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Abstract: Malignant spinal tumors have rapid progression and destruct spines or other tissues, leading to metastasis of peripheral organs, causing high difficulty for surgery, recurrence and worse prognosis, thus severely
affecting patient life quality and survival period. Apoptosis stimulating protein 2 of p53 (ASSP2) is one member of
p53 binding protein family pro-apoptotic member, and can enhance apoptotic activity via modulating p53 pathway.
Previous study found critical roles of ASPP2 in occurrence and progression of tumors, whilst the functional role of
mechanism of ASPP2 on malignant spinal tumor cells has not been illustrated. Malignant spinal tumor tissue and
adjacent tissues were collected for testing ASPP2 mRNA and protein expression in real-time PCR and Western blot.
ASPP2 over-expression vector was used to transfect tumor cells, whilst MTT assay was employed for tumor proliferation, followed by p53 expression in Western blot. Caspase 3 activity assay was employed for testing the effect on
cell apoptosis. Flow cytometry was employed for tumor cell apoptosis. Real-time PCR tested expressional change
of Bcl2 and Bax. ASPP2 mRNA/protein level was significantly depressed in malignant spinal tumor tissues (P<0.05
compared to adjacent tissues). ASPP2-overexpression vector transfection tumor cells increased apoptosis and inhibited proliferation, accompanied with lower Bcl-2, higher Bax, Caspase 3 and p53 (P<0.05 compared to control
group). ASPP2 is down-regulated in malignant spinal tumor tissues. ASPP2 can inhibit malignant spinal tumor cell
proliferation via mediating p53 expression for cell apoptosis, thus can work as one molecular target for tumor diagnosis and prognostic analysis.
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Introduction
Spinal tumor occupies about 10% of all bone
tumors, with different subtypes including osteosarcoma or bone-like cancer [1, 2]. Spinal
tumors can be divided into three classes: primary benign spinal tumors; primary malignant
spinal tumors and metastatic spinal tumors [3].
Malignant spinal tumor has rapid progression,
tendency for invasion/metastasis, and can
lead to spine destruction or affecting other tissues, causing invasion of tumor cells toward
peripheral tissues [4]. Early diagnosis of spinal
tumor is critical. However, due to insidious
occurrence of malignant spinal tumor, which
typically manifests as back pain, nerve compression, body immobility and focal lesion, featured clinical manifestation is lacked, causing
difficulty in early diagnosis and higher misdiagnosis [5, 6]. Most spinal tumor tissues are

already at terminal stage when being diagnosis, causing major difficulty for treatment and
affecting efficiency [7]. Surgery for malignant
spinal tumor has higher difficulty and recurrent
rate, causing worse prognosis and unfavorable
survival period and life quality [8]. Pathogenesis
and invasion mechanism of malignant spinal
tumor are complicated, involving multiple factors including genetics, environment and biology [9]. The inhibition of tumor invasion and
metastasis is critical for improving prognosis of
malignant spinal tumors. Therefore, the illustration of pathogenesis for spinal tumor and the
identification of molecular diagnostic target are
important for early diagnosis of malignant spinal tumors and for improving patient’s prognosis.
Apoptosis stimulating protein of p53 (ASPP)
family is one group of apoptosis regulatory pro-
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teins [10]. Currently, ASPP family has the most
complete composition in p53 gene regulation,
including ASPP1, ASPP2 and iASPP [11]. ASPP
family includes sufficient anchor proteins, SH3
domain and abundant glutamic acid structural
domains [12]. ASPP family can bind with p53
protein to facilitate its cell apoptotic function
[13]. As one tumor suppressor gene, p53 can
induce tumor cell apoptosis thus inhibiting
tumor progression [14]. Therefore, ASPP family
is important for regulatory tumor function.
Among all its family members, ASPP2 is the
most powerful one, and exerts functions among
multiple tumors [15, 16]. The function and
mechanism of ASPP2 for malignant spinal
tumors, however, have not been illustrated.
Materials and methods
General information
Five primary malignant spinal tumor patients
who received pathology examination from
January 2015 to August 2016 in Zhongnan
Hospital of Wuhan University were recruited. All
patients received surgery for radical resection.
Patients aged from 31 to 56 years (average age
=37.2±5.6 years). Tissue samples were collected during the surgery for pathology examination and subtyping/staging. All cases were confirmed as primary malignant spinal tumor by
pathology examination. Tumor lesion sites
include one cervical spine, one thoracic spine
and three cases at lumber segment. Both
tumor and adjacent tissues were collected during the surgery for -80°C frozen. This study has
been approved by the ethical committee of
Zhongnan Hospital of Wuhan University. All subjects have signed informed consents.
Inclusive and exclusive criteria
Inclusive criteria [5, 6]: Those patients confirmed as primary malignant spinal tumors by
pathology; Primary tumor onset without surgery, chemo-or radio-therapy before. Exclusive
criteria included those have received surgeries
before, or chemo-/radio-therapy; Patients complicated with other major diseases including
infection, other cancers, severe liver/kidney
disorder, pulmonary fibrosis, bone metabolic
disorder, secondary renal hypertension, systemic immune disease and malignant tumor
complication; Plus those who were unwilling to
cooperate this study.
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Major reagent and equipment
DMEM culture medium, fetal bovine serum
(FBS) and streptomycin-penicillin were purchased from Hyclone (US). DMSO and MTT
powders were purchased from Gibco (US).
Trypsin-EDTA lysis buffer was purchased from
Sigma (US). PVDF membrane was purchased
from Pall Life Sciences (US). Western blotting
reagent was purchased from Beyotime (China).
ECL reagent was purchased from Amersham
Biosciences (US). Rabbit anti-human ASPP
monoclonal antibody, rabbit anti-human p53
monoclonal antibody and goat anti-rabbit
horseradish peroxidase (HRP)-conjugated IgG
secondary antibody were all purchased from
Cell Signaling (US). RNA extraction kits and
reverse transcription kit were purchased from
Axygen (US). Labsystem Version 1.3.1 microplate reader was purchased from Bio-Rad (US).
Lipo2000 transfection reagent was purchased
from Life (US). BD FACSCalibur flow cytometry
was purchased from BD (US). ABI7700 Fast
fluorescent quantitative PCR cycler was purchased from ABI (US). THermo Scientific Forma
CO2 incubator was purchased from Thermo
(US). Ultrapure workstation was purchased
from Sutai Engineering (China). Other common
reagents were purchased from Sangon (China).
Primary culture of spinal tumor cells and
grouping
Malignant spinal tumor tissues were digested
in trypsin, followed by 1,000 rpm for 5 min to
discard the supernatant. Cell precipitation was
re-suspended in 4 ml DMEM medium (containing 100 U/ml penicillin, 100 μg/ml streptomycin) with 10% FBS. Cells were cultured in a
humidified chamber with 5% CO2 at 37°C. Cells
at 3rd to 8th log-growth phase were selected and
randomly assigned into control, empty plasmid
and ASPP2 groups.
Transfection of pcDNA 3.1-ASPP2 plasmid into
cells
Trizol reagent was used to extract RNA from cultured tumor cells. Using total RNA as the template, DNA transcription was performed.
Primers were designed by PrimerPremier6.0
and synthesized by Sangon (China). Primer
sequences were: ASPP2-forward 5’-TGACT
CTTCT GCGGC CTGAT-3’; reverse 5’-TGACT
CTTCT GCGGC CTGAT-3’. PCR amplification was
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Table 1. Primer sequence
Target gene
GAPDH
ASPP2
Bcl2
Bax

Forward primer 5’-3’
AGTACCAGTCTGTTGCTGG
CTCATCGTAACAATGG
TAAGAGGAACGGAATG
CAGCTCCTACCAGCTTAAG

Reverse primer 5’-3’
TAATAGACCCGGATGTCTGGT
GCACCGTTCTTAGCG
ACATCATCTATTCTCT
GCACGATTGACTGCTTTGTGA

performed using cDNA as the template under
the following conditions: 95°C for 2 min, and
50°C for 1 min, followed by 35 cycles each containing 94°C for 30 s, 60°C for 50 s and 72°C
for 35 s. PCR products were recycled by gel
extraction kit, and were ligated to pcDNA3.1
vector at 3:1 ratio. Ligation was performed at
4°C for 16 h. JM109 competent cells were prepared in LB plate and LB medium, with the
transfection of clonal plasmids. pcDNA3.1ASPP2 plasmid was concentrated and quantified. Cancer cells at log growth phase were collected and adjusted to 3×106 per ml in 6-well
plate. Cells were incubated in a 37°C chamber
with 5% CO2 for 12 h until reaching 70%~80%
confluence. 5 μl lipo2000 reagent was diluted
in 200 μl serum-free DMEM medium for 15 min
room temperature incubation. pcDNA3.1ASPP2 and pcDNA3.1 plasmids were mixed in
200 μl serum-free medium for 15 min room
temperature incubation. Lipo2000 mixture was
then mixed with pcDNA3.1-ASPP2 dilutions for
30 min room temperature incubation. Serum
was removed from cells in 6-well plate, followed
by PBS rinsing and the addition of 1.6 ml serumfree culture medium. Cells were then kept in a
humidified chamber with 5% CO2 at 37°C for 6
h, followed by the application of serum-containing medium for further experiments.
Real-time PCR for ASPP2, Bcl2 and Bax gene
expression in tumor tissues and cells
Trizol reagent was used to extract RNA from
tumor or adjacent tissues and tumor cells.
Reverse transcription was performed according to the manual instruction (Axygen, US),
using primers designed by PrimerPrimer6.0
and synthesized by Invitrogen (China) as shown
in Table 1. Real-time PCR was performed under
the following conditions: 55°C for 1 min, followed by 35 cycles each containing 92°C for 30
s, 58°C for 45 s and 72°C for 35 s. Data were
collected and calculated for CT values of all
samples and standards based on fluorescent
quantification using GAPDH as the internal con-
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trol. Standard curve was firstly plotted using CT values of standards,
followed by semi-quantitative analysis by 2-ΔCt method.
Western blot for ASPP2 and p53
protein expression in tissues and
cells

Proteins from tumor or adjacent tissues and
DU145 proteins were firstly extracted. In brief,
RIPA lysis buffer (150 mM NaCl, 1% NP-40,
0.1% SDS, 2 μg/ml Aprotinin, 2 μg/ml Leupeptin,
1 mM PMSF, 1.5 mM EDTA and 1 mM
NaVandade) was used to lyse cells on ice for
15~30 min, followed by ultrasound rupture (5
s×4) and centrifugation (4°C, 10 000 g, 15
min). Supernatants were saved and quantified
by Bradford approach, and were stored at -20°C
for further Western blotting. Proteins were then
separated using 10% SDS-PAGE gel, and were
transferred to PVDF membrane using semi-dry
method (100 mA for 1.5 h). Non-specific background was removed by 5% defatted milk powder at room temperature for 2 h, followed by the
addition of anti-ASPP2 monoclonal antibody
(1:1000 dilution), or anti-p53 monoclonal antibody (1:1500) in 4°C overnight incubation. On
the next day, the membrane was rinsed in
PBST, and incubated with goat anti-rabbit secondary antibody (1:2000) for 30 min incubation. After PBST rinsing, ECL reagent was used
to develop the membrane for 1 min, followed by
exposure under X-ray for observing results.
Protein imaging analysis system and Quantity
One software were used to scan X-ray films for
observing band density. Each experiment was
repeated for four times (N=4) for statistical
analysis.
MTT assay for cell proliferation
Tumor cells at log-phase were counted and
seeded into 96-well plate at 5×103 cells per
well. Cells were then randomly divided into control, empty plasmid group and ASPP2 group as
abovementioned. After 48-hour incubation, 20
μl sterile MTT solution was then added into
each test well in triplicates. With 4 h continuous culture, the supernatant was completely
removed, with the addition of 150 μl DMSO for
10 min vortex until the complete resolving of
crystal violet. Absorbance (A) values was measured at 570 nm in a microplate reader. The
proliferation rate was calculated in each group.
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Figure 1. ASPP2 mRNA expression in malignant spinal tumor and adjacent tissues. *, P<0.05 compared
to adjacent tissues.

Figure 3. Effects of ASPP2 transfection on gene expression in tumor cells. *, P<0.05 compared to control group.

Figure 4. Effects of ASPP2 on proliferation of spinal
tumor cells. *, P<0.05 compared to control group.

Figure 2. ASPP 2 protein expression in malignant spinal tumor tissues and adjacent tissues. A. Western
blot for ASPP2 protein expression in spinal tumor
tissues and adjacent tissues; B. ASPP2 protein expression analysis between malignant spinal tumor
tissues and adjacent tissues. *, P<0.05 compared
to adjacent tissues.

Each experiment was repeated in triplicates for
statistical analysis.
Caspase3 activity assay
Caspase 3 activity in all groups of cells was
evaluated using test kit. In brief, cells were
digested by trypsin, and were centrifuged at
600 g for 5 min under 4°C. The supernatant
was discarded, followed by the addition of cell
lysis buffer and iced incubation for 15 min. The
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mixture was then centrifuged at 20,000 g for 5
min under 4°C, followed by the addition of 2
mM Ac-DECD-pNA. OD values at 450 nm wavelength were measured to reflect caspase3
activity.
Flow cytometry for effects of ASPP2 on tumor
cell apoptosis
Tumor cells were digested, counted and inoculated into 50 ml culture flask at 5×105 per ml
density. Cells were randomly assigned into control, empty plasmid and ASPP2 groups. Cells
were digested, counted and collected at 2×106
per ml density. Cells were washed in 1×PBS at
1000 rpm for 5 min, and were fixed in pre-cold
75% ethanol at 4°C overnight. After discarding
ethanol, cells were washed in 1×PBS for 5 min
by 1000 rpm centrifugation. Cells were then resuspended into 0.8 ml mixture containing
1×PBS and 1% BSA, with addition of 100 μg/ml
PI dye (3.8% Sodium Citrate, pH7.0). RnaseA
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analysis of variance. Between-group analysis was
performed by LSD test. A
statistical significance was
defined when P<0.05.
Results

Figure 5. Effects of ASPP2 on apoptosis of spinal tumor cells.
A. Flow cytometry for the effect of ASPP2 over-expression on
apoptosis of spinal tumor cells; B. ASPP2 over-expression and
spinal tumor tissue apoptosis: an analysis. *, P<0.05 compared
to control group.

ASPP2 mRNA expression
in malignant spinal tumor
tissues
Real-time PCR was used to
test ASPP2 mRNA expression in malignant spinal tumor tissues and adjacent
tissues. Results fund significantly decreased ASPP2
mRNA expression in malignant spinal tumor tissues
(P<0.05 compared to tumor
adjacent tissues, Figure 1).
ASPP2 protein expression
in malignant spinal tumor
tissues

Western blot was used to
test ASPP2 protein expression in malignant spinal tumor and adjacent tissues. Results showed significantly decreased
ASPP2 protein expression in malignant spinal
tumor tissues (P<0.05 compared to adjacent
tissues, Figure 2).
ASPP2 expression in malignant spinal tumor
tissues

Figure 6. Effects of ASPP2 on Bcl2/Bax ratio in spinal
tumor cells. *, P<0.05 compared to control group.

(10 mg/ml) was then added for 37°C dark incubation for 30 min. Flow cytometry was used to
collect data, which were analyzed by FCSExpress 3.0 software.
Statistical processing
SPSS 16.0 software was used for data analysis. Measurement data were presented as
mean ± standard deviation (SD). Comparison of
multiple groups was performed using one-way
8027

Real-time PCR was used to test ASPP2 expression change in malignant spinal tumor cells
after ASPP2 plasmid transfection. Results
showed significantly elevated ASPP2 expression after transfecting pcDNA3.1-ASPP2 plasmid (P<0.05 compared to control group, Figure
3).
Effects of ASPP2 on proliferation of spinal tumor cell proliferation
MTT assay was used to test the effect of ASPP2
over-expression on proliferation of spinal tumor
cells. Results showed that elevated ASPP2
expression inhibited proliferation of spinal
tumor cells (P<0.05 compared to control group,
Figure 4).
Int J Clin Exp Pathol 2017;10(7):8023-8030
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Discussion

Figure 7. Effects of ASPP2 on p53 expression in
spinal tumor cells. A. Western blot for p53 protein
expression in spinal tumor cells by ASPP2; B. p53
protein expression analysis by ASPP2. *, P<0.05
compared to control group.

Effects of ASPP2 on apoptosis of spinal tumor
cell proliferation
Flow cytometry was used to analyze the effect
of ASPP2 over-expression on apoptosis of spinal tumor cells. Results showed that elevated
ASPP2 expression facilitated spinal tumor cell
apoptosis (P<0.05 compared to control group,
Figure 5).
Effects of ASPP2 on apoptosis genes Bcl2 and
Bax in spinal tumor cells
Real-time PCR was used to test the effect of
ASPP2 over-expression in spinal tumor cells on
expression of anti-apoptosis gene Bcl-2 and
apoptosis gene Bax. Results demonstrated
that elevated ASPP2 expression inhibited the
expression of anti-apoptotic gene Bcl2 expression, and facilitated pro-apoptotic gene Bax
expression, thus lowering Bcl2/Bax ratio
(P<0.05 compared to control group, Figure 6).
Effects of ASPP2 on p53 expression in spinal
tumor cells
Western blot was used to analyze the effect of
ASPP2 over-expression on tumor cell p53
expression. Results showed that elevated
ASPP2 expression facilitated tumor suppressor
gene p53 expression (P<0.05 compared to
control group, Figure 7).
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Malignant spine tumor lesion is surrounded by
abundant of micro-vessels, making it predisposed to peripheral tissues, causing tissue
edema and invasion, making its high malignancy and easy for metastasis. Moreover, due to
incomplete resection of tumor during surgery or
residual tumors, high recurrent rate exists [4].
Therefore it is critical to explore the identification of pathogenesis and treatment target of
spinal malignant tumors for improving patient
prognosis. ASSP2 is coded by TP53BP2 gene,
and is composed of 1128 amino acids. After
binding between carboxyl terminal of ASPP2
protein and p53, the latter of which can be
induced for downstream gene transcription [17,
18]. ASPP2 participates in injury related stress,
cell growth, proliferation and regulation of
apoptosis, thus having significant anti-tumor
effects [19]. The expression of ASPP2 in malignant spinal tumor has not been reported yet.
This study revealed significantly down-regulated mRNA or protein level of ASPP2 in primary
spinal tumors, indicating consistent expression
pattern of ASPP2 as in other tumors. Therefore,
ASPP2 also exerts tumor suppressing effects in
malignant spinal tumors.
Further in vitro culture of primary tumor cells,
they were transfected with ASPP2 to establish
an over-expression model for illustrating the
role of ASPP2 in malignant spinal tumors.
Results confirmed the over-expression of
ASPP2 in malignant spinal tumor cells, whose
proliferation potency was inhibited whilst tumor
inducing potency was enhanced. When cells
have abnormality, ASPP2 can selectively activate pro-apoptotic gene mainly via specific
binding onto p53 protein. P53-induced cell signal transduction pathway plays an important
role in mediating normal cell activity, and is the
most relevant gene for tumor ever been identified. It can bind with certain locus of genes to
work as one special transcriptional factor to
activate p21 gene transcription, to arrest cell
cycle, to inhibit helicase activity and interact
with replication factor A in DNA replication and
repairmen. P53 protein can initiate cell suicide
during apoptotic process, thus preventing cell
malignancy [20, 21]. ASPP2 bind with p53 to
activate downstream Caspase family member.
Caspase 3 is the most powerful member in
Caspase family for apoptosis induction. The
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elevation of its activation can lead to irreversible cell damage [22]. ASPP2 is one E2F regulatory protein, and can facilitate cell apoptosis
via activating p53 protein-induced trans-activated pro-apoptotic gene Bax [23]. Bcl-2 inhibits p53-induced apoptosis via forming dimer
with Bax. When Bax has relatively higher
expression than Bcl-2, Bax-homodimer number
is increased to facilitate cell death. On the
other hand, if Bcl-2 relative level is higher than
Bax, Bcl-2/Bax heterodimer formation is facilitated, thus inhibiting cell death [24, 25]. This
study demonstrated that the over-expression
of ASPP2 in spinal tumor cells could facilitate
p53 expression or Bax expression or Caspase
3 activity, and decrease Bcl2 expression or
Bcl2/Bax ratio.
Conclusion
ASPP2 is down-regulated in malignant spinal
tumor patients. ASPP2 can modulate cell apoptosis via mediating p53 expression, and can
inhibit proliferation of malignant spinal cells,
thus working as one potential molecular target
for tumor diagnosis and prognostic analysis.
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