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Up-regulation of THY1 attenuates interstitial pulmonary fibrosis and promotes
lung fibroblast apoptosis during acute interstitial pneumonia by blockade of the
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ABSTRACT
Acute interstitial pneumonia (AIP) is an idiopathic pulmonary disease featuring rapid progressive
dyspnea and respiratory failure. These symptoms typically develop within several days or weeks in
patients without any pre-existing lung disease or external chest disease. Thymocyte differentiation
antigen-1 (THY1) has been reported to have an effect on lung fibroblast proliferation and
fibrogenic signaling. In this study, the mechanism of THY1 in AIP in influencing pulmonary fibrosis
in terms of lung fibroblast proliferation and apoptosis was examined. An AIP mouse model with
the pathological changes of lung tissues observed was established to identify the role of THY1 in
the pathogenesis of AIP. The expression of THY1, a key regulator of the WNT pathway β-catenin
and fibroblasts markers MMP-2, Occludin, α-SMA and Vimentin were determined. Lung fibroblasts
of mice were isolated, in which THY1 expression was altered to identify roles THY1 plays in cell
viability and apoptosis. A TOP/TOPflash assay was utilized to determine the activation of WNT
pathway. Decrement of pulmonary fibrosis was achieved through THY1 up-regulation. The expres-
sion of MMP-2, Occludin, α-SMA, Vimentin and β-catenin, and the extent of β-catenin phosphor-
ylation, significantly decreased, thereby indicating that THY1 overexpression inactivated WNT. Cell
proliferation was inhibited and apoptosis was accelerated in lung fibroblasts transfected with
vector carrying overexpressed THY1. Altogether, this study defines the potential role of THY1 in
remission of AIP, via the upregulation of THY1, which renders the WNT pathway inactive. This
inactivation of the WNT signaling pathway could alleviate pulmonary fibrosis by reducing lung
fibroblast proliferation in AIP.

Abbreviations: AIP: Acute interstitial pneumonia; ILDs: interstitial lung diseases; DAD: diffuse
alveolar damage; SPF: specific-pathogen-free; NC: negative control; HCMV: human cytomegalo-
virus; HE: Hematoxylin-eosin; RIPA: radio-immunoprecipitation assay; SDS-PAGE: sodium dodecyl
sulfate-polyacrylamide gel electrophoresis; BSA: bovine serum albumin; HRP: horseradish perox-
idase; ECL: electrochemiluminescence; FBS: fetal bovine serum; DMSO: dimethyl sulfoxide;
OD: optical density
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Introduction

Interstitial lung diseases (ILDs) are a group of
pulmonary parenchymal diseases characterized by
analogous clinical, physiologic, radiologic, and
pathologic manifestations [1]. Acute interstitial
pneumonia (AIP), also called Hamman-Rich syn-
drome, is a rarely occurred idiopathic ILD featured
with rapid progressive respiratory failure and high
mortality [2]. Myofibroblasts are essential to the
progression of diffused alveolar damage (DAD),
which is a key characteristic of AIP [3]. AIP can

affect patients of any age or gender, and is often
preceded by an upper respiratory tract infection
marked by fatigue and myalgia [4]. The prognosis
of AIP seems to be pessimistic with a death rate >
50% after the onset of AIP in the first 2 months
[2]. Therefore, it is of great importance to further
understand the mechanisms and pathogenesis of
AIP to develop more effective therapeutic
strategies.

Gene expression is one of the most fundamen-
tal processes of life, including the transcription,
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translation and turnover of messenger RNAs
(mRNAs) and proteins [5]. Thymocyte differen-
tiation antigen-1 (THY1) is a highly conserved
glycoprotein belonging to the immunoglobulin
superfamily [6]. THY1, also known as CD90,
has been previously demonstrated as a cancer
biomarker [7]. THY1 is known as a glycoprotein
as well as an indicator of cancer stem cells (CSC)
and it’s upregulation has been found in lung
malignancies [8,9]. It was revealed that THY1
could bind to integrins in different tissue contexts
to regulate the cellular interaction and it could
serve as biomarker for the treatment of human
lung cancer [10]. THY1 has also been shown to
be expressed differently in endothelial cells, neu-
ronal cells and fibroblasts [11]. Previous studies
have shown that the overexpression of THY1
contributes to the inhibition of anchorage-
independent growth in vitro, and tumor forma-
tion in vivo [12]. Previous studies have that the
absence of THY1 can induce a higher susceptibil-
ity to pulmonary fibrosis in mice [13]. Moreover,
the osteogenic capability can be enhanced via the
THY1-positive selection [14]. Furthermore, pre-
vious studies have found the expression of THY1
in prostate cancer-associated fibroblasts to be
intense [15]. Additionally, aberrant WNT signal-
ing pathways, which are closely associated with
cancer, have been shown to have an effect on
maintaining cancer stem cells, metastasis and
immune control [16]. Previous studies have pro-
posed that inactivation of WNT signaling path-
way could function as a tumor suppressor [17].
The WNT signaling pathway has emerged as
a critical regulator which widely impacts biologi-
cal aspects involved in lung development [18].
The transcription of WNT targets gene regulated
by nuclear β-catenin [19]. Chen et al. revealed
that WNT was involved in the regulation of can-
cer-associated fibroblasts on cancer stem cells
(CSC)-like characteristics in lung CSC [20]. At
the same time, activated WNT signaling pathway
is a common feature of fibrotic disease and can
strongly stimulate fibroblast activation and tissue
fibrosis including pulmonary fibrosis [21].
However, the mechanism of THY1 that is
involved with the WNT signaling pathway in
AIP is still under investigation. Therefore, in
this study, whether the overexpression of THY1

could influence pulmonary fibrosis and lung
fibroblast proliferation in AIP through interac-
tion with the WNT signaling pathway was tested.

Results

Mouse model of AIP is successfully established

According to the observation results (Table 1), the
respiratory rate of mice, as well as the positive rate
of immunoglobulin M (IgM) and immunoglobulin
G, (IgG) was increased. However, the weight was
decreased in the NC, AIP and THY1 vector groups
when compared to that of the mice in the normal
group (all p < 0.05). These findings demonstrated
that the mouse model of AIP was successfully
established.

Overexpression of THY1 reduces pulmonary
fibrosis

The pathological morphology of lung tissues was
observed using HE staining and Masson staining
under an optical microscope. When compared to
those of the normal group, the lung tissues of mice
in the NC, AIP and THY1 vector groups were swollen
with an irregular appearance and existence of scars,
indicating pulmonary fibrosis (Figure 1). In addition
to pulmonary fibrosis, the alveolar structure in the
other three groups was damaged according to the
results from the Masson staining (Figure 2).
Disordered structure of the alveolar epithelium, the
reduction of alveolar cavity area and thickening of the
alveolar wall were all observed (Figure 2). Moreover,
lung interstitium was progressively replaced by
fibrous connective tissue, and diffused pulmonary
fibrosis occurred in lung tissues. However, scars, pul-
monary fibrosis, and collagen fiber deposition in the
lung tissue in the THY1 vector groups were distinc-

Table 1. The respiratory rates, weights and immunoglobulin
positive rate of mice in each group.

Group
Respiratory rate

(min) Weight (g)

IgM
positive
rate (%)

IgG
positive
rate (%)

Normal 129.25 ± 11.92 23.17 ± 2.15 0.00 16.70
AIP 153.33 ± 16.08* 16.33 ± 1.43* 66.70* 83.30*
NC 161.50 ± 17.02* 17.33 ± 1.49* 75.00* 75.00*
THY1 vector 183.50 ± 14.92* 16.75 ± 1.59* 58.30* 50.00*

AIP, acute interstitial pneumonia; IgM, immunoglobulin M; IgG, immu-
noglobulin G; *, p < 0.05 vs. the normal group.
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tively less severe when compared to those of the NC
and AIP groups. Furthermore, when the lung tissue of
the THY1 vector group was observed, the alveoli were
found to be more intact, the pulmonary alveolar area
was found to be enlarged, the alveolar wall was
thinned, alveolar inflammation was slightly changed,
alveolar wall destruction declined, fibrosis was mild,
and pulmonary fibrosis was found to be alleviated. All
of the above observations showed that the decrement
of pulmonary fibrosis could be achieved through
THY1 up-regulation.

THY1 overexpression inactivates the WNT
signaling pathway and downregulates
fibroblasts markers

The detailed regulatory effects of THY1 on the
WNT signaling pathway-related gene β-catenin
and fibroblast markers MMP-2, Occludin, α-
SMA, and Vimentin were all studied in lung
tissues in vitro by using RT-qPCR and western
blot analysis. As the results shown in
Figure 3(a-c), when compared to that of the
normal group, the THY1 expression decreased
in the NC and AIP groups and even in the
THY1 vector group, where a significant incre-
ment of mRNA and protein expression of MMP-
2, Occludin, α-SMA, Vimentin, β-catenin, as
well as the extent of β-catenin was observed
(all p < 0.05). However, the expression of

THY1 was increased while the mRNA and the
protein levels of MMP-2, Occludin, α-SMA,
Vimentin, β-catenin, as well as the extent of β-
catenin were lowered in the THY1 vector group,
when compared to those of the NC and AIP
groups (all p < 0.05). No significant difference
regarding the mRNA and protein expression of
THY1, MMP-2, Occludin, α-SMA, Vimentin, β-
catenin, as well as the extent of β-catenin was
observed between the NC and AIP groups (all
p > 0.05). These findings indicated that up-
regulation of THY1 could induce inactivation
of the WNT signaling pathway and downregu-
late fibroblasts markers.

TOP/FOPflash was widely recognized as an
index for the activated WNT/β-catenin signaling
pathway in cells. The critical point for activation of
the WNT/β-catenin signaling pathway is that
accumulated β-catenin enters the nucleus and
binds itself to the TCF/LEF to regulate the gene
expression. In this present study, it was found that,
when compared to that of the normal group, the
fluorescence activity of TOP/FOPflash in the NC
and ALP groups was enhanced. However, the
fluorescence activity of TOP/FOPflash in the
THY1 vector group was inhibited in comparison
with the NC and AIP groups (p < 0.05;
Figure 3(d)). These findings further demonstrated
that overexpressed THY1 could inactivate the
WNT/β-catenin signaling pathway.

Normal Model NC THY1 vector

25µm 25µm 25µm 25µm

Figure 1. THY1 overexpression contributes to the reduction of pulmonary fibrosis detected by HE staining (400 ×). THY1, thymocyte
differentiation antigen-1; HE, hematoxylin-eosin; AIP, acute interstitial pneumonia; NC, negative control.

Normal Model NC THY1 vector

25µm 25µm 25µm 25µm

Figure 2. Up-regulation of THY1 reduces pulmonary fibrosis revealed by Masson staining (400 ×). THY1, thymocyte differentiation
antigen-1; AIP, acute interstitial pneumonia; NC, negative control.
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Morphological changes of pulmonary fibroblasts

Following detachment of pulmonary fibroblast
cells, a 4-day-static-adherence cell growth observa-
tion period was held. Following this observation
period, there were round-like cells crawling from
the lung fibroblast tissues. Seven days later, cells
were covered with the whole monolayer in palisad-
ing and radial arrangement. Cells were in long

fusiform and cord-like shape after purified by dif-
ferential centrifugation and different rates of
attachment. Furthermore, when inoculating the
cells that had been dissociated with trypsin,
a large number of round-like cells grew by static
adherence 2 d later. On the 5th day, cells were
spindle or strip-like and reached a density of
about 80% on the 7th day (Figure 4).

a b

50μm 50μm

Figure 4. Morphology of primary lung fibroblasts in adult mice (200 ×). (a), mouse lung fibroblasts are round-like before separation
and purification; (b), mouse lung fibroblasts are spindle or strip-like after separation and purification.
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Figure 3. MMP-2, Occludin, α-SMA, Vimentin and β-catenin expression is suppressed by THY1 overexpression. (a), relative gene
expression and mRNA levels of THY1, MMP-2, Occludin, α-SMA, Vimentin and β-catenin in lung tissues after transfection; (b) and (c),
the protein expression of THY1, MMP-2, Occludin, α-SMA, Vimentin and the extent of β-catenin phosphorylation in lung tissues after
transfection by western blot analysis; (d), luciferase activity in each group detected by TOP/FOPflash rassay; the data refer to the
ratio of firefly luciferase activity to renilla luciferase activity; *, p < 0.05 vs. the normal group; #, p < 0.05 vs. the NC and AIP groups;
THY1, thymocyte differentiation antigen-1; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; MMP-2, matrix
metalloprotein 2; α-SMA, alpha-smooth muscle actin; AIP, acute interstitial pneumonia; NC, negative control.
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THY1 overexpression and WNT signaling
pathway knockdown inhibit lung fibroblast
proliferation

The MTT assay was adopted to measure the pro-
liferation ability of lung fibroblasts. As indicated in
Figure 5, cell proliferation was accelerated signifi-
cantly in the NC, AIP and THY1 vector groups
when compared to that of the normal group (all
p < 0.05), while the THY1 vector group had the

suppressed cell proliferation when compared with
the NC and AIP groups (p < 0.05). No significant
difference was found regarding to the cell prolif-
erative ability between the NC and AIP groups
(p > 0.05). The phenomenon demonstrated that
cell proliferation of lung fibroblasts could be
inhibited through the intense expression of THY1.

THY1 overexpression and WNT signaling
pathway knockdown promote lung fibroblast
apoptosis

According to the results of Annexin V-FITC/PI
double staining (Figure 6) and detection by flow
cytometry, when compared to that of the normal
group, cell apoptosis was slowed down in the NC,
AIP and THY1 vector groups (all p < 0.05).
However, in contrast to the NC and AIP groups,
a distinctive increment of apoptosis rate was found
in the THY1 vector group (p < 0.05). No signifi-
cance was found in terms of the apoptosis rate
between the NC and AIP groups (p > 0.05).
These findings provided evidence proving that
lung fibroblast apoptosis could be enhanced
through THY1 overexpression.

Discussion

AIP is a type of idiopathic interstitial pneumonia,
whose pathogenesis remains unclear [22]. In
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Figure 5. The MTT assay demonstrates that lung fibroblast
proliferation is inhibited by the overexpression of THY1 and
the inactivation of the WNT signaling pathway. *, p < 0.05 vs.
the normal group; #, p < 0.05 vs. the NC and AIP groups; MTT,
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addition, the diagnosis of idiopathic pulmonary
fibrosis (IPF) and other ILD has been confronted
with enormous clinical challenges [23]. It has been
reported that pulmonary fibrosis usually manifests
itself as a fibro-proliferative lung disease with an
irreversible chronic progression and dismal prog-
nosis [24]. THY1, with its expression on normal
lung fibroblasts but absence in myofibroblasts
within fibroblastic foci, is considered as
a significant regulator of cell-cell and cell-matrix
interactions in IPF [25]. Furthermore, the cardiac
fibroblasts that are induced by CD90+ (THY1+)
exhibit alleviated fibrosis in a rat model of acute
myocardial injury [26]. In this study, the role of
THY1 in AIP in relation to the WNT signaling
pathway was presented, which showcased that
THY1 blocks the WNT signaling pathway, and
correspondingly regulates proliferation, apoptosis
and interstitial pulmonary fibrosis in AIP.

To begin, it was found that lung fibroblasts
exhibited decreased expression of α-SMA,
Vimentin and β-catenin following treatment of
THY1 overexpression, indicating that overexpres-
sion of THY1 inhibited the WNT signaling path-
way. WNT signaling pathway was also found to be
a potent fibrogenic growth factor released by acti-
vated alveolar epithelial cells and could recruit
inflammatory cells during the initial injury phase
conducive to the perpetuation of injury, repair
failure and fibrosis cycle [27]. Moreover,
a previous study has indicated that the potential
anti-fibrotic effects in well-tolerated doses could
be achieved through inactivation of tankyrases,
which effectively inhibited the activation of cano-
nical WNT signaling pathway [28]. Taking this
information into account, the activation of WNT/
β-catenin pathway in IPF lung tissues presented
a β-catenin intense immunoreactivity, as well as
a high expression rate of cyclin-D1 and matrilysin,
all of which were downstream genes of the WNT/
β-catenin pathway [29]. In addition to this,
another study revealed that depleted β-catenin
could not entirely suppress fibrosis development
while the sustained accumulation of β-catenin in
the cell was facilitating the expression of
a fibrogenic program in fibroblasts by WNT sig-
naling pathway [30]. A mouse model of pulmon-
ary fibrosis that was induced by bleomycin
exhibited decreased pulmonary fibrosis by

inactivating the WNT/β-catenin pathway through
short interfering RNA against β-catenin [31].
Furthermore, the WNT pathway has been widely
reported to be correlated to the Hippo-yes-
associated protein (YAP) signaling pathway and
the WNT signaling pathway could mediate the
expression of yap-1 transcriptionally [32]. In con-
tinuing with YAP, it has been revealed that YAP is
associated with multiple signaling pathways,
including the WNT/β-catenin signaling pathway
[33]. In addition to this information, YAP is
a main player in Hippo and both WNT and
Hippo pathways participate in various cellular
developments of many diseases [34]. It was
recently demonstrated that the YAP mediated by
E-cadherin could be included in the destruction
complex of β-catenin in order to orchestrate WNT
signaling [35]. In this study, experimental results
were consistent with the aforementioned studies
that the mRNA and protein levels of β-catenin
were increased in AIP lung fibroblasts. When
lung fibroblasts were transfected with THY1 over-
expression plasmids, the pulmonary fibrosis was
alleviated along with downregulation of β-catenin,
which indicated the blockade of WNT signaling
pathway. Exosomes refer to nanoparticles originat-
ing from viable cells and are widely found to exert
effects on the intercellular communication with
multiple biological functions in many disease
[36]. It has been previously reported that exo-
somes derived from stromal fibroblasts could
enhance the drug resistance to colorectal cancer
[37]. Furthermore, adipose-derived stem cells
could secrete exosomes, which in turn exhibit bio-
logical effects on tissue regeneration and could
protect against tissues of bone, muscle, skin, and
brain [38].

In addition, overexpression of THY1 could
reduce levels of MMP-2 and Occludin, leading to
inhibition of proliferation and enhancement of
lung fibroblasts apoptosis by inactivating the
WNT signaling pathway in AIP. As the first com-
plete membrane protein in the endothelial cell
tight junctions, Occludin directly determines the
cell permeability of different ions or macromole-
cules, and recessive mutations in the gene encod-
ing Occludin were proved to cause abnormal
cortical development [39]. MMPs were the main
enzymes implicated in degradation and

CELL CYCLE 675



remodeling of extracellular matrix, and MMP-2
played a significant role in metastasis and invasion
[40]. Previous studies have shown that THY1 posi-
tive-expressed CSCs might provide an ideal target
for anti-angiogenesis treatment of gliomas [41].
Furthermore, similar studies have also revealed
the crucial role THY1 plays in the development
and progression of glioblastoma multiforme CSCs,
which enlightened the further studies that THY1
might be an appropriate target for anti-tumor
vasculature [42]. Not only does THY1 act as
a candidate marker for cancer therapy but THY1
also is involved in cell adhesion, migration and
fibrosis [6]. It was easier for fibroblasts to trans-
form into myofibroblasts by positively expressing
THY1, a versatile regulator of cellular processes
[43]. Additionally, overexpression of THY1 could
suppress lung fibroblast proliferation as well as
lung fibroblast proliferation induced by lipopoly-
saccharide [44]. Moreover, a recent study also
provided new evidence that overexpressed THY1
in lipid rafts and colocalization with Fas advanced
apoptosis in lung fibroblast [45]. The evidence
provides strong arguments that overexpression of
THY1 can lead to a decrement of interstitial pul-
monary fibrosis.

Given the experimental results that THY1 was
down-regulated in AIP lung tissues in relation to
the progression of AIP, and that the antifibrotic
role of THY1 could be achieved through inactivation
of WNT signaling pathway, a potential therapy tar-
get, THY1, for treatment of AIP is proposed.
However, more detailed studies in representative
models for fibrosis on gene and pathway expression
are still required to completely understand the mole-
cular cross-talk in vivo. Expanding knowledge on
signal transduction will provide a better understand-
ing on how a limited set of growth factors are able to
govern the complex processes that underlie the phy-
siology and pathology of fibrotic disorders.

Materials and methods

Ethics statement

The experimental procedures and animal-use pro-
tocols have been approved by the Animal Ethics
Committee of Sichuan Academy of Medical
Sciences & Sichuan Province People’s Hospital.

In addition, all animal experiments in this study
were in accordance with the principles of manage-
ment and use of local laboratory animals.

Study subjects

Forty eight specific-pathogen-free (SPF) BALB/c
female mice (age: 10 wk; weight: 18 ~ 27 g;
Experimental Animal Center of Xinjiang Medical
University, Urumqi, Xinjiang) were housed indivi-
dually at 25°C in the SPF-grade environment with
relative humidity of 55% ~ 65% with free access to
food and water for 1 wk before the experiment.
The health condition of the mice was observed
before the experiment.

Lentiviral vector construction and lentiviral
package

The designed primers were amplified to obtain the
full-length mouse THY1 gene. The THY1 target
gene and p LVX-IRES-Zs Green 1 vector were
cleaved at the restrictive endonuclease sites: Xho
I and Bam H I. The large fragments of p LVX-
IRES-Zs Green 1 vector and THY1 gene were
collected and connected into competent cells of
Escherichia coli using T4 ligase to construct the
lentiviral expression vector of p LVX-IRES-Zs
Green 1. Following the construction of the lenti-
viral expression vector, three helper plasmids, that
were required for the construction of the recombi-
nant plasmid and lentiviral package of p LVX-
IRES-Zs Green 1, were co-transfected into
human embryonic kidney (HEK)-293T cells for
ST2 lentiviral package, followed by detection of
tilter and activity of virus.

Model establishment and grouping

The mice were randomly assigned into 4 groups:
the normal, negative control (NC), AIP model and
THY1 overexpression groups (12 mice in each
group). The model was established using human
cytomegalovirus (HCMV) AD169 strain (Tongji
University, Shanghai, China). After resuscitation
and toxication on human embryo fibroblasts
(HF, Anhui Medical University, Hefei, Anhui,
China), plaque assay was conducted 3 times for
virus purification, and the concentration was

676 L. CHEN ET AL.



determined. Except those of the normal group, the
mice of the other 3 groups were intravenously
injected with HCMV strain suspension (6 × 105

plaque forming unit (PFU), about 0.5 mL/mouse)
via the tail, and the mice in the normal group were
injected with an equal amount of normal saline.
The activity, diet and existence of shrugged hair of
all mice were observed for 3 consecutive days, and
the respiratory rate of the mice was examined 1
time each day during the experiment. The serum
of the mice was collected on the 3rd day to exam-
ine the positive sera rate of HCMV AD169 anti-
body. Following the examination period, the mice
in the ALP model were infected with the concen-
trated supernatant from packed THY1 lentivirus
using nasal intubation drip. Mice in the control
group were infected with control lentivirus with-
out THY1 gene. After 7 d, the mice were anesthe-
tized and sacrificed. Some of their lung tissues
were fixed in 4% paraformaldehyde and the rest
were preserved in 10% formalin for subsequent
experiments.

Hematoxylin-eosin (HE) staining

The lung tissues of mice in each group were fixed
in 4% paraformaldehyde for more than 24 hours.
The tissues were then dehydrated by 70% ethanol
for 12 hours, 80% ethanol for 6 hours, 85% ethanol
for 1 hour and 90% ethanol for 1 hour. Following
that, the tissues were then dehydrated by 95%
ethanol for 1 hour, absolute ethanol and regular
ethanol for 1 hour each, and then were cleared by
xylene I for 20 minutes and xylene II for 20 min-
utes. After being cleared by xylene II, the tissues
were then wax-dipped, paraffin embedded and
sliced (4 μm in thickness). After being sliced, the
tissues were spread and dried out. The prepared
slices were immersed in xylene and dewaxed twice
(10 minutes each). Afterwards, the slices were put
into ethanol with a concentration gradient of
100%, 95%, 85 and 70% (5 minutes each) and
finally rinsed with distilled water before staining.
The hematoxylin dye liquor was applied to slices
for about 10 minutes, with the excessive dye liquor
being washed away with distilled water afterwards.
The color separation was conducted using 0.5% ~
1% hydrochloric acid-ethanol and the reaction was
observed under the microscope in order to control

the staining process. When the cell nucleus and
chromosomes were clear, the slices were rinsed
with water for 15 minutes and then stained with
0.1% ~ 0.5% eosin dye liquor for 1 minute, fol-
lowed by a subsequent water rinse for 1 minute.
The slices were dehydrated in ethanol with
a concentration gradient of 70%, 80%, 95% and
100% (5 minutes each). The stained slices were
cleared twice in xylene I for l0 minutes in total.
With the removal of the liquid around the slice
using the filter paper, a modest amount of neutral
gum was dropped onto the slices. After the slices
were mounted with cover glass, the pathological
features of lung tissues were observed under an
optical microscope.

Masson staining

The specimens were sliced, dewaxed and stained
using a Masson staining kit (NanJing JianCheng
Bioengineering Institute, Nanjing, China). Before
the staining period, the specimens were
immersed in distilled water for 30 to 60 seconds,
and were then subjected to cell nucleus dye
liquor for 4 minutes, followed by rinsing with
flushing solution for about 30 seconds, so as to
remove excessive dye liquor. Following the
removal of the excessive dye liquor, cytoplasmic
dye liquor was used to stain cytoplasm for
30 seconds, and the sample was rinsed with
flushing solution for 30 seconds to remove
excessive dye liquor. With the excessive dye
liquor removed, the color separation was per-
formed for 5 to 7 minutes until the significant
contrast between the cell nucleus and cytoplas-
mic fibers was observed under the microscope,
indicating that the colors were significantly sepa-
rated. Finally, the sample was rinsed with abso-
lute ethanol, dried and mounted. The stained
collagen fibers in lung tissues were observed
under the optical microscope.

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)

The total cellular RNA was extracted using Trizol
(Cat. No.16096020, Thermo Fisher Scientific, NY,
USA). The reverse transcription was conducted
using 5 µg of RNA to synthesize complementary
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DNA (cDNA) templates in accordance with the
instructions of the RT kit (Applied Biosystems
Inc., Waltham, Massachusetts, USA). The target
genes were amplified by PCR with a reaction sys-
tem of 20 μL, which contained synthesized cDNA
(2 μL), forward and reverse primers (0.8 μL each)
and UltraSYBR Mixture (10.4 μL). Distilled water
was added to reach the total volume of 20 μL and
was mixed gently. The reaction conditions were
pre-denaturation at 94°C for 5 minutes, followed
by 30 cycles of denaturation at 94°C for 30 seconds,
annealing at 54.5°C for 30 seconds, and extension
at 72°C for 30 seconds, and a final cycle of exten-
sion at 72°C for 10 minutes. In order to preserve
the products, they were stored at 4°C. The glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH)
was used as the internal reference, and the primer
sequences of THY1, matrix metalloproteinase-2
(MMP-2), Occludin, alpha-smooth muscle actin
(α-SMA), Vimentin, β-catenin and GAPDH were
designed and synthesized by Shanghai Biological
Engineering Co., Ltd. (Shanghai, China) (Table 2).
The 2−ΔCt represented the ratio of relative gene
expression between the experimental group and
the control group. The formula was as follows:
ΔCt = Ct target gene – Ct GAPDH. The cycle threshold
(Ct) values referred to the amplification cycles
when the real-time fluorescence intensity of the
reaction reached the set threshold and when the
amplification was in the logarithmic growth. Each
of these experiments was repeated 3 times.

Western blot analysis

The left lower lobe of a mouse’s lung was obtained
and added with tissue radio-immunoprecipitation
assay (RIPA) lysate (Shenneng Bocai Biotech Co.,
Ltd., Shanghai, China). After the tissues were
ground into homogenous pulp, the supernatant
was extracted through centrifugation to obtain
the total protein, and the concentration was deter-
mined via Bradford protein detection kit
(Shanghai Yeasen Biotech Co., Ltd., Shanghai,
China). A fraction of the extracted protein was
denatured at 100°C for 5 minutes with loading
buffer and stored at −20°C before separation.
Total cellular protein (30 μg for each specimen)
was separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
(100 V, 100 minutes) and then transferred onto
the membranes (80 V, 120 minutes). Following the
transfer onto the membranes, the membranes were
then washed with Tris-buffered saline-Tween
(TBST) 3 times (5 minutes per wash), followed
by blockade with blocking solution that contained
3% skim milk powder and 0.3% bovine serum
albumin (BSA) for 1 hour at room temperature.
The membranes were washed again with PBST
(PBS containing 0.05% Tween-20) for 5 minutes
and incubated at 4°C for one night with the rabbit
anti-mouse primary antibodies: THY1 antibody (1:
1000, ab92574), MMP-2 antibody (1: 5000,
ab76319), Occludin antibody (1: 5000, ab167161),
α-SMA antibody (1: 2000, ab5694), Vimentin anti-
body (1: 1000, ab92547), p-β-catenin antibody (1:
500, ab75777), and GAPDH antibody (1: 2500,
ab9485) (all antibodies were purchased from
Abcam, Cambridge, MA, USA). The
following day, the membrane was rinsed with
PBST 3 times (5 minutes per wash) to remove
the excess primary antibodies, followed by an
incubation period with the horseradish peroxidase
(HRP)-labeled goat anti-rabbit secondary antibody
(1: 10000, Abcam, Cambridge, MA, USA) for
1 hour at room temperature. The membranes
were once again rinsed with PBST 3 times (5 min-
utes per wash) prior to film development.
Meanwhile, a medium amount of liquid A and
liquid B from the electrochemiluminescence
(ECL) fluorescence detection kit (Cat. No. BB-
3501, AmeNormale, UK) were mixed in a dark

Table 2. Primer sequences of genes used in reverse transcrip-
tion-quantitative polymerase chain reaction.
Gene Primer sequence (5ʹ – 3ʹ)

THY1 Forward: GCGTCCGAGTACATGGAGA
Reverse: AAGTCTCTGCGAAGTGTGCTC

MMP-2 Forward: CTATTCTGCCAGCACTTTGG
Reverse: CAGACTTTGGTTCTCCAACTT

Occludin Forward: GCTTATCTTGGGAGCCTGGACA
Reverse: GTCATTGCTTGGTGCATAATGATTG

α-SMA Forward: GCATCCGACCTTCCTAA
Reverse: TCTCCAGAGTCCAGCACAATAC

Vimentin Forward: CGGTTGAGACCAGAGATGGA
Reverse: TGCTGGTACTGCACTGTTGC

β-catenin Forward: GAGCCGTCAGTGCAGGAG
Reverse: CAGCTTGAGTAGCCATTGTCC

GAPDH Forward: AAATGGTGAAGGTCGGTGTG
Reverse: TGAAGGGGTCGTTGATGG

THY1, thymocyte differentiation antigen-1; MMP-2, matrix metallopro-
teinase-2; α-SMA, alpha-smooth muscle actin; GAPDH, glyceralde-
hyde-3-phosphate dehydrogenase.
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room. The mixture was dropped onto the mem-
branes and then placed in a gel imager for expo-
sure and development. The images were obtained
with a Bio-Rad image analysis system (Bio-Rad
Laboratories INC., CA, USA) and analyzed using
the Quantity One v4.6.2 software. The relative
expression of the protein was expressed as the
ratio of the gray value of the target protein band
to the GAPDH protein band. Each experiment was
repeated 3 times.

Insolation, transfection and grouping of mouse
lung fibroblasts

The lungs of sacrificed mice were obtained under
sterile conditions and the lung tissue was cut into
small blocks and dissociated with 0.25% trypsin
(Sigma-Aldrich, St. Louis, MO, USA) at 37°C for
30 minutes. After the lung tissue was cut into
small blocks, the supernatant was obtained, and
an equal volume of RPMI-1640 medium contain-
ing 10% fetal bovine serum (FBS) was used to
terminate the detachment. The slices were centri-
fuged at 178 g for 10 minutes and this was done
several times. Afterwards, the gathered cells were
cultured in RPMI-1640 medium. The dissociated
cell suspension was sub-cultured at a ratio of 1: 2,
and after 30 minutes, the un-adherent cells were
removed. The cells were further cultured in new
RPMI-1640 medium until all the cells became
fibroblasts. In order to observe the morphological
changes, the purified cells were placed under an
inverted microscope. The third generation fibro-
blasts were selected and assigned into 4 groups for
transfection. The fibroblasts in the normal and
AIP model groups were not transfected with any
plasmid, while the fibroblasts in the NC group
were transfected with blank plasmids. Meanwhile,
the fibroblasts in the THY1 overexpression group
were transfected with overexpressed THY1 gene
plasmids.

TOP/FOP flash assay

The cells were inoculated into a 96-well plate.
After a 24 hour period, cells in each well were
added with transfected plasmids, TOP flash or
FOP flash, and internal control PRL-TK plasmid
(Promega Corporation, Madison, WI, USA) based

on the instructions of the lipofectamine 2000
(11668019, Thermo Fisher Scientific, Waltham,
MA, USA). The plasmids were then added into
a 100 μL L-Dulbecco’s modified eagle’s medium
(DMEM), gently mixed, and allowed to stand at
room temperature for 5 minutes. With the
removal of the former culture medium, cells were
washed with L-DMEM once and transfected with
mixed transfection solution for 6 hours, with the
medium being replaced with the complete med-
ium. After 24–48 hours of culture, the culture
liquid was abandoned. After removal of the liquid
culture, the firefly luciferase activity and renilla
luciferase activity in each well were detected
using the Dual-Luciferase® Reporter Assay System
(E1910, Promega Corporation, Madison, WI,
USA). The ratio of firefly luciferase activity to
renilla luciferase activity referred to the activity
of transcription factors of the Wnt/β-catenin sig-
naling pathway [46].

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay

The transfected cells were cultured for 24 hours
until cells grew by static adherence. When the cell
reached approximately 80% confluence, the cells
were rinsed twice with PBS and then dissociated
into single cell suspension with 0.25% trypsin.
Following the cell suspension period, the treated
cells were subjected to MTT assay. Each well was
replaced with fresh RPMI1640 medium and added
with 10% MTT reaction solution (5 g/L, GD-
Y1317, Gudu Biotech Company, Shanghai,
China). The cells were dissolved at 37°C for
4 hours to form insoluble purple-blue formazan
crystals. The medium was removed and the cells
were rinsed with PBS twice. The formazan was
then dissolved using dimethyl sulfoxide (DMSO)
(150 μL, D5879-100ML, Sigma-Aldrich, St. Louis,
MO, USA) and the culture plate was shaken evenly
for 5 minutes. The optical density (OD) value of
each well was measured at 570 nm (24 hours,
48 hours, and 72 hours) using a microplate reader
(Nanjing Defer Laboratory Equipment Co., Ltd.,
Nanjing, China). Each experiment was repeated 3
times and cell viability curve was drawn with OD
values of each group as the ordinate, and time
points as the abscissa.
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Flow cytometry

Cells that had been transfected for a 48 hour period
were dissociated with 0.25% trypsin (ethylenediami-
netetraacetic acid (EDTA)-free) (YB15050057, YuBo
Company, Shanghai, China) and collected in a flow
tube. Afterwards, the centrifugation was conducted
and the supernatant was then discarded. The cells
were rinsed 3 timeswith cold PBS and the supernatant
was discarded following centrifugation. The Annexin-
V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) dye liquor was prepared with Annexin-
V-FITC, PI and N-2-hydroxyethylpiperazine-N’-
2-ethanesulfonic acid (HEPES) buffer solutions were
mixed at a ratio of 1: 2: 50 according to the instruc-
tions of Annexin-V-FITC apoptosis detection kit
(K201-100, Biovision Inc., Palo Alto, CA, USA).
Every 100 μL of dye liquor was used to re-suspend
1 × 106 cells, which were subjected to oscillation,
mixing, and incubation at room temperature for
15 minutes, followed by an addition of 1 mL HEPES
buffer solution (PB180325, Procell Life Science &
Technology Co., Ltd., Wuhan, Hubei, China). Cell
apoptosis was analyzed by the detection of FITC and
PI fluorescence through activation of band pass at
525 nm and 620 nm respectively by a wavelength of
488 nm. The experiment was repeated 3 times.

Statistical analysis

SPSS 21.0 software (IBM Corp., Armonk, NY,
USA) was employed for statistical analysis. The
measurement data were displayed as mean ± stan-
dard deviation. The t-test was utilized for compar-
ison between two groups. Comparisons among
multiple groups were performed with one-way
analysis of variance, and variance analysis and
significance test were conducted. A p < 0.05 was
considered statistically significant.
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