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Abstract

AIM: To investigate the effects of aspirin (acetylsalicylic
acid) on proliferation and apoptosis of colorectal can-
cer cell line SW480 and its mechanism.

METHODS: Cyclooxygenase (COX)-2 negative colorec-
tal cancer cell line SW480 was treated with aspirin at
concentrations of 2.5 mmol/L, 5.0 mmol/L, 10.0 mmol/L
for different periods /n vitro. Anti-proliferation effect
of aspirin on SW480 was detected by 3-(4,5-dimethyl-
thiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. Cell cycle and apoptosis were observed by flow
cytometry (FCM). Transmission electron microscope
(TEM) was used for morphological study. Apoptosis-as-
sociated genes were detected by immunohistochemical
staining and Western blotting.

RESULTS: Aspirin inhibited SW480 proliferation and
induced apoptosis in a dose- and time-dependent
manner. Treatment with different concentrations of
aspirin significantly increased the proportions of cells
at the G,/G, phase and decreased the proportions of
cells at the S- and G,/M phases in a concentration-
dependent manner. Aspirin not only induced apoptosis
but also caused cell necrosis at a high concentration
as well. After treatment with aspirin, SW480 cells
displayed typically morphological features of apoptosis
and necrosis under TEM, and increased the Bc/-2

expression in cells, but the expression of Bax was
down regulated.
CONCLUSION: Aspirin inhibits proliferation and
induces apoptosis of SW480 cells. Its anti-tumor
mechanism may arrest cell cycle and shift Bax/Bc/-2
balance in cells.
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INTRODUCTION

Colorectal cancer is a common disease that remains the
major cause of cancer-related mortality in developed
countries. With improvement in economic status, its
incidence increases in developing countries including
China and severely threatens the health of human
beings. Increasing evidence from human epidemiological
studies, animal models, and experiments 7 vitro revealed
that administration of nonsteroidal anti-inflammatory
drugs (NSAIDs) including aspirin (acetylsalicylic acid)
represents a treatment of choice for colon cancer!™.
Data indicate that use of NSAIDs, including aspirin, is
inversely associated with the risk of colorectal cancer,
and clinical trials in patients with familial adenomatous
polyposis showed that use of NSAIDs can lead to the
regression of colorectal adenomas by exerting their
protective effects on the stomach and esophagus!.
However, the molecular mechanism by which aspirin
exhibits its anticancer effects is not completely clear.
The best-defined molecular target for aspirin and
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other NSAIDs is cyclooxygenase (COX). COX-2, the
regulated isoform of COX, plays an important role
in the carcinogenesisP® and angiogenesis®. A possible
mechanism underlying the antitumor properties of
aspirin has been ascribed to its direct inhibition of
COX-2 in colorectal cancer tissuell. However, several
lines of evidence suggest that the wide range of
antiproliferative potencies of aspirin does not correlate
exclusively with COX-2 inhibitory activity, because
NSAIDs can induce apoptosis in colon cancer cell lines
that lack detectable expression of COX-2 protein®.
Until now, most researchers recruit COX-2 positive
colon cancer cell lines to study the effect of aspirin on
their apoptosis and proliferation. However, few studies
of the effect of aspirin on COX-2 negative colon cancer
cells and few systematic analyses of aspirin-induced
morphologic changes are available!'"'?. Furthermore,
the results of certain studies are controversial'>"l. The
purpose of this study was to investigate the effect of
aspirin on proliferation, and apoptosis of SW480 cells, a
COX-2 negative human colon cancer cell line.

MATERIALS AND METHODS

Materials

Aspirin, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenylte-
trazolium bromide (MTT), penicillin/streptomycin
and RNase A were from Sigma (St. Louis, MO, USA).
Mouse monoclonal antibodies against Bcl-2 and Bax as
well as biotin-labeled anti-mouse IgG, were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). RPMI1640 medium was purchased from Life
Technologies, Inc (Grand Island, NY) and fetal bovine
serum was from Gibco (GIBCO BRL). Annexin V-Cy5
apoptosis detection kit was purchased from PharMingen
(San Diego, CA).

Cell culture and culture conditions

The human colon cancer cell line SW480 was obtained
from the American Type Culture Collection and cultured
in RPMI 1640 medium containing 10% fetal bovine
serum and 1% penicillin/streptomycin solution at 37°C
in a humidified atmosphere containing 50 mL/L CO.,.

Aspirin treatment

We dissolved aspitin in 1 mol/L Ttis-HCI (pH 7.5) to a
stock concentration of 1 mol/L and adjusted the pH to
7.2 with 4 mol/L HCL Twenty-four hours before aspitin
treatment, exponentially growing human colon cancer
cells were seeded at a density of 10° cells/100 mm
culture dish (Becton Dickinson, Franklin Lakes, NJ).
The cells were washed once with phosphate buffered
saline (PBS) and treated for an indicated time by adding
various volumes of stock to obtain the final aspirin
concentrations of 1 mmol/L, 2.5 mmol/L, 5 mmol/L,
or 10 mmol/L, respectively. Control cells were treated
with an equivalent volume of Tris-HCI (pH 7.2).

Cell proliferation analysis
SW480 colon cancer cells were seeded at a density of
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3 X 10* cells/well onto a 96-well plate. Twenty-four
hours after seeding, the cells were exposed to different
concentrations of aspirin (0 mmol/L, 2.5 mmol/L,
5 mmol/L, 10 mmol/L) and maintained in culture for
1-7 d at 37°C in a humidified atmosphere containing
50 mL/L CO,. Individual cells were taken from
suspension after exposure to trypsin/EDTA in PBS.
Aliquots were counted with a haemocytometer and
tested for their viability by trypan blue exclusion. Each
assay was performed in triplicate.

MTT assay

The effect of aspirin on cellular viability was also
evaluated by MTT assay. SW480 cells were plated in
96-well microtiter plates at a density of 10* cells/well in a
final volume of 100 pL of RPMI 1640 medium. Twenty-
four hours after the initial seeding, the cells were treated
with various concentrations of aspirin for 1-7 d. The
untreated cells (appropriate volume of buffer solution
was added) served as controls. After treatment, the cells
were incubated for 3 h at 37°C with a solution of MTT
at a concentration of 50 pg/100 pL,lysed for 12 h at
room temperature in a buffer containing 10% SDS and
0.01 mol/L HCI as previously described". For each
sample, the absorbance of the reduced intracellular
formazan product was read at 570 nm on a microtiter
plate reader (Bio-Rad Laboratories, Hercules, CA). Each
assay was performed in triplicate.

Apoptosis determination

SW480 cells wete plated at a density of 10 cells/10 cm
dishes and treated with aspirin at the concentration of
0, 2.5, 5 and 10 mmol/L, respectively. After treatment,
the cells were harvested by trypsinization and washed
once with 10 mL of PBS. We used the Annexin V-Cy5
apoptosis detection kit according to the manufacturet’s
instructions to stain the apoptosis marker and cell surface
phosphatidylserine. Briefly, the cells were resuspended
in 200 pL of 1 X annexin binding buffer containing
10 mmol/L HEPES, 140 mmol/L NaCl, 2.5 mmol/L
CaCl, (pH 7.4) and stained with 5 pL of annexin V-Cy5
(1 pmol/mL). After incubation for 15 min at room
temperature, the cells were incubated with 10 uL of
7-AAD for another 15 min at 25°C in the dark. The cell
suspension was gently centrifuged, into which 400 mL
of 1 X annexin binding buffer was added. The cells were
analyzed by flow cytometry (FCM) within 1 h of 7-AAD
staining. Appropriate controls were used to subtract
background counts. We used the FACScalibur flow
cytometer (Becton Dickinson, San Jose, CA) for two-
color analysis of apoptosis. Fluorescence compensation
was adjusted to minimize overlap of the Cy5 and 7-AAD
signals.

Cell cycle analysis

The effect of aspirin treatment on cell proliferation
was evaluated by measuring the distribution of cells
in different phases of the cell cycle by FCM based
on the measurement of the DNA content of nuclei
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labeled with propidium iodide (PI). Cell suspension
from either aspirin-treated or untreated cell cultures
was prepared by trypsinizing the cells and washing
them twice with cold PBS. The cells were resuspended
at a density of 10° cells/mL in cold PBS and fixed with
75% ethanol overnight at -20°C. Ethanol-fixed cells
were washed with cold PBS, resuspended in 300 pL of
PBS containing 0.15% boiled and renatured RNase A at
37°C for 30 min, and stained with 80 pg/mL of PI for
30 min. The cells were analyzed for DNA content with
the FACScalibur flow cytometer at an excitation of
488 nm with detection at 620 nm for red fluorescence.
The cell cycle data were analyzed using the Multicycle
Software Autofit Version 2.50 (Phoenix Flow Systems,
San Diego, CA).

Transmission electron microscopy

For electron microscopic analysis of apoptosis,
pretreated SW480 cells were fixed in 1% glutaraldehyde
and 4% paraformaldehyde in PBS, postfixed in 1%
osmium tetroxide in PBS, dehydrated and subsequently
embedded in epoxy resin. Ultrathin sections (80 nm)
were stained with uranyl and lead acetates and examined
under a Hitachi H-600 electron microscope at 80 kV
(Hitachi, Tokyo, Japan).

Immunocytochemical staining

SW480 cells were seeded at a density of 4 X 10° cells/well
onto 24-well plates and cultured for 24 h. After treatment
for 48 h with ASPIRIN at final concentration of
2.5, 5.0 and 10.0 mmol/L, respectively, the untreated cells
(appropriate volumes of buffer solution added) served
as controls. The cells were fixed for 10 min in 100%
methanol at room temperature, washed with PBS; treated
with 3% hydrogen peroxide to block the endogenous
peroxidase activity and incubated with 2% nonfat dry
milk. After incubated for 2 h at room temperature with
primary antibody, the cells were washed three times with
PBS (10 min each time) and incubated with biotin-labeled
anti-mouse IgG for 20 min at room temperature. After
washed three times with PBS (10 min each time), the cells
were stained using a streptavidin-peroxidase detection
system (Novo Castra, Newcastle, UK) and viewed under a
Hoffman modulation contrast microscope.

Measurement of Bax and Bcl-2 protein levels in cells

Bax, Bcl-2 and B-actin protein levels in cells were
measured by Western blotting. Twenty micrograms
of protein from a 20% (wt/vol) cell homogenate was
separated on a 15% (wt/vol) polyacrylamide denaturing
gel, and then electroblotted onto Hybone-enhanced
chemiluminescence (ECL) nitrocellulose (Amersham
Pharmacia Biotech Ltd). The membranes were blocked
by addition of 3% (wt/vol) bovine serum albumin
(BSA) into 0.1% (vol/vol) Tween-20 tris-buffered saline
(TBS) at 4°C overnight. Western blots were probed with
a polyclonal rabbit anti-rat Bax diluted at 1:2000 (P-19)
or a monoclonal mouse anti-rat Bcl-2 diluted at 1:2000
at room temperature for 2 h. Primary Bax or Bcl-2
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Figure 1 Effect of aspirin on proliferation of SW480 cells.

antibody binding was revealed using an anti-rabbit-HRP
or an anti-mouse-HRP antibody diluted at 1:2000 or at
1:1000 for 1 h and the ECL detection system. Developed
films were quantitatively analyzed using a volume
densitometer and Molecular Analyst version 4 software
(Bio-Rad Laboratories Ltd). The Bax to Bel-2 ratio was
determined for each sample individually by reprobing
the same membrane and dividing the volume density for
Bax by that for Bcl-2.

Statistical analyses

Data were expressed as mean £ SE. Statistical difference
was assessed by a single factor variance (ANOVA) or
the Student 7 test. For each test, P < 0.05 was considered
statistically significant.

RESULTS

Aspirin inhibited the growth of SW480 cells

In the present study, SW480 cell proliferation was
assessed by counting the cells after stimulation of aspitin
at different concentrations for 7 d. As shown in Figure 1,
the untreated cells grew in a linear manner. After aspirin
treatment, the growth of SW480 cells was inhibited
in a concentration-dependent manner. Moreover,
aspirin modulated the growth of SW480 cells in a time-
dependent manner. Being consistent with the results of
cell counting, aspirin showed an anti-proliferation effect
on the growth of SW480 cells in a concentration-and
time-dependent manner.
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Aspirin Conc Cell cycle Proliferation Apoptosis
(mmol/L) Go/G, (%) S (%) G,/M (%) index (%) rate (%)
0 423+249 33.0+2.16 24.7 £ 047 57.7 £2.49 3.17 £0.37
2.5 61.0 +1.63° 243 +1.25° 14.7 £1.70° 39.0 +1.63° 8.92 +0.49°
5 73.3 +3.36" 13.7 +1.24° 13.0 £2.42° 26.6 +3.63" 13.14 +1.29°
10 80.3 +2.49° 8.7+0.47° 11.0 +£2.94° 19.7 +2.49° 37.92 +1.37°

°P < 0.01 vs control group.

Aspirin arrested human colon cancer cell at the G /G,
phase and increased apoptosis of SW480 cells

To study the effect of aspirin treatment on cell
proliferation at different phases of the cell cycle,
we treated exponentially growing cells with aspirin
at different concentrations for 72 h. Conventional
DNA FCM showed that 39%-46% of the untreated
SW480 cells were found at the GO/ G, phase, 31%-35%
at the S phase, and the remaining cells at the G,/M
phase, depending on the dose of aspirin used and the
percentage of cells decreased (Table 1). However, the
presence of aspirin at different concentrations resulted in
an accumulation of cells at the GO/ G, phase. The fraction
of sub-G, DNA content accounted for 3.17%, indicating
that apoptosis was decayed in the untreated control
cells. After treatment with aspirin at the concentrations
of 2.5, 5.0 and 10.0 mmol/L, the fraction of sub-G,
DNA content increased to 8.9%, 13.1% and 39.9%,
respectively, indicating that aspirin could not only arrest
cell cycle at the G /G, phase, but also induce apoptosis
in a concentration-dependent manner (Table 1).

Effect of aspirin on morphology of SW480 cells
Electron microscopy of the aspirin-treated SW480
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Figure 2 Effect of aspirin on morphological
change in normal SW480 cells (A), after
treatment with aspirin at the concentration
of 2.5 mmol/L (B), 5.0 mmol/L (C), and
10.0 mmol/L (D) for 72 h, respectively.

cells showed typical apoptosis characterized by
volume reduction, chromatin condensation, nuclear
fragmentation, and presence of apoptotic bodies
(Figure 2) when compared to the untreated cells
(Figure 2A). The severity of morphological changes
increased in a dose-dependent manner. After 72 h of
treatment with 2.5 mmol/L aspirin, the SW480 cells
showed early changes in apoptosis with loss of microvilli,
nuclear chromatin condensation that formed a crescent-
like clump (Figure 2B). Intermediate and late stages
of apoptosis, characterized by more extensive nuclear
chromatin condensation, cytoplasmic blebbing, nuclear
membrane splitting, fragmentation of nuclei, and
formation of apoptotic bodies, were induced by treatment
with 5 mmol/L aspitin for 72 h (Figure 2C). Aspirin
induced secondary postapoptotic necrosis, defined as
degeneration of subcellular organelles and rupture of
the plasma membrane despite the presence of apoptotic
condensation of chromatin when its concentration was
increased to 10 mmol/L. Certain SW480 cells showed
the features of oncotic necrosis, such as oncotic nuclear
change, disrupted plasma membrane, degeneration
of cytoplasmic organelles, swollen mitochondria with

amorphous dense bodies (Figure 2D).
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Figure 4 Effect of aspirin on the expression of Bcl-2 and Bax in SW480 cells.
The expression of Bcl-2 protein was down-regulated while that of Bax protein
was up-regulated in a dose-depend manner. °P < 0.05, °P < 0.01 vs control
group.

Bcl-2 (26 kDa)

Aspirin inhibited Bcl-2 and increased Bax expression in
SW480 cells

In the untreated SW480 cells, there was a strong
cytoplasmic staining for Bcl-2 as detected by
immunocytochemistry (Figure 3). After incubation
with 5 mmol/L aspitin for 72 h, cytoplasmic Bcl-2
staining was substantially diminished (Figure 3) while
immunocytochemistry staining for Bax was significantly
increased after treatment with aspirin. Being consistent

Figure 3 Effect of aspirin on the
expression of Bcl-2 in normal SW480
cells (A, C) and Bax after treatment with
aspirin at the concentration of 5 mmol/L
(B, D).

with immunocytochemistry staining, the expression of
Bcl-2 protein measured by Western blotting, was reduced
in aspirin-treated SW480 cells while that of Bax protein
was increased, suggesting that aspirin could down-
regulate Bcl-2 protein expression and up-regulate Bax
protein expression (Figure 4).

DISCUSSION

The molecular mechanism underlying the chemo-
preventive effects of NSAIDs is not well understood.
One most widely accepted mechanism underlying
the anticancer effect of NSAIDs is the reduced PG
synthesis by inhibiting the COX activity. In the present
study, we used a COX-2 negative colon cancer cell
line SW480 as a model to exclude the pathway of
COX-2. Being consistent with previous findings!!®!1,
treatment with aspirin at different concentrations
inhibited the proliferation of SW480 cells in a dose-
and time-dependent, arrested the cell cycle at the
G,/G, phase, decreased the cell proportions at the
S- and G,/M- phases in a concentration-dependent
manner. SW480 cell apoptosis induced by aspirin was
confirmed by flow cytometric analyses of cellular DNA
content and transmission electron microscopy (TEM).
After treatment with aspirin at the concentration of
2.5-10 mmol/L for 72 h, typical motrphological
alterations of apoptosis wete observed!'? including
cytoplasmic blebbing, nuclear membrane splitting,
fragmentation of nuclei, and formation of apoptotic
bodies. The mechanism underlying aspirin-induced
cell cycle arrest is not known. It was reported that
NASAIDs can arrest HT-29 cell cycle at the G, /G,
phase by inhibiting the expression of cdc2, cdc4 and
cyclin, decreasing the phosphorylation of Rb, and
increasing the p21Y¥AF/CPL expression in HT-29 cells!'.
Moteovet, Perugini' found that aspirin induces cell
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cycle arrest at the G, phase in human pancreatic cancer
cells by inhibiting cyclinD1. Whether aspirin shares the
same mechanism against SW480 cells still needs to be
explored.

Several protein families modulating apoptosis
have been described, among which the Bcl-2 family
of proteins is best characterized!"?"l. Be/-2 appears
to function as an inhibitor of apoptosis whereas Bax
promotes this process. It has been shown that Bax
can form heterodimers with B¢/-2 to inhibit the anti-
apoptotic function of Be/-2P*'1. Our results show that
aspirin could inhibit the expression of Be¢/-2 in colon
cancer cells but increase Bax expression. The Be/-2/Bax
ratio is important for apoptosis and the decline of this
ratio contributes to apoptosis induction. In addition,
Bax dimers or oligomers directly form channels in
mitochondrial outer membrane in apoptosis®-!. Tt
is reasonable to conclude that, at least in part, aspirin
promotes apoptosis of SW480 cells by down-regulating
Bel-2 and up-regulating Bax expression.

In summary, aspirin inhibits the proliferation and
induces apoptosis of COX-2 negative colon cancer
SW480 cells by down-regulating Be/-2 and up-regulating
Bax: expression, which might be a potential mechanism
by which aspirin plays a positive role in apoptosis of

SW480 cells.

COMMENTS

Background

Increasing evidence from human epidemiological studies, animal models, and
experiments in vitro reveals that administration of nonsteroidal anti-inflammatory
drugs (NSAIDs) including aspirin (acetylsalicylic acid) represents a treatment
of choice for colon cancer. Data indicate that use of NSAIDs, including aspirin,
is inversely associated with the risk of colorectal cancer, and clinical trials in
patients with familial adenomatous polyposis showed that use of NSAIDs can
lead to the regression of colorectal adenomas. In addition, data derived from
various animal models of chemical carcinogenesis also suggest that NSAIDs
can protect the stomach and esophagus against development of cancer.
However, the molecular mechanism by which aspirin exhibits its anticancer
effects is not completely clear.

Research frontiers

A possible mechanism under lying the antitumour properties of aspirin against
cancer has been ascribed to its direct inhibition of cyclooxygenase (COX)-2 in
colorectal cancer tissue. However, several lines of evidence suggest that the
wide range of antiproliferative potencies of aspirin do not correlate exclusively
with the COX-2 inhibitory activity, because some reports showed that NSAIDs
can induce apoptosis in colon cancer cells that lack detectable expression of
COX-2 protein. Until now, most of researchers recruited COX-2 positive colon
cancer cells to study the effect of aspirin on apoptosis and proliferation of colon
cancer cells. However, few studies on the effect of aspirin on COX-2 negative
colon cancer cells and lack systematic analyses of aspirin-induced morphologic
changes are available. Meanwhile, whether aspirin induces apoptosis of COX-2
negative colon cancer cells is controversial. The purpose of this study was to
investigate the effect of aspirin on proliferation and apoptosis of SW480 cells, a
COX-2 negative human colon cancer cell line.

Innovations and breakthroughs

Aspirin could not only induce apoptosis but also necrosis of cells at high
concentrations. After treatment with aspirin, SW480 cells displayed a typically
morphological feature of apoptosis and necrosis under transmission electron
microscope (TEM), and increased the Bcl-2 expression, but decreased the
expression of Bax.

Applications

The results of this study confirmed that aspirin could inhibit the proliferation
and induce apoptosis of COX-2 negative colon cancer cell line SW480 by
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down-regulating the Bcl-2 expression, and up-regulating the Bax expression,
which might be a potential mechanism by which aspirin plays a positive role in
apoptosis of this cell line. This may benefit to the exploration of new anticancer
drugs in the future.

Peer review

This paper describes the antiproliferative effect of aspirin on Cox-2 negative
colon cancer cell via the activation of apoptosis, cell cycle arrest and change in
the Bax/Bcl-2 balance. The manuscript contains interesting data, and benefits
to the elucidation of the pathogenesis of colon cancer.
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