
Abstract. It is well known that the response of cancer cells to
chemotherapeutic drugs involves the activation of apoptotic
pathways. Benzyl isothiocyanate (BITC) is an important
compound found in plant food and has been shown to have
anti-cancer effects on human cancer cells, but its effect on
prostate cancer cells in vitro remains unknown. The aim of
the present study was to investigate the effects of BITC on
DU 145 human prostate cancer cells in order to clarify whether
a time/concentration range for optimal BITC-induced apop-
tosis exists and to find the associated signaling pathway. Cell
morphological changes, percentage of cell viability, DNA
damage and apoptosis in DU 145 cells were examined by
phase-contrast microscopy, flow cytometric assay, 4',6-
diamidine-20-phenylindole dihydrochloride staining, comet
assay and Western blotting analysis. The results indicate that
BITC induces cell morphological changes, decreases the
percentage of viable cells (induction of cell cytotoxicity), and
induces DNA damage and apoptosis in DU 145 cells in a
time- and dose-dependent manner. Flow cytometric assays
indicated that BITC promoted reactive oxygen species and
Ca2+ productions and decreased the levels of mitochondrial

membrane potential (ΔΨm), while the pre-treatment with
N-acetylcysteine caused an increase in the percentage of
viable cells. BITC also promoted caspase-3, -8 and -9
activities. Furthermore, when cells were pre-treated with the
caspase-3 inhibitor and then treated with BITC, this led to an
increase in the percentage of viable cells. Confocal laser
microscopy examination indicated that BITC promoted the
expression of AIF and Endo G, which were released from the
mitochondria in DU 145 cells. In conclusion, BITC induces
apoptosis in DU 145 cells through the release of AIF and
Endo G from the mitochondria and also promotes caspase-3
activation. 

Introduction

Apoptosis (programmed cell death), is a natural process for
the elimination of unwanted cells, and plays an essential role
in the normal development and the maintenance of homeo-
stasis (1,2). It plays a critical role in protecting mechanisms
against damaged, improperly produced or tumorigenic cells
(3) and also in eliminating damaged cells (4). Many studies
have shown that dysregulation of apoptosis can lead to cancer
development and this provides a strategy for developing
therapeutic agents through the induction of apoptosis and
results in the elimination of premalignant or malignant cells
(5,6). Therefore, the best strategy is focused on selectively
destroying tumor cells through its induction (7) for the
development of new anti-cancer agents (8-10).

Prostate cancer is one of the major causes of cancer death
in male populations in developed countries. Even though
various novel therapeutic strategies are now being considered,
the cytotoxic drugs being used clinically are still limited
based on the intrinsic or acquired resistance and toxicity.

Evidence from epidemiological studies has demonstrated
that the dietary intake of cruciferous vegetables can have a
protective effect against the risk of various types of
malignancies (11,12). Isothiocyanates (ITCs) are the major
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components in cruciferous vegetables including broccoli,
mustard, horseradish, watercress and cabbage, and thus play
a role in their anticarcinogenic effect (13). Benzyl ITC (BITC)
is one of the ITCs, and has been shown to prevent mammary
cancer in MMTV-neu mice via the suppression of cellular
proliferation, increased apoptosis and the enhanced infiltration
of T cells in carcinoma (14). Many studies have shown that
BITC induces apoptotic cell death of cultured human breast
cancer cells in vitro (15-18). Furthermore, antioxidant
mechanisms also contribute to the BITC-mediated chemo-
prevention against inflammation-related carcinogenesis (19).
However, the exact mechanism underlying the role of BITC-
mediated apoptosis in human prostate cancer has not been
fully elucidated.

It has been reported that BITC can act as an anti-cancer
agent through the inhibition of the growth of human cancer
cells. However, little is known about the anti-cancer effect of
BITC on human prostate cancer cells. In the present study,
we evaluated the effects of different concentrations of BITC
on DU 145 prostate cancer cells in relation to cell growth and
death. We also observed that the BITC-induced reactive
oxygen species (ROS) production is closely correlated with
the modification of the mitochondrial function. 

Materials and methods

Reagents. BITC was purchased from Sigma-Aldrich Corp.
(St. Louis, MO, USA). Stock solution of BITC was prepared
in DMSO, and an equal volume of DMSO (0.1%) was added
to the controls. Propidium iodide (PI), RNase A and 4,6-
diamidino-2-phenylindole (DAPI) were from Sigma-Aldrich.
RPMI-1640, fetal calf serum, penicillin and streptomycin
antibiotic mixture were purchased from Life Technologies/
Invitrogen (Grand Island, NY). Anti-actin antibody was from
Sigma. The antibodies against Bak, Bax, Bcl-xL, cyclin-
dependent kinase (Cdk) 1, cell division cycle 25C (Cdc25C)
and Smac/DIABLO were from Santa Cruz Biotechnology
(Santa Cruz, CA), and the antibodies against cytochrome c,
and caspase-8 and -9 were from PharMingen (Palo Alto,
CA). DiOC6, 6-carboxy-2,7-dichlorodihydrofluorescein
diacetate (H2DCFDA) and Fluo-3/AM were purchased from
Invitrogen (Carlsbad, CA, USA).

Cell culture. The human prostate carcinoma cell line (DU 145)
was purchased from the Food Industry Research and
Development Institute (Hsinchu, Taiwan). DU 145 cells
were maintained in RPMI-1640 with 2 mM L-glutamine
supplemented with 10% heat-inactivated fetal bovine serum
and 1% antibiotic/antimycotic. Cells (1x105 cells/ml) were
maintained at 5% CO2 and 37˚C in humidified 5% CO2 and
95% air.

Examinations of cell morphological changes and viability. A
phase contrast microscope was used for examining the
morphological changes of cells. The PI exclusion assay and
flow cytometry were performed for the quantitative analysis
of cell viability. DU 145 cells (1x105 cells/ml) were placed in
12-well plates and were then treated with 0, 2.5, 5, 7.5, 10
and 15 μM of BITC and were incubated for different time
periods. For the morphological changes examination, cells

were examined and photographed under a phase contrast
microscope at x200 magnification. After culturing with BITC
at 37˚C for different time periods, 0.5 ml of PBS containing
5 μg/ml PI were added to the cells and viable cells were
determined using a FACScalibur with CellQuest software
(Becton-Dickinson, San Jose, CA, USA) as previously
described (20,21). For the trypan blue dye exclusion assay,
the cells were collected from each well and re-suspended in
PBS. The cell suspensions were mixed with 0.4% trypan blue
stain. The viable cells (cells that were not stained blue) and
dead cells (cells that were stained blue) were counted using a
hemocytometer under a light microscope (22,23).

DNA content and sub-G1 phase analyses. The effects of
BITC on cell cycle distribution including sub-G1 (apoptosis)
were assessed by flow cytometry as described previously
(22,23). Briefly, 1x105 cells were plated in 12-well plates in
2 ml RPMI-1640 medium and allowed to attach overnight.
The medium was replaced with fresh medium and then the
cells were treated with or without 0, 2.5, 5, 7.5, 10 and 15 μM
BITC for 48 h. Control cells were treated with 0.1% DMSO
only. After incubation at 37˚C for a specified time, cells were
harvested by using 0.05% trypsin and were then washed
twice with cold phosphate-buffered saline (PBS) and fixed
with ice-cold 70% ethanol overnight at -20˚C. The cells were
then washed twice again with cold PBS and then treated with
80 μg/ml RNase A and 50 μg/ml PI for 30 min. The stained
cells were analyzed by flow cytometry (22,23). Approximately
10,000 cells were evaluated from each treatment. The cell
cycle data were re-analyzed using ModFit software.

DAPI nuclear staining. The morphological changes of apop-
tosis (chromatin condensation) were assessed by staining with
DAPI (Molecular Probes, Eugene, OR, USA). The DU 145
cells at a density of 1x105 cells/well were exposed to various
doses of BITC before the cells were fixed in 4% para-
formaldehyde-PBS solution for 15 min and stained with
DAPI (300 nmol/l) for 30 min at room temperature. Then
nuclear morphology was visualized and photographed by
fluorescence microscopy. Apoptotic cells were recognized by
the condensed, fragmented and degraded nuclei (22,24).

Comet assay. The alkaline comet assay was performed as
previously described by Del Bo et al and Riso et al (25,26).
The DU 145 cells at a density of 2x105 cells/well were
exposed to various doses of BITC before the cells were
agarose-embedded and spread out on fully frosted slides. One
slide was subjected to a treatment with H2O2 (positive
control) for 5 min, where the cells were then kept for 40 min
in electrophoresis buffer before the electrophoresis was
performed at 25 V, 300 mA (1.1 V/cm) for 20 min. All slides
were stained with PI (5 μg/ml), washed in PBS, drained and
covered with coverslips and were then examined and photo-
graphed under a fluorescence microscope as described
previously (23,25,27). The dispersion of DNA from the
nucleus of each cell was measured by the lengths or para-
meters of tail moments.

Determinations of ROS, mitochondrial membrane potential
(ΔΨm) and intracellular Ca2+ levels. The levels of ROS, ΔΨm
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and Ca2+ were measured by flow cytometric assay as described
previously (23,28). DU 145 cells (2x105 cells/well) were
placed on 12-well plates for 24 h and then 0 and 10 μM of
BITC were individually added to the wells prior to incubation
for various time periods. At the end of incubation, the cells
from each treatment group were trypsinized and centrifuged
and then collected and washed twice with PBS, re-suspended
in 500 μl of H2DCF-DA (10 μM) for ROS, 500 μl of DiOC6

(1 μmol/l) for ΔΨm and 500 μl of Fluo-3/AM (2.5 μg/ml) for
intracellular Ca2+. All samples were incubated with these
specific fluorochromes at 37˚C for 30 min and the differ-
ential expressions from each treatment were analyzed by
flow cytometry (23).

Assays for caspase-3, -8 and -9 activity. Caspase-3, -8 and -9
activities were determined by flow cytometric assay as
described by Wu et al (22). In brief, DU 145 cells (2x105

cells/well) were plated on 12-well plates for 24 h and then 0
and 10 μM of BITC were individually added to the wells for
incubation for 0, 12, 24 and 48 h. At the end of incubation,
all the cells were trypsinized and centrifuged, collected and
washed twice with PBS. All samples were re-suspended in
50 μl of 10 μM substrate solution (PhiPhiLux-G1D1 for
caspase-3, CaspaLux-L1D2 for caspase-8 and CaspaLux-
M1D2 for caspase-9) (OncoImmunin, Inc. Gaithersburg, MD,
USA) before being incubated at 37˚C for 60 min. All samples

were washed again with PBS and were analyzed by flow
cytometry as described previously (23).

Caspase-3 inhibitors and N-acetylcysteine (NAC) affect the
BITC-decreased viability of DU 145 cells. Cultured DU 145
cells were pre-treated with Z-DEVE-FMK (a caspase-3
inhibitor) or NAC (an antioxidant) for 3 h and were then
treated with or without 10 μM of BITC for 24 h. The cells
from each treatment group were harvested and were analyzed
for cell viability as described previously (23).

Western blotting analysis. DU 145 cells were seeded at a
density of 1x106 cells/ml in RPMI-1640 medium with 10%
fetal bovine serum for 24 h. Cells were treated with 0 and
10 μM of PEITC for 6, 12, 24 and 48 h. Cells from each
treatment group were collected and protein was extracted
into a high-salt buffer containing 1% protease inhibitor
cocktail from Sigma-Aldrich, sonicated and centrifuged at
12,000 rpm for 10 min at 4˚C. Protein concentrations were
determined by the BCA Protein Assay kit and Bradford assay
(23,24). Cell lysates were treated with reducing sample
buffer and boiled for 5 min at 100˚C. Proteins were resolved
on an SDS polyacrylamide gel via electrophoresis. After the
gel was transferred into a PVDF membrane in Western
transfer buffer, the membrane was stained with primary
antibody (anti-CDC25c, Wee1, p53, Fas, Fad ligand, Bcl-2,
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Figure 1. BITC induces cell morphological changes and decreases the
viability in DU 145 cells. Cells were cultured in RPMI-1640 + 10% FBS with
various doses of BITC for 24 and 48 h. (A) Then the cells were examined
for morphological changes and were photographed by phase-contrast
microscopy (x200). (B) The percentage of cell viability was measured by
flow cytometric assays, as described in Materials and methods. ***p<0.001,
indicates significant difference between the control and PEITC-treated
groups.
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Bak, Bid, PARP, cytochrome c, AIF, GRP78 and GADD153)
and then washed, followed by appropriate horseradish peroxi-
dase-conjugated secondary antibodies (GE Healthcare). The
intensity of the immunoreactive bands was determined using
a densitometer (Molecular Dynamics, Sunnyvale, CA)
equipped with ImageJ NIH software. 

Immunofluorescence staining and confocal laser scanning
microscopy. DU 145 cells (5x104 cells/well) were maintained
on 4-well chamber slides before being treated with 10 μM of
BITC for 24 h. All samples were fixed in 3% formaldehyde in
PBS for 15 min and permeabilized with 0.1% Triton X-100
in PBS for 1 h with the blocking of non-specific binding sites
using 2% BSA as described previously (29). All fixed cells
on the slides were stained with anti-AIF and anti-Endo G
(1:200 dilution) as the primary antibodies overnight and were
then stained with FITC-conjugated goat anti-mouse IgG at
1:100 dilution) (green fluorescence) as the secondary
antibody, followed by nuclei counterstaining with PI (red
fluorescence). All samples were photomicrographed using a
Leica TCS SP2 confocal spectral microscope (23,30).

Statistical analysis. Results are expressed as the means ±
standard error (SD) of the mean of three independent experi-
ments, each conducted in triplicate. Data were analyzed by
one-way Student's t-test. Differences were considered to be
statistically significant at values of p<0.05, p<0.01 and
p<0.001 when comparing the control to the BITC treatment.

Results

BITC induces morphological changes and decreases the
percentage of DU 145 viable cells. The morphological
changes of DU 145 cells in response to BITC were investi-
gated. Incubation for 24 h with 2.5-15 μM of BITC revealed
condensation both in the cytoplasm and the nucleus, thereby
resulting in granulation in the majority of cells (Fig. 1A). The
treatment with BITC further morphological changes and also
to more cells floating in the well compared to the control.
After the cells were harvested and measured, the percentage
of viable cells revealed that BITC decreased the percentage
of viability. After 24- and 48-h incubation, the cell viability
at concentrations of 2.5-15 μM BITC was 11-38% and 42-
80%, respectively (Fig. 1B), showing a dose-and time-
dependent cytotoxic effect (Fig. 1B).

BITC induces cell cycle arrest in DU 145 cells. To further
investigate the inhibition of proliferation of DU 145 cells in
the presence of BITC, the cell cycle progression was
examined by flow cytometry after the cells were treated with
various doses of BITC and the results are shown in Fig. 2A.
The cells exposed to 2.5-7.5 μM BITC significantly
increased the accumulation of the DNA contents up to 22-
45% in the G2/M phase in contrast to the control (Fig. 2A).
However, when the cells were exposed to 15 and 20 μM
BITC, the accumulation of the DNA contents also increased
significantly up to 7.6 and 27.7%, respectively, in the G2/M
phase. However, the DNA accumulation in the sub-G1 phase
was increased when the doses of BITC increased in contrast
to the control (Fig. 2A), thus showing dose-dependent

effects. Based on the results (Fig. 2B) from Western blotting,
BITC promoted the Wee1 levels and inhibited the levels of
cyclin B and CDC25c, which led to the inhibition of the
G2/M phase in cell cycle progression. 

BITC induces apoptosis and DNA damage in DU 145 cells.
The induction of apoptosis by BITC in DU 145 cells was
further confirmed in the fluorescence photomicrographs of
the DU 145 cells stained with DAPI after the treatment with
2.5-15 μM BITC for 24 h. The condensation of chromatin is
one of the morphological features of apoptosis examined and
the results shown in Fig. 3A indicate that the control cells
are round and homogeneous nuclei, whereas the BITC-
treated cells show condensed and fragmented nuclei (Fig.
3A). As shown in Fig. 3A, only 2.5-10 μM BITC can
induce a significant increase in apoptosis in DU 145 cells
and these effects are dose-dependent. The induction of DNA
damage by BITC in DU 145 cells was confirmed with a
fluorescence photomicrograph of DU 145 cells stained with
PI after treatment with 2.5-15 μM BITC for 24 h. The DNA
damage was examined by comet assay and the results are
shown in Fig. 3B, indicating that BITC induces DNA damage
(comet tail occur) and that these effects are dose-dependent
(Fig. 3B). 
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Figure 2. BITC induces cell cycle arrest and affects associated protein in
DU 145 cells. Cells were placed in RPMI-1640 + 10% FBS with various
doses of BITC for 48 h and were then harvested for analysis of cell cycle
distribution (A) by flow cytometric assay or were examined for the protein
associated with G2/M arrest by Western blotting (B) as described in Materials
and methods.

787-796.qxd  26/1/2011  09:54 Ì  ™ÂÏ›‰·790



BITC decreases the levels of mitochondrial membrane
potential ΔΨm) and increases the productions of ROS and
Ca2+ in DU 145 cells. The levels of ΔΨm, ROS and Ca2+ in
DU 145 cells after exposure to BITC were measured by flow
cytometry. DU 145 cells were treated with BITC for various
time periods and were then harvested in order to measure the
levels of ΔΨm, ROS and Ca2+, and the results are shown in
Fig. 4A-C. Fig. 4A shows that BITC significantly decreases
the levels at 48 and 72 h of treatment (Fig. 4A) and promotes
the ROS production at 12 and 72 h of treatment (Fig. 4B).
However, BITC promotes the Ca2+ production during the
early stages of treatment (0.5 h) and for up to 6 h and this
effect is time-dependent (Fig. 4C).

BITC affects the activities of caspase-3, -8 and -9 in DU 145
cells. The activities of caspase-3, -8 and -9 in DU 145 cells
were determined by flow cytometry. DU 145 cells were
treated with BITC for various time periods and were then
harvested in order to measure the activities of caspase-3, -8

and -9 and the results are shown in Fig. 5A-C. The results
indicate that BITC increases the activities of caspase-3 at
12-72 h in a time-dependent manner (Fig. 5A), and promotes
the caspase-8 and -9 activities at 48 h of treatment (Fig. 5B
and C). Based on these observations, we suggest that caspases
are involved in the induction of apoptosis by BITC in DU 145
cells.

The NAC antioxidant and caspase-3 inhibitors reduce the
ability of BITC to decrease the percentage of viable DU 145
cells. DU 145 cells were pre-treated with NAC (an anti-
oxidant agent) and the caspase-3 inhibitor (Z-DEVE-FMK)
before the cells were harvested for the measurement of the
percentage of viability and the results are shown in Fig. 6A
and B. DU 145 cells were pre-treated with NAC to decrease
the cytotoxic effects of BITC and this led to an increase in
the percentage of viable cells (Fig. 6A). Z-DEVE-FMK
significantly promotes the percentage of viable cells (Fig.
6B). Based on both observations, it is evident that BITC
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Figure 3. BITC induces apoptosis and DNA damage in DU 145 cells. Cells were treated with BITC at various doses and were then incubated for 24 h. After
incubation, cells in each treatment group were stained by DAPI and were then examined and photographed under a fluorescence microscope to examine the
apoptosis (A) or were stained with PI to examine the DNA damage by comet assay (B) as described in Materials and methods.
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decreases the percentage of viable DU 145 cells through ROS
production and the caspase-3 dependent pathway.

BITC affects the apoptotic-associated protein levels in DU 145
cells. We examined the apoptotic associated protein levels by
Western blotting. DU 145 cells were treated with 10 μM
BITC and were then incubated for various time periods and
the cells were harvested for Western blotting. The results are
shown in Fig. 7A and B. The results indicate that BITC
promotes the protein levels of Bid and AIF (Fig. 7A), GRP78,
IRE1a and caspase-12 (Fig. 7B) but decreases the levels of
PARP and XIAP (Fig. 7A). 

BITC affects the distribution in DU 145 cells. We investi-
gated the effects of BITC on the levels and distribution of

apoptotic-associated protein (AIF and Endo G) in DU 145
cells which were examined with a confocal laser microscope.
The results are shown in Fig. 8A and B. Fig. 8 indicates that
BITC promotes the protein levels of AIF (Fig. 8A) and Endo G
(Fig. 8B) and also promotes them to translocate to the nuclei.
AIF and Endo G were released from mitochondria and then
trafficked to the nuclei, causing apoptosis. These observa-
tions demonstrate that BITC induces apoptosis through the
mitochondrial dependent pathway. 

Discussion

Prostate cancer is one of the leading causes of death in the
male population. Many dietary natural substances have been
found to induce apoptosis in various tumor cell lines, and
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Figure 4. BITC affects the levels of mitochondria membrane potential ΔΨm), ROS production and Ca2+ and in DU 145 cells. Cells were treated with 10 μM of
BITC for various time periods and were then collected and stained by DiOC6 to determine the ΔΨm levels (A), or with 2,7-dichlorodihydrofluorescein
diacetate to determine ROS production (B), or with Indo 1/AM to determine Ca2+ levels (C), as described in Materials and methods. Staining with DiOC6 for
the determination of ΔΨm levels revealed a significant difference between the control and BITC-treated groups (***p<0.001).
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thus, could be useful for the treatment of cancer complica-
tions (31). Many studies have focused on the manipulation of
the apoptotic process to treat and prevent cancer. Furthermore,
more compounds were investigated for their influence on
apoptosis in order to understand their mechanisms of action
(32,33). BITC is one of the compounds found in cruciferous
vegetables and has been shown to induce apoptosis in many
human cancer cell lines (15-18). However, the characteristic
chemical compounds of BITC against prostate cancer have
not been well defined. 

Herein, we provide evidence showing that BITC inhibits
the tumor cell growth of the prostate cancer cell line, DU 145,
at lower IC50 values (Fig. 1). It is well known that apoptosis

is modulated by complex pathways that involve a series of
biochemical regulators including pro-apoptotic and anti-
apoptotic proteins and molecular interactions (33). Flow
cytometry analysis of DU 145 cells after exposure to BITC
showed a distinct sub-G1 peak cell cycle distribution (Fig. 2A)
which indicates that BITC induces apoptotic cell death.
Apoptotic cell death was also confirmed by DAPI staining in
the DU 145 cells after exposure to various doses of BITC
(Fig. 3A). The BITC-induced DNA damage in DU 145 cells
was also confirmed by comet assay (Fig. 3B). 

Caspases play an important role in the process of apop-
tosis and in certain cases, caspases are essential for the
induction of apoptosis (34). Therefore, we examined the
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Figure 5. BITC induce caspase-3, -8 and -9 activity in DU 145 cells. DU 145 cells were treated with 10 μM of BITC for various time periods, and cells were
collected for the determination of the activities of caspase-3 (A), caspase-8 (B) and caspase-9 (C) as described in Materials and methods. Data represent the
means ± SD of three experiments. *p<0.05 and ***p<0.001, indicate significant difference between the control and BITC-treated groups.
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activities of caspase-3, -8 and -9 in DU 145 cells. The results
indicate that BITC promotes the activities of caspase-3, -8
and -9 (Fig. 5A-C). In particular, BITC induced the activation
of caspase-3 in a time-dependent manner. We also utilized a
caspase-3 inhibitor (Z-DEVE-FMK) system, which resulted
in the inhibition of the apoptotic cell death induced by BITC.
This means that the pre-treatment of cells with Z-DEVE-
FMK prior to treatment with BITC leads to an increase in the
percentage of viable cells (Fig. 6A). Based on these observa-
tions, it can be concluded that the compound BITC induces
apoptosis in the prostate cancer cell line DU 145.

Other studies have demonstrated that mitochondria play
an important role in the commitment of cells to apoptosis
(35), and in order to elucidate the molecular mechanism
responsible for the BITC-induced apoptosis in DU 145 cells,
the role of mitochondria in BITC-induced apoptosis was
investigated. In this study, BITC exhibited significant mito-
chondrial membrane potential ΔΨm) disruption (Fig. 5A). It
is known that AIF and Endo G were released from the
mitochondria and this led to apoptosis which means that the
agent induced apoptosis through the mitochondria (36). The
present data show that BITC induces AIF and Endo G release
from the mitochondria to the cytosol (Fig. 7A and B). This

finding suggests that the effect of the AIF and Endo G
products via the mitochondria could be responsible for the
modulation of BITC-induced apoptosis in the DU 145 cells.
It has been reported that aberrant mitochondria can generate
intracellular ROS and that excessive ROS can induce oxidative
stress which can cause DNA injury, resulting in growth arrest
and apoptosis (36). Furthermore, it has been reported that the
enhancement of ROS production involved with the apoptotic
response is induced by anti-cancer agents (37). Exploring the
possible oxidant-triggered molecular mechanisms underlying
the DU 145 cell apoptosis by BITC, we found that the pro-
apoptotic activity of BITC was accompanied by the accumu-
lation of ROS, such as hydrogen peroxide (H2O2) (Fig. 5A),
suggesting that the DU 145 cell death by BITC is a ROS-
dependent process. 

Our results from confocal laser microscopy indicate that
BITC induces the release of AIF and Endo G from the
mitochondria and movement into the nuclei (Fig. 8A and B).
These results suggest that the mitochondrial translocation of
AIF and Endo G contributes to the BITC-induced mito-
chondrial dysfunction and apoptosis. Mitochondria appearance
is the intracellular source of ROS and it could also be a
primary target for the damaging effects of ROS. In this study,
time-course experiments showed that the elevation of ROS
generation in DU 145 cells occurred as early as 12 h post-
BITC exposure, indicating that this event occured earlier than
mitochondrial membrane potential disruption and apoptotic
execution (Fig. 4A-C). The BITC-triggered mitochondrial
disruption, cytochrome c release, caspase activation and
mitochondrial translocation of AIF and Endo G in DU 145
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Figure 6. The NAC antioxidant and caspase-3 inhibitors affect the BITC-
induced cytotoxicy in DU 145 cells. Cells were pre-treated with NAC
(antioxidant agent) (A) or caspase-3 inhibitor ( Z-DEVE-FMK) (B) and
were then treated with 10 μM BITC for 24 h. The cells were then collected
for the determination of the percentage of viable cells as described in
Materials and methods. Data represent the means ± SD of three experiments.
*p<0.05 and ***p<0.001, indicate significant difference between the control
and BITC-treated groups.

Figure 7. BITC affects the levels of apoptotic-associated proteins in DU 145
cells. DU 145 cells were treated with 10 μM of BITC for 0, 6, 12, 24 and
48 h before the cytosolic fraction and total proteins were prepared and
determined, as described in Materials and methods. The levels of associated
protein expressions (A) Bid, PARP, AIF and XIAP and (B) GRP78, IRE1
and caspase-12 were estimated by Western blotting, as described in Materials
and methods.
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Figure 8. BITC affects AIF and Endo-G distributions in DU 145 cells. Cells were incubated with 10 μM of BITC for 24 h and were then fixed and stained
with primary antibodies against AIF (A) and Endo-G (B), and were then stained with FITC-labeled secondary antibodies (green fluorescence) and the proteins
were detected by a confocal laser microscopic system. The nuclei were stained with PI (red fluorescence). Areas of co-localization between the AIF and Endo G
expressions and the cytoplasm and nuclei in the merged panels are shown in yellow. Scale bar, 10 μm.

Figure 9. The proposed signaling pathways of the BITC-induced G2/M arrest and apoptosis in DU 145 cells.
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cells is dependent on ROS generation. When the cells were
pre-treated with NAC (antioxidant agent) prior to treatment
with BITC, this led to an increase in the percentage of viable
cells. 

In conclusion, this study shows for the first time that
BITC has anti-cancer activity in a human prostate cancer cell
line (DU 145) through a ROS-provoked mitochondrial
apoptotic pathway and the possible signaling pathways are
shown in Fig. 9. These data provide a basic mechanism for
the chemotherapeutic properties of BITC in prostate cancer
cells.
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