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Simultaneously targeting Bcl-2 and Akt pathways
reverses resistance of nasopharyngeal carcinoma
to TRAIL synergistically
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ABSTRACT

Aims and background. Despite progress in treatment techniques, the five-year sur-
vival rate of nasopharyngeal carcinoma (NPC) is disappointing. Tumor necrosis fac-
tor-related apoptosis inducing ligand (TRAIL) can selectively induce apoptosis in
most tumor cells while sparing normal cells. Given the antiapoptotic functions of Bcl-
2 and Akt, we examined the effects of targeting these pathways alone or simultane-
ously on TRAIL apoptosis in NPC cell lines.

Methods and study design. We first tested the cytotoxic effect of TRAIL and the ex-
pression of death receptors, Bcl-2, Akt, and p-Akt on four NPC cell lines by MTT and
Western blotting, respectively. Small interfering RNAs (siRNAs) targeting Bcl-2 and
PI3-K inhibitor (LY294002) were used alone or combined with TRAIL in the cell lines
and cytotoxicity was examined by MTT. Apoptosis rates, mitochondrial transmem-
brane potential, and apoptotic pathway signals were detected by flow cytometric
analysis, DiOC6(3) assays, and Western blotting after the various combination treat-
ments on CNE-2, the cell line that was most resistant to TRAIL.

Results. Although no direct correlation between the sensitivity to TRAIL and the rela-
tive expression levels of Bcl-2 and activated Akt was found in the NPC cell lines ex-
amined, siRNA mediated the downregulation of Bcl-2 and LY294002-induced inacti-
vation of Akt, increasing the sensitivity of all examined NPC cell lines to TRAIL. Syn-
ergistic enhancement of TRAIL-mediated cytotoxicity was observed in combination
treatment of Bcl-2 siRNA and LY294002 compared to cells treated with each treatment
alone. The synergistic effects were mediated through increased apoptotic signaling of
the mitochondrial pathway, as was evident from the more increased mitochondrial
depolarization, activation of caspase-9 and caspase-3, and suppression of XIAP.

Conclusions. This study provides proof of principle that TRAIL combined with si-
multaneously targeting the Bcl-2 and Akt signaling pathways may have potential as a
novel future treatment strategy for NPC.

Introduction

Although rare in most parts of world, nasopharyngeal carcinoma (NPC) is endemic
in certain regions, especially in southeast Asia. The incidence is approximately 30 to
80 x 10° population per year in southern China'. Radiotherapy alone was the standard
treatment for almost all stages of NPC until 19902. Patients presenting with early-
stage disease are a minority and may be effectively treated with radiotherapy alone®.
A 5-year local control rate ranging from 80% to 95% may be achieved in these good-
prognosis patients. However, the vast majority of patients with NPC present with lo-
cally advanced disease. Despite progress in treatment techniques, the outcome with
radiotherapy alone is disappointing, with 5-year survival rates between 34% and
52%*. Thus, new therapies which focus on special targets are being studied.
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Tumor necrosis factor-related apoptosis-inducing lig-
and (TRAIL) is a member of the tumor necrosis factor
(TNF) superfamily. TRAIL has been shown to induce
apoptosis in various tumor cell lines in vitro and to sup-
press the growth of tumors in vivo®®. TRAIL-induced
apoptosis is initiated by TRAIL binding to the death re-
ceptor (DR). The Fas-associated death domain (FADD)
and caspase-8 are aggregated and recruited to the DR-
TRAIL complex to form the death-inducing signaling
complex (DISC)’. Then the apoptosis signal is transmit-
ted through 2 types of pathway: extrinsic and intrinsic.
The extrinsic pathway is activated in a mitochondria-in-
dependent manner. Upon recruitment, caspase-8 is ac-
tivated and induces direct cleavage of downstream ef-
fector caspases such as caspase-3 and caspase-7 to in-
duce apoptosis®. The intrinsic pathway is activated in a
mitochondria-dependent manner®. Signals originating
from the DISC may be linked to mitochondria by Bid,
which contains a homology domain protein of the Bcl-2
family. Once cleaved by caspase-8, Bid translocates to
mitochondria and activates the Bcl-2 family members
Bax and Bak, leading to mitochondrial depolarization®.
Apoptogenic factors such as cytochrome c, apoptosis-
inducing factor (AIF), caspase-2 or caspase-9, down-
stream of the mitochondria and the apoptosome, are re-
leased from mitochondria into the cytosol to trigger ac-
tivation of caspase-3 through formation of the apopto-
some complex®. Unlike the other death ligands such as
CD95 or TNF-a, TRAIL does not cause systemic toxicity
in mice or nonhuman primates, although further stud-
ies may be necessary to evaluate the possible cytotoxic-
ity of TRAIL in normal human tissues, e.g., hepato-
cytes!?. DR expression was detected in head and neck
tumor specimens but not in any surrounding normal
tissues. These findings supported the idea that the pres-
ence of DRs in some head and neck cancers may make
them more susceptible to TRAIL-mediated apoptosis!!.
Thus, TRAIL may be a promising novel therapeutic
agent for human head and neck cancer including NPC.
However, to date there has been limited clinical appli-
cation of TRAIL. Griffith et al.'?> proposed TRAIL gene
therapy with viral vector delivery. Most of the clinical
studies carried out to date used humanized monoclon-
al agonistic antibodies to DR4 or DR5, in part for their
longer half-life. In a phase I study there was limited tox-
icity of mapatumumab, a fully human monoclonal anti-
body with agonist activity to DR'3,

However, recent studies have shown that some cancer
cells are resistant to TRAIL-mediated apoptosis!*. The
etiology of cancer cell resistance to TRAIL apoptosis is
complex and attributable to a number of factors, in-
cluding high expression of antiapoptotic molecules and
activation of prosurvival signaling pathways. These fac-
tors are potential candidates for therapeutic interven-
tion. Bcl-2 and Akt are 2 factors that are implicated in
cancer cell resistance to TRAIL. Bcl-2 overexpression is
prognostic in NPC' and blocks TRAIL apoptosis in
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some cancer cells'®. Among the cellular signaling path-
ways that promote cell survival, Akt is one of the impor-
tant survival factors that contributes to the resistance to
apoptotic signals. Activation of the phosphatidylinositol
3-kinase (PI3-K)/Akt pathway plays an important role in
survival when cells are exposed to various kinds of
apoptotic stimuli including TRAIL'. Previous studies
have shown that inhibition of Bcl-2 expression and sup-
pression of the PI3-K/Akt pathway sensitized some can-
cer cells to TRAIL-mediated apoptosis!®19.

TRAIL has shown difficulty in inducing apoptosis in
some NPC cell lines?® and the potential reasons remain
unknown. Some research demonstrated that targeting
the Bcl-2 or Akt pathway enhanced the chemosensitivi-
ty of NPC cells?!?2, so we hypothesized that targeting the
Bcl-2 and Akt signaling pathways could enhance the
sensitivity to TRAIL of NPC cells and their combination
would be a more efficient approach to reactivate TRAIL
apoptosis. This study was designed to investigate if
treatment of NPC cells with Bcl-2 small interfering RNA
(siRNA) transfection and PI3-K inhibitors that inactivate
Akt simultaneously would be an effective way to induce
TRAIL-mediated apoptosis. We also examined factors
that mediate activation of the extrinsic and intrinsic
apoptotic pathways.

Materials and methods

Cell lines and reagents

Four human NPC cell lines (CNE-1, CNE-2, 5-8F, 6-
10B) were used in this study. CNE-1 is a well-differenti-
ated and CNE-2 a poorly differentiated NPC cell line. 5-
8F is a highly metastasized and 6-10B a poorly metasta-
sized cell line. All the cells were kindly provided by the
Department of Otolaryngology and Head and Neck Sur-
gery, Xiangya Second Hospital of Central South Univer-
sity. They were grown in RPMI-1640 medium (Invitro-
gen, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (Hyclone, Logan, UT, USA) and peni-
cillin/streptomycin, and maintained in a humidified at-
mosphere of 5% CO, at 37 °C. TRAIL and PI3-K inhibitor
(LY294002) were purchased from Pharmacia Corpora-
tion/Pfizer, Inc. and G. D. Searle & Co, respectively. The
drugs were dissolved in dimethylsulfoxide (DMSO) at
the appropriate concentration and stored at -20 °C until
used.

Cell viability assay

Cells were plated into 96-well plates (3 x 10°
cells/well) in 100 uL of medium. Twenty-four hours lat-
er the cells were treated with drugs or not, and incubat-
ed for 24 hours. Cell viability was assessed by MTT as-
say. 10 uL of 5 mg/mL MTT solution (Sigma) was added
to each well. After 3 hours of incubation, 200 uL of DM-
SO was added to each well. The optical density (OD) of
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each well was measured at 570 nm with a microplate
reader (viability = OD ;¢q/ OD¢ontron -

Flow cytometric analysis

Cells were incubated with TRAIL at a concentration of
100 ng/mL. After 24 hours, the cells were harvested. The
cell pellets were suspended in 500 pL binding buffer (10
mM HEPES, pH 7.4, 140 mM NaCl, 1 mM MgCl,, 5 mM
KCl, 2.5mM CaCl,) at a density of approximately 1 x
10%mL. Samples were incubated with 1 pL annexin V-
FITC and 5 pL PI for exactly 5 minutes at room temper-
ature in the dark and then measured on a FACSCalibur
cytometer (Becton Dickinson, San Jose, CA, USA). An-
nexin V-FITC and PI fluorescence were detected in the
FL-1 (green) and FL-2 (red) channels, respectively, after
correction for the spectral overlap between the 2 chan-
nels. Data were analyzed by using CellQuest software
(Becton Dickinson).

Western blotting

Cells were washed with PBS and lysed in lysis buffer
(20 mM Na,PO,, 150 mM NacCl, 1% Triton X-100, 1%
aprotinin, 1 uM phenylmethylsulfonyl fluoride, 100 uM
NaE and 2 uM NazVO,). Proteins were separated by
polyacrylamide gel electrophoresis on a sodium dode-
cyl sulfate-polyacrylamide gel and transferred to a
polyvinylidene difluoride membrane. Membranes were
incubated with primary antibodies specific for Bcl-2
(1:500), total Akt (recognize Aktl, Akt2, Akt3 and phos-
phorylation site) (1:500), p-Akt (phosphorylated Akt on
Ser473) (1:500), caspase-8 (1:200), caspase-9 (1:200),
caspase-3 (1:200), DR4 (1:500), DR5 (1:500), Bid (1:500),
truncated form of Bid (tBid) (1:1000), FADD (1:500), Bax
(1:500), Bak (1:500), the short form of the cellular FLICE-
inhibitory protein (FLIPs) (1:500), XIAP (1:500), and f-
actin (1:1000). The membranes were incubated with
horseradish peroxidase-conjugated goat antirabbit sec-
ondary antibodies. (All the antibodies were obtained
from Santa Cruz Biotechnology, Santa Cruz, CA, USA.).
Lastly, the proteins were detected by enhanced chemi-
luminescence.

Bcl-2-siRNA transfection

pSilencer 3.1-H1 linear vector was purchased from In-
vitrogen Corporation, USA. The Bcl-2-siRNA insert se-
quence with the following sense and antisense se-
quences was: for Bcl-2 sense 5’-AGT ACA TCC ATT ATA
AGCT-3’" and antisense 5’-AGCTTATAATGGATGTACT-3".
A negative control vector that expresses a hairpin siRNA
with limited homology to any known sequences in hu-
mans was provided with the vector kit. Plasmid DNA
was purified with CsCl-ethidium bromide gradient cen-
trifugation. The purified DNA was diluted to 1 g/L and
frozen at -20 °C. Transfection of siRNA was performed
using Lipofectamine 2000 (Invitrogen) according to the
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manufacturer’s instructions. In brief, the cells were
seeded into wells of a 6-well plate at 10° cells/cm? and
cultured for 24 hours until 60-70% confluence. Then
Bcl-2 siRNA or negative siRNA plasmid (4 pL) was dilut-
ed with 100 uL. OPTI-MEM (Invitrogen) for 5 minutes at
room temperature. During this incubation period, 5 pL
Lipofectamine 2000 was diluted in 100 pL. OPTI-MEM.
These two mixtures were combined, mixed gently, and
incubated for 20 minutes at room temperature for com-
plex formation. The 200-uL siRNA-Lipofectamine 2000
mixture was then added into the cells. The transfected
cells were cultured 48 hours and then assayed.

Assessment of mitochondrial transmembrane potential

Assessment of mitochondrial transmembrane poten-
tial (Aym) by the cationic lipophilic fluorochrome 3,3’-
dihexyloxacarbo-cyanide iodide (DiOC4(3)) (460
ng/mL, Molecular Probes, Eugene, OR, USA) was used
to measure the mitochondrial transmembrane poten-
tial. Cells were treated for 24 hours with TRAIL (100
ng/mL), then incubated for 30 minutes at 37.8 °C in
complete media with DiOCg, washed twice with PBS,
and analyzed in a FACS Vantage cytofluorometer (Bec-
ton Dickinson).

Statistical analysis

All assays were repeated in 3 independent experi-
ments, and only representative blots are presented. Im-
munoblots were scanned by HP PrecisionScan Pro 3.13.
Statistical comparisons of mean values were performed
using 1-way ANOVA. Correlation of the variables was as-
sessed by bivariate correlation analysis. All P values
were determined by 2-sided tests. A significance criteri-
on of P <0.05 was applied. Statistical analysis was done
with SPSS 12.0 software.

Results

Sensitivity to TRAIL varied among NPC cells

We first tested the cytotoxic effect of TRAIL on 4 NPC
cell lines by MTT. NPC cells showed differential re-
sponses, and CNE-2 cells were more refractory than
other NPC cell lines (Figure 1A). To examine the relative
effect of Bcl-2, Akt and DR on the TRAIL response, cell
extracts from untreated cell lines were tested by Western
blotting. Western blot analysis revealed highest levels of
Bcl-2 and p-Akt protein expression in CNE-2 cells,
which were most resistant, and lowest levels in CNE-1
cells, which were most sensitive, but there was no clear
correlation between Akt activation levels, Bcl-2 protein
expression levels, and sensitivity to TRAIL in the other
NPC cell lines (Figure 1B). Total Akt, DR4, and DR5 pro-
tein levels were almost equal among these cell lines
(Figure 1B).
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Figure 1 - The sensitivity of NPC cells to TRAIL. A) Viability of 4 NPC cell lines responding to various TRAIL concentrations as assessed by MTT
assay. B) Expression of DR4, DR5, Akt, p-Akt, and Bcl-2 in 4 NPC cell lines detected by Western blotting.

Combination of Bcl-2 siRNA and 1Y294002 sensitized transfection in the 4 NPC cell lines. 1Y294002 signifi-
NPC cell lines to TRAIL cantly decreased Akt phosphorylation in these cell lines

To test the roles of Bcl-2 protein and Akt activation in ~ Put had no effect on Bcl-2 expression (Figure 2). Aside
the response of NPC cells to TRAIL, we silenced Bcl-2 in from these observations we found no evidence of func-
CNE-2 cells by siRNA and inactivated Akt by treatment  tional synergy with combined therapy of Bcl-2 siRNA
with LY294002 (1 M) for 8 hours. Bcl-2 siRNA signifi- and LY294002, because the magnitude of the combined
cantly decreased Bcl-2 expression within 24 hours of  therapeutic effects was similar to that of single thera-
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Figure 2 - Expression of Akt, p-Akt, and Bcl-2 in 4 NPC cell lines detected by Western blotting following treatment with Bcl-2 siRNA and
LY294002. C, control; V, vector control; B, Bcl-2-siRNA treatment; LY, LY294002 treatment.
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peutic effects. The expression of the DRs was not affect-
ed in this experiment (Figure 2). Then we tested the cy-
totoxic effect of Bcl-2 siRNA and 1Y294002 on the 4 NPC
cell lines by MTT. Neither single nor combined treat-
ment had a cytotoxic effect on NPC cells in the absence
of TRAIL (Figure 3A). After we established the effects of
Bcl-2 and p-Akt reduction, we examined whether this
modification was capable of acting in a synergistic man-
ner with TRAIL to induce cell death in NPC cells. TRAIL
(100 ng/mL) was added to cells of the 4 NPC cell lines
that were treated with Bcl-2 siRNA and pretreated with
LY294002 (1 uM) for 8 hours simultaneously or singly.
MTT assay was performed 24 hours later. Bcl-2 siRNA or
LY294002 alone significantly enhanced TRAIL-induced
death in all 4 NPC cell lines (Figure 3B). Compared with
single treatments, combination treatment amplified
TRAIL-induced death only in CNE-2, 5-8F and 6-10B
(Figure 3B).

Combination of Bcl-2-siRNA transfection and LY294002
did not activate the extrinsic apoptotic pathway

We selected CNE-2, which was most resistant to
TRAIL, for the next experiments and used flow cytomet-
ric analysis to ascertain whether increased cell death
was due to apoptosis. The result further showed that
combination treatment exerted a synergistic effect on
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Figure 3 - Combination treatment of Bcl-2-siRNA transfection and
LY294002 sensitized NPC cells to TRAIL-induced apoptosis. The cell vi-
ability of 4 NPC cell lines treated by single treatment or combination
treatment with or without TRAIL was assessed by MTT. A) NPC cells
were treated with Bcl-2 siRNA and LY294002 alone or together. B)
Bcl-2 siRNA and LY294002 were added to TRAIL alone or together.
(TRAIL: 100 ng/mL TRAIL treatment; LY294002: pretreatment with 1
uM LY294002 for 8 hours.) *P <0.05, **P <0.01, ***P >0.05.
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TRAIL-induced apoptosis (Figure 4A). In order to un-
derstand the molecular mechanism underlying the ef-
fects of the combination of Bcl-2-siRNA transfection
and LY294002 on TRAIL-induced apoptosis, we studied
apoptotic pathway signals. As shown in Figure 4B, single
treatments and combined treatment did not affect the
expression of DR4 and DR5. There are 2 major isoforms
of FLIP, the long isoform (FLIP;) and the short isoform
(FLIPg). While FLIPg inhibits apoptosis by preventing
the recruitment of caspase-8 into the DISC, the role of
FLIP; is controversial. Indeed, FLIP; has been reported
to be both an inhibitor and inducer of apoptosis signals,
possibly depending on its expression levels?®. We ob-
served a significant inhibition of FLIPg protein expres-
sion in cells treated with LY294002 but not in cells treat-
ed with Bcl-2 siRNA. The protein expression of FADD
was unaffected in the present experiments (Figure 4B).
Cleavage of caspase-8 is the most important event in
the extrinsic apoptotic pathway, and we found that
TRAIL-induced cleavage of caspase-8 was enhanced by
LY294002 but not by Bcl-2 siRNA. Cleavage of caspase-8
induced by TRAIL in combination treatment of Bcl-2
siRNA and LY294002 was similar to that observed after
LY294002 treatment alone. The results showed that
combination treatment of Bcl-2 siRNA and LY294002
did not synergistically enhance the TRAIL-induced ex-
trinsic apoptotic pathway.

Combination of Bcl-2-siRNA transfection and LY294002
activated TRAIL-induced mitochondrial events

We subsequently investigated whether the Bcl-2 pro-
tein level and Akt activation regulate TRAIL-induced
apoptosis by inducing dissipation of Aym and cy-
tochrome c release from mitochondria. Mitochondrial
depolarization induced by TRAIL as measured by
DiOC4(3) fluorescence was increased by Bcl-2 siRNA or
LY294002 and more perceptibly by their combination
(Figure 5A). We have also investigated processing of Bid,
the Bcl-2 family member that has been described as be-
ing cleaved by caspase-8 and then triggering cy-
tochrome c release. As shown in Figure 5B, Bid process-
ing was increased by LY294002 and occurred at similar
levels in combination treatment. It appears that combi-
nation treatment acts synergistically downstream of
Bid. It was interesting that LY294002 increased the
cleavage of Bid in the absence of TRAIL.

Combination of Bcl-2-siRNA transfection and LY294002
activated the extrinsic apoptotic pathway

We found that combination treatment activated
TRAIL-induced mitochondrial events synergistically
without any synergistic effect on Bid cleavage, suggesting
that the combined treatment exerts synergistic effects
downstream of Bid. In order to confirm our hypothesis,
we studied the facts downstream of Bid. Once cleaved by
caspase-8, Bid translocates to mitochondria and acti-
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Figure 4 - A) The cell apoptosis rate of CNE-2 cells undergoing single or combination treatment was estimated by flow cytometry. B) Protein
expression of extrinsic apoptotic pathway modulators affected by combination of Bcl-2-siRNA transfection and LY294002. (TRAIL: 100 ng/mL
TRAIL treatment; LY294002: pretreatment with 1 uM LY294002 for 8 hours.) *P <0.05
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Figure 5 - Combination of Bcl-2-siRNA transfection and LY294002 synergistically activated the intrinsic apoptotic pathway. A) The Aym was
determined by staining cells with the potential-sensitive fluorochrome DiOC4(3) and analyzed by flow cytometry (*P <0.05). B) Bid cleavage

was detected by Western blotting.

vates the Bcl-2 family members Bax and Bak, leading to
mitochondrial depolarization®. Levels of proapoptotic
Bak and Bax were found to be increased by Bcl-2 siRNA
and LY294002, but this increase was not augmented
when the 2 agents were combined (Figure 6A). The in-
hibitor of apoptosis proteins (IAPs) are a family of anti-
apoptotic proteins that block cell death in part by in-
hibiting the downstream caspase activation pathways

and thus play a critical role in determining the cell fate?.
As shown in Figure 6B, we observed a synergistic inhibi-
tion of the IAP XIAP This inhibition was more pro-
nounced in the groups treated with combination treat-
ment compared with each agent alone (Figure 6B). Syn-
ergistic activation of effector caspase-3 and caspase-9 in-
duced by TRAIL was observed in the combination-treat-
ed cells (Figure 6C).
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Figure 6 - Protein expression downstream of Bid detected by Western blotting. A) Bax and Bid; B) XIAP; C) Caspases 9 and 3.

Discussion

Despite aggressive therapies, resistance to current
treatment protocols has been a major obstacle in clini-
cal oncology. Most anticancer agents generate cytotoxi-
city through induction of apoptosis in cancer cells?.
Apoptosis is mediated through the DR and the mito-
chondrial pathway?®. TRAIL is a promising candidate for
cancer therapy, but the emergence of drug resistance
limits its potential use. Prior studies showed that TRAIL
could not induce apoptosis effectively in some NPC cell
lines?°. Some resistant cancer cells can be sensitized by
combination of TRAIL with different chemotherapeutic
drugs, indicating that combination therapy can be used
to reverse the resistance of cancer cells to TRAIL!.

Bcl-2 is overexpressed in many tumors. Its overexpres-
sion in NPC correlates with superficial NPC recurrence
and progression and with poor prognosis of invasive
cancer!®, and it is a factor in patient responses to
chemotherapy and radiotherapy?®?’. Previous studies
have demonstrated a role for Bcl-2 in protecting cells
from TRAIL-mediated apoptosis?®. In addition, in-
hibitors of Bcl-2 are among the novel molecules that
have recently been tested as reactivators of the mito-
chondrial apoptotic pathway in many cancer cells?®, and

inhibition of the expression of Bcl-2 appears to be a
mandatory novel therapy for future cancer treatment. In
our study, we suppressed Bcl-2 expression to activate the
TRAIL-induced mitochondria-dependent apoptotic
pathway in CNE-2 cells via the activation of Bax/Bak
with no effects on the extrinsic apoptotic pathway. This
enhancement of the TRAIL effect was associated with in-
creases in activated caspase-9 and caspase-3, consistent
with apoptotic signaling. In addition, the expression of
XIAP, which inhibits caspase-9 and caspase-3 through
binding to their intermediate and fully cleaved forms??,
was suppressed by Bcl-2 inhibition. This led us to as-
sume that suppression of Bcl-2 augmented TRAIL-in-
duced apoptosis via effects downstream of Bid cleavage.

Studies have found that the Akt pathway causes re-
sistance to chemotherapy-induced apoptosis®. It has
been demonstrated that Akt might inhibit a variety of
apoptotic stimuli in multiple ways3!. These include di-
rect phosphorylation and modulation of the proapop-
totic proteins Bad®! and caspase-9%, and activation of
antiapoptotic NF-kB-mediated transcriptional path-
ways®, preventing them from inducing the transcrip-
tion of proapoptotic genes. However, once expressed,
active Akt is under tight regulation by PI3-K and other
kinases of the signaling pathway that promote cell sur-
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vival®4. Because PI3-K targets Akt for survival, we have
modulated the activation of Akt by the PI3-K inhibitor
LY294002. While NPC cell lines showed differential re-
sponses to treatment with TRAIL alone, increased cell
death of all 4 cell lines was observed when TRIAL was
combined with LY294002. This suggests that active Akt
in NPC cells is responsible for TRAIL resistance. Al-
though ineffective alone, TRAIL in combination with
LY294002 induced a drop in mitochondrial transmem-
brane potential and subsequently activated caspases 8,
9, 3, Bad and Bax in CNE-2 cells. Previous studies3>36
have shown that the reduction of Akt activity by PI3-K
inhibitors reduces the expression of FLIP and XIAP, re-
sulting in reversion of the cell line resistance to TRAIL.
Consistent with these studies, LY294002 sensitized the
CNE-2 cells to TRAIL by reducing FLIP and XIAP. We
have also shown that 1Y294002 enhanced the sensitivity
to TRAIL-induced apoptosis in NPC cells, an effect that
was mediated by increasing the Bid cleavage induced by
TRAIL. Bid cleavage is usually the result of TRAIL treat-
ment and occurs upstream of the mitochondria®’. Inter-
estingly, we found that LY294002 treatment induced Bid
cleavage in the absence of TRAIL, suggesting that Akt in-
activation induced Bid cleavage alone. Majewski et al.®
showed that strong expression of Akt inhibited Bid
cleavage in the absence of serum and TRAIL. We specu-
lated that LY294002 enhanced Bid cleavage in the envi-
ronment of serum deficiency in our experiment.

We observed that Bcl-2 siRNA and PI3-K inhibitors
sensitized NPC cells to TRAIL each by affecting different
modulators, providing a further rationale for their com-
bination. When Bcl-2 siRNA and LY294002 were com-
bined, the expected synergy in sensitizing NPC cells to
TRAIL was observed. In this study, we report for the first
time the synergistic sensitization of NPC cells to TRAIL-
mediated apoptosis by simultaneously targeting the
Bcl-2 and Akt signaling pathways. This new treatment
increased the dissipation of the mitochondrial trans-
membrane potential and cleavage of caspases 9 and 3
synergistically. In other words, the synergistic effects
were observed downstream of Bax and Bad. In addition,
XIAP expression was decreased by combination treat-
ment more than by single treatments. We considered
that XIAP was downregulated by targeting the Bcl-2 and
Akt signaling pathways, resulting in synergistic cleavage
of caspases 9 and 3. Altogether, the main functions of
this combination were enhancement of TRAIL-induced
mitochondrial depolarization and suppression of XIAP
in a synergistic manner.

In conclusion, we examined the role of the Bcl-2 and
Akt pathways in TRAIL resistance of NPC cells and ex-
plored the potential mechanisms. Combined targeting
of the Bcl-2 and Akt signaling pathways synergistically
sensitized NPC cells to TRAIL. Our results provide a po-
tential novel strategy for NPC treatment. The combina-
tion definitely deserves additional in vivo and clinical
studies.
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