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BACKGROUND AND PURPOSE
The Maillard Reaction Products (MRPs) are known to be effective in chemoprevention. Here we focused on the anticancer
effects of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (a MRP) on human non-small-cell lung cancer (NSCLC) cells and its
mechanism of action.

EXPERIMENTAL APPROACH
We analysed the activity of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on NSCLC cells (NCI-H460 and A549) by use of Western
blot analysis for major apoptotic proteins, MAPK, NF-kB and death receptor expression. We also used RT-PCR to determine its
effects on death receptor mRNA expression, EMSA for effects on NF-kB DNA binding activity and colony formation assay for
effects of inhibitors on (E)-2,4-bis(p-hydroxyphenyl)-2-butenal’s actions.

KEY RESULTS
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal induced a concentration (10–40 mg·mL-1)- and time (30 min–72 h)-dependent
inhibitory effect on the growth of NSCLC cells due to induction of apoptosis. Concomitantly, it significantly increased the
expression of apoptotic proteins such as cleaved caspase-3, cleaved caspase-9, Bax and p53, but down-regulated the
expression of anti-apoptotic proteins Bcl-2, cIAP1 and cIAP2. This effect was induced by up-regulation of MAPK and death
receptor proteins TNFRSF12, TNFRSF10B and TNFRSF21, but suppression of NF-kB. Of the death receptors activated, only
TNFRSF10B knock down with siRNA reversed the effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal. Even though all the MAPKs
were activated, only pretreatment with a p38 MAPK inhibitor reversed (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced cell
growth inhibition, increase in cleaved caspase-3, -9 and TNFRSF10B expression, and NF-kB inactivation.

CONCLUSIONS AND IMPLICATIONS
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal induces apoptosis in NSCLC cells by p38 MAPK-mediated suppression of NF-kB and
activation of TNFRSF10B, which then activates the caspase-3 and caspase-9 pathways.
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NSCLC, non small cell lung cancer
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Introduction
Lung cancer is the most common cancer in terms of both
incidence and mortality and is the second leading cause
of cancer-related deaths worldwide (Nesbitt et al., 1997).
Although combination chemotherapy constitutes a major
part of the treatment programme for patients with inoperable
lung cancer, improvements in treatment efficacy, even with
newly developed anticancer agents, have been unsatisfactory
(Rigas, 1998). Thus, there is a need for novel therapeutics
with specific targets for the treatment of lung cancer.

Death receptors are members of the TNF receptor super
family and comprise a sub-family that is characterized by an
intracellular death domain. Death receptors are activated by
their natural ligands, the TNF family. The interaction of the
TNF family of ligands with their cognate receptors leads to
cell growth, differentiation, survival or death, depending on
the cellular context and the nature of the ligand and receptor
interaction (Locksley et al., 2001). Of all the death receptors
TNF-related apoptosis-inducing ligand TNFRSF10A (TRAIL-
R1) and TNFRSF10B (TRAIL-R2) are selectively expressed in
cancer cells and thus offer an advantage for targeted therapy
and prevention (Srivastava, 2000; 2001; Shankar and Srivas-
tava, 2004). The balance between these positive and negative
regulators ultimately determines the fate of a cell (Baud and
Karin, 2001; Ashkenazi, 2002; Karin and Lin, 2002). The
expression of death receptors induces activation of caspase-8,
which leads to the activation of downstream caspases, includ-
ing caspases-9 and -3, as well as the translocation of Bax to
mitochondria leading to apoptosis (Elrod and Sun, 2008).

The signalling event involved in survival, growth arrest,
or programmed cell death includes activation of the MAPK
pathway (Schwenger et al., 1998). The MAPK pathways
consist of p38 MAPK (p38), ERK and JNK. It is primarily
activated by stress signals, and its activation leads to inhibi-
tion of cellular proliferation and/or decreased cell survival.
Metformin treatment of lung cancer cells activates the JNK/
p38 MAPK signalling pathway and caspases. Blockade of the
JNK/p38 MAPK pathway prevented the apoptosis-inducing
effect of metformin (Wu et al., 2011). Moreover, previous
reports have indicated that p38 is the upstream target of
TNFRSF10B induced by other agents (Lei et al., 2008; Park
et al., 2010). In human oral cancer cells, phenethyl isothio-
cyanate activates TNFRSF10B to induce apoptosis via p38
MAPK (Huong et al., 2012). AW00179 is able to sensitize
H1299 human lung cancer cells to TRAIL-mediated apoptosis
through two distinct mechanisms: the ROS-JNK-c-Jun-
(MAPK) pathway mediated by up-regulation of TNFRSF10B,
and down-regulation of antiapoptotic molecules (Hwang
et al., 2012b). Taken together, these data show that a specific
MAPK pathway could be activated to regulate the death
receptor and would depend on the compound being used to
induce lung cancer cell death.

Members of the NF-kB family also play an important role
in the development and progression of several human malig-
nancies (Nakshatri et al., 1997; Baud and Karin, 2009). NF-kB
gene products have also been shown to have important pro-
liferative and anti-apoptotic activities that could contribute
to the development, progression and resistance to therapy of
tumour cells (Karin and Greten, 2005; Viatour et al., 2005).
Thus, the activation of NF-kB is correlated with apoptotic

resistant and anti-apoptotic properties. Recent studies on the
signalling mechanisms of the DR have revealed that members
of the NF-kB and caspase families are key regulators of cell
death. Several studies have demonstrated that activation of
MAPK, which controls the activation of NF-kB and IKKs, is
significantly involved in the regulation of cancer cell growth
(Lee et al., 1997; Wang et al., 2000; Kim et al., 2004; Moon
et al., 2007). The activated p38 MAPK leads to activation of
the TNFRSF10B-induced apoptosis pathways through the
modulation of NF-kB activity (Wang et al., 2000; Lei et al.,
2008; Park et al., 2010).

Several compounds that have anti-oxidant and anti-
inflammatory properties also have anticancer effects (Lee
et al., 2011b). Recently, we synthesized (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal by the Maillard reaction (MR)
with tyrosine and fructose, using a high temperature and
pressure treatment (Hwang et al., 2012a). These Maillard reac-
tion products (MRPs) such as glucose-tyrosine, glucose-lysine,
fructose-lysine, ribose-lysine and xylose-tryptophan have
antioxidant and anti-mutagenic effects (Jing and Kitts, 2004;
Atrooz, 2008). Previously, it was shown that (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal induces antioxidant and anti-
inflammatory effects by inhibition of NF-kB and STAT3
activity (Lee et al., 2011a). To investigate the anticancer activ-
ity of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal, we examined
its effect on NSCLC cell growth and signalling mechanisms.

Methods

Chemicals
In brief, (E)-2,4-bis(p-hydroxyphenyl)-2-butenal was prepared
as follows. We prepared 100 mL of fructose–tyrosine mixture
including 0.1 M tyrosine and 0.05 M fructose. MR was carried
out in a temperature-controlled autoclave apparatus (Jisico,
Seoul, South Korea) at 130°C for 2 h. Then the reaction
mixture was filtered through a 0.45 mm membrane and
several fractionation steps were used to isolate the active
compounds, as described elsewhere (Hwang et al., 2012a).
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal was dissolved in
0.01% DMSO and used at concentrations of 10, 20, 30,
40 mg·mL-1 to treat cultured cells.

Cell culture
NCI-H460 and A549 human lung cancer cells were obtained
from the American Type Culture Collection (Cryosite, Lane
Cove, NSW, Australia). LL-24 normal lung cells were obtained
from the Korean cell line bank. NCI-H460, LL-24 and A549
human lung cancer cells were grown in RPMI1640 and
DMEM, respectively, with 10% FBS, 100 U·mL-1 penicillin
and 100 mg·mL-1 streptomycin, at 37°C in 5% CO2 humidified
air.

Cell viability assay
To determine the cell viability the cells were cultured in
24-well plates at a density of 5 ¥ 104 cells per well. The cells
were treated with different concentrations of (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal (10–40 mg·mL-1). At different time
points the cultured cells were trypsinized with TrypLE Express
(Invitrogen), and then the cells were pelleted by centrifuga-
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tion for 5 min at 151¥ g. Cells were resuspended in PBS, and
0.2% trypan blue was added to the cancer cell suspension.
Subsequently, a drop of suspension was placed into a Neu-
bauer chamber, and the living cancer cells were counted.
Cells that showed signs of staining were considered to be
dead, whereas those that excluded trypan blue were consid-
ered viable. Each assay was carried out in triplicate.

Detection of apoptosis
The apoptosis assay was first performed by using DAPI stain-
ing. NCI-H460 and A549 human lung cancer cells were cul-
tured in the absence or presence of increasing concentrations
of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal, and induction of
apoptotic cell death was evaluated after 24 h. Apoptotic cells
were determined by observing the morphological changes
after DAPI staining under a fluorescence microscope (DAS
microscope, 100¥ or 200¥: Leica Microsystems, Inc., Deefield,
IL). Apoptosis was also evaluated by the TUNEL staining
assay. In brief, cells were cultured on eight-chamber slides.
After treatment with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal
(10–40 mg·mL-1) for 24 h, the cells were washed twice with
PBS and fixed by incubation in 4% paraformaldehyde in PBS
for 1 h at room temperature. The TUNEL assays were per-
formed by using an in situ Cell Death Detection Kit (Roche
Diagnostics GmbH, Mannheim, Germany), according to the
manufacturer’s instructions. The total number of cells in a
given area was determined by using DAPI and TUNEL stain-
ing. The apoptotic index was determined as the number of
DAPI-stained TUNEL-positive cells divided by the total
number of cells counted ¥100.

Western blot analysis
Harvested cells were homogenized with lysis buffer [50 mM
Tris pH 8.0, 150 mM NaCl, 0.02% sodium azide, 0.2% SDS,
1 mM PMFS, 10 ml·mL-1 aprotinin, 1% igapel 630 (Sigma
Aldrich, St. Louis, MO), 10 mM NaF, 0.5 mM EDTA, 0.1 mM
EGTA and 0.5% sodium deoxycholate] and centrifuged at
23 000¥ g for 15 min. The protein concentration was meas-
ured by the Bradford method (Bio-Rad Protein Assay; Bio-Rad
Laboratories Inc., Hercules, CA), and equal amounts of pro-
teins (50 mg) were separated on a SDS/10%-polyacrylamide
gel and then transferred to a Hybond ECL nitrocellulose
membrane (Amersham Pharmacia Biotech Inc., Piscataway,
NJ). Blots were blocked for 2 h at room temperature with 5%
(w v-1) non-fat dried milk in Tris-buffered saline [10 mM Tris
(pH 8.0) and 150 mM NaCl] solution containing 0.05%
Tween-20. The membrane was incubated for 5 h at room
temperature with specific antibodies: mouse polyclonal anti-
bodies against Bax, p53, IkB, p- IkB, p65, histone-H1, p-ERK,
p-p38, TNFRSF1A, TNFRSF10A, TNFRSF10B, MMP-9 cyclin D
and Fas (1:500 dilution; Santa Cruz Biotechnology Inc., Santa
Cruz, CA); rabbit polyclonal for p50, p38, ERK, JNK,
TNFRSF1B, TNFRSF12 and TNFRSF21 (1:500 dilution, Santa
Cruz Biotechnology Inc.); and for caspase-3, cleaved cas-
pase3, cleaved caspase-9, inhibitor of apoptosis protein (cIAP)
1 and 2, p-JNK, COX-2 and VEGF (1:1000 dilution; Cell
Signaling Technology, Inc., Beverly, MA). The blot was then
incubated with the corresponding conjugated anti-rabbit and
anti-mouse immunoglobulin G-HRP (1:4000 dilution; Santa
Cruz Biotechnology Inc.). Immunoreactive proteins were

detected with the ECL Western blotting detection system.
The relative density of the protein bands was scanned by
densitometry using MyImage (SLB) and quantified by Lab-
works 4.0 software (UVP Inc.).

Gel EMSA
The gel shift assay was performed according to the manufac-
turer’s recommendations (Promega, Madison, WI). Briefly,
the sample of 1 ¥ 106 cells·mL-1 was washed twice with 1 ¥
PBS, followed by the addition of 1 mL of PBS, and the cells
were scraped into a cold Eppendorf tube. Cells were pelleted
by centrifugation at 151¥ g for 5 min, and the resulting super-
natant was removed. Solution A (50 mM HEPES, pH 7.4,
10 mM KCl, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol,
0.1 mg·mL-1 PMSF, 1 mg·mL-1 pepstatin A, 1 mg·mL-1 leupeptin,
10 mg·mL-1 soybean trypsin inhibitor, 10 mg·mL-1 aprotinin
and 0.5% Nonidet P-40) was added to the pellet and allowed
to incubate on ice for 10 min and centrifuged at 3,220¥ g for
6 min and cytoplasmic extract was separated. Solution C
(solution A + 10% glycerol and 400 mM KCl) was added to
the pellet and vortexed on ice for 20 min. The cells were
centrifuged at 13,000¥ g for 12 min, and the resulting nuclear
extract supernatant was collected in a chilled Eppendorf tube.
Consensus oligonucleotides were end-labelled using T4 poly-
nucleotide kinase and [g-32P]-ATP for 10 min at 37°C. Gel shift
reactions were assembled and allowed to incubate at room
temperature for 10 min followed by the addition of 1 mL
(50 000–200,000 cpm) of labelled oligonucleotide and
another 20 min of incubation at room temperature. Subse-
quently, 1 mL of gel loading buffer was added to each reaction
and loaded onto a 4% non-denaturing gel and electrophoresis
was performed until the dye was three-quarters of the way
down the gel. The gel was dried at 80°C for 50 min and
exposed to film overnight at -70°C. The relative density of
the DNA-protein binding bands was scanned by densitom-
etry using My Image (SLB, Seoul, Korea) and quantified by
Lab works 4.0 software (UVP Inc., Upland, CA).

RT-PCR
Total RNAs were isolated from cultured cells using RNeasy
plus Mini Kit (Qiagen, Seoul, South Korea) according to the
manufacturer’s manual. The RNA pellet obtained in the final
step was dissolved in 30 mL of sterile diethylpyrocarbonate
(DEPC)-treated water, and its concentration was determined
using a UV spectrophotometer at 260 nm. RNA was kept in
DEPC-treated water at -70°C until use. Reverse transcription
was performed using a High Capacity RNA-to-cDNA Kit (AB).
PCR amplifications were then carried out with the primers.
The PCR primers used were 5′-ACCAATGCCACAAAGGA
AC-3′ and 5′-CTGCAATTGAAGCACTGGAA-3′ for the human
TNFRSF1A, 5′-CTCAGGAGCATG GGGATAAA-3′ and 5′-AGC
CAGCCAGTCTGACATCT-3′ for the human TNFRSF1B,
5′-ATGGCGATGGCTGCGTGTCCTG-3′ and 5′-AGCGCCTCC
TGGGTCTCGGGGTAG-3′ for the human TNFRSF12,
5′-ACTTTGGTTGTTCCGTTGCTGTTG-3′ and 5′-GGCTTTC
CATTTGCTGCTCA-3′ for the human TNFRSF10A, 5′-
TGGAACAACGGGGACAGAACG-3′ and 5′-GCAGCGCAAGC
AGAAAAGGAG-3′ for the human TNFRSF10B, 5′-AAGCCGG
GGACCAAGGAGACAGACAAC-3′ and 5′-TGCCGGGGCC
CTTTTTCAGAGT-3′ for the human TNFRSF21 and 5′-CAA

BJP(E)-2,4-bis(p-hydroxyphenyl)-2-butenal in NSCLC

British Journal of Pharmacology (2013) 168 1471–1484 1473



AGCCCATTTTTCTTCCA-3′ and 5′-GACAAAGCCACCCCA
AGTTA-3′ for human FAS, 5′-CAGCTCTTCCACCTA
CAGAAGG-3′ and 5′-AAGATTGAACACTGCCCCCAGG-3′ for
FasL, 5′-AGACCTGCGTGCTGATCGTG-3′ and 5′-TTATTTT
GCGGCCCAGAGCC-3′ for human TRAIL, 5′-GAAGGTGAAG
GTCGGAGT-3′ and 5′-CTTCTACCACTACCCTAAAG-3′ for
GAPDH respectively.

Clonogenic assay
This assay tests every cell in a given population for its ability
to undergo unlimited division and form colonies. In brief,
NCI-H460 and A549 cell were pretreated with a p38 MAPK
inhibitor. After 30 min, 8 ¥ 103 cells·mL-1 were suspended in
2 mL of 0.3% agar containing basal medium Eagle’s agar
containing 10% FBS. The cultures were maintained at 37°C in
a 5% CO2 atmosphere for 2 weeks, and cell colonies >80 mm
in diameter were scored.

Confocal microscopy
NCI-H460 and A549 cells were plated in the chamber slides at
a density of 5 ¥ 103 cells per chamber. The cells were then
treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal or
media. One hour later, the cells were washed once with PBS
and fixed with 4% paraformaldehyde for 20 min, membrane-
permeabilized by exposure to 0.1% Triton X-100 for 2 min in
PBS and placed in blocking serum (5% BSA in PBS) at room
temperature for 2 h. The cells were then exposed to primary
rabbit and mouse polyclonal antibody for p50 and p65,
respectively (1:50 dilution; Santa Cruz Biotechnology Inc.,
Santa Cruz, CA), overnight at 4°C. After being washed with
ice-cold PBS, followed by treatment with an anti-rabbit sec-
ondary antibody labelled with Alexa Fluor 568 and 488(1:100
dilution, Molecular Probes Inc., Eugene, OR) for 2 h at room
temperature, immunofluorescence images were acquired
using a confocal laser scanning microscope (TCS SP2, Leica
Microsystems AG, Wetzlar, Germany) equipped with a 630¥
oil immersion objective.

Results

(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
inhibited NCI-H460 and A549 human lung
cancer cell growth
Initially, to examine the effect of (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal on NCI-H460 and A549 human
lung cancer cell growth, we analysed the growth pattern of
the cells with different concentrations of (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal at various time points. Morpho-
logical features of the NCI-H460 and A549 cells show a
reduction in cell size and rounding up of cells in a time-
dependent (24–72 h) and concentration-dependent manner
(10–40 mg·mL-1). The cell growth inhibition effect of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal was also evaluated
by the trypan blue dye exclusion method. (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal decreased the cell numbers in a
concentration- and time-dependent manner (Figure 1A). The
IC50 values at 48 h were 30.4 and 31.0 mg·mL-1 in NCI-H460
and A549 cells respectively. (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal had no effect on normal lung cells LL-24.

(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
induced apoptotic cell death
To find out whether the inhibition of cell growth by (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal was due to the induction of
apoptotic cell death; we evaluated changes in the chromatin
morphology of cells using DAPI staining. To further charac-
terize the apoptotic cell death induced by (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal, we performed TUNEL staining
assays, and then the labelled cells were analysed by fluores-
cence microscopy. Cells were labelled by the TUNEL assay
and both NCI-H460 and A549 human lung cancer cells
showed increased fluorescence intensity in the presence
of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (Figure 1B). The
number of apoptotic cells (DAPI-positive TUNEL-stained
cells) in NCI-H460 and A549 human lung cell cultures was
increased in the presence of increasing concentrations of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal, to about 86% and
83% of cells, respectively, at a concentration of 40 mg·mL-1.

Effect of (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal on the expression of apoptotic
regulatory proteins
To confirm the effects of (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal on apoptotic cell death, we also analysed the
expression levels of various apoptotic signalling proteins.
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal increased the levels
of apoptotic regulatory proteins, such as cleaved caspase-9,
BAX and p53, in both the cell lines in a time-dependent
manner (Figure 2A). At the same time, we also analysed
the expression of various pro-apoptotic and antiapopto-
tic proteins in the presence of various concentrations
(10–40 mg·mL-1) of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal.
Again, we observed that as the concentration of (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal was increased, the expression of
apoptosis-inducing proteins, cleaved caspase-3, cleaved
caspase-9, BAX and p53, was also increased. Similarly as the
concentration increased, the expression of the anti-apoptotic
proteins (Bcl-2, cIAP1 and cIAP2) was decreased (Figure 2B).

Regulation of death receptors activity by
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
Death receptors can be the target of many apoptotic stimu-
lators. Hence, we performed RT-PCR to find the expression
levels of various receptors including TNF receptors
(TNFRSF1A and TNFRSF1B) and death receptors (TNFRSF12,
TNFRSF10B and TNFRSF21). The results showed a decrease in
the expression of the TNF receptors. However, there was an
increase in the expression of TNFRSF12, TNFRSF10B and
TNFRSF21 in both NSCLC cell lines treated with 30 mg·mL-1 of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal when compared with
the untreated control. In addition to RT-PCR, Western blot
analysis also showed an increase in death receptor expression
(Figure 2C and D). These findings indicate that (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal interacts with receptors to induce
apoptosis in NCI-H460 and A549 NSCLC cell lines.

Inhibition of NF-kB activation by
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
A decreased in activity of NF-kB has been shown to be
involved in apoptotic cell death in many cancer cells. Hence,
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Figure 1
Effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on the cell viability and morphological changes of NSCLC cell lines. (A) Concentration- and
time-dependent effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on cell viability of NCI-H460, A549 and LL-24 cells. After treatment with
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal (0–40 mg·mL-1) for 24, 48 and 72 h, the morphological changes of NCI-H460 and A549 were observed
and the number of viable cells was counted under a microscope (magnification, ¥200). Values are mean � SD of three experiments with replicates.
*P � 0.05 indicates statistically significant differences from the control group. (B) Apoptotic cell death of NSCLC cell lines with the treatment of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal. Quantification of apoptosis by TUNEL assay. The green colour in the fixed cells marks TUNEL-labelled cells.
Total number of cells in a given area was determined by using DAPI nuclear staining (fluorescent microscope). The apoptotic index was determined
as the DAPI-stained TUNEL-positive cell number/total DAPI-stained cell number (magnification, ¥200). Values are mean and SD of three
experiments with replicates. *P � 0.05 indicates statistically significant differences from the control group.
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we examined the DNA binding activity of NF-kB with
EMSA. (E)-2,4-bis(p-hydroxyphenyl)-2-butenal induced a
concentration-dependent decrease in the DNA binding activ-
ity of NF-kB (Figure 3A). To interpret the EMSA results, we
performed Western blotting for the NF-kB proteins. Along
with the inhibitory effect on NF-kB DNA binding activity,
we also found that (E)-2,4-bis(p-hydroxyphenyl)-2-butenal
concentration-dependently inhibited the translocation of
p50 and p65 into the nucleus by inhibiting the phosphoryla-
tion of IkB (Figure 3B). Furthermore, to assess the intracellu-
lar location of p50 and p65 subunits, we performed confocal

microscopy and found that there was a significant inhibition
of translocation of p50 and p65 into the nucleus. This was
depicted as a decrease in the intensity of staining in the
nucleus and increase in the cytosol of the (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal-treated cells (Figure 3C).

Activation of the MAPK pathway by
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
The MAPK protein is essential for the induction of apoptosis
in various cancer cells. Thus, we investigated the changes in
the expression of MAPK proteins (ERK, JNK and p38) induced

Figure 2
Effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on the expression of apoptosis regulatory proteins. (A) The cells were treated with same
concentration (40 mg·mL-1) of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal and harvested at different time points. (B) The cells were treated with
different concentrations (0–40 mg·mL-1) of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal at 37°C for 12 h. Equal amounts of total proteins (50 mg per
lane) were subjected to 10% SDS-PAGE. Expressions of cleaved caspase-3, cleaved caspase-9, p53, Bax, cIAP1/2, Bcl-2 and b-actin were detected
by Western blotting using specific antibodies. b-Actin protein was used an internal control in NCI-H460 and A549 lung cancer cells. Each band
is representative of three independent experiments. (C) Effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on death receptor expression in NSCLC
cell lines. The cells were treated with different concentrations (0–40 mg·mL-1) of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal at 37°C, and total RNA
were extracted and examined for expressions of TNFRSF1A and 1B, TNF-R1 and 2, FAS, TNFRSF12, 10A, 10B and 21 (DR-3, -4, -5, -6) and GAPDH
by RT-PCR. GAPDH was used as an internal control to show equal RNA loading. Equal amounts of total proteins (50 mg·per lane) were subjected
to 10% SDS-PAGE. Expressions of TNFRSFs, FAS, and b-actin were detected by Western blotting using specific antibodies. b-Actin protein was used
an internal control. Each band is representative for three experiments.
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by treating NCI-H460 and A549 cells with (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal (10–40 mg·mL-1). (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal caused the phosphorylation of all
the three MAPK proteins. The phosphorylation of ERK, cJNK
and p38 was found to be increased in a concentration-
dependent manner (Figure 4A). This increase in phosphoryla-
tion of MAPK proteins can be further associated with the
induction of apoptosis induced by the activation of the
caspase cascade.

Inhibition of the MAPK pathway
reversed the effect of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
The inhibition of p38 MAPK with SB203580, but not
other inhibitors (JNK and ERK), reversed the increase in apop-
tosis induced by (E)-2,4-bis(p-hydroxyphenyl)-2-butenal.

Pretreatment with SB203580 increased the viability of both
NCI-H460 and A549 cells (Figure 4B), and decreased the per-
centage of cells undergoing apoptosis (Figure 5A). The effect
of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on the apoptotic
proteins caspase-3 and -9 was also reversed by SB203580
(Figure 4C), as were its effects on NF-kB and the expression of
the death receptors (Figure 4C). The colony formation assay
was performed after inhibition of p38 MAPK and it was found
that the number of colonies was concentration-dependently
decreased by (E)-2,4-bis(p-hydroxyphenyl)-2-butenal. But the
cells pretreated with p38 MAPK inhibitor had higher number
of colonies compared with those treated with just (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal. Hence, inhibition of p38
MAPK reversed the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-
induced inhibitory effect on cancer cell growth (Figure 5B).
Thus, p38 MAPK plays a very important role in (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal-induced apoptosis.

Figure 3
Effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on NF-kB activation in NSCLC cell lines. (A) Nuclear extracts from NCI-H460 and A549 lung
cancer cells treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (0–40 mg·mL-1) for 1 h were incubated in binding reactions of 32P-end-labelled
oligonucleotide containing the kB sequence. The activation of NF-kB was investigated using EMSA as described in Methods. (B) The cells treated
with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (0–40 mg·mL-1) for 1 h were lysed, cytosolic proteins were used to determine the expression of IkB,
p-IkB and b-actin (internal control) and nuclear proteins were used to determine the expression of p50, p65 and histoneH1(internal control) in
lung cancer cells. (C) Intracellular location of p50 and p65 in lung cancer cells was determined by immunofluorescence confocal scanning
microscope (magnification, 400¥). Double staining (Merge) with p50 or p65 and DAPI staining demonstrates the localization of p50 and p65 in
the nucleus. Values are mean � SD of three experiments with replicates. *P � 0.05 indicates statistically significant differences from the control
group.
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Figure 4
Effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on MAPK activation in NSCLC cell lines. (A) The cells were treated with different concentrations
(0–40 mg·mL-1) of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal at 37°C of 30 min, equal amounts of total proteins (50 mg per lane) were subjected to
10% SDS-PAGE. Expressions of ERK, p-ERK, JNK, p-JNK, p38, p-p38 and b-actin were detected by Western blotting using specific antibodies. b-Actin
protein was used an internal control in both NCI-H460 and A549 lung cancer cells. Each band is representative of three independent experiments.
Effect of p38 inhibitor SB203580 on the activity of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal. (B) The effect of pretreatment with SB203580 on
the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced decrease in cell viability. After treatment with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal
(0–40 mg·mL-1) for 24 h, the cells were harvested by trypsinization and stained with 0.2% trypan blue. Relative cell survival rate was determined by
counting live and dead cells. (C) The effect of pretreatment with SB203580 on the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced increase in the
death receptor expression and caspase-3 and -9 activation. (D) The effect of pretreatment with SB203580 on the (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal-induced NF-kB inactivation, the cells treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (0–40 mg·mL-1) for 1 h were lysed, cytosolic
proteins were used to determine the expression of IkB, p-IkB and b-actin (internal control). The effect of pretreatment with SB203580 on the
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced inhibition of NF-kB DNA binding activity. Nuclear extracts from NCI-H460 and A549 lung cancer
cells pretreated with SB203580 for 30 min and treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (0–40 mg·mL-1) for 1 h were incubated in
binding reactions of 32P-end-labelled oligonucleotide containing the kB sequence. The activation of NF-kB was investigated using EMSA as described
in Methods. Values are mean � SD of three experiments with replicates. *P � 0.05 indicates statistically significant differences from the control group.
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Knock down of TNFRSF10B
reversed the effect of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal
To determine the relationship between the expression of
the death receptors (TNFRSF12, TNFRSF10B and TNFRSF21)
and the cell growth inhibitory effect of (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal, we transfected NCI-H460 and
A549 cells with TNFRSF12, TNFRSF10B and TNFRSF21 siRNA
using a transfection agent. The viability of cells with

TNFRSF10B knock down was increased significantly
(Figure 6A). Hence TNFRSF10B is important for (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal-induced apoptosis. The cells
were then transfected with 100 nM siRNA of TNFRSF10B
and control for 24 h, and then treated with (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal. The expression of caspase-3 and 9
were found to be reversed in the TNFRSF10B transfected cells.
The (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced activa-
tion of p38 MAPK and inactivation of NF-kB was also reversed

Figure 5
(A) The effect of pretreatment with SB203580 on the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced apoptosis, the apoptotic cell death of
non-small cell lung cancer cell lines pretreated with SB203580 and then treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal. Quantification of
apoptosis by TUNEL assay. The NSCLC cells NCI-H460 and A549, were pretreated with 20 mM SB203580 for 30 min and then treated with
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal (30 mg·mL-1) for 24 h and then labelled with TUNEL solution. The green colour in the fixed cells marks
TUNEL-labelled cells. Total number of cells in a given area was determined by using DAPI nuclear staining (fluorescent microscope). The apoptotic
index was determined as the DAPI-stained TUNEL-positive cell number/total DAPI-stained cell number (magnification, ¥200). Values are mean �

SD of three experiments with replicates. *P � 0.05 indicates statistically significant differences from the control group. (B) The effect of
pretreatment with SB203580 on the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced inhibition of colony formation in NCI-H460 and A549 cells.
After 30 min of pretreatment 8 ¥ 103 cell·mL-1 were suspended in 2 mL of 0.3% agar containing basal medium Eagle’s agar containing 10% FBS.
The cultures were maintained at 37°C in a 5% CO2 atmosphere for 2 weeks, and cell colonies >80 mm in diameter were scored. Values are mean
� SD of three experiments with replicates. *P � 0.05 indicates statistically significant differences from the control group.

BJP(E)-2,4-bis(p-hydroxyphenyl)-2-butenal in NSCLC

British Journal of Pharmacology (2013) 168 1471–1484 1479



Figure 6
Effect of siRNA of TNFRSFs (death receptors) on the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced cancer cell growth inhibition, p38 expression
and apoptosis in lung cancer cells. (A) Effect of siRNA of DR on the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced cell viability. The lung cancer
cells were transfected with the DR siRNA (100 nM) for 24 h; the cells were then treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (30 mg·mL-1)
for another 24 h. The cells were harvested by trypsinization and stained with 0.2% trypan blue. Relative cell survival rate was determined by
counting live and dead cells. Values are mean � SD of three experiments with replicates. *P � 0.05, significantly different from untreated control
cells. #P � 0.01, significantly different from control siRNA transfected cells. (B) The cells were transfected with non-targeting control siRNA or
TNFRSF10B (DR5) siRNA (100 nM) as described in Methods for 24 h. Then (E)-2,4-bis(p-hydroxyphenyl)-2-butenal was treated (30 mg·mL-1) at
37°C. Equal amounts of total proteins (50 mg·per lane) were subjected to 10% SDS-PAGE. Expressions of cleaved caspase-3, cleaved caspase-9,
TNFRSF10B, p38, p-p38 and b-actin were detected by Western blotting using specific antibodies. b-Actin protein was used an internal control in
NCI-H460 and A549 lung cancer cells. Each band is representative of three independent experiments. (C) Effect of siRNA of TNFRSF10B (DR5) on
the (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced NF-kB inactivation. Nuclear extract from NCI-H460 and A549 lung cancer cells pre-treated
with SB203580 of 30 min and treated with (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (0–40 mg·mL-1) for 1 h was incubated in binding reactions of
32P-end-labelled oligonucleotide containing the kB sequence. The activation of NF-kB was investigated using EMSA as described in Methods.
Values are mean � SD of three experiments with replicates. *P � 0.05 indicates statistically significant differences from the control group.
(D) Schematic representation of anti-proliferative effect of (E)-2,4-bis(p-hydroxyphenyl)-2-butenal on NSCLC cells.
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in TNFRSF10B knock down cells (Figure 6B). These results
indicate that the TNFRSF10B pathway is significantly
involved in (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-induced
lung cancer cell death.

Discussion

The central point of interest in the present study is the nature
of the inhibitory effect of (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal on the growth of NSCLC cells (NCI-H460 and A549).
This inhibitory effect was shown to be due to apoptosis,
which was found to be induced by the stimulation of
TNFRSF10B that then mediated the activation of caspase-3
and caspase-9. (E)-2,4-bis(p-hydroxyphenyl)-2-butenal was
also found to inactivate NF-kB, a major transcriptional factor
in cellular events. Activation of p38 MAPK was also associated
with the increased apoptotic cell death induced by (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal. However inhibition of p38
MAPK and knock down of TNFRSF10B reversed the (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal-induced inhibitory effect on
cancer cell growth and colony formation, caspase-3 and -9
activation as well as NF-kB inactivation. Thus, (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal has an anti-proliferative effect
induced by p38 MAPK-mediated TNFRSF10B-dependent
caspase-3 and -9 activation and NF-kB inactivation.

(E)-2,4-bis(p-hydroxyphenyl)-2-butenal induces antioxi-
dant and anti-inflammatory effects through inhibition of
NF-kB and STAT3 activity in LPS-stimulated astrocytes and
microglial BV-2 cells (Lee et al., 2011a). Furthermore, (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal also significantly inhibits
colon tumour growth in vivo (xenograft assay). In a
study on colon cancer cells, we found that (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal affected NF-kB activity (evidenced
by docking model and pull down assay), and at a similar
range of concentrations, it also inhibited colon cancer cell
growth too (unpublished observations).

Activated death receptors induce apoptosis through the
activation of downstream caspases, including caspases-9 and
-3, as well as the translocation of Bax to mitochondria (Elrod
and Sun, 2008). Various compounds, such as Chan Su
(Venenum Bufonis) and indole-3-carbinol, have been shown to
induce apoptosis by death receptor-mediated caspase-3 and
-9 activation in NSCLC cell lines (Yun et al., 2009; Choi et al.,
2010). Activation of caspase-3 and -9 also induces apoptosis
in lung cancer cells. Diallyl trisulfide was found to induce
apoptosis of A549 lung cancer cells by activation of caspase-3
and -9 both in vitro and in vivo (Li et al., 2012). Further,
luteolin was shown to induce apoptosis of lung cancer cells
via caspase-3 and caspase-9 activation (Chen et al., 2012).
Among the death receptors, the TNF-related apoptosis-
inducing ligand receptors TNFRSF10A (TRAIL-R1) and
TNFRSF10B (TRAIL-R2) are selectively expressed in cancer
cells and thus offer an advantage for targeted therapy and
prevention (Srivastava, 2000; Srivastava, 2001; Shankar and
Srivastava, 2004). Aclarubicin enhances TRAIL-induced apop-
tosis through TNFRSF10B up-regulation in A549 NSCLC cells
via the expression of caspase-3, -8 and -9 (Horinaka et al.,
2012). 5-Allyl-7-gen-difluoromethoxychrysin synergistically
enhances TRAIL-mediated apoptosis in NSCLC cells by
up-regulating TNFRSF10B and increasing the expression of

caspase-3 and caspase-9 (Xie et al., 2011). Sorafenib induces
apoptotic cell death in human NSCLC cells (A549 and NCI-
H460) by sensitizing the cells to TRAIL-induced up-regulation
of TNFRSF10B (Kim et al., 2011). Thus, the increased expres-
sion of cleaved caspase-3 and -9 were correlated with the
increased expression of TRAIL and TNFRSF10B. Similarly,
our data demonstrated that (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal increased expression of TRAIL and TNFRSF10B, but
there is no change in the expression of TNFRSF10A. This
increase in TNFRSF10B was associated with caspase-3 and -9
activation and Bax expression. Even though TNFRSF12 and
TNFRSF21 were increased by the treatment with (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal, TNFRSF12 and TNFRSF21
knockdown did not change the inhibitory effect of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal on lung cancer cell
growth. However, the knock down of TNFRSF10B with small
interfering RNA (siRNA) reversed the inhibitory effect of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal on cell growth and
the expression of cleaved caspase-3 and -9. Thus, activation of
the TNFRSF10B pathway could be important for the (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal-induced apoptotic death of
NSCLC cells.

The signalling event implicated in survival, growth arrest
or programmed cell death includes activation of the MAPK
pathway (Schwenger et al., 1998). The p38 MAPK was found
to be significantly involved in the chemotherapy-induced
death of many cancer cells (Chang and Karin, 2001). Met-
formin treatment of lung cancer cells activates the JNK/p38
MAPK signalling pathway and caspase-3. Blockade of the
JNK/p38 MAPK pathway prevented the apoptosis induced by
metformin (Wu et al., 2011). Curcumin rapidly induces acti-
vation of the MAPK including ERK1/2 and JNK to induce cell
death in tumour cells. Inhibition of JNK (with SP600125) or
ERK1/2 (with U0126) partially prevented curcumin-induced
cell death in various cancer cells including human rhab-
domyosarcoma cells (Rh30), Ewing sarcoma (Rh1), colon
adenocarcinoma (HT29) and cervical cancer (HeLa) cells (Han
et al., 2012). Crotoxin (CrTX) has anti-tumour effects on
A549 lung cancer cells, inducing apoptosis by activation of
p38 MAPK and caspase-3 (Ye, 2011). Benzyl isothiocyanate
(BITC) and phenethyl isothiocyanate (PEITC) suppress the
metastasis potential of highly metastatic lung cancer cells by
inducing apoptosis through the targeting of the p38 and JNK
MAPK pathway (Yan et al., 2011). 4-Phenyl-3-butenoic acid
(PBA), an experimental compound, reverses the transformed
phenotype at non-cytotoxic concentrations and activates p38
MAPK in human lung carcinoma and Ras-transformed cells,
effects that correlate well with decreased cell growth and
increased cell–cell communication (Matesic et al., 2012).
MAPK pathways are activated in A549 cells infected with
Newcastle disease, and p38 MAPK has been found to be
involved in Newcastle disease virus-induced cell death,
induced by activation of caspase-3 and -9 (Bian et al., 2011).
An isoquinoline, AM6-36, induces apoptosis of HL-60 human
leukaemia cells by activation of MAPKs (p38 and JNK) (Park
et al., 2012). Taken together, p38 MAPK activation can induce
apoptosis of various cancer cells, including lung cancer cells,
by increasing the expression of cleaved caspase-3 and -9.
Moreover, previous reports have indicated that p38 is the
upstream target of TNFRSF10B induced by other agents (Lei
et al., 2008; Park et al., 2010). Phenethyl isothiocyanate
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stimulated TNFRSF10B to induce apoptosis in human oral
cancer cells via p38 MAPK (Huong et al., 2012). It was also
found that AW00179 has the potential to sensitize H1299
NSCLC cells to TRAIL-mediated apoptosis through two
distinct mechanisms: ROS-JNK-c-Jun-(MAPK)-mediated up-
regulation of TNFRSF10B and the down-regulation of anti-
apoptotic molecules (Hwang et al., 2012b). Nimbolide
sensitizes human colon cancer cells as well as H1299 lung
cancer cells to TRAIL through ROS- and ERK-dependent up-
regulation of TNFRSF10A and B, cleaved caspase-3 and -9, p53
and Bax (Gupta et al., 2011). Hence, the activation of p38
MAPK leads to an increased expression of TNFRSF10B, and
consequently an increased expression of cleaved caspase-3
and -9 and apoptosis (Huong et al., 2012). Similar to these
findings, our data showed that the p38 MAPK pathway is con-
comitantly activated during (E)-2,4-bis(p-hydroxyphenyl)-2-
butenal-induced lung cancer cell death. We further found
that inhibition of p38 MAPK reversed the inhibitory effect of
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal on cell growth, its
ability to increase the expressions of TNFRSF10B, caspase-3
and -9. Thus, activation of the p38 MAPK pathway may have
an important role in (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-
induced apoptosis of NSCLC cells mediated through activa-
tion of the TNFRSF10B pathway.

Members of the NF-kB family also play an important role
in the development and progression of several human malig-
nancies (Baud and Karin, 2009; Nakshatri et al., 1997). It is
known that NF-kB exerts its anti-apoptotic activity through
induction of many anti-apoptotic factors including c-IAP1,
and 2, XIAP, Bcl-2 and Bcl-x L. These anti-apoptotic factors
inhibit apoptosis induced by the death receptor-mediated
pathways by directly binding to and inhibiting death induc-
ers (Roya et al., 2008). Thus activation of NF-kB is correlated
with resistance to apoptosis and anti-apoptotic properties.
Recent studies on the signalling mechanisms of the death
receptor revealed that members of the NF-kB and caspase
families are key regulators of cell death. Moreover, it was
found that genes like TNFAIP3 and NFkBIA, which are
up-regulated by TRAIL, are inhibitors of the NF-kB pathway
(Cooper et al., 1996; Daigeler et al., 2008). The combination
of TRAIL and taurolidine caused apoptosis in human
fibrosarcoma cells by inactivation of NF-kB (Daigeler
et al., 2008). A novel parthenin analogue exhibits anticancer
activity by inactivation of NF-kB and up-regulation of
TNFRSF10B in human leukaemia HL-60 cells (Kumar et al.,
2011). Thus, it is possible that the inactivation of NF-kB
correlates with the increased expression of TNFRSF10B.
2-Hydroxycinnamaldehyde is involved in MAPK (ERK)-
dependent inactivation of NF-kB in TNF-a-treated SW620
colon cancer cells and induces apoptosis by caspase-3 and -9
(Lee et al., 2005). The xenobiotic-induced oxidative stress
leads to activation of the MAPK pathway ERK, JNK or p38,
and blocking of the NF-kB pathway, which results in
increased expression of the death receptor gene and activa-
tion of the ICE/Ced-3 (caspase) pathway leading to cell death
and an apoptotic response (Kong et al., 2000). We found that
knock down of TNFRSF10B with a siRNA reversed the (E)-2,4-
bis(p-hydroxyphenyl)-2-butenal-induced activation of p38
MAPK and inactivation of NF-kB. Similarly the inhibition of
p38 MAPK reversed (E)-2,4-bis(p-hydroxyphenyl)-2-butenal-
induced activation of TNFRSF10B and inactivation of NF-kB.

Thus, inhibition of NF-kB-mediated activation of MAPK and
the death receptor may cause apoptosis in cancer cells.
Hence, inactivation of NF-kB was associated with an
increase in the expression of TNFRSF10B and MAPK. Thus,
inactivation of NF-kB also augments the (E)-2,4-bis(p-
hydroxyphenyl)-2-butenal-induced apoptosis signaling
pathway.

We conclude that (E)-2,4-bis(p-hydroxyphenyl)-2-butenal
induces apoptosis in NSCLC cells by p38 MAPK- mediated
inactivation of NF-kB and activation of TNFRSF10B, which
then activates the caspase-3 and caspase-9 pathways.
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Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Figure S1 (A) Effect of (E)-2, 4-bis(p-hydroxyphenyl)-2-
butenal (0–40 mg mL-1) on the expression of COX-2, cyclin
D1, MMP-9 and VEGF. Equal amounts of total proteins
(50 mg·per lane) were subjected to 10% SDS-PAGE. b-Actin
protein was used an internal control in NCI-H460 and A549
lung cancer cells. Each band is representative of three inde-
pendent experiments. (B) Effect of vehicle on cell growth
system; 0.01% and 0.02% of DMSO is treated in NCI-H460
and A549 lung cancer cells and the viability of cells is com-
pared to control as percent.
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