
Abstract. The tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL) has been used to treat a variety
of cancer cells. However, since some gastric cancer cells
are resistant to TRAIL, we explored whether reovirus
induces cytolysis in TRAIL-resistant gastric cancer cells. We
found that TRAIL-resistant SNU-216 gastric cancer cells
were susceptible to apoptosis by reovirus infection.
Furthermore, co-treatment with reovirus and TRAIL
accelerated apoptosis of SNU-216 cells by down-regulation
of Akt activation as assessed by a very low activation of Akt
in TRAIL-sensitive SNU-668 gastric cancer cells. Inhibition
of Akt signaling with wortmannin or suppression of Akt
expression with sh-Akt lentivirus promoted reovirus-
mediated apoptosis of SNU-216 gastric cancer cells.
Reovirus infection also down-regulates the activation of
signaling molecules such as Ras and ERK involved in cell
proliferation and survival but not the activation of p38
MAPK involved in cellular stress. In addition, the co-
treatment with reovirus and TRAIL resulted in cleavage of
caspase-8, caspase-9 and Bid, leading to a decrease in the
mitochondrial membrane potential, indicating that reovirus
may utilize the mitochondrial intrinsic apoptotic pathway in
TRAIL-resistant SNU-216 gastric cancer cells. Accordingly,
we first demonstrate that reovirus infection down-regulates Akt

activation, leading to apoptosis of TRAIL-resistant gastric
cancer cells. 

Introduction

TNF-related apoptosis-inducing ligand (TRAIL), which
belongs to the family of TNF, induces apoptosis in a wide
variety of tumor cells in vitro and in vivo but does not cause
toxicity in a majority of normal cells (1,2). Thus, TRAIL has
been suggested as a novel anti-cancer therapeutic drug. The
TRAIL-mediated apoptotic signal is transduced through the
cell surface death receptor (DR)s such as DR4/TRAIL-R1
and DR5/TRAIL-R2 (3,4). Detailed studies have shown that
TRAIL triggers apoptosis by recruiting the initiator pro-
caspase-8 through the adaptor protein FADD. Caspase-8
can directly activate downstream effector caspases including
procaspase-3, -6 and -7, or cleave Bid, which triggers mito-
chondrial damage (5,6). However, different types of cancer
cells appear to differ in their sensitivity to TRAIL treatment.
Recent studies have reported that prostate and renal cancer cells
are resistant to TRAIL treatment due to an up-regulation of
Akt activity and enhanced FLIP expression (7,8). In addition,
it has been reported that the resistance of certain gastric
cancer cells to TRAIL-induced apoptosis can be explained
by the up-regulation of FLIPs by Akt, indicating that Akt
is a crucial component in the regulation of TRAIL-induced
apoptosis (9). In contrast, other studies failed to demonstrate
a link between FLIP expression and TRAIL resistance using
melanoma and Burkitt's lymphoma (10,11).

The human reovirus is a ubiquitous, non-enveloped virus
with 10 segments of double-stranded RNA (12). The virus
infection is usually restricted to the upper respiratory and
gastrointestinal tracts and is often asymptomatic (12). However,
the reovirus shows dramatic cytolytic activity in certain types
of transformed cells (13,14). There is a strong body of evidence
that Ras-transformed cells are preferentially susceptible to
reovirus (type 3 Dearing strain) via inactivation of PKR
(dsRNA-activated protein kinase) phosphorylation (15,16).
Accordingly, activation of the oncogenic Ras-signaling path-
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way enhances reoviral oncolytic targeting in various types
of human cancers (17-19), although our recent study shows
that other signaling pathways may also contribute to the
susceptibility of these cancers to reoviral replication and
oncolysis (20). In addition, our study first reports that reovirus
infection induces down-regulation of hypoxia-inducible factor
(HIF)-1· independently of VHL and p53, suggesting that
reovirus may be useful as a potential therapeutic agent against
chemoresistant or radioresistant tumors that are hypoxic and
show increased levels of HIF-1· (21). It has also been reported
that reoviral oncolysis was associated with the induction of
apoptosis in various cancer types (22). Further investigation has
revealed that TRAIL is involved in reovirus-induced apoptosis
(23). Caspase-8 and JNK MAPK proteins also participate in
apoptotic signaling following reoviral infection (24).

Gastric cancer is one of the most common malignancies
of the gastrointestinal tract in East Asia, including Japan,
Korea and other South Asia countries, and the second most
common cause of cancer-related death in the world (25).
Since cultured gastric cancer cell lines are useful tools in the
study of cell biology and the development of new therapeutic
modalities, several different gastric carcinoma cell lines have
been established (26,27). Gastric cancer cell lines, SNU-216
and SNU-668, have been reported to possess a p53 mutation at
exon 6 and a c-Ki-ras mutation (28), respectively. In addition,
a subsequent study has shown that SNU-216 cells are resistant
to TRAIL while SNU-668 cells are susceptible to TRAIL
treatment (9). 

Since other groups have not attempted the potential
application of reovirus to a gastric cancer model until now,
we initiated this study to explore whether the reovirus can
efficiently act as an anti-cancer drug by exerting cytolysis
in TRAIL-resistant SNU-216 gastric cancer cells. We report
that the reovirus facilitated the induction of apoptosis in
SNU-216 gastric cancer cells by down-regulation of Akt
activation and rendered the SNU-216 cells susceptible to
TRAIL, suggesting that there may a possibility for the
potential application of reovirus in the treatment of human
gastric cancer cells bearing active Akt.

Materials and methods

Cell cultures and virus amplification. SNU-216, SNU-668
gastric cancer cells (KTCC, Seoul, Korea), and murine L929
cells were cultured in DMEM supplemented with 10% FBS
and 1% penicillin and streptomycin. The Dearing strain of
reovirus serotype 3, purchased from the ATCC (Manassas,
VA), was propagated in L929 cells. Reovirus was purified as
described elsewhere (29) and the viral titer was measured in
plaque forming units (PFU).

Reagents and antibodies. Wortmannin and TRAIL were pur-
chased from Calbiochem (San Diego, CA) and R&D Systems
(Minneapolis, MN), respectively. For immunoblotting,
anti-caspase-8, -caspase-9, -Bid, and -ß-tubulin antibodies
were obtained from Santa Cruz Biotech (Santa Cruz, CA).
For detection of caspase-3 or -7 activity, the PARP level
was detected with immunoblotting using anti-PARP (Cell
Signaling Biotech, Danvers, MA) ERK, p38 MAPK, Akt,
and their phospho-specific antibodies were purchased from

Cell Signaling Biotech. Polyclonal anti-reovirus antibody
was used for the detection of Ï, μ and Û reoviral proteins as
described previously (30).

Western blot assay. Cells were harvested and lysed with lysis
buffer [150 mM NaCl, 1% NP-40, 50 mM Tris-HCl (pH
7.5)] containing 0.1 mM Na2VO3, 1 mM NaF and protease
inhibitors (Sigma, St. Louis, MO). For immunoblotting,
proteins from whole cell lysates were resolved by 10% or
15% SDS-PAGE and then transferred to nitrocellulose
membranes. Primary antibodies were used at 1:1000 or 1:2000
dilutions, and secondary antibodies conjugated with horseradish
peroxidase were used at 1:2000 dilutions in 5% non-fat dry
milk. After the final washing, nitrocellulose membranes were
exposed for an enhanced chemiluminescence assay using the
LAS 3000 (Fuji, Japan). 

Active Ras capture assays. To capture GTP-bound Ras from
cell lysates, a GST-Raf-RBD fusion protein was used as
described elsewhere (22). The cells were lysed with lysis
buffer and glutathione-agarose beads (Clontech, Mountain
View, CA) were added to the supernatant and rocked on ice for
30 min to exclude non-specific binding. After centrifugation,
the supernatant was harvested, followed by the addition of
GST-Raf-RBD (Cytoskeleton). The solution was rocked on ice
for 1 h followed by the addition of glutathione-agarose beads
to capture active Ras, which binds to GST-Raf-RBD. After
washing three times, the pellet was mixed with 40 μl of 2X
SDS loading buffer. To detect the captured Ras, immuno-
blotting was performed with anti-Ras antibody (Santa Cruz).

Infection of short hairpin(sh) RNA expression lentivirus for
targeting Akt. To suppress expression of Akt, the shRNA
expression lentiviral vectors for targeting Akt was constructed
by inserting synthetic double strand oligonucleotides (for
Akt: 5'-CGGAATTCCGGCCTGCCCTTCTACAACCAG
GA ttcaagaga TCCTGGTTGTAGAAGGGCAGGTTTTTGA
TATCTAGACA-3') into EcoRI-XbaI restriction enzyme sites
of shLenti3.4G lentiviral vector and verified by nucleotide
sequencing (Macrogen, Seoul, Korea). Lentivirus particles
were produced as described elsewhere (31,32) and concentrated
to 109 transduction unit by Macrogen. According to the manu-
facturer's recommendation, shRNA expression lentivirus for
targeting Akt was infected (MOI=10) into SNU-216 gastric
cancer cells and reovirus was subsequently treated (MOI=1)
for 72 h before harvest.

Measurement of mitochondrial membrane potential. Retention
of 3,3'-dihexyloxacarbocyanine, DiOC6(3) was used as a
measure of mitochondrial energization as described elsewhere
(33). Cells were loaded with 40 nM DiOC6(3) for 30 min
followed by trypsinization. The concentration of retained
DiOC6(3) was determined on a fluorescence spectrometer
(Victor 3, Perkin-Elmer, Waltham, MA) at an excitation and
emission of 480 nm and 510 nm, respectively.

Results

Reovirus infection causes SNU-216 gastric cancer cell
susceptibility to TRAIL. TRAIL has been known to induce
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apoptosis in a wide variety of tumor cells but not all tumor
cell lines respond to TRAIL (7,8). We confirmed that SNU-
216 gastric cancer cells are TRAIL-resistant while SNU-668
gastric cancer cells are susceptible to TRAIL as described
previously (9) (Fig. 1A). Next, to examine whether TRAIL-
resistant SNU-216 cells are susceptible to reovirus infection,
the cell line was infected with reovirus and cell viability was
examined during the infection. We found that SNU-216 cells
started to display cytolysis at 48 h post-infection (data not
shown) and clearly showed cell death at 72 h post-infection
(Fig. 1A). SNU-668 cells also exhibited  susceptibility to
reovirus during the infection (Fig. 1A). When we examined
reoviral propagation in both SNU-216 and SNU-668 cells,
SNU-668 cells displayed slightly more reoviral propagation
than SNU-216 (Fig. 1B), suggesting that the kinetics against
viral infection are faster than with SNU-216 cells. 

Furthermore, we examined whether the combined treat-
ment using the reovirus and TRAIL could efficiently induce
apoptosis in SNU-216 cells. SNU-216 and SNU-668 cells
were subjected to treatment with TRAIL, reovirus, or reovirus
together with TRAIL. In these experiments, we found that
the reovirus infection more efficiently induced apoptosis in
TRAIL-resistant SNU-216 cells in the presence of TRAIL
compared to reovirus infection alone, suggesting that the
reovirus sensitizes the TRAIL-resistant gastric cancer cells
to apoptosis in the presence of TRAIL (Fig. 1A). In addition,
reovirus infection resulted in activation of caspase-8 and
caspase-3 or -7 (because of cleavage of PARP) in SNU-216
cells (Fig. 1C) while activation of caspase-8 and cleavage of
PARP did not occur during TRAIL treatment alone. However,
the combined treatment accelerated reovirus-induced cleavage
of pro-caspase 8 and PARP. Since SNU-668 cells were even
susceptible to a lower concentration of TRAIL (20 ng/ml) (data

not shown), TRAIL treatment resulted in a drastic increase
of pro-caspase-8 and PARP cleavage in SNU-668 cells. Of
interest, SNU-668 gastric cancer cells did not show cleavage
of pro-caspase-8 and PARP as seen in SNU-216 cells (Fig. 1C),
indicating that SNU-668 gastric cancer cells may utilize a
different apoptotic pathway that is taken by SNU-216 cells
during reovirus infection. Taken together, these combined
results indicate that reovirus infection renders the SNU-216
cells susceptible to TRAIL.

Reovirus infection decreases Akt activation in TRAIL-resistant
SNU-216 cells. Since it has been suggested that TRAIL sensi-
tivity in gastric cancer cells depends on PI3-kinase/Akt
activation (9), we first examined Akt phosphorylation in
both cell lines during reovirus infection using the anti-
phospho(Ser473)-Akt antibody. The phosphorylated Akt
was considered as an activated Akt according to a previous
study shown that Akt is activated by phospholipid binding and
phosphorylation at Thr308 and at Ser473 (34). Surprisingly,
we found that reovirus infection reduces phosphorylation of
Akt in SNU-216 cells in a time-dependent manner (Fig. 2A),
indicating that reovirus infection targets down-regulation
of Akt activation. We did not observe any alternations in
Akt phosphorylation for SNU-668 cells since almost no
phosphorylation of Akt was detected in the uninfected
SNU-668 cells. Furthermore, since we questioned how
phosphorylation of Akt was down-regulated with reovirus
infection, we examined whether activation of PTEN or Ras
protein closely related to Akt signaling is affected by the
infection. Phosphorylation of PTEN was not altered during
reovirus infection (data not shown). However, abundance and
activity of Ras protein was decreased during the infection
(Fig. 2B). Accordingly, phosphorylation of ERK, a downstream

INTERNATIONAL JOURNAL OF ONCOLOGY  36:  1023-1030,  2010

Figure 1. Reovirus infection enhances TRAIL sensitivity in SNU-216 gastric cancer cells. SNU-216 and SNU-668 cells were treated with TRAIL (50 ng/ml),
reovirus (MOI=1), or TRAIL and reovirus for 72 h. Both cell lines were observed by microscopy and images were acquired at 72 h post-treatment. Caspase-8,
PARP and reoviral proteins were detected with immunoblotting using appropriate antibodies. Polyclonal anti-reovirus antibodies cross-reacts with Ï, μ and Û
reoviral proteins. Arrow indicates a precursor form of caspase-8 and uncleaved PARP.
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molecule in the Akt signaling pathway, was decreased during
reovirus infection while phosphorylation of p38 MAPK was
not altered (Fig. 2C). We also examined Akt phosphorylation
in TRAIL-resistant SNU-216 cells treated with TRAIL alone,
reovirus alone or reovirus and TRAIL. TRAIL treatment alone
mildly reduced phosphorylation of Akt but reovirus infection
significantly reduced phosphorylation of Akt (Fig. 2D).
The combined treatment with reovirus and TRAIL also
markedly inhibited Akt phosphorylation, supporting the
notion that SNU-216 cells are more sensitive to apoptosis
during co-treatment than during TRAIL or reovirus treatment
alone (Fig. 2D).

Inhibition of Akt signaling sensitizes reovirus-induced
apoptosis in TRAIL-resistant SNU-216 gastric cells. Since
we have observed that co-treatment with reovirus and TRAIL
almost completely reduces Akt phosphorylation in TRAIL-
resistant SNU-216 gastric cancer cells (Fig. 2), we employed
wortmannin, a PI-3 kinase inhibitor, to suppress PI-3 kinase/
Akt signaling. To determine whether co-treatment with reo-
virus and wortmannin can efficiently induce apoptosis in
SNU-216 cells, SNU-216 cells were treated with TRAIL
alone, wortmannin alone and both TRAIL and wortmannin.
As shown in Fig. 3A, SNU-216 cells were strongly resistant
to TRAIL treatment and only displayed a cell death of ~10%
at 72 h after wortmannin treatment compared to the mock
treatment. However, co-treatment with TRAIL and wortmannin
synergistically induced 65% cell death compared to the
mock treatment. When we examined Akt phosphorylation
in SNU-216 cells treated with TRAIL alone, wortmannin
alone, or TRAIL and wortmannin, we found that co-treatment
resulted in almost no Akt phosphorylation in SNU-216

cells although a slightly reduced phosphorylation of Akt
was observed in the other treatments (Fig. 3B). This result
suggests that down-regulation of Akt signaling by wortmannin
enhances the sensitivity of SNU-216 gastric cancer cells to
TRAIL-mediated apoptosis.

Next, to test our hypothesis, we examined whether co-
treatment with reovirus and wortmannin accelerates apoptosis
of SNU-216 cells by down-regulation of Akt activation. As
shown in Fig. 3C, co-treatment with reovirus and wortmannin
efficiently induced cell death of SNU-216 cells by up to ~95%
compared to the mock treatment. Reovirus infection alone
and wortmannin treatment alone induced ~55% and 10%
cell death of SNU-216 cells, respectively, compared to the
mock treatment. When we examined Akt phosphorylation in
SNU-216 cells treated with reovirus alone, wortmannin alone,
or reovirus and wortmannin at 24 h post-treatment, we found
that co-treatment with wortmannin and reovirus results in
almost no Akt phosphorylation in SNU-216 cells (Fig. 3D). 

Directly to prove a crucial role of Akt in reovirus-induced
apoptosis in SNU-216 gastric cancer cells, we employed
shRNA expression lentivirus for targeting Akt (sh-Akt lenti-
virus) to suppress Akt expression. As shown in Fig. 4A,
infection of sh-Akt lentivirus reduced expression of Akt while
sh-Scramble lentivirus as a control did not. When SNU-216
cells were treated with the control lentivurs, sh-Akt lentivirus,
reovirus, or sh-Akt lentivirus together with reovirus, cell
viability and Akt phosphorylation were examined. We found
that co-infection of reovirus and sh-Akt lentivirus drastically
reduced ~70% cell death compared to transduction of sh-
Scramble lentivirus while sh-Akt lentivirus infection alone
did not induce cell death and reovirus infection mildly induced
cell death (Fig. 4B). We also noted that the co-infection
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Figure 2. Reovirus infection down-regulates Akt phosphorylation in SNU-216 cells. (A and C) SNU-216 and SNU-668 cells were infected with reovirus
(MOI=1) and harvested at 24, 48, and 72 h post-infection. Akt, ERK, p38 MAPK and their phospho-proteins were detected with immunoblotting using the
corresponding antibody. Anti-phospho-Akt antibody; Ser473 of Akt, anti-phopsho ERK antibody; Thr202/Tyr204 of ERK, anti-p38 antibody; Thr180/Tyr182
of p38. (B) SNU-216 cells were infected with reovirus (MOI=10) and harvested at 12 and 24 h post-infection. GST-Raf-RBD protein was added into the
cell lysate as a substrate of active Ras while GST was used for a control. Active Ras was pulled down with glutathione-agarose and the precipitated mixtures
were separated on 12% SDS-PAGE and Ras protein was detected with anti-Ras antibody. (D) SNU-216 and SNU-668 cells were treated with TRAIL
(50 ng/ml), reovirus (MOI=10), or TRAIL and reovirus for 24 h. Proteins were analyzed with immunoblotting as described (A and C). 
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Figure 3. Inhibition of Akt signaling synergizes reovirus-mediated apoptosis in TRAIL-resistant SNU-216 cells. (A and C) SNU-216 cells were treated with
TRAIL (50 ng/ml), wortmannin (100 nM), or TRAIL plus wortmannin for 24 h. SNU-216 cells were treated with reovirus (MOI=10), wortmannin or reovirus
plus wortmannin for 24 h. The cells were observed by microscopy and counted by trypan blue at 24 h post-infection. White bars indicate the cell number of
inoculation at 0 h while black bars indicate the cell number treated with indicated agents at 24 h. (B and D) The cells treated with indicated agents were
harvested and cell lysates were prepared at 24 h post-treatment. Phosphor-Akt, and Akt were detected by immunoblotting with the appropriate antibody.

Figure 4. Suppression of Akt expression with sh-Akt lentivirus promotes reovirus-mediated apoptosis of SNU-216 cells. (A) SNU-216 cells were transduced
with sh-Akt lentivirus (MOI=10) to reduce the expression of Akt for 48 h and sh-Scramble lentivirus (MOI=10) was used a negative control. (B and C) SNU-216
cells were treated with sh-Scramble lentivirus, sh-Akt lentivirus, reovirus (MOI=1), or sh-Akt lentivirus and reovirus for 72 h. The treated cells were observed
by microscopy and images were acquired before cell count using trypan blue at 72 h post-treatment. Phosphorylation level of Akt was examined with
immunoblotting using anti-phospho-Akt antibody. 
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results in almost no Akt phosphorylation as seen in SNU-216
cells co-treated with reovirus and wortmannin (Fig. 4C).
These combined results suggest that the co-treatment with
reovirus and the PI3 kinase inhibitor, or reovirus and sh-Akt
lentivirus efficiently induces apoptosis of SNU-216 gastric
cancer cells by down-regulation of Akt activation.

Co-treatment with reovirus and TRAIL induces intrinsic
apoptotic cell death in SNU-216 cells. Since we observed
activation of caspase-8 during co-treatment of SNU-216
cells with reovirus and TRAIL, it is possible that Bid is cleaved
by caspase-8, which would result in the generation of a p15
truncated Bid fragment that translocates to the mitochondria.
Furthermore, it has been reported that truncated Bid is required
for cytochrome c release from the mitochondria, which acti-
vates caspase-9 and leads to mitochondria-mediated intrinsic
apoptosis (35,36). To test this hypothesis, we examined
whether Bid or caspase-9 is cleaved during co-treatment of
SNU-216 cells with reovirus and TRAIL. In these experiments,
we found that Bid and caspase-9 were cleaved and the level
of Bid or caspase-9 decreased in the combined treatment,
whereas treatment with TRAIL or reovirus alone did not
significantly induce Bid or caspase-9 cleavage (Fig. 5A). Using
the fluorescent dye DiOC6(3), we measured the mitochondrial
membrane potential during co-treatment with reovirus and
TRAIL in SNU-216 cells. From these experiments, we
found that the combined treatment reduced the mitochondrial
membrane potential by up to ~50% in SNU-216 cells, whereas
treatment with TRAIL and reovirus alone reduced the mito-
chondrial membrane potential by 10 and 25%, respectively,
compared to the mock treatment. When we examined the

mitochondrial membrane potential in TRAIL-sensitive
SNU-668 cells, we observed a significant reduction in the
mitochondrial membrane potential during TRAIL treatment
alone (~50%) and the combined treatment (~70%) with
TRAIL and reovirus when compared to the mock treatment.
Treatment with reovirus alone marginally decreased the mito-
chondrial membrane potential in SNU-668 cells (Fig. 5B).
Taken together, we propose that reovirus infection synergizes
the effect of TRAIL on cleavage of Bid and caspase-9, resulting
in a decrease in the mitochondrial membrane potential, which
eventually leads to intrinsic apoptotic cell death.

Discussion

TRAIL-resistant SNU-216 gastric cancer cells displayed a
much higher intrinsic Akt activity than TRAIL-sensitive
SNU-668 cells, which suggests that active Akt levels are
directly correlated with cell survival and resistance to TRAIL
(9). The level of Akt thus determines the sensitivity of
cells to TRAIL. This hypothesis was supported by previous
studies where the inhibition of PI3 kinase/Akt signaling with
wortmannin was found to cause TRAIL-induced apoptosis
in LNCaP cells (a prostate cancer cell line) (7,37). In this
study, we found that reovirus infection targets Akt protein,
which leads to the down-regulation of Akt activation and
enhances this effect in the presence of TRAIL. This observation
was also supported by the result that wortmannin treatment
or sh-Akt lentivirus infection accelerates reovirus-induced
apoptosis in SNU-216 cells (Figs. 3C and 4B). Therefore,
we suggest that down-regulation of Akt mediated by reovirus
infection enhances the sensitivity of SNU-216 cells to TRAIL.

CHO et al:  REOVIRUS DOWN-REGULATES Akt ACTIVATION

Figure 5. Co-treatment with reovirus and TRAIL reduces the mitochondrial membrane potential, leading to apoptotic cell death of SNU-216 cells. (A) SNU-216
cells were treated with TRAIL (50 ng/ml), reovirus (MOI=10) or reovirus plus TRAIL for 24 h. Procaspase-9 and Bid were detected by immunoblotting with
the corresponding antibody. (B) SNU-216 cells were treated with TRAIL (50 ng/ml), reovirus (MOI=10) or reovirus plus TRAIL for 24 h. The cells were then
incubated with 40 nM DiOC6(3) for 30 min and retention of DiOC6(3) was measured using a fluorescence spectrometer. Results were averaged from three
independent experiments and the error bars indicate standard deviations.
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We wondered how reovirus infection reduces Akt activation.
To answer this question, we examined PTEN and Ras since
it is known that loss of PTEN causes Akt activation (38) and
Ras protein has a potential to activate PI-3 kinase/Akt
signaling pathway (39). We found that reovirus infection
down-regulates Ras activation but fail to activate PTEN. In
addition, reovirus infection reduced the ERK activation but
failed to down-regulate the activation of p38 MAPK in SNU-
216 cells, indicating that these events are specific features
induced by reovirus infection (Fig. 2). Now, we are
investigating more detailed mechanisms by which reovirus
down-regulates the activation of Akt and Ras in SNU-216
gastric cancer cells.

The role of TRAIL receptors in TRAIL-mediated apoptosis
have remained controversial because TRAIL receptors
have been shown to increase in HEK293 cells during TRAIL
treatment (40) but not in ZR75-1 (a breast cancer cell line)
(24). Thus, when we examined the expression of DR4 and
DR5 in SNU-216 cells treated with TRAIL, reovirus, or
reovirus and TRAIL, we found no differential expression of
DR4 and DR5 (data not shown). This result is also supported
by another study where the expression level of DR4/DR5
and DcR2 were reported to be similar between uninfected
SNU-216 and SNU-668 cells (9). Other studies have shown
that alterations in TRAIL receptor expression do not fully
explain TRAIL sensitivity (41,42). These results also support
the notion that TRAIL receptors do not play a critical role
in our hypothesis; reovirus renders SNU-216 gastric cancer
cells susceptible to TRAIL. Although we would not exclude
a TRAIL receptor-mediated extrinsic death pathway, our
results at least suggest that the reovirus may utilize the intrinsic
death pathway because reovirus infection or co-treatment
with reovirus and TRAIL reduces Akt activation, leading to
the down-regulation of c-FLIPL (data not shown), which is
involved in the inhibition of caspase-8 activity (43). Further-
more, we observe a down-regulation of Bid level and activation
of caspase-9 during co-treatment with reovirus and TRAIL,
which led to great reduction in the mitochondrial membrane
potential (Fig. 5). However, we have not observed any
alteration in the level of Bax, Bim and Bcl-XL after reovirus
infection (data not shown). The combined treatment with
reovirus and TRAIL eventually resulted in caspase-8-initiated
mitochondrial dysfunction, which ultimately led to apoptosis
(Fig. 5). Based on the combined results of this study, we are
currently investigating the mechanism by which the reovirus
induces intrinsic apoptosis in SNU-216 cells in the presence
of TRAIL.
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