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Background & Objective: Systemic lupus erythematosus (SLE) is an autoimmune
disease with chronic inflammatory immune response. Current therapies mostly rely on
glucocorticoids which are accompanied by side-effects and mostly fail to achieve a
favorable remission. Th17 subpopulation of T cells is increased in exacerbated SLE as IL17 cytokine is overexpressed. However, IL-17 is reported to be resistant to glucocorticoids
in various disorders. Here, we evaluated the plasma level of IL-17 among newly
diagnosed and under-treatment SLE patients to understand the effect of glucocorticoids
on Th17 response.
Methods: A total of 40 female SLE patients and 20 age- and sex- matched normal subjects
were enrolled. IL-17 plasma level was evaluated using ELISA cytokine assay and
analyzed with previously obtained IL-10, IFN-γ, and GILZ levels.
Results: Our findings revealed that IL-17 was overexpressed among under-treatment SLE
patients. There was a significant correlation between IL-17 and IFN-γ and significant
reverse correlations between IL-17, IL-10, and GILZ levels. IL-17 was not significantly
correlated with the disease activity.
Conclusion: According to the role of IL-17 in tissue injury and the fact that
glucocorticoids are not successful in preventing organ damages in SLE, the overexpressed
IL-17 in response to therapies could be introduced as an underlying reason.
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Introduction
Systemic lupus erythematosus (SLE) is an
autoimmune disorder of unknown etiology in which the
chronic inflammatory immune response results in diverse
clinical symptoms (1). Similar to other inflammatory and
autoimmune disorders, various immunosuppressive
treatments including antimalarial drugs and glucocorticoids are often prescribed to manage SLE. However,
routine approaches have remained partially unsuccessful
in inducing remission (2). Therefore, clinicians tend to
employ more aggressive therapies including high doses of
glucocorticoids which are not only accompanied by
irreversible side-effects but also fail to prevent end-organ
damages in some cases (3, 4).
The role of T cell subtypes in the pathogenicity of SLE
is established. T cells are capable of mediating immune
response and/or tolerance upon maturation and activation.
Therefore, the persistent inflammation in SLE could be
attributed to the aberrant phenotypic alterations of T cells
(5). A successful treatment should be capable of retrieving
the lost balance between inflammatory T helper cell
subtypes (Th1 and Th17) and regulatory T cells (Treg) to
induce an authentic remission (6). Th1 cells and their
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mediator cytokines including interferon gamma (IFN-γ)
are involved in cell-mediated immune response (7), while
Th17 cells are contributed to tissue injury and organ
damage by secreting IL-17 pro-inflammatory cytokines
(8). Accordingly, Th17 subpopulation of T cells is
reported to be increased in exacerbated SLE as IL-17
cytokine is overexpressed (9).
It has been reported that IL-17 could be resistant to the
regulation of glucocorticoids in various diseases such as
asthma and Crohn’s disease (10). Recent findings have
revealed that IL-17 cytokine family comprises of different
ligands including IL-17 (IL-17A; CTLA-8), IL-17B, IL17C, IL-17D, IL-17E (IL-25), and IL-17F, which are not
only produced by T cells but other tissues such as prostate
and fetal kidney (11). Each of these ligands activate their
specific receptors in a multimeric manner and exert
several immunoregulatory effects on other cell types by
affecting the expression of several other cytokines and
growth factors (12). Due to the wide signature of Th17
target genes, IL-17 could be involved in enormous
physiological and pathologic processes such as tissue
remodeling, acute phase response, anti-microbial
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activities, and also the pathology of autoimmunity (13,
14). Moreover, there are existing evidences in favor of the
aberrant Th17/Th1 imbalance in SLE which is linked to
the administration of glucocorticoids (15). However,
there is still a lack of evidence explaining how
glucocorticoids, even in extremely high doses, are not
capable of inducing complete remission and end organ
damage prevention in SLE. According to the remarkable
role of Th17 response in tissue injury, IL17 level and
TH17/Th1 balance could be introduced to be involved.
In the present study, we evaluated the plasma level of
IL-17 among newly diagnosed and under-treatment SLE
patients in correlation with the disease activity to elucidate
the effect of glucocorticoids on Th17 response.

ELISA cytokine assay
The commercially available ELISA kit (Biolegend,
CA, USA) was used to determine the plasma level of IL17 among SLE patients and healthy subjects following
the manufacturer's protocol. The optical density of each
sample was obtained at the wavelength of 450nm using
Biotek ELISA reader ELX800 (Biotek, VT, USA). All
samples were measured in triplicates and the results
were reported as picograms per mL (pg/mL).
Statistical Analysis
In order to analyze data statistically and prepare
graphs, SPSS 22.0 and Graphpad Prism 5.04 software
were used. Shapiro-Wilk test was conducted to address
the normal distribution of variables in each group. All
data were demonstrated as means±SE (standard Error).
Kruskal-Wallis with Dunn-Bonferroni post hoc test
was used to compare the means of multiple samples.
Significant differences were also assessed using MannWhitney U test for comparing two independent
samples. In order to evaluate the correlation between
variables, spearman correlation study (two-tailed) was
conducted. P-values lower than 0.05 were considered
as statistically significant.

Materials and Methods
Sample collection
We recruited 40 female SLE patients (18 undertreatment and 22 newly diagnosed) fulfilling 4 out of 11
items of the revised American College of Rheumatology
(ACR) criteria (16) at Sayyad Shirazi educational
hospital, rheumatology department, Golestan University
of Medical Sciences, Gorgan, Iran. Patients with active
infections, pregnancy, and/or history of other
autoimmune diseases were not included in this study.
Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI-2K) was used to calculate the disease activity
by an expert rheumatologist (17). Twenty age- and sexmatched healthy subjects were also enrolled in the
present case-control study. An informed consent letter
was taken and signed by all participants following the
Declaration of Helsinki (18). Whole blood samples were
taken from all participants and plasma was separated as
previously described (19) and stored at -80ºC until the
measurement of IL-17. Clinical and laboratory data were
obtained according to the registered files and a parallel
research study (19).

Results
Clinical and Laboratory Findings
Our findings revealed that IL-17 plasma levels were
significantly higher among patients receiving high doses
of glucocorticoids (P=0.048). Moreover, we observed
that IL-17 was significantly overexpressed among
patients suffering from hair loss (P=0.043). Although
mean concentration of IL-17 was higher among patients
with lupus nephritis and malar rash, no significant
difference was observed (Table 1). Correlation analyses
between clinical and laboratory parameters with IL-17
plasma levels did not show any significant association
(Table 2).

Table1. IL-17 expression within clinical characteristics of systemic lupus erythematosus patients
IL-17 plasma level (pg/mL) (means±SE)

Characteristics (n=40)
Hair loss
Lupus nephritis
Malar rash
High doses of GCs

Positive
3.27±0.64

n
15

2.88±0.49

6

Negative
1.87±0.12

n
25

1.99±0.15

34

2.44±0.48

19

2.27±0.31

33

P-value=0.043*
P-value=0.217
3.08±0.71

21
P-value=0.592

5.01±1.76

7

P-value=0.049
* P-values lower than 0.05 were considered as statistically significant. GCs: glucocorticoids.

Table 2. Correlation analysis of IL-17 plasma levels with clinical and laboratory characteristics
IL-17 plasma level (pg/mL) (means±SE)
P-value
rs
-0.1926
0.2339
Anti-dsDNA titer (μM)
0.1963
0.2247
WBC count (per μL)
-0.2832
0.0766
RF-IgG (μM)
-0.1630
0.3148
ESR
* P-values lower than 0.05 were considered as statistically significant. Spearman correlation coefficient=rs, WBC: White Blood Cells, ESR:
Erythrocyte Sedimentation Rate, RF: Rheumatoid Factor
Characteristics*
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IL-17 is overexpressed among under-treatment
SLE patients
ELISA method was used to evaluate the plasma levels
of IL-17 among newly diagnosed and under-treatment
SLE patients in comparison to healthy subjects. Results
revealed that the IL-17 production among patients
receiving treatments was significantly higher than newly

diagnosed patients (P=0.012) and healthy subjects
(P<0.0001). Moreover, IL-17 was markedly higher
among newly diagnosed patients compared to healthy
subjects (P= 0.023) (Figure 1). Although there was a weak
negative correlation between IL-17 plasma levels and
SLEDAI-2K score, it was not statistically significant
(r = -0.2275, P = 0.153) (Figure 2)

Figure 1. IL-17 plasma levels among SLE patients and healthy subjects; All experiments were repeated in triplicates for
each sample. Data of each bar demonstrates means±SE. P-values lower than 0.05 were considered as statistically significant. SE:
standard error; UT: Under treatment, ND: newly diagnosed, HS: healthy subjects.

Figure 2. The correlation between IL-17 expression and SLEDAI-2K score; (Spearman correlation coefficient (rs) =-0.2275,
P= 0.153). Two-tailed spearman correlation study was conducted to evaluate the correlation between IL-17 expression and
SLEDAI-2K scores. P-values lower than 0.05 were considered as statistically significant.

Correlation analyses between IFN-γ, IL-10, GILZ,
and IL-17 expression levels
We obtained the expression data of IFN-γ, IL-10, and
GILZ levels from previous studies on the same samples
(19) and conducted a two-tailed spearman correlation
study to evaluate the association with IL-17. As shown in
Figure 3A, a significant positive correlation was seen
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between IL-17 and IFN-γ plasma levels (rs=0.7789,
P<0.0001). There was also a significant reverse
correlation between IL-17 and IL-10 plasma levels (rs=0.6055, P<0.0001) (Figure 3B). As depicted in figure 3C,
there was also a significant negative correlation between
IL-17 plasma level and expression of GILZ mRNA (rs=0.6598, P<0.0001).
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Figure 3. Correlation analyses of IL-17 plasma levels with IFN-γ, IL-10, and GILZ; (A) IL-17 was positively correlated with
IFN-γ (rs = 0.7789, P<0.0001). (B) Relationship between IL-17 plasma expression and IL-10 level. IL-17 is negatively correlated
with IL-10 (rs = -0.6055, P<0.0001). (C) Relationship between IL-17 and GILZ mRNA expression. IL-17 is negatively
correlated with GILZ. (rs = -0.6598, P<0.0001). P-values lower than 0.05 were considered as statistically significant. (Note)
Data of IFN-γ, IL-10, and GILZ have been presented in our previous study (19).

Discussion
SLE is an autoimmune disease in which the immune
response is disturbed (1). The altered balance between
cellular and humoral components of adaptive immune
response and aberrant phenotypic changes of acting cells
may finally result in a chronic inflammation and exert
damages to multiple organs (20). T cell subtypes,
including T helper cells (Th1 and Th17) and regulatory
T cells (Treg) are of the major mediators in controlling
inflammation with a dominant role in the pathogenicity
of SLE. It has been suggested that Th17 cells are
increased (21, 22) and Th17/Th1 response is
dysregulated in SLE (23). Therefore, IL-17 production
has a dominant role in the disease (24). Functional
activity and frequency evaluation of Th17, Tc17, and
other T-cell subsets has suggested disequilibrium of Tcell subsets in SLE which may attribute to the
inflammatory response and disease pathogenesis (25). It
is strongly believed that future therapies should target
Th1, Th2, and Th17 profiles instead of inflammatory
cytokines (26). A successful therapeutic approach
should aim to recover the occurred imbalance in favor of
a long-lasting remission and preventing end organ
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damages. However, current therapies including
glucocorticoids and anti-malarial drugs mostly rely on
eliminating clinical signs, managing the disease, and not
achieving a favorable remission (1, 2). We previously
demonstrated that glucocorticoids treatment exerts
beneficial effects on Th1 response regulation by
controlling the secretion of IFN-γ which also negatively
correlated with the disease activity (19). Moreover, it is
believed that glucocorticoid therapy is capable of
skewing Th1 response toward immune regulation by
decreasing the production of acting cytokines which is
in favor of disease remission [19]. However,
glucocorticoids may not be successful in modulating IL17 production, especially in autoimmunity (10).
Various research studies have claimed an increased
IL-17 production in SLE patients and also significant
correlation with the disease activity (21, 25, 27). In a
recent study, Lopez et al. showed that the overexpression
of IL-17 could be introduced as a pathogenic axis along
with the overexpression of BLyS and IFNα (28). In
addition, as Abdel Galil et al. claimed, IL-17 has been
determined as a suitable biomarker of disease activity
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and remission predictor in SLE patients with nephritis
(29). However, the SLE patients in the majority of these
reports were not categorized on the basis of receiving
glucocorticoids, while routine treatment approaches
may have diverse effects on Th17 response. Although
Zickert et al. (30) studied the association of IL-17
expression with response to treatment in SLE patients,
receiving treatment was not a variable. Here, we
evaluated the IL-17 plasma levels among
glucocorticoid-receiving and newly diagnosed SLE
patients in comparison to healthy subjects to delineate
the alterations of IL-17 in response to routine
glucocorticoid therapies. We observed that IL-17 was
markedly higher among SLE patients receiving
treatment in comparison to newly diagnosed patients and
healthy subjects. Moreover, the mean concentration of
IL-17 was significantly higher among patients receiving
high doses of glucocorticoids. Although IL-17, as a proinflammatory cytokine, is overexpressed in SLE which
is in accordance with previous reports (31), the undertreatment patients expressed higher levels of IL-17
which is not in favor of a proper remission. Regarding
the dominant role of Th17 response in tissue damage
(32), it could be claimed that the overexpressed IL-17 in
response to glucocorticoids may be a possible reason
why these therapeutic approaches are not as successful
as expected.
In order to better understand the IL-17 changes upon
glucocorticoid therapy in inflammatory immune
response of SLE, we evaluated the correlation of IL-17
plasma levels with IFN-γ and IL-10 expression levels,
which were reported previously (19). There was a
significant correlation between IL-17 and IFN-γ plasma
levels and a reverse correlation between IL-17 and IL10 as two major pro- and anti-inflammatory cytokines,
which were in accordance with the findings by Zickert
et al. (30). Moreover, we did not demonstrate any
significant association between SLEDAI-2K score and
IL-17. Although IL-17 had a significant correlation with
IL-10 and IFN-γ cytokines, its level could not be a
suitable indicator of disease activity. While these
findings were not confirmed by Raymond et al. (33),
they were supported by results of the study conducted by
Vincent et al. (34).
We have previously reported that glucocorticoidinduced leucine zipper (GILZ) was significantly
overexpressed in response to treatment among SLE
patients (19). GILZ is a transcription regulator which
may play a dominant role in immune response through
different ways (35). GILZ is also introduced as a
molecule involved in differentiation of T cells,
especially regulatory T lymphocytes (36). Here, we
witnessed a negative correlation between IL-17 plasma
level and GILZ mRNA expression. While GILZ was
introduced as a molecule involved in mediating the antiinflammatory properties of glucocorticoids (35, 37), the
negative correlation of IL-17 and GILZ denotes a
possible inflammatory and an unexpected effect of
glucocorticoids on Th17 response.
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Conclusion
IL-17 production has a major role in SLE
pathogenesis, while Th17 cells are increased and
Th17/Th1 response is dysregulated. Although
administration of glucocorticoids exerts beneficial
effects in disease management, its application has been
controversial in achieving complete remission. Our
findings showed that IL-17 was higher among undertreatment SLE patients compared to newly diagnosed
and healthy subjects. The concentration of IL-17 was
also higher among patients receiving high doses of
glucocorticoids. According to role of IL-17 in tissue
injury and the fact that glucocorticoids are not capable
of preventing organ damages in SLE, the overexpressed
IL-17 could be introduced as an underlying reason.
However, further experiments should be conducted to
confirm these findings.
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