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Objective: To study the regulating effect of Par-4 gene overexpression on the nephroblastoma
sensitivity to cisplatin. Methods: Nephroblastoma SK-NEP-1 cells were cultured and divided
into four groups, control group were treated with RMPI-1640 without serum or drugs, cisplatin
group were treated with serum-free RMPI-1640 containing 5 μg/mL cisplatin, Par-4 group
were transfected by Par-4 overexpression plasmids with serum-free RMPI-1640, and cisplatin
+ Par-4 group were transfected by Par-4 overexpression plasmid with serum-free RMPI-1640
containing 5 μg/mL cisplatin. The cell proliferation activity as well the expression of apoptosis
genes, migration genes and invasion genes was measured. Results: 8 h, 16 h and 24 h after
different conditions of treatment, the cell proliferation activity of cisplatin group, Par-4 group
and cisplatin + Par-4 group were significantly lower than that of control group, and the cell
proliferation activity of cisplatin + Par-4 group was significantly lower than that of cisplatin
group and Par-4 group; 24 h after different conditions of treatment, Bim, PDCD4, WT1, RGS4,
Axin, KAI1, E-cadherin, PPARγ and PTEN mRNA expression in cisplatin group, Par-4
group and cisplatin + Par-4 group were greatly higher than those in control group whereas
GDNF, GFRα1, TUBB3, NME1 and FGF1 mRNA expression were greatly lower than those
in control group; Bim, PDCD4, WT1, RGS4, Axin, KAI1, E-cadherin, PPARγ and PTEN
mRNA expression in cisplatin + Par-4 group were greatly higher than those in cisplatin group
and Par-4 group whereas GDNF, GFRα1, TUBB3, NME1 and FGF1 mRNA expression
were greatly significantly lower than those in cisplatin group and Par-4 group. Conclusion:
Par-4 gene overexpression can increase the nephroblastoma sensitivity to cisplatin, reduce cell
proliferation activity, promote apoptosis and inhibit cell migration and invasion.
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of nephroblastoma cells to cisplatin and avoid the generation of

1. Introduction

chemotherapy resistance is a clinical problem to be solved at present.
Prostate apoptosis response-4 (Par-4) is a new type of pro-apoptotic

Nephroblastoma is the most common urological malignant tumor

gene discovered in recent years, which can induce apoptosis through

in childhood, it is with high mortality, recurrence rate and metastasis

the endoplasmic reticulum stress pathway. Existing animal study

rate, and the overall prognosis is not optimistic [1,2]. Cisplatin

has proved that Par-4 can enhance the sensitivity of nephroblastoma

is the common chemotherapy drug used for nephroblastoma,

animal models to cisplatin[4], but it is not yet clear about the Par-4

it has exact killing effects on tumor cells, but the tumor cell

effect on the nephroblastoma cell sensitivity to cisplatin, and the

resistance to cisplatin during treatment is the important cause of

downstream genes regulated by Par-4 are also not elucidated. In

chemotherapy failure[3]. Therefore, how to improve the sensitivity

the following studies, we studied the SK-NEP-1 cells cultured in
vitro, and specifically analyzed the regulation effect of Par-4 gene
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overexpression on the nephroblastoma cell sensitivity of cisplatin.
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2. Experimental materials and methods

2.3 Statistical methods

2.1 Experimental materials

SPSS 18.0 software was used to input the experimental data, the

Nephroblastoma cells SK-NEP-1 were bought from the cell bank
of Chinese Academy of Sciences, the reagents for cell culture
and sub-culture were bought from Hyclone Company, cisplatin
was purchased from Sigma Company, Par-4 gene overexpression
plasmid was synthesis by Shanghai SunBio Biomedical Technology
Company, cell viability CCK-8 detection kits were bought from
Shanghai Beyotime Company, and RNA expression detection kits
were bought from Promega Company.

differences in data among four groups were by variance analysis
and P＜0.05 meant statistical significance in differences in analysis
results.

3. Results
3.1 SK-NEP-1 cell proliferation activity

2.2 Experimental methods

8 h, 16 h and 24 h after treatment with different conditions, analysis
of cell proliferation activity among the three groups was as follows:

2.2.1 Cell culture and treatment
The SK-NEP-1 cells were cultured with RMPI-1640 containing
10% fetal bovine serum, and the culture medium was replaced once
every 3 d until the cell density reached 90%; the cells were digested
with trypsin, then collected and inoculated in the culture plate, which
were divided into four groups and treated with different conditions:
(1) control group were treated with RMPI-1640 without serum or
drugs; (2) cisplatin group were treated with serum-free RMPI-1640
containing 5 μg/mL cisplatin; (3) Par-4 group were transfected by
Par-4 overexpression plasmids with serum-free RMPI-1640; (4)
cisplatin + Par-4 group were transfected by Par-4 overexpression
plasmids with serum-free RMPI-1640 containing 5 μg/mL cisplatin.

2.2.2 Cell viability detection
SK-NEP-1 cells were digested and then inoculated in 96-well
culture plate, 20 μL CCK-8 detection liquid was added in the culture
wells 8 h, 16 h and 24 h after treatment with different conditions,
the cells were cultured in the incubator for 4 h, the culture plate was
taken out, and the absorbance at 450 nm wavelength was read from
the microplate reader and used as the cell proliferation activity value.

the cell proliferation activity of cisplatin group, Par-4 group and
cisplatin + Par-4 group were significantly lower than that of control
group (P<0.05); the cell proliferation activity of cisplatin + Par-4
group was significantly lower than that of cisplatin group and Par-4
group (P<0.05); the cell proliferation activity of cisplatin group was
not different from that of Par-4 group (P>0.05).
Table 1.
Effect of different conditions of treatment on SK-NEP-1 cell proliferation
activity.
Groups
Control group
Cisplatin group
Par-4 group
Cisplatin+Par group

n
6
6
6
6

8h
0.67±0.09
0.44±0.07*
0.48±0.08*
0.31±0.05*#&

16 h
1.09±0.15
0.69±0.09*
0.74±0.11*
0.48±0.07*#&

24 h
1.44±0.18
0.84±0.11*
0.89±0.14*
0.63±0.09*#&

: compared with control group, P＜0.05; #: compared with cisplatin group, P

*

&
＜0.05; : comparedwith Par-4 group, P＜0.05.

3.2 Pro-apoptosis gene expression in SK-NEP-1 cells
24 h after different conditions of treatment, analysis of pro-

2.2.3 Gene expression detection
SK-NEP-1 cells were digested and then inoculated in 6-well culture
plate, the culture medium was abandoned 24 h after treatment with
different conditions, the kit was used to extract the RNA in cells and
synthesize it into cDNA, a suitable amount of cDNA sample was
collected for fluorescence quantitative PCR reaction, and the Bim,
PDCD4, WT1, RGS4, Axin, GDNF, GFRα1, TUBB3, NME1 and
FGF1 mRNA expression were calculated.

apoptosis genes Bim, PDCD4, WT1, RGS4 and Axin expression in
three groups of cells was as follows: Bim, PDCD4, WT1, RGS4 and
Axin mRNA expression in cisplatin group, Par-4 group and cisplatin
+ Par-4 group were greatly higher than those in control group, and
Bim, PDCD4, WT1, RGS4 and Axin mRNA expression in cisplatin
+ Par-4 group were greatly higher than those in cisplatin group and
Par-4 group.

Table 2.
Effect of different conditions of treatment on pro-apoptosis genes in SK-NEP-1 cells.
Groups
Control group
Cisplatin group
Par-4 group
Cisplatin+Par group

n
6
6
6
6

Bim
1.03±0.16
1.65±0.22*
1.62±0.24*
2.94±0.41*#&

PDCD4
1.05±0.11
1.49±0.19*
1.52±0.18*
3.31±0.49*#&

WT1
0.97±0.15
1.54±0.18*
1.58±0.17*
2.74±0.45*#&

RGS4
0.99±0.14
1.61±0.19*
1.58±0.18*
3.06±0.51*#&

: compared with control group, P＜0.05; #: compared with cisplatin group, P＜0.05; &: comparedwith Par-4 group, P＜0.05.

*

Axin
1.06±0.18
1.72±0.20*
1.80±0.26*
3.11±0.49*#&
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Table 3.
Effect of different conditions of treatment on pro-migration and pro-invasion genes in SK-NEP-1 cells.
Groups
Control group
Cisplatin group
Par-4 group
Cisplatin+Par group

n
6
6
6
6

GDNF
1.02±0.16
0.66±0.09*
0.69±0.10*
0.31±0.06*&#

GFRα1
0.96±0.14
0.73±0.04*
0.76±0.08*
0.37±0.05*&#

TUBB3
1.06±0.18
0.59±0.07*
0.62±0.09*
0.28±0.04*&#

NME1
1.03±0.19
0.68±0.09*
0.65±0.08*
0.40±0.07*&#

FGF1
0.98±0.11
0.70±0.06*
0.64±0.09*
0.34±0.06*&#

: compared with control group, P＜0.05; #: compared with cisplatin group, P＜0.05; &: comparedwith Par-4 group, P＜0.05.

*

Table 4.
Effect of different conditions of treatment on anti-migration and anti-invasion genes in SK-NEP-1 cells.
Groups
Control group
Cisplatin group
Par-4 group
Cisplatin+Par group

n
6
6
6
6

KAI1
1.05±0.18
1.76±0.23*
1.72±0.26*
3.19±0.45*#&

E-cadherin
1.02±0.14
1.66±0.21*
1.70±0.24*
2.93±0.33*#&

PPARγ
1.06±0.17
1.79±0.24*
1.71±0.21*
3.45±0.49*#&

PTEN
0.98±0.11
1.59±0.19*
1.65±0.22*
3.27±0.55*#&

: compared with control group, P＜0.05; #: compared with cisplatin group, P＜0.05; &: compared with Par-4 group, P＜0.05.

*

3.3 Migration and invasion gene expression in SK-NEP-1
cells
24 h after different conditions of treatment, analysis of promigration and pro-invasion genes GDNF, GFRα1, TUBB3, NME1
and FGF1 expression in three groups of cells was as follows: GDNF,
GFRα1, TUBB3, NME1 and FGF1 mRNA expression in cisplatin
group, Par-4 group and cisplatin + Par-4 group were greatly lower
than those in control group, and GDNF, GFRα1, TUBB3, NME1
and FGF1 mRNA expression in cisplatin + Par-4 group were greatly
significantly lower than those in cisplatin group and Par-4 group.
24 h after different conditions of treatment, analysis of antimigration and anti-invasion genes KAI1, E-cadherin, PPARγ and
PTEN expression in three groups of cells was as follows: KAI1,
E-cadherin, PPARγ and PTEN mRNA expression in cisplatin
group, Par-4 group and cisplatin + Par-4 group were greatly higher
than those in control group, and KAI1, E-cadherin, PPARγ and
PTEN mRNA expression in cisplatin + Par-4 group were greatly
higher than those in cisplatin group and Par-4 group.

4. Discussion
Nephroblastoma is the most common malignant urinary tract
tumor in childhood, the radiochemotherapy, surgery and other
comprehensive treatments in recent years have been developed
continuously and the prognosis of children with nephroblastoma has
been improved, but some children still develop tumor recurrence
and metastasis due to insensitive chemotherapy, and the prognosis is
poor. Cisplatin is a common drug for nephroblastoma chemotherapy,
the reduced tumor cell susceptibility to cisplatin may affect the effect
of chemotherapy, and the combination of different drugs to improve
cisplatin sensitivity is the conventional thinking for clinically
improving the curative effect of nephroblastoma. Par-4 is a newly
discovered tumor suppressor gene that promotes apoptosis in recent
years, the products encoded by the gene can identify the GRP78
on cell membrane surface and start the endoplasmic reticulum

stress to induce apoptosis[5,6]. Existing animal study has confirmed
that increasing Par-4 expression can improve the sensitivity of
nephroblastoma to cisplatin[7]. Analysis of the cell proliferation
activity after cisplatin treatment and Par-4 overexpression in the
study showed that the cell proliferation activity of cisplatin group,
Par-4 group and cisplatin + Par-4 group were significantly lower
than that of control group. This indicates that both cisplatin treatment
and Par-4 overexpression can reduce the proliferation activity of
nephroblastoma. Further analysis of the effect of cisplatin treatment
combined with Par-4 overexpression on the cell proliferation activity
in the study showed that the cell proliferation activity of cisplatin
+Par group was significantly lower than that of cisplatin group
and Par-4 group. This indicates that the combination of cisplatin
treatment and Par-4 overexpression can be more effective than
cisplatin treatment or Par-4 overexpression alone in inhibiting the
proliferation of nephroblastoma.
Inducing apoptosis is an important way for cisplatin treatment and
Par-4 overexpression to kill nephroblastoma, Bim, PDCD4, WT1,
RGS4 and Axin are the currently known pro-apoptosis genes closely
related to nephroblastoma apoptosis. Bim is the pro-apoptotic
member in the Bcl-2 family, which can antagonize the function of
anti-apoptosis molecule Bcl-2 and promote apoptosis[8]; PDCD4 is a
newly discovered neoplastic transformation inhibitor in recent years,
which can cause cell cycle to arrest and inhibit cell proliferation;
WT1 is a specific gene in the pathogenesis of nephroblastoma, and
the products encoded by it can identify target DNA, regulate DNA
expression and inhibit cell proliferation[9]; RGS4 is a kind of GTP
activator protein, which can promote GTP hydrolysis and affect
the G protein signaling pathway to promote apoptosis[10]; Axin is
the regulating molecule of Wnt signaling pathway, which can form
the homodimer and inhibit the transcriptional activity of TCF so
as to antagonize the cell proliferation mediated by Wnt signaling
pathway[11]. The analysis of the changes in above pro-apoptosis
gene expression after cisplatin treatment and Par-4 overexpression
in the study showed that Bim, PDCD4, WT1, RGS4 and Axin
mRNA expression in cisplatin group, Par-4 group and cisplatin +
Par-4 group were greatly higher than those in control group. This
indicates that both cisplatin treatment and Par-4 overexpression can
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increase the expression of pro-apoptosis genes in nephroblastoma.
Further analysis of the effect of cisplatin treatment combined with
Par-4 overexpression on pro-apoptosis gene expression showed that
Bim, PDCD4, WT1, RGS4 and Axin mRNA expression in cisplatin
+ Par-4 group were greatly higher than those in cisplatin group and
Par-4 group. This means that the combination of cisplatin treatment
and Par-4 overexpression can be more effective than cisplatin
treatment or Par-4 overexpression alone to promote the expression of
pro-apoptosis genes and then induce nephroblastoma cell apoptosis.
Tumor cell migration and invasion are the important biological
links in nephroblastoma metastasis, and a variety of pro-migration
and pro-invasion genes as well as anti-migration and anti-invasion
genes are involved in the regulation of the process. GDNF is a
member of the TGF-β family, which can promote cell migration
and invasion after recognition of GFRα1[12]; TUBB3 is involved in
the composition of microtubule in cells, and can regulate the cell
movement activity[13]; NME1 is a ribonucleoside diphosphate kinase
that plays a role through Akt and MAPK pathway, and it can promote
the infiltrative growth of cells; FGF1 is a cytokine widely promoting
growth, which can increase the number of new blood vessels and
provide a pathway for cell invasion[14]. KAI1, E-cadherin, PPARγ
and PTEN are the molecules that inhibit migration and invasion, and
they can inhibit the extracellular matrix hydrolysis and enhance the
intercellular polarity and adhesion to make the cells anchor in local
lesion and inhibit the cell migration and invasion[15,16]. The analysis
of the changes in above migration and invasion gene expression after
cisplatin treatment and Par-4 overexpression showed that GDNF,
GFRα1, TUBB3, NME1 and FGF1 mRNA expression in cisplatin
group, Par-4 group and cisplatin + Par-4 group were greatly lower
than those in control group whereas KAI1, E-cadherin, PPARγ
and PTEN mRNA expression were greatly higher than those in
control group. This indicates that both cisplatin treatment and Par-4
overexpression can decrease the expression of pro-migration and
pro-invasion genes in nephroblastoma, and increase the expression
of anti-migration and anti-invasion genes in nephroblastoma. Further
analysis of the effect of cisplatin treatment combined with Par-4
overexpression on migration and invasion gene expression showed
that GDNF, GFRα1, TUBB3, NME1 and FGF1 mRNA expression
in cisplatin + Par-4 group were greatly significantly lower than
those in cisplatin group and Par-4 group whereas KAI1, E-cadherin,
PPARγ and PTEN mRNA expression were greatly higher than
those in cisplatin group and Par-4 group. This means that the
combination of cisplatin treatment and Par-4 overexpression can be
more effective than cisplatin treatment or Par-4 overexpression alone
in regulating the expression of migration and invasion genes and
thereby inhibit the nephroblastoma migration and invasion.
Par-4 gene overexpression can increase nephroblastoma sensitivity
to cisplatin, and the combination of cisplatin treatment and Par-4
overexpression can reduce the cell proliferation activity, increase
the expression of pro-apoptosis, anti-migration and anti-invasion
genes and decrease the expression of pro-migration and pro-invasion
genes so as to promote cell apoptosis and inhibit cell migration and
invasion.
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