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Abstract. The study was designed to explore the correlation
between c-Jun N-terminal kinase 1 (JNKI) gene and bron-
chitis in children with respiratory diseases. From April 2013
to April 2015, 32 cases of children who were admitted to our
hospital for bronchitis were selected as the observation group,
while 28 cases of normal children in the same period were
selected as the control group. The JNKI1 gene expression
level in the blood of patients of the control and observation
groups was detected by quantitative polymerase chain reac-
tion, enzyme-linked immunosorbent assay, and western blot
analysis. Additionally, the correlation between the levels of
JNKI1 expression and bronchitis in children was statistically
analyzed using SPSS software. INK1 expression significantly
increased in the observation group compared to the control
group, and a significant difference was identified (P<0.05).
Furthermore, from the detection of JNK1 protein content of
blood of child bronchitis with different conditions, we found
JNKI1 expression gradually increased with the aggravation of
bronchitis in children, showing a positive correlation. JNK1
expression was significantly higher in the blood of patients
with acute pediatric bronchitis than that of patients with
chronic bronchitis. In conclusion, JNK1 promotes the produc-
tion and deterioration of bronchitis in children, which provides
a theoretical and experimental basis for the diagnosis and
treatment of children afflicted with bronchitis.

Introduction

Infants are very susceptible to infection with external patho-
gens that can cause a series of diseases, which results from the
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underdevelopment of teh infantile immune system so that the
resistance for the external adverse conditions is weak (1). As a
common disease in infants, respiratory disease has high inci-
dence and recurrence (2). Mild pediatric respiratory diseases
mainly manifest as acute upper respiratory infection, bron-
chitis, asthma and pneumonia, while severe respiratory system
disease in children may gradually develop to severe pneumonia
and even lung failure. Therefore, it is extremely significant to
enhance the diagnosis and treatment for respiratory diseases
in children (3). As a common respiratory disease in children,
bronchitis is mainly caused by pulmonary capillary bronchial
lesions by virtue of the common cold or the flu. The study
indicated that approximately 80% of children with bronchitis
suffered from viral infection caused by respiratory syncytial
virus, and adenovirus infection followed (4). At present, the
research for pediatric bronchitis has been mainly concentrated
on the level of bacteria, viruses, and other exotic microbes,
which are rarely reported in the study of related genes (5).

Previous findings have shown that human c-Jun N-terminal
kinase (JNK) and stress-activated protein kinase (SAPK)
signaling pathways are involved in the production and dete-
rioration of various diseases of the respiratory system (6). In
addition, it was previously found that there was a correlation
between the phosphorylation of JNK as well as related proteins
and diseases such as bronchial asthma (7), suggesting that
JNKI1 may be one of the important binding sites of anti-airway
remodeling. It has been proven that there was a certain correla-
tion between JNK/ gene and asthma in children. However, the
correlation of JNK/ and children bronchitis was not reported.

In the present study, we first investigated the mutuality
between JNKI and bronchitis in children, and identified that
JNK1 promotes the production and deterioration of bronchitis
in children, which provides certain theoretical and experi-
mental basis for the diagnosis and treatment of the pediatric
bronchitis.

Materials and methods

General information. Between April 2013 and April 2015,
32 children with an average age of 6.5+3.8 years were admitted
to the Xuzhou Children's Hospital (Jiangsu, China) for bron-
chitis were enrolled in the present study, including 17 males
with an average age of 6.2+4.5 years and 15 females with an
average age of 6.7+3.2 years. The patients in the observation
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group were consistent with a previous study (8). Exclusion
criteria for the study included other respiratory diseases and
inflammation. Twenty-eight healthy children were selected as
the control group; average age of 6.3+4.1 years in the same
period, including 14 males with an average age of 5.8+3.7 years
and 14 females with an average age of 5.4+4.2 years. Venous
blood samples (5 ml) were obtained from the subjects in the
experimental and control groups, respectively. The cells were
collected by centrifugation at 2,750 x g for 5 min. Frozen
storage solution was added and the cells were stored in the
refrigerator at -80°C.

Approval of the study was provided by the Ethics
Committee of Xuzhou Children's Hospital. Written informed
consent was obtained from the children's parents or guardians.

Method. The protein extraction kit used in the present study
was purchased from Shanghai Biological Engineering Co.,
Ltd., Shanghai, China; rabbit anti-rat primary antibody used in
western blotting was purchased from Abcam Co. (Cambridge,
UK); goat anti-rabbit HRP secondary antibody was purchased
from Suzhou Keqing (Suzhou, Jiangsu, China); and the RNA
extraction kit was purchased from Takara Co. (Dalian, China).
Other relevant molecular reagents were purchased from
Axygen Biotechnology Co., Ltd. (Silicon Valley, CA, USA).

Quantitative polymerase chain reaction (gqPCR)
RNA extraction. Frozen samples (0.2 g) were defrosted in the
prepared ice box. RNA Plus (0.5 ml) was added, samples were
crushed in a precooling mortar, and then immediately moved
into a 1.5 ml RNase-free EP tube (Thermo Fisher Scientific,
Beijing, China). RNA Plus (0.25 ml) was used to rewash
mortar and the washing solution was placed into a centrifugal
tube. Then, 200 pl chloroform was added to the centrifugal
tube and agitated for 15 sec, prior to placing the tube on the ice
for 15 min. This was followed by centrifugation at 10,000 x g,
at 4°C for 15 min. The supernatant was transferred into an
RNase-free EP tube and an equal amount of isopropanol
was added. After quickly reversing and mixing, the tube was
placed on ice for at least 10 min prior to centrifugation at
10,500 x g for 10 min at 4°C. The supernatant was discarded,
750 ul 75% alcohol was added and gently mixed, and centri-
fuged at 10,000 x g for 10 min at 4°C. Again the supernatant
was discarded and residual alcohol cleared. RNase-free water
was added and the extracted RNA measured. The remaining
RNA was used for reverse transcription (9).

qPCR. Referring to the Takara fluorescence qPCR speci-
fication for operation, with a little improvement, the qPCR
primer was synthesized by Shanghai Biological Engineering
Technology Co., Ltd. The sequences are shown in Table I.

Enzyme-linked immunosorbent assay (ELISA). The levels of
JNK1 protein expression in different samples were detected
following the ELISA kit instructions, with slight modifica-
tions (10). In the present study, the ELISA standard protein
sample was diluted at 1:50 in the assay buffer, and the ELISA
standard curve was prepared according to the procedures in
the manual. Samples tested were diluted at 1:100 with the
phosphate-buffered saline (PBS) (pH 7.2). Then, 100 ul of
dilution was added into each well, and 50 ul of detection solu-
tion was subsequently added. After 2-h incubation at room
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Table I. Fluorescence quantitative PCR primer.

Primer name Sequence

INK1-F ATGAGCAGAAGCAAGCCGTGAC
JNK1-R CTGGGCTTTAAGTCCCGATG
GAPDH-F GTCGATGGCTAGTCGTAGCATCGAT
GAPDH-R TGCTAGCTGGCATGCCCGATCGATC

F, forward; R, reverse.

temperature, the TMB chromogenic substrate was added.
Absorbance was measured at 495 nm, and the D44V6 content
and concentration of each tested sample were calculated by
interpolation from the standard curve.

Western blotting. Extracted total protein (150 mg) was
extracted from experimental samples stored at -80°C (11) and
ground with a mortar and pestle in liquid nitrogen. Powdered
tissue was collected in a 1.5 ml EP tube. Protein extraction
solution (300 ul) and 10 ul protease inhibitor were added, incu-
bated in ice water for 30 min and centrifuged at 10,000 x g
for 15 min, and then supernatant was collected for analysis.
Subsequently, the protein expression levels were detected
using western blotting. Approximately 10 ul supernatant
was extracted and mixed with sample buffer, followed by
SDS-PAGE electrophoresis and routine transmembrane were
performed. The samples were sealed at room temperature for
1 h, and incubated with rabbit polyclonal DDR-1 antibody
(dilution, 1:250; cat. no. ab135643) and then with secondary
goat anti-rabbit (HRP) IgG antibody (dilution, 1:2,000; cat.
no. ab6721) (both from Abcam, Cambridge, MA, USA),
respectively. After washing the membrane three times, color
was developed using diaminobenzidine (DAB). Images were
obtained using the Fluorchem 9900 imaging system (Tokyo,
Japan). Integral optical density (IOD) values of each chromo-
genic protein band were measured and the relative protein
content of DDR1 was calculated (12).

Statistical analysis. SPSS 20.0 software (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. The experimental
data were presented as means + standard deviation. One-way
analysis of variance (ANOVA) was applied for intra-group
comparison. P<0.05 was considered statistically significant.

Results

mRNA expression level of JINK in the control and observation
groups. Blood samples were obtained from normal children
and children with bronchitis, and the mRNA expression level of
JNKI in the different samples was detected by qPCR (Fig. 1).
The results show that the JNK1 expression in children with
bronchitis was higher than that of the control group, with a
significant difference between the two groups (P<0.05). This
indicated that there was a certain correlation between the level
of mRNA expression of JNK1 and pediatric bronchitis attack,
namely, that JNK1 expression levels increased in patients with
bronchitis.
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Figure 1. Level of mRNA expression of INK1 in healthy children and children
with bronchitis. JINK1, c-Jun N-terminal kinase 1.

Table II. Level of JNK1 protein expression in the blood of
normal children and children with bronchitis (xg/1).

Content of JNK1
Groups protein (mean + SD) t P-value
Control 1.04£0.13 0.739 <0.01
Observation 15.71£0.16

P<0.01 means there was a statistically significant difference.
JNK1, c-Jun N-terminal kinase 1.

Protein expression level of JNKI in the control and observa-
tion group was detected using ELISA. JNKI1 protein in the
blood of normal children and children with bronchitis was
detected using ELISA (Table II). From the results it can be
concluded that JNK1 protein expression in the blood of
patients with pediatric bronchitis was significantly increased
(15.71+0.16 pug/1) compared to that of the normal children with
(1.04+0.13 ug/l), showing a significant difference between the
two groups, which indicated that the content of JNK1 protein
in the blood of patients with pediatric bronchitis was higher
than that of normal children. As the result was consistent with
gPCR, it showed a certain positive correlation between content
of JNKI1 protein and pediatric bronchitis.

Protein expression level of INKI in the control and obser-
vation groups was detected by western blotting. The level
of JNKI1 protein expression in the blood of normal children
and children with bronchitis was detected by western blotting
(Fig. 2). The results showed that, following a comparison of
the content of JNK1 protein in the control group, the content
of INKI1 protein in the blood of children with bronchitis was
significantly higher than that of normal children, which was
consistent with the results of gPCR and ELISA.

Level of JNKI protein expression in patients with different
conditions of bronchitis. The level of JNKI protein expression
in patients with different conditions of bronchitis in the
observation group was detected (Fig. 3), and the result showed
that INK1 protein content in the blood of patients increased
first and then decreased with the prolonged course of disease,
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Figure 2. Level of protein expression of JNK1 in the control and observation
groups was detected by western blotting. (A) Normal children sample.
(B) Pediatric bronchitis sample. JINK1, c-Jun N-terminal kinase 1.
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Figure 3. Level of INK1 protein expression in patients with different conditions
of bronchitis. JNK1, c-Jun N-terminal kinase 1. #“Compared with control-
group, P<0.05; “compared with control group, P<0.01.
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Figure 4. Level of JNK1 gene expression in bronchitis patients with different
conditions. JNK1, c-Jun N-terminal kinase 1. "Compared with control group,
P<0.01.

indicating a positive correlation between JNKI1 protein content
at certain levels and conditions of bronchitis in children, but
manifested as a negative correlation if beyond that certain limit.

Level of JNKI gene expression in bronchitis patients with
different condition. The level of INK1 protein expression in
the blood of children with bronchitis (acute and chronic bron-
chitis) with different conditions was detected (Fig. 4), and the
result has shown the JNK1 protein content as 18.42+0.18 pg/l
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in the blood of patients with acute bronchitis was lower than
that of chronic bronchitis with 12.59+0.14 ug/l, showing a
significant difference between them (P<0.01).

Discussion

As one of multiple sicknesses in children, respiratory system
disease ordinarily is a common illness in pediatric clinic, and
the diagnosis and treatment for respiratory diseases in children
is extremely significant by virtue of its wide distribution, high
incidence, and triggering many acute diseases (13,14). As a
common illness in respiratory system disease, the incidence of
bronchitis in children accounts for 32.6% of the total number
of children with respiratory system attack (15). Therefore, the
study on its pathogenesis has become a significant research
direction in the treatment of children with bronchitis.

Findings of a previous study indicated that as an impor-
tant cell signaling molecule in the human body, JNKI1 can
be activated by three stages of phosphorylation, while the
activated JNK1 protein can involve the process of collective
transcription and regulation of many genes (16,17). Through
the detection for quantity of different genes in asthma, it has
been identified that human asthma and bronchial wall thick-
ness showed a positive correlation in comparison with levels
of JNK1 gene expression of normal population (18-21). In the
present study, the JNK1 expression level in normal children
and children with bronchitis were detected, and the results
showed that, the JNK1 protein expression level in patients with
pediatric bronchitis significantly increased to 15.71+0.16 pg/1
compared to that of normal children at 1.04+0.13 pg/l. In
addition, the expression first increased and then decreased
with the prolonged course of disease, indicating a positive
correlation between conditions of patients and JNK1 expres-
sion at the initial period of bronchitis attack in children, while
other genes in the body may be responsible for the decrease of
JNKI1 expression. The attack of pediatric bronchitis, not only
involves JNKI1, but also occurs due to the combined action of
multiple genes, which provides certain theoretical research
direction for further study of children bronchitis.
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