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Abstract. Idiopathic pulmonary fibrosis (IPF) is characterized 
by progressive interstitial fibrosis, and is associated with a fatal 
outcome. The critical pathological mechanisms underlying 
IPF are largely unknown; however, accumulating evidence 
has indicated similarities between IPF and cancer. Therefore, 
the present study examined the expression levels of the tumor 
suppressor phosphatase and tensin homolog deleted on chro-
mosome 10 (PTEN) in Chinese patients with IPF, using an 
enzyme‑linked immunosorbent assay. To determine the effects 
of PTEN on the development of pulmonary fibrosis, PTEN was 
overexpressed in transforming growth factor (TGF)‑β1‑treated 
human embryonic lung fibroblasts (HFL‑I cells). The serum 
levels of PTEN were significantly lower in 42 patients with IPF, 
as compared with in the healthy controls. In addition, PTEN 
overexpression enhanced apoptosis, and suppressed basal levels 
of proliferation and migration in fibroblasts. Notably, PTEN 
was able to specifically inhibit TGF‑β1‑induced proliferation 
and migration of the cells. Overexpression of PTEN also 
suppressed phosphorylation of Akt and Smad3, and decreased 
the expression levels of numerous proteins with critical roles 
in TGF‑β1‑induced fibrosis, including α‑smooth muscle actin, 
matrix metalloproteinase (MMP)‑2 and MMP‑9. These results 
indicated that PTEN may inhibit TGF‑β1‑mediated myofi-
broblast differentiation of fibroblasts by attenuating signaling 
via the phosphatidylinositol 3‑kinase/Akt and TGF‑β/Smad3 
pathways.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive, fibrotic, 
interstitial lung disease of unknown cause, with a median 
survival time of ~3 years. The estimated incidence of IPF 

is 10 cases per 100,000, with a prevalence of 30 cases per 
100,000 (1). Progressive interstitial fibrosis is a hallmark of 
IPF, which results in a decline in lung function. Due to the 
unknown pathogenesis of this disease, patients with IPF have 
few treatment options. China is estimated to have the largest 
number of patients with IPF, which is due, at least in part, to 
its large population. Published epidemiological data for IPF in 
China are limited; however, known major risk factors include 
cigarette smoking and environmental exposure (2‑4). Smoking 
strongly increases the occurrence of IPF, and China has one of 
the largest populations of smokers worldwide (~350 million). 
Furthermore, as a rapidly developing nation, Chinese indi-
viduals are exposed to high levels of vehicle exhaust, industrial 
emissions, and metal, wood and coal dusts, all of which can 
increase the likelihood of developing IPF. Fog and haze have 
rapidly increased in the North China Plain since 1954 (5), and 
airborne particulate matter (PM2.5) has become the focus of 
major public interest in China. Therefore, it is not surprising 
that the incidence of IPF is higher in China than it is in many 
other countries, and studies on the epidemiology and patho-
genesis of IPF are critical and urgently required.

IPF is considered the most common and severe form of 
pulmonary fibrosis, which is characterized by the accumulation 
of extracellular matrix (ECM) proteins within the interstitium 
and alveolar space of the lungs. The pathology associated with 
pulmonary fibrosis is a consequence of the disturbance of two 
physiologically‑balanced processes: The proliferation and 
apoptosis of fibroblasts, and the accumulation and breakdown 
of the ECM (6). Fibroblasts and fibroblast‑derived myofibro-
blasts are the key effector cells in fibrogenesis, since they are 
major producers of ECM proteins. An overabundance of these 
cell types may contribute to the progression of pulmonary 
fibrosis. Furthermore, an increased number of fibroblastic 
foci, which are small aggregates of proliferating fibroblasts 
and myofibroblasts, has been reported to be associated with 
an increased risk of mortality in patients with IPF (7). To 
inhibit pulmonary fibrosis and to slow the progression of IPF, 
it is important to suppress the myofibroblast differentiation of 
fibroblasts and the subsequent ECM production.

Phosphatase and tensin homolog deleted on chromo-
some 10 (PTEN) is a tumor suppressor, the expression of 
which is lost in numerous types of human cancer. PTEN is able 
to strongly suppress cell migration (8), promote apoptosis (9), 
and inhibit cell growth (10). Recent studies have focused on 
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the role of PTEN in IPF pathogenesis, due to the presence 
of some similarities between IPF and cancer, including 
IPF phenotype (11), global methylation patterns (12), and 
underlying disease mechanisms (13). White et al (14) 
reported that PTEN expression and phosphatase activity are 
diminished in fibroblasts isolated from patients with IPF. In 
addition, inhibition of PTEN in vivo promotes fibrosis, and 
PTEN inhibits myofibroblast differentiation in vitro (14,15). 
PTEN is the primary negative regulator of the cell survival 
signaling pathway initiated by phosphatidylinositol 3‑kinase 
(PI3K). Reduced PTEN expression and Akt hyperactivation 
have been detected in the alveolar epithelial cells and fibro-
blastic foci of human IPF lungs; additionally, low levels of 
PTEN expression/phosphatase activity have been shown to 
facilitate aberrant activation of the PI3K/Akt pathway and 
pathological proliferation of fibroblasts (16‑19). Therefore, 
altered PTEN/PI3K/Akt signaling is considered to have a 
crucial role in IPF pathogenesis, thus suggesting that this 
pathway may be a potential therapeutic target for IPF.

Transforming growth factor (TGF)‑β is a cytokine with 
an important role in fibrosis. It promotes the differentiation 
of fibroblasts into myofibroblasts and enhances ECM protein 
synthesis (20‑22). By binding to its receptor, TGF‑β trig-
gers the activation of numerous signaling pathways, which 
contribute to progressive fibrosis, including the Smad pathway, 
the PI3K/Akt pathway, and the glycogen synthase kinase 
(GSK)‑3β/β‑catenin pathway (22‑25). TGF‑β suppresses 
PTEN expression (19,26), and inhibition of PTEN activity is 
necessary for TGF‑β‑induced expression of α‑smooth muscle 
actin (α‑SMA), which is a marker of myofibroblasts (15). 
However, the exact mechanism by which PTEN regulates the 
TGF‑β‑mediated transition of fibroblasts into myofibroblasts 
remains unclear.

PTEN has been implicated in the pathogenesis of IPF. 
Therefore, the present study hypothesized that there may 
be differences in PTEN serum levels between individuals 
with IPF and healthy individuals. If so, altered PTEN 
expression may serve as a diagnostic marker for IPF. In 
addition, we further hypothesized that altered PTEN expres-
sion may influence the production of α-SMA and ECM 
proteins in TGF‑β‑treated lung fibroblasts, and that the 
PI3K/Akt signaling pathway may be associated with these 
PTEN‑mediated effects.

A total of 42 Chinese patients with IPF and 42 healthy 
controls were included in the present study. Serum levels of 
PTEN were measured by enzyme‑linked immunosorbent 
assay (ELISA), and comparisons between patients with 
IPF and healthy controls were made. To evaluate the role of 
PTEN in lung fibrosis, human embryonic lung fibroblasts 
were treated with TGF‑β1, in order to mimic pulmonary 
fibrosis. PTEN was overexpressed in TGF‑β1‑treated human 
embryonic lung fibroblasts, and proliferation, apoptosis and 
migration were assayed. Western blotting was performed 
to examine PI3K/Akt and TGF‑β/Smad3 signaling, as well 
as the expression of downstream proteins, including the 
myofibroblast marker α‑SMA and matrix metalloproteinases 
(MMPs). The results of the present study suggested that 
low serum levels of PTEN may be used to diagnose IPF. 
Furthermore, PTEN overexpression was shown to inhibit 
TGF‑β1‑induced fibroblast differentiation.

Materials and methods

Subjects. A total of 42 patients with IPF who were admitted to 
Fujian Province Hospital between June 2013 and April 2014 
were enrolled in the present study. The clinical diagnosis of IPF 
was made by high‑resolution computed tomography (HRCT) 
and pulmonary function tests, according to the guidelines 
presented by ATS/ERS/JRS/ALAT in 2011 (27). Patients were 
included in the study if they met the following two criteria: 
i) Absence of other known causes of interstitial lung disease 
(e.g., domestic and occupational environmental exposures, 
connective tissue disease and drug toxicity); ii) detection of 
usual interstitial pneumonia pattern by HRCT exam. Patients 
who were <18 years of age or who had other diseases, including 
phthisis, bronchogenic carcinoma, or other malignant tumors, 
were excluded from the study. A total of 42 healthy subjects were 
included as controls, based on the following criteria: i) Men and 
women who were ≥18 years of age; ii) with no lung diseases. 
Subjects were excluded from participating as healthy controls 
if they were <18 years of age or if they presented with a malig-
nant tumor. The present study was approved by the Medical 
Ethics Committee of Fujian Province Hospital (Fuzhou, China). 
Written informed consent was obtained from all patients and 
healthy subjects prior to inclusion in the study.

Pulmonary function tests. The following pulmonary function 
tests were conducted on all patients: Forced vital capacity (FVC); 
diffusing capacity of the lungs for carbon monoxide (DLCO), 
using a JAEGER® MasterScreen™ Diffusion Pulmonary 
Function Analyzer (CareFusion Germany, Höchberg, 
Germany); and arterial partial pressure of oxygen (PaO2), using 
an ABL800 BASIC Arterial Blood Gas Analyzer (Radiometer 
Medical ApS, Brønshøj, Denmark). FVC and DLCO measure-
ments are expressed as percentages of predicted values.

Measurement of D‑dimer levels. Plasma concentrations of 
D‑dimer were measured using a latex‑enhanced immuno turbidi-
metric assay. Cells were removed from plasma by centrifugation 
at 2,000 x g for 10 min and samples were prepared according to 
the manufacturer's protocol (Liatest D‑Di 113837; Diagnostica 
Stago, Asnières, France). Sample values were measured using 
a STA‑R Evolution Automated Blood Coagulation Analyzer 
(Stago, Paris, France).

Detection of serum PTEN levels by ELISA. Venous blood samples 
(5 ml) were collected and PTEN ELISA assays (Colorfulgene 
Biotechnology, Inc., Wuhan, China) were performed using the 
Multiskan MK3 enzyme‑labeled instrument (Thermo Fisher 
Scientific, Inc., Vantaa, Finland). Briefly, the test samples were 
thawed to room temperature, and 100‑µl aliquots of each sample 
were added into monoclonal antibody‑coated 96‑well plates. 
Following incubation at 37˚C for 60 min, the closure plate 
membrane was uncovered and the liquid was discarded and 
subsequently dried by manually swinging the plates in the air. 
Subsequently, each well was supplemented with washing buffer, 
left for 30 sec then drained. This was repeated five times and the 
plates were dried by patting. Each well was supplemented with 
50 µl horseradish peroxidase (HRP)‑conjugated anti‑PTEN 
antibody and shaken prior to incubation at 37˚C for 60 min, and 
the washing step outlined above was repeated. Subsequently, 
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100 µl chromogen solution was added to each well and incubated 
for 15 min, prior to the addition of 50 µl termination solution 
per well. The plates were shaken on a shaker for 5 sec in order 
to thoroughly mix the substrate and termination solutions. The 
absorbance of the reaction mixture was measured at 450 nm 
wavelength (A value) using a Multiskan MS 252 microplate 
reader (Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Cell culture. The HFL‑I human embryonic lung fibroblast cell 
line was purchased from Cell Bank of the Chinese Academy 
of Sciences (Beijing, China). The cells were maintained in 
F12K medium (Sigma‑Aldrich, St. Louis, MO, USA) supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.) and 1% penicillin/streptomycin (Beijing 
Solarbio Science & Technology Co., Ltd., Beijing, China).

Plasmid construction and transfection. To generate 
the PTEN expression vector pcDNA3.1‑PTEN, the 
PTEN coding region was amplified from cDNA by 
PCR using the following primers: Forward, 5'‑CGG 
AAT TCC ATG ACA GCC ATC ATC AAA GAG‑3' and 
reverse, 5'‑CCC TCG AGG TCA GAC TTT TGT AAT TTG TGT‑3' 
(Shanghai Generay Biotech Co., Ltd., Shanghai, China). The 
PCR product was digested using EcoRI and XhoI (both Thermo 
Fisher Scientific, Inc.) and cloned into the pcDNA3.1(+) green 
fluorescent protein vector (JRDUN Biotechnology Co., Ltd., 
Shanghai, China).

One day prior to transfection, HFL‑1 cells were plated in 
6‑well dishes at 5x105 cells/well. The cells were transfected 
with either 2 µg PTEN overexpression vector (PTEN) or with 
a control vector (Vec; Addgene, Inc., Cambridge, MA, USA); 
an untransfected control group (Con) was also included. Cells 
were harvested with trypsin (Kilton Biological Technology Co., 
Ltd.) 48 h post‑transfection, and total RNA was extracted from 
the cells.

TGF‑β1 stimulation was performed 48 h post‑transfection. 
TGF‑β1 (5 ng/ml; cat. no. PHG9204; Invitrogen; Thermo 
Fisher Scientific, Inc.) was added to the cells of all transfection 
groups: PTEN overexpression (P + T), control vector (V + T), 
or untransfected cells (TGF). A total of 24 h post‑stimulation, 
the cells were harvested and subjected to analysis by apoptosis 
assay and western blotting.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from the cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Shanghai, China) and was reverse transcribed using an RT kit 
(Thermo Fisher Scientific, Inc., Shanghai, China), according to 
the manufacturer's protocol. SYBR Green PCR kit (Thermo 
Fisher Scientific, Inc., Shanghai, China) was used to conduct 
RT‑qPCR. The following sequence‑specific primers were used: 
PTEN, forward 5'‑TCA GGC GAG GGA GAT GAGAG‑3' and 
reverse 5'‑CGA AGA GGA GGC GAG AAACG‑3'; and glyceral-
dehyde 3‑phosphate dehydrogenase (GAPDH), forward 5'‑CAC 
CCA CTC CTC CAC CTTTG‑3' and reverse 5'‑CCA CCA CCC 
TGT TGC TGT AG‑3' (Shanghai Generay Biotech Co., Ltd.). 
qPCR was performed on an ABI‑7300 Real‑Time PCR instru-
ment (Applied Biosystems; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) with the following thermal cycling condi-
tions: 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec 

and 60˚C for 45 sec, 95˚C for 15 sec, 60˚C for 1 min, 95˚C for 
15 sec and 60˚C for 15 sec. Relative differences in gene expres-
sion between the groups were calculated using the quantification 
cycle (Cq) method. Data analysis was performed using the 2-ΔΔCq 

method (28), and GAPDH mRNA was used for normalization. 
All experiments were repeated three times.

Cell viability assay. Cell viability was assessed using a Cell 
Counting kit (CCK)‑8 assay (Dojindo Molecular Technologies 
Co., Ltd., Kumamoto, Japan). The cells were seeded in 
96‑well plates supplemented with F12K serum‑free medium 
(Sigma‑Aldrich) at a density of 1‑5x104 cells per well. CCK‑8 
and medium were mixed at a ratio of 10:100 µl per well in 
sterile Eppendorf tubes. Medium was aspirated, and the cells 
were washed once with phosphate‑buffered saline (PBS). 
Subsequently, premixed CCK‑8 and medium were added to 
each well and incubated at 37˚C for 0.5‑1 h. Absorbance values 
at 450 nm were obtained using an automatic LabSystems 352 
Multiskan MS microplate reader (Thermo Fisher Scientific, 
Inc.).

Apoptosis assay. Apoptosis of HFL‑1 cells was determined 
using flow cytometry. The cells were scraped, washed twice 
with PBS, and centrifuged at 1,000 x g for 5 min at 4˚C. Pelleted 
cells were incubated in 1X binding buffer containing fluores-
cein isothiocyanate (FITC)‑Annexin V and propidium iodide 
(BD Biosciences, San Jose, CA, USA) in the dark for 15 min. 
Apoptotic cells were examined using a FACSCalibur flow 
cytometer (BD Biosciences) and analyzed with FlowJo software 
(version 7.6.1; FlowJo, LLC, Ashland, OR, USA). A minimum 
of 1x104 events per sample were acquired and analyzed. Three 
independent experiments were performed. Values are expressed 
as the mean ± standard error of the mean in three separate 
experiments.

Cell migration assay. HFL‑1 cells were left untransfected 
or transfected with either a PTEN overexpression vector or a 
control vector. A total of 48 h post transfection, Transwell 
migration assays were performed. Following trypsinization, 
cells in the logarithmic growth phase were suspended in F12K 
serum‑free medium containing 0.5% FBS. A 100 µl cell suspen-
sion (1.0x105 cells/ml) was added to the upper chamber of the 
Transwell system, and 500 µl medium containing 10% FBS was 
added to the lower chamber. Following 16 h culture, the upper 
chamber was removed, and washed three times with PBS. The 
cells of the upper chamber were gently wiped with a cotton swab 
and cells that had migrated to the lower chamber were fixed 
with 4% paraformaldehyde for 30 min and subsequently stained 
with crystalline violet for 15 min. Four fields (magnification, 
x200) were randomly selected to quantify the number of cells 
that had successfully migrated to the lower chamber, using an 
Olympus CX41 (Olympus Corporation, Tokyo, Japan).

Western blot analysis. Western blotting was performed to detect 
both total and phosphorylated forms of numerous proteins of 
interest. Proteins were extracted from the cells using RAPI 
protein extraction medium (Solarbio R0010; Beijing Solarbio 
Science & Technology Co., Ltd.). Protein concentration was 
determined by Bradford assay using the Bio‑Rad Protein Assay 
Dye Reagent Concentrate (Bio‑Rad Laboratories, Inc. Hercules, 
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CA, USA), according to the manufacturer's protocol. Total 
cell protein extracts (25 µg) were separated by 12% sodium 
dodecyl sulfate‑polyacrylamide gel electrophoresis and were 
then transferred to nitrocellulose membranes (EMD Millipore, 
Billerica, MA, USA). The blots were blocked with 5% nonfat 
milk overnight, and were then incubated overnight at 4˚C 
with the following primary antibodies: Anti‑PTEN (ab32199), 
anti-α‑SMA (both 1:500; ab5694; both Abcam, Cambridge, 
MA, USA), anti‑β‑catenin (1:1,000; 8814S; Cell Signaling 
Technology, Inc., Beverly, MA, USA), anti‑Smad3 (1:400; 
ab28379), anti‑phosphorylated (p)‑Smad3 (1:500; ab63403; 
both Abcam), anti‑Akt (9272S), anti‑p‑Akt (4058S; both Cell 
Signaling Technology, Inc.), anti‑MMP‑2 (1948S; Epitomics, 
Inc., Burlingame, CA, USA), anti‑MMP‑9 (all 1:1,000; ab38898; 
Abcam), and anti‑GAPDH (1:1,500; 5471; Cell Signaling 
Technology, Inc.). The following day, membranes were 
incubated at room temperature for 1 h with HRP‑conjugated 
goat anti‑rabbit (A0208) or anti‑mouse immunoglobulin G 
secondary antibodies (both 1:1,000; A0216; both Beyotime 
Institute of Biotechnology, Shanghai, China). After washing 
with PBS, the blots were visualized using Pierce Enhanced 
Chemiluminescence Western blotting substrate (Pierce Protein 
Biology; Thermo Fisher Scientific, Inc., Rockford, IL, USA), 
according to the manufacturer's protocol. Densitometric anal-
ysis of immunoblots was performed using TotalLab Software, 
version 2.00 (TotalLab Limited, Newcastle upon Tyne, UK). 
The densitometry values of the proteins of interest were normal-
ized to those of GAPDH. All experiments were repeated three 
times.

Statistical analysis. Statistical analysis was performed using 
SPSS 19.0 software (SPSS IBM, Armonk, NY, USA). All data 
are presented as the mean ± standard deviation. One‑factor 
analysis of variance was used for multiple comparisons, and 
the least significant difference test was used for intra‑group 
comparisons. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Baseline clinical characteristics and serum expression of 
PTEN in patients with IPF. Baseline characteristics, including 
age, gender, smoking status, diabetic status and hypertensive 
status, were similar between patients with IPF and healthy 
controls (Table I). Although each of these baseline char-
acteristics was higher in the IPF patient group, there were 
no significant differences when compared to the controls. 
Conversely, the prevalence of coronary heart disease was 
significantly higher in patients with IPF, as compared with in 
healthy subjects (P<0.05), which is consistent with an earlier 
report (29).

To evaluate the expression levels of PTEN in each of the 
two study groups, serum samples were collected and analyzed 
by ELISA. Serum PTEN protein expression levels were 
significantly reduced in patients with IPF, as compared with in 
healthy subjects (P<0.01; Table I).

Effects of PTEN overexpression on TGF‑β1‑induced lung 
fibroblasts. The role of PTEN in fibrosis was examined by 
overexpressing PTEN in human embryonic lung fibroblasts. 

Following transfection of the cells with PTEN, overexpression 
was confirmed at both the mRNA and protein level (Fig. 1).

Subsequently, TGF‑β1‑stimulated HFL‑1 cells were used to 
examine the effects of PTEN overexpression on lung fibrosis. 
Fibroblast proliferation is a primary event in fibrosis; there-
fore, HFL‑1 cell viability was assessed. As shown in Fig. 2, 
HFL‑1 cell proliferation was significantly enhanced following 
24 or 48 h of TGF‑β1 stimulation (P<0.05). These effects on 
proliferation are consistent with the effects of TGF‑β1 on the 
induction of fibrosis. Overexpression of PTEN significantly 
reduced HFL‑1 cell proliferation at both 24 and 48 h (P<0.01), 
and attenuated TGF‑β1‑mediated proliferation at the 48 h time 
point (P<0.05).

An apoptosis analysis was also performed following 
PTEN overexpression and TGF‑β1 stimulation. Treatment 
with TGF‑β1 decreased apoptosis of HFL‑1 cells; conversely, 
overexpression of PTEN enhanced apoptosis of the cells both 
in the absence or presence of TGF‑β1 stimulation (Fig. 3). 
These results indicate that PTEN may inhibit fibrosis by both 
inhibiting proliferation and promoting apoptosis of fibroblasts.

The present study examined the role of PTEN in 
fibroblast migration by performing a Transwell migration 
assay following PTEN overexpression. As shown in Fig. 4, 
TGF‑β1 stimulation significantly increased the migration of 
HFL‑1 cells, as compared with the control groups (P<0.01). 
Conversely, overexpression of PTEN significantly suppressed 
cell migration both in the presence or absence of TGF‑β1 
stimulation (P<0.01).

These results suggest that PTEN overexpression enhances 
apoptosis and suppresses proliferation and migration of 
TGF‑β1‑induced fibroblasts. Therefore, PTEN may function 
as an inhibitor of fibroblast differentiation.

Effects of PTEN overexpression on p‑Akt, p‑Smad3, 
β‑catenin, α‑SMA, MMP‑2 and MMP‑9. To further evaluate 
the role of PTEN in TGF‑β1‑induced fibroblasts, the effects of 
PTEN overexpression were determined on several signaling 
pathways. As shown in Fig. 5, phosphorylation of Akt and 
Smad3 was significantly increased following TGF‑β1 stimu-
lation (P<0.01); notably, these increases were attenuated by 
PTEN overexpression (P<0.01). The expression levels of 
several TGF‑β1‑induced proteins, including α-SMA, MMP-2 
and MMP‑9, were also significantly attenuated by PTEN 
overexpression (P<0.01). The protein expression levels of 
β‑catenin were not significantly altered in TGF‑β1‑stimulated 
HFL‑1 cells (data not shown). These data indicate that PTEN 
overexpression may suppress TGF‑β1‑induced target protein 
expression by inhibiting phosphorylation of Akt and Smad3, 
two downstream targets of TGF‑β1 signaling.

Discussion

The present study examined the expression levels of PTEN 
in clinical cases of IPF, and determined the effects of PTEN 
overexpression on a TGF‑β1‑induced fibroblast model of IPF 
pathogenesis. PTEN serum levels were significantly lower 
in patients with IPF, as compared with in healthy control 
subjects, thus suggesting that PTEN may be a useful diag-
nostic marker for IPF. Treatment of human fibroblasts with 
TGF‑β1 promotes their differentiation into myofibroblasts. 
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The results of the present study demonstrated that PTEN 
overexpression inhibits fibroblast proliferation and migration, 

and enhances apoptosis. In addition, PTEN may inhibit 
TGF‑β1‑induced fibrosis via suppressing the phosphorylation 

Figure 1. Overexpression of phosphatase and tensin homolog deleted on chromosome 10 (PTEN) in human embryonic lung fibroblasts. HFL‑1 cells were 
transfected with a PTEN overexpression vector (PTEN), a control vector (Vec), or remained untransfected (control cells; Con). A total of 48 h post‑transfection, 
the cells were harvested and PTEN expression was analyzed by (A) reverse transcription‑quantitative polymerase chain reaction and (B) western blotting. 
Glyceraldehyde 3‑phosphate dehydrogenase (GAPDH) served as a loading control. Data are presented as the mean ± standard deviation.

Figure 2. Cell viability assay of transforming growth factor (TGF)‑β1‑stimulated fibroblasts after phosphatase and tensin homolog deleted on chromosome 10 
(PTEN) overexpression. HFL‑1 cells were transfected with a PTEN overexpression vector, a control vector, or remained untransfected. A total of 48 h 
post‑transfection, the cells were treated with 5 ng/ml TGF‑β1 or were left untreated for (A) 0 h, (B) 24 h, or (C) 48 h. Cell proliferation was analyzed by Cell 
Counting kit‑8 assay. The experiment was repeated three times. Data are presented as the mean ± standard deviation (n=3). *P<0.05, **P<0.01. Con, control; 
TGF, TGF‑β1 stimulation; Vec, vector control; V + T, vector control + TGF‑β1 stimulation; P + T, PTEN overexpression vector + TGF‑β1 stimulation; PTEN, 
PTEN overexpression vector.

  A   B

  A   B   C

Table I. Baseline clinical characteristics of study subjects.

Characteristic IPF patients (n=42) Healthy subjects (n=42) P‑value

Age (years) 67.9±11.7 65.5±8.9 0.296
Gender (men/women) 31/11 28/14 0.474
Smoking (%) 15/42 (35.71) 13/42 (30.95) 0.643
Pulmonary function tests   
  FVC (% pred) 67±10 ‑ 
  DLCO (% pred) 54±17 ‑ 
  PaO2 (mmHg) 73.26±11.65 ‑ 
Diabetes (%) 8/42 (19.05) 7/42 (16.67) 0.776
Hypertension (%) 17/42 (40.48) 15/42 (35.71) 0.653
Coronary heart disease (%) 15/42 (35.71) 3/42 (7.14) 0.001
D‑dimer (µg/ml) 1.23±1.02 ‑ 
Serum PTEN (ng/ml) 8.11±0.24 9.37±0.23 <0.001

‑, not tested; FVC, forced vital capacity; DLCO, diffusing capacity of the lungs for carbon monoxide; PaO2, partial pressure of oxygen; % pred, 
percentage of predicted values.
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of downstream targets of TGF‑β1, including Akt and 
Smad3. Consistent with this, several TGF‑β1 target proteins, 
including α‑SMA, MMP‑2 and MMP‑9, were revealed to be 
downregulated. These data establish an important inhibitory 
role for PTEN in pulmonary fibrosis. PTEN may prove to be 
a useful diagnostic marker for IPF, and components of the 
PTEN/PI3K/Akt signaling pathway may serve as potentially 
novel therapeutic targets for the treatment of IPF.

PTEN, which is a tumor suppressor that functions as 
a dual protein/lipid phosphatase, negatively regulates the 
cell survival signaling pathway initiated by PI3K. As an 
important modulator of apoptosis, cell growth, migration 
and invasion, PTEN deficiency suppresses apoptosis, and 
enhances cell proliferation and migration (8‑10). The present 
study detected reduced serum levels of PTEN in patients with 
IPF. Overexpression of PTEN in TGF‑β1‑induced fibroblasts 
resulted in increased apoptosis, decreased proliferation and 
migration, and reduced expression of α‑SMA. These findings 
are consistent with the findings of a previous study in IPF 
fibroblasts and pten-/- fibroblasts (15). Taken together, PTEN 
may have a critical role in IPF pathogenesis via the inhibition 
of fibroblast differentiation into myofibroblasts.

Previous studies have highlighted the importance of the 
PTEN/PI3K/Akt pathway in lung injury and fibrosis (16,18). 
For example, reduced PTEN expression/activity and Akt 

hyperactivation have been described in IPF fibroblasts; 
findings such as this help establish the importance of 
PTEN/PI3K/Akt axis in IPF pathogenesis (30). In addition, 
immunohistochemical analysis of IPF lung tissue identified 
high Akt activity and inactive forkhead box O3a (a transcrip-
tion factor downstream of the PI3K/Akt pathway) in patients 
with IPF (31). TGF‑β is believed to be a key mediator of tissue 
fibrosis as a consequence of ECM accumulation in patho-
logical states (32). It has been demonstrated that inhibition 
of PTEN activity is necessary for TGF‑β‑induced α-SMA 
expression (15). However, the mechanisms underlying 
PTEN‑inhibited differentiation of TGF‑β‑induced fibroblasts 
remain elusive. In the present study, PTEN was overexpressed 
in human lung fibroblasts, and the activity of Akt was exam-
ined following TGF‑β1 stimulation. PTEN overexpression 
was able to suppress TGF‑β1‑induced Akt phosphorylation. 
Inhibition of PI3K has also been shown to prevent prolif-
eration and differentiation of TGF‑β‑treated human lung 
fibroblasts into myofibroblasts (33). Wilkes et al (34) reported 
that the PI3K/Akt pathway can be activated by TGF‑β via the 
phosphorylation of Akt, and that this signaling cascade has 
an important role in TGF‑β‑mediated fibroblast proliferation 
and morphological transformation. This activation appears 
to be independent of Smad2/3 activation (34). Notably, the 
present study demonstrated that overexpression of PTEN 

Figure 3. Apoptosis analysis of transforming growth factor (TGF)‑β1‑stimulated fibroblasts after phosphatase and tensin homolog deleted on chromosome 10 
(PTEN) overexpression. HFL‑1 cells were transfected with a PTEN overexpression vector, a control vector, or remained untransfected. A total of 48 h 
post‑transfection, the cells were treated with 5 ng/ml TGF‑β1 or were left untreated for 24 h. (A) Apoptosis was measured by surface Annexin V staining and 
flow cytometry. (B) Data represent the results of three independent experiments. Data are presented as the mean ± standard error of the mean. *P<0.05, **P<0.01. 
Con, control; TGF, TGF‑β1 stimulation; Vec, vector control; V + T, vector control + TGF‑β1 stimulation; P + T, PTEN overexpression vector + TGF‑β1 
stimulation; PTEN, PTEN overexpression vector. 
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suppressed TGF‑β1‑mediated phosphorylation of Smad3. 
TGF‑β1/Smad3 has been shown to be a major pathway 
regulating myofibroblast differentiation (35). Therefore, 
PTEN may suppress TGF‑β1‑induced myofibroblast 

differentiation by inhibiting both the PI3K/Akt pathway and 
the TGF‑β/Smad3 pathway.

Aberrant activation of Wnt/β‑catenin signaling has 
been detected in patients with IPF (36), and signaling via 

Figure 5. Overexpression of phosphatase and tensin homolog deleted on chromosome 10 (PTEN) suppresses phosphorylation (p‑) of Akt and Smad3, and the 
expression of α‑smooth muscle actin (α‑SMA), matrix metalloproteinase (MMP)‑2 and MMP‑9 in transforming growth factor (TGF)‑β1‑induced fibroblasts. 
HFL‑1 cells were transfected with a PTEN overexpression vector, a control vector, or remained untransfected. A total of 48 h post‑transfection, cells were 
treated with 5 ng/ml TGF‑β1 or were left untreated for 24 h. (A) Cell lysates were collected and subjected to western blotting. (B) Densitometry data from 
three independent experiments are plotted. Glyceraldehyde 3‑phosphate dehydrogenase (GAPDH) served as a loading control. Data are presented as the 
mean ± standard deviation (n=3). *P<0.05, **P<0.01. Con, control; TGF, TGF‑β1 stimulation; Vec, vector control; V + T, vector control + TGF‑β1 stimulation; 
P + T, PTEN overexpression vector + TGF‑β1 stimulation; PTEN, PTEN overexpression vector. 

  A   B

Figure 4. Phosphatase and tensin homolog deleted on chromosome 10 (PTEN) inhibits transforming growth factor (TGF)‑β1‑induced fibroblast migration. 
HFL‑1 cells were transfected with a PTEN overexpression vector, a control vector, or remained untransfected. A total of 24 h post‑transfection, the cells were 
plated in Transwell inserts and were incubated for 24 h. Cells were then treated with 5 ng/ml TGF‑β1 or were left untreated for 24 h. (A) Migratory cells were 
fixed, stained and images were captured (magnification, x100). (B) Cells from three different fields were counted, and averages of three independent experi-
ments were plotted. Data are presented as the mean ± standard deviation. **P<0.01. Con, control; TGF, TGF‑β1 stimulation; Vec, vector control; V + T, vector 
control + TGF‑β1 stimulation; P + T, PTEN overexpression vector + TGF‑β1 stimulation; PTEN, PTEN overexpression vector. 
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GSK‑3β/β‑catenin is associated with TGF‑β1‑mediated 
differentiation of human lung fibroblasts into myofibro-
blasts (24). The present study also examined the expression 
levels of β‑catenin; however, PTEN overexpression had no 
significant effect on β‑catenin levels in TGF‑β1‑induced fibro-
blasts. Therefore, in contrast to previous reports (24,37,38), 
β‑catenin was not upregulated by TGF‑β1 in the present 
study. This may be due to differences in human embry-
onic lung fibroblasts and lung fibroblasts derived from 
patients with IPF. Further studies are required to explore 
the role of Wnt/β‑catenin signaling in the pathogenesis of 
IPF.

IPF is associated with the deposition of ECM components 
into the lung interstitium. MMPs are known to have a central 
role in ECM remodeling. MMP‑2 and MMP‑9, collectively 
known as the gelatinases, are highly expressed in IPF (39), and 
both were significantly upregulated by TGF‑β1 stimulation in 
the present study. Overexpression of PTEN in TGF‑β1‑induced 
fibroblasts resulted in inhibition of MMP‑2 and MMP‑9 
expression, suggesting a role for PTEN in ECM remodeling. 
Certain limitations of our study should be noted. Due to the 
relatively small sample size (n=42), there is limited statis-
tical power to detect putative associations between patients 
with IPF and healthy subjects. For example, smoking status 
and diabetic status, which have previously been shown to be 
strongly associated with IPF (2,4,15), were not significantly 
different between cases and controls in the present study. 
This limitation will be addressed in future studies, in which 
we plan to enroll larger numbers of individuals. A second 
potential limitation is that the studies were performed in only 
human embryonic lung fibroblasts. Additional in vivo studies 
or studies using lung fibroblasts from patients with IPF are 
required to further investigate PTEN function in IPF.

In conclusion, the present study demonstrated that PTEN 
expression is reduced in patients with IPF, as compared with in 
healthy individuals. In addition, PTEN overexpression inhibits 
TGF‑β1‑mediated myofibroblast differentiation of fibroblasts 
by attenuating signaling via the PI3K/Akt and TGF‑β/Smad3 
pathways. These results suggested that PTEN may be a useful 
diagnostic marker for IPF and that the PI3K pathway may be 
a target for therapeutic intervention for the disease. Notably, 
a previous study recently described a translational preclinical 
animal model of IPF (40), which may be a useful model for the 
exploration of anti‑PI3K/Akt therapies in vivo.
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