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Pathogenesis of Rheumatoid Arthritis

Sarah Ibrahim Dhaidan*, Batool Hassan Al-Ghurabi?, Raja Hadi Al-Jubouri3
Abstract

ackground: A chronic autoimmune illness marked by aberrant immune function is rheumatoid arthritis
(RA). Absent in melanoma 2 inflammasome (AIM2), is important for the start of the innate immune
response. Proinflammatory cytokines are released by the RA's activated inflammasome.

Methods: In this case-control study, 52 participants were divided into 2 groups: 22 had recently been
diagnosed with RA, while 30 were healthy subjects. The Disease Activity Score 28 (DAS 28) scored each
patient candidate for disease activity. Rheumatologists assess disease activity. Patient and control saliva
samples were analyzed using “Enzyme-Linked Immunosorbent Assay (ELISA)” kits to identify AIM2
inflammasome activity and IL-18 and IL-33.

Results: AIM2, IL-18, and IL-33 levels in saliva were considerably higher in the patient group than in the
control group.

Conclusion: Elevated levels of the AIM2 inflammasome and the cytokines IL-18, and IL-33 may have a role in

the pathophysiology of rheumatoid arthritis and serve as a helpful biomarker for rheumatoid arthritis early
detection.
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Introduction
Rheumatoid arthritis is a systemic, chronic
autoimmune disease characterized by ongoing

inflammation of synovial joints, cartilage degradation,
synovial tissue hyperplasia, and joint deformity
resulting in functional limitation [1,2]. The proportion
of RA patients is rising each year and RA can affect
anyone at any age [3,4]. Al-Rawi et al. (1978) estimated
a 1% prevalence of RA in Iraq in 1975 [5]. Alkazzaz
(2013) noted a rise in the incidence of RA in Iraq, from
1.6% in 2001 to 3.02% in 2011 [6]. A possible
explanation for this 1:3 ratio between male and female
RA patients is stimulation of the immune system by
estrogen [7,8]. Although there is a complicated
interplay between genetic and environmental factors
[9]. It is believed that smoking, genetics, infections,
obesity, periodontal disease and gut microbiota might
cause RA, the disease's exact pathogenesis is still
unknown [10]. RA is linked to  hyper-
gammaglobulinemia and higher levels of acute phase
proteins. The synovial membrane contains
mononuclear cells, which are then stimulated by T
lymphocytes to aid B cells in producing rheumatoid
factor [11]. Inflammation and organ damage are
hallmarks of a dysregulated immune response, which
frequently leads to autoimmune diseases [12,13].
Numerous explanations for chronic inflammation
that results in autoimmunity have been suggested. In
some autoimmune disorders, inability to regulate
inflammasome activation has been identified [13].
Endogenous multimeric protein complexes called
inflammasomes cleave proinflammatory cytokines
including ‘IL-18 and IL-1B’ in response to infections,
tissue injury, and metabolic imbalances [14,15].
Following assembly, the active inflammasome produces
mature proinflammatory cytokines by cleaving ‘pro-IL-
1B’ and ‘pro-IL-18’ into their component parts. Then
proinflammatory cytokines are released [16]. RA’s key
proinflammatory cytokines include TNF, IL-1B, IL-6,
and IL-18, and the inflammasome sensors include
AIM2, pyrin, and NOD-like receptors (NLRs) [17]. AIM2
recruits ASC and pro-caspase-1 when it detects
pathogen or host cytosolic double-stranded DNA
(dsDNA). This requires ASC and pro-caspase-1 [18].
IL-18, which was originally known as an IFN-
inducing factor, is responsible for a number of different
functions. These functions include activating T and NK
cells to create IFN-, generating a Thl-type immune
response, and boosting the proliferative response and
cytokine production by activated T cells [19]. In
addition to being the root cause of immunologically
mediated illnesses, it is responsible for controlling both
innate and adaptive immune responses [20]. IL 18 has a
variety of regulatory roles in immunological and
inflammatory responses and is a sensitive indicator of

inflammation [21]. One of the IL-1 cytokine family
members, IL-33, mediates the biological effects of its
actions via attaching to the ST2 receptor [22].
Additionally, there is a possibility that IL-33 plays a
part in the aetiology of rheumatoid arthritis [23,24].
Because of this, the goal of this research was to better
understand howthe AIM2 inflammasome and
proinflammatory  cytokines  “(IL-18 and IL-
33)” contribute to the pathogenesis of RA. The main
objective of this study was to understand how the AIM2
inflammasome and proinflammatory cytokines “(IL-18
and IL-33)” contribute to the pathophysiology of
rheumatoid arthritis.

Methods

Subjects:

In this case-control study, 52 participants were divided
into two groups: 22 had recently received a RA
diagnosis, while 30 appeared to be in good condition.
According to the “Disease Activity Score 28 (DAS 28)”,
each candidate in the patient group received a score for
disease activity. Disease activity was assessed by a
rheumatologist. The College of Dentistry/University of
Baghdad Ethical Review Board authorized this research
(No. 465 in January 2022). Participants in this study
had to meet the 2010 ACR/EULAR inclusion criteria, be
older than 20 years old, and not have any infectious
diseases like hepatitis, malignancies, cardiovascular
complications, or other autoimmune or inflammatory
diseases.

Sample size calculation:

The G power 3.1.9.7 tool estimated the sample size
with 95% power of research and 0.05 alpha error of
probability on a two-sided scale.

Estimation of DAS28:
According to DAS 28, each candidate in the patient
group received a score for disease activity. This index
includes three measurements: an ESR measure (as a
marker of inflammation), a TJC (tender joint count)
range of 0-28, and an SJC (swollen joint count) range of
0-28. The following equation was used for calculating
DAS28:
DAS28 = 0.56 x V(TJC) + 0.28 x V(SJC)

+ 0.70 x In(ESR) + 0.16

Saliva Samples Collection:

All subjects were instructed to fast for at least an hour,
sit comfortably, and discard blood samples before
contributing saliva. The participants were also
instructed to sit comfortably. The saliva was obtained
between 9 and 12 that morning. After continuously
rinsing his mouth with sterile water and waiting one to
two minutes, up to 5 ml of unstimulated saliva was
collected into polyethylene tubes. After collecting
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saliva, it was centrifuged for 10 minutes at 3000 rpm
and stored in Eppendorf tubes at -80 °C.

Measurement of Salivary Biomarkers:

The ELISA kits (Mybiosource/USA and Shanghai/China)
were used to measure the concentration of AIM2
inflammasome and proinflammatory cytokines ‘IL-18
and IL-33’.

Statistical analysis:

Statistics were performed using SPSS version 24.
Differences between rheumatoid arthritis and control
groups were assessed using an independent samples t-
test. When data were not normally distributed, the
Mann-Whitney U test was applied as a non-parametric
alternative. Associations between variables were
evaluated using the Pearson correlation coefficient. A
p-value < 0.05 was considered statistically significant.

Results

Based on the comparison of 22 RA patients with 30
healthy controls, the findings of this study were
determined. Table 1 lists the demographic
characteristics of patient group and control group. Age
differences among the two study groups weren't
significant (p>0.05). The average age of the participants
was 46.91£7.49 vyears, and a significant gender
difference (p <0.05) was found between the two study
groups. Most of the participants of the RA
patients were females: 19 (86%) compared to 3 (14%)
male participants. The average DAS28 score for the
group of RA patients in our study was 4.83 + 1.07,
considering disease activity at the time of diagnosis.

338.1+153.0) as compared to the control group (11.40
1.63 and 205 * 39.37), as observed in Table 3.

Interleukins
(pg/mL)

Study groups

Control
n=30

Patient group
n=22

P-value

IL-18

Range (pg/mL)

(8.81-14.57)

(20.44 - 37.41)

Mean* SD
(pg/mL)

11.40 * 1.63

26.30 +4.23

p<0.001

1.-33

P-value

Range (pg/mL)

(143 - 290)

(212-710)

Mean* SD

205 +39.37

338+153.0

p=0.001

Dt jic € istic: Study groups P-value

Control group Patient group

n=30 n=22

Range (32-59) (29-59) 0.620%
Mean * SD 45.40%5.73 46.91 % 7.49
Gender P-value
Female [ 25 (83%) [ 19 (86%)
Male| | 5 (17%) | 3 (14%)
DAS28
Range [ - [ (2.90 - 6.30) 0.009"
Mean * SD | - | 4.83+1.07

Table 1: Demographic and clinical pictures in studied groups.
*: Significant, NS: Non-significant, SD: Standard deviation, n.:
Number, %: Percentage

This study's results indicated a substantial increase in
salivary AIM2 levels in the RA group (2.29%0.33)
compared to the control group (1.28+0.25), as shown in
Table 2.

Aim2 (pg/mL) Study groups P-value
Control group Patient group
n=30 n=22
Range (0.41-1.52) (1.19-1.79) p<0.001
Mean * SD (pg/mL) 1.28+0.25 2.29+0.33

Table 2: Difference in mean salivary AIM2 concentrations
(pg/mL) in studied groups.
Notes: Significant, SD: Standard deviation, n: Number.

In the current study, there was significant elevation
in mean salivary levels of IL-18 (p < 0.001) and IL-33 (p
= 0.001) among RA patients (26.30+4.23 and

‘mL)
T:gt;le) 3: The difference in mean salivary interleukin (IL-18 and
IL-33) concentrations (pg/mL) in the studied groups.

Note: Significant; NS = Non-significant; SD = Standard deviation; n
= Number

The current study showed that there was a significant
correlation between DAS28 index at the time of
diagnosis and salivary level of AIM2, IL-18 and IL-33
(r=0.467, P=0.029; r=0.589, p=0.004; r=0.500, p=0.018)
in RA patient group as shown in Table 4.

Biomarkers AIM2 IL-18 IL-33

DAS28 1=0.467 =0.589 =0.500
p=0.029* p=0.004* p=0.018*

Table 4: Correlation between DAS28 and biomarkers in new
patients.

Discussion

The prevalence of RA in the population is well
recognized, with the fourth and fifth decades of life
having the highest occurrence. But the average patient
age in the current study was (46.91 * 7.49), which is
generally in line with findings from other studies
[25,26]. Additionally, compared to men, females had a
higher prevalence of RA, according to this study. These
results are comparable with those published by [27].
Studies [6,28-32] conducted in Iraq found that females
had greater incidences of RA than males (5.3:1, 4.6:1,
3.7:1,4.9:1, and 6:1), respectively. The interpretation of
a higher prevalence in females may be related to the
immunological responses that result from hormonal
variations (such as estrogen) between them. These
hormones cause women to express superior immune
responses than males do, and these responses have a
tendency to be more TH2 responses, which are pro-
inflammatory, so they may accelerate the onset of
autoimmune disorders [32].

Recent studies on the pathophysiology of RA are
increasingly focusing on cytoplasmic receptors called
AIM2 inflammasomes. According to the current study,
in comparison to the control group, the RA patient
group's salivary AIM2 level increased. In PBMCs from
RA patients, AIM2 gene expression levels were
considerably increased, according to a meta-analysis by
Afroz and colleagues [33]. However, Baum et al. (2015)
found that mice susceptible to arthritis who were AIM2
deficient showed considerably reduced joint
inflammation and histological changes [34]. Méndez-
Frausto et al. (2020) found that rheumatoid arthritis
monocytes produced more IL-18 without AIM2
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inflammasome signaling [35]. However, Chen et al
(2020) found that rheumatoid arthritis patients had
lower blood AIM2 levels than healthy controls, while
“caspase-1, ASC, IL-1B, and AIM2” inflammasome-
associated molecules were higher and strongly
correlated with CRP and ESR. However, RA patients’
FLSs had greater AIM2 levels than OA patients’ FLSs
did, and inhibiting AIM2 in FLSs prevented FLS
proliferation [36]. AIM2 is still a focus for RA treatment,
despite the contradictory outcomes. Hypoxia damages
nuclear or mitochondrial DNA (mtDNA), which is closer
to the respiratory chain and more susceptible to
oxidative stress. Raised plasma and synovial tissue
mtDNA levels and AIM2 inflammasome activation are
seen in rheumatoid arthritis patients [37,38].

As previously reported, the rheumatoid arthritis
group had significantly greater salivary IL-18 levels
than the control group. RA patients showed greater
median IL-18 concentrations than controls, according
to Talib et al. (2024) [39]. Shao et al. (2009) found that
RA patients had higher blood, synovial fluid, and tissue
levels of “IL-18, IL-18R, iNOS, COX-2, and IL-18”
biological activity than controls [40]. Proinflammatory
cytokines, particularly ‘IL-1p and IL-18’, are cleaved by
activated inflammasomes in response to a variety of
stimuli, including infections, tissue injury, and
metabolic imbalances [14,15]. Deregulation of the AIM2
inflammasome may explain the increased salivary IL-18
in this research. Due to inflammasome growth, pro-IL-1
and pro-IL-18 mature into IL-1 and IL-18, respectively,
and are released into the extracellular environment by
pyroptosis, activating caspase-1 downstream [41].

The fact that patients' saliva contained more IL-33
than that of control subjects was another significant
finding of this investigation. This result is consistent
with the [42] research, which confirmed a wide
assortment of IL-33 levels in RA patient synovial fluids,
which were much higher than those in OA patients.
Hong and colleagues also found an increase of IL-33 in
RA, suggesting that it may regulate autoantibody
production [43]. One of the primary sources of IL-33 in
RA is thought to be synovial fibroblasts, which produce
large amounts of the protein when stimulated by “TNF-
a and IL-1B” [23]. Reduced partial oxygen pressure is a
notable feature of the microenvironmental conditions
in the inflamed joints of rheumatoid arthritis patients
[44-47].

The signaling pathways governing ‘IL-33 expression’,
particularly the p38 and ERK pathways, were activated
by HIF-1a to stimulate IL-33 expression in RASF. This
explains, at least in part, why RA patients' synovial
fluids have raised amounts of IL-33, and it also

correlation between salivary AIM2, IL-18, and IL-33
levels and the DAS28 index in the RA patient group.
The current finding somewhat accords with a different
study by Chen et al (2020), who found a positive
correlation between RA patients’ ESR and CRP levels
and the H scores for AIM2, ASC, and IL-1 in the
afflicted knee synovium. These findings suggest that
the AIM2 inflaimmasome may contribute to the
pathophysiology of RA [36]. Furthermore, in
rheumatoid arthritis patients, a link existed between
salivary IL-33 levels and disease activity. Similar
findings were reported by Matsuyama et al. (2010) [49]
observed same results, establishing a correlation
between DAS28 and serum IL-33 levels. The
concentration of IL-33 in synovial fluid was correlated
with DAS-28, ESR, and RF in a research including 120
RA patients [50]. This could be an indication of a
complex interaction between IL-33 levels and RA
patient inflammation. However, Xiangyang et a/. (2012)
found no association between serum IL-33 levels and
other clinical variables including DAS28, ESR, or CRP
[51]. The results of the present study suggested a
relationship between salivary IL-18 and disease
activity. This finding agreed with those of Sahin et al
(2014), who discovered that in RA patients, IL-18
positively linked with DAS 28 scores [52].

Limitation

This study has certain limitations that should be
acknowledged. Although a power analysis was
performed to determine the minimum required sample
size, the number of participants was relatively small (22
patients and 30 controls), which may limit the
generalizability of the findings. Additionally, the cross-
sectional design restricts causal inference regarding the
relationship between AIM2 inflammasome activation,
cytokine expression, and rheumatoid arthritis activity.
Future studies with larger, more diverse cohorts and
longitudinal follow-up are recommended to validate
and expand upon these findings.
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