
Background
Gastric cancer is a malignant carcinoma originated from 
epithelial cells, which is specified by remedial inefficiency 
and poor diagnosis (1). It is the 4th cause of death and the 
2nd cause of cancer-related death in the world (2). Gastric 
cancer is the most frequent cancer among Iranian men 
and the second one among women, and its mortality rate 
is significantly higher than other cancers (3). In the last 
decades, apoptosis and the genes involved in apoptosis 
have been found as important contributors to the cancers 
(4). Caspases, a family of proteolytic enzymes, convey 
signals that lead to apoptosis and are involved in both 
the initiation and execution phases of cell death (5). 
After activation, these enzymes act on specific substrates 
and create biochemical as well as morphological changes 
which are characteristics of apoptotic cells (6). Multiple 
pathological processes are associated with the alteration 
in the activities of different caspases or with the changes 
in the gene expression levels of these enzymes in various 
types of cancers (7,8). 

In spite of conducting extensive investigations into cancer 
and having considerable knowledge about its genomic 
basis, cancer still remains a serious threat to human life 
(9). Current protocols for treatment of the cancers rely 
on the use of synthetic and chemical drugs; due to their 
unpleasant side effects, however, recent studies have been 
mainly focusing on the use of natural products and herbal 
plant-derived medicines. Accordingly, apoptotic and 
cell cycle signaling pathways are considered as specific 
molecular targets for anti-cancer therapy (7,8). Isoflavones 
have been known as compounds with protective effects 
against many diseases such as coronary heart disease as 
well as diabetes mellitus (10,11), and may reduce the risk 
of certain cancers such as prostate (12), colon (13), gastric 
(14), and breast (15) cancers. 

Genistein (4’, 7,5-trihydroxyisoflavone) is a 
phytoestrogen belonging to isoflavones family with 
ability to inhibit angiogenesis and cell proliferation (1,16). 
Inhibitory effects of genistein on prostate (12), cervix 
(17), brain (18), breast (15,19), and colon (13) cancer cell 
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Abstract
Background: Genistein is an isoflavone that has been reported to have various anti-cancer properties. 
Objectives: This study aimed to reveal whether or not the anti-cancer properties of genistein in AGS gastric 
cancer cell line were mediated through caspase-3 enzyme. 
Methods: AGS gastric cancer cells were treated with different concentrations of genistein for 12, 24, and 
48 hours and, then, the viability of the cells and IC50 were determined. To determine the effect of genistein 
on AGS cell migration potency, the wound healing assay was performed. The genistein-induced apoptosis 
in AGS gastric cells was evaluated by flow cytometry. Caspase-3 gene (CASP3) expression level and its 
enzyme activity level were determined by reverse transcription quantitative polymerase chain reaction 
(RT-qPCR) and colorimetric techniques, respectively.
Results: The IC50 value was calculated as 70 µM concentration for 24 hours of incubation with genistein. 
Genistein significantly reduced AGS cell migration compared to the untreated control cells (P < 0.001). 
Genistein increased the early and late apoptosis of the cells (P < 0.001) and upregulated the caspase-3 gene 
expression (P < 0.001), but did not significantly enhance the caspase-3 enzyme activity in treated cells. 
Conclusion: Genistein exhibited anti-cancer effects on AGS cells to some extent by reducing cellular 
migration, increasing apoptosis, and upregulating CASP3 gene expression; however, it did not alter the 
caspse-3 activity. Therefore, it was recommended that more studies should be carried out to delineate the 
role of caspase-3 in health benefits attributed to the genistein. 
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proliferations have been already documented; however, 
the molecular mechanism of genistein action in gastric 
cancer has not been explored yet. Due to the involvement 
of caspase-3 enzyme in apoptosis, it has been hypothesized 
that anti-cancer properties of genistein in AGS gastric cells 
may stem from alteration in caspase-3 expression and/or 
activity. Therefore, the present study aimed to investigate 
the anti-proliferative, anti-migration, and pro-apoptosis 
effects of genistein in AGS gastric cancer cell line, as well 
as to determine the caspase-3 gene (CASP3) expression 
and activity in genistein-exposed cells.

Materials and Methods
Chemicals and Reagents
In order for conducting this experimental study, Roswell 
Park Memorial Institute-1640 medium (RPMI 1640) 
media, fetal bovine serum (FBS), Trypsin-EDTA solution, 
and phosphate buffered saline (PBS) were purchased 
from Life Technologies (Thermo Fisher Scientific, USA); 
whereas genistein, dimethyl sulfoxide (DMSO), penicillin, 
and streptomycin were supplied by Sigma-Aldrich (Sigma 
Co., Steinheim, Germany). Genistein was diluted to 10, 30, 
50, 70 and 90 μM in DMSO and stored in small aliquots at 
-20˚C.

Study Design
In the present study, human AGS cell line was obtained 
from Iranian Cell Culture collection (Pasteur Institute, 
Tehran-Iran). AGS gastric cancer cells were cultured with 
0, 30, 40, 50, 60, 70, 80, 90, or 100 µM concentrations of 
genistein, and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay was used to assess 
cytotoxic the effect of genistein on AGS gastric cancer cells 
as well as to obtain IC50 for evaluating cell proliferation. 
Anti-migration properties were investigated by adopting 
wound healing assay, and flow cytometry was used to 
examine the pro-apoptotic property of genistein. The 
expression level of caspase-3 gene was determined using 
reverse transcription quantitative polymerase chain 
reaction (RT-qPCR), and a colorimetric method was 
employed to assess the enzymatic activity of caspase-3. All 
experiments were carried out in triplicate. 

Cell Culture 
AGS gastric cancer cells were cultivated in a 75-cm2 flask 
containing RPMI 1640 media supplemented with 10% 
FBS, 10 000 U/mL of penicillin and 10 000 μg/mL of 
streptomycin and, then, were incubated at 37oC with 5% 
CO2. Upon the attainment of confluency, the medium was 
aspirated and the cells were washed with PBS. A solution 
of 0.25% Trypsin-EDTA was added to detach the cells 
from culture flask. Cells were then transferred into new 
culture plates for further experiments.

Determination of AGS Cell Proliferation and Viability 
AGS cell viability was determined using MTT assay (20). 
Briefly. 5 × 104 cells were plated in each well of a 96-well 

cell culture plate and incubated for 12, 24, and 48 hours 
with or without different concentrations (0, 30, 40, 50, 60, 
70, 80, 90, or 100 µM) of genistein. Then 10 µL of 5 mg/
mL MTT reagent was added and incubated for 4 hours, 
and the concentration of formazan as a product of cellular 
oxidoreductase on MTT tetrazolium dye was measured at 
570 nm using an ELISA plate reader (Tecan Group Ltd, 
Switzerland). Cell viability was determined based on the 
mean results of triplicate experiments. The inhibitory 
rates (IR) for 0, 30, 40, 50, 60, 70, 80, 90, or 100 µM 
concentrations of genistein at 12, 24, 48, or 72 hours were 
calculated using the following formula: 

%IR = (1 - ODtest/ODcontrol) × 100% 

Forty-eight-hour incubation time showed the highest 
regression, and its correspondent inhibitory rate was 
used to calculate the IC50 (the concentration of genistein 
corresponding to the 50% inhibition in cell growth) based 
on the following equation:

IC50 = (50% - LowIR)/(HighIR - LowIR) × (Highconc - 
Lowconc) + Lowconc

where Lowconc and Highconc are the lowest and the 
highest concentrations of genistein, respectively; and 
LowIR and HighIR represent the lowest and the highest 
inhibitory rates, respectively. The percent of cell viability 
was calculated as the OD ratio of genistein-treated cells to 
the untreated cells. 

Determination of AGS Cell Migration and Metastatic 
Potency 
Wound healing assay was adopted to determine the effects 
of genistein on migration ability of AGS cells. Briefly, cells 
were cultivated into 24-wells plates and allowed to attain 
90% confluency. A 5 mm-size wound scratch was scored in 
each well with a micro pipet tip, and the cells were washed 
with PBS to remove cell debris. The cells were treated 
with 0, 30, 50 and 70 µM of genistein for 24 hours and the 
rehabilitation of scratches was visualized at 0, 3, 6, 9, 12 
and 24 hours under microscope. Images were acquired and 
processed using the ImageJ 1.49 software (http://rsb.info.
nih.gov/ij/). The scratch area was determined at each time 
point, and the widths of the gaps between cultures areas 
were calculated (scratch area/length) and represented as 
micrometer (µm). 

Determination of AGS Cell Apoptosis by Flow Cytometry
Genistein-induced apoptosis in AGS gastric cells was 
evaluated by Dead Cell Apoptosis Kit using YO-PRO®-1 
iodide and propidium iodide (PI) dyes (Invitrogen 
Corporation, USA) according to the manufacturer’s 
instruction. Briefly, cells were plated in 37 mm diameter 
plates (6 well-plate), treated with 0, 30, 50, and 70 µM 
concentration of genistein for 24 hours. Cells were then 
treated with 1 µL YO-PRO®-1 and 1 µL PI, kept chilled on 

http://rsb.info.nih.gov/ij/
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ice for 30 minutes. Finally, the stained cells were analyzed 
using flow cytometry. 

Determination of CASP3 Gene Expression by RT-qPCR
The effect of genistein on CASP3 gene expression in 
AGS cells was determined by RT-qPCR. In sum, total 
RNA was isolated from the cells treated with 0, 50, 
70 and 90 µM genistein (for 24 hours) using RNX-
Plus solution (CinnaGen, Tehran-Iran). The quantity 
of RNA was determined using Nanodrop (Biotech, 
Vermont, USA), while its integrity was assessed using 
1% agarose gel electrophoresis. Allele ID6.0 software 
was used to design caspase-3 gene-specific primers, 
and the specificity of primers was evaluated using 
online Primer-Blast software (https://www.ncbi.nlm.
nih.gov/tools/primer-blast/). Primer sequences were 
as follows: 5’-CAGCACCTGGTTATTATTCT-3’ and 
reverse: 5’-TTGTCGGCATACTGTTTC-3’ for CASP3 
and forward: 5’-GTAACCCGTTGAACCCCATT-3’ 
and reverse: 5’-CCATCCAATCGGTAGTAGCG-3’ 
for 18S-rRNA gene (RNA18S). Complimentary DNA 
(cDNA) was synthesized through reverse transcription 
of 1 µg of total RNA using RevertAidTM. First strand 
cDNA Synthesis kit (Thermo Scientific, Massachusetts-
USA) and quantitative PCR was executed on Bio-Rad 
PCR Thermal Cycler (Bio Rad, California-USA). The 
master mix consisted of one microgram of cDNA, 1 µL of 
each forward and reverse primers, 10 µL of SYBR Green 
master mix (Takara Bio USA Inc, California-USA), and 
adequate amount of DNase/RNase-free water to reach 
20 µL final volume. The amplification was carried out 
in following order: initial denaturation step (95˚C for 30 
seconds) was followed by 35 cycles (95˚C for 5 seconds), 
and annealing (43.2˚C for caspase-3, and 53.2°C for 
18S-rRNA for 30 seconds) as well as extension (72˚C 
for 30 seconds) were followed by a final step at 72˚C for 
10 min to allow complete extension. The 18S-rRNA was 
used as the housekeeping gene, and the expression levels 
were calculated adopting 2-ΔΔCt Livak method and were 
expressed as fold change in gene expression (21). 

Determination of Caspase-3 Activity 
The activity of caspase-3 was determined using caspase-3 
colorimetric assay kit (Abcam®, Cambridge, UK) and 
based on the manufacturer’s protocol. AGS cells were 
cultured in 25 cm2 flask and incubated in the presence 
of different concentration of genistein for 24 hours. The 
cells were trypsinized, washed with ice-chilled PBS and, 
then, homogenized in lysis buffer. The cell lysate was 
centrifuged, and the concentration of total protein was 
assessed in supernatant adopting Bradford method. 
To determine caspase-3 activity, the reaction buffer 
containing dithiothreitol and caspase-3 substrate (DEVD-
pNA) was added to the supernatant and incubated for 2 
hours at 37°C. Detection was carried out at 405 nm using 
a plate reader and measuring chromophore p-nitroaniline 
(p-NA) cleaved from DEVD-pNA. 

Statistical Analysis
Data were analyzed using the Statistical Package for Social 
Sciences version 16 (SPSS Inc., Chicago-USA). One-Way 
ANOVA followed by post hoc Tukey’s test was performed 
for comparing the groups. Results were presented as 
mean ± standard error of mean and P values less than 0.05 
(P < 0.05) was considered as statistical significance. 

Results
Effects of Genistein on AGS Cell Viability and Proliferation
The result of MTT assay showed that the treatment of 
AGS gastric cancer cells with different concentrations of 
genistein for 12, 24 and 48 hours significantly decreased 
the proliferation and cell survival in a dose-dependent 
manner compared with untreated cells (Figure 1). The 
50% inhibition (IC50) was calculated as 68 µM for 24 hours 
treatment (which was set at 70 µM for simplicity).

Effect of Genistein on AGS Cell Apoptosis
To investigate the pro-apoptotic effects of genistein, the flow 
cytometry method was employed. As shown in Figure 2A, 
a marked increase was observed in total apoptosis (early 
and late stages) of genistein-treated cells after 24 hours 
exposure to either 30, 50, or 70 µM concentration. While 
nearly all the untreated control cells remained intact and 
alive, genistein induced early and late stages of apoptosis 
in almost all treated cells. Data analysis also revealed that 
a dose-dependent genistein was effective in increasing 
apoptosis in AGS gastric cancer cells (Figure 2B). 

Effect of Genistein on AGS Cell Migration 
The wound healing assay was performed in order to 
determine the anti-migrative effects of genistein on 
AGS gastric cancer cells. As shown in Figure 3, the 
cells migrated to the scratched area in the absence of 
genistein, and the width of the gap (scratch) was almost 
vanished after 24 hours in untreated control cells. On 
the contrary, the treatment of the cells with genistein 
inhibited their migration and prevented the filling of 
the gap between culture areas. No significant differences 
were observed between control cells and those exposed 
to 30 µM of genistein; however, cells treated with 50 and 
70 µM genistein were found to be significantly different 

Figure 1. The Effect of Genistein on AGS Cell Viability and Proliferation. 
Exposure of AGS cells to different concentration of genistein for 12, 24, and 
48 h decreased cell viability in a dose-dependent manner.

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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from untreated cells due to almost complete inhibition of 
migration. Similar to the stronger anti-migrative effects of 
higher doses of genistein, longer incubation time (24 and 
12 hours) more significantly inhibited the cell migration 
compared with 3, 6, and 9 hours of incubation (Figure 3B), 
confirming both dose-dependent and time-dependent 
anti-migrative effects of genistein. 

Effect of Genistein on CASP3 Gene Expression
AGS cells were exposed to 50, 70, and 90 µM concentrations 
of genistein for 24 h, and the expression of caspase-3 
mRNA was evaluated. Although incubation of the cells 
with 50 µM genistein had no effect on CASP3 gene 
expression, a 1.9- and 2.0-fold increase was observed in 
gene expression (P < 0.05) of the cells after their exposure 
to 70 and 90 µM genistein, respectively, compared with the 

untreated cell (Figure 4). 

Effect of Genistein on Caspase-3 Activity
The caspase-3 activity was determined in order to confirm 
the involvement of caspase-3 pathway in anti-cancer 
potential of genistein. The results showed that caspase-3 
activity was slightly increased in cells treated with 70 and 
90 µM of genistein but this increment was not statistically 
significant, and caspase-3 activity was similar in both 
control and the cells treated with either of 50, 70 and 90 
µM of genistein (Figure 5).

Discussion 
In the last decades, apoptosis and its controlling genes have 
been known to play main roles in carcinogenesis (4). During 
the development of tumors, cancer cells reach the potency 

Figure 2. Effect of Genistein on Apoptosis as Tested by Flow Cytometry. AGS cells exposed to different concentration of genistein for 24 h. A sample flow 
cytometry graph (A) showing (a): control group, (b): 30 µM treated (c): 50 µM and (d): 70 µM. Graph quadrants are Q1: necrosis cells, Q2: late apoptotic cells, 
Q3: early apoptotic cells, and Q4: live cells. The percent of apoptotic cells (B) after treatment with different concentrations of genistein for 24 hours. Data are 
represented as mean ± SEM, and columns with similar alphabets (a, b, c) are significantly different from each other (P < 0.01)



Avicenna J Med Biochem, 2022, Volume 10, Issue 1 17

Effects of Genistein on Caspase-3 Pathway in Gastric Cancer 

of eschewing apoptosis and thereby preserving themselves 
from various apoptotic stimuli (22). Accordingly, the role 
of caspase-3 as key enzyme involved in apoptotic pathway 
has attracted considerable research attention. Even though 
anti-cancer drugs usually target tumor cells by inducing 
apoptosis, it has been demonstrated that most tumors are 
resistant to chemotherapy-induced apoptosis (23). Thus 
recent studies have focused on using new therapeutic 
agents – nutraceutical phytochemicals such as genistein, 
in particular – which have significantly lower cytotoxicity 
compared to chemotherapy medicines but still exhibit 
anti-cancer effects (9).

In this study, the anti-cancer properties of genistein as 
the main soy bean isoflavonoid against AGS gastric cancer 
cells were evaluated. Genistein exhibited cytotoxic effect 
and inhibited cell proliferation and migration. In addition, 
genistein significantly induced early and late apoptosis and 
upregulated CASP3 gene expression. However, alteration in 

caspase-3 enzyme activity was not statistically significant. 
In the present study, the antiproliferative effect of different 

concentrations of genistein on cell growth was detected, 
and the results revealed a dose-dependent, diminished 
proliferation capacity among treated cells. These results 
were consistent with the findings from previous studies 
documenting the anti-proliferative effects of genistein 
in a variety of cancer cells (12,14,19,24-26). Due to the 
effectiveness of genistein in reducing cell proliferation 
and increasing apoptosis, possible molecular mechanism 
of genistein in inducing apoptosis through evoking 
caspase-3 expression and activity was also examined 
in this study. Although the expression of caspase-3 
was increased in genistein-treated cells, its enzyme 
activity was not affected when the cells were exposed to 
genistein. The lack of synchrony in changes in caspase-3 
gene expression and enzyme activity had been already 
reported by previous studies indicating the upregulation 

Figure 3. Wound Healing Assay to Assess Effect of Genistein on AGS Cell Migration. AGS cells were treated with 0, 50, 70 and 90 μM genistein, and wound track 
was scored in each culture area. Then images from wound track were captured at 0, 3, 6, 9, 12 and 24 hours. (A) a sample culture image from treatment of the 
cells with different concentrations and (B) the wound closure percent in culture area as analyzed by one-way ANOVA to compare differences among groups. As 
for each column, the letters b and c show significant differences (P < 0.01 and P < 0.001, respectively) compared to untreated cells. 
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of CASP3 gene expression (27), increase in its activity 
(28), or lack of effect on either gene expression or enzyme 
activity in cancerous cells (25,29). Since regulation of gene 
expression in eukaryotic cells may occur at different stages 
including transcription, heterogeneous mRNA processing, 
transportation of mRNA to cytoplasm, translation, post-
translational modification, and attainment of proper 3D 
structure, the upregulation in gene expression does not 
always necessarily result in direct increase in protein level 
or enzyme activity. 

This inconsistency in the results might have been due to 
the involvement of the mechanisms other than caspase-3. 
Mitochondrial-dependent apoptotic pathway is regulated 
by pro-apoptotic Bax and anti-apoptotic Bcl-2 proteins, 
and any imbalance in the ratio of Bcl-2/Bax activates 
caspase-3, 6, and 7 enzymes and leads to apoptosis (7,30). 
Therefore, the apoptotic effect of genistein might also be 
mediated by caspases other than caspase-3, namely by 
caspase-6 and 7. In addition, genistein has been shown 
to block cell cycle as well as to cause cell cycle arrest and 
inhibition of proliferation independent from the caspase-3 
pathway. There is convincing evidence that an exposure 
to genistein is able to arrest HepG2 cell in G2/M phase by 
inhibiting and dephosphorylation of cell cycle regulatory 
proteins (31) or down-regulation of cyclin D1 gene 

expression level in human gastric carcinoma cells (32). 
Thus, the dose and time-dependent effects of genistein 
on reducing cell proliferation and growth could be 
independent from caspase pathway. Moreover, autophagy 
is one of the cancer cell death mechanisms that could 
be influenced by genistein (33), as observed in the cases 
where the decrease of breast MCF-7 cancer cell survival 
occurs through inducing autophagy in the presence of 
genistein without any changes in caspase-3, 7, and 9 gene 
expressions (25). 

In our study, therefore, it was postulated that genistein 
inhibited cell proliferation and induced apoptosis through 
various pathways by virtue of its ability to arrest cell cycle, 
alter Bcl-2/Bax ratio, and upregulate expression or increase 
caspase-3 enzyme activity. However, caspase-3 pathway 
might not have been the only important cause of cell cycle 
arrest and apoptosis in a short-term 24 hours incubation. 

Conclusion
It was concluded that the potential health benefits 
attributed to genistein were mediated by multifaceted 
pathways. It was also found that genistein strongly 
inhibited cell proliferation, declined cell migration ability, 
and induced apoptosis; due to its miscellaneous potential, 
however, it was recommended that further studies should 
be carried out to identify the underlying mechanisms of 
genistein’s anti-cancer property.
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