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Abstract

The purpose of this research was to compile the most recent findings
about the immunopathogenesis of RA and report them in a literature review. All
of the publications included in this review were found by a comprehensive
search of the following databases: PubMed, EBSCO, Web of Science, and
Science Direct. Understanding the causes of illness genesis and progression can
be greatly enhanced by examining the immunological alterations identified in
RA. Inflammation and joint destruction are hallmarks of rheumatoid arthritis
(RA), which is largely caused by autoantibodies such those against cyclic
citrullinated peptide and rheumatoid factor (RF). One of the reasons the immune
response is off in RA is because of T cell dysregulation, particularly in pro-
inflammatory subpopulations.
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CamapkaHICKHH IOCYAapPCTBEHHbIH MeMIMHCKHHA YHUBEPCUTET
MEXAHU3MbI OCTEOAECTPYKIIUUA PEBMATOUHOI'O APTPUTA

[lenpro JaHHOTO HWCCIENOBAaHUS OBLIO cOOpaTh HOBEWIIME MaHHBIE 00
uMMmyHomatoreHese PA w mpencraButh ux B 0030pe mauTeparypel. Bcee
myOMuKamuy, BKIIOUYEHHBIE B JIaHHBIA 0030p, ObUIM HAWIEHBI B pe3yJbTaTe
KOMILUIEKCHOT'O TIOMCKa B cieayronux 6a3ax nanusix: PubMed, EBSCO, Web of
Science u Science Direct. IloHMmManue nOpPUYMH BO3HUKHOBEHUS U

IMpOorpeCCUpoOBaHuA 3a00JIcBaHHUSI MOXKET OBITh 3HAYUTEIHLHO YIIYUIICHO IIYTEM
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M3Y4YCHUS] UMMYHOJIOTHYECKUX W3MEHEHUH, BIBIsieMbIX Tipu PA. Bocmanenue
U JCCTPYKIMSI  CYCTaBOB  SIBJSIIOTCA ~ OTJIMUMTEIBHBIMH  TPU3HAKAMH
peBmarougHoro aptputa (PA), KOTOpbIii B 3HAYMTEIBHOW CTEMEHW BHI3BaH
ayTOAHTUTEIAMH, TaKUMU KaK aHTHUTENa K UKITNIECKOMY
UTPYJUTMHUPOBAHHOMY TIENTHIY B peBMaTounHomy dakrtopy (PD). OxgHoli u3
NPUYMH HApyIICHUS HWMMYHHOTO OTBeTa mnpu PA sBiseTcs HapyIIeHHe
perymsiiuu T-K1eTok, 0COOCHHO B TPOBOCTIATTUTENBHBIX CYOIOMYIAIHSIX.
Kntoueeswvie cnosa: Pesmamouonwiii apmpum, aymoanmumend, YumoKuHbl.

Introduction. Rheumatoid arthritis (RA) is a chronic autoimmune disease
characterized not only by persistent inflammation of the joints but also by
progressive osteodestruction, which ultimately leads to functional disability and
systemic complications. According to the Global Burden of Disease study, the
United States has the highest age-standardized prevalence of RA (0.38%, 95%
CI: 0.36-0.40), followed by Western Europe (0.35%, 95% CI: 0.31-0.38) [6].
These data emphasize that RA continues to attract significant attention in human
health sciences, as its social and economic impact remains particularly alarming
[1,3].

The osteodestructive mechanisms of RA are largely driven by
dysregulated immune responses, including abnormal T-cell activation and
excessive  cytokine  production. This creates a  pro-inflammatory
microenvironment that stimulates synovial hyperplasia and promotes bone
erosion. Key molecular mediators such as tumor necrosis factor-a (TNF-a),
interleukin-1B (IL-1B), and receptor activator of nuclear factor kappa-B ligand
(RANKL) play central roles in osteoclast differentiation and activation, resulting
in accelerated bone resorption. In parallel, impaired osteoblast function reduces
bone repair and regeneration, further enhancing skeletal damage. In this work,
special emphasis is placed on the immunological and molecular mechanisms
that underpin the osteodestructive processes in RA, highlighting the interplay

between chronic inflammation, immune dysregulation, and bone metabolism.
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Materials and methods. In this study, a comprehensive and systematic
search strategy was employed to identify relevant published works for inclusion
in the review. To ensure rigor and reliability in the data collection process, we
conducted searches across several well-recognized scientific databases,
including PubMed, EBSCO, Web of Science, and ScienceDirect. The selection
of these databases was determined by their extensive coverage of peer-reviewed
scientific literature across multiple disciplines, which allowed us to obtain a
complete and representative sample of relevant scientific articles.

Results. Although the exact etiology of rheumatoid arthritis (RA) remains
unknown, it is widely accepted that a combination of genetic, environmental,
and immunological factors contributes to its development. Certain human
leukocyte antigen (HLA) alleles, particularly those carrying the shared epitope
of HLA-DRBI1, are strongly associated with an increased risk of RA,
highlighting the importance of genetic predisposition [7]. Environmental factors
such as smoking and specific infections are also linked to RA onset in
genetically susceptible individuals [1,2,6].

The rheumatoid factor (RF) autoantibody has been the subject of
numerous studies. RF represents an IgM antibody, and less commonly an IgG,
directed against the Fc portion of IgG [1,3]. While not disease-specific, RF is
widely used for RA diagnosis. Higher RF titers correlate with increased disease
severity and joint damage. Another characteristic autoantibody in RA is the anti-
citrullinated protein antibody (ACPA). RF is typically identified by serological
techniques such as ELISA or latex agglutination assays. RF positivity varies
across populations but is more common in patients with more severe symptoms.
Importantly, the presence of both RF and ACPA is not only useful for diagnostic
purposes but also provides prognostic value for disease progression. RF is
detected in approximately 70-80% of RA patients, though it may also occur in

other autoimmune and infectious diseases [1,2].
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RA is further characterized by abnormalities in T-cell subsets that lead to
impaired regulation of immune responses. CD4+ T helper (Th) cells, in
particular, play a central role in orchestrating immune activity and contribute
significantly to RA pathogenesis [7]. An imbalance in Th subpopulations has
been demonstrated, with an increase in Th17 cells and a reduction in regulatory
T cells (Tregs) [6]. Th17 cells exert pro-inflammatory effects through cytokines
such as interleukin-17 (IL-17), which promotes synovial inflammation and joint
destruction in RA.

B cells, an essential component of adaptive immunity, also play a central
role in RA pathogenesis. Autoreactive B cells recognize host antigens and drive
tissue damage [3,5,7]. Normally, two checkpoints — signaling through the B-
cell receptor (BCR) and a co-stimulatory signal — eliminate autoreactive B
cells. In RA, both checkpoints are defective, resulting in the survival of a large
pool of autoreactive naive B cells [3,5].

Cells of the innate immune system, especially macrophages and dendritic
cells (DCs), are also pivotal in RA pathogenesis. Synovial macrophages release
pro-inflammatory cytokines such as TNF-a, IL-1, and IL-6, amplifying
inflammation, recruiting immune cells, promoting angiogenesis, and
accelerating joint destruction. DCs, with their potent antigen-presenting
capacity, activate autoreactive T cells and sustain chronic inflammation. Innate
immune cells additionally produce a wide spectrum of inflammatory mediators,
including IL-12, IL-23, and chemokines (CCL2, CCL3, CCL5, CXCLS), all of
which exacerbate synovial inflammation. Therapeutic strategies targeting TNF-a,
(e.g., adalimumab, etanercept), IL-1, IL-6, as well as monoclonal antibodies
against I1L-12/23 or co-stimulatory molecules (CD80/86) on DCs, have
demonstrated clinical efficacy by reducing inflammation and slowing joint
destruction.

Taken together, these findings indicate that the innate immune response is

a key driver of RA pathogenesis and an important therapeutic target.
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Conclusions. The osteodestructive potential of rheumatoid arthritis results
from a convergence of genetic predisposition, environmental triggers, and
dysregulated immune responses. Aberrant T- and B-cell activity, together with
pro-inflammatory cytokines from macrophages and dendritic cells, stimulate the
RANK/RANKL pathway, leading to osteoclast activation and bone resorption.
This sustained imbalance between bone destruction and repair explains the
progressive joint damage characteristic of RA and highlights key targets for
modern biologic therapies.
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