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Background: MicroRNAs (miRNAs) are well characterized for their important roles in
human cancers by inﬂuencing various aspects of malignancy. Till now, the function and
mechanism of miR-204, a tumor suppressor in several cancers, remain unclear in bladder
cancer (BC). Here, we intend to explore its roles in BC progression.
Methods: qRT-PCR was applied to determine miR-204 and ROBO4 expression in BC
tissues and cell lines. miR-204 expression with clinicopathological features was analyzed.
The impacts of miR-204 on BC cell growth and metastasis in vitro were evaluated by both
loss-of-function and gain-of-function assays (CCK-8, crystal violet staining, wound healing
and transwell assays). Furthermore, qRT-PCR, Western blot and luciferase reporter assays
were used to validate the targeting of ROBO4 by miR-204. Finally, linear regression was
performed to analyze the correlation of miR-204 and ROBO4 in BC tissues.
Results: Expression of miR-204 was markedly decreased in BC tissues and cell lines were
compared with respective controls. Low miR-204 expression was associated with positive
advanced T stage and lymph node metastasis. Cellular function studies revealed that miR-204
inhibited BC cell growth, migration and invasion. Mechanistic exploration found that miR204 directly targeted ROBO4. Rescue assays indicated that ROBO4 restoration could reverse
the antitumor effects of miR-204 in BC. Finally, ROBO4 was signiﬁcantly correlated with
miR-204 levels inversely.
Conclusion: miR-204 might serve as a tumor suppressor in BC by targeting ROBO4.
Keywords: BC, miR-204, ROBO4, cell growth and metastasis
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As is known, bladder cancer (BC) is a prevalent urogenital malignancy with considerable high morbidity and mortality rates worldwide.1,2 The global community expects
incidence of approximately 430,000 cases and mortality of 165,000 cases annually.3
Suffering from this disease causes a substantial health-related economic burden for
many families every year.4 Surgical resection combined with radio- and chemotherapy
is the preferred treatment strategy for BC patients. After years of effort on improvement
in BC therapy, the overall mortality rate slightly declined.5 However, for those patients
in advanced stages or with metastasis, the ﬁve-year survival remains largely
dissatisﬁed.6 Tumorigenesis is described as a result of disequilibrium of innate immune
system.7 A better understanding of the molecular mechanism governing BC carcinogenesis and progression will beneﬁt the target development on early diagnosis, treatment and prognosis prediction of BC patients.
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MicroRNAs (miRNAs) are endogenous non-coding
RNAs consisting of roughly 19–24 nucleotides. They exert
post-transcriptional gene repression effects by base-pairing
to the 3ʹ-untranslated region (3ʹUTR) of the targeted
mRNAs, therefore leading to mRNA degradation or translation inhibition.8,9 As the research moves along, miRNAs are
known to be implicated in almost every aspect of physiological and pathological processes, among which their roles in
tumorigenesis are most frequently reported.10,11,12 Increasing
evidence suggests that miRNAs are aberrantly expressed in
human cancers, and their abnormal expression could be used
as novel biomarkers for cancer diagnosis, therapy and
prognosis.13,14 Moreover, according to the speciﬁc cell context or micro-environment, miRNAs can act as oncogenes or
tumor suppressors and impact on cell growth, apoptosis,
migration and invasion.15 In BC, several miRNAs are summarized for their roles and potential clinical values.16,17
Recently, the expression of miR-204 was reported to be
decreased and suppressed cancer behaviors in several kinds
of cancers, including in gastric cancer, breast cancer and
colorectal cancer.18,19,20 However, its expression, function
and mechanism in BC have not yet been investigated and
need further attention.
Our previous bioinformatics prediction implied that
Roundabout 4 (ROBO4) might be a target of miR-204.
The ROBO family members are highly conserved transmembrane cell adhesion proteins that mainly contribute to
the development of the nervous system.21 Slit is the ligand
of ROBO, which could regulate neuronal cell proliferation
and migration.21 The Slit/ROBO pathway is essential for
tumor angiogenesis.22
In this study, we took advantage of molecular and
cellular technologies and found that miR-204 substantially
inhibited BC cell growth, migration and invasion in vitro
by targeting ROBO4. Our data clearly illustrated that the
miR-204 might be a potential therapeutic target for BC.

Materials And Methods
Patients And Tissues
A total of 36 bladder cancer tissues and adjacent nontumoral tissues were collected from 36 patients who
underwent transurethral resection of the bladder at the
Henan University Huaihe Hospital (Kaifeng, China)
between January 2017 and December 2017. All these 36
patients were enrolled prospectively and in a randomized
way. This study was approved by the Ethics Committee of
the Henan University Huaihe Hospital (Kaifeng, China).
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Written informed consent was obtained from all patients.
After surgical removal, all tissues were snap-frozen immediately in liquid nitrogen and stored at −80°C before used.

Cell Culture
The normal human bladder epithelial cell line SV-HUC-1
and the bladder cell lines (HT-1197, HT-1376, J82, RT4,
T24, 5637) were from the American Type Culture
Collection (Manassas, VA, USA). Cells were cultured in
RPMI 1640 medium (HyClone, USA) supplemented with
10% fetal bovine serum (FBS; Thermo Fisher Scientiﬁc,
Inc., Waltham, MA, USA) at 37°C with 5% CO2.

miRNAs, Plasmids And Transfections
The miR-204-3p mimics, miR-204-3p inhibitor and miRNA
controls were chemically synthesized by RiboBio Co., Ltd.
(Guangzhou, China). The vector expressing ROBO4
sequence was ampliﬁed by PCR technology from 5637
cDNAs and cloned into pcDNA3.1 vector. The transfections
were performed by using Lipofectamine 3000 Reagent as per
the manufacturer’s protocol (Thermo Fisher Scientiﬁc, Inc.,
Waltham, MA, USA).

Quantitative Real-Time Polymerase Chain
Reaction
TRIzol reagent (Thermo Fisher Scientiﬁc, Inc., Waltham,
MA, USA) was applied for extracting total RNA containing miRNA to quantitate the miR-204-3p expression in
bladder cancer tissues and cell lines. RNA was reverse
transcribed using M-MLV Reverse Transcriptase from
Promega (Promega, Madison, WI, USA) as per the manufacture’s introduction. Expression levels of miR-204-3p
were normalized to that of rRNA U6B and then converted
into relative values calculated by the comparative CT
method. The primers of miR-204-3p and U6B were purchased from RiboBio Co., Ltd. (Guangzhou, China). qRTPCR was performed through the SYBR Premix Ex Taq
(Takara Bio, Inc., Otsu, Japan) on an ABI PRISM 7900
Real-time PCR system (Applied Biosystems, Thermo
Fisher Scientiﬁc, Inc., Waltham, MA, USA). GAPDH
was used as control of ROBO4. The primers were
designed as follows:
GAPDH:
F: 5ʹ-GAGTCA ACGGATTTGGTCGT-3ʹ,
R: 5ʹ-TTGATTTTGGAGGGA TCTCG-3ʹ;
ROBO4:
F: 5ʹ-CATCCGCTGGTTGCTGAATG-3ʹ,
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R: 5ʹ-CTGTAGCAGCAGAAGGGTCC-3ʹ.
The relative expression levels were analyzed using the
2−ΔΔCt method.
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Transwell Assay

Cell viability ability was assessed by CCK-8 (Dojindo,
Kumamoto, Japan) assays using microplate reader
(SpectraMax
M5,
Molecular
Devices,
USA).
Approximately 3×103 transfected cells were seeded in
each well of 96-well plates and incubated for 0, 24, 48,
72 and 96hrs. According to the manufacturer’s instruction,
the cells of each well were added with 10μL CCK-8and
cultured for 1hr at 37°C before the optical density (OD)
was determined at 450nm by the microplate reader.

Cell invasive ability was assessed by using Transwell
chambers (BD Biosciences, New York, NJ, USA) coated
with Matrigel (BD Biosciences, New York, NJ, USA)
according to the manufacturer’s instructions. Brieﬂy,
24hrs after transfection, the cells were harvested, counted
and suspended in 200μL serum-free 1640 and added into
the top chamber. The bottom chamber was imbued with
500μL 1640 medium containing 10% FBS. After incubation for 72hrs, the invaded cells were ﬁxed with 4% formaldehyde solution and stained with 0.5% crystal violet
solution. The cells were counted in six different ﬁelds
using a digital camera system (Olympus Corporation,
Tokyo, Japan).

Crystal Violet Staining Assay

Dual-Luciferase Reporter Assay

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation ability was assessed by crystal violet
staining assay. Brieﬂy, 48hrs after transfection, cells were
washed twice by ice-cold PBS and ﬁxed in 4% formaldehyde solution for 20mins. After wash, the cells were
stained with 0.5% crystal violet solution for 30mins. The
plates were aspirated, washed and allowed to air dry. As
high as 10% acetic acid was added to each well to dissolve
the crystal and incubated for 30mins with shaking. The
absorbance was read at 590nm by the microplate reader
(SpectraMax M5, Molecular Devices, USA).

Flow Cytometry Assay
Cell cycle distribution was assessed by ﬂow cytometry
assay. The cells were ﬁxed with 70% ice-cold ethanol at
−20°C overnight. After that, the ﬁxed cells were stained
with propidium iodide solution (Sigma-Aldrich, St. Louis,
MO, USA) and incubated at 37°C in darkness for 30mins.
DNA content was examined by ﬂow cytometry using a
FACSCalibur.

To construct the pmir-ROBO4-3ʹ UTR (WT) plasmid that
contained the potential binding sites of ROBO4 3ʹ UTR
downstream of the ﬁreﬂy luciferase gene, a fragment was
ampliﬁed and inserted into the pmirGLO Dual-Luciferase
miRNA Target Expression Vector (Promega Corporation,
Fitchburg, WI, USA). 5637 and HT-1376 cells were cotransfected with luciferase plasmid and miR-204 mimics
or controls using Lipofectamine 3000 Reagent (Thermo
Fisher Scientiﬁc, Inc., Waltham, MA, USA). Mutations in
the miR-204-binding site of ROBO4 3ʹ UTR were introduced by the Phusion Site-Directed Mutagenesis Kit
(Thermo Fisher Scientiﬁc, Inc., Waltham, MA, USA) as
per manufacturer’s instructions. Forty-eight hours after
transfection, luciferase activity was measured by using
the Dual-Luciferase Reporter Assay System (Promega
Corporation, Fitchburg, WI, USA). Then, the ﬁreﬂy luciferase activity was normalized to the corresponding
Renilla luciferase activity. Data are presented from triplicate experiments.

Western Blot Analysis
Wound Healing Assay
Cell migration ability was assessed by wound healing
assay. Brieﬂy, after the transfected cells reached 90%
conﬂuence in 6-well plates, a straight wound was artiﬁcially scratched by a 1000μL pipette tip (Axygen, USA).
The detached cells were removed by PBS and maintained
in humidiﬁed incubator at 37°C containing 5% CO2. The
images of wound closure were photographed at 0 and
72hrs with a microscope (Olympus Corporation, Tokyo,
Japan).

OncoTargets and Therapy 2019:12

Tissue protein and cellular proteins were extracted from
cells using RIPA Buffer (Beyotime, Beijing). Proteins
were separated by 8% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred
onto nitrocellulose membrane (Millipore, USA). The
membranes were blocked with 5% skim milk in PBST
for 1hr at room temperature and incubated overnight at
4°C with primary antibodies. The antibodies against
ROBO4 (sc-166872, 1:1000) and β-actin (sc-8432,
1:4000) were purchased from Santa Cruz (Dallas, TX,
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USA). After incubating with peroxidase-conjugated secondary antibodies (Beyotime, Beijing), the members were
developed with an enhanced chemiluminescence detection
kit (Millipore, USA).

Target Prediction
The online available databases TargetScan (www.targets
can.org/vert_71) was used to predict the candidate targets
of miR-204-3p.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 6
Software (GraphPad Software, Inc., San Diego, CA,
USA). Comparisons between two groups were performed
using a two-tailed paired or grouped t-test. The comparisons of three or more groups were performed using oneway analysis of variance (ANOVA). Correlation between
miR-204 expression and clinicopathological features was
performed by χ2 test. All data are expressed as means±SD.
Statistical signiﬁcance was set at P<0.05.

Results
miR-204 Is Downregulated In BC
A total of 36 pairs of human BC samples and their
adjacent non-tumoral tissues were collected and used
for miR-204 expression detection. qRT-PCR results
showed that comparing with the paired non-tumoral

A

tissues, miR-204 levels were signiﬁcantly decreased in
cancerous BC tissues (Figure 1A). Then, we determined
miR-204 expression in several BC cell lines and found
that miR-204 was consistently downregulated in all BC
cell lines used (HT-1197, HT-1376, J82, RT4, T24 and
5637) when compared with that in a normal bladder
epithelial cell line (SV-HUC-1; Figure 1B). The
miR-204 downregulation in BC indicates its putative
tumor-suppressing role in BC development. To better
understand the clinical signiﬁcance of miR-204 expression in BC, we analyzed the correlation of miR-204
expression in human BC samples with a series of clinicopathological features. As shown in Table 1, χ2 analysis
revealed that low miR-204 expression in BC samples was
associated with advanced T stage (P<0.05) and lymph
node metastasis (P<0.05), but not with other clinicopathological features (P>0.05).

miR-204 Inhibits Cell Growth, Migration
And Invasion Of BC Cells
Based on the above expression results of miR-204, we
then set to investigate the effects of miR-204 overexpression or inhibition on BC cell growth and metastasis
processes. 5637 and HT-1376 cell line was selected as
the cellular model since it expressed the modest level of
miR-204. We ordered commercially available mimics
and inhibitor of miR-204 to achieve its transient

B

Figure 1 miR-204 is downregulated in bladder cancer. (A) The miR-204 expression in bladder cancer tissues compared with that in adjacent non-tumoral tissues was
assessed by qRT-PCR. (B) The miR-204 expression in bladder cancer cell lines (HT-1197, HT-1376, J82, RT4, T24, 5637) compared with that in normal human bladder
epithelial SV-HUC-1 cells was assessed by qRT-PCR. *P<0.05, **P<0.01.
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Table 1 Association Between The Expression Of miR-204-3p And Clinicopathologic Feature In Bladder Cancer Patients
Clinicopathological

No. Of Samples

Features

Downregulated

Non-Downregulated

miR-204-3p (n=19)

miR-204-3p (n=17)

P Value

Age (years)
<60

20

11

9

≥60

16

8

8

0.7652

23
13

12
7

11
6

0.9231

<3

22

13

9

≥3

14

6

8

0.3415

Ta+Tis+T1
T2+T3+T4

19
17

7
12

12
5

0.0429*

LN metastasis
Absent

21

8

13

15

11

4

Single

25

14

11

Multiple

11

5

6

0.5593

27
9

15
4

12
5

0.5631

Sex
Female
Male
Tumor size (cm)

T stage

Present

0.0368*

Tumor number

Differentiation
Well+ Moderately
Poorly
Note: *P<0.05.

overexpression and inhibition, respectively. Firstly,
qRT-PCR conﬁrmed that miR-204 mimics or inhibitor
work efﬁciently by transfection in 5637 and HT-1376
cells (Figure 2A). The viability rate was monitored by
CCK-8 assay. As shown in Figure 2B, following
miR-204 overexpression, cell viability was obviously
slowed down, while miR-204 inhibition led to elevated
viability rate (Figure 2B). Accordingly, crystal violet
staining veriﬁed that miR-204 overexpression caused
reduced proliferation, and miR-204 inhibition resulted
in enhanced proliferation (Figure 2C). Besides, we
have investigated how miR-204 impacts BC cell growth.
Flow cytometry assay was performed to determine the
cell cycle distribution. We found that overexpression of
miR-204 resulted in signiﬁcantly G1 phase arrest in
5637 and HT-1376 cells (Supplementary Figure 1).
To further explore the impact of miR-204 on BC cell
metastasis, we next performed wound healing and transwell invasion assays to evaluate the alteration of migration and invasion abilities caused by miR-204

OncoTargets and Therapy 2019:12

overexpression or inhibition. We found that miR-204
mimics transfection reduced the migration and invasion
abilities compared with that in control cells, while
miR-204 inhibitor transfection led to the opposite
(Figure 3A and B). These results suggest that miR-204
possesses tumor inhibitory activities by suppressing cell
growth and metastasis in BC cells.

ROBO4 Is Speciﬁcally Targeted By
miR-204
To understand the internal molecular mechanism of
miR-204 in BC cells, we predicted its putative mRNA
targets by using the bioinformatics algorithm
TargetScan. As a result, 3ʹUTR of ROBO4 was predicted to contain a highly conserved binding site for
miR-204 (Figure 4A). To conﬁrm whether ROBO4 was
truly a target of miR-204 in BC cells, we constructed
both the wild type (WT) and mutant type (MUT) luciferase reporter containing the seeding sequence (in
green) and mutant seeding sequence (in red) in 3ʹ UTR
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Figure 2 miR-204 inhibits cell growth of bladder cancer cells. (A) 5637 and HT-1376 cells were transfected with miR-204 mimics or inhibitor, respectively. After
transfection, qRT-PCR was performed to examine the expression of miR-204. (B) Cell viability was measured by CCK-8 Assay at 0, 24, 48, 72 and 96hrs after miR-204
mimics or inhibitor transfection. (C) Crystal violet staining assay was conducted to evaluate cell proliferation after miR-204 mimics or inhibitor transfection. The quantitative
results were shown in right panel. *P<0.05, **P<0.01, ***P<0.001.

of ROBO4 (Figure 4A). 5637 and HT-1376 cells were
co-transfected with the indicated dual-luciferase reporter
plus miR-204 mimics, and the luciferase activity was
measured. As shown in Figure 4B, miR-204 mimics
transfection induced a substantial decline of the
WT luminescence intensity, while the MUT reporter
remained impervious by miR-204 overexpression.
Following qRT-PCR and Western blot further revealed
that miR-204 overexpression induced ROBO4 suppression on both mRNA and protein levels (Figure 4C
and D). Therefore, we conﬁrmed that ROBO4 is a direct
target of miR-204 in BC cells.

ROBO4 Mediates The Tumor-Suppressing
Role Of miR-204 In BC
As the latest identiﬁed ROBO receptor, ROBO4
was previously proved to be implicated in BC
tumorigenesis.23 We then questioned whether miR-204
exerted tumor-suppressing effects by targeting ROBO4
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in BC cells. To this end, we synthesized ROBO4 expression plasmid and introduced it into the miR-204-overexpressed cells. Both qRT-PCR and Western blot
validated the restoration of ROBO4 in the dual-transfected cells (ROBO4+miR-204 mimics; Figure 5A
and B). Importantly, we observed that ROBO4
re-expression signiﬁcantly rescued the impaired cell
proliferation and migration caused by miR-204 overexpression as assessed by crystal violet staining and
wound healing assay, respectively (Figure 5C and D).
Finally, we found ROBO4 mRNA levels negatively correlated with the expression of miR-204, highlighting the
targeting of ROBO4 by miR-204 in BC tissues
(Figure 5E). Therefore, our data indicate that the inhibitory effects of miR-204 on BC cell growth and migration are mediated by ROBO4.

Discussion
Mounting evidence illustrated that miRNAs are promising biomarkers and therapeutic targets for human
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Figure 3 miR-204 inhibits cell migration and invasion of bladder cancer cells. (A) Cell migration ability was investigated with wound healing assay and the images were taken
at 0 and 72hrs after miR-204 mimics or inhibitor transfection (40×). (B) Cell invasion ability was investigated with transwell assay and the images were taken at 72hrs after
miR-204 mimics or inhibitor transfection (100×). Representative images are shown (left panel). The quantitative results represent the mean±SD in triplicate using the bar
graph (right panel). **P<0.01, ***P<0.001.

cancers since their ﬁrst function investigation in
cancer.24 MiRNAs are abnormally expressed in several
malignancies including in urologic neoplasms.14,25,26
They play pivotal roles in cancer development, progression and metastasis.26 For miR-204, although its
decreased expression and antitumor effects have been
observed in other types of human malignancies,18–20 its
speciﬁc role in BC remains unknown. To clarify this,
we designed in vitro experiments and showed that
miR-204 was downregulated in both BC tissues and
cell lines in comparison with their controls. More
importantly, through the function assays, we demonstrated that miR-204 exerted tumor-suppressing activities by inhibiting cell growth, migration and invasion
in BC cells. The downregulation and antitumor effects
of miR-204 are the same with its roles in other kinds of
human malignancies.18,20
To understand the mechanism of miR-204 in BC, we
predicted its putative targets and identiﬁed that ROBO4
was a direct target of miR-204. Transmembrane ROBO
proteins are receptors for Slits, the secreted glycoproteins, and Slit/ROBO signaling is mainly involved in

OncoTargets and Therapy 2019:12

mediating axon guidance.21 Recent expanding progress
on this signaling reveals its implication in angiogenesis
and cancer progression.21,22 ROBO4 is the latest identiﬁed ROBO speciﬁcally expressed in the endothelial
cells and at the site of neoangiogenesis, suggesting its
potential roles in tumor growth.27,28 Our previous study
investigating the effect of blocking ROBO on the urinary bladder urothelium carcinoma tumor transplantation
in nude mice demonstrated that tumors in ROBO4
blocking group were signiﬁcantly smaller than those in
the control group,23 ﬁrstly indicating the tumor-promoting role of ROBO4 in BC. Here, we found an upstream
regulator, miR-204, on ROBO4 expression in BC cells.
Moreover, our function assays demonstrated that
restoration of ROBO4 in miR-204-overexpressed cells
rescued the impaired cell viability and migration caused
by miR-204 overexpression. These data supported that
ROBO4 was an essential mediator of the antitumor
effects of miR-204 in BC cells. As is known, one
particular miRNA might target various mRNAs simultaneously. The functional outcome of one miRNA is
the balance result of its oncogenic targets versus
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Figure 4 ROBO4 is a direct target of miR-204. (A) Bioinformatics analysis predicts that ROBO4 is a putative target gene of miR-204. The luciferase reporter plasmid
containing ROBO4 3ʹ UTR (WT, in green) and ROBO4 3ʹ UTR (MUT, in red) was generated. (B) Luciferase activity assay was performed in 5637 and HT-1376 cells cotransfected with miR-204 mimics and a dual-luciferase reporter containing the ROBO4 3ʹ UTR (WT) and ROBO4 3ʹ UTR (MUT). (C) The expression of ROBO4 in 5637
and HT-1376 cells 48hrs after transfection with miR-204 mimics or controls was measured by qRT-PCR. (D) The expression of ROBO4 in 5637 and HT-1376 cells after
48hrs transfection with miR-204 mimics or controls was measured by Western blot analysis. **P<0.01, ***P<0.001.
Abbreviations: WT, wild-type; MUT, mutant.

tumor-suppressing targets. We believe that miR-204
should have additional targets that could explain its
roles in BC, whereas ROBO4 stands for an important one.
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To conclude, our study presents novel ﬁndings that
a) miR-204 is downregulated in human BC; b) miR-204
is a functional tumor suppressor in BC; c) miR-204
directly targets ROBO4 and (d) targeting of ROBO4 is
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Figure 5 miR-204 mediates a tumor-suppressing role through ROBO4 in bladder cancer. (A) The expressions of miR-204 and ROBO4 in 5637 cells 48hrs after transfection
with miR-204 mimics without or with ROBO4 plasmids were measured by qRT-PCR. (B) The expressions of miR-204 and ROBO4 in 5637 cells 48hrs after transfection with
miR-204 mimics without or with ROBO4 plasmids were measured by Western blot analysis. (C) Crystal violet staining assay was conducted to evaluate cell proliferation
after miR-204 mimics without or with ROBO4 plasmids transfection. The quantitative results were shown in panel below. (D) Cell migration ability was investigated with
wound healing assay and the images were taken at 0 and 72hrs after miR-204 mimics without or with ROBO4 plasmids transfection (40×). (E) miR-204 and ROBO4
expression levels exhibited negative correlation. **P<0.01.

responsible for the antitumor effects of miR-204.
Therefore, the miR-204/ROBO4 axis might be used as
an interesting molecular candidate for BC targeted
therapy.
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