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Cannabinoid Receptor Agonist as an Alternative Drug
in 5-Fluorouracil-resistant Gastric Cancer Cells
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Abstract. Fluorouracil is the main chemotherapeutic drug
used for gastrointestinal cancers, which suffers the important
problem of treatment resistance. There is little information
whether cannabinoid agonists can be used as an alternative
drug for fluorouracil-resistant gastric cancer cells. In this
study, we investigated the effects of a cannabinoid agonist,
WIN-55,212-2, on 5-fluorouracil (5-FU)-resistant human
gastric cancer cells, to examine whether the cannabinoid
agonist may be an alternative therapy. Survival of the 5-FU-
resistant gastric cancer cell line, SNU-620-5FU/1000, was
not significantly reduced even by a high dose of 5-FU
treatment. However, WIN-55,212-2 inhibited the proliferation
of SNU-620-5FU/1000 and enhanced their apoptosis, as
indicated by an increase of apoptotic cell proportion,
activated caspase-3 and Poly (ADP-ribose) polymerase
cleavage. Furthermore, WIN-55,212-2 reduced phospho-
extracellular-signal-regulated kinases (ERK) 1/2, phospho-
Akt (protein kinase B), B-cell lymphoma-2 (BCL2) and
BCL2-associated X (BAX) protein expression in 5-FU-
resistant gastric cancer cells. These results indicate that a
cannabinoid agonist may, indeed, be an alternative
chemotherapeutic agent for 5-FU-resistant gastric cancer.

Gastric cancer is one of the most common malignant tumors
and the second cause of cancer-related death in the world (1).
More than two thirds of patients diagnosed with advanced
gastric cancer have unresectable stages and are treated with
systemic chemotherapy (1). Even patients with an operable
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stage of gastric cancer have a high rate of both local and
distant recurrence, which is associated with a median survival
of two years and a 5-year survival rate lower than 30% (2). 5-
Fluorouracil (5-FU) is the most extensively used
chemotherapeutic agent in the treatment of gastric cancer (3).
However, resistance is commonly found, which has resulted
in an overall objective response rate of only 21% in patients
with gastric cancer and which limits effective treatment in
these patients (4, 5). Therefore, alternative drugs are necessary
for patients with chemotherapy-resistant gastric cancer.

Cannabinoids are currently used to prevent nausea,
vomiting, and pain, and to increase appetite in patients with
cancer treated with chemotherapeutic agents (6).
Cannabinoids have also been studied for their activity on the
inhibition of tumor cell growth and induction of apoptosis
by modulating diverse cell signaling pathways in many types
of cancer cells (7-11). In gastrointestinal tumors,
cannabinoids have also shown anti-neoplastic effects (12-16).
We have reported that a cannabinoid agonist, WIN-55,212-
2, reduces gastric cancer cell proliferation by induction of
apoptosis and Gy/G; phase cell-cycle arrest (17, 18).

In this study, we aimed to investigate whether a cannabinoid
agonist can be used as an alternative treatment modality for 5-
FU-resistant gastric cancer. To show this, we assessed the
reduction of proliferation and enhancement of apoptosis by
WIN-55,212-2 in 5-FU-resistant gastric cancer cells.

Materials and Methods

Drugs. The mixed CB,/CB, agonist R-(+)- WIN-55,212-2 (2,3
dihydro-5-methyl-3 [(morpholinyl)-methyl]pyrollo (1,2,3 de)-1,4-
benzoxazinyl]-[1-naphthaleny|methanone, C,;H,4N,03-CH3SO3H)
was purchased from Tocris Bioscience (Bristol, UK). 5-FU and
dimethyl sulfoxide (DMSO) were purchased from Sigma (St. Louis,
MO, USA).

Cell culture. The 5-FU-resistant cell line of the SNU-620 human

gastric cancer cell line, SNU-620-5FU/1000, was obtained from the
Korean Cell Line Bank (Seoul, Korea). RPMI-1640 medium and
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fetal bovine serum (FBS) were purchased from WelGENE (Daegu,
Korea), and penicillin—streptomycin was purchased from Sigma.
SNU-620-5FU/1000 cells were cultured in RPMI-1640 medium, and
supplemented with 10% heat-inactivated FBS, 100 units/ml
penicillin, and 0.1 mg/ml streptomycin. The cells were maintained
under standard cell culture conditions at 37°C and 5% CO, in a
humid environment.

CCK-8 assay. The Cell Counting Kit-8 (CCK-8) assay was
performed to determine cell viability. CCK-8 assay detection kit
from Dojindo Molecular Technologies (Rockville, MA, USA) was
used according to the manufacturer’s instructions. Briefly, cells were
seeded in 96-multi-well plates and the cells were treated with WIN
55212-2(1,2.5,3,3.5,4,4.5,5,10,30 uM), 5-FU (0.1,0.5, 1, 2.5,
5,7.5,10, 100 uM) or an equivalent amount of DMSO for 24 or 48
h. After incubation for the specified time, 10 pl of CCK-8 solution
was added to each well in an assay plate. The plate was then placed
in a CO, incubator for 4 h. After incubation, absorbance was
recorded on a microplate reader (Spectra Max 250, Molecular
Devices, Sunnyvale, CA, USA) at 450 nm. Six wells were used for
each treatment condition.

Apoptosis analysis by flow cytometry. Phycoerythrin (PE)-annexin
V apoptosis detection kit from BD Biosciences (Bedford, MA,
USA) was used according to the manufacturer’s instructions.
Briefly, the cells were treated with WIN 55,212-2 (1, 3.4, or 5 pM)
or an equivalent amount of DMSO for 48 h. The cells were then
washed twice with cold phosphate-buffered saline (PBS) and
resuspended in 1x binding buffer [0.01 M HEPES (pH 7.4),0.14 M
NaCl, 2.5 mM CaCl,] at a density of 1 x 109 cells/ml. One hundred
microliters of the cell suspension was transferred to a 5-ml culture
tube, and 5 pl of PE-annexin V and 5 pl of 7-amino-actinomycin D
(7-AAD) were added. The cells were incubated at room temperature
for 15 min in the dark, and 400 pl of 1x binding buffer was then
added. Apoptosis was analyzed by flow cytometry using a
FACSCalibur apparatus (Becton Dickinson, San Jose, CA, USA).

Cell-cycle analysis by flow cytometry. Aliquots of 1x106 cells were
plated in 60-mm culture dishes. The cells were treated with WIN
55,212-2 (1,34, or 5 pM) or an equivalent amount of DMSO for 48 h.
After incubation for the specified time, the cells were then washed
twice with cold PBS and pelleted. The pellet was suspended in cold
PBS and the cells were fixed in a final concentration of 70% ethanol
for 1 h at 4°C. The cells were washed with cold PBS and incubated
with 100 pg/ml RNase A for 15 min at 37°C. Nuclei were stained
with 50 pg/ml propidium iodide (PI) (Sigma-Aldrich) for 30 min at
37°C in the dark. Samples were then analyzed by flow cytometry
using a FACSCalibur apparatus (Becton Dickinson). For flow
cytometric evaluation of the cell cycle, 10,000 events corrected for
debris and aggregate were analyzed for each sample. The assay was
carried out in three replicates.

Preparation of cell extracts. The cells were plated in 100-mm culture
dishes and then treated with WIN 55,212-2 (1, 3.4, or 5 uM) or an
equivalent amount of DMSO for 48 h. The cells were then washed
with cold PBS, harvested, disrupted on ice for 5 min using lysis buffer
(20 mM Tris-HCI1 pH 7.5, 150 mM NaCl, 1 mM Na,EDTA, 1 mM
EGTA, 1% NP-40, 1% sodium deoxycholate, 2.5 mM sodium
pyrophosphate, I mM {-glycerophosphate, I mM Na;VO,, 1 ng/ml
leupeptin; Cell Signaling Technology, Beverly, MA, USA),
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supplemented with protease inhibitors (Sigma-Aldrich) and
centrifuged at 14,000 xg for 15 min at 4°C. The supernatants were
removed, flash-frozen in clean 1.5 ml tubes and stored at —70°C for
subsequent western blot analysis.

Western blot analysis. The cell protein concentration was determined
using the Bio-Rad DC protein assay kit (Bio-Rad, Hercules, CA,
USA). For western blotting, equal amounts of protein samples were
loaded onto 10% sodium dodecyl sulfate polyacrylamide
electrophoresis gels and subjected to electrophoresis. Proteins were
then transferred onto nitrocellulose membranes at 350 mA for 1 h at
room temperature. The membranes were subsequently blocked with
5% non-fat dry milk/Tris-buffered saline containing 0.1% Triton X-
100 (TBST) for 1 h at room temperature and washed thrice for 5 min
in TBST. The membranes were incubated overnight at 4°C with
specific primary antibodies then washed for 5 min in TBST and
hybridized with the secondary antibodies conjugated with
horseradish peroxidase (HRP) for 1 h at room temperature. Then, the
membranes were washed thrice for 5 min in TBST. Reactions were
detected using West-Q Chemiluminescent Substrate Plus Kits
(GenDEPOT, Barker, TX, USA). Antibody binding detection and
intensities of the different proteins were quantified using a western
blotting analysis system (Amersham Pharmacia Biotech, Piscataway,
NJ, USA). All experiments were repeated at least three times and
yielded similar results. Antibodies to phospho- extracellular-signal-
regulated kinases (ERK) 1/2, ERK1/2, phospho-Akt (Ser473), B-cell
lymphoma-2 (BCL2), BCL2-associated X (BAX), and cleaved poly
(ADP-ribose) polymerase (PARP) were from Cell Signaling
Technology. Cleaved caspase-3 antibody was from Abcam
(Cambridge, UK). f-Actin antibody (loading control) was from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Statistical analysis. Statistical analysis was performed with SAS
software (SAS Institute, Cary, NC, USA). Data were analyzed using
the two-tailed Student’s 7-test. A value of p<0.05 was considered
significant. Data are expressed as the meanztstandard error of the
mean (SEM).

Results

WIN 55,212-2 inhibits the proliferation of 5-FU-resistant gastric
cancer cells. We confirmed that SNU-620-5FU/1000 cells were
resistant to 5-FU by treatment of 5-FU for 24 h and 48 h. Cell
viability of SNU-620-5FU/1000 cells was not significantly
reduced by concentration of 5-FU up to 10 uM (Figure 1). In
order to evaluate the effect of WIN 55,212-2 on viability of the
5-FU-resistant gastric cancer cells, we treated SNU-620-
SFU/1000 cells with different concentrations of WIN 55,212-2
for 24 h and 48 h. As shown in Figure 1B, WIN 55212-2
reduced cell survival dose-dependently. Specifically, the 24 h
half-maximal inhibitory concentration (ICs() value was 3.5 uM
and the 48 h ICy, value was 3.4 uM of WIN 55,212-2.

WIN 55,212-2 induced apoptosis in 5-FU-resistant gastric
cancer cells. To ascertain whether the cannabinoid agonist
reduces 5-FU-resistant gastric cancer cell survival by inducing
apoptosis, we treated SNU-620-5FU/1000 cells with WIN
55,212-2 for 48 h and measured the proportion of apoptotic
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Figure 1. Anti-proliferative effect of 5-fluorouracil (5-FU) (A) and cannabinoid agonist WIN 55,212-2 (B) in SNU-620-5FU/1000 cells, as assessed
by CCK-8 assay. Cells were seeded in 96-multiwell plates and the drugs were added at the indicated concentrations. Cell growth assessment was
carried out by CCK-8 assay after 24 or 48 h of treatment (see Materials and Methods). Results are shown as the percentage cell survival relative
to that of controls. The data are expressed as mean + SEM of six experiments.

cells by flow cytometry. Treatment of WIN 55.,212-2 was
shown to significantly induce apoptosis of SNU-620-5FU/1000
cells, as indicated by the dose-dependently increased
proportion of PE-Annexin V-positive/7-AAD-negative cells
(Figure 2). The proportion of cells which were double-positive
for PE-Annexin V and 7-AAD was also observed to increase
dose-dependently after treatment of WIN 55,212-2 (Figure 2).

Cell-cycle arrest with WIN 55,212-2 treatment in 5-FU-
resistant cells. Next, we analyzed the cell cycle to
characterize the inhibition of 5-FU-resistant gastric cancer
cell growth by WIN 55,212-2 and to relate this with cell-
cycle progression. Compared with the vehicle-treated cells,
WIN 55,212-2 treatment resulted in a dose-dependent
accumulation of SNU-620-5FU/1000 cells in the sub-Gy/G,
phase of the cell cycle (Figure 3). When the concentration of
WIN 55,212-2 was increased to 3.4 uM, the accumulation of
SNU-620-5FU/1000 cells in the sub-Gy/G; phase was
14.1£1.4% compared to that of the controls (p<0.001). After
5 uM treatment, the accumulation of cells in the sub-G0/G1
phase was 42.0+0.7% compared to the control (p<0.001).

Phospho-ERK1/2 and phospho-AKT Expression decreased in
5-FU-resistant cells with WIN 55,212-2 treatment. To
investigate the mechanism of WIN 55,212-2-induced
apoptosis, firstly, we studied its effects on signal transduction
through the ERK/mitogen-activated protein kinase (MAPK)
pathway and phospho-AKT. SNU-620-5FU/1000 cells were
treated with different concentrations of WIN 55,212-2 for

48 h, which led to a dose-dependent decrease in the
phospho-ERK1/2 and phospho-AKT (Ser473) protein levels
(Figure 4). The phospho-ERK1/2 and phospho-AKT protein
levels were significantly reduced after WIN 55212-2
treatment in  SNU-620-5FU/1000 cells (Figure 4).
Densitometric analysis revealed a significant decrease in
SNU-620-5FU/1000 cells in the expression of phospho-
ERK1/2 to 54.3+6.7% and 32.1+8.5% at 3.4 and 5 uM of
WIN-55,212-2 (vs. controls), respectively (both p<0.001).
The expression of phospho-AKT was reduced to 31.5+2.9%
at 5 uM of WIN-55,212-2, compared to controls (p<0.001).

Effect of WIN 55,212-2 on the expressed levels of BAX,
BCL2, cleaved caspase-3 and cleaved PARP. Next, we
studied the effect of WIN 55,212-2 on the expression of
BAX and BCL2, and cleaved caspase-3 and PARP. The BAX
and BCL2 protein levels in SNU-620-5FU/1000 cells
significantly decreased after treatment with 5 uM of WIN
55,212-2 (Figure 4B). Densitometric analysis revealed a
significant decrease in the expression of BAX and BCL2 in
SNU-620-5FU/1000 cells to 28.6+1.8% and 25.9£15.0% of
control values at 5 pM of WIN-55,212-2, respectively (both
p<0.001). The expression of cleaved caspase-3 and PARP
proteins significantly increased after 5 uM of WIN 55,212-2
treatment in these cells. Densitometric analysis revealed a
significant increase in the expression of cleaved caspase-3
and cleaved PARP in SNU-620-5FU/1000 cells to
598.4+110.4% and 631.7£78.0% of control values at 5 uM
of WIN-55,212-2, respectively (both p<0.001).
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Figure 2. Apoptosis induced by WIN 55,212-2 treatment of SNU-620-5FU/1000 cells. Apoptosisl was quantified by flow cytometry after Phycoerythrin
(PE)-annexin V staining. Here, 7-amino-actinomycin D (7-AAD) was employed as a plasma membrane-impermeable vital dye, which allows for
distinguishing dying and dead cells in the bi-parametric analysis with annexin V. The dual parametric dot plots combining PE-annexin V and 7-AAD
Sfluorescence show the viable cell population in the lower left quadrant (both PE-annexin 'V and 7-AAD negative), the early apoptotic cells in the lower
right quadrant (positive for PE-annexin V and negative for 7-AAD), and the late apoptotic cells in the upper right quadrant (both PE-anexin V and
7-AAD positive). SNU-620-5FU/1000 cells were treated with WIN 55,212-2 (1, 3.4, and 5 uM) or an equivalent amount of dimethyl sulfoxide (DMSO)
for 48 h. Data from representative experiments repeated thrice with similar results are shown.

Discussion

In previous studies, we reported that treatment of gastric
cancer cells with the cannabinoid agonist WIN-55,212-2
significantly reduces cell proliferation, and induces apoptosis
and Gy/G; phase cell-cycle arrest (17, 18). To further
delineate the effect of this cannabinoid agonist on gastric
cancer, we treated fluorouracil-resistant gastric cancer cells
with WIN 55,212-2 and assessed cell viability, apoptosis and
ERK/MAPK pathway. The present study showed that the
cannabinoid agonist WIN-55,212-2 has anti-neoplastic
effects even towards 5-FU-resistant gastric cancer cells,
indicated by the inhibition of proliferation and induction of
apoptosis. These results suggest that this cannabinoid agonist
has potential as an alternative treatment regimen in gastric
cancers with 5-FU resistance.
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We first evaluated the effects on cell viability by the
treatment of WIN 55,212-2 of 5-FU-resistant cells. WIN
55,212-2 treatment reduced the survival of 5-FU-resistant
gastric cancer cells dose-dependently. The anti-proliferative
efficacy on these cells was similar to the findings of the
previous study using gastric cancer cells without 5-FU
resistance, shown by similar IC5 values for WIN 55,212-2
treatment between 5-FU-resistant and -sensitive cells (18).

Uncontrolled cellular growth is a consequence of defects
in cell cycle and apoptotic machinery, which is responsible
for the development and progression of most cancers. Those
agents that can modulate apoptosis in cancer cells may be
able to affect the steady-state cell population and be useful in
cancer treatment. Previous studies have shown that
cannabinoid agonists such as A°-tetrahydrocannabinol and
anandamide inhibit cancer cell proliferation and induce
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Figure 3. Effects of WIN 55,212-2 on the cell cycle in SNU-620-5FU/1000 cells. SNU-620-5FU/1000 cells were treated with WIN 55,212-2 (1, 3 4,
and 5 uM) or equivalent concentrations of the vehicle DMSO for 48 h. Cell-cycle analysis was conducted using flow cytometry as described in
Materials and Methods. Results are from three independent experiments and the data are expressed as the mean+SEM. Statistical analyses used

comparisons with vehicle controls (¥*p<0.01, **p<0.001).

apoptosis (10, 16). In the present study, we also showed that
WIN-55,212-2 induced apoptosis of 5-FU-resistant cells,
which was consistent with our previous works using non-5-
FU-resistant cell lines (18). However, SNU-620-5FU/1000
cells exhibited cell-cycle arrest in the sub-G,/G phase with
WIN 55,212-2, which was different from the previous
observation that WIN 55,212-2 resulted in a dose-dependent
accumulation of MKN-1 and AGS cells in the Gy/G; phase
(17). Although we do not know exactly what caused this
different phase arrest, we speculate that different cell types
may raise this discrepancy.

We studied the potential mechanisms that could induce
these effects by examining the effects of WIN 55,212-2
treatment on signal transduction through the AKT and
ERK/MAPK pathway. Recent studies reported that
cannabinoids activate ERK1/2 signaling and inhibit AKT in

glioma and prostate cancer (11, 19). In our previous data, the
expression of phospho-AKT (Ser473) and phosphor-ERK1/2
in AGS and MKN-1 cells were decreased and increased
dose-dependently, respectively, with WIN 55212-2
treatment. However, the present results showed that WIN
55,212-2 treatment reduced phospho-ERK1/2 and phospho-
AKT expression in 5-FU-resistant gastric cancer cells. This
reduction of phospho-ERK1/2 may be due to the different
cell types used in our study.

The cleaved form of caspase-3 is a key effector of cell
apoptosis. As shown in the previous study using human
neuroglioma cells (20), caspase-3 and PARP cleavage was
dose-dependently increased after treatment of WIN 55,212-2
in 5-FU-resistant gastric cancer cells.

Members of the BCL2 family proteins are critical
regulators of the apoptotic pathway. BCL2, which forms a
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Figure 4. Effects of WIN 55,212-2 on the expression of extracellular-signal-regulated kinases (ERK) 1/2, phospho-AKT, B-cell lymphoma-2 (BCL2),
BCL2-associated X (BAX), cleaved caspase-3, and cleaved poly-(ADP-ribose) polymerase (PARP) in SNU-620-5FU/1000 cells. A: Western blot
analysis of total ERK1/2, phospho-ERK1/2, phospho-AKT expression in SNU-620-5FU/1000 cells. B: Western blot analysis of BAX, BCL2, cleaved
caspase-3, and cleaved PARP expression in SNU-620-5FU/1000 cells. SNU-620-5FU/1000 cells were treated with WIN 55,212-2 (1, 3.4, and 5 uM)
or an equivalent concentration of DMSO vehicle for 48 h; [-actin was used as a loading control. Densitometric analyses were obtained from three

independent experiments and the data are shown as the mean+SEM.

heterodimer with the pro-apoptotic protein BAX and
neutralizes its pro-apoptotic effect, is found at high levels in
more than half of all human tumors (21). Previous studies
showed that BCL2 protein levels decreased and BAX protein
levels increased in human prostate cancer cells and hepatoma
HepG2 cells after treatment with WIN 55,212-2 (11, 22).
However, our results showed that both BCL2 and BAX
protein levels decreased after treatment of 5-FU-resistant-
gastric cancer cells with WIN 55,212-2. This reduction of
BAX may be due to a translocation of cytosolic BAX to
mitochondria and activation of caspase-3 (23).

In conclusion, we found that the cannabinoid agonist WIN
55,212-2 can induce cytotoxicity in 5-FU-resistant gastric
cancer cells by up-regulation of cleaved caspase-3 and
cleaved PARP, and down-modulation of phospho-ERK1/2,
phospho-AKT, BCL2 and BAX. Our results open new
possibilities for the use of cannabinoids as a therapy for 5-
FU-resistant gastric cancer.
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