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- Original Article

Effect of Genistein on Apoptosis and Proliferation of Hepatocellular

Carcinoma Hepa1-6 Cell Line

Abstract

Background: One of the main causes of mortality is hepatocellular carcinoma (HCC) which
accounts for the third leading cause of deaths and one in forty deaths worldwide. The flavonoids,
natural antioxidant compounds, account for a major group of polyphenolic compounds. One of the
major isoflavones in soybean is genistein (GE) which can inhibit proliferation and induce apoptosis.
Isoflavones, major type of phenolic materials, derived from dietary plants and medicinal herbs play
a significant role in cancer prevention and treatment. Correlation between dietary habits and cancer
risk including breast, prostate, and colon cancer has been reported. Various bioactivities of these
compounds such as anticarcinogenic and antioxidant are responsible for their chemopreventive
activities by which induce migration, proliferation, cell cycle arrest, and apoptosis. GE, one of
the major isoflavones, is considered as a potent chemopreventive agent against cancer. The aim of
this study was to investigate the inhibitory and apoptotic effects of GE on HCC Hepal-6 cell line.
Methods: Cell viability assay and cell cycle analysis with flow cytometry were used to evaluate
proliferative and apoptotic effect GE. Results: GE inhibited the growth of Hepal-6 cells and induced
apoptosis with a concentration and time-dependent fashion. During GE treatment for 24, the half
maximal inhibitory concentration (IC50) was 20 uM, and the maximum inhibition of cell growth
was 52% (P < 0.01). The percentage of apoptotic cells with a concentration of 20 uM of GE after
24, 48, and 72 h was 35, 42, and 65%, respectively (P < 0.01). Conclusions: Our finding clearly
indicated that GE can significantly inhibit proliferation of hepatocellular carcinoma Hepa 1-6 cell
line and induce apoptosis in this cell line.
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in the Western hemisphere.”’ The major
isoflavones in soybean are genistein (GE)
and daidzein. It has been reported that GE
can inhibit the cell cycle of certain cells
at G2-M.!IY" GE significantly inhibited
the growth of MHCC97-H hepatocellular
carcinoma (HCC) cells in vitro.'l
Previously, we reported that GE can inhibit
proliferation and induce apoptosis in HCC
Hepg2 and PLC/PRF5 cells.'2131 Few
studies have evaluated the antiproliferation
and apoptotic effect of GE on HCC
Hepa 1-6 cell. Therefore, this study was
designed to define the antiproliferation and
apoptotic effects of GE on HCC Hepa 1-6

Introduction

One of the main causes of mortality
is  hepatocellular  carcinoma (HCC)
which accounts for the third leading
cause of deaths and one in forty deaths
worldwide.l! This cancer occurs more
often among men than women. The main
risk factors of HCC are hepatitis C virus
and hepatitis B virus.?! The flavonoids,
natural antioxidant compounds, account for
a major group of polyphenolic compounds.
These compounds constitute distinct
groups including flavans, anthocyanidins,
flavonols, flavanones, proanthocyanidins,

neoflavonoids, isoflavones, and flavones
which present in fruits, vegetables,
legumes, herbs, cereals, stems and flowers,
seeds, nuts, spices, and also in cocoa,
wine, and tea.’-®! The incidence rate of
colon, prostate, and breast cancers in the
Asian people who consume diets rich
in flavonoids is lower than populations
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cell.

Methods

Human HCC cells (Hepa 1-6 cell line)
were purchased from the National
Cell Bank of Iran, Pasteur Institute.

GE was obtained from Sigma-Aldrich
(St. Louis, MO, USA) diluted to 1, 5,
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10, 15, 20, 25, 50, 75, and 100 uM in DMSO (Fisher
Chemicals, Fair Lawn, NJ, USA) and stored in small
aliquots at — 20°C. Dulbecco minimal essential
medium (DMEM) and (3-[4, 5-dimethyl-2-thiazolyl]-2,
5-diphenyl-2Htetrazolium [MTT] bromide) and fetal
bovine serum (FBS) purchased from Sigma-Aldrich
(St. Louis, MO, USA).

Cell culture

The human HCC Hepa 1-6 cell was used in this
experiment. These cells were cultured in DMEM
(pH 7.2-7.4) containing 1% sodium pyruvate (Gibco,
California, USA), 3.7 mg/ml sodium bicarbonate (Sigma),
10% FBS, and 1% antibiotics which include 10,000 units/
ml penicillin G sodium, 10,000 ug/ml streptomycin sulfate,
and 25 ug/ml amphotericin B with culture condition at
37°C in a humidified atmosphere containing 50 mL/L CO,
in air.

Cell viability assay

The proliferative effect of GE was evaluated by MTT
assay. First, 5 x 103 <! per well were cultured in a
96-well plate and treated with various doses of GE
(1, 5, 10, 15, 20, 25, 50, 75, and 100 uM) after 24 h
of culture. The control groups were received DMSO
only which the concentration was 0.2%. After 24 h of
treatment, cell viability was accessed by MTT assay
according to protocol. For this purpose, the treated
cells were washed with PBS, and then, a fresh medium
in combination with MTT (0.5 mg/mL) was added and
after 4 h, the formazan crystals formed in this process
were dissolved in acidic isopropanol, and finally, the
absorbance was measured at 540 nm. All tests were
done three times independently.

Cell cycle analysis with flow cytometry

Hepal-6 cells were seeded at the density of 5 x 10%/
well in in 24-well plates. After 24 h, the medium was
changed and the cells were treated with or without GE
with indicated concentrations. After treatment times (24, 48
and 72 h), all treated cells were trypsinized with 0.05%
trypsin by which the cells were collected, washed with
cold phosphate-buffered saline (PBS), and resuspended
in binding buffer (1x). Annexin-V-(FITC) and propidium
iodide (PI, Becton-Dickinson, San Diego, CA) were utilized
to staining according to protocol. Finally, the apoptotic
cells were counted by FACScan flow cytometry (Becton
Dickinson, Heidelberg, Germany).

Statistical analysis

The database was setup with the SPSS 16.0 software package
(SPSS Inc., Chicago, Illinois, USA) for analysis. The data were
acquired from three tests and are shown as means + standard
deviations. Statistical comparisons between groups were
performed with ANOVA (one-way ANOVA) and Turkey test.
A significant difference was considered as P < 0.05.
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Results
Effect of genistein on growth of Hepal-6 cells

To investigate the growth inhibitory effect of GrE,
Hepal-6 cells were treated with different concentrations (1, 5,
10, 15, 20, 25, 50, 75, and 100 uM) of GE for 24 h. After
treatment time, cell viability was tested by the MTT assay,
which showed that GE (with all indicated concentrations)
decreased the cell numbers of Hepal-6 cells in a dose- and
time-dependent manner significantly [Figure 1]. The
effective dose of the GE that inhibited 50% of the Hepal-6
cancer cell lines was 20 uM and the maximum inhibition of
cell growth was 52% (P < 0.001) [Figure 2].

Genistein induction of apoptosis

GE induces cell cycle arrest in Hep1-6 cells. Hepal-6 cells
were treated with 20 uM of GE for different time periods
(24, 48, and 72 h). The percentage of apoptotic cells
was also examined by flow cytometry. GE induced cell
cycle arrest in the treated groups versus control in a
time-dependent manner. The percentage of apoptotic
cells was 35, 42, and 65% after 24, 48, and 72 h,
respectively (P < 0.01). The best result (maximal apoptotic
effect) was obtained in the group which treated for 72 h as
shown in Figure 3.

Discussion

A lower incidence of cancer has been reported by
epidemiological studies in Asian people which consume
soy products.l'*] In fact, many studies have reported that
soy product, GE, has anticancer effect in many organs.*!®

Previously, we reported that GE can inhibit proliferation and
induce apoptosis in HCC Hepg2 and PLC/PRF5 cells.['213]
The results of the present study showed that GE inhibits
proliferation and induces apoptosis in HCC Hepal-6 cell
with a dose- and time-dependent manner.

Cell viability %

Control and treated cell groups

Figure 1: Inhibitory effect of genistein on proliferation of Hepa1-6. Hepa1-6
cells were treated with various concentration of genistein (as indicated in
graph). The data are presented as the percentage change compared with
the control group. *P < 0.001, significantly different from the control group
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Figure 2: Antiproliferative effects of genistein (20 pM) on Hep1-6 cells
in different time periods (24, 48, and 72 h). The data are presented as
the percentage change compared with the control group. *P < 0.001,
significantly different from the control group

Similar to our result, antiproliferative and apoptotic effect
of GE has been reported in other tissues and cell lines. This
effect has been shown in colon cancer HT-29 cells,!'” human
breast carcinoma cell line, MDA-MB-435,29) SKBR3, and
ZR751 cells,?'»1 LNCaP and DU-145 human prostate
cancer cell.?3! Further studies have reported that GE
exerts strong anti-invasive effects in vitro.’”) Other studies
have demonstrated separate anti-invasive, antiadhesion,
and antiproliferative effects of GE on other carcinoma cell
lines.B334 These reports are consistent with our result that
revealed GE exerts an apoptotic and antiproliferative effect.
On the other hand, in other reports, the biphasic effect of
GE (proliferative and antiproliferative) was observed. In
human uterine leiomyoma cells, low concentration (<1 mg/
ml) of GE stimulates proliferation.’ GE exerts a biphasic
effect on growth of MCF-7 cells, proliferative effect at
low and antiproliferative effect at high concentrations.?¢]
Similarly, it has been demonstrated that GE has estrogenic
activity and inhibitory effects at a physiological
concentration (10 nM—-20 uUM).F”! in vitro experiment has
been indicated that GE promotes metastasis in advanced
human prostate cancer transplant line.’¥¥ We did not
evaluate the mechanism of apoptotic and antiproliferative
effect of GE in this work.

Conclusions

Our work clearly demonstrated that GE can inhibit cell
proliferation and induce cell apoptosis in human Hepa
1-6 cell line which can provide a new strategy for HCC
treatment.
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Figure 3: Effects of genistein on Hepa1-6 cell apoptosis. The cells were
treated with genistein (20 uM) for 24, 48, and 72 h and the apoptosis
inducing effect of genistein was investigated by flow cytometric analysis
of Hepa1-6 cells stained with Annexin V and propidium iodide. Results
were obtained from three independent experiments and were expressed
as mean * standard error of the mean. P < 0.001
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