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Abstract. The present study aimed to investigate changes of 
T-regulatory (Treg) and T-helper (Th)17 cells as well as cyto-
kines in peripheral blood of children with acute bronchitis, 
and to explore the roles of these cells in the pathogenesis of 
acute bronchitis. A total of 126 children who had presented 
at Renji Hospital (Shanghai, China) with acute bronchitis 
were selected as the observation group and 30 healthy chil-
dren were selected as the control group. Th17/Tregs in the 
peripheral blood of the children of the observation group 
and the control group was detected by flow cytometry. The 
levels of cytokines interleukin (IL)-17, IL-22, IL-10 and 
transforming growth factor (TGF)-β in peripheral blood 
serum were detected by ELISA. Compared with those in 
the control group, Treg cells, the Treg/Th17 ratio as well as 
serum IL-10 and TGF-β levels were significantly decreased 
in the observation group (P<0.05), while Th17 cells as well as 
serum levels of IL‑17 and IL‑22 were significantly increased 
(P<0.05). In conclusion, Treg/Th17 and the expression of 
associated cytokines lost their balance in children with acute 
bronchitis, suggesting that Treg and Th17 cells as well as 
their cytokines may be involved in the pathogenesis of acute 
bronchitis. It may be of certain guiding significance to detect 
Treg/Th17 and levels of serum cytokines in peripheral blood 
for clinical treatment.

Introduction

Acute bronchitis is a common respiratory disease in children. 
It often occurs secondary to upper respiratory tract infection. 
The symptoms include cough and expectoration caused by 
inflammation of the bronchial mucosa. The disease commonly 
occurs in infants and its morbidity is higher in the winter and 
spring (1,2). Modern medical research has demonstrated that 

the disease is mainly caused by viruses, bacteria or mixed 
infection (3). Mycoplasma pneumoniae infection is also 
a common cause. Administration of anti-infective agents 
is the main treatment method for acute bronchitis (4-6). 
Long-term treatment with large doses of antibiotics results 
in an increase of bacterial resistance and dysbacteriosis as 
well as an enhancement of toxic side effects. Therefore, study 
on the pathogenesis of acute bronchitis may assist in devel-
oping targeted treatments. A large number of clinical studies 
revealed that respiratory tract infection is an important factor 
to cause acute bronchitis (7,8). Infection may induce a variety 
of cytokines being directly or indirectly involved in the 
inflammatory reaction, so as to promote the exudation and 
chemotaxis of inflammatory cells, activation and pyroge-
nicity of inflammatory cells, and participate in inflammatory 
pathological damage. Therefore, immunological mechanisms 
have an important role in acute bronchitis (9,10). Previous 
studies identified immune dysfunction in patients with acute 
bronchitis, in which a dysfunction in the type 1 T-helper 
cell (Th1)/Th2 subpopulation was mostly studied in the 
pathogenesis of acute bronchitis. After T-regulatory (Treg) 
and Th17 cells were successively identified, the imbalance 
of Treg/Th17 and cytokines has become a theoretical basis 
for the study of immune disorders and other diseases (11,12). 
In the present study, the expression of Treg/Th17 and cyto-
kines in peripheral blood were detected in children with 
acute bronchitis, in order to further investigate the role of 
Treg/Th17 in the pathogenesis of acute bronchitis and its 
clinical significance.

Subjects and methods

General data. A total of 126 children who presented with 
acute bronchitis at Renji Hospital (Shanghai, China) were 
selected as the observation group from February 2014 to 
October 2015. The patients were diagnosed according to 
the diagnostic criteria for acute bronchitis in ‘practical 
pediatrics’ (13). All children had clinical manifestations 
including fever, cough, expectoration and lung rales. The 
patients were seen by the doctors within 2 days of the onset 
of acute bronchitis. None of the patients were treated with 
any antibacterial drugs prior to or after the attack. Severe 
cases or those complicated with other infections diseases 
were excluded from the present study. A total of 75 male and 
51 female patients with acute bronchitis [age, 5.6±2.9 years 
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(range, 2.2-7.5 years); body weight, 20.5±8.7 kg] were 
enrolled in the observation group. Furthermore, 30 healthy 
children undergoing physical examination at Renji 
Hospital (Shanghai, China) during the same period were 
enrolled as the control group, including 17 males and 
13 females [age, 6.1±3.1 years (range, 2.3-8.5 years); body 
weight, 21.7±8.8 kg]. There were no significant differences in 
age, sex, weight or any other aspects between the two groups 
(P>0.05). The present study was performed in accordance 
with the declaration of Helsinki and approved by the Ethics 
Committee of Renji Hospital (Shanghai, China). Written 
informed consent was obtained from the parents/guardians 
of all participants.

Specimen collection. Blood was collected in tubes containing 
heparin anticoagulant (2 ml) was asepticly collected from all 
patients after hospitalization for 1 day. Treg and Th17 cell 
contents were detected. A total of 2 ml peripheral blood was 
collected in non-anticoagulant tubes, coagulated at room 
temperature for 30 min and centrifuged at 1,400 x g at room 
temperature for 5 min. The serum was immediately collected 
and stored at ‑80˚C for detection of interleukin (IL)‑17, IL‑22, 
IL-10 and transforming growth factor (TGF)-β. The blood 
collection method for all healthy control subjects was similar 
to the above.

Detection of Treg cells in peripheral blood. Treg cells 
were determined from 100 µl whole blood collected in 
anticoagulant tubes. A total of 10 µl CD4-fluorescein 
isothiocyanate (FITC) monoclonal antibody (mAb) (cat. 
no. 11-0040-81; eBioscience, San Diego, CA, USA) and 
10 µl CD25‑peridinin‑chlorophyll-protein complex (cat. 
no. 45-0251; eBioscience) were added, followed by mixing, 
incubation in the dark for 15 min and washing with PBS. 
Fix/Perm liquid (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) was added to fix/penetrate the membrane while 
standing at 4˚C for 30 min, followed by centrifugation at 
1,200 x g at 4˚C for 3 min. The supernatant was discarded 
and the sample was washed using Fix/Perm buffer, followed 
by centrifugation at 1,200 x g at 4˚C for 3 min. The super-
natant was removed and 10 µl phycoerythrin (PE)-labeled 
anti-human forkhead box P3 (Foxp3) antibody (cat. 
no. 72-5776-40; eBioscience) was added to the tube. The 
control antibody (eBioscience) was added in the same control 
tube, mixed and incubated at room temperature away from 
light for 20 min; The sample was washed using Fix/Prem 
buffer; centrifuged at 1,200 x g at room temperature for 
3 min. The supernatant was discarded, and the cells were 
re-suspended in 500 µl PBS and detected using the flow 
cytometry (FACSCalibur; BD Biosciences). The CD25+ cells 
were differentiated. Subsequently, the CD4+Foxp3+ cells 
were measured. A scatter diagram was used to determine the 
Treg cell ratio.

Th17 cell ratio in peripheral blood. Th17 cells were deter-
mined from whole blood collected in anticoagulant tubes. 
First, peripheral blood mononuclear cells were isolated using 
human lymphocyte separating medium (Dingguo, Beijing, 
China). The cell density was adjusted to 2x106/ml using 
RPMI‑1640 culture medium (Thermo Fisher Scientific, Inc., 

Waltham, MA, USA). The suspension was added to a 6-well 
plate at 2 ml/well, followed by addition of 50 ng/ml phorbol 
ester and 1 µg/ml ionomycin (both from Invitrogen; Thermo 
Fisher Scientific, Inc.). The sample was cultured at 37˚C 
in an incubator with 5% CO2 for 1 h. A total of 1.5 µg/ml 
monensin (Invitrogen; Thermo Fisher Scientific, Inc.) was 
added, followed by culture at 37˚C for 6 h. The cells were 
transferred to a homotype control tube and detector tube, 
to which 10 µl CD4-FITC mAb (eBioscience) was added, 
followed by mixing at room temperature and incubation away 
from light for 15 min and washing with PBS. The cells were 
fixed with 4% paraformaldehyde and left to stand at room 
temperature for 20 min. Permeabilization wash buffer (Bioco 
Laibo Technology Co., Ltd., Beijing, China) was added, the 
sample was placed at room temperature for 10 min and then 
centrifuged at 1,200 x g at room temperature for 10 min. The 
supernatant was removed, the cells were re-suspended in PBS 
and 10 µl anti-human PE-IL-17 mAb (cat. no. 12-7178-41; 
eBioscience) was added to the detector tube. Furthermore, 
10 µl homotype control antibody PE-immunoglobulin G1 
mAb (cat. no. 12-0259-41; eBioscience) was added to 
the isotype control tube, followed by incubation at room 
temperature away from light for 30 min and washing with 
PBS. The cells were then detected by flow cytometry. The 
ratio of CD4+, IL-17+ cells accounting for CD+ T cells was 
the Th17-cell ratio.

Detection of serum cytokine levels. The frozen serum was 
removed. The levels of IL-10, IL-22, IL-17 and TGF-β were 
detected strictly in accordance with the instructions of the 
ELISA kits (kits for IL-10 and IL-22 were from Jiancheng, 
Nanjing, China; IL-17 and TGF-β kits were from Roche, 
Basel, Switzerland). For each sample and standard substance, 
3 complex holes were set. The optical density (OD) value was 
measured at 492 nm using a microplate reader (Thermo Fisher 
Scientific, Inc.).

Statistical analysis. All data were analyzed using the 
SPSS 13.0 statistical software (SPSS Inc., Chicago, IL, USA). 
Values are expressed as the mean ± standard deviation and 
compared using the Student's t-test. Enumeration data were 
compared using the chi square test. P<0.05 was considered to 
indicate that the difference was statistically significant.

Results

Treg and Th17 cell contents in the peripheral blood of children 
in the two groups. The flow cytometry results for the quanti-
fication of Treg and Th17 cells in the peripheral blood of the 
subjects are presented in Figs. 1-3. Compared with that in the 
normal control group, the Treg cell ratio in the peripheral blood 
of children with acute bronchitis was significantly decreased 
and the Th17 cell ratio was significantly increased (P<0.05). 
Compared with that in the control group, the Treg/Th17 ratio 
in the peripheral blood of children with acute bronchitis was 
significantly decreased (P<0.05).

Serum cytokine levels in the two groups. Various serum 
cytokines in the two groups were assessed by ELISA (Fig. 4). 
Compared with those in the normal control group, the levels 
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of serum IL-17 and IL-22 in children with acute bronchitis 
were significantly increased (P<0.05). The levels of IL‑10 and 
TGF-β were significantly decreased (P<0.05).

Discussion

Acute bronchitis is bronchial mucosa caused by a virus, 
bacterium and other pathogenic infection. It is one of the most 
common types of respiratory disease. It is usually accom-
panied with elevated body temperature above 38˚C, cough 
and other clinical manifestations. At the molecular level, 
the physiopathological basis of the disease may be summa-
rized as an airway inflammation caused by the imbalance 
between pro‑inflammatory cytokines and anti‑inflammatory 
factors (14,15). The inflammatory reaction is associated with 
an imbalance of Th cell (CD4+ T cell) subpopulations, which 
include Th1, Th2, Th17 and Treg cells. Th cells have a regula-
tory role in inducing the inflammatory response or suppressing 
immune responses (16,17).

A previous study suggested that an imbalance in the 
inf lammatory cytokine network caused by a Th1/Th2 
imbalance had an important role in the occurrence and 

development of numerous diseases (18). After Treg and Th17 
cells had been successively identified, the imbalance between 
Treg and Th17 cells as well as their cytokines became the 
theoretical basis of various autoimmune disorders and other 
diseases. Th17 and Treg cells are an important supplement 
to the theory of the immune balance function of Th1 and 
Th2. Th1/Th2 imbalance is closely associated with various 
autoimmune diseases (19-21). Th17 has an important role 
in the defense against extracellular bacterial infection and 
mediation of autoimmune diseases, which has an important 
role mainly through the secretion of IL-22, IL-17 and other 
cytokines. Among them, IL-17 is the most important effector 
molecule. It mediates the local infiltration of inflammatory 
cells through inducing the expression of IL-22 and other 
inflammatory cytokines, so as to cause tissue damage. Treg 
cells have a negative regulatory role in the body's immune 
system. They not only inhibit inappropriate immune 
responses, but also limit the scope, extent and duration of 
an immune response. Treg cells exert their regulatory role 
mainly through IL-10 and TGF-β (22,23). Studies have confi‑
rmed that Th17/Treg imbalance widely exists in autoimmune 
and infectious diseases, with an increased rate of Th17 cells, 

Figure 2. Representative flow cytometry histograms for the analysis of type 17 T‑helper cells of children in the two groups. The isotype sample was used as 
a control.

Figure 1. Representative flow cytometry dot plot of T‑regulatory cells of children in (A) the control and (B) the observation group. FOXP3, forkhead box P3; 
APC, allophycocyanin; FITC, fluorescein isothiocyanate.
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while CD4+CD25+ Treg cells are decreasing. The Th17/Treg 
imbalance is more obvious, accompanied by the aggravation 
of the disease (24).

The present study aimed to investigate the role of Treg 
and Th17 cells in the pathogenesis of acute bronchitis by 
detecting the levels of Treg and Th17 cells as well as their 
associated cytokines in the peripheral blood of children with 
acute bronchitis. The results demonstrated that compared 
with healthy children, the Treg cell rate, the Treg/Th17 ratio, 

and the serum levels of IL-10 and TGF-β in the peripheral 
blood of children with acute bronchitis were significantly 
decreased (P<0.05), while the Th17 cell rate as well as IL-17 
and IL‑22 levels were significantly increased (P<0.05). The 
above results suggested that imbalance of the Th17/Treg ratio 
has an important role in the occurrence and development of 
acute bronchitis, which may provide a basis for further study 
of the pathogenesis of acute bronchitis as well as guidance 
for clinical treatment.

Figure 4. Comparison of the serum levels of (A) IL-17, (B) IL-22, (C) IL-10 and (D) TGF-β in children of the two groups. *P<0.05. TGF, transforming growth 
factor; IL, interleukin.

Figure 3. Comparison of Treg vs. Th17 ratio in children of the two groups. (A) Treg percentage; (B) Th17 percentage; (C) Treg/Th17 ratio. *P<0.05. 
Treg, T-regulatory cell; Th17, type 17 T-helper cell.
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