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Interleukin (IL)-33 is an important mediator of innate immunity. Behcet's disease (BD) is an
autoinflammatory disorder characterized by hyperactivity of the innate immune response.
We measured serum levels of IL-33 and its receptor soluble ST2 (sST2) in patients with BD
to investigate their association with disease activity. Serum levels of both [L-33 and sST2
were higher in patients with BD compared with those in normal controls (IL.-33: 594.48 +
175.04 pg/mLin BD and 224.23 + 56.64 pg/mL in normal controls [P = 0.048], sST2:
99.01 * 15.92 pg/mL in BD and 23.56 + 3.25 pg/mL in normal controls [P < 0.001]). IL-
33 and sST2 expression in skin tissue, as shown by immunohistochemistry, was higher in
patients with BD compared with that in the normal controls. Serum sST2 level correlated
significantly with the BD currently active form (BDCAF), Iranian BD dynamic activity
measure (IBDDAM), erythrocyte sedimentation rate and C-reactive protein. Multiple linear
regression showed that serum sST2 was an independent factor associated with IBBDAM
(regression coefficient, 0.374; P= 0.004), and BDCAF (regression coefficient, 0.236;

P =0.047). These results demonstrate that IL-33 and sST2 are highly expressed in patients
with BD and that serum sST2 is an independent factor associated with IBDDAM and
BDCAF, suggesting a potential role for sST2 as a surrogate marker of disease activity in
patients with BD.
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INTRODUCTION

Interleukin 33 (IL-33), a recently identified member of the IL-1
family, is a ligand for the orphan receptor ST2 (also known as
IL-1RL1). When IL-33 binds to ST2, it enhances inflammatory
cytokines by activating nuclear factor-«B (NF-«kB) and mitogen
activated protein (MAP) kinases (1). IL-33 is mainly expressed
by endothelial cells, fibroblasts, epithelial cells, keratinocytes,
and is particularly high in endothelial venules (2). ST2 is the re-
ceptor for IL-33 and a member of the IL-1 receptor family. ST2
exists as either a membrane bound form (ST2L) or as a soluble
form (sST2). ST2L functions as a transmembrane signaling re-
ceptor for IL-33 by mediating the effect of IL-33 on the inflam-
matory process. sST2 is a soluble receptor that can suppress IL-
33 activity (3).

Both enhanced innate immunity and neutrophil hyperactiv-
ity with endothelial damage, which are part of BD pathogene-
sis, are also related to elevated IL-33 levels. Therefore, we hy-
pothesized that BD may be associated with changed IL-33/
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sST2 levels, which may be involved in BD pathogenesis. There-
fore, we analyzed serum IL-33 and sST2 levels in patients with
BD and its correlation with other clinical parameters.

MATERIALS AND METHODS

Fifty-three unrelated Korean patients with BD (15 men and 38
women, mean age, 41 + 12 yr) were recruited from the rheuma-
tology clinics, Seoul St. Mary’s Hospital which are affiliated with
the medical school of The Catholic University of Korea. This
study was approved by the Research Ethics Board of the Medi-
cal School, The Catholic University of Korea. All patients with
BD recruited for this study met the 1990 international criteria
for classification of BD. In addition, this study included 31 age-
and sex-matched healthy individuals, unrelated to the patients
(7 men and 24 women, mean age 43 + 16 yr), without inflam-
matory or autoimmune diseases. Blood samples were drawn
from the 53 patients with BD and 31 normal controls (NC). All
individuals gave informed consent. All patients with BD under-
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went routine laboratory assessments at their clinic visit. The
specific clinical manifestations referred to manifestations at the
time of the study, and the Behcet’s disease current activity form
(BDCAF) (4) and Iranian Behcet’s disease dynamic activity
measure (IBDDAM) score (5) were determined for each patient
at the time of the blood draw.

Assay for serum levels of IL-33 and sST2

Serum IL-33 and sST2 levels were measured using a sandwich
double monoclonal antibody enzyme-linked immunosorbent
assay method according to the manufacturer’s directions (R&D
Systems, Minneapolis, MN, USA).

Immunostaining and hematoxylin-eosin staining

Skin biopsy specimens were obtained with informed consent
from five patients in the active BD group who underwent a di-
agnostic evaluation of skin lesions indicative of BD. Among the
biopsies, four were diagnosed with erythema nodosum (EN)-
like skin lesions and the other one was EN. Three NC skin tis-
sues were obtained from pathologists. The main reason for the
skin biopsy was the obscure skin lesions observed by dermatol-
ogists. All NC skin specimens were diagnosed as normal by pa-
thologists. Standard paraffin specimens were prepared, sec-
tioned at 5-um thickness, and stained with hematoxylin and
eosin. The slides were examined for the presence of panniculi-
tis by two experienced pathologists. Immunohistochemistry
was performed on serial sections using an indirect immuno-
peroxidase method, and the paraffin-embedded slides were
deparaffinized by immersion in xylene, followed by dehydra-
tion in ethanol. Endogenous peroxidase activity was blocked
with 3% hydrogen peroxide. The sections were incubated in a
blocking solution for 30 min at room temperature and then
overnight at 4°C with primary antibodies against IL-33 and
sST2 (R&D Systems). The slides were washed for 5 min, fol-
lowed by a 20-min incubation with biotinylated secondary an-
tibodies (Vector Labs., Burlingame, CA, USA). After a 15 min
wash, the slides were incubated for 1 hr with avidin-conjugated
horseradish peroxidase using the Vecterstain ABC Elite (Vector
Labs.). Samples were photographed with a photomicroscope
(Leica, Wetzlar, Germany).

Statistical analysis

Means + standard errors were used to describe IL-33 and sST2
concentrations and other laboratory values. Serum concentra-
tions of IL-33 and sST2 were compared between patients with
BD and the NC using the unpaired t-test. The associations be-
tween baseline clinical or laboratory characteristics and serum
IL-33 and sST2 levels were analyzed with the Mann-Whitney U-
test for categorical variables and Pearson’s correlation coeffi-
cient for continuous variables. Multiple linear regression was
used to estimate the independent association of IL-33 and sST2
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levels with the variables to exclude the effects of other related
variables on the results. All analyses were performed using SAS
software version 9.0 (SAS Institute, Cary, NC, USA). A P < 0.05
was considered significant.

Ethics statement

This study protocol was approved by the institutional review
board of The Catholic University of Korea (KC12TISI0665), and
signed informed consent was obtained from each patient.

RESULTS

Clinical characteristics of the patients with BD

Fifty-three patients with BD and 31 age- and sex-matched NC
were recruited. The demographic and clinical parameters are
shown in Table 1. Of the 53 patients with BD, the most frequent
symptom was oral ulcer (100%). Other symptoms included
genital ulcers (66%), cutaneous lesions (57%), arthritis (42%),

Table 1. Cumulative demographic features and clinical manifestations at the time of
study in the patients with Behcet's disease and the normal controls

Demographics and clinical Behcet's disease  Normal controls

characteristics (BD) (NC)
Number 53 31
Age (yr), mean £ SD 41 £12 43 £ 16
Sex ratio (M/F) 15/38 7125
HLA-B51 (+/-/U) 8/6/39 ND
Onset age (yr), mean + SD 33+ 13 ND
Disease duration (months), mean £+ SD 99 + 78 ND
Clinical manifestation, No.(%)
Oral ulcer 53 (100%) ND
Genital ulcer 35 (66%) ND
Uveitis 19 (36%) ND
Skin lesion 20 (38%) ND
Arthritis 23 (43%) ND
Thrombosis 3 (5%) ND
CNS involvement 4 (7%) ND
Gl tract involvement 7 (13%) ND
Medication, current use, No. (%)
Steroid 48 (90%) ND
Colchicine 35 (66%) ND
Azathioprine 18 (34%) ND
Cyclosporin 8 (15%) ND
Sulfasalazine 11 (21%) ND
Interferon-alpha 1 (2%) ND
Mizoribine 1(2%) ND
Methotrexate 1(2%) ND
Infliximab 1(2%) ND
Disease activity parameters (mean £ SD)
ESR (mm/hr) 18.70 £ 21.27 ND
CRP (mg/dL) 0.44 £1.08 ND
IBADDAM 2.53 £2.38 ND
BDCAF 187 £ 157 ND

U, unknown; ND, not done; SD, standard deviation; M, male; F, female; CNS, central
nervous system; Gl, gastrointestinal; ESR, erythrocyte sedimentation rate; CRP, C-re-
active protein; IBDDAM, Iranian BD dynamic activity measure; BDCAF, BD currently
active form.
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Fig. 1. Serum levels of interleukin (IL)-33 and receptor soluble ST2 (sST2) between patients with BD and NC. Serum levels of IL-33 and sST2 were significantly higher in pa-

tients with BD than those in the NC. BD, Behcet’s disease; NC, Normal control.

uveitis (36%), gastrointestinal (GI) tract involvement (13%),
central nervous system (CNS) involvement (8%), and thrombo-
sis (6%). The median scores for the BDCAF and IBDDAM were
2.53 and 1.87, respectively.

Comparison of serum IL-33 and sST2 levels between
patients with BD and the NC

Serum levels of IL-33 and sST2 were measured in the 53 pa-
tients with BD and the 32 age- and sex-matched NC. As shown
in Fig. 1, the mean levels of IL-33 were 594.5 + 175.04 pg/mL
(range, 0.6-5,632.9 pg/mL) and 244.2 + 56.64 pg/mL (range,
0.1-1,389.5 pg/mL) in sera, respectively, from patients with BD
and the NC. The mean levels of sST2 were 99.0 + 15.92 pg/mL
(range, 3.0-552.3 pg/mL) and 23.6 + 3.25 pg/mL (range, 1.8-
87.2 pg/mL) in sera, respectively, from patients with BD and the
NC. The differences in the serum levels of IL-33 and sST2 be-
tween the patients with BD and the NC were statistically signifi-
cant (P = 0.048, P < 0.001, respectively).

IL-33 and sST2 are highly expressed in epidermal
keratinocytes and dermal capillaries in skin lesions from
patients with BD

IL-33 and sST2 immunohistochemistry was performed on the
skin lesions from patients with BD and the NC to evaluate
whether IL-33 and sST2 increased in affected skin lesions. The
skin lesions of the patients with BD were diagnosed as EN or
EN-like skin lesions and were confirmed by dermatologists and
pathologists. As shown in Fig. 2, the affected dermal skin tissues
from patients with BD had septal panniculitis with thickened
connective tissue septa of the subcutis compared with that of
normal skin tissues. They also demonstrated numerous aggre-
gates of lymphocytes and neutrophils interstitially arranged be-
tween collagen bundles of the septa and fat lobules, which are
typical of BD related EN-like skin lesions (Fig. 2A, B). IL-33 was
expressed in endothelial cells in dermal vessels and fibroblasts
in the thickened connective tissue septa of the subcutis com-

http://dx.doi.org/10.3346/jkms.2013.28.8.1145

pared with that in the NC skin samples (Fig. 2C, D). Similarly,
sST2 was overexpressed in BD skin lesions, compared with that
in the NC skin samples (Fig. 2E, F). Furthermore, similar to the
findings in dermal layers, IL-33 and sST2 overexpression was
observed in epidermal skin layers from patients with BD com-
pared to that of NC skin samples (Fig. 3). IL-33 and sST2 immu-
noreactivity was observed in epidermal layers, not only in nu-
clei but also in the cytoplasm in the epidermal keratinocytes
and endothelial cells of dermal vessels in EN or EN-like skin le-
sions of patents with BD. Similar IL-33 and sST2 immunoreac-
tivity was observed in the nuclei of the NC skin specimens, but
reduced IL-33 and sST2 immunoreactivity was observed in the
cytoplasm of the epidermis layer and dermal vessels (Fig. 3A-
D). These results indicate that IL-33 and sST2 were expressed
more in the cytoplasm in epidermal keratinocytes and endo-
thelial cells of dermal vessels in the BD skin lesions than those

in the NC skin specimens.

Correlation between IL-33 and sST2 and clinical
parameters in patients with BD and the NC

Next, we analyzed the association between serum IL-33 levels
and age, gender, onset age, and disease duration. As shown in
Tables 2 and 3, serum IL-33 did not significantly correlate with
age in patients with BD (r=-0.190 , P = 0.173) or the NC (r =
-0.288, P = 0.116) and did not differ significantly between wom-
en and men in patients with BD (P = 0.147) or the NC (P = 0.179).
IL-33 did not significantly correlate with onset age or disease du-
ration in patients with BD (r = -0.272; P = 0.071, r=0.138; P =
0.365, respectively). We also analyzed the association between
serum sST2 levels and age, gender, onset age, and disease dura-
tion. As shown in Tables 2 and 3, serum sST2 levels did not sig-
nificantly correlate with age in patients with BD (r = -0.190; P =
0.173) or the NC (r = 0.019; P = 0.920) and did not differ signifi-
cantly between women and men in patients with BD (P = 0.070)
or the NC (P = 0.562). Additionally, sST2 did not significantly
correlate with onset age or disease duration in patients with BD

http://jkms.org 1147
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Fig. 2. IL-33 and sST2 expression in the skin (dermis). (A, B) H&E stain. Septal panniculitis existed in the skin of patients with Behcet’s disease (BD). (C-F) IHC stain. IL-33 and
sST2 were highly expressed in the dermis of skin from patients with BD. H&E, hematoxylin & eosin; IHC, immunohistochemical.

(r=-0.227; P = 0.133, r = 0.164; P = 0.282, respectively).

Correlation between IL-33 and sST2 and organ
involvement in patients with BD

As shown in Table 2, serum IL-33 levels were related to skin le-
sions (P = 0.011) but not other organ involvement including
genital ulcers (P = 0.095), uveitis (P = 0.375), arthritis (P = 0.505),
thrombosis (P = 0.675), CNS involvement (P = 0.191), or gastro-
intestinal tract (GI) tract involvement (P = 0.207). Patients with
skin lesions had higher serum IL-33 levels (774.0 + 224.8 pg/
mL) compared with those without skin lesions (360.3 + 243.8
pg/mL) (P = 0.011). Serum sST2 levels were related to thrombo-
sis (P = 0.035) and GI tract involvement (P = 0.037). But, serum
sST2 level was not related to genital ulcers (P = 0.735), uveitis
(P =0.528), skin lesions (P = 0.110), arthritis (P = 0.364), or CNS

1148  http://jkms.org

involvement (P = 0.910). Patients with thrombosis had higher
serum sST2 levels (223.9 + 90.3 pg/mL) compared with those
without thrombosis (91.5 + 15.7 pg/mL) (P = 0.035). Patients
with GI tract involvement had higher serum sST2 levels (172.7 +
66.9 pg/mL) compared with those without GI tract involvement
(87.8 +15.0 pg/mL) (P = 0.037).

Correlation between IL-33 and sST2 with current
medication usage in patients with BD

As shown in Table 2, serum IL-33 level was not related to medi-
cations including prednisolone (P = 0.825), colchicine (P =
0.497), azathioprine (P = 0.901), cyclosporin (P = 0.323), or sul-
fasalazine (P = 0.894). Serum ST2 level was related to colchi-
cine (P = 0.001), but was not related to other medications in-
cluding prednisolone (P = 0.343), azathioprine (P = 0.901), cy-

http://dx.doi.org/10.3346/jkms.2013.28.8.1145
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Fig. 3. IL-33 and sST2 expression in the skin (epidermis). (A-D) IHC stain. IL-33 and sST2 were highly expressed in the epidermis of skin from patients with BD. IHC, immuno-

histochemical.

Table 2. Association between serum interleukin-33 (IL-33) and receptor soluble ST2 (sST2) levels and clinical data in patients with Behcet's disease (BD)

Clinical and laboratory IL-33 concentration, pg/mL (mean £ SEM) sST2 concentration, pg/mL (mean £ SEM)

o Pvalue Pvalue
characteristics (yes/no) Yes No Yes No
Female 699.9 £ 229.0 327.5 £ 209.2 0.147 110.1 £ 18.9 70.8 £ 29.5 0.070
Genital ulcer 685.5 + 213.2 417.4 +310.3 0.095 99.5 £ 20.6 98.2 £ 25.3 0.735
Uveitis 689.4 + 355.8 5415 + 190.9 0.373 82.0 £ 21.3 108.5 + 21.8 0.528
Skin lesion 774.0 + 244.8 360.3 + 243.8 0.011* 81.1 £ 183 122.5 + 27.6 0.110
Arthritis 633.1 + 263.6 564.3 + 237.1 0.505 742 £ 171 114.3 £ 24.0 0.364
Thrombosis 582.6 + 329.9 595.2 + 184.9 0.675 2239 +£90.3 91.5 £ 15.7 0.035*
CNS involvement 49.1 £ 329 639.0 + 188.0 0.191 98.7 £ 50.2 99.1 £ 16.9 0.910
Gl tract involvement 126.9 + 89.6 665.6 + 199.4 0.207 172.7 + 66.9 87.8 £ 15.0 0.037*
Current prednisolone 622.7 +191.8 3237 £ 2329 0.941 104.8 £ 17.3 434 +19.4 0.105
Current colchicine 585.9 + 211.5 611.1 £ 319.2 0.836 745+ 133 146.6 + 37.3 0.008"
Current azathioprine 694.9 + 355.3 538.3 + 191.1 0.604 107.7 £ 25.9 941+ 204 0.243
Current cyclosporin 101.4 £ 70.6 682.1 + 203.3 0.243 1334 + 45.8 929 + 16.9 0.275
Current sulfasalazine 5447 + 281.2 609.1 + 212.4 0.766 116.5 + 43.0 93.9 £+ 16.6 0.882

*P < 0.05, P < 0.01. SEM, standard error of the mean; CNS, central nervous system.

closporin (P = 0.871), or sulfasalazine (P = 0.333). Patients tak-
ing colchicine had lower serum ST2 levels (74.5 + 13.3 pg/mL)
compared with those not taking the medication (146.6 + 37.3
pg/mL) (P = 0.001).

http://dx.doi.org/10.3346/jkms.2013.28.8.1145

Correlation between IL-33 and sST2 with disease activity
parameters in patients with BD

Serum IL-33 level was not correlated with sST2 level in patients
with BD (r = -0.096; P = 0.49) or the NC (r=0.011; P = 0.95).
But, as shown in Table 3 and Fig. 4, a significant positive correla-

http://jkms.org 1149
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Fig. 4. Correlation between receptor soluble ST2 (sST2) and disease activity parameters in patients with Behcet's disease (BD). sST2 was correlated significantly with acute
phase reactant (erythrocyte sedimentation rate [ESR] and C-reactive protein [CRP]) (ESR: r=0.389, P = 0.004; CRP: r= 0.445, P = 0.002). sST2 was correlated significantly
with Behcet’s disease activity score (BD currently active form [BDCAF] and Iranian BD dynamic activity measure [IBDDAM]) (BDCAF: r= 0.453, P= 0.001; IBDDAM: r= 0.514,

P < 0.001).

Table 3. Correlation analysis between serum interleukin-33 (IL-33) and receptor sol-
uble ST2 (sST2) and clinical data in patients with Behcet's disease (BD)

Serum IL-33 Serum sST2

Measurements  Pgarson correlation Pearson correlation
coefficient (r) coefficient (r) 2

Age -0.190 0.173 -0.144 0.302
Onset age -0.272 0.071 -0.227 0.133
Disease duration 0.138 0.365 0.164 0.282
ESR -0.037 0.794 0.389 0.004*
CRP -0.089 0.553 0.445 0.002*
BDCAF -0.031 0.823 0.453 0.001*
|IBDDAM -0.059 0.673 0.514 0.000”

*P < 0.01. ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BDCAF, BD
currently active form; IBDDAM, Iranian BD dynamic activity measure.

tion was found between serum sST2 and acute phase reactants
(erythrocyte sedimentation rate [ESR] and C-reactive protein
[CRP]) (ESR, r = 0.389; P = 0.004; CRP, r = 0.445; P = 0.002). Ad-
ditionally, serum sST2 levels in patients with BD were signifi-
cantly correlated with BD activity scores (BDCAF and IBDDAM)

1150  http://jkms.org

Table 4. Multiple linear regression analysis for the association between Behcet's dis-
ease (BD) activity scores (BDCAF and IBDDAM) with receptor soluble ST2 (sST2),
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and daily colchicine
dose in patients with Behcet's disease (BD)

|IBDDAM BDCAF

Measurements Standardized Standardized

Regression Pvalue Regression Pvalue

Coefficients (B) Coefficients (f)

sST2 0.374 0.0047 0.236 0.047*
ESR -0.096 0.567 -0.063 0.687
CRP 0.616 0.001" 0.733 0.000"
Daily colchicine dose 0.214 0.072 0.211 0.056

*P<0.05; TP<0.01.

(BDCAE r = 0.453; P = 0.001; IBDDAM, r = 0.514; P < 0.001). In
contrast, serum IL-33 levels did not correlate with the level of
acute phase reactants (ESR and CRP) (ESR, r=-0.3; P=0.79;
CRP, r=-0.08; P=0.55) and BD activity score (BDCAF and
IBDDAM) (BDCAE, r = -0.03; P = 0.82; IBDDAM, r=-0.5; P =

0.67).

http://dx.doi.org/10.3346/jkms.2013.28.8.1145
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Factors associated with the clinical and laboratory BD
activity index

We showed that sST2 level was correlated with thrombosis, GI
tract involvement, current colchicine use, disease activity score
(BDCAF and IBDDAM), and acute phase reactants (ESR and
CRP). A multiple linear regression analysis was conducted us-
ing disease activity score (BDCAF and IBDDAM) as a depen-
dent variable and serum ST2 levels, ESR, CRP, and daily colchi-
cine dose as independent variables (Table 4). As shown in Table
4, the multiple linear regression revealed that both serum CRP
and sST2 were independent predictors for IBBDAM (CRP: re-
gression coefficient = 0.616; P = 0.001; sST2: regression coeffi-
cient = 0.374; P = 0.004), and BDCAF (CRP: regression coeffi-
cient = 0.733; P = 0.000; sST2: regression coefficient = 0.236;
P =0.047).

DISCUSSION

Increasing evidence has shown that IL-33 and its receptor ST2
contribute to the pathogenesis of various autoimmune diseas-
es. However, no information is available on the role of IL-33 and
sST2 in BD in comparison to other autoimmune diseases. In
this study, we found that serum IL-33 and sST2 levels were ele-
vated in patients with BD compared to those in the NC. In par-
ticular, serum sST2 was positively correlated with acute phase
reactants (ESR and CRP) and BD activity scores (BDCAF and
IBDDAM). Moreover, we found that IL-33 and sST2 were highly
expressed in the epidermis and dermis of the skin of patients
with BD compared to that of the NC. This result was consistent
with that in previous studies, indicating that serum IL-33 and
sST2 protein levels are elevated and correlated with disease ac-
tivity markers in other rheumatologic diseases such as systemic
lupus erythematosus (SLE), rheumatoid arthritis (RA), ankylos-
ing spondylitis (AS), and vasculitis (6-9).

Yang et al. (10) reported that IL-33 increases significantly in
patients with SLE compared to that in controls, but that most
clinical and laboratory characteristics do not correlate with se-
rum IL-33 levels. They suggested that IL-33 might play a role in
the acute phase of SLE, but it was not associated with the dis-
ease course. In another study in SLE, serum sST2 is significantly
higher in patients with active SLE compared with that in inac-
tive patients and NCs and that serum sST2 level was correlated
significantly with the SLE Disease Activity Index (SLEDAT) and
anti-dsDNA levels (8). They also found that serum sST2 level is
an independent predictive factor for the modified SLEDAI and
is sensitive to longitudinal changes in disease activity. Other in-
vestigations have also indicated a similar relationship between
the IL-33/ST2 system and RA, wherein the levels of serum and
synovial fluid (SF) IL-33 and sST2 are significantly higher in pa-
tients with RA than those in controls (2, 3, 11, 12). Hong et al.
(13) reported that serum levels of IL-33 and sST2 are correlated

http://dx.doi.org/10.3346/jkms.2013.28.8.1145

with IL-1p and IL-6. In particular, serum IL-33 level is correlat-
ed with CRP, DAS28-CRP, rheumatoid factor (RF), and anti-
citrullinated protein antibody (14, 15). In contrast, silencing IL-
33 significantly reduces tumor necrosis factor-a (TNF-a)-
induced synthesis of IL-33, IL-6, IL-8, and monocyte chemo-
tactic protein-1 in RA-SF at the mRNA and protein levels (16).
Furthermore, antirheumatic drugs treatments such as disease-
modifying antirheumatic drugs and etanercept reduce serum
levels of IL-33, sST2, and CRP in patients with RA (13-15). Se-
rum IL-33 levels are also elevated in patients with AS compared
to that in controls and that serum IL-33 is significantly correlat-
ed with TNF-o, IL-17, and BASDAI score in patients with AS (7).
In patients with vasculitis, serum IL-33 level is elevated in He-
noch Schénlein purputa (HSP) and is positively correlated with
clinical activity score, IgA level (17). Moreover, tissue IL-33 level
is elevated in giant cell arteritis (18). Serum sST2 level is also el-
evated in Wegener’s granulomatosis (WG) (9). As shown in
these studies, the IL-33/ST2 system is activated in various auto-
immune diseases because serum IL-33 and/or sST2 levels were
elevated and the IL-33/ST2 system was correlated with disease
activity markers.

In this study, we observed higher serum levels and tissue ex-
pression of IL-33 in patients with BD compared with those in
the NC. However, serum IL-33 levels were not correlated with
inflammatory markers, such as acute phase reactants or BD ac-
tivity scores. Hence, these data suggest that IL-33 may partly
contribute to the pathogenesis of BD but is not a disease activity
marker. In some studies of patients with SLE, serum IL-33 levels
were not correlated to inflammation (ESR and CRP) or disease
activity (SLEDATI), which was consistent with our results (8, 10).
But, our data were not consistent with previous RA, AS, and
HSP studies, showing that serum IL-33 levels are correlated
with CRP and DAS28-CRP in patients with RA, in patients with
AS, and also correlated with IgA level in HSP (7, 14, 17). No
study has explained the reason for the inconsistent correlation
between IL-33 levels and disease activity in various autoim-
mune diseases. Therefore, further studies are needed to define
the role of elevated IL-33 levels in the context of disease activity
of autoimmune diseases.

In our study, serum and tissue expression of sST2 in patients
with BD was higher than those in normal controls. Moreover,
unlike IL-33, serum sST2 level was correlated with acute phase
reactants and BD activity scores. In particular, serum sST2 lev-
els remained significantly associated with BD activity score
(IBDDAM and BDCAF) after multiple linear regression, dem-
onstrating higher sST2 levels among patients with BD and ac-
tive disease compared with those with less disease activity.
These BD data are consistent with previous SLE studies, show-
ing that serum sST2 levels are correlated significantly with SLE-
DAI and anti-dsDNA level (8). Overall, our data suggest that se-
rum sST2, unlike IL-33, may not only partly contribute to the
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pathogenesis of BD but could also be a disease activity marker.

One of the limitations of our study was that we did not deter-
mine the cause of elevated serum IL-33 levels in patients with
BD. But, abundant expression of IL-33 mRNA is observed in
endothelial cells from inflamed human tonsils, the intestines of
patients with Crohn’s disease, and rheumatoid synovium (19).
In a recently reported RA study, TNF-a significantly induced IL-
33 mRNA expression and protein synthesis in RA-synovial fi-
broblasts via p38 signaling, and IL-33 overexpression signifi-
cantly increased TNF-a-induced IL-6, IL-8, and matrix metallo-
proteinase-3 in RA-synovial fibroblasts (16). Additionally, in-
creased TNF-a levels are found in patients with BD, which sup-
ports the empiric use of anti-TNF-o therapies (20). Hence, ele-
vated TNF-a level may, in part, be the cause of the elevated IL-
33 level in patients with BD. Furthermore, endothelial damage
in patients with BD might allow IL-33 to be released as an ‘alar-
min! Therefore, elevated IL-33 levels may be partly caused by
vasculitis in patients with BD (2). In support of this, IL-33 was
highly expressed in dermal fibroblasts, capillary endothelial
cells, epidermal keratinocytes, and epithelial cells of skin from
patients with BD. These cells abundantly express IL-33 and
constitute a major source of IL-33 mRNA in chronically in-
flamed tissues (19). IL-33 localizes only to the nucleus of endo-
thelial cells, epithelial cells, fibroblasts, keratinocytes, and
smooth muscle cells in the absence of proinflammatory stimuli.
But, under conditions such as infection or inflammation, IL-33
expression is enhanced and cytoplasm-nuclear redistribution
of IL-33 occurs following pro-inflammatory stimulation (TNF-o,
and IL-1) and is released following cell lysis as a function of
“alarmins” (2). Therefore, the cause of the increased serum IL-
33 level in patients with BD was suspected to be due to damage
of endothelial and epithelial cells by the vasculitis process.

sST2 is a soluble receptor that is different from the mem-
brane-bound form of the receptor (ST2L). The upregulation of
soluble cytokine receptors is not fully understood, but sST2 ex-
pression also increases following pro-inflammatory stimulation
(TNF-o, IL-1, or lipopolysaccharides) (21). sST2 was highly ex-
pressed with IL-33 in dermal fibroblasts, capillary endothelial
cells, and epidermal keratinocytes in the skin of patients with
BD. The pathogenesis of the elevated serum and tissue sST2 in
patients with BD remains speculative, but we suggest that sST2
may increase in patients with BD for the following reasons: 1)
Increased inflammatory cytokine (TNF-o and IL-1) -induced
expression of sST2 in tissue. 2) The sST2 in tissue was released
following cell lysis due to tissue damage by vasculitis in patients
with BD. The function of sST2 is not completely clear, but, re-
cent reports have suggested that the sST2 protein could be in-
volved in the inflammatory response as well as in Th2 immune
responses (21). ST2L mediates the effect of the IL-33-induced
inflammatory process, whereas sST2 functions as a negative
regulator and antagonistic decoy receptor for IL-33 (3). IL-33
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has been identified as a ligand for ST2L, a marker of Th2 T lym-
phocytes. ST2L is involved in the regulation of the Th2-associ-
ated immune response at the effector stage and in Th2 driven
immunopathology. The interaction between IL-33 and ST2L
leads to the induction of the Th2 cytokines IL4, IL-5, and IL-13
through a signaling mechanism that involves activation of NE-
kB and MAP kinases (1). Otherwise, sST2 could act as an anti-
inflammatory mediator, through a mechanism that involves in-
hibiting Toll-like receptor signaling by sequestering MyD88 and
Mal adapter proteins or inhibiting I-«B degradation resulting in
downregulation of NF-kB (21).

In vitro and in vivo experiments have shown that the sST2
protein or an ST2-fusion protein attenuates production of the
pro-inflammatory cytokines IL-1B, TNF-o, IL-6, and IL-12 (22,
23). High levels of pro-inflammatory cytokines such as TNF-a
and IL-6 have been found in patients with BD (20) and these
cytokines induce sST2 (21). Hence, we suggest that elevated
sST2 levels found in patients with BD could be an indication of
immune hyperactivation, and/or a mechanism to downregu-
late or attenuate immune hyperactivation that occurs in pa-
tients with BD.

The antagonist effect of sST2 on inflammatory signaling has
been described in other rheumatic diseases such as SLE and
RA. Serum levels of sST2 increase in patients with SLE and are
correlated with parameters of lupus disease activity. An invert-
ed correlation has been reported between sST2 and C3 levels in
patients with lupus, indicating a potential regulatory role for
sST2 in the disease (8). In a mouse model of collagen-induced
arthritis, the sST2-Fc fusion protein significantly reduces cellu-
lar infiltration, synovial hyperplasia, and joint erosion in joints
and also downregulates serum levels of IL-6, IL-12, and TNF-a.
(23). In a mouse model of ischemia/reperfusion, pre-treatment
with the sST2-Fc fusion protein decreases the inflammatory re-
sponse (24).

Overall, the findings of our study showed elevated serum
levels of IL-33 and sST2 in patients with BD and a correlation
between sST2 and disease activity. This finding suggests that
the IL-33/ST2 system may have a role in the pathogenesis of
BD. The role of IL-33 in BD is of interest because of its role as an
alarmin and the role of sST2 as a marker of inflammation in pa-
tients with BD. In view of the significant correlation between
serum sST2 level, disease activity parameters, and the respon-
siveness of sST2 to changes in disease activity when monitored
longitudinally, sST2 could serve as a potential surrogate marker
for BD disease activity. However, as we could only demonstrate
a clinical association rather than a cause for the increase in
sST2, further studies are required to delineate the role of sST2
as a biomarker in BD, or as a regulatory mechanism involved in
disease pathogenesis. Further studies on the functional role of
the IL-33/ST2 axis in BD pathogenesis may result in more ther-
apeutic options for these patients.
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