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Abstract. Background/Aim: Hepatocellular carcinoma
(HCC) is the most common primary malignancy of the liver.
Resistance to chemotherapy and side-effects remain a
challenge for treating advanced and recurrent HCC.
Therefore, there is an emerging need to develop new drugs
to treat HCC. Materials and Methods: We evaluated the
anti-growth activity of flavopereirine in HepG2 and Huh7
HCC cell lines. Cell viability, cell-cycle profile, apoptosis,
and autophagy-related protein expressions were analysed
after flavopereirine treatment. Results: Flavopereirine
treatment induced G0/G1 cell-cycle arrest, with an increase
of sub-G1 cells detected at the higher concentration and
longer exposure to flavopereirine in HCC cells. Intrinsic
and extrinsic pathways were involved in flavopereirineinduced apoptosis, as demonstrated by an increase of
cleaved caspase 8 and 9 by western blotting. An alteration
of autophagy-related protein expression was also found
after flavopereirine treatment. Conclusion: Taken together,
the current results indicate that flavopereirine exhibits good
anticancer activity in HCC cells.

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver (1). Although there has
been considerable progress in the prevention, diagnosis,
and treatment of HCC, the incidence and cancer-specific
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mortality continues to increase in many countries (2, 3).
The risk factors of developing HCC include human
hepatitis B virus and human hepatitis C virus chronic
infection and cirrhosis, fatty liver disease and diabetes,
alcoholic cirrhosis, as well as aflatoxin and aristolochic
acid exposure (1, 4). At present, surgical resection is still
the first-line treatment for patients with resectable liver
cancer but around 70% of patients develop recurrent HCC
(5, 6). Most patients diagnosed with HCC are at an
advanced stage, hence, not suitable for surgical resection.
Systemic chemotherapy and radiation are the preferred
treatment for patients with advanced HCC, however, most
drugs often have side-effects. Furthermore, resistance to
drug treatment remains a challenge for chemotherapy in
patients of advanced HCC (7, 8). Therefore, there is an
emerging need to develop new drugs to treat HCC.
Flavopereirine is a β-carboline alkaloid which can be
extracted from the bark of Geissospermum (Apocynaceae)
(9, 10). It exhibits Leishmanicidal activity and selective
DNA synthesis inhibition in cancer cells (11, 12).
Furthermore, flavopereirine reduces the cell viability of drug
resistance glioblastoma cells, but without an inhibitory
effect on normal astrocytes (13). Recently, flavopereirine
has been reported to suppress colorectal cancer and breast
cancer cell growth (14-16), possibly through induction of
cell-cycle arrest and apoptosis in these cancer cells. It seems
that flavopereirine is a potential anticancer drug, but the
anticancer activity of flavopereirine has not been assessed
in HCC cells.
In the current study, we analysed the growth inhibition
activity of flavopereirine in two HCC cell lines, HepG2
and Huh7 cells. The cell viability, cell cycle profile
distribution, apoptosis and expression of autophagy-related
proteins were evaluated after flavopereirine treatment in
HCC cells.
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Figure 1. Effects of flavopereirine on the growth of hepatocellular carcinoma (HCC) cells. HepG2 (A) and Huh7 (B) cells were treated with the
indicated concentrations of flavopereirine for 24 or 48 h. Cell viability was determined by the CCK-8 assay and presented as the percentage of cell
survival. Data are representative of at least three independent experiments and shown as mean±SD (*p<0.05; **p<0.01; ***p<0.001).

Materials and Methods

Cell lines and cell culture. Human HCC cell lines HepG2 and Huh7
were purchased from the American Type Culture Collection
(Manassas, VA, USA). The cells were cultured in Dulbecco’s
modified Eagle’s medium (Gibco BRL, Grand Island, NY, USA),
containing 10% foetal bovine serum (FBS; Gibco) in a humidified
atmosphere containing 5% CO2 at 37˚C and tested for the absence
of mycoplasma contamination.

Reagents and antibodies. Flavopereirine was purchased from
ChromaDex, Inc. (Irvine, CA, USA). Proteins for western blotting
analysis were extracted by M-PER mammalian protein extraction
reagent buffer (Thermo Fisher Scientific, Waltham, MA, USA). The
protease inhibitor was purchased from Millipore (Billerica, MA,
USA). Primary antibodies for poly (ADP-ribose) polymerase
(PARP), caspase 3, caspase 8, caspase 9, were purchased from Cell
Signaling Technology Inc. (Danvers, MA, USA). The antibody
against autophagy-related protein p62 (SQSTM1 monoclonal,
mouse anti-human p62) was obtained from Santa Cruz (Santa Cruz,
CA, USA). Microtubule-associated protein 1A/1B light chain 3B
(LC-3) antibody (polyclonal, rabbit anti-human LC-3) was obtained
from Abgent (San Diego, CA, USA). GAPDH expression level was
used as an internal control for western blotting and the GAPDH
antibody was purchased from Cell Signaling Technology Inc. The
antibody against β-actin was purchased from Santa Cruz
Biotechnology Inc (Santa Cruz, CA, USA).

Cell viability analysis. Cell viability was analysed by the cell
counting kit 8 (CCK-8) proliferation assay (Sigma-Aldrich, Inc., St.
Louis, MO, USA) to determine the growth inhibition activity of
flavopereirine on HCC cells. Briefly, 1×104 cells were seeded in 96well plates, treated with flavopereirine (ChromaDex, Inc) at the
indicated concentration, and incubated for 24 and 48 h at 37˚C in a
humidified incubator. The absorbance values were read at 490 nm
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2 h after the addition of CCK-8 reagent. The vehicle-treated cells
were used as a control for normalisation. Three independent
experiments were conducted and used to calculate the standard
deviation (SD).

Cell-cycle analysis. To determine the cell-cycle profile after
flavopereirine treatment, 1×105 cells were seeded in 6-well plates.
Cells were starved, treated with flavopereirine for 24 and 48 h, then
fixed with 100% methanol (Sigma-Aldrich, Inc.) for 24 h at 4˚C.
The fixed cells were stained with propidium iodide (PI; 0.05 mg/ml,
Sigma-Aldrich, Inc.) solution containing RNase (2 mg/ml) at 25˚C
in the dark for 30 min. The DNA content was analysed by
performing flow cytometry (FACSDiva; BD Biosciences) to
determine the percentage of cells in each phase of the cell-cycle.
Detection of apoptosis by flow cytometric analysis. The percentage
of apoptotic cells was determined after flavopereirine treatment. The
cells were treated with the indicated concentration of flavopereirine
for 24 and 48 h, then harvested and stained with Annexin-V and PI
using an apoptosis detection kit (BioVision, Mountain View, CA,
USA). Apoptotic cells were analysed by flow cytometry
(FACSDiva; BD Biosciences).
Cell lysate preparation and western blotting. The cells were lysed
and extracted with the M-PER mammalian protein extraction
reagent (Thermo Scientific) containing 0.1% protease inhibitor
cocktail (Cell Signaling Technology). Bio-Rad protein assay reagent
(Bio-Rad, Hercules, CA, USA) was used to determine the
concentration of extracted protein. Forty μg of each sample was
used and separated by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), then electrotransferred onto a
polyvinylidene difluoride (PVDF) membrane (Bio-Rad). The
membrane was blocked by incubation with 5% bovine serum
albumin (Sigma-Aldrich) at 25˚C for 1 h, followed by probing with
the primary specific antibody at 4˚C for 16 h. After incubation with
a horseradish peroxidase-conjugated secondary antibody (Jackson

Chen et al: Flavopereirine Inhibits HCC Growth

Figure 2. Flavopereirine induces cell-cycle arrest in HepG2 cells. (A) HepG2 cells were treated with the indicated concentrations of flavopereirine
for 24 or 48 h. Cell-cycle distribution was analysed by flow cytometry. Cell-cycle distribution and percentage of cell population are shown on the
X-axis and Y-axis, respectively. (B) Cell-cycle distribution in (A) is represented as a histogram. (C) The sub-G1 cell population was determined by
flow cytometry. The X-axis represents different treatments of HepG2 cells and y-axis represents the percentage of sub-G1 cells. Data are
representative of at least three independent experiments and shown as mean±SD (*p<0.05; **p<0.01; ***p<0.001).

ImmunoResearch Laboratories, West Grove, PA, USA) for 2 h at
25˚C, the protein expression was detected using an enhanced
chemiluminescence horseradish peroxidase substrate detection kit
(WBKLS0500, Millipore) and quantified using the UVP
BioSpectrum 800 Imaging System (Cambridge, UK).

Statistical analysis. Statistical significance was determined using
GraphPad Prism 7.0 software (GraphPad Software, San Diego, CA,
USA). Data were analysed using one-way analysis of variance. All
in vitro experiments were repeated three times and represented as
mean±SD. A p-value less than or equal to 0.05 was considered
statistically significant and indicated by *; **p-Value between 0.001
and 0.01; ***p-Value between 0.0001 and 0.001.

Results

Flavopereirine inhibits the growth of hepatocellular
carcinoma (HCC) cells. To determine the cell survival ratio of
HCC cells after flavopereirine treatment, HepG2 and Huh7

cells were treated with different concentrations of
flavopereirine for 24 and 48 h. CCK-8 activity was then
analysed to determine the growth inhibitory effects of
flavopereirine on HepG2 and Huh7 cells. As shown in Figure
1, flavopereirine treatment inhibited the growth of HepG2
(Figure 1A) and Huh7 (Figure 1B) cells in a concentration and
time-dependent manner. When compared with the control
group treated with DMSO, flavopereirine had an IC50 of
approximately 25 μM and 15 μM at 24 and 48 h, respectively.

Flavopereirine induces cell-cycle arrest in HCC cells.
Interference of cell-cycle progression is one of the
mechanisms for cell death caused by drug treatment. HepG2
cells showed G0/G1 cell-cycle arrest after flavopereirine
treatment at a concentration of 7.5 and 15 μM for 24 and 48
h (Figure 2). At higher concentrations (22.5 and 30 μM), a
decrease of G0/G1 distribution was found when compared
6909
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Figure 3. Flavopereirine induces cell cycle arrest in Huh7 cells. (A) Huh7 cells were treated with the indicated concentrations of flavopereirine for
24 or 48 h. Cell cycle distribution was analysed by flow cytometry. (B) Cell cycle distribution in (A) is represented as a histogram. (C) The sub-G1
cell population was determined after flow cytometry. The X-axis represents different treatments of Huh7 cells and y-axis represents the percentage
of sub-G1 cells. Data are representative of at least three independent experiments and shown as mean±SD (*p<0.05; **p<0.01; ***p<0.001).

with the results of 15 μM, which may be due to cell death as
an increase in sub-G1 cell cells was observed in the flow
cytometric analysis (Figure 2C). A similar effect was also
found in Huh 7 cells. After application of flavopereirine,
Huh7 cells showed a G0/G1 arrest in a concentration and
time-dependent manner (Figure 3), with an increase of subG1 cells at the higher concentration and longer exposure of
flavopereirine. The flow cytometry analysis indicated that
flavopereirine treatment induces G0/G1 arrest in HCC cells
and causes cell death at higher concentrations.

Flavopereirine induced apoptosis and autophagy-related
protein expression in HepG2 and Huh7 cells. Flow
cytometric analysis was performed to evaluate apoptosis
after flavopereirine treatment using Annexin-V/PI double
staining. As shown in Figure 4 and 5, flavopereirine
treatment caused an increase in Annexin-V staining in a
6910

concentration-dependent and time-dependent manner. The
apoptotic ratio in HepG2 cells increased from 14.1% to
41.5% at flavopereirine concentration from 7.5 to 30 μM at
24 h, and 11.5% to 79.3% at 48 h (Figure 4). Similarly, the
apoptotic ratio in Huh7 cells increased from 4.3% to 30.9%
at flavopereirine concentration from 7.5 to 30 μM at 24 h,
and 15.9% to 91.7% at 48 h (Figure 5).
Apoptosis is characterised by a cascade of caspase
cleavage and activation (17). We then determined which
caspases were involved in apoptotic cell death after
flavopereirine treatment by western blotting. The cleaved
form of caspase 3 and poly(ADP)-ribose polymerase (PARP)
or decreased preform-PARP were detected after
flavopereirine treatment in HepG2 and Huh7 cells. We also
found that the cleaved form of caspase 8 and caspase 9
increased after flavopereirine treatment in HepG2 cells but
not so clear in Huh7 cells (Figure 6), indicating that
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Figure 4. Flavopereirine induces apoptosis in HepG2 cells. (A) HepG2 cells were treated with the indicated concentrations of flavopereirine for 24
or 48 h. Apoptotic cells were determined by PI and Annexin-V staining and analysed by flow cytometry. (B) The X-axis represents different treatments
of HepG2 cells and y-axis represents the percentage of apoptotic cells. Data are representative of at least three independent experiments and are
shown as means±SD (*p<0.05; **p<0.01; ***p<0.001).

flavopereirine treatment resulted in apoptotic cell death
involving both intrinsic and extrinsic pathways in HCC cells.
A cytoplasmic vacuole was present in flavopereirinetreated cells, indicating that autophagy may be induced after
flavopereirine treatment. During autophagy, cytoplasmic
LC3-I is conjugated to phosphatidylethanolamine to form
LC3-II. A cargo adaptor protein, p62 protein, interacts with
the target protein and p62 for degradation in autophagy (18,
19). Therefore, a change in LC-3 II and p62 protein
expression is an indicator of the initiation of autophagy. We
then determined the LC-3 II expression level in HepG2 and
Huh7 cells by western blotting after flavopereirine treatment.
As shown in Figure 6, LC-3 II expression increased after
flavopereirine treatment in HepG2 and Huh7 cells, indicating
that flavopereirine affected autophagy in HCC cells. Taken
together, flavopereirine treatment induced apoptosis and
affected autophagy in treated HCC cells.

Discussion

HCC is the most common primary malignancy of the liver.
It is imperative to develop new drugs for HCC treatment. In
the current study, we evaluated the effects of flavopereirine
treatment on HCC cells, showing that flavopereirine exhibits
cytotoxicity in HepG2 and Huh7 cells. Flavopereirine
induces G0/G1 cell-cycle arrest and apoptosis in HCC cells
involving both intrinsic and extrinsic pathways. An
alteration of autophagy-related protein expression was also
found after flavopereirine treatment. Taken together, the
current findings indicate that flavopereirine is a potential
drug for HCC treatment.
It has been demonstrated that the natural compounds βcarboline alkaloids have anticancer activity by targeting cell
division in cancer cells (20). Flavopereirine, a β-carboline
alkaloid, has also been reported to exhibit anti-growth activity
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Figure 5. Flavopereirine induces apoptosis in Huh7 cells. (A) Huh7 cells were treated with the indicated concentrations of flavopereirine for 24 or
48 h. Apoptotic cells were determined by PI and Annexin-V staining and analysed by flow cytometry. (B) The X-axis represents different treatments
of Huh7 cells and y-axis represents the percentage of apoptotic cells. Data are representative of at least three independent experiments and are
shown as means±SD (*p<0.05; **p<0.01; ***p<0.001).

by interfering with cell-cycle progression in colon cancer and
breast cancer cells. Flavopereirine induces G2/M cell-cycle
arrest in colon cancer cells (14), increasing G0/G1 cell-cycle
phase in breast cancer cells (15). P53 protein expression plays
a key role in flavopereirine-mediated cell death in colon
cancer cells, as a loss of P53 protein resulted in more
resistance to flavopereirine treatment (14). HepG2 expresses
wild-type and functional P53 protein, whereas Huh7 carries
a P53 protein mutation at codon 220 which is aberrantly
stable but transcriptionally inactive (21). In our study, we
found that HepG2 and Huh7 cells showed a similar response
at IC50 and cell-cycle distribution, and caspase activation after
flavopereirine treatment. The role of P53 protein in
flavopereirine mediated cytotoxicity in HCC cells needs to be
further determined.
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Apoptosis can be activated by intrinsic or extrinsic caspases
pathways (22), with both pathways being involved in
flavopereirine mediated apoptosis in HepG2 and Huh7 cells,
as both cleavage of caspase 8 and caspase 9, which represent
extrinsic and intrinsic pathway activation, were detected in
western blotting analysis. The activation of both caspases
pathways was also shown in flavopereirine treated CRC and
breast cancer cell lines (14, 15), suggesting that flavopereirine
triggers cell apoptosis by activating both caspase pathways in
cancer cells.
Flavopereirine has been reported to regulate autophagy by
blocking LC3-II accumulation in autophagosomes in breast
cancer cells (16). Autophagy is a catabolic process and
contributes to liver homeostasis under normal and stressed
conditions (23, 24). The high expression of autophagy-related
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Figure 6. Flavopereirine induces apoptosis and autophagy-related protein expression in HCC cells. HepG2 and Huh7 cells were treated with the
indicated concentrations of flavopereirine for 24 h and 48 h. Expression levels of caspase 8, caspase 9, caspase 3, PARP, p62 protein and LC3
proteins were analysed by western blotting.

LC3 predicts recurrence and poor prognosis in HCC patients
(25, 26). Therefore, autophagy may play a crucial role in HCC.
We also detected LC3-II accumulation by western blotting after
flavopereirine treatment in HCC cells, suggesting that
flavopereirine may interfere autophagy pathways in HCC cells.
Taken together, we showed that flavopereirine exhibits
cytotoxicity in both HepG2 and Huh7 cells by triggering
apoptosis and regulating autophagy, hence, may constitute a
potential drug for the treatment of HCC. Further studies are
needed to investigate the application of flavopereirine to treat
HCC in the future.
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