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Abstract. Idiopathic pulmonary fibrosis (IPF) is a progressive 
lung disease characterized by chronic inflammation, fibroblast 
proliferation and extracellular matrix deposition. However, the 
molecular and cellular mechanisms underlying the pathogen-
esis of pulmonary fibrosis remain to be fully elucidated. The 
contribution of the phosphoinositide 3‑kinase (PI3K)/protein 
kinase B (Akt) pathway in fibrotic processes remains to be 
investigated. The aim of the present study was to investigate the 
role of the PI3K/Akt pathway in pulmonary fibrosis. A rat model 
of pulmonary fibrosis was induced by intratracheal administra-
tion of bleomycin (BLM), and a specific PI3K/Akt inhibitor, 
LY294002, was used to assess the role of the PI3K/Akt pathway 
in fibrogenesis. The inflammatory and fibrotic alterations in the 
lung tissues were evaluated using histological staining and the 
hydroxyproline assay. In addition, the concentration of cyto-
kines in bronchoalveolar lavage fluid and the expression of Akt, 
phosphorylated (p‑)Akt, epithelial cadherin, α smooth muscle 
actin and vimentin in lung tissues. The data demonstrated that 
an increase in the expression levels of p‑Akt was involved 
in the progression of pulmonary fibrosis and contributed to 
fibrogenesis. Administration of the Akt inhibitor significantly 
attenuated inflammation and fibrosis, which was accompanied 
by a reversal of lung fibrosis‑associated epithelial‑mesenchymal 
transition. Taken together, these observations suggest that the 
PI3K/Akt pathway serves a central role in the pathophysiology 
of lung fibrosis, and is a promising therapeutic target.

Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common type of 
interstitial lung disease characterized by a chronic, progressive 
and irreversible course with median survival of 3‑5 years (1,2). 
At present there is no efficacious treatment for lung fibrosis 
other than lung transplantation. Its primary pathological charac-
teristics include persistent inflammatory cell infiltration, diffuse 
fibrosing alveolitis and alveolar epithelial cell injury. Fibroblasts 
become activated, then transition to the myofibroblastic pheno-
type. These cells may contribute to the extracellular matrix and 
collagen accumulation in the lungs, gradually replacing normal 
lung tissue by fibrotic scarring and honeycombing (3‑5). It has 
been reported that lung inflammation initiates lung fibrosis, 
however, failure to resolve epithelial cell injury is critical to 
the pathogenesis of fibrosis. The molecular and cellular mecha-
nisms underlying the pathogenesis of lung fibrosis remain to 
be fully understood. However, evidence in support of a role for 
epithelial‑mesenchymal transition (EMT) in pulmonary fibrosis 
has been presented (6). Enhanced EMT may lead to excessive 
production, deposition and contraction of the extracellular 
matrix, and pathological fibrogenesis. However, the molecular 
mechanisms of EMT involved in the pathogenesis of lung 
fibrosis remain to be fully elucidated.

The etiology and pathogenesis of IPF remain unclear, 
however the characteristics of this disease can be mimicked 
using animal models of pulmonary fibrosis (7). Among these 
models of IPF, the bleomycin (BLM)‑induced pulmonary 
fibrosis model is the most commonly used for studying the 
disease pathogenesis and pharmacotherapeutics (8). BLM, a 
widely used antineoplastic drug, causes interstitial pulmonary 
fibrosis in a dose‑dependent manner (9). A single intratracheal 
administration of BLM into the lung of an animal has been 
reported to induce an inflammatory response, alveolar cell 
damage, EMT, fibroblast and myofibroblast dysplasia, in addi-
tion to extracellular matrix remodeling (10). Animal models of 
BLM‑induced pulmonary fibrosis display similar phenotypes to 
those observed in patients with fibrotic lungs. Previous studies 
have demonstrated that BLM‑induced pulmonary fibrosis is 
involved in the secretion of a variety of chemokines, epithelial 
cell apoptosis, the transforming growth factor β1 (TGF‑β1) 
pathway and EMT (11‑13).

The phosphoinositide 3‑kinase (PI3K)/protein kinase B (Akt) 
pathway in cells, a key survival signaling pathway, regulates 
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numerous biological processes through phosphoryl transfer (14). 
This pathway controls numerous cellular processes including 
protein synthesis, glucose metabolism, proliferation and 
differentiation (15). Its basal activity ensures cell survival 
and regulates the cell cycle, whereas inactivation of PI3K/Akt 
signaling results in cellular apoptosis (16). Additionally, the 
PI3K/Akt pathway, as a form of ‘adaptive strategy’, is involved 
in the immune response process of the host cell to counteract 
viral invasion (15). A previous study demonstrated that the 
PI3K/Akt signaling pathway is upregulated in human diabetic 
nephropathy, and serves a crucial pathogenetic role in glycogen 
accumulation and tumor development (17). Akt is an effector 
kinase downstream from PI3K, which forms focal points for 
the development of novel therapeutics. LY294002, as a specific 
PI3K/Akt inhibitor, has been reported to significantly amelio-
rate the PI3K/Akt‑mediated cellular processes by suppressing 
phosphorylation of Akt (18).

In the present study, the possible involvement of the PI3K/Akt 
pathway during BLM‑induced lung fibrosis was investigated in 
rats. Furthermore, to identify the role of the PI3K/Akt pathway, 
PI3K/Akt inhibitor was used to explore the major role of the 
PI3K/Akt pathway in BLM‑induced pulmonary fibrosis. The 
current study predominantly focused on investigating the 
molecular mechanisms underlying the pathogenesis of IPF, 
which will provide a potentially novel pharmacological target 
for the treatment of pulmonary fibrosis.

Materials and methods

Ethics statement. The present study was reviewed and approved 
by the Ethics Committee of Animal Care and Experimentation, 
Hebei Medical University (Shijiazhuang, China). The protocols 
were performed in accordance with the guidelines of National 
Institutes of Health (19). Prior to surgery and treatment, rats 
were anesthetized with chloral hydrate (300 mg/kg; intraperi-
toneal), and necessary efforts were taken to minimize suffering.

Animals and experimental design. A total of 72 adult male 
Sprague‑Dawley rats, aged 6‑8 weeks and weighing 200‑220 g, 
were purchased from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Beijing, China). The rats used for experi-
ments were allowed free access to food and water and housed 
in a specific pathogen‑free room. The animals were maintained 
on a 12 h light/dark cycle in a controlled temperature (20‑25˚C) 
and humidity (50±5%) environment. All rats were randomly 
divided into three groups: i) Intratracheal saline (control group); 
ii) intratracheal BLM (BLM group); iii) intratracheal BLM plus 
LY294002 (BLM + LY294002 group). Over the course of the 
experiments, the rats were closely monitored for overall health 
and activity.

BLM‑induced pulmonary fibrosis model. For the induction of 
the pulmonary fibrosis model, BLM (Sanofi‑Aventis, Diegem, 
Belgium) was dissolved in sterile phosphate‑buffered saline 
(PBS). Subsequent to anesthesia with intraperitoneal ketamine 
(80 mg/kg; Zhongshan Biology & Technology, Beijing, China) 
and xylazine (15 mg/kg; Zhongshan Biology & Technology), 
rats were intratracheally injected with a single dose of BLM 
(5.0 mg/kg body weight in 0. 2 ml PBS). Control animals were 
given a single intratracheal dose of 0. 2 ml of PBS solution only. 

The rats in the LY294002 group were first treated with BLM 
according to the protocol described above. On the third hour 
following exposure to BLM, rats were treated with intratra-
cheal administration of LY294002 (0.3 mg/kg; Cell Signaling 
Technology, Inc., Danvers, MA, USA). All rats were subsequently 
sacrificed using chloral hydrate (300 mg/kg; intraperitoneal: 
Baxtor, Deerfield, IL, USA) at 3, 7, 14 and 28 days subsequent 
to BLM treatment, and lung tissues and bronchoalveolar lavage 
(BAL) fluid (BALF) were collected for histopathology, collagen 
quantification, reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) and western blot analysis.

Tissue preparation and histological analysis. The lungs from 
the rats were dissected and fixed for 48 h in 4% paraformal-
dehyde. The fixed lungs were sectioned, embedded in paraffin, 
cut into 5 µm sections, and stained with hematoxylin and eosin 
(H&E) for analysis of lung injury, and with Elastica‑Masson 
trichrome stain for the assessment of the collagen deposition, 
an index of pulmonary fibrosis. The histological severity of 
the lung alveolitis and lung fibrosis was scored as previously 
described (20).

Hydroxyproline assay. Pulmonary collagen content was 
determined by the measurement of hydroxyproline content. 
Hydroxyproline quantification was performed as previously 
described (21). The right lung lobes were incised and homog-
enized in 5 ml 0.5 M acetic acid (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) in PBS containing 0.6% 
pepsin (Invitrogen; Thermo Fisher Scientific, Inc.). The extracts 
were rotated at 4˚C overnight and cleared by centrifugation at 
15,000 x g for 10 min at 4˚C. The hydroxyproline content was 
determined according to the protocol of the Hydroxyproline 
Testing Kit (Jiancheng, Nanjing, China). The absorbance was 
measured at 550 nm using a microplate reader.

BAL and enzyme‑linked immunosorbent assay (ELISA) anal‑
ysis. BAL was performed to collect BALF for analysis of the 
cytokine content. The rats were anesthetized with intraperitoneal 
ketamine (80 mg/kg) and xylazine (15 mg/kg), the trachea was 
then exposed and a plastic cannula was inserted into the trachea. 
The lung tissues were lavaged with 5 ml 0.9% saline solution. 
The lavage was repeated twice with saline to recover a total 
volume of 4‑5 ml. It was then centrifuged at 500 x g for 10 min 
at 4˚C and the supernatant was used for cytokine measurement. 
The concentrations of tumor necrosis factor (TNF)‑α, inter-
leukin (IL)‑1β, IL‑6 and IL‑10 in the BALF were determined 
using ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA) 
according to the manufacturer's instructions.

RNA isolation and RT‑qPCR analysis. Total RNA was isolated 
from rat lung tissues using TRIzol reagent (Life Technologies; 
Thermo Fisher Scientific, Inc.) and reverse‑transcribed using 
the First Strand cDNA synthesis kit (Fermentas; Thermo Fisher 
Scientific, Inc., St. Leon‑Rot, Germany) according to the manu-
facturer's instructions. RT‑qPCR was performed on a RT‑qPCR 
System (ABI Prism 7300; Applied Biosystems; Thermo Fisher 
Scientific, Inc.) instrument with SYBR Premix Ex Taq (Takara 
Bio., Inc., Otsu, Japan), starting with 1 ng reverse‑transcribed 
total RNA. PCR was performed under the following conditions: 
95˚C for 10 min, 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. 
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The following primers were used: TNF‑α, Forward (F) 5'‑TTG 
ACC TCA GCG CTG AGTTG‑3' and reverse (R) 5'‑CCT GTA 
GCC CAC GTC GTAGC‑3'; IL‑1β, F 5'‑CAG GAT GAG GAC 
ATG AGC ACC‑3' and R 5'‑CTC TGC AGA CTC AAA CTC 
CAC‑3'; IL‑6, F 5'‑GTA CTC CAG AAG ACC AGA GG‑3' and 
R 5'‑TGC TGG TGA CAA CCA CGGCC‑3'; IL‑10, F 5'‑CAT 
GGC CTT GTA GAC ACC TTTG‑3' and R 5'‑CAT CGA TTT CTC 
CCC TGT GAGA‑3'. GAPDH was used as an internal control. 
Each experiment was performed in duplicate and repeated three 
times. The data were analysed using the 2-ΔΔCq method (22).

Western blot analysis. Lung tissues were lysed in Tissue 
Protein Lysis Solution (Life Technologies; Thermo Fisher 
Scientific, Inc., Gent, Belgium) supplemented with 5% 
Proteinase Inhibitor Cocktail (Sigma‑Aldrich; Merck 
Millipore, Darmstadt, Germany), incubated on ice for 30 min, 
and centrifuged at 15,000 x g for 15 min at 4˚C. Protein 
concentrations were determined with the bicinchoninic acid 
protein assay reagents (Jiancheng, Nanjing, China). Proteins 
from each sample were separated on 10% sodium dodecyl 
sulfate‑polyacrylimide gel electrophoresis, transferred to 
polyvinylidene difluoride membranes for 60 min. Nonspecific 
binding sites were blocked with 5% bovine serum albumin 
(Sigma‑Aldrich; Merck Millipore) for 1 h, then incubated 
with the following rabbit anti‑rat polyclonal antibodies: 
Akt (cat. no. sc‑32245), p‑Akt (cat. no. sc‑20984), epithelial 
cadherin (E‑cad; cat. no. sc‑30956), α‑smooth muscle actin 
(α-SMA; cat. no. sc‑28538), vimentin (Vim; cat. no. sc‑31638) 
and β‑actin (cat. no. sc‑26351; all 1:1,000; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) overnight at 4˚C. 
Next day, the membranes were incubated with secondary 
antibodies (cat. no. IBSBIOA‑003; 1:5,000; Cell Signaling 
Technology, Inc.) at 37˚C for 2 h. The immunoreactive bands 
were visualized with an enhanced chemiluminescent detection 
system (Amersham, Little Chalfont, UK). Blots were scanned 
by densitometry, and the integrated density of pixels was quan-
tified using ImageQuant software, version 5.2 (GE Healthcare 
Bio‑Sciences, Pittsburgh, PA, USA).

Statistical analysis. Data are expressed as the means ± stan-
dard deviation. All tests were performed using SPSS software, 
version 17.0 (SPSS, Inc., Chicago, IL, USA). Statistical signifi-
cance was determined using one‑way analysis of variance and 
the Student‑Newmann‑Keuls post hoc test to determine 
differences among different groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Administration of Akt inhibitor alleviates BLM‑induced lung 
edema and weight. As presented in Fig. 1, clear lung edema was 
observed in BLM‑challenged rats, at the same time, the relative 
weights of the lungs were significantly increased in the BLM 
group rats. Notably, inhibition of p‑Akt, using tracheal adminis-
tration of LY294002, significantly alleviated BLM‑induced lung 
edema and elevation of the relative lung weight.

Administration of Akt inhibitor reduces BLM‑induced inflam‑
mation. To investigate the role of the PI3K/Akt pathway on 
BLM‑induced pulmonary inflammation and fibrosis, the effects 
of the Akt inhibitor on the histopathological alterations observed 
in the lungs were observed. Fig. 2 presents the H&E‑stained 
lung sections. A histological evaluation indicated that there 
were no changes in the control rats, whereas the section from the 
BLM group revealed disordered lung tissue structure, thickened 
pulmonary interalveolar septa and infiltrated inflammatory 
cells. In contrast, the BLM‑induced histological alterations 
were significantly reduced by treatment with the Akt inhibitor 
according to the histological observations.

Administration of the Akt inhibitor attenuates BLM‑induced 
fibrosis. Masson's trichrome staining indicated that there were 
large‑scale collagen accumulations in the BLM group (Fig. 3A). 
Excessive deposition of extracellular matrix was observed in 
the lung tissues of rats in the BLM group, which is in accor-
dance with the hallmark characteristics of pulmonary fibrosis 
(Fig. 3A). Administration of the Akt inhibitor significantly 

Figure 1. The effect of protein kinase B inhibitor on lung edema and weight subsequent to BLM exposure. Lungs were collected at 3, 7, 14 and 28 days subse-
quent to BLM and were weighed. (A) Alterations in the levels of lung edema in the different groups. (B) Alterations in relative lung weight in different groups. 
Bars represent the mean ± standard error (n=6). *P<0.05 vs. control group and #P<0.05 vs. BLM group at the same time points. BLM, bleomycin.

  A   B
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suppressed BLM‑induced matrix protein deposition in the lungs 
of BLM‑treated rats. Similarly, a significant reduction in the 
fibrosis scoring of these sections was observed in the rat lungs of 
the BLM + LY294002 group (Fig. 3B). Furthermore, hydroxy-
proline is suggested to be able to act as a primary indicator of 
the collagen metabolism in different tissues. In order to more 
accurately illustrate the severity of lung fibrosis, the content of 
hydroxyproline was assessed to indicate collagen accumulation 
within the fibrotic lung tissues. As presented in Fig. 3C, the 
hydroxyproline content in the BLM group was significantly 
greater than that of the BLM + LY294002 group, indicating that 
the Akt inhibitor significantly reduced BLM‑induced elevation 
of hydroxyproline content in the lung tissues. In addition, the 
gene expression levels of collagen I and III were measured, and 
the results indicated a similar trend to that of the hydroxyproline 
results (Fig. 3D and E).

Administrat ion of the Akt inhibitor upregulates 
ant i‑ inf lammatory cytokines and downregulates 
pro‑inflammatory cytokines. The levels of TNF‑α, IL-1β, IL-6 
or IL‑10 in the BALF of the rats were detected via ELISA. 
As presented in Fig. 4, in the BLM group, the concentrations 
of TNF‑α, IL-1β and IL‑6 in the BALF were significantly 
increased, while IL‑10 levels in the BALF were significantly 
reduced compared with the control group. However, treatment 
with the Akt inhibitor could reverse the increases in TNF‑α, 
IL-1β and IL‑6 levels and the reductions in the IL‑10 levels in 
the BALF. The results demonstrated that the Akt inhibitor may 
downregulate pro‑inflammatory cytokines whereas may upreg-
ulate anti‑inflammatory cytokines. Therefore, it is hypothesized 

that the PI3K/Akt pathway is involved in the pathogenesis of 
BLM‑induced pulmonary fibrosis by influencing the expression 
of inflammatory factors.

The relative expression of proteins in the PI3K/Akt signaling 
pathway. The protein expression levels of Akt and p‑Akt 
were assessed in lung tisses using western blot analysis. The 
molecular weight of the Akt protein is 55 kDa and of the p‑Akt 
protein is 60 kDa. As presented in Fig. 5, BLM treatment mark-
edly increased the phosphorylation level of Akt protein, while 
no significant alterations were observed in the levels of total Akt 
protein. The expression levels of p‑Akt were the greatest 7 days 
subsequent to BLM injection. The increased phosphorylation of 
Akt in lung tissue following BLM challenge was significantly 
reduced in the BLM + LY294002 group. These results indicated 
that the PI3K/Akt signaling pathway was involved in the patho-
genesis of BLM‑induced pulmonary fibrosis.

Administration of Akt inhibitor reverses BLM‑induced EMT. In 
order to investigate the involvement of the PI3K/Akt pathway 
in mediating BLM‑induced EMT, the epithelial marker E‑cad 
and the mesenchymal markers α-SMA and Vim were analyzed 
by RT‑qPCR and western blotting. The molecular weight 
of the E‑cad protein is 120 kDa, for the α‑SMA protein is 
42 kDa and for Vim protein is 57 kDa. As presented in Fig. 6, 
E‑cad expression was downregulated in the lungs following 
BLM stimulation, while the expression of α-SMA and Vim 
were upregulated. Notably, blocking of the PI3K/Akt pathway 
significantly increased the expression of epithelial marker 
genes and proteins, whereas the expression of mesenchymal 

Figure 2. The effect of the protein kinase B inhibitor on alveolitis subsequent to BLM exposure. (A) Representative images of hematoxylin and eosin staining 
for lung tissues at 7 days subsequent to BLM treatment. Original magnification, x400. (B) Pathohistological scores of lung sections were evaluated according 
to pulmonary inflammation. Error bars represent the mean ± standard error (n=6). *P<0.05 vs. control group and #P<0.05 vs. BLM group at the same time 
points. BLM, bleomycin.

  A

  B
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marker genes and proteins were reduced. Taken together, 
these results indicate that the Akt inhibitor attenuated fibrosis 
subsequent to BLM treatment, potentially via inhibition of 
BLM‑induced EMT.

Discussion

The PI3K/Akt signaling pathway in the host cell serves 
a critical regulatory role in numerous cellular processes 
including translation, metabolism, RNA processing, apoptosis 
and autophagy (15). A previous study demonstrated that the 
activation of the PI3K/Akt pathway is a crucial molecular 
event in a variety of diseases, including in cancer development 
and maintenance via the regulation of cell survival, cellular 

growth and cell cycle progression (23). In the present study, 
male Sprague‑Dawley rats were subjected to intratracheal 
injection of BLM (5 mg/kg; 0.2 ml) to induce the pulmonary 
fibrosis model. The results of western blotting demonstrated 
that BLM administration markedly upregulated the phosphor-
ylation level of Akt protein, while no significant alterations in 
the total Akt protein level were observed, indicating that the 
PI3K/Akt pathway is invovled in lung fibrosis. In the current 
study, LY294002, a specific Akt inhibitor, was used to further 
identify the roles of the PI3K/Akt pathway in the pathogenesis 
of pulmonary fibrosis. The data indicated that inhibition of 
the PI3K/Akt pathway may markedly block BLM‑induced 
increases in p‑Akt expression, while no effects on Akt protein 
levels in the lung tissues were observed.

Figure 3. The effect of the protein kinase B inhibitor on pulmonary fibrosis subsequent to BLM exposure. (A) Representative images of Masson's trichrome 
staining of lung sections obtained from the rat lungs. Original magnification, x400. (B) The fibrosis scores of lung sections were evaluated according to pulmo-
nary fibrosis. (C) Quantitation of collagen accumulation in the lungs was analyzed using hydroxyproline assay. Reverse transcription‑quantitative polymerase 
chain reaction analysis for (D) collagen I and (E) collagen III mRNA expression in the different groups. Error bars represent the mean ± standard error (n=6). 
*P<0.05 vs. control group and #P<0.05 vs. BLM group at the same time points. BLM, bleomycin.

  A

  B   C

  D   E
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Figure 4. Effects of the protein kinase B inhibitor on inflammatory cytokines in BALF following BLM exposure. Concentrations of (A) TNF‑α, (B) IL‑1β, (C) IL‑6 
or (D) IL‑10 in BALF of the different groups were measured by an enzyme‑linked immunosorbent assay. Bars indicate mean ± standard error (n=6). *P<0.05 vs. con-
trol group and #P<0.05 vs. BLM group at the same time point. BALF, bronchoalveolar lavage fluid; BLM, bleomycin; TNF‑α, tumor necrosis factor α; IL, interleukin.

Figure 5. The expression of PI3K/Akt signaling pathway‑associated proteins in the lung tissues. (A) Western blot analysis of Akt and p‑Akt bands in the lungs. 
(B) Akt and (C) p‑Akt levels were quantified by densitometry and normalized to β‑actin. Bars represent the mean ± standard error (n=6). *P<0.05 vs. control 
group and #P<0.05 vs. BLM group at the same time points. PI3K, phosphoinositide 3‑kinase; Akt, protein kinase B; p‑, phosphorylated; BLM, bleomycin.

  A   B

  C   D

  A

  B   C
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In addition, the effects of the Akt inhibitor on BLM‑induced 
inflammation and fibrosis were investigated. The inflammatory 
alterations were evaluated with H&E staining of lung tissues 
and via ELISA in BALF. The histopathological observations 
indicated that treatment with the Akt inhibitor ameliorated 
inflammatory cell infiltration and promoted lung injury repair. 
In addition, inhibition of the PI3K/Akt pathway could suppress 
the overproduction of proinflammatory cytokines including 
TNF‑α, IL-1β and IL‑6 in the BALF, and enhanced the release 
of the anti‑inflammatory cytokine IL‑10. These observations 
indicated that blocking the PI3K/Akt pathway exhibited positive 
anti‑inflammatory activity in the development of BLM‑induced 
pulmonary fibrosis. Additionally, the fibrotic alterations to 

lung tissue following LY294002 treatment together with BLM 
were observed. The results indicated that the Akt inhibitor 
suppressed myofibroblast expansion and fibronectin matrix 
formation in lung tissues, reduced the collagen content, reduced 
the increase of collagen I and collagen III levels, and preserved 
pulmonary compliance. The suggested that the Akt inhibitor 
exerts an anti‑fibrotic effect in pulmonary fibrosis. Therefore, 
it was concluded that the PI3K/Akt pathway served a crucial 
role in BLM‑induced pulmonary fibrosis, via the regulation of 
inflammation and fibrosis.

Whether the PI3K/Akt pathway influences lung fibrosis‑asso-
ciated EMT remains unclear and requires further investigation. 
A previous study demonstrated that EMT is associated with liver 

Figure 6. The effect of the protein kinase B inhibitor on epithelial‑mesenchymal transition subsequent to BLM exposure. (A) Western blot analysis for 
E-cad, α‑SMA and Vim protein expression. (B‑D) The bands were quantified by densitometry and normalized to β‑actin. Reverse transcription‑quantitative 
polymerase chain reaction analysis for (E) E‑cad, (F) α‑SMA and (G) Vim mRNA expression and normalized to GAPDH mRNA expression. Bars represent 
the mean ± standard error (n=6). *P<0.05 vs. control group and #P<0.05 vs. BLM group at the same time points. BLM, bleomycin; E‑cad, epithelial cadherin; 
α-SMA, α smooth muscle actin; Vim, vimentin; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.
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fibrosis and regeneration (24). An additional study observed that 
EMT, a phenotypic change in which epithelial cells acquire 
mesenchymal characteristics, served a specific role in fibrogen-
esis and in the progression of cancer by biophysical signaling 
mechanisms (25). It has been previously demonstrated in in vitro 
studies and animal models that TGF‑β leads to the induction of 
EMT in the genetically engineered type II alveolar epithelial 
cell line RLE/Abca3 and in BLM‑induced pulmonary fibrosis in 
mice (26,27). The present study was conducted to examine the 
possibility that the PI3K/Akt pathway modulated BLM‑induced 
EMT. EMT is activated in lung tissues in BLM‑challenged rats, 
characterized by the loss of epithelial characteristics (E‑cad) 
and the acquisition of a mesenchymal phenotype (α-SMA and 
Vim). Previous studies have identified that the Akt inhibitor 
reversed the reductions of E‑cad, and prevented the increased 
expression of α‑SMA and Vim that induce fibrosis‑associated 
EMT (28‑30). Therefore, it is suggested that EMT of alveolar 
epithelial cells occurs in the pathogenesis of lung fibrosis and 
is partly reversed by the Akt inhibitor, indicating that the 
PI3K/Akt pathway may promote EMT progress, contributing to 
the pathogenesis of fibrosis.

In conclusion, the results of the current study suggest an 
involvement of the PI3K/Akt signaling pathway in the patho-
genesis of pulmonary fibrosis, contributing to fibrogenesis. 
Blocking the PI3K/Akt pathway could attenuate BLM‑induced 
inflammation and fibrosis and reverse the process of lung 
fibrosis‑associated EMT. Thus, pharmacological blockade of the 
PI3K/Akt pathway may be considered as a potential therapeutic 
strategy for the treatment of pulmonary fibrosis.
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