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Abstract
Introduction: Among the broad spectrum of cytokines, interleukin 1-β (IL-1β) has been implicated
in induction and subsequent aggravation of skin lesions in atopic dermatitis (AD). A considerable body
of evidence suggests that vitamin D status also influences the risk and/or severity of AD.
Material and methods: Fifty-seven children suffering from mild to severe AD were enrolled in the
study. The control group consisted of 33 matched healthy children. In all the children serum concentrations of IL-1β/IL-1F2 and the interleukin-1 receptor antagonist IL-Ra/1F3 were measured. Serum
25(OH)D concentration was obtained for 49 patients with AD and all healthy children.
Results: In children with AD 59.2% of children had insufficiency, 24.5% had deficiency and 16.3%
had a sufficient serum 25(OH)D level. In the control group 26.5%, 52.9% and 20% of participants had
insufficiency/deficiency/sufficiency of 25(OH)D, respectively. The severity of AD was positively correlated with total IgE level, percentage and absolute count of eosinophils and IL-1Ra. IL-1β correlated
with IL-1Ra.
Conclusions: In children with AD the serum vitamin D level was lower than in healthy children.
The correlation between severity of AD and IL-1Ra may prove that inflammasome-dependent IL-1β is
involved in immunopathogenesis of the disease. Further studies are needed on a larger population of
children to confirm the role of this cytokine in development of AD.
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Introduction
Atopic dermatitis (AD) is the most common inflammatory skin disorder, affecting up to 15-25% of children
[1]. In the final outcome AD is the consequence of skin
barrier dysfunction and immune system disturbances due
to the harmful influence of a mixture of genetic and environmental factors. Immunological dysregulation observed
in patients with AD is the result of various defects in the
innate and adaptive immune, system causing an inadequate
response to environmental antigens. Additionally, environmental pathogens and allergens can stimulate the secretion
of numerous cytokines, chemokines and growth factors by
the epidermal keratinocytes, which contribute to the skin
lesions [2, 3].

It has been described in recent literature that among the
broad spectrum of cytokines, interleukin 1-β (IL-1β) has
been involved in induction and subsequent aggravation of
skin lesions in AD [4, 5].
IL-1β is an important representative of the IL-1 family,
members of which play a central role in the innate immune response, and require the intracellular cysteine protease-caspase-1 for biological activity. Caspase-1 activation
is mediated by a cytosolic multiprotein oligomer, called
the inflammasome. Stimulation of the inflammasome is
triggered not only by a microbial infection, but also could
be the sequela of noninfectious excitation both of exogenous and endogenous origin [6, 7]. In man the dysregulation of inflammasome activity is associated with nu-
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merous proinflammatory, non-microbial diseases. IL-1β
is the pivotal cytokine in autoinflammatory diseases such
as cryopyrin-associated periodic syndromes (CAPS) [3, 8].
Recent findings also suggest that inflammasome-dependent cytokines are involved in allergic diseases such as
asthma, atopic and contact dermatitis and some forms of
urticaria [4, 5, 9-11].
Although the role of vitamin D in allergy is still under
debate, a considerable body of evidence suggests that vitamin D status influences the risk or severity of AD [12,
13]. The exact mechanism of how the vitamin status is related to the development of AD remains unclear. Vitamin
D is a key regulator of calcium metabolism and has been
implicated in normal skin physiology, affecting different
aspects of both innate and adaptive immunity. Vitamin D
stimulates filaggrin – the protein necessary for stratum
corneum barrier formation and enhanced production of
antimicrobial peptides. Its anti-inflammatory activity is,
at least in part, mediated through regulating cytokine and
growth factor expression in various cells of the immune
system [14, 15].
The aim of our study was to analyze serum levels of
IL-1β and its competitive antagonist, IL- 1Ra, as well as
the serum 25-hydroxyvitamin D [25(OH)D] concentration
in children with AD.

Material and methods
Fifty-seven children (median age 7, interquartile range
[IQR] 4-11.2 years) suffering from mild to severe AD were
enrolled in the study. AD was diagnosed according to the
criteria described by Hanifin and Rajka [16]. The severity
of dermatitis was estimated according to the SCORAD index, ranging from 0 to 103 points (median value 30, IQR
22-36.5 points) [17]. The patients were not treated with
any antihistamines, topical steroids or calcineurin inhibitors for at least 1 week before enrolment in the study (only
emollients were applied). They were free of any systemic
glucocorticoids during the preceding 8 weeks.

The control group consisted of 34 healthy children
(median age 8, IQR 5-14 years) with a negative history
of allergic diseases, a normal level of total serum IgE and
negative results of the skin prick test for a panel of aeroallergens (dust mite, mixed grass or tree pollen, cat and dog;
Allergopharma, Reinbek, Germany). Children included in
the control group attended the outpatient pediatric clinic
for non-immunological, non-inflammatory health problems
and needed blood tests. The characteristics of the study
groups are summarized in Table 1.
The present study was approved by the Ethics Committee of the Medical University of Silesia in Katowice
and written informed consent was obtained from children’s
parents.
The serum concentrations of IL-1β/IL-1F2 and interleukin-1 receptor antagonist IL-Ra/1F3 were measured with an
enzyme-linked immunosorbent assay (ELISA) using Quantikine kits (R&D Systems, Minneapolis, USA) according
to the manufacturer’s recommendations. Peripheral venous
blood was collected into 5-ml citrate collection tubes. The
collected samples were then centrifuged for 15 minutes at
1000 g. The serum samples were divided into aliquots and
stored at –80°C until assayed. Repeated freeze-thaw cycles
were absolutely avoided for all serum samples. The lower
limits for IL-1β and IL-1Ra were 1 pg/ml and 18.3 pg/ml,
respectively.
Serum 25(OH)D concentration obtained for 49 AD
patients and all healthy children was measured using an
automated direct electrochemiluminescence immunoassay
(Elecsys, Roche Diagnostic, Mannheim, Germany) with
the detection limit of 3 ng/ml. Sufficient vitamin D concentration was defined as ≥ 30 ng/ml, whereas insufficiency/
deficiency was defined as 20-30 ng/ml and < 20 ng/ml
respectively.

Other laboratory investigations
The serum concentration of total IgE was measured by
ELISA using a commercial kit (Allergopharma, Reinbek,
Germany) according to the manufacturer’s instructions.

Table 1. Demographic and clinical characteristics of children with atopic dermatitis and healthy controls
Parameter

Atopic dermatitis
n = 57

Healthy children
n = 34

p

Age (years)

7 (4.0-11.2)

8 (5.0-14.0)

0.3

Gender M/F

34/23

18/16

BMI (kg/m2)

16.12 (15.19-17.84)

16.81 (15.20-18.70)

0.6

306.95 (75.70-1022.80)

28.00 (18.00-47.00)

< 0.0001

5 (3.2-8.7)

1 (0.0-2.0)

< 0.0001

338 (205-526)

24.24 (15.5-47.79)

< 0.0001

SCORAD
IgE (IU/ml)
%E
Eosinophils absolute count
(cells/µl)

32.5 (26-45)

Data are presented as median and 25-75% interquartile range (IQR)
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Table 2. Serum levels of IL-1β, IL-1 Ra and serum 25(OH) D concentration in examined children
Parameter

IL-1β
pg/ml

IL-1Ra
pg/ml

25(OH)D
ng/ml

All group, n = 57

1.05 (0.88-1.37)

454.70 (338.02-667.79)

16.71 (12.15-28.32)*

< 5 years, n = 20

1.01 (0.82-1.46)

682.60 (434.32-1014.04)#

28.29 (14.33-32.43)**

> 5 years, n = 37

1.06 (0.88-1.36)

384.12 (292.97-512.21)

16.18 (10.84-21.92)

All group, n = 34

0.98 (0.74-1.40)

430.90 (259.04-561.15)

22.55 (19.51-28.60)

< 5 years, n = 11

1.091 (0.77-1.28)

387.4 0 (287.70-570.50)

21.63 (16.54-25.18)

< 5 years, n = 23

0.91 (0.58-1.45)

443.91 (299.28-526.09)

22.74 (19.89-28.52)

Atopic dermatitis

Healthy children

Data are presented as median and 25-75% interquartile range; p-value from Mann-Whitney U-test
*p < 0.0047 all children with atopic dermatitis in comparison with all healthy children
**p < 0.02 children with atopic dermatitis < 5 years in comparison to children with atopic dermatitis > 5 years
#p = 0.0008 children with atopic dermatitis < 5 years in comparison to children with atopic dermatitis > 5 years

The blood eosinophil counts were determined using an
automatic hematologic analyzer.
The statistical analyses were performed using MedCalc
v. 13.1.2 software and data are presented as median and
25-75% IQR. Kruskal-Wallis and Mann-Whitney U tests
were used for comparisons between groups. Correlations between variables were tested using Spearman’s test. P-values
less than 0.05 were considered statistically significant.

Results
Children with AD had significantly higher both percentage and absolute count of eosinophils in peripheral
50
45

25(OH)D (ng/ml)
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24
20
15
10
5
0
AD

Control group

p < 0.0047; Mann-Whitney U-test
Median

25-75%

Min-max

Fig. 1. Serum 25(OH)D in children with AD and healthy
children
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blood as well as serum IgE levels. The concentration of
25(OH)D in serum was significantly lower in children with
AD than in healthy children (median 16.71 , IQR 12.1528.32 ng/ml, median 22.55, IQR 19.51-28.60, respectively; p < 0.0047) (Fig. 1). In the group of children with AD
29 children (59.2%) had insufficiency, 12 (24.5%) had deficiency and 8 (16.3%) had a sufficient serum 25(OH)D level.
In the control group 8 participants (26.5%), 18 (52.9%) and
7 (20%) had insufficiency/deficiency/sufficiency of serum
25(OH)D levels, respectively. Children with AD and adequate serum vitamin D levels were significantly younger as compared to other groups (insufficiency/deficiency)
(median 4, IQR 3.0-5.5, median 8, IQR 5.7-13.0, median 8,
IQR 4.5-13.0 ng/ml, respectively; p < 0.02) (Fig. 2A). Such
differences were not detected in healthy children (Fig. 2B).
No difference in SCORAD, serum IL-1 β, IL-1Ra level, IgE
concentration, eosinophil percentage and absolute count between the 3 groups was found. There were higher median
serum concentrations of L-1β and IL-1Ra in AD children
as compared to healthy subjects, but these differences did
not reach statistical significance (Table 2). The severity
of AD was positively correlated with total IgE level, percentage and absolute count of eosinophils and IL-1Ra level
(r = 0.44, p < 0.007, r = 0.38, p < 003, r = 0.49, p < 0.0004,
r = 0.3, p < 0.017, respectively). In addition, IL-1 β correlated with IL-1Ra (r = 0.26, p = 0.05). No correlation between
SCORAD and 25(OH)D levels was found (r = –0.071,
p < 0.6). Neither total IgE nor eosinophils showed a significant association with serum 25(OH)D levels.
Additionally, in children below 5 years old with AD,
25(OH)D level was higher and IL-1Ra concentration was
lower as compared with older children (Table 2). This relationship was not seen in healthy children. In children below age 5 a significant but weak correlation of SCORAD
and IL-1Ra was found, similarly as in the whole group of
children.
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Fig. 2A. Comparison of age of AD children in relation to
serum 25(OH)D level (insufficiency, deficiency, adequate
level)

Fig. 2B. Comparison of age of healthy children in relation to serum 25(OH)D level (insufficiency, deficiency,
adequate level)

Discussion

from the literature documented that in individuals with AD
lower vitamin D levels correlated with concentration of
serum IgE directed to food and microbial antigens [23, 25].
Vitamin D formulas may also play a role in the treatment
of AD. However, results from clinical studies evaluating
the effect of vitamin D supplementation on patients with
AD are inconsistent. Vitamin D supplementation may or
may not alleviate symptoms of the disease [18, 28, 29],
while vitamin D3 intake during pregnancy or infancy may
or may not accelerate the development of AD [30, 31].
The detailed mechanism of how vitamin D status may be
connected with the development and course of AD remains
unclear. Recent data suggest that vitamin D is an important
modulator of the innate and adaptive immune response, both
implicated in AD pathogenesis. In vitro vitamin D inhibits the surface expression of MCH II complex antigen and
co-stimulatory molecules on antigen-presenting cells, downregulates Th1/Th17 subpopulation activity and promotes or
has no influence on the Th2 activity and favors Treg cell
development. [32]. Moreover, vitamin D increases human
cathelicidin and antimicrobial peptide (LL-37) production in
human keratinocytes and neutrophils, which in turn reduces
skin colonization by Staphylococcus aureus strains [26].
Vitamin D modulates the inflammatory response by
suppressing IL-1 family cytokine production and increasing IL-1Ra synthesis, which play crucial roles in regulation
of both local and systemic inflammation [33]. According
to the data from the literature low vitamin D levels could
be associated with higher levels of the inflammatory IL-1β
[34]. Similarly to other reports, in our study we estimated

Insufficiency and deficiency of vitamin D is one of the
most prevalent health problems of the pediatric population
in Poland. Our results showed that mean vitamin D level
was significantly lower in children with AD compared to
healthy subjects. Despite this, we did not find significant
correlation between vitamin D status and AD severity, as
measured by serum 25(OH)D concentration and SCORAD
respectively. Although mean vitamin D level in the control
group was significantly higher compared to the AD group,
only in 20% of healthy children was the level adequate.
In our study, vitamin D level was not correlated with serum IgE concentration and peripheral blood eosinophil
percentage and absolute count, which remains in accordance with other studies [18, 19]. The lack of correlation
between serum vitamin D levels and SCORAD could be
explained by the influence of other environmental factors
on the course of the disease in the examined children. In
our study vitamin D status in AD subjects was influenced
by age. Children with sufficient serum vitamin D levels
were younger than children with insufficiency/deficiency. To date, the evidence linking vitamin D to AD has
been conflicting. Both increased and decreased vitamin
D concentrations have been implicated as risk factors for
the development of AD [20, 21]. Several researchers have
found an inverse correlation between serum vitamin D levels and AD severity, particularly in patients with allergic
sensitization [22-25], while in other studies the postulated
causal association between vitamin D concentration and
AD has been questioned [18, 26, 27]. In addition, the data
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vitamin D at a single time point. A longitudinal or prospective cohort study with repeated measurements over
time may have explained whether a constant association
between AD and vitamin D deficiency exists.
Our study revealed a non-significantly higher concentration of IL-1β and IL-1Ra in children with AD, and the
levels subsequently increased with rising severity of AD.
Moreover, a correlation between IL-1 β and IL-1Ra was
observed. The IL-1 receptor antagonist IL-1Ra, another
member of the IL-1 family, competitively blocks the corresponding receptors, reducing the inflammatory response,
but does not exert its own agonist activity. The balance between IL-1 and its receptor IL-1Ra plays an important role
in modulation of the course of different diseases including
diabetes, overweight, chronic rheumatoid diseases, sepsis,
colitis, and granulomatous pulmonary disease [4, 7, 8].
The potent biological effects of IL-1β are negatively
regulated by secretory interleukin-1 receptor antagonist
(sIL-1Ra). sIL-1Ra expression can be induced by pro-inflammatory stimuli such as IL-1β itself, viruses, bacteria,
and microbial products, as well as a variety of immunomodulators such as GMCSF, IFN-β and IFN-γ. The serum
concentration of IL-β is usually low, and in such cases
IL-1Ra is measured as an indicator of the severity of various infections and non-infectious diseases [35].
Upregulated epidermal expression of IL-1 β and IL-1Ra
has been observed in adult patients with AD [36, 37]. In
addition IL-Ra but not IL-1β correlated with some clinical
parameters including severity of AD [36]. In one study
performed in children with mild, moderate or severe AD,
significant decreases in serum IL-1β levels after improvement of disease activity in all groups were observed [38].
Human keratinocytes express all of the essential inflammasome components and may activate and secrete
IL-1 in response to allergen and microbial antigens [3842]. Ph-sensitive serine proteases (SPs) or kallikreins are
activated after the pH skin increase observed in patients
with AD and also activate IL-1 [43]. The release of IL-1
from the epidermis after activation is a primary event that
promotes the induction of various cytokines, chemokines,
and adhesion molecules and aggravates skin inflammation.
On the other hand, downregulation of the inflammasome
nucleotide-oligomerization binding domain receptor 3
(NLRP 3) in a Th2 milieu has been observed, which subsequently leads to an attenuated IL-1β response that might
explain the increased susceptibility of patients with AD
to infection caused by Staphylococcus aureus and herpes
simplex virus [44].

Conclusions
In conclusion, in children with AD the serum vitamin
D level was lower than in healthy children. The correlation between severity of AD and IL-1Ra may prove that
inflammasome-dependent IL-1β is involved in immuno-
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pathogenesis of the disease. Further studies are needed on
a larger population of children to confirm the role of this
cytokine in development of AD.
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