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I'naBHbI pegakrop:

Tamken6aeBa JaeoHopa HermaToBHa
O00KMOP MEOUYUHCKUX HAYK, npodeccop, 3asedyiowas Kagedpoti enymperHux 6onesnetl u kapouonozuu Ne2 Camapkanockozo
T'ocyoapcmeennoeo meouyunckozo ynusepcumema, npedceoamensv Accoyuayuu mepanesmos Camaprxanockoti obracmu.
https://orcid.org/0000-0001-5705-4972
|

3amecTUTEIb IJIABHOTO peaakropa:

Xaii0yauna 3apuna PycianoBHa
00KMOP MEOUYUHCKUX HAYK, PYKOBOOUMENLb OMOeNd OUOXUMUU € 2PYNNOL MUKPOOUOLO2UU
I'Y «PCHIIMLIX um. axao. B. Baxuoosay https://orcid.org/0000-0002-9942-2910

YNEHDI PESAKLUOHHOM KONMETM:

Aassu Anuc JlroTdyniaeBny Puzaes Kacyp AnumakaHnoBu4
axademuk AH PY3, 0okmop meouyunckux O00KMOPp MeOUYUHCKUX HAVK, npogeccop, Pekmop
nayx, npogeccop, Ilpedcedamensy Accoyuayuu Camapranockozo 20cyo0apcmeenio20 MeouyuHcKo2o
Tepanesmos Y36exucmana, Cogemnux oupekmopa yuugepcumema, https://orcid.org/0000-0001-5468-9403
Pecnybnuxanckozo cneyuaiusuposanHo20 HayuHo-

NpaKmu4ecko2o yenmpa mepanuu u MeOUYyuHCKou 3usayanaes Llyxpar XynoiidepaneBuyu
peabunumayuu (Tawxenm) 00KMOP MEOUYUHCKUX HAYK, Npodeccop, nepablil

https://orcid.org/0000-0002-0933-4993 samecmumens QUpekmopa no akademuueckoii

Oesmenvrocmu Camapkanockozo guauana
Mesicoynapoonoeo Yuusepcumema Kumé 6 Tawkenme

https://orcid.org/0000-0002-9309-3933

Boxepus Jleo AHTOHOBHY

axkademukx PAH, 0okmop meduyunckux

Hayk, npogeccop, Ilpesudenm nayunozo yenmpa
cepoeuno-cocyoucmoii xupypeuu um. A.H. bakynesa

(Mocxea), https:/forcid.org/0000-0002-6180-2619 Hxan Koak

Ipogheccop, npedcedamenv Cosema Egponetickoco

Kyp6anos PapmanGek JaB1eToBH obujecmea Kapouoio208 no UHCYIbMY, PYKOBOOUMeEb

axademuk AH PY3, 0okmop meouyunckux nayx, npogecop, CheyuanusUpoSaHHotl KapoOuono2uil, 3a6e0yioujutl
Cosemnuk oupexmopa Pecnyonuxancko2o cheyuanusupo8anHo2o omoenenuem Kapouono2uu, Kapouo- u mopaKaibHol
HAYYHO-NPAKMUYECKO20 MEOUYUHCKO20 YeHMPa KapOUuoio2uu Xupypeuu, KOHCyibmanm-kapouonoe, 6onvnuya I nenguno,
(Tawxenm), https://orcid.org/0000-0001-7309-2071 Jlecmep (Benuxobpumanus)
lIkasieB Anexceii EBrenbeBuy Cepruo Bepaapauuu
A.M.H, npogeccop, pekrop DesepanbHOro rocyjapeTBeHHOro Tpogheccop knunuyeckol OGUOXUMUU U KIUHUYECKOU
OI0/KETHOTO 00Pa30BaTEIBHOTO YIPEXKACHHUS BBICIIIETO MOLEKYNAPHOI Buono2ul, 21AGHbLTL 6PAY OMOe
o0pasosanus «VbieBckas rocy1apCTBEHHAs MEUIMHCKAs nabopamopuoil meouyunvl, bonvHuya Ynusepcumema Top
akageMus»» MUHHCTepCTBa 34paBooXpaHeHus Poccuiickoit Bepeama (Pum, Hmaius)

Denepanuu

JIusepko Upuna Biragumuposna

O00KMOP MEOUYUHCKUX HAYK, npogeccop,

3amecmumens oupexmopa no nayke Pecnybnuxanckozo
CReyuanu3upo8aHHo20 HayuHO-NPAKMU4ECcKo20

Michal Tendera

npogheccop xagedpuvl kapouonocuu Bepxnecunesckoeo
Kapouonozauueckoeo yenmpa, Cune3cKuii MeouyuHcKul
ynugepcumem ¢ Kamosuye, [lonvwa (Tlonvwa)

https://orcid.org/0000-0002-0812-6113 MEOUYUHCKO20 YeHmMPa hmusuampuu u ny1oMOHOI0UU
Pecnybnuxu Y36exucman (Tawxenm)
IMokymanos Eprenuii AHATOIbEBIY https://orcid.org/0000-0003-0059-9183
O00KMOP MEOUYUHCKUX HAVK, npogeccop,
3amecmument 2eHepaIbHO20 OUPEKMOopa no Ilyplco Bﬂa}lnan BﬂKTOPOBﬂ‘I
HayKe u pazeumuio cemu KiuHuk «L{enmp noewix 00KMOp MeOUYUHCKUX HayK, npogeccop Ilepsozo
Mmeouyunckux mexwonozuity (LHHMT), (Hosocubupck), Mockosckoeo 2ocydapcmeenHo2o MeOUYUHCKO20
https://orcid.org/0000-0002-2560-5167 ynusepcumema um. U.M. Ceuenosa (Mockesa)

https://orcid.org/0000-0001-8040-3704

3ydapos Mup:xamon MupymapoBu4
O00KMOP MEOUYUHCKUX HAVK, NPOdeccop, pyKosooumeb TpurysioBa Panca XycannoBna
omoena I y «PCHIIMLX um. axkao. B. Baxuooea» JIOKMOP MEOUYUHCKUX HAYK, PYKOBOOUMENb
https://orcid.org/0000-0003-4822-3193 1abopamopu npesenmuenoii kapouorout,
8e0VIULl HAYUHBLIL COMPYOHUK 1abopamopuu
UBC u amepockneposa. Pecnybnuxanckuil
cneyuanu3upoSaHHuIl HayYHO-NPaAKMUYecKull
Meouyunckul yenmp kapouonozuu (Tawxenm)
ORCID- 0000-0003-4339-0670

AxkunnoB XaduoyJia ArayniaeBuq

00KMOPp MeOUYUHCKUX HayK, npogheccop, Jupexmop
Llenmpa pazeumus npogeccuonanvhoil kearugurayuu
Meouyunckux pabomuuxos (Tawxenm)

Hacuposa 3apuna Ax6apoBHa

DSc, ooyenm rkagpedpor nympennux 6oaezneil u Kapouorouu TypaeB ®epy3 Parxy1aeBu4
Ne2 Camapranockozo I'ocyoapcmeennoz2o Meouyunckozo 00KMOP MEOUYUHCKUX HAYK,
ynusepcumema (omeemcmeennviii cekpemaps) ORCID: 0000- Jlupexmop Pecnybnukanckozo cneyuanusuposaHHo2o
0002-8722-0393 (omeemcmeennulii cekpemaps) HAYuHO-NPAKMU4eckKo20 MeOUYUHcKo20 yenmpa

andokpunonozuu umenu axademuxa FO.I'. Typakynosa
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Bosh muharrir:

Tashkenbayeva Eleonora Negmatovna
tibbiyot fanlari doktori,professor, Samargand davlat tibbiyot universiteti 2-sonli ichki kasalliklar va kardiologiya
kafedrasi mudiri, Samargand viloyati vrachlar uyushmasi raisi
https://orsid.org/0000-0001-5705-4972
__________________________________________________________________________________________________________________________________________________|
Bosh muharrir o'rinbosari:

Xaibulina Zarina Ruslanovna
tibbiyot fanlari doktori, “akad V. Vohidov nomidagi RIJM davlat institutining mikrobiologiya guruhi
bilan biokimyo kafedrasi mudiri’” https://orcid.org/0000-0002-9942-2910

TAHRIRIYAT AZOLARI:

Alyavi Anis Lyutfullayevich Rizayev Jasur Alimjanovich
O'zbekiston Respublikasi Fanlar akademiyasining tibbiyot fanlari doktori, professor,
akademigi, tibbiyot fanlari doktori, professor, Samargand davlat tibbiyot universiteti rektori
O"zbekiston Terapevtlar uyushmasi raisi, Respublika https://orcid.org/0000-0001-5468-9403
ixtisoslashtirilgan ilmiy va amaliy tibbiy terapiya markazi

va tibbiy reabilitatsiya direktori maslahatchisi Ziyadullayev Shuxrat Xudoyberdiyevich

(Toshkent), https://orcid.org/0000-0002-0933-4993 tibbiyot fanlari doktori, professor, Toshkent shahridagi Kimyo

xalgaro universitetining Samargand filiali direktorining

Bockeria Leo Antonovich akademik faoliyat bo‘yicha birinchi o‘rinbosari (Toshkent)

Rossiya fanlar akademiyasining akademigi,

tibbiyot fanlari doktori, professor, A.N. Bakuleva https://orcid.org/0000-0002-9309-3933
nomidagi yurak-gon tomir jarrohligi ilmiy markazi
prezidenti (Moskva) Jan Kovak
https://orcid.org/0000-0002-6180-2619 Yevropa kardiologiya jamiyati insult kengashi raisi,
2017 yildan buyon ixtisoslashtirilgan kardiologiya
Kurbanov Ravshanbek Davlatovich kafedrasi rahbari, kardiologiya, yurak va torakal jarrohlik
O'zbekiston Respublikasi Fanlar akademiyasining kafedrasi mudiri, maslahatchi kardiolog Glenfild
akademigi, tibbiyot fanlari doktori, professor, kasalxonasi, Lester (Buyuk Britaniya)

Respublika ixtisoslashtirilgan kardiologiya
ilmiy-amaliy tibbiyot markazining direktor

maslahatchisi (Toshkent) Sergio Bernardini

https://orcid.org/0000-0001-7309-2071 Klinik biokimyo va I_(IiniI§ m_olekylyar bjologiya po'yicha
professor - Laboratoriya tibbiyoti bo'limi bosh shifokori —
Shklyaev Aleksey Evgenievich Tor Vergata universiteti kasalxonasi (Rim-Italiya)
Tibbiyot fanlari doktori, professor, Rossiya
Federatsiyasi Sog'ligni saglash vazirligining Liverko Irina Vladimirovna
"Izhevsk davlat tibbiyot akademiyasi" Federal tibbiyot fanlari doktori, professor,
davlat byudjeti oliy ta'lim muassasasi rektori Respublika ixtisoslashtirilgan ftiziologiya
. va pulmonologiya ilmiy-amaliy tibbiyot
Mixal Tendera markazining ilmiy ishlar bo'yicha

Katovitsadagi Sileziya Tibbiyot Universiteti,
Yuqori Sileziya Kardiologiya Markazi
kardiologiya kafedrasi professori (Polsha)
https://orcid.org/0000-0002-0812-6113

direktor o'rinbosari (Toshkent)
https://orcid.org/0000-0003-0059-9183

Surko Vladimir Viktorovich

Pokushalov Evgeniy Anatolevich tibbiyot fanlar doktori, professori
tibbiyot fanlari doktori, professor, "Yangi I.M. Sechenov nomidagi Birinchi Moskva
tibbiy texnologiyalar markazi" (YTTM) Davlat tibbiyot universiteti (Moskva)
klinik tarmog'ining ilmiy ishlar va rivojlanish https://orcid.org/0000-0001-8040-3704
bo'yicha bosh direktorining o'rinbosari

(Novosibirsk) https://orcid.org/0000-0002-2560-5167 Trigulova Raisa Xusainovna

Tibbiyot fanlari doktori, Profilaktik
kardiologiya laboratoriyasi mudiri,
YulK va ateroskleroz laboratoriyasining
yetakchi ilmiy xodimi. Respublika

Zufarov Mirjamol Mirumarovich
tibbiyot fanlari doktori, professor,
"akad V. Vohidov nomidagi RIJM
davlat muassasasi" bo'limi boshlig'i"

https://orcid.org/0000-0003-4822-3193 __ ixtisoslashtirilgan kardiologiya
ilmiy-amaliy tibbiyot markazi (Toshkent)
Akilov Xabibulla Ataullayevich ORCID- 0000-0003-4339-0670
tibbiyot fanlari doktori, professor, Tibbyot
xodimlarining kasbiy malakasini oshirish Turayev Feruz Fatxullayevich
markazi direktori (Toshkent) tibbiyot fanlari doktori, akademik
) ) Y.X.To‘raqulov nomidagi Respublika
Nasirova Zarina Akbarovna o , ixtisoslashtirilgan endokrinologiya ilmiy
Samargand davlat tibbiyot universiteti 2-sonli ichki kasalliklar

A - ; - amaliy tibbiyot markazi direktori
va kardiologiya kafedrasi dotsenti, DSc (mas'ul kotib) ORCID: . ; i _ _
0000-0002-8722-0393 (mas"ul Kotib) https://orcid.org/0000-0002-1321-4732
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of Physicians of Uzbekistan, Advisor to the Director
of the Republican Specialized Scientific - Practical Ziyadullaev Shuhrat Khudoyberdievich
Center of Therapy and Medical Rehabilitation (Tashkent) Doctor of Medical Sciences, Professor, Deputy Director for Scientific
https://orcid.org/0000-0002-0933-4993 Doctor of Medical Sciences, Professor, First Deputy Director for
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Bockeria Leo Antonovich University in Tashkent https://orcid.org/0000-0002-9309-3933
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AiumoB lounép AnBapoBuY
OOKIMOP MeOUYUHCKUX HAYK, OUPEKMOp
Pecnybnuxanckozo HayuHo2o yeHmpa
9KCMPEHHOU MEOUYUHCKOU NOMOWU

AdnynnaeB Akbap XataMoBuY
OOKIMOP MeOUYUHCKUX HAYK, 2NABHbL
HayuHwlll compyoHuk Pecnybonuxanckozo
CReYUAnU3UPOBAHHOZ0 HAYUHO-
NPAKMULECcKo20 YeHmpa MeOUYUHCKou
mepanuu u peaburumayui
https://orcid.org/0000-0002-1766-4458

Ara6aosin Upuna PyGenoBHa
KaHOuoam MeOuyuUHCKUX Hayk, OOYeHm,
3asedyiowas kageopoti mepanuu IO,
Camapranockozo I ocydapcmeentozo
MEOUYUHCKO20 UHCIUMYMA

Anunesa Huropa PycramoBna

OOKIMOP MeOUYUHCKUX HAVK, 3a6e0Vioudsl
kagedpoii I'ocnumansroti neduampuu Nel
€ OCHO8AMU HEMPAOUYUOHHOU MEOUYUHbL
TawlIMU

HcmaunnoBa Anosat AGa1ypaxuMoBHA
O00KMOP MEOUYUHCKUX HAYK, npogeccop,
3a6edyrowas 1abopamopueit
@yHnoamenmansHol UMMYHOIO2UU
HHemumyma uMmMyHON02UU 2EHOMUKU
uenogexa AH PY3

Kamanos 3aiinutaun CaiipyranHoBua
O00KMOP MEOUYUHCKUX HAYK, npogeccop,
3a6edyrowutl 1abopamopuetl
ummyHopezynayuu Hnemumyma
UMMYHONO2UU U 2EHOMUKU

yenosexa AH PY3

KaiomoB Yayroexk KapumoBuu

O00KMOP MEOUYUHCKUX HAYK, npogeccop,
3a6edyiowuil Kageopoil 6HympeHHuUx
bonesHell u menemeouyunsl Llenmpa
paseumusi npopeccuoHanbHoll
Keanuurayuu MeOUYUHCKUX pabomHuKos

Xycunona Llloupa AxbapoBHa
Kanoudam Gunocoghckux Hayk, ooyenm,
3aeedyiowas kagedpoil obuetl npakmuxu,
cemetinoil meouyunwvt OI70
Camapranockozo I ocydapcmeentozo
MEOUYUHCKO20 UHCIMUMYMaA

Mloauxynosa I'ysanaom 3ukpusieBHa
0.M.H., npogheccop, 3a6edyrouas
Kagedpoil enympennux 6onesnei No 3
Camapranockozo I ocydapcmeentozo
Meouyuncxoeo Uncmumyma
(Camaprano)
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Doniyorova Farangisbonu Alisher qizi
Toshkent Davlat tibbiyot universiteti
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dotsenti, DSc.
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tibbiyot fanlari doktori, Respublika
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reabilitatsiya ilmiy-amaliy
tibbiyot markazi" davlat
muassasasi bosh ilmiy xodimi
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Agababyan Irina Rubenovna
tibbiyot fanlari nomzodi, dotsent,
DKTF, terapiya kafedrasi mudiri,

Samargand davlat tibbiyot instituti

Alieva Nigora Rustamovna
tibbiyot fanlari doktori, 1-sonli
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akademiyasining Odam genomikasi
immunologiyasi institutining
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laboratoriyasining mudiri
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O'zbekiston Respublikasi Fanlar
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Shodiqulova Gulandom Zikriyaevna
tibbiyot fanlari doktori, professor,
Samargand davlat tibbiyot instituti 3-
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Jouusipopa @apanrucoony Anuuiep
KH3bI
doyenm Kagheopwl HeeposocuU u
Hapoowotl meduyurvl Tawkenmckozo
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AHHOTALUA
PeBmarounanstit aprput (PA) — 3T0 XpoHHYECKOe ayTOMMMYHHOE 3a00JIeBaHNe, CBI3aHHOE ¢ M3MCHEHMSIMH KHUIIIEYHOTO MHKpOOHOMa. DTH
W3MCHEHMSI BIMSIOT Ha pa3BUTHE 3a00JIeBaHMS IOCPEICTBOM BO3ACHCTBUS Ha HMMMYHHYIO TOJNEPAHTHOCTb, MPOIYKLMIO LHUTOKHHOB M
MOJICKYJSIPHYI0 MUMUKPHIO. B TaHHOM 0030pe paccMaTpuBaroTCs CrelupHICCKUe XapaKTepHCTUKH KUIIEYHOI MUKPOOHOTHI y MAlMeHToB ¢ PA
10 CPAaBHEHHMIO CO 3JI0POBBIMH JIFO/IbMH, a TAKXKE OLICHUBACTCS UX CBSI3b ¢ OHOXMMHMYECKUMHU U MIMMYHOJIOTHUECKHUMH MIOKa3aTeNIsIMU, TAKUMH KaKk
C-peaxruBusiii 6enok (CPB), peemarounsiii hakrop (P®) u npodusiu rutoknHoB. CHCTEMaTHYECKUil IOMCK JIUTEpaTyphl ObLT MPOBEAEH B Oa3ax
nmanubix PubMed, Scopus m Web of Science. YV mnammentoB ¢ PA 00bi4HO HaOMIOmAeTCsT CHIDKEHHE MHKPOOHOTO pasHOOOpasus,
xapakrepusyromieecs ysenudeHueM Prevotella copri u camxennem Bifidobacterium u Faecalibacterium prausnitzii. DTv U3MEHEHUS TOTOKUTEIEHO
KOPPEIMPYIOT C MOBbIMIECHHBIMU ypoBHAMU CPB u P®, uro cBuaeTenbcTBYyeT O pojiM IucOMO3a B BOCHIAIUTENBHBIX Ipoleccax. Kurieunas
MHKpPOOHOTa WrpaeT KIIOYEBYI0 pOJb B HMMyHONaroreHese PA, OTKpbIBas HOBBIE IEPCHEKTHBBI [UIS paHHEl IHAarHOCTHKU U
MEPCOHATN3UPOBAHHBIX MMOJX0/0B K JiedeHHIo. Teparuu, HampaBiIeHHbIE Ha MUKPOOUOTY, BKIIOYAs MPOOMOTHKH, HPEOUOTHKH U CHHOHOTHKH,
JIEMOHCTPHUPYIOT 3HAYUTEIIBHBII IOTCHIMAT B YIy4IICHHHU yrpaBieHus PA.
KioueBbie ciioBa: PeBMaToMmHBIA apTpHUT, KHUIIEYHAS MHKPOOHOTa, MUCOMO03, MMMyHHas Monyssiius, Oamarnc Thl7/Treg, UHUTOKHUHEI,
MPOOUOTHKH, MPEOUOTHKH, MUKPOOUOMHAs
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GUT MICROBIOTA AND RHEUMATOID ARTHRITIS: A LITERATURE REVIEW
ANNOTATION
Rheumatoid arthritis (RA), a long-lasting autoimmune disease, is associated with changes in the gut microbiome. These changes affect how the
disease  develops by influencing immune  tolerance, the  production of cytokines, and  molecular  mimicry.
This review examines specific gut microbiota characteristics in RA patients relative to healthy individuals, evaluating their correlation with
biochemical and immunological indicators such as C-reactive protein (CRP), rheumatoid factor (RF), and cytokine profiles. A systematic literature
search was performed using PubMed, Scopus, and Web of Science. RA patients typically demonstrate diminished microbial diversity, characterized
by increased Prevotella copri and decreased Bifidobacterium and Faecalibacterium prausnitzii. These changes positively correlate with elevated
CRP and RF levels, suggesting that dysbiosis contributes to inflammatory processes. The gut microbiota is integral to RA immunopathogenesis,
providing new perspectives for early diagnosis and personalized treatment approaches. Therapies targeting the microbiota, including probiotics,
prebiotics, and synbiotics, exhibit considerable potential for enhancing RA management.
Keywords: Rheumatoid arthritis, gut microbiota, dysbiosis, immune modulation, Th17/Treg balance, cytokines, probiotics, prebiotics,
microbiome therapy
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ANNOTATSIYA

Revmatoid artrit (RA) — uzoq davom etuvchi autoimmun kasallik bo‘lib, ichak mikrobiomasi tarkibidagi o‘zgarishlar bilan bog‘lig. Ushbu
o‘zgarishlar kasallik rivojlanishiga ta’sir giladi, xususan immun tolerantlik, sitokinlar ishlab chiqgarilishi va molekulyar mimikriya orgali. Ushbu
sharh RA bemorlarida ichak mikrobiotasining 0°ziga xos xususiyatlarini sog‘lom shaxslar bilan tagqoslab o‘rganadi hamda ularning C-reaktiv ogsil
(CRP), revmatoid faktor (RF) va sitokin profillari kabi biokimyoviy va immunologik ko‘rsatkichlar bilan bog‘ligligini baholaydi. Tizimli adabiyot
gidiruvi PubMed, Scopus va Web of Science ma’lumotlar bazalarida amalga oshirildi. RA bemorlarida odatda mikrobiologik xilma-xillikning
kamayishi kuzatiladi, bu esa Prevotella copri ning ko‘payishi va Bifidobacterium hamda Faecalibacterium prausnitzii ning kamayishi bilan
tavsiflanadi. Ushbu o‘zgarishlar CRP va RF darajalarining oshishi bilan ijobiy korrelyatsiya giladi, bu esa dishiozning yallig‘lanish jarayonlarida
muhim rol o‘ynashini ko‘rsatadi. Ichak mikrobiotasi RA ning immunopatogenezida muhim ahamiyatga ega bo‘lib, erta diagnostika va shaxsga
moslashtirilgan davolash yondashuvlari uchun yangi istigbollarni ochadi. Mikrobiotaga yo‘naltirilgan terapiyalar, jumladan probiotiklar,
prebiotiklar va sinbiotiklar, RA ni boshgarishni yaxshilashda katta salohiyatga ega.

Kalit so‘zlar: Revmatoid artrit, ichak mikrobiotasi, dishioz, immun modulyatsiya, Th17/Treg muvozanati, sitokinlar, probiotiklar, prebiotiklar,

mikrobioma terapiyasi

Rheumatoid arthritis (RA) is a chronic inflammatory disease of
unknown etiology that affects approximately 0.5-1% of the world's
population, with a higher prevalence in women. The disease is primarily
characterized by inflammation of the joints, but it can also affect
multiple organ systems, including the heart (pericarditis), lungs
(fibrosis), nervous system (peripheral neuropathy), and the
musculoskeletal system (osteoporosis). Early detection, prevention of
complications, and development of effective treatment strategies
therefore remain important priorities in medical research.

The central mechanism underlying RA is a dysregulation of the
immune system, whereby the body's own antibodies attack its own
tissues, resulting in a state of chronic inflammation. The fact that the
disease occurs across different ages, climatic conditions, and genetic
backgrounds further complicates the identification of its precise causes.

In recent years, scientific evidence has grown substantially
indicating that the intestinal microbiota may play an important role in
the pathogenesis of RA. Studies show that changes in gut microbiota
composition often occur before the onset of clinical symptoms, and that
these changes can activate the host immune response through the
gastrointestinal lymphatic system, triggering autoimmune processes.

Modern molecular methods — particularly 16S rRNA gene
sequencing and metagenomic shotgun sequencing allow
determination of the composition and diversity of the intestinal
microbiota. 16S rRNA sequencing offers high accuracy in identifying
and classifying bacteria and is a relatively fast and efficient method,
though it captures only bacterial composition. Metagenomic shotgun
sequencing, by contrast, allows identification of all microorganisms
(bacteria, viruses, fungi) and provides more comprehensive functional
data, though it is more expensive and time-consuming.

In this context, studying the complex relationships between RA and
the gut microbiota is of great importance for the development of new
diagnostic approaches and individualized therapy strategies.
Modulation of the gut microbiota through prebiotics, probiotics, and
synbiotics offers the prospect of regulating the immune system and
slowing the progression of RA.

Origin and Development of the Human Microbiota.

Human microbiota is a complex ecosystem that forms alongside the
body and is constantly changing throughout life. Initially, humans
develop in an almost sterile environment during the fetal period, though
recent studies have shown that traces of microorganisms are present in
the placenta and amniotic fluid. The active formation of microbiota
begins mainly during childbirth. Babies born through natural childbirth
come into contact with the mother's vaginal and intestinal microflora
and are early colonized with beneficial bacteria such as Lactobacillus
and Bifidobacterium. In children born by caesarean section, the
microflora is formed predominantly by skin bacteria — Staphylococcus
and Corynebacterium — which reduces microbiota diversity.

During the first year of life, the composition of the microbiota
changes rapidly. While Bifidobacterium predominates in breastfed
infants, formula-fed infants show greater overall diversity but a decrease
in beneficial species. Antibiotics, the composition of breast milk, and
environmental factors significantly influence microbiota development
during this period. By the age of two, the child's microbiota is relatively
stable and resembles the adult microbiota in structure. Microorganisms
during this period act as "teachers" for the immune system, training it to
distinguish between beneficial and harmful antigens.
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During adulthood, the human gut is home to more than a trillion
microorganisms. The main phyla are Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria, which together regulate digestion,
metabolism, and immune function. As we age, microbial diversity
decreases and beneficial bacteria decline, leading to weakening of
immunity and increased inflammation a condition termed
"inflammaging."

The development of the microbiota is strongly influenced by genetic
factors, birth method, diet, antibiotics, environment, and stress.
Dysbiosis — a disruption of the microbiota balance — is considered one
of the main pathogenic factors in the development of a number of
autoimmune diseases, including rheumatoid arthritis, inflammatory
bowel disease, and type 1 diabetes. A deep understanding of the
mechanisms governing normal microbiota development is therefore of
scientific and practical importance for improving RA prevention and
treatment strategies.

Impact of Gut Microbiota Alterations on Immune Function. The
interaction between the human immune system and the gut microbiota
is a complex process crucial for maintaining immune homeostasis.
Changes in the composition and functional activity of the microbiota
directly affect the quality of the immune response. Dysbiosis drives
several interconnected immunological changes relevant to RA
pathogenesis.

Impaired intestinal barrier function. A healthy intestinal microbiota
strengthens tight junctions between epithelial cells, preventing microbes
and toxins from entering the bloodstream. In dysbiosis, this barrier
weakens and "leaky gut" occurs, allowing bacterial lipopolysaccharides
(LPS) and antigen-like molecules to enter the bloodstream and trigger
systemic inflammation.

Th17/Treg imbalance. The intestinal microbiota controls the
balance between T-regulatory (Treg) and T-helper 17 (Th17) cells. Treg
cells provide immune tolerance, limiting the immune attack against self-
tissues. Th17 cells produce inflammatory mediators, especially
cytokines (IL-17, IL-22). In dysbiosis, beneficial bacteria are reduced
and Th17 activation increases, enhancing chronic inflammation and
autoimmune reactions.

Short-chain fatty acid (SCFA) depletion. Under normal conditions,
intestinal bacteria produce SCFAs — butyrate, propionate, and acetate
— which provide epithelial cells with energy, stimulate Treg cell
differentiation, and inhibit Th17 expression. In dysbiosis, SCFA-
producing bacteria are reduced, causing a pro-inflammatory state.

Protein citrullination. Certain bacteria — notably Porphyromonas
gingivalis and Prevotella copri — carry the enzyme peptidylarginine
deiminase (PAD), which citrullinates proteins. The body then
recognizes these modified proteins as foreign and produces anti-
citrullinated protein antibodies (ACPA), a hallmark of seropositive RA.

Cytokine activation. As a result of intestinal dysbiosis, the blood-
borne release of LPS and other microbial components activates
macrophages and dendritic cells, which produce inflammatory
cytokines such as TNF-a, IL-1B, and IL-6. These substances increase
inflammation in synovial tissues and play a key role in RA pathogenesis.

Research on the Role of Microbiota in Rheumatoid Arthritis
Pathogenesis

In recent decades, numerous scientific studies have confirmed the
important role of the gut microbiota in RA pathogenesis. Dysbiosis is
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now considered one of the main factors disrupting immune balance and
activating autoimmune reactions.

A landmark study by Scher et al. (2013) was the first to reveal a
significant increase in Prevotella copri in stool samples from patients
with new-onset, untreated RA. This bacterium activates T-lymphocytes
through its antigenic structures, increasing production of inflammatory
cytokines such as IL-6 and IL-17. Subsequent metagenomic studies
confirmed the association of P. copri with RA, though the magnitude of
this change was noted to vary with disease stage and dietary habits.

Collinsella aerofaciens has been shown to disrupt intestinal
epithelial barrier function, increase intestinal permeability, and allow
autoantigens to enter the bloodstream, stimulating production of anti-
CCP antibodies. According to metatranscriptomic analysis by Zhang et
al. (2015), levels of beneficial bacteria such as Faecalibacterium
prausnitzii and Bifidobacterium were reduced in RA patients, leading to
decreased butyrate production.

The interaction between oral and intestinal microbiota has also
attracted considerable attention. Porphyromonas gingivalis, a
pathogenic oral bacterium, increases protein citrullination through the
PAD enzyme, leading to autoantigen formation closely associated with
seropositive RA. According to the gut-lung axis concept, intestinal
dysbiosis may trigger RA onset by altering not only the immune
response but also the lung microbiota.

These connections have also been demonstrated in experimental
animal models. Germ-free mice practically do not exhibit RA-like
inflammatory responses, but when colonized with Segmented
Filamentous Bacteria (SFB), an increase in Th17 cells and development
of joint inflammation were observed, indicating that the microbiota may
be a key factor in initiating the disease by polarizing the immune system.

Factors Influencing Microbiota Composition. The composition
of the human intestinal microbiota is a dynamic system subject to many
external and internal influences.Diet. Fiber, fats, proteins, and probiotic
products directly impact microbiota diversity. Plant-rich, fiber-rich diets
(e.g., the Mediterranean diet) increase beneficial bacteria such as
Bifidobacterium and Lactobacillus, reducing inflammatory processes.
Conversely, diets rich in animal fats and low in fiber promote growth of
pathogenic microorganisms including Prevotella copri and Clostridium
species, increasing the risk of RA.

Antibiotics. Antibiotics destroy not only pathogenic but also
beneficial microorganisms, creating dysbiosis. Prolonged or repeated
antibiotic use disrupts immune tolerance in the gut, and microbiota
recovery may take months to years, exacerbating autoimmune
inflammation.

Stress. Cortisol, adrenaline, and other stress hormones increase
intestinal permeability, creating conditions for microbial toxins to enter
the systemic bloodstream. The resulting leaky gut syndrome activates
the immune system and initiates an inflammatory cascade — an
important link in RA pathogenesis.

Genetic factors. Genetic polymorphisms such as the HLA-DRB1
allele alter the immune system's response to bacterial antigens, leading
to the overgrowth or loss of certain microorganisms. The interaction
between genetics and microbiota thus determines immune balance in the
body.

In summary, changes in intestinal microbiota composition are a
multifactorial process driven by diet, medications, psychological stress,
and genetic predisposition, each of which can independently or
collectively influence RA pathogenesis.

Clinical Relevance of Prebiotics, Probiotics, Synbiotics, and
Postbiotics

Prebiotics are non-digestible substances that serve as a food source
for beneficial microorganisms — primarily polysaccharides such as
inulin, fructooligosaccharides (FOS), and galactooligosaccharides
(GOS). They stimulate the growth of Bifidobacterium and Lactobacillus
species, increasing SCFA production. In particular, butyrate increases
the activity of T-regulatory cells, restoring cytokine balance and
reducing inflammation, thereby potentially attenuating RA-associated
autoimmune mechanisms.

Probiotics are live microorganisms that confer benefit when
consumed in sufficient quantities. Commonly used strains include
Lactobacillus acidophilus, Bifidobacterium longum, and Lactobacillus
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rhamnosus. Studies have shown that probiotics improve intestinal
barrier function, reduce leaky gut syndrome, and suppress production of
pro-inflammatory cytokines (IL-6, TNF-a). RA patients receiving
probiotic supplementation have shown reduced CRP levels, reduced
joint pain, and improved clinical activity indices.

Synbiotics are combinations of prebiotics and probiotics that
enhance each other's effectiveness. When FOS or inulin is combined
with Lactobacillus strains, the number of beneficial bacteria increases
and their intestinal colonization is stabilized. Synbiotics have shown
promising results in increasing gut microbiota diversity and reducing
inflammatory biomarkers in RA patients.

Postbiotics consist of metabolites produced by probiotic bacteria —
such as SCFAs, peptidoglycan fragments, polysaccharides, and cell wall
components. They do not contain live bacteria but have
immunomodulatory and antioxidant properties, strengthen epithelial
barrier integrity, block the NF-xB pathway, and reduce inflammation.
Their advantage lies in greater safety and stability compared to live
probiotics.

Comparison with International Research Data

The findings reviewed in this article are broadly consistent with
international scientific literature while also revealing some regional and
ethnic specificities relevant to the Uzbek population.

Microbiota diversity. Reviewed data confirm a significant decrease
in o-diversity (Shannon index) in RA patients compared to healthy
controls, consistent with studies by Zhang et al. (2015) and Chen et al.
(2016), which found decreased microbiota diversity in RA with
predominance of Bacteroides and Prevotella species. A particularly
pronounced decrease in Faecalibacterium prausnitzii, leading to reduced
SCFA production, confirms the findings of Scher et al. (2013).

The role of Prevotella copri. Overexpression of P. copri in RA
patients is consistent with studies from Japan (Maeda et al., 2016),
China (Zhang et al., 2015), and the USA (Scher et al., 2013). This
bacterium produces antigens that bias the immune system towards
Th17, increasing IL-17 and TNF-o. levels. However, some European
studies (Vaahtovuo et al., 2008) have reported a less significant role for
this bacterium, likely due to dietary and genetic differences.

SCFA levels. Reduced butyrate and propionate levels in RA patients
are consistent with work by Nishimura et al. (2021), which found
decreased butyrate-producing bacteria (Roseburia spp., Clostridium
X1Va). Some European studies (Picchianti-Diamanti et al., 2020) did
not show a significant decrease in butyrate levels, possibly explained by
higher dietary fiber intake.

Immunological marker correlations. Strong correlations between
CRP, RF, and anti-CCP indices with microbiota changes have been
observed: Faecalibacterium prausnitzii < negative association with
CRP (r =-0.48; p <0.01); Prevotella copri < positive association with
anti-CCP (r = +0.51; p < 0.01). These results are consistent with data
from Chen et al. (2016) and Scher et al. (2013).

Regional characteristics. Some differences identified in the Uzbek
population indicate that microbiota changes associated with RA are
closely related to regional dietary habits, antibiotic use, and genetic
factors. For example, relatively high levels of Bifidobacterium may be
attributable to high consumption of dairy products. These regional
differences are important for developing locally appropriate probiotic
therapy strategies.

Gut Microbiota in RA Pathogenesis

Recent scientific studies have demonstrated that structural and
functional changes in the intestinal microbiota play a central role in the
development of rheumatoid arthritis. Under normal conditions,
intestinal microbes maintain immune homeostasis by stimulating Treg
cell activity. In dysbiosis, this balance is disrupted: Treg cells decrease,
Th17 cells increase, and inflammatory cytokines (IL-17, IL-6, TNF-a)
rise, causing inflammation and destructive processes in synovial tissues.

Prevotella copri and other pathobionts produce antigens that
pathologically activate T-lymphocytes, increasing autoantibody
production (RF and anti-CCP) and disrupting intestinal barrier function,
creating systemic inflammation. Deficiency of SCFA-producing
bacteria impairs intestinal barrier function and promotes a pro-
inflammatory cytokine profile. Furthermore, microbial changes interact
with HLA-DRBL1 "shared epitope" alleles, accelerating the autoimmune
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cascade. Intestinal dysbiosis causes not only local inflammation butalso  remains at an early investigational stage for RA but has shown
systemic immune imbalance through metabolites — indole propionate,  promising results in animal models.

TMAO, and phenylalanine derivatives — reaching joint tissues and Future Research Directions
increasing oxidative stress. Future research should focus on: (1) deeper characterization of gut—
Therapeutic Perspectives immune—joint axis signaling pathways; (2) validation of RA-specific

Therapeutic modulation of the gut microbiota represents a  microbiota biomarkers (Prevotella copri, Collinsella aerofaciens,
promising complementary direction in RA management. Traditional  butyrate levels) for early non-invasive diagnosis; (3) development of
approaches — methotrexate, TNF-a inhibitors, IL-6 inhibitors —  personalized probiotic combinations based on individual microbiome
reduce inflammation but do not address the underlying dysbiosis.  profiles; (4) standardization of FMT protocols and development of
Probiotic therapy with Lactobacillus rhamnosus GG, Bifidobacterium  synthetic microbiota consortia; and (5) integration of multi-omics data
longum, and Lactobacillus casei has been shown in clinical trials to  (metagenomics, metabolomics, transcriptomics) with artificial
reduce inflammatory cytokines, normalize the Treg/Th17 ratio, and intelligence for predicting disease activity and treatment response.
reduce CRP, ESR, and DAS28 scores. Prebiotics, synbiotics, and  These directions lay the foundation for a new paradigm of predictive
postbiotics offer additional strategies for restoring microbial balance  and preventive medicine for RA.
and immune homeostasis. Fecal microbiota transplantation (FMT)
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