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INTRODUCTION

Atopic dermatitis (AD) is a complex inflammatory 
cutaneous disorder characterized by immune-mediated 
inflammation and epidermal barrier dysfunction [1]. 
AD has a complex etiology, it develops in early childhood 
and has age dependent distribution [2]. AD affects 
approximately 20% of children and up to 3% of adults, 
data shows that it’s prevalence is still increasing [3]. 
Most of the AD end up in remission, small number 
of childhood cases, especially severe ones persist into 
adulthood [4]. Studies show, that AD predispose 
to a higher risk of atopic and other than atopy 
comorbidities [5,6].

AD is heterogeneous in its pathophysiological 
pathways. Studies demonstrate that different T-helper 
subsets and cytokines drive pathological cutaneous 

inflammation [7]. Children with AD have a dominant 
Th2 activation and expansion [8]. Determining 
the correct cellular subset could have a potential in 
not only providing a better understanding in AD 
pathophysiology, but also be a potential diagnostic and 
prognostic tool [9].

Interleukin-33 (IL-33) is a member of interleukin-1 
family cytokines, it is found in the nuclei of various 
tissue and immune cells in human body [10]. IL-33 is 
highly expressed in barrier tissues, which are exposed 
to the environment (e.g., skin, gut, lungs), those tissues 
are considered to be the major sources of IL-33 in 
human body [11]. IL-33 extracellularly can be detected 
following cellular damage or stress due to infection, 
allergen exposure [12]. IL-33 expression can be induced 
by inflammation, environmental triggers [13]. IL-33 
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ABSTRACT

Background: Atopic dermatitis (AD) is a chronic, inflammatory skin disease, common in children. Pathologic cutaneous 
inflammation is driven by activated T-helper cells. Studies demonstrate that childhood AD is associated with Th2 
immune activation. IL-33 is an intracellular cytokine, abundantly expressed in tissues, which are exposed to the 
environment. Cellular damage, due to scratching, encounter to infectious pathogens or exposure to allergens, trigger the 
release of IL-33. Extracellularly IL-33 acts as an activator for Th2 lymphocytes. Soluble ST2 (sST2) is a decoy receptor for 
IL-33. Combined to sST2, IL-33 loses its biological functions, which results in the alleviation of Th2 immune response. 
With this study we wanted to investigate the role of IL-33 and sST2 in pediatric AD. Material and Methods: Blood 
and stool samples from children with AD and healthy controls were tested for IL-33 and sST2 concentrations. Results: 
Children with AD presented significantly higher blood IL-33 concentrations, compared to healthy controls: 18,21 pg/
ml vs 0, p<0,05. Stool IL-33 levels demonstrated no significant difference between the two groups: 12,43 pg/ml vs 
45,94 pg/ml, p>0,05. Blood and stool sST2 concentrations showed no significant difference: 67,58 pg/ml vs 74,96 pg/
ml, p>0,05; 0 vs 0, p>0,05, respectively. Conclusion: IL-33 is associated with pediatric AD. Blood, but not stool IL-33 
testing can be used as a biomarker. sST2 showed no difference in AD.
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activates Th2 lymphocytes, promotes IL-4, IL-5, IL-13 
cytokine secretion, acts as a chemoattractant for Th2 
lymphocytes [14,15]. Soluble serum stimulation 2 
receptor (sST2) is an alternative splice variant of the 
gene, encoding ST2. Combined to sST2 IL-33 loses its 
biological functions, which results in the alleviation of 
Th2 immune response [16].

Data, concerning pediatric AD and prospective 
biomarkers is lacking. With this study we wanted to 
evaluate the role of IL-33/sST2 axis in pediatric AD.

MATERIALS AND METHODS

Study Population and Ethical Considerations

A total of 68 children were invited to take part in the 
study. Study population comprised of 51 participants 
with clinically proved atopic dermatitis, hospitalized in 
Children’s Pulmonology and Allergology Department 
and 17 healthy control subjects, who had no history of 
atopic diseases, nor any current inflammatory diseases.

Sample Collection and Laboratory Analysis

Venous blood and stool samples were obtained from 
test and control subjects. All the samples were collected 
as part of the routine clinical practice. Automated 
blood test, allergen specific IgE tests were performed 
at once. Complete blood count was obtained from 
venous blood using automated hematology analyzer 
(Sysmex XT 4000i, Roche, Germany). Allergen specific 
IgE tests were performed using Phadia Immunocap 
100 analyzer (Phadia, Uppsala, Sweden). The rest of 
the samples were stored at -80°C for further IL-33 and 
sST2 testing.

Measurement of Serum and Fecal IL-33, sST2

Frozen stool and serum samples were completely 
defrosted prior testing. Suspensions were prepared 
from stool samples: 0,1 g stool was suspended 
in 1 ml phosphate saline buffer (PBS, pH=7,2). 
Suspensions were thoroughly vortexed, left to sit at 
room temperature for 15 min, then once again vortexed 
and centrifuged (10000 x g, 20 min). Supernatants were 
used for the test procedure. Supernatants and serum 
samples were tested for IL-33 using Human IL-33 
ELISA kit (Elabscience, China), sST2 - Human IL-1 
R4 (IL1RL1) ELISA kit (Thermo Fisher Scientific, 
USA). Assay procedures were performed according to 
manufacturer’s recommendations.

Data Management and Statistical Analysis

MS Office Excel, MedCalc software were used for data 
management and statistical analysis. Nonparametric 
data were expressed with median and range. Mann-
Whitney U test was used for compared two groups 
of variables. Categorical data were expressed with a 
number and percentage, difference was determined 
using Chi-Square test. Difference between the groups 
was considered significant when p<0,05.

Ethics Statement

Participants parents or legal guardians provided their 
agreement in participating in the study by signing a 
written informed consent form. Ethics approval for the 
research study was obtained (No. 158200-16-834-352).

RESULTS

Baseline Characteristics

Test and control subjects were a match according 
to age and gender (Table 1). Total leukocyte count, 
absolute neutrophil and eosinophil counts in venous 
blood were measured. Test subjects were tested for 
food specific IgE. 43% (n=22) had non detectable 
food specific IgE, 57% (n=29) were sensitized to food 
(food specific IgE ≥ 0,35 kUA/l). Sensitization was 
mostly detected to cow‘s milk and hen‘s egg. Detailed 
information is provided in Table 1.

IL-33 and sST2 Concentrations

Children with AD had higher blood IL-33 levels 
(median: 18,21 pg/ml, range: 0 – 392,89 pg/ml), 

Table 1: Patient characteristics 
Characteristics AD patients

n=51

Control subjects

n=17

p value

Age (mo)
(range)

20,0
(5–77)

28,0
(4–80)

0,137*

Gender (male/female) 
(%)

36/15
71%/29%

12/5
71%/29%

0,827§

Sensitisation to food 
allergens
non sensitized/
sensitized (%)

25/26
49%/51%

- -

Laboratory analysis
WBC (x 109/l)
(range)
ANC (cells/μl)
(range)
Blood 
eosinophils (%)
(range)

10,93
(6,45–13,66)

5,27
(1,81–10,07)

3,6

(0,3–10,2)

8,18
(5,6–16,59)

2,41
(1,51–6,87)

0,24

(0,11–0,53)

0,024*

0,0466*

0,0001*

*- Mann-Whitney test for independent samples; § - Chi-square test; 
WBC – white blood cell count; ANC – absolute neutrophil count
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compared to controls (median: 0 pg/ml, range: 
0 – 58,31 pg/ml), the difference was significant, 
p<0,05 (Fig. 1). Stool IL-33 concentrations in test 
subjects (median: 12,43 pg/ml, range: 0 – 745,56) was 
lower, compared to controls (median: 45,94 pg/ml, 
range: 3,43 – 556,77 pg/ml), the difference was not 
significant, p>0,05 (Fig. 2). sST2 levels demonstrated 
similar distribution. Median of blood sST2 in test 
subjects was 67,58 pg/ml (range: 0 – 867,70 pg/ml), 
controls - 74,96 pg/ml (range: 3,77 – 441,82 pg/ml), the 
difference was not significant, p>0,05 (Fig. 3). Stool 
sST2 concentration both in test and control groups was 
0, test group ranges: 0 – 117,78 pg/ml, control group: 
0 – 210 pg/ml, there was no difference between the 
groups, p>0,05 (Table 2, Fig. 4).

DISCUSSION

AD is a common, chronic, relapsing, inflammatory 
skin disease primary affecting young children [17]. 
Experimental models with transgenic mice, grown 
under pathogen-free conditions, demonstrate that IL-33 
over expression in the skin resulted in spontaneous itchy 

Figure 1: Blood IL-33 concentrations Comparison of blood IL-33 
concentrations in atopic dermatitis (AD) and control groups. Medians 
are marked with black bars.

Figure 2: Stool IL-33 concentrations Comparison of stool IL-33 
concentrations in atopic dermatitis (AD) and control groups. Medians 
are marked with black bars.

Figure 3: Blood sST2 concentrations Comparison of blood sST2 
concentrations in atopic dermatitis (AD) and control groups. Medians 
are marked with black bars.

Figure 4: Stool sST2 concentrations Comparison of stool sST2 
concentrations in atopic dermatitis (AD) and control groups. Medians 
are marked with black bars.

Table 2: Blood and stool IL-33 and sST2 concentrations
Characteristics AD patients Control subjects p value
Blood IL-33 (pg/ml)
(range)

18,52
(0–392,89)

0
(0–58,31)

0,0463*

Stool IL-33 (pg/ml)
(range)

12,43
(0–745,56)

45,94
(3,43–556,77)

0,2721*

Blood sST2 (pg/ml)
(range)

67,58
(0–867,70)

74,96
(3,77–441,82)

0,8843*

Stool sST2 (pg/ml)
(range)

0
(0–117,78)

0
(0–210)

0,2177*

* - Mann-Whitney test for independent samples
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dermatitis [18]. Human studies also demonstrate, that 
IL-33 expression is significantly increased in the lesional 
skin [19]. IL-33 signaling is crucial in the development of 
experimental models of AD [20]. Mechanical damage, 
due to scratching, infection, exposure to allergens, 
triggers the release of IL-33 [21]. C. Galand et al. in his 
experimental murine model demonstrates that serum 
IL-33 levels were significantly increased after a tape 
stripping experiment [22]. In our study children with 
AD had significantly higher serum IL-33 concentration 
compared to controls (18,52 pg/ml vs 0 pg/ml, p<0,05). 
R. Tanagawa-Mineoka et al. reports, that IL-33 was 
significantly higher in patients with AD compared to 
patients with chronic idiopathic urticaria, psoriasis and 
healthy controls [23]. AD is a multifactorial disease, 
its main pathogenetic factor is immune mediated 
inflammation. IL-33 is associated with Th2 immune 
activation. According to T. Czarnowicki et al. children 
with AD had a markedly expanded Th2 type lymphocyte 
population in their blood [8]. Other studies also present 
data that AD is associated with an expansion and 
activation of Th2 lymphocytes in peripheral blood [24]. 
U. Nyagaard et al. demonstrates, that serum levels of IL-
33 and sST2 were elevated in adults and children with 
AD compared to healthy controls [25]. The researchers 
also found that serum IL-33 levels were much higher in 
children compared to adults with AD. On the contrary, 
adults with AD presented with significantly higher sST2 
values compared to children with AD. This could mean 
that there might be an age dependent distribution of 
IL-33 and sST2. Although available data are missing, 
this should be taken in consideration comparing studies 
with children and adults.

IL-33 biological functions manifest through its 
receptor - ST2. It exists in two main isoforms: a 
membrane bound (ST2L) and soluble (sST2) [26]. 
Small intestine, heart, kidney, lung tissues display 
the highest expression and are considered to be the 
main sources of sST2 in human body [27]. Immune 
cells normally do not secrete sST2, but under certain 
conditions they can also be a significant source of 
sST2 [28]. We did not detect any differences in blood 
sST2 concentrations compared AD patients to controls: 
67,57 pg/ml vs 78,58 pg/ml, p>0,05. Relationship 
between IL-33 and sST2 in is still under investigation. 
Studies demonstrate that both IL-33 and sST2 were 
elevated in asthmatic children [29]. There are not 
many data, concerning AD. U. According to Nygaard 
et al. increased IL-33, but not sST2 levels, were 
associated with AD. sST2 did not correlate with disease 

activity [25]. According to literature, inflammatory 
conditions activate sST2 synthesis and secretion 
in tissue cells. D. Diaz-Jimenez et al. states, that 
increased sST2 concentration reflected inflammatory 
activity in patients with ulcerative colitis [30]. It is 
not clear, whether sST2 provides negative regulation 
for the exacerbation of IL-33 biological functions in 
the pathogenesis of AD and what could influence 
those processes. P. E. Pfeffer et al. investigated the 
effect of vitamin D on IL-33/sST2 axis in experimental 
cell model. According to the researchers, vitamin D 
selectively upregulated sST2 expression and impeded 
IL-33 biological functions [31]. Although, vitamin D 
affects multiple systems, evidence suggests that it has 
a beneficial effect on AD course [32].

Recently, there has been a growing interest in gut 
microbiome and its possible immunomodulatory 
effect on systemic disorders [33]. Evidence supporting 
the gut-skin axis is inconclusive, but there are studies 
demonstrating that alterations in microbiome might be 
a triggering signal for the dysregulation of the immune 
response [34]. As well as epithelial cells in the skin, 
gastrointestinal tract enterocytes can also be a significant 
source of IL-33 [35]. Exposure of the intestinal epithelial 
cells to food allergens increases IL-33 expression [36]. 
Hoewer, there are still questions remaining about its 
active secretion. Half of our test subjects were sensitized 
to food. Stool testing for IL-33 and sST2 could reflect 
the immune reactions ongoing in the gut mucosa. It 
has a potential as a noninvasive method. However, 
we found no significant difference in stool IL-33 
concentrations compared patients with AD and healthy 
controls: 14,11 pg/ml vs 57,83 pg/ml, p>0,05. Stool 
sST2 levels also demonstrated no difference between 
the groups. Literature provides no data concerning stool 
testing for IL-33 and sST2. According to J. Penders et 
al. study, intestinal microbiota plays an important role 
in the development of AD in early childhood [37]. 
An experimental murine model demonstrates that 
germ-free mice fail to develop oral tolerance, presence 
of gut microbiota have a protective role against AD 
formation [38,39]. According to our study, stool testing 
did not reveal any activation of IL-33/sST2 axis in AD 
patients, further testing is needed.

CONCLUSION

In conclusion: the increase in IL-33 concentration is 
associated with pediatric AD. Blood, but not stool IL-33 
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testing can be used as a biomarker. sST2 showed no 
difference in pediatric AD, further investigations are 
needed.

Statement of Human and Animal Rights

All procedures followed were in accordance with the 
ethical standards of the responsible committee on 
human experimentation (institutional and national) 
and with the Helsinki Declaration of 1975, as revised 
in 2008.

Statement of Informed Consent

Informed consent was obtained from all patients for 
being included in the study.
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