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Abstract

AIM: To investigate the effects of mitomycin (MMC)
combined with sulindac on cell viability, apoptotic induction
and expression of apoptosis-related gene Bcl-2 and
cyclooxygenase-2 (COX-2) in gastric cancer SGC-7901
cells.

METHODS: Human gastric cancer SGC-7901 cells were
divided into three treatment groups,namely sulindac
treatment group, MMC treatment group and combined
sulindac with MMC treatment group. After being treated
with drugs, cell viability was examined by MTT assay.
Flow cytometry was used to evaluate the cell cycle
distribution and apoptotic rates. Morphology of the cells
was observed under light microscope and interactive laser
microscope. Expression of COX-2 and Bcl-2 was determined
by immunocytochemical method.

RESULTS: After exposure for 12 h to three kinds of drugs,
gastric cancer SGC-7901 cells presented some morphological
features of apoptosis, including cell shrinkage, nuclear
condensation, DNA fragmentation and formation of
apoptotic bodies. Growth inhibition was more obvious in
combined sulindac with MMC treatment group and sulindac
treatment group than in MMC treatment group. The
apoptotic rates in co-treated cells and MMC-treated cells
24 h after treatment were 12.0% and 7.2%, respectively.
After exposure for 24 h to MMC, the expression of COX-2
and Bcl-2 protein was up-regulated, COX-2 levels were
down-regulated but Bcl-2 gene expression was not changed
significantly in combined treatment group.

CONCLUSION: MMC-induced apoptosis is reduced by
up-regulating the expression of COX-2 and Bcl-2 genes.
MMC combined with sulindac can suppress the growth of
gastric cancer cells through induction of apoptosis
mediated by down-regulation of apoptosis-related Bcl-2
and COX-2 gene.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The protein expressed by cyclooxygenase-2 (COX-2) gene is
considered as a pro-oncogenic protein[1], and its overexpression
in tumor tissue is related to the carcinogenesis and development
of carcinoma[2-6]. Nonsteroidal anti-inflammatory drugs
(NSAIDs), such as aspirin, indomethacin and sulindac, may
play a role in the inhibition of proliferation and induction
of  apoptosis of  tumor cells through the inhibition of  COX-2
activity[7-10]. Celecoxib, a selective COX-2 inhibitor of
NSAIDs, approved by FDA has been used to reduce the
number of adenomatous colorectal polyps in patients with
familial adenomatous polyposis[11]. The present study was
designed to observe the inhibitory effect of  sulindac,
mitomycin (MMC) and sulindac in combination with MMC
on human gastric cancer SGC-7901 cells in vitro.

MATERIALS AND METHODS

Materials
Human gastric cancer cell line SGC-7901 was purchased
from Shanghai Institute of  Cell Biology, Chinese Academy
of Sciences. RPMI 1640 medium was a product of Gibco.
Sulindac, MTT and propidium iodide (PI) were purchased
from Sigma. MMC was purchased from Kyowa Hakko
Kogko Co., Japan. Goat anti-human COX-2 multiclonal
antibody was purchased from Santa Cruz Biotechnology.
SP detection kit and Bcl-2 monoclonal antibody were from
Maixing Biotech Co, Fujian, China.

Methods
Human gastric cancer SGC-7901 cells were divided into
sulindac treatment groups, MMC treatment group, and
combined sulindac with MMC treatment group. Then cells
were treated with concentrations of 1 mmol/L sulindac,
1×10-3 g/L MMC and 1 mmol/L sulindac in combination
with 1×10-3 g/L MMC, respectively. Cells were grown in
RPMI 1640 supplemented with 100 mL/L fetal bovine serum
(FBS), penicillin (100 mg/L) and streptomycin (100 mg/L) in
a humidified atmosphere of 50 mL/L CO2 at 37 ℃.
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MTT assay
SGC-7901 cells were plated at 7×103 cells/well in 96-well
plates in RPMI 1640 containing 10% FBS. After 24 h, the
culture medium was replaced by a fresh medium containing
the three drugs. Six duplicate wells were set up in each sample.
The cells not treated with the drugs served as control cells.
After 12-, 24- or 48-h incubation, 20 mL MTT (5 g/L) was
added to each well and incubated for 4 h. Supernatant was
then removed, 150 mL DMSO was added, then shaken
for 10 min until the crystal was dissolved. A570 nm value was
measured with an ELISA reader. The negative control well
had no cells and was used as zero point of absorbance.
Each assay was performed in triplicate. Cell growth curve
was completed using time as the abscissa and A value
(mean±SD) as the ordinate.

Morphological observation
After treated with drugs, cytologic morphological changes
were observed under the Olympus optical microscope. Cells
were subcultured on coverslips in 6-well culture plates. After
12, 24 and 48 h the coverslips were taken out and observed
after stained with HE. A drop of cell suspension solution
treated with drugs was added onto the cover glass slide and
mixed with 5 µL acridine orange. After 10 min, cells were
observed and photographs were taken under interactive
laser microscope.

Flow cytometric analysis
SGC-7901 cells untreated and treated with drugs were
collected, rinsed in PBS, resuspended and fixed in 70%
ethanol at 4 ℃ overnight, then washed with PBS again,
treated with 200 µL 100 mg/L RNase at 37 ℃ for 15 min
and stained with 100 mL 50 mg/L PI at 4 ℃ for 30 min in
darkness. Cell cycle distribution at different phases and
apoptotic rate were analyzed by FACScan flow cytometry.

Immunocytochemical analysis of COX-2 and Bcl-2
Cells treated with different drugs were cultured on coverslips
in a 6-well plate. After 24 h, the cells growing on coverslips
were fixed with cold 950 mL/L ethanol for 30 min. After
washing in PBS, the cells were incubated in 5 mL/L H2O2

solution to inactivate endogenous peroxidase, blocked with
normal goat serum at room temperature for 10 min to
reduce the non-specific binding, and incubated with
monoclonal Bcl-2, multiclonal COX-2 antibodies at 4 ℃

overnight. Then cells on the coverslips were incubated with
biotinylated anti-mouse IgG at 37 ℃ for 12 min, and then
incubated in streptavidin-peroxidase at 37 ℃ for 15 min. The
chromogenic reaction was developed with diaminobenzidine.
PBS was used as substitute of protein antibody for negative
controls.

RESULTS

Proliferation and apoptosis of SGC-7901 cells
Cell growth was determined by MTT assay. As shown in
Figure 1, MMC combined with sulindac showed a more
potent effect on the growth of reducing SGC-7901 cells
than MMC alone. Under optical microscope, SGC-7901
cells untreated with drugs were rhomboidal or polygonal in
shape, and stuck together to clusters. After treatment, some
cells rounded up off the plate, exhibiting smaller and circular
shape and suspending in culture medium. Through HE
staining, SGC-7901 cells exhibited the characteristics of
apoptosis including cell shrinkage, deep-dyed pyknotic nuclei,
fragmentation of  nuclei and apoptotic body formation. The
viable cells, not dyeable to fluorescence agent, were stained
shallowly (Table 1). Under interactive laser microscope, as
shown in Figure 2, in the control group, the nuclei were big
and round, and chromatin exhibiting a green fluorescence
was disperse. However, cytoplasmic and nuclear shrinkage,
increased density and margination of nuclear chromatin,
cytoplasmic blebbing and apoptotic bodies were easily
identified in drug-treated groups. As compared to other
groups, combined treatment group had many more cells
with apoptotic characteristics as described above. The longer
the time treated with drugs, the more the apoptotic cells
there were.

Figure 1  Inhibitory effect of three drugs on SGC-7901 cell.
Figure 2  Characteristics of untreated gastric cells. A: and treated
gastric cells; B: with drugs.
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Effect of drugs on cell cycle phase distribution and apoptosis
The hypodiploid peak before the G1 phase on histogram
was called apoptotic cells in FCM analysis. The apoptotic
rates of cells incubated in combined drug medium for 24 h
were significantly higher than those in MMC treatment group
and other groups (P<0.01). The proportion of cells increased
in the G0/G1 phase and decreased in the S and G2/M phases
of the cell cycle in all three groups.

Expression of COX-2 and Bcl-2 protein
Positive of  COX-2 and Bcl-2 expression was found in control
group. The positive staining of  COX-2 and Bcl-2 in control
group showed brown particles, and were distributed mainly
in cytoplasm or nuclear membrane and strong positive
staining was found in nuclei. Expression of Bcl-2 protein
was mainly in membrane and nuclei of cells. The absorbance
value (A) of positive cells was detected by image analysis
software. The mean value under three random fields was
regarded as the relative level of  COX-2 and Bcl-2 protein
expression. After treatment with drugs for 24 h, the protein
level of  COX-2 and Bcl-2 decreased in sulindac treatment
group and increased in MMC treatment group. After being
treated with combination of  sulindac and MMC, COX-2
protein level reduced, expression of Bcl-2 remained
unchanged as compared to control group, but decreased as
compared to MMC treatment group (Table 2).

DISCUSSION

Drug resistance of tumor cells to therapeutic agents derives
from multi-mechanism, the abnormal expression of  Bcl-2
gene may be involved in it[12]. Recent studies have demonstrated
that it can enhance the sensitivity of therapeutic agents and
inhibit the expression of  Bcl-2[13]. Overexpression of  COX-2
has been found in many tumor cells, such as gastric cancer
SGC-7901 cells[14]. Several studies demonstrated that
elevated expression of  COX-2 gene causes up-regulation
of  Bcl-2 protein and inhibition of  cell apoptosis[15]; COX-2

is a upstream regulator of Bcl-2 and may have effect on
apoptosis of tumor cell by influencing Bcl-2 gene[16]. Recent
studies showed that sulindac has significant anti-proliferation
effect on the human gastric adenocarcinoma cell lines
MKN45 and MKN28 in vitro and induces apoptosis of
cells, and indicating that apoptosis of gastric cells induced
by sulindac is involved in the inhibition of  COX-2 activity
which decreases the level of Bcl-2[7]. Our results in the
present study demonstrated that growth inhibition in
combined treatment group was more obvious as compared
to MMC or sulindac treatment group. FCM showed that
the apoptotic rate was higher in combined treatment group
than in MMC or sulindac treatment group. After treated
with drugs for 24 h, the levels of  COX-2 and Bcl-2 protein
increased in MMC group, and decreased in combined group,
indicating that MMC-induced apoptosis is reduced, which
may be caused by up-regulating the expression of  COX-2
and Bcl-2 genes, and apoptosis of gastric cancer cells may
be mediated by the down-regulation of  Bcl-2 and COX-2
gene. A study reported that after exposure of human gastric
cancer MKN74 cells to MMC, up-regulation of  COX-2
and Bcl-2 protein expression is noted. Furthermore,
cotreatment with MMC and NS-398 can down-regulate
protein expression and enhance apoptosis of gastric cancer
cells[17]. In this study, inhibition of  expression of  COX-2
and Bcl-2 by sulindac was observed, and Bcl-2 level was
much lower in combined group as compared to MMC group.

Cell apoptosis is a active, cellular suicide process regulated
by genes, and involves many apoptosis-related genes, such
as P53, Bcl-2, C-ntyc. Bcl-2 is one of the final joint pathways
of apoptosis[18]. Apoptosis induced by a number of
antitumor drugs can be inhibited by Bcl-2[19]. The commonly
used antitumor drugs combined with COX-2 inhibitors or
antisense gene agents can enhance chemotherapeutic efficacity,
reduce drug dose and adverse side effect[19,20]. Our results
in the present study indicate that inhibition of proliferation
and induction of apoptosis by MMC in combination with
sulindac in human gastric cells are enhanced, which may be
mediated by the down-regulation of apoptosis-related Bcl-2
gene. To date, however, the exact mechanisms accounting
for the signal conductive process between COX-2 and Bcl-2
are still not fully understood. Based on current studies, aside
from COX-dependent mechanism, some of  them are COX-
independent[21-24]. Sulindac and its derivatives have different
mechanisms in inducing apoptosis of cancer cells. In
conclusion, the combination of MMC and sulindac is more
effective on inhibiting cell growth than either MMC or
sulindac in cultured SGC-7901 cells.
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