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ARTICLE INFO ABSTRACT

Behcet’s disease (BD) was considered a T-helper 1 (Thl)-mediated autoimmune disease, but with the in-
troduction of Th17 cells, their role in the pathogenesis of BD was also addressed. Despite studies on IL-17 in BD,
the prognostic value of this cytokine in BD is unclear. The aim of this study is to determine the IL-17 mRNA
expression rate and serum levels in patients with BD and its correlation with clinical manifestations and activity
of BD. Forty-six BD patients in the active phase of the disease and 70 healthy controls were recruited in this
study. BD activity was measured by Behcet’s disease current activity form (BDCAF), Iranian Behget’s disease
dynamic activity measure (IBDDAM) and total inflammatory activity index (TIAI). The IL-17 mRNA expression
and serum levels were significantly higher in the BD patients compared with the healthy controls. These
parameters in the BD patients aged < 25 at disease onset, positive pathergy test, and positive HLA-B5 and HA-
B51 were significantly higher than the healthy controls (P < 0.05). The IL-17 serum level in the patients with
active uveitis was lower than the patients with in-active uveitis. There was no association between other clinical
manifestations of BD and these parameters. No significant correlation was found between BDCAF and IBDDAM
with IL-17 mRNA expression and serum levels. However, TIAI had a significant and negative correlation with the
serum levels of IL-17.
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1. Introduction

Behcet’s disease (BD) is a systemic vasculitis characterized by re-
current oral aphthous ulcers, genital ulcers, uveitis, skin lesions and
arthritis [1]. Although the pathogenesis of BD is not fully understood,
environmental factors, genetic background, and epigenetic mechanisms
are thought to play a key role in the aberrant activation of the immune
system [2-5]. The role of innate and acquired immunity in the patho-
genesis of BD has been demonstrated [2]. Although BD was considered
a T-helper 1 (Thl)-mediated autoimmune disease, with the introduc-
tion of Th17 cells, their role in the pathogenesis of BD was also ad-
dressed [6]. Innate immune system by the overproduction of in-
flammatory mediators leads to an increase of Th1l- and Th17-mediated
cytokines, which play a prominent role in the pathogenesis of BD [2,7].

Decreased regulatory T cells (Treg) activity in BD patients plays a cri-
tical role in Th1/Th1l7 polarization [8]. During immune system acti-
vation, interleukin (IL)-6 and transforming growth factor  (TGF-p)
cause differentiation of Th17 cells from naive T cells [9]. IL-26 is a pro-
inflammatory cytokine, which has recently been reported to induce
Th17 formation [10]. Th9 cells by producing IL-9, can induce Th17
formation during BD attacks [11]. Th17 cells by producing IL-17 and
other pro-inflammatory cytokines like IL-1, IL-6, IL-8, tumor necrosis
factor-a (TNF-a) and interferon-y (IFN-y), can recruit immune effector
cells and promote inflammation in inflammatory/autoimmune diseases
[9].

Many studies over the past two decades have shown the importance
of Th17 cells and IL-17 in the pathogenesis of inflammatory diseases
such as rheumatoid arthritis (RA), inflammatory bowel disease,
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systemic sclerosis, multiple sclerosis, psoriasis, ankylosing spondylitis
(AS), uveitis and Vogt-Koyanagi-Harada disease [12-20]. Recently, the
crucial role of the IL-17 axis has been shown in the pathogenesis of BD.
Shen et al. studied IL-17 serum levels and production by peripheral
blood mononuclear cells (PBMCs) in patients with BD compared with
healthy controls [21]. They found higher serum IL-17 and IL-17 pro-
duction by PBMCs in BD patients compared with healthy controls and
in patients with active uveitis compared with those without. The high
ratio of Th17/Th1 and Th17/Treg found in BD patients suggest that IL-
17 over-expression may correlate with the clinical manifestations of BD
[22-27].

Despite studies on IL-17 in BD, the prognostic value of this cytokine
in BD is unclear. The aim of this study is to determine the IL-17 mRNA
expression rate in PBMCs and serum levels in patients with BD in
comparison with healthy controls and its correlation with clinical
manifestations and BD activity.

2. Materials and methods
2.1. Studied groups

Forty-six BD patients with active disease from a cohort of BD in the
Connective Tissue Diseases Research Center and 70 age- and sex
-matched healthy controls were recruited in the study. BD was diag-
nosed based on the International Criteria for Behget’s Disease (ICBD)
[28]. The participants were Azeri and were not related to each other.
The study protocol was approved by the Ethics Committee of Tabriz
University of Medical Sciences (Ethic code: TBZMED.REC.1395.1357)
and the participants signed informed consents before enrolling in the
study. The study was designed according to the Helsinki humanity re-
search declaration (2008). BD activity was measured using the Behcet’s
Disease Current Activity Form (BDCAF), Iranian BD Dynamic Activity
Measure (IBDDAM), and Total Inflammatory Activity Index (TIAI)
[29-31]. BDCAF evaluates BD activity in all organs. IBDDAM measures
BD activity in all organs except eyes and TIAI measures BD activity in
eyes [29]. BDCAF = 1 was considered as active disease [31].
TIAI = 3.5 was considered as active uveitis [31]. The demographic and
clinical characteristics of the participants are shown in Table 1.

2.2. RNA extraction and cDNA synthesis

We obtained 5 mL of peripheral blood prepared in the EDTA tubes.
PBMCs were separated by Ficoll (Lymphodex, Inno-Train, Germany)
density-gradient centrifugation (Sigma- Aldrich GmbH, Munich,
Germany) and were stored at —80 °C until next step. Total RNA was

Table 1
Demographic, clinical and laboratory characteristics of the participants.
Behget’s disease Healthy control P-value
group (N = 46) group (N = 70)
Age (mean * SD)years 39.83 + 11.1 37.10 £ 7.6 0.118
Gender (male/female) 29/17 (1.7) 46/24 (1.9) 0.659
Oral aphthous ulcer (%) 44 (95.7) -
Uveitis (%) 35 (76.1) -
Genital ulcer (%) 23 (50) -
Positive Pathergy test 14 (30.4) -
(%)
Pseudofolliculitis (%) 11 (23.9) -
Erythema nodosum (%) 9 (19.6) -
Arthritis (%) 9 (19.6) -

Phlebitis (%) 6 (13) -

Epididymitis (%) 3 (6.5) -
CNS involvement (%) 1(2.2) -
HLA-B5 (%) 27 (58.7) -
HLA-B51 (%) 25 (54.3) -

SD, standard deviation; CNS, central nervous system; HLA, human leukocyte
antigen
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extracted from the participants’ blood samples by the protocol of
TRIzol® (Invitrogen, San Diego, CA) on the basis of the manufacturer’s
instructions. The quality of RNA was checked by NanoDrop ND-2000
spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). The
extracted RNA was stored at —80 °C until complementary DNA (cDNA)
synthesis (Thermo Fisher Scientific, Waltham, MA) was carried on.

2.3. IL-17 Real-time PCR

The IL-17 mRNA expression was evaluated in PBMCs by Real-time
PCR on MIC instrument (BioMolecular Systems, AUSTRALIA).
Quantitative Real-time PCR (qRT-PCR) was provided using specific
primer sets (Eurofins Genomics) for IL-17 and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) as reference genes (see Table 2).
6.25 pL of Ampliqon SYBR Green master mix (RealQ Plus Master Mix
Green high ROX™, Ampliqon, Copenhagen, Denmark) was used for g-
PCR: 1 pL of cDNA, 0.5 pL of each IL-17 and GAPDH primers and
4.25 pL. DW was added to reach the final volume of 12.5. Initial enzyme
activation was performed at 95 °C for 15 min. 40 cycles of denaturation
was performed for 20 s at 95 °C and annealing was applied for 30 s at
58.5 °C. IL-17 mRNA expression was normalized to GAPDH as internal
reference with 272 2 ¢ formula [32]. All the reactions were performed
at least in duplicate.

2.4. Quantification of IL-17 by enzyme-linked immunosorbent assays

The serum levels of IL-17 were detected using enzyme-linked im-
munosorbent assays (ELISA) in duplicates and according to the manu-
facturer’s instructions (IBL ELISA kit™, IBL Inc., Hamburg, Germany).
All samples were analyzed in the same batch. The absorbance and
concentration of IL-17 were measured and calculated from a standard
curve using a microplate reader Stat Fax 3200° Microplate Reader
(USA).

2.5. Statistical analysis

Statistical analysis was performed using SPSS (SPSS Inc, Chicago, IL,
USA) v 16. Detailed data were expressed as the mean = SD and for out
of range data by median. Normal distributions were analyzed by the
Kolmogorov-Smirnov test with Lilliefors correction. The independent t-
test and Mann-Whitney U test were used to make a comparison be-
tween the parametric and non-parametric variables. The Pearson rank
correlation was used and P < 0.05 was considered to be statistically
significant. The graphs were drawn using the GraphPad Prism v.6.00
(GraphPad Software, La Jolla, CA) and SPSS v. 16.

3. Results

In this study, we analyzed IL-17 mRNA expression and serum levels
in 46 patients with active BD and 70 healthy controls. IL-17 mRNA
expression in the BD and control groups were 2.83 (median = 2.79;
min = 1.07, max = 6.02) and 1.99 (median = 0.68; min = 0.37,
max = 9.42), respectively (Fig. 1). We also found a higher serum levels
of IL-17 in the BD patients [4.24 (median = 3.98; min = 1.53,
max = 6.92)] compared with the healthy controls [3.19
(median = 2.97; min = 1.04, max = 6.19) pg/mL]). A positive cor-
relation was observed between IL-17 mRNA expression and serum le-
vels (r = 0.232, P = 0.012) (Fig. 2). In addition, we analyzed the as-
sociation of IL-17 mRNA expression and serum levels with
demographic, clinical and laboratory features of the BD patients
(Table 3). IL-17 mRNA expression and serum levels in the BD patients
with younger age at disease onset, positive pathergy test and positive
HLA-B5 and HA-B51 were higher. However, this figure did not reach to
a significant level for IL-17 mRNA expression in the BD patients
aged < 25 at disease presentation. Serum levels of IL-17 in the BD
patients with active uveitis were lower than the patients with inactive
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Table 2
Primers sequence and PCR condition.
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Primers Sequence Tm Product Size PCR condition
GAPDH-F ACAACTTTGGTATCGTGGAAGG 58.59 101 1 time 95 °C, 15 min
GAPDH-R GCCATCACGCCACAGTTTC 59.79 40 times 95 °C, 20 s
IL17A-F AGATTACTACAACCGATCCACCT 59.79 151 58.5°C, 30 s
IL17A-R GGGGACAGAGTTCATGTGGTA 59.09
PCR: polymerase chain reaction; F: Forward; R: Reverse; min: minute; s: second.
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Fig. 1. IL-17 mRNA expression in Behcet’s disease patients compared with healthy controls. The Mann-Whitney U test were used to make a comparison between the
variables. Significant difference was observed in IL-17 mRNA expression between Behcet’s disease patients and healthy controls (P < 0.005).
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Fig. 2. Serum levels of IL-17 (detected by
ELISA) in Behget’s disease patients com-
pared with healthy controls. The in-
dependent t-test was used to make a com-
parison between the mean values.
Significant difference was observed in IL-17
serum levels between Behcet’s disease pa-
tients (mean 4.24 =+ 1.55) and healthy
controls (3.19 + 1.53; P < 0.001).

Behcet’s disease group

uveitis. There was no association between other clinical manifestations
of BD and these parameters. In addition, we could not find a significant
correlation between BDCAF and IBDDAM with IL-17 mRNA expression
and serum levels (Table 4). However, TIAI had a significant and ne-
gative correlation with serum levels of IL-17 (Table 4).

4. Discussion

In the present study, we measured IL-17 mRNA expression and
serum levels in patients with BD. We found a higher IL-17 mRNA

Control group

expression and serum levels in our BD patients compared with the
healthy controls. Higher IL-17 mRNA expression and serum levels were
observed in the BD group aged < 25 at disease onset, positive pathergy
test, and positive HLA-B5 and HLA-B51. Lower serum IL-17 levels were
found in the BD patients with active uveitis compared to the BD patients
with inactive uveitis. No association was observed between IL-17
mRNA expression and serum levels with mucocutaneous lesions, ar-
thritis, and phlebitis. No significant correlation was observed between
BD activity and IL-17 mRNA expression and serum levels, except TIAL
which had a negative correlation with IL-17 serum levels.
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Table 3
Association between demographic, clinical and laboratory features of Behcet’s
disease patients and IL-17 mRNA expression and serum levels.

Demographic,  Frequency IL-17 mRNA P-value Serum IL-17 P-value
clinical and expression (mean = SD)
laboratory rate

features (mean * SD)

Age at disease onset (years)

<25 25 (54.3) 3.20 = 213 0.213 476 = 1.41 0.022
=25 21 (45.7) 248 + 1.83 3.63 + 1.54

Gender

Male 29 (63) 2.95 = 1.95 0.393 4.32 = 1.61 0.942
Female 17 (37) 2.62 + 216 4.10 = 1.45

Oral ulcer

Yes (%) 44 (95.7) 2.86 = 2.02 - 4.22 +* 1.55 -
No (%) 2 (4.3) 2.06 + 2.51 4.61 + 1.96

Genital ulcer

Yes (%) 23 (50) 297 = 225 0.818 4.16 + 1.53 0.809
No (%) 23 (50) 2.69 * 1.79 4.31 + 1.59

Positive Pathergy test

Yes (%) 14 (30.4) 4.20 + 1.38 0.018 5.30 = 0.99 0.002
No (%) 32(69.6) 254 + 2.03 3.55 + 1.40

Uveitis

Yes (%) 35(76.1) 296 + 2.04 0.422 437 * 1.62 0.286
No (%) 11 (23.9) 2.42 = 2.04 3.80 = 1.29

Active Uveitis

Yes (%) 24 (68.6) 270 = 2.01 0.242 3.87 + 1.51  0.009
No (%) 11 (31.4) 358 + 191 5.31 * 1.42
Pseudofolliculitis

Yes (%) 11(23.9) 353 = 1.74 0.124 473 + 1.06  0.320
No (%) 35(76.1) 2.61 * 2.07 4.08 + 1.65
Arthritis

Yes (%) 9(7.8) 1.64 = 1.47  0.067 395 + 1.40 0.549
No (%) 37 (319 312 * 2.04 4.31 + 1.58
Erythema Nodosum

Yes (%) 9 (19.6) 2.52 + 2.08 0.547 426 + 1.31  0.978
No (%) 37 (80.4) 2.90 = 2.02 423 = 1.61
Phlebitis

Yes (%) 6 (13) 3.68 + 1.57 0.215 5.33 £ 0.95 0.064
No (%) 40 (87) 2.70 = 2.06 4.07 = 1.55

HLA-B5

Yes (%) 27 (65.4) 3.66 * 2.07  0.041 4.69 + 145 0.021
No (%) 19 (34.6) 2.66 = 2.59 3.18 = 1.46
HLA-B51

Yes (%) 25(53.3) 4.21 * 1.78  0.020 5.53 + 1.08  0.006
No (%) 21 (46.7) 2.06 = 2.03 296 + 1.51

SD, standard deviation; HLA, human leukocyte antigen.

IL-17, which is mainly produced by Th17 cells, is a strong pro-in-
flammatory cytokine that mobilizes and activates neutrophils and
macrophages [9]. IL-17-family consists of 6 ligands [IL-17A, IL-17B, IL-
17C, IL-17D, IL-17E and IL-17F] [33]. IL-17 induces the production of
pro-inflammatory cytokines such as IL-1, IL-6 and TNF-a, chemokines
like IL-8, CXCL1 and monocyte chemoattractant protein-1 (MCP-1), and
prostaglandins from endothelial cells, epithelial cells and macrophages
[33]. For this reason, it is believed that Th17 cells and IL-17 may be
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involved in the pathogenesis of inflammation in the acute phase of BD.
Several studies emphasize the importance of Th17 cells and Th17-
mediated cytokines in the inflammatory phase and tissue injury in pa-
tients with BD. Kim et al. showed higher Th17/Thl1 ratio in BD patients
in comparison with RA patients and healthy controls [34]. They found
higher Th17/Thl ratio in BD patients with uveitis and folliculitis
compared to other BD patients. Hamzaoui et al. studied RORC (Th17-
associated transcription factor) expression in the cerebrospinal fluid of
18 patients with Neuro-Behcet’s Disease (NBD), 16 patients with non-
inflammatory neurological disease and 10 patients with headaches at-
tributed to BD [25]. They found higher expression of RORC in NBD
patients compared with controls. Chi et al. in a study on 23 patients
with BD showed higher expression of IL-17 by PBMCs in patients with
uveitis compared with patients without uveitis and also healthy con-
trols [22]. Another study on 8 BD patients with active uveitis, 8 BD
patients with inactive uveitis and 8 healthy controls showed a higher
production of IL-17 by CD4™" T cells in BD patients with active uveitis
[35]. Ekinci et al. reported a significantly higher serum IL-17A in pa-
tients with active BD (28.7 + 12.8 pg/mL) compared with patients
with inactive BD (11.9 *+ 2.7 pg/mL) and healthy controls. Serum IL-
17A levels were significantly higher in BD patients with active uveitis
(29.8 = 18.2 pg/mL) compared with those of BD patients with uveitis
in remission (11.3 * 2.9 pg/mL) [23]. In another study, Hamzaoui
et al. assessed plasma IL-17 levels and the expression of RORC in pa-
tients with active BD, patients with inactive BD and healthy controls
[24]. They found higher plasma IL-17 levels and Th17 in PBMCs of
patients with active BD. Chi et al., in a study showed the importance of
IL23/IL17 pathway in the pathogenesis of uveitis [22]. They found an
increased production of IL-23 and IL-17 and promotion of IL-17 pro-
duction by PBMCs in BD patients with uveitis. Contrary to other studies,
in the study of Emiroglu et al. in 76 patients with active BD, there was
no significant difference in IL-17A level compared to 70 patients with
inactive BD [36]. No associations were observed between the serum IL-
17A level and various clinical manifestations of BD. Ferrante et al. in a
study compared the Th1 and Th17 axis cytokines in the mucosal biopsy
and serum of patients with active BD, AS and Crohn’s disease (CD) with
healthy controls [37]. All patients had gastrointestinal symptoms. Th1
cytokines like IL-12, TNF-a and IFN-y in the serum and ileum mucosal
specimens of BD patients were higher than AS patients and healthy
controls. In contrast IL-23 and IL-17 in BD patients were lower than
patients with AS and CD. No differences were observed between BD
patients and healthy controls. They concluded that Th17 axis has no
role in the pathogenesis of the gastrointestinal attacks of BD.

Our results support the previous studies that suggest the role of IL-
17 in the pathogenesis of BD. However, in contrast to previous studies,
we found no correlation between IL-17 mRNA expression and serum
levels with BD activity. Similarly, we found no association between IL-
17 status and organ involvement except the higher serum IL-17 in pa-
tients with positive pathergy test and inactive uveitis. Although the
underlying mechanism of pathergy phenomenon is not clear, mono-
nuclear cells’ infiltration around dermal vessels at the pathergy site and
neutrophils in the infiltrate were reported [38]. Hyperactivity of neu-
trophils, which is one of the BD features plays an important role in the
pathogenesis of pathergy phenomenon [38]. The pro-inflammatory ef-
fect of IL-17 may play a role in this phenomenon. Although cytokines

Table 4
Correlation between IL and 17 mRNA expression and serum levels with Behget’s disease activity.
BDCAF IBDDAM TIAI
Pearson correlation P-value Pearson correlation P-value Pearson correlation P-value
IL-17 mRNA expression —0.241 0.107 0.045 0.769 —0.104 0.491
Serum IL-17 levels (pg/ml) —0.272 0.069 -0.177 0.246 —0.452 0.006

BD, Behget’s disease; BDCAF, Behcet’s disease current activity form; IBDDAM, Iranian Behcet’s disease dynamic activity measure; TIAI, Total inflammatory activity

index.
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play an important role in the pathogenesis of inflammatory disorders
because of their vast pro- and anti-inflammatory effects, it is often
difficult to use cytokines as prognostic or diagnostic tools. One of the
most important reasons is the overlap between normal and abnormal
cytokine levels [39]. A few studies investigated cytokines in healthy
individuals and no clear cut-off value exists for cytokines. Many factors
contribute to cytokine release and action [39]. Lack of positive corre-
lation between IL-17 serum levels with BD activity and negative cor-
relation between these biomarker and uveitis attacks suggest that a
Th1, but not a Th17, response may be present in the inflammatory BD
attacks.

5. Conclusions

Although the Th17 response may contribute to the pathogenesis of
BD, IL-17 mRNA expression rate and serum levels cannot be used as a
biomarker in assessing BD activity and predicting various organs’ in-
volvement.
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