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MiR-506 inhibits cell proliferation, invasion, migration
and epithelial-to-mesenchymal transition through
targeting RWDD4 in human bladder cancer
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Abstract. MicroRNA (MiR)-506 serves a vital role in several
types of cancer. However, the role of miR-506 in bladder
cancer (BCa) progression remains to be investigated. The
present study demonstrated that miR-506 expression was
downregulated in BCa tissues and cell lines. Meanwhile,
overexpression of miR-506 inhibited cell proliferation,
migration and invasion. Additionally, upregulated miR-506
increased E-cadherin, and reduced N-cadherin and Vimentin
expression levels, as markers of epithelial-to-mesenchymal
transition. RWD domain containing 4 (RWDD4) was revealed
to be a miR506 target in BCa cells, and the downregulation
of RWDD4 was found to suppress BCa cell proliferation,
migration and invasion. In summary, miR-506 may suppress
the aggressive properties of human BCa cells by targeting
RWDD4, and thus may be a novel therapeutic target in human
BCa.

Introduction

Bladder cancer (BCa) is the most common malignancy of the
urinary system and is associated with a high mortality rate (1).
Approximately 90% of BCa cases manifest as transitional cell
carcinoma (TCC) of the urinary tract. TCC can be clinically
divided into two groups: Non-muscle-invasive TCC, which
can be treated by transurethral resection and bladder irriga-
tion chemotherapy with satisfactory clinical outcome in terms
of prognosis; and muscle-invasive TCC, which even with
radical cystectomy, adjuvant chemotherapy and other treat-
ments, remains to have a high mortality rate due to its high
incidence of metastasis (2). Therefore, there is an urgent need
to investigate the biological characteristics of TCC to improve
the therapeutic outcome of TCC.
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The short (-22 nt) non-coding RNAs known as microRNAs
(miRNA/miRs) regulate target gene expression post-transcrip-
tionally (3-5). Recent studies show that miRNAs control genes
involved in cell apoptosis, differentiation, stress responses,
migration and the cell cycle, and that their dysregulation is
related to the initiation and progression of many cancers.
MiR-506, a miRNA cluster located in chromosome X, has
been implicated in several types of cancer. Previous studies
confirmed that miR-506 exerted anti-tumor effects in cervical,
ovarian and breast cancers (6-9). By contrast, miR-506 played
the role of an oncogene in lung cancer and melanoma (10,11).
However, how miR-506 is involved in BCa remains largely
unknown, and its specific role in BCa requires further study.

In the present study, we aimed to identify the biological
roles of miR-506 in BCa. We reported that miR-506 expres-
sion was decreased in human BCa tissues and cell lines.
Furthermore, overexpressed miR-506 had antitumor effects
that manifested as inhibited BCa cell proliferation, migration,
invasion and EMT, which were indicated to occur through
targeting of RWD domain containing (4) (RWDD4).

Materials and methods

Cell lines. TCC cell lines (T24, J82, and UM-UC-3) and
the bladder epithelial immortalized cell line SV-HUC-1
were provided by the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). The T24 and SV-HUC-1 cells
were maintained in Dulbecco's modified Eagle's medium
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher
Scientific, Inc.), and the others were cultured in MEM medium
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS, 1.5 g/l NaHCO3 and 0.1 g/l sodium pyruvate. All
the cells were cultured in a humidified incubator containing
5% CO, at 37°C.

Tumor tissues. This study was approved by the ethical
committee of the Fourth People's Hospital of Shenyang
(ethics review approval no: 20140124-8). Informed consent
was provided by all participants. A total of 40 patients who
were pathologically diagnosed with muscle-invasive TCC
were enrolled in this study. A total of 40 pairs of primary TCC
tissues and paracarcinoma specimens were obtained from
surgical resection specimens and stored in liquid nitrogen.
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Hematoxylin-eosin (HE) staining was performed and evalu-
ated by at least two experienced pathologists.

Total RNA extraction and quantitative PCR. Total RNA
from the TCC cell lines and tissues was extracted with 1 ml
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The relative expression of miR506 or RWDD4 was detected
by a real-time PCR system using SYBR Green Master Mix
(Takara Bio, Inc., Otsu, Japan) and quantified by the 2444
method (12), with target expression normalized to the level
of U6 or GAPDH. The primers designed and used for the
assay were as follows: MiR-506-forward: GACATGCATAAG
GCACCCTTC MiR-506-reverse: GTGCAGGGTCCGAGGT
U6-forward: CGCTTCGGCAGCACATATAC U6-reverse:
CAGGGGCCATCCTAATCTT RWDD4-forward: TGGTGA
TCCCAAAGCCTTCT RWDD4-reverse: CATCAACCCAGT
TCCAGCCT GAPDH-forward: ACAACTTTGGTATCG
TGGAAGG GAPDH-reverse: GCCATCACGCCACAGTTTC

Transfection. MiR-506 mimic and a negative control of the
mimic (miR-Ctrl) were obtained from GenePharma (Shanghai,
China). According to the manufacturer's instructions, T24 cells
were transiently transfected with miR-506 mimic or miR-Ctrl
by using 30 nM Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.).

Cell viability assay. A Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) was used
to measure cell viability following transfection. T24 cells
transfected with miR-506 mimic or si-RWDD4 were seeded
in 96-well dishes (1x10* cells per well) and cultured for 24, 48
and 72 h. Cells transfected with miR-Ctrl or si-Ctrl were used
as negative controls. After incubation, 10 ul CCK-8 was added
and the cells were incubated at 37°C for 3 h. Absorbance was
then assessed at a wavelength of 450 nm.

Transwell migration assay. T24 cells transfected with miR-506
mimic or miR-Ctrl (1x10° cells/well) were resuspended in
200 pl medium without FBS and seeded in the upper cham-
bers of a Transwell insert containing an 8-ym pore filter (BD
Biosciences, Franklin Lakes, NJ, USA). The lower chamber
was filled with medium supplemented with 10% FBS. After
72 h of incubation, cells on the lower side of the membrane
were removed and fixed. The cells were then stained with 0.1%
crystal violet and counted.

Invasion assay. T24 cells transfected with miR-506 mimic
or miR-Ctrl were plated in the upper Transwell chambers
containing Matrigel-treated 8-um pore filters (BD Biosciences).
The invasion assay was performed using the same procedures
described for the Transwell migration assay.

Luciferase assay. T24 cells were co-transfected miR-506 and
recombinant vectors. The transfection groups were estab-
lished as follows: A: miR-506 mimics + pmirGLO-RWDD4
WT; B: miR-Ctrl + pmirGLO-RWDD4 WT; C: miR-506
mimics + pmirGLO-RWDD4 mutant; D: miR-Ctrl +
pmirGLO-RWDD4 mutant. A total of 20 ul PLB lysate was
added to each group and the groups were incubated at room
temperature for 15 min. A Dual-Luciferase Reporter Assay

System (Promega Corporation, Madison, WI, USA) was used
to compare the luciferase activities of the transfected cells.
Relative fluorescence was determined as the ratio of firefly
luciferase fluorescence to Renilla luciferase fluorescence.

Western blot analysis. T24 cells transfected with miR-506
mimic or miR-Ctrl were lysed and then processed for western
blot analysis as previously described (13). The primary
antibodies were used at 1:1,000 dilution with incubation
at 4°C overnight, after which the blots were incubated with
secondary antibodies (goat anti-mouse IgG-HRP, 1:10,000
and goat anti-rabbit IgG-HRP 1:15,000) for 2 h at room
temperature. Immunodetection was performed using Super
Signal West Pico PLUS Chemiluminescent Substrate (Thermo
Fisher Scientific, Inc.) and detected with a Bio-Rad GelDoc
XR+ system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Primary antibodies against E-cadherin, N-cadherin, Snail,
and GAPDH were purchased from Cell Signaling Technology,
Inc., (Danvers, MA, USA), and the primary RWDD4 antibody,
goat anti-mouse IgG-HRP and goat anti-rabbit [gG-HRP were
obtained from Abcam (Cambridge, MA, USA).

Statistical analysis. Data were statistically analyzed with
IBM SPSS statistics software v21 (IBM Corp., Armonk, NY,
USA) and expressed as the mean + SD. To analyze miR-506
expression in human TCC cell lines, one-way analysis of vari-
ance (ANOVA) was used and multiple comparisons between
the groups were performed using Dunnett's least significant
difference (LSD) test. Differences the control group and the
experimental group were compared by using the Student's
t-test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

MiR-506 expression is decreased in human TCC cell lines and
tissues. The expression levels of miR-506 in three TCC cell
lines (T24, J82 and UM-UC-3) and a normal human bladder
epithelial cell line (SV-HUC-1) were detected by RT-qPCR. As
shown in Fig. 1A, compared with in the human normal bladder
cells, miR-506 expression was downregulated in the TCC cell
lines (P<0.05). T24 cells exhibiting the lowest expression
level were used in the following experiments. Furthermore, as
depicted in Fig. 1B, the expression level of miR-506 in TCC
tissues was significantly lower than that in non-tumor tissues
(P<0.05). Taken together, these results indicated that miR-506
was downregulated in TCC.

MiR-506 suppresses TCC cell proliferation, invasion,
migration and EMT. To assess the biological function of
miR-506 in TCC, T24 cells were transiently transfected with
miR-506 mimic, and the relative expression of miR-506 was
determined to be successfully upregulated compared with in a
negative control group (miR-Ctrl) (P<0.05; Fig. 2A). A CCK-8
assay was performed to determine the cell viabilities of the
transfected cells. As presented in Fig. 2B, the proliferation rate
of T24 cells overexpressing miR-506 was markedly decreased
compared with that of the cells transfected with miR-Ctrl
(P<0.05). In vitro Transwell assays were further utilized to
examine whether miR-506 is involved in TCC cell invasion and
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Figure 1. Expression of miR-506 was downregulated in TCC. (A) The expression of miR-506 in three TCC cell lines (T24, J82, and UM-UC-3) and a normal
human bladder epithelial cell line (SV-HUC-1) was detected by RT-qPCR. (B) MiR-506 expression in TCC specimens was compared with that in the corre-

sponding paired non-tumor tissues. "P<0.05. TCC, transitional cell carcinoma.
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Figure 2. MiR-506 inhibited TCC cell proliferation, invasion, migration and EMT. T24 cells were transfected with negative control miR (miR-Ctrl) or miR-506
mimic. (A) The relative expression increased in miR-506 was confirmed by RT-qPCR. (B) Cell proliferation was detected by CCK-8 assay. (C and D) Transwell
migration and invasion assays were performed to investigate the effect of miR-506 on (C) cell migration (scale bar, 500 y#m) and (D) invasion (scale bar,
100 pm). (E) The expressions of EMT-related proteins (E-cadherin, N-cadherin and Vimentin) were detected by western blotting using GAPDH as a loading
control. Three independent experiments were performed. ‘P<0.05. TCC, transitional cell carcinoma.

migration. The overexpression of miR506 lead to decreases
in the abilities of cells to invade and migrate (Fig. 2C and D).
EMT is considered an early and key step in the metastatic
cascade. The loss of epithelial protein E-cadherin and the
increase of mesenchymal proteins N-cadherin and Vimentin
are hallmarks of EMT (14). To analyze whether miR-506
suppressed cell migration through inhibition of EMT, the
expressions of these markers were detected by western blotting.

Compared with the cells transfected with miR-Ctrl, the
overexpression of miR-506 lead to upregulation of E-cadherin
and downregulation of N-cadherin and Vimentin (Fig. 2E).
Taken together, these data indicated that miR-506 inhibited
TCC cell proliferation, invasion, migration and EMT.

RWDD4 is a target of miR506 in human TCC cell lines.
To determine the potential targets of miR506, TargetScan
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Figure 3. RWDD4 is a biological target of miR-506 in human TCC. (A) The 3'UTR region of RWDD4 was determined to have a highly conserved
miR506 binding site using TargetScan software. (B) Luciferase activities were compared between cells with overexpression of miR-506 controlled by
pmirGLO-WT-RWDD4-3-UTR and by the mutant RWDD4-3-UTR in T24 cells. (C and D) T24 cells transfected with miR-Ctrl or miR-506. (C) Relative
expression of RWDD4 detected by RT-qPCR. (D) RWDD4 protein expression level assessed by western blotting. Three independent experiments were
performed. "P<0.05. RWDD4, RWD domain containing (4); TCC, transitional cell carcinoma.

software was used to search for conserved sites. As
depicted in Fig. 3A, the 3'UTR region of RWDD4 was
identified to contain a highly conserved miR506 binding
site. To confirm that RWDD4 is a target of miR506 in
TCC cells, a luciferase activity assay was performed.
Overexpressed miR506 suppressed the luciferase activities
of pmirGLO-WT- RWDD4-3-UTR plasmid in the T24 cells
but did not affect the activities controlled by the mutant
RWDD4-3'-UTR plasmid (P<0.05; Fig. 3B). Furthermore,
overexpressed miR506 in the T24 cells inhibited the expres-
sion of RWDD4 mRNA and protein (P<0.05; Fig. 3C and D).
Collectively these results confirmed RWDD4 as a target of
miR506.

Knockdown of RWDD4 inhibits TCC cell proliferation,
migration and invasion. Many functions of the RWDD4 gene
have not yet been fully elucidated. RWDD4 contains a RWD
domain that is involved in protein-protein interactions (15).
Compared with si-Ctrl, si-RWDD4 inhibited RWDD4
protein expression (Fig. 4A). The knockdown of RWDD4
inhibited TCC cell proliferation, migration and invasion,
which was consistent with the results of miR-506 overex-
pression (Fig. 4B-D). Therefore, we concluded that miR-506
may inhibit TCC development through its relationship with
RWDDA4.

Discussion

Short (-22 nt) non-coding miRNAs play essential roles in
the regulation of gene expression post-transcriptionally.
Recent studies showed that miRNAs play vital roles in the
regulation of tumor growth and progression in various tumor
types including TCC (16,17). The essential functions of

miRNAs have prompted increasing investigations into the
use of miRNA-targeted strategies for human cancer treat-
ment (13,18). As invasive BCa is a disease that can affect
the whole bladder (19), HE staining was performed before
RT-qPCR detection to verify that the controls were non-tumor
tissues pathologically. However, due to the characteristics of
invasive BCa, there is still the possibility that genetic altera-
tions were present in the non-tumor tissues. MiR-506 plays
distinct roles in different cancers through the regulation of
specific genes. Consistent with previous findings in breast,
cervical and ovarian cancer, we revealed that miR-506 was
notably decreased in human TCC cell lines and TCC tissues
compared with in a normal human bladder cell line and
paired non-tumor samples, respectively. In vitro studies also
demonstrated that overexpressed miR-506 suppressed TCC
cell proliferation, migration and invasion. Moreover, we iden-
tified RWDDA4 to be a biological target of miR-506. Decreased
RWDD4 expression via siRNA transfection showed compa-
rable results to those obtained with miR-506 overexpression.
Therefore, our findings suggested that miR-506 functioned as
a tumor suppressor though targeting RWDD4 in human TCC.

The effects of therapies for advanced TCC are still not
up to expectations due to the high incidence of metastasis in
TCC (20). EMT, which was originally established as a process
in normal cell differentiation, is divided into three types.
Type 3 EMT is involved in formation of cancer stem cells and
cancer progression (21). The loss of epithelial features and the
acquisition of mesenchymal characteristics enable cancer cells
to diffuse more rapidly and thus more invasive (22). Therefore,
we also investigated the effects of miR-506 on the expression of
proteins involved in the regulation of EMT. We found that the
overexpression of miR-506 upregulated E-cadherin and down-
regulated N-cadherin and Vimentin. Several transcription
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Figure 4. Downregulated RWDD4 inhibited TCC cell proliferation, migration and invasion. T24 cells were transfected with negative control (si-Ctrl) or
si-RWDD4. (A) Decreased RWDD4 protein expression level was confirmed by western blotting. (B) Cell proliferation was compared by CCK-8 assay.
(C and D) Migration and invasion assays were performed to investigate the effect of RWDD4 downregulation on cell (C) cell migration (scale bar, 500 ym) and
(D) invasion (scale bar, 100 ym). "P<0.05. RWDD4, RWD domain containing (4); TCC, transitional cell carcinoma.

factors including snail family zinc finger (Snail), twist basic
helix-loop-helix transcription factor 1 (TWISTI), and zinc
finger E-box-binding homeobox (ZEB1) have been reported to
induce EMT by suppressing E-cadherin expression (23). To the
best of our knowledge, only one previous study has revealed an
association of RWDD4 with prostate cancer aggression (15).
Consistent with this previous study, we found downregulated
RWDD4 inhibited TCC cell proliferation, migration and
invasion in vitro. Based on large-scale data analyses, cancer
metastasis has been established as a complicated procedure
driven by more than 100 genes (24,25). Whether and how
RWDD4 is involved in the miR-506-mediated regulation of
EMT remains to be clarified in further studies. However, the
characterization of RWDD4 gene function in the present study
has in part enriched our knowledge on cancer metastasis in
TCC.

In conclusion, this study has identified that miR-506 plays
critical roles in TCC cell proliferation, migration, invasion and
EMT through targeting RWDD4. Our data warrant further
investigation into the potential of miR-506 as a novel target in
human TCC therapy.
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