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Abstract

Background: T helper type 2 (Th2) cells are critical cellular elements in allergic rhinitis. Interleukin-33 (IL-33) produces Th2-related
cytokines and binds to the ST2 receptors. This is expressed strongly in mastocytes and discerningly in Th2 cells. Through Th2 cells,
IL-33 may also have partly involved in immune responses.
Objectives: This study aimed to measure the IL-33 serum levels in children suffering from allergic rhinitis and investigate its rela-
tionship with the disease.
Methods: This case-control study was conducted on a population with the age range of 7-18 years, who referred to the Pediatric
Clinic of the Shahid Beheshti Hospital in Kashan, Iran, in 2017. The study sample encompassed 57 patients with allergic rhinitis (case
group) and 57 subjects with no allergic rhinitis (control group). The ELISA assay was used to measure the serum level of IL-33 in
the case and control groups. Allergic rhinitis was diagnosed by a pediatric immunologist considering the patient’s history and the
guidelines set out by the Allergic Rhinitis and its Impact on Asthma (ARIA). All study data were analyzed with SPSS software version
22.
Results: There were significant differences between the two groups in terms of age (P = 0.001), gender (P = 0.0144), family history of
atopy (P < 0.001), symptoms duration (P < 0.001), and comorbidities (e.g., atopic dermatitis and asthma) (P < 0.001). Furthermore,
compared to the control group, the case group exhibited significantly higher IL-33 serum levels (P < 0.001).
Conclusions: The high serum levels of IL-33 exhibited in patients with allergic rhinitis indicate its involvement in the pathogenesis
of the concerned disease.
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1. Background

Allergic Rhinitis or hay fever is a response to specific al-
lergens and is attributed to a set of symptoms caused by
nasal congestion such as sneezing, a runny nose, a stuffy
nose, an itchy nose, coughing, a sore or scratchy throat,
itchy eyes, dark circles under the eyes, and hives. These
symptoms appear when allergens such as dust mites or
pollens enter the nose via breathing (1) due to increased
allergic reactions (2). According to global statistics, above
600 million persons suffer from allergic rhinitis world-
wide (3). The increased allergic reactions begin when a per-
son’s immune system reacts to allergens such as pollens or
dust, generally in the form of a “runny nose” (4, 5). The
combination of antibodies with allergens leads to chemi-
cal reactions, which release mediators such as histamine
and leukotriene, mediating the permeability of the sur-
rounding capillaries and other chemical mediators. These

mediators result in nasal congestion, red eyes, runny nose,
itching, swollen throat, and other allergic symptoms (6).
The symptoms vary from person to person (5).

Allergic rhinitis is a widespread complication, affect-
ing about 10% of individuals (7). This type of inflamma-
tion has also been reported in infants due to the consump-
tion of cow milk (8). There are differences between aller-
gic rhinitis and common cold in terms of disease dura-
tion (cold lasts less than a week), pathogenic agents, non-
contagiousness, and recurrence (9, 10). This disorder can
be classified into acute, chronic, seasonal, or permanent
types (11, 12). It can also be categorized into intermittent or
persistent types concerning the duration of symptoms. If
symptoms persist below four days per week or four weeks
at a time, they are intermittent. If symptoms persist above
four days per week or for four weeks at a time, they are per-
sistent (7).

Interleukin-33 (IL-33) is a newly discovered member of
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the IL-1 superfamily, found inside the skin, lungs, synovial
tissues, and adipose tissues, with similar cellular signals to
IL-1ß and IL-18 (13, 14). IL-33 is a 30 kD protein evolutionar-
ily conserved in mammals, with 54% amino acid sequence
identity between the human and mouse homologs (15).
Unlike IL-1ß and IL-18, maturation processes are not neces-
sary for the IL-33 bioavailability. Similar to IL-1ß and IL-18,
IL-33 is first produced as a pre-interleukin in an intracellu-
lar form and is then released outside the cell as the main
IL-33 after a breakdown (16).

Studies have indicated that IL-33 as a dual-function pro-
tein can serve as a pro-inflammatory cytokine or intracellu-
lar transcription factor with transcription-regulating func-
tions. Regarding its later role, IL-33 moves toward the cell’s
nucleus, where it binds to chromatin and regulates gene
expression. As presented in Figure 1, the biological effects
of IL-33 are mediated by binding to its receptors and acti-
vating NF-κB and mitogen-activated protein (MAP) kinases
(16). Full-length IL-33 reacts with the NF-κB transcription
factor instead of mature IL-33. The receptor of this cy-
tokine, known as ST2, belongs to a large family of IL-1 recep-
tors and plays a critical role in inflammation and immuno-
logical responses. Using a heterodimer complex, this re-
ceptor can exert its biological impacts. The heterodimer
complex consists of IL-1RL1, also called ST2 receptor, and IL-
1 receptor accessory protein (IL-1RACP), which is also a part
of the IL-1 receptor family (13, 16).

Dendritic cells (DC) are the major antigen-presenting
cells and play a pivotal role in immune responses. More-
over, DC directly responds to IL-33 via ST2 (17). DC responds
to IL-33 and produces IL-33 under allergic conditions. The
interaction between IL-33 and DC may represent a new
pathway to initiate Th2-type immune responses (18).

In this regard, IL-33 could induce the production of
many cytokines such as IL-5, IL-13, TNF-α, IFN-γ, and IL-2
when binding with ST2 receptors on the surface of Th2 lym-
phocytes (19, 20). Accordingly, IL33 and ST2 play a critical
role in allergic diseases and various mucosal immune re-
sponses, suggesting the involvement of the IL-33/ST2 path-
way in the pathogenesis of many diseases, especially in the
responses based on the Th2 type (21, 22).

Although IL-33 mRNA can be expressed widely in
body tissues, its cellular distribution is confined to ker-
atinocytes, fibroblasts, and activated macrophages, in-
cluding smooth muscles, and epithelial and dendritic cells
(23, 24).

Kakkar’s study has shown that IL-33/ST2 signaling path-
way was involved in T cell-mediated immune response
and was a potential medium for various inflammatory dis-
eases. IL-33 may function as a modulator of NF-κB and
canonical Toll-like receptor/IL-1 receptor signaling (26).
Haenuki et al. proposed IL-33 as a therapeutic target in pre-

venting allergic rhinitis, as it disturbs allergic rhinitis re-
sponses (27). In another study, Nakanishi et al. found that
neutralizing IL-33 can be a potential strategy to treat aller-
gic rhinitis caused by home mites (28). On the other hand,
Miller reported that IL-33 could have anti-inflammatory
and pro-inflammatory effects, depending on the type of
disease and the tested model (23).

2. Objectives

Since IL-33 is one of the recently discovered anti-
inflammatory cytokines, there is limited information
about changes of this critical cytokine in patients with al-
lergic rhinitis. Accordingly, the present study aimed to
measure the serum levels of IL-33 in children suffering
from allergic rhinitis and detect its relationship with the
disease and its severity.

3. Methods

This case-control study was conducted on a population
with the age range of 7-18 years, including healthy individu-
als and those diagnosed with allergic rhinitis. All study par-
ticipants had referrals to the pediatric clinic at the Shahid
Beheshti Hospital in Kashan, Iran, in 2017. A pediatric im-
munologist diagnosed allergic rhinitis based on the pa-
tient’s clinical history and the guidelines set out by the
allergic rhinitis and its impacts on asthma (ARIA) (29). A
study by Kliegman et al. aimed to determine disease sever-
ity (7). According to a study by Gluck et al. (30), the sample
size was calculated to be 114 subjects (at least 57 subjects per
group). The case and control groups were selected from pa-
tients with allergic rhinitis and healthy individuals using
the random sampling method.

Inclusion criteria for the case group were being in the
age range of 7 - 18 years and being diagnosed with aller-
gic rhinitis. On the other hand, inclusion criteria for the
control group were being in the age range of 7 - 18 years
and having no symptom of allergic or inflammatory dis-
eases. Exclusion criteria for both groups were as follows: (1)
chronic heart, kidney, gastrointestinal, and lung diseases,
including bronchopulmonary dysplasia and chronic ob-
structive pulmonary disease and asthma; (2) infectious dis-
eases such as pneumonia, lung abscess, tuberculosis, and
sinusitis; (3) any acute inflammatory disease but allergic
rhinitis, such as arthritis, Crohn’s disease, and ulcerative
colitis; (4) immunodeficiency diseases such as common
variable immune deficiency, severe combined immunode-
ficiency, and hyper-IgM syndrome; (5) congenital diseases
such as cystic fibrosis (CF) and malignancies; (6) corticos-
teroid use in the past three months, and (7) lack of in-
formed consent.
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Figure 1. IL-33/ST2 signaling pathway.IL-33 is the ligand for ST2. It activates the ST2L/IL-1RAcP dimers or is neutralized by binding to sST2. The interaction of IL-33 with ST2 leads
to the recruitment of the myeloid differentiation primary response protein 88 (MyD88), IL-1R-associated kinase 1 (IRAK1), and IRAK4. This would also result in the activation
of at least two independent pathways(the transcription factor nuclear factor-κB (NF-κB) and the mitogen-activated protein kinase (MAPK) pathway) and ultimately induce
relevant gene expressions. It induces the production of IL-2, IL-5, IL-13, TNF-α, and IFN-γ . IL-33 can also be combined with a single Ig IL-1R-related molecule (SIGIRR), which
seems as an inhibitor of the IL-33/ST2 pathway (25).

The present study documented demographic informa-
tion, including age, gender, duration of allergic rhinitis,
and family history of allergic diseases, in a prepared check-
list after obtaining informed consent from the patients. In-
travenous blood (5 cc) was collected from all patients and
centrifuged at 10 rpm for 10 minutes. The supernatant was
stored in a freezer at -20°C for further analyses. The tem-
perature of the frozen samples was increased by the lab-
oratory temperature after blood sampling, and they were
then used for the ELISA assay (ChemWell 2910, Awareness

Technology).

The IL-33 kit (7.8 - 500 pg/cc; IBL International GmbH,
Germany), with 12 strips and eight wells, was used for ex-
periments. Next, the mean serum level of IL-33 and the
severity of the disease were compared between the two
groups. According to ethical guidelines, all participants
were educated about study methodology and objectives
and ensured of data confidentiality. Moreover, they were
allowed to quit the study whenever they wished.

The collected data were analyzed with SPSS software
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version 22. Central tendency and the measures of disper-
sion were calculated for the quantitative variables, and fre-
quency and percentage were measured for the qualitative
variables. The distribution of the quantitative data was
assessed using the Kolmogorov-Smirnov test. To investi-
gate the differences in mean serum levels of IL-33 between
the two study groups, the independent t-test and Mann-
Whitney U tests were performed. Regarding the qualitative
demographic characteristics, chi-square and Fisher’s exact
tests were used to evaluate the group differences.

Moreover, Spearman’s test was used to determine the
association between the serum levels of IL-33 with different
severities of allergic rhinitis. Regression models were used
for multivariate analyses. In this study, P < 0.05 was set as
the level of significance. The research data are presented as
mean values.

4. Results

In this study, 114 patients (57 healthy individuals in the
control group and 57 patients in the case group) were in-
cluded. According to the results, the mean age of patients
with allergic rhinitis was 9.79 ± 3.57 in the case group
and 12.60 ± 3.83 years in the control group, respectively.
Among 57 patients with allergic rhinitis, 18 (31.6%) were fe-
male, and 39 (68.4%) were male. Moreover, among 57 sub-
jects in the control group, 32 (56.1%) were female, and 25
(43.9%) were male. Data analysis revealed a significant dif-
ference between the two study groups in terms of age (P =
0.001) and gender (P = 0.014). As presented in Figure 2A, the
mean serum level of IL-33 in patients with allergic rhinitis
was 1.27 (ρg/mL), which was significantly higher than that
of the control group (0.12 ρg/mL) (P = 0.001). This finding
suggested the role of IL-33 in the pathogenesis of the dis-
ease.

Moreover, some other variables, including a family his-
tory of atopic disease, duration of allergic rhinitis symp-
toms, and comorbidities (atopic dermatitis and asthma),
were examined, and the results are presented in Table 1. As
shown in Table 1, there are statistically significant differ-
ences between the two groups in terms of a family history
of atopic disease, duration of allergic rhinitis symptoms,
and comorbidities (atopic dermatitis and asthma).

Furthermore, the serum levels of IL-33 were investi-
gated in the two groups concerning the duration of symp-
toms and comorbidities, the results of which are presented
in Figures 2B and 2C. As presented Figure 2B, the corre-
lation between the serum levels of IL-33 and duration of
symptoms was not statistically significant (P = 0.055). Fur-
thermore, Figure 2C data analysis indicated that the serum
levels of IL-33 in patients with comorbidities were not sig-

Table 1. Family History of Atopic Disease, Duration of Allergic Rhinitis Symptoms,
and Comorbidities in Case and Control Groups a

Variables Case Control P-Value

Family history of atopic disease < 0.001

Positive 48 (84.2) 2 (3.5)

Negative 9 (15.8) 55 (96.5)

Duration of symptoms -

Intermittent 19 (33.3) 0 (0)

Continuous 38 (66.7) 0 (0)

Comorbidities < 0.001

Yes 28 (49.1) 1 (1.8)

No 29 (50.9) 56 (98.2)

aValues are expressed as No. (%).

nificantly correlated in the case and control groups (P =
0.149).

5. Discussion

Allergic rhinitis is an inflammation of the nasal mu-
cosa. Recent genomic studies have indicated the associa-
tion between the IL-33 levels with asthma (31) and allergic
rhinitis (32). Accordingly, physicians and researchers have
paid particular attention to IL-33 due to its effects on aller-
gies. This cytokine also stimulates different types of cells
involved in the expression of the membrane ST2 as such it
enhances the production of IgE-dependent cytokines and
the degranulation of mast cells (33, 34).

Several studies have examined IL-33 and its concentra-
tion in patients with allergic rhinitis and some other sim-
ilar diseases. This study aimed to examine the correlation
between the serum levels of IL-33 and allergic rhinitis. The
results indicated a significant difference between the con-
trol and case groups regarding age, gender, family history
of atopy, duration of symptoms, the severity of the disease,
and comorbidities. Moreover, there was a statistically sig-
nificant difference in serum IL-33 levels between the two
study groups. More specifically, compared to the control
group, patients with allergic rhinitis had higher serum lev-
els of IL-33. Although the serum levels of IL-33 were not sig-
nificantly correlated with the duration of symptoms or the
presence of comorbidities in allergic rhinitis patients. Af-
ter eliminating the effects of the intervening factors, the
difference in the serum level of IL-33 between the case and
control groups remained significant.

Moreover, Gluck et al. conducted a study on patients
with intermittent allergic rhinitis sensitive to plant pollen,
to explore the serum levels of IL-33 and its corresponding
ST2 receptor. They found that compared to the control
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Figure 2. A, The mean serum levels of IL-33 was 1.27 pg/mL in 57 patients with allergic rhinitis, 0.12 pg/mL in 57 control individuals without allergic rhinitis, and 0.7 pg/mL in
all participants. The above result showed a meaningful difference between the studied groups at P = 0.001. B, The mean serum levels of IL-33 were 0.37 pg/mL in patients with
intermittent allergic rhinitis and 1.72 pg/mL in patients with persistent allergic rhinitis. There was no relationship between the mean serum level of IL-33 and the duration of
symptoms at P = 0.055. C, The mean serum levels of IL-33 were 1.76 pg/mL in patients with comorbidities in the case group and 0.8 pg/mL and 0.46 pg/mL in patients with no
comorbidities in both case and control groups. No relationship was noticed between patients with and without comorbidities at P = 0.149.

group, the patients in the allergic rhinitis group had signif-
icantly higher serum levels of IL-33. The finding was consis-
tent with that of the present study (30). They also reported
that IL-33 was associated with disease severity. Accordingly,
this cytokine may be effective in the pathogenesis of aller-
gic rhinitis. The serum level of IL-33 seems to be an indica-
tor of Th2-related allergic diseases such as allergic rhinitis.
Further, this cytokine is a marker of the severity of allergic
rhinitis (30).

Asaka et al. revealed that patients with allergic rhini-
tis, who are sensitive to Japanese cedar, had higher levels
of IL-33 serum in their nasal secretions. Moreover, IL-33 was
significantly associated with the total score of nasal symp-
toms (35). Although this study provided no sufficient ev-
idence, it was suggested that an increase in the level of IL-
33 in nasal secretions was associated with the exacerbation
of allergic rhinitis (35). The main difference between the
method adopted in the aforementioned study and that of
the present study was the cytokine measurement method,
as they measured nasal secretions while this study mea-
sured the serum concentration. Nevertheless, more re-
search is needed to establish the correlation between lo-
cal eosinophils and IL-33 and determine the mechanisms
of pathogenesis.

Recently, IL-33 has been identified as a damage-
associated molecular pattern, characterized as a molecule
discharged from cells in the necrotic air-filled structure,
possibly after an infection or trauma. In this study (35),
the level of IL-33 was higher in the common allergy season
than the uncommon season, suggesting that the increase
in the level of IL-33 is correlated with contact with the
allergen and occurs in sensitive individuals.

Haenuki et al. (27) conducted a study in Japan to in-
vestigate the function of IL-33 in the development of aller-
gic rhinitis symptoms and found that the primary (sneez-

ing and runny nose) and the final (eosinophil and basophil
accumulation) phase symptoms occur after nasal stimula-
tion by the allergen. Subsequently, in the nucleus of the
epithelial cells, the IL-33 protein is expressed, resulting in
the release of nasal secretions. Basophils and mast cells
stimulated by IL-33 intensify the initial and final phases of
clinical manifestations caused by the increased histamine
release and the production of chemical adsorbents for
eosinophils and basophils. Accordingly, the presence of IL-
33 is associated with the course of pathogenesis and the
symptoms of allergic rhinitis (27).

In a previously mentioned study, the serum levels of
IL-33 were measured in a large group of patients suffering
from allergic rhinitis, who were also sensitive to Japanese
cedar (32). In this group of patients, they found higher
serum levels compared to the control group. This is con-
sistent with the results of the present study. Furthermore,
this study found that IL-33 and allergic rhinitis were pos-
itively correlated. On the whole, in-plant pollen-sensitive
animal models, researchers have established the role of IL-
33 in the pathogenesis of allergic conjunctivitis (36). In
their study, Matsuba-Kitamura et al. provided evidence
suggesting that IL-33 could significantly increase T cell ca-
pacity to make Th2-type cytokine. This would increase
the lymph node secretions in the neck by Th2 cells and
eosinophils. The conjunctive tissue then continuously ex-
presses the active form of IL-33; therefore, IL-33 plays a crit-
ical role in inducing and increasing allergic conjunctivitis
(36).

Moreover, anti-IL-33 antibodies have recently been re-
vealed therapeutic potentials against allergic rhinitis (37).
These antibodies clinically decrease the symptoms and re-
duce the number of eosinophils and Th2-type cytokines in
the bronchoalveolar lavage (BAL), leading to a decrease in
nasal secretions. This clinical finding can also be extended
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to the therapeutic potential of IL-33 against human aller-
gies. In general, the result of this study confirms previous
research findings in this field, indicating that IL-33 plays a
role in Th2-dependent diseases, including allergic rhinitis.

Allergic diseases such as allergic rhinitis and bronchial
asthma are activated by Th2-type cytokines, including IL-
4, IL-5, and IL-13. Th2 cells secrete these cytokines. Recent
research findings suggest that, in addition to acting as a
sort of chemical adsorbent for these cells, IL-33 stimulates
th2 cells to secrete these cytokines (38). Moreover, the criti-
cal role of IL-33 has been confirmed in many inflammatory
diseases such as inflammatory bowel diseases, rheumatol-
ogy, and central nervous system (CNS) inflammatory dis-
eases. Evidence suggests that IL-33 provides a degree of pro-
tection against cardiovascular diseases such as type II di-
abetes and obesity (23, 39). It exerts biological effects by
interacting with ST2 and IL-1 sub-protein receptors (40-42).
IL-33 also affects some important cells, such as mast cells,
in allergic reactions. It degrades mast cells by activating
phospholipase D1 and sphingosine kinase 1 (43). Moreover,
many studies have determined that IL-33 plays a role in sev-
eral allergic diseases, including anaphylactic shock, atopic
dermatitis, and bronchial asthma (44-46).

5.1. Conclusions
The present study indicated the high serum levels of

IL-33 in patients with allergic rhinitis. This finding sug-
gests that IL-33 is involved in the pathogenesis of allergic
rhinitis and provides a new perspective on the pathophys-
iology of this disease and the therapeutic goals. Further
studies are recommended to examine the association be-
tween the gene expression and the serum level of IL-33 with
the severity of allergic rhinitis in children. It is also recom-
mended to compare the serum level of IL-33 between chil-
dren with allergic rhinitis and those with atopic dermatitis
and bronchial asthma.
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