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A b s t r a c t

Introduction: Immune system activation, microvascular abnormalities and 
extracellular matrix deposition in tissues play roles in systemic sclerosis 
(SSc). Th17 cells producing interleukin (IL)-17 are involved in the pathogen-
esis of many autoimmune-mediated inflammatory diseases; however, the 
role of IL-17 in SSc remains unclear. 
Material and methods: The concentrations of IL-17A, IL-17B, IL-17E, and 
IL-17F in the serum of patients with SSc and in the healthy control group 
were assessed with regard to type of the disease – whether limited (lSSc) or 
diffuse (dSSc) – and symptoms.
Results: No difference was found between patients with SSc and the control 
group as regards the serum concentration of IL-17A. However, IL-17B and  
IL-17E levels in patients with SSc, and its types diffuse and limited were 
higher (p < 0.001) compared to the control. The serum level of IL-17F was 
higher in SSc (p < 0.005) and lSSc (p < 0.05) compared to the control. Serum 
concentration of IL-17B was elevated in SSc patients with renal abnormali-
ties (p < 0.05) compared to those without. Serum levels of IL-17B correlated 
with the levels of IL-17E in patients with SSc (r = 0.54, p < 0.05).
Conclusions: Increased synthesis of IL-17B, IL-17E and IL-17F appears to 
play a  role in the pathogenesis of SSc, in contrast to IL-17A. Higher levels 
of IL-17B and IL-17E are associated with the development of both lSSc and 
dSSc, whereas IL-17F is associated with lSSc only. Further studies are need-
ed to elucidate their role in the pathogenesis of the disease. 
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Introduction

Systemic sclerosis (SSc) is a chronic autoimmune disease with an eti-
ology that is not yet completely understood. The disease affects the skin 
and internal organs. Two forms of SSc are distinguished: a limited form 
(lSSc), which affects the face, hands and feet, and a diffuse form (dSSc) 
with skin thickening affecting the trunk, face and extremities proximal 
to the elbows and knees. Besides the skin, the condition can also affect 
the internal organs. Three processes play cardinal roles in the pathogen-
esis of SSc: activation of the immune system, microvascular abnormal-
ities, and an increase of extracellular matrix deposition in tissues [1]. 
Abnormal activation of T and B cells results in excessive production of 
antinuclear antibodies (ANA), which are detected in 90% of patients. Im-

mailto:ewarobak@onet.eu


Serum concentrations of IL-17A, IL-17B, IL-17E and IL-17F in patients with systemic sclerosis  

Arch Med Sci 3, May / 2019� 707

munological and microvascular abnormalities are 
predominant at an early stage of disease, where-
as inflammation and fibrosis are observed in later 
stages [1].

Th17 cells are a novel subset of CD4+ T helper 
cells that play a pivotal role in the pathogenesis 
of many autoimmune-mediated inflammatory 
diseases, including SSc. The number of IL-17-pro-
ducing Th17 cells is significantly elevated in the 
peripheral blood, skin lesions and lung tissues of 
patients with SSc [2–4].

The IL-17 cytokine family is composed of six struc-
turally related molecules: IL-17A, IL-17B, IL-17C,  
IL-17D, IL-17E (IL-25) and IL-17F [5]. IL-17A and IL-
17F are mainly produced by immune cells, especial-
ly the T helper cell lineage of Th2 and Th17 cells. 
The other IL-17 cytokine family members, IL-17B, 
IL-17C, IL-17D, and IL-17E, are mainly produced by 
a non-T cell source. Th17-derived IL-17 is known to 
contribute to fibroblast proliferation, collagen pro-
duction and the recruitment of inflammatory cells 
to vascular endothelial cells [2–4].

The aim of the study was to determine the se-
rum concentrations of IL-17A, IL-17B, IL-17E and 
IL‑17F in patients with systemic sclerosis with re-
gard to extent of skin sclerosis, type of the disease 
(whether limited or diffuse), and involvement of 
internal organs. 

Material and methods

Studied group

The study included 45 patients with systemic 
sclerosis (SSc) who fulfilled the 1980 criteria of the 
American College of Rheumatology, and the 2013 
ACR/EULAR SSc Classification Criteria for SSc [6, 
7]. According to LeRoy’s classification, 33 of the 
study group were suffering from limited system-
ic sclerosis (lSSc) and 12 from diffuse systemic 
sclerosis (dSSc) [8]. The control group consisted 
of 21 healthy subjects with no systemic diseas-
es, matched according to age (17–70 years) and 
gender (19 women and two men). All participants 
gave their written informed consent, approved by 
the Ethical Committee of the Medical University 
of Lodz.

Clinical assessment

Medical histories were obtained and patients 
underwent a  complete physical examination in-
cluding ECG, echocardiography, chest radiography, 
high-resolution computed tomography, esopha-
geal scintigraphy, blood tests and bone marrow 
biopsy if needed. Cardiovascular involvement was 
defined as abnormal cardiac rhythm or document-
ed fibrosis of the myocardium. Pulmonary involve-
ment was defined as the presence of a  ground 
glass or honeycomb appearance, suggesting lung 

fibrosis. Esophageal changes were diagnosed on 
the basis of impaired transit in scintigraphy. Se-
rum creatinine levels above 100 μmol/l or pro-
teinuria defined as levels above 500 mg for 24 h 
(after excluding other causes) or a  documented 
renal crisis in the past indicated renal involve-
ment. Hematological involvement was diagnosed 
in the case of leukopenia or anemia, after exclud-
ing other causes. The duration of the disease, the 
onset of Raynaud’s phenomenon, ulcerations in 
fingertip pulp and previous or current treatment 
regimens were also considered. 

Measurement of cytokine concentrations

Blood samples were taken between 7:00 and 
9:00 a.m., allowed to clot at 4°C for 1 h and cen-
trifuged at 2000 g for 10 min. The obtained se-
rum was divided into aliquots and stored at –80°C 
until analysis. Clinical, laboratory and treatment 
data were collected when the blood samples were 
drawn. In our 45 patients, 22 (48.8%) were treat-
ed with immunosuppressants (cyclophosphamide 
or methotrexate) and glucocorticosteroid in vari-
ous combinations and different doses, once daily, 
in the morning. Blood was collected before tak-
ing the morning doses of drugs. Drugs, including 
corticosteroids and immunosuppressants, were 
stopped 24 h before blood collection.

Measurements of IL-17A, IL-17B, IL-17E and 
IL-F in serum samples were performed using ELISA  
sandwich kits (R&D Systems Inc, Minneapolis, 
USA) following the manufacturer’s instructions. 
Both standards and samples were evaluated in du-
plicate and the inter-assay variations were shown 
to be within the range given by the manufacturers. 
The lower detection limits for measured interleuk-
ins were as follows: IL-17A 0 pg/ml, IL-17 B 2.5 pg/
ml, IL-17E 0 pg/ml, IL-17F 0 pg/ml. According to the 
manufacturer’s data, in the case of IL-17 there is 
< 0.5% cross-reactivity observed with available re-
lated molecules. Measurement of IL-17A was per-
formed twice using two ELISA kits, because at the 
first measurement IL-17A level was close to zero 
concentration in both SSc patients and in the con-
trol group. During the second measurement the 
IL-17A level was also close to zero concentration. 

Statistical analysis

All analyses were performed with Statistica, 
version 12 (StatSoft, Poland). The Shapiro-Wilk 
test did not confirm normal distribution of serum 
concentrations of IL-17. Therefore nonparametric 
tests were used such as the Mann-Whitney U test 
to compare results of serum concentrations be-
tween two groups, and Spearman’s rank correla-
tion to measure statistical dependence between 
two concentrations, whereas graphic representa-
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tion of the correlation was displayed by scatter-
plot. Concentrations were represented as median 
with lower (25th) and upper (75th) quartile (25th–
75th centile), and mean ± standard deviation of the 
mean. The descriptive data regarding age, disease 
duration and duration of Raynaud’s phenomenon 
were displayed as mean ± standard deviation of 
the mean. In all calculations a p-value less than 
0.05 was regarded as statistically significant. 

Results

The patients’ clinical characteristics are pre-
sented in Table I. 

Serum concentrations of IL-17A, IL-17B, IL-17E 
and IL-17F in patients with systemic sclerosis (SSc), 
its types diffuse (dSSc) and limited (lSSc), and in 
the healthy control group are shown in Table II. 

No difference was found in serum level of  
IL-17A between the patients with SSc and the 
control group. (Figure 1).

No difference with regard to IL-17A was revealed 
between patients either with diffuse or limited 
types of SSc and control subjects (data not shown). 

The serum level of IL-17B was higher in pa-
tients with SSc (p < 0.001) compared to the con-
trol group. Serum levels of IL-17B were increased 
in both dSSc (p < 0.001) and lSSc (p < 0.001) 
groups compared to the control group. No differ-
ence was revealed in IL-17B level between dSSc 
and lSSc groups. 

The serum concentration of IL-17E was higher 
in patients with SSc (p < 0.001), dSSc (p < 0.001) 
and lSSc (p < 0.001) than in the control group, and 
no difference was revealed between dSSc and 
lSSc groups. 

The serum level of IL-17F was higher in the SSc 
(p < 0.005) and lSSc (p < 0.05) group compared to 
the control group. No difference was revealed in 
IL-17F level between dSSc patients and the con-
trols or between dSSc and lSSc groups. 

Table I. Clinical characteristics of patients with systemic sclerosis (SSc), and its types – limited (lSSc) and diffuse 
(dSSc)

Parameter SSc 
(n = 45)

Limited SSc 
(n = 33)

Diffuse SSc 
(n = 12)

Sex (female/male) 42/3 31/2 11/1

Age [years] 55.6 ±11.1 55.8 ±11.8 54.6 ±9.1

Age at onset of disease [years] 44.6 ±12.0 43.9 ±13.2 46.5 ±8.0

Disease duration [years] 9.6 ±6.2 10.0 ±6.4 8.0 ±5.7

Duration of Raynaud’s phenomenon [years] 13.8 ±7.8 15.3±7.9 9.5 ±6.3 

Gastrointestinal manifestation 27 (60%) 19 (58%) 8 (67%)

Cardiac involvement 31 (69%) 21 (64%) 10 (83%)

Pulmonary fibrosis 19 (42%) 13 (39%) 6 (50%)

Renal abnormalities 7 (16%) 2 (6%) 5 (42%)

Hematological involvement 11 (24%) 8 (24%) 3 (25%)

Arthralgia 32 (71%) 23 (70%) 9 (75%)

Results are shown as number and percent. Duration is represented in years as mean ± standard deviation of the mean.

Table II. Serum concentrations of IL-17A, IL-17B, IL-17E and IL-17F in patients with systemic sclerosis (SSc), its 
types (limited and diffuse), and in the healthy control group

Variable Systemic sclerosis 
(SSc) (n = 45)

Median (25th–75th)
Mean ± SD

Limited SSc (n = 33)
Median (25th–75th)

Mean ± SD

Diffuse SSc (n = 12)
Median (25th–75th)

Mean ± SD

Healthy control group 
(n = 21)

Median (25th–75th)
Mean ± SD

IL-17A [pg/ml] 0.0 (0.0–0.0)
1.36 ±8.27

0.0 (0.0–0.0)
0.15 ±0.62

0.0 (0.0–0.0)
4.68 ±16.0

0.0 (0.0–0.0)
0.59 ±1.96

IL-17B [pg/ml] 45.8 (15.6–87.1)
82.84 ±126.76

29.9 (15.2–78.4)
58.32 ±59.95

60.6 (32.7–204.1)
150.25 ±216.93

0.0 (0.0–1.7)
2.47 ±5.3

IL-17E [pg/ml] 5.5 (2.0–9.3)
7.67 ±8.94

4.7 (2.0–7.9)
6.87 ±8.12

6.9 (2.2–12.95)
9.87 ±10.97

0.2 (0.0–1.1)
0.6 ±0.75

IL-17F [pg/ml] 0.0 (0.0–0.5)
0.4 ±1.24

0.0 (0.0–0.5)
0.49 ±1.42

0.0 (0.0–0.0)
0.18 ±0.47

0.0 (0.0–0.0)
0 ±0

Results are displayed as median, lower (25th) and upper (75th) quartile, mean  ± standard deviation of the mean (SD).
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As regards clinical manifestation of the disease 
and analysis of each organ involvement separate-
ly, no difference was found in serum concentration 
of IL-17A between SSc patients with gastrointes-
tinal manifestation, cardiac involvement, pulmo-
nary fibrosis, renal abnormalities, hematological 
involvement, arthralgia and those without (data 
not shown). 

In contrast to IL-17A, the serum concentration 
of IL-17B was higher in SSc patients with renal 
abnormalities (n = 7) compared to those without 
(n = 38) (respectively 64.7 (45.8–267.8) pg/ml) vs. 
31.1 (14.7–-84.4) pg/ml, p < 0.05) (Figure 2).

No difference was revealed in IL-17B level be-
tween SSc patients with involvement of other or-
gans compared to those without (data not shown).

Serum concentrations of IL-17E and IL-17F did 
not differ in SSc patients with regard to gastro-
intestinal manifestation, cardiac involvement, pul-
monary fibrosis, renal abnormalities, hematologi-
cal involvement, or arthralgia compared to those 
without (data not shown).

Serum levels of IL-17B correlated with the lev-
els of IL-17E in patients with SSc (r = 0.54, p < 
0.05) (Figure 3).

Discussion

The mean serum concentrations of IL-17B,  
IL-17E and IL-17F were found to be increased in pa-
tients with systemic sclerosis. Hence, it is reason-
able to assume that cytokines of the IL-17 family 
play a role in its pathogenesis. IL-17A is released 
from Th17 lymphocytes and has well-characterized 
proinflammatory properties. In our studied group 
of patients with systemic sclerosis, the mean se-
rum level of IL-17A was low, and was not found 
to differ from that of healthy individuals, and no 
relationship was observed between IL-17A levels 
and clinical manifestations of the disease. Since 
IL-17A concentrations were low, in order to draw 
convincing conclusions further studies using more 
sensitive detection systems are needed. IL-17A  
and IL-17F bind to the same receptors and me-
diate host defensive mechanisms against infec-

 Median           25–75%           Min.–max.

Figure 1. Comparison of serum concentrations of IL-17A (A), -17B (B), -17E (C) and -17F (D) in patients with sys-
temic sclerosis and in the control group. In all calculations the Mann-Whitney U test was used
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tions, in particular those caused by extracellular 
bacteria and fungi [9]. The literature regarding the 
role of IL-17A in systemic sclerosis is quite am-
biguous: while some studies report an elevated 
level of IL-17A in systemic sclerosis, others note 
no such elevation in the early and late stages of 
the disease, and no difference was found between 
dSSc and lSSc [10–14]. It has been suggested that  
IL-17 level measurement is not sensitive enough to 
give a clear picture of the profile of Th17 lympho-
cytes in SSc. Chizzolini et al. stated that in patients 
with SSc serum levels of IL-17A are generally low 
and near the detection level of the assays, thus 
explaining the variability of the results regarding 
clinical characteristics of the study populations 
[15]. Some studies indicate that IL-17A plays 
a pivotal role in the early, inflammatory stage of 
the disease, characterized by the predominance of 
Th1 and Th17 cells. In contrast, in the late stage, 
Th2 cells are more relevant [4, 10–12]. 

There is also a possibility of the presence of an-
tibodies directed against IL-17A, which are found 
in plasma of patients with rheumatoid arthritis. 
Such autoantibodies could potentially interfere 
with ELISA assay [16]. However, further studies are 
needed to determine whether they are present in 
serum of patients with SSc. 

As the mean disease duration in the present 
study was 9.6 years, most patients were at the 
chronic stage of the disease. This fact may be re-
sponsible for the decreased concentration of IL-17A  
related to Th17 polarization in the early stage of 
SSc. However, in the final stage, Th17 may play 
a role in fibrosis. In animal models, using mice un-
dergoing treatment with bleomycin, increased ex-
pression of IL-17A was responsible for fibrosis of 
the lungs and the skin [17]. This suggests that in 

humans IL-17A could play an analogous role, and 
dominate in the early stage of SSc, when immune 
and vascular disorders are more predominant 
than fibrosis [17]. Moreover, it was found that the 
blockage of IL-17A activity results in thinning of 
the skin in mice and promotes the resolution of 
pulmonary inflammation and fibrosis induced by 
bleomycin [18–20]. 

Since fibrosis progresses in SSc for years and is 
predominant in the late stage of the disease, the 
decreased concentration of IL-17A found in our 
patients and also reported by other authors may 
be related to a complex process in which vascular 
and immune disorders are more predominant than 
fibrosis. However, data regarding the role of IL-17A 
in fibrosis are more complex, including those that 
do not support a role for IL-17A as a pro-fibrotic 
cytokine in SSc. Nakashima et al. reported that the 
protein synthesis of α1(I) collagen was significant-
ly decreased by treatment with IL-17A in compari-
son with untreated cells in normal fibroblasts [21].

An important novel finding of the present study 
is that our results indicate elevated concentrations 
of IL-17B, IL-17E and IL-17F in SSc patients. The 
serum concentrations of IL-17B and IL-17E were 
also increased in both the dSSc and lSSc groups 
when compared to the healthy control group. At 
this point we need to underline the limitations 
of our study and the fact that we have not per-
formed further testing of potential cross-reactiv-
ity between IL-17B and IL-17E, which is possible. 
According to data provided by the manufacturer, 
IL-17B prepared at the concentration of 50 ng/ml 
exhibited no cross-reactivity with IL-17E. In our 
study serum concentrations of IL-17B and IL-17E 
were detected at the level of picograms/ml. How-
ever, beyond the manufacturer considerations, 
such testing would provide more convincing evi-
dence. 

Little is known about the action of IL-17B; how-
ever, its expression has been reported in a wide 

 Median           25–75%           Min.–max.

Figure 2. Increased serum concentration of IL-17B 
in systemic sclerosis patients with renal abnor-
malities. In statistical analysis the Mann-Whitney 
U test was used
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range of tissues and cells, including chondrocytes, 
spinal cord neurons, the testis, stomach, small 
intestine, pancreas, prostate and ovary. The cyto-
kine binds to IL-17RB, though with lower affinity 
than IL-17E, and stimulates the synthesis of TNF-α 
and IL-1β by the monocytic cell line [22, 23]. In 
mice with collagen-induced arthritis, it was found 
to be highly expressed in the cartilage derived 
from the paws. The blockage of IL-17B using an-
tibodies suppressed the progression of arthritis 
and bone destruction. It suggests the presence of 
a correlation between IL-17B and the progression 
of arthritis, and that IL-17B could be an import-
ant target for the treatment of inflammatory ar-
thritis, as is the case for IL-17A [24]. In contrast 
to IL-17A and IL-17F, which are expressed in CD4+  
T cells, IL-17B is expressed exclusively in the in-
flammatory cartilage of mice [24]. IL-17B was 
found to induce the expression of IL-1β, IL-6 and 
IL-23 in mouse macrophages and IL-1β in mouse 
fibroblasts [23]. However, the expression of IL-17B 
in humans remains poorly understood, and fur-
ther studies on its functions are needed [25]. Our 
results indicate that the serum concentration of 
IL-17B was increased in patients with SSc, which 
suggests that it is involved in the pathogenesis of 
this disease. IL-17B was found to be particularly 
elevated in dSSc, which is in accordance with the 
wide distribution range of IL-17B. Regarding organ 
involvement, IL-17B concentration was increased 
in SSc patients with renal abnormalities, the lo-
cation characterized by well-developed blood 
vessels. However, there were only 7 patients with 
renal abnormalities, which could be attributed to 
different causes. Because of the small number of 
patients, this group was not stratified. Therefore 
further studies on a larger group of patients with 
more specific renal abnormalities are necessary. 

The serum concentration of IL-17E was also 
higher in patients with SSc than in healthy individ-
uals, and was elevated in those with dSSc. IL-17E, 
also known as IL-25, is characterized by the lowest 
sequence homology (29%) with IL-17A, and its ac-
tivity is different from IL-17A. IL-17E is expressed 
by a  variety of cells, such as CD4+ cells, CD8+  
T cells, macrophages, dendritic cells, mast cells, 
eosinophils, epithelial and endothelial cells, and 
in a pathological setting it can potentiate allergic 
inflammation [23–30]. In contrast to IL-17A, IL-17E 
influences type 2 immunity and inhibits Th17-me-
diated inflammation [23, 27–31]. Increased num-
bers of IL-17E+ cells were found in the dermis of 
both morphea and systemic sclerosis. It seems that 
IL-17E may enhance fibrosis by favoring a Th2-like 
response via IL-4 and IL-13, which induce the syn-
thesis of collagen by fibroblasts and induce activat-
ed macrophages. Macrophages can both stimulate 
and prevent fibrotic processes, although the under-
lying mechanisms remain partly elusive [32]. 

The observed correlation between the in-
creased serum concentrations of IL-17E and IL-17B  
indicates a link between them. IL-17E and IL-17B 
share a  common source, lymphocytes. Therefore, 
they may play a  role in immune, allergic, inflam-
matory and anti-infective responses. Other sourc-
es of IL-17B and IL-17E are fibroblasts, epithelial 
and endothelial cells, which are involved in fibrosis, 
angiogenesis and the immune response. As these 
processes are involved in the pathogenesis of SSc, 
and fibrosis predominates with time, it may be 
helpful to monitor the level of the two cytokines in 
the course of SSc to assess the extent and staging 
of the disease. 

In conclusion, increased synthesis of IL-17B,  
IL-17E and IL-17F appears to play a  role in the 
pathogenesis of SSc, in contrast to IL-17A. High-
er levels of IL-17B and IL-17E are associated with 
the development of both lSSc and dSSc, whereas  
IL-17F is associated with lSSc only. Further studies 
are needed to elucidate their role in the pathogen-
esis of the disease. 
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