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Background: Allergic asthma is a complex genetic disorder that involves interactions between genetic and
environmental factors. Usage of PTEN may be a good therapeutic strategy for the management of allergic
inflammation. Thus, the present study aims to explore the effects of phosphatase and tensin homolog (PTEN)
gene silencing on airway remodeling and proliferation of airway smooth muscle cells (ASMCs) in a mouse
model of allergic asthma.

Methods: A total of 56 healthy female BABL/c mice (weighing between 16 to 22 grams) were selected and
were assigned on random into ovalbumin (OVA; mice were stimulated with OVA to induce allergic asthma),
OVA + si-PTEN, normal saline (NS; mice were treated with normal saline) and NS + si-PTEN groups.
Masson staining was employed in order to observe lung tissue sections. Immunohistochemical staining was
used to detect the expression of 0-SMA”". Gene silencing was conducted in the NS + si-PTEN and OVA +
si-PTEN groups. Quantitative reverse transcription polymerase chain reaction (QRT-PCR) and western
blotting were used to detect the mRNA and protein expressions of PTEN in ASMCs of each group. CCK-8
assay and flow cytometry were performed to determine the cell proliferation rate and cell cycle.

Results: Airway remodeling and changes of smooth muscle layer were found in allergic asthmatic mice
with thick airway walls. The expression of alpha smooth muscle actin (0-SMA") was significantly higher
in ASMCs of the OVA, OVA + si-PTEN and NS + si-PTEN groups compared with ASMCs of the NS
group. The mRNA and protein expressions of PTEN reduced in the OVA, OVA + si-PTEN and NS + si-
PTEN groups. The rate of ASMCs proliferation in OVA, OVA + si-PTEN and NS + si-PTEN groups were
significantly higher than the NS group. The proportion of ASMCs in S and G2 stages increased, while the
number of cells in the G1 stage decreased after PTEN gene silencing.

Conclusions: These results demonstrated that PTEN gene silencing might promote proliferation of

ASMC:s and airway remodeling in a mouse model of allergic asthma.

Keywords: Phosphatase and tensin homolog (PTEN); asthma; airway smooth muscle cell (ASMC); cell

proliferation; airway remodeling; alpha smooth muscle actin; gene silencing

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2018;10(1):202-211



Journal of Thoracic Disease, Vol 10, No 1 January 2018

203

Submitted May 23, 2017. Accepted for publication Dec 15, 2017.

doi: 10.21037/jtd.2017.12.104

View this article at: http://dx.doi.org/10.21037/jtd.2017.12.104

Introduction

Allergic asthma is a chronic airway inflammatory disease
associated with a series of aberrant immune responses,
which is triggered due to exposure of genetically susceptible
individuals to environmental stimuli (1). Allergic asthma
has been termed as a “syndrome” resulting from a complex
interplay between genetic and environmental factors (2).
It has been reported that more than 300 million people
worldwide suffer from asthma and this figure is predicted
to increase by another 100 million by 2025 (3). A study
highlighted that the prevalence of asthma increased
remarkably in the past two decades, especially in children (4).
Allergic asthma has been found to be induced by common
allergens, such as inhalants, foods, pollens, drugs, house
dust, occupationally encountered dust and animal dander (5).
Airway remodeling is an important feature of asthma, and
is characterized by an increase in the number of airway
smooth muscle cells (ASMCs) in the airway wall (6).
Airway remodeling refers to the structural changes
including loss of epithelial integrity (7), thickening of the
basement membrane (8), sub-epithelial fibrosis (9), goblet
cell and submucosal gland enlargement (10), increased
smooth muscle mass and increased airway vascularity (11).
In modern medicine, gene-based therapies for cancer
been wildly adopted in clinical trials and include strategies
involving chemotherapeutic approaches and augmentation
of immune-therapeutics (12).

Phosphatase and tensin homolog (PTEN) gene is located
on chromosome 10q23 and it shares extensive homology
with cytoskeletal proteins auxilin and tensin (13). PTEN is a
tumor suppressor that gets mutated along the development
of human cancer like gastric cancer (14). In the recent
years, participation of PTEN gene in asthma pathogenesis
has been observed, where its low expression is considered
as one of the independent factors in the development of
asthma (15). It primarily functions as a lipid phosphatase for
the regulation of crucial signal transduction pathways (16).
Loss of PTEN gene function followed by activation of
PI3K/Akt signaling pathway has been associated with
tumor occurrence (17). PTEN gene silencing has been
reported to promote cancer progression in ways, such as
increasing genomic instability, stem cell self-renewal, and
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the acceleration of cellular senescence and metastasis (18).
It was gradually recognized that airway smooth muscle
(ASM) could produce several airway-disease mediators
(e.g., growth factors and cytokines) that could have both
positive and negative effects on airway narrowing and
remodeling (19). Since PTEN involvement in many types
of cancer progressions has been observed, thereby we would
like to investigate its role in the proliferation of ASMCs.
Therefore, our study aims to use gene silencing in order
to explore the effects of PTEN gene silencing on ASMCs
proliferation and airway remodeling in allergic asthmatic
mouse.

Methods
Ethics statement

All mice were treated in strict accordance with the national
animal experiment rules (18). The study was performed
with approval of the animal ethics association of the
Affiliated Municipal Hospital of Xuzhou (permit number:
201603002), and all efforts were made to minimize animal
suffering.

Preparation of si-PTEN plasmid

The specific siRNA of PTEN was designed and synthesized
by Qiagen Company (Hilden, Germany). Its silence
efficiency was tested and confirmed to be over 80%, and the
effective duration of silence was between 4 to 10 days.

Study subjects

A total of 56 healthy female BABL/c mice of specific
pathogen-free (SPF) class, weighing between 16 to
22 grams, were purchased from the experimental animal
center of Xiangya School of Medicine (Changsha, Hunan).
Mice were assigned on random into four groups, with 14
mice in each group: ovalbumin group (OVA group; mice
were stimulated with OVA to induce allergic asthma),
OVA + si-PTEN group (mice were stimulated with OVA
to induce allergic asthma and treated with si-PTEN
plasmids), normal saline group (NS group; mice were
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treated with normal saline) and NS + si-PTEN group (mice
were treated with normal saline and si-PTEN plasmids).
The asthmatic mouse model was established by treating
the mice with OVA. Mice were initially sensitized on
Days 0, 7 and 14 by an intraperitoneal injection of 200 pL
sensitizing liquid containing 20 pg OVA along with 2 mg of
aluminum hydroxide gel in the OVA and OVA + si-PTEN
groups. Mice in the OVA + si-PTEN group were received
an intraperitoneal injection of 200 pL si-PTEN plasmids
(Invitrogen Inc., Carlsbad, CA, USA). 21 days after the first
sensitization, mice were exposed to 1% OVA aerosol for 6
to 8 weeks, 5 times a week, 30 minutes each time. On Days
0, 7 and 14, the mice of the NS and NS + si-PTEN groups
were intraperitoneally injected 200 pL of normal saline.
Mice in the NS + si-PTEN group were intraperitoneally
injected with 200 pL si-PTEN plasmids (Invitrogen Inc.,
Carlsbad, CA, USA). On day 21, mice in the NS and NS +
si-PTEN groups were administered 200 pL. normal saline
for 6 to 8 weeks, 5 times a week, 30 minutes each time.

Masson staining and observation of structure under
microscope

The mice were euthanized by cervical dislocation, 24 hours
after the last administration. Lung tissues were extracted
and immediately fixed in 10% neutral formalin overnight
and embedded in paraffin. The lung tissues were sliced
into sections, after which Masson staining was performed.
After de-paraffinization, the sections were stained with
hematoxylin for 3 minutes, followed by a reaction with
1% hydrochloric acid-ethanol for 5 seconds, after which
the color changed back to blue in water for 1 minute. The
sections were separately rinsed with water. After completion
of these steps, the sections underwent Ponceau fuchsin
staining for 3 minutes at room temperature, and then the
sections were treated with phosphomolybdic acid for about
5 minutes without washing. Then the lung sections were
directly dyed with aniline blue for 5 minutes, followed by
1% acetic acid treatment for 1 minute, after which they
were dehydrated by 95% alcohol and anhydrous ethanol
dehydration 3 times. Sections were dried and sealed
with neutral gum. Under a light microscope, collagen
fibers appeared to be blue, the nuclei were dark blue, and
smooth muscle fibers and red cells appeared red. Five
random high power fields (HPF) of view were selected for
visualization with morphological integrity and clear edge,
and a diameter of approximately 200 pm in the transverse
section of the bronchial cross-section. Image-Pro Plus 6.0
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image analysis software was employed in order to analyze
the inner perimeter of the bronchial wall (Pi), inner area
of the bronchial wall (WAi), airway smooth muscle area
(WAm), and the number of smooth muscle nuclei (N). The
ratio of the WAI/WAm and N/Pi was considered as the
standard measurement value, representing the bronchial
wall thickness (WAi/Pi) and the smooth muscle thickness
(WAm/Pi) and smooth muscle nuclei (N/Pi).

Immunobistochemical detection

After the sections were deparaffinized, they were boiled in 3%
hydrogen peroxide to inactivate endogenous peroxidase, along
with the addition of goat serum sealing liquid and the polyclonal
antibody in BALB/c mice (Sigma-Aldrich, St. Louis, MO,
USA). The bronchus was observed under a light microscope
(Olympus DP80). Three HPF was randomly selected from each
section (x200) with a diameter of about 200 pm approximately
and were photographed and preserved for further analysis.
Image-Pro Plus 6.0 image analysis software was used to measure
the area of alpha smooth muscle actin (a-SMA”) (S,)/bronchial
basement membrane perimeter (Py) (um’/pm).

Isolation and culture of ASMCs

Under sterile conditions, using surgical scissors and
forceps the small bronchus of pulmonary lobe or segment
was carefully isolated from the mice in the NS and OVA
groups. After removal of the epithelium, connective tissue,
blood vessels and cartilages, tissues were washed with
cold phosphate buffer saline (PBS) 3 times, and stored in
a sterilized small glass bottle. Two drops of bovine serum
albumin (BSA) were added and the smooth muscle was
finely chopped into minced muscle blocks with a pair of iris
scissors, which were then inoculated at the bottom of the
culture bottle. Tissue were then incubated at 37 °C and 5%
CO,in an incubator, the bottle was inverted. Two hours later,
the tissue blocks adhered to the wall, and DMEM medium
containing 10% BSA was added. The medium was replaced
once every 3 to 4 days. Approximately 14 days after, the cells
appeared to be in a “peak and valley” structure due to fusion
before undergoing 0.125% trypsin digestion. The cultured
cells were passaged at 1:2 ratio and the cells from fourth to
eight generations were used for subsequent experiments.

Grouping and transfection

ASMC s in the NS group were divided between the NS
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group (not transfected with any plasmid) and NS + si-
PTEN group (transfected with si-PTEN plasmid). ASMCs
in the OVA group were grouped into the OVA group (not
transfected with any plasmid) and OVA + si-PTEN group
(transfected with si-PTEN plasmid). In accordance with
the instructions of the Lipofectamine 2000 kit (Invitrogen
Inc., Carlsbad, CA, USA), Lipofectamine 2000 transfection
reagent was mixed with oligonucleotide and allowed to
incubate for 15 minutes, after which it was added to a 24
well-plate for culture and the culture medium was replaced
after 6 hours. After culturing for 24 hours, the transfection
plasmid was repeated once.

Quantitative reverse transcription PCR analysis

Fluorescent quantitative RT-PCR was performed using an
Applied Biosystems 7300 reverse transcription PCR System
and SYBR Premix Ex TaqTM (Takara Holdings Inc.,
Kyoto, Japan). After transfection, the total RNA from the
cells in each group was extracted and reverse transcribed
at 37 °C for 15 minutes and 5 seconds at 85 °C. The PTEN
gene sequence used in this experiment was acquired
from the NCBI (National Center for Biotechnology
Information, MD, US) Nucleotide database. The primers
were designed by an online design program. Homology
search was performed using the Blast program in the
GenBank database to check the sequence, and no homology
sequence was found. The forward primer sequence of
PTEN was 5'-TTGGCGGTGTCATAATGTCT-3',
and the reverse primer sequence was
5'-GCAGAAAGACTTGAAGGCGTA-3" with
a PCR product length of 450 bp. The primer
sequences for the GAPDH-R internal reference were
5'-GTGGCAAAGTGGAGATTGTTGCC-3' (forward)
and 5'-GATGATGACCCGTTTGGCTCC-3 (revere).

Western blotting

A BCA kit (Boster Bioengineering Co., Ltd., Wuhan, China)
was used to measure the protein produced in tissues by RT-
PCR. After measuring the protein concentration, 30 pg
of the protein sample was subjected to electrophoresis in
10% SDS-polyacrylamide gel after boiling for 10 minutes
at 95 °C and then the sample was transferred onto a PVDF
membrane. The electrophoresis voltage was set between
80 to 120 V. The wet transfer was set at 100 mV for 45 to
70 minutes. After blocking for 1 hour under 5% BSA at
room temperature, the membranes were incubated at 4 °C
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overnight with primary antibody (1:1,000; Cell Signaling
Technologies, Beverly Mam, USA), and washed by TBST
buffer thrice in which each wash took 5 minutes. Then the
secondary antibody was added to the protein sample and
allowed to incubate for an hour followed by a 5-minute
wash, three times. Proteins were visualized with an enhanced
chemiluminescence reagent (Amer-sham Pharmacia Biotech.,
Piscataway, NJ, USA) and exposed to film. B-actin could be
used as a reliable internal reference. Bio-Rad Gel Doc™ EZ
imager (Bio-Rad Laboratories, Hercules, CA, USA) was used
for the aforementioned. Image J software was employed in
order to analyze the grey value.

CCK-8 assay

CCK-8 assay was performed according to the instructions
provided by Dojindo Laboratories, Kumamoto, Japan.
100 pL mice ASMC suspension was isolated and transferred
to a 96-well plate. The ASMC suspension was cultured
separately for 0, 24, 48, 72 and 96 hours, after which 10 pL.
CCK-8 was added to each well. Cells were further cultured
for 1 to 4 hours and then the wavelength was measured at
450 nm by a spectrophotometer. The CCK-8 kit was used
to detect the percentage of proliferation when the mice

ASMC:s were transfected after 24, 48, 72, and 96 hours.

Flow cytometry

Two wells (on a 6-well plate) of cells in each group were
used to prepare 1x10° cells/mL single cell suspensions
which were then fixed with 4% paraformaldehyde at
room temperature for 40 minutes. The cells underwent
centrifugation at 1,000 r/min for 5 minutes followed by
removal of fixation fluid. The cells were washed once
with PBS after the supernatant was removed and were
treated with 0.25% ‘TritonX-100 on ice for 5 minutes.
After washing the cells, 200 pL primary mouse A-SMA
antibody (1:100) was added to the cells and incubated at
4 °C overnight. After washing the cell suspension twice, the
secondary antibody goat anti-mouse IgG2a-FITC (1:50;
200 pL) was added to the cells and incubated at room
temperature for 30 minutes. After centrifugal washing
twice, 50 pLL 0.1% Rnase was added and allowed to incubate
for 10 minutes at room temperature. After incubation,
200 pL Propidium iodide (PI) (250 pg/mL) was added to
the cell mixture and allowed to incubate devoid of light for
30 minutes. Flow cytometry was employed to examine and
analyze the cell cycle. EXPO2 software (Beckman-Coulter,
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Figure 1 Masson staining and a-SMA staining of lung tissue sections in the mice of each group (x200). Notes: Masson staining showed that

collagen fibers appeared blue and muscle fibers appeared red. When immunohistochemistry was used to detect a-SMA, a brown appearance

indicated a positive expression, and blue indicated negative expression. 0-SMA, alpha smooth muscle actin; OVA, ovalbumin; NS, normal

saline; si, small interference RNA; PTEN, phosphatase and tensin homolog.

Krefeld, Germany) was used to obtain 10,000 FITC positive
ASMC:s in each sample, and the ASMCs cycle distribution
was analyzed by MultiCycle DNA software (Phoenix, San
Diego, CA, USA).

Statistical analysis

The acquired data was analyzed by SPSS 18.0 statistical
software. Measurement data were presented as mean with
standard deviations (SD). The #-tests were employed for
comparing between two groups abiding normal distribution.
The enumeration data were expressed as percentages and
ratios, and were verified using the chi-square tests. P values
less than 0.05 were considered to be statistically significant.

Results

OVA or silenced PTEN could thicken tracheal wall and the
smooth muscle layer

In mice of the NS group, the bronchial structure appeared
to be normal; the mucosal epithelium was intact with no
obvious inflammatory reaction in the surrounding was
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observed under a light microscope. In the OVA group
and OVA + si-PTEN group, the tracheal wall appeared
to be thickened, with lumen stenosis and mucous plug.
Furthermore, the airway mucosal folds increased and
epithelial cells were necrotic and exfoliated. A lot of
inflammatory cell infiltration was visible in the tracheal cell
sections. In the submucosa, a lot of collagen deposits were
clearly visible. In addition, there was a certain degree of
thickening of airway wall and smooth muscle layer in the
NS + si-PTEN group (Figure I). The tracheal wall and the
smooth muscle layer of the OVA, NS + si-PTEN and OVA
+ si-PTEN groups appeared to be significantly thicker and
contained more smooth muscle cells than the NS group
(P<0.05) (1able 1). The a-smooth muscle actin (a-SMA")
staining of the OVA group (5.29£0.54), NS + si-PTEN
group (5.48+0.68) and OVA + si-PTEN group (8.65£0.75)
was markedly enhanced compared to the NS group
(2.350.39) (Figure I).

OVA could decrease PTEN mRNA expression compared

with NS
The mRNA expression of PTEN in the OVA group
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Table 1 Airway pathological measurement in each group

207

Index OVA OVA + si-PTEN NS NS + si-PTEN
WAI/Pi (um) 13.39+2.40* 17.82+2.95" 5.32+0.74 14.73+2.69*
WAM/Pi (um) 6.62+0.98* 9.96+1.25"" 1.26+0.33 7.08+1.08*
N/Pi/ (mm) 34.99:+5.22* 39.03+6.86*" 12.91+1.94 35.74+5.61*
Su/Pos (um) 5.29+0.54* 8.65+0.75"" 2.35+0.39 5.48+0.68*

*, P<0.05 compared with the NS group; #, P<0.05 compared with the OVA group. OVA, ovalbumin; siRNA, small interference RNA; PTEN,
phosphatase and tensin homolog; NS, normal saline; Pi, inner perimeter of the bronchial wall; WAI, inner area of the bronchial wall; WAm,
airway smooth muscle area; N, number of smooth muscle nuclei; S., area of alpha smooth muscle actin (a-SMA+); Po, bronchial basement

membrane perimeter.
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o o
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OVA OVA +si-PTEN NS NS +si-PTEN

Figure 2 Relative mRINA expression of PTEN in airway smooth
muscle cells of mice in each group. *, compared to the NS group,
P<0.05; ¥, compared to the OVA group, P<0.05. OVA, ovalbumin;
si, small interference RNA; PTEN, phosphatase and tensin
homolog; NS, normal saline.

significantly decreased compared with the NS group
(P<0.05). The mRNA expression of PTEN in the OVA +
si-PTEN group was the lowest amongst all groups, and
significantly lowers than that of the OVA group (P<0.05).
The mRNA expression of PTEN in the NS + si-PTEN
group was significantly lower than the NS group. No
such significant changes were observed in PTEN mRNA
expression in between the OVA and OVA + si-PTEN
groups (Figure 2).

OVA could decrease PTEN protein expression compared
with NS

The protein expression of PTEN of the OVA, OVA + si-
PTEN and NS + si-PTEN groups was significantly lower
than the NS group (P<0.05) (Figure 3). At the same time,
the protein expression of PTEN was lower than that of the
reference GAPDH in the OVA, OVA + si-PTEN and NS
+ si-PTEN groups, regardless of the fact that the protein
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GAPDH

OVA OVA+si-PTEN NS NS+si-PTEN

0.6

The relative expression of protein

OVA OVA+si-PTEN NS NS+si-PTEN

Figure 3 Protein expression of PTEN in airway smooth muscle
cells of mice in each group. (A) Gray value of PTEN protein;
(B) relative protein expression of PTEN. *, compared to the NS
group, P<0.05; ¥, compared to the OVA group, P<0.05. OVA,
ovalbumin; si, small interference RNA; PTEN, phosphatase and

tensin homolog; NS, normal saline.

expression of PTEN in the NS group was similar to that
of GAPDH. The results of Image ] software image analysis
and quantitative analysis revealed that the OVA + si-PTEN
group had a significantly decreased protein expression of
PTEN compared with the OVA group (P<0.05).

Silencing PTEN increases cell proliferation and more cells
arrested in S and G2 stage while less cells arrested in the
G1 stage

CCK-8 assay was used to analyze the ASMCs growth
and proliferation. Data is shown in Table 2 and the cell
growth curve is illustrated in Figure 4. Except for the NS
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Table 2 Proliferation rate of airway smooth muscle cells in each group
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Proliferation rate OVA OVA + si-PTEN NS NS + si-PTEN
0h (%) 11.90+1.95* 23.14+3.13" 1.41+0.65 12.18+2.09*
24 h (%) 22.26+3.76" 36.61+4.91*" 3.91+1.02 24.07+4.13*
48 h (%) 28.68+4.77* 46.05+5.23"" 7.27+1.32 30.75+5.16*
72 h (%) 33.61+6.02* 52.25+6.58"" 9.87+1.29 36.89+6.33*
96 h (%) 38.71+6.74* 58.65+6.93"" 10.26+1.37 41.96+6.88*

*, P<0.05 compared with the NS group; ”, P<0.05 compared with the OVA group. OVA, ovalbumin; siRNA, small interference RNA; PTEN,

phosphatase and tensin homolog; NS, normal saline.

70 -
60 - 1

50 4
OVA

OVA + si-PTEN
NS

NS + si-PTEN

404

e

30 4
20 4
10 -

F\\#
F\\ *
*
&

The rate of cell proliferation (%)

24h 48h 72h 9h
Figure 4 Proliferation rates of airway smooth muscle cells of
mice in each group detected by CCK-8 assay. *, compared to the
NS group, P<0.05; ¥, compared to the OVA group, P<0.05. OVA,
ovalbumin; si, small interference RNA; PTEN, phosphatase and

tensin homolog; NS, normal saline.

80 1

#

(o2}
o
1

N
o
1

The percentage of S+G2 cells (%)
5
1

o
I

OVA OVA+si-PTEN NS NS+si-PTEN

Figure 5 Percentage of airway smooth muscle cells in S and G2
stages in each group detected by flow cytometry. *, compared to
the NS group, P<0.05; ¥, compared to the OVA group, P<0.05.
OVA, ovalbumin; si, small interference RNA; PTEN, phosphatase

and tensin homolog; NS, normal saline.

group, the other three groups exhibited increased cell
proliferation but no significant difference was observed
among them in cell proliferation. Flow cytometry results
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showed that the proportion of cells in G1 stage decreased
whereas the percentages of cells in S stage as well as G2
stage increased after PTEN gene silencing. Cells in S and
G2 stages completed DNA replication and entered the
mitotic stage. These results helped confirmed that the rate
of cell division was faster and cell growth was accelerated.
As shown in Figure 5, the cells in S and G2 stages of the
NS group accounted for 19.87%+3.39%, those in the OVA
group accounted for 36.21%x4.72%, cells in the OVA + si-
PTEN group accounted for 54.98%=+6.58%, and NS + si-
PTEN group accounted for 39.16%+6.01%, respectively.
In comparison with the NS group, there was a significant
difference in the cells in S and G2 stages among the OVA,
OVA + si-PTEN and NS + si-PTEN groups (P<0.05).
The OVA + si-PTEN group had more cells in S and G2
stages compared with the OVA group (P<0.05). The results
suggested that silencing PTEN might regulate cell cycle to
accelerate proliferation of ASMCs.

Discussion

Allergic asthma is one of the most common diseases
experienced by children in western countries (20).
Presently, PTEN has been well established and has been
associated to play an important role in the occurrence and
development processes of different tumors (21). In this
study, we conducted a series of experiments in order to
investigate the relationship between PTEN gene silencing
and ASMC:s proliferation as well as airway remodeling in an
allergic asthmatic mouse model. The results obtained from
our study demonstrated that PTEN gene silencing could
promote ASMC proliferation and airway remodeling.
PTEN silencing has shown to significantly thicken the
tracheal wall and smooth muscle layer along with increasing
o-SMA™ in mice with allergic asthma. It has been reported
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that thickening of the bronchial smooth muscle wall and
increase in the number of infiltrating cells are some of the
pathological changes experienced by asthmatic people, which
is in consistency with our findings (22). Airway inflammation
and airway remodeling are the main pathological features
of allergic asthma (4). Airway remodeling is a result of a
complex series of structural changes, primarily marked by
smooth muscle hypertrophy and cell proliferation (23). PTEN
gene is expressed endogenously in ASMCs, acting as a nodal
regulator for multiple signaling pathways affecting cell size,
cell proliferation and survival and then ultimately leading to
inhibited proliferation and migration of cells (24). In addition,
TGF-b-induced activation of fibroblasts into a-SMA-positive
myofibroblasts in order to synthesize type-1 collagen is a vital
event in allergic asthma (22). In line with our results, a prior
study also observed that PTEN overexpression resulted in a
reduced expression of a-SMA (25).

The results of our study showed that the PTEN mRNA
and protein expressions were substantially lower in the
OVA group, the OVA + si-PTEN group, and the NS + si-
PTEN group compared with the NS group. The Loss-
of-function model is a vital and informative method to
characterize the pathological and physiological functions of
mammalian genes (26). PTEN gene silencing is employed to
inactivate the gene and promote the development of allergic
asthma by inhibiting gene expressions (27). A previous study
revealed that PTEN gene silencing elevates p-Akt levels
and aberrantly interacted with p53, which consequently
increases the risk of various cancers or developmental
defects (28). A prior research showed a reduced expression
of PTEN protein in 67 cases out of 236 breast carcinomas.
Patients who exhibited lowered PTEN protein expression
had a worse prognosis compared to the patients with a
regular PTEN protein expression (29). More importantly,
it has been reported that changes in PTEN levels are
associated to the pathogenesis of allergic asthma (30).
PTEN has been found to inhibit airway inflammation and
airway hyperresponsiveness, both of which are fundamental
features of allergic asthma (31,32). In consistency with our
results, PTEN expression has been shown to decrease in
murine asthma models (6).

On analyzing the rates of ASMC proliferation, it was
observed that each group exhibited different degrees of
ASMC:s proliferation after PTEN silencing except for the
NS group. The cell cycle changed whereby the proportion
of cells in G2 and S stages was notably higher. Recent data
demonstrated that PTEN affects cell invasion and gene
expression by targeting its lipid phosphatase activity (33).
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Furthermore, PTEN has been suggested to play an
important role in arresting the cell cycle in G1 stage and
apoptosis, as well as regulating cell adhesion, differentiation
and migration (34). To be specific, one previous study
observed that more cells arrested in G0/G1 phase and
suppressed cell proliferation were correlated with PTEN
overexpression (35). A study conducted by Ressel er al.
also clarified that PTEN gene could stimulate cell survival
and proliferation via the B pathway of protein kinase
through antagonizing the activity of phosphatidylinositol
3 kinase and loss of PTEN expression was related with
poor prognosis (36). Great understanding of different
mechanisms underlying PTEN gene regulation is beneficial
for the diagnosis and treatment of patients (37).

To conclude, our study provides evidence suggesting
that PTEN gene silencing can promote ASMC proliferation
and airway tissue remodeling. Under these experimental
conditions, gene duplication events or paralogs may be
affected due to limitation of various factors leading to some
inaccurate results. Our next step towards validating the
credibility of PTEN gene silencing would be to move on
from animal models and conduct further correlative study in
clinical trials. It will be exciting to examine the interaction
between PTEN gene and allergic asthma in further studies
involving real patients and we hope to achieve significant
results.
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