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2,3,5,4'-Tetrahydroxystilbene-2-O-B-D-Glucoside (THSG) is the main active
ingredient extracted from Polygonum multiflorum Thunb. (PMT), which has
been reported to possess extensive pharmacological properties. Nevertheless,
the exact role of THSG in pulmonary fibrosis has not been demonstrated yet.
The main purpose of this study was to investigate the protective effect of THSG
against bleomycin (BLM)-induced lung fibrosis in a murine model, and explore
the underlying mechanisms of THSG in transforming growth factor-beta 1
(TGF-B1)-induced fibrogenesis using MRC-5 human lung fibroblast cells. We
found that THSG significantly attenuated lung injury by reducing fibrosis and
extracellular matrix deposition. THSG treatment significantly downregulated
the expression levels of TGF-B1, fibronectin, a-SMA, CTGF, and TGFBR2,
however, upregulated the expression levels of antioxidants (SOD-1 and
catalase) and LC3B in the lungs of BLM-treated mice. THSG treatment
decreased the expression levels of fibronectin, a-SMA, and CTGF in TGF-p1-
stimulated MRC-5 cells. Conversely, THSG increased the expression levels of
SOD-1 and catalase. Furthermore, treatment of THSG profoundly reduced the
TGF-p1-induced generation of reactive oxygen species (ROS). In addition, THSG
restored TGF-B1-induced impaired autophagy, accompany by increasing the
protein levels of LC3B-Il and Beclin 1. Mechanism study indicated that THSG
significantly reduced TGF-pl-induced increase of TGFBR2 expression and
phosphorylation of Smad2/3, Akt, mTOR, and ERK1/2 in MRC-5 cells. These
findings suggest that THSG may be considered as an anti-fibrotic drug for the
treatment of pulmonary fibrosis.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is characterized by
progressive and lethal symptoms of interstitial lung disease
with an unclear etiology. Mortality rate of IPF is higher than
many cancers, with a median survival of 3-4 years following
diagnosis (Sauleda et al., 2018). Atrophic alveolar epithelial
damage is associated with proliferation and activation of
fibroblasts
deposition of extracellular matrix (ECM) components and

and myofibroblasts, resulting in aberrant
extensive remodeling of lung architecture (Richeldi et al,
2017).
pulmonary fibrosis include corticosteroids alone or in
with
immunomodulatory agents; however, the curative effects of

Conventional — pharmacological  therapies  for

combination other  immunosuppressive  and
these drugs is limited and can cause a number of side
effects, such as nausea, anorexia, dyspepsia, and skin rash
(Bouros and Antoniou, 2005; Richeldi et al., 2017; Gibson
et al., 2020). So far, the U.S. Food and Drug Administration
has approved pirfenidone and nintedanib for the use of mild-
to-moderate IPF therapy, but these two drugs have only been
able to retard the progression of pulmonary fibrosis (Raghu
et al, 2015). Therefore, exploration of novel effective
therapeutic agents for IPF is still needed.

A previous study has shown that there are many cytokines

and growth factors involving in the development of fibrotic

disorders (Allen and  Spiteri, 2002). Among them,
transforming growth factor-beta 1 (TGF-P1) is the most
studied profibrotic cytokine that is involved in the

development of pulmonary fibrosis (Sime et al, 1997). This
cytokine promotes fibroblasts proliferating and differentiating
into active myofibroblasts, which leads to excessive collagen
synthesis and ECM protein accumulation, and contribute to
the recruitment of inflammatory cells (Fernandez
Eickelberg, 2012). of fibroblasts
myofibroblasts is identified by the expression of alpha-smooth
muscle actin (a-SMA), and both fibroblasts and myofibroblasts
are primary sources of ECM proteins such as fibronectin and

and

Differentiation into

collagen (Jarman et al., 2014). Moreover, an increased expression
level of TGF-P1 in the lungs was found in lung fibrosis animal
models and patients with IPF (Tanaka et al., 2010; Bao et al,,
2014). Transient overexpression of TGF-f1 by using adenoviral
vectors carrying an active TGF-P1 construct induced prolonged
severe interstitial and pleural fibrosis in rat lungs (Sime et al.,
1997). In addition, epithelium-specific deletion of TGF-f
receptor type II protects mice from bleomycin (BLM)-induced
pulmonary fibrosis, further implying that the TGF-p signaling
pathway plays a central role for alveolar epithelium in
fibrogenesis (Li et al, 2011). Therefore, inhibiting of the
fibrogenic cytokine TGF-f1 production and blocking the ECM
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process represent a potential approach for pulmonary fibrosis
therapy.

TGEF-p exerts its function through binding to heteromeric
receptor complexes composed of type I and type II receptors, and
then triggers intracellular signaling cascades including Smad-
dependent and Smad-independent pathways (Koli et al., 2008;
Ahn et al.,, 2011). In the Smad-dependent pathway, TGF-{ binds
first to the type II receptor (TGFBR2), after which the type I
receptor (TGFBR1) is recruited to the complex and activated by a
the
promotes the phosphorylation of Smad2 and

phosphorylation  event. activated
TGFBR1

Smad3 that form complexes with Smad4 and allow the

Subsequently,

complex to translocate from the cytosol to the nucleus and
regulate the transcription of downstream genes (Shi and
Massagué, 2003). Although the Smad pathway is critical for
TGEF-B-mediated signaling, several studies show that TGF-p
activates non-Smad signal pathways, including mitogen-
activated protein kinases (MAPKs), Rho-like GTPase, and
phosphatidylinositol 3-kinase (PI3K)/Akt pathways. Three
well-established signaling molecules of MAPK pathways
regarding TGF-B-mediated signaling consist of extracellular
signal-regulated kinase 1/2 (ERK1/2), stress-activated protein
kinase or c-Jun N-terminal kinase (SAPK or JNK), and
p38 MAPK (Wilkes et al., 2005; Zhang, 2009; Luo et al.,, 2014).

Autophagy is a critical cellular homeostatic process, which
plays an essential role in removing denatured proteins as well as
damaged cellular components. Many cell hyperproliferative
disorders, including pulmonary fibrosis, are considered to be
alleviated by autophagy activation (Haspel and Choi, 2011;
Cabrera et al, 2015). Autophagy defects promote the
expression of a-SMA and ECM proteins (Patel et al, 2012).
Studies have shown that microtubule-associated protein 1 light
chain 3 beta (LC3B) expression is downregulated in lung fibrosis
tissues of patients, indicating autophagy activity is decreased
(Wang et al,, 2018). The activation of autophagy in mice after
BLM injury can reduce collagen deposition in the lungs and
increase survival rate (Araya et al., 2013). Furthermore, treatment
of TGF-fl in human lung fibroblasts inhibits autophagic
processes, which may promote fibrogenesis in IPF (Patel et al.,
2012). Silencing of LC3 and Beclin 1 genes or pharmacological
inhibition of autophagy in human lung fibroblasts augments
TGEF-B1-induced expression of fibronectin and a-SMA (Patel
etal, 2012). These results indicate that TGF-p1 is also involved in
the pathogenesis of IPF via inhibiting autophagy processes and
regulating fibrotic processes. In addition, the intracellular
pathway  PI3K/Akt autophagy
downstream mammalian target of rapamycin (mTOR) (Jung
et al, 2010). A recent study has found that activation of the
cells

suppresses through its

mTOR pathway in lung epithelial promotes

epithelial-mesenchymal transition (EMT) and lung injury,
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leading to acceleration of pulmonary fibrosis (Saito et al., 2020).
Lung fibrosis is alleviated by inhibition of the PI3K/Akt/mTOR
signaling pathway in the BLM-induced pulmonary fibrosis
animal model (Chitra et al., 2015). Therefore, interventions
aimed at restraining the activation of Smad, MAPK, and
PI3K/Akt/mTOR signaling pathways provides an attractive
strategy for a potent agent against pulmonary fibrosis.

2,3,5,4'-tetrahydroxystilbene-2-O-B-D-glucoside (THSG) is
one of the major bioactive constituents extracted from
Polygonum multiflorum Thunb. (PMT; Ho Shou Wu in
Chinese). Previous studies have validated that THSG exhibits
various pharmacologic effects, including cardiovascular
protection, hepatoprotection, neuroprotection, the promotion
of hair growth, memory enhancement, anti-cancer, anti-aging,
anti-osteoporosis, anti-oxidation, anti-inflammation and so on
(Biichter et al., 2015; Ling and Xu, 2016; Yu et al., 2017; Wu et al,,
2020; Wang et al., 2022). THSG has also been shown to exhibit
anti-fibrotic effect on pressure overloaded-induced cardiac
fibrosis (Peng et al., 2016). However, the protective role of
THSG in pulmonary fibrosis and its potential mechanisms has
not been elucidated.

The aim of the current study is to decipher the in vitro and in
vivo protective efficacy of THSG against pulmonary fibrosis with
molecular mechanism elucidation. Thereafter, the underlying
of THSG TGF-pl-induced fibrotic

process of human lung fibroblasts and alveolar epithelial cells

mechanisms against
were further examined. These results provide compelling
evidence for the therapeutic potential of THSG in pulmonary
fibrosis.

Materials and methods
Reagents and antibodies

The recombinant human TGF-B1 was obtained from R&D
Systems (Minneapolis, MN, United States). Bovine serum
albumin (BSA), Bleomycin (BLM) sulfate from Streptomyces
verticillus, hydroxychloroquine (HCQ) sulfate, and 2,3,54'-
tetrahydroxystilbene-2-O-B-D-glucoside (THSG) were
purchased from  Sigma-Aldrich  (Saint Louis, MO,
United States). THSG was dissolved in ddH,O at 5 mg/ml
concentration as a stock solution that was stored at -20°C.
Minimum essential medium (MEM), Dulbecco’s modified
Eagle’s medium (DMEM), sodium pyruvate (100 mM), fetal
bovine serum (FBS), and antibiotic-antimycotic (100x) were
(Grand Island, NY,
United States). Primary antibodies against Akt, phospho (p)-
Akt (Serd73), SAPK/JNK, p-SAPK/JNK (Tyr183/Tyr185), ERK1/
2, p-ERK1/2 (Thr202/Tyr204), p38 MAPK, p-p38 MAPK
(Thr180/Tyr182), mTOR, p-mTOR (Ser2448), Smad2/3, and
p-Smad2 (Ser465/467)/Smad3 (Ser423/425) were purchased
from Cell Signaling Technology (Beverly, MA, United States).

purchased from Life Technologies
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Antibodies specific to Beclin 1, catalase, connective tissue growth
factor (CTGF), E-cadherin, LC3B, and TGFBR2 were purchased
from Proteintech (Chicago, IL, United States). Fibronectin, SOD-
1, and p-actin antibodies were supplied by Santa Cruz
Biotechnology (Dallas, TX, United States). TGFBR1 antibody
was obtained from Affinity Biosciences (Cincinnati, OH,
United States). N-cadherin and a-SMA antibodies were
purchased from ABclonal Biotechnology (Wuhan, Hubei,
China). Horseradish peroxidase (HRP)-conjugated goat anti-
rabbit/mouse IgG secondary antibodies were supplied by
Santa Cruz Biotechnology.

Murine model of bleomycin-induced
pulmonary fibrosis

Male C57BL/6 mice (8 weeks of age; body weight, 22-25 g)
were obtained from the National Laboratory Animal Center
(Taipei, Taiwan). The animals were housed in an air-
conditioned animal facility with constant temperature and
12/12h  light/dark cycle, and fed with a
commercial diet and tap water ad libitum. All experimental

humidity, a

procedures were according to the guidelines of Institutional
Animal Care and Use Committee approved by Chang Gung
University. The mice were randomly allocated into four groups
(n = 6 per group) as follows: 1) control group, 2) BLM group, 3)
BLM + THSG (10 mg/kg) group, and 4) BLM + THSG
(30 mg/kg) group. The BLM sulfate stock was dissolved in
sterile phosphate-buffered saline (PBS) at 10 mg/ml and
stored in small aliquots at 4°C. Mice were anesthetized with
isoflurane (Abbott Laboratories, Abbott Park, IL, United States)
and BLM was administered intratracheally (1.5 mg/kg) in PBS on
day 0 as previously described (Huang et al., 2015) while control
animals receive an equal volume of sterile PBS. The mice of BLM
+ THSG groups were received THSG dissolved in 0.1 ml of sterile
PBS by oral gavage five times a week, starting from the third to
the 21st day after BLM instillation. On day 21, all mice were
sacrificed and lung tissues were collected for the following

experiments.

Culture of lung fibroblasts and alveolar
epithelial cells

Human lung fibroblast cell line MRC-5 was obtained from
the Bioresource Collection and Research Center (BCRC,
Hsinchu, Taiwan). Human lung alveolar epithelial cell line
A549 was obtained from the American Type Culture
Collection (Manassas, VA, United States). MRC-5 and
A549 cells were cultured in MEM and DMEM respectively,
supplemented with 10% FBS, 1% sodium pyruvate, and 1%
antibiotic-antimycotic solution. Cells were incubated in a
humidified chamber at 37°C with 95% air and 5% CO,
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environment. In this study, the MRC-5 cells were pretreated with
various concentrations of THSG (50 and 100 pg/ml) for 24 h.
Afterward, exogenous 2.5 ng/ml of TGF-p1 was administered for
1, 6, and 24 h. Additionally, the A549 cells were pretreated with
50 and 100 pug/ml of THSG for 2 h, and then stimulated with
5ng/ml of TGF-B1 for 30 min, 1, 3, and 48 h.

MTT assay

Effect of THSG on cell viability of MRC-5 cells was assessed
using the In Vitro Toxicology Assay Kit, MTT based from
Sigma-Aldrich as described previously (Huang et al.,, 2014).
Briefly, a density of 2 x 10* cells per well was cultured in 96-well
plates. After 24 h, cells were treated with various concentrations
(50, 100, and 200 pug/ml) of THSG for either 24 or 48 h.
According to the manufacturer’s instructions, the cells were
incubated with MTT solution at a concentration of 0.5 mg/ml
for 4 h. Finally, formazan crystals were solubilized with the
MTT solubilization solution. The absorbance of the mixture
was measured at 570 nm with a SpectraMax M5 multi-mode
(Molecular Devices, CA,

microplate reader

United States).

Sunnyvale,

Measurement of reactive oxygen species
production

MRC-5 cells were seeded in 96-well black wall/clear bottom
plates at a density of 2x10* cells per well for overnight adhesion.
Before experiments, cells were serum starved for 24 h, followed
by treatment with THSG (50 and 100 pg/ml) for further
incubation for 24 h. The cells were subsequently incubated
with 2.5ng/ml of TGF-B1 for an additional 24h. ROS
production in cells was measured using the Total ROS/
Superoxide detection kit (Enzo Life Sciences, Farmingdale,
NY, United States) following the manufacturer’s instructions.

Autophagy analysis

Autophagy was determined using an Autophagy Assay Kit
(Sigma-Aldrich) following the manufacturer’s instructions. In
brief, MRC-5 cells were passaged and treated as mentioned in the
ROS production assay. After the treatment, cells were incubated
with an autophagosome detection reagent working solution
(diluting 20 pl of the 500x autophagosome detection reagent
with 10 ml of the stain buffer) for 45 min at 37°C. Next, cells were
washed with the wash buffer for four times. The fluorescence
intensity was measured at a wavelength of 520 nm using
360 nm. Relative
intensities were used to measure Intracellular autophagosome

excitation wavelength at fluorescence

production.
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Histopathological examination

The fixed with 4%
paraformaldehyde overnight and embedded in paraffin wax.

lung tissues of mice were
The paraffin-embedded specimens were then sectioned at
5um and stained with hematoxylin and eosin (H&E, Sigma-
Aldrich) for evaluating fibrotic lesions. The Ashcroft score was
used for semi-quantitative assessment of lung fibrotic changes
(Ashcroft et al., 1988). For visualization of collagen deposition,
Masson’s trichrome staining (Trichrome Stain (Masson) Kit,
Sigma-Aldrich) was performed to examine the density and
magnitude of collagen fibers in the lungs, an index of lung

fibrosis.

Estimation of collagen content by sircol
collagen assay

The levels of soluble collagen in the lung tissues were
determined by the Sircol Collagen Assay Kit according to the
Ltd., Carrickfergus,
United Kingdom). In brief, the lung tissue samples were

manufacturer’s instructions (Biocolor
incubated with acid neutralizing reagent and isolation and
concentration reagent and then centrifuged. Lung extracts
were incubated with Sircol dye reagent and centrifuged to
precipitate the collagen-dye complex pellets. The Sircol dye
was released from the pellets by using an alkali reagent (1N
NaOH, Sigma-Aldrich) and the absorbance measured at 550 nm
using a SpectraMax M5 multi-mode microplate reader
(Molecular Devices).

Immunohistochemical staining analysis

The lung tissue sections (5 um thick) were deparaffinized in
xylene and were treated with graded ethanol solutions for
To the
microwave-heated in citrate buffer (10 mM of sodium citrate,
pH 6.0) and kept to boil for 10-15min. The endogenous
peroxidase were quenched by 3% hydrogen peroxide (H,O,)

rehydration. retrieve  antigens, sections  were

for 15 min at room temperature. After blocked with goat serum
for 30 min, the sections were further incubated with primary
antibodies specific to fibronectin, a-SMA, CTGF, TGF-pl,
TGFBRI, TGFBR2, SOD-1, catalase, and LC3B overnight at
4°C, prior to incubation in EnVision Detection Systems
(DAKO, Glostrup, Denmark) following the manufacturer’s
the bound
visualized with 3,3’-diaminobenzidine (DAB), counterstained

instructions.  Subsequently, antibodies were
with hematoxylin, dehydrated by increasing the concentration
of ethanol concentration gradually, cleared with xylene, and
mounted in glycerol-gelatin. Images from stained slides were
obtained using HistoFAXS (Tissue FAX Plus; Tissue Gnostics,

Vienna, Austria).
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RNA Extraction and Quantitative Real-
Time Polymerase Chain Reaction

The total RNA from lung tissues were extracted using
RNeasy Mini Kit (Qiagen, Valencia, CA, United States)
following the protocol provided by the manufacturer. The
reverse transcription of 1 pg of total RNA was performed in a
solution (final volume of 20 pL) containing oligo dT primer,
dNTP, and reverse transcriptase (SuperScript III, Invitrogen,
Carlsbad, CA, United States). The sequences of the mouse
gene-specific primers are shown as follows: forward primer 5'-
TATGGGGACAATACACAAGGCT-3', reverse primer CGG
GCCACCATGTTTCTTAGA-3" for SOD-1; forward primer
5'-AGCGACCAGATGAAGCAGTG-3', 5'-
TCCGCTCTCTGTCAAAGTGTG-3" for catalase; forward
primer 5-TTGCTTCAGCTCCACAGAGA-3', reverse primer
5" TGGTTGTAGAGGGCAAGGAC-3' for TGF-pl; forward
primer 5'-GCGAGAAGATGACCCAGATC-3’, reverse primer
5'-CCAGTGGTACGGCCAGAGG-3' for B-actin. Quantitative
RT-PCR was conducted with Roche SYBR Green Master Mix
(Mannheim, Germany) according to our previously described

reverse primer

protocol (Huang et al, 2013). Relative quantification of gene
expression was calculated using a manufacturer-provided
mathematical model. B-actin was used as an internal standard
to normalize the expression level of each mRNA. Fold expression
is based on at least three to five biological replicates for each
treatment group.

Western blot analysis
After treatment with THSG and TGF-P1, the cells were

the times
radioimmunoprecipitation assay (RIPA) lysis buffer (Millipore

harvested  at indicated and lysed in
Corporation, Billerica, MA, United States) containing a cocktail
of protease and phosphatase inhibitor (Thermo Fisher Scientific,
Waltham, MA, United States). Protein extraction and Western
blot analysis were performed as described previously (Huang
et al,, 2014). Equal amounts of total protein from each sample
separated by 8%-12%
polyacrylamide gel electrophoresis (SDS-PAGE) and further
transferred to polyvinylidene difluoride (PVDF) membranes

(Millipore). Membranes were blocked with 5% non-fat skim

were sodium dodecyl sulfate-

milk or BSA in a TBST solution containing Tris-buffered
saline with 0.1% Tween-20 for 1h at room temperature, and
then probed with the indicated primary antibodies overnight at
4°C. After washing steps, the membranes were probed with HRP-
conjugated specific secondary antibodies for 90 min at room
temperature. Finally, the immunoreactive bands were detected
using the enhanced chemiluminescence (ECL) detection system
(Millipore). The images of bands were quantified using the
software Image] (National Institutes of Health, Bethesda, MD,
United States) for densitometric analysis.
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Statistical analysis

The data are presented as means * standard error of the mean
(SEM) from at least three different experiments. The two-tailed
Student’s t-test was used for comparing the differences between
two groups, and one-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test was used for multiple
comparisons. A value of p < 0.05 was considered statistically
significant.

Results

2,3,5,4'-tetrahydroxystilbene-2-O-f-D-
glucoside attenuates bleomycin-induced
pulmonary fibrosis in mice

The mouse model of BLM-induced pulmonary fibrosis was
established, and mice were treated with THSG
intratracheal installation of BLM (Figure 1A). To analyze the

after

therapeutic effect of THSG on BLM-induced pulmonary
fibrosis in mice, H&E staining, Masson’s trichrome staining,
and Sircol collagen assay were performed in the lung tissue
sections of mice from each group. H&E staining results revealed
that
architecture, and evident fibrous hyperplasia in the lung

severely thickened alveolar walls, disturbed Iung
interstitium was induced by the BLM instillation, and these
pathological changes were markedly improved by the oral
administration of THSG (Figure 1B). Masson’s Trichrome
staining showed the accumulation of ECM i.e. Collagen
the BLM-induced fibrosis

significantly reduced when treated with THSG in a dose-

among model, which was
dependent manner (Figure 1B). Consequently, Ashcroft score
was used to quantify the overall grade of the fibrotic changes in
the lungs (Figure 1C). The scores of the mice administered with
BLM were significantly elevated compared to the control
group. THSG (10 and 30 mg/kg)

reduced the Ashcroft score compared to the BLM model

treatment  strikingly
group. Similarly, analysis of collagen content in the lung
tissues by Sircol collagen assay confirmed that the BLM-
induced elevation of collagenous protein was clearly
suppressed by THSG in a dose-dependent manner, as shown

in Figure 1D.

2,3,5,4'-tetrahydroxystilbene-2-O-3-D-
glucoside inhibits transforming growth
factor-beta 1-induced expression of
fibrotic markers in MRC-5 human lung
fibroblast cells

To test the impact of THSG on cell viability, MRC-5 cells
were treated with 50, 100, and 200 pg/ml THSG for 24 and 48 h.
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FIGURE 1

Effect of THSG on BLM-induced pulmonary fibrosis in mice. (A) Experimental design: Mice were intratracheally injected with BLM (1.5 mg/kg in
50 pL of PBS) at day 0. The treatment groups received orally with THSG (10 or 30 mg/kg) once a day, five times a week from day 3 to day 20. Mice
were sacrificed on day 21 and lung samples were collected for further analysis. (B) Representative photographs of H&E and Masson’s trichrome
staining of lung tissue sections in the indicated groups. Scale bar: 100 um. (C) Ashcroft fibrosis scores were used to evaluate the degree of lung
fibrosis. (D) Detection of collagen content in the lung tissues of mice from different experimental groups by the Sircol collagen assay. Data are
represented as the mean + SEM (n = 6 in each group). #p < 0.05 compared with vehicle-treated control group. *p < 0.05 compared with BLM group.

The results of MTT assay showed an obvious reduction in cell
viability after 24 or 48 h incubation with 200 ug/ml THSG
compared with untreated control cells; however, cell viability
of MRC-5 cells did not significant decrease at the concnntration
of 50 or 100 ug/ml THSG (Figures 2A,B). Hence, 50 and 100 pg/
ml of THSG treatments were chosen for the following
experiments. To further determine the role of THSG in
pulmonary fibrosis, we examined the effect of THSG in
TGF-Bl-induced myofibroblast differentiation and ECM
deposition in vitro. As shwon in Figures 2C,D, Stimulation
with 2.5 ng/ml of TGF-p1 significantly upregulated the protein
level of fibronectin, while pretreatment of THSG (50 and
100 pg/ml) for 24h dose-dependently downregulated TGE-
Bl-induced the expression of fibronection in MRC-5 cells.
We also observed that adddition of TGF-Pl significantly
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increased the protein expression of the myofibroblast
activation marker o-SMA, and THSG inhibited TGF-f1-
induced the expression of a-SMA in MRC-5 cells (Figures
2C,E). Additionally, CTGF is a downstream mediator of
TGF-PB1 and has been suggested to play a key role in TGF-p-
induced connective tissue cell proliferation and ECM
deposition, leading to promotion and maintainace of
fibrogenesis (Kothapalli et al., 1997). We assessed the protein
level of CTGF by THSG after stimulation of TGF-B1. Western
blot analysis and quantative results demonstrated that the
expression of CTGF was dramatically elevated by treatment
of TGF-B1, and pretreatment of THSG for 24 h significantly
attenuated TGF-Bl-induced CTGF expession in MRC-5 cells
(Figures 2C,F). In short, THSG can inhibit the proliferation and
activation of fibroblasts.
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Effect of THSG on protein expression levels of fibronectin, a-SMA, and CTGF in TGF-p1-stimulated MRC-5 human lung fibroblast cells. The cells
were treated with different concentrations (50, 100, and 200 pg/ml) of THSG for (A) 24 h or (B) 48 h and viability was measured by the MTT assay. (C)
Following 24 h of serum starvation, cells were treated with varying concentrations (50 and 100 pg/ml) of THSG for 24 h, and then incubated with
2.5 ng/ml of TGF-p1 for an additional 24 h. The protein expression levels of fibrotic markers in whole cell lysates were determined by Western
blotting and the p-actin was used as a loading control. The relative protein levels of (D) fibronectin, (E) a-SMA, and (F) CTGF were quantified by
densitometry and normalized to p-actin. The results were expressed as relative units. Data are represented as the mean + SEM of three independent
experiments. *p < 0.05 compared with untreated group. *p < 0.05 compared with TGF-p1-treated group.
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Effect of THSG on TGF-p receptors and TGF-B1-induced Smad-dependent and -independent signaling pathways in MRC-5 human lung
fibroblast cells. Confluent cultures of cells were serum starved for 24 h, before treatment with the indicated concentrations (50 and 100 pg/ml) of
THSG for 24 h, and then stimulated with 2.5 ng/ml of TGF-p1 for 1 h (for TGFBR1 and TGFBR2), 6 h (for Smad2/3, Akt, ERK1/2, p38, and JNK), or 24 h
(for mTOR). Whole cell lysates were prepared at the indicted times, and analyzed by Western blotting. The p-actin was used as a loading control.

(A) Representative blots of TGFBR1 and TGFBR2 are shown. The relative protein levels of (B) TGFBR1 and (C) TGFBR2 were quantified by densitometry
and normalized to B-actin. (D) Representative blots of p-Smad2/3, Smad2/3, p-Akt and Akt are shown. Quantification of (E) p-Smad2/3 and (F) p-Akt
proteins was achieved by densitometry with reference to the respective Smad2/3 and Akt proteins. (G) Representative blots of p-mTOR and mTOR
are shown. (H) Quantification of p-mTOR protein was achieved by densitometry and normalized to mTOR protein. (I) Representative blots of
p-ERK1/2, ERK1/2, p-p38, p38, p-INK, and IJNK are shown. Quantification of (3) p-ERK1/2, (K) p-p38, and (L) p-INK proteins was achieved by
densitometry with reference to the respective ERK1/2, p38, and JNK proteins. Data are represented as the mean + SEM of three independent

experiments. *p < 0.05 compared with untreated group. *p < 0.05 compared with TGF-B1-treated group. (a) (b)
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2,3,5,4'-tetrahydroxystilbene-2-O-f-D-
glucoside suppresses transforming
growth factor-beta 1-induced expression
of epithelial-mesenchymal transition
related markers in A549 human lung
alveolar epithelial cells

TGF-B induces injured alveolar epithelial cells to undergo
EMT, which contributes to the expansion of myofibroblasts
causing the progression of fibrosis (Xu et al., 2009). Therefore,
we examined whether THSG could influence TGF-B1-induced
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EMT related protein expression in A549 cells. As shown in
Supplementary Figures S1A,B, Western blot analysis and
quantative results showed that the protein level of the
epithelial phenotype marker E-cadherin was significantly
decreased after stimulation of 5ng/ml TGF-p1 for 48h,
100 pg/ml of THSG for 2h
profoundly increased the expression of E-cadherin in
A549 cells. In contrast, TGF-f1 treatment upregulated the
protein levels of the mesenchymal phenotype markers

while pretreatment with

N-cadherin and fibronectin compared with the untreated
cells. In cells pretreated with THSG, the expression levels of
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Effect of THSG on antioxidative enzymes expression and oxidative stress in TGF-p1-treated MRC-5 cells. (A) The cells were serum starved for

24 h prior to treatment with various concentrations (50 and 100 pg/ml) of THSG for 24 h, and then incubated with 2.5 ng/ml of TGF-f1 for a further
24 h. The protein expression levels of antioxidative enzymes SOD-1 and catalase in whole cell lysates by Western blotting. p-actin was used as a
loading control. The relative protein levels of (B) SOD-1 and (C) catalase were quantified by densitometry and normalized to p-actin. (D) ROS
production in cells subjected to different treatment was measured using a ROS detection kit. Data are represented as the mean + SEM of three
independent experiments. #p < 0.05 compared with untreated group. *p < 0.05 compared with TGF-B1-treated group.

N-cadherin and fibronectin proteins were obviously repressed
compared to cells in the TGF-f1-treated group (Supplementary
Figures S1A,C,D).

2,3,5,4'-tetrahydroxystilbene-2-O-f-D-
glucoside suppresses TGFBR2 expression
and transforming growth factor-beta 1-
induced Smad2/3 signaling pathway

Since the TGF-p receptors (TGFBR1 and TGFBR2)
represent important upstream regulators of the TGEF-B/
Smad signaling pathway, the effects of THSG on the
expression of TGFBR1 and TGFBR2 proteins in TGF-p1-
stimulated MRC-5 lung fibroblast cells were detected by
Western blot analysis. The results showed that 2.5 ng/ml
of TGF-pB1 treatment for 1 h slightly upregulated the protein
levels of TGFBR1 and TGFBR2. When cells were pretreated
for 24 h with THSG (50 and 100 pug/ml) and then stimulated
with TGF-B1 for 1h, the protein level of TGFBR2 was
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obviously reduced while the protein level of TGFBR1 was
not affected (Figures 3A-C). Similarly, pretreatment of
THSG for 2h markedly reduced TGEF-Bl-induced up-
regulation of the expression of TGFBR2 in A549 lung
alveolar epithelial cells, but did not decrease the protein
level of TGFBR1 (Supplementary Figures S2A,B,C). TGF-f1-
induced fibrotic effects though activation of the canonical
Smad signaling pathway in most target cells is well
documented. Thus, Western blot analysis was performed
to further examine the effect of THSG against TGF-PI-
induced activation of Smad signaling pathway. MRC-5
cells were pretreated with THSG (50 and 100 pg/ml) for
24h and treated with 2.5ng/ml of TGF-p1 for 1h. The

results demonstrated that TGF-f1 induced Smad2/
3 phosphorylation, however, THSG pretreatment
significantly =~ dampened = TGF-Pl-induced  Smad2/

3 phosphorylation in a dose dependent manner (Figures
3D,E). Additionally, we observed that THSG dramatically
inhibited TGF-Pl-induced Smad2/3 phosphorylation in
A549 cells, as shown in Supplementary Figures S2A,D.
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FIGURE 5

Effect of THSG on TGF-f1, SOD-1, and catalase expression in the lung tissues of BLM-stimulated mice. The mRNA levels of TGF-f1 (A), SOD-1
(B), and catalase (C) in the lung tissues of mice from each group on day 21 were detected by the gRT-PCR. (D) Representative photographs of
immunohistochemical staining for TGF-p1, SOD-1, and catalase in the lung sections of mice from different experimental groups. Scale bar: 100 pm.
Data are represented as the mean + SEM (n = 6 in each group). #*p < 0.05 compared with vehicle-treated control group. *p < 0.05 compared

with BLM group.

2,3,5,4'-tetrahydroxystilbene-2-O-f-D-
glucoside inhibits transforming growth
factor-beta 1-induced Akt, mTOR, and
ERK1/2 phosphorylation

It has been reported that the non-Smad signaling
pathways, including PI3K/Akt/mTOR and MAPK signaling
pathways, are involved in the formation of pulmonary fibrosis
(Ruan et al., 2020; Li et al., 2021). Thus, we examined whether
THSG can inhibit TGF-B1-induced phosphorylation of Akt,
mTOR, ERK1/2, p38, and JNK in MRC-5 human lung
fibroblast cells (Figures 3D,F-L). Western blot analysis of
cell lysates showed that the expression levels of p-Akt,
p-mTOR, p-ERK1/2, p-p38, and p-JNK were enhanced in
TGF-B1-stimulated the
untreated cells. Nevertheless, THSG treatment significantly
reduced the expression levels of p-Akt, p-mTOR, and
p-ERK1/2, but did not diminish the expression levels of
p-p38 and p-JNK in TGF-Pl-stimulated lung fibroblasts.
Likewise, Western blot analysis also demonstrated that
TGF-Bl-induced phosphorylation of Akt, mTOR, and

lung fibroblasts compared to
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ERK1/2 was drastically reduced by THSG treatment in
A549 human lung epithelial cells, while THSG had no
inhibitory effect on the expression of p-p38 and p-JNK in
TGF-P1-stimulated lung epithelial cells (Supplementary
Figures S2E-L).

2,3,5,4'-tetrahydroxystilbene-2-O-f-D-
glucoside suppresses oxidative stress in
MRC-5 human lung fibroblast cells

In order to find out whether THSG is able to induce
oxidative stress in MRC-5 cells, we examined the effect of
THSG on the expression levels of anti-oxidant enzymes SOD-
1 and catalase in TGF-Bl-stimulated MRC-5 cells using
Western blot analysis. The showed that the
treatment of 2.5 ng/ml TGF-B1 decreased the protein levels
of SOD-1 and catalase in MRC-5 cells as compared to the
untreated cells. However, the pretreatment of THSG (50 and
100 pg/ml) for 24 h efficiently increased the expression levels
of SOD-1 and catalase proteins as compared to the TGF-f1-

results
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FIGURE 6
Effect of THSG on autophagy in MRC-5 cells treated with TGF-B1. (A) The cells were serum starved for 24 h, before treatment with various
concentrations (50 and 100 pg/ml) of THSG for 24 h, and then incubated with 2.5 ng/ml of TGF-B1 for an additional 24 h. The protein expression
levels of autophagic markers Beclin 1 and LC3B in whole cell lysates were assessed by Western blotting. The B-actin was used as a loading control.
The relative protein expression levels of (B) Beclin 1 and (C) LC3B-Il were quantified by densitometry and normalized to $-actin. (D) After
treatment with the indicated concentrations of THSG for 24 h, and autophagy in cells was measured using an autophagy assay kit. (E) Cells were
(Continued)
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FIGURE 6 (Continued)

pretreated with THSG (100 pg/ml) for 24 h, and then subsequently stimulated with or without TGF-p1 (5 ng/ml) or HCQ (20 pM) for 24 h. The
protein samples were collected after the treatment. Representative images of Western blotting showed the protein expression of LC3B. (F) The
relative protein expression levels of LC3B-II were quantified by densitometry. (G) Representative images of Western blotting showed the protein
expression of fibronectin. (H) Densitometric analysis showed the quantification of fibronectin expression. Data are represented as the mean +

SEM of three independent experiments. *p < 0.05 compared with untreated group. *p < 0.05 compared with TGF-p1-treated group.
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FIGURE 7

Effect of THSG on fibronectin, a-SMA, CTGF, TGFBR1, TGFBR2, and LC3B expression in the lung tissues of BLM-stimulated mice on day 21.
Representative photographs of immunohistochemical staining for fibronectin, a-SMA, CTGF, TGFBR1, TGFBR2, and LC3B in the lung sections of

mice from different experimental groups. Scale bar: 100 um.

only treated cells 4A-C). The
production of ROS in MRC-5 cells after the treatments
were measured using the total ROS/Superoxide detection
kit. After 24 h incubation of MRC-5 cells with 2.5 ng/ml
TGF-B1, a significant increase in ROS production was

(Figures intracellular

observed when compared with the untreated group. In
contrast, pretreatment of the cells with THSG in doses of
50 and 100 pg/ml markedly reduced the intracellular ROS
generation in comparison to the TGF-f1-only treated group
(Figure 4D).
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2,3,5,4'-tetrahydroxystilbene-2-O-f-D-
glucoside decreases transforming growth
factor-beta 1 expression and increases
SOD-1 and catalase expression in the lung
tissues of mice with bleomycin-induced
pulmonary fibrosis

TGF-B1 is a profibrotic mediator involved in
myofibroblast differentiation and induction of ECM
deposition. We assessed the expression level of TGF-p1
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in the lung tissues of mice from all treatment groups by
quantitative real-time polymerase chain reaction (qRT-
PCR) and immunohistochemistry. Quantitative RT-PCR
results showed that the mRNA level of TGF-B1 from lung
tissues of mice after administration of BLM was
significantly elevated compared with the untreated
group, which was evidently suppressed by the treatment
of THSG in a dose-dependent manner, as shown in
5A. These

immunohistochemistry

Figure results were confirmed by

5D). BLM
administration produced a significant increase in TGF-

(Figure

B1 expression in lung tissues, but the increase was reduced
by THSG treatment. Additionally, in order to validate the
anti-oxidative effect of THSG,
evaluated by detecting the levels of SOD-1 and catalase

oxidative stress was

in lung tissues. A significant inhibition of mRNA levels of
SOD-1 and catalase was detected in the lung tissues of
BLM-administrated mice as compared to the untreated
group. THSG treatment restored BLM-induced reduction
in the mRNA levels of SOD-1 and catalase (Figures 5B,C).
Immunohistochemical staining also revealed that SOD-1
and catalase expression was reduced by BLM. In contrast,
treatment with THSG increased the expression levels of
SOD-1 and catalase (Figure 5D).

2,3,5,4'-tetrahydroxystilbene-2-O-3-D-
glucoside induces autophagy activation in
transforming growth factor-beta 1-
stimulated MRC-5 human lung fibroblast
cells

To define whether THSG affects autophagy in MRC-5
human lung fibroblast cells. Autophagy was monitored by the
expression levels of autophagy-associated proteins Beclin 1 and
LC3B using Western blot analysis. As shown in Figures 6A-C,
the expression levels of Beclin 1 and LC3B-II proteins were
significantly decreased in the TGF-pl-treated group in
comparison with the untreated group. However, the levels of
Beclin 1 and LC3B-II proteins were significantly increased in the
THSG-treated groups (cells were treated with THSG in doses of
50 and 100 pg/ml, followed by stimulation with 2.5 ng/ml of
TGF-B1) compared with that in the TGF-Pl-only treated
group. In addition, the protein level of LC3B was measured
after pretreated with 50 and 100 pg/ml of THSG for 2 h and then
cotreated with 5 ng/ml of TGF-B1 for 24 h in A549 human lung
alveolar epithelial cells. The protein expression level of LC3B-II
was significantly increased in THSG-treated groups compared to
the TGF-P1-only treated group (Supplementary Figures S3A,B).
To confirm this notion, we used an autophagy assay kit. As
indicated in Figure 6D, autophagosome formation decreased in
TGF-Bl-treated MRC-5 cells compared to the untreated cells,
while pretreatment of these cells with 50 and 100 pug/ml of THSG
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the
In addition,

significantly  increased fluorescent  intensity  of

found that
treatment of chloroquine (as an inhibitor of autophagy, which

autophagosomes. studies have
inhibits lysosome fusion with the autophagosome and thereby
interferes autophagic degradation process) can enhance LC3-II
expression and increase the autophagosome accumulation in
TGF-Bl-stimulated lung fibroblasts (Rangarajan et al, 2016;
Liu et al., 2021). Therefore, we sought to demonstrate whether
THSG restores TGF-B1-induced impaired autophagy, inhibition
assay by using HCQ to examine the effect of THSG is related to
autophagy inhibition or an increase in autophagic flux. After
adding HCQ, the expression level of LC3B-II was increased in
THSG-treated cells (Figures 6E,F). Moreover, the expression of
LC3B-II was significantly higher than in THSG-treated cells,
indicating the enhanced autophagosome formation and an
increase in autophagic flux. To further test the effect of HCQ
on the expression of fibrotic marker protein induced by TGF-p1
in THSG-treated lung fibroblasts. We found that HCQ
augmented the downregulation of fibronectin by THSG
(Figures 6G,H). Based on the above results, THSG-induced
autophagy may partly account for the inhibitory effect of
ECM proteins.

2,3,5,4'-tetrahydroxystilbene-2-O-p-D-
glucoside treatment protects against
pulmonary fibrosis induced by bleomycin

To assess the effect of THSG on the expression of fibronectin,
a-SMA, CTGF, TGFBRI, TGFBR2, and LC3B in the lung tissue
sections of mice from each group sacrificed on day 21,
immunohistochemical staining was used to determine the
protein expressions of these molecules. As shown in Figure 7,
a-SMA, CTGF,
TGFBR2 were significantly increased in the lung tissues of
BLM-treated mice, In contrast, treatment with THSG (10 or
30 mg/kg) exhibited a reduced levels of fibronectin, a-SMA,
CTGF, and TGFBR2 in the lung tissues of mice compared to
those of BLM-treated mice. However, the expression of LC3B was

the protein levels of fibronectin, and

markedly increased in the lung tissues of THSG-treated mice
compared to the BLM-treated mice. Additionally, there were no
obvious changes in the expression of TGFBRI in the lung tissues
of mice from each group.

Discussion

This study showed that THSG could alleviate lung fibrosis by
suppressing ECM protein production and myofibroblast
THSG
significantly ameliorates lung fibrosis in BLM-treated mice,

differentiation. Furthermore, administration

which is similar to THSG therapeutic effects as depicted in
another disease model such as fibrosis of heart and liver
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(Peng et al., 2016; Long et al,, 2019). In a rat model of pressure
THSG
administration significantly attenuated the upregulated protein

overloaded-induced cardiac fibrosis model,
levels of pro-fibrotic markers such as fibronectin, type I and type
I collagen induced by pressure overload (Peng et al., 2016).
THSG treatment also markedly decreased the protein levels of
fibronectin, type I and type III collagen induced by angiotensin II
in rat cardiac fibroblasts (Peng et al., 2016). Likewise, in a rodent
model of carbon tetrachloride (CCl4)-induced liver fibrosis,
THSG significantly downregulated the expression of a-SMA
protein in the liver tissues of rats (Long et al, 2019). In our
research, treatment of THSG reduced the expression levels of a-
SMA and fibronectin and collagen deposition in the lung tissues
of mice exposed to BLM. THSG also decreased the protein levels
of a-SMA and fibronectin in TGF-p1-stimulated MRC-5 lung
fibroblast cells. Moreover, THSG treatment significantly
inhibited TGF-f expression induced by CCl4 in rat liver tissue
sections (Long et al., 2019). In a mice model of streptozotocin
(STZ)-induced diabetes, THSG therapy dramatically suppressed
the expression of fibronectin, CTGF, and TGF-p in kidney tissues
and prevented renal injury and fibrosis (Chen et al, 2016).
that THSG
administration effectively reduced the expression levels of
TGF-B1 and CTGF induced by BLM in lung tissues of mice.

It has been reported that the protective effect of THSG
against hepatic fibrosis was exerted by strikingly decreasing
CCl4-induced phosphorylation of Smad2 and ERK1/2 in the
liver tissues of rats (Long et al., 2019). Another study has shown

Similarly, current results revealed

our

that the phosphorylation of Smad3 was dramatically elevated in
palmitic acid-stimulated cardiomyocytes, while THSG treatment
significantly inhibited the up-regulation of p-Smad3 by palmitic
acid (Zou and Kong, 2019). Moreover, increasing evidences have
affirmed that the impediment of activation of Smad-dependent
and -independent cascades including MAPK and PI3K/Akt/
mTOR pathways, which effectively inhibited pulmonary
fibrosis induced by BLM (Chitra et al., 2015; Liu et al., 2016;
Qian et al,, 2018). In harmony with these reports, the present
study showed that the Smad2/3, Akt/mTOR, ERK1/2 signaling
pathways were activated in TGF-pl-mediated fibrogenic
lung fibroblast
A549 lung alveolar epithelial cells, whereas THSG treatment
inhibited TGF-P1-induced the phosphorylation of Smad2/3,
ERK1/2, Akt, and mTOR. Accordingly, THSG efficiently
suppressed TGF-Pl-induced the expression of a-SMA,
fibronectin, and CTGF in MRC-5 lung fibroblast cells and the
expression of fibronectin and N-cadherin in A549 lung alveolar
epithelial cells by blocking Smad2/3, ERK1/2, and Akt/mTOR
signaling pathways. Overall, these results indicate potential

response of human MRC-5 cells and

advantages of THSG in the treatment of pulmonary fibrosis
diseases.

Oxidative stress plays a crucial role in pulmonary fibrosis
development and acts as a mediator of fibrogenic effect of TGF-
B (Liu and Gaston Pravia, 2010). Several studies have shown that
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BLM administration triggers overproduction of ROS and an
observed decrease in the levels of antioxidant (Huang et al,
2015; Zhao et al., 2020). Additionally, TGF-B1 stimulation causes
an appreciable increase in ROS generation in MRC-5 human lung
fibroblast cells (Fang et al., 2021). Therefore, we believe that anti-
fibrogenic effect of THSG may be acted by repression of oxidative
stress. In this study, we demonstrated that ROS production was
substantially increased while the expression levels of SOD-1 and
catalase were reduced in TGF-B1-stimulated MRC-5 human lung
fibroblast cells. In contrast, THSG administration remarkably
decreased the generation of ROS and efficiently enhanced the
expression levels of SOD-1 and catalase. Moreover, our in vivo
results showed that THSG increased the mRNA and protein levels
of SOD-1 and catalase in lung tissues of BLM-treated mice.
Similarly, in human skin fibroblasts, THSG treatment exhibited
protective effects on UVB-induced premature senescence by
increasing SOD level and suppressing oxidative stress (Xu and
Wang, 2019). In another study, researchers reported that THSG
attenuated gentamicin-induced ototoxicity in mouse cochlear UB/
OC-2 cells by suppressing ROS generation and increasing the SOD
activity (Wen et al, 2020). Wang et al. confirmed that THSG
treatment significantly attenuated liver injury in prediabetic rats by
increasing the activity of glutathione peroxidase (GPx) and SOD
(Wang et al., 2020). These results indicate that THSG can depress
lung fibrosis and injury induced by BLM through reducing oxidative
stress.

THSG treatment has been proven to induce autophagy by
upregulation of autophagy-related proteins Beclin 1, LC3-II, and
ATGI2 in the liver tissues of prediabetic rats (Wang et al., 2020). It
was also reported that THSG significantly induced autophagy and
increased the expression of LC3-II protein in human WRL-68
hepatic cells (Yang et al, 2020). Consistent with those reports
above, our results revealed that THSG treatment dramatically
increased the protein levels of Beclin 1 and LC3B-II in TGF-p1-
stimulated MRC-5 human lung fibroblast cells. THSG treatment
also increased LC3B-II protein expression in TGF-B1-stimulated
A549 human lung alveolar epithelial cells. Besides, THSG
administration increased the expression level of LC3B in the
lung tissue sections of mice treated with BLM. Recent studies
have shown that downregulation of p-mTOR and upregulation
of LC3-II protein level, contributing to suppression of collagen
deposition and EMT in primary lung fibroblasts and TGF-f1-
induced lung epithelial cells, resulting in an alleviation of lung
injury and improving lung function in BLM-induced animal models
(Alsayed et al., 2022; Pei et al., 2022). Accumulating evidence has
also shown that the repression of TGF-p1-induced activation of
mTOR signaling in lung fibroblasts, which results in the induction
of autophagy and the inhibition of myofibroblast activation and
ECM production in mice model of BLM-induced pulmonary
fibrosis (Li et al., 2021; Lu et al.,, 2022). Furthermore, THSG has
been demonstrated to trigger autophagy in human hepatocytes via
the inhibition of the PI3K/Akt/mTOR signaling pathway (Yang
et al,, 2020). Herein, these findings indicate that THSG inhibits the
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TGF-Bl-induced Akt/mTOR pathway in human lung fibroblasts
and alveolar epithelial cells, thereby leading to autophagy activation
and subsequent alleviating lung fibrosis.

In conclusion, we demonstrate that THSG can effectively
ameliorate BLM-induced pulmonary fibrosis in mice. We also
provide in vitro evidence that THSG inhibits TGF-B1-induced
myofibroblast differentiation, ECM production, and EMT-like
process in human lung fibroblasts and alveolar epithelial cells. In
particular, the protective effect of THSG against BLM-induced
pulmonary fibrosis is not only relevant to its anti-oxidative and
anti-fibrotic properties but also autophagy activation. The
potential molecular mechanisms responsible for the anti-
fibrotic effect of THSG is due to repression of both Smad and
non-Smad signaling pathways. Therefore, THSG may be a
potential agent for the treatment of pulmonary fibrosis diseases.
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SUPPLEMENTARY FIGURE S1

Effect of THSG on the protein expression levels of TGF-B1-induced EMT
related markers in A549 human lung alveolar epithelial cells. (A)
Confluent cultures of cells were starved in medium containing 0.1% FBS
for 24 h, before treatment with the indicated concentrations (50 and
100 pg/ml) of THSG for 2 h, and then stimulated with 5 ng/ml of TGF-p1
for a further 48 h. The expressions of epithelial phenotype marker
(E-cadherin) and mesenchymal phenotype markers (fibronectin and
N-cadherin) in whole cell lysates were determined by Western blotting.
B-actin was used as a loading control. Representative blots of
fibronectin, N-cadherin, and E-cadherin are shown. The relative protein
levels of (B) fibronectin, (C) N-cadherin, and (D) E-cadherin were
quantified by densitometry and normalized to B-actin. The results were
expressed as relative units. Data are represented as the mean + SEM of
three independent experiments. #p < 0.05 compared with untreated
group. *p < 0.05 compared with control (TGF-p1-treated) group.

SUPPLEMENTARY FIGURE S2

Effect of THSG on TGF-p receptors and TGF-p1-induced Smad-
dependent and -independent signaling pathways in A549 human lung
alveolar epithelial cells. The cells were starved for 24 h followed by
treatment with the indicated doses (50 and 100 pg/ml) of THSG for 2 h,
and then stimulated with 5 ng/ml of TGF-p1 for 30 min (for TGFBR1,
TGFBR2, and Smad 2/3), 1 h (for Akt, ERK1/2, p38, and JNK), or 3 h (for
mTOR). Whole cell lysates were prepared at the indicted times, and
subjected to Western blotting. The p-actin was used as a loading control.
(A) Representative blots of TGFBR1, TGFBR2, p-Smad2/3, and Smad2/
3 are shown. The relative protein levels of (B) TGFBR1 and (C)
TGFBR2 were quantified by densitometry and normalized to p-actin. (D)
Quantification of p-Smad2/3 protein was achieved by densitometry
and normalized to Smad2/3 protein. (E) Representative blots of p-Akt and
Akt are shown. (F) Quantification of p-Akt protein was achieved by
densitometry and normalized to Akt protein. (G) Representative blots of
p-mTOR and mTOR are shown. (H) Quantification of p-mTOR was
achieved by densitometry and normalized to mTOR. (I) Representative
blots of p-ERK1/2, ERK1/2, p-p38, p38, p-INK, and IJNK are shown.
Quantification of (J) p-ERK1/2, (K) p-p38, and (L) p-INK proteins was
analyzed by densitometry with reference to the respective ERK1/2, p38,
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and JNK proteins. Data are represented as the mean + SEM of three
independent experiments. #p < 0.05 compared with untreated
group. *p < 0.05 compared with TGF-pl-treated group.

SUPPLEMENTARY FIGURE S3

Effect of THSG on autophagy in A549 cells treated with TGF-p1. (A) The
cells were starved for 24 h, before treatment with various
concentrations (50 and 100 pg/ml) of THSG for 2 h, and then incubated
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