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Abstract

AIM: To examine the effects of combined treatment
of oxaliplatin and phosphatidylinositol 3’-kinase inhibi-
tor, 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one
(LY294002) for gastric cancer.

METHODS: Cell viability was evaluated by 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay. Apoptotic cells were detected by flow cytometric
analysis and terminal deoxynucleotidyl transferase-me-
diated dUTP nick end labeling assay. Western blotting
and immuno-precipitation were used to examine protein
expression and recruitment, respectively. Nuclear fac-
tor kB (NFxB) binding activities were investigated using
electrophoretic mobility shift assay. Nude mice were
used to investigate tumor growth.

RESULTS: Treatment with combined oxaliplatin and
LY294002 resulted in increased cell growth inhibi-
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tion and cell apoptosis /n vitro, and increased tumor
growth inhibition and cell death in the tumor mass /in
vivo. In MKN45 and AGS cells, oxaliplatin treatment
promoted both protein kinase B (Akt) and NF«B activa-
tion, while pretreatment with LY294002 significantly
attenuated oxaliplatin-induced Akt activity and NF«xB
binding. LY294002 promoted oxaliplatin-induced Fas
ligand (FasL) expression, Fas-associated death domain
protein recruitment, caspase-8, Bid, and caspase-3 acti-
vation, and the short form of cellular caspase-8/FLICE-
inhibitory protein (c-FLIPs) inhibition. /7 vivo, LY294002
inhibited oxaliplatin-induced activation of Akt and NF«B,
and increased oxaliplatin-induced expression of FasL, in-
hibition of c-FLIPs, and activation of caspase-8, Bid, and
caspase-3.

CONCLUSION: Combination of oxaliplatin and LY294002
was therapeutically promising for gastric cancer treat-
ment. The enhanced sensitivity of the combined treat-
ment was associated with the activation of the death
receptor pathway.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is the second leading cause of cancer death
in the world and the top lethal cancer in Asia. The man-
agement of gastric cancer is usually a multi-approach
involving surgery, chemotherapy, and radiotherapy. Ap-
proximately half of gastric cancer patients present with
non-operable tumors”. As such, besides surgical resec-
tion, chemotherapy is the main adjuvant treatment for
postoperative and advanced gastric cancer”. Combined
chemotherapy regimens are currently accepted as the first-
line treatment for this disease®.

Oxaliplatin, a third-generation platinum coordination
complex of the 1,2-diaminocyclohexane families, gener-
ates covalent adducts between platinum and two adjacent
guanines or guanine and adenine in cell DNA, which
leads to disruption of DNA replication and transcrip-
tion'™, Oxaliplatin was shown to be effective in the treat-
ment of advanced gastric cancer when combined with
5-fluorouracil and leucovorin, and has also been used in
adjuvant chemotherapy for gastric cancer. Despite the
improvement in the efficacy of chemotherapeutic drugs
used in the treatment of metastatic gastric cancer, the
response rates in the advanced diseases are approximately
47.9% for the most effective drug combinations, and the
vast majority of patients relapse, with a median survival
of only 11.2 mo'. Recently, the combination of chemo-
therapy and a targeted therapeutic agent was shown to be
promising for the treatment of advanced gastric cancer.

Several studies have reported that protein kinase B
(Akt) is a key molecule for protecting cells from apop-
tosis, likely due to phosphorylation and inactivation of a
variety of key pro-apoptotic targets. The Akt-mediated
survival-signaling pathway is an attractive target for cancer
chemotherapy"". Tn gastric cancer, over expression and
activation of Akt have also been detected, and anomalous
expression of Akt induces cell survival """ In addition, in-
hibition of Akt activity stimulates apoptosis and enhances
the sensitivity of gastric cancer to chemotherapy in a vari-
ety of mammalian cells"*"?,

In the present study, we examined the role of 2-(4-
morpholinyl)-8-phenyl-4H-1-benzopyran-4-one (LY294
002) in augmenting the anti-cancer effects of oxaliplatin in
gastric cancer. We found that 1Y294002 sensitizes gastric
cancer cells to oxaliplatin in both 7z vitro and in vivo studies.
Furthermore, the death receptor pathway was involved in
regulating Akt-mediated apoptosis in response to chemo-
therapy in gastric cancer.

MATERIALS AND METHODS

Cell culture

Human gastric carcinoma cell lines MKN45 and AGS
were obtained from the Cell Bank of Shanghai Institute
of Biochemistry and Cell Biology, Chinese Academy of
Sciences. All the cell lines were cultured in RPMI 1640 me-
dium (GIBCO, NY, USA) supplemented with heat-inacti-
vated 10% fetal bovine serum (FBS), 10 U/ml. penicillin,
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and 10 pg/mL streptomycin in a humidified atmosphere
containing 5% COz and 95% air at 37°C.

Antibodies and reagents

Phosphatidylinositol 3’-kinase (PI3K) inhibitor (ILY294002)
and oxaliplatin were purchased from Alexis Biochemicals
(San Diego, CA, USA). The primary antibodies against
human Aktl, phosphorylated Akt at Ser'” (phospho-
AktSer'™), phospho-AktThr™™ (Cell Signaling Technology,
Beverly, MA, USA), short form of cellular caspase-8/
FLICE-inhibitory protein (c-FLIPs), long form of c-FLIP
(c-FLIPr), Fas ligand (FasL), Fas, Fas-associated death do-
main protein (FADD), caspase-8, caspase-3, Bid, nuclear
factor kB (NFxB)-p65 and actin (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) were used in Western blotting,
The primary antibodies against human phospho-AktSer*”,
NFkB-p65, FasL, active caspase-8, t-Bid, c-FLIPs, and
active caspase-3 (Cell Signaling Technology, Beverly, MA,
USA) were used in immunohistochemistry.

Cell transfection

FasL. siRNA was purchased from Santa Cruz Biotechnol-
ogy. MKN45 and AGS cells were transiently transfected
with FasL siRNA using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturers’ in-
structions. FasL. expression was detected by Western blot-
ting.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay

Cells (4 X 10 cells/well) were plated in 96-well plates in
100 pl. of RPMI 1640 without FBS, and incubated for
24 h. Vatious concentrations (0-4 pmol/L) of the antican-
cer drugs were added to the culture medium. The viability
of cells was evaluated by a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay according
to the manufacturers’ specifications (Roche Applied Sci-
ence, Indianapolis, IN, USA). Briefly, MTT was added at
a concentration of 500 mg/I., and cells were incubated
for 4 h at 37°C. The absorbance readings of each well
were determined using a computer-controlled microtiter
plate reader at 570 nmol/L wavelength. The percentage
cell survival was defined as the relative absorbance of un-
treated o5 treated cells.

Apoptosis analysis

Cells wete treated with vatious concentrations (0-20 pmol/T)
of anticancer drugs and suspended at chosen time points
(24 h). Next, 2 X 10° cells were centrifuged and washed
twice with ice-cold phosphate-buffered saline. Apoptotic
cells were detected by flow cytometry using Annexin
V-Fluorescein and propidium iodide (Molecular Probes,
Invitrogen, Eugene, OR, USA).

Western blotting and immunoprecipitation

Cells were lysed in ice-cold lysis buffer (25 mmol/T. Tris/HCl,
pH 7.6, 150 mmol/L NaCl, 5 mmol/L EDTA, 1 mmol/L
NasVOs, 50 mmol/L b-glycerophosphate, 10 mmol/L
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NaF, 1% Triton X-100, and 0.5 mmol/L phenylmethyl
sulfonylfluoride) containing a protease inhibitor cocktail
(Roche Diagnostics Ltd., Mannheim, Germany). Protein
concentration was determined by Protein Assay (Bio-Rad
laboratories, Hercules, California, USA). Western blotting
was performed and subjected to the standard protocol.
Total cellular proteins (40 pg protein) were separated on
SDS-PAGE, and transferred to nitrocellulose membranes
(Bio-Rad laboratories). Anti-actin antibody was used to
ascertain equal loading of protein. Specific antibodies di-
luted in TBS-T containing 5% nonfat milk were used to
detect indicated proteins. The appropriate horseradish per-
oxidase (HRP) conjugated secondary antibodies were used
at 1:3000 for all antibodies. Positive antibody reactions
wete detected with the enhanced chemoluminescence sys-
tem and Hyperfilm X-ray film.

For immunoprecipitation of the Fas death-inducing
signaling complex (DISC), cells were lysed and the lysate
(300 mg protein/sample) was incubated with 0.4 mg anti-
Fas antibody overnight at 4°C. Immunoprecipitates were
separated by 10% SDS-PAGE and immunoblotted with
anti-FADD.

Electrophoretic mobility shift assay

NFkB binding assays were performed using nuclear ex-
tracts and biotin-labeled NFxB oligonucleotides (Panom-
ics, Fremont, CA, USA). Electrophoretic mobility shift
assay (EMSA) was performed using an EMSA Gel-Shift
Kit. For EMSA, an equal amount of nuclear extracts
was incubated for 30 min with an NFkB-specific 32P-
labeled oligonucleotide and binding mix as described
previouslyﬂ‘ﬂ. Samples were electrophoresed at 100 V and
4°C, transferred to Biodyne nylon membranes (Pierce
Biotechnology, Rockford, 1L, USA), and then cross-linked
in an ultraviolet cross-linker (Stratagene Inc., La Jolla, CA,
USA). Protein gels were visualized using streptavidin-HRP
followed by chemiluminescence detection. The nucleotide
sequence of biotin-labeled NFxB was 5-AGCTATGT-
GGGTTTTCCCATGAGC-3".

In vivo assay for tumor growth

MKN45 (5 X 10% was implanted subcutaneously into
the flank of nude mice (6 in each group, male BALB/
¢ nu/nu, 4-6 wk of age) (Institute of Materia Medica, CAS,
Shanghai, China). When the tumors were 100-150 mm’ in
size, oxaliplatin (1.3 mg/kg) and/or LY294002 (25 mg/kg)
were injected into the intraperitoneal space every four
days. Tumor growth was monitored by measuring tumor
volume, which was calculated by the formula: V (mm?’) =
width® (mm?) x length (mm)/2. The mice were sacrificed
6 wk later, and tumors were harvested and evaluated with
hematoxylin and eosin and terminal deoxynucleotidyl
transferase-mediated dUTP nick end-labeling (TUNEL)
assay. The expression of phospho—AktSer473, P65 subunit
of NFxB (NFkB-p65), and several proteins in the death
receptor pathway was examined by immunohistochemis-
try as described previouslym.
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TUNEL assay

To detect apoptotic cells in tumor tissue sections, an 7z sitn
apoptosis detection kit (Roche Diagnostics) was used.
Tumor sections were incubated with proteinase K, rinsed
with ddH:20, dewaxed with dimethylbenzene, and rehy-
drated with gradient ethanol. A 3% H20z2 solution was
used to block endogenous peroxidase. After incubation
with equilibration buffer and terminal deoxynucleo-
tidyl transferase enzyme, sections were incubated with
antidigoxigenin-peroxidase conjugate. Peroxidase activity
in each section was shown by diaminobenzidine. Finally,
sections were counterstained with hematoxylin. Positive
cells were identified and counted (three random fields per

slide) under light microscope (Carl Zeiss, Thornwood,
NY, USA).

Statistical analysis

All data were expressed as mean £ SD. Comparisons of
the difference of mean values were assessed using Student’s
two-tailed 7 test. Differences were considered statistically
significant for P < 0.05 and P < 0.01. All means were cal-
culated from at least three independent experiments.

RESULTS

LY294002 increased oxaliplatin-induced cell proliferation
inhibition and apoptosis in gastric cancer cells

MKN45 and AGS cells were treated with various doses of
oxaliplatin (0, 0.25, 1, 4 pmol/L for cell growth inhibition,
and 0, 5, 10, 20 umol/L for cell apoptosis) for 24 h with
or without the pretreatment of 1.Y294002 (25 pumol/L).
Cell growth inhibition was evaluated by MTT assay. Apop-
totic cells were investigated by flow cytometry. 1.Y294002
significantly increased oxaliplatin-induced growth inhibi-
tion (In MKIN45, oxaliplatin »s oxaliplatin + LY294002:
3.2% + 0.1% wvs 4.1% * 0.1%, P > 0.05, 6.7% *+ 1.1% us
11.5% £ 1.3%, P < 0.05, 12.5% =+ 1.3% 05 29.7% £ 1.7%,
P < 0.01, and 13.7% =+ 3.1% »s 29.8% £ 3.3%, P < 0.01;
in AGS, 6.6% * 0.1% »s 7.1% £ 0.2%, P > 0.05, 8.4% *+
1.4% vs 14.3% + 1.2%, P < 0.05, 16.5% =+ 2.5% vs 41.1%
+ 3.8%, P < 0.01, and 18.4% * 2.1% »s 35.3% * 4.3%,
P < 0.01) and apoptosis (in MNK45, oxaliplatin #s oxali-
platin + LY294002: 1.7% £ 0.1% »s 2.6% * 0.3%, P >
0.05, 14.3% =+ 3.4% vs 26.3% * 4.3%, P < 0.05, 28.0% *+
4.7% vs 44.2% £ 5.12%, P < 0.01, and 41.4% + 4.7% vs
63.1% £ 9.3%, P < 0.01; in AGS, 3.2% £ 0.1% vs 4.1% =+
1.2%, P> 0.05, 13.4% + 3.8% w5 22.7% * 3.5%, P < 0.05,
26.6% £ 4.1% vs 42.5% * 4.8%, P < 0.01, and 40.9% +
5.9% w5 69.8% £ 6.5%, P < 0.01) (Figure 1).

LY294002 inhibited basal and oxaliplatin-induced

phosphorylation of Akt and NFicB/DNA binding activities
MKN45 and AGS cells were treated with oxaliplatin
(20 pmol/L) and LY294002 (25 umol/L) used singly or in
combination for 24 h. For combined treatment, pretreat-
ment of 1.Y294002 was followed by oxaliplatin. Oxali-
platin induced an increase in the phosphorylation of Akt
(Ser'™) in MK45 and AGS cells. 1.Y294002 significantly
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Figure 1 LY294002 increased oxaliplatin-induced cell proliferation and apoptosis in gastric cancer cells. MKN45 and AGS cells were treated with various dos-
es of oxaliplatin (0-20 umol/L) for 24 h with or without LY294002 pretreatment (25 pumol/L). A, C: Cell growth inhibitory rates were evaluated by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide assay; B, D: Apoptosis of cells was investigated by flow cytometry. LY294002 significantly increased oxaliplatin-induced growth

inhibition and apoptosis. °P < 0.05, °P < 0.01 vs oxaliplatin alone.

473,

reduced oxaliplatin-induced phosphorylation of Akt (Ser )
(Figure 2A and B). Oxaliplatin and LY294002 did not
modulate the phosphorylation of Akt at Thr308 (data not
shown). NFkB activity in MKIN45 and AGS cells was ex-
amined using EMSA. Oxaliplatin stimulated NFiB/DNA
binding activity in MKN45 and AGS cells (Figure 2C
and D). When oxaliplatin was combined with LY294002,
NFkB/DNA binding activity was decreased.

Effects of oxaliplatin, LY294002, or combination in
recruitment of FADD, expression of FasL and c-FLIPs,
and activation of caspase-8, Bid and caspase-3

Several molecules of the death receptor pathway were in-
vestigated using Western blotting. In MKN45 and AGS
cells, oxaliplatin increased FasL. expression, recruited
FADD, and activated caspase-8, caspase-3, and Bid cleav-
age (t-Bid formation) (Figure 3). LY294002 significantly
promoted the oxaliplatin-induced changes. Oxaliplatin re-
duced the c-FLIPs, while 1.Y294002 enhanced this effect
of oxaliplatin. Oxaliplatin and 1.Y294002 did not modu-
late the expression of the c-FLIPL (data not shown).

FasL siRNA attenuated oxaliplatin-, LY294002-, or
combination-induced cell apoptosis
To further investigate whether 1.Y294002 promoted oxali-
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platin-induced apoptosis through the death receptor path-
way, MKN45 and AGS cells transfected with FasL siRNA
were treated with oxaliplatin, LY294002, or a combination
of both. Fasl. expression was inhibited by Fasl. siRNA
in MKN45 and AGS cells (Figure 4A). FasL silencing de-
creased LY294002- (in MKIN45, 1.Y294002 »s LY294002
+ FasL siRNA: 10.5% £ 1.3% u5 4.1% £ 0.6%, P < 0.05;
in AGS, 14.6% £ 0.7 »s 4.0% £ 0.7%, P < 0.05), oxalipla-
tin- (in MKIN45, oxaliplatin »s oxaliplatin + FasL. siRNA:
39.4% £ 3.6% s 10.7 % £ 3.9%, P < 0.01; in AGS, 45.1%
T 4.1% vs 11.8% * 2.8%, P < 0.01), or combination- (in
MKN45, combination »s combination + Fasl. siRNA:
55.7% £ 7.6% vs 15.4% £ 2.4%, P < 0.01; in AGS, 63.4%
+ 5.8% 25 18.6% £ 4.5%, P < 0.01) induced cell apoptosis

(Figure 4B).

Effects of oxaliplatin, LY294002, or combination on
tumor growth and apoptosis in vivo

Four experimental groups were examined: (1) control
group; (2) LY294002 group; (3) oxaliplatin group; and
(4) combined oxaliplatin and .Y294002 therapy group.
Tumor growth curves were plotted to compare differ-
ences in anti-tumor efficiency in the course of the ex-
periments (Figure 5A). TUNEL assay was performed to
detect apoptotic cells in tumor tissue sections (Figure 5B).

January 14, 2011 | Volume 17 | Issue 2 |
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Figure 2 LY294002 inhibited basal and oxaliplatin-induced phosphorylation of Akt and nuclear factor «B/DNA binding activities. MKN45 and AGS cells were
incubated with oxaliplatin (20 umoliL) or LY294002 (25 pmol/L) used singly or in combination for 24 h. A, B: Oxaliplatin enhanced the phosphorylation of Akt (Ser*”*,
but not Thr308), while LY294002 inhibited the induction of Akt activity in MKN45 and AGS cells; C, D: Oxaliplatin increased nuclear factor kB (NFxB)/DNA binding

activity, while LY294002 inhibited the induction of NFkB/DNA binding activity.
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Figure 3 Effects of oxaliplatin, LY294002, or combination on recruitment of Fas-associated death domain protein, expression of Fas ligand and short form
of cellular caspase-8/FLICE-inhibitory protein, and activation of caspase-8, Bid, and caspase-3. A-D: In MKN45 and AGS cells, oxaliplatin led to increased
Fas ligand (FasL) expression, Fas-associated death domain protein (FADD) recruitment, caspase-8 and caspase-3 activation, and Bid cleavage (t-Bid formation).
LY294002 significantly promoted these oxaliplatin-induced changes. Oxaliplatin reduced short form of cellular caspase-8/FLICE-inhibitory protein (c-FLIPs) expression,
while LY294002 enhanced this effect of oxaliplatin. Oxaliplatin and LY294002 did not modulate long form of cellular caspase-8/FLICE-inhibitory protein expression (data
not shown). IP: Immunoprecipitation; WB: Western blotting.
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Figure 4 Fas ligand siRNA attenuated oxaliplatin-, LY294002-, or combination-induced cell apoptosis. A: Fas ligand (FasL) expression was inhibited by FasL
SiRNA in MKN45 and AGS cells; B: FasL silencing decreased oxaliplatin-, LY294002-, or combination-induced cell apoptosis. °P < 0.05 vs LY294002 treatment; °P < 0.01

vs oxaliplatin treatment; °P < 0.01 vs combination of oxaliplatin and LY294002.

At the end of 6 wk, tumor volume in combined oxali-
platin and 1Y294002 therapy group was greatly reduced
compared with oxaliplatin group (763 £ 155 mm’ »s
1789 + 233 mm’, P < 0.01). Oxaliplatin combined with
LY294002 significantly enhanced cell death in the tumor
mass via apoptosis when compared with oxaliplatin treat-
ment alone.

Immunohistochemical analysis was petformed to evalu-
ate the expression of death receptor pathway molecules
(Figure 5C). LY294002 inhibited oxaliplatin-induced
activation of Akt and NFxB, and increased oxaliplatin-
induced expression of FasL, inhibition of c-FLIPs, and
activation of caspase-8, Bid and caspase-3.

DISCUSSION

Oxaliplatin is a diaminocyclohexane platinum anti-cancer
agent. Although oxaliplatin produces DNA crosslinking
similar to those of cisplatin”, cisplatin-resistant cells gen-
erally remain sensitive to oxaliplatin™®, Furthermore, ox-
aliplatin induces fewer complications compared with other
platinum derivates such as cisplatin and carboplatin that
induce nephrotoxicity” and myelosuppression™”, respec-
tively. Recently, oxaliplatin was shown to be effective in
the treatment of advanced gastric cancer when combined
with 5-fluorouracil and leucovorin, and has also been used
in adjuvant chemotherapy for gastric cancer. However,
despite the improvement in the efficacy of chemothera-
peutic drugs used in the treatment of metastatic gastric
cancet, the response rate and relative 5-year survival rate

. . . 21
in the advanced disease remain low™"
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The PI3K/Akt signaling pathway plays a critical role
in cell cycling, cell growth, protein translation, and sup-
pression of apoptosis by Akt-mediated phosphoryla-
tion™*!, and also promotes tumor growth, survival, and
aggressiveness” ", In gastric cancer, several studies have
reported that the majority of patients exhibit increased
expression and activation of Akt'"”. Over expression
of phosphorylated Akt was associated with poor overall
survival, disease-free survival, and high tumor recurrence
in gastric cancer patients””. In gastric carcinoma cell lines,
phosphorylation of Akt is required for cell growth and
survival™. Thus, blocking the constitutively active PI3K/
Akt signaling pathway may provide a novel strategy for
targeted cancer therapy.

In this study, the specific PI3K inhibitor 1.Y294002
promoted oxaliplatin-induced growth inhibition and cell
apoptosis in MKN45 and AGS cells, suggesting that
LY294002 enhanced the chemotherapeutic sensitivity
to oxaliplatin in gastric cancer cells. Previous 7 vitro and
in vivo studies demonstrated that activation of the PI3K
pathway was associated with the therapeutic efficacy of
several chemotherapeutic agents including 5-FU, paclitaxel,
cisplatin, irinotecan, and doxorubicin™™ while activation
of the PI3K pathway induced chemoresistance in cancer
cells. To explore the possible mechanisms of 1Y294002 in
sensitizing gastric cancer cells to oxaliplatin, we examined
the phosphorylation levels of Akt in oxaliplatin treated
MKN45 and AGS cells. We found increased expression of
phosphorylated Akt at Ser'” after treatment with oxalipla-
tin in MIKKIN45 and AGS cells, which is in agreement with
a previous study in cholangiocarcinoma cells™. 1.Y294002

January 14, 2011 | Volume 17 | Issue 2 |
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Figure 5 Effects of oxaliplatin, LY294002, or combination on in vivo tumor growth and apoptosis. A: Tumor volumes of nude mice in each group are presented.
Each time point represents the mean tumor volume for each group; B: Detection of apoptotic cells in tumor tissue was performed by transferase-mediated dUTP nick
end labeling (TUNEL) assay; C: The expression of phospho-AktSer*”®, nuclear factor kB (NFB)-p65, Fas ligand (FasL), short form of cellular caspase-8/FLICE-
inhibitory protein (c-FLIPs), Bid, caspase-8, and caspase-3 was investigated by immunohistochemical analysis.
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blocked basal and oxaliplatin-induced phosphorylation of
Akt, and resulted in an increased apoptotic rate compared
with oxaliplatin alone, suggesting that Akt phosphorylation
might regulate oxaliplatin resistance in gastric cancer cells.
The significant increase in oxaliplatin-induced cytotoxicity
in gastric cancer pretreated with 1.Y294002 indicates that
the resistance of gastric cancer cells to chemotherapeutic
agents can be modulated.

NF«B plays an important role in suppression of apop-
tosis. Akt phosphorylates IxB (NFkB inhibitor) kinases,
leading to degradation of IkB, as well as NFkB activa-
tion"", Although many studies strongly support the anti-
apoptotic role of NFkB, there are some evidences that
NFkB can induce apoptosis[ssm. In the present study,
oxaliplatin enhanced NFkB/DNA binding activity, while
LY294002 blocked anticancer drug-induced activation of
NFkB. These data indicate that activation of Akt/NFxB
in gastric cancer cells may be a key mechanism in inhibit-
ing oxaliplatin-induced apoptosis. It is possible that ad-
ditional components of the PI3K/Akt pathway may be
involved in the chemoresistance of gastric cancer cells.

To further define the role of LY294002 in the regula-
tion of oxaliplatin-induced apoptosis, we examined expres-
sion of molecular markers of the death receptor-signaling
pathway. 1.Y294002 dramatically increased oxaliplatin-
induced FasL expression, FADD redistribution into mem-
brane lipid rafts, caspase-8 and caspase-3 activation, and
Bid cleavage in MKN45 and AGS cells. Next, we down-
regulated FasL using FasL siRNA in LY294002-, oxali-
platin-, or combination-treated MKN45 and AGS cells.
Oxaliplatin, 1Y294002, or combination treatment-induced
apoptosis was attenuated by FasL silencing, suggesting
that the death receptor pathway might be involved in the
cell apoptosis induced by oxaliplatin or 1Y294002 in gas-
tric cancer cells. However, the precise mechanism whereby
oxaliplatin or LY294002 induces FasL expression remains
unknown.

Apoptosis mediated by Fas is regulated by c-FLIP
expression™. There are two isoforms of c-FLIP: the full-
length c-FLIPL and c-FLIPs™*. ¢-FLIPs is considered
solely anti-apoptotic and confers resistance to receptos-
mediated apoptosis by blocking proteolytic activation of
caspase-8 at the Fas DISC, while c-FLIP.. exhibits dual
roles'™*. Additionally, c-FLIPs and c-FLIPy. are differ-
ently regulatedmm. The PI3K pathway is an important
regulator of c-FLIPs, but not c-FLIP1, expression in
human gastric cancer cells™. In this study, oxaliplatin-
induced apoptotic death was accompanied by suppression
of ¢-FLIPs in MKIN45 and AGS cells. Compared with ox-
aliplatin alone, combination of oxaliplatin and 1Y294002
produced enhanced down-regulation of c-FLIPs. c-FLIPL
expression was not significantly changed by treatment
with 1.Y294002 or oxaliplatin. These findings indicate that
the anti-apoptotic function of c-FLIPs may be more po-
tent than that of c-FLIPL in oxaliplatin-induced apoptosis,
and that Akt is involved in regulation of c¢-FLIPs in hu-
man gastric cancer cells.

We also examined the effects of the combined treat-
ment of oxaliplatin and 1.Y294002 in an /# »ivo xeno-
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graft model. .Y29400 significantly increased oxaliplatin-
induced tumor growth and cell death in the tumor mass
via apoptosis. Moreover, altered expression levels of FasL,
Bid, caspase-8, caspase-3, and c-FLIPs were found in the
tumor xenograft. These data suggest that combination
of oxaliplatin and 1.Y294002 elicited a strong antitumor
effect in gastric cancer 7 vivo, and that the death receptor
pathway might mediate the additive cytotoxicity of oxali-
platin and 1.Y294002.

In summary, we present a novel therapeutic approach
for treatment of gastric cancer using the combined oxali-
platin and the PI3K/Akt inhibitor 1.Y294002, that may
be mediated, at least in part, by modification of the death
receptor pathway.
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COMMENTS

Background

Gastric cancer remains a leading cause of cancer death worldwide. Besides
surgical resection, chemotherapy is important treatment for gastric cancers. De-
spite the improvement in the efficacy of chemotherapeutic drugs, the response
rates and the median survival remain low.

Research frontiers

Traditional cancer therapy predominantly utilizes cytotoxic chemotherapeutic
agents. The cytotoxic events are affected mainly through disruption of various
aspects of DNA synthesis and repair or disturbance of mitosis, processes which
are common to all dividing cells. For this reason, most chemotherapeutic agents
are often accompanied with substantial adverse effects. Target-protein-based
cancer therapy has become available in clinical practice. Phosphatidylinositol
3'-kinase (PI3K) inhibitors have potential to target specific pathways involved in
tumor cell growth.

Innovations and breakthroughs

The PI3K/Akt pathway has been shown to be involved in the chemoresistance
of gastric cancer. In both in vitro and in vivo studies, the targeted inhibition of
PI3K/Akt results in increased oxaliplatin-induced apoptosis and inhibition of
cellular proliferation of gastric cancer. Furthermore, the activation of the death
receptor pathway may be an important mechanism by which PI3K/Akt inhibition
is involved in oxaliplatin-induced apoptosis.

Applications

By understanding how LY294002 enhances the therapeutic effect of oxaliplatin
in gastric cancer cells, this study provides information about the potential thera-
peutic intervention in patients with gastric adenocarcinoma.

Terminology

Oxaliplatin: A third-generation platinum coordination complex of the 1,2-di-
aminocyclohexane families, generates covalent adducts between platinum
and two adjacent guanines or guanine and adenine in cell DNA. LY294002:
2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one, a specific inhibitor of PI3K.
Peer review

This is a well-written report on the synergistic anti-tumor effects of the com-
bined treatment with oxaliplatin and LY294002 in gastric cancer cells. The data
and results are straight-forward and clearly support the conclusion that target-
ing PI3K/Akt results in increased oxaliplatin-induced apoptosis and inhibition of
cellular proliferation of gastric cancer.
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