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INTRODUCTION

Hepatocellular carcinoma  (HCC), malignant hepatoma, 
is primary cancer of hepatocytes, main cell type of liver.[1] 
This disease account for 85–90% of liver cancer and its 
survival is 6–20 months.[2] HCC is considered as the eighth 
most frequently diagnosed cancer worldwide, and the third 
most frequent cause of cancer death[3] and annually causes 
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ABSTRACT
Background: Natural compounds including flavonoids like genistein (GE) are able to inhibit cell 
proliferation and induce apoptosis. GE is the main representative of these groups. GE inhibits 
carcinogenic tumors such as colon, stomach, lung, and pancreas tumors. The aim of the present 
study was to analyze the apoptotic effect of GE in the hepatocellular carcinoma (HCC) PLC/PRF5 
cell line.
Methods: Cells were treated with various doses of GE (1, 5, 10, 25, 50, 75, and 100 µM/L) 
at different times (24, 48, and 72 h) and the MTT assay was commonly used. Furthermore, 
cells were treated with single dose of GE (25 µM) at different times and flow cytometry was 
performed.
Results: GE inhibited the growth of liver cancer cells significantly with a time‑ and dose‑dependent 
manner. The percentage of living cells in GE treatment groups with a concentration of 25 µM 
at different times were 53, 48 and 47%, respectively  (P  <  0.001). Result of flow cytometry 
demonstrated that GE at a 25 µM concentration induces apoptosis significantly in a 
time‑dependent manner. The percentage of apoptotic cells at different times were 44, 56, and 
60%, respectively (P < 0.001).
Conclusions: GE can significantly inhibit the growth of HCC cells and plays a significant role in 
apoptosis of this cell line.
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about  600/000  death.[4] It is clinically asymptomatic until 
advanced stage and has a poor prognosis, low survival and 
high rate of recurrence.[5] The disease has not uniformly 
distribution.[6] There are three geographical areas including 
low, moderate, and high recurrence areas.[7] More than 
80% of the cases have been reported in South Africa and 
West Asia.[8] The incidence of the disease is moderate in 
France, Germany and Great Britain and low prevalence 
in North and South America and North Europe.[6] There 
are large geographical correlation between the incidence 
of the disease and hepatitis B. Many factors such as age 
and sex can affect the prevalence of the disease[9] and 
morbidity of the men is more than the woman.[8] HCC is 
the sixth most common cancer in men and the eleventh 
most common cancer in women.[3] Cirrhosis is the final 
stage of chronic diffuse liver disease[10] which in 5% of 
patients lead to HCC.

The main causes of cirrhosis are alcohol, hepatitis B, and 
hepatitis C. Infection with HBV and HCV are the major 
risk factors of this disease.[11] Other risk factors include 
alcohol, tobacco, obesity, diabetes mellitus, inherited 
and metabolic disease. Among all natural compounds, 
flavonoids with anticancer activity have pharmacological 
activities such as antioxidant, anti‑mutagenic, 
anti‑bacterial, anti‑angiogenic and anti‑inflammatory 
effects. These compounds are often found in cereals 
such as soybeans and soybean products. Genistein  (GE), 
a hydroxyisoflavone with a heterocyclic and diphenolic 
structure similar to estrogen, is the main representative 
of these groups.[12]

Genistein inhibits carcinogenic tumors such as colon, 
stomach, lung, and pancreas tumors (Andres et al., 2011). 
Ovarian cancer, breast, and prostate cancer in Asian 
countries where soy foods are high is lower than in 
Western countries[13] and also consumption of soya foods 
is associated with reduced risk of HCC. It is important 
to note that 30–40% of cancers are because of dietary 
choices[14,15] which are preventable by consumption of 
suitable fruits, soybean, and vegetables appropriate 
diets.[15,16] Natural compounds including flavonoids 
such as quercetin,[17] resveratrol, epigallocatechin 
gallate, lycopene, ursolic acid, isothiocyanates, perillyl 
alcohol,[18] and curcumin are able to inhibit cell 
proliferation and induce apoptosis. Other natural 
compounds with anticancer effect are apigenin, GE, and 
daidzein.[19] Quercetin has an antiproliferative effect on 
colon carcinoma  (HCT‑116 and HT‑29) and mammary 
adenocarcinoma (MCF‑7) cell lines[20,21] and also apigenin 
inhibits proliferation in MCF‑7 cells and HL‑60 cells.[22,23] 
GE has a preventive effect on breast cancer. GE induces 
apoptosis and inhibits growth of human leukemic 
MOLT‑4 and HL‑60  cells.[24,25] Numerous studies 
have demonstrated that intake of high flavonoids diet 
decreases colon cancer and breast cancer[26‑28] and GE 
induces apoptosis in human pro‑myelocytic HL‑60 

leukemic cells, prostate cancer  (PCa, LNCGP, DU‑145, 
PC‑3) cells, and H‑460 nonsmall lung cancer cells in a 
dose‑dependent manner.[29‑31] It has been indicated that 
soy isoflavones  (GE, genistein, daidzein, and biochanin 
A) inhibit growth of murine  (MB‑49 and MBT‑2) and 
human  (HT‑1376, UM‑UC‑3, RT‑4, J‑82 and TCCSUP) 
bladder cancer cell lines in a dose‑dependent manner. 
Epidemiological studies have shown that prostate 
cancers in Asians is lower than Americans because of 
consumption of soy products.[32‑35] More than 100 studies 
have indicated that GE has an inhibitory effect on various 
cancers such as melanoma, lung, leukemia, lymphoma, 
and bladder cancer.[36]

Apoptosis, programmed cell death and vital 
component of various processes, is characterized by 
distinct morphological changes that occur during 
apoptosis  (Hacker, 2000) including shrinkage and 
pyknosis  (chromatin condensation). During the process 
of apoptosis, plasma membrane blebbing occurs followed 
by karyorrhexis and separation of cell fragments into 
apoptotic bodies during a process called “budding” which 
these bodies consist of cytoplasm with packed organelles 
with or without a nuclear fragment.[37]

However, GE compound are obtained from vegetables, 
fruits, spices, teas, herbs, and medicinal plants, such 
as flavonoids, carotenoids, phenolic compounds, and 
terpenoids which high intake of these natural compounds 
decrease risk of human malignancies, including colon, 
breast, lung, laryngeal, pancreatic, bladder, stomach, 
esophageal, and oral cancers.[38,39]

Finally, epidemiological and experimental studies 
demonstrated that GE has a significant role in the 
prevention of cancers like breast cancer, prostate cancer, 
colon cancer, leukemia, melanoma, etc.[40] but only 
limited data are available to demonstrate the effects of 
GE on HCC cell lines such as Bel 7402  cells, herein, a 
study has reported that GE significantly inhibits the 
growth of Bel 7402  cells and induces apoptosis in this 
cell line but there isn’t any report about effect of GE on 
PLC/PRF5 cell line, therefore, we decided to investigate 
apoptotic effect of GE on PLC/PRF5 cell line.[41]

METHODS

Human HCC cells  (PLC/PRF5) were purchased from 
the National Cell Bank of Iran‑Pasteur Institute. 
GE, Dulbecco minimal essential medium (DMEM) 
and MTT (3‑[4,5‑dimethyl‑2‑thiazolyl]‑2,5‑diphenyl 
‑2H‑tetrazolium bromide) were purchased from Sigma 
(Sigma, St. Louis, MO, USA). All other chemicals were 
obtained from the best sources available.

Cell culture
The cells were cultured in DMEM with pH  7.2-7.4 
(Sigma) containing 1% sodium pyruvate (sigma), 
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3.7 mg/ml sodium bicarbonate (Sigma), 10% fetal bovine 
serum (sigma) and 1% antibiotics which include 10,000 
units/ml penicillin G sodium  (sigma), 10,000 µg/ml 
streptomycin sulfate and 25 µg/ml amphotericin B (sigma) 
at 37°C in 5% CO2 to promote attachment. When cells 
became > 80% confluent, 5 × 105 cells were seeded into 
24‑well plates  (Becton‑Dickinson) for 24  h in DMEM 
culture medium before they were incubated with certain 
concentrations of GE (1, 5, 10, 25, 50, 75, and 100 µM/L), 
which was dissolved in dimethyl sulfoxide  (DMSO); 
DMSO was present at 0.01-0.3% in the medium based on 
IC50 index, at different times  (24, 48, and 72  h). The 
control cells were treated with DMSO only. Photography 
was done for cultures before and after treatment with GE 
at different times using inverted microscope  (Nikon, TE 
2000‑U, Japan).

Determination of IC50 value by MTT assay
The effect of GE on cellular proliferation was assessed 
by MTT assay according to standard protocols. After 24, 
48, and 72  h of the treatment, the IC50 value for GE in 
PLC/PRF5 groups were determined. The MTT assay was 
commonly used to assess cell proliferation and viability by 
measuring the reduction of yellow MTT by mitochondrial 
dehydrogenases in viable cells. Briefly, 5  ×  105 Cells were 
counted and placed into each well of a 24‑well microplate 
and were treated with various drug concentrations (1, 5, 10, 
25, 50, 75, and 100 µM/L) of GE for 24, 48, and 72 h and the 
MTT survival assay was then carried out for the evaluation 
of the cell viability with different drug concentrations. The 
cells were measured spectrophotometrically at 570  nm. 
All experiments were repeated 3  times, with at least three 
measurements (triplicates).

Determination of cell viability by MTT assay
To determine the effect of GE, the cells were seeded 
in triplicate in 24‑well plates and treated with GE at a 
concentration of 25 µM in different period times (24, 48, 
and 72  h). Cell viability was estimated by a colorimetric 
assay based on the conversion of tetrazolium dye (MTT) 
to a blue formazan product. The absorbance of the 
cell lysates in DMSO solution was read at 570  nm by a 
microplate reader (Bio‑Rad Hercules, CA, USA).

Determination of apoptotic cells by flow 
cytometry assay
The cells were seeded in 24‑well plates. After 24  h, 
the medium was changed, and medium contains 
GE  (25 µM) was added. After 24.48 and 72  h of 
incubation, all the adherent cells were collected with 
0.05% trypsin, washed with cold phosphate‑buffered 
saline  (PBS) and resuspended in binding buffer  (×1). 
After addition of Annexin V‑FITC and propidium 
iodide  (PI, Becton‑Dickinson, San Diego, CA, USA), 
analysis was carried out according to the manufacturer’s 
protocol  (BMS500F1/100CE AnnexinV‑FITC, eBiscience, 
USA). Finally, the apoptotic cells were counted by 

FACScan flow cytometry  (Becton Dickinson, Heidelberg, 
Germany). All experiments were processed independently 
three times. A minimum of 5 × 105 cell/ml were analyzed 
for each sample.

RESULTS

Result of determination of IC50 by MTT assay
Cell vitality in the human HCC cell line was analyzed 
using the MTT assay as described previously. The result 
of MTT assay indicated that GE inhibits the growth of 
liver cancer cells significantly in all treatment groups 
except the control group  (P  <  0.02)  [Figure  1]. The 
IC50s value for PLC/PRF5  cells were 25 μM of GE 
at different time periods. According to Figure  1, the 
percentage of living cells in treatment groups (24, 48, and 
72 h) at a concentration of 25 µM were 51, 49, and 47%, 
respectively (P < 0.001). The effect of GE was dose‑ and 
time‑dependent. This experiment was repeated three 
times for each group.

Result of determination of cell viability by MTT 
assay
The cell vitality in the cells treated with GE at a 
concentration of 25 µM in different time periods was 
analyzed using the MTT assay. The amounts of reduced 
MTT in the all groups treated with GE were significantly 
lower than that of the control group (P < 0.001) and also in 
the 72 h treatment group than that of the other experiment 
groups (P < 0.001) but there isn’t any significant difference 
between 48 and 72  h treatment groups (P  <  0.25). The 
percentage of living cells in treatment groups  (24, 48, and 
72 h) were 53%, 48%, 47%, respectively, at a concentration 
of 25 µM of GE. This experiment was repeated three times 
for each group [Figure 2].

Figure 1: Effect of genistein (GE) on PLC/PRF5 human hepatocellular 
carcinoma cell proliferation. Cells were seeded in 24-well plates and 
allowed to attach overnight and then were treated with GE (1, 5, 10, 
25, 50, 75, 100 µm/L) for 24, 48, and 72 h. Cell survival was determined 
by the MTT assay. Data are presented as mean ± standard error 
of the mean from at least three different experiments. Asterisks 
(*) indicate significant differences between treated cells and the 
control group. *P < 0.002 as compared to the control
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Result of determination of apoptotic cells by flow 
cytometry
The cells were treated with 25 μM concentration of GE 
for different times  (24, 48 and 72  h). Flow cytometry 
was performed to observe the apoptotic cells which had 
been visualized using Annexin V‑FITC and/or PI staining. 
Flow cytometry analysis indicated that GE at 25 µM 
concentration induces apoptosis in hepatocellular cancer 
cells in a time‑dependent manner  (P  <  0.001). The 
amount of apoptotic cells was significantly increased in all 
three groups, but an apoptotic cell in the 72‑h treatment 
group was more significant  [Figure  3]. Percentage of 
apoptotic cells at different time periods (24, 48, and 72 h) 
were 44, 56, and 60%, respectively. Apoptotic effects were 
not observed in DMSO group.

DISCUSSION

Hepatocellular carcinoma is the most common primary 
malignancy of the liver and the eighth human cancer. 
The disease is a major complication of liver cirrhosis, and 
its growth rate is related to the prevalence of risk factors 
for chronic liver disease. In general, this disease due to a 
delay in diagnosis has weak pathogenesis.[1‑3] The disease 

Figure 2: Effect of genistein (GE) at a concentration of 25 µm on 
cell viability of PLC/PRF5 cells. The effect of GE on the viability of 
PLC/PRF5 cells was determined by MTT assay at different time 
periods. Mean values from the three experiments ± standard error 
of the mean are shown. Asterisks (*) indicate significant differences 
between treated cells and the control group (*P, **P ***P < 0.001) 
but there isn’t any significant difference between 48 and 72 h 
treatment groups (P < 0.25)

Figure 3: Effects of genistein (GE) on PLC/PRF5 cell apoptosis. The cells were treated with GE (25 μM) for 24, 48 and 72 h and the apoptosis-
inducing effect of GE was investigated by flow cytometric analysis of PLC/PRF5 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, n = 3. (a) 24 
h; (b) 48 h; (c) 72 h
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involves different molecular pathways that can affect the 
biological and etiologic behavior of the tumor.[4]

Genistein is a plant‑derived estrogen‑like compound. 
The precursor of this bioactive component derived from 
soy products, grains, nuts, and berries which becomes 
hormone‑like compounds with estrogenic activity by 
intestinal bacteria.[42] The plant‑derived estrogens have 
similar activity to beta‑estradiol. It is well known that 
estrogen is involved in various types of cancer such as 
ovarian, prostate, breast, endometrial and colorectal 
cancers through different mechanisms that central to 
these mechanisms is the estrogen receptor (ER) to which 
estrogen bind.[43]

Our study clearly indicated that GE has a significant 
inhibitory effect on the growth of liver cancer cells 
and induces apoptosis in this cell line with a dose‑  and 
time‑dependent manner.

Similarly, the same conclusion was reached by other 
researchers in other cancers; Chang KL et  al., reported 
that GE inhibits proliferation and induces apoptosis in 
human prostate cancer[44] and also isoflavones inhibit 
growth of HT‑29 and colo320 cell. Furthermore, other 
investigators reported that GE inhibits the growth of 
HCT 116  cells with a dose‑dependent manner. This 
compound inhibits the growth of breast cancer cell lines 
ADA/MB231, MCF‑7 and HBL‑100 too.[45] Peterson 
and Barnes reported that high concentration of GE  (50 
or 100 µM) inhibits ER‑positive breast cancer cell 
growth in the human  (Peterson and Barnes 1991, 1996; 
Pagliacci et  al. 1994; Chen et  al. 2003). Many studies 
have shown that GE induces apoptosis at 50-100 µM 
concentrations (Pagliacci et al. 1994; 2003).

Lee et  al. reported that GE can inhibit metastasis of 
cancer cells  (Lee JY et al., 2012).[13] On the other hand, 
Zhang et  al. and Chen et  al. reported that consumption 
of foods rich in soy can reduce the incidence of ovarian 
cancer. The cancer rates are lower in the women with 
a high intake of GE  (Zhang et  al., 2004) which is 
agreement with the Myung’s research that reported that 
Phytoestrogens reduce the risk of hormone‑dependent 
tumors  (Myung et  al., 2009). Several other studies have 
demonstrated the inhibitory effect of GE on prostate 
cancer cells.[44,46,47] This compound with a concentration 
of 25 µM or higher concentration inhibits prostatic 
cancer cells.

These findings confirm our data obviously, but many 
studies have reported proliferative effects of GE that is 
opposite of our finding; it has been reported that GE 
induces apoptosis in the prostatic cancer LAPC‑4  cells 
but has biphasic effect in the LNCap cell line. In fact, 
this compound has proliferative effect with physiological 
concentration  (<10 µM) and inhibitory response 
with high concentration  (25 or more than 25 µM).[48] 

Similar studies also have shown that a low dose of GE 
(3.7 µM) has a proliferative effect on human intestinal 
cells and inhibitory effect with 26-111 µM concentration. 
Moreover, it stimulates cell growth with  <3.7 µM 
concentration in IEC18 cell line[39] and also stimulates 
cell growth in the ER‑positive MCF‑7 breast carcinoma 
cells with concentrations of 1 nM to 10 µM/L.[49]

It has demonstrated that estrogen has proliferative effect 
on human WRO, FRO, and ARO thyroid carcinoma cells 
and induces breast and uterus cancer development.[43,45] 
Collectively, GE induces significant growth with a low 
concentration  (1 µM) and significant inhibition with 
a high concentration  (25-100 µM). With regard to the 
estrogenic effect of GE, this compound probably acts 
through epigenetic mechanism although the mechanism 
is not fully understood.

The mechanism of estrogenic effects of GE is not fully 
understood although many pathways have been reported; 
Kim EJ et  al.  reported that GE inhibits proliferation 
and induces apoptosis in colon cancer cells  (HT‑29) by 
inhibition of insulin‑like growth factor‑1 receptor and the 
PI3k/AKT pathway,[50] also including the involvement of 
the MAPK pathway[51] which includes ERK‑1/2 and AKT 
as key regulators.[52] It should be noted that isoflavones 
inhibit the growth of HT‑29 and colo320 cell at the G2/M 
phase via this mechanism.[53] Other investigators reported 
that GE acts through ER  (Setchell et  al. 2005; Setchell 
and Clerici 2010, Barnes et al. 1996).[54] Chen et al. have 
shown that GE inhibits growth via ER which in response 
to 50-100 µM concentrations stops cell growth in the 
G2/M phase  (Chen et  al. 2003). This means that high 
concentrations of GE  (>25 µM) inhibits ER‑positive 
breast cancer cell growth. Similarly, Pike et  al. also 
reported that phytoestrogens act as natural selective ER 
modulators, depending on the tissue and the presence 
of coregulator proteins  (Pike et  al., 1999). Besides, 
many studies have revealed that GE inhibits growth and 
proliferation of P47D breast cancer cells through signaling 
molecules associated with ER  (ERK1/2, p90RSK, JNK, 
Akt, and NFκB) depending on the concentration.[55] 
Other investigators have reported that 90% of ovarian 
cancers arise from the epithelial layer which express 
ERα  (Lee JY et al 2012).[13] In ovarian cancer, GE 
causes the cell cycle arrest at the G2/M phase. Some 
researchers have reported the relationship between GE 
and Bcl‑2 family  (Banerjee et  al., 2008; Kyle et  al., 1997; 
Spinozzi et al., 1994). This family is the most well‑known 
apoptosis proteins which divided into apoptotic  (Bcl‑xL 
and Bcl‑2) and pro‑apoptotic (Bax, Bak, and Bad) groups. 
GE also induces apoptosis by inhibiting the NF‑κB and 
Akt signaling pathways  (Brunet et  al., 1999; Cardone 
et  al., 1998; Van Antwerp et  al., 1996; Wu et  al., 1996). 
Furthermore, tyrosine kinase inhibitor is one of the other 
mechanisms by which GE has an inhibitory effect on the 
growth of prostate cancer cells via ER.
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In summary, the research about effects of GE on HCC is 
rare, a recent study has shown that GE  (108 M) induces 
apoptosis in Hep3B cells were cultured in serum‑free 
medium for 6 or 24  h but there is not any report about 
PLC/PRF5 cell, therefore, we selected this cell line 
and treated with GE  (25 µM). However, based on data 
from many investigators, as mentioned above, GE is a 
plant‑derived estrogen‑like compound with estrogenic 
activity and biphasic effects that acts through ER.[56] It 
is important to note that GE had an apoptotic effect 
based on our data while other studies have reported that 
its effect is biphasic  (inhibitory and stimulatory effects). 
ER acts as a tumor suppressor gene, and GE can increase 
expression of ER by molecular mechanisms related to 
apoptosis probably epigenetic pathways are involved in 
this process which need more researches. We did not 
perform enzyme activity assay related to methylation 
and histone modifications and also enzyme immunoassay 
related to protein levels, but we will perform in next 
researches and also further researches are needed to 
determine the clinical applications of GE.

CONCLUSIONS

Our findings suggest that GE may be a potent 
antiestrogenic compound and can effectively inhibit 
growth and induce apoptosis in PLC/PRF5 HCC cells. 
In future studies, the mechanisms and pathways of 
antiestrogenic effects of GE should be evaluated.
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