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Interleukin-12 Peripheral Blood Levels in Asthmatic
Children
Ruth Soferman, MD, Idit Rosenzwig, MD, and Elizabeth Fireman, PhD
Interleukin-12 (IL-12) was measured in 45 asthmatic children aged 3 to 16 years. The assessments were performed on 20 children
during an episode of acute exacerbation and on 25 children during remission. There was no significant difference between the mean
IL-12 level during exacerbation (1.63 6 2.08 pg/mL) and during remission (0.88 6 0.56 pg/mL) (p 5 .83). A positive, but insignificant,
correlation was found between forced expiratory volume in 1 second and IL-12 (p 5 .634). IL-12 levels were significantly lower in
children with a positive family history of asthma (1.13 6 1.78 pg/mL) compared with those without (1.31 6 1.06 pg/mL) (p , .012),
supporting the theory that the gene–environment interactions affect the immune responses. IL-12 peripheral blood levels had no
detectable impact on the course of established asthma in the study population.
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he prevalence of atopic asthma, a T helper (Th)2dependent disease, is reaching epidemic proportions,
possibly owing to improved hygiene in industrialized
countries.1 The chronic inflammation of the airways in
asthma is characterized by the presence of Th2 cells in
sputum, bronchoalveolar lavage, and mucosal biopsy
specimens,2 and the dominance of Th2 cells is responsible
for the pathogenesis of allergic diseases.3–6 The priming of
T cells requires the activation of dendritic cells (DCs),7
which are generally considered to be the principal antigenpresenting cells (APCs) involved in the generation of
polarized effector cells.4 DCs have a major influence on the
pattern of Th1/Th2 polarization by releasing cytokines,
especially interleukin-12 (IL-12).5 The route of the antigen
encounter with the DC and the subtype of the APC can
profoundly influence Th differentiation.7 IL-12, the critical
Th1-polarizing cytokine8 produced by DCs after stimulation by various antigens, including the endotoxin lipopolysaccharide (LPS), which is derived from the cell walls
of gram-negative bacteria9 and it is ubiquitous in the
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domestic environment.10 The functional active form of IL12 is a heterodimer composed of two disulphide-linked
chains, p35 and p40, secreted by APCs11 and by activated
Th1 cells; this heterodimer downregulates Th2 responses.12
Studies in asthma models concluded that the administration of IL-12 before and during the period of allergen
challenge prevented allergen-induced airway eosinophilia,
airway hyperresponsiveness, the production of Th2
cytokines, and the production of allergen-specific serum
immunoglobulin E,13 whereas it increased the production
of interferon-c and enhanced apoptosis of CD4+ T cells in
allergic airway infiltrates.14
The main aim of the current study was to assess the
relationship of IL-12 peripheral blood levels and the two
states of asthma, acute exacerbation and remission, as
demonstrated by the kinetics of DC activation by
environmental stimuli and, consequently, Th1/Th2 polarization.

Patients and Methods
Patients
The study was conducted between April 2004 and
September 2005 after having been approved by the local
institutional review board (Helsinki Committee). The
parents of all of the participants provided written
informed consent.
The study population included 45 asthmatic children,
aged 3 to 16 years (median age 9.5 6 3.4 years), who were
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recruited from the pediatric emergency department and
the pediatric pulmonology outpatient clinic. The inclusion
criteria were a diagnosis of asthma prior to study entry
confirmed by a pediatric pulmonologist and being treated
by inhaled corticosteroids for at least the two previous
months. The exclusion criteria were evidence of pneumonia on the chest radiograph, fever, already being treated by
rescue medication (b2 agonists and systemic steroids), and
having a chronic or acute illness other than asthma.
The participants were divided into two groups. Group
A consisted of 20 children who were recruited when they
arrived to the emergency department or to the outpatient
clinic during an acute exacerbation of asthma. Group B
included 25 asthmatic children who visited the outpatient
clinic for a regular follow-up evaluation and were in
remission.
The demographic information on the participants is
presented in Table 1.
Respiratory Symptoms and Asthma

saturation. Respiratory symptoms were evaluated according to respiratory rate, respiratory chest recession,
auscultatory breath sounds, and general condition. Acute
exacerbation was defined by the presence of coughing,
tachypnea according to age,15 respiratory muscle retractions, and auscultatory findings of wheezing with prolonged expiration. Remission was defined when the child
was free of cough for at least 2 weeks, the respiratory rate
was # 20 breaths/minute, there were no respiratory muscle
retractions, and normal breath sounds were heard on
auscultation.
Lung Function Tests
Spirometry was performed by a Vitalograph compact II
spirometer (Vitalograph Ltd., UK) in patients older than 6
years. The predicted results were analyzed according to
Polgar normative data.16
IL-12 Measurements

In the study children $ 6 years of age, diagnosis of asthma
prior to recruitment was by clinical parameters and by
demonstrating bronchial hyperreactivity in pulmonary
function tests with a provocation by either exercise or
the adenosine test. Children younger than 6 years were
diagnosed by clinical parameters, including a history of
recurrent episodes of coughing, wheezing, and breathlessness that were relieved by bronchodilators and steroids.
The following data were collected for each patient:
respiratory symptoms throughout the 2 months prior to
the current presentation, the regular treatment regimen
during the past few months, a family history of asthma and
other diseases, smoking habits of family members, and the
presence of pets at home. A comprehensive physical
examination included the measurement and recording of
weight, height, respiratory rate, heart rate, and oxygen

IL-12 levels in serum samples were analyzed in duplicate
using a commercial kit: Quantikine high sensitivity human
IL-12 immunoassay (catalogue number HS120, R&D
Systems Inc., Minneapolis, MN). The Quantikine highsensitivity immunoassay kit uses an amplification system
in which the alkaline phosphatase reaction provides a
cofactor that activates a redox cycle leading to the
formation of a coloured product. The minimum detectable
dose of human IL-12 is typically less than 0.5 pg/mL. This
assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal antibody specific for IL12 has been precoated onto a microplate. Standards and
samples are pipetted into the wells, and any IL-12 present
is bound by the immobilized antibody. After washing away
any unbound substances, an enzyme-linked polyclonal
antibody specific for IL-12 is added to the wells. Following

Table 1. Demographic Data on the Two Groups of Study Children
Demographic Data
Males/females
Median current age (yr)
Family history of asthma
Passive smoking
Pets at home
Inhaled corticosteroids
Budesonide
Fluticasone
ANOVA 5 analysis of variance.

Group A (n 5 20)

Group B (n 5 25)

13/7
8.2 6 3.1
12 (60%)
8 (40%)
6 (30%)

19/6
10.5 6 3.3
12 (48%)
7 (28%)
8 (32%)

10 (45%)
11 (55%)

12 (48%)
13 (52%)

p Value (Test)
.42 (chi-square)
.05 (Mann-Whitney)
.42 (two-way ANOVA)
.4 (chi-square)
.89 (chi-square)
.52 (Fisher exact test)
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a wash to remove any unbound antibody-enzyme reagent,
a substrate solution is added to the wells. After an
incubation period, an amplifier solution is added to the
wells and colour develops in production to the amount of
IL-12 bound in the initial step. The colour development is
stopped, and the intensity of the colour is measured.
Statistical Methods
The assumption of normal distribution of continuous
parameters was examined using the Kolmogorov-Smirnov
and Wilk-Shapiro tests. Since the IL-12 levels were not
distributed normally, we also analyzed the reciprocal
transformation of this parameter to confirm the results.
Comparisons between the two groups of patients for
demographic parameters (gender, age, passive smoking,
family history of asthma, and pet at home) and other
factors (IL-12, forced expiratory volume in 1 second
[FEV1] measures) were performed using the t-test for
independent samples, the Mann-Whitney nonparametric
test, and the chi-square test, as applicable. In addition, a
two-way analysis of variance (ANOVA) was performed to
examine the association between each group’s family
history of asthma and IL-12 levels. Spearman nonparametric correlation coefficients were calculated to study the
relationship between all continuous parameters and IL-12.
Significance was set at p 5 .05, and SPSS for Windows
software version 13.0 (SPSS Inc, Chicago, IL) was used for
the analysis.

history of asthma compared with children without. The
mean blood level of IL-12 was 1.13 6 1.78 pg/mL in
children with a family history of asthma and 1.31 6 1.06
pg/mL in children without a family history of asthma
(two-way ANOVA test p , .012) (Figure 1).
Plotting the related percent predicted values of FEV1 to
IL-12 levels demonstrated a positive correlation between
FEV1 and IL-12: higher IL-12 levels were correlated to the
higher percent predicted values of FEV1 (Figure 2). These
positive correlations did not, however, reach a level of
significance (Spearman correlation coefficient, p 5 .634).

Discussion
The findings of this study demonstrated that there were no
significant differences between the mean peripheral blood
levels of IL-12 during asthma exacerbation and those
during remission. Thus, IL-12 peripheral blood levels do
not reflect the state of asthma. Although the children who
were tested during an acute attack were significantly
younger than the children who were tested while in
remission, Tomita and colleagues reported that age plays
no role in the production of IL-12.17 We cannot provide
an explanation for the unexpected results, and further
clinical studies are needed to elucidate them.

Results
The patient population consisted of 45 children clinically
diagnosed as being asthmatic: 20 were studied during an
acute episode of asthma (group A) and 25 were studied
during a remission (group B). There were no significant
differences between the two study groups in terms of the
male to female ratio, pets at home, passive smoking, and
family history of asthma (see Table 1).
The median age of the children in group A (8.21 6 3.16
years) was significantly lower than the median age of the
children in group B (10.52 6 3.33, p , .025), but this
difference had no impact on the IL-12 analysis between
two groups.
The mean IL-12 level was 1.63 6 2.08 pg/mL (range
0.3–8.3 pg/mL) in group A and 0.88 6 0.56 pg/mL (range
0.4–3.2 pg/mL) in group B; the difference between the two
groups was not significant (t-test p 5 1.0 and MannWhitney test p 5 .83). The IL-12 levels in both groups
were significantly lower in children with a positive family

Figure 1. Correlation of interleukin-12 levels to family history (Hx) of
asthma. p , .012 (two-way ANOVA test).
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Figure 2. Interleukin-12 (IL-12) peripheral blood levels versus forced expiratory volume in 1 second percent (FEV1%) predicted values. There
were positive correlations between FEV1% predicted values and IL-12 peripheral blood levels, but they did not reach a level of significance (p 5 .6).

All of the participants were treated by inhaled
corticosteroids. Since there are no publications of a direct
influence of inhaled corticosteroids on IL-12 blood levels,
we presume that the inhaled corticosteroids were not an
influencing factor on these results.
IL-12, a critical Th1 polarizing cytokine8 and a
heterodimer18 produced mainly by DCs and Th1 cells,
has been shown to have potent immune activity by
inducing Th1 responses, suppressing Th2 responses, and
enhancing apoptosis of CD4+ T cells in allergic airways.14
An exogenous form of IL-12 given to a mouse model
reduced established airway responses, such as eosinophilic
infiltration and airway hyperresponsiveness.19 Endotoxins,
which are inflammatory LPS molecules derived from a
gram-negative bacteria wall, are ubiquitous in the indoor
environment,20 and significantly associated with pets at
home.21 A bimodal, dose-dependent relationship between
environmental exposure to LPS and the presence of
immune responses supports the hygiene theory by
demonstrating a preponderance of Th2 at low LPS
exposure and a preponderance of Th1 at high LPS
exposure.22 Gereda and colleagues suggested that indoor

endotoxin exposure early in life may protect against
allergen sensitization.23 Inhaled endotoxins trigger macrophages and other myeloid cells, including myeloid DCs,
through CD14, a LPS-binding protein, to release cytokines,
including IL-12.24 IL-12 redirects the Th cells responses
toward the Th1 immune response.25 Asthmatic patients
with severe airflow obstruction showed an impairment of
IL-12 production.26 A study of peripheral blood mononuclear cells showed that severe asthmatics had significantly less positive staining for IL-12 after stimulation
with LPS compared with mild asthmatics and controls.17
The genetic predisposition that determines the effect of
environmental endotoxins and allergic reactions and
the production of IL-12 was influenced by the polymorphism in the CD14 gene.27 In opposition to all of the abovecited reports, the study of the national survey of
endotoxins in US housing demonstrated that household
endotoxin exposure is a significant risk factor for increased
asthma symptoms and wheezing.28 Braun-Fahrlander and
colleagues claimed that exposure to endotoxins at school
age was an increased risk factor for asthma exacerbations.29
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Blockade of IL-12 was recently demonstrated in an
animal model to have differential effects on allergic airway
inflammation, depending on the timing of the blockade.
Blocking IL-12 during the sensitization process aggravated
the subsequent development of allergic airway inflammation, whereas neutralization of IL-12 during the challenge
phase in previously sensitized mice abolished eosinophilic
airway inflammation.30
The significantly lower mean level of IL-12 in children
with a positive family history of asthma compared with the
higher mean level in children without a positive family
history supports the theory that the gene–environment
interactions affect the immune responses.31 Moreover,
higher IL-12 levels correlated with higher FEV1 levels,
although not significantly so. In conclusion, we found no
relationship between IL-12 peripheral blood levels and the
course of established asthma in asthmatic children aged 3
to 16 years. The small cohort of children precludes our
arriving at any firm conclusions, so we recommend larger
clinical studies to validate our findings.
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