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Sulforaphene promotes Bax/Bcl2, MAPK-dependent human gastric 
cancer AGS cells apoptosis and  inhibits migration via EGFR, 
p-ERK1/2 down-regulation
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Abstract. Gastric cancer migration and invasion considered as main causes of this cancer-related 
death around the world. Sulforaphene (4-isothiocyanato-4R-(methylsulfinyl)-1-butene), a structural 
analog of sulforaphane, has been found to exhibit anticancer potential against different cancers. Our 
aim was to investigate whether dietary isothiocyanate sulforaphene (SFE) can promote human gastric 
cancer (AGS) cells apoptosis and inhibit migration. Cells were treated with various concentrations 
of SFE and cell viability, morphology, intracellular ROS, migration and different signaling protein 
expressions were investigated. The results indicate that SFE decreases AGS cell viability and induces 
apoptosis in a dose-dependent manner. Intracellular ROS generation, dose- and time-dependent 
Bax/Bcl2 alteration and signaling proteins like cytochrome c, Casp-3, Casp-8 and PARP-1 higher 
expression demonstrated the SFE-induced apoptotic pathway in AGS cells. Again, SFE induced 
apoptosis also accompanied by the phosphorylation of mitogen-activated protein kinases (MAPKs) 
like JNK and P-38. Moreover, dose-dependent EGFR, p-ERK1/2 down-regulation and cell migration 
inhibition at non-toxic concentration confirms SFE activity in AGS cell migration inhibition. Thus, 
this study demonstrated effective chemotherapeutic potential of SFE by inducing apoptisis as well as 
inhibiting migration and their preliminary mechanism for human gastric cancer management.
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Introduction

A diet containing isothiocyanate (ITC)-rich cruciferous veg-
etables has higher potency against various malignancies, such 
as liver, prostate, ovary, lung, colon and gastrointestinal tract 
carcinoma (Giovannucci et al. 2003; Lam et al. 2009; Powolny 
et al. 2011; Wu et al. 2011; Bosetti et al. 2012; Razis and Noor 
2013; Gupta et al. 2014). ITCs are formed by the hydrolysis 
of precursor glucosinolates by myrosinase enzyme (Fahey et 
al. 2012). Previous studies reported that due to higher ligand 
binding affinity, ITC can easily bind to the specific target in 
the human body and exhibit their efficacy in cellular apop-

tosis against various cancer cells in vitro and in vivo (Mi et al. 
2008). Sulforaphene (4-isothiocyanato-4R-(methylsulfinyl)-
1-butene) is one of the major anticancer agents present in 
radish and structural analog of sulforaphane (Kaur 2009). 
Sulforaphene (SFE) possess antimicrobial and antiviral effects 
along with antioxidative effects in rat carcinogenesis. It can 
not only reduce cancer cell proliferation in a dose-dependent 
manner, but also induce apoptosis in LoVo, HCT-116 and 
HT-29 cancer cells (Barillari et al. 2008; Papi et al. 2008; 
Pocasap et al. 2013). SFE is also reported as one of the most 
potent inhibitor of food-derived heterocyclic amine-induced 
bacterial mutagenesis in TA100 (Kaur 2009). Moreover, the 
toxicity of SFE on normal T-lymphocytes were reported to 
be negligible, which indicates minimum side effects of SFE 
on normal cells (Barillari et al. 2008; Papi et al. 2008).

The incidence of gastric cancer is very high in East Asia, 
including Korea and Japan (Inoue and Tsugane 2005; Leung 
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et al. 2008; Hartgrink et al. 2009). Although chemotherapy 
and surgery have been found to be effective in gastric cancer 
treatment, but the invasion and metastasis of cancer cells 
remain the primary cause of gastric cancer-related death 
(Gotoda et al. 2000). Therefore, it is essential to find out 
a novel anticancer agent which not only induce apoptosis 
in cancer cells, but also inhibit cell proliferation, invasion 
and metastasis without any adverse effect. The extracellular 
signal-regulated kinase (ERK) and epidermal growth factor 
receptor (EGFR) play important roles in cancer cell survival 
and proliferation along with invasion and metastasis. On 
the other hand, down-regulation of Bcl2, up-regulation 
of Bax and other pathway-related proteins are involved in 
apoptotic mechanism. Phosphorylation of c-Jun N-terminal 
kinase (JNK) and P-38 also play important role in cellular 
apoptosis (Choi and Singh 2005; Yan et al. 2011; Avisetti 
et al. 2014).

Our present study designed to investigate dietary isothio-
cyanate SFE-induced cellular apoptosis along with inhibition 
of cancer cell migration in human gastric cancer cells (AGS). 
Cells were treated with various concentrations of SFE and 
dose-dependent apoptosis induction was investigated. Be-
sides this, different signaling proteins were studied to find 
out possible mechanism of apoptosis. We also investigated 
the cell migration inhibition efficacy of SFE. Therefore, this 
study has a broad potential for the management of human 
gastric cancer by inducing apoptosis and inhibiting cell 
migration.

Materials and Methods

Chemicals

S-Sulforaphene was purchased from LKT Laboratories, 
Inc, USA. 3-[4,5-dimethylthiazol-2-yl] -2,5-diphenyl-
tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), 
Hoechst33342, propidium iodide (PI), RIPA buffer, protease 
and phosphatase inhibitors were purchased from Sigma 
(Saint Louis, MO, USA). H2DCF-DA (2’,7’-Dichlorodi-
hydrofluorescein diacetate) was obtained from Invitrogen 
(Eugene, OR, United States). Bradford Reagent was sup-
plied by Bio-Rad (Hercules, CA, USA). Poly (ADP-Ribose) 
polymerase (PARP), casp-3, p-P 38 were purchased from cell 
signaling technology (Beverley, MA, USA). Bax, Bcl2, Cyto-
chrome c, casp-8, EGFR, ERK1/2, p-ERK1/2, JNK, p-JNK 
and β-actin were purchased from Santa Cruz Biotechnology, 
Inc (Santa Cruz, CA, USA).

Preparation of sulforaphene stock solution

50 mg/ml stock solution was prepared by dissolving S-Sul-
foraphene in Dulbecco’s phosphate-buffered saline (DPBS) 

(Welgene, Daegu, South Korea) and stored at –20°C in dark 
condition. Before treatment, SFE was diluted in culture me-
dium according to required specific concentration.

Cell culture

AGS cell was purchased from Korean cell line bank and 
cultured in RPMI media (HyClone, South Logan, UT) sup-
plemented with 10% fetal bovine serum (FBS) (Equitech-Bio 
Inc, Texas) and 1% streptomycin/penicillin (Gibco, BRL). 
The cells maintained at 37°C in a 5% CO2 humidified envi-
ronment. All the cell culture dish was from SPL Life Science 
(Pocheon, South Korea). 

Cytotoxicity assay

AGS cells were inoculated into a  96-well, flat-bottomed 
microplate at a volume of 100 µl (1 × 105 cells/ml) for a sta-
tionary culture and incubated overnight in growth medium 
to allow the cells to adhere the bottom of wells. The media 
was replaced with a  new fresh media and the cells were 
treated with a series of SFE starting from 0 µg/ml to 100 µg/
ml. Treated cells were incubated for 3, 6, 12 and 24 h in 5% 
CO2 at 37°C. After incubation, 50 µl MTT solution (2 mg/
ml) was added to each well. 4 h after incubation in 5% CO2 
at 37°C, media of each well was removed and 150 µl DMSO 
was added to dissolve violet blue crystals. The cytotoxic ef-
fect of SFE on the growth of AGS cells was determined by 
measuring the absorbance at 570 nm using ELISA reader 
(Biochrom, UK).

Microscopic analysis of cell morphology

AGS cells were treated with 2, 3.5, 5.5 μg/ml concentrations 
of SFE and were incubated for 24 h. The concurrent ap-
pearances of the AGS cells, after treatment were observed 
through an inverted microscope (Olympus CK40, Japan). 
The morphology of the control cells and treated cells were 
observed and the photographs were taken. 

Apoptosis assay

To measure the morphological changes of the nuclear 
chromatin inducing apoptosis in AGS cells, Hoechst 33342 
staining was performed. Cells were seeded in 6 well plates 
and treated with 2, 3.5 and 5.5 µg/ml SFE and incubated 
for 24 h in 5% CO2 at 37°C. The cells were incubated with 
Hoechst 33342 (1 µg/ml) for 30 minutes. The stained cells 
were observed to assess the cellular apoptosis using a confo-
cal microscope (Zeiss, 510 Meta, Germany) under equivalent 
set of conditions, respectively. A histogram was prepared 
to compare the percentage of increase of apoptotic cells, in 
different treatment groups.
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Analysis of intracellular ROS generation

To analyze SFE-induced intracellular ROS generation in 
AGS cells after treatment, H2DCF-DA was used as the 
oxidant sensitive fluorescent probe. The cells were treated 
with 2, 3.5 and 5.5 µg/ml SFE as mentioned previously, and 
incubated for 24 h in 5% CO2 at 37°C. 20 µM of H2DCF-DA 
in pre-incubated DPBS was added for 30 minutes at 37°C. 
The relative intensities of green fluorescence in treatment 
samples were measured using a confocal microscope (Zeiss, 
510 Meta, Germany) at 488 nm excitation wavelength under 
equivalent conditions. A histogram was prepared to compare 
relative fluorescence intensities of different treatment groups 
with control group.

Expression of apoptotic pathway related and cell survival 
proteins by Western blot analysis

The expressions of apoptosis signalling and cell migra-
tion proteins were analyzed by Western blot technique. 
AGS cells were treated with 2, 3.5 and 5.5 µg/ml SFE for 
24 h. Then the cells were washed with DPBS twice and the 
proteins were extracted in RIPA buffer (50 mM Tris-HCl, 
pH 8.0, 1% NP-40, 0.5% sodium deoxycholate, 150 mM 
NaCl, and 0.1% sodium dodecyl sulfate with protease and 
phosphatase inhibitor cocktail (Sigma, MO)) and centri-
fuged at 15,000  rpm for 30 minutes at 4°C. The protein 
concentration was determined using the Bradford Protein 
Assay Reagent. Equivalent amounts of protein from each 
sample were loaded onto polyacrylamide gels and separated 
by electrophoresis. Then the proteins were transferred to 
PVDF membranes (Immuno-Blot PVDF, BioRad Labora-
tories, Hercules, USA). Both electrophoresis and blotting 
were performed by using a PowerPac200 electrophoresis 
system (BioRad Laboratories, Hercules, USA). The mem-
branes were then blocked for 2 h at room temperature in 
Tris-buffered saline containing 0.1% Tween-20 and 5% 
BSA. Then membrane was incubated overnight at 4°C 
with the primary antibody diluted with 3% BSA on a mul-
tishaker. The membranes were probed with horseradish 
peroxidase-conjugated anti-mouse IgG, anti-goat IgG or 
anti-rabbit IgG antibody for 2 h. The protein band was 
developed by ECL Western Blotting detection reagents (GE 
Healthcare, Buckinghamshire, UK) and the pictures were 
taken by Kodak in vivo image analyzer (Eastern Kodak, 
Rochester, NY, USA).

Cell migration assay 

The in vitro AGS cells migration inhibition efficacy of 
SFE was investigated according to Liang et al. (2007). 
To investigate this, first 105 cells were grown in 60 mm 
cell culture dishes and allowed upto 70% confluence. 

A  “lesion” was created on the monolayer of cells with 
a p200 pipette tip in each cell culture dish and washed 
with DPBS to remove the debris. Then the culture dishes 
were divided into two groups; control group and SFE 
treatment group. In control group, only fresh media was 
added and in SFE treatment group the cells were treated 
with 1.5 µg/ml SFE in fresh media. From MTT assay at 
1.5 µg/ml, the AGS cell viability was approximately more 
than 90% after 24 h SFE treatment which indicates that 
this concentration of SFE is comparatively non-toxic 
to AGS cells. Then the cells were incubated for 3, 6, 12, 
24 h in 5% CO2 at 37°C. The images of the lesions were 
taken through a  phase-contrast microscope before the 
treatment as well as after 3, 6, 12 and 24 h incubation. The 
distances between one side of the scratch to the other side 
were quantitatively measured by Image J software (NIH, 
USA). The percentage of average cell migration at 3, 6, 
12 and 24 h in both control and SFE-treated groups were 
compared by comparing the distances between one side 
of the “lesion” to the other side with that of pretreatment 
“lesion”. A histogram was prepared to show the percentage 
of AGS cell migration with and without SFE treatment at 
different intervals of time. 

Statistical analysis

All data were expressed as the mean ± SE of three independ-
ent experiments. Differences between control and treated 
groups were analysed using the Newman-Keuls one-way 
ANOVA. * p < 0.05, ** p < 0.01 and *** p < 0.001 were con-
sidered statistically significant.

Results

SFE reduces the viability of AGS cells 

Figure 1A indicates that SFE can inhibit the growth of AGS 
cell in a dose-and time-dependent manner. The MTT assay 
results indicate that percentage of AGS cell viability decreases 
at higher concentrations and different incubation time after 
SFE treatment. Cells treated with SFE for 3 h showed approx. 
98% and 93% cell viabilities at 3.2 µg/ml and 6.75 µg/ml of 
SFE, respectively, whereas at the same concentration, the 
percentages of cell viabilities were approx. 98% and 82% at 
6 h SFE treatment, and approx. 81% and 58% at 12 h treat-
ment, respectively. On the other hand, approx. 75% and 25% 
cells were viable in 24 h of SFE treatment at concentrations 
of 3.2 µg/ml and 6.75 µg/ml, respectively. From the MTT 
assay, 2.0, 3.5 and 5.5 µg/ml of SFE, which showed approx. 
80% to 50% cell viability decrease after 24  h incubation, 
were selected to be used in further experiments as SFE 
concentration.
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SFE changes the morphology of AGS cells 

The morphology of the AGS cell was observed after SFE 
treatment and the cellular morphology was compared with 
control (no SFE treatment) through inverted microscope. 
Microscopic images (Figure 1B) indicate that most of the 
cells were attached to the bottom of the culture flask with 
normal cell morphology in the control. But at higher con-
centration of SFE (3.5, 5.5 μg/ml) treatment, maximum 
number of cells were detached from bottom of the culture 
flask. The morphology of the treated cells was also changed 

into round-shaped compared to the control cells. With the 
increase of SFE concentration, the number of round shaped 
cells increases and started detaching from the bottom of the 
culture flask. At 5.5 μg/ml SFE concentration, maximum cells 
were found to be round shaped. 

SFE induces apoptosis in AGS cells 

Dose-dependent apoptosis and doses selected for further 
experiments of SFE against AGS cell was confirmed by 
staining the cells with Hoechst 33342. Microscopic im-
ages (Figure 2A) demonstrates the shrunken nucleus and 

Figure 1. A. MTT assay of AGS cells treated with a series of SFE 
concentration and incubated for 3, 6, 12 and 24 h. Cell viability 
decreased with increasing concentration of SFE a as well as increas-
ing time interval. B. Inverted microscopic images (magnification 
x10) of AGS cells after treatment with 2, 3.5 and 5.5 µg/ml of SFE 
for 24 h. Control cells show normal cell morphology and as the 
concentration increases cell became round shaped and started to 
detach from the bottom of the culture flask. At 5.5 µg/ml concen-
tration maximum cells were round shaped.

Figure 2. A. Hoechst 33342 staining in AGS cells for control and 
treatment with 2, 3.5 and 5.5 µg/ml of SFE for 24 h. Apoptotic cells 
with bright fluorescence increases with the increase in SFE concen-
tration. The scale bar indicates 100 µm. B. Histogram represents the 
percentage of apoptotic cells in different treatment concentrations. At 
each treatment concentration percentage of apoptotic cells increases 
significantly with respect to control. ** p < 0.01, *** p < 0.001.

A

A

B

B
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fragmented chromatin after SFE treatment. Apoptotic 
cells were found to show bright fluorescence whereas the 
normal cells show lower fluorescence. The fluorescence 
photomicrographs also indicate that upon SFE treatment 
percentage of apoptotic cells were increased. The percent-
age of apoptotic cells in different treatment concentra-
tions were represented by a histogram (Figure 2B). The 
percentage of apoptic cells are much less in 2 µg/ml but 
significantly increases at 3.5 and 5.5 µg/ml of SFE concen-
trations. Maximum cells present at 5.5 µg/ml of SFE were 
found to be apoptotic in nature.

SFE induces apoptosis by generating intracellular ROS

Confocal microscopic images and relative fluorescence 
intensity histogram (Figure 3) indicate that SFE treatment 
generate intracellular ROS in AGS cells. H2DCFDA-derived 
fluorescence intensity was minimal in cells without SFE 
treatment. Althogh at 2 µg/ml concentration, the increase 
of fluroscence intensity is less, significant increase in fluro-
scence intensity was observed at 3.5 and 5.5 µg/ml SFE. 
The fluroscence intensity was found higher in 3.5 µg/ml 
of SFE treatment than other treatment groups. Histogram 
represents relative change in fluorescence levels at different 
concentrations of SFE. 

Dose-and time-dependent modulation of Bax and Bcl2 by 
SFE treatment 

Generation of ROS in cancer cell is also associated with 
Bax up-regulation. So we investigated dose-and time-
dependent Bax and Bcl2 alteration. Western blot analysis 
(Figure 4A) shows a significant time-dependent increase 
in Bax expression and significant decrease in Bcl2 ex-
pression in 0, 3, 6, 12 and 24 h after 5.5 µg/ml SFE treat-
ment, respectively. Significant up-regulation of Bax and 
down-regulation of Bcl2 was observed with maximum at 
24 h of SFE treatment. On the other hand, at 24 hours, 
Bax expression also increases with the increase of SFE 
concentration; the highest expression was observed at 5.5 
µg/ml SFE concentration. Consequently the expression of 
Bcl2 was also down-regulated dose-dependently and at 5.5 
µg/ml of SFE concentration, Bcl2 expression was found 
to be minimal (Figure 4C). Histogram (Figure 4B,D) 
represents relative alteration of Bax and Bcl2 interms of 
band intensity.

SFE treatment modulates apoptotic signaling proteins

SFE treatment modulates apoptotic signaling proteins like 
cyt-c, casp-8, casp-3, and PARP-1 in AGS cells in dose-
dependent manner. Protein expressions in Western blot 
analysis (Figure 4A) show higher expression of cyt-c after 

SFE treatment. Casp-8 and PARP-1 were found to be cleaved 
and expressed highest at 5.5 µg/ml of SFE treatment. Casp-3 
was also found to be up-regulated with the increase of SFE 
treatment. Histogram (Figure 4B) represents relative modu-
lation of cyt-c, cleaved casp-8, casp-3, and cleaved PARP-1 
interms of their band intensity. 

SFE treatment modulates MAPKs for AGS cell apoptosis

SFE treatment also found to be responsible in phosphoryla-
tion of different mitogen-activated protein kinases. Western 
blot analysis showed that the expressions of p-JNK and 

A

B

Figure 3. A. Generation of intracellular ROS after treatment of 3.5 
and 5.5 µg/ml of SFE for 24 h. SFE treatment increases H2DCFDA-
derived fluorescence levels in AGS cells. The scale bar indicates 100 
µm. B. Histogram represents the changes in H2DCFDA-derived 
fluorescence levels at different ceoncentrations of SFE. ** p < 0.01, 
*** p < 0.001.
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Figure 4. A. Western blot analysis for alteration expressions of Bax and Bcl2 after 5.5 µg/ ml SFE treatment in AGS cells for 3, 6, 12 and 
24 h. The expression of Bax increases with time and Bcl2 expression decreases consequently. The highest Bax expression and the lowest 
Bcl2 expression was observed at 24 h. B. Histogram represents the alteration of Bax and Bcl2 expression in different time interval. C. 
Alteration Bax and Bcl2 after treatment with 2, 3.5 and 5.5 µg/ ml of SFE for 24 h. Up-regulation of Bax and consequent down-regulation 
of Bcl2 occurs with the increase of treatment concentration. D. Histogram represents the modulation of Bax and Bcl2 expression at dif-
ferent concentration of SFE after 24 h treatment. ** p < 0.01, *** p < 0.001.

Figure 5. A. Western blot analysis of cyt-3, casp-8, casp-3 and PARP-1 expressions in AGS cells treated with 2, 3.5 and 5.5 µg/ ml of SFE 
for 24 h. Expressions of all the proteins were up-regulated with increasing concentrations of SFE. Higher expression of all the proteins 
was observed at higher treatment concentration. B. Histogram represents relative modulation of cyt-c, cleaved casp-8, cleaved casp-3, 
and cleaved PARP-1 after SFE treatment interms of their band intensity. C. Expressions of JNK, p-JNK and p-P-38 after 24 h treatment of 
2, 3.5 and 5.5µg/ ml of SFE in AGS cells by Western blot. p-JNK and p-P-38 was up-regulated with the increased SFE concentration but 
JNK remained unchanged. D. Histogram of p-JNK and p-P-38 modulation at different concentration of SFE interms of band intensity. 
E. Expressions of ERK1/2, p-ERK1/2 and EGFR after treatment of 2, 3.5 and 5.5 µg/ml of SFE. The p-ERK1/2 and EGFR were found to 
be down-regulated with the increase in SFE concentration. At concentration 5.5 µg/ml of SFE, the expression of these two proteins was 
found to be minimal. The expression of ERK1/2 was observed similar in both control and SFE-treated cells. F. Histogram represents 
significant decrease in p-ERK1/2 and EGFR expression interms of band intensity at different concentration of SFE treatment. * p < 0.05, 
** p < 0.01, *** p < 0.001.
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p-P-38 were up-regulated with SFE treatment (Figure 5C). 
At concentration 5.5 µg/ml of SFE, p-JNK and p-P-38 have 
higher expression than other treatment concentrations. 
Although p-JNK was found to be up-regulated, but total 
JNK remained similar after treatment of SFE. Histograms in 
Figure 5D, represents relative increase in p-JNK and p-P-38 
interms of band intensity after SFE treatment. 

SFE treatment dose dependently down-regulates EGFR and 
p-ERK1/2

Western blot analysis (Figure 5E) indicated that SFE treat-
ment inhibits the phosphorylation of ERK1/2 without affect-
ing total ERK1/2. ERK1/2 expression was observed almost 
similar at all concentrations of SFE, whereas p-ERK1/2 
decreased significantly with the increase of SFE concentra-
tion. Histogram of Western blot band intensity (Figure 5F) 
showed significant decrease in p-ERK1/2 activity at different 
concentrations SFE.

On the othe hand, EGFR protein was also observed to be 
down-regulated in SFE-treated cells by Western blot analysis. 
Figure 5E clearly demonstrated the dose dependency in EGFR 
activity in AGS cells. In control and in 2.0 µg/ml SFE-treated 
cells, the expression of EGFR was found to be higher than in the 
other treatment. In 3.5 and 5.5 µg/ml SFE treatment, the expres-
sion of EGFR decreased significantly. Histogram of Western 
blot band intensity (Figure 5F) also validated the relative de-
crease of EGFR activity at different SFE concentrations.

SFE inhibits the migration of AGS cells in vitro 

SFE treatment was observed to reduce the extent of AGS cell 
migration in all of our experimental time intervals. The cell 
density in the control and individual treatment groups was 
found similar. The differential migration of control and SFE-
treated AGS cells at different time intervals were shown in 
Figure 6. The figures clearly demonstrate that the migrating 
distance of control AGS cells decreased in 0–24 h. But SFE 
treatment showed less migration than the control cells in 
3, 6, and 12 h. However, after 24 h, most of the SFE-treated 
cells were observed to loose their migration property as the 
distance between the “lesion” was much higher whereas in 
control group the lesion was almost complete. Therefore 
SFE treatment found to suppress the migration of AGS cells 
even after at nontoxic SFE concentration compared to the 
control. The histogram in Figure 6 demonstrate that as the 
time increases, the percentage of AGS cells migration in the 
control group significantly increases. But the percentage of 
migration of SFE-treated cells was significantly much less 
than the corresponding control groups. 

Discussion

Efficacy of isothiocyanates as chemotherapeutic agent in 
different cancer cell apoptosis is being discussed for last 
few years. Several compounds of isothiocyanate family 

Figure 6. Microscopic images of cell migration assay at different time intervals. AGS cells were treated with 1.5 µg/ ml of SFE which is 
comparatively non-toxic to AGS cells. The cells were incubated for 3, 6, 12 and 24 h. As the time increases, the control cells migrated 
more into the “lesion” than the corresponding SFE-treated cells. The microscopic images and corresponding histogram represented that 
in control group the percentage of AGS cells migration is significantly much higher than the SFE-treated groups in all the time intervals. 
*** p < 0.001.
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were already reported to have anticancer properties against 
various types of cancer (Zhang 2004; Clarke et al. 2008; Wu 
et al. 2009). Isothiocyanates are also reported to inhibibit 
cell migration and invasion in gastric and other types of 
cancer (Yang et al. 2010; Ho et al. 2011; Yan et al. 2011). 
Sulforaphane is well studied multitargeted cancer prevent-
ing isothiocyanate agaist various types of cancer (Clarke et 
al. 2008). Several studies already reported sulforaphane-
induced apoposis in a wide range of cancer. But anticancer 
potential of SFE, one of the natural analog of sulforaphane, 
has not yet been studied extensively. Due to unsaturation 
in the alkyl chain, SFE reported to have stronger inhibitory 
effect against heterocyclic amines which suggest SFE to be 
a  potential chemopreventive agent (Kaur 2009). Recent 
study demonstrated that sulforaphene can down-regulate 
Hedgehog signaling pathway to reduce breast cancer cell 
migration and invasion (Bao et al. 2014). On the other hand 
sulforaphene also reported to be effecetive against human 
colon cancer via intrinsic signal cascade and Bax/Bcl2 
modulation (Papi et al. 2008). This study is the first to report 
that SFE can induce apoptosis in human gantric cancer cells 
and inhibit cancer cell migration by down-regulating EGFR 
and p-ERK1/2.

From the present study, cytotoxicity assay suggest that SFE 
has dose-and time-dependent AGS cell growth inhibition 
efficacy. Morphological analysis of AGS also indicates the 
increase of apoptotic cells after SFE treatment. When cells 
were stained with Hoechst 33342, the fluorescent intensity 
also increased in SFE-treated cells compared to control cells. 
The percentage of apoptotic cells were found to be increas-
ing with the increase of SFE concentration. These results 
conveyed that SFE treatment inhibits AGS cells growth by 
inducing apoptosis. On the other hand, SFE treatment was 
also found to generate ROS in treated cells. This increase in 
ROS might damage the mitochondrial membrane potential 
and explore the observed higher expression of cyt-c in SFE 
treated cells. From Western blot data SFE treatment was found 
to be effective in Bax activation. Our experimental results 
suggest that SFE treatment is responsible for both time- and 
dose-dependent activation of Bax. On the other hand, Bcl2 
also down-regulates in time- and dose-dependent manner 
after SFE treatment. Extrinsic pathway protein casp-8 and 
downstream protein PARP-1 were found to be cleaved and 
up-regulated during SFE-induced apoptosis. Dose-dependent 
activation of cleaved casp-3 was also observed. SFE treatment 
also found to be responsible for the phosphorylation of stress 

Figure 7. Schematic flow-
diagram representing the 
SFE activity in AGS cells. 
Intracellular ROS generates 
after treatment of SFE which 
activates different apoptotic 
signaling proteins. Pro-ap-
optotic Bax up-regulation 
and anti-apoptotic Bcl2 
down-regulation activates 
mitochondrial apoptotic 
pathway. Intrinsic pathway 
related cytochrome c higher 
expression and casp-3 ac-
tivation leads to AGS cells 
apoptosis. Extrinsic death-
receptor protein casp-8 
was activated and helped 
in cyt  c  release from mito-
chondria to cytosol, casp-3 
activation and thereby in-
duce apoptosis. PARP-1 
also cleaved and activated 
by SFE and indes apoptosis. 
Beside this, phosphoryla-
tion of JNK and P-38 from 
mitogen-activated protein 
kinases (MAPKs) leads to 

Bax/ Bcl2 modulation and AGS cells apoptosis. Moreover, down-regulation EGFR and inhibition of ERK1/2 phosphorylation after SFE 
treatment leads to inhibition of AGS cells proliferation and migration. 
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and cellular damage related MAPKs such as JNK and p-38. 
Dose-dependent up-regulation of p-JNK and p-P-38 was ob-
served in SFE-treated AGS cells. These activated MAPKs also 
help to promote Bax translocation to mitochondria (Tsuruta 
et al. 2004) as well as activate stress-induced mitochondrial 
signaling pathway of apoptosis (Tournier et al. 2000). The ex-
pression of all the apoptotic signalling proteins was observed 
to be increased in higher SFE concentration compared to the 
lower treatment concentration. 

Phosphorylation of ERK1/2 and activation of p-ERK1/2 
is one one of the key factor in cell proliferation, apoptosis 
resistance, and enhanced tumor invasion and metastasis 
(Zhang et al. 2008; Stivarou and Patsavoudi 2015). In our 
experiment, SFE treatment was found to be efficient to 
inhibit the phosphorylation and activation of p-ERK1/2. 
On the othe hand, down-regulation of EGFR protein also 
indicated the SFE activity in reducing gastric cancer cells 
proliferation and migration. Additionally, SFE treatment 
effectively lessen the migration of AGS cell in vitro. The 
reduced cell migration at lower non-toxic SFE concentra-
tion suggested that the inhibition of AGS cell migration 
and further functions. From our results, it can be suggested 
that the inhibition of AGS cell migration after SFE treat-
ment is not only due to the cellular apoptosis but also due 
to the migration inhibition efficacy of SFE. Taken together, 
dose-depent decrease in p-ERK1/2, EGFR activity and 
consequently reduction in cell migration in our experiment 
implies that SFE treatment effectively inhibit gastric can-
cer cell proliferation and migration. A schematic diagram 
(Figure 7) shows that SFE treatment generates intracellular 
ROS and modulates different pathway-related proteins to 
induce AGS cells apoptosis along with down-regulation of 
EGFR protein and inhibition of ERK1/2 phosphorylation 
to inhibit AGS cells proliferation and migration. 

Therefore, this study indicates that dietary isothiocyanate 
SFE plays an important role not only in gastric cancer cell 
apoptosis but also in the inhibition of AGS cell migration. 
However, more in-depth studies including in vivo chemo-
preventive efficacy are needed for the recommendation of 
SFE in future, the current study preliminarily suggests that 
SFE could become a potent alternative treatment modality 
for the management of gastric cancer as well as other cases 
of malignant neoplastic disease. 
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