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Inhibitory effects of genistein in combination with gefitinib
on the hepatocellular carcinoma Hep3B cell line

YONGXI TONG!*, MINGSHAN WANG'", HAIJUN HUANG!, JIAJIE ZHANG',
YICHENG HUANG!, YINGJUN CHEN? and HONGYING PAN!

1Department of Infectious Diseases, Zhejiang Provincial People's Hospital, Hangzhou, Zhejiang 310014;

2Department of Infectious Diseases, Tiantai People's Hospital of Zhejiang Province, Taizhou, Zhejiang 317200, PR. China

Received June 1, 2018; Accepted July 8, 2019

DOI: 10.3892/etm.2019.8027

Abstract. Combination therapy is an important method
for treating advanced hepatocellular carcinoma (HCC).
Gefitinib is an epidermal growth factor receptor (EGFR)
inhibitor, which has profound effects on HCC. The purpose
of the present study was to investigate the effects of genis-
tein in combination with gefitinib on the proliferation and
apoptosis of HCC cells and the associated mechanism. Cell
counting kit-8 assay was performed to calculate the IC;,
values and cytotoxicity, whilst flow cytometry was used to
assess cell apoptosis. Protein expression was detected using
western blot analysis. The ICy, of genistein and gefitinib on
Hep3B cells were calculated to be 128.078 and 13.657 uM,
respectively. Genistein in combination with gefitinib
significantly inhibited cell viability, promoted apoptosis and
reduced EGFR, vascular endothelial growth factor receptor
and platelet-derived growth factor receptor phosphoryla-
tion. Genistein in combination with gefitinib promoted
the expression of cleaved caspase-3 and cleaved poly
ADP-ribose polymerase. In addition, combined treatment of
genistein and gefitinib strongly inhibited the activation of the
Akt/Erk/mTOR signaling pathway. In conclusion, findings
from the present study suggest that genistein in combination
with gefitinib inhibit HCC cell proliferation and promote
apoptosis by inhibiting the Akt/Erk/mTOR pathway.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies (1). HCC has the fifth highest incidence and the
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third highest mortality of all malignancies worldwide (1,2),
leading to >600,000 deaths annually (3). However, effective
treatment for HCC remains elusive (4).

Liver resection and transplantation are currently the
primary methods for treating HCC (5). However, due to
unobservable symptoms in the early stages of HCC patho-
genesis, most patients are diagnosed with HCC in the
advanced stages (4). Surgical intervention for advanced HCC
is not effective and chemotherapy is the only therapeutic
option (6). However, traditional chemotherapeutic agents,
including cisplatin, doxorubicin and fluorouracil, produce
unsatisfactory outcomes, adverse side effects and drug resis-
tance (6). With the emergence of targeted drugs such as small
molecule kinase inhibitors, considerable progress has been
made in the treatment of HCC (7). For patients with HCC,
where surgery is not recommended, palliative treatment
using sorafenib is currently the only clinical solution (8).
However, since some patients with HCC also exhibit insen-
sitivity or resistance to sorafenib, other chemotherapeutic
options are required (8).

Gefitinib is a small molecule inhibitor of epidermal
growth factor receptor (EGFR) (9). As a transmembrane
protein, EGFR can induce cell proliferation by phos-
phorylating mitogen-activated protein kinase (MAPK),
Akt and JNK (10-12). Previous studies have confirmed that
increased expression of EGFR is an important feature to
the occurrence and development of HCC. In particular,
Schiffer et al (13) has found that gefitinib inhibited hepa-
toma cell proliferation, however, any further mechanism
remains unclear.

Genistein, also known as 5,7.4'-trihydroxyisoflavone, is an
isoflavone originally found in Glycine max (14), which has
demonstrated the potential to reduce the risk of developing
liver, lung and breast cancer (15). In hepatoma cells, a previous
study has found that genistein treatment inhibited proliferation
whilst promoting apoptosis (16) and inhibited EGFR activa-
tion (17). However, to the best of our knowledge, no study on
the combined effects of gefitinib and genistein on liver cancer
has been conducted.

Therefore, the purpose of the present study was to inves-
tigate the effect of gefitinib and genistein on the physiology
of hepatocellular carcinoma cells and to investigate the
mechanism by testing the Akt/Erk/mTOR pathway.
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Materials and methods

Cell culture. The HCC cell line Hep3B was purchased
from American Type Culture Collection (cat. no. ATCC®
HB-8064). The cells were cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum (FBS) and
100 U/ml of penicillin-streptomycin maintained in a humidi-
fied atmosphere at 37°C under 5% CO,. RPMI 1640, FBS and
penicillin-streptomycin were purchased from Gibco (Thermo
Fisher Scientific, Inc.). Hep3B cells (5x10° cells/well) were
cultured with different concentrations of genistein (10, 20,
40, 80 and 160 uM; cat. no. G0272; Tokyo Chemical Industry
Development Co., Ltd.) or gefitinib (1, 2.5, 5, 10 and 20 uM,;
cat. no. S1025, Selleck Chemicals) for 48 h at 37°C, in order
to calculate the ICs, values. Hep3B cells were cultured in the
presence of PBS (control group), 120 #M genistein (genistein
group), 12 uM gefitinib (gefitinib group) and 127.6 uM
genistein + 9.8 uM gefitinib (combination group) at 37°C, with
the inhibition of cell growth analyzed at 0, 12, 24, 36, 48, 60
and 72 h for each group.

Cell cytotoxicity assay. Cell viability (5x10° cells/well)
treated with genistein (10, 20, 40, 80 and 160 xM) or gefitinib
(1,2.5,5, 10 and 20 uM) for 48 h at 37°C was detected by
using cell counting kit-8 (CCK-8) assay (Beyotime Institute
of Biotechnology). Diluted CCK-8 reagent was added and
cultured at 37°C in a humidified atmosphere under 5% CO, for
4 h. Optical density in each well at 450 nm was subsequently
measured using a microplate reader (ELx800™; Omega
Bio-Tek, Inc.). The cellular proliferation inhibition rates were
calculated as: (1-OD/OD, ) x100%.

Flow cytometry assay. After the treatment of 120 M genistein
(genistein group), 12 uM gefitinib (gefitinib group) or 127.6 uM
genistein + 9.8 uM gefitinib (combination group) and culturing
for 72 h (5x10° cells/well), cell apoptosis was measured
using BD Pharmingen™ PE Annexin V-FITC/PI Apoptosis
Detection Kit I (BD Biosciences) according to manufacturer's
protocol. The samples were incubated at room temperature in
the dark for 10 min. BD FACSCalibur™ Flow Cytometer and
BD FACStation™ Software v6.1 x (BD Biosciences) was used
to analyze cell apoptosis.

Western blot analysis. Cells were lysed using NP40 lysis buffer
(Beyotime Institute of Biotechnology). The supernatant was
collected by centrifuging the cell lysate at 10,000 x g at 4°C for
15 min. Bicinchoninic acid assay was used to determine the
protein concentration. The proteins (20 pg/lane) were sepa-
rated using 10% SDS-PAGE followed by transfer onto PVDF
membranes. The membranes were blocked with 5% fat-free
milk, diluted in PBS, at room temperature for 2 h prior to incu-
bation with primary antibodies against anti-pro-caspase-3,
(1:800, cat. no. ab13847), anti-cleaved-caspase-3 (1:600; cat.
no. ab49822), anti-cleaved-poly ADP ribose polymerase
(cleaved-PARP; 1:700; cat. no. ab32064), anti-EGFR (1:2,000;
cat. no. ab32562), anti-platelet-derived growth factor a (PDGF;
1:500; cat. no. ab38562), anti-pan-Akt (Akt; 1:800; cat.
no. ab8805), anti-phospho-pan-Akt (phospho T308; p-Akt;
1:800, cat. no. ab38449), anti-Erk1/2 (1:800, cat. no. ab54230),
anti-p-Erk1/2 (1:600; cat. no. ab201015), anti-mTOR (1:800;
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cat. no. ab2732) or anti-p-mTOR (1:600; cat. no. ab109268)
at 4°C overnight. All primary antibodies were purchased
from Abcam. The membranes were subsequently incubated
with goat anti-mouse IgG (1:8,000; cat. no. ab6785; Abcam),
rabbit anti-mouse IgG, (1:9,000; cat. no. ab99697; Abcam),
mouse anti-rabbit IgG (1:7,000; cat. no. BA1034; Invitrogen;
Thermo Fisher Scientific, Inc.) and donkey anti-rabbit IgG
(1:5,000; cat. no. NL0O04; R&D Systems, Inc.) secondary
antibodies at room temperature for 1.5 h. Protein bands were
visualized using BeyoECLMoon ECL reagent (Beyotime
Institute of Biotechnology) and Quantity One v4.6.2 (Bio-Rad
Laboratories, Inc.) quantitative analysis software.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted using TRIzol (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol and quanti-
fied using a NanoDrop spectrometer (Thermo Fisher
Scientific, Inc.). RNA was reverse transcribed into cDNA
at 42°C for 30 min and 85°C for 5 min, using the iScript™
cDNA Synthesis kit (Bio-Rad Laboratories, Inc.) according
to the manufacturer's protocol. qPCR was then performed
using FastStart Universal SYBR® Green Master kit (Roche
Diagnostics) in the ABI StepOne system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) according to manufacturers'
protocols. Each reaction system was prepared as follows:
cDNA template, 2.5 pl; forward primers (10 uM), 1 ul; reverse
primers (10 gM), 1 ul; 2X SYBR® Green master mix, 10 pl
and ddH,0, 5.5 ul. The following thermocycling conditions
were used for the qPCR: Initial denaturation for 2 min at 95°C;
40 cycles of 15 sec at 95°C, 25 sec at 60°C and 60 sec at 72°C.
Expression levels were quantified using the 2244 method with
GAPDH as the internal reference (18). The list of primers used
for this study is included in Table I.

Statistical analysis. Data are presented as the mean + standard
deviation. Statistical analysis was performed using SPSS
20 software (IBM Corp.). One-way ANOVA followed by
Tukey's multiple comparisons post hoc test was performed to
analyze differences between experimental groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

IC;, determination of genistein and gefitinib. By measuring
Hep3B cell cytotoxicity under different concentrations of
genistein and gefitinib after 48 h, the ICs, values of genistein
and gefitinib were calculated to be 127.603 and 9.818 uM,
respectively (Fig. 1A and B). These concentrations were
therefore used for subsequent experiments.

Apoptosis of Hep3B cells induced by genistein and gefitinib.
Comparing the cytotoxicity (killing the cells) of the control,
genistein, gefitinib and combination groups over a 72-h time
course, it was found that the cytotoxicity in the combination
group was the highest (Fig. 2A). Flow cytometry was applied
to detect the apoptosis of the control, genistein, gefitinib, and
combination groups, after cells were cultured for 72 h. The
apoptosis in the genistein alone and gefitinib alone groups
were significantly higher compared with that in the control
group, whereas that of the combination group was the highest
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Table I. Sequences of primers used for reverse transcription-quantitative PCR.

Primer sequence (5'-3')

Primer name Forward

Reverse

EGFR AACACCCTGGTCTGGAAGTACG TCGTTGGACAGCCTTCAAGACC
PDGF GAGGAAGCCGAGATGCCCC TGCTGTGGATCTGACTTCGAG
GAPDH AGTATGACTCCACTCACGGC CACCAGTAGACTCCACGACA

EGFR, epidermal growth factor receptor; PDGF, platelet-derived growth factor.
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Figure 1. Inhibitory effect of different concentrations of genistein and gefitinib on Hep3B cells after 48 h. (A) CCK-8 assay was used to measure the cytotox-
icity rates of Hep3B cells under different concentrations of genistein. The ICy, of genistein was calculated to be 127.603 ymol/I. (B) CCK-8 assay was used to
measure the cytotoxicity of HEP3B cells at different concentrations of gefitinib. The ICy, of gefitinib was calculated to be 9.818 ymol/l. CCK-8, cell counting

kit-8. "P<0.05 and “P<0.01 vs. cell cytotoxicity at 0 h.

compared with the other three groups (Fig. 2B). This suggests
that genistein in combination with gefitinib enhanced hep3b
cell apoptosis.

Effects of genistein and gefitinib on the activity of
EGFR, PDGF, and the expression of proteins associated
with apoptosis. Expression levels of pro-caspase-3,
cleaved-caspase-3, cleaved-PARP, EGFR and PDGF were
detected using western blot analysis. The expression levels of
pro-caspase-3 protein was significantly reduced in the genistein
alone and gefitinib alone groups, whilst the protein expression
levels of cleaved-caspase-3 and cleaved-PARP were signifi-
cantly increased compared with the control group (Fig. 3A-D).
When genistein and gefitinib were combined together, these
observed effects on the expression of proteins associated with
apoptosis were significantly enhanced compared with when
either drug was used alone (Fig. 3A-D).

RT-qPCR and western blotting results revealed that either
genistein or gefitinib treatment alone significantly down-
regulated the expression of EGFR and PDGF mRNA and
protein, which was significantly enhanced by the combined
addition of genistein and gefitinib (Fig. 3E-I). This suggest
that that the enhanced effects of genistein in combination
with gefitinib were achieved by inhibiting EGFR and PDGF

expression and promoting the expression of pro-apoptotic
proteins.

Effects of genistein and gefitinib on the Akt/Erk/mTOR
pathway. Treatment with genistein alone, gefitinib alone
or both in combination did not have statistically significant
effects on the expression of total Akt, Erk and mTOR proteins
(Fig. 4A-D). However, Akt, Erk and mTOR phosphorylation
levels were significantly lower in genistein or gefitimib alone
group, compared with control group. In addition, Akt, Erk
and mTOR phosphorylation levels were significantly lower
in the combination group compared with control, genistein
or gefitinib alone, while Akt, Erk and Mtor phosphorylation
levels were significantly lower in genistein or gefitinib groups
compared with control group (Fig. 4A-D). These results suggest
that genistein in combination with gefitinib can significantly
reduce the Akt/Erk/mTOR pathway activity.

Discussion

Gefitinib is a small-molecule antitumor drug that can selec-
tively inhibit EGFR and inhibit tumor cell proliferation to
promote apoptosis (19). Indeed, gefitinib has demonstrated
a high efficacy in treating lung and gastric cancer (20,21).
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Figure 2. Effects of genistein and gefitinib on the proliferation and apoptosis of HEP3B cells. (A) Rates of cytotoxicity in response to ICs, concentrations of
genistein alone, gefitinib alone and the two combined were determined using cell counting kit-8 assay. (B) Apoptosis in response to ICs, concentrations of
genistein alone, gefitinib alone and the two combined was determined using flow cytometry. “P<0.01 vs. control; “P<0.05 vs. genistein group; "P<0.05 vs.
gefitinib group. FITC, fluorescein isothiocyanate; PI, propidium iodide. ICs,, half maximal inhibitory concentration.

A recent study has shown that gefitinib exhibited inhibitory
effects on HCC (22). By contrast, genistein is an isoflavone
compound and an inhibitor of tyrosine protein kinase
(TPK) (14). Studies have shown that inhibiting TPK activity
using genistein prevented EGFR-mediated receptor autophos-
phorylation and mitotic signal transduction (23,24). Genistein
has been studied in various malignancies, including breast,
lung and prostate cancer (25-27). However, only a limited
number of studies have been conducted on the treatment of
genistein on HCC.

The occurrence and development of HCC is closely associ-
ated with the abnormal expression of a number of proteins. In
particular, one study has confirmed that the overexpression of
EGFR was associated with the occurrence and development of
liver cancer (28), where higher levels of EGFR expression were
associated with poorer prognosis and higher recurrence rates
in poorly differentiated HCC (29). Combination therapy is the
most important method for treating advanced HCC (30), and
to the best of our knowledge, there is currently no study inves-
tigating the effects of genistein in combination with gefitinib
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Figure 3. Effects of Genistein and Gefitinib on proteins associated with apoptosis, EGFR and PDGF. (A) Western blot analysis was performed to assess protein
expression levels of (B) pro-caspase-3, (C) cleaved-caspase-3 and (D) cleaved-PARP proteins in the genistein alone, gefitinib alone and combination groups.
Reverse transcription-quantitative PCR was used to measure mRNA expression levels of (E) EGFR and (F) PDGF in genistein alone, gefitinib alone and
combination groups. (G) Western blotting was used to measure protein expression levels of (H) EGFR and (I) PDGF in genistein alone, gefitinib alone and
combination groups. "P<0.05 and “P<0.01 vs. control; “P<0.05 and *P<0.01 vs. genistein group; "P<0.05 and "*P<0.01 vs. gefitinib group. EGFR, epidermal
growth factor receptor; PDGF, platelet-derived growth factor; PARP, poly (ADP ribose) polymerase.

on HCC. Therefore, in the present study the effect of genistein
combined with gefitinib on the proliferation and apoptosis of
the HCC cell line Hep3B was investigated. Both drugs signifi-
cantly inhibited Hep3B cell viability and promoted apoptosis,
and these effects were enhanced when these drugs were used
in combination. These results suggest that combined genistein
and gefitinib treatment exerted increased anti-proliferative
and pro-apoptotic effects, compared with genistein or gefi-
tinib alone. In addition, a previous study has also shown that
combined genistein and gefitinib treatment enhanced the effect
of growth inhibition and apoptosis on non-small cell lung
cancer, where the strongest synergistic effect was observed at
low concentrations (31).

To explore the role of genistein in combination with gefi-
tinib in cell proliferation and apoptosis further the expression
levels of proteins associated with apoptosis, EGFR and PDGF,
were determined. The caspase protein family serves important
roles in apoptosis. Caspase-3 is the activator of apoptosis where
it can enzymatically cleave PARP (32). Downstream, PARP
is a multifunctional post-translational modification enzyme
that recognizes structurally damaged DNA fragments. PARP

cleavage by caspase-3 increases cell instability and promotes
apoptosis (32,33). The results of the present study revealed that
genistein in combination with gefitinib displayed the strongest
effect on the activation of caspase-3 and PARP compared
with the other three groups tested, which caused PARP to
lose its enzymatic activity and promote apoptosis. EGFR and
PDGF have been demonstrated to promote the division of
epithelial cells and proliferation of liver cancer cells (34-36).
The present study demonstrated that the expression levels
of EGFR and PDGF in the combination group were signifi-
cantly lower compared with genistein and gefitinib groups
alone. Previous studies have found that gefitinib inhibited
proliferation by suppressing EGFR (37) whereas genistein has
also been demonstrated to inhibit EGFR and PDGF in tumor
cells (38,39). These results suggest that genistein promoted the
effects of gefitinib by inhibiting the expression of EGFR and
PDGEF.

The downstream mechanism by which genistein in
combination with gefitinib inhibited HCC Hep3B cell growth
was subsequently explored by assessing the Akt/Erk/mTOR
pathway. Gefitinib and genistein have been previously
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Figure 4. Effects of genistein and gefitinib on the Akt/Erk/mTOR pathway in Hep3B cells using western blot analysis. (A) Representative blots displaying
the expression levels of Akt, p-Akt, Erk, p-Erk, mTOR and p-mTOR proteins. Quantified data of (B) Akt and p-Akt, (C) Erk and p-Erk and (D) mTOR and
p-mTOR protein expression in genistein alone, gefitinib alone and combination groups. “P<0.05 and “P<0.01 vs. control; “/P<0.01 vs. genistein group; “*P<0.01

vs. gefitinib group. p-, phosphorylated.

observed to act on EGFR, where the PI3K/Akt/mTOR
and MAPK signaling pathways were the most important
signal transduction pathways downstream of EGFR (40.,41).
Therefore, the effects of genistein and gefitinib on the
Akt/Erk/mTOR signaling were investigated in the current
study. Total Akt, Erk and mTOR protein levels remained
relatively stable in all treatment groups; however, their
phosphorylation levels decreased significantly. The levels of
p-Akt, p-Erk, and p-mTOR in the combination group were
significantly lower compared with genistein or gefitinib alone.
Akt, alternatively known as protein kinase B, is an important
downstream molecule of PI3K and serves an important role
in the regulation of cell growth, proliferation, survival and
glucose metabolism. Akt can modulate mTOR either directly
or through Erk (42,43). mTOR is a type of serine/threonine
kinase and activated mTOR promotes the phosphorylation
of substrates S6 kinase (S6K) and 4E binding protein 1 (42).
As both substrates are key regulators of protein translation,
their phosphorylation leads to the initiation and increase
in ribosomal protein synthesis. When mTOR activation is
inhibited, cells undergo cell cycle arrest at the G1 phase and
apoptosis (44). Previous studies have shown that genistein
and gefitinib inhibited cell proliferation by reducing mTOR
phosphorylation in cervical cancer cells and breast cancer

cells (45,46). The present study suggested that the combination
of genistein and gefitinib synergistically exerted anti-prolif-
erative and pro-apoptotic effects by inhibiting the activation
of the Akt/Erk/mTOR pathway. Indeed, the Akt-mTOR-p70
S6K pathway has been reported to be overactivated and may
serve as a potential target in HCC therapy (47). Therefore,
p70S6K activity may also have been inhibited in this study. In
addition, a previous study has shown that the Akt/Erk/mTOR
pathway was associated with cell autophagy in cancer
cells (12). Therefore, it would be beneficial to investigate the
effect of genistein and gefitinib on HCC cell autophagy in the
future. Genistein has been reported to exhibit multi-targeted
biological and molecular effects on cancer cells (15), and the
specific inhibition of tyrosine-specific protein kinases is one
of the best documented (14). Therefore, it would be of interest
to validate the mechanism in which genistein acts to enhance
the antitumor effects of gefitinib.

In conclusion, genistein in combination with gefitinib
could synergistically inhibit HCC cell proliferation and
promote apoptosis, in a more powerful manner compared
with either applied alone. Such a phenomenon may be associ-
ated with the inhibition of the Akt/Erk/mTOR pathway. The
present study provides support for the clinical application of
genistein-gefitinib combination treatment on HCC.
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