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Inhibition of IGFBP-2 improves the sensitivity of bladder cancer
cells to cisplatin via upregulating the expression of maspin
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Abstract. The present study aimed to reveal the asso-
ciation between insulin-like growth factor binding protein-2
(IGFBP-2) and the sensitivity of bladder cancer cells to
cisplatin, and determine the underlying mechanism involving
maspin. A total of 32 bladder cancer tissue samples were
collected for analysis. Cells of the BIU87 human bladder
cancer cell line were cultured and a cisplatin-resistant subline
(BIU87-CisR) was established by continuous exposure of
the cells to cisplatin. Targeted inhibition of IGFBP-2 in the
BIU87-CisR cells was performed using small interfering RNA
technology. The expression levels of IGFBP-2 and maspin in
the tissue samples and cells were analyzed using reverse tran-
scription-quantitative polymerase chain reaction and western
blot analyses. Cell viability following treatment in each group
was evaluated using a Cell Counting Kit-8 assay subsequent
to treatment with 3 uM cisplatin. The cell cycle and apoptotic
rate of the BIU87-CisR cells were analyzed using flow cytom-
etry. Finally, maspin-overexpressing BIU87-CisR cells were
used to confirm the effect of maspin on the sensitivity of the
cells to cisplatin. The expression levels of IGFBP-2 in chemo-
resistant patients and BIU87-CisR cells were significantly
increased, compared with those in the chemosensitive patients
and BIUS87 cells, respectively. However, the expression levels
of maspin were lower in the cisplatin-resistant tissue and cells,
and was enhanced by IGFBP-2 inhibition. Cisplatin (3 M)
caused marked proliferation inhibition, cell cycle arrest and
apoptosis of the BIU87-CisR cells, the effect of which was
enhanced by IGFBP-2 silencing. Overexpression of maspin
also improved the sensitivity of the BIU87-CisR cells to
cisplatin. In conclusion, inhibition of IGFBP-2 improved the
sensitivity of bladder cancer cells to cisplatin by elevating the
expression of maspin.
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Introduction

In China, the incidence of bladder cancer is the most promi-
nent type of malignancy of the urinary system (1). With the
exception of surgical treatment, chemotherapy is important for
the therapy of bladder cancer. Cisplatin-based chemotherapy is
widely used in bladder cancer treatment, with clear effects (2).
However, a number of patients exhibit poor sensitivity to
cisplatin, and this drug resistance is a problem that requires
investigation. The low sensitivity to cisplatin and resulting
drug resistance affect the therapeutic efficacy of bladder
cancer treatment (3,4). Therefore, it is necessary to investigate
the resistance mechanism of bladder cancer to cisplatin and
attempt to improve the sensitivity of bladder cancer cells to it.

The specific binding of insulin-like growth factor binding
protein (IGFBP) with insulin-like growth factor-1 (IGF-1),
through regulating the activity of IGF-1, is important in the
process of cell growth, development and proliferation (5,6). In
the family of IGFBPs, IGFBP-2 has been investigated more
extensively. Several studies have suggested that IGFBP-2 is
associated with the occurrence and development of tumors, and
a consensus of these reports is that IGFBP-2 overexpression is
observed in tumor patients. For example, studies have suggested
that the expression of IGFBP-2 is high in ovarian cancer, lung
cancer and prostate cancer (7-9). These results suggest that
excessive expression of IGFBP-2 sustains the growth of tumor
cells and inhibits apoptosis. These effects of IGFBP-2 have been
suggested as being not only IGF-1-dependent (10,11). It is not
difficult to hypothesize that IGFBP-2 may be associated with the
chemotherapy drug resistance of tumor cells, and changing the
expression of IGFBP-2 expression may change the sensitivity of
tumor cells to chemotherapeutic drugs. In terms of tumor drug
resistance, previous investigation has revealed that increased
expression of IGFBP-2 is associated with chemotherapy
tolerance of prostate cancer induced by hyperglycemia (12).
Trastuzumab-resistance in breast cancer is also associated with
the overexpression of IGFBP-2, which overactivates ErbB2 (13).
However, whether IGFBP-2 is associated with the drug resis-
tance of bladder cancer cells to cisplatin, and how IGFBP-2 may
be regulated to alter the sensitivity of bladder cancer cells to
cisplatin remain to be fully elucidated.

Maspin can inhibit serine protease, and several studies
have demonstrated that maspin can inhibit tumor growth by
inducing apoptosis (14,15). In certain types of tumor, maspin is
often expressed at low levels (16). Therefore, the present study
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hypothesized that maspin is associated with the sensitivity of
bladder cancer cells to cisplatin. To confirm this, the present
study examined the expression of IGFBP-2 in bladder cancer
tissues, BIU87 cells and cisplatin-resistant BIU87 (BIU87-CisR)
cells. Furthermore, small interfering (siRNA technology was
used to inhibit the expression of IGFBP-2 in bladder cancer
BIU87-CisR cells, to determine changes of the sensitivity of
BIU87-CisR cells to cisplatin and to examine changes in the
expression of maspin following IGFBP-2 inhibition.

Materials and methods

Patients and preparation of tissue specimens. The present
study recruited 32 patients with bladder cancer (18 male and
14 female, median age 65.9, range 51-76), who had undergone
surgery and cisplatin-based combination chemotherapy
between March 2012 and February 2013. Of these patients,
20 were sensitive to chemotherapy, while 12 were resistant to
chemotherapy, however the information obtained regarding
demographic data, including age, gender, stage of disease and
treatment were not statistically different. Tumor tissue speci-
mens were obtained during the surgical bladder cancer tissue
resection and were stored in liquid nitrogen until further anal-
ysis. The present study was approved by the Ethics Committee
and the informed consent was obtained from all patients.

Cell culture. The BIU87 cell line was purchased from the
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). The cisplatin-resistant subline, termed the
BIUS87-CisR cell line, was established as in our preliminary
experiment, and its resistance to cisplatin was confirmed.
BIUS87-CisR cells were obtained from parental BIU87 cells
through continuous exposure to increasing concentrations of
cisplatin over 12 months, with the final concentration of cispl-
atin being 6 M. In brief, BIU87 cells were planted in 6-well
plate with a density of 100,000/well, and treated with 0.25, 0.5,
1,2,4 and 6 uM cisplatin for 2 months. The BIU87 cell line and
BIU87-CisR cell line were maintained in RPMI-1640 medium
(Thermo Fisher Scientific, Waltham, MA, USA) supplemented
with 10% fetal bovine serum at 37°C in 5% CO, conditions.

Transfection of IGFBP-2 siRNA. Downregulation of the
expression of IGFBP-2 in BIU87-CisR cells was induced using
siRNA. siRNA targeted to human IGFBP-2 was designed and
synthesized (GenePharma, Shanghai, China) with the target
sequence: 5'-UGG CGA UGA CCA CUC AGA A-3'and trans-
fected into the cells in 24-well plate (100,000 cells/well) using
Lipofectamine® 2000 reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA). The concentration of siRNA was 100 nM
and the BIU87-CisR cells were cultured for 48 h following
transfection. The silencing effect was then assessed at the
mRNA and protein levels.

RNA isolation and quantification of the mRNA expression
levels of IGFBP-2 and maspin in the tissues and cell lines.
Reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR) was performed to quantify the mRNA expression
levels of IGFBP-2. The total RNA of the tumor tissue specimens
(n=32), BIU87 cells, BIU87-CisR cells and IGFBP-2-silenced
BIUS87-CisR cells were extracted using TRIzol reagent (Thermo
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Fisher Scientific). The purity and concentration of the total RNA
were verified using spectrophotometry (NanoDrop 3300;
Thermo Fisher Scientific). The qualified RNA was reverse-tran-
scribed into cDNA using PrimeScript® RT reagent (Takara
Biotechnology Co., Ltd., Dalian, China), according to manu-
facturer's instructions, The cDNA was then amplified using a
SYBR® Premix Ex Tag™ II kit (Takara Biotechnology Co.,Ltd.)
on a 7500 Real-Time PCR system (Applied Biosystems, Foster
City, CA, USA). The cycling conditions were set (20 ul reac-
tion volumes), according to the manufacturer's instructions. The
cells were incubated for 30 sec at 95°C and then amplified for
40 cycles; in each cycle reaction volume the cells were incubated
at 95°C for 5 sec and 60°C for 30 sec. The primers (all designed
by Takara Biotechnology Co., Ltd.) of the targeted genes and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were as
follows: IGFBP-2, forward 5'-CAA GCA TGG CCT GTA CAA
CCTC-3' and reverse 5'-GGG TTC ACA CAC CAG CAC TC-3
Maspin, forward 5'-AAC TGA AGA TGG TGG GGA TT-3'
and reverse 5-"TGG GAA GAA GAG CTT CCA AA-3"; and
GAPDH, forward 5-CGG AGT CAA CGG ATT TGG TCG
TAT-3' and reverse 5-AGC CTT CTC CAT GGT GGT GAA
GAC-3'" The fold changes in the target genes were calculated
using the comparative cycle threshold (2-24") method (17), and
the result was normalized by GAPDH.

Western blot analysis for the protein expression levels of
IGFBP-2 and maspin. The proteins in the tissue samples and
cells were extracted using the using radioimmunoprecipitation
assay reagent combined with 1% protease inhibitor cocktail
(Applygen Technologies, Inc., Beijing, China). The protein
samples (30 ug) were separated by 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoreseis (SDS-PAGE;
100 V, 1.5 h; Applygen Technologies, Inc.) and then transferred
onto polyvinylidene difluoride membranes (150 mA, 1 h;
Applygen Technologies, Inc.). The membranes were blocked
with 5% skim milk in phosphate-buffered saline (PBS) for 1 h
and incubated at 4°C for 12 h with the primary antibodies mouse
anti-human IGFBP-2 (Cat. no. sc-130070; 1:1,000), mouse
anti-human -actin (Cat. no. sc-130301; 1:5,000) or mouse
anti-human maspin (Cat. no. sc-166260; 1:500). All primary
antibodies were monoclonal and purchased from Santa Cruz
Biotechnology Co., Ltd. (Shanghai, China). The membranes
were washed with PBST buffer, followed by incubation with
horseradish-peroxidase-conjugated secondary antibodies for
2 h at room temperature. The bands were detected using an
ECL Detection Reagent kit (Applygen Technologies, Inc.) and
analyzed using Image J 1.48 software (National Institutes of
Health, Bethesda, MD, USA).

Cell inhibition analysis. The induction of cell inhibition by
cisplatin was detected using a Cell Counting Kit-8 (CCK-8)
kits (Boster Biological Engineering Co., Ltd., Wuhan, China).
The BIUS87 cells, BIU87-CisR cells and IGFBP-2-silenced
BIU8B7-CisR cells were plated at a density of 1x10* cells per
well in a 96-well plate and treated with 3 uM cisplatin for O,
6,12, 18 and 24 h at 37°C. Following cisplatin exposure, 10 ul
CCK-8 cell counting reagent was added and incubated at 37°C
for 4 h, the optical density of the culture solution in each plate
was measured using a plate reader (ELX800; BioTec, Winooksi,
VT, USA) at 450 nm.
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Figure 1. Relative mRNA expression of IGFBP-2 was higher in the che-
moresistant patients, compared with the chemosensitive patients (‘P<0.05).
Data are expressed as the mean + standard deviation. IGFBP-2, insulin-like
growth factor binding protein-2.

Cell cycle and cell apoptosis analysis. The BIU87-CisR cells
and IGFBP-2-silenced BIU87-CisR cells were treated with
3 uM cisplatin for 24 h, and cell cycle and cell apoptosis analysis
were performed using a flow cytometer. For cell cycle analysis,
the cells were collected and fixed with pre-cold 70% ethanol.
After 12 h, 500 pl propidium iodide (Sigma-Aldrich, St. Louis,
MO, USA) was added, and the cells were incubated for 30 min.
Cell cycle analysis was performed using a BD FACSCalibur
flow cytometer (Beckman Coulter, Miami, FL, USA) within
15 min. For cell apoptosis analysis, an Annexin V-FITC Assay
kit was used, according to the manufacturer's protocol.

Overexpression of maspin and its effect on sensitivity to
cisplatin of BIU87-CisR cells. The pcDNA-maspin recom-
binant plasmids, constructed in our preliminary experiment,
were transfected into the BIU87-CisR cells planted in 24-well
plate (100,000 cells/well) using Lipofectamine® 2000 reagent
in order to increase the expression of maspin. The prolifera-
tion inhibition of the maspin-overexpressing BIU87-CisR cells
treated with 3 yM cisplatin for 24 h was analyzed using a
CCK-8 kit, with the same methods as mentioned above.

Statistical analysis. All data are expressed as the mean + stan-
dard deviation. All calculations were performed using
SPSS 18.0 statistical software (SPSS, Chicago, IL, USA). A
one-way analysis of variance, followed by a least significant
difference test, were used to determine the statistical signifi-
cance among four groups and between each group. P<0.05 was
considered to indicate a statistically significant difference.

Results

Higher expression levels of IGFBP-2 are detected in tumor
tissue from chemoresistant patients and in BIUS7-CisR cells.
The mRNA levels of IGFBP-2 were higher (1.70+0.08-fold) in
the chemoresistant patients, compared with the chemosensitive
patients (P<0.05; Fig. 1). Western blot analysis confirmed the
protein expression of IGFBP-2 was also higher in the chemo-
resistant patients (Fig. 2). In the BIU87-CisR cells, higher
expression levels of IGFBP-2 were also observed, compared
with the BIU87 cells (1.55+0.06-fold; P<0.05), at the mRNA
and protein levels (Figs. 3 and 4).
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Figure 2. Western blotting confirmed higher protein expression of IGFBP-2
in the chemoresistant patients, compared with the chemosensitive patients,
normalized by B-actin ("P<0.05). Data are expressed as the mean + standard
deviation. IGFBP-2, insulin-like growth factor binding protein-2.
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BIUST cells BIUST-CisR cells

Figure 3. Relative mRNA expression of IGFBP-2 was higher in the
BIU87-CisR cells, compared with normal the BIU87 cells ('P<0.05). Data are
expressed as the mean + standard deviation. IGFBP-2, insulin-like growth
factor binding protein-2; CisR, cisplatin-resistant.
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Figure 4. Western blotting. Protein expression of IGFBP-2 was higher in
BIU87-CisR cells than the BIU87 cells, normalized by B-actin ("P<0.05).
Data are expressed as the mean + standard deviation. IGFBP-2, insulin-like
growth factor binding protein-2; CisR, cisplatin-resistant.
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Figure 5. Relative mRNA expression of maspin was lower in the chemoresis-
tant patients, compared with the chemosensitive patients ('P<0.05). Data are
expressed as the mean + standard deviation. IGFBP-2, insulin-like growth
factor binding protein-2.
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Figure 6. Western blotting confirmed that the protein expression of maspin
in the chemoresistant patients was lower, compared with the chemosensi-
tive patients, normalized by B-actin (‘P<0.05). Data are expressed as the
mean =+ standard deviation. IGFBP-2, insulin-like growth factor binding
protein-2.
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Figure 7. Relative mRNA expression of maspin was lower in the BIU87-CisR
cells, compared with the normal BIU87 cells. However, IGFBP-2 inhibition
enhanced the expression of maspin (‘P<0.05). Data are expressed as the
mean =+ standard deviation. IGFBP-2, insulin-like growth factor binding
protein-2; CisR, cisplatin-resistant.
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Figure 8. Western blotting confirmed that the protein expression of maspin in the
chemoresistant patients, was lower, compared with the chemosensitive patients.
However, IGFBP-2 inhibition enhance the expression of maspin. (normalized
by B-actin; "P<0.05). Data are expressed as the mean * standard deviation.
IGFBP-2, insulin-like growth factor binding protein-2; CisR, cisplatin-resistant.

Lower expression levels of maspin are detected in tumor
tissues of chemoresistant patients and in BIU87-CisR cells.
In contrast to the expression of IGFBP-2, the mRNA level
of maspin was lower (0.67+0.08-fold) in the chemoresistant
patients (Fig. 5), compared with the chemosensitive patients
(P<0.05). Western blot analysis also confirmed the same
observation in the protein levels of maspin (Fig. 6). In the
BIU87-CisR cell line, lower expression levels of maspin were
observed at the mrRNA and protein levels, compared with the
BIUS7 cells (0.61+£0.04-fold; P<0.05). In addition, following
IGFBP-2 inhibition, the mRNA and protein expression
levels of maspin in the BIU87-CisR cells increased signifi-
cantly (Figs. 7 and 8).

Knockdown of IGFBP-2 enhances the inhibitory effect of
cisplatin on proliferation. Cisplatin (3 uM) treatment was
observed to induce cell death in a time-dependent manner
(Fig. 9). Following 24 h cisplatin exposure, the cell viability
was significantly lower in the BIU87 cells (P<0.05), compared
with the BIU87-CisR cells and IGFBP-2 silenced BIU87-CisR
cells. The normal BIU87 cells were the most sensitive to cispl-
atin, and the BIU87-CisR cells exhibited significant resistance
to cisplatin, compared with the normal BIU87 cells. However,
the IGFBP-2-silenced BIU87-CisR cells were more sensitive
to cisplatin, compared with the BIU87-CisR cells without
siRNA treatment.
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Figure 9. Cisplatin (3 M) caused proliferation inhibition in the BIU87 cells
and IGFBP-2 silencing resulted in increased cell death ("P<0.05 vs. BIU87
cells; “P<0.05 vs. BIU87-CisR cells). Data are expressed as the mean =+ stan-
dard deviation. IGFBP-2, insulin-like growth factor binding protein-2; CisR,
cisplatin-resistant.

Knockdown of IGFBP-2 contributes to G,/M phase arrest of
BIUS7-CisR cells induced by cisplatin. Cisplatin was observed
to arrest BIU87 cells at the G,/M phase (Fig. 10). In the
BIU87-CisR group, the percentages of the cell population at
the G/G, phase was 70.34+4.45% and at the G,/M phase was
8.5+0.9%. Following 3 uM cisplatin treatment, the proportion
of cells at the G,/G, phase deceased to 56.9+4.3%, Whereas the
proportion of cells at the G,/M phase increased to 38.3+4.1%. In
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addition, IGFBP-2 silencing marginally suppressed the propor-
tion of cells at the G/G, phase (35.5+6.5%) and elevated the
percentage of cells at the G,/M phase (48.3+6.1%). The differ-
ences between each group were statistically significant (P<0.05).

Apoptosis of BIUS7 cells caused by cisplatin increases
following inhibition of IGFBP-2. Similar to the results of the
cell cycle analysis, the silencing of IGFBP-2 enhanced the
apoptosis-promoting effect of cisplatin. The apoptotic rate in the
BIU87-CisR cells was 2.9+0.6% and, following 3 uM cisplatin
treatment, the apoptotic rate increased to 22.6+2.4%. However,
in the IGFBP-2-silenced BIU87-CisR cells, the apoptotic rate
induced by cisplatin was 35.9+3.2% (Fig. 11). The differences
between each group were statistically significant (P<0.05).

Overexpression of maspin may improve the sensitivity of
BIUS87-CisR cells to cisplatin (Fig. 12). Following 3 uM
cisplatin treatment for 24 h, the maspin-overexpressing
BIUS7-CisR cells exhibited a lower cell viability, compared
with the normal BIU87-CisR cells (68.1+£5.3, vs. 75.3+4.6%,
respectively; P<0.05). This suggests that inhibition of IGFBP-2
may improve the sensitivity of bladder cancer cells to cisplatin
via upregulating the expression of maspin.

Discussion
Carcinoma of the urinary bladder is a common and

life-threatening malignant tumor of the urinary system. The
preferred treatment option for this type of cancer is resec-

Count
180 240 300
1 1

120
]

60
1

0

FL2-A

Count
180 240 300
1 1

120
1

60
1

0
|

FL2-A

3 uM cisplatin

Figure 10. Flow cytometric analysis to determine cell cycle. Cisplatin (3 xuM) caused BIU87-CisR cell cycle arrest at the G,/M phase. IGFBP-2 inhibition
reinforced this effect. IGFBP-2, insulin-like growth factor binding protein-2; CisR, cisplatin-resistant; siRNA, small interfering RNA.
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tion of the bladder and pelvic lymphadenectomy. However,
for patients with advanced-stage disease, a high recurrence
rate following surgery has been reported, and certain elderly
patients with cardiac or pulmonic insufficiency cannot tolerate
radical surgery (18). Therefore, chemotherapy has become an
important aspect of bladder cancer treatment, particularly for
patients with tumor metastasis or advanced-stage cancer (19).
During the process of using cisplatin as a treatment approach,
the response of patients to the drug is low and certain
patients exhibit drug resistance, which leads to ineffective

chemotherapy, increased recurrence rate, poor prognosis
and increased economic burden (20). The present study was
designed to reveal the molecular mechanism underlying the
sensitivity of bladder cancer cells to cisplatin, and to provide
novel methods to improve the sensitivity of bladder cancer
cells to cisplatin.

In the present study, the expression of IGFBP-2 in patients
with cisplatin-resistance was significantly higher at the
mRNA and protein levels. Previous studies have demonstrated
that IGFBP-2 overexpression reduces prostate cancer cell
apoptosis induced by docetaxel and reduces the sensitivity of
non-small cell lung cancer to dasatinib (12,21); it also increases
chemotherapy resistance in patients with adult acute myeloid
leukemia (22). Therefore, the present study hypothesized that
IGFBP-2 overexpression may be associated with reduced sensi-
tivity of bladder cancer cells to cisplatin. To investigate this,
siRNA was used to downregulate the expression of IGFBP-2
in the BIU87-CisR cells. The results revealed that, following
IGFBP-2 inhibition, the proliferation of cells exposed to
cisplatin was further inhibited, more cells were in G,/M phase
arrest, and the apoptotic rate also increased. These results
indicated that inhibiting the expression of IGFBP-2 improved
the sensitivity of the bladder cancer cells to cisplatin.

There are two mechanisms by which IGFBP-2 reduces
cancer cell apoptosis and increases its proliferation. The first
is the IGF-1-dependent pathway, which involves adjustment of
the IGF-1 system through the binding of IGF-1 and IGFBP-2,
which reduces the interaction of IGF-1 with its receptor and
inhibits signal transmission (23). The other mechanism is
the IGF-1-independent pathway. Lu er al (21) demonstrated
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that IGFBP-2 may activate the FAK pathway to inhibit the
apoptosis of non-small cell lung cancer, and used dasatinib
combined with FAK inhibitor to inhibit small-cell lung cancer
with overexpressed IGFBP-2. In lung adenocarcinoma, the
overexpression of IGFBP-2 inhibits the activity of IGF-1
signaling pathways and reduces the activity of caspase-3,
which limits cancer cell apoptosis (24). By using the recom-
bination of IGFBP-2 to process breast cancer cell Hs578T,
Frommer et al (25) found that a series of factors associated
with apoptosis resistance, including nuclear factor-x and
B-cell lymphoma-2 (Bcl-2) were increased. The present study
demonstrated that, following the inhibition of IGFBP-2, the
expression of maspin was significantly increased. Maspin has
tumor suppressor functions as, in addition to inhibiting cancer
cell metastasis, maintaining cell adhesion and inhibiting
tumor angiogenesis (26), it can induce cancer cell apoptosis
through Bcl-2 and B-cell-associated X protein (27). Therefore,
IGFBP-2 may increase the expression of maspin and further
increase the susceptibility of bladder cancer cells to cisplatin
with the assistance of the tumor suppressor function of maspin.
It is generally acknowledged that the expression of maspin is
predominantly regulated by methylation/demethylation, and
the methylation enhancement of its gene promoter may lead to
reduced expression of maspin (28), however, the mechanism
underlying the increased expression of maspin by IGFBP-2
remains to be elucidated. Further in-depth investigations are
required to determine whether IGFBP-2 affects the promoter
methylation of maspin. Based on the findings of the present
study, inhibiting IGFBP-2 may improve the susceptibility of
bladder cancer cells to cisplatin, the mechanism of which is
associated with changes to the expression of maspin.
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