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Elevated expression of microRNA-378 in children with asthma
aggravates airway remodeling by promoting the proliferation
and apoptosis resistance of airway smooth muscle cells
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Abstract. The present study determined the expression of
microRNA (miR)-378 in the peripheral blood and lung tissues of
children with asthma, and investigated its effect and mechanism
of action on the biological functions of airway smooth muscle
cells. A total of 23 asthmatic children and 15 healthy children
were included in the study. Peripheral blood and tissues were
obtained from asthmatic children. Healthy children provided
peripheral blood. Quantitative real-time polymerase chain
reaction was used to determine the expression of miR-378.
Airway smooth muscle cells were isolated and cultured in vitro.
The cells were transfected with miR-378 mimics or miR-378
inhibitor. Following transfection, proliferation of the cells was
determined using the CCK-8 assay. In addition, flow cytometry
was used to detect the cell cycles and apoptosis of smooth
muscle cells. Western blotting was performed to determine the
expression of extracellular matrix proteins in smooth muscle
cells. Furthermore, bioinformatics was used to predict potential
target genes of miR-378 and their downstream signaling
pathways. Results indicated that the expression of miR-378 in
peripheral blood and lung tissues from asthmatic children was
increased compared with that in healthy children. Serum from
asthmatic children promoted the proliferation of smooth muscle
cells in vitro by affecting the cell cycle, and enhanced apoptotic
resistance of smooth muscle cells. Notably, overexpression of
miR-378 increased the proliferation of smooth muscle cells
by affecting the cell cycle, and this upregulated apoptotic
resistance of smooth muscle cells and enhanced the expression
of extracellular matrix-related proteins in smooth muscle cells.
However, downregulation of miR-378 expression reversed the
promoting effect of serum from asthmatic children on the
biological functions of smooth muscle cells. These findings
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suggested that miR-378 possibly affects the proliferation,
apoptosis and motility of airway smooth muscle cells via
downstream signaling pathways. To conclude, the present study
demonstrated that miR-378 expression was elevated in the
peripheral blood and lung tissues from children with asthma.
Furthermore, miR-378 promoted the biological functions of
extracellular matrix-related proteins of smooth muscle cells, and
possibly exerts its effect via its target genes through downstream
signaling pathways.

Introduction

Bronchial asthma is a clinically common respiratory chronic
inflammatory disease, which mainly involves inflammatory
cells and structural cells (such as eosinophils, mast cells,
lymphocytes, neutrophils, smooth muscle cells and airway
epithelial cells), as well as relevant cellular components (1,2).
Without effective control, chronic inflammation induced by
asthma will lead to airway hyperresponsiveness, which further
causes reversible airflow limitation, as well as recurrent gasp for
breath, tachypnea, chest tightness or cough (3). Clinical studies
show that the number of asthma patients around the world is as
high as 300 million, and the prevalence of the disease varies
from 1 to 18% across different countries (4,5). In China, the
number of asthma patients is more than 30 million, and the
mortality caused by asthma is the highest in the world (6,7).
Of note, childhood asthma attracts more and more concern
in medical practice, because this disease affects children and
is easy to cause death (8). At present, long-term inhalation of
corticosteroids is the main clinical treatment for children with
asthma, and it greatly alleviates the illness of the children (9).
However, long-term use of corticosteroids causes hormone
resistance or dependence, greatly affects the growth and
development of children, and induces related complications,
such as necrosis of femoral head (9). Therefore, it is of important
clinical value to explore the molecular mechanism of childhood
asthma, to discover potential drug targets and to find effective
treatment strategies. Existing studies have shown that chronic
airway inflammation, airway hyperresponsiveness, and airway
remodeling are the three pathological stages of asthma in
children. Among these stages, airway remodeling phase is
irreversible, and directly related to the prognosis of affected
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children (10). Airway smooth muscle cells play an important
role in this process (11), but the molecular mechanisms are
still unclear. It is reported that proteins in extracellular matrix
play important roles in airway remodeling induced by asthma,
including type I collagen (COL-I) and fibronectin (FN). The
secretion of COL-I and FN leads to thickening of basilar
membrane and subcutaneous fibrosis of the airway, eventually
causing airway remodeling (12).

microRNA (miRNA or miR) molecules are a class of small
non-encoding RNA molecules with 18-25 nucleotides. They
form silencing complexes by binding with the 3'-untranslated
region (UTR) of target genes to inhibit translation and reduce
expression of the target proteins (13,14). It is shown that
miRNA molecules exist widely in tissue cells and body fluids,
participate in nearly all pathophysiological processes, and have
important clinical values (15). miRNA molecules regulate the
biological functions of immune cells, smooth muscle cells
and epithelial cells through a variety of target genes (16). For
example, miR-425 regulates the differentiation of Th17 cells by
targeting the Foxol gene and participates in intestinal inflam-
mation (17). miR-135a promotes the inflammatory response of
rat vascular smooth muscle cells by targeting Foxol gene (18). In
addition, the expression of miR-221 in fibrotic airway epithelial
cells is obviously upregulated and it can target the expression
of ATF6 (19). However, the molecular mechanisms by which
miRNA molecules regulates the occurrence of asthma are not
clear yet.

miR-378 was first discovered in tumor tissues and cells, and
it plays important roles in biological processes of tumor cells,
such as proliferation, apoptosis, and drug resistance (20,21).
Depending on the types of tumors, miR-378 can play a role in
promoting cancer or inhibiting cancer (20,21). It is reported
that miR-378 is closely related to the differentiation, hyper-
trophy and metabolism of cardiomyocytes, and is involved in
the pathological changes of the heart, suggesting that miR-378
may participate in the regulation of biological functions of
myocytes (22). As a main component in respiratory tract remod-
eling, airway smooth muscle cells participate in the initiation
and development of airway remodeling. As structural cells,
airway smooth muscle cells not only directly participate in the
thickening of airway wall through its own hypertrophy and
proliferation, but also promote airway remodeling by phenotypic
transformation, changes in migration function, and secretion
of inflammatory factors and extracellular matrix (23,24). In
the present study, we determine the expression of miR-378 in
children with asthma, investigate its effect on the biological
functions of smooth muscle cells, and try to provide experi-
mental basis for understanding the pathogenesis of childhood
asthma.

Patients and methods

Patients. A total of 23 asthmatic children who underwent biopsy
by bronchoscopy at our hospital between January 2014 and
January 2017 were included in the present study. In addition,
15 healthy children were included into control group. Sputum
samples were obtained from all patients and healthy children.
Peripheral blood (5 ml) was collected from patients and healthy
subjects. All patients had mild to moderate asthma and this was
their first treatment for asthma. None of the patients had used
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hormones within four weeks before admission to our hospital.
All procedures were approved by the Ethics Committee of
Maternity and Child Health Care Hospital of Zibo City (Zibo,
China). Written informed consents were obtained from all
patients or their families.

Cells. Lung tissues were obtained from non-asthmatic patients
undergoing lobectomy, and washed with phosphate-buffered
saline (PBS) thoroughly. Smooth muscle layer was separated
from middle bronchoalveolar membrane, cut into small pieces
(about 1 mm?), placed on the bottom of culture flasks containing
DMEM medium supplemented with 20% fetal bovine serum,
and cultured under 37°C and 5% CO,. Medium was replaced
every two days, and smooth muscle cells that migrated out of the
tissues were monitored under a light microscope. When reaching
70-80% confluency, smooth muscle cells were passaged at a
ratio of 1:3 and DMEM supplemented with 10% fetal bovine
serum was used for cell culture.

To transfect smooth muscle cells with miR-378 mimics,
the cells (2x10°) in logarithmic growth were seeded onto
24-well plates one day before transfection, and cultured in
antibiotics-free DMEM medium supplemented with 10% fetal
bovine serum until reaching 70% confluency. In the first vial,
1.25 ul miR-negative control (NC), miR-378 mimics or miR-378
inhibitor (20 pmol/ul; Hanbio Biotechnology Co.,Ltd., Shanghai,
China) was mixed with 50 xl Opti Mem medium (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). In the second vial,
1 ul Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) was
mixed with 50 ul Opti Mem medium. After standing still for
5 min, the two vials were combined for additional waiting at
room temperature for 20 min. Then, the mixtures were added
onto cells in respective groups. Six hours later, the medium was
replaced with DMEM containing 10% fetal bovine serum. After
cultivation for 48 h, the cells were collected for further assays.

To test the effect of serum from asthmatic children on
smooth muscle cells, the cells (2x10°) in logarithmic growth
phase were seeded onto 24-well plates, and cultured in DMEM
supplemented with 10% fetal bovine serum. On the next day,
250 ul serum from healthy children (NC group) or asthmatic
children (asthma serum group) was mixed with 250 ul DMEM,
and then added onto smooth muscle cells. The cells were
cultured for 7 days, during which the medium was replaced
every two days.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Sputum samples (0.2 ml) were mixed with saline at
aratio of 1:10, and centrifuged at 12,000 x g and 4°C for 10 min
to collect sediments. Then, the sediments were lysed using 1 ml
TRIzol reagent following the manufacturer's manual (Thermo
Fisher Scientific, Inc.). Total RNA was extracted using phenol
chloroform method. The concentration and quality of RNA
was measured using ultraviolet spectrophotometry (Nanodrop
ND2000; Thermo Fisher Scientific, Inc., Wilmington, DE,
USA). Then, cDNA was obtained by reverse transcription from
1 ug RNA and stored at -20°C. Reverse transcription of miRNA
was carried out using miScript IT RT kit (Qiagen GmbH, Hilden,
Germany) following the manufacturer's manual.

The expression of miR-378 was determined by miScript
SYBR-Green PCR kit (Qiagen GmbH), using U6 as internal refer-
ence. The sequences of miR-378 primers were forward, 5'-CTC
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CTGACTCCAGGTCCTGTGT-3" and reverse, 5'-ACTGGA
CTTGGAGTCAGAAGGC-3"; and the sequences of U6 primers
were forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,
5'-AACGCTTCACGAATTTGCGT-3" The reaction system
(30 ul) contained 10 ul RT-qPCR-Mix, 1 ul upstream primer, 1 ul
downstream primer, 5 yl cDNA and 13 ul ddH20. The reaction
protocol was: Initial denaturation at 95°C for 5 min; 40 cycles of
denaturation at 95°C for 30 sec and annealing at 60°C for 30 sec
(iQ5; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 2-24¢
method was used to calculate the relative expression of miR-378
against U6. Each sample was tested in triplicate.

Immunohistochemistry. Smooth muscle cells (1x10°) were
seeded onto cell slides. When reaching 90% confluency, medium
was discarded, and the cells were washed with PBS twice. After
fixing with 4% formaldehyde at room temperature for 10 min,
the cells were washed with PBS twice again. Then, the cells
were incubated with a-smooth muscle actin (a-SMA) antibody
(1:5 dilution) at s4°C overnight. On the next day, the cells were
mixed with 3% H,0, to block the activity of peroxidase. Then,
horseradish peroxidase-labelled secondary antibody was added
and the cells were incubated at room temperature for 2 h to
develop color.

CCK-8 assay. Cells were seeded at a density of 2,000/well in
96-well plates. At 0, 24, 48 and 72 h, 20 ul CCK-8 (5 g/l) was
added onto the cells. After incubation at 37°C for 2 h, the absor-
bance of each well was measured at 490 nm for plotting cell
proliferation curves. Each group was tested in 3 replicate wells
and the values were averaged.

Flow cytometry. At 24 h after transfection, smooth muscle cells
(1x10%) in each group were washed with pre-cooled PBS twice
and subjected to flow cytometry using Cell Cycle Assay kit (BD
Biosciences, Franklin Lakes, NJ, USA) following the manufac-
turer's manual to detect cell cycle. The data were analyzed using
ModFit software (Verity Software House, Topsham, ME, USA).

At 24 h after being treated with serum from healthy children
or asthmatic children, or at 24 h after transfection with miR-378
mimics, smooth muscle cells (1x10°) in each group were washed
with pre-cooled PBS twice and subjected to flow cytometry
using Annexin V FITC Apoptosis DTEC kit I (BD Biosciences)
following the manufacturer's manual to detect cell apoptosis.
Cells with Annexin V-positive values were early apoptotic cells,
those with PI-positive values were necrotic cells, and those with
double positive values were late apoptotic cells.

Western blot analysis. Before lysis, tissues were ground
into powder, and cells were trypsinized and collected.
Then, tissue samples or cells were lysed with precooled
Radio-Immunoprecipitation Assay (RIPA) lysis buffer (600 pl;
50 mM Tris-base, ] mM EDTA, 150 mM NacCl, 0.1% sodium
dodecyl sulfate, 1% TritonX-100, 1% sodium deoxycholate;
Beyotime Institute of Biotechnology, Shanghai, China) for
30 min on ice. The mixture was centrifuged at 12,000 rpm
and 4°C for 10 min. The supernatant was used to determine protein
concentration by bicinchoninic acid (BCA) protein concentra-
tion determination kit (RTP7102; Real-Times Biotechnology
Co., Ltd., Beijing, China). The samples were then mixed with
5x sodium dodecyl sulfate loading buffer before denaturation
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in boiling water bath for 10 min. Afterwards, the samples (5 ul)
were subjected to 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis at 100 V. The resolved proteins were trans-
ferred to polyvinylidene difluoride membranes on ice (250 mA,
1 h) and blocked with 50 g/l skimmed milk at room tempera-
ture for 1 h. Then, the membranes were incubated with mouse
anti-human COL-I (1:1,000; ab90395; Abcam, Cambridge, UK),
FN (1:1,000; MABI1918; R&D Systems, Minneapolis, MN,
USA) or GAPDH (1:5,000; Beyotime Institute of Biotechnology)
monoclonal primary antibodies at 4°C overnight. After exten-
sive washing with PBS with Tween-20 for 3 times of 15 min, the
membranes were incubated with goat anti-mouse horseradish
peroxidase-conjugated secondary antibody (1:5,000; Santa
Cruz, Dallas, TX, USA) for 1 h at room temperature before
washing with PBS with Tween-20 for 3 times of 15 min. Then,
the membrane was developed with enhanced chemilumines-
cence detection kit (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) for imaging. Image lab v3.0 software (Bio-Rad
Laboratories, Inc.) was used to acquire and analyze imaging
signals. The relative contents of target proteins were expressed
against GAPDH.

Bioinformatics. On www.targetscan.org website, miR-378 was
searched to analyze potential target genes. Then, the target genes
were submitted on www.davidncifcrf.gov website for the analysis
of potential signaling pathways that involved the target genes.

Statistical analysis. The results were analyzed using SPSS 18.0
statistical software (SPSS Inc., Chicago, IL, USA). The data were
expressed as means =+ standard deviations. Data were tested for
normality. Multigroup measurement data were analyzed using
one-way ANOVA. In case of homogeneity of variance, Least
Significant Difference and Student-Newman-Keuls methods
were used; in case of heterogeneity of variance, Tamhane's
T2 or Dunnett's T3 method was used. Comparison between
two groups was carried out using Student's t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of miR-378 in peripheral blood and lung tissues from
asthmatic children is increased compared with that in healthy
children. To measure the expression of miR-378 in peripheral
blood, lung tissues and smooth muscle cells, RT-qPCR was
performed. The data showed that the levels of miR-378 in periph-
eral blood and tissues from asthmatic children were significantly
higher than those in control group (P<0.05) (Fig. 1A and B).
Expression of miR-378 in smooth muscle cells transfected with
miR-378 mimics was significantly higher than that in miR-NC
group (P<0.05) (Fig. 1C). After incubating smooth muscle
cells with serum from asthmatic children for 7 days, the level
of miR-378 in smooth muscle cells was significantly higher
than that of cells treated with serum from healthy children (NC
group) (P<0.05) (Fig. 1D). The results suggest that expression
of miR-378 in peripheral blood and lung tissues from asthmatic
children is increased compared with that in healthy children.

Serum from asthmatic children promotes the proliferation of
smooth muscle cells in vitro by affecting cell cycle. To test the
effect of serum from asthmatic children on the proliferation
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Figure 1. Expression of miR-378 in blood, lung tissues or airway smooth muscle cells. (A and B) Expression of miR-378 in (A) peripheral blood or (B) lung
tissues from children with asthma measured by quantitative real-time polymerase chain reaction. "P<0.05 compared with control group. (C and D) Expression
of miR-378 in airway smooth muscle cells (C) transfected with miR-378 mimics or (D) treated with serum from asthmatic children for 7 days measured
by quantitative real-time polymerase chain reaction. "P<0.05 compared with miR-NC group or NC group. Student's t-test was used to compare differences
between groups (n=3-5). Control, samples from healthy children; Asthma, samples from asthmatic children; miR, microRNA; miR-NC, cells transfected with
miR-negative control; miR-378 mimics, cells transfected with miR-378 mimics; NC, smooth muscle cells treated with serum from healthy children; Asthma

serum, smooth muscle cells treated with serum from asthmatic children.
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Figure 2. Culture of primary airway smooth muscle cells and effect of serum from asthmatic children on their biological functions. (A) Identification of the expres-
sion of a-smooth muscle actin in smooth muscle cells by immunohistochemistry. Magnification, x100. (B) Absorbance (490 nm) of airway smooth muscle cells
at 24, 48 and 72 h. Proliferation was determined by CCK-8 assay. “P<0.05 compared with NC group. (C) Percentage of smooth muscle cells in G1, S and G2/M
phases. Cell cycles were identified by flow cytometry. "P<0.05 compared with NC group. Student's t-test was used to compare differences between groups (n=3-5).
NC, smooth muscle cells treated with serum from healthy children; Asthma serum, smooth muscle cells treated with serum from asthmatic children. PI-A-PI,

phosphatidylserine-Annexin V-phosphatidylserine.
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Figure 3. Effect of serum from asthmatic children on the apoptosis of airway
smooth muscle cells. Flow cytometry was performed to detect apoptosis.
“P<0.05 compared with NC group. Student's t-test was used to compare differ-
ences between groups (n=3-5). NC, smooth muscle cells treated with serum from
healthy children; Asthma serum, smooth muscle cells treated with serum from
asthmatic children; FITC, fluorescein isothiocyanate; PI, propidium iodide.

and cell cycle of smooth muscle cells, CCK-8 assay and flow
cytometry were carried out. The expression of a-SMA in
smooth muscle cells was identified by immunohistochemical
analysis (Fig. 2A), suggesting that primary airway smooth
muscle cells were successfully isolated. CCK-8 assay showed
that the absorbance of smooth muscle cells treated with serum
from asthmatic children at 48 and 72 h was significantly higher
than that of cells in NC group (P<0.05) (Fig. 2B). In addition,
the percentage of S-phase cells among all smooth muscle cells
treated with asthma serum was significantly higher than that in
NC group (P<0.05) (Fig. 2C). The results indicate that serum
from asthmatic children promotes the proliferation of smooth
muscle cells in vitro by affecting cell cycle.

Serum from asthmatic children enhances apoptosis resistance
of smooth muscle cells. To examine how serum from asthmatic
children affects the apoptosis of smooth muscle cells, flow
cytometry was used. The data showed that treatment with
serum from asthmatic children for 7 days reduced the apoptotic
rate of smooth muscle cells compared with NC group (P<0.05)
(Fig. 3). The result suggests that serum from asthmatic children
enhances apoptosis resistance of smooth muscle cells.

Overexpression of miR-378 increases the proliferation of smooth
muscle cells by affecting cell cycle. To investigate how miR-378
affects the proliferation and cell cycle of smooth muscle cells,
CCK-8 assay and flow cytometry were employed. CCK-8 assay
showed that the absorbance of smooth muscle cells transfected
with miR-378 mimics at 48 and 72 h was significantly higher
than that of cells in miR-NC group (P<0.05) (Fig. 4A). Similarly,
the percentage of S-phase cells among all smooth muscle cells
transfected with miR-378 mimics was significantly higher than
that in miR-NC group (P<0.05) (Fig. 4B). The results indicate
that overexpression of miR-378 increases the proliferation of
smooth muscle cells by affecting cell cycle.
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Figure 4. Effect of miR-378 on the proliferation and cell cycle of airway
smooth muscle cells. (A) Determination of the proliferation of cells by
CCK-8 assay. ‘P<0.05 compared with miR-NC group. (B) Detection of cell
cycle of the cells by flow cytometry. “P<0.05 compared with miR-NC group.
Student's t-test was used to compare differences between groups (n=3-5).
miR, microRNA; miR-NC, cells transfected with miR-negative control;
miR-378 mimics, cells transfected with miR-378 mimics.

Overexpression of miR-378 upregulates apoptosis resistance
of smooth muscle cells. To test how miR-378 overexpression
affects the apoptosis of smooth muscle cells, flow cytometry
was performed. The data showed that the apoptotic rate of
smooth muscle cells transfected with miR-378 was significantly
lower than that in miR-NC group (P<0.05) (Fig. 5). The result
suggests that overexpression of miR-378 upregulatesapoptosis
resistance of smooth muscle cells.

Overexpression of miR-378 increases the expression of extra-
cellular matrix-related proteins in smooth muscle cells. To
understand the effect of miR-378 overexpression on the secre-
tion of extracellular matrix-related proteins by smooth muscle
cells, western blotting was carried out. The data showed that the
expression of COL-I and FN proteins in smooth muscle cells
transfected with miR-378 was significantly higher than that in
miR-NC group (P<0.05) (Fig. 6). The result indicates that over-
expression of miR-378 increases the expression of extracellular
matrix-related proteins in smooth muscle cells.

Downregulation of miR-378 expression reverses the promoting
effect of asthma serum on the proliferation and apoptosis
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Flow cytometry was performed to detect apoptosis. "P<0.05 compared
with miR-NC group. Student's t-test was used to compare differences
between groups (n=3-5). miR, microRNA; miR-NC, cells transfected with
miR-negative control; miR-378 mimics, cells transfected with miR-378
mimics; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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Figure 6. Effect of miR-378 on the expression of extracellular matrix-related
proteins in airway smooth muscle cells. Expression of COL-I and fibronectin
was measured by western blotting. "P<0.05 compared with miR-NC group.
Student's t-test was used to compare differences between groups (n=3-5). miR,
microRNA; miR-NC, cells transfected with miR-negative control; miR-378
mimics, cells transfected with miR-378 mimics; COL-I, type I collagen.

resistance of smooth muscle cells. To examine whether miR-378
was the key factor by which asthma serum promoted the prolif-
eration of smooth muscle cells, we cultured smooth muscle cells

LI et al: miR-378 IN CHILDREN WITH ASTHMA

>

— miR-NC

0.9 1 .
-=-- miR-NC+serum ,dI
0.8 - e

.... miR inhibitor+serum
0.7 -

0.6 4
0.5 1
0.4

Absorbance (490 nm)

0.3 1
0.2

24 h 48 h 72h

90 -
80 4 =
70 1 O miR-NC

60 1 ® miR-NC+serum
50 4

40
30

20 4 *
gl |
05— 3

G1

© miR inhibitor+serum

Percentage of cells

ml_ N

G2/M

254

o

[
(=]
"

=

3

-
L]
i

-
o
i

Apoptotic rate (%)

w
L

miR-NC+serum miR inhibitor
+serum

miR-NC

Figure 7. Effect of miR-378 inhibition on the biological functions of
airway smooth muscle cells treated with serum from asthmatic children.
(A) Proliferation of smooth muscle cells evaluated by CCK-8 assay. "P<0.05
compared with miR-NC+serum group. (B) Cell cycles of smooth muscle cells
determined by flow cytometry. "P<0.05 compared with miR-NC+serum group.
(C) Apoptosis of smooth muscle cells detected by flow cytometry. Multigroup
measurement data were analyzed using one-way ANOVA. In case of homo-
geneity of variance, Least Significant Difference and Student-Newman-Keuls
methods were used; in case of heterogeneity of variance, Tamhane's T2 or
Dunnett's T3 method was used. ‘P<0.05 compared with miR-NC+serum
group. Student's t-test was used to compare differences between groups
(n=3-5). miR, microRNA; miR-NC, cells transfected with miR-negative
control; miR-NC+serum, cells transfected with miR-NC and treated with
serum from asthmatic children; miR-378 inhibitor+serum, cells transfected
with miR-378 inhibitor and treated with serum from asthmatic children.

transfected with miR-NC or miR-378 inhibitor together with
serum from asthmatic children for 7 days. CCK-8 assay data
showed that the absorbance of smooth muscle cells transfected
with miR-378 inhibitor and treated with serum from asthmatic
children at 48 and 72 h was significantly lower than that of
cells transfected with miR-NC and treated with asthma serum
(P<0.05), reaching a level similar to that of miR-NC group
(Fig. 7A). In addition, the percentage of S-phase cells among
all smooth muscle cells transfected with miR-378 inhibitor and
treated with asthma serum was significantly lower than that in
cells transfected with miR-NC and treated with asthma serum
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Table I. Bioinformatics analysis of downstream signaling
pathways of miR-378.

Ranks Signaling pathways predicted by KEGG
1 ErbB signaling pathway

2 Ras signaling pathway

3 Calcium signaling pathway

4 Pancreatic secretion

5 Phosphatidylinositol signaling system
6 Estrogen signaling pathway

7 MAPK signaling pathway

(P<0.05), reaching a level similar to that of miR-NC group
(Fig. 7B). Apoptosis analysis showed that the apoptotic rate of
smooth muscle cells transfected with miR-378 inhibitor and
treated with asthma serum was significantly higher than that of
cells transfected with miR-NC and treated with asthma serum
(P<0.05), reaching a level similar to that of miR-NC group
(Fig. 7C). These results suggest that downregulation of miR-378
expression reverses the promoting effect of asthma serum on the
proliferation and apoptosis resistance of smooth muscle cells.

miR-378 may affect the proliferation, apoptosis and motility
of airway smooth muscle cells via its downstream signaling
pathways. To predict the downstream signaling pathways of
miR-378, bioinformatics was used.

KEGG PATHWAY Database analysis showed that miR-378
has 282 potential target genes, and it possibly participates in the
regulation of ErbB signaling pathway, Ras signaling pathway,
calcium signaling pathway, and MAPK signaling pathway via
its target genes (Table I). The result indicates that miR-378 may
affect the proliferation, apoptosis and motility of airway smooth
muscle cells via its downstream signaling pathways.

Discussion

In recent years, the incidence of asthma is increasing year by
year in children (25). Asthma is mainly characterized by airway
hyperresponsiveness, inflammation, and remodeling (26).
Airway smooth muscle plays important roles in these three
stages, especially airway remodeling (27). miRNA molecules
participate in almost all pathophysiological processes of the
body, but their roles and mechanisms of action in asthma are
rarely reported. Airway inflammation is a key factor in the
occurrence and development of asthma, and airway remodeling
is an inevitable result of persistent airway inflammation (11).
Under repeated stimulation by various inflammatory factors,
the repair mechanism of airway structural cells is disordered,
resulting in pathological changes such as epithelial metaplasia,
smooth hypertrophy, and extracellular matrix precipitation.
Furthermore, airway contractile dysfunction, small airway
spasm or stenosis, or even irreversible constriction and airflow
limitation occurs, finally resulting in decreased pulmonary
function in patients (24). Under the stimulation by inflam-
matory factors, smooth muscle cells are transformed from
contractile type to synthetic type, leading to significant func-
tional changes (28). Therefore, it is necessary to use smooth
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muscle cells as target cells for the treatment of asthma. In the
present study, we have isolated and cultured airway smooth
muscle cells in vitro. Spindle-shape smooth muscle cells are
observed under a light microscope, and immunohistochem-
istry shows positive expression of a-SMA, suggesting that
the isolated smooth muscle cells are suitable for subsequent
experiments.

miR-378 is a miRNA molecule that was initially found
in tumors. It is reported that miR-378 not only promotes the
occurrence and development of tumors, but also acts as a
tumor-suppressor gene, depending on the type of tumor (29).
In addition, miR-378 has also been found to have biological
functions in the development of myocardium and muscle. For
example, miR-378 can regulate the hypertrophy of cardiomyo-
cytes through Ras signaling pathway (30). Moreover, miR-378
can inhibit the regeneration of muscle cells (31). These reports
suggest that miR-378 can participate in the regulation of
biological functions of muscle cells. In the present study, we
discover that expression of miR-378 is significantly increased
in both lung tissues and peripheral blood from asthmatic
children. In addition, stimulation of primary smooth muscle
cells by serum from asthmatic children elevates the level of
miR-378, and promotes the proliferation and apoptosis resis-
tance of the cells. Of note, inhibition of miR-378 expression
reduces the promoting effect of asthma serum on the prolif-
eration and apoptosis resistance of the cells. Further analysis
shows that upregulation of miR-378 promotes the proliferation
and apoptosis resistance of smooth muscle cells, and elevates
the expression of COL-I and FN proteins. Bioinformatics
analysis shows that there are more than 200 target genes of
miR-378 that are involved in Ras, MAPK or calcium signaling
pathways. These results suggest that the biological functions
of miR-378 are associated with changes in these signaling
pathways. However, the detailed mechanism still remains to be
elucidated in our future studies. The limitation of the study is
the low sample number, due to difficulties in collecting samples
in asthmatic children and healthy children.

In conclusion, the present study demonstrates that the expres-
sion of miR-378 in children with asthma is elevated, aggravating
airway remodeling by promoting the proliferation and apoptosis
resistance of airway smooth muscle cells. Therefore, miR-378
could be a potential therapeutic target for asthma in children. In
the future, we will screen miR-378 pathway through signaling
pathway inhibitors or agonists, and then focus on the target
genes in this pathway.
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