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ABSTRACT

Background. Rheumatoid arthritis (RA) is a chronic inflammatory disorder that primarily
affects joints, leading to pain, stiffness, and restricted mobility. Despite being idiopathic,
multiple factors, including environmental influences, diet, microbiome alterations, and
genetic predispositions, contribute to RA pathogenesis.

Methodology. A comprehensive review of recent studies was conducted to evaluate
emerging molecular and cellular mechanisms involved in RA. The role of genetic and
epigenetic factors in disease susceptibility and progression was analyzed.

Results. Several genetic factors, including HLA alleles and specific SNPs in genes such as
PADI4, REL, RUNXI1, FCGR2A, and CD40, have been implicated in RA susceptibility.
Additionally, dysregulation of genetic molecules, including IncRNAs and miRNAs, along
with inflammatory proteins such as IL-1 and CD28, contributes to disease progression. The
interplay between immune responses, genetic predisposition, and environmental triggers
plays a crucial role in RA pathogenesis.

Conclusion. Understanding the molecular and cellular mechanisms underlying RA can
help identify novel therapeutic targets and enable the development of personalized
treatment strategies for effective disease managementKeywords: environmental factors,
epigenetic modification, genetic variations, HLA genes, infections, non-HLA gene,
rheumatoid arthritis

Keywords: environmental factors, epigenetic modification, genetic variations, HLA
genes, infections, non-HLA gene, rheumatoid arthritis

Highlights

e The crucial role of genetic elements, including HLA alleles and specific SNPs in key
genes, in influencing susceptibility to rheumatoid arthritis (RA).

e The dysregulation of various genetic molecules, such as IncRNAs and miRNAs, and
proteins, such as IL-1 and CD28, and their contribution to inflammation and disease
progression in RA.

e  The current study highlights the potential implications of understanding these genetic
mechanisms, suggesting that they could serve as targets for therapeutic interventions
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and contribute to the development of personalized treatment strategies for individuals

with RA.
GRAPHICAL ABSTRACT

o |

Macrophages and Ieukocytes

I. INTRODUCATION

Rheumatoid arthritis (RA) is an
inflammatory disease that causes pain,
stiffness, inflammation, and limited mobility
in the joints. Over time, it can result in joint
deformity, reduced functional ability, and
decreased productivity, significantly affecting
overall well-being of the patient. In advanced
stages, the affected areas experience a decline
in their normal functionality [1]. RA is an
autoimmune condition that involves a
complex interaction of cells and substances in
the immune system. This interaction triggers
the development of inflammation, both locally
and throughout the body, at different disease
stages [2]. The specific cause of RA is not
fully known, although many aspects including
infections, genetic variations, and mutations,
have been linked to its development (Figure
1). Recent studies indicated that genomic
mutations may contribute as a possible risk
feature for the disease [3]. Furthermore,
diverse environmental influences and lifestyle
decisions, including dietary habits and levels
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Positive Feed Back

Cascade
of physical activity, have been noted to
influence its onset and clinical features.
Immune system components regulate tissue

inflammation and restructuring, at both
localized and systemic levels [4].

, More Antibedies

1.1. Contribution of Environmental
Factors to RA

Environmental elements, such as
nutrition, excess weight, tobacco use, air
quality, and viral infections, trigger the
growth of RA in individuals with genetic
susceptibility (Table 1). Consequently,
various studies have been conducted using
both animal and human models to explore
the causative molecular and cellular
mechanisms, as well as possible targets for
therapeutic interventions.

Higher environmental risk factors
associated with RA are as follows: diet,
obesity, airborne pollution, occupational
hazards, atmospheric agents, cigarette
smoking, and gut microbiota.
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Risk Factors

Recognition

Overall Process and Changes
in Disease
* Post-translation
Modifications (PTMs)
* Citrullination
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* Autoimmunity

Disease Development

Figure 1. Pathogenic Factors and Overall Possible Alterations in RA

Table 1. Significant Genetic Risk Factors for RA

Risk Genes for RA

Possible Causes and Mechanisms of RA

Major Histocompatibility Complex
(MHC) genes
HLA-DRBI1(01)(04)

Enhances inflammation via citrullination
due to citrulline antigens, prompts internal
cellular changes

Peptidylargnine Deiminase Type 4
(PADI4)

Enhances citrullination via a process
which converts arginine to citrulline

Ankyrin repeat domain 55 (ANKRDS5)

Gene intronic SNP (rs6859219) poses a
risk for RA

Proto-oncogene, NF-kB Subunit (REL)

SNPs in the REL gene associated with RA,
including (rs13031237), rs13031237, and
rs13017599 increase citrullination

Runx family transcription factor 1

Modulating immune cell differentiation,

(RUNX1) activation, and functional regulation
FCGR2A variants contribute to RA via
FC gamma receptor FCGR2A SNPs (rs17400517, rs1801274, rs6671847,

and rs6668534) influence

Nuclear factor kappa-B kinase subunit

NFKBIE variants impact RA development
via SNPs rs2233434 (Val194Ala)

epsilon NFKBIE affecting the expression of cytokines
IL6 SNPs
(rs184229712, rs2069837, rs1800796,
Cytokines rs36215814) linked to RA.
IL1R1 SNPs (rs3917318, rs956730,
rs1049057) associated with RA.
"""" BioScientific Review
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Risk Genes for RA

Possible Causes and Mechanisms of RA

IRAKT1 SNP (rs1059703) correlates with
RA.

IL35 gene SNPs (1s2227314, rs2243131,

rs9807813, rs583911) connected to RA

Tumor necrosis factor receptor (TNFR)
superfamily
CD2,CD28,CD40

CD40 SNPs (rs1569723, rs1883832,
rs4810485), CD209 gene variant (-96C>A)
associated with RA via enhance cell
activation and inflammation.

DNA methylation

Methylation alterations boost
inflammation via changed protein
production

RNAs

CircRNAs, sncRNAs (particularly
microRNAs), and IncRNAs contribute to
the pathogenesis of RA by regulating gene
expression and is involved in inflammation
and immune responses. Dysregulation
leads to the development and progression
of RA.

1.1.1 Diet. The role of diet in the
occurrence and control of RA is considered
significant. Specific dietary components,
such as fiber, antioxidants, omega-3 fatty
acids, and vitamins, exhibit anti-
inflammatory characteristics and potential
benefits in RA management. Conversely,
certain dietary factors, such as saturated
fats and processed sugars, may promote
inflammation and contribute to the onset or
worsening of RA [5]. Anti-oxidants make a
vital  contribution in  diminishing
inflammation  and  inhibiting  the
proliferation of cytokines and collagenase
stimulated by TNF- a. It has been observed
that RA-positive patients have insufficient
levels of vitamin D. In some cases of RA,
vitamin D supplementation is associated
with disease chronicity and activity.
Numerous studies have examined the
potential influence of food on RA, while
dietary modifications have been suggested
as a supplementary strategy alongside
conventional RA therapies [6]. Further
investigation is essential to understand the
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precise dietary elements and mechanisms
involved in RA development.

1.1.2. Obesity. Obesity is a well-
recognized factor influencing the growth
and advancement of RA. A recent meta-
analysis further validates the development
of this disease among overweight and obese
individuals, as compared to those with
normal body weight. In individuals with
RA, obesity is linked to heightened disease
activity, joint deterioration, and functional
impairment [7]. The connection between
obesity and the disease involves intricate
and multifaceted mechanisms that are
influenced by various factors [8].
Adipocytes play a key role amid obesity

and RA. They stimulate systemic
inflammation in RA by releasing
inflammatory cytokines such as IL6,

T.N.F-0, and leptin [9]. Additionally,
adipose tissue releases free fatty acids that
have the capacity to activate toll-like
receptors (TLRs) and stimulate
inflammation, further contributing to the
association between obesity and RA [10].

UMT— 381
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Moreover, obesity can give rise to
metabolic disturbances, including insulin
resistance and dyslipidemia, which have
been linked to a heightened susceptibility to
the disease [11]. Insulin resistance and
dyslipidemia also contribute to RA
development by instigating the release of
pro-inflammatory cytokines and also
influence oxidative stress [12]. Obesity can
also exacerbate joint stress and mechanical
strain, particularly in weight-bearing joints,
leading to joint damage and pain [13]. In
addition, it can limit physical function and
reduce the effectiveness of RA treatments
(disease modifying antirheumatic drugs
(DMARDs)) [14]. Overall, the facts
suggest that obesity is a significant risk
factor for RA. Addressing obesity through
lifestyle interventions, such as diet and
exercise, may have beneficial effects on
discase outcomes [15]. Further
investigation is essential to understand the
role of obesity in RA, as well as to establish
efficacious approaches to prevent and
manage RA associated with obesity.

1.1.3. RA KEtiology Linked to
Airborne Pollution, Occupational
Hazards, and Atmospheric Agents.

Numerous studies have explored the link
between particulate pollutants and RA
onset. Inhaling air particles stimulates the
airways, activating the adaptive immune
system. Inorganic dusts including asbestos
and silica, as well as organic dusts such as
animal and textile dusts, elevate RA risk.
Male workers exposed to inorganic dusts
show heightened susceptibility to both
seropositive and seronegative RA, while
exposure to organic dusts is associated with
a higher susceptibility to seropositive RA.
These effects may be attributed to bacterial
endotoxins within organic dusts, activating
immune response and inflammation in the
airways [16]. The involvement of air
pollutant in RA development has been

confirmed using a combined model of
collagen-induced arthritis (CIA) and
increased airway inflammation prompted
by organic dust extract (ODE). The
combined model led to arthritis and bone
loss, supporting the direct role of organic
dusts in RA progression [17].

1.14. Cigarette Smoking (CS)
Causes RA. Several studies have identified
air pollutants as a possible trigger for
autoimmune disorders, such as RA, with
the lungs considered as the initiation site for
autoimmunity. The pathophysiological
factor may involve systemic inflammation,
oxidative stress, and airway damage,
leading to immune responses. Among
environmental factors, cigarette smoking
(CS) is recognized as the most pertinent
cause for developing RA [18]. A study on
women confirmed that smoking plays a
critical role in the disease's pathogenesis. It
was the first to show that childhood
exposure to tobacco smoke, even as a
passive smoker, could increase RA risk.
These findings support the theory that early
external events could initiate the
autoimmune response in RA development
[19]. Smoking is a significant risk factor for
this disease and various other disorders
including lung and mouth carcinoma,
pulmonary disorders, and cardiovascular
conditions, along with the severity of RA
pathogenesis, correlate with the intensity of
smoking [20]. CS has been demonstrated to
induce the generation of ACPA and RF,
which lead to joint damage and bone loss,
even during the early stages of the disease.
However, this effect remains specific to the
formation of ACPA, is not inclined via
ethnicity, and is the outcome of the
interface between smoking and HLA-
DRB1-shared epitope (SE) alleles [21].
Individuals who smoke exhibit a dual
occurrence of SE alleles, whereas non-
smokers do not. Smoking has been found to
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enhance the expression of peptidylarginine
deiminase (PAD) in the lungs.
Consequently, it induces the conversion of
arginine to citrulline in pulmonary peptide
antigens [22]. Various studies have
revealed that smoking RA patients show an
elevated expression of the aromatic
hydrocarbon  receptor (AHR) and
associated downstream genes in peripheral
blood mononuclear cells (PBMCs), as
compared to non-smoking RA patients.
This implies that smoking might contribute
to RA development by engaging the AHR
pathway [23]. In a recent study, CS has
been recognized as the predominant risk for
triple-seropositivity, including RF, ACPA,
and anti-carbamylated protein antibodies in
RA patients. Specifically, it is associated
with RA in individuals positive for one or
two autoantibodies [24].

1.1.5. Association between Asthma
and RA. Recent case-control studies have
proposed a direct link between mucosal
surfaces, especially lung mucosa, and RA
development. A strong association exists
between clinically diagnosed asthma and
RA, independent of confounding factors
such as smoking intensity and duration.
Inflammation and airway damage in asthma
patients may cause protein citrullination
and  post-translational =~ modifications
(PTM), increasing ACPA production risk
[25]. The observations indicate that
respiratory mucosa makes a notable
contribution to the pathogenesis of RA.

1.1.6. Role of Diet and Gut
Microbiota in RA Development. The
potential involvement of microbiome in RA
pathogenesis has been widely explored, as
indicated by recent studies. During a
metagenome-wide  association  study
conducted in Japan, RA patients showed
more Prevotella bacteria in their stool
samples as compared to healthy

of the R6FCZ7 bacterial gene involved in
redox reactions. These findings emphasize
the crucial role of microbiome in RA
development. Moreover, the findings also
suggest potential therapeutic options in
certain clinical trials [26]. A high-fat diet
promotes pro-inflammatory gut microbiota.
RA models and patients have reduced
levels of short chain fatty acids (SCFAs)
derived from gut microbes. Butyrate
supplementation in CIA model improves
disease activity by activating IL-10-
producing Bregs, inhibiting plasmablast
differentiation and autoantibody formation
[27]. Furthermore, butyrate and larazotide
acetate show benefits in disease treatment.
Elevated levels of zonulin, a microbial
protein that disrupts tight junctions,
correlate  with RA  progression. An
experiment showed that zonulin agonist
worsens joint inflammation in CIA mice
[28].

1.2. Role of Molecular Genetics in RA

Genetic abnormalities can lead to
inherited disorders. Their investigation may
provide valuable insights for researchers
and clinicians to develop therapeutic
interventions. In case of RA, it has been
reported that 50-60% of the disease's
susceptibility can be attributed to genetic
heritability [29]. It is a common
autoimmune arthritis, exhibiting a risk
range of 0.3-1.1% in individuals of
European descent and 0.1-0.5% in those of
Asian heritage [30]. It has a strong
heritability, with the HLA region of the
MHC and non-MHC genes linked to the
disease. GWAS identified genes including
ILRK, IL35, IL12, CD40, CD209, FCRL,
ADMATSL2 LRPA1, FCGR2A, NFKBIE,
and PADI4 to be associated with increased
susceptibility to RA (Table 2). These genes
are crucial in regulating cytokine pathways
and T cell proliferation, leading to auto-

individuals. RA samples had higher levels reactivity and autoimmune responses.
Department of Life Sciences '46.‘ U MT 83
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Further analysis is required to enhance the
comprehension of the disease's underlying

mechanisms and to identify novel
therapeutic avenues [31].

1.2.1. Role of Major
Histocompatibility Complex (MHC)

Genes in RA. Genetic variations in MHC
genes, specifically HLA-DRB1 (04) and
HLA-DRB1 (01) alleles make them
susceptible to RA development. The
existence of HLA-DRBI1 (04:01) allele in
RA patients is associated with anti-a501-
515cit antibodies [32]. Concurrently,
extensive investigation has been conducted
regarding the key role of the HLA-B (08)
allele in RA exposure, which has been
linked specifically to serum positivity of
anti-carbamylated protein antibodies [33].
HLA alleles have the potential to serve as
predictive  markers for therapeutic
responses in RA patients, particularly in the
context of biological agent treatments. The
presence of the HLA DRBI1(0404) allele
might predict the response to anti-tumor
necrosis factor (TNF) via alpha therapies in
clinical practice.

1.2.2. Role of non-HLA Gene in RA

1.2.2.1. Peptidylargnine Deiminase
Type 4 (PADI4). The PADI4 gene encodes
for Peptidylarginine Deiminase Type 4
protein [34]. Citrullination, a process which

converts arginine to citrulline within
proteins, is not genetically encoded.
Arginine deamination, facilitated by
arginine deiminases (ADIs) and

peptidylarginine deiminases (PADIs), leads
to the production of citrulline, affecting
protein structure and function and
becoming a target for the immune system,
thus contributing to autoimmune diseases
including RA [35]. Citrullination and
peptidylarginine deiminases (PADIs) play
an important role in RA pathophysiology. It
has been firmly established that RA is

84 ——|BSR

characterized by the existence of antibodies
to citrullinated proteins (ACPA), generated
by PAD enzymes [36]. The PADIs enzyme
family, consisting of PADIs 1, 2, 3, 4, and
6, catalyze the citrullination process.
Among these enzymes, PADI4 is
particularly crucial in the pathogenesis of
RA [37]. Tt encodes multiple isoforms that
facilitate the post translational citrullination
of arginine in protein [38]. Recent research
discovered certain single nucleotide
polymorphisms (SNPs) in the exonic
regions of the PADI4 gene, such as
(PADI4_89 or rs11203366, PADI4 90 or
rs11203367, and PADI4 92 or rs874881).
These SNPs have been linked to RA
susceptibility. Moreover, several
investigations have identified connections
between specific PADI4 SNPs and
associated haplotypes within particular
populations [39].

1.2.2.2. Ankyrin repeat domain 55
(ANKRDS55). Meta-analysis of GWAS
indicates that the ANKRDSS gene intronic
SNP (rs6859219) poses a risk for RA.
Abundant in nature, eukaryotic proteins
containing ankyrin repeats, with diverse
functions such as transcription factors
(TFs) and cell cycle control, can influence
ANKRDS55 gene regulation and protein
expression, potentially impacting immune
system function and contributing to
autoimmunity development [40].

1.2.2.3.  Proto-oncogene, NF-kB
Subunit (REL). The REL gene encodes a
protein called Proto-oncogene C-REL,
which belongs to the RHD/IPT family. It
encompasses the R.EL
homology/immunoglobulin-like fold and
plexin domains [41]. The REL gene
contributes to regulate inflammation,
apoptosis, oncogenic processes, and
immune response. REL gene mutation is
associated with RA  development.
Furthermore, alternative splicing of the

BioScientific Review
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PADI4 gene results in the generation of
multiple isoforms with distinct functions. It
has a significant role in controlling B-cell
proliferation and survival [42]. Many
studies have identified a correlation
between genetic alteration in the REL gene
and RA susceptibility. Meta-analysis of
GWAS identified numerous SNPs in the
REL gene associated with RA, including
rs13031237 and rs13017599 [43]. A recent
study identified an SNP (rs13031237) in
the REL gene associated with anticyclical
citrullinated peptide (anti-CCP) antibody
positivity and increased susceptibility to
RA.

1.2.2.4. Runx family transcription
factor 1 (RUNXI). 1t plays a vital part in
cell production, embryonic development,
lineage specification, differentiation, and
programmed cell death. It is also implicated
in RA pathogenesis by modulating immune
cell differentiation, activation, and
functional regulation [44]. Multiple studies
have identified RA pathogenic SNPs. A
recent study conducted on the Chinese Han
population reported a  significantly
associated SNP rs9979383 for RA. Another
study conducted on the Korean population
found two RUNXI1 SNPs, including
rs9979383, to be associated with RA
susceptibility [45]. Furthermore, a study
found that the rs9979383 SNP in the
RUNXI1 gene was related with the risk of
RA in the Chinese population [46].

1.2.2.5. Fc gamma  receptor
(FCGR2A). The FCGR2A gene, belonging
to the Fc gamma receptor (FCGR) family,
has emerged as a significant contributor to
RA. Similarly, it plays an important role in
the immune system recognition of immune
complexes (ICs) [47]. GWAS significantly
improves our understanding of RA genetics
by identifying the variants associated with
the disease. A recent study emphasized the
role of certain SNPs found in the FCGR2A

Department of Life Sciences

gene (rs17400517, rs1801274, rs6671847,
and rs6668534) in elevating the risk of RA
development [48]. Through the analysis of
SNPs in the FCGR2A gene, it becomes
possible to predict the novel therapeutic
targets for RA therapy.

1.2.2.6. Nuclear factor kappa-B
kinase subunit epsilon (NFKBIE). The
NFKB pathway has a vital role in
controlling cytokine expression in the
synovial tissue. Recent advancements in
large-scale GWAS meta-analyses have
brought forth specific non-synonymous
SNPs within the NFKBIE gene, namely
rs2233434 and Vall94Ala, which have
been associated with RA development.
These genetic variants in the NFKBIE gene
are associated with RA pathogenesis, since
they influence the activity of the NFKB
pathway and subsequently affect the
expression of cytokines [49]. The NFKBIE
gene encodes a protein that interacts with
NF-kappa-B components, leading to the
sequestration of the complex in the
cytoplasm and preventing gene activation
in the nucleus. The phosphorylation of the
encoded protein makes it susceptible to
degradation via the ubiquitin pathway,
allowing NF-kappa-B to initiate gene
expression in the nucleus. This regulatory
process emphasizes the critical
involvement of the NFKBIE gene in
modulating NF-kappa-B activity and
underscores its importance in regulating
nuclear gene expression [50]. The
identification of these SNPs provides
valuable insights into the genetic
mechanisms underlying RA and may also
offer potential targets for future therapeutic
interventions.

1.2.2.7. AT-rich interaction domain
5b (ARIDS5B). 1t is a member of the ARID
protein family, also known as MRF2 or
DESRT, serving as an epigenetic regulator
by binding to AT-rich DNA sequences. It

UMT— 385
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forms a histone demethylase complex with
PHD finger protein 2, influencing the
transcription of genes involved in
adipogenesis and liver development (128).
AITD gene, a specific SNP rs6479779, has
been identified in relation with autoimmune
thyroid disease (AITD). This SNP has an
association with RA, suggesting a potential
shared genetic basis between these two
conditions (129).

1.2.3. Role of Cytokines in RA.
Genetic variations in pro-inflammatory
cytokines and cytokine receptor genes
significantly contribute to RA
susceptibility and development. IL6, a
crucial cytokine in RA pathogenesis, is
associated with specific SNPs
(rs184229712, rs2069837, rs1800796, and
rs36215814) in the IL6 gene, linking them
to genetic susceptibility in recent
investigations [51]. IL-1  cytokines,
particularly IL-la and IL-1B, play a
significant role in RA pathogenesis by
binding to IL-1 receptor 1 (IL-1R1). Recent
research has linked three SNPs in the
IL1R1 gene (rs3917318, rs956730, and
rs1049057) with genetic predisposition to
RA [52]. The gene encoding IL-1 R-
associated kinase 1 (IRAK1) contributes to
immune response stimulation. Several
studies have indicated that the rs1059703 T
allele of this gene is associated with RA
development and correlates with disease
severity. Dysregulated expression of IL-35,
a new member of the IL-12 family, has
been observed in RA. Recent investigations
have identified an association between
IL35 gene SNPs (152227314, rs2243131,
rs9807813, and rs583911), indicating an
elevated susceptibility to RA development
in the Chinese population [53][54].

1.24. Tumor necrosis factor
receptor (TNFR) superfamily role in RA.
There has been an increasing focus on
exploring novel genes encoding signaling

86 —|BSR

regulatory molecules linked to RA
development. The CD2 gene encodes a
surface-associated protein on immune cells,
interacting with CD58 on antigen-
presenting cells, thereby promoting
immune responses and acting as a co-
stimulatory molecule on T and NK cells
[55]. CD2, with roles in cell-cell adhesion,
T cell activation, migration, cytokine
production, and synovial tissue infiltration,
emerges as a potential therapeutic target for
RA. In RA, CD28, a key co-stimulatory
receptor on T cells, plays a pivotal role in
enhancing T cell activation, cytokine
production, and also contributes to the
autoimmune  response and  chronic
inflammation typical of the disease. The
association of CD28 genetic variants
underscores its significance in RA
pathogenesis [56]. CD40, a TNF family
transmembrane glycoprotein expressed on
various cells, serves as a potent T cell co-
stimulatory factor. Recent studies have
identified the association between specific
CD40 gene polymorphisms (rs1569723,
rs1883832, and rs4810485) and increased
RA susceptibility, supported by co-
dominant and  dominant  models.
Additionally, the CD209 gene influences
the immune response and controls
monocyte-induced T cell activation in RA
synovial tissue. The recently discovered -
96C>A variant in the CD209 gene
promoter is recognized as a potential
genetic factor linked to RA [57][58].

1.2.5. Epigenetic Modifications in
RA. In RA pathogenesis, multiple
molecular mechanisms are involved in the
initiation and advancement of the disease.
These include DNA methylation as well as
the involvement of non-coding RNAs
(ncRNAs) in significant capacities [59]. A
comprehensive analysis of genome-wide
association studies yielded an unexpected
finding, indicating that roughly 80% of risk
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variants associated with RA are situated
within non-coding regions of DNA [60].
Changes in gene expression, modifications
of histones, alterations in chromatin
structure, and the activity of transcription
factors have a progressively important
influence on RA development [61]. The
recognition of the influence of epigenetic
modifications on RA pathogenesis is
increasing, as these modifications have the
ability to regulate gene transcription,
resulting in heritable alterations in
phenotypes  without modifying the
underlying DNA sequence [62].

1.2.5.1. DNA methylation in RA.
DNA  methylation influences gene
expression by altering DNA accessibility to
transcription  factors and regulatory
proteins, predominantly targeting CpG
dinucleotides, including those in CpG
islands near gene promoters. Promoter
hypermethylation induces a condensed
heterochromatin state, inhibiting
transcription factor binding and causing

gene silencing. In contrast, promoter
hypomethylation, with reduced
methylation levels, fosters an open

chromatin structure, facilitating active gene
transcription [63]. DNA methylation
significantly influences disease
pathogenesis. In RA, distinctive aberrant
DNA methylation patterns in specific
genes, including IL6, IL10, and CXCL12,

have been observed, leading to
dysregulated gene  expression  and
potentially  contributing to  disease

susceptibility and activity [64]. Podgorska
et al. explored the connection between
DNA methylation of ADAMTSL2 and
LRPAPI1 genes and their impact on RA
susceptibility and severity. ADAMTSL2 is
linked to extracellular matrix remodeling,
while LRPAP1 regulates specific signaling
pathways. The study revealed that
alterations in the methylation status of these
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genes can affect RA susceptibility and
disease activity by modulating gene
expression, influencing crucial biological
processes and pathways in RA
pathogenesis [59].

1.2.5.2. RNAs in RA Pathogenesis.
Circular RNAs (CircRNAs), small non-
coding RNAs (sncRNAs), and long non-
coding RNAs (IncRNAs) have also been
implicated in the development of RA.

1.2.5.2.1. Circular RNAs (CircRNAs).
Circular RNAs (circRNAs) are unique non-
coding RNA transcripts with a circular
structure formed through covalent binding
of RNA ends, lacking 5' end caps or 3' poly
A tails. Zheng et al. studied circRNA
expression patterns in  RA-positive
individuals, identifying circRNAs such as
hsa circRNA 104194,
hsa circRNA 104593,
hsa_circRNA 103334,
hsa_circRNA 101407, and
hsa_circRNA 102594 [65]. circMAPKD9, a
circular RNA, enhances pro-inflammatory
actions in synovial fibroblasts (SF) by
regulating the miR-140-3p/protein
phosphatase magnesium-dependent 1A
(PPM1A) axis. Additionally,
circ_0088194, correlated with RA disease
activity, interacts with miR-766-3p, leading
to heightened expression of matrix

metalloproteinase 2 (MMP2) and
facilitating  increased invasion and
migration of SF in RA [66]. These

discoveries indicate that circRNAs might
contribute to the development of RA by
potentially influencing the underlying
mechanisms of the disease.

1.2.5.2.2 Small non-coding RNAs
(sncRNAs). sncRNAs, a subset of
miRNAs, crucially regulate  gene
expression by binding to the 3' untranslated
regions (3'UTRs) of target mRNAs. In RA,
specific miRNAs such as miR-22-3p, 26b-
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S5p, 142-3p, 155 show altered expression,
potentially contributing to RA development
by influencing genes associated with
immune responses, inflammation, and
tissue damage [67]. miRNA-22 has been
consistently associated with RA in multiple
studies. Treatment-naive RA patient serum
exhibits both upregulation (hsa-miR-187-
5p, -4532, -4516) and downregulation (hsa-
miR-125a-3p, -575, -191-3p, -6865-3p, -
197-3p, -6886-3p, -1237-3p, -4436b-5p) of
various miRNAs, identified in diverse
investigations. These findings highlight the
potential role of these miRNAs in RA
development and progression [68]. Gaining
insights into disease mechanisms and
potential therapeutic targets involves
exploring the significance of these miRNAs
in RA. Unraveling the precise molecular
mechanisms and functional implications of
miRNA dysregulation in RA requires
further research.

1.2.5.1.3 Long non-coding RNAs
(IncRNAs). IncRNAs, over 200 nucleotides
long, lack protein-coding capacity, serve
vital roles in gene regulation through
diverse activities including chromatin
remodeling, transcriptional control, RNA

splicing, and post-transcriptional
modifications, thus influencing
development, disease, and cellular

processes [69]. Several IncRNAs, including
GASS, are linked to RA pathogenesis.
GASS exhibits reduced expression in
fibroblast-like synoviocytes (FLS) and
synovial tissues in RA  patients.
Conversely, Tanshinone IIA, a natural
compound, has been found to elevate GAS5
expression without affecting the mRNA
transcript and is known to reduce viability
in FLS derived from RA patients [70].
IncRNAS56464.1 and linc00152 have been
implicated in RA by influencing the
proliferation of SF and modulating
inflammatory responses, respectively [71].
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They act as competitive endogenous RNAs,
binding to miRNAs to disrupt their
regulatory impact on target transcripts. For
instance, IncRNA SNHGI14 targets the
miR-17-5p/MINK1 axis, promoting pro-
inflammatory cytokine production and
activating the JNK signaling pathway [72].
In another study, reduced plasma CASC2
levels were detected, correlating with
elevated IL-17 production. Notably, a
negative correlation between CASC2 and
IL-17 was observed in both RA patients and
healthy individuals. CASC2 expression
promotes FLS apoptosis in RA individuals,

suppressing IL-17 expression. These
findings suggest the involvement of
CASC2 downregulation in RA
pathogenesis [73].
2. CONCLUSION

Rheumatoid arthritis (RA) is a

complex autoimmune disease driven by a
delicate interplay between genetic and
environmental factors. Extensive study has
unraveled the role of various genetic
markers such as HLA alleles and SNPs in
key genes including PADI4, REL, RUNX1,
FCGR2A, and CD40, shedding light on RA
susceptibility. Molecular factors, such as
IncRNAs and miRNAs, and cytokines, such
as IL-1 and CD28, play pivotal roles in RA
pathogenesis. Understanding these genetic
and molecular intricacies is essential for the
development of personalized treatments,
potentially improving patient outcomes.
Moreover, it's crucial to recognize the
substantial influence of environmental
factors, such as diet and microbiome, in the
development of RA. These aspects offer
new insights for its prevention and
treatment. A holistic approach that
considers both genetic and environmental
factors would pave the way for more
effective management of the disease. This
comprehensive review  consolidates
knowledge from diverse sources, providing

BioScientific Review

Volume 7 Issue 1, 2025



Shan et al.

a framework for future research and
offering promise for better management
and improved quality of life for individuals
affected by RA.
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