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Abstract

Background
To detect the expression of interleukin-33 (IL-33) and its receptor ST2 in adenoids of children with
obstructive sleep apnea syndrome (OSAS) as well as to explore the signi�cance of IL-33/ST2 in the
disorder.

Methods
40 children undergoing adenoidectomy due to OSAS in the Otolaryngology of Tianjin Children’s Hospital
were selected as the study subjects. The number of IL-33 and ST2 positive cells in adenoids was detected
by immunohistochemical SP method.

Results
IL-33 positive cells were mainly distributed in the submucosa epithelium and vascular endothelium, and
expressed in the nucleus and cytoplasm. While ST2 positive cells were primarily observed in the mucosa
and expressed in the nucleus and cytoplasm, a little expression of intercellular substance. There was a
positive correlation between the proportion of adenoids in the posterior nostril diameter and the number
of IL-33 positive cells. The expression of IL-33 in adenoids was positively correlated with the level of ST2
(r = 0.809, P = 0.000). The expression of IL-33 in adenoids was positively correlated with the level of
eosinophil granulocyte (r = 0.859, P = 0.000). Moreover, the expression of ST2 in adenoids was positively
correlated with the level of eosinophil granulocyte (r = 0.814, P = 0.000). The number of IL-33 positive
cells was signi�cantly higher in moderate hypoxemia group than that in mild hypoxemia group (P < 0.05).
There was no signi�cant difference in the number of ST2 positive cells between moderate hypoxemia
group and mild hypoxemia group (P > 0.05).

Conclusions
Both IL-33 and its receptor ST2 were expressed in adenoids of OSAS children. The severity of airway
obstruction caused by adenoid hypertrophy was positively correlated with the expression of IL-33.

Background
The respiratory sleep disorders (RSD) in children represents a variable obstruction of the upper airway
and distinct degrees of alteration in gas exchange during the night [1, 2]. Meanwhile, the obstructive sleep
apnea syndrome (OSAS) is characterized by a majority population of RSD, which is consisted of simple
snoring as well as increased upper airway resistance syndrome (UARS). Based on the third edition of the
International Classi�cation of Sleep Disorders (ICSD-3), the OSAS is de�ned as a polysomnography
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(PSG)-determined obstructive respiratory disturbance index (RDI) ≥ 5 events/h following with the typical
symptoms of OSAS (such as, unrefreshing sleep, daytime sleepiness, fatigue or insomnia, awakening
with a gasping or choking sensation, loud snoring, or witnessed apneas), or an obstructive RDI ≥ 15
events/h (even in the absence of symptoms) [3].

The clinical presentations of a child with OSAS is quite suggestive, with the common symptoms as
habitual snoring, sleep disorders and daytime neurobehavioral problems [4]. As the progression of OSAS,
the disorder could damage multiple systems in children, including nervous and cardiovascular systems
[5]. Meanwhile, it could also result in cognitive or neuropsychological de�cits like verbal and non-verbal
reasoning [6]. It was estimated that the prevalence of this disorder is about 2% in children from 2 to 8
years of age [7]. OSAS in children is a complicate disorder with a large degree of inter- and intra- tumoral
heterogeneity. Accumulating evidences from epidemiologic studies have suggested a variety of risk
factors currently, including obesity, family history of OSAS, adenoid and/or tonsil hypertrophy, allergic
rhinitis, craniofacial abnormalities and genetics [8–11]. Compared with OSAS in adult, the molecular
mechanisms for children is far from satisfaction.

Adenoid hypertrophy has been suggested as the main cause of OSAS [12]. Adenoids are present at birth,
most notably at 6-7 years of age, and gradually atrophy after 10 years of age. Due to the fact of special
anatomical location, adenoids are the �rst sites exposed to foreign antigens. Repeated in�ammatory
stimulation leads to hyperplasia, �brosis and hypertrophy of the adenoid tissue, resulting in the
corresponding clinical symptoms [13]. Interleukin 33 (IL-33) is a newly discovered member of the
Interleukin 1(IL-1) family. The receptor for IL-33 was also known as suppressor of Tumorigenicity 2(ST2)
[14]. IL-33 is mainly expressed in skin, intestine, lung, digestive tract and other barrier tissue cells [15]. In
recent years, the roles of IL-33/ST2 pathway in a variety of children allergic diseases have been
con�rmed, such as allergic rhinitis, asthma, atopic dermatitis, food allergy, etc. [16]. It is worthy noting
that a considerable population of these children also display OSAS syndromes. To this end, we
hypothesize that IL-33 might play a pivotal role in the pathogenesis of adenoid hypertrophy associated
OSAS in children.

Methods

Clinical specimens
40 children (25 males and 15 females, aged from 2 to 8 years old), who had to undergo adenoidectomy
and tonsillectomy due to OSAS from January 2015 to December 2016 in Otolaryngology of Tianjin
Children Hospital were randomly selected. The mean of age for all the participants was 4.7 + 1.3 years.
Inclusive criteria: (1) The diagnosis was in line with the 2007 Urumqi OSAS Draft, (2) No hormone,
antihistamine and immunodesensitization therapy was received within 3 months, and (3) No respiratory
infectious disease within 1 month. The patients were divided into 1/2 group, 2/3 group, 3/4 group and
4/5 group according to the degree of adenoid hypertrophy, that is, the proportion of adenoid to the inner
diameter of the posterior nostril. The adenoid tissue excised during the operation was preserved by
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para�n embedding after conventional �xation and dehydration. The para�n embedded sections were
used for H-E staining and immunohistochemical staining.

H-E staining
Under the microscope (X400), each specimen was sectioned randomly from 5 visual �elds, the number of
each visual �eld was recorded, and then the average value of 5 visual �elds was calculated, as a
eosinophil granulocyte count of the adenoids in this child.

Immunostaining
The para�n sections were washed with PBS solution, following antigen repair solution treatment and
3.0% H2O2 cleaning. The specimens was then incubated at room temperature for 15 min, washed with
goat serum and incubated at room temperature for 10 min. The primary antibody (1:4000 diluted anti-IL-
33 antibody or anti-ST2 antibody) was incubated in the refrigerator at 4°C overnight, and the labelled IgG
secondary antibody was taken out the next morning and incubated in the constant temperature water
tank at 37°C for 30 minutes. After rinsing with PBS solution, the DAB solution was added and the color
development was observed under the microscope. Under the microscope (×400), the reaction products
labeled by color were used to localize the antigen, and the expression levels of Il-33 and ST2 were
measured by positive cell count in this study. Each slice was randomly taken from 5 visual �elds, the
number of positive cells was counted and the average value was calculated.

Statistics
The SPSS 22.0 and Prism 6 software, Kolmogorov-smimov test was used to test the normality of
variables. The mean standard deviation (x ± s) was used to express the measurement data. T test or
analysis of variance was performed to compare the sample mean. The Pearson’s method and
Spearman’s method were generated to analyze the correlation, as the P < 0.05 considered as a statistical
signi�cance.

Results

H-E staining
There were more glands and �bers in the mucosa of the adenoids, indicating more eosinophil granulocyte
in�ltration. At the same time, there were less glands, �bers and eosinophil granulocyte in the parenchyma
(Figure 1).

Immunostaining results
The distribution of IL-33 positive cells in adenoids was mainly in mucosa epithelium and vascular
endothelium, and Il-33 was expressed in nucleus and cytoplasm (Figure 2a). Meanwhile, the ST2 positive
cells in adenoids were predominantly found in mucosa, and ST2 was mainly expressed in nucleus and
cytoplasm, and a little in intercellular substance (Figure 2b).
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The correlation between the expression of IL-33, ST2 in
adenoids and the proportion of adenoids in the inner
diameter of the posterior nostril
According to the proportion of adenoids in the inner diameter of the posterior nostril, the adenoids were
divided into 1/2 group, 2/3 group, 3/4 group and 4/5 group. The degree of adenoid hypertrophy was
graded. The correlations between the number of IL-33, ST2 positive cells and the proportion of adenoid to
the inner diameter of the posterior nostril were examined by Spearman with Prism 6 software. The results
were shown in Figure 3. The Spearman coe�cient between the number of IL-33, ST2 positive cells and
the proportion of adenoids in the diameter of the posterior nostril was 0.6986 (P< 0.0001). These
outcomes suggested that the correlation coe�cient had a statistical signi�cance and the two variables
were positively correlated.

The expression of IL-33 was positively correlated with ST2 (r = 0.809, P = 0.000). There was a positive
correlation between the expression of il-33 and the amount of eosinophil granulocyte in adenoids (r =
0.859, P = 0.000). The expression level of ST2 was positively correlated with the number of eosinophil
granulocyte in adenoids (r = 0.814, P = 0.000), shown as Figure 4.

Discussion
Adenoidal hypertrophy is a multifactorial, long-term process that could be broadly divided into infectious
and non-infectious causes, including a variety of pathogens, gastroesophageal re�ux, allergens or nasal
secretions stimulation, etc., which leads to adenoid proliferation and �brosis [16–19]. Interleukin-33 (IL-
33) is present in various mucosal systems, which are the elicitation sites of immune response as well as
the front line of defense against external environment. Under normal physiological conditions, IL-33
protein is present in the nucleus of cells [20]. When the corresponding tissues are infected or stimulated,
IL-33 is released from the nucleus of the cells of the injured tissues to the nucleus [21].

IL-33 binds to ST2, following the activation of ILC2, which can induce many in�ammatory mediators such
as IL-6, TNF-α, IL-5 and Il-13, and promote Th0 to Th2 [22]. It is suggested that IL-33/ST2 pathway and
ILC2 may be involved in the in�ammation, repair and hypertrophy of adenoids. In this study, the
expression of IL-33/ST2 in the adenoids of children with OSAS was con�rmed, and the expression level
of IL-33 was signi�cantly different among different adenoids (P < 0.01). The Spearman correlation
coe�cient was 0.6986, P < 0.0001, suggesting that there was a positive correlation between the level of
IL-33 expression and the degree of adenoid hypertrophy. In addition, the expression of IL-33 and its
receptor ST2 was positively correlated with the level of eosinophil granulocyte count in adenoids. At the
same time,the IL-33/ST2 pathway in adenoids could be potentially involved in the process of adenoid
hypertrophy through up-regulation of eosinophil granulocyte.

Conclusions



Page 6/11

IL-33 and its receptor ST2 were expressed in the adenoids of children with OSAS, which may play a key
role in the pathogenesis of obstructive sleep apnea syndrome. There was a positive correlation between
the expression of IL-33 and ST2 in adenoids. The higher the expression of IL-33 and ST2 in adenoids, the
more eosinophil granulocyte in adenoids, but there was no correlation with the number of peripheral
blood eosinophil granulocyte. The severity of airway obstruction caused by adenoid hypertrophy was
positively correlated with the expression of IL-33/ST2.
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Figures

Figure 1
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H-E staining of adenoids. X100

Figure 2

Immunostaining results for IL-33 (a) and ST2 (b) respectively. X100

Figure 3

The correlations between the number of IL-33, ST2 positive cells and the proportion of adenoid to the
inner diameter of the posterior nostril measuring by Spearman with Prism 6 software
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Figure 4

The correlations between the expression of IL-33, ST2 and the amount of eosinophil granulocyte in
adenoids


