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Abstract

Background: This research was designed to probe into the role of miRNA-21 in the pathogenesis of child-
hood asthma and its correlation with the severity.

Methods: Fifty-four children with bronchial asthma admitted to the Third Affiliated Hospital of Qigihar Med-
ical University from Jun 2018 to Dec 2019 were included. Forty nine healthy children underwent physical ex-
amination at this time period were also enrolled. The miR-21 expression in peripheral blood serum was ana-
lyzed by qRT-PCR. The relationship between the expression and severity of asthma in children was explored
by Spearman correlation analysis and ROC curve. Bronchial epithelial cell lines were cultured in vitro and di-
vided into blank control group, negative control group and miR-21 inhibition and activation group. The chang-
es of cell proliferation after treatment were detected by CCK-8 test in different groups. The expression of
TGF-B1/Smad signaling pathway protein in cells was assessed by Western blot (WB).

Results: Compared with that of healthy children, the miR-21 expression in peripheral blood serum of asthmat-
ic children was higher (P<0.001). MiR-21 expression was positively correlated with the severity of illness
(r=0.853, P<0.001). The results of cell experiments in vitro signified that miR-21 can promote the proliferation
of bronchial epithelial cells, and may be involved in regulating the expression of TGF-$1/ Smad3 signaling
pathway, thus affecting cell proliferation.

Conclusion: miRNA-21 regulates the proliferation of bronchial epithelial cells by activating TGFB1/Smad
signaling pathway. And it is positively correlated with the severity of asthma in children.
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Introduction

Asthma is a chronic airway inflammation state of
respiratory tract, which is mainly characterized by
airway hyper responsiveness, bronchospasm, in-
creased mucus secretion and airflow restriction.
The clinical manifestations of the disease are
cough, wheezing, shortness of breath, chest

tightness and other respiratory symptoms (1).
However, due to the heterogeneity of symptoms
of the disease, some patients only have mild res-
piratory symptoms, which can also lead to severe
respiratory distress (2). In recent years, the mor-
bidity of asthma in children and adolescents in
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the world has been increasing year by year. In
China in 2010, the prevalence of asthma in chil-
dren under 14 yr was 3.02%, nearly double that
that in 2000 (3,4). Childhood asthma has a lasting
impact on health. About 47% of 50-yr asthma
patients have status asthmatics before the age of
6, and 15% have suffered from severe asthma in
childhood (5). The risk of developing chronic
obstructive pulmonary disease at the age of 50 is
75% higher in patients who had severe asthma in
childhood than that of normal people (6). Asth-
ma is the most common chronic disease in chil-
dren, and it is of great significance to explore the
mechanism of disease occurrence and progres-
sion for early diagnosis and treatment.

Chronic airway inflaimmatory diseases mainly in-
clude epithelial cell injury and necrosis, infiltra-
tion of inflammatory cells in mucosa and submu-
cosa, hypertrophy and proliferation of goblet
cells, exuberant secretion of glands, thickening
and fibrosis of basement membrane, etc. Among
them, the proliferation and apoptosis of airway
epithelial cells can lead to the damage of airway
barrier function, and its severity is related to the
severity of bronchial asthma (7). Therefore, it is
vital to explore the influence of bronchial epithe-
lial cells on the pathogenesis of asthma.

At the moment, mictoRNAs play a key role in
the pathogenesis of asthma. Many microRNAs
have been confirmed to be highly expressed in
mouse asthma models, including miR-21, miR-
NA-181a, miR-155, miR-3162-3p, miR-150,
miRNA-221, miR-106a, etc. (8, 9). miRNA-21
was highly expressed in asthma mouse model
induced by IL-13 in lung (10). miRNA-21 is in-
creased in peripheral blood serum of asthmatic
children. It may be used as a brand-new marker
for diagnosis and treatment prognosis (11, 12).
miR-21 is a crucial regulator of cell proliferation,
migration and apoptosis, which is often highly
expressed in various tumors, cardiovascular and
immune-related diseases. miR-21 regulates tumor
cell proliferation, apoptosis and migration
through PTEN/PI3K/AKT, TIMP3 and tumor
necrosis factor-a (TNF-o) (13-15). However, the
mechanism of miR-21 in bronchial epithelial cells
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and its relationship with the severity of asthma in
children are still vague.

Thus, the purpose of this research was to explore
the role of miRNA-21 in bronchial epithelial cell
proliferation in asthma, and to clarify the correla-
tion between miRNA-21 and the severity of ill-
ness, so as to provide reliable basis for diagnosis
and treatment.

Materials and Methods

Research objects

This research was approved by the Ethics Com-
mittee of the Third Affiliated Hospital of Qiqihar
Medical University.

Fifty-four bronchial asthma children were col-
lected who were admitted to the Third Affiliated
Hospital of Qiqihar Medical University from Jun
2018 to Dec 2019. There were 30 males and 24
females, with an average age of (9.26£0.40) yr.
There were 49 children in the healthy control
group who had physical examination in our hos-
pital at the same time period, including 26 males
and 23 females, with an average age of
(9.61+0.41) yr. No marked difference was found
in gender and age between the two groups
(P=0.54).

The inclusion criteria for children with asthma
were: 1) patients who were diagnosed as bron-
chial asthma according to the 2016 edition of the
Pediatric Branch Respiratory Group of the Chi-
nese Medical Association Pediatric Branch; 2)
after asthma control, the symptoms were relative-
ly stable; 3) patients’ guardians were fully aware
of the purpose and content of this research and
sign informed consent forms. According to the
attack frequency and degree of children with
bronchial asthma and lung function status (FEV1
accounts for less than 60% of normal estimated
value), they were divided into intermittent state
(grade I), mild state (grade II), moderate persis-
tent state (grade III) and severe asthma (grade
1V), including 15 cases of intermittent state and
19 of mild state.

The exclusion criteria were: 1) patients compli-
cated with other respiratory diseases, such as
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congenital malformation of respiratory tract,
pneumonia, bronchiectasis, etc.; 2) patients com-
plicated with other serious systemic diseases,
such as liver and kidney insufficiency, heart dis-
eases, blood system diseases and nervous system
diseases, etc.

Peripheral blood sample collection

Five ml peripheral venous blood was collected
from all subjects using blood collection tube
without anticoagulant, and then centrifuged at 4
°C for 10 min at 3000 r/min to obtain peripheral
blood serum. The samples were stored in a re-
frigerator at -80 °C for miRNA extraction.

qRT-PCR detection

The miRNeasy Mini Kit (217004, Qiagen) was
purchased from Qiagen. MiRNA was extracted
according to the instructions of the kit, and
cDNA was synthesized in light of the instruc-
tions of the reverse transcription kit (218161, Qi-
agen). The obtained cDNA template was ampli-
fied by real-time fluorescence quantitative PCR
using a kit (204143, Qiagen), and the primers of
miR-21 and U6 were synthesized by Invitrogen.
PCR amplification conditions were: 95 °C for 15
min, 94 °C for 15 s after 40 cycles, 55 °C for 30 s,
70 °C for 34 s. The experiment was repeated
three times, and U6 was used as an internal refer-

ence. The miR-21 relative expression was calcu-
lated by 24" method (Table 1).

Table 1: Primer sequences of fluorescence quantitative PCR amplification

Amplified Primer sequences
genes
miR-21 Forward 5-CGGGATCCAGCCACTACCAAGGCATGTT -3
Reverse 5-CGGAATTCAACCACGACTAGAGGCTGAC-3
uo Forward 5-GCGCGT CGTGAAGCGTTC-3
Reverse 5-GTGCAGGGTCCGAGGT-3
Cell culture trol, miR-21 inhibitor, mimics control and miR-

Bronchial epithelial cell line 16HBE (ZQ-0001)
was purchased from Shanghai Zhong Qiao Xin
Zhou Biotechnology Co., Ltd., and the cells were
cultured in complete epithelial cell culture medi-
um (ZQ-1303). It was placed in a constant tem-
perature incubator at 37 °C with 5% CO, and
95% air. When the cell density was increased to a
suitable level, 200 mg/I. Smad7 agonist Asiati-
coside (HY-N0439, MCE) was added to the me-
dium and cultured for 24 h.

Regulation of miR-21 expression

After the density proliferated by 40%-60%, the
cells were divided into blank control group, in-
hibitor control group, miR-21 inhibitor group,
mimics control group and miR-21 mimics group.
Thereinto, 1 ul PBS buffer and 1 pl DMSO were
added into the culture medium of blank control
group. Afterwards, 100 pl Opti-MEM was added
into 1.5 ml EP tube. Then 50 mM inhibitor con-
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21 mimics (Shanghai GenePharma Co., Ltd) were
added. Finally 5 ul Lipo2000 (11668027, Invitro-
gen) transfection reagent was added. They were
mixed evenly and incubated at room temperature
for 20 min. Next, the mixed droplets were added
into the medium for cell culture.

CCK-8 experiment

16HBE cells were digested into suspension, and
100 ul cell suspension was inoculated into 96-well
plate, and cultured in an incubator at 37 °C for 12
h. Next, 10 pl diluted CCK-8 (CA1210-500T,
Solarbio) solution was added to each well, and
then cultured at constant temperature for 6 h.
The absorbance values at 450 nm and 600 nm
were measured by microplate reader, and cell ac-
tivity was calculated according to standard curve.

Western blot experiment
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Totally 1T mM PMSF (P0100, Solarbio) was added
to RIPA protein lysate (PO013C, Beyotime), and
100 pl mixed solution was added to each well of
six-well plate for lysis. After 30 min, cell lysate
was collected and centrifuged at 15000 g at 4 °C
for 10 min to extract total protein. The total pro-
tein concentration was detected by BCA protein
quantitative kit (PO012, Beyotime). After SDS-
PAGE gel electrophoresis, the protein was trans-
ferred to PVDF membrane (88585, Thermo Sci-
entific) by semi-wet transfer method. The 5%
skimmed milk powder was incubated for 1 h,
then TGF-31 (1:1000, ab92486, Abcam), Smad7
(1: 1000, ab216428, Abcam), Smad2/3 (1:1000,
ab217553,  Abcam), p-Smad2/3  (1:1000,
ab272332, Abcam) and GAPDH (1:10000,
ab181602, Abcam) Primary Antibody Dilution
Buffer was added and cultivated at 4 °C all night.
The sample was washed three times with 0.1%
PBST, and then the corresponding secondary
antibody diluent (1:4000, ab205718, abcam) was
added and incubated for 1 h at indoor tempera-
ture. Subsequently, it was cleaned three times
with 0.1% PBST again, developed with ECL
chemiluminescence reagent (POO18ES, Beyotime),
fixed and photographed by chemiluminescence
imaging system (BioSpectrum 510, UVP), and
analyzed by Image] 1.52.

Prediction results of miR-21 target gene

The binding site of miR-21 and TGF-B1 target
gene was predicted by Target gene prediction
software (Targetscan).

Detection of dual luciferase reporter gene

MiR-21 dual luciferase reporter gene test was cat-
ried out with 293 T competent cells and dual lu-
ciferase reporter gene detection kit (RG027, Be-
yotime). The miR-21 mimics, miR-21 NC and
TGF-g1 3 non-coding region dual luciferase
pmirGLO vector was constructed by Wuhan
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Genecreate bioengineering Co., Ltd, regarding
sea kidney luciferase as an internal reference. The
relative light unit values of different samples were
measured by BioSpectrum 510 chemilumines-
cence analyzer, and the activation degree of the
target reporter gene was judged by dividing the
relative light unit values of marine luciferase.

Statistical methods

The data results were analyzed by SPSS 23.0
(Chicago, 1L, USA), and the measurement data
such as miR-21 expression in peripheral blood
serum of asthmatic children were expressed by
meantstandard deviation ( xxs). The miRNA
expression in peripheral blood between healthy
and asthmatic children was compared by inde-
pendent-samples 7 test, and the proliferation of
bronchial epithelial cells under different miR-21
treatments was analyzed by one-way ANOVA.
The results of dual luciferase reporter gene exper-
iment were assessed by two-way ANOVA, and
the correlation between miR-21 and severity of
asthma in children was analyzed by Spearman.
The difference was statistically remarkable with
P<0.05.

Results

Expression of miR-21 in peripheral blood se-
rum of children with asthma increases
MiRNA was extracted from peripheral blood of
healthy and asthmatic children, and the expres-
sion of miR-21 in serum was tested by qRT-PCR.
The expression of miR-21 in serum of asthmatic
children increased (Fig. 1A), and it gradually in-
creased with the severity of the disease. The level
in peripheral blood of mild, moderate and severe
asthma was higher than that of intermittent chil-
dren (Fig. 1B).
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Fig. 1: Expression of miR-21 in peripheral blood serum of children with asthma increases
Note: A: expression of miR-21 in peripheral blood serum of healthy and asthmatic children; B: expression of miR-21
in peripheral blood of children with different asthma grades. P<0.01 means **, and P<0.001 means ***

Expression of miR-21 in peripheral blood se-
rum of children with asthma is positively cor-
related with severity of illness

The relationship between serum miR-21 level and
children’s illness was explored by Spearman cor-
relation analysis. The miR-21 level was positively
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correlated with illness (r=0.853, P<0.001) (Fig.
2A). ROC curve sub-line showed that miR-21
could be used as a marker for diagnosing asthma
in children (95%CI: 0.791-0.934, P<0.001) (Fig.
2B).
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Fig. 2: Relationship between miR-21 expression in peripheral blood serum and severity of asthma
Note: A: the relationship between miR-21 expression in peripheral blood serum of healthy and asthma children and
disease classification is assessed by Spearman correlation analysis; B: the specificity and sensitivity of miR-21 in diag-
nosing childhood asthma are investigated by ROC curve

MiR-21 can promote proliferation of bron-
chial epithelial cells

In order to explore the role of miR-21 in child-
hood asthma, the bronchial epithelial cell line
16HBE were divided into five groups: blank con-
trol group, inhibitor control group, miR-21 inhib-
itor group, and mimics control group and miR-21

1977

mimics group. The changes of cell proliferation
in different treatment groups were detected by
CCK-8 test. The high expression of miR-21
could enhance cell proliferation, while the inhibi-
tion of miR-21 could decrease cell proliferation
(Fig. 3).
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Fig. 3: Effect of miR-21 over-expression and knockout on proliferation in bronchial epithelial cells
Note: the effect of miR-21 inhibition and over-expression on proliferation of bronchial epithelial cells 16HBE is as-
sessed by CCK-8 proliferation test

MiR-21 can directly regulate expression of
Smad?7, an inhibitor of Smad signaling path-
way

To further explore the specific mechanism of
miR-21 affecting the proliferation of bronchial
epithelial cells, miRNA target gene prediction
software TargetScan analysis was carried out.
Smad7 might be the target gene of miR-21 (Fig.
4A), and the experimental results of dual lucifer-
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ase reporter gene also verified the regulatory rela-
tionship between them (Fig. 4B). Hence, the ef-
fect of miR-21 over-expression or inhibition on
Smad 7 protein expression was verified by West-
ern blot (WB). It showed that miR-21 inhibition
could up-regulate Smad7 protein expression,
while miR-21 over-expression could reduce
Smad7 protein expression (Fig. 4C).
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Fig. 4: miR-21 can directly regulate expression of Smad signal pathway inhibitor Smad7
Note: A: the binding sites of miR-21 and Smad7 are analyzed by using Targetscan software; B: Dual luciferase reporter gene
experiment verifies that there is a regulatory relationship between miR-21 and Smad7; C: the effect of miR-21 inhibition or over-
expression on Smad7 protein expression is explored by WB experiment

Available at:  http://ijph.tums.ac.ir

1978


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 50, No.10, Oct 2021, pp.1973-1982

MiR-21 can activate Smad signaling pathway
and promote cell proliferation by affecting
Smad7 expression

The mechanism of miR-21 in regulating the pro-
liferation of bronchial epithelial cells was verified.
The promotion of miR-21 knockout on cell pro-
liferation could be counteracted by Smad7 ago-
nist (Fig. 5A). In addition, a large number of
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studies have shown that Smad 7 is an inhibitor of
Smad 7 signaling pathway, so its down-regulation
can activate the pathway. WB results showed that
miR-21 over-expression can promote the activa-
tion of Smad7 signaling pathway, and this effect
can also be antagonized by Smad7 agonists (Fig.
5B).
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Fig. 5: miR-21 can activate Smad signaling pathway and promote cell proliferation by affecting Smad7 expression
Note: A: CCKS8 experiment explores the effects of miR-21 over-expression and Smad7 agonist on bronchial epitheli-
al cell proliferation; B: WB experiment verifies the over-expression of miR-21 and the activation of Smad signaling
pathway by Smad7 agonist

Discussion

Childhood asthma is a chronic inflammatory
state of respiratory tract, and its pathogenesis is
influenced by both genetic and environmental
factors. At present, the mechanism leading to
pathophysiological changes of this disease is am-
biguous, thus there is no completely effective
treatment so far. miRNA plays a vital role in de-
veloping and maintaining the physiological func-
tion of lung (16). The expression of miRNA-21
in peripheral blood of asthmatic children is high-
er than that of healthy control group (11-17). Be-
sides, the expression of miRNA-21 in steroid-
resistant children is higher than that in steroid-
sensitive children. The expression in serum is
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negatively correlated with IL-12p35 and FEV1 in
serum, and positively correlated with the number
of eosinophils in sputum and blood (18). Serum
miR-21 not only can be used as a diagnostic
marker of asthma in children, but also can be
used to distinguish steroid hormone inhalation
sensitive and resistant patients. Thus, this re-
search was dedicated to verifying the diagnostic
marker role of miR-21 in asthma in children and
exploring its influence in the pathogenesis of
asthma.

In this research, the correlation between miRNA-
21 and the severity of asthma in children was
clarified, and the effect of miRNA-21 on the pro-
liferation of bronchial epithelial cells in asthma
was discussed, which provided a solid theoretical
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basis for diagnosis and treatment. We collected
the peripheral blood of healthy and asthmatic
children, and quantitatively analyzed the expres-
sion of miR-21 in the serum. Combined with
StatIX online sample size estimation website, it
was verified that the data were statistically valid.
It revealed that miR-21 in the serum of asthmatic
children increased, and the expression of miR-21
was positively correlated with the severity of
asthma in children, which was consistent with
previous research conclusions. To further explore
the role of miR-21 in the pathogenesis of asthma,
bronchial epithelial cells were treated with miR-
21 activation and inhibition in this study. CCK-8
proliferation experiment showed that miR-21
activation could promote the proliferation of epi-
thelial cells. On this basis, we found that miR-21
could bind Smad7 gene and promote the activa-
tion of TGF-f1/Smad3 signaling pathway, there-
by leading to the enhancement of proliferation of
bronchial epithelial cells.

MiR-21 gene is located on human chromosome
17, which is a highly conserved microRNA. It has
been found that miR-21 is up-regulated in vari-
ous solid tumors, including breast cancer, lung
cancer, gastric cancer and colorectal cancer (19-
22). miR-21 mainly leads to post-transcriptional
silencing of target genes by binding to the 3’-
UTR region of target genes, mediating the ex-
pression changes of many oncogenes and tumor
suppressor genes, including PTEN, Bcl-1, Smad7
and TGF-B, and promoting the proliferation, in-
vasion and migration of tumor cells (23,24).
What’s more, miR-21 has been related to patho-
physiological processes such as inflammation,
fibrosis, cardiac hypertrophy and ventricular re-
modeling (25). The level of circulating miR-21 in
patients with hypertensive heart disease was
higher than that in the control group, and was
positively correlated with the expression of serum
myocardial fibrosis markers (26). The results of
mouse model experiment manifested that the
expression of miR-21 in mouse heart tissue in-
creased after infusion of angiotensin II or ab-
dominal aortic coarctation. Furthermore, the ex-
pression of programmed cell death 4 (PDCD4)
decreased. PDCD4, as a major target gene of
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miR-21, its expression could be regulated by
miR-21. Besides, the results of in vitro experi-
ments in neonatal mouse cardiomyocytes also
verified that miR-21 inhibitor could abolish the
decrease of PDCD4 expression mediated by an-
giotensin II, and lead to the inactivation of its
downstream activator of transcription-1/TGF-1
signaling pathway, thus preventing ventricular
remodeling mediated by hypertension in mouse
heart. In this research, the bronchial epithelial
cells were activated and inhibited by miR-21 in
vitro, and it was found that miR-21 could pro-
mote cell proliferation, thus mediating airway tis-
sue remodeling in asthma.

Previously, TGF-81 in activated state binds with
TGF-Br2 receptor on cell membrane, and medi-
ates phosphorylation of R-Smad in cytoplasm.
Phosphorylated R-Smad protein can combine
with co-Smad to form a complex, and then trans-
fer to nucleus and combine with transcription
factors to form a transcriptional activity regula-
tion complex. This complex participates in the
expression regulation of proliferation-related
genes in cells (27), in which inhibitory protein
Smad7 plays an important role in activating TGF-
B signaling pathway. In addition, TGF-$1/Smad3
signaling pathway not only promotes cell prolif-
eration, but also mediates the extensive role of
cell differentiation, immune response and extra-
cellular matrix deposition in asthma (28). The
activation of TGF-f1/Smad signaling pathway in
airway tissue of asthma patients can mediate the
high expression of collagen, a-smooth muscle
actin, connective tissue growth factor and plas-
minogen activated graft, thus inducing fibroblast
proliferation, fibroblast differentiation and syn-
thesis of extracellular matrix components. It also
participates in mediating pathological changes
such as basement membrane thickening, collagen
deposition and tissue fibrosis in airway of asthma,
resulting in airway tissue remodeling (29). Hence,
we made further plans to carry out in vivo exper-
iments in mouse models in future studies to ex-
plore the effects of miR-21 on bronchial epitheli-
al cell proliferation, extracellular matrix deposi-
tion and tissue fibrosis. In this research, the ex-
pression of miR-21 in peripheral blood of chil-
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dren with asthma was verified, and it was posi-
tively correlated with the severity of asthma in
children. On this basis, it was found that miR-21
might be used as a marker for diagnosis. In vitro
experiments showed that miR-21 might regulate
the proliferation of bronchial epithelial cells by
activating 'TGFB1/Smad  signaling pathway,
which provided solid clinical and theoretical evi-
dence for miR-21 as a marker for diagnosing
childhood asthma.

Conclusion

MiRNA-21 regulates the proliferation of bron-
chial epithelial cells by activating TGFB1/Smad
signaling pathway. It is positively correlated with
the severity of asthma in children.
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