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Background: Hepatocellular carcinoma (HCC) is the most important cause of cancer-related deaths worldwide. Pirfenidone
is an orally available small molecule with therapeutic potential for fibrotic diseases.

Material/Methods: In this study, we analyzed the effects of different pirfenidone concentrations on the proliferation of HepG2 HCC
cells using Cell Counting Kit-8 (CCK-8) and colony formation assays. Flow cytometry was performed to mea-
sure the apoptotic effects of pirfenidone on HepG2 cells. Western blot analysis was performed to detect the
expression of B-catenin and p-p-catenin.

Results: Pirfenidone inhibited proliferation and promoted HepG2 cell apoptosis. In addition, Western blot results indi-
cated that pirfenidone suppressed B-catenin expression in HepG2 cells. To assess the mechanism, we treated
HepG2 cells with pirfenidone, and pirfenidone plus the p-catenin activator, SB-216763. The results revealed that
SB-216763 accelerated proliferation and inhibited apoptosis in HepG2 cells treated with pirfenidone. Western
blot results showed that SB-216763 upregulated B-catenin expression in HepG2 cells treated with pirfenidone.
Conclusions: In conclusions, pirfenidone may be a potential drug for HCC treatment.
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Material and Methods

Hepatocellular carcinoma (HCC) is a major health problem
worldwide that develops mainly in cirrhotic livers. It is caused
by genetic factors, alcoholic injury, and chronic infections such
as with the hepatitis B and C viruses [1]. HCC is the fifth most
frequently occurring cancer and the second leading cause of
cancer-related deaths globally. Approximately 745 000 patients
die from HCC yearly [2-4]. Because of the low detection rate of
HCC at the curable stages, and a high rate of recurrence and
metastasis, patient survival remains unsatisfactory despite re-
cent developments in therapeutic strategies. Chemotherapy is
one of the main treatment methods for terminal-stage HCC.
However, most anticancer drugs have strong cytotoxic effects
and lead to the emergence of drug resistance, which limits their
widespread application and curative effect. Presently, adefovir
dipivoxil, entecavir, and other antiviral drugs are used in clinical
trials of HCC, but the incidence of HCC has not been reduced
and even shows an increasing trend [5,6]. In comparison, pir-
fenidone shows unique advantages in the treatment of HCC.

Pirfenidone is an orally available small molecule that has been
extensively evaluated in clinical trials for the treatment of sev-
eral diseases. Numerous studies have shown that pirfenidone
has important anti-inflammatory and antifibrotic effects in vivo
and in vitro [2,3], such as on the lungs [4], renal system [5],
liver [6], heart [7,8], muscle [9], and eyes [10]. Studies have
indicated that pirfenidone can regulate transforming growth
factor-p and tumor necrosis factor-o, and inhibit fibroblast
proliferation and collagen synthesis [11,12].

Research has shown that B-catenin is overexpressed in HCC
and can activate downstream cell signaling pathways, thereby
regulating biological processes such as cell proliferation, apop-
tosis, and invasion. The effect of pirfenidone on the Wnt/p-
catenin signaling pathway has not been reported. Therefore,
in our study, we analyzed the effect of pirfenidone on cell pro-
liferation and apoptosis, as well as the expression of Wnt/B-
catenin signaling pathway proteins in HCC using HepG2 cells.
Our results showed that pirfenidone inhibited the prolifera-
tion of HepG2 cells in a concentration-dependent manner, and
promoted HepG2 cell apoptosis. Pirfenidone also suppressed
[-catenin expression in HepG2 cells. In addition, the B-catenin
activator, SB-216763, accelerated pirfenidone-mediated increas-
es in proliferation and inhibited apoptosis in HepG2 cells. SB-
216763 also upregulated B-catenin expression mediated by
pirfenidone. Therefore, the results of our study indicate that
pirfenidone might be a potential therapy for HCC.

Cell culture and treatments

Human hepatoma HepG2 cells were purchased from the
American Type Culture Collection (Manassas, VA, USA) and
cultured in Dulbecco’s modified Eagle’s medium (Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum (Gibco,
Grand Island, NY, USA), 100 U/mL penicillin, and 1 pg/mL strep-
tomycin (Invitrogen) in an incubator with an atmosphere of
5% CO, at 37°C. HepG2 cells were seeded in 6-well plates
(1x10° cells/well) and treated with 0, 100, 200, 400, 600, and
800 pumol/L pirfenidone for 0, 6, 12, 24, 36, and 48 h.

Cell proliferation

Cell proliferation was determined using Cell Counting Kit-8
(CCK-8, Shanghai Beyotime Biotechnology, Shanghai, China).
HepG2 cells (1x10* cells/well) were cultured in 96-well plates
with 100 pL Dulbecco’s modified Eagle’s medium contain-
ing 10% fetal bovine serum and treated with 0, 100, 200,
400, 600, and 800 pmol/L pirfenidone for 0, 12, 24, 36, and
48 h. CCK-8 solution (10 pL) was added to each well at a spe-
cific time, followed by a 3-h incubation at 37°C. Absorbance
was detected at 450 nm using a microplate reader (Molecular
Devices, Sunnyvale, CA, USA). All experiments were repeated
at least 3 times.

Colony formation assay

HepG2 cells were seeded on a fresh 6-well plate at a density
of 1000 cells/well and cultured in complete medium at 37°C
under 5% CO,. After 14 days, cells were fixed in methanol and
stained with 0.1% crystal violet. The number of colonies was
counted manually.

Flow cytometry

Cells were collected and seeded into 6-well plates. Cells were di-
gested by EDTA-free trypsin (Shanghai Beyotime Biotechnology),
stained with Annexin V-FITC and propidium iodide (Shanghai
BestBio Science, Shanghai, China), and incubated in the dark
for 15 min at room temperature. The cell cycle and apopto-
sis of each group were detected by an EPICS XL-MCL flow cy-
tometer (Beckman Coulter, Brea, CA, USA) with an excitation
wavelength of 488 nm and an emission wavelength of 530 nm.

Western blot analysis

HepG2 cells (4x10°/well) were seeded in a 6-well plate and
treated for 24 h with 0, 100, 200, 400, 600, and 800 pmol/L
pirfenidone at 37°Cin a 5% CO, incubator. Total proteins were
acquired using a lysis buffer containing a protease inhibitor
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cocktail (Roche Applied Science, Indianapolis, IN, USA). Total
protein concentrations were detected using a bicinchoninic
acid assay kit (Thermo Fisher Scientific, Waltham, MA, USA).
Equivalent amounts of protein were loaded onto the lanes of
the sodium dodecyl sulfate-polyacrylamide gel using a micro-
pipette. After electrophoresis, the separated proteins were
transferred to polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA) blocked with 5% skim milk (BD Biosciences,
Franklin Lakes, NJ, USA) and incubated with primary antibod-
ies overnight at 4°C. The next day, the membranes were in-
cubated with anti-rabbit horseradish peroxidase-conjugated
secondary antibodies (cat. no. ab6721). The signals were vi-
sualized using an enhanced chemiluminescence substrate kit
(GE Healthcare, Pittsburgh, PA, USA) and Western blotting sys-
tem (ComWin Biotech, Beijing, China). The following monoclo-
nal primary antibodies and dilutions were used: anti-B-catenin
(1: 1000, cat. no. ab32572), anti-phosphorylated (p)-p-catenin
(1: 300, cat. no: ab27798), and anti-human GAPDH (1: 3000,
cat. no. ab181602) as the internal control. All antibodies were
from Abcam (Cambridge, MA, USA).

Statistical analysis

All data were expressed as the means + standard deviations
(SD) of 3 independent experiments. Statistical significance was
determined using a one-way analysis of variance and Student’s
t-test using SPSS version 19.0 software (IBM, Chicago, IL, USA).
All data are presented as means + standard deviation. P<0.05
was considered statistically significant.

Results

Pirfenidone inhibits HepG2 cell proliferation

We investigated the effects of various concentrations of pir-
fenidone (0, 100, 200, 400, 600, and 800 pmol/L) for 48 h on
the growth of HepG2 cells. The CCK-8 assay revealed a signif-
icant time- and concentration-dependent inhibition of HepG2
cell proliferation (Figure 1).

Pirfenidone promotes apoptosis of HepG2 cells

Based on the inhibitory effect of pirfenidone on HepG2 cell
proliferation, we then determined whether pirfenidone in-
duced apoptosis. The results indicated that, compared with
phosphate-buffered saline (PBS)- and DMSO-treated con-
trols, pirfenidone significantly promoted HepGz2 cell apoptosis
(*** P<0.001) (Figure 2A, 2B). The viability of HepG2 cells was
also determined by the colony formation assay. The results re-
vealed that the number of colonies was significantly decreased
in pirfenidone-treated cells compared with PBS- and DMSO-
treated control cells (* P<0.05) (Figure 2C, D).
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Figure 1. Pirfenidone inhibits proliferation of HepG2 cells. The
Cell Counting Kit-8 assay was performed to determine
the viability of HepG2 cells treated with various
concentrations of pirfenidone (0, 100, 200, 400, 600,
and 800 pmol/L) for 48 h.

Pirfenidone suppresses [3-catenin expression HepG2 cells

Researchers have shown that Wnt/B-catenin signaling plays
an important role in the progression of cancer [7-9]. In our
study, to explore the molecular mechanism of action of pir-
fenidone in HepG2 cells, we assessed the expression levels
of B-catenin and p-B-catenin. HepG2 cells were treated with
PBS (control), an equivalent amount of DMSO, or 600 umol/L
pirfenidone in DMSO for 48 h. Expression levels of -catenin
and p-B-catenin proteins were measured using Western blot
analysis. Pirfenidone dramatically downregulated the expres-
sion levels of B-catenin and p-B-catenin proteins (*** P<0.001)
(Figure 3A, 3B).

The B-catenin activator, SB-216763, inhibits apoptosis of
HepG2 cells mediated by pirfenidone

To further explore the molecular mechanism by which pirfeni-
done affected apoptosis of HepG2 cells, flow cytometry was
used. The results indicated that SB-216763, a B-catenin acti-
vator, significantly inhibited pirfenidone-induced HepG2 cell
apoptosis (** P<0.01) (Figure 4A, 4B). We then analyzed the
effect of SB-216763 on HepG2 cell proliferation using the col-
ony formation assay. The results revealed that SB-216763 in-
creased HepG2 cell proliferation in the presence of pirfenidone
(** P<0.01) (Figure 4C, 4D).

SB-216763 upregulates -catenin expression mediated by
pirfenidone in HepG2 cells

We next determined the influence of SB-216763 on the expres-
sion of B-catenin and p-B-catenin in HepG2 cells. The results
showed that SB-216763 dramatically increased the protein
expression levels of B-catenin (*** P<0.001) and p-B-catenin
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Figure 2. Pirfenidone (PFD) promotes apoptosis of HepG2 cells. HepG2 cells were treated with phosphate-buffered saline (control), an
equivalent amount of DMSO, or 600 pmol/L PFD in DMSO for 48 h. (A) Apoptosis was detected by flow cytometry in treated
HepG2 cells. (B) The extent of HepG2 cell apoptosis was calculated in the different treatment groups. (C) Colony formation
assay in treated HepG2 cells. (D) The number of colonies was counted. (* P<0.05 vs. control and DMSO).
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Figure 3. Pirfenidone (PFD) suppresses B-catenin expression in HepG2 cells. HepG2 cells were treated with phosphate-buffered saline
(control), an equivalent amount of DMSO, or 600 pmol/L PFD in DMSO for 48 h. (A) Treated HepG2 cells were harvested for
Western blot analysis using B-catenin and p-B-catenin antibodies. (B) The Western blot densities were normalized to the
density of GAPDH in each lane. (*** P<0.001 vs. control and DMSO).

compared with the pirfenidone alone group (** P<0.01)
(Figure 5A, 5B).

Discussion

Hepatitis is an important pathogenic factor in the development
of HCC. Statistically, 90% of patients with HCC are infected with
the hepatitis B virus and always have evidence of liver fibrosis.

Presently, because HCC is often not detected at curable stag-
es, and there is a high rate of recurrence and metastasis, pa-
tient survival remains unsatisfactory. Pirfenidone as a small
molecule with therapeutic potential for use in the treatment
of fibrotic diseases and can reduce transforming growth fac-
tor-p expression, antagonize tumor necrosis factor-a signal-
ing [10], and eliminate reactive oxygen species [11]. Research
suggests that pirfenidone affects the expression of extracel-
lular matrix components, with the gradual destruction of the
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Figure 4. The B-catenin activator, SB-216763, inhibits pirfenidone (PFD) effects in HepG2 cells. (A) Apoptosis was detected by flow
cytometry in HepG2 cells treated with PFD (600 pmol/L) with and without SB-216763. (B) The extent of apoptosis was
quantified in HepG2 cells treated with PFD (600 pmol/L) with and without SB-216763. (C) Colony formation assays were
performed in HepG2 cells treated with PFD (600 pmol/L) with and without SB-216763. (D) The number of colonies was
determined. (** P<0.01).
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Figure 5. The B-catenin activator, SB-216763, upregulates B-catenin expression mediated by pirfenidone (PFD) in HepG2 cells. HepG2
cells were treated with PFD (600 pmol/L) with or without SB-216763. (A) Total protein was isolated. The expression levels of
B-catenin and p-B-catenin proteins were measured using Western blotting. GAPDH was used as the loading control. (B) The
Western blot densities were normalized to GAPDH. (** P<0.01; *** P<0.001).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LAB/IN VITRO RESEARCH

fibrotic process in normal tissues, which is a factor influencing
the progression of chronic disease, including HCC.

Cellular proliferation is vital for the initiation and development
of fibrosis and cancer. In vitro studies have demonstrated the
inhibitory role of pirfenidone in the proliferation of a variety
of normal cell types, including rat cardiac fibroblasts, human
lens epithelial cell line, and human myometrial cells [12-14].
Furthermore, pirfenidone has been shown to inhibit the pro-
liferation of some tumor cell types, such as human leiomyoma
cells, pancreatic cancer cells, and glioma cell [15-17]. In the
present study, by using cell viability and colonies formation
assays, we revealed that pirfenidone inhibited HepG2 prolif-
eration in a dose-dependent manner and reached about 50%
inhibition of cell viability at 600 pM. Furthermore, at the test-
ed doses inducing about 50% cell viability, inhibition was used
for further research. HCC has high tumor heterogeneity, and a
number of pathways have been implicated in the maintenance
of HCC stems cells, including RAF/MEK/ERK, PI3K/AKT/mTOR,
and Wnt/p-catenin signaling [9]. In this study, it was observed
that the Wnt/B-catenin pathway was highly activated only
when exposed to vehicle. This was consistent with the pre-
vious studies that found aberrant accumulation of B-catenin
for constitutive activation of the Wnt/B-catenin pathway was
present in HepG2 cells [18,19]. These results indicated that
HepG2 was suitable for this study. With the dose of 50% cell
viability inhibition, it was shown that marked and significant
reductions of B-catenin expression and its phosphorylation
were induced. B-Catenin is an essential component of canon-
ical Wnt signaling, in which it serves a role in activating gene
transcription [20]. It has been demonstrated that in the pres-
ence of Wnt-ligands, B-catenin protein can act as a co-tran-
scription factor for the transcription of its own promoter [21].
Therefore, the decrease in B-catenin protein observed in the
cells was potentially caused by a positive feedback regula-
tion. In addition, various growth factors, including TGF-B, can
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activate B-catenin signaling via autocrine Wnt ligand produc-
tion [22] It is well known that pirfenidone exerts its anti-fi-
brotic effect mainly by inhibiting TGF-B signaling. Therefore,
TGF-B inhibition might critically contribute to the decreased
Wnt/B-catenin pathway, thus inducing decreased expression
and phosphorylation of B-catenin.

Wnt signaling has an important role in the development of a
variety of tumors. Upon binding to the receptor, Wnt induces
a cascade of intracellular signaling events containing a major
component, Glycogen Synthase Kinase-3 (GSK-3), which me-
diates B-catenin phosphorylation, leading to its degradation
via ubiquitin/proteasome pathway [23]. SB-216763 is a se-
lective GSK-3 inhibitor, which has been demonstrated to in-
hibit the Wnt/B-catenin signaling pathway [24]. In our study,
it was observed that the inhibitory effects of pirfenidone on
cell growth and on the expression and phosphorylation of -
catenin were abolished by SB-216763 exposure. These find-
ings indicated that pirfenidone inhibited HCC cell growth via
the Wnt/B-catenin signaling pathway.

Conclusions

Our results revealed that pirfenidone inhibited the growth
HCC cells in a concentration-dependent manner. Furthermore,
it was found to suppress the expression of Wnt/B-catenin sig-
naling proteins. Previous findings show that pirfenidone can
reduce lung cancer in patients with pulmonary fibrosis [25].
We conclude that pirfenidone might be a potentially therapeu-
tic agent for treatment of HCC.
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