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Abstract

Asthma is a serious public health problem due to its socioeconomic impact worldwide and affects over three hundred
million individuals. This chronic inflammatory airway disease causes hyperresponsiveness, obstruction, increased mucus
production and airway remodeling. Due to research advances, our understanding of the pathophysiology of asthma has
changed, as has our knowledge of the cells and mediators involved in the inflammation and remodeling that result from
asthma exacerbations.

The acknowledgement that asthma is much more than an inflammatory disorder that involves the T helper (Th)1-Th2
dichotomy led us to conduct the present study, which aims to determine the attack x intercritical period profile in patients
with asthma. The study determined the cytokine (intetleukin [IL] 18, IL-4, IL-5, IL-9, I1L-10, IL-13, IL-15, IL-17 and
interferon-gamma [IFN-y]), basophil, eosinophil and immunoglobulin (Ig) E and IgG4 profile in 30 children with asthma
during attacks and in the intercritical period. The correlations between Th1 and Th2 and between Th17 and regulatory T
cells (Treg) were analyzed, and no significant correlations were observed.

We observed higher IT.-15 and IFNy levels in patients with asthma than in controls, and no significant differences in IT.-17

levels were observed when children with asthma and controls were compared.
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Introduction

Asthma is a chronic inflammatory airway disease that affects
children and adults of all ages and ethnic groups. The disease
has a variable progression, interspersing symptomatic periods,

termed asthma attacks, with asymptomatic periods, also termed
intercritical periods. In many individuals, asthma may have long
asymptomatic periods with brief and occasional bouts of short-
ness of breath. Other individuals present with almost continuous
coughing and wheezing and may have more severe attacks. These
attacks can be triggered by viral infections, efforts or exposure to
allergens or irritants [1].

When not controlled, asthma can lead to death or interfere with
normal activities, seriously affecting quality of life [2]. The Word
Health Organization estimates that approximately 235 million
people are affected by asthma worldwide, and this number has
increased in the last three decades, in both developed and devel-
oping counttries [3]. Asthma is the most common chronic disease
in children, exhibits a global prevalence of 11.7 to 14.1% [4], and
is one of the most frequent causes of preventable hospital admis-
sions in this age group [5].

Asthma can be diagnosed based on patient symptoms and history.
The clinical diagnosis of the disease is suggested in the presence
of dyspnea, chronic coughing, wheezing and chest tightness or
discomfort, especially at night or eatly in the morning. The vari-
ability of symptoms and their onset in response to nonspecific
irritants (such as fumes, strong odors and exercise) or allergens,
such as mites and fungi, are manifestations that strongly suggest
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a clinical diagnosis of asthma. The worsening of symptoms at
night and improvement after the use of specific drugs reinforces
such clinical suspicions. The diagnosis can be confirmed based on
tests that evaluate pulmonary function, including spirometry (be-
fore and after the use of a bronchodilator), bronchial provocation
tests and serial measurements of peak expiratory flow rate [1, 6].

Classically, asthma is associated with the T helper 2 (Th2) profile.
Th2 cytokines promote an increase in the production of the im-
munoglobulin (Ig)E antibody isotype in B cells (interleukin [IL] 4
and IL-13), the differentiation and maturation of mast cells (IL-
3, IL-9 and IL-13), the maturation and survival of eosinophils
(IL-3, IL-5 and granulocyte-macrophage colony-stimulating fac-
tor [GM-CSF]), and the recruitment of basophils (IL-3 and GM-
CSF) [7]. However, the perception that strategies that are designed
to suppress the Th2 function are not effective in treating all pa-
tients with asthma suggests that alternative immune pathways are
also involved in the inflammatory response in this disease [8, 9].
The relationship between Th1 cell-mediated immunity and aller-
gic asthma is more controversial. Conceptually, interferon-gamma
(IFN-y) is described as an antagonist mediator of the Th2 im-
mune response. However, some studies have demonstrated that
the IFN-y secreted by CD4+ or CD8+ lymphocytes might act
simultaneously with Th2 cytokines (IL-4, IL-5 and IL-13), thereby
worsening allergic inflammatory responses and affecting chronic-
ity [10, 11].

Recently, it has been shown that Th17, Th9 and Treg lymphocytes
might be implicated on asthma. Increased levels of II.-17 and its
mRNA have been found in the serum and airways of patients
with asthma [12]. Several studies have shown that IT.-17 is espe-
cially important in patients with severe forms of the disease who
do not respond to glucocorticoid therapy [13].

Regulatory T cells (Treg) play an essential role in the regulation of
the Th response and are characterized by their ability to produce
the regulatory cytokines IL-10 and TGF-8. Among the various
subpopulations of T regulatory cells [13], the CD4+CD25+ sub-
population is the most likely to suppress the allergic response [14].

Although the immune mechanisms involved in asthma are be-
ing studied due to our knowledge of the Th1-Th2 dichotomy,
no consensus has yet been reached regarding the real relation-
ship of each immune response profile with the development of
asthma [14]. Furthermore, the immune response characteristics
during attack and intercritical periods of patients with asthma,
especially children, have not been studied extensively; therefore,
these characteristics are imperfectly understood. In the present
study, we correlate clinical and laboratory data and pulmonary
function with markers for the Th1l, Th2, Th9, Th17 and Treg
immune response during attacks and the intercritical period in
children with asthma.

Materials and Methods
Sample

Thirty patients with asthma aged between 5 and 12 years were
evaluated and treated at the emergency units of the Children’s
Hospital (Hospital da Crian¢a) and the Clinics Hospital of the
Federal University of the TridnguloMineiro (Hospital de Clinicas
da Universidade Federal do TrianguloMineiro - HC-UFTM) or at
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the asthma outpatient clinic of the University of Uberaba (Uni-
versidade de Uberaba - Uniube) in the city of Uberaba, Minas Ge-
rais, Brazil. Children older than 15 years or younger than 2 years,
children of any age who were using corticosteroids for 5 days or
more, and children who were immune suppressed were excluded
from the study. Eighteen healthy children, who were attending the
Children’s Hospital for routine consultations, were included in the
study as a control group. These children had no history of bron-
chospasm and were in the same age bracket as the study group.
This study was approved by ERB of UFTM.

Clinical evaluation and blood collection

The children were evaluated twice: during the asthma attack and
during the intercritical period. All patients were subjected to a
clinical examination, and in both evaluations, 5 mL of peripheral
blood was collected in an EDTA vacuum blood collection tube
to perform a complete blood count. In addition, 5 mL of periph-
eral blood was collected in a dry tube to measure serum cytokine
levels.

During the first evaluation, a questionnaire adapted from the In-
ternational Study for Asthma and Allergy in Children (ISAAC) [1]
was used to obtain clinical data for use in classifying the condi-
tion as either intermittent, mild persistent, moderate persistent or
severe persistent asthma. This classification was performed ac-
cording to the criteria established in the IV Brazilian Guidelines
for Asthma Management (I DiretrizesBrasileiras para o Manejo da
Asma) of 2006 and was based on clinical data and spirometry test
results [15].

Spirometry

The spirometry test was performed during the intercritical period.
The results were analyzed according to the guidelines for pulmo-
nary function tests prepared by the Brazilian Society of Pulmo-
nology and Phthisiology (SociedadeBrasileira de Pnenmologia e Tisiolo-
gia) [10]. Airway obstruction was characterized by decreased final
expiratory volume (FEV1), forced vital capacity (FVC) (< 80%
of the predicted value) or FEV1/FVC ratio (< 80% of the pre-
dicted value). Obstructive disorder was classified as mild when
FEV1 or FVC was between 60 and 80% of the predicted value,
or when the FEV1/FVC ratio was between 60 and 80% of the
predicted value; as moderate, when FEV1 ot the FEV1/FVC ra-
tio was between 40 and 60% of the predicted value, or when FVC
was between 50 and 60% of the predicted value; and as severe
when FEV1 or the FEV1/FVC ratio was less than 40% of the
predicted value or when FVC was < 50% of the predicted value.
The spirometry test was repeated after using a bronchodilator,
and the response to the bronchodilator was considered positive
when, after using the bronchodilator, FEV1 was = 200 mL (when
there was an obstruction in baseline conditions), = 300 mL (when
the baseline spirometry was normal), > 12% of its baseline value
or > 7% of its predicted value.

ELISA quantification of serum cytokines,IgE and IgG4

IgE, IgG4 antibodies, IL1-8, IL-4, IL.-5, IL-9, IL-10, 11.-13, IL-
15, IL-17 and IFN-y cytokines were quantified using ELISA.
High-affinity 96-well plates (NUNC, Denmark) were coated with
monoclonal antibodies that were specific for each cytokine or an-
tibodies (eBIOSCIENCES) under conditions recommended by
the manufacturer in a carbonate/bicatbonate buffer (pH 9.5) after
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the plates were discarded, and the plates were blocked with phos-
phate buffer containing 2% of bovine serum albumin (PBS-BSA)
(SIGMA-USA) . Subsequently, the PBS-BSA was discarded, and
the serum samples were added to columns 1 to 10 and diluted 1:2
for cytokines and 1:1000 and 1:10 for IgG4 and IgE respectively.
Serial dilutions of the recombinant cytokines and IgE and IgG4
were used to prepare a standard curve.

Finally, plates were incubated with biotin specific antibodies and
streptavidin peroxidase, 100 pl. of developing buffer containing
TMB (SIGMA-USA) was added to each well. The reaction was
stopped by adding of sulfuric acid; the absorbance was measured
at 450 nm together with a reference at 570 nm using an automated
ELISA reader (ENSPIRE - PERKIN ELMER - USA). The cy-
tokine and antibodies concentration was determined based on a
standard curve for recombinant cytokines and purified IgE and
IgG4 using linear regression.

Statistical analysis

Statistical analysis was performed using Stat View software (ver-
sion 4.57, Abacus Concept, Berkeley, CA, USA). Continuous vati-
ables following a normal distribution are expressed as means *
standard deviations, and variables not following a normal distti-
bution are expressed as medians, with ranges and percentiles. For
variables following a normal distribution and exhibiting homoge-
neity of variance, the ANOVA test was used to compare three
groups. Variables not following a normal distribution or with
homogeneity of variance were analyzed using the Kruskal-Wallis
test to compare three groups. Post-hoc tests were conducted to
evaluate pairwise differences between three groups after control-
ling for Type I etror across the tests using the Bonferroni/Dunn
test for multiple comparisons. Differences were considered sta-
tistically significant when p<0.016. The Mann-Whitney test was
used for comparing two groups, and the results were considered
significant when p<0.05. Correlation analyses were performed us-
ing the Spearman test, and the results were considered significant
when p<0.05.
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Results

In the present study, 30 children with asthma (mean age, 7.7 £
2.6 years; range, from 5 to 12 years) were evaluated. Of these
children, 20 (66.6%) were males (mean age, 7.8 + 2.4 years), and
10 (33.3%) were females (mean age, 7.6 * 3.0 years). All patients
were evaluated twice: during an asthma attack and during the in-
tercritical period; the interval between evaluations ranged from 36
to 188 days (mean, 71.3 days).

Eighteen healthy children (55% males and 44.4% females) were
included as cytokine measurement controls (mean age, 7.3 £ 2.1
years; range, from 5 to 12 years).

Children with asthma were classified into four categories accord-
ing to the criteria established by the IV Brazilian Guidelines for
Asthma Management and the International Consensus on Pedi-
atric Asthma (ICON) based on clinical data and spirometry test
results [28]. Most of the evaluated children (17/30 - 56.7%) were
classified as having mild persistent asthma. Five children (16.7%)
had intermittent asthma, six (20.0%) had moderate persistent
asthma and only two children (6.7%) had severe persistent asthma.

Regarding the pulmonary function evaluation, 15 children (50%)
had normal spirometry, and 13 children (43.3%) had an obstruc-
tive respiratory disorder, which was classified as mild in 11 cases
(36.7%) and moderate in two cases (6.7%). Two children did not
undergo the test. Ten children (33.3%) exhibited a significant re-
sponse to the test after the use of a bronchodilator.

Samples collected during asthma attacks presented significantly
higher percentages of eosinophils in peripheral blood when com-
pared to samples collected during the intercritical period and to
samples obtained from the control group (p < 0.0001). The pet-
centage of basophils did not significantly differ between the two
time-points evaluated (p = 0.0881) (Figure 1).

Figure 1 - Quantification of Eosinophils and Basophils In The Peripheral Blood of Patients With Asthma.
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Percentages of eosinophils and basophils in the peripheral blood of pediatric patients with asthma during asthma attacks and intercritical periods and
in the peripheral blood of healthy individuals (control group). Horizontal lines represent means, and bars represent standard deviations; *p<0.016:
ANOVA test (followed by post-hoc Bonferroni test for multiple compatisons).A p<0.05: Wilcoxon test
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Figure 2 — Measurement of serum IgE and IgG4 levels.
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Serum IgE levels were significantly higher in samples obtained
from asthmatic children during attacks and during the intercriti-
cal period (p = 0.0014) compared to samples obtained from the
controls (Figure 2A). No significant differences in the IgE lev-
els of samples obtained from asthmatic patients were observed
between the two time-points, i.e., during the asthma attack and
during the intercritical period. Serum IgG#4 levels were higher in
asthmatic patients than in the controls, but this difference was
not significant (p = 0.068) (Figure 2B). No significant differences
in the IgG4 levels of samples obtained from asthmatic patients
were observed between the two time-points. Furthermore, when
considering the total sample, a positive and significant correlation
was found between serum IgE and IgG4 levels (p = 0.0011; r =
0.4) (Figure 2C).

Serum IL-183, IL-4, IL-5, IL-9, IL-10, IL-13, IL-15, IL-17 and
IFN-y levels were compared between asthmatic patients and con-
trols and between samples collected during an asthma attack and
during the intercritical period. Cytokine levels were also analyzed
in asthmatic patients grouped according to the spirometry test
results (Figure 3).

Serum samples obtained from asthmatic children had significantly
higher IL-10 (p = 0.0042), IL-15 (p = 0.0001) and IFN-y (p =
0.0091) levels than those obtained from controls. IL-15 levels
were significantly higher during the intercritical period (p = 0.01)
than during the attack period. The remaining cytokines exhib-
ited no significant differences. No significant differences in cy-
tokine levels were found between asthmatic patients with normal
spirometry and patients with mild obstructive disorder. Because
only two patients were classified as having moderate obstructive

disorder, these patients were excluded from this analysis. IL.-4, IL-
13, 1L-9 and IL.-183 were detected in very few samples. 11.-4 was
detected in only three (5%) of the 60 samples tested, considering
those collected during both the attack and intercritical periods.
Of the 18 controls evaluated, only one (5.5%) had detectable IL.-4
levels. IL.-13 was detected in only eight samples of asthmatic pa-
tients (13.3%) and was not detected in the controls. IL-9 was posi-
tive in four samples (6.6%) obtained from asthmatic patients and
in three samples (16.6%) obtained from controls. Finally, 11.-13
was detectable in only two samples (3.3%) among patients with
asthma and in one sample (5.5%) among the controls. Thus, com-
parison of the levels of this cytokine between the groups was
hindered and is therefore not shown in the figure.

To evaluate the immune response profile, the correlations be-
tween serum IFN-y and IL-5, IL-10 and IL-5, IFN-y and IL-10,
IFN-y and IL-17, and IL.-10 and 11.-17 levels were analyzed. In all
studied groups, no significant correlations were found between
the levels of these cytokines (Figure 4 and Table 1).

No significant correlations were found between the cytokine lev-
els for the Th1, Th2, Th17 and Treg profiles, as shown in Figure
4 and Table 1.

Discussion

Asthma affects much of the world’s population at all ages and is
widely distributed in both developed and developing countries.
This multifactorial disease is affected by individual genetic char-
acteristics and the environment [17]. This study correlated clinical
and laboratory data, such as serum cytokine levels, in pediatric
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Figure 3 — Measurement of Serum IL-5, IL-10, IL-15, IFN-I" And IL-17 Levels In Children With Asthma.
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Table 1 — Correlation between serum levels of IFN-y and IL-5, IL-10 and IL-5, INF-y and IL-10, IFN-y and IL-17 and IL-10
and IL-17 in the studied groups.

Control Attack Intercritical
=0.108 =0.224 =0.0817
IL-5 x IFN-y 4 P P
r=0.39 r=-0.238 r=0.329
=0.375 =0.124 =0.3
IL-10 x IL-5 b b b
r=0.215 r=-0.301 r=0.196
=0.375 =0.124 =0.3
IL-10 x IFN-y P P P
r=0.215 r=-0.301 r=0.196
=0.107 =0.21 =0.678
IFN-y x IL-17 4 P P
r=-0.391 r=0.246 r=-0.078
=0.768 =0.344 =0.823
IL-10 x IL-17 P P P
r=0.072 r=0.182 r=-0.042

The values of p and r were determined using Spearman’s correlation test.

Figure 4 — Correlation between serum cytokine levels in the studied groups
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patients with asthma during attacks and intercritical periods.

Thirty children with asthma were evaluated, of whom five had
intermittent asthma (16.7%), 17 had mild persistent asthma
(56.7%), six had moderate persistent asthma (20.0%) and two
had severe persistent asthma (6.7%). Data from Brazilian and in-
ternational studies show that most cases of the disease fall into
the mild persistent asthma category, as observed here [15]. This
classification considers clinical aspects and pulmonary function
as evaluated by the spirometry test, which provides information
on the severity of airflow limitation and its reversibility after the
use of bronchodilators. In the present study, of the 30 children
evaluated, 15 (50%) presented normal results in the spirometry
test, and 13 (43.3%) presented obstructive ventilation disorders,
which were classified as mild in 11 cases (36.7%) and moderate in
two cases (6.7%). Several studies suggest that the spirometry test
exhibits low sensitivity in patients with mild or moderate asthma
[18], which might explain the normal spirometry results that were
found in half of the patients evaluated. These observations em-
phasize that a normal spirometry test result does not exclude the
presence of asthma.

The white cell count of patients with asthma and the controls
was analyzed regarding the eosinophil and basophil count. Eo-
sinophilia is common in asthmatic patients [19], and eosinophils
are an essential part of the allergic inflammation associated with
asthma. The actions performed by these cells contribute to tis-
sue damage, vascular leakage, mucus secretion and airway smooth
muscle contraction [20]. In our study, asthmatic patients had a
significantly higher percentage of eosinophils than the controls.
Samples collected during asthma attacks also exhibited signifi-
cantly higher eosinophil counts than those collected during in-
tercritical periods, which suggests that these cells exhibit rapid
mobility during events that trigger attacks.

Basophils are also involved in the Th2 response activation pro-
cess, which is highly characteristic of asthma, and have been iden-
tified in airways during asthma exacerbation [21]. In the present
study, no significant differences were observed between the ba-
sophil counts of the asthmatic patients and the controls. An in-
creased number of basophils were found in the peripheral blood
of asthmatic patients during attacks, but this was not significant
when compared to that found during intercritical periods. These
data suggest that eosinophils have more important role in asthma
attacks in comparison to basophils.

IgE levels are usually increased during allergic responses, such as
asthma. Thus, the determination of serum IgE levels is a com-
mon clinical practice, and the use of therapies involving anti-IgE
antibodies represents an interesting alternative for the treatment
of this disease]. We observed significantly higher IgE levels in
children with asthma than in the controls. It suggests that IgE
production is increased in asthmatic patients. This result is con-
sistent with several studies that have reported increased IgE levels
in patients with asthma [22].

The role of the immunoglobulin IgG4 is not yet fully understood.
This immunoglobulin mediates immune tolerance during specific
allergy immunotherapy but is also associated with tissue damage
in some autoimmune diseases [23]. IgG4 has a tendency to appear
only after prolonged immunization. Therefore, in the context of
allergies, the appearance of IgG4 is usually associated with a de-
crease in symptoms [23]. In this study, IgG4 levels were higher
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in patients with asthma than in controls; however, this difference
was not significant. The positive and significant correlation be-
tween serum IgE and IgG4 levels that was found here was also
found recently in another study [24].

During asthma, several cytokines are produced, each of which
has a critical role in the organization of the allergic inflammatory
response [25]. However, the specific role of each cytokine that
participates in this process remains unclear. Here, we measured
serum I1-183, IL-4, IL-5, I1.-9, IL-10, 11.-13, IL-15, IL.-17 and
IFN-y levels in samples collected during asthma attacks and dur-
ing intercritical periods in an attempt to better characterize cell re-
sponse patterns in these patients. Of all cytokines evaluated, only
IL-10, IL-15 and IFN-y were present at significantly higher levels
in children with asthma when compared with the controls. When
samples collected during asthma attacks and intercritical periods
were compared, only IL-5 significantly differed, presenting higher
levels in samples collected during intercritical periods. I1.-4, IL-13,
IL-9 and IL-1§3 were detected in very few samples, which hindered
their analysis. IT.-17 was equally detected in the serum of patients
with asthma and in that of the controls. Some studies on asthma
reported the presence of IL-17, and this was especially associ-
ated with more severe lesions of the disease [37]. However, in our
study, most patients had a mild or moderate form of the disease,
and I1.-17 levels were similar to those observed in the controls. A
prospective study would be able to determine whether increased
II.-17 levels are associated with the progression of chronic-phase
lesions [30].

IL.-10 levels were significantly higher in children with asthma than
in the controls. Lower I1.-10 levels have been found in the serum
and airways of patients with asthma, and this might contribute
to greater inflammation due to the lack of proinflammatory cy-
tokine regulation [26]. IL.-10 has been shown to be very important
for the control of the Th2 response in airways [27]. Moreover, de-
pending on the context of its production, IL.-10 might stimulate
the inflammatory response [28].

IL-10 levels are not lower in patients with mild asthma. IL.-10
levels were significantly higher in the bronchoalveolar lavage fluid
in patients with asthma than in the controls, both before and after
allergen challenge. Furthermore, in experimental models, IL.-10
-/- mice challenged with OVA were not able to develop an inflam-
matory response [28], which suggests that IL.-10 plays a role in
maintaining the asthma inflammatory response.

In our study, we also see higher II.-15 levels in patients with asth-
ma than in the controls. IL-15 stimulates the proliferation and dif-
ferentiation of T cells, NK cells, monocytes and neutrophils [29].
This cytokine uses the same receptors as 11-2; thus, they share
several similar functions. IL-15 activates the production of several
proinflammatory cytokines in addition to activating the produc-
tion of chemokines, such as CCL5 (Rantes) [30]. This cytokine
is considered to play an important role in several inflammatory
and autoimmune diseases, including sarcoidosis, intestinal inflam-
matory diseases, multiple sclerosis and rheumatoid arthritis [31].
The results presented here reinforce findings reporting high IT.-15
levels in patients with asthma [32, 36].

IFN-y is considered an important cytokine for the pathogenesis
of asthma, especially the severe form [33]. Elevated IFN-y levels
in asthmatic patients might contribute to the observed worsening
of lesions and negative modulation of Th-profile cytokines (IL-4,
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IL-5 and I1L13) [34]. Conversely, some studies have reported lower
serum IFN-y levels in children with asthma compared with con-
trols with concomitant increases in 1L.-4 and 1L.-13 levels [35, 37].

In the present study, serum markers of inflaimmatory activity
that are readily available in clinical practice were analyzed. The
evaluation of eosinophil counts and IgE levels was helpful in un-
derstanding the events that occur during attacks and intercritical
periods. Furthermore, cytokines that are involved in the modu-
lation of inflammatory phenomena (which differ from the Th2
cytokines that are traditionally associated with asthma, such as
IL-15, IL-10 and IFN-y) were increased in the serum of children
with asthma. Exploring the signaling pathways of these cytokines
and their biological effects might be an important strategy to un-
derstand the development of the chronic lesions that are associ-
ated with asthma in children and their possible consequences for
adults.
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