
Introduction
Systemic sclerosis (SSc) is a rare, chronic, and complex 
rheumatologic disease in which several pathogenic 
pathways lead to diffuse proliferative vascular 
modifications and widespread fibrosis of the skin and 
visceral organs. It has a worldwide distribution, with 
extensive patient-to-patient variability (1,2). This 
autoimmune disease can occur in people of any age. 
However, the peak incidence is in the fifth decade of life, 
and it preferentially affects women, with a female-to-
male ratio of 4:1–10:1, depending on age and ethnicity. 
Endogenous or exogenous environmental triggers/risk 
factors, particularly immunological abnormalities of the 
innate and acquired immune systems, are thought to be 
involved in the pathogenesis of SSc; however, the precise 
mechanisms remain elusive (3-5).

T-cell-mediated immune responses and the abnormal 
production of autoantibodies are the most recognized 
evidence of the participation of the immune system in 
the initiation and progression of chronic inflammatory 
skin diseases, such as SSc (6,7). The pathologic hallmark 
of SSc is fibroblast growth and excessive collagen 
deposition, which is related to cytokines derived from 
a distinct class of effector T cells called T helper 17 
(Th17) cells. Th17 cells are one of the primary triggers 
of tissue inflammation (8,9). Inflammation is a biological 
response of the immune system to harmful stimuli, and 
adequately controlled inflammation is essential for 
maintaining tissue/organ homeostasis. However, excessive 
and uncontrolled inflammation can persistently activate 
interstitial fibroblasts, leading to irreversible fibrosis of 
multiple organs. By producing specific chemokines and 
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Abstract
Background: Systemic sclerosis (SSc) is a rare chronic inflammatory disorder characterized by diffuse fibrosis and vascular 
abnormalities in the skin and internal organs. Interleukin-23 (IL-23) is a pro-inflammatory cytokine that can enhance the expansion 
of T helper 17 (Th17) cells and thus plays a critical role in many inflammatory autoimmune diseases. This study aimed to assess 
the salivary IL-23 levels in Iranian patients with SSc compared to healthy individuals.
Methods: In this cross-sectional study, unstimulated saliva samples (5 cc) were collected from 88 SSc patients and 88 age- and 
sex-matched healthy individuals. The salivary levels of IL-23 in the saliva samples were measured using a commercially available 
enzyme-linked immunosorbent assay (ELISA) kit.
Results: The mean salivary levels of IL-23 in the patient group were significantly higher than in the control subjects (164.5 ± 22.1 
ng/L vs. 95.8 ± 15.7 ng/L, P < 0.0001). In SSc patients, the salivary IL-23 levels were significantly elevated in ACA-positive compared 
to ACA-negative participants (179.8 ± 11.2 ng/L vs. 144.3 ± 15.7 ng/L, P < 0.0001). However, IL-23 was not associated with gender 
or age (P > 0.05).
Conclusion: The results suggest that IL-23 is associated with the pathogenesis of SSc; therefore, this pro-inflammatory cytokine is 
not only a valuable supportive biomarker for monitoring the disease progression but also blocking IL-23 could be considered a 
potential therapeutic target, especially in early SSc. Further comprehensive studies are needed to confirm our findings.
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cytokines, Th17 cells can promote the development of 
chronic inflammatory conditions, autoimmune diseases, 
tissue destruction, and even malignancies (10-12).

Interleukin-23 (IL-23) is a pro-inflammatory cytokine 
composed of the unique IL-23A (IL-23p19) and the 
common IL-23B (IL-23p40) subunits, the latter of which 
is shared with IL-12. It is secreted by various cell types, 
such as antigen-presenting dendritic cells, macrophages, 
and the epithelium. Increasing evidence suggests that IL-
23 signaling pathways are involved in the development 
of inflammation and autoimmunity, playing a crucial 
role in a wide array of immune-mediated disorders, 
and they have garnered much attention in recent years 
(12-14). IL-23 is essential for stabilizing Th17 cells and 
regulating the maturation of IL-17-producing T cells. The 
powerful signals generated by IL-23 can stimulate Th17 
cells to produce IL-17, which is elevated in the tissue 
and peripheral blood of patients, activating different 
cells such as epithelial and endothelial cells, fibroblasts, 
chondrocytes, osteoblasts, and macrophages to produce a 
network of inflammatory molecules (12,15,16).

There are few conflicting data concerning the role of IL-
23 in the pathogenesis of SSc. Although some studies have 
reported elevated levels of IL-23 in sera of SSc patients, 
others have found no significant differences between the 
patient and control groups or higher levels of this pro-
inflammatory cytokine in the control group (12,17-21). 
To the best of our knowledge, the literature investigating 
salivary levels of IL-23 is limited; therefore, this study aimed 
to investigate the salivary levels of IL-23 in Iranian patients 
with SSc and compare them with those of healthy subjects.

Methods
Study design
From January 2020 to January 2022, a total of 88 patients 
with a confirmed diagnosis of SSc according to the criteria 
of the American College of Rheumatology (ACR) and the 
European League Against Rheumatism (EULAR) were 
enrolled in this cross-sectional study. Participants were 
of both genders, aged over 18 years at diagnosis, and had 
received no prior medications for SSc. Patients with other 
autoimmune diseases apart from SSc, as well as those 
with infectious diseases (patients with HBV, HCV, or HIV 
infections), pregnancy, cancer, and any conditions that 
could interfere with the results were excluded. Eighty-
eight healthy individuals without evidence of autoimmune 
diseases, infectious diseases, pregnancy, and cancer who 
were matched by age and gender distribution to each case 
were considered as the control group.

Evaluation of salivary IL-23 levels
All participants included based on the inclusion/exclusion 
criteria were requested not to eat, drink, or brush their teeth 
1 hour before saliva collection. Whole unstimulated saliva 
samples (5 cc) were self-collected by the participants and 

then centrifuged at 3500 RPM for 10 minutes. The clear 
supernatant was transferred to a clean tube and stored at 
-70 °C until further use. A commercially available Human 
Interleukin-23 ELISA kit (Cat. No. E0074Hu, Bioassay 
Technology Laboratory, China) was used to measure the 
salivary levels of IL-23.

Statistical analysis
All statistical analyses were done using IBM SPSS Statistics 
for Windows version 22 (IBM, Armonk, NY, USA). The 
normal distribution of the data was evaluated using the 
Kolmogorov-Smirnov test. Categorical variables were 
expressed as counts and percentages and compared using 
Pearson’s chi-square test (χ2) or Fisher’s exact test, where 
appropriate. Continuous variables were expressed as 
mean ± standard deviation and compared across the study 
groups using the independent samples t test. All reported 
probabilities (P values) less than 0.05 were considered 
statistically significant.

Results
The patient group in this research comprised 88 cases, 21 
men (23.9%) and 67 women (76.1%), with a mean age of 
42.7 ± 10.6 years. The control group, which consisted of 
healthy participants matched for age and sex distribution 
with the patient group, comprised 21 men (23.9%) and 
67 women (76.1%), with a mean age of 42.2 ± 10.1 years. 
There were no statistically significant differences between 
the study groups regarding age (P = 0.751) and gender 
(P = 1.000) distribution.

The mean salivary levels of IL-23 were significantly 
higher in SSc patients compared to the healthy control 
group (164.5 ± 22.1 ng/L vs. 95.8 ± 15.7 ng/L, P < 0.0001). 
As shown in Figure 1, a receiver operating characteristic 
curve (ROC curve) was constructed to evaluate the 

Figure 1. ROC curve analysis for the diagnostic value of salivary IL-23 levels
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diagnostic value of IL-23 based on the area under the 
curve (AUC). The ROC curve analysis showed excellent 
diagnostic potential for the salivary levels of IL-23 
(AUC = 0.990, 95%CI = 0.976–1.000, P < 0.0001).

There were no statistically significant differences in the 
salivary levels of IL-17 between men and women, neither 
in the patient (166.8 ± 21.5 ng/L vs. 163.7 ± 22.4 ng/L, 
P = 0.580) nor in the control groups (95.3 ± 14.6 ng/L 
vs. 96.1 ± 16.7 ng/L, P = 0.873). Additionally, the mean 
salivary levels of IL-23 were similar between participants 
aged below and over 40 years in both the patient 
(167.4 ± 17.3 ng/L vs. 162.4 ± 24.8 ng/L, P = 0.298) and 
control (97.9 ± 14.8 ng/L vs. 94.1 ± 16.2 ng/L, P = 0.265) 
groups. The patient group was further divided into two 
subgroups of anticentromere antibody (ACA)-positive 
(n = 50) and ACA-negative (n = 38) subjects. The salivary 
levels of IL-23 were significantly higher in the ACA-
positive than the ACA-negative patients (179.8 ± 11.2 ng/L 
vs. 144.3 ± 15.7 ng/L, P < 0.0001).

Discussion
SSc is a complex autoimmune disease with no known 
way to reverse, stop, or slow its natural progression. 
Immunological abnormalities, such as inflammation, 
dysregulation of immune responses, and autoantibody 
production, are often associated with the development 
and progression of SSc, particularly during earlier stages 
(2,8,9,12). IL-23 is a pro-inflammatory cytokine, a 
heterodimeric molecule, which helps Th17 cells expand 
and maintain their lineage while promoting the production 
of IL-17. The IL-23–IL-17 axis is a significant player in 
developing chronic inflammation and autoimmunity, 
vascular injury, and fibrosis in SSc patients (18,19,22-24). 
Previous studies have indicated that IL-23 plays a role in 
many inflammatory- and autoimmune-related diseases, 
such as rheumatoid arthritis, inflammatory bowel disease, 
psoriasis, Sjögren’s syndrome, and SSc (18,25-30). Anti-
IL-23-targeted therapy has become a potential therapeutic 
strategy for these diseases (28,31,32).

This study showed a significant increase in the salivary 
levels of IL-23 in SSc patients compared to the healthy 
control group for the first time. Additionally, our study 
revealed that salivary IL-23 levels were associated with 
ACA concentration. Several studies have suggested that 
IL-23 may play a role in the pathogenesis of SSc due to 
its potent pro-inflammatory capacity. To the best of our 
knowledge, the salivary level of IL-23 has not been studied 
in SSc patients, and the current study is the first. However, 
some studies in the literature confirm the elevation of IL-
23 levels in the serum of SSc patients compared to the 
healthy control group (17-19).

In contrast, Gourh et al (20) and Olewicz-Gawlik et 
al (21) observed decreased levels of IL-23 in the serum 
of SSc patients compared to healthy subjects. Celal et al 
(12) also found that the mean serum IL-23 levels of the 

healthy control group and SSc patients were similar. 
These discrepancies can be attributed to the small 
sample size of SSc patients, the duration of the disease, 
differences in treatment and stages of the disease, the 
heterogeneity among SSc patients, the pattern of internal 
organ involvement, and the presence of SSc-associated 
autoantibodies (12,17-21).

This report used whole unstimulated saliva samples. 
Saliva is a heterogeneous biological fluid, constantly 
produced by salivary glands and secreted into the oral 
cavity. Its collection is non-invasive, safe, and easy. 
This body fluid includes many molecules circulating in 
the blood, making it an ideal site for biomarkers to be 
reflected. It should be noted that SSc has a crucial role 
in the impairment of saliva production, secretion, and 
pH values; hence, saliva has become an essential part of 
diagnosing, prognosticating, and managing local and 
systemic diseases (33-37).

The present study was the first to investigate the salivary 
levels of IL-23 in SSc patients. We adjusted variables such 
as gender and age, which can influence cytokine levels in 
SSc patients and healthy controls. Although the number 
of patients in this study can be considered sufficient 
compared to similar studies in the literature, there are some 
limitations due to methodological flaws and potential 
unmeasured confounding factors, including the lack of 
assessment of immunosuppressive medications and the 
effects of such treatments on IL-23 levels. Furthermore, 
the disease stage was not considered in the analysis. The 
role of IL-23 on the etiopathogenesis of SSc in a sufficient 
number of treated and untreated patients of both genders 
with similar disease duration and severity should be 
investigated to eliminate the differences between studies.

Conclusions
This study showed that the salivary levels of IL-23 had 
good potential to differentiate SSc patients from healthy 
control participants. The signals generated by this pro-
inflammatory cytokine may play an essential role in 
the pathogenesis of SSc; thus, measuring IL-23 levels in 
combination with other laboratory tests could assist in 
diagnosing patients with SSc. Moreover, defining IL-23 
functions and targeting its producing cell types and release 
pathways could be a potential therapeutic approach for 
these patients. Although this preliminary study supports 
the clinical value of IL-23, further comprehensive studies, 
including a larger number of patients with clinically active 
disease, are still necessary to clarify the association between 
IL-23 and SSc. Serial measurements of IL-23 levels during 
the disease are necessary to elucidate this issue.
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