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Effect of montelukast on the expression of CD4*CD25*
regulatory T cells in children with acute bronchial asthma
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Abstract. The aim of this study was to investigate the effect
of montelukast on the expression of CD4*CD25* regulatory
T cells in children with acute bronchial asthma. Fifty-six
child patients with acute bronchial asthma treated in the
Department of Pneumology at the Shangluo Central Hospital
were selected and randomly divided into the control group
(n=28) and treatment group (n=28). The control group was
treated with the conventional therapy of bronchial asthma,
while the treatment group received montelukast on the basis
of the control group for 7 days. The clinical symptoms, lung
function and proportion of CD4*CD25* regulatory T cells
in peripheral T lymphocyte subsets in patients in the two
groups were observed. Moreover, the levels of inflammatory
factors and immunoglobulin E (IgE) in peripheral blood in
both groups were detected. The effective treatment rate in
the treatment group was significantly higher than that in the
control group (P<0.05), and the forced expiratory volume in
1 sec/forced vital capacity (FEV1/FVC), peak expiratory flow
(PEF) and 25% peak expiratory flow (PEF25) in the treatment
group were significantly higher than those in the control group
(P<0.05). The proportions of CD4*CD25* regulatory T cells in
the two groups after drug therapy were significantly increased.
The proportion and content per unit volume of peripheral
CD4*CD25" regulatory T cells in the treatment group were
obviously higher than those in the control group (P<0.01).
After treatment, the levels of interleukin-4 (IL-4), IL-5 and
IL-6 in peripheral blood in the two groups were significantly
decreased. However, the levels of transferrin-y (TFN-y) and
IL-10 were significantly increased (P<0.01). The IgE level in
the treatment group was also significantly higher than that
in the control group (P<0.01). In conclusion, montelukast
can regulate the T helper 1 (Th1)/Th2 balance, increase the
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expression of CD4*CD25* regulatory T cells, and improve the
airway inflammation caused by acute bronchial asthma and
the clinical symptoms and lung function of patients with acute
bronchial asthma.

Introduction

Bronchial asthma is a kind of chronic airway disease that
affects patients worldwide. According to the report of the
World Health Organization (WHO), the number of patients
with bronchial asthma is up to 30 million in China, showing
an increasing trend year by year. Bronchial asthma is mainly
manifested as acute bronchial asthma that often occurs in
children (1-3). The main symptoms of bronchial asthma are
airway smooth muscle spasm and airway inflammatory
infiltration, and its incidence is jointly affected by genetic
factors and environmental factors, but its specific pathogenesis
remains unclear. Studies have reported that it is closely related
to the airway inflammation, allergic reaction, neurohumor
and other factors (4,5). Glucocorticoid therapy is the most
common therapeutic regimen for acute bronchial asthma,
which has strong anti-inflammatory and immunosuppressive
effects. However, the long-term application of glucocorticoid
leads to obvious adverse reactions and withdrawal effect (6).
In recent years, a large number of clinical reports in China
and foreign countries have suggested that montelukast can
be used to replace glucocorticoid in the treatment of acute
bronchial asthma (7,8). Montelukast is a kind of antagonist of
cysteinyl leukotriene (Cys-LT) receptor that can regulate the
leukotriene pathway, which is clinically used in the acute and
long-term treatment of asthma and widely applied in the treat-
ment of asthma children currently (9). Moreover, montelukast
can block the pro-inflammatory effect mediated by Cys-LT1
by binding to the Cys-LT1 receptor on target cells (10).
CD4*CD25* regulatory T cells are cells derived from thymus
used to regulate the immune balance and mediate immune
tolerance. It is reported that CD4*CD25* T cells can inhibit
the production of T helper 2 (Th2) cytokines and aggregation
of airway eosinophils (EOS) (11). Therefore, investigations on
the role of CD4*CD25* regulatory T cells in bronchial asthma
and its molecular mechanism can be a feasible research direc-
tion for the targeted therapy of bronchial asthma.

In this study, the therapeutical effect of montelukast on
children with acute bronchial asthma and the regulating effect
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on CD4*CD25* regulatory T cells were investigated, and its
mechanism was further studied, so as to provide a theoretical
basis for the application of montelukast in the treatment of
acute bronchial asthma.

Materials and methods

Subjects of study. In this study, a total of 56 child patients
with acute asthma aged 7-13 years treated in Pneumology
Department of Shangluo Central Hospital from March 2015 to
March 2016 were selected, and all patients met the diagnostic
criteria in the Guidelines for Prevention and Treatment of
Bronchial Asthma: i) recurrent wheezing, shortness of breath,
chest tightness and cough; ii) expiratory-phase wheezing rale
can be heard in asthmatic attack; iii) the above symptoms can
be relieved after treatment or spontaneously. The above patients
were randomly divided into the control group (n=28) and treat-
ment group (n=28). The control group, including 17 males and
11 females with an average age of 10.25+3.82 years, was treated
with conventional therapy (anti-infection combined with amino-
phylline therapy), while the treatment group, including 18 males
and 10 females with an average age of 9.85+3.68 years, took
montelukast sodium tablets (Sichuan Otsuka Pharmaceutical
Co., Ltd., Sichuan, China; NMPN H20064370) orally once
per day (5 mg/time) before sleep. Patients in the two groups
were treated for one week. None of the patients suffered from
other autoimmune diseases, lung infection and other wasting
diseases, and they did not take glucocorticoid and leukotriene
receptor antagonist within one month. There were no statisti-
cally significant differences in age, sex, condition and course of
disease between the two groups.

Parents or their guardians signed the written informed
consent. The experimental scheme was approved by the Ethics
Committee of Shangluo Central Hospital (Shangluo, China)
and the above patients had the complete clinical and patho-
logical data and the complete therapeutic regimen.

Determination of lung function. The lung function of all the
patients was detected by the physician in the Pneumology
Department of our hospital using the lung function apparatus
(Jaeger Master Diffusion; Jaeger, Hoechberg, Germany). The
lung function parameters were recorded in detail: the ratio
of forced expiratory volume in 1 sec to forced vital capacity
(FEV1/FVC), peak expiratory flow (PEF) and 25% PEF
(PEF25). The above lung function parameters were statistically
analyzed by experienced physicians who were not involved in
the previous experiment.

Evaluation of therapeutic effects. The treatment effects on
acute bronchial asthma in the above patients were evaluated:
remarkably effective (3 points): dyspnea and other symptoms
were improved and wheezing rale in lung disappeared within
3 days of treatment; effective (2 points): dyspnea and other
symptoms were improved and wheezing rale in lung disap-
peared within 7 days of treatment; ineffective (1 point): serious
cough and wheezing still occurred and wheezing rale in lung
still existed after 1 week of treatment.

Separation and detection of peripheral CD4*CD25" regula-
tory T cells. Fasting peripheral blood (5 ml) was drawn from
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Table I. Effective treatment rate of acute bronchial asthma.

Total
Remarkably Effective Ineffective effective
Groups effective (n) (n) (n) rate (%)
Control group 22 4 2 92.85
Treatment group 15 4 9 67.85
P-value <0.05 >0.05 <0.05 <0.05
t-test 0.832 0.126 0.765 0.693

all the patients, added and mixed with the anticoagulant, and
the mixture was labeled using CD4 and CD25 multicolor
fluorescent antibodies. IgG,-fluorescein isothiocyanate (FITC)
and IgG,-PE were used as negative controls. The mixture was
incubated in the dark at room temperature for 10 min and
detected using a FACSCalibur flow cytometer (BD Biosciences,
San Jose, CA, USA). The positive rate (%) of CD4*CD25*
regulatory T cells in peripheral blood was calculated, and the
absolute number of CD4*CD25* regulatory T cells in 1 ul
peripheral blood was also calculated, followed by signal acqui-
sition and results analysis using Cellquest Pro software.

Inflammatory factor detection. The serum was separated
from the peripheral blood of patients, and the concentrations
of interleukin-4 (IL-4), IL-5, IL-6, transferrin-y (TFN-vy),
IL-10 and immunoglobulin E (IgE) were detected using the
corresponding enzyme-linked immunosorbent assay (ELISA)
kits. The standard sample was added onto an ELISA plate to
prepare the standard curve. The serum sample in each group
was diluted 10-fold using the sample diluent was added into
each well, and the plate was sealed with sealing membrane
for reaction at room temperature for 60 min. The solution
was discarded, and the corresponding biotin-labeled anti-
body was added for reaction at 37°C for 60 min. The plate
was then washed with cleaning solution 3 times (1 min/time).
Avidin-peroxidase complex (100 pl) was added for reaction at
37°C for 30 min. The liquid waste was discarded, and the plate
was washed again with cleaning solution and added with 100 p1
stop buffer to terminate the reaction. The optical density (OD)
value of each well was measured using a microplate reader and
the standard curve was drawn using the software. Finally, the
serum IL-4, IL-5, IL-6, TFN-v, IL-10 and IgE levels in each
group were calculated through the standard curve.

Statistical analysis. Graphpad Prism 6.0 was used for the statis-
tical analysis of data, and data were presented as mean + SD.
The t-test was used for analysis. P<0.05 was considered to
indicate a statistically significant difference.

Results

Changes in lung function. The lung function of patients in
each group was detected using the lung function monitor. The
results (Fig. 1) showed that there were no statistically signifi-
cant differences in FEV1/FVC, PEF and PEF25 between the
two groups before treatment (P>0.05). FEV1/FVC, PEF and
PEF25 in both groups were significantly increased after
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Figure 1. Detection of lung function of patients in each group using the lung function monitor; (A) FEV1/FVC; (B) PEF; (C) PEF25. FEV1/FVC, PEF and
PEF25 in patients in both groups after treatment with different therapeutic regimens for 1 week are significantly higher than those before treatment ('P<0.05).
After treatment, FEV1/FVC, PEF and PEF25 in the treatment group are significantly higher than those in the control group (“P<0.05).

Treatment effect evaluation score

Control group Treatment group

Figure 2. Therapeutic effect score of acute bronchial asthma. The score of
patients in the treatment group is significantly higher than that of patients in
the control group after treatment for 1 week; "P<0.05.

treatment for 7 days (P<0.05); FEVI/FVC, PEF and PEF25
in the treatment group were obviously higher than those in the
control group (P<0.05).

Evaluation of therapeutic effects after treatment. The thera-
peutic effects on acute bronchial asthma in patients in both
groups after treatment for one week were evaluated. The effec-
tive treatment rate (Table I) and therapeutic effect score (Fig. 2)
showed that the effective treatment rate in treatment group was
significantly higher than that in the control group (P<0.05).
The therapeutic effect score in the treatment group was also
significantly higher to that in the control group (P<0.05).

Changes in CD4*CD25" regulatory T cells. CD4*CD25*
regulatory T cells in peripheral blood of patients in each
group were detected before and after treatment. The results
revealed that the content of CD4*CD25* regulatory T cells
in peripheral blood and its proportion in T lymphocytes in
patients with acute bronchial asthma after treatment were

obviously increased (P<0.01) (Fig. 3). In addition, the content
of CD4*CD25* regulatory T cells in peripheral blood and its
proportion in T lymphocytes in patients in the treatment group
were significantly higher than those in the control group, and
the differences were statistically significant (P<0.01).

Changes in inflammatory factors. The changes in inflamma-
tory factors in peripheral blood of patients in each group were
detected using the ELISA kit. Fig. 4 shows that after drug
therapy for 7 days, the levels of IL-4, IL-5 and IL-6 in patients
in both groups were significantly decreased, but the levels
of TFN-y and IL-10 were significantly increased (P<0.01).
Furthermore, the levels of IL-4, IL-5 and IL-6 in peripheral
blood in the treatment group were lower than those in the
control group, but the levels of TFN-y and IL-10 were higher
than those in the control group (P<0.01).

Change in serum IgE level. The change in serum IgE in
peripheral blood of patients in each group was detected using
the ELISA kit. The results (Fig. 5) showed that the serum IgE
levels were significantly increased in both groups after drug
therapy for 7 days (P<0.01). The serum IgE level in peripheral
blood of patients in the treatment group was higher than that
in the control group (P<0.01).

Discussion

Acute bronchial asthma is a kind of global disease affecting
the life and health, as well as a multi-cell and multi-media
chronic airway inflammation. Bronchial asthma is char-
acterized by chronic airway inflammation and airway
remodeling, involving a variety of cytokines (12). Cys-LT
is the metabolite of leukotrienes, and previous findings
have shown that a high concentration of Cys-LT is present
in asthma patients, which is thought to be one of the causes
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Figure 3. Changes in CD4*CD25* regulatory T cells in peripheral blood of patients with acute bronchial asthma in each group. (A) Content of CD4*CD25*
regulatory T cells in 1 pl peripheral blood. (B) Proportion of CD4*CD25" regulatory T cells in T lymphocytes. Compared with that before treatment, “P<0.01.

Compared with the control group, "P<0.01.
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Figure 4. Detection of levels of inflammatory factors in peripheral blood in each group using the ELISA kit. The levels of (A) IL-4, (B) IL-5 and (C) IL-6 in
patients in both groups are significantly decreased after treatment, but the levels of (D) TFN-y and (E) IL-10 are significantly increased. The levels of IL-4,
IL-5 and IL-6 in peripheral blood in the treatment group are lower than those in the control group, but the levels of TFN-y and IL-10 are higher than those in
the control group. Compared with that before treatment, ““P<0.01. Compared with the control group, ”/P<0.01.
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Figure 5. Change in serum IgE level. The serum IgE levels are significantly
increased in both groups after treatment. The serum IgE level in peripheral
blood of patients in the treatment group is higher than that in the control
group. Compared with that before treatment, “P<0.01. Compared with the
control group, #P<0.01.

and important mediators of asthma (13). Montelukast is a
non-steroidal anti-inflammatory drug, which, as a selective

inhibitor of Cys-LT, can relieve the airway spasm by reducing
the Cys-LT concentration in patients, thus playing a role in
the treatment of acute bronchial asthma (14). Moreover,
montelukast can inhibit the accumulation and proliferation
of inflammatory cells in the airway, reducing the glandular
secretion of mucus in the body, and affecting the activa-
tion and differentiation of lymphocytes, thus reducing the
permeability of blood vessels and playing an important role
in the treatment of pulmonary fibrosis and trachea remode
ling (15). Regulatory T cells are the cell population that can
inhibit the functions of other cells and mediate other immune-
active cells, which can be divided into CD4*CD25* regulatory
T cells, Th3 and Trl, according to different cell compositions.
These cells play important roles in bronchial asthma and
other allergic diseases (16).

By studying the therapeutic effect of montelukast on
children with acute bronchitis, the therapeutic effect of monte-
lukast is examined from the perspective of improving clinical
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symptoms and lung function. Montelukast has a significant
function in the treatment of acute bronchial asthma, which
can effectively treat the bronchial asthma, increase the
effective treatment rate, and significantly enhance the lung
function of patients with bronchial asthma. Han ez al (17)
studied and found that montelukast can effectively reduce the
level of airway eosinophils (EOS) in mice induced by inhaled
ovalbumin, decrease the formation of mucous plug and inhibit
the proliferation of airway smooth muscle. Additionally, the
increased Thl-induced Th1/Th2 imbalance is an important
mechanism of asthmatic attack. Th2 cytokines mainly include
IL-4 and IL-5, and TFN-vy and IL-12 are typical Thl cyto-
kines. IL-4 and IL-5 are increased and TFN-y is decreased in
patients with bronchial asthma (18). The results of this study
were consistent with the aboveme ones. It was found that the
montelukast treatment for one week could significantly reduce
the levels of IL-4, IL-5 and IL-6, but increase the levels of
TFN-y and IL-10, and regulate the Th1/Th2 balance, thus
treating bronchial asthma. Moreover, montelukast increased
the level of CD4*CD25" regulatory T cells in patients
with bronchial asthma by affecting the Th1/Th2 balance.
The functions of EOS and epithelial cells can increase the
synthesis of Cys-LT. IL-5 is an EOS differentiation factor, as
well as an important stimulus for EOS release (19). IL-4 can
upregulate the Cys-LT synthetase activity; TFN-y can inhibit
the IL-4-induced high expression of IgE and the occurrence
of allergic reaction (20). There were still some shortcomings
in this study; for example, the specific molecular mechanism
was not deeply studied.

In conclusion, montelukast can regulate the Th1/Th2
balance, increase the expression of CD4*CD25* regulatory
T cells, inhibit the lung inflammation, and improve the lung
function, which has an important therapeutic effect on acute
bronchial asthma.
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