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Salivary Levels of Interleukin-17 in Iranian Patients With Systemic Sclerosis
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Abstract- Systemic sclerosis (SSc) is a rare immune-mediated rheumatic disease in which the skin, muscles,
blood vessels, and internal organs are damaged through chronic inflammation. Interleukin-17 (IL-17) is a potent
pro-inflammatory cytokine produced by T helper 17 (Th17) cells, and plays a critical role in many inflammatory
conditions. This study aims to assess the salivary IL-17 levels in Iranian patients with SSc. In this cross-
sectional study, unstimulated saliva samples were collected from patients with SSc (n=80) and age- and sex-
matched healthy individuals (n=80). The salivary levels of IL-17 in all samples were measured using a
commercially available enzyme—linked immunosorbent assay (ELISA) kit. The mean salivary levels of IL-17
in patients with SSc were significantly higher than the control group (199.6+38.9 pg/mL vs. 112.7+39.4 pg/mL,
P<0.0001). IL-17 in the patient group had a significant positive correlation with anticentromere antibody
(ACA) concentration (r=0.875, P<0.0001). The salivary levels of IL-17 showed no significant differences
between males and females. Based on the results, salivary levels of IL-17 could be considered a good marker
to differentiate patients with SSc from healthy subjects. Considering the role of this inflammatory cytokine in
tissue inflammation and its association with ACA concentration, IL-17 might be involved in the pathogenesis

of SSc; however, further comprehensive studies are needed to confirm our findings.
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Introduction

Systemic sclerosis (SSc), also known as scleroderma,
is one of the most complex and rare rheumatologic
autoimmune diseases with high morbidity and mortality
(1). It is characterized by inflammation, vasculopathy,
and progressive fibrosis of the skin and internal organs.
The peak incidence of the disease occurs in the fifth
decade of life, and women tended to be more affected
than men, depending on age and ethnicity. Although the
exact etiology of SSc is not fully understood, genetic
background, environmental stimuli, and infectious agents
are thought to contribute to the development of the

disease (2,3).

The activation of the innate and adaptive immune
system also appears to play a prominent role in the
pathogenesis of SSc; however, the precise mechanisms
responsible for initiating autoimmunity remain unclear
(4,5). Inflammation as a part of the natural biological
response to harmful stimuli involves the upregulation of
pro-inflammatory  signals. Properly  controlled
inflammation is essential for maintaining normal tissue
and organ homeostasis; however, excessive and
uncontrolled  inflammation  contributes to  the
overproduction of several cytokines and chemokines,
autoimmunity, and persistent tissue damage (6,7). The
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American College of Rheumatology (ACR) and the
European League Against Rheumatism (EULAR)
classification criteria include three SSc-associated
autoantibodies: anti-centromere antibodies (ACA), anti-
topoisomerase | antibodies (ATA), and anti-RNA-
polymerase 111 antibodies (ARA). These autoantibodies
can be detected using a wide variety of immuno-assays
with appropriate sensitivity and specificity (8). Among
these autoantibodies, ACA is typically associated with
limited cutaneous involvement (IcSSc) and pulmonary
arterial hypertension (PAH). It is useful in classifying
different variants of SSc and often remains stable
throughout the course of the disease (9,10).

Overall, CD4+ T cells are considered the main
regulators of adaptive immunity. Under the influence of
a network of inflammatory cytokines, T helper 17 (Th17)
cells, (a distinct class of effector T cells), differentiate
from naive CD4+ T cells. Accumulating evidence
suggests that Th17 cells and their associated cytokines
can participate in the pathogenesis of chronic
inflammatory conditions, autoimmune diseases, tissue
destruction, and even malignancies (11-13). Interleukin-
17 (IL-17) is a key pro-inflammatory cytokine
predominantly produced by Th17 cells to regulate the
expression of several inflammatory mediators including
cytokines, chemokines, adhesion molecules, and growth
factors (14,15). This cytokine is a disulfide-linked
homodimeric glycoprotein with a molecular weight of
about 30-35 kDa. 1L-17 exists in six isoforms from A to
F and has five receptors (IL-17RA to IL-17RE); however,
Th17 cells are only able to produce IL-17A and IL-17F.
Numerous publications have shown that both IL-17A and
IL-17F can stimulate chronic inflammation in human
systemic and organ-specific autoimmune disorders (16-
18). An increase in IL-17 levels (now synonymous with
IL-17A) has been reported in patients with rheumatoid
arthritis (19,20), rheumatic heart disease (21), systemic
lupus erythematosus (22), Sjogren syndrome (23),
multiple sclerosis (24,25), inflammatory bowel disease
(26,27), psoriasis (28), and other autoimmune diseases
(29).

The literature on salivary expression of IL-17 is
limited; however, several biomarkers can be successfully
detected in saliva to identify a range of diseases, from
autoimmune disorders to infections and cancers. SSc also
plays a crucial role in impairing saliva production,
salivary flow rate, and pH values (9,30-32). To our
knowledge, IL-17 salivary levels have not yet been
studied in SSc. Therefore, the aim of the current study is
to compare the salivary levels of IL-17 in Iranian patients
with SSc and healthy subjects.
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Materials and Methods

Ethics

The protocol of this study was approved by the local
Ethics Committee of Shiraz University of Medical
Sciences, Shiraz, Iran (Approval ID:
IR.SUMS.DENTAL.REC.1399.070). Before donating
saliva, all participating subjects signed a written informed
consent in accordance with the Declaration of Helsinki
and its later amendments.

Study design

This cross-sectional study was conducted on patients
diagnosed with SSc between January 2020 and January
2022. To confirm the disease, all cases referred to the
Rheumatology Clinic at Hafez Hospital affiliated with
Shiraz University of Medical Sciences, Shiraz, Iran were
initially visited by a rheumatologist. Evidence of active
disease was then assessed in all patients according to the
2013 ACR/EULAR classification criteria (33). The time
between symptom onset and the initial rheumatological
evaluation was documented based on the patients' history.
All patients had a disease duration of less than one year.
Clinical data were also collected from the patients’
medical records. Ultimately, 80 newly diagnosed patients
of both genders who were over 18 years old at the time of
diagnosis were included. None of the patients had
previously received any medications for SSc. The
exclusion criteria were patients with infectious diseases,
pregnancy, poor general health, other autoimmune
diseases other than SSc, and any conditions that could
interfere with the results. The control group of this study
consisted of 80 healthy individuals without any systemic
and/or autoimmune disorders who were matched by age
and gender to each case.

Evaluation of salivary IL-17 levels

Each study participant self-collected a 5 cc
unstimulated whole saliva sample. Before collecting
saliva, subjects were requested to brush their teeth and
refrain from eating, drinking, or smoking for at least two
hours. They were also instructed to mentally stimulate
salivary flow as much as possible during collection. The
saliva samples were then centrifuged at 2000 RPM for 10
minutes. The clear supernatant was transferred to a clean
tube and stored at -70° C until needed. A commercially
available ELISA kit (Human IL-17, DY317-05, R&D
Systems, USA) was used to measure the salivary levels
of IL-17. Briefly, all samples, reagents, and standard
solutions were prepared and added to respective wells,
following the manufacturer’s instructions. The working
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solution of Streptavidin-HRP was then added to all wells,
except the blank control well. The plate was incubated at
37° C for 60 minutes. After several washes to remove
excess enzyme conjugate, substrate solutions were added
to each well, and the plate was incubated at 37° C for 10
minutes in the dark. Finally, the enzymatic reaction was
terminated by adding the stop solution and the optical
density (absorbance) in each well was measured at 450
nm using a microplate reader (Biochrom Anthos 2020,
Cambridge, UK).

Statistical analysis

All statistical analyses were carried out 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 reported as counts and
percentages, and compared using Pearson's chi-square
test (x2) or Fisher's exact test, where appropriate.
Continuous variables were expressed as means with
standard deviations and compared between groups using
independent samples t test. Correlation analysis between
salivary levels of IL-17 and continuous variables was
performed using Pearson's correlation coefficient. All
reported probabilities (P) less than 0.05 were considered
statistically significant.

Results

The patient group (n=80) consisted of 16 (20%) males
and 64 (80%) females with a mean age of 43.3+12.1
years. The control group in this study (n=80) was
matched for age and sex distribution with the patient
group, consisting 20 (25%) males and 60 (75%) females
with a mean age of 42.5+10.1 years. There were no
statistically significant differences between the study
groups in terms of gender (P=0.570) and age (P=0.643)
distribution.

The salivary levels of IL-17 were significantly
elevated in patients with SSc compared to the control
group (199.6+38.9 pg/mL vs. 112.7+39.4 pg/mL,
P<0.0001). There were no statistically significant
differences in the salivary levels of IL-17 between males
and females, neither in the patient group (190.2+38.2
pg/mL vs. 193.8+43.1 pg/mL, P=0.696) nor in the control
group (109.5+42.4 pg/mL vs. 113.7+38.6 pg/mL,
P=0.683).

After conducting a correlation coefficient test, it was
found that there were no significant correlations between
the salivary levels of IL-17 and the duration of the disease
(r=0.003, P=0.978) or the age of the patients (r=0.074,
P=0.354). The mean concentration of ACA in the patient
group was 45.1+4.4 ng/mL. Figure 1 illustrates a
significant positive correlation between salivary levels of
IL-17 and ACA concentration (r=0.875, P<0.0001). In
other words, as the ACA concentration increased in the
patient group, the salivary level of IL-17 also increased.
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Figure 1. The correlation between salivary levels of IL-17 and the concentration of ACA in SSc patients

Discussion

Immunological abnormalities of the innate and
adaptive immune system, including inflammation,
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dysregulation of cytokines, and production of
autoantibodies, have long been recognized in SSc (4,5).
Since its identification, IL-17 signaling pathways and its
biological functions have been extensively studied.



Accumulating evidence indicates that IL-17, as the
founder member of the IL-17 family of inflammatory
cytokines, is one of the key players in local inflammation
and is involved in the pathogenesis of a diverse group of
immune-mediated  diseases, including  psoriasis,
rheumatoid arthritis, multiple sclerosis, inflammatory
bowel disease, and asthma (4,5,34,35). However, data on
IL-17 in patients with SSc are scarce, with controversy in
their results. Some studies have reported abnormal
(increased) levels of IL-17 in peripheral blood and
fibrotic lesions of the skin and lungs of patients with SSc,
while others found no significant differences between the
patient and control groups (1,11,12,36-39). A previous
study also stated that the serum levels of IL-17 in patients
with SSc are generally low and near the detection level of
the assays (40), which might in part explain the variability
of the results. However, to the best of our knowledge, the
salivary levels of this inflammatory cytokine in SSc have
not been studied yet.

The findings of this study, for the first time, showed a
significant increase in the salivary levels of IL-17 in
patients with SSc compared to the healthy control group.
Our study also revealed that salivary 1L-17 levels were
strongly associated with ACA concentration. The
pathological hallmark of SSc is excessive collagen
deposition and  microvascular injury.  Chronic
inflammation persistently activates interstitial fibroblasts,
leading to irreversible fibrosis of multiple organs.
Fibroblast growth and collagen overproduction are
related to Th17 cell-derived IL-17 (4). Additionally, IL-
17 enhances the proliferation of fibroblasts and induces
the expression of adhesion molecules in endothelial cells
(1). Therefore, the progression of SSc might be linked to
the expansion of circulating Thl7 cells and
overproduction of IL-17 cytokine, especially in the early
stages of the disease (1,4).

Saliva is a heterogeneous biological fluid constantly
produced by salivary glands and secreted into the oral
cavity. It contains various molecules present in the
bloodstream. Collecting saliva is noninvasive, safe, and
easy, making it a valuable tool for disease diagnosis and
prognosis. Salivary biomarkers are increasingly
important for monitoring disease progression and
management (31,32,41). IL-17 is mainly expressed in the
periductal and perivascular infiltrates of salivary glands.
The secretion of 1L-17 by salivary gland epithelial cells
leads to the sequestration of neutrophils and monocytes
to the glands, but the level of expression correlated with
the severity of glandular inflammation (41-43). Studies
on patients with primary Sjégren syndrome (42,43) and
oral lichen planus (44,45) have demonstrated a significant
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increase in salivary IL-17 levels, which is consistent with
our findings. Salivary IL-17 levels have also been used as
a biomarker to identify patients at risk of developing
severe COVID-19 (32). Patients with oral squamous cell
carcinoma have also shown significantly higher levels of
this cytokine in their saliva compared to the control group
(31). Currently, there are no options to reverse, stop, or
even slow the natural progression of SSc. Therefore, the
goal of management is to improve the patient's quality of
life by monitoring signs, reducing symptoms, and
minimizing functional disabilities (5,46,47). IL-17
inhibitors including Ixekizumab, Secukinumab, and
Brodalumab are widely used to treat many chronic
inflammatory diseases. Hence, neutralization of IL-17
may be a useful tool for intervention in the fibrotic course
of SSc (48,49).

This study has several limitations. The overall sample
size was relatively small to generalize the results to the
overall population. Secondly, the disease stage was not
considered in the analysis. Circulating Th17 cells have
been shown to increase only in patients with moderate to
high systemic disease activity, but not in patients with
low systemic disease activity (34). These findings, along
with our observations that salivary levels of IL-17 had a
significant positive correlation with ACA concentration,
indicate that numbers of circulating Th17 cells and levels
of IL-17 are associated with certain stages of the disease.
Therefore, future studies should investigate a sufficient
number of patients in both genders with similar disease
duration and severity; however, the enrollment of such
patients is difficult.

IL-17 is an important T cell-derived cytokine that
contributes to the development of SSc. Our findings
indicate that IL-17 levels were notably elevated in the
saliva samples of SSc patients and were associated with
ACA concentration. Therefore, understanding its
functions and developing strategies to block the harmful
effects of IL-17 could be beneficial for treating SSc
patients. However, further comprehensive studies with
larger sample sizes and longer follow-ups are needed to
determine the role of Th17 cells and excessive IL-17
production in SSc.
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