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W346 inhibits cell growth, invasion, induces cycle arrest
and potentiates apoptosis in human gastric cancer cells in vitro
through the NF-«kB signaling pathway
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Abstract The therapeutic agent selectively killing cancer
cells is urgently needed for gastric cancer treatment. Curcumin
has been investigated for its effect on the cancer treatment
because of its significant therapeutic potential and safety pro-
file. A synthetic unsymmetry mono-carbonyl compound
termed W346 was developed from curcumin. In this study,
we investigated the potential antineoplastic effect and mecha-
nism of W346 against human gastric cancer cells. W346 sup-
pressed the proliferation and invasion, blocked cell cycle ar-
rest at G2/M phase, and increased apoptosis in gastric cancer
cells, and it presented obviously improved anticancer activity
than curcumin. Moreover, W346 effectively inhibited tumor
necrosis factor (TNF-«)-induced NF-kB activation by
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suppressing IKK phosphorylation, inhibiting IkB-oc degrada-
tion, and restraining the accumulation of NF-kB subunit p65
nuclear translocation. W346 also affected NF-kB-regulated
downstream products involved in cycle arrest and apoptosis.
In a word, W346 exhibited significantly improved anti-gastric
cancer activity over curcumin by targeting NF-kB signaling
pathway, and it is likely to be a promising starting point for the
development of curcumin-based therapeutic agent.

Keywords W346 - Anticancer drug - Curcumin - Gastric
cancer - Apoptosis - NF-kB

Introduction

Although the incidence of gastric cancer (GC) has de-
creased over the last decades, it is still one of the most
common malignancies and has a high mortality rate
worldwide. Most GC patients undergoing surgery are
already at an advanced stage, the surgical treatment ef-
fect is not ideal. Thus, chemotherapy is still very im-
portant especially for patients with recurrence and me-
tastasis [1]. Unfortunately, only few patients experience
good response to chemotherapeutic drugs, mainly be-
cause they are resistant to chemotherapy [2]. Besides,
currently available chemotherapeutic drugs for the treat-
ment of GC are associated with numerous side effects.
Therefore, more effective and tolerable treatment strate-
gies and drugs with nontoxic and more selective for GC
become eager.

There is a growing studies suggesting that natural occurring
substances as dietary supplements can reduce cancer risk and
have been reported to hold a significant role in the development
of antitumor drugs [3]. Curcumin is a bioactive powder derived
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from the root of turmeric plant, which has been used as a con-
diment [4]. It has been well documented that curcumin pos-
sessed cytostatic effect on several cancer cell lines in vitro and
also in vivo mouse tumor models [5, 6]. Most importantly,
curcumin shows almost no or minor toxicity to normal cells.
Curcumin exhibited its activity by regulating a variety of sig-
naling pathways and molecular targets [7]. In currently, there
has been considerable interest in curcumin’s ability to inhibit
nuclear factor kB (NF-kB) pathway activity [8, 9].

NF-«B is a transcription factors that control the expression
of numerous genes involved in cell proliferation, inflamma-
tion, invasive, and apoptosis [10, 11]. In most resting cells,
NF-kB is in an inactive state in the cytoplasm through binding
to the endogenous specific inhibitor proteins called IkBs. Up-
on phosphorylation of the inhibitor by IkB kinase (IKK),
NF-kB is released, leading to IkB-& phosphorylation and deg-
radation, and allowed NF-kB subunit p65 translocate to the
nucleus where it exerts its transcriptional activity [12]. Over-
expression of NF-«kB in tumor tissue has been previously ob-
served in larger study cohorts of gastric, prostate, hepatocel-
lular, and oral as well as colorectal carcinoma [13—15]. Thus,
activated NF-kB was suggested as a therapeutic target for the
treatment of tumors, and the NF-«B inhibition may be a useful
method in antitumor therapy. In addition, curcumin has been
shown to be a potent inhibitor of NF-«kB activation in several
cell types, and inhibition of NF-kB contributes to cell apopto-
sis induced by curcumin [7, 9].

A
H

Curcumin

B

However, due to its low bioavailability, poor absorption,
and rapid metabolism, the therapeutic potential of curcumin is
limited in clinical trials [16]. Structural curcumin analogs have
been created to optimize the therapeutic effects of curcumin
by increasing potency, increasing absorption, and slowing me-
tabolism [17, 18]. MAC:s, the abbreviation of mono-carbonyl
analogs of curcumin, which was displaced curcumin’s 3-
diketone moiety with a single carbonyl group [19]. MACs
have shown to exhibit a greater biological activity and meta-
bolic stability than that of curcumin itself and are without
increased toxicity [19]. In addition, MACs also have shown
exhibit NF-kB inhibition activity as well as curcumin by sup-
pressing IKK phosphorylation [20]. In our previous work, our
team has designed and synthesized a series of MACs [21, 22].
In this study, we reported a novel MACs termed W346, and
studied its antitumor activity in vitro and its effect on NF-«kB
signaling pathways.

Materials and methods

Chemical synthesis

The structure of curcumin and MACs was shown in Fig. 1a. The
synthetic process of W346 was shown in Fig. 1b. The purifica-

tion method was carried out by silica gel chromatography, and
the purity of W346 was greater than 97 %. The structure of
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Fig. 1 W346 is more stable than curcumin in vitro. a The chemical structural design of curcumin (CUR) to unsymmetric mono-carbonyl analogs of
curcumin (unsymmetric MACs). b The chemical synthesis reaction of W346. ¢ UV-visible absorption spectra of W346 (/eff) and CUR (right)
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W346 ((2E,5SE)-2-(3,4-dimethoxybenzylidene)-5-(4-hydroxy-3-
methoxybenzylidene)cyclopentanone) was characterized by
ESI-MS and "H-NMR. W346 was dissolved in DMSO solution
in vitro studies.

Stability assay

'W346 solution and phosphate buffer (pH 7.4) was mixed well
then detected the OD values from 250 to 600 nm using mi-
croplate reader. Taking 5 min as intervals, the absorption
curves were recorded for over 25 min.

Cell culture

Human gastric cancer cell lines SGC-7901, BGC-823, and
MGC-803 were obtained from The Cell Bank of Chinese
Academy of Sciences (Wuhan, China), KATO III was obtain-
ed from The Cell Bank of Chinese Academy of Sciences
(Shanghai, China), and normal gastric mucosa epithelial cell
line GES-1 was obtained from American Type Culture Col-
lection (ATCC). All cells were routinely cultured in RPMI-
1640 media (Gibco) supplemented with 10 % fetal calf serum
(HyClone), 100 U/ml penicillin, and 100 mg/ml streptomycin
(Gibco) in 5 % CO, at 37 °C. The cells used for our experi-
ments were in the log phase of growth.

Chemical reagents

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide), dimethyl sulfoxide (DMSO), and propidium iodide
(PI) were purchased from Sigma; FITC Annexin V Apoptosis
Detection Kit and basement membrane Matrigel were pur-
chased from BD Biosciences; NF-kB activation, Nuclear
Translocation Assay Kit was purchased from Beyotime;
TNF-o (tumor necrosis factor o) was purchased from Univ-
bio. Crystal violet staining solution was purchased from
Beyotime.

Cell viability assay

The effect of W346 on cell proliferation was determined by
the MTT assay. Briefly, the cells (5000 per well) were incu-
bated with W346 or curcumin for indicated concentration
(0.096, 0.48, 2.4, 12, 60 uM) in triplicate in a 96-well plate
and then incubated for 72 h at 37 °C. An MTT solution was
added to each well and incubated for 4 h. The crystals were
solubilized with DMSO, and the absorbance of the cell sus-
pension was measured at 490 nm using microplate reader.

Clonogenic assay

Tumor cells have a capability of unlimited division and form
colonies. The SGC-7901 and BGC-823 cells were treated with

W346 or curcumin. After 24 h incubation, cells were trans-
ferred to the normal medium and allowed to forming colonies.
Colonies were stained with crystal violet staining solution and
taken pictures manually after 7 days.

Matrigel invasion assay

The invasion abilities of tumor cells were evaluated in a
24-well plant. The upper surface of the chamber was coat-
ed with basement membrane Matrigel and air-dried. Cells
were detached by trypsin and resuspended in serum-free
medium. Medium containing 10 % FBS was applied to
the lower chamber as a chemoattractant, and then cells
contained with W346 or curcumin were seeded on the up-
per chamber at a concentration of 1x10° cells/well in
200 uL of serum-free medium. After incubation for 24 h,
the cells of lower surface of chamber were stained with
crystal violet staining solution, after which cells on the
upper side were removed completely with a cotton swab.
The migrating cells on the lower surface of the membrane
filter were caught with a light microscope.

Flow cytometric analysis

To determine the effect of compound on the cell cycle, cells
were exposed to W346 or curcumin for 24 h. Thereafter, cells
were washed, fixed with 75 % ethanol, and incubated for 1 h
at —20 °C. Then cells were washed again with PBS and incu-
bated in propidium iodide solution for 15 min. Then cells were
analyzed with fluorescence-activated cell sorting (FACS).
For quantification of apoptotic cells, cells were exposed
to W346 or curcumin for 24 h, harvested, washed with
PBS, and centrifuged for 5 min at maximum speed
(1000 rpm) at 4 °C. Then tumor cells were incubated with
Annexin-V in the dark for 10 min, afterwards, propidium
iodide (PI) was added. After centrifugation for 5 min, flow
cytometric analysis was then performed using a
FACSCalibur flow cytometer (BD Biosciences).

Preparation of nuclear and cytoplasmic extracts

Gastric cancer cells were treated with W346 or curcumin
for 1 h and then were treated with the TNF-« for 1 h. The
cell samples were lysed in buffer A, and splitted on ice for
10 min, then added buffer B. After incubation on ice for
1 min, samples were centrifuged for 5 min at maximum
speed (16,000 rpm) in a microcentrifuge. The supernatants
were collected as cytoplasmic extracts. The sediments were
resuspended in buffer C and incubated on ice for 40 min.
After centrifugation for 10 min, samples were centrifuged,
and the supernatants were collected as nuclear extracts.
Both extracts concentrations were determined by Bio-Rad
Protein Assay and were stored at —80 °C.
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Western blotting

Whole-cell lysates containing equal amounts of protein
were electrophoresed by 10 or 12 % SDS-PAGE and trans-
ferred to a poly vinylidene difluoride (PVDF) membrane.
Then the membranes were blocked with freshly 5 % nonfat
milk in TBST for 90 min at room temperature, after that
were incubated with specific antibodies (1:300 or 1:1000)
in TBST with gentle shaking for overnight at 4 °C. After
washing three times with TBST, the membranes were in-
cubated with the corresponded secondary antibody
(1:3000) for 1 h at room temperature and washed again.
The blotting was visualized using chemiluminescence de-
tection kit ECL-PLUS.

Antibodies were purchased from the following sources:
primary antibodies for anti-caspase 3, anti-bax, anti-bcl-2,
anti-p53, anti-mdm-2, anti-cdc-2, anti-cyclin B1, anti-p-
Ikk, anti-Ikk, anti-p-IkB-c, anti-IkB-o, anti-p65, anti-
Lamin B, and anti-GAPDH were all obtained from Santa
Cruz Biotechnology, and anti-cleaved-caspase 3 was pur-
chased from Cell Signaling Technology. Secondary anti-
body for goat anti-mouse IgG-HRP, donkey anti-rabbit
IgG-HRP, and donkey anti-goat IgG-HRP was purchased
from Santa Cruz Biotechnology.

Assessment of NF-kB nuclear translocation

NF-kB activation and nuclear translocation assay was per-
formed according to the reagent manufacturer’s instructions
(Beyotime). Briefly, 24 h after being plated in six-well plate,
cells were treated with W346 or curcumin for 1 h before treat-
ed with the TNF-« for 1 h, then fixed and blocked at room
temperature. After incubation with rabbit anti-p65 NF-«B an-
tibody overnight at 4 °C, cells were added with fluorescent
secondary antibody. Eventually, the nuclear was dyed with
DAPI. The fluorescence microscope was used to take pictures.

Statistical analysis

Student’s ¢ test was used for statistical analyses. Calculations
were carried out with GraphPad software. All results with a
P<0.05 were considered statistically significant.

Results

W346 was more stable than curcumin in vitro

The chemical stability of W346 and curcumin in phosphate
buffer was analyzed using an absorption spectrum assay. As
shown in Fig lc, the UV-visible absorption intensity of the

curcumin decreases significantly for it lost more than 40 % of
its original intensity within 25 min, while W346 showed
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almost complete stability in 25 min of incubation period. This
result suggested that W346 was much more stable than
curcumin in vitro.

'W346 inhibited proliferation of GC cells

The effects of W346 and curcumin on cell viability were eval-
uated by MTT assay in SGC-7901, BGC-823, MGC-803,
KATOIII, and GES-1 cells. The cells were exposed to differ-
ent concentrations of W346 or curcumin for 72 h. The ICs
values (50 % cell growth inhibitory concentrations) for the
individual compound on cancer cells viability were deter-
mined. The ICs, values of W346 on GC cells were 8.1+1.1,
7.2£1.0, 14.0£0.5, and 16.9+0.9 uM, while that of curcumin
were 20.4+2.4, 20.4+5.9, 22.0+£3.5, and 21.2+1.5 uM, re-
spectively. This result suggested that antiproliferative effect of
W346 was more pronounced than curcumin, particularly in
SGC-7901 and BGC-823. Moreover, ICsy, of W346 on
GES-1 was 29.4+1.9 uM, which was close to that of
curcumin (28.9+3.2 uM). The compound W346 may have a
target role to tumor cells.

W346 inhibited colony formation and invasion of GC cells

In accordance with the results of IC5,, SGC-7901 and
BGC-823 cells were used for clonogenic assay to further
validate the effect of W346 against proliferation. After
treating with W346 or curcumin for 24 h, cells were re-
placed with fresh medium and allowed to forming colo-
nies. The results showed W346 significantly inhibited cell
colony formations in a dose-dependent manner, while
curcumin at the same concentration had no significantly
effect on the colonies (Fig. 3a, b).

Effects of W346 on cell migration of SGC-7901 and BGC-
823 cells were further assessed by Matrigel invasion assay.
SGC-7901 or BGC-823 cells were plated in the upper cham-
ber containing a membrane, then cells were treated with W346
or curcumin for 24 h, and the number of cells on the underside
of the membrane was assessed under light microscopy
(Fig. 3c, d). Migration of SGC-7901 and BGC-823 cells was
inhibited in a dose-dependent manner when treated with
W346.

W346 induced G2/M arrest and potentiated apoptosis
of GC cells

To examine the mechanisms by which W346 and curcumin
inhibit the proliferation of SGC-7901 and BGC-823 cells, we
examined and compared their effect on the rate of growth
inhibition. Therefore, we determined the behavior of these
cells in the various phases of the cell cycle by flow cytometric
analysis. Results showed that there was a concentration-
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dependent accumulation of cells in the G2/M-phase of the cell
cycle in W346-treated group (Fig. 4a, b).

We future assessed the effect of W346 and curcumin on
the induction of apoptosis in SGC-7901 and BGC-823
cells by flow cytometry. The results showed that W346
dose-dependently increases cells apoptotic rate after 24 h
treatment, W346 at 20 M induced about 30 % apoptosis,
while curcumin at the same concentration only induced
about 10 % apoptosis (Fig. 4c, d).

'W346 inhibited NF-kB activation induced by TNF-x
in GC cells by suppressing IKK, IkB-o phosphorylation
and inhibiting degradation of IkB-x

Since curcumin is a potent inhibitor of NF-kB activation,
whether W346 has the same access to this pathway? Acti-
vation of NF-kB triggered by TNF-« is achieved through
blocking IKK activity and inhibiting IkB-o degradation,
which results in the release and subsequent nuclear trans-
location of NF-«kB [23, 24]. To determine whether W346
inhibited NF-«kB activation induced by TNF-« was medi-
ated by suppressing IKK, IkB-« phosphorylation and
inhibiting IkB-o degradation, we performed a Western
blotting analysis using the anti-p-IKK, anti-p-IkB-«, and
anti-IkB-« antibody. Results showed that p-IKK and p-
IkB-& were increased, and IkB-« was degraded after
TNF-« treatment, while treating with W346 or curcumin
before stimulated with TNF-« inhibited the increasing of
p-IKK and p-IkB-x expression as well as inhibited the
degradation of IkB-« expression induced by TNF-x in a
dose-dependent manner (Fig. 5).

'W346 inhibited the NF-kB activation induced by TNF-«
in GC cells by inhibiting p65 nuclear translocation

Modifications of NF-kB main subunit p65 play an important
role in NF-«kB transcriptional activity [12]. Therefore, we ex-
amined the effect of W346 on the expression of p65 in both
nuclear extracts and cytoplasmic extracts by Western blotting.
Results showed that TNF-« stimulation caused p65 nuclear
transposition, and nuclear p65 was decreased in W346 or
curcumin-treated group (Fig. 6a). A similar inhibition, the
p65 translocation induced by TNF- was also observed in
W346-treated BGC-823 cells (Fig. 6b).

Immunofluorescence was also used to detect p65 nuclear
transferation by an NF-«kB nuclear transfer detection kits. Af-
ter treating with W346 or curcumin for 1 h before treating with
the TNF-« for 1 h, cells were then processed for fluorescence
microscopy. Results showed that W346 caused inhibition of
p65 nuclear translocation induced by TNF-« as well as
curcumin in SGC-7901 cells (Fig. 6¢).

'W346 suppressed the expression of NF-kB-regulated gene
products involved in cycle arrest and apoptosis
in SGC-7901 gastric cancer cells

NF-«kB is known to regulate the expression of numerous pro-
teins involved in cell cycle arrest and apoptosis. To investigate
whether W346 induced G2/M arrest was due to the expression
of NF-kB-regulated gene products, whole-cell protein extracts
were prepared and analyzed by Western blotting with the spe-
cific antibodies. W346 blocked expression of mdm-2, cdc-2,
and cyclinB 1 in a dose-dependent manner in SGC-7901 cells.
On the contrary, the expression of p53 protein was increased
after treating with W346 (Fig. 7a).

In addition, we also determined the effect of W346 on the
NF-kB-dependent gene products that are involved in apopto-
sis. Western blotting analysis showed that the cleavage of
caspase-3 and the expression of bax were enhanced, while
the expression of bcl-2 was decreased when SGC-7901 cells
were exposed to W346 (Fig. 7b).

Discussion

The prevalence and mortality of GC are still increasing despite
our enhanced understanding of the pathogenesis of this dis-
ease, as well as establishment of improved therapeutic strate-
gies for this malignancy. Chemotherapy constitutes an impor-
tant treatment regimen for GC besides surgical resection [25].
However, the toxicity of drugs and the development of treat-
ment resistance are two big challenges of currently used che-
motherapy for GC. Thus, novel agents that are nontoxic, effi-
cacious, and can significantly enhance the effects of existing
chemotherapeutic drugs are urgently needed. Owning to lower
toxicity of natural product, it is still important for chemother-
apeutic drugs to design new medicine using natural medical as
leading compounds [26, 27].

Curcumin is one of the most widely characterized of the
phytochemicals, which has been widely used in adjuvant ther-
apy for centuries owing to its anti-inflammatory, antioxidant,
and anticarcinogenic properties [4]. Especially for its antitu-
mor property, still has been the subject of a great deal of
interest. Increasing evidence indicated that curcumin has an-
ticancer effect against different types of human tumor cells,
including of esophageal cancer cells, colon cancer cells, and
lung cancer cells [9, 28, 29]. Unfortunately, therapeutic poten-
tial of curcumin is limited by its relatively poor cellular bio-
availability [16]. Chemical structure modification of curcumin
is an effective approach for optimizing the therapeutic effects
of curcumin [18]. By displacing (3-diketone structure of
curcumin with a single carbonyl group, we can get mono-
carbonyl analogs of curcumin (MACs) [19]. Consequently,
our team has designed and synthesized a series of MACs in
our previous work. In the subsequent study, we found one of
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Fig. 2 W346 inhibited proliferation of gastric cancer cells. a, b Gastric
cancer cell lines SGC-7901, BGC-823, MGC-803, KATOIII, and normal
gastric mucosa epithelial cell line GES-1 were treated with various con-
centrations of W346 or CUR (0.096, 0.48,2.4, 12, 60 uM) for 72 h. Cell

MACs, W346, was much more stable than curcumin in vitro
(Fig 1c). We further studied its antitumor activity in GC cells.
We discovered that W346 presented obviously improved
antiproliferation activity than the parent compound curcumin
in two GC cell lines, SGC-7901 and BGC-823. However,
their inhibitory effect on GES-1 was considerable weak
(Fig. 2). This may suggest that W346 has a target role to tumor
cells.

In a variety of tumor cells, the anticancer effect of curcumin
was identified through inhibiting the invasive potential, inter-
fering with the cell cycle, and inducing apoptosis of cancers
[28, 30, 31]. Potential of W346 on cell migration on SGC-
7901 and BGC-823 cells was firstly assessed. Just as we had
expected, migration of tumor cells was inhibited in a dose-
dependent manner when treated with W346, and the effect of
W346 was stronger than curcumin (Fig. 3). As study has re-
ported the antitumor property of curcumin is partly due to the
arrest of cancer cells in G2/M cell cycle phase [32], so we
secondly determined the behavior of W346 in the cell cycle
arrest. Flow cytometric analysis exhibited an increased accu-
mulation of cells in the G2/M-phase of the cell cycle in W346-
treated group (Fig. 4). Finally, the induction of apoptosis by
W346 was determined. The number of early and late period
apoptotic cells was increased in W346-treated group in a dose-
dependent manner, and it was significantly higher than those
of curcumin-treated cells (Fig. 4).

It has been demonstrated that NF-kB plays a pivotal role in
the development of tumor through multiple signaling path-
ways, and aberrant activation of NF-kB has been observed
in variety of cancer types [11, 15]. Constitutively activation
of NF-kB not only promote tumor growth, but also is associ-
ated with harmful clinicopathological features of cancer pa-
tients, such as lymphatic metastasis, vascular invasion, bad
response or resistance to chemotherapeutic agents, tumor re-
currence, and poor treatment outcome [33]. A prominent
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half maximal inhibitory concentration (uM)

W346 CUR
SGC-7901 8.1+1.1 20.4+2.4
BGC-823 7.2+1.0 20.4£5.9
MGC-803 14.0+0.5 22.0£3.5
KATO III 16.94£0.9 21.2+41.5
GES-1 29.4£1.9 28.943.2

viability was determined using MTT assay. The ICs, values were taken as
the concentration that caused 50 % inhibition of cell proliferation and
were calculated by GraphPad statistical software

mechanism linking NF-kB signaling to cancer progression is
the abrogation of apoptosis. Docetaxel and capecitabine are
two effective chemotherapeutic drugs in the treatment of GC
in clinic. Study has showed docetaxel induced NF-kB activa-
tion in GC cells [34]. A combination of docetaxel and NF-«B
decoy, a NF-kB inhibitor, enhanced tumor cell death [34].
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Fig. 3 W346 inhibited colony formation and invasion of gastric cancer
cells. a SGC-7901 or b BGC-823 cells were treated with DMSO or W346
(5 or 10 uM) or CUR (10 uM). After 24 h incubation, cells were trans-
ferred to the normal medium and allowed to forming colonies. Colonies
were stained with crystal violet and taken pictures manually after 7 days. ¢
SGC-7901 or d BGC-823 cells were treated with DMSO or W346 (5 or
10 uM) or CUR (10 uM) for 24 h. The migrating cells on the lower
surface of the membrane filter were stained by crystal violet and caught
with a light microscope
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Fig.4 W346 induced cycle arrest
and apoptosis of gastric cancer
cells. a SGC-7901 or b BGC-823
cells were exposed to DMSO or
W346 (5 or 10 uM) or CUR

(20 uM) for 24 h, then gathered
all cells for staining with
propidium iodide. Histogram
illustrated the rate of G2/M phase
from FACS analysis of three
separate treatments. *P<0.05
compared with DMSO group. ¢
SGC-7901 or d BGC-823 cells
were exposed to DMSO or W346
(10 or 20 uM) or CUR (20 uM)
for 24 h. Apoptosis were assessed
by Annexin V/PI staining.
Histogram illustrating of the rate
of apoptosis cells from FACS
analysis of three separate
treatments. *P<0.05 compared
with DMSO group

Fig. 5 W346 inhibited NF-xB
activation induced by TNF-« in
gastric cancer cells by
suppressing IKK, IkB-a
phosphorylation and inhibiting
degradation of IkB-«. a SGC-
7901 cells were pretreated with
DMSO (-) or W346 (1, 10, or
20 pM) or CUR (20 uM) for

60 min, then exposed to TNF-o
(1 ng/ml) for 15 min. The whole-
cell extracts were analyzed by
Western blotting for the
expressions of p-IKK, p-IkB-«,
and IkB-o. The intensity of im-
munoblots digitized by ImageJ
software was normalized to IKK
and GAPDH, respectively. b
Extracts from BGC-823 cells
were analyzed by Western
blotting for p-IKK, p-IkB-«, and
IkB- expression. *P<0.05
compared with TNF-o
stimulation group
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Fig. 6 W346 inhibited the NF-
kB activation induced by TNF-«
in gastric cancer cells by
inhibiting p65 nuclear
translocation. a SGC-7901 cells
were treated with DMSO (-) or
W346 (10 or 20 pM) or CUR
(20 uM) for 1 h, then stimulated
with TNF-« (1 ng/ml) for another
1 h, extracted the proteins of
nuclear and cytoplasm,
respectively, and the levels of p65
were measured by Western
blotting. The intensity of nuclear
p65 was normalized to Lamin B,
and the intensity of cytoplasm
p65 was normalized to GAPDH.
b After the isolation of nuclear
and cytoplasm extracts, the
extracts of BGC-823 cells were
analyzed by Western blotting for
p65 expression, respectively.
*P<0.05 compared with TNF-«
stimulation group. ¢ SGC-7901
cells were treated with DMSO (—)
or W346 (20 uM) or CUR

(20 uM) for 60 min, then
stimulated with TNF-o (1 ng/ml)
for 60 min. NF-kB subcellular
localization was verified by
immunofluorescence staining
with p65 antibody

Fig. 7 W346 suppressed the
expression of NF-kB-regulated
gene products involved in cycle
arrest and apoptosis in SGC-7901
gastric cancer cells. a Extracts
from SGC-7901 cells treated with
DMSO (-) or W346 (5, 10, or
20 uM) or CUR (20 uM) for 24 h
were analyzed by Western
blotting for the expressions of
mdm-2, p53, cdc-2, and cyclin
B1. GAPDH was used for equal
protein. *P<0.05 compared with
DMSO group. b Extracts from
SGC-7901 cells were analyzed by
Western blotting for the
expressions of caspase 3, cleaved-
caspase 3, bax, and bcl-2.
GAPDH was used for equal
protein. *P<0.05 compared with
DMSO group
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Moreover, 'y-tocotrienol potentiated the effect of capecitabine
through suppression of NF-«kB activation and NF-«kB-
regulated markers of proliferation, invasion, angiogenesis,
and metastasis in vivo and vitro [35]. Chemotherapeutic
agent, helicobacter pylori, and some other inducers such as
tumor necrosis factor (TNF-x), all of them were potent acti-
vator of NF-kB in GC [36, 37]. Whereas natural chemopre-
ventive agents suppressed it, indicating a strong link between
tumor biology and the anticancer effects of natural com-
pounds. Numerous phytochemicals, including curcumin, have
been reported that its antitumor effect was associated with
inhibition of NF-«kB activity [9, 38]. For instance,
parthenolide could antagonize Taxol-mediated nuclear
NF-«kB nuclear translocation and activation and bcl-x1 upreg-
ulation by selectively targeting IKK activity in A549 cells
[39]. Curcumin suppressed NF-kB activation in Helicobacter
pylori-infected rats [40]. Inhibition of NF-«kB activation by
curcumin shed some lights on the mechanism of W346-
induced GC cells death. Based to this conclusion, we exam-
ined the inhibitory activity of W346 on NF-«kB pathway. We
found that W346 inhibited NF-kB activation induced by
TNF-o by suppressing IKK phosphorylation and inhibiting
degradation of IkB-o in GC cells (Fig. 5). Herein, we showed
that W346 inhibited the accumulation of p65 nuclear transpo-
sition as well as curcumin (Fig. 6).

Various lines of evidence suggested that the activation of
transcription factor NF-kB regulates the expression of numer-
ous proteins involved in cell cycle arrest and apoptosis.
Curcumin also suppressed NF-kB-regulated gene products
such as bcl-2 [29, 41, 42]. Furthermore, curcumin reversed
chemoresistance of doxorubicin by downregulating the
NF-kB-regulated anti-apoptotic gene products in GC cells
[43]. In our previous study, we have found W346 blocked cell
cycle in the G2/M-phase and significantly induced apoptosis
by flow cytometric analysis. So, we then test the changes of
cycle and apoptosis related proteins expression. In accordance
with flow cytometric analysis, G2/M phase related proteins
also changed in a dose-dependent manner after treating with
W346. Moreover, Western blotting analysis showed that
W346 inhibits the expression of anti-apoptotic protein bcl-2
and promote pro-apoptotic protein bax expression, thus, pro-
mote cell apoptosis. At the same time, caspase-3 was activated
in SGC-7901 cells after treating with W346, W346 was more
efficacious than curcumin in cleavage of caspase-3 (Fig. 7).

Currently, a great deal of research effort is being devoted to
the development of curcumin analogs, such as EF24, B19, and
AC17. However, none of them successfully enter clinical ap-
plication [20, 44, 45]. In this study, we reported that curcumin
analogs W346 suppressed the proliferation and invasion of
GC cell lines, and the inhibitory effects were correlated with
the cell cycle arrest at G2/M phase and apoptosis induction,
and it presented obviously improved anticancer activity than
the parent compound curcumin. Furthermore, we showed

W346 inhibited NF-«kB activation induced by TNF-c, and it
also suppressed the expression of NF-kB-regulated proteins
involved in cycle arrest and apoptosis. Our study indicated
that W346 might be a potent and promising NF-kB inhibitor
to combat GC and deserves further evaluation. Further studies
are also needed to clarify its bioavailability and antitumor in
animal models.
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