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Abstract. The aim of the present study was to investigate 
the effect of aspirin on the cell proliferation and migration of 
gastric cancer cells in p53-knockout mice. Twenty p53-/- male 
mice aged 6 to 7 weeks, with an average weight of 20±3 g 
were used. The model of gastric cancer was established by 
the implantation of a mouse forestomach carcinoma cell line, 
subcutaneously, at the back of the neck, and then the mice 
were randomly divided into two groups after establishment 
of the model (control group, n=10; experimental group, n=10). 
Aspirin (250 mg/kg) was added to the food in the experimental 
group one day before model establishment, until the end of 
the experiment. Mice in the control group were given regular 
food without aspirin. All mice were sacrificed 3 months 
afterwards, and gastric cancer tissues were harvested. MTT 
assay was used to detect the proliferation of the tumor cells. 
Tumor cell number was also observed. Migration ability was 
detected by scratch assay, and E-cadherin protein expression 
was evaluated by immunofluorescence. The results revealed 
that the proliferation ability of tumor cells in the experimental 
group was lower than that in the control group. In addition, 
cell numbers were significantly decreased and the migration 
ability was diminished. The expression of E-cadherin was 
also increased in the experimental group, and the differences 
were statistically significant (P<0.05). In conclusion, aspirin 
inhibited the cell proliferation and migration of gastric cancer 
cells in mice.

Introduction

Aspirin is a very commonly used clinical drug with antipyretic, 
analgesic and antiplatelet functions (1). Recently, animal 
studies and clinical observations (2,3) have found that regular 
doses of aspirin play a role in the prevention and treatment of 

colitis-associated colorectal cancer, and could reduce mortality 
in patients with liver metastasis. In addition, aspirin was found 
to have an inhibitory effect on the growth of esophageal 
cancer, ovarian cancer, liver cancer, breast cancer, lung cancer, 
lymphoma and endometrial cancer (4-6). However, the specific 
mechanism of action remains to be further explored. The 
present study analyzed whether aspirin also has an inhibitory 
effect on gastric cancer proliferation in p53 gene-knockout 
(p53-/-) mouse with gastric cancer to provide a basis for its use 
in clinical treatment.

Materials and methods

Animals. Twenty p53-/- male mice aged 6 to 7 weeks were 
used in the study. The average weight was 20±3 g. Mice were 
purchased from Shanghai BangYao Biological Technology 
Co., Ltd. (Shanghai, China). Mice were given food and 
drinking water ad libitum and maintained at a constant 
temperature of 22±0.5˚C with a 12-h light/dark cycle (license 
no., SYXK< Shanghai >2015-0032).

Reagents and instruments. Mouse forestomach carcinoma cell 
line (MFC) was purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai); aspirin was purchased from 
Sigma (St. Louis, MO, USA). RPMI-1640 medium (containing 
15% fetal bovine serum, 100 µ/ml penicillin and 100 µ/ml 
streptomycin) were obtained from HyClone (Logan, UT, USA). 
Trypsin was obtained from Gibco (Grand Island, NY, USA). 
PBS was purchased from Shanghai Biological Engineering 
Company (Shanghai, China). MTT assay (5 mg/ml) was 
obtained from Sigma (St. Louis, MO, USA). Polyclonal rabbit 
anti-human E-cadherin was purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, USA). FITC-labeled 
goat anti-rabbit IgG was from Beijing Zhong Shan Jinqiao 
Biological Technology Co., Ltd. (Beijing, China). Centrifuge 
was obtained from Thermo Fisher Scientific (Waltham, MA, 
USA) and syringes were from Bio-Rad (Berkeley, CA, USA). 
Inverted microscope was from Olympus (Tokyo Japan), 
Eppendorf tubes were obtained from Eppendorf (Hauppauge, 
NY, USA), super clean bench was from Thermo Fisher 
Scientific (Waltham, MA, USA), and cell counting chamber 
was from Shanghai Optical Instrument Factory (Shanghai, 
China). Paraffin slicing machine and tissue embedder were 
obtained from Leica (Mannheim, Germany) and ELISA plate 
reader was from Bio-Rad.
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Establishment of a mouse model of gastric cancer. MFC 
cells were cultured in RPMI-1640 medium and placed in the 
incubator with saturated humidity and 5% CO2 at 37˚C, and 
passaged every 3 or 4 days. MCF cells in the logarithmic 
growth phase were trypsinized with 1 ml of 0.25% trypsin and 
observed under an inverted microscope. When the adherent 
cells gradually became round, 3 ml of medium was used to 
terminate the digestion. Culture flasks were agitated left and 
right, gently to make the cells detach from the bottom of 
the bottle. The cell suspension was then transferred into a 
centrifuge tube for centrifugation at 1,000 rpm for 5 min. The 
supernatant was discarded and PBS was added to resuspend 
the cells. A cell counting plate was used for counting, and the 
cell concentration was adjusted to 1.0x107/ml.

After skin disinfection at the back of the neck of the mice, 
1 ml syringes were used to aspirate MFC cell suspensions, 
and were then inserted into the skin at an angle of roughly 
30 degrees, withdrawing without liquid, and then the cells 
were injected. Each mouse was injected with 0.2 ml of cell 
suspension. After inoculation, the mice were fed with normal 
diet and water.

After successful establishment of the cancer model, mice 
were randomly divided into a control group (n=10) and an 
experimental group (n=10). Mice in the experimental group 
were treated with aspirin at the dose of 250 mg/kg daily one day 
before cancer model establishment, until the end of the experi-
ment; the control group was fed without aspirin. Ten p53-/- male 
mice were chosen as the control group, and given regular food. 
Three months later, all mice were sacrificed to harvest gastric 
cancer tissues. MTT assay was used to detect cell proliferation. 
The Gonzalez-Garcia method was used to detect the number 
of tumor cells (7). Scratch assay was adopted to measure the 
migration ability. Immunofluorescence microscopy was used 
to detect the expression of E-cadherin protein.

MTT assay. Cells were collected in the logarithmic growth 
phase and seeded in wells of a 96-well culture plate at a 
density of 5x103 cells/well in RPMI-1640 medium containing 
10% fetal bovine serum. Cells were allowed to incubate for 
24 h and then the supernatant was removed. Twenty micro-
liters of MTT reagent was added to the wells every 24 h and 
each time point was analyzed in triplicate. After continuous 
monitoring for 6 days and cultivation for 4 h in the incubator, 
the supernatant was completely removed. Then dimethyl sulf-
oxide (DMSO) was added to each well and placed on a shaker 
for 10 min until the purple crystals fully dissolved. Finally, 
the absorbance value (A490) at a wavelength of 570 nm was 
measured using an ELISA plate reader.

Cell scratch assay. A marker was used to draw lines across the 
back of culture plates. Cells (5x105) were added to each plate 
of the corresponding experimental groups. Sterile pipette tips 
(200 µl) were used to make a scratch in the cell monolayer 
across the bottom of the well. Cells were then allowed to grow 
in Dulbecco's modified Eagle's medium (DMEM) containing 
5% calf serum. The cell migration in the wounded area was 
observed.

Immunofluorescence assay. Sterile coverslips were placed in 
6-well plates. Cell suspension in the logarithmic growth phase 

was inoculated into each well and allowed to grow under 
conventional conditions and grown to an appropriate density. 
Cells were washed 3 times with PBS, fixed for 20 min with pre-
chilled pure acetone and then washed with PBS again 3 times. 
The serum of normal non-immune animals was used to block 
the cells for 10 min. The cells were washed 3 times with PBS, 
and rabbit anti-human E-cadherin polyclonal antibody and 
mouse anti-human β-catenin monoclonal antibody (1:200) 
were added respectively, and left to incubate at 4˚C overnight. 
Cells were next washed with PBS 3 times for 10 min. FITC-
labeled goat anti-rabbit IgG (1:80) was added and incubation 
was carried out for 60 min at room temperature. Cells were 
washed 3 times with PBS and 5 µg/ml of propidium iodide 
(PI) was used to counterstain nuclei for 30 min. The cells 
were washed with distilled water 3 times, and coverslips were 
mounted with buffered glycerol (PBS:glycerol, 1:9). Slides 
were observed and images were captured under a fluorescence 
microscope (x400) as soon as possible. PBS was replaced with 
the primary antibody as a blank control.

Statistical analysis. SPSS 19.0 was used to make statistical 
analyses. Data are presented as the mean ± SD. Statistical 
significance between the two groups was analyzed using t-test. 
The counting data were presented as cases or percentage, 
while χ2 test was used for comparison among groups. P<0.05 
was considered to indicate a statistically significant difference.

Results

Cell proliferation. Compared with the control group, the 
proliferation ability of the tumor cells in the experimental 
group was significantly decreased. The number of cells 
was significantly decreased compared to the control group 
(6.34±1.05 vs. 3.42±1.12, t=5.624, P=0.027) (P<0.05) (Fig. 1). 

Cell migration. The tumor cell migration ability of the experi-
mental group was decreased, and the expression levels of 
E-cadherin were increased. The differences were statistically 
significant (P<0.05) (Figs. 2 and 3).

Discussion

Gastric cancer is a common digestive tract cancer with the 
fourth leading incidence rate and the second highest mortality 

Figure 1. Proliferation ability of the tumor cells by MTT assay.
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rate in the world (8). The pathogenesis of gastric cancer is not yet 
fully understood. Surgical resection is still the main method of 
treatment. The average 5-year survival rate following surgery 
is ≤30%. Invasion and metastasis are the main causes of death 
in patients with gastric cancer (9).

Animal models of gastric cancer include (10): i) use 
of the carcinogen, N-methyl-N'-nitro-N-nitrosoguanidine 
(MNNG); ii) use of Helicobacter pylori (HP) infection to 
induce gastric carcinoma, or combined MNNG carcinogen 
with HP; iii) immunodeficient animals transplanted with 
gastric cancer cells; and iv) transgenic methods using genes 
that regulate the formation of gastric cancer transfected into 
animal embryos to form tumors. This study used p53-/- mice 
to establish a mouse model of gastric cancer through subcu-
taneous seeding of MFC cells. On the one hand, p53-/- mice 
had steady strain and the tumorigenesis rate was high (11); 
in addition, the high mortality rate when using carcinogens 
was lower (10). Previous research showed that subcutaneous 
seeding of MFC cells to establish a model of gastric cancer 
had a short cycle, of roughly 10 days, and the success rate 
was as high as 95% (12).

Mice receiving aspirin (250 mg/kg/day) is equivalent to 
the conventional oral dosage of 100 mg/day for adults. ukCAP, 
a randomized double blind trial of aspirin in the UK, which 
aimed to prevent the formation of colonic tumors, reported  
that a daily dose of 300 mg of aspirin, supplemented with folic 
acid, reduced the risk of adenomas and advanced adenomas 
by approximately 21 and 37% respectively when compared to 
the placebo group after 3 years (13). The mechanism by which 
aspirin inhibits tumor growth and migration may involve 
reduction in the expression level of COX-2, and the production 
of prostaglandins (PGs) (14,15). COX-2, often overexpressed 
in tumor tissues, can promote inflammation and cell prolif-
eration. Oshima found that the number of polyps in the colon 
and small intestine decreased significantly after COX-2 gene 
knockout in adenomatous polyposis coli (APC) gene knockout 
mouse models (16). PGE2 can inhibit the production of 
lymphatic factors that have immune modulating function and 
can also inhibit the proliferation of T cells and B cells (17). In 
addition, some studies have indicated that aspirin can inhibit 
Bcl-2 activity, increase Bax expression and inhibit the activity 
of NF-κB (18).

Figure 2. The migration of tumor cells by cell scratch assay. 

Figure 3. The expression of E-cadherin by immunofluorescence.
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Tumor metastasis is a complex biological process which 
is regulated by different genes and molecular pathways. At 
present, it is believed that tumor metastasis mainly includes the 
following steps: i) separation from primary lesions, in which 
cells undergo epithelial-to-mesenchymal transition (EMT) 
in order to detach; ii) cell invasion of surrounding tissues, in 
which cells penetrate the basement membrane and reach blood 
vessels or lymphatics, a process mediated by matrix metal-
loproteinases (MMPs) and proteolytic enzymes; iii) survival 
in the vasculature or lymphatic system; and iv) migration 
from the blood or lymph vessels, adhesion in distal tissues, 
and formation of micrometastatic nodes (19). Epithelial cells 
express E-cadherin to achieve intercellular adhesion, the 
expression of E-cadherin protein is increased, while the occur-
rence of EMT is decreased (20). This study has shown that the 
proliferation ability of tumor cells in the experimental group 
was weakened and the number of cells and migration ability 
were also decreased.

In conclusion, aspirin can inhibit the proliferation and 
migration of gastric tumor cells in mice.
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