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ABSTRACT

To date cytokines profile in AEDS is poorly described in children. We evaluated the interleukin (IL)-17, IL-23, and IL-10
levels in atopic eczema/dermatitis syndrome (AEDS) children and healthy controls, in atopic AEDS (aAEDS) and nonatopic
(naAEDS) subtypes and their relationship with disease severity. A total of 181 children with aAEDS and 93 healthy children
were evaluated. According to the skin-prick test (SPT) for allergens and serum total IgE, all patients were subdivided in two
groups: 104 aAEDS and 77 naAEDS. In all patients, serum IL-17, IL-23, and IL-10 levels were detected. Serum IL-17 and
IL-23 levels were significantly higher, and serum I1L-10 levels were significantly lower in AEDS children than healthy group
(p < 0.001). Moreover, serum IL-17 and IL-23 levels were significantly higher in aAEDS than in naAEDS subtypes (p <
0.001). Differently, serum IL-10 levels resulted similar in both subtypes. There was a correlation between Score Atopic
Dermatitis (SCORAD) index and both IL-17 and IL-23 and an inverse correlation between SCORAD index and IL-10 in
aAEDS and naAEDS types. Serum IL-17 and IL-23 values were positively related to total IQE levels (p < 0.0001) in aAEDS.
Further increase of IL-17 and IL-23 levels was detected in aAEDS subjects with atopic diseases such as asthma and rhinitis than
children with only allergic sensitization. Our study confirms the role of IL-17, IL-23, and IL-10 and their relationship with the
severity of AEDS. We firstly found a correlation between high IL-17/IL-23 axis levels and different phenotypes of AEDS in

children, suggesting its role as marker of “atopic march” and disease severity.
(Allergy Asthma Proc 36:74-81, 2015; doi: 10.2500/aap.2015.36.3808)

Atopic eczema/dermatitis syndrome (AEDS) is a
chronic relapsing-remitting inflammatory skin
disorder beginning mostly in early childhood." AEDS
is sustained by a complex interaction between genetics,
immunologic, and environmental factors, and it is also
characterized by a skin barrier dysfunction resulting in
epidermal damage and altered permeability to aller-
gens and microbes.” Its prevalence is continuously
growing, affecting 15%-30% of children and 2%-10%
of the adult population,®* with a relevant socioeco-
nomic burden,®® and requiring an integral allergist/
immunologist’s training and practice.” Pediatric pa-
tients with AEDS make up a substantial proportion of
patients seen by general pediatricians, allergists, der-
matologists, and other specialists. As such, there is a
need to optimize understanding and management of
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AEDS, and there have been several recent break-
throughs in the diagnosis, pathophysiology, and man-
agement of AEDS. Despite these advances, much work
is still needed to ensure optimal care for AEDS suffer-
ers.® Regarding pathogenesis of AEDS, it is complex
and still not fully understood. However, it is also
known that the immune system plays a key role in the
development, maintenance, and flare-up of AEDS.?
The disease is characterized mainly by a biphasic T-cell
polarization. In the acute phase, the lesions are charac-
terized by an infiltrating Th2 cells that produce inter-
leukin (IL)-4, promoting Th2 cells to become refractory
to regulatory T cell suppression,” IL-5, playing an im-
portant role in disease dysregulation,” and IL-13. In the
chronic phase, there is a switch toward a Th1l pheno-
type producing interferon-v, favoring skin infections,”
and IL-2, and inhibiting the release of IL-4.1°712 Thus,
both cellular and humoral components can dysregulate
immune response in patients with AEDS, also enhanc-
ing IgE synthesis.'® In addition to traditional Th2/Th1
cytokines, recently discovered proinflammatory Th2
(e.g., IL-25, IL-31, IL-33, and IL-9) and Th22 (e.g., IL-22,
IL-13, and fibroblast growth factor cytokines) also par-
ticipate in AEDS, contributing to the amplification of
the immune response by enhancing the interleukines
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and chemokines released by several cellular subsets,
supporting progressive activation of Th2/Th22 axis
from acute to chronic phases.14 Thus, some authors
demonstrate that recently discovered Th2 cytokines,
especially IL-31, are strongly related to the severity of
the inflammatory process. Accordingly, it has been also
reported that IL-31 is directly proportional to Score
Atopic Dermatitis (SCORAD) and serum levels of IL-4
and IL-13."°

Depending on the association or not to IgE sensiti-
zation, AEDS may be defined as atopic (aAEDS) or
nonatopic (naAEDS). The aAEDS is the most prevalent
form of the disease, and it affects approximately 70%—
85% of patients. These patients have high serum IgE
levels, positive skin-prick test (SPT) reactions to com-
mon environmental allergens such as foods and aeroal-
lergens, and sometimes concomitant atopic diseases
such as asthma and/or rhinitis.'®'” The naAEDS is
associated with no sensitization to foods or aeroaller-
gens, normal serum IgE values, negative SPT, and no
atopic disease. Nevertheless, these patients manifest
identical skin lesions of children with atopic AEDS that
in 30%-60% of cases will develop allergic respiratory
disease,'® whereas children with naAEDS rarely will
go on to develop asthma.'**

Because it seems that children with naAEDS develop
SPT positivity to epicutaneous tests to allergens within
a decade,' it has been even suggested that this latter
form represents a transitional step of the natural his-
tory of atopic dermatitis,*' especially in the light of the
similar morphologic and distribution of skin involve-
ment.*

These findings confirm that the pathogenesis of the
disease is still less clear*"** % and that many different
pathways may be involved.

To date, besides Th1l and Th2 cells, other T-cell sub-
sets, including T regulatory cells (Th-reg), and Th17
cells seem to have a role in the pathogenesis of
AEDS.*28

Th17 subsets produce some of proinflammatory cy-
tokines such as IL-21, IL-22, tumor necrosis factors-v,
and IL-17. IL-17 plays a crucial role in the pathophys-
iology of AEDS® because it is highly detectable in
acute AEDS and during the relapses of the disease.’!

Cytokine production by Th17 cells is even promoted
by IL-23, produced by the innate immune system and
by dendritic cells in response to trigger factors that
favor the maintenance of chronic skin inflammatory
condition.’**> Additionally, both IL-17 and IL-23 stim-
ulate further Th17 cells, maintaining the inflammatory
response to tissue injury.

IL-10, mainly produced by Th-reg, is a suppressive
cytokine of T-cell proliferation in both Thl and Th2
cells, and it seems to be an important immune factor to
regulate the immune response, and it favors the im-
mune tolerance.”® Data from studies examining IL-10
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in subjects with AEDS are conflicting, because lower
values were found in severe AEDS patients than mild
AEDS patients and/or healthy controls. In contrast to
these findings, other studies have shown elevated
IL-10 levels in serum and in skin of AEDS subjects.** "
Elevated number of CD4" and CD8" cells expressing
IL-10 was also observed in subjects with AEDS.*
Moreover, it is necessary to remember the critical role
of CD62 ligand on naive and memory T cells, which
might serve as a predictive marker for AEDS with
other overlapping atopic disorders.”

Because data on serum IL-10, IL-17, and IL-23 in
AEDS patients are limited, we investigated their serum
levels in AEDS children and compared their levels in
the atopic and nonatopic form of the disease. In addi-
tion, we assessed the relationship between their levels
and clinical severity of the disease.

PATIENTS AND METHODS

The present study evaluated 181 children (82 fe-
males, 99 males; median age was 8.31 = 3.21 years)
with AEDS and 93 healthy children (42 females, 51
males; median age was 8.51 * 2.93 years).

Children were recruited at the Pediatric Department
of the University Hospital of Messina, Italy. Institu-
tional Review Board approved the study. All the par-
ticipating subjects were from Italian origin. AEDS was
diagnosed and assessed according to validated crite-
ria,*” clinical grading of skin severity was defined ac-
cording to SCORAD index of the European Task Force
on Atopic Dermatitis.*!

Depending on total IgE levels and SPT, children with
AEDS were divided into atopic group (aAEDS: 104
children, 55 males and 49 females; aged 8.7 * 1.89
years) and nonatopic group (naAEDS: 77 children, 44
males and 33 females; aged 9.01 * 2.2 years). Further-
more, among 104 aAEDS patients, 50 subjects showed
concomitant atopic diseases such as asthma and/or
rhinitis and 54 only allergic sensitization.

aAEDS status was defined as having high levels of
total IgE and at least one positive SPT. naAEDS pa-
tients had normal blood total IgE levels and negative
response to a prick test to common aero- and foods
allergens.

SPT was performed on the volar aspect of the lower
arms by using extracts for food- (egg yolk, egg white,
cow’s milk, peanuts, fruits, soya, and hazelnut) and
aeroallergens [cat and dog dander, dust mites (Der-
matophagoides pteronyssinus and Dermatophagoides fari-
nae), ragweed, mixed trees, mixed grasses, and molds
(Alternaria, Aspergillus, Cladosporium, and Penicillium
species; Lofarma, S.p.A., Milano, Italy)]. Skin wheal
diameter was recorded at 15 minutes as the mean of
two perpendicular measurements. We used histamine
10 mg/mL as the positive control and a 0.9% saline as
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Table 1. Total IgE , IL-17, IL-23, and IL-10 in AEDS subjects and healthy controls

AEDS Patients Healthy Controls p-Value
N 181 93
Total IgE UI/mL 215.25 = 18.81 73.4 =203 <0.001
IL-17 pg/mL 63.21 * 547 293 x 121 <0.001
IL-23 pg/mL 211.93 = 38.41 111.3 + 134 <0.001
IL-10 pg/mL 3.21 = 0.55 495 = 0.5 <0.001

AEDS = atopic eczema/dermatitis syndrome; IL = interleukin.

the negative control. A positive response was defined
as a skin wheal diameter of three millimeters or more
compared with negative control.*> Exclusion criteria
included: other dermatological illnesses, previous use
of systemic corticosteroids or immunosuppressive
therapy, topical corticosteroids and antihistamines
were stopped for at least four weeks before inclusion in
the study.

Of the 104 children with aAEDs, 32 (30.8%) were
assessed to have mild disease, 37 (35.6%) to have mod-
erate disease, and 35 (33.6%) to have severe disease.
Nearly 48% of children (n = 50) with positive SPT had
concomitant asthma and/or rhinitis. Sensitization to
inhalant allergens was relatively common (76%) as
compared with food allergens (24%). House dust mite
(37%), parietaria (14.3%) and graminacee (11.8%) were
the most common positive reactions.

Of the 77 children with naAEDS, 25 (32.5%) had mild
disease, 29 (37.6%) moderate disease, and 23 (29.9%)
severe disease.

The control group comprised healthy children with-
out past or current history of allergic diseases and
dermatological illnesses, normal peripheral blood eo-
sinophils count, and normal serum IgE levels.

The study was explained in detail to the parents/
guardians of the children who participated in this
study, and an informed consent was obtained from
each parent/guardian. A physician performed clinical
examination in all children. Demographic data and
other clinical characteristics of the study subjects were
collected.

All subjects were subjected to blood sampling. The
blood samples from the healthy controls and AEDS
subjects were collected by venipuncture at appropriate
conditions. Serum was acquired after coagulation of
the blood for 1-2 hours at room temperature. The
supernatant was centrifuged for 10 minutes at 2000 X
g. The serum thus acquired was then stored at —70°C.

Assay of Serum Cytokines

IL-17, IL-23, and IL-10 enzyme-linked immunosor-
bent assay kits were used by a solid phase enzyme-
amplified sensitivity immunoassay method on micro-
titer plate. The assays used monoclonal antibodies
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direct against distinct epitope of IL-17, IL-23, and IL-10.
Standards (78-5000 pg/mL) and samples reacted with
the capture monoclonal antibody coated on microtiter
well, a monoclonal antibody labeled with biotin and
with a monoclonal antibody labeled with horseradish
peroxidase. After an incubation period allowing the
formation of a sandwich, coated-human IL-17/23/10-
biotin-horseradish peroxidase, the microtiter plate was
washed to remove unbound enzyme-labeled antibody.
Bound enzyme-labeled antibody was measured
through a chromogenic reaction. Chromogenic solu-
tion (tetramethylbenzidine) was added and incubated
for 15 minutes. The reaction was stopped with the
addition of Stop Solution, and the microtiterplate was
successively read at the 450-nm wavelength. The
amount of substrate turnover was determined colori-
metrically by measuring the absorbance, which was
proportional to the IL-s concentration. A calibration
curve was plotted, and IL-s concentration in samples
was determined by interpolation from the calibration
curve. The use of enzyme-amplified sensitivity immu-
noassay reader (linearity up to three optical density
units) and sophisticated data reduction method (poly-
chromatic data reduction) resulted in a high sensitivity
at the low range and in an extended calibration range.

Statistical Analysis

The data collected were statistically analyzed by the
statistical computer software SPSS, version 15.0. A p-
value of less than 0.05 was considered to be statistically
significant. Statistical analysis was performed with
ANOVA test and relatives post hoc versus control.
Mean and standard deviation were calculated for the
variables, and t-test was employed for the compari-
sons. For the attributes, percentages were calculated
first, and then v2 test was used for comparisons. Cor-
relations between IL-17, IL-23, and IL-10 levels and
SCORAD index and between serum total IgE levels
and serum IL-17, IL-23, and IL-10 levels were calcu-
lated using Spearman’s correlation coefficient.

RESULTS

The data characteristics of the patients and heathy
controls are presented in Tables 1 and 2.
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Table 2. Total IgE, IL-17, IL-23, and IL-10 in aAEDS, naAEDS subjects, and heathy controls

N SCORAD Total IgE UI/mL IL-17 pg/mL IL-23 pg/mL IL-10 pg/mL
aAEDS 104 360.7 = 25.34 72.49 = 10.00 235.84 * 65.07 3.28 £ 0,89
Mild 32 2031%223 333.24 + 23.59 59.30 = 3.219 180.57 = 12.25 3.88 = 0.48
Moderate 37 9.76 + 9.035 366.02 + 7.673 74.08 = 2.54 233.67 = 13.20 3.678 = 0.50
Severe 35 6.67 = 4.52 85.25 * 6.42 82.87 = 3.07 288.965 *+ 9.58 2.19 = 0.25
naAEDS 77 69.80 * 12.29 53,94 = 0,95 188.02 = 11,75 3.15 0,22
Mild 25 2133 *213 68.37 = 11.46 50.01 = 0,86 148.66 + 8.15 3.91 =023
Moderate 29 7.21 = 8.645 67.75 = 15.45 53.86 = 0,75 190.12 = 14.8 3.63 = 0.20
Severe 23 431 211 73397 57,97 £ 1,25 2253 * 123 193 +0.24
Control group 93 — 734 =203 293 x121 111.3 = 134 495 = 0.5

AEDS = atopic eczema/dermatitis syndrome; aAEDS = atopic AEDS; IL = interleukin; naAEDS = nonatopic AEDS;

SCORAD = Score Atopic Dermatitis.

IL-17

The serum levels of IL-17 were significantly higher in
children with AEDS as compared with healthy control
group (63.21 * 5.47 versus 29.3 * 12, respectively)
(Table 1).

Furthermore, serum levels of IL-17 were significantly
higher in patients with aAEDS than those with
naAEDS (p < 0.001. x2 value 38,302) (Table 2). More-
over, clinical severity scores correlated significantly
with IL-17 levels, in fact, the highest levels of IL-17
were found in the group of children with severe symp-
toms, and there was a significant difference within
AEDS subtypes (Fig. 1).

Finally, the mean serum IL-17 levels were signifi-
cantly higher in aAEDS with allergic disease compared
with sensitive aAEDS subtype without allergic disor-
ders (79.83 * 4.66 versus 64.50 * 14 pg/mL; p <
0.0001) (Table 3). Serum IL-17 values were also posi-
tively related to serum total IgE levels in allergic dis-
ease-a aAEDS and sensitive-a aAEDS subtype (r =
0.819 vs r = 0.7114, respectively) (Fig. 2).

IL-23

The serum levels of IL-23 were significantly higher in
children with AEDS as compared with healthy control
group (211.93 = 38.41 versus 111.3 £ 13.4 pg/mL,
respectively; p < 0.001) (Table 1). Moreover, the serum
levels of IL-23 were significantly higher in patients
with a aAEDS than those with naAEDS (p < 0.001. 128
2 value 79.62) (Table 2).

Clinical severity scores correlated significantly with
IL-23 levels, in fact, the highest levels of IL-23 were
found in the group of children with severe symptoms,
and there was a significant difference within AEDS
subtypes (Fig. 1). Moreover, the mean serum level of
IL-23 was significantly higher in allergic disease-a
aAEDS subtype compared with sensitive-a aAEDS
subtype (270.53 * 45.11 versus 193.10 = 52.67 pg/mL;
p < 0.0001) (Table 3). Finally, serum IL-23 levels were
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positively to plasma total IgE levels in allergic dis-
ease-a aAEDS and sensitive-a aAEDS subtype (r = 0.78
vs r = 0.88, respectively) (Table 3 and Fig. 2).

IL-10

The serum levels of IL-10 were lower in children
with AEDS as compared with healthy control group
(3.21 = 0.55 pg/mL, respectively, versus 4.95 = 0.5
pg/mL; p < 0.001) (Table 1).

Serum IL-10 levels showed a significantly inverse
correlation with severity scores, in fact, IL-10 levels
were significantly lower in children with a aAEDS as
compared with healthy control group, and the lowest
levels were found in the group of children with severe
symptoms (Fig. 1). We have found no significant dif-
ferences between serum levels of IL-10 in children with
a aAEDS respect to those with naAEDS (p > 0.05).

Total IgE

Serum total IgE levels were significantly increased in
the subjects with aAEDS (360.7 = 25.34 U/mL) in
comparison with naAEDS (69.80 = 12.29 U/mL) and
healthy children (73.4 = 20.3 U/mL) (p < 0.001). Total
IgE levels significantly related with cytokines in chil-
dren with aAEDS and related subtypes: positively with
IL-17 and IL-23 but negatively with IL-10. In addition,
the mean serum total IgE levels were significantly
higher in allergic disease aAEDS subtype compared
with sensitive- aAEDS subtype (p < 0.0001) (Table 3
and Fig. 2).

DISCUSSION

Atopic eczema dermatitis syndrome is a chronic re-
lapsing-remitting inflammatory skin disorder charac-
terized by an impaired immune response beginning
mostly in early childhood.

It is considered a polar Th2 disease in acute phase, with
a partial shift to Thl during the chronic phase,'*!" in
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Figure 1. Correlations between serum IL-17 (A and D), IL-23 (B and E), IL-10 (C and F) levels (pg /ImL) and SCORAD index in

children with aAEDS and naAEDS.

Table 3. Total IgE, IL-17, and IL-23 in aAEDS subtypes

aAEDS p/t

Positive SPT with asthma and/
or rhinitis

Positive SPT without asthma and/
or rhinitis

N 54
IL-17 pg/mL 64.50 + 14
IL-23 pg/mL 193.10 + 52.67
IL-10 pg/mL 311 x1.6

50
79.83 = 4.66 <0.0001
270.53 £ 45.11 <0.0001
3.02 = 1.63 >0.05

aAEDS = atopic atopic eczema/dermatitis syndrome; IL = interleukin; p = p-value; v = Pearson’s r correlation; SPT =

skin-prick test.

which innate and adaptive immune system plays com-
plex interactions, which are triggered by genetic, includ-
ing family atopy™>** and environmental factors.*
Pathogenic role for Thl and Th2 cells has been
demonstrated,'’ but the classic Th1/Th2 paradigm
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previously defining AEDS has been recently chal-
lenged.

In fact, other T-cells subsets, including proinflamma-
tory cells like Th9, Th17, and Th22, expressing high
levels of IL-9, IL-17, and IL-22 together with the anti-
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Figure 2. Correlation between serum IL-23 (A and B) and IL-17 (C and D) levels and serum total IgE levels in aAEDS subtypes.

IL-17
IL-23

naAEDS

IL-17

IL-23

Figure 3. IL-17/IL-23 axis and “al-
lergic march.”

v

IL-10

inflammatory and immune-modulating Th-reg cells
constitutively producing IL-10, have been widely stud-
ied with conflicting results.””*

In this study, we examined the levels of IL-17, IL-23,
and IL-10 in children with AEDS. In particular, the cur-
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rent study was designed to investigate their levels in
atopic and nonatopic AEDS and the presence of a relation-
ship between these cytokines levels and disease severity.

It is known that IL-17, characteristically produced by
Th17 cells, is a key cytokine in host defense infections
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as well in autoimmune diseases.* It plays a key role in
the pathophysiology of AEDS,* because is highly de-
tectable in acute AEDS and during the relapse of
chronic stage of disease®! while being barely expressed
in the stable chronic phase of the disease.*’

Also, IL-23 may be an adjunctive Thl7-associated
cytokine involved in the worsening of inflammatory
phenomena, because it maintains the chronic skin in-
flammatory condition.??

IL-23 is produced by the innate immune system and
by dendritic cells in response to trigger factors, and it is
a novel member of the IL-12 family, which synergizes
with IL-6 and IL-1 to promote Th17 expansion and
production.*®

Our results show that both serum IL-17 and IL-23
levels are significantly elevated in children with AEDS
especially in patients with more severe disease. More-
over, we found a direct correlation between IgE values
and both IL-17 and IL-23 and significant higher values
of both IL-17 and IL-23 in aAEDS with associated
atopic diseases such as asthma and/or rhinitis than in
aAEDS with only allergic sensitization or in naAEDS.
We suppose that both IL-17 and IL-23, influencing Th2
pattern, might modulate allergic inflammation also in
AEDS. In this regard, it has been initially reported in
literature that serum IL-23 levels were significantly
higher in children with asthma than in healthy well-
matched controls,**™° and our findings seem to con-
firm this result also in AEDS patients.

IL-10 is an antiinflammatory cytokine produced
mainly by T-reg cells. Although it is well known that
IL-10 down-regulates the immune system minimizing
tissue damage during inflammation,”" data regarding
its role in AEDS subjects are conflicting.

In fact, authors have shown increased serum IL-10
levels in peripheral blood mononuclear cells®® and in
lesional skin®® from AEDS patients. Conversely, other
studies reported that serum IL-10 levels inversely cor-
relate with the severity of AEDS™ and, in according to
these data, AEDS exacerbations have been associated
with decreased IL-10 function.”® Confirming these re-
sults, in our study, we found significant lower serum
IL-10 values in AEDS patients than healthy controls.
Moreover, we found an inverse relationship between
IL-10 levels and severity of the AEDS.

Differently from IL-17 and IL-23, we found no dif-
ference of IL-10 between the aAEDS and naAEDS sub-
types and no correlation with IgE values. These data
suggest that reduced IL-10 levels in AEDS children are
related to skin inflammation independently by AEDS
subtype. Because it is known that IL-10 regulates the
production of IL-17, we hypothesized that low levels of
IL-10 in AEDS patients might function physiologically
to dampen IL-1-7 production in both subtypes of
aAEDS and naAEDS patients.
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To our knowledge, this study is the first to find a
clear correlation between high IL-17/IL-23 axis levels
and phenotypes of AEDS in children. We hypothesized
that IL-17/IL-23 axis is relevant in the pathogenesis of
the disease, and it could be measured as a possible
marker of “atopic march”® and disease severity in
AEDS patients, according to their age and their course
of eczema (Fig. 3).

Moreover, these underlying mechanisms regarding
IL-17/1L-23 axis and IL-10 might represent the link
between atopic and nonatopic disease.'?>*>”

Our results confirm the complexity of the inflamma-
tory regulation of this unique atopic disease, although
further studies are clearly needed to give deeper in-
sight into the significant role of these cytokines in the
pathogenesis of disease.

The present data might also have clinical relevance to
evaluate whether therapeutic strategies for the treat-
ment of AEDS are capable of diminishing IL-17 and
IL-23 production and of increasing IL-10 production.
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