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miR-758-3p suppresses human bladder cancer cell proliferation,
migration and invasion by targeting NOTCH2
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Abstract. MicroRNAs (miRs) are widely involved in regu-
lating tumor development and progression. miR-758-3p has
been reported to suppress the progression of various cancer
types, including hepatocellular carcinoma. However, whether
miR-758-3p has a role in bladder cancer (BC) has not been
previously reported, and was thus investigated in the present
study. It was revealed that miR-758-3p was downregulated
in BC tissues and cell lines. Transfection with miR-758-3p
mimics suppressed the proliferation, migration and invasion
of BC cells, and inhibition of miR-758-3p had the opposite
effect. In terms of the underlying mechanisms, a luciferase
reporter assay revealed that Notch receptor 2 (NOTCH?2) is
a direct target gene of miR-758-3p in BC cells. Transfection
with miR-758-3p mimics decreased the mRNA and protein
levels of NOTCH2. Furthermore, an inverse correlation
between miR-758-3p and NOTCH?2 levels was identified.
Finally, overexpression of NOTCH2 significantly rescued the
proliferation, migration and invasion of BC cells transfected
with miR-758-3p mimics. Taken together, the present study
indicated that miR-758-3p suppresses BC cell proliferation,
migration and invasion by targeting NOTCH2.

Introduction

Bladder cancer (BC) is the fourth most prevalent solid tumor
type in males and the seventh most prevalent in females
worldwide (1). It is accountable for ~3% of cancer-associated
deaths (2). Although certain therapeutic methods, including
radiotherapy, surgery and chemotherapy, have been developed
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for BC treatment, the recurrence rate remains high (2,3)
and the prognosis of BC patients is poor (4). Therefore, it
is urgently required to explore the regulatory mechanisms
underlying the occurrence of BC, which will contribute to the
identification of therapeutic targets and the development of
novel treatments.

MicroRNAs (miRNAs/miRs) are a class of non-coding
RNAs and post-transcriptionally regulate gene expression by
recognizing the complementary sequence in the 3' untrans-
lated region (3'-UTR) of their target mRNAs (5,6). miRNAs
exert vital functions in a broad variety of biological processes,
including development, cell proliferation and apoptosis (7).
Dysregulated expression of miRNAs is usually observed in
almost all cancer types, including colorectal (8), liver (9)
and bladder cancer (4). Increasing evidence indicates that
certain miRNAs may serve as oncogenes or tumor suppres-
sors to regulate BC development and progression (4,10). For
instance, Yuan et al (11) reported that miR-124-3p inhibits
the growth and metastasis of BC by degrading the mRNA of
aurora kinase A. Furthermore, Feng et al (12) indicated that
miR-556-3p contributes to BC cell proliferation and invasive-
ness through inhibiting DAB2 interacting protein expression.
Another previous study indicated that miR-758-3p inhibits
hepatocellular carcinoma progression (13). miR-758-3p
is also implicated in cervical cancer (14). However, the
biological functions of miR-758-3p in BC have not been
previously reported. Due to the significance of miR-758-3p
in the abovementioned cancer types, the present study sought
to investigate the function and potential mechanisms of
miR-758-3p in BC.

In the present study, it was demonstrated that miR-758-3p
expression was downregulated in BC tissues and cell lines.
Furthermore, transfection with miR-758-3p mimics markedly
repressed the proliferation, migration and invasion of BC
cells. It was also revealed that Notch receptor 2 (NOTCH2)
was a direct target of miR-758-3p. In summary, the present
study illustrated that miR-758-3p inhibits BC progression via
targeting NOTCH2, suggesting that miR-758-3p may be a
promising therapeutic target for BC treatment.

Materials and methods

Human tissues. A total of 33 BC tissues (age range, 61+8.1 years;
female, n=4; male, n=29) and matched normal tissues
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(atleast 3 cm away from the tumor border and with no microscopic
evidence of tumor cells) were collected from patients diagnosed
with BC at the Xiangyang Central Hospital (Xiangyang, China)
from January 2014 to September 2016. All patients provided
written informed consent. Samples from patients who received
radiotherapy or chemotherapy prior to surgery were excluded.
The tissues were stored in liquid nitrogen at -80°C until use.
The clinicopathological characteristics of the 33 patients with
BC were also recorded. The present study was approved by the
Ethics Committee of Xiangyang Central Hospital (Xiangyang,
China).

Cell culture and transfection. The J82, UMUC3, T24 and
5637 BC cell lines as well as the SV-HUC-1 normal bladder
cell line were obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were main-
tained in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) containing 10% fetal
bovine serum (FBS; Invitrogen; Thermo Fisher Scientific,
Inc.) and 1% penicillin/streptomycin.

For cell transfection, the miR-758-3p mimics (5'-UUU
GUGACCUGGUCCACUAACC-3"), miR-758-3p inhibitor
(5-GGUUAGUGGACCAGGUCACAAA-3"), inhibitor
control (5'-GCGUAACUAAUACAUCGGAUUCGU-3')
and mimic control (5'-ACAUCUGCGUAAGAUUCGAGU
CUA-3") were purchased from GenePharma (Shanghai,
China). Cells were transfected with miR-758-3p mimics
or controls using Lipofectamine 2000™ (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. For NOTCH?2 overexpression, the sequence
encoding the NOTCH2 intracellular segment was inserted
into the pcDNA3 vector to generate pcDNA3-NOTCH2. Then
pcDNA3-NOTCH?2 vector (1 ug) was transfected into BCa cell
lines using Lipofectamine 2000™ (Invitrogen; Thermo Fisher
Scientific, Inc.). After 48 h, the overexpression efficiency was
evaluated and gene expression was determined using reverse
transcription-quantitative polymerase chain reaction.

RT-gPCR. TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) was used to extract total RNA from cells. Total RNA (1 pg)
was reverse transcribed into cDNA using the PrimeScript™ RT
reagent kit (Takara Biotechnology Co., Ltd., Dalian, China),
according to the manufacturer's protocol. qPCR was subse-
quently performed using the SYBR Green I Supermix (Takara
Biotechnology Co.,Ltd.),according to the manufacturer's protocol
using an iCycler IQ multicolor Detection System (Bio-Rad
Laboratories, Hercules, CA, USA). The following thermocycling
conditions were used for the qPCR: Initial denaturation at 95°C
for 10 min; 40 cycles of 95°C for 15 sec and 60°C for 1 min. The
primer pairs used were as follows: miR-758-3p forward, 5'-ACA
CTCCAGCTGGGTTTGTGACCTGGTCCA-3' and reverse,
5-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAG
GGTTAGTG-3"; U6 forward, 5-CTCGCTTCGGCAGCACA-3'
and reverse, 5-AACGCTTCACGAATTTGCGT-3"; NOTCH?2
forward, 5'-CAAGGAACCTGCTTTGATGACA-3" and reverse,
5-GGGGAACAGGGAGCCAATAC-3"; and GAPDH forward,
5'-GCACCGTCAAGGCTGAGAAC-3' and reverse, 5-TGG
TGAAGACGCCAGTGGA-3". The mRNA levels were quanti-
fied using the 224 method and U6 was used as a normalization
control (15).
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Cell Counting Kit (CCK)-8 proliferation assay. Cell prolifera-
tion was measured using a CCK-8 proliferation assay (Dojindo
Molecular Technologies, Inc., Kumamoto, Japan). Cells were
seeded into 96-well plates at a density of 2x10° cells/well) and
cultured for the indicated durations. Following the addition
of 10 ul CCK-8 reagent, the plates were incubated for 1 h at
37°C. Subsequently, the absorbance at 450 nm was determined
using a microplate reader (Berthold Technologies GmbH,
Bad Wildbad, Germany).

Colony formation assay. Cells were seeded into 6-well plates
at 1x10° cells/well and cultured for 12 days. The colonies were
fixed using methanol for 15 min at room temperature, stained
using 0.5% crystal violet for 20 min at room temperature. The
total number of visible colonies was examined under an optical
light microscope (magnification, x40; Olympus Corporation,
Tokyo, Japan).

Migration and invasion assays. Transwell chambers
(BD Biosciences, Franklin Lakes, NJ, USA) were used for
Transwell migration and invasion assays. Cells (5x10%) in
100 pl serum-free medium were seeded into the upper chamber
[pre-coated with Matrigel® (1:6 dilution; BD Biosciences) for
the invasion assay]. The lower chamber was filled with 600 pl
medium containing 10% FBS. Following 24-h incubation,
cells that had migrated to the lower side of the membrane were
fixed with polyoxymethylene at room temperature for 30 min
and stained with 0.5% crystal violet at room temperature for
30 min. Images of the cells were captured under an optical
microscope.

Western blot analysis. Total protein was extracted from cells
using radioimmunoprecipitation assay buffer (Thermo Fisher
Scientific, Inc.). Total protein was quantified using a bicin-
choninic acid assay and 40 ug protein/lane was separated via
SDS-PAGE on a 12% gel. The separated proteins were trans-
ferred onto polyvinylidene fluoride membranes (Thermo Fisher
Scientific, Inc.) and blocked for 3 h at room temperature with
5% non-fat milk in PBS (Thermo Fisher Scientific, Inc.)
containing 0.1% Tween-20 (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). The membranes were incubated with
the following primary antibodies: Anti-NOTCH?2 (1:1,500;
cat. no. 5732) and mouse anti-GAPDH (1:5,000; cat. no. 5174,
both Cell Signaling Technology, Danvers, MA, USA)
overnight at 4°C. Subsequently, the membranes were incubated
with horseradish peroxidase-conjugated secondary antibodies
(1:5,000; cat. no. ab7090; Abcam, Cambridge, MA, USA) for
1 h at room temperature. Protein bands were visualized using
the Pierce™ ECL Western Blotting Substrate (Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
Protein expression was quantified using ImagelJ software
(version 1.41; National Institutes of Health, Bethesda, MD,
USA).

Luciferase assay. The potential binding site of NOTCH2
3'-UTR for miR-758-3p was predicted using the TargetScan7
tool (http:/www.targetscan.org/vert_71/). The sequences
containing the wild-type (WT) or site-mutated (Mut) region of
NOTCH2 were synthesized by Sangon (Shanghai, China) and
inserted into the pGL3 vector (Promega Corporation, Madison,
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Figure 1. miR-758-3p is downregulated in BC tissues and cell lines. (A) The expression of miR-758-3p in 33 BC and matched normal bladder tissues was
measured by RT-qPCR. (B) RT-qPCR analysis indicated that miR-758-3p was downregulated in BC cell lines (J82, T24, UMUC3 and 5637 cells) compared
with that in SV-HUC-1 cells. "P<0.05, “P<0.01 and ""P<0.001 as indicated or vs. SV-HUC-1. BC, bladder cancer; miR, microRNA; RT-qPCR, reverse

transcription-quantitative polymerase chain reaction.

WI, USA). For the luciferase reporter assay, miR-758-3p or
NC mimics and the respective reporter plasmids were trans-
fected into BC cells using Lipofectamine 2000™ (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. After 24 h, the Renilla and firefly luciferase activity
was determined using the Dual-Luciferase Reporter Assay
System (Promega Corp.) according to the manufacturer's
protocols and a luminometer (Infinite 200 PRO NanoQuant;
Tecan Group Ltd., Madnnedorf, Switzerland).

Statistical analysis. Statistical analysis was performed using
SPSS 20.0 (IBM Corp., Armonk, NY, USA) or GraphPad Prism
version 5 (GraphPad Software, Inc., LA Jolla, CA, USA). The
assays were performed as three independent replicates. Values
are expressed as the mean + standard deviation. P-values
were calculated using Student's t-test or one-way analysis of
variance followed by Tukey's post hoc test. The association
between miR-758-3p expression and the clinicopathological
characteristics of patients with BC was analyzed using the
Chi-square test. Spearman's rank correlation analysis was
performed to analyze the correlation between miR-758-3p and
NOTCH2 expression levels. P<0.05 was considered to indicate
statistical significance.

Results

miR-758-3p is downregulated in BC tissues and cell lines.
To investigate the function of miR-758-3p in BC, its expres-
sion was analyzed in tumor tissues and adjacent normal
tissues of 33 BC patients. As presented Fig. 1A, miR-758-3p
was downregulated in BC tissues compared with that in the
matched normal tissues. In addition, miR-758-3p expression
was downregulated in BC cell lines compared with that in the
SV-HUC-1 normal bladder cell line (Fig. 1B). The association
between miR-758-3p expression and the clinicopathological
characteristics of patients with BC was examined (Table I).

miR-758-3p suppresses the proliferation, migration and
invasion of BC cells. To explore the role of miR-758-3p in
BC, miR-758-3p mimics were transfected into UMUC3 and
J82 cells. RT-qPCR analysis confirmed that miR-758-3p levels
were markedly increased in UMUC3 and J82 cells after trans-
fection (Fig. 2A). CCK-8 and colony formation assays were
then performed to evaluate the cell proliferation ability. The

Table I. Association between miR-758-3p expression and
clinicopathological characteristics of patients with bladder
cancer (n=33).

miR-758-3p expression

Clinicopathological

characteristic Low (n=18) High (n=15) P-value

Age (years) 0.169
<60 5 8
>60 13 7

Sex 0.607
Female 3 1
Male 15 14

TNM stage 0.038
I/ 4 9
/v 14 6

Lymph node metastasis 0.034
Yes 9 13
No 9 2

miR, microRNA; TMN, tumor, node, metastasis.

results indicated that miR-758-3p overexpression inhibited the
proliferation and colony formation of UMUC3 and J82 cells
(Fig. 2B and C). Furthermore, as indicated by the Transwell
assay, transfection of miR-758-3p mimics into UMUC3
and J82 cells markedly inhibited migration and invasion
(Fig. 2D and E). In addition, to further validate the function
of miR-758-3p, UMUCS3 and J82 cells were transduced with
miR-758-3p inhibitor. Through CCK-8 and Transwell assays,
it was revealed that miR-758-3p inhibition significantly
promoted proliferation, migration and invasion (Fig. 2F-H).
Taken together, miR-758-3p suppresses BC proliferation and
progression.

NOTCH?2 is a target of miR-758-3p in BC cells. To further
determine the mechanisms of miR-758-3p in BC, the down-
stream target genes of miR-758-3p were searched with
TargetScan software. Among all candidates of predicted
potential targets of miR-758-3p, NOTCH2 ranked high and
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Figure 2. Overexpression of miR-758-3p suppresses the proliferation, migration and invasion of BC cells. (A) Reverse transcription-quantitative polymerase
chain reaction analysis of miR-758-3p expression in UMUC3 and J82 cells transfected with miR-758-3p mimics or NC. (B) A CCK-8 assay was used to assess
the proliferation ability and (C) a clonogenic assay was used to assess the colony formation ability of UMUC3 and J82 cells transfected with miR-758-3p
mimics or NC. (D and E) Transwell assays were used to determine the migration and invasion of UMUC3 and J82 cells transfected with miR-758-3p mimics
or NC (magnification, x100). (F) A CCK-8 assay was used to assess the proliferation ability of UMUC3 and J82 cells transfected with miR-758-3p inhibitor
or NC. (G and H) Transwell assays were used to determine the migration and invasion of UMUC3 and J82 cells transfected with miR-758-3p inhibitor or NC
(magnification, x100). “P<0.05, “P<0.01 and "“P<0.001 vs. NC. BC, bladder cancer; miR, microRNA; OD, optical density; NC, negative control; CCK-8, Cell

Counting Kit-8.
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Figure 3. NOTCH2 is a target of miR-758-3p in BC cells. (A) The predicted complementary site in the 3'-UTR of NOTCH2 with miR-758-3p. (B) A luciferase
reporter assay in UMUC3 and J82 cells indicated that miR-758-3p mimics inhibited the luciferase activity of the reporter plasmid carrying the WT fragment
from the 3'-UTR of NOTCH2 but not the mutant 3'-UTR fragment. (C and D) miR-758-3p mimics reduced the mRNA and protein levels of NOTCH2 in
UMUCS3 and J82 cells, as indicated by RT-qPCR and western blot analysis, respectively. (E) The correlation between NOTCH2 mRNA and miR-758-3p
expression in BC tissues from 33 cases was determined by Spearman's correlation analysis. (F and G) mRNA and protein levels of NOTCH?2 in BC tissues
and adjacent normal tissues were measured by RT-qPCR and western blot analysis, respectively. "P<0.05; ““P<0.001 vs. control group. UTR, untranslated
region; WT, wild-type; miR, microRNA; Mut, mutated; NC, negative control; Hsa, Homo sapiens; T, tumor tissue; N, normal tissue; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction; BC, bladder cancer; NOTCH2, Notch receptor 2.

was previously reported to promote BC progression (16). Thus,
NOTCH2 was selected for further investigation. There was a
complementary sequence of miR-758-3p in the 3'-UTR region
of NOTCH2 mRNA (Fig. 3A). To confirm the direct binding
interaction in vitro, WT and Mut luciferase reporter plasmids
were constructed and used in a luciferase reporter assay. The
results demonstrated that miR-758-3p mimics inhibited the

luciferase intensity of the NOTCH2-WT reporter plasmid in
UMUCS3 and J82 cells, while mutation of the complementary
binding site abrogated this effect (Fig. 3B). In a further experi-
ment, miR-758-3p mimics markedly decreased NOTCH2
expression in UMUC3 and J82 cells (Fig. 3C and D). In addi-
tion, the expression of NOTCH?2 was examined in BC tissues,
revealing an inverse association between the expression of
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Figure 4. miR-758-3p suppresses bladder cancer cell proliferation, migration and invasion through targeting NOTCH2. (A) Western blot analysis was used to
measure the protein levels of NOTCH2 in UMUCS3 and J82 cells. (B) A Cell Counting Kit-8 assay was performed to assess the proliferation and (C) a clonogenic
assay was used to determine the colony formation ability of UMUC3 and J82 cells transfected with miR-758-3p mimics as well as NOTCH2-overexpressing
plasmid or control. (D and E) Transwell assays were utilized to evaluate the migration and invasion of UMUC3 and J82 cells transfected with miR-758-3p
mimics as well as NOTCH2-overexpressing plasmid or control (magnification, x100). "P<0.05; “P<0.01 vs. control group. NOTCH?2, Notch receptor 2;

miR, microRNA; NC, negative control; OD, optical density.

miR-758-3p and NOTCH2 (Fig. 3E). Furthermore, NOTCH2
levels were determined in BC tissues by RT-qPCR and western
blot analysis, demonstrating that NOTCH?2 expression was
significantly upregulated in BC tissues compared with that in
adjacent normal tissues (Fig. 3F and G).

miR-758-3p suppresses BC cell proliferation, migration and
invasion through targeting NOTCH?2. To determine whether
suppression of cell proliferation, migration and invasion by
miR-758-3p relies on NOTCH2, UMUC3 and J82 cells trans-
duced with miR-758-3p mimics were subjected to ectopic
overexpression of NOTCH2. Western blot analysis confirmed
that the levels of NOTCH2, which were decreased by miR-758-3p
mimics, were restored by co-transfection with NOTCH2 over-
expression vector (Fig. 4A). Functional experiments indicated
that restoration of NOTCH2 promoted the proliferation and
colony formation ability of UMUC3 and J82 cells transfected
with miR-758-3p mimics (Fig. 4B and C). Furthermore, overex-
pression of NOTCH?2 also rescued the migration and invasion
of UMUCS3 and J82 cells transfected with miR-758-3p mimics
(Fig. 4D and E). In conclusion, miR-758-3p inhibited BC cell
proliferation, migration and invasion at least in part through
targeting the mRNA of NOTCH2 and promoting its degradation.

Discussion

BC has become the most common malignancy of the urinary
tract, originating from bladder mucosa, worldwide (17). Each
year, there are large numbers of BC cases and increasing
BC-related mortality rates (17). Thus, it is vital to reveal the
underlying mechanisms of the genesis and progression of BC
and develop effective therapeutic methods. Accumulating
evidence indicates that miRNAs are potential biomarkers for
diagnosis and prognosis in numerous cancer types (18,19). For
instance, miR-122 and miR-224 have been reported to serve
as biomarkers for early diagnosis of hepatocellular carci-
noma (20). The present study demonstrated that miR-758-3p has

a tumor suppressor function in BC and therefore miR-758-3p
may be a promising therapeutic target.

In the past decades, miRNAs have attracted wide attention,
and a vast number of studies have demonstrated their essential
and general functions in a diversity of biological processes,
including cell migration, proliferation and invasion (21,22).
For instance, Ding et al (23) reported that miR-367 suppresses
clear-cell renal cell cancer progression. Wu e al (24) reported that
miR-21 contributes to colorectal cancer progression via targeting
phosphatase and tensin homolog. Another previous study indi-
cated that miR-758-3p suppresses liver cancer development by
suppressing MDM?2 and mammalian target of rapamycin (13).
In cervical cancer patients, the levels of miR-758 were reported
to be decreased in the tumor tissues, blood and cervical exfoli-
ated cells, and it was indicated that miR-758 may regulate the
infiltration and invasion of cervical cancer by targeting matrix
extracellular phosphoglycoprotein (14). These studies suggest
a tumor suppressor role for miR-758-3p. However, the effect of
miR-758-3p in BC has remained elusive. The present results
indicated that miR-758-3p was downregulated in BC tissues
compared with that in matched normal tissues. Furthermore,
CCK-8, colony formation and Transwell assays suggested that
transfection with miR-758-3p mimics markedly inhibited the
malignant behavior of BC cells. In addition, NOTCH2 was
identified as a direct target of miR-758-3p in BC cells.

NOTCH2, a member of the NOTCH family, has a role in
developmental processes. NOTHC?2 signaling is evolutionarily
conserved and is involved in cell fate decisions (25). Increasing
evidence has indicated that NOTCH signaling is involved in
the development and progression of numerous human cancer
types, including BC (16,26). Furthermore, a recent review also
indicated that NOTCH2 acts as an oncogene that promotes
cell proliferation and metastasis through epithelial-to-mesen-
chymal transition, cell cycle progression and maintenance
of stem cells in BC (27). In the present study, NOTCH2 was
identified to be downregulated by miR-758-3p in BC cells.
Furthermore, the expression of NOTCH2 was negatively
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correlated with that of miR-758-3p in BC tissues. Notably,
restoration of NOTCH2 reversed the effects of miR-758-3p
mimics on BC cell proliferation, migration and invasion.

In conclusion, the present study indicated a tumor suppres-
sive role of miR-758-3p in BC, as indicated by its inhibitory
effect on cell proliferation, migration and invasion through
repression of NOTCH?2 expression.
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