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ABSTRACT
Following our previous finding which revealed that FV-429 induces apoptosis in human hepatocellular carcinoma HepG2 cells, in this study, we
found that FV-429 could also induce apoptosis in human gastric cancer cells. Firstly, FV-429 inhibited the viability of BGC-823 and MGC-803
cells with IC50 values in the range of 38.10� 6.28 and 31.53� 6.84mM for 24 h treatment byMTT-assay. Secondly, FV-429 induced apoptosis in
BGC-823 and MGC-803 cells through the mitochondrial-mediated pathway, showing an increase in Bax/Bcl-2 ratios, and caspase-9 activation,
without change in caspase-8. Further research revealed that the mitogen-activated protein kinases, including c-Jun N-terminal kinase,
extracellular regulated kinase, and p38 mitogen-activated protein kinase, could be activated by FV-429-induced high level ROS. Moreover,
FV-429 also promoted the ERK2 nuclear translocation, resulting in the co-translocation of p53 to the nucleus and increased transcription of p53-
regulated proapoptotic genes. FV-429 significantly inhibited the nude mice xenograft tumors growth of BGC-823 or MGC-803 cells in vivo.
J. Cell. Biochem. 116: 1624–1637, 2015. � 2015 Wiley Periodicals, Inc.
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Gastric cancer (GC) is currently the fourth most common cancer
worldwide, and 8% of the newly diagnosed cancer cases are

malignancies of the stomach. Over 700,000 people die each year from
GC, which makes it the second leading cause for cancer-related
deaths [Ferlay et al., 2010]. GC is an asymptomatic disease at early
stages and is therefore often detected late; the 5-year survival being
only 20–30% [Pedrazzani, 2011]. Although the curative rate for
early stage gastric cancer has been increased by improvements in
endoscopic [Sugimoto et al., 2012] and surgical techniques [Sano
et al., 2004], the prognosis of advanced and unresectable GC remains

quite poor [Wagner et al., 2006; Ott et al., 2011; Hayakawa et al.,
2012].

Flavonoids are a group of compounds widely distributed in plant
sources, such as seeds, citrus fruits, olive oil, as well as tea and red
wine. It has long been recognized that flavonoids possess
antiinflammatory, antioxidant, antiallergic, hepatic-protective, an-
tithrombosis, and antiviral activities [Havsteen, 1984; Gabor, 1986;
Das and Ray, 1988; Kandaswami and Middleton, 1994; Middleton
et al., 2000; Aiyegoro and Okoh, 2009]. They are low molecular
weight compounds composed of a three-ring structure with various
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substitutions [Middleton et al., 2000; Gilman et al., 2002; Pick et al.,
2011]. Many flavonoids possess anti-tumor activity against various
human cancer cell lines and xenograft systems of human tumors,
suggesting that they may be promising anticancer agents [Liu et al.,
2010; Garcia-Tirado et al., 2012; Romagnolo and Selmin, 2012].
Some reports showed that flavonoids could regulate the cellular
redox, and influence the ROS level [Das et al., 2012].

Reactive oxygen species (ROS) are produced at the highest
concentrations within the mitochondria and consist of superoxide
anion (O2

�•), hydrogen peroxide (H2O2), and hydroxyl radicals (OH•)
[Trachootham et al., 2009]. It is known that ROS play an important
role in regulating cell death and differentiation, suggesting their
levels need to be tightly regulated for normal development,
particularly within the brain. ROS also serve critical signaling roles;
hence, their levels must be tightly regulated to avoid cellular damage
and dysfunction [Benz and Yau, 2008; Celotto et al., 2012]. It has been
previously demonstrated that the accumulation of ROS could cause
the loss of membrane potential (MMP) and activates the mitogen
activated protein kinase (MAPK) pathway, including the c-Jun N-
terminal kinase (JNK) and the p38 pathways that are responsible
for ROS-mediated cell apoptosis [Van Laethem et al., 2006; Liu
et al., 2011].

The p53 tumor suppressor gene product is a transcription factor that
enhances the transcription of several genes known to play a critical role
in transducing signals from DNA damage [Lane et al., 1994; Morgan
and Kastan, 1997; Shieh et al., 1997; el-Deiry, 1998; Lakin and
Jackson, 1999]. Its expression and activity are elevated in response to
ionizing radiation, UV light, or certain genotoxic chemicals and
mediate DNA repair, cell cycle arrest, and apoptosis [Morgan and
Kastan, 1997; el-Deiry, 1998; Lakin and Jackson, 1999; Jiang et al.,
2004]. The functional activity of p53 is regulated through transcription,
translation, protein turnover, cellular compartmentalization as well as
its association with other proteins, such as MDM2 [Shieh et al., 1997;
Jiang et al., 2004]. In addition, posttranslational covalent modifica-
tions, such as phosphorylation and acetylation of specific amino acids
of the p53 protein, have been known to affect p53 activity [Shieh et al.,
1997; Siliciano et al., 1997; Meek, 1999].

FV-429 is a newly synthesized flavonoid with bis(2-hydroxyethyl)
amino-propoxy substitution [Yang et al., 2011] (Fig. 1A). In this study,
wedemonstrated that FV-429 exhibited anti-tumor effect in vitro,with
the effects of apoptosis induction. FV-429 possesses significant growth
inhibitory effects on various cancer cell lines especially on gastric
cancer cells. In addition, apoptotic pathways induced by FV-429 are
associatedwiththeelevationoftheratioofBax/Bcl-2andtheactivation
of caspase family proteins. Moreover, we provided evidence of FV-429
antitumor activity by the induction of ERK2 and translocation of p53
into the nucleus driven by increasing cellular ROS levels. Taken
together,our resultsprovideevidencesthatFV-429isanovelandpotent
anti-tumor agent for malignant gastric cancer therapy.

MATERIALS AND METHODS

CELL CULTURE
BGC-823 cells and MGC-803 were cultured in RPMI 1640 culture
medium (Gibco, USA) supplemented with 10% fetal bovine serum,

0.2% sodium bicarbonate, 100 units/ml penicillin and 100mg/ml
streptomycin in a humidified 5% CO2 atmosphere at 37°C.

ANIMALS
Female athymic BALB/c nude mice (5–6 weeks old) with body masses
ranging from 18 to 22 g were supplied by Shanghai Laboratory
Animal Limited Company. Animals were maintained in a pathogen-
free environment (23� 2°C and 55� 5%humidity) on a 12 h light–
12 h dark cycle with food and water supplied ad libitum throughout
the experimental period. This experiment was conducted in
accordance with the guideline issued by the State Food and Drug
Administration (SFDA of China).

REAGENTS AND ANTIBODIES
FV-429 and wogonin were obtained from Dr. Zhiyu Li (China
Pharmaceutical University, China). FV-429 is a derivative of
wogonin. FV-429 and wogonin were dissolved in DMSO, stored at
�20°C, and diluted with medium before each experiment. The final
DMSO concentration did not exceed 0.1% throughout the study.
Antibodies of b-actin, caspase-3, -8, -9, Bcl-2, Bax, JNK, p-JNK, p38,
p-p38, ERK1/2, p-ERK1/2, and Histone were purchased from Santa
Cruz (Santa Cruz, CA). Antibodies of p53 and phospho-p53 (Ser15)
were purchased from Cell Signaling Technology (Beverly, MA) [Fazal
et al., 2005; Qiang et al., 2008; Li et al., 2009]. IRDyeTM 800
conjugated anti-mouse and anti-rabbit second antibodies were
obtained from Rockland Inc. (Philadelphia, PA). 4,6-Diamino-2-
phenyl indole (DAPI) was purchased from Santa Cruz (Santa Cruz,
CA). MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenytetrazoliumbro-
mide] was obtained from Fluka chemical corp (Ronkonkoma, NY) and
was dissolved in 0.01M PBS. All other chemicals were of the highest
pure grade available. N-Acetyl-L-cysteine (NAC, the scavenger of
ROS), and U0126 (an inhibitor of ERK), were obtained from Beyotime
Institute of Biotechnology (Haimen, China).

CELL VIABILITY ASSAY
Several tumor cell lines were plated in the appropriate media on 96-
well plates in a 100ml total volume at an optimum density. Cells were
treated with FV-429 at different concentration ranging from 3.6 to
100mM. The plates were incubated at 37°C in 5% CO2 for 24 h. After
that, FV-429 exposure for BGC-823 and MGC-803 cells at different
time points, including 24, 48, and 72 h. Cell viability was determined
based on mitochondrial conversion of MTT to formazan. The
absorbance (A) was measured at 570 nm. Inhibition ratio (%) was
calculated using the following equation:

Inhibition ratio ð%Þ ¼ ½ðAcontrol � AtreatedÞ=Acontrol� � 100%

Atreated and Acontrol are the average absorbance of three parallel
experiments from treated and control groups, respectively.

IC50 was taken as the concentration that caused 50% inhibition of
cell viability and calculated by the Logit method [Fazal et al., 2005;
Wang et al., 2007].

CELL MORPHOLOGICAL ASSESSMENT
To detect morphological evidence of apoptosis, cell nuclei were
visualized following DNA staining with the fluorescent dye DAPI.
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After treatment with FV-429 for 48 h, cells were fixed with 4%
paraformaldehyde for 20min and washed with PBS twice, and then
incubated with 0.3% Triton X-100 (in PBS) for 10min at room
temperature. After washed with PBS twice, cells were incubated with
DAPI for 10min and then observed using fluorescent microscopy
(Olympus, Japan) with a peak excitation wavelength of 340 nm [Shi
et al., 2008; Wang et al., 2006].

ANNEXIN V/PI DOUBLE STAINING ASSAY
Apoptosis-mediated cell death of tumor cell was examined using a
double staining method with FITC-labeled Annexin V/PI Apoptosis
Detection kit (Biovision, CA) according to the manufacturer0s
instructions. Flow cytometric analysis was performed 10–15min
after supravital staining. Data acquisition and analysis were

performed in a Becton Dickinson FACSCalibur flow cytometer using
CellQuest software (BD Biosciences, Franklin Lakes, NJ). The lower
left section of fluorocytogram (Annexin V�, PI�) represents the
normal cells, lower right section of fluorocytogram (Annexin Vþ,
PI�) represents early and median apoptosis cells, upper right section
of fluorocytogram (Anþ, PIþ) represents late apoptosis cells [Jalving
et al., 2006; Liu et al., 2007].

MEASUREMENT OF H2O2

Generation of ROS was assessed by using the fluorescent signal 2,7-
dichlorodihydrofluorescein (H2DCFDA), a cell-permeable indicator
for ROS initially shown to react with H2O2. The BGC-823 and MGC-
803 cells were pretreated with different concentrations of FV-429
(10, 15, and 20mM) for 48 h. The cells were incubated with H2DCFDA

Fig. 1. FV-429 inhibits the viability of various tumor cell lines. A: Molecular structure of FV-429 (C23H25NO7, molecular weight¼ 429). B: The inhibitory effect of FV-429 on
BGC-823 cells with different concentrations for 24, 48, and 72 h. C: The inhibitory effect of FV-429 on MGC-803 cells with different concentrations for 24, 48, and 72 h. D: BGC-
823 cells were treated with different concentrations of FV-429 and wogonin for 24 h. E: MGC-803 cells were treated with different concentrations of FV-429 and wogonin for
24 h. Data were shown as mean� SEM (n¼ 3).
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(100mM) in PBS for 30min. After 30min at 37°C, 2,7-dichloro-
fluorescein fluorescence (excitation of 485 nm and emission of
525 nm) was observed under a fluorescent microscope (Olympus
IX51, Japan). The fluorescence intensity was measured using flow
cytometry (FACSCalibur, Becton Dickinson), and was analyzed by the
software Modfit and CellQuest (BD Biosciences, Franklin Lakes, NJ)
with settings at excitation and emission equal to 488/525 nm
[Bobyleva et al., 1998].

MEASUREMENT OF •O2 LEVEL
FV-429-treated (10, 15 and 20mM for 48 h) cells were harvested and
stained with 5mM •O2

�-sensitive dye dihydroethidium (DHE,
Beyotime Institute of BioTechnology, Haimen, China) for 60min at
37°C in the dark. Subsequently, cells were washed three times with
PBS (2,000 rpm� 5min), and the fluorescence intensity was assayed
by FACSCalibur flow cytometry (Becton Dickinson, San Jose, CA) at
Ex./Em.¼ 300 nm/610 nm.

WESTERN BLOTTING ANALYSIS
Cells were treated with indicated concentration of FV-429 for 24 h,
and then cells were collected and lysed in lysis buffer (100mM
Tris–Cl, pH 6.8, 4% (m/v) sodium dodecylsulfonate, 20% (v/v)
glycerol, 200mM beta-mercaptoethanol, 1mM phenylmethylsul-
fonyl fluoride, and 1 g/ml aprotinin). Lysates were centrifuged at
12,000g for 30min at 4°C. The concentration of total proteins was
measured using the BCA assay method with Varioskan spectro-
fluorometer and spectrophotometer (Thermo, Waltham, MA) at
562 nm. Protein samples were separated with 12% SDS–PAGE gel
and transferred onto the PVDF membranes (Millipore, Billerica,
MA). Immune complexes were formed by incubation of the follow-
ing antibodies: anti-caspase-3, anti-caspase-8, anti-caspase-9,
anti-Bcl-2, anti-Bax, anti-JNK, anti-p-JNK, anti-p38, anti-p-p38,
anti-ERK1/2, anti-p-ERK1/2, anti-p53, anti-p-p53(ser-15), and
b-actin for 1 h at 37°C; followed by IRDyeTM 800 conjugated
second antibody for 1 h at 37°C. Immunoreactive protein bands were
detected with an Odyssey Scanning System (Li-COR Inc., Superior St.
Lincoln, NE). All blots were stripped and reprobed with anti-b-actin
antibody to ascertain equal loading of proteins [Nirmalan et al.,
2009].

EXTRACTION OF CYTOPLASMIC AND NUCLEAR FRACTIONS
About 1� 107 cells were collected and washed twice with ice-cold
PBS. The harvested cells were lysed in nuclear protein extraction
buffer A (Boster Biological Technology, Wuhan, China) on ice for
30min. Then the cell lysates were centrifuged at 12,000g for 10min at
4°C and the supernatant was collected as the cytoplasmic fractions.
The pellet was lysed in nuclear protein extraction buffer B (Boster
Biological Technology) on ice for 30min. Then the lysates were
centrifuged at 12,000g for 10min at 4°C and the supernatant was
collected as the nuclear fractions. PMSF and leupeptin were added
into buffer A and buffer B before use.

IMMUNOFLUORESCENCE AND CONFOCAL FLUORESCENCE
MICROSCOPY
Cells were fixed with 4% paraformaldehyde in PBS at 1-h intervals,
permeabilized with 0.5% Triton X-100, and blocked with 3% BSA for

30min. Incubation with primary antibodies (diluted 1:50) (Abcam
Ltd., HK, China) against ERK2 was done overnight at 4°C.
Mitochondrial were visualized with Mitotracker Red (Molecular
Probes, Inc., Eugene, OR), incubated at a final concentration of
150 nM for 45 h at 37°C. Then the nuclei were stained with 40,6-
diamidino-2-phenylindole (DAPI, Sigma–Aldrich, St. Louis, MO)
20 minutes before imaging. A laser scanning confocal microscope
FV10-ASW [Ver 2.1] (Olympus Corp, MPE FV1000) was used for
co-localization analysis.

IMMUNOPRECIPITATION
Nuclear fractions were extracted as described above. Bradford Assay
was used to determine the protein concentration. Sufficient amount
of p53 antibody was added into 200mg proteins and gently rotated at
4°C overnight. The immunocomplex was captured by adding 25ml
protein G-agarose beads (Santa Cruz, CA) and gently rotating at 4°C
for 3 h. Then the mixture was centrifuged at 1500g for 5min at 4°C
and the supernatant was discarded. The precipitate was washed for
three times with ice-cold RIPA buffer, resuspended in 3� sample
buffer and boiled for 5min to dissociate the immunocomplex from
the beads. The supernatant was collected by centrifugation and
subjected to Western blot (8% SDS–PAGE).

INHIBITORY EFFECTS ON BGC-823 AND MGC-803 NUDE MICE
XENOGRAFTS
This experiment was conducted in accordance with the guideline
issued by the State Food and Drug Administration (SFDA of China).
Forty nude mice were inoculated subcutaneously with injections of
1� 106 MGC-823 and BGC-803 cells/mouse into the right axilla.
After 7 days of growing, tumor sizes were determined using
micrometer calipers, and the nude mice with similar tumor volume
(mice with tumors that were too large or too small were eliminated)
were randomly divided into the following five groups (six mice/
group): saline control group, FV-429 40mg/kg every 2 days group,
FV-429 20mg/kg every 2 days group, FV-429 10mg/kg every 2 days
group and 5-Fu 20mg/kg every 2 days group. Tumor sizes were
measured every 3 days using micrometre calipers and tumor volume
was calculated using the following formula: TV (mm3)¼ d2D/2,
where d and D were the shortest and the longest diameter,
respectively.

STATISTICAL ANALYSIS
All results shown represent mean� SEM from triplicate experiments
performed in a parallel manner unless otherwise indicated. Statistical
analyses are performed using one-way analysis of variance (ANOVA),
followed by the Bonferroni posttest for multiple group comparisons.
All comparisons are made relative to untreated controls and
significance of difference is indicated as �P< 0.05 and ��P< 0.01.

RESULTS

FV429 INHIBITS CELL VIABILITY IN TUMOR CELLS
MTT assay was used to investigate the inhibitory effect of FV-429 on
gastric cancer cells. Upon treatments for 24 h, FV-429 inhibited the
viability of BGC-823 and MGC-803 cells effectively. The IC50 values
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of FV-429 on BGC-823 cells were 38.10� 6.28, 31.98� 5.42, and
25.64� 6.38mM, obtained for 24, 48, and 72 h treatment, respective-
ly (Fig. 1B); and on MGC-803 cells were 31.53� 6.84, 26.43� 4.19,
and 20.89� 5.08mM, for 24, 48, and 72 h treatment, respectively
(Fig. 1C). And the IC50 values of wogonin in BGC-823 and MGC-803

cells were 68.66� 8.62 and 65.90� 7.29mM, obtained for 24 h
treatment (Fig. 1D and E). We found FV-429 has lower IC50 values
than wogonin. The results suggested that FV-429 inhibited the
growth of BGC-823 andMGC-803 cells in a time- and concentration-
dependent manner.

Fig. 2. FV-429 induces apoptosis in BGC-823 and MGC-803 cells. BGC-823 and MGC-803 cells were treated with 20, 40 and 80mM FV-429 and 80mM wogonin for 24 h. A:
Morphological change of BGC-823 and MGC-803 cells were observed under an inverted light microscope (200�). B: Nucleolus morphologic changes were observed by fluorescent
microscope (400�). The nuclei exhibited bright condensed chromatin. The white arrows indicate the apoptotic cells with nuclear fragments. C: Annexin V/PI double-staining assay
of BGC-823 and MGC-803 cells. Y Axis showed PI labeled population and X axis showed FITC-labeled Annexin V positive cells. D: The apoptotic rates of BGC-823 cells induced by
FV-429 and wogonin. E: The apoptotic rates of MGC-803 cells induced by FV-429 and wogonin. Values are each the mean� SEM (n¼ 3). �P< 0.05, ��P< 0.01, significant
difference from the control.
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FV-429 INDUCES APOPTOSIS IN BGC-823 AND MGC-803 CELLS
After the cells were treated by FV-429 or wogonin for 24 h, the shape
of BGC-823 and MGC-803 cells were distorted severely (Fig. 2A). To
assess whether FV-429 could induce apoptotic cell death, the nuclei
changes in BGC-823 and MGC-803 cells were observed under a
fluorescent microscope, staining with fluorochrome dye DAPI. As a
result, untreated BGC-823 and MGC-803 cells were stained equably
with blue fluorescence, demonstrating the steady chromatinic
distribution in nucleolus, instead FV-429-treated BGC-823 and
MGC-803 cells emitted bright fluorescence, the early phenomena of
apoptosis, due to the chromatin congregation and the nucleolus
pyknosis. At the concentration of FV-429 (40 and 80mM) and
wogonin (80mM), cellular nucleus of BGC-823 and MGC-803 cells
disintegrated and formed many nuclear fragments (Fig. 2B). These
results suggested that FV-429 could induce apoptosis in BGC-823 and
MGC-803 cells.

To further confirm the apoptosis induced by FV-429, Annexin V/PI
staining assay was used. After cells were treated with 20, 40, and
80mM FV-429 or 80mM wogonin for 24 h, the early apoptotic rates
were 5.73%, 8.68%, 38.1%, and 55.88%, respectively, and the late
apoptotic rates were 8.58%, 6.19%, 14.12%, and 19.61% in BGC-823
cells, respectively (Fig. 2C–E). Meanwhile, after cells were treatedwith

20, 40, and 80mM FV-429 or 80mM wogonin for 24 h, the early
apoptotic rates were 10.75%, 14.47%, 34.38%, and 22.16%,
respectively, and the late apoptotic rates were 7.05%, 9.26%,
26.99%, and 15.77% in MGC-803 cells. These results suggested
that FV-429 induced apoptosis in BGC-823 and MGC-803 cells in a
concentration-dependent manner. We found the FV-429 had the
same apoptosis-inducing effects as wogonin under a lower
concentration.

FV-429 INDUCED APOPTOSIS THROUGH MITOCHONDRIAL-
MEDIATED APOPTOTIC PATHWAY AND INCREASED CELLULAR ROS
LEVEL
It has been reported that wogonin has potent antitumor activity by
inducing a mitochondrial-mediated apoptosis [Yu et al., 2007; Lin
et al., 2011]. To further investigate whether FV-429, the derivative
of wogonin, induced apoptosis through mitochondria-mediated
pathway, the levels of intracellular ROS in BGC-823 and MGC-803
cells were measured by flow cytometry. As shown in Figure 3A and
B, compared with untreated cells, the treatment of FV-429 for 24 h
resulted in a conspicuous and concentration dependent increase
in .O2

� and H2O2 levels. We also found that the FV-429 should
increase the level of .O2

� and H2O2 in MGC-803 cells (Fig. 3C, D).

Fig. 3. Effects of FV-429 on the ROS of BGC-823 and MGC-803 cells. A: The level of intracellular reactive oxygen species (ROS) in BGC-823 cells was measured by flow
cytometry. B: The level of intracellular superoxide anion in BGC-823 cells was measured by flow Cytometry. C: The level of intracellular reactive oxygen species (ROS) in MGC-803
cells was measured by flow cytometry. D: The level of intracellular superoxide anion in MGC-803 cells was measured by flow cytometry. Data were shown as mean� SEM (n¼ 3).
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Results showed that the FV-429 increased the level of ROS in BGC-
823 and MGC-803. Western blot results showed that after BGC-
823 andMGC-803 cells were treated with FV-429 and wogonin for
24 h, the expression of Bcl-2 and Bax were changed (Fig. 4A, B).
We found that Bcl-2 was decreased while Bax was increased,
leading to a raise in the Bax/Bcl-2 ratio (Fig. 4C, D). Caspase-9 and
caspase-3 were cleaved to activate significantly after FV-429

treatment for 24 h in BGC-823 cells and PARP cleavage was also
observed, indicating that mitochondrial pathway was involved in
FV-429-induced apoptosis. However, there was no considerable
change in expression of procaspase-8 after the treatment of
FV-429.

These results suggested that FV-429 could induce a mitochondrial-
mediated apoptotic pathway in BGC-823 and MGC-803 cells.

Fig. 4. Effects of FV-429 on apoptosis-related proteins. A: Western blotting analysis of Bcl-2, Bax, caspase-8, -9,-3 and PARP of the BGC-823 cells treated with 20, 40, and
80mMof FV-429 and 80mMwogonin for 24 h. B: Western blotting analysis of Bcl-2, Bax, caspase-8, -9,-3 and PARP of the MGC-803 cells treated with 20, 40 and 80mMof FV-
429 and 80mM wogonin for 24 h. C: A remarkable Bcl-2/Bax ratio increasing was demonstrated in BGC-823. D: A remarkable Bcl-2/Bax ratio increasing was demonstrated in
MGC-803. E: Western blotting analysis of ERK, p-ERK, JNK, p-JNK, P38 and p-P38 of the BGC-823 cells treated with 20, 40, and 80mM of FV-429 for 24 h. F: Western blotting
analysis of ERK, p-ERK, JNK, p-JNK, P38 and p-P38 of the MGC-803 cells treated with 20, 40, and 80mM of FV-429 for 24 h.
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MITOGEN-ACTIVATED PROTEIN KINASE PATHWAY MAY BE
INVOLVED IN THE APOPTOSIS INDUCED BY FV-429
It has been reported that the accumulation of ROS could activates
MAPK pathway, including the JNK and the p38 pathways that are
responsible for ROS-mediated cell apoptosis. Here, we investigated
the activation of the MAPK pathway in gastric cancer cells upon the
treatment of 24 h FV-429. The results showed that the levels of
phosphorylated JNK, ERK, and p38 were increased, whereas the level
of ERK was decreased in BGC-823 and MGC-803 cells (Fig. 4E, F).
Meanwhile, the expression of JNK, ERK, and p38 were not changed
upon the treatment of FV-429 in BGC-823 and MGC-803 cells. The
results establish that FV-429 could activate the MAPK pathway in
BGC-823 and MGC-803 cells.

FV-429-INDUCED NUCLEAR TRANSLOCATION OF ERK2 THROUGH
ROS
Moreover, though the compound FV-429 affected the activation of
the three members of MAPK family (ERK, JNK, and p38), only ERK
and JNK were reported to have the nuclear translocation capacity. To
define the detailed the influence of ROS in ERK, we extracted
cytoplasmic and nuclear fractions of BGC-823 and MGC-803 cells,
and detected distribution of ERK2 between these two compartments.
A remarkable translocation of total ERK2 and phosphorylated ERK2
traveled into the nucleus from the cytoplasm were observed in BGC-
823 and MGC-803 cells treated with FV-429 (Fig. 5A, C). The nuclear
translocation of ERK by FV-429 was abrogated by ROS scavenger
NAC (Fig. 5B, D), indicating that the ROS increased by FV-429 was an
important regulator of ERK. This was further confirmed by
immunofluorescent staining, through the co-localization of ERK2
and DAPI in the merged image after FV-429 treatment, which was
cancelled by NAC (Fig. 5E, F). Our results suggest FV-429-induced
nuclear translocation of ERK2 through ROS.

FV-429 INDUCED THE CO-NUCLEAR TRANSLOCATION OF p53 WITH
ERK2, AND ACTIVATED NUCLEAR p53 VIA THE PHOSPHORYLATION
MEDIATED BY ERK
We inferred from the results described above that there must be a link
between ERK2 translocation and p53 activation. We extracted
nuclear fractions of cells and detected the phosphorylation level of
p53 (Ser15). p53 phosphorylation was stimulated by FV-429 for 24 h,
while total nuclear p53 remained constant in BGC-823 and MGC-803
cells (Fig. 6A, B). However, the phosphorylation of p53 was
thoroughly abolished by ERK inhibitor U0126 (Fig. 6C, D), indicating
ERK was responsible for this regulation. p53 is a key transcription
factor and regulated many proapoptotic proteins, such as Bax and
PUMA. ERK inhibitor U0126 reversed the FV-429-induced expression
of PUMA as well. Moreover, we performed Annexin V/PI double-
staining assay of BGC-823 and MGC-803 cells treated with FV-429
(60mM) alone or with U0126 (ERK inhibitor). As shown in Figure 6 E
and F, the results suggest that apoptosis induction of FV-429 could be
partly inhibited by ERK inhibitors. We found that FV-429 could cause
p53 accumulation in the nucleus by immunofluorescent staining in
BGC-823 and MGC-803 cells (Fig. 6G, H). It has been reported that
nuclear translocation of ERK2 could activate one or more transcrip-
tion factors, such as p53 [Li et al., 2010]. Subsequently we performed
immunoprecipitation of nuclear fractions with p53 antibody and

detected the influences of FV-429 on the interactions of p53 with
ERK. The results showed that FV-429 increased the binding between
p53 and ERK2 in the nucleus (Fig. 6I, J).

FV-429 INHIBITS THE GROWTH OF NUDE MICE XENOGRAFT
TUMORS
The in vivo study aimed to examine the effect of FV-429 and was
performed by xenograftedmodel. We transplanted BGC-823 orMGC-
803 cells into BALB/c nude mice by intravenous injection. The tumor
volume measurement further confirmed the significant reduction in
the treatment group (P< 0.01). After treatment for 21 days, FV-429
(20 and 40mg/kg), and wogonin (60mg/kg) showed significant
inhibitory effects on the tumor growth (tumor weight and tumor
volume) in mice inoculated BGC-823 cells or MGC-803 cells (Fig. 7A–
D). In the mice inoculated BGC-823 cells, the inhibitory rates were
67.17� 6.41%, 58.58� 7.61%, and 61.44� 7.63%, respectively in
groups of 5-Fu (20mg/kg), FV-429 (40mg/kg), and wogonin (60mg/
kg) (Fig. 7E); and in mice inoculated MGC-803 cells, the inhibitory
rates of 5-Fu (20mg/kg), FV-429 (40mg/kg), andwogonin (60mg/kg)
were 73.31� 6.41%, 66.99� 6.72%, and 62.25� 5.84%, respectively.
These results demonstrated that FV-429 was more effective than
wogonin on gastric tumor inhibition in vivo. Moreover, FV-429
suppressed tumor growth at a dose of 60mg/kg to an extent without
any significant changes of body weight, whereas the weight of mice
was significantly reduced by 5-Fu (20mg/kg) (Fig. 7G, H).

DISCUSSION

FV-429 is a newly synthesized flavonoid with a bis(2-hydroxyethyl)
amino-propoxy substitution. Previous research has revealed apopto-
sis induced by FV-429 in HepG2 cells [Yang et al., 2011]. FV-429 is a
derivative of wogonin. It has been reported that wogonin has anti-
tumor effect. FV-429 showed better anticancer effects than wogonin.
In this study, we have provided evidence that FV-429 induced
mitochondrial-mediated apoptosis, increased ROS levels, and leaded
to p53 activation through the co-nuclear translocationwith ERK2 and
the phosphorylation mediated by ERK in BGC-823 and MGC-803
cells.

Apoptosis, a form of programmed cell death, is characterized by a
variety of morphological features, such as loss of membrane
asymmetry, cell shrinkage and chromosomal DNA fragmentation
[Kerr et al., 1972; Reed, 2000; Lenz, 2004]. In this study, BGC-823 and
MGC-803 cells incubated with FV-429 caused cytoplasmic shrinkage
and nuclear chromatin condensation in BGC-823 and MGC-803 cells.
FV-429 could efficiently induce apoptosis in BGC-823 and MGC-803
cells. The apoptotic rate reached 52.22% and 64.88% after incubation
with 80mM FV-429 in BGC-823 cells and MGC-803 cells. Apoptotic
induction by FV-429wasmore effective than that of wogonin in BGC-
823 and MGC-803 cells upon the same concentration. Moreover, the
strong tumor cell inhibition properties of FV-429 prompted us to
evaluate its efficacy to inhibit the tumor growth in vivo. A nude mice
model bearing inoculated BGC-823 or MGC-803 tumor was used to
evaluate the antitumor effect of FV-429 in vivo. The study showed that
FV-429 suppressed tumor growth significantly. The rates of inhibition
at dose of 40, 20, and 10mg/kgwere 58.58%, 46.32% and 30.11%, and
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Fig. 5. FV-429-induced nuclear translocation of ERK2 through ROS. A: Nuclear translocation of ERK2 induced by FV-429. Cells were treated with FV-429 (20, 40, and 80mM).
Then cytoplasmic and nuclear fractions were extracted and ERK2 as well as p-ERK1/2 were detected by Western blot. b-Actin and Histone were used as loading control of
cytoplasmic and nuclear proteins respectively in BGC-823 cells. B: Effect of ROS scavenger on ERK2 translocation at 24 h. Cells were pretreated with or without NAC (800mM) for
1 h before FV-429 (80mM) exposure for 12 h. Then cytoplasmic and nuclear fractions were extracted and ERK2 was detected by Western blot in BGC-823 cells. (C) Nuclear
translocation of ERK2 induced by FV-429. Cells were treated with FV-429 (20, 40, and 80mM). Then cytoplasmic and nuclear fractions were extracted and ERK2 as well as p-ERK1/
2 were detected by Western blot. b-Actin and Histone were used as loading control of cytoplasmic and nuclear proteins respectively in MGC-803 cells. (D) Effect of ROS scavenger
on ERK2 translocation at 24 h. Cells were pretreated with or without NAC (800mM) for 1 h before FV-429 (80mM) exposure for 12 h. Then cytoplasmic and nuclear fractions were
extracted and ERK2was detected byWestern blot inMGC-803 cells. E, F: Nuclear translocation of ERK2was demonstrated by immunofluorescent staining. BGC-823 andMGC-803
cells were pretreated with or without NAC (800mM) for 1h before FV-429 (80mM) exposure for 12 h, then ERK2 was immunostained with its primary antibody and FITC
conjugated secondary antibody (green). The nucleus was labeled with DAPI (blue). The data were representative of at least three separate experiments.
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Fig. 6. FV-429 phosphorylated and activated nuclear p53 via ERK2 after the co-nuclear translocation with ERK. A: Phosphorylation of nuclear p53 (Ser15) induced by FV-429.
BGC-823 Cells were treated with seleniteFV-429 (40 and 80mM) as indicated before nuclear fractions were extracted. Then p-p53 (Ser15) and total p53 were detected byWestern
blot. Histone was used as loading control of nuclear proteins. B: Phosphorylation of nuclear p53 (Ser15) induced by FV-429. MGC-803 Cells were treated with seleniteFV-429 (40
and 80mM) as indicated before nuclear fractions were extracted. Then p-p53 (Ser15) and total p53 were detected by Western blot. Histone was used as loading control of nuclear
proteins. C, D: Cells were treated with FV-429 (80mmol/l) alone or with U0126 (10mM, ERK MAPK inhibitor), then the apoptotic rates were identified by flow cytometry. E, F:
Effect of U0126 on the expressions of PUMA and p-p53. Cells were pretreated with or without U0126 (10mM) for 1.5 h before FV-429 (80mM) exposure for 24 h. Then PUMA and
p-p53 were detected byWestern blot. G, H: Nuclear translocation of p53 was demonstrated by immunofluorescent staining. BGC-823 andMGC-803 cells were pretreated with FV-
429 (80mM) for 24 h, then p53 was immunostained with its primary antibody and FITC conjugated secondary antibody (green). The nucleus was labeled with DAPI (blue). The data
were representative of at least three separate experiments. I, J: Interactions of p53 with ERK2 in the nucleus. BGC-823 and MGC-803 Cells were treated with seleniteFV-429 (40
and 80mM) for 24 h as indicated. Then nuclear fractions were extracted and immunoprecipitated with p53 antibody, after which p53, ERK2 in the immunoprecipitated products
were detected by Western blot. IP, immunoprecipitation; WB, Western blot. The data were representative of at least three separate experiments.
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Fig. 7. Antitumor effects of HQS-3 in vivo. A: In the nude mice inoculated with BGC-823 cells, tumor weight of control, 5-Fu (20mg/kg), FV-429 (40, 20, and 10mg/kg) and
wogonin (60mg/kg) treatment groups on BGC-823 cells. The tumor were isolated and weighed after 21 days treatment. B: In the nude mice inoculated with MGC-803 cells, tumor
weight of control, 5-Fu (20mg/kg), FV-429 (40, 20 and 10mg/kg) and wogonin (60mg/kg) treatment groups on MGC-803 cells. The tumor were isolated and weighed after
21 days treatment. C: The body weight of pre-dose and post-dose of the nude mice inoculated with BGC-823 cells. D: The body weight of pre-dose and post-dose of the nude mice
inoculated with MGC-803 cells. E: The tumor inhibitory rate of 5-Fu, FV-429 and wogonin groups on BGC-823 cells. Each data point is the average from six mice. F: The tumor
inhibitory rate of 5-Fu, FV-429 and wogonin groups on MGC-803 cells. Each data point is the average from six mice. (G) In the nude mice inoculated with BGC-823 cells, tumor
volume of control, 5-Fu (20mg/kg), FV-429 (40, 20, and 10mg/kg) and wogonin (60mg/kg) treatment groups. Tumor sizes were measured once every 3 days. (H) In the nude mice
inoculated with MGC-803 cells, tumor volume of control, 5-Fu (20mg/kg), FV-429 (40, 20, and 10mg/kg) and wogonin (60mg/kg) treatment groups. Tumor sizes were measured
once every 3 days.
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66.99%, 53.99% and 37.84%, respectively. However, the advantage
of FV-429 upon wogonin is that it induces the same biological
effect as wogonin at much lower concentrations. Meanwhile,
compared with control, FV-429 had no significant influence on the
body weight.

Apoptosis is controlled by a diverse range of cell signals whichmay
originate intracellularly or extracellularly [Sola et al., 2013]. The
proteins of the bcl-2 family are of special importance to
mitochondrial-mediated apoptosis [Xu et al., 2013]. Anti-apoptotic
protein bcl-2 acts as a repressor of apoptosis, whereas pro-apoptotic
protein Bax acts as a promoter [Faiao-Flores et al., 2013]. FV-429
treatment resulted in an obvious decrease in Bcl-2 protein expression
and a notable increase in Bax protein production in BGC-823 and
MGC-803 cells. It is therefore postulated that FV-4290s efficient
inhibitory effect on tumor cell growth is achieved by its ability to
modulate the expression of Bcl-2/Bax proteins that are involved in
the regulation of apoptosis.

Besides the ratio between Bcl-2 and Bax, ROS also appears to be a
central event in the apoptosis [Quast et al., 2013]. Moreover, ROS was
recently shown to induce apoptosis by regulating phosphorylation
and activation of the MAPK pathways, resulting in increased
proapoptotic protein levels and decreased antiapoptotic protein
expression, with subsequent cell death [Chen et al., 2013]. Our study
showed that FV-429-induced apoptosis involves ROS generation.
Here in the present study, we found two intracellular ROS, superoxide,
and hydrogen peroxide were elevated immediately following FV-429
exposure.

As to the detailed mechanism how ROS mediates apoptosis, we
found ERK played a significant role. ERK2 was translocated into the
nucleus under the regulation of ROS, therefore we infer ERK2
probably entered the nucleus to phosphorylate and activate one or
more transcription factors. As a vital tumor suppressor, p53 exerted
its antitumor effects mainly by transactivation of diverse target genes
including Bax, Apaf-1 and caspase-6, or to induce apoptosis
independent of its transactivation ability [Wallace and Cotter,
2009; Chiu et al., 2013; Ngok-Ngam et al., 2013]. Collectively, these
results indicated that by virtue of nuclear translocation, ERK2
phosphorylated and activated p53 in the nucleus. We also found p53
translocated into the nucleus accompanied with the translocation of
ERK2.

Taken together, the present study demonstrated that FV-429 could
induce the mitochondrial-mediated apoptotic pathway, increase ROS
and activate the MAPK pathway in BGC-823 and MGC-803 cells.
Moreover we found that FV-429 increased ROS leads to ERK2
translocation, resulting in the activation of p53 in the nucleus and
p53-mediated apoptosis. In conclusion, FV-429 holds promise for
further development as a potential antitumor agent for GC.
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