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A B S T R A C T

Introduction: Considering the role of interleukin (IL)-9 and IL-9-producing Th9 cells in pathogenesis of auto-
immune diseases, this study aimed to evaluate serum IL-9 levels in patients with Behçet’s disease (BD) compared
to healthy subjects and to assess whether there is an association between serum IL-9 levels and disease char-
acteristics in BD.
Methodology: In this cross-sectional study, 32 BD patients according to the International Criteria for BD (ICBD)
and 56 age-matched healthy controls were included. In patients, clinical examination was performed and
Behcet’s Disease Current Activity Form (BDCAF), Iranian Behcet’s Disease Dynamic Activity Measure (IBDDAM)
and Total Inflammatory Activity Index (TIAI) were assessed. Serum IL-9 level was measured using ELISA kit.
Results: The mean ± SD age of patients and controls was 39.06 ± 9.86 and 38.64 ± 8.40 years, respectively
and 41% of patients and 66% of controls were males. The most common clinical symptoms in BD patients were
oral aphthous ulcers, ocular involvement, and genital ulcers, respectively. The median (Min–Max) of BDCAF,
IBDDAM and TIAI in patients were 2 (0–4), 1.3 (0–7), and 2 (0–22), respectively. There was no significant
difference in serum IL-9 levels between BD patients (47.12 ± 7.34mg/dL) and healthy controls
(48.61 ± 7.76mg/dL) (P > 0.05). There were no significant correlations between serum IL-9 levels with BD
clinical characteristics as well as with disease severity (P > 0.05).
Conclusion: Our study revealed no significant difference in serum IL-9 between BD patients and healthy controls
as well as no significant correlation between serum IL-9 with clinical characteristics and disease severity. Further
studies are certainly needed, but on a wider cohort of BD patients to identify IL-9 involvement in BD patho-
genesis.

1. Introduction

Behcet’s disease (BD) is a chronic multisystem autoinflammatory
disease characterized by recurrent oral and genital aphthous ulcers,
skin lesions, uveitis as well as articular, gastrointestinal, neurologic,
and vascular features [1]. BD may be distributed worldwide, but it is
more common in Asian and Mediterranean regions especially along the
Old Silk Road such as Turkey, Iran, China, and Japan [1]. The etiology
and pathogenesis of BD is unclear; however, both autoimmune and
inflammatory syndromes have been indicated in the pathogenesis of
BD, perhaps prompted by infections or other environmental factors
[2,3]. The main pathology in BD is an inflammatory process of small
arteries and veins and thrombosis as a consequence of vasculitis [4]. It
is well known that acute phase proteins are lower in BD than in other
rheumatic diseases and they do not correlate with disease activity or
clinical manifestations [5]. Due to the activation of the immune system,
cytokines, and inflammatory mediators can modulate the disease

process [6]. It has been assumed that a malicious cycle of cytokine
network originating from innate immune cells and expanding to T
helper (Th) cells plays role in BD pathogenesis [7]. Th cells functionally
differentiate into various subsets such as Th1, Th2, Th17, and reg-
ulatory T cells (Tregs), which are involved in development and pro-
gression of inflammatory and autoimmune diseases [8]. In BD, there is
an interleukin 6 (IL-6), tumor necrosis factor (TNF)-α and Th17
pathway that could discriminate patients with different organ in-
volvement [9,10]. Recently, a new T-cell subset has been identified as
Th9 cells that mainly secrete the interleukin 9 (IL-9) [8]. IL-9 is a
protein of 144 amino acids with a secretory signal sequence of 18
amino acids [11]. It is a pleiotropic cytokine which exerts its various
biologic effects on multiple types of cells and different tissues through
IL-9R, a cC-family receptor [12]. On target cells, IL-9 binds to IL-9R, a
heterodimeric protein composed by IL-9Ra belonging to the haemato-
poietin superfamily, and the IL-2R-g, a common subunit shared by
different cytokine receptors. Binding of IL-9 with the cognate receptors
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leads to the activation of signal transducer and activator of transcrip-
tion-1 (STAT-1), STAT-3 and STAT-5 [12]. Th9 cells and IL-9 are
usually proinflammatory, but they also have some anti-inflammatory
characteristics [8]. Recently, IL-9 has been shown to play a key role in
the pathophysiology of various autoimmune diseases, such as rheu-
matoid arthritis (RA) [13], psoriasis [14], atopic dermatitis [15–17],
systemic lupus erythematosus (SLE) [18], lupus nephritis [19], systemic
sclerosis (SSc) [20], type 1 diabetes mellitus [21], and multiple sclerosis
[22]. Furthermore, IL-9 has been studied in different animal models of
autoimmune disease, such as lupus-prone mice [23], experimental au-
toimmune encephalomyelitis [24,25], experimental autoimmune
uveitis [26], and experimental autoimmune myasthenia gravis [27].
Most recently, in patients with giant cell arteritis (GCA) classified as a
large vessel vasculitis according to the revised Chapel Hill Criteria [28],
IL-9 overexpression and Th9 polarization were reported in arteries with
transmural inflammation and small-vessel vasculitis [29]. The tissue
expression of IL-9 was correlated with the intensity of the systemic
inflammatory response, and IL-9R was also overexpressed in the GCA
patients arteries [29]. In addition, it was shown that serum IL-9 levels
and peripheral blood Th9 cells were significantly higher in patients
with Takayasu’s arteritis (TAK), another type of large vessel vasculitis,
compared to healthy controls and the levels of IL-9 had a significant
positive correlation with erythrocyte sedimentation rate (ESR) in these
cases [30]. These data suggests that Th9 cells and IL-9 play an im-
portant role in autoimmune response of TAK and could possibly be
involved in the pathogenesis of TAK [30]. BD is also considered a
"variable vessel vasculitis" based on the revised Chapel Hill Criteria
[28], however the role of Th9 or IL-9 in BD has yet to be investigated.
The purpose of this study was to evaluate the serum levels of IL-9 in
patients with BD compared to healthy subjects and to assess the asso-
ciation between serum IL-9 levels and clinical manifestations of BD.

2. Materials & methods

2.1. Subjects

In this case-control study, patients older than 16 years of age with
the diagnosis of BD according to the International Criteria for BD
(ICBD) [31] which has higher sensitivity, specificity and accuracy than
International Study Group (ISG) criteria [32,33], were recruited con-
secutively from the outpatient rheumatology clinic of Tabriz University
of Medical Sciences between February – September 2018. In addition,
age-matched healthy controls with no inflammatory rheumatic diseases
were included. All patients were visited by a rheumatologist, an oph-
thalmologist and other specialists if needed. Demographic data of pa-
tients and healthy controls were obtained by direct interview. The study
protocol was approved by the Ethics Committee of Tabriz University of
Medical Sciences and performed according to the Helsinki humanity
research declaration (2008) and written informed consent was obtained
from all subjects before inclusion in the study. During the study, all the
personal information was kept confidential and other ethical and hu-
manitarian considerations were performed accordingly.

2.2. Clinical and biochemical measurements

At baseline, all participants were examined by a rheumatologist and
BD activity was evaluated by Behcet’s Disease Current Activity Form
(BDCAF), Iranian Behcet’s Disease Dynamic Activity Measure
(IBDDAM) and Total Inflammatory Activity Index (TIAI) [34–36].
IBDDAM measure BD activity in all organs except eyes and TIAI mea-
sures BD activity in eyes [35]. Patients with BDCAF score ≥ 1 were
considered as being in the disease’s active period [36]. Then, 5mL of
venous blood samples were collected after 12 -h overnight fasting. The
serum samples were separated from whole blood and were kept at
−70 °C until biochemical analysis. Serum IL-9 (BioLegend Inc., USA)
levels were measured by ELISA according to the manufacturer’s

recommendations, using an ELISA plate reader (Model stat fax 2100,
Awareness, Ramsey, MN).

2.3. Statistical analysis

Statistical analysis was performed using SPSS software version 16.0
(SPSS, Inc., Chicago, USA). Normality of variables distribution was
evaluated using the Kolmogorov-Smirnov test. Categorical and nor-
mally distributed quantitative variables were displayed as numbers
(percentages) and means ± SD, respectively. Variables not normally
distributed were presented using as median (Min–Max). Between
groups comparisons were made by chi-squared test, and independent-
sample t test, as appropriate. Correlations between variables were
analyzed by Spearman rank correlation coefficient. P<0.05 was con-
sidered statistically significant.

3. Results

In this study we analyzed IL-9 serum levels in 32 BD patients and 56
healthy controls. The mean ± SD age of patients and healthy controls
was 39.06 ± 9.86 and 38.46 ± 8.03, respectively. No significant dif-
ference was observed in age between BD patients and controls
(P=0.758). 41% (n=13) of the BD patients and 66% (n=37) of
controls were males (P=0.020). As indicated in Table 1, the most
common clinical symptoms in BD patients were oral aphthous ulcers,
ocular involvement, and genital ulcers, respectively. Furthermore, there
was no significant difference in serum IL-9 levels between BD patients
(47.12 ± 7.34mg/dL) and healthy controls (48.61 ± 7.76mg/dL)
(P=0.381).

Table 2 shows correlation between serum IL-9 levels and clinical
characteristics of BD patients. As indicated in Table 2, no significant
correlations were observed between serum IL-9 levels and BD clinical
characteristics (P > 0.05). In addition, according to Figs. 1 and 2,
there were no significant correlations between serum IL-9 levels with
disease severity (P > 0.05). Based on BDCAF score ≥ 1 [36], the
majority of our patients (n=29) were in the disease’s active period and
only 3 patients had inactive disease. No significant correlation was
found between serum IL-9 levels with disease activity classification
according to BDCAF (r= 0.107, P=0.558).

Table 1
Demographic, clinical and biochemical characteristics of BD patients
(n= 32).

Characteristics BD patients (n=32)

Age (years) 39.06 ± 9.86
Gender (male/female) 13/19
Oral aphthous ulcer (%) 30 (93.8)
Ocular involvement (%) 25 (78.1)
Severe ocular involvement (%) 20 (62.5)
Genital ulcer (%) 16 (50)
Pseudofolliculitis (%) 10 (31.2)
Positive Pathergy test (%) 8 (25)
Arthritis (%) 7 (21.9)
Erythema nodosum (%) 2 (6.2)
Phlebitis (%) 3 (9.4)
CNS involvement (%) 1 (3.1)
BDCAF 2 (0-4)
IBDDAM 1.3 (0–7)
TIAI 2 (0–22)
Serum IL-9 (mg/dL) 47.12 ± 7.34

BD, Behcet’s Disease; GI, Gastrointestinal; CNS, Central Nervous System;
BDCAF, Behcet’s Disease Current Activity Form; IBDDAM, Iranian Behcet’s
Disease Dynamic Activity Measure; TIAI, Total Inflammatory Activity Index.
Data were presented as numbers (percentages), median (Min–Max) or
means ± SD, as appropriate.
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4. Discussion

BD is a complex chronic autoinflammatory disorder in which ab-
normalities of neutrophils, endothelial cells, or both, have been in-
dicated to be responsible for various clinical features of BD [37]. Fur-
thermore, activation of circulating B and T lymphocytes occurs, and

these immunoactive cells infiltrate into the affected regions followed by
a second phase of neutrophil chemotaxis [37]. Considering this im-
munological activity in BD, pro-inflammatory cytokines and mediators
may have an effect in the course of the disease. Cytokines are known to
be important in different immune-inflammatory responses and may
have a role in BD prognosis [37]. To clarify the etiopathogenesis of BD,
several investigations have been performed on various serum cytokines.
In recent years, IL-9 has gained interest since its expression is identified
in multiple Th cell subsets including Th2, Th9, Th17, regulatory T cells
(Treg) and natural killer (NK)/T cells [11]. IL-9 is a member of the
gamma-chain family of cytokines, first described as a member of a
growing number of cytokines that have key roles in the development,
proliferation, survival, and differentiation of multiple cell lineages of
both the innate and adaptive immune systems [38]. Recent studies have
demonstrated that IL-9 or Th9 cells are involved in autoimmune in-
flammation and development of immune disorders [39].

To the best of our knowledge, this is the first study to evaluate
serum IL-9 levels in patients with BD compared to healthy subjects and
to assess whether there is an association between serum IL-9 levels and
disease characteristics in BD patients. Based on present study, there was
no significant difference in serum IL-9 level between BD patients and
healthy controls. Furthermore, there were no significant correlations
between serum IL-9 levels with disease severity as well as clinical
characteristics. Recently, there are limited studies that have evaluated

Table 2
Correlation between serum IL-9 levels and clinical characteristics of BD patients
(n=32).

Clinical characteristics Serum IL-9 (mg/dL)

r P*

Oral aphthous ulcer −0.245 0.184
Genital ulcer 0.054 0.772
Arthritis 0.228 0.218
Erythema nodosum −0.206 0.267
Pseudofolliculitis 0.031 0.869
Phlebitis 0.122 0.513
CNS involvement 0.031 0.870
Positive Pathergy test −0.036 0.866
Ocular involvement −0.104 0.585
Severe eye involvement −0.066 0.718

BD, Behcet’s Disease; CNS, Central Nervous System.
* Spearman rank correlation coefficient.

Fig. 1. Correlation between serum IL-9 levels and disease activity in BD patients (n=32).

M. Nouri-Vaskeh, et al. Immunology Letters 211 (2019) 23–27

25



serum IL-9 in the context of rheumatic disorders. Our study was con-
sistent with the only report in BD which indicated that the expression of
IL-9 in PBMCs was not significantly different between active BD pa-
tients and normal controls as well as inactive patients [40]. However,
PBMCs obtained from active, untreated systemic Granulomatosis with
polyangiitis (GPA) patients presented skewed Th9 and Th17 responses,
showing a GPA-specific mechanism of immune polarization [41]. In
contrast with our study, in patients with giant cell arteritis (GCA) [29],
IL-9 overexpression and Th9 polarization were reported in arteries with
transmural inflammation and small-vessel vasculitis. The tissue ex-
pression of IL-9 was correlated with the intensity of the systemic in-
flammatory response, and IL-9R was also overexpressed in the GCA
arteries [29]. Our results were also different from Pan et al. [30] study
who showed that serum IL-9 levels and peripheral blood Th9 cells were
significantly higher in patients with Takayasu’s arteritis (TAK) com-
pared to healthy controls and the levels of IL-9 had a significant positive
correlation with ESR in these patients [30]. Furthermore, our study was
not consistent with Ciccia et al. [42] who demonstrated for the first
time that IL-9 is strongly over-expressed in the gut of psoriatic arthritis
(PsA) patients, and that Th9 lymphocytes were the major source of IL-9
in PsA, highlighting the role of adaptive branch of immunity in the
production of IL-9. They also indicated increased expression of IL-9 and
IL-9R in PsA synovial tissues [42]. Moreover, Ciccia et al. [13] found
that IL-9 and IL-9R were overexpressed in the synovial tissues of RA
patients, which was correlated with the degree of synovial in-
flammatory infiltrate and ectopic lymphoid follicle organization. IL-9
levels are also elevated significantly in the synovial fluid of RA patients
compared to osteoarthritis (OA) and IL-9 promotes proliferation and
survival of synovial fluid CD3(+) T cells of RA patients [43]. In another
study, Peng et al. [40] indicated that IL-9 mRNA levels in PBMCs were
significantly elevated in patients with active Vogt-Koyanagi-Harada
(VKH) disease, a systemic autoimmune disease, compared to those in
patients with inactive VKH disease and normal controls. They con-
cluded that IL-9 was involved in the pathogenesis of VKH disease, and
that IL-9 might also enhance the inflammatory response by increasing
the secretion of IL-17, an established proinflammatory cytokine in VKH
disease [39]. This discrepancy among studies may be due to the dif-
ferences in study populations, disease duration, disease activity and IL-
9 status, type, dosage and duration of medical therapies, as well as
sensitivity of the assays applied and sample size. IL-9 has been shown to
be a particularly complex cytokine with two apparently opposing pro-

inflammatory and anti-inflammatory effects. Whether IL-9 is a patho-
genic or protective cytokine is still unclear with respect to immune
responses. Further studies are needed to clarify the interactions be-
tween IL-9 and the immune system and how these interactions may
dictate the inflammatory effects (pro or anti) of IL-9. Moreover, it is
necessary to evaluate the longitudinal changes of serum IL-9 levels in
patients with BD and to assess the association with disease activity.

The limitations of the present study included the relatively small
sample size and that there was no a disease control group such as
vasculitis. In addition, the cross-sectional nature of the present study
could not reflect serum IL-9 changes during the treatment course. A
longitudinal analysis will be more useful for evaluation of serum IL-9
variations in order to consider it as an active marker for BD. The
strength of present study was that we had a control group and com-
pared mean serum IL-9 levels between patients with BD and normal
subjects.

5. Conclusion

In conclusion, our study revealed no significant difference in serum
IL-9 between BD patients and healthy controls as well as no significant
correlation between serum IL-9 with clinical characteristics and disease
severity according to BDCAF, IBDDAM, and TIAI. Further studies are
certainly needed, but on a wider cohort of BD patients to identify IL-9
involvement in BD pathogenesis. In addition, a disease control group is
required in order to understand the actual role of IL-9 in BD.
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