MOLECULAR MEDICINE REPORTS 17: 3735-3743, 2018

Synergistic effect of nutlin-3 combined with aspirin
in hepatocellular carcinoma HepG2 cells through
activation of Bcl-2/Bax signaling pathway
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Abstract. Aspirin as an antitumor drug has been studied in
various malignancies with regards to its effects on apoptosis,
proliferation, metastasis and senescence of tumor cells.
However, the clinical application is limited by its side effects.
Nutlin-3 is a novel antitumor compound, which has not been
clinically approved. The present study investigated the value
of combining aspirin and nutlin-3 on hepatocellular carcinoma
(HCC) cells. MTT was performed to detect the proliferation
of HepG2 cells treated with aspirin or/and nutlin-3. Transwell
invasion assays were performed to estimate the invasion ability
of HepG2 cells treated with aspirin or/and nutlin-3. Then the
apoptotic analysis of HepG2 cells evaluated the synergistic
effect of aspirin and nutlin-3. Apoptosis markers, including
B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax),
caspase-3, caspase-8 and caspase-9 were estimated by western
blot analysis at various time points. In addition, a Xenograft
mouse model was established by infection with HepG2 cells,
and aspirin and/or nutlin-3 was administrated to verify the
anti-apoptotic effect of the two drugs in vivo. A high dose of
aspirin and nutlin-3 inhibit the proliferation and apoptosis
of HepG?2 cells. The antitumor effect was enhanced with the
combined treatment of the two drugs, particularly in the group
with a low concentration of aspirin and nutlin-3. Nutlin-3 was
able to increase the level of Bax in HepG2 cells treated with
aspirin significantly after treatment for 8 h. When treated with
a low concentration of aspirin and nutlin-3, the level of Bax in
HepG2 cells was enhanced for 2 h. In the animal model, tumor
volume and tumor angiogenesis were significantly decreased
in combination group compared with other groups (P<0.01).
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Although there were side effects in the group treated with
aspirin alone, no side effects were observed in the combination
group. Nutlin-3 enhanced the apoptotic effect of a low dose of
aspirin by upregulating Bax expression in the HepG2 cell line
and in vivo. The synergistic effect of nutlin-3 in aspirin anti-
tumor therapy contributed to diminishing the dose of aspirin
required and decreased the occurrence of adverse drug events
in HCC through targeting the Bcl-2/Bax signaling pathway.

Introduction

In the world, hepatocellular carcinoma (HCC) is a
common type of tumor and the third most frequent to
cause death (1). Women aged 50 or older is the high-risk
population of HCC (2). As so far, the most radical therapy
of HCC is hepatectomy which can improve the function
of liver and patients' quality of life immediately. And
the other treatments such as orthotopic liver transplanta-
tion (OLT), radiofrequency ablation (RFA) are effective
methods. However, the one of features of HCC is have no
obvious early symptoms which mean some patients missed
the best time of hepatectomy when they were diagnosed
as HCC at first. So it is important to search new therapies
for getting more effective curative effect. In recent years,
the chemotherapy becomes the viable option for the HCC
treatment or post-hepatectomy. Sorafenib and the multiki-
nase inhibitor have shown effective activity against HCC
and has been approved in part of the world (2). However,
the drug resistance hampers the long-term effectiveness of
these chemotherapeutic drugs.

Formerly, aspirin is a nonsteroidal anti-inflammatory drug
which uses in treatment of tumor complication frequently. In
recent years, aspirin was found against cancer. The drug has
been demonstrated that it can suppress cancer growth and
induce apoptosis and differentiation in some cancers (3-7).
Now, the concentration of aspirin is a tissue in clinical applica-
tion. Aspirin is associated with potential side effects including
gastrointestinal and cardiovascular effects. There is a contra-
diction between the demanded dose and the concentration of
occurring adverse effects. It is interest to investigate the union
use effect from two drugs together.
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Previous studies showed that the different dose of
Aspirin can impact the postoperative survival in subsets
of post-esophagectomy patients (8). Patients who had
received a low-dose of aspirin daily for more than 5 years
showed significant anti-cancer effect compared with treat-
ment without aspirin (9,10). The clear mechanisms of
antitumor of Aspirin are inhibition of the cyclooxygenase
(COX)-independent mechanisms and inhibition of platelet. A
high dose of aspirin can inhibit COX-2 expression which be
found abnormal high expression in various cancers (11-14).
It also inhibit the phosphatidylinositol 3-kinase-related
pathways (PIK3CA) pathway via reduce COX-2 expression
to enhance the tumor cells senescence in colorectal cancer
and breast cancer (15). The other downstream transcrip-
tional targets interact with the targeted molecules of aspirin
including ERK, MAPK and NF-«B and so on. Aspirin may
induce COX-2 expression through activate inactivation
of platelets in epithelial cells of colorectal adenomas and
cancers (16). In addition, it is gradually accepted that aspirin
can acetylate lysine residues in serum proteins. A report in
human breast cancer cells showed Aspirin induced p21¢™!
protein levels in a transient fashion via acetylating the p53
protein markedly.

Nutlin-3 is an MDM?2 antagonist which can protect P53
from binding with MDM2 and activate P53 (17). There are
a number of studies involving the mechanism of nutlin-3
function for a various of cancers in which nutlin-3 can induce
growth inhibition, cell migration and/or apoptosis (18-23).
Nutlin-3 can bind with the three hydrophobic amino acid
(-Leu26, Trp23, Phel9) of P53 specifically and efficiently. Then
it breaks the combination of P53 and MDM?2 and gather p53
again to exert antitumor effect including the arrest of tumor
cell cycle and the cell apoptosis. Nutlin-3 has been used as a
probe compound in preclinical (24). However, because of the
dose-dependent toxicities and drug-resistance, Nutlin-3 not be
used to cure disease clinically. There is still a long way to use
Nutlin-3 in clinical extensively.

Although the intrinsic mechanisms of aspirin on COX
and platelet have been well-studied, the certified pathways of
Aspirin in P53 network is little. Herein, we hypothesized that
the antitumor effects of aspirin may be enhanced by nutlin-3 in
HCC cells. Its mechanism involve the P53-dependent pathway.
So the aim of the present study was to evaluate the antitumor
effect of combined treatment of aspirin and nutlin-3 in human
HCC cell lines.

However, whether aspirin combined with nutlin-3 has a
synergistic effect on HCC cell lines' proliferation and apop-
tosis is still unknown. Based on these findings, in the present
study, we aim to evaluate the synergistic antitumor effect of
aspirin and nutlin-3 combination in human HCC cell lines.

Materials and methods

Cell culture. Human HCC line (HepG2) was obtained from
Shanghai Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences (Shanghai, China). HepG2 cells were
cultured in DMEM culture medium (HyClone; GE Healthcare
Life Sciences, Logan, UT, USA) supplemented with 10%
FBS (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), 100 U/ml penicillin and 100 U/ml streptomycin. The
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phenomena of culturing HepG2 cells is a humidified atmo-
sphere containing 5% carbon dioxide at 37°C.

Drugs and reagents. Aspirin and Nutlin-3 were purchased
by Sigma-Aldrich (Merck KGaA, Darmstadt, Germany).
Nutlin-3 was dissolved in dimethyl sulfoxide (20 mg/ml) and
diluted with H,0O. Aspirin was dissolved in dimethyl sulfoxide
(20 mg/ml) and diluted with PBS medium. The final concen-
tration of Aspirin and Nutlin-3 is 1 mmol/l and 5 pgmol/I,
respectively.

MTT assay for cell viability. HepG2 cells were seeded
into 96-well plates at a density of 5x10* cells per well,
and incubated for 24 h to make sure all cells attached to
the plate sufficiently. Then we would starve the cells by
change culture medium without FBS for 12 h. The cells
were incubated with aspirin and/or nutlin-3 at varying doses
of single drug or its combination for 24, 48 or 72 h. After
treatments, supernatants were discarded and washed with
PBS. The cells were incubated with MTT (5 mg/ml in PBS)
at 37°C for another 4 h. Discard the medium, MTT formazan
crystals were dissolved in 200 xl DMSO. In the end, it was
measured using a POLAR star OPTIMA microplate reader
(BMG Labtechnologies, Ortenberg, Germany) at absorbance
at 570 nm. Cell viability is equal with the percentage of
viable cells in total cell population. Each experiment was
performed three replicates.

Colony formation assay. One thousand cells were plated
into 6-well plates and incubated in DMEM with 10% FBS
at 37°C. Seven days later, the cells were fixed and stained
with 0.1% crystal violet. The number of colonies, defined as
>50 cells/colony, were counted.

Cell migration assays. The invasive potential of cells was
measured in 6.5 micrometers Transwell with 8.0 micrometers
Pore Polycarbonate Membrane Insert (Corning Incorporated,
Corning, NY, USA) according to the manufacturer's instruc-
tions. Then HepG2 cells were seeded into the upper chamber
with DMEM. The lower chambers were filled with 600 ul of
DMEM medium with 10% FBS as chemoattractant. After
48 h, the invasive cells across membrane and adhere to the
lower surface of the membrane which were fixed with 4%
paraformaldehyde for 30 min, permeabilized with 0.2% Triton
X-100 at room temperature for 15 min, and then stained with
0.1% crystal violet for 5 min. Light microscope was used to
measure the number of invading cells in five random fields at
a magnification of x100.

Apoptosis assay. Annexin V: PE Apoptosis Detection
kit (BD Biosciences, Franklin Lakes, NJ, USA) was used
to measure the cells' apoptosis induced by nutlin-3 or/and
Aspirin. After treatment for 48 h, cells were digested by
pancreatin with EDTA and washed with PBS at 4°C. Then it
were resuspended in 500 pl binding buffer (1x10° cells per
ml) containing 5 ul of Annexin V-APC and 5 ul of 7-AAD.
The cells were incubated for 15 min at room temperature
without light and analyzed by flow cytometry (FACS
Calibur; BD Biosciences). Apoptotic cells were analyzed
by quadrant statistics of the propidium iodide-negative and
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Figure 1. (A) Inhibitory effect of nutlin-3 for the cell proliferation after cultivate cells at different concentration for three times (24, 48 and 72 h), respectively.
(B) Inhibitory effect of aspirin for the cell proliferation after cultivate cells at different concentration for three times (24, 48 and 72 h), respectively. (C) Cell
viability is determined by using MTT assay in HepG2 cells demonstrated by nutlin-3 and aspirin alone or in combination for 48 h. (D) The colony number of
HepG2 treated with nutlin-3 and aspirin alone or in combination for 48 h. (E) The ability of migration of HepG2 cells treated with nutlin-3 and aspirin alone or
in combination for 48 h. Data are shown by means + standard deviation, and data are the average results of three independent experiments. "P<0.05, “P<0.01,
"P<0.001 vs. 24 h group; “P<0.01, P<0.001 vs. control groups (nutlin-3 concentration or aspirin concentration=0).

Annexin V-positive cells. The apoptotic index was calcu-  Protein extraction and western blotting. HepG2 cells were
lated by the percentage of the propidium iodide-negative and  cultured by treating with nutlin-3 and/or aspirin for 48 h in
Annexin V-positive cells in total cells. 6-well plates. Then it was digested by pancreatin with EDTA
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Figure 2. (A-F) The flow cytometry showed the apoptosis of HepG2 cells afte
ment. Data are means + standard deviation (error bars). “P<0.01; “"P<0.0001

to collect total cells. The cells were sonicated and centrifuged
to collect cell extracts at 12,000 x g for 10 min at 4°C. Protein
concentrations were determined with a BCA assay. Equal
amounts of total proteins were transferred to polyvinylidene
difluoride membranes (EMD Millipore, Billerica, MA,
USA). After blocking in 5% non-fat dry milk, the membrane
was subsequently immunoblotted with primary antibodies
following: Anti-B-actin, anti-B-cell lymphoma 2 (Bcl-2),
anti-Bax, anti-caspase-3, anti-caspase-8 and anti-caspase-9
overnight at 4°C. Next day, immunoreactivity was incubated
with HRP conjugated anti-goat or anti-rabbit antibody (Santa
Cruz Biotechnology, Inc., Dallas, TX, USA). The signals were
visualized by the ECL kit (Pierce; Thermo Fisher Scientific,
Inc.). The primary antibodies were all purchased from Santa
Cruz Biotechnology, Inc..

Xenograft mouse model. BALB/c nude mice (5 weeks old,
20-25 g) were purchased from Animal Feeding Center of
Xi'an Jiaotong University Health Science Center. Animal
experimental protocols was approved by the Institutional
Animal Care and Use Committee, and the mice were fed in

r treatment; (G) The quantitative figure for apoptosis of HepG2 cells after treat-
vs. control.

compliance with criteria outlined in the Guide for the Care and
Use of Laboratory Animals established by the US National
Institutes of Health, strictly. HepG2 cells were harvested and
re-suspended sterile, serum-free PBS. The mice were random-
ized into four groups (N=4 per group). Then 5x10° HepG2
cells were inoculated into each mice on posterior hind flank
region subcutaneously. After the injection of HepG2 cells on
3 days, the treatment of Aspirin (13 mg/kg/day, p.o.) and/or
Nutlin-3 (200 mg/kg, twice a day, p.0.) was started after the
injection of HepG2 cells (25). As a controls group, the mice
were administrated by PBS (0.2 ml/kg/day). 3 weeks after
daily administration, mice were killed. The tumor was then
removed and underwent the immunohistochemistry. Tumor
growth was monitored twice weekly. The length (L) and the
width (W) of the tumors were measured and the volume (V) of
each tumor was calculated with the formula: V=Lx W?/2 (26).
The study was approved by the Animal Research Committee
of Xi'an Jiaotong University Health Science Center.

Statistical analysis. Experiments were performed with values
expressed as mean + standard deviation. All statistical analyses
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were conducted using the Graphpad Prism 6.0 software. The
correlation differences between the respective groups were
evaluated by either ANOVA or nonparametric test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Aspirin and nutlin-3 inhibits the proliferation and migra-
tion of HepG?2 cells. As we all know, nutlin-3 inhibits the
proliferation in HCC cells which were confirmed by previous
studies (27,28). To study the function of aspirin in anti-prolif-
erative and the effect of cooperating with nutlin-3, aspirin and
nutlin-3 were detected by concentration gradient in HepG2
cell line separately. Then the MTT assay were performed for
24,48, 72 h. We can easily found that both aspirin (Fig. 1A)
and nutlin-3 (Fig. 1B) would inhibit the growth of viable
HCC cells in a dose-dependent manner significantly. After
48 h treatment for aspirin or nutlin-3, the anti-proliferation
effect of the two drugs showed statistical significance. Based
on the IC50 dose, the experimental concentration of nutlin-3
in HepG2 cells was determined as 5 gmol/l at 48 h. The
experimental concentration of aspirin was determined as
1 ymol/l at 48 h. Moreover, the low dose of aspirin identified
as 0.25 mmol/l were used to investigate the side effect.

Next, aspirin (1 or 0.25 mmol/l) and nutlin-3 (5 gmol/l)
were used in HepG2 cells simultaneously for 48 h, the MTT
assay showed a remarkable decrease in HepG2 viable cell
numbers and the effect of growth inhibitory is remarkly
stronger compared with control or drug treatment alone
(Fig. 1C). Colony formation assays revealed that aspirin
(1 mmol/l) and nutlin-3 (5 gmol/l) formed significantly less
colonies than control in HepG2 cells. While the low dose of
aspirin (0.25 mmol/l) formed a similar colonies as control.
When combined aspirin and nutlin-3, the colonies of HepG2
cells is higher than drug administration alone and control
(Fig. 1D). Furthermore, the high aggressive potency is one
of the key feature of malignant cells. The migration assays
were performed to evaluate the migration capabilities of
HepG?2 cells treated with aspirin and nutlin-3. Co-treatment
of aspirin (I mmol/l) and nutlin-3 (5 gmol/l) suppressed cells'
migration (Fig. 1E) compared with control or drug treatment
alone.

Aspirin enhances nutlin-3-induced apoptosis of HCC cell.
Aspirin can induce tumor cells apoptosis by signal pathways.
We speculated that aspirin and nutlin-3 can regulate the tumor
cells proliferation via affects apoptosis in HepG2 cells. To
study the potential synergistic effect of apoptosis for aspirin
and nutlin-3, HepG2 cells were treated for 48 h in six groups.
Then Annexin V-APC/7-AAD Apoptosis Detection kit were
used to stain the apoptotic cells in six groups respectively.
Compared with control group, the two drugs are all increase
the apoptosis ratio of HepG2 cells, low dose of aspirin showed
no statistical difference. But compared with either aspirin or
nutlin-3 alone, the combination of aspirin (1 or 0.25 mmol/l)
and nutlin-3 (5 gmol/l) both induced a significant increase
in HepG2 cells (Fig. 2). These results suggested that nutlin-3
can enhance the apoptotic effect of aspirin and nutlin-3 can
enhance the apoptot ic effect of a low dose of aspirin in HCC
HepG2 cells.
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Figure 3. The apoptotic effect of Nutlin-3 and a different dose of Aspirin via
regulating caspase cascade proteins. Data are means + standard deviation
(error bars). “P<0.01; “"P<0.0001 vs. control.

Combination of aspirin and nutlin-3 enhances apoptosis via
caspase cascade proteins. In previous combination treatment
of nutlin-3 and aspirin, significant decline of cell numbers was
observed. To confirm the mechanism induced apoptosis by the
co-treatment, we extract the total protein from HepG2 cells
treated with the two drugs alone or in combination respectively
to detect the change of apoptotic protein biomarkers. The
results showed that the administration of nutlin-3 can increase
the levels of caspase-3 and caspase-9. While there is no change
on caspase-8 in HepG2 cells treated with nutlin-3. A low dose
of aspirin (0.25 mmol/l) did not change the level of caspase-9
and caspase-3. However, the result of the combined treatment
is the expression of caspase-9 and caspase-3 go up which was
significantly obvious. The expression of caspase-8 showed
no change when treated with nutlin-3 and Aspirin alone or in
combination (Fig. 3).

Nutlin-3 activates the Bax/Bcl-2 signaling pathway in HepG?2
cells treated with A low dose of aspirin. As we all know,
Bcl-2/Bax is a specific signaling pathways downstream of
P53, and it is a downstream of caspase-3. We wonder to know
if Bcl-2/Bax pathway were involved in the synergistic effect
of nutlin-3 combined with Aspirin. The western blot results
found that nutlin-3 can increase the level of Bax and decrease
the level of Bcl-2 in HepG2 cells. The expression of Bax was
no change by aspirin (0.25 mmol/l) and enhanced by the high
dose of aspirin. In addition, the expression of Bcl-2 have no
change for aspirin. Furthermore, when treated with aspirin
(0.25 mmol/l) and nutlin-3 (5 gmol/l), tumor cells showed
high expression of Bax levels than when treated with nutlin-3
or aspirin alone (Fig. 4A). So we suggested that nutlin-3
enhanced the apoptotic effect of aspirin through Bcl-2/Bax
signal pathway.

Next, we choose a low dose of aspirin (0.25 mmol/l)
to verify the mechanism. Nutlin-3 (5 gmol/l) and aspirin



3740

A Aspirin(mmol/l) - - 025 1 025 1
Nutlin-3 (umol) - 5 - - 5 5

Bel-2

F-actin i i -

B Oh30min1h 2h 4h 8h 24h

Bax

B-actin S S ———— -

Bax

B-actin W s S W S -

o S

B-2CHIN it SN W W -

MIAO et al: Nutlin-3 CAN ATTENUATE THE SIDE EFFECT FOR ASPIRIN

Control

Nutlin-3

Aspinin-low
Aspirin-high
Nutlin-3+Aspirin-low
Wl Nutlin-3+Aspirin-high

IR 00

Relative protein expression

Nutlin-3 (5 pmol/l)

Aspirin (0.25 mmol/l)

Nutlin-3+Aspirin

Figure 4. (A) the expression of Bax were detect in six groups (HepG2 cells, HepG2 cells treated with nutlin-3 (5 #mol/l), HepG2 cells treated with aspirin (0.25
or 1 mmol/l), and HepG2 cells co-treated with nutlin-3 (5 gmol/l) and Aspirin (0.25 or 1 mmol/l). (B) Expression of Bax in HepG2 cells stimulated by nutlin-3
(5 pmol/1) at different time points. Data are means + standard deviation (error bars). “P<0.05; “P<0.01; ““P<0.0001 vs. control.

(0.25 mmol/l) were used for detecting the change of Bax at
various time points in HepG2 cells. After treated with nutlin-3
for 8 h in HepG?2 cells, the total Bax expression was increased
significantly in a time-dependent manner (Fig. 4B), but the
group treated with aspirin at a low concentration have no
change. Furthermore, when nutlin-3 (5 gmol/l) and aspirin
(0.25 mmol/l) were used together, the expression of Bax was
significantly increased beginning after treated with two drugs
for 2 h.

Combination of nutlin-3 and aspirin reduces proliferation
and tumor angiogenesis of HCC cells in vivo. In order to
verify whether the combination of aspirin and nutlin-3 could
inhibit tumor growth, the in vivo activity of combination on
HCC cells were also evaluated. Subcutaneous inoculation of
HepG2 cells into nude mice resulted in a tumor formation
at the site of injection in all mice. There are four group in
which mice administrated with PBS (0.2 ml/kg/day), a low
dose of aspirin (13 mg/kg/day, p.o.), nutlin-3 (200 mg/kg,
twice a day, p.o.) and a low dose of aspirin (13 mg/kg/day,
p-o.) combined with nutlin-3 (200 mg/kg, twice a day, p.o.),
respectively. One mice in the group treated with aspirin
alone died during the experiment because of gastric mucosa
injury. But all the mice from other groups survived until the
experiment stopped. The tumor growth ability of HepG2
cells in the combination group is weakest among four groups.
And no significant difference was observed in tumor volume
of control group and aspirin management group (Fig. 5A).
The Bax immuno-histochemical reactions were performed
in the tumor tissue (Fig. 5B). Bax was markedly expressed

in group treated with aspirin and nutlin-3. Next, the angio-
genesis-associated proteins VEGF, and CD31 were detected
in the four group. VEGF, and CD31 protein expressions were
decreased in the group in which mice treated with nutlin-3.
The expression of VEGF, and CD31 is lowest in the four
groups (Fig. 5C). Therefore, nutlin-3 cooperated with aspirin
might suppress the proliferation ability of tumor cells and
inhibit tumor angiogenesis via up-regulating the expression
of Bax in vivo. Moreover, nutlin-3 can attenuate the toxicity
in aspirin treatment.

Discussion

In 1979, the HepG?2 cell line was firstly established by Barbara
Knowles and colleagues, and reported as a HCC (29). Over the
next few decades, HepG2 has been widely used to investigate
metabolism, development, oncogenesis (chemocarcinogenesis
and mutagenesis), and hepatotoxicity in HCC. However, in
2009, Lopez-Terrada et al reported HepG2 originated as
a hepatoblastoma (HB) and not a HCC according to array
comparative genomic hybridization (CGH) analysis and a series
of experiments (30). HB is a primary hepatic malignant tumor
and originated from primitive hepatic stem cells. It commonly
occurred in children. Now, HepG2 cell lines were used to
explore molecular mechanism in HB. Even so, more than 2012
researches used HepG2 to investigate HCC from 2009 to 2017
according to PubMed. In the study, the synergistic anti-cancer
effects of aspirin and nutlin-3 have been conformed in HepG2.
There were even some hints the synergistic anticancer effects
of aspirin and nutlin-3 are exist not only in liver cancer but
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Figure 5. (A) In vivo study, the volume of xenografts derive from HepG2 cells in four groups. The tumor images corresponding to hepatocellular carcinoma
(HCC) xenografts tumor in four groups. (B) Bax expression in tumor tissue from xenografted mice in four groups (magnification, x400). (C) VEGF and
CD31 expression in tumor tissues of mice transplanted HepG2 cells and administrated with aspirin and/or nutlin-3 were detected using RT-qPCR. Data are

means #+ standard deviation (error bars). “P<0.05; “P<0.01; ““P<0.0001.

also in hepatoblastoma. However, the general applicability in
other liver cancer type is still unknown.

Aspirin is a common clinic drugs which was approved
to control postoperative pain, inflammation and prevent
cardiovascular disease. Recently, a large number of researches
and epidemiological studies has demonstrated that the use
of nonsteroidal anti-inflammatory drugs (NSAIDs) protects
against the incidence and development of certain cancers. In
our study, aspirin can inhibit the proliferation and invasion
of HepG2 cell line with a dose-manner administration. The
animal experiment has also clarified the phenomena in vivo
such as the smaller tumor volume in treatment group with
aspirin. In actually, Aspirin is the most popular of being inves-
tigated in different types of cancers (31-33). It has been used
in chemoprevention of many malignant cancers. And effective

taking aspirin need to be dose and time dependent. However,
patients on high-dose aspirin (=500 mg daily) might induce
bleeding complications which limit the clinical application
value of aspirin.

Drug-drug interactions (DDIs) is a new method to deal
with the problem of adverse drug events. The drug positively
or negatively impact the clinical effect or plasma concentra-
tion of another drug even be a significant cause of morbidity
and mortality worldwide. Aspirin inhibit the prevention,
progression, and metastatic growth of cancer by the inhibition
of COX-2 and platelet aggregation (34-36). The expression
of COX-2 is associated with increased cell proliferation and
tumor promotion significantly. In addition, aspirin can promote
platelet aggregation which could contribute to immune evasion.
And platelets could induce abnormal COX-2 levels which can
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decrease the oncosuppressor genes and decrease the oncogenes
in colon carcinoma (37). Moreover, some COX-2 independent
pathways have been investigated to elucidate aspirin mecha-
nism including NF-«B, ERK, Bcl-2/Bax signaling pathway,
TGF-B/Smads signaling pathway, JAK1/STAT1 pathway,
PI3K/Akt signaling pathway and vascular endothelial growth
factor (VEGF) signaling (11,38-41). Due to the mechanism is
related with cells angiogenesis, cell proliferation and migra-
tion, especially apoptosis, we wondered to uncover a new drug
to cooperate with aspirin for inducing tumor cells' apoptosis.
P53 is the classical anti-apoptosis gene and a key protein in
regulating tumor cells' apoptosis. Previous study showed
that inhibition of P53 suppression by MDM2 in cancer cells
promotes growth arrest, apoptosis and senescence in vitro and
in vivo. Nutlin-3 has been demonstrated that induces cell cycle
arrest and apoptosis by downregulates p53 phosphorylation on
serine*? in HCC cells (27). In consist with previous researches,
in this study, a similar growth inhibition and apoptosis effect
of nutlin-3 were found in HepG2 cell lines. Moreover, combi-
nation between nutlin-3 and aspirin not only reduced the
proliferation of HepG2 cells but also enhanced its apoptosis
significantly. The western blot result showed an outstanding
upregulation of caspase-3 and caspase-9 in co-treatment group
of nutlin-3 and aspirin compared with other groups treated with
nutlin-3 and aspirin alone. These two proteinase paly essential
role for being blocked the recruitment of procadpase-9 to the
Apaf-1/dATP/cytochrome ¢ apoptosome complex (42). As
we all know, Bax promotes the release of cytochrome ¢, and
activates caspase-9 and caspase-3. Bcl-2/Bax is directly regu-
lated by the tumor suppressor P53 and has been shown to be
involved in P53-mediated apoptosis (43,44). We suggested that
the synergistic effect between nutlin-3 and aspirin exert apop-
tosis function by Bcl-2/Bax signaling pathway. In consist with
our assumption, the expression of Bax was raised according
different time continually. Therefore, these data demonstrate
that in HepG2 cell Bax is associated with the apoptosis.

The applicable concentration of drug is a key issue in
clinic. Although aspirin has been a common therapy in clinic
for anti-inflammation and improving cardiovascular disease,
the value of preventing and controlling tumor is limited by
its adverse drug events. To make sure the effective clinical
function, the blood medicinal concentration of aspirin is
1-3 mmol/l. And a report proved the safe concentration of
aspirin is 30-1,500 mg/day (45). However, approximately 90%
of the liver cancer patients have liver cirrhosis which show liver
dysfunction in different levels and portal hypertension. Using
of high-dose aspirin would induce gastrointestinal bleeding.
But if the dose lass than 100 mg daily, it would occur the risk
of bleeding. The application value of low dose aspirin has
been evidenced in some cancer (46,47). There is a study indi-
cated the low dose aspirin (300-75 mg daily) also can reduce
colorectal cancer incidence and mortality, especially proximal
colon cancer by a 20 years follow-up of five randomized
trials (47). In our animal model, nude mouse were chosen to
build model of transplantable subcutaneously tumors in mouse.
Because the nude mice's capability of adapting themselves to
the drug administration was weaker than the normal mice.
We determined the concentration of aspirin as 15 mg/kg/day,
p.o. according previous reports (40,48). However, mice all
died after treating with aspirin in succession. Therefore, we
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lowered drug concentration (13 mg/kg/day, p.o.) to fit experi-
ment demands. The tumor volume for combination therapy of
aspirin and nutlin-3 is decrease compared with other groups
and no side effects were observed. It indicated that the combi-
nations of low dose aspirin and nutlin-3 regularly has no risk of
bleeding and assure the effective drug concentration in HCC.
We can assume that a study is feasible to determine an optimal
concentration to improve the efficacy of aspirin in clinic.

In conclusion, our present results indicated that the treat-
ment of aspirin and nutlin-3 alone or in combination both
inhibit growth and promote apoptosis in vitro and in vivo.
Nutlin-3 enhances the apoptosis effect of a low dose of aspirin
by upregulating Bax expression in HepG2 cell line and in vivo.
The synergistic effect of nutlin-3 in aspirin antitumor therapy
contribute to diminish the dose of aspirin and decrease the
rise of adverse drug events which would expand aspirin thera-
peutic and/or adjuvant therapeutic application in the treatment
of HCC in clinical.
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