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ABSTRACT
2’-Benzoyloxycinnamaldehyde (BCA) is a promising anticancer candidate against several types of cancers, including breast
cancer. DJ-1 has been found to act as an oncogene, protecting cells against oxidative stress. A previous study showed that
BCA-inducing antiproliferation was associated with continuous decrease in DJ-1 expression in MDA-MB-435 breast cancer
cells. In this study, we found that this DJ-1 decrease after BCA treatment is associated with increased reactive oxygen
species (ROS) release, and depletion of glutathione (GSH), and γ-glutamylcysteine synthetase (γ-GCS). The tumor suppressor
Pten protein is known to be a downstream target for DJ-1. Therefore, Pten expression was investigated after BCA treatment
and DJ-1 siRNA transfection. DJ-1 knockdown with DJ-1 siRNA transfection markedly increased Pten expression. However,
unexpectedly BCA-inducing DJ-1 downregulation is associated with decreased Pten protein expression. Altogether, these
data suggest that BCA downregulates Pten protein expression in MDA-MB-435 cells independent of DJ-1.

KEYWORDS
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Abbreviations: BCA, 2'-benzoyloxycinnamaldehyde; GSH, glutathione; γ-GCS, γ-glutamylcysteine synthetase; HCA, 2'Hydroxycinnamaldehyde; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-um bromide; Nrf2, NF-E2 p45-related
factor 2; ROS, reactive oxygen species.

Page

372

INTRODUCTION
Cassia or Chinese cinnamon is a widely used
spice made from the inner bark of the cinnamon
tree. 2′-Hydroxycinnamaeldehyde (HCA) is the
main effective component naturally extracted
from the bark of Cinnamomum cassia Blume [1].
2′-Benzoyloxycinnamaldehyde
(BCA)
is
chemically synthesized from HCA [2]. Both HCA
and BCA have been reported to have cytotoxic
effects, inhibit cell proliferation and induce
apoptosis in vitro, and inhibit tumor growth in
vivo [3, 4]. The effect of cinnamaldehyde and its
derivatives on breast cancer has not been wellunderstood. Recent studies indicated that BCA
inhibits cell proliferation in breast cancer MCF7
and MDA-MB-435 cells [5]. The BCA-induced
antiproliferation was more effective in MDA-

MB-435 when compared with MCF-7 cells
because of differential DJ-1 upregulation only in
MDA-MB-435 cells [5]. Another study showed
that cinnamon extract is able to inhibit
angiogenesis in MDA-MB-231-indeced tumor in
mice via vascular endothelial growth factor
(VEGF) inhibition [6]. Given the review of the
studies, a lot of investigations are required to
elucidate the molecular mechanism(s) of
cinnamadehyde and its derivatives on breast
cancer. It was reported that HCA and its
derivatives act as antitumor agents in diverse
cancer cell lines, possibly inducing apoptosis via
ROS generation and caspase-3 activation [7].
Furthermore, BCA/HCA-induced apoptosis has
also been associated with the inhibition of
proteasome activity [8]. BCA shows therapeutic
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selectivity in K-ras-transformed cells through
downregulation of thiol antioxidants [9], is a
promising
result
for
antitumor
drug
development. It was stated that BCA-inducing
cell proliferation inhibition takes place at least
in part through downregulation of DJ-1
expression. Recently, DJ-1 known as an
oncogene [10], belongs to the peptidase C56
family of proteins. DJ-1 protects cells against
oxidative stress in inseveral cancer models [1116]. It was stated that DJ-1 induces glutathione
(GSH) synthesis and scavenges H2O2 by cysteine
oxidation during oxidative stress [17]. DJ-1 is
known
to
stabilize
the
antioxidant
transcriptional master NF-E2-related factor 2
(Nrf2), leading to the coordinated upregulation
of antioxidant genes such as metallothionein
and γ-GCS [18, 19]. Van der Brug and his coworkers [20] reported that, DJ-1 promotes ras
signaling and suppress tumor suppressor Pten.
Also, DJ-1 was reported to act as a negative
regulator for the tumor suppressor protein Pten
[21-23]. In a previous study, it was shown that
BCA-inducing cell proliferation inhibition is
associated with DJ-1 downregulation in MDAMB-435 breast cancer cells [5]. In the current
study we evaluated the effect and molecular
mechanism (s) of BCA on MDA-MB-435 cells via
investigating its effect on cell viability, ROS
release, and the DJ-1 downstream antioxidant
enzyme targets such as GSH and γ-GCS as well
as the tumor suppressor Pten protein
expression.

Page

373

MATERIALS and METHODS
Chemicals and Reagents
MTT (3-[4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl2H-tetrazolium
bromide),
2’,
7’dichlorodihydrofluorescein diacetate (DCFH2DA), DMSO (Dimethylesulphoxide), were
purchased from Sigma (St. Louis, MO, USA).
RPMI
culture
media,
FBS
and
penicillin/streptomycin antibiotics were from
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Gibco (Invitrogen Corporation, CA, USA). Qiazol
was from Qiagen (Valencia, CA, USA) and 2 X
SYBR green PCR master mix from Applied
Biosystems (Foster, CA, USA). Mouse
monoclonal anti-DJ-1 antibody was purchased
from Abcam (Cambridge, UK). Rabbit
monoclonal anti-Pten antibody was from Cell
Signaling. Rabbit polyclonal anti-γ-GCS (catalytic
heavy chain subunit) antibody and HRPconjugated mouse monoclonal IgG anti-β-actin
antibody were from Santa Cruz (Santa Cruz, CA.
USA). HRP conjugated goat anti-rabbit and antimouse secondary antibodies were from Pierce
(Rockford, IL, USA). ECL-plus Western Blotting
Detection Reagent was from Amersham
Biosciences (St. Giles, Buckinghamshire, UK).
Cell culture and cell viability
Human breast cancer MDA-MB-435 cells were
maintained in RPMI culture media, containing
10% FBS, 100 units/ml penicillin and 1 μg/ml
streptomycin. Cells were incubated at 37 oC in a
5% CO2 humidified atmosphere. MDA-MB-435
cells (5,000 cells/ well) were seeded into 96-well
plates. On the following day, cells were treated
with different concentrations of BCA as
indicated and incubated for another 24 hrs. Cell
viability was then estimated using MTT cell
viability assay by reading the absorbance at 570
nm as previously described [5].
Intracellular ROS analysis
The effect of BCA on the intracellular ROS level
was observed using the H2O2-sensitive
fluorescent
dye
2’,
7’dichlorodihydrofluorescein diacetate (DCFH2DA) as previously described [8]. MDA-MB-435
cells were treated with BCA (15, 30 and 60 µM)
or 0.1% DMSO as a control and incubated for 24
hrs. Cells were treated with DCFH2-DA at a final
concentration 5 μg/ml and then incubated for
30 minutes. Cells were then washed twice with
PBS and intracellular levels of ROS were
analyzed at excitation 470 nm and emission 529
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nm using Fluorescence micriplate
(Infinite M200, TECAN, Switzerland).
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Estimation of reduced glutathione
The effect of BCA on GSH was investigated as
previously described [9]. Briefly, MDA-MB-435
cells were treated with different BCA
concentrations for 24 hrs or with 30 µM in time
intervals (0, 3, 6, 12, 24 hrs). Cells then washed
with PBS, trypsinized cells were resuspended in
5 ml of PBS. 100 µl of the resuspended cells
were used to determine the protein quantity.
Cells were centrifuged at 600 g to obtain a
packed cell pellet and added 3 volumes of 5% 5Sulfosalicylic acid (SSA). After lyses by two cycles
of freezing and thawing with liquid nitrogen, the
lysates were centrifuged at 10,000 g for 10 min
to collect supernatant. GSH concentration was
determined by Glutathione assay kit (SigmaAldrich)
according
to
manufacturer’s
instruments. Briefly, 10 μl of samples were
reacted in 150 μl of working solution (95 mM
potassium phosphate buffer, pH 7.0, 0,95 mM
EDTA, 0.038 mg/ml NADPH, 0.031 mg/ml 5,5’dithiobis(2-nitrobenzoic acid) [DTNB], 0.115
units/ml glutathione reductase, and 0.24% SSA)
for 5 min and checked the changes of the
optical density at 412 nm every 30 sec with
VERSA max ELISA reader (Molecular device, PA,
USA). The concentrations of sample glutathione
were calculated from standard curve of serial
diluted standard glutathione.
DJ-1 siRNA transfection and cell viability assay
MDA-MB-435 cells were transfected with either
control siRNA or DJ-1 siRNA (siDJ-1) sense: 5´CGACGAUCACUUAGAGAAATT-3´, antisense: 5´UUUCUCUAAGUGAUCGUCGCA-3´)
(Qiagen,
Valencia, CA, USA) as previously described [5].
Briefly, 1 x 105 cells were seeded in 60-mm
plates and the media replaced on the following
day with serum-free media just prior to
transfection. Cells were then transfected with
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DJ-1 siRNA at a final concentration of 10 nM
using Lipofectaminetm 2000 (Invitrogen,
Carlsbad, CA. USA) as a transfecting agent in
Opti-MEM (Invitrogen). After 12 hours, serumfree media containing the transfection mixture
were replaced with fresh serum-containing
media. The transfection efficiency was
evaluated via downregulation of DJ-1 mRNA.
Also, the effect of DJ-1 knockdown on Pten
expression was investigated using real time PCR.
To investigate the effect of DJ-1 siRNA on cell
viability, a proper number of cells were
transfected in 96-well plates for two days and
MTT assay was performed.
Quantitative real time PCR
To investigate the effect of BCA and siDJ-1 on
DJ-1 and Pten mRNA expression levels, real time
quantitative RT-PCR analysis was performed. In
brief, 1 X 105 cells were plated in 60-mm dishes
and after 24 hrs, the cells were treated with BCA
for 24 hrs more. Another set of plates was
transfected with control siRNA for three days.
Total RNA was extracted with Qiazol (Qiagen,
Valencia, CA, USA) according to the
manufacturer’s instructions. Five µg of
extracted RNA was reverse transcribed into
cDNA using a first strand cDNA synthesis kit
(Applied Biosystems, Fosters city, CA, USA), and
the resulting cDNA was diluted 10-fold and kept
at -20oC until use. The real time RT-PCR primers
were designed using Primer Express 1.5
software (Applied Biosystems) as follows: DJ-1
forward, 5´-GTCATTTGTCCTGATGCCAGC-3´, and
DJ-1 reverse, 5´-TCAGATAAATTCTGTGCGCCC-3´;
Pten forward, 5´-TCAGTGGCGGAACTTGCAA-3´
and
Pten
reverse
5´CATGAACTTGTCTTCCCGTCG-3´; GAPDH forward,
5´-AGATCATCAGCAATG-CCTCCTG-3´ and GAPDH
reverse, 5´-ATGGCATGGACTGTGGTCATG-3´. DJ1 expression was normalized using GAPDH as a
housekeeping gene. Real time PCR was carried
out using the ABI Prism 7500 sequence
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Western blot analyses
The effect of BCA on DJ-1, Pten, and γ-GCS
protein expression levels was analyzed by
western blot analysis using specific antibodies
as previously described [5]. Briefly, cells were
washed twice with cold PBS, after which 200 μL
of PRO-PREP protein extraction solution (Intron,
Daejon, South Korea) was added. Cell lysates
were centrifuged and protein concentrations
were estimated using the Coomassie protein
assay reagent (Thermo Scientific, Rockford, IL.
USA). 40 µg of protein samples were
electrophoresed on 10-15% SDS-PAGE gels.
Proteins were transferred to nitrocellulose
membranes, which were blocked in 5% skim
milk in TBS (25 mM Tris base and 150 mM NaCl)
for 2 hrs at room temperature, and then
incubated with primary antibody overnight at
4oC.
Horseradish
peroxidase-conjugated
secondary antibody was used at 1:5000
dilutions for 1 h at room temperature and then
washed three times in TBST (TBS and 0.1%
Tween 20). The target proteins were detected
with ECL detection.
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detection system (Applied Biosystems, USA). 10
µl of SYBR Green PCR master mix, 4 µl of diluted
cDNA, and 200 nM primer set were used for
amplification in 20 µl reaction mixture. All
samples were amplified in triplicate in a 96-well
plate and the cycling conditions being as
follows: 2 min at 50oC, 10 min at 95oC, and 40
cycles at 95oC for 15 seconds followed by 1
minute at 60oC. The values of Δcycle threshold
(ΔCt) were calculated by normalizing the
average Ct value of each treatment compared to
its opposite endogenous control (GAPDH) and
then calculating 2–ΔΔCt for each treatment.
Statistical analysis of the data was performed as
previously described [24]. These experiments
were repeated three times.
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Statistical analysis: The quantitative results
were calculated and expressed as the means ±
SD. Averages were graphed and the statistical
differences in mean values were carried out by
student t-test using Microsoft Excel-2007
software.

RESULTS and DISCUSSION
Consistently with a previous study, MDA-MB435 cell viability was inhibited after BCA
treatment in a dose-dependent manner, with an
IC50 about 25 μM [5]. HCA and its derivatives,
including BCA inhibits cell proliferation of
several types of cancer cells via inducing
apoptosis and cell cycle arrest [5, 7-9]. In the
current cellular model we found that BCAinducing antiproliferation effect is associated
with ROS release (Fig. 1). In other cellular
models it was stated also that, BCA inducing cell
proliferation inhibition, apoptosis and cell cycle
takes place via ROS release [8]. Joselin et al. [25]
found that DJ-1 function, and localization is
regulated by ROS during oxidative stress. To
further study the mechanism of action of BCA in
MDA-MB-435 cells, we investigated the
expression alteration pattern in DJ-1 and its
downstream targets GSH and γ-GCS after BCA
treatment. We found in consistent with our
previously published data [5] that BCA
decreased DJ-1 mRNA and protein expression
level in a dose and time dependent manner (Fig.
3 & 4). These data are consistent with the fact
that DJ-1 acts as an oncogene; protecting cells
against oxidative stress via several pathways;
including promotion and activation of ras
signaling [10, 20], stabilizing NRF2 protein by
impairing Keap1 (inhibitor of NRF2) [19],
increasing antioxidants expression such as GSH
[17], acting as a positive regulator of the survival
signaling PI3K/AKT cascade by inhibiting the
phosphatase activity of PTEN [23, 26, 27],
protecting cells against oxidative stress via
binding with p53 transcription factor, thus
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inducing inactivation of p53 and decreasing proapoptotic Bax [28, 29]. Furthermore, it was
found that DJ-1 can improve cell survival and
protect cells against apoptosis through its
interaction with the Daxx protein [30, 31]. In the
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current study, we found that BCA-mediated
MDA-MB-435 cell proliferation inhibition
decreased DJ-1 expression with concurrent
inhibition of GSH and γ-GCS (Fig. 2 & 3).
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Fig.1.The effect of BCA on ROS level in MDA-MB-435 cells. Cells were treated with different doses of BCA for
24 hrs (A) and 30 µM for different intervals as indicated (B) and then the intracellular ROS was measured as
shown in materials and methods.
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Fig.3. The effect of BCA on the DJ-1 mRNA (A), Pten mRNA (B), and protein expression of DJ-1, Pten, and γGCS protein expressions (C) in MDA-MB-435 cells. Cells were treated with BCA (DMSO, 15, 30, 60 μM) for 24
hrs and then mRNA and protein expression levels were investigated using real time PCR and western blot
analyses; respectively as shown in materials and methods.
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Fig.2. The effect of BCA on GSH in MDA-MB-435 cells. Cells were treated with different doses of BCA for 24
hrs (A) and 30 µM for different intervals as indicated (B) and then the GSH level was investigated as shown
in materials and methods.
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Fig.4. Time-dependent effect of BCA on the protein expression levels of DJ-1, and Pten in MDA-MB-435 cells.
Cells were treated with 30 µM of BCA for 0, 3, 6, 12, and 24 hrs and then protein level was investigated using
western blot analysis.
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Fig.5. Pten is a downstream target for DJ-1 in MDA-MB-435 cells. Cells were transfected with DJ-1 siRNA
and/or treated with BCA and then cell proliferation and Pten expression was evaluated using MTT and real
time PCR analyses, respectively.

In consistent with the present data, it was
stated that DJ-1 induces GSH and γ-GCS via
activating NRF2 [17, 19]. Unexpectedly, we
found that BCA-mediated DJ-1 downregulation
in MDA-MB-435 cells showed no effect on Pten

mRNA with concurrent decrease of Pten protein
expression (Fig. 3 & 4). Based on this data, we
suspected that Pten expression would be
independent from DJ-1 at least in part in the
current cellular model. Also, we investigated the
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role of DJ-1 in cell protection and in Pten
expression. We silenced DJ-1 in MDA-MB-435
cells by transfection of DJ-1 siRNA (siDJ-1) for
two days. The transfection efficiency was
investigated using real time qPCR (Fig. 5B). The
effect of DJ-1 silencing on cell viability after BCA
treatment was investigated using MTT assay. DJ1 silencing showed no effect on cell viability
(Fig. 5A). There was marked inhibition in MDAMB-435 cell viability (Fig. 5D) and clear
activation in Pten expression (Fig. 5E) due to
BCA treatment after DJ-1 silencing. Several
studies reported that DJ-1 functions as a
negative regulator of the tumor suppressor Pten
[22, 23]. In this respect, in the present study DJ1 knockdown significantly increased Pten
expression in MDA-MB-435 breast cancer cells
(Fig. 5C). From the above data, it could be
concluded that, BCA inhibited MDA-MB-435 cell
proliferation in a dose dependent manner via
increasing ROS release and depletion of GSH
and γ-GCS. This chemosensitizing effect of BCA
takes places at least in part via downregulation
of DJ-1. Interestingly, despite the decrease of
DJ-1 (the negative regulator of Pten), after BCA
treatment the tumor suppressor protein was
concurrently decreased. These data suggest that
BCA regulates Pten independent of DJ-1 at least
in the current cellular model, suggesting a
parallel survival (via downregulation of Pten)
and antiproliferative (via downregulation of DJ1) functions of BCA in MDA-MB-435 cells.
Surprisingly,
DJ-1
knockdown markedly
increased Pten expression. Taken together,
these data refer to that Pten is regulated at
least in part through DJ-1 in MDA-MB-435 in
addition to other signaling pathways. However,
BCA regulates Pten in a DJ-1 independent
signaling pathway. Further investigations are
required to clarify the regulatory effect of BCA
on Pten expression in other cellular models.
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CONCLUSION:
These data showed that BCA is a promising
candidate for breast cancer inhibition via
increasing
ROS
release
and
DJ-1
downregulation. Moreover, BCA downregulates
Pten expression in MDA-MB-435 cells in a DJ-1independent manner through other signaling
pathway. Also, the above data suggest that the
expression of DJ-1 is a potent marker for breast
cancer progression and inhibition.
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