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Pulmonary fibrosis is a severe disease that contributes to the morbidity and mortality of a number of lung diseases. However, the
molecular and cellular mechanisms leading to lung fibrosis are poorly understood. This study investigated the roles of epithelial-
mesenchymal transition (EMT) and the associated molecular mechanisms in bleomycin-induced lung fibrosis. The bleomycin-
induced fibrosis animal model was established by intratracheal injection of a single dose of bleomycin. Protein expression was
measured byWestern blot, immunohistochemistry, and immunofluorescence. Typical lesions of lung fibrosis were observed 1 week
after bleomycin injection. A progressive increase in MMP-2, S100A4, 𝛼-SMA, HIF-1𝛼, ZEB1, CD44, phospho-p44/42 (p-p44/42),
and phospho-p38 MAPK (p-p38) protein levels as well as activation of EMT was observed in the lung tissues of bleomycin mice.
Hypoxia increased HIF-1𝛼 and ZEB1 expression and activated EMT in H358 cells. Also, continuous incubation of cells under
mild hypoxic conditions increased CD44, p-p44/42, and p-p38 protein levels in H358 cells, which correlated with the increase
in S100A4 expression. In conclusion, bleomycin induces progressive lung fibrosis, which may be associated with activation of EMT.
The fibrosis-induced hypoxia may further activate EMT in distal alveoli through a hypoxia-HIF-1𝛼-ZEB1 pathway and promote the
differentiation of lung epithelial cells into fibroblasts through phosphorylation of p38 MAPK and Erk1/2 proteins.

1. Introduction

Pulmonary fibrosis is a severe and crippling disease that
contributes to the morbidity and mortality of a number
of pediatric and adult lung diseases. Fibrosis is a common
response to a variety of physical, chemical, and biological
injuries, such as viral infection [1], autoimmune reaction
[2], mineral dusts [3], radiation [4], and some medications
[5]. Although variations in the pathologic characteristics of
pulmonary fibrosis are etiologically dependent, a number
of characteristics, including inflammatory cell infiltration,
mesenchymal cell proliferation, and excessive synthesis of
extracellular matrix (ECM) components [6, 7], are shared
among various types of pulmonary fibrosis.

Excessive synthesis of extracellular matrix (ECM) com-
ponents is a prominent feature of fibrosis, and ECM degra-
dation is controlled primarily by matrix metalloproteinases

(MMPs), a family of secreted, zinc-dependent enzymes.
MMP-2 protein level has been previously reported to be
increased in the lung tissues of bleomycin-treated animals
and is preferentially secreted by fibroblasts and epithelial
cells [8]. Fibroblast-specific protein 1 (FSP1), also known
as S100A4, is a cytoplasmic calcium-binding protein and a
marker for fibroblasts of mesenchymal origin [9]. Alpha-
smooth muscle actin (𝛼-SMA) is a marker of myofibrob-
lasts, and a previous study demonstrated that 𝛼-SMA
was significantly elevated in bleomycin-induced pulmonary
fibrosis [10]. Therefore, changes in MMP-2, S100A4, and
𝛼-SMA levels could reflect the activation of the fibrosis
process.

The accumulated evidence has demonstrated that epithe-
lial cells can participate in the repair of lung injury through
a process called epithelial-mesenchymal transition (EMT)
[11]. A number of previous studies have provided evidence
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of EMT in pathological tissue fibrosis and suggested that
fibroblasts/myofibroblasts in models of lung fibrosis may be
directly derived from epithelial cells [12]. A previous study in
an animal model demonstrated that approximately one-third
of the S100A4-positive fibroblasts were derived from lung
epithelium 2 weeks after bleomycin administration, suggest-
ing that EMT contributes to bleomycin-induced lung fibrosis
[13]. However, the molecular mechanisms driving the EMT
process and further progression of fibrosis have not been fully
elucidated. CD44 is a marker of mesenchymal stem cells,
including cells that acquire the ability to differentiate from the
EMT process [14]. Previous studies demonstrated that ROS-
induced differentiation of embryonic stem cells is associated
with enhanced Erk1/2 phosphorylation [15]. Inhibitors of p38
MAPK were found to reduce radiation-induced fibroblast
differentiation [16]. However, whether Erk1/2 and p38MAPK
were involved in the activation ofmesenchymal stemcells and
subsequent bleomycin-induced lung fibrosis have not been
reported.

The lung is the conduit for oxygen uptake. Therefore,
septal thickening during fibrosis will result in decreased
blood and tissue oxygenation [17]. Hypoxia is the main
pathological characteristic of pulmonary fibrosis, and lung
tissues are highly sensitive to hypoxia. A previous study
demonstrated that hypoxia induced EMT in alveolar epithe-
lial cells through activation of mitochondrial HIF and
endogenous transforming growth factor-𝛽1 (TGF-𝛽1) sig-
naling [18]. Joseph et al. study revealed that a HIF-1𝛼-
ZEB1 signaling axis may promote hypoxia-induced EMT and
invasion in glioblastoma [19]. Zhang et al. study showed
that HIF-1𝛼, but not HIF-2𝛼, enhanced EMT and cancer
metastasis in colorectal cancer cells by binding to the ZEB1
promoter [20]. However, whether the hypoxia-HIF-1𝛼-ZEB1-
EMT pathway is involved in pulmonary fibrosis has not been
reported.

In this study, we investigated the dynamic changes of
EMT in an animal model of pulmonary fibrosis, which was
induced by intratracheal administration of bleomycin. We
then further explored the molecular mechanisms associated
with activation of EMT in cultured pneumocytes under
hypoxic conditions.

2. Materials and Methods

2.1. Cell Culture. NCI-H358, a human lung type II epithelial
cell line, and Beas-2B, a human bronchial epithelial cell line,
were obtained from the American Type Culture Collection
(ATCC). H358 cells were cultured in RPMI-1640 medium
with 10% fetal bovine serum (FBS). Beas-2B cells were
cultured in BEGMmedium containing epithelial cell growth
factors. Cells were cultured at 37∘C, 5% CO

2
.

2.2. Animals. C57BL/6J male mice, weighing 25–30 g, were
provided by the Animal Center of Central South Uni-
versity. All procedures involving animals were approved
by the Institutional Committee of Animal Care, Cen-
tral South University. All animal experiments were per-
formed in accordance with the animal care guidelines

of the Chinese Council. Mice were housed under a 12 h
light/dark cycle with free water access and chow provided ad
libitum.

2.3. Bleomycin Model. Bleomycin was prepared by dissolving
bleomycin sulfate powder (Teva ParenteralMedicines, Irvine,
CA) in sterile 0.9% saline. Bleomycin was injected intratra-
cheally via intubation at a single dose of 0.06mg in 0.1mL
saline solution per animal. Control animals received 0.1mL
of saline alone. For this procedure, mice were anesthetized
with isoflurane by inhalation. At weeks 1, 3, and 6 following
intratracheal bleomycin or saline instillation, animals were
killed by an overdose of pentobarbital (80mg/kg, i.p.). The
lungs were excised. The right lungs were snap-frozen for
Western blot analysis, while the left lungs were immersed and
fixed in 4% paraformaldehyde in 0.1M phosphate buffer for
morphological analysis.

2.4. Morphological Examination. The fixed lung tissues were
embedded in paraffin, sequentially sectioned into 4–6 𝜇m
sections, and then stained with haematoxylin-eosin (H&E)
solution and modified Masson’s trichrome solution to detect
the presence of collagen. The selected sections were viewed
and photographed using a microscope. A minimum of 4
randomly selected fields were captured at 100x magnifica-
tion for each section for evaluating fibrotic lung injury.
Fibrosis was quantified using a modified Ashcroft scale
[21]. Briefly, the fibrosis was graded from 0 to 8. Grades 1
to 3: The alveoli were partly enlarged and rarefied, while
fibrotic changes gradually increased. Grade 4: Fibroticmasses
appeared. Grade 5: Single fibrotic masses become confluent
and lung structure is severely damaged starting from this
stage. Grade 6: Variable alveolar septa aremostly nonexistent.
Grade 7: Lung structure is mostly disorganized and alveoli
become partially replaced with fibrotic masses. Grade 8:
Alveoli become complete occlusions. Fibrosis in each lobe
sectionwas evaluated by two blinded observers. Two different
methods were used to select the areas of evaluation: the most
damaged part of the section and a random sampling. The
final score represented an average of the two methods and all
lobes.

2.5. Immunofluorescence. To perform immunofluorescence
in lung tissues, the snap-frozen lungs were cut into 10–12 𝜇m
sections and adhered to Poly-L-Lysine coated slides. The
sections were fixed in 4% paraformaldehyde in PBS for 45
minutes and then blocked with 10% goat serum, followed by
incubation with rabbit anti-mouse E-cadherin or rabbit anti-
mouse vimentin antibody (Cell Signaling Technology, Bever-
ley, MA) overnight at 4∘C. Omission of the primary antibody
served as negative control. FITC-labeled donkey anti-rabbit
secondary antibodies (Jackson Immunoresearch) were used
where relevant. The sections were mounted with mounting
solution containing Dapi. To perform immunofluorescence
in cultured cells, cells on slides were directly fixed with 4%
paraformaldehyde and were then subjected to the procedure
described above.
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2.6. Immunohistochemistry. Four-micrometer-thick sections
were cut from routinely paraffin-embedded lung tissues. The
staining of CD44 was carried out according to the manufac-
turer’s protocol. The deparaffinized sections were incubated
with anti-mouse CD44 antibody (Abcam, Cambridge, MA,
USA) (1 : 100 dilution) for 1 hour, followed by incubation
with secondary antibody (Abcam) for 30min. Substrate was
added to the sections for 30 minutes followed by DAB
staining and hematoxylin counterstaining. Positive staining
was determined mainly by a brownish color in the cytoplasm
of the cells. Omission of the primary antibody served as
negative control.

2.7. Cell Hypoxia. H358 and Beas-2B cells at 70% confluency
in 10 cm dishes were cultured under normoxic (21% O

2
) and

hypoxic (2% O
2
) conditions for 12 h and 24 h. Cells were

harvested for Western blot analysis. H358 and Beas-2B cells
cultured under hypoxic (2% O

2
) conditions for 24 h were

subsequently cultured under a mild hypoxic condition (10%
O
2
) for 5 days. Cells were harvested for Western blot and

immunofluorescence analysis.

2.8. Western Blot. Lung tissues or cultured cells were
homogenized and Western blot was performed as previ-
ously described [22]. Briefly, 20–30 𝜇g of total protein was
separated on 10% SDS-polyacrylamide gel electrophoresis
and transferred onto polyvinylidene difluoride membranes
(Immobilon-P; Millipore Corporation, Billerica, MA). The
membranes were then blocked with 5% nonfat milk in PBST
(PBS + 0.1% Tween-20) for 20min and incubated with
primary antibody overnight at 4∘C. After washing with PBST,
the membranes were probed with horseradish peroxidase-
conjugated secondary antibody for 2 hrs. Protein bands were
visualized with the ECL substrate (Millipore) and scanned
using Photoshop. The densitometry unit of the protein
expression was normalized to GAPDH levels. The antibod-
ies for HIF-1𝛼, E-cadherin, N-cadherin, vimentin, 𝛼-SMA,
phospho-p44/42, total p44/42, phospho-p38, and total p38
MAPKwere purchased fromCell SignalingTechnology (Bev-
erley, MA). Fibronectin and ZEB1 antibody were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). CD44
antibody was purchased from Abcam (Cambridge, MA,
USA).

2.9. Statistical Analysis. Data were analyzed using SPSS 16.0
(Statistical Package for the Social Science Version 16.0) and
presented as themean± SEM.Analysis of differences between
the two groups was performed using one-way analysis of
variance (ANOVA)with post hocTukey test. Differences were
considered significant at 𝑃 < 0.05.

3. Results

3.1. Bleomycin Induces Lung Fibrosis through Activation of
MMP-2. The degree of pulmonary fibrosis was evaluated
by H&E (not shown) and modified Masson’s trichrome
staining (Figure 1(a)). The peribronchial lesions with promi-
nent alveolar septa thickening, cellular infiltrates, and single

fibrotic mass were observed in lung tissues 1 week after
intratracheal bleomycin injection. The single fibrotic masses
became confluent, lung structure was severely damaged,
and variable alveolar septa were mostly nonexistent at 3
weeks, and the lesions were consistently observed at 6 weeks
after intratracheal bleomycin injection (Figure 1(a)). Fibrosis
quantification was performed using a modified Ashcroft
scale, and significant fibrosis was observed beginning at 1
week after bleomycin treatment (Figure 1(b)).MMP-2 protein
level was previously reported to be increased in the lung
tissues of bleomycin-treated animals and is preferentially
secreted by fibroblasts and epithelial cells [8]. The protein
level of MMP-2 in lung tissue homogenate was detected
by Western blot (Figure 1(c)). A time-dependent increase
in MMP-2 level was observed (Figure 1(d)). FSP1/S100A4+
cells are the primary fibroblasts in the lung [9]. Western
blot showed that the S100A4 level progressively increased
after intratracheal bleomycin injection (Figures 1(c) and
1(e)). Alpha-SMA is a myofibroblast marker [10]. West-
ern blot showed that 𝛼-SMA level was also progres-
sively increased after bleomycin injection (Figures 1(c) and
1(f)).

3.2. Epithelial-Mesenchymal Transition (EMT) in Lung
Tissues. We measured E-cadherin and vimentin protein
expression in the lung tissues of mice treated with
bleomycin. Immunofluorescence staining showed that
positive E-cadherin and vimentin staining cells can be
observed at the distal alveoli (Figure 2(a)). Bleomycin
administration significantly decreased the number of cells
staining positively for E-cadherin, whereas an increased
number of cells staining positively for vimentin were
observed 3 and 6 weeks after bleomycin administration
(Figure 2(a)). Similar results in E-cadherin and vimentin
expression were observed in the Western blot analysis
(Figures 2(b) and 2(c)). In contrast, no change in N-cadherin
protein level was observed (Figure 2(b)). The observed
changes in E-cadherin and vimentin expression may suggest
the activation of EMT.

3.3. Changes in Signal Molecules Associated with Hypoxia and
Cell Differentiation. Pulmonary fibrosis often leads to severe
hypoxia in lung tissues, and previous studies have observed
the elevation ofHIF-1𝛼 expression in lung fibroblasts exposed
to bleomycin [23]. In this study, Western blot showed that
the HIF-1𝛼 level in whole lung tissue homogenate was
significantly increased 1 week after intratracheal bleomycin
injection (Figures 3(a) and 3(b)). A recent study demon-
strated that HIF-1𝛼 directly regulates ZEB1 expression, which
subsequently activates EMT [20]. We further measured ZEB1
protein expression byWestern blot and found that ZEB1 pro-
tein level was significantly increased in lung tissues 1–6 weeks
after intratracheal bleomycin injection (Figures 3(a) and
3(c)). To explore what signaling is involved in the differen-
tiation of EMT cells, we measured total p44/42, phospho-
p44/42 (p-p44/42) (Figures 3(a) and 3(d)), total p38, and
phospho-p38 MAPK (p-p38) (Figures 3(a) and 3(e)) protein
levels in lung tissues. The phospho-p44/42 and phospho-p38
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Figure 1: Continued.
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Figure 1: Bleomycin induces lung fibrosis. (a) AmodifiedMasson trichrome staining. Alveolar septa thickening and cellular infiltration were
observed in the lung tissues at 1 week after intratracheal bleomycin injection. (b) Quantitative analysis of fibrosis with Ashcroft scale. (c)
Representative Western blots of MMP-2, S100A4, and 𝛼-SMA protein. Obvious increases in MMP-2, S100A4, and 𝛼-SMA protein expression
were observed at 1-week, and progressive increase was observed from 1 to 6weeks. GAPDHwas used as a loading control. (d) Semiquantitative
MMP-2 expression from densitometry analysis of bands in (c). (e) Semiquantitative S100A4 expression in (c). (f) Semiquantitative 𝛼-SMA
expression in (c) (𝑛 = 10). ∗∗𝑃 < 0.001 versus control.𝑁 = 10.

MAPK protein levels were time-dependently increased. In
contrast, the total p44/42 and total p38 MAPK protein levels
showed no change after bleomycin treatment. To investigate
whether bleomycin-induced fibrosis is associated with the
epithelial-mesenchymal transition, CD44+ expression was
detected in lung tissues of mice injected with bleomycin
intratracheally. Western blot showed that CD44+ protein
level was significantly increased 1–6 weeks after bleomycin
treatment (Figures 3(a) and 3(f)). Immunohistochemistry
further showed that the CD44+ cells were significantly
increased in mice that received intratracheal bleomycin
injection 1 week after treatment compared to control mice
(Figure 3(g)).

3.4. Epithelial-Mesenchymal Transition (EMT) and Associated
Signaling In Vitro. To further validate the activation of EMT
and explore its mechanisms, H358 cells were cultured under
normoxic (21% O

2
) and hypoxic (2% O

2
) conditions for 12 h

and 24 h. Hypoxia significantly increased HIF-1𝛼 and ZEB1
protein expression, decreased E-cadherin protein expression,
and increased the protein expression of fibronectin and
vimentin in H358 cells. No changes were observed in N-
cadherin expression. The effects of hypoxia were more obvi-
ous at 24 h than at 12 h (Figures 4(a) and 4(b)). To investigate
whether cells obtained the differentiation ability from EMT,
H358 and Beas-2B cells were cultured under hypoxic (2%
O
2
) conditions for 24 h and subsequently cultured under a

mild hypoxic condition (10% O
2
) for 5 days. The expression

of S100A4 protein was obviously increased at 24 h in H358
cells, and the increase was more significant after cells were
cultured under a milder hypoxic condition (Figure 4(c)).

In contrast, the increase in S100A4 protein expression was
not obvious in Beas-2B cells comparing with H358 cells
(Figure 3(c)). We therefore investigated the differentiation-
associated signaling in H358 cells. Hypoxia at 2% O

2
for 24 h

significantly increased CD44 protein expression, p-p44/42,
and p-p38 levels in H358 cells and subsequent treatment with
10% O

2
caused more significant increase in CD44, p-p44/42,

and p-p38 protein levels (Figures 4(d) and 4(e)). In contrast,
no obvious changes in total p44/42 and total p38 MAPK
protein levels were observed between different treatments
(Figure 4(d)).

4. Discussion

This study demonstrated that intratracheal administration of
bleomycin induced progressive lung fibrosis, which is related
to progressive activation of EMT. Further molecular investi-
gation in fibrotic lungs and hypoxic cells observed elevated
protein levels of HIF-1𝛼 and ZEB1, which correlated with
the activation of EMT. Importantly, increased p38 MAPK
and Erk1/2 protein phosphorylation and the expression of
CD44+ cells were observed in fibrotic lung tissues. The
in vitro study validated the idea that pulmonary epithelial
cells can gain the ability to differentiate into CD44+ cells
under hypoxic conditions through the EMTmechanism.This
study suggests that activation of EMT through HIF-1𝛼-ZEB1
pathway is associated with progressive lung fibrosis induced
by bleomycin.

MMP-2 is preferentially secreted by fibroblasts and
epithelial cells and has been suggested to contribute to
ECM deposition in patients with pulmonary fibrosis [8].
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Figure 2: Protein levels of E-cadherin and vimentin in lung tissues of mice administered with bleomycin. The lung tissues of C57BL/6J mice
were collected 1, 3, and 6 weeks following intratracheal bleomycin or saline instillation. (a) Immunofluorescence staining of E-cadherin and
vimentin expression in lung tissue sections. Positive E-cadherin and vimentin staining was observed at the distal alveoli. (b) Representative
Western blots of E-cadherin, N-cadherin, and vimentin protein in lung tissues. (c) Semiquantitative assay of Western blots of E-cadherin
protein and vimentin protein expression in lung tissues. ##𝑃 < 0.01, ∗𝑃 < 0.05, and ∗∗𝑃 < 0.001 versus control.𝑁 = 10.

FSP1/S100A4+ cells are the primary fibroblasts in the lung
[24] while 𝛼-SMA is a marker of myofibroblasts [10]. In this
study, significant increase in lung fibrosiswas observed 1week
after bleomycin administration, which parallels the increase
of MMP-2, S100A4, and 𝛼-SMA protein levels. This suggests
that progressive lung fibrosis was successfully established
using a single dose of bleomycin injected intratracheally and
that MMP-2 in fibroblasts is involved in the ECM deposition
in lung.

This study revealed that E-cadherin protein expression
was decreased, while vimentin was increased, in fibrotic lung
tissues. Histological staining further showed the decrease in
E-cadherin staining and the increase in vimentin and CD44
staining in distal alveoli 1 week after bleomycin treatment.
CD44 protein level in whole lung tissue homogenate showed
a similar tendency as changes in the amount of CD44+ cells
in distal alveoli. CD44 is a marker for cells that acquired the
differentiation ability from the EMT process [14]. Consistent
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Figure 3: Continued.
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Figure 3: Protein expression of signal molecules in lung tissues. (a) Representative Western blots of protein expression in lung tissues.
(b) Semiquantitative HIF-1𝛼 expression from densitometry analysis of bands in lung tissues. ∗∗𝑃 < 0.001 versus control; 𝑛 = 10. (c)
Semiquantitative ZEB1 expression in lung tissues. ∗∗𝑃 < 0.001 versus control; 𝑛 = 10. (d) Semiquantitative phospho-p44/42 protein
expression in lung tissues. ∗∗𝑃 < 0.001 versus control; 𝑛 = 10. (e) Semiquantitative phospho-p38 MAPK protein expression in lung tissues.
∗

𝑃 < 0.01, ∗∗𝑃 < 0.001 versus control; 𝑛 = 10. (f) Semiquantitative assay of Western blots of CD44 protein expression in lung tissues. (g)
Immunohistochemical staining of CD44 protein. CD44 positive cells were obviously increased in alveoli in mice that received intratracheal
bleomycin administration 1 week after treatment.

with previous reports, this study provided solid evidence for
the activation of EMT during the progression of bleomycin-
induced fibrosis.

Although there is abundant evidence supporting the acti-
vation of EMT followingmajor lung injury inmice, including
bleomycin-induced fibrosis, themolecularmechanisms asso-
ciated with the initiation of EMT have not been elucidated. A
previous in vitro study demonstrated that hypoxia can induce
EMT in cultured lung epithelial cells [25], but the study
provided no further evidence for the signaling associated
with EMT. Another in vitro study demonstrated that hypoxia
induces EMT of alveolar epithelial cells through activation of
mitochondrial HIF [18]. In this study, we also observed that
hypoxia can activate EMT in type II pneumocytes through
elevating HIF-1𝛼 protein levels. Previous studies in tumor
cells revealed that a HIF-1𝛼-ZEB1 signaling is involved in
hypoxia-induced EMT [19, 20]. Our study observed elevation
of HIF-1𝛼 and ZEB1 protein levels in both the fibrotic lung
tissues in vivo and hypoxic pneumocytes in vitro, which
correlated with EMT activation and lung fibrosis. Thus, our
study first suggests that the HIF-1𝛼-ZEB1-EMT pathway is
involved in pulmonary fibrosis.

Although our and others’ studies suggest that lung
epithelial cells can acquire the ability to differentiate during
EMT [14], the roles of EMT in fibrosis development and
progression remain to be fully elucidated. A previous study
in a repetitive bleomycin model observed that one-half of
the S100A4+ fibroblasts were derived via EMT [24]. However,
that observation was based on in situ immunolocalization
of cells bearing a lineage trace of epithelial origin with a
mesenchymal marker and may or may not have identi-
fied true myofibroblasts. In this study, hypoxia significantly
increased S100A4 protein expression in hypoxic H358 cells.
These changes were more obvious in H358 cells treated
continuously with mild hypoxia. This is direct evidence for
the hypoxia-induced EMT and differentiation of cells into

fibroblasts. In contrast, hypoxia was less effective in stimulat-
ing S100A4 protein expression in Beas-2B cells. Interestingly,
elevated expression of CD44 protein correlated with elevated
p-p44/42 and p-p38 MAPK levels in H358 cells, suggesting
that MAPK signaling is involved in the hypoxia-induced
EMT and further differentiation of EMT cells into fibroblasts.
TGF-𝛽1 is a critical cytokine involved in the progression
of fibrosis and a major inducer of EMT [26]. Previous
studies have demonstrated that TGF-𝛽1 can induce EMT in
alveolar epithelial cells [27] and increase the expression of
the myofibroblast marker 𝛼-SMA in injured lungs [28]. This
study showed significant increases in 𝛼-SMA expression 1
week after bleomycin injection. Although TGF-𝛽1 was not
measured directly in this study, hypoxia has been widely
demonstrated to induce endogenous TGF-𝛽1 signaling [18].
Thus, multiple signaling pathways may be involved in EMT
during lung injury.

In conclusion, bleomycin induces progressive lung fibro-
sis, which may be associated with the activation of EMT.
The fibrosis-induced hypoxia may further activate EMT in
distal alveoli through a hypoxia-HIF-1𝛼-ZEB1 pathway and
promote the differentiation of lung epithelial cells into fibrob-
lasts through phosphorylation of p38 MAPK and Erk1/2
proteins.
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Figure 4: The evidence of epithelial–mesenchymal transition in cells. H358 cells were treated with hypoxia for 12 h (H-12 h) and 24 h (H-
24 h). Control cells were grew up in normal oxygen. (a) Representative Western blots of HIF-1𝛼, ZEB1, and EMT markers in H358 cells. (b)
Semiquantitative assay of protein expression in lung tissues in (a). (c) Immunofluorescence staining of S100A4 protein. H358 and Beas-2B
cells were treated with 2%O

2

for 24 hwith or without continuous treatment for 5 days with 10%O
2

. (d) RepresentativeWestern blots of CD44,
phospho-p44/42, total p44/42, phospho-p38, and total p38MAPK in H358 cells. GAPDHwas used as a loading control. (e) Semiquantitative
assay of protein expression in lung tissues in (c);𝑁 = 4.
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