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Expression and clinical significance of microRNA-21, maspin
and vascular endothelial growth factor-C in bladder cancer
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Abstract. The present study aimed to explore the expression
and clinical significance of microRNA-21 (miR-21), maspin
and vascular endothelial growth factor C (VEGF-C) in
bladder cancer (BC). A total of 53 BC samples and 12 normal
bladder tissue samples were collected. Total messenger RNA
(mRNA) was extracted, and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) was used to evaluate
the expression of miR-21 and maspin in BC and normal
bladder tissues. Immunohistochemistry was used for the
detection of maspin and VEGF-C protein expression.
Furthermore, the correlations between these molecules and
certain clinicopathological parameters were investigated,
and survival analysis was performed to assess their prog-
nostic significance. miR-21 mRNA expression and VEGF-C
protein expression were increased in BC tissues compared
with those in normal bladder tissues, whereas maspin mRNA
and protein expression levels in BC tissues were significantly
decreased (P<0.01). miR-21, maspin and VEGF-C expres-
sion were significantly associated with the stage, grade and
Ilymph node metastasis of BC (P<0.05), but not the other
clinicopathological features evaluated. There was a marked
inverse correlation between the mRNA expression of miR-21
and maspin, with a coefficient of -0.978 (P<0.001). Similarly,
there was a significant inverse correlation between the protein
expression of maspin and VEGF-C, with a coefficient of
-0.589 (P<0.001). Overexpression of miR-21 and VEGF-C, as
well as decreased maspin expression, were associated with a
poorer prognosis. These results suggested that upregulation of
miR-21, decreased maspin expression and enhanced VEGF-C
in BC may promote tumor progression. miR-21, maspin and
VEGF-C may therefore have significant roles as biomarkers
for prognosis and as therapeutic targets of BC.
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Introduction

Bladder cancer (BC) is one of the most prevalent malignan-
cies worldwide, with ~70,980 novel cases diagnosed and
14,330 mortalities occurring in the United States in 2008
alone (1). In China, BC represents the most common cancer
of the urinary tract. Furthermore, ~70% of patients initially
diagnosed with superficial BC, and therefore are not in a
life-threatening situation, develop a minimum of one recur-
rence within 5 years (2). In addition, ~20% of BC patients with
recurrence experience disease progression (3). Thus, identifica-
tion of novel biomarkers for prognosis and therapeutic targets
of BC will help to advance clinical diagnosis and treatment of
this disease.

MicroRNAs (miRNAs) are single-stranded, non-coding
RNAs that are hypothesized to regulate gene expression at the
post-transcriptional level (4). The dysregulation of miRNAs
has been found to be associated with cancer initiation and
progression, suggesting that miRNAs may be used as molec-
ular biomarkers for the diagnosis of cancer and prediction of
prognosis. miRNA-21 (miR-21) has been reported to be over-
expressed in multiple human solid tumors, including BC (5-8).
In addition, miR-21 has been proven to suppress the expression
of genes involved in the development of tumors. For example,
it has been revealed that maspin is a target gene of miR-21, and
upregulation of miR-21 promotes downregulation of maspin,
inducing tumor progression (9).

In a previous proteomic study by our group (10), maspin
was identified as a potential vascular endothelial growth
factor C (VEGF-C)-associated protein in T24 BC cells. In
another study (11), promoter DNA methylation of maspin was
identified in T24 BC cells. The mRNA and protein expression
levels of maspin were increased in a dose-dependent manner in
T24 cells, following treatment with increasing concentrations
of DNA methyltransferase inhibitor 5-Aza-2'-deoxycytidine
(5-Aza-CdR). The proliferation, migration and invasion of
cells were significantly inhibited following treatment with
increasing concentrations of 5-Aza-CdR, while the levels of
apoptosis were markedly increased. Furthermore, these effects
were associated with decreased expression of VEGF-C. These
results therefore suggested a potential role for maspin in the
regulation of VEGF-C in BC.

Based on these results, it was hypothesized that miR-21,
maspin and VEGF-C may have significant roles in the
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development of BC. However, to the best of our knowledge,
a comprehensive study regarding the expression status and
clinical relevance of miR-21, maspin and VEGF-C in BC is
not currently available. Therefore, the present study aimed
to compare the expression profiles of miR-21, maspin and
VEGF-C in BC and normal tissues, and investigate the poten-
tial diagnostic and prognostic value of these molecules.

Materials and methods

Patients and samples. The present study was approved by
the Ethics Review Board of The First Affiliated Hospital of
University of South China (Hengyang, China) and Xiangya
Hospital (Changsha, China). Informed consent was obtained
from all patients. The present study evaluated BC specimens,
including cancer lesions, from 53 patients who had undergone
surgical resection at The First Affiliated Hospital of University
of South China and Xiangya Hospital between 2005 and 2012.
No patient had received preoperative adjuvant therapy. All
samples were treated in an identical manner following surgical
removal, and were immediately snap-frozen in liquid nitrogen
and stored at -80°C prior to RNA extraction. The patients
included 35 males and 18 females with ages ranging from
32 to 84 years (median age, 57 years). In addition, 12 normal
bladder specimens were obtained from male patients with
benign prostatic hypertrophy undergoing transurethral resec-
tion (age range, 65-78 years; median age, 70 years), which were
used as the control. Information regarding the clinicopatho-
logical factors, including age, histological grade, tumor stage,
tumor number, tumor diameter, lymph node status and recur-
rence status were also collected. Telephone follow-ups were
performed every 3 months post surgery to evaluate patient
survival status. The final follow-up date included in the present
study was December 31, 2013.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis of miR-21 and maspin expression.
Total RNA was extracted from the frozen tissue samples
using TRIzol reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA). miR-21-specific primers (forward,
5"-ACGTTGTGTAGCTTATCAGACTG-3' and reverse,
5'-AATGGTTGTTCTCCACACTCTC-3") were purchased
from Ambion (Applied Biosystems Life Technologies,
Foster City, CA, USA) and the internal control RNU6B gene
was purchased from Wuhan Boster Biological Technology
(Wuhan, China). Complementary DNA (cDNA) synthesis
was performed using the High Capacity cDNA Synthesis
kit (Applied Biosystems Life Technologies) with miRNA
specific primers. An Applied Biosystems 7500 Real-time
system (Applied Biosystems Life Technologies) with
miRNA specific primers by TagMan Gene Expression Assay
(Applied Biosystems Life Technologies) was used to perform
RT-qPCR.

The PCR cycling conditions were as follows: 95°C for
10 min, 40 cycles of 95°C for 15 sec, 60°C for 1 min and 72°C
for 30 sec, and a final extension of 72°C for 10 min. Fluorescent
signals from each sample were measured at the endpoint of
each cycle. The expression of miR-21 was normalized to the
internal RNU6B control and plotted as relative values. The
fold change in miR-21 expression between the samples and
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normal control was calculated using the 242" method (9).
RT-qPCR was performed in triplicate for each sample.

For the evaluation of maspin expression in patient
samples, RT-qPCR was used to measure maspin mRNA
expression levels. GAPDH (Wuhan Boster Biological
Technology) served as a control. TagMan probes for maspin
and GAPDH were obtained from Applied Biosystems.
The primer sequences used were as follows: Maspin
forward, 5'-GGTGGGGATTCCATAGAGGT-3"' and
reverse, 5'-"AATCGGCATCCACAGAAAAG-3'; GAPDH
forward, 5'-CAATGACCCCTTCATTGACC-3' and reverse,
5'-GACAAGCTTCCCGTTCTCAG-3'". PCR cycling condi-
tions consisted of: 95°C for 5 min, followed by 40 cycles of
94°C for 20 sec, 59°C for 20 sec and 72°C for 20 sec, then 72°C
for 5 min and finally 55°C for 10 sec. The expression of maspin
mRNA was calculated relative to GAPDH expression levels
using the 222" method.

Immunohistochemistry. Prior to histopathological examina-
tion, all specimens were fixed in 10% formaldehyde solution
(Guanghua Sci-Tech Co., Ltd., Guangdong, China). Sections
(4-pum) of formalin-fixed paraffin-embedded tissues were cut
with a microtome (SYD-S2020; Yude Electronic Instrument
Co., Ltd., Shenyang, China) and dried at 37°C overnight
on silanized slides for immunohistochemical staining for
VEGF-C and maspin protein. Subsequently, samples were
deparaffinized with xylene (Guanghua Sci-Tech Co., Ltd.)
at room temperature for 80 min, washed with a graded
ethanol/water mixture and then washed with distilled water.
Endogenous peroxidase activity was blocked using 0.3%
hydrogen peroxide (Sangon Biotech Co., Ltd, Shanghai,
China) solution for 20 min. For antigen retrieval, the sections
were soaked and heated in citrate buffer (0.01 mol/l; Dingguo
Changsheng Biotech Co., Ltd, Beijing, China), microwaved
for 20 min, washed three times with distilled water and
then blocked with 1% bovine serum albumin (Dingguo
Changsheng Biotech Co., Ltd.) at room temperature for
30 min. Rabbit anti-human VEGF-C (cat. no. BA0548) and
mouse anti-human maspin (cat. no. PB0311) polyclonal anti-
bodies (1:100; Wuhan Boster Biological Technology) were
used as the primary antibodies, according to the manufac-
turer's instructions. Subsequently, sections were incubated
with goat anti-polyvalent antibody (cat. no. BA1011; 1:3,000;
Wuhan Boster Biological Technology) at 37°C for 10 min and
then streptavidin peroxidase (cat. no. BA1088; 1:300; Wuhan
Boster Biological Technology) at 37°C for 10 min. Slides were
visualized using diaminobenzidine and counterstained with
hematoxylin (Sangon Biotech Co., Ltd.) prior to observation.
The addition of the primary antibodies was omitted in the
negative control. Immunostaining of invasive ductal breast
carcinoma and benign prostate tissue sections, obtained from
patients with breast cancer and benign prostatic hyperplasia,
respectively, who had undergone surgical resection at The
First Affiliated Hospital of University of South China and
Xiangya Hospital between April 2005 and October 2012, were
considered to be positive controls for VEGF-C and maspin,
respectively.

Ten distinct areas containing tumor cells were evaluated
randomly for each slide, under a low-power microscopy field
(BX51; Olympus Corporation, Tokyo, Japan), by two experi-
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Figure 1. miR-21 expression is upregulated in patients with BC, compared
with that of normal controls. Reverse transcription-quantitative polymerase
chain reaction analysis was used to evaluate the messenger RNA expres-
sion levels of miR-21 in BC and normal tissues. Values are expressed as the
mean + standard deviation. "P<0.01. miR-21, microRNA-21; BC, bladder
cancer.

Relative expression of maspin
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Figure 2. Maspin expression is downregulated in patients with BC, compared
with that of normal controls. Reverse transcription-quantitative polymerase
chain reaction analysis was used to evaluate the expression of maspin
messenger RNA in BC and normal tissues. Values are expressed as the
mean + standard deviation. "P<0.01. BC, bladder cancer.

enced independent investigators without prior knowledge of
patient disease status; =100 tumor cells were examined per
field. Two scoring systems were used to evaluated the staining
intensity and percentage of positive cells in each specimen.
The staining intensity was scored on a semiquantitative 4-point
scale: 0, equivalent to the negative control; 1, weak cytoplasmic
and nuclear staining slightly darker than the negative control;
2, moderate staining defined as an intensity of score 1-3; and
3, intense staining equivalent to or darker than the positive
control. The percentage of stained cells was also scored on
a semiquantitative 4-point scale: 0, <10%; 1, 10-25%; 2,
25-50%; and 3, >50%. Finally, the scores for staining intensity
and percentage of stained cells were combined and defined as
follows: 0-1, -; 2, +; 3-4, ++; and 5-6, +++.

Statistical analysis. Statistical analyses were performed
using SPSS software version 13.0 (SPSS, Inc., Chicago, IL,
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Figure 3. Immunohistochemical analysis of maspin and VEGF-C protein
expression in bladder cancer tissues. Transitional epithelium from bladder
cancer tissues with (A) negative VEGF-C expression and (B) positive VEGF-C
expression. Transitional epithelium from normal tissues with (C) negative
maspin expression and (D) positive maspin expression. VEGF-C, vascular
endothelial growth factor C.

USA). Clinical data were analyzed using the y* test or the
Mann-Whitney U test. The associations between data were
evaluated using Spearman's rank correlation test. Kaplan-Meier
curves were constructed, and the log-rank test was performed
for analysis of survival data. Multivariate analysis of the prog-
nostic factors was performed with a Cox regression model. The
results are expressed as the mean =+ standard deviation. P<0.05
was considered to indicate a statistically significant difference.

Results

mRNA expression of miR-21 is upregulated and maspin is
downregulated in BC. RT-qPCR analysis was used to evaluate
expression levels of miR-21 in 53 BC and 12 normal bladder
specimens. Consistent with the results of previous studies (6,8)
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Table I. Expression of maspin and VEGF-C in BC and normal bladder tissues.
VEGF-C VEGF-C Maspin Maspin
Group n positive negative P-value positive negative P-value
BC 53 37 16 0018 23 30 0.042
Normal 12 4 8 7 5

VEGF-C, vascular endothelial growth factor C; BC, bladder cancer.

Table II. Correlation between VEGF-C, maspin and miR-21 expression with the clinicopathological factors of patients with

bladder cancer.

VEGF-C Maspin miR-21

Characteristic n +H++H/+++ - P-value +/++H/+++ - P-value High Low P-value

Gender 0.721 0912 0.776
Male 35 25 10 15 20 18 17
Female 18 12 6 8 10 10 8

Age 0319 0.758 0.833
<60 years 22 17 9 13 12 10
>60 years 31 20 11 14 17 16 15

Tumor diameter 0.241 0.583 0.523
<3 cm 30 19 11 14 16 17 13
>3 cm 23 18 5 9 14 11 12

Tumor stage 0.013 0.035 0.012
T1-T2 33 19 14 18 15 13 20
T3-T4 20 18 2 5 15 15 5

Tumor grade 0.006 0.001 0.037
G1-G2 28 15 13 18 10 11 17
G3 25 22 3 5 20 17 8

Tumor number 0.231 0.119 0.563
Single 17 10 7 10 7 8 9
Multiple 36 27 9 13 23 20 16

Occurrence 0.430 0.194 0.089
Primary 19 12 7 6 13 13 6
Recurrence 34 25 9 17 17 15 19

Lymph node 0.013 0.007 0.012
Negative 33 19 14 19 14 13 20
Positive 20 18 2 4 16 15 5

VEGF-C, vascular endothelial growth factor C; miR-21, microRNA-21.

increased levels of miR-21 were detected in BC tissues,compared
with those of the normal tissues, with a 6.71-fold mean increase
(P<0.01; Fig. 1). The BC patients were subsequently divided into
high (>6.71-fold) or low (<6.71-fold) miR-21 expression groups,
accordingly. By contrast, decreased maspin mRNA expression
levels were detected in BC tissues, compared with those of
normal tissues (0.40+0.15 vs. 1.09+0.10; P<0.01; Fig. 2). A nega-
tive correlation between miR-21 and maspin mRNA expression
was identified using the Spearman's rank correlation test, with
a correlation coefficient of -0.978 (P<0.05).

Protein expression of maspin is reduced and VEGF-C is
enhanced in BC. Immunohistochemical analysis was used
to detect the expression of maspin and VEGF-C protein in
BC and normal bladder samples. Representative examples of
tissue reactivity for maspin and VEGF-C are displayed in
Fig. 3. As indicated in Table I, 43.4% (23/53) cases of BC
and 58.3% (7/12) of normal tissues were positive for maspin
expression. VEGF-C expression was positive in 69.8%
(37/53) cases of BC and 33.3% (4/12) of normal tissues. These
results indicated that the maspin protein expression was
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Figure 4. Kaplan-Meier survival curves of miR-21, maspin and VEGF-C expression for bladder cancer patients. miR-21, microRNA-21; VEGF-C, vascular

endothelial growth factor C; Cum, cumulative.

significantly decreased in BC tissues, compared with that
of normal tissues, whereas VEGF-C protein expression was
increased. There was a negative correlation between maspin
and VEGF-C protein expression, detected by the Spearman's
rank correlation test, with a correlation coefficient of -0.589
(P<0.01).

Associations between miR-21, maspin and VEGF-C mRNA
expression and clinicopathological factors. The associations
between the expression of mir-21, maspin and VEGF-C
with gender, age, tumor diameter, tumor stage, tumor grade,
tumor number, tumor occurrence and lymph node metastasis
status were subsequently analyzed. As shown in Table II,
miR-21, maspin and VEGF-C expressions were significantly
associated with tumor stage, tumor grade and lymph node
metastasis (all P<0.05). However, there was no correlation
between miR-21 expression and any other clinicopatholog-
ical factors evaluated, including gender, age, tumor diameter,
tumor number and recurrence.

Significance of miR-21, maspin and VEGF-C expression
in BC prognosis. Survival analysis of 53 BC patients
was conducted using information available on clinical
follow-up. Kaplan-Meier survival analysis revealed that
patients with high miR-21 and VEGF-C expression and/or
low maspin expression had significantly poorer independent
survival times compared with patients with low miR-21 and
VEGF-C expression and high maspin expression (P<0.01).
Fig. 4 exhibits the survival curves of patients with various
miR-21, maspin and VEGF-C expression statuses. The
mean postoperative survival times of the low and high
miR-21 groups were 59.8+6.4 and 42.8+5.1 months, respec-
tively; of the low and high maspin groups were 40.0+5.3
and 62.6+5.6 months, respectively; and of the low and high
VEGF-C group were 60.7+6.6 and 41.9+4.6 months, respec-
tively. The multivariate Cox regression model revealed
that high miR-21 and VEGF-C expression and low maspin
expression [P=0.018; hazard ratio (HR), 3.32; 95% confi-
dence interval (CI), 1.16-4.74; P=0.005; HR, 2.08; 95% ClI,
1.42-2.66; P=0.037; HR, 2.19; 95% CI, 1.45-3.86, respec-
tively] were significantly unfavorable prognostic factors,
in addition to lymph node metastasis status (P=0.024; HR,
3.05; 95% CI, 2.63-4.17).

Discussion

BC is one of the most common malignancies of the urinary
system. According to current guidelines, patients with BC are
typically treated with surgical resection followed by intra-
vesical chemotherapy (12). Although therapeutic intervention
frequently induces disease remission, there is significant vari-
ance in clinical outcomes between patients. Furthermore, few
diagnostic and predictive biomarkers are currently available
for BC, highlighting the importance of enhancing under-
standing of the underlying molecular mechanisms in order to
improve the prevention, diagnosis and treatment of BC.

Studies have increasingly focused on the role of miRNAs
in human cancer. miRNAs are suggested to have regulatory
activities in a broad range of developmental processes, and
have been implicated in a diverse range of diseases, including
various types of cancer (13). In the present study, RT-qPCR
analysis indicated that miR-21 expression was upregulated in
BC tissues compared with that of normal bladder tissues. In
particular, miR-21 has been shown to be involved in various
cancer-associated processes, including cell growth, invasion
and apoptosis (14). miR-21 induces hepatocellular carcinoma
HepG2 cell proliferation via the suppression of mitogen-acti-
vated protein kinase-kinase 3 (15). In addition, miR-21
promotes oral cancer invasion via the Wnt/p-catenin pathway
by targeting DKK?2 (16). Furthermore, certain miRNA expres-
sion profiling studies have demonstrated that, concurrently
with the results of the present study, miR-21 is upregulated
in BC (6,8,17). Therefore, a potential role for miR-21 as an
oncogene has been suggested.

Studies have indicated that miR-21 is able to target
multiple tumor suppressor genes, including TPMI1 and
PTEN (18,19). To date, maspin has also been identified as a
target gene of miR-21 (20). Maspin, a member of the serine
protease inhibitor superfamily, has been shown to function as
a tumor suppressor to inhibit cell invasion and metastasis in
various cancer cells (21). In prostate cancer, maspin suppresses
prostate tumor metastases by inhibiting the urokinase-type
plasminogen activator (uPA)/uPA receptor axis and angiogen-
esis (22). Low maspin expression levels are closely associated
with the liver metastasis of colorectal adenocarcinoma, poten-
tially via degradation of the extracellular matrix-tenascin to
enhance carcinoma cell mobility (23). In 2008, Zhu et al (20)
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demonstrated that suppression of miR-21 in MDA-MB-231
metastatic breast cancer cells significantly inhibited their inva-
sion and lung metastasis. The expression of maspin is inversely
correlated with miR-21 expression in human breast tumor
specimens (20). Ali et al (24) also demonstrated that maspin
was significantly decreased in four drug-resistant prostate
cancer cell lines, which was a result of the increased expression
of miR-21 in the aggressive, drug-resistant cell lines. These
results indicate the potential regulation of maspin by miR-21
in such tumors. In the present study, a negative correlation
was identified between miR-21 and maspin mRNA expression
in BC, which corroborated the results of the above studies.
The results of the present study suggested that upregulation
of miR-21 may result in decreased maspin mRNA expression
and may be closely associated with the pathogenesis of BC.
However, Torres et al (25) identified an association between
increased maspin expression and upregulation of miR-21 in
endometrial cancer, suggesting distinct and tissue-specific
associations between these molecules in various types of
malignancy, which requires further study in order to reveal its
clinical relevance.

VEGF-C is a member of the VEGF family, which regulates
lymphatic system formation under physiological and patho-
logical conditions via its specific receptor, VEGFR-3 (26).
Since VEGF-C is a specific lymphangiogenic factor, its
expression is upregulated in various human malignancies
and is typically associated with lymphatic metastasis and
poor prognosis (27,28). In the present study, the expression of
VEGF-C was significantly increased in BC tissues, compared
with that of normal tissues, in agreement with the results of
aforementioned previous studies. In a previous proteomic
study by our group (10), maspin was identified as a potential
VEGF-C-associated protein in T24 BC cells. Maspin was
demonstrated to be involved in the regulation of VEGF-C
in T24 BC cells by another further study (11). Therefore, the
association between VEGF-C and maspin expression was
evaluated using Spearman's rank correlation test in the present
study. As expected, the data revealed a negative correlation
between maspin and VEGF-C expression, providing histo-
logical evidence for the role of maspin in the regulation of
VEGF-C.

In order to assess the clinical significance of the expres-
sion of miR-21, maspin and VEGF-C in patients with BC,
the associations between these factors and various clinico-
pathological parameters, including prognosis, were evaluated.
miR-21, maspin and VEGF-C expression levels were signifi-
cantly associated with tumor stage, tumor grade and lymph
node metastasis (all P<0.05); while there was no correlation
detected between their expression and the other clinico-
pathological factors evaluated, including gender, age, tumor
diameter, tumor number and recurrence. Survival analysis
demonstrated that overexpression of miR-21 and VEGF-C, as
well as downregulation of maspin were significantly associated
with a poorer prognosis. These results indicated that miR-21,
maspin and VEGF-C may be promising candidates for use as
diagnostic and prognostic molecular biomarkers for BC.

In conclusion, although the expression profiles of miR-21,
maspin and VEGF-C have been identified in numerous types
of human malignancy, elucidation of the roles of these factors
in BC carcinogenesis requires further characterization. To
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the best of our knowledge, the present study is the first
comprehensive report regarding the expression status and
clinical relevance of miR-21, maspin and VEGF-C in BC.
The present study revealed that maspin was downregulated,
while VEGF-C was overexpressed in BC tissues compared
with normal tissues. This finding was associated with the
simultaneous upregulation of miR-21 expression, which had
previously been demonstrated to be a major regulator of
maspin expression. Furthermore, high expression of miR-21
and VEGF-C, as well as a low expression of maspin, was
associated with decreased postoperative survival times of
patients with BC, independent of lymph node metastasis
and other clinicopathological factors. Based on these results,
although direct evidence is lacking, it was hypothesized
that as a tumor suppressive miRNA, miR-21 functions
through regulation of maspin and VEGF-C, suggesting a
miR-21/maspin/VEGF-C pathway in BC. However, further
studies are required to verify the results presented in the
present preliminary study.
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