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ABSTRACT
Recent studies have confirmed that a p53-derived apoptotic peptide (37AA)
could act as a tumor suppressor inducing apoptosis in multiple tumor cells through
derepressing p73. However, the tumor suppressive effects of recombinant adenoassociated virus (rAAV) expressing 37AA on HCC cells are still unknown. In this study,
we successfully constructed a recombinant rAAV expressing 37AA. In vitro and in vivo
assays showed that transfection of NT4-37AA/rAAV in HCC cells strongly suppressed
cell proliferation, induced apoptosis, and up-regulated the cellular expression of p73.
NT4-37AA/rAAV transfection markedly slowed Huh-7 xenografted tumor growth
in murine. Pretreatment of HCC cells with p73 siRNA abrogated these effects of
NT4-37AA/rAAV. Furthermore, we found that expression of p73 was upregulated and
the formation of P73/iASSP complex was prevented when 37AA was introduced into
HCC cells. Taken together, these results indicate that introduction of 37AA into HCC
cells with a rAAV vector may lead to the development of broadly applicable agents for
the treatment of HCC, and the mechanism may, at least in part, be associated with
the upregulation of p73 expression and reduced level of P73/iASSP complex.

INTRODUCTION

HCC [4, 5]. Analyses of these aberrant alterations involved
in the development of HCC could help us to identify
potential diagnostic markers and new molecular targets
of HCC. Various targeted therapies are currently being
explored for combating HCC, and accumulating evidence
suggests that combination therapy targeting different
pathways, such as angiogenesis, signal transduction and
epigenetic dysregulation of tumors, will potentiate antiHCC effects and provide perspectives on future clinical
trials in HCC [6, 7].
Mutation of the p53 tumor suppressor gene is a
common genetic change in HCC, present in 30% of cases [8].
Functionally, p53 acts as a tumor suppressor through several
mechanisms including activating DNA repair proteins,
inducing cell cycle arrest, and initiating apoptosis [9, 10] and
when mutated, its tumor suppressor ability would be impaired
or even eliminated, which makes p53 pathway an ideal target

Hepatocellular carcinoma (HCC) is one of the
most deadly cancers in humans [1]. Despite considerable
therapeutic progress, patients with HCC still face a high
incidence of postoperative recurrence and metastases,
even when treatments have been considered potentially
curative [2]. Sorafenib is the only and standard systematic
chemotherapeutic agent for unresectable HCC currently.
However, its clinical benefits remain modest with an
average overall survival of only 10.7 months for advanced
HCC patients [3]. In general, the overall prognosis of HCC
is still unsatisfactory.
Recent advances in the molecular pathogenesis
of HCC revealed that complex genetic and epigenetic
alterations, chromosomal aberrations, mutations, and
altered molecular pathways lead to the development of
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for therapeutic intervention in multiple tumor types including
HCC [11, 12]. However, the technical bottleneck of restoring
normal function to a mutant tumor suppressor gene or
inactivating it makes the p53 protein-based HCC treatment
theoretically easy, practically rather difficult.
P73 is a member of the p53 family which shares
many functional characteristics with p53 and can induce
cell death in multiple cell types [13–16]. In contrast
to p53, p73 is rarely mutated in human cancer [17, 18],
which provided the possibility to fight against tumor via
activating p73 in p53 mutated or p53 null tumors. Recently,
Bell et al. [19] reported a p53-derived apoptotic peptide
(37AA), which composed of only 37 amino acids from
conserved box II (residues 118–142) and conserved box III
(residues 171–181). Although unable to directly cause p53
target gene activation, 37AA retains the ability to bind the
inhibitor of apoptosis stimulating protein of p53 (iASPP),
regardless the status of P53. By binding iASPP, 37AA could
dissociate iASPP and p73 to result in the derepression of
endogenous p73, which subsequently causes p73 activation
and p73-dependent cell death and tumor regression in the
absence or presence of p53 mutation.
In this study, we successfully constructed a
recombinant rAAV expressing 37AA and selected p53
mutated cell line Huh-7, and p53 null cell line Hep3B to
examine the tumor suppressive effects of 37AA in vitro.
Besides, a Huh-7 xenografted tumor in mouse was used
to evaluate its tumor suppressive effects in vivo and the
possible mechanisms were also investigated.

NT4-37AA/rAAV infected cells was significantly higher
than that in the other two groups (both P < 0.05, Figure 2).
However, the up-regulating effect of NT4-37AA/
rAAV on p73 protein in Huh-7 and Hep3B cells was
abrogated by the pretreatment of Huh-7 and Hep3B
cells with p73 siRNA. For the three groups of Huh-7
and Hep3B cells received p73 siRNA pretreatment, the
p73 expression levels were similar and all significantly
reduced compared to that in control cells not received p73
siRNA pretreatment (all P < 0.05, Figure 2).

The inhibitory effect of NT4-37AA/rAAV on
HCC cells proliferation
In order to explore the inhibitory effect of NT4-37AA/
rAAV on HCC cells proliferation, we carried out MTT and
colony formation assay to explore the changes of HCC
proliferation. For the Huh-7 and Hep3B cells not received
p73 siRNA pretreatment, the proliferation of cells treated with
recombinant virus was significantly restrained compared to the
empty virus group (all P < 0.05, Figure 3A, 3C, 3E and 3F).
However, the inhibitory effect of NT4-37AA/rAAV
on Huh-7 and Hep3B cells proliferation was abrogated
by the pretreatment of Huh-7 and Hep3B cells with p73
siRNA. For the Huh-7 and Hep3B cells received p73 siRNA
pretreatment, the OD values and colony number were
similar to the empty virus group (Figure 3B, 3D, 3E and 3F).
To further explore the mechannism of how NT4-37AA/
rAAV inhibits HCC cell proliferation, we conducted CO-IP.
The results showed that NT4-37AA/rAAV could reduce the
formation of the P73 / iASSP complex (Figure 3G).

RESULTS
Titration of NT4-37AA/rAAV

NT4-37AA/rAAV increased the apoptosis of
HCC cells

After the construction of NT4-37AA/rAAV, the titer
was measured by spot hybridization method. The result
showed its titer reached a maximum of 2 × 1013 pfu/L.

For the Huh-7 and Hep3B cells not received p73
siRNA pretreatment, flow cytometry analysis showed that
the recombinant virus could increase the apoptosis rate of
the cells. After being infected for 72 h, the apoptosis rate
of Huh-7 and Hep3B cells in recombinant virus group was
much higher than that in the empty virus group (Figure 4).
However, the induction of apoptosis by NT4-37AA/
rAAV in Huh-7 and Hep3B cells was abrogated by the
pretreatment with p73 siRNA. For the Huh-7 and Hep3B
cells receiving p73 siRNA pretreatment, the apoptotic rates
were similar and had no significant difference (Figure 4).

Knockdown of p73 in HCC cells
The expression of p73 was examined by real-time
PCR and western blot to validate the silencing efficiency
of the target gene after RNA interference. Stable p73
siRNA-transfected Huh-7 and Hep3B cells (p73-siRNA
group) and control siRNA-transfected cells (control
siRNA group) were established as described above.
Compared to parental Huh-7 and Hep3B cells and control
siRNA cells, both mRNA and protein expression of p73
were significantly reduced in p73-siRNA cells at 24 h
after siRNA transfection (all P < 0.05; Figure 1), which
persisted for at least 96 h (data not shown).

NT4-37AA/rAAV suppressed Huh-7 xenograft
tumor growth in nude mice
To evaluate the anti-tumor effect of NT4-37AA/
rAAV in vivo, a HCC xenograft model was successfully
established after inoculating Huh-7 cells in the dorsal
flanks of nude mice. For the Huh-7 cells not received
p73 siRNA pretreatment, NT4-37AA/rAAV substantially
attenuated the growth of xenograft tumors as compared

NT4-37AA/rAAV increases the expression of p73
protein in HCC cells
For the Huh-7 and Hep3B cells not received p73
siRNA pretreatment, the expression of p73 protein in
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to vehicle control at 14 and 21 days post-inoculation,
respectively (Figure 5A, 5B).
However, the suppressive effect of NT4-37AA/
rAAV on HCC xenograft tumor was abrogated by the
pretreatment of Huh-7 cells with p73 siRNA. For the two
groups of Huh-7 cells received p73 siRNA pretreatment,
the tumor volumes were similar and all slightly greater,
but no significant difference, than that in control cells not
received p73 siRNA pretreatment (Figure 5A, 5B).
Next, we analyzed p73 expression in the xenograft by
western blot. Our result showed that p73 was overexpressed
in NT4-37AA/rAAV transfected tumor (Figure 5C). We also
performed immunohistochemistry for Ki-67 in the xenografted
tissues. As expected, NT4-37AA/rAAV overexpression
inhibited cellular proliferation in vivo, while p73 siRNA
pretreatment could abrogate this effect (Figure 5D).

type p53, was licenced for clinical use in China for head
and neck malignancies [20]. In April 2007, Advexin, an
adenoviral based p53 gene delivery product, entered its
phase III clinical trial in United States and demonstrated
anticancer activity following adequate expression of p53
in cancer cells [21]. Currently, most p53 based strategies
are through direct or indirect regulations on p53 activity to
achieve the tumor-suppressive effects.
However, in about 30% of HCC, p53 mutated and
lost their normal functions, which limited the application of
HCC gene therapy through p53 activation. Besides, some
recent researches about the mechanism of tumor-suppressor
proteins, such as PML [22] and VHL [23], revealed that the
pathogenesis of tumors included not only the lack of some
tumor-suppressor proteins and their mutation, but also
their abnormal nuclear localization and rapid degradation.
Therefore, the antitumor effect via transduction of complete
tumor suppressor gene might be insufficient.
P73 is the homologue of the tumor suppressor p53 and
akin to p53 in its functionality based on cell-based assays. In
response to apoptotic stimuli, p73 transactivates p53-responsive
genes and is capable of inducing cell cycle arrest and apoptosis
in multiple mammalian cells [24]. Therefore, p73 can function
as a substitute for p53-deficient cancer cells. Previous
studies have demonstrated that 37AA, a p53-derived
apoptotic peptide, could disrupt the interaction between p73

DISCUSSION
The p53, a tumor suppressor, is a potent inducer
of tumor cell apoptosis. And recently, strategies to
exploit p53 for cancer therapy have drawn more and
more attention from researchers. Over the past decades,
a number of tumor-suppressive consequences of p53
activation have been described. In 2003, Gendicine,
a recombinant adenovirus engineered to express wild

Figure 1: Knockdown of p73 expression in HCC cells at 24 h after siRNA transfection. (A, B) p73 mRNA levels were

determined by real time RT-PCR. Relative fold induction for p73 mRNA (means ± SD) in the control siRNA- and p73 siRNA-transfected
Huh-7 and Hep3B cells was presented relative to the expression in the parental Huh-7 and Hep3B cells (*P < 0.05 compared with parental
Huh-7 and Hep3B cells and control siRNA-transfected Huh-7 and Hep3B cells, respectively). (C, D) Western blot analysis for p73 protein
expression in parental Huh-7 and Hep3B cells, control siRNA- and p73 siRNA-transfected Huh-7 and Hep3B cells, respectively. GAPDH
was used as an internal control.
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and iASPP by binding the latter, and then resulted in p73mediated gene activation and p73-dependent cell death [19].
In the present study, we constructed an AAV vector
expressing 37AA, NT4-37AA/rAAV, and explored its tumor
suppressive effects on HCC cell growth in vitro and in vivo.
Our studies showed that transfection of NT4-37AA/rAAV
in HCC cells strongly restrained cell proliferation, induced
apoptosis, and markedly slowed Huh-7 xenografted tumor
growth in nude mice. Meanwhile, the expression of p73 was
up-regulated and the P73/iASSP complex was prevented
in recombinant virus transfected HCC cells. However, all
of these in vitro and in vivo effects of NT4-37AA/rAAV
could be abrogated by the pretreatment of HCC cells with
p73 siRNA, which suggested that the tumor suppressive
mechanism of NT4-37AA/rAAV may, at least in part, be

associated with the upregulation of p73 expression and
reduced formation of the P73/iASSP complex.
In conclusion, our data demonstrated that
introduction of 37AA into HCC cells with rAAV vectors
could suppress HCC cells growth in vitro as well as
in vivo. The mechanism may, at least in part, be associated
with the upregulation of p73 expression and reduced level
of P73/iASSP complex. P73 protein-based adenoviral gene
therapy for cancer is theoretically effective and feasible,
which would lay a foundation for further research on gene
therapy for p53 mutant or missing tumors such as HCC.
However, the detailed molecular mechanisms underlying
the involvement of 37AA in tumor suppression of HCC
are still unknown and further studies need to be performed
to address these issues.

Figure 2: Transfection of NT4-37AA/rAAV increased the expression of p73 protein in HCC cells. (A) The Huh-7 and

Hep3B cells received or not received p73 siRNA pretreatment were treated with NT4-37AA/rAAV or empty virus or nothing, respectively,
for 72 hours. The protein expression levels of p73 were determined by western blot. (B, C) The fold changes in intensity normalized
by GAPDH were shown by densitometric analysis (*P < 0.05 compared with the other two groups without p73 siRNA pretreatment,
respectively; **P < 0.05 compared with the three groups with p73 siRNA pretreatment, respectively).
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Figure 3: Transfection of NT4-37AA/rAAV reduced cell proliferation in HCC cells. (A, B, C, D) Cell proliferation was

analyzed using the MTT assay. Cells were monitored for 72 h and the average OD490 (± SD) for each cell line is shown (*P < 0.05,
**P < 0.01 compared with the empty virus group). (E, F) The effects of NT4-37AA/rAAV and p73 siRNA on long-term cellular survival
were determined by assessing the clonogenic capacity of the cells (**P < 0.01 compared with the other groups). (G) P73 and iASPP
coimmunoprecipitate with each other. NT4-37AA/rAVV was transfected into Huh-7 cells and Hep3B cells. iASPP was immunoprecipitated
with anti-iASPP antibody. Western blot was performed to detect the specific proteins labeled on the right side of each panel.
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Figure 4: Transfection of NT4-37AA/rAAV increased the apoptosis of HCC cells. Quantification of the apoptotic cell

population was determined by flow cytometry. (A, C) Both Huh7 and Hep3B cells with overexpressed NT4-37AA/rAAV were composed
of a larger subset of apoptotic cells compared with the control cells. (B, D) There was no significant difference when cotransfected with p73
siRNA (**P < 0.01 compared with the empty virus group).
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MATERIALS AND METHODS

cagccaagtctgtgacttgcacgtactcc-3′; Negative primer R2:
5′-cggtaccccgcgctcatggtgggggcagcgcctcacaacctc-3′. The
PCR program included pre-denaturation at 95°C for 5 min,
30 amplification cycles each consisting of denaturation
at 94°C for 60 sec, 38°C for 60 sec and 72°C for 80 sec,
followed by further extension at 72°C for 5 min. Then the
product was linked to plasmid pGEM-T Easy (Promega,
USA) and transferred into the competent E. coli DH5α cells
using CaCl2 method. The successful transferred bacterial
colony was selected by enzyme identification and was
extracted for pGEM-T Easy/NT4-37AA using alkaline
lysis method. Then NT4-37AA was obtained and linked to
vector plasmid pSSHG-CMV. Finally, NT4-37AA/rAAV
was constructed in HEK-293 cell line co-transfected with
pSSHG-CMV/NT4-37AA, auxiliary packaging plasmid
pAAV/Ad, and adenovirus genome plasmid pFG140

Construction and titration of NT4-37AA/rAAV
NT4-37AA/rAAV was prepared according to
the protocol described previously [25]. Firstly, the
primers were designed according to the DNA sequences
of human p53 conserved box II and III, with the
corresponding human p53 118-142aa cDNA and human
p53 118-142aa cDNA fusioned into one open reading
frame (ORF). Primers were synthesized by Sangon
Biological Engineering Co., Ltd (Shanghai, China) and
the sequences were as follows: Forward primer F1:
5′-cttgcacgtactcccctgccctcaacaagatgttttgccaactggcc-3′;
Negative primer R1: 5′-cgcctcacaacctcagggcaggtcttgg
ccagttggca-3′; Forward primer F2: 5′-cgccggcgtggga

Figure 5: NT4-37AA/rAAV suppressed the growth of Huh-7 xenografts in nude mice. 1 × 106 Huh-7 cells received or not
received p73 siRNA pretreatment were treated with NT4-37AA/rAAV or empty virus, respectively, and then subcutaneously injected into
the dorsal flanks of nude mice. Tumor growth was monitored for 3 weeks. (A) Representative pictures of HCC xenografts. Scale bar:
10 mm. (B) Tumor volumes (*P < 0.05 compared with other groups). (C) Relative p73 expression in HCC xenografts. (D) Tumor nodules
were subjected to immunohistochemical staining for Ki-67 and quantitative analysis. Operative region under a magnification of ×400. Scale
bar: 100 um. Values are depicted as the mean relative level of Ki-67 (**P < 0.01 compared with other groups).
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(the latter two from Huaguang biological engineering
company, Xi’an, China) by calcium phosphate
coprecipitation method and the titer of recombination
adenovirus was determined using spot hybridization method.

a multiplicity of infection (MOI) of 100. 72 hours after
infection, western blot was performed with the same
technique mentioned above.
Whole xenograft tumor tissues proteins were
extracted by protein extraction reagents kit (Pierce, USA)
and quantified using BCA kit (Thermo Scientific, USA).
Western blotting was performed with the same technique
mentioned above. The following primary antibodies
were used to detect the proteins: anti-p73 (1:300,
Abcam, USA),anti-GAPDH (1:2000, ab181602, Abcam,
Cambridge, UK).

Cell culture and p73 siRNA transfection
Huh-7 and Hep3B cells were cultured in
RPMI-1640 medium containing 10% fetal bovine
serum in an incubator with 5% CO2 at 37˚C and
relative humidity of 95%. For downregulation of
endogenous p73 expression, the following siRNA
duplex (Invitrogen, USA) was used: p73 siRNA-1:
5′-UCUGCUUGAAGGCACGCUUGCUGGC-3′ and p73
siRNA-2: 5′-AGUACGUGUCCUCGUCUCCAUGCC
G-3′. As a negative control, Stealth RNAiTM siRNA
negative control hi GC (12935-400, Invitrogen) was
used. Cells were transfected with siRNA for 24 h using
Lipofectamine RNAiMAX (Invitrogen) according to
the manufacturer’s instructions. Specific silencing of
targeted genes was confirmed by at least 3 independent
experiments.

Co-immunoprecipitation (CO-IP)
The iASPP (Abcam, USA) and p73 (Abcam, USA)
antibodies were used in the CO-IP assays. Total protein
lysate was obtained in immunoprecipitation buffer.
The total protein concentration of the supernatants was
quantified using a Bio-Rad DC™ Protein Assay Reagent
A/B/S (Bio-Rad, USA). 500 μg of total protein was mixed
with 1 μg the primary antibody, or IgG, and the mixture
were shaken on a rotating shaker at 4°C for 2 hours.
Beads (Protein G Sepharose 4 Fast Flow, GE Healthcare
Life Sciences, Piscataway, NJ, USA) were added to the
mixture and shaken at 4°C for 1 hour. Then the beads
were collected by centrifugation and washed three times
by immunoprecipitation buffer. 2 × sample loading buffer
was added to the beads before boiling for 5 minutes. The
supernatant was collected and used in the CO-IP assays.

Real-time PCR
Real-time PCR was used to determine the levels of p73
transcripts in Huh-7 and Hep3B cells transfected with p73
siRNA for 24 h according to a previous study [26]. p73 genespecific amplification was confirmed by PCR with specific
primers (sense GAGCTGCCCTCGGAGGCCGG and
antisense CTCATTATTCCCCCGGCTTG) and subjected to
melting curve analysis. As an internal control, GAPDH was
amplified. All RT-PCR tests were performed in triplicate. The
data were analyzed using the comparative Ct method.

Colony formation assay
For colony formation assay, 1 × 103 HCC cells
(Huh7 and Hep3B), receiving or not receiving p73 siRNA
pretreatment, treated with NT4-37AA/rAAV or empty
virus were plated onto 60 mm dishes and incubated for
2 weeks before staining with crystal violet. Colonies,
composed by 20–25 cells, were quantified under phasecontrast light microscopy. All the experiments were
performed in triplicates.

Western blot analysis
24 h after siRNA transfection, whole cell proteins
were extracted by protein extraction reagents kit (Pierce,
USA) and quantified using BCA kit (Thermo Scientific,
USA). Equal amounts of protein (20 μg per lane) were
electrophoresed under non-reducing conditions on
10% acrylamide gels. After SDS-PAGE, proteins were
transferred to polyvinylidene difluoride membranes.
Blots were blocked with 5% nonfat skim milk in trisbuffered saline/0.1% tween-20 and incubated overnight
with primary antibody against p73 (1:300, Abcam,
USA) at 4°C, and then with the horseradish peroxidaseconjugated secondary antibody (1:5000) for 2 h. Bands
were normalized to GAPDH expression which was used
as an internal control. Results from at least 3 separate
experiments were analyzed.
The Huh-7 and Hep3B cells received or not received
p73 siRNA pretreatment were seeded at a density of
1 × 105 cells/well in 6-well plates and treated with NT437AA/rAAV or empty virus or nothing, respectively, at
www.impactjournals.com/oncotarget

Proliferation assay
The effect of NT4-37AA/rAAV on HCC
cell proliferation was measured by a MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, Sigma corporation, USA] colorimetric assay.
The HCC cells received or not received p73 siRNA
pretreatment were seeded into 96-well plates at a density
of 1 × 104 cells per well and treated with NT4-37AA/
rAAV or empty virus, respectively, at a MOI of 100. Then
the cells were incubated in RPMI-1640 medium for 24,
48, and 72 h after treatment, respectively. 20 ml of MTT
(5 mg/ml) was added into each well and the cell culture
was continued for 4 h. Then the cells were lysed with
DMSO (Sigma corporation, USA) and the absorbance
16808
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value (OD) was measured at a wave length of 490 nm
using a microplate reader.

subcutaneously injected into the dorsal flanks of nude mice.
Tumor growth was monitored for 7, 14 and 21 days after
inoculation and then all mice were euthanized and the tumor
volume was estimated using the following formula: tumor
volume = length × width × width/2 [27]. The xenograft tumor
tissues were explanted for western blot and pathological
examination.

Flow cytometry
An Annexin-V-FLUOS Staining Kit (Roche
Diagnostics, Indianapolis, IN, USA) was used to analyze
the level of apoptosis. Procedures were done according to
the manufacturer’s guidelines. Briefly, 1 × 106 cells were
washed with PBS, centrifuged at 1000r/min for 5 min and
then suspended in 100 μL of Annexin-V-Fluos staining
solution. Flow cytometry analysis was performed with a
FACScan flow cytometer (BD Biosciences, San Jose, CA,
USA). Data were collected and analyzed with MODFIT
software (BD Biosciences).

Data and statistical analysis
All values are expressed as the mean ± standard
deviation. Statistical analysis was performed using SPSS
16.0 software (SPSS, Inc., Chicago, IL, USA). Differences
among the groups were assessed using one-way analysis
of variance. A p value of less than 0.05 was considered a
statistically significant difference.

Immunohistochemistry (IHC)

ACKNOWLEDGMENTS AND FUNDING

The sections were deparaffinized and rehydrated.
Antigen retrieval in citrate buffer, and endogenous
peroxidase activity was blocked using 0.3% hydrogen
peroxide for 15 min. The sections were blocked for
30 min using 10% goat plasma. After incubation with
primary antibody directed against Ki-67 (9027; Cell
Signaling Technology,Danvers, MA, USA) for 1 h at
37°C, the cells were incubated with an HRP-conjugated
secondary antibody (Goldenbridge Biotechnology,
Zhongshan, China) according to the manufacturer’s
recommendations. Finally, the sections were visualized
with diaminobenzidine and counterstained with
hematoxylin, then dehydrated in alcohol and xylene and
mounted onto glass slides. The number of Ki67-positive
proliferation hepatocytes were counted from 6 randomly
selected fields of each sample in the operative region
under a magnification of × 400.

This study was supported by grants from
the National Natural Science Foundation of China
[no.81402039 and 81272645].

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of
interest.

REFERENCES
1. Yuan S, Lei S, Wu S. ADAM10 is overexpressed in
human hepatocellular carcinoma and contributes to the
proliferation, invasion and migration of HepG2 cells. Oncol
Rep. 2013; 30:1715–22. doi: 10.3892/or.2013.2650.
2. Bruix J, Sherman M, American Association for the Study of
Liver Diseases. Management of hepatocellular carcinoma:
an update. Hepatology. 2011; 53:1020–2. doi: 10.1002/
hep.24199.

Mouse xenograft HCC model
Male nude BALB/c mice weighing between 18 and
22 g 6 weeks old were purchased from the Laboratory
Animal Center of Xi’an Jiaotong University Health
Science Center (Xi’an, China), and housed under standard
specific pathogen free conditions with access to sterilized
water and food ad libitum. All of the animal experimental
procedures were performed in accordance with the
“Guide for the care and use of laboratory animals” (NIH
publication No. 85–23, revised in 1996). All procedures
were reviewed and approved by the Ethics Committee,
Xi’an Jiaotong University Health Science Center.
72 mice were randomly divided into four groups, with
18 animals in each group. Before xenografting, the Huh-7
cells receiving or not receiving p73 siRNA pretreatment were
treated with NT4-37AA/rAAV or empty virus, respectively, at
a MOI of 100. 72 hours after infection, cells in each group were
collected and 1 × 106 cells were suspended in 0.2 mL of serumfree DMEM with 50% Matrigel (BD Biosciences, USA) and
www.impactjournals.com/oncotarget

3. Gao JJ, Shi ZY, Xia JF, Inagaki Y, Tang W. Sorafenib-based
combined molecule targeting in treatment of hepatocellular
carcinoma. World J Gastroenterol. 2015; 21:12059–70. doi:
10.3748/wjg.v21.i42.12059.
4. Yates LR, Campbell PJ. Evolution of the cancer genome.
Nat Rev Genet. 2012; 13:795–806. doi: 10.1038/nrg3317.
5. Lachenmayer A, Alsinet C, Chang CY, Llovet JM.
Molecular approaches to treatment of hepatocellular
carcinoma. Dig Liver Dis. 2010; 42:S264–72. doi: 10.1016/
S1590-8658(10)60515-4.
6. Chan SL, Yeo W. Targeted therapy of hepatocellular
carcinoma: present and future. J Gastroenterol Hepatol.
2012; 27:862–72. doi: 10.1111/j.1440-1746.2012.07096.x.
7. Miki D, Ochi H, Hayes CN, Aikata H, Chayama K.
Hepatocellular carcinoma: towards personalized medicine.
Cancer Sci. 2012; 103:846–50. doi: 10.1111/j.13497006.2012.02242.x.
16809

Oncotarget

8. Ahronian LG, Driscoll DR, Klimstra DS, Lewis BC.
The p53R172H mutant does not enhance hepatocellular
carcinoma development and progression. PLoS One. 2015;
10:e0123816. doi: 10.1371/journal.pone.0123816.

Mak TW, Melino G, Knight RA. p73 in Cancer. Genes
Cancer. 2011; 2:491–502. doi: 10.1177/1947601911408890.
19. Bell HS, Dufes C, O’Prey J, Crighton D, Bergamaschi D,
Lu X, Schätzlein AG, Vousden KH, Ryan KM. A p53derived apoptotic peptide derepresses p73 to cause tumor
regression in vivo. J Clin Invest. 2007; 117:1008–18. doi:
10.1172/JCI28920.

9. Muller PA, Vousden KH. Mutant p53 in cancer: new
functions and therapeutic opportunities. Cancer Cell. 2014;
25:304–17. doi: 10.1016/j.ccr.2014.01.021.
10. Bieging KT, Mello SS, Attardi LD. Unravelling mechanisms
of p53-mediated tumour suppression. Nat Rev Cancer.
2014; 14:359–70. doi: 10.1038/nrc3711.

20. Li J, Pan J, Zhu X, Su Y, Bao L, Qiu S, Zou C, Cai Y, Wu J,
Tham IW. Recombinant adenovirus-p53 (Gendicine) sensitizes
a pancreatic carcinoma cell line to radiation. Chin J Cancer Res.
2013; 25:715–21. doi: 10.3978/j.issn.1000-9604.2013.11.12.

11. He XX, Zhang YN, Yan JW, Yan JJ, Wu Q, Song YH. CP31398 inhibits the growth of p53-mutated liver cancer cells
in vitro and in vivo. Tumour Biol. 2016; 37:807–15. doi:
10.1007/s13277-015-3857-5.

21. Nemunaitis JM, Nemunaitis J. Potential of Advexin: a p53
gene-replacement therapy in Li-Fraumeni syndrome. Future
Oncol. 2008; 4:759–68. doi: 10.2217/14796694.4.6.759.

12. Lu J, Yin J, Dong R, Yang T, Yuan L, Zang L, Xu C,
Peng B, Zhao J, Du X. Targeted sequencing of cancerassociated genes in hepatocellular carcinoma using next
generation sequencing. Mol Med Rep. 2015; 12:4678–82.
doi: 10.3892/mmr.2015.3952.

22. Schreck KC, Gaiano N. PML: a tumor suppressor essential
for neocortical development. Nat Neurosci. 2009; 12:108–10.
doi: 10.1038/nn0209-108.
23. Chan DA, Giaccia AJ. Targeting cancer cells by synthetic
lethality: autophagy and VHL in cancer therapeutics. Cell
Cycle. 2008; 7:2987–90. doi: 10.4161/cc.7.19.6776.

13. Das S, Somasundaram K. Therapeutic potential of an
adenovirus expressing p73 beta, a p53 homologue, against
human papilloma virus positive cervical cancer in vitro and
in vivo. Cancer Biol Ther. 2006; 5:210–7.

24. Rödicker F, Pützer BM. p73 is effective in p53-null
pancreatic cancer cells resistant to wild-type TP53 gene
replacement. Cancer Res. 2003; 63:2737–41.

14. Zhang S, Zhou L, Hong B, van den Heuvel AP, Prabhu VV,
Warfel NA, Kline CL, Dicker DT, Kopelovich L, ElDeiry WS. Small-Molecule NSC59984 Restores p53
Pathway Signaling and Antitumor Effects against Colorectal
Cancer via p73 Activation and Degradation of Mutant p53.
Cancer Res. 2015; 75:3842–52. doi: 10.1158/0008-5472.
CAN-13-1079.

25. BAI Yan-xia, YAN Li-ying, MA Qing-yong, YANG Guangxiao, WANG Quan-ying. Construction and identification
of recombinant adeno-associated virus vector mediating
the expression of the derepressing p73 peptidep53(N37).
Journal of Xi’an Jiaotong University(Medical Sciences).
2012; 33:180–184.
26. Du CW, Kimijima I, Otake T, Abe R, Takenoshita S,
Zhang GJ. Down-regulation of p73 correlates with high
histological grade in Japanese with breast carcinomas.
Chin Med J (Engl). 2011; 124:2275–8. doi: 10.3760/cma.
j.issn.0366-6999.2011.15.006.

15. Jang SY, Hong D, Jeong SY, Kim JH. Shikonin causes
apoptosis by up-regulating p73 and down-regulating
ICBP90 in human cancer cells. Biochem Biophys Res
Commun. 2015; 465:71–6. doi: 10.1016/j.bbrc.2015.07.131.
16. Lu Z, Jiao D, Qiao J, Yang S, Yan M, Cui S, Liu Z. Restin
suppressed epithelial-mesenchymal transition and tumor
metastasis in breast cancer cells through upregulating mir200a/b expression via association with p73. Mol Cancer.
2015; 14:102. doi: 10.1186/s12943-015-0370-9.

27. Shu G, Yue L, Zhao W, Xu C, Yang J, Wang S, Yang X.
Isoliensinine, a Bioactive Alkaloid Derived from Embryos
of Nelumbo nucifera, Induces Hepatocellular Carcinoma
Cell Apoptosis through Suppression of NF-κB Signaling.
J Agric Food Chem. 2015; 63:8793–803. doi: 10.1021/acs.
jafc.5b02993.

17. Deyoung MP, Ellisen LW. p63 and p73 in human cancer:
defining the network. Oncogene. 2007; 26:5169–83. doi:
10.1038/sj.onc.1210337.
18. Rufini A, Agostini M, Grespi F, Tomasini R, Sayan BS,
Niklison-Chirou MV, Conforti F, Velletri T, Mastino A,

www.impactjournals.com/oncotarget

16810

Oncotarget

