
1110-161X © 2015 Egyptian Society for Rheumatology and Rehabilitation DOI: 10.4103/1110-161X.155646 

34 Original article

Introduction
Behçet’s disease (BD) is a systemic inflammatory 
disorder. A complex genetic background coupled with 
innate and adaptive immune system activation causes 
the diverse clinical manifestations that characterize the 
clinical picture [1].

Previous studies have suggested that BD is predominated 
by a Th1-type immune response, as increased Th1-
associated cytokines such as interleukin (IL)-12 and 
tumor necrosis factor (TNF)-α have been documented 
in BD patients. However, treatment with anti-TNF 
could only partially prevent the progression of BD, 
which suggests that other cells seem to be involved in 
the pathogenesis of BD [2]. Th17 cells were linked to 
the pathogenesis of various human autoimmune and 
inflammatory diseases, and IL-17 levels are increased 
in rheumatoid arthritis, psoriasis, multiple sclerosis, 
and inflammatory bowel disease [3]. Studies in mice 
have reported that strategies aimed at suppressing the 
Th17 cells were proposed as a major pathogenic subset 
in patients with BD, as these cells proliferate later and 

stay in inflammatory tissues longer compared with Th1 
cells; they are suggested to be involved in both early 
neutrophil chemotaxis to tissues and organ-specific 
autoimmunity [4]. In addition, studies in mice have 
reported that strategies aimed at suppressing the Th17 
cell response were an effective therapeutic approach in 
experimental autoimmune uveitis [5].

IL-17 (IL-17A) has been described as Th17 
cell-derived cytokine and is highly expressed in 
autoimmune disorders and inflammatory diseases [6]. 
IL-17 promotes inflammation by inducing various 
proinflammatory cytokines and chemokines, recruiting 
neutrophils, enhancing antibody production, and 
activating T cells [7]. IL-17 has also been known to 
play a role in inducing the activation of macrophages, 
fibroblasts, and endothelial cells, and in stimulating 
these cells to release various mediators such as 
IL-1, IL-6, IL-8, TNF-α, and granulocyte colony 
stimulating factor [8].

The mechanisms by which IL-17 induces the expression 
of proinflammatory mediators may be cell type-
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dependent and appear to involve gene transcription and 
possibly modulation of mRNA processing [9]. IL-17A 
can be dysregulated in some individuals and thereby 
contribute to the pathogenesis and/or maintenance 
of autoimmune and immune-inflammatory 
disorders [10]. IL-17 probably participates in the 
inflammatory process of BD, although few studies 
at hand approached this area [11,12]. Studies of this 
pathway may warrant its role and provide a novel 
strategy for the treatment of this disease, especially 
as biotherapies targeting this cytokine directly or 
indirectly are currently being developed.

Aim
The aim of this study was to assess serum levels of 
IL-17 in patients with BD and to evaluate its relation 
with clinical picture and disease activity.

Patients and methods
This case–control study was carried out on 38 patients 
with BD fulfilling the international study group criteria 
for the diagnosis of BD [13]. Patients were recruited 
from inpatient departments and outpatient clinics of 
Rheumatology, Rehabilitation, and Physical Medicine 
of Cairo and Ain Shams University hospitals. Patients 
with other inflammatory or autoimmune diseases were 
excluded from the study. A total of 20 age-matched 
and sex-matched healthy volunteers serving as control 
group were enrolled in this study. Written informed 
consents were obtained from all patients and healthy 
controls. Our study was designed to adhere to the 
tenets of the declaration of Helsinki.

All patients were subjected to full history taking 
and thorough clinical examination, with stress on 
dermatological, musculoskeletal, vascular, neurological, 
and ophthalmological examination. The skin pathergy 
test was also performed [14]. Clinical activity was 
assessed at the time of venipuncture using Behçet’s 
Disease Current Activity Form (BDCAF) [15]. 
Patients were defined as having active disease by 
fulfilling at least two of the following criteria within 
the preceding 4 weeks: oral ulcer, genital ulcer, skin 
lesions, ocular lesions, arthritis, or urogenital, vascular, 
gastrointestinal, and neurological system involvements; 
they were defined as having inactive disease if they had 
none or one criterion only within 4 weeks [16].

Laboratory investigations included complete blood 
count using Coulter counter (Coulter Microdiff 
18, Fullerton, California, USA), semiquantitative 
measurement of C-reactive protein with latex 

agglutination assay (Teco Diagnostics, Anaheim, 
California, USA), and erythrocyte sedimentation rate 
(ESR) assessed using the Westergren method.

Serum interleukin-17 assay
A volume of 3 ml venous blood samples was collected 
in sterile plane tubes and was allowed to stand for 
30 min at room temperature and then centrifuged for 
5 min. Sera were immediately separated and stored at 
-70°C until the time of analysis.

Serum IL-17 levels were measured with precoated 
WKEA Human IL-17 ELISA Kit (WKEA Med 
Supplies Corp. Inc., Changchun, Jilin, China) in 
accordance with the manufacturer’s instructions. 
Standard curve was generated using serially diluted 
standards. Serum IL-17 concentration was calculated 
using the generated standard curve. The minimum 
detectable level of the ELISA kit was 10 pg/ml and the 
kit had no cross-reaction with other human cytokines.

Statistical methods
IBM SPSS statistics (v. 22.0, 2013; IBM Corp., 
Armonk, New York, USA) was used for data analysis. 
Data were expressed as median and percentiles for 
quantitative nonparametric measures. Comparison 
between two independent groups for nonparametric 
data was made using the Wilcoxon rank-sum test. The 
rank Spearman correlation test was performed to study 
the possible association between two variables in each 
group for nonparametric data. The probability of error 
at 0.05 was considered significant, whereas at 0.01 and 
0.001 it was considered highly significant.

Results
A total of 38 BD patients were enrolled in this study; 
of them, 33 (86.8%) were male and five (13.1%) were 
female patients. Their mean age was 36.08 ± 10.07 years, 
and their mean disease duration was 8.9 ± 5.98 years. 
The ESR of the patients ranged from 5 to 83 mm/h, 
with a mean of 21.55 ± 14.2 mm/h. C-reactive protein 
was positive in 23 (60.53%) patients and negative 
in 15 (39.47%) patients. Twenty-seven (71.05%) 
patients were on corticosteroids (5–30 mg/day) and 
10 patients used colchicine (1–1.5 mg/day) as well as 
corticosteroids for the disease (27.03%). Azathioprine 
(50–150 mg/day) was being used by 24 (63.16%) 
patients, and 11 (28.95%) were taking oral 
anticoagulants (warfarin). Patients’ characteristics are 
represented in Table 1.

Serum IL-17 levels were significantly elevated among 
BD patients (median 165 pg/ml; 25th percentile: 
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100 pg/ml; 75th percentile: 257.5 pg/ml) compared 
with healthy controls (median 75 pg/ml; 25th 
percentile: 50 pg/ml; 75th percentile: 125 pg/ml; 
Z = -4.224; P<0.01) (Fig. 1).

The mean BDCAF of our patients was 2.9 ± 1.42. 
Twenty-seven patients had active disease, whereas 
11 patients had inactive disease. Serum IL-17 levels 
were significantly elevated in active BD patients 
(median 200 pg/ml; 25th percentile: 147.5 pg/ml; 75th 
percentile: 337.5 pg/ml) compared with inactive BD 
patients (median 75 pg/ml; 25th percentile: 90 pg/ml; 
75th percentile: 200 pg/ml; Z = −1.99; P<0.05). Patients 
with and without activity showed highly significant rise 
in IL-17 levels (P<0.01) when compared with healthy 
controls (Fig. 2).

Ocular manifestations were found in 27 patients (some 
patients had more than one manifestation at the same 
time), unilateral in eight, and bilateral in 19. Eight had 
anterior uveitis, 21 had posterior uveitis, and 10 had 
retinal vasculitis. Patients with ocular involvement had 
higher IL-17 levels compared with patients without; 
however, the difference did not reach statistical 
significance (median 175 pg/ml; 25th percentile: 
130 pg/ml; 75th percentile: 281.25 pg/ml and median 
140 pg/ml; 25th percentile: 90 pg/ml; 75th percentile: 
240 pg/ml, respectively; P > 0.05).

Neurological involvement was found in 17 patients 
(some patients had more than one manifestation at the 
same time), stroke in seven patients, convulsions in two, 
behavioral changes in one, ataxia in one, cranial nerve 
palsy in one, encephalitis in six, and chronic headache 
in five. Patients with neurological involvement had 
significantly higher IL-17 levels in their serum 
when compared with patients without neurological 
involvement and controls (Fig. 3).

The rank Spearman correlation test revealed the 
absence of a significant correlation between IL-17 
and age of patients, disease duration, ESR or BDCAF 
score (P > 0.05). There was no significant correlation 

Table 1 Clinical manifestations of patients with Behçet’s disease
Clinical characteristics Patients (n = 38) [n (%)]
Oral ulcers (recurrent) 38 (100)
Genital ulcers (recurrent) 34 (89.5)
Eye involvement 27 (71)
Skin involvement 13 (34.2)
Pathergy test positivity 24 (63.2)
Fatigue 8 (21.1)
Deep venous thrombosis 14 (36.8)
Joint involvement 14 (36.8)
Neurological involvement 17 (44.7)
Hearing impairment 2 (5.3)
Pulmonary involvement 4 (10.5)

IL-17 levels in serum of Behçet’s disease patients compared with 
controls. IL-17, interleukin-17.

Figure 1

IL-17 levels in serum of patients with active Behçet’s disease and 
inactive disease compared with controls. IL-17, interleukin-17.

Figure 2

IL-17 levels in serum of BD patients with neurological involvement and 
BD patients without neurological involvement compared with controls. 
BD, Behçet’s disease; IL-17, interleukin-17.

Figure 3
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between the amount of corticosteroids or colchicine 
being used and the serum IL-17 levels.

Discussion
Behcet’s disease (BD) is a multisystem relapsing 
inflammatory disorder of unknown etiology. An 
interlacing cytokine network plays an essential role 
in the evolution and organ damage of this systemic 
vasculitis of elusive etiopathogenesis [12,17].

Traditionally, BD was regarded as a Th1-mediated 
inflammatory disease, but prospective observational 
studies recommend that Th17 cells play a fundamental 
role in the pathogenesis of BD. IL-17, which is 
secreted from Th17 cells, activates neutrophils. 
Hyperactivity of the neutrophils is an important aspect 
of the immunological abnormalities in BD. Neutrophil 
hyperactivity and elevated inflammatory cytokine 
levels are hallmarks of BD. Neutrophils produce 
inflammatory cytokines, which promote neutrophil 
activity. This makes a cycle in which elevated and 
activated neutrophils produce more cytokines, and the 
latter enhance neutrophil activity [4,18–20]. In addition, 
several reports have shown that IL-17 cytokine induced 
the production of various proinflammatory cytokines 
and chemokines, cell adhesion molecules, and growth 
factors through a wide range of cell types such as T 
cells, vascular endothelial cells, dendritic cells, synovial 
cells, and bronchial epithelial cells [21,22].

Our results showed highly significant elevation in 
serum IL-17 levels among BD patients compared 
with healthy controls. These results are consistent with 
those reported by others [9,23]. Corroborating these 
results, Takeuchi et al. [24] found that stimulated IL-
17 production by peripheral blood mononuclear cells 
was higher in BD patients than in healthy controls. 
Using intracellular cytokine staining, Shimizu 
et al. [25] found that CD4+ T cells producing IL-
17 were increased significantly in BD patients. 
Other researchers reported high Th17/Th1 ratio in 
BD patients compared with healthy controls [26]. 
Moreover, mice that were deficient in IRF-4-binding 
protein, a protein that inhibits IL-17A production, 
rapidly developed a large-vessel vasculitis, sharing 
similarities with human BD because of inappropriate 
synthesis of IL-17A [27]. Jang et al. [28] also identified 
IL-23R and IL-17F gene polymorphisms, which were 
associated with susceptibility to BD. Contrary to our 
findings, one group reported undetectable levels of IL-
17 in the sera of BD patients and controls [2].

Our results confirm significantly elevated serum IL-
17 levels in active BD patients compared with inactive 

BD and healthy controls. Hamzaoui et al. [23] reported 
similar findings; yet, the same group in 2011 observed 
increased serum IL-17 levels in active BD patients 
compared with inactive BD patients, whereas no 
differences in IL-17 levels were found between healthy 
controls and remission BD patients [9].

Evidence reported by Geri et al. [29] support our 
findings, as they describe a significant and dose-
dependent production of IL-17A induced upon the 
addition of serum from patients with active BD in a 
sorted CD4+ T cell culture of healthy donors. Wang 
and colleagues also found an increased frequency of IL-
17-producing CD4+ T cells and of IL-17 production 
by naive T cells cultured under Th17 polarizing 
conditions in active BD patients. These results suggest 
that a large amount of IL-17-producing CD4+ T cells 
and increased IL-17 expression as observed in active 
BD patients may play a role in the appearance of 
active inflammation in these patients [30]. In 2013, Na 
et al. [31] confirmed the significantly upregulated IL-
17 levels in the serum of active BD patients compared 
with healthy controls; they found significantly higher 
frequencies of IL-17 and interferon-γ expressing CD4+ 
T cells in active BD patients that decreased when the 
BD disease activity was stabilized. Other groups found 
an increase in Th17 cells and decrease in T-regulatory 
cells in the peripheral blood of active BD patients [32].

The rank Spearman correlation test revealed the 
absence of significant correlation between IL-17 and 
ESR and BDCAF score in our study. In disagreement 
with these findings, a significant positive correlation 
was observed between plasma IL-17A levels and ESR 
by Hamzaoui et al. [9]. This could be because the 
patients in our study had a narrow range of activity that 
did not allow the relation to be statistically apparent.

Patients with neurological involvement had significantly 
higher IL-17 levels in their serum compared with 
those without neurological involvement and controls. 
These findings corroborate the findings of Geri 
et al. [29], who demonstrated the presence of IL-17A-
producing T cells within the cerebrospinal fluid, brain 
parenchyma inflammatory infiltrates, and intracerebral 
blood vessels from three patients with central nervous 
system involvement in BD.

Our results revealed that patients with ocular 
involvement had higher IL-17 levels compared with 
those without; however, the difference did not reach 
statistical significance. These findings are similar to 
those reported by Chi et al. [2], who showed that IL-
17 production by polyclonally stimulated peripheral 
blood mononuclear cells and activated T cells was 
markedly elevated in BD patients with active uveitis 
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compared with that in patients without active uveitis 
and in controls. Later the same group reported that 
IL23 and IL-17A were elevated, and the phenomena 
were observed not only in peripheral blood but also in 
aqueous fluid in eyes, indicating the given cytokines’ 
implication in pathogenesis of uveitis. After therapeutic 
intervention of cyclosporin A, IL-17 levels went down 
significantly. Thus, treatment with cyclosporin A could 
inhibit the production of both cytokines in association 
with an amelioration of intraocular inflammation [31].

Conclusion
IL-17 is elevated among BD patients and further 
increased with activity, ocular affection, and 
neuroinvolvement. Our findings suggest that IL-17 
exerts an important role in the pathogenesis of BD, 
thus providing a promising target for novel therapy.
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