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Aspirin reduces the apoptotic effect of etoposide via
AKt activation and up-regulation of p21°P
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Abstract. Previous studies on the apoptotic effect of aspirin
mainly focus on colorectal cancer and breast carcinoma. Few
studies have been designed to explore the effect of aspirin on
hepatocellular carcinoma. In the present study, we observed
that aspirin caused GO/GI phase cell cycle arrest and reduced
etoposide induced caspase-3 activation in hepatocellular
carcinoma G2 (HepG2) cells. Further investigation demon-
strated that aspirin notably enhanced the activity of Akt and
ERK1/2. Blocking the activation of Akt by the PI3-K-selective
inhibitor wortmannin abrogated the anti-apoptotic effect of
aspirin while the MEK inhibitor U0126 did not. p21°, an
important substrate of Akt, is involved in the regulation of cell
cycle arrest and apoptosis. Our data showed that the protein
expression and serl46 phosphorylation levels of p21°P were
significantly increased after treatment with aspirin, whereas
p33 or p27 showed no change. The increase of p21°P protein
levels was also scavenged by wortmannin but not by U0126.
Moreover, reduction of caspase-3 activity induced by aspirin
was attenuated by silencing p21°P expression. These results
indicated that the anti-apoptotic effect of aspirin was depen-
dent on activation of Akt which inhibited cell apoptosis by
up-regulating p21°? and blocking caspase-3 activation. These
findings could have clinical relevance in anticancer therapy
and aspirin co-treatment of human malignancies.

Introduction

Hepatocellular carcinoma is a major health threat in China,
which ranks third among all malignancies both in incidence
and mortality and accounts for about 42.5% of the total
incidence worldwide (1,2). Previous studies have shown that
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cyclooxygenase-2 (COX-2) is highly expressed in hepatocellular
carcinoma and its cell lines (3,4). COX-2 selective antagonists,
NS-398 and celecoxib, inhibit hepatocellar carcinoma cell
proliferation and induce cell apoptosis via COX-dependent and
COX-independent pathways (3.4).

Acetyl salicylic acid (aspirin, ASA), a non-selective COX
inhibitor, has been widely used as an antipyretic and analgesic
agent. Clinical observations and epidemiological research
studies have found that prolonged use of aspirin reduces the
risk of several cancers, such as colon, breast and lung cancers
forth (5-7). In vitro and animal studies have demonstrated that
aspirin can induce cell apoptosis through COX-dependent and
COX-independent pathways. The COX-independent effects
include alteration of gene transcription (8,9), inhibition of
proteasome function (10), cell cycle arrest, modulation of
several protein kinases and other molecular signaling pathways
(11,12) and down-regulation of nuclear factor-xB (NF-kB)
activity by preventing phosphorylation and degradation of the
inhibitory subunit IxB (13,14). All of these effects of aspirin are
mainly observed in colon, breast and lung cancer. Few studies
have examined the effects of aspirin on hepatocarcinomas.

To study the potential effect of aspirin on hepatocel-
lular carcinoma proliferation and apoptosis, hepatocellular
carcinoma G2 (HepG2) cells were treated with etoposide
and aspirin alone and in combination. The data showed that
aspirin did not enhance the apoptotic effect of etoposide
whereas it reduced the anti-cancer effect of vp16. The potential
mechanism of how aspirin attenuates the anti-cancer effects of
etoposide need further investigation.

Materials and methods

Reagents. Aspirin (ASA), etoposide (vpl6) and the tetrazolium
salt (MTT) were purchased from Sigma (St. Louis, MO).
Propidium iodide (PI) and the Annexin V-FITC/PI Apoptosis
Detection kit were obtained from Invitrogen (Carlsbad,
CA, USA). The CleavLite Caspase-3 Activity Assay kit was
purchased from Millipore Corporation (Billerica, MA, USA).
p21°?, phospho-p21°P (serl46), phospho-ERK1/2, ERKI1/2,
phospho-Akt (serd73), Akt, p27 and p53 antibodies (poly-
clonal rabbit anti-human) were purchased from Cell Signaling
Technology (Danvers, MA). The monoclonal mouse [-actin
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antibodies was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Small interference RNA for p21 and the
negative control was obtained from Santa Cruz Biotechnology.
Wortmannin and U0126 were purchased from Cell Signaling
Technology. The real-time PCR Master Mix kit and the Reverse
Tra Ace kit were purchased from Takara (Dalian, China).

Cell culture and treatment. HepG2 cells were obtained
from the Institute of Cell and Biochemistry Research of the
Chinese Academy of Science. HepG2 cells were cultured in
DMEM medium containing 10% fetal bovine serum at 37°C,
in a humidified atmosphere of 5% CO,, supplemented with
penicillin (100 Ul/ml) and streptomycin (100 pg/ml).

Before treatment, cells were seeded into dishes and grew
for at least 12 h. When the cell came to 40-50% confluence,
drugs were added into the refreshed medium containing 1%
serum. Before adding vpl6, cells were incubated with ASA
(dissolved into the 1% serum medium and filtered before use)
for 1 h with fresh medium containing 1% serum. Wortmannin,
U0126 and vpl6 were dissolved in DMSO and stored at -20°C.

Cell apoptosis analysis. HepG2 cells were treated with ASA
and vpl6 alone and in combination for 24 h as follows: control
(DMSO), 5 mM ASA, 20 uM vpl6, 1 mM ASA + 20 uM
vpl6, 3 mM ASA + 20 uM vpl6, 5 mM ASA + 20 uM vpl6.
Before administering vpl6, the medium was refreshed with
the new medium (containing 1% serum and various concen-
trations of ASA) and incubated for 1 h. After treatment with
vpl6 for another 23 h, cells were collected and stained with
Annexin V-FITC and PI according to the manufacturer's
protocol. Cell apoptosis was examined by a FACS cytometer.

Assessment of caspase-3 catalytic activity. Caspase-3 activity
was determined by the CleavLite Caspase-3 Activity Assay
kit, according to the manufacturer's instructions. HepG2 cells
were cultured in 6-well plates. After treatment, the cells were
scraped off in PBS and collected by centrifugation at 1,000 x g
for 10 min at 4°C. The cells were resuspended to 1x10°/ml with
ice-cold cell lysis buffer, incubated for 5 min on ice, and centri-
fuged at 10,000 x g for 10 min at 4°C. The protein concentration
in the supernatant was determined using the Improved Lowry
method. The cell lysate (50 ul), 2X reaction buffer (50 ul),
and caspase-3 fluorogenic substrate (5 ul DEVD-AFC) were
loaded into a 96-well plate and incubated at 37°C in the dark
for 1 h. The plate was read on a fluorescence plate reader
setting at an emission of 505 nm (to detect the fluorescent
reporter molecule AFC which represents caspase-3 activity).

MTT assay. Cells at 30-40% confluence were incubated with
various concentrations of aspirin in 96-well plates. After
culturing with 1% serum medium for 24 or 48 h, the cell
proliferation was evaluated by measuring the mitochondria-
dependent conversion of the tetrazolium salt, MTT (Sigma).

Cell cycle assay. Cells were collected by trypsinization and
fixed in ice-cold 70% ethanol at -20°C overnight. The cells
were washed twice with ice-cold PBS and resuspended in
500 pl PBS containing 100 U/ml RNaseA and propidium
iodide (20 pg/ml), and then incubated at room temperature for
30 min and analyzed by a FACS cytometer.
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Western blot analysis. Whole cell extracts were prepared by
lysing cells with 1X SDS lysis buffer with 0.5 mM phenyl-
methylsulfonyl fluoride (PMSF), 1 mM dithiothreitol, 10 mM
NaF, 2 mM Na,;VO, and 5 mg/ml leupeptin. Nuclear and
cytoplasmic extracts were prepared according to previously
described methods (15). Protein samples were quantified
with the Improved Lowry method and then applied to 10%
SDS-PAGE gels. After electrophoresis, proteins were blotted
to PVDF membranes and then blocked with 5% skim milk
powder containing 0.1% Tween-20 for 1 h at room temperature.
The membranes were subsequently incubated with primary
antibody at 4°C overnight. After rinsing with TBST (0.1%
Tween-20, TBS) 3 times, the PVDF membranes were incu-
bated with horseradish peroxidase-conjugated secondary
antibody (1:1,000) at room temperature for 1 h. Positive bands
were detected using ECL reagents (Pierce).

Real-time-PCR. Total-RNA was extracted from HepG2 cells
by TRIzol (Invitrogen) reagent and reverse-transcribed into
cDNA. Real-time PCR was performed with 3 min incubation
at 95°C and 40 amplification cycles (95°C, 10 sec; 56°C,
15 sec; 72°C, 35 sec). 3-actin was used as internal control. The
amplification and data acquisition were run on a real-time
PCR system (ABI PRISM 7500, Applied Biosystems, Foster
City, CA, USA) with a SYBR-Green PCR master mix. The
primers used were: (-actin: forward, 5-ACCCACACTGTG
CCCATCTA-3' and reverse, 5-GCCACAGGATTCCATAC
CCA-3'; p21°P: forward, 5'-AGAGTGCAAGACAGCGACAA
GG-3' and reverse, 5'-GGTGATGTCCGACCTGTTCCG-3..

Transfection of p21°? siRNA. After plating for 12 h, cells at 40%
confluence were transfected with p21°" siRNA (final concen-
tration 40 nM) using lipofectin2000 transfection regent. After
transfected for 6 h, the medium was refreshed and cultured
for another 18 h. Then the cells were treated with vpl6 and
aspirin alone and in combination as above. Transfection was
performed following the Lipofectamine 2000 manufacturer's
instructions.

Statistical analysis. The results were presented as the
mean + standard error (SE). The data were analyzed using
one-way ANOVA with Bonferroni post-hoc tests for multiple
comparisons. Simple pairwise comparisons were performed
using the Student's t-test. A P-value <0.05 was considered
statistically significant.

Results

Aspirin reduces the anti-cancer effect of vp16 and induces cell
cycle arrest. To evaluate the effect of ASA on hepatocellular
carcinoma cell apoptosis, HepG2 cells were treated with ASA
and vpl6 alone and in combination for 24 h as discribed in
Materials and methods. The apoptosis rate was analyzed by
flow cytometer. Unexpectedly, compared to the vpl6-treated
group, the apoptosis rate was significantly decreased in the
vpl6 plus ASA (5 mM)-treated group (Fig. 1A and B). To
confirm this result, the activity of caspase-3, an key executor
in caspase-dependent apoptosis process, was examined by
ELISA. In agreement with the results of the flow cytometry
assay, caspase-3 activity was down-regulated in vpl6 plus
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Figure 1. Effects of aspirin (ASA) on cell apoptosis, proliferation and cell cycle. (A) HepG2 cells were treated with ASA and vpl6 alone and in combination
for 24 h as follows: (a) DMSO, (b) 5 mM ASA, (c) 20 uM vpl6, (d) 1 mM ASA + 20 uM vpl6, (e) 3 mM ASA + 20 uM vpl6, (f) 5 mM ASA + 20 uM vpl6.
The apoptosis rate was analyzed by FACS. (B) Data were calculated as the percentage of apoptotic cells. The values are presented as the mean + SE of three
independent samples (t-test, "P<0.05). (C) HepG2 cells were treated with ASA (5 mM) and vpl6 (20 uM) alone or in combination for different lengths of
time. Cells were harvested and caspase-3 activity was assayed by ELISA. The values are presented as the mean + SE of three independent experiments (t-test,
“P<0.05). (D) Cells were treated with ASA for 24 or 48 h; the cells were mixed with MTT, and the MTT activity was measured. The cell proliferation rate
(%) was normalized to the control groups. The values are presented as the mean + SE of four independent experiments (one-way ANOVA, "P<0.05). (E) After
treatment with ASA (5 mM) for 24 or 48 h with 1% serum, cells were harvested and stained with PI before FACS analysis. (F) Changes of the cell cycle distri-
bution were calculated by the CellQuest software. The results are presented as the mean = SE of three independent experiments (‘one-way ANOVA, P<0.05).

ASA (5 mM) group compared to the vpl6 group (Fig. 1C).
Moreover, ASA at 5 mM inhibited the cell proliferation and
induced GO/G1 cell arrest after 24 and 48 h treatment (Fig. 1D,
E and F). In addition, ASA at 5 mM neither increased the cell
apoptosis rate nor enhanced caspase-3 activity (Fig. 1A, B and
C). Taken together, these results indicated that ASA was able
to reduce the apoptotic effect of vpl6 and to induce cell cycle
arrest in the GO/G1 phase.

Aspirin decreases the apoptotic effect of vp16 mainly through
enhancing the activity of Akt. Akt and ERK1/2 are the key

molecules in regulating cell proliferation, apoptosis, cell cycle
and cell survival. The activity of Akt and ERK1/2 were exam-
ined by Western blot analysis. The phosphorylation levels
of Akt (serd473) and ERK1/2 (thr202/tyr204) were greatly
up-regulated after treatment with ASA for 24 h (Fig. 2A).
To confirm this result, HepG2 cells were treated with ASA
(5 mM) for 0, 5, 10, 15, 30 min. The phosphorylation levels of
Akt and ERK were assayed as above and found to be signifi-
cantly increased within 5 and 10 min respectively (Fig. 2B).
The PI3-K and MEK selective inhibitors, wortmannin and
U0126, were used to determine whether the anti-apoptotic
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Figure 2. Effects of aspirin (ASA) on the activity of Akt and ERK1/2. (A) The phosphorylation levels of Akt (ser473) and ERK1/2 (thr202/tyr204) were
measured by Western blot analysis. (B) HepG2 cells were incubated with serum-free medium for 2 h and then treated with ASA for different lengths of time
in the presence of 1% serum. The phosphorylation level of Akt and ERK1/2 were analyzed by Western blot analysis.
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Figure 3. Effects of wortmannin and U0126 alone and in combination with aspirin and vpl6 on caspase-3 acivity. (A) After treatment with wortmannin or
U0126, the phosphorylation level of Akt (ser473) and ERK1/2(thr202/tyr204) were assayed by Western blot analysis. (B) After treatment, caspase-3 activity
was determined by ELISA. The data are presented as the mean + SE of three independent experiments. (t-test, "P<0.05)

effect of ASA was dependent on the activation of Akt or
ERK. The effects of wortmannin and U0126 on Akt and ERK
activity were assessed by Western blot analysis (Fig. 3A). After
treatment with 100 nM wortmannin or 2 gm UO0126 for 1 h,
cells were incubated with ASA for another 1 h followed by the
addition of vpl6 into the medium. After culturing for another
11 and 23 h, caspase-3 activity was assayed. The data demon-
strate that wortmannin abrogated the ASA-induced caspase-3
activity reduction whereas U0126 did not (Fig. 3B). These
results suggest that ASA reduced the anti-cancer effect of vpl6
mainly through the activation of Akt but not of ERK1/2.

Aspirin induces p2I°? up-regulation via activation of Akt.
Previous data have indicated that the anti-apoptotic effect
of ASA is probably dependent on its cell cycle modulation.
Therefore, some important cell cycle regulators, such as p53,
p27 and p21°P, were measured by Western blot analysis. The
results indicated that ASA up-regulated the protein level of
p21°P but not of p53 or p27 (Fig. 4A). However, ASA had little
effect on the transcription level of p21°° (Fig. 4B). Regardless
of the presence or absence of vpl6, ASA enhanced the p21°P

protein level and the activity of Akt (Fig. 4C). In order to
determine whether this change of p21°? was dependent on
the activation of Akt, wortmannin was used to inhibit the
activation of Akt. The increase of p21°? induced by ASA was
thoroughly abolished (Fig. 4D). Considering that the stability
of p21°? is directly regulated by Akt through phosphorylation
of serl46, the phosphorylation levels of serl46 p21°P were
examined. The data showed that the serl46 phosphorylation
levels of p21°? were up-regulated after treatment with ASA
(Fig. 4E). Phosphorylating p21°? on serl46 can enhance its
stability and inhibit its degradation (16). We therefore, deduce
that ASA was able to increase the protein level of p21°P via
activation of Akt which in turn stabilized p21°? and inhibited
its degradation through phosphorylation on ser146.

The anti-apoptotic effect of aspirin partly depends on p21°°
up-regulation. To verify whether ASA protects HepG2
cells against the vpl6-induced apoptosis via increasing the
expression of in p21°P, the p21°P expression was reduced by
small interference RNA (Fig. 5A). After down-regulating
p21°P expression, cells were treated with vpl6 of ASA
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Figure 4. Protein up-regulation of p21°? is dependent on the activation of Akt. (A) Cells were treated with aspirin (ASA) for 24 or 48 h in 1% serum medium.
p21, p27 and p53 protein levels were examined by Western blot analysis. (B) Cells were treated as above and the mRNA level of p21°? was assayed by real-
time PCR. Results were normalized to the control group. (one-way ANOVA, "P<0.05). (C) After treated with aspirin (5 mM) and vpl6 (20 uM) alone and in
combination, the p21°? protein level and phosphorylated Akt level were tested. (D) After treatment with wortmannin, U0126 and aspirin (5 mM) alone and in
combination, p21 protein levels were examined by Western blot analysis. (E) The phosphorylated serl46 level of p21 assayed by Western blot analysis after

aspirin (5 mM) treatment.

alone and in combination. Cell apoptosis was evaluated
by caspase-3 activity. Caspase-3 activity was significantly
up-regulated in ASA + vpl6 + siRNA-p21°P group compared
to ASA + vpl6 + siRNA-NC group (Fig. 5B). In addition, the
caspase-3 activity was lower in ASA + vpl6 + siRNA-p2]°P
group than it in vpl6 + siRNA-NC group. In conclusion,
reduction of p21°P expression partially attenuated the anti-
apoptotic effect of ASA.

Discussion

Aspirin has multiple COX-independent effects and is involved
in various cellular processes such as apoptosis (10,12). On
one hand, aspirin induces cell apoptosis via diverse pathways.
On the other hand, aspirin can protect the cells from toxic
stimuli inducing apoptosis/death (17-23). Therefore, the effect
of aspirin on cell apoptosis is still unclarified. In this study,
we observed that aspirin did not induce HepG2 cell apoptosis
but it reduced the apoptotic effect of vpl6. Meanwhile, aspirin
induced cell cycle arrest and inhibited cell proliferation.

The PI3-K/Akt and ras/ERK-MAP kinase pathways are
two essential pathways involved in cell motility, growth,

proliferation, apoptosis, cell cycle and survival (24,25). Akt
and ERK1/2 are the key molecules in these two pathways. A
study on the mouse fibrosarcoma model indicates that aspirin
could induce Akt activation in vivo (26). Our data show that
both Akt and ERK1/2 activity were greatly enhanced after
long-time treatment with aspirin. Acute treatment experiments
indicate that aspirin activated Akt and ERKI1/2 instantly.
Blocking Akt activation by the PI3-K selective inhibitor,
wortmannin, abrogated the reduction of caspase-3 activity
induced by aspirin. However, the ERK1/2 selective inhibitor
did not alter the caspase-3 activity. Several studies suggest
that inhibiting ERK1/2 activity could protect the cells from
apoptosis (17). Taken together, we deduce that activation of
Akt played the major role in the ASA reduction of the apop-
totic effect of vpl6.

Akt can regulate the cell cycle by enhancing the tran-
scription of cell cycle regulators and modulating their stability
directly or indirectly through phosphorylation on specific
sites (16,27-29). Consistent with the previous study, we
observed that ASA induced HepG2 cell accumulation in the
GO0/G1 phase. Our data demonstrate that aspirin up-regulated
p21°P but not p27 or p53. However, aspirin had little effect
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Figure 5. Reduction of p21°P expression attenuates the anti-apoptotic
effect of aspirin (ASA). (A) After transfecting with siRNA-negtive control
(siRNA-NC) and siRNA-p21 for 24 h, p21°P protein levels were examined.
(B) Sliencing p21 expression as above, cells were treated with ASA or vpl6
alone and incombination as above. Caspase-3 activity was analyzed by
ELISA after treatment (“t-test, P<0.05).

on p2l1° transcription. p21°P, serves as an important cell
cycle regulator, can modulate cell cycle by binding with
the proliferating cell nuclear antigen (PCNA) and inducing
cell arrest at the G1 phase (30). Moreover, p21°P can inhibit
procaspase-3 activation and cell apoptosis through its binding
with procaspase-3 (31). Akt can increase the binding between
p21¢P and its substrates via phosphorylating p21°" on serl46
(16). In our study, the serl46 phosphorylation levels of p21¢P
were significantly enhanced in the aspirin-treated group.
The aspirin-induced p21°? up-regulation was thoroughly
abrogated by wortmannin but not by U0126. Reducing p21°?
expression by siRNA attenuated the reduction of caspase-3
activity induced by aspirin in our experiments. Additionally,
Akt can block caspase-3 activation via inhibiting the proapop-
totic effect of caspase-9 and Bad by phosphorylating ser196
and serl136 respectively (32,33). Moreover, GSK-3, another
substrate of Akt, regulates its downstream signaling, including
the cytochrome c and caspase-3 pathways (34).

In brief, aspirin protected HepG2 cells from vpl6 inducing
apoptosis mainly through the activation of Akt. Activated
Akt in turn phosphorylated p21°P at serl46. Phosphorylation
of p21° resulted in p21°P protein up-regulation by increasing
its stability and inhibiting its degradation. This alteration of
p21°P increased its binding with procaspase-3 and by inhibiting
procaspase-3 cleavage. Therefore, these findings could be
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relative to the clinical condition where therapeutic schedules
involving both high doses of aspirin and cytotoxic agents are
needed, indicating that co-treatment with aspirin could reduce
the outcome of anticancer therapy.
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