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ABSTRACT

The etiopathogenic hypothesis for inflammatory bowel disease (IBD) suggests an immune mediated process originates
from an inappropriate response of immune system. This study was performed to evaluate the role of IL-33 and sST2 in
pathogenesis of IBD and to correlate their levels with the disease activity and with serum levels of p-ANCA and ASCA.
Fifty five patients with IBD (41 UC patients and 14 CD patients) and 25 subjects as controls were participated in this
study. Blood samples were collected from all patients and controls to assess serum concentrations of IL-33, sST2, p-
ANCA and ASCA by enzyme-linked immune-sorbent assay. There was significant elevation in serum level of 1L-33
among UC and CD patients as compared to controls, where a serum level of sST2 was increase significantly only in UC
patients when compared to controls. In addition the serum level of IL-33 was lower in treated patients with infliximab
than patients on other treatments but statistically not significant. While the comparison between patients who receive
infliximab versus patients with other treatment revealed significant differences in serum level of sST2. High positively of
p-ANCA in UC patients and ASCA in CD patients were found as compared with control. Another important result in UC
patients there was positive correlation between serum IL-33 and sST2 and the disease activity, also IL-33 level was
positively correlated with each of sST2 and p-ANCA. IL-33 and sST2 might be a crucial mediator in pathogenesis of
IBD. In addition, the increased levels of IL33 and sST2 correlated with disease activity of UC possibly reflect an acute

response due to inflammation. Also, in particular, IL-33 may regulate by TNF-a in UC.
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INTRODUCTION

Inflammatory Bowel Disease (IBD) is a chronic,
relapsing, inflammatory disorder of the gastrointestinal
tract that includes two entities, namely crohn’s disease
(CD) and ulcerative colitis (UC) (Cosnes et al., 2011).The
exact cause of these diseases is unknown, but several
researches suggest that they may be caused by a
malfunction in the body’s immune system. Certain
environmental factors may also increase an individual’s
risk for CD and UC, IBD has become one of the most
common chronic inflammatory conditions only after
rheumatoid arthritis, with millions of patients all over the
world (Russel, 2000).

The Cytokines act as key players in communication
among different cell types; balance among pro and anti-
inflammatory cytokines critical for gut immune
homeostasis. Broad studies explain the importance of
cytokine dys-regulation in the onset of inflammation of
the gastrointestinal tract. IBD is characterized by
modulation of cytokine production, in general, an excess
of pro-inflammatory mediators (Kaser et al., 2010). IL-33
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is a robust activator of the innate immune system. IL-33
and its receptors are portion of the IL-1 family, and their
interactions encourage a diversity of actions from
different cell types (Schmitz et al., 2005; Dinarello, 2010;
Mirchandani et al., 2012; Nakae et al., 2013). IL-33
interacting with ST2 on variety leukocytes stimulates
number of inflammatory pathways (Tago et al., 2001;
Latiano et al., 2013). A soluble form of the IL-33R
(sST2) is able to neutralize IL-33. Soluble ST2 acts as a
decoy receptor functionally inhibit IL-33 in vitro and in
vivo (Hayakawa et al., 2009).

IL-33 and its receptor ST2 are the potential targets for the
treatment of allergic and autoimmune inflammatory
diseases. However, their exact roles in these diseases still
remained poorly understood (Zhao and Chen, 2014). In
patients with acutely decompensated heart failure,
elevated concentrations of sST2 are strongly associated
and predict increased risk of heart failure complications or
death, independent of natriuretic peptides and other
established or emerging biomarkers (Januzz et al., 2015).

The use of Peri-nuclear anti-neutrophil cytoplasmic
(pPANCA) and anti-saccharomyces cerevisiae antibodies
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(ASCA) has been suggested as a valuable and
noninvasive diagnostic approach in the differentiation of
UC and CD (Papp et al., 2007). The present study was
performed to evaluate the role of IL-33 and sST2 in
pathogenesis of IBD and to correlate their levels with the
disease activity and/or severity, and with serum levels of
pANCA and ASCA.

MATERIALS AND METHODS

Fifty five patients with IBD (41 UC patients and 14 CD
patients) were enrolled in this study, their age range from
(16-65) years. They were among patients attending to
gastroenterology out patient’s clinic at Baghdad Teaching
Hospital in medical city and AL Kadmyia Teaching
Hospital in Baghdad from December 2012 to June 2013.
The diagnosis of each case was established by clinical
examination done by a gastroenterologist and confirmed
by colonoscopy and biopsy investigations. The UC
patients were divided into two groups: Group I consisted
of 15 recently diagnosed UC patients (untreated), while
group II consisted of 26 patients on treatment.

All the cases had no complain of other chronic or
systemic diseases, hence patients with a history of cardio-
pathies and hypertension were excluded. The Ethical
Committee of College of Medicine, Al-Nahrain
University approved this study, and all samples were
obtained with informed consent in accordance with the
Baghdad Teaching Hospital declaration and AL Kadmyia
Teaching Hospital.

Twenty five subjects whose ages and sexes were matched
with patients group were considered as control (Negative
finding endoscopy). All of them received no treatment
with no complaint of other chronic or systemic diseases;
their age range was (18 to 64) years. Whole blood from
patients and control individuals was collected. Serum
samples were separated from the whole blood, aliquated
and kept at -20°C until used. The levels of IL-33, sST2, p-
ANCA and ASCA were determined by using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits and performed as recommended in
leaflet with kits (IL-33/ Ray Bio/USA; sST2/ Critical
Diagnostics/USA; p-ANCA/Cusabio/China, ASCA Kit/
Gentaur).

Statistical Analysis

Data were presented by frequency, percentage, mean,
standard error, and range (minimum-maximum values).
The significance of difference of different means was
tested using t-test. The significance of difference of
different percentages was tested using Chi-square test (y’-
test).

RESULTS AND DISCUSSION

The demographic characteristics of patients and controls
groups are presented in table 1. The present results
revealed no significant differences (p>0.05) among the
three studied groups according to age and gender. The
differences in clinical parameters in patients groups are
summarized in table 2. The present study revealed
significant elevation (P<0.05) in serum levels of IL-33 in
UC and CD patients as compared with control group,
whereas serum level of sST2 was significantly increase in
UC patients (P<0.05), but in CD patients there was no
significant elevation when compared to control group
(p>0.05), these findings were in accordance with the
observations of the other study Pastorelli et al. (2010).
Moreover, there were no significant differences (p>0.05)
in the mean ratio of IL-33/ST2 in the study groups, as
clearly shown in table 3. Concerning the relation between
serum levels of (IL-33 and sST2) with clinical
parameters, the current study revealed positive correlation
between serum IL-33 and sST2 with the disease activity
in UC (P=0.41, <0.001) respectively. As regards to
disease location, IL-33 was significantly higher (P<0.001)
in UC patients with pan-colitis (E3) as compared to those
patients with E1 and E2. Meanwhile, serum level of sST2
did not show any significant differences (p>0.05) in UC
patients with proctitis disease (E1) and left side of colon
(E2) or pan-colitis (E3) as shown in table 4.

Serum IL-33 and sST2 levels were elevated in UC
patients compared with controls, while anti-TNF
treatment (infliximab) decreased circulating IL-33 and
increased sST2, thus favorably altering the ratio of the
cytokine with its decoy receptor (Pastorelli et al., 2010).
Diaz-Jimenez et al. (2011) observed that the serum sST2
value was significantly higher in patients with active
rather than inactive UC based on clinical, endoscopic and
histo-pathological characteristics; as well as compared
with non-IBD and healthy control the mean level of sST2
in CD patients was significantly higher than that of the
healthy control group. So they concluded that sST2 levels
correlated with disease severity are able to differentiate
active from inactive UC and might have role as a
biomarker. On the other hand, another study (Ajdukovic
et al., 2010) denoted that serum concentrations of IL-33
were low or did not differ between UC patients and
controls.

The variation that showed among different studies might
relating to race, ethnicity, sample size, patient selection
and differences in methodology. In UC, IL-33 could be
released by injured epithelial cells to induce pro-
inflammatory cytokines production through activation of
ST2L in mast cells, macrophages, eosinophils and
neutrophils (Luthi et al., 2009).As well as the stimulation
of ST2L in dendritic cells may participate in the
polarization to IL-5 and IL-13-producing Th2 cells (Rank
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Table 1. Demographic characteristic in three study groups.

Demographic Parameters Control group UC patients CD patients P-value
Age (years) Age Range 18-64 16-65 23-63
Age Mean + SD | 38.72+2.28 35.24+2.09 37.71+3.04 0.522NS
Gender Type Male 15 (60.00%) 23 (56.10%) 7 (50.00%) 0.833NS
Female 10 (40.00%) 18 (43.90%) 7 (50.00%)
Significant difference: (p<0.05).
Table 2. Clinical characteristic in patients groups.
Clinical Parameters UC patients CD patients
Disease behavior Inflammatory - 4 (29.00%)
Stenosing - 3 (21.00%)
Penetrating - 7 (50.00%)
Disease location Proctitis disease (E1) 10 (24.39%) -
Left side of colon (E2) 19 (46.34%) -
Pan-colitis (E3) 12 (29.27%) -
Ileal disease (L1) - 1 (7.14%)
Colon (L2) - 9 (64.29%)
Ileocolonic (L3) - 4 (28.57%)
Disease activity Grade 1 12 (29.26%) -
(Endoscopy grade) Grade 2 16 (39.02%) -
Grade 3 7 (17.07%) -
Grade 4 6 (14.63%) -

et al., 2009) and in basophiles the stimulation of IL-13-
dependent fibrosis (Pecaric-Petkovic et al., 2009). The
cytokines that induced by IL-33, mostly IL-13 may have
injurious effects on epithelial barrier function (Heller et
al., 2005). The effects induced by IL-33 could magnify
the local inflammation, and contributing to prolongation
of pathogenic inflammatory process that is characteristic
of the UC (Palmer and Gabay, 2011).

The present study demonstrates a direct association
between serum levels of sST2 protein and the grade of
endoscopic disease activity in UC. This fact is reported by
Pastorelli et al. (2010) and Diaz-Jimenez et al. (2011).
They reported that serum sST2 is superior to other
markers in the direct correlation with endoscopic disease
activity like calprotectin which is fecal molecule reflects
the intestinal damage pathology, and TNF alpha which is
common inflammatory marker during inflammation. This
would be helpful for the management and prognosis of
IBD patients.

The use of a serum inflammation marker that reflects the
intestinal damage would be helpful for the management
and prognosis of IBD patients. Fecal molecules, such as
calprotectin and lactoferrin, represent an inflammatory
neutrophilic process of the intestinal mucosa. However,
these are also non-specific markers of inflammation,
which are increased in organic intestinal diseases such as
diverticular disease (Tibble et al., 2002) polyposis
(Pezzilli et al., 2009) and colorectal cancer (Limburg et

al., 2003). Some biochemical properties of sST2 support
its characteristic as a reliable biomarker in UC, mainly
based on its stability and limited dependence on
epidemiological and clinical factors, such as age, gender
and diet (Dieplinger et al., 2010). It is possible that sST2
not only acts as a marker of UC activity; functions
attributed to sST2 account for a role as an
immunomodulator in inflammatory processes. At the
cellular level, sST2 has been described as an inhibitor of
IL-33/ST2L signaling (Hayakawa et al., 2007). The
increase of sST2 during periods of inflammation may be
involved in the control of the immune response associated
with IBDs such as UC. The relation between serum sST2
and inflammatory bowel activity may be allowed, in the
future, the avoidance of a colonoscopic procedure in
patients that do not require it.

Other important results in the present study were the high
positively of p-ANCA in UC patients and ASCA in CD
patients (p<0.001) when compared with control group.
However; this prevalence of p-ANCA was significantly
higher (p<<0.001) among UC patients when compared with
CD patients, while seroprevalence of ASCA in UC
patients was significantly lower (p<0.001) than those in
CD patients (Table 5). On the other hand the correlation
among immunological parameters in this study indicate
that there was significant positive linear correlation
between IL-33 with each of sST2 and p-ANCA (r= 0.408,
P= 0.008; r=0.355, P=0.023) respectively in UC (Tables
6, 7).
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Table 3. Descriptive statistics of serum I1L-33, sST2 and IL-33/sSt2 ratio among studied groups.

Control group

UC patients

CD patients P-value (ANOVA)

Serum IL-33 (pg/ml)

Mean=+ SE 15.43+1.95

28.47+£2.97

30.92+6.27 p<0.05

P (Bonferroni t-test)

Control vs. UC <0.05*

Control vs. CD =0.010*

UC vs. CD =0.654NS

Serum sST?2 (ng/ml)

Mean=+ SE 4.86+0.39

11.30 +1.60

10.05+£2.51 p<0.05

P (Bonferroni t-test)

Control vs. UC =0.003*

Control vs. CD =0.068Ns

UC vs. CD =0.634Ns

Serum ratio 1L-33/sST2

Mean=+ SE 4.32+5.61

5.43+6.19

5.08+3.54 p>0.05

P (Bonferroni t-test)

Control vs. UC = 0.438NS

Control vs. CD = 0.684 NS

UC vs. CD =0.843 NS

Table 4. Distribution of serum IL33 and sST2 levels according clinical parameters in UC and CD patients.

Clinical parameters UC patients CD patients
1L-33 sST2 1L-33 sST2
Disease behavior Inflammatory 24.46+8.70 7.27+2.73
Stenosing 15.27+1.37 3.01+£.95
Penetrating 41.32+10.44 14.66+4.14
P-value 0.234 NS 0.155NS
Disease location | proctitis disease (E1) 14.69+1.96 8.91+3.03
left side of colon (E2) 25.37+3.52 12.18+2.54
pan-colitis (E3) 44.85+5.91 11.89+2.89
P-value 0.001** 0.708NS
ileal disease (L1) 13.40 4.90
colon (L2) 28.31+6.81 11.81+£3.56
ileocolonic (L3) 41.19+15.90 7.39+3.51
P-value 0.526 NS 0.661 NS
Disease activity Grade 1 18.72+2.09 3.55+0.8
(Endoscopy grade) | Grade 2 27.46+4.57 7.79+1.53
Grade 3 33.89+9.07 19.08+3.38
Grade 4 44.31+£9.3 27.08+2.92
P-value 0.041%* <0.001**

Although individually ASCA and p-ANCA tests have
moderate sensitivity and specificity, the combination of
these markers may be helpful in patients in whom a
distinction between CD from UC is not obvious from
diagnostic tools based on clinical data, endoscopic and
histopathologic examination. The current study showed
that p-ANCA was strongly associated with UC and ASCA
with CD. The prevalence of p-ANCA in patients with UC
and ASCA in CD patients was high (82.93% and 78.5%)
respectively. This prevalence is comparable with those
previously reported (Peeters et al., 2001; Conrad et al.,

2002; Lerner and Shoenfeld, 2002; Kaila et al., 2005).
Elevated levels of serum p-ANCA in UC patients are
believed to be caused by p-ANCA production in the
colonic mucosa. ASCA is an antibody that reacts to a
component of yeast commonly found in food. ASCA has
been detected in serum of a majority of CD, but fewer UC
patients. The origin of ASCA antibody is not clear. As
well as, this study showed high specificity for serological
markers; the higher specificity was found for ASCA
(88%) for distinguishing CD from healthy controls,
whereas p-ANCA (86%) for distinguishing UC from
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Table 5. Descriptive analysis of p-ANCA and ASCA among the study groups.

Control group UC patients CD patients
Serum p-ANCA Negative 24 7 12
% 96.00% 17.07% 85.71%
Positive 1 34 2
% 4.00% 82.93% 14.29%
Sensitivity 83% 14%
Specificity 86% 17%
Serum ASCA Negative 23 36 3
% 92.00% 87.80% 21.43%
Positive 2 5 11
% 8.00% 12.20% 78.57%
Total 25 41 14
Sensitivity 12% 79%
Specificity 21% 88%
Table 6. Correlation coefficient among various parameters in UC patients.
1L-33 sST2 pANCA ASCA
IL-33 R 1.000 0.408 0.355 -0.097
P - 0.008 0.023 0.545
sST2 R 0.408 1.000 -0.098 -0.067
P 0.008 - 0.542 0.679
p-ANCA R 0.355 -0.098 1.000 -0.029
P 0.023 0.542 - 0.857
ASCA R -0.097 - 0.067 -0.029 1.000
P 0.545 0.679 0.857 -
Table 7. Correlation coefficient among various parameters in CD patients
1L-33 sST2 p-ANCA ASCA
IL-33 R 1.000 0.373 0.057 -0.123
P 0.189 0.846 0.676
sST2 R 0.373 1.000 0.486 -0.123
P 0.189 0.078 0.676
p-ANCA R 0.057 0.486 1.000 -0.284
P 0.846 0.078 0.325
ASCA R -0.123 -0.123 -0.284 1.000
P 0.676 0.676 0.325

healthy controls. However; the present results showed
rather low sensitivity for two serological markers (83%
for p-ANCA and 79.0% ASCA), these values are
consistent with previous reports (Lerner and Shoenfeld,
2002; Kaila et al., 2005). These findings have shown that
serological markers have accuracy in differentiating IBD
from non-IBD patients and CD patients from UC patients.
This is very important in day-to-day clinical practice in
making decision about performing invasive diagnostic
procedures like ileocolonoscopy.

The current results showed statistically non significant
elevation of serum levels of IL-33 and sST2 in early
diagnosed UC patients (untreated) as compared with
patients on treatment (p= 0.138, p=0.202) respectively

(Table 8). However, table 9 shows that the serum level of
IL-33 was significantly higher in UC patients without
treatment than those patients who treated with infliximab.
On the other hand, the comparison between patients
without treatment and patients who receive treatment
other than infliximab showed non-significant differences
in the level of IL-33. In addition the serum level of IL-33
was lower in treated patients with infliximab than patients
on other treatments but statistically not significant.
Concerning the level of sST2 according to type of
treatment the comparison between patients who receive
infliximab versus patients with other treatment revealed
significant differences (p=0.001).
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Table 8. Mean serum level of IL IL-33 and sST2 in UC patients with and without treatment.

Early diagnosed (no treatment) On treatment P
n=15 n=26 Value
1L-33 34.30+£5.95 25.10+3.10 0.138
sST-2 14.01£2.78 9.73+£1.93 0.202

Table 9. Mean serum level of IL33 and sST2 according to type of treatment.

1L-33 sST-2
Early diagnosed (No treatment) 34.30+£5.95 14.014+2.78
Infliximab (biological agents therapy) 15.87+2.02 20.42+3.53
Other treatment (pentasa,salazopyrin,prednisone) 28.47+4.15 5.95+1.61
ANOVA 0.109 0.002
No treatment vs Infliximab 0.036* 0.089NS
No treatment vs other treatments 0.390NS 0.022*
Infliximab vs other Treatments 0.133NS 0.001**

Depending on the current study, in total UC patients
(treated and untreated) the circulating IL-33 and sST2
revealed significant increased levels as compared with
control group and correlated with disease severity. Also
there was statistically non-significant elevation in the
serum level of IL-33 and sST2 in recently diagnosed UC
patients (untreated patients) as compared with patients on
treatment. In addition, the comparison between patients
who receive infliximab versus patients with other drugs
revealed significant differences, these results agree with
other study (Pastorelli et al., 2010). The UC patients who
treated with infliximab (anti-TNF) treatment showed
decreased circulating IL-33 and increased sST2. Taken
together, the IL-33/ST2 system may play an important
role in UC and is modulated by anti-TNF therapy, and
may represent a specific biomarker for active UC.

CONCLUSION

These results indicated that IL-33 and its receptor (sST2)
might be a crucial mediator in pathogenesis of IBD. In
addition, the increased levels of IL33 and sST2 correlated
with disease activity of UC possibly reflect an acute-
phase response due to inflammation. Also, in particular,
IL-33 may regulate by TNF-a in UC.

REFERENCES

Ajdukovic, J., Tonkic, A., Salamunic, 1., Hozo, I,
Simunic, M. and Bonacin D. 2010. In text year 2010
Interleukins IL-33 and IL-17/IL-17A in patients with
ulcerative colitis.Hepatogastroenterology. 57:1442-44.

Conrad, K., Schmecta, H., Klafki, A., Lobeck, G., Uhlig,
HH., Gerdi, S et al. 2002. Serological differentiation of
inflammatory bowel diseases. Eur J Gastroenterol
Hepatol. 14:129-35.

Cosnes, J., Gower-Rousseau, C., Seksik, P. and Cortot, A.
2011. Epidemiology and natural history of inflammatory
bowel diseases. Gastroenterology.140:1785-94.

Diaz-Jiménez, D., Nufiez, LE., Beltran, CJ., Candia, E.,
Suazo, C., Alvarez-Lobos, M et al. 2011. Soluble ST2: A
new and promising activity marker in ulcerative colitis.
World Journal of Gastroenterol. 7:2181-90.

Dieplinger, B., Januzzi, JL., Steinmair, M., Gabriel, C.,
Poelz, W., Haltmayer, M et al. 2010. Analytical and
clinical evaluation of a novel highsensitivity assay for
measurement of soluble ST2 in human plasma: the
Presage ST2 assay. Clin Chim Acta. 409:33-40.

Dinarello, C. 2010. IL-1 family nomenclature. Nat
Immunol. 11:973.

Hayakawa, H., Hayakawa, M., Kume, A. and Tominaga,
S. 2007. Soluble ST2 blocks interleukin-33 signaling in
allergic airway inflammation. J Biol. Chem. 282 (263):69-
80.

Hayakawa, M., Hayakawa, H., Matsuyama, Y.,
Tamemoto, H., Okazaki, H. and Tominaga, S. 2009.
Mature interleukin-33 is produced bycalpainmediated
cleavage in vivo. Biochem Biophys Res. Commun.
387:218-22.

Heller, F., Florian, P., Bojarski, C., Richter, J., Christ, M.
and Hillenbrand, B. 2005. Interleukin-13 is the key
effector Th2 cytokine in ulcerative colitis that affects
epithelial tight junctions, apoptosis, and cell restitution.
Gastroenterology.129:550- 64.

Januzz, JL., Mebazaa, A. and Di Somma, S. 2015. ST2
and Prognosis in Acutely Decompensated Heart Failure:
The International ST2 Consensus Panel. The American
Journal of Cardiology. 115(7):26B-31B.

Kaila, B., Orr, K. and Bernstein, CN. 2005. The anti-
saccharomyces cerevisiae antibody assay in a province-



Abbas et al.

3547

wide practice: accurate in identifying cases of Crohn’s
disease and predicting inflammatory disease. Canadian
Journal Gastroenterol.19:717-21.

Kaser, A., Zeissig, S. and Blumberg, RS. 2010.
Inflammatory bowel disease. Annu Rev Immunol
28:573-621.

Latiano, A., Palmieri, O., Pastorelli, L., Vecchi, M.,
Pizzaro, TT., Bossa, F et al. 2013. Associations between
genetic polymorphisms in IL-33, ILIR1 and risk for
inflammatory bowel disease. PLoS. 8(4):1De62144.

Lerner, A. and Shoenfeld, Y. 2002. Serological markers
in inflammatory bowel disease. The pros and cons. Eur J.
Gastroenterol Hepatol. 14:103-5.

Limburg, PJ., Stolzenberg-Solomon, RZ. and Colbert,
LH. 2003. Helicobacter pylori seropositivity and
colorectal cancer risk: a prospective study of male
smokers. Cancer Epidemiol Biomarkers Prev.11:1095-99.

Luthi, AU., Cullen, SP., McNeela, EA., Duriez, PJ.,
Afonina, IS., Sheridan, CG et al. 2009. Suppression of
interleukin-33  bioactivity through proteolysis by
apoptotic caspases. Immunity. 31:84-98.

Mirchandani, AS., Salmond, RJ. and Liew, FY. 2012.
Interleukin-33 and the function of innate lymphoid
cells. Trends in Immunology. 33:389-96.

Nakae, S., Morita, H., Ohno, T., Arae, K., Matsumoto, K.
and Saito, H. 2013. Role of Interleukin-33 in Innate-Type
immune cells in allergy. Allergology International.
62(1):13-20.

Palmer, G. and Gabay, C. 2011. Interleukin-33 biology
with potential insights into human diseases. Nat Rev
Rheumatol. 7:321-9 .

Papp, M., Norman, GL., Altorjay, I. and Lakatos, PL.
2007. Utility of serological markers in inflammatory
bowel diseases: Gadget or magic? World Journal
Gastroenterol. 13:2028-36.

Pastorelli, L., Garg, RR., Hoang, SB., Spina, L., Mattioli,
B., Scarpa, M et al. 2010. Epithelial-derived IL-33 and its
receptor ST2are dysregulated in ulcerative colitis and in
experimental Th1/Th2 drivenenteritis. Proc. Natl. Acad.
Sci.107:8017-22.

Pecaric-Petkovic, T., Didichenko, SA., Kaempfer, S.,
Spiegl, N. and Dahinden, CA. 2009. Human basophils
and eosinophils are the direct target leukocytes of the
novel IL-1 family member IL-33. Blood.113:1526-34 .

Peeters, M., Joossens, S., Vermeire, S., Vlietinck, R.,
Bossuyt, X. and Rutgeerts, P. 2001. Diagnostic value of
anti-Saccharomyces  cerevisiae and  antineutrophil
cytoplasmic auto antibodies in inflammatory disease. Am
J Gastroenterol. 96:730-34.

Pezzilli, R., Campana, D., Morselli-Labate, A., Fabbri,
M., Brocchi, E. and Tomassetti, P. 2009. Patient-reported

outcomes in subjects with neuroendocrine tumors of the
pancreas. World J. Gastroenterol. 15:5067-73.

Rank, MA., Kobayashi, T., Kozaki, H., Bartemes, KR.,
Squillace, DL. and Kita, H. 2009. IL-33-activated
dendritic cells induce an atypical TH2- type response.
Journal of Allergy and Clinical Immunology. 123:1047-
54.

Russel, MG. 2000. Changes in the incidence of
inflammatory bowel disease: what does it mean? Eur J.
Intern Med.11:191-96.

Schmitz, J., Owyang, A., Oldham, E., Song, Y., Murphy,
E., McClanahan, TK et al. 2005. IL-33, an interleukin-1-
likecytokine that signals via the IL-1 receptor-related
protein ST2 andinduces T helper type 2-associated
cytokines. Immunity. 23:479-90.

Tago, K., Noda, T., Hayakawa, M., Iwahana, H.,
Yanagisawa, K., Yashiro, T et al. 2001. Tissue
distribution and subcellular localization of a variant form
of the human ST2 gene product, ST2 V. Biochem
Biophys Res Commun. 285:1377-83.

Tibble, JA., Sigthorsson, G. and Bridger, S. 2002.
Surrogate markers of intestinal inflammation are
predictive of relapse in patients with inflammatory bowel
disease. Gastroenterology.11:915-22.

Zhao, Q. and Chen, G. 2014. Role of IL-33 and Its Recept
or in T Cell-Mediated Autoimmune Diseases. BioMed
Research International. (vol. 2014), Article ID 587376.

ppl0.

Received: July 22, 2015; Revised: Aug 24, 2015;
Accepted: Aug 26, 2015



