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• GASTRIC CANCER •
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Abstract
AIM: To evaluate the potential role of Nimesulide, a selective
COX-2 inhibitor, in proliferation and apoptosis of gastric
adenocarcinoma cells SGC7901.

METHODS: Cell counts and MTT assay were used to quantify
the influence of Nimesulide in the proliferation of SGC7901
cells. Transmission electron microscopy and flow cytometry
were used to observe the induction of Nimesulide the
apoptosis of SGC7901 cells and influence in the distribution
of cell cycle. The expression of P27kip1 protein was observed
by immunocytochemical staining.

RESULTS: SGC-7901 Cells treated with Nimesulide at
various concentrations exhibited a profound dose- and time-
dependent reduction in the proliferation rate over the 72 h
test period. The highest survival rate of the cells was 78.7 %,
but the lowest being 22.7 %. Nimesulide induced apoptosis
of the cells in a dose-dependent and non-linear manner
and increased the proportion of cells in the G0/G1 phase and
decreased the proportion in the S and G2/M phase of the
cell cycle. Meanwhile, Nimesulide could up-regulate the
expression of P27kip1 protein.

CONCLUSION: The induction of apoptosis and cell cycle
arrest are both anti-proliferative responses that likely
contribute to the antineoplastic action of nimesulide on SGC-
7901 cells. The up-regulation of P27kip1 gene may contribute
to the accumulation of these cells in the G0/G1 phase following
treatment with Nimesulide. Selective COX-2 inhibitor may
be a new channel of the chemoprevention and chemotherapy
for gastric carcinoma.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among
the most commonly used medications. Recently, numerous
studies have shown that NSAIDs can reduce the risk of

colorectal cancer. The mechanism of action of NSAIDs is
principally due to the inhibition of cyclooxygenase (COX).
COX exists in two isozyme forms: COX-1 is a constitutive
form of the enzyme, and COX-2, a cytokine-inducible form
of the enzyme. Enhanced COX-2 expression was observed in
esophageal, gastric, colorectal, liver, lung, prostate, the head
and neck cancers[1-10]. These findings suggest that COX-2 may
play an important role in carcinogenesis. It is thought that
inhibition of COX-2 activity by NSAIDs as the antineoplastic
mechanism of this class of drugs and gastrointestinal
complications of using NSAIDs attribute to the inhibition of
COX-1. For this reason, development of selective COX-2
inhibitors was promoted. Current, studies on the relationship
between COX-2 and NSAIDs with neoplasm focused on the
studies of colorectal carcinomas[11-15]. Gastric carcinoma is the
most common malignancy and the first leading cause of cancer
deaths in our country, its pathogenesis is not completely
understood and treatment for advanced tumors are relatively
poor [16-21].  Therefore, an increased understanding of
pathogenesis of gastric carcinoma and developing effective
treatment approaches are very important. Prophylaxis and
treatment of NSAIDs for gastric carcinoma are emphasized.
Epidemiological studies show that NSAIDs can also reduce
the incidence rate and mortality from gastric carcinoma.
Nimesulide,a selective COX-2 inhibitor, was found to be
between 5 and 16 fold selective that for COX-2[22]. However,
effects of Nimesulide on the growth of gastric carcinoma cells
have not been studied.
     In this study, we have tested the effects of Nimesulide in
proliferation, apoptosis and distribution of cell cycle of  SGC-
7901 gastric adenocarcinoma cells, In order to seek theoretical
evidences for chemoprevention action of selective COX-2
inhibitor on gastric carcinoma.

MATERIALS AND METHODS

Cell culture
Human gastric adenocarcinoma cell line SGC-7901, purchased
from Shanghai Insititute of Cell Biology, Chinese Academy
of Sciences, was routinely maintained in RPMI 1640 containing
10 % fetal bovine serum (FBS), 100 U·ml-1 penicillin, 100 U·ml-1

streptomycin at 37  in a humidified atmosphere containing
5 % CO2.

Cell viability assay
SGC-7901 cells were plated at 3×104 cells/well in 24 well plates
for 24 h. At day 0, the medium was changed, incubations were
continued without or with increasing concentrations of
Nimesulide(50, 100, 200, 400 µmol·L-1) for 72 h. For the time
course experiments, cells were incubated with or without
Nimesulide and harvested at various intervals. Dead cells were
removed by gentle washing with PBS, and the number of living
cells after treatment was counted by a hemocytometer.

MTT assay
Cells were seeded at a density of 4×103 per well in 96-well
plates in RPMI-1640 containing 10 % FBS. After 24 h, fresh
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medium was added, containing Nimesulide at concentrations
of 0 to 400 µmol·L-1. During 72 h incubation, MTT assay was
performed every 24 h. Twenty µl of stock MTT (5 mg·ml-1)
was added to each well, and the cells were further incubated at
37  for 4 h. The supernatant was removed and 150 µl DMSO
was added to each well. A ELISA reader measured the
absorbance at a wavelength of 570nm.

Transmission electron microscopy
SGC-7901 cells were treated with Nimesulide at various
concentrations for 72 h. Then the cells were centrifugated and
fixed in glutaraldehyde for observation of transmission electron
microscopy.

Flow cytometry
SGC-7901 cells were treated with Nimesulide at a
concentration of 0 to 400 µmol·L-1 for 72 h. Cells were digested
by 2.5 g·L-1 trpsin, washed by 0.01M PBS, fixed by cold alcohol
at 4  and dyed with PI (propidium iodide), and then were
analyzed by flow cytometry.

Immunocytochemistry
SGC-7901 cells were added to 24-well plates with cover glass-
slides at 3×104 cells/well, after being incubated with Nimesulide
at the different concentrations of 0 to 400 µmol·L-1 for 72 h and
fixed in 95 % alcohol. After washing in 0.01M PBS, the cells
were incubated in 0.5 % H2O2 solution to inactive endogenous
peroxidase, nonspecific binding was blocked with normal
goat serum at room temperature for ten minutes.The cells
were incubated with anti-P27kip1 protein monoclonal
antibody (impromptu type, Zhong Shan Co) 2 h at 37 .
Immunocytochemical staining for P27kip1 was performed
using SP technique according to SP immunostain kit instructions
(Zhong Shan Co). PBS was used as substitutes of protein
antibody for negative controls. The positive signal of
immunocytochemical staining showed brown particles, and
distributed in the cytoplasm or nuclei. The absorbance value
(A value) of positive cells was detected by image analysis
software. The mean value under five random fields was regarded
as the relative quantity of P27kip1 protein expression.

Statistical analysis
Data were presented as x±s. Statistical analysis of the data
was performed using the Student’s t test, P<0.05 was
considered statistically significant.

RESULTS

Effect of Nimesulide on cell growth
Cell counts  The number of viable cells following incubation
with either Nimesulide or control medium, is shown in Figure
1. This figure demonstrates that control SGC-7901 cells entered
a line growth and increased by approximately 7-fold within
72 h. Compared with control cultures, cultures treated with
Nimesulide displayed a dose-dependent reduction of viable
cell number in their proliferation rate over the 72 h test period.
At 200 µmol·L-1 and 400 µmol·L-1, Nimesulide strongly
inhibited the proliferation of these cells. At 400 µmol·L-1, the
proliferation curve was flat over the entire 72 h.
MTT assay  In order to further investigate the growth inhibition
of Nimesulide on SGC-7901 cells, cell growth was determined
by MTT assay. The result was similar to cell counts. The
survival rate of  the control groups is regarded as 100 %, and
the survival rate of Nimesulide group is expressed as the %
absorbance for treated wells/controls. As shown in Figure 2,
the highest survival rate of the cells was 78.7 %, but the lowest
was 22.7 %.

Figure 1  Effects of various concentration of nimesulide on the
proliferation of SGC7901 cells for different time periods
analysing by cell counts (n=3).

Figure 2  Effects of nimesulide on SGC-7901 cells analyzing
the cell survival using the MTT assay.

Figure 3  (A) control group: Microvilli of SGC7901 cells were
enrichment, nucleus was large and round, chromatin was
disperse, nucleolus was distinct. TEM ×6000. (B) Treated with
nimesulide at the concentration of 400 µmol/L for 72 h: Disap-
pearance of microvilli, margination of nuclear chromatin, the
organelle swelled up and physallization. TEM ×8000.
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Apoptosis of SGC-7901 cells induced by nimesulide
The TEM images of the normal SGC-7901 cells: Microvilli of
SGC7901 cells were abundant, nucleus was large and round,
chromatin was disperse, and nucleolus was distinct. After
treated with various concentrations of nimesulide for 72 h,
disappearance of microvilli, margination and condensation of
nuclear chromatin, nuclear shrinkage, the swollen organelle
and cytoplasmic blebbing with maintenance of the integrity of
the cell membrane (Figure 3). SGC-7901 cells were treated
with various concentrations of nimesulide for 72 h, DNA
content of cells was measured by PI staining and flow
cytometry analysis was made to detect apoptotic cells. The
apoptotic cells can be observed on a DNA histogram as
subdiploid or pre-G1 peak, which was especially remarkable
at the 400 µmol·L-1 concentration, and the percentage of
apoptotic cells increased to 22.02±1.27 % of the total cell
population. Nimesulide induced apoptosis of the cells in a dose-
dependent and non-linear manner (Figure 4).

Effect of Nimesulide on cell cycle phase distribution
We assessed the effect of Nimesulide in cell cycle phase
distribution of SGC-7901 cells using flow cytometry analysis.
The SGC-7901 cells incubated for 72 h in control or nimesulide
medium is shown in Table1. After 72 h treatment, Nimesulide
caused a dose-dependent alteration in the cell cycle distribution
of SGC-7901 cells, it increased the proportion of cells in the
G0/G1 phase and decreased the proportion in the S and G2/M
phases of the cell cycle.

Table 1  Effect of Nimesulide in cell cycle progression of gas-
tric cancer cells (x±s)

Percentage of cell cycle (%)
Concentration (µmol/L)

    G0/G1           S     G2/M

    0 48.24±2.12 23.51±1.75 28.10±2.17
  50 51.14±2.28 22.67±2.30 26.15+1.56
100 57.71±1.51b 20.76±1.45 21.52±2.07a

200 64.82±2.16b 17.06±1.72b 18.12±1.71b

400 75.89±2.61b 10.16±0.79b 13.45±1.20b

aP<0.05, bP<0.01, vs the control.

Expression of P27kip1 protein
Before treatment with Nimesulide, the expression of P27kip1

protein was mainly located in the cytoplasm of SGC-7901
cells. After Incubated with different concentrations of
Nimesulide for 72 h, P27kip1 immunoreactivity in cytoplasm
was significantly increased, meanwhile nucleus exhibited
positive staining. Compared with controls, absorbance value
of P27kip1 positive cells was increased after Nimesulide
treatment (Figures 5-6).

Figure 5  (A) Positive staing of P27kip1 protein was mainly in
cytoplasm of SGC-7901 cells before treated with nimesulide.
(B) Strong positive staing of P27kip1 protein was in cytoplasm
and in nuclei of of SGC-7901 cells after treated with nimesulide
at the concentration of 400 µmol/L. SP×200.

Figure 4  The results of flow cytometry analysis of SGC7901 cells treated with nimesulide for 72 h and their DNA content was
determined by flow cytometry. A: DNA histogram: (a) control, (b) 50 µmol/L nimesulide, (c) 100 µmol/L nimesulide, (d) 200
µmol/L nimesulide, (e) 400 µmol/L nimesulide. B: The apoptosis percentage of nimesulde-treated SGC7901 cells.
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Figure 6  Effects of nimesulide on P27kip1 proteins expression
in SGC-7901 cells. The data present x±s, n=3. bP<0.01 vs control.

DISCUSSION
Accumulating evidence indicates that NSAIDs can lower the
incidence of colorectal carcinomas. The anti-neoplastic
property of NSAIDs has been shown in epidemiological studies
with human, clinical studies of the human disease familial
adenomatous polyposis (FAP) and in experimental
carcinogenesis studies with animals[23-26]. NSAIDs may be
active on epithelial cancer other than colon cancer, such as
esophageal[27], pancreas[28], lung[29] and breast cancer[30].
However,  long-term uses of non-selective NSAIDs can lead
to gastrointestinal toxicity from sustained inhibition COX-1.
With the recent development of highly selective COX-2
inhibitors, an evaluation of the effectiveness of these agents in
chemoprevention of cancer would be very important. Several
selective COX-2 inhibitors have been tested for their possible
utility as chemopreventive agents in colon cancer[31,32].
However, studies on the role of selective COX-2 inhibitor in
human gastric cancer are limited.
     There are a lot of sensitive tests of anti-tumor medicine in
vitro. However, each test method has its merits and weak points.
So we detected growth inhibitive effect of Nimesulide on SGC-
7901 gastric cancer cells by two methods of cell counts and
MTT assay. We found that Nimesulide has anti-proliferative
effect on cultured SGC-7901 gastric cancer cells in vitro in a
dose- and time-dependent manner. Our findings that
Nimesulide have profound anti-proliferative effects on SGC-
7901 gastric adenocarcinoma cells are in agreement with
previous studies demonstrating that many of the selective COX-
2 inhibitors inhibit the proliferation of tumor cell line[33-35].
      A number of studies have shown that NSAIDs have an effect
of growth inhibition of cancer cells, but the mechanism of the
antineoplastic effect of NSAIDs is unknown. These theoretically
could be related to the changes of the dynamics of cell
proliferation. This hypothesis is supported by the work of Bayer
et al, who demonstrated that indomethacin reversibly inhibits
the proliferation of human fibroblasts and rat hepatoma cells
and arrests them in the G1 phase of cell cycle[36]. An explanation
for the antineoplastic properties of NSAIDs was first suggested
by Adolphie, who reported that certain NSAIDs were capable
of inhibiting the proliferation of cultured HeLa cells by causing
cell cycle arrest[37].  Since NSAIDs may inhibit proliferation of
non-gastric cancer cells and change the distribution of cell cycle,
we guess that it may have the similar effects on gastric cancer
cells. We further studied  the effects of Nimesulide on cell cycle
of SGC-7901 gastric cancer cells in vitro.
      We found that Nimesulide can result in changes in cell cycle
distribution of SGC-7901 cells. There is an increase in the
proportion of cells in G0/G1 and a relative decrease in the
percentage of cells in S phase and G2/M. Shiff found[38]  that
NSAIDs caused colon cancer cells to accumulate in the G0/G1

phase of cell cycle. This effect was produced by influencing
signaling pathways in these cells that control the levels and
activity of certain cdks proteins. Goldberg et al[39] found that
the G0/G1 block induced by sulindac and sulindac sulfide in
HT-29 cells was associated with an initial rise, followed by an
abrupt decrease in P34cdk2, an increase in P21WAF/cip1, and a
reduction in mutant p53. We can speculate reasonably that
Nimesulide may increase the fraction of cells with G0/G1 DNA
content by arresting them in the G1 or G0 phase of the cell
cycle through an effect on the molecular components that
regulate cell cycle transitions.
     The cell cycle is a complex process, regulated by many
factors, which can be divided into three groups: cyclins; cyclin-
dependent kinases(CDK); and CDK inhibitors(CDKI). p27Kip1

is a member of the Cip1/Kip1 family of CDKI and is a potential
tumor suppressor gene. It possessed the ability to inhibit several
cyclin-Cdk complexes in vitro but seem to target preferentially
those containing Cdk2, which control progression through G1,
and inhibit the G1/S transition[40,41]. Before treatment with
Nimesulide, the expression of P27kip1 protein mainly was
located in the cytoplasm of SGC-7901 cells. After treated with
Nimesulide, P27kip1 immunoreactivity in cytoplasm was
significantly increased, meanwhile nucleus exhibited positive
staining. Interestingly, there was a change in subcellular
localization of P27kip1 protein expression. Singh’s studies
suggested that the nuclear location of p27 was essential for its
growth-inhibiting function[42]. So, the result of nuclear
localization of P27kip1 protein after Nimesulide treatment indicates
the anti-proliferation of Nimesulide. We found that Nimesulide
could increase the proportion of SGC-7901 cells at G0/G1 phase
and reduce the cells at S and G2/M phase. P27kip1 is generally
associated with the G1 checkpoint. In our study, overexpression
of P27kip1 may be associated with the accumulation of cells at G0/
G1 phase after Nimesulide treatment.
      It is also possible that mechanisms responsible for the anti-
proliferative effects of the NSAIDs on cultured cells are
multifactorial. Apoptotic cell death is another mechanism that
could contribute to reduced cell growth. Additional recent
reports have demonstrated that NSAIDs induced apoptosis in
different tumor cells[43-48]. It is also conceivable that apoptosis
might occur in the human gastric cancer cells in response to
Nimesulide. To evaluate the antiproliferative mechanisms of
Nimesulide, we tested the apoptosis of SGC-7901 cells induced
by Nimesulide. Evidence that apoptosis was induced by
Nimesulide was based on the detection of morphological
changes of apoptosis and a sub-diploid peak of DNA content
on flow cytometry analysis. The results showed Nimesulide also
induced apoptosis in SGC-7901 cells at concentrations that
affected their proliferation. Thus, apoptosis may be one of the
mechanisms responsible for the inhibition of cell growth in
Nimesulide-treated SGC-7901 cells. The intracellular molecular
events involved in the role of COX-2 inhibitors in the induction
of apoptosis are still by far unknown. It might be associated
with the changes of expression of bcl-2[49] and c-myc[50].
     In summary, we conclude that selective COX-2 inhibitor
Nimesulide, has anti-proliferative effects in cultured SGC-7901
gastric cancer cells in vitro. The up-regulation of P27kip1 gene
may contribute to the accumulation of these cells in the G0/G1

phase following treatment with Nimesulide. The induction of
apoptosis and cell cycle arrest are both anti-proliferative responses
that likely contribute to the inhibition of SGC-7901 cell
proliferation treated with Nimesulide. The selective COX-2
inhibitor Nimesulide, may be useful as a novel approach to the
treatment of gastric carcinoma without undesirable side effects.
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