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A novel derivative of quinazoline, WYK431 induces
G,/M phase arrest and apoptosis in human gastric cancer
BGC823 cells through the PI3K/Akt pathway
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Abstract. WYK431, a novel synthetic quinazoline derivative,
showing potent inhibition of proliferation activity against a
broad spectrum of human cancer cell lines. We investigated
the anticancer effects of WYK431 on BGC823 cells both
in vitro and in vivo. The results showed that WYK431 inhib-
ited proliferation, arrested the cell cycle at the G,/M phase,
which was related to CDK1 and CDC25C, and induced apop-
tosis associated with activation of caspase-3 and caspase-9
rather than caspase-8 in BGC823 cells. Treatment of BGC823
cells with WYK431 resulted in upregulation of Bax, release
of cytochrome ¢ from the mitochondria to the cytosol and
disruption of mitochondrial membrane potential. Western blot
analysis showed that WYK431 downregulated the levels of the
PI3K/Akt signaling pathway. Moreover, WYK431 effectively
suppressed tumor growth in xenograft models in BALB/c
athymic nude mice without major side action. TUNEL analysis
showed that WYK431 induced BGC823 cell apoptosis in vivo.
Collectively, WYK431 is a novel small molecule agent which
inhibits BGC823 cell proliferation inducing G,/M phase arrest
and apoptosis via the mitochondrial apoptotic pathway. To
assess its potential as a promising anticancer agent requires
further investigation.

Introduction

Gastric cancer (GC) is the second leading cause of cancer
death in the world, and especially in Asian countries, including
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China (1,2). Conventional treatment modalities including
surgery, radiotherapy and chemotherapy play a role mainly in
patients at early stage. However, these modalities are far from
satisfactory for patients with advanced gastric cancer, with
considerable treatment-associated toxicity and dismal overall
survival time (3,4). With better understanding of the biology
and underlying molecular mechanism of carcinogenesis, new
therapeutic approaches are needed for advanced gastric cancer
treatment.

Increasing evidence demonstrates that PI3K signaling
pathway regulates various cellular processes including
proliferation, cell cycle progression, apoptosis, migration and
metabolism (5,6). The dysregulation of PI3K/AKT pathway
has been recently found to be involved in the pathogenesis of
various human cancers such as gastric, colon, breast, pancreatic
and prostate cancer (7). PI3K catalyzes the phosphorylated of
3-hydroxyl position of PIP2 (phosphatidylinositol 4,5-diphos-
phate) to PIP3 (phosphatidylinositol 3,4,5-triphosphate) (8.,9).
PI3Ks are grouped into three classes (I, II and III) with
regulatory subunit for each, based on their respective struc-
tural characteristics and substrate specificity (10,11). The
most extensively studied PI3Ks are class I PI3Ks, especially
class IA PI3Ks which are composed of heterodimers of a
p85 regulatory subunit and a p110 catalytic subunit (12). The
dysregulation of pl10a has been observed in many human
cancers such as gastric, colon, ovarian, hepatocellular and
breast carcinoma (13-16).

The Akt family, also well known as protein kinase B, is
one of the major downstream mediators of the PI3K pathway.
Akt plays very important roles in various cellular functions
such as cell cycle progression, proliferation, apoptosis, migra-
tion and angiogenesis (17). Akt gene amplification has been
observed in a number of human cancers such as gastric, breast
and ovarian cancer. In addition to amplification, recent studies
have shown that elevation of Akt activities is associated with a
poor prognosis in human cancers. Whereas tumor suppressor
phosphatase and tensin homologue (PTEN) negatively regu-
lates the PI3K signals (18). The control of cell growth by
PI3K/Akt pathway via regulating cell proliferation, cell cycle
progression and apoptosis implicates a crucial role of this
pathway in carcinogenesis and cancer development. Therefore,
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PI3K is a potential target for cancer prevention and therapy.
Inhibition of PI3K/Akt pathway in gastric cancer seems to be
a promising strategy for the treatment.

Cell cycle progression is promoted by the activity of
phase-specific kinase complexes composed of cyclins and
cyclin-dependent kinases (19). It consists of four distinct
phases: G, phase, S phase (synthesis), G, phase and M phase
(mitosis). From G, phase to M phase, it requires the activation
of cyclin B/CDK1, which push the cells through the G, check-
point and are regulated by CDC25C (20).

There is ample evidence that cancer is characterized by
uncontrolled cellular growth and proliferation, and therefore
inducing cancer cells into apoptosis is one of the impor-
tant therapeutic intervention approaches in cancer (21,22).
Apoptosis is characterized by a number of morphological and
biochemical features, such as cell shrinkage, nuclear DNA
fragmentation and membrane blebbing (23,24). Apoptosis
is mediated through two main routes the death receptor
pathway (extrinsic) and the mitochondrial pathway (intrinsic).
In the death receptor pathway, Fas/CD95 combines with its
ligand FasL recruits procaspase-8 and activates downstream
effectors caspase-3 and/or caspase-7 (25). Upon activation
of the mitochondrial pathways, the change of mitochondrial
membrane results in release of cytochrome c, and caspase-9
activation. In turn, activated caspase-9 leads to cleavage of
the executioner caspase-3 and caspase-7, and finally results
in chromatin condensation, DNA laddering and formation of
apoptotic bodies (26).

Quinazoline derivatives have been reported to possess a
wide range of therapeutic activities including anticancer (27),
anti-inflammation (28), anti-bacterial (29), antihyperten-
sion (30). Recently, some quinazoline derivatives have been
reported to have antitumor effects in several human tumor
cell lines by our research group (31,32). With a goal of devel-
oping a more effective derivative, a series of quinazoline
derivatives were synthesized and screened. Among them,
methyl 4-([6-chloro-2-([1'-methyl-(1,4'-bipiperidin)-4-yl]
amino)quinazolin-4-ylJamino)benzoate (WYK431) displayed
the most potent antitumor activity and induced apoptosis
in vitro. However, molecular mechanisms of action underlying
WYK431 against cancer remain unknown. Therefore, inves-
tigating the molecular mechanisms of WYK431 is urgent for
the development of WYK431 as a potential anticancer agent.
In this study, we demonstrate that WYK431 inhibits BGC823
cells proliferation, induces G,/M arrest and apoptosis though
intrinsic apoptotic pathway in vitro and suppresses tumor
growth in vivo.

Materials and methods

Materials. DMSO,3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), propidium iodide (PI),
Triton X-100 and rhodamine-123 (Rh-123) were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). The
Annexin V-FITC apoptosis detection kit was purchased from
KoradBio (Beijing, China). The primary antibodies against
caspase-3, caspase-8, caspase-9, Bcl-2, Bax, Akt, p-Akt
(Ser473), CDKI1, Cyclin Bl, CDC25C, p85 and pl110a were
purchased from Cell Signaling Technology (Beverly, MA,
USA). Antibodies against cytochrome c¢ and B-actin were
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purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). TUNEL (terminal deoxynucleotidyl transferase medi-
ated dUTP nick end-labeling) assay kit was purchase from
Millipore (CA, USA). RPMI-1640 or DMEM were obtained
from Gibco BRL Co. (Grand Island, NE, USA). All of the
chemicals employed in this study were culture grade and
analytic purity.

WYK431 was synthesized and supplied as a yellow solid
by Institute of Materiel Medica, Chinese Academy of Medical
Sciences and Peking Union Medical College. Its structural
formula is shown in Fig. 1A. WYK431 was dissolved in
dimethyl sulfoxide (DMSO) to give a 5 mM stock solution,
which was stored at 4°C and diluted with the relevant medium
for the in vitro experiments. For the in vivo studies, WYK431
was solubilized in 20% PEG (Beijing Chemical Works,
Beijing, China) to yield stock solutions of 2, 1 and 0.5 mg/ml,
and stored at -20°C.

Cell culture. The following human carcinoma cell lines were
obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA): MCF7 cells; HepG2 cells; A2780
cells; A549 cells; HCT 116 and T47D. BGC823 and BGC803
purchased from Cell Culture Center of Institute of Basic
Medical Sciences, Chinese Academy of Medical Sciences.
Cells were cultured in DMEM or RPMI-1640 media containing
10% FBS and 1% antibiotics (penicillin and streptomycin)
under humidified conditions with 5% CO, at 37°C.

Cell viability assay. MTT assay was used to measure the
cell viability after WYK431 treatment. Briefly, the cells
(3x10° cells/well) were seeded in a 96-well plate and cultured
for 24 h. After WYK431 treatment, the drug containing
medium was removed and replaced by fresh medium. MTT
solution (100 ul of 0.5 mg/ml) was added per well and incu-
bated for another 4 h at 37°C, then the supernatant fluid was
removed and DMSO was added 150 ul to each well. The plates
were gently agitated until the color reaction was uniform. The
OD570 was measured using a microplate reader (Wellscan
MK3, Labsystems Dragon), and the ICs, values were detected.

Cell cycle analysis. Cells were seeded in 6-well plates at
the density of 2x10%/well and cultured for 24 h, followed by
indicated concentrations WYK431 treatment for 24 h. Then,
the cells were incubated with 1 ml of a solution containing
50 pg/ml propidium iodide (PI) and 0.1% Triton X-100 for
10 min in the dark and then immediately analyzed by flow
cytometer.

Morphological analysis after DAPI staining. To investigate
the apoptosis induction effect of WYK431, morphological
analysis by DAPI staining was performed. Briefly, BGC823
cells (1x10%) were seeded in 6-well plates for 24 h, followed by
WYK431 treatment for 24 h. After fixed with 70% of ethanol,
the cells were rinsed with PBS. Then cells were examined with
an inverted fluorescence microscopy after staining with DAPI.

Apoptosis analysis by flow cytometry (FCM). To further
confirm the apoptosis-induced effect by WYK431, we
analyzed the percentage of the early apoptotic cells using
an Annexin V-FITC apoptosis detection kit according to
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Figure 1. The chemical structure and the effect of WYK431 on BGC823 cell
viability. (A) The chemical structure of WYK431. (B) The cells were treated
with WYK431 for 24, 36 or 48 h. The cell viability was determined by MTT
assay (""P<0.001 vs. the control group).

the manufacturer's instructions. Briefly, cells were seeded in
6-well plates at the density of 2x10%/well and cultured for 24 h,
followed by WYK431 treatment for 36 h, and then collected
and washed with cold PBS twice. Cells were stained with an
Annexin V-FITC apoptosis detection kit following the manu-
facturer's instructions and then immediately examined by a
flow cytometer.

Analysis of the mitochondrial membrane potential. The
mitochondrial transmembrane potential (A¥m) of cells treated
with WYK431 or medium alone was measured using the
rhodamine 123 (Rh123) as previously described (33). Cells
were seeded in 6-well plates at the density of 2x10%/well and
cultured for 24 h. After WYK431 treatment for 24 h, the
cells were incubated with 5 pg/ml Rh123 at 37°C in the dark
for 30 min. Then fluorescence emitted from the Rh123 was
measured by FCM.

Western blot analysis. Western blot analysis was performed as
previously described (34). Briefly, the cells were treated with
WYK431 for various concentrations and lysed with protein
lysis buffer. Protein concentration was determined with
Bio-Rad Protein Assay kit (Bio-Rad Laboratories), dissolved
in 5X SDS sample buffer and denatured. The samples were
separated according to molecular weight on 8-15% sodium
dodecyl sulfate-polyacrylamide (SDS-PAGE) gel and electro-
blotted onto a polyvinylidene difluoride (PVDF) membrane.
Membranes were blocked for 1 h in 5% dried milk in TBST at
room temperature with rotation. Then membranes were incu-
bated overnight at 4°C with the respective primary antibodies
diluted in blocking buffer. The membrane blots were washed
thrice for ~10 min with TBST and incubated with appropriate
horseradish peroxidase-conjugated species-specific antibody
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diluted in blocking buffer for 2 h at room temperature with
rotation. After 3 additional washes, the immunoreactive bands
were visualized using the enhanced chemiluminescence
method.

Analysis of cytochrome c in cytosolic and mitochondria
extracts. For detection of cytochrome c, the cytosolic and mito-
chondria fractions were prepared as described previously (35).
Briefly, BGC823 cells were treated with WYK431 at various
concentrations for 24 h and then harvested by centrifugation
at 800 x g at 4°C for 15 min. After washing with ice-cold PBS
for 3 times, the cell pellets were resuspended in HEPES buffer
(20 mM HEPES, 10 mM KCl, 1.5 mM MgCl,, 1 mM EDTA,
1 mM EGTA, 1 mM DTT, 0.1 mM PMSEF, pH 7.5) containing
250 mM sucrose, homogenized with a homogenizer and
centrifugation at 800 x g at 4°C for 15 min. The supernatants
were centrifuged at 10000 x g for 15 min at 4°C, and the mito-
chondria pellets were dissolved in SDS sample buffer (25 ul),
subjected to 15% SDS polyacrylamide gel electrophoresis
and analyzed by immunoblotting with monoclonal antibodies
against cytochrome c (Santa Cruz Biotechnology). Aliquots of
supernatant were also analyzed for cytochrome c expression
by western blotting.

Immunofluorescence staining. To assess whether WYK431
induces cytochrome c release from mitochondria to cytosol,
immunofluorescence staining was performed, and the cells
were treated with 5 yM WYK431 for 24 h. To identify the
location of cytochrome c, the cells were fixed with freshly
prepared buffer containing 4% formaldehyde for 15 min at
37°C. After fixation, the cells were permeabilized with buffer
containing 2% Triton X-100 for 10 min at room temperature.
The cells were blocked with 5% goat serum in PBS and
incubated overnight with the anti-cytochrome ¢ monoclonal
antibody (diluted 1:100 in 5% goat serum, Santa Cruz
Biotechnology). After three washes, cells were incubated with
Alexa Fluor 488® goat anti-mouse IgG (H+L) (diluted 1:100 in
5% goat serum, Molecular Probe) for 1 h at room temperature
in the dark followed by rinsing the cells three times in PBS for
5 min each. In addition, the cells were stained with DAPI for
5 min in the dark. The coverslips were mounted onto the slides
using the Dako® Fluorescence Mounting Medium (Dako,
Glostrup, Denmark) and fluorescence images were recorded
using fluorescence microscopy.

Tumor xenograft experiments. Seven-week-old BALB/c
athymic nude mice (Beijing Animal Center, Beijing, China)
were established as a xenograft tumor model of BGC-823 in
present study. BGC-823 cells (1x107) were inoculated in the
dorsal area of mice. After 3 weeks of growth, the tumors were
chopped into 3x3x3 mm?® pieces and implanted by subcuta-
neous injection in the dorsum of the mice with a gange trocar.
When tumors grew to approximately 100 mm?, the nude mice
bearing a tumor were randomly assigned into four groups (6
per group) and injected intraperitoneally with the following
treatments, respectively: 1) 20 mg/kg WYK431, ii) 10 mg/kg
WYK431, iii) 5 mg/kg WYK431, iv) Vehicle. The systemic
therapy started on day 7 and was repeated every three days
for 12 days. Tumor volumes were assessed by bilateral
Vernier caliper measurement every three days and calculated
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Figure 2. Effect of WYK431 on cell cycle distribution on BGC823 cancer cells. (A and B) Cells were treated with 0, 2.5, 5 and 10 uM WYK431 for 24 h.
Data are presented as the means + SD of three independent experiments. WYK431-treated group compared with the control group of G,/M phase. “P<0.01.
(C and D) Proteins involved in G,/M phase were modulated by WYK431. BGC823 cells were treated with WYK431 at indicated concentrations for 24 h and
the whole cell lysates were prepared and analyzed by immunoblotting. Bars represent the densitometric intensity of the indicated protein bands, using image
analyzing software. Results are representative of three individual experiments. Control (a), WYK431 2.5 uM (b), WYK431 5 uM (c), WYK431 10 uM (d).

“P<0.05 and “P<0.01 vs. control.

according to the following equation: [tumor volume = (width)?
x length/2)]. Body weight was measured every three days and
clinical symptoms, including mortality, body weight, move-
ment and gross findings, were observed daily. The mice were
fasted overnight after the last administration and sacrificed.
Blood was collected for hematological analysis using a
Nihon Kohden MEK-5216K automatic hematology analyzer.
All experiments were carried out on animals in compliance
with the guidelines set by the institute's Animal Care and
Use Committee.

TUNEL detection. The analysis of apoptotic cells in tumor
tissue was conducted by TUNEL staining by an apoptotic
cell detection kit (Minipore). Images of the sections were
taken by a fluorescence microscope.

Statistical analysis. The data are presented as the
means * SE. Statistical analysis was performed using SPSS
13.0 software (Chicago, IL, USA). Statistical significance
of the difference between groups was analyzed by one-way
analysis of variance. P<0.05 was considered statistically
significant.

Results

Effects of WYK431 on cell viability. The effect of WYK431
on cell viability was detected using MTT assay. Our results
showed WYK431 markedly reduced the viability of a panel of
cancer cell lines with IC, ranged from 2 to 10 uM (Table I).
BGCS8-23 cell line was the most sensitive to WYK431
treatment. Furthermore, we investigated the time-and
concentration-dependent effects of WYK431 on BGC823
cell viability. As shown in Fig. 1B, the ICs, was 1.9+0.3 and
2.24+0.4 after WYK431 treatment for 48 and 36 h, respec-
tively. The results indicated that WYK431 inhibited the
proliferation of BGC823 cells in a time- and concentration-
dependent manner.

WYK431 treatment induces G,/M phase arrest in BGC823
cells. To investigate the mechanism responsible for WYK431-
induced inhibition of cell growth, flow cytometric analysis was
performed after treatment of BGC823 with indicated concen-
trations of WYK431 for 24 h. As can be seen in Fig. 2A, cells
treated with 5 uM WYK431 increased cells population at G,/M
phase compared with control cells. In addition, at 10 uM of
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Figure 3. Effect of WYK431 on cell morphological changes and apoptosis in BGC823 cells. (A) BGC823 cells were incubated with WYK431 for 24 h. The
fluorescence microscopic appearance of DAPI-stained nuclei (x400). (B) Annexin V flow cytometric analysis of apoptosis on BGC823 cells. Cells were
treated with indicated concentrations of WYK431 for 36 h and the level of apoptosis was assessed using the Annexin V-FITC/PI staining. The early apoptotic
cells were counted from the lower right quadrant, and the late apoptotic cells were counted from the upper right quadrant. Data are representative of three

parallel experiments.

Table I. The effects of 431 on tumor cells viability.

Cell line Cell type I1C5y (M)
BGC823 Human gastric carcinoma cell line 2.16
BGC803 Human gastric carcinoma cell line 2.59
A549 Human lung adenocarcinoma cell line 3.12
HepG,  Human hepatoblastoma cell line 6.66
A2780  Human ovarian carcinoma cell line 7.22
T47D Human breast adenocarcinoma cell line 473
MCF7 Human breast adenocarcinoma cell line 4.68
HCT116 Human colorectal carcinoma cell line >10

MTT assay was employed to detect the cell viability. Each cell
line was treated with various concentrations of WYK431 for 48 h,
respectively. Data represent the mean values from three independent
experiences.

WYKA431, the G,/M phase population started to decrease, but
the sub-G, phase population slightly increased (Fig. 2A and B).
To further elucidate the mechanism of 431-induced cell cycle
arrest at G,/M phase, the expression of CDK1, CDC25C and
Cyclin B1 all of which participated in G,/M phases were
detected by western blot assay. It was observed that the expres-
sion of CDK1 and CDC25C were significantly decreased at
5 and 10 M, whereas the expression of Cyclin Bl was not
changed after treatment of BGC823 cells with WYK431 for
24 h (Fig. 2C and D). These results indicated that WYK431-
induced G,/M phase arrest related to the expression levels of
CDK1 and CDC25C.

WYK431 treatment induces apoptosis in BGC823 cells. We
explored whether treatment of BGC823 cells with WYK431
resulted in morphological changes. Fluorescence microscopic
examination of DAPI stained cells was performed. Treatment
with WYK431 showed features of apoptotic cells such as a
bright blue fluorescent condensed nuclei and apoptotic bodies
(Fig. 3A).

Furthermore, apoptosis was measured using an
Annexin V-FITC apoptosis detection kit via flow cytometry.
This combination allows the differentiation among viable
cells (AV/PI), early phase apoptotic cells (AV*/PI), late phase
apoptotic cells (AV*/PI*) and necrotic cells (AV/PI*). After
treatment with 2.5, 5 and 10 uM WYK431 for 36 h, the percent-
ages of apoptotic cells was 12.1, 65 and 77.2%, respectively
(Fig. 3B). These results indicated that WYK431 could induce
apoptosis and death in BGC823 cells in a dose-dependent
manner in vitro (Table II).

WYK431 treatment induces apoptosis via the intrinsic
pathway. To further confirm the induction of apoptosis with
WYK431 treatment, we examined caspase-3, caspase-8 and
caspase-9 expression levels in BGC823 cells after WYK431
treatment for 24 h by western blot analysis. As shown in Fig. 4,
procaspase-3, and procaspase-9 decreased significantly after
WYK431 exposure for 24 h in BGC823 cells and the levels
of cleaved caspase-3 and -9 increased, but no change of
caspase-8 was observed. According to the results, we propose
that WYK431 triggers apoptosis trough the intrinsic pathway.

WYK431 induces cytochrome c released. Previously, it has
been reported that during mitochondrion-mediated apoptotic
pathway, the release of cytochrome ¢ from mitochondria
into cytosol promotes caspase activation (36). Therefore,
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Table II. Quantification of apoptosis by Annexin V-FITC/PI
staining.

Percentage + standard deviation

Treatment

(36 h) AV/PI AV*/PT AV*/PT* AV/PI*
Control 94.0+2.5 1.0+£0.3 2.5+0.7 2.5+0.6
2.5 uM 83.7+£5.8° 38+14 70+£1.6° 55«14
5 uM 274452  45.1+42° 204+3.7°  7.1+£20
10 uM 18.5+¢1.7° 53.7+2.1° 245+24* 33407

"P<0.05 and °P<0.01, compared with control, one-way analysis of
variance.

after treatment of BGC823 cells with WYK431 at indicated
concentrations for 24 h, cytochrome ¢ was detected in cyto-
solic fraction concentration-dependently, whereas a decreased
level of cytochrome ¢ was detected in mitochondria fraction
(Fig. 5A and B). In addition, the release of cytochrome ¢ from
mitochondria into cytosol was visualized in WYK431-treated
cells by fluorescence microscopy (Fig. 5C). Overall, these
results indicated that WYK431 induced the release of cyto-
chrome ¢ from mitochondria into cytosol in BGC823 cells.

Effects of WYK431 on mitochondrial transmembrane poten-
tial. A key step in the intrinsic apoptotic pathway is the
disruption of the mitochondrial membrane, which lead to loss
mitochondrial transmembrane potential A¥m (37). It is an
early event coinciding with caspase activation. To gain further
insight into the mechanism underlying apoptosis induced by
WYK431, we investigated whether WYK431 promotes mito-
chondrial disruption. Therefore, A¥m was examined by flow
cytometry using the cationic lipophilic green fluorochrome
rhodamine 123. Mitochondrial membrane permeability
disruption is associated with a lack of rhodamine 123 retention
and a decrease in fluorescence in intrinsic apoptosis pathway.

Table III. The final WBC parameters of different groups.

WYK431 WYK431 WYK431
Types Control 5 mg/kg 10 mg/kg 20 mg/kg
LYM % 8.6+1.2 6.4+3.2 8.0£6.0 10.1+54
MON % 4.9+2.6 3.743.1 54459 8.4+7.3
NEUT % 732449  77.5+£3.7  73.3%8.1 69.5+£7.2
EOS % 10.5+2.8 102+26 109433 10.2+5.5
BAS % 29+1.2 22407 24+0.8 1.7£0.5

Fig. 6 showed that WYK431 triggered the loss of mitochon-
drial transmembrane potential in BGCS823 cells.

Effect of WYK431 on Bcl-2 and Bax expression. We measured
Bcl-2 and Bax expression in BGC823 cells after WYK treat-
ment for 24 h. Fig. 7 shows that WYK431 treatment led to
an increased level of Bax in BGC823 cells, but no significant
change of Bcl-2 was observed. The result was coincident with
the result of cytochrome c release. Collectively, we propose that
WYK431 promotes apoptosis through the intrinsic pathway.

Effects of WYK431 on the PI3K/Akt signaling pathways. To
investigate the effect of WYK431 on PI3K/Akt pathway, the
expression level of PI3K and its downstream components in
BGC823 cells after WYK431 treatment for 8 h were detected
by western blot analysis. Our data indicated that exposure of
BGC823 cells to WYK431 markedly decreased the expression
levels of PI3K pl110a and p85 proteins (Fig. 8). Akt, the down-
stream target of PI3K, plays a crucial role in carcinogenesis
and cancer development. Our result showed that the expres-
sion of p-Akt (473), as the active form of Akt, substantially
decreased after WYK431 treatment. However, the level of total
Akt was unaffected by WYK431.

Antitumor activity of WYK431 in vivo. To evaluate the anti-
tumor activity of WYK431 in vivo, BGC823 bearing BALB/c
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Figure 7. Effect of WYK431 on Bax and Bcl-2 expression. (A) Cells were treated with WYK431 at indicated concentrations for 24 h and the whole cell lysates
were prepared and analyzed by immunoblotting. (B) Bars represent the densitometric intensity of the indicated protein bands, using image analyzing software.
Results are representative of three individual experiments. Control (a), WYK431 2.5 uM (b), WYK431 5 uM (c), WYK431 10 uM (d). "P<0.05 and “P<0.01 vs.
control. (C) Bars represent the ratio of Bax to Bel-2. Control (a), WYK431 2.5 uM (b), WYK431 5 uM (c), WYK431 10 M (d). "P<0.05 and “P<0.01 vs. control.
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Figure 8. WYK431 blocks the PI3K/Akt pathway. (A) Effect of WYK431 on pl10a, p85, Akt, p-Akt (473) in BGC823 cells. Cells were treated with indicated
concentrations for 8 h and the whole cell lysates were prepared and analyzed by western blotting. (B) Bars represent the densitometric intensity of the indicated
protein bands, using image analyzing software. Results are representative of three individual experiments. Control (a), WYK431 2.5 uM (b), WYK431 5 uM (c),

WYK431 10 uM (d). “P<0.01 vs. control.

nude mice were treated with vehicle, 5, 10 and 20 mg/kg
of WYK431, respectively. WYK431 exhibited a significant
antitumor activity in inhibiting tumor progression compared
with vehicle-treated animals. As noted in Fig. 9A, WYK431
administered at 5, 10 and 20 mg/kg of WYK431 suppressed
tumors 28.4, 41.9, 63.6%, compared with vehicle-treated
animals (P<0.05). Moreover, WYK431 treatment was well
tolerated, with only small effects on body weight, which
was consistent with the notion that WYK431 preferably
targets tumor cells and thus exhibited little toxicity (Fig. 9B).
Hematological analysis showed that WYK431 did not

significantly decrease the number of white blood corpuscles
(Table III).

Histological analysis by TUNEL. The tumors were removed
and TUNEL assay was performed. Five equal-sized fields
were randomly chosen and analyzed in tumor sections. We
observed more TUNEL-positive cells with dark green fluo-
rescent staining in the treatment group, indicating a significant
increased apoptosis in the treatment group compared with
control group (Fig. 9C). These results suggest that WYK431
induced apoptosis of tumor cells in vivo.
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Figure 9. Effects of WYK431 on the growth of xenografts and TUNEL assay in vivo. WYK431 inhibited the growth of established BGC823 tumor xenografts
in the athymic nude mice. (A) Tumor volume of BGC823 was measured on the indicated days. (B) Body weight of mice with BGC823 tumor xenografts were
measured in the indicated days. (C) Three independent tumors were evaluated from the control group or WYK431-treated group for apoptotic measure using

TUNEL assay.

Discussion

Quinazoline derivatives possess significant antitumor effects
via inducing apoptosis and cell cycle arrest (31,38). WYK431,
a novel quinazoline derivative, is a highly potent and broad
spectrum anticancer compound, and BGC823 cells were the
most sensitive. To our knowledge, this study is the first to
demonstrate that WYK431 possesses significant antitumor
activities through inducing G,/M phase arrest and apoptosis
by blocking the PI3K signaling pathway in human gastric
cancer cells in vitro. Moreover, it inhibits tumor growth
in vivo as well.

Hallmarks of cancer include an uncontrolled cell cycle and
resistance to apoptosis signals (39). Therefore, the induction of
apoptosis and cell cycle blockage are important cancer preven-
tion treatment goals. Cell cycle arrest is a critical mechanism of
anticancer drug suppressing cell proliferation (40). Cell cycle
is promoted by a number of proteins including cyclin depen-
dent kinases (CDKs) and cyclins. In G, phase, cells synthesize
cyclin A/cyclin B, which can form a complex with CDK1 to
promote entry into mitosis (41). When the CDKl1/cyclin B
or cyclin A complex initially forms, it is maintained in the
inactive form by phosphorylation at two sites, threonine 14
and tyrosine 15 (42). Cdc25C can dephosphorylate Cdk1 at

threonine 14 and tyrosine 15 and activate CDK1-cyclin B
or CDK1-cyclin A complex. The activated CDK1-cyclin B
or CDKl1-cyclin A complex translocate into nucleus at the
G,/M checkpoint to promote cell entry into mitosis (43,44).
Therefore, we investigated the effect of WYK431 on the cell
cycle. Our result showed that treatment of BGC823 with
WYK431 for 24 h caused cells to accumulate in G,/M phase
which was associated with downregulation of CDK1 and
Cdc25C proteins. PI3K/AKT pathway has been implicated in
cell cycle progression (45). Inhibited PI3K/AKT pathway regu-
lated the expression of CDKs and cyclins, eventually causing
G,/M arrest (46-48). In the present study, we observed that
WYK431-mediated downregulation of cell cycle regulatory
molecular may be associated with the decrease of pl10a and
p85. Further studies are required to investigate the detailed
mechanism of how PI3K/Akt pathway regulates WYK431-
induced G,/M arrest in BGC823 cells.

Apoptosis is the most common way that antitumor agents
induce cell death (49,50). Hoechst staining and FCM analysis
showed that WYK431 induced BGC823 cells apoptosis. Our
study also demonstrated that WYK431 could induce tumor
cell apoptosis by TUNEL assay. In order to explore the
mechanism of apoptosis induced by WYK431, we examined
the proteins involved in apoptosis. Our results showed that
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caspase-3 was activated by WYK431. There are two main
pathway of apoptosis, the death receptor (extrinsic) pathway
and mitochondria (intrinsic) pathway. Activation of caspase-3
is in either one of the pathways (51). To determine the pathway
of apoptosis induced by WYK431, caspase-8 and caspase-9
involved in the extrinsic and intrinsic pathway, respectively,
was detected (52). We found that caspase-9, but not caspase-8
was activated by WYK431, indicating that WYK431 induces
BGC823 cell apoptosis via intrinsic pathway. The disruption
of mitochondrial membrane potential and the release of cyto-
chrome ¢ from mitochondria into cytoplasm are recognized as
key step in the mitochondria pathway.

Our results showed that the treatment of BGC823 cells with
WYKA431 led to a loss of A¥m and released cytochrome c from
mitochondria into cytoplasm, indicating an activation of the
intrinsic apoptosis pathway. The process is regulated by Bcl-2
family proteins which include proapoptotic members such as
Bax and anti-apoptotic members such as Bcl-2 (53). Bcl-2 family
members located on the mitochondrial membrane can alter the
permeability of the mitochondrial membrane and trigger the
release of cytochrome c. To further confirm the involvement
of the mitochondrial pathway in WYK431 induced apoptotic
death, the expression of Bax and Bcl-2 were detected. The
expression of Bax was increased in cells treated with WYK431,
whereas there was no change in Bcl-2 protein expression. Thus,
the ratio of Bax to Bcl-2 was altered. We assume that upregu-
lation of Bax may be involved in the release of cytochrome c
from mitochondria into cytosol after WYK431 treatment.

Many studies showed that inactivation of Akt by dephos-
phorylation play a key role in tumor suspression (54,55). Our
results show that WYK431 could inhibit Akt phosphorylation.
It is well-established that the inhibition of PI3K/Akt signal
pathway can induce apoptosis of cancer cells (56). Our inves-
tigations revealed that treatment with WYK431 remarkably
decreased Akt phosphorylation and promote cell apoptosis
indicating that PI3K/Akt pathway is involved in WYK431-
induced apoptosis. These results suggest that PI3K/Akt is
involved in apoptosis induced by WYK431.

In conclusion, this is the first study reporting that WYK431
exerts potential anti-proliferative effect against BGC823
cells probably through cell cycle arrest and the mitochondria
apoptotic pathway. Our studies show that WYK431 treatment
blocks the PI3K/Akt pathways. In addition, the in vivo study
showed that WYK431 can suppress tumor growth of BGC823
cells without obvious toxicity, indicating that WYK431 provide
chemical structure information that can be used for the design
and development of more effective derivatives.
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