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Abstract. The prognosis of unresectable advanced gastric 
cancer has improved over the last decade due to advances in 
chemotherapy. However, molecular targeting in gastric cancer 
therapy has been poorly established and the 5-year survival 
rate is still <10%. The proteasome plays a pivotal role in the 
regulation of cell proliferation, apoptosis and differentiation 
in a variety of tumor cells. Bortezomib, a selective inhibitor 
of the proteasome, has prominent effects against several 
tumor types, including multiple myeloma. We examined 
the anti-tumor effects of bortezomib on gastric cancer cells 
in vitro and in subcutaneously transplanted nude mice. We 
demonstrated that among seven types of gastric cancer cells 
examined, treatment with bortezomib induced both apoptotic 
and anti-proliferative effects, resulting in a reduction in cell 
survival rates. The induction of apoptosis was observed to 
be dependent on the inhibition of nuclear factor κB (NF-κB) 
activation and the subsequent production of reactive oxygen 
species (ROS) and c-Jun N-terminal kinase (JNK) activation. 
Interestingly, we observed that those cells with high levels 
of NF-κB activity were resistant to bortezomib treatment. 
Additionally, we demonstrated that the activation of the 
extracellular signal-regulated kinase (ERK1/2) was inhibited 
following bortezomib treatment, which may contribute to its 
anti-proliferative effects. We also observed anti-tumor effects 
of bortezomib in vivo. Bortezomib is a potential novel molec-
ular targeting drug for the treatment of unresectable advanced 
gastric cancer.

Introduction

Gastric cancer is the second leading cause of cancer deaths 
worldwide, despite its incidence declining in recent decades. 
The prognosis of unresectable advanced stomach cancer has 
improved due to advances in chemotherapy; however, the 
5-year survival rate is still <10% (1). Despite extensive efforts, 
molecular targeting therapies for gastric cancer have been 
poorly established, whereas antibody-based therapies against 
vascular endothelial cell growth factor (VEGF) or epidermal 
growth factor receptor (EGFR) have been used for colorectal 
cancer (2,3). There is a continuing need for the development 
of novel therapeutic strategies in the treatment of advanced 
gastric cancer.

Bortezomib, a proteasome inhibitor, is one of the clinically 
approved molecular targeting drugs for relapsed or refractory 
multiple myeloma (4,5). Additionally, bortezomib has been 
shown to display anti-tumor effects in several solid tumors 
including gastric, prostate and pancreatic cancer (6-9). It 
has been suggested that this anti-tumor activity is mediated 
through affecting various signaling cascades, including the 
NF-κB, mitogen-activated protein kinases (MAPKs), and 
cellular apoptotic pathways (6,7,10-13). However, the precise 
anti-tumor effects of bortezomib in gastric cancer cells are 
poorly understood. In the present study, we demonstrated the 
anti-tumor effects and mechanism of action of bortezomib in 
human gastric cancer cells in vitro and in vivo.

Materials and methods

Reagents. Bortezomib was obtained from Janssen Pharma-
ceutical K.K (Tokyo, Japan). Bortezomib was dissolved with 
normal saline. We stocked the solution at -20˚C and used the 
stock solution when needed. Z-VAD-fmk was purchased from 
R&D Systems (Minneapolis, MN). PD98059 was purchased 
from Calbiochem (Darmstadt, Germany). DCF-DA was 
purchased from Invitrogen (Carlsbad, CA). 

Gastric cancer cell lines. The human gastric cancer cell lines, 
MKN1, MKN7 and MKN45, were obtained from RIKEN Gene 
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Bank (Ibaraki, Japan). AGS and NCI-N87 cells were obtained 
from American Type Culture Collection (Manassas, VA). SCH 
was obtained from the JCRB Cell Bank (Osaka, Japan). TMK-1 
was provided by Dr E. Tahara (Hiroshima University, Hiroshima, 
Japan). MKN1 was maintained in DMEM containing 10% FBS. 
MKN7, MKN45, SCH, TMK-1 and NCI-N87 were maintained 
in RPMI-1640 medium containing 10% FBS. AGS was main-
tained in nutrient mixture F-12 HAM containing 10% FBS. 
These cell lines are incubated at 37˚C with 5% CO2. 

Antibodies. Anti-phospho-Erk1/2, anti-Erk1/2, anti-phospho-
MEK, anti-MEK, anti-cleaved caspase 3, anti-total caspase 3, 
anti-phospho-JNK, anti-JNK, anti-phospho-IκBα and anti-
IKKβ antibodies were purchased from Cell Signaling (Beverly, 
MA). Anti-IκBα and anti-JNK1/3 antibodies were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-β-actin 
antibody was purchased from Sigma-Aldrich (St. Louis, MO).

Cell proliferation assay. Cells were seeded at 0.4-1.5x104 cells 
per well in flat-bottomed 48-well microplates. After 24 h, cells 
were treated with bortezomib for the indicated time points or 
were left untreated. Following drug treatment, cell numbers 
were determined with Cell Counting Kit-8®, according to the 
manufacturer's protocol (Dojin, Kumamoto, Japan). In brief, 
cell counting reagent was added to the medium of the cultured 
cells for 1 h at 37˚C with 5% CO2, then the supernatant was 
transferred to 96-well plate and the optical density of the well 
was measured at 450 nM using microplate reader (Bio-Rad 
laboratories Inc., Hercules, CA). Cell survival was calculated 
according to the following formula: cell survival (%) = (optical 
density (OD) values of experimental groups/OD values of 
untreated controls) x 100. All experiments were performed in 
triplicate at least twice and representative results are shown. 

Western blotting. Total protein was extracted from culture cells 
using lysis buffer contains Tris-HCl (50 mM, pH 7.4), Triton 
X-100 (1%), EDTA (5 mM), Na3VO4 (1 mM), NaF (1.25 mM), 
and protease inhibitor cocktail tablets (complete Mini®; F. 
Hoffmann-La Roche, Ltd., Basel, Switzerland; 1T/10 ml) after 
brief wash with PBS. The lysate was centrifuge for 5 min at 
15000 rpm and supernatant was collected as total protein. 
Protein concentration was measured using Bio-Rad Protein 
Assay®, according to the manufacturer's protocol (Bio-Rad 
Laboratories Inc.) and equal amount of proteins was used for 
Western blotting. The protein was denatured in 4X sodium 
dodecyl sulfate (SDS) sampling buffer [Tr-HCl (250 mM, 
pH 6.8), SDS (8%), β-mercaptoethanol (20%), glycerol (40%) 
and bromophenol blue (0.004%)] for 5 min at 95˚C. Then, the 
denatured protein was electrophoresed on a 12.5% SDS-PAGE 
gel and blotted onto 0.2-µm PVDF membranes (Pall Life 
Sciences, Port Washington, NY). The membranes were blocked 
with 5% (w/v) skimmed milk in TBS-T (Tris-buffered saline 
containing 0.1% Tween-20) for 1 h at room temperature and 
incubated overnight at 4˚C with indicated antibodies. 

After incubation with the respective primary antibodies, the 
membranes were washed 3 times for 5 min in TBS-T and then 
the membranes were incubated with species-specific horse-
radish peroxidase-linked secondary antibodies (GE Healthcare 
UK Ltd., Amersham Place, UK) at room temperature for 2 h. 
Then, after incubation with the secondary antibodies, the 

membranes were washed 3 times for 5 min in TBS-T and 
were detected with ECL plus® (Amersham International plc.) 
reagent. The expression of β-actin was used as an internal 
control. Images were obtained by LAS3000mini® (FujiFilm 
Corporation, Tokyo, Japan).

Transfection. FLAG-tagged-IKKβ was subcloned in pRK5, 
a gift from Dr D. Goeddel (Tularik, San Francisco, CA). 
RNA oligonucleotides for small interfering RNA (siRNA) 
were synthesized by Dharmacon Inc. (Lafayette, CO). To 
achieve transient overexpression of IKKβ, AGS cells were 
seeded at 1.5x106 cells per dish (10 cm diameter) and after 
24 h, transfected with expression vectors encoding Flag-tagged 
IKKβ using Effectene® transfection reagent (Qiagen, Hilden, 
Germany). At 36 h following transfection, the cells were seeded 
at 1.8x104 cells per well in flat-bottomed 48-well microplates. 
Approximately 70% of cells expressed IKKβ by immuno-
fluorescence using anti-flag antibody. Cells were then treated 
with bortezomib for 24 or 48 h or left untreated. For RNA 
interference experiments, AGS cells were seeded at 4x103 cells 
per well in flat-bottomed 48-well microplates in the absence of 
antibiotics for 24 h and grown to 30-50% confluence. The siRNA 
oligonucleotides (20 nM) were transfected into cells using 
Lipofectamine® RNAiMAX reagent (Invitrogen) according to 
the manufacturer's instructions. At 48 h after siRNA silencing, 
the cells were treated with bortezomib for 24 or 48 h or left 
untreated.

TUNEL assay. Apoptosis was analyzed using an Apoalert 
DNA Fragmentation Assay kit (Takara Bio, Shiga, Japan).

Detection of ROS. Cells were seeded in 4-chamber glass slides 
and cultivated with or without bortezomib. Following 6 h of 
treatment, cells were incubated with DCF-DA (10 µM) for 
10 min and observed by fluorescence microscopy.

Animals. Six-week-old male BALB/cAJcl-nu/nu mice (nude 
mice) were purchased from CLEA Japan, Inc. (Tokyo, Japan). 
Animals were maintained under standard laboratory condi-
tions at room temperature with a relative humidity of 55±5% 
(mean ± standard deviation) and a 12/12-h light/dark cycle. This 
study was approved by the Ethics Committee for the Institute 
for Adult Diseases, Asahi Life Foundation. Animal experi-
ments were conducted in accordance with the Guidelines for 
the Care and Use of Laboratory Animals of Institute for Adult 
Diseases, Asahi Life Foundation or the University of Tokyo 
according to the National Institute of Health guidelines.

In vivo evaluation in human tumor xenograft model. Fifteen 
mice (7 mice: MKN 45, 8 mice: NCI-N87) were inoculated 
subcutaneously into four points of the back with 5x106 MKN45 
cells or NCI-N87 cells per point in 100 µl of PBS, respec-
tively. The following week, when the animals had developed 
tumor nodules of approximately 5 mm in diameter, mice were 
randomly assigned into two groups to receive bortezomib or 
PBS. Treatment with bortezomib (1 mg/kg) was given intra-
peritoneally twice per week as previously described in mouse 
models (9,14). The control group received PBS alone at the 
same schedule. We measured each greatest diameter of the 
subcutaneous tumor twice a week and each tumor volume was 
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calculated according to the following formula: volume = 4πr3/3), 
where π = circular constant and r = half of greatest diameter. For 
short-term analysis following bortezomib treatment, four mice 
were inoculated subcutaneously into two points of the back with 
5x106 MKN45 cells per point in 100 µl of PBS and two points of 
the back with 5x106 NCI-N87 cells per point in 100 µl of PBS. 
The following week, when the animals had developed approxi-
mately 5 mm tumor nodules, mice were randomly assigned 
into two groups to receive bortezomib or PBS. Subcutaneous 
tumors were harvested from xenografts treated with or without 
bortezomib (1 mg/kg) intraperitoneally for 24 h.

Statistical analyses. Differences in cell survival among cells 
were assessed using one-way ANOVA with Tukeys and 
Bonferroni's post-hoc test and data are expressed as means ± 
SD. Comparison of subcutaneous tumor growth of xenograft 
models were done using Mann-Whitney's U test or Welch's t-test 
and data are reported as means ± SE. The number of apoptotic 
cells derived from subcutaneous tumor was analyzed using 
Mann-Whitney's U test and data are reported as means ± SD. 
P-values <0.05 were considered statistically significant.

Results

Growth inhibition of gastric cancer cell lines following 
bortezomib treatment. We first examined the effects of 
different concentration of bortezomib using five gastric cancer 
cell lines (MKN1, MKN7, MKN45, AGS and NCI-N87) in 
vitro. Cells were treated with different doses of bortezomib 
for 24 h and the cell survival rates were analyzed. Fig. 1A 
demonstrates that the growth of most cell lines was inhibited 
in a dose-dependent manner at concentrations of 5-100 nM 
bortezomib. We also found AGS cells and NCI-N87 cells were 
sensitive to low concentration of bortezomib (5 or 25 nM), but 
other three cell lines were relatively resistant at low concen-
tration. Thus we examined the time course of the effect of 
bortezomib at low concentration (10 nM) and high concen-
tration (100 nM) in seven gastric cancer cell lines. As shown 
in Fig. 1B, at 10 nM, cell growth was effectively inhibited in 
AGS and NCI-N87 in a time-dependent manner, but not in the 
other five cell lines (p=0.05) after 48 h. At 100 nM, bortezomib 
effectively inhibited cell growth in all seven cell lines after 
48 h. These results suggest that the cytotoxic sensitivity differs 
between cancer cells at lower concentrations of bortezomib.

Evaluation of apoptosis induction following bortezomib treat-
ment. Growth inhibition is caused by both decreased cellular 
proliferation and increased cell death. It has been reported that 
an induction of apoptosis accounts for the anti-tumorigenic 
mechanism of bortezomib. As expected, immunoblot analysis 
demonstrated elevated levels of cleaved caspase 3, indicative 
of apoptosis, following bortezomib administration in MKN45 
and NCI-N87 cells (Fig. 2A and B). Moreover, Z-VAD-fmk, 
a pan-caspase inhibitor, blocked the caspase 3 induction 
mediated by bortezomib, suggesting that bortezomib induced 
apoptosis in gastric cancer cell lines (Fig. 2C and D).

Effects of NF-κB activity on sensitivity to bortezomib. The 
inhibition of NF-κB activation is the major reported mecha-
nism for bortezomib-mediated apoptosis (7). To confirm this, 

we assessed basal NF-κB activity by immunoblot analysis of 
phospho-IκBα in the seven gastric cancer cell lines. We observed 
that MKN1, MKN7, MKN45, SCH and TMK-1 cells displayed 
a marked activation of phospho-IκBα, while the NCI-N87 and 
AGS cell lines displayed levels typical of basal NF-κB activity 
(Fig. 3A). Interestingly, both NCI-N87 and AGS cells, which 
displayed low levels of NF-κB activity, displayed higher sensi-
tivity to bortezomib treatment (Fig. 1B). We thus assume that 
basal NF-κB activity may affect the sensitivity of cancer cells 
to bortezomib. To investigate whether high NF-κB activity 
indicates resistance to bortezomib, we overexpressed the IκB 

Figure 1. Effects of bortezomib on proliferation of gastric cancer cell lines 
in vitro. (A) Five human gastric cancer cell lines (MKN1, MKN7, MKN45, 
AGS and NCI-N87) were treated with different doses of bortezomib. After 
24 h incubation, cell growth was measured using a Cell Counting Kit-8. Cell 
survival was converted percent to the ratio of OD values of experimental groups 
to OD values of untreated controls to percent as described in Materials and 
methods. (B and C) Seven gastric cancer cell lines (MKN1, MKN7, MKN45, 
AGS, NCI-N87, SCH and TMK-1) were treated with bortezomib at concentra-
tions of 10 nM (B) or 100 nM (C) for 72 h. At the indicated time points, cell 
survival was calculated as above.
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kinase β (IKKβ), a key kinase for NF-κB activation, in AGS 
cells. Fig. 3B demonstrates that bortezomib-induced growth 
inhibition in AGS cells was inhibited by IKKβ overexpression. 
These results suggest that the basal activation of NF-κB may 
be a useful biomarker for the effectiveness of bortezomib in 
gastric cancer cell death.

Bortezomib treatment increases ROS production and JNK 
activity in gastric cancer cells. An increased level of ROS 
production following NF-κB inhibition has been suggested as 
an important mechanism for increasing cancer cell apoptosis 

(15,16). We thus analyzed levels of ROS production following 
bortezomib treatment, through DCF-DA staining. Fig. 4 
demonstrates that treatment with bortezomib strongly induced 
ROS production, consistent with inhibition of NF-κB activity. 
It has previously been reported that JNK activity, mediated by 
ROS production in NF-κB-inhibited cells, plays a role in the 
apoptotic cell death process (15,16). As expected, we observed 
that JNK activity was increased following bortezomib treat-
ment in gastric cancer cells (Fig. 4C and D). Additionally, we 
observed that, when AGS cells were transfected with small 
interfering RNA (siRNA) to knockdown levels of JNK1, 
decreased levels of cellular apoptosis, determined by the expres-
sion level of cleaved caspase 3, were observed (Fig. 4E). These 
results suggest that bortezomib increases both ROS production 
and JNK activation that eventually lead to the induction of 
apoptosis and subsequent gastric cancer cell death.

Effects of bortezomib on proliferative signaling pathways in 
gastric cancer cell lines. It has previously been reported that 
the activation of MAP kinases, particularly ERK1/2, regulates 
cellular proliferation. Additionally, it has been reported that 
bortezomib induces down-regulation of the Raf/MEK/ERK 
pathway (13,17). We observed that, in NCI-N87 cells, ERK1/2 
activation (as assessed by ERK1/2 phosphorylation), was 
significantly inhibited following bortezomib treatment, while 
no change in the level of total ERK was evident. Interestingly, 
activation of the upstream kinase MEK and levels of total 
MEK were unchanged, suggesting that bortezomib inhibited 
ERK1/2 independently of MEK inactivation (Fig. 5A). To 
determine whether inhibition of ERK1/2 activation medi-
ated cellular proliferation, the cell numbers of NCI-N87 cells 
were assessed following treatment with the specific ERK1/2 
inhibitor, PD98059. As expected, PD98059 inhibited cellular 
proliferation (Fig. 5B, and other data not shown) indicating 
that bortezomib exerted an inhibitory effect on cellular prolif-
eration through suppression of ERK1/2 signaling.

Figure 2. Effects of bortezomib on apoptosis in gastric cancer cells in vitro. MKN45 (A) or NCI-N87 (B) cells were treated with bortezomib (100 or 10 nM, 
respectively). At the indicated time points, cells were lysed, gel-separated and immunoblotted with antibodies against the indicated proteins. MKN45 (C) or 
NCI-N87 (D) cells were treated with bortezomib (100 nM) for 24 h in the presence or absence of Z-VAD-fmk (10 µM). Cell lysates were immunoblotted with 
antibodies against the indicated proteins.

Figure 3. Effects of NF-κB activity on sensitivity to bortezomib. (A) Detection 
of NF-κB activity at steady state. After 24 h incubation, cells were lysed, gel-
separated and immunoblotted with antibodies to the indicated proteins. (B) 
AGS cells transfected with (OE) or without (WT) IKKβ were treated with 
bortezomib (10 nM). The cell growth and survival were measured as in Fig. 1. 
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Figure 4. Increased ROS production and JNK activity following bortezomib treatment. MKN45 (A) or NCI-N87 (B) cells were treated with bortezomib (100 nM) 
for 6 h. Cells were treated with DCF-DA (green) and DAPI (blue) (magnification, x100). MKN45 (C) and AGS (D) cells were treated with bortezomib (MKN45, 
100 nM; AGS, 10 nM). At the indicated times, cells were lysed, gel-separated and immunoblotted with antibodies against the indicated proteins. (E) AGS 
knockdown (SI) or control (NC) cells were treated with bortezomib (10 or 100 nM) and at the indicated time points, cells were lysed and immunoblotted with 
antibodies against the indicated proteins.

Figure 5. Effects of bortezomib on MAPK signaling. (A) NCI-N87 cells were treated with bortezomib (10 nM). At the indicated time points, cell lysates were 
immunoblotted with antibodies against the indicated proteins. (B) NCI-N87 cells were treated with or without PD98059 (30 µM), and cell growth and survival 
were evaluated as in Fig. 1.
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Bortezomib inhibits tumor growth in established human gastric 
cancer xenografts. To evaluate the effects of bortezomib on 
gastric cancer in vivo, xenograft models were established subcu-
taneously from MKN45 and NCI-N87 cells in nude mice. In 
this model, when tumors had developed to around 5 mm in 
diameter, bortezomib was administered intraperitoneally twice 
a week. Fig. 6 demonstrates that bortezomib treatment strongly 
suppressed subcutaneous tumor growth in vivo. Consistent with 
the in vitro results, TUNEL staining in the extracted tissue 
demonstrated that the number of apoptotic cells was increased 
following bortezomib treatment (Fig. 6C-F).

Discussion

Bortezomib has been effectively used in the treatment of multiple 
myeloma for over a decade (4,5). Additionally, it has been 
assessed for use in the therapy of other solid tumors including 
ovarian (18), pancreatic (8) and prostate cancer (9). Regarding 
gastric cancer, anti-tumor effects of bortezomib in vitro have 
been previously reported (6,7). In the current study, we found 
that bortezomib inhibited cell growth of seven gastric cancer cell 
lines at a concentration of 100 nM in vitro, and that bortezomib 
induced apoptosis of these cells. In addition, we analyzed 

Figure 6. Inhibition of tumor growth following bortezomib treatment in vivo. Subcutaneous tumors of MKN45 (A) or NCI-N87 (B) cells were generated by 
injecting 5x106 cells into nude mice. Tumors developed to 5 mm in diameter prior to the initiation of therapy. Bortezomib (1 mg/kg) was administered intraperi-
toneally twice a week. The control group received PBS alone at the same schedule. The greatest diameter of the tumors was measured twice a week and volumes 
were calculated as described in Materials and methods. TUNEL staining was performed in subcutaneous tumors of MKN45 (C) or NCI-N87 (E) harvested from 
xenografts treated with or without bortezomib (1 mg/kg) for 24 h (magnification, x200). The percentage of TUNEL-positive nuclei in each field was calculated; 
(D) MKN45; (F) NCI-N87.
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the potential mechanism of bortezomib-mediated gastric cell 
apoptosis, and found basal NF-κB activity was associated with 
the sensitivity to bortezomib, suggesting the growth inhibition 
effect by bortezomib is partly mediated by apoptosis through 
inhibition of NF-κB. We also demonstrated that bortezomib 
treatment increased both ROS generation and JNK activation 
in gastric cancer cells through NF-κB inhibition. A similar 
functional mechanism of bortezomib has previously been 
reported in leukemia cells (12). Taken together, these results 
suggest that bortezomib inhibits cell growth of gastric cancer 
cell lines by multiple mechanisms. 

Interestingly, we found that the activation levels of NF-κB 
at steady state were variable among the seven cancer cell lines. 
Those cell lines that displayed low levels of NF-κB activation, 
displayed a high responsiveness to bortezomib treatment. To 
clarify that the basal NF-κB activity affected the sensitivity 
to bortezomib treatment, IKKβ (which induces NF-κB acti-
vation) was overexpressed in AGS cells. Those AGS cells 
were more resistant to bortezomib treatment, indicating that 
the activation of NF-κB at steady state could be a predictive 
biomarker of the therapeutic efficiency of bortezomib.  

In this study, IKKβ was overexpressed transiently in AGS 
cells, so bortezomib resistance induced by transfection could 
range in effectiveness according to some experimental condi-
tions. Moreover, bortezomib is expected to be involved in many 
signal transduction through inhibition of proteasome, it might 
be taken into consideration that the difference in bortezomib 
sensitivity among the cell lines was affected by not only the 
activation levels of NF-κB at steady state but also some other 
unrevealed circumstances. 

However, such biomarkers are important in evaluating the 
sensitivity of gastric cancer cells to bortezomib treatment. The 
need for biomarkers to assess drug sensitivity is demonstrated 
by recent clinical trial designed to determine the response 
rates of first line bortezomib in combination with paclitaxel 
and carboplatin in patients with metastatic adenocarcinoma 
of the esophagus, gastroesophageal junction, or gastric cardia 
(19). The study was discontinued because the tumor response 
rate was lower than predictive value in the absence of clinical 
biomarkers.

Our in vivo results demonstrated that not only NCI-N87 
cells with low level of basal NF-κB activity but also MKN45 
cells with high level of basal NF-κB activity were sensitive 
to bortezomib treatment in our experimental conditions. We 
speculate that the concentration of bortezomib in subcutaneous 
tumors reached a higher level than concentration in vitro, 
which might sensitize both cell lines to bortezomib. 

One clinical trial designed to examine the effectiveness of 
bortezomib on metastatic gastric adenocarcinoma reported that 
bortezomib was inactive as a single agent (20). The discrepancy 
of sensitivities between experimental models in vitro or in vivo 
and clinical trials may be caused by concentration of bort-
ezomib in tumors as well as microenvironment surrounding 
tumors, such as pH, vascularization and O2 concentration. 
Unfortunately our xenograft model has limitations for assessing 
these tumor environments. Thus, future studies will be required 
to elucidate the conditions in which bortezomib display 
maximal anti-tumor activity. 

In this study, we demonstrate that bortezomib monotherapy 
displays a marked effectiveness in a gastric cancer xenograft 

model. In general, molecular targeting drugs have been used 
in combination with standard chemotherapy. It will be useful 
to analyze the effects of bortezomib in combination with other 
chemo-drugs, particularly docetaxel, 5-FU or cisplatin, which 
display markedly increased tumor cell growth suppression in 
gastric cancer cell lines in vitro (7). As the mouse model used 
in this study did not develop metastatic tumors, the effect of 
bortezomib on metastatic gastric tumors is not clear. Thus, 
it will be helpful to use other mouse models which actually 
develop metastasis (21) to confirm the effect bortezomib with 
other chemotherapy drugs on advanced gastric tumors.

In summary, we found that bortezomib suppresses gastric 
cancer cell proliferation in vitro and in vivo and that bortezomib 
is more effective in gastric cancer with lower NF-κB activation. 
These results suggest that bortezomib could be an option as a 
therapy of gastric cancer especially with low levels of NF-κB 
activation. 
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