaHME B KPOBU XEMOKHHA
RANTES/CCL 5 y nanueHToB HOXHIOTO BO3-
pacra ¢ COUMaIbHON U30JIALMEN U BO3PACTHON
MAaKyJISIpHOU JereHepanuei.

Bo3pactHas MakyisipHas JereHepanus
MOJKET BBICTYNATh (PaKTOPOM PHCKA COLHAIb-
HOW M30JIALIMU U MOBBILIATH €€ CTENEHb, IO-
CKOJIBKY 3pUTENbHBIA ACPUIMUT BCIEACTBHE
JAHHOTO O()TaTBMOJIOTHYECKOTO 3a00JIeBaHNUS
YMEHBIIAET COLUAIBHBIE KOHTAKThl U COLU-
aJbHBIC OTHOIICHUS, a HAPYIICHUE 3PEHUS, B
TOM YHCJIE U3-32 BO3PACTHOW MAKyJISIPHOM Jie-
reHepaluy, He paccMaTpUBAIIOCh 10 HACTOS-
LIEr0 BPEMEHU y MAIMEHTOB C COLMAJIbHOMN
M30JISIMEN, paBHO KaK M [T0Ka3aTeIu Bocalie-
HUS y MpeACTaBUTENeH ¢ COLMANbHBIM Jedu-
IIUTOM U OPTATEMOTIATOIOTHEH.

BaxxHOCTB COLIMAJIBHBIX OTHOIIEHUM JJ1s1
3I0pOBbSl U JOJITOJIETUS TOJTBEP)KIAETCS
0OJBIIMM M pacTymuMm oObeMoM (akTHye-
CKHMX JIaHHBIX, TaK 4TO TJaBHbIA xupypr Co-
eanHeHHbIX [1ITaToB AMepHuKku 0ObSIBHI COLU-
albHBIE CBSI3M MPOOJEMON O0OIIECTBEHHOTO
3/1paBOOXPAHEHHUS], UMEIOLIEH YpE3BbIYAIHYIO
aKkTyaJbHOCTh. COIJIaCHO METaaHaIU3y, COLU-
ajbHasl W30JSALUSA, CBS3aHA C IOBBIIICHUEM
pucka cmepTHOCTH Ha 25-30%. beum npeaso-
JKEHbl MHOTOYHCIICHHBIE MEXaHU3MBI JTOM
CBSI3M, HauMHasi OT HEAJANTUBHOTO MOBEJE-
HUS, IO TIOBBIIIEHHOTO apTePUaTLHOTO JaBie-
HUS ¥ HapyIlIEHUs KayecTsa cHa [21].

Eme omauM myTteM, 1o kotopomy aedu-
LIUT COLIMAJIBHBIX OTHOIICHUN MOXET BIMSITH
Ha 3/10pOBbe, ABIgeTCs BocnaieHue. CorinacHo
TUIIOTE3€, OCHOBAHHOW Ha 3BOJIIOLUOHHOMN
TEOpUH, HETATUBHOE YMOLIMOHAIEHOE COCTOS-
HUE, BO3HHKAIOIEe MpH ASPUINTE COLUATb-
HBIX OTHOILIECHMM, SBJISIETCS aAalTUBHOMN peak-
IIMeH Ha COIMANIbHYIO Pa300IIeHHOCTh, KOTO-
pasi TOTOBHUT JIIO/IEN K CTOJIKHOBEHUIO C HEOe3-
omacHou cpenou. Mcxons u3 sToil mpenro-
CBUIKH, BBIJIBUTAETCS TUIIOTE3a, YTO COLHAIIb-
Has U30JISLUS COMPOBOXKIAACTCS U3MEHEHUSIMU

B ()YHKIIMOHUPOBAHUN UMMYHHUTETA, KOTOPHIE
CHIDKAIOT CIIOCOOHOCTH YeioBeKa OOpOTHCS C
nH(peknuen B ciaydae nHbunupoBanus. B co-
OTBETCTBHUU C 3TUM, Y JIUI] C BLICOKUM YPOBHEM
COIMAIPHON M30JIAIMK HAOJII0IaeTCs TATTEPH
MIPOBOCHAIUTEILHBIX U3MEHEHHUI B 3KCIIpec-
CuHU reHos [24, 25].

Cy1uiecTBylollMe Hay4yHble MyOJUKaIMu
[0 COLHANLHBIM CBSI35IM M BOCHAJICHHUIO BBI-
SIBUJIM HEOJHO3HAYHBIC PE3YIbTaThl, OTUACTH,
BEPOSITHO, OTPAKAIOIINE PA3TUIUS B METOJIO-
jgorud. B OOJBIIMHCTBE HCCIEIOBAHUN HC-
MOJIH30BAJIUCH JaHHBIC, TTOJTYYECHHBIC U3 HaIlU-
OHANIBHBIX TPYMI WU IKCHEPUMEHTATHHBIX
YCIOBHM C yYacTHEM 3J0POBBIX B3POCIbBIX.
Onnako cpean HacelIeHUs MOTYT CYIIECTBO-
BaTh I'PYIIIBI PUCKA, JIJII KOTOPBIX PUCKH IS
3I0POBbSI, CBSI3aHHBIE C COLIMAIBHOW W30JIs-
1Mel, 0COOCHHO 3HAYMTENbHBI. B cirydae Boc-
MAJCHUS TIAIUCHTHI, MMOJYYArOIINe MEIUIINH-
CKYIO TIOMOIIlb, MOTYT OBITb OJIHOM M3 TaKHX
TpymI, ¥, TakuM o00pas3oM, IesnecooOpa3Ho
M3YYUTh COLMATIbHBIE NE(UIUTH B KIMHUAYE-
CKHX BBIOOpKaX, a TaKKe B IMOMYJISIIHOHHBIX
koroprax. Ecnu conmanbHas M30J1Ms CBS-
3aHa C YCUJICHUEM BOCTAJICHUS CPEIU JIIOJICH,
oOparnmarnmxcs 3a MEIUIIMHCKON TTOMOIIBIO,
KIIMHUYECKas 3HAYMMOCTh JTOro (axropa
pUCKa MOXXET OBITh YCHJICHA, MOCKOJIBKY OH
MOXET UMETh MOCIEICTBUS ISl PE3YIbTATOB
JICYCHMS TTAallUeHTOB [26].

BrinonHeHHbIe paHee UCCIeI0BaHMs ya-
CTO OTOXKIECTBIISITH COIUATBHYO H30JIAIHIO U
OJIMHOYECTBO WJIM M3y4Yalu TOJbKO OJHO W3
nByx. Cdepa connanbHbIX CBsI3€H 0XBAaTHIBACT
pPAI KOHCTPYKIIMM, KOTOpPBIE KacarTcs pas-
JIMYHBIX aCIIEKTOB B3aMMOOTHOIIICHUN JTIOACH,
BKJIIOUasi KOJIMYECTBO, KauyeCTBO, Pa3HOOOpa-
3ue, noianepxkky. ComuanbHas H30JSIUS U
OJIMHOYECTBO — ATO JIBA SIBJICHUSI, KOTOPbIE Ya-
CTO TIPOUCXOMST OJHOBPEMEHHO, HO OTHO-
CATCS K KOHKPETHBIM, Pa3IMYHBIM acleKTaM
COIIMAJIBHBIX CBsA3€il. B WacTHOCTH, comuaib-
Hasl U30JILHSI OTHOCUTCS K 00CTOSTEIHCTBAM
HaJU4Usl OTPAaHUYCHHBIX WM MHUHUMAIbHBIX
COLIMATILHBIX CBSI3€H C JOPYTHMH, TOTJA Kak
OJIMHOYECTBO — 3TO CYOBEKTUBHOE SMOITHO-
HaJbHOE COCTOSIHUE, KOTOpPOE OTpakaeT
OIICHKY JIFOJJbMUA CBOHMIX COIMAJIBHBIX OTHOIIIE-
Huii. CrenoBaTesbHO, HE BCE U30JIUPOBAHHBIE
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JIOAM OJIMHOKH, U HE BCE OJIMHOKUE JTFOTU U30-
aupoBaHbl. M3 3TUX OBYX (aKTOPOB HESICHO,
KaKOW M3 HUX HE ABIIETCS «aKTUBHBIM HHIpE-
JUEHTOM» B IPOTHO3UPOBAHNUU MCXOJOB BOC-
nanenus. VMccnenoBanus, NOCBSIIEHHBIE TIPO-
OnemMe OJMHOYECTBA, JalM HEOJIHO3HAYHBIC
pe3yabTathl [26, 27, 28], u mpu 3TOM 0O0JIb-
IIMHCTBO U3 HUX HE OOHAPY>KUIJIN ACCOLUAITHH.
Te wuccienoBaHusi, B KOTOPHIX MapauieIbHO
M3y4aJluCh KaK COLMaJIbHAs M30JIALUSA, TaK U
OJIMHOYECTBO, MPEAINOIaralT, YT0 0OHEKTHB-
Hasl coluanbHas U30JIA1UA, @ HE OAMHOYECTBO,
sBIsieTcsl Oojiee 3HAUMMbBIM (PAKTOPOM pHCKa
pasButus BocnaneHus. bosiee toro, uccieno-
BaHUsS, CPAaBHHUBAIOIIME pa3IUYHbIC IOKa3a-
TEJIM COLMAIbHON U30JISIIUH, TAKHE KaK CTaTyC
COBMECTHOT'O MPOXKUBAHUS U COLMATIbHAs aK-
TUBHOCTb, [1I0Ka3aJI1, YTO OHU IIOCTOSIHHO CBS-
3aHbI C MapKepamu BocnajieHus [28].

Hamu BniepBbie M3y4eHbl MapKephl BOC-
MaJeHUs y MOKUIIBIX MAllMeHTOB C COLMAIIb-
HOM M30JSILMEH U BO3PACTHOM MAKYJISIPHOU
JiereHepalyei ¥ yCTaHOBIECHbI CTATUCTUYECKU
3HaYUMO 0oJiee BBICOKHME YPOBHM BCEX BKIIIO-
4YEHHBIX B MCCIEI0OBaHUE MapaMeTpoB BOCIa-
JIEHUsI, B TOM YHUCJIE KJIACCUYECKOIro IMOKa3a-
tenst — C-peakTUBHOTO Oejka, ¢ KOTOPBIM aB-
TOphI [21] ycTaHOBUIIM CBSA3b COLMATBHOMN H30-
nsuuu y 4648 ydacTHrukoB nporpamMmsl Medi-
care B Bo3pacTe 65 JIeT U cTaplue.

[Ipy HeCKOpPpEeKTHUPOBAHHOM aHaIIM3e
MIOKUJIbIE JTFOAM, KOTOPbIE UCTIBITHIBAIN COLU-
ANbHYI0 H30JSAIUI0 (TOMyJIAIUOHHBIA KO-
¢unment perpeccuu = 0,17, 95% AU 0,07-
0,28) 1 TsKETYIO COIMATBHYIO U30ISIHIO (B =
0,26, 95% 11 0,09-0,44), umenu Goiiee BBICO-
kue ypoBHU CPbB 110 cpaBHEHUIO C MOXKWIBIMU
JIOJIbMU, KOTOPBIE HE UCHBITHIBAIN COLUATIb-
HOM M30JiIIMH. bojiee KOHKPETHO, 3TO yKa3bl-
BaeT Ha yBenuueHue ypoHs CPb no norapud-
mudeckoit mkaie Ha 0,17 n 0,26 eguaMI] 11
COIIMAIbHO-U30JUPOBAHHBIX U CUJIBHO COILIM-
albHO U30JIMPOBAHHBIX TPYII  COOTBET-
CTBEHHO II0 CPAaBHEHHUIO C I'PYIIOH, KOTOpas
HE HCIBITBIBAJIA COLMAIBLHON W30IIMu. B
CKOPPEKTUPOBAHHOM aHAJIN3€ C BKIOYEHHEM
COLIMAJIbHO-AeMOrpaUuecKux IMepeMEeHHbIX
MOKUJIBIE JTFOJIU, KOTOPBIE UCTIBITHIBAIIN COIU-
anbHyto m3omsuio (B = 0,14, 95% AU 0,03,
0,25) 1 TsDKENyI0 COIMAaIbHYI0 H30IIHI0 (B =

0,23,95% AN 0,04—0,41), umenu Gosiee BBICO-
kue ypoBHu CPb 1o cpaBHEHHUIO C MOKUIBIMU
JIIOJIbMU, KOTOPbIE HE UCHBITHIBAINA COIHAIIb-
HOW M30JISIUMHU. B MOJHOCTBIO CKOPPEKTHUPO-
BaHHOM aHaJIN3€, YYUTHIBAIOIIEM COLUAIbHO-
nemorpaduueckre nepeMeHHbIC U MTOKa3aTeIn
3JI0pOBbS, aCCOLMAIINU OCTABAINCh CTATUCTH-
YECKHU 3HAUMMBIMH.

C coumanbHOW H3OJSAIMEH Yy JuIl 0e3
BO3PACTHOM MAaKYJISIpHOU JereHepanuu (cpe-
HUM Bo3pacT 60 JeT) BhISIBJICHA TAK)KE CBS3b C
BBICOKOYYBCTBUTEIbHBIM C-pEeaKkTUBHBIM O€ll-
KoM [22]. OgHako B JaHHOM HCCJIEIOBAHUU
AQHATM3UPOBAIKUCH MALMEHTHI C OCTPOM TOCTIH-
TaJM3aleil, 4To MOIJIO MOBIIUATH HA YBEIHYe-
HUE YPOBHS BBICOKOUYBCTBUTEIBHOTO C-peak-
THBHOro Oenka u IL-6, uMerolero Takxe BbI-
COKHUI YPOBEHbB, YTO HE TPOTUBOPEUUT PE3YJib-
TaTaM HacTOsIIEH pabOThl U APYrUM ITyOIrKa-
uusaMm [21], paccMaTpuBaOMIMX CIydyad HEIKC-
TPEHHOM rOCIHUTATU3ALUY.

HeckoppekTupoBaHHBIN aHAIU3 IIOKa-
3bIBAET, YTO MOXKUJIBIE JIFOJH, KOTOPBIE UCIIBI-
THIBAJIM coNMaNbHy0 u3omsimuio (f = 0,16,
95% 1 0,10-0,21) 1 TsKenyro COLUaIbHYIO
m3ossmio (B = 0,19, 95% AW 0,04-0,33),
uMenu 6omnee Bbicokue ypoBHHU IL-6 1o cpas-
HEHHUIO CO CBOMMH KOJIJIETaMu, KOTOPbIE HE UC-
MBITHIBAIM  COIMANIbHOM m3omsiuu.  Kpome
TOro, ypoBHU IL-6 OBUTH BBIIIE Yy TMOXKUIBIX
TOJIel, KOTOPbIE HCHBITHIBAIA COIHAIBHYIO
m3ossiwio (= 0,13, 95% JIN 0,07-0,20) u Ts-
KeNyo coranbhyto u3osnuto (= 0,16, 95%
AN 0,01-0,31) mocne mnompaBKud Ha COIM-
anpHO-TeMorpaduueckue (HakTOPhl COXPAHH-
JUCh. B OJHOCTBIO CKOPPEKTUPOBAHHOM aHa-
JIM3€ C YUYE€TOM COLUAIbHO-IEMOTPaPUISCKUX
(hakTopoB U (PaKTOPOB 3AOPOBBSI TMOXKHIIBIC
JIO/IA, KOTOPBIE WCHBITHIBAIN COIHATHHYIO
W30JISIIHIO0, UMeTH OoJiee BhICOKHE ypoBHU [L-
6 (B=0,11, 95% AU 0,04-0,18) mo cpaBHe-
HUIO C MOXWIBIMU JIFOJABMH, KOTOPbIE HE HUC-
MIBITBIBAIA COIUATBHON u30isiuu. OqHaKo y
MOKWIIBIX JIFO/IEH, KOTOPBIE UCTIBITAIH CEPbE3-
HYIO COLIMAJIbHYIO M30JIALHMIO, HE OBLJIO CTAaTH-
CTHUYECKH 3HAUYMMO 0oJiee BBICOKHX YPOBHEM
IL-6 [26].

TakuMm oOpa3om, HaAMU ¥ MIPEABLTYIIIMHE
HCCIIEIOBATeNIMU  YCTAaHOBJIEHO, YTO COILH-
aIbHO H30JIMPOBAHHBIE TOXKUJIbIE MAI[UEHTHI
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uMeroT Gosiee BbICOKHE YpoBHU C-peakTuB-
Horo Oenka u IL-6, ueM MOXKUIIBIE COLUAILHO
HEU30JIMPOBAHHbBIE, YTO TMOATBEP)KIAECT POJb
BOCHAJIEHUSI B aCCOLMMPOBAHHOCTU C COLU-
aJIbHBIM AE(PUIIMTOM, OTOX/IECTBIISIEMBIM CIIe-
LAATUCTAMUA CO CTPECCOM, KOTOPBIA Hamps-
MYIO BIUSIET HA MHOTOUYUCIICHHbIE PETYISATOp-
HBbIE CHCTEMBI MMOCPEJCTBOM AKTUBAIUU CHUM-
MaTU4YEeCKOW HEPBHOM CUCTEMbI, KOTOpas MO-
OyJTUpYyeT UMMYHHYIO (YHKIUIO U BOCHAJH-
TeJbHbIE Mpoliecchl. Bricka3aHo mpeanooxe-
HUE, YTO COI[MAIbHAs U30JIALIUS MOKET yMEHbB-
maTh Takue 3G GeKThI 3a cueT ocmadaeHus Gu-
3HOJIOTHYECKOTO BO30YK/ICHUS WU PEaKTUB-
HOCTH, TOTJIa KaK COIMalIbHAsl U30JISAIHUs cama
110 ce0e SIBIISIETCS CTPECCOPOM, BbI3BIBAIOLIUM
HETaTUBHYIO PEaKTHBHOCTH M adeKT (Harpu-
Mep, TPEBOTy, JAENpPECCHI0), CHOCOOCTBYET
XpPOHMYECKOMY  TOBBIIIEHUIO  AKTUBHOCTH
CUMIIATUYECKON HEPBHOM CUCTEMBI U yCUIIM-
BaeT BocnayieHue. bosee Toro, ctpecc-0ydep-
Hble (YHKIIMM COLUAIBHOW TMOANCPKKH U
MEXJIMYHOCTHBIX TICUXOJIOTMYECKUX PECypCOB
MOTYT OBITH TIO-PA3HOMY CBSI3aHBI C BOCIIAJU-
TENbHBIMU TPOIECCAaMH. Y CTaHOBJIEHO, 4YTO
COIIMAIbHO H30JIMPOBAHHBIC JIIOAU JIUIICHBI
BO3MOXKHOCTEH IMOLIMOHATEHOM MOIIEPKKU U
pPECYpPCOB NPEOJI0JIEHUS TPYAHOCTEH, UTO MO-
KET CHU3UTh WX YYBCTBO KOHTPOJISI U TICUXO-
Jorudeckoe omaromnoyaune [16].

[TokazaHo, 4TO CyIIECTBYET MOTPaHUY-
Has He3HauyMMas HauMeHee CKOPPEKTUPOBaH-
Hasl CBSA3b MEX]Y COIUAIBHON H30IsLued U
IL-6 (r= 0,082, 95% 1U: -0,001, 0,163, p =
0,052), Ho 00paboTKa TaHHBIX BBISIBHJIA BHICO-
KYI0 HEOJJHOPOAHOCTh HECKOPPEKTUPOBAHHOM
OLICHKM 0e3 Kakoi-mubo CcHCTeMaTH4YecKou
OIIMOKH, OYEBHUTHOW TIPU TPOBEPKE BOPOHKO-
o0Opa3HbIx TpadukoB [27].

Tonpko B OAHOM HCCIIEJOBAaHUU U3Y-
ganu [L-1RA u xemoxun MCP-1 u He 06Hapy-
KUJIU CKOPPEKTUPOBAHHOM CBsA3U MeExay IL-
1RA u couunanbHON U30JIALHUEN, XOTS 0OOHapY-
KWINA 3HAUYUTENbHYIO cBs3b Mexay MCP-1 u
OJIMHOYECTBOM, UCMOJIb3Yys JaHHbIE 524 maiu-
eHToB. llpenpinymiue wWCCIeAOBaHUS TaKXKe
BBISIBUJIM, YTO COLMAIbHASI U30JISIMS CBsI3aHa
C CUCTEMHBIM BocTalieHueM. B acTHoCcTH 00-
Hapy»XeHbl HanboJiee 3HaYMMbI€ CBSI3U MEXIY
conuanbHon n3ossauuent u IL-6 [27]. Onnako

3TOT pe3yibTaT ObUT OCHOBAH Ha JBYX HcCCle-
JIOBaHUSX, OJIHO M3 KOTOPBIX BBISIBUIIO 3HAYU-
TEJIBHYIO CBSI3b, a IPYroe — HE3HAUYUTENIbHYIO
CBsA3b. V3-32 HEBO3MOXKHOCTH IMPOBECTH aHA-
JIU3 YYBCTBUTEIBHOCTU M HAACKHOCTH ITOU
CBSI3U, U ATH PE3YJIbTATHI CIEAYET UHTEPIpE-
TUPOBATH C OCTOPOKHOCTHI0. CTOUT TaKKe OT-
METUTb, YTO, XOTS HAUMEHEE CKOPPEKTHPO-
BaHHBIN aHaIn3 He ObUT 3HAYUMBIM, OH BCE KE
yKa3aJl Ha TEHJCHIHUI0O K 3HAYUMOCTH
(p=0,052). B COBOKYMHOCTH 3TH PE3yIbTAThI
YKa3bIBAIOT HA TO, YTO HEOOXOIUMBI JOTOJIHH-
TEJbHBIE UCCIIEIOBAHMS CBSI3M MEXIY COIU-
anpHOM m3oisiueit u IL-6, uToOsI caenaTh Ka-
KHe-TM0O0 OJTHO3HAYHBIC BBIBOJIBI [27].

He oOHapykeHO HUKAKOH O0IIel CBS3H
MEXay counanbHOM wu3onanued ¢ CPb wim
(UOPUHOTEHOM HH B HAUMEHEE CKOPPEKTUPO-
BaHHOM, HU B Haunboyiee CKOPPEKTUPOBAHHOM
perpeccoHHOM aHanuze. OgHaKo MpU Ucciie-
JIOBaHUHM HMCTOYHHUKOB T'€TEPOr€HHOCTH YCTa-
HOBJICHO, YTO BO3PACT U3y4yaeMOM MOMYJISIIIUI
(50 net u crapie), MeCTO IPOBEICHUSI UCCIIE-
nosanus (uccinenosanus B CIIIA) u cratuctu-
YeCKHUI aHAHM3 (JTMHEHHBIN aHAIHM3) TTPUBEIIN K
TOMY, YTO HEKOTOPBIE CYIIECTBEHHBIC CBS3HU
ObUTH OOHApyXeHbI B HAUMEHBIIEM KOJIHYe-
ctBe. KpoMe Toro, B OOJIBITMHCTBE CKOPPEKTH-
POBaHHBIX aHATU30B (PMOPUHOTEHA B STUX HC-
CJIEIOBAHMSIX, B KOTOPBIX COLIMAJIbHASI H30JIs-
1Sl OLEHUBAajach C TMOMOIIBIO OJIHOTO BO-
rpoca, U B T€X, IJI€ MPOTOKOJ HE YUYUTHIBAI
BBICOKH ypOBEHb BOcHalieHus!, Obliia 0OHapYy-
YK€Ha 3HAYUTENIbHAS CBSI3b MEX/1Y COLUATBHOMN
m3oJsinuen u pudpuHoreHom [26].

OLeHUB B3aUMOCBSI3b MEXKIY ABYMS U3-
MEpPEHUSMH COIHAIBHBIX OTHOIICHWH W IIe-
cThto Mapkepamu BocnaneHus B CHIA u Taii-
BaHE, TTOKA3aHbI JIUITh HECKOJIHKO CTaTUCTHYE-
CKM 3HAYMMBIX CBSA3E€H. YUUTHIBasA, YTO KOppe-
JISIAS TPEATIOJIAaraeT TECHYIO CBSI3b MEXIY CO-
LAAJTBbHBIMU OTHOILIEHUSIMH U CMEPTHOCTBIO, &
TaK)k€ TO, YTO BOCHAJICHUE WIPAET BAXKHYIO
pOJIb B OCHOBHBIX MPUYMHAX CMEPTH, aBTOPHI
OXHMJAIM HAWTH YCTOWYUBBIE U YMEPEHHO
CUJIbHBIE CBSI3M MEXIY COLMAIBHBIMU OTHO-
LIEHUSIMU U Mapkepamu Bocniasienus [28]. Ox-
HAaKO MOKa3aTeb COLUUAIbHON M30JSUU MPO-
JEMOHCTPHPOBA  HEOOJBIIYyI0  OOPaTHYIO
cBsa3b ¢ CPb B uccinenoBanuu nHa TaiiBane.
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[Ipenpiaymiye uccne0BaHus CBI3U MEXKIY CO-
nuansHoH m3oisinuer u CPB, ocHoBaHHBIEC Ha
BeIOOpkax u3 CIIIA, mokaszamu HEogHO3HAY-
HBbIE PE3YJbTATHI: OJHO COOOIIMIIO 00 OTCYT-
ctBuu cBsi3u ¢ CPB, Torna kak apyroe ooOHapy-
KHUJIO0 3HAUMTENbHYIO cBsa3b ¢ CPB. OGHapy-
KEHO TOJIBKO OJTHO IMPEILIECTBYIOIIEE UCClie-
JIOBaHUE COLMAILHON m3oisimen u 1L-6, xo-
TOpO€ MOoKa3ajao OOpaTHYIO CBsI3b B BBIOOpPKE
n3 CIOA. B npeapiayux ucciaea0BaHusx, Mo-
CBSILICHHBIX BJIUSHUIO COIIMAILHOM U30JISIUHY,
HauOoJee TMOoceIoBaTeNIbHAsL CBsI3b ObLIa OT-
MeueHa st pudbpuHoreHa [26].

OTCyTCTBYIOT AOKa3aTEIbCTBA TOTO, YTO
0oJjiee BHICOKO BOCIPHHHMMAaeMas COLUaIbHAs
MOJJIEpKKAa CBsS3aHA C MEHBIIMM BOCIIaJe-
HueM. /[Ba npeaplaynx uccieqoBaHus, ole-
HUBABIIIME B3aMMOCBSI3b MEXAy OOIIel BoOC-
NpUHUMaeMon nogaep:xkkoi u IL-6, Takxe He
OOHapy>KWJIK 3HAYUMOTO 3P (deKTa B CKOppEK-
TUPOBAHHBIX MOJENSIX, XOTSI NEHCTBUTEIBHO
Ha0JIt01a1ach 3HAYUTEIbHAS CBS3h ISl OJTHON
(coumanbHasi MPUBA3AHHOCTH) U3 IIECTU IPO-
TECTUPOBaHHBIX cyOmkai. B ciyuae ¢ CPb 06-
HapyXeHa 3HauuTeabHyl0 cBs3b B CIIIA, HO
HE B OKMJIa€MOM HANpaBJICHUH (OLIylIaeMas
nojjep>kka ObUla CcBsi3aHA C YCHJIEHHEM BOC-
nanenus) [26].

W3y4anacek CBSI3b MEXKIY COIHATbHBIMU
otHoeHussMu 1 SICAM-1, B koTopoMm co006-
IaeTcs O 3HAYUTENBHON CBSA3H MEXKIY COIH-
anpHou n3ossgiuei u SICAM-1, HO TOABKO HJIsT
My>xuuH. [Ipeapinymux uccneaoBaHuil CBSI3U
¢ sE-cenextunom wmnm sIL-6R nHe mpoBoau-
JIOCh. Y CTaHOBJICHA TOJIBKO OJIHA 3HAYUTEIIh-
Has KOPPEJSLUOHHAs CBSI3b MEXKAY COLUAIIb-
HBIMH OTHOIICHHSIMU U ITHUMH TPEMsS MapKe-
pamMu: BOCIpUHMMaeMmasl TMOJJEpKKa Oblia
cBsizaHa C Oojiee BBICOKMM ypoBHeM SIL-6R
[26].

Kak w oxumanoch, 10Ka3aTebCTBA,
MOATBEPXKJIAIOIINE CBSI3b MEXKIY COLUAIb-
HBIMU OTHOUIEHUSIMH U CHUKEHHUEM BOCIIaJie-
HUs, ObUTH CUJIbHEE B OTHOILIEHUH C COIHAIIb-
HOM M30JISIIMEH, YeM B OTHOLICHUH BOCTIPUHU-
MaeMoOi COIMAIbHOMN MOJACPIKKH, YTO 00BsIC-
HSETCSl TE€M, YTO IMOKa3aTelu KayecTBa COLU-
ANbHBIX OTHOILIEHUN MOTYT OBITH OoJee MoJ-
BEPIKEHBI MPEB3STOCTH OTBETOB U KYJbTYp-
HBIM pasnuuusiM. Hampumep, pecrioHIeHTHI

MOTYT MHOIJIAa J1aBaTh COLMAJIBHO KEIaTelb-
Hbl€ OTBETHl B OTBET Ha BOCIPUHUMAEMYIO
nonnepxkky [27]. OrpanuueHHass BapuaTHB-
HOCTB TOr'0 [T0Ka3aTesIsi BOCIIPUHUMAEMOH Co-
LUAJIbHOW TOJIEP’KKHU, BO3MOXKHO, CIIOCO0-
CTBOBasa ciabbIM KoppersiuusaM. boree Toro,
ecyid Obl JIIOAM C IUIOXUM 3/10POBbEM C 0OJIb-
1€l BEPOATHOCTBIO COOOIIAN O HAJIUYUM Ta-
KO HOJJEPHKKU, BO3MOKHO, IOTOMY, UTO OHU
YyBCTBOBAJIM OOJIBLIYIO MOTPEOHOCTh, TaKas
MOJIeJIb  OTYETHOCTH Moryia Obl  BBI3BaTh
HEOKHUJaHHYIO II0JIOKUTENbHYIO CBsA3b ¢ CPb
u sIL-6R. C npyroii CTOpOHbI, BOCIIpUHUMAE-
Mas CoLMalbHas MOJJEpPKKA MOXKET ObITh
KOHTPIPOAYKTUBHOM B 0OIIECTBE, KOTOpOE
LIEHUT YBEPEHHOCTb B CBOUX CUJIAX, HO B TO XK€
BpeMs K Hell OyJlyT OTHOCHUTbCs Oosee Oiaro-
CKJIOHHO B KYJIbTYpe, KOTOpasl PeIOoYUTAET
B3aMMO3aBUCUMOCTb. Takue Mepsl colMalb-
HOM MOAIEP>)KKH MOT'YT OXBaThIBaTh KaK OTpH-
LaTejabHble (HallpUMep, COLMAJbHbIE KOH-
(IMKTBI, OMHOYECTBO), TaK M IOJIOKUTEIb-
HBIE aCIIEKThl B3aMMOOTHOLIECHUH. BO-BTOPBIX,
OHU MOT'YT OTpa)KaTb HE TOJbKO COLUAIBHYIO
MONJEPHKKY, OKAa3bIBAEMYIO IDYTUMH, HO U
MOJJIEPKKY, OKa3bIBaeMyto Ipyrum [27].

Takxe BO3MOXHO, UTO COI[HAJIbHBIE OT-
HOILIEHMS CMATYaAIOT BO3EHCTBUE CTPECCOPOB
Ha 3/I0pOBbE, KaK YTBEPKAaeT runoresa Oyde-
pu3anuu crpecca. Teopus npeanonaraer, 4To
BOCIIPMHMMAEMBbIH YPOBEHb CTpecca SBISEeTCS
pe3yabTaToOM BO3JEHCTBUS (PaKTOPOB CTpecca
U pecypcoB, KOTOPbIE MOXXHO MOOMIIM30BAThH
Tu1st 60pBOBI ¢ 3TMHU (pakTOpamu cTpecca. Ta-
KUM 00pa3oM, BOCIIPUHUMAEMBbIil CTpecc Mo-
KET TOTJIOTUTh 000 OydepHsiii dddexkr,
KOTOpBI MOJKET OKa3aTh COIMalibHas MOJ-
Jepxka (T. . Te, y KOro 00blie HOJIEPKKH,
UMeIOT 0oJiee HU3KUI ypOBEHb BOCIIPUHUMAE-
Moro ctpecca). HegaBHee uccienoBanue oiie-
HWIO CTENEHb, B KOTOPOW BOCHpUHUMAaeMas
colManbHas NOJJEpPKKAa CMAr4aeT BO3JEH-
ctBue crpecca Ha CPb, IL-6 u ¢pubpunoren, u
OOHapyXWJIO Majio J0Ka3aTelbCTB Takou Oy-
¢bepuzanuu. OgHAKO Mepa cTpecca, MOo-BUAU-
MOMY, OTpakajla BOCIIPpUHMMAEMBbI cTpecc, a
HE BO3JEHCTBHE MOTEHIHUAIBHO CTPECCOBBIX
coObITuii. Jlyumieil mpoBepkoil TunoTe3sl Oy-
bepuzanuu crpecca ObLIO OBI MCCIIEOBAHHE
B3aUMOJCUCTBUS C BO3IECHUCTBUEM ITOTCHIM-
aJbHBIX CTpeccopoB [28].
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CBsi3b MEXKy COLIMATIbHBIMU OTHOILICHU-
SIMH M BOCIIAJICHUEM, BEPOSITHO, BKJIIOYAET B
ce0sl CIO0XKHBbIE MYTH, KOTOPbIE BapbUPYIOT B
3aBUCUMOCTH OT UHJIMBHIYyaJIbHBIX OCOOEHHO-
CTell M OCOOCHHOCTEH OKpYKalolleH Cpebl.
Hexotopsie npeapiyiiyre ucciieoBaHus I0-
Ka3alld, 4TO 3Ta CBSI3b MOXET ObITh OoJjee
CUJIBHOM JJI1 MYXXYUH, YeM JUIsl KCHIIHMH, a
Jpyroe ucclieJoBaHue Mmokasasuo, 4Tto 3pQexr
MOKET 3aBUCETh OT BO3pacTa, HO IOKa Mallo
JI0Ka3aTeNbCTB TOTO, YTO BIHUSHHUE COLMAIIb-
HBIX OTHOIICHUHN Pa3InyaeTcsi B 3aBUCUMOCTH
OT moJja u Bo3pacta. OTCyTCTBUE BO3PACTHBIX
B3aUMOJICCTBUI TO3BOJIIET IMPEAIOIOKHUTD,
YTO pa3nyusi B BO3PACTHBIX JHaIa30HaX ABYX
BBEIOOPOK HE OOBSICHSIOT paznuaus B 3 dexrax
COLMAJIbHBIX OTHOIIEHUH [27].

YuuThiBasi, 4TO U COLUATBHBIE OTHOIIIE-
HUS, 1 OMOMapKepbl JMHAMUYHBI, MOTYT OBITh
MOJIy4YEHBI pa3uyHble pe3ynbTarsl. Mccneno-
BaHME Ha 0a3alibHBIX PabOYMX YPOBHSAX OHO-
MapKepoB M0Ka3ajio, 4YTO 3TU YPOBHU HE Oy Iy T
pe3yNbTaTOM AMHAMHYECKUX MPOLIECCOB B Te-
YEHHE JUIMTEIBLHOrO Mepruoia BpeMeHu. B co-
OTBETCTBUM C TuUMOTe30i Oydepuzanuu
cTpecca, BO3MOXKHO, NpUIETCs Oosee Mmpu-
CTaJIbHO B3TJISTHYTh HA TO, KaK COIIMANILHBIE OT-
HOIIIEHUs] 00YCIaBIUBAIOT PEAKTUBHOCTD, BBI-
3BaHHYIO cTpeccoM [26]. HekoTopbie kpaTko-
CpOYHbIE JJTaOOPATOPHBIE UCCIIEIOBAHUS TOKa-
3alld, YTO COIMANIbHAsI TOJAEpPKKa CHIDKAET
CEpJIEYHO-COCYIUCTYI0 PpEaKIMI0 Ha CTpec-
COpBI, HO HEOOXOIUMO YAENATH OOJbIlle BHU-
MaHMs peaKIUsiM MHOXECTBAa B3aUMOCBS3aH-
HBIX CHUCTEM. TeM He MeHee, OIpelesIeHHe
TOTO, Kak JIy4llle BCEr0 KOJUYECTBEHHO OIle-
HUTH JUHAMUKY (PU3HOJOTUYECKHX CHUCTEM B
MOBCETHEBHOM KU3HHU JIFOJIEH C IOMOIIBIO TO0-
KazaTresieH, MPUroIHbBIX VISl KPYIMTHOMACIITa0-
HBIX WCCIIEIOBaHUM, SBISIETCS OOIBIION TPO-
6nemoil. Ctpareruu codeTtaHusi dKCIEepUMEH-
TaJbHBIX MMOAXOA0B C MPOAOIBLHBIMHU UCCIIEI0-
BaHUAMU MOTYT IPEJICTaBIATh COOOM MHOTO-
obermaromumii moaxo. [Toznanue 3tux pusno-
JOTHYECKUX MyTed NoTpedyeT TEeCHOro co-
TPYJHUYECTBA MEXKIY HEOONBIINMU HCCIIEN0-
BaHUSAMHU, KOTOPbIE CMOTYT BBISIBUTH ITyTH, KO-
TOPBIE KAXKYTCS BAXKHBIMHU, U KPYITHOMACIITA0-
HBIMHM TIOMYJIALIMOHHBIMU HCCJIEIOBAaHUSIMU,

KOTOpBIE CMOTYT MPOBEPUTH >KU3HECTIOCO0-
HOCTH 3TUX OOBSCHUTENBHBIX IyTe [26].

B ornuuue ot npeablAynmMx ucciaenoBa-
HUH, HAMH BIIEPBBIC M3Y4YCHO W3MCHCHUE HE
TobKo IL-6 Ha GoHE cormanbHOM N30JISAIIUN U
BO3pPACTHOW MAaKYJSPHOW JIereHepanuu, HO U
COJlep’)KaHuEe JIPYIMX CHUCTEMHBIX LIUTOKHHOB
Y, B YaCTHOCTH, ITOKa3aHo, 4To 3Kkcipeccus IL-
7, IL-3, IL-5 cratucTHYeCKHA 3HAYMMO BBIIIE
OTHOCHUTENILHO TAIIMEHTOB TMOXXKHUIOTO BO3-
pacTa ¢ couuanbHON H30JsIuei 0e3 Bo3pact-
HOW MaKyJISIPHOM JiereHepauuu. J[aHHbple HH-
TepJIeHKHUHBI, KaK U pacCMOTpeHHbIH paHee |L-
6, 00Iagar0T MPOBOCTAIUTEIHHON AKTUBHO-
CTBIO U TIOBBIIIAIOT YPOBEHb BOCHAJICHUS, CIIO-
COOCTByIOIIETO (POPMHUPOBAHUIO COIHATBLHOM
M30JISIUM, B TOM YHCJIE Yy TanueHtoB 60-74
JIET C BO3PACTHOM MaKyJISIPHOM JIeT€Hepaluen.

Kpome Toro, B HacTosmie# pabore Brep-
BBIE MTPOJIEMOHCTPUPOBAHO YUACTHE U JPYTHX
CUCTEMHBIX ITUTOKHHOB — XEMOKHHOB KpOBH,
YPOBEHBb KOTOPBIX OBLT CTATUCTUYECKH JIOCTO-
BEPHO BBIIIE CPEeIU MAIMEHTOB C COIHAIbHOM
W30JSIMMEN U BO3PACTHOM MaKyJIApHOW Jere-
Hepaluel, 4eM y MpeACcTaBUTeNel ¢ colHab-
HOW m3oJsielt 6e3 yka3zaHHOW o(TanbMora-
TOJIOTHH, YTO CYIIECTBEHHO pacIHIUpsieT Hayy-
HBIC TIPEJICTABJICHUS O B3aMMOCBSI3U COIHAITh-
HOM M30JISALIMM NPU BO3PACTHOM MaKYJISIPHOMN
JIeTeHepaIfy U BOCTIAJICHUS, TIOKAa3bIBAET 0CO-
OCHHOCTH BOCIHAJIUTEIBHOW pEakiuu u pea-
TCHTOB, YYaCTBYIOIIUX B HEM.

3axiarouenue. ConyanbHas U30JALNUA U
BO3pacTHAsl MaKyJspHas JereHepaius B IO-
JKUJIOM BO3pacTe CBsi3aHa C 0oJjiee BBICOKHM
CoJlep’)KaHHEM B KPOBH IMOXKMUIIBIX TMAlMEHTOB
C-peakTuBHoro Oenka, IL-3, IL-5, IL-6, IL-7,
XEMOKHUHOB GRO(0)/CXCL1, MIP-
1(a)/CCL3, RANTES/CCLS. TIlpu »tom
HaOII0/1a€TCSI MHOTOKPATHOE MPEBBIIICHUE Ta-
kux 1urokuHoB kKak GRO(a)/CXCL1, MIP-
1(a)/CCL3 u IL-6 OTHOCHUTEBHO TAIIMEHTOB
60-74 ner ¢ counanbHON H30JIALUENH O3 BO3-
pPacTHOM MaKyJISIPHOM AET€HEPALUHU, YTO OIIpe-
nenseT 0COOEHHOCTH MPOTEKAIoLIEro BOCIa-
JICHUS U YKa3bIBACT HA 3HAYUTEIbHYIO X POIIb
B BOCHAJIUTEIBHOM Ipolecce U (popMUpoBa-
HUU COIMAIBHON W30JSAIUU, a ITUTOKUHBI

GRO()/CXCL1, MIP-1(0)/CCL3 u IL-6 mo-
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TyT OBITh OMOMapKepaMu COIMAILHOW H30JIs-
MU TIPH BO3PACTHON MaKyJISIpHOW JIereHepa-
ITUH.
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