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Serum macrophage-derived chemokine and interleukin 18 concentrations
are associated with disease severity in children with atopic dermatitis.
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In the pathogenesis of AD, immunological disturbances play a central role. Immune dys-
regulation in AD includes increased production of inflammatory cytokines, elevated serum
immunoglobulin E (IgE) levels and inflammatory cell infiltration. Defects in the innate and
adaptive immune responses as well as T cell disturbances lead to and sustain allergic in-
flammation. Macrophage-derived chemokine (MDC/CCL22) and interleukin (IL)-18 are
elements of both innate and adaptive immune responses whose role in the development
of skin lesions is widely discussed. Serum MDC and IL-18 levels were assessed in 60 AD
children (mean age 8.1 years) and 40 healthy controls (mean age 9.62 years) to investigate
a possible associations between MDC and IL-18 concentrations and the clinical severity of
the disease. The children were divided into two age groups (< 7 years old and = 7 years old).
We compared these groups for serum levels of MDC, IL-18, total IgE and blood eosinophils
and analyzed their correlation with the severity of skin lesions, defined by the scoring atopic
dermatitis (SCORAD) index.

The serum concentrations of MDC and IL-18 in AD patients were significantly higher
than in healthy controls. The serum MDC levels significantly correlated with the SCORAD
and other markers of allergic inflammation such as total IgE and eosinophil count in peri-
pheral blood in both age groups. Serum IL-18 levels correlated positively with SCORAD
index in the young children. In conclusion MDC and IL-18 serum concentrations may be
useful inflammatory markers for assessing AD severity in children.

atopic dermatitis, cytokines, inflammation.

topic dermatitis (AD) is one of the most
Awidespread, chronic inflammatory skin
diseases characterized by distinctive
morphology and localization of skin lesions,
severe pruritus and presence of atopy in family
history (1, 3,25). AD affects at least 15% of chil-
dren worldwide and can persist into adulthood.
It is usually the first manifestation of allergic di-
sease in children and can be the first step of the
“atopic march” (1,24, 31).
In the multifactorial pathogenesis of this dise-
ase, gene-environment interactions and immune
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system disturbances play a central role. Immune
dysregulation in AD includes increased produc-
tion of inflammatory cytokines, elevated serum
immunoglobulin E (IgE) levels and inflammato-
ry cell infiltration. Activation of T lymphocytes,
dendritic cells, macrophages, keratinocytes, mast
cells and eosinophils is characteristic of AD skin
inflammatory response (1, 6, 25).

Stress, bacterial or viral infections, exposure to
aero- or food-allergens as well as hygienic factors
are considered to aggravate symptoms of AD (1).
The pathogenesis of AD is mediated primarily by



Wrzask et Al.

CD4+ T lymphocytes that produce a type 2 hel-
per T cell (Th2) cytokine profile, although recent
studies indicate that both Th1 and Th2 cytokines
may contribute to the lesions in AD. Increased
expression of Th2 cytokines is observed in acute
AD lesions while chronic lesions are associated
with increased numbers of interleukin (IL)-5, IL-
12, and interferon y (IFN-vy) expressing cells (4,
14, 20, 23).

A crucial role in regulating the balance betwe-
en Th1 and Th2 cytokines is played by IL-18 (23,
26).

IL-18 is a proinflammatory cytokine also
known as INF-y inducing factor. Recent stu-
dies revealed that IL-18 is a pleiotropic cytokine
which plays a crucial role in both Thl and Th2
lymphocyte-mediated immunity. It is produced
by keratinocytes, monocytes, macrophages, den-
dritic cells (DCs) and osteoblasts and can induce
the production of IgE and Th2 cytokines (1, 5).
On the other hand, in the presence of IL-12 it can
suppress the synthesis of IgE and demonstrates
anti-allergic properties.

Additionally, IL-18 is an important element
associated with the pathogenesis of AD in both
innate and acquired immune system responses
(30). IL-18 binds with Toll-like receptor and it
is one of the first elements in the defence against
the infection.

It has been reported that IL-18 can induce AD
lesions independently of Th2 and IgE responses
in mice. Moreover, in the presence of IL-3, IL-
18 can directly stimulate basophils and mast cells
to produce their mediators in IgE-independent
manner (17). Elevated levels of IL-18 were ob-
served in the stratum corneum of patients with
AD, which reflects its production by keratino-
cytes (13).

Recent studies suggest that innate and adaptive
immune responses are involved in the pathogene-
sis of AD (27). The increased expression of C-C
chemokines as monocyte chemoattractant pro-
tein 4, eotaxin, macrophage-derived chemokine
(MDC/CCL22), thymus and activation-regulated
cytokine (TACK/CCL17), as well as cutaneous
T cell-attracting chemokine (CTACK/CCL27)
contributes to the infiltration of macrophages, eo-
sinophils, and T cells into acute and chronic AD
skin lesions (21, 22).
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MDC, which is a member of the C-C chemoki-
ne family constitutively expressed by macropha-
ges, monocytes and DCs, is one of the ligands
for CCR4 (CC-chemokine receptor 4). It acts as a
chemoattractant for CCR4-expressing cells such
as memory T cells. MDC can induce selective re-
cruitment of CD4+CD45RO+ T cells expressing
Th2-type cytokines to the lesions in Th2-related
diseases such as AD. It is also a chemoattractant
for natural killer (NK) cells and eosinophils (8,
12).

Previous studies revealed that MDC produc-
tion by activated T cells and monocytes is stimu-
lated by Th2 cytokines such as IL.-4 and IL.-13,
whereas it is downregulated by Thl type cyto-
kines such as IFN-y (28). These data support the
hypothesis that MDC expression is preferentially
involved in Th2-type reactions. Recent studies
have shown that serum levels of MDC are increa-
sed and correlate with disease activity in patients
with AD [10].

AD is characterized by the complex interac-
tions between the components of innate and adap-
tive immune system response. Despite extensive
research efforts clinicians still do not possess a
dependable laboratory marker for evaluation of
AD severity in the pediatric population. Further-
more, there are no reliable biomarkers to monitor
children with AD. IL-18 and MDC are elements
of both adaptive and native immune systems and
their serum concentrations, along with their rela-
tionship with other biomarkers of allergic inflam-
mation, may potentially offer a new diagnostic
tool.

Materials and methods

The present study included 60 children with
AD (mean age 8.1 + 4.45, range 2-17 yr) and
40 healthy controls (mean age 9.62 + 4.94, ran-
ge 2-17 yr) with no history of allergic diseases.
Some changes in immunologic parameters are
associated with age, therefore children from AD
group and control group were divided into two
age categories: younger (age range 2-6 yr) and
older (age range 7-17 yr). AD was clinically dia-
gnosed according to the criteria of Hanifin and
Rajka (9),
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TABLE 1. Demographic and clinical characteristics of AD children and healthy controls.

Clinical and laboratory findings AD group (n=60) Control group (n = 40)
Age (yr) 8.1x445 9.62 +4.94
Sex (M/F) 24/36 17/23
SCORAD scores 31.1£17.1

<15 14 (23%)

15-40 30 (50%)

> 40 16 (27%)
Eosinophils (count/pl) 41233 + 27425 18522 +122.6
Serum total IgE (IU/ml) 68052 +817.7 764 +125.02

Values presented as mean + DS

The clinical severity of the disease was esti-
mated by the same investigator using the SCO-
RAD (SCORing Atopic Dermatitis) index system
ranging from O to 103 points (7). Antihistamines,
topical steroids or calcineurin inhibitors were
discontinued at least 1 week before enrollment
into the study. The demographic and clinical cha-
racteristics of the patients are presented in Table
1. All of the experiments were approved by the
Local Ethics Committee (Medical University of
Silesia). Written informed consent was obtained
from parents of all patients.

Measurements of IL-18 and CCL22 serum con-
centrations: blood was obtained in the morning,
in a fasting state. Serum samples were obtained
from clotted blood following centrifugation at
1300g at 4°C for 10 minutes and were stored at
-30°C until analysis. Serum concentrations of IL-
18 and MDC were measured with ELISA assay
(R&D Systems, Minneapolis, MN, USA) accor-
ding to the manufacturer’s protocol. The lower
limits of detection were 12.5 pg /ml for IL-8 and
62.5 pg/ml for MDC.

Other laboratory investigations: serum con-
centration of total IgE was measured by ELISA
using a commercial kit (Elecsys IgE II) according
to the manufacturer’s instructions. The lower li-
mit of detection was 0,11U/ml. Blood eosinophil
count was determined using an automatic hema-
tology analyzer.

Statistical analysis: the statistical analysis was
performed using software package STATISTI-
CA (Version 8.0). Data were analyzed using the
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Kruskall-Wallis and Mann-Whitney U-test. Cor-
relation coefficients were determined using the
Spearman rank correlation test. A P-value of <
0.05 was considered as statistically significant.

Results

Biomarkers of AD activity. The mean serum to-
tal IgE level of the AD children was significantly
higher than that of the healthy children (680.52 +
817.7 IU/ml vs 764 + 125.02 IU/ml, p<0.001).
The eosinophil count was significantly higher in
AD patients than in the healthy controls (412.33
+ 274.25 counts/pl vs 185.22 + 122.6 counts/pl,
p <0.001).

Serum IL-18 levels and AD severity. The mean
serum concentration of IL-18 was significantly
higher in the AD group compared to the healthy
controls (89.62 + 37.65 vs 57.29 + 21.06 pg/mL,
p <0.001). Significant differences were observed
in both younger (97.47 + 39.81 vs 58.15 = 18.61
pg/mL, p < 0.001) and older children (82.76 +
34.83 vs 56.71 + 34.83 pg/mL, p = 0.002). Po-
sitive correlation between serum IL-18 concen-
tration and SCORAD index in AD children (r =
0.36, p < 0.005) was observed (Fig 1a).

This marker also showed a significant correla-
tion with SCORAD index in young children (r =
0.49, p =0.006). There was no correlation (Table
2, 3) between serum concentration of IL-18 and
serum total IgE levels in either younger (r =0.22,
p =0.27) or older children (r =0.13, p = 0.48).
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Fig. 1a: Positive correlation between serum concentration
of IL-18 and SCORAD index in children with AD (r =
0.36, p <0.005).

Serum MDC levels and AD severity. The mean
serum concentration of MDC was significantly
higher in the AD group compared to the healthy
controls (1560.09 + 962.98 vs 751.83 + 209.43
pg/mL, p <0.001).

Significant differences were observed in both
younger (1818.14 + 1074.74 vs 733.38 +£217.22
pg/mL, p < 0.001) and older children (1334.3 +
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Fig. 1b: Positive correlation between serum concentration
of MDC and SCORAD index in children with AD (r =
0.62,p <0.001).

733.14 vs 764.12 = 207.87 pg/mL, p < 0.001) of
the study.

Positive correlation between serum MDC
concentration (Fig 1b) and SCORAD index in
AD children was observed (r = 0.62, p < 0.001).
Serum MDC level significantly correlated with
SCORAD score (r =0.81, p < 0.001) and serum
total IgE (r = 0.53, p < 0.004) in younger chil-

TABLE 2. Correlation between measured indices in younger children (Spearman’s rank correlation).

IL-18 Total IgE Eosinophil count SCORAD
MDC 0.51* 0.53* 0.28 0.81*
IL-18 - 0.22 0.39 0.49*
Total IgE - - - 0.63*

* Indicates statistical significance with p < 0.05

TABLE 3. Correlation between measured indices in older children (Spearman’s rank correlation).

IL-18 Total IgE Eosinophil count SCORAD
MDC 0.52* 0.22 0.56* 0.45*
IL-18 - 0.13 0.29 0.26
Total IgE - - - 0.35

* Indicates statistical significance with p < 0.05
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dren. Moreover, in the older AD children group a
significant correlation (Table 2, 3) between MDC
and SCORAD index was observed (r=0.57,p =
0.001).

IL-18 and MDC concentrations in patients
with normal vs elevated IgE. In the AD group six-
teen children had normal total IgE levels (41.3 +
33.54 IU/ml), while others demonstrated elevated
total IgE (912.96 + 842.44 TU/ml). There was no
significant difference in serum concentrations of
IL-18 (AD with >IgE: 92.83 +39.89 pg/ml vs AD
with normal IgE: 80.79 + 30.02 pg/ml; p > 0.28)
and MDC (AD with >IgE: 1675.14 £ 102491 pg/
ml vs AD with normal IgE: 1243.68 + 515.89 pg/
ml; p > 0.12) in children with elevated vs normal
total IgE concentrations.

AD children with elevated IgE also had a hi-
gher SCORAD index (AD with >IgE: 34.18 +
17.66 vs AD with normal IgE: 18.75 + 8.19; p <
0.002).

Discussion

The aim of our study was to investigate a pos-
sible associations between serum MDC and IL-
18 concentrations and the clinical severity of the
disease in AD children. We have confirmed that
serum MDC and IL-18 concentrations are signi-
ficantly higher in patients with AD and correlate
with the severity of the disease.

Previous studies have demonstrated that the
development of acquired immunity during child-
hood is associated with changes in immunologic
parameters and age matching is important in eva-
luating the cytokine profiles of T cells (16). In
the present study we have divided our patients
into two age categories. We have confirmed that
serum concentrations of IL-18 and MDC in chil-
dren with AD are significantly elevated compa-
red to those of healthy controls in both younger
and older children.

Moreover, serum level of MDC correlated po-
sitively with SCORAD index in both age groups
while IL-18 level correlated with SCORAD in-
dex only in the younger population.

We have also found a positive correlation
between serum MDC levels and total serum IgE
in the younger age group with AD. This finding
suggests that MDC can be a useful marker in eva-
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luating the disease activity in that age group of
patients.

Significantly elevated serum concentrations of
MDC were previously reported in adult patients
with AD (10, 23). Other Authors observed a po-
sitive correlation between serum MDC levels,
SCORAD index and eosinophils count in adult
AD patients (15). Recent studies have shown a
positive correlation between MDC concentra-
tions and severity of AD in young children (19,
22).

The imbalance in chemokine serum concentra-
tions plays a crucial role in the pathogenesis of
AD (23). The production of Th2 mediated cyto-
kines along with increased IgE levels and eosino-
philia is well-known in the pathogenesis of AD.
In the acute phase of the disease MDC induces
a selective migration of Th2 lymphocytes to the
allergic inflammation sites.

Although AD has been considered as an aller-
gic Th2-mediated disease, recent studies have
demonstrated a biphasic immunologic response
with a switch from a Th2 to a Th1 phenotype in
the chronic phase of the disease (1, 25).

One of the factors which plays a role in the
maintenance of chronic AD lesions and produc-
tion of Thl cytokines is IL.-18 [26]. IL-18 is a
pleiotropic proinflammatory cytokine that is a
component of both innate and adaptive immune
systems. Recent studies have indicated that se-
rum IL-18 concentration may be associated with
AD severity (13, 17, 18).

In the present study serum IL-18 concentration
was elevated in both the younger and the older
children with AD. IL-18 levels correlated positi-
vely with the disease severity measured by SCO-
RAD index in the younger age group.

We have not found a statistically significant
correlation between IL-18 and total IgE or eosi-
nophil counts in either age group of patients, or
between IL-18 and SCORAD index in the older
children.

In previous studies it was reported that increa-
sed IL-18 concentration was positively correlated
with total IgE and severity of the disease in older
children and adult patients with AD (18). Hon
et Al. observed a significant positive correlation
between serum IL-18 levels and SCORAD index
in young children (11). Other authors reported
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that serum concentration of IL-18 in young chil-
dren with AD was significantly lower than that of
healthy controls (23). Elevated levels of IL-18 in
school children with AD, which correlated with
severity of the disease and total serum IgE, has
been observed previously (2, 18). However, we
did not confirm that observation in our study.

Recent data showed that IL-18 may be respon-
sible for inducing skin lesions such as those pre-
sent in AD independently of IgE elevation (17).
We have not observed significant differences in
serum IL-18 concentrations in AD children with
elevated versus normal total IgE. In both groups
serum IL-18 concentrations were significantly
higher than those of healthy controls; however,
children with elevated total IgE had higher SCO-
RAD index values. This suggests that IL-18 may
be responsible for AD development in patients
with intrinsic AD. Unfortunately, this group was
relatively small in our study and it needs further
investigation.
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