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Background: Despite advances in the treatment of bladder cancer (BC), patients with late-stage BC have
a high mortality rate. microRINA is a small, nonprotein coding RNA, and a dysfunction in its expression is
frequently strongly correlated with the prognosis of patients with cancer. Aberrant expression of miR-324
has been reported to contribute to human carcinogenesis. However, the role of miR-324 in BC remains
unclear.

Methods: The expression levels of miR-324-5p and miR-324-3p were analyzed by analyzing The Cancer
Genome Atlas (TCGA) database and real-time polymerase chain reaction (PCR) approach. The biological
role of miR-324-5p and miR-324-3p were assessed in BFT'C950 cells with miR-324-5p or miR-324-3p
mimics transfection, respectively.

Results: In this study, we demonstrated that high expression levels of miR-324-5p and miR-324-3p
were significantly correlated with poor survival of patients with BC. Furthermore, miR-324-5p expression
significantly accelerated BC cell proliferation, colony formation ability, and invasion ability, whereas miR-
324-3p expression slightly increased BC cell growth and motility.

Conclusion: Our data indicated that miR-324-5p and miR-324-3p play oncogenic roles in BC cells. This

finding provides a new insight into potential therapeutic targets or putative biomarkers of BC.

Keywords: Bladder cancer (BC); miR-324-5p; miR-324-3p

Submitted Jul 16, 2019. Accepted for publication Nov 08, 2019.
doi: 10.21037/tcr.2019.12.01
View this article at: http://dx.doi.org/10.21037/tcr.2019.12.01

Introduction development of this cancer is significantly associated with

exposure to environmental carcinogens. Because of the

Bladder cancer (BC) is the ninth most common cancer
worldwide, with an annual incidence of approximately
430,000 cases, and it is the 13th leading cause of cancer
mortality (1). BC exhibits a male predominance and is the

seventh most common cancer worldwide in men. The
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numerous industrial communities and the unique dietary
culture associated with Chinese medicine, the molecular
etiology of BC in Taiwanese patients is considerably
different from that of BC in patients in other countries (2).
The current therapy for BC demonstrates promising
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efficacy, with a 5-year survival rate of >60% (3). However,
in some patients, the tumors are resistant to treatment
and continue to grow and progress, leading to aggressive/
invasive tumors, the treatment of which is challenging
using the current treatment strategies (3). By combining
the results of analysis of the genesis and evolution of cancer
with functional validations of key drivers, in vitro genetic
assays can be developed for predicting cancer recurrence
and progression in patients (4).

microRNAs are small, nonprotein coding RNA
transcripts and play a crucial role in modulating biological
functions of human cancers, including BC (5,6). Our
previous studies have indicated that the arm selection
preference of microRNA varies in different types of
human cancer cells during cancer progression (7-10). The
expression of miR-324-5p or miR-324-3p suppressed the
growth and invasion of breast cancer cells. Furthermore,
ectopic expression of miR-324-5p reduced the growth and
invasion abilities of colorectal cancer cells, whereas miR-
324-3p suppressed colorectal cancer cell invasion but did
not influence cell growth (8). Taken together, both miR-
324-5p and miR-324-3p play a tumor suppressive role
in breast and colon cancers. Notably, we reported the
oncogenic role of miR-324-5p/-3p in lung cancer, revealing
that miR-324-5p expression could promote cell growth
and motility in lung cancer cells, whereas miR-324-3p
overexpression could accelerate cell proliferation but not
alter the invasion ability of lung cancer cells (10). However,
the detailed roles of miR-324-5p and miR-324-3p in BC
remain unclear. In this study, we investigated whether
the overexpression of miR-324-5p and miR-324-3p and
ectopic expression of miR-324-5p/-3p accelerate BC cell
proliferation and invasion ability.

Methods

Analysis of expression data of miR-324 from The Cancer
Genome Atlas (TCGA)

Small RNA sequence data were downloaded from the
TCGA data portal (https://tcga-data.nci.nih.gov/tcga/
dataAccessMatrix.htm). A total 435 miRNA level-3 data,
including those of 19 normal and 416 tumor tissues, were
obtained from the TCGA data portal. Furthermore, the
corresponding clinical information was obtained. The
correlation between clinical features and miR-324-5p or
miR-324-3p expression was further analyzed. In addition,
the RNA profiles of 408 and 19 BC and adjacent normal
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tissues, respectively, were obtained from TCGA database.

Cell line

Human BC cell lines, BET'C950, were obtained from the
American Type Culture Collection and maintained in
Dulbecco’s modified Eagle’s medium supplemented with
10% inactivated fetal bovine serum (Invitrogen, Carlsbad,

CA, USA).

RNA extraction

Total RNA was extracted using TRIzol reagent (Invitrogen)
according to the instruction manual. The detailed
procedure is described in our previous study (8). Thereafter,
concentration, purity, and amount of total RNA were
evaluated using a Nanodrop 1000 spectrophotometer
(Nanodrop Technologies Inc., Wilmington, DE, USA).

Clinical samples

A total of 22 BC and 13 corresponding adjacent normal
bladder tissue samples were collected from BC patients
who underwent surgery at the Department of Surgery,
Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan.
Our study protocol was independently reviewed and
approved by the Institutional Review Board of Kaohsiung
Veterans General Hospital (IRB approval number:
VGHKS17-CT4-18).

Stem-loop reverse transcription (RT) and real-time
polymerase chain reaction (PCR)

A total of 1 pg of total RNA was reverse-transcribed using
stem-loop RT primers. Thereafter, real-time PCR was
performed using a miR-324-5p- and miR-324-3p-specific
forward primer and a universal reverse primer. The detailed
procedure is described in our previous study (8). In the
current study, the expression levels of miR-324-5p or miR-
324-3p were normalized to those of U6. The following
primer sequences were used to examine miRNAs:
miR-324-5p-RT: 5'-CTCAACTGGTGTCGTGGAGT
CGGCAATTCAGTTGAGACACCAAT-3'
miR-324-5p-GSF: 5'-CGGCGGCGCAT
CCCCTAGGGCAT-3'
miR-324-3p-RT: 5'-CTCAACTGGTGTCGTGGAGT
CGGCAATTCAGTTGAGCCAGCAGC-3'
miR-324-3p-GSF: 5'- CGGCGGACTGCCCCAG
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GTGC-3'

Universal reverse: 5'- CTGGTGTCGTGGAGTCG
GCAATTC-3'

U6-F: 5'-CTCGCTTCGGCAGCACA-3'

U6-R: 5'-AACGCTTCACGAATTTGCGT-3'

Ectopic expression of miR-324-5p and miR-324-3p with
mimic transfection

BC cells, BFT'C950, were transfected with 10 nM miRNA-
324-5p mimics, miR-324-3p mimics, or a scrambled
sequence as negative control (GenDiscovery Biotechnology
Inc., Taiwan) by using the Lipofectamine RNAIMAX
reagent (Invitrogen). After transfection for 48 h, the
expression levels of miR-324-5p or miR-324-3p were
assessed using stem-loop RT-qPCR.

Cell growth assay

In an assay to evaluate the colony formation ability, 2000
cells were seeded in a 6-well plate and then transfected
with 10 nM miRNA-324-5p mimics, miRNA-324-3p
mimics, or a scrambled control. Transfected cells were
cultured for 2 weeks until the formation of colonies with
substantial sizes. The colonies were stained using crystal
violet solution and then dissolved in 1 mL of 10% acetic
acid. The absorbance of individual wells was determined at
595 nm by using Multiskan FC (Thermo Scientific, USA).
In the cell proliferation assay, 1,000 cells were seeded in a
96-well pate and then transfected with 10 nM miRNA-324-
5p mimics, miRNA-324-3p mimics, or a scrambled control.
The cell proliferation was evaluated at various time points
(0, 1, 2, and 3 days) by using a CellTiter-Glo One Solution
Assay (Promega Corporation, Madison, WI, USA). The
detailed procedure is described in a previous study (11). All
experiments were repeated three times.

Cell migration and invasion assays

The migration and invasion abilities of cells were assessed
in vitro by using the transwell assay. The cells were seeded
on the upper chamber of the transwells (Falcon, Corning
Incorporated, USA) without Matrigel (BD Biosciences, MA,
USA) for the migration assay or with a Matrigel coating for
the invasion assay. The detail procedures are described in a
previous study (11). Finally, cells were stained with crystal
violet solution (Sigma-Aldrich; Merck KGaA, Darmstadt,

Germany), and the numbers of bladder cancer cells were
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calculated by counting three fields under a phase-contrast
microscope. All experiments were repeated three times.

Statistical analysis

The expression levels of miR-324-5p or miR-324-3p in BC
tissues compared with those in their corresponding adjacent
normal tissues from the TCGA database were analyzed
using Student’s ¢ tests. All experiments for cell growth,
migration, and invasion were conducted in triplicate.
Histograms present the mean values, and the error bars
indicate the SD. These data were analyzed using Student’s
t tests. The Mann-Whitney U test and Kruskal-Wallis
one-way analysis of variance were used for comparing the
expression levels of miR-324-5p or miR-324-3p between
different clinicopathological features of patients with
BC. In addition, the log-rank test and Cox proportional
hazard model were used to evaluate the effects of different
expression levels of miR-324-5p or miR-324-3p on BC
patients’ OS and development of multiple primaries. The
difference was considered significant at P<0.05.

Results

High miR-324-5p expression was strongly correlated with
poor survival of patients with BC

Our previous studies have indicated that miR-324-5p and
miR-324-3p play a tumor suppressive role in breast cancer
and colon cancer (8). By contrast, miR-324-5p and miR-
324-3p are significantly overexpressed in lung cancer cells,
which accelerated the lung cancer cell growth and invasion
ability on lung cancer cell growth and invasion ability (10).
To elucidate the role of miR-324 in BC, we assessed its
clinical impacts by analyzing data from TCGA database.
Furthermore, we explored the biological function of miR-
324 in BC cells by using a gain-of-function approach. We
downloaded the expression data of 416 patients with BC
and 19 corresponding adjacent normal tissues from the
TCGA database. As shown in Figure 1, the expression levels
of miR-324-5p and miR-324-3p significantly increased
in BC tissues compared with those in the corresponding
adjacent normal tissues (P=0.002 and P<0.001, respectively).
In addition, we examined the expression levels of miR-324-
5p and miR-324-3p in BC cells and adjacent normal tissues
by using real-time PCR. Data revealed that miR-324-5p
was significantly overexpressed in BC tissues compared
with the corresponding adjacent normal tissues (P=0.037),
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Figure 1 Abnormal expression of miR-324-5p and miR-324-3p in bladder cancer. (A,B) Expression levels of miR-324-5p and miR-324-

3p were examined in bladder cancer and corresponding adjacent normal tissues by analyzing data from TCGA database; (C,D) expression

levels of miR-324-5p and miR-324-3p were examined in bladder cancer and corresponding adjacent normal tissues through real-time PCR.

TCGA, The Cancer Genome Atlas; PCR, polymerase chain reaction.

whereas the expression of miR-324-3p exhibited no
significant change in BC tissue (Figure 1C,D). We further
downloaded the clinical information of 414 patients with
BC from the TCGA database. We analyzed the clinical
impacts of miR-324-5p and miR-324-3p expression on BC
and found that high expression levels of miR-324-5p were
associated with the pathological stage of cancer, whereas
no significant correlation was observed between miR-324-
3p expression and clinicopathological features (Tuble 1).
We further categorized BC patients into two groups, high
miR-324-5p or miR-324-3p expression group and low
miR-324-5p or miR-324-3p expression group, by using
the receiver operator characteristic curve. Kaplan—Meier
analysis revealed that high miR-324-5p or miR-324-3p
expression levels were borderline significantly correlated
with the overall survival (OS) curve (miR-324-5p on
OS: P=0.053 and miR-324-3p on OS: P=0.058; Figure 2,
Table 2). Multivariate Cox regression revealed a significant
association between high miR-324-5p expression levels and
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poor OS [adjusted HR (aHR) 1.65, 95% CI, 1.10-2.47,
P=0.016; Table 2]. In addition, a significant association was
observed between high miR-324-3p expression levels and
poor OS (aHR 1.71, 95% CI, 1.03-2.84, P=0.039; Table 2).
Our data indicated that high expression levels of miR-324-
5p are an independent biomarker of the poor survival of BC
patients.

miR-324-5p and miR-324-3p play oncogenic roles in BC

To investigate the biological function of the individual
arms of miR-324, miR-324-5p and miR-324-3p mimics
were respectively transfected into BFT'C905. As shown in
Figure 34,B, miR-324-5p and miR-324-3p were obviously
overexpressed in BFTC905 cells after individual mimic
transfection, respectively. After transient transfection with
miR-324-5p, miR-324-3p mimics, or scramble control, we
further examined the biological functions, including cell
proliferation, colony formation ability, and migration and
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Table 1 Correlation of miR-324-5p and miR-324-3p expression with clinicopathological characteristics in 414 patients with bladder cancer

miR-324-5p (n=414)

miR-324-3p (n=414)

Variables No. (%)
Mean + SD Median P value Mean + SD Median P value
Pathology stage (n=414)
I 4 (1.0 39.33+32.07 25.99 <0.001" 38.94+21.81 32.78 0.726°
I 131 (31.6) 55.87+60.90% 37.09 40.28+37.80 30.86
M 141 (34.1) 36.38+35.10¢ 24.80 31.81+33.32 19.53
Y 138 (33.3) 40.80+53.73° 25.93 35.46+93.50 18.06
pT stage (n=381)
T1 5(1.3) 49.70+36.17 32.53 0.086" 38.40+18.93 35.30 0.208*
T2 120 (31.5) 49.70+62.32 33.62 43.20+101.20 27.77
T3 196 (51.4) 37.48+42.47 24.78 29.71+30.32 18.13
T4 60 (15.7) 33.54+28.04 25.23 26.35+22.06 17.54
pN stage (n=370)
NO 238 (64.3) 42.77+47.06 29.52 0.267° 34.22+33.91 24.87 0.149%
N1 47 (12.7) 45.86+74.80 26.32 50.38+156.16 19.61
N2 77 (20.8) 33.18+34.26 24.38 24.42+23.68 15.13
N3 8(2.2) 61.43+53.52 42.85 48.20+36.30 39.47
pM stage (n=212)
MO 201 (94.8) 49.24+61.25 28.79 0.583° 43.08+82.17 28.57 0.844°
M1 11 (5.2) 59.62+56.01 29.20 38.16+30.54 36.78

® P values were estimated by one-way ANOVA test; °, P values were estimated by Kruskal-Wallis 1-way ANOVA test; ¢, P values were
estimated by Mann-Whitney U test; ¢, pathology stage Il compared with Ill with statistically significant P<0.001; °, pathology stage I
compared with IV with statistically significant P<0.001.
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Figure 2 Correlation of expression levels of miR-324-5p and miR-324-3p with the survival curve of patients with bladder cancer.
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Table 2 Univariate and multivariate Cox regression analysis of miR-324-5p expression for overall survival of patients with bladder cancer

Overall survival

Characteristic No. (%) (n=413)

CHR (95% ClI) P value AHR (95% ClI) P value
miR-324-5p
Low 156 (37.8) 1.00 1.00
High 257 (62.2) 1.49 (0.99-2.22) 0.055 1.65 (1.10-2.47) 0.016
miR-324-3p
Low 90 (21.8) 1.00 1.00
High 323(78.2) 1.63 (0.98-2.70) 0.060 1.71 (1.03-2.84) 0.039

AHR were adjusted for AJCC pathological stage (I, Ill and IV VS. I). CHR, crude hazard ratio; AHR, adjusted hazard ratio.

invasion abilities. Our results indicated that ectopic miR-
324-5p or miR-324-3p expression significantly accelerated
BC cell growth, colony formation ability, and migration
and invasion abilities in BFTC905 cells, especially miR-
324-5p (Figure 3C,D,E,F,G,H,I). Therefore, we further
illustrated target genes of miR-324-5p by bioinformatics
approach. Using the TargetScan prediction tool, we
identified that the 3'UTR region of 151 putative target
genes may be targeted by miR-324-5p. In addition, the
small RNA profiles and RNA profile, which contains
408 BCs and 19 adjacent normal tissues from the TCGA
database, was downloaded. We analyzed the correlation and
expression levels between miR-324-5p and 151 putative
target genes in BC by analyzing TCGA database (Figure
37). Because the expression levels of miR-324-5p were
increased in BC, those putative targets candidates should
be negative correlated with miR-324-5p expression and
significantly decreased expressions in BC. According to
the aforementioned criteria, we identified 9 putative target
genes might be regulated by miR-324-5p in BC, including
PTPRD, RCAN1, AMHR2, EYA4, UNCS5C, SETBPI,
CDC42BPA, APOLD1 and GPX3 (Figure 37). Among
them, previous studies reported that RCAN1 and EYA4
as tumor suppressors to inhibit BC growth and metastasis
(12,13). In summary, miR-324-5p function as an oncogene
to accelerate BC proliferation and invasion ability might be
through directly regulating RCANT1 or EYA4 expression.

Discussion

Our previous studies have reported that the -5p and -3p
arm of miRNA might have similar or antagonistic biological
functions, depending on their target genes (7-10). Moreover,
our previous study revealed that two mature miR-324

© Translational Cancer Research. All rights reserved.

arms, miR-324-5p and miR-324-3p, were derived from
pre-miR-324 during the maturation process, but the arm
selection preference varies in different human cancer cells (8).
Furthermore, the expression levels of miR-324-5p or miR-
324-3p were simultaneously increased in some human cancer
cell types, including BC. By contrast, miR-324-5p and miR-
324-3p expression levels were decreased in colon cancer.
Until now, most studies have reported that miR-324 plays a
tumor suppressive role during cancer progression. Recently,
we reported that miR-324-5p expression suppressed the
growth and invasion abilities of colon cancer cells, whereas
miR-324-3p expression inhibited colon cancer cell invasion
but did not influence cell growth (8). In nasopharyngeal
cancer, miR-324-3p expression suppressed cell growth
and promoted apoptosis by silencing SMAD7 (14).
In glioma cancer, miR-324-5p expression inhibited
cancer cell growth by targeting GLII expression (15).
In hepatocellular carcinoma (HCC), miR-324-5p
expression was involved in the reduction of the migration
and invasion capacity through the modulation of MMP2,
MMP9, ETS1, and SP1 gene expression in HCC (16).
Tang et al. reported that miR-324-5p is essential for
multiple myeloma (MM) pathogenesis, and downregulation
of miR-324-5p is a novel mechanism of hedgehog signaling
activation in MM (17). Taken together, most studies have
indicated that miR-324-5p and miR-324-3p play a tumor
suppressive role in human cancer cells.

Although the expression levels of miR-324-5p and miR-
324-3p are simultaneously increased in several human
cancer types, including BC, breast cancer, head and neck
cancer, lung cancer, and gastric cancer (8), few studies have
indicated the oncogenic role of miR-324-5p or miR-324-3p
in the modulation of cancer cell growth and motility. Tuo
et al. reported that miR-324-3p promoted tumor growth
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Figure 3 Biological function of miR-324-5p and miR-324-3p arms was examined in bladder cancer cells. (A,B) Expression levels of miR-
324-5p and miR-324-3p were examined in BFT'C905 with/without mimic transfection through real-time PCR; (C) After miR-324-5p or
miR-324-3p mimic transfection, cell proliferation was measured using the Cell Titer-GlooR One Solution assay at various time points (0, 1,
2, 3, and 4 days) compared with the scramble control; (D,E) thereafter, the colony formation assay was performed in the bladder cancer cells
after transfection with miR-324-5p mimics, miR-324-3p mimics, or a scramble control for 2 weeks. The cells were fixed and stained with
crystal violet solution, and relative colony formation was quantified; (F,G,H,I) the invasion ability was examined in BETC905 cells with and
without miR-324-5p or miR-324-3p mimic transfection, and invading cells were quantified, cells were stained with crystal violet solution,
x100; (J) Identify putative target genes of miR-324-5p using bioinformatics approach. The expression levels of potential targets were
analysed in bladder cancer tissues in comparison with those in adjacent normal tissues from 408 bladder cancer patients; these expression
data were obtained from TCGA data set. R value indicates correlation between miR-324-5p and target genes expression in 408 bladder
cancer tissues. The expression levels of those target genes were examined in bladder cancer (n=408) and adjacent normal tissues (n=19). N.S

indicates no significant different between bladder cancer and adjacent normal tissues (P>0.05).

by targeting DACT1 and activating the Wnt/Bcatenin remains controversial in human cancer, and few studies have

pathway in HCC (18). In addition, miR-324-3p promoted
gastric cancer by activating the Smad4-mediated Wnt/beta-
catenin signaling pathway (19). Lin ez /. reported that both
miR-324-5p and miR-324-3p expression accelerated lung
cancer cell growth (10). Therefore, the role of miR-324

© Translational Cancer Research. All rights reserved.

examined the biological role of miR-324-5p or miR-324-
3p in BC. In the current study, we examined the biological
function of miR-324-5p and miR-324-3p in BC and found
that miR-324-5p and miR-324-3p expression significantly
accelerated BC growth and invasion ability.
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Accumulating evidence has revealed that miR-324
could be used as a diagnostic or prognostic biomarker of
human cancer (20-23). Numerous studies have revealed
that dysregulated miR-324 levels have been observed in the
plasma of cancer patients. A study suggested that plasma
miR-324-3p and miR-1285 levels may serve as lung cancer
early detection markers, whereas miR-324-3p may serve
as a prognostic marker of lung cancer (24). Jin er al. study
revealed that the increased expression of serum miR-324 in
patients with prostate cancer can serve as a biomarker for
diagnosis (20). Wen et al. reported that the plasma miR-
324-3p level was significantly increased in HCC, together
with miR-20a-5p and miR-320a levels, which could serve as
a diagnostic biomarker for the early detection of HCC (25).
The expression of miR-185-3p and miR-324-3p was
significantly reduced after RT in radioresistant but not
in radiosensitive cases. Low miR-185-3p and miR-324-
3p levels might be important markers for the prediction
of low response to radiotherapy/chemoradiotherapy and
poor OS and recurrence-free survival (14). In papillary
thyroid cancer, miR-324-5p serves as a candidate predictor
in addition to ultrasonography in predicting lymph node
metastasis, especially central lymph node metastasis
of unifocal papillary thyroid microcarcinoma without
extracapsular spread (26).

Conclusions

Herein, our data indicated that high expression levels of
miR-324-5p and miR-324-3p may serve as independent
prognostics markers to predict the poor OS of patients
with BC. Our findings indicated that miR-324 may be a
promising prognostic biomarker and may provide a new
insight into the therapy of BC.
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