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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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Alyavi Anis Lutfullaevich Rizaev Jasur Alimjanovich
Academician of the Academy of Sciences Doctor of Medical Sciences, Professor, Rector
of the Republic of Uzbekistan, Doctor of Medical of the Samarkand State Medical University
Sciences, Professor, Chairman of the Association https://orcid.org/0000-0001-5468-9403
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
Academic Affairs of the Samarkand branch of Kimyo International
Bockeria Leo Antonovich University in Tashkent https://orcid.org/0000-0002-9309-3933
Academician of the Russian Academy of Sciences,
Doctor of Medical Sciences, Professor, President Jan Kovac
of the Scientific Center for Cardiovascular Surgery Professor Chairman, European Society of Cardiology
named after A.N. Bakuleva (Moscow) Council for Stroke, Lead of Specialised Cardiology, Head of
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Kurbanov Ravshanbek Davletovich
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Michal Tendera Zufarov Mirjamol Mirumarovich
Professor of the Department of Cardiology, Doctor of Medical Sciences, Professor, Head
Upper Silesian Cardiology Center, Silesian of the Department of the State Institution “RSNPMTSH
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qualifications of medical workers (Tashkent) Specialized Scientific and Practical Medical Center of
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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)
https://orcid.org/0000-0003-2679-1296

Doniyorova Farangisbonu Alisher qizi
Toshkent Davlat tibbiyot universiteti
nevrologiya va xalq tabobati kafedrasi
dotsenti, DSc.
https://orcid.org/0009-0004-4140-4797

Alimov Doniyor Anvarovich
tibbiyot fanlari doktori, Respublika
shoshilinch tibbiy yordam ilmiy
markazi direktori (Toshkent)

Abdullayev Akbar Xatamovich
tibbiyot fanlari doktori, O'zbekiston
Respublikasi Sog'ligni saglash
vazirligining "Respublika
ixtisoslashtirilgan terapiya va tibbiy
reabilitatsiya ilmiy-amaliy
tibbiyot markazi" davlat
muassasasi bosh ilmiy xodimi
https://orcid.org/0000-0002-1766-4458

Agababyan Irina Rubenovna
tibbiyot fanlari nomzodi, dotsent,
DKTF, terapiya kafedrasi mudiri,

Samargand davlat tibbiyot instituti

Alieva Nigora Rustamovna
tibbiyot fanlari doktori, 1-sonli
gospital pediatriya kafedrasi mudiri,
ToshPTI

Ismoilova Adolat Abduraximovna
tibbiyot fanlari doktori, professor,
O'zbekiston Respublikasi Fanlar
akademiyasining Odam genomikasi
immunologiyasi institutining
fundamental immunologiya
laboratoriyasining mudiri

Kamalov Zaynitdin Sayfutdinovich
tibbiyot fanlari doktori, professor,
O'zbekiston Respublikasi Fanlar
akademiyasining Immunologiya va
inson genomikasi institutining
Immunogenetika laboratoriyasi mudiri

Qayumov Ulug'bek Karimovich
tibbiyot fanlari doktori, professor,
Tibbyot xodimlarining kasbiy
malakasini oshirish markazi, ichki
kasalliklar va teletibbiyot kafedrasi
mudiri (Toshkent)

Xusinova Shoira Akbarovna
tibbiyot fanlari nomzodi, dotsent,
Samargand davlat tibbiyot instituti
DKTF Umumiy amaliyot va oilaviy
tibbiyot kafedrasi mudiri (Samargand)

Shodiqulova Gulandom Zikriyaevna
tibbiyot fanlari doktori, professor,
Samargand davlat tibbiyot instituti 3-
ichki kasalliklar kafedrasi mudiri
(Samargand)
https://orcid.org/0000-0003-2679-1296

Jouusipopa @apanrucoony Anuuiep
KH3bI
doyenm Kagheopwl HeeposocuU u
Hapoowotl meduyurvl Tawkenmckozo
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AHHOTALIUA

VMMyHONTOrHYeCKHEe W3MEHEHUs, HaONIofacMble NPH PEBMATOMIHOM apTPHUTE, MPEAOCTABISAIOT BAaXKHBIE CBEACHMS O MEXaHU3Max

pa3BUTUSL W TIPOrpecCHpoBaHus 3a0oieBaHHs. AyTOAaHTUTENa, TaKMe Kak peBMarouaHblid (akrop (PD) M aHTHTENna K LHUKINYECKOMY

LIUTPYJUIMHAPOBaHHOMY nenrruay (antu-L{LII), urparot kirodeByro poib B marorenese PA, ciocoOGCTBys BOCIATIEHHIO M TIOBPEKACHHIO CYyCTaBOB.

Hucperymsmmst T-KIeToK, 0COOEHHO TPOBOCTIAIUTENBHBIX CYOIOMYJISIHiA, JOTOJHUTEIFHO YCHINBACT MATOJIOTHYECKUA WMMYHHBIH OTBET,

Habmogaemslii mpu PA. IMMyHonorudeckue usMeHeHust mpu PA uMeroT BakHOE 3HaYeHUE it NPOGUIAKTUKY, PAHHEH JUATHOCTUKH, ICUCHUS U
MIPOTHO3a 3a00JIEBaHMIS.
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MODERN IMMUNOPATHOGENETIC MECHANISMS OF RHEUMATOID ARTHRITIS
ANNOTATION
The immunological changes observed in RA provide crucial insights into the underlying mechanisms of disease development and progression.
Autoantibodies, such as antibodies to rheumatoid factor (RF) and antibodies to cyclic citrullinated peptide (anti-CCP), play a key role in the
pathogenesis of RA, contributing to inflammation and joint damage. Dysregulation of T cells, especially pro-inflammatory subpopulations, further
contributes to the abnormal immune response seen in RA. Immunological changes observed in RA have important implications for prevention,
early diagnosis, treatment and prognosis of the disease.
Key words: Rheumatoid arthritis, autoantibodies, pathogenesis, cytokines.
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REVMATOID ARTRITNING ZAMONAVIY IMMUNOPATOGENETIK MEXANIZMLARI

ANNOTATSIYA

Revmatoid artritda kuzatiladigan immunologik o‘zgarishlar kasallikning rivojlanishi va progreslanish mexanizmlarini tushunishda muhim
ahamiyatga ega. Revmatoid faktor (RF) va siklik sitrullinlangan peptidga garshi antitanalar (anti-CCP) kabi autoantitanalar RA patogenezida asosiy
rol o‘ynab, yallig‘lanish va bo‘g‘imlarning shikastlanishiga olib keladi. T-hujayralarning, aynigsa proyallig‘lanish subpopulyatsiyalarining
disrregulyatsiyasi ham RA da kuzatiladigan patologik immun javobni kuchaytiradi. RA da kuzatiladigan immunologik o‘zgarishlar kasallikni oldini
olish, erta tashxis qo‘yish, davolash va prognozini baholashda muhim ahamiyat kasb etadi.

Kalit so‘zlar: revmatoid artrit, autoantitanalar, patogenez, sitokinlar.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
characterized by chronic inflammation of the synous and eventual
erosion of the joints, functional impairment, and a continuum of
systemic manifestations. The Global Burden of Disease (GBD) project
states that the highest age-standardized prevalence of RA is in the
United States (0.38% -1 95-percent confidence interval [CI]: 0.36-0.40])
and in Western Europe (0.35 -1 95-percent confidence interval [CI]:
0.31-0.38]) [8]. Such epidemiologic results highlight the timeless
applicability of RA in health sciences especially considering that it has
a significant effect on the social and occupational capacity of patients
[11].

Recent studies have significantly contributed to our understanding
of the immunopathogenesis of RA with complex intricacy in crosstalk
between innate and adaptive immune effectors. The immune
dysregulation is central in the pathogenesis and maintenance of the
disease and this requires a careful demarcation of the immunologic
disturbances that cause this debilitating syndrome. In affected persons,
the synovial structures are aberrantly attacked by the immune system
and this triggers an evolutionary process that encompasses both the
myeloid-derived cells and lymphocytes and finally coordinates the
destruction of the joints [9].

The process of autoantibody identification and its examination, in
particular, rheumatoid factor (RF) and anti-citrullinated protein
antibodies (ACPA), have transformed the process of RA diagnostics and
prognostication. Not only these antibodies can be used as biomarkers
but also they are directly involved in the pathogenic processes due to
the formation of immune complexes and infiltration of the synovium.
At the same time, it is now known that dysregulation of T -cell subsets
including imbalance of Thl, Th2, Th17, and lack of regulatory T -cell
(Treg) activity [14] are key players. Autoimmune loop is maintained by
hyperactive T -cell responses and cytokine generation that promote
synovial hyperplasia and unremitting destruction of the joints. The
proposed study will examine and clarify the immunologic changes that
support the pathogenesis of RA.

Pathogenesis of Rheumatoid Arthritis

The exact etiology of rheumatoid arthritis (RA) has been eluderate
with a wide range of genetic, environmental and immunological factors
largely agreeing to bring about its occurrence. Genetic predisposition is
the most critical factor especially with certain human leukocyte antigen
(HLA) alleles that carry the shared epitope of human leukocyte antigen-
DRB1, which have been conclusively associated with an increased risk
of RA [29]. Exposures to the environment such as tobacco smoke and
some infectious agents have also been found to play a role in the
triggering of RA in persons with a pre-existing genetic experience [12].

The typical feature of RA is chronic inflammation of the synovial
membrane, which is manifested by synovitis and degeneration of the
joints. Synovial inflammation is characterized by the presence of
immune cells, in particular, lymphocytes, macrophages, and dendritic
cells [28]. These cells trigger the release of pro-inflammatory cytokines
that in turn maintain the inflammatory environment including
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interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF- o) leading
to further destruction of the joint. Repeated inflammatory processes
result in synovial hyperplasia and growth, which results in the
development of pannus. This pannus enters articular cartilage and eats
underlying bone, thus causing permanent loss of joint and functional
disability [31]. The inflammatory and tissue destruction cycle is also
enhanced by the continuous erosion of joint components such as
cartilage and bone that liberate other pro-inflammatory mediators.

In RA, it is an autoimmune process in the center of the action,
whereby the elements of the synovial membrane are mistakenly
identified as foreign by the host immune system. Two typical auto -
antibodies, rheumatoid factor (RF) and anti -citrullinated protein
antibodies (ACPA), are essential in the pathogenesis of the disease. In
the case of formation of immune complexes by these antibodies, they
cause inflammatory reactions and complement cascades. The
development of disease is controlled by complicated interactions
between different kinds of immune cells- T cells, B cells and innate
immune effectors. The dysregulation of the T-cell subsets that causes an
imbalance between pro-inflammatory and anti-inflammatory cytokines
promotes a pro-inflammatory state [30, 31, 34]. Comprehensive
knowledge of such cell interactions is crucial to the successful
regulation of immune reactions and prevention or reversal of
inflammation and degeneration of the joints in RA.

The auto-antibody that is most commonly identified in RA is the
rheumatoid factor (RF) which has been researched extensively. RF is a
type of immunoglobulin M (IgM), and uncommonly, immunoglobulin
G (IgG) antibody against the Fc of IgG [10]. RF may not be a disease-
specific diagnostic marker of RA, but it is still a very prevalent one.
High RF titres are associated with disease severity and damage to the
joints. The other typical auto-antibody that is involved in RA is the anti-
citrullinated protein antibody (ACPA). RF is regular detected by
serology through the use of enzyme-linked immunosorbent assay
(ELISA) or latex agglutination. RF positivity is more common in
diverse populations with the rates being higher in those patients who
present the disease with more severe manifestations.

Role of Autoantibodies in Rheumatoid Arthritis

Auto-antibodies, especially, RF and ACPA are not only useful in
diagnosis, but also significant in prognosis. RF is detected in about 7080
in RA patients, but it can also be found in other autoimmune infectious
disease states [8, 12]. By contrast, ACPA is very specific to RA, and it
is able to be identified in approximately 60-70 percent of individuals,
thus, is a dependable diagnostic tool [17]. These auto-antibodies when
identified early help in the differentiation of RA and other arthritic
conditions. Furthermore, their titres are associated with the disease
activity and may predict the progression, damage of the joints and the
chances of a successful therapeutic outcome [14, 20].

The auto-antibodies play a pathogenic role in RA, which is
multifaceted. To begin with, RF and ACPA are capable of assembling
immune complexes when attached to their cognate antigens 1gG or
citrullinated proteins. These complexes trigger complement pathways
and initiate inflammatory reactions thus enhancing synovial



JVPHATI KAPVIOPECTIVIPATOPHbIX IACC/IE[IOBAHIAV | JOURNAL OF CARDIORESPIRATORY RESEARCH

N92/3 | 2026

inflammation and joint damage [4]. Also, these auto-antibodies can
enhance inflammatory processes in the synovial membrane itself. As an
example, ACPA have been found to exist in the synovial tissue of RA
patients and can bind citrullinated proteins directly with the
encouragement of the generation of pro-inflammatory cytokines and
chemokines in collaboration with resident synovial immune cells [26].

The auto-antibodies also mobilize and activate the immune effector
cells (macrophages and neutrophils) in the synovial milieu. The binding
of immune complexes/citrullinated proteins to these cells results in
additional release of pro-inflammatory cytokines and degradative
enzymes, and thus the continuance of the inflammatory process and
destruction of the joints in the synovia [3]. Combined, these results
highlight the importance of RF and ACPA in the pathogenesis of RA.
Not only does it help in the diagnostic work-up but it has important
clinical implications to disease prognosis and progression. These auto-
antibodies mediate inflammation in the synovium through the
mechanisms of immune-complex formation, complement activation,
and through pro-inflammatory cascades. A thorough understanding of
their roles offers to understand therapeutic points that can counter their
harmful influences and prevent the development of the disease.

Dysregulation of T-Cell Regulation in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is characterized by a significant
disturbance in the subpopulations of T -cells that results in the
dysfunction of adaptive immune systems. Among them, T helper (Th)
cells with a CD4+ positivity are one of the central organizers of the
immune system, and they play a key role in the pathogenesis of RA [37].
Th subsets are also disproportionate in the arthritic environment; there
is increased Th17 and a reduced quantity of regulatory T cells (Tregs)
[16]. Th17 cells have pro-inflammatory effects using cytokines like
interleukin -17 (IL -17), which increase inflammation of the synovium
and destroyed joints. On the other hand, Tregs contain anti-
inflammatory capability, keeping the immune-tolerant state by
overseeing the overactivation of immune activities; their decrease in
quantity or functionality may result in the ineffective suppression of the
autoreactive lymphocytes to continue the autoimmune process and
disease progression.

T cells invade the synovial membrane where they trigger resident
macrophages and fibroblast-like synoviocytes transforming them into
tissue-destructive effectors [19]. The pro-inflammatory Th17 Thl7
subset, which produces IL-17, is the one believed to be one of the major
causes of loss of tolerance to citrullinated self-proteins [13,15]. The
autoimmune cascade is further enhanced by the tripartite costimulatory
interaction between dendritic cells, T and B cells. The first
inflammatory attacks happen in lymphoid tissues and joints and bring
humoral factors and immune cells to the synovial fluid and create a
pathogenic microenvironment that characterizes the RA pathogenesis
[15].

The continuing imbalance between T17 and Treg enhances the lack
of regulation of immunity, because a shrunken Treg compartment can
no longer properly suppress the effects of inflammation. This creates a
self-sustaining cycle of inflammation and leads to the ongoing damage
of the joints and the development of the disease [19]. In addition,
aberrant stimulation and pathophysiological changes of T cells in RA
precondition the destruction of self-tolerance. T cells which have
specificity to autoantigens are autoantigen-presenting cells that present
citrullinated peptides and thereby perpetuate an autoimmune response
of joint tissue. The sustained response of T cells with autoreactive
properties leads to secretion of pro-inflammatory cytokines and
chemokines, and attracts other immune effectors, and sustains synovial
inflammation [30].

In addition to being an indicator of RA pathophysiology, Th17 cells
are found in high density which correlates with other pathophysiologic
markers such as anti-citrullinated protein antibodies and C-reactive
protein [36]. High levels of Th17 are linked to high levels in IL 21 and
IL 23 as Th17 cells are reported to express a wide range of cytokines
including IL 17A, IL 17F and IL 22 [13,15]. These agents trigger
additional production of pro-inflammatory cytokines such as IL-1, IL-
6, and TNF-a and prostaglandin E 2 (PGE 2 ) by the synovial fibroblasts
and macrophages and enhance the level of inflammatory environment
in the joint [38].
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To summarize, T-cell homeostasis is dysregulated and decisively
determines RA pathogenesis. The imbalance in Th subsets, the
inadequacy of Treg cells and functions, and the abnormal activation of
T-cells promotes chronic inflammation of the synovia and destruction
of the joint. An in-depth insight into the processes of T-cell
dysregulation provides a basis of specific therapeutic options that can
help to restore the immune balance and prevent the development of the
disease.

Dysregulation of B-Cell Regulation in Rheumatoid Arthritis

It is common knowledge that B lymphocytes represent an essential
part of the adaptive system of the immune organism of the mammalian
organism; however, in the case of rheumatoid arthritis (RA), they
become the key players in the disease pathogenesis. Autoreactive B cells
are the autoreactive B cells that identify self antigens and play a role in
the destruction of host cells or tissues. In regular conditions, B cells that
are autoreactive are destroyed at two major immune checkpoints: B -
cell receptor (BCR) and a costimulatory signal. These two checkpoints
are often breached in RA leading to massive accumulation of
autoreactive mature naive B cells.

The initial activation of B cells is brought about by antigen
interaction with BCR, and a costimulatory signal is needed to cross
inhibitory checkpoints. The major mediators of these costimulatory
signals are Toll-like receptors (TLRs) and CD40 that is expressed on B
cells. The role played by the aberrate BCR signalling in the progression
of autoreactive B cells in RA is central and this effect can be at least
partially explained by mutations in PTPN22 (protein tyrosine
phosphatase non-receptor type 22) which can modify BCR signalling
pathways. Signaling defects of this peripheral checkpoint result in
hindrance of T cell and B cell regulation and apoptosis.

There is evidence that blocking the B -cell activating factor ( BAFF
) and the proliferation -inducing ligand ( APRIL ) receptors decreases
the levels of anti -collagen IgG in mice with collagen -induced arthritis
(CIA), which eventuates the reduction of joint inflammation. In
addition, the local production of cytokines (e.g., TNF- 21, IL- 12, IL- 6,
and IL- 12) plays a significant role in inflammatory activity and
cartilage and bone degradation. B cells and macrophages in the synovial
fluid of people with RA produce IL-6; IL-6 enhances the differentiation
of osteoclasts; therefore, joint destruction is strongly linked with the
presence of IL-6 in the serum of people with RA the high levels of IL-6
are most often seen in the serum of patients with RA.

Memorial B cells (CD19 + CD27 +), tocilizumab is reported to
improve clinical symptoms of RA patients to a considerable degree.
Pro-inflammatory states are also sustained through the action of IL1
IL21 that promotes the proliferation and activation of B-cells.
Therefore, 1L-21 inhibition suppresses B-cell proliferation and
differentiation caused by T-cells, and inflammation is suppressed.

Altogether, B cells are the key players in the pathogenesis and
progression of rheumatoid arthritis by both producing autoantibodies
and pro-inflammatory cytokines and by presenting antigens to T cells.
TNF-alpha, IL-1 together with the receptor activator of nuclear factor
kappa-B ligand (RANKL) stimulates osteoclastic activity and osteolysis
in RA. In addition to this, TNF-alpha causes IL-1 release in synovial
fibroblasts and macrophages. The B cell targeting is thus a good
therapeutic approach to inhibit inflammation, pain and joint destruction
in patients with RA. Continued studies on B-cell neuroscience and the
contribution of autoantibodies to RA have potential application in the
formulation of more effective and specific therapies of this disabling
condition.

Innate Immune Responses in Rheumatoid Arthritis

The macrophages and dendritic cells (INAC) are a central part of
the pathogenic cascade of rheumatoid arthritis (RA). The cells serve as
major orchestrators of innate immunities and hence maintaining
synovial inflammation and old age joint degradation. The macrophages
concentrate in large masses in the synovial membrane, particularly in
joints with RA. When activated, they release pro-inflammatory
cytokines, including tumor necrosis factor 0 (TNF -a), interleukin 1 (IL
-1), and interleukin 6 (IL -6). The resultant effect of these cytokines in
turn increases the local inflammatory milieu, attracts other immune
cells, angiogenesis and ultimately leads to the destruction of joints [13].
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Dendritic cells (DCs) are well positioned in the synovial membrane
where they act as effective antigen-presenting cells. Through the antigen
introduction of T cells, DCs promote the process of autoreactive T cell
activation and maintain the autoimmune response. Moreover, the DCs
release pro-inflammatory cytokines, thus worsening the inflammatory
condition of the synovial tissue [24]. Macrophages and dendritic cells
working together generate a vast range of inflammatory mediators, such
as TNF -a, IL -1, IL -6, IL -12, IL -23, and other chemokines, which
mediate synovial inflammation and play a role in joint damage in RA.

TNF-ais one of the key players of inflammation in RA. Its synthesis
by native immunity cells facilitates leukocytes recruitment, induces the
production of other pro-inflammatory cytokines, and stimulates the
growth of fibroblast-like synoviocytes, hence continuing to destroy
joints [7]. IL-1 and IL-6, in turn, are pro-inflammatory cytokines that
are produced by innate cells of the immune system. IL-1 triggers
inflammatory reactions of the synovium, angiogenesis, and the
synthesis of matrix metalloproteinases (MMPs), which contribute to the
breakdown of the joints. The IL-6 stimulates B-cells activation, T-cells
differentiation, and production of acute-phase reactants, which
maintains the inflammatory cascade that is typical of RA [14].

Both IL-12 and 1L-23 are released by innate immune cells and they
are critical to T-cell activation and differentiation. These cytokines
facilitate the emergence and sustenance of Th1 and Th17 cell reactions,
which boost additional synovial infection and destruction of the joints
in RA [27]. Innate immune cells also produce a number of different
chemokines in RA, including CCL2, CCL3, CCL5, and CXCLS8. These
chemokines recruit and stimulate more immune cells to inflammature
site locations thus maintaining inflammatory processes and continuing
inflammatory processes of the synovium [6].

The innate immune cells that prevail in inflammatory RA have
resulted in the development of specific therapeutic interventions. Anti-
TNF- 2 biologics such as adalimumab and etanercept have shown
significant response in alleviating RA through counteracting the pro-
inflammatory activity of TNF- 2 and decreasing the synovial
inflammation as well as the joint erosion. Therefore, innate immune
cells have become the focus of RA pathogenicity, and the production of

cytokines and chemokines by them, along with their communication
with adaptive immune cells, determines the development of effective
therapeutic strategies that should suppress synovial inflammation and
prevent inflammatory damage to joints.

Conclusions. Overall, rheumatoid arthritis (RA) is a naturally
complex autoimmune disease, which is characterized by chronic
inflammation and progressive destruction of the joints. The
immunological disruptions of RA provide vital information on the
mechanisms that mediate the development and progression of the
disease. As the leading contributors to RA pathogenesis, autoantibodies,
in particular, rheumatoid factor (RF) and anti-cyclic citrullinated
peptide (anti-CCP) antibodies, play a central role in the amplification of
inflammatory processes and damage of the joints. Unchecked T-cell
reactions, particularly those of pro-inflammatory groups also play a role
in the pathology of immunopathology that is aberrant in RA. TNF-
alpha, IL-1 and IL-6 are cytokines and chemokines that play the major
role of triggering inflammation and synovial destruction of the joints.

The immunological changes that are related to RA have serious
implications in terms of diagnosis, management and prognosis.
Autoantibodies are useful diagnostic tools that aid in the distinction
between RA and other arthritides and give prognostic data which feed
on to severity of the disease and predicts sensitivity to treatment. Decent
evaluation of the interplay between immune cells in the synovial
membrane (macrophages, dendritic cells, fibroblast-like synoviocytes)
may help in the development of specific desensitizing therapies that will
break the vicious cycle of inflammation and destruction of joints.
Immunomodulatory therapies, which include methotrexate and other
disease-modifying antirheumatic drugs (DMARDSs) have shown to be
effective in reducing the disease activity. Further research on the
immunopathological mechanisms that occur in RA is likely to promote
the management of the patient and improve the clinical outcomes.
Recent discoveries of individual autoantibody patterns, T-cell subset
dysregulatory, and pathological cytokine profiles are promising
therapeutic options and a better understanding of these immunological
changes can help create individualized treatment protocols based on
individual immune phenotype.
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