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W Abstract

Background: There is considerable concern about the rising trend in the prevalence of asthma and allergic diseases. The ability to monitor
this trend would be enhanced by the use of a biological marker for these diseases.

Objective: This study investigated whether serum interleukin (IL) 12 and IL-18 levels were associated with allergic symptoms such as
those of asthma, allergic rhinitis, and atopic eczema in Japanese schoolchildren.

Methods: Allergic symptoms and serum IL-12, IL-18, and immunoglobulin (Ig) E levels were examined in 370 schoolchildren aged 9-10
years living in urban Japanese areas. Allergic symptoms were assessed with a questionnaire designed in accordance with the protocol of
the International Study of Asthma and Allergies in Childhood (ISAAC).

Results: Serum IL-12 levels in children were not associated with any allergic symptoms. However, serum IL-18 levels were significantly
higher in children who had asthma, allergic rhinitis, or atopic eczema than in those who did not have such symptoms. Serum IL-18 levels
were also significantly higher in children with IgE levels of 250 IU/mL or above than in those with levels below 250 IU/mL. Gender-
adjusted serum IL-18 levels were still significantly higher in children with allergic rhinitis, atopic eczema, or at least one allergic symptom
than in those without symptoms.

Conclusion: These results suggest that serum IL-18 levels are associated with allergic symptoms in children, independent of serum IgE
levels. Thus, serum IL-18 may be a useful biological marker of these diseases.
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M Resumen

Antecedentes: Existe una considerable preocupacion por la tendencia creciente en la prevalencia del asma y enfermedades alérgicas. La
capacidad de vigilar esta tendencia mejoraria con el uso de un marcador hioldgico para estas enfermedades.

Objetivo: En este estudio se investigo si los niveles séricos de interleucina (IL) 12 e IL-18 tenian una relacion con los sintomas alérgicos
como los del asma, la rinitis alérgica y el eccema atépico entre los escolares japoneses.

Métodos: Se examinaron los sintomas alérgicos y los niveles séricos de inmunoglobulina (Ig) E, IL-12 e IL-18 en 370 escolares de 9 a
10 afios de edad de zonas urbanas japonesas. Se valoraron los sintomas alérgicos con un cuestionario disefiado segun el protocolo del
Estudio Internacional del Asma y Alergias en la Infancia (ISAAC).

Resultados: Los niveles séricos de IL-12 en nifios no se asociaron con ningln sintoma alérgico. Sin embargo, los niveles séricos de
IL-18 se encontraron significativamente mas elevados en nifios con asma, rinitis alérgica o eccema atdpico que en los nifios que no
presentaban estos sintomas. Los niveles de IL-18 también se encontraron significativamente mas elevados en nifios con niveles de IgE de
250 Ul/mL o superiores que en aquellos con niveles por debajo de las 250 Ul/mL. Los niveles séricos de IL-18 distribuidos por sexo fueron
significativamente superiores entre los nifios con rinitis alérgica, eccema atpico o con un sintoma alérgico, como minimo, comparados
con los de los nifios asintomaticos.

Conclusion: Estos resultados permiten suponer que los niveles séricos de IL-18 en nifios estan relacionados con los sintomas alérgicos,
independientemente de los niveles séricos de IgE. Por consiguiente, la IL-18 sérica puede ser un marcador biol6gico Util de estas
enfermedades.

Palabras clave: Interleucina 12, IL-12. Interleucina 18, IL-18. Inmunoglobulina E, IgE. Asma. Rinitis alérgica. Eccema atépico. Alergia. Nifios.
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Introduction

Studies have shown that the prevalence of asthma and
alergic diseases is increasing in Western and developing
countries [1-3]. The International Study of Asthma and
Allergies in Childhood (ISAAC), designed to facilitate
comparisons among populations in different countries,
reported that there are significant worldwide variationsin the
prevalence of allergic diseases [2,3].

Elevated level sof immunoglobulin (Ig) E have been reported
to be associated with atopy and bronchial hyperresponsiveness
[4]. However, Burney et a [5 showed that there were
substantial variations in the prevalence of atopy and in serum
IgE concentrations. These findings point to the need for a more
specific biologicad marker with which to evauate alergic
disease. Subsequently, we found that serum levels of soluble
intercellular adhesion molecule-1 were significantly higher in
asthmatic children [6].

Recently, great progress has been made in elucidating the
role of helper T (T,)) cellsin alergic diseases. Based on their
cytokine profiles, two forms of T, cells have been identified in
humans and mice [7]. Type 1 (T 1) cells synthesize interferon
(IFN) v, inhibit IgE responses, and block the development of
type 2 (T, 2) cells. T2 cells produce interleukin (IL)-4 and
IL-13, which stimulatethe productionof IgE [8]. IL-18 hasbeen
identified asaproinflammatory cytokine[9] that isexpressedin
T, 1-mediated chronic inflammatory diseases. 1L-18, along with
IL-12, isknown to be a potent inducer of | FN-y production, and
their coadministration hasbeen showntoinhibit IgE production
[10]. IL-12 is characterized as a heterodimeric cytokine that
induces cell-mediated immune functions, upregulates T,1
cytokines, and inhibits or downregulates T2 cytokines [11].
Together, 1L-18 and 1L-12 are known to be potent inducers of
T,1 cell-mediated responses, although IL-18 can also induce
T,2 cytokines and IgE production, and crossregulates T, 1 and
T,2 responses[12].

This study investigated whether serum I1L-12 and [L-18
levels in Japanese schoolchildren were associated with
symptoms of asthma, allergic rhinitis, and atopic eczema.

Materials and Methods
Subjects and Data Collection

We studied 609 children in the fourth grade (age bracket,
9-10 years) who attended 6 elementary schools located in
urban areas of Chiba prefecture, Japan, in 1998 and 1999.

In September 1998 and 1999, a questionnaire designed in
accordance with the ISAAC protocol [13,14] was distributed
to al subjects by their schools. The questionnaire, consisting of
guestionsconcerning symptomsof asthma, alergicrhinitis, and
atopic eczema, was completed by either the subject’s parents or
guardians; improperly completed questionnaires, accompanied
by a request for completion, were returned to the subjects in
order to obtain complete information. Children who reported
wheezing or whistling in the chest in the 12 months prior to
the study were defined as having asthma. Children who, in the
12 months prior to the study, had had sneezing or arunny or

© 2007 Esmon Publicidad

blocked nose when they did not have a cold or the flu were
considered to have alergic rhinitis. Children were considered
to have atopic eczema if they answered affirmatively to &l of
thefollowing questions: Haveyou ever had anitchy rash which
came and went for at least 6 months? If so: Have you had this
itchy rash at any time in the last 12 months? If so: Has this
itchy rash at any time affected any of the following spaces:. the
folds of the elbows, behind the knees, the front of the ankles,
the folds under the buttocks, or the skin around the neck, ears,
or eyes? Children who had at least 1 alergic symptom related
to asthma, alergic rhinitis, or atopic eczema were considered
to have an dlergy.

From October 1998 to February 1999, and from October
1999 to January 2000, after written consent was obtained from
their respective parents or guardians, venous blood samples
were collected from the subjects for whom a completed
questionnaire was available. Blood samples were centrifuged
on the day they were collected and assayed for IgE levels;
the remaining sera were stored at —80°C until IL-12 and
IL-18 assays were done. Serum |L-12 and IL-18 levels were
measured using commercia enzyme-linked immunosorbent
assay (ELISA) kits for human IL-12 (Endogen Inc, Woburn,
Massachusetts, USA) and human IL-18 (Medica & Biologica
Laboratories Co Ltd, Nagoya, Japan). The minimum detection
levels for IL-12 and IL-18 were 25.6 pg/mL and 12.5 pg/mL,
respectively. Serum IgE levels were measured using a Behring
Nephelometer Analyzer (Dade Behring, Marburg, Germany).

The study protocol was approved by the ethics committee
of the Graduate School of Medicine, Chiba University.

Data Analysis

Serum IL-12, IL-18, and IgE levels had an approximately
log-normal distribution. Therefore, values were converted
to logarithms, and the results were expressed as geometric
meanswith 95% confidence intervalsand analyzed by gender,
asthma, allergic rhinitis, atopic eczema, and at least 1 allergic
symptom.

Based on the criterion accepted for Japanese children [15],
we classified a serum IgE level of 250 IU/mL or more as
high, and considered such an individual to have an atopic
predisposition. In this study, serum IL-12 and IL-18 levels
were compared between children with serum IgE levels of
250 IU/mL or more and those with serum IgE levelsless than
250 IU/mL. The geometric means of the IL-12 and IL-18
levelswere adjusted for gender using the general linear model
and compared relative to alergic symptoms. For 2 subjects
for whom the serum IL-12 concentrations were undetectable,
the minimum detection limit of the assay was used in the
statistical analysis. Serum IL-18 levels were detected in all
Cases.

Statistical analyses were performed using SYSTAT
(SY STAT Software, Richmond, California, USA).

Results

Blood samples were collected from 167 children in
1998 and from 206 more children in 1999, for a total of 373

J Investig Allergol Clin Immunol 2007; Vol. 17(1): 14-19



16

M Ando, et al

Table 1. Serum IL-12, IL-18, and IgE levels in children by gender and allergic symptoms*

IL-12 (pg/mL)

IL-18 (pg/mL)

IgE (1U/mL)

No. GM (95% ClI) GM (95% CI) GM (95% ClI)
Gender
Male 224 146.9 (136.6-158.1) 145.5 (131.9-160.5) 148.4 (115.0-191.5)
Female 146 141.2 (129.0-154.5) 119.1 (105.3-134.7) 90.0 (65.6-123.5)
P value .597 .015 .018
Asthma
Yes 84 149.9 (133.0-169.0) 154.5 (131.5-181.5) 492.7(335.0-724.9)
No 286 142.6 (133.6-152.2) 129.0 (53.5-140.9) 80.6 (65.4-99.5)
P vaue .536 .048 <.001
Allergic rhinitis
Yes 98 144.0 (129.0-160.8) 152.9 (131.8-177.5) 230.4 (157.6-337.0)
No 272 145.5 (136.0-155.6) 127.7 (116.7-139.8) 96.5 (76.9-121.1)
P value .863 .040 <.001
Atopic eczema
Yes 52 135.6 (116.6-157.7) 164.0 (133.5-201.5) 376.2 (225.9-626.4)
No 318 145.5 (116.6-157.7) 129.0 (118.9-140.1) 101.5 (82.3-125.2)
P value .378 .035 <.001
Atleast 1 dlergic
symptom
Yes 173 145.5 (134.0-157.9) 156.0 (139.5-174.5) 304.9 (234.4-396.6)
No 197 144.0 (133.2-155.7) 116.7 (105.2-129.5) 54.6 (42.7-69.8)
P value .880 <.001 <.001

*All data are geometric means (GM) followed by the 95% confidence interval (Cl). IL indicates interleukin; Ig, immunoglobulin.

Table 2. Gender-adjusted serum IL-12 and IL-18 levels (pg/mL) in children, by allergic symptoms*

IL-12 (pg/mL)

IL-18 (pg/mL)

No. GM (95% ClI) GM (95% ClI)
Asthma
Yes 84 148.6 (131.5-167.9) 148.9 (126.3-175.5)
No 286 142.9 (133.9-152.6) 126.7 (116.0-138.4)
P value 577 .087
Allergic rhinitis
Yes 98 142.9 (127.9-159.8) 150.3 (129.4-174.5)
No 272 144.6 (135.1-154.7) 124.9 (114.1-136.8)
P value .865 .037
Atopic eczema
Yes 52 135.4 (116.3-157.7) 162.1 (132.1-198.8)
No 318 145.6 (136.8-155.1) 126.7 (116.4-137.8)
P value .385 .029
At least 1 dlergic
symptom
Yes 173 144.7 (133.0-157.5) 152.5 (136.3-170.6)
No 197 143.6 (132.8-155.4) 115.2 (103.8-127.9)
P value .900 <.001

*All data are geometric means (GM) followed by the 95% confidence interval (Cl) calculated by general linear models and adjusted for gender. IL
indicates interleukin; Ig, immunoglobulin.
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Serum interleukin (IL) 12 and IL-18 levels in children, by serum
immunoglobulin (Ig) E concentrations. Horizontal bars represent the
geometric mean adjusted for gender, calculated by the general linear
model.

subjects (61.2% of the original 604 subjects). Questionnaires
were collected from all of these children. Three children were
excluded because they had symptoms, such as cold or fever,
on the day of sampling or the day prior to sampling. Thus, the
data from 370 children (60.8%) were analyzed.

Serum IL-12, IL-18, and IgE levels are shown in Table 1
by gender and the presence of asthma, alergic rhinitis, atopic
eczema, and at least one allergic symptom. 1L-18 and IgE
levels were significantly higher in boys than in girls. IL-18
and IgE levels were significantly higher in subjects who had
asthma, alergic rhinitis, atopic eczema, or at least 1 alergic
symptom than in those without these symptoms. There was
no relationship between serum IL-12 levels and allergic
symptoms.

Serum IL-18 levels were significantly higher in children
with high IgE levels than in children with low IgE levels.
However, no significant difference was found in the serum
IL-12 levelsin function of IgE level (figure).

Table 2 shows the gender-adjusted geometric mean serum
IL-12 and IL-18 levels by the presence of allergic symptoms.
Serum 1L-18 levels continued to be significantly higher in
children with allergic rhinitis, atopic eczema, or at least 1
alergic symptom than in those without such symptoms.
In children who had asthma, serum IL-18 levels were also
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higher than in those without asthma, but the differences were
not significant. There were no differences in serum IL-12
levelsin relation to presence of allergic symptoms.

Discussion

In this study, we examined the relationship between
alergic symptoms and IL-12, IL-18, and IgE levels in
schoolchildren living in urban Japanese areas.

IL-12 induces cell-mediated immunity by upregulating
T,1 cytokines, especially IFN-y, which inhibit both IgE
production and the eosinophil recruitment associated with
allergic diseases [16]. IL-18, identified as an IFN-y-inducing
factor, is a proinflammatory cytokine that plays an important
rolein T 1 cell activation [9]. Both of these cytokines have
also been shown to affect T, 2 function. I1L-12 has been
shown to directly inhibit T ,2 cytokine function by an IFN-y—
independent mechanism. Gavett et a [16] demonstrated in a
mouse model that IL-12 effectively suppressed inflammatory
airway hyperresponsiveness that was induced by repeated
antigen challenge.

Recent studies have shown that IL-18 may have the
potential to act asaT, 2 cell promoting factor in atopy. Elevated
serum concentrations of IL-18 have been reported in patients
with asthma, allergic rhinitis, and atopic dermatitis [17-19].
Kumano et a [20] reported that IL-18 enhanced antigen-
induced eosinophil recruitment into the airways of ovalbumin-
sensitized mice. Wild et a [21] showed that the administration
of I1L-18, in conjunction with alergic sensitization and allergen
challenge, increased serum IgE and IgGL1 levels and increased
IL-4 and IL-5 production by mouse splenocytes cultured
with ragweed. Finally, Yoshimoto et a [22] reported that
the injection of both IL-18 and IL-12 increased IgE levels
in helminth-infected, IFN-y—deficient mice and upregulated
IL-4 and IL-13 production by basophils. Furthermore, the
injection of 1L-18 aone enhanced basophil I1L-4 and histamine
production in both wild-type and IFN-y—deficient mice [22].
Given these results, it was deduced that IL-18 may act as a
coinducer of both T, 1 and T 2 cytokines.

Bronchial asthma is a T, 2 cytokine-dominant disease,
in which the production of T 1 cytokines, such as IL-12, is
suppressed [23]. However, the role of cytokines in asthma
is not conclusive [24]. Tanaka et a [17] reported finding
significantly elevated serum IL-18 levels in acute asthmatic
patients, and these levels correlated with serum soluble I1L-2
receptor levels but not with IFN-y levels.

In this study, serum IL-18 levelsin children with asthma,
allergic rhinitis, atopic eczema, or at least 1 allergic symptom
were higher than in children without these symptoms, while
serum IL-12 levels were comparable in alergic and non-
alergic children. These data suggest that IL-18 may be
related to the pathophysiological mechanisms of alergic
disease. Furthermore, we found that children with high IgE
levels had significantly higher serum IL-18 concentrations,
suggesting that 1L-18 may upregulate IgE levels, perhaps
through an IFN-y-independent pathway. Given that this
was a cross-sectional study, longitudinal studies should now
be done to clarify the role of IL-18 in the development of
alergic diseases.
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In children, an elevated serum IgE level reflects an
atopic predisposition [4]. Nonetheless, many children who
have low IgE levels are symptomatic [25]. In this study, the
geometric means of 1L-18 levels, adjusted for gender, were
till significantly higher in children with allergic symptoms
than in those without symptoms. This finding lends further
support to the hypothesis that IL-18 has a role in alergic
disease that is independent of serum IgE levels. Recent
studies have suggested that genetic polymorphisms of 1L-18
were also associated with atopy and asthma [26,27]. Thus,
IL-18 appears to play a crucial role in the pathogenesis of
alergic diseases.

Themajor differencesintheprevalenceof alergicdiseases
that were found among populations in ISAAC are probably
due to environmental factors. A number of epidemiological
studies have reported associations between urbanization and
ahigh prevalence of allergy [31-33]. Air pollution caused by
high traffic flow has been shown to either exacerbate allergic
symptoms or to reduce the dose of allergen required to evoke
an alergic response in persons with already existing alergic
disease [28]. Sichletidis et a [29] observed that particulate
pollution was associated with a rising prevalence of allergic
rhinitis and low nasal flow. Wyler et a [30] showed that
living on busy roads was associated with a higher risk
for sensitization to pollen, a finding which suggests that a
sensitizing interaction between pollen and air pollutants may
occur. The use of biochemica markers may assist in the
evaluation of therole of air pollutantsin allergy [6,15]. While
no differences in serum IgE levels were found in relation to
the air pollution level in Japanese schoolchildren [15], it
remains to be seen whether, in light of our results, thereisan
association with I1L-18 levels. Further studies are needed to
evaluate whether serum IL-18 is useful as a new biological
marker for allergic diseases.

In conclusion, our study showed that, in children living
in urban Japanese areas, serum IL-18 levels were associated
with alergic symptoms, independently of serum IgE levels.
Serum |L-18 concentration might be a candidate biological
marker for the evaluation of environmenta factors such as
air pollution affect alergic diseases. The association between
environmental factors and IL-18 needs further investigation
in broader populations, including those living in rural aress.
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