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Abstract: Objective: To investigate the effect of BCG-polysaccharide nucleic acid (BCG-PSN) adjuvant therapy on 
Th1/Th2 immune response in bronchial asthma children. Methods: 109 cases of bronchial asthma children receiv-
ing treatment in our hospital were selected in this study. They were randomly divided into the control group and 
observation group. The children in the control group were treated with oxygen uptake, relieving asthma, anti-inflam-
matory, anti-infection and other conventional therapies. The observation group was treated with BCG-PSN adjuvant 
intramuscular injection on the basis of the control group, 1 ml, twice a week, 12 weeks were taken as one course 
of treatment. After treatment, the efficacies of the two groups were determined, and the expressions of INF-γ and 
IL-4 were detected in the peripheral blood of the two groups by enzyme-linked immunosorbent assay; Th1/Th2 in 
peripheral blood mononuclear cells was analyzed using flow cytometry. Results: The clinical efficacies were 72.73% 
and 94.44% in the control and observation group respectively. The clinical efficacies showed statistical significance 
between the two groups (P<0.05). Before treatment, there was no statistical significance in the levels of INF-γ and 
IL-4 as well as Thl/Th2 between two groups (P>0.05); after treatment, the INF-γ level was increased, the IL-4 level 
was decreased and Th1/Th2 was increased. Among them, the variation amplitude was more significant (P<0.05). 
Conclusion: BCG-PSN can significantly improve the levels of INF-γ and IL-4 as well as Th1/Th2 immunologic balance 
in serum of bronchial asthma children, can effectively improve the clinical efficacy in bronchial asthma children.
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Introduction

Bronchial asthma is the most common chronic 
disease in childhood. The repeated attack of 
bronchial hyper responsiveness and chronic 
inflammation is one of the characteristics of 
bronchial asthma children. There are immune 
imbalance and abnormal expression of inflam-
matory mediators in bronchial asthma patients. 
Thl/Th2 cellular immunity is the immune cell 
system which is closely related to allergic reac-
tion and immune response, and involved in the 
regulation of many inflammatory mediators [1, 
2]. In recent years, although the drugs to effec-
tively prevent recurrent asthma appear, and the 
standardized treatment of asthma is popular-
ized, the incidence and prevalence of asthma 
are not only declined, but also shows an 
increasing trend in global range year by year. 
The incidence of asthma and its severity are 

increasing in developing countries. Data 
showed that the cumulative incidence of asth-
ma in China was 0.25%-4.63% [3]. The immune 
pathogenesis of asthma showed that the num-
ber of Th2 cells was increased rapidly in acute 
attack of asthma and showed hyperfunction. 
The immune response level of Thl cells was sig-
nificantly decreased, which made Thl/Th2 bal-
ance deviate to Th2 direction. Therefore, cor-
rection of Thl/Th2 balance was the key to treat 
bronchial asthma [4]. BCG-polysaccharide 
nucleic acid (BCG-PSN) was dead BCG prepara-
tion extracted from Bacilli Calmette-Gurin by 
hot phenol method. With respect to the BCG, 
BCG-PSN removed protein components. The 
main component was lipopolysaccharide, 
accounting for about 70%~80%. The rest com-
ponent was nucleic acid, which removed the 
infectivity and retained immunogenicity. Stud- 
ies showed that BCG-PSN had significant 
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effects on allergic asthma, allergic rhinitis, 
nephrotic syndrome, tumor and other immune 
diseases [5, 6]. In this study, 54 cases of bron-
chial asthma children received BCG-PSN injec-
tion treatment. The effect of BCG-PSN on Thl/
Th2 immune balance was observed and its 
clinical efficacy was evaluated.

Subjects and methods

General data

109 cases of bronchial asthma children receiv-
ing treatment in our hospital were randomly 
selected from January 2013 to January 2015. 
All patients were in accordance with the stan-
dard of asthma diagnostic diagnosis of Chinese 
Medical Association. The children were ran-
domly divided into the control group and obser-
vation group. There were 55 cases in the con-
trol group, including 31 cases of male and 24 
cases of female; the age was 2-11 years old 
and the average age was (7.54±1.36) years; 
the course was 1.1-7.3 years and the average 
course was (4.21±0.81) years. There were 54 
cases in the observation group, including 31 
cases of male and 23 cases of female. The age 
was 2-12 years old and the average age 
(7.68±1.45) years; the course was 1.2-7.5 
years and the average course was (4.28±0.85) 
years. Exclusion criteria: (1) Severe visceral dis-
ease combined with heart, lung and kidney 
function insufficiency; (2) With chronic cough 
and consumptive diseases; (3) With other infec-
tious diseases; (4) Using glucocorticoid and 
other immunomodulators. There was no signifi-
cant difference in state of an illness, gender, 
age, disease, height etc. between the two 
groups (P<0.05). This study was conducted in 
accordance with the declaration of Helsinki. 
This study was conducted with approval from 
the Ethics Committee of Huaihe Hospital of 
Henan University. Written informed consent 
was obtained from all participants.

Treatment method

The children in two groups were treated with 
budesonide (AstraZeneca Pharmaceutical Co. 

tai Pharmaceutical Co. Ltd., Xi’an, China) adju-
vant intramuscular injection on the basis of the 
control group, 1 ml, twice a week. 12 weeks 
were taken as a course of treatment.

ELISA 

2 ml fasting venous blood was acquired from 
the children in two groups respectively in the 
morning before and after treatments, and cen-
trifuged by 4000 rpm for 10 min. The levels of 
INF-γ and IL-4 were detected strictly according 
to ELISA kit (R&D Systems Inc, Minneapolis, 
MN, USA). 3 complex holes were set for each 
sample and standard substance. The OD value 
was measured at 492 nm. 

Flow cytometry analysis

3 ml fasting venous blood was acquired from 
the children in two groups respectively in the 
morning before and after treatments. The 
peripheral blood mononuclear cells were col-
lected by density gradient centrifugation meth-
od and subpackaged into 3 tubes after washed 
with PBS, namely homotype control group, 
detection tube of the control group and detec-
tion tube of the observation group. 20 μl CD4-
PerCP mAb (BD Biosciences, New Jersey, USA) 
was added and incubated for 30 min away from 
light at room temperature. The sample was 
washed, fixed with 4% paraformaldehyde, 
placed for 20 min at room temperature and qui-
etly placed for 10 min. IntraprepTM Permea- 
bilization reagent was added. The sample was 
centrifuged. The supernatant was discarded 
and the cells were resuspended; 20 μL IL-4-PE 
mAb (BD Biosciences, New Jersey, USA) and 20 
μL IFN-γ-FITC mAb (BD Biosciences, New Jersey, 
USA) were added in the detection tube. 20 μL 
homotype control antibody IgG1-FITC mAb (BD 
Biosciences, New Jersey, USA) and 20 μL IgG1-
PE mAb (BD Biosciences, New Jersey, USA) 
were added in the homotype control tube. The 
samples were incubated for 1 h away from light, 
washed, resuspended and detected by flow 
cytometry.

Table 1. Comparison of curative effects in two groups

Groups Cases Markedly 
effective Effective No effect The total  

efficiency (%)
Observation group 54 32 19 3 94.44*
Control group 55 18 22 15 72.73
Note: *P<0.05.

Ltd., London, UK) aerosol 
inhalation, 200 µg, twice a 
day, combined with reliev-
ing asthma, anti-inflamma-
tory and anti-infection tre- 
atments. The children in 
the observation group were 
treated with BCG-PSN (An- 
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Efficacy determination

Efficacy determination criterion: Excellent: 
asthma symptoms were completely relieved 
during the treatment period and at the end of 
treatment; Effective: asthma symptoms were 
significantly relieved during the treatment peri-
od and at the end of treatment, the attack fre-
quency was decreased, the course was short-
ened; Invalid: asthma symptoms were not 
relieved or was aggravated in the treatment 
period and at the end of the treatment. Total 
effective rate = (markedly effective rate + effec-
tive rate)/total number * 100%.

Statistical analysis

All data were analyzed by SPSS13.0 software 
(SPSS Inc, Chicago, IL, USA). The measurement 
data were represented with x ± sd. The mea-
surement data were analyzed using t test. The 
enumeration data were represented with chi 
square test. P<0.05 indicated that the differ-
ence was statistically significant.

Results

Comparison of clinical efficacy between two 
groups

After treatment, the total effective rate was 
94.44% in the observation group and 72.73% 
in the control group, the clinical efficacy of the 
observation group was significantly higher than 
that of the control group (P<0.05) (Table 1).

Comparison of INF-γ and IL-4 levels in periph-
eral blood between two groups 

As shown in Figure 1, before treatment, the lev-
els of IFN-γ and IL-4 in peripheral blood showed 
no significant difference between the control 
and observation group (P>0.05); After treat-
ment, the IFN-γ levels were increased in the 
control group and observation group, the IL-4 
level was decreased (P<0.05). Among them, 
the improved amplitude was more significant in 
the observation group (P<0.05).

Figure 1. Comparison of INF-γ and IL-4 expression levels in peripheral blood between two groups. A. INF-γ expression 
levels in peripheral blood in two groups; B. IL-4 expression levels in peripheral blood in two groups.

Figure 2. Comparison of Th1/Th2 in peripheral blood mononuclear cells between two groups. A. Th1 cell in periph-
eral blood mononuclear cells in two groups; B. Th2 ratio in peripheral blood mononuclear cells in two groups; C. 
Th1/Th2 ratio in peripheral blood mononuclear cells in two groups.
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Comparison of Th1/Th2 in peripheral blood 
mononuclear cells between two groups

As shown in Figures 2-4, Th1/Th2 in peripheral 
blood mononuclear cells showed no signifi-
cance between the control and observation 
group (P>0.05); after treatment, Th1/Th2 of in 
peripheral blood mononuclear cells was 
increased in the control and observation group 
(P<0.05), and the rising range in the observa-
tion group was more significant (P<0.05).

Discussion

Bronchial asthma is an inflammatory airway 
disease. Acute inflammation can cause bron-
chial smooth muscle to contract and plasma to 
exude, which can lead to the acute onset of 
wheezing. Bronchial asthma is a chronic airway 
inflammation, in which many inflammatory cells 
such as eosinophils, mastocytes and T lympho-
cytes are involved. T lymphocyte activation and 
cytokines release have received more and 

more attention. T lymphocytes play an impor-
tant immunomodulatory effect in the process 
of the disease, mainly Th1/Th2 subpopulation 
functional imbalance. A large number of 
researches proved that Th1/Th2 imbalance 
was the important immune pathogenesis.

Thl and Th2 subpopulations were differentiated 
from Th0 cells. Th1, Th2 and their secretase 
could mutually regulate proliferation and differ-
entiation in normal physiological conditions, 
and thus to maintain the Th1/Th2 balance [9]. 
IFN-γ and IL-4 were the representative cyto-
kines of Th1 and Th2 respectively. IFN-γ secret-
ed by Th1, which could inhibit Th0 cells differ-
entiation into Th2 cells, inhibit or reduce the 
accumulations of eosinophils and T lympho-
cytes in lung tissues; IL-4 secreted by Th2, 
which could induce B cells proliferation and dif-
ferentiation into plasmocytes, induce the pro-
ductions of IgG and IgE, further promote T cells 
differentiation into Th2 cells [10, 11]. When 
bronchial asthma occurred, the number of Th2 

Figure 3. INF-γ expression levels in TH1 cells between two groups. A. Negative control; B. INF-γ expression levels in 
TH1 cells of children in two groups before treatment; C. INF-γ expression levels in TH1 cells in control group after 
treatment; D. INF-γ expression levels in TH1 cells in observation group after treatment.
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cells increased, their function was activated, 
and combined with large secretions of IL-4 etc. 
Th2 type cytokines, which was a key factor to 
initiate and maintain airway inflammation [12]. 
Therefore, researchers generally agreed with 
Th2 cellular immunity hyperfunction in bron-
chial asthma children. Tang et al. [13] detected 
the levels of serum IL-4, IL-10 and IFN-γ in 
peripheral blood of 30 bronchial asthma 
patients in stage of attack and in remission 
stage. And the normal children were taken as 
the control group. The results showed that the 
levels of serum IL-4 and IFN-10 were higher 
than those in control group and remission 
group. The IFN-γ level was lower than that in 
control group and remission group. Th1/Th2 
was lower than that in control group and IL-10 
group. The results revealed that Th1/Th2 
immune imbalance was one of pathogenetic 
mechanisms of bronchial asthma. The detec-
tion results of peripheral blood in 109 bronchi-
al asthma children showed that the serum 
IFN-γ level was lower than normal reference 

value, the IL-4 level was higher than normal ref-
erence value, and Th1/Th2 was significantly 
lower than normal reference value. The results 
were consistent with previous reports, further 
proving the key role of Th1/Th2 immune imbal-
ance in the pathogenesis of bronchial asthma.

BCG-PSN is an immunoregulatory substance 
composed of lipopolysaccharide and nucleic 
acid extracted from BCG. Bacillus Calmette 
Guerin (BCG) can be used for tuberculosis pre-
vention. It was a strong Th1b immune revulsant 
and could induce Th1 cell proliferation and 
enhanced its function [14]. Studies showed 
that BCG-PSN had immunogenicity. It could 
inhibit the release of excessively hyperactive 
Th2 type cytokines after entered the human 
body. It could convert Th1/Th2 balance to Th1 
type, which played a role in the prevention and 
treatment of asthma [15, 16]. In this study, 54 
cases of bronchial asthma children were treat-
ed with BCG-PSN injection. The results showed 
that after treatment, the IFN-γ level in periph-

Figure 4. IL-4 expression levels in TH2 cells between two groups. A. Negative control; B. INF-γ expression levels in 
TH2 cells in two groups before treatment; C. INF-γexpression levels in TH2 cells in control group after treatment; D. 
INF-γ expression levels in TH2 cells in observation group after treatment.
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eral blood of patients in the observation group 
was significantly increased, the IL-4 level was 
decreased significantly (P<0.05) and Th1/Th2 
of mononuclear cells in peripheral blood was 
increased significantly (P<0.05). The improved 
amplitude of all indexes showed significant dif-
ference compared with the control group 
(P<0.05). The research results showed that 
BCG-PSN could effectively reverse Th1 and Th2 
cells immune imbalance, reverse the immune 
response from TH1 to Th2, which had impor-
tant significance for bronchial asthma patients 
and was an effective way to treat bronchial 
asthma.
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