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Role of salivary caspase-1 and gasdermin D
in the pathophysiology of rheumatoid arthritis
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Abstract. Rheumatoid arthritis (RA) is a chronic inflam-
matory disease affecting extra-articular organs, manifesting
as symmetric polyarticular invasive joint inflammation. The
disease pathogenesis involves cell death caused by lysis,
known as pyroptosis, leading to the development of inflamma-
tion. Cytokines that promote inflammation, such as IL-18 and
IL-1pB, are released as a result of the NLRP3 inflammasome
activating caspase (CASP)1, 3 and 4. Notably, the gasdermin D
(GSDMD)-N-terminal allows substances to flow through the
plasma membrane, and this protein is cleaved by CASP1 and
other caspases. The present study aimed to evaluate the role of
salivary CASP1 and GSDMD in the pathophysiology of RA,
and determine the roles of the salivary flow rate and saliva
pH. A control group and two groups of patients, including
newly diagnosed and treated patients with RA, were enrolled
in the present study. An independent rheumatologist rated the
clinical disease activity score of each patient, and the saliva
pH and salivary flow rate were also measured. In addition,
ELISA was used to detect the expression levels of CASP1 and
GSDMD. The results of the present study revealed that the
CASPI1 level was significantly increased in all patients with
RA, compared with the control group. Notably, the levels of
CASP1 differed between the treated patients with RA and
those newly diagnosed with RA. The results also revealed that
there were no significant differences in the levels of GSDMD
between the groups. Moreover, there were significant differ-
ences in the mean saliva pH and salivary flow rate between
all patients with RA and the control group. On the whole, the
present study demonstrates that GSDMD and CASP1 may be
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required for the development of RA. Following the activation
of CASPI, the development of RA is promoted via signals that
amplify inflammatory responses. Understanding the specific
roles of these signals may lead to the development of novel
therapeutic approaches.

Introduction

Extra-articular organ involvement and symmetric polyartic-
ular invasive joint inflammation are hallmarks of rheumatoid
arthritis (RA), a chronic systemic inflammatory disorder. RA is
characterized by synovitis (1). At present, 0.5-1.0% of patients
present with RA worldwide, with greater prevalence rates
observed in females and the elderly (2). RA involves immune
cells and cytokines that trigger an inflammatory response,
leading to damage in the arthritic joint (3,4). However, the patho-
physiology of RA remains to be fully understood. At present,
research is focused on the involvement of the inflammasome
within rheumatic disorders. Pathogen pattern-recognition
receptors (PRRs) form multimeric complexes on the inflam-
masome, and bind to damage-associated molecular patterns
and pathogen-associated molecular patterns to facilitate
host defense responses. In the majority of cases, pro-caspase
(CASP)1, PRR and a protein adapter form the inflamma-
some (5). Following activation, CASP1 inhibits the binding
between pro-IL-1, pro-IL-18 and gasdermin D (GSDMD),
resulting in pyroptosis and in an inflammatory response (6).
Moreover, following the activation of the inflammasome,
GSDMD is cleaved into the GSDMD-N-terminal. Cleavage is
promoted canonically or non-canonically via external stimuli
or endogenous damage (7,8). GSDMD-induced pyroptosis
protects the host from bacterial invasion (9). Numerous inflam-
matory diseases exhibit persistent inflammation mediated by
abnormal GSDMD activation (10).

Temporomandibular joint disorders (11), and symptoms of
dry mouth are oral complications associated with RA (12,13).
In addition, patients with RA may experience extra-articular
involvement of the skin, eyes, heart, lungs, kidneys, neuro-
logical system and gastrointestinal tract (14). Individuals
with clinically diagnosed RA may also experience changes in
salivary function (15). In the majority of the affected organs,
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extra-articular symptoms of RA are caused by vascular vascu-
litis, which may be followed by arterial occlusion and vessel
wall necrosis (14). The present study aimed to evaluate the
role of salivary CASP1 and GSDMD in the pathophysiology
of RA, and determine the potential associations between RA,
saliva pH and salivary flow rate.

Subjects and methods

Subject information. Patients with RA (aged 20-60 years) were
divided into two groups. The first group included 20 patients
with a clinical diagnosis of RA who were not receiving any
type of treatment from a rheumatologist (the newly diagnosed
group). The second group included 40 patients with RA who
had previously been treated with biological or non-biological
Disease-modifying antirheumatic drugs (DMARD) in the
Rheumatology Unit of the Baghdad Teaching Hospital
(Baghdad, Iraq; treated group). Notably, rheumatologists in
this unit evaluated the disease activity of all patients in each
group using clinical disease activity score (CDAI).

Patient data was obtained, including name, age, sex,
alcohol consumption, smoking history, family history, a
history of systemic disorders and previous medications.
In total, the control group included 16 male and 44 female
participants. All patients in the control group were in good
overall health, with no systemic disorders or immunological
diseases and no previous medication. The age and sex of
the individuals in the control group were matched to those
of the RA groups. Patients were excluded from the present
study according to the following criteria: An age >60 years,
a history of smoking, alcoholism, or pregnancy at the time
of the study.

All groups were examined between December, 2022
and mid-June, 2023. The present study was approved by the
Institutional Review Board Ethics Committee at the College
of Medicine, Al-Nahrain University, Baghdad, Iraq (ethics
approval no. 20221029). The examination and collection of
samples from patients with RA was approved by The Ministry
of Health, Iraq. Written informed consent was obtained from
all patients, and the Declaration of Helsinki was followed.

Assessment of disease activity using CDAI. In the
Rheumatology Unit of The Baghdad Teaching Hospital,
rheumatologists used CDALI to evaluate the disease activity of
patients with RA (16).

Saliva collection. Unstimulated saliva collection was
carried out according to the guidelines described by
Tenovuo and Lagerlof (17). Samples were centrifuged for
10 min at 804.96 x g at room temperature (~20°C), and divided
into two groups for ELISA. Supernatants were stored at -200'C
until use in further experiments.

Calculation of salivary flow rate. All unstimulated saliva was
collected from patients for 5 min. Volume was calculated and
expressed as ml/min (18).

Determination of saliva PH. A digital pH meter with a single
electrode was used to measure saliva pH (Jenway pH meter
3320) (19).

Detection of salivary CASPI. Salivary CASP1 was evaluated
using ELISA, following the manufacturer's instructions (cat.
no. ELK2076; ELK Biotechnology). Briefly, a microtiter plate
was pre-coated with anti-CASP1 antibody (cat. no. ELK2076;
ELK Biotechnology). Following the addition of samples, a
biotin-conjugated anti-CASP1 antibody was added to the
microtiter plate. Following incubation with primary antibodies
for 50 min at 37°C, the samples were incubated with horse-
radish peroxidase (HRP)-conjugated avidin (part number:
ELK?2076). TMB substrate solution (ELK Biotechnology, Co.,
Ltd.) was added to all wells, and color changes were observed
in wells containing CASP1, biotin-conjugated antibody and
enzyme-conjugated avidin. Changes in color were determined
using a spectrophotometer (Thermo Fisher Scientific, Inc.) at
450+10 nm, and the enzyme-substrate reaction was termi-
nated following the addition of sulphuric acid solution (ELK
Biotechnology, Co., Ltd.). The optical density of the samples
was read and compared with a standard curve to determine the
concentration of CASP1.

Detection of salivary GSDMD. Salivary GSDMD was evalu-
ated using ELISA, following the manufacturer's instructions
(cat no. E6838Hu, Bioassay Technology Laboratory). Briefly,
a plate was pre-coated with the anti-GSDMD antibody, and
biotinylated human anti-GSDMD antibody was subsequently
added. Following incubation with primary antibodies
(provided with the kit) for 60 min at 37°C, the samples were
incubated with HRP-conjugated streptavidin, washed and
substrate solution was added. Color development was indica-
tive of human GSDMD. An acidic stop solution was added
to all samples, and the absorbance was determined at 450 nm
(using a spectrophotometer, Thermo Fisher Scientific, Inc.).

Statistical analysis. SPSS (version, 26; IBM Corp.) was used
for statistical analysis. Differences between two groups were
determined using unpaired Student's t-tests, and differences
between multiple groups were determined using one-way
ANOVA followed by a post hoc test (Duncan's multiple range
comparisons). Percentage changes were determined using the
Chi-squared test. Pearson correlation coefficient (r) was used
to calculate the correlation between parameters. Receiving
operating characteristics curve (ROC) analysis was used to
determine the diagnostic capability of a binary discrimina-
tion system which plot the TPR (true positive rate) sensitivity
against the false positive rate (1-specificity). A value of
P<0.05 was considered to indicate a statistically significant
difference.

Results

Demographic characteristics of the study participants. The
results of the present study revealed no significant differ-
ences in the age and sex of the participants between all
groups. The mean disease duration in the treated RA group
was 8.95+5.123 years. In addition, there was no significant
difference in CDAI between the newly diagnosed and treated
RA groups. The results of the present study demonstrated
significant differences in the mean salivary flow rate and
saliva pH between all patients with RA and the control group
(Table I).
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Table II. Levels of CASP1 and GSDMD, and the disease activity score among treated and newly diagnosed patients.

Groups Disease activity Salivary CASP1, mean + SD Salivary GSDMD, mean + SD

Treated Low 2.0575+0.58939 2.9544+1.59425
Moderate 2.1211+0.89705 3.1340+1.35189
High 1.7050+0.53007 3.4509+1.27984
P-value 04 0.7

Newly diagnosed Low 1.6800+0.34496 3.4610+0.70885
Moderate 1.7111£0. 50755 3.5117+1.40661
High 2.1729+1.39582 3.4640+1.23875
P-value 0.5 09

There were no statistically significant differences between all groups as regards disease activity. CASP1, caspase-1; GSDMD, gasdermin D.

Detection of salivary CASPland GSDMD. The results of the
present study revealed a significant difference in the mean
salivary CASP1 levels between all three groups, with 2.0134,
1.8665 and 1.5183 ng/ml observed in the treated RA, newly
diagnosed and control groups, respectively. In addition, the
mean salivary CASP1 level was notably higher in the newly
diagnosed group compared with the control group. However,
there was no significant difference in the mean salivary
CASP1 level between the treated RA and newly diagnosed
groups (Table I).

In addition, the results of the present study revealed that
the mean salivary GSDMD levels were 3.4849, 3.1514 and
3.2260 ng/ml in the treated RA, newly diagnosed and control
groups, respectively; however, differences between groups
were not significant. In addition, there were no notable differ-
ences in the means of GSDMD and CASP1 in the saliva of
the two groups of RA when these were divided according
to disease activity score to low, moderate and high activity
(Table II). Moreover, the results demonstrated no notable
correlation between CASP1, GSDMD, saliva pH or salivary
flow rate (Table III).

Diagnostic value of CASPI and GSDMD. ROC analysis was
used to determine the diagnostic value of CASP1 and GSDMD
in patients with RA. CASP1 in the treated group revealed an
area under the curve (AUC) of 0.7 (P=0.001), while GSDMD
was not found to be efficient. At a 1.525 cut-off, CASP1 could
predict the inflammation and disease activity in the treated
RA group at a sensitivity of 78% and specificity of 63%. By
contrast, the results of the ROC analysis demonstrated that
CASP1 and GSDMD were not associated with disease activity
in the newly diagnosed group (Fig. 1).

Discussion

The results of the present study demonstrated that RA often
affects adults during their 40th decade of life, which is consis-
tent with the results of the study by Ranade and Doiphode (20).
The results of the present study revealed no significant
differences in age or sex between the three study groups,
which was comparable with the results of the study by Al
Ghuraibawi et al (21). In the present study, the majority of
patients with RA were female, which was also consistent

Table III. Correlation between salivary biomarker and oral
manifestation.

Parameter GSDMD  pH of saliva  Flow rate
CASP1

Pearson's correlation 0.095 0.090 027

(r value)

P-value (two-tailed) 0.380 0.404 0.803
GSDMD

Pearson's correlation

(r value) 0.012 -0.098

P-value (two-tailed) 0.907 358
pH of saliva

Pearson's correlation -0.167

(r value)

P-value (two-tailed) 0.117

CASP1, caspase-1; GSDMD, gasdermin D.

with the study by Alkazzaz (22). The prevalence of RA may
be higher among females due to gene silencing on the X
chromosome, which plays a key role in the development of
autoimmune disease. Notably, skewed inactivation may lead
to differences in gene silencing in the maternal and paternal X
chromosomes, resulting in distinct self-antigens that trigger a
greater immune response. The reactions between self-antigens
promote the development of auto-immune reactions, and the
development of disease, such as RA (23).

The present study revealed that the salivary flow rate was
significantly increased in patients with RA, compared with
the control group. This outcome is consistent with the study
conducted by Majid et al (24). This suggests that the salivary
glands are one of the main target organs of RA, since RA is
considered to be associated with the infiltration of lymphocytes
of affected glands, leading to decreased chemical and salivary
changes (25). In the present study, there were no appreciable
changes between the newly diagnosed and treated patients
with RA; however, the salivary pH increased significantly in
the two patient groups compared with the control group. The
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Figure 1. ROC curve analysis of CASP1 and GSDMD in patients with RA. For the treated group (left panel), the AUC for CASP1 was 0.7 (P=0.001) with
optimal stratification achieved at a 1.525 cut-off value; for GSDMD, the AUC was 0.54. For the newly diagnosed patients (right panel), both tests were not
efficient at predicting disease activity. ROC, receiver operating characteristic; AUC, area under the curve; CASP1, caspase-1; GSDMD, gasdermin D.

study by Fadhil and Ahmed (26), which discovered a substan-
tial decrease in salivary pH levels between the treated RA and
control groups, is in conflict with this conclusion. The findings
of that study demonstrated that an increase in the physiological
salivary pH range corresponds to an increase in saliva flow rate
and vice versa (26). The results of the present study revealed
that patients with RA exhibited increased levels of salivary
CASP1 compared with the control group, and these results were
comparable with those obtained in the study by Kim et al (27).
However, Karabulut er al (28) observed the opposite result.

Kim et al (27) investigated the reason behind the increase
in CASPI levels in the serum of patients receiving treat-
ment for RA. They found that CASP1 activation is a sign of
inflammasome activation, which is crucial for inducing an
inflammatory response in macrophages. suggests that the RA
drug may have an effect on CASP1 expression. The therapeutic
strategy may affect CASP1 expression and activity (29). In the
present study, the median value of salivary CASP1 in the newly
diagnosed group was higher than that in the control group,
which suggests the involvement of CASPlin the early stages
of RA development. There were no significant differences in
the median value of salivary CASP1 between the treated and
newly diagnosed groups. This result is in accordance with the
result presented in the study by Cascao et al (30).

The results of the present study demonstrated that there
were no notable differences in the mean salivary GSDMD
levels between the three groups. To the best of our knowledge,
the present study is the first to investigate the levels of GSDMD
in the saliva of patients with RA. Notably, Zhang et al (31)
investigated the synovial expression of cleaved GSDMD using
immunohistochemistry and multiplex immunohistochemistry.
The results of the study by Zhang et al (31) demonstrated that
patients with RA exhibited increased inflammasomes and
GSDMD-N-terminal in the synovium, compared with patients

with osteoarthritis. This result is in disagreement with that of
the study conducted by Al Obaidi and Al Ghurabi (32), which
discovered elevated levels of NLRP3, which caused the release
of GASDMD in the patient group (periodontitis).

Of note, a limitation of the present study was that the
concentrations of CASP1 (inactive form) and GSDMD (inac-
tive form) were quantified in saliva. Nevertheless, the active
forms were not quantified. Thus, further studies are required
to further investigate these parameters.

In conclusion, the findings of the present study provide
valuable insight into the role of GSDMD and CASP1 in the
context of RA. The significance of these differences in the
means of CASP1 indicate that it could be a critical factor in
the severity and progression of RA. This aligns with existing
literature that highlights the importance of inflammatory
mediators in the pathogenesis of RA, suggesting that CASP1
may be a potential target for therapeutic intervention.
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