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Propyl isothiocyanate induces apoptosis in gastric cancer
cells by oxidative stress via glutathione depletion
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Abstract. Isothiocyanates are a group of compounds that exist in
the majority of cruciferous plants. A number of isothiocyanates
have been demonstrated to exhibit anticancer effects; however,
antitumor properties of propyl isothiocyanate (PITC) have not
been evaluated previously. In this study, the possible effects of
PITC on gastric cancer (GC) cells were investigated, and the
potential underlying mechanisms were explored. The results
demonstrated that PITC inhibited cell viability of two GC cell
lines and induced cell cycle arrest and apoptosis. Treatment
with PITC promoted total glutathione depletion in GC cell
lines, leading to reactive oxygen species accumulation and DNA
damage, which activated the mitochondria-dependent and p53
signaling pathways to trigger apoptosis in GC cells. The effects
of PITC were reversed by N-Acetyl-L-cysteine. The results of
the present study revealed the potential mechanisms of PITC
on apoptosis induction in GC cells, which may be mediated by
mitochondria-dependent apoptosis and DNA damage.

Introduction

Gastric cancer (GC) is the second most common cause of
cancer-associated mortality and the second most common
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type of malignancy in China (1). Although the nationwide
incidence and mortality rates of gastric cancer in China have
decreased in recent years, with an incidence rate of 10.79%
and a mortality rate of 12.8% in 2014 (2), it remains a major
public health problem. Due to the high rate of recurrence or
metastasis, the 5-year survival rate of GC is only 5-20% (3).
Chemotherapy before or after a surgical resection is a crucial
adjuvant treatment for advanced GC, providing a method
to expand patients' lifetime (4). In the last several decades,
new methods have been sought to improve the prognosis
of advanced GC, whereas the standard interventions have
not been changed. Therefore, novel pharmaceuticals are
urgently needed to improve the outcomes of patients with
advanced GC.

Propyl isothiocyanate (PITC) is one of the natural
isothiocyanates (ITCs) with the characteristic chemical group
-N=C=S (Fig. 1A). Natural ITCs are generally the hydroly-
sates of glucosinolates (GLS), which are innocuous and widely
exist in cruciferous plants (5). While GLS are non-toxic, ITCs
exert toxicity by interacting with thiol- and amine-groups
in peptides and proteins (6), exhibiting a wide spectrum of
bioactivities, including anticancer properties (7). Glutathione
(GSH) and several mitochondrial proteins, such as ATP
synthase (Complex I), cytochrome ¢ oxidase (Complex IV)
and thioredoxin-dependent peroxide reductase have been
identified as potential ITC targets, the inhibition of which may
lead to reactive oxygen species (ROS) accumulation (8-10).
Certain ITCs, such as sulforaphane, allyl ITC (AITC), benzyl
ITC and phenethyl ITC have been demonstrated to effectively
inhibit cell proliferation and induce apoptosis of multiple
types of cancer cells (11-14). However, no detailed studies have
investigated the bioactivity of PITC in vitro and in vivo. In
the present study, the anti-neoplastic activity of PITC in GC
cell lines (MGC-803 and HGC-27) was investigated to provide
insight into the molecular mechanisms involved, which may
be the experimental evidence for using PITC as a new natural
anti-cancer medicine for GC.

Materials and methods

Drugs and antibodies. PITC and dimethyl sulfoxide
(DMSO) were purchased from Sigma-Aldrich; Merck KGaA.
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N-acetyl-L-cysteine (NAC) was purchased from Beyotime
Institute of Biotechnology. PITC was dissolved in DMSO to
prepare stock solutions for in vitro assays and stored at -20°C.
Cells in the control groups were treated with vehicle at an
equal volume. To minimize toxicity, DMSO concentration
was >0.1% for cell culture. Anti-poly-ADP-ribose polymerase
(PARP; catalog no. 9542; 1:1,000), anti-cleaved caspase-3
(catalog no. 9662; 1:1,000), anti-cleaved caspase-9 (catalog
no. 9502; 1:1,000), anti-GAPDH (catalog no. 5174; 1:1,000),
anti-cytochrome c (Cyt c; catalog no. 4272; 1:1,000), anti-p53
(catalog no. 2527; 1:1,000) and anti-phosphorylated p53
(p-p53; catalog no. 2521; 1:1,000) antibodies were purchased
from Cell Signaling Technology, Inc. Anti-cyclin Al antibody
(catalog no. ab118897; 1:1,000) was obtained from Abcam, Inc.
Antibodies against Bcl-2 (catalog no. A2845; 1:1,000), Bax
(catalog no. A0207; 1:1,000) and B-tubulin (catalog no. AC008;
1:1,000 for western blot analysis and 1:400 for immunofluores-
cence assay) were purchased from ABclonal Biotech Co., Ltd.

Cells and cell culture. Human GC MGC-803 and HGC-27
cell lines were purchased from the Shanghai Institute of
Cell Biology, Chinese Academy of Sciences, and cultured in
RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.) and 100 pg/ml streptomycin and 100 U/ml
penicillin (HyClone; GE Healthcare Life Sciences) in a 37°C
incubator with a humidified atmosphere and 5% CO,.

Cellviability assay. The effects of PITC on GC cells were eval-
uated by Cell Counting Kit-8 [CCK-8; Yeasen Biotechnology
(Shanghai) Co., Ltd.]. Prior to treatment, MGC-803 and
HGC-27 cells were plated in 96-well plates with 1,500 cells
per well and incubated at 37°C overnight. MGC-803 cells were
treated with PITC at concentrations of 0, 50, 100, 150, 200
and 250 uM, whereas HGC-27 cells were treated with PITC
at 0, 20, 30, 40, 50 and 60 uM for 24, 48 and 72 h at 37°C.
CCK-8 working solution was prepared with 10 1 CCK-8 solu-
tion and 100 ul culture medium; culture medium was replaced
with 100 ul working solution in each well and incubated for
2 h at 37°C. The absorbance at 450 nm was measured by a
microplate reader (Bio-Rad Laboratories, Inc.).

Colony formation assay. A total of 500 cells/well were
seeded in 6-well plates and treated with PITC (0, 50, 100 and
150 uM for MGC-803; 0, 20, 40 and 60 M for HGC-27) for
48 h at 37°C and allowed to form colonies in fresh medium
for 10 days. During this time, culture medium was refreshed
every three days. Subsequently, the plates were washed gently
with PBS and fixed with 4% paraformaldehyde for 15 min and
stained with 0.1% crystal violet (Sigma-Aldrich) for 15 min at
room temperature. PBS was used to remove the excess crystal
violet, and images of the plates were captured. Colonies with
=50 cells were counted.

Apoptosis assay. FITC Annexin V Apoptosis Detection Kit
I (BD Biosciences) was used to detect apoptosis according
to the manufacturer's instructions. MGC-803 and HGC-27
cells were plated in 6-well plates with 8x10* cells per well
and treated with PITC for 48 h at 37°C following adherence.
Floating and adherent cells were collected and resuspended in
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100 g binding buffer which containing 5 ul FITC-conjugated
annexin-V and 5 ul propidium iodide (PI), then incubated for
15 min at room temperature. After which, 400 ul binding
buffer was added to the suspension and then immediately
analyzed by flow cytometry (BD Biosciences).

Cell cycle analysis. MGC-803 and HGC-27 cells were treated
with PITC at different concentrations for 48 h. The cells were
harvested, washed with cold PBS and fixed with cold 70%
ethanol at -20°C overnight. Each sample contained ~2x10° cells
was washed with cold PBS, resuspended in 250 ul staining
solution containing 10 mg/ml of RNase and 1 mg/ml prop-
idium iodide (Sigma-Aldrich; Merck KGaA) and incubated at
37°C for 30 min in the dark. Cell cycle of all samples was
analyzed by flow cytometry (BD Biosciences).

Intracellular reactive oxygen species detection. A ROS
Assay kit (Beyotime Institute of Biotechnology) was used to
determine the level of intracellular ROS. Considering that
the production of ROS must be earlier than the presence of
cell apoptosis and cell cycle arrest, 24 h was selected as the
treatment time in this assay. MGC-803 and HGC-27 cells were
seeded in 6-well plates at a density of 8x10* cells per well and
treated with PITC (0, 50 and 150 M for MGC-803; 0, 20 and
60 uM for HGC-27) for 24 h at 37°C. The following steps were
performed according to the manufacturer's protocol. Briefly,
adherent cells were washed with PBS, and each well was incu-
bated with 1 ml 10 mM dichloro-dihydro-fluorescein diacetate
(DCFH-DA) at 37°C for 25 min. The wells were washed
three times with serum-free RPMI-1640 medium. The ROS
in situ was observed under a fluorescence microscope (Leica
Microsystems, Inc).

To evaluate the intracellular ROS with flow cytometry,
the cells were collected by trypsinization prior to incubation
with DCFH-DA. Samples were agitated every 3 min during
incubation and immediately analyzed by flow cytometry.

Comet assay. The comet assay, also known as single cell
gel electrophoresis (SCGE), was performed according to the
protocol described by Speit et al (15) with minor modifica-
tions. Briefly, following 24 h treatment with PITC, MGC-803
and HGC-27 cells were harvested and washed with PBS, and
cell viability was determined by trypan blue. After incubation
with trypan blue for 5 min at room temperature, the cells were
counted under light microscope and living cells were those
without being stained by trypan blue. A sample with <5%
dead cells was considered acceptable. Normal melting agarose
(1%) was prepared to form the bottom layer of the gel. The
following steps were performed in the dark. A total of 10 ul
cell suspensions containing 1x10* cells were mixed with 90 ul
0.5% low melting point agarose and distributed on slides.
Following solidification, cells were lysed in cold, freshly made
lysing solution (2.5 M NaCl, 0.1 M EDTA, 0.01 M Tris, 1%
Triton X-100, 10% DMSO, pH=10) at 4°C for 1.5 h. The slides
were placed in an electrophoresis tank filled with electropho-
resis buffer (0.001 M Na,EDTA, 0.3 M NaOH, pH=13) for
20 min, and electrophoresis was performed for 25 min at 25 V
in an ice bath. The slides were set in a neutralization buffer
for 15 min at room temperature, which was replaced for every
5 min. 4',6-diamidino-2-phenylindole (Beyotime Institute of
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Biotechnology) was used as a nucleic acid stain to identify
the DNA tracks. The comets were magnified 100 times and
detected with a fluorescence microscope and Leica Application
Suite software (version 4.2, Leica Microsystems, Inc.). For
each slide, five fields were counted and each experiment was
performed in triplicate.

Intracellular GSH/glutathione disulfide (GSSG) level
detection. GSH and GSSG Assay kit (catalog no. S0053;
Beyotime Institute of Biotechnology) was used to detect
the level of GSH/GSSG in MGC-803 and HGC-27 cells.
Following treatment with PITC (0, 50 and 150 uM for
MGC-803; 0, 20 and 60 M for HGC-27) for 12 h at 37°C,
the cells were harvested and counted. Cells were transferred
to new tubes to ensure equal the cell numbers in each group
and washed with PBS. The protein removal solution was used
to resuspend cells. The tubes were placed in liquid nitrogen
and 37°C water twice for fast freezing and thawing to split the
cell membrane and subsequently placed in 4°C for 5 min and
centrifuged at 10,000 x g at 4°C for 10 min. The supernatants
were collected to detect the amount of total (t)GSH. GSH and
GSSG Assay kit (Beyotime Institute of Biotechnology) was
used to detect tGSH following the manufacturer's instructions.
Briefly, GSH assay working solution and samples were added
to 96-well plates and incubated at room temperature for 5 min;
reduced nicotinamide adenine dinucleotide phosphate was
added into the reactive system and incubated for 25 min at
room temperature. Absorbance at 412 nm was measured by a
microplate reader.

Cellular immunofluorescence staining. Cellular immunofluo-
rescence staining was conducted to detect the expression of
B-Tubulin. A total of 4x10* of MGC-803 and HGC-27 cells
were seeded in 12-well plates, which were previously laid with
sterile cover glasses and cultured for 24 h at 37°C until the
cells adhered to the glass slides. The cells were then treated
with PITC (60 xM), DMSO or PITC (60 #M) and NAC (5§ M)
respectively for 12 h at 37°C. Cold 4% paraformaldehyde was
used to fix cells at 4°C for 20 min, 0.2% Triton-X was used to
perforate cell membrane for 10 min, and cells were blocked
with 1% bovine serum albumin (Gibco; Thermo Fisher
Scientific, Inc.) for 1 h at room temperature. Subsequently,
cells were incubated with antibody against 3-tubulin (1:200)
at 4°C overnight. Following incubation with the primary
antibodies, cells were then incubated with donkey anti-rabbit
IgG HRP-conjugated fluorescent secondary antibody (1:200;
catalog no. 34206ES60; Yeasen Biotechnology, Co., Ltd.) for
30 min and the nuclei were stained with DAPI for 5 min at
room temperature. Finally, the expression and morphology of
B-tubulin were detected by fluorescence microscopy at x400
magnification.

Western blot analysis. Cells were treated with PITC at various
concentrations for 24 h (0, 50, 100 and 150 yM for MGC-803;
0, 20, 40 and 60 uM for HGC-27) and washed twice with cold
PBS prior to protein extraction. Radio Immunoprecipitation
Assay (RIPA) buffer (Beyotime Institute of Biotechnology)
containing 1% protease inhibitor cocktail (Beyotime Institute
of Biotechnology) was used to lyse cells, which were then
removed from the dishes and continued to be lysed on ice
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for 30 min. The extractions were centrifuged at 14,000 x g
at 4°C for 15 min, and the concentration was determined by
a bicinchoninic acid (BCA) assay kit (Beyotime Institute of
Biotechnology) according to the manufacturer's instructions.
Western blot analysis was conducted to detect the expression
of proteins as previously described (16). Briefly, an equal
amount (10 pg) of proteins was separated by SDS-PAGE
(10% gel) and transferred to PVDF membranes. Subsequently,
the PVDF membranes were blocked with 5% skimmed milk
and probed with primary antibodies against PARP, 3-tubulin,
p-53, p-p53, cleaved caspase-9, cleaved caspase-3, Bcl-2, Bax,
cyclin Al and Cyt ¢ (1:1,000) at 4°C overnight and further
incubated with HRP-conjugated secondary antibodies at room
temperature for 1 h. The bands were visualized by chemilu-
minescence (EMD Millipore) and Image J software (version
1.48; National Institues of Health) was used to quantify the
densitometric values of the detected bands. GAPDH was used
as an endogenous control.

Statistical analysis. All values are presented as the mean + SD
and were analyzed using GraphPad Prism 5 (GraphPad
Software, Inc.) and IBM SPSS Statistics 24 (IBM Corp.).
Student's t-test was used to compare the differences between
two groups, and multiple comparisons of means were
conducted using one-way analysis of variance with Tukey's
Honestly Significant Difference. P<0.05 was considered to
indicate a statistically significant difference.

Results

PITC inhibits GC cell proliferation and viability. Cell
proliferation and viability were analyzed using CCK-8 and
colony formation assays. Treatment with PITC inhibited
the viability of MGC-803 and HGC-27 cells; the inhibitory
effect grew as the concentration and treatment time of PITC
increased (Fig. 1B). The half maximal inhibitory concentra-
tion (ICs,) values of MGC-803 and HGC-27 cells at 48 h were
~100 and ~40 M, respectively. According to the curves, 50,
100 and 150 uM were selected as the treatment concentrations
for the MGC-803 cell line, whereas 20, 40 and 60 M were
selected for the HGC-27 cell line in subsequent experiments.
The results of the colony formation assay indicated that PITC
repressed the ability of GC cells to form colonies, which was
associated with the drug concentrations (Fig. 1C and D). These
results suggested that PITC may significantly affect gastric
cancer cell viability and proliferation.

PITC induces apoptosis and cell cycle arrest in GC cells.
To further demonstrate whether PITC induces cell cycle
arrest and apoptosis, the effects of PITC on MGC-803 and
HGC-27 cells were evaluated by flow cytometry. The number
of apoptotic cells, including early and late apoptosis, were
apparently increased in a dose-dependent manner following
PITC treatment (Fig. 2A and B). The results presented in
Fig. 2C-E demonstrated that PITC increased the percentage
of cells in the S-phase compared with the control groups
and decreased the expression of Cyclin Al. These results
suggested that apoptosis and cell cycle arrest induced by
PITC may serve a vital role in the inhibition of cell viability
and proliferation.
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Figure 1. PITC inhibits the proliferation and viability of gastric cancer cells. (A) The chemical structure of PITC. (B) MGC-803 and HGC-27 cells were treated
with PITC at different concentrations for 24, 48 and 72 h, and the cell viability was detected by Cell Counting Kit-8 assay. (C and D) MGC-803 and HGC-27
cells were treated with various concentrations of PITC for 48 h and cultured in fresh medium for 10 days to form colonies. Colonies were stained and counted
10 days after treatment. Each bar represents the mean + SD from three independent experiments. “‘P<0.05,”P<0.01 vs. 0 uM PITC. PITC, propyl isothiocyanate.

PITC reduces tGSH and increases ROS production in GC
cells and causes DNA damage. The results of the present
study demonstrated that the levels of tGSH were decreased
in PITC-treated groups compared with the control groups
(Fig. 3A). Simultaneously, an apparent increase in ROS levels
was detected by fluorescence microscopy (Fig. 3B). SCGE was
performed to examine the effects of PITC on DNA; the results
suggested that PITC may induce DNA damage in the two GC
cell lines (Fig. 3C), and higher doses of PITC could lead to
longer tails of comets which means more severe damage of
DNA. Therefore, treatment with PITC may lead to the accu-
mulation of ROS in the two GC cell lines and subsequently
induce DNA damage.

PITC affects the signaling pathway of caspase and Bcl-2
Sfamily members. Apoptosis is a physiological process triggered
by several pathways. Mitochondria-dependent apoptosis is one
of these pathways which is initiated by Cyt ¢ (17). To confirm
the involvement of mitochondria in PITC-induced apoptosis,
a number of apoptosis-related proteins were analyzed by
western blotting. As demonstrated in Fig. 3D, PITC signifi-
cantly increased the expression of Cyt c, cleaved caspase-9,
cleaved caspase-3 and cleaved PARP in a dose-dependent
manner. The expression of p-p53, which is activated by DNA
damage, was upregulated and total p53 was downregulated; in
addition, Bax expression was upregulated and Bcl-2 expression

was downregulated. Therefore, the dysfunction of mitochon-
dria and DNA damage may be associated with PITC-induced
apoptosis.

NAC rescues the effects of PITC on apoptosis of GC cells.
To investigate whether the effect of PITC on the intracellular
redox balance is the cause of apoptosis, reversion tests with
NAC were performed. Following co-treatment with PITC and
NAC, the levels of ROS were analyzed by flow cytometry,
which demonstrated that the increase of ROS in PITC-treated
groups were downregulated by NAC (Fig. 4A). In addition,
adding NAC reversed the viability inhibition by PITC and
decreased the percentage of apoptotic cells compared with
the groups treated with PITC only (Fig. 4B-D). The results
of the western blotting also suggested that NAC may rescue
the changes of several apoptosis-related proteins induced by
PITC (Fig. 4E). In summary, these results indicated that the
accumulation of ROS induced by PITC triggers apoptosis of
MGC-803 and HGC-27 cells.

PITC induces [3-tubulin degradation in gastric cancer cells.In
order to confirm the effect of PITC on B-tubulin of MGC-803
and HGC-27 cells, the present study performed cellular
immunofluorescence staining. As a result, the treatment
of PITC decreases the expression level of 3-tubulin both in
MGC-803 and HGC-27 cells (Fig. S1A), and the consequence
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Figure 2. PITC induces S-phase arrest and apoptosis in gastric cancer cells. MGC-803 and HGC-27 cells were pretreated with PITC at different concentrations
for 48 h. (A and B) Cells were stained with Annexin V-FITC/PI, and the percentages of apoptotic cells were analyzed by flow cytometry. (B) Data are expressed
as the mean + SD of three independent experiments. (C and D) The cell cycle distribution was determined by flow cytometry. (D) Data are presented as the
mean = SD of three independent experiments. (E) The expression levels of Cyclin Al were detected by western blotting. GAPDH was used as a loading control.
The results are expressed as fold-change relative to the controls. "P<0.05 and “P<0.01 vs. 0 uM PITC. PITC, propyl isothiocyanate; PI, propidium iodide.

was supported by the results of the western blot analysis in
Fig. S1B. Furthermore, the effect of PITC on B-tubulin was
reversed by NAC (Fig. S1C). These findings indicated that
PITC induces the degradation of B-tubulin in gastric cancer
cells.

Discussion

ITCs are a category of compounds extracted from cruciferous
plants that exhibit versatile biological activities. The anti-
cancer activities of PITC have not been reported to date. In the
present study, the effects of PITC on the biological behavior
of GC cells were investigated, and the relevant molecular

mechanisms were explored. The results demonstrated that
PITC inhibited the viability of MGC-803 and HGC-27 cells.
HGC-27 cells exhibited higher sensitivity to PITC compared
with that of MGC-803 cells, the reason of which is unknown
and requires further study. The underlying mechanisms were
preliminarily studied by flow cytometry; the results demon-
strated significant cell cycle arrest at the S-phase and apoptosis
induction, which suggested the potential of PITC to suppress
cancer cell proliferation. The mechanisms of PITC-induced
apoptosis were subsequently explored.

GSH is a metabolite involved in the maintenance of redox
homeostasis in cells; the balance of ROS is disturbed when
GSH is dysregulated (18). According to previous studies, the
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Figure 3. PITC induces GSH depletion, ROS accumulation and DNA damage in gastric cancer cells. (A) MGC-803 and HGC-27 cells were pretreated with
PITC for 12 h; the results of the analysis of tGSH levels are presented as the mean + SD of three independent experiments. (B) The intracellular levels of
ROS at 24 h of PITC treatment were observed. Green fluorescence representing intracellular ROS was analyzed using fluorescence microscopy. Scale bar,
100 pm. (C) DNA damage at 24 h of PITC treatment of MGC-803 and HGC-27 cells was detected by the Comet assay and observed with a fluorescence

microscope. Different-sized tails indicated the level of DNA damage. Scale bar.

, 100 ym. (D) Western blotting was performed to analyze the expression levels

of apoptosis-related proteins, and GAPDH was used as a loading control. The results are expressed as fold-change relative to the controls. "P<0.05 and “P<0.01
vs. 0 uM PITC. PITC, propyl isothiocyanate; GSH, glutathione; tGSH, total GSH; ROS, reactive oxygen species.

anticancer activities of ITCs may be associated with their direct
and indirect interactions with cellular components. Conjugation
with GSH is the first step in ITCs metabolism, which consumes
the natural anti-oxidant and possibly influences the intracellular
redox status (8,19). After binding with GSH, ITCs will then be
excreted from the cytosol, which may cause the depletion of
cytosolic GSH (5,20,21). In the present study, the intracellular
tGSH levels were measured, and a concentration-dependent
decrease of tGSH following PITC treatment was revealed,
consistent with the increase in ROS. DNA damage in MGC-803
and HGC-27 cells, which is one of the consequences of increased
ROS levels (22,23), was also observed in the present study. The
results suggested that the accumulation of ROS, which may be

induced by GSH depletion, resulted in PITC-induced apoptosis
in MGC-803 and HGC-27 cells.

To further investigate the mechanisms of PITC-induced
apoptosis, the damage induced by excessive ROS was consid-
ered. Proteins, lipids, DNA and other intracellular components
are targets of ROS (24). Mitochondria can be damaged by
excessive ROS through direct oxidation of proteins and lipids,
leading to changes in their structure and function (25). As the
permeability of the mitochondrial membrane increases, Cyt ¢ is
released into the cytosol and triggers mitochondria-dependent
apoptosis by activating caspase (25,26). Therefore, it may be
speculated that PITC-induced apoptosis of MGC-803 and
HGC-27 cells may be mediated by the mitochondria. In the
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Figure 4. NAC reverses the effects of PITC in gastric cancer cells. MGC-803 and HGC-27 cells were pretreated with DMSO, PITC (150 uM for MGC-803 and
60 uM for HGC-27 cells) or a combination of PITC and 5 uM NAC. (A) The levels of ROS were measured by flow cytometry. (B) Cell viability was detected by
Cell Counting Kit-8 assay. (C and D) Treated cells were stained with Annexin V-FITC/propidium iodide and analyzed by flow cytometry. (D) The percentage
of apoptotic cells are presented as the mean + SD of three independent experiments. (E) Western blotting was performed to analyze the expression levels of
apoptosis-related proteins, and GAPDH was used as a loading control. The results are expressed as fold-change relative to the controls. "P<0.05 and “P<0.01.

PITC, propyl isothiocyanate; N-acetyl-L-cysteine; ROS, reactive oxygen species.

present study, the exposure to PITC increased the expression
of Cyt ¢, induced the upregulation of active forms of caspase-3
and -9, and led to the activation of PARP. In addition, other
targets of ROS contribute to apoptosis. ROS-induced DNA
damage promotes the phosphorylation of p53 by activating
ataxia telangiectasia-mutated kinase and subsequently regulates
the expression of downstream proteins, including the Bcl-2
family (27). In the present study, PITC increased the ratio of

p-p53/total p53 and the expression of Bax, as well as induced the
downregulation of Bcl-2 in MGC-803 and HGC-27 cells. These
results suggested that ROS-induced mitochondrial dysfunction
and DNA damage may mediate PITC-induced apoptosis.

The effects of PITC were rescued by the ROS scavenger
NAC, although they were not fully reversed, which suggests that
there may be other ways for PITC to induce apoptosis. $-tubulin
is a potential target of ITCs due to being rich in cysteine
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residues (28). The results of the present study demonstrated that
the degradation of B-tubulin was promoted following treatment
with PITC. This effect was partially attenuated by NAC, which
may serve as a competitor of $-tubulin to bind PITC.

In summary, the results of the present study indicate that
PITC may exhibit potent anticancer activities in GC cell lines
by promoting apoptosis and inducing cell cycle arrest. PITC
may trigger apoptosis by inducing GSH depletion, leading to
the accumulation of ROS, mitochondrial dysfunction and DNA
damage. Mitochondria-associated apoptosis and DNA damage
are the possible mechanisms mediating these effects in the
two studied GC cell lines. To explore the efficacy and safety of
PITC in vivo, further research is required using xenograft tumor
models.
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