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Abstract. The aim of the current study was to elucidate 
the association between vascular endothelial growth 
factor C (VEGF‑C) and resistance of bladder cancer cells 
to cisplatin and the underlying mechanism involving 
maspin. A total of 32 bladder cancer tissue samples from 
patients (18 males and 14  females with an average age of 
65.9 years) were collected from the Fifth Affiliated Hospital 
of Zhengzhou University (Zhengzhou, China). All patients 
had undergone cisplatin‑based combination chemotherapy. 
In addition, the BIU87 human bladder cancer cell line was 
cultured and a cisplatin‑resistant subline (BIU87‑CisR) 
was established by continuous exposure to cisplatin. The 
mRNA expression levels of VEGF‑C and maspin in tissue 
samples, BIU87 cells and BIU87‑CisR cells were analyzed 
by reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Targeted inhibition of VEGF‑C in 
BIU87‑CisR cells was performed using small interfering  
(si)RNA technology and the alteration in levels of maspin 
was confirmed by RT‑qPCR and western blot analysis. 
siRNA‑treated and ‑untreated BIU87‑CisR cells were divided 
into the following four groups: Control group (no drug treat-
ment), 3 µM cisplatin treated group, 3 µM cisplatin + siRNA 
treated group and the siRNA treated group. Cell viability 
following treatment in each group was evaluated by the 
cell counting kit 8 assay. The cell cycle and apoptotic rate 
of BIU87‑CisR cells was analyzed by propidium iodide (PI) 
staining and Annexin V‑PI double staining with flow cytom-
etry. Furthermore, pcDNA‑maspin transfected BIU78‑CisR 
cells were used to establish the effect of maspin on the 
sensitivity to cisplatin. VEGF‑C expression in chemoresistant 
patients and BIU87‑CisR cells was significantly increased 
compared with chemosensitive patients and normal BIU87 

cells, respectively. By contrast, maspin levels were lower in 
chemoresistant patients and BIU87‑CisR cells. Subsequent 
to VEGF‑C inhibition, maspin expression was markedly 
increased. Cisplatin (3 µM) resulted in moderate proliferation 
inhibition of BIU87‑CisR cells without siRNA pretreatment; 
however, significant inhibition was observed in the VEGF‑C 
siRNA treated group. In addition, the cell cycle arrest and 
apoptosis induced by cisplatin was enhanced by VEGF‑C 
inhibition. Overexpression of maspin was able to improve the 
sensitivity of BIU87‑CisR cells to cisplatin. In conclusion, the 
resistance of bladder cancer cells to cisplatin may be induced 
by upregulation of VEGF‑C, and inhibition of VEGF‑C 
reverses resistance by elevating maspin expression levels.

Introduction

In China, bladder cancer has the highest rate of incidence out 
of all malignancies of the urinary system (1). In addition to 
surgical treatment, chemotherapy is an important strategy for 
the therapy of bladder cancer. Cisplatin‑based chemotherapy 
is widely used in bladder cancer treatment, and the anti‑cancer 
effect was demonstrated (2). However, certain patients exhibit 
a poor sensitivity to cisplatin, and this resistance to cisplatin is 
a problem that should not be overlooked. The low sensitivity 
to cisplatin and drug resistance affect the therapeutic efficacy 
of bladder cancer treatment (3,4). Therefore, it is necessary to 
investigate the mechanism of resistance of bladder cancer to 
cisplatin and aim to improve the sensitivity of bladder cancer 
cells to this drug.

Vascular endothelial growth factor  C (VEGF‑C) is a 
dimeric glycoprotein of the VEGF family of cytokines. 
VEGF‑C has been demonstrated to be involved with the 
majority of aggressive tumors  (5). A number of previous 
studies have reported that high levels of VEGF‑C promote 
tumor invasion and metastasis by binding to its receptor (6,7). 
Clinical studies have verified that VEGF‑C expression is 
closely associated with the invasive phenotype and affects 
patient survival in cervical cancer, in addition to accelerating 
cervical cancer metastasis by directly driving cancer cell 
migration and invasion (8). In brief, high levels of VEGF‑C 
correlate with poor prognosis for the patient (8). However, 
few studies investigating whether high expression levels 
of VEGF‑C are implicated in chemoresistance have been 
conducted. One previous study suggested that the overexpres-
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sion of VEGF‑C induced chemoresistance in acute myeloid 
leukemic cells via a cyclooxygenase‑2‑mediated mechanism. 
Cho et al (9) demonstrated that RhoGDI2‑induced VEGF‑C 
expression results in gastric cancer cell metastasis and 
cisplatin resistance. Therefore, based on the previous studies, 
it was hypothesized that high expression levels of VEGF‑C 
result in chemoresistance to cisplatin in bladder cancer cells. 
Furthermore, it was hypothesized that maspin may mediate 
the effects of VEGF‑C in regulating chemoresistance. As an 
inhibitor of serine protease, accumulating evidence indicates 
that maspin is able to inhibit the growth of tumors by inducing 
apoptosis (10). In certain types of tumor, low expression of 
maspin may induce growth of tumours  (11). Induction of 
apoptosis is a crucial function of chemotherapeutic drugs, 
therefore, it is important to analyze the association between 
maspin and the effectiveness of chemotherapy. In a previous 
study, the elevated expression level of maspin was observed to 
be typical for cisplatin‑sensitive ovarian cancer tumors (12). 
Thus, it was considered that maspin is associated with the 
sensitivity of bladder cancer cells to cisplatin. The current 
study utilized small interfering (si)RNA technology to inhibit 
VEGF‑C expression in BIU87‑CisR cells, then observed the 
alterations in sensitivity to cisplatin of BIU87‑CisR cells, and 
the alterations in maspin levels following VEGF‑C inhibition.

Materials and methods

Patients and preparation for tissue specimens. The current 
study included 32 patients with bladder cancer (18 males and 
14 females; median age, 65.9; range 51‑76) who underwent 
surgical treatment and cisplatin‑based combination chemo-
therapy between March 2012 and February 2013 at the Fifth 
Affiliated Hospital of Zhengzhou University (Zhengzhou, 
China). A total of 20 patients were sensitive to chemotherapy, 
while 12 were resistant to it, while no significant correlations 
were observed with regard to the demographic information 
about age, gender, stage of disease and treatment regimen. 
Tumor tissue specimens were obtained at the time of surgical 
esophageal tissue resection and stored in liquid nitrogen until 
further analysis. The current study was approved by the ethics 
committee of The Fifth Affiliated Hospital of Zhengzhou 
University, with all patients' informed consents.

Cell line culture and establishment of cisplatin‑resistant 
subline. The BIU87 cell line was purchased from the Type 
Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). BIU87 cells were maintained in RPMI‑1640 
medium (Thermo Fisher Scientific, Waltham, MA, USA) 
supplemented with 10% fetal bovine serum at 37˚C with 5% 
CO2. The cisplatin‑resistant subline (BIU87‑CisR cell line) 
was established as previously described and its resistance to 
cisplatin (Sigma‑Aldrich, St. Louis, MO, USA) was proven (13). 
In brief, BIU87‑CisR cells were obtained from parental BIU87 
cells through a continuous exposure to increasing cisplatin 
over 12 months, with a final concentration of 6 µM cisplatin.

RNA isolation and quantification of VEGF‑C mRNA expres‑
sion. Reverse transcription-quantitative polymerase chain 
reaction (RT‑qPCR) was performed to quantify the mRNA 
expression of VEGF‑C. Total RNA of tumor tissue specimens, 

BIU87 cells and BIU87‑CisR cells were extracted using 
TRIzol reagent (Thermo Fisher Scientific). The purity and 
concentration of total RNA was verified by spectrophotometry 
(Biomate 3; Thermo Fisher Scientific). Confirmed RNA was 
reverse‑transcribed to cDNA using PrimeScript® RT reagent 
(Takara Biotechnology Co., Ltd., Dalian, China) according to 
manufacturer's instructions. cDNA was then amplified with 
SYBR® Premix Ex Taq™ II kit (Takara Biotechnology Co., 
Ltd.) using a 7500 Real Time PCR system (Applied Biosystems 
Life Technologies, Foster City, CA, USA). The cycling condi-
tions were set according to the manufacturer's instructions. 
The sequences of the primers of targeted genes and β‑actin 
used were as follows: Forward: 5'CAA​GCA​TGG​CCT​GTA​
CAA​CCT​C'3 and reverse: 5'GGG​TTC​ACA​CAC​CAG​CAC​
TC'3 for VEGF‑C; and forward: 5'ATC​ATG​TTT​GAG​ACC​
TTC​AA' and reverse: 5'CAT​CTC​TTG​CTC​GAA​GTC​CA'3 
β‑actin. The fold changes of target genes were calculated using 
the ΔΔ cycle threshold (2‑ΔΔCt) method and the result was 
normalized to β‑actin.

Western blot analysis for VEGF‑C protein expression. 
Protein samples of tissue, BIU87 cells and BIU87‑CisR cells 
were prepared using radioimmunoprecipitation assay buffer 
combined with 1%  protease inhibitor cocktail (Applygen 
Technologies, Inc., Beijing, China). Protein samples (30 µg) 
were separated by 12% SDS‑PAGE (100 V, 1.5 h) and trans-
ferred to polyvinylidene difluoride membranes (150 mA, 1 h; 
Applygen Technologies, Inc.). Membranes were blocked with 
5% skimmed milk in phosphate‑buffered saline (PBS) for 
1 h and incubated at 4˚C for 12 h with the primary antibody 
mous anti‑VEGF‑C monoclonal (1:1,000; cat. no. sc‑374628; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and mouse 
anti‑β‑actin monolonal (1:5,000; cat. no. sc‑130300; Santa Cruz 
Biotechnology, Inc.). Membranes were washed by PBS with 
Tween 20 buffer and followed an incubation with horseradish 
peroxidase‑conjugated secondary antibodies. The bands were 
detected using an Enhanced Chemiluminescence Detection 
Reagent kit (Applygen Technologies, Inc.) and analyzed by 
Image J software version 1.48 (NIH, Bethesda, MD, USA).

Transfection of VEGF‑C siRNA. Downregulation of VEGF‑C 
expression in BIU87‑CisR cells was induced using siRNA. 
siRNA targeted to human VEGF‑C were designed and synthe-
sized by Shanghai GenePharma Co., Ltd. (Shanghai, China) 
and then transfected into cells using Lipofectamine® 2000 
reagent (Life Technologies, Grand  Island, NY, USA). The 
concentration of siRNA was 3 nM and BIU87‑CisR cells were 
cultured 48 h following transfection. The silencing effect was 
assessed at the mRNA and protein expression levels in the 
preliminary experiment and the effect of siRNA transefection 
was efficient.

Overexpression of maspin. The pcDNA‑maspin recombi-
nant plasmids were constructed (Data not shown) and were 
transfected into BIU87‑CISR cells using Lipofectamine 2000 
reagent in order to increase the expression of maspin.

Cell inhibition analysis. Cell inhibition induced by cisplatin 
was detected by cell counting kit 8 (CCK‑8) kits (Wuhan Boster 
Biological Technology, Ltd., Wuhan, China). Normal BIU87 
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cells and VEGF‑C silenced BIU87‑CisR cells were plated at a 
density of 1x104 cells/well in a 96‑well plate and divided into the 
following four groups: Control group, BIU87‑CisR cells without 
any treatment; 3 µM cisplatin‑treated group, BIU87‑CisR cells 
treated with 3 µM cisplatin; 3 µM cisplatin + siRNA treated 
group, VEGF‑C silenced BIU87‑CisR cells treated with 3 µM 
cisplatin; and the siRNA group, VEGF‑C silenced BIU87‑CisR 
cells without cisplatin treatment. Following 24 h, 10 µl CCK‑8 
reagent was added and the cells were incubated at 37˚C for 4 h, 
then the optical density of the culture solution in each plate 
was measured using a Synergy Mx Microplate reader (BioTek 
Instruments, Inc., Winooski, VT, USA) at 450 nm.

Cell cycle and cell apoptosis analysis. Cell cycle and cell 
apoptosis analysis was performed using flow cytometery. For 
cell cycle analysis, BIU87‑CisR cells were collected and fixed 
with pre‑cooled 70% ethanol. Subsequent to fixing for 12 h, 
500 µl propidium iodide (Sigma‑Aldrich, St. Louis, MO, USA) 
was added and cells were incubated for 30 min. Cell cycle 
analysis was performed using a BD FACSCalibur flow cytom-
eter (Beckman Coulter, Brea, CA, USA) for 15 min. For cell 
apoptosis analysis, the Annexin V‑fluorescein isothiocyanate 
assay kit (Sigma‑Aldrich) was used according to the manufac-
turer's instructions.

Analysis of maspin expression and its effect on the sensi‑
tivity of BIU87‑CisR cells to cisplatin. Maspin expression 
in normal and VEGF‑C silenced BIU87‑CisR cells was 
detected by RT‑qPCR and western blot analysis according 
to the above mentioned protocols. The sequences for the 
primers for maspin were as follows: Forward: 5'AAC​TGA​
AGA​TGG​TGG​GGA​TT'3 and reverse: 5'TGG​GAA​GAA​GAG​
CTT​CCA​AA'3. Futhermore, the proliferation inhibition of 
maspin‑overexpressing BIU87‑CisR cells treated with 3 µM 
cisplatin was analyzed using the CCK‑8 kit.

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation. All calculations were performed using SPSS 
software, version  18.0 (SPSS, Inc., Chicago, IL, USA). A 
one‑way analysis of variance followed by a least significant 
difference test was 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

High VEGF‑C expression levels were detected in the tumor 
tissue of chemotherapy‑resistant patients and BIU87‑CisR 
cells. As presented in Fig. 1, the mRNA levels of VEGF‑C 
were higher (1.6±0.03 fold) in chemoresistant patients (n=20), 
compared with chemosensitive patients (n=12, P<0.05). In 
addition, a higher (1.7±0.06 fold) mRNA level of VEGF‑C 
was observed in BIU87‑CisR cells (Fig. 2), compared with the 
parental BIU87 cells (P<0.05).

Western blot analysis confirmed the higher protein 
expression levels of VEGF‑C in chemoresistant patients and 
BIU87‑CisR cells (Figs. 3 and 4).

Knock‑down of VEGF‑C may enhance the prolifera‑
tion inhibition effect of cisplatin. As presented in Fig. 5, 

Figure 1. Relative mRNA expression of VEGF‑C is significantly higher in 
chemoresistant patients compared with chemosensitive patients. *P<0.05. 
VEGF‑C, vascular endothelial growth factor.

Figure 2. Relative mRNA expression of VEGF‑C is significantly higher in 
BIU87‑CisR cells compared with normal BIU87 cells. *P<0.05. VEGF‑C, 
vascular endothelial growth factor C.

Figure 3. Western blot analysis confirms significantly higher VEGF‑C pro-
tein expression in chemosenstive patients. Band intensity was normalized by 
β‑actin. *P<0.05. VEGF‑C, vascular endothelial growth factor C.



ZHU et al:  VEGF-C AND RESISTANCE TO CISPLATIN3166

3 µM cisplatin treatment may significantly induce cell death 
with a cell viability rate of 78.1±3.6% (P<0.05 vs. the control 
group). In VEGF‑C‑silenced BIU87‑CisR cells, 3 µM cispl-
atin resulted in a lower cell viability rate (50.6±4.6%) and 
the difference was significant compared with other groups 
(P<0.05).

Knock‑down of VEGF‑C contributed to G2/M phase arrest of 
BIU87‑CisR cells induced by cisplatin. Cisplatin was able to 
arrest BIU87‑CisR cells at the G2/M phase, as presented in 

Fig. 6. In the control group, the cell population percentages 
were 68.34±7.45% in the G0/G1 phase and 10.5±0.9% in the 
G2/M phase. Following treatment with 3 µM cisplatin, the 
proportion of G0/G1 phase cells was reduced to 53.9±5.3%, and 
the proportion of cells in the G2/M phase increased to 31.3±4.1%. 
In addition, VEGF‑C silencing suppressed the proportion of 
G0/G1 phase cells (35.5±3.5%) and elevated the percentage of 
cells in the G2/M phase (42.3±3.1%). The differences between 
each group were statistically significant (P<0.05).

Apoptotic rate of BIU87‑CisR cells resulting from cisplatin 
increase due to inhibition of VEGF‑C. In agreement with the 
results of the cell cycle analysis, the silencing of VEGF‑C 
was observed to enhance the apoptosis‑promoting effect of 
cisplatin. As presented in Fig. 7, which is a representative 
image, the apoptotic rate in the control group was 5.3±0.4%, 
whereas following treatment with 3 µM cisplatin, the apoptotic 
rate was increased to 17.1±3.1%. For the VEGF‑C‑silenced 
BIU87‑CisR cells, the apoptotic rate with cisplatin was 
increased to 29.3±4.5%. The differences between each group 
were statistically significant (P<0.05).

Inhibition of VEGF‑C increases the expression levels of 
maspin, which may improve the sensitivity of BIU87‑CisR 
cells to cisplatin. In the VEGF‑C‑silenced BIU87‑CisR cells, 
high mRNA and protein expression levels of maspin were 
observed, and a small increase in maspin expression was 
observed in the cisplatin‑treated group compared with the 
control (Figs. 8 and 9). As presented in Fig. 10, following treat-
ment with 3 µM cisplatin, maspin‑overexpressing BIU87‑CisR 
cells exhibited a lower cell viability compared with normal 
BIU87‑CisR cells (65.1±3.9% vs. 75.3±5.6%; P<0.05). This 
suggests that inhibition of VEGF‑C improves the sensitivity of 
bladder cancer cells to cisplatin via the upregulation of maspin 
expression.

Figure 6. Flow cytometric analysis of the cell cycle. Cisplatin (3 µM) results in 
cell cycle arrest at G2/M phase in BIU87‑CisR cells, and VEGF‑C inhibition 
reinforces this effect. The figure shows the proportion of cells in the G0/G1, S 
and G2/M phase. *P<0.05 vs. control. #P<0.05 vs. 3 µM cisplatin treated group.Figure 4. Western blot analysis confirms significantly higher VEGF‑C 

protein expression in BIU87‑CisR cells. Band intensity was normalized by 
β‑actin. *P<0.05. VEGF‑C, vascular endothelial growth factor C.

Figure 5. Cell viability in each group. Cisplatin (3 µM) results in proliferation 
inhibition in BIU87‑CisR cells while VEGF‑C silencing results in further 
cell death. *P<0.05 vs. control. #P<0.05 vs. 3 µM cisplatin treated group. 
VEGF‑C, vascular endothelial growth factor C.
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Discussion

The current study supports a crucial role for VEGF‑C 
expression in modulating the resistance of bladder cancer 
cells to cisplatin, VEGF‑C inhibition is suggested to lead 
to chemosensitization through inducing maspin expression. 
Cisplatin is an effective broad‑spectrum anticancer drug, 
however, extensive previous studies have reported cisplatin 
resistance in human cancer cells in vivo and in vitro (12,14). 
Cisplatin sensitivity and resistance is complex and altera-
tions can occur in almost every mechanism influencing cell 
growth, developmental pathways, apoptosis, DNA repair, 
drug metabolism and drug transporters (15). Previous studies 
aiming to elucidate the underlying mechanism have identified 
that the level of several of expression of genes contributes 

to the chemoresistance, and these levels are often abnormal 
in patients with cancer  (13). These alterations in gene 
expression can suppress or promote tumor cell growth and 
apoptosis. Jayachandran et al (16) observed that the induction 
of NPRL2 expression by plasmid vectors containing human 
NPRL2 cDNA were able to overcome cisplatin resistance 
in non‑small cell lung cancer cells. Furthermore, NPRL2 is 
an accepted tumor suppressor gene (17,18). Hour et al (19) 
indicated that expression of the CCAAT/enhancer binding 
protein  Δ (CEBPD) gene was specifically elevated in a 
cisplatin resistant subline. CEBPD was able to antagonize 
reactive oxygen species and apoptosis via inducing the 
expression of Cu/Zn‑superoxide dismutase (20). In addition 
to the above studies, the classical tumor suppressor gene, p53, 
is also important. A larger number of studies have examined 

Figure 8. VEGF‑C inhibition increases relative mRNA expression of maspin. 
*P<0.05 vs. control. #P<0.05 vs. 3 µM cisplatin treated group. VEGF‑C, vas-
cular endothelial growth factor C; siRNA, small interfering RNA.

Figure 10. Maspin‑overexpressing BIU87‑CisR cells are more sensitive to 
3 µM cisplatin. *P<0.05 vs. control. #P<0.05 vs. normal BIU87‑CisR cells.

Figure 7. Flow cytometric analysis of cell apoptosis. Cisplatin (3 µM) induces 
apoptosis of BIU87‑CisR cells and VEGF‑C inhibition reinforces this effect. 
VEGF‑C, vascular endothelial growth factor C; PI, propidium iodide.

Figure 9. VEGF‑C inhibition increases protein expression of maspin. Band 
intensity was normalized by β‑actin. *P<0.05 vs. control. #P<0.05 vs. 3 µM 
cisplatin treated group. VEGF‑C, vascular endothelial growth factor C; 
siRNA, small interfering RNA.
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the association between p53 and cisplatin‑resistance, for 
example, Gutekunst et al (20) suggested that siRNA‑medi-
ated silencing of p53 abrogated hypersensitivity to cisplatin. 
According to this line of reasoning, it is hypothesized that 
any tumor suppressor or pro‑oncogenic gene should be 
taken into consideration when investigating the resistance 
to cisplantin in carcinoma cells. Thus, the expression of 
VEGF‑C was investigated due to the following reasons: As 
a tumor‑promoter, it induces metastasis through enhancing 
angiogenesis, lymphangiogenesis and cancer cell invasion; 
the presence of high levels of VEGF‑C is an accepted risk 
factor for poor prognosis; and its effect on promoting tumor 
growth has been confirmed in several studies  (21,22). In 
the current study, tissue specimens of patients with bladder 
cancer were analyzed, and the results indicated that expres-
sion of VEGF‑C was significantly higher in chemoresistant 
patients compared with chemosensitive patients. In addi-
tion, high expression levels of VEGF‑C were detected in 
the BIU87‑CisR cell line, but not in the normal BIU87 cell 
line. Subsequent to VEGF‑C inhibition, cisplatin‑treated 
BIU87‑CisR cells exhibited increased cell death, cell cycle 
arrest and apoptosis. These results supported the theory that 
high levels of VEGF‑C result in resistance to cisplatin. With 
regard to the downstream mechanism, Hua et al (23) identi-
fied that in acute myeloid leukemic cells, VEGF‑C induced 
cyclooxygenase‑2‑mediated resistance to chemotherapy 
through the induction of endothelin 1 expression (23). An 
additional study demonstrated that inhibition of the expres-
sion of VEGF-C may reverse drug resistance by regulating the 
activity of mTOR complex 1 (24). However, it was suggested 
that the expression of maspin was involved in induction of 
resistance to cisplatin by VEGF‑C. This was hypothesized for 
two reasons: Firstly, maspin has been demonstrated to exhibit 
tumor‑suppressing activities by inducing apoptosis  (25), 
in addition it has been reported to be expressed in normal 
mammary epithelial cells but absent in mammary carcinoma 
cell lines, with a tendancy for the level of maspin to fall in 
line with tumor promotion and progression in humans (26). 
In addition, it has been previously reported that low levels 
of maspin maintain cancer cell growth and survival. For 
example, maspin is downregulated in breast and prostate 
cancer, which results in reduced cell motility  (11,27). In 
non‑small cell lung carcinoma cells, high‑maspin expressing 
cells were significantly less invasive and apoptotic than 
low‑maspin expressing cells (28,29). Secondly, there is an 
association between the expression of maspin and the chemo-
therapeutic response. Surowiak et al (30) demonstrated that 
ovarian cancer cell lines expressing maspin in the cytoplasm 
were more sensitive to cisplatin, and for ovarian cancer, 
maspin expression is associated with a longer survival rate. 
In the current study, the expression of maspin was detected 
in bladder cancer tissue and in the cisplatin‑resistant BIU87 
subline. The results suggest that chemoresistant patients 
exhibit lower levels of maspin expression when compared 
with chemosensitive patients. In addition, low expression 
levels of maspin expression were observed in the BIU87‑CisR 
cell line. Subsequent to treatment with VEGF‑C‑targeted 
siRNA, the maspin expression levels of BIU87‑CisR cells 
were significantly increased. Subsequently, overexpression 
of maspin in BIU87‑CisR cells induced by a recombinant 

plasmid enhanced the proliferation inhibition effect of cispl-
atin. These results suggest that VEGF‑C inhibition reverses 
the resistance of bladder cancer cells to cisplatin via 
upregulating maspin. However, there are limitations in the 
current study as follows: The maspin protein is regulated by 
methylation of the gene promoter, however, investigation of 
whether VEGF‑C is associated with DNA methylation was 
not conducted. In addition, maspin expression should also be 
subjected to investigation as a potential surrogate marker for 
cisplatin sensitivity of individual patients in vivo.

In conclusion, the resistance of bladder cancer cells to 
cisplatin may be induced by upregulation of VEGF‑C, since 
inhibition of VEGF‑C reverses resistance by increasing the 
expression levels of maspin.
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