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Abstract The role of IL-25 and IL-33 in the aetiology and
pathogenesis of nasal polyps has been controversial in the
literature. The objective of the study is to detect serum and
tissue levels of IL-25 and IL-33 in patients with (CRSwNP)
or without (CRSsNP) nasal polyps using enzyme-linked
immunosorbent assay (ELISA). Study group consisted of
20 CRSwNP and 20 CRSsNP patients. Control group
comprised of 20 volunteers who had been operated with
septum deviation without any additional sinonasal pathol-
ogy, allergy, systemic disease, or medication use. All
groups preoperatively underwent paranasal CT examina-
tions and sinonasal pathologies were recorded based on
Lund—Mackay radiological staging system. IL-25 and IL-
33 levels in serum and tissue samples were analyzed using
the ELISA method. Serum IL-25 and IL-33 levels in
CRSsNP, CRSwNP, and control groups did not differ sta-
tistically significantly (p = 0.345 and p = 0.338). Any
statistically significant difference was not detected in mean
tissue IL-25 levels among CRSsNP, CRSwNP, and control
groups (p = 0.698). Mean tissue IL-33 level in the
CRSwNP group was statistically significantly lower when
compared with those of CRSsNP and control groups
(» <0.001 and p < 0.001, respectively). A statistically
significant negative correlation was detected between tis-
sue IL-33 levels and Lund—-Mackay CT scores (r = —0.436
and p = 0.005). In the present study, we conceivably

P< Hulya Eyigor
hulinar @yahoo.com

Department of ENT, Antalya Research and Education
Hospital, Varlik Mh. Kazim Karabekir Caddesi, Muratpasa,
07100 Antalya, Turkey

Department of Medical Microbiology Antalya, Akdeniz
University Medical Faculty, Antalya, Turkey

contributed to scarce number of studies conducted on this
issue and we think that further studies will better clarify the
role of IL-25 and IL-33 in the development of nasal polyps.

Keywords Chronic rhinosinusitis - Nasal polyps - IL-25 -
IL-33 - ELISA

Introduction

Chronic rhinosinusitis (CRS) is a widespread inflammation
of paranasal sinus and nasal mucosa and it can be defined as
CRS coursing with (CRSwNP) or without polyps (CRSsNP).
CRSwNP is currently one of the most important health
problems with a worldwide prevalence ranging between 2
and 5 percent [1]. In cases with CRS, the presence of polyps
has been suggested to be a significant factor in the devel-
opment of treatment-resistant cases and postoperative
recurrences [2, 3]. The most dominant inflammatory cell
type is eosinophils [4]. In histological studies, increased
eosinophilic activation is seen when compared with the
normal nasal mucosa [5]. From activated eosinophils,
T-helper 2 cytokines, such as IL-5, and lipid mediators, such
as RANTES and eotaxins, are released. All these substances
exert proinflammatory activities and cause increase in
adhesion molecules, activation and regulation of vascular
permeability, and mucus secretion [6-8].

Interleukin-25 was first defined in 2001 by Hurst et al.
[9]. This protein consists of 177 amino acids, which are
produced in Th2 T cells and mast cells in in vitro media
and epithelial cells [10]. Basophils and neutrophils have
been demonstrated as a source of IL-25 [11]. As has been
indicated in many reports, scarce amounts of these sub-
stances are produced in brain, kidney, prostate, testicles,
adrenal gland, spinal cord, and trachea. However, increased
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amounts of IL-25 have been detected in gastrointestinal
system and uterus. Intraperitoneal injection of IL-25 has
been demonstrated to induce eosinophilia, splenomegaly,
and increase in splenic plasma cells. Besides, it causes
increases in the amounts of IgE and IgG1 [10]. IL-25 also
induces Th2-dependent cytokines and release of IL-13 in
all tissues. However, IL-25 pioneers gene expression in
other tissues and pathological changes in mucosal tissues,
which have also attracted great deal of attention [10]. Some
data support critical role of IL-25 in the pathogenesis of
asthma. In sensitized murine lungs, increased levels of IL-
25 have been observed following inhalation of antigenic
agents [12]. Another recent study suggested that sinonasal
epithelia and infiltrating mast cells might be involved in the
pathogenesis of CRS with NPs by producing IL-25 [13].

Another Th2 cytokine is Interleukin-33, which was first
identified in cerebral cells of dogs by Onda et al. in 1999 [14].
In the year 2003, Baekkevold et al. cited IL-33 as a nuclear
factor secreted from venules coated with tall columnar
epithelium [15]. Itis a member of the IL-1 cytokine family and
has been demonstrated as potential inducer of Th2-type
responses via IL-IR-dependent protein ST2 receptors. Its
molecular weight is 30kD and it belongs to the group B-folded
proteins [15]. When IL-33 receptor is bound to ST2, Th2 type
is included in the inflammatory process and it starts to be
expressed in mast cells, dendritic cells, and Th2 cells [16].

IL-33 is thought to be the most potential triggering factor of
TH2-type inflammation in mucosal tissues in relationship
with thymic stromal lymphopoietin (TSLP) [17]. Basophils,
mast cells, eosinophils, natural killer cells, and Th2 lympho-
cytes are target cells, and in the presence of IL-33, Th2 cells
synthesize increased amounts of IL-5 and IL-13 [18, 19]. Mast
cells increase levels of proinflammatory cytokines as IL-1-f3,
IL-6, IL-13, and TNF-o Basophils and eosinophils respond to
IL-33 via increased integrin synthesis [20].

Taken together, studies summarized above demonstrate
that IL-25 and IL-33 play important roles in Th2-type
inflammation. Because both cytokines are produced by the
immune cells and tissue cells, we aimed to study both
serum and tissue levels of IL-25 and IL-33 in CRSwWNP or
CRSsNP polyps using enzyme-linked immunosorbent
assay (ELISA) method so as to investigate their involve-
ment in ethiopathogenesis of CRSwWNP and CRSsNP. This
is the first study to analyse these two cytokines simulta-
neously in serum and tissue of in chronic sinusitis.

Materials and methods
Study design

The study has been conducted in accordance with the
principles of the Helsinki Declaration and approved by the
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local Institutional Review Board (19.09.2013/25.2). Writ-
ten informed consent was obtained from all subjects.

Among patients aged over 18 who consulted to outpa-
tient clinic of the Otorhinolaryngology Department of
Antalya Training and Research Hospital with complaints of
nasal stuffiness, nasal and postnasal discharge and facial
pain at least for the last 12 weeks and those with CRSwWNP
and/or CRSsNP as detected during endoscopic and para-
nasal sinus tomographic examinations were included in the
study [21]. Study group consisted of 20 CRSwNP and 20
CRSsNP rhinosinusitis patients. Smokers, patients with a
systemic disease, those who had been previously operated
for nasal polyposis and/or chronic sinusitis, craniofacial
malformations, immune deficiencies, malignant disease
and patients who had been using any immunomodulator
treatment for the last 4 weeks, were not included in the
study. Control group of the study comprised of 20 volun-
teers who had been operated with the indication of septum
deviation without any additional sinonasal pathology,
allergy, systemic disease, or medication use.

All patients in the study and the control groups preop-
eratively underwent paranasal CT examinations and sino-
nasal pathologies of the patients were recorded based on
Lund—Mackay radiological staging system [22].

Blood serum samples were drawn from all patients in
the study and the control groups before the operation.
During functional endoscopic sinus surgery, polyp tissue
material from the CRSwNP patients and uncinate process
tissue samples from cases with CRSsNP were harvested.
Tissue samples were retrieved from the right lower concha
of the control group of patients who would be operated for
the correction of nasal septum deviation.

Measurement of IL-25 and IL-33

IL-25 and IL-33 levels in serum and tissue samples
retrieved from the patient and the control groups were
analyzed using the ELISA method in the Akdeniz
University Department of Health Sciences Research and
Application Center (SBAUM). Blood samples were cen-
trifuged at 4000 rpm for 15 min, and their sera were sep-
arated. Sera was kept at —20 °C in polypropylene tubes
Tissue samples were cut in pieces, of 100 mg, and weighed
on sensitive scales. Tissue samples were washed with
phosphate buffer solution and homogenized in 1 ml phos-
phate buffer solution and kept overnight at —20 °C. They
were thawed under room temperature and then frozen two
more times to fragment cell membranes. Aliquots of tissue
homogenisates was centrifuged at 5000 g and at 2-8 °C for
5 min. Supernatants were taken out and preserved in
polypropylene tubes at —20 °C to be used for measure-
ments. IL-25 and IL-33 levels in conserved serum and
tissue samples were measured using Human Interleukin 25
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(IL-25) ELISA (Cusabio, USA) and Human IL-33 ELISA
(Boster, USA) Kkits, respectively. The minimal detection
limits for these kits are 62.5 and 15.6 pg/mL for IL-25 and
IL-33, respectively.

Statistical analysis

Data were analyzed using the Statistical Package for Social
Sciences 11.5 for Windows (SPSS Inc., Chicago, IL, USA).
A normal distribution of the quantitative data was checked
using Kolmogorov—Smirnov and Homogeneity Levene’s
tests. The differences were assessed by two-tailed Stu-
dent’s ¢ test for two groups and by One-Way ANOVA test
for more than two groups. The differences between groups
were assessed by the Kruskal-Wallis analysis of variance
followed by Conover’s multiple ¢ test to identify the sig-
nificant values. Nominal variables were assessed by like-
lihood ratio test. Correlation was examined using the
Spearman correlation coefficient. Continuous data were
presented as mean = standard deviation or median [mini-
mum-maximum], as appropriate. All differences associ-
ated with a chance probability of 0.05 or less were
considered statistically significant.

Results

Study group comprised total of 40 patients (20 CRSwNP
and 20 CRSsNP patients) and control group consisted of 20
patients. Radiological staging of the patients in the study
group was evaluated based on Lund—Mackay staging sys-
tem, and mean values for the patients in groups of
CRSwNP and CRSsNP were calculated as 17.7 and 7.8,
respectively. Demographic and clinical findings of the
patients are summarized in Table 1.

Serum IL-25 and IL-33 levels were measured both in the
study and the control groups (Fig. 1a, b). Mean serum IL-
25 and IL-33 levels in CRSwNP, CRSsNP, and control
groups did not differ statistically significantly. (p = 0.345
and p = 0.338, respectively) Besides tissue IL-25 and IL-
33 levels in the study and control groups were analyzed
(Fig. 2a, b). Any statistically significant difference was not
detected in mean tissue IL-25 levels among CRSwNP,
CRSsNP, and control groups (p = 0.698). A statistically
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Fig. 1 Serum IL-25 (a) and Serum IL-33 (b) levels determined by
ELISA of CRSsNP (n = 20), CRSwNP (n = 20), and control
(n = 20) groups. The Kruskal-Wallis test was used. No statistical
differences were determined among the three groups

significant difference was detected among groups as for
tissue IL-33 levels (p < 0.001). Mean tissue IL-33 level in
the CRSwWNP group was statistically significantly lower
when compared with those of CRSsNP and control groups
(p < 0.001 and p < 0.001, respectively). However, any
statistically significant difference was not observed
between CRSsNP and control groups (p = 0.194).

In patients with CRSwNP and CRSsNP, a statistically
significant correlation was not detected between serum IL-
25 levels and Lund—Mackay CT scores (r = —0.044 and
p = 0.788). In the entire patient population, a statistically
significant correlation was not detected between tissue IL-

Table 1 Demographical and

.. . Variables
clinical variables among groups

CRSsNP (1 = 20)

CRSWNP (n = 20) Control (n = 20)

Age (years) 327 £ 11.7 39.8 £ 124 354+£94
Male 18 (90.0 %) 14 (70.0 %) 16 (80.0 %)
Female 2 (10.0 %) 6 (30.0 %) 4 (20.0 %)
Lund Mackay Score 7.8 +£43 17.7 £ 4.7* -

* Statistically significant (p < 0.001)
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Fig. 2 Tissue IL-25 (a) and Tissue IL-33 (b) levels determined by
ELISA of CRSsNP (n = 20), CRSwWNP (n = 20), and control
(n = 20) groups. The Kruskal-Wallis test was used. No statistical
differences in tissue IL-25 levels among the three groups were
determined. Tissue IL-33 levels were lower in CRSwNP than other
two groups (p < 0.001)

25 levels and Lund—Mackay CT scores (r = —0.077 and
p = 0.637). Similarly, a statistically significant difference
was not detected between serum IL-33 levels, Lund-—
Mackay CT scores, and outcomes obtained (r = 0.006 and
p = 0.969). However, a statistically significant negative
correlation was detected between tissue IL-33 levels and
Lund-Mackay CT scores (r = —0.436 and p = 0.005)
(Fig. 3).

Discussion

Chronic rhinosinusitis is a widespread disease character-
ized by the inflammation of nasal and paranasal sinus
mucosa [1]. Currently, it is classified as CRS with or
without nasal polyps. Even though the ethiology and
pathogenesis of the CRS are not clear, there have been
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basic pathology leading to the formation of polyps. It has
also been emphasized that mucosal oedema is caused by
inflammatory mediators and cytokine and adhesion mole-
cules play a role in its ethiopathogenesis [25].

In our study, serum and tissue IL-25 levels were not
significantly different between groups. In contrast with two
recent studies by Shin et al., and Lam et al., who demon-
strated that tissue levels of IL-25, were higher in CRSwNP
patients compared with CRSsNP patients and healthy
controls [13, 26]. Although our study, in which consider-
ably more patients than both the above studies, also
revealed an increase of IL-25 levels in the nasal polyp
group, this increase did not reach to statistical significance.
One disadvantage of our study compared to these studies
was that we did not group patients according to eosino-
philia status.

In our study, serum IL-33 levels in the CRSwNP group
were higher when compared with the other groups, while,
generally, mean values were not statistically significant
among groups. However, tissue IL-33 levels were statisti-
cally significantly different among CRSsNP, CRSwNP,
and control groups, while mean tissue IL-33 level in the
CRSwNP group was statistically significant lower relative
to CRSsNP and control groups. Similarly, Baba et al.
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recently investigated IL-33/ST2 levels in the groups with
eosinophilic CRS and non-eosinophilic CRS patients using
immunuhistochemical methods, such as ELISA and PCR,
and detected higher percentages of ST2-positive cells in the
eosinophilic CRS group [27]. In addition, in line with our
results, IL-33 levels were determined to lower in the
presence of polyp.

In our study, we also investigated the relationship
between CT scores, serum, and tissue IL-25 and 33 levels
in patient groups. We detected a statistically significant
negative correlation between tissue IL-33 levels and CT
scores. Correlations between other groups and CT scores
were not found to be statistically significant. Previously,
other studies have investigated the relationship between
clinical signs and interleukin expression in patients with
CRS. Hu et al. detected a statistically significant positive
correlation between CT scores of the patients with CRS
and their IL-17A expressions [28]. Shen et al. found a
positive correlation between IL-17A levels and CT scores
in patients with nasal polyps [29]. Lam et al. investigated
epithelial endotypes and clinical severity of the CRS and
detected a statistically significant negative correlation
between IL-25 levels and CT scores, but no correlation
between CT scores and IL-33 levels [30]. The reason
underlying the negative correlation may be caused by dif-
ferent immune cells infiltrating the tissue. Since the infil-
tration of the immune cells to tissues requires adhesion
molecules, we speculate that the adhesion molecules on the
polyp tissue might be different than that of the chronic
sinusitis tissue without polyp formation.

Differences between literature data support the assertion
that cytokine profiles in CRS with and without polyps have
not been precisely clarified yet. As suggested previously,
the comprehension of the pathophysiological role of both
IL-25 and IL-33 in CRSwNP will constitute a basis for the
development of IL-25 and 33 antagonists in the treatment
of this widespread health problem [13, 31].

Conclusion

This is the first study that simultaneously analyse the levels
of IL-25 and IL-33 from both sera and tissues of CRS
patients. Even though we have not detected significantly
higher levels of these cytokines in our patients, we con-
ceivably contributed to scarce number of studies conducted
on this issue. Further studies will better clarify the role of
IL-25 and IL-33 in the pathogenesis of nasal polyps.
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