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I[HCﬁaJ'[aHC IHAOTOKCUH-CBA3BIBAKOIIIHUX CUCTEM IIPU
P€BMAaTOUIHOM apPTPUTE U CBA3b ¢ BOCIIAJICHUEM CYCTAaBOB

AHHOTAIUSI: HACTOSAIIAsS O030pHAs CTAaThs IOCBAIICHA aHAIU3y 3THOMATOTCHETHUYECKON pPOJIM SHIOTOKCHHA
(mumononmcaxapuaa, JIIIC) u qucyHKIUN SHAOTOKCHH-CBS3BIBAIOIINX CHCTEM B Pa3BUTHU M TIPOTPECCHPOBAHUN
pesmatouanoro aprpurta (PA). Llenpro paboThI SBISETCS CHCTEMATH3AMSA JAHHBIX O KIFOYEBBIX MCTOYHHKAX CH-
CTEMHOT'0 SHIOTOKCHHA M XapaKTePUCTHKA N3MECHEHUI B KOHLEHTPAIIMU U (DYHKIIMOHAIBHONH aKTUBHOCTH OEJIKOB-
nepenocunkoB JIIIC (JICB, sCD14, BPI) B cucteMHOM KpOBOTOKE ¥ CHHOBUAIHHOM KUIKOCTH HaIueHToB ¢ PA. B
KaueCTBe JOMUHHUPYIOMINX HCTOYHUKOB 3HJOTOKCHHEMHUH PacCMATPUBAIOTCS KUIIEYHBINA MUCOMO3, B YACTHOCTH,
MOBBIIIICHHAS TIPEJICTABICHHOCTh BU0B Prevotella, a Takke HapylieHHE 1IEJIOCTHOCTH KHUILIEYHOTO SITUTEIUANILHO-
ro 6apbepa, 4To (GOPMUPYET MMATOTCHETHYECKYIO OCh «KHIIECYHUK-CycTaBy. Oco00e BHUMAHHUE YIEISICTCS HEMHK-
pOOHBIM (haKkTOpaM, TaKUM Kak KypeHHue, KaK IomoaHuTeapbHOMYy ucTouHHUKY JITIC. AHanu3 mokasbIBaeT, 4To MpH
PA nabmiomarotcst cnenmduueckrue U3MEHEHUsT B SHIOTOKCHH-CBs3bIBatoNux Oenkax. [lokazano, yro JICh aktus-
HO YCHJIMBAET JIOKAJIbHOE BOCTIAJICHHE B cycTaBe, a SCD14 ciay>KUT HE TOJBKO MapKepoOM, HO U HEMOCPEICTBEHHBIM
MPOBOCTIAIUTENFHBIM MEANATOPOM, UTO TIOATBEPIKAAETCS €T0 KOppeNsuel ¢ MoKazaTelsiMi aKTUBHOCTH 3a00JIe-
BaHUs. YBenuueHue ypoBHs BPI B cHHOBHaNbHOW JKHIKOCTH pacCMaTPUBAETCs Kak KOMIEHCATOPHBIA OTBET Ha
JIOKaJhHYIO SHIOTOKCHHOBYIO Harpy3ky. IloigydeHHBIE JaHHBIC TOMYEPKUBAIOT KITFOUEBYIO POJb DHIOTOKCUHEMHUH
B MOJICPKAHUU CUCTEMHOTO U JIOKAJIbHOTO BOCIaieHus pu PA, 9To yKa3piBaeT Ha MEPCIIEKTUBHOCTh Pa3padOTKH
TEpareBTUIECKUX CTPATETUH, HAITPABIEHHBIX Ha MOIYJISIIUIO YHIOTOKCHH-3aBUCHMBIX ITyTEH.
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Imbalance of endotoxin-binding systems in rheumatoid
arthritis and association with joint inflammation

Abstract: this review article analyzes the etiopathogenetic role of endotoxin (lipopolysaccharide, LPS) and the
dysfunction of endotoxin-binding systems in the development and progression of rheumatoid arthritis (RA). The
aim of this work is to systematize data on the key sources of systemic endotoxin and to characterize the changes in
the concentration and functional activity of LPS-binding proteins (LBP, sCD14, BPI) in the systemic circulation
and synovial fluid of RA patients.

Intestinal dysbiosis, specifically the increased prevalence of Prevotella species, and the impaired integrity of the
intestinal epithelial barrier are considered the dominant sources of endotoxemia, forming a pathogenic "gut-joint"
axis. Special attention is also given to non-microbial factors, such as smoking, as an additional source of LPS.

The analysis reveals specific alterations in endotoxin-binding proteins in RA. LBP is shown to actively amplify
local inflammation in the joint, while sCD14 serves not only as a marker but also as a direct pro-inflammatory me-
diator, which is supported by its correlation with disease activity scores. The increase in BPI levels in synovial fluid
is considered a compensatory, yet insufficient, response to the local endotoxin burden. The findings underscore the
central role of endotoxemia in maintaining systemic and local inflammation in RA, highlighting the potential for
developing therapeutic strategies aimed at modulating endotoxin-dependent pathways.
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BBenenue JIeBaHUS COKpAIIAIOT MPOJOJDKUTENBHOCTh JKU3HU

PeBMaTonaHbIN apTpUT — XPOHHUUECKOE BOCTIATH- MAIeHTOB Ha HECKOJIBKO JIeT [3].

TEeJIbHOE 3200JI€BaHUE CYCTABOB, KOTOPOE MOXKET IpH- C 1990-ro mo 2021-if rox pacHpOCTPaHEHHOCTh
BECTH K IOBPEKICHUIO XPSIIEH U KOCTEH, a TaKKe K PA B Mupe HEYKJIOHHO pociia, YTO MPUBOJIUT K 3HAUH-
WHBAIUIHOCTH. PaHHAS MUarHoCTHKa — KIIOY K OMNTH- TETbHBIM MEIULWHCKUM U COLIMAJbHBIM 3aTpaTraM U
MaJIbHOMY pe3yJIbTaTy JIeYeHHUs,, 0COOEHHO y MalueH- Jenaer 3To 3a00JeBaHHWE KPUTHYECKOH IpobieMoit
TOB C XOPOLIO U3YYeHHBIMHU (aKTOpaMH pucKa Hebua- OOIIECTBEHHOTO 3[JpaBOOXPaHEHHS BO BCeM Mupe [4].
TOTIPUATHBIX HCXOJIOB, TAKUMH KaK BBICOKAs aKTHB- PA crpagaer mpumepno 0,5-1% B3pociioro Hace-
HOCTPH 3a00JIeBaHMs, HAIMYME AyTOAHTHUTEN U PaHHEe neHust. Y KEHIIWH OHO BCTpeYaeTcs B JIBa-TpU paza
MOBPEXKICHUE CYyCTaBOB [1]. yarie, YeM y My>KuuH [5].

HecMmotps Ha To, 4TO OBLT IPEIIOKEH Pl OHOMO- Otwnonorus PA BKITIOYaeT TUHAMHYECKOE B3aHMO-
JEKyJAPHBIX MEXaHU3MOB, 3THONOTHsA PA 10 cux mop NEHCTBHE TEHETHYECKOH MPEeapacloiioKeHHOCTH U
MOJIHOCTBIO HE BhIsACHEHA. Tedenue PA xapakrepusy- (hakTOpOB OKpY KaroIeil cpebl, TAKMX KaK KypeHHe 1
eTcs BOJIHOOOPa3HOCTBIO, SMU30JUUECKUMH 000CTpe- HapyLICHHE PEryJsLUl MHUKPOOHMOTHI  CIM3HMCTBIX
HUSIMH, U MPU OTCYTCTBUM ONTHUMAJIBHOTO JICUEHUS obomnouek [6, 7]. Bc€ Gomnpllie maHHBIX yKa3bIBaeT Ha
CUMITOMBI ITOCTETIEHHO YXYALIAKTCs, BIUIOTH IO HE- TO, 4To OakrepuanbHblii nunononucaxapun (JIIIC),
00paTUMOTro MOPaKEHHUsI CYyCTaBOB U HapylIeHUs Qu- OCHOBHOM KOMIIOHEHT Hapy>KHOM MeMOpaHBI IpamMoT-
3MYECKOTO M TICHXOJIOrHYeckoro coctosnus [2]. bo- pHIIATENEHBIX OaKTEepUH, SBISETCS KITIOUEBBIM (haKTO-
Jee TOro, ociuoxkHeHuss PA u comyTcTByIomye 3a00- pom natorene3a PA [8, 9]. JITIC ¢byHKunOHUpYeET Kak
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narrepH (PAMP), 3amyckatommii BpO>KICHHBIA HM-
MYHHBI OTBET, CBSI3aHHBIA C (pOPMHPOBAHWEM HU3-
KOMHTEHCHBHOTO BOCIIAJICHUS, XapaKkTepHOro ais PA
[8].

CrocoOHOCTh XO3MHA BOCIPHHHMATh M HEUTpa-
muzoBath JIIIC omocpemoBaHa CIIOKHOM CHCTEMOM
CBSI3BIBAHUS YHJOTOKCHHOB. KitoueBbie KOMIOHEHTHI
9TOM  CHUCTeMbI,  BKIIOYas  JIMIOMOJHCAXapH/I-
cespiBarouii  6enok  (JICB), pacrBopumeiii CD14
(SCD14) u GaxkTepHIMIHbIA/TOBBIIAIOIINI MTPOHUIIA-
emocth Oemok (BPI), nelictByror cornmacoBaHHO,
VIOpaBisisi BOCHAINWTENBHBIM OTBETOM, MOMIYJIHPYS
curHaibhbiil myTh JITIC-Toll-momo6HorO penentopa 4
(TLR4) [10, 11, 12]. B nanHOM 0030p€ OLICHUBAIOTCSI
COBpEMEHHBIC TPENCTaBIeHNsT 00 HM3MEHEHHH 3THX
CHCTEM CBSI3bIBaHUS SHIOTOKCUMHOB npu PA u uccie-
JIyeTcsl UX IpsiMasl CBSA3b C BOCHAIUTEIHHBIM KacKa-
JIOM, KOTOPBI HPUBOJUT K pa3pylICHHIO CYCTaBOB.
LenTpanpHas TUIOTE3a NTaHHOTO 0030pa 3aKIF0YaeTCs
B TOM, YTO H3MEHEHHA YpOBHEH, (QYHKIUM W IPO-
CTPAaHCTBEHHO-BPEMEHHOW JWHAMHUKH 3TONH CUCTEMBI
CBSI3BIBAHUS DHAOTOKCHMHOB Tipu PA sBIsAtoTCS He
MpOCTO BTOpHYHBIMU 3¢ dexkramu 3aboieBaHus, a
HEOTHEMJIEMOW YaCThIO MAaTOTCHHOTO KacKa/a, BBI3HI-
Basi Kak CHUCTEMHOE BOCMAlieHWE, TaK H JIOKalIbHOE
paspyllIeHne CyCTaBOB.

MaTtepuaJbl 1 METOABI HCCIETOBAHUN

JlaHHbBIN HappaTUBHBINA 0030p OBUT IPOBEAEH C Iie-
JIBI0 KOMIUIEKCHOTO aHAlIM3a aKTyallbHOH JINTepaTyphl
Mo TeMme AucOanaHca SHAOTOKCHH-CBS3BIBAIOIINX CH-
crem (OTCC) npu PA. Tlogbop peneBaHTHBIX TyOIu-
Kallii OCYIIECTBIISIICS MyTEM IMOUCKA B 6a3ax JaHHBIX
PubMed, Scopus u Web of Science 3a nepuog c 2017
mo 2025. Mcmons30BaluCh CIEAYIONTNE KIIOUYEBHIE
CJIOBA M MIX COYETAHHS: PEBMATOUIHBIN apTPUT, SHJIO-
TOKCHUH, SHIOTOKCHHEMHUS, JTUTIOIIOINCAXaPH]I, JIATIO-
moJrcaxapua-cBs3biBaronuit  6emok, SCD14, Toll-
Mo00HBIH perienTop 4, KUIeYHAas IPOHUIIAEMOCTD.

B aHanm3 BKiIOYanmMCh MMyONIMKAIMM HA aHTIIH-
CKOM U PyCCKOM SI3bIKe. JOTIOTHNTENbHBIE HCTOYHUKU
HaXOJIUIIUCh MOCPEJICTBOM MIPOCMOTPA CITUCKOB JIUTE-
patypsl OTOOpaHHBIX CTAaTe W TEMAaTHYECKUX 0030-
poB. B 0030p BowuM OpUrMHaNbHBIE HCCIIEAOBAHMUS,
0030pbI, METaaHAIN3bl ¥ aBTOPUTETHBIE PYKOBOJICTBA,
B ClTy4ae WX 3HAYUMOCTH JJIsl PACKPBHITUS TEMBI.

OT10op craTell OCYLIECTBISUICS C YYETOM HX pelie-
BAaHTHOCTH, METOAOJIOTMYECKOT0 KauyecTBa W 3HAYH-
MOCTH JUIs ipeameta 003opa. Ocoboe BHUMaHUE yjie-
JSUTOCh HEJAaBHUM ITyOJIMKAIMsIM, a Takke padoTam,
BHOCSIIMM CYIIECTBEHHBIN BKJIAJ WM OTPaKAIOLUIM
KOHCEHCYC B HcciemyeMoi obmactu. M3Bnedenwe u
CHHTE3 JIaHHBIX OCYIECTBISUTNCH HAPPATHBHO, C aK-
LIEHTOM Ha OCHOBHBIE IOJIOXKEHUsI, COBPEMEHHBIE J10-
CTH)KEHHUS ¥ 00J1aCTH KOHCEHCYCa JIM0O pa3HOTIaCH.
DOopMaIbHOM OLEHKHM KAauecTBa WM PUCKA CHCTEMa-
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TUYECKOW OIMIMOKM HE MPOBOAMIIOCH, YTO COOTBET-
CTBYET METOJOJIOTMH HappaTUBHBIX 0030poB. Llenbto
0030pa sBISETCA COATAHCHPOBAHHOE W3JIOXKEHUE H
KpUTHYECKas OLEHKAa COBPEMEHHBIX JMTEPaTypHBIX
IaHHbIX 1Mo Teme aucoamanca OTCC mpu PA.
Pe3yabTaThl u 00cy:KI1eHUsI

Hanuuume 3>HI0TOKCHMHA B CHCTEMHOM KpPOBOTOKE
nanueHToB ¢ PA, yacTo Ha3bIBaeMO€ 3HJIOTOKCHHE-
MHEH, SBISAETCA Ba)KHEHIIIMM KOMIIOHEHTOM IaTOre-
He3a 3a0oneBanus. OCHOBHBIE MCTOYHHKH 3TOTO SH-
JOTOKCHHA CBSI3aHBl C BHYTPEHHUMH W BHEIIHUMH
(hakTOpaMu OKpY’KaIOIIeH CpeIbl.

Kumeunsrit qucbakteprno3 n HapyIieHne (GpyHKINH
KHIIEYHOTo 0apbepa KaKk HICTOYHHUK SHIOTOKCHHA

DOpMHUPYIOIIMICS KOHCEHCYC YKas3blBaeT Ha TO,
YTO KUILIEYHBIH MUKPOOMOM UI'PACT KIIFOUEBYIO POJb B
naroreHeze PA, ¢opmupysi Tak Ha3bIBaeMyl «OCh
KHIIEYHUK-CycTaBy». lccienoBaHuss HEU3MEHHO Jie-
MOHCTPUPYIOT Pa3INyuusl B MUKPOOHOM cOCTaBe y Ia-
LIUEHTOB C paHHUM PA 1o cpaBHEHHIO CO 310POBBIMU
JIIOABMHU, BKJIIOYasl MOBBILIEHHOE COJAEp)KaHHE BUIOB
Prevotella [7, 13, 14]. Panaue ucciemoBaHus CIICIH-
QIBHO TOAYEPKUBAIN 00Jee BBICOKYIO YHCIEHHOCTb
BuioB Prevotella copri, cBsI3aHHYIO C BIIEPBBIC BBISIB-
neHHbIM PA [13, 14], yTo npuBeno K npeacTaBIeHUIO
0 TOM, YTO 3TOT BHJ UI'PACT OYECBUIHYIO IATOI'CHHYIO
posb. OHAaKO HelaBHUE HCCIEI0BaHUS BBIABHIN 00O-
Jee CIOXHYI KapTuHy. D@dekts P. copri moryr
OBITh LITAMMOCHEUM(UYHBIMU: OJHU ILUTAMMBI OKa-
3bIBAIOT NPOBOCHAJMTENbHOE JeiicTBUE, a Apyrue —
HeT [15, 16]. DTo momyepkuBaeT HEOOXOAUMOCTh 0O-
jee JAeTaJbHOro ()YHKIHMOHAJIBHOTO M T'€HOMHOTO
aHain3a, BBIXOMSIIEro 3a PaMKU MPOCTOTO MHUKPOO-
HOTO TpodMIMpOBaHMS, sl MOJHOTO TMOHUMAHHS
BKJIaJla MEKpoOHOMa B pa3utue PA.

Kumeunsrit snuTenuansHeii 6apbep, KOHTPOIHPY-
MBI TUIOTHBIMH KOHTAaKTaMH, HIPaeT pEeLIaroIIyio
POTb B MIPEOTBPAILIEHAN TPAHCIOKAIMH OaKTeprallb-
HBIX IpoayKkToB, Takux kak JIIIC, B cucteMHBINH Kpo-
BoTok [17]. [Ipu PA umeroTcs yOemuTenbHbIe U XO-
pOIIO TOKYMEHTHPOBAaHHBIE JaHHbBIE O TMOBBIIICHHON
MIPOHUIIAEMOCTH KHIIIEYHHUKA, WA CHHIPOME «JIbIPS-
BOTO KHIIEYHUKa». DTO MOJATBEPKAACTCS MOBBILIECH-
HbM ypoBHeMm JII[IC B mima3Me W HapylIeHHEM Iie-
JIOCTHOCTH KHWIIIEYHHKA, HAOII0JaeMbIM B JKUBOTHBIX
MOJIEJISIX apTpuTa eule A0 MaHudecTanuu 3aboseBa-
HUA. 37ech 3aAcHCTBOBAaH KPUTUYECKHM, CaMOIOA-
JEpKUBAIOIIMIACA MeXaHn3M: camo npucytcraue JITIC
BBI3BIBAET IOBBIILICHHE MPOHUIAEMOCTH IUIOTHBIX
KOHTAKTOB KHILIEYHUKA 32 CYET IMOBBIILIECHUS YPOBHSA
TLR4 u CD14 na mem6panax »aTeporutos [13]. Oto
CO3/1aéT TATOTEHHYI0 OOpaTHYIO CBSI3b, B KOTOpPOM
9HJIOTOKCHH CTIOCOOCTBYET COOCTBEHHOMY IPOHHKHO-
BEHUIO B KPOBOTOK, YCHJIMBAs TEM CaMbIM CUCTEMHYIO
SHJOTOKCEMHIO U CTUMYJINPYS BOCTAIUTEIbHBIE TPO-
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uecckl [13, 17]. Pe3ynpTaThl OAHOLUEHTPOBOIO MUIOT-
HOI'O HCCIIEIOBAHUSI IIOKa3aJd, YTO IOBBIIICHHBINA
YPOBEHb 30HYJIMHA B CHIBOPOTKE W Kaje, Mapkepa
KHMIIEYHON MpPOHHUIIAEMOCTH, COMPOBOXAAJICS IOBBI-
menneM yposas JIIIC B mmazme y naruenTos ¢ PA.

IIoMHMO KHIIEYHOTO TPakKTa, BO3IECUCTBHE OKpY-
JKaIolle Cpefpl, B YaCTHOCTH KypEHUE CHUTapeT, fAB-
nsieTcst oOUIenpU3HaHHBIM (DAKTOPOM PHCKa Pa3BUTHS
PA [7]. U3BecTHO, YTO BBICYIIEHHBIN TabaK COAEPIKUT
Bbicokue koHueHTpanuu JIIIC. Mccaenosanue, mpo-
BEJICHHOE CpelI I0KHOAPPUKAHCKOH KOTOPTHI Malu-
€HTOB ¢ PA, BBISBHIIO CTATUCTUYECKH 3HAYMMYIO KOp-
PEISILHI0 MEXIY KYPEHHUEM U MOBBIIIEHHBIM YPOBHEM
ayTOAHTUTEN B CHIBOPOTKE KPOBH, @ TAKXKE ITOJIOKH-
TenbHyo cBa3b Mexay JIIIC, JIBII u ayroantutenamu
Yy KypHIBIIMKOB [6]. DTO mpenronaraer, 4To UCTOY-
HUK JHJIOTOKCHHA, OyIb TO KHIIICYHAs MHUKpPOOHOTA
WM BO3JECUCTBUE OKPYXKAIOLIEH Cpelbl, Hapumep,
Tabaka, MOXET MO-pPa3HOMY BIUSTh HAa CHCTEMHBIH
BOCIIAIUTENIbHBIN OTBET.

Ponw cucremuoro JIBII B 3HI0TOKCEMUH, CBS3aH-
Hoil ¢ PA, mpencraBnser co0oil CIOXKHYIO M TOPOH
NPOTHBOPEUUBYIO KapTUHY. XOTA BO MHOTHX HCCIe-
JOBaHUSIX coobmiaercst o moBbilieHHOM ypoBHe JIBII
y narmenToB ¢ PA [18], ogHo u3BecTHOE MccaenoBa-
HHE, IPOBEJCHHOE cpenu adpUKaHCKOM KOTOPTHI, Ma-
pasoKcanbHBIM 00pa3oM IMOKa3ano, YTO CHUCTEMHBIN
ypoBeHb JIBII ObL1 3HAYUTENBHO HIDKE Y MAIMEHTOB C
PA no cpaBHeHHIO CO 300pOBBIMU JOAbMHU [6]. DTO
OTKPBITHE CTaBHUT I10Jl COMHEHUE HPEAINOJIONKECHUE O
ToM, 4TO cucteMHbIl JICh siBnsercs yHUBEpCATbHBIM
MapKepoM 3HIOTOKCEMUH, CBsi3aHHON ¢ PA. ABTOpHI
JAHHOTO HCCIIEIOBAHUS TPENIOJaraioT, 4YTO MNpPOTH-
BOPEUMBBIC PE3YNBTaThl MOTYT OBITH CBSI3aHBI C JPY-
TUM HCTOYHUKOM DHJIOTOKCHHA B UX KOTOpTE, HANpPH-
Mep, C ymoTpeOiieHneM Tabaka, a HE ¢ MHUKPOOHOH
TpaHCIOKanuend. ITO JAEMOHCTPUPYET, YTO KOHKPET-
HBIH MCTOYHHK JHJIOTOKCHHA MOXET BIUATH Ha CH-
CTEMHBI BOCHIJIMUTENIBHBIA OTBET, W IOAYEPKUBAET
HEOOXOMMOCTh CTPaTU(UKAIIUN TAIIUEHTOB B Oydy-
IIMX UCCIET0BAaHUIX.

OcHOBHBIE KOMIIOHEHTBI CUCTEMBI CBSI3BIBAHUS H-
norokcuHa — JICh, SCD14 u BPl — mnperepnieBatot
3HaYUTENbHBIE U3MeHeHUs pu PA, Kak ¢ TOYKH 3pe-
HUSI WX KOHIICHTPAIlUH, TaK W (YHKIUH, UTpas pas-
JUYHYIO POJIb B CHCTEMHOM H JIOKaJIbHOM BOCIIAJIEHUH
cyctaBoB. Jlumomnonucaxapua-cBSI3bIBAIOIINN  OEJIOK
(lipoprotein-binding protein, JICB): meauatop Jio-
KaJIbHOT'O BOCTIAJICHUSI C IBOWHOM (DYHKITHEH

JICB — Baxkneiimuii 0enok octpoil ¢a3pl, CHHTE3U-
pyemsbrii rematouutamu. OH BBITONHSAET (QYHKITUIO
Oenka-TiepeHOCYMKa JIUMUIO0B, CIOCOOCTBYS CBA3BIBA-
Huto JIIIC ¢ ero ocHoBHBIM Kopenentopom CD14, a
3areM ¢ TLR4 Ha xieTkax BpOXXKAEHHOTO MMMYHHUTETa
[11, 19, 20]. XoTss 01HO HCCIEIOBAHUE HE BBISBHIO
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CTaTUCTUYECKH 3HAYMMBIX pa3IM4uid B  ypOB-
usx JICh B ceiBopoTKe KpoBH y marueHToB ¢ PA 1o
CPaBHEHUIO C KOHTPOJIBHOW TPYMIION, BECbMa 3HAa4YU-
MBIM PE3YJIbTAaTOM JAPYrOro HCCIEIOBAHUS SBISCTCS
3HAUYUTEIBLHOE TIOBBIMICHUE KoHIeHTpamuu JICh B
cuHoBuanbHOM )uakocTH (CXK) manmentos ¢ PA. Oto
nokansHoe mnoBeimeHue JICH momoxxutensHo Koppe-
JUPYET ¢ APYTUMH MapKepaMH BOCIIAJIEHHS B CyCTaBe,
takuMu kKak C-peaktuBHBIN O0emok (CPB) n uHTEpIIEi-
kuH-6 (MJI-6). Takoe pacxokIeHHE MEKIY CUCTEM-
HBIMH H JIOKaJlbHBIMH  ypoBHsME JICB mo3BosnsieT
NpEeAnooXNUTh, 4TO cycTtaB npu PA mpencrasiser
co00l OTHeNbHBIA, BHICOKOAKTUBHBINA OYar BocCIalie-
HUS, BBI3BAHHOT'O SHIOTOKCHHOM, KOTOPBI HE Bcernaa
OTpakaeTcsl B CUCTEMHOM KpOBOTOKe. DyHKIMOHAIb-
Ho JICB B cuHOBHANBHOU XKUAKOCTU NpU PA akTuBEH
u criocobeH npenctasnsnTs JIIIC MoHonmTam, 4To 3a-
MYCKaeT BBICBOOOXKICHUE MPOBOCIANUTENBHBIX [TUTO-
KHHOB, TaKHX Kak ()akTop HEKpo3a OmyXxoiH anbda
(®HO-a)). D10 yka3siBaeT Ha BaxHylo poib JICh B
YCUJIEHUH MECTHOT'O BOCIAJIEHHs CyCTaBOB. BaxkHBIM
OTKPBITHEM SIBIISETCSl IIOJIOKHUTEIbHAS KOPPEJISLUs,
HaOmomaemMas Mexay ypoBHsmu JICh u peBmaroua-
HbIM (pakTopoM (PD) y maumentoB ¢ PA. Drta cBs3b
MpeanojaraeT Haluyue MOTEHIMAIBHOTO MOCTa MEX-
Iy BPOXKJICHHBIM MMMYHHBIM OTBETOM Ha 3HAOTOKCHUH
U MIPOJYKIMEH ayTOaHTHUTEN, MOIYepKUBas IIEHTpallb-
HYIO CBSI3b MEXJIY JBYMS KIFOUEBBIMH aTOTCHHBIMU
nyTtsmu npu PA [21, 22].

PactBopumsiii CD14 (sCD14): cropoxeBoii ¢ax-
TOp M JIBWXKYIIasi CUjla aKkTUBHOCTH 3a00JI€BaHUS

PactBopumsiii CD14  sBiisieTcss 1UPKYIHPYIOIIAM
kopenentopom JIIIC, urparoniyM KiIrOYeBYIO pojib BO
BpoxaeHHOM ummyHutere [10, 23]. Knunuueckue
WCCIIEJIOBAaHUS HEU3MEHHO J€MOHCTPUPYIOT, YTO YpO-
BeHb LupKynupyoomero SCD14 3HaunTeNnsHO MOBBI-
IIeH y manueHToB ¢ PA 1o cpaBHEHHIO CO 3/J0POBBIMHU
nroabmu [19, 24]. Bonee Toro, ypoau SCD14 nemoH-
CTPUPYIOT CHIBHYIO HOJIOKUTEIBHYIO KOPPEJILHIO C
MOKa3aTesIMA aKTUBHOCTH 3a00JIeBaHMs, TAKUMH KaK
UHJIeKC akTHBHOCTH 3aboneBanus 28 (DAS2S), u apy-
TUMH Mapkepamu Bocniajienus [19, 25, 24]. Oro nena-
er SCD14 mnepcnekTHBHBIM HEMHBA3WBHBIM OHOMap-
KEepOM, TIOCKOJIBKY €ro YpOBHHM B MOYE TarkXkKe, Kak
OBLIO MOKa3aHO, KOPPENHPYIOT C aKTUBHOCTHIO 3a00-
JIeBaHUS, YTO MOTEHIMAIBHO MOXKET 3aMEHUTH Oolee
WHBa3UBHbBIE aHAIN3EI KPOBH.

[oBermennsrit yposens SCD14, oOHapyKeHHBIH B
CHUHOBHANBHOM XuAKocTH npu PA, mo kpaiineir mepe
YaCTUYHO OOYCJIOBJIEH MPOTEOJUTHYECKHM pacIIell-
JeHHeM CBsi3aHHOTO ¢ Membpanoit CD14 (MCDI14) ¢
[MOBEPXHOCTH CHMHOBHAJIbHBIX Makpodaros [26]. DTot
MIPOLIECC UMEET PEIIAIoNIee 3HAaYEHHE Ml YCKOPEH-
Hoii npoxykuun SCD14 B BocnaneHHOH cpelie cycra-
Ba [26]. BaXHBIM OTKPBITHEM SIBISIETCS TO, 4TO
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sCD14 ne mpocto «uennok» JIIIC wim maccHBHBIN
MapKep BO3JEHUCTBUSA SHAOTOKCHHA; OH JIEUCTBYET KaK
MPSMON TTPOBOCHAIUTENBHBIN JpaliBep B CUHOBHAJb-
HOW MuKpocpeae. MccnemoBaHusi MOKa3bIBAIOT,
yto SCD14, B IPUCYTCTBUU JaXKe HU3KUX KOHIICHTpA-
it JITIC, MOKeT yBeNHIMBATh AKCIIPECCHUIO MOJIEKY-
761 MexkierouHoit anresun-1 (ICAM-1) Ha cuHOBH-
anpHBIX (pubpobnacrax nmpu PA, nenas ux Oonee dyB-
CTBUTCILHBIMH K BOCITQJUTEIIEHBIM CHTHajgam [26].
Kpome Toro, uccnemoBanue mokasano, yrto SCD14
cam 1o cede, HezaBucumo ot JITIC, MoxeT akTUBUPO-
BaTb (huOpPoOIACTOIIONOOHBIE CHHOBHONMTHI PA
(PIIC), xoTOpHIe HAYMHAIOT TIPOTUGEPHUPOBATE U BBI-
pabaTeiBaTh NPOBOCHAIUTEIbHBIE IIUTOKHHBI, TaKHE
kak WJI-6 [27]. DTo mpeamonaraer HajJU4He CaMoO-
MOJIICPKUBAIOIICHCS TeTIA OOpaTHOW CBsI3U, T[IE
BOCIAJICHUE TNPUBOIUT K BbICBOOOKIeHUI0 SCD14,
KOTOPBI 3aTeM (YHKIMOHUPYET KaK MOJICKYJISPHBIH
HaTTEePH, acCOIMUPOBaHHbIH ¢ omacHocThio (DAMP),
CTUMYJHUpYs HajibHEWIlee BOCHAJCHHE W THUIEpIIa-
3WI0 CHHOBHAJIBHON OOOJIOYKH, UTO SIBJISIETCS KIIOUe-
BEIM (pakTOpoM B (HOPMHUPOBAHWH JECTPYKTHBHOMN
TKaHU TlaHHyca [27].

BPI — 3T0 Genok, cuHTEe3upyeMblii HEUTpopHIamy,
o0magarommii BEICOKOH adGUHHOCTBIO CBSI3BIBAHUSI C
mumuaom A JITIC, uro oOycnaBnuBaeT €ro MOIHOE
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AHTUMHUKPOOHOE H  3HIOTOKCHMH-HEHTpalu3yIoliee
nericteue [12, 28]. [lapagokcallbHBIM SBISETCS TOT
(hakt, uTto ypoBHn BPl B cuHOBHMaIpHON >XHUAKOCTH
ManueHToB ¢ PA 3HauMTENbHO BBINIE, YEM y MalHeH-
TOB C ApyruMu (hopMaMu apTpuTa, TAKAMH Kak IICO-
pHATHYECKUH apTPHUT WIIK OCTEOAPTPHUT. DTO 3araod-
Hoe HaOmojeHue, mockonsky BPI sBnsercs nelitpa-
JU3aTOPOM DHIOTOKCHHOB.

OTOT mapagoKc MOXKHO HMHTEPHPETHUPOBATH Kak
KOMIICHCAaTOpHYI0, HO B KOHEYHOM HTOT€ HeIOoCTa-
TOYHYIO PEaKIHI0 BPOKAEHHOTO IMMYHHUTETa Ha 3Ha-
YUTENBHYI0 JIOKAIbHYIO HAarpy3Ky 3HIOTOKCHHAMU
[29]. AmpreprHatuBHO, ¢GyHKusa BPl moxer ObITH
ocnabnena B Mukpocpeae PA, win ero mpucyTcTBue
MOXeET OBITh NPOCTO MACCHBHBIM MapKepoMm, 00y-
CJIOBJICHHBIM MacCCHBHBIM TPUTOKOM W JETPaHYIISAILN-
ell HeHTPO(PHUIIOB, €r0 OCHOBHBIM KJIETOUHBIM HCTOY-
HukoM [28]. OrcyrctBue MPHK BPI B cuHOBHAIBHBIX
MeMOpaHaX TMO3BOJSET MPEINOI0KUTh, YTO ITOT Oe-
JIOK He BEIpa0aThIBaeTCs JIOKATBHO, a TIPUBJIEKAETCS B
cyctaB [30]. DTo moAHMMAET BaKHBIH BOIIPOC O TOM,
siBisieTcst i1 BP| akTHBHBIM y9acTHHKOM B pas3pere-
HUW BOCHAJIICHUS WU TACCUBHBIM YYaCTHHKOM, TIO-
JABIICHHBIM BOCHAIUTEIbHBIM MPOLIECCOM NPU CHHO-
BuTe npu PA.

Tabmuna 1
Mapxkepsl SHTOTOKCHH CBSI3BIBAIONINX CUCTEM, UX KOPPEISLUA ¢ BOCTIAIUTENLHBIME mapaMeTpamu nipu PA.
Table 1
Markers of Endotoxin-Binding Systems and their correlation with inflammatory parameters in RA.
HUccnenyemprit Bbuomarepu- Pesynbrar Koppensius ¢ Bocnaiu- CchUTKH Ha
napametp OTCC an TENbHBIMU MapKepaMu HCTOYHUKHU
JITIC- CeBopotka | Yposenb JICB nmu6o He usmensier- | Ionoxutensnas — koppe- | [19], [6]
CBSI3BIBAIOILMIT cs1, b0 moBbILaeTcs, mpuyéM B | Jsiuusi ¢ C-peakTHBHBIM
6enok (JICB) HEKOTOPBIX KoropTax cratuctude- | 6enxom (CPB) u peBmaro-
CKM 3HAYNMBIX W3MEHEHHWH He | ugHeIM (akrtopom (PD)
nabmomanocs [19]. B ogaom wuc- | [19]. Cesa3p ¢ aKkTHBHO-
CJICIOBAaHNM OBUIN BBIABIECHBI 00- | CTHIO 3abosieBaHMs
nee HU3KKME ypoBHU B apukanckoit | (DAS28) Obina TeHIeHIN-
Koropte [6]. el [6].
JITIC- CuHoBHaib- | 3HAYUTENBHO BbINIe, yeM y mauu- | [lonoxkurenpHas — koppe- | [18]
CBA3BIBAIOIUI Hast JKHUJ- | €HTOB C JlereHepaTHUBHBIM ocTeo- | ysinust ¢ CPb u nnTepneii-
6enox (JICB) KOCTh aptpurom [18]. kuaoM-6 (MJI-6) [18].
PacTtBopuMBIii CrIBOpOT- 3HaunTEeNbHO TIOBBINIEH MO cpas- | CumbHast momoxutenbHas | [19], [25], [24]
CD14 (sCD14) ka/llnazma HEHHMIO CO 3JI0POBBIMH KOHTPOJIb- | KOPPENALMs C HWHIEKCOM
HBIMU Juniamu [ 19, 24]. AaKTUBHOCTH 3a00JIeBaHUS
28 (DAS28) wu BbICOKO-
qyBcTBUTENHHBIM CPB.
PacTtBopuMBIii CunoBuasnb- | I1OBBIICHHBIH ypoBeHh B CHHOBH- | Yposerb SCD14 B wmoue | [26], [25]
CD14 (sCD14) Has  OKUI- | QIBHOM XHIKOCTH U ModYe [26]. koppenupyer ¢ DAS28,
KOCTb /Moua CPb u ckopocTbio ocena-
Hus spurporutoB (COD)
[26], [25],
Bactericid- CuHOBHAJb- | 3HAUMTENIBHO BhILIE, YyeM npu Tco- | [Ipu PA Het koppemsiumu | [29]
al/Permeability- Hast  okun- | puatnaeckoM aptpure (IIcA) m | ¢ MecTHBIMM  BoCHAJIH-
Increasing Protein | xocts ocreoaptpure (OA) [29] TEJNbHBIMU UHJIEKCaMU
(BPI) (DAS-28), B ommume OT
I1cA [29]
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Fig. 1. Rheumatoid arthritis pathogenesis in the setting of LPS processing dysregulation.

Bsaumogpeiicreue JIIIC ¢ MonekymnspHbIMH Mexa-
HU3MaMH XO35IMHA HE MPOCTO BBI3BIBAECT I'€HEPATHU30-
BaHHOE BOCIAJICHUE; OHO HEMOCPEJICTBEHHO CIOCO0-
CTBYET XapaKTEPHOMY pa3pyLICHHIO TKaHed, HaOJro-
naemomy nipu PA [31].

Curnanenpnii nyts JIIIC-TLR4 sBusercs neH-
TPaJIbHBIM 3BEHOM  JHIOTOKCHH-OMOCPEIOBAHHOTO
Bocnanenus [8, 32]. B cycrase JIIIC He mpocto 3a-
IIyCKaeT UMMYHHBII OTBET BOCHAJIHMTEIbHBIX KIIETOK.
Bmecto 3TOro OH (pHM3MUECKHM B3aMMOJACHCTBYET H
CBsI3pIBaeTCs ¢ KoyiareHoM |l Tima Bo BHEKJIETOUHOM
matpukce xpsama (BKM), oOpasys Tak Ha3bIBaeMBbIi
«KOMIUTIEKC mpokouiareH-suaorokcua» (I19K). Ota
(uznueckas cBsI3b aktuBupyeT TLR4 Ha XoHApoim-
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TaX, Pe3UICHTHBIX KJIETKaxX XpsIa, 4TO, B CBOK OYe-
peab, AaKTHBHPYET BHYTPUKIETOYHBIE CHUTHAJIBHEIC
nyta NF-kB u PI1-3K. Drta monekynsipHas akTHBaIus
MIPUBOJUT K OSKCIpPecCHH KaTaboluveckux (epmeH-
TOB, TAaKUX KaK MaTPUKCHAs METaJLIONpOoTenHa3a-9
(MMII-9) u wMaTpuKCcHas MeTaulonpoTerHasza-13
(MMII-13), a Taxke nmkiaookcurenaza-2 (IL[OI'-2).
OTOT NpsIMON CUTHAJIBHBIN KacKaj 3aBepILlaeTcs Mac-
CUBHOW Jerpajalnuell XpsIiieBoro MaTpukca |
arornTo30M XOHAPOILMTOB, YTO AA€T TOYHOE MOJIEKY-
JIIpHOE OOBSCHEHHE XaPaKTEPHOTO Pa3pyIIECHUs Cy-
ctaBoB npu PA. BaxHOCTh 3THX IyTel JOMOJIHUTEND-
HO TOAYEPKUBAECTCS MHCCIEIOBAHUAMH, IOKA3bIBAIO-
UMM, 4TO criennpuyeckre HHruouTopsl [kB-kuHa3bI
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(IKK) u PI-3K MoryT momHOCTBIO OJOKHpOBAaTh HMH-
nynupoBanuyo JIIIC nmerpagammro BKM u amonTos
XOHJPOITUTOB.

CHHOBHAIIEHBIE Makpo(aru SIBISIOTCS KITIOYCBBI-
MU 3P hEeKTOPHBIMA KJIETKaMHU B maTtoreHese PA, mo-
TSPU3YSACH B CTOPOHY MPOBOCIATIUTEIHHOTO (PEHOTH-
nma M1 B aktuBHO# (pase 3abomesanus [33, 34].
Tpancnokanus JIIIC B cycTaB B KOMIUIEKCE CO CBS3BI-
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BalOUIMMHU €ro MmapTHepamu akTtuBupyeT TLR4 Ha
9TX Makpodarax. Orta akruBanus WHAYIHpyeT NF-
KB-3aBHCHMYIO TIPOAYKINIO MOIIHBIX BOCTIAIUTENb-
HBIX IUTOKHHOB, BKmovas TNF-o, 1L-6 u IL-1p [12,
34, 35]. DTOT mMKI KICTOYHOW AaKTHBAIIMH WIPACT
HEHTPAIBHYIO POJIb B YCHJICHUH W TOJ/ICP)KaHIN BOC-
MaJieHus] B CyCcTaBe, cO3[aBas MMOPOYHBINH Kpyr Mpo-
OYKLIUHU IUTOKWHOB U TIOBPEXKICHNS TKAHEH.

Tabmuna 2
[Ipeanonaraemeie MOJEKYIISIPHBIE MEXaHU3MBI CUCTEM CBSI3BIBAHUS YHIOTOKCHHOB B maToreHese PA.
Table 2
Proposed Molecular Mechanisms of Endotoxin-Binding Systems in RA Pathogenesis.

Mapxkep Tapretnele knetkn | CuUTHaIbHBIN TyTh PesynbraT Ccbuiku
JITIC B | Makpodaro- Tomr-nogo6HbIH [poaykiusi MPOBOCHANUTENBHBIX IUTOKMHOB | [18],
KOMIUIEKCE | MOHOOHBIE  CHHO- | PEIenTop 4 | (®HO-a, WJI-6, UJI-1PB) [34], crumymsamus | [33],
¢ JICB u | BHOIIUTHI (TLR4) — NF-«xB, | momsipuzauuu makpocdaros M1 [33, 34] u | [34]
sCD14 MAPK, yCUJICHHE JIOKaJIbHOTO BocnaneHus [ 18]

JAK/STAT
JICB X OHAPOLMTHI TLR4 — NF-kB & | IloBblmieHre akTHBHOCTH Kartabomuueckux | [32]
P1-3K depmentos (MMIIT-9, MMII-13, LOI'-2),
MIPUBOJISIIIEE K AErpaslallii XpSIIEBOro Mat-
pHKCa M alloNTO3y XOHAPOIMTOB
sCD14 dubpobdnacro- TLR4 Axrtuanust ®IIC [27], sxcnpeccust mpoBoc- | [26],
MMOJIOOHBIE  CHHO- MAINTENILHBIX ITATOKUHOB/XeMOKUHOB [27] u | [27]
BronuTsl (DIIC) ctamyisinus npoiudepannu OIIC [27]
BPI Heiitpoduner, 6o- | Henssectno (mpu | [loteHumansHas — weiitpanuszamus — JITIC | [12],
ratelii  HeWTpodu- | PA) [12, 28] u BO3MOXHBIH maccuBHbIA Mapkep | [28]
JIaMH 3KCCyaT MacCHUBHOH JerpaHy IsIMK HEHTPOohHIIOB

BriBoabI

[laToreHHast pojib CHCTEMBI CBSI3BIBAHHS SHIIOTOK-
CHHOB OTKPBIBAET IIMPOKUE BO3MOXKHOCTH AJIsl pa3pa-
OOTKM HOBBIX TepamneBTUYECKUX cTpareruid. Jlokmu-
HUYECKUE HCCIIEAOBaHHS yOeAUTENLHO MOJITBEPK/Ia-
10T 3¢ dEeKTUBHOCTH TapreTHOro neye-
Hust JICb u CD14.  T'eHerndeckoe  HOKayTHUpPOBa-
aue JICh u CD14 B MBIIIMHBIX MOJETISIX apTPUTA, BHI-
3BaHHOTO CIIA00BBIPAKCHHBIM BOCIAJIEHHEM, 3HA4YU-
TEJBHO NPEIOTBPATUIIO pa3pylleHue xpsma [9, 36]. B
KIMHUYECKOM  HCCJIEOBaHWM, MOATBEPKAAIONIEM
KOHIIETIINIO, JIeUeHHEe MOHOKJIOHAJIBHBIMU aHTHUTENa-
mu k CD14 (IC14) y moaeii 3aMeuTHIIO M TTOJIABHIIO
9KCIPECCHI0 BOCTAIMTENIBHBIX T€HOB, MHIYLUPOBaH-
uyro JIIIC [37]. OxgHako ABOWHAs MPOBOCHAIUTENb-
Hasi W mnpoTuBoBocnanuTensHas ¢ynkuun JICB n
sCD14 npencraBisitoT co00¥ 3HAYUTENBHYIO MTPO0IIE-
My Ui pa3paboTku TepameBTHUecKux cpencts [10,
37, 38]. IIpocToit aHTarOHW3M 3THUX MOJIEKYJ MOXKET
OBITH HEONTUMAJIBHBIM MOJXOIOM, TIOCKOJIBKY MOKET
HApYyIIUTh WX 3aIIUTHYIO (QYHKIHWIO B MpeloTBpaIle-
HUH BBIPAXXEHHOTO CHCTEMHOTO BOcHalieHHs. Beposit-
HO, TOTpeOyeTcst OoJiee TOHKAs CTPATETHsI, BO3MOXKHO,
CEJIEKTUBHBIN MOIYNIATOpP, OJOKUPYIOIIMK MTPOBOCIIA-
nuTenbHbie d(Q(EKThl TPH COXPaHCHHU 3al[UTHBIX

[39, 40].
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VYuuTeiBask pojib KHIICEYHWKA KaK OCHOBHOTO WC-
TOYHHMKA 3HJOTOKCHHA, MOIYJSIHS €r0 MHKpOOHOMa
MPECTaBIsieT COOOM MEPCIEeKTUBHYIO TepareBTHYe-
CKYyI0 M MpoHIaKTHUECKYI0 cTpaTeruio. Vccnenosa-
HHE PUPOTHOTO COSAMHEHUsI, morcaxapuaa Lycium
barbarum, mnpomemMoHCTpUpPOBaIO €ro CrocoOHOCTH
oOneryatb CUMITOMBI PA, M3MeHSAS COCTaB MHKpO-
OuoThl KHIIeYHHKA [41]. DTO mpenrnoiaraeT HOBBIH,
HEIPSIMOM TEpaneBTUYECKUM IOAXOMA, KOTOpBIA HeE
TpeOyeT NpsAMOro BO3ACUCTBHS HAa SHAOTOKCHHCBS3bI-
Baromiye OeJKU XO035MHA, a (OKyCHpYyeTcs Ha HCTOY-
HHUKE YH/IOTOKCHHA.

CroXHbIE MEXaHU3MBI, JIeXKAallue B OCHOBE CHCTe-
MBI CBSI3BIBaHUSI OHIOTOKCMHOB npu PA, mo-
MPEeXHEMY OCTaBJISIFOT MHOT'O HEPEIICHHBIX BOIIPOCOB.
TouHble MEXaHU3MBI, IMOCPEICTBOM KOTOPBIX KOH-
KpETHbIE IITaMMbl OaKkTepuil crocoOCTBYIOT marore-
He3y PA, ocraiorcst cymecTBeHHBIM Ipo0OeIoM B 3Ha-
Husax [42, 15]. Taxxke KpaifHE BaXHO OIPEIEIHUTH
TOYHYIO (YHKLHMIO BBICOKHX ypoBHei BPI B cycrasax,
opakeHHbIX PA: SIBISIOTCS JTM OHU 3allIATHBIMU, T10-
BPEKIAONMMMIA WIH TMPOCTO TACCUBHBIM MapKepOM
uHQUIBTpanuu HeWrpodpuno? HeoOxoaumbl naib-
Hellie uccienoBaHusi, 4ToObl AudepeHInpoBaTh
3¢ (}eKThl 3HIOTOKCHHOB M3 Pa3HBIX MCTOUYHUKOB, Ta-
KHMX KaK KHLIEYHHK W JbIXaTeJbHbIE MyTH, U KaK OHH
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MO-Pa3HOMY BJIVSIFOT HAa BOCHAIUTENBHBIA OTBET MPHU
PA [6, 43]. Haxonen, Bamumarus HEWHBa3HBHBIX
OmomapkepoB, Takux Kak ModeBoit sCD14 u dekanb-
HBIC MapKephbl BOCHAJICHUS, UIMEET pPeIIarolee 3Haue-
HHUE JUIS Pa3pabOTKH HOBBIX TUATHOCTHYECKHX M MO-
HUTOPUHTOBBIX HHCTPYMEHTOB TIpu PA.

Och CBs3BIBaHUS SHIOTOKCUHOB HE SIBJISCTCS IIe-
pudepuueckum ¢pakropom npu PA; ona sBuseTcs
[EHTPAITBHBIM (haKTOpOM ero martoreresa. [rybokue
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YHHUKaJIbHbIE MAaTOT€HHBIE MEXAaHU3MBI, 3aITyCKacMble
JIIC, ycraHaBIMBAIOT MPSIMYIO CBSI3b MEXIY JHIO-
TOKCHHEMHEH M CHUCTEMHBIM W JIOKAJbHBIM pa3pylie-
HUEM cycTaBoB. IloHMMaHUe 3TOro CIOXKHOrO MoJje-
KYJIIPHOTO JlaHAmagTa MO3BOJIUT HaM NPHOJIN3UTHCS
K pa3pabOTKe HOBBIX JUArHOCTUYECKUX HHCTPYMEH-
TOB W TEpaeBTHUYECKUX CTPAaTErnid, HalleJEeHHBIX Ha
caMbl€ HCTOKH BOCTIAJIMTEIBHOIO KacKajia MpHu peBMa-
TOHUIHOM apTpHTE.

n3MeHenus yposHeil JICh, sCD14 u BPI, a rtaxxke

Cnmcok HCTOYHHKOB

1. Smolen J.S., Aletaha D., Mclnnes |.B. Rheumatoid arthritis // Lancet. 2016. Vol. 388. Ne 10055. P. 2023 —
2038.

2. Chaurasia N., Singh A., Singh IL.L., Singh T., Tiwari T. Cognitive dysfunction in patients of rheumatoid ar-
thritis // Journal of Family Medicine and Primary Care. 2020. Vol. 9. P. 2219 — 2225.

3. Lassere M.N., Rappo J., Portek 1.J., Sturgess A., Edmonds J.P. How many life years are lost in patients with
rheumatoid arthritis? Secular cause-specific and all-cause mortality in rheumatoid arthritis, and their predictors in a
long-term Australian cohort study // Internal Medicine Journal. 2013. Vol. 43. P. 66 — 72.

4. Zhang Z., Gao X., Liu S., et al. Global, regional, and national epidemiology of rheumatoid arthritis among
people aged 20-54 years from 1990 to 2021 // Scientific Reports. 2025. Vol. 15. Ne 10736.

5. Venetsanopoulou A.l., Alamanos Y., Voulgari P.V., Drosos A.A. Epidemiology and risk factors for rheuma-
toid arthritis development // Mediterranean Journal of Rheumatology. 2023. Vol. 34. Ne 4. P. 404 — 413.

6. Meyer PW.A., Ally M.M.T.M., Tikly M., Tintinger G., Winchow L.L., Steel H., Anderson R. Tobacco-
derived lipopolysaccharide, not microbial translocation, as a potential contributor to the pathogenesis of rheumatoid
arthritis // Mediators of Inflammation. 2019. Ne 4693870.

7. LuJ., Wang Y., Wu J., Duan Y., Zhang H., Du H. Linking microbial communities to rheumatoid arthritis: fo-
cus on gut, oral microbiome and their extracellular vesicles // Frontiers in Immunology. 2025. Vol. 16. Ne 1503474,

8. Arya P., Sharma V., Singh P., Thapliyal S., Sharma M. Bacterial endotoxin-lipopolysaccharide role in in-
flammatory diseases: an overview // Iranian Journal of Basic Medical Sciences. 2025. Vol. 28. Ne 5. P. 553 —564.

9. Won Y., Yang J.I., Park S., Chun J.S. Lipopolysaccharide binding protein and CD14, cofactors of toll-like re-
ceptors, are essential for low-grade inflammation-induced exacerbation of cartilage damage in mouse models of
posttraumatic osteoarthritis / Arthritis & Rheumatology. 2021. Vol. 73. Ne 8. P. 1451 — 1460.

10. Kitchens R.L., Thompson P.A. Modulatory effects of SCD14 and LBP on LPS-host cell interactions // Jour-
nal of Endotoxin Research. 2005. Vol. 11. Ne 4, P. 225 — 229,

11. Rhee S.H. Lipopolysaccharide: basic biochemistry, intracellular signaling, and physiological impacts in the
gut // Intestinal Research. 2014. Vol. 12. Ne 2. P. 90 — 95.

12. Srivastava A., Casey H., Johnson N., Levy O., Malley R. Recombinant bactericidal/permeability-increasing
protein rBPI21 protects against pneumococcal disease // Infection and Immunity. 2007. Vol. 75. Ne 1. P. 342 — 349.

13. Guo S., Al-Sadi R., Said H.M., Ma T.Y. Lipopolysaccharide causes an increase in intestinal tight junction
permeability in vitro and in vivo by inducing enterocyte membrane expression and localization of TLR-4 and CD14
/I American Journal of Pathology. 2013. Vol. 182. Ne 2. P. 375 — 387.

14. Bernard N.J. Rheumatoid arthritis: Prevotella copri associated with new-onset untreated RA // Nature Re-
views Rheumatology. 2014. Vol. 10. Ne 1. P. 2.

15. Utrata A., Schmidtner N., Mester P., Schmid S., Miiller M., Pavel V., Buechler C. Plasma lipopolysaccha-
ride-binding protein (LBP) is induced in critically ill females with Gram-negative infections — preliminary study //
Infectious Disease Reports. 2025. Vol. 17. Ne 1 (10).

16. Abdelsalam N.A., Hegazy S.M., Aziz R.K. The curious case of Prevotella copri // Gut Microbes. 2023. Vol.
15. Ne 2. Ne 2249152.

17. Heidt C., Kdmmerer U., Fobker M., Riiffer A., Marquardt T., Reuss-Borst M. Assessment of intestinal per-
meability and inflammation biomarkers in patients with rheumatoid arthritis // Nutrients. 2023. Vol. 15. Ne 10. Ne
2386.

18. Heumann D., Bas S., Gallay P., Le Roy D., Barras C., Mensi N., Glauser M.P., Vischer T. Lipopolysaccha-
ride-binding protein as a marker of inflammation in synovial fluid of patients with arthritis: correlation with inter-
leukin 6 and C-reactive protein // Journal of Rheumatology. 1995. Vol. 22. Ne 7. P, 1224 — 1229.

45



International Journal of Medicine and Psychology / 2025, Vol. 8, Iss. 8 ISSN 2658-3313
Meoicoynapoonblii sHcypHan MeOuyuHbl U NCUXOIOUU 2025, Tom 8, Ne 8 https://ijmp.ru

19. Ayyappan P., Harms R.Z., Seifert J.A., Bemis E.A., Feser M.L., Deane K.D., Demoruelle M.K., Mikuls
T.R., Holers V.M., Sarvetnick N.E. Heightened levels of antimicrobial response factors in patients with rheumatoid
arthritis // Frontiers in Immunology. 2020. Vol. 11. Ne 427.

20. Talib M., Gyebrovszki B., Fodor A., Mészaros A., Balog Virag K., Barta L.G., Rojkovich B., Nagy G.,
Sarmay G. PD-L1* regulatory B cells from rheumatoid arthritis patients have impaired function in suppressing
IFN-y and IL-21 production // International Journal of Molecular Sciences. 2025. Vol. 26. Ne 7. Ne 2998.

21. Derksen V.F.A.M., Huizinga T.W.J., van der Woude D. The role of autoantibodies in the pathophysiology
of rheumatoid arthritis // Seminars in Immunopathology. — 2017. Vol. 39. Ne 4. P. 437 — 446.

22. Sokolova M.V., Schett G., Steffen U. Autoantibodies in rheumatoid arthritis: historical background and
novel findings // Clinical Reviews in Allergy & Immunology. 2022. Vol. 63. Ne 2. P. 138 — 151.

23. Hailman E., Lichenstein H.S., Wurfel M.M., Miller D.S., Johnson D.A., Kelley M., Busse L.A., Zukowski
M.M., Wright S.D. Lipopolysaccharide (LPS)-binding protein accelerates the binding of LPS to CD14 // Journal of
Experimental Medicine. 1994. Vol. 179. Ne 1. P. 269 — 277.

24. Chen X, Lu J., Bao J., Guo J., Shi J., Wang Y. Adiponectin: a biomarker for rheumatoid arthritis? // Cyto-
kine & Growth Factor Reviews. 2013. Vol. 24. Ne 1. P. 83 — 89.

25. Sabry R., EI-Madbouly A.A., Abozeid H.E., Hassan M.M. Urinary orosomucoid-2 and soluble CD14 as po-
tential biomarkers for assessment of disease activity in rheumatoid arthritis // Egyptian Journal of Immunology.
2018. Vol. 25. Ne 2. P. 107 — 116.

26. Yu S., Nakashima N., Xu B.H., et al. Pathological significance of elevated soluble CD14 production in
rheumatoid arthritis / Rheumatology International. 1998. Vol. 17. Ne 6. P. 237 — 243.

27. Ichise Y., Saegusa J., Tanaka-Natsui S., Naka I., Hayashi S., Kuroda R., Morinobu A. Soluble CD14 induc-
es pro-inflammatory cytokines in rheumatoid arthritis fibroblast-like synovial cells via Toll-like receptor 4 // Cells.
2020. Vol. 9. Ne 7. Ne 1689.

28. Schultz H., Weiss J.P. The bactericidal/permeability-increasing protein (BPI) in infection and inflammatory
disease // Clinica Chimica Acta. 2007. Vol. 384. Ne 1-2. P. 12 — 23.

29. Punzi L., Peuravuori H., Jokilammi-Siltanen A., et al. Bactericidal/permeability-increasing protein and pro-
inflammatory cytokines in synovial fluid of psoriatic arthritis // Clinical and Experimental Rheumatology. 2000. —
Vol. 18. Ne 5. P. 613 — 615.

30. Paulsen F., Pufe T., Conradi L., et al. Antimicrobial peptides are expressed and produced in healthy and in-
flamed human synovial membranes // Journal of Pathology. 2002. Vol. 198. Ne 3. P. 369 — 377.

31.Jin S., Wetzel D., Schirmer M. Deciphering mechanisms and implications of bacterial translocation in hu-
man health and disease // Current Opinion in Microbiology. 2022. Vol. 67. — Ne 102147.

32. Lorenz W., Buhrmann C., Mobasheri A., et al. Bacterial lipopolysaccharides form procollagen—endotoxin
complexes that trigger cartilage inflammation and degeneration: implications for the development of rheumatoid
arthritis // Arthritis Research & Therapy. 2013. Vol. 15. Ne R111.

33. Nishimura H., Gogami A., Miyagawa Y., et al. Bactericidal/permeability-increasing protein promotes com-
plement activation for neutrophil-mediated phagocytosis on bacterial surface / Immunology. 2001. Vol. 103. Ne 4.
P. 519 — 525.

34. Zheng Y., Wei K., Jiang P., Zhao J., Shan Y., Shi Y., Zhao F., Chang C., Li Y., Zhou M., Lv X,, Guo S., He
D. Macrophage polarization in rheumatoid arthritis: signaling pathways, metabolic reprogramming, and crosstalk
with synovial fibroblasts // Frontiers in Immunology. 2024. Vol. 15. Ne 1394108.

35. Matsukawa A., Ohkawara S., Maeda T., et al. Production of IL-1 and IL-1 receptor antagonist and the
pathological significance in lipopolysaccharide-induced arthritis in rabbits // Clinical and Experimental Immunolo-
gy. 1993. Vol. 93. Ne 2. P. 206 — 211.

36. Paulsen 1.W., Munk H.L., Troelsen J.T., Pedersen O.B. Cluster of differentiation 14 (CD14) and lipopoly-
saccharide-binding protein (LBP) in psoriatic arthritis and spondyloarthritis // Clinical and Experimental Rheuma-
tology. 2021. Vol. 39. Ne 5. P. 1196.

37. Spek C.A., Verbon A., Aberson H., et al. Treatment with an anti-CD14 monoclonal antibody delays and in-
hibits lipopolysaccharide-induced gene expression in humans in vivo // Journal of Clinical Immunology. 2003. Vol.
23. Ne 2. P. 132 — 140.

38. Korkosz M., Bukowska-Strakova K., Sadis S., et al. Monoclonal antibodies against macrophage colony-
stimulating factor diminish the number of circulating intermediate and nonclassical monocytes in rheumatoid ar-
thritis patients // Blood. 2012. Vol. 119. Ne 22. P. 5329 — 5330.

39. Kwan-Morley J., Albert D. B-cell inhibitors as therapy for rheumatoid arthritis: an update // Current Rheu-
matology Reports. 2007. Vol. 9. Ne 5. P. 401 — 406.

46



International Journal of Medicine and Psychology / 2025, Vol. 8, Iss. 8 ISSN 2658-3313
Meoicoynapoonblii sHcypHan MeOuyuHbl U NCUXOIOUU 2025, Tom 8, Ne 8 https://ijmp.ru

40. Kremer J.M., Westhovens R., Leon M., et al. Treatment of rheumatoid arthritis by selective inhibition of T-
cell activation with fusion protein CTLA4Ig // New England Journal of Medicine. 2003. Vol. 349. Ne 20. P. 1907 —
1915.

41. Lai W., Wang C., Lai R., Peng X., Luo J. Lycium barbarum polysaccharide modulates gut microbiota to al-
leviate rheumatoid arthritis in a rat model // NPJ Science of Food. 2022. VVol. 6. Ne 1. Article 34.

42. Seymour B.J., Allen B.E., Kuhn K.A. Microbial mechanisms of rheumatoid arthritis pathogenesis // Current
Rheumatology Reports. 2024. Vol. 26. Ne 4, P, 124 — 132.

43. Mazaheri-Tehrani S., Rezaei F., Heidari-Hasanabadi S., Malakoutikhah M., Amani-Beni R., Arefian M.,
Heidari-Beni M., Kelishadi R. Serum lipopolysaccharide-binding protein (LBP) and metabolic syndrome: a sys-
tematic review and meta-analysis // Diabetology & Metabolic Syndrome. 2025. Vol. 17. Ne 1. Ne 268.

References

1. Smolen J.S., Aletaha D., Mclnnes |.B. Rheumatoid arthritis. Lancet. 2016. Vol. 388. No. 10055. P. 2023 —
2038.

2. Chaurasia N., Singh A., Singh I.L., Singh T., Tiwari T. Cognitive dysfunction in patients of rheumatoid ar-
thritis. Journal of Family Medicine and Primary Care. 2020. Vol. 9. P. 2219 — 2225.

3. Lassere M.N., Rappo J., Portek 1.J., Sturgess A., Edmonds J.P. How many life years are lost in patients with
rheumatoid arthritis? Secular cause-specific and all-cause mortality in rheumatoid arthritis, and their predictors in a
long-term Australian cohort study. Internal Medicine Journal. 2013. Vol. 43. P. 66 — 72.

4. Zhang Z., Gao X., Liu S., et al. Global, regional, and national epidemiology of rheumatoid arthritis among
people aged 20-54 years from 1990 to 2021. Scientific Reports. 2025. Vol. 15. No. 10736.

5. Venetsanopoulou A.l., Alamanos Y., Voulgari P.V., Drosos A.A. Epidemiology and risk factors for rheuma-
toid arthritis development. Mediterranean Journal of Rheumatology. 2023. Vol. 34. No. 4. P. 404 — 413.

6. Meyer PW.A., Ally M.M.T.M., Tikly M., Tintinger G., Winchow L.L., Steel H., Anderson R. Tobacco-
derived lipopolysaccharide, not microbial translocation, as a potential contributor to the pathogenesis of rheumatoid
arthritis. Mediators of Inflammation. 2019. No. 4693870.

7.LuJ., Wang Y., Wu J., Duan Y., Zhang H., Du H. Linking microbial communities to rheumatoid arthritis: fo-
cus on gut, oral microbiome and their extracellular vesicles. Frontiers in Immunology. 2025. VVol. 16. No. 1503474,

8. Arya P., Sharma V., Singh P., Thapliyal S., Sharma M. Bacterial endotoxin-lipopolysaccharide role in in-
flammatory diseases: an overview. Iranian Journal of Basic Medical Sciences. 2025. Vol. 28. No. 5. P. 553 — 564.

9. Won Y., Yang J.l., Park S., Chun J.S. Lipopolysaccharide binding protein and CD14, cofactors of toll-like re-
ceptors, are essential for low-grade inflammation-induced exacerbation of cartilage damage in mouse models of
posttraumatic osteoarthritis. Arthritis & Rheumatology. 2021. Vol. 73. No. 8. P. 1451 — 1460.

10. Kitchens R.L., Thompson P.A. Modulatory effects of sSCD14 and LBP on LPS-host cell interactions. Journal
of Endotoxin Research. 2005. Vol. 11. No. 4. P. 225 — 229.

11. Rhee S.H. Lipopolysaccharide: basic biochemistry, intracellular signaling, and physiological impacts in the
gut. Intestinal Research. 2014. Vol. 12. No. 2. P. 90 — 95.

12. Srivastava A., Casey H., Johnson N., Levy O., Malley R. Recombinant bactericidal/permeability-increasing
protein rBPI21 protects against pneumococcal disease. Infection and Immunity. 2007. Vol. 75. No. 1. P. 342 — 349.

13. Guo S., Al-Sadi R., Said H.M., Ma T.Y. Lipopolysaccharide causes an increase in intestinal tight junction
permeability in vitro and in vivo by inducing enterocyte membrane expression and localization of TLR-4 and
CD14. American Journal of Pathology. 2013. Vol. 182. No. 2. P. 375 — 387.

14. Bernard N.J. Rheumatoid arthritis: Prevotella copri associated with new-onset untreated RA. Nature Re-
views Rheumatology. 2014. Vol. 10. No. 1. P. 2.

15. Utrata A., Schmidtner N., Mester P., Schmid S., Miiller M., Pavel V., Buechler C. Plasma lipopolysac-
charide-binding protein (LBP) is induced in critically ill females with Gram-negative infections — preliminary
study. Infectious Disease Reports. 2025. Vol. 17. No. 1 (10).

16. Abdelsalam N.A., Hegazy S.M., Aziz R.K. The curious case of Prevotella copri. Gut Microbes. 2023. Vol.
15. No. 2. No. 2249152.

17. Heidt C., Kdmmerer U., Fobker M., Riiffer A., Marquardt T., Reuss-Borst M. Assessment of intestinal per-
meability and inflammation biomarkers in patients with rheumatoid arthritis. Nutrients. 2023. Vol. 15. No. 10. No.
2386.

18. Heumann D., Bas S., Gallay P., Le Roy D., Barras C., Mensi N., Glauser M.P., Vischer T. Lipopoly-
saccharide-binding protein as a marker of inflammation in synovial fluid of patients with arthritis: correlation with
interleukin 6 and C-reactive protein. Journal of Rheumatology. 1995. Vol. 22. No. 7. P. 1224 — 1229.

47



International Journal of Medicine and Psychology / 2025, Vol. 8, Iss. 8 ISSN 2658-3313
Meoicoynapoonblii sHcypHan MeOuyuHbl U NCUXOIOUU 2025, Tom 8, Ne 8 https://ijmp.ru

19. Ayyappan P., Harms R.Z., Seifert J.A., Bemis E.A., Feser M.L., Deane K.D., Demoruelle M.K., Mikuls
T.R., Holers V.M., Sarvetnick N.E. Heightened levels of antimicrobial response factors in patients with rheumatoid
arthritis. Frontiers in Immunology. 2020. Vol. 11. No. 427.

20. Talib M., Gyebrovszki B., Fodor A., Mészaros A., Balog Virag K., Barta L.G., Rojkovich B., Nagy G.,
Sarmay G. PD-L1" regulatory B cells from rheumatoid arthritis patients have impaired function in suppressing
IFN-y and IL-21 production. International Journal of Molecular Sciences. 2025. Vol. 26. No. 7. No. 2998.

21. Derksen V.F.A.M., Huizinga T.W.J., van der Woude D. The role of autoantibodies in the pathophysiology
of rheumatoid arthritis. Seminars in Immunopathology. — 2017. Vol. 39. No. 4. P. 437 — 446.

22. Sokolova M.V., Schett G., Steffen U. Autoantibodies in rheumatoid arthritis: historical background and
novel findings. Clinical Reviews in Allergy & Immunology. 2022. Vol. 63. No. 2. P. 138 — 151.

23. Hailman E., Lichenstein H.S., Wurfel M.M., Miller D.S., Johnson D.A., Kelley M., Busse L.A., Zu-kowski
M.M., Wright S.D. Lipopolysaccharide (LPS)-binding protein accelerates the binding of LPS to CD14. Journal of
Experimental Medicine. 1994. Vol. 179. No. 1. P. 269 — 277.

24. Chen X., Lu J., Bao J., Guo J., Shi J., Wang Y. Adiponectin: a biomarker for rheumatoid arthritis? Cytokine
& Growth Factor Reviews. 2013. Vol. 24. No. 1. P. 83 — 89.

25. Sabry R., EI-Madbouly A.A., Abozeid H.E., Hassan M.M. Urinary orosomucoid-2 and soluble CD14 as po-
tential biomarkers for assessment of disease activity in rheumatoid arthritis. Egyptian Journal of Immunology.
2018. Vol. 25. No. 2. P. 107 — 116.

26. Yu S., Nakashima N., Xu B. H., et al. Pathological significance of elevated soluble CD14 production in
rheumatoid arthritis. Rheumatology International. 1998. Vol. 17. No. 6. P. 237 — 243.

27. Ichise Y., Saegusa J., Tanaka-Natsui S., Naka I., Hayashi S., Kuroda R., Morinobu A. Soluble CD14 induc-
es pro-inflammatory cytokines in rheumatoid arthritis fibroblast-like synovial cells via Toll-like receptor 4. Cells.
2020. Vol. 9. No. 7. No. 1689.

28. Schultz H., Weiss J.P. The bactericidal/permeability-increasing protein (BPI) in infection and inflammatory
disease. Clinica Chimica Acta. 2007. VVol. 384. No. 1-2. P. 12 — 23.

29. Punzi L., Peuravuori H., Jokilammi-Siltanen A., et al. Bactericidal/permeability-increasing protein and pro-
inflammatory cytokines in synovial fluid of psoriatic arthritis. Clinical and Experimental Rheumatology. 2000. —
Vol. 18. No. 5. P. 613 — 615.

30. Paulsen F., Pufe T., Conradi L., et al. Antimicrobial peptides are expressed and produced in healthy and in-
flamed human synovial membranes. Journal of Pathology. 2002. Vol. 198. No. 3. P. 369 — 377.

31.Jin S., Wetzel D., Schirmer M. Deciphering mechanisms and implications of bacterial translocation in hu-
man health and disease. Current Opinion in Microbiology. 2022. Vol. 67. — No. 102147.

32. Lorenz W., Buhrmann C., Mobasheri A., et al. Bacterial lipopolysaccharides form procollagen—endotoxin
complexes that trigger cartilage inflammation and degeneration: implications for the development of rheumatoid
arthritis. Arthritis Research & Therapy. 2013. Vol. 15. No. R111.

33. Nishimura H., Gogami A., Miyagawa Y., et al. Bactericidal/permeability-increasing protein promotes com-
plement activation for neutrophil-mediated phagocytosis on bacterial surface. Immunology. 2001. Vol. 103. No. 4.
P. 519 — 525.

34. Zheng Y., Wei K., Jiang P., Zhao J., Shan Y., Shi Y., Zhao F., Chang C., Li Y., Zhou M., Lv X., Guo S., He
D. Macrophage polarization in rheumatoid arthritis: signaling pathways, metabolic reprogramming, and crosstalk
with synovial fibroblasts. Frontiers in Immunology. 2024. Vol. 15. No. 1394108.

35. Matsukawa A., Ohkawara S., Maeda T., et al. Production of IL-1 and IL-1 receptor antagonist and the
pathological significance in lipopolysaccharide-induced arthritis in rabbits. Clinical and Experimental Immunology.
1993. Vol. 93. No. 2. P. 206 — 211.

36. Paulsen LW., Munk H.L., Troelsen J.T., Pedersen O.B. Cluster of differentiation 14 (CD14) and lipo-
polysaccharide-binding protein (LBP) in psoriatic arthritis and spondyloarthritis. Clinical and Experimental Rheu-
matology. 2021. Vol. 39. No. 5. P. 1196.

37. Spek C.A., Verbon A., Aberson H., et al. Treatment with an anti-CD14 monoclonal antibody delays and in-
hibits lipopolysaccharide-induced gene expression in humans in vivo. Journal of Clinical Immunology. 2003. Vol.
23. No. 2. P. 132 — 140.

38. Korkosz M., Bukowska-Strakova K., Sadis S., et al. Monoclonal antibodies against macrophage colo-ny-
stimulating factor diminish the number of circulating intermediate and nonclassical monocytes in rheu-matoid ar-
thritis patients. Blood. 2012. Vol. 119. No. 22. P. 5329 — 5330.

39. Kwan-Morley J., Albert D. B-cell inhibitors as therapy for rheumatoid arthritis: an update. Current Rheuma-
tology Reports. 2007. Vol. 9. No. 5. P. 401 — 406.

48



International Journal of Medicine and Psychology / 2025, Vol. 8, Iss. 8 ISSN 2658-3313
Meoicoynapoonblii sHcypHan MeOuyuHbl U NCUXOIOUU 2025, Tom 8, Ne 8 https://ijmp.ru

40. Kremer J.M., Westhovens R., Leon M., et al. Treatment of rheumatoid arthritis by selective inhibition of T-
cell activation with fusion protein CTLA4lg. New England Journal of Medicine. 2003. Vol. 349. No. 20. P. 1907 —
1915.

41. Lai W., Wang C., Lai R., Peng X., Luo J. Lycium barbarum polysaccharide modulates gut microbiota to al-
leviate rheumatoid arthritis in a rat model. NPJ Science of Food. 2022. Vol. 6. No. 1. Article 34.

42. Seymour B.J., Allen B.E., Kuhn K.A. Microbial mechanisms of rheumatoid arthritis pathogenesis. Current
Rheumatology Reports. 2024. Vol. 26. No. 4. P. 124 — 132.

43. Mazaheri-Tehrani S., Rezaei F., Heidari-Hasanabadi S., Malakoutikhah M., Amani-Beni R., Arefian M.,
Heidari-Beni M., Kelishadi R. Serum lipopolysaccharide-binding protein (LBP) and metabolic syndrome: a sys-
tematic review and meta-analysis. Diabetology & Metabolic Syndrome. 2025. Vol. 17. No. 1. No. 268.

Nudopmanus 06 aBTopax

TI'opnos A.A., accucrent xadenpsl BHyTpenneit meauiasl N2, ORCID ID: https://orcid.org/0000-0001-6597-
8550, Opaena Tpynosoro Kpacnoro 3namenun MenunuHckuii H”HCTUTYT KpbIMCKU (enepanbHblli YHUBEPCUTET
umenu B.W. BepHaackoro

benoznazoe B.A., noKTOp MEAMLIMHCKUX HayK, mpodeccop, 3aBeAyromunil kageapoil BHyTpeHHel MeauuuHbl N2,
ORCID ID: https://orcid.org/0000-0001-9640-754X, Opnena TpynoBoro KpacHoro 3Hamenn MenunMHCKU HH-
ctutyT Kpbmmckuit Gpenepanbablii yauBepcuteT umenn B.1. Bepraackoro

Auxos H.A., xaugunar meauiuuckux Hayk, goment, ORCID ID: https://orcid.org/0000-0002-5486-7262, Opaena
TpynoBoro KpacHoro 3nHamenn MenunuHckuii HHCTUTYT, KpbIMckuii ¢enepanbHblii yHUBepcUTET MMeHu B.J.
Bepnanckoro

Azeeea E.C., TOKTOp METUIIMHCKHUX HayK, mpodeccop, 3aBemyromas kadenpoit menuiuackon omonorun, ORCID
ID: https://orcid.org/0000-0003-4590-3580, Opaena Tpymooro KpacHoro 3mameHd MEIWIMHCKHA HWHCTUTYT,
Kpoeimcknii ¢enepanbhblil yauBepcuteT uMenu B.W. BepHanckoro

Keneoscuesa I.B., xaugunar meauimuckux Hayk, norent, ORCID ID: https://orcid.org/0000-0002-1111-5079,
Opaena Tpynooro KpacHoro 3Hamenn MenunmHckuii HHCTUTYT, KpbIMCKUiA enepaibHblii YHUBEPCUTET UMEHH
B.N. Bepnaackoro

© l'opnoB A.A., berornazos B.A., fAnkos N.A., AreeBa E.C., Kenemxuesa 2.B., 2025

49



